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YBakaeMmble KoJuieru!

Sl pan mpHBETCTBOBATH BAC B YHCJIC YYACTHHKOB 14-i MexayHapoaHOH
KOH(epeHIMH « ABHAIMI W KOCMOHABTHKA». Y>Ke BTOPOH pa3 KOH(EPEHIHA
NpOXOAUT B pamMKax MEKIYHApOJAHONM HEJEIM  aBHAKOCMHYECKHX
TexHonoruit «Aerospace Science Week» M BBI SBISIETECh MPHYACTHBIMH K
OHOMY M3 KPYIMHCHIIHX a3POKOCMHUYCCKHX HAYIHBIX COOBITHIT B Pocchu.

B 3TH gHM Ha miaomagke OpraHum3aropa — MOCKOBCKOTO ABHALMOHHOTO
HHCTHTYTa (HALMOHAJIBHOTO HCCICAOBATEIBCKOTO YHHUBEPCHTETA) — JJIA
OOCYKICHHSI AKTYaIbHBIX BOIPOCOB OTPACIM COOPAINCh IPEICTABHUTEIH
BEAYIIMX POCCHHCKHX W 3apyOCKHBIX BY30B, KpPYNHCHIIMX HAYIHO-
HCCIICAOBATCIBCKAX  LEHTPOB W MPEANPHUATHH  OTPACIH, YUEHBIC,
HCCIIEIOBATEIIH M OPTaHU3aTOPBI 00PA30BAHMS H HAYKHL.

IMposeacune Acrospace Science Week Ha mmomanke MAUW — seaymiero
A3POKOCMHICCKOTO BY3a CTPAHHEI — HE Ciy4aiiHo: MAW akTHBHO y4ACTBYCT B
MHOTOYHUCJICHHBIX ~ MPOCKTAX  HAYYHO-TEXHHMYECKOTO  COTPYAHHYCCTBA.
[IpoBeneHre MOTOOHBIX MEPONPHMITHH CBHACTEILCTBYET O BBICOKOH €T0
BKJIIOYEHHOCTH B MEIKIYHAPOTHOE H OTPACICBOE HAYYHOE MOTIE.

Hayka, HECOMHEHHO, SBISCTCS MOINHOM MPOU3BOAUTEIBHON CHJIOH H
3aJ0TOM  KOHKYPEHTOCIIOCOOHOCTH TOCYJApCcTBA HA MHPOBOM  apeHe.
CoBpeMEHHBII 3Tanm Pa3BUTHS HAYKH XapakTepu3yercsi Oolee TECHOH u
AKTHBHOH KOOMEpanue Y4YEHBIX M3 PA3HBIX PETHOHOB PoccHH M pasHBIX
CTpaH. 3TO TO3BOJLIET PE3YJbTATHBHEES PEINATh 33/1a4H, CTOSIIHE IIEPes
MHPOBBIM HAYUHBIM COOOIIECTBOM M OOMEHHBATHCS OmbITOM. [losToMy Bamra
BOBICYEHHOCTh B MHPOBBIC OTPACICBBIC M HAYYHBIC MPOLECCHI HE TOIBKO
rII00aIbHBIH 3a1€7 Ha Oy AyIee, HO U MOBOJ IS HALIMOHAIBHOM TOPAOCTH.

[To3BonbTE MOKENATh BCEM YYACTHHKAM M FOCTAM KOH()epSHIMH AaKTHBHOH
W IUIOAOTBOPHOH pabOThL, YCTAHOBICHUS MOINHBIX JCJOBBIX KOHTAKTOB,
JOCTIDKCHUS BRICOKHX PE3YJIbTATOB H BCEX IOCTABICHHBIX IiCieH!

H.o. pexmopa MAH, 0.3.1., npogheccop
A.B. Poxcoecmsenckuii



OraasJienue

1. ABUAITMOHHDIE CUCTEMBDI ........coveierrnmsrinnserasansnanns 10
2. PAKETHBIE U KOCMUYECKHUE CUCTEMBL.................. 51

3. 9HEPTETUYECKHUE YCTAHOBKHU ABUAIIMOHHDIX,
PAKETHBIX U KOCMMYECKHUX CUCTEM.........couvmrmimnnrannn 93

4. CUCTEMbI YIIPABJ/IEHUA, HTHPOPMATHUKA U
IJIEKTPOSHEPTETHEKA ... s 167

5. AH®OPMAIIMOHHO-TEJTEKOMMYHUKAILIMOHHBIE
TEXHOJIOTUHU ABUALITMOHHDbIX, PAKETHBIX U
KOCMHNYECKHUX CUCTEM.......cocoiirinermmmmssssnsssesassssmssananas 227

6. POBOTOTEXHHUKA, UHTE/VIEKTYAJIbHBIE
CUCTEMbI U ABUALTMOHHOE BOOPYKEHHME ............ 293

7.3 KOHOMHYECKHE ITPOBJIEMbI
AIPOKOCMHYECKOI'O KOMIIJIEKCA........oceeiinrninserans 329

8. MATEMATHUYECKHUE METO/Ibl B
A3POKOCMHWYECKOW HAYKE U TEXHHKE................... 380

9. IPOU3BO/ICTBEHHBIE TEXHOJIOTHUH B OBJIACTU
ABUAILIMOHHOM, PAKETHOM U KOCMUYECKOH
g 294§ 1 ) 24 IO 473

AJI®ABUTHBIN YKABATEID ....cceeeeeeeemeneensssersseeesasesesans 507



Contents

1. AIRCRAFT SYSTEMS ... snssssmsssssns s sasssssans 10

2. ROCKET AND SPACE SYSTEMS......ccoummmssnmsnsnsesassnseans 51

3. POWER UNITS OF THE AVIATION, ROCKET AND
SPACE SYSTEMS..... i s sssssssasssssssassnss 93

4. CONTROL SYSTEMS, INFORMATICS AND
ELECTROENERGETICS. .....coiinisssnsssnsesssmsmssssssssssesasssssanns 167

5. INFORMATION AND TELECOMMUNICATION
TECHNOLOGIES OF THE AVIATION, ROCKET AND
SPACE SYSTEMS.....oinnnssmsmmsssnnss s sssssssnsssssanss 227

6. ROBOTICS, INTELLIGENT SYSTEMS AND AIRCRAFT
ARMAMENT ...t s sssassssssssssnsssnsasas 293

7. ECONOMIC PROBLEMS OF THE AEROSPACE
COMPLEX .....ciiiinmsmmmmmssssnnss s s s sasssssssssssnsssssasasssanss 329

8. MATHEMATICAL METHODS IN THE AEROSPACE
SCIENCE AND TECHNOLOGY .....ccoccnmmmmmrmmmsmsmssssmsnsssesassssenns 380

9. PRODUCTION TECHNOLOGIES IN THE AVIATION,
ROCKET AND SPACE INDUSTRIES .......ccoiiinminieneransnseanns 473



1. ABHALTHOHHBIE CHCTEMbI

1. Aircraft Systems

Preliminary design and mathematical model of impulse water cannon
for helicopter firefighting application
Vukovi¢ D., Andri¢ M., Vrdoljak M.
FAMENA, Zagreb, Croatia

The subject of this research work is modeling of the geometry and
mathematical model of operational behaviour of the impulse water cannon for
aerial helicopter firefighting purposes. Such water cannon can be installed on
or in the helicopter as a platform in various configurations, generating
different dynamic operating forces and moments that influence the stability of
the helicopter and which can lead to compromised safety. Process of
firefighting with the mentioned helicopter configuration is typical from the
hover flight in close proximity of the building or another fire source. Water
cannon has been used recently for the purposes of impulse fire extinguishing
as a relatively new method of fighting fires with extremely small amounts of
the fire extinguishing agent. The water fire extinguishing agent is discharged
into the fire at very high velocity within an extremely short period of time.
With high kinetic energy and the momentum water projectile will rapidly
penetrate and extinguish the fire using only small amounts of water. The fire
distinguishing efficiency, especially in its initial phases, is more reliable by
using water projectiles rather than free-fall water impacts.

Preliminary geometry design of the water cannon comprise two barrels
mounted to the cannon's body, which houses damping clement and
mechanism with the ability to move barrels in azimuth and elevation
simultancously. Barrels have ability to move along their longitudinal axis to
allow recoilling momentum developing after water projectile is being ejected.
Connection element between water cannon and helicopter is realized for
underside mounting in the centerline of the front part of the fuselage. Water
cannon system assembly comprise also water tank with pump, compressor for
generating operating pressure for water projectile launching and connection
hoses. Mentioned elements are normally located in helicopter's cargo space
and here they are not point of interest.

The method of obtaining the water projectile is based on the principle of
compression, acceleration and ejection of a fluid through the outlet surface of
the water cannon tube. In such operating regime, developed reactive force
may be suppressed by both spring and damping element between helicopter
and water cannon. Both regimes with and without reactive force absotbing
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device are modeled. Absorbing device is modeled as a second order system
with spring stiffness and damper coefficients parameters.

Approach with using interior ballistics analogic model will analyze
interactions of forces on water projectile inside of the cannon tube. Main
force which acts on water projectile has nonlinear development in time along
water cannon tube and needs to be obtained by numerical approach. This
force is characteristic for the first period of the cannon reaction and has
influence on helicopter stability. Result of this work is a recoil force and its
dependency on absorbing device parameters.

Hocaaka BeproJiera
Bormapes B.I'., Mnmommros C.B., O3¢pos E.B., Jlomarkun /I.B.
BYHL] BBC «BBA», r. Boponex

[lepcreKTHBHBIM pPEHICHHEM IPOOIEMBI ITOCAIAKH BEPTOJNETA SIBIBICTCS
CO3JaHHWE CHCTEMBI ABTOMATHYECKOM MOCATKH, M3MEPUTEIBHBIM CPEICTBOM
KOTOpOH sABIACTCT OOproBas cumcreMa TexHmdeckoro 3penmst (CT3).
IMpemnoxeno tpu amropurma padorsr CT3, obdecrcunBaromed MOCaaKy Ha
HENMOATOTOBJICHHYE0  IUIOIIAAKY, HMMCIOMIYI0  3HAYUTEIBHOE  HHCIO
CCTECTBCHHBIX ONTHYCCKUX KOHTPACTOB, HA 3aCHC/KCHHYIO IUIOINAIKY,
JWOICHHYI0 KOHTPACTHBIX (PPAarMEHTOB, a TAKKE HA IOJATOTOBICHHYIO
MJIOINAAKY, OOOPYAOBAHHYIO TPEMs JA3EPHBIMH MAsKaMH HH(PPAKPACHOTO
JHANAa30HA.

Jns mocankm Ha HEMOATOTOBICHHYIO IUIOMIAZKY C ECTECTBCHHBIMH
ONTHYCCKUMH KOHTpactamu, (orokamepsl CT3 moayuaroT w300pakCHHUA
36MHOH MOBEPXHOCTH, HA KOTOPBIX ONPEACIIAIOT YETHIPE KOHTPACTHBIC TOUKH
HE JeKamue Ha oJHOW mpaMod. Ilo pesynpratam 3THX H3MEPSHHH
BBIMUC/LIFOTCSI  KOOPAWHATHI  BEPTOJICTA B FOpHSOHTaJ'IBHOfI CHCTCMC
KOODAMHAT, CBA3AHHOM C 3¢MHON TOBEPXHOCTBIO, a TAaKKE YIJBL,
XApAKTCPHUBYIOIINE HAKIOH 3CMHOM TOBEPXHOCTH M IApPaMETPBhI,
OIMUCBHIBAIOIUE HCPOBHOCTH 3EMHOU TOBCPXHOCTH.

Jna mocamke HAa IUTOMIAAKY, THIIA 3ACHEKCHHOEC IOJIC, JIMIICHHYIO
CCTECTBCHHBIX ONTHYECCKHX KOHTpacToB, Ooprosas CT3 momommsercs
CHCTEMOH W3 HYeTHIPEX OOPTOBBIX  MOJYTPOBOJHHKOBBIX  JIA3CPHBIX
W3IyuaTene WH(QPAKPaCHOTO JMAIa30HA, YTO OOCCIICYMBACT CO3AAHHC
HCKYCCTBCHHBIX KOHTPACTOB HA 3EMHOH MOBEPXHOCTH, HE JEMACKUPYS
BEPTOIET B BHANMON 4actm coekTpa. IlodydeHBI COOTHOIICHHA,
MMO3BOJLIOIITHAC BBIMTHUCIIHTH BBICOTY, YIJbL HAKJIOHA TIOBCPXHOCTH
OTHOCHUTEIBPHO TOPH30HTA H MAPAMETPHI, XAPAKTEPHU3YIOIIUE HEPOBHOCTH
TJIOIAAKH B OKPECTHOCTH TOYKH IMMOCAAKH.

[TapameTpsl, H3MEPEHHBIC NMPH PEATH3ALHMH 3TUX AJTOPHTMOB, ITO3BOJLTIOT
OCYIICCTBIATh OOOCHOBAHHBINH BHIOOP OC30MACHOTO MECTa, a TaKKe
ABTOMATHYECKYIO MOCAKY BEPTOJIETA.
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Jlns mocagku Ha a3popoM IPEIOKEHO HCIOIb30BaTh JOMOIHHUTCIHHOS
00OpYJ0BAaHHE B BHAC TPEX PA3HECCHHBIX HA3EMHBIX JARCPHBIX MASKOB.
[NomyuyeHnsle  BBIpaKeHHA i1 w3MepeHust  mocpeactsom  CT3
HABHTALIMOHHBIX MAPAMETPOB, XAPAKTCPH3YIOMIHX MCCTOMOJOKCHHE H
opucHTauur0  JIA  OTHOCHTCABHO  B3JICTHO-TIOCATOYHOH  TTOJIOCHL,
00CCIICYNBAOT ABTOMATH3AIMIO MOCATKH BEPTOJICTA B MPOCTHIX M CIOKHBIX
METE0YCIOBHAX. JlasepHbie MasK{ MPEACTABILIIOT co0oH
TIOJTy TPOBOJHUKOBBIE TA3CPHBIC H3Iy4ATENH C JTHHOH BOIHBI COBMAAAOIICH
C OJHHM W3 OKOH ITPO3PAvYHOCTH arMoc(epsl. Ba)kHO OTMETHTH, UTO TaKHE
H3IyYaTeIH ~ HMCKOT  Majeld  Bec,  rabapurel,  CTOMMOCTh H
SHEpromoTpedICHHE, a TAaKKe OC30MACHBI LI 3PEHHS JICTHOTO COCTaBa M
MEPCOHAA A3POAPOMA.

HeoOxoamMo  Takske  OTMETHTH, YTO  COBPEMCHHBIH  YPOBCHB
ONTOJJICKTPOHUKH H L[I/I(I)pOBOI\/II BBIMUCIUTCILHOM TCXHHKH  BIIOJIHC
COOTBETCTBYET moTpeOHOCTIM OoproBoii CT3, mo3TtomMy peamm3yeMocTh
TAKOT0 MOAX04a B HACTOAIICC BPEMA HC BBIZBIBACT COMHCHHIA.

Landing of helicopter
Bondarev V.G., Ippolitov S.V., Ozerov E. V., Lopatkin D.V.
ERCAF “Military Air Force Academy”, Voronezh

Promising solution is to create a helicopter landing automatic landing
system, which is a means of measuring the onboard vision system (OVS).
Proposed algorithm of the three OVS providing landing on unprepared
ground, having a significant number of natural optical contrasts on the snowy
ground, devoid of contrasting fragments as well as the prepared area,
equipped with three infrared laser beacons.

For landing on unprepared ground with natural optical contrast, camera
images obtained OVS earth’s surface, which is determined by four
contrasting points do not lic on one line. The results of these measurements
are computed coordinates of the helicopter in the horizontal coordinate
system related to the carth's surface, as well as the angles characterizing the
tilt of Earth’s surface and the parameters describing the roughness of the
earth’s surface.

For planting in the ground, such as snow-covered field, devoid of natural
optical contrast, on-board OVS supplemented by a system of four onboard
semiconductor laser emitters infrared range that provides a contrast to the
artificial surface of the earth without unmasking the helicopter in the visible
spectrum. The equations allowing to calculate the height of the surface angles
with respect to the horizon and the parameters characterizing the uneven
ground in the vicinity of the landing point.

The parameters measured in the implementation of these algorithms, allow
informed choices a safe place, as well as an automatic landing the helicopter.
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For landing at the airport proposed to use additional equipment in the form
of three spaced ground-based laser beacons. The expressions obtained for
measurements through the OVS navigation parameters characterizing the
location and orientation of the aircraft relative to the runway, provide
automation helicopter landing in simple and adverse weather conditions.
Laser beacons are semiconductor laser with a wavelength coinciding with one
of the windows of atmospheric transparency. It is important to note that such
emitters are light weight, size, cost and power consumption, as well as safe to
view flight and airport staff.

It should also be noted that the current level of optoelectronics and digital
computer technology is consistent with the needs of the OVS board, so the
feasibility of such an approach is currently not in doubt.

JIKCnepuMEHTATLHOE Hecaeaopanne moéros JILTA
B YCJIOBHSAX 001¢I¢HECHIS
Bynraxos /I.B., [Tyraues FO.H.
MAM, r. Mocksa

Oxao W3 Hambonee HEONATONPHATHBIX METCOPOJIOTHUYCCKHUX SIBJICHHH -
o0JieIcHeHAE, OT KOTOPOTO B 3HAYMTCIBHON MEpe 3aBHCHT OC30MACHOCTH H
PETYJHIPHOCTh MOJCTOB CAMOJICTOB W BepToNieToB. CHIBHOES OOICICHCHHE
MOKET MPUBECTH K ABHALIHOHHOMY HMPOUCIICCTBHIO.

O0IeACHCHUIO TTOIBESPKCHBI BCE THITHI JICTATCITFHBIX AMIIAPATOB, BKITFOUAS
cBepx3BYKOBbIe camoneTsl, u JAILJTA, Tak kak mpw B3JieTe M MOCATKE THOOOH
JICTATCIGHBIH aANMApaT JCTHT CO CPABHUTCIBHO HEOONBINOH T03BYKOBOM
ckopoctero. [lpm momérax wmosOpe 2014r., AIUJIA momam B yCIOBHA
OOJICICHEHHS, BJICTEN B TYMAHHYKD OOIAYHOCTB, B PE3YyJbTATC YEro Ha
MOHHTOPE, OBLIO 3aMCUCHO PE3KOC YXYALICHHE PE3KOCTH H300PaKCHHA,
XapakTEepHOE 111 OONCACHCHWSI. a HMMEHHO (JOHOBAasT KapTHHKA CTaja
OPAaKTHYCCKH HE PACMO3HABACMOW, a BHAHBI OBUIM TOJBKO JIONMACTH
BO3AYIIHOT'O BUHTA KOTOPBIC YICPE3 HEKOTOPOC BPEMA CTAIA BUIHBI HEYETKO.
IMocne Beera JAITVIA u3 odmauHocTH H300payKeHUE K HOPMATbHOMY BUIY HE
BCPHYJIOCH, 4 MO MOKA3aHHAM BO3AYINHASA CKOPOCTHh ObLIa HyjeBoil. [locme
mocagkn JTUTIA, 6010 3a()MKCHPOBAHO CHIBHOC OOJICACHCHHC Aammapara;
TpyOka [IBJl 3akphuiack MOJMHOCTHIO JBAOM, O UYEM TOBOPHT TAIACHHC
TMOKA3aHUM BO3AYIIHOW CKOPOCTH, HA JIOMACTAX M KOKE BO3AYIIHOTNO BHHTA
MOSBHIOCH TPO(HIBHOS OTIOKCHHE JbIa, HA BCEX NCPSIHHX KPOMKAX
(XpBII0, CTAOMIM3ATOP, KUIIb) TAKKE HAOMOAANOCHh MPO(IIIBHOE OTIO0KCHHE
JpJa, a4 B BHOCOKAMEPE, BCTPOCHHOW B KOHCOJb KPBUIA, HAOMOZANIOCH
oOpazoBaHue 1bJa B (JOpME ABOSKOBOTHYTOH JIMH3BI, OT UErO YXyALICHHUC
BHACOH300PAKCHHA.

OO0eAcHCHNE JICTATCIBHBIX ANMIAPATOB B IOJETE HACTONBKO ONMACHO, YTO
MPAKTHYECKH HAa KAKAOM THme camoiera W sepronera mo OTT m All
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OPeayCMOTPEHA W  HCTOJB3YIOTCA TPOTHBOOOJICACHUTCIBHBIC CHCTEMBI
(IIOC). Ho B BHOZy MaTBIX pa3MEpOB, MAOH MAcChl W HEOOIBIIOH
sHepreTmuaeckoli émxoctn Ha JIUTA maccoit ao 1000kr TTOC saemgercsa
¢mzuko-xummieckas. B mpaktmke mpummeneHms JIUJIA  3auactyio
OPUXOAMTCA TMPOTHOSHPOBATh MOABICHHC OOJNCICHCHHS M CTApaThCsA HE
eoauTh JI1IJIA B 30HYy arMoc()epHBIX YCIOBHIT C IEPEOXTAKIEHHON BIAroOH.
Ho ecm ectp BepoATHOCTD OONCACHEHHS, TO OIEPATOPY HEOOXOAMMO
BHHMATCIIBHO CICOHUTH 3a MMOKA3aHWAMH BO3Oy IITHOM CKOPOCTH,
AQHAMM3HPOBATh  BUICOM300pAKCHHE, TOJydaeMoe C Oopra ®  YMETh
TMPAaBUJIIBHO HHTCPHPCTHPOBATH IOJYUCHHBIC PE3YJIbTATBI AJIA BBIHCCCHIA
BCPHOTO pemicHUA. [ yIyYIICHHS BHICOH300PAKCHUS, (hOPMHPYECMOTO
60pTOBI>IMI/I ONITHYCCKHMH CHCTCMAaMH MOKHO PEKOMCHOOBATH
3IEKTPOOOOTPEB OOBEKTHBOB WM OCTEKICHHWS BHICOAMIAparypsl. Takwe
OKCIICPUMCHTBI ObLIH MPOBCACHBI H ITOKA3aTH TIOJTOKHTC TbHBII PpE3yIbTar.

Experimental research UAYV flights under icing conditions
Bulgakov D.V., Pugatchev U.N.
MAI, Moscow

One of the most adverse weather events - ice, which largely depends on the
security and regularity of operations of airplanes and helicopters. Severe icing
may result in an accident.

Icing affects all types of aircraft, including supersonic aircraft and UAVs
as during takeoff and landing of any aircraft flying with a relatively low
subsonic speed. In flight November 2014, UAV was in icing conditions, flew
into the misty cloudy, causing the monitor was seen a sharp deterioration in
the sharpness of the image, characteristic of icing: namely, the background
image has become almost unrecognizable, and were visible only blade
propeller which after a while became visible fuzzy. After the departure of the
UAY cloud image to normal view has not returned, and on the testimony of
the airspeed was zero. After landing UAV, there were severe icing system:
tube LDPE closed completely with ice, as evidenced drop readings of
airspeed, on the blades and the spinner propeller appeared profile deposition
of ice on all leading edges (wing, fin keel) was also observed profile
deposition ice and the camcorder wing built into the console, there was the
formation of ice in the form of a biconcave lens, causing deterioration of the
video image.

The icing of aircraft in flight so dangerous that almost every type of
airplane and helicopter for OTT, and the AP is provided and used de-icing
system. But in view of the small size, low weight and low energy capacity in
the UAV weighing up to 1000kg de-icing system is physicochemical. In the
practice of the UAV is often necessary to predict the appearance of ice and
try not to enter into a zone of RPV with atmospheric conditions supercooled
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moisture. But if there is a possibility of icing, the operator must carefully
monitor the airspeed indications, analyze the video, obtained from the board
and be able to correctly interpret the results for making the right decision. To
improve the video image generated on-board optical systems can be
recommended Heated glass lenses or video equipment. Such experiments
have been conducted and have shown positive results.

IMocanka nerareLHOrO anmapara
I'pudanos A.C., E¢umon AT
MHHPTH, r. Mocksa

PaccMmoTpeH METOI OmpeneIeHus MajbIX BBICOT JIETATCIBHOTO ammapara.
H3mepeHne NpoOW3BOAUTCS ammapatrypol, pacHoJIOKEHHON HA MOCAaAOUHOU
mojoce. Yacrora CHrHaJa HA3EMHOTO TCHEPATOpa CMEMAeTCS IIPH
OTPa’KCHHHU CHTHAJIA OT MPOJCTAIOIIETO HAJ HUM JICTATEILHOTO aIapara.
OUKCHPYIOTCA MOMCHTBHI BPCMCHH, KOTJA HOCYINAsd 4YACTOTAa CHTHANA
JTOCTHTACT ONPCICICHHBIX, 3apAHCe 3aJAHHBIX 3HAUCHHH. MHTEpPBA BpeMCHH
MCKOY MOMCHTAMH (I)I/II(C":II.[I/II/I 3aJaHHBIX BCIIHYAH NICPECUUTHIBACTCA B
3HAYCHHC BBICOTHL MeTox yaOOCH TEM, YT0 HE TpeOYeT YCTAHOBKH
00OpYA0BAaHHE HA JICTATEIBHOM ammapare. [1oayueHHOEe 3HAYCHHE BBICOTHI
TePeIAcTCA Ha OOPT JCTATCIIFHOTO AMMAPATA IO IITATHBIM JIHHHAM CBA3H.

Landing aircraft
Gribanov A.S., Efimov A.G.
MNIRTI, Moscow

A method for determining the low altitude of the aircraft. The measurement
is carried equipment placed on the runway. The frequency of the signal
generator is shifting ground upon reflection signal from flying over him an
aircraft. Fixed timing when the carrier signal frequency reaches certain
predefined values. The time interval between the moments of fixing the set
value is converted into the height. The method is convenient because it does
not require equipment for aircraft. The resulting height value is transmitted on
board the aircraft on regular lines.

Pa3paloTka MAaTEeMATHYIECKIX MO/I€JI¢i, OIICHUBAIOIINX MOCJICACTBIS
OTKA30B CHCTEM CHJIOBOTO MPUBOAA
Honos B.A., Tlyraues F0.H.
MAM, r. Mocksa

Jist  pa3paGoOTKH CHCTEM CHJIOBOTO TIPHBOJA B ABHALMHU YCIICIIHO
TOPHMCHSIFOTCST METOABI MATEMATHICCKOTO MOJCTUPOBAHESL. MaTEMATHICCKOS
MOJCIMPOBAHAC MMCET MACCY IPCHMYINCCTB, HO TJIABHOC — BO3MOKHOCTH
OTCJICOUTE COCTOAHUA CHCTCMBI B PA3HBIC MOMCHTBI BPDCMCHH.
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JI1s MaKCHMAITBHOTO MPHOKEHHST MATEMAaTHIECKOW MOJICITH K PEaIbHOU
CHCTCMC, HCOOXOAMMO YUHTHIBATH MAKCHMAIBHO OOIBMIOC KONIHYICCTBO
(uzmueckux mapamerpos. [IpEMEHHTEIBHO K CHCTEMAM CHIIOBOTO IPHUBOAA,
TPeOYETCSI YETKOE COOTBETCTBHE XaPAKTCPHCTHK Y3JIOB M arperaros, OOIeH
CXeMBI palOTBI CHCTEMBI MW €€ MOTpeOHTENCH C MX MaTEMaTHYCCKUMHU
TIPEACTABICHISIMH.

KpaiitHe BakHBIM TpPH MOJCIMPOBAHMM  SABJLICTCA  BO3MOYKHOCTb
OTCJICKMBAHMA BPEMCHHBIX H3MCHCHHH COCTOSIHMSI CAMOW CHCTEMBI M €€
OTICIBHBIX Y3/0B. J[aHHBIC 00 M3MCHEHMAX COCTOSHHS BCEH CHCTEMBI BO
BPEMEHH MOTYT OBITh NPHMEHEHBI LI OICHKH OTKA30yCTOHYHBOCTH €€
(yHKIMOHHpPOBaHUA. B TOM wumchae, ecim cuctema (D)YHKIHOHHPYCT B
KOMIUICKCE. M3MEHsI HadambHBIC IApaMETPhl MATEMATHUYCCKOH MOJICIH,
MOKHO CMOJCIUPOBATh padOTy OJHOW CHCTEMBL, HECKOJIBKHX, a4 TaKXe
mepebon B MX COBMECTHOH pPadOTe, M MOIYUHWTh JAHHBIE O BEPOSTHOCTH
0TKAa3a BCETO KOMILICKCA M €10 MOCICACTBIIX.

IIpu pa3paboTke MATEMATHUCCKHX MOJCICH, HCCICAYIOIUX BCPOATHOCTH
M MOCJCACTBHA OTKA30B, OJHOM U3 KIFOUYEBBIX LEICH SBIIETCH BO3MOKHOCTD
CUMTHIBAHMS MAKCHMAJLHOTO KOJHMYCCTBA IOKA3aTeNeH HAa IPOTSHKCHHH
Bcero MmoaemmpoBaHms. OmHAM W3 4acTO MPUMEHACMBIX (hopmarToB
OOBCIMHCHUS TAKUX JAHHBIX ABILICTCS TPaQUUCCKUH METO NMPEACTABICHUS,
KOTOPBIA OTOOPA)KACT HE TONBKO CAMH JAaHHBIE, HO M MOMCHTBHI HX
n3MeHEHH. JlaHHBIE B TakOM (popMaTe MO3BOJLIIOT JIETKO IPOBECTH OLICHKY
TOCTICACTBUH PabOTHI CHCTEMBI M CIEJIATh COOTBETCTBYIOIINE BBIBOJBL UeMm
Ooxpoie [JAHHBIX MATEMaTHYECKas MOJCTh coOmpact, TeM OoJbIie
BO3BMOSKHOCTCH TOABIACTCA M1 OOHApPY'KCHHSA COOCB B PadOTe peajbHOH
CHCTCMBIL.

BaxHoit qacTbi0 paboThI C MATEMATHUCCKUMH MOACISIMA CHCTEM CHIIOBOTO
MIPUBOJA SIBIBICTCSI YTOYHCHUE W MAKCHMAJIBbHOE MPUOIIDKCHUE K PEATbHBIM
mapaMeTpoB motpeOurencit. Uem Oompmme wHQOpMAIMH H3BSCTHO O
MOTPEOUTENAX, TEM HETYE MOACHD OTPAKACT BO3ACHCTBHE HA HHUX BCEX
OTKa30B H COOCB B padoTe.

Takum 00pa3zoM, MaTeMaTHYECKOE MOJCIHPOBAHHEC CHCTEM CHIIOBOTO
MPUBOJA B ABHALMH SIBILICTCS OYCHb AKTYAIbHBIM CPEICTBOM CHIDKCHHS
3aTpaT Ha Pa3padOTKy W CPEACTBOM TOBBIICHHSA HX HAZACKHOCTH. A
Omaromaps COBPEMCHHBIM TEXHOJOTHSIM, MATEMATHYCCKHE MOJCIH BCE
O/mnKe MPHOMIZKAFOTCS IO HANE)KHOCTH K PEATbHBIM IIPOTOTHIIAM.
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Mathematical models of power drives development that evaluate the
consequences of failures
Ionov V.A., Pugachev U.N.
MAI, Moscow

To develop power systems in aviation successfully we apply methods of
mathematical modeling. Mathematical modeling has many advantages, but
most importantly — the ability to track the system state at different points of
time.

For maximum approximation of the mathematical model to the real system,
it is necessary to consider the maximum number of physical parameters. With
regard to the actuator, requires a clear compliance with the specifications of
the parts and units of the General scheme of the system and its consumers
with their mathematical representations.

Extremely important for modelling is the ability to track temporal changes
of the status of the system and its individual components. Status changes data
of the system in time can be used to assess the resiliency of its functioning. In
particular, if the system operates in a complex. Changing the initial
parameters of the mathematical model, it is possible to simulate the operation
of a single system, several, as well as interruptions in their joint work, and to
obtain data on the probability of failure of the whole complex and its
implications.

When developing mathematical models, investigating the likelihood and
consequences of failures, one of the key objectives is the ability to read the
maximum number of indices throughout the simulation. One of the frequently
used formats of combining such data is a graphic representation method,
which displays not only the data itself, but also the moments of change. The
data in this format make it easy to assess the impact of the work system and
make the appropriate conclusions. The more data a mathematical model
collects, the more opportunities you receive to detect failures in the real
system.

An important part of working with mathematical models of the actuator
systems is the refinement and the maximum approximation to the real
parameters of consumers. The more information known about consumers, the
better the model reflects the influence on them of all failures and
malfunctions.

Thus, mathematical modeling of power systems in aviation is a very
important in reducing development costs and in improving their reliability.
Thanks to modern technologies, mathematical models are approaching closer
in reliability to the real prototypes.
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Cnioco0 a7anTHBHOTO YIPABJICHHSI BOCHHO-TPAHCIOPTHHIM CAMOJIETOM
NPH JECAHTHPOBAHAH MOHOTPY3a
Bepemmuros /1.B., Kysrernos A. 1.
BYHLI BBC «BBA», r. Boponex

AHanm3 myTeW pasBUTHA M COBEPIICHCTBOBAHHUS BOCHHO-TPAHCIIOPTHBIX
CaMOJIETOB MOKA3BIBACT, YTO MOCTOSHHOC YBEIHMUCHUC BO3JIAracMbIX HA HUX
3371a4 NMPHBOJUT K PACIIMPSHHIO HOMCHKJIATYPHI JCCAHTHPYCMBIX T'PY30B,
VBEIMYCHHI0O HMX MACCBI, YTO O0OCTpsET mpoOIeMy YCTOHYMBOCTH H
VOPaBIIEMOCTH B IPOIECCE WX  JCCAHTHPOBAHMS TPH  PYYHOM
nunotupoBaHnu. COBPEMCHHBIH NEPHOA PA3BHTHA TCOPHH H IHPAKTHKH
VIOPABJICHHA IIOJIETOM CAMOJIETA TECHO CBS3aH C OBICTPO PA3BHBAFOIIMMUCS
Ou(ppPOBBIMH CPEACTBAMH BBIYHCICHHUH, CIIOCOOHBIMHM PEINATh CIIOKHbIC
337a4M B peasbHOM MacimTade BpeMeHH. [IepCIieKTHBHBIM IS YIPABICHHS
MOJETOM  CAMOJIETa  NPEACTABISIETCS  HCIIOJIB30BAHHE  AJANTHBHBIX
anropuT™MOB  yIpaBieHwsA. [lox amanTHBHBIMM 4 NOHUMAOTCS — TaKHE
ANTOPUTMBL, KOTOPBIC B YCIIOBIIX aNIPHOPHON HEOPEACICHHOCTH B MPOIIECCE
()YHKIMOHMPOBAHMS MPUCTIOCAOIMBAIOTCS K HETPEABHACHHBIM H3MCHEHISIM
CBOHCTB OOBCKTA VIPABICHHA W BHCIMHCH Cpeapl. g pemrcHWs 3amadu
VOpPaBICHHA MOJCTOM CaMOJETa HAWOOJBINNH WHTEPEC MPEACTABISICT
TapaMETPUIECKas alaNTanys, PH KOTOPOH anmpHOpHAsA HEOMPEACICHHOCTH
VCTpaHsSeTCAd HA OCHOBE MICHTHU()HMKAIMH XAPAKTCPUCTHK CAMOJIETA 3a CUET
MOCJICAOBATENbHBIX HAOMIOACHUI BXOJHBIX M BBIXOJHBIX CHTHAJOB. JTO
BO3MOXKHO B CHJIy TOTO, YTO IIPEANOJAraeTci W3BECTHOH CTPYKTypa
VPaBHCHHH IBWMKCHHS CaMoJeTa. M3BECTHBIE TECOPETHHECKHE IOIXOIBI K
OOCCIICUCHNIO AJANTHBHOTO YIPABICHUS PYJEM BBICOTHI HAa OCHOBC
HACHTH(UKAINH XapaKTEPUCTHK CAMOJETa M OTCYTCTBHE MX HMPAKTHUCCKOH
peamm3anul  YKA3bIBAlOT HA IPOTHBOPEUYHE MEKAY HEOOXOAMMOCTHIO
pacmmperus 60eBbIx Bo3MokHOCTEH BTC m BO3MOKHOCTSIMH KOHTYpa
«YENOBEK-0IEeparop (IETYMK) — CYMECTBYIOIINEC CHCTEMbI YIIPABICHHS» C
TOYKH 3PEHHUS OOCCICYCHHS TPEOYEMBIX XapaKTCPHCTHK YCTOHYMBOCTH H
VIPaBIICMOCTH.

B HacrosmeM mJOKnaae IPEACTABICHBI MAaTepHaibl, KACAFOIIUCCS
PacCMOTPEHHS BOIPOCOB Pa3pabOTKH aJaNTHBHOTO AJTOPUTMA YIPABICHH
pyaém  Beicotel BTC Ha  ocHOBE  TeKymeH — MACHTH(HKAIHH
A3POAMHAMHYCCKAX M HMHEPIHOHHO-MACCOBBIX XapaKTEPUCTHK CaMONETa
PEKYPPCHTHBIM METOJOM HAMMCHBIIMX KBAAPATOB C LEIBE0 OOCCICUCHUS
ABTOMATHYECKON CTAOMIM3AIMHA YTJIOBOTO TOJOKEHHS B MPOJOIBHOM KaHAJC
VOpaBICHHA TIPH  JCCAHTHPOBAHMM  MOHOTPY30B  NAPAINFOTHBIM W
OCCTIapaIIOTHEIM CITIOCO00M.
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Method of adaptive control of a military transport plane when
the landing of a cargo item
Verechikov D.V., Kuznetsov A.D.
ERCAF “Military Air Force Academy”, Voronezh

Analysis of ways the development and improvement of military transport
aircraft shows that the constant increase in entrusted to them leads to the
extension of the range goods, increasing their mass, which exacerbates the
problem of stability and controllability in the process of landing at manual
piloting. The modern period of development of the theory and practice of
flight control of the aircraft is closely linked with the rapidly developing
digital computing means capable of solving complex tasks in real time.
Promising to control the flight of aircraft is the use of adaptive control
algorithms. Under adaptive we mean those algorithms that in conditions of a
priori uncertainty in the process of functioning to adapt to unexpected
changes in properties of the control object and the external environment. To
solve the problem of flight control of aircraft of greatest interest is parametric
adaptation, in which the a priori uncertainty is eliminated on the basis of the
identification characteristics of the aircraft due to consistent observations of
input and output signals. This is possible because it is assumed the known
structure to the equations of motion of the aircraft. Known theoretical
approaches to the adaptive Elevator control on the basis of the identification
characteristics of the aircraft and the lack of their practical implementation
point to the contradiction between the need to expand the combat capabilities
of the PTS and capabilities of the loop "of the human operator (pilot) existing
management systems" from the point of view of ensuring the required
characteristics of stability and controllability.

This report presents information regarding the consideration of questions
of development of adaptive algorithm for Elevator control PTS on the basis of
the identification of acrodynamic and inertial-mass characteristics of the
aircraft recursive least squares method with the purpose of providing
automatic stabilization of the angular position in the longitudinal control
channel when landing a parachute and one-piece cargoes asparaginyl way.

MeTox IHEPTeTHIECKOr0 AHAIN3A HCTOYHHKA YHEPTONUTAHIS
ABTOHOMHOTO CJICAANIEr0 NPNUBOIA
Kymuxos H.W., Makaperko A.B.
MAM, r. Mocksa

Paspabotan Merox  OmpeACTCHHS — PACHONIATacMOTO  JHEProsamaca
HCTOYHHKA YHCPrOMUTAHASA ABTOHOMHOTO CIICIAMICTO IPHBOIA

B Hacrosmee BpeMmsl akTyambHOH sBISIETCS TpoOiema paspaboTKH H
peamm3anud  MCTOAOB MPOCKTUPOBAHHWA HW CO3OaHWA HCHIOJTHHTCIIBHBIX
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VCTPOWHCTB H TPHBOJOB CHCTEM VIPABICHHS IOJICTOM JICTATEIbHBIX
anmapatoB ¥ [JBIGKCHHEM MOOMIBHONH TEXHHKH, HAINPABICHHBIX HA
MUHHMH3AOMI0 MAcCOTaDapUTHBIX TOKa3aTeNeH. YPOBCHb AKTYAIbHOCTH
3HAYMTEIHHO BO3PACTACT /U1 ABTOHOMHBIX CHCTEM, KOTZJA HCIIOIHHUTCIHHbIC
VCTPOHCTBA M MPUBOABI PA0OTAIOT OT MCTOYHHKA MUTAHUSA C OTPAHMUCHHBIM
JHEPro3amnacoM.

Jns aHanm3a W3MEHEHMS JHEPro3amaca MCTOYHHKA JHCPrONMHTAHHA
ABTOHOMHOH TPHUBOAHOM CHCTEMBI VIPABICHUSI MOXHO IOCTPOUTH
MOBEPXHOCTh  MPEACIBHBIX  JHEPICTHUCCKHX  COCTOSIHMH  HCTOYHHKA
sHepromutanusa ([ITI9CHUD) B mpocTpaHCTBE KOOPAWHAT «HANPSLKCHHE —
CHJIA TOKA — BPEMS padOThD.

Mexanm3m  moctpoeHust [IIIOCHD  Oasmpyercs Ha  pa3psaaHbIX
XApPAKTCPHCTHKAX HW CBOAWMTCSI K cheayromeMmMy. Ha  pa3psmHbIX
XApPAKTECPUCTHKAX (PHKCHpyeTCa BpeMs pa3psiga, KOTOPOMY COOTBETCTBYIOT
pa3NudHBIC UMIIEAAHCH W PA3IMYHbIC YPOBHH MOTEHIMANTA. Ha 0000meHHOH
XapPaKTEPHUCTHUKE OMNpEIEIIeTCd CKOPOCTh M3MEHEHMA JHEprosamaca Io
3aBHCHMOCTSIM CHIIBI TOKA OT ITIOTCHIMANA IIPH 33JAHHBIX HMIICTAHCAX. 3aTeM
B KOOPIMHATAX «HANPSLKCHHUE — CHJIA TOKA» CTPOMTCA CEMECHWCTBO BHEIMHUX
XApPAKTEPHCTHK Ui PA3IMIHBIX (DHKCHPOBAHHBIX 3HAYCHUH BPEMCHH
paspsaa. IlonydeHHAs TOBEPXHOCTh  HABBIBACTCH  (IHEPIECTHUCCKOH
000JI04KOI» MPUBOJHOM CHCTEMBI W MOKA3hIBACT BCE BO3MOXKHBIC COCTOSHI
HNCTOYHUKA 3JHECPrONMHTAHWS B THOOOH MOMEHT BPEMCHH IIPH ITUTAHWUH
ABTOHOMHOHM TIPHBOJHOH CHCTeMbl ympaBicHWs. Takum oOpazom, naBa
CEeMEHCTBAa KPHUBBIX (Pa3spAOHBIX M BHECIIHHUX XAPAKTEPHCTHK) ONPEACIAOT
MTOBEPXHOCTh 3aBUCHMBIX CCUCHHH, 3a]aBACMYE0 TUCKPETHBIM KapKacoM. 3Ty
MOBEPXHOCTh HA30BEM  «3HEPICTHUCCKOM 000JI0YKOH»  000OIIEHHOTO
HCTOYHUKA JHeprommranwmsi. (CedyeHHE «IHEPTeTHYECKOH  O000I0YKm
MIJIOCKOCTSIMH TAPAIUICIBHBIME IIIOCKOCTH «HAMPSDKEHHE — BPEeMs paboThD
O Pa3TMIHBIX (DMKCHPOBAHHBIX 3HAYCHHUH CHIIBI TOKA M IUIOCKOCTSIMH
MAPAJUICTbHBIMHI TIIOCKOCTH HANPSHKCHUE — CHIA TOKa» U Pa3IUIHBIX
3HAYCHHH BPEMCHH padOTHI IMO3BOJUIET MOIYUHTh HIUTIOCTPALMIO 3aKOHA
HW3MEHEHHS JHEPro3araca B BHIC 3aBUCHMOCTH KaK IO BPEMCHH, TaK W IO
CKOPOCTH.

[To pe3ympraTaM BBHIOTHEHHBIX HCCICAOBAHHMI MOKHO CACNATh BBHIBOT,
YTO «IHCPTETHUCCKAS 000JI0YKa» MPEACTABIACT CO00H MPCACTBHYIO
NMOBEPXHOCTh JHEprosamaca, a o00beM IOA 3TOH MNOBEPXHOCTBIO —
pacronaracMbIii 3JHEPro3anac HCTOYHHKA SHEPTOIUTAHMS.
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Method of the power analysis of a source of power supply of the
independent watching drive
Kulikov N.I., Makarenko A.V.
MAI, Moscow

The method of definition of the located power stock of a source of power
supply of the independent watching drive is developed

Now the problem of development and implementation of methods of
design and creation of actuating devices and drives of flight control systems
of the flight vehicles and the movement of mobile equipment directed to
minimization of mass-dimensional indicators is actual. Relevance level
considerably increases for autonomous systems when actuating devices and
drives work from the power source with a limited power stock.

For the analysis of change of a power stock of a source of power supply of
an autonomous drive control system it is possible to construct the surface of
limit power conditions of a source of power supply (SLPCSPS) in space of
coordinates «tension — current intensity — an operating time».

The mechanism of creation of SLPCSPS is based on digit characteristics
and is as follows. On digit characteristics discharge time to which there
correspond different impedances and different levels of potential is fixed. On
the generalized characteristics the speed of change of a power stock is
determined by dependences of current intensity on potential at the set
impedances. Then in coordinates «tension — current intensity» is under
construction family of external characteristics for the different fixed values of
discharge time. The received surface is called «power cover» of drive system
and shows all possible conditions of a source of power supply at any moment
at a power supply of an autonomous drive control system. Thus, two families
of curves (digit and external characteristics) define the surface of dependent
sections set by a discrete framework. We will call this surface «power cover»
of the generalized power supply source. Section of «power cover» the planes
parallel to the «tension — an operating time» plane for the different fixed
values of current intensity and the planes parallel to the «tension — current
intensity» plane for different values of an operating time allows to receive an
illustration of the law of change of a power stock in the form of dependence
both on time, and on speed.

By results of the executed researches it is possible to draw a conclusion
that «power cover» represents a limit sphere of a power stock, and volume
under this surface — the located power supply source power stock.
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IIpuMeHeHne pacupeae/ICHHOT0 HATPY KECHHST IS MITHHMH3ATHA
TPABMHPYIOINETO ACHCTBAS YIAPHOM NEPerpy3Ku
Jlunos B.I1.
«KPBb»-AmanTuBHBIC CHCTEMBL, T. MOCKBa

B paboTe paccMaTpHBarOTCS BOMPOCHI YIIVUIICHHS 3aIIATHI JCTYUKOB OT
VIAAPHBIX TIEPETPY30K «TOJIOBA-TA3», BOSHHUKAKOIIUX IIPH ABAPHHHBIX
MOCAAKAX BEPTOJICTOB H MPH KATAIY TbTHPOBAHUHN U3 CKOPOCTHBIX CAMOJICTOB.
TpasMmupyromee JEHCTBHE YAAPHBIX MEPErPy30K TAKOTO TUIA BBIPAXKACTCH B
IMOABJICHHHA MOIIHBIX CHXXHUMARIIMUX Hanpﬂmennﬁ B IIOJICHHYHOM OTACJIC
MO3BOHOYHHKA, MPUBOIAMINX TKCIBIM TPABMAM MO3BOHOYTHHKA.

Jnd MUHMMH3aLUH TPAaBMHUPYIOIIETO ACHCTBHA YIAPHOM MEPETpy3KH
aBTOPOM TIPEIIOKEH CIOCO0 CHIDKCHHS HANPSKCHHH B ITO3BOHOUHHKE,
OCHOBAHHBIM HA PACHPEACICHHOM HATPY)KCHHHM YJAPHBIM HMITYJIbCOM
OCHOBHBIX 4YaCTCH Tema 4emoBeKa. ba3oBbic TpeOOBAaHHA K peaNH3al[UH
pacIpeIcICHHOTO HATPYKCHHUS MOIYUCHBI H3 PACCMOTPEHHUS CHCTEMBI JBYX
JKECTKUX TEN, COCAUHCHHBIX BA3KO-yHpyrou cBaspro. ITokaszaHo, 4ro Amd
TAKOH CHCTCMBI TCI COCOO MO3BOJIICT CHU3HUTH HAMPSLKCHHUA B MCKMACOBOH
CBSI3H JI0 HYJIAL.

Teno meTumka, cHUAAMETO B PabdoOUYeM Kpecie, pPaccMaTpPHBAcTCA Kak
JIBYXMAaccoBasl CHCTEMa, B KOTOPOHM CBS3bI0 MEXKAY MACCaMHM SBILICTCS
MOSACHUYHBIA OTACT MO3BOHOYHHKA, MPH 3TOM TOPCY TNPHIAKTCA
KBAa3MKCCTKUC CBOMCTBA NPUMEHCHHEM CIICIMANBHOTO YICPKHBAIOIIETO
cHapspkeHms. [lokazaHa menecooOpa3HOCTs IPUMEHCHUS B KOHCTPYKIHH
VACPKUBAIICTO CHApOKCHHA 3d-maHeaeH ¢ (YHKIHCH aJanTHBHOTO
(hopmMooOpa3oBaHUA

[Ipenmoxkena mareMaTH4eCKasi MOACIb UIT MOACIHMPOBAHMA IIpoOIECcCa
pacnpeseICHHOT0 HATPY)KEHHMS TEla JICTYMKA VIAPHBIM HMILYJIBCOM H
ONTMMM3ALHH BA3KO-YIPYTHX MAPAMETPOB YACP)KUBAIOIIETO CHAPSDKECHUSA H
KPCCCIBHOTO O00OPYAOBAHHA C VUCTOM OHOMCXAHHUYCCKHX OTPAHHICHHH.
OmnmcaHbl BHPTYaNbHBIC 3KCIICPUMEHTHI, IMOKA3hIBAIOMMX 3(P(EKTHBHOCTH
Crocoda MUHUMH3AIHMH TPABMUPYIOMIETO ACHCTBHS YIAPHBIX IIEPETPY30K.

The application of distributed loading to minimize the traumatic action
of shock load
Lipov B.P.
RBC-Adaptive Systems Ltd., Moscow

The paper discusses the method of reducing stress in the spine column
based on the distribution loading of the shock pulse between the main parts of
the human body. The body of the pilot is considered as a two-mass system in
which the connection between the masses is the lumbar spine.
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Upper torso quasi-rigid properties are imparted by the use of special
restraint equipment based on 3d panels with the function of adaptive form
changes. It is shown that for rigid bodies the method allows to reduce the
stresses in the connection link to zero.

Oco0eHHoCTH AIPOAMHAMIIECKIX XapPaAKTEPHUCTHK KOPIyca
TPAHCIOPTHOTO CAMOJIETA Hecymieil popmbl
JlykesHoB O.E.

CT'AY, r. Camapa

AXTyanpHOCTh  BBEACHHS B A3POJWHAMHYECCKYI0  KOMIIOHOBKY
MACCAKUPCKHUX M TPAHCIOPTHBIX CaMOIETOB (DrO3eisbKa (KOpIyca) HecymeH
A3POIHHAMHYCCKOH (DOPMBI OOVCJIOBJICHA MOTPCOHOCTHIO TOHMCKA MyTCH
VAVUIICHUS A3POJUHAMHYCCKHX XapakTepUCTHK (AX) W TOBBINICHHA
SKOHOMHYECKOH 3(D(PEKTHBHOCTH 3THX CAMOJIETOB.

Lexp paborbl —  HCCIEIOBATH  OCHOBHBIC  a3POJUHAMHYCCKHC
XApPAKTCPUCTHKH (DIO3CIBDKEH HEKPYTIOH (OpMBI, a TakKe BBIBECTH
anmpOKCHMALMOHHBIC 3aBUCHMOCTH HX AX OT psaza TEOMETPHUCCKUX
TapaMETPOB.

B pabote paccmarpuBaercs (ro3eispK KPyTHOPA3MEPHOTO TPAHCIOPTHOTO
camonéra, (opMa TONMEPEYHOTO CEUCHUSI KOTOPOTO  OIpenessieTcs
OTHOIIICHHEM €T0 BBICOTHI h k mmpuae b (h/b).

Hccnemoparme AX (Qrosemmka [id piga 3HAUCHHH mapaMerpa h/b
MPOBEACHO METOJOM KOHEYHOTO O00BEMA, Oa3upYIOIMMCS HA PEIICHHH
yvpasHeHnd Haepe- Crokca. Maremarmueckas MOJETb IIPEIyCMAaTpUBAIA
CTAIMOHAPHBIH PeXUM OOTEKaHWs Tena mpu uuciae Maxa M = 0,2, umcne
Peitnoasaca Re = 3,3:107 B Auana3zoHe HONETHBIX H B3ISTHO-IIOCATOYHBIX
VITIOB aTaku. Pe3ynbraTsl pacuéToB MPUBOAITCS KAK UL (PFO3EISHKA B LIEJIOM,
TaK W OIS €ro HU30JMPOBAHHOM HOCOBOM  4vacTu. DBriBeacHBI
aNmMpPOKCHMAIMOHHBIC ~ 3aBUCHMOCTH OCHOBHBIX AX  NpEACTAaBICHHBIX
(hro3eIsHKCH OT psAaa 3HAYCHHH mapaMeTpa h/b.

VYCTaHOBIECHO, 4TO NPHJAHWE TONEPEYHOMY CEUCHHIO (PrO3einbKa
Hekpyrmo (Qopmer (h/b < 1) TO3BOMACT CYMICCTBCHHO MOBBICHTH CTO
HECYIHE CBOMCTBA, YIYYIINTh a3POJANHAMHYCCKOE KA4EeCTBO M YMCHBIIHTH
CTCNICHb CTATHYECKOW HEYCTOMUYMBOCTH (B CIYYAE HAMMYUA CY>KAIOIICHUCS
KOpMOBOM 4acTH). IIOBBIICHHE CONPOTHBICHHA 334 CYET YBEIMUYCHHA
TIJIOINATM CMAYHBACMOM MOBEPXHOCTH IIPH 3TOM COCTaBILIeT He Oomee 8% mo
cpaBHCcHHIO ¢ KpyribiM (rosemsmkeM (h/b = 0). Peammsyemas Ha HOCKE
Hecymero — (pro3elspka  mOACACHIBAKOMIAS  CHIA  NOBBINAET €TI0
A3POAMHAMHYECCKOEC KA4deCTBO. Pe3ynbTaThl HCCICAOBAHHH  ITO3BOILIOT
VTBEP)KIATh, YTO IMPOU3BOAHAS KOA(PHUIMEHTa HOPMATBPHOW CHIIBI IO YTy
aTaKW HWCCICIOBAHHBIX KOPIYCOB B IHMHEHHOM JHMama3oHe rpaduka cy(o)
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H3MCHACTCA OT mapamerpa h/b mo  3aBHCHMOCTH, ONH3KOH K
THITEPOOTHIECKOH.

Peculiarities of the acrodynamic characteristics of the airframe of the
lifting body transport aircraft
Lukyanov O.E.
SSAU, Samara

The urgency of the introduction of lifting body of fusclage (body) into
aerodynamic configuration of passenger and transport aircrafts is stipulated
by the need to find ways to improve the acrodynamic performance (AP) and
increase the economic efficiency of these aircrafts.

The purpose of the article is to explore the basic aerodynamic
characteristics of the non-circular shaped fuselage, as well as introduce their
approximation relations of their AP on a number of geometrical parameters.

The author considers a large-sized transport aircraft fuselage, which cross-
sectional shape is determined by the ratio of its height h to width b ratio (h/b).

Study of AP of fusclage for a number of parameter values h was made by
the method of finite volume, based on the solution of the Navier-Stokes
equations. A mathematical model included the steady state of air flow of
body at Mach number M = 0.2, the Reynolds number Re = 3,3-107 in the
range of flight, takeoff and landing angles of attack. The calculation results
are given for both the fuselage as a whole, and for its isolated fore part. We
derive approximation relations of main AP of represented fuselages on the
number of parameter h values.

It has been determined that noncircular fuselage configuration in cross
section (h/b < 1) can significantly increase its lift properties, improve
aerodynamic efficiency and reduce the degree of static instability (in the case
of a tapered aft). Increasing the resistance by increasing moisten surface arca
in this case is not more than 8% compared to circular fuselage (h/b = 0).
Suction force on the fuselage nose increases its acrodynamic efficiency. The
rescarch results suggest that the derivative of the ratio of the normal force on
the angle of attack of the studied airframes in the linear range of the graph
cn(o) changes depending on the parameter h according to the relation close to
the hyperbolic.

Anam3 mpo0Jiem cozaanns 3¢ pexTusHoro JIA, HCmon3yrmero
JHECPTUIO COJTHCTHOTO M3JTYICHUSA H BO3MOKHBIC Iy TH UX DCIICHUAS
Jlyuxos A.H.

MAM, r. Mocksa

WHTCHCHBHO BEIYHIMECS BO BCEM MHPE HCCICAOBAHHS M PA3pabOTKH IO
CO3JAHHIO CAMOJICTOB, HCHOJB3YIOIIUX JHCPTHEO COJHEYHOTO H3IIYUCHHA,
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OOBSICHAFOTCS CTPEMJICHHEM HAHTH aNbTCPHATHBHBIC Oosice 3((eKTUBHbBIC
CHOCOOBI pEIICHHS PAAa HAPOJHO-XO3SIHCTBEHHBIX W OOOPOHHBIX 337ad,
CBSI3AHHBIX C MOHHTOPHHTOM 3EMHOH MOBEPXHOCTH, PETPAHCILILMA CHTHAIOB
ro0aapHO cBa3H U ap. Peamms3anms paccmarpusaemoro tuma JIA conpsskeHa
C PpAAOM TEXHHYCCKHX CIOHOCTEH, CIEACTBHEM KOTOPBIX SIBIIETCA
3HAYMTCIbHAS TECOMETPUYECKAs pa3MepHOCTh JIA 1mpH OTHOCHTEIHHO
HEOOIBINMX MACCaX BO3MMOHN MOJE3HOW Harpys3ku. Llemp paboTsl: mposecTn
aHanmm3 mpodaeM cosmaHmsd 3PQCKTUBHOTO JIA, HCTONB3YIOMETO SHCPTHIO
COJIHCYHOTO H3IYUYCHHA H MPEAJIOKUTh BO3MOJKHBIC IMyTH MX pemeHms. Jlma
JOCTIDKCHUS OCTABJICHHON IIETH HEOOXOIMMO PEIICHHUE PAJA 3a0a4:

e  [IpoaHamm3upoBaTh JOCTUTHY ThIH YPOBCHB TEXHOJIOTHIA,

HCTIOJIb3YEMBIX TIPH pa3padoTke JIA paccMaTpruBaeMOTO THIIA;

e  BpUBHTH OCOOCHHOCTH W CHCHH(HICCKHE MPOOICMBI pa3paboTKH

JIA;

e  [IpoBECTH OLCHKY BIMAHHA MPUMCHACMBIX TEXHOJIOTHI HA YPOBCHB
pea3yeMbIX XapaKTEPUCTHK;

e JlpoBecTH AaHAmW3 BO3MOXKHBIX NYTCH PEIICHHA BBIABICHHBIX
mpoOIeM, BEIPAad0TaTh PCKOMCHIAIHH.

[TpoBeacHHBINH aHATH3 TMOKA3BIBACT, YTO OCHOBHAS MPOOJICMa PCaTH3aluu
amarenbHoro monera JIA — mamerd KITJ[ Bce#t cucrembl mpeoOpazoBaHH
sHeprun. Tomeko 13% mocTymaromeit COMHCYHOH JHCPTHH MOXKCT OBITH
HCIIOJIb30BAHO JISI CO3AAHUS TATH JBUTATEIIEM.

Masie 3Ha4YCHHS PACTIONATacMON SHEPTHH HPHBOAAT K HEOOXOIUMOCTH
co3manma JIA ¢ MambIMH 3HAUCHUSIMH YJICIBHOH HArpy3KH HA KPBUIO H
MAKCHMAJIBbHO BO3MOXHBIMH 3HAYCHHUAMH YI[J'II/IHGHI/Iﬁ KpbLIa. B cBa3u ¢ aTHM
JIA paccmarpuBacMOTO THMA OO0NATAOT OOIBIIUMH TCOMCTPHUICCKHMH
pazMepamu.

CraeacreueM 3TOTO SBISICTCS MOABEPKEHHOCTH JIA paccMmaTpuBacMoro
THINIA BIWAHUK) BCTPOBBIX IMOPBIBOB, YTO NMPHBOIAUT OAKEC NPH HEOOIBIIIX
SHAYCHWAX BCPTHKATIBHOTO TIOPbIBA K 3HAYHATCIIBHBIM BCPTHKAJIBHBIM
Teperpy3kam ny. 10T (PaKT OTPAHUIHNBACT IKCIUTY ATAHOHHBIC BO3MOKHOCTH
CaMOJICTOB C HCTIOJb30BAHUEM COTHCYHOH SHEPTHH.

Bo3MOKHBIC TyTH PENICHUA

e [lomyuyeHne OOJBINETO KOJMYMECTBA JHECPTHH OT JOTOJHHTEIHHO
pasMeraeMbIx Ha JIA maneneit.

L4 HpI/IMeHeHI/Ie TOIINIMBHBIX 3JICMCHTOB.

e  (COOp CTATHYECKOTO 3IEKTPUICCTBA

e  MukpOBOJHOBAS W JIA3EPHAS IIEPEIaya SHCPTUH
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Analysis of problems related to the development of an effective flying
vehicle (FV) using energy of solar radiation, and possible
ways of their solution
Luchkov A.N.
MAI, Moscow

R&D related to the development of aircraft using energy of solar radiation
for sustaining and power-generating maintenance of flight, are intensively
held all over the world. The reason for this is an aspiration for finding more
efficient, alternative ways of completion of the range of national economic
and defense tasks related to the surface monitoring, global communication
signals’ retransmission etc.

The implementation of a FV type considered presents a range of technical
difficulties resulting from the FV’s significant gecometric dimensions together
with a relatively low weights payload.

Work objective: to carry out an analysis of the problems related to the
development of an efficient FV using the energy of solar radiation and to
suggest possible ways of their solution.

In order of achieve this goal it is essential to complete the following tasks:

o  To analyze the current level of technology applied when developing
this type of aircraft.

o To identify characteristics and specific problems of developing the
FV.

e To evaluate the impact of technologies applied on the level of
characteristics being implemented.

e  To analyze possible solutions to the problems identified and develop
recommendations.

The analysis carried out shows that the major problem of the aircraft long
flight implementation is a small efficiency of the whole energy conversion
system. Only 13% of the incoming solar energy can be used to produce the
engine drought.

Small values of the available energy lead to the necessity to develop a FV
with small values of the unit load on the wing and maximum possible values
of the wing’s clongation. Due to that, the FV of this type have greater
geometric dimensions.

As a result, there is an exposure of this type of FV to the gusts of wind.
That leads to (even under mild values of the vertical gust) significant vertical
overloads ny. This fact limits the operational capabilities of an aircraft that
uses solar energy.

Solutions proposed

e  Getting more energy from the panels which are additionally placed
on the aircraft
o  The fuel cells” application
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e  Collecting of static electricity
e  Microwave and laser energy transfer.

Pa3paGorka aBTOHOMHOTO CJIEISIIEr0 MPUBOA CHCTEMbI YIIPABJICHHSI
IPY30BBIM IVIAHNPYIOINNM HAPAIMIOTOM
Maxkapenko A B., Camoxuna KE.
MAM, r. Mocksa

PaspabareiBaroTcss OCHOBBI IIOCTPOCHHUS ABTOHOMHOTO CIIE/ISINETO IPHBOIA
CHCTEMBl  VIPABJICHHS TPY30BBIM  IUIAHUPYIOIOMM  TAPAIIIOTOM  C
HCII0JIb30BAHUEM ABHAMOJACTBHOTO IBUTATEIISI BHY TPEHHETO CTOPAHHS.

PaccmaTpuBacMbIil aBTOHOMHBIH CJICAAINUIN IPHUBOJ CHCTEMBI YIIPABICHUA
MApaIIoOTOM COCTOMT M3 KHHEMATHYCCKH CBA3AHHBIX aBHAMOCIHHOTO
JIBHTATCIA BHYTPCHHCTO CropaHus (ABOC), yIpaBIBsICMOH
JEKTPOMATHUTHOH My(THL, 3JICKTPOMATHHTHOTO TOPMO3a, BOJHOBOTO
penyKTOpa HIAPHKOBOTO, HHAYKIMOHHOTO JaTYMKA OOpAaTHOH CBA3H H
OapabaHa HAMOTKH (BBITYCKA) CTPOTBI YIPABJICHHUS mapauroToM. [IpuBoa ¢
AJIBC BOCTIPOH3BOIHT TPH PCKUMA;

e Pexwum moarsra (yOOpKW) CTPOIBI yIpaBiCHHWA. B 3rom pexmme
ABHAMO/ICJIBHBIN JIBUTATCIIb BHYTPEHHETO CropaHmsl pabOTacT B INTATHOM
peKUME, 37CKTPOMATHUTHAS My(Ta HAXOTUTCA BO  BKIFOUCHHOM
COCTOSIHMH, OOCCIeYMBAas BpAIICHWE BHIXOAHOTO Baja IPHBOJA,
JNEKTPOMATHUTHBIN TOpMO3 oOecroueH. [Ipomcxoaur yOoOpka CTPOIBI
VIPaBJICHHS HA COOTBETCTBYIOIIYIO 3aJaHHYIO BEIMIMHY. [Ipn JoCTH KEHIH
HEOOXOAMMON BEIMYMHBI MOATATA CTPOINBI 3JCKTPOMArHWTHAS My (pTa
otkmovactcsa, paspeamaas Bamr AJIBC ¢ BBIXOOHBIM BAaJOM MPHBOJA,
3MEKTPOMATHUTHBIN TOPMO3 IO CUTHAIY CHCTEMBI YIIPABJICHHS IICPEXOIUT B
pabouce COCTOSHIC.

e Pexwum BbImycka crpomsl ympasieHua B astom pexmme AJIBC
MPOJOIDKACT Pad0TATh, HNMEKTPOMATHUTHASL My(PTa W TOPMO3 IOIHOCTHIO
OTKIIFOUCHBI, IPOMCXOJUT CBOOOTHOC BpAIICHHE Bana IPUBOJA IIOA
JEHUCTBUEM  HArpy3ku. DBpIXogHOM  Banl  OpHBOJA  ABIDKETCA K
COTJIACOBAHHOMY ITOJIOXKCHHUIO, IPOMCXOJMT BBITSATHBAHWE CTPOIBL. [lpm
JOCTIDKCHHUH HEOOXOJMMOTO YPOBHS CHTHAJIA CTOIIOPEHHE BBIXOJIHOTO Bl
mpuBoJa W 0OapabaHA ~ HAMOTKH  TPOMCXOAWT C  IOMOIIBIO
3NEKTPOMArHUTHOTO TOPMO3a.

e PexuMm yaepkaHus B CHHXPOHHOM moJokeHHH. COOTBETCTBYET
CHUTyamuW, KOTZJA  CHTHAJ  VIOPABJICHHA  IIOMAZJacT B 30HY
HCYYBCTBHTCIHHOCTH. AJIBC padoraer, My(Qra OTKJIFOUCHA,
3EKTPOMATHUTHBIN TOPMO3 BKIFOUCH, 00CCIICUNBAsT HAIC)KHOE CTOITOPCHHUC
BajIa MpHUBOAA U OapabaHa HAMOTKH.

Ilpu MCNOAB30BAHMM ONHCAHHOM CXEMBI ABTOHOMHBIN CICIAIIUN MPUBOJ

paccunTaH Ha OOeCHEUYCHHE A0 6 TONHBIX LHKIOB HMEPEKIAJKH CTPOIIBI
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VOpaBICHHA MapamroToM mo 98 cexynHa Kaxzaeid. OOmiee Bpemsi padoOTHI
mpuBoga gocruract 600 cekyHA. Pa3paboTaHHBIA ABTOHOMHBIN IPHBOJI C
AJIBC mveer MOIHOCTS /.5 kBm u Maccy mopsaka 9,5 xe.

Hcnonp3oBanne pa3pabdoOTaHHOTO NMPHBOJA MO3BOJSIET B 3 Pa3a CHH3HTH
MacCcy CHCTEMBI YIPABICHUH IO CPABHCHHIO C TPAAMIMOHHBIMH THIIAMH
MPHUBOJOB  (3JCKTPONPHBOAOM C  XHMHUYCCKHM  HMCTOYHHKOM  TOKQ,
JEKTPONIPUBOIOM C IOPOIIKOBBHIMH My(Tammu, ITHSBMOIIPHBOIOM C
0amIoOHOM CXKATOTO Ta3a MW IHEBMOIPHBOJOM C TBEPAOTOIUIMBHBIM
razoreHepaTopoM).

Development of the independent watching drive of a control system of
the cargo planning parachute
Makarenko A.V., Samokhina K E.
MAI, Moscow

Bases of creation of the independent watching drive of a control system of
the cargo planning parachute with use of an aircraft model internal
combustion engine are developed.

The watching drive of a control system of a parachute considered
autonomous consists of kinematic connected aircraft model internal
combustion engine (AMICE), the managed eclectromagnetic sleeve, an
electromagnetic brake, a wave reducer of the ball, induction feedback sensor
and a drum of winding (release) of sling of management of a parachute. The
drive with AMICE reproduces three modes:

e  Mode subdraft (cleaning) of sling of management. In this mode the
aircraft model internal combustion engine works in the regular mode, the
electromagnetic sleeve is in the included state, providing rotation of an
output shaft of the drive, the electromagnetic brake is deenergized. There is
a cleaning of sling of management on the corresponding prescribed value.
At achievement of necessary size subdraft of sling the electromagnetic
sleeve is switched-off, disconnecting AMICE shaft with an output shaft of
the drive, the electromagnetic brake on a signal of a control system passes
into operating condition.

e Mode of release of sling of management. In this AMICE mode
continues to work, the clectromagnetic sleeve and a brake are switched
completely-off, there is a free rotation of the drive shaft under the influence
of loading. The output shaft of the drive moves to the coordinated situation,
there is a sling pulling. At achievement of necessary level of a signal
latching of an output shaft of the drive and drum of winding happens to the
help of an electromagnetic brake.

e  The deduction mode in synchronous situation. Corresponds to a
situation when the signal of management gets to a dead zone. AMICE
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works, the coupling is switched-off, the electromagnetic brake is included,

providing reliable latching of the drive shaft and drum of winding.

When using of the described scheme the independent watching drive is
expected providing to 6 full cycles of a turn of sling of management of a
parachute for 98 seconds everyone. The general operating time of the drive
reaches 600 seconds. The developed independent drive with AMICE has the
power of 1.5 kW and weight about 9,5 kg.

Use of the developed drive allows to reduce by 3 times the mass of system
management in comparison with traditional types of drives (the electric drive
with a chemical current source, the electric drive with powder couplings, a
pneumatic actuator with a cylinder of a compressed gas and a pneumatic
actuator with a solid-fuel gas generator).

OcHoBHbIE TPEOOBAHNS K ABAPHECTOIKON TOMUMBHOI cHCcTeMe
BeproJiera
Makosenkuit M.B., ITyraues FO.H.
MAM, r. Mocksa

Lenpto mawHOW paboOTHI SBIAETCSA pa3pabOTKAa TOIIMBHOH CHCTEMBI
BEPTOJICTA, CHOCOOHOHW CONMPOTUBILITHCS PA3PYIICHHIO IIPH KECTKOH MOCAIKE.
PaspymeHI/Ie TOILUIMBHBIX 0AKOB H arperartoB TOIJIMBHOM CHCTEMEI TIPUBOOUT
K pa3IMBy TOIUIMBA IPH KECTKOH MOCAAKE, YTO YACTO SBJLICTCA MPUUUHOU
mMOkapa, BO3HUKHOBCHHC KOTOPOTO BJICUCT 32 COOOH THOCTD 3KHMAXKA H
MAcCaXUpoB. B CBI3HM C 3THM B HOpMAX JIETHOH roguoctd All-29 BOZHHKIO
TpeOoBanme B pazmenc 29.952“CTOWKOCTh K Ppa3pyIICHHUIO TOIIMBHOM
CHCTEMBI .

AHanmM3 CTATHCTHKH KPYIHBIX MPOWCINCCTBHH 3apyOeKHOW aBHALMOHHOH
TEXHUKH 0003HAYMII aKTYaIbHOCTh JaHHOH mpodnemsl. Mccnenosarme 1317
TIPOMCHICCTBHI C YYACTHEM BEPTOJICTOB MOKA3AJI0, YTO XOTS IOKAP BOSHAUKAI
mumib B 8.7% mpomcnrecTsril, OH cran npudauHOH 60.4% BCeX CMEPTENBHBIX
ucxoa0B. Kpome toro, OBIIO yCTaHOBICHO, 4To 78.5% mOCICaBApHHHBIX
MOKAPOB BO3HUKIIU B PE3YJIBTATC MOBPCIKIACHUA TOIIIMBHBIX 3JICMCHTOB
W/ TOIMBHBIX  TpyOompoBomoe. MccineaoBanws MOKAa3amHM, dTO
BO3TOPAHHE PA3IUTOTO TOILUIMBA MPOUCXOAMIO, KAK IMPABHUIO, IIPH KOHTAKTaX
C TOPSAYHUMH HOBEPXHOCTAMH, HCKP OT TPEHHA METATMYCCKUX KOHCTPYKIHH,
JJCKTPHUCCKAX MPHOOPOB M CTATHUCCKOTO 3ICKTpuuccTBa. OTCrOma ObIT
CACMaH BBIBOJA, 4YTO HAWOOJEE PANMOHANBHO PEIIUTH  IPOOIEMY
MOCICABAPUIHBIX TOJKAPOB MOYKHO, YMCHBIIMB VTCYKH TOIUIHBA MPH
TOBPCIKACHUN 3JICMCHTOB TOIUTHBHOM CHCTCMBI. Z[,JI}I JOCTIOKCHHA OAHHBIX
meneH Tpebyercs pa3padoTaTh MATKHC TOIUTHBHBIC OAKH M ABAPHCCTOWKHC
arperaTol TOIUTMBHOM CHUCTCMBI.

Cormacao TpeOoBanmsaM  All-29, pasmen 29.952, TtommmBHBIC Oaku
COBPCMCHHBIX BEPTOJICTOB JOJDKHBI OBITh CMIPOCKTHPOBAHBI TAKHM 00pa3oM,
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4TOOBI HE JOMYCKATh YTEYKH TOIUIMBA IIPU MAACHUM C BBICOTHI 15.24 merpa
6e3 HaYaTbHOTO YCKOPEHHS HA YKECTKYIO HEAC(POPMHPYEMYIO NMOBEPXHOCTS,
mpu 3TOM Oaku JOJDKHBI ObITH 3amoaHeHsI HA 80% Bomoil. VcmbiThiBacMbIe
0aku MOIDKHBI HAXOAWTHCI B KOHTCHHEpPE, MMHTHPYIOIEM KOHCTPYKIIHIO
peproiera. OXHAM W3 KOHCTPYKTHBHBIX BAPHAHTOB, IO3BOJLIFOINNX
BBIMOJHUTS YKA3aHHOEC TPEOOBAHME, SBICICTCS WCIOJB30BAHHUE MSTKUX
TOoIMBHBIX 0akoB (MTDB), cocToAmmx 13 MPOPE3HHEHHOM TKAHU C >KECTKAM
KOPAOM.

3amaua pa3paboOTKM MATKHX TOIUIHBHBIX OAakOB BKIIIOYACT B CCOA
pa3paboTKy ® BBHIOOP TBCPAOH TCKCTHIIPHOM TKAHH, PC3HHBL, KICd H
TEXHOJOTHH M3TOTOBICHHUS MATKOTO TOIUTMBHOTO 0aka, pacueT Ha IMPOYHOCTH
W CTCHOBbIC HCIIBITAHMUS cormacHo ATT-29 m. 952.

3amaua pa3pabOTKH arperaTtoB AaBAPHCCTOHKON TOIUTHBHOH CHCTCMBI
BKIIFOYAECT B ceOS pa3pabOTKy W WCHBITAHHI KJIAIAHA CIMBA, JPCHAKHOTO
KIamaHa # pa3peiBHBIX (urmHros corinacHO SAEARP1616A. Jlanusie
arperatel JOJDKHBI MMETh CNab0€ 3BEHO, Pa3pyLIArONIcecs HMPH 33aJaHHBIX
HATPy3Kax, ¥ TEPMETH3HPOBATHCS PH PA3PyLICHHUH.

Basic requirements for the helicopter crash-resistant fuel systems
Makovetsky M.B., Pugatchev U.N.
MAI, Moscow

The aim of this work is to develop a helicopter fuel system, which is able
to resist fracture during a hard landing. The destruction of the fuel tanks and
fuel system units leads to oil spills in case of hard landing, which is often
cause fire and the death of the crew and passengers. In this regard, the
airworthiness AP-29 requirement 29.952 "Resistance to degradation of the
fuel system" appeared.

Analysis of the statistics of major accidents foreign aviation technology
outlined the urgency of the problem. A study of 1317 accidents showed that,
although only 8.7 percent of the accidents resulted in fire, 60.4 percent of all
the fatalities occurred in those fire accidents. This study also found that 78.5
percentofthepostcrashfirescouldbeattributedtorupturedfuelcellsand/orfuellines
.Studies have shown that ignition of the spilled fuel is usually in contact with
hot surfaces, sparks from the friction of metal structures, electrical equipment,
and static electricity. It was therefore concluded that the most rational way to
solve the problem of postcrash fires can reduce the leakage of fuel elements
in the fuel system damage. To achieve the set goals requires the development
of crash-resistant bladder fuel cells and self-sealing breakaway valves and
fittings.

According to the AP-29, Section 29.952, the fuel cells of modern
helicopters must be designed in such a way as to prevent fuel leakage if
dropped from a height of 15.24 meters without initial acceleration on the rigid
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surface, the tanks must be filled to 80% water. The test tanks must be in a
container simulating design of the helicopter. One of the design options,
allowing to fulfill this requirement is the use of crash-resistant bladder fuel
cells consisting of rubberized fabric with a hard cord.

The task of developing crash-resistant bladder fuel cellsincludes the
development and variety of solid textile fabric, rubber, adhesive and
manufacturing of soft fuel tank strength calculation and bench tests according
to the AP-29, Section 29.952.

The task of developing unit crash-resistant fuel system includes the
development and testing of sump drain valves, vent valves and self-sealing
breakaway valves according to the discontinuous SAE ARP1616A. These
units have to have a weak link, collapsing under a given load, and seal the
fracture.

HHxeHEPHO-NICHXOJIOTHMECKHA AHAJIN3 TEOPETHICCKAX MOAe1eil
BBICOKOABTOMATH3HPOBAHHBIX CHCTEM WICTYHK-CAMOJICT»
Memixoa M.B., TTporus 10 A.

JIMU um. M.M. I'pomoBa, r. XKykoBckuii

B [poknaze TpeACTABICHBI PE3ybTAaThl HHKCHEPHO-NCHXOJOTHYCCKOTO
AHAIM3A BIUSHHA MOJCICH «UCIOBCUCCKOTO (DakTOpa» HA Pa3padboTKy
JIOTHKHA BBICOKOABTOMATH3HUPOBAHHBIX CHCTCM COBPCMCHHBIX MACCAKHUPCKUX
camorneToB. OOmas KOHICNIHSI «HACATPHOTO OOBEKTA YIPABJICHILD),
OINPEACTAIOMAA HANPABJICHHS ABTOMATH3ALMH, HAXOJUTCA B COOTBETCTBHH C
MOJCJISIMH BBICOKOYPOBHETO YIPABJICHHS, CHIDKCHHS pa0OueH HATPy3KH,
MPEAOTBPAMICHHUS OMMOOK OTIEPaToOpa.

The engineering-psychological analysis of highly-automated pilot-vehicle
system models
Melikova M.B., Pronin Yu.A.
Flight Research Institute, Zhukovsky

The report discloses the results of psychological analysis of the way the HF
models influence the development of highly-automated systems onboard
modern civil aircraft. The concept of “ideal control object”, determining
automation properties, corresponds to the following models: high-level
control, workload reduction, operator error prevention.
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MepcneKTUBBI pa3BUTHS 0CCIVIOTHRIX ABHAIIMOHHBLIX KOMILTEKCOB
BO3AYITHOTO CTAPTA
Momucees I'.B.
HITO «OKB um. M.IT. CumonoBa», T. Kazaun

B macrosmmee BpeMsa OCCHHIIOTHBIC ABHAIMOHHBIC KOMILDICKCH (BAK)
posaymHOTO crapra (BC) pa3BuTel B MCHBOICH CTCIICHH MO NPHIHHAM
3aBHCHMOCTH OT CaMoOJeTa (BEPTOJCTA)-HOCHTEISI M OTPAHHYCHHBIM
MaccorabapUTHBIM XapaKTCPUCTHKAM.

Tem HEe MeHee Beaymme CTpaHbl 3aHMMArOTCs pazpaborkoit BAK BC
BCIICACTBUC CJICAYIOIMX WX NMPEHMYIIECTB: a) BO3MOXKHOCTH OIICPATHBHOH
JOCTABKH  HOCHTEIEM K pPalHOHy NPUMCHEHWSI, ©) YIPOIICHHAS
CHHXPOHHU3AIMS ACHCTBHI C MIOTHPYEMBIMH ABHAIIHOHHBIME KOMITJICKCAMH
n komaHmHeMH TyHKTamMu BKC; B) rmyOokas mHTETpamus B CTPYKTYPY
HHKCHEPHO-TeXHIIeCcKkoro obecneueHmst BKC, obciykuBaHue IITaTHHIMA
CHETHAIUCTAMH 110 ABHALIMOHHOMY BOOPY KCHHIO.

K nmpumepy, nepciekrusHbiid apuanuonHbii kommuieke CIIA F-35 nmeer B
HOMCHKIIATYPS BOOPY KCHHSA TPH OCCIHJIOTHBIX JICTATCABHBIX ammapaTa bJTA
BC, spmonmsmromux (yHKIUN ABHALMOHHOH JOKHOM ILEIH, IOCTAHOBIIUKA
momex W yaapuoro BJIA. Bepromerst AH-64 wm3pammeckux BBC
OCHAINAKOTCSL  «TYOYCHBIMH» CKJIQIHBIMH MHHH-BJIA,  BBIONHSIOMNX
()YHKIMH 3aTOPU30HTHOHW ONTHYICCKOW PA3BEIKH, MOMUCKA LEIH M HAHCCCHUS
yaapa.

Chepamu mpumereHnss BAK BC MoryT SABIATBCS. a) NPHKPHITHE
NWJIOTHPYEMBIX CAMOJIETOB (BEPTOJETOB) NPU NMPEOJOJCHUU H BCKPBITUU
cuctemsl [1BO mpoTHBHUKA (ABHAIMOHHBIC JIOXKHBIC IIETH M MOCTAHOBIIUKA
moMex); 0) pacmmpeHne WHPOPMALMOHHOTO TOJSI HOCHTEIS, ACTalbHAS
JOpa3BeaKa LEIH IEPen HAHCCCHHEM yJAapa HOCHTENEM, MOMCK LeIeH B
3amaHaoM parone (BJIA pagHOTeXHHICCKOH, PaIHOIOKALIMOHHOM, TCIIOBOH
WM ONTHYECKON pPAa3BEAKH), B) HAHCCCHHE yAapa MO HECKOJbKHM LEISIM
OXHOBpPeMEeHHO HeCKOMbKHUMH BJIA BC, 3aropM30oHTHOE MOpPA’KCHWE LENCH,
nogasineHue cucteMsl [IBO 6e3 Bxoga HocuTensd B 30HY mopakeHus (BJIA
BC ¢ 00eBoii 4aCTHIO WM OPYKHEM HA HOBBIX (PM3HUICCKUX MPHUHIHUIIAX).

XapakrepueiMu  TpeOoBammamMu  k BJIA BC  gBmmorca:  a)
MaccorabapUTHBIE XAPAKTCPUCTHKH, OOCCIICYMBAIOIIUEC YCTAHOBKY HA
BHEIIHHUC I BHY TPU(DIO3CIIDKHBIC TOUKH MTOJBECKH HOCUTEISL, B TOM UHCJIIC
CKIIQJBIBAFOINHMECS A3POJAMHAMHYCCKUE IOBEPXHOCTH, O) COOTBETCTBHC
ycaosuii crapta BJIA BC neTHO-TEXHHYECKHM XapaKTCPUCTHKAM HOCHTEIL,
B)oOecrieueHHE MEXAHUYCCKOH, JNEKTPHUYECKOH ¥ HH()OPMAIMOHHOH
CTBIKOBKH C CHCTEMAMH HOCHTEIISL.

BJIA BC moryT permaTs 3a1a41 Kak B HHTEPECAX CaMOT0 HOCHTEI, TaK M
ABHALMOHHOHM Tpymnmbel. HocuTens B JAHHOM CIIy4ac BBHIMONMHSCT ()YHKIMH
Bo3aymHOTO myHKTa ympasicHus (BsI1Y) BJIA BC. Paseutuem Takoro

32



HAPABICHUS  SIBIBICTCS  IMHJIOTHPYEMO-OCCIMJIOTHOM  ABHAI[MOHHBIN
KOMIIJIEKC C PACIIHPEHHBIMHU (Py HKIMOHAIBHBIMH BO3MOKHOCTSIMHL.

B Hacrosmee BpeMsi B HamICH CTpaHE Pa3padaThIBacTCsA OJWH H3 THIIOB
BJIA BC Ha ocnose cepuitHoro BJIA Hazemuoro crapra. Pa3memicHue
BBITIOJTHSICTCS HA BEPTOJICTE-HOCHTENE THIA Mu-8 6€3 ero KOHCTPYKTHBHOH
JOpaOOTKH C ICITBIO MPOTHBOACHCTBHA cucTeMaM [1BO mpoTHBHHAKA.

Prospects for the development of unmanned air-launched aircraft
systems
Moiseev G.V.
SDO “OKB M.P. Simonov”, Kazan

Currently, unmanned aircraft systems (LHC) air-launched (BC) developed
to a lesser extent, for reasons depending on the aircraft (helicopter) booster
and limited weight and size characteristics.

Nevertheless, the leading countries are developing the LHC sun due to the
following advantages of: a) the ability to timely delivery of the carrier to the
arca of application; b) simplified synchronization operations with manned
aviation systems and command posts videoconferencing; ¢) the structure of
the deep integration engineering support videoconferencing, maintenance
staff specialist on aviation armament.

For example, promising aviation complex of the US F-35 has three arms
nomenclature UAVs performing the aviation function decoy, jammer and
impact of UAVs. Helicopters AH-64 Isracli Air Force are equipped with
foldable mini-UAVs perform the functions of the optical horizon
reconnaissance scarch target and strike.

The application areas for the LHC sun can be: a) a cover piloted aircraft
(helicopters) and the autopsy in overcoming enemy air defense systems
(aircraft decoys and jammers); b) the extension of the field of information
media, detailed additional exploration target before striking the carrier search
purposes in a given area (UAV radio, radar, thermal or optical
reconnaissance); ¢) striking several targets simultancously in several UAV
aircraft-horizon loss purposes, the suppression of air defense system without
entering the media in the affected area (UAV aircraft with a warhead or
weapon on new physical principles).

Specific requirements for UAVs VS are: a) weight and size, for installation
on external or internal point of suspension media, including folding airfoils;
b) compliance with the conditions of the start of the Armed Forces UAV
flight characteristics support; ¢) providing mechanical, electrical and
information systems docking carrier.

Armed Forces UAVs can solve the problem in the interest of the media
and aviation groups. The carrier in this case functions as an air control point
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(ACP) UAV aircraft. The development of such areas is manned-unmanned
aircraft systems with enhanced functionality.

Currently in our country developed a type of UAV sun on the basis of
serial UAV ground start. Accommodation is done in a helicopter-carrier Mi-8

without structural improvements to counter enemy air defense systems.

IIpumenenne TUCKPETHOM MCKOBOI BUXPEBOIl TeOpHH IPHU pacuere
HATPY30K HA PE/KHME HEYCTAHOBHBIICTOCS BPAIICHUSI BEPTOJIETA
Huxomaesa M.H.!, Huxonaes E.W.2
'KHUTY-KAH, KB3, r. Kazans

OmunM w3 HAWOOJICC OMACHBIX I BCPTOJCTA SABIIIFOTCA HATPY3KH,
BO3HHKAIONIME B PE3yJIbTAaTE MAHECBPOB HAa PEKHME HEYCTAHOBHBILETOCS
ppameHust (. 29.351 VYcnosusa ckompxkeHna All-29). PekomeHmarembHbIH
nupkyip AC29-2C Bunrokpsuible JIA TpaHCIOPTHOH KATETOpHH HE
TpeOYET B BHAY OMACHOCTH MAHEBPA MPOBCICHMS KOHCTPYKTHUBHBIX JIETHBIX
ucnbiTaHuid. OH SBIMETCS CTAHAAPTOM UL MPOCKTHPOBAHUS KOHCTPYKIIHH.
[ToatoMy pacuer Harpy30K HAa 3THX PEKHMAX SBIICTCS BAKHBIM I
oOecrieueHHsI MPOYHOCTH W HAJCKHOCTH BHHTOKPBUIOW ABHALMOHHOM
TCXHUKH.

Hambonee BakHBIM B pacuyeTe HArpy30K HA XBOCTOBYIO Oanky mpH
HCYCTAHOBHBIIEMCS BPALICHUM SBISICTCS ONPEACICHHE WHIYKTHBHBIX
CKOpPOCTEH TIPM HECTAIMOHAPHOM OOTEKAaHHH PYJCBOro BHHTA. B mpomecce
BPAIICHUS BEPTOJIETA YTOJI aTAKH PYJICBOTO BHHTA H3MCHACTCS OT HyJIT 10 90
TPasycoB 3a HEHPOJOLKHTCIBPHOS BPEMS B IPOLECCE M3MEHEHUS OOIIETO
[IarapyJIeBOTO BHHTA OT OANAHCHPOBOYHOTO ITOJIOXKCHHS [0 TOJIOXKCHUS HA
BEPXHEM YIIOPE B 0OpaTHO.

CampIM TOAXOAANIMM METOJOM JUIT pacuyeTa Harpy30K B TaKuX
HCYCTAHOBHUBIINXCS VCIOBHSAX OOTECKAHWA SBJLIFOTCS METOJbI HECIMHCHHOM
HECTAMOHAPHOW A3POJMHAMHUKH (JIOMACTHOM BHUXPEBOM TEOPHH WIH
HECYyIIeH MOBEPXHOCTH, HANPHUMEP, B BAPHAHTE BUXPEBBIX pamokx). Ho nma
MIPOCKTHPOBOYHBIX PACUCTOB MOXKHO TOJB30BATHECS METOAOM JHCKPETHBIX
BHXPCBbIX LMJIMHIPOB, Pa3pabOTAHHBIX aBTOPAMHU JOKJIAAA HA 0a3e TUCKOBOH
puxpepoii Teopum IllafimakoBa. 3TO TO3BOJSIET COKpPATHTh BPEM,
HCOOXOAMMOC [ TMOJNYUCHHE HATPY30K ©O¢3 MPOBCACHUSA JICTHOTO
JKCIICPUMEHTA.

B nokmane mpuBeIeHBI OCHOBHBIC IIPHHIMIIBI, HCIIOJB30BAHHBIC IPH
MOCTPOCHAM METOAA [JUCKPETHBIX BHXPEBBIX IMIMHAPOB. llokazama
BO3MOXXHOCTb TPHMCHEHUSI METOAA ULl PacdeTa MHAYKTHBHBIX CKOPOCTCH
MPH YHCICHHOM HWHTCTPHPOBAHWH YPABHCHUHA JBIDKCHHUS BEPTOJETA LA
ONpEACICHHA HATPY30K HA IEPEXOJHBIX PEXXMMAX TOJETA BEPTOIETA.
[TpuBencHBI pe3ynbTAThl PACUETOB HATPY30K HA BAJy PYJICBOTO BHHTA IIPH
HCYCTAHOBHUBILEMCS BPAILICHHH.
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Use of the discrete vortex cylinder method when the loads calculating on
helicopter unsteady rotation regimes
Nikolacva M.N.!, Nicolaev E.1.2
TKNRTU-KALI, *Kazan Helicopters, Kazan

One of the most dangerous for the helicopter is loads resulting from the
mancuvers on a mode of unsteady rotation (29.351sliding conditions CS-29).
Advisory Circular AC 29-2C Rotary-wing aircraft transport category does not
require in mind the dangers of structural maneuver flight tests. It is the
standard for structural design. Therefore, the calculation of loads on these
modes is important for ensuring the strength hand reliability of the rotary-
wing aircraft.

Most important in the calculation of loads on the tail boom during unsteady
rotation is to determine the induced velocity at unsteady flow tail rotor.
During of the helicopter rotation the tail rotor angle of attack varies from zero
to 90 degrees for a short time in the process of changing the collective pitch
of the tail rotor balancing position to position on the upper stop and back.

The most appropriate method for calculating the load in such unsteady
flow conditions are methods of nonlinear unsteady acrodynamics (finite-blade
vortex theory or lifting surface theory, for example, in an embodiment of the
vortex frames). But for the calculation of the design, you can use the method
of discrete vortex cylinder, developed by the authors on the basis of actuator
disk vortex Shaydakov’s theory. This reduces the time required to obtain
loads without a flight experiment.

The paper presents the basic principles used in the construction of the
method of discrete vortex cylinder. The possibility of applying the method to
calculate the induced velocity in the numerical integration of motion
equations of the helicopter to determine the loads on transient helicopter
flight. The results of calculation of loads on the tail rotors haft at unsteady
rotates.

Hccenegopannie 300 AHHAMIMECKOI HEYCTOYHMBOCTH BEPTOJIETA HA 3eMIe
€ BJIHSIHHEM YIIPYTOCTH JIOIACTEN
Huxonaes EM.!, TTanTroxun K.H.?
’KHUTY-KAH, 'KB3, r. Kazaup

HccnegoBanne AWHAMHYECKOH YCTOMYMBOCTH BEPTOICTa HA 3EMIE B
OOJBIIHHCTBE CIIYYacB CBA3AHO C TAKMM SBJICHHCM, KaK 3CMHOH PC30HAHC.
3eMHOH PE30HAHC MPEACTABIICT COOOH aBTOKOJICOAHHSA BEPTOJICTA HA 3CMIIC
C HapacTalmed aMmmuTyou. [IpHYMHON TAKOro PacKaYMBAHHS SBJIACTCS
B3aMMOJCHCTBHC KOJICOAHMH JOMACTCH OTHOCHTCIIFHO MIAPHHPOB, OCOOCHHO
BEPTUKAJIBHOTO, C KOJICOAHISAMH KOPITyCa BEPTOJIECTA HA MIACCH.
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Beproser mpezacraBmsier COOOH CIOKHBIH MEXaHH3M H TO3TOMY TPH
TMOCTPOCHHUH MATCMATHICCKHUX Mo;[eneﬁ A1 OKOHOMHH BBIMHCIIHTCIBHBIX
PECYPCOB BBOJWINCH AOMYIICHHS M YIPOIUCHUS, KOTOPBIE C JOCTATOUHOH
TOYHOCTBIO KOPPENHPYETCSI C OJKCIEPUMECHTOM. B Hacrosimee BpeMs
HCCIEIOBaTEeNh O0NANACT HEMAIbIMH  BBIYHCIHTEIBHBIMH  PECYPCaMH
MO3TOMY  HMMEETCS  BO3MOXKHOCTh  IIOCTPOCHHSA  0OJEE  CIIOKHBIX
MaTEMATHYECKUX MOJCNCH, MO3BOJUIOIIMX pPEINarh 3a7ady pacuera 30H
«3EMHOTO» PEe30HAHCA 0016 TTOAPOOHO.

B mokmaze mpeacraBicHa MAaTEMATHYECKAs MOJACTH BEPTOJIETA, KOPILYC
KOTOPOTO MMECT HIECTh CTCHEHEH CBOOOBI, W YIPYTHE JOMACTH, KOTOPbIC
HMCIOT TPH CTENICHH CBOOOJBI B V3IE€ KPEIUICHHS K BTYJKE. BamerHo-
TMOCAAOYHOE YCTPOMCTBO (IIACCH) BEPTOJECTa B MOJACIH INPEACTABIACTCS
MaT'pI/IL[efI moaaTIMBOCTH. ypaBHeHI/I}I ABIWKCHHUA BCPTOJICTA IOJYUCHBI C
MpUMEHCHHEM ypaBHeHMH Jlarpamka 2-ro poga, a YpaBHEHHS YIPYTHX
KOJICOAHMH JTOMACTH MOJYYCHbI C HCIOIb30BAHHEM IOHPOKO HM3BECTHOTO
Meroga 'anepkuna. Maremarnyeckad MOAETb YIPYTOH JOMACTH YYUTBIBACT
TOIBKO TEpBble TPH (POPMBI COBMECTHBIX H3THOHO-H3TMOHO-KPY THIBHBIX
KOJICOaHHH.

CHGI[Y}I OIMMCAHHOM BHIIIC MATCMATHUICCKOM MOACTH, C HCHOJb30BAHUCM
MAaTCMATHYCCKHX TMAKCTOB mporpamMmuposanna Maple u Matlab paspabortan
KOMIUICKC mporpaMM. B amamaszoHe 0T HyIT 10 paboumnx 000POTOB HECYIIETO
BHHTA MPOBEACH PacyeT 30H IWHAMUYCCKOH HEYCTOHYHMBOCTH BEPTOICTA HA
3emie. CpaBHEHHE Pe3ylIbTaTOB, MOMYyYEHHBIX MeToa0oM P. KoyiaMeHa, ¢ mo
MATEMATHICCKOH MOACTH C KCCTKHMH JIOMACTAMHU H IKCIICPUMCHTAJIbHBIMHA
manaeiMa 111 Beprosieta AHCAT mokasanm, uto mozenb P. Koynmena He
MO3BOJIET BBUIBUTH ONACHYI0 30HY, IONYYCHHYI0 B OKCIICPHMCHTE.
PaspaboranHbic aBTOpaMHU JOKIaAa MATEMATHYCCKHE MOJCIH C >KECTKOH H
VOPYTOH JIOTACTHIO IO3BOJLIIOT OMPEACTNTDh MONYUYCHHYIO B JKCIICPHMCHTE
OTIACHYIO 30HY.

Mogens ¢  yOpPYTHMH  JIONACTSAMH  TO3BOJUIET  BBIIBUTH  PSI
JONOJHHUTCIBHBIX 30H HeyCTOfI‘{I/IBOFO ABHIKCHHUS BCPTOJICTA, KOTOPBHIC MOTYT
HMETh CYIIECTBCHHOC 3HAUCHHE.

Investigation of the helicopter dynamic instability zones on the ground
with flexible blades
Nikolaev E.I.!, Pantyukhin K.N .2
ZKNRTU-KALI 'Kazan Helicopters”, Kazan

Investigation of the dynamic helicopter stability on the ground, in most
cases due to the phenomenon of ground resonance. Ground resonance is
helicopter oscillations on the ground with increasing amplitude. The reason
for this is the interaction of rocking vibrations of the blades relative hinges,
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especially lead-lag hinge,with oscillations of to the helicopter body on
landing gear.

Helicopter is a complex mechanism and therefore, when constructing
mathematical models for save computing resources introduced assumptions
and simplifications, which with sufficient accuracy correlated with
experiment. Currently, researchers have considerable computing resources so
it is possible to build more complex mathematical models to solve the
problem of calculating the zones of ground resonance in more detail.

The mathematical model of the helicopter describes when the helicopter
body has six degrees of freedom and the flexible blade have three degrees of
freedom in node attachment to the hub. Landing gear of the helicopter models
represented flexibility matrix. The motion equations of the helicopter
obtained using the Lagrange’s equations and the equations of flexible
vibrations of blades obtained using the well-known Galerkin’s method.
Mathematical model of flexible blade considers only the first three forms of
hinges flexural flexural-torsional vibrations.

Following the above-described mathematical model using mathematical
programming packages Maple and Matlab developed complex programs. In a
range from zero to operating rotation of the main rotor calculated the zones of
dynamic helicopter instability on the ground.Comparison of the results
obtained by R. Coleman, a mathematical model of a rigid blades and the
experimental data for the helicopter ANSAT showed that the model R.
Coleman cannot identify the danger zone, resulting in the experiment.
Developed by the authors of the mathematical model with rigid and flexible
blade can determine experimentally obtained the danger zone.

The model with flexible blades identifies several additional zones of
unstable motion of the helicopter, which can be significant.

CoBpeMeHHBIE TEXHOIOTHN ONTHMU3AIHH CTEHAOBOIT 0TPAdOTKI
PA3IHYHBIX cHCTEM 1 DY
3apoucHues C.I'., Koeares B.U., [TactyxoB A A.
HITO Onepromamt, r. XuMKH

B HIIO O3nepromam pa3paboTka TEXHOJIOTHH HMHTAIHOHHOTO
MOJCIMPOBAHHA HAYadach B KoHIE 90-X TrOAOB NPHMEHHUTEIBHO K
ONTHUMM3ALNK CTECHIOBOH OTPAOOTKH HENMPEPBHIBHOTO XHMHYCCKOTO Ja3epa
(HXJD). bsuia co3maHa aAcKBAaTHASI HMMUTALMOHHAA MOJEAb OCHOBHOIO
snementa HXJI — pe3oHaTtopa, MO3BOJMHMBINASA HE TOJBKO OIPEACIHTH
TIPUYIMHBI HECTAOUIILHOTO YPOBHSI BHIXOTHOM MOIIHOCTH, HO M HAWTH CIIOCOO
KYHMUPOBAHMA 3TOTO ABICHHA 3 CUET CO3JAHMA CHCTEMBI 3KCTPEMATIBHOTO
PETyIHPOBAHNA MOJOXKCHHA ONTHYCCKOH OCH MO KPHTEPHIO MAKCHMATBHON
MOIIHOCTH [1].
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B 2003 roay Ha 0a3e BBICOKMX TEXHOIOTHMH ObUIA BHEIPEHA B IPAKTHKY
OTHEBBIX HCTbITaHui MOIIHBIX JKP/] cTeHaoBas cucreMa (hyHKIHOHATBHOMN
quarHocTUkH (CCDJI) 0CHOBHBIX CTCHOOBBIX M JBHTATCIHHBIX MAPAMCETPOB
[2]. Cucrema mo3BOICT HE TOJBKO PCTHCTPHPOBATH, 00pabaThBaTh H
0TOOpakaTh B pEANBHOM MAacmrTade BpPEMCHH HWHPOPMANMIO OT IITH
IITATHBIX CHCTEM, HO W oOMeHmBaThca 310H mH(popManmen ¢ OKIT HUIL]
PKII, a taxke paaoM mpeanpuaTHii POCkocMOCa MO 3alIMINCHHOMY KaHAIY
ceas3m (VipNet) [3].

B mHactosmee BpeMs C IIETBIO COKpAIICHHS CPOKOB Pa3pabOTKH
HMHTANHOHHBIX MOACICH, OOBIMHO TPCOYIOIHX «PYIHOH PAdOTHD», ABTOPAMH
65112 TIPEAIOKEHA COBpEMEHHA TEXHOJIOTHS HEHpOCEeTeBOTO
HMUTAUUOHHOTO Moaenuposanus (HMIM), mpuBeacHBI €€ ONMUCAHUE, A TAKKE
TIPUMEPBI BHCAPCHHUS.

B yacTHOCTH, MPUBEACHBI PE3YILTATHI PAOOTHI IO TEMATHUKE MOIUMEPHBIX
npucagok k roprouemy JKPJl, BBoammbIx a1 moBbimeHua KITJ
typbonacocHoro  arperata(THA) JKP/Jl.  CioxHOCTP  IPOLIECCOB,
npoucxomsmux B THA, He HO3BOISIECT CTPOUTH TOYHBIC MATCMATHYCCKHC
mozemm. [TosroMy At OmpeeiCHAsT ONTHMAIBHON KOHIICHTPAIIMH IIPHCAIKH
TpeOyeTcsl MPOBEACHHUE OOJBIIOTO KOJMHUYECCTBO JAOPOTOCTOSIINX HATYPHBIX
HCTIBITAHUH.

B oaroit cBasm Obpia  pa3paboTaHa M MPOTPAMMHO  PCalM30BaHA
HelpoceTeBasi WMHTALMOHHAS MOJEIb HAmopa Hacoca roprodero THA,
MO3BOJLIIONIAS  CTPOMTH 3aBHCHMOCTH HAmoOpa OT OOBEMHOTO pPacxoja H
KOHICHTpauui mpucaaku B auama3zone 0 - 0.1%. Ha ocHOBe 3THX JTAHHBIX
VAAanoCch YTOUHHTh ONTHMANBHYIO KOHIICHTPALMIO, OKA3aBIIYIOCI B
muama3oHe 0.01-0.02%, uro B 3 pa3a meHpme, ueMm 3HAucHHE 0.06%,
TIOJIy YCHHOE PaHee.

1. Kammauyxk B.H., Kosanmee B.W., Tluporo H.A. OxcrpeManabpHOC
PETYIHPOBAHKE MOJIOXKCHHS ONTHYECKOH OCH PE30HATOPA HEMPEPHIBHOTO
xumudeckoro masepa. // Tpyasr HITO «3Qrepromanm. M., 2000. Nel8.
C.398-409.

2. Keak B.U., Kosaxes B.U., Xymixkos BH. CremmoBas cucrema
()YHKOMOHATLHOW JMATHOCTHKHM PAKETHBIX JBUTaTe€lIcd HAa OCHOBE
HHPOPMAIIMOHHO-U3MEPHUTEIBHBIX ~ TCXHOJNOTHH M MMHTAI[HOHHOTO
MoaemupoBaHus. // Mup m3mepennit. M. 2013, Ne9, C.32-36.

3. Kosanes B.M. UmuTaumonnoe MoacTHpoBaHHS — Y(P(PECKTHBHOS CPECICTBO
pa3padoTku pasmuuHBIX cHCTeM H Y. COOpHHK TOKIAmIOB Aecrospace
Testing. M. 2014. C. 222-230
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Modern technologies of optimization of bench development of the
various systems and EU
Zarochentsev S.G., Kovalyov V.1, Pastuhov A A.
NPO Energomash, Khimki

The development of the technology of simulation modeling at NPO
Energomash began in the late nineties in order to optimize bench
development of the continuous chemical laser (NHL). The adequate
simulating model of a basic element of the NHL - the resonator was created,
which allowed not only to define the reasons of unstable level of output
power, but also to find a way of elimination of this phenomenon due to
creation of system of optical axis extreme position control in accordance with
criterion of the maximum power [1].

In 2003 on the basis of high technologies the bench system of functional
monitoring (BSFD) of the key bench and engine parameters [2] was
introduced in the practice of fire tests of powerful LPREs. The system allows
not only to register, process and display in real time information from five
flight systems, but also to exchange this information with FKP Research
Center RKP, and also a number of the enterprises of Roskosmos for the
protected communication channel (VipNet) [3].

Now for the purpose of development reduction of the imitating models
which are usually demanding "handwork", authors offered modern
technology of the neural network imitating modeling (NNIM), its description,
and also introduction examples are provided.

In particular, results of work on subject of the polymeric additives to LPRE
fuel entered for increase of efficiency (TNA) LPRE turbo-pump unit are
given. Complexity of the processes happening in TNA doesn't allow to build
exact mathematical models. Therefore determination of optimum
concentration of additive requires carrying out big number of expensive
natural tests.

In this regard it was developed and the neural network imitating model of a
pressure of the pump of TNA fuel allowing to build dependences of a
pressure on a volume expense and concentration of additive in the range of 0
- 0.1% is programmatically realized. On the basis of these data it was
succeeded to specify the optimum concentration which appeared in the range
of 0.01-0.02% that is 3 times less, than the value of 0.06% received carlier.

1. Kalinchuk V.N., Kovalyov V.., Pies N.A. Extreme regulation of
provision of an optical axis of the resonator of the continuous chemical
laser.//Works of NPO Energomash. M, 2000. No. 18. Page 398-409.

2. Kvak V.1, Kovalyov V.I., Khudyakov V.N. Bench system of functional
diagnostics of rocket engines on the basis of information and measuring
technologies and imitating modeling.//World of measurements. M 2013,
No. 9, S.32-36.
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3. Kovalyov V.I. Imitating modeling - an effective remedy of development
of various systems and EU. Collection of reports of Aerospace Testing. M
2014. Page 222-230.

Br10op KpuTepues s pelmenust 321241 ABTOMATH3ANNHA KOMIIOHOBKH
BPJ0
Ierpos M. A., Kisirun B.A.
MAHM, r. Mocksa

Lenmsro maHHOH pabOTHl ABILIOCH pa3padoTKa KPUTCPHCB A
ABTOMATH3HPOBAHHOTO PeICHUA 340494 KOMITOHOBKH OJI0KOB
paano3nekTpoHHOTO 000pymoBanus (BP30), koropas HeoOXommma ais
CO3daHHuA aBTOMaTHSHpOBaHHOfI CHCTCMBbI KOMIIOHOBKH JICTATCJIBHBIX
ammapatoB (JIA).

[epBbIM 3TanOM SBIIOCH PACCMOTPEHHE KIACCH(DHUKAIMU XapaKTECPUCTHK
caMoJieTa, KOTOpbIE BIWSIOT Ha ero 3(dexkTHBHOCTH, HA TpeaMET
3aBHCHMOCTH 0T KoMmoHOBKH BP30. Jlanee Obu1a yCTaHOBJICHA CBS3b MEXKIY
TAKTHICCKUMH, TCXHUYCCKHMH, TCXHOJOTHUCCKHMH, 3KCIUTY ATAITHOHHBIMH,
OKOHOMHUICCKHMHA H XAPAKTCPUCTHKAMH HAACKHOCTH HW BBDKHBACMOCTH
camonera W mapaMerpamu pasmemeHus BP20O. Ha ocHoBaHmm uero ObIn
COCTABJICH CHHUCOK XJAPAKTCPUCTHK KOMIIOHOBKH. Cpe/:m HHUX BBUIBJIICHBI
TPAHUYIHBIC YCJIOBUA H MAJOIYyBCTBUTCIBHBIC XAPAKTCPHUCTHKH, KOTOPBIC
SIBHO HE MOAXOT B KauecTBe Kpurepues. [1o pesdyiapraTam ananmsa, ObLH
OTOOPAHBI JJ11 JATBHEHIIECTO HCCIICTOBAHMUS CIICTYFOIIHE:

e  [I1OTHOCTH KOMIOHOBKH
e  Macca KOMMYHHKAIUH
e  MHEpUUOHHBIC XaPAKTEPUCTUKH

BropeiM 3TamoM pa0oTel OBIIO HMCCIETOBAHA UYBCTBHTCIBHOCTh HA
TIPUMEPE TECTOBOM 33Ja4H, KOTOPAs 3aKJIFOYACTCS B PA3MEIICHUH 33JAHHOTO
YHCIA CTAHJAPTHHIX OJOKOB B IPSIMOYTOJBHOM OOBEME (IOTOOME OTCEKA).
PaccMOTpeHEI ClieyFOIe BAPHAHTHI:

e  MakcnuManpHO IIJIOTHOW KOMITOHOBKH OJIOKOB 0€3 y4eTa IpaHHIHbIX

YCIOBUH;

e BapmanT ¢ momepeyHBIM pa3MEICHHEM OJIOKOB W OTBCUAIOLIMH

TPcOOBAHMAM COOMPACMOCTH,

e BapmaHT ¢ TONCPCUHBIM PA3MCHICHHCM OJIOKOB M OTBCUAOIIHHI

TPcOOBAHMAM COOMPACMOCTH,

e BapmaHT ¢ TPOJOABHBEIM PA3MCIICHHEM OJOKOB M OTBCUAFOIIHH

TPcOOBAHMAM COOMPACMOCTH,

e  MomuuuupoBaHHBI  BAPHAHT, OTBEHAOINHMIT  TPcOOBAHHEM

COOMPACMOCTH, B KOTOPOM OJIOKH MCHSTHCH MCCTAMH

Kaxaprii BApHAHT OLCHUBAJICA MO HCCIEAYEMBIM KPHTCPHAM.
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PesympTaToM  BBIIOMTHCHHOM  PabOTBHI  ABIACTCS  NPEIOKCHHE W
O00OCHOBAHHE HCIIOIb3OBAHHA KPHUTEPHEB M1 aBTOMAaTH3HPOBAHHOIO
pemeHusl 3amaun KOMHOHOBKM BP30O W WX YHCICHHOE CpaBHEHWE IIPH
pelIcHWH TECTOBOHM 3aaun. B mampHelniemM HEOOXOJMMO HCCICIOBATH
BO3MOXKHOCTb CBEPTKH B AIIUTHBHBIH KpUTEpuil ¢ Ko3(hunmeHTaMu
OTHOCHTCIBHOH CTOMMOCTH KA/KI0TO MAPAMETPA.

Selection of criteria for solving problem automation layout avionics
Petrov LA, Klyagin V. A.
MAI, Moscow

The aim of this work was to development of criteria for automate solving
the problem layout blocks of electronic equipment and avionics which is
necessary to create automated systems for flying machines design.

The first step was to review the classification of the characteristics of the
aircraft, which depending on the layout of the avionics. Next, links has been
established between the tactical, technical, technological, operational,
economic and x and reliability and survivability of the aircraft and the
parameters avionics layout. Based on what has compiled a list of layout's
characteristics. Among them are found the boundary conditions and
insensitive characteristics that are clearly unsuitable as benchmarks.
According to the analysis, were selected for further study are as follows:

e  Assembly density
e  Mass of communications
e  Inertia characteristics

The second stage of work was investigated by the example of the
sensitivity of the test task, which consists of placing a predetermined number
of blocks in a rectangular volume (similarity compartment). Consider the
following options:

¢  Maximum dense layout blocks without boundary conditions;
e  Layout with cross placement of units with assembly requirements;
e Layout with cross placement of units with assembly requirements

(some blocks exchange positions, 2 variants);

e Layout with longitudinal placement of units, with assembly
requirements;

Each option was evaluated at exploring criteria.

The result of the work is to offer criteria and justification for automated
solutions task layout avionics and numerical comparison in solving test
problem. In the future, we need to explore the possibility of additive
convolution criterion with relative ratios value of each parameter.
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Buntr C MECJICBBIMHA JIOITACTSIMI
Cnasropoackas A B., Kuracs M.B., Cnaesropoackuii B.M.
JAB®Y, r. BmaansocTox

Paspaborana MoaeIs BHHTA UL CO3JAHUS YIIOPA HA TPAHUIIC BOJA-BO3AYX
H BO3OYIMHOTO, HMCIOIMUX IICJICBBIC OTBCPCTHA.

I/IZ[G}I 1'[O£[O6HI>IX BHHTOB BO3HHUKIIA u3 HUCTOPHUH pa3BuUTHA "
COBCPIICHCTBOBAHUS KPBLIO TMOJOOHBIX OOBECKTOB MOPCKOM TCXHHMKH. Tak
TPAJIOBAs TOCKA — MPHUCIIOCOOICHHIE UL PACKPHITHS TPaja Mo CBOEH opme C
VBCIHMYUCHHCM CKOPOCTH, O0BCMOB TPAJCHHS OT KPHBOJIHHCHHOH BOTHYTOH
(¢opmbl  TpaHCHOPMHPOBANACH B INCJICBYKD C BOJTHOOOPA3HOW BXOTHOH
KpoMKo#. [TogoOHAst KOHCTPYKIMS HMEET Oolice CTaOHMIBHOC IIOJIOYKCHHE,
HCKITFOYAOMIAs CIIYYArOIIHecs 3aBEPTHI Tpala - CaMOE M3 HEXKEIAaTeIbHBIX
SIBIICHHUH B PHIOHOM ITPOMBICTIC.

[Tpupoarble 0OBEKTHI TAKKE ITOCIY KK poToTUnoM. Hampumep, rpymma
VUCHBIX IO pykoBoAcTBOM Kas Puxrtepa W3 a3pOKOCMHYECKOTO arcHTCTBA
DLR B I'epmaHuu OCHACTUIA JOMACTH SKCIEPUMEHTAILHOIO BEPTOJETA
HCPOBHOCTAMH IO Kparo Har[o;[o6ne BOJHHUCTBIX KPACB IUIABHUKOB KHTOB-
ropbaueii, KOTOpbIC NMPH ABIKCHUM YBEIMYHBAIOT MOABEMHYIO cuiy. ot
3TOTO0 HCCICAOBATCIM M3TOTOBHJIM MHOTO OJHMHAKOBBIX PE3MHOBBIX 6-
MHJIHMMETPOBBIX MOJIYC(Ep, MOKPHLIN STHMH BbIJIOKCHHBIMH B POBHBIH P
moayc(epaMu JIOMACTH 3KCHECPHMEHTANBHO BEPTOJETa W HAOIFOJANH, Kak
oHH ceOs mOCe 3TOT0 Oy AYT BECTH.

Pasunny cmoriam 3a)MKCHpOBATH HC TOJBKO CIIOKHBIC NMPHOOPHL, HO H
camMu muwiotel. OHu OTMCTHUIIA, YTO MHJIOTHPOBAHUC YIPOCTHUIIOCH, TAK KAK
BO3POCTA CTAaOWJIBHOCTH TMOJCTA BEPTOJCTA HA OONBIIHX CKOPOCTAX,
VMEHBIINIIACH BUOPALHS, TOJIET CTal 00JIee IIABHBIM.

BHHTBHI BETPOTCHEPATOPOB C YBEIHMUCHHEM THAMETPOB HCIIOJHCHUS OT
KIACCHICCKOM CXCMBI C CYKarOIUMHUCA KOHIUKAMH JIonmacTeH nepemIm K
3aKPEIJICHUI0 KOHIIOB JIOMACTCH B BHAC NETaH MeOnyca 3aMETHO CHH3HB
Bn6paumo H COOTBECTCTBCHHO LIy M.

Paspaborannas Mozenp 4-X IONMACTHOTO BHWHTA O0pa3yercss W3 THYTOH
OTMpCACICHHBIM 00pa3oM (urypHOH mwiacTHHBL CTaOHIH3HPYOMAS IS
00pasyercsl |YepeayIOmEHCs] BBITYKIOCTBIO M BOTHYTOCTBIO BXOISINCH H
BRIXOIAMCH KpoMOK. ONHAKO C YBCIHUCHHCM OOOPOTOB MOKET OFBITH
00pa30BaHa TOJIBKO 32 CUET YNPYTHX AcopManuii JTomacTu.

KoHcTpykums  ABWKHTEXI HA  TPaHWIE  BOJA—BO3AYX  JIOJDKHA
CHOCOOCTBOBATh PACIIMPEHHIO TPAHHUI[ JATHHOCTH IUIABAHUS MAJOMEPHBIX
CyA0B C JMHAMHUYICCKUMHA NPUHITAIIAMHA IMTOAACPKAHMIA.
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The screw with slot-hole blades
Slavgorodskaya A.V., Kitaev M.V, Slavgorodskiy V.M.
FEFU, Vladivostok

The screw model is developed for creation of an emphasis on border water-
air and air, having slot-hole openings.

The idea of similar screws arose from history of development and
improvement a wing of similar objects of sea equipment. So trawling board —
the adaptation for disclosure of a trawl in the form with increase in speed,
sweeping volumes from a curvilinear concave form was transformed in slot-
hole with a wavy entrance edge. The similar design has stable position,
excluding the happening trawl twist - most of the undesirable phenomena in
fishery.

Natural objects also served as a prototype. For example, the group of
scientists under the leadership of Kai Richter from space agency DLR in
Germany equipped blades of the experimental helicopter with roughness’s on
edge like wavy edges of fins of whales which at the movement increase
carrying power. For this purpose researchers made a lot of identical rubber by
the 6-mm hemispheres, covered these blade which are laid out in an equal
number experimentally of the helicopter and observed how they after that will
conduct themselves.

The difference could be recorded not only difficult devices, but also pilots.
They noted that piloting became simpler as stability of flight of the helicopter
at big speeds increased, vibration decreased, flight became smoother.

Screws of wind generators with increase in diameters of execution from the
classical scheme with the narrowed tips of blades passed to fixing of the ends
of blades in the form of Mobius’s loop considerably having reduced vibration
and respectively noise.

The developed model of the 4-bladed screw is formed of a figured plate
bent definitely. The stabilizing slot-hole is formed by the alternating camber
and concavity of the entering and leaving edges. However with increase in
turns it can be formed only due to elastic deformations of the blade.

The propeller design on border water-air has to promote expansion of
limits of range of swimming of small size vessels with the dynamic principles
of maintenance.

A3pOTHHAMITYIECKHE XAPAKTEPUCTHKH JUPIKAGIIA ¢ BPANAIOIIAMICS
BHHTAMHE TIPH €T0 ABIKCHIH Uepe3 atMocepHbIe CTPYitHbIE TeIeHns
Ta Cyan Tynr, Cemenunkos H.B.

MAM, r. Mocksa

HpOBeZ[eHO THACJICHHOC UCCIICAOBAHUC a3POAUHAMHUYICCKUX XAPAKTCPUCTHK
/:[npmlca6n;1 C BpAIAFOIMUMHUCA BHHTAMH TIPH €T0 ABIDKCHHH YCPE3
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atMOC()epHBIC CTPYHHbBIC TCUCHHS PA3IMYHOTO THIA. PermmeHwe 3amaum
OCYIICCTBILIOCH C MOMOINBEO MPOTpaMMHOTO kommekca Ansys Fluent 15
(mumensug Ne 00632255) 1 JOMOTHHUTEIBHBIX MPOrPAMM aBTOPOB.

MoaemupoBaHue 00TEKAHUS W PACUCT AIPOJIUHAMHUCCKHX XapPAKTCPHCTHK
JUPWKAOIsL C BHHTAMH OBUIM TPOBEACHBI IPH €r0 B3aMMOJCHCTBHH C
BCPTHKATGHOH BO3MYINHOW CTPyCH, HATCKaromieW mom yriaoMm o = 90° Ha
JUPWKAaOIb CO CTOPOHBI BHHTOB, PACIHOJOMKCHHBIX IIOA KOPIyCOM
THPKAOTA, B ¢ OOKOBOI MOMEPESUHOH CTPYCH, 0Ch KOTOPOH COCTABIIALIA YTOM
B = 90° c ero 0a3zoBoit mockocThr0. Yncmo Pefinonpaca Obo paBHO Re =
5,3%106, yucno obopoTos BHHTOB - n = 3000 o0/MuH. Jupmkadbib mMen
TpanmenueBHAHbIC KOHCOMM omepeHust ¢ mpodmiaem NACA 0006. Pymm
OTKJIOHEHBI HE OBLIH, TOHI0MIA OTCYTCTBOBAJIA, HOCOBOC YCHIICHHE KOPITyCa B
pacuerax HE  VYHMTHIBAIOCh. TE€UeHHE B  OKPECTHOCTH  KOpIyca
TIPEAIIOIATANIOCH TYPOY ICHTHBIM.

B pesyapraTe pacueToB OBLTH YCTAHOBICHBI OCOOCHHOCTH OOTCKAHUA H
pacripeenCHIUs CHII TABJICHUS M CHJI TPCHHS IO 3JIEMCHTAM JHPWKAOI B
MPUCYTCTBHH  BPAIIAIOIIMXCS  BHHTOB,  IIOJYUCHBI  3aBUCHMOCTH
KO3((PUIMEHTOB  a3pOJMHAMHYCCKAX CYMMApPHBIX CHI H MOMCHTOB
JHPIKAOTA ¢ BAHTAMH H 03 BHHTOB OT OTPSAC/IAFOIINX MApaMCTPOB.

[TokazaHo, 4YTO NpPH TEPECCUCHHH IUPWKAOICM TPAHHUL CTPYHHOTO
TCUCHHS a0COFOTHBIC BETHYHHBI KO3()(PUIIMEHTOB a3pOAHHAMIYCCKUX CHI U
MOMCHTOB JUPWKAOISL, Kak Oe3 BUHTOB, TAK W C BPAIIAIOIIMMICS BHHTAMHU
MOTYT B HECKOJIBKO Pa3 MPEBbIIATh X 3HAUCHUS B CBOOOTHOM OT CTPYHHOTO
TEUCHHS MPOCTPAHCTBE, U TOTAA, KOT/IA AUPHKA0Ib MOTHOCTHIO HAXOAUTCS B
CTPYHHOM TCUCHHH.

Koraa mupmxabxp mepememaeTcs depe3 BEPTHKAIBHYIO CTPYIO, BIIMSHHUC
cleAa OT BHHTOB HE HM3MCHACT XapakTepa MPOTCKAaHWSI KO3((HIHCHTOB
MIPOJOJILHOW M HOPMAJHHOM CHJL, 4 TAK)KE MOMEHTA TAHTA)KA TUPIHKAOII 1O
TmapaMeTpy, OTNPEICISIOMEMY PACTIONIOKCHUE TUPIKAOII OTHOCHTEIHHO
LEHTPA CTPYWHOTO TCUCHWS, HO NPHBOJUT K VBEIHYCHHIO MAKCHMAIBHBIX
a0CONMFOTHBIX BEIMYHH 3THX K03(uumenTos B cpexneM Ha 20%.

[Tpu mepememeHny TUPHKAOI Yepe3 MOMEPEUHYI0 CTPYIO BIHSHUE CIIEAa
OT BHHTOB HA a3POJMHAMHUYICCKUC XapaKTCPHCTUKH AUPHKAOII OKa3bIBACTCA
Ooxee 3HAUMTCHBHBIM. M3MEHSETCA HE TOJNBKO XapakTep IPOTECKAHHA
K03()(pHIMEHTOB 2a3POTMHAMUYECKIX CHII H MOMEHTOB II0 OIIPEACILIOLICMY
TmapamMeTpy, HO U X MAKCHMAIbHBIC A0COOTHBIC BEIMYHHbI 110 CPABHCHHUIO
CO CJIy4yaeM, KOTIa BPAIICHUE BUHTOB HE YIUTHIBACTCSL.
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Aerodynamic characteristics of an airship with rotating propellers
during movement through the atmospheric jet streams
Ta Suan Tung, Semenchikov N. V.,
MAI, Moscow

A numerical investigation of the acrodynamic characteristics of an airship
with rotating propellers during movement through the atmospheric jet streams
of various types was conducted. The solution to this problem was obtained
using the ANSYS FLUENT 15.0 software package (License number:
00632255) and additional software by the authors.

Flow simulations and calculation of aerodynamic characteristics of an
airship with propellers were carried out with interactions with the vertical air
stream, impingement angle of a=90° to the airship on the side of the
propellers, located under the hull of the airship, and with the lateral transverse
stream, axis of which makes the angle}=90°from the plane of its base. The
Reynolds number equals Re=5,3x10°, number of revolutions of the propeller,
n=3000 rev/min. The airship has trapezoidal empennage consoles with
NACA 0006 profile. Deflected rudders were not there, nacelle was absent, the
fore reinforcement of the hull was not considered in the calculations. The
flow in the vicinity of the body was assumed to be turbulent.

In the results of the calculations, the flow features and the distributions of
the pressure and friction forces on elements of the airship in the presence of
rotating propellers were established, dependencies of coefficients of total
aerodynamic forces and moments of the airship with propellers and without
propellers were obtained from defined parameters.

It is shown that, during the intersection of the airship with the borders of
the jet stream, the absolute values of the coefficients of the aerodynamic
forces and moments of the airship, with and without rotating propellers could
be several times higher than their values in the free jet stream space, and
when the airship is completely in the jet stream.

When the airship moves through the vertical stream, the effect of the traces
of the propellers does not change the character of the flow coefficients of
longitudinal and normal forces, and also the pitching moment of the airship
on the parameter that defines the position of the airship relative to the centre
of the jet stream, but leads to an increase in the maximum absolute values of
these coefficients by 20% in average.

During movement of the airship through the transverse jet stream, the
effect of the traces of the propellers on the acrodynamic characteristics of the
airship appears to be more significant. Not only does the character of the flow
cocfficients of the acrodynamic forces and moments on defined parameters
change, but also their maximum absolute values in comparison with the case
where rotation of the propellers were not considered.
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PacuyerHo-3KCIEpUMEHTATLHOE HCCIEI0BAHNIE COOCTBEHHBIX QopMm,
9ACTOT H YACTOTHOTO OTKJIMKA MPHOOPHOIi aHe/ M BepTojera
Veos A B!, Henemsko JI.B.2, Myxamermun T.A 2
'KHUTY-KAH, ?KB3, r. Kazaub

Bepromer, kak cnenm(uyecKOe BO3AYIIHOC CYIHO IIOJBEPTacTcs
BO3/ICHCTBHIO KpaWHE ACCHMETPUYHOH, TYPOYICHTHOHM a’pOJMHAMHUCCKOH
cpeapl, B PE3yIbTaTe 3TOTO BOBHHKAIOT OYCHb BBICOKHC BHOPALHOHHBIC
Harpy3ku. Tarke TpeOOBaHHE MHHHUMAIBHO BO3MOYKHOTO BECA KOHCTPYKIHH
BEPTONIECTA NMPHBOAUT K TOMY, YTO BEPTOJCT HMMEET HEKESCTKHH KOPIyC C
BBICOKOH MOI[aHBHOfI IJIOTHOCTBKD W 3HAYUTCIBHYH0 AJUHAMHYICCKYIO
XapaKTEPUCTHKY. B CBM3M C 3TUM HambOIee OCTPO BCTAECT BOMpPOC 00
ONpCACICHUN YACTOTHBIX XAPAKTCPHCTHK AarperatoB H 060pyI[OBaHI/I}I,
VCTAHOBICHHBIX HA BEPTOJCTE C IICIBIO HEAONMYIICHHS PE30HAHCHBIX
SIBJICHUH.

B  gammO#i  paboTe  TPOBOOWTCA  PACUCTHO-3KCIICPHMCHTAIBHOC
HCCIICAOBAHHEC COOCTBCHHBIX (DOPM, HACTOT M YACTOTHOTO OTKJIMKA
npuOopHOH mawenu. K mpuOOpHBIM TAHEAM BEPTONETA IMPEABABILIIOTCA
BBICOKHC TpeOOBAaHHI MO YPOBHIO BHOpammii, T.K. BBICOKHH YPOBCHB
BHOpAnWii MOXKET HApyIIUTh pabOTy HABHTAMOHHOTO OOOpPYIOBaHWSA H
3aTPyIHATH CUMTHIBAHWE TIOKA3AHUH MTPHOOPOB.

B noknane mpeacTaBieH pacueT COOCTBEHHBIX HacTOT U (hopM koseOaHui
TIpuOOPHOH TIAHETIH, CpaBHCHHC pe3yIbTaToOB pacuera c
OKCIICPUMCHTAJIbHBIMHA JAHHBIMH W BI)Ipa6OTKa peKOMeHZ[aI.[I/II\/II 0 CHIOKCHHIO
ypoBHA BHOpammii. PacueT MPOBOIMIICA MCTOIOM KOHCUHBIX 3JICMCHTOB C
MOMOMIBI0  JIMICH3HOHHOTO  KoMIuiekca  «NXNastrany.  Ilokasana
BO3BMO>KHOCTh KOHCTPYKTHBHOHM OTCTPOHKH COOCTBCHHBIX YAaCTOT KOJICOAHUI
KOHCTPYKIIMH JIJII COOTBETCTBYOIIETO CHIDKCHUSI YPOBHS BHOPAIIHIA.

Numerical and experimental investigation of own forms, frequency and
frequency response of helicopter dashboard
Usov A.V.!, Nedelko D.V.2, Myhametshin T.A 2
'KNRTU-KALI, Kazan Helicopters, Kazan

Helicopter as a specific aircraft is exposed to an extremely asymmetrical,
turbulent aecrodynamic environment, as a result, an extremely high vibration
loads appears. Also, according to demands of lowest possible weight the
structure of the helicopter leads to the fact that the helicopter has a non-rigid
body with high modal density and large dynamic performance. In this regard,
the most actual question is determining frequency characteristics of the
equipment installed on the helicopter in order to avoid resonance.

In this report calculation and experimental investigation of own forms,
frequency and frequency response of the dashboard was carried out. To the
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helicopter dashboards in vibration levelhigh demands are imposed, as a
vibration high level can disrupt navigation equipment and make it difficult to
read the indication.

In this report the calculation of natural frequencies and mode shapes of the
dashboard are introduced, the comparison of the calculation results with the
experimental data and make recommendations how to reduce vibration. The
calculation was performed using finite element method with a licensed «NX
Nastran» complex. The possibilities of a constructive detuning of own
vibration frequencies of the corresponding structures for reducing vibration
level are shown.

AHAJIM3 CHCTEM MOHHTOPHHIA TEXHHYECKOI'0 COCTOSIHIS ATPEraToB
TPAHCMHCCHH BEPTOJIETOB
Xaxumos A1, Henemsko J.B.2, Myxamermus T.A 2
IKHUTY-KAH, ?KB3, r. Kazans

B nokmane mpencraBneH aHaMM3 W OOOOINCHHE CHCTEM MOHHTOPHHIA
TEXHHYECKOTO COCTOSIHHSI ~arperaroB TPAHCMHCCHH — BEPTOJETOB I
COBPEMCHHOTO YPOBHA PAa3BHTHA ABHALMOHHON TexHuku. IIpeamaracmas
padoTa TOCBAMICHA MPOOICMAM TOBBIMICHHSA OC30TMACHOCTH SKCILIY aTAllHH
BEPTOJETA C YYCTOM (PAKTHUECKOTO COCTOSIHHSI arperaroB TPAHCMHCCHH
BEPTOJCTOB M OCHOBAHA HA aHamW3e 3apyOc)KHOH M OTCUCCTBCHHOM
JTUTEPATYPHI IO JAHHOH TEMATHKE.

PaccmoTpensl  HamOonee — XapaKTEpHbIC  CHCTEMBI ~ MOHHMTOPHHIA
TEXHHYECKOTO COCTOSIHHSI arperaTroB TPAHCMUCCHH BEPTOICTOB. ODO3HAUCHDI
TIEPCIICKTUBHBIC HAIPABICHUS AATBHCHINECTO PA3BUTHS JAHHBIX CHCTEM.

OCHOBHBIM, HCIIONBb3YEMBIM B VKA3aHHBIX CHCTEMAX METOJOM KOHTPOILI
TEXHHYECKOro cocrosHust ATB, sBmiercs BuOpommarHoctmka. B
TEXHHYECKOM OOCIY)XHBAHHH AarperatoB TPAHCMHCCHH BHOPAIIMOHHBIN
MOHHTOPHHT W JHATHOCTHKA 3aHUMAIOT 0COD0E MECTO B CHIIY CBOHX
BO3MOKHOCTEH M3MEHEHHH COCTOSHHA 3a401r0 A0 HACTYIUICHHUA aBapHUHOM
curyauun. CuHcTeMbl BHOPAIIMOHHOTO MOHHTOPHHTA W BHOPAIMOHHO
JUATHOCTHKH Yallle BCETO 3AMEHSIOT BCKO COBOKYITHOCTH CPEICTB BHEIHETO
KOHTPOJIAL. 3amadcH CHCTEM BHOPALMOHHONM JHATHOCTHKH KAK CTATHOHAPHBIX,
TaK W TECPEHOCHBIX, B OTJIMYHUEC OT CHCTEM MOHHTOPHHIA, SBISICTCS
MUHHMH3AOMSA 3aTPAaT HA CaMy CHCTEMY W ¢€ OOCIy’KHBAHHE, a TAK KC HA
0OCITy;KHBAaHUE U PEMOHT BCEH I'PYIIIBI JHATHOCTUPYEMBIX arperaros.

JIOTIOTHATETFHO PACCMATPUBACTCSI METOMKA MOHUTOPHHTA TEXHHUCCKOTO
COCTOSIHHSI KOHCTPYKIHH arperaroB TPAHCMHCCHH BEPTOJETA C YUCTOM HX
(paKTHUECKOTO HATPYKCHUS B OKCIUIYaTaMM HAa OCHOBE JAHHBIX
PETHUCTPHUPYEMBIX INTATHHIM OOPTOBBIM CAMOIIHCIICM.
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Analysis of systems for monitoring the technical condition of
transmission units of helicopters
Khakimov A.I!, Nedelko D.V.?, Muhametshin T.A 2
TKNRTU-KALI, *Kazan Helicopters, Kazan

The analysis and synthesis of systems for monitoring the technical
condition of transmission units of helicopters for the current level of
development of aviation technology. The present work is devoted to the
problems of improving the safety of the helicopter based on the actual state of
the transmission units and helicopters based on the analysis of domestic and
foreign literature on this subject.

It is considered the most typical system for monitoring the technical
condition of transmission units of helicopters. Marked promising areas for
further development of these systems.

The main used in these systems by monitoring the technical condition of
the UTH is vibration diagnostics. The maintenance of the drive train vibration
monitoring and diagnostics have a special place because of its possible
changes long before the state of emergency. Vibration monitoring systems
and vibration diagnostic often replaces the entire set of means of external
control. The aim of vibration diagnostics systems, both stationary and
portable, unlike the monitoring systems is to minimize the cost of the system
itself and its treatment, as well as maintenance and repair of the entire group
of diagnosed units.

In addition, it is considered the technique of monitoring the technical
condition of the construction of transmission units of the helicopter in
accordance with their actual load operation on the basis of data recorded
regular flight recorder.

IMapamerpuaeckoe HCCIEI0BAHNE BIHAHAS PETYJIHPOBOK HA
o0ecniedyenne HEOOXOINMOT HAE:KHOCTH H3MEHSIEMBIX BEPTOJIETHBIX
KOHCTPYKIHIii
Muxaiinos C.A.!, Hemensko J.B.2, Illakupos M.3.2
'KHUTY-KAH, 2KB3, r. Kazans

B noxnane paccMoTpeH crienu()MHMECKHil THII BEPTOJICTHBIX KOHCTPYKITHUH,
COACPKAMIAX B CE0C PeryMpyeMble 3IeMEHTHL. K yKa3aHHOMY THIY TAKHX
arpe€ratoB OTHOCATCA, HANPHUMEP, MAONMOJTHUTCIBHBIC TOIUIMBHBIC Oaxu
BEPTOJICTA, KOHCOJNBHO 3AKPCIUICHHBIC CHAPYKH MO IPABOMY H JICBOMY
6opram Beprosera. Ilpm HaBecke Takoro OOOPYIOBAHUS HCIOIb3YIOTCA
PETYTIUPYCMBIC 3JICMCHTBI, KOHCTPYKTHBHO BBINOJIHAKOIINAC (I)yHKI.[I/IIO CBA3H
HABCIIMBACMOTO O0OpPYIOBAHHA C OOPTOM BEPTONCTA. JTO MOTYT OBITH
PETYIUPYCMBIC TATH, MAJIAHA KOTOPBIX MOXKET OBITH YMCHBIICHA HWJIHA
YBCJIHYICHA 34 CUCT BBOPAYUBACMBIX p63b6OBI>IX HAKOHCYHHKOB.
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Hanwume mOmOOHBIX 3IEMEHTOB HEM30CKHO BJICUET 32  COOOH
BO3MOXXHOCTb BO3ZHHKHOBCHHS CHUTYAIUH, KOTJA OMMOKA NPH BBITOIHCHUH
OTEpali  PEryJUPOBAHMA  MOXKET  BBI3BATh  TaK  HA3BIBACMBIC
JIOTIOITHUTEIIbHBIC «MOHTA)KHBICY» HANPSDKCHHUS, YTO MPUBEACT K CHIHKCHHIO
(hakTHUECKON YCTANOCTHOH TONTOBEYHOCTH KOHCTPYKIMH. OTBIT HCIBITAHUH
TAKUX KOHCTPYKIHMH IOKA3BIBACT, UTO CHIDKCHHE JOJITOBEUHOCTH MOXKET
OBITH BECHMA CYIICCTBCHHBIM.

ABTOpaMH NPEJIOKEH BEPOSTHOCTHBIN MOAXOA K METOAWKE MOBBIIICHUS
HAZC)KHOCTH PETYJIHPYEMBIX BEPTOJCTHBIX KOHCTPYKIMI, OCHOBAHHBIH HA
VCTAHOBJICHHUH JOINYCTHUMBIX BEJIMYUH PETYJHMPOBOK IPH OJHOBPEMCHHOM
HHIWBUIYAJIbHOM YCTAHOBICHHH KOI(DPHINCHTOB HACKHOCTH.

B kauecTBe METOAMYECCKOW OCHOBBHI MPEAJIOKEHHOTO IOIX0JA ABTOPAMH
ucnoms3oBan Meton CemuxoBa A.®. — MCTON YCTAHOBICHHS PECypPCOB
OCHOBHBIX  arperaTtoB  BEPTOICTA, OJKCIUIyaTHPYEMBIX B  YCIOBHAX
TMIEPEMEHHOTO HArPY)KCHHS, MOATBEPKACHHBII MHOTOJETHEH MPAKTUKOH
OTEYECTBEHHOTO BEPTOJICTOCTPOCHISL.

YHOOMAHYTBIM ~ YHHBEPCAJBHBIM  METOA  YUUTBIBACT  BEPOATHOCTHOE
paccestHEME IIEPEMEHHBIX HATPY30K, JCHCTBYIOIIMX HA  arperar B
JKCIUIyaTallMM, A TaKXke BEPOATHOCTHOE  PACCESHHE YCTAJOCTHOH
JOINTOBEYHOCTH CAMOTO arperara, CBS3aHHOE C PpACcCesSHHEM CBOHCTB
Marepuana, CIyJaHHbIMH JC()EKTaMH W OTKJIOHCHHSMHE, JOIYIICHHBIMH TIPH
mpom3BoAcTBE. [Ipm 3TOM BENMYMHA pecypca arperara Io YCIOBHAM
VCTAJIOCTH YCTAHABIMBACTCA C  HCIOJNB30BAHHEM  COOTBETCTBYFOIIHMX
K03} (HHUIIMCHTOB HANCKHOCTH.

[lo pe3yaprataM BBMHCICHWH, TNOJYYCHHBIM II0 MPEAIOXKCHHOMY
aBTOPAMH METOJY, IIOCTPOCHBI HOMOTPAMMSBI, IO KOTOPBIM MOKHO CYIHUThH O
3aBHCHMOCTH MAPAMCTPOB PCTYJIHPOBAHHSA KOHCTPYKIHH W KO3 (PHIHCHTA
HAZC)KHOCTH  OT  BCPOATHOCTHBIX  XAPAKTCPHCTHK  JOJTOBCYHOCTH
KOHCTPYKIIMH B OJKCIUyaramud. [Ipe/uio’keHa METOAMKA OIpEICICHH
HEOOXOAMMBIX IIAPAMETPOB PETYJIHPOBAHUS JICMCHTOB KOHCTPYKIHH C
LENBI0 00ECTICYCHUST HEOOXOAMMON HAJCKHOCTH, PECypca M OE30MacHOCTH
JKCIUILY aTaLH.

A parametric investigation of the influence of regulators to ensure the
necessary reliability variable helicopter designs
Mikhailov S.A.!, Nedelko D.V.2, Shakirov M.Z.?
TKNRTU-KALI, *Kazan Helicopters, Kazan

In this paper we consider specific type of helicopter designs, which contain
the adjustable clements. The specified type of such units include, for
example, additional fuel tanks of the helicopter, mounted outside on the right
and left sides of the helicopter. When mounting such equipment uses
adjustable eclements, structurally performing the communication function
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being suspended equipment with the helicopter. It may be turnbuckles, the
length of which may be reduced or increased through screw threaded lugs.

The presence of such elements inevitably entails the possibility of a
situation where an error in the operation of regulation may cause additional
so-called "assembly" stresses, thus reducing the actual fatigue life of the
structure. Experience of tests of these structures shows that deterioration of
durability can be quite substantial.

The authors propose a probabilistic approach to improve the reliability of
the method of controlled helicopter designs, based on the establishment of
permissible values adjustments individually, while establishing safety factors.

The authors used A. F. Selikhov’s method as a methodological basis of the
proposed approach — a method of setting resources of the main units of the
helicopter, operated under variable loading conditions confirmed long-term
practice of the domestic helicopter industry.

Said universal method takes into account the scattering probability of
variable loads acting on the aggregate in a exploitation as well as the
scattering probability of fatigue life of the unit associated with the scattering
propertics of the material, random defects and deviations made during
production. The value of the resource unit for fatigue conditions set using
appropriate safety factors.

According to the results of calculations obtained by the proposed method,
the construction of the nomograms, which can be seen depending on the
design of the control parameters and the safety factor of the probability
characteristics of durability design in operation. Proposed method of
determining the required control parameters of structural elements to ensure
the required reliability, service life and operational safety.
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2. PakeTHble H KOCMHYECKHE CHCTEMbI

2. Rocket and Space Systems

Oco0eHHOCTH MPOEKTHPOBAHNST COOPOTHO-HCIBITATEILHOTO IIEHTPA
JJIsL HCIBITAHUI ABTOMATIHYIECKAX KOCMHIIECKHX anmaparos
Acraesa B.B., 'punmHa A.A., Kpemenenkas M.E.

CT'AY, r. Camapa

ABroMaruueckuii kocmuueckuii ammapar (KA) — aBmierca CrmoxHOM
TEXHUYECKOM CHUCTEMON, OCHOBHBIMHU 3TallaMu >KU3HCHHOro uukiaa (KLI)
KOTOPOH  ABILIIOTCS ~ HAYYHO-HCCICAOBATCIBCKHC  PA0OTHL,  OTBITHO-
KOHCTPYKTOPCKHC  paloThI, COOpKA, WCNBITAHHA, NPOH3BOACTBO H
skcIuTyaramus. Beé Gompime Bo3pacTaromue TPCOOBAHHA K XapaKTCPHCTHKAM
KA m, xak CACOCTBHC, YCIOKHCHHC CHCTCM, BEAYT K MOBBIIICHHIO
3HAYMMOCTH POJM HCIIBITAHWI B mporiecce mirotosiaeHms KA. JlocraTouno
60 pIIas 4acTh BOSHUKAOIIUX MPOOIEM PEMIAIOTCS MPH MOMOIIY HCIBITAHIH
— HA3CMHOH 3KCICpHMCHTANBHOH oTpadoTku (H30). 3amaua coxpamieHHsA
CPOKOB M CTOMMOCTH CO3JAHHUS PAKETHO-KOCMHUYCCKOH TEXHHUKH BO MHOTOM
CBOJHTCS K PAlHOHATIBHOM opranm3ammy npouccca ee H30. B cBsasu ¢ atum,
3amava TMPOCKTHPOBaHMA COopodHO-UcmbITaTeTbHOTO 1eHTpa (CBUL) mna
ucnbiTannid KA, moapazyMeBaromas mpoeKTHPOBAHNE 31aHUS, ONTHMAIBHOC
TMOCTPOCHUC TIOCIICAOBATCIIFHOCTH HCTBITAHWH (JIOTHCTHKA), BBIPAOOTKE
KpHTEpHEB IIepexoda Mo JTamaM, pa3padoTKe PErJaMEHTHPYIOMCH
JOKYMCHTAIIUH, I.[eHTpaJ'IHSOBaHHBIfI KOHTPOJIb H YHOPABJICHHC BCCMH
mpoueccaMd H30 Ha oCHOBC HWH(OPMAIMH, TOCTYMAIOMCH K TIABHOMY
KOHCTPYKTOPY B PEKHME PEaJIbHOTO BPEMEHH, ABJIICTCS AKTY AJIbHOM.

Jannas pabota mocmsamicHa paspadorke mpoekra CBUL], BKmrouaromero
3D momemm 3manmsa u nomemennit CBHL], orsevaromero TpeOOBAaHMIM IO
COOIOZICHHUIO KJIACCA YMCTOTHI W OXPAHBI TPYJa, HOPM H IPABUIJI MOXKAPHOH
6e30macHoCTH, BBIOOD HCTIBITATCIBHBIX CTCHJIOB, pa3paboTKy
MOCTCAOBATENPHOCTH  MpoxoxkacHWs KA m  co3gamme  TIyHKTa
ICHTPATH30BAHHOTO yhpaBiacHus H3O ¢ moMOmbr0 HWHPOPMAIHOHHOTO
CTCHJA TJIABHOTO KOHCTPYKTOPA.

Paspaborannsnii BapuanT moctpoeHus CBUL] mpexmonaract mpoBCICHHUC
MOCJICAOBATENbHBIX HCTBITaHui KA, peamu3ys HpHHIOMII «OT IPOCTOrO K
CJI0’KHOMY», OCHOBAHHBIH HA ITOCIICAOBATCIBHO-TIAPAIUICIBHOM MIEPEX0JE OT
HCIBITAHUHA HA YPOBHE OOPTOBOTO 00OPYIOBAHMS K HCIBITAHHAM HA YPOBHE
ooproBeix cucreM, miargopmel u KA B memom. llemn w 3amaum BHIOB
HCIBITAHUH, 3TAITHOCTh MX NMPOBEACHUA, HOPMBI BHCIIHUX BO3ACHCTBHH IMPH
OTpaboOTKC  PCTIIAMCHTHPOBAHBI ~ HOPMATHBHOW  JOKYMCHTAOWCH  H
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KOHKPETH3HPYIOTCA B KOMIUICKCHOH MHpOrpaMMe 3SKCHEPUMEHTATIBHOM
0TpadOTKH KOHKpeTHOTO KA.

ITpeanaraemerii mpoekr no cozaanmo CBUL] crocoOCTByeT COKpameHuIo
3aTpaT W CPOKOB MPOBEACHHS MCIBITAHUH, «Ipo3padHocTw» 3rama H20 mra
PYKOBOACTBA U 3aKA3YHUKA, MOBBIMICHUK) KAYCCTBA BBIIOTHACMBIX pa60T Ha
JAHHOM 3Tan¢ H, B KOHCYHOM HTOIC, MOBBIICHHUIO KOHKypeHTOCHOCO6HOCTI/I
PAKETHO-KOCMHYECKOTO MPEMPUSITHS.

The features of designing assembly and test center for testing
automatic spacecraft
Astacva V.V, Grishina A A., Kremenetskaya M.E.
SSAU, Samara

The automatic spacecraft (SC) is a complex technical system, the main
stages of its life cycle (LC) are resecarch works, development work, assy,
testing, production and operation. More increasing requirements to the
characteristics of the spacecraft and, as a consequence, the complexity of
systems, leading to the increasing importance of the role of tests in the
manufacturing process of the spacecraft. A large amount of the emerging
problems may be solved through testing of ground experimental development
(GED). The aim is to reduce time and cost of creation of rocket and space
technology largely comes down to the rational organization of the process of
GED. Due to this fact, the task of designing assembly and test center (ATC)
for testing SC, implying the design of the building, the construction of
optimal sequence tests (logistics), the development of criteria for transition in
stages, the development of regulatory documentation, centralized control and
management of all processes of GED based of information supplied to the
product engineer in real-time, is relevant.

This work deals with the development of the project of ATC, including 3D
models of the buildings and premises of ATC, satisfying the requirements for
compliance with cleanliness and safety, rules of fire safety, the choice of test
stands, the development sequence of the SC and the establishment of the
central management of GED by using the information stand of the product
engineer.

The designed project of ATC involves conducting sequential testing of SC,
implementing the principle "from simple to complex", based on series-
parallel transition from testing at the level of avionics testing on aircraft
system, platforms SC in general. Aims and objectives types of tests, stages of
their conduct, norms of external influences when developing regulated by the
normative documents and are specified in a Comprehensive program of
experimental development of specific SC.

The proposed project of creating ATC reduces the cost and time of testing,
"transparency" stage of GED for the management and the customer, improve
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the quality of work performed at this stage and, ultimately, improve the
competitiveness of space-rocket enterprises.

Bimsitane KOCMIMECKOro HOHNM3HPYIOMIEro W3 Ty UeHHsT
HA OPraHn3M |e/I0BeKa
bamken JI.b., Harynos M.P.
HI'TY, r. HoBocuOupck

B Ommkalimed mepcreKkTHBE MPEANOIararoTCcs MAIOTHPYEMbIC TOJIETHI HA
Mapc. B cBa3u ¢ 3THM OJHOH W3 aKTyalIbHOH 33734 SABILICTCH pa3paboTKa
CACTCM 3allUTbl OT KOCMHYCCKOT0 WOHHUBHPYIOIICTO H3IYYUYCHHSA OJIA
JUMTCTBHEIX TOJICTOB. LICmbI0 paboOTHI ABAACTCA aHANH3 OMOJIOTHUCCKOH
SHAYUMOCTH BHIAOB W HHTCHCUBHOCTH HOHHU3HPYIOIICTO M3IYyUCHHA OJIA
3I0POBBSI HETIOBEKA.

[Ipu BO3ACHCTBHM pasWanyl MPOWCXOJUT HOHM3ALMS OHOXMMHYECKHX
COGZ[I/IHGHI/Iﬁ B KJICTKAX, BCJICACTBHC YCTO HAPYMAKOTCA WX XU3HCHHBIC
(¢yHkoum, w OoHM THOHYT. B CBOIO ouepenp rmOenmb KIETOK BEAET K
paccTpoiicTBY ()YHKIHH OPTAHOB H CHCTEM, BIUIOTH OO0 THOCTH OPraHU3MA.
CremeHb TOBPEXICHHH, HAHOCHMBIX PaJWalCH HYCJIOBEKY, 3aBHCHT OT
yZ[eJ'IBHOfI OHCPTUHU NMOTOKA 3JICMCHTAPHBIX YACTHI PAOUAIIMA W OT BPCMCHH
BO3OCHCTBHS  PAJHALMOHHOTO HW3My4YeHHMA. HaumOompmmyr0  OMACHOCTH
OPSACTABILIEOT amb()a YaCTHUBl W SAApa XHMHYCCKHX 3JICMEHTOB, Jance
CICOYIOT MPOTOHBI W HCHTPOHBL, H HAWMCHCE CNA00C BIHSHHC OKA3HIBAFOT
PECHTTCHOBCKOC u raMmma- H3JIyUCHHUA, OJICKTPOHBI " TIO3UTPOHBIL
(xo3pumuenT KavecTsa — 20, 10 1 1 COOTBETCTBEHHO).

buonormueckne TMPOSBICHHA PAJHAITMOHHOTO TOPAKCHHA YCIOBEKA
KOJIMYECTBEHHO CBS3aHbl C BEIMYMHOW SKBUBAJIEHTHOH A03bL I OCTpOro
00y4YCHHA (32 KOPOTKHH MPOMCIKYTOK BPEMCHH) BCCTO TCA CMCPTCIHLHBIME
J03aMH CcUMTaeTcs amamazoH 3,5...7 3B. B chaydae XpOHHUECKOTO
HHTCHCHBHOTO 06J'Iy‘{eHI/I}I (E[J'II/ITGJ'II)HBIG KOCMHYCCKHEC HOJ'IGTI)I) KapThuHa
OuoTormuecKuxX MposABICHUH creayromast. [Ipu cymmaphoit goze 0,7...1 3B
(me Oomee 0,2 3B/rog) HE JOCTHTAIOTCS KIMHHYCCKH —BBIPAYKCHHBIC
TIPOSIBJICHHS JIyUEBOTO 3a00JICBAHAS AAXKE B HAUOOJIEE MMOPAKAEMBIX OPraHax
u cucremax. [Ipu cymmaproi mose 1,0...1,5 3B (we 6omace 0,2...0,5 3B/ron) y
20...30 % nuI MOTYT BO3HHKHYTH CTCPTHIC MposBiIcHUA 3a00meBanna. Cpoku
(HOpMHUPOBAHHA CHHAPOMA 3ATATHBAIOTCA A0 3...5 JCT OT HAYaja OOIyICHH.
CuMIITOMBI JTy4eBOTO MOBPEKICHUS BRIpAXKEHSBI crado. [1pu cymmapHoit no3e
1,5..4,0 (ue 6oxee 1 3B/rox) y 80...90 % mmm pa3sBHBACTCA KIMHHUCCKHA
CHHIPOM XPOHHUYECCKOH Iy4eBOW OONE3HH C BOBJICUCHHEM B PEAKIIHIO
OOJIBIIMHCTBA OPTaHOB H CHCTEM. DOPMHPOBAHHE CHHAPOMA MPOUCXOJHT B
nepsse 1...2 roga.

Jna sxkunaked OpOWTANBHBIX CTAHOMH 33 OCHOBY OLCHKH CTCICHH
omacHocTH OepéTcs rofoBasd 103a M3 YCIOBUS NMpeOBbIBAHUS HA opOuTe 3, 6,
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12 mecsneB (COOTBETCTBEHHO M03HI 3a moyeT — 0,8 3B, 1,1 3B, 1,5 3B). Jux
JIUTEIBHBIX MOJNETOB HOPMHUPYIOTCA T03bI HA 1, 2, 3 roAga moJIeTOB OTACTIBHO.

B pabote mpuBeneHBI Pe3yIbTATHl AHATH3A BIWSHAS PA3IHYHBIX BHIOB
KOCMHYECKOTO HOHH3HPYIONICTO M3IYyYCHHS HA YEJIOBCKA, BBINOIHCHO
CPaBHCHHE CTCIICHH MX ONMACHOCTH /I OPTAaHW3MA. B 3aKIFOUCHHUHM ONMMCAHBI
0COOCHHOCTH HM3BECTHBIX B HACTOAMICE BPEMsI CHCTEM 3alIUTHI OT PATHAINH
TIPH JUTHTEIBHBIX KOCMHYICCKUX TOJIETaX.

Effect of space ionizing radiation on the human organism
Balken D.B., Nyagulov M.R.
NSTU, Novosibirsk

In the nearest future manned flights to Mars are planned. Because of this
developing of cosmic ionizing radiation protection systems for long flights is
one of the actual tasks. Objective of the work is analysis of types of ionizing
radiation and its intensity's biological significance for human's health.

Tonization of biochemical compounds in cells occurs under the influence of
radiation, resulting in their vital functions are violated, and they die. Further
cells' death leads to disturbance of organs and systems' functions, up to the
death of the organism. The degree of damage inflicted on the person by
radiation, depends on the unit energy of radiation flow and the time of
exposure to radiation. The most dangerous are alpha particles and nuclei of
chemical elements, after them protons and neutrons, and the weakest effect
has X-ray and gamma radiation, electrons and positrons (the quality factor -
20, 10 and 1 respectively).

The biological exhibitions of radiation damage to human quantitatively
related to the value of equivalent dose. Lethal doses of acute (short time)
exposure of the whole body are considered in range of 3.5...7 Sv. In case of
chronic heavy exposure (long space flight) picture of the biological
exhibitions will be the next. When a total dose is in range of 0.7...1 Sv (no
more than 0.2 Sv/year) symptomatic exhibitions of radiation sickness are not
achieved, even in the most striking organs and systems. When a total dose is
in range of 1.0...1.5 Sv (no more than 0.2...0.5 Sv/year) 20...30% of people
may have worn exhibitions of the disease. Terms of syndrome formation
tightened to 3...5 years from the start of irradiation. Symptoms of radiation
injury are mild. When a total dose in range of 1.5..4.0 (no more than 1
Sv/year) the clinical syndrome of chronic radiation disease develops in
80...90% of people with involvement into reaction most of organs and
systems. Formation syndrome occurs in the first 1...2 years.

Annual dose is taken as a basis of risk assessment for crews of space
stations based on the duration of staying in orbit - 3, 6 and 12 month (dose
per flight respectively: 0.8 Sv, 1.1 Sv, 1.5 Sv). Doses for long flights of 1, 2
or 3 years are standardized separately
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In this work presented the results of the analysis of different kinds of
cosmic ionizing radiation impact on man, and a comparison of degrees of
their danger for human organism. In conclusion we describe the features of
the currently known radiation protection systems during long space flights.

Hcnoss30BaHue HHEPIMOHHBIX KOCMHUYECKHX 30H10B-TICHETPATOPOB
JUISI HAYYHBIX MCcenoBanuii JIyHb1
Hdyaxun K.K., Joarononos B.I1.
MAM, r. Mocksa

B mHacrosmmee Bpemsi OONBINONH HHTEPEC IPEICTABISICT HCCICIOBAHHUC
BHYTPEHHETO CTpocHUS JIyHBL 3TO AaeT KIFOY K PEIICHHIO ITPOOICMBI
MIPOMCXOXKACHHS 3eMiri-JIyHa, MOHWMAHWIO PAaHHCH HMCTOPHUH M 3BOJIOLUH
TIIJIAHET 3€MHOM TPYIITBL, A TAKKE CIyTHUKOB JPYTHX IUaHeT. K Tomy e, 1o
MOCTCAHAM JAHHBIM, Ha JIyHE MO’KET NMPUCYTCTBOBaTh BOJA, W JCTAJIBHOC
H3yUCHHE 3TOTO BOIIPOCA JACT OTBET, HACKOJIBKO BO3MOKHA obmraeMas 6asza
Ha JIyHe. D((eKTHBHBIM HaNpaBICHUEM H3YUCHUS JIYHBI SBIIOTCS 30HIBI-
neHeTparopel. OAHAKO, MPH IPOCKTHPOBAHWH IICHETPATOPOB, BO3HUKAIOT
CICOYFOIIUC TPOOIICMEI!

e Dompmoil meperpy3kH NOpH NPOHHKHOBEHHH B PETOMUT H
HEOOXOAMMOCTH MHHUMH3ALIH JAHHBIX IIEPETPY30K;

e  Bri0opa pannoHambHOW KOHCTPY KTHBHO-KOMIIOHOBOYHON CXEMBL,

e BriOopa HeoOX0aMMONH HAyYHOH ammapaTypbl W MECT BHEIPCHUS
MEHETPATOPA,;

e  Ces3u neHETpPaTOpa C APYTUM ANIAPATOM UL IIEPEAAUH JAHHBIX.

B Hacrosmiee BpeMs CIOXKWJINCH CICAYIOIHE IOJXOAbI K PEIICHUIO
VKa3aHHBIX MPOOIEM:

e MHcnoxp3oBanue onTHMaNbHOH (POPMBI KOPIyca M ONTHMAIBHOM
KOMITOHOBKY,

e  MuHEMI3aOUS MIEPETPY30K H YBEINUYCHHE TTyOWHBI IPOHUKHOBEHUS
KaK KPUTEPHH IPH BHIOOPE KOMIIOHOBKH,

e  VYuer TONIWMHBI PETONHTA, MEPETPY30K, HAMCKHOCTH H HAYUHOH
[esIeco00pa3HOCTH KaKk KPHTEPHEB I BHIOOPA MECTa MOCAJKH M BBHIOOpA
HAYYHOH anmapaTtypsr,

e Hcmonw3oBanme  pazmeimsieMOM  CXEMbl  NEHETparopa I
obecreyeHN CTAOIIBHOU CBA3H.

B nmaHHOM COOOIIECHHH PACCMOTPEHBI HEKOTOPBIE MPOOIEMEI, CBSI3aHHBIE C
MIPOCKTHPOBAHAHEM KOCMHYECKHX 30HIOB-TICHETPATOPOB, 0030p HAYYHBIX
3371a4, KOTOPbIE MOJKHO PEIIMTh C IOMOIIBEO IICHETPATOpa, BHIOOpA
ONTHUMATIBHOH (JOPMBI KOPITyCa M COCTaBa HAYYHOH ammapaTy pblL.
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Using inertial space probes-penetrators for research of the Moon
Dudkin K K., Dolgopolov V.P.
MAI, Moscow

Study of the internal structure of the Moon is of a great interest recently. It
provides key to solving the problem of the origin of the Earth-Moon system,
to understanding of the carly history and evolution of the terrestrial planets
and satellites of other plancts. Moreover, according to recent data, water may
be present on the Moon, and a detailed study of this problem will answer the
question of possibility of manned base on the Moon. One of the efficient
ways of the lunar exploration probes are penctrators. However, the design of
the penetrators poses the following problems:

e High impact acceleration during penetrating the regolith and
necessity to minimize it;

e A rational design-layout scheme;

e A sclection of the necessary scientific equipment and determining
locations for penetrating;

¢ Linking a penetrator to another apparatus for transmitting data.

At present, we have elaborated the following approaches to solve these

problems:
e  Use of the optimal hull shape and optimum layout;
¢  Minimizing acceleration and increasing the penetration depth as a
criterion when choosing a layout;
o  Regolith thickness, acceleration, reliability and scientific targets as a
criteria to select the landing site and scientific equipment;
e  Use of shared penetrator scheme to ensure a stable connection.

In this report, we addressed some of the problems related to the design of
space probes penetrators, a review of scientific problems that can be solved
with the help of the penetrator, optimizing the hull shape and composition of
scientific instruments.

MoaesmpoBannie MOBEACHIS TEMJIOHANPSKEHHBIX KOHCTPYKIMIT
B 30HAX KOHTAKTA METAJLIOB ¢ KOMITO3HIMMOHHLIMI MATEPHATIAME
Exos A. 1., Mecusakun C.10O., brikos J1.B.

MAM, r. Mocksa

B aBHAIMOHHON M PAKETHO-KOCMUYECCKOW MPOMBIIUIEHHOCTH IIHPOKOE
pacmpoCTPAHCHUE TMOJYYMIM KOMIO3UIMOHHBIE MATEpUANbl HA OCHOBE
yriuepoaa W KapOuaa KpeMHHA. Takue KOMITO3HIHOHHBIC MATCPHAIIBI
OKa3QJIMCh BEChbMAa NMEPCICKTUBHBIMU MPH MPOCKTUPOBAHUU KAMEP CTOPAHUS
JKHIKOCTHBIX PAKCTHBIX ABUTArenci. B CBA3M C OTCYTCTBHEM TEXHOJIOTHM,
MO3BOJMIOMINX HM3TOTOBHTh IMOAOOHYE) KOHCTPYKIHEO TOTHOCTBIO W3
KOMITIO3HLIMOHHBIX MATEPUAJIOB, HA MPAKTHKEC MNPUXOJUTCS HCIOJIb30BaTh
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COCAMHSIOIINC JICMECHTH KOHCTPYKIMH W3 MeTawia. B ces3m ¢ 3tuM mepen
pa3paboTUMKaMH BO3HHKACT MpoOieMa (UKCAIMH KaMEPHl CTOPAHUS W3
KOMIIO3HIMOHHBIX MATCPHANOB C IOMOINBE0 MCTAIUIMYECKUX (IAHICB H
obecricucHUS & TCPMECTHIHOCTH B MPOLECCE PAOOTHL

Jna obecneucHus TpeOyeMOH CHIIBI VACPKAHMSA, a TAKKS HAACKHOCTH H
TCPMCTHYHOCTH KOHCTPYKIHH TPH 3KCIUIYaTallMH HEOOXOANMO OOCCICUUTH
ONTHMAJIbHBIH TCIUIOBOM PEKMM H ONTHMAJBHBIC 3HAYUCHUA OABJICHHUA B
30HaX KOHTAakTa. /I OmpeleNcHHS TEIUIOBOTO PEKUMA KOHCTPYKIHH
HCOOXOJAMMO YUHTHIBATh HCHIACATBHOCTH COCOHHCHHIH, OOVCJIOBICHHYIO
peaabHOH MHKPOTCOMETPUEH CONMPHUKACAKOIIMXCA ACTANCH U, B CICACTBUH
3TOTO, MOSBJICHHS JOMOIHAUTEIBHOTO INEpEnana TeMIEpPaTyp, CBA3AHHOTO C
HATHIHCM KOHTAKTHOTO TepMmmucckoro comporueincHus (KTC). 3nanme
3HayeHHT KTC u MEKKOHTAKTHOTO [JABICHUS MEXIY HCIOIb3YEMbBIMH
mapaMu MaTEpHATOB ITO3BOJLICT ONTHMH3MPOBATh PEHICHHE 33Jaud |
000CHOBAaTh JOCTOBEPHOCTH MOJY YECHHBIX B XO/I€ PEIICHHUS PE3YIbTaTOB.

TepMoMexaHMUECKUH aHAIA3 KOHTAKTa METATHYECKUX Hu
KOMITO3HLIHOHHBIN Jeraneit KOHCTPYKIMH MPEACTABILIET co0oi
TOCJICA0BATEILHOCTD CJICY FOIMX JCHCTBHIM:

e  IPOBEJACHHE pacueTa HATPHKCHHO-AC(OPMHPOBAHHOTO COCTOSHUS
KOHCTPYKIHMH B pE3yJbTare ¢& Harpesa, NIPH YCIOBHH HACAIBHOTO
KOHTAKTA,

e  ONpCHCICHHE OCHOBHBIX  XapaKTCPUCTHK  COIPHKACAFOIIMXCS
MOBEPXHOCTEH, MOCTPOCHUE TPEXMEPHBIX MOJCICH INEPOXOBATOCTEH
KOHTAKTHPYIOMIMX MOBEPXHOCTEH;

¢  TEIUIO-NPOYHOCTHOH pacuer KOHTAKTa MHKpopenseon
HOBerHOCTefI, NOJIYYCHHEC TCMIICPATYPHOTO IMOJSI B 30HC KOHTAKTA,
onpenencHue 3aBucHMOCcTH KTC OT MPHIIOKCHHOTO JABJICHUS,

e  [OBTOPHOE NMPOBEACHUE pacyeTa HaNpsLKEHHO-IS(HOPMHPOBAHHOTO
COCTOSIHHMSI KOHCTPYKIIMH B pe3yjbTare ¢ Harpepa C Y4YCTOM 3HAUCHUH
KTC.

PesymsraTer pacuero mokassBaroT, uto yuer KTC B KOHTakTe meranci
CYHICCTBCHHO M3MCHICT TEMIICPATYPHOE TMOJC KOHCTPYKIMH M, Kak
CICICTBHUEC, BOSHUKAKOIIUC B HEH HATIPSYKCHHU .

Hcnonp30BaHne TPEACTABICHHOTO AITOPHTMA  pacueTa  IO3BOJIIET
JIOCTATOYHO TOYHO OIPEICIMTH TEMIICPATYPHBIC IOJII M COOTBETCTBYIOIICE
WM HaNpPsLKEHHO-TS()OPMHUPOBAHHOE COCTOSHUE KOHCTPYKIMH B PE3yIbTaTe
HATPEBA, YTO MO3BOILICT YK HA HAYAJHHOM J3TaIlC MPOCKTHPOBAHUS BHIIBHTH
OCHOBHBIC MPOOJEMBI, KOTOPBIE MOTYT BO3HHKHYTH B  IPOIECCE
OKCILTyaTallii U BHCCTH HGO6X0£[I/IMI>I€ KOPPECKTUBBI B KOHCTPYKIHEO.
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Modeling the behavior of heat-stressed designs in the areas of metals
contact with composite materials
Ezhov A.D., Mesnyankin S.Yu., Bykov L.V.
MAI, Moscow

Composite materials based on carbon and silicon carbide are widely used
in the aviation and acrospace industry. These composite materials have been
very promising in the design of the combustion chambers of liquid rocket
engines. Due to the absence of technology, allowing to produce a similar
construction entirely of composite material, it is necessary to use connecting
elements of metal constructions in practice. In this regard, there is a problem
for developers to fix the combustion chamber of composite material by means
of metal flanges and to maintain its integrity in the process.

To ensure the required holding force, as well as the reliability and integrity
in the operation of the construction it is necessary to ensure optimal thermal
conditions and optimal pressures in the areas of contact. To determine the
thermal regime of the design the nonideal compounds due to the real
microgeometry in contact details must be taken into account. In consequence,
the appearance of an additional temperature difference associated with the
presence of the contact thermal resistance (CTR) should also be taken into
consideration. The knowledge of CTR values and intercontact pressure
between the used material pairs allows to optimize the solution of the
problem and justify the validity of the the results.

Thermomechanical analysis of metal and composite structural parts is a
sequence of the following:

e  Carrying out the calculation of the stress-strain state of the structure
as a result of its heating, providing the perfect contact;

e  Determination of the main characteristics of the contacting surfaces,
the construction of three-dimensional models of the roughness of the
contact surfaces;

e  Heat-contact strength calculation of surface microrelief, getting the
temperature field in the contact area, determination the dependence of the
pressure of the CTR;

e  There-calculation of a stress-strain state of the structure as a result of
its heat taking into account the values of the CTR.

The results show that the consideration of the CTR in contact parts
substantially alter the temperature field structures and, as a consequence, the
voltage occurring in it.

The use of the algorithm of calculation allows accurately determine the
temperature field and the corresponding stress-strain state of the structure as a
result of heating, which allows already at the initial design stage to identify
the main problems that can occur during operation and make the necessary
adjustments into the design.
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BuayTpenHue HANPSKEHHS B COTOBOM 3AMOJTHATEIE 00pasma
TPEXCJIOIHHOI KJIeeHOI manem
3emsHeB B.H.
MAM r. MockBa;
OHIIIT «Texromorus», r. OOHUHCK

B pabote paccMaTtpmBacTCa 00paserl KICCHOH TPEXCAOHHON MaHCTH C
COTOBBIM 3aIlOJTHUTEIEM M OOIIMBKAMH W3 YyIIEmIacTuka. KoHCTpykuuwm
TAKOI'0 THIIA HIHPOKO HCIOJB3YIOTCSA B aBI/IaI.[I/IOHHOI\/II " paKeTHOfI TCXHHKC,
3TO CBA3AHO C BBICOKOM YJCNBHOM JKECTKOCTBE) TPEXCIOHMHBIX KICCHBIX
TIAHETICH TIPH CPABHUTEIHFHO HEOOBIIOM BeCce KOHCTPYKImH. [Ipobremarnka
MPOCKTUPOBAHAA KOHCTPYKUHMH TAKOTO THIA HPHUBOJUT K PACCMOTPESHHIO
TEXHOJNOTMYECKHX  CHJIOBBIX M TEMICPATYPHBIX  BO3ACHCTBHH  HA
KOHCTPYKIIMIO B IIporecce ¢¢ m3roToBlIcHUS. Llenp paboThl 3akiovacTcs B
OTIPEIC/ICHUN VPOBHS BHYTPEHHHX HAIPSDKCHHH B COTOBOM 3aIlOJHHTEIC
TOJYYCHHBIX B PE3YJIBTATEC TCXHOJIOTHICCKOTO PEKHUMA CKIICUBAHU OOIIHBOK
C COTOBBIM 3ANOJIHUTCIICM U CPABHCHHU JSKCICPHUMCHTAIBHBIX IMPOTHOCTHBIX
XAPAKTEPHUCTHUK C PACUCTHBIMHU.

Jna anamm3a BeIOpaH 00pa3eH KICCHOH TPEXCIOHHON MAHCTHPA3MECPOM B
miockoctH maHe 80x80 (MM) m BhICOTOH 30 (MM).OOpasen COCTOHT W3
OOIIMBOK, COTOBOTO 3amOJHHUTENI U K. OOIIMBKH H3TOTOBJICHBI U3 CIOCB
MPeTpeTa Ha OCHOBE YTJICPOAHBIX BOJIOKOH M CBs3yromero JH®B meromom
BaKyyMHOTO ()OPMOBAHMSI C HCIOJIb30BAHWEM AaBTOKIABA, TOJIIMHA
otrdopmoBanuoii oOmmBKH 0,7 (MM). BEIOpaH JTEerkuid COTOBBIHM 3aMOTHUTETH
C IIECTUTPAHHOM SMYCHKOM pa3MepoM TIpaHH suciku 2,75 (MM) B3
amoMuHHCBOH (pompru TommmHOW 23 (MixM). Cxielika mamenm oOpasma
TPOU3BOAUTCS KieeBoil meHko BK-36, pasmepom.

PaccMOTpeH  THNOBOH  TEXHOJNOTHYCCKHH — METOA  NPUKICHBAHUA
H3TOTOBJICHHBIX OOIIMBOK K COTOBOMY 3aMOJHHTCIIO C HCIOJb30BAHHCM
BAKYYMHOH YIAKOBKU TPEXCIOMHON MAHENM U MOCJCAYIOIIECH CKICHKOW B
aBTOKJIABE C MAKCHMAIIBHOI TeMmeparypoit peskuma 180 °C.

PaccmaTpuBas padoty Takoro oOpasma HA COBHT B IIOCKOCTH ITAHCITH,
HAOMFOACTCSI  HECOOTBETCTBHE  (DAKTHUECKHX  JKCIICPHUMCHTANBHBIX H
PACUCTHBIX JAHHBIX MOMYJIA CIBHTA B COTOBOM 3aIQIHUTCIC. JTOT (DakT
MOCHY;KHJI ~ CHTHAJOM UL JCTAJNbHOTO  PACCMOTPEHHS 337a4d  C
OTPCACICHACM HATIPSLKCHUH U Ae(hopManuii B 00Pa3Ie MAHCITH.

J1s TOCTpOCHHMS MATEMAaTHYECKOM PAcUCTHOW MOJEIM BBIOPAH METOX
KOHCYHBIX JICMCHTOB C HCIIOJB30BAHHEM IPOTPAMMHOTO IIPOAYKTA
MCSNastran.

OOImMBKH ¥ COTOBBIM 3AIOJHHUTEIL B MOACTH MPEACTABIICHBI IIJIOCKAMHA
srmemeHTaMu THma Plate ¢ merambHOW TpopabOTKOH (DOPMBI STUSHKH COT.
CpoiicTea Marepmasa OOINIMBOK TPEIACTABICHBI  OPTOTPOIIHBIMH  C
(pakTHUCCKAMH 3HAYCHHUSAMHM MOIYJICH VIPYTOCTH H  KO3(P(QHIUCHTOB
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TCIUIOBOTO PACIIMPEHUS MOIYUCHHBIX B PE3yJbTaTe HCHBITaHWI. Ponbra
COTOBOTO  3alONHUTEIL W3 AMIOMHHHCBOTO  CIUIABA  IPEACTABJICHA
H30TPOMHBIMU CBOHCTBAMH MATCPHAJIOB H CIIPABOYHBIMH 3HAUCHASIMH.

PesympraTel mpoBencHHOM pPabOTHI TO3BOJHIM OIPEACTIHTH YPOBCHB
BO3MOJKHBIX BHYTPCHHHX HANPSUKCHHH W NEPEMCINCHWH B IJIACTHHKAX
(hOJTBTH COTOBOTO 3AMOIHHUTEIIT 00Pa3A TPSXCAOWHOH MAaHCH ¢ OOIHBKAMH
W3 YTJICIUIACTHKA TOCJE PEKUMA CKICHBAHHA. VICIIONBb30BaHHE PE3yIbTaTOB
MO3BOJIET NPUONHM3HTCI K peadbHbIM Kod(pduuumeHTaM B (HOPMYIBI 17
pacueTa  NPHUBEICHHBIX  MPOYHOCTHBIX  XAPAKTCPHCTHK  COTOBOTO
3aMOTHATEILL.

Internal stress in the honeycomb of the adhesively-bonded sandwich
panel specimen
Zelnev V.N.
MAI, Moscow;
ORPE Technologiya, Obninsk

The work considers the specimen of the adhesively-bonded honeycomb
sandwich panel with carbon fiber-reinforced plastic skins. The structures of
such type are widely used in the aircraft and rocket engineering, which is due
to a high specific stiffness of adhesively-bonded sandwich panels having a
comparatively low weight. The problems related to the development of such
structures result in examining force and temperature actions on the structure
when in production. The purpose of the work is to determine the internal
stress values in the honeycomb layer resulting from the application of the
technological mode of bonding the skins to the honeycomb layer and to
compare the experimental strength characteristics with the estimated ones.

For the analysis we chose the specimen of the adhesively-bonded sandwich
panel sized 80x80 mm in plane and 30 mm in height. The specimen consists
of two skins, a honeycomb layer and an adhesive. The skins are prepared
from the layers of prepreg based on carbon fibers and the ENFB adhesive by
the autoclave vacuum molding, with the molded skin being 0.7 mm thick. We
chose a lightweight honeycomb composed of hexagonal cells having 2.75
mm cell edges from the aluminum foil 23 pm thick. The panel specimen
bonding was performed using a 0.1 mm adhesive film VK-36.

The standard technological method for fastening the prepared skins to the
honeycomb layer using a sandwich panel vacuum bag was applied followed
by bonding in the autoclave at a maximum temperature of 180 0C.

Having tested the specimen for the panel plane shearing strength, we
observed the differences between the actual experimental and estimated shear
modulus data obtained for the honeycomb layer. The fact has become the sign
for the problem of panel specimen stress and strain determination to be
considered.
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The finite-element method using the MCS Nastran software was chosen for
the development of a numerically simulated model.

The skins and the honeycomb layer are represented in the model by Plate-
type two-dimensional elements with a detailed development of a honeycomb
cell form. The skin propertics are represented as those of an orthotropic
material with the actual shear modulus and thermal-expansion coefficient
values obtained by testing. The honeycomb aluminium alloy foil is
represented as an isotropic material having reference values.

The results of the work done have made it possible to determine the virtual
internal stress and displacement level in the honeycomb foil plates of the
sandwich panel specimen with carbon fiber-reinforced plastic skins after
bonding. The use of the results allows the actual coefficients to be drawn
nearer in the formula for the calculation of reduced honeycomb strength
characteristics.

Yuder TpedoBaHHA YCTOIUNBOCTH CHCTEMBI «PYJIh — IPHBO/» B Ipo1iecce
Pa3padoTKH MAHEBPEHHOTO GECIIJIOTHOT0 JIETATETLHOT0 ANMAPATA
Wsanos JI.H., TTapadecs C.T.

MAM, r. Mocksa

Baxxmo# 3amaucii  MPOCKTHPOBAHHA  MAHCBPCHHBIX  OCCIHIOTHBIX
neratenbHBIX anmapatoB (BJIA) sBmsgerca oOcecmeucHue OC30MACHOCTH OT
(matTepa W a3pPOympyrod YCTOHYHBOCTH C CHCTCMOH aBTOMATHUYCCKOTO
vopasreHuss (CAY). OzmauMm  #W3 BO3MOXKHBIX BHAOB  a3pOyHPYTOH
HeycrounBocTH BJIA ¢ CAY aBISCTCS MOTEPS YCTOWIMBOCTH B CHCTCMC
pyas — mpuBox». [l pemieHWsl 3adavdM COTJIACOBAHHA MAapaMeTpoB M
XApPAKTEPHCTHK Pyl W TPHBOJA C YYCTOM TPEOOBAHHS YCTOHUMBOCTH
CHCTEMBI KIIPHBOJ — PYJIb» IPEUIATACTCsI HTCPATMOHHBIH METOI.

CormacHo mpengaracMoMy METOAY CHAYajla WCCICAYETCS YCTOHYMBOCTH
CHCTEMBI «PyJIb — NPHBOI». [IpH 3TOM CuUHMTacTcs, YTO MPEABAPUTEIHHO
peIICHbI 3a1a4H PA3ACTbHOTO MPOCKTHPOBAHMS OTCIBHBIX YACTCH CHCTEMBbI
«PyJb — IPHBOI». Py KaK arperaTa CHIoBoH KoHCTpykumu BJTA u mpusoga
kak cmmosoro arperata CAY. B ciay4yae HCYCTOMUHMBOCTH CHCTCMBI HIIH
OTCYTCTBHS B HEH TPeOYEMBIX 3aIIaCOB YCTOIUMBOCTH, BBIMOTHACTCS AHAIN3
BJIMSHHA MAPAMETPOB (XAPAKTEPUCTHK) Py M MPHBOAA HA YCTOWUMBOCTH
CHCTEMBI C IICTBIO ONPCICICHHS WX UHCIOBBIX 3HAYUCHHH, MPH KOTOPBIX
CHCTEMA «PyJIb — MPHUBOI» 00IATACT AOCTATOYHBIMH 3a[IACAMH Y CTOHYHBOCTH
(TIpu YaCTOTHOM KPUTEPHHU YCTOHUMBOCTH — 3TO 3aIAChl IO MOAY IO | (hase).
Ha ocHoBanmm 3TOTO aHamm3a BIPAOATHIBAIOTCA Hambosee 3(PPEKTHBHBIC
MEpONPHATHS, HANPABICHHbIC HA OOCCIICUYCHHWE YCTOHYMBOCTH CHCTCMBI
«pyib — mpuBom». OHH MOTYT OBITH CBS3aHBI C W3MCHCHHEM MAacCOBO-
WHEPUHMOHHBIX M >KECTKOCTHBIX XapAaKTEPUCTHK Py WIH KOPPEKIHEH
MApaMETPOB M XapPaKTEPUCTHK NMPUBOAA. B mepBoMm ciydae pemaercsi HOBas
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337a4a IMPOCKTHPOBAHKUSA KOHCTPYKIMH PYJI C YYETOM JOIOJHHTEIBHBIX
OTPAaHMYCHUH, HAIAracMbIX TPEOOBAHHWEM YCTOHYMBOCTH CHCTEMBI «PYJb —
TIPUBOJY, HATIPHUMEDP, OTPAHHUICHISIMH HA YaCTOTHI COOCTBCHHBIX KOJICOAHUIA.
Bo BrOopoM ciyuae cremyer BEPHYTHCH K IMPOCKTHPOBAHHIO NMPHBOAA KAk
cumoporo arperatra CAY ¢ T1eM, 4TOOBI TPH COXPAHECHHH ITOTPEOHBIX
JUHAMHYICCKAX CBOUCTB (OMHAMHKM H TOYHOCTH) OOCCICYHTH €T0
VCTOHYMBOCTh HA 4ACTOTAaX YHPYIHX KOJICOAHWMH KOHCTPYKIHMH PYJIL
HrepannoHHBIN MPOIIECC MPOCKTHPOBAHUS MPOJOIDKACTCA A0 TEX IO, IMOKA
HE OYAyT YIOBIECTBOPEHBI BCE MPEABIBISIEMBIC TPEOOBAHMUS: AT PYJIL — 3TO
TPeOOBAHM MPOYHOCTH, YCTOHYNBOCTH M MHHHMYMA MACCBI, I IIPUBOJA —
TpeOOBaHMA, CBA3AHHBIC C OOCCHEUCHHEM TOTPEOHBIX JUHAMHYCCKHUX
CBOWCTB NPH MAaKCHMAJbHOH IPOCTOTEC M HAJACKHOCTH M MHHHMAIBHBIX
radapuTHBIX pa3Mepax HW Macce, AMI Pyl M NpUBOAa — TpeOOBaHHE
VCTOHYUBOCTH CHCTEMBI «PYJIb — IIPHBOI.

[TpuBomurcs TWpHMEP PEIICHWS 337a4YM COTJACOBAHHI MAPAMETPOB H
XApPAKTEPHCTHK Pyl W TPHBOJA C YYETOM TPEOOBAHHA YCTOHYMBOCTH
CHCTEMBI «PYIIb — IPUBO.

Pabora sBpmoxHeHa mpu (PUHAHCOBOW mOJNEp’kKKe MHHHCTEpPCTBA
oOpazosanus n Hayku Poccuiickoit @eneparmu, mpoekt Ne 834.

Accounting requirements of the stability of the system “rudder —
actuator” in the design process of the maneuverable unmanned
aerial vehicle
Ivanov D.N., Parafes S.G.

MALI, Moscow

The important problem of the designing of maneuverable unmanned aerial
vehicle (UAV) is a security from a flutter and an acroelastic stability with the
automatic control system (ACS). One of the possible types of aecroelastic
instability of UAV with ACS is loss of stability in the system "rudder —
actuator". An iterative method to solve the problem of harmonization of
parameters and characteristics of the rudder and the actuator to meet the
demands of the stability of the system "actuator — rudder" is proposed.

According to proposed method, first we investigate the stability of the
system "rudder — actuator”. It is assumed that the problems of the separate
designing of individual parts of the system "rudder — actuator": the rudder as
a power unit of the airframe and the actuator as a power unit of the ACS is
pre-solved. In case of system instability or lack required inventory the
stability analysis is performed of the influence of parameters (characteristics)
of the rudder and the actuator on the stability of the system for the purpose of
determining their numerical values at which the system "rudder — actuator”
has sufficient reserves of stability (with frequency criteria of stability of the
reserves in modulus and phase). On the basis of this analysis the most
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effective activities aimed at ensuring the sustainability of the system "rudder
— actuator", are produced. They can be associated with the changing of the
mass-inertia and stiffness characteristics of the rudder or adjustment of
parameters and characteristics of the actuator. In the first case a new problem
of designing a rudder construction with additional limitations imposed by the
requirement of stability of the system "rudder — actuator”, for example,
constraints on the natural frequency, is solved. In the second case should
return to the design of the actuator as a power unit of ACS so that, while
maintaining the required dynamic properties (dynamics and precision) to
ensure its stability at frequencies of elastic oscillations of the rudder
construction. The iterative design process continues until, until you have met
all requirements: for the rudder — it demands strength, stability and minimum
weight; for the actuator — requirements related to ensuring the required
dynamic properties with maximum simplicity and reliability and minimal
overall dimensions and mass; for the rudder and the actuator — the
requirement of stability of the system "rudder — actuator".

The sample of the solution to the problems of the harmonization of
parameters and characteristics of the rudder and actuator to meet the demands
of the stability of the system "rudder — actuator” is given.

The work is executed at financial support of the Ministry of education and
science of Russian Federation, the project No. 834.

Pacuer 3¢ peKTHBHOCTH BLICOTHOTO CTAPTA
Kosanenko K.A., Ipyauux J.0., FOpser A.N.
MAM, r. Mocksa

Hpea wucmonb30BaHMA a’pocTara (CTpPAToCcTara) B KAUECTBE CTAPTOBOMU
MIOMAAKH I PAKeT BOSHHKIA JOCTATOYHO AABHO KAK CAMOCTOATCIBbHAS
TPAHCMOPTHAS CHCTEMA IS JOCTABKH IPy30B HA opOuty 3emmn. Hexoropsie
HACH JOBOOAHUIIACH OO0 JSKCHCPHUMCHTAJIBHBIX I/ICCJ'IGI[OB.’:IHI/II\/II, OJHAKO, B
KOHCYHOM HUTOTIC, 3TH SKCIICPUMCHTBI HC HMCITH S(I)(I)GKTI/IBHBIX TMPAKTHICCKUX
PpE3yJIbTAaTOB.

B kauecTBC OCHOBHOH LICTH MPOCKTA PACCMATPHBAJIACH BO3MOYKHOCTD
BBIBOJA HA OpOHMTY 3eMIIM TOJC3HOTO Tpy3a Maccod mo 50 xr, ¢
HCIOJB30BAHHEM  CYIUCCTBYIOINMX  OQJTHCTHUYCCKHX  PAKeT-HOCHTCIICH
MAaJIOTO M CPESAHETO KJIacca, MPH YCIOBHH, YTO CeOSCTOMMOCTD TAKOTO MyCKa
JOJDKHA OBITh CYIUSCTBCHHO HIDKEC, YEM CO CTALHOHAPHBIX CTAPTOBBIX
TIOMAA0K (KOCMOAPOMOB), THOO APYTHX CYMICCTBOBABIOMX HA TOT MOMCHT.
ITpu 3toM HeoOXoaMMO OBLIO OOECHEUMTH AOCTATOYHO BBICOKYIO CTCIICHb
TOYHOCTH OPHCHTALMH B IPOCTPAHCTBE CTAPTOBOTO KOHTCHHEpA, a TaKKe
PEIIUTDH BOMPOC CTAOMIIM3AINH B ITPOIIECCE CTapTa. Takke He0OX0 MO OBLIO
MPeIyCMOTPETh BO3MOKHOCTD COOMFOACHHA OUYCHb JKECTKHX TpeOOBaHHIT MO
OOCCIICUCHMI0O BPEMEHHOTO KOpHIAOpAa sl CTapra, 4|To Tpedyercs
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MPAKTHYECKH I BCEX KOCMHYCCKHX alIapaToB, 3alyCKAEGMBIX HA OpOHTY
3emmu. BakHOo Tarke oOecmeunTh CBOOOIHBIM BHIOOP KaK MeCTa B3JETa
BCETO CTapTOBOTO KOMIUICKCA, TAK M MECTO 3aIyCKa PAKETHI-HOCHTEJI HA
opbuty 3emuH. 32 BHAMMOH OYCBHIHOCTBE) HCKOTOPBIX IIOJIOKHTCIBHBIX
3(()CKTOB MPOCKTA CKPHIBATICH CIIOKHOCTD X TCXHHUCCKON PCaTH3aIlim.

B HacTosmIEe BpEMS 3aIyCK PakeT ¢ KOCMOIPOMOB MPHBOIHT K OOIBIITNM
()MHAHCOBBIM M PECYpPCHBIM 3aTpaTraM, TAK KAK WMCHHO HA HAYaJIbHOM
yuactke or O gm0 20 KM Ha pakeTy [ACHCTBYST HAWOOJBIICS
A3POAHHAMHYCCKOC COMPOTHBIICHHC. JTO MPHBOAHT K HCOOXOIHMOCTH
CO3JAHHA OYCHb MOIMHOM W AOPOTOCTOSINCH HEPBOH CTYNECHH PAKETHI, BO
BpeMs (PYHKIMOHHUPOBAHUS KOTOPOH CKHTACTCA OUCHb OOJBINOEC KOIMUCCTBO
TormBa. JUil MpeAOTBPALCHIUS TAKUX 3aTPaT MOXKHO OCYHIECTBIATH 3aIyCK
C BBICOTHI 15—20 kM, MUHY I HAMOOJIEE CIOKHBIN YUACTOK MOJIETA.

B pamkax maHHO# pabOTHI C MCIOJIB30BAHHECM CYIICCTBYIOIMX METOIUK
0aMCTHYECKOTO pPacyera PAKCT-HOCHTEICH IOKA3aH JHEPIeTHHCCKUH
3(}eKT BBICOTHOTO CTapTa HA TNPHMEPE CHIDKCHUS a’POJMHAMHUCCKUX
MOTEPh W TOBBINICHHA TITOBBIX XAPAKTCPHCTHK PAKCTHBIX [BUrATEIICH,
paccUMTaHbl W MPOAHATH3HPOBAHBI CEMECHCTBA TPACKTOPUH IOJIETA PAKETHI
TIPH 3aITyCKE C PA3HBIX BHICOT.

The high-altitude launch efficiency calculation
Kovalenko K.A., Prudnik D.O., Turev AL
MALI, Moscow

The idea of using a balloon as a launching platform for space rockets arose
sufficiently long time ago. Some ideas were brought for testbed development,
however, this experiments did not have any effective results.

The head purpose of this project was to bring out weight into open space
with payload up to 50 kg by using small-range and intermediate range
missiles. One of the most difficult problems was to provide starting bin with
high level of precision attitude. Another problem was related to stabilization
in process of starting from bearing.

In this work, using existing methods of calculating ballistic rockets shows
the energy effect of high-altitude launch the example of reducing the
aerodynamic losses and improve the traction characteristics of the rocket
engine; it was calculated and analyzed the families of trajectories of missiles
startup with different heights.
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PazpadoTka MaTreMaTHIECKUX MoOjeIeli AJIs1 BLIGOPA MPOEKTHHIX
XAPAKTEPHUCTHK CUCTEMBI TEPMOPEryIHPOBAHNS KOCMHYECKIX
ANNAPATOB HA PAHHNX CTAAUAX PA3PadoTKI
Kynmos B.B., Bononyes B.B.

CT'AY, r. Camapa

K ©OoproBeiM cmcremam coBpeMEHHBIX KA TPembsSBITIOTCS BBICOKHC
TpeOOBaHHA C TOYKH 3PEHHSA pecypca (PYHKUHOHHPOBAHHA (K HPHMEDY,
TpeOyeMBIi pecypc OC30TKa3HOH padoThl OOPTOBOH JIICKTPOHHKH YiKC
HCUHCTIICTCA AecaTHIeTHAMHA). OxHuMH W3 (PAKTOPOB BBIXOAA H3 CTPOS
OOPTOBBIX MPHOOPOB ABIAFOTCS TCILIOBBIC (MICPETPEB, MEPCOXTAKICHHUE).

OnmHOW W3 MHOMECTBA AKTYANbHBIX 337a4 IPOCKTHPOBAHUS SBILICTCS
pa3paboTKa aIrOPUTMOB AHAIK3A B MESPBOM MPHOMKCHHH TEMIICPATY PHOTO
cocrostans KA B 3aBucmmoctH OT (DOPMHPOBAHWS KAHAJNOB IEPEaAvd
TCIUIOBBIX TIOTOKOB MGy OOPTOBBIMH NPHOOPAMH H TOCICIYHOLICTO
BI)I60pa ONTHMAJIBHOTO PCIICHUA.

Ha mamnoMm 3tame wmccnemoBanmii ObDna paspaboTana "ympomeHHaS"
MATEMATHYICCKAA MOACIb NEPEaAavun TCIUIOBBIX IMMOTOKOB MCKIY 60pTOBI>IMI/I
npudopamu KA u 0K003eMHBIM KOCMHMECKHM IPOCTPAaHCTBOM. Ha ocHOBE
VKa3aHHOM Mozemd OBIIO TAKKe Pa3padOTAHO CICHMANTBHOE HMPOTPAMMHOC
o0ccricUcHHE, KOTOPOE TMO3BOJICT TOCTPOHTH MHOMKECTBO BapHAHTOB
OUKIOTPAMM H3MCHCHHS CPEIHEH TeMmeparypbl Ha OOPTY NMpH Pa3IHYHBIX
MPOCKTHBIX XAPAKTCPUCTUKAX IJICMCHTOB CUCTCMBI DQHCPTOMUTAHUA KA.

Ha ocHoBe aHanm3a MOCTPOCHHBIX LHKJIOTPAMM H3MCHCHHS CPEIHCH
TeMmepaTtypsl Ha 00pTy KA © pa3paboTaHHOTO MPOTPAMMHOTO OOCCIICUCHHUS
BO3MOKCH BI)I60p ONTHMAJIbHOM II0IMAaad PAagUuAHOHHOTO TEMI00OMEHHHKA
MO KPUTCPHFO HE BBIX0JA YKA3aHHOH TEMITCPATyPhI 3a JOIY CTHMBIC MPEICITBL.

Development of mathematical models for a choice of design
characteristics of system of thermal control system of spacecrafts
at early stages of development
Kuptsov V.V., Volotsuev V. V.

SSAU, Samara

Great demands from the point of view of a functioning resource are made
of onboard systems of modern KA (for example, the demanded resource of
no-failure operation of onboard electronics is already estimated decades). One
of factors of failure of onboard devices are thermal (an overheat,
overcooling).

One of a set of actual problems of design is development of analysis
algorithms as a first approximation of a temperature condition of KA
depending on formation of channels of transfer of thermal streams between
onboard devices and the subsequent choice of the optimum decision.

65



At this stage of researches the "simplified" mathematical model of transfer
of thermal streams between the KA onboard devices and a near-carth space
was developed. On the basis of the specified model the special software
which allows to construct a set of versions of cyclograms of change of
average temperature onboard at various design characteristics of elements of
system of power food of KA was also developed.

On the basis of the analysis of the constructed cyclograms of change of
average temperature onboard KA and the developed software the choice of
the optimum area of the radiation heat exchanger by criterion not of an exit of
the specified temperature out of admissible limits is possible.

Mero1 IHHAMIYECKHX CTYINEHHIT B 3a/1a4€ MOCTPOEHHs CHCTEMbI
JIETATEJILHLIX ANNAPATOB ONTHMAJILHOI0 THIIAKA
Baneik B.M., Maneukos A A.
MAM, r. Mocksa

B mHacrosme# padoTe METO[ IMHAMHYECCKHX CIYINCHHH pEaln3yercs B
MPOCTPAHCTBE  IMAPAMETPOB, TAC PACCTOSHHE MCEKAY  IPOCKTHBIMH
TmapaMeTpaMu OIPENCILICTCI B METPHKE, IPEACTABILIIOMCH COOOH MOy b
Pa3HOCTH MEXKIy Oe3pasMEpPHBIMH IMPOCKTHBIMH HMAPAMETPAMH ABYX PAa3HBIX
tunoB JIA. CpaBHEHHE MPOBOJUTCS MOMAPHO MCEKTy BeeMH THmamu JIA, u
KQKABIN THI XaPAKTEPH3YETCA MACCOHU AOCTABILICMOHN MOJEC3HOM HATPY3KH HA
33JaHHYIO JATbHOCTh. IIpH KakKaoM OMHAPHOM CPAaBHCHHH BBIOMPAOTCS TC
TMPOCKTHBRIC MApPaMETPBI, PACCTOAHUC MCKIAY KOTOPBIMH MAKCHMAJIBHO, H
TPOBCPACTCA, MCHBIIC M 3TO PACCTOAHHUC TOYHOCTH THIAXKHPOBAHUA. Ecmn
9TO PACCTOMIHHUC MCHBIIC TOTHOCTH THIIAKHPOBAHUA, TO CPABHHBACMBIC THUITBI
JIA 3aMeHSIOTCS OTHUM W3 CpPaBHHBAcMBIX JIA.

OCOOCHHOCTh PACCMATPHBACMOTO METOJA COCTOMT B TOM, 4YTO 31CCh
337JaHHAS TOYHOCTh THUIIAKMPOBAHWS BHIOMPAETCS (OPMAIBHBIM O0pa30OM.
JIst 3TOTO CTPOUTCSA CTATHCTHUHECKAA BHIOOPKA, BXOJAOM KOTOPOH SIBILIFOTCS
Pa3sIUIHBIC TOYHOCTH THHAXUPOBAHHA, A BBIXOAOM — COOTBCTCTBYIOIIUC
croumoctd cucteMbl JIA. Tlo naHHOW BBHIOOpKE B KJIACCE CTEICHHBIX
TTOJTMHOMOB BOCCTAHABIIMBACTCS 3aBUCHMOCTh MEXY CTOMMOCTBIO CHCTECMBI
JJA ® TOYHOCTBIO THHMAXKHPOBaHHUA. Jlajee MO MOJMHOMY OIPSICILIFOTCS
MHHAMYM CTOHMOCTH CHCTCMBI JJA ¥ COOTBCTCTBCHHO OITHMAJILHAS
TOYHOCTH THIIA>KAPOBAHUS.

Method of dynamic condensation in the task of constructing a system
of optimal aircraft type
Balyk V.M., Malenkov A A.
MAI, Moscow

In the present work, the method of dynamic condensation is realized in the
parameter space, where the distance between the design parameters defined in
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the metric representing the absolute difference between the dimensionless
design parameters of two different types of aircraft. The pair wise comparison
is performed between all types of aircraft, and each type is characterized by a
mass deliver the payload at a given range. Each time a binary comparison are
selected those design parameters, the maximum distance between them, and
checked, less than this distance precision typing. If this distance is less than
the accuracy of typing, we compare the types of aircraft are replaced with one
of comparable aircraft.

The peculiarity of this method is that here specified accuracy of typing is
selected in a formal way. This is built statistical sampling, the input of which
are of different precision typing, and output — related value system of the
aircraft. On this sample in the class of exponential polynomials recovers the
dependence between the value system of the aircraft and the accuracy of
typing. Next, by the polynomial are determined the minimum system cost of
the aircraft and accordingly optimal precision of typing.

JoarocposHasi MoJe/Th MPOTHO3HPOBAHNIA MAPAMETPOB BPAIICHIS
Semum 3dpeMepHIHO-BPEMEHHOT0 00€CTICHCHIS B CITY THHKOBOIT
HABHT AN
Mapxos HO.T", Tepenéaxun B .B., Uazos B.B., lllemsakos A.O.
MAH, MI'Y, . Mocksa

B pabote mpeacTasicH YHCICHHO-AaHATHTHYCCKAN MOAX0 ] K BHIMHCICHUIO
MapaMeTpOB BpAIICHUS 3EMJIM HA JAIUTCIbHBIX HHTCPBAIAX BpPEMCHH,
HCHOJIb30BAHHBIN T 00paboTKH BBICOKOTOYHBIX H3MEPECHHI
TOIIOLICHTPHYCCKAX MJAJBHOCTEH M0 HMCKYCCTBEHHBIX CIyTHHKOB 3EMIH
«3Jranou 1» u «3TanoH 2».

C 1oMOmbBI0 METOAOB HEOCCHOM MEXaHWMKH HHTCTPHPOBAHHUCM
JUHAMHYCCKUX  ypaBHEHHMH  Jinepa-JImyBmiuri  yJamoch  MOCTPOHTH
TIPHOIIKCHHY IO MAaJIOTIAPAMETPHICCKYIO MOJETb BpAaIIaTEIbHO-
KONeOATENbHBIX  JBIOKCHHH  3eMiM, OOYCIOBICHHBIX  BO3ACHCTBHEM
rpaBUTAIMOHHO-NPIUBHEIX cui oT Comxma u Jlyeer. Owna comepskur
HEOOIIBINOE YHCIO0 HEM3BECTHBIX NMAPAMETPOB, IMOJBEPKCHHBIX M3MCHECHHIM
BCICACTBHC  BIMAHHA  BO3Mymamommx  (axkTtopos  (0OYCIOBICHHBIX
BapHALMAMH TCOMOTCHINANA ¥ BHEITHMMH BO3MYLICHHSAMH TPABUTALOHHO-
MPUIIMBHOTO H TCO(HM3HYICCKOTO Xapakrepa). B mpomecce (mmbTpamun
HAOMFONCHUH M3MEPACMBIMH ITAPAMETPAMH SIBIBLIHCH TOMOLCHTPHUYUCCKHC
JampHOCTH. B  7nmHEHHOM NpHOMKCHWH TICPBBIC IPOW3BOJHBIC OT
BBIMHUCIICHHBIX JANBHOCTCH MO MapaMeTpaM BPAIICHHSA 3EMIH IO3BOJIHIA
BBIMHUCIHTh KOBAPHALMOHHYI0 MATPHLY M OLCHHUTH ANPHOPHYIO BCIHUMHY
CpeIHEH  KBAAPATHYECKOM  MOTPEHIHOCTH  OCTATOYHBIX  OTKJIOHCHHH,
OOYCIIOBJIICHHBIX  NOTPEHIHOCTSIMHM ~ MAPAMETPOB  BPAMICHHSA  3EMIIH,
BBMUCISIEMBIX HAa OCHOBE Mozemd. ONEHKA anpHOPHOW BEIMYMHBI I
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HAOMOACHUH CHYyTHHKA OTANOH COCTaBWIA mpuOmm3uTenbHO 1.8 Mmerpa.
PesympraTel  00pabOTKH  TOKA3bIBAIOT, 4YTO AIOCTCPHOPHBIC  OLICHKH
HAXOAATCA HA OJHOM YPOBHC C ANPHOPHOM OIICHKOH. JTOT ke HAO0p
HAOMFONCHUH OBIT HCIOJIB30BAaH U1 O0pabOTKH €Ié B JABYX Pa3JIMIHBIX
papuaHTtax. Ha pa3imyHBIX MECSIYHBIX WHTEPBAJAX OICHKH CPETHUX
KBAAPATHYCCKHX TorpemHocTedt He mpepbicmmu 0.1 merpa. B pabote
00pa0oTKa H3MCPCHHUH TOMOUCHTPHUCCKHX JANBHOCTCH BBIMOJHCHA C
TTOMOIIBI0 TCOPHUH IBWKCHHS HCKYCCTBCHHBIX CIyTHHKOB 3CMIM M TAKETa
BBMUCIHTEIBHBIX ~ MOAyJeH. Pa3paborannHass JoArocpodyHas  MOJENb
BpAaIIaTeIbHO-KOICOATEIPHOTO ABIKCHIS 3EMIIH MOXKET OBITh UCIIOIb30BaHA
B QITOPUTMAX CIYTHHKOBOHW HABWTAIMH I PCINCHHSA PSAAA IPHKJIATHBIX
3371a4 NPH MAKCHUMAIBHOH AOIyCTHMOH ONIMOKE BBIMMCICHHS IOJOKCHHH
00BbEKTa MOpsIKa 6 METPOB.

PaGora BemonHeHa B pamkax rpaHra llpesupenra P® 1o rocypapcTBeHHON
TIOJIJIEP/KKE MOJIOJIBIX POCCHUCKUX YUEeHBbIX-KaH U/ aToB Hayk (MK-7938.2015.8)

Long-term forecasting model of the Earth rotation parameters
ephemeris and time support in satellite navigation
Markov Yu.G., Gerepelkin V.V., Chazov V. V., Shemyakov A.O.
MAI, MSU, Moscow

The paper presents a numerical-analytical approach to calculation of the
Earth rotation parameters on long time intervals used for processing high
precision measurements of topocentric distances to artificial Earth satellites
“Etalon 1” and “Etalon 2”.

Using the methods of celestial mechanics integrating the dynamic Euler-
Liouville equation managed to build an approximate few-parameter model of
the rotational and vibrational motions of the Earth caused by gravitational
tidal forces from the Sun and the Moon. It contains a small number of
unknown parameters, subject to change due to the influence of disturbing
factors (variations in geopotential and external perturbation of the
gravitational, tidal and geophysical nature). The topocentric ranges were the
measured parameters in the filtering process of observing. In the linear
approximation the first derivatives of the calculated distances on the Earth
rotation parameters allowed to calculate covariance matrix and to estimate a
priori value of root-mean-square error residuals due to errors of the Earth
rotation parameters, computed on the basis of the model. Estimation of priori
values for satellite observations of the “Etalon” was approximately 1.8
meters. The processing results show that a posteriori values are on the same
level with the priori value. The same set of observations was used for
processing in two different versions. At the different monthly intervals root-
mean-square errors did not exceed 0.1 meters. Measurements of the
topocentric ranges were made using the theory of motion of Earth artificial
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satellites and of the computing module package. Developed long-term model
of the rotational and vibrational Earth motion can be used in satellite
navigation algorithms for solving some applied problems with a maximum
permissible error of object position calculation of an about 6 meters.

The project is realized in the framework of the Russian President Grant for state
support of young Russian scientists-candidates of Sciences (MK-7938.2015.8).

YncsreHHOE MOASTHPOBAHNE 00 TEKAHNS TOHKOCTEHHBIX KOHCTPYKINTi
CTBOPOK T'0JIOBHOTO 00TEKATE/IS PAKETHI-HOCHTEJISI
Jlyuenko A.1O., Hazaposa J.K.
MI'TY um. H.2. Baymana, . Mocksa

B mporecce mycka pakeT-HOCHUTENCH MOJIC3HBIN IPy3 3AIIMINECH FOJIOBHBIM
oOTeKareneM IMIMHAPO-KOHMYECKOH ()OPMBI, a pasrOHHBIH OIOK —
OUIHHAPHYECKUM oOTekareneM. C [ENbI0 TMOBBINCHHSA 3JHEPTECTHUCCKUX
XAPAKTCPUCTUK MMPH OOCTIOKCHHH ONPCACICHHBIX CKOPOCTHBIX HAMOpPOB
oOTekarenn cOpACBIBAOTCA, PA3AC/ULICh HA ABE WM TpH 4dacTH. CTBOPKH
oOTekarenrsl HWMCIOT OTHOCHTECIBHO Maiblii BeCc, OONBINYIO IIOIAAb
MOBEPXHOCTH W OOJNATAIOT CPAaBHHUTEIBHO BBICOKHUM a3POJIHHAMHYCCKHM
KAueCTBOM, TIO3TOMY Pa3sMCEphl 30H HX MAACHHA OOMIMPHBL YMCHBIICHHC
PaliOHOB MAACHHA CTBOPOK ABIACTCA AKTYalIbHOM 3aJavcH, A pPEHICHUA
KOTOPOH HCOOXOOWMO 3HAHHC A3POJUHAMHUYUCCKHX Xapakrtepuctuk (AJX)
TAKUX KOHCTPYKIMH.

OKxcmepuMeHTATbHOS onpencacHue AJIX TOHKHX 000J0UYCK — TPYIHAS H
HEOAHO3HAYHAS 3a7a4a, CBA3AHHAS CO CIIO)KHOCTHIO KPEIUICHHS MOJCIH B
pabouei 4acTH a3pOIAMHAMUYCCKON TPYObl M JANBHCHIINM YUETOM BIIMSIHUS
TOJICPKUBAOIINX KOHCTPYKIMH. B mocnenHee BpeMs ¢ pacnpocTpaHCHUEM
Pa3sIUIHBIX  BBIYMHCITHUTCIBHBIX IMAKCTOB NPUMCHHTCIIBHO K 3agayaM
AIPOTUAPOAUHAMHUKHA OKCNCPUMCHTAJIBHBIC HCCICAOBAHMA IIHPOKO
JIOTIONTHSIOTCSI YUCICHHBIMA PACUCTAMH.

BbuT10 MpOBEACHO YHCICHHOE MOJCIMPOBAHHUE THIIOBOH MOJCIHM CTBOPKH
TOJIOBHOTO OOTCKATCII IHIHHIPO-KOHHICCKOH (POPMBI B THAMA30HE VIIOB
araku ot 00 70 3600 mpW pa3nuUYHBIX CKOPOCTAX HAOETAIOINETO MOTOKA B
anpoOMPOBAHHBIX BBIMHCIHTEIBHBIX mMakerax AeroShape-3D m OpenFoam.
IMoxydeHBI CTPYKTYPHI TCUCHHH BOJM3H TOBCPXHOCTH TECA, BBIMHCICHBI
AJIX KOHCTPYKIHH, IIOCTPOCHBI 3aBHCHMOCTH. C W3MCHEHHEM VIJa aTaKH
HAOCTAIOIIET0 IOTOKA CYIIECTBEHHO MEHSETCA CTPYKTypa TCUYCHHA Y
TOBEPXHOCTH CTBOPKH, HYTO COOTBETCTBYIOIIMM OOpPA30OM OTPAKACTCA HA
A3POAMHAMHMYCCKUX XApaKTEPHCTHKAX. IIpH CBEPX3BYKOBBIX CKOPOCTAX H
OOTEKAHUH TENNA CO CTOPOHBI BOTHYTOH MOBEPXHOCTH HAOIIOTACTCS PE3KOE,
ckaukooOpasHoe m3MeHeHHE AJIX mpH MajaoM H3MCHCHHH VIJIA aTaKH, HTO
O0OYCIIOBIICHO CMCHOH CTPYKTYpPHI B3aHMOJCHCTBYIOINMX BHYTPCHHHX
CKAYIKOB YINIOTHCHHUA.
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PeSyJ'II)TaTBI, TOJIYYCHHBIC B PA3JIMYHBIX IMMAKCTAX MPOTrPaMM, OTIHIAKOTCA
HC3HAYUTCIIBHO, a4 TakKkE C HpHeMHeMOfI TOYHOCTBK) COBHIAAAKOT C
HMCIOIMUMHACS SKCICPUMCHTATbHBIMHA JAHHBIMH.

Numerical simulation of the flow around a rocket fairing thin-walled
structures
Lutsenko A.Yu., Nazarova D K.
BMSTU, Moscow

During a launch vehicles payload is protected by a cylinder-conic nose
fairing, and a booster — by a cylindrical fairing. When achieving certain
dynamic pressure fairings kick off by dividing into two or three parts to
improve energy properties. The halves of the fairing have respectively low
weight, wide surface arca and comparatively high lift-drag coefficient, so
they have vast impact zones with Earth surface. To reduce these impact areas
is an important task, which requires to know aerodynamic characteristics of
such structures.

Experimental determination of acrodynamic characteristics of thin shells is
a complicated and non-unique task associated with the complexity of fixing
the model in the wind tunnel test chamber and further consideration of the
supporting structures influence. Currently, with the expansion of various
computational packages relating to problems of aerohydrodynamics
experimental studies are widely supplemented by a numerical calculations.

Numerical simulation of a typical cylinder-conic fairing half’s model was
carried out at angles of attack from 00 to 3600 and various flow velocities in
the approved computational packages AeroShape-3D and OpenFoam. Flow
structures near the body surfaces were obtained, acrodynamic characteristics
of the structure were calculated and dependences were plotted. The flow
pattern near the surface of the half notably transforms with the change of the
angle of attack, this feature accordingly affects to the aerodynamic
characteristics. At supersonic speeds and airflow direction to half’s concave
surface acrodynamic characteristics change drastically and step-wise even
then angle of attack varies slightly, which is caused by a changing of the
interacting internal shock waves structure.

Obtained in two software packages results differ insignificantly and
correspond to experimental data with acceptable accuracy.

Ipeonosenne acreponanoii onacHocTu. Meroabl npoTHBOACIICTBHUS
ACTEPOMIHOI OACHOCTH
Huxomaesa E.A.
CT'AY, r. Camapa

AXTyanbHOCTh WM CEpPBE3HOCTh ACTCPOMIHOH ONMACHOCTH B HACTOSIICE
BpEMs HC BbI3BIBACT COMHCHHH. ACTEpOMAHAS ONMACHOCTH SIBILICTCA
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cepbe3HEHIIMM (PAKTOPOM SKOIOTHYCCKOTO PHCKA I HAINCH IMBHIIM3AIMA
n pa3paboTka MEp IO €€ MNPEAOTBPAIICHUIO JOJDKHA CTATh OJHOH W3
BOXHEHIINX 33744, KOTOPBIC JODKHBI OBITh PEIICHBI YEIOBEUCCTBOM B 21-M
CTOJICTHH.

Lenpto MoeH pabOTHI SBISIETCA BBIABICHHE ITAPAMETPOB aCTEPOHIOB,
cOmKarOImMuXcs ¢ 3eMJIeH, MOMCK METOAA MPOTHBOJACHCTBHS ACTCPOMTHOM
OTIACHOCTH, Pa3padOTKa MPOTPAMMBI, OTPAXKAIONICH JBIKCHHE aCTEPOUIOB.

Cpenn y4eHBIX HamOOJCE NPEANMOYTHUTCIPHBIMH METOJAMH OTPAKCHH
KOCMHYCCKOH OTIACHOCTH IIPU3HAHBI

e  VHHYTOKCHHE OTIACHOTO KOCMHYECKOTO 0OBEKTA,

e  OTKJIOHCHHC CTO C OPOMTHI COYAAPCHUS C 3CMIICH;

e  3KPAaHUPOBAHHE 3EMIIH OT CTOJKHOBCHHUS C OTTACHBIM OOBEKTOM,

e  UCTAHIMOHHOC BO3JACHCTBHE HA ONACHBI OOBEKT [I1 €ro

OTKJIOHCHUS, TOPMOYKCHHUS | Pa3pyICHHUS,

®  WCIOJNB30BAHHEC HEHM3BECTHBIX B HACTOSIICE BPEMSI TEXHOIOTHH

(YIpaBJcHHE rpaBUTALUCH)

MHoi1 ObUT BEIOPAH CIEAYFOITHA METO MPOTHBOACHCTBHS: PA3MECTHTDh HA
acTepome ABHWIATENb C COJIHCUHBIMH WCTOYHHUKAMH JSHEPTHH, KOTOPBIH
HCIOJIb3YET B KA4eCTBE pabodero Teia BEemecTBO acrepomza. Ilpm stom
HM3MEHACTCA MAcCa aCTEPORAA U HA HETO ACHCTBYET CHIIA TATH.

J1s MOAeIMpoOBaHMS 3TOTO IPOILIECCA MONYUCHBI YPABHCHHS IBIKCHI
TEJa C M3MEHIEMON MacCOH | TATOH, TAKKE MHOM OBLT CO31aH MPOTPAMMHbIH
KOMIIICKC, B KOTOPOM PacCMAaTPHBAIOTCS PEANBHBIC OPOHUTHI ACTEPOHUIOB.

Overcome the asteroid threat. Methods of combating the asteroid threat
Nikolaeva E.A.
SSAU, Samara

The urgency and seriousness of the asteroid threat is now no doubt.
Asteroid threats is the most serious factor of environmental risk for our
civilization and development of measures for its prevention should be one of
the most important tasks that need to be solved by mankind in the 21st
century.

The aim of my work is to identify parameters of asteroids, near-Earth
search method of countering asteroid hazards, development programs,
reflecting the movement of asteroids. Among scientists the most preferred
methods of reflection space hazards recognized:

e  destroy dangerous space object;

e the deviation of orbit of collision with the Earth;

o the shielding of the Earth against collision with dangerous objects;

e remote exposure to a dangerous object for its rejection, inhibition
and destruction;
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¢  usc unknown at the present time technology (control gravity)

I've chosen the following method to counter: to place on the asteroid the
engine with solar energy, which uses as the working substance of the body of
the asteroid. This changes the mass of the asteroid and the force of thrust.

To simulate this process, the equations of motion of a body with variable
mass and thrust, also I have created a program complex, which deals with the
real orbits of asteroids.

Oco0ennocTn BO3ACIICTBHSI KOCMIMECKOT0 NOHH3UPYIOIEro H3.Ty YeHHsT
npu noJiere Ha Mapce
Hsarynos M.P., banken /1.b.
HI'TY, r. HoBocuOupck

B Ommkalimed mepcreKTHBE MPEANOIAraroTCs MAIOTHPYEMbIC TOJIETHI HA
Mapc. B cBs3m ¢ 3THM aKTYaJ bHOH CTAHOBUTCSA 3amada OHOJIOTHUECKOH
HHAWKALMA TIPSANONATacMON Tpacchl MOJeTa M yCIOBHH Ha Mapce ¢
TIO3UIMH pa3paboTku HEOOXOAMMBIX CHCTEM obecrieueHIA
sxm3aeaearenbHocTH  (COXK), obecmeumBarommx OC30MACHOCTh JKHTAXKA.
[IpoBencHHBIA paHEE aHAIM3 OCOOCHHOCTEH OMOPHUTMOIOTHH HCIOBEKA
MMOKA3aj], YTO OJHUM M3 HaWOOoJce OMOJOTHUCCKH 3HAYUMBIX (DaKTOPOB
OKPY>KAFOIICH CPe/IBI SIBILICTCS HOHU3UPYIOMICE M3y YCHHC.

Lemsro paboTel  ABHMACTCA  aHAMW3  OHOJOTHYICCKOM  3HAYHMOCTH
HHTCHCUBHOCTH HOHUZUPYIOWICTO W3IYUCHHA NPUMCHHUTCIBHO K TpPacce
MOJIETA W HA MOBEPXHOCTH Mapca, a Takke CpPaBHHUTEIBHAS KOTHICCTBCHHAS
OIICHKA JAHHOTO (PaKTOpa HA MPHMEPE BBICOTHOTO HM3IYUCHHI B atMocdepe
3emm.

HpI/I ATATCIIBHBIX KOCMHUYCCKHUX IMOJICTAX B MCKIUTAHCTHOM HMPOCTPAHCTBE
pasuManMoOHHAA  OMACHOCTh  OOYCJIOBICHA  COBMECTHBIM  JCHCTBHEM
TANAKTHYCCKOTO W COMHEHHOTO KocMmmueckuxX mamyucamd (KW m CKN).
lamakruieckoe m3nydeHHe 00IaJaeT COBOKYITHON MOIIHOCTBIO M3JTyUCHHUS B
muamaszone 0,01...0,1 P/4, uto (hopMupyeT romgoByro a03y ooayueHus 0.5... 5
3B/roa. Bombmme 3HAYCHUS MPUXOIATCH HA TOAB MHHUMAIBHOH COTHCYHOM
akruBHOCTH, Korma KW «rmyOske» mpoHmkaer B COIHEYHYIO CHCTEMY.
ComHeyHOE KOCMHYECKOE H3IYUCHHE CO3AAaéT MOIMHOCTh HRJIYyHUCHHSI B
muamazore 0,001 ... 1 P/4 u cymmapHyto 103y oOmyucHusa B auamasone 0,1
... 50 3B/rox. CTonp MMPOKWIT TMANAZ0H 3aBHCHT OT JBYX OOCTOSTCIBCTB:
paccrostHust o1 CoJrHIA (MM JaNbIIe Paguyc OPOUTHL TEM HIKE IUIOTHOCTD
W MOIIHOCTH HOHHM3HPYIOIIETO U3JIYUCHHUS) H COCTABA «COHEYHOTO BETPAY.

OncHKH 103 HOHA3HPYIOMICTO M3IYUCHH IO TPACCE MonéTa 3eMia — Mapc
— 3eMJI4 MOKA3BIBAKOT, YTO 34 BECh MEPHOT MOJIETA IIUTSIBHOCTEIO 2...3 T0aa
JTO3BI OOJTYUCHHS YCIOBCKA MOTYT COCTaBuTh 5...50 3B. Takme 3HAUCHHA
COOTBETCTBYIOT CMEPTEIBHO OMACHOMY VPOBHIO BO3ICHCTBHS HA OPTaHH3M.
[To3ToMy BaOKHEHIIMM 3ICMEHTOM CHCTEMBI KH3HCOOCCIICUCHUS IS
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JAHHOTO TMOJETa [JOJDKHA OBITh MOINHAS MHOTOKPATHAS PaJHALMOHHAS
3aMIMTA MHIOTHPY EMOTO MOIY 11 KOCMHYECKOTO aNIapaTa.

B pabote npuBeAcHBI pE3yJIbTAThl AHAMH3A BIMAHHUA KOCMHYECKOIO
HOHM3HPYIOIIETO HM3JIYYCHHA HA 4YEIOBEKA. B 3aKIFOMCHHM BBIIOJIHEHO
CPaBHCHHE KOCMHYECKOTO H3IYyYCHUSA C BBICOTHBIM HOHH3HPYIOLINM
H3IyUYCHUEM, BO3ICHCTBYIOIIMM HA JICTHBIH NEPCOHAN. BhIIBICHBI 0O0IIuE
3aKOHOMEPHOCTH BITHSHUA TTOBBINICHHOTO N MOHHKSHHOTO
HOHH3HPYIOLICTO H3IYYCHHSA HA OPraHH3M HCJIOBEKA, KOTOPBIC MO3BOJAIOT
MIPOBOAMTH HCCICIOBAHIE OCOOCHHOCTEH CHCTEM 3AIIUTHI OT PASHALNH TIPH
JIUTEIBHBIX KOCMHYECKHX MOJECTAX.

Features of the impact of space ionizing radiation during
the flight to Mars
Nyagulov M.R., Balken D.B.
NSTU, Novosibirsk

In the nearest future manned flights to Mars are planned. Because of this
problem of biological indication of estimated flight path and life conditions
on Mars become actual from the position of developing necessary life support
systems (LSS), which provide safeness of the crew. By the results of features’
of people’s biorhythmology analysis, one of main biologically significant
environment’s factors is ionizing radiation.

Objective of the work is analysis of ionizing radiation intensity's biological
significance in the context of flight path to Mars and on its surface, and also
comparative quantification of this factor on the example of high-altitude
radiation in the Earth’s atmosphere.

During long space missions in interplanctary space radioactive emitting
submitted by mixing of galactic cosmic rays and solar cosmic rays (GCS and
SCR). Galactic Cosmic rays has a total capacity of radiation in the range of
0.01...0.1 R/h, which generates an annual radiation dose of 0.5..5 Sv/year.
Higher values accounted for years of minimum solar activity, when the SCI
“deeper” enters the solar system. Solar cosmic rays produce capacity of
radiation in the range of 0,001...1 R/h and annual radiation dose of 0.1...50
Sv/year. Such a wide range is due to two circumstances: distance from the
Sun (the larger radius of the orbit, the lower density and power of ionizing
radiation) and consist of the "solar wind". Minimal radiation doses forming in
years with minimal activity. During period of maximum activity the dose
depends on composition and density of the solar plasma “cloud” ¢jected by
flash and “hit” in the spacecraft. If density of particles in “cloud” is equal, the
degree of influence depends on the type of flash: protonic flashes form
maximal powers and doses (up to 1 R/h and 50 Sv per flash), however
electronic flashes — minimal (0.1 R/h and 5 Sv per flash).
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Assessment of ionizing radiation doses on the flight path Earth - Mars -
Earth show that for the entire period of flight (2...3 years) the radiation dose
for a person may be 5..50 Sv. These values correspond to the fatally
dangerous level of impact on the organism. Therefore, powerful multiple
radiation protection of spacecraft's manned unit is an essential element of life
support system.

In this work studied the effect of cosmic ionizing radiation on humans. In
conclusion we did a comparison of cosmic radiation and high-altitude
ionizing radiation, which affects on flight personal. Were revealed general
regularities of the influence of high or low ionizing radiation on the human
organism, that allow to conduct research of systems’ of radiation protection
features during long space flights.

Moaesn HCCICIOBAHASA YCTONIMBOCTH CUCTEMBI «PYJIb — IPHUBOD)
MAHEBPEHHOI0 0ECIIIOTHOT0 JIETATE/ILHOI0 ANnapara
Omnapun A.C., [Tapadecs C.T.

MAM, r. Mocksa

OmpoM W3 BWKHBIX MPOOJNEM  NPOCKTHPOBAHWS  MAHCBPCHHBIX
OccnuIOTHRIX JieTareabHbIX ammapatoB (BJIA) saBmgercs obecmeucHme
a3pOynpyroil yCTOMYMBOCTH C CHCTEMOH AaBTOMATHYECKOTO YIPABJICHUS
(CAY). OaanM n3 BO3MOKHBIX BHIOB a3pOyIpyrol HeycroitumsocTu BJIA ¢
CAY sBisercsa noTeps yCTOHYUBOCTH B CHCTEME «PYIIb — IPHUBOIY.

Jns  wmccnenoBaHWS  YCTOHYMBOCTH —CHCTEMBI  «PyJIb  — IIPHBOIY
MaHeBpeHHOTO BJIA pa3paboTaHbl IMHEAPH30BAHHAS W HETMHEHHAS MOJCIIH.
OTm4auTEeIbHON OCOOCHHOCTBIO 3THX MOJCJCH SIBISICTCS YHHBEPCAIBHOC
ONHCAHWC JUHAMHUKH TPHBOJOB PA3NUYHBIX THUIOB (THAPABIHYECKOTO,
ITHEBMATHYECKOTO M 3JIEKTpHUecKoro). CucreMa «pyib — MPUBOA» COCTOUT
H3 KSCTKOTO PYIIA, COBCPIIAOINCTO HATHOHBIC W KPYTHIIBHBIC KOJCOAHUS, H
HETOJBU)XHO 3aKPEIUICHHOTO PYJICBOTO MPHBOAA. PaccMarpuBaemas cuctemMa
o0NagaeT TpeMs CTENEHSIMH CBOOOABI: W3THO PyJLi, BpamICHHE pPyII H
VITIOBOE CMEIICHHUE Baja mpuBoAa. [1pu 3TOM PyJib, COBEPINAIONINN H3THOHO-
KPYTHIbHbIC KOJCOAHHS B a3POAMHAMUYECKOM IIOTOKE, MO CYTH, SIBIICTCA
HATpy’>KeHHEM Uil TpuBoAa. HccrenoBaHWE YCTOWYHBOCTH MPOBOJUTCSA
YACTOTHBIM METOJOM C HCIIOJB30BAHHEM YACTOTHBIX XapaKTCPHCTHK
PA30MKHYTOH CHCTEMBI «PY b — PUBO .

B nmuHCApM30BAHHOW MOJICH HMPHUBOI MPCACTABIACH TPEMA 000OIMICHHBIMEI
XAPAKTEPUCTHKAMH: MOMCHTOM HHCPUUH IOJBHXKHBIX YACTCH, CTAaTHUCCKOH
JKCCTKOCTBEO  (AOOPOTHOCTBIO) W SKCCTKOCTBEO  JTHHCAPH30BAHHOU
MEXaHWICCKOW XapAKTEPUCTHKU IPUBOJAA, MPUBESICHHBIMHI K OCH BPAIICHUS
Py, SBIIOIIUMUCS, IO CYTH, NMACTIOPTHBIMH JAHHBIMH TPHBOJAA. Tak Kak
JMHEAPH30BAHHAS MOJCTb IO3BOJIICT JIMIOb MNPUOIIKCHHO  Y4YECTh
JUHAMHYECCKHE  CBOIMCTBA  HEIMHEIHHOTO  PyJIECBOTO  IPUBOAA, €€
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HCIIOJIb30BAHUE IENECOOOPA3HO HA HAYANBHBIX JTAIMaX IPOCKTHPOBAHILIL,
KOoraa € OTCY TCTBYHOT JKCIICPUMCHTAJIBHBIC JAHHBIC IO MPHUBOAY .

B HemiHeHHONH MOJECIH NPHUBO AOMOTHUTENBHO MPEACTABICH CEMEHCTBOM
OKCIICPUMCHTAJIBHBIX YAaCTOTHBIX XAPAKTCPUCTHK  H30JUPOBAHHOTO (C
OTCOCAMHCHHBIM pPyJeM) IPHUBOJA IO VIOPABEIIONIEMY CHTHAIy, a
JVUHAMHYCCKUN  IIAPHUPHBII  MOMEHT, MO-NPEKHEMY  OMPEIACTISECTCS
PACUCTHBIM CITOCOO0M.

ITpuBoadATCA HMPHMEPBI HCCACAOBAHUA YCTOMYHMBOCTH CHCTEMBI «PylIb —
mpuBog» BJIA kmacca «BO3OyX — BO3AYX» C  HCHOJB30BAHHUCM
pa3pabOTaHHBIX MAaTEMATHYCCKHUX MOJETICH, MOATBEPIKAAOIIHE
JIOCTOBEPHOCTB MOJTYyYACMBIX PE3yJIbTATOB,

Pabora sBpmonHeHa mpH (PUHAHCOBOW mMOJIEp’kKe MUHHCTEpPCTBA
oOpazosanus u Hayku Poccuiickoit @eneparmu, mpoekr Ne 834.

Model studies of the stability of the system “rudder — actuator”
of the maneuverable unmanned aerial vehicle
Oparin A.S., Parafes S.G.
MAI, Moscow

One of the important problems of the designing of maneuverable
unmanned aerial vehicles (UAV) is to ensure acroelastic stability with
automatic control system (ACS). One of the possible types of acroelastic
instability of UAV with ACS is loss of stability in the system "rudder —
actuator”.

To study the stability of the system "rudder — actuator" of the
mancuverable UAV the linearized and nonlinear models were developed. A
distinctive feature of these models is a universal description of the dynamics
of different types of actuators (hydraulic, pneumatic and electrical). The
system of "rudder — actuator" consists of hard rudder, performing flexural and
torsional oscillations, and the fixedly mounted control surface actuator. The
system has three degrees of freedom: bending of the rudder, the rotation of
the rudder and the angular displacement of the actuator shaft. The rudder,
performing bending-torsion oscillations in acrodynamic flow, in fact, is the
loading for the actuator. Investigation of stability is carried out by frequency
method using frequency characteristics of the open-loop system "rudder —
actuator”.

The actuator in the linearized model represented by the three generic
characteristics: moment of inertia of the moving parts, the static stiffness
(quality) and a linearized stiffness of the mechanical characteristic of the
actuator, refer to the axis of rotation of the actuator. These characteristics are,
in fact, passport data of the actuator. Since the linearized model can only
approximately account for non-linear dynamic properties of the control
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surface actuator, its use is appropriate in the initial stages of design, when
there are no experimental data of the actuator.

The actuator in the nonlincar model is additionally provided the
combination of experimental frequency characteristics of a stand-alone
(disconnected from the rudder) actuator to the control signal, and a dynamic
pivot point, continues to be determined using calculation methods.

The examples of stability analysis of the system "rudder — actuator" of the
UAV to "air — air" class, using the developed mathematical models,
confirming the reliability of the results, are given.

The work is executed at financial support of the Ministry of education and
science of Russian Federation, the project No. 834.

Pa3paborka MareMaTHIECKOi MO/IE/IN J1JI5 BLIGOPA TEOMETPHUIECKHX
XAPAKTEPHUCTHK CHUCTEMBI JHEPTONPON3BOACTBA HU3KOOPOUTAILHOI
KOCMHYECKOM m1aTgopMsI
IMucsmapos A.B., Bonomyes B.B.

CT'AY, r. Camapa

Ha ceromHa CymecTBYeT TPOSKT HH3KOOPOHTATPHOH KOCMHUYCCKOH
mnatdopmsr (HKII) ¢ BerTstHy THIM BI06 IpoaostbHOi ocu HKIT koprycom B
(¢opme mpu3MBL. B KauecTBE 0AHOTO W3 OCHOBHBIX TPCOOBAHMIA - CO3TAHHC
opueaTanmn HKIT B moxnere TakmMm 00pa3oM, YTOOBI IUIOINAAD MHICICBA
CCUCHHMS OBIJIA MHHHUMAJILHOM.

Comrcunas »ueproycranoska HKII momkHAa BKIIKOYATH B CBOM COCTaB:
CONHCUHBIC OarapeH; AaKkKyMyJIATOpHBIC OatapeH,; OJOKH YIPABICHHUS
pacrpeeicHHEM JICKTPOIMTAHMS, OJOKH YIPABICHUS 3apsIOM-pazpaaoM
akkyMyJsITopHBIX Oartapeit. Cosneunsie Oaraped HKIIT pasmemarorcs Ha
OOKOBBIX TpaHAX KOPImyCa U CHJIOBBIX A3POAUHAMHUICCKUX MOBECPXHOCTAX.

Lens pabothl 3aKmovacTCi B pa3padOTKES aIrOpPHUTMA TOCTPOCHHS
OUKIOTPAMMBI  SHEPTONHTAHUS ¥ 3HEPTONPOM3BOACTBA  ICKTPHUCCKOH
sHeprum Ha Oopry KA. Jlng BeIOOpa ONTHMANBHBIX TCOMCTPHUCCKHX
XapaKTEPHUCTHK C yderoM TpeOyemoii sueprum Ha HKII paccmarpusamochk
VIOPOMICHHAS MOJEIb anmapara. M3MeHssI AuaMeTp MONEpeYHOT0 CEYCHHI U
nmuHy HKIT Hy)HO 100HTBCA TpeOyEeMOH 3HEPTETHKH NP JOIY CTHMOU CHIIC
7000BOTO COTMPOTHUBJICHHUS, A TAKOKE TabapuraMu mox o0Tekarenem PH.

Paz6uBas Becy mepmon oOpamenHuss HKII mo opbure Ha HebombIme
YYaCTKH, - IIar HHTCTPUPOBAHUA — 3a4a0TCA JUCKPECTHO 3HAYICHUA CUJIBI TOKA
W HANPSDKCHHS I KKAOTO mpmOopa Ha KakaoMm mare. CyMmmupys
MOJY4YCHHYI0 MOTPEOIIEMYI0 MOIIHOCTh HAa KAKIOM HHTEPBAJC BPEMCHH,
CTOUTCS IUKJIOTPaMMa HOTPEOIIEMOH SHEPTHHL.

Z[J'I}I moacucTa HpOHSBOI[HMOfI OHCPrUU B OKHO MCXOAHBIX HJAHHBIX
337ar0TCSI TAPAMETPBI COJIHEUHOM OaTapew: yAETbHASI MONIHOCTD, IUIOMIATH
COIIHEYHBIX 0aTapeH W AUCKPETHO 33/IAFOTCSI CPETHEHTTEIPATbHBIC KOCHHYCHI
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VII0B anbda, T.K. 11 IUTOCKOH MAHEIN COJTHEYHOH OaTapen, pactoIo;KeHHOH
MIEPICHANKY JLIPHO PAJUATbHOM OCH OpPOWTAIBHOW CHCTEMBI KOOPIHMHAT
HMeeM 3HaucHHE 0kojo 0,32, a mid CONHCYHOHW OaTapeH, BBIMOJHCHHOHW B
BHJAC HAKJICCHHBIX Ha mummHApudeckui kopmyc HKIT ¢orosanekrpuueckux
mpeodpazosarenei — 0,14,

[NoacumTbiBacTC MPOW3BOAMMAS JHEPIWS OT COJHEYHBIX Oarapeit, u
CTPOMTHCA LUKIOTPAMMA MOIITHOCTH.

Uro0bl yOCOHTHCS B ONTHMAJGHOM BBIOOPE MAPAMCTPOB COTHCUHON
Oarapeli, CTPOWTCA IIMKIOTPAMMA PA3HOCTH MEXIYy IUKJIOTPAMMOH
moTpeOmsIeMOH  PHEprum HpuOOpaMH W TPOU3BOJMMOH JSHEPIHH  OT
conmHe4yHOH Oarapen. Ecim oHa OyJeT yXOIUTh B OTPHIATEIBHYIO HaCTh, 3TO
TOBOPHT O TOM, UTO HA JAHHOM HHTEPBAJIC BPEMEHH 3ICKTPHUCCKON SHEPrHH
HE XBaTaer mpuoopaMm, W HEOOXOJWMO OIICPHPOBATH XAPAKTCPUCTUKAMHM
Oarapen, 10 TEX MOP, MOKA IHUKIOTPAMMA HC BBIHACT W3 OTPHUATCIHHOH
30HBIL.

Development of mathematical model for a choice of geometrical
characteristics of system of power production of a low earth orbit space
platform
Pismarov A.V., Volotsuev V.V.

SSAU, Samara

Today there is a project of low ecarth orbit space platform with elongated
along the longitudinal axis prismatic body. One of the main requirements is a
creation of low earth orbit space platform orientation in flight in such a way
that the mid-section area becomes minimal.

Solar power plant of low carth orbit space platform should consist of: solar
panels; rechargeable cells; beep boxes for power distribution; monitoring
units charge-discharge batteries. Solar panels are placed on the low earth orbit
space platform side faces of the body and the basic structure of the
aerodynamic surfaces.

The purpose of resecarch work is to develop an algorithm for plotting
cyclograms of energy supply and generation of electrical energy on board the
spacecraft. To select the optimal geometric characteristics with the required
energy for the low earth orbit space platform considered the simplified model
of the device. By varying the cross-sectional diameter and length of the low
carth orbit space platform is necessary to achieve the desired energy at
admissible drag force, as well as dimensions under launch vehicle fairing.

Dividing the entire period of the low earth orbit space platform in its orbit
in a small area - the integration step - set of discrete values of current and
voltage for each device at each step. Summarizing the power consumption at
each time interval, a sequence cyclogram is cost energy consumption.
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For the calculation of the energy produced in the window of input data ask
parameters of solar cell: specific power, the arca of solar cells and a discrete
set medium cumulative cosines of alpha, as for a flat solar panel,
perpendicular radial axis orbital coordinate system have a value of about 0.32,
and the solar battery formed in a cylindrical body affixed to low earth orbit
space platform - 0.14.

Calculated the energy produced by solar panels and built cyclogram power.

To ensure an optimal choice of parameters of solar panels, built cyclogram
difference between the energy consumption devices and generate power from
solar panels. If difference to go in the negative part, it means that at a given
time interval is not enough electrical energy devices, and must select solar
panels characteristics, so long cyclogram is not released from the negative
zone.

Br100p KOHCTPYKIIUN TENJI03AIMMNTHOTO YJIEMEHTA TOJI0BHOTO
0TCeKa CBePX3BYKOBOro JIA
Poros JI.A., Koamenko I1.B., I'paucs B.A.
MAM, r. Mocksa

Lenpto  mpoBeacHHOM  paboOTBI  SBIUICS  BHIOOP  KOHCTPYKLHH
TCIUIO3AMIMTHOTO  3JEMEHTA  TOJOBHOTO  OTCEKA  CBEPX3BYKOBOTO
neratenpHOTO ammapara  (JIA). JIaHHBIA 3IEMCHT MPCTHA3HAYCH I
CHIDKCHHS TEMICPATyp HAa BHYTPECHHHX 3JIEMCHTAX 3JCKTPOHHOTO
000py IOBAHHA.

B kauecTBe  pagMoOmMpO3pavHOTO ~ MaTepHara  HOCOBOH  HacTH
CBEPX3BYKOBOTO JIA 3a4acTyIO HCTIONB3YIOTCS HEMETAIUTHYECKIE MAaTCPHAIBI,
B YACTHOCTH — KCPAMHUKH, OOJAJAIOINMC OTIMYHBIMH CBOMCTBAMH IO
TEIUIOCTORKOCTH M TETUIOU30JISLIHH.

[Ipu 3kcmyaranuu CBEpX3BYKOBOrO JIA MeKmy BHYTPEHHEH CTEHKOH
KCPaMHUYCCKON OOOJIOUKM H 3ICMEHTAMH BHYTPEHHETO 3JICKTPOHHOTO
00OpYAOBAaHMS IPOMCXOJUT WHTCHCHBHBIM JIYUMCTBIH TEIUIOOOMEH, B
pe3yabpTateé  KOTOPOTO  HA  3JIEMEHTAX  BO3HHKAIOT  TEMIICPATYpBhl,
TIPEBHIIIAOIIHE AOIYCTUMBIC, ITPH KOTOPHIX PAb0TOCTIOCOOHOCTH HEKOTOPBIX
VCTPOHCTB MOKET OBITh HApYIICHA. JTO IOATBEP/KIAIOT PE3YIbTaThI
pacyeToB U SKCICPHMECHTOB.

PacueTHbIM myTeM MOKA3aHO, YTO HAHECCHHE KAKMX-ITHMOO MOKPHITHH HA
BHYTPEHHIOIO TIOBEPXHOCTh OOOJIOUKH WM HA HICKTPOHHBIC OJIOKH, HE JACT
KAKHX-TMO0 3HAYMMBIX PE3yIbTATOB B INIAHE YMCHBIICHHS IIEPEAABACMOTO
TEIUIOBOTO MOTOKA.

B kauecTBe 0OHON M3 MEp MO CHIHKCHHIO HATPEBA BHYTPECHHHUX 3JICMCHTOB
TOJJOBHOTO OTCEKA OBLIO IMPEIIOKEHO HCIIOJIb30BATh TEILIO3AIIUTHBIA 3KPaH
(T332), KOTOPBIH HCKIFOYWI OB NPAMYI TCIUIOMCPEHAdy 3a CUCT
pazuanuOHHOTO HATPEBA.
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PaccMmaTpuBanuch HECKOIBKO PA3NHUYHBIX BAapHAHTOB HCTOMHEHHI 133,
PA3IHYAOIIKXCS KAK 110 TEOMETPHH, TAK H MO MPUMCHSIEMBIM B KOHCTPY KUK
MarepuanaM. JUBI  KaKAOTO  BAapWAHTA  HCIMOJNHEHHS  NPOBOAMIICA
TCOPETHUYCCKUIT pacdyeT TEMICPATYPHBIX TMOJEH BHYTPSCHHEH MOIOCTH
rooBHOTO oOTceka JIA. PacueTel BBIMOMHAINCH METOAOM KOHCUHBIX
3JIEMCHTOB C HCHOJB30BAHHEM IIAKETA TNPHKIATHBIX mporpaMmM ANSYS.
PaccmarpuBanach IBYMEpHAs OCECHMMETPHYHAS 3a7a4a.  Pe3ynbrarsl
MOKA3aJM, YTO HCIOJIB30BaHHE T332 OKA3bIBACT MOJIOKHUTEILHOC BIMSHIEC HA
TEMIIEPATYPHOE COCTOSIHUE BHYTPEHHHX 3JCKTPOHHBIX Y3J0B. [lonmydcHHbIC
pacyeTHBIE JAHHBIC TTOATBEPININCH 3KCIICPHMEHTAIbHO.

Io pe3yasTaTam pacucTa ObLia BEIOpaHA ONTHMANBHAS KOHCTPYKIuA T30,
Jlanee mmaHWpyeTCSd W3TOTOBICHHUE HATYPHBIX H3JACIHH A MPOBEACHHS
HCIBITAHUH TI0 PAdOIHM PEIKIMAaM SKCILTY ATAllHH.

Choice of design of supersonic aircraft forebody heat-protection element
Rogov D.A., Kovalenko P.V., Grachev V.A.
MAI, Moscow

The goal of this paper is to choose a design of supersonic aircraft forebody
heat-protection element. The element is intended to decrease the temperature
on the inner elements of the electronic equipment.

The nonmetallic materials, particularly the ceramic materials with high
heat resistance and high heat-insulating properties, are often used as the
radioparent materials for supersonic aircraft forebody.

When the supersonic aircraft is in flight, the intensive radiant heat
exchange between the inner wall of the ceramic shell and onboard electronic
equipment is observed. This radiant heat exchange causes the occurrence of
temperatures on the elements exceeding the allowable values. Some devices
can fail in this case. This is supported by the calculations and tests.

The results of the calculations show that application of any coatings to the
inner surface of the shell or to the electronic devices yields no meaningful
results in terms of reduction of transferred heat flow.

The use of thermal shield which will eliminate the possibility of direct
heat transfer at the expense of radiant heating was proposed as one of the way
to decrease the heating of the forebody inner elements.

Several variants of thermal shields differing both in geometry and in
materials used were considered. The theoretical calculation of temperature
patterns of the forebody internal space for each variant was carried out. The
calculations were made by the finite elements method with the use of the
application program package ANSYS. The bidimensional axisymmetric
problem was considered. The results have shown that the use of thermal
shields exerts a positive effect on the temperature conditions of the onboard
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electronic equipment. The calculated data obtained have been verified
experimentally.

In accordance with the calculation results an optimal thermal shield design
has been chosen. It is further planned to manufacture full-scale specimens for
carrying out the tests under operating conditions.

KpynmnomacmradHble reo(pu3ndeckne peakii Ha 3amyCKH TSLKETbIX
KOCMHYECKHX JIeTATEIHLHLIX ANMAPATOB
Prioamnkos C.H.
MAHM, r. Mocksa

KocmonaBTHKA, Kak W BCSKasg Jpyras TPAHCHOPTHAS JEATCIbHOCTS,
CO30ACT HATPY3Ky HA  OKOJOTHYCCKYK) CHCTEMY, CBA3AHHYIO C
TCHEPUPOBAHUEM MIyMa, aKyCTHUICCKOTO W 3ICKTPOMATHUTHOTO, BHIOPOCAMHU
MPOAYKTOB CTOPAaHMSA TOIUIMB M WX HENMPOPEArHpOBABIINX OCTATKOB,
MEXaHMICCKUMHE 3arpsisHCHISIMA cpel. OCHOBHbBIC NPHUPOTHBIC PECAKIUHM HA
3amyckd u3yueHbL Hccremosanel m OmpkHHE arMoc(epHBbIC peakumu Ha
3aIyCKH, BBI3BAHHbBIC 0OPA30BAHMEM BBHITSHYTOTO BIOJb TPACKTOPHH IEPBOH
CTYIICHH KOHBCKTHBHOTO BOCXOJIIIECTO IOTOKAa — MereoTpoHa. OmHako,
OCTacTCsl AWCKYCCHOHHBIM BOIIPOC O KPYNMHOMACINTAOHBIX, PETHOHAIBHOTO
VPOBHS, T€O(U3MUCCKUX PEAKIIIXHA 3aIyCKH TSDKEIBIX M CBEPXTSDKEIBIX
KOCMHYECKUX ammaparos. B MAW ObII0 BBITOTHEHO HECKOJBKO PabOT 1O
AHAH3Y TAKHX PCAKIHH, B YacTHOCTH Ha 3amycku KA «Crmetic LaTTmy».

IIpun BepTHKambHOM pakeTHOM crapre Tsokeaoro KA B Tpomocdepe
BBIPA0ATHIBACTCS PAKETHOE TOILIMBO MACCOW MOPSIKA IOJIOBHHBI CTAPTOBOH
Macchl KOMILIEKCA, TPH 3TOM 00pa3yeTcsl MOIIHBIH KOHBEKTHBHBIM IOTOK,
BBIHOCAIIMI B CpPEAHIOK Tpomocdepy BIAry W IbUTb. BiammoneiicTeue
KHCIIOTOOOPA3YIOMIX OKCHIOB IPOJYKTOB CTOPAHMSA C BIATOH arMoc(epsl
YMOIIHACT oOpasyromeecs IEPBHYHOE OOJAKO a’po30i, KOTOpOe
TIEPECHOCHUTCSI M PA3HOCHTCSI TIOTOKAMH BETPA, CCAMMEHTUPYET M, B TCUCHHC
CAWHUII CYTOK TIIOCIC 3alyCcKa BXOJI BO BIATOHACHINICHHBIC CIIOH
Tpomocepsl, CTHMYIHPYET B HHUX LMKIOHHYCCKHE ITPOIECCHI, KOTOPbIC
3aTeM HIYT HA €CTECTBEHHBIX (POPMAX M YACTOTAX KOJICOAHHMHA aTMOCHEpPHI.
INockombKy aTMocdepa pearnpyeT Ha 3aCEB PEATCHTOM Y3KE IOPSAKA TMEPBBIX
coTeH rpaMMoB Ha 1 kM2, a kpymueimme KA mMeror craproByro maccy
MOpAAKA 2 THICAY TOHH, 30HA YKA3aHHOTO BO3ACHCTBHUA HMEET METAMETPOBYIO
METPHKY pa3zMmepoB. [losydaemble B PE3yJIbTaTe TECOPETHUECKHX PACUCTOB
VKa3aHHBIX IIPOICCCOB THIIOTE3bI O METCOBIISHHH 3aIyCKOB ITPOBEPSIOTCS
SKCHEPHMEHTANBHO, CTATUCTHYCCKH, METOAOM B3aMMHBIX KOPPEILIIHOHHBIX
¢yuxouid. Tak, ObIT MOKA3aH CICAYIONIMH 3a CPETHECTATHCTHUECKHM 0CO00
KPYIHBIM 3alyCKOM POCT OOIIMX HHIACKCOB WHMPKYJLINHH arMoc(epsl B
BOCTOYHOM CEKTOPE KOCMOJPOMA M JAKE B IIETIOM B CPSAHCIIHPOTHOM ITOSICE
3eMim, CICAYIOIINI 32 CPEIHECTATUCTHUECKUM KPYITHBIM 3aIyCKOM IOJBEM
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IUKIOHAYECKONH AKTHBHOCTH W CHJIBHOTO OCAIKO0OpA30BaHMS B PACUCTHOM
30HE BIILIHUSL. BBIIBICHHBI 3(D()EKT MOTCHIMAIBHO ITO3BOJLICT BAPHUPOBATH
BpEMS 3aIyCKOB B COOTBETCTBHH C (pa30H KoIcOaHMI ydacTKa aTMOC(EPHI B
30HE BJILSIHUS, M30€Tas HEXKETIATEIBHBIX OMMACHBIX PEAKIMH HA HETO, a TAKXKE
CO37aBas IKCIATCNbHBIC PEAKIWH, THIIA CPbIBA 3aCYXH, BBHIMAYMBAHIA
VpO’Kas, [UTHTEIbHBIX X0JI0J0B. HabmoaeHne 32 TEKyIMMH KOCMUYCCKHMH
3allyCKaMH M METCONPOLIECCAMH B PAHES PACCMOTPEHHBIX 30HAX BIIUAHUA
MOKA3BIBACT, UTO BBIABICHHBIN paHee MEXaHU3M pabOTacT, M €ro JanbHeHIee
KOMOMHHPOBAHHOE, TECOPETHUYECKOE MW OJKCICPHMCHTAIBHOE, M3Y4CHHC
AKTy aJIbHO.

Large-scale geophisical reactions at heavy spacecraft launches
Rybnikov S.1.
MAI, Moscow

Like other transport activities, spacecraft launches impact the ecosystem. It
generates acoustic and electromagnetic noise, emits fuel combustion products
to the atmosphere, and mechanical pollutes the environment. The short-range
atmospheric response to the launches is well studied. Those are caused by
convective upstream (often referred as meteotron) extended along the
launcher first stage trajectory. However, the large-range, region scale,
geophysical response to the heavy launches still remains a discussion field. A
few works of the MAI were carried out analyzing such phenomena, in
particular, on Space Shuttle launches.

During the vertical launch of heavy launcher the following processes take
place. On its way through the troposphere, combustion of the fuel in amount
equal to half the mass of the launcher starting weight occurs. This forms a
strong convective flow introducing moisture and dust into the middle
troposphere. Acid-forming oxides of the combustion products react with
atmospheric moisture. In turn, this reaction enhances the primary aerosol
cloud, which is further distributed by wind and eventually precipitate. Within
a few days after the launch, it enters the tropospheric layers rich in moisture
and stimulates the cyclonic processes. The stimulated cyclonic activity
develops further following the natural atmospheric oscillation dynamics. As
soon as just few hundred grams of condensation-stimulating media is
distributed per 1 sq.km, the atmospheric response gets noticeable. Given that
large space launchers have a start weight of about 2 thousand tons, it would
impact atmosphere of several thousand square km area. Theoretical analysis
of the discussed processes leads to the hypothesis of meteorological response
on the launches. The hypothesis was tested experimentally, statistically by
method of mutual correlation functions. The statistical analysis showed that
launch of the large spacecraft is followed by a n increase of general
atmospheric circulation indexes in the eastern sector of the cosmodrome and
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even generally in mid-latitude arcas of the Earth. Following the heavy
launches, cyclonic activity and precipitation fin the estimated impact arca
strongly increases. The understanding of the described above effects may
potentially be used to choose the appropriate timing of launches in
accordance to the phase of natural atmosphere oscillation in the expected
impact zone. That may help to avoid the hazardous reactions on the launches.
One can even consider causing positive atmospheric reactions, for example,
disruption of drought or long periods of cold weather.

Hccaenopanne npomecca 00paTHOT0 0CMOCA /TSI pereHepanun
CAHMTAPHO-TUTHEHNYECKOi BOAbLI HA KOCMHYECKOIl CTAHIMI
Canpaukos H.A., Booe JI.C.

HWUHWxummam, . Mocksa

OxHo¥ W3 OCHOBHBIX 33734 COBPEMCHHOW KOCMOHABTHKH SIBIISICTCS
pacImmpeHUe TPHUCYTCTBHS YEIOBEKA B KOCMHYECKOM IIPOCTpaHCTBE. JIIst
BBIIMOJHCHUS TIOCTABICHHBIX 337a4 JKUIAX HYXJACTCSI B KOM(OPTHBIX H
0C30IacCHBIX YCIOBHAX CYIICCTBOBAHMSA. TakWe VYCIOBHS MOTYT OBITh
CO3JaHbl TOJIHPKO C TIOMOINBI0 KOMIUIEKCA PETCHEPAIIMOHHBIX CHCTEM
skm3HeoOecnieucHusa (CXKO). Baxuoi cocrapmaromeit CKO  aBsmorcs
cuctembl BogoodecneucHus (CBO).

IIpuoputeTHoil 3agadeil NpH OCYIICCTBICHHHM JUIHTCIBHBIX IOJECTOB
SIBIICTCSL TIOJIYMCHHE MAKCHMAJIBHOTO BO3BpAaTa BOJBI IIPH KPYTOBOPOTE
BEIECTB HA KOCMHYCCKOI CTAHIMA M CHIKCHHE 3aTpar SHEpruu. B kauectse
OCHOBHBIX HCXOJHBIX IPOJYKTOB PErCHEpalMd BOJBI HA OOPTY Cleayer
BBIJCINTh KOHACHCAT AaTrMOC()CpHOH BJIATH, YPHHY W CAHHTAPHO-
THTHCHUYECKYI0 BOAy. [IOTOK CAHMTAPHO-THTMECHWYIESCKOH BOZBI SIBIICTCA
BCCHMA 3HAYHTCIBHBIM (2-7 JI/YCT'CYTKH), B CBS3H C UCM, MPH OPTaHH3AIHH
BOJHBIX MPOLEIYP UL IKUIAKA M CTUPKH OJCK/IBI, PETCHEPAITHS CAHUTAPHO-
THTHCHUYECKOH BOABI W € BO3BPAaT B IIMKI IOTPEONCHUS SBILTIOTCA
oOs3aTeTbHBIMA. [10 POCCHHCKON KOHLEHIMH CAHHTAPHO-TUTHCHIYCCKAS
BOJA 00pa3yeT OTACIbHBIN 3AMKHYTHIH KOHTYP HUCIIOJIb30BAHMS, PETCHEPALIH
W XPaHCHHA, YTO JAET OIYTHUMBIC NPEHMYINECTBA B YACTH TPEOOBAHHWH K
OYHIICHHOH BOAE.

Hcnomp30BaHue  MOMyYHBINEH B HOCIACAHEE  BpeMA  IIMPOKOE
pacIpocTpaHCHHE MEMOPAHHOW TEXHOJOTHH I OYHCTKH BOZBI MO3BOJLIET
HCKITIOYHTH (Pa30BbIC TIEPEXOAbI PH OUNCTKE W CHU3UTH 3aTPAThI SHEPTHH.

AO «HUMxpmMann» mpoBeIeHbI HCCICA0OBAHII MEMOPAHHOH TEXHOIIOTHH,
o0ecIIeunBarIeH HEOOX0ANMOE KaueCTBO CAHUTAPHO-TUTHEHIMYECCKOM BOJIBI
" BBICOKHH Kod(duimeHT ee m3pneucHmI. B kadecTBe 0a30BOT0 METOAA
OYUCTKH OBLI BHIOPAH METOX OOPaTHOTO OCMOCA, KOTOPHIH B KOMOWHAIIMH C
pa3pabOTaHHON TCXHOJOTHCH TPOBCACHHSA TPOLECCA W3BICUCHHSA H
KOHICHTPHPOBAHUS IMO3BOJLICT PETCHEPUPOBATH 98% BOIBL
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HpOBGI[eHHBIe HUCCICAOBAHUA IMOKA3ATIH HepCHeKTI/IBHOCTI) HUCTIOJIBb30BAHUS
MCETOAA OOpPATHOTO OCMOCA M PETCHCPAIMH CAHHTAPHO-THTHCHHYCCKOM
BOJbI, HOJ'Iy‘IGHHOfI l'IpI/I HUCIIOJIBb30BAHHUHU 06]1[61'[]:)I/IH}ITI>IX MORIIHUX CpeHCTB,
58 BbIIBUIIH H606X0£[I/IMOCTI> aanbneﬁmnx C-)I(CHepI/IMeHTaJ'IBHBIX
HCCICIOBAHHUH.

B nokmage paccMOTpeHa NPHHUUIHUATBHAS CXEMA CHUCTEMBI OYUCTKU
CaHI/ITapHO-FI/IFI/IeHI/I‘{eCKOfl BOAbI 58 HpGI[CTaBJ'IeHBI pe?)y.]'l])TaTI)I
HCCIICAOBAHUH  OOPATHOOCMOTHUYCCKHX  JICMCHTOB  POCCHICKOTO |
3apyOCc)KHOTO TPOM3BOACTBA, HCMOMB3YCMBIX I OYHCTKH HWMHTATOpa
CaHI/ITapHO-FI/IFI/IeHI/I‘{eCKOfl BOJbI, SaI'p}ISHeHHOfI MORIITUM CpeHCTBOM
00IIeTO MPUMCHCHHA.

Investigation of the process of reverse osmosis as hygiene water
processing method aboard the space station
Salnikov N.A., Bobe L.S.
NIIchimmash, Moscow

One of the key problems of modern astronautics is to extend human
presence in space. Comfortable and safe conditions of existence are needed
for crew members to perform the tasks. Such conditions can be created only
by means of a complex of recovery (regenerative) life support systems. Water
supply systems are significant components of life support systems.

Maximum water recovery and reduced energy consumption are the priority
goals during long-time spaceflights. Humidity condensate, urine and hygiene
water should be allocated as the main sources of water recovery. The flow of
hygiene water is very significant (2-7 liters/spaceman-day), so hygiene water
processing and recovery after washing clothes and taking a shower are
required. According to the Russian concept hygiene water forms a separate
closed circuit of use, recovery and storage, that gives tangible benefits in
terms of the requirements for purified water and energy consumption.

Using recently widespread membrane technology makes it possible to
climinate the phase transitions in the purification and reduce energy
consumption.

NIICHIMMASH has conducted researches of membrane technology for
providing the required quality of hygiene water and high water recovery
efficiency. Reverse osmosis was selected as a basic purification method.
Reverse osmosis in combination with the designed technology of recovery
and concentration allows to win back 98% of water.

Studies have shown that the use of reverse osmosis for the hygiene water
regeneration obtained with the use of conventional detergents is very
promising. But further experiments are needed.

In this report the concept of new hygiene water processing system is
shown. The results of researches of rolled elements produced in Russia and
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abroad and used for the purification of hygiene water imitator polluted by
liquid soap used in conventional sanitary procedures are provided.

BapuanmonHsie 321241 BLI0OPA ONTHMAIBLHOTO YIIPABJICHHS
ﬁeCHI/IJ'IOTH])IM JIETATCJILHBIM ATlmaparoM
Bameik B.M., Cramuenko A.C.
MAHM, r. Mocksa

B pabote paccMmarpuBacTCsA UHMCICHHBIH METOH BHIOOpPA ONTHMAIBHOTO
poxmMa TBIOKCHUS OccnmaoTHOTO JIA. Bribmpacmad (yHKOHSA yHpPaBICHASA
mpeacrasieTcs B Buae paga Oypee, B koTopoM kodpduimeHTsr Oyphe n
YacTOoTAa SBJLTFOTCS BAPHHPYEMBIMH MapamMeTpaMu. BappupyeMble mapamMmeTpbl
BBIOMPAFOTCSI METOJOM IIIOOANBHOM omruMm3anuu (DYHKIHMH, OOpPaTHBIX K
neneBod (DYHKIMH, BCJICACTBHE YETO apPIYMEHTOM 31ECh SIBISICTCS IIPHHATHIA
KpHTEpUi ONTHMAaIbHOCTH. Torna, B CiIydyac IOMCKA MHHHUMYMa, 3HAUCHHC
KPHTEPHUS MOCICAOBATEIFHO YMEHBIIACTCSI C HEKOTOPHIM IATOM, a B CIIydac
MOWNCKA MAKCHMYM4, 3HAUYCHWE KPHUTEPHUSI IMOCICIOBATCIHHO VBEIMYHBACTCSL.
JokazaHo (ams 3agayM MUHUMH3ALUHU), YTO €CJIM HAYaJbHOC PEIICHUE
BBIOpPATh BHC OOIACTH OMPCIACICHHA OOPATHOHW ()YHKUHH, TO, ABHTASACH B
CTOPOHY VBCJIMYCHHS KPHUTCPHS ONTHMAIBHOCTH, OyJET JOCTHTHYTa TOYKA
KpHTEpUsI ONTHMAILHOCTH, JC/KAINAS B JONMYCTHMOHW OONacTH OOpaTHOH
(YHKOMH, TOCIE YEro HAYHETCS CMCINCHHE B CTOPOHY YMCHBINCHHS
KPUTCPHS 0 JOCTIDKCHHS 00J1aCTH, Ta¢ o0paTHas ()YHKIHSA HC ONPCICIICHA.
Jlanee mpomecc TOBTOPSETCS, B PE3yAbTare d4ero obpasyerca cucreMa
BIIOKCHHBIX OTPE3KOB, IIEPECEUCHIE KOTOPBIX COAEPKHUT TOUKY TJIOOATBHOTO
MHHHMYMA.

Pa3paboTaHHBIN YHCICHHBIH METOX OBLT anpoOMpOBAaH HA BAPHALIMOHHOH
337a4de MOWCKA ONTHMAIBHOTO PAcXoja TOIUMBA IPH CAMOHABCICHWH
6ecrmumoTHOTO JIA, a Takke MPH MOWUCKE ONTUMATIBHOTO MPOQUI TITH NpH
MAapIIEBOM PEKUME MOIETA.

The variational problem of optimal control of an unmanned
aerial vehicle
Balyk V.M., Stanchenko A.S.
MAI, Moscow

This paper considers a numerical method of selecting the optimum motion
of the unmanned aerial vehicle. Select the control function is represented as a
Fourier series where the Fourier coefficients and frequency are varying
parameters. The varied parameters are selected by global optimization of
functions, inverse of the objective function and thus the argument here is
adopted as the optimality criterion. Then, in the case of searching the
minimum value of the criterion is gradually reduced with a certain step, and
in the case of searching for a maximum, the criterion value increases
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sequentially. Proven (for minimization problems) that if the initial decision to
choose outside the scope of the definition of inverse functions, then, moving
in the direction of increasing optimality criterion, a point is reached
optimality criterion, which lies in the permissible range of the inverse
function, and then start the offset in the direction of decreasing the criterion
before reaching the area where the reverse function is not defined. Then the
process repeats, resulting in a system of nested intervals such that their
intersection contains a point of global minimum.

Developed numerical method was tested on the variational problem of
finding the optimal fuel consumption when homing a UAV, and when finding
the optimal thrust profile during cruise flight mode.

TpaexkTopun 10BbIBEICHHSI KOCMIMECKOTO ANMAPATA ¢ 3a1aHHOI
MOIJIOICHHOMH 1030 pauanuu
Crapucuko AE.
PKK «3uepruwsm, r. Koponés;
MOTH, r. Hoaronpy IHbIA

C pocToM MacC KOCMHYECKHX AallllapaTOB JOBBIBOAMMBIX HA ICJICBYIO
OpOHUTY C MOMOINBIO JBHTATCIICH MAJIOH TATH PACTET J03a KOCMHYCCKOM
pasuanuy, TOTJIOMCHHAS OOPTOBOH JICKTPOHHKOH M3 PAAHAIIHOHHBIX
MOSCOB 3€MJH, YTO MPHBOJHUT K HEOOXOIMMOCTH HMCHOJIB30BAHUS BCE Oolee
JTOPOTOH PaJTMAIHOHHO-CTONKOHW 37MCMCHTHOH 0aspl. JIMOO MAHHBIH ACTCKT
MIPUBOJUT K HEOOXOIMMOCTH YTOJIATh PATHAIIMOHHYIO 3aIIUTY almapara u
CHIDKATh MACCy TOJIC3HOHM Harpy3ku. Takum 00pasoM, AT TOBBILCHHS
3()()CKTUBHOCTH JOBBIBCICHUS HOBBIX KOCMHYICCKHX AMMAPATOB HEOOXO HMBI
HOBBIC MCTOIBI CHIDKCHHS PpAJHANMOHHON HArpy3KH HA KOCMHYCCKUH
amnmapar.

OxHAM U3 BO3MOXKHBIX METO/I0B CHIDKCHHS MOTJIOMIEHHOH 103bI PaIHAHI
SIBIICTCSL CTIOCOO CHIDKCHHA J03bI PaJHaliy IMyTEM BHIOOPA CHEIHAIBHOMN
Tpackropuu JA0BbIBEACHHA [1]. POpMaTbHO HACK 3TOr0 METOJA MOXKHO
chopMyTHPOBATh KaK BBCACHHC B KIACCHUYCCKYIO 3a4a4y OBICTPOICHCTBHA
[2] AOTIOMHUTENBHOTO YPABHEHHS I 03bI PAAHALUU U KPACBOTO yCIOBHSA
HA 03y HA MPABOM KOHIE.

Jlnd pemeHns KpaeBoil 3aa4H, NOIYyYAOIIECHCA B PE3yIbTATE MPUMEHEHHA
mpuHOUNa  MakcuMmyMma  [loHTparmea K BBIIICYKA3aHHOM 3a1a4e
ONTHMAJBHOTO VIPABJICHHA, B JAHHOH padOTE€ TPHMEHICTCS METOX
MPOAOIDKEHHA 1O mapaMeTpy [2]. Ha mpumMepe A0BBIBACHHSA KOCMHYECKOTO
anmapara maccort 660 kr ¢ reomepexomHoi opoutsl (ha=250 kM, hp=35000
KM) OpOHUTHI Ha TEOCTANHOHAPHYIO OBUIO MOJIYYEHO CHIDKCHHE TOTIOICHHON
03Bl paamanuu Ha 8.5% mpH YBCIHUCHHH BPESMCHH MCPEaETa BCETO HA
0.14%. TloBBIICHHC TOYHOCTH NPHMCHACMBIX YHCJICHHBIX MCTOIOB,
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BO3MOXKHO, TTO3BOJIMT CHH3HTH A03Y HA €II¢ OOJBIIYIO BEIMYUHY NMPH TAKOM
K€ OTHOCHTEIIBHO MAJIOM YBEIHUCHUN BPEMEHH MIEPEIETA.

Crmcox muTepaTy phl

Dutta Atri, Libraro Paola et al. Minimum-Fuel Electric Orbit-Raising
of Telecommunication Satellites Subject to Time and Radiation Damage
Constraints // 2014 American Control Conference (ACC), June 4-6, 2014.
Portland, Oregon, USA.

IMeryxo, B.T. OnruMmm3ammsa MHOTOBHTKOBBIX TICPEICTOB MY
HCKOMIUIAHADHBIMH ~ JJUIMNTHYSCKHMH ~ opOmramm  //  Kocmuueckue
uccrnemoBanms, 2004, Tom 42, Ne 3, ¢. 1-20.

Low-thrust orbit-raising trajectories with fixed absorbed radiation dose
Starchenko A E.
RSC “Energia”, Korolev;
MIPT, Dolgoprudny

With spacecraft’s mass growth space radiation dose absorbed during orbit-
raising maneuver is growing. More and more expensive radiation-resistant
electronics must be used to cope with dose growth. Another way to prevent
orbit-raising spacecraft from Van Allen radiation damage is make thicker
radiation shield and reduce mass of payload. The difficulties mentioned
above prove that the problem of developing alternative methods of radiation
damage reduce is actual nowadays.

One of possible ways to decrease the dose is connected with special choice
of orbit insertion trajectory [1]. The idea of finding a trajectory that reduce
radiation dose can be expressed formally as posing a minimum-time orbit
insertion problem [2] with additional radiation dose equation of motion.
Moreover, additional boundary condition for a final value of dose must be
considered.

In order to solve boundary value problem arising from maximum principle
for optimal control problem mentioned above numerical continuation method
[2] is used. In this paper example with a 660 kg spacecraft moving from
geostationary transfer to geosynchronous orbit considered. Trajectory
changing for this transfer could result in total radiation dose decrease by 8.5%
along with only 0.15% increase of the transfer time.
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H3yuenune raexTpopaspsaHoii o0cTanoskn BoKpyr MKC
B X0/I¢ HA3EMHOT'0 MOJETHPOBAHNIS H KOCMITMECKOT0 YKCIEPIMEHTA
«Ilnasma-9PII»
Teepxoxmeoosa E.M., Cuzos A A., CuremsHuKOB B 1O, Xomuu T.M.
IHHWHWmam, r. Koposies

IIposeacunoe Bo DI'VII IMHUMMam MOACTHPOBAHHME INIA3MEHHON
00CTAaHOBKH BOKPYT MekayHapoaHoW kocmmucckor cranmmn (MKC)
MOKA33710 BO3MOKHOCTh BOZHHKHOBCHUSI M PA3BUTHS 3JCKTPOCTATHUCCKUX
Ppa3psAa0B Ha €€ MOBEPXHOCTAX [1]. Pe3yapTarsl KOCMHYECKOTO SKCIIEPHMEHTA
«ITmasma-MKC» moarsep:Kaar0T BO3ZMOKHOCTD BO3PACTAHUS 3ICKTPHICCKHAX
mMOICH BOKPYT KOCMHUCCKHX ammapatoB (KA) B yClnoBHAX ABIKCHHA B
noHoc(epe W BO3MOXKHOCTH HX BO3PACTAaHUS B JOKAJNBHBIX O0IACTIX
TOBEPXHOCTH JI0 BEJIMYWH, BEAYIIMX K pazpsaHemM 3 dexram [2].

Jna oTpaboTKH CPEACTB KOHTPOJS 3JICKTPOPa3pAAHON OOCTAHOBKH Ha
BHCIMHCH MOBCPXHOCTH H B IUTA3MCHHOM OkpykeHHH MKC, a Tawke mis
OCYIICCTBICHUA PETYAPHOTO M HENPEPBIBHOTO MOHUTOPHHIA POCCHICKHH
CerMEeHT OyJeT OCHAIIEH AammapaTypod PpErHCTPalH Ta30ILIa3MEHHOTO
oxpyxermsa (APTO) [3].

Jna mpoBeACHHA AAHHOW PabOTBI HCOOXOAMMO CO3TAHHC HA3CMHOTO
H3MEPUTEIBHOTO KOMIUICKCA, IIO3BOJUIFOLICTO  BBINOJNHATH — CICTYFOINHC
3a7a4H:

e  [POBEJICHME WCTBITAaHWK Hay4HOH ammaparypsl API'O u eé Makeros

B CMOACITHPOBAHHBIX VCIOBHAX, TOJOOHBIX OOCTAHOBKC BOIH3H

nosepxaoctd MKC;

e  TQPOBCACHHEC  HCNBITAHUMM  ammapaTypsl Ha  CTOHKOCTh K
3NCKTPOYU3HICCKHM (DAKTOPAM BO3ICHCTBHS IIA3MCHHOH CPEIBL.

e B nokmaae NpuUBEICHBL

®  pE3yABTaThl JIKCIEPUMCHTAILHOTO MOJICIHMPOBAHMSA B BAKYYMHOH
KaMepe  JNCKTPOPHM3MUYCCKHX  IPOIECCOB,  NMPOUCXOMAIMX  IIPH
JNEKTPUHUECKHUX pa3panax Ha kopmyce MKC;

e  Kpatkme cBeAcHU 0 pe3yibratax KO «Ilmazma-MKC»;

e  cBeacHHU: 0 moarotoBke K3 «I1ma3zma—3PIT».

1. B.C. bopucos, B.W. l'apkyma, A.T. KopcyH, A.A. Cu3oB, T.M. XomuH,
E.M. TeepaoxncOoBa, OKCIICPUMCHTATTBHOC MO/ICTHPOBAHHUC B
BAKyYMHOH KaMepe 3MEKTPOU3MUCCKUX POIIECCOB, MPOUCXOIIUX MIPH
JMEKTPUUCCKOM  pa3psae MEXIY BBICOKOBOJBTHBIMH —COJIHCUHBIMHA
OarapcsaMH W KOPIMycoM MEXIyHAPOOHOH KOCMHYCCKOW CTAHIIHH,
Hayuspre ureHmsi, mocesméHHbIE 90-meTmio co mHsA poskacHus HOpma
Anekcaraposmua  Mosxkopura, T.Kopomés MockoBcko —00macTH,
HHWWmamm, 2010

2. FF.Gabdullin, A.G.Korsun, E.M.Tverdokhlebova, E.G.Lavrenko. The
Plasma Plume of the ISS Plasma Contactor Unit under the Effect of the
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Geomagnetic Field. The 30th International Electric Propulsion
Conference, Florence, Italy September, 2007. IEPC-2007-049

3. B.A.TamoHOB, C.C. Kastpes, B.A. PabunOBHY, A.B. XoxmoB,
A.T. Kopcys, A.A. Cu3os, E.M. Trepnoxnebosa, P.B. Opos,
Hccrenosanune 3nekrpopaspsauaoit odcraHoBkrn Bokpyr MKC. Hay4nas
ammapaTtypa PETHCTpAlHH Ta30ILIA3MCHHOTO OKpykeHHI «APTOy,
PoboToTexHHKA 1 TCXHHYICCKAS KHOCPHETHKA, 2(3)/2014r.

Researching of the electrical and charging phenomena near the ISS
for laboratory modeling and space experiment «Plasma-ERP»
Tverdokhlebova E.M., Sizov A A., SinelnikovV.Yu., Khomin T.M.
TsNIImash, Korolev

The modeling of plasma environment near the International Space
Station (ISS), which was carried out in TsNIImash, shows that there is a
possibility of electrostatic charges growth on the spacecraft surface[l].
Results of the space experiment «Plasma-MKS» confirms the possibility of
electrical fields increasing around the spacecraft whit motion in ionosphere
and possibility of critical increasing in local areas which provides charge
phenomena [2].

On the Russian segment of the ISS will be mounted the gas and plasma
registration equipment ARGO [3]. It allows test the electrical and charge
environment control facilities on the external surface of ISS and also provides
regular and continual monitoring of the charge situation.

For experiments providing is necessary to create laboratory measurement
facility, which allows solve next tasks:

e scientific equipment «<ARGO» and models testing in the laboratory
environment which is similar with conditions near the ISS;

e  clectrical proof equipment testing in plasma environment.

. In report:

o  results of the experimental electrical processes modeling, which are
similar with charges on the ISS surface;

e  space experiment «Plasma-MKS» brief;

e  space experiment «Plasma-ERP» preparing brief.

1. B.S. Borisov, V.I. Garkusha, A.G. Korsun, A.A. Sizov, T.M. Khomin,
E M. Tverdokhlebova, Experimental’noe modelirovanie v vakuumnoy
kamere electrofizicheskih processov, proishodyashih pri electricheskom
razriade mezhdu viskovol'tnimi solnechnimi batareyami Ikorpusom
Mezhdunarodnoy kosmicheskoy stancii, Nauchniechtenia, posviashennie
90-letiyn so dnya rozhdenia Yuria Aleksandrovicha Moszhorina,
g.Korolev Moskovskoy oblasti, TSNIImash, 2010.

2. F.F.Gabdullin, A.G.Korsun, E.M.Tverdokhlebova, E.G.Lavrenko. The
Plasma Plume of the ISS Plasma Contactor Unit under the Effect of the
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Geomagnetic Field. The 30th International Electric Propulsion
Conference, Florence, Italy September, 2007. IEPC-2007-049.

3. V.A Gaponov, S.S.Kavtrev, B.A. Rabinovich, A.V. Khokhlov, A.G.
Korsun, A.A. Sizov, EM. Tverdokhlebova, R.V. Orlov, Issledovanie
electrorazryadnoy obstanovki vokrug MKS. Nauchnaya apparatura
registratsii  gazoplazmennogo okruzhenia «ARGO», Robototechnika i
tehnicheskaya kibernetika, 2(3)/2014r.

MapmpyTH3anus 00/1eTa JerkuM §eCmiI0 THLIM JICTATE/IHLHBIM
AMIAPATOM HEPABHOUEHHBIX 00HEKTOB B 110JI€ MOCTOSIHHOTO BETPa
€ YUETOM OrPAHHYEHHS HA BPEMsI 110JIETA 110 MAPIIPYTY
Moucees I.B.!, Uuas B.M.!, Monceesa C.I'.!, ®am C.K.2
MAM, r. Mocksa; T'TY um. Jle Ky Jlona, r. Xanoi

B nokmage mMOKA3aHO, KAK METOAWMKA ONTHMAJILHOW MAapIIpyTH3ALHH
moNIeTa, pa3paboTaHHas apropamu paHee [1-2], pacmpocTpaHseTcs Ha ciyyai
o0JeTa HEpaBHOLICHHBIX 00BEKTOB. HepaBHOIICHHOCTh OOBEKTOB XapPAKTEPHA,
HampuMep, U1 TIOMCKOBBIX 3amad. Kpurepmem mpum 3TOM  sIBISETCA
BCPOATHOCTh OOHAPY KCHHA. BKIIFOUCHHC ONMPEICTICHHOW MOBOPOTHON TOYKH
B MapmpyT IOJETa CBS3aHO C YBEIMUCHHEM 3HAYUCHHSI KPHTCPHI HA
H3BECTHYIO BEJIUUHHY .

[Ipy HAXOKACHHHM ONTHMAIBHOTO MAapIIPyTa TMOJETA YUHUTHIBACTCS
HAJIMYUC BETPA B 30HE ITOJIETA, YTO UL JICTKHX OCCIMIOTHHKOB SIBIICTCS
KJIFOUEBBIM (DAKTOPOM. YUHMTBHIBACTCSI TAKXKE OTPAHHUCHHE HA BPEMs IMOJETA.
[Ipu cocrapmeHMH MapIIpyTa HCIOJNB30BAHA TIPOIEAYPA MHOTOKPATHOTO
pemieHHs 3a7ad  LCIOYMCICHHOTO JIMHEHHOTO IPOTPAMMHPOBAHHI C
MOCICAOBATEIBHBIM HCKIFOUCHHEM noauuiios [3]. Ilpm mporpamMmHOi
peamm3anuy  METOAWKH aINpOOMPOBAHO NPHUMCHEHHE HOBOTO AJTOPHTM
pelieHHsI  3aJaYd  JIMHCHHOTO  MPOTPAMMHPOBAHUS € OyJICBBIMH
MEepEeMEHHBIMHE, peanu3oBanHoe (yHkiuer cplexbilp makera IBM ILOG
CPLEX, coBmectumoii co cpenoit MATLAB.

[MpeacTaBacHBI  TPHMEPHI, ACMOHCTPHPYIOIIHE  PpabOTOCTIOCOOHOCTH
MIPEANIOKECHHOHN MPOLECAYPHI MAPIIPYTH3ALMHA, B TOM YHCIE I MApIIPyTOB,
CBSI3BIBAIOIIHX HECKOIIBKO JACCSATKOB TOUCK.

1. Yuns B M., Momucees /[.B., Mouceesa C.I'., ®am C.K. Mapmpyrusanus
MOJETa JIETKOTO OCCHHJIOTHOTO JICTATEABHOTO ammapara B IIOJIC
MOCTOSTHHOTO BETPA TPH OTPAHUYCHHUH HA IPOJOLKUTEIBHOCTH MOJeTa //
Tesucer noknanos 20-o MexxnynaponHol koH(epeHnuu "CHCTEMHBIH
aHAJN3, VOPABJICHUE W HaBUrauws», ¢ 28 wroHda mo 5 uromt 2015 r.,
VYxpauna, r. EBnaropus (Kpemm). — M.:MAHU, 2015 — C.167-169.

2. Mouwucees [1.B., Uuas B.M., Mo3zoxes JL.A., Mouceepa CI'., ®am C.K.
MapmpyTH3aiys moJIeTa JeTKOT0 OSCIMIOTHOTO JIETATEILHOTO aIIapara
B II0JIC TIOCTOSIHHOTO BETPA HA OCHOBE PEIICHHUS PA3HOBHIAHOCTEH 3a1a4H
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KOMMHMBOSKEpa// DNeKTpOHHbIH »x)ypHAT « Tpyast MAW», 2015, Beimyck
Ne 79; http://www.mai.ru/science/trudy/published. php?ID=55782

3. Kozmos M.B., Koctiok ®.B., Copoxun CB., Tromenes A.B. Pemcuue
3aJa4d  KOMMHBOSDKEpA  METOAOM  LCIOYHUCICHHOTO  JIHHCHHOTO
MPOTPAMMHPOBAHHA C TMOCICAOBATEIBHBIM HCKTIOUYCHHEM MHOJIHKIIOB!
ommcaHue W anropurmuueckas peammsanmna// Advanced Science. - 2012.
Ne2. c. 124 - 141.

Routing of light weight unmanned aerial vehicle flight around unequal
objects in constant wind field taking into account constraint on the flight
duration
Moiseev D.V.!, Trinh V. M.!, Moiseeva S.G.!, Pham X.Q.2
MAI, Moscow; Le Quy Don University, Hanoi

The report shows how the method of optimal routing flight, previously
developed by the authors [1-2], applies to the case of not equal objects.
Objects disparity is typical for search tasks. The criterion here is the
probability of detection. Inclusion in the flight route a certain turning point
means an increase in value of the criterion by a certain amount.

In finding the optimal flight route is taken into account the presence of the
wind in the area of flight. This is a key factor for light UAVs. Also takes into
account the constraint on the flight duration. The proposed routing technique
provides the solution of the Boolean linear programming problem many times
simultancously with the exception of sub-cycles [3] in the preparation of the
route. For a software implementation cplexbilp function from IBM ILOG
CPLEX was used.

The paper presents examples demonstrating the performance of the
proposed routing procedures including routes linking a few dozen points.

1. Trinh V.M., Moiseev D.V., Moiseeva S.G., Pham X.Q. Flight routing of
lightweight unmanned aerial vehicle in const wind while limiting the
flight duration. System analysis, control and navigation: Scientific
conference abstracts. Collected book. — M.: MAI publishing house, 2015.
- p.167-169.

2. Moiseev D.V., Trinh V.M., Mozolev L.A., Moiseev S.G., Pham X.Q.
Flight routing of lightweight unmanned aerial vehicle in the constant wind
on the basic of the species of the traveling salesman problem. Electronic
journal “Trudy MATI”, 2015, issue Ne 79;
http://www.mai.ru/science/trudy/published. php?ID=55782

3. Kozlov M.V, Kostiuk F.V., Sorokin S.V., Tiulenev A'V. Solving
travelling salesman problem by integer linear programming with
cumulative subtour elimination: description and implementation.
Advanced Science. 2012. Ne2. pp. 124-141.
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AcKu3HOE MPOCKTUPOBAHNEC MATHUTHLIX MCITIOJTHATCIBHBIX OPraHOB
CUCTEMBbI OPHEHTANNHN H CTAGHIIH3AIIT MAJIOT0 KOCMIYECKOT0 anmapara
M CTeH/a IS NX 0TPA0OTKI
@upcrok C.O., Tepenrses B.B., llemsakos A.O., Tepemenko T.C.
MAM, r. Mocksa

MupoBble TEHACHIMH PA3BHTHS MAJIOPA3MEPHBIX KOCMHUYECKHX aIapaToB
HMCIOT HANMPABICHHOCTh HA NMEPEXO0/ OT CAMHUYHBIX KPYIHBIX CI[yTHHKOB K
HHPOPMAIIMOHHO €AMHBIM MHOTOCITY THUKOBBIM TPYIIITHPOBKAM.
AXTyanbHBIMH HAyYHO-TEXHOJIOTHYCCKHMH 33JaYaMH IIPH 3TOM SIBJLTIOTCA
pa3paboTKa M CO3JaHHE TMOJHO(YHKIHOHAIBHBIX aNNaparoB C TPEXOCHOH
OpHCHTANKCH, 00CCIICUHBAOIICH IIETICBOC MMPUMEHEHUE B TAKHX c(epax, Kak
JHUCTAHOUOHHOC 30HAMPOBAHUC 3SMITH, ACTPO(OHU3HICCKHC U TCO(DHU3UICCKHC
ncenenopanus.  Co3MaHWE HAACKHBIX, TEPCHECKTUBHBIX MAalOPa3MEPHBIX
kocmuueckux ammapatoB (MKA) B Poccmm cramkuBactcs €O MHOTHMH
HAYYHO-TCXHHYCCKUMH W TEXHOJOTHMYCCKUMHE TPYIHOCTSIMH. Psia KIFOUEBBIX
KOMIUICKTYIOIIMX HE HMMEET OTPAODOTAHHBIX OTCUCCTBCHHBIX AHAJIOTOB, a
OCBOCHHBIC MPOMBIIIICHHOCTHIO 00pa3lpl MEpepa3sMEPEHsl M 3a4acTyl0 HE
HMCIOT IH(POBBIX KAHATIOB VIIPABJICHHUS.

B cBmu ¢ a3tuM  HeoOXoamMa pa3paboOTKa  BBHICOKOA((PEKTUBHBIX
HCIIOJIHUTCIPHBIX ~ OPraHOB CHCTEMBI OPHCHTAIMH, OOCCIICUMBAIOIINX
opueHTanmio u crabmmmanuro MKA ¢ 3amaHHOH TOYHOCTBIO O3 pacxoia
Macchl M C MHHHMAJBbHBIMH 3SHCPTCTHUYCCKUMHE 3aTpaTamu. Llemsio paboThl
SABIIATACH Pa3pabOTKA ICKU3HOTO MPOCKTA HA MCPCTICKTUBHBIN MATHHTHBIN
HCHOTHUTCTBHBIH oprad (MHUO) CHCTEMBI OPHCHTAIIHH MAJTBIX KOCMHYCCKUX
anmaparoB M Ha CTCHZ A €ro oTpadoTku. IIpennoskeHHOE KOHCTPYKTHBHOC
ncnoHeane MUO B BHAE pa3HECCHHBIX KATYIICK W UX OJIOKOB YIIPABICHULL,
MOJAKTIOYAEMBIX K OOpTOBOM WHPOPMAIMOHHON INHHE, OOCCIICYHBACT
IIMPOKHE BO3MOMKHOCTH MO KOMITOHOBKE B KOPITyCE aIIapara, YTo 0COOCHHO
AKTYaJbHO AJISI CBEPXMAIBIX KOCMHYCCKUX aIAapaToB M HE HMEET H3BECTHBIX
AHAJIOTOB.

OcHosHble ocobenHOCTH creHaa: MO ycranaBimmBaeTcs Ha KOPIYCHOHM
maker MKA, OCHAamICHHBIH OpPWUTHHANBHOM CHCTEMOH OOC3BCIIHBAHUS,
MO3BOJLIIONICH TPOBEpHTh nuHaMuueckue xapakrepuctukn COC 3a cuer
ydera MHKPOTICPEMCIIICHHUH, OTCICKHBACMBbIX BBICOKOCKOPOCTHOH
BHICOKAMEPOU.

Pesymsrater  paspadorkn MHMO mpeamonaractcd HCHOAB30BATH A
MOATOTOBKH K MPOMBIIIIJICHHOMY TTPOM3BO/ICTBY.

PaGora BemonHeHa B pamkax rpaHra llpesumenra PO 1o rocymapcTBeHHONU
TIOJIJIEP/KKE MOJIOJIBIX POCCHUCKUX YUEeHBbIX-KaHuaToB Hayk (MK-7938.2015.8).
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Conceptual design of the magnetic executive bodies system of orientation
and stabilization of small spacecraft and stand for their testing
Firsyuk S.O., Terentiev V.V., Shemyakov A.O., Tereschenko T.S.

MAI, Moscow

Global trends of small spacecraft development have the focus on the
transition from single large satellites to information and unique multisatellite
groups. The actual scientific and technological objectives are the
development and creation of full featured machines with three axis
orientation that provides the target application in such fields as the Earth
remote sensing, astrophysical and geophysical research.

Creation of reliable promising small spacecraft (SSC) in Russia faces many
scientific, technical and technological difficulties. A number of key
components does not have domestic analogues and mastered by industry
samples often do not have digital control channels.

In this regard it is necessary to develop high effective executive bodies of
the orientation to ensure proper orientation and stabilization of the SSC with a
given accuracy without mass expense and with minimal energy consumption.
The aim of this work was to develop a preliminary design of a perspective
magnetic executive body (MEB) of small spacecraft orientation system and
stand for its testing. The proposed design of MEB in the form of spaced coils
and their control units connected to the onboard information bus, provides
ample opportunities for arrangement in the body of device, which is
especially important for ultrasmall spacecraft and has no known analogues.

The main features of the stand: MEB is installed on the SSC corp model
equipped with the original system of weight relief to verify the dynamic
characteristics of the SOS taking into account the micrometric movements
tracked by high speed video camera.

The results of the MEB development will be used for the preparation for
industrial production.

The project is realized in the framework of the Russian President Grant for state
support of young Russian scientists-candidates of Sciences (MK-7938.2015.8).

92



3. DHepreTuyecKkne yCTAHOBKH aBHALIMOHHBIX,
PAKETHBIX H KOCMHYECKHX CHCTEM

3. Power Units of the Aviation, Rocket and Space
Systems

Conceptual design method based on generalized energy
for solar-powered aircraft
Guo Zheng, Hou Zhong-xi, Li Li
NUDT, Changsha, China

Long endurance solar-powered airplane is the frontiers of modern science
and engineering, which includes innovated conceptual design technology,
aerodynamic configuration, regenerative energy technology, large scale and
light weight structural technology and high efficient propulsion technology,
etc. Confined to the current technologies, the feasible design space of a solar-
powered airplane is fairly narrow. The traditional conceptual design method
usually can not meet the design requirements especially the long endurance
requirement. Thus we should try to explore the brand new design method.
Regarding to the current technologies, energy shortage dominates the whole
life of the long endurance solar-powered airplane, and meeting the energy
balance is the crucial and essential constraint. Base on energy center
fundamental, we should consider the coupling relations and sensitivities of
multi disciplinary and employ the integrated design optimizations.

Energy center fundamental based conceptual design models were
established. The concept of generalized energy is proposed. Through the
coupling relation analysis of energy, we have unified the expressions of the
balance of thrust and drag, balance of lift and weight and the balance of
energy. We have revealed that the crucial point of the conceptual design of a
solar-powered airplane is to realize the energy collection, storage and
delivery. The energy center fundamental based conceptual design model is
constructed, and the design space of the long endurance solar-powered
airplane is expressed analytically. The flight altitude and wing loading of a
solar-powered airplane is derived as the algebraic expression of four
disciplinary ie., acrodynamic, structure, photovoltaic and energy. The
sensitivities of each disciplinary on the solar-powered airplane are analyzed,
revealing the key disciplinary of long endurance flight. The coupling relations
of multi disciplinary are analyzed, yielding the equivalence laws between
multi disciplinary.

According to the limited feasible design space and the tough work to
achieve an optimal and feasible design proposal, the optimization based
conceptual design method is proposed. The crucial point of the design method
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is to achieve the energy balance, the constraints are the design altitude and the
wing loading, the design variables are technical parameters of multi
disciplinary and the optimization goal is to minimize the technical merit
requirements. Furthermore, the dynamic process based conceptual design
method is proposed. With dynamic soaring, gravitational gliding flight path,
the battery amount can be reduced and the requirement to the energy density
of batteries can be brought down. Keywords: Solar-powered aircraft; HALE;
Conceptual design; Generalized energy; Energy cycle.

Mathematical analysis of convection/transpiration cooling
in high speed aircrafts
Weixing Zhou, Xuefeng Xiao
Harbin Institute of Technology, Harbin, China

Thermal protection is one of the keys that make sure high speed aircrafts
work prefect. A good cooling system is necessary to protect solid surfaces in
extreme environment. Ability of convection cooling can’t match demand of
vehicles with the development of technology, which means higher effective
cooling method is demanded to apply to protect core components in high heat
flux environment. Transpiration cooling is more effective than traditional
convection cooling, and has been used in design of liquid propellant rocket
engine combustors. Transpiration cooling and convection cooling work in a
same time and use a same supply coolant channel. Convection heat transfer
can influence the process of transpiration in porous media, in the same time,
transpiration can alter the condition of convection because of the change of
coolant mass flow rate along the coolant channel. The relationship between
transpiration and convection has always been inseparable. A mathematical
model is constructed on the basis of heat balance to analyze the relationship
between convective coolant flow ratio, blowing ratio and cooling efficiency.
A response surface of mathematical model is acquired, and the realizable
areas are analyzed by this response surface. It’s important to note that the
highest cooling efficiency cannot be pursued blindly in the design of cooling
system, on the contrary, reasonable range should be selected carefully by
actual demand of engineering.

Biusinme MATHHTHBIX H 3JIEKTPOCTATHYECKHX MOJ1ei
HA TEIUIOBBIE MPOTECCHI B ra3000Pa3HOM MeTaHe
Anryuun B.A 2, Arryuud K B. 2, A6y s M.P.2, STwosckas MLJL!
KHUTVY-KAH, r. Kazans;
TIMAM um. TLU. Bapanosa, T. Mockea

WssectHO, uTo 3amacoB Heru B PO ocramock mpumepro Ha 50 j1er, a
MPUPOAHOrO raza mMerana - Ha 200 mer. TToaromy, cornacHo ITocranoBneHMM
IIpaButenscTea PO, B HacTOSIIEE BPpeMs MPOUCXOIUT NEPEBO] COBPEMEHHOU
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TEXHHKH Ha ra3000pasHbie roproune. Ho 0COOCHHOCTH TEeIJIOBBIX MPOIICCCOB
B HHUX JI0 KOHI[A HEC UCCJICIOBAHBI.

ITpu Harpeee ra3000pa3HOTO METaHA MPOMCXOAAT TCIUIOBBIC MPOLECCHI,
cpem  KOTOPBIX 0cO00 MOJKHO  BBIACTATH OPOLECC  YBCJIHUYCHHA
Ko3(puImeHTa TEII0OTAAYN O IIPH YBCJIMYUCHHUH JABJICHHS W HETATUBHBIA
TmpoLece 0cankooOpazoBanmia. OUCHb MAJI0 CBSACHHUH O BIIUSHHH MATHHTHBIX
H 3JCKTPOCTATHYCCKHX IIOJCH HA TEIUIOBBIC MPOLECCHI B Ta3000pasHOM
Mmerane. [lostoMy  OBUIO  OPHHATO  PEHICHHE O  IPOBSACHHUH
OKCTIICPUMCHTAJIBHBIX I/ICCJ'IGI[OBaHI/Iﬁ BIIMAHUA MATrHUTHBIX H
JMEKTPOCTATHYCCKAX TOJCH HAa TCIUIOBBIC IPOLECCHI B YCIOBHAX
€CTECTBCHHOI KOHBCKIUH Ta3000pa3HOTO METAHA.

Breima co3maHa 3KCHCPHMCHTANBHAA YCTAHOBKA M pabOvHe YYACTKH AMIA
HUCCICAOBAHWA BIWAHHA MATHUTHBIX HW 3JCKTPOCTATHICCKUX nojicH Ha
TCIUIOBBIC MPOLECCH B YCIOBHAX SCTECTBCHHON KOHBEKLIHH Ta3000pa3HOTO
METaHa.

PeSyJ'II)TaTI)I OKCIICPHUMCHTAJIbHBIX I/ICCJ'IGI[OBaHI/Iﬁ IMOKa3aJIu, qTo
MATHHTHBIE IO OYEHD CIa00 BIMAIOT HA I/IHTGHCI/I(I)I/IK.’:II.[I/IIO TCIIOOTAAYH H
MPAaKTHYCCKH BOOOIIEC HE BAMSIOT HA OPCAOTBPALICHHC HETATHBHOTO
MPOLECCa 0CATKO00PA30BAHMA. DICKTPOCTATHUCCKAC MO — YBCIMYHBAKOT
K03 (HUIMCHT TCMIO0TAAYH ¢, H MPSIOTBPAMIAOT 0CATKO0OPA30BAHKC B 30HE
TPOXOKACHUA CHITOBBIX JIMHHAH.

OOHAPYKCHO, YTO HA OCTPHC OTHAIOIICH WIJIBI MIOYTH BCCTAA TOSBIACTCS
VHHIOJUIPHAS CBETAMIASACA KOPOHA, KOTOPAas CO3JACT JONOJIHHTCIBHBIC
CHJIOBBIC JIMHHHH M pacImupsAcT 30HY ©O¢3 ocanka. ONpeacieHBI 30HBI
BO3MOXKHOW TPUMEHHMOCTH JJICKTPOCTATHYCCKHX TONCH, a Tamkke uXx
TPaHHULBL.

PesyapTaThl SKCIEPHMEHTATIBHBIX HCCICIOBAHAI TO3BOIUIH: Pa3padboTaTh
HOBBIC MCTOAMKH pPaACUCTa BJMAHHA JJCKTPOCTATHUCCKUX MmoJcH Ha
TEIUIOOTOAYY U 0CaaKo0OPa30BaHHE B Ta3000PA3HOM METAHE B YCJIOBHAX €0
CCTCCTBCHHOM  KOHBCKIMH, pa3paboTaTh W  3aMATCHTOBATH  HOBBIC
KOHCTPYKTHBHBIE CXEMBI (DOPCYHOK, TOIUIMBHO-OXJIA)KAAIONIMX KAHAJIOB,
(rIBTPOB.

Jokmaa compoBOKIACTC HIUTFOCTPALMOHHBIM MaTepuanoM. [IpuMeHeHue
pE3yJIBTaTOB  HCCIACAOBAHHH TO3BOJHT  CO3JABATh HOBYKO  TCXHHKY
MOBBIMCHHBIX XAPAKTCPHCTHK MO PECYPCy, HAACIKHOCTH, OC30MACHOCTH,
OKOHOMHYHOCTH H DKOJOTHIHOCTH.
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Influence of magnetic and electrostatic fields on thermal processes
in the gaseous methane
Altunin V.A 2, Altunin K. V.2, Abdullin MR 2, Yanovsky M.L.!
ZKNRTU-KAI, Kazan;
1CIAM named after P.1. Baranov, Moscow

It is known that oil reserves in the Russian Federation remains of about 50
years and natural gas methane - for 200 years. Therefore, according to the
Resolution of the Russian Government, now modern technology is converted
to gasecous fuels. But features of thermal processes are not fully investigated.

During heating the methane gas occurring thermal processes, among which
especially can distinguish the process of increasing the heat transfer
coefficient o with increasing pressure and negative process of sedimentation.
Very little is known about the influence of magnetic and electrostatic fields
on thermal processes in the gaseous methane. Therefore, it was decided to
realize experimental research on the influence of magnetic and electrostatic
fields on thermal processes in the natural convection of methane gas.

Were created an experimental setup and working areas for the study of the
influence of magnetic and electrostatic fields on thermal processes in the
natural convection of methane gas.

The experimental results showed that the magnetic field is very weak
influence on heat transfer enhancement and practically doesn't effect on the
prevention of sedimentation. Electrostatic fields - to increase the heat transfer
coefficient a and prevent sedimentation in the area of power transmission
lines.

It was found that on the tip of the donating needle almost always appears
unipolar luminous crown, which creates additional power lines and expands
the zone without sediment. The zones possible applicability of electrostatic
fields, as well as their borders were identified.

The experimental results have allowed: to develop a new method of
calculating the effect of electrostatic ficlds on heat transfer and sedimentation
in gaseous methane under conditions of natural convection; develop and
patent new design scheme injectors, fuel and cooling channels, filters.

The report is accompanied by illustrative material. Application of the
results of research will create new technology for high performance resource,
reliability, safety, economy and environmental friendliness.
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K Bb100py BapnanTa y3aa kpenienus pemérkn B3Y
JJIS1 KOMOMHHPOBAHHOTO PAKETHO-IIPSIMOTOYHOTO IBUTATEJISI
Anapromme A.C., Bemmeakesmda U.Y., Koporkos M.O., Maxkapesckuit JI.U.
MKB «Hcxpa», . Mocksa

K nambonece NCPCICKTHBHBIM IBHTATCIGHBIM ycTaHOBKaM (YY) mma
ABHAIMOHHBIX PAKET OTHOCATCA KOMOWHmMpoBaHHble [V, cocrosmme w3
craproporo PATT m MapmeBOro HpAMOTOYHOTO BO3AYIIHO-PEAKTHBHOTO
apuratenas  (IIBPJD), MO3BOJLAKOINUE  YBEIWMYHUTh  JHEPICTHUCCKHC
XAPAKTEPHCTHKH 3a CYET WCIONB30BAHMS AaTMOC(EPHOTO BO3AyXa, H
CYIIECTBCHHO MOBBICUTH CKOPOCTb PAKETHI HA KOHEYHOM YYACTKE TPACKTOPHH
[1]. B KOMIOHOBKAX COBPEMCHHBIX PAKET KOMOWHHPOBAHHBIH PAKETHO-
npsaMotounblii aurarens (KPITJI) pacmonaracTcss B XBOCTOBOM yacTh [2] u
COCTOUT W3 MapIIEBOTO a30TCHEPATOPA, IIEPEXOTHOTO OTCEKA C PETYHITOPOM
pacxona TomamBa, cTaproBoro asurarerd (C/I), paCnoOIOKCHHBIX TAHACMOM
1 BO3AyX03a00pHBIX ycrpoiicTs (B3Y) pacnonoskeHHBIX BAOIb Kopmyca Y.

Ha wmapmesom pekume monéra paboTaeT ra3oreHepaTrop, IPOIYKTHI
CrOpaHmsi KOTOPOTO MOCTYMAroT uepe3 peryiaarop B CJl m cvenmBaroTcs ¢
BO3yXOM, mocTynaromuM u3 B3V, yuacteys B ponecce noxuranust. O xHIM
W3 BAKHBIX y3m0oB TakoH [JY gemierca pemétka B3Y, koTtopas
pacmonaraetcsi Ha BbIXoae B3Y W COBMECTHO € 3aCIOHKOH IOJDKHA
o0ecIeunBaTh TEPMETHYHOCTh KAMEPHI CTAPTOBOTO JBHTATEI P €& paboTe
W BCKPBIBATHCS, 00CCIICUNBAS MPOXO BO3AYXA, MPH BKIOUYCHHH MAapPIICBOTO
peskuMa.

PaccmartpuBaeTcst 1Ba KOHCTPYKTHBHBIX BAapHaHTa OQOPMICHHI Y3714
KPEIUICHHS PEIIETKA:

e  KPCIUICHHE B PAMKY BBAPCHHYIO B 00CUAHKYy CTAPTOBOTO ABHTATEIL,
e  pemérka HENOCPEACTBCHHO BBAPCHHAS B O0CYAKy CTapTOBOTO

JBUTATEIA

Jns 000MX BapHAHTOB C TOMOMIIBIO KOHECYHO-3JIEMEHTHOTO KOMILIEKCA
SolidWorks Simulation ObpIM TPOBEACHBI HEIWHECHHBIC IPOYHOCTHBIC
pacuéTs oT maBiacHuA B kKamepe CJI

OO0CyKIaroTCs PE3YIBTATHl PACUETOB, AHANH3 KOTOPHIX MOKA3BIBACT, YTO
MIPEAMOYTEHUE CICAYET OTJATh BTOPOMY BapHAHTY (BBAPCHHOHW B OOCHAIKY
PCIIETKE), TO3BOJIAIOMICMY BKIIOUHTH B padoty odcuaiiku CJI, ocnabiecHHOH
BEIpe3amMu A1 B3Y, péopa peméTky U CHH3HTD HAMPSDKCHUE W IS (HOPMALIHIO
B 00J1aCTH KPEIUICHH.

Jluteparypa

KoHCTpykums W  TPOCKTHPOBAHHE KOMOWHHPOBAHHBIX  PAKETHBIX
JBUTATEICH Ha TBEPAOM TommBe. YueOHOe mocobme / 5.B. Obnocos, B.A.
Copoxus u ap.-M.: Uza-so MI'TY um. baymana, 2012.-279¢.
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HHTerpanbHbic MPSMOTOYHBIC BO3AYIIHO-PCAKTHBHBIC JIBHIATCIH HA
TB¢pABIX TorumBax (OCHOBBI Teopuu u pacuéra) / B.H. Anexcarapos, B.M.
Brmresny, B.K. Bepxonaomos.-M.: UKL «AxagemkamTa, 2006.-343C.

Concerning selection of variant of mounting unit of air intake deflector
for combined solid-propellant rocket-ramjet motor (CSRM)
Andryushin A.S., Vyshedkevish I.U., Korotkov M.O., Makarevskiy D.1.
MDB “Iskra”, Moscow

Combined propulsion systems (PS) are at tributed to the most perspective
PS for a viation missile, consisting of solid booster rocket engine and
sustainer ramjet air-breathing engine, allowing increasing energy
characteristics at the expense of using atmosphere air, and substantially
increasing missile speed in final segment of trajectory[1]. In configurations of
modern rockets, Combined Solid-propellant Rocket Motor is located in
aftbody [2], and consists of gas generator of sustainer, transition unit with
Fuel Flow Controller, booster engine, placed by tandem arrangement and air
intakes (AI) located along body of propulsion system.

In sustainer phase, gas generator is working, whose combustion products
go through regulator into booster engine and mix with air coming from air
intakes, taking part in afterburner process. One of the major unit of such
propulsion systems is a grid deflector of air intake, which located at exit of air
intake and together with cover of air intake have to provide hermeticity of
booster chamber under its operation and to be opened providing air passage
under start of sustainer phase.

Two variants of structure are considered for designing a mounting unit of
grid deflector:

e fixation in frame welded in shell drum of booster;
e  grid directly welded in shell drum of booster.

Non lincar strength calculations against pressure in chamber of booster
were carried out for both variants with assistance of finite-element complex
of Solid Works Simulation.

Calculation results are discussed for which analysis shows that preferences
could be given to second variant (grid was welded in shell drum), allowing to
include in operation of booster shell drum, weakened by cutouts for a
irintakes, gridrib sand reduce stress and strain in the fixation area.

Structure and designing of combined rocket engines with solid propellant:
Educational book / B.V.Obnosov, V.A.Sorokin and others.-Moscow.:
Publishing house of Moscow High Technical University named after
Bauman, 2012.-279p.

Integral Solid Fueled Ramjets and Ducted Rockets (Theory and
Designing)/V.N. Aleksandrov, V.M. Bytskevich, K.Verkholomov - Moscow:
Publishing of “Akademkniga”, 2006-343 p.
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O0ecneuenne crenaooii orpadorkn KPJI ¢ commamu 6016 mmx
CTCNCHEH pacmmpeHust
bepexxnoit B.H.
HMULI «PKID», r. ITepeceer

Lensro maHHOH PabOTHI ABIACTCA Pa3pabOTKa M COZTAHHC CTCHIOBOTO
o0opynoBaHua, OOCCIICUMBAIOIICTO TPOBCACHHC HA3CMHBIX HCIBITAHHI
KHCTIOPOIHO-BOAOPOIHBIX KHAKOCTHBIX PAKCTHBIX JBHTATCICH IS BEPXHHX
CTYNCHEH pakeT W OpOHWTANBHBIX PpA3TOHHBIX OmokoB. Paspabotka
TCXHHYCCKUX PCIICHHH TNPOBOAMIACH B IPAKTHUCCKOM TPIIOKCHUH K
OOCCIICUCHII0O HA3EMHOH  IKCIICPHMCHTANBHOH  OTPabOTKH  JBUTATEIA
PI0146 1 ¢ Taroti 7,5 Tc, cozmaBacmoro AO KBXA.

Jns  obecmeueHnst 3KCHEpuMEHTanbHON orpabdotku PJ0146]] Onu1o
MIPHUMECHEHO IIOCICIOBATECIbHOC YCIOKHCHHE CTECHIOBOTO OOOPYIOBAHUS C
VBCIMUCHHCM CTCIICHH WMHTANWH BBICOTHBIX YCIOBHH H OJHOBPCMCHHOC
MPHOMIKCHHC  HCHBITBIBACMBIX ~ 00pa3lOB  ABHTATCAA K  MITATHOMY
HCHOTHCHUIO. BBIOpaHo Tpu BapmaHTa WcmojHCHHS mpurarens PJI0146]]
HCIIOJIb3YEMOTO ITPH IKCIIEPUMEHTAIBHOH OTPadOTKe:

e 0c3 YCTaHOBKH COIUIOBOTO HACAAKA PATHANHOHHOTO OXJIAXKICHUS

(HCPO) ¢ mnameTpoM BRIXOAHOTO ceucHHA cotuia 960mm (fa/fkp=115);

e ¢ ykopoucaHbiIM HCPO ¢ mmameTpoM BBIXOJHOTO CCUCHHS COILIA

1250 mm (fa/fxp=195);

e ¢ mojrOpasMepHbiM HCPO ¢ tmaMeTpoM BEIXOAHOTO CCUCHHA COTLIA

1950 mm (fa/fxp=474).

Jna BcexX TpEX BAPMAHTOB OBLI BBHIMOIHCH PACUET TCOMCTPHH BBIXOIHBIX
mapgysopos  wm  razommHammucckmx  Ttpyd  (TAT). IlIposeacHo
MATEMATHYECKOE  MOACIHMPOBAHHE  TCUYCHUS  INPOAYKTOB  CTOPAHHL
[IposeacHs! ncnbrranus Moaenei coria apuraresns U [T B macmrade 1:10.

Ilo pesynbrataM OPOBEAEHHOTO MOJACAMPOBAHHS UCHOJb30BaHue [T C
BBIXOIOM B atMOC(epy BOBMOKHO TONBKO M1 ucmbitaHuit PJI0146]] 6e3
HCPO. s wucmerranmit ¢ HCPO HeoOX0oauMO HCIMONB30BAHHE OTKAYKH
MPOIYKTOB CTOpaHusl U3 BEIXOAHOTO ceucHust [T,

Pazpaborana cxemMa CHCTEMBI OTKA4YKH IPOAYKTOB CrOPAHHS C
HCIIOJIb30BAHUEM OXJIAKIACHHS M YAaCTHYHOH KOHICHCAIMH IPOIYKTOB
CTOpaHMA 34 CYET HEIOCPEACTBEHHOTO BIPBHICKA BOABI B MOTOK IMPOIYKTOB
cropanmsa. Ilocmenyromas OTKayka MPOJYKTOB CTOPAaHHS OOECIECUMBACTCS
TAPOBBIMH 3KCKTOPAMH.

Jns reHepammm mapa pa3paboTaHbl T€HEPATOPBI TMApa, HCHOJb3YIOIIHC
STHJIOBBIU CIHPT, KUAKHHA KHCIOPOA M BOAY, MPOU3BOAUTEIBHOCTBIO 1O 22.5
kr/c. [lpeamomaraeTcsi MCIOIB30BAHWE IHNECTH TEHEPATOpoB mapa. /[l
MOJA4YN KOMITOHCHTOB B TEHEPATOPHI MPEANOJATAcTCA HCIOIb30BAHAE TPEX
TypOOHACOCHBIX arperaros. B Hacrosimee BpeMs IMPOBOAMTCS ABTOHOMHAS
otpaboTka maporeHepaTopoB U THA.

99



PaspabaTtbiBaeTCd  MaTemaTtuyeckas MOJefb  And  MOZEMPOBaHUA
MPOLECCOB  KOHAEHCaUumMu  MpOAYyKTOB  cropaHus. Paspab6otaHa 1
M3roTaB/IMBAaeTCA MOJENMb BLIXIOMHOrO Tpakta B Maclwrabe 1:10 Aansa
MOZENMPOBaHNS NMPOLIECCOB KOHAEHCALMN N 3KEKTUPOBAHMS.

WTtorom paboTbl fABSETCA CO3J4aHWe CTeHOBOro 060opyfoBaHWa [/iA
Ha3eMHOI 3KcnepuMeHTanbHOW oTpaboTkn PA0146[, a Takke BbipaboTka
METOAMKM U OCHOBHbIX TEXHWYECKMX  PeLleHunid Ans  Ha3eMHOW
aKcnepuMeHTanbHOM oTpaboTku XPL ¢ comnamu GOMblUMX CTeneHew
pacLumpeHms.

Pa6oTta bygeT npogomkeHa B 2016r.

Activities in support of ground-based development testing of liquid
rocket engines (Ire) incorporating high-expansion-ratio nozzles
Berezhnoy V.N.

RC “RSI”, Peresvet

The objective of the presented work is to develop and constmct the test
facility equipment that would be able to support conducting ground-based
tests of Lox/LH2 liquid rocket engines intended to power rocket upper stages
and orbital boosters. To address this task, a number of engineering solutions
were elaborated for the their practical application to supporting ground-based
experimental development of 7.5 tf RD0146D engine being developed by
KBKhA (Design Bureau for Chemical Automation).

To facilitate performing the experimental development of RD0146D
engine, a step-by-step augmentation of the test stand equipment was
implemented, thus increasing high-altitude simulation capability and
simultaneously contributing to realization of the full-scale engine hardware
being tested. Three design configurations of the RD0146D engine to be used
in the experimental development were chosen:

» without attaching the radiation cooled nozzle extension with a nozzle

exit diameter of 960mm (fa/fcr=I 15);

* with the tmncated radiation cooled nozzle extension with a nozzle
exit diameter of 1250 Imn (fa/fcr=195);

*  with the full-sized radiation cooled nozzle extension with a nozzle
exit diameter of 1950 Imn (fa/fcr=474).

For all three engine versions, the geometry of exhaust diffusers or gas
dynamic tubes (GDT) has been calculated. Mathematical modelling of
combustion gas flow pattern has been performed. Tests of engine nozzle and
GDT models at a 1:10 scale have been conducted.

The results of the performed modelling suggest that employment of GDT
with the exhaust into atmosphere is only possible in tests of the RD0146D
engine configuration without radiation cooled nozzle extension. To allow
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tests with the attached radiation cooled nozzle extension, it is essential that
combustion gas at the GDT exit section should be evacuated.

A combustion gas pumping system scheme has been claborated. That
scheme involves the use of cooling and partial condensation of combustion
products by means of water direct injection into the combustion gas flow. A
follow-up evacuation of combustion gas is provided by steam ¢jectors.

Steam generators have been developed that employ ethanol, liquid oxygen
and water, each having a capacity of 22.5 kg/sec. As many as six steam
generators are supposed to be used. Three turbo pump units (TPU) will be
used to supply working fluid to the steam generators. Currently, component-
level tests of TPU and steam generators are underway.

A mathematical model is being developed for modelling combustion gas
condensation processes. A sub-scale model of the exhaust duct at a scale of
1:10 has been developed to ensure modelling of condensation and ¢jection
processes. Currently the physical model is being fabricated.

The work outcome suggests construction of the test stand equipment able
to support ground-based experimental verification of the RD0146D engine, as
well as development of the procedure and key engineering solutions to be
used in the ground-based experimental verification of LRE with high-
expansion-ratio nozzles.

The work will be continued in 2016.

Obecnieuenne reoMeTpUMecKoil TOYHOCTH BAJIOB NPH YIPOYHEHHH
TOCAIOYHBIX MOBEPXHOCTET ApodecTpyiiHoii 00padoTKoii
Byxarsni A.C.

CT'AY, r. Camapa

YopourcHHe ApoOSCTPYHHOH OOpaOOTKOH NPHBOIUT K TOABICHHIO
OCTATOYHBIX HANMPKCHUH B TOBEPXHOCTHOM CJIO€ JAETaled, H, Kak
CICACTBUE, TEXHOJOTHYECKHM ocTaTouHbiM Acopmanmsv (TOM). [lpm
IPoOCCTpYHHOM YIPOUHCHUH AC(OpMAIMH BANIOB MPHBOIAT K YBCIIHUCHHEO
AUaMeTpa MmOCaa0IHBIX HOBerHOCTefI, NPEBBIIAOIMUX TCXHOJIOTHICCKHUC
JIOTYCKH, B CBSI3H C UM, LCIBIO TAHHOW PAOOTHI SBIICTCS MPOTHOZHPOBAHHUC
meopManii W HA3HAUCHHC PCKMMOB YIPOUYHCHHSA, OOCCIICUMBAOIIIX
HU3TOTOBJICHHUC BAJIOB B COOTBCTCTBHH C MOBBIIICHHBIMH TCXHOJOTHYCCKHUMH
TPCOOBAHMAMH K TOTHOCTH.

Jetane, moasepracMmas HCCICAOBAHHMAM — Bal U3 Marepuana BT-22.
YHPO‘IHCHI/IIO NOABCPTaIuCh MOCAAOTHBIC MOBCPXHOCTH MO ITOJUIHITHAKH.
Pemrenne mocTaBIeHHOHN 3a1a4H OCYIIECTBIBLIOCH HA OCHOBE Pa3pabOTaHHBIX
paC‘{éTHBIX MCTOAHUK, TIO3BOJLIIOIMHUX MCTOAOM KOHCYHBIX JJICMCHTOB
OCYICCTBUTh  mporTHO3WpoBanue TOJ| 0T BO3ACHCTBHA  OCTATOMHBIX
HanpsoxeHud. C 3TOW HEIBI0 OBLT H3TOTOBICH 00pasel] MHUIHHAPHICCKOM
¢dopmer w3 marepuama BT-22, mvurupyromuii smemeHT acrami. OOpasen
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YMNPOYHANCA HAa PEeXuMe, COOTBETCTBYHOLLEM TEXHOMOTMUU W3roTOBNEHUSA
fetann. OnpefeneHne OCTaTOYHbIX HAMPSHXKEHUIA  OCYLLECTBAANOCL Ha
ycTaHoBKe ACB-1 MeToLOM 3M1eKTPOIMTUYECKOrO Tpas/eHus. lMonyyeHHoe
pacnpefenieHne OCTaTOYHbIX HampsHXKEHWA MCMOMb30BaIOCh MPU pacyeTax
TOJ Bana nognexatlero ynpovHeHuto. PacyétHoe nporHosuposaHue TO/,
npoussogunock B cucteme ANSYS. KoOHeyHO-3fnemMeHTHas  MOAEsb
npeacTaBnseT coboii Basl, B MOBEPXHOCTHbIV CMOA KOTOPOro 3arpyarTcs
OCTaTOYHble HanpsHkeHus. BHyTpeHHWIn guameTp Bana coctasnseT 110mm,
TOMWMHA CTEHKM 15mMm. [0 pe3ynbTaTtam pacyéToB M3MEHeHVe AuameTpa
coctasnno 0.0142 mm. KoppekTMpoBKa pexumMa YrnpoYHeHWs Ha OCHOBE
[LONONHUTENbHBIX PacYéTOB MO3BOMMNA COKPATUTL WM3MeHeHWe [uameTpa
Bata fo 0.01 mm. Mo pesynbTatam pacyETHO-3KCMEPUMEHTAIbHLIX PaboT
YNPOUYHEHUIO noABepranach AeTalb. M3MeHeHVe AvameTpa YnpouHAeMbIX
MOCaf04HbIX NOBEPXHOCTEN MO NOAWMNHMKK cocTasmio 0.008-0.01 mm.

BbiBoap!:

. PacuéTHoe nporHosvpoBaHue TO/[, He06XOAMMO MPOM3BOAWTL AJ1S
BCEX YMPOYHSEMbIX [eTaneil MOABEPXKEHHbIX W3MEHEHUIO PasMEpPOB U
(hopMbL.

*  YNpOoYHEeHVe MOBEPXHOCTHbIM MNIaCTUYECKUM [AehOpMMUPOBaHUEM
NPYMEHUMO B PEMOHTHOM MPOW3BOACTBE C LIE/bIO YBENMYeHUs [uameTpa
MOCaf04HbIX MOBEPXHOCTEN.

e HasHaueHne pexumoB [Apo6ecTpyiiHOl 06paboTKM TUTAHOBbIX
CNNaBoB TpebyeT TLWAaTeNbHOrO0 WCCMefOBaHMs T.K. B psAge Cy4aes
3amMeueHa GbICTPO NPOTEKAOLas pesakcalumsa OCTATOUHbIX HamnpsKeHWA,
COMpoBOXJatoLLasAca cooTeeTcTBYOWMMU TO/.

Ensuring geometric accuracy of the shafts after the shot peening
of seating surfaces
Bukatyi A.S.
SSAU, Samara

Shot peening hardening leads to the appearance of residual stresses in the
surface layer of the parts, and, as a consequence, technological residual
deformations (TRD). After shot peening hardening deformation of shaft
increase the diameter of the seating surfaces exceeding technological
tolerances, and therefore, the purpose of this work is prediction of
deformation and hardening regimes assignment to ensure manufacturing of
shafts in accordance with the elevated technological requirements for
accuracy.

The part, exposed to research - shaft of material VT-22. Hardening areas
are the seating surfaces for bearings. The solution was carried out based on
computational teclmiques that allow to implement finite element prediction of
TRD from the effects of residual stresses. According to this purpose a
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cylindrical sample of material VT-22 was made which imitates the hardened
part. The sample was hardened under the regime corresponding to the
standard technologies for the manufacturing of parts. Determination of
residual stresses was carried out by means of ASB-1 station by the method of
electrolytic etching. The resulting distribution of residual stresses is used in
the calculation of the shaft TRD due to hardening. Computational prediction
of TOD was carried out in ANSY'S. Finite-clement model is a shaft with the
residual stresses loaded in the surface layer. Internal shaft diameter is 110mm,
thickness is 15mm. Based on the results of the calculations the diameter
change amounted 0.0142 mm. Hardening regime adjustment, based on
additional calculations made it possible to reduce the shaft diameter change to
0.01 mm.

Based on the results of the calculation and experimental work the
researching part was hardened by means of shot peening. Changing of the
diameter of the hardened seating surfaces for bearings amounted to 0.008-
0.01 mm.

Conclusions:

e  Computational prediction of TRD must be produced for all the
hardened parts subjected to changes of dimensions and shape.

¢  Hardening by surface plastic deformation is applicable to the repair
production with the purpose of increasing the diameter of the seating
surfaces.

o  The assignment of shot peening regimes for titanium alloys requires
carcful research because of rapid relaxation of residual stresses in some
cases, with the relevant TRD.

Pa3paloTka cpeacTB M3MePEHU MYJILCAIIT JABICHHS
B nipoTo4uHoii wactu I'T]]
Wsanenko B H., Anekcaraposa T.I'., Jarmmesa E.C.
OAO «KY3HELIOB», r. Camapa

OmHO¥W W3 BAaOXKHBIX 337a4 B JICATCIBHOCTH IBUTATCICCTPOMTEIBHBIX
KOHCTPYKTOPCKUX OFOpPO ABILICTCS TOBBIMICHHE TOYHOCTH HM3MEPEHHSA
Iy JIbCalui AaBicHUA B poTo4HOM yactu I' T/, Ilynbcanuu JaBICHUS B Ia30-
BO3AymHOM Tpakre [T/ NOpPOKAArOTCS CPBIBHBIMH  SIBACHHSMH B
KOMIIPECCOPE, BUOPAMOHHBIM TOPECHHEM B KAMEPE CTOPAHUS M BHXPEBBIMH
JOPOKKAMH 32  IUIOXOOOTCKACMBIMH  3JEMCHTAMH IPOTOYHOH YacTH
apurarend.  Ilyascammm  JaBIeHUS — CYIIECTBEHHO — BIMAOT  HA
Ta30JUHAMHYECKYK)  YCTOMYMBOCTH  KoMmpeccopa. IlostoMy  TO4YHOE
H3MEPECHHE Iy IbCALIHH JaBICHUA ABJIACTCA BAYKHBIM pH
3KcnepuMeHTanbHOM qosoake I'T /L

Jns oOecrieueHHs BBICOKOTOYHBIX H3MEPCHUH IyJbCALMH JIABICHHA
MPESANPUHAMAIUCE  TCOPSTHYCCKHE  HCCICAOBAHHA M BBIIOTHAIICH
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KOHCTPYKTOPCKHE Ppa3pabOTKH aKyCTHYECKHX 30HJOB, IIOCKOIBKY B
MOJABIFOIEM  OOJBINMHCTBE CIYyYacB JATUYUKH  OBICTPONICPEMEHHBIX
JABJICHUH HE MOTYT YCTAHABIMBATHCS HEMOCPEACTBEHHO B TOUKY H3MEPCHHU.
Jns TOJaBNCHUS PE30HAHCHBIX SBICHHH B IOJBO/UIIIMX BOJHOBOIHBIX
KAHAJIAX MPUMCHSINCH KOPPCKTHPYIOMIHNE 3ICMCHTH (" ATHHAAS THHUA").

ABropamu pance ObUT pa3paboTaH 30HA A4 MPHMCHCHHSA B YCIOBHAX
MOBBIMICHHBIX CPENHHX [JaBJCHWH ® Ttemmeparyp B Tpakre [TJ] ¢
BOJTHOBOAHBIM KaHanoM JmuHOM 40 M mpum amamerpe 6 MM. Takxoi
aKyCTHYECKHUH 30H7 007a1acT O0NbIINMH TabapuTaMu W MAacCOH M IO 3TOH
MPUYMHE YaCTO HE YJACTCH €ro pa3Memarbh B CTECHEHHBIX YCIOBHIX
HCIBITATEIFHOTO CTEH/IA.

B pabore moka3aHO, YTO A 30HAOB, HY>KTAIOIIHMXCS B KOPPEKIHH HX
AYX, B OemIX MHHHMH3AIHH Ta0ApUTOB W MACCHI KOPPCKTHPYIOMICTO
VCTpOWCTBA [IMHHAS JIMHAS MOMKET OBITh 3aMEHCHA AKyCTHYCCKUM
mepecTpanBacMbiM  RC-(pmmpTpoM, 001agaromuM MamsIMH rabapuTaMu |
Maccoi. UTo KacaeTcs Macchl TAKOTO KOPPEKTHPYIOMIETO 3JIEMEHTA, TO OHA
MOKET OBITH CHIDKCHA HA MOPSAOK MO CPABHCHUIO C MACCOM JIMHHON JIMHUA
C OTHOCHTEIIFHO OOJBIIMM THAMETPOM IPOXOJHOTO CCHUCHHS.

[Tynscanuu maBICHHUS MPOXOAAT M3 TOUKH H3MEPSHUS B IIPOTOYHOM TPAKTE
I'T/l B moaBOAAIIMiIT BOJHOBOA 30HAA, BO3ACHCTBYIOT HA JATYMK Iy IbCALHI
JABJICHUSA W Jajee MPOXOIIT B akycTudeckuit aemmgep. [TockombKy BXOAHOE
COIIPOTHBJICHUE AaKyCTHYECKOTO JeMm(epa COTTACOBAHO C BOJHOBBIM
COIIPOTHBJICHUEM BOJHOBOJA, TO OTCYTCTBYIOT OTPA’KCHHBIC BOIHBI H JATYHK
BOCIIPHHMMAET TOJIHKO MAJAFOIIHE BOJHBI C MHHUMATbHBIMH AMILTUTY THBIMH
nckaskeHusIMH. OCOOCHHOCTBIO 30HIA SIBILICTCA HAJIMUWE ABTONOACTPOUKH
BXOAHOTO CONPOTHBICHHS Jemmepa [pH H3MCHIIOMEMCSI YPOBHE
CTAaTHYCCKOTO MaBicHHA. OCTAaTOYHASA MOTPCITHOCTH 30HAA, 0OVCJIOBJICHHAS
HEKOTOPOH HECOTJIACOBAHHOCTHIO CONPOTHBICHUS aeMIiepa, MOXKET OBITh
KOMIICHCHPOBAaHA HU(PPOBOH KOPPCKIUHCH YACTOTHOTO CICKTpPA ITYJIbCAIHI
masacHusA o nporpamme [TOBC21 — B mpeaene 3 — 7 %.

Development of GTE flow duct pressure oscillation measuring
instruments
Ivanenko V.N., Aleksandrova T.G., Diagileva E.S.
JSC “KUZNETSOV”, Samara

One of the important tasks in motor-building design burcaus activity is
improving accuracy of measuring GTE flow duct pressure oscillations.
Pressure oscillations in GTE gas-air flow duct are induced by compressor
stalls, vibratory combustion in the combustion chamber and vortex trails aft
bluff clements of the engine flow duct. Pressure oscillations effect
significantly compressor gas-dynamic stability. Thus, accurate measurement
of pressure oscillations is very important at GTE experimental development.
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The task of providing high-accuracy pressure oscillation measurements
was addressed through theoretical investigations and engineering
developments of acoustic probes since in the vast majority of cases rapidly
varying pressure sensors can hardly be installed directly at the point of
measurement. Resonance events in input waveguide channels were
suppressed through application of correcting elements ("long line").

Earlier the authors developed the acoustic probe for application under
increased average pressures and temperatures in the GTE duct featuring 40 m
long waveguide channel of 6 mm diameter. This acoustic probe features big
overall dimensions and mass, which often makes it impossible to install it in
the space-limited environment of the test stand.

The paper demonstrates that in order to minimize the overall dimensions
and mass of the correcting device, the long line in the probes requiring
amplitude-frequency response correction may be replaced by acoustically
tunable RCfilter featuring low overall dimensions and mass. As to the mass
of such correcting element, it can be decreased by an order of magnitude as
compared to the mass of a long line of relatively big flow section diameter.

Pressure oscillations are transmitted from the measurement point in GTE
flow duct into the probe input waveguide channel, effect the pressure
oscillations sensor and then proceed into the acoustic damper. Correlation of
the acoustic damper input resistance with the waveguide characteristic wave
impedance prevents the formation of reflected waves, and the sensor
perceives only the direct waves with minimum amplitude distortions. The
acoustic probe features self-tuning of damper feed impedance under variation
of static pressure level. Residual error of the probe caused by some mismatch
of damper resistance can be compensated by the digital correction of pressure
oscillations frequency spectrum according to IIOBC21 program within 3 — 7
% range.

Pa3paloTka cucTeM OXJIAKIEHHASA JIOTATOR
BBICOKOTEMITEPATYPHBIX TA30BLIX TYPOHH
3emumtHAs B.A.

MAM, r. Mocksa

Lensro maHHOM pPabOTHI ABIACTCA Pa3pabOTKAa M HCCICIOBAHHUC
TMCPCTIICKTUBHBIX CHCTCM  OXJIAKACHHS BBICOKOTCMIICPATYPHBIX Ta30BBIX
TypOWH M1 TIOBBIICHWS HAACKHOCTH M pecypca paboThl COBPEMEHHBIX
ABHAIMOHHBIX  Ta30TYPOHMHHBIX  JABHTATCIICH W JHEPreTHYECKHUX
Ta30TYPOHHHBIX YCTAHOBOK.

Bo BHyTpeHHEH MOJOCTH BXOAHONW KPOMKH OXJIQKIACMBIX COIUIOBBIX
nomarok TBJl m TH/I ycraHOBieH Ae(ICKTOp M BBHIOJHCHBI IOTICPCUHbIC
pcopa. B kaHame BRIXOJHOW KPOMKH COIUTOBOH jomarku 1B/l yCTaHOBICHA B
IMAXMATHOM TOPSAIKS BOCBMHPSIHAS CHCTCMA INTHIPHKOB. A B BBIXOJHOM
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KpoMKe comaoBoil domatku THJ[ pa3MelieHsl 4eTHIPEXpAAHAd CHCTEMA
IITHIPHKOB, PACIOIOKEHHAS B IMAXMATHOM ITOPSIZIKE, W JABYXPSAHAS CHCTEMA
TOTICPEYHBIX TICPEMBIUCK.

C 1enpl0  COBEPHICHCTBOBAHHS KOHCTPYKIHH JIONATOK IPOBEACHBI
TCIUIOBBIC M THAPABIMYCCKHAC HCTBITAHMS PA3NHYHBIX CHCTEM OXJIKICHHUI,
TAKUX KaK CHCTEMbl HAKJIOHHBIX IPEPHIBHCTBIX IECPEMBIUCK, «IIHPOKHECH
BHXPCBbIC MATPHIBI, MHOTOCCKIIHOHHBIC MATPHUIBI C H3MCHICMBIM YTJIOM
HAKIOHA pedep, a TAaKKEC MHOTOYHCICHHBIC WX KOoMOWHAanwu. Termosble
XApPAKTCPHCTHKH [JAHHBIX CHCTEM HHTCHCH(HKAIMK TEIUIOOOMEHA OBIIH
MOIYy4YEHBI IO  PE3yJbTaTaM  KAJOPUMETPHYCCKHX  HCIBITAHHH B
JKAAKOMETALIMIECKOM TEPMOCTATE, A THAPABIMYCCKHE — HA OCHOBAHHHU
H30TEPMHUYECKUX POy BOK.

C ydYeroM TPOBENCHHBIX MOJACTBHBIX WCHBITAHUA ¥  ITOIYUCHHBIX
KPHTCPHANBHBIX 3aBHCHMOCTEH IEIeCOO0pa3HO B OOIACTH BBIXOTHOH
KpPOMKH COIIOBOH jomarku TBJl yCTAHOBHTh «HIMPOKYHD» BHXPEBYIO
MATPHULY U ABa PAAA HAKIOHHBIX MEPEMBIYCK, a B COIUIOBOM Jomatke TH/ —
«IIHPOKYI0» BHXPEBYIO MATPHUIY W TPH PAJA MEPEMBIMCK. YCTAHOBJICHO, YTO
YPOBCHb HHTCHCH(DHKAIIMH TCIIOOOMEHA Al Mogu(pukammn gonarku TBJI ¢
BHXPEBOM MATPULEH U HAKJIOHHBIMH NEPEMbMMKAMH COOTBETCTBEHHO HA 45 —
70% m Ha 15 — 35% BBIIIE TIO CPAaBHEHUIO C 0A30BBIM BAPHAHTOM C CHCTCMOH
mreIpbkoB. Jma mogumdukammu somatkn THJ/| HA ydYacTKke BHXPEBOH
MaTpuubl HHTCHCH(pUKanwms Tennoodmena Ha 20 — 50% BbIIIE 0 CPABHECHHIO
C YCTBIPEXPATHON CHCTEMOM MITHIPBKOB, 4 HA YYACTKE TPEXPATHON CHCTEMBI
HAKJIOHHBIX HEpeMbIieK — Ha 15 — 30% Bblme mo CpaBHEHHIO C IBYXPSTHOH
CHCTEMOH MOMEPEUHBIX TIEPEMBIUCK.

Ha ocHOBaHmMM aHammM3a pe3yabTATOB JKCHEPHMEHTOB MPEANIAracTCs
YCOBEPIICHCTBOBATh KOHCTPYKIUKO COMIOBhIX jonarok TBJ u TH/. Hosas
TIEPCIICKTUBHAS KOHCTPYKIHSA CHCTEMbI OXJAKICHHSI COIUIOBBIX JIOTATOK
MpeACTaBILIET CO00H KOMOMHAIMIO TPEXCEKIHOHHON BHXPEBOH MATPHIIBL, H
JBYX pSIOB HAKJIOHHBIX IIPEPHIBUCTHIX MEPEMBINEK. B pe3yibraTe Ha yUacTke
TPEXCEKIHUOHHOM MATPHIIBI yJAIOCh ITOBBICHTh YPOBCHb HHTCHCH(DHKALIH
teroodomMera Ha 30%. YpoBeHb k¢ WHTECHCH()MKALMH TEILUIOOOMEHA HA
TIEPEMBIMKAX OCTAJICS IMPESKHUM H IIPEBBINIACT AHATOTHIHBIC XapPaKTCPHCTHKH
It 0a30BOTO BapHaHTa COTUIOBRIX Jomarok TBJ u TH/ Ha 15 — 30%.

Development of cooling systems of high-temperature
gas turbines blades and vanes
Zemlyanaya V.A.

MAI, Moscow

The purpose of this work is development and research of perspective
cooling systems of high-temperature gas turbines for increasing reliability
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and a service life of modern aircraft gas-turbine engines and power gas-
turbine plants.

In the internal cavity in the area of the leading edge of the cooled vanes of
high and low pressure turbines the deflector is installed and transverse ribs
are executed. In the channel of the trailing edge of the high pressure turbine
vane the cight-row system of pedestals is staggered installed. And trailing
edge of the low pressure turbine vane the four-row system of pedestals
located staggered and the double-row system of transverse trip strips are
placed.

With the aim of improving the vanes design, thermal and hydraulic tests of
various cooling systems such as systems of inclined intermittent trip strips,
"wide" vortex matrixes, multisection matrixes with variable angle of
inclination of ribs, and also numerous combinations thereof are carried out.
The thermal characteristics of these systems of heat exchange intensification
were obtained from the results of calorimetric tests in liquid-metal thermostat,
and hydraulic characteristics were obtained on the basis of isothermal
purging.

Taking into account the carried-out model tests and the obtained criteria
dependences it is advantageously to establish the "wide" vortex matrix and
two rows of inclined trip strips in the area of the trailing edge of high pressure
turbine vane, and the "wide" vortex matrix and three rows of inclined trip
strips in the area of the trailing edge of low pressure turbine vane. It is
established that heat exchange intensification level for the modification of the
high pressure turbine vane with the vortex matrix and inclined trip strips
respectively is 45 — 70% and 15 — 35% higher in comparison with basic
version of the vane with the system of pedestals. For the modification of the
low pressure turbine vane in the area of the vortex matrix the heat exchange
intensification is 20 — 50% higher in comparison with the four-row system of
pedestals, and in the area of the three-row system of inclined trip strips it is
15 — 30% higher in comparison with the double-row system of transverse trip
strips.

Based on the analysis of experimental results it is proposed to improve the
design of high and low pressure turbine vanes. A new perspective design of
the cooling system of vanes is a combination of a three-section vortex matrix
and two rows of inclined intermittent trip strips. As a result, in the area of the
three-section matrix it was succeeded to increase heat exchange
intensification level by 30%. Heat exchange intensification level in the area
of the trip strips remained the same and exceeds the similar characteristics of
the basic version of high and low pressure turbine vanes by 15 — 30%.

107



OHeHKa H3IMCHCHUA BC/IHYIMH PDAUATIBHBIX 3430POB
€ HCHO/IH30BAHNEM MOJHOPAZMEPHOIT KOHEUHO-IJIEMEHTHO
mojesm I'T/
3modun A.C.
OAO «KY3ZHELIOB», r. Camapa

Kak mpasuio, mipu BEIOOpE BEIMYHHBI MOHTAKHOTO PATHAIBHOTO 3a30pa
VUHUTBIBAIOT YIIPYTHE M TEIUIOBBIC Ac(hOpPMAIMK AWCKA, JOMATKH W KOPIyCa,
pasuaNBHBIA 3230p B MOJIIHITHUKAX W AeMm(epax omop u T.01. OgHAako Ha
HAaYQJIPHOM 3Talc MPOCKTHPOBAHHS, NPH BBHIOOPE CHIIOBOH CXEMBIL,
[EeNIeco00pa3HO TAKKE NMPOBOAMTH OICHKY M3MCHCHHUS PAJHANBHBIX 33230POB
mpu  ge(OpManMAX ~ CHIOBBIX  KOPIYCOB,  BBI3BAHHBIX  YCHJIHSIMH
MOJBCINMBAHUS. YCHINSA MOABEHIMBAHKUSI BO3HHUKAIOT BCICACTBUC JACHCTBHA
CHJIBI TSITH, BECA JBUTATEI WM IKCIUIyaTAlMOHHBIX NEPerpy3ok. Ilpm srom
BEIMYMHBI HM3MCHCHHS PAJUATIBHBIX 3a30pOB CTAHOBATCS, HApIAy C
TPeOOBAHMAMH K OKECTKOCTH W TPOYHOCTH, OJHHM W3 KPHTCPHCB
ONTHUMAJIBHOCTH KOHCTPYKIUH KOPILYCOB M CHIIOBOM CXEMBI B IICTIOM.

OO003HAYCHHYI0 33Ja4y [CJICCOO0pPA3HO pemiaTh €  HCHOJIb30BAHHCM
METOJa  KOHCYHBIX  3JICMCHTOB. Jdust 3toro C  TOMOIIBIO
CTICIMAIM3HPOBAHHOTO MPOTPAMMHOTO KOMITICKCA, Hampumep ANSYS,
BBIMOIHSIOTCS] KOHEYHO-3JIEMEHTHBIC MOJICIIH POTOPOB H 3JIEMECHTOB CHIIOBOH
CXEMBI, BKJIIOYAIONICH CHJIOBBIC KOPIYCA M CTEPKHH CHCTCMBI KPCILICHIL
BBuay TOTO, UTO HA HAYANBHOM 3TalC INPOCKTHPOBAHUS HE TpelyeTcs
BBICOKA CTENCHb JCTANM3ANMH KOHCTPYKIMH, POTOpPA BBINOJIHSIOTCA
OamoYHBIMH KOHEYHBIMH 3JIEMCHTAMH, KOPIyCa — OOOJOUCYHBIMH, a
CTCP’KHU CHCTEMBI KPEIUICHHS — KOHCUHBIMH 3JIEMCHTAMH, PabOTaIOINMHU
Ha pacTsoKCHHE-CkaTtwe. [Ipm 3TOM BCeM KOHEYHBIM JIIEMEHTAM 3aJar0TCsA
COOTBETCTBYIOIIMEC KOHCTPYKIUH TECOMCTPHUCCKHC (TOJNMIMHBI OOOJIOUCK,
TIJIOINATM CCUCHUH | T. 1.) M HHCPIUOHHbIC XapakTepucTHKU. COBOKYITHOCTH
JAHHBIX KOHEYHO-3JIEMCHTHBIX MOJEICH COCTABJLIET MOJHOPA3MEPHYIO
KOHCYHO-3JICMEHTHYF0 MOZICITh ABUTATEII.

Mogens BBIIONHICTCS TAKUM 00pa3oM, YTOOBI B IIOCKOCTAX padOumX
KOIEC ~ KOMIIpEccopa  MOKHO  OBUIO  W3MEpPUTHh  (MHCTPYMECHTAMH
MPOTPAMMHOTO KOMIIIIEKCA) PACCTOSIHHE OT OCH POTOPa J0 IIOBEPXHOCTH
craropa. /I 3TOTO B YKA3aHHBIX IUIOCKOCTSIX BBIICILIIOTCS Y3JIbI KOHCUHO-
3JIEMCHTHOH MOJENH, NPHHAJJICKAIMNE POTOPHOH M CTAaTOPHOH YaCTAM.
Byaem Ha3pBaTh TaKHC Y376l KOHTPOIBHBIMH. OmHOMY padoueMy KOJICCY
COOTBETCTBYET OJWH KOHTPOJBHBIH Y3€I HA POTOPE M HAOOpP KOHTPOJBHBIX
V3II0B, PACIOJIOKCHHBIX IO OKPY KHOCTH, HA cTaTope. Mi3MecHeHHE BEIHYHHBI
pazuamsHOTO 3a30pa OVAET PpaBHO PA3HUIC MEXKIY PACCTOSIHHHSMH OT
KOHTPOJIBHOTO y3Ja HA POTOPE 10 KOHTPOJNBHOTO V371a HA CTAarope,
H3MEPEHHBIMHA B HCXOJHOM U A¢(POPMHPOBAHHOM COCTOSIHUSIX KOHCTPY KITHH.
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OnmcaHHBIH TOAXO0 MO3BOJBICT OLICHATh MAKCHMAIBHYIO H MHHUMAJIBHYFO
BEIMYUHBI H3MCHCHHMA PAAHATBHBIX 3a30POB, HX PACHPEACIACHHE IO
OKPY’>KHOCTH [JJI1 KaKA0TO0 padouero Koleca, OBAIM3aLHI0 CTaTopa
OTHOCHTEBHO POTOPA H T.II. IPH ACHCTBHH IEPETPY30K.

Estimation of shift the values radial gaps
by using full-size finite-element model of gas-turbine engine
Zlobin A.S.
JSC “KUZNETSOV”, Samara

Typically, the value of mounting radial gap is chosen taking into account
elastic and thermal deformation of the disc, blades and housing, radial gap in
the bearings and supports dampers etc. However, at the initial design stage,
when choosing of the engine structural arrangement, it is also advisable to
assess the shift of radial gap at deformations of housings caused by the
suspension forces. Suspension forces are due to the force of thrust, the engine
weight and operating overloads. Herewith, the radial gap shift become, along
with the requirements for stiffness and strength, one of the criteria of the
optimal housing design and engine structural arrangement in general.

It is advisable to solve this task using the finite element method. For this, it
is need to make finite-element models of the rotors and the main components
of engine structural arrangement including housings and rods of the mounting
system using special software, such as ANSYS. The initial stage of the design
does not require a high degree of detail design therefore finite-clement
models of rotors, housings and mounting system rods may be made using
beam, shell and tension-compression finite elements respectively. Herewith,
finite elements are given appropriate geometric (thickness of the shells, cross-
sectional arcas and so on) and the inertial characteristics. The totality of these
finite-element models is the full-size engine finite-element model. The model
must be performed in such a way that can be measured the distance from the
axis of the rotor to the surface of stator in the planes of the compressor
impellers using software tools. For this in given planes it is allocating special
nodes belonging to the rotor and stator parts. We call such nodes as check
nodes. One impeller corresponds to one check node on the rotor and to a set
of check nodes, arranged in a circle on the stator. Shift the value of the radial
gap is equal to the difference between the distances from the check node on
the rotor to the check node on the stator, measured in the initial and deformed
state of the structure. Shift the value of the radial gap is equal to the
difference between the distances from the check node on the rotor to the
check node on the stator, measured in the initial and deformed state of the
structure.

The described approach allows to estimate the maximum and minimum
values of radial gap shift, their distribution around the circumference of cach
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of the impeller, ovalization of the stator relative to the rotor, etc. under the
influence of overloads.

MareMaTH4YeCKO€ MOIEINPOBAHNE TYPOOBHHTOBEHTILIAATOPHOTO
JBUTATEJIS MPH HCHBITAHIAX BO3AYIIHLIX BHHTOB H PEryJSTOPOB
HA CTEH/IE MOJIYHATYPHOTO MOACTHPOBAHMIS
Heanos A.B., bapanos B.B., Xunpko B.W., Jannmixua A M.
HITT «Aspocumna», r. CTynuHo

Co3manme W J0BOJKA COBPEMCHHBIX BHHTOBEHTWILITOPOB (BB) m
PETYIATOPOB HEMBICIMMBI O€3 CTEHIOB IOJIYHATYPHOTO MOJCIHPOBAHHS
(CITM). Hepeaxo moNyHATYPHOS MOICAHPOBAHHC ABIICTCA CIHMHCTBCHHBIM
CHoCOO0M TIPOBEIACHHUS MCIBITAHHH B YCIOBHSX OTKA3HBIX MM ABAPHHHBIX
CHUTyauui B CBSI3U C TEXHWYICCKUMHM IPOOIEMAMH WX MMHTAIMH, PHCKAMH H
HEONMYCTUMOCTBEO 10  NpH4YMHE omacHocTH. OTPOMHBIH — HHTEpeC
MPEACTABILIFOT HCCICIOBATCILCKAC HCIBITAHMS, ITO3BOJLTIONINE IONYYUTh
OTBET HA MHTEPECYIOIIHE Pa3pabOTUMKOB BOIPOCHI: 3aIac YCTOHUMBOCTH
cucrembl aBromarmdeckoro ympasieHusa (CAY) BB Bo Bcem amamasone
pexxkumoB padotel, oeeneHue CAY BB B OTKa3HBIX cHTyaImsix, oTpaboTka
amroputmoB  ympasncHua CAY BB, mDocTpocHHE CTAaTHYCCKHX H
JUHAMHYECKUX XapakTepucTHK BB m perymaropoB, BBIIBICHHE CKPBITHIX
Je(EKTOB B H3ACTILIX, A TAKXKE OTPA0OTKA ANTOPUTMOB U CPE/ICTB MOJICTHOH
JHATHOCTHKH.

Cospemennstii CTIM 311TTP OAO «HIIIT «Aspocuna» a0 HCIBITAHHHA
BB CB-27 u perymiropos PCB-27, mo3BoiseT mpOBOIUTH Pa3icibHBIE U
COBMECTHBIC HCIIBITAaHUA BB 1 perymTopoB, a Takke NOTHOCTHE) MOICTIBHBIC
ucnbiTanus (06e3 Hatypel). He3aBHCHMMO OT CTENEHHM HATYPHOCTH YacTh
MareMatudyeckux mMoaenei (MM) MOCTOSIHHO 3aCHCTBOBAHA B MCIIBITAHHX
(CAY, aspomumHammdecKuX  XapakrepuctTuk BB,  rmapaBmmueckmx
COTMPOTHBJICHUH KaHANOB ympamicHusA, TPA mu meurarest). JOCTOBEPHOCTH
ucnbITaHui, mpoBoauMbIX Ha CIIM, HampsAMyro 3aBHCHT OT COOTBETCTBHSA
3aM0KCHHBIX MM  peajnbHBIM O0BCKTAM, a TaKkkKe OT CIHOCOOHOCTH
HCIIOJTHUTEIFHBIX MEXaHU3MOB BOCIIPOM3BECTH mapamMeTpsl MM.

MM gBurarens mpeAcTaBisIeT 0COOBI HHTEPEC, T.K. JBHIATEINb SIBILICTCS
00BEKTOM PETYJUPOBAHKS MO YACTOTE BPAIICHHUS Bala CBOOOIHON TypOHMHBI
H CO3aeT MOTPCOHY 0 MOIMHOCTH 111 BB, obecneunBaromero HeoOX0IuMYO
Tary. IlosToMy Amd AOCTIDKCHHA  MAKCHMAJNBHOM  TOCTOBEPHOCTH
mpoBoauMbIX  ucmbitanuidi  HA  CIIM  HeoOxoamMoO  0OCCIICUHTH
BOCIIPOM3BEACHUC CTATHUCCKUX W TUHAMHYCCKUX XAPAKTEPUCTHK PEATHLHOTO
JBHTATCIA BO BCEX YCAOBIAX 3Kcmyaraumu. C 3o nensto Ha CIIM 311T1TP
MPUMEHEHA HEIMHEHHAA MOIEMEHTHAA TepMoAnHaAMuIeckas MM nBurarens
J-27. Takasg MM cnioco0HA KAYCCTBCHHO OTHCHIBATH MCPSXOTHBIC MPOICCCHI
B IOMPOKOM JHANIA30HE PESKAMOB pabOTBI KOMIIPECCOPOB M TYpOHH,
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MofenmpoBaTh paboTy [ABUraTens Ha pasfiIuHbIX BbICOTAX WM CKOPOCTHAX
noneta.

B 3aKIIOY4EHMM MOXHO CKasaTb, YTO MPUMEHEHWE  HENMHEHOW
MO3MEMEHTHON TepmognHammnyeckoin MM pgeuratens B coctase CIMM
SIBNAETCA COBPEMEHHbIM MNPOrPeCcCMBHLIM MOAXOAOM, HarpaB/feHHbIM Ha
MOBbILLEHME KayecTBa UCMbITaHUIA, COKpaLLEeHNe CPOKOB CO3A4aHUsA U AOBOLKM
BB, a Takke JOCTWKEHNE MaKCUMa/IbHOM 3th(heKTMBHOCTM pa3paboTkn BB u
perynsaTopos.

Mathematical modeling turbopropfan engine in the tests propellers
and regulators on the stand of HIL modeling
Ivanov A.V., Baranov V.V, Hilko V.1, Danilihin A.M.
SPE “Aerosila”, Stupino

Development and improvement of modem propfans and regulators are
inconceivable without stand of HIL modeling (SHM). Often, HIL modeling is
the only way of testing in conditions emergency or situation of refusal due to
technical problems of their simulations, risks and inadmissibility due to the
danger. Huge interest is represent research tests allows to get answers to
design issues: the stability margin of the automatic control system (ACS)
throughout the range of operating conditions, the behavior of ACS in
situations of refusal, testing of control algorithms ACS, receiving static and
dynamic characteristics of propfans and regulators finding out the hidden
defects in products, as well as testing of algorithms and means of flight
diagnostics.

Modem SHM 311PR JSC "SPE "Aerosila" for testing propfan SV-27 and
regulator RSV-27 allows test propfans and regulators both together and
separately, as well as conduct test of full modeling (without natural objects).
Regardless of the extent of natural objects some of mathematical models is
involved in the tests always (ACS, the aerodynamic characteristics of
propfans, resistance of hydraulic channels reducer, fuel-regulating equipment
and turbopropfan engine). Authenticity of tests on SHM depends on
truthfulness mathematical models of real objects, and the ability actuator is
reproduce parameters of models.

Mathematical model of the engine is of particular interest, since the engine
is the object of regulation of speed rotation and creates energy a need for
propfan, providing necessary traction force. Therefore, to achieve maximum
authenticity of the tests conducted on the SHM is necessary to ensure
reproduction of static and dynamic characteristics of real engine under all
operating conditions. For this purpose on the SHM 311PR applied nonlinear
thermodynamic mathematical model of engine D-27. This mathematical
model is able to qualitatively describe transient processes in a wide range of
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modes of operation of compressors and turbines, allows simulate the
operation of the engine at different altitude and airspeed.

In conclusion one can say that the use of nonlinear thermodynamic
mathematical model of engine as part of the SHM is a modern progressive
approach aimed at improving the quality of tests, reducing the time to create
and improvement of propfans and regulators, as well for achieving maximum
efficiency of development propfans and regulators.

Pa3paloTka n SKCIEPHUMEHTATILHAS 0TPAOOTKA BRICOKOYACTOTHOTO
HOHHOTO ABUTATE/ISI MAJIOH MOTITHOCTH
Kammpun JI.A., Axmerxanos P.B., boratsrit A B., 'pummn P A,
Kosxesuukos B.B.
MAM, r. Mocksa

B pamkax peammsauumu IlocraHoBneHuss No218 IlpasurensctBa PO B
MoOCKOBCKOM aBHAIIMOHHOM HHCTHTYTE coBMecTHO ¢ AO KBXA (r.
Boponexx) paspadoTaH, CO3MAH W HCIBITAH BBICOKOYACTOTHBIH HOHHBIH
asuratens (BUM/) manoit momuoctu (300 BT). Bplin BRIMOJIHEHBI PACUETHI
XapakTepuCTHK apuratelsi. Ha mx ocHOBE ObIIa paccuMTaHa TEOMETPHS
3JICKTPOAOB HOHHO-onTHUCCKOH cucteMbl (MOC). BHIMOTHCHBI TEIIOBOH H
TCPMOMEXAaHMUCCKHH  pacyueThl  JBUTATEI, IO3BOJMBINHC  BHIOPAThH
Marepuaisl anekrpoaos MOC.

Brin co3man u ucmeitad madopaTopusii o0pasen BUM /I ¢ ucnoms30BaHHEM
razopaspagueix kamep (IPK) tpéx pasweix TumoB. B xome maHHOTO
SKCIIEPHMEHTA OBLTH OTPEICIICHBI OnTUMalbHbIE (popma u maTepuan I PK.

ITo wroraM >KCHCPHUMCHTOB C TA0OPATOPHBIM O0pa3moOM OBLT CO3OAH H
HCIBITAH 3KCNCPHMEHTAIbHbI oOpazery BUM /I Manoii MOIIHOCTH, B COCTaB
KOTOPOTO TOMHMO JBHTaTCIBHOTO ONOKA BXOMIUIM CHCTEMA IHTAHUS H
yOpaBiIeHHI pa3paboTKiH MOCKOBCKOTO AaBHAMOHHOTO HHCTHTYTA, a TAKKE
610K YIPaBJICHHA Ta30PaclpeeICHHEM B KaToA-HEHTPaI3aTop pa3paboTKu
WL um. Kenapima.

B xo01e uCTBITaHUS 3KCIEPHMEHTATBHOTO 00pa3Ia ABUrareisl ObUIH CHATHI
3apucuMocTH BU-MONIHOCTH OT pacxoma pabodero Teia MpH IOCTOSHHBIX
TOKAaX HOHHOTO IIy4yka. DBBUIM TONYYCHBI XApaKTCPHCTHKH, OJNM3KHE K
PaCUCTHBIM.

B  pgampHeWIIEM —IIIAHUPYIOTCS  MEPONPHSITHA IO  ONTHMH3ALMH
KOHCTPYKIIMH JBUTATEI C LEJIbIO VIIyUIICHHS €TO OCHOBHBIX XapaKTCPHCTHK.
PesympraTel JaHHBIX pabOT MOTYT OBITH HCIOJB30BAHBI IIPH CO3AAHUH
neTHEIX 00pasnos BUM /I Manoit MOIITHOCTH.
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Development and experimental research of low-power
radio-frequency ion thruster
Kashirin D.A., Akhmetzhanov R.V., Bogatyi A.V., Grishin R A.,
Kozhevnikov V. V.
MAI, Moscow

During the implementation of the Resolution No.218 of the Government of
the Russian Federation in Moscow aviation institute together with JSC
KBKhA (Voronezh) the low-power (300 W) radio-frequency ion thruster
(RIT) was designed, developed and tested. The calculations of the main
thruster perfomance were made. On this basis the geometry of electrodes of
the grid system was calculated. Thermal and thermomechanical calculations
of the thruster, allowing to select the electrode materials, were made.

The laboratory model of RIT with using three different types of discharge
chamber was developed and tested. During this experiment the optimal shape
and material of the discharge chamber were determined.

As a result of experiment with laboratory model an experimental model of
low-power RIT was developed and tested, which in addition to the thruster
unit included a power supply system developed by the Moscow aviation
institute, and also gas distribution control unit and cathode-neutralizer
developed by the Keldysh research center.

During the test of the experimental model of the thruster the dependence of
the RF power from the gas flow rate at constant currents of the ion beam was
obtained. Characteristics close to the the calculated were obtained.

In future activities on optimization of the thruster design in order to
improve its main characteristics are planned. The results of this work may be
used to create the flight models of the low-power RIT.

IepcneKkTHBBI Pa3padoTKH CTAIMOHAPHBIX IVIA3MEHHBIX JABHT ATEICH
€ BBICOKHM YJA€CJIbHBIM HMITYJIBCOM THT'H
Kum B.I1
MAM, r. Mocksa

B noknane mpeacTaBIeHBI Pe3yIbTaThl AHAIM3A COCTOSIHUS HCCIICIOBAHUH
H Pa3pabOTKH CTAUHOHAPHBIX IIa3MeHHBIX asuratenci (CITJ]) ¢ BBICOKHMM
YACITBbHBIMA HMITYJIbCAMH TATH, BBIIIOJHCHHBIC B Poccum m 3a py6e>1<0M B
mocmenane roapl. Cosmamme CI1J] ¢ mosemmeHHBIMEH A0 3000C m Oomee
YACITBbHBIMHA HUMITY IBCAMH TATH MO3BOJIAT 3HATUTCIBHO PACIIHPUTH obmactu u
Macmradsl ux npuMmeHeHmI. C yueToM m3noskeHHOro B Poccum m B psae
3apyOCKHBIX  CTPAaH  NPOBOMATCA  CHCTCMATHUYCCKHE  HCCICIOBAHHA
naboparopubix Moaench CITJ/l pa3smuaHOH MOIMHOCTH HA PSKHMAaX PabOTHI C
BBICOKHMH YACTIbHBIMHA HMITY IbCAMHA TATH U HAYATHI paspa60T1<1/I OITBITHBIX H
aerHbIX 00pasuo CITJI ¢ MOIIHOCTBIO 10 HECKOJBKHUX KBT C yICTbHBIM
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UMMYNbCOM TAMM A0 28 Km/C. BbIBNEHbl Takke OCHOBHble MNPOGIEMbI
C03/aHns BbICOKOUMMY/NbCHbIX CIM/, K KOTOPbIM OTHOCATCS:

* - CHWKEHWe TATOBON 3((EKTUBHOCTW ABUraTens W yBelnueHue
CKOPOCTU 3p031K CTEHOK PaspsafHOl kaMepbl MpU YBeNUUYEHNN PaspsgHoro
HanpsHXKeHUs M yMeHblUeHUM pacxofa paboyero Bellectsa (PB) u3-3a
HEOOXOAMMOCTM COXPaHEHUA YMEPEHHON NAOTHOCTY MOLLHOCTM paspsja B
YCKOPUTENIbHOM KaHane;

* - HeraTMBHOe BAUsHWE 3arpA3HeHWii CTEHOK paspsaHOl KaMepbl 1 1X
YLWNPEHUA Ha TArOBble XapakTepuCTUKU ABuUraTens, 60fee CyLLECTBEHHOE
Ha peXknmMax paboTbl C BbICOKUMU PaspagHbIMK HAMPSXKEHNAMM.

B foknafie paccMOTpeHbl NpopabaTbiBaeMble B HACTOALLEE BPeMs Crocoobl
CHVDKEHWA OTPULLATENIbHOTO B/IMAIHWA NepednCeHHbIX (hakTopoB, K KOTOPbIM
OTHOCATCH:

* - OMTUMU3ALMSA MONOXKEHUA CN0A MOHU3ALMK 1 ycKopeHus (CUY) u
MaKCUMa/lbHOe COKpallleHWe ero npoTskeHHocT CUY 1n 30H 3posuu
CTEHOK pa3psjHOi Kkamepbl 3a CYET ONTMMMU3ALMU MarHWTHOro Mons B
YCKOPUTENIbHOM KaHaie M COrfacoBaHHOro € 3TMM noAbopa MAOTHOCTM
noToka PB 1 KOH(Mrypawuum CTEHOK paspsagHOin Kavepbl;

* -  «MarHWTHas  3aWuTa»  CTEHOK  paspsifHOA  Kamepbl,
npopabaTtbiBacMas B HacToslee Bpems creumanuctamm CLUA ¢ uenbio
co3fiaHus CIr1A4 c nosbiweHHbIM 10 30 KM/C yAenbHbIM UMMYNbCOM TAMU U
obecreyeHns pecypca ABUrarens 0 HeCKO/bKUX [JeCATKOB YacoB.
PaccMOTpeHbl  [OCTOMHCTBA W HEJOCTATKM Ha3BaHHbIX Crocobos WU

MoKasaHo, 4YTO 3TW BO3MOXHOCTM He MpoTMBOpevyaT Jpyr Aapyry. B
COBOKYMHOCTU C APYTMMW PELLeHVAMU NPeLCTaB/IAETCa BO3MOXHBLIM YXKe B
6vkaiiume rogbl Co34aTb OMbITHbIE U NeTHble 06pasusl CM/, MOLHOCTLIO
(5-15) kBT c ygenbHbIMU umnynscammn TAru He MeHee (3000-3500)c u c
yaenbHbIM UMNYNbCcOM TArM Ao 4000c npu MouHocTaX asuratens (25-50)
KBT, 0bnagatoLpe 10CTaTOuHO GOMBLIMM PECYPCOM.

Perspectives of the stationary plasma thruster development with
high specific impulse
Kim V.P.
MAI, Moscow

The state of the investigation and development of the Stationary Plasma
Thruster (SPT) with high specific impulse (Isp) in Russia and abroad is
considered in this presentation. Creation of SPT with increased till 3000s and
higher Isp will allow extension of their application area. Taking this into
account in Russia and other countries the systematic studies of laboratory
models of different power level operating with high Isp are conducted and
some development of the engineering and flight SPT models development
with powers of several kW and specific impulse till (2700-2800)s are made.
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During these works some general problems were distinguished and main of
them could be formulated as the following:

e - reduction of the thrust efficiency and increase of the discharge
chamber wall erosion with increase of the discharge voltage and decrease of
the mass flow rate to maintain discharge power at moderate level to ensure
large thruster life time;

e - negative influence of the accelerating channel widening and
discharge chamber wall contamination on thruster performance more
significant for operation modes with high discharge voltages and reduced
mass flow rates.

Some ways used nowadays to reduce the mentioned negative effects are
considered which are as follows:

e  optimization of the ionization and acceleration layer position and
reduction of its thickness and erosion zones length by combined
optimization of the magnetic field in the accelerating channel, coordinated
with the mass flow density in the accelerating channel and the accelerating
channel geometry;

e  «magnetic shielding» of the discharge chamber walls which is under
claboration by USA experts to develop SPT with specific impulses till
2700-2800 s with life time till several ten thousand hours.

Effectiveness of the 1st way is confirmed by the SPT-100, PPS-1350 and
BPT4000 development and life time test. Effectiveness of the 2nd one is
demonstrated by some interesting experiments made in US nowadays but as
usual some new problems appear on the new way.

It is shown in the presentation also that these ways are not in contradiction
Moreover starting with the 1st way one can finish with the second one
because to realize both ways the same solutions could be used. So,
considering the modern state of the considered problems solution one can
conclude that in the nearest future the flight SPT’s with nominal powers of
(5-15)kW and specific impulse in the range (3000-3500)s having large
enough life time could be developed.

H3mepenns JJOKAIBLHBIX AP AMETPOB IUIA3MbI B Ta30Pa3PsIHOI Kamepe
BBICOKOYACTOTHOTO IBUTATEISI MAIOH MOIIHOCTH
Kosxesuuros B.B., Xapros C.A., Uepnsii M. A.

MAM, r. Mocksa

OnmHoOW W3 HeneH COBPEMCHHBIX HCCICIOBAHUM IPH Pa3padOTKE HOBBIX
BBICOKOYACTOTHBIX HOHHBIX Apurarencii (BUM/]) ABmgeTcs NOHUMAHUE
MPOIIECCOB  TOTJIOIICHWE  JHEPIMH  IIa3MOH W3  BBICOKOYACTOTHO
JMEKTPUYECKOT0 Mol [Ipm 3TOM M3y4aeTcs KOH(QUTYpaumus CKUH-CIOS —
00JIaCTH IUIA3MBI, B KOTOPOH OCYINECTBILIETCS MTPOLECC MOTIIOMICHHUS SHEPTHH
mia3Mod. TommmHA CKHH-CIOS O OmpeAcisieT TIyOWHY NPOHHKHOBEHHSA
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JIEKTPOMATHUTHOH BOJHBI B IUIa3My, TOJNIOWHA ¢ YMCHBINACTCS IIPH
YBEIHMYCHUH KOHICHTPAUH 3IEKTPOHOB IIA3MBI 7, TaKke, IPH YBEIHYCHUH
KOHIICHTPALUH 3ICKTPOHOB ILIA3MBI /1, B CKHH-CI0€ PacTeT 3()()eKTHBHOCTH
TOTJIOIICHUS SHCPIHH.

[ToHMMAaHWIO TIPOLIECCOB CIMOCOOCTBYET WCCIICIOBAHUE PACIIPEICICHUH
JIOKATBHBIX MAPAMETPOB B IIA3ME ABUTATENI MHOTO3ICKTPOAHBIME 30HIAMHI
JlerrMropa. JKCIEPUMEHTAIBHBIC HCCICA0OBAHMS KOH(UTYPALUH TAPAMETPOB
maasmbl B BUM/l npoBOAWMMCH YUYEHBIMH W3 | HCEHCKOTO YHHUBEPCHTETA
(T'epmanmsa) B 80-X T0AaX mMpOonuIoro Beka. JlaHHBIC, COOpPAHHBIC UMH, OBLTH
MOy 4€HBI A1 pryTHOH mnazmbl B BUM /] mmamerpom 100 mm. O600mIeHHbIE
BBIBO/IBI X HCCIICAOBAHUN 3aKTFOYANTHCH B CIICAYFOIIEM:

e  HANPHKCHHOCTh  A3HMYTAIBHOTO  JJCKTPHUYECKOro momt E
MAKCHMAJIbHA HA CTEHKE rasopaspaasoi kameps! (I'PK) u cnagaer no Hyma
HA OCH,

e  Temmeparypa 3JcKTpoHOB Te MakcumanbHa Ha creHke [PK u
CIAJACT K OCH,

] IJIOTHOCTh IUIA3MbI MakCHMaidbHa HA ocH [ PK W MHHUMAanbHA Ha
CTCHKE.

3agaueil HACTOSINETO MCCJICTOBAHUS SIBISUIOCH IOATBEPKICHHC paHEe
CACNAHHBIX BBIBOAOB C HCHOJIB30BAHHEM COBPEMEHHBIX METOJ0B H3MECPEHHA
JIOKAJBbHBIX HapaMeTpoB IuiasMbl. HMccaemosanus mposoawiuch Ha BUM/L,
HCIOJIb3YFOINMH KCCHOH B KAYECTBE PAbOYEro TENa, C AMAMETPOM BBIXOTHOTO
myuka 80 mm. I'PK mBurarems mpeacraBmser codOoi momycdepy w3 cMecH
OKHUCH aTIOMHHHA U HUTPHAA KPEMHUSA, C OTBEPCTHAMH B CTCHKE I BBOAA
30HAA. IIpeacraBmeHa METOOMKA M3MEPSHHH PACHPEACICHUM 3ICKTPOHHOM
TeMmepatypsl Te W KOHICHTPALMH OJNEKTPOHOB ne B mmasmMe I'PK
IlpeacTaBiasroTCsL PEe3yIbTaThl HCCIACAOBAHUN PACHPEACICHHN JIOKATbHBIX
MAPaMETPOB IIA3MBbI MHOTO3JICKTPOIHBIMH 30HAAMH JICHIMIOPA.

HccnemoBaHusa MPOBOAMIINCH B pAMKAX peam3anmd ()eacpaabHOM HeICBOH
mporpammbl  «MccrmenoBarms W pa3palOTKH 1O NPHOPHTETHBIM
HANPABICHIAM PA3BUTHA HAYYHO-TEXHOJIOTHYECKOTO KOMILICKca Poccun Ha
2014-2020 rogsr» (Cormamenune Ne 14.577.21.0101 ot 16.09.2014).

Measurements of plasma parameters in the low power radio-frequency
ion thruster discharge chamber
Kozhevnikov V.V, Khartov S.A., Cherniy LA.
MAI, Moscow

One of the important goals of current research in the area of new radio-
frequency ion thruster’s development is the understanding the processes of
plasma power absorption from a stimulated radio-frequency electric field.
The configuration of a plasma region called skin layer is important to study —
in were the process of energy absorption by the plasma occurs. Thickness 6 of
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the skin layer determines the depth of the electromagnetic wave propagation
into the plasma. The thickness & decreases with increase of electron
concentration ne which case the increase the efficiency of energy absorption.

Study of the local parameters distributions in the radio-frequency discharge
plasma with help of multi-electrode Langmuir probes contributes to
understanding of energy absorption process. Previous experimental studies of
the plasma parameters configuration in the low power radio-frequency ion
thruster were performed by the scientists from the Giessen University
(German) in the 80s years of the last century. The data have been obtained for
mercury plasma for the radio-frequency thruster RIT-10. Generalized the
summary of their research were as follows:

o the azimuthal electric field magnitude E has a maximum at the wall
of discharge chamber and falls to zero at axis,

e the eclectron temperature 7. also has a maximum at the wall of
discharge chamber and falls at its axis,

o the density of the plasma has a maximum at the axis and a minimum
near the wall.

The objective of the current study was confirmation of previous
conclusions using modern methods of local plasma parameters
measurements. Radio-frequency ion thruster with xenon working medium
was investigated; its output beam diameter was 80 mm. The discharge
chamber was a hemisphere made of an alumina and silicon nitride mixture.
Through special apertures in the chamber wall the probe could be inserted in
plasma directly. The technique of distribution measuring of plasma electron
temperature Te and electron density ne in the discharge chamber was
presented. Also the results of the local plasma parameters distributions
obtained by multi-electrode Langmuir probe were discussed.

This work was conducted in the framework of the Federal target program
«Research and development on priority directions of scientific-technological
complex of Russia for 2014-2020» (Agreement Ne 14.577.21.0101 dated
09.16.2014).

Jla0upuHTHBIEC YIVIOTHEHUSI; MPO0JIeMbI, BO3HHKAIOIIHE
npu xcyaramin B I'T /L, uccyienoBanns U pemieHust
Koxopesa O.A.

OAO «KY3ZHELIOB», r. Camapa

O(p(eKTHBHOCTD KOMITPECCOPA M TYPOMHBI JBUraTEIl HANMPSAMYIO CBSI3aHA
¢ yTeuKOH padouero rasza W3 MPOTOUHOHN wacTH. |1 CHIDKCHHS TICPETCUCK
TIPUMCHSIOTCS PA3IMdHbIC BUABI JAOWPUHTHBIX ymiaoTHeHuH (JIY), B HuX
BO3MOXXHBI BO3HHKHOBCHHC ITOBBIIICHHBIX BHOPAIMOHHBIX HAIIPSHKEHUH H3-32
BO3ZHHKHOBCHUS B HUX a3POJMHAMAYCCKUX CHIL
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JlabmpuHTHOE  VIUIOTHGHHE HE  MOMKET  TIOJHOCTBIO  HCKIFOUHTH
MepeTekaHne raza. HampoTws, HENmpephlBHOE JBIDKCHHE Taza BIOIb
JTA0MPHHTA JCKUT B OCHOBE INPHHIMMIA JACHCTBHA JAOMPHHTA WM SBIICTCA
HENPEMEHHbBIM YCIOBHEM €T0 ()Y HKIHOHUPOBAHUS. JIAOMPHHT MOYKET TOIBKO
0CIA0HUTh MMOTOK Ta3a Yepe3 YIIOTHEHHCE.

B mpomecce JKCIIyaTanuu MNPOHUCXOAHMT IOCTEICHHOE YBEIHYCHUE
pabodero 3a30pa, BO3MOMKHBI 3aMATHE YIUIOTHHTCIBHBIX T'PEOHEH, BBIPHIBBI
OTICIBHBIX YYACTKOB YIUIOTHUTCIBHBIX TPEOHEH U T. 1.

[NoBpexncHue NTAOMPHUHTHBIX YIDIOTHCHHH IPOUCXOAWT IO CICAYFOIIUM
TIPUYIHHAM:

e BHOpamum pPoOTOpPa C  AMIUIHTYAOH  KojncOaHWS  OOJbIIe

YCTaHOBJICHHOTO 3230Da;

e  HEJIOCTATOYHOH BEIMYHHBI 3230POB B YILUIOTHCHIX;
e  HEOpEKHOHM YKIAAKK POTOPA WM YCTAHOBKH BEPXHEH KPBIIIKH.

B pesynbrare yBenmumBaeTcsa CeUCHHUE PabOvero 3a30pa, YT0 3HAYUTEIHHO
CHIWKaeT 3()(PECKTHBHOCTD VIUIOTHCHUSL.

[lpu noBOAKE MAOMPHHTHBIX YIUIOTHCHHH BOZHUKAOT IPOYHOCTHBIC
poOIeMbl BHOPALIMOHHOTO IPOMCXOXKICHUS, KOTOPBIC MPOSIBILIFOTCSI B BAMC
VCTaJOCTHBIX TPEIIMH, HAYMHAOIIMXCS OT BEPIINH rpedeinkos. B pesynprate
MPOBEACHHOTO HWCCICAOBAHMA jadmpuwHTa W3 cmmasa XH73MBTHO ¢
HapaboTkoit 26039 vac. 57 MUH. YCTAaHOBJICHO, YTO TPEINMHBI HA JTaOMPHHTE
YCTaJOCTHOTO XapaKkTepa C HAYaJIoM OT MMOBEPXHOCTHU IPEOCIIKOB.

JedexT mOBTOPHIICS HA TPEX H3ACTHAX.

[NoBropsiemocTs me(ekTa YKA3bIBACT HA KOHCTPYKTHUBHYEO IPHYHHY
medekra.

B 1a0MpUHTHBIX YIUIOTHEHHAX ITPOMCXOIT CIOKHbIC IPOIIECCHI CKATHS -
pacImmpeHUs] BO3AyXa, COMPOBOXKIAOIIMCCH OOPA30BAHUEM PA3THIHBIX
puxpei. Bizammopelicreue BHXpeil Mekay co0OH MOXKET NPHBECTH K
TIOSBIICHUIO Iy IbCAIIMH JTABJICHHS CPEIbI B VIUIOTHCHHH.

[lo ombITy NOBOAKM JBUTATEINCH HM3BECTHO, UTO OJHHUM H3 HamOoiee
3(peKTUBHBIX CTMOCO0OB OOpPBOBI C  PACTPECKHBAHHEM JIAOMPHUHTHBIX
VIUIOTHEHHH SBIBICTCSA CTYNECHYATAS MPOTOYKA MX IpedemkoB. Meponpusrue
B BHJC CTYNICHYATOH pPacTOYKH OBUIO NMPHMEHECHO M B YKA3aHHOM CIydac
KpOME 3TOTO, OBLT YCHICH JIAOMPHHT (YBCIHMUCHA TOIIIHA) MO NCPBBIM H
BTOPBIM I'PEOCIIIKOM.

Labyrinth seals: problems encountered at GTE service operation,
investigations and solutions
Kokoreva O.A.
JSC “KUZNETSOV”, Samara

Efficiency of the engine compressor and turbine directly depends on gas
leakage from the flow duct. Leakage reduction is achieved through the
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application of different types of labyrinth seals (LS), where generated
aerodynamic forces may induce increased vibrating stresses.

Labyrinth seal cannot stop gas leakage completely. Moreover, continuous
gas migration along the labyrinth forms the basis of its operation principal
and presents the precondition for its functioning. Labyrinth can only decrease
the gas flow through the seal.

The investigated labyrinth is executed according to six-tooth configuration
with two-row rake arrangement. The scal separates bearing axial thrust
balancing cavity from the gas-air duct.

Service operation results in gradual increase of the operating clearance,
potential deformation or tear-outs of the sealing rakes, etc.

Labyrinth seal damages can be caused by the following:

e Rotor vibrations with the total amplitude exceeding the preset
clearance;

e Insufficient clearance size in the seals;

e  Negligent mounting of the rotor or installation of the upper cover.

These cause factors increase the cross-section of the operating seal, which
leads to significant reduction of seal efficiency.

Development of labyrinth seals deals with the strength problems of
vibratory origin, which reveal themselves as fatigue cracks initiating from the
rake tips. The most likely cause of their generation consists in unstable
processes in the seal: air pressure oscillations and forced vibrations of
separate rakes or the whole rake row.

The investigation of the labyrinth made from HN73MBTYu alloy
(XH73MBTHO), which accumulated 26039 hours 57 minutes operating time,
proved fatigue nature of labyrinth cracks initiating on the surface of the rakes.

The same defect was reproduced in three products.

Defect recurrence indicates that it is caused by design imperfection.

Step-wise turning was applied as the corrective action. Besides, in this
specific case labyrinth seal thickness was increased under the first and second
rakes.

This defect was never detected again after this corrective measure
introduction.

Application of step-wise turning changes interaction of vortexes. The task
of analytical prediction of labyrinth seal media pressure oscillations and
development of preventive measures to avoid such phenomena becomes
really urgent.
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AHAIH3 BO3MOKHOCTH MPHMEHEHHSI BHICOKOTEMIIEPATYPHBIX
KOMIIO3HIHOHHBIX MATEPHAJIOB HA OCHOBE YIJIEPOA ¢ KePAMIYECKIMI
HOKPLITHAMI B TEIUIOHANPKEHHLIX KOHCTPYKIUAX IBATATEIEH
JerarebHbBIX anmapaTtoB pazpadorkn AO «MKB Hckpa»
Komsuios A.B.!, Tuxomupos M.A.!, Hoperko A TO.!

Copoxun B.A 2, Crupun E.A %, JTorunos A H.%, ®enopos 1.10.2,
Banyii ILB.2
'MKB «Hickpa», "MAH, r. Mocksa

DIeMEHTHI TCIUIOHANPSLKECHHBIX KOHCTPYKIMH ABHTATENCH JIETATEIBHBIX
ammaparos (JIA) paspadorkm AO «MKB Hckpa» Takme, Kak COIUIOBOH
BKIAJBINI M IIEHTPAIbHOE TEIO B PEryJLITOPE Pacxona, KOPIyca, COILUIOBbIC
BKIIAJBINIM ¥ BOPOTHUKH B Ta30I€HEPATOpPE M KaMepe CropaHus, padoTaroT B
VCITOBHSAX:

e  BBICOKHX TeMIeparyp a0 3000°C;
] CKOpOCTEH nojera npu 4yuciaax Maxa 10 M=4 u Bble (TUIIEP3BYK);
®  BO3JACWCTBHA IICPEMEHHOTO XHMHYECCKOTO INOTCHIHANA IPOIYKTOB

CropaHmsl TOIUIMBA NPH J0DABICHHHM BO3AyXd, IIOCTYNIACGMOTO W3

BO3/1yX03a00pHOTO YCTPOMCTBA H CO3/IAIOINETO OKHCIUTEIBHYIO CPEay.

BoiOop HOBBIX MaTepHanoB A CO3JAHHMSA  TaKHX  CIIOMKHBIX
TCIUIOHANPSLKEHHBIX KOHCTPYKuuWit apurartencit JIA paspadorku AO «MKB
Hckpa», KOTOpHIE 3a CUET HH3KOH IDIOTHOCTH OOCCICHUaT CHIDKCHHWE BECa
KOHCTPYKIIMH W TOBBIIICHUE TATOBBIX XaPAKTCPUCTHK, SIBILICTCS AKTYaJIbHOU
3amadeil. Hanpumep, CTeHKa KaMephl CrOPaHMS BBIMOIHACTCS, KaK MPABHIIO,
W3 BHICOKONPOYHOM CTaxM, HO C HAHCCEHHEM HECKOJIBKHX CIIOCB
TCILIO3AIUTHOTO TMOKPBITASA (T3ID), TPSICTABILIOIIHC coboH
KPEeMHHUIOPTaHMYECKHE 37aCTOMEPBI, APMHPOBAHHBIC KPEMHE3CMHBIMH H
VITIEPOAHBIMA BOJIOKHAMH. B mTore, cymmapHas tommuHa naHaoro T3I1
HMEET OTHOCHUTEIBHO BBICOKOC 3HAUCHHUE, UTO CYIICCTBCHHO CHIDKACT 00BEM
KaMepel cropanms. Mcmomb3oBanme mnonmMmepHeIx KM - caepskuBaercs
JKECTKHMH 3KCIUTY aTAHOHHBIMH OTPAHMYCHUSIMH, B YACTHOCTH TEMIIEPaTypa
JECTPYKIMH  VTJCIUIACTHKA, KaK  CaMOTO0  BBICOKOTEMIIEPATYpPHOTO
momMepHoro KM, cocrasmser He 6omee 300+400°C.

[To3romy Hambonee mepcnekruBHbIME KM, C TOUKH 3pEHHS TEMIIEPaTypo-
M 3PO3UOHHOCTOMKOCTH, OKHCIMTCIBHOW CTOMKOCTH, CTOHKOCTH K
BO3ICHCTBHIO XMMHYECKHX KOMIIOHCHTOB HPOJYKTOB CTOPAHHWS TBEPAOTO
TOILIMBA, SIBJLIEOTCS BhICOKOoTEMIIepaTy pHsle KM Ha OCHOBeE yriiepoJa Takue,
kak yraepoxa-yriepoasasle KM (YVYKM) m yraepoa-kepammueckne KM
(YKKM) ¢ TOHKEMH KEPAMHUYCCKHMH HIH KEPAMOTOAOOHBIMHU ITOKPHITHIMHA
(SiC, Si3N4, B4C u mp.).
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Analysis of possibility of application of high-temperature composite
materials based on carbon with ceramic coatings in heat-stressed designs
of aircraft engines development of JSC “MDB Iskra”

Kopylov A.V.!, Tikhomirov M.A.', Norenko A.Y.!, Sorokin V.A .2,
Stirin E.A 2, Loginov A.N.2, Fyodorov D.Y 2, Valui P.V.?

'MDB “Iskra”, "MAI, Moscow

Elements of heat-stressed structures of aircraft engines (LA) development
of JSC “MDB spark” such as a nozzle liner and the central body in the flow
regulator, housing, nozzle liners and collars in the gasifier and the
combustion chamber, are working in conditions:

¢  high temperatures up to 3000°C;

o  flight speeds at Mach numbers up to M=4 and above (hypersound);

e the effects of variable chemical potential of the products of
combustion fuel when you add air, the incoming air intake device and
creates an oxidizing environment.

The choice of new materials to create such complex high-heat engine
designs LA design JSC “MDB spark”, which is due to the low density will
reduce weight and improve traction characteristics, is an important task. For
example, a wall of the combustion chamber is usually made of steel, but
applying multiple layers of thermal coating, which is an organosilicon
elastomers reinforced with silica and carbon fibers. In the end, the total
thickness of this thermal coating has a relatively high wvalue, which
significantly reduces the volume of the combustion chamber. The use of
polymeric km is constrained by stringent operational constraints, in particular
the temperature of destruction of carbon fiber, the high temperature polymeric
CM, is not more than 300+400°C.

Therefore, the most promising CM from the point of view of the
temperature - and erosion behavior, oxidative stability, resistance to chemical
components of products of combustion of solid fuel, CM are high-
temperature carbon-based such as carbon-carbon CM and carbon-ceramic
CM with a thin ceramic coatings (SiC, Si3N4, WC, etc.).
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CoBEPMICHCTROBAHNE CHCTEM KOHTPOJIS H YIPABJICHAN ABHT ATEICH
M JHEPTOYCTAHOBOK JIETATEILHBIX ANMAPATOR BO3AYIIHOTO,
AIPOKOCMHUIECKOTO H KOCMHUECKOT0 Ga3HpPOBAHNs
Anryuun B AL, Arryaun K B!, Koxanosa C.51.!, Tlnaronos EH.!,
Jemunenko B.I1.2 SInosckas M.JI.3
KHUTY-KAH, r. Kazams:

"MBAA, r. Cauxr-Ilerepbypr;

SLIUAM um. TTLU. Bapanosa, r. Mocksa

B  TOIMMBHO-OXNAXKAAOIMX ¥ CMA304YHBIX KaHANAX, (UIbTPaX ©
(DOPCYHKAX OBUTATCIICH H IHCPTOYCTAHOBOK JICTATCIBHBIX ammaparoB (JIA)
BO3IYIUIHOTO, A3POKOCMHYCCKOTO M KOCMHYCCKOTO 0A3HPOBAHHSA MPOUCXOIAT
TCIUIOBBIC MPOLECCHI, KOTOPHIC HE BCEIAA YUUTHIBAOTCS TMPH CO3JAHUH
CHCTEM KOHTPOJIS M YIIPABJICHHS UITH HE YUUTHIBAIOTCS BOOOIIIC.

B cucremMax — TOIUIMBOTMONAYH W OXJAKACHUS  C  OKHAKHMH
YITICBOAOPOJHBIMH ~ TOPIOYMMH — MPOMCXOSIT  HCTATUBHBIC — MPOIECCHI,
CBA3AHHBIC C TePMOaKycTHueCKkuMH aprokoicOanmsamu (TAAK) masneHms, ¢
MPOIIECCOM  OcaakooOpasoBaHmi. B cucremMax CMa3Kd — IIPOILIECCHI,
CBA3QHHBIC C  OCAOKOOOpA30BAHHEM. OTH  HETATHBHBIC  IPOLCCCHI
SHAYUTCIHFHO MOHIKAFOT PECypc, HAASKHOCTh W 0C30mMacHOCTh Bcero JIA.
Heo6xoauMo0 €031aBaTh HOBBIC JATYHKH W CHCTEMbBI KOHTPOJISL, KOTOPBIC
HMCIOT  0c0o00¢  3HAYCHHE —  3TO.  ONTHKO-BH3YATH3ALHOHHBIC,
3IEKTPOMEXaHIICCKHUE; JNICKTPOHHBIC,  TCIJIOBBIC,  HCHPEPHIBHOTO,
MEPHOJMYCCKOTO, KOMOMHHPOBAHHOTO KOHTPOIA. [IpOCKTHpOBAHHE H
CO3JAaHHE AATYHKOB H CHCTEM KOHTPOJA 32 OCOOCHHOCTAMH TEILIOOTIAYH K
SKUJIKAM YTJICBOIOPOAHBIM FOPHOYMM U OXJIATUTEIIAM, K MOTOPHBIM MacaM -
JOIDKHO TIPOMCXOIWTh MAPAILICTBHO C IPOCKTHPOBAHHEM H CO3JAHHUEM
JIBUTATCISE WM JHCPrOyCTaHOBKH. Ha OCHOBE 3KCIICPUMCHTAIBHBIX
HCCICIOBAHMIA pa3pabOTaHbl U 3AMATCHTOBAHBI HOBBIC JATYMKH H CHCTCMBI
KOHTPOJII W VIPABICHHA, KOTOPBIC 00CCmeuHMBarOT wHOOpMaImeH 00
AHOMATBHBIX Tponeccax Ooproseic DBM (BLIBM), BriBomar ¢€ Ha Tabmo
JIETYMKA-KOCMOHABTA M HA3EMHOTO OMEPaTOpa, MO3BOJLIOT ONPEIACIATH B
mr000¢ BpeMst paOOThI WK THINHHBI JBUTATCI (IHCPTOYCTAHOBKH): CTCICHB
3aKOKCOBAHHOCTH KAHAJIOB, BPEMsA OO0 MOJHOTO BBIXOJA H3 CTPOS CHCTEM
TOIJIMBOTIONAYHA W CMAa3KH, PCATbHYIO TATY PCAKTUBHBIX IBHraTejicii u
SHEPrOYCTAHOBOK, BBIOOP OBHTATCICH M JIHSPTOYCTAHOBOK IS CO3JAHHA
HEOOXO0AMMOTO MMITyJIbCA IPH SKCTEHCHBHOM yhpasicHuu JIA Ha opbure m
BpeMs wux padorer, pesyabrarel O00peObl ¢ TAAK nasnemms u ¢
ocamkooOpaszosanmeM (063 JICKTPOCTATHUCCKHX TMOJCH, C  TOJUIMH,
ruOpuaHO). PaspabotaHa MeToamka yueta OCOOCHHOCTCH TCIIOOTAAYH K
SKUJIKAM YTJICBOIOPOIHBIM TOPFOUUM U OXJIAAUTEIIM, H K MOTOPHBIM MACIaM
- OpH TPOCKTHPOBAHHM W CO3AAHUH JATUHKOB M CHCTEM KOHTPOJISL 3a
HCTATHBHBIMH  TPOLCCCAMH. Jokmax ~ cOMpOBOXKIACTCS  HOBBIMH
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3aMATCHTOBAHHBIMU JATYMKAMH W CHCTCMAMH KOHTPOJA. [IpuMcHEHHe
MATepHaOB JOKJIAJA TOBBICHT PECypc, HAAEKHOCTb, O€30MACHOCTS,
3 (PeKTHBHOCTh, JIKOHOMHYHOCTH M  3KOJOTHYHOCTh TNCPCICKTHBHOM
OTCUCCTBCHHOM TEXHHKH PA3ITHYHOTO OA3HPOBAHKA H HASHAYCHHS.

The development of control systems of engines and power plants of
aircraft with aerial, aerospace and space base
Altunin V.A!, Altunin K. V.!, KohanovaS.Ya.!, Platonov EN.!,
Demidenko V.P.2, Yanovkaya M.L.2
'KNRTU, Kazan;
IMMAA, St. Petersburg;
3CIAM, Moscow

It’s evident fact that heat processes at fuel-cooling and lubrication
channels, filters and sprayers of engines and power plants of aircraft of aerial,
aerospace and space base can have place but they are not usually paid
attention when creating control systems or not counted at all.

Some very negative processes connected with thermal auto oscillations of
pressure, deposit formation can appear at systems of fuel delivery and cooling
with liquid hydrocarbons.

And there are processes connected with deposit formation at the lubrication
systems. These bad processes decrease life, reliability and safety of all
aircraft. It’s necessary that there is need for creation of new control systems,
sensors that would have their importance such as optical-imaging;
electromechanical; electronic; thermal; continuous, intermittent, combined
control. Design and development of sensors and control systems for the heat
transfer characteristics of a liquid hydrocarbon fuel and coolers, engine
lubricants must take place in parallel with the design and construction of an
engine or power plant. Based upon experimental research new control
systems and sensors have been claborated and patented. These devices can
give information about abnormal processes to onboard computers, output it to
the display of pilots and ground operators, are possible to determine at
anytime or the silence of the engine (power plant) the following: degree of
coking channels; time to complete failure of the system of fuel and lubricants;
the real thrust of jet engines and power plants; choice of engines and power
plants to create the necessary momentum in the extensive guidance of aircraft
in orbit and time of their work; the results of the fight against thermal
acoustic auto oscillations of pressure and deposit formation (no electrostatic
fields with fields, simultaneously).

The technique of the account of features of heat transfer to the liquid
hydrocarbon fuel and a cooler, and motor oil-at the design and creation of
sensors and control systems for negative processes.
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The report is accompanied by new patented sensors and control systems.
Application of materials will increase life, reliability, safety, efficiency and
environmental characteristics of perspective domestic technics of various
base and destination.

Onenka MAJIONNKJIOBOT YCTAJIOCTH HA OCHOBE MICTIONIH30BAHMS
ypasuenns Manacona-Kodduna na 0aze craTuCTHKA HCIBITAHTIA
CTAHJAAPTHRIX 00PA3NOB
Koueposa E.E.

OAO «KY3HELIOB», r. Camapa

Ja mposeneHust pacuéra JoiroseyHocTer aeraneit [T/l moBpekaaeMbIX
mo Majouukioso ycrajzoctu (MLLY), cormacHo «Hopmam NOpOYHOCTH
ABHANMOHHBIX Ta30TYPOMHHBIX ABUTATEICH IpakJaHCKOH aBHamum» OIVII
MUAM, HeoOXOOUMO  TPOBOAWTL  HWCHBITAHHA,  BBIPE3AHHBIX W3
COOTBCTCTBYHOIIUX JCTANCH (MJIH 3aTOTOBOK) 00PA3IOB, MPH <GKECTKOM», T.C.
C 33JaHHBIM [HKIOM JcopManuy, HATPYKCHHH C  PA3IHIHBIMH
ko3 purmeHTaMH acCHUMMETpPHH [HKNA AS()OPMHUPOBAHUS B C PA3IMIHBIMA
BBIICPKKAMH TP MAKCHMAIBHON Je(OpMAITHH [HKA.

Takas pabora HEe MOKET OBITH OBICTPO BBHIIOJHCHA B YCIOBHAX
nabopatopuil  OOJBIIMHCTBA NUPCANMPHATHH W3-34  OTCYTCTBHA  HJIH
HEIOCTATOYHOCTH  3K3EMIULIPOB  JOPOTOCTOSAIIET0 OOOpPYAOBAHMA A
MOAOOHBIX WCIBITAHHH, HE TOBOPSI YK O HEOOXOAMMOCTH CICIHAILHOU
aTTECTANH U MOJOOHBIX YCTAHOBOK, M TEXHOJIOTHH TIOTOTOBKH 00Pa3IOB.

Ha B3rmin asropa, Hambonee AOCTYNHBIM H JOCTOBCPHBIM SIBJIICTCS
HCIIOJIb30BAHUE JTABHO M3BECTHOTO M JOKA3AHHOTO KAK TCOPETHUCCKH (HA
6a3e TeOpHH MIIACTHYHOCTH) TAK M SKCIICPHMEHTATBHO YPaBHEHII M3HCOHA-
Kodduna.

Lenpto paboTHI SABIACTCS TOATBEP/KACHUC BO3MOXKHOCTH JOCTYKCHHS
JOCTATOYHOM  JOCTOBEPHOCTH  OLEHKH  JOJTOBEYHOCTH  JICTaJCH,
TIOBPEKTACMBIX o MEXaHH3MY MILLY, C HCTOJIb30BAHUEM
MoauduoupoBaHHOro ypaBHeHHs MoiHcoHa-Kodpdura um dopmuposanue
TIPEANIOKCHUI O TIOPSIKY €TI0 MCHOTb30BAHLL.

Panee mpuMmeHABOIMECS TOAXOABI K AHAIHM3Y JOJTOBEUHOCTH IO
compotuBiacHHKO MIIY cCTpoWmnce HA HCHOJNB30BAHHHM PE3YJIBTATOB
OUKIAYECKUX HCIBITAHWH BBIPE3AHHBIX M3 JCTANCH CTAHAAPTHBIX TTAJKHX
00paznoB u 00pa3uoB ¢ V 0Opa3HBIMH KOHIICHTPATOPAMH C PA3IMYHBIMH
paauycaMu (K03 (PHIHCHTAMHA KOHICHTPAUHH HATPSKCHHN) B OCHOBAHUH
HAZPE3a MOIYYCHHBIMHE IIPH «MITKOM», T.€. C 3aJaHHBIM ITUKIOM H3MCHEHH
HCTTO HANIPSLKCHHUSA, HATPY KCHHH 00pa3na.

B pabore mpoBeacHa o0paboTka OOMBIIOTO O00BEMA PE3YIIBTATOB
ucmbITaHus o0pasznos Ha MIY. BrsmoxHeHO MOAETMPOBAHHUE MPOBEACHHBIX
ucnbITaHui cpeacreamu kommepueckoro CAE makera ANSYS v15 ¢ mexsio
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MONYyYCHH HEOOXOAMMBIX sl pacuéra JOIATOBEYHOCTH IApaMETPOB
ypasHeHus Maucona — Ko duna.

CpaBHeHne pacuéTHBIX KpuBbIX MIL[Y 00pasnosB HA MOJEIIX M KPUBBIX
MLy TIOJIy YCHHBIX B JKCIIEPUMEHTAX T0KA3aJI0 BIIOJIHE
VIOBJICTBOPHUTEIBHYIO PabOTy YpaBHCHHS B NPHBSACHHOM BHIC LI
JKQPOTIPOYHBIX ~ HUKEJICBBIX WM THUTAHOBBIX JHMCKOBBIX CIUIABOB  H,
COOTBETCTBEHHO, JOCTATOYHYI0 TOYHOCTh pacuéra xonrosevnoctu mo MILLY ¢
HCIOIH30BAHACM MOIH(HITHPOBAHHOTO YpaBHeHHA MaucoHa-Kodduna.

Assessment of low-cycle fatigue based upon coffin-manson equation
applied to standard sample test statistics
Kocherova E.E.
JSC “KUZNETSOV”, Samara

FSUE CIAM Strength Standards of Civil Aircraft Gas-Turbine Engines
require testing of samples cut from the corresponding parts (or billets) under
hard loading (i.e. according to predetermined deformation cycle) with various
strain cycle ratios and various hold times at cycle peak strain to be performed
for life prediction of GTE parts damaged due to low-cycle fatigue (LCF).

This type of job cannot be done quickly under laboratory conditions at
most companies due to the absence or insufficient quantity of the expensive
equipment required for such testing, not to mention the requirement to
provide special certification of both the corresponding test rigs and sample
preparation techniques.

The author considers that the application of a well known and both
theoretically (on the basis of plasticity theory) and experimentally proven
Coffin-Manson equation presents the most affordable and credible approach.

The purpose of this paper is to demonstrate the possibility of achieving
sufficient confidence in life prediction of LCF damaged parts through
application of the modified Coffin-Manson equation and to formulate the
recommendations on its application procedure.

Earlier used approaches to life prediction under LCF conditions were based
upon the results of cyclic testing of standard smooth (unnotched) specimens
cut from the parts and specimens with V-shaped stress concentrators featuring
various notch-root radii (stress concentration factors), tests being performed
at soft loading (i.e. according to the pore determined net stress variation
cycle) of the specimen.

The paper evaluates a vast amount of specimen test results under LCF. The
paper presents simulation of the conducted tests through application of
ANSYS v15 commercial CAE package aimed at obtaining Coffin-Manson
equation parameters required for life prediction.

Comparison of specimen LCF design curves and LCF experimental curves
demonstrated quite satisfactory results of the reduced equation application for

125



heat-resistant nickel and titanium disc alloys and, accordingly, sufficient
accuracy of life prediction under LCF with application of modified Coffin-
Manson equation.

CucremMa MOHHTOPHHTA AHAJIOTOBBIX CUTHAJIOB AATYUHKOB PACX0/10B
7 000pPOTOB B pPeai-HOM BPEMEHH ¢ perucrpanueii n nocjieyromneii
0eCKOHTAKTHOIH KaMOPOBKOii KaHAI0B m3Mepenns B crenaoBsix HUC,
NYC npu orpadorrax JKPJl u ux arperaron
Kpacko B.A.
HMULI «PKID», r. ITepecer

[MapameTpsl m3MEpeHHsT PacXoA0B KOMIIOHCHTOB JKHAKOCTHBIX PAKETHBIX
neurarenei (OKP/I) u obopoTos TypOonacocHsIx arperatos (THA) sBismoTCst
ONTHAMH W3 OCHOBHBIX HW3MEPSCMbIX B CTCHIOBBIX HH(OPMATUOHHO-
m3mepurenbHblx  cucreMax (MUC) w®w  mHPOPMAIMOHHO-YIIPABIIMBIX
cucremax (MYC) npu crennossix ucnerranmax KPP/l u wx arperatoB. OtH
MApPaMETPBl ONPEACTIAIOT OCHOBHBIC XapakTepucTuku XKP/I u ero arperaros:
MACCOBBIE PACXOJBI H COOTHOIICHUE KOMIIOHCHTOB, YACHBHYIO TAry KPP/l u
HAIOPHYIO XapakTepucTuky THA.

IIpu 3ToM mpomecc mpeoOpa30BAHUSI BHIXOAHBIX AHAIOTOBBIX CHTHAJIOB
TAXOMCTPHICCKAX JATYHKOB pacxonos ([AP) m garumkos odoporos (J10O) B
HMITY JIbCHBIC CHTHAIIBI BO BTOPHYHBIX IpeodOpazosaresix creuaosex MUC n
NYC saBmgercs BaKHBIM MOMCHTOM, C€T0 HECOOXOOMMO KOHTPOIHPOBATS.
[Mo3roMy It HAZGKHOTO MPEOOPA30OBAHMS AHATIOTA B HMITYJIBC, OT KOTOPOTO
3aBHCHT TOYHOCTh H3MEPCHUS PACX0I0B H 000POTOB, HEOOXOJHMMO C KA’KIOTO
JATYHKA WMETh HHANBUIYAIbHBIC OCIMILIOTPAMMBI C OTOOpaKEHHEM (DOPMBI
W aMIUIATYABl CHTHAIOB HAa Pa3nmyHBIX pekmMax padortsr JKPJl m ero
arperaTtoB, HUCXOJSl W3 TOTO, YTO B PCANbHBIX VCIOBHSAX MW HA PEATBHBIX
KOMIIOHEHTAX (B OTJIMYHE OT BOJBI) 3TH IAPAMETPHI CYIIECTBEHHO MEHSFOTC,
HW3-32 BO3ACHCTBHA TCMICPATYpP, BHOpAIHI, BIAKHOCTH, CMKOCTH
MOJKITIOYACMBIX KaOeneH W 3MEKTPOMATHUTHBIX MOMEX, KOTOPHIE HCKAKAIOT
MOJIC3HBIC BBIXOAHBIC aHamoropeie curHamsl JIP mw JIO, m Tem cambiM
CHIDKAIOT HAASKHOCTh HMX IPeoOpa30BaHMSI B HMITYJIbCHBIC CHTHAJBL, HTO
BEAET K 3aHIKCHUIO MU 3aBBINICHHUIO H3MEPSIEMBIX PACX0J0B H 000OPOTOB.

[Ipenmaracmast ammaparypHoe M METOJMYECKOEC PEHICHHE MHPOOIEMBbI
MOHHTOPHHTA OIMHCAHHOTO IPOIECCa MPeOOPA30BAHNE CHTHATIOB B PEATbHOM
BpeMEHH C IH(POBOH perucrpaumeii W MOCIEAYIOmEH OCCKOHTAKTHOM
«xamuoOposkoi» KaHanos m3Mmepenms /[P m /10 B cremmossix UMC, UYC
WHIWBUIYAJTbHBIMH AHAJOTOBBIMH CHTHAJAMH, TIOBBIIIACT TOYHOCTH H
Han&KHOCTh PabOTHl YKA3AHHBIX KAHATOB M3MEPCHUS, YTO B CBOIO OHUCpPEIb
BCAET K MOBBIMICHUIO HAAEKHOCTH 0TpaboTku JKP/I u ux arperaros.
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System of real-time monitoring of analog signals of flowmeters and
rotational speed transducers with recording and subsequent noncontact
calibration of measuring channels in test-stand IMS and ICS when
testing liquid-propellant rocket engines and their components
Krasko V.Ya.

RC “RSI”, Peresvet

Propellant flow rates and turbopump (TP) rotational speeds in liquid-
propellant rocket engines (LRE) are major measured parameters in test-stand
information measurement systems (IMS) and information control systems
(ICS) when testing LRE and their components. These parameters detennine
main performance characteristics of LRE and their components: propellant
mass flow rates and mixture ratio, LRE specific thrust and TP head
characteristic.

Conversion of analog output of velocity flowmeters (FT) and rotational
speed transducers (RT) to digital signals in secondary converters of test-stand
IMS and ICS is an important issue, and it requires monitoring. Thus, to
reliably perform analog-to-digital conversion, on which the accmacy of flow
rate and rotational speed measurements depends, it is necessary to have
individual oscillograms for each transducer to know the fonn and amplitude
of signals in various operational modes of the LRE and its components,
taking into account that under actual conditions and with actual propellants
(as opposed to water) these parameters are essentially different, influenced by
temperatures, vibrations, humidity, capacitance of connected cables and
electromagnetic interference which distort the legitimate analog signals from
PT and RT and reduce reliability of their conversion to digital signals that
leads to underestimation or overestimation of measured flow rates and
rotational speeds.

The proposed hardware and methodological solution of the problem of
real-time monitoring of the described process with digital recording and
subsequent noncontact “calibration” of PT and RT measuring channels in
test-stand IMS and ICS against individual analog signals increases the
accuracy and operational reliability of these channels, and, in its turn,
enhance reliability of LRE and their components testing.

MogenvpoBaHue MPoLLECcCOB NepeHoca Tensa B BbICOKOYaCTOTHOM
WOHHOM fBUrarene
AbrapsH B.K.1, Kpyrnos K.1.1, /1é6 X.B.2
'MAW, r. MockBa;
2YHuBepcuTeT MMeHu MycTasa JInbuxa, r. M'mcceH, MepmaHus

B BbICOKOYAaCTOTHOM WMOHHOM [Buratesie /b YacTb BKﬂa,quBaeMOVI B
nnasmy B ra3opa3pﬂ,qH0|7| Kamepe BY-moLHocTH MCMOJb3yeTCA MONE3HBbIM
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00paz3oM, a IMCHHO HAET HAa 00pa30BaHKE M MOAICPKAHUE TUIA3MBI pa3psaa B
razopaspagHoi kamepe. bompmas yacte BU-MOIIHOCTH TEpAETCA HA HATPEB
V3II0B KOHCTPYKIWH JBUTATEIS, POUCXOIAIINHN M3-32 BHITAACHHUS HA CTCHKA
I'PK u moOBEpXHOCTh 3MHCCHOHHOTO OJIEKTPOJA HOHOB, 3JICKTPOHOB H
(hOTOHOB W3 ITA3MBI pPa3psAA.

Hamnbonee BaKHBIM HEKEIATEIBHBIM OOCTOSITEIBCTBOM SIBJLICTCS HATPEB
SMHCCHOHHOTO W YCKOPSFOIIETO 3JICKTPOJOB HOHHO-ONTHYECCKONH CHCTEMBI C
TMOCTICAYIOMCH TCPMHICCKON acdopManmueii 3THX 31CKTpoaoB. M3McHEHHE
MEKIJICKTPOAHOTO PACCTOSHHS BIWSCT HA HWHTETPAIBHBIC XAPAKTCPHCTHKH
JBUTATEILI, TAKHC KAK, B IICPBYIO OHUCPEAb, TSITA W PACXOAMMOCTh HOHHOTO
myuka. Takke  HArpeB  JJIEMEHTOB  KOHCTPYKUHHM  IPEIBSBISICT
JIOTIONTHUTEIIbHBIC TPEOOBAHMUS K MAaTepHalaM, HCIOJB3YEMBIM B KaueCTBE
KOMIUICKTYFOIIHX.

Jna pacuera TeMmeparyp B JBHUTAaTeC BBIOJHCHO MOJCIHPOBAHHC
TCIUIOBBIX IMPOLECCOB B MOHHBIX ABHTATEILIX IIPHMCHHUTEIBHO K JBUTATEIIFO
nopbImeHHON MomHocTH BUM/I-45, pazpabarsiBacmom 8 HUM [IM32 MAU.
JUIT pacyeToB pacmpeleicHHH TeMIOeparyp NPHMEHAICA HPOTPAMMHO-
BBIMHCIHTCTGHBIH  KOMIUIGKC ANSYS-14.5. Beima  BHIIONHCHA — CCpHsA
PpacyeTOB TEMNEPATYPHBIX PACHPEACICHUN MPH pa3JIHdHbIX 3HAYeHUsx BU-
MOIITHOCTH.

Pacuersl  BBLABHIIM ~ OPUMEPHO  JHHEHHBIH  POCT  TEMIEPATYpPBI
MOBEPXHOCTCH B JBUTAaTejc C POCTOM MOINHOCTH. Paccumransr mpodummm
TEMIIEPATYP JNEKTPOJOB HOHHO-ONTHYECKOH CHCTEMBI IO WX Paimycy,
KOTOpBIC MOTYT OBITh HCHOJB30BAHBI B KA4YECTBEC HAYANBHBIX YCJIOBHH B
pacuerax TEpMHYECKOH JeopMamHM{ 3ICKTPOJOB HOHHO-ONTHYECKOH
CHCTEMBI JBUTATEIS.

Simulation of heat transfer processes in High-Frequency Ion Thruster
Abgaryan VX!, Kruglov K.I.!, Loeb H. W 2
IMAI, Moscow, Russia;
2Justig-Liebig-Universitit, Giessen, Germany

During the operation of radio-frequency ion thruster only part of RF power
is coupled to discharge plasma in vessel. Mainly RF power courses
undesirable thruster structural units heating due to irradiation of vessel wall
and thruster grid system by ion, electron and photon components of plasma.

Heating and subsequent thermal deformation of the grids leads to changes
of thrusters’ technical characteristics. Besides the heating of structural units
imposes special requirements upon materials used.

To calculate temperature of structural units, the computer model of the heat
transfer in RF-ion thrusters was developed.

The software program ANSYS-14.5 was used in temperature distribution
calculations. A series of temperature distribution calculations was made in
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order to define temperature dependence of different units on input RF power.
Calculations revealed near linear increasing trend of the grids temperature
with growth of RF power. Radial temperature profiles of the grids were
defined along with that. These profiles could be explored in calculation of
thermal deformation of grids.

PazpaGoTka HOBOr0 IMOKOJICHNS CHCTEM YIIPABJICHHSI H ABAPUTIHOI
3AIATHI JUIA CTEHAOBBIX ncnbItanmii KPA u Y
Jucetikun B A, Toxxoxun UA.

HMULI «PKID», r. ITepeceer

HeoOxoammocTs  pa3paboOTKH  HOBOTO — MOKOJCHHSA  CTCHIOBBIX
wHpopMarmOHHO-ynpaBaomux cucteM (MYC) m cucteMm aBapuitHO#
3aomTtel  (CA3) cBsi3aHa C  BO3pacTalOIIMMH  TPEOOBAHMSAMH K  HX
TIPOM3BOAMTCIBHOCTH, OBICTPONCHCTBHIO W HAAEKHOCTH B YCIOBHIX
VCIIOKHCHUSI QJTOPUTMOB VIPABJICHHUS CTCHAOM M H3JCIHCM, KOHTPOJII
60IPIIOTO KOIMYECTBA ABAPHHHBIX MAPAMETPOB MPH OTHEBBIX HCIIBITAHMIX
BHOBb pazpadarsiBacMbx KPJ u J1Y.

HNYC/CA3 HOBOTO MOKOJEHHS OTHOCHTCS K PACIPEACIEHHBIM CHCTEMaM
ympasncHua (PCY) Ha 6a3¢ mpOrpaMMHPYEMBIX JIOTHUCCKHX KOHTPOJUICPOB
(TUIK) (yHKOHOHHPYIOINUX B PEKHUME KECTKOTO peaibHOro spemeHu. PCY
NYC/CA3 nmpeacraBiasaeT coO0H KOMIUICKC B3AHMOCBA3AHHBIX TIO JIOKATHHBIM
CeTSIM TOJCHCTEM, PpCIIAOIIMX PA3IHYHbIC 33aJa4Yd  ABTOMATH3AIUH
HCTBITAaHUHA B eAuHOM IHKIE (10 MC), CHHXpOHH3HPOBAHHOM OT TT00ANBHBIX
HasuranuoHHBIX cucteM (GPS/TJIOHACC) mo mporokony IEEE-1588

Kaxpgas w3 moacmcreM MOKeT OBITH BBINOJHEHA MO OJHOKAHAIBHOH,
IyOIMMpPOBAHHOW WM TPOHPOBaHHOM cxeme. IIpomeccopusni momyns TTJIK
mocTpocH Ha 0ase COM-momyma (Computer On Module) Tuma Nano ETX
express (Intel Atom 1.6 I'T pupmsr Kontron) u mMeeT CieAyIONIHC BHCITHIE
uaTep(eiicsl: 3 - Ethernet 1 T6ur; 4 - USB 2.0 x 4; Slot PCI express; 4 -
Space Wire; 2 - CAN; DVI; LVDS 18/24 6ut, SATA; GPSTJIOHACC;

OCHOBHBIC TEXHHUCCKAC XapAKTCPHCTHKH KOHTPOJIEPHOTO 000Dy IOBAHUS
NYC/CA3:

¢  KOJHMYECTBO KAHAIOB BBOJA/BBIBOJA JHCKPETHBIX W AHAIOTOBBIX
CUTHANOB — 710 2 ThIC. CBA3b KOHTPOIIEPA C YCTPOICTBAMHU BBOJA/BBIBOJA
OCYIICCTBIIACTCS MO HHTSPPEHCY KOCMHYCCKOTO Ha3HAaucHHA Space Wire
KOJIBIICBOH CTPYKTYPHI 1 TyOmposarHOMy CAN;

e OOMEH JAaHHBIMH MCKAY IOJCHCTCMAMM OCYIICCTBIBIETCA IIO
ormeeHOMY wmHTEpdeicy Ethernet 1 T'omr. [ma CBa3H ¢ myjiabsTaMu
orepaTopa («pydIHOS» YIPABICHUS, NIEpeJaia JAHHBIX UL PETUCTPALNH U
0TOOpaKEHH) HCHONb3yeTcs Ayomuposanusiid Ethernet 1 ['Our;

e  OICpanMOHHASA cHCTEMA — Linux ¢ S1poM PeanbHOTO BPEMEHH.
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*  Halnuue BCTPOEHHble  anmnapaTHO-MPOrpaMMHbIX  CPeAcTB
VMWTaLMOHHOTO  MOAENNPOBaHMA 00beKTa YNpaBneHWs B  PeXume
peanbHOro BpemMeHM.

Bce mogynm wn 6nokm UYC u CA3 0TeueCTBEHHOW pa3paboTkm,
MPOV3BOAATCA U U3rOTaB/MBAOTCA B Poccum (3a MCKNOUYEHMEM 31EMEHTHOW
6a3bl), 3allmLLeHbl 12-10 naTteHTaMu. Vigeonorns, apxuTekTypa, TeXHUYecKume
pewenus, onblT pabotbl NYC n CA3 onucaHbl B [ecATKax cTaTeil u
HECKO/IbKUX MOHOTpacusX.

Development of New Generation Control and Emergency Protection
Systems used in Rig Tests of Liquid Rocket Engines (LRE)
and Propulsion Systems
Lisejkin V.A., Tozhokin I.A.
RC “RSI”, Peresvet

The need for development of new generation test stand data acquisition and
control systems and emergency protection systems is dictated by increasing
requirements for their performance, response speed and reliability in view of
implementing more sophisticated algorithms to perform test facility and test
specimen control, to ensure monitoring of a great number of emergency
parameters during firing tests of newly developed LRE and propulsion
systems.

The new generation data acquisition and control systems relates to
distributed control systems (DCS) on the basis of programmable logic
controllers (PLC) designed for hard real-time operation. The distributed data
acquisition and control system and emergency protection system represent a
complex of the local network interconnected subsystems addressing various
objectives of test mn automation by means of sequence-linked operations (10
msec), synchronized via global navigation systems (GPS/GLONASS)
according to IEEE-1588 protocol.

Each subsystem can be designed with a single-channel, dual or triplicate
configuration. The processing module of the programmable logic controllers
(PLC) is configured on the basis of COM-module (Computer On Module) of
Nano ETX express type (1.6 GHz Intel Atom produced by Kontron company)
and has the following external interfaces: 1 Gbit Ethernet (3); USB 2.0 x 4
(4); PCI express Slot (1); Space Wire (4); CAN (2); DVI; LVDS 18/24 bits;
SATA; GPS/GLONASS;

The key technical characteristics of data acquisition and control system/
emergency protection system controllers are as follows:

*  Number of input/output channels for digital and analog signals is up
to 2 thousand. Connection of the controller with input /output devices is
provided via space-based interface Space Wire with loop configuration and
dual CAN;
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o  Data exchange between subsystems is performed through a separate

1 Gbit interface Ethernet. To provide interface with operators consoles

(manual command, data transmission for registration and representation),

use is made of dual 1 Gbit Ethernet;

e  Linux operating system with real time nucleus.
e  Built-in hardware-software package for simulation modelling of a
real-time control object.

All modules and units of the data acquisition and control system and
emergency protection system are designed and fabricated in Russia (except
components), the product is protected by 12 patents. The philosophy,
architecture, engineering solutions, experience in operating the acquisition
and control system and emergency protection system are described in dozens
of papers and several monographs.

Teopust HHTEHCH(PUIHPOBAHHOTO TEMIOOOMEHA MPH TYPOYJICHTHOM
TEICHNN B KPYIJIBIX TPYOaX € 04eHb BHICOKNMH TYPOYIH3aTop aMu
¢ IpUMeHeHeM 9eThIPEXCII0HOI Mo1e TN TYPOYJIeHTHOTO
MOTrPAHIYHOTO CJI0S1 VTSI ITHPOKOT0 THATIA30HA "uces PeifHobaca
u Ipanaras
Jlo6anos NL.E.

MAM, r. Mocksa

B aBHanmMOHHOM W PAKETHO-KOCMHMYECKONW TEXHHKE MPUMEHIIOTCS
TCIUIOOOMECHHHUKH, B KOTOPBIX, B PE3YIbTATC HHTCHCH()MKALMH TEIIOO0OMCHA,
MOKET OBITh AOCTHTHYTO CHIDKCHHE HMX MACCOTa0ApHUTHBIX ITOKA3aTeleH,
THAPABIMYECKUX MOTEPb, PACXOJOB W TEMIICPATYP TEIUIOHOCHTEICH; B pAAc
COyYacB 3aJajucH SBIICTCS CHIDKCHWE TEMIEPATyp MOBEPXHOCTCH
TerooOMeHa.  PacuéTHble  METOOBI  HMCCINCAOBAHHA  HWHTCHCH()HKAUH
TCIUI0O0OOMEHA TIpH TYpOYJICHTHOM TEUYECHHHM B TpyOax pa3zpaboTaHsl emé
HeAOCTaTOuHO. [log  WHTCHCH(HMKAIMCH  TCMIOOOMCHA  TMOHHMAFOTCH
MPUMCHEHHE HCKYCCTBEHHBIX TypOYIM3aTOpPOB IOTOKA HA TMOBEPXHOCTH.
PaccMarpuBaroTCsl IOBEPXHOCTH C OYCHH BBICOKMMH BBICTYIIAMH, KOTOPBIC
TMIPUMECHAMBI U 11 TPYO C mepuogudecKkuMu auadparmMamu. Moguduramms
YCTBHIPEXCIOWHOW CXCMBI BKIFOYACT B CCOS TypOYIH3ALMIO TOJBKO
TypOYJICHTHOTO sApa TOTOKA, C€CIH BBICOTA TYpOyIM3aTopa  BHIIIC
MPUCTEHHOTO Toxacios. CyINeCcTBYIONME pEmICHHA JaoT  JOBOJBHO
TMPUOMIKEHHBIC PE3YJIBTAThl OTHOCHTENBHO TOYHOTO PEHICHUS — HX
pasmIHe MOKCT OBITH JOBOJBHO 3HAUHTCIBHBIM — mopsamka (10...15)%.
INogpoOHOe pacuéTHOE WCCIETOBAHHE TEIUIOOOMEHA B TpyOax C OYCHb
BBICOKHMH TypOyJIM3aTOpaMH IIOCPEJCTBOM TOUHOTO PEHICHHS 3aJa4d O
TEIUIOOOMCHE TMOKA3BIBACT, YTO CPEIHSS NMOTPEIIHOCTH 3TOTO pacdéra Io
OTHOWLICHUIO K IKCIICPHMCEHTY COCTABILIET HOpsiaka 5%, B TO BpeMs Kak IO
cymectyrommM — oomee 10%. CaeqoBaTeIbHO, TOUHBIC PEIICHHA TOPA3I0
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KAUCCTBCHHCS ONMCHIBAIOT HWMCIOIIMICS JKCnepuMeHT. [IpeacraBicHHAS
MOJCTH IS pacyéra TCIUIO0OMCEHA TPH TYPOYICHTHOM TCUCHHH B KaHANAX C
TypOyIH3aTOpaMH, OTIMUAOINAACSA OT H3BECTHBIX MOJACICH 00J¢¢ BBHICOKOH
TOYHOCTBIO, OTCYTCTBUCM AJOMOJTHHUTCIIBHBIX Z[OHyH.[GHHfI, y‘{éTOM OoJbIIErO
YHCNIa TMapaMeTpPOB, OKa3BIBAIOIIUX BITHSTHHC Ha TPOLECC
HHTCHCH(HUIMPOBAHHOTO TCIIO0OMEHA. CYIICCTBY OIS PCIICHUA SABIISFOTCS
YACTHBIM CIIYYAaeM TOYHBIX PEHICHUA — TOUHBIC PEHICHUS SIBILIOTCSA OoJee
CIOKHBIMH TI0 OTHOIICHUI) K CYIISCTBYIOIIUM peHmeHUAM. IlomaydeHsr
TOYHBIC PCIICHHUA 33a4a4d 00 WHTCHCH()MIIMPOBAHHOM TCIUIOOOMCHE A
JAHHOH NOCTAHOBKH 3a7a4vd. B MaHHOM HCCICIOBAHMH DPACCMATPUBAIUCH
TCOPCTHUCCKUC ACTICKTHl WHTCHCH(MIHMPOBAHHOTO TCIUIOOOMCHA, KaK I
HH3KHX, TAK W I OUCHb BBHICOKHX OTHOCHTCIBHBIX BRICOT TYPOYIH3aTOPOB
JUTS TIAPOKOTO THATIA30HA Ynciaa PeHHOMBACA, B TOM YHCIC, AT OOBIINX, H
OIS Pa3sTUYHBIX 4ucea [IpaHATAA, XapakTepHBIX A Ta3000pa3HBIX
TCIVIOHOCUTEJICH U TEIUIOHOCHTEACH B BHAC KANCIbHOW >KHUAKOCTH.
PacuétHpIC JAHHBIC MO TCILIOOOMCHY VAOBICTBOPHTCIBHO COOTBETCTBYIOT
OKCIICPUMCHTAJIBHBIM OAHHBIM, WUMCA TOPa3a0 MCHBIIYHO NMOTPECITHOCTH IO
OTHOIICHHI) K TOCICIHAM, UCM CYIICCTBYIOINHC PCIICHHSA, TO3BOJIAA
MPOTHORHPOBATH TCIUIOOOMCH B TEX 00IACTAX, TAC PAHCE CIIE HET HAAEKHBIX
OITBITHBIX H paC‘{éTHBIX JAHHBIX.

The theory of the intensified heat transfer in turbulent flow in circular
pipes with very high turbulence with four-layer model of the turbulent
boundary layer for a wide range of Reynolds numbers and Prandtl
Lobanov LE.

MAI, Moscow

In the aviation and acrospace technology used heat exchangers in which, as
a result of heat transfer can be achieved by reducing their weight and size,
hydraulic losses, costs and coolant temperature; in some cases the objective is
to reduce the temperature of heat transfer surfaces. Calculation methods of
investigation of heat transfer in turbulent flow in pipes developed enough yet.
Under the intensification of heat transfer refers to the use of artificial flow
turbulence on the surface. We consider a surface with very high ridges that
are applicable to pipes with periodic diaphragms. Modification of the four-
layer circuit includes turbulence turbulent flow core only if the height of the
baffle above the boundary-sublayer. Existing solutions give a fairly
approximate solutions to the exact results - the difference between them can
be quite significant - about (10 ... 15)%. Detailed study of the calculated heat
transfer in pipes with very high turbulence by the exact solution of the
problem of heat transfer shows that the average error of this calculation with
respect to the experiment is about 5%, while in essence - more than 10%.
Consequently, the exact solutions far superior describe the existing
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experiment. The model for calculating heat transfer in turbulent flow in
channels with turbulence, which differs from the known models more
accurately, the lack of additional assumptions, taking into account a larger
number of parameters that influence the process of intensified heat exchange.
Existing solutions are a special case of exact solutions - exact solutions are
more complex with respect to existing solutions. The exact solution of the
problem of heat transfer to intensify this problem statement. This study
examines the theoretical aspects of the intensified heat exchange, for both low
and very high relative heights of turbulence for a wide range of Reynolds
numbers, including for large, and for different Prandtl numbers typical of the
gascous heat transfer and heat transfer in the form of liquid drops. Calculated
data on heat transfer in satisfactory agreement with the experimental data,
with a much smaller error with respect to the latter than the existing solutions,
allowing to predict heat transfer in areas where previously there are no
reliable experimental and calculated data.

AHATIH3 BO3MOKHOCTH MCIIOJIH30BAHNSI MPHHIATIA «OTBEP/ICBAHUSD
JUIS1 OTIPeAesICHISI TSITH IBHTATEIS MPH CTEHI0BBIX HCIBITAHHSX
KpynHoMacmTadHoii crenaoBoii moaemm [JLJI
Jesunxmit JI.J1., Cagprauros B[,

JIMA um. M .M. I'pomoBa, r. XKyKOBCKHI

Bomnpocsl wWHTErpanmmu CHIOBOH YCTAaHOBKH M IUIAHEPA IPHOOPETAIOT
BOXHOC 3HAYCHUC ITPH Pa3paboTKE TMIEP3BYKOBOTO JIETATEIBHOTO AMIapara.
Cuma t1aru CYmICCTBCHHO 3aBHCHT OT BHCIIHCTO CONPOTHUBJIICHUIA,
OTIPEIC/BIEMOTO  B3AMMOACHCTBHEM IUIAHEPA W TOHJOIBI JBHTATEIl B
MPUCYTCTBHU PEAKTHBHOM CTpyH. [103TOMY IpaBOMEpHA MOCTAHOBKA 3aJa4H
pasrpaHMvMEHMsI CHJI M aHaum3a uX [pu  padoTe THIEP3BYKOBOTO
MPAMOTOYHOTO BO3AYIIHO-PEAKTHBHOIO ABUratesl. HekoTopele W3 3THX
BOIMPOCOB MOKHO PCINATH MPH UCTIBITAHWHA ABHUIATCIIA, HHTCTPHUPOBAHHOTO C
I'JUL, ma creHzge, apyrue - B n€rHbIx ucnbiTaHusax [TIBPJl Ha neraromieit
nmaboparopun (Moaem). Ha crenze Bce CHIBI XapaKTEPH3YIOTCS PEAKIUSIMHE
OTIOp, KOTOPbIC H3MEPSIOTCA TCH30METPHUHUCCKON CHCTEMOH, M JOMOTHSIOTCA
BBIMUCJIICHUAMHA IO H3MCPCHHAM I[aBJ'IeHI/Iﬁ U TCMIICPATYP MO BHCIMHEMY H
BHYTPEHHEMY  KOHTypaM  apuraressl.  HeoOXoammo — pasrpaHHYHTH
COBOKYITHOCTb BCEX CHIL

HpeZ[CTaBJ'IeHBI PE3YIbTATEI AHATH3A TATOBBIX XAPAKTCPUCTHK ABHIATCIIA
HA OCHOBE 3aKOHA M3MCHCHUS KOJIMYECTBA IBIKCHIS M 3aBUCUMOCTCH MEXKTY
napaMeTpaM IOTOKA, KOTOPBIC HCHOJB3YKOTCA B MJHHAMHUKEC ABIKCHIA
MEPEMEHHON MAacChl. PacCMOTpEeH BApHAHT pa3AcicHHA CHI HAa OCHOBE
TMPUHIMIA «33aTBEPACBAHIS» M TIOKA3aHbl BO3MOXKHOCTH OIPEICIICHUS
TATOBBIX XaPAKTCPUCTHUK 10 PE3YJIbTAT H3MCPEHHUN HA CTCHIC.

[TpuHIMIT «3aTBEPACBAHASDY 3AKIFOUACTCS B CICAYIOMIEM.
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YpaBHCHUS OBIKCHHSA TBEPAOH OO0OJOUKH TCPCMCHHOTO COCTABA B
HpOI/ISBOJILHBIfl MOMCHT BPCMCHH 4 MOIYyT OBITh 3aIHCAHBI B BHUAC
YPaBHCHUH ABMXKCHUA TBEPAOTO TEJA, €CJIM NPEACTABUTD, YTO B 3TOT MOMEHT
BPEMEHH CHCTEMA MEPEMEHHOIO COCTaBa <«3arBepicia». IlpuHMMaeTcs
«3arBEPACBLICC» TCJIO W3 MATCPHATIBHBIX YACTHL, 3aMKHYTOI'O0 B MOMCHT

BPEMCHHU ! BHYTPH HMOBEPXHOCTHU S , OXBATBIBAIOLICH ABUTATEIb U<GKUIKUN
KOHTYP» BICPEON BXOTHOTO cormia. K TakoMy (DHKTHBHOMY TBEPAOMY TCIY
TIPUJIOKCHBL
BHCIHUE CHUIBI,
PCAKTHUBHBIE CHUJIBL,
KOPHOJIHCOBBI CHJIBL,
BAPUALUOHHBIC CHJIBL
Jna TpHHATOTO KOHTPOTBHOTO 00BEMA B 3aKOHC 00 W3MCHCHHH
KOJIMYECTBA ABIYKCHHA PACCMATPUBAIOTCS BCE YKA3AHHBIC CHIIbL. MCHIBITAHUS
mozayist [TIBPJ, uaterpuposansoro ¢ (rozempxeM [JIJI, HA cTeHAE MOKHO
MPOBECTH B TEPMOA3POIMHAMHUYUCCKUX YCIOBHAX, OMM3KHX K HATYPHBIM.
PaccmarpuBaroTca pa3aMyHbIC BAPUAHTHI HATPY >KEHUL
° TpH ACHCTBUH TOIBKO CHITHI TsokecTH KCM,
] TIPH ACHCTBUH JOMOJHUTEILHO K HEH a3POIMHAMUYECKUX CHIT,
] MpPH JCUCTBHHM JOMOJIHUTCIBHO K HEHM A3POJMHAMUYECKHX CHUI H
CHUIBI TATH ABHTaTelns (0€3 OBOPOTA BEKTOPA CHIIBI TSATH H C TIOBOPOTOM).
Ilpu wcoerranmu  wHTErpHpoBaHHoro Moayiast KCM  BosHHKaroT
BEPTUKAJIbHBIC peakuuud omop. MCmomb3yd HX H3MEPEHHS, MOKHO
JOMOJHUTEIIBHO ONPEACTUTh A3POAHMHAMHYECKHE Xapakrepuctuxku [JIJL
[TposeacHs! creHnoBBIC HCBITaHHS KCM.

An investigation into possible application of the “solidification” principle
for determining thrust during bench tests of a large-scale hypersonic
flying laboratory (HFL) bench model
Lovitsky L L., Sadrtdinov V.D.

Flight Research Institute, Zhukovsky

The issues of propulsion-airframe integration are becoming increasingly
important for hypersonic aircraft design. The thrust is substantially dependent
on the external drag, specified by the interaction of the fuselage and an engine
nacelle in the presence of a jet. The right statement of the problem is,
therefore, to delimitate the forces and to analyze them with a hypersonic
ramjet engine (HRE) running. Some of these problems can be solved by
bench- testing an engine integrated with a hypersonic aircraft, and other
problems can be solved by flight-testing HRE aboard HFL (the model). All
the forces arising on the test bench are characterized by support reactions
measured with a strain gauge system, and are supplemented by the
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calculations based on the data obtained from measuring pressure and
temperature on the surface of core and bypass ducts. All of the forces should
be separated.

The results of propulsion performance analysis based on the law of
variation of momentum and the relationships between the flow conditions
used in variable mass dynamics are presented. An alternative application of a
force separation method based on the "solidification" principle is considered,
and some possibilities of determining propulsion performance based on bench
measurements are shown.

The “solidification” principle resides in the following.

The equation of motion for a solid shell of variable composition at arbitrary
time t can be written in the form of an equation of motion for a solid body if
we imagine that the system of variable composition has solidified at that
point. A solidified body of material particles closed at time t inside the
surface S covering the engine and the “liquid duck™ ahead of the inlet nozzle
is adopted. The following forces are applied to such a solid-body dummy:

e  cxternal forces;
e  reaction forces;
e  coriolis forces;
e  variational forces.

All of these forces are considered in the law of change of momentum for
the control

volume taken. The bench testing of a HRE module integrated with a HFL
fuselage can be conducted under thermo-aerodynamic conditions close to
natural ones. Different options of loading are considered:

e under the influence of large-scale bench model (LSBM) gravity
only:

¢ under the action of gravity and extra acrodynamic forces;

o  3.under the action of or gravity and extra aecrodynamic forces and
engine thrust (with and without thrust vector rotation);

e  When testing the integrated LSBM model vertical reactions would
occur. By measuring them, HFL aerodynamic characteristics can be also
determined. LSBM bench tests were conducted.

AHaJN3 TPHHIATIOB PA0OTHI H OTpeAe/ieHne OCHOBHBIX 32,124 O3/ AHMSI
BBICOKOYACTOTHBIX HOHHBIX JIBHTATECJICH
Jomres C.O., Aponos IT.A., [lImaros /.I1., Hataneucako T. [,
BI'TY, r. Boponex

Lenbto naHHOM PAOOTHI SIBIBLICS AHAIN3 OCHOBHBIX MPHUHIUIIOB M MPOOIEM
KOHCTPYHPOBAHUA BICOKOYACTOTHBIX HOHHBIX Apurarencit (BUM /), a Taxxe
OBLTH pacCMOTPEHBI PE3yIbTaThl PadOT MO JaHHOM TeMmaTnke B Poccum u 3a
pyOcKOM.
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OCHOBHBIM  NPHHIMIHUATGHBEIM  orTimumeM BUMJ[ ot  apyrmx
3JECKTPOPAKETHBIX JBHTATENCH ABIACTCA HHHULMHPYEMBIN 34 CUCT MOJAYH HA
HHAYKTOP 3JIeKTprdeckor sueprun BY pazpsa. Hamrume noxoOHOTO paspsaa
MO3BOJIET  OTKA3aTbCA OT AHOAHOTO OlOKa M OT  JIICKTPOJAOB,
00CCIICUNBAOIIIX 3QKUTAHUE M WHUIUALNWIO pa3psaa mia3msl BHyTpH [ PK,
YTO MPUBOAMT K YIPOINCHHWIO KOHCTPYKTHBHOM CXEMBI JBHTATCISI H
MOBBINICHAK) €r0 HAACKHOCTH. [IoMHMO 3TOr0 NEpEYHCICHBI OPYTHE
npenmynectsa BUM /L, seinemsronme ero cpeau JP /1.

B nanHOHM paboTe pacCMOTPEHBI CIOMKHOCTH, BO3HUKAIOIINE HA JTame
KOHCTPYMPOBAHWS JBUTaTensd. [IpWBEencHBI BApHMAHTBI HMX  PCIICHUS,
PYKOBOZCTBYSICH OIBITOM, JOCTUTHYTHIM B HAIICH CTPAHE M 32 PYOCHKOM.

OTMeUeHBI HAay4dHbIC MPOEKTHI, paspaboTaHHble B ['epMaHNm MO JaHHOH
TEMATHKE, a TaKKe PAacCMOTPeHHI paspadorkum BUW/JI, mportekaromme B
corpyaamyectee HUM TIM3 MAM m KBXA. Pabora sBexercs mpu
(punancosoi mogaepsxke [Ipasurenscrea PO (MunoOpraayku PO).

Pe3ymbTaToM BBITOJHEHHON pPAabOTHI ABACTCA IPOBEACHHBIH AHAIM3
koHCTpykimu BUW/Jl, maHO ommcaHWC pa3padOTOK MO JAHHOH TCMATHKC,
MPEACTABICHBI MPEUMYILECTBA, Bhlacsronme BUM /[ mo nokasaressaM TIrd u
VACIBHOTO UMITY TbCa cpean OP /1,

Analysis of the principles of work and definition of the main objectives
of creation of radio-frequency ionic engines
Lomtev S.0., Dronov P.A., Shmatov D.P., Natalchenko T.D.
VSTU, Voronezh

The purpose of this work was the analysis of the basic principles and
problems of designing of radio-frequency ionic engines (RIT), and also
results of works on this subject in Russia and abroad were considered.

The main fundamental difference RIT other electric propulsion is initiated
by supplying electric power to the inductor radio-frequency discharge. The
presence of radio-frequency discharge eliminates the anode structure from the
electrodes and ensuring the ignition and initiation of the plasma discharge
inside the discharge chamber, which leads to a simplification of the
constructive design of the engine and increasing its reliability. In addition,
other advantages are the RIT distinguish it from electric propulsion.

This paper discusses the complexities involved in the design stage of the
engine. Variants of decisions based on experience gained in our country and
abroad.

Noted research projects, developed in Germany, on the subject and
discussed the development RIT occurring in collaboration Scientific Research
Institute of Applied Mechanics and Electrodynamics of Moscow Aviation
Institute and Chemical Automatics Design Bureau of the Voronezh State
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Technical University. The work is funded by the Government of the Russian
Federation (Russian Ministry of Education).

Result of the work is to analyze the structure RIT, describes developments
on this subject, presented the benefits of allocating RIT in terms of thrust and
specific impulse among the electric propulsion.

BymstHie 0THOCHTEILHOTO PazMepa NMePBOTo 30H10AePIKATETsI
MIUTHHAPHYIECKOTo 30H1a JIeHrMiopa Ha pe3y/IbTATHI JIOKATHHOM
JAVATHOCTHKY IJIA3MBI
Mamepos ILE.

MAM, r. Mocksa

HGJ'IBIO Z[aHHOI\/’I pa60TI>I ABJIAJIOCH BBIABIICHHC BIMAHHA OTHOCHTCIIBHOTO
pasMepa HepBOTO 30HAOACPKATEN IITMHAPHICCKOTO 30HAAa JIeHrMiopa Ha
Pe3yIBTATHI JOKAIBHOM JUATHOCTHKH.

Pamuyc mepBoro 30HIOACPKATEA, KOTOPBIH JO/DKCH OBITh MHOTO MCHBIIC
CpemHCH HHBI CBOOOJHOTO MpPoOEra 3JCKTPOHOB SBHICA OCHOBHBIM
TIPEAMETOM PACCMOTPEHHS B HACTOSINEH padoTe, MOCKOIBKY UMEHHO IIEPBbIH
30HIOACP)KATENb CIIOCOOCH MOHU3UTh KOHIICHTPALMIO 3JCKTPOHOB H
H3MEHUTH IPYTHE MApAMETPBI H3y4YAEMOH MIA3MBI B MECTE €€ 30HIUPOBAHUS,
YTO CYOICCTBCHHO CKAa3bIBACTCA HA KAYCCTBE JIOKAJNHHOH JMATHOCTHKH
IIJ1a3MBI.

B nacrosimieit paboTe HCMOIb30BANNCH TPH BUAA HUIHHAPUICCKUX 30HI0B
w3 Bomb()pamoBod HuTH amameTpa 0,15 mM. Bce onm Obumm CHAOKCHBI
30HAOACPKATCILIMHU OTHOTO auamerpa — 1,6 MM, Mines paboThl 3aKI0OYAIach
B MOJIy4YCHHUHA MOKa3aHHI 30HAOB PA3HBIX OJUH C OOAWHAKOBBIM BOSI[GfICTBI/IGM
HAa HHUX TICPBOTO 30HAOACPXKATEI, VBEIMYCHHAS HMOBEPXHOCTH KOTOPOTO,
PacTONOKEHHAS PIAOM C 00IACTHIO 30HAMPOBAHUS, CIIOCOOCTBYET YCHIICHHIO
peKOM6I/IHaI.[I/II/I HA HCH SAPSHOKCHHBIX YACTHUIl IJIa3Mbl H, CJICAOBATCIIBHO,
CHIDKACT YPOBCHb HMOHM3AI[MOHHOTO PABHOBECHS B M3Y4acMOil ILIa3Me.
Iumuuapuyeckuid  30HA ONPEACTEHHON JUIMHBL YCPEAHACT IApaMeTphl
OXBATBHIBACMOM HM IJIa3Mbl, U IJ1 30HAOB PA3JIMYIHBIX JJIMH HCHU3MCHHOC
JOKATPHOC HCKAKCHHE ITAPAMETPOB ILDIA3MBI OKOJO 30HIAOACPKATENA II0-
Pa3HOMY BIHACT HA PE3YIBTATHI M3MEpPCHHH. B paboTe MCMOMB30BaH TaKOH
JWANa30H UIHH 30HAA, KOTOPHIH IMO3BOIHI YKA3aTh HEKOTOPYIO MX TPAHUILY,
3a mpeAciaaMu KOTOPOH BO3MYIIECHHS PAcCMATPHBACMOTO BHIA CTAHOBATCA
MEHBIIE 00IEH MOTPEITHOCTH 30HI0OBBIX H3MEPCHHH.

B pabGore ommcana opraHm3anmusa OKCIOCpUMEHTA ¢ miaasmoi BY
uHAYKIHOHHOTO (BUM) paspsaa B KCEHOHE W 30HAOBBIC HM3MEPCHUS,
BBINOTHSBIIHECS TIPH MOMOIIM 30HA0BOM ctaHumu Plasma Sensors VGPS-12.
Psan texmmueckumx ocobeHHoctelr VGPS-12 mpuBOASAT K HMOBBINICHHUFO
TOYHOCTH PEC3YyJIbTATOB MOHATHOCTHKH IIJIA3MBI, CBOA, HANPHMCDP, IOJIC
NOTPCITHOCTH I/ISMepeHI/II\/II KOHICHTPAIUHA J3JICKTPOHOB K BCIIMYWHE MOPAOKA
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110%. K 3TEM OCOOCHHOCTAM OTHOCATCS. TPHMCHCHHC METOJA
JlproBecTeiiHa, KOTOPHIH HE TPEOYET aNpPHOPHBIX MPEATIONOXCHUH 0 (opme
()YHKOME pacTIpeJCICHUS JICKTPOHOB IO SHEPTHSIM, B OTJIMYHE OT JIFOOBIX
JPYTUX  30HAOBBIX  MCTOAWK, IIOJABJICHWC  3HAYMTEIBHONH  YacTH
MOTPEITHOCTEH C IOMOINBIO 3alIMTHOTO OMOPHOTO 3JEKTPOJA C PAa3BHTOH
MMOBEPXHOCTBIO, OYHMCTKA IMOBEPXHOCTH 30HAA HOHHOH OOMOApAMPOBKOH H
HarpesoM BY Tokamu.

Jannas pabota 3aBepmiacTcsi aHAIM30M TMOIYYCHHBIX PE3YJIbTATOB,
TMO3BOJUBIIAM  C(HOPMYTHPOBATh PCKOMCHIALMH TI0 BHIOOPY OCHOBHBIX
pa3MepoB IMIMHAPHYCCKUX 30HIOB JIGHTMIOpa C HEIBbI0 OOECIEUCHHS
MIPUEMIIEMOH TOYHOCTH JUATHOCTHKHY IUTA3MBIL.

Influence of a relative dimension of the first probe holder of a cylindrical
Langmuir probe on the results of local plasma diagnostics
Masherov P.E.

MAI, Moscow

The purpose of this work was to study the influence of the relative size of
the first probe holder of a cylindrical Langmuir probe on results of local
plasma diagnostics. Radius of the first probe holder was the main probe
parameter to be considerated in the present work. This part of a probe can
lower concentration of electrons and change other parameters of plasma in the
measurement area which can significantly affect quality of local plasma
diagnostics.

Three lengths of cylindrical probes made of tungsten thread 0.15 mm in
diameter were used. All of them were supplied with probe holders of the
same outside diameter — 1.6 mm. In such situation they influenced
measurement results in different ways: the shorter probe tip, the deeper
relative influence of its probe holder lowering plasma ionization along probe
length on which plasma parameters are averaged. Therefore shorter probes
show decreased level of plasma parameters. In the present work such range of
probe lengths was selected that allowed for determination of a limit outside
which measurement perturbations were less than general error of probe
diagnostics. This choice was based on the proposed ratio of probe collecting
surface and part of probe holders surface that was the most important for the
phenomenon considered in this work.

These measurements were carried out in xenon plasma generated by
inductively coupled plasma (ICP) discharge using probe station Plasma
Sensors VGPS-12. A lot of technical features of VGPS-12 resulted in
increased accuracy of probe diagnostics, for example, reducing measurement
errors for electron concentration to the level of +10 %. The main of them are
as follows: application of Dryuvesteyn method that doesn't require
preliminary assumptions concerning electron energy distribution function
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form, unlike any other probe techniques, compensation of considerable part
of measurement errors using of large collecting surface, reference electrode,
cleaning of probe surface by means of ion bombardment and RF current
heating.

In conclusion the analysis of the obtained results was carried out showing
length of cylindrical Langmuir probes that ensured the acceptable probe
diagnostics accuracy.

Anamms3 KOHCTPYKTHBHBIX CXCM ’M0KHAX METALI/INIeCKIX PYKaBoOB
H BJIUSTHHC UX HA THAP ABJIMYICCKHUC T TAJ0AHHAMHYICCKHAC
XaPAKTePHCTUKA
Myp3ua A H.

OAO «KY3HELIOB», r. Camapa

Imoxme werammueckue pykaBa (IMP) sasmmorcs  3((CKTHBHBIMEA
KOMIICHCAIMOHHBIMH ~ 3JIEMCHTAMH B  TPyOONPOBOAAX Ta30TypOMHHBIX
JBHTATCIICH.

K OCHOBHOMY HETOCTAaTKy METAIMYCCKUX PYKABOB MOXKHO OTHECTH HMX
MOBBIMICHHOE THAPABIMYECKOE COMPOTHBICHUE. [10 pesyapraram mpoayBKH
rmaakoro tpybomposoaa u I'MP ¢ oauHAKOBBIMH KOH()HTYPAIMSIMH OBLIO
YCTAHOBJICHO, YTO MOTEPH JABJICHHUA B pykase B 1,5...4 pasa Belmie, 4eM B
TpyOe.

OCHOBHBIM KOHCTPYKTHBHBIM 31eMeHTOM ['MP, BamsmommMm Ha €ro
THAPABINYECKHE M  Ta30AMHAMHYCCKHEC  XapPAKTCPUCTHKH,  SIBIIETCA
ropuposBanHas obonouka. OHA COCTOMT M3 TrO(POB, KOTOPHIC IO THILY
OBIBAFOT KOJBLECBHIMH M BUHTOBBIMH. KOJBIEBBIC WM MAPAILICTbHBIE TO(PPHI
3aMKHYTBI CAaMH Ha Ce0sl W PacHOJIOKEHBI HA PABHOM PACCTOSHHH JPYT OT
apyra. BunToBEIE TO(pPHI HpEeAmoIaraeT OJHY CHHPadb C PABHOMEPHBIM
MaroM TO BCCH IWHC pykaBa. BHXPCBBIC TCUCHHUSA, OOpPA3yIOIIHCCHA B
roppax, SBIFOTCA  WCTOYHHKOM  IIOBBIICHHOTO  THAPABIMYCCKOTO
CONPOTHUBJICHHA, KOTOpbIC C YBEIMUCHHEM 4uCia PeifHOMbACA OKa3BIBAKOT
pEIIaroIee BIMSHAE HA MTAPAMETPHI MOTOKA.

OCHOBHBIMH TEOMETPHUCCKHMHU XaPAKTEPHUCTHUKAMH Y TO(POB SBILTIOTCS
ux BbicoTa W mar. OHU BBIOMPAIOTCS TAaKUM O0pa3oM, 4YTOOBI Hpodmib
ropos HamoMuHAN WO (PopMe WHPPY BOCEMBb. ITO MO3BOJACT YMCHBIIHUTH
MOTEPH HANOpPa MPH ABHYKCHUH JKHAKOCTEH M Ta3oB [1]. YcTaHoBaeHO, 4YTO
YeM MCHBINEC IMar ro(poB, TEM MCHBINC THIPABIMYCCKOE CONPOTHBICHHUC
pykaBa. OgHAKO HE CICAYCT BBHIOMPATh BCIMYWHY IHATA, TPH KOTOPOH
cocemame To(psl OyayT compuracarscs. KacaHue nmpusoauT k ae()opManud 1
W3HOCY B pE3yAbTare TPEHHSI INIPH HM3THOAX M, B KOHEUHOM CUETe,
cnocobctByer morepe repmermunoctd ['MP. Tosromy mpu BBIOOpE Imara
mpo st CexyeT 00SCIEYHTh TAKUE PAa3MEPBI, KOTOPBIE TAPAHTHPOBAIH OBI
TIOJIy YEHHE MAUHUMAJBHBIX 3230POB MKy roppamH.
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AHATOTHYHAS KAPTHHA HAOMFOIACTCA MPH YMCHBIICHAH BBICOTHI TO(POB —
THAPABIMYCCKOC COMPOTHBIICHAC PYKABA YMEHBINACTCA, TAK KaK IS MOTOKA
oOTexanue mpo(Ht TO(PUPOBAHHOH 000TOUKH YIIPOIIACTC.

OKCIICPUMEHTATBHBIM ~ MYTEM  YCTAHOBICHO, YTO MPH HPOTCKAHHU
JKHIKOCTH MO PYKAaBY C BHHTOBBIM PACIOJOKCHHEM TO(POB TOTEPH
JABJICHASA MCHBINIC, UYCM B CIIy4ac C KOJBLCBBIM TO(PpPOM. 3T0 OOBACHACTCS
TEM, YTO B TICPBOM CIIy4ac 3aBHXPCHUE MOTOKA COBMAJACT MO HANPABICHHIO C
BHHTOBOH mmHueH rodpuposku. OxHako, obomoukn ['MP w3 KoJbLEBBIX
ro¢p 60xee ruOkue, yeM u3 BHHTOBBIX ro(p. [TosToMy onTHMANBEHEIA BEIOOD
KOHCTPYKTHBHOTO HcmoaHeHns [MP creayer npoBoauTh HCXOAS H3
TpcOOBAHMH K TPYOOTPOBOIHOH TPACCE: MO AOMYCTHMBIM THIPABIHYCCKUM
MOTEPSAM TPAHCHOPTHPYESMOH CPEIBI H IO YCIOBHAM MOHTAXKA.

Kprokos, A U. T'mbxue merammmucckue pykasa / AWM. Kproxos, .M.
I'muaxun, B.Y. ®uonnH — M.: Mammuoctpoenue, 1970. — 204 c.

Analysis of flexible metal-reinforced hoses designs and their influence
upon engine hydraulic and gas-dynamic characteristics
Murzin AN.

JSC “KUZNETSOV”, Samara

Flexible metal-reinforced hoses (FMH) present effective expansion
elements in the gas-turbine engine pipelines.

The main drawback of the metal hoses consists in their increased hydraulic
resistance. The comparison of the results of blow tests performed with the
smooth pipeline and FMH of the same configurations showed 1.5...4 times
higher pressure losses in the hose as compared with the pipeline.

FMH main structural element defining its hydraulic and gas-dynamic
characteristics is its corrugated shell. It consists of either annular or spiral
corrugation. Annular or parallel corrugation elements present separately self-
closed circular lines and are equally spaced from each other. Spiral
corrugation clements form a continuous spiral with uniform spacing
throughout the length of the hose. Eddy currents generated in the corrugation
elements present the source of increased hydraulic resistance; with the
increase of Reynolds number they exert the dominant influence upon the flow
parameters.

The main geometrical characteristics of corrugation are depth and pitch.
They are selected to make 8-shaped corrugation profile. This affords to
decrease pressure head losses in gas and liquid flows [1]. It is determined that
the smaller the corrugation pitch is the lower the hose hydraulic resistance is
observed. However while selecting the corrugation pitch one should avoid the
adjacent corrugation elements contact. Such contact leads to deformation and
wear caused by the friction at hose bending and ultimately contributes to
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FMH loss of leakproofness. Therefore selection of corrugation pitch shall
guarantee minimum gaps between the corrugation elements.

Similar situation is observed at decreasing the corrugation depth —
hydraulic resistance of the hose decreases due to the easier flow around the
corrugated shell.

Experiments demonstrated lower liquid flow pressure losses in spiral
corrugation hoses as compared to those with annular corrugation. It can be
accounted for by the fact that in the first case the direction of flow swirling
coincides with the corrugation spiral line. However FMH shells with annular
corrugation are more flexible than those with spiral corrugation. Therefore the
optimum FMH design selection shall be based upon the requirements to the
pipeline system, i.e. upon the admissible hydraulic losses of the medium and
the mounting conditions.

A L Krukov. Flexible Metal-Reinforced Hoses/ A.I. Krukov, I.N. Glinkin,
V.1 Fionin — Moscow, Mashinostroenie Publlishers, 1970. — 204 pages.

OnsIT pazpadoTkn HOHHBIX ABHIaTeNei ¢ BHICOKOYACTOTHBIM
HHAYKTHBHBLIM pazpsitom 8 HUU IIMJ MAH
AmntponioB H.H., Axmerxanos P.B., banamos B.B., boratsiii AB.,
Jpsaxonos ' A., Moryakua A W., O6yxos B.A., [Tnoxux A.Il., ITonos I".A.
MAHM, r. Mocksa

Jokmax mocesameH omeiTy  pazpaborkm 8 HUM TIM3 MAMU
BBICOKOYACTOTHBIX HOHHBIX Apurarencit (BUM/) manoit (a0 400 Br) u
cpeanen (0 3 kBT) MOIIHOCTH, OCHOBAHHBIX HAa HWHAYKUMOHHOM BY
paspsane. PaspaboraHbl (PH3HKO-MATCMATHUCCKHC MOACTH W TPHBOIATCS
Pe3yAbTATHI PACUETHBIX UCCICIOBAHUHN MPOLIECCOB B OCHOBHBIX y31ax BUM ],
HA OCHOBAaHHMH KOTOPHIX OBbUIM pa3pabOTaHBI BAPHUAHTHI KOHCTPYKIUH
00pa3LoB JBWTaTelIci C WCIOJIB30BAHHEM ANbTCPHATHUBHBIX MATCPHANIOB H
TEXHHYCCKUX pemeHui. [IpHBOAATCS pe3ynbTaThl HCHBITAHHN 0OPas3LoB
apurateie. Paboter mo BUM /| Mamoi MOIMHOCTH BBIMOJHEHBI ¢ CO3TAHHEM
OTIBITHOTO 00pa3Ia ABUIaTEIFHOTO OI0KA, BKIIOYAOMIECTO KPOME COOCTBEHHO
JBHTATCAA, OJOKH CHCTCMBI 3NekTpormraHusd W ympasnerus (CITY), Gmox
ympasneHus pacxogoMm (BYP) m wmenirpammszarop [1, 2]. OOcyxmarorcs
TMPOOICMBI U My TH COBSpIICHCTBOBaHIT BUN /I,

Crmcox muTepaTy phl

N. Antropov, R. Akhmetzhanov, A. Bogatyi, et al. Low-Power Radio-
Frequency Ion Thruster. The 30th International Electric Propulsion
Conference. Hyogo-Kobe, Japan, 2015

A.P. Plokhih, N.A. Vazhenin, V.P. Kim, S.V. Baranov «Experimental
investigation of the hollow cathode electromagnetic radiation». The 30th
International Electric Propulsion Conference. Hyogo-Kobe, Japan, 2015
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The experience in radio-frequency thrusters R&D at RIAME MAI
Antropov N.N., Akhmetzhanov R. V., Balashov V.V., Bogatyi A.V.,
Dyakonov G.A., Mogulkin A.1., Obukhov V. A., Plokhikh A P., Popov G.A.

The report is devoted to RIAME MAI experience in the research and
development of radio-frequency ion thrusters (RIT) of small (to 400 W) and
average (to 2 kW) power based on inductive gas discharge. Physical and
mathematical models are developed and results of numerical research on
processes in thrusters are given. The numerical modeling was used for the
development of thruster design options with use of alternative materials and
technical solutions. The results of tests of thruster models are given and
discussed. The engineering model of a low-power RIT-8 including power
processing unit (PPU), flow-rate control unit (FRCI), and a neutralizer was
developed and tested [1, 2]. Problems and ways of RIT parameters
improvement of different power are discussed.

References

1. N. Antropov, R. Akhmetzhanov, A. Bogatyi, et al. Low-Power Radio-
Frequency Ion Thruster. The 30th International Electric Propulsion
Conference. Hyogo-Kobe, Japan, 2015

2. AP. Plokhih, N.A. Vazhenin, V.P. Kim, S.V. Baranov «Experimental
investigation of the hollow cathode electromagnetic radiation». The 30th
International Electric Propulsion Conference. Hyogo-Kobe, Japan, 2015

C110¢co0b1 0OPBLOBI € TEPMOAKYCTHICCKAMI ABTOKOJIC0 AHISME JTABJICHHS
B PYOANIKaxX OXJIAKIEHNS JKHAKOCTHBIX PAKETHBIX JABATATEICH
Anryunn B A, Antyaun KB, O6yxosa JLA !, TTnaronos E.H..,

Koxanosa C.5.!, SImosckag M.J1.?
TKHUTY-KAWU, r. Kazans,
IUAM um. T1LU. Bapauosa, r. Mocksa

B pybOamkax OXTaKICHHA >KHAKOCTHBIX pakeTHBIX asurareiach (OKPJI)
OAHO — H MHOropaszosoro wucnojs3oBanust (KPIMHW) Ha xuakux
VITICBOJAOPOJHBIX TOPIOYHMX M OXJAAWTCISIX MPOMCXOAT  Pa3IUIHBIC
aHoMaimbHble 3(@QeKTs, T  W3YYEHWS KOTOPHIX Obula  CO3JaHa
JKCIICPHMCHTAIBHAS YCTAHOBKA.

B Xxoae rmpoBemeHMS ~IKCICPUMCHTANBHBIX  HCCIICIOBAHWH — ObLIH
OOHApYXKCHBI W BBIIBICHBI OCOOCHHOCTH IIO3HTHBHBIX W HETATHBHBIX
TEIUTIOBBIX MPOIIECCOB B JKUIKUX YIIICBOIOPOIHBIX TOPFOYUHX W OXJIAJUTEIIIX

e  VBCIWUCHHC KOX(PPHIHCHTA TCIIOOTAAYH B 2-3 pasa 3a CUéT HX

TEIUIO(DU3UUECKIX CBOHCTB B 30HE KPUTHYCCKUX JABJICHUH,

e  TepMmoakycTuueckue aprokoncOanms (TAAK) masmeHms, w3-3a

KOTOPBIX IMPOUCXOIUT yBesmucHue Kod(pdummenra remnooraaun Ha 40%,

OTKAaJbIBAHUC TBEPABIX YTJICPOJUCTBIX OCATKOB W 3ACOPCHHC TOILUIMBHO-
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OXJOKJAIONINX KAHAJNOB, OOpa3oBaHWE JIOKAJIbHO-YCPEAYFOIMXCI30H

NMEPErpeBOB M MPOrapOB  TOIUIMBHO-OXJIAKIAIOIMX KAHATIOB B 30HE

kputuueckux ceuenuit JKPJ[, KPJIMHM ¢ panpHeHmmM MOXKAPOM H

B3PBIBOM;

e  HCTATHBHBIH MPOLECC OCAAKOOOPA30OBAHHS, W3-32  KOTOPOTO
MPOWCXOJUT YACTHYHOC HIM TMOJHOEC 3aKOKCOBBIBAHHEC (DOPCYHOK,
(pUIBTPOB, KAHAIOB C YACTHYHOH HIIM MOJHOM MOTEPEH TATH, MPOUCXOIUT
HECAHKIIMOHUPOBAHHBIN, OBICTPBHIH WM BHE3AIHBIH IICPETPEB M IIPOTap
pyOamiku OXJKICHHUS B 30HC KPHUTHUCCKOTO ceueHus comiaa JKPJI,
JKPZIMU - taxoke ¢ JATbHCHIIMM T0KAPOM H B3PBIBOM. JTH OCOOCHHOCTH
c1ab0 YUHMTHIBAIOTCA NPH IPOCKTHPOBAHWN M CO3ZAAHUH IICPCIICKTHBHBIX
JKP I u )KPIMMU, win HEe YUHTHIBAKOTCS BOOOIIC.

Pa3paboTaHbl HOBBIC METOAWKHM Y4ETa TO3HTHBHBIX M HETAaTHUBHBIX
MPOLIECCOB B TOILMBHO-OXJaxkgarommx Tpaktax XKPJ u XXKPIAMUW npu ux
MPOCKTHPOBAHUH, CO3JAHHHM W OKCIUyaTalWd - O3 IPHMCHEHHI, C
MPUMCHEHHEM  3JICKTPOCTATHUCCKUX moneH, rtuOpuaHo. CozgaHel u
3aMATCHTOBAHBI HOBBIC KOHCTPYKTHBHBIC CXEMbl KAHAJNOB, (HIBTPOB,
¢opcyrok mepcnektuBHBIX JKPJl, XKPIMU Ha KHUIKHX YTICBOAOPOIHBIX
TOPIOYMX M OXJIAAUTEILIX, B KOTOPBIX OPTaHU30BAHBL BCECTOPOHHS O0OpBOa C
TAAK pmaBiacHHA (D11 HCKIFOUCHHA MOABICHHS JOKAJIHHO-YCPEAYIOIIHXCS
30H MEPErpeBOB M NPOTApOB) H HX HMCKYCCTBEHHOE 3apOKACHHE H
MOJIEPKAHUE (U1 OUYMCTKU KAHAJOB OT TBEPABIX YITICPOAUCTHIX OCATKOB —
mpu  HCOOXOAMMOCTH), BCCCTOPOHHSI ©O0ppda C  0CAmAKOOOPa30BaHHCM
CYHICCTBYIOIIMMH M IIEPCHCKTHBHBIME CIocobamu U MeToaaMu. HekoTopsie
pe3yIbTaThl HCCIICIOBAHUI BHEAPEHHI B KOCMHYECKHE IHEPTOYCTAHOBKH
OKP) «Kypc» wu «bapbep», B HEPCHCKTHBHBIE OTCUCCTBCHHBIC
SHEPrOYCTAHOBKH A3POKOCMHYECKUX CHCTEM 5 TOKOJICHHA H B JPyrHe
TEXHOCHCTEMBI PA3JIMIHOTO HA3HAYUCHUS U OA3HPOBAHILL

The ways of fight against thermal acoustic self-oscillations of pressure
at the cooling jackets of liquid-fuel jet engines
Altunin V.A!, Altunin K. V.!, Obuhova L.A.!, Platonov E.N.!,
Kohanova S.Ya.!, Yanovkaya M.L.2
TKNRTU, Kazan;
2CIAM named after P.I. Baranov, Moscow

There are various abnormal effects for the study at the cooling jackets of
one- and reusable jet rocket engines based upon liquid hydrocarbons. The
new experimental setup has been created to carry out research of these
processes.

During the experimental studies some positive and negative features of
thermal processes in liquid hydrocarbon fuels and coolants were found and
identified:
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e increasc of heat transfer coefficient 2-3 times more because of their
thermal-physical properties at the area of critical pressures;

o thermal acoustic self-oscillations of pressure because of which the
increase of heat transfer coefficient up to 40% can have place, spalling hard
carbon deposits and clogging of fuel and cooling channels, formation of
locally alternating zones of overheating and burnouts of the fuel and cooling
channels in the area of the critical sections of reusable jet engines with
following fire and explosion;

e  negative process of deposit formation because of which the partial or
full coking sprayers, filters, channels appears with less thrust;

e  unauthorized, quick and sudden overheating and burnout of cooling
jacket occurs in the area of the nozzle throat of jet engine.

These features are poorly taken into account in the design and development
of advanced rocket engines.

There are new technique of positive and negative processes at fuel-cooling
channels of single and reusable jet engines during their designing, creation
and usage, without and with application of electrostatic fields. New schemes
of channels, filters, sprayers of perspective jet engines on liquid hydrocarbons
have been created where are: versatile fight against thermal acoustic self-
oscillations of pressure (for purpose of appearance exclusion of local-
intermittent overheated areas and burnouts) and their artificial incipience
origin and maintenance (for cleaning the channels from solid carbonaceous
deposits - if required); fight against deposit formation by using existing and
perspective ways and methods. Some research results were incorporated into
the space power plant "Course" and "Barrier", in domestic power plants of
advanced aerospace systems of 5th generation and other utility systems for
various destinations and basing.

IMocTpoenne koprexeii Ilapero H30XOpHBIX ABHraTeNICiH
JIETATCJILHBIX ANIIAPpaATOB
Ca¢dponos B.B., TTopmaes B.A., bamamos A.JL.
KB Dmexrponputop, r. CapaTos

JBurarem ¢ NepUOAMYECKHM CTOPAHHUEM(M30XOPHBIC JBUTATEIN) — OJHH
W3 MEPCTICKTHBHBIX U1 PA3IHYHBIX THIIOB JICTATCIBHBIX amiaparos. Bmecte
C TEM, CHCTEMHBIH AHAIU3 M30XOPHBIX ABUTaTEJICH HE MPOBOAMICSH, YTO HE
MO3BOJIUIO OCYIICCTBHTH OOOCHOBAHHBIH BHIOOP 3(P(EKTHBHBIX BapHAHTOB
JBHTATETICH IO COBOKYITHOCTH KPUTECPHUEB.

Lens paboTBI —MOCTPOCHAC YIOPAIOUCHHOTO MHOKECTBA 3(P(PECKTHBHBIX
BAPHAHTOB M30XOPHBIX ABHTaTescH (koprexa [lapero) u BEIOOP HAWIydIIero
10 COBOKYITHOCTH KPHUTEPHCB BAapHAHTAa KOHCTPYKOWH asurareins JIA ¢
MIEPHOANYCCKIM CTOPAHUEM.

Jl1d penieHus 3a1a4M IPeABAPUTEIBHO!
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e  IOCTPOEHBI MOP(OJIOrHYESCKHE MATPHIBI MOACHCTEM HM30XOPHOIO
JBHTATEIIA,

e  chopMHPOBaHA COBOKYITHOCTh KPHTEPHEB, B COCTaB KOTOPOH BXOIAIT
MHOTOBEKTOPHASI KOMIOHEHTA, IIECTh BEKTOPHBIX KOMIIOHCHT, TPHHAALATh
CKATAPHBIX KPUTCPHEB.

e  BBHIOPAHO JOIYCTUMOC MHOKECTBO BAPHAHTOB JBHTATCIICH;

e  TOATOTOBJCHBI HCXOTHBIC TAHHBIC.

Pemena 3amava BrIOOpa HAWIYUINETO BApPHAHTA KOHCTPYKIHH JABHTATEILI
METOAOM THIEPBEKTOPHOTO PAHYKUPOBAHMSA IMPH HUCIOJNB30BAHUH B KAYECTBE
OIOPHOTO METOJOB (GKECTKOTO» DPAHKMPOBAHUA H AHANHM3A HEpapXuil ¢
HEIMHCHHON CBEPTKON KpuTepHeB. II0KA3aHO, YTO KOPPEKTHOE PEIICHHE
337a4H MOKHO MOJIYYUTh HA OCHOBE IPUMEHCHHUS Pa3pabOTaHHOTO KPHUTCPH
MOCTPOCHU HCTHHHBIX KOpTekel Ilapeto.

IlpuBeacHBI HAWIYYINME BAPHAHTBI KOHCTPYKUHMH  ABHIATe€Isd C
MEPHOANYCCKUM CTOPAHHMEM I OJHOTO M3 YACTHBIX CIy4YacB 33JaHHUA
CTCTICHH BAKHOCTH KPUTCPHEB. BapHaHTBHl OTIMYAIOTCH OCOOCHHOCTSIMH
MOCTPOCHUA CBEPX3BYKOBOTO COIUIA (BHYTPECHHETO MM HAPYIKHOTO
pacmmperud). Ha TeXHHIECKY 0 pea3annio JBUTaTe HOIyYCHO aBTOPCKOE
CBHJICTCIBCTEBO.

PesyasTaTel pemieHus 3aJa4M HO3BOAT HA 3TANEC ABAHIPOCKTHPOBAHUA
TIPHUHATH PEHICHHE O BHIOOPE HAWIYUIIECTO BAPHAHTA H30XOPHOTO ABHTATEI C
V4IeTOM KOHKPETHBIX TpeboBanui T3.

Building of Pareto tuples of the aircrafts isochoric engines
Safronov V.V., Porshnev V.A., Balashov A L.
KB Electropribor, Saratov

Engines with intermittent combustion (isochoric engines) are very
promising for various types of aircrafts. At the same time, the system analysis
of isochoric engines has not been carried out, which has not allowed to make
an informed choice of efficient engine variations on set of criteria.

The study objective is the building of the ordered set of isochoric engines
efficient variations (Parcto tuple) and choosing the best on set of criteria
design variant of the aircraft engine with intermittent combustion.

In order to solve the problem the following tasks were carried out in
advance:

e  morphologic matrices of isochoric engine subsystems were built;

e the set of criteria was formed which includes a multi-vector
component, six vector components, thirteen scalar criteria;

o the admissible set of engine variants was chosen;

e the initial data was prepared.

The problem of choosing the best variant of engine design using the
method of hyper-vector ranking, as well as "hard" ranking method and
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hierarchy analysis with non-linear convolution of criteria as reference
methods, is solved. It is shown, that the correct problem solution can be
obtained by using the developed criterion of building the true Pareto tuples.

The best design variants of the engine with intermittent combustion for one
of particular cases of specified criteria degree of importance are presented.
The variants differ by the features of supersonic nozzle construction (internal
or external expansion). The certificate of authorship is obtained for the engine
technical implementation.

The results of the problem solution will allow at the stage of preliminary
design to make the decision about choosing the best variant of isochoric
engine with respect to specific requirements of technical specification.

Brirouenne dpQexra 3aKpLITHA 0CTATOMHOIO 3230Pa
B POAMHAMHYICCKHUX MOJICJIAX Il[éTO‘lHLIX yH.]'IOTHeHI/Iﬁ
[Tyraues A.O., PaBukosuu 1O.A.

MAM, r. Mocksa

[M[éTounblc YIUIOTHEHUS, NMPHMCHSIEMbIC B Ta30TYpOMHHBIX JBHTATEILIX,
OTHOCATCA K VIUIOTHCHMSIM C IOJATIUBBIME 3JICMCHTAMH, KOTOPBIE MOTYT
YACTHUYHO WIIH TOJTHOCTHIO HAXOAHUTCS B KOHTAKTE C BAJOM B 3aBHCHMOCTH OT
HOMHHAJIBHOTO 3a30pa, a Takke pexmMa padotel IIIETOUHBIE YIDIOTHEHHSA
MOTYT YCTAHABIMBATHCA B HATAT C NCHOJIb30BAHAUCM CIICIHAIBHBIX MTOKPHITHH
HA KOHTAKTHUPYIOUICH MOBEPXHOCTH Bana i1 OOCCICUCHHMS MAKCHMAIbHOU
repmeruyHocTH. € TOUKM 3peHHS CHIDKCHHSI WHM3HOCA B TpuOomape
MIPEAMOYTHTEILHBIM BAPHAHTOM TIPEACTABILICTCS YCTAHOBKA INETOUHOTO
VIUIOTHEHHSI C HYJCBBIM HIM MAIbIM IOJOKHTEIbHBIM HOMHHAIBHBIM
3a30pOM, KOTOPBIH OYJACT YMCHBINATHECA HA Pab0UHX PEKHMAX 3a CUET
3(dekra OnmyCKaHusI BOJOKOH K MOBEPXHOCTH BaJa MO/ ICHCTBHEM IIEpenana
JaBieHua depe3 makeT. OCTaTodHBIH PpagWaNbHBIH 3230p B INETOUHBIX
VIUIOTHCHHUSIX, YCTAHABINBACMBIX C ITOJOKUTCIPHBIM MOHTXHBIM 3230POM,
OKA3bIBACT 3HAUMTECJIPHOC BIMSHHC HAa PACXOJHYHO XapaKTEPUCTHKY
yviotHeHus1.  KommiecTBeHHOE — ommcaHWe — (DYHKIMH  OCTATOYHOTO
pasuamsHOTO  3a30pa  SABICTCI  HEOOXOAMMBIM  IIPH  IIOCTPOCHUH
A3POAMHAMHYCCKAX MOJCNCH TakumX yIUIOTHeHWH. B pabore mnpusenéu
aHAM3 MOAXO0J0B K YUETY 3((eKTa OIMyCKAHUS BOJOKOH IIETOYHOTO MAKETa
K IOBEpXHOCTH Bana. Jlmsa ompeaencHust (DYHKIMH PaguajbHOTO 3a30pa B
3aBHCHMOCTH OT JABJICHUS MOTYT HMCIOJNB30BATHCS KAaK SKCIIEPHMCHTAIIBHbIC
METOJbL, TaK W TEOPETHYCCKHE MOAXOIbI, OCHOBAHHHIC HA BBIMOIHCHUH
CBS3AHHBIX MCXAHWYCCKHX M a’POAMHAMHYCCKUX PpacuéroB Uil IaKeTa
IETOYHOTO YIUIOTHEHHA. TEOPETHYECKOE ONPEACICHHE 3HAYCHHH 3a30pa
CBf3aHO, OJHAKO, CO 3HAYUTCIbHBIMH TPYIHOCTAMH. AJNHTCPHATHBHBIM
MOAXOAOM ABIACTCA MPHMEHCHHE YIPOIIEHHON MEXAHHYCCKOH MOJCTH A
ONHCAHWS MOJATIAMBOCTH IIAKETa INETOYHOTO YIUIOTHEHHI. B  pabote
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NMPEICTABIEH AHAIU3 3aBUCHMOCTH IS CUJIBI 3aKPBITHS PAIHAILHOIO 3a30pa
B IIETOYHOM YIUIOTHCHHH C HMCIIOJIB30BAHMEM JKCIIEPHMCHTAIBHBIX JAHHBIX.
IIpu 3TOM paccMaTpHUBAIHCh PA3IUYHBIC MIETOYHBIC VIDIOTHCHHA C
OTIHYAIOMMMHUCSA KOHCTPYKTUBHBIMH IapameTpaMu. lIOnydYeHHBIC JAHHBIC
JEMOHCTPHPYIOT, YTO IJIMHA BOJIOKHA MOKET KAUYCCTBCHHO MEHATDH XapakTep
MOJATAMBOCTH IIETOYHOTO MAKETa. Tarkke MPOBEACHO COMOCTABICHHE
pPE3YJIBTATOB, MOIYYCHHBIX C MOMOIIBI0 VIOPOIIEHHOH MOACTH, C
pe3yapTaTaMH A3POJHHAMHYCCKHX PACUETOB AMCKPETHOH MOJETH CETMEHTA
IETOYHOTO YINIOTHEHUS.

Considering the blow-down effect in aerodynamic models of brush seals
Pugachev A.O., Ravikovich Y.A.
MAI, Moscow

Brush seals used in gas turbine engines are compliant seals, which
elements, depending on cold clearance and operating conditions, could be
partially or fully in contact with a shaft surface. Brush seals can be assembled
with interference on a shaft's coated surface to provide maximal leakage
reduction. In the view of decreasing wear in a tribopair a preferred
arrangement is to assemble brush seals with zero or small positive cold
clearance. An actual clearance will be reduced during operation due to the
blow-down effect caused by pressure differential across the bristle pack. The
running radial clearance value in brush seals assembled with positive cold
clearance has a significant influence on the leakage characteristic.
Quantitative characterization of the blow-down effect must be included in
acrodynamic models of such brush seals. This work studies several
approaches to take into account decreasing radial clearance under the bristle
pack when the pressure differential increases. The radial clearance function
dependent on pressure can be obtained by experimental methods or by
theoretical modeling of brush seals based on performing coupled mechanical
and acrodynamic calculations. Theoretical determination of actual radial
clearance is, however, associated with considerable difficultics. An
alternative approach is to apply a simplified mechanical model to describe
compliant nature of the bristle pack. The work presents an analysis of
estimations for blow-down force in brush seals using experimental data. The
analysis is performed for several brush seals with different design parameters.
The obtained data demonstrates that the bristle length can quantitatively
change the compliance behavior of the bristle pack. The work also provides
comparison between the results obtained with the simplified model and the
results of acrodynamic calculations using a detailed model of a brush seal
segment with discrete bristle matrix.
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Pazpadorka Karona, paéoTanomero Ha 0CHOBe
BBICOROIACTOTHOTO pa3psaga
Xapros C.A., CvupHoB [LE.
MAM, r. Mocksa

OObrMHO B KauecTBE pabovero Tema Al HICKTPOPAKETHHIX JABHTATEIICH
(OP[1) ucnonp3yrOTCsA MHCPTHBIA Ta3 — KCCHOH, KOTOPBIH 3amaceH HAa OOpTy
KOCMHYECKOTO JeTareasHOro ammaparta (KJIA) B HEOOXOIHMOM KOJIHICCTBE.
KceHoH — peakwit Ta3, H CTOMMOCTD €T0 MPOH3BOACTBA JOCTATOYHO BBICOKA.
[Tpu 3TOM ¢ yueroM obecreueHUs TPeOOBAHUI MO €TI0 YHCTOTE IS PadOTHI
SMHTTEPOB KATOAOB CTOMMOCTH «3ampaBki» KJIA 3HAYUTEIBHO BO3PACTACT.

B mocieanme Toasl Havama 00CYKIATHCA MPoOIeMa HCTOMB30BaHu JP /]
paloTaroIMX HA Tra3axX BEPXHHUX CJIOCB arMoc(epbl 3eMIM M IUIAHET
ConHEYHOI CHCTEMBI, T.€. CO3JAHUS JBUTATCIICH «IPAMOTOYHON» CXCMBL
Onnol m3 mpoOxeM 3TOH CXEMBbI ABIHIETCA BBIOOP Hamboiee 3P deKTuBHOTO
KaTo7a, CHOCOOHOTO padoTaTh C XMMHUYCCKH AKTHBHBIMHA Ta3aMH aTMOC(EpBHI,
Oyap TO KHCIOpOA B arMmocepe 3emim, MECTAaH W aMMHaK B arMoc(epe
Benepsl, yriekucasiii raz — Mapca, uim Jpyrue.

B pabore Obum IMPOAHANTH3UPOBAHBI CYIIECCTBYIOMIME M AIBTCPHATHBHBIC
CXEMBI HCHUTPANM3aTOPOB PadOTAOMMX HA XHMHUYCCKH AKTHBHBIX TIa3ax,
MPSIIOKCHA W Pa3pabdoTaHa KOHCTPYKIHA JTa0OPATOPHOTO 00pas3la TaKoTro
yCTpoiicTBa Ha 0a3e BEICOKOYACTOTHOTO Pa3psaa.

HccnemoBaHusa MPOBOAMIINCH B pAMKAaX peam3anyd ()eaepaabHOM HeICBOH
mporpammbl  «MccrmenoBarms W pa3paloTKM IO NPHOPHTETHBIM
HAMPABJICHASIM PA3BHTHA HAYIHO-TCXHOJIOTHICCKOTO KoMIUICKca Poccnu Ha
2014-2020 roas» (Cormamenue Ne 14.577.21.0101 ot 16.09.2014).

High-frequency discharge cathode development
Khartov S.A., Smimov P.E.
MAI, Moscow

Usually, xenon is used as a propellant of electric space thrusters (EST). It
is stored on a board of a spacecraft in a required amount. Xenon is a rare gas,
and cost of its production is rather high. At the same time the requirements of
its purity for cathode emitters make the cost of spacecraft “refueling” increase
considerably.

The problem of using EST operating on gases of the upper atmosphere of
the Earth and the planets of the Solar system, i.e. creation of air breathing
thruster, began to be discussed last years. One problem of this scheme is a
choice of most efficient cathode, which is capable to operate with reactive
gases of atmosphere, like oxygen in Earth atmosphere, methane and ammonia
in Venus atmosphere, carbon dioxide in Mars atmosphere, or others.
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In this work there were analyzed existing and alternative schemes of
neutralizers operating on reactive gases, proposed and developed the
laboratory sample of such device based on high-frequency discharge.

This work was conducted in the framework of the Federal target program
«Research and development on priority directions of scientific-technological
complex of Russia for 2014-2020» (Agreement Ne 14.577.21.0101 from
09.16.2014).

HWHunuupoBaHue ropeHusi ¢ oMOIILI0 ra30iHHAMHYECKOT0
HCTOYTHUKA IIPA BBICOKHUX CBCPX3BYKOBBIX CKOPOCTHX IMOTOKA B KAHAIC
Tomsadensa M. A., Hammsatiuerko J.I'., Crapos A.B., Tumodees K .10O.
WTIIM CO PAH, r. HosocuOupck

[Tpu cBepX3BYKOBBIX CKOPOCTIX IMOTOKA B KaHAJE TPeOYETCS HEMPEPHIBHOE
MO)KATAHHE CMECH KAKHM-THOO0 HCTOYHHKOM BOCIUIAMEHCHUS, ITOCKOJIBKY
CTATHUYECKHE MTAPAMETPHI (TEMIIEPATypa) BO3AYIIHOTO MIOTOKA HE MPEBHIIIAIOT
VpoBHI camoBociiaMeHeHmsa Ttomnmea. C poctom umcia Maxa moiera
CONPOTHUBJICHUC BHYTPCHHHUX JJICMCHTOB KAMCPBI CTOPAHHUA YBCIMIHBACTCA.
brima mpeamokeHa opurmHambHAs cxemMa kamepsl cropaHus (KC) co
IICJICBBIMA KAHAJIAMH CBCPXY M CHH3Y OCHOBHOTO KaHama KC. B pesymerare
3aMEJICHUS MOTOKA B MICICBBIX KAHAJNAX JOCTUTAIOTCS BBICOKHE CTATHICCKHC
mapaMeTpel, 4T0 OOECIEYMBACT B HHX CAMOBOCIUIAMCHCHHE BOAOPOJA.
BricokoTeMmepaTypHbIC CTPYH M3 IICTACBHIX KAHAIOB CIIOCOOCTBYIOT
BOCIIJIAMCHEHHIO W TOPCHHIO TOIUIMBA B OCHOBHOM KaHame KC. Ilpm srom
IICTICBO KaHAT HE NPHHOCHUT JOTOJHHUTECIBHOTO COIPOTHBICHHSA, KPOME
COIIPOTHBJICHUS TPCHHU.

Lenxp paboTel cocTofna B MPOBEACHHHM PACUCTHO-IKCIICPHMECHTAIBHBIX
HCCIICIOBAHMHA CAMOBOCIIAMCHEHMS M TOPEHH BOAOpoAa B MozeibHOH KC.
Hcnbrranrms 66U mpoBeaeHbI HA uMITy IbcHOH Tpyoe UT-302M UTIIM CO
PAH B pexuMe IpHCOSIMHCHHOTO BO3IYXONMPOBOJA HpH Yuciax Maxa ot 2
mo 5.8 ma Bxome KC B mmama3oHC M3MCHCHHA MAPAMCTPOB. CTATHUCCKOC
masienue P ot 0, 34 mo 2,64 xr/cm2, momHas temmepatypa TO or 1900 no
2900K m xo3ddurmmenr wu3dbitka BOmopoaa ot 0,6 ao 1,1.Uwncnennoe
MOJICIMPOBAHHE OBLIO IPOBEACHO C MOMOIIBIO IPOTPAMMHOTO KOMILIEKCA
ANSYS CFD FLUENT 14.5.

[Tpu paboTre YCTAHOBKH C HMAZAIONIMMH MAPAMETPAMH BO3AYIITHOTO MOTOKA
OI[HOI\/'I U3 XAPAKTCPUCTUK TOPCHHA CTAHOBUTCA AIUTCIBHOCTDH, IMOCKOJIBKY
foxee MPOJOILKUTEIBHOE TOPEHHE COOTBETCTBYET MEHBIIMM 3HAYCHIM
MApaMETPOB BO3AYIIHOTO IOTOKA B MOMCHT NpeKpameHus ropeHmst. [Ipm
HCHBITAHUAX OBUIO YCTAHOBICHO, YTO TOPCHHC IPOJOILKACTCS 0 VPOBHSA
craTmueckoit Temmeparypsl ~230K Ha Bxoae B kaHan KC. Beumn moay4eHB
JKCICPHMCHTANBHBIC JAHHBIE O CAMOBOCIUIAMCHCHWH  BOJOpPOJa B
CBEPX3BYKOBOM IIOTOKEC BO3AyXa B KAHAJNC, BKIIOYAS CIA0OU3YUCHHYIO
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obmacts umcen Maxa 4, 5 um 6. OmpeaencH aWamazoH ITAPAMETPOB
BO3AYIIHOTO IOTOKA HA BXOJE, B TPAHHIAX KOTOPOTO OCYINECTBILIETCA
CaMOBOCIUTAMEHECHHE BOJOPOJA B INEJICBBIX KAHANAX M PA3BUBACTCS MPOLIECC
«po3xkura» mo ocHoBHOMY KaHamy KC, BKIFOUas BIMSHHEC CXEMbI BAYBA H
H30BITKA TOIUIHBA. YCTaHOBJ'IeHO, YUTO IPH YBCIWUCHHHA YHUCJIA Maxa 30HBI
CTAOMIM3ANUK CMEIIAFOTCS BHU3 IO MOTOKY. [IpH 3TOM OTpeIeIIOIIy O POIIh
HUIPAKOT CTPYH HA BBIXOAC MICICBBIX KAaHAJIOB. BHepBBIe TIOJIyICHO
CaMOBOCIUIAMEHEHUE M TOPEHUE BOAOpoAa npH uucie Maxa M=5.8 Ha Bxoae
B KaHAI. B 3a4BICHHOM CBEPX3BYKOBOM JHANA30HE BO3AYIIHOTO MOTOKA HA
Bxoae B kaHanr KC mpomcxogur CcaMOBOCIUIAMEHEHHE BOJOpOJa B
MHHHUKAHAJIEC IPH MOTHON TEMIEpaType MoToKa He MeHee 2360K.

HccnenoBanud BBIMONHEHBI pH noaacp:kke PODU (Homep mpoekra 13-
08-00860A).

Combustion initiation by means of the gas dynamic source
at high supersonic speeds of a flow in the channel
Goldfeld M. A, Nalivaychenko D.G., Starov A. V., Timofeev K. Yu.
ITAM SB RAS, Novosibirsk

At a supersonic velocities in the channel continuous ignition of a mixture
in any ignition source is required, since static parameters (temperature) of an
air flow are not exceed a level of self-ignition of a fuel. With increasing of
flight Mach number the drag of the internal elements of the combustion
chamber is increases. The original scheme of combustion chamber with
slotted channels on the top and bottom walls of the main channel has been
proposed. As a result of slowing down the flow in the slotted channels will
been reached high static parameters, which will ensure self-ignition of
hydrogen. A high temperature jets from the slotted-channels are promote of
ignition and combustion of a fuel in the main channel of the combustion
chamber. In addition, the slotted channel not brings additional drag other than
the frictional drag.

The aim of the study is the carrying out numerical and experimental
investigations of self-ignition and combustion of hydrogen in the model of
the combustion chamber. The experiments were carried out in the hot-shot
wind tunnel IT-302M of ITAM SB RAS in the attached pipeline mode at the
Mach numbers from 2 to 5.8 at the combustion chamber entrance at the
following parameters: static pressure P from 0.34 to 2.64 kg/cm2, total
temperature TO from 1900 to 2900K and equivalence ratio of hydrogen from
0.6 to 1.1. Numerical simulations were performed using the software package
ANSYS CFD FLUENT 14.5.

At working of the facility with decreasing parameters of air flow, one of
characteristic of combustion is its duration, since more continual combustion
conforms to smaller values of air flow parameters at the moment of
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combustion end. During the experiments it was established, that combustion
continues to level of static temperature ~230K at the combustor chamber
entrance. Experimental results about self-ignition of hydrogen in the
supersonic air flow in the channel, including weakly known region of Mach
numbers 4, 5, 6 have been received. Self-ignition of hydrogen in the slotted-
channels and expanding “kindling” process in the main channel of the
combustion chamber occurs within range of parameters of air flow at the
entrance. This range has been determined. Influence of the injection scheme
and equivalence ratio of the fuel also has been studied. It was established, that
stabilization zones are moving downstream at Mach number increasing. At
the same time, important factor are the jets at the exit of the slotted-channels.
Self-ignition and combustion of hydrogen at Mach number 5.8 at the channel
entrance are received for the first time. In declared supersonic range of air
flow at the entrance of the combustion chamber the self-ignition of hydrogen
occurs at total temperature of the flow not less than 2360K.

Investigations were carried out by support of Russian Foundation for Basic
Research (grant #13-08-00860A).

MoaesmpoBaHue PACHBLLINBAHASA KEPOCHHA ¢ HCIIOIb30BAHUECM
MO/JIE/IH PACTAAA KUJKOH IIICHKH
Crpoxkau E.A., boposuk W.H.
MAM, r. Mocksa

H3BecTHO, YTO OXHWM W3 KIIOYCBBIX MOMCHTOB IIPH PCIICHHH 33734
TOJTHOTHI CTOPAHHS TOIINBA, CHIXKCHHSI BPEIHBIX BBIOPOCOB, MOAICPKAHI
TEIUIOBOTO COCTOSIHHS KOHCTPYKIMH H T.IL SIBIISICTCS IIOJTOTOBKA TOILIHBA K
cropanmo. B aBmanMoHHOW TA30TYpOMHHOM ¥ PAKETHOH TEXHHKE
pa3paboTuMKaM damie BCEr0 NPHXOAWTCS HMETh JEI0 C O KHAKHMH
KOMIIOHCHTAMH TOILIHBA, TI¢ OCHOBHOH BKJIAJ B IOJTOTOBKY TOILUIMBA JACT
KAueCTBO PACHBUICHUSA >KUAKOCTH (-¢i). B Hacrosmmee BpeMs Bce OOJbIICE
MPUMCHEHHE B KOMMEPYECKHX (M HEKOTOPhIX Hekommepuecknx) CFD
MAKeTaX HAXOAWMT CHCIHAILHO pPa3padOTaHHAs Uil pacueTa PacHbUICHHA
SKUIKAX TOIUIMB IICHTPOOCKHBIMH (DOPCYHKAMH JHHEIHAS anreOpanmdecKast
momems LISA (Linearized instability sheet atomization), uTo OTBCHAcT
TpeOOBAaHIAM NPOCKTUPOBAHMA B 3THX OTpacimix. B pabore mpoBoaurcs
HCCIICIOBAHUC BIUSHHUA MapaMeTpoB Moxeian LISA Ha OOuH M3 OCHOBHBIX
KPUTEPUEB KAa4YeCTBa pACHbLIa — CPEAHUM nmamerp kamenb. Hecmorpa Ha
HEKOTOPbIC MPOBEACHHBIC HCCACAOBAHUA [3] NO BIMSHUIO Pa3IMYHBIX
(akTOpOB HA TIIyOMHY NMPOHUKHOBCHWS M CPEIHUHM THAMETP, O CHX IIOP
OCTAFOTCSl HEACHBIMH 3aBHUCHMOCTH AHWAMETPA Kareidb OT TAKHX HACTPOEK
MOJeNHM, Kak Kod(pduimeHT TIeHKH, KO3()(HUIMEHT IHMraMeHTOB,
HCIOJIb30BAHUE  PA3HBIX TNPHOMMKEHHH K  MOJCIUPOBAHHMIO  CHIIBI
CONIPOTHBJICHUA W HCIOJIB30BAHHE PA3IHYHBIX MOJCICH TypPOYICHTHOCTH.
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PaccmarpuBaercsl pacnbUIMBAaHHEC KEPOCHHA IIPH HOPMAJBHBIX YCIOBHAX
THIOBOW IICHTPOOCKHOH (DOPCYHKOH, NPHUMEHAEMOH MMM IOATOTOBKH
TOPIOYETO K CTOPAHMIO B >KHIKOCTHBIX PAKCTHBIX ABHTATCISIX MAJOHW TSTH.
[Tpom3BoauTCSL BBIICICHUE OCHOBHBIX IAPAMETPOB BIHSHHS, CTPOATCS
3aBHCHMOCTH [IHAMETPA KaIeldb OT BAPBHPYEMBIX 3HAYCHHH, a TaKXKe
NpEAJAraroTCcs 3HAYCHHA [ApaMeTpoB, MOAXOAAMIME AM1  pacyera
paCTIbLIMBAHKS TIPH TAKOH IMMOCTAHOBKE.

Kerosene spray breakup modeling with use of the LISA model
Strokach E.A., Borovik I.N.
MAI, Moscow

Spray production effectiveness is well known to be a key parameter for
combustion efficiency enhancement, thermal distribution manipulation,
pollutants emission manipulated reduction etc. It becomes more crucial in
aerospace industry, where most of the fuels are injected in liquid state, being
under the influence of the surrounding gas, thus evaporating and combusting.
Nowadays the spray breakup models, both primary and secondary are widely
used in commercial and open CFD codes for the correct spray atomization
process. This paper is focused on the usage of the Linear instability sheet
atomization model (LISA), implemented in CFD codes as a primary breakup
model used for pressure-swirl atomizers commonly. Despite several thorough
investigations of the model behavior have already been made, mostly focused
on the correlation between various parameters and penetration depth and
mean diameter, the influence of model parameters such as sheet constant and
ligament constant, both with turbulence models and different approaches of
drag modeling on spray droplet diameter is not yet determined. A pressure
swirl atomizer produced spray is investigated in the current paper. Main
influence parameter determination is made, correlation between the droplet
and model settings is produced and determined values of LISA parameters
are proposed.

PazpadoTka BHICOKOYACTOTHOTO HOHHOTO ABHTATEIs, PA00TAIONIEro
HA ATMOC(QEPHBIX ra3ax
Cysopos M.O., Xapros C.A.
MAM, r. Mocksa

B nmocneaHee BpeMd HOPOABIACTCA HHTEPEC K  HCIOJNB30BAHUIO
MaJ'IOFa6apI/ITHI>IX KOCMHUICCKHX daNmaparoB, pPACHOJOKCHHBIX HaA HHU3KOH
OTMOPHOIT opOuTe, pacnonoxeHHOH Mekay 200 w 250 KM HAT MOBCPXHOCTHIO
3eMiH. Y‘{I/ITI)IBa}I, YTO C YBCIMUCHHUCM BBICOTHI HAX 36MJ‘I€I>1, IUIOTHOCTH
aTMOC(I)epI)I CHIDKACTCA, ammapar HCIBITBIBACT SHAYHUTCJIIBHOC
a3POAMHAMHMYECKOE CONPOTHBICHHE. JIBUTaTeIbHAA YCTAHOBKA CIyTHHKA
JOJGKHA HENPEPBIBHO PabOTaTh, MOJACPKUBAA 33JAHHYIO BBICOTY OpPOWTHI
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[Ipu 3TOM BpeMms >KH3HH ammapara OTPAaHHYCHO 3allacoM pabouero Tena,
00pOIOC  KOJMYECTBO KOTOPOTO MPHBOJUT K YMCHBIICHHIO TOJC3HOH
HATPy3KH CIyTHUKA. HaknaapiBaeMmble OTpaHUYCHHS JCIAFOT HEBO3MOKHBIM
HCIOJIb30BAaHUE O0BIMHBIX JP /] ABHTATENCH HA CIy THUKAX MAJIOW MACCHI.

Pemenne 310l mpoOICMBI MOKHO HAWTH B HCIOJB30BAHHH OCTATOYHON
arMoc(epsl B KauecTse pabOUero TeIa AT HNMEKTPOPAKETHOTO ABUTATEIS.

Jna  wmccmeaoBaHUS mpoOIeMBI OBLT CHPOCKTHPOBAH W H3TOTOBJICH
BBICOKOYACTOTHBIH HOHHBIA Apurareits (BUM/D) ¢ pabounmm amamerpom 150
MM. Bpla mpoBeacHa ceprst 3KCIEPHMEHTOB C LETBI0 OIPEACICHHUS 0Aa30BBIX
XApPAKTEPHCTHK JBHTATEIs, a TaK JKE€ pAacueTa ONTHUMANBHBIX PEKHMOB
paloThI HA CTAHAAPTHOM PAabOHEM Tele — KCEHOHE. [0y UeHHBIE Pe3yIbTaThl
COOTBETCTBYIOT PE3YyJIbTATaM, NOJIYUYCHHBIM [ MCCEHCKMM YHHBEPCUTETOM
OPI" B 90-¢ roasr Ha Mmoaesx BUM /] aHanOrMYHOM KOHCTPY KTHBHOU CXEMBI.

B  ganbHeWmeMm — OpeanosaracTCs — MPOBEACHHE  SKCIICPHMEHTOB,
HAIPABICHHBIX HA MCCIICJOBAHHE PAa0OTHI ABUTAaTEII HA aTMOC(EPHBIX Tazax
HA KOHLCHTPALMIX, IMHTHPYIOIIUX YCIOBUS PabOTHI ABUraTENl HA BBICOTAX
h = 200 + 250 kM - a30T, KHCAOPOA W HX KOMIIO3HIMA C KOHICHTPALTHAMH
n~ 1017 + 1018 M-3, B COOTBETCTBHH C 3MIHPHICCKOH MOAETBIO aTMOC(EephI
NRLMSISE-00.

HccnemoBaHusa MPOBOMIINCH B pAMKAX peam3anud ()eaeparbHOH HEeICBOH
mporpammbl  «MccrmemoBarms W pa3palOTKH IO NPHOPHTETHBIM
HAIPABICHAUAM PA3BUTHSI HAYYHO-TEXHOJOTHUECCKOTO KoMIuIekca Poccum Ha
2014-2020 romer» (Cormamenne Ne 14.577.21.0101 ot 16.09.2014).

Development of high-frequency ion thruster utilizing residual
atmospheric gases as a propellant
Suvorov M.O., Khartov S.A.
MAI, Moscow

There has recently been an interest in the use of small satellites located at
low reference orbit with the height 200 <250 kilometers above the Earth's
surface. In spite of the fact that with the increasing of altitude the atmospheric
density decreases, the satellite still undergoes significant acrodynamic
resistance. The propulsion system of the satellite should operate continuously,
maintaining a predetermined height of the orbit. The lifetime of the satellite is
limited by the propellant capacity, a large quantity of it onboard results in a
reduction of the satellite payload. These restrictions limit the usage of
conventional electric propulsion engines on low-mass satellites.

The solution to this problem is in the use of the residual atmospheric gases
as a propellant for electric propulsion systems.

To study the problem high-frequency ion thruster with an ion beam
diameter of 150 mm has been designed and manufactured. A series of
experiments have been carried out to determine the basic characteristics of the
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thruster, as well as the calculation of its optimum operating conditions for
standard operating propellant - xenon. The obtained results match the ones
derived by the University of Giessen in Germany during 1990-s on models of
thrusters with similar structure design.

Future experiments with this thruster will be concentrated at the study of
thruster operating with atmospheric gases like nitrogen, oxygen, and their
compositions with concentrations of n = 1017 + 1018 m-3 simulating the
conditions of its operation at orbits with the height h = 200 + 250 km, in
accordance with the empirical model of the atmosphere NRLMSISE-00.

This work was conducted in the framework of the Federal target program
«Research and development on priority directions of scientific-technological
complex of Russia for 2014-2020» (Agreement Ne 14.577.21.0101 dated
09.16.2014).

IIyTu yBeInYeHHA pecypca H HAACKHOCTH TOILUIHBHBIX GOPCYHOK
ABHAIMOHHLIX IBUTATEIE
Anryuun B.A L, Antyaun K B !, TTnatonos E.H.!, Tepentses A AL
Anosckas M.J1.2
'KHUTY-KAU um. A H. Tynosesa, r. Kasaus,
T IMAM um. TLU. Bapanosa, T. Mocksa

[Ipu paboTe aBHMANMOHHBIX JBHTATENICH IPOUCXOAMT 3aKOKCOBBIBAHHC
TOINIMBHBIX KaHaNoB W (unbTpos ¢opcynok. M3sectHo, uto uepez 900
OUKIOB  padoTter,  Hampumep, apurarens  HK-8-2V,  monHOCTHIO
3aKOKCOBBIBAIOTCA MPAKTHYCCKH BCe (hOPCYHKH. UacTHIHOE 3aKOKCOBBIBAHHC
(pOPCYHOK MPHBOAUT K YACTUYHOH IOTEPE TSITH, A TIOTHOE 3aKOKCOBBIBAHUC —
K OOHyJCHWMIO TirH. YacTHYHOE 3aKOKCOBBIBAHHWE JAKE TOIBKO OFHOH
()OPCYHKM TPHUBOAMT K HEPACUETHOMY CTPYHHOMY pAacmbLly JKHIKOTO
VITICBOJOPOJHOTO TOPIOYETO, K JOKATHHOMY IIPOTApy >KapoBOil TPyOBI, K
TIOKAPY M B3PBIBY ABHUTATEI W BCETO JICTATCIBHOTO ammapara (JIA).

TBEPOBIH YTICPOAMCTHI OCAAOK HAYHHACT OOPA30OBBIBATHCH IMPH
Temrmeparype creHok (opcyakm Ooxee 373K. B nmokmame Ha ocHOBe
JKCICPHMCHTANBHBIX ~ HCCICAOBAHWH  IPOBEAEH  TONHBIH  aHANW3
CYIICCTBYOIINX H TICPCIICKTHBHBIX Cmoco0oB 00pBOBI c
0CaaKo00pa30BaHNEM B JBHTATEISIX W JHEProycTraHoBKax JIA Ha >KuIkux
VTIICBOIOPOTHBIX TOPFOUNX W OXIIATUTEIIX.

K mepcmektuBHBIM criocobaM OOpBOBI ¢ 0CAIKOOOPA30BAHHCM MOYKHO
OTHECTH:

e CmocoOBI MO  TPCAOTBPANICHHIO  YIJICPOAMCTOTO  OCAIKA!
KOHCTPYKTHBHOE  PA3MCIICHHE HArPEBAEMBIX JCTanCi  (Hampumep,
TOITMBHBIX (JOPCYHOUHBIX (PHIBTPOB) B 30HY C HAMMCHBIINMH HATPEBAMH,
KOHCTPYKTHBHOE CO3JAHHC HAPY)KHOTO JIOTIOJHHTEIFHOTO OXJIAXKICHHS
Kopmyca (POPCYyHKH; IPUMEHECHHE JNICKTPOCTATHIECKHUX TIOJICH;
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e CmocoOBl TO OTPAaHHYCHHE) POCTA VIJCPOAHUCTOTO OCAIKA:
KOHCTPYKTHBHOC CO3JAaHHE OPCOPSHHOH MOBEPXHOCTH B BHAC KOHYCHBIX
HUCKYCCTBCHHBIX I/IHTGHCI/I(I)I/IK.’:ITOPOB TCIJIIOOTOAYIH NPUMCHCHHUC
3JCKTPOCTATHYECKUX TOJICH;

e  CmocoOBl MO YOANCHHIO YTACPOTUCTOTO OCATKA. KOHCTPYKTHBHOC
pa3sMEIIcHIE OCEBOM COOCHOW padodueil MINBI, KOHCTPYKTHBHOE CO3JAHHC
3aMCHACMBIX JACTANCH B KACCETAaX (PacHbUINTEICH, (PUIBTPOB); IPUMCHEHHUE
TEPMOAKYCTHUYCCKHUX aBTOKOJICOAHUIT JABICHU.

ABTopamMu pa3pabOTaHBI W 3aMATCHTOBAHBI, HOBBIC CIIOCOOBI OOPBOBI C
YIJICPOAHCTBIM OCaaKoM (0€3 3ICKTPOCTATHUCCKHX TMOJICH, ¢ TIOJSAMH,
THOPUIHO), HOBBIC KOHCTPYKTHBHBIC CXEMBI TOIIMBHBIX (OPCYHOK A
asurarenet u saeproycranoBok JIA. Co3aaH axroput™ yuéra 0COOCHHOCTEH
TCIJIOBBIX IMPOLCCCOB B JKUAKUX YTJICBOAOPOAHBIX TOPHOYHUX W OXJTAAUTCILAX
TPH TPOCKTHPOBAHUM, CO3JAHHH M O3KCINIyaTallMd HOBBIX (DOPCYHOK,
JBUTATEICH M 3HEProycTaHOBOK JIA pasmriHoro HasHaucHms. [IpmveHeHHE
PC3YJIBTATOB HCCICAOBAHWH W HOBBIX Pa3padoTOkK OyAeT CHOCOOCTBOBATH
CO3OAHAK) TMCPCICKTUBHBIX OTCUCCTBCHHBIX ABHAITHOHHBIX /:[BnraTeneﬁ
MOBBIICHHBIX XaPAKTECPHCTHK IO PECYPCY, HAAEKHOCTH H OC30MACHOCTH.

The ways of life and reliability enhancement of fuel injectors of aircraft
Altunin V.A.', Altunin K. V.!, Platonov E.N.!, Terentiev A.A.!,
Yanovkaya M.L.2
TKNRTU-KALI Kazan;
2CIAM named after P.I. Baranov, Moscow

When operating aircraft engines there is process of coking some fuel
channels and filters of sprayers. It’s known fact that approximately in 900
cycles of operation, ¢.g., engine NK-8-2U, actually all the sprayers become
fully coked. The partial coking sprayers leads to partial thrust loss and full
coking to thrust absence. It’s important to know that even partial coking only
one sprayer leads to off-nominal jet spray of liquid hydrocarbon fuel, local
burnout of flue, fire and explosion of engine and all the aircraft.

Solid carbonaceous deposit begins to be formed at temperature of sprayer’s
walls equaled more than 373K. The full analysis of existing and perspective
ways of fight against deposit formation at engines, power plants has been
carried out and shown here.

We can highlight some most necessary ways of fight against deposit
formation:

e  Ways of prevention of deposit formation such as the constructive
placement of heated parts (e.g., fuel sprayer filters) at the area with less
heats, creation of external additional cooling the sprayer’s body, application
of electrostatic fields;

155



e  Ways of limiting deposit growth including creation of ribbed
surface, application of electrostatic fields;

e  Ways of deleting deposit such as placement of axial coaxial working
needle, creation of replaceable details at cassettes (sprayers, filters),
application of thermal acoustic auto oscillations of pressure.

The authors have worked out and patented: novel ways of fight with
hydrocarbon deposit (without electrostatic fields, with fields, simultancously),
new schemes of fuel sprayers for engines and power plants of aircraft. The
algorithm of recording particularities of heat processes at liquid hydrocarbons
at designing, creation and usage of new sprayers, engines and power plants of
aircraft with other objectives has been built up and shown here. The
application of research results and new elaborations will initiate the creation
of perspective domestic aircraft engines with enhanced life, reliability and
safety.

Oco0eHHocTH IKCTEPUMEHTATBLHOIT 0TPA0OTKH OCHOBHBIX 3JICMEHTOB
KOCMHYICCKHUX JHEPTOABHTATC/ILHBIX YCTAHOBOK 001611011 MOIIHOCTH
Anapuanos J.W., [Tomos A.B., Tepexos J.H., rorma C.1O.
Lentp Keanpmma, r. Mocksa

CTpeMyIcHHE HCIOJB30BaTh B OCBOCHHH KOCMHYECKOTO MPOCTPAHCTBA
MOIIHBIX 3HCPTOABHTATCIIBHBIX YCTAaHOBOK (/1Y) CymecTByer ¢ caMmbIxX
NCPBBIX JTANOB Pa3BUTHA KOCMOHABTHKH HW C TCUCHHCM BPCMCHH
HCOOXOAMMOCTh HX CO3JAaHHA CTAHOBHTCA BCE Oosee akryanpHoit. C
MOMOMIBF) MOIHBIX /Y  BO3MOXKHO peHmICHHC OONBINOTO  YHCIA
TPAHCHOPTHBIX, TPAHCIOPTHO-YHCPICTHUCCKHX M JHCPICTHUCCKHX 3a1a4Y B
HWHTEPECaxX 3KOHOMHKH, HAYKU B 00ECIICUCHHUSI TII00AIBHOM O€30IaCHOCTH.

Cozmanne takmx /Y ABIACTCA YPC3BBMANHO CIIOKHOH 3a7auci H
TpeOYET BCCCTOPOHHCH OTPAaOOTKH KAK OTACITBHBIX 3JICMCHTOB VCTAHOBKH,
TaK H COBMCCTHBIX HCIBITAHHH PasIUIHBIX CHCTCM HA HA3CMHBIX CTCHIAAX, d
TAKKE B KOCMAYCCKOM MPOCTPAHCTBE MPH MPOBCACHHHA JICTHBIX HCIBITAHHH.

B JOKNIAAC NPUBOIATCA JAHHBIC IO AKTYAJIIBHBIM B HACTOAIICC BPEMSI
MPOCKTaM, BEAYIIUMCS B MHPE B OOJACTH MOIUHBIX sAepHBIX JJIY, maerca
o0mas wHpopManus 00 OCHOBHBIX moacucrteMax /Y, o cocraBe
TPcOOBAHMAX K CTCHAOBOH 0a3¢e I OTPabOTKH KIFOUCBBIX 3MCMCHTOB DY,
paccMaTpHBAcTC MOTCHUHATBHBIH COCTAB M OOJMHMK CTCHAA AT MOIIHBIX
ra3oTypOMHHBIX IPeoOpazoBaTencii, padoTAOMMX MO 3aMKHYTOMY IIHKIY
bpaiitona.
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Features of experimental testing of the basic elements space power
propulsion systems of high power
Andrianov D 1., Popov A.V., Terckhov D.N., Shtonda S.Y.
Keldysh Research Center, Moscow

Desire to use high power propulsion systems(PPS)for a space exploration
exists from the very first stages of astronautics development and eventually
need of their creation becomes more and more actual. The solution of a large
number of the space tasks in interests of economy, science and ensuring
global safety is possible by means of high power PPS.

Creation of such PPS is extremely complex task and demands
comprehensive testing both separate elements of system and integral tests of
various systems at ground test benches and also in a space when carrying out
fly tests.

Data on the projects actual now, which are conducted in the world in the
field of high power nuclear PPS is provided in the report. It describes in
general about the main subsystems of PPS, about structure and requirements
to bench for ground testing of the PPS key elements, the potential structure
and conceptual design of the test bench for the high power gas-turbine
conversion systems based on the closed Braytoncycle is considered.

PazpaboTka afanTHBHOTO HEUETKOTO PETYJISITOPA YACTOTHI
H BCTPOCHHOIT MOJe/T ABHANHOHHOIO ABHIATE/ISI ¢ IPUMECHCHHEM
HEHPOHHOI TeXHOJIOTHI
Xmwxuaxos FO.H., FOxakos A.A., Codun H.A.
TTHUITY, r. ITepmb

COBEpIICHCTBOBAHNE HATHOCTHKH PAa0OTHl ABHAIMOHHOTO IBUTATEILI
crnocoOcTByeT ©Oe3aBapHHHOIM  JKCIDIyaTanWd JICTAaTEIbHOTO  Aammapara.
Hanexuocts paboOTBI CHCTEM YIpaBICHHA TPEOYET CBOCBPEMEHHOTO
BBUIIBICHHS BO3MOJKHBIX JC()CKTOB, CBSI3aHHBIX C pabOTOH JAaTIYHKOB H
JKCIUIYaTAIMOHHBIM H3HOCOM AaBHAIMOHHOTO asurareist. OCOOCHHO BaKHO
BBUIBHTH IPHUMHY YXYAIICHHS XAPaKTCPUCTHK ABHTATeIsl Ha (hoHE €ro
SKCIUIYaTaHOHHOTO W3HOCA C TOSMBICHHEM Je(EKTOB B  CHCTEME
yrpasiacHus. B qoknaae paccMaTpuBacTCs aAANTHBHBIN HEUCTKHHU PETYIIATOD
YaCTOTOH BPAIICHHA CBOOOTHOW TYPOMHBI W MPSAMAas MOACTHh aBHALIHOHHOTO
gpurarest. HedeTkw# peryiarop 4acToThl aBHAIMOHHOTO —IBHUTATEILL
COJCP)KAT amanTuBHBIN (paz3mpuxarop m OIOK AKTHBAIMOHHBIX (DYHKIHH
I YUPaBICHUS J03aTOPOM ABHAIMOHHOTO apwrarend. llpsmas Mozaens
ABHANMOHHOTO [BUTATEIsI IO YACTOTE BPAIICHHUS CBOOOTHOHW TYPOHMHBI
COJCP)KAT adanTHBHBIN (az3mpukarop m amantuBHbI Aedaszzudukarop. B
aganTuBHOM  (Da33U(PUKATOPE HCIOIB30BAHBI CHIMOMIHbIC  (DYHKIHH
TIPUHAJIC)KHOCTH, TAC aKTHBALMS CTCTICHEH IPHHAIIC)KHOCTH BHIIIOIHCHA HA
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CHHIJICTOHHOH OCHOBE B HOPMHPOBAHHOM HHTepBajic —1, +1. B agantuBHOM
(¢azudurkarope NPUMCHCH PETVJATOP TCPM, I  PETYIHPOBAHHA
kox(ummenTa yeuneHua. Ananranmsa (aszsudukaropa u acgazsuduxatopa
BBINOJIHEHA METOIOM MOCJICAOBATEIFHOTO O0YUCHIS HEHPOHOB, BXOSIINX B
HX COCTAB, U BBIIOJHACTCS 34 OJWH TAKT, YTO OTBEYACT TPCOOBAHUIM CHCTEM
peambHOTO BpPEMEHH. BBIABICHHE MEMJICHHOTO Jc(ekra, CBA3AHHOTO C
HW3HOCOM ABHAMOHHOTO JBHUTATEN, BBIIOJIHEHO C IOMOINBIO JOTHUCCKOTO
yCTpoiicTBa (CHTHYM-PENC), KOTOPBIH CpadaThlBacT MNPH AOCTIKCHHH
TPAaHUYHOTO OTKIOHECHHUS TEKYIIETO MapamMeTpa. BeIxox W3 CTpos JaTdymka
YaCTOTHI BPAIICHHUS CBOOOTHON TYpOHHBI HE BBI3BIBACT ABAPHHHON CHTYALIHH,
TaK Kak 00paTHAsI CBSA3b ABTOMATHYCCKY MOKIIFOUYACTCS C IIOMOIIBI0 CHTHYM-
perie K BBIXOAY IPSIMOM MOJETH aBHALMOHHOTO ABHTaTens. MoaenmpoBaHue
KOHTYPa YaCTOTHI BPAIICHHS CBOOOTHOH TYpOHMHBI BHIOJHCHO B MAKCTC
SCAD ASuite.

PesyasTraTel MOICTHPOBAHUSA MOATBCPIKIAIOT BO3MOXKHOCTH MPHMCHCHHS
aJanTHBHOTO HEYETKOTO PEryJsiTOpa 4YacTOTHl, a TakkKe JajbHEHImee
COBCPHICHCTBOBAHHC CHCTEMBI  THATHOCTHKH Pa0OTHl  ABHAHOHHOTO
JBHUTATEI C IPUMECHCHUEM HEHPOHHON TEXHOIOTHH.

Development of adaptive fuzzy frequency controller and built-in model
of an aircraft engine using neural technology
Khizhnyakov Y .N., Yuzhakov A.A., Sofin N.A.

PNIPU, Perm

Improving the diagnosis of an aircraft engine contributes to safe operation
of the aircraft. The reliability of control systems requires early detection of
possible defects associated with the operation of sensors and aircraft engine
operating wear. It is particularly important to identify the cause of the
deterioration of the engine parameters against its operational wear and the
appearance of defects in the control system. The report examines the adaptive
free turbine speed fuzzy control and a direct model of an aircraft engine.
Aircraft engine fuzzy frequency controller includes an adaptive fuzzifikator
and activation functions block for controlling dispenser of an aircraft engine.
Direct aircraft engine model on the speed of the free turbine contains adaptive
fuzzifikator and adaptive defuzzifikator. Sigmoid membership functions are
used in the adaptive fuzzifikator, where the activation degree of membership
is made on the basis of a singleton in the normalized range of -1 to +1. In the
adaptive fuzzifikator term controller is used for gain control. Adaptation of
fuzzifikator and defuzzifikator is performed by successive learning of neurons
within them, and executed in a single cycle, that meets the requirements of
real-time systems. Identify of slow defects due to wear and tear of an aircraft
engine, is carried out by a logic device (signum relay), which is triggered
when the limit of deviation of the current parameter is reached. The failure of
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the speed sensor not results in free turbine emergency, as feedback is
automatically connected via the signum relay to the output of the aircraft
engine line model. Circuit simulation of the free turbine speed contour is
made in the package SCADA Suite.

Simulation results confirm the possibility of using the adaptive fuzzy
frequency controller, and the further improvement of the diagnosis of an
aircraft engine using neural technology.

Hcnoan30Banne siBJICHAS B3PHIBA MECTALTHYECKAX MTPOBOTHIKOB
TIPH OTICHKE YCTOHYHBOCTH PA001ero nmpoiecca B KaMepax cropaHusi
KHIKOCTHBIX pakeTHbIX qpurateieii (ZKP/I) k «kecTROMY»
B030Y:KICHHI0 BHICOKOUACTOTHLIX KOJICOAHIT JABICHAS
Hapankusu P.A., Hapmwxkasiit A A., [Tukanos B.I1.

HMULI «PKID», r. ITepecser

K HacroameMy BpeMEHH MIHPOKOE PACIPOCTPAHCHHE TIPH OLCHKE
BBICOKOYACTOTHON yYCTOMYMBOCTH MPOLECCA TOPEHUS B KaMEpPax CrOpaHUs
KPJl moayuyumn METOJ, OCHOBAHHBIH HA BBEACHHE B KAMEPY CrOpPaHUs
HCKYCCTBEHHBIX HMIYJIbCOB JaBieHWA [Iporiecc TOpEeHHS CUHTacTCA
VCTOHYMBBIM WM HEYCTOIUMBBIM B 3aBHCHMOCTH OT TOTO, BO3BPAINAIOTCS
WM HE BO3BPAIIAIOTCS €TO XAPAKTEPHCTHKH (KOJICOATEIbHAS COCTABILIIOMIA
JABICHHA B KAMEPE CrOPAHMA) B HCXOAHOEC HEBO3MYIICHHOE COCTOSHHE
MOCIIC BHECCHUS BO3MYIICHHUS.

Kak mpaBumo, 3TOT METOA pealam3yercsl IMyTEM BBOJA B PCAKIHOHHBIH
00BEM KaMephI CrOpaHMs depe3 KaHAT B €& CTCHKE HMITYIIbCA JABICHUSA OT
HMIyJbCHOTO BHEIIHETO BO3MYINAMOIIETO ycTpolictBa (BBY), B KOTOpBIX B
KA4YeCTBEC MCTOYHUKA MMITYIbCA JABICHUS B HACTOAIICE BPEMS HCIIONB3YETCA
HaBeCKa B3peIBUaTOro Bemecrsa (BB).IIpm 3TOM HaBeCka B3PBIBYATOTO
BCIIECTBA M30JIMPOBAHA MCTAIUIMYECKOH MEMOpAaHOH OT KaHama, IIo
KOTOPOMY BBOJWTCS HMITYJIC JABJICHUS B KaMepy cropanus. OCKOIKH TaKOH
MeMOpaHBbI, ONagasl B KaMepy CropaHus IpH HoapsiBe 3apsga BB, moryr
MOBPEIUTh BHYTPCHHIOKD OOONOYKY KAaMEPhl CrOpaHWsA. OITO SIBIIETCA
HEAOCTATKOM Takux ycTpoucTB. K HemocTtatkam takux BBY crenyer Taxoxe
OTHECTH 3HAYMTEIIBHBIA Pa30pOC BEIWYHH TCHEPHUPYEMBIX MMH HMILY IbCOB
JABJICHHS IPH OJMHAKOBOI BEIMYMHE HABECOK B3PHIBUATOTO BEIICCTBA, UTO,
MO-BUIUMOMY, CBSI3aHO C pa3OpPOCOM: MAacChl HABECKH, IUIOTHOCTH €€
VKIIQKH, TOIIIMHBI MEMOPAHBI.

Lenpto mccne0BaHMM, MPEICTABICHHBIX B TOKIANE, SBILIETCS pa3padoTka
W OIPEICIICHHE XAPAKTCPUCTHK 3JICKTPOMMIYJIBCHBIX  BO3MYIIAOIINX
ycrpoiicte  (OWIBY), nmelictBue KOTOPBIX OCHOBAaHO HAa  3d(dekrre
B3PBIBAFOIIETOCS 3JCKTPHUCCKOTO MPOBOJHHKA TIPH TOJA4YEe HA HETO
BBICOKOTO HANPSUKEHHSA. B 3THX BO3MYIIAOIMMX YCTPOWCTBAX OTCYTCTBYIOT
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pasgenuTenbHble MembpaHb! n  obecneynaetcs CTabunbHOCTb
reHepupyembIX UMW UMMy IbCOB.

B [poknafe npeacTaBfieHbl KOHCTPYKUMM pa3paboTaHHbiX 3VIBY w
pe3ynbTaTbl UCCNEef0BaHUA B «XONOAHbLIX» MOAE/bHLIX YCNOBUAX BAUAHUA
KOHCTPYKTUBHBIX U PEXUMHbIX MapameTpoB Ha BeIMYMHY reHepupyemMbIX
MMNY/bCOB AaBMEHUS.

HoBW3Ha TeMbl MOATBEPXKAEHA NMaTEHTaMM.

the employment of metallic conductors detonation effect in the
evaluation of combustion stability in thrust chambers of liquid rocket
engines (LRE) with respect to hard excitation of high-frequency pressure
oscillations
TsarapkinR.A., Narizimyj A.A., Pikalov V.P.
RC “RSI”, Peresvet

The now popular method of evaluating high-frequency combustion
stability inside LRE thrust chambers is based on introducing artificial
pressure disturbance into a combustor being characterized. The combustion
process is considered steady-state or unsteady with respect to the fact whether
or not the combustor behavior returns to its initial undisturbed operation
mode after applying the said artificial disturbance.

Typically, this evaluation method is implemented by means of introducing
pressure pulses produced by an external pulse generator into the combustor
reaction volume via a channel provided in the combustor wall. A set of
attached explosive charges is used currently as the pressure disturbance
source. When attaching explosive charges to the combustor wall a metallic
diaphragm is employed to separate them from the channel through which a
pressure pulse is introduced into the thrust chamber. Upon detonating of
explosive charges some fragments of the diaphragm getting into the
combustion chamber may damage its internal liner. This constitutes a
disadvantage of above method. Another drawback of external pulse
generators involves a considerable spread in magnitude of produced pressure
pulses while using equal number of attached explosive charges, which seems
to be attributed to the spread in the following parameters: explosive charges
mass and packaging density, diaphragm thickness.

The objective of the studies presented in this report is to develop and
characterize electric pulse generating devices. The operation principle of
these devices is based on the effect of electrical conductor detonation upon
applying high voltage to the conductor. Theses pulse generators do not
involve the use of separating diaphragms and are capable of producing stable
pressure pulses.

The report presents design features of developed pulse generating devices
and results of the studies under cold flow model conditions reproducing the
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effect of design and operating parameters on the value of generated pressure
pulses.
Novelty of the subject is confirmed by patents.

MaremaTHieckasi MoJIeNIb ONpeae/IeHNs MAPAMETPOB TEMJI000MEHHBIX
ANMNAPATOB HA MEPEXOJHBIX PEKUMAX PAOOTHI
Uepnakos B.B., Mkcanos X.C.
Lentp Keanpmma, r. Mocksa

IMnactuauaTo-pedpucteic  TemwnooOMeHHbIe ammaparel  ([ITA) Hamum
IIHPOKOE TNPHMEHCHHE B TPAHCHOPTHBIX JHEPICTHUCCKUX M KPHOTCHHBIX
VCTaHOBKax Omarogaps CBOCH BBICOKOW KOMIIAKTHOCTH W MajioH Macce,
MPUXOMAIIEHCA  HA ~ CAMHHUIY  TCIUIONCPEJAIOIEH  MOBEPXHOCTH.
Ucnonp3osannme [ITA B 3HEPreTHYECKHX YCTAHOBKAX, pabOTAOINUX IO
3aMKHYTOMY LuKJIy bpalitoHa, mo3sojaser moBbicuth KIIJ[ KOHTypa
MPCOOPA30OBAHMS IHCPTHH.

IIpu wmcmomp3oBanmu [ITA B KOCMHYECKHX 3SHEPrOoyCTAHOBKAX, BBHIY
OTPAHMYCHHOTO PpECypca pacmojaracMod »JHEPrHH HA JTame 3ammycka,
TpeOyeTcsl BpEMEHHASI OLCHKA TEIJIOBOH HMHEPIMOHHOCTH TEIIIOOOMEHHOTO
ammapara. C 3TOH UEIbI0O TPEACTABILTIOT HHTepec padora [ITA Ha
HCYCTAHOBHBIIMXCS W  ITIEPEXOJHBIX PEKUMAX, XAPAKTECPH3YIOIHXCA
HECTALMOHAPHOCTBIO MPOTEKAOIIUX MPOLECCOB.

Lenbto 7aHHOM paboTHI ABIACTCS Pa3padOTKA W MPOTPAMMHAS PEATH3ALHUS
MAaTEeMATHYCCKOM MOACTH HECTALHMOHAPHOTO MPOIECCa TEILUIONEPEIAYH B
[ITA ¢ y4eToM peanmbHBIX TEIIO(H3UUECKUX CBOWCTB TEIIOHOCHTEIL. B
MPEACTABILICMON MATEMATHYCCKOW MOACTH YYHTBIBACTCA TEIUIOEMKOCTB
Mmarepuana [1TA, BIusHHE TEIUIONMPOBOAHOCTH 10 JUIMHE IDTACTHHBI HA TEMIT
pa3orpesa TeIDIO0OMEHHOTO anmapara.

3agauaMu pacyera NPH MPOBEICHHH MATEMATHUYCCKOTO MOJCIHPOBAHUS
SBJIAIIHCH:

e  ONpEICNCHHE TEMIEPATYp TEIUIOHOCHTENEH HA  BBIXOAE H3

«TOPSMETO» U «XOIOAHOTO» TPakToB [1TA;

e  ONpCIaCICHHUC TCIUIOBOH MormHOCTH [1TA

e  ompenencHue creneHu dpdexrusHoctr [TTA.

IIpoBeacH CpaBHUTEIBHBIM AHANMH3 YHCICHHOTO MOACTHUPOBAHHA C
JKCIEPHMEHTAIBHBIME HCCIICTOBAHMSMHE CTCHIOBBIX 00pa3nos [1TA.

Pe3ymbTaTsl CpaBHHTEIFHOTO AHANMM3A IO3BOJIEOT CACIATh BBIBOJ 00
AJCKBATHOCTH MPEACTABICHHON MATEMATHYCCKOH MOJCITH.
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A mathematical model of determining the parameters
of heat exchangers on transient operating conditions
Chernakov V.V, Iksanov H.S.

Keldysh Research Centre, Moscow

Lamellar-ribbed heat exchangers (LHE) have been widely used in the
transport power generating and cryogenic systems due to their high
compactness and low weight per unit of heat transfer surface. Using LHE in
power generating systems with a closed Brayton cycle, improves the
efficiency of the power conversion circuit.

By using LHE in cosmic power generating systems, time estimation of the
thermal inertia processes in heat exchanger is required due to the limited
resources of available energy during the startup phase. To this purpose, the
work of the LHE on unsteady and transient conditions, characterized by
nonstationarity of the processes is of our interest.

The aim of this work is the development and software implementation of
the mathematical model of unsteady heat transfer in the LHE based on actual
thermal properties of the heat carrier. The presented mathematical model
takes into account the specific thermal capacity of the LHE material, the
effect of thermal conductivity along the plate at the rate of heating of the heat
exchanger.

The objectives of the calculation during the mathematical modeling were:

e  definition of the heat carrier temperatures at the outlet of the "hot"
and "cold" paths of LHE;

e  definition of LHE heat rating;

e  determination of the thermal effectiveness of the LHE.

A comparative analysis of numerical simulation with experimental research
of LHE stand model was carried out.

The results of the comparative analysis leads to the conclusion about the
adequacy of the presented mathematical model.

Bepuduranusi KOHEYHO-)JIEMEHTHBIX MOJIEJICii MHOTOC/I0MHBIX
KOHCTPYKIHIT PN UX MOTEPETHOM M3rufe Ha 0CHOBE
BAPUANMOHHOT0 NIPUHIINIIA
Ocamuuit HB., Illenens B.T.

HITO «Carypa», . PeiOnHCK

Joknan mocBAIEH pacyéTy HA MPOYHOCTh MHOTOCIIOMHBIX KOHCTPYKLMit
THIA CTEPXHEH, OamoK ¥ TPAMOYTONBHBIX TAHEICH C «IETKEMY
3aMOTHATENCM, KOTOPBIH HE OKAa3hIBACT COIPOTHBICHHSA H3rHOy. JTO
JOMYIIECHUE XOPOIIO COrJacyeTcsl JIsI MHOTOCJIOMHBIX KOHCTPYKUHUH C
COTOBBIM 3aMOJMHHUTENEM. B J0KIage pacCMOTPEHBI METOABI MOCTPOCHHSA
AHATMMTHUYCCKUX MOJEJCH, HA OCHOBE KOTOPBIX BO3MOXKHA BepH(HKAIIA
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KOHECYHO — JIICMEHTHBIX MOJCICH C IENBI0 Moadopa WX MapaMeTpoB (THII
3JICMCHTA, TIOTHOCTH PA30HCHHA, COCOO CBA3H 3JICMCHTOB MCKAY COOOMH).
AHanTUTHYECKHE MOJEIH MHOTOCIOHHBIX KOHCTPYKUMH M1 HMOIEPEUHOTO
n3rmda CTPOWINCHh C HCIOJNB30BAHHEM THIOTE3bl «JIOMAHOH IHHUN» H
THITOTE3BI «HEAC(HOPMHUPYEMOTO B TIONIEPEUHOM HATIPABJICHHUH 3aIIOTHUTEIID).
Hcnonp3oBanne 3STHX THUNOTE3 JSKBHBAJICHTHO IIPEANOJIOXKCHHIO, HTO
KacaTeIbHBIC HANMPSHKCHUS U Ac(hOPMALUH CABHTA IO TOJIIWHE 3aTIOTHUTEILI
pacmipeacneHsl  paBHOMepHO. Cmctemsl au(epeHIHATBHBIX YPABHCHHUH,
OTIHCHIBAFOIIUX IOTIEPECYHBIN U3THO MHOTOCIONHHBIX KOHCTPYKI[HH, ITOJIyICHBI
W3 YCIOBHH CTaIMOHAPHOCTH (DYHKIIMOHAJA IOJMHOHW 3HEPIHS CHCTECMBI
«OOIIWBKH — 3aMOTHATES/Ib» (BAPHALHOHHBIN MpUHIHI Jinepa-Jlarpamka

HJna  cucreM  mu((epCHUHMATBHBIX  YVPABHCHHH,  OMHMCHIBAFOIINX
TIOTICPEYHBIN HW3TMO0 MHOTOCIOWHBIX CTEPXKHEH, IOJYUCHBI AHATMTHYCCKHC
peIIeHHS A1 PA3INYHBIX CIIOCOO0B 3aKPEIUICHHS KOHIIOB OOIIMBOK CTECPIKHS
n  zamommmremt.  Jma  cucreM  guepeHIHMANBHBIX — YPAaBHCHHH,
OTHCHIBAIOIIMX ITOTICPEYHBI H3rMO MJIACTHH, MOJYYCHbI KAaK TO4YHBEE (B
JBOWHBIX TPHTOHOMETPHYECKUX psigax Dypee), Tak u NPHOIMKEHHbIC
(Meromom byOHoBa — [ManépkuHa) PCIICHHA.

IMepememennss mnpu  wWirnOe, HAWIACHHBIC HAa OCHOBC  PCIICHHUSA
Iu(PepeHIMANbHBIX YPABHCHUH, IO3BOJUIFOT OIPCIACIHTh BHYTPCHHUC
CHIJIOBBIC (DaKTOPBI.

[IpeacraBireHHBIC HCCICAOBAHMUS TIO M3THOY MHOTOCIOHHBIX KOHCTPYKIHH
MOTYT OBITh HCHONB30BAHBI I BEPH(PHUKAIIMH KOHEUHO-3JICMEHTHBIX
MOJCJICH MPH PacyeTe MAaHEACH 3BYKONMOTJIOIAKOIUX KOHCTPYKUUN H3ACTUi
A3POKOCMUYECKOH 00IaCTH, CyTOCTPOCHHS U CTPOUTEIBHOM HHIYCTPHH.

Verification of finite-element models of multilayer structures
at transverse bending based on the variational principle
Osadchiy N.V., Shepel V.T.

NPO “Saturn”, Rybinsk

The report is dedicated to strength calculations of multilayer structures,
such as cores, beams and rectangular panels with light filler, which does not
resist to bending. This assumption agrees well for multilayer structures with
honeycomb cores. In the report, methods of analytical models generation are
considered, which enable verification of the finite-element models to adjust
their parameters (type of the element, separation density, elements contact
method). The analytical models of multilayer structures for transverse
bending were developed using the broken-line hypothesis and the hypothesis
of the transversely rigid filler. Application of these hypotheses is equivalent
to an assumption that tangential stresses and shearing strain as to the filler
thickness are uniformly distributed. The differential equation systems,
describing transverse bending of multilayer structures, were generated from
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the stationary conditions of the total energy functional of the ‘skin — filler
system’ (Euler-Lagrange variational principle).

As for the differential equation systems describing transverse bending of
multilayer cores, the analytical solutions for various modes of the core skin
and filler fixation have been obtained. As for the differential equation systems
describing transverse bending of plates, both explicit (in double trigonometric
Fourier series) and approximate (the Bubnov-Galerkin method) solutions
have been obtained.

Bending displacements found on the basis of the differential equation
solutions enable to define the internal power factors.

The presented bending investigations of multilayer structures can be used
for verification of the finite-clement models while calculating panels of
sound-absorbing structures in acrospace, ship-building and construction
industries.

HekoTopble MyTH yBeJIMUEHHsI PECYPCA H HAAEKHOCTH CHCTEM CMAKA
NOPINHEBBIX H PEAKTHBHBIX ABUTATE/IEli JIETATEHHBIX ANMAPATOB
Anryaun B.A Y, Anryeun K.B. !, [l{urones A.A. !, FOcymos A.A. !,
Jemuaenko B.I1.%, STaosckas M.J1.3
'KHUTVY-KAWU, r. Kazans;

MBAA, r. Canxr-IleTepOypr;

[IMAM um. TL.U. Bapanosa, T. Mocksa

B X04C OKCIUIyaTamuu TMNOPHIHCBBIX W PCAKTHBHBIX /:[BnraTeneﬁ
JICTATCBHBIX AMMAPATOB MPOUCXOTIT AHOMATbHBIC 3(P(PEKTHI B MOTOPHBIX
MaclaaX H3-3a HX TEPMOAWHAMHYCCKHX COCTOAHHH. OOHHM H3 OMACHBIX
3((CKTOB ABIACTCA MPOLECCC 0CAAKOOOPA30BaHUS, H3-3a KOTOPOTO PAHBMIC
MOJIOKCHHOTO CPOKA BBIXOIAT H3 CTPOS MACISHBIC (DOPCYHKH, KAHATBI H
¢unbTpel. YacTHYHOC 3aKOKCOBBIBAHHC TOJBKO OJHOTO KAHANA HJIH
(OpCYHKH yike CHOCOOCTBYST HETOCTATOYHOH Pad0Te CHCTEMBI CMA3KH KAk
NMOPITHEBOI0, TAK U PCAKTHBHOIO ABHUTATCIIA, UTO IMPUBOAUT K yCKOpeHHOfI
MOJOMKE M OCTAHOBY C JANBHCHIIMM PEMOHTOM B 3aBOACKHX YCJOBHAX.
[NonHOE 3aKOKCOBBIBAHHC OJHOTO KaHANA WIH (DOPCYHKH COKPAMIACT BPEMS
JKCIUyaTallMiM ABHTaresicii emé ObICTpee, NPHUBOAMT K ABAPHHHBIM
CHTyalHsAM BCETO IerarenbHOro ammapara (JIA). Tlostomy HeoOXomumo
BeCTH OOpBOY € 0CagKO0OpPA30BAHHCM B CHCTCMAX CMA3KH VKC HA CTAIHH
MPOCKTUPOBAHUA IBUTATCICH.

HpOBeE[eHBI OKCIICPUMCHTAJIbHBIC HCCIACOAOBAHUA C Pa3sIuIHbIMHA
ABHAITMOHHBIMH MACJIAMH. BBIIO YCTAHOBIICHO, YTO: MPH TEMIICPATYPE MCHEE
373K ocamok HE oOpasyercda; OpcOpEHHAS TOBCPXHOCTH C  BBICOTOH
KOHHYCCKHX 3YOBEB 3-5 MM CITOCOOCTBYCT 3aTOPMAKHBAHHIO POCTA TBEPIOTO
0CamKa, MATHHTHBIC TOJA OYCHb CNA00 BIHAOT HA HWHTCHCH(DHKAIIMIO
TEIUIOOTIAYH K MOTOPHOMY MACJy M HE BIMSFOT HA MPEIOTBPALICHHE OCATKA
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HA HATPEBACMBIX  JCTALIX, OJJCKTPOCTATHUCCKHEC IO  OKA3bIBAIOT
SHAYUTCIIbHOC BJIWAHHC HA YBCIUUCHHC KOS(I)(I)I/IL[I/IGHT& TCIIOOTAAYHU H
MPEAOTBPAMAIOT IPOIIECC O0CAAKOOOpA30BaHHMSA B 30HE IPOXOKICHHSA
CHJIOBBIX JITHUH 3JICKTPOCTATHYECKOTO TOJIA.

Ha ocHOBC pE3yapTaTOB 3KCICPHMCHTAIBHBIX HCCICIOBAHHN OBLTH
Ppa3paboTaHbI; HOBEBIC CITOCOOBI OOPBOBI C 0CATKOOOPA30BAHUCM B IBHTATCIIAX
JIA; HOBBIC KOHCTPYKTHBHBIC CXEMbl MACISHBIX KAaHAJOB, (HUIBTPOB,
(OPCYHOK M CHCTCM KOHTPOJI, HOBBIC MCTOAHKH YUETAa OCOOCHHOCTCH
TCILTIOBBIX IpoucccoB B MOTOPHBIX  MacClax Ipu HWX PaA3IUIHBIX
TCPMOIUHAMHUYICCKHUX COCTOSAHHAX, KOTOPBIC H606X0£[I/IMO OPUMCHATL TIPH
OPOCKTUPOBAHUHN, CO3JAHHH MW JKCIUIyATAIIMH NCPCHCKTHBHBIX CHCTEM
cMasku asurarencii JIA.

Jlokmam COmpOBOKIACTCS HMIUTFOCTPALMOHHBIM MATEPHAJIOM PE3YJIbTaTOB
OKCIICPUMCHTAJIBHBIX I/ICCJ'IGI[OB.’:IHI/Iﬁ, HOBBIX 3ANMATCHTOBAHHBIX
KOHCTPYKTHBHBIX CXCM CHCTEM CMa3kk asuratencii JIA, mpoBeASHHOTO
TEXHUKO-3KOHOMIIESCKOTO aHAJN3a HOBBIX Pa3paboToK.

[MpnveHCHHE MAaTCPHANOB AO0KIAAa OyACT CIOCOOCTBOBATH CO3JAHHUEO
HOBBIX CHCTCM CMAa3KH NCPCOCKTHBHBIX OTCUCCTBCHHBIX I[BI/Il"aTeJ'IeI\/II JIA ¢
TOBBINICHHBIMHI XaPAKTCPUCTHKAMH IO PECYPCY, HATEKHOCTH, OC30MaCHOCTH
U DDKOHOMHYHOCTH.

Some ways to increase the life and reliability of lubrication
systems piston and jet aircraft engines
Altunin V.A', Altunin K. V!, Shchegolev A A.!, Yusupov A Al
Demidenko V.P.2, Yanovsky M.L 3
IKNRTU-KALI Kazan;
MVAA, St. Petersburg;
3CIAM named after P.I. Baranov, Moscow

During the operation of piston engines and jet aircraft occurring anomalous
effects in motor oils due to their thermodynamic states. One of the dangerous
effects is the process of sedimentation, because of which oil nozzles, channels
and filters prematurely fail. The partial coking of only one channel or nozzle
already contributes insufficient operation of lubrication system as a piston or
a jet engine, which leads to rapid failure and shutdown with a further repair at
the factory. Full coking one channel or nozzle reduces the operation time of
engines even faster, leading to a crash aircraft (FV). Therefore it is necessary
to prevent sedimentation in lubrication systems at the design stage motors.

Experimental research have been conducted with various aviation oils. It
was found that at the temperature of less than 373 K precipitate is formed;
ribbed surface with a height of 3-5 mm conical teeth promotes the braking of
growth solid sediment; magnetic fields are very weak influence on the
intensification of heat transfer to the engine oil and have no effect on the
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prevention of sediment on the heated parts; electrostatic fields have a
significant impact on increasing the heat transfer coefficient and prevent the
sedimentation process in the arca of the passage of the lines of force of the
electrostatic field.

Based on the results of experimental studies have been developed new
ways of dealing with sedimentation in the engines of LA; new design scheme
of oil channels, filters, nozzles and control systems; New accounting
treatment of the thermal processes in the motor oils in their different
thermodynamic conditions to be applied in the design, development and
operation of advanced aircraft engines lubrication systems.

The report is accompanied by illustrative material results of experimental
rescarch, new patented design schemes lubrication systems of aircraft
engines, conducted a feasibility analysis of new developments.

Use of materials of the report will contribute to the creation of new
lubrication systems advanced domestic aircraft engines with uprated resource,
reliability, security and economy.
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4. Cuctembl yripaBJieHusi, HHpopMaTHKA U
3JIEKTPOIHEPreTHKA

4. Control Systems, Informatics and
Electroenergetics

Konnenmust cicreMsI npeABapuTeILHOTO AHAIN3A KOHQUTYpanmun
KOCMHYICCKOr0 anmapara 1IMCTAaHIMUOHHOT0 30HIUPOBAHUSA Jemm
Aobpamos I' A., Kpemerenkas M.E.

CT'AY, r. Camapa

BreicTpo pasBHBaromeecsd NPOM3BOJACTBO ABTOMATHYCCKHX KOCMHYCCKHX
anmaparoB TPeOyET aKTHBHOTO BHEIPCHHS aBTOMATH3HPOBAHHBIX IPOIICCCOB
KAaK Ha 3Tamne MPOU3BOJACTBA, TAK H HA 3TANC MPOCKTHPOBAHHA.

HenoctaroyHo ONMCAHHBIM H CTPYKTYPH3HPOBAHHBIM OCTAcTCA 3Taml
MPEIKOHKYPCHOTO  CO3AAHHA KOCMHYECKOM TEXHHKH. Ero BaKHOCTB
0003HAYACTCSA TCM, UTO UMCHHO HA HCM NPUHHUMAKOTCA OCHOBOIIOIATarOIINC
pemieHHsl MO co3maHmWs Oyaymiero  kKocmmdeckoro ammapara  (KA).
OncpaTHBHOC TPHHATHC PCIICHHH CO CTOPOHBI HCIOJHHTCI BIHACT HA
TIOJIy YCHHE 3aKa3a Ha pa3paboTKy, a KaK CIIE/ICTBHUE — IOy CHHE TTPHOBLIH.

Beuay 3toro OBLIA MPEANTOKCHA KOHICHIHS HH(POPMALHOHHOH CHCTCMBI
(UC), criocoOHOIT BEITOTHATH CIOKHBIC MPOCKTAHTCKHUE pacueThl cucreM KA.
Omnaxo CIIO7KHOCTD COBPEMCHHOM  KOCMUYECKOH  TEXHHUKH Hu
He(opMaTH3yeMbIe METOABI BEIOOPA PALMOHATPHOTO BAPHAHTA WCHOTHCHUA
KA OrpaHHvYMBAIOT PeaaH3yeMOCTh MNPOCKTA CHCTEMAMH MHOAICPKKH
npunsTys pemenni (CIITP).

ncC, BBIMTOJIHCHHAS mno MOJY JIbHOM cxeMe, obecrmeunBacT
aBTOMaTHSHpOBaHHBIfI pacucT CUHCTEM KA, a MO NPUHHUMAKOIICC PCIICHUA
(JIITP) ocymecTBIACT BBHIOOP W3 NPEAJIOKECHHBIX BAPHAHTOB HAMOOICE
PALMOHATEHOTO HA OCHOBAHHH CBOCTO OIIBITA M OIBITA CO3JAHMSA ANAPATOB-
aHatoroB. MoAyIbHAS CTPYKTYPA TAKKE IMO3BOJLICT HAPAIMBATH MOIHOCTb
CHCTCMBI MYTCM NMOAKIIOYCHHUS HOBBIX KOMIIOHCHTOB, COACPKAINUX JAHHBIC
JTIT PacyueTOB.

Panee crnenmanucramu u3 JKenesnoropckoro Cubmpckoro (henepanbHOTO
VHHBEpCHTETA ObIIIA MPEANPHHATA MOIBITKA CO3JAHUSI CHCTEMBI, CIIOCOOHOH
paccumThIBaTh OTACHBHBIC moacucteMbl KA. OpmHako oOHAa wWMena
CYILCCTBCHHBIH HEOCTATOK, 3AKIFOYAIOINAICA B HEBO3MOMKHOCTH pacdeTa
BCEX CHCTEM aIlliapara B HEJIOM.

[IpexnaracMas KOHLENIHA CHCTEMBI OTJIMYACTCA HATHYHACM AJITOPHTMA
OTBICKAHHS  PAlMOHANBHOTO  BAapWMaHTa  KOH(urypammu.  Anroputm
MPeIyCMATPHBACT BO3MOKHOCTh MOCTCIICHHOTO BBOJA AAHHBIX B PACUCTEHL, a
TAK  JK€  PACCMOTPEHHE TPYIHOBBIIOTHUMBIX ~ TpeOOBaHWMH  HA
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menecooOpasHocTs yuera myteMm mpoeacHu HHOKP wmm sxcmeprroit
OLICHKH.

TakaMm 00pa3oM, PeanH30BaHHAS CHCTEMA MO3BOJIHT B KOPOTKHE CPOKH
MPUHAMATh PEIICHHSI MO CO3JAHMI0 W TMpom3BOoACTBY KA. 310 mOBBICHT
LOCHHOCTh OPTaHA3ALHH-HCTIIONHHUTEIS AT 3aKAa3UHKA a3POKOCMHYCCKOM
TCXHHKH H HpI/I6I>IJ'II> HUCTOJTHUTCTIA MPH PCATM3AlHN BBEIMTPAHHBIX MPOCKTOB.
Pa3paboTka HOBBIX 0Opa3LOB HM3ACTMH MOTPeOYET MPOBEACHUSA HAYYHBIX
00pasIoB B CMEKHBIX 00JIACTAX MPOU3BOICTBA, TCM CAMBIM TOBBIIIASL OOIIYIO
KOHKYPECHTOCTIOCOOHOCTD rOCyJapcTBa nepen HHOCTPAHHBIMHA
OPTaHM3ALUAMH.

Information system of spaceship remote Earth sensing
configuration analysis
Abramov G.A., Kremenetskaya MY
SSAU, Samara

Rapid development of automatic spaceship’s manufacturing requires active
introduction of computer-aided system, as on the stage of production, as on
the stage of design.

The stage of precompetitive creation of space technology still remains not
described and formalized enough. The importance of the stage is that it is a
step when basic decisions on future spaceship creation are made and tender
documentation is prepared. Enterprise — executor’s immediate decision
making influences on the receipt of an order and, as consequence, on profit
carning. Process of synthesis of spaceship’s variants configuration is not
supported by information technologies and is based on existing system’s
design procedures and expert’s experience.

On this account, conception of information system (IS) of spaceship
remote Earth sensing (RES) configuration analysis is suggested. IS, that has
modular architecture, enables to enter input parameters (customer's requests),

automated analysis of spaceship’s systems based on excepted on
enterprises procedures, sclects elements that are in database of spaceship’s
elements, offers a decision maker three variants of most suitable spaceship
remote Earth sensing configuration.

The decision maker selects most rational variant out of all suggested.
Module structure also enables to increase system’s capacity by adding new
components that contain data for calculations.

System’s conception has an algorithm of searching for configuration of
rational variant. The algorithm presupposes an opportunity of a gradual data
input into the analysis, and complicated requirements’ review by research and
design work or expert evaluation.

The system will enable to make decisions on spaceship’s configuration in a
short time. That will increase organization - executor’s value for the customer
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of spaceship remote Earth sensing in the process of realization of the won
projects.

Automation of the stage of precompetitive spaceship’s design facilitates
increase of domestic enterprises’ competitiveness in the market of aerospace
engineering.

Peammsamust niporpaMmMsl ceteBoii akagemmn Cisco mpu moaAroToBKe
KAAPOB ISl ABHAIIHOHHO-KOCMHYCCKOI chepbl
Baman A B., Kopaeerkosa A B., Unmssacos K.B., bpexos O.M.
MAM, r. Mocksa

CerogHs TeIEKOMMY HHKAIMOHHbBIC CHCTEMbI HCIOJIB3YIOTCS B PA3JIMIHBIX
TIPEAMETHBIX 00TIACTSIX, B TOM UKCJIC B BOCHHBIX U ABHALIMOHHO-KOCMHYCCKUX
JIEKTPOHHBIX CHCTEMAaX. JTO M CAMOJICTHI-UCTPEOUTENN, W TPAHCIIOPTHHIC
CaMOJICTHI, U OCCTIMIIOTHBIC ABHALMOHHBIC CHCTEMBI, M CHCTEMBI HA3EMHOTO
VOpPaBICHHA  JICTATCAbHBIMH  amlmapaTtaMd. 1eIeKOMMYHUKAIIHOHHBIC
TEXHOJOTHH CIOCOOHBI TAaKXE YIOBJICTBOPHTH IMOCTOSHHYIO HOTPEOHOCTH
ABHAIMOHHBIX CHCTEM B YBCIMUCHHH IIPOIYCKHOW CIOCOOHOCTH H
HAZIC)KHOCTH.

[TpuHIMITEL PabOTHI, Pa3padOTKU M PEANM3ALUH TEJICKOMMY HUKAIHOHHbIX
CHCTEM pacCMaTpHBAIOTCI B mporpamme cereBod axazemmu  Cisco
«KomMyTanust 1 MapoIpy TH3aLus», KOTOPAs YCICIIHO BHEIPEHA B YUCOHBIH
MPOLECC MOCKOBCKOTO ABHAIUOHHOTO HHCTHTYTA Kaeaps
«BbMMuCIMTEIbHBIE MAIIMHBL, CHCTEMBI M CETH» W HANpaBiIcHA HA
MOATOTOBKY KAaJPOB BBHICIIETO O0Pa30BAHUS U1 aBHALIMOHHO-KOCMHUYCCKOH
chepsL

IIporpamma «KoMMmyTamud © MApHIPYTH3ALMA» BKIFOYACT YETHIPE
paznena: «BeeneHHE B ceTEBbIC TEXHOIOTHID, «[IPHHIMITBI MapIIPY TH3AUH
n KoMMmyTamum», «Macmraduposanue cerew», «OOBCIUHCHHWE CETCH.
Kaxnprit yueOHBIH TO IO TAaHHOW MporpaMMe MOTy4aroT o0yueHune 6omee 50
ctyacHTOB. [locae 0Oy4eHHs M0 JAHHOH MPOTPaMME CTYACHTHI IPHOOPETAFOT
po()eCCHOHATIBHBIC KOMIICTCHIIMH, KOTOPBIC BKIIFOYAOT CICAYIOIMINC 3HAHI
TIPUHIMITBI CBA3M M OOMEH JAHHBIMH B CETAX PA3IHYHOTO THIA, YPOBHH
JocTyma W pacmpeneieHus B cetm  Ethernet, BbIIBICHHE YIpPO3bI
0e30IacCHOCTH B CETSIX, METOABl AaTak M IOJNHTHKY OC30MACHOCTH,
ME)KCETEBBIC SKPAHBI, MEXAHU3MBI PE3EPBHOTO KOIMPOBAHMS W ABAPUIHOTO
BOCCTAHOBICHHS B CCTH, BBIIOJHCHHE IPOICAYPHI BOCCTAHOBICHHUS IIPH
aBapusIX W PE3CPBHUPOBAHHE, KOHTPOIb IPOU3BOAMTEIBHOCTH CETH H
BBIIBICHHE COOCB.

Peammzaummss  mporpammsr  cereBoit  akamemmm  Cisco  sBiseTcs
3((CKTUBHBIM CIMOCOOOM TPH MOATOTOBKS OAKANaBPOB M MATrHCTPOB IO
HampasneHmsiM  «MH(pOpMAaTHKA W BBIUHMCIHMTENBHAS  TEXHHKA»  H
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«[IporpaMMHas MHKCHEPHS», 4 TAKKe NMPH IEPEHOATOTOBKS KAAPOB ANA
ABHAIMOHHO-KOCMHYECCKON CEpPHI.

Implementation of the Cisco Networking Academy program
in the training of the staff for the aerospace sphere
Balyan A.V., Korneenkova A.V_, Ilyasov K. V., Brekhov O.M.
MAI, Moscow

In our days, telecommunication systems are used in various areas,
including military and aerospace electronic systems: military and transport
aircrafts, unmanned aerial systems, aircraft ground control systems.
Telecommunication technologies are also able to meet the constant need of
aircraft systems to increase the bandwidth and reliability.

Work  principles, the development and implementation of
telecommunication systems are considered in Cisco Networking Academy
Program "Routing and Switching" which has been successfully implemented
in the educational process of the Moscow Aviation Institute, Department of
"Computer Systems and Networks" aiming higher education staff training for
the acrospace sphere.

"Routing and Switching" program includes four sections: "Introduction to
Networks", "Routing and Switching Essentials", "Scaling Networks" and
"Connecting Networks". More than 50 students per year are trained in the
frame of this program. After training, students acquire professional skills,
which include the following knowledge: principles of communication and
data exchange in networks of different types, levels of access and distribution
of an Ethernet, identifying network security threats, methods of attack and
security policy, firewalls, backup mechanisms and disaster recovery in
networks; implementation of recovery procedures in case of accidents,
network performance monitoring and failures’ identification.

Implementation of the Cisco Networking Academy program is an effective
way in the education of bachelors and masters degree students in field of
"Information technologies and Computer Engineering" and "Software
Engineering" as well as retraining for the acrospace sphere staff.

Jlorm4eckas s;9eiKka ISl peanmsanuy cucreM QyHKomii
Buxopes P.B.
TTHUITY, r. ITepmb

IMpeacrasicHHas pabdoTa TMOCBAMICHA CO3JAHHIO HOBOHW JIOTHYCCKOM
STMEHKH, PEATM3YIOMICH CHCTEMY JIOTHUECKHX (DYHKIHH B IIPOTPAMMHUPYEMBIX
JOTHYECKUX HHTETPATBHBIX cxeMmax Thra FPGA.

Kak m3pectno crpykrypa ITJIMC tunma FPGA ocHoBaHa Ha JOTHHYECKHX
suetikax, tak HasemacMbix LUT (Look Up Table mmm mpocmoTtposas
tabmmma). B ceoro ouepenr LUT mpeacraBaser COO00H MY IBTHILICKCOP,
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KOTOPBIH CTPOHUTHCA B BHJAEC ACPEBA U3 dJICMEHTAPHBIX MYy ITHILICKCOPOB 2-1
Ha Oa3e mepemarommmx MOIT tpamsucropoB. OgHAKO Takas JOTHUCCKAS
STMEHKA PEaTn3yIOT TOIBKO OJHY JIOTHYECKYIO (DYHKIHIO OT N NMEpPEMEHHBIX,
rae N B HacTodmee BpeMsa A0CTHracT 8. B ¢BA3HM ¢ 3THM Ay peammsanu M
JIoTHIeCKuX (OyHKIuH HeoOxoammo M LUT.

B cBasu ¢ BhIIE mepeduciacHHbIM mnpeanaraetca LUT peanmsyrommit
cucremy w3 M gnormueckux ¢yHkmmi — DC-LUT, mpuuem peanmzanms
JU3BIOHKIUH KOHCTUTYCHT OOCCTICYHMBACTCS CTPYKTYPAMH AHAJIOTHIHBIMH
CTPYKTYpaM HAcTpoHku MexxcoeauHeHui. [1o cpapuenmo ¢ M LUT, kaxkasiid
W3 KOTOPBIX peamm3yeT ofgHy jormueckyio ¢yakimmo, DC-LUT mo3somser
MOIMy4nTh BHIMTPHII o mopsaka 40%. Ilpm 3tOoM  OblcTponciicTBHE
VMEHBIIACTCS HE3HAUHTEIBHO.

BBIMOTHEHO MOACTHUPOBAHHME MPEANATACMON JOTMYECKOM SHCHKH AId
peammanuu cucreM normdeckux (Qymkmmit DC-LUT B cmcreme
CXEMOTeXHHIECKOro Moaenmposanuss NI Multisim, KOTOpoe MOATBEPXKIAET
padoTOCHOCOOHOCT IPEIAracMOTO TEXHHYECKOTO PEHICHHS, HA KOTOPOC
odopMIIeHa 3asBKa HA BbLIAYY MATCHTA.

Logic cells to implement systems functions
Vikhorev R.V.
PNRPU, Perm

This work is devoted to the creation of a new logic cell implementing a
system of logical functions in the programmable logic integrated circuits such
as FPGA.

As you know the structure of the FPGA based on the logic cell LUT (Look
Up Table). LUT is a multiplexer, which is constructed as a tree of elementary
multiplexers 2-1 is based on transmitting MOS transistors. However, such a
logic cell implements only one logical function of N variables, where N
reaches 8. In this regard, to implement M logic functions must M LUT.

In connection with the above proposed LUT implements a system of M
Boolean functions — DC-LUT, and the implementation of disjunctions
constituents is provided by structures similar to the structures of configuration
of interconnects. Compared to the M LUT, each of which implements only
one logic function, DC-LUT allows to obtain the gain & of the order of 40%.
In this case, the performance decreases slightly.

Modeling of the proposed logic cells for the implementation of systems of
logical functions DC-LUT in the system of circuit simulation NI Multisim,
which confirms the efficiency of the proposed technical solutions of the
application for the grant of a patent.
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CrepxXnpoBOJHIHKOBBIC WHAYKTOPHBIE JJICKTPUUCCKIE MAITHHBI
KOMOHHHPOBAHHOTO BO30Y KICHUSI
Kosanes K.JI., MogecroB K. A., Unbacos P.U., /lyocHckuii A A.
MAM, r. Mocksa

PaccMOTpEeHBI HEKOTOPbIC KOHCTPYKTUBHBIC CXEMBI 3JICKTPHICCKUX MAIIHH
HHAYKTOPHOTO THIIA KOMOMHHPOBAHHOTO BO30ykmeHm1 Ha ocHose
KOHCTPYKTHBHOH CXEMBI HMHAYKTOPHOH MAIIMHBI BO3MOXKHO CO3TAHHC
CBEPXIPOBOAHUKOBBIX 3JCKTPUUYCCKMX MAIIUH OOJBINOH MOINHOCTH C
OOMOTKAMH W3 BBICOKOTEMIICPATYPHBIX CBepxmpoBoaHukos (BTCII).
[IpuBenacHHBIE CXEMBI JICKTPHUYCCKHX MAIIMH HMCIOT  KOJIBICBbIC
HETOABU)XKHBIE OOMOTKH BO30YXKICHHS, YTO IO3BOJUICT BBHIIOJIHHTH TAKHC
oomoTtku w3 BTCII, 4ro mO3BOIHT YMEHBIINTH NICKTPHUCCKHE IMOTEPH B
JMEKTPUYECKON MAaIIMHE, a TaKKEC VBEIWYHTh YPOBCHb HHIYKIHH
MATHHUTHOTO TIOJIA B PadOUCM 3a30p¢.

Superconducting inductor electric machines with combined excitation
Kovalev K.L., Modestov K.A., Tlyasov R.I., Dubensky A A.
MAI, Moscow

Some constructive schemes of inductor electric machines with combined
excitation is considered. On a base of inductor machine constructive scheme
creation powerful superconducting electric machines with high-temperature
superconducting (HTS) windings. Considered schemes of electric machines
has static annular excitation windings. This allows making such windings of
HTS, decreasing electric losses in electric machine and increasing magnetic
flux density in air gap.

Hccnenoranne BIASIHIA KOHCTPYKTHBHBIX NAPAMETPOB
HA XaPAKTEPHCTHKH KOJLIEBOr0 ONTOICKTPOHHOTO NpeodpazoBaresist
YIJIOBOII CKOpOCTH
Bycypun B 1., inx Haunr Bun, Cemymesa C.M.
MAM, r. Mocksa

YrioBad CKOPOCTh ABIACTCA BAKHON XAPAKTCPHUCTHKON IBIJKCHUSA, HA
OCHOBE KOTOPOH MOXHO C()OPMHPOBATH CHTHAIBI YIPABICHUS JICTATCIBHBIM
anmaparoM, OTCICIUTh TPACKTOPHIO IBIDKCHHS, ONPEACIUTH BEIHUWHY H
HamNpaBlICHUS TOphIBA BeTpa. /I 3TOT0 MOTYT OBITh HCHOJB30BAHBI
ManorabapuTHBIE MHKpO-3JIEeKTpoMexaHmueckue cucremsl (MIMC). s
H3MEPECHHA YIJIOBOH CKOPOCTH MpeaIaraeTcsa HCHOIb30BaTh
mpeoOpa3oBaTeIb  BHCIMHHX — BOBACHCTBHH HA  OCHOBE  ONTHYUCCKOTO
TYHHEIBHOTO 3({(eKTa B CHCTEME «IpH3Ma IIOJTHOTO BHYTPCHHETO
OTPa’KEHUS — MJIACTHHA», BBHITIOJHECHHON U3 KBApLEBOTo crekna[l].
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B  koIpmEeBOM  ONTORNEKTPOHHOM  NMPEeoOpazoBaTeiic  IOJYHUCHHE
nHPOPMAIIMH OCYHICCTBIICTCSI C TMOMOMIBIO 3aJaHUSI PEKUMOB. PEKHUMA
BO30Y)KACHHA, OOCCICUMBAOMICIOCS ABYMsSI MApaMH  ITbE30aKTIOATOPOB,
pacmonoxeHHbIX HA ocsx OX m OY, m peknMa Bo30YKACHHS KOJICOaHMH,
BO3HHUKAIOLIEM MOJ JCUCTBHEM VIJIOBOHM CkopocTu. Konbiesoit pe3oHaTOp
oJ, ACHCTBHEM BO30Y’KIAIOINETO HANPSKCHUS, HANPHMEP C 4acToTo 26
K[ 11, MepHOAMYECKH MPUBOANTCS B SJUTHITHUYCCKYEO (GopMy BIOIH ocelt OXu
OY c¢ ¢urcuposanHoii ammamrynaod 10 mkMm. Korma mpeoOpazosarens
Bpamaercs, BO3HUKAeT cmia Kopmomica, KOTOpas TPHBOJUT K
BOBHHKHOBCHHIO KOJICOAHMI BIOJb CMCIICHHBIX HA 45° ocelt. [edopmammsa
YyBCTBHTCJIHHOTO 3JIEMECHTA BO3HHKAET BIOIb Tpex ocer OX, OY u OZ.B
pe3yabTaTe AMIUINTYAA HOBBIX KOJCOAHWI TNPOMOPHHOHAIBHA CKOPOCTH
BpameHus. J1a AcopManus KOHTPOJIHPYETCS C IOMOIIBIO ONTHUYCCKOTO
TYHHCTHHOTO 3(dekra.

OnpeaeicHs AMIUTATY AR IEPEMCIICHHUS 1y BCTBHTCIBHOTO deMeHTa (D)
KOJIBIICBOTO ONTOJICKTPOHHOTO IPEOOpPA30BaTeNs YIJIOBBIX CKOPOCTEH IpH
W3MCHEHHH (OpPMBI KOJNBIA B TJABHOH IUIOCKOCTH M B IUIOCKOCTH,
MIEPICHAMKY IPHOU TTTABHOU OCH.

Jna  mpeoOpaszoBarensa YIIOBOH CKOPOCTH AT CIydas IOJHOTO
BHYTPEHHETO OTPAXKCHHS OIpPEACTACHA 3aBHCHMOCTh  OTPAKATCIHHOM

CIIOCOOHOCTH TPAHHMIIBI Paszacia R=1(9)op BO3ACHCTBYIOIICH YIIOBOH
CKOPOCTH W mapaMeTpsl UD mpeoOpa3oBaTed. THAMETP — 2 MM, TOJIIIHHA —
25 MM, mHpUHA — 75 MKM, HavambHBIH 3a30p d0=300 HM, mokaszarens
mpenaoMieHuS mpusMsl nl=1,5, mmmHa BoxHBI cBeTa A=900 HM, MOKa3aTenb
MPETOMIICHHA BOCTIPHHHMAIOIIETO 3NIEMEHTa N3=3 4, pa3acauTenbHad cpeaa
— BakyyM (n2=1), yron mamenus 0=42°, oOecreunBarOIHIE MAKCHMAIBHOC
OTKJIOHCHHC KOJIBLICBOTO Pe30HaTOpa okoyo 0,14 mxMm Baoms ocu OZ u 0,2
MKM BJOJIb CABHHYTBIX Ha 45° oceii B IUIOCKOCTH KOJNbIA W HM3MEPCHHC
VIIIOBBIX CKOpOCTEH 10 £360 °/c.

Jluteparypa

Bycypun B.M., Kazapesa A.B., ®am Asp Tyan Hcciaenosanme
XAPAKTEPHCTHKHA  MHKPO-ONTOAICKTPOMEXAHUYECKOTO  MPeoOpazoBaTeit
VIIOBBIX ckopocrel // Bectamk MAW 2015. T22, Ne 01, c. 29-37.

Research of design parameters influence on the characteristics
of optoelectronic ring angular velocity transducer
Busurin V. 1., Yin Naing Win, Semusheva C.M.

MAI, Moscow

Angular velocity is an important characteristic of the motion, based on
which it is possible to form the control signals of the aircraft, to track a
movement trajectory and determine the magnitude and direction of the air
flow. It can be provided by small-sized micro-clectromechanical systems
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(MEMS). For measuring angular velocity it is proposed to use the transducer
external influences based on optical tunneling effect in "total internal
reflection prism — plate", made up of quartz glass [1].

The optoelectronic ring of angular velocity transducer obtains information
by using the set modes: excitation mode (being provided with two pairs of
piezo — actuators at axes OX and OY), and the sensing mode (emerging under
the influence of the angular velocity). The ring resonator under the action of
the exciting voltage, for example with a frequency of 26 kHz, periodically
provided in an elliptical shape along the axis OX and OY with a fixed
amplitude of 10 pm. When the casing is rotated, the Coriolis force occurs,
which causes vibrations at 45°. The deformation of the sensing element
occurs along the three axes OX, OY and OZ. As a result, the sensing mode
amplitude is proportional to the speed of rotation. This deformation is
controlled by an optical tunnel effect.

Movement amplitudes of sensing clement (SE) of optoelectronic ring
angular velocity transducer are defined by changing deformation of the ring
in the main plane and in a plane perpendicular to the major axis.

For angular velocity transducer in case of total internal reflection the

reflectivity on the medium boundaryR =/ from angular velocity influence
is calculated with the following sensing clement parameters: diameter — 2
mm, thickness — 25 pm, width — 75 pm; initial gap dO = 300 nm, refractive
index nl = 1.5, wavelength & = 900 nm, the refractive index of the sensing
element n3 = 3.4, medium gap - vacuum (n2 = 1), the angle of incidence 6 =
42 ° providing the maximum deformation of the ring resonator is about 0.14
um along axis OZ and 0.2 pm along shifted by 45 © in the plane of the ring
for the measurement of angular velocities of £ 360 ° /s,

References

1. Busurin V.I, Kazaryan A.V., Pham Anh Tuan /Research of the
characteristics of optical microelectromechanical angular velocity
transducer// Vestnik MAT 2015. T22, Ne 01, p. 29-37.

06 oanoM MeTo/1€ penieHus! 3412491 CTA0HIN3ANNH YCTAHOBUBIINXCSI
}IBI/I)KCHI/Iﬁ MEXATPOHHBIX CUCTEM ¢ Tr€COMETPUICCKIMNI CBA3ISAMUI
Kpacuuckuii A. 4.1, Unbuna A H.!, Kpacuuckas D.M.2
L2MAMH, *MI'TY um. H.D. Baymana, r. Mocksa

Ilppu ¢ COBpeMEHHOM YPOBHE PAa3BHUTHA ABHAIUOHHO-KOCMHYECCKON
TCXHHKH W  POOOTOTCXHHKH OCOOYH0  aKTyalbHOCTh  NPHOOPETAcT
HCCIICAOBAHUE  YCTOMYMBOCTH  ABIDKCHHSA  MEXATPOHHBIX CHCTEM H
anropuTMOB ()OPMHUPOBAHMS YIPABILIIOMIMX BO3ACHCTBHH TpPH HCHOJIHOM
nHpOPMAIMH, T.€. B TEX CIYYasix, KOTAA HMEETCS BO3MOXKHOCTh M3MEPCHHS
JWIIb HEKOTOPBIX JMHEHHBIX KOMOWHALMIT IApPaMETPOB, OIPEICILIFOINNX
COCTOSIHHE CHCTEMBL.

174



B nmanno# paboTte paccMaTrpuBacTCs MPUMESHEHHE CTPOTO 0OOCHOBAHHOTO
MCTOAA OMPEACICHUA KOA(P(PHIHCHTOB YIIPABICHHS W CHCTEMBI OLICHHBAHHS
3a7aun CTAOWIM3ALMU TOJOKCHHUS PABHOBECHS MEXAaTPOHHOH CHCTEMBI C
TEOMETPHICCKHMH CBS3AMHU.

MeTtogaMu AHANHTHYECKOM MEXAHHKH IOJIYYCHA TOYHAS HEIMHCHHAA
MOJICJIb MEXaTPOHHOH CHCTEMBI C H3OBITOUHBIMH KOOpAWHATaMu. B cmiy
HAIMYWSL CBA3CH MEXIY KOOPAMHATAMH, OIPEACILTIONIMMH ITOJIOMKCHHC
CHCTEMBI, B JAHHOH CHTyaIMM HEIb3sl HEMOCPEACTBECHHO HCIOIb30BAThH
ypaBHEHHS JlarpaHxa BTOPOTO POJa, T.K. OHH MPEATOIAral0T HE3ABUCHMOCTh
BCeX KoopawHaT. [1o3TOMy B JaHHOM CIIy4yac HCIOIb3YeM CBOOOIHBIE OT
MHOXHTEJCH CBSI3eH BEKTOPHO-MATPUYHBIC ypaBHEHHSI B (opme M.O.
Illyneruna, KOTOPBIE MOJKHO PACCMATPHBATH KAK YACTHBIM  Ciy4ail
ypaBHCHHH BOpOHIA [T HETOJOHOMHBIX CHCTEM IIPH HHTETPHPYEMOCTH
KHHEMATHYCCKUX CBA3CH.

TouHOE TOCTPOCHHE MOJCIH TMO3BOICT HAWTH BCE TOJIOKCHUA
pasHOBecus. Jlanee IPOBOAWTCS AHANU3 XAPAKTEPHUCTHUECKOTO YPAaBHECHUS
CHCTEMBI IEPBOTO IMpuOmMmKeHN. [10ka3aHo, YTO YCTOHIMBOCTh PABHOBECHH
CHCTEM C HM30BITOYHBIMH KOOPAMHATAMH BO3MOKHA TOJBKO B KPHUTHUCCKHX
CIyYasX, YHCIO HyJICBBIX KOPHEH HE MCHBIIEC YHCIIA TCOMETPHICCKUX CBA3CH.
YcraHoBieHa HEOOXOAMMOCTh YUETa HEIMHCHHBIX UICHOB B Pa3JIOKCHUH
YPABHCHUN I€OMETPUUCCKUX CBA3CHL.

B pasButHe MeTOOA WCCICAOBAHMS YCTOMUMBOCTH W CTAOWIH3ALMA
HCH30JIMPOBAHHBIX YCTAHOBUBIIUXCS ABIDKCHHH MCEXAHHYCCKUX CHCTEM,
(dopMypyeTcs TeopeMa O CYHICCTBOBAHWH JHHCHHOTO YITPABICHUL,
JCHCTBYIOHIETO MO KPHTHYCCKHM TIEPEMCHHBIM M CTAOMIM3HPYIOIIETO
MOJIOJKCHHE PABHOBECHA OO0 ACHMIOTOTHYECKOH YCTOHYHMBOCTH IO BCEM
nepeMeHHbIM. [Ipeamnomaraercsi, 4ro WH(POpMADHA O COCTOSHHH MOKET
OTPEICIHITECS HM3MEPECHHUEM MCHBIICH pAa3sMEPHOCTH, YEM Pa3MEpPHOCTH
(azosoro Bekropa. Koa()()MumCHTH YIpaBICHHA W CHCTCMBI OLCHHBAHHSA
OJHO3HAYHO OIPEACILIFOTCS PpEIICHHEM JINHCHHO-KBAJPATHUHBIX 337124
meroaoMm H.H. Kpacosckoro.

B kauecTBe mpuMepa HCIOJIb30BAHUS MPEATIATAMONH METOAWKH PEIIACTCs
337a4a CTAOMIM3AaIUM PABHOBECHS H3BECTHOTO Y4eOHO-Ia00OPAaTOPHOTO
crenza GBB 1005 Ball&Beam.

On one method of solving a problem of stabilization of steady-state
motions of mechatronic systems with geometric links
Krasinsky A.Ya.!, Tlyina A.N.}, KrasinskayaE.M.2
LIMAL *BMSTU, Moscow

A study of mechatronic systems motion stability and control actions
formation algorithms with incomplete information, i.e. when only some linear
combinations of parameters defining system condition can be measured, is
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becoming very relevant under modern level of development of the aviation
and space as well as robotic engineering.

This work reviews application of strongly valid method of control factors
defining, as well as a system of evaluation of a stabilization problem of the
equilibrium position of a mechatronic system with geometric links.

A precise non-linear model of the mechatronic system with redundant
coordinates has been obtained using analytical mechanics methods. Due to
existing links between coordinates which define the system’s position, the
Lagrange equations of the second type cannot be applied in this situation as
they presume independence of all coordinates. Therefore, in this case we
apply vector-matrix equations free from multipliers in M.F. Shulgin form,
which can be considered as a special case of Vorontz equations for
nonholonomic systems with integrable kinematic links.

Precise model construction allows finding all equilibrium positions. Then
the first approximation characteristic system equation is analyzed. It is shown
that the system equilibrities stability with redundant coordinates is only
possible in critical cases, and the number of aero roots is not less than the
number of the geometric links. A need of nonlinear members consideration in
geometric links equation decomposition is established.

In claboration of a method of investigating stability and stabilization of
non-isolated steady motions of mechanic systems, a theorem is formed on
existence of linear control acting on critical variables and stabilizing
equilibrium position to asymptotic immunity over all variables. It is assumed
that information on condition can be defined by measurement of fewer
dimensions than the phase vector dimension. Control factors and evaluation
systems are determined uniquely by solving linear-quadratic problems using
N.N. Krasovsky method.

The use of the proposed method can be exemplified by solving a problem
of equilibrium stabilization of the known GBB1005 Ball & Beam educational
control system.

Pazpadorka I1O Bepuduranmm Moae/ M YPOBHSI PETHCTPOBBIX nepeaat
GopTOBOTO GJIOKA C:KATHSI MOHOXPOMHBIX H300PaKeHHii
Konecunkosa 10.C., SIxkynos A 1O., Bpexos O.M.

MAM, r. Mocksa

10 Bepu¢urammm Mozenn YPOBHS PperHCTpoBBIX Tmepedau (Register
Transfer Level;, RTL) ©OoproBoro ©Oioka CXaTHI MOHOXPOMHBIX
m3o0pakeHmit (mance [10 BepuukaIy) HCHOIB3YSTCH HA 3TATC HCIBITAHUS
RTL-moaemu Oroka C:kaTHS, BXOJAMICTO B OOPTOBOC YCTPOHUCTBO, HA CTATHH
pa3paboTku PaboveTO MPOCKTA.

MO sBepuurkanuu TPCTHAZHAYCHO OIS TPOBCPKH  COOTBCTCTBHSA
RTL-mozaenu 6;0ka cxkarus (yHKIHOHAIBHBIM TPEOOBAHIAM OJIOKACKATHL.
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Tak xak RTL-momens Omoka CKATHA HA TOCICAYIOIIHX CTAIHAX
Pa3paboTKH mpeoOPas3yeTC B JOTHUCCKY) MOJCTh HA YPOBHEC BCHTHIICH, TO
mpu pazpadorke 1O BepupHKAIHH HCHOTH30BAHHC MCTOAA BEpH(HKAIIHH
CYCPHBIM SITTUKOM» ABJIICTCA H606XO£[I/IMI>IM.

RTL-moxems Omoxa cCkatus paspaborana Ha s3bIke System Verilog,
ompeaencuroro crapmaproM [EEEStd.  1800-2009, KOTOpeIi TOMHMO
BO3BMOJKHOCTCH creuu(ukanui H pa3padOTKH ammapatrypbl MPSIOCTABILICT
IIMPOKHE BO3MOKHOCTH UIA BepU(pHKaImu Moneied ammapartypsl.
COBMECTHMOCTH CO CTaHZAPTOM HCXOAHOTO s3bika RTL-momemm Omoka
cXaTHst UcXoAHbM s3pIkoM [1O Bepumkammu ObLT Taxske BBHIOPAH SI3BIK
System Verilog, onpenencuusiit cranaaproMm [EEEStd. 1800-2009.

Bepupuramms  RTL-momemn  O6moka  ckarms  BBIIOJMHIETCSL  C
ucmosp3oBanueM  cpeasl  MentorGraphicsQuestaSim  10.3,  xoropas
NOAJCPKHBACT ~ TEXHOJOTHIO ~ CHMYJUIUHH  JIOTHYCCKHX — MOJCTICH,
pa3paboTaHHBIX HA A3BIKC SystemVerilog, W mpeaoCcTaBICT BO3MOYKHOCTH
cOopa 1 aHaIM3a TECTOBOTO MOKPBITHSL.

PaspaboTka [1O Bepu(HuKanmm BKIIFOYACT CICIYIOIIHC 3TATIBL.

J Pa3pabotka ™Moayd TCHCpPAOWH TICCBAOCTYYAHHBIX BXOIHBIX
BO3CHCTBUM i1 Oosee OBICTPOTO JOCTIDKCHHSI TPEOYEMOTO YPOBHS
TCCTOBOT'O IMMOKPBITHA.

e  Pa3paboTrka MoAyJNCH KOTHPOBAHHA M ICKOJHPOBAHHS JAHHBIX
COTJIACHO HCTIOJIB3YECMOMY AITOPHTMY CHKATHSL.

J Pa3paboTka MOIyms CO3JAHHSA 3TAJOHHBIX BBIXOJHBIX TAHHBIX H
MOIYJIT CPaBHCHHSA BBIXOAHBIX AaHHBIX RTL-moaemu Omoka cxkarma C
OTAIOHHBIMH.

e  Paspadorka moayns oOmcHa maHHEIMH C RTL-momemsro Gmoxa
CKAaTHA B COOTBETCTBHH C IIPOTOKOJIOM OOMEHA OJIOKA CHKATHSL.
Bepupurammas  RTL-momemn  Omoka  CKaTHA — MOXKCT — CUHTATHCSA

3aBEPUICHHOH ITPH TOCTIKCHUH YPOBHS TECTOBOTO MOKPHITHA 85%.

Development of verification software for RTL model of onboard
monochrome image compression unit
Kolesnikova Tu.S., lakupov A.Yu., Brekhov O.M.
MAI, Moscow

Verification software for RTL (Register Transfer Level) model of onboard
monochrome image compression unit (hereinafter, verification SW) is used at
the stage of testing the RTL model of compression unit included in the on-
board device, at the stage of detailed design.

Verification SW is used to verify compliance of RTL model of the
compression unit against its functional requirements.

177



Since the RTL model of the compression unit transforms into a gate-level
model in subsequent stages of development, it is necessary to use the “black
box” verification method.

System Verilog language defined by the IEEE Std. 1800-2009 standard
was used for the development of RTL model of the compression unit. This
language in addition to the hardware specification and development features
provides extensive opportunities for the verification of hardware models. For
compatibility with the standard of source language that was used for the
development of RTL model the decision was made to use the same language
(System Verilog (IEEE Std. 1800-2009))for the development of verification
SW.

Verification is performed using the Mentor Graphics QuestaSim 10.3
software, which supports logical simulation of models developed in the
System Verilog language and provides the ability to collect and analyze test
coverage.

Development of verification SW involves the following steps:

e  Development of a module generating a pseudo-random stimulus to
achieve the desired level of test coverage more quickly.

e  Development of modules encoding and decoding data according to
the compression algorithm used.

e  Development of the module for creating expected output data and
module for comparison of the RTL model output with expected output.

e  Development of the module communicating with the RTL model of
the compression unit in accordance with the communication protocol.

Verification of RTL model can be considered completed when the level of
test coverage is more than 85%.

HuTepakTHBHBIE ACiiCTBYIOIHE YIe0HbIE CTEH/IbI caMoJeTa (maycc),
KAK TEXHHYECKHE CPEICTBA TEOPETHUECKOM TOAr0TOBKH MEPCOHANA
TPAAKTAHCKON aBHANI
Komoxomsamkos ®. A, [llep6ak B.B.!, Pemuros M.A.!, Teperun C.C.!
Mamxur M.H.2, Pomanos O.T.?

'Kopmopamus «MIPKYT», 2MAH, r. Mocksa

Pacnmpenne 1100aNbHOTO TApKA ABHAKOMIIAHWHK IOBHINACT CHPOC HA
ABHANMOHHBIX CICIHAINCTOB M, KAK CICACTBUE, YCIYTH IO X MOJTOTOBKE H
nepenioaroToBke. Kommanums Boeing 21 mons 2015 roma omyOimkoBana
moBbii mporHO3 (Pilotand Technician Outlook), oTpakaromui BBICOKHI
CIIPOC HA NHIOTOB TIPAKIAHCKON aBHAIMH U HHKCHEPHO-TCXHUYCCKUH
nepconan (MTIT) ma 38 050 rpaskAaHCKHUX BO3AYIIHBIX CYAOB B TCUCHHE
6mpkaiimmx 20 ner.

Peanuzauus TPOTPAMMBI TOATOTOBKH HTII ABHAKOMITAHUH
MPeAyCMATPUBACT HCTIONB30BAHUE CIHCHUAIBHBIX TEXHHUCCKHX CPEICTB
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ob0yuerus (TCO), mospommommx Oo0ee ACTANPHO M HATIDIAHO JOHOCHTH
H3IATACMBI MATEPHANT MO OCOOCHHO TPYJHO BOCHPHHAMACMBIM TEMAaM.
[MnaHupyeTcd  HCIOJB30BATh  COBPCMCHHBIC — TCXHHYECKHE  CPEICTBA
oOyueHHUs, pa3paboTaHHBIC HA 0a3e NMEPCHEKTHBHBIX HH()OPMAMOHHBIX H
koMmbprOTepHBIX  TexHoJormid. K wHmM otHocarca MAYCC, xotopsic
MO3BOJIIOT CYIIECTBEHHO PACIIMPHTH BO3MOYKHOCTH CHCTEMBI OOYUCHHSA 32
CYET KOMIUIEKCHOTO BO3IACHCTBHS HA OPTaHbl BOCIIPHATHS 00y9aEMBIX IyTEM
HCIOJIb30BAHUS BHAcorpapuueckux ® ayauo 3(PQPEKToB, CO3TAFOIMUX
PCATACTHICCKY IO 00y4aromy 10 cpeny, TMPHOTIKAFOIYFOCT o
3(PEKTUBHOCTH K HATYPHOMY OOYHUCHHIO M TPEHAXKY HABBIKOB.

UJAYCC smBmsercs aBTOMATH3UPOBAHHBIM OOVYAIOIIMM CPEICTBOM H
mpeaHazHadeH i1 (opMmumpoBaHHsA y 00ydaeMbIX NPO(ECCHOHATBHBIX
3HAHWHU, YMCHUU M HABBIKOB.

B pamkax wmccnemoBaHms ObUIa TIPOBEICH aHANM3 CYIICCTBYIOINETO
ompitHOTO OoOpazma UJAYCC mma camonera MC-21. Beumm pazpaboTans
punakrmaeckue creHapun MJIYCC u onmpeneneH HOBBIM (yHKIIMOHATEHBIN
00k crienuaneHOTO TporpamMmuoro odecmeucana (CI1O) UAYCC. Lemsto
JanpHeHImero wmccienaoBanmst sapiiercs tectuposanme MJAYCC B pamkax
JTama OMBITHOHM 3KCILTyaTauuy ¥ 0O0padOTKa MOJMYYEHHBIX PE3YJIbTATOB I
VIIyYIICHHUS KA4eCTBa M MOBBIMICHUS 3 (ekTuBHOCTH MoaroTosku UTTL

Interactive working training stands (iwts), as technical devices for civil
aviation personnel theoretical training
Kolokolnikov F.A.!, Shcherbak V. V.1, Reshchikov M. A.!, Terenin S.S.!,
Mashkin M.N .2, Romanov O.T .2
rkut Corporation, 2MAI, Moscow

Airlines quantity growth increases the demand for aviation specialists and
their training services as a result. On 21 July 2015 Boeing had published new
forecast (Pilot and Technician Outlook), reflecting high demand for civil
aviation pilots and maintenance personnel (MP) for 38 050 aircrafts in 20
coming years.

Airlines” MP training program realization provides using special technical
training devices (TTD), which allow to give more clear and detailed training
materials for difficult themes. It’s planned to use modern TTD, based on
advanced information and computer technologies. IWTS are examples of
such TTD. Using modern multimedia technologies in IWTS allows to sign
ificantly expand its training capabilities through affection on trainees’ senses
by using video, graphic and audio information, and creation of realistic
training environment similar to training on real aircraft.

IWTS is automated training system and designed to form trainees’
professional knowledge and skills.
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IWTS prototype for MC-21 aircraft was analyzed during research. IWTS
educative scenarios were created and functional appearance of IWTS system
software was determined. Future research target is to start trial operation of
IWTS prototype and process it’s results to increase MP training efficiency
and quality.

ABTOMATH3AINSI TPOEKTHPOBAHNSI GOPTOBOTO CPEACTBA HHINKAINT
HA 0CHOBE KHAKOKPHCTALINYIECKOI manean
Koctumma M.O., Illykanos A.B., XKapunos 1.0., Kapuros O.0.
OKBb «2nekrpoasromarukay, UMTMO, r. Cankr-IlerepOypr

PaccmartpuBaeTcs TpOEKTHAs 3ajava BBIOOpA ONTHYECKHX IAPAMETPOB
MHOTO(YHKIIMOHATLHOTO [BCTHOTO mHAuKaropa (M®LIW), BRMOTHCHHOTO
Ha 0a3e KUIKOKPHUCTAIITMYCCKOM MaHEH.

[Ipeanaractcs axropuT™M AaBTOMATH3MPOBAHHOTO BHIOOpA  3HAYUCHHI
MapaMeTPOB, OCHOBAHHBIH HA MPOLEAYPE JIECKCHKOTPAPHICCKOH OICHKH.
ITpuBoaATCA BBIpAYKCHHA I BBIMUCICHUA 3HAYCHUN OLICHOK MApaMeTPOB H
OTMCHIBAFOTCS CIOCOOBI TOWCKA HAWIYYIICTO 3HAYCHUS MO KKIOMY U3
nmapaMeTpoB. B OCHOBE aarOpuTMa MCHOJB3YFOTCA YACTHBIC PEHIAOLINE
MPaBHIA, YCTAHABIMBAKOINUC TPAHHYHBIC 3HAYCHHUA  AHATH3HPYEMBIX
MAPAMETPOB.

PeneBanTHBIME ONTHUYSCKHMH mapaMerpamMu MOILHM, smmommMu Ha
BH3YATGHBIC XAPAKTCPHCTHKH BOCHPHATHA HAOIFOMATCIICM H300pAKCHU,
SBJIAFOTCA:

e  HEPABHOMEPHOCTH SAPKOCTH H300pakeHu 1o momo JKK-nanem;

e  JIPKOCTb LIBETOB U OTTEHKOB, 3aJAHHBIX B I[BETOBOU nmamutpe MO

mupposeivu kogamu RGB (R — Red, G — Green, B — Blue);

e  SIPKOCTHOH KOHTpacT wm300pakeHus, wuHaumupyemoro Ha JKK-

naneaun MOLHY;

e  IIBETOBOW KOHTpAcT m300pakeHus1, nHauuupyemoro Ha JKK-manenn

M®LIH;

e  [BETOBOH oxBAr Bocmpom3Bogumbix Ha JKK-maHenn nseroB u

OTTCHKOB;

e k03 dunueHTH TUPPY3HOTO U 3ePKATLHOTO OTPAKCHUSL.

PemeHne OMTHMH3ALMHOHHOW 330a4H BRIOOPA ONTHUYCCKUX TAPAMETPOB
60OPTOBOTO CPEACTBA HHAMKALUH HMEET BAXKHOC MPAKTHICCKOE 3HAUCHHUE, T.K.
Ha 3Tane npoekTupoBaHud M®ILH B JOKYMEHTALMIO BBOAATCA HMPOCKTHBIC
pEIICHHA, ONPEAC/AIOIHE KAYECTBO M OKCIIYaTALIHOHHBIE CBOMCTBA
OyOyIIeTO W3ACTHA.

HcxoaupiMu JAHHBIMEM I MPEAIAracMoOro ajirOpuTMa SABIIFOTCA CEMb
MapaMETPOB, PAHKUPOBAHHBIX MO 3HAYMMOCTU. Kakapii mapamerp B
MPOLECCEe MPOCKTHPOBAHUSA TOAJCKAT OLCHKE U HMCCICAOBAHHIO C LETBIO
OTMPCACICHHUSA CBOCTO HAWIYUINCTO 3HAuUCHHA. Hammtme oOpaTHBIX CBACH B
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ANTOpUTME MPEANOIATACT HMTEPANUOHHBIA IyTh AOCTIDKCHHA HAWIYYMICTO
3HAUCHHUA A/ KQKIOTO MapaMeTpa.

Bce paccMOTpeHHBIC ONTHYECKHE IApAMETPBl (DURHUECKH HM3MEPHUMBI
OPpAMBIM HJIA KOCBCHHBIM cmocoboM. PacyeTHbIC 3HAYCHHSA OLICHOK
napaMeTpoB MOTYT OBITH TNOATBCPKACHBI PE3YIbTaTaAMHU COOTBCTCTBYHOIIUX
CBETOTEXHUYECCKUX HCIBITAHUH B COCTaBE ABTOMATH3HPOBAHHOIO Padoyvero
MecTa.

Automation of designing of onboard display means based
on the liquid crystal panel
Kostishin M.O., Shukalov A.V., Zharinov 1.O., Zharinov O.0O.
SDB “Electroavtomatika”, ITMO, Saint-Petersburg

The design of modern on-board equipment for visualizing air navigation
parameters and geo details (digital district map) is concerned with certain
requirements to the quality of the visualized information to be displayed. This
kind of quality may be characterized quantatively in terms of brightness
contrast for each color displayed on the screen. To provide stable readability
of the image for the pilot, a special procedure should choose chromaticity
coordinates of the image elements. The designing problem of choosing the
optical parameters of on-board indication equipment based on liquid crystal
panel is considered. The solution of choice is of practical importance, because
at the design stage means indication in the documentation introduces the
design decisions determining the quality and operational characteristics of the
future product. Relevant parameters for designing were defined these:
nonuniformity of brightness, brightness value, color contrast, brightness
contrast, diffuse reflection factor, mirrored reflection factor, gamut. The
algorithm for automated sclecting of the parameters, based on the
lexicographic evaluation procedure is proposed. Lexicographic evaluation
procedure involves ranking of the design parameters by their relative
importance and further searching for optimal value of cach parameter,
regardless of other parameters. The expressions for calculation the estimated
parameters are proposed, and the way of searching procedure to find the best
value for each of the parameters is described. The algorithm is based on some
partial decisive rules, which establish the boundary values for analyzed
parameters. Feedback in the algorithm involves an iterative way to achieve
the best value for each parameter. The results of the research were obtained
during the execution of developmental works and can be used by developers
of on-board indication equipment to perform circuit calculations.
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Hcnomb30BaHue KApThl KAPHO JUIS ONTUMHU3ANNH MMITYJILCHOTO
YCWIMTEJISI MOITHOCTH ACHHXPOHHOIO IBUT'ATEJISA B PE:KMME BEKTOPHOI1
IUPOTHO-UMILYJILCHOH MOXYJISIIIUN
Jle bk Tuen
MAM, r. Mocksa

Lenpro maHHOH PabOTHI ABIIOCH PACCMOTPCHHC BOMPOCOB BEKTOPHOH
IIHPOTHO-UMITYIbCHOM MOIYJLIIHH, (OPMHUPOBAHHI OA30BBIX BEKTOPOB B
Tpex(pa3HOW MOCTOBOH CXEME M ONTHUMH3ALMH ANTOPHTMA NEPEKIFOUCHH
CHJIOBBIX KIFOYCH WMMITYJIbCHOTO YCHJIMTEISI MOIMHOCTH Uil VIPABJICHHSA
ACHHXPOHHBIM JBHTATENIEM B PEKUME BEKTOPHOU ITTHM.

IMepserii 3Tanm  pa3paboTKH CO3OAHWE JTa0OpaTOpHOTO Makera. [lpum
pa3paboTke MakeTa OBLIH HCIONb30BaHbI MUKpompoueccop DSPic30F4012,
IGBT IRGP50B60PD1, npaitsep HCPL 3120.

Bropoit a3ram  paspabotrkm  peammsamma  BekropHor MMM ¢
HCIIOJIb30BAHUEM KapThl KapHO A1 ONTHMM3AIME UMITY IbCHOTO YCHIIUTEIII
MOIITHOCTH ACHHXPOHHOTO ABHTaTesl. METOI0I0THSI IIOCTPOCHUS BEKTOPHBIX
MOJYJLITOPOB Oa3HPYETCsi HA BEKTOPHOM IIPCICTABICHHHM COBOKYITHOCTH
BBIXOTHBIX HANPSLKCHUH HHBEPTOPA u OPHUCHTUPOBAHA HA
MHKPOIPOICCCOPHYIO PCATH3ALHNI0. ANTOpHUTM (DOPMHUPOBAHHSA TMOCTPOCH B
MPEAMONOKCHUH, YTO CHIOBBIE KIIOYH HHBEPTOpA  HANPSKCHUS,
OTHOCSIMUCCA K OXHOH (pa3e HArpy3kH, paboOTar0T CTPOTO B MpOTHBO(A3C H
MIEPEKITFOYAIOTCSI MTHOBEHHO. B 3TOM Cllyyae MHBEPTOP MOXKHO IIPE/ICTABUTH
B BHJC TPEX, ABYX MOZHITHOHHBIX KIIFOUYCH, KAXKIBIH M3 KOTOPHIX HMOAKIFOYACT
COOTBCTCTBYHOIIYEO (ha3y HATPY3KH THOO K TONOKHTCIBHOMY, JHOO K
OTPHULATCIHHOMY MOJIOCY WMCTOYHHKA ITOCTOSHHOTO HampspkeHma Ud B
3aBHCHMOCTH OT TPEXMEPHOTO BEKTOPA BXOJHBIX CHTHAIOB yIpaBJcHHSI. B
padoTe HCMONB30BaH TPex(asHBIH HMHBEPTOpP, MO3TOMY mMMeercs 23=8
BO3MOJKHBIX COCTOAHHH KIHOUEH HHBEpTOpa. DBEKTOPBI  BBIXOJHBIX
HaNpPSUKCHUH WHBEPTOPA, 3aJal0T BCE BO3MOKHBIC €r0  COCTOSTHELL
Hcnonp3osanne onruvmsanun Ha 0aze Kapr KapHo obecneunBaeT MEHAMYM
YHCNAa NEPEKIFOYCHU CHIOBBIX KIIIOYEH HHBEPTOPA, YTO B CBOIO O4YEpEdb
TTO3BOJINT MOBBICUTH 3(P(PEKTHBHOCTH HHBEPTOPA.

Using the karnaugh map for optimizing the pulse amplifiers induction
motor in vector pwm mode
Le Duc Tiep
MAI, Moscow

The purpose of this paper is to consider vector pulse width modulation,
formation of base vectors in a three-phase bridge configuration, as well as
optimization algorithm switching transistors pulse amplifiers power induction
motors in vector mode PWM.
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The first stage of the design was to create a model of the a bread board.
When designing this bread board were used microprocessor DSPic30F4012,
IGBT IRGP50B60PDI1, driver HCPL 3120. DSPic30F4012, IGBT
IRGP50B60PD1, driver HCPL 3120.

The second stage of the design was the implementation of vector PWM
using the Karnaugh map for optimizing the pulse power amplifiers induction
motor. Methodology of the vector modulator is based on a vector
representation of the aggregate output voltage of the inverter and is focused
on the implementation of the microprocessor. The algorithm for generating
and constructing was assumed that the keys voltage inverter relating to a
single phase load, operate strictly in phase opposition and are switched
instantly. In this case, the inverter can be represented as three, two
positioning keys, each of which connects the corresponding phase is a
positive load or to the negative pole of the DC voltage Ud as a function of the
three-dimensional vector of control inputs. The use of the three-phase
inverter, so all there are 2° = 8 possible states of the keys of the inverter. The
vectors of the inverter output voltages corresponding to all its possible states.
Using optimization based on Karnaugh maps allows to reduce number of
switches in the inverter, which will increase the efficiency of the inverter.

Bausitane yuéra nedgopmanmii KoJreca 1 OIOPHOI IOBEPXHOCTH
HA BH/KCHHE 0JHOOCHOI'0 KOJICCHOTO MOYJIS
Jlemskos K.C.

MAM, r. Mocksa

OmnoocHerit komEcHBIT MoOAyas (OKM) — mepCHeKTHBHOC HA3CMHOC
TPAHCIOPTHOE CPEACTBO, CIIOCOOHOEC BBIONHATh KAaK JIOKOMOIIHOHHBIC
(yHKOUH, Tak W (YHKOWH YIPABICHHS YITIOBOH OpPHCHTAMCH IOJE3HOH
HATPy3KH OTHOCHTEIBHO IUIOCKOCTH TOPH30HTA M B azuMmyte. B pabote
mpuBeneHa MaTteMarmieckas wmozens OKM, modyueHHass Ha OCHOBE
JBIDKCHHS KAKITOW M3 €T0 MOACHCTEM C YUETOM HETOIOHOMHOM CBSI3H KOIIEC
C MOJCTUIAFOIICH OBEPXHOCTBIO.

B nmoxnage mpeacTaBICHBI PE3yNbTATHI BBIBOJA YPABHCHUU JBHIKCHUA
OKM Ha ocHOBe ypaBHCHHH Jlarpamka ¢ HCOMPEACIEHHBIMH MHOKHTCIIMH.,
Taxoi GopMaTH30BaHHBIN MOAXO0I MO3BOJIACT BELIBUTH PCAKITHH BCCX CBS3CH
3TOH MHOTOMEPHOH CHCTEMBI, HYTO HEOOXOAWMO A TIOCTPOCHHSI &
YTOYHEHHOH MOAeAH. B YaCTHOCTH, 3TOT MOAXOJ MO3BOJLICT OIPEACIHTH
BOSMYIIAKOIIHUEC MOMCHTBI, MNPHIOKCHHBIC K KoJécaM  CO CTOPOHBI
TMOACTHIIAKOIICH MOBEPXHOCTH.

PaccMOTpeHBI OCOOCHHOCTH B3aMMOACHCTBHS KONEC C IOACTHIAIOLICH
MOBEPXHOCTHIO. [loKa3zaHO, Kak paCHpeleIBIOTCS CHJIBI W MOMCHTBHI,
mericteyromme Ha OKM co CTOPOHBI MOACTHIAIOMICH MOBSPXHOCTH B
3aBHCHMOCTH OT COOTHOIICHHUS MEXAy acopMammedl Kojeca W ONMOPHOH
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MOBCPXHOCTH. Ha OCHOBE MOACAMPOBAHHSA COOCTBCHHOTO JBIKCHHSA
OPUBCACHBI YHUCJICHHBIC OLCHKHW BJIIHAHUA JTHX (I)aKTOPOB HAa JBH)KCHHC
OKM.

PaboTa BBIMOIHEHA NPH TOJACP/KKE JOTOBOpA - 3a7aHne MUHOOpHAYKH
PO Ne 8.1573.2014/K

Features of wheel deformation and bearing surface in the movement
of uniaxial wheeled module
Lelkov K.S.
MAI, Moscow

Uniaxial Wheeled Module (UWM) is a promising land vehicle capable of
performing locomotion functions, as well as angular orientation control
relative to the horizon and azimuth plane. This paper describes a UWM
mathematical model, obtained on the UWM sub-systems movement basis,
taking into account nonholonomic wheels connection to the underlying
surface.

The results of the UWM motion equations derivation based on Lagrange
equations with uncertain coefficients are presented in this paper. Given this
formalized approach, it is possible to reveal all the link reactions in the
multidimensional system, what is necessary to build the accurate model. In
particular, this approach makes it possible to determine the disturbance
torques applied to the wheels from the underlying surface.

The wheels and the underlying surface interaction features are presented.
The distribution of forces and moments inside UWM system is shown
relative to the ratio between the wheel and the underlying surface
deformation. The results of motion simulation and numerical estimates of
these factors’ impact on the UWM movement are presented.

This work was supported by the contract - the Ministry of Education of the
Russian Federation assignment Ne 8.1573.2014/K.

Koppeknus Kypca mHEPIHATILHOI HABUTAIINOHHOI CHCTEMBbI
110 UHPOPMAIH 0T CIYTHUKOBOI HABUT ANMOHHON CUCTEMbI
J0 B3J1éTa camosieTa
Mapxkenos B B., Illykanos A.B., Heuacs B.A., Koctumms M.O.
OKBb «2nekrpoaBromMarukay, T. Carkr-IlerepOypr

PaccmarpuBaeTcs BapHAHT HCIOJB30BAaHUA KOPPEKIMH Kypca OO0 B3IETa
MOCJIC HETOYHOH BBICTABKH HHEPLHAIbHOW HABHTAMOHHOM CHCTEMBI HA 0a3e
miaThopMeHHOW wHepImanbHOH KypcoBeptukamum (MHC) B asmmyTe.
Koppekuusa xypca OCyIIECTBILIETCA MO MyTEBOMY YIUIY, ONPEACAEHHOMY IO
nHpOPMAIMH OT CIly THHKOBOI HaBuranuoHHoi cucreMmsl (CHC).

Koppexknust kypca BKIO4aeT B cedd ONMPEACICHUE PACUETHON KypPCOBOH
OIINOKY HA NMPSMOJIHHEHHBIX YYACTKAX PYJICHHA 0 B3IETA C MOCIIEIYFOIIIM
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¢¢ BBOJOM B BHAC INONPABKH B OOPTOBYH0 IMM(POBYIO BBIMHCIHTCIHHYIO
MAaIIMHY Uil HCIOTB30BAHMUS B TEKymeM monéte. Pacuér KypcoBoi ommOkn
OCYIIECTBILICTCS MyTEM CTATHCTHICCKOW OLCHKH CPABHCHMS IyTEBOTO VI,
ompeaememoro no wmH(popMammu CHC, ¢ texymum, m3meperasiM MHC,
KypCOM TIO 33aJaHHOMY KOJHYECTBY 3aMCPOB HA PEaln3yeMOM HHTEPBAJC
BpPCMCHH.

IlpeacraBieH MeTOA KOPPEKLHMH Kypca HHEPLHMAIBLHOM HABUIALMOHHOU
CHCTEMBI 10 WH(OpMAIMH OT CIYTHHKOBOW HABHUTALIMOHHOHW CHCTEMBI 110
B3N¢Ta CaMolleTa W TPHWBEACHBI PE3yJbTaThl €r0  OTPabOTKH  HA
HCHBITAaTeNIHFHOM CTeHIC. OIEHEHBI TOYHOCTHBIC XaPaKTCPHCTHKH JAHHOTO
METO0/1a M TIPEITI0KEHBI PEKOMECHAALNH JJISI €T0 MPAKTHIECKOTO MPUMCHCHHS.

[Tpakruyeckn koppeknms Kypca mo uHpopmammu CHC mo B3néra Moxer
OBITh PCKOMCHIOBAHA K MCIOIB30BAHMIO C LIETHI0 MOBBIMICHHS TOUHOCTHBIX
XAPAKTECPUCTHK ONMPEICIICHIS Kypca caMOIETa, OCHANIEHHOTO HHEPIHAIBHOH
HABHTAHOHHOW CHCTEMOH HAa 0a3c TMIaT(OPMCHHOM HHCPUHAIBHOM
KYPCOBEPTHUKAIHM, TIIOCIEC IPOBEACHUS COKPAIIEHHONH MOATOTOBKH C
BBICTABKOH HAYAIBHOTO A3WMYyTa IO JATUMKY MATHHTHOTO Kypca. 3HA4YCHHC
KYPCOBOH MOMPABKHU JJISI KOPPEKIUH OTPEICISICTCS IPH PYJICHHH CAMOIETA B
TeueHne He MeHee 20 ¢ mpu pabote 6oprosoit CHC B pexmve 'NIOHACC
nm GPS (pu OTCYTCTBHH CENEKTHBHOTO JOCTYNA) M HATMYHH KOHTPOJILI
LEJIOCTHOCTH WCHOJB3YEMBIX [JAHHBIX, A TAKKE IIPH HCIIOIb30BAHHH
JOTIOMHUTCIIBHOTO ~ MAPAMETPHYCCKOTO  KOHTPOJIST — H3MEPSIEMBIX  H
BBIMHUCIIEMBIX TTAPAMETPOB. [IpH 3TOM HOTPEIIHOCTD ONPEACICHHIS KyPCOBOH
TIOTIPABKHU HE MpeBbIcHT 20,

Implementation course corrections inertial navigation system
for information from the satellite navigation system of the aircraft
before take-off
Markelov V.V., Shukalov A.V., Nechaev V.A., Kostishin M.O.
SDB “Electroavtomatika”, Saint-Petersburg

We consider the option of using the correction rate to take off after
inaccurate of inertial navigation system based on an inertial platform and
heading (INS) in azimuth. Course correction is performed for Track corner
defined according to information from the satellite navigation system (SNS).

Results: The results of a pilot mining regime course correction and
recommendations for its use.

Correction of the course includes the definition of the calculated track error
on straight sections taxiing before takeoff with its subsequent input in the
form of amendments to the onboard digital computer for use in the current
flight. Calculation of exchange errors made by comparing the statistical
evaluation of the track angle, defined according to SNS, the current measured
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by the INS rate for a given number of measurements on the realizable time
interval.

Practical relevance: Course correction according to SNS takeoff can be
used to improve the accuracy characteristics of the definition of the course of
the aircraft after the abbreviated forms of training INS inaccurate exhibition
initial azimuth.

O1eHKA pecypcoB BO300HOBISAEMBIX HCTOYHIHKOB YHEPTIH I
CHA0KCHHA HAZEMHBIX CHCTEM 00eCredeHn MmoJIeToB
B pecny0nke MbsiaMa
I'porosa O.H., Mun Mus Txo
MAM, r. Mocksa

B TONMIMBHO-?HEPreTHYECKOM KOMIUIEKCE B HACTOSINEE BpeMs CaMOH
aKTYaJdpbHOH mpoOmeMOd sBIIETCA ACDUOUT 3IEKTPOdIHEpruwm. MpaHMA
o0NagaeT  OTPOMHBIM  INOTCHOHAJIOM  PA3NUYHBIX  BO30OHOBILICMBIX
SHEPIETUYECCKUX PECYPCOB. COJMHCUHBIMH, BETPOBBIMH, NPUIUBHBIMH[1].
[To3atoMy cymecTByeT OnarompuATHAsS BO3MOXKHOCTh HCIOJNB30BATH I
CHAO)KCHUS VYJAJCHHBIX ABTOHOMHBIX HA3EMHBIX CHCTEM OOCCIICUCHHS
MOJICTOB  HNICKTPOYCTAHOBKM HA OCHOBE AaJbTCPHATHBHBIX HCTOYHHKOB
SHCPTHUH.

C >10i#f 1EHBI0 HEOOXOOUMO OLCHHTH PECYPCHI COMHCYHOH W BCTPOBOH
SHECPTUH B TOYKE PACIIOJIOKCHUSI aBTOHOMHOTO KOMIIICKCA HA TEPPHTOPHH
crpanbl. CpemHEMECSMHBIH [JHEBHOM TPHXOJ CYMMAapHOH COJHECUHOH
pagualu Ha HAKJIOHHYHK) TMOBEPXHOCTh EK 3aBUCHUT OT OTHOLICHHIA
CPEIHEMECAYHBIX JHEBHBIX NPUX0J0B cymMapHod (R) m mpsamoit (Rm)
pazpanpy HAa HAKIOHHYKO W TOPH3OHTAIBHYIO MOBEpXHOCTH. H3McHeHHe
BEIMYMHBI R B CBOIO OYepeap 3aBHCHT OT OTHOIICHHS CPEIHEMECSIHBIX
JHEBHBIX TpuxoaoB cymmapuoil (E) m auddysuoit (Ex) pagmammm Ha
TOPH30HTANBHYI0 TOBCPXHOCTh, YIJIA HAKIOHA K TOPH3OHTY P,
OTPAKATCILHOH CIMOCOOHOCTH 3¢MJIM P M OT MOKa3arenasd oomaunoctu Km.
Tak kak Rm Haxomurcs B 3aBHCHUMOCTH OT reorpamuecKux KOOPIHMHAT
MECTHOCTH, MO>KHO OIIPEACIHUTh CYMMAPHBIN IPHXO0 COTHCYHOH PaIuaIiy B
TOYKE PACHOJOKECHHA JICKTPOY CTAHOBKH.

OCHOBHBIC SHEPTETHYCCKUE TTOKA3ATENH, onpeaesromue 3(P()EeKTHBHOCTD
U [EeNeco00pa3HOCTh HUCIOIB30BAHMS 3HEPTHH BETPA, BBIIBILIOT C MOMOMIBIO
SMIUPHICCKON AH(PPepeHIHATEHON TOBTOPACMOCTH CKOPOCTSH BETpa ti B i-
M HHTEpBAale CKOPOCTH AVi

Y aexpHast MOIITHOCTH BO3AYIIHOTO MoToka Nya(Vi), mpuxogsmero depes 1
M2 TOMCPEYHOTO CCUCHHS BCTPOBOTO KOJIECa BETPOyCTaHOBKH: Nym(Vi) =
0,56+Vi3 (B1/M2),rme 6 — MIIOTHOCTH BO3AyXa IPH HOPMAIBHBIX YCIOBHAX B
TOUKE A.
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Hdna  kaxmoro Vim ti(Vi) % pacCUHTBIBACTCH YIACHABbHAS JSHCPIHA
Oy ai: Oy mi(Vi)=Nyai(Vti(Vi)T+10-3 (xBtu/M2/T0nN). CyMMHpPOBaHHE
Oymi(Vi) BO BCEM HCCICIYyCMOM AHATIA30HE CKOPOCTEH BeTpa oT 1 M/c a0 30
M/C JaeT 3HaueHHWe Jy[, IPOTEKAromee 3a rog depe3 1 M2 momepedyHoro
CCUCHHS BETPOBOTO KOJIECa.

Takum o00pa3oM, HA OCHOBAaHMM KOMIUICKCHON OIICHKH 3aIlacoB
PaCCMOTPCHHBIX BO30OHOBIICMBIX ~ MCTOYHHKOB OSHEprun C Y4YCTOM
KIIMMAaTHYICCKHUX, reorpaq)pmecxnx H COIHAJIBHO-3KOHOMHYCCKHX YCJ'IOBI/Iﬁ
KOHKPETHOTO PETHOHA MECTHOCTH HA TEPPUTOPHUH MBSHMBI MOXKHO BBIOPAThH
BHJI 3JICKTPOYCTAHOBKH HA OCHOBE AJITCPHATHBHOTO HCTOYHHKA YHSPTHH AT
CHA0KCHHS ABTOHOMHOTO HA3¢MHOTO ABHALIMOHHOTO KOMILICKCA.

Jluteparypa

1. Thet Thet Han Yi, Su Su Win, Nyein Nyein Soe. Solar Energy potential
and application in Myanmar, World Academy of Science, Engineering and
Technology 42 2008.

Resource assessment of renewable energy sources for flight aid ground
supply systems in the Republic of Myanmar
Grotova O.N., Min Min Thaw
MAI, Moscow

In the energy sector currently the most activated problem is the shortage of
electricity. Myanmar has huge potential of different renewable energy
resources: solar, wind, tidal[1]. Therefore, there is the opportunity for supply
remote autonomous ground systems of safety electrical systems based on
alternative energy sources.

To access this purpose it is necessary to evaluate the resources of solar and
wind energy at the point of location of the Autonomous complex in the
country. Average daily arrival of total solar radiation on a tilted surface of the
Ex depends on the relationship of monthly average daily total receipt(R) and
direct (Rm) radiation on tilted and horizontal surfaces. Change the value of R
in turn depends on the ratio of monthly average daily total receipt(R) and
diffuse (Rm) radiation on a horizontal surface, the angle of inclination to the
horizontal of P, the reflectivity of the earth p and the measure of the
cloudiness Km. Since the Ru is dependent on the geographical coordinates of
the locality, it can measure the total solar radiation flux at the point of
location of the installation.

Basic energy parameters, determined the effectiveness and suitability of
wind energy is detected by an empirical differential tire peatability of wind
speeds in the i-th interval speed AVi.

Specific power of the air flow Nya(Vi), passing through 1 m2 cross-
sectional area of the wind turbine wheel : Nyx(Vi) = 0,5 6 « Vi3(W/m2),
where 6 - the density of air under normal conditions at the point A.
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For each of Vi and it(Vi) % calculate specific energy Aya.I(Vi)= Nyzal(Vi)
it(Vi) T+10-3(KWh / m2 / year). Summation Aya.I(Vi) in the entire range of
wind speeds from 1 m /s to 30 m/ s gives the value for the yearAya.flowing
through 1 m2 cross-sectional area of the wind wheel ;

Thus, on the basis of a comprehensive assessment of reserves considered
renewable energy sources taking into account the climatic, geographic and
socio-economic conditions of a particular area of the region in the territory of
Myanmar, it can choose the type of the power plant on the basis of an
alternative source of energy to supply autonomous ground aviation complex.

Literature.

1. That That Han Yi, Su Win, Nye in Nye in Sue. Solar Energy potential
and application in Myanmar, World Academy of Science, Engineering and

Technology 42 2008

CpaBHeHne MeT0/10B MO/ICTMPOBAHNISI XAP AKTEPHCTHK NpeodpazoBaTeist
YCKOPCHHSA HA OCHOBE ONITHYCCKOT0 TYHHEJILHOTO 3¢ derTa
Kazapesu A.B., Haunr Ty JIsun
MAM, r. Mocksa

B mHacrosmee BpeMs H3MCPCHHC YCKOPCHHA HIPACT BAKHYIO POJH B
CHCTCMAX AaBTOMATHYCCKOTO VIPABICHHA JICTATCIGHBIX —AMIIApaTOB |
mMO3BOJIICT caenarh Ooyee 3((CKTHBHBIM TpoUece ympaBicHuA. s
H3MCPCHHA YCKOPCHHI B NIHPOKOM JHAMA30HC TEMIICPATYP MPCANIATACTCS
HCIOJIb30BAaTh INPEOOpPA30BATEIM BHCINHMX BO3ACHCTBHH HA OCHOBC
ONTHYECKOTO TYHHEIbHOTO 3(derra(OTI), BHIMOTHEHHBIE W3 KBAPIICBOTO
CTCKJIA.

HccnemoBan mpeoOpa3oBaTeib YCKOPCHHA ¢ padoumM  JHATA30HOM
0...10g Bocnpuanmaromuit  smemeHT (B3J) Takoro mpeobOpaszosarert
VCKOPCHHSA MOXCT OBITh TOCTPOCH B BHAC KOHCOMH, OalKH WIH
MHOTOJYUYEBOro 3jeMeHTa. Ha OCHOBE MareMaTHUYeCKUX MOACHEH I
KOKAOTO ®W3 BHAOB BD pacCUMTAHBI MAKCHMANBHBIC OTKIOHCHHA BO
[1].ITpoBencHO HCCACIOBAHUE BAMSAHHS KOHCTPYKTHBHBIX MApaMeTPOB Ha
XAPAKTCPUCTHKH TPeoOpa3oBaTeIl YCKOPCHHSA H  TPOW3BCICHA OICHKA
TMOTPCITHOCTCH, BBI3BAHHBIX HX OTKIOHCHHAMH. CO3JAHBI MOJCTH Pa3HBIX
BuaoB BD ¢ momompro momyma «designmodeler» ANSYS u BBIOIHCHO
rpadrIecKOC MOACTHPOBAHKUEC ¢ HCMOIB30BAHHCM MAKETA «Static structure».
IIpu cpaBHCHUE PE3YIBTATOB PACUCTOB W MOACITHPOBAHHSA MOTPCITHOCTH
BCIIMMHH MAKCHMATFHOTO OTKJIOHCHHS I KOHCOJIH M OajKH B KadecTse BD
cocraBmaer 3...8% m mna gerepexayucBoro BD — 5...8%B mmamaszone
yckoperuit 0...10gBaoms ocu OX. [lpu HCHONB30BAHHH JOTIOTHHTCIHHOH
MACCHI TOTPCITHOCTh MAKCHMAJIBHOTO OTKIOHCHHA HCTHIPEXITyuecBoT0 BD
cocraBiset 8,5%.
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[NorpemrHOCTh MpeoOPa3oBaTeNd C YCTHIPEXIYUCBBIM 3JICMCHTOM 3aBHCHT
OT TEMICPATYPHBIX HM3MCHCHMM MOMYJA YIPYTOCTH €ro marepuaia. Ilpum
H3MECHCHHH TeMIEpaTypsl B amamasoHe oT -50°C go +100°C morpemHocTs
MOJCTHPOBAHHSA TpeoOpa3osarens yCKOopeHms B «steady-state thermal
analysis» ANSYS mo CpaBHCHHIO C PE3yIBTATAMH PAcUCTOB COCTABIACT
oxomo 1% mpu yckoperun 10g,

HccnemoBano BIHAHHE MOMCPCYHOTO yCKopeHma BD. Tlox aelictBueMm
MOTMCPSUYHBIX YCKOPSHHH MOTPEIIHOCTh MOACTHPOBAHHA 1O CPABHCHHIO C
pacueTamMu i1 KOHCOJM cocTaBipier okono 30% u st 6anku - 20%. Tlpu
3TOM MOTPEIIHOCTh MOJCTHPOBAHHA YCTHIPCXITYYUSBOTO JIESMCHTA COCTABIACT
MeHee 2% B Amama3oHe momepeuHbXx yckopeHmit 10g.M3 pesymsraroB
aHatH3a TPa(UUECKOTO MOICIHPOBAHHA CICAYET, 4YTO IOTPCINHOCTD
BO3HHKACT HM3-32 MAJOTO KOJHYCCTBA AYCEK CETKH, HCCMOTPSA HA 3TO OHO
MO3BOJIICT MPOBEPHTH METOA pacuera. Mcmonap30BaHHE MEHBIIAX SHYCCK
CCTKH NPUBOAWT K OO0JIee TOUHBIM PE3yJIbTaTaM, HO YBEIMUMBACT O0OBEM
pacyeToB.

Jluteparypa.

V. 1. Busurin, Naing Htoo Lwin, Pham Anh Tuan. Investigation of
microopto-cletromechnical angular velocity and acceleration transducers
based on optical tunneling effect // Physics Procedia 73 (2015), pp.198-204.

Comparison of modeling methods for characteristics of acceleration
transducer based on optical tunneling effect
Kazaryan A.V., Naing Htoo Lwin
MAI, Moscow

Nowadays, measurement of acceleration plays an important role in
automatic aircraft control and leads to more effective in control process. To
measure acceleration in the wide range of temperatures is suggested to use
transducers with external impact based on the optical tunnel effect (OTE)
made of quartz.

Acceleration transducer is within the operation range of 0...10g is
developed. Sensing clement (SE) of such transducer can be designed as a
cantilever, a beam or multi beam element. Based on the mathematical models
for each type of SE maximum deflection of SE can be calculated [1]. The
influence of the design parameters on the performance of the acceleration
transducer and the estimation errors caused by deflection of SE are
considered. The models of different types of SE are created by using
«geometric modeler» ANSYS and perform graphical simulation using static
structure package. While comparing the results of analytical calculations and
modeling, error of the maximum deviation value for the cantilever and beams
SE are 3 ... 8% and for a four-beam SE - 5 ... 8% in the range 0 ... 10g of
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acceleration along the axis OX. While adding the extra mass to the SE, the
maximum deviation error of four beam SE is 8.5%.

Error of four-beam SE transducer depends on the temperature changes in
the modulus of elasticity of material. While the temperature range is varying
from -50 °C to + 100 °C error of acceleration transducer modeling in the
«thermal package» ANSYS compared with the results of calculations is about
1% during acceleration 10g.

The effect of the lateral acceleration of SE is investigated. Under the
influence of lateral acceleration error of the simulation compared with the
calculations for the cantilever is about 30%.for beam - 20%. The error of
modeling four-beam SE is less than 2% in the range of lateral acceleration
10g. According to the analysis results of the graphic simulation, due to the
small number of grid cells the error is appeared; however it allows to check
the method of calculation. Using smaller cells leads to more accurate results,
but increases the amount of calculations.

References

1. V. . Busurin, Naing Htoo Lwin, Pham Anh Tuan. Investigation of
microopto-cletromechnical angular velocity and acceleration transducers
based on optical tunneling effect // Physics Procedia 73 (2015), pp.198-204.

YacTuaHAsI KOMIICHCATTHSI BJUSTHIA BETPOBOTO BO3MYIICHHSI HA 00KOBOE
JBIZKCHHE CPETHEMATHCTPATBHOTO CaAMOJIeTa, OIIEHHBACMOTO
¢ nomombio puasTpa Kamana
Prionnkos C.H., Hryen Txans lllon
MAM, r. Mocksa

Lenp mameOW pabOTHI — TOBBINICHHE KAYECTBA MPOLECCA YIPABICHUS
OOKOBBIM JIBIDKCHHEM CPEIHEMATHCTPATBHOTO CaMOJIETa IOCPEIACTBOM
CHIDKCHHS CTATHYCCKOH ONMOKH TONOXEHHA JIA OTHOCHTENBHO 3aJaHHOH
TMHUH MyTH. [10BBIIIEHNE TOYHOCTH YIIPABICHHS JOCTHUTACTCSI BBEICHHUEM B
AQNTOPUTM VIPABJICHHWS CHTHANA YACTHYHOH KOMIICHCAIMH BETPOBOTO
BO3MYIICHH, IIOJyYaeMOTO HAa OCHOBAHWH OLCHHBAHMA VITIA CHOCA C
nomompo (rubTpa Kanvana.

JU11 OLCHUBAHUSA BETPOBOIO CHOCA MPUMEHEHA TMHEHHAS MATEMATHYECKAs
MOIeTh OOKOBOTO IBIKCHHSA JIA 4eTBEPTOTO MOPSAAKA, BKIFOUAOMAL B CCOS
YpaBHCHHA OOKOBBIX CHJI H MOMCHTOB OTHOCHTCJIBHO OCCH X M Y, a TAKOKe
KHHEMATHYCCKHC YPABHCHUS ABIKCHHUA JIA OTHOCHTEIBHO 3a1aHHOM JTHHWUH
myta. Ourptp Kammana BrmrouaeT B ceOs ONOK OLCHMBAHMA M MATPHIYY
CBf3H, SBIIIIOIYIOCS OOBEAMHCHHEM MATPHUIBI CTONONA C HYJICBBIMH
3JIEMCHTAMHA M JHaroHanbHOHW Marpuusl [lomyuyaemas ¢ moMompo QuibTpa
OIICHKA CKOPOCTH OOKOBOTO BETPA M yIJAa CHOCA BBOAMTCS B AITOPUTM
VOPAaBICHHA TMOJO0KEHHEM CAMOIICTA OTHOCHTCILHO 33JAHHOW JHHHUM IIyTH
KAK CUTHAJI KOMIICHCALIMA BO3MyIIcHUA. [I[pUMEHEHHBI HCXOHBIN aITOPUTM
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VIOPABICHUA — JUHCHHBIA, CTALIMOHAPHBIA, CTATHYCCKUM, OMIPEACICHHBIN
METOJAOM QHATUTHYCCKOTO KOHCTPY HPOBAHHA.

MareMaTH4eCKUM ~ MOJCAMPOBAHHUEM  IOATBEPIKACHO  MOBBIIICHUE
TOYHOCTH YTPABJICHUSA MOJO0KCHHCM JIA OTHOCHTCIFHO 3aJaHHOH JMHHH
IyTH TpU AeHCTBHU OOKOBOTO BETpa. B wacTHOCTH, Tpu AcHCTBHE OOKOBOTO
BETPA CKOPOCThEO 10 M/C YCTAHOBHBIIAACS OMMOKA TOJIOXKCHHS CHIDKACTCS
110 20% HAYaTbHOTO YPOBHAL.

Partial compensation of the influence of wind disturbance to the lateral
movement of medium-haul aircraft, estimated by using a Kalman filter
Rybnikov S.I., Nguyen Thanh Son
MAI, Moscow

The purpose of this work - to improve the quality of the control of lateral
movement of medium-haul aircraft by reducing the static position error
relative to the aircraft intended track. Improved accuracy is achieved by the
introduction of control algorithm signal partial compensation of wind
disturbance produced on the basis of estimation of leeway angle using a
Kalman filter.

To estimate leeway applied lincar mathematical model of lateral movement
of the aircraft of the fourth order, which includes the equations of lateral
forces and moments about x and y, as well as the kinematic equations of
motion of the aircraft with respect to a given track. The Kalman filter
includes a matrix estimation and communication is the union of the column
matrix with zero diagonal clements, and a matrix. Get through the filter
estimate of the rate of side wind and drift angle is introduced into the
algorithm controlling the position of the aircraft relative to a track as a signal
to compensate for the perturbation. The used source control algorithm -
linear, stationary, static, as determined by analytical design.

Mathematical modeling is confirmed by improving the accuracy of
controlling the position of the aircraft relative to a track under the action of
crosswind. In particular, under the action of lateral wind speed of 10 m / s
steady position error is reduced to 20% of the initial level.

KpaznneBo3mymaeMast MASTHIKOBAST BEPTHKATD
[Nerpyxun B.A., Menbaukos B.E.
MAM, r. Mocksa

PaccMoTpensr BO3MOKHOCTH CO3IaHHUA KBa3HHEBO3MY IACMOTO
MAaATHHKOBOTO HHOAWKATOPA  BCPTHUKATIH, 06.]'[32[.’:1}0]].[61"0 MOBBIICHHOH
YCTOfIqHBOCTBIO K BO3MY IIAOIITHM TOPHU30HTAJIBHBIM YCKOPCHIAM
ocHOBaHMA. [lomoKuTembHBIT 3(P@EKT JOCTHTACTCA 32 CUCT PCANTH3AMUH
TIPUHOHUIA ABYXKAHAJTBHOTO YIPABJICHUA C HCITOJIBb30BAHUCM OI[HOTHHHOfI 10
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¢usmueckoli  mpupoxe  WHPOPMANWH, TOJNYUYCHHOH OT  JATYHKOB,
00JTa1afoIMX PA3THYHBIMY JTHHAMIYCCKIMHI KAUCCTBAMH.

Ouznueckuit NI MAaTEMATHYCCKHH MASTHHK, BO3MYLIACMBIH
VCKOPCHHSIMH OCHOBAHHSA, KOPPEKTHPYETCSI OT OOJee BBICOKOYACTOTHOTO
aKkcelepoMeTpa M HEKOTOPBIX  JPYTHX  HCTOYHHUKOB  KOPPCKIIHH.
[TpuHIMITHAILHBIM ~ SIBJBIETC  B3aMMHOC  PACIOJIO’KCHHE MA’THHKA U
KOPPEKTUPYIOMMX €r0 3JEMCHTOB. B 4YacTHOCTH, Kak OPHCHTHPOBAHBI OCH
YYBCTBHTCJILHOCTH MASTHHKA W KOPPEKTHPYIOIIETO AKCEIECPOMETPA MEXKIY
COOOH M OTHOCHUTEIBHO CTPOUTEIBHBIX OceH JIA. BO3MOKHBI BAPHAHTSHL: - OCh
YYBCTBHTCJIPHOCTH  aKCEIEPOMETpa  BCErJa  COBMANACT C  OCHIO
YYBCTBHTCJILHOCTH MASTHHKA (KOPIYC aKCEICPOMETPA PACIIONOKCH HAa OCH
MOJBECA MASATHHWKA), - OCh YYBCTBUTCIBHOCTH aKCEJICPOMETPA BCETAA
COBIIQ/IACT CO CTPOUTEIHLHOH OCBhIO JIA (aKCenepOMETp M MASTHHK >KECTKO
3aukcupoBansl Ha kopmyce JIA W y4YacTBYIOT BO BCEX €ro YTJIOBBIX

IOBIDKCHHAX), - AaKCENICPOMETP W MAATHHK PACIOJOKSHBI HA 00meM
OCHOBAHHM, HO CBS3aHBI C KOpmycoM JIA TOCPEACTBOM «CICAAINCTO
MPUBOJAY.

B pabote paccMmoTpeH BTOpOH BapuaHT. TakoH OTHOOCHBIH MAATHHK
PadoTOCHOCOOCH I MAJTBIX VIJIOB «MPOKAYKm» JIA B mpeacnax HOCKOJIBKHX
YraoBbIX IpaaycoB. [loka3aHo, YTO NpH TOPU30HTAIBLHOM YCKOPEHHH ax
YCTAHOBHUBHIMHCA Yrod 0l OTKIOHEHHMSA CKOPPEKTHPOBAHHOIO MAATHUKA OT
BCPTHKATIA 6y/:[eT SHAYATCIIBHO MCHBIIC, YICM YTOJI 02 MAATHHKA B OOBIMHOM
HUCIIOJTHCHHH

- tgal =(1 - d)ax/g << tga2 =ax/g, rae 60 — Oe3pa3sMepHBIA KO3PPHUIHCHT
KOMIICHCAIIMH BO3MY IIAFOIIHX BO3ACHCTBUH Ha MasTHHK: 0< 6 <.

Paspaborana cTpykTypa pacCMOTPEHHOTO BapHAHTA KOMIICHCHPOBAHHOTO
MajITHHKA C  WCHOJB30BAHHEM  KOMIICHCHPYIOHICTO  AKCEJICPOMETPA.
IIpoBeacHO HMMHTALMOHHOE MOJCIMPOBAHHEC TMPH BapHALIMH YPOBHA
KOMIICHCAIMK 0, JAWHAMHYECKHX  XAPAKTEPHUCTHK  AKCEJICPOMETPA,

OIICHHBACMBIX €T0 COOCTBCHHOH KPYTOBOH YaCTOTOH w a I pasIdIHBIX
JIA.

AHamm3 pe3ylIbTaToOB MOJCIMPOBAHMS IOKA3aJ PEANBHOCTh CO3JAHHS
TAKOTO OJHOOCHOTO MASITHHKOBOTO MOCTPOMTEIS BEPTHKAIM B KAUCCTBC
PE3CpPBHOTO «ABHATOPH30HTA», TaK W B Psgc CIyYacB Kak KaHala
mnat@opMcHHON wWiH OCCIIAaT(OPMCHHOH CHCTCMBI OPHCHTAIMH  H
Hapuranmu. [IpocmarpuBaetcst Tarke mpuMmeneHwe B coctae MHC ma
KOPPEKIUH KAHANIOB IIOCTPOCHHUS BEPTHUKAIIH.

[Ipeamonaraercs HamMMYME ABYX OJHOOCHBIX KAHATOB AN (PH3HUECKOTO
MOJCJMpOBaHHA Ha Oopry JIA BEpTHKANM MECTa, PEANTH3yEeMbIX B BHIC
€AMHOTO OJI0KA C MCIOIb30BAHUEM JBY XOCHOTO CIIEISINETO KOPIyca, Wi 0e3
HETO B 3aBHCHMOCTH OT Kiacca oObekra. Pabdora mposoaurcs Ha kad. 305
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MAW 1npm mnommepkke mgoroBopa — 3amaHue MwuHOOpHaykm PO
Ne8.1573.2014/K.

Quasi-imperturbable pendulum vertical sensor
Petrukhin V.A., Melnikov V.E.
MAI, Moscow

Consider the possibility of building a quasi-imperturbable pendulum
vertical indicator having increased resistance to perturbing horizontal
acceleration. A positive effect is achieved due to the implementation of the
principle of a two-channel control using the information of same physical
nature received from the sensors, having different dynamic properties.

Physical or mathematical pendulum which disturbing by acceleration of
base is adjusted by a high-frequency accelerometer and other sources of
correction. The principle is the relative position of the pendulum and its
corrective elements. In particular, how are the pendulum axis of sensitivity
and correction accelerometer are oriented relative to each other and building
axes of aircraft. The options are: - the axis of sensitivity of the accelerometer
is always coincides with the axis of sensitivity of the pendulum
(accelerometer housing located on the axis of suspension of the pendulum); -
The axis of sensitivity of the accelerometer is always coincides with the axis
of the aircraft construction (accelerometer and pendulum rigidly fixed to the
aircraft body and participate in all of its angular movement); - Accelerometer
and pendulum located on a common basis, but are connected to the body of
aircraft by "tracking housing".

The paper considers the second option. This single-axis pendulum is
efficient for small inclination angles of aircraft within a few angular degrees.
It is shown that the horizontal acceleration ax set the angle al corrected
deviations of the pendulum from the vertical will be significantly smaller than
the angle o2 of the pendulum in the usual performance:

- tgal =(1 — dax/g << tga2 =ax/g, where o - dimensionless coefficient
compensation disturbances on the pendulum: 0 <6 <1.

The structure of the considered options compensated pendulum with
compensating accelerometer. A simulation by varying the level of
compensation 6, the dynamic characteristics of the accelerometer, the
estimated angular frequency of its own but for different aircraft.

Analysis of simulation results showed the reality of the creation of such
uniaxial vertical pendulum builder as a backup "artificial horizon", and in
some cases as a channel of platform or strapdown orientation and navigation
system. It watched as the use of a part of the INS to correct for the
construction of vertical channels.

193



It is assumed that there are two channels for uniaxial vertical physical
simulation on board the aircraft as a single unit with biaxial tracking housing,
or without, depending on the class object.

Work carried out at department305 MAI, with the support Russian
Federation Ministry of Education contract Ne8.1573.2014 / K.

CTyneH4aTo-X0PAOBBIIi AJITOPUTM YIPARJICHHA BHITPSIMHATEICM,
MOCTPOEHHBIM Ha (aze Tpanc(opMaTopa ¢ BpanaionuMcst
MATHHTHBIM 0JIEM
Uepesko A W., [Tnatorenkos C.B., Caxosuua U A., Kysemuua UL1O.,
My3ssika M.M., JIumonnnkosa E B., Jymkun 10.B., Ky3senos U.B.
Cesmamsry3, pumian CADY, r. CeBepoaBuHCK

WsBecTHBIC Tpex(Da3HBIC MOCTOBBIC MOJYMPOBOIHHKOBHIC BBIMPSIMHTCIIH,
MPUMCHACMBIC B  ABTOHOMHBIX JJICKTPOYCTAHOBKAX, TWPH TIyOOKOM
PETYIMPOBAHUU XAPAKTEPHU3YIOTCA HH3KHM KAYECTBOM BBIIPAMIICHHOTO
HANPSOKCHHUA U 3HAYUTCIHFHBIM BIIMSHICM HA MMHTAFOIIYFO CCTh.

C [empl0  YCTPAaHCHHS  3THX  HEAOCTATKOB  OBUI0  MPEIIOKCHO
YCOBEPIICHCTBOBATh CHIIOBYI) CXEMY BBIIPSAMUTCIBHBIX ArperaTos, 3AMCHHB
TpaHCHOPMATOPBl C MYyABCHPYIOMMMH MArHUTHeIME moraMu (TIIMIT) =Ha
TpaHC(HOPMATOPBl € BPAINAIOIMMMHCA MArHUTHBIMH mojsMu  (TBMID),
00IaJar0MMMH  TIOTHOW T'€OMETPHUYCCKOM, JJICKTPHYSCKOH W MArHHTHOH
CHMMETPHEH, YTO MO3BOJIHNO YIyUIIUTh 3JICKTPOMATHATHYIO COBMECTUMOCTD
YIpaBsieMbIX BeIpsMuTenc (YB) ¢ muTaromen CeTh0 U Harpy 3K0il.

OxcmepuMeHTanTbHOS HccacaoBanne YB ¢ TBMII, H3roTOBIACHHOTO B
pamvkax ®LIT «Pa3BuTHe rpaskJaHCKOM MOPCKOM TeXHUKI» HA 2009-2016 rr.,
MomHOCTRIO 4,0 kBT 1nokazano, 4YTO TNPUMEHEHHE KIACCHYECKOTO
CHHXPOHHOTO cmocoba ympasmeHmsa cuiaoBeiMH — kmouamu  (CKum)
KOMMYTAaTOpPa HE HCKIHOYACT pa3pblBBl MEPBOrO  POAA B KPHBOH
BBITIPSIMJICHHOTO HATPSOKCHH, TO moTPEOOBAO Ppa3paboTKH
MPUHIMITHATIGHO HOBOTO CTYIICHYATO-XOPJOBOTO alropuT™Ma H crocoba
vopasieHuss CKi, mO3BOJTIOMIET0 HCKIFOYUTH Pa3phIBBI MEPBOTO POJAa B
KPUBOH BBIPAMICHHOTO HAMPSKCHHA.

B xoz1e paboTh1 ObLITH PELICHBI CICAYIOMINE 3a1a4H:

e  pa3paboTaH W TNPOAHANHM3HPOBAH HOBBIM ANTOPUTM YIPABICHUSA

CKr,

®  pacCMOTPEHBl HM3MCHCHHS CHJOBOH CXEMBI BBINPSIMUTEIBHOTO

arperara, HeoOX0IHMbIC I Peau3aliy HOBOTO aJITOPHTMA YIIPABIICHHS,

e  pa3paboTaHBl CXEMOTEXHHWYCCKHE MOJCIM YB, mo3Bosmonmme

OILICHHUTSH BIHMSIHHC MPEOOPA30BaTEIL HA MUTAIOIIYIO CETh M HATPY3KY.

AHanmu3 DOJYYEHHBIX PE3yJIbTATOB MO3BOJSIET CACHATh CICAYIOIIHC
BBIBOTBL:
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®  HCIOJNB30BAHHC CTYNCHYATO-XOPAOBOTO AITOPUTMA YTIPABICHUS
CKn cunosoro  kOMMyTaropa TMO3BOJBIET  VJAYUINHTh  KA4YeCTBO
BBIMPAMJICHHOTO HANPOKCHUA, B YAaCTHOCTH CHH3HUTH KOC—)(I)(I)I/II.[I/IGHT
My JTbCAIHH, HA OOJBIICH YACTH TUATA30HA PETYTHPOBAHMA MO CPABHCHHIO
C CHHXPOHHBIM (Da30BBIM PETyIMPOBAHUCM, ITPEHMYIIECTBO BO3PACTACT IO
Mepe YBEJIMUCHUS TITyOHHBI PETY IHPOBAHUS,

®  HCIOJNB30BAHHC CTYNCHYATO-XOPAOBOTO AITOPUTMA YTIPABICHUS
CKn cunoBoro KOMMyTaTopa MO3BOJLIET YBEINYNUTh BO3MOKHBIN THANA30H
peryaupoBaHms Oc3 BOZHHUKHOBCHHWS PAa3pPBIBOB IIEPBOTO POAa B KPUBOH
BBIIPAMJICHHOTO HAIIPSYKCHUA.
Ha cTyneH4Yaro-XOpAOBBIM  QJITOPHUTM  YIPABICHHA  BBIMPAMHTEIEM

MOy YCH MATEHT PD.

Step-chordal rectifier control algorithm constructed on the basis
of a transformer with a rotating magnetic field
Cherevko A1, Platonenkov C.V., Sakovich [ A., Kuzmin I.Yu., Muzyka
M.M., Limonnikova E.V., Dushkin Yu.V., Kuznetsov 1. V.
Sevmashtuz, branch of NARFU, Severodvinsk

Well known three-phase bridge rectifiers that are used in the autonomous
electrical installations with a deep regulation are characterized by low quality
of the output voltage and a strong influence on the supply network.

In order to climinate these disadvantages it was proposed to improve the
power core of rectifier units by replacement of the transformer with pulsating
magnetic fields (TPMF) on transformers with rotating magnetic fields
(TRMF). The last have full geometric, electric and magnetic symmetry,
which provides superior electromagnetic compatibility of the controlled
rectifiers to the subtransmission network and load.

Experimental study of the controlled rectifier with TRMF made under the
Federal Program «Development of civil marine equipment» in 2009-2016 to
provide power of 4,0 kW has shown that using of the classical method of
controlling the synchronous power switches does not preclude the
discontinuitics in the curve of the rectified voltage that required the
development of a fundamentally new step-chordal algorithm and method of
controlling the power switches that eliminates discontinuities in the curve of
the rectified voltage.

During the research campaign the following problems were solved:

e a new algorithm of power switches to be operated was developed
and analyzed;

o the changes in the power core of the rectifier unit that are necessary
to fulfill in the course of implementation new control algorithm were
examined;
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e several schematic models of the rectifiers have been developed to
assess the impact of the rectifier to the mains supply and the load.
Analysis of the results leads to the following conclusions:

e using a step-chordal algorithm for controlling the power switches
allows to improve the quality of the output voltage, in particular, to
decrease the ripple factor, the greater part of the control range as compared
to the phase control; this advantage grows more significant with wider
depth control,

e using a step-chordal algorithm for controlling the power switches
allows to spread the possible range of adjustment without causing
discontinuities in the curve of the rectified voltage.

Received a patent on the step-chordal rectifier control algorithm.

OT1kazoycToOHYMHBLI CAMOCHHXPOHHBIN HHAHKATOP
HA 0CHOBE CAMOCHHXPOHHOTO 0a3HCHOT0 3JTIEMEHTA
ITnorHuroBa A 0.

TTHUITY, r. ITepmb

3agaua pa3BUTHS OTCUYCCTBEHHOH 3IEMECHTHOH ©a3bl ABISIETCS KpanHe
aKTyaJbHOH, OCOOCHHO B COBPEMCHHBIX IMOJNHTHYCCKHX peammix. bomipmie
BCET0 3TO KACACTCA CHCTEM YIPABICHHA KPHTHYCCKOTO MPUMECHECHUSA TAKHX
KaK: a3pOKOCMHYECKas O0IacTh, BOCHHAS IPOMBIIUICHHOCTD, CHCTCMBI
VOPABICHUA ATOMHBIMH 3JCKTpocTaHOMAMH. ONHHM W3 NEPCIEKTUBHBIX
HANPABJICHUH CO3JAHHUSA 3ICMCHTHON Oas3bl I TAKHX CHCTCM SBIBICTCS
CAMOCHHXPOHHAS CXEMOTEXHHKA. MCHONB30BaHHE CAMOCHHXPOHHBIX CXEM
MIPEUMYIIECTBEHHEH Oaromaps MX OTKA30yCTOWYHBOCTH, OBICTPOACHCTBHIO,
padoTe HAa CBCPXHH3KOM HANPSHKCHHH MHTAHHA, YTO HAMOOJICC AKTYAJIbHO
711 OOPTOBBIX CHCTEM. BaskHYIO poib B CAMOCHHXPOHHBIX CXEMaxX HIPAcT
HHAWKATOP CHTHANA, OH OMPEACIIET COCTOAHHA CXEMBI, KOTOPBIC DPABHBI
DATAIL, DATAO umn cocrostaue NULL. OO0BEKTOM HCCICIOBAHUS BHIOPAH
HHAWKATOP, KOTOPBIH BXOJAUT B COCTAB CTPOr0 CAMOCHHXPOHHOTO
()YHKIIMOHAITFHO MOJTHOTO ToJcpaHTHOTO 3rmeMeHTa (OIIT). B nanHON cxeme
HMHIUKATOP CHTHAJIA PEAIM30BaH HA OCHOBE JOrH4ecKux 31eMeHTOB — 21-HE
u HE. B ucxognom Bapuante sneMeHT 2U-HE cay:kur a1 onpeacicHUs
cocrosana NULL, a HHBEPTOp CIYKHT A4 BKIIOUCHHA HHIHKATOPA B
OOIIyF0 CXEMY, HO Y TAKOTO WHIMKATOPA HU3KAsl OTKA30yCTOHYHBOCTH, MPH
0TKa3e T000T0 OJHOTO TPAH3HMCTOPA, BCS CXEMa BBIXOAWT M3 CTPOS. Takum
00pazoM, HeOOXO0AUMO YIIyYIIUTh CBOMCTBA HHAMKATOPOB CHrHAA. [loaroMy
MPEAI0KEHBI U HCCICAOBAHBI JBE MOJCIH HHAMKATOPOB, OCHOBAHHBIC HA
CaAMOCHHXPOHHOM 0Aa3MCHOM 3JIeMEHTe peanm3yromeM soruky 2UJIN-21-HE
u 2WIN-41-HE, mpu 3TOM NPUHUMIHAIGHO BAYKHO COXPAHHTH HUCXOJHYIO
JOTHKY WHAWKATOpPA, YTOOBI HE HAPYIIUTH IPUHOUI pPadOTBI HCXOIHOH
CXEMBL. SICHO, UTO B CXeMY BHOCHTCS H30BITOMHOCTh HA BEHTHIBHOM YPOBHE,
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HO TIPH 3TOM VBCIHYHBACTCA BEPOATHOCTH OC30TKAa3HOH paboTel H
MOSABIICTCS BOSMOJKHOCTH MAPHPOBAHUS BCEX OJHOKPATHBIX OTKA30B.
CaMOCHHXPOHHBIH OA3HUCHBIN 3JICMCHT COXPAHACT CBOK) PadOTOCIMOCOOHOCTH
IPH OZHOKPATHBIX OTKA3aX, 3TO 3HAYMT, YTO YCTPOMCTBO OyAer padorars,
YTO BaKHO IIPH HCIOJB30BAHHH YCTPOHCTB B KPHTHUCCKHX CHCTEMAx
VIPABICHHA, O KOTOPBIX TOBOPHJIOCH paHee. B pesynbrare MCCIeIOBaHWUA,
MONYYCHO JBE MOJACTH HWHIMKATOPOB CHTHAJA, KOTOpbIC 001amaroT
OTKA30yCTOYHBOCTBIO, HA3KUM SHEPromoTpedicHueM, OOMbIIHM BPEMESHEM
HApaOOTKH HA 0TKA3 HHIMKATOPA IO CPABHCHHIO C HX HCXOIHBIM AHAJIOTOM.

Fault-tolerant self-timed indicator based on self-timed basic element
Plotnikova A.Yu.
PNRPU, Perm

The task of the domestic element base development is extremely important,
especially given the current political situation. Most of all, it relates to the
critical control systems such as acrospace industry, military industry, control
systems of the nuclear power plants. One of the perspectives for creation of
the components for such systems is a self-timed circuitry. It is better to use
the self-timed circuits thanks to their fault tolerance, running speed, extra low
voltage operation that is most relevant to the airborne systems. The signal
indicator plays an important role in the self-timed circuits, because it specifies
the circuit states, which are equal to DATAI, DATAO or NULL state. The
study subject is the indicator, which forms part of the strictly self-timed
functionally complete tolerant element (FCT). In this scheme, the signal
indicator is implemented on the basis of the logical elements 2AND-NOT and
NOT. In the original version, the 2AND-NOT element is used to determine
the NULL state, and the inverter activates the indicator in the General
scheme, but such indicator has a low fault tolerance, i.e. if any transistor fails,
the whole scheme fails. Thus, it is necessary to improve the properties of the
signal indicators. Therefore, two indicator models are proposed and
investigated. They are based on the self-timed basic element implementing
the logic 20R-2AND- NOT and 20R-4AND- NOT. Here it is important to
save the original indicator logic so as not to violate the operation principle of
the original scheme. It is clear that the redundancy appears in the scheme on
the switch level, but it increases the fault tolerance probability and protects
against all single failures. The self-timed basis element remains functional
during single failures, it means that the device will operate, which is
important when using devices for the above-mentioned critical control
systems. As a study result, we have got two models of the signal indicators
that have fault tolerance, low power consumption, long MTBF as compared
to the original indicator.
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K 3agaqe rapanTHPOBAHHOTO OIIEHHUBAHNS COCTOSHISI H BO3MYINEHUIT
JUHAMHYECKHX CHCTEM
Mupses B.YU., [Toxueumnosa E.O.
OVpI'Y, r. Yenabuuck

Pemaerca 3amaua TapaHTHPOBAHHOTO OLCHHWBAHWMSA BEKTOPA COCTOSIHHS
JUHAMHYECKOM CHCTEMBI, KOTAAa OTCYTCTBYET CTATHCTHICCKAS HH(OPMAIHS O
HAYaJTbHOM COCTOSIHHH, BO3MYIUCHIAX M MOMEXaX, JACHCTBYIOIMX HA
CHCTEMy, HO HW3BECTHBI MHOXeCTBa mMX 3HaueHmi (Schweppe F.C., 1968;
Kypxanuckmit A.B., Kau 1.4, 1978, Kynuesuy B.M., 1977,
Yepuoycbko @.J1., 1988; bakan I'"M.,1987). ['apaHTUPOBAHHOE OLICHHUBAHUE
3aKJFOYACTCS B IIOCTPOCHHH WH(POPMAIMOHHBIX MHOMKECTB, KOTOPBIC
TAPAaHTHUPOBAHHO COACP/KAT WCTHHHOC 3HAUCHWE BEKTOPA COCTOSIHUSL.
CyIecTBYIOT M BEPOATHOCTHBIC ITOAXOAbI I MOCTPOCHUS TOBEPHTEIBHBIX
obOmacTel (HampuMmep, HA OCHOBC OICHOK (mmeTpa Kammana), HO B 3TOM
CAyvyac HE TAPAHTHPYCTCS MPHHAMIC)KHOCTh HCTHHHOTO  COCTOSHHA
MOJyYEHHOMY MHOXECTBY. [locTpoeHme WH(POPMAIIMOHHOTO MHOXECTBA
TPeOYET BBHIIONHEHHS TAKHX ONCPAlMA HAX MHOXKECTBAMH, KaK CyMMa
MUHKOBCKOTO, TIEPECCUCHHE MHOMKECTB, JIMHCHHOE IPEeoOpasOBaHUC
MHOXeECTB. [l 3amad OONBINON pa3MEpPHOCTH BO3HHKAIOT MPOOICMBI IIPH
BBIMHUCICHUN HWH(POPMAIMOHHBIX MHOKECTB B PEANbHOM BpEeMCHH. B 3TOoM
CAyvyac TMPHMCHSIOT PpA3IHUYHBIC AMIPOKCHMANUH  HH(POPMAIMOHHBIX
MHOXECTB (purypamMu KaHOHHHYECKOH (DOPMBI, HAIPHMED, ILTHIICOMIAMHE, HO
TIPH 3TOM HPOMCXOJUT MOTEPSI TOYHOCTH. JlomomHuTenbHAsA HHpOpMAnusI O
HEM3BECTHBIX ITAPAMETPAX CHCTEMBI TAKKE MOXET CII0COOCTBOBATH
VMCHBIICHHIO BBIUMCIUTCIBHBIX PECYPCOB M TOBBIIICHUIO TOYHOCTH
OolcHHBAaHUA. Hampumep, B HEKOTOPHIX VCIOBHAX (DYHKIHOHHPOBAHHA
cucreMbl HHOOPMALMI O BO3MYIICHHS MO’KET OBITh JOONPEICICHA, a HE
OIPpAHHMYCHA TOJbKO MHOKECTBOM BO3MOXKHBIX 3HaueHud. IIlycte o
BO3MYHICHISIX MMEETCS OOJIBIIE AIIPHOPHBIX CBEICHHH M BO3MYIICHHUS MOTYT
OBITH IIPEACTABICHBI B BUJIC PA3JIOKCHMS IO CHCTEME OA3HMCHBIX (DYHKIMIA C
HCH3BECTHBIMHM  TOCTOSIHHBIMH  Ko3()¢muueHTaMm  (CM.  Hampumep,
IMerpos B.H., 1983; Ilyraues B.C., 1990; Anckcanapos A.T'., 2003).

B pabotre mnpuBenéH anropuTM HOJHAJPATGHOH — AIMIIPOKCHMALMH
HHPOPMAIIMOHHBIX MHO’KECTB, KOTOPBIH TO3BOJIIET TIOJIY YU Th
MHOXXCCTBCHHYIO OIICHKY BEKTOPA COCTOSHHS IHHAMHYCCKOH CHCTEMBI H
OIICHKY KO3()()HUIMCHTOB B PA3I0KCHHH BO3MYILICHHH 10 CHCTCMC (DY HKITHH.
B npomeaype HCHMOMB3yeTCS HEABHOC 3a4aHUC  HH()OPMALMOHHOTO
MHOXKCCTBA  CHCTEMAMH  IMHEHHBIX  HCPABEHCTB,  ONHCHIBAIOIINX
MHOTOTPAHHBIC MHO’KSCTBA BO3MOXKHBIX 3HAUCHUH HAYAIBHOTO COCTOSHHS,
BO3MYIICHHH W TIOMEX, M YPABHCHHH, IMOJYUCHHBIX W3 MOJCIM CHCTCMBIL.
AnropuTM  3aKIFOMACTCST B pPEIICHHM  pAma  33Ja¥  JIMHCHHOTO
TMPOTPAMMHPOBAHUA H MOKST OBITH JICTKO 3aMpOTPaMMHpPOBAH. [IpoBeacHO
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CPABHCHHE TAPAHTHPOBAHHBIX OLECHOK B CIyYasdX, KOLJA H3BECTCH BHUJ
Pa3IOKECHHA BO3MYLICHHH, M KOTAQd HM3BECTHO TOIBKO MHOXKECTBO
BO3MOJKHBIX 3HAYCHHHM BO3MYIICHHH. UUCICHHBIC MPUMEPHI MOKA3AIH, HTO
JOTIOTHHUTEIbHAS HH(POpMANKS MO3BOJIET YTOUYHUTH TaPAHTHPOBAHHBIC
OILICHKH B HECKOJIBKO Pa3.

To the problem of guaranteed estimation of state and disturbance
of dynamical systems
Shiryaev V.1, Podivilova E.O.
SUSU, Chelyabinsk

The article deals with the problem of guaranteed (set-valued) estimation of
dynamical system state vector when there is no statistical information about
initial state, disturbances and measurement noises but the sets of their
possible values are available. (Shweppe F.C., 1968; Kurzhansky A B.,
KatsI.Ya., 1978; Kuntsevich V.M., 1977, Chernousko F.L., 1988; Bakan
G.M.,1987). Guaranteed estimation consists of construction of feasible sets
those are guaranteed to contain real state vector. There are also stochastic
approaches for confidence arecas construction (for example, using Kalman
filter estimates), but in this case there is no guarantee that the real state lies
within this region. Feasible set construction involves performing sct
operations such as Minkowski sum, set intersection, linecar transformation.
When the state vector dimension is high the problems in feasible scts
computing real time occur. In this case different feasible sets approximations
with canonical forms, for example ellipsoids, are used, although it causes loss
of accuracy. Additional information about unknown system parameters can
help to reduce computational cost and improve estimation accuracy. For
example, in some operating conditions disturbance can be defined not only
with a set of possible values, but with some dynamical model. Let us suppose
that there is some prior information about disturbance and it has
decomposition as a system of functions with unknown constant coefficients
(see for example, Petrov B.N.,1983; Pugachev V.S.,1990; Alexandrov A.G.,
2003).

The paper describes feasible set polyhedral approximation algorithm that
allows to get set-valued estimates of dynamical system state vector and set-
valued estimates of coefficients in disturbance decomposition. The algorithm
uses implicit description of feasible sets with linear inequalities system that
describes sets of possible values of initial state, disturbances and noises, and
linear equations system received from the system model. The algorithm
involves solving a row of lincar programming problems and can be casily
programmed. We performed comparison of guaranteed estimates in the case
when the kind of disturbance decomposition is known and in the case when
only the set of possible values of disturbances is available. The numerical
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examples showed that the additional information about disturbances allows to
produce guaranteed estimates by several times more accurate.

Jueprodpdexturnas gornka IJIAC FPGA
ITpoxopos A.C.
TTHUITY, r. ITepmb

CymiecTBYIOIIAS JTOTHKA MPOTPAMMHPYEMBIX JTOTHYCCKAX HHTCTPATBHBIX
cxem (INIMC) B Hacrosmiee BpeMsa MO OOJNBIICH YaCTH PAcCHpeACiCHA B
MPOCTPAHCTBE - TI0 KPUCTAy KPEMHHA B BHAC KOH(PHIYPHPYEMBIX
nmormaeckux 0mokoB (KJIB), cocTosmmx W3 JOTHUYSCKHX dAeMEHTOB (JIJ),
MPOTPAMMHPYCMBIX JIOKATBHBIX H TIOOATBHBIX MATPHI COCOUHCHHH. XOTS
3Ta JIOTHKA ¥ 3aHAMACT OTHOCHTEIHFHO HEOOJNBIIOW IPOLEHT IUIOMIAIH
KpHCTaJIa IO CPABHEHHIO C MAMATHIO, HO OT HEE BO MHOTOM 3aBHCHUT
sHeprodpexruBrocty Beel [IJIMC. B mHacTtosmee BpeMA BBIMHCICHHC
JOTHYCCKUX (OYICBBIX) (PyHKINMI M aBTOMATHBIX oToOpaxkenni B JID TIVIUC
OCYIIECTBILICTCS aIlIApaTHO, YTO HE MO3BOJLIET B IMOJHOM MEPE Peaan30BaTh
sHeprocoOeperaromue Texuotoruu B [VIUC.

[Ipeanaratrorcs creayroImue MOJOKCHHUS KOHICHINH «3CTIEHOW» JIOTHKH.
IlepBoe M3 MOJOKEHUN — 3TO paCMpPeACACHUE JOTHKU U3 MPOCTPAHCTBEHHOM
BO BPEMEHHYFO 00JIaCTh, YTO BJICHUET 3a COOOH CHH)KCHHE 3HEPTOMOTPEOICHI
3a CUET OTKIFOUCHUS YACTH AIIIapaTy PhI, €CIIH TAKOE OTKIFOUCHHUE BO3ZMOKHO.
Jnst 3Toro HEOOXOAMMO MHOTOKPATHOE HCIIOJB30BAHHE OJHOTO W TOTO K
KJIb B mpeaenax oxmoit 3arpy3ku (aitma koHurypammum. Bropoe -
OTICPAaTHBHOC TepepacnpeacicHne (yHKIMH MKy TakuMu HOBbIME KJIB ¢
LETBIO JOCTHIKCHUA MAaKCHMAJIBHOTO 3¢ dexra CHIDKCHUA
SHEPromoTPeONICHH, HEC MPEBBILAS 33JAHHBIX BPSMCHHBIX OTPAHHUCHHI.
TpeTLe MOJOKCHUAC — ONCPATHBHAA ONTHMH3AIUA KAXKIAOTO KOHKPCTHOIO
TAKOTO IepepactpeacicHUs Uil JAHHBIX YCIOBHH O3KCIUIyaTallMd IIepen
3arpy3koit (atina xoHpurypammu B IIJIMC. UerBeproe NOMOKCHHC —
HCIIOJIb30BAHUE 3JICMCHTOB C M30BITOYHBIM 0a3ucoM 17t OOPBOBI CO COOSIMHU
mpu padoTe Ha MOHIDKCHHOM HATPSUKCHUM NMHTAHUA. M, HakOHEW, co3maHue
TIPEAIaracMeIX 3HEPro3(peKTHBHEIX MPOTPAMMHO-ANMIAPATHBIX JIOTHUCCKUX
3JIEMCHTOB MOKET OBITH 3MyInmpoBaHO B cymecteytomue I[LUTHUC ¢
HCIOJBb30BAHAEM COOTBETCTBYIOIIMX CHCTEM NPOCKTHpoBaHWA. Ho Moker
OBITH MOCTABJICHA 331a4a Pa3pa00TKH HOBBIX APXHTCKTY D, OPHCHTHPOBAHHBIX
Ha 3Hepro3()(DeKTHBHBIC MPUMCHCHHUS.

Taxum obpaszom, paccMoTpeHa cymectsyromas jgoruka [UIMC, BerasicHA
OCHOBHAS MpoOJeMa, KOTOpas BIMSET HAa 3HEPro3((eKTHBHOCTH BCEH
IUTMC, mpemmoskeHa koHuemmma «3enéHoi» mormku [UUIMC FPGA n
TIPEANIOKCHBI TEXHHUCCKAE PEIICHHS, 00CCICUNBAOIINE MOJCPKKY TAKOTO
TOAX0/A.
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Green logic FPGA
Prokhorov A.S.
PNRPU, Perm

Existing FPGA logic is now mostly distributed in space - in a crystal of
silicon in the form of configurable logic blocks (CLB), which consist of the
logic elements (LE), programmable local and global matrix of connections.
Although FPGA logic occupies a relatively small percentage of silicon area
as compared with the memory but from its energy efficiency largely depends
on of entire FPGA. Currently, the calculation of logic (Boolean) functions
and automatic mapping in LE FPGA by hardware, which does not allow to
fully realize the energy-saving technology in the FPGA.

The following provisions of the concept of "green" logic. The first of the
provisions — the distribution logic from the spatial domain to a temporal-
based software that reduces energy consumption by disconnecting parts of the
equipment, if such deactivation is possible. To do this you need repeated use
of CLB within one load of the configuration file. The second — rapid
redistribution of functions between these new CLB to achieve maximum
reduction of power consumption without exceeding the given time
constraints. The third — operational optimization of each individual of such
redistribution for these the operating conditions may in external, senior in the
hierarchy systems before loading the configuration file to the FPGA. The
fourth — the use of elements with redundant basis to deal with failures when
running on lower supply voltage. Finally, the energy efficiency of the
proposed creation of software and hardware logic elements may be emulated
in existing FPGAs using appropriate design systems. But it may be tasked
with the development of new architectures focused on energy-efficient
applications.

Thus, review existing FPGA logic, identified the main problems that affect
the energy efficiency of the entire FPGA, proposed the concept of "green"
logic FPGA and offer technical solutions that support this approach.

IMocrpoenune koprexeit Ilapero ABTOMATHIHPOBAHHBIX CPEACTB
KOHTPOJIA CUCTEM YHIPABJICHUA JICTATCILHBIX ANIIAPaToOB
Cagponos B B., Cesepos A A.

KB 2mexrponputop, r. CapaTos

ABTOMATH3UPOBAHHBIC CPEICTBA KOHTPOISI— BAXKHCHIIAS MOJCHCTEMA
ABHANMOHHOTO KOMIUTEKCAa. BMecTe ¢ TeM, CHCTEMHBIH aHAIM3 COBPEMECHHBIX
ABTOMATH3UPOBAHHBIX CPEACTB KOHTPOJIS B IOJHONH MEpPEe HE IMPOBOIMICH,
YTO HE MO3BOJBUIO OCYINECTBUTh OOOCHOBAaHHBIH BBIOOP 3((EKTHBHBIX
BAPHAHTOB TAKHUX CUCTEM IO COBOKYITHOCTH KPHTCPHCB.
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Lens paboTBI —MOCTPOCHAC YIOPAAOUCHHOTO MHOKECTBA 3(PPECKTHBHBIX
BAPHAHTOB ABTOMATH3HUPOBAHHBIX CPEACTB KOHTpoyui(koprexka Ilapero) u
BBIOOP HAWIYYINETO IO INPHHITOW COBOKYITHOCTH KPHTCPHCB BapHAHTA C
LEBIO €r0 JaTdbHCHIICH peann3anuu.

JIns penieHust 3a1a4u PEIBAPUTEIBHO!

®  IIOCTPOCHBI MOP(OTOTHIECKHE MAaTPHIIbI MOJICHCTEM

ABTOMATU3UPOBAHHBIX CPEJCTB KOHTPOILS,

e  c(opmMupoBaHA COBOKYITHOCTh KPHTCPHEB, B COCTAB KOTOPOH BXOAAT

MHOTOBEKTOPHBIC, BEKTOPHBIC KOMITOHCHTBI, CKAILIPHBIC KPHTCPHHL.

e  BBIOPAHO JOIYCTHMOEC MHOKECTBO BAPHAHTOB ABTOMATH3HPOBAHHBIX

CPEACTB KOHTPOJLA,

e  TIOATOTOBJICHBI HCXOHBIC JAHHBIC.

Pemena 3amaua BBIOOpA HAWIYYINETO BAPHAHTA ABTOMATH3UPOBAHHBIX
CPEACTB KOHTPOJS METOJOM THIICPBEKTOPHOTO PAHKHPOBAHUS —IIPH
HCIIOJIb30BAHUH B KAUCCTBE OIOPHOTO METOJOB «IKECTKOTO» PAHKHPOBAHHS
M QHAJIU3a MCPapXuil C HEIMHEHHOW CBEpTKOM Kputepues. [loka3aHo, 4To
KOPPEKTHOE PEIICHUE 33a4aYdl MOKHO MOJYYHTh HA OCHOBE IPHMCHCHHA
pa3paboTaHHOTO KPUTEPHS MIOCTPOCHHS HCTHHHBIX KopTesker [1apero.

[lpuBencHB! HAWIYYIINEC BapHWAHTHI ABTOMATH3HPOBAHHBIX CPEACTB
KOHTPOJII U1 PA3TIMYHbIX CIy4acB 3aJaHUS CTCIICHEH BAKHOCTH KPUTCPHEB.

Building of Pareto tuples of automated means of monitoring
of the aircrafts control systems
Safronov V.V., Severov A A.
KB Electropribor, Saratov

Automated means of monitoring are the most important subsystem of
aviation complex. At the same time, the system analysis of the modern
automated means of monitoring has not been carried out in full measure,
which has not allowed to make an informed choice of efficient variations of
such systems on set of criteria.

The study objective is the building of the ordered set of efficient variations
of automated means of monitoring (Pareto tuple) and choosing the best on
accepted set of criteria variant for the purpose of further implementation.

In order to solve the problem the following tasks were carried out in
advance:

e  morphologic matrices of automated means of monitoring subsystems
were built;

e the set of criteria was formed which includes multi-vector
components, vector components, scalar criteria;

e the admissible set of automated means of monitoring variants was
chosen;

o the initial data was prepared.
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The problem of choosing the best variant of automated means of
monitoring using the method of hyper-vector ranking, as well as “hard”
ranking method and hierarchy analysis with non-linear convolution of criteria
as reference methods, is solved. It is shown, that the correct problem solution
can be obtained by using the developed criterion of building the true Pareto
tuples.

The best variants of automated means of monitoring for various cases of
specified criteria degrees of importance are presented.

Cucrema nojIep:Kkn pemenii st GopMHPOBAHNST ABTOHOMHOTH
CHCTeMBbI JHEProcHA0KeHNsT 00HEKTOB HA3EeMHOI MHPPACTPYKTYPSHI
A3IPOKOCMHYECKOI'0 KoMILIekca Poccun
Bobponnukos B.T., Tepemenxo T.C.

MAM, r. Mocksa

Llenbto naHHOM paOOTHI SABIICTCS CO3JAHHE MAKETa CHCTEMBI IOAICPKKA
peleHHI, IPUHIMACMBIX IPH (POPMHPOBAHHUH ATBTCPHATHBHBIX ABTOHOMHBIX
CHCTCM JHCPTOCHAOXKCHHS, HCHONB3YIOMUX 3Heprur0 Berpa u Connma. B
HACTOSIIIEE BPEMS TAKHE CHCTEMBI IIOIYYAI0T BCE OOIIBIIEE PACHPOCTPAHCHHE
O11  OoOecIleUYeHHs 3JHEPIrueil pasnudHBIX OOBCKTOB HH(PACTPYKTYPBHI,
HAXOAMHUXCA B YAAJICHHBIX paﬁOHaX H HC HMCHOIHUX J0CTyna K
[CHTPATIN30BAHHOW CHCTEME IIOJAYM JICKTPOIHEPTHH, B TOM HUHCIC
a’3pOMOpPTHL, KOHTPOIbHO-W3MECPUTEIBHBIE ITYHKTBL, ICHTPHI 00pabOTKH
nHPOPMAIMH U APYTHE HARECMHBIE OOBEKTHI A9POKOCMHYECKOTO KOMILICKCA.

OCHOBHBIC 3TaIbI PECIICHUA 3a0aTH BKITFOYIAKOT!

e  Pa3paboTky IMHTAIHOHHOHN MOJCIH ABTOHOMHON THOPHIHOI BETPO-
COTHCYHO-AM3CITFHON CHCTCMBI SHCPTOCHAOKCHHUA (AC30),
MPETHARHAYCHHON /J7Is1 OIICHKM IIEJNEBBIX M 3aTPATHBIX ITOKA3aTelCH
3((CKTHBHOCTH CHCTCMBL

e  Pa3paboTky MareMaTHYeCcKON MOJEIH BETPA KaK KOPPEIUPOBAHHOTO
CIIy4allHOTO HpoLEecca.

e  Pa3paboTKy MaTeMaTHUCCKOH MOICTH OOTAYHOCTH (TAKKE C YICTOM
CYHICCTBCHHON HETAyCCOBOCTH M KOPPEIMPOBAHHOCTH BO BPEMCHH),
SBJLIIOIICHCA TOMEXOH MPH MNOJYUYCHHH JICKTPHYCCKOH 3HEPruM ¢
TMOMOTIBIO COTHCYUHBIX OaTapeH.

e Pacuer mapaMeTpoB  pa3pabOTaHHBIX  MOACICH  CAyYAaHHBIX
TMPUPOTHEIX (PAKTOPOB I PA3HBIX KIHMATHICCKUX 30H HA TCPPUTOPHH
Poccnn mytem craTHCTHUYECKOH OOpaOOTKH PpE3yIbTaTOB MHOTOJICTHHX
Ha6J'lIOZ[eHI/II\/II Ha HA3CMHBIX MCTCOCTAHIIHAX.

e  Pa3paboTky m mCCen0BaHUE ANTOPUTMOB ONTHMH3ALUH CTPYKTY P
H mapamMeTpoB KOMIOHCHTOB ACDC, B YACTHOCTH C HCHOJIB30BAHHCM
MCTOO0B MHOFOKpHTepHaHBHOfI ONTHMH3AIIHH.
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e  PagpaboTky MakeTa  KOMIBIOTCPDHOM  CHCTEMBI  IOJACPKKH
mpuanMacMbix  pemeHuid  (CIITIP) nmma  ¢opmmposarms ACOC w3
CYHICCTBYIOIIMX KOMIOHCHTOB M IIPOBECHIE TECTOBBIX PACUCTOB.
Paspadorannas CIIIP mpemHazHaueHa 11 OUCHKH 3(PPEKTUBHOCTH
ABTOHOMHBIX  CHCTEM  JHCPIOCHAOKCHHMSI B  3aJaHHBIX  YCJIOBHIX,
XAPAKTECPH3YEMBIX KIMMATHYCCKHMH YCIOBHAMH B MECTE JKCILIyaTaluu
CHCTEMBI M KOJWYECCTBOM HCOOXOOMMOH TOTPEOHMTENIO 3JHEPTHH, W
BBIPA0OTKH PEKOMEHIANNH 10 COCTABY U XapaKTCPUCTHKAM TAKHX CHCTEM HA
OCHOBE CYIICCTBYIOIIHMX HA PHIHKE KOMIIOHCHTOB.

Pabora BemomcHa npu moaaepxke PODU (rpant Ne 14-08-00161).

Decision support system for formation of the autonomous power supply
systems objects of ground infrastructure of aerospace complex of Russia
Bobronnikov V.T., Tereshchenko T.S.

MAI, Moscow

The aim of this work is creation of the model of system to support
decisions in developing alternative autonomous power supply systems
(APSS) using wind and Sun. Currently, such systems are becoming more
common to provide of energy of various objects of infrastructure located in
remote sites which cannot obtain conventional grid electric power, including
airports, control and measuring points, data processing centers and other
objects of infrastructure of an acrospace complex.

The main stages of the solution of this task include:

e Development of a simulation model of autonomous hybrid wind-
solar-diesel power system, designed to assess target and cost efficiency
indicators of the system.

e Development of a mathematical model of the wind as time-
correlated random process.

e  Development of a mathematical model of cloudiness (also taking
into account the significant non-Gaussian and correlation in time), which is
a hindrance in obtaining electric energy by using solar cells.

e  Calculation of parameters of the developed models of random
natural factors for different climatic zones on the territory of Russia by
statistical processing of results of long-term observations in ground
meteorological stations.

o  Development and research of algorithms of optimization of structure
and parameters of the APSS components, in particular using methods of
multi-criteria optimization.

e  Development of model of decision support system (DSS) for
formation of APSS from the existing components and conducting test
calculations.
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The developed DSS is designed to assess efficiency of autonomous
systems of power supply in specified conditions characterized by climatic
conditions in a place of operation of system and amount of necessary
consumer energy, and development of recommendations about structure and
characteristics of such systems on the basis of the components existing in the
market.

The work was fulfilled with support of Russia Foundation for Basic
Researches (grant Ne 14-08-00161).

Hcceaenoranue cCHCTEMBI YIPABICHAS ABHANIMOHHOTO CPEACTBA
MOPAKEHHA KJIACCA «BO3AYX-TIOBEPXHOCTH» METOAAMHI MATEMATHYECKOTO
MOJEJTMPOBAHIS H €€ 0TPAGOTKA HA CTEHIAX TOJIYHATYPHOTO
MOJCTHPOBAHHIS
Tperbaros A.B.

T'ocMKB «Pagyra» mm. A 5. Bepesnsaka, r. IyOHa

IIpuBescHBI OCHOBHBIC PE3YJIbTATHI HCCICAOBAHMA CHCTEMBI YIPABICHUA
aBHAIMOHHOTO cpeacTa mopaxkeHus (ACII) xmacca «BO3AYX-MMOBCPXHOCTE
METOJaMH MaTeMaTHYECKOTO MOJCIMPOBAHIL H PE3YIbTAThI €€ OTPAOOTKH HA
CTCHZAX MOJYHATYPHOTO MOACTHPOBAHHSL.

Uccrnenyercst  nuHAMHKAa ~ OTACNCHHS  OT  BHYTPHU(IO3CIHKHOTO
karanyapTHOTO yerpoiictea (BKY) u Bexoma ACII u3 rpy30BOTO OTCECKA
camornera-Hocurensds (CH), B yCnOBHAX BO3ACHCTBHA a3POIHHAMHYCCKHX
posmymeHnit or CH. PaccmoTpeHo (popMupoBaHHE TPACKTOPHH HA YUACTKE
00roHa camoJeTa m3e/MeM, Ha a3p0o0aTHCTHYECKOM YYACTKE, HABCCHUC B
3amaHayi0 TOUKy (3T) mo wH(pOpPMALHH, TTOTYIACMOH OT CHCTEMBI KOHCYHOTO
HABCACHUA, H B PEKAME HMHCPUHMANBHOM HABHTANWH. MeTtogamu
MOJYHATYPHOTO MOJCIMPOBAHUS OTPadATHIBACTCS pealbHASA aImaparypa
cucremsl ynpasiaeuus (CY).

OmHpuM W3 3JIEMECHTOB HOBH3HBI PA0OTHI SIBISICTCS HCCICTOBAHHC
nemxkeHmst ACIT B mpomecce ero Beixona m3 orceka CH. I'maBeHCTBYIOmMEH
3agadeifl Ha 3TOM JTame sBiieTcs obecmeueHme OesomacHocTH CH ot
CTOJIKHOBCHHSI CO CTApTYIOIIMM m3AenmeM. Pa3paboTaHa MeTOAMKa
nccnenopanus mponecca oraencHust ACII w3 orceka CH, mpumvenenme
KOTOpOH mo3BOseT (hopMupoBaTh TpeOoBaHMa k BKY mo BepTHKaTbHOU H
YIJIOBOM CKOPOCTAM B MOMEHT pasacicHua ¢ pbraramu BKY, a mpu
m3BecTHBIX mapamerpax BKY — ompenemars ob6macte Oe3zomacHoro
OTIENCHHUS 1O BBICOTE M ckopocTH mojera CH.

B 1memix peammzammu TpeOOBAHWI, TPEABABILICMBIX K H3ICIHIO
(MpuMCHCHHEC B MIHPOKOM aWama3oHe umcen M u BeicoT mojeta CH),
pa3paboTaHO CEMEHCTBO ANANTHUBHBIX TPACKTOPHH: C OJHOH CTOPOHBI
BBIBOJANIMX TAKTHKO-TeXHHUYecKue Xapakrepuctuku ACII Ha Tpebyemsbli
COBPEMCHHBI YPOBEHb, C JAPYTOH YUYHTBHIBAIOMMX ICHBIH KOMIIICKC
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TeXHUYCCKUX  YCIOBHH  (Q3pOJUHAMHYECKHE  CBOMCTBA,  IPOYHOCTH
KOHCTPYKIMH, ()Y HKIMOHHPOBAHUE Y3JI0B M arperaTosB) — A 3TOTO IMHPOKO
HCHOIB3YIOTCA BOSMOKHOCTH COBPEMCHHOM wn(poBoii doprosoi CY.

CuHTe3 aNrOpuTMOB YIPABICHUS OCYINECTBICH JUII  CTAaTHYCCKH
HEYCTOIYMBOTO HM3ACTUA. IPOBEACHA MPOPAOOTKA 3aKOHOB, ONTHMH3AIMA
TIEPEAATOYHBIX YHCET B ATOPHTMAX CTAOMIM3AMH W HAJOXKCHHE aarOpUTMAa
«MATKOT0» HEPEKIIOUCHIT KO3 (DHINEHTOB (YCTPAHEHBI TOUKH pa3phiBa 1-1o
POZa) B 3aKOHAX YIIPABJICHUS IO TPACKTOPHH.

[TpusaTeii crocod (hOpMHPOBAHMSA TPACKTOPHH OCHOBAH HA IPHHIIMIIC
OIICHKH TEKYHIECTO COCTOSHHS M3ACTHS M HUCIIOIb30BAHMA 3TOH MH(pOPMAIMH
o111 QopMHpoOBaHHMSA TAKOro HPO(PHIA TPACKTOPHH, TPH KOTOPOM
MaKCHMAIbHBIM obpazom HCIIOJIB3YIOTCS JHEPIETUYUCCKHE u
a’poxHHAMHYCCKHUC BO3MOKHOCTH ACTL

Automatic managing system of missile class “air-ground” research
by mathematical and hardware-in-the-loop simulation methods
Tretyakov A.V.

Raduga SMBDB, Dubna

We considered the problems of the missile automatic managing system
generation. The main goal of this work was automatic managing system of
missile class "air-ground" research by mathematical modeling and hardware-
in-the-loop simulation methods.

We researched missile start from inner start-up-unit (ISU) of prospects
aircraft to influence of aircraft acrodynamic. We constructed several variants
of flaying trajectory. Trajectories realized chart of going round the aircraft,
used acrobalistic chart, the end-point bearings navigation chart. End-point
searching realized by bearings information or by inertial navigation method.

Real missile blocks were testing by hardware-in-the-loop simulation
methods.

One of the elements of this work news was researching of missile moving
out of start unit. The main goal of this task in that stage was aircraft safety
guarantee. We provided methodology that includes algorithms, rules and
approaches to determine the basic design parameters of a promising ISU.
Also we can obtain the start conductions to an existing devise.

Missile effectively tasks demands us to realize several variants of fling
trajectories to take into account acrodynamic conditions, stability, parts and
units functionality. We were extra using modern digital abilities of automatic
managing system.

In the second stage of work we were stabilized acrodynamic unsteady
missile configuration by using program stabilization methods.

Special way of trajectory constructing based on present attitude and inertial
speed getting analyse, and to explore this parameters for constructing
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trajectory in present. It was given to use energetic and acrodynamic missile
abilities more effectively.

Pa3pa0oTka CBepXNPOBOAHIKOBBIX 3JICKTPHUECKIX MATTHAH [IJTs1
MOJIHOCTHIO YJIEKTPHIECKOr0 CAMOJIETA
Ko63esa U H., Kosanés K.JI., Kynemos M.A., Tymunosa E.E.
MAM, r. Mocksa

PaCCMOTpeHO COBPEMCHHOC COCTOAHHC ¢ MNCPCHCKTHBBI KOHUCHIIUA
caMoJeTa, OCHAMICHHOTO TIOJTHOCTBEO INEKTPUPHIUPOBAHHBIM
000pYA0BAHHEM, ETO MPEHUMYINECTBA M BO3MOKHBIHN 3((heKkT mpu peanmsauun
3TOM KOHHemuud. Kak H3BECTHO, B HACTOAINEGE BPEMA HA CAMOJIETax
HCOOJB3YKTCA TPH BTOPHYHBIC JHCPICTHUCCKAC CHCTCMBI. CHCTEMA
3IEKTPOCHAOKEHHS, THAPABINYCCKASI CHCTEMA, ITHEBMATHYECKAS CHCTEMA.
Takoe  mOCTpocHHE  OOPTOBOH  CHCTCMBI  JHCPTOCHAOKCHHA I
nepcrekTuBHBIX JIA He sABwIeTCs omrmManbHbIM. OmHEM H3 HamOolee
TICPCIICKTUBHBIX HANPABJICHUH CO3MAHHS KOHKYPEHTOCIIOCOOHOTO CaMOJIeTa
SBIICTCSL ~ TEPEeX0x K  KOHLUENMIHWH  CaMOJIeTa C  IOJHOCTBIO
JMEKTPUPHIHPOBAHHBIM 000pyH0BaHHEM. [0 MOTHOCTBIO 3MEKTPHYCCKUM
camomeroM (I13C) moOHMMACTCA CAMOICT C CAHHOW HCHTPATH30BAHHOM
CHCTEMOH 3NEKTPOCHAOKEHMS, OOCCICUMBAIONMICH BCE JSHEPICTHUYUCCKHC
MOTPEOHOCTH CAMOJIETA.

B  xommemmuro [13C  BOHCBIBAGTCA  CHCTEMA,  HCHOJB3YIOIIAS
ceepxnpoBoaaukosbic (CI1) 3nekTpoaBuraTenM A MPHUBOJA JBIKHTCICH-
BCHTHJITOPOB. B KA4CCTBC HUCTOYHHKA OHCPruv  AjiA Z[BI/Il"aTeJ'IeI\/II
mpeamonaraercsi ucmonas3oeath W CIT remepatop ¢ mpusomoMm ot [TV,
paloTaroImuii B ONTHMAILHOM pEKAME HA BOJOPOJHOM, WJIH KEPOCHH-
BOJOPOJHOM TOpPrOUEeM. Takasi CHIOBAs YCTAHOBKA OOCCIICUMBACT CHIDKCHHC
OIyMa, YMCHBIICHHE 3arps3HSIONINX BHIOPOCOB, COKPAMICHHE B3JICTHO-
MOCaA0YHOHN MMOJIOCHL. Takol KpHOIIaH CoueTaeT B ceOe PAI COBPEMEHHBIX
TCHACHIUHI B ABHACTPOCHUH

®  WCIOJNH30BAHWC B KAUYECTBE TOILIMBA SKUIKOTO BOJOPOJA,;

e  [PHMECHECHHEC TypOOPEAaKTHBHOTO  TNPHBOJA,  COBMCIIAIOMICTO
ppicoknid KIIJ] TypOMHBI C BO3MOKHOCTBIO HM3MCHCHHSI B INHPOKHX
MPEACIaX CKOPOCTH ABHKCHUA CAMOJIETA,

e mpumencHue CIl-reneparopos u CIl-gBHrareriel, mO3BOJLIIOIICE
JOCTHTaTh 00JIee BHICOKOH MOIMHOCTH, YEM Y TA30BbIX TYpOHUH;

[IpoBeneH  aHamm3  BO3MOMKHOTO  HCHOJB30BAHHSI  KPHOTCHHBIX
QJICKTPHUICCKUX MAIIIMH B ABHALIUH. HpI/IBeHeHI)I PE3YILTATHI AHATUTHICCKUX
PAcUCTOB pacIpeacICHUH ABY XMCPHBIX MATHATHBIX moneH B CI1 mammHAax, a
Tarxke napamerpos CI1 MamuH B ABHTATEILHOM W TCHEPATOPHOM PEKHUMAX.
INTokazano, uro mpumeHeHHe cospeMeHHbIX CI1 MarepmanoB mMO3BOIIET
JOCTHYb 3HAYCHUH YACTbHOH MOIMHOCTH cBbime 10-15 kB1/kT.
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Development of superconducting electric machines
for all-electric aircraft
Kobzeva I.N., Kovalev K.L., Kuleshov M.F., Tulinova E.E.
MAI, Moscow

The current state and prospects of the concept of the all-electric aircraft and
its advantages and possible effect of the implementation are considered.
Nowadays three aircraft secondary power systems are used: power system,
hydraulic system, pneumatic system. Such architecture of the systems for
advanced aircraft is not optimal. One of the most promising areas of the
development of future airplane is the transition to the concept of an aircraft
with all-electric equipment. The all-electric aircraft (AEP) is the plane with a
single centralized power eclectric supply system, providing all the energy
which needs to the aircraft.

The superconducting (SC) electric machines are proposed for the system of
AEP. As an energy source can be used SC generator driven by the gas turbine
operating in the optimum mode with hydrogen or kerosene-hydrogen fuel.
The usage of such SC-generator allows to ensures noise reduction, reduction
of pollutant emissions and the reduction of the runway. The SC motors can be
used as the drives of the airplane propellers. The conception of AEP allows to
realize the following advantages:

e  usc of liquid hydrogen as a fuel;

e the use of the turbojet drive, combining high efficiency of the
turbine;

e the use of SC generators and motors allowing to achieve higher
power than the gas turbines.

The analysis of the possible use of cryogenic electrical machines in AEP is
given. The results of analytical calculations of two-dimensional magnetic
field distributions in the SC electric machines, as well as the parameters of
the SC electric machines in motor and generator mode are presented. It is
proved that the use of modern SC materials allows to achieve the specific
power of the machines above 15 kW / kg,

HccaenoBanne BO3MOKHOCTH PACHIVPEHHST AHATIA30HA H3MeEPEeHHST
MHKPOOTITO-3JIEKTPOMEXAHHIECKOTO TPe0dPa3oBaTeIsi YII0BBIX
cKopocTeit
Bycypun B.1., Kopodkos B.B., ®am Anp Tyan
MAM, r. Mocksa

B mocieaHee BpeMs AT ONMPEACICHUA YITOBBIX CKOPOCTCH (27 0OBCKTOB
YaCcTO HCTOMB3YKOTCA MHUKpO-3IcKkTpoMexanmueckue (MOMC) garumku
YTIJIOBBIX CKOpOCTefI, KOTOPBIC BBIIOJHCHBI HA OCHOBEC CMKOCTHOTO
CUHTHIBAHKS H3MEPHUTEIbHOW MH(popManuu. Paboune nuama3oHbl EMKOCTHO-
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TO 3a30pa TAKUX MPeoOpa3oBaTeIch COCTABILIFOT 0 JECATKOB MHKPOMETPOB,
yT0  TpeOyer  TOBBINICHHBIX  HANpspKeHWH — BO3Oy:kacHms  UBo30.
CymecTBCHHBIMH HEAOCTATKAMH SMKOCTHBIX MOMC-IaTYHKOB SABIAFOTCA
BO3MOKHOCTB MPO0O0S KOHACHCATOPOB, BOZHHKAKOMIAA NPH MAKCHMATBHBIX
NEPCMCIICHUAX TYBCTBUTCIIBHOTO 3JICMCHTA W NPHUBOIAIAA K BBIXOAY W3
CTPOS TAKUX HMPUOOPOB, U HETMHEHHOCTD (DY HKIMH MPEOOPa30BaAHMS, CHIBHO
3aBHCSINAS OT TJIyOMHBI MOJIYJUIOHHM E€MKOCTHOTO 3a30pa. [msa ycrpaneHmA
BBILICY KA3aHHBIX HEJOCTAaTKOB H olecreucHuS 3((HCKTHBHOTO
HCNOJB30BAHHA B CHCTEMAaX VIPABICHHA NPEIAracTCi MHKPOONTO-
anekrpomexanmdeckuii (MO3M) mnpeoOpaszoBaTesb YTIJIOBBIX CKOPOCTCH
TIOCTPOSHHOTO HA OCHOBE ONTHYECKOTO TYHHEIUpOBaHus [1].

Hna obecrcucHuA 3((HeKTHBHOTO HCmonap30oBaHUT ~ MOOM-
mpeoOpazoBaTeId YIJIOBBIX CKOPOCTGH B CHCTEMAax YOPABICHHA H
HHCPUHUANGHOH HABHTAUMM HCCICAOBAHA BO3MOJKHOCTH  PACIIHPCHUA
JUATIA30HA H3MEPCHHUS, KOTOPAs MOXKET OBITh PCaTH30BAHA HECKOJBKHMH
crocobamm.

PacmupeHue amama3oHa WM3MEPCHHS MOKHO OOCCICUMTh 34  CUET
MPOMOPHHOHAJIBHOTO YMCHBIICHHUA AMIUIATY AbI HANPSHKCHUA B036y>K£[eHI/I}I
MpH YBCIHYCHHH H3MCPACMON  yII0OBOH CkopoctH €17 Tak, 4YTOOBI
JKCTpEeMAaNbHbIC 3HAUCHHUS padouero 3a30pa Adskc Obim mocTosSHHBIME. [Tpu
peamm3anui JAHHOTO CHocoda HEOOXOIUMO PEryIMpoBAaTh HANPSDKCHHUC
B030YkaeHNI UB030((27), yIpaBIACMOE MO UCITH BO30Y KICHHA.

Jng paciiuMpeHHA OHANA30HA W3MCPCHHS MOXKHO TAKXKES HCIOIb30BATH
JUHAMAYECKOC YIpaBicHue pabouuM 3a30poM. [IpH 3TOM I moaaep/KaHus
MOCTOSIHHBIX JKCTPEMAJBHBIX 3HAYCHHI Pabovero 3a30pa NpH YBEIHUCHUH
H3MEPSeMOH yTII0BOH cropocTH (27 MPUMEHSETCS PETyIHpPOBaHHE Pabovero
3a30pa Ad ¢ momompro HampspkeHUS. Ad=f[Uynp(Qz)]. dna peammsanun
TAKOTO METOJA B MPEoOpa3oBaTelc B KAUCCTBE MPOKIANOK, (PHKCHPYFOLIHX
3a30P, MCHOIB3YIOTCS MBE30AKTIOATPhL, HA KOTOPHIC MOJACTCS YIPABILIFOIICE
HanpspkeHue  Uynp(Qz) mo uenmm oOparwoit cessm (OC). Bsencuue
orpunareapaoit OC ¢ IHHAMHYCCKHM YNPABICHHCM 3a30POM TO3BOJHICT
CYIUECTBCHHO PACIIMPHTH JHANAR0H M3MEpeHUS. [IpH 3TOM I MOIyYCHHA
nHpopMaAIMK 00 YTIIOBOH CKOPOCTH NPHMEHHUM IOAX0J K (POPMHPOBAHHIO
BBIXOJHBIX CHTHAJIOB HA OCHOBE ONPEACICHHA OTHOCHTCIBHON TTHTCIBHOCTH
ONTHYCSCKOTO UMITY TbCA.

Jluteparypa

B.HU. Bycypun, B.I'. Topmxkos, B.B. Kopookos. BorokoHHO—ONTHUECKHE
HHOOPMAIMOHHO—H3MEPUTEIbHEIC cucTeMbl. M3n: MAU, Mocksa, 2012r —
168c.
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Research possibility of expanding the measurement range
of optical micro-electromechanical angular velocity transducer
Busurin V.1, Korobkov V.V., Pham Anh Tuan
MAI, Moscow

Recently, often used micro-clectromechanical (MEMS) angular velocity
sensors, which are executed by mean of capacitive sensing of the information
measurement for angular velocity Qz determining of the objects. Operating
range of transducer’s capacitive gap is set several tens micrometers, which is
required enhanced excitation voltages Uext. The significant disadvantages of
capacitive MEMS sensors are possibility to discharge the capacitors, that
occurs while the maximum displacement of sensing clement and bring to
output of such device from layer, and nonlinearity transfer function, which
strongly depends on the modulation depth of capacitive gap. Microopto-
electromechanical (MOEM) angular velocity transducer based on the optical
tunneling is suggested for elimination of the above disadvantages and
effective supporting in control systems [1].

Possibility of expanding the measurement range, which can be
implemented by several ways, is considered for effective supporting of the
MOEM angular velocity transducer in control and inertial navigation systems.

Expanding the measurement range can be supported by reducing excitation
voltage amplitude proportionally while increasing measureable angular
velocity Qz, so that the extreme values of operating gap Adext are being
constant. While implementing this method excitation voltage Uexc(Qz) must
be regulated by controlling the excitation circuit.

For expanding the measurement range dynamic control of operating gap
can also be used. In this condition operating gap regulation Ad is applied by
using voltage: Ad=f[Uexc(Qz)] to maintain the constant extreme values of the
operating gap while increasing measurable angular velocity Qz. Piezo
actuator, which is controlled U(Qz) by the feedback circuit (OS) is used to
implement this method in transducer as spacers, which fixed gap. The
insertion of negative feedback with dynamic control of gap, significantly
expand the measurement range. In this condition approach of the output
signals generation based on relative duration determination of the optical
pulse is applied to receive the information of angular velocity.

References

1. V.I. Busurin, B.G. Gorshkov, V.V.Korobkov. Fiber — optical
information — measuring systems. Pub: MAI, Moscow, 2012 — 168p.

210



Koppeknust anpuopHoOro MHOKECTBA MIOMEX H3MEPEHHIi ¢ TOMOIIHI0
AITOPHTMA ATANTHBHON KAIMAHOBCKON (UL Tpamumn
IMupses B.K., Xaganosu4 /1 B.

OVpI'Y, r. Yenabunck

PaccmaTpuBacTcs anroputM KOPPCKIMH MHOMKCCTBA OIMHOOK H3MCPCHHH
O MHHHMAKCHOTO (mibTpa IO pe3yJibTaTaM OICHHBAHHUS COCTOSHUS
cucrembl puapTpoM KammaHa. ANTOpHTM rapaHTHPOBAHHOTO OLCHHBAHMA
BEKTOPA COCTOSIHUS JHHAMHYCCKONH CHCTEMBI NPHMEHIETCSI B Clydac
OTCYTCTBHS CTATHCTHYCCKHUX XaPAKTEPUCTHK BO3MYINCHUH, ACHCTBYIOIHMX HA
CHCTEMy, W NMOMEX B KaHAle M3MEpeHWs. B pesynprare pemeHums 3amadn
OLICHMBAHUS CTPOUTCS HHPOPMAIHOHHOE MHOKECTBO, Pa3MEPhl KOTOPOTO BO
MHOTOM OIIPEJCILIIOTCA ANPHOPHO 3aTAHHBIMH MHOXECTBAMH, W3 KOTOPBIX
BO3MYIICHHA M OINHOKH HM3MEPECHUH MOTYT IPHHHMATh JIFOOBIC 3HAYCHHS
(Schweppe, 1968; Kan, Kypxkanckuti, 1978; Ueproyceko, 1988; Kynuesny,
2006). [Tpu peanm3anmy mMpoIECca aNpPHOPHO 3aJAHHOEC MHOKECTBO OIMMOOK
HM3MEPCHUH MO’KET OKA3aThCs CIMINKOM OOJIBIINM, HAIPUMEpP, OIIHOKH
H3MEPEHHH B JCHCTBHUTCIBHOCTH MOTYT PpEaIH30BATBCA TOJNBKO H3
HEOOIBINOTO MMOAMHOKECTBA. [ Ipeanaraemplii B paboTe alIropuT™M HCTIOIb3YET
nacu ajamraumd puiasrpa Kamvana a7 yTOYHEHHS MHOMKECTBA OIMHOOK
H3MEPCHUH B MHHHMAKCHOM (DHIIBTpE, YTO IMO3BOJMT MOBBICHTH TOYHOCTH
peIICHUS 3aa4H OLICHHBAHYIL.

AJanTHBHBIH TMOAX0J KAJIMAHOBCKOH (DHIBTpAIMM OCHOBAH HA AHAJIH3C
3HAYCHHH HEBSI3KH MEKIYy PCATM30BABIIMMCS H3MEPCHHEM H €TI0
mpOTHO3HBIM 3HAucHHEeM (Jazwinski, 1970; Mehra, 1970; Ky3oBkoB u ap.,
1982). Mcnonb3ysl 3HAUECHHE HEBS3KH, MOJIYYCHO COOTHOIICHHUE AJIA OLCHKU
MOMEX B MOJCTH HAOIOJACHWS, KOTOPOE IMO3BOJLIET, MCHOMb3YS YPABHCHHA
¢mmerpa Kanmmana, mONyYHTh BEPOATHOCTHYIO OLCHKY JUIT TPaHMI
MHOXECTBA OIIMOOK M3MEPECHUI B MHHHMAKCHOM (mubrpe. OTMETHM, 4TO
MOJY4YECHHOMY TaKHM 00pa30M CKOPPEKTHPOBAHHOMY HH()OPMAITHOHHOMY
MHOXECTBY, BEKTOP COCTOSHHS CHCTEMBI OyAET NMPUHAIICKATD C 3aJaHHOH
BEPOSITHOCTBIO. Pe3yJIbTaThl YHCICHHOTO JKCIICPHMEHTA IOKA3ANIH, HTO
ajanTWBHAS TPOLEAypa OLCHWBAHMSI MHOMCCTBA IIOMEX HW3MCPCHHH B
anropuTM™ME MHHHMAKCHOH ¢dumsTpaumn MO3BOJLIET  YJIYUINHTH
MHOXXCCTBCHHBIC OLICHKH BEKTOPA COCTOSIHHUS CHCTEMBIL.

Correction of priori noises set using the adaptive Kalman
filtering algorithm
Shiryaev V.I., Khadanovich D.V.
SUSU, Chelyabinsk

The paper considers noises set correction algorithm for minimax filter
based on the estimation results of system state received by Kalman filter. The
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guaranteed estimation algorithm of dynamic system state vector is used when
statistical characteristics of disturbances and noises are absent. As a result of
solving the estimation problem, the information set is built, which sizes are
mostly determined by a prior given sets, for each of them disturbances and
noises can take all kinds of values (Schweppe, 1968; Kats, Kurzhanski, 1978;
Chermousko, 1988; Kuntsevich, 2006). In realization of the process a priori
given set of noises can be too large, for example, noises can actually be
realized from only small subset. The proposed algorithm uses ideas of
adaptive Kalman filtering to refine noises set in the minimax filter which
improve the accuracy of estimation problem solving,

The Kalman filtering adaptive approach is based on the residual analysis
between the implemented measurement and its forecast value (Jazwinski,
1970; Mehra, 1970; Kuzovkov and oth., 1982). Using the residual value the
relation for estimation noise in the observation model is obtained. This
relation allows using Kalman filter equations to obtain probabilistic estimate
for set frontiers in the minimax filter. It is worth to note that the system state
vector will belong to the corrected information set obtained this way with
given probability. The results of numerical experiments have shown that
adaptive estimation procedure of noises set in the minimax filtering algorithm
allows to improve system state vector estimate.

HoBasi 006€KTHO-OPHEHTHPOBAHHAS CHCTEMA HMHTAIHOHHOTO
MO/IE/THPOBAHKS JUISI IMHTAIUOHHBIX HCCJIEI0BAHUI HA OCHOBE
JIUCKPETHBIX U HENMPEPLIBHO-TUCKPETHLIX MO/1e/1€it
Xaxymuu [.®@., Monaxos C.B., EscrokoB A.A., Cyaakos B.A., Eckun B.W.
MAM, r. Mocksa

Ha «xadeape 302 «ABTOMATH3HUPOBAHHBIE CHCTEMBI 0OpadOTKH
mHbpopMarm W yopaBneHms» MAW  co3mama  HOBaI  OOBEKTHO-
OPHCHTHPOBAHHAA CHCTCMA HWMHTAOHOHHOTO MoacmupoBanus CHM CH#,
o0mamaromad CYIICCTBCHHO OONCe IIHPOKHMH — BO3BMOMKHOCTAMH IO
cpaBHeHmMIO C cymecTByommmua CHUM mpm moCTpOGHHM W IPOBEACHUH
HAMHTAOHOHHBIX HCCICIOBAHAH HA OCHOBE AHCKPETHBIX H HEMPCPBIBHO-
JUCKPETHBIX HMHTALIMOHHBIX MOJCTICH.

Bribop B kauecte ocHoBbl CHM s3pika mporpamvuposanus C# Obin
OTIPEICNICH CICAYIOIUMH COOOpaKEHMSIMU. OH SIBJISIETCS COBPEMCHHBIM,
OIAPOKO HCIOJIb3YCMBIM, AKTHBHO PA3BHBAFOIIMMCA S3BIKOM OOBEKTHO-
OpHCHTHPOBAHHOTO mporpaMmupoBanus (OOII), mMO3BOLTOMIM B HOJTHOM
MEpe HCIOJb30BaTh TakWe Mexamm3Mbel ®  cpeacrea OOl  kak:
HHKATICY JISIIHA, HACJICOBAHNC, MOTUMOP(H3M, 0000meHHOC
MPOTPAMMHPOBAHHE, HWHTSP(PCHCHL, TOMACPKKA HWHTCITPHPOBAHHBIX CPCA
paspadotku (IDE), aBTOr¢HEpans KOJa CO3AABACMOI MPOTpaMMBI HA OCHOBC
OTIPEICJICHHBIX PaHEE KIaccoB u Ap. Kpome ToTo, OH moaaep)uBaet paboTy ¢
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COOBITHSIMH, COOPKY «MyCOpa» MPH HUCTIOIB30BAHHH MAMITH KOMITBIOTEPA, H,
YTO OCOOECHHO BAXKHO, SIBILICTCSI MY JIbTHILIAT(POPMEHHBIM.

CHUM C# cocrout W3 CIEAyIOMMX TECHO B3AHMMOJCHCTBYIOIIUX MEXIY
co0o# mpu moctpoeHuH MM 1 IpoBEICHNH MMHUTAIHOHHBIX SKCIIEPHMCHTOB
(AIM3) wacTei: MOAYIACH  OTIHAAKH,  BCIIOMOTATCIABHBIX  CPCACTB
(I)opManmauI/m, HCTOYHHKOB JAHHBIX, c6opa CTATHCTHKH, BBIINOJIHCHUA
MO/ICIMPOBAHH, rpaduieckoro uHTEpdeiica, TIOJZICPKKH
MHOTOKpuUTCpHATEHBIX pemicHu. CUM C# moamepxuBacT (OpMHPOBAHIC
MHOTOYPOBHEBOH CTPYKTYPBI BIOKCHHBIX ApPYT B Apyra MM, oTpaskarommx
MHOTOYPOBHEBYIO CTPYKTYpPY Moaenmpyemoil cucrembl. OOecreumBacrt
COYCTAHHC BO3BMOXKHOCTCH (DopManH3amuH HA OCHOBC COOBITHHHOTO H
arperaTiBHOTO IOAXOO0B. Bcé 310 saBmacTca NPUHOHUITHATTBHO HOBBIM,
OTKPBIBAIOIIMM CYIICCTBCHHO 00JEe IMHPOKHE BO3MOKHOCTH HOCTPOCHHSA
WM 1o cpaBHCHHIO ¢ cymecTByromumu CHUM.

Kaxxnad mMomens MHOTOYPOBHEBOH CTPYKTYPBI HMEET CBOHM IHAPAMETPBL,
TNCPECMCHHBIC COCTOAHUA, UCTOYHHKH OAHHBIX, C60pH.[I/IKI/I CTATHCTHKH, YTO
MO3BOJIIET BECTH Pa3paboTKy OTACIbHBIX MMM MHOTOYPOBHEBOM CTPYKTYPBI
MapajicAbHO, 3HAYMTEIBHO COKpamas BpeMs coszganus WM Beei
MoaeupyeModl cucrembl. Ha 3TO ke HampaBiCHBI BO3MOXKHOCTH
HCIOJIb30BAHUS KOH(MTYPAUMOHHBIX (DAHIOB M PAa3BUTOTO TpaHIECKOTO
nHTEp(elica, MO3BOLHOIMX NpH IpoekTHpoBaHud MM, npoBencHUH
(nmpepemBannn 1 BO300HOBICHHH) M3 ¢ HEH MONYYHTH BCIO HEOOXOIUMYIO
nHpOPMALHIO 0 000 ee JacTH.

PaboTtocnocodnocTs 1 3¢ dexruBHOCTE CHMM C# mokaszana Ha mpuMmepax
HMHATAIIHOHHBIX I/ICCJ'IGI[OB.’:IHI/IfI CJIOJKHBIX MHOT'OYPOBHCBBIX KOCMHYUCCKHUX H
BBIMHCIATCIIBHBIX CHCTCM.

New object oriented simulation modeling system for simulation
researches based on discrete event and continuous/discrete models
Hahulin G.F., Monahov S.V., Evsjukov A.A., Sudakov V. A., Eskin V.I.
MAI, Moscow

MATI’s department 302 “Automated systems of information processing and
management” created a new object oriented simulation modeling system SIM
C#, which provides significantly more capabilities than existing analogues
when applied to conducting simulation research based on discrete event and
continuous/discrete models.

C# programming language was chosen to be the basis for SIM C# due to
the following reasons. C# is a modern, widely used and intensively
developing object oriented programming language (OOP). It enables
programmers to fully use the mechanisms and tools of OPP such as
encapsulation, inheritance, polymorphism, generic programming, interfaces,
integrated development environment (IDE) support, code auto generation etc.
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In addition, C# supports events, “Garbage collection” for computer memory
management. Moreover, C# is a multi-platform language.

SIM C# consists of the following coherent parts: debug module,
formalization tools, statistics collection tools, experiment conducting tools,
graphical user interface module, multi-criteria decision making tools. SIM C#
supports multi-level structure of aggregating one another simulation models.
SIM C# provides combination of formalization capabilities of event based
and aggregate approaches to modeling. All of that is fundamentally new and
providing more capabilities for creating simulation models when compared to
existing analogues.

Each model of multi-level structure has its own parameters, state variables,
sources of data, statistics collectors. It allows users to develop separate
models of multi-level structures independently and parallel, which reduces
overall development time greatly. SIM’s support of configuration files and
graphical user interface enables user to obtain all required information while
conducting an experiment.

SIM’s efficiency is demonstrated by the examples of simulation researches
of complex multi-level cosmic and computing systems.

Bri6op m3MepuTe/isi HABATAMUOHHAOI CHCTEMBI MYJIHLTHPOTOPHOTO
JIETATEJILHOTO ANAPATa
Xopes T.C.
MAM, r. Mocksa

MyneTHpOTOpHBIC ~ NeTaTeibHBIC  ammapatsl (MJIA),  aBmmorcs
MayorabapuUTHBIMH  JCHICBBIMH CPEACTBAMH UL PEIICHHSI  OOJIBIIOTO
KOJIMYECTBA PA3HBIX 3a7a4. MJIA TpUMEHWMBI Uil PEHICHHA TAKHX 337134
KaK: Pa3BEJKa MECTHOCTH, JOCTABKA MAJOTabapUTHBIX I'PY30B; HAOIIOACHHC
3a o0bekTOM m.A.p. Paccmorpmm 3amady nHaBuraumm MJIA B ycrmoBmiax
Topota, C BO3MOKHOCTBIO €€ IPHMCHCHHSI B IOMCUICHUM (B OTCYTCTBHH
currajgoB GPS)m Ha ymmmax ropoma (BamymucuubH curHaa GPS). g
pelieHHsI TAaKWX 337434 TPHMCHSIOTCS HABHUTALIMOHHBIE  KOMIUICKCHI,
BKIIFOYAIOIIMEC B CEOSI aNrOPUTM OJHOBPEMEHHOTO MO3HMIMOHUPOBAHUS H
mocTpocHHS Kaptel (SLAM). Amroputm SLAM  sBigercs BakHOH
COCTABJDIIOIIECH KOMIUICKCHOTO aJTOPWUTMA, T.K. MO3BOJIIeT Ha Gopry MJIA
CTPOHTH JIOKATBHYIO KapTy W OIPEICITh €TI0 MOJOKEHHE HAa HeW. OmHako
a1 mpuMeHeHus anroputMa SLAM TpeOyercst W3MEpHUTENh CIIOCOOHBIH
MPeIoCTaBIATh HWH(pOpManmo 00 okpyxkaromem MJIIA mpoctpanctse. B
HACTOSIIIEE BPEMS Al 3THX LEJCH YacTO NMPHMCHSIOTCA TAKHEC M3MEPHTEIH
KaK: BUJCOKAMEPA;, CKAHMPYIOINHMIT JA3CPHBIM JaNbHOMED, CTEpEOKaMepa.
Omnako mnpumeHeHme Ha MJIA mpensssiser CcBOM TpPeOOBaHHA K
mMepuTeaM.  M3mepuTenn, yCTaHOBICHHBIC HA MJIA  10WKHBI OBITH
MayorabapuUTHBIMH, JETKHMH W HMETh BBICOKYIO CKOPOCTh H3MEpeHHH. B
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JOKJIAJIc HA OCHOBE IIPOBCACHHOTO AHAIN3A M3MCPHTENCH I MPUMCHCHH
ux a1 Hapuranuu MJTA w cienman BeIBOX, UTO Ans mpuMcHeHms HA MJIA B
VCIOBHAX TOPOAA M 3AKPHITHIX IIOMCHICHHH LEICCOOOpPa3HO HCIOJIB30BATh
KaMepy, CTCPeOKaMepy MO MACCOBO-TA0APHTHBIM M HH()OPMALHOHHBIM
TpeOoBaHmAM. Tak >K& TPeQIaracTcsi HCIOJIBb30BaTh MATHHTOMETD I
MOCTPOCHUS JOMOJIHUTEIBHOM KapTHL.

Selection of measurement device for navigation system of multirotor
aerial vehicle
Khorev T.S.
MAI, Moscow

Multirotor acrial vehicle (MAV) is a compact low-cost vehicles to solve a
large number of different tasks. MAV are useful for tasks such as exploration
areas; delivery of small loads; surveillance e¢.t.c. Consider the problem of
navigation MAV on the streets (noisy GPS signal) and indoor (absence of
GPS signal). To solve these problems use simultancous localization and
mapping (SLAM) in the navigation system. SLAM algorithm is an important
component of the complex algorithm, as it allows MAYV to build a local map
and to determine its position on it. However, for the application of the
algorithm required a measurement device to provide information about the
surrounding space. Currently, to reach these goals often used measurement
devices, such as: a video camera; scanning laser range finder; a stereocamera.
However, the use onboard of MAV on its demands to the device.
Measurement devices that are installed on MAV should be small-sized,
lightweight, and have high measurement speed. The report, based on analysis
of the measurement devices for their use to navigate MAV and concluded that
for use on MAYV in urban and indoor advisable to use a camera, a sterco
camera for mass and information requirements. Also proposed to use a
magnetometer to build additional map using additional SLAM.

HccaenoBanne poGacTHOi A0COMIOTHOI YCTOHYNBOCTH CHCTEMBI
CTAOHTH3AINN JIETATEILHOTO ATNAPATA
Lemropos H.A., Llemuroposa E.H.
Pocrosckuii pumuan PTA, AT'TY, r. Pocro-Ha-JloHy

AHanmm3 COBPEMEHHBIX IMyOJIMKALMH MOKA3BIBACT, YTO U1 BHDKHUBAHUS B
YCHAOBHAX BBICOKOMAHEBPOBOTO BO3/1yITHOTO MIPOTHBOJACHCTBHS
neratenbHOMY ammapary  (JIA) HCOOXOAWMO BBINOJNHATH JHCPTHIHBIC
MaHEBPBl. JTH MAHEBPHI CBI3aHBI C KPAaTKOBPEMCHHBIM BbIX0AOM JIA Ha
OobIIMe YTIIBI ATAKH M CKOJBXKCHHUS, YTO 0OCCIICUHBACT BHIXO HA LIEJb I
MPUMCHEHIS ABHAMOHHBIX CpPEeACTB mopaxkeHus. Ilpu 3rtom Ha JIA OyaoyT
BO3ACHCTBOBATh BO3MYILUCHHA, COCTOSAIIUE M3 OTPAHHYCHHOTO HMILY IbCHOTO
BO3ACHCTBHA M OTPAHHYCHHOTO IOCTOSHHO JACHCTBYIOMICTO BO3MYIICHUA,
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HCH3BCCTHOTO 10 BCIHYMHC W3-3a VCIOBHH 00CBOH  OOCTAHOBKH.
Bosmymenust nomoOHOro poxa Ha JIA MOTYT NpHBECTH HE TONBKO K
ommOKaM OTPaOOTKH BO3MYIICHHOTO ABIDKCHHA JIA B TOPH30HTAIBHOM
MIJIOCKOCTH, HO MOTYT BBI3BaTh MNOTEPI0 YCTOMUMBOCTH CaMOTO OOBCKTA
VIPaBICHHI.

Lenbto qaHHOM pabOTHI ABISETCS IEMOHCTPALIM METOIUKH HCCIICTOBAHMUS
pobactHoli  aOCONIOTHOH  YCTOHYHMBOCTH ~ CHCTCMBI  CTAaOWMJIH3AaLHH
neratenbHOTO ammapara. OOBIMHO B 337a4aX HCCACIOBAHHSA AWHAMHKH JIA
HCIIOJIB3YIOT «3aMOPOKCHHBIC» 3HAYCHHS A3POMHAMHIICCKUX
KO3 (UIMCHTOB A1 KAKIOTO PE:KUMA TojeTa. B Toxke BpeMs, MPHUMCHCHHC
HWHTCPBAJIbHOW APH(PMETHKH JACT BO3MOXKHOCTH IIPOBOJWTH  TAKHC
HCCIICIOBAHMS C YUETOM M3MCHEHHS a3POJMHAMMYICCKUX CHJI M MOMCHTOB B
HEKOTOPOM JHATIA30HE A1 OOBEIMHEHHBIX PEKHMOB OJIETA.

B pabore mpemmaraercst rpadoaHANMTHUYCCKAs METOAWKA HCCICAOBAHMS
VIPABIICMOTO 10 VIIy TaHTakKa JIA, ONMHCAHHOTO MEPSIATOMHON (PyHKIHCH
C MHTCPBABHBIMH KO3(PHIMCHTAMH.

Ha mepsoM 3rame wmccrmemyercss aOCOMOTHAS YCTOMYMBOCTD CHCTEMBI
crabmwmm3anun JIA ¢ HoMuHANBHBIMH KO3(duumenramu. Ilokazano, uro
TUHCHHAS mMIyJIbCHas 4acth (JIMY) cuctemsl ycTolumBa, HO Tpedyercs
BBCACHHC KOPPCKTHPYIOMETO (mibTpa MIT 00CCICUCHHSA TPeOyeMOTO
TIEPEXOTHOTO MPOTIECCa.

Ha BTopom stame mccaeayercsa podactHas ycroiumBocth JIMY cucTeMBI
CTAOWIM3ANMH TYTEM MOCTPOCHHS MOJH(PHIMPOBAHHOTO  KOPHEBOTO
rogorpada 3aMKHYTOM CcHCTEMBI C 16-F0 TEpeaaTOUHBIMH ()YHKIHAMH,
TTOJIMHOMBI YHCITHTCICH M 3HAMCHATENCH KOTOPBIX SABJLIFOTCS IOJHHOMAMHM
XapurtoHoBa. [lonmydueHHOE W300paKCHHE BETBEH KOpPHEBOro roaorpada
CBUJICTECIIBCTBYET O BHIMTOJHCHHH TPSOOBAHUH pOOACTHOM YCTOHYHBOCTH.

Ha rTtperbeM »3tame OBIIO TPOBEICHO MOJACTHPOBAHUE CHCTEMBI
crabuwmm3anny B porpamme Simulink, moaATBEpAUBINGE BRIBOIBL, CACIAHHBIC
TIPH AHATUTHICCKOM HCCIICTOBAHUH.

Research of robust absolute stability of the system stabilization
of the aircraft
Tseligorov N.A., Tseligorova E.N.
Rostov branch of the RCA, DSTU, Rostov-on-Don

An analysis of recent publications show that to survive in the air counter
aircraft is necessary to perform strenuous exercises. These mancuvers are
associated with short-term yield of the aircraft at large angles of attack and
slip, which provides access to the target for the use of air weapons. This will
impact on the aircraft disturbance consisting of a limited exposure to pulsed
and limited permanent disturbance largest unknown because of the conditions
of the combat situation. Disturbances of this kind in the aircraft may lead not
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only to errors of working off the aircraft disturbed motion in the horizontal
plane, but may cause a loss of stability of the control object.

The aim of this work is to demonstrate the technique of research of robust
absolute stability of the stabilization system of the aircraft. Typically in
research problems of the dynamics of the aircraft using the “frozen” value of
aerodynamic coefficients for each flight mode. At the same time, the use of
interval arithmetic makes it possible to carry out such research, taking into
account changes in acrodynamic forces and moments within a certain range
for the combined flight modes.

The paper proposes a method of graphic-analytical studies managed by the
pitch angle aircraft described transfer function with interval coefficients.

At the first stage we study the absolute stability of the system stabilizing
the aircraft with nominal gain. It is shown that the linear part of the impulse
system is stable, but requires the introduction of a correction filter to provide
the desired transition.

In the second stage investigates robust stability the lincar part of the
impulse stabilization system by constructing a modified root locus of the
closed system with 16 transfer functions, the numerator and denominator are
polynomials which Kharitonov. The resulting image shows the branches of
the root locus on the implementation of the requirements of robust stability.

The third stage was simulated system stabilization program Simulink,
which confirmed the conclusions of the analytical study.

CpaBHUTEIBLHBIN AHAIN3 NAPAMETPOB W XAPAKTEPHCTHK YIPABJISIEMBIX
BBITIPSIMHTeEJIEH, TOCTpoeHHBIX Ha 0aze TBMII, ¢ oTeecTBeHHBIMU
BBIPSIMATEJISIMH
Kyszpmuu ML10O., Uepesko A.U., Cakosuu UL A., TInarorenkos C.B.,
Mys3bixka M.M., JInmonnnkosa E.B., Jlymkun FO.B.
Cesmamsry3, pumian CADY, r. CeBepoaBuHCK

[MpumecHeHHE MOTITHBIX BBITIPAMHATEIICH B ABTOHOMHBIX
3IEKTPOYCTAHOBKAX, TIJEC MOINHOCTH IpeoOpa3oBareiicii COM3MEPHMBI C
MOIITHOCTBI0 MCTOYHHKOB, CO3JACT MPOOJEMBI B YACTH 3JICKTPOMATHHUTHOH
comectuMocTH (OMC) mpeobpazoBaATEICH C MUTAIOMICH CCTHIO H HATPY 3KOH.
OxHpuM W3 TEPCHEKTHUBHBIX IyTeH pemeHus mnpodmembl OMC sBisercs
CIoco0, OCHOBAHHBIIN HA YBEIMUCHHUH (DA3HOCTH BBITIPSAMIICHHS.

Jdna  moareepKacHHA — PPCKTHBHOCTH  JAHHOTO  TCXHHYCCKOTO
Hanpaeiacausa Ha mpeanpusatan AQ «CTIO «Apkrukay (AO «OCK») Obuia
mpoeeacHa OKP, B pesymprate KOTOpOH OBLIH CO3JAHBI VIPABISACMBIC
pempsvutend (YB) Ha 6a3e TpaHC(OpMaTopa ¢ BpaIMAOIMUMCS MATHUTHBIM
moaem (TBMIT) momuocteio 4 kBt u 12 kBt. HUcnbiranus YB ¢ TBMII
TMOATBEPIUIN WX BBICOKHEC TCXHHUYCCKHE XAPAKTCPHUCTHKH, 3aKIIAIbIBACMBbIC
HA 3Tanax pacyueTa u MPOCKTHPOBAHMS.
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Beit mpoeeaeH cpaBHUTEIbHBIM aHamn3 YB ¢ TBMII ¢ BelIyCKacMbIMH
OTCYCCTBCHHBIME BBINPSIMATCIBHBIMI arperaTaMu, B PE3ylIbTaTe KOTOPOTO
OBLJIO YCTAHOBIICHO CIICAYIOIIEE:

e VB c¢ TBMII mmeror HamMeHbIMH KO3((UUMEHT mynbcaumi
BBIXOJHOTO HANPSDKCHHS, KOHKYPHPYS TOJNBKO C  BBIIPSIMHTCIIMH,
ucnop3ymumu HTUM;

e VB ¢ TBMII uMeroT camblii MHPOKHH AMAMA30H IIIABHOTO
PEryIMPOBAHES BBIIPSIMICHHOTO HAIPSLKCHHUS,

e VB ¢ TBMII npeBoCcXOAAT MPAKTHYECKH BCE PACCMOTPEHHBIE
Beinpsavutean no KI1/T;

e VB ¢ TBMII npeBOCXOAAT BCE PACCMOTPEHHBIC BBIIPAMUTETH IO
0000meHAOMY KO3(D(HIHCHTY MOIITHOCTH,

e VB ¢ TBMII mpeBocxomar mo sHepretuueckomy KIIJ Bce
PAcCMOTPECHHBIC BBIPSIMHATEITH,

e  yaenbHBIN 00BeM 00pasnos YB ¢ TBMIT B 1,5...2 pa3a Hinke, 4eM y
CPAaBHMBACMBIX  BBINPSMHUTCNCH, HMMCIOMHNX ONM3KHE  TCXHHYCCKHUC
XAPaKTEPUCTHKH,

e  ynexpHasA Macca 00pa3uoB YB ¢ TBMII B 1,5...2,5 pasa HIKe, yeM
V CPaBHHUBACMBIX BHITPAMHUTEIICH.

B pe3ymbraTe mONOKHATCIFHOTO pe3yabsrara BemoaHeHHOH OKP mpuaATO
pelIcHHE 0 BHEAPSHUH MOJIYUCHHBIX PE3YIbTATOB B MPOM3BOCTBO, A TAKXKE O
MIPOJOJLKECHUN HMCIOJIb30BAHMUS SHCPTHH BPAINAFOIIMXCS MATHUTHBIX TOJICH B
TpoIIecce pa3paboOTKH M CO3AAHM ABTOHOMHBIX HHBEPTOPOB, a HA UX 0aze —
mpeoOpa3oBaTeICH  HYacTOTHI W OOpaTHMBIX — TpeoOpaszoBaTeici A
ABTOHOMHBIX 3JICKTPO3IHEPTOCHCTEM CHCTEM JBOHHOTO POJA TOKA.

Comparative analysis of parameters and characteristics of the adjustable
rectifiers built on TRMF’s base with domestic rectifier units
Kuzmin I.Yu., Cherevko A I, Sakovich I.A., Platonenkov S.V.,

Muzyka M.M., Limonnikova E. V., Dushkin Yu.V.
Sevmashvtuz, branch of the NARFU, Severodvinsk

Application of the powerful rectifier units in autonomous electric
installations, which have energy converters’ power close enough to energy
sources’ power, creates several difficulties in the field of electromagnetic
compatibility (EMC) semiconductor converters with supply power net and
electric load. One of the most promising ways to solve the EMC problem is
the way based on increasing number of the phases, which take part in the
process of rectifying itself.

In the course of confirming the efficiency mentioned technical solution
rescarch-development campaign has been executed with the results of
creating adjustable rectifier units (ARU), which are based on the transformer
with rotating magnetic field (TRMF), built to process 4 kW and 12 kW
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power. Researches took place at JSC «Northern Production Association
“Arktika”, which is the branch of the JSC «United Shipbuilding
Corporation». Examinations of the created ARU based on TRMF confirmed
its superior technical properties, that are to be expected since the part of
research campaign related with calculations and initial design.

Comparative analysis ARU based on TRMF with domestic rectifier units
has been carried though, which allows to conclude the following:

e  ARU based on TRMF have the lowest ripple factor of the rectified
voltage comparable with pulse-width modulated (PWM) rectifiers only;

e  ARU based on TRMF have the widest diapason of smooth adjusting
output rectified voltage;

o cfficiency ratio of the ARU based on TRMF is superior to the most
of comparable rectifier units;

o  generalized power factor of the ARU based on TRMF is superior to
all of the comparable rectifier units;

e  cnergetic efficiency ratio of the ARU based on TRMF is superior to
all of the comparable rectifier units;

e ARU’s based on TRMF volume per power ratio is lower in 1.5...2
times comparing to the rectifier units with similar technical properties;

e ARU’s based on TRMF weigh per power ratio is lower in 1.5...2.5
times comparing to the other domestic rectifier units.

Based on success and promising positive result of the carried research-
development campaign a decision has been made to apply new-found results
into an industry and to proceed to use energy of the rotating magnetic fields
in the course of development and creation of the autonomous inverters, and
after that frequency converters and reversible converters on inverters’ basis to
the needs of autonomous electric installations with double current type.

IIpumenenne Teopuy HHBAPHAHTOB /TSI PENICHAST 32/1a
TEXHHYICCKOM NUATHOCTHKH
Umueposa E.B.
OAO «Kmumos», . Cankr-IletepOypr

B HACTOSIICE BpeMS  CYWCCTBYET  MHOYKECTBO croco0oB
JUATHOCTHPOBAHHS TEXHHYCCKOTO COCTOSHHA 00BbekTa. B 3aBHCHMOCTH OT
peKHMAa AHATHOCTHPOBAHUS METOABI JEIMATCH HAa (DYHKUHOHAJBHBIC H
TecToBbe. DYHKIHOHANIBHOS IHATHOCTHPOBAHHE MPOBOJUTCS B padoueM
peKHME, KOTAA OOBEKT HCHONB3YeTCA MO MPAMOMY HasHA4YCHHIO. [Ipu
TECTOBOM JHATHOCTHPOBAHMH HA BXOJ OOBCKTA MOJAOTCH CICUHATBHBIC
TECTOBBIC CHTHAJBI, H IPOBCPKA MPOBOJHTCSA B KOHTPOJIBHOM pekume. B
KA4YeCTBE TCCTOBBIX CHTHANOB, KAK MPABHIIO, HCHONB3YETCS CTAHAAPTHOS
BXOJHOC BO3MYLICHHE B BHIC CKAYKa, HMIYJIbCA MU MOJHTAPMOHHYECKOTO
curHaia. UYCmomp30BaHMEC TAKMX ~ CHTHAJOB — TO3BOJUICT  HOJYYHTb
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HCHUCPIBIBAIOIIYI0 HH)OPMAIUIO O JUHAMHYCCKHX CBOWCTBAX CHCTEMBI,
OJHAKO MMEET Psi HEJOCTaTKOB. Hampumep, BO3MyIICHHE B BHIC CKA4Ka H
HMITyJIbCA OTHOCHTCSI K KaTCTOPHH <«OKECTKHX» BO3ACHCTBHI W HE BCETAA
JIOILY CTHMO TMPH  TCCTHPOBAHMH  YYBCTBUTCIPHOH  ammapaTypbL
ITorurapMOHHYECKHI CHTHAN TO3BOJMIET MPOBECTH JHATHOCTHPOBAHUE
00BbEKTa B HEOONBIIOM CIEKTPAJIBHOM [IHAMA30HE, T.K. I OXBaTa BCETO
YACTOTHOTO CICKTPa CHCTEMBI TPEOyeTCsa, BOOOMIC TOBOPA, OCCKOHCYHOC
YHCIIO TAKUX BXOJHBIX CHTHAJIOB.

3agaua TMOMCKA ONTHMAIBHOTO TECTOBOTO BOBACHCTBHS PEIIACTCS C
MOMOIIBI0  TAHKCJICBBIX  CHHIYJLIPHBIX  (YHKIMH —  HHBAPHAHTOB
JUHAMHAYECKOH cucTemMbl. OHH BBIMHCILIFOTCS C HCTIOJIL30BAHUEM OIIEpaTopa
lankenda u ONMUCAHMA CHCTEMBI B MPOCTPAHCTBE COCTOSAHHH. IlomydeHHBIC
TakuM 00pa3oM (D)YHKIHH TO3BOJLTIOT TMOJIYYHTH MOTHYI0 HH(YOPMAIHIO O
JUHAMHYECKUX CBOMCTBAX OOBCKTA H OJHOBPEMECHHO YUYECTh €TI0
HHIWBHIYyaJbHBIE CBOMCTBA. [IpH Moaade HA BXOJ CHCTEMBI CHTHAJIOB B BHZIC
TAHKEJICBBIX CHHTYIIPHBIX (DYHKIHWI, HA BBIXOJEC AOJDKHBI IOy IUTHCS TAKHC
’KE CHTHAJBI C TOYHOCTBEO 0 MHOXxwuTessl. CpaBHHBAsSI (OpMY M BEIHUHHY
BXOAHOTO W BBIXOJHOTO CHTHAJAA, MO’KHO IIOJHOCTBIO OIPEICIUTH
JUHAMHYECKIE CBOMCTBA 00BEKTA. /I MPOBEACHHUS TOJTHOTO TECTHPOBAHUS
CHCTEMBI TPEOYETCS KOHEYHOC YHCIIO TECTOBBIX CHTHANOB. TakuMm 00paszoMm,
TAaHKCJICBBl  CHHTYJUIpHBIC  ()YHKIMH  SBIDIOTCH  YHHBEPCAIbHBIM
HHCTPYMEHTOM TSI KOHTPOJII HCTIPABHOCTH THHAMHYCCKON CHCTEMBI.

Ha mpakTuke raHkeneBbl CHHTYJIIPHBIC (DYHKIMH MOKHO HCIIOJb30BATh
O AWATHOCTHKYM OTKJIOHCHUHM NapaMETPOB THIPOMEXAHHMUCCKOM YacTH
CHCTEMBI YTIPABICHUS ABHAOMOHHOTO JBHTATECIsI OT HMX HOMHHAIBHBIX
3HauYcHHH. PacuéTel mOKazanM, 4YTO TPH OTKIOHCHHM  BPEMCHH
OBICTPOACHCTBHUS arperara JO3HPOBKH TOIUIHBA Ta30TYPOMHHOTO JBUTATEIII
OT HOPMBI, TAHKEIICBbI CHHIYJLIPHbBIC ()YHKIMH OKA3aJIUCh Iy BCTBHTCIBHBI K
JAHHOMY AC(EKTY.

Takum 00pa3oM, YKA3aHHBIC TECTOBBIC CHTHAIBI IO3BOJUIIOT BBIIBIITH
pa3nudHBIC HEUCIPABHOCTH M TPEHI IAPAMETPOB THUAPOMEXAHHUCCKHUX
arperaTros, HE CHUMAS UX C JBUTATEI.

Application of the theory of invariants for solving technical diagnostics
Chicherova E.V.
JSC “Klimov”, St. Petersburg

Currently, there are many methods of diagnosing the technical condition of
the object. Depending on the diagnosis methods are functional and test. When
the object is used for its intended purpose, functional diagnosis in during
operation is made. Test diagnosis performed in the control mode, when
special test signals are input into the object. As test signals, typically using a
standard external disturbance as a step, impulse, or polyharmonic signal. The
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use of these signals allows you to get detailed information about the dynamic
properties of the system. However, it has several drawbacks. For example, the
standard external disturbance as a step or impulse as "hard" factors is
classified. This factor is not always acceptable for testing delicate
instrumentation. Polyharmonic signal to diagnose the object in a small range
of frequencies, because to cover the entire frequency spectrum of the system
an infinite number input signals is required.

The problem of finding the optimal test action by Hankel singular
functions — invariants of a dynamical system is solved. Hankel singular
functions are using the Hankel operator, and description of the system in the
state space is calculated. These functions allow you to get complete
information on the dynamic propertics of an object and take into account their
individual properties. When in the system input signals in the form of Hankel
singular functions is received, the outputs of the system the same to within a
factor should get. Comparing the shape and size of the input and output
signals, the dynamic propertics of the object can be fully determined. For a
complete test system requires a finite number of test signals. Thus Hankel
singular functions are a universal tool for monitoring health of a dynamic
system.

In practice, Hankel singular functions can be used to diagnose
abnormalities of the parameters of hydromechanical control system of an
aircraft engine. As shown by calculations that the optimal time deviation of
the fuel metering unit gas turbine engine from the norm, Hankel singular
functions to this defect were sensitive.

Thus Hankel singular functions allow detection of various faults and
parameters trend of hydromechanical units, without removing them from the
engine.

PacyeT nporpaMMHBIX YNIPABJIEHHI 1151 KOCMHYIECKHX KopaoJteii
lIyoun A.b., Anerkcanapos E.I'.
HITY PAH, r. Mocksa

OnwuChIBAarOTCS KOMITBIOTEPHBIC MPOTPAMMBI I PAcdeTa MPOTPAMMHOTO
ympasneHu (1Y), peImaromero 3aaa4n CTHIKOBKA KOCMHYCCKIX OOBCKTOB, a
TAKKE 3a7a4d W3MEHEeHWs wmx opbut. Pacyer IIY mpomssoamrcs 1o
OPHTHHATBHOM METOAMKE C UCTIONB30BAHUEM HEMOABIKHON MPAMOYTOIBHOM
CHCTEMBl KOOPAWHAT Xy C HAYaJIOM B IICHTPE NPHUTSDKEHHA MeToamka
pazpaborana B MucruryTe mpodiem ynpasincaust PAH PO.

B mpocreifeM ciaydac VOPAaBACHHE COCTOMT W3 ABYX HE3aBHCHMBIX
COCTABIMIOIIMX — TATA BAOJb OCH X H TAra BAOJb OCH Y. YIPABICHHUE
PACCUHTBIBACTCA C HEKOTOPOTO HYJICBOIO MOMEHTA BPEMEHH, B KOTOPBIH
TOYHO W3BSCTHBI BCC KOOpAWHATHI Kocmmuueckoro kopadbmas (KK) m
KOOpAMHATHI LemH. H3BecTHBI Taroke anropurMel pacdera Ha [IBM
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W3MCHEHHS II0 BPEMCHH KOOPAMHAT LEMHW WiIM 3amaHHOH opourel C
MOMOIIBI0 HWTCPATHBHOH TMPOLEAYPHI PACCUHUTHIBAIOTCA JBE KYCOUHO-
MOCTOSIHHBIC (D)YHKIMH YIIPABJICHIA UX M Uy HA HHTEepBaie BpeMenn 0 <t > T,
npuHEMaromue 3HaveHmsa -1, 0, 1. Ilpm moxacranoBke 3THX (DYHKIHUH
VIPaBACHUS B ypaBHCHMA, MoJeaupyemble Ha LIBM, BCEe OJHOMMCHHBIC
xoopauHaTtel KK u nem B MmomeHT T coBnamaror.

Axroputmbl  pacuera [IY 1O3BOLTIOT — PAcCUMTHIBATH  HHTEPBAIbBI
VOPABILIOINETO0 BO3JCHCTBHS, CYINCCTBEHHO OTCTOANIME II0 BPEMEHH OT
KOHCYHOTO MOMEHTA, B KOTOPOM BCE (Pa30BbIC KOOPAWHATHI HMPUHUMAIOT
337JaHHBIC 3HAYCHMS. TaK ;K€ BO3MOKHO BKIFOUCHHE W PACUCT JJIMTEIHHOCTH
HWHTEPBAJIOB HYyJEBOTO YIIPABJICHHSI U1 ONTHMH3ALNN KAKHX-TO KPHTEPHUCB,
MMOMHMO TPUX0JA B 33JAHHYIO TOUKY (Pa30BOTO MPOCTPAHCTBA. AJTOPUTMBI
pacuera I1Y mpuromssl Ay pemicHHs 3amaun COMKCHHS OOBCKTOB HA
BCTPEYHBIX KypCax.

[Ipu MozmeMMpOBaHMHM TOBEACHUS OOBEKTOB MOTYT  YUHTHIBATHCA
HCKOTOPBIC ~ TCXHOJOTHUYCCKHC  OCOOCHHOCTH  OOBCKTOB,  HANPUMEP,
MOCTCTICHHOEC HAPACTAHWE II0 BPEMEHH TSITH VIOPABICHHA, a TaKXKe
MTOCTETICHHOE TAJICHUE TATH TPH BHIKIFOUCHAH.

Ilpn mnpaktudeckod peamusammu I1Y MOKET HCHOIB30BAaTBCA  €T0
CBOWCTBO, JOIYCKAFOIIEE HEKOTOPBIH CABHT IO BPESMEHH OJHOTO VIIPABICHUS
IO OTHOIICHHIO K APYTOMY.

JlBe ympasisomue (yHKIHMH MOKHO CJOKHTh KaK BEKTOPHI M IOJYYUTH
oHY (DYHKIHFO YIIPABICHUS, HO HAIPABICHUC TAKOTO MMITYJIbCA YIIPABICHUS
OyaeT MPUHUMATH HECKOIBKO (DMKCHPOBAHHBIX 3HAUCHUH.

Her npuHImMIUambHBIX 3aTPyAHCHUH IIPH TNPHMEHCHHUHM AJTOPHTMOB
pacueros I1Y mua cmydas, koraa (asoseie koopauHatsl KK omnmceiBaroTcs B
TPEXMEPHOM IPOCTPAHCTBE X, V, Z.

Calculation of program controls for the spacecraft
Shubin A.B., Aleksandrov E.G.
ICS RAS, Moscow

The paper the computer programs for the dock problem computation and
task of spacecraft orbit change. Calculation of program control (PC) produced
by the original method using a fixed rectangular coordinate system xy with
the beginning at the center of attraction. The technique was developed in the
V.A. Trapeznikov Institute of Control Sciences of Russian Academy of
Sciences

In the simplest case, the control consists of two independent components:
the thrust along the x-axis and the thrust along the y-axis. The control is
calculated from zero time. At that moment, all the spacecraft (SC) and target
coordinates are known accurately. The calculation algorithms of the dynamic
the target coordinates or the orbit coordinates are known as well. Two
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piecewise-constant control functions ux and uy on the time interval 0 <t > T
with the values -1, 0, 1 are calculated with the help of an iterative procedure.
All of the same spacecraft and target coordinates at the time T coincide after
the substitution of these control functions above into the equations.

The calculation algorithms allow to calculate the intervals of the control
action, significantly separated in time from the final time moment. At that
moment, all phase coordinates have the given values. It is also possible the
inclusion and calculation of duration of intervals of the zero control to
optimize some criteria, in addition to joining a given point of phase space.

Algorithms for PC calculation are suitable for the solving of the problem of
convergence of objects on a collision course.

Some technological features of the objects as a gradual increase in time of
traction control and the gradual decline of traction when turning off can be
taken into account.

In the practical implementation of program control, the property to be
allowed for some time shift of one control to another can be taken into
account.

Two control functions can be added as vectors and get one control
function. The direction of this impulse control will have some fixed values.

There is no fundamental difficulty in the application of computational
algorithms for program control for the case when the phase coordinates of
spacecraft are described in three-dimensional space X, y, z.

K Bonpocy Bb100pa TEXHIUECKHNX CPeACTB 00Y4IeHHs ABHAIIHOHHOTO
NEPCOHAJIA IPAKIAHCKON aBUATINN
Konoxonbuukos @.A.!, Koctomapos E.C.!, Tepenun C.C.!, Illepbax B.B.!,
Mamkua M H .2, Pomanos O.T .2
'Kopropauus «Upkyt»; 2MAH, T. Mocksa

Lenpto MaHHOTO HMCCICAOBAHUS SIBIICTCS BBHIOOP TEXHHYECCKHX CPEACTB
ooyuerns (TCO), mnpeaHA3HAYUCHHBIX I TOATOTOBKH HHKCHCPHO-
TexHu4ueckoro mnepconana (MTII), Bxogdmux B CTApPTOBYKO JHHEHKY
KOMIUTCKCHOH CHCTeMBI moaroToBku mepconana (KCTIIT) mo mporpamme MC-
21. PacCMOTpEHBI THIIBI TEOPETHYCCKON M MpakTH4ecKoil noarorosku UTTI
TIPH TIEPESYYMBAHUE HA HOBBIH THII BO3AYINHBIX CyI0OB TPA’KIAHCKON aBHALINH,
a Taxke ommcansl TCO, MpUMEHEHHE KOTOPHIX HAIPABJICHO HA MOBBILICHHC
3(PEKTUBHOCTH U KauecTBa OOYUEHHS NPH COKPAMCHUH BPEMEHH YUCOHOH
mporpammbl. Jlarorcst mpumepsl TCO, mpUMEHSEMBIX A PEHICHHS 33724
oOyuernss WTII B wvacTH NPAKTHUSCKOW TOATOTOBKH 3apyOC:KHBIMH
VICOHBIMH IICHTPAMH, YIIOMSHYThI METOIMUECKUE OTPAHHICHIS, HAJIATacMBbIC
HCIIOJIb30BAHUEM 3TUX CPEICTB.

B pesymprare pabotsl Obina BbIOpaHa craprosas jmHeika TCO, mma
moaroroekun UTII, mo mporpamme MC-21 TTAO «Kopmoparmms «HpryT».
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JanpHelmmii  X0A4 ~ HWCCIACAOBAHMS  NPEATONAracT  (opMHpPOBAHHE
(YHKIHOHATBHOTO M TeXHAUICCKOTo o0muka TCO, sxomammx 8 KCIIT MC-
21.

Civil aviation personnel technical training devices selection
Kolokolnikov F.A.!, Kostomarov E.S.!, Terenin S.S.!, Shcherbak V.V.!,
Mashkin M.N.Z, Romanov O.T.?

TIrkut Corporation; MAI Moscow

The purpose of the study is to select the first maintenance personnel (MP)
technical training devices (TTD) which is part of complex personnel training
system (CPTS) for MC-21 aircraft. Different types of MP theoretical and
practical training for new civil aviation aircrafts were considered. TTD that
allow to improve learning quality and efficiency and reduce training time has
been described. TTD examples which can be used for MP practical training in
foreign training centers were determined and methodical limitations for such
systems were mentioned.

As result of the work MP TTD starting lineup for MC-21 aircraft was
chosen. Future study predicts to choose functional and technical appearance
of TTD included in CPTS for MC-21 aircraft.

IIupoTHO HMITYJILCHAS MOXYJIALMS BLIXO/HOT0 HANIPSIKCHUS
MHOT0(])A3HOT0 HHBEPTOPA ¢ CHHYCOMAATLHOMH ATINPOKCHUMALHECI
BKJIIOYCHHS STICCK
letunun B.E.

MAM, r. Mocksa

Lensro ganHO# padoTHl ABAATOCH MoaeupoBanue [IIMM muOTO(A3HOTO
HHBEPTOpA  TMOJIYYEHHOTO C  I[OMOINBEO  PA3IMYHBIX  ANTOPHTMOB
(QOpMHpPOBAHHA  CTYNCHYATOTO  HANPSDKCHHSA € CHHYCOMIJANBHOH
AMMPOKCHMALHEH BKIIFOUCHHA SUCCK.

Meron MM saBnsercs ogHuM W3 HauOojee 3((CKTHBHBIX CIMOCOOOB
MOJYJUIOUH, C TOYKH 3PCHUS YIIyYIICHUS Ka4eCTBA BBIXOJIHOTO HATIPSLKCHHS
nHBepTOpa. [IpuMeHeHne PUHIMIIA MHOTO(A3HOCTH MO3BOJIIET IPHOIU3HTH
anmMpPOKCHMHPOBAHHBIN CHTHAI K CHHYCOMJANHHOH (OopME W YIyUMIUTH
KA4YeCTBO BHIXOAHOTO HATIPSLKEHHS M CHH3WTh MACCOTA0APHTHBIC MOKA3ATEIH
(rIBTPOB.

Paccmotpeno mogenmupoBanue [IIMM Tpex aiaropuTMOB MOJXYy4CHHUS
CTYNICHYATOT0 ANPOKCHMHUPOBAHHOTO HATIPSDKCHILL.

B kadectBe mNEpBOr0 aMrOpMTMa BHIOPAH BAPHAHT C PABHOMEPHBIM
CMCINCHHEM MOMCHTOB BKIFOUCHMS SMECK WHBEPTOpA. /JIaHHBIN BapHaHT
(OopMHpPOBAHMSA CTYICHYATOTO HANPSUKEHHMS TPOCT B pealm3allid W HE
TPeOYET CIOKHBIX BBIMHCICHHH, HO NPH YBEIMUCHHH YHCIA sSueek dopma
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CHTHAA CTPEMHTCSI K TPEYTOJBHOH, COOTBETCTBCHHO, PE3YJIbTAThI
MO/ICIMPOBAHMS CTAHOBATCS HE MPUCMIIEMBIMHE Y>KE IIPH PAHHUX HTCPALHAIX.

BropeiM BapHAaHTOM BBIOPAH BAPHAHT NMPHUOIMKEHUS BBIXOTHOTO CHTHANA
K TpeNenueIAIbHOM (OpME, TAaHHBIH METOJ TAKKE IPOCT B BBIMHCICHUIX H
BBIXOJHOM CHTHAI MOJy4acTcs Jydmei (GopMbl mpu OOJNBIIEM YHCIC SUCEK
MHOT0()a3HOTO HHBEPTOPA B CPABHCHUH C MPEIbIAY UM MeToaoM. M3BecTHO,
YTO ONTHMAJILHBIM YTTIOM HAKJIOHA OOKOBOH CTOPOHBI B 60°.

[Nocnenuuit W3 PACCMOTPEHHBIX METOJOB (DOPMHPOBAHHS HATPSLKCHUS
SIBIICTCSL AJITOPUTM COOCTBECHHOH pPa3pabOTKH, MO3BOJLIOMMH TOIYIUTH
BBIXOJHOC CTYNCHYATOC HANMPHKCHUE, NMPUOMDKCHHOE K CHHYCOMIAILHOU
(¢opme. JlaHHBIH anrTOPUTM OCHOBAH HA ANIPOKCHMALMH BBIXOJTHOTO
HaNpSDKEHWSI K  CHHYCOMJANBPHOMY OIIOPHOMY CHTHAIY C  YUYCTOM
PABHOMEPHOHM HATrPY3KH BCEX f4eeK. Tak KaK BBIXOJHOE CTYHNECHYATOE
HaANPSDKECHUE CTPEMHUTCS K HEMOCPEACTBEHHO CHHYCOWJAIBHOMY CHTHANY,
VBEJIMYCHHE YUCIIA TICCK BEACT K YIIyUIICHHS BBIXOTHOTO CHTHAA.

[TpuBencHBI CPAaBHHUTEIbHBIC XaPAKTEPUCTUKH BBIXOJAHBIX CHTHAIIOB BCEX
TpeX anroputMoB ()OPMHPOBAHWS TIPH PETYIMPOBAHHH  BBIXOJHOTO
HANPsDOKCHUA ¢ MpuMeHeHueM TTHM.

Pulse width modulation of the output voltage of multi-phase
inverter with sinusoidal approximation switching cells
Schetinin V.E.

MAI, Moscow

The aim of this work is modeling of multi-phase PWM inverter obtained
using different algorithms of formation of a stepped approximation of a
sinusoidal voltage switching cells.

PWM method is one of the most efficient modulation techniques, from the
viewpoint of improving the quality of the output voltage of the inverter.
Applying the principle of multi-phase allows to approach approximated
sinusoidal signal and improve the quality of the output voltage and to reduce
the weight and size parameters of filters.

The modeling of the PWM of three algorithms obtaining the approximated
stepped voltage was considered.

The first algorithm is chosen with uniform time shift switching inverter
cells. This variant of forming step voltage is simple to implement and does
not require complicated calculations but with an increasing number of cells
approaches to a triangular signal, respectively, simulation results are not
acceptable even at early iterations.

The second option is chosen with approximation of the output signal to a
trapezoidal shape, this method is also easy to calculate and the output voltage
gets the best shape with a larger number of cells of a multi-phase inverter as
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compared with the previous method. It is known that the optimal angle of
inclination of a side is 60°.

The last of the discussed methods of formation voltage is proprictary
algorithm that allows to get the output stepped voltage closer to the sinusoidal
shape. This algorithm is based on an approximation of the sinusoidal
reference signal to given output voltage, considering uniform load all the
cells. As the output stepped voltage approaches to sinusoidal signal directly,
increasing the number of cells leads to improvement of the output signal.

Comparative characteristics of the output signals of all three algorithms of
forming the regulated output voltage using PWM.
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5. UHdopManmoOHHO-TEJIEKOMMYHUKALIMOHHbIE
TE€XHOJIOTUN ABUAIIMOHHBIX, PAKETHBIX U
KOCMHYECKHUX CHCTEM

5. Information and Telecommunication
Technologies of the Aviation, Rocket and Space
Systems

CuertpanbHas YQPeKTHBHOCTH KAHAJIOB PETPAHCISIHN CHCTEMBbI
COTOBOII CBSI3H C MEPEHOCOM EMKOCTH
Bopucos 10.10.
MAM, r. Mocksa

CucremMa COTOBOH CBSI3M C NEPEHOCOM EMKOCTH 3HAYHTEIBHO CHIKACT
KAMHUTANBHBIE W JKCIUTyaTAHOHHBIC 3aTPaThl HA PATUOCETh, MPEANOaras
H3MCHEHHS TOTIOJIOTHH COTOBOM CETH M CTPYKTYPBI CAHTOB, HOHE TPeOys IpH
3TOM W3MCHCHHH B CTAaHJAPTAX COTOBOM CBA3W. TakmMm 00pazoM, MOBbIMAA
SKOHOMHYECKYIO 3((EeKTUBHOCTH TIPETOCTABICHIS yCIyT
BBICOKOCKOPOCTHOTO  JOCTYNA, CHCTEMAa OPHCHTHPOBAHA HA PEIICHHE
poOJIeM MOBCEMECTHOTO PACIPOCTPAHEHIS COBPEMEHHBIX HH()OPMAITHOHHO-
KOMMYHHKAIIHOHHBIX TEXHOJOTHH, B YACTHOCTH, B PETHOHAX C HHU3KUM
MOTCHIUAIBHBIM JOXOA0M ONMEPATOPOB, TAKUX KAK MATTOHACECIEHHBIC PAHOHBI
M TPAHCTIOPTHBIC MATUCTPAITH.

CoxkpameHnne KanmuTadbHBIX W OINCPALMOHHBIX 3aTpaTr B 2-3 pa3a, mpu
SKBUBAJICHTHOH 30HE MOKPBITHA UM EMKOCTH CCTH, SIBIICTCS JIMIOD OJHUM H3
MHOTHUX NMPEUMYILIECTB CHCTEMBI COTOBOH CBA3H C IEPSHOCOM EMKOCTH IEPEN
CTAHJAPTHBIMH PEIICHIAME. VICKIIOUECHHE TPATWIHOHHBIX MEXKCAHTOBBIX
KAaHAJIOB CBA3HM, TaKuX Kak paguopencitapic (PPJI) uim OnToOBOJIOKOHHBIE
JUHWH, U HX 3aMCHA KAHATAMH PETPAHCIILMH JOTIOJHUTCIBHO CHILKACT
3aTpaThl HA Y4YACTOK CETH, M3MEHICT CIEKTPalbHYI0 3(PPESKTHBHOCTH
CHCTEeMBI B IenoM. [Ipu 3TOM HOBBIICHHE CIIEKTPATPHON M YHEPTETHUCCKOH
3(PEKTUBHOCTH SBISETCSI HEOOXOIUMBIM YCIIOBHEM JANBHEHINETO PAa3BUTHSA
CHCTEM COTOBOH CBA3H.

Hacrosimas pa0otra mocBsAImeHa BONMPOCY OLEHKH — CHEKTPAIbHOH
3((CKTUBHOCTH KAHAIOB PCTPAHCIANHH CHCTCMBI COTOBOH CBS3H C
TIEPEHOCOM EMKOCTH M €¢ CPAaBHCHHIO CO CICKTPAIBHOH 3((EKTHBHOCTHIO
PPJI, uCnomp3yeMBIX A7 COCAUHCHHSA CETEBBIX 3JICMEHTOB PATHONOACHCTEM
COTOBOH CBs3W. B pabore mPOBEeNEHO OIpPEACICHUE CIEKTPATbHOU
3((CKTUBHOCTH PATHOTCXHONOTHI COTOBOHW CBs3m W PPJI ama ycmommit
mepefayn  Majoro W cpegHero Tpaduka, ¢ y4ETOM  3HAYHTEILHOU
VAanEHHOCTH 0Aa30BBIX CTAHIUH APYT OT JAPYTA, YTO COOTBETCTBYET THIIOBBIM
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YCHAOBHAM MPHMCHEHHA CHCTEM COTOBOH CBA3H C IEPESHOCOM EMKOCTH.
PaccMOTpeHBI BAPHAHTHL YACTOTHOTO MJIAHHPOBAHUA MEKCAUTOBBIX KAHAIOB
CBA3H IJI YYACTKOB CETEH MOCTPOEHHBIX HA PPJI ¢ 4aCTOTHBIM IyNIEKCOM, a
TAKKe AMM KAHAJNOB PETPAHCILNUH CHCTEM COTOBOH CBA3H C NEPEHOCOM
émrocti. OIpenescHO OTHOIICHHE IMOJOCH YaCTOT KAHAIOB PETPAHCILIIIH
CHCTEMBI COTOBOM CBA3H C MEPEHOCOM EMKOCTH K moJoce dactotr PPJI mpu
TEX JKE YCIOBHAX.

Briurpsinn B MOJIOCE YaCTOT KAHAJIOB PETPAHCIIALME CHCTEMBI C IEPEHOCOM
&éMKocTH, o cpasHeHHIO ¢ mpuMmeHeHHeM PPJL, amt GSM/EDGE cocrasum 2—
6 pa3, a gt UMTS/HSPA+ u LTE FDD - 1,3-1,9 paza. Ilockombky u
CTaHJApTHas1 cucTeMa CoToBOHM CBaA3H ¢ PPJI m cucrema COTOBOM CBS3H C
TIEPEHOCOM EMKOCTH OOCCIICUHMBAIOT PaBHbIC EMKOCTh M 30HY IOKPBITHS, TO
ONPEACICHHBINM BBIIIC BBIMIPHIN B MOJOCE YACTOT MOXKHO TPAKTOBATH KAk
BBIMIPHII B CHEKTPATLHON 3(PHEKTHBHOCTH CHCTEMBI C IEPEHOCOM EMKOCTH
OTHOCHTEJIBHO CHCTEMBI ¢ PPJL.

Spectral efficiency of the relay channels of the cellular communications
system with capacity transfer
Borisov Y.Y.
MAI, Moscow

The cellular communications system with capacity transfer considerably
reduces the capital and operating expenditures on a radio access network,
assuming changes of a cellular network topology while not requiring changes
to the cellular communications standards. Thus increasing economic
efficiency of high speed access services provision, the system is oriented on
solving problems of ubiquitous penetration of state-of-the-art information and
communication technologies, in particular in regions with low potential
operator revenue, such as sparsely populated arcas and transport arteries.

Reduction of capital and operational expenditures by2-3 times, while
preserving an equivalent coverage and capacity, is only one of the many
advantages of the cellular communications system with capacity transfer over
the standard solutions. Elimination of the traditional intersite communication
channels, as microwave (ML) or fiber optic links, and their replacement with
the relay channels, additionally reduce expenditures on network segment,
change spectral efficiency of the system as a whole. Meanwhile an increase of
spectral and energy efficiency is a necessary condition for future development
of the cellular communications systems.

The present work is devoted to the question of evaluation of spectral
efficiency of the relay channels of the cellular communications system with
capacity transfer and its comparison with spectral efficiency of the ML,
which are used for connection of the network eclements of the cellular
communications radio subsystems. In the work the cellular communications
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radio technologies and the ML spectral efficiencies were evaluated for the
conditions of low and medium data traffic, taking into account a significant
base station spacing, which corresponds to typical use conditions of the
cellular communications system with capacity transfer. Variants of the
frequency planning of aninter site communication channels were examined
for the network segments built on the frequency duplex ML and for the relay
channels of the cellular communications system with capacity transfer. The
ratio of the relay channels bandwidth of the cellular communications system
with capacity transfer to the ML bandwidth was evaluated for the same
conditions.

The bandwidth gain of the relay channels of the communications system
with capacity transfer, in comparison to the ML, amounts to 2-6 times for
GSM/EDGE and 1,3-1,9 times for UMTS/HSPA+ and LTE FDD. Since both
the standard cellular ccommunications system with ML and the cellular
communications system with capacity transfer provide the equal capacity and
coverage, the above defined bandwidth gain can be treated as a spectral
efficiency gain of the cellular communications system with capacity transfer
over the system with the ML,

YcrpoiicTBa conpsekeHus NPUEMONIEPEIAONIEro MOy st
¢ maaygaromumn daeMenTavn APAP X-imanazona
Barno /I.B., 3atikun A.E., Bpounnxos /1.B.

MAM, r. Mocksa

[Tpu ncmomp3oBannu B coBpeMeHHOH ADPAP X-nmanazoHa H3.1y4aromero
3J€MEHTA B BHAC OTKPBITOTO KOHIA MPAMOYTOIBHOTO METALTHYECKOTO
BOJIHOBOJA, OOJNAJAIOINETO PSIOM IPEHMYIICCTB TEPEA  H3IIY4aTeisIMA
JPYTUX THIIOB, TPEOVIOTCS TEXHHYCCKHC PEIICHHS, OOCCIICUHBAIOIINE ETO
MOAKIIOUYCHUE K mpuemonepeaaromeMmy moayaro (I[MIIM). B coBpeMEHHBIX
[TIM CBU-BBIXOZ BBHINOIHIETCS B BHAC OTPE3KA MHUKPOIIOJOCKOBOH JIMHUH
nepeaayu WM KOAKCHAAbHOW KOHTAKTHOM IMIOIAAKH. /(1 MOAKIFOYCHUS
BOJIHOBOJHOTO m3naydarens K TakuM [1[IM pa3pabarsiBaroTCsi COBMECTHMBIC
MO0 TEXHOJOTHH YCTPOMCTBA CONPSDKCHUS — TOJIOCKOBO-BOJHOBOJHBIC
nepexoasl (IIBII) u KoakcmaibHO-BOJIHOBOAHbIE mepexoanl (KBII).
IIpogomkaromeecs  pasBUTHE  TAKAX  NEPEXOJOB  CTHMYJIHPYETCH

YHKECTOUCHHEM  TCXHHYCCKHX TpeOOBAHHUIA, COBCPIICHCTBOBAHUEM
TCXHOJOTHH  MPOW3BOACTBA WM CPSACTB  3JCKTPOIHHAMHYCCKOTO
MOJCTHPOBAHHSL.

CoBmecTHO ¢ mepcnekTuBHbIME [1[1M, BBIIOJHCHHBIMH IO TEXHOJOTHH
HHU3KOTCMIICPATYPHOH COBMCCTHO cmekaeMor kepamuku (LTCC), mna
BO30YKICHHA BOJHOBOJHOTO M3Iy4YaTeIsd LENACCOOOpa3sHO HCIOIb30BATh
TEXHHKY BOJHOBOJOB, HHTCTPHPOBAHHBIX B OCHOBAHHE TCYATHOM ILIATHI
(SIW-BoxHOBOR). Ha OCHOBC SIW-BonmHOBOIOB pazpaboTaHbl
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JMEKTPOJIUHAMHYCCKHE MOJCIH CICAYIOIIMX YCTPOHCTB CONPSDKCHHSA H
MPOBEAEH aHAIHM3 UX PAAUOTEXHIUCCKUX XaPAKTEPUCTHK: IpoaoibpHoro [1BI1
C pacmmpsOIeiica NOIOCKOBOM muHuMEH, cTymeHuaroro IIBII, ameprypHO
cemzannoro [IBI1 ¢ memwamm pazmraHOM (opmbl, momepeunsix KBIIT
30HIOBOTO THIIA PA3IHYHBIX KOH(puryparmii, xoporkozamkayToro KBII ¢
TPAHC(OPMUPYIOMIMM YIACTKOM KOIUIAHAPHOW JHHHH, KOPOTKO3aMKHYTOTO
KBII ¢ npoaoasHON METAUIM3HPOBAHHON BBIEMKOH. PacdeT XapakTepuCTHK
KaKmon mozemu Obur BbmosnHeH MetogamMu FDTD m FEM, mpmuem
PC3YIBTATHI CPABHUBAIIICH MCIY COOOM IS KOHTPOJIA AOCTOBEPHOCTH. s
ONTHMM3AIMH IAPAMETPOB  MOJENICH HCIONb30BATHCH TCHETHUCCKUH
anropuT™ H cuMIekc-mMeroa Henaepa-Muna.

Jma mpwxumuoro coeauneHusa I[IMIM u KBII paccMOTpeH TrpymnmoBOH
CBUY-coemuHHUTENs HA OCHOBE YIPYTHX MHKPOKOHTAKTOB, 00CCIICUNBAIONINH
ya00CcTBO COOpKH H Pa30OpKH CHCTEMBI W3Iy4CHHA. [IPpHMCHCHHWE TAKOTO
COCAMHUTEN TIO3BOSIET HCKIIIOYATbH IASHBIC, CBAPHBIC WM AHAIOTHUHBIC
cocaWHEHMs, TPEOYIOIME HArpeBa W MEXAaHHUCCKOTO BO3JCHCTBHS Ha
npoBoaHuKH [TTTM.

Transition devices for coupling of transmit-receive module
and radiating elements in X-band AESA
Bagno D.V., Zaikin A E., Bronnikov D.V.
MALI, Moscow

This report discusses solutions of coupling of modern X-band AESA
transmit-receive module (TRM), which is based on low-temperature co-fired
ceramics (LTCC) technology, to rectangular waveguide-based radiating
element. To realize that, electromagnetic models of stripline-to-waveguide
transitions, and coaxial-to-waveguide transitions are ¢laborated and studied
using both FDTD and FEM numerical modeling.

Models of tapered microstrip-to-waveguide transition, stairwell in-line
stripline-to-waveguide transition, U-slot and V-slot aperture coupled
microstrip-to-waveguide transition, coaxial-to-waveguide transition with
coplanar impedance transformer and transversal coaxial-to-waveguide
transition with longitudinal copper-clad groove in PCB substrate are
considered.

The design is aimed to substrate integrated waveguides technology (SIW)
and technology of elastic microcontacts. Squeezing multipin RF connector
forms the transition segment of quasicoaxial line, which provides electrical
contact by pressing elastic wires to the ring pads of TRM and coaxial-to-
waveguide transition.
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MareMaTH4ecKkas MOAE/Th ONEPAITNOHHOI CHCTEMBI PEAIbHOTO BPEeMEHH
s 6oproBpix PIC
Topemxkos J1.®., Tememos A B.
MAM, r. Mocksa

Lensro mauHO# padOTHI ABIANOCH CO3MAHHC MATCMATHYCCKOW MOJCITH
omnepaunoHHOH cHcTeMbl peamsHOro BpemeHH (MM OCPB) ama GoproBhIx
P3C (BP3C), mpeaHa3sHAYCHHOHW i1 KOMHYCCTBCHHOHN OIICHKH BPCMCHH
BBINMOJHCHIUS MPUKIATHOTO mporpammuoro obecnieuenns (I1T10) Ha pecypcax
O0opToBoit u(poBoit BeMUcTUTCIFHON MammHb! (BLIBM) moa ynpasiacHHEM
OCPB.

B kauecTBe MaTeMaTHHUCCKOTO ammapara aind paspadorku MM OCPB
HCTIOTH30BATUCh BpeMcHHBIC cetd [letpu (BCII). g pemmcHHsS AAHHOH
337a4YM BBIMICYKA3AHHBIH MATEMATHYCCKWH ammapar ObII BHIOPAH BBUIY
OTHOH  BaOXHOH €ro  OCOOGHHOCTH —  BO3MOXKHOCTH  CTPOTO
ACTCPMUHHUPOBAHHOTO BPEMCHHOTO AHAJIN3a JUHAMHYCCKHUX CHCTCM.
HcxonHbIMM MAaHHBIMH PEINACMOX 3a1aYd  ABILIFOTCS ANTOPHTM  PabOTHI
mnaaurposmka OCPB u ammaparsas miatgopma BLIBM. TocTpoeune rpaga
cetu [leTpu OCYIIECTBILIIOCH MyTEM MEPEX0Aa OT aiIrOpuTMa PadOTHI
miaappoBomka OCPB Kk €ro mnpeacTaBICHHIO B BHAC ABYIOJIBHOTO
OPHCHTHPOBAHHOTO MyjbrHrpada. Jna mpeoOpa3oBaHMA MOIYUCHHOW CCTH
IMetpu B BCII Bcem e¢ mepexomaM HA3HAUCHBI OMpEACIEHHBIC BECa,
COOTBETCTBYIOIIIIE WX BpeMcHaM cpalaTeiBaHWs. BpemeHa cpabaTsiBaHHA
MEPEXOA0B, B CBOK OYEPEdb, 3aBUCAT OT anmapatHod wactu BIIBM.
BrimeykazaHHBIE BpPEMEHA ONPEACILIINCh IO  OTKOPPEKTHPOBAHHBIM
(opMyam pacuera HEOOXOAUMBIX ANIAPATHBIX PECYPCOB AT BHIIOTHCHHUS
TIPOTPAMM.

Taxum 00pa3oM, B PE3yNbTaTe BBHIMONHCHHA NAHHOH PaOOTHI PCHICHBI
CTICAYIOIINC 3a0a'H:

¢ [IpomsBeacH BEIOOP MATEMATHICCKOTO ammapara Moacmposanus OCPB;

¢ Paspadorana MM OCPB nm1 BP3C;

o [IpoeeacH amamm3 paspaboraHHOW MM HA OCHOBHBIC CTATHUCCKHC H

auHaMmdIeckue croiictea BCIT;

e [lpeanokeHa KOHLCHIMSA OLUCHKH BPEeMCHHBIX Xapakrepuctuk IT1O Ha

pecypcax BLIBM nox ynpasneanem OCPB.

e Pe3ynsTaToM BBINONHEHHOH palOTHI sBIIETCA paspaboraHHas MM

OCPB ms BPOC B Buze BCII, a Taxoke KOHIETIHA ONCHKH BPEMEHHBIX
xapakrepucTuk [ 1110 Ha pecypcax BLIBM nmox ynpasnernem OCPB.
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A mathematical model of embedded RTOS
Gorelikov L.F., Teleshov A V.
MAI, Moscow

The main goal is to create a mathematical model of embedded RTOS,
which uses for quantity estimation time characteristic of application software
on onboard digital computer recourses.

Time net Petri is used as a mathematical method for the mathematical
model of embedded RTOS. This mathematical method was chosen because of
its important feature - the possibility of a strictly deterministic temporal
analysis of dynamic systems. Initial data are the algorithm of the scheduler
and hardware of an onboard digital computer. To plot a graph of a Petri’s net,
the algorithm of the scheduler is replaced of its representation in a directed
bipartite multigraph. To convert obtained Petri’s net to the time net Petri, all
Petri’s net transitions was set certain weights, which matches their actuating
time. Actuating times of transitions depend on hardware of the onboard
digital computer. These times are defined by corrected formulas of
calculation of the required hardware resources to programs running.

Thus, as a result of this work the following tasks have been solved:

e The mathematical method for the mathematical model of embedded

RTOS has been chosen

¢ The mathematical model for the onboard digital computer has been
created

e Analysis of the mathematical model on main static and dynamic
properties

o The concept of estimation time characteristic of application software
on onboard digital computer recourses has been suggested
As a result the mathematical model in the form the time net Petri and the
concept of estimation time characteristic of application software on onboard
digital computer recourses has been developed

AHATMTHYECKHIT MOAX0 K MOCTPOSHHIO JHATPAMM MOMEX CJIeNbIX
JATLHOCTEl 1 HAMPHBIX OTP asKeHmii Aist kocmmaecknx PCA
Byxbirua MUJL., Opnos B.I1.

MAM, r. Mocksa

OmarM W3 OCHOBHBIX BHAOB NOMCX BH3HPOBAHHIO W3 KOCMOCA IIPH
PAANOIOKAIIMOHHOM CHHTC3HPOBAHUH aneprypsl (PCA) ABIAFOTCH «CIICTIBICH
JATbHOCTH W HATUPHBIC (ATBTHMCTPOBBIC) OTpakeHHA. JlaHHBIC 3(PPCKTHI
SIBJSIFOTCSL  CJACACTBHEM HCHOJb30BAHHS TNEPUOAHUCCKUX 3O0HIUPYIOIIUX
CHUTHAJIOB B PAAUOJOKATOPAX C OJHOM MPUEMO-TIEPEIAOIICH AaHTEHHOM.

BimsHAC CIEMBIX 30H W HAJUPHBIX IOMEX B MOMCHT MPHEMA 3X0-CHTHANA
MOXXKHO HCKIIFOUHTH MYTEM KOPPCKTHOTO BHIOOpA TICPHOJA MOBTOPCHHS
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3OHIUPYIONIMX HMITYJIbCOB. IHTEpBANbl MPHX0Ja 3XO0-CHTHANA M MOMCHTBI
BOZHHKHOBCHHSI  ITIOMEXOBBIX  (DAKTOPOB  ONPENCIIEOTCS  T'€OMETPUCH
BH3HPOBAHUS. HAKIOHHBIMH [JANBHOCTSIMH, BBICOTOH OPOHUTHEL pembedom
MECTHOCTH. HarmiaHo WHTEPIPETHPOBAaTh IOMEXOBYIO OOCTAaHOBKY B
HHTEPECYIOMmEH O0macTH TPOCTPAHCTBA MOXKHO IYTEM  IOCTPOCHHA
JuarpamMM IOMeX.

B 3apyOexkHOl mHTEpaType HacTO BCTPSUACTCS TMOAXOA HTCPALHOHHOMY
METOAY PpacueTa TaKHX JuarpaMM B KOOPAWMHATAX 4YAcTOTa (TMEpHOX)
MOBTOPCHUS 30HIUPYIOIINX HMITYIbCOB — TOPH30HTANBHAS JANBHOCTh. JTO
yA00HO, TIOCKOJIBKY JAHHAS JHArpaMMa IPHBS3aHA K 36MHOH ITOBEPXHOCTH,
BJOJIb KOTOPOH OTCUHTHIBACTCS TOPH30OHTAIBHAS JATBHOCTb.

OnxHako, TOCTPOCHHWE TAKHX JUATPAMM B 3aBHCHMOCTH OT HAKJIOHHBIX
JANpHOCTEH mpeacTapisiercs: Oosee MH(OOPMATHBHBIM C TOYKH 3PEHUS
aHaJIM3a MPUPOIbl BOSHUKHOBCHHS JAHHBIX BHIOB MOMEX. B BUAY TMHEHHON
3aBHCHMOCTH HAKJIOHHBIX JAJbHOCTEH WM NEPHOAOB MOBTOPECHUM I TOUCK,
MPUHAJICKAMUX ~ TPAaHULC OJHOM TMOMEXOBOM  30HBI,  TMOABILICTCA
BO3MOXXHOCTb OITHCATh JTAHHBIC 3ABHCHMOCTH JTHHCHHBIMH COOTHOIICHUSIMH.

BrIBeICHHBIC COOTHOIICHHS IMO3BOJLIIOT PACCUMTATH ITOJIOKCHHS TPAHUI]
HA AHATPAMMEC, HC MPHOCTASA K HTCPALHOHHOMY IMOAXOAY. JTO MPCAOCTABIACT
BO3MOXKHOCTh K Oojiee OBICTPOMY AHANM3Y IIOMEXOBOH OOCTAHOBKH IIPH
3aJaHHBIX YCIOBHAX BH3HPOBAHHA B PCA, a Tak K¢ MO3BOJICT HUCIOTB30BATh
JAHHBIC COOTHOUICHWSI B AITOPHTMax pacueTa padouMx MEPHOIOB
TOBTOPCHAA (B TOM YHCJIC H OOPTOBBIX).

VYuer B MPEACTABICHHBIX COOTHOIICHIAX Peibe()a MECTHOCTH IMO3BOJIIET
MIPOBOAMTH AHAIH3 MOMEX B YCIOBHIX M3MCHEHMS BBICOTHI penbeda (B ToM
yucne ciaydaiHoro). Hampumep, 310 MOKET OBITh aKTyanbHO IPH CHEMKE
MPOTSHKEHHBIX MAapIIPYTOB, KOTJA BBICOTA peiabe()a MOXKET MCHATHCA B
IMMPOKUX TPeAciax, WIM B YCIOBHAX, KOTJA TApaMeTpbl BH3HPOBAHHS
3aJaK0TCS C OTPAHHYEHHON TOYHOCTBEO.

An analytical approach to eclipsing and nadir return timing
calculation for spaceborne SAR
Bulygin M.L.
MAI, Moscow

One of basic type of interferences in spaceborne SAR are blind zones
(eclipsing) and nadir returns. These effects are due to using of pulse signals in
SAR with one transceiver antenna.

Influence of blind zones and nadir returns on echo-signal can be excluded
using appropriate algorithm of PFR calculation. Echo-signal return intervals
and moments of appearance of interference factors are determined by
geometry of side looking: slant range, orbit high, relief high. Interference
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diagram (timing) allows visually interpret the interference situation in the
region of interest.

Common approach in literature is iterative method of calculation of such
diagrams in coordinates PRF - horizontal range. This is convenient, because
this diagram is linked to the Earth's surface, which is measured along the
horizontal range.

However, the construction of such diagrams depending on the slant range
is more informative in terms the nature of occurrence of these interferences
analysis. Since the slant range and the repetition period for the points
belonging to the boundary of a zones of interference has the linear
dependence, it is possible to describe these dependences in linear relations.

Derived relations allow to calculate the position of the boundaries on the
diagram, without the iterative approach. This enables to calculate the diagram
of SAR interference situation at the given viewing conditions in SAR more
rapidly and allows to use this dependencies in PRF calculating algorithms
(including onboard algorithms).

Consideration of relief high in presented algorithms allows to analyze
interferences under conditions of relief high variation (including random). For
example this can be important in spotlight or scan SAR modes, when, relief
high can vary within wide limits or when viewing parameters are set with
limited accuracy.

YacTOTHO-CEJICKTUBHBIC CTPYKTYPBI VIS KOHTPOJIS THATPAMMBI
o0patHoro paccesiausi JuneiiHoil A@AP L tnana3ona
Bomkos A.I1., I'pures A 1O., M3maiinos A.A.

MAM, r. Mocksa

W3BEeCTHO, YTO PAAHOIOKANHOHHAS 3AMCTHOCTH IDIAHEPA OMPSACIHICTCA B
OCHOBHOM C€T0 CHJIBHO OTPAKAFOIIAMH 3JICMCHTAMH. BO3XyX03a00pHHKAMH
JBHTATCIICH, (DIO3CTDKEM, KPBUIBAMH H ApP. AHTCHHBIL, B 4aCTHOCTH ADAP,
OTHOCATCA K TAKHM CHJIBHO OTPAKAIOIIMM 3JICMCHTAM. 3aBHCHMOCTH
MOHOCTATHYECKOH XAPAKTCPHUCTHKH PACCEAHHA (IPH YCIOBHH COBIAACHUA
HANPABICHUH OT PACcCCHBATCI HA HCTOUHHK 30HIUPYIOMICTO CHTHAJMA M HA
TOYKY HAOMOACHWSA) OT YIJIOBBIX KOOPAWHAT HA3BIBAKOT JAHATPAMMOI
obparaoro paccearus (JAOP). PaccesHHoe moae¢ aHTCHHOW CHCTCMBI
OTMPEACTACTCA CACAYIOIMMH COCTABIFOIIAMH. AHTCHHOH (PC30HAHCHAL,
MOIOBASA), TCPMHHAIGHOH H CTPYKTYpHOH. Bre paloduero amamasoHa
PACCCIHHOC TIOJIC AHTCHHBI OOYCIOBICHO, KAaK NPABHIO, CTPYKTYPHOH
COCTaBIIAIOIICH.

Bruenensl  ocobeHHOCTH JIOP  aHTeHHBIX peméTtok  L-mmamasoHa,
3AKTFOYAROINHACCS B BO3HHKHOBCHHH JICTICCTKOB PACCEAHHOTO TOMA €
MAKCHMYMAaMH B HATPABJICHUH 0OPATHOM 30HIMPYIOIIEMY MOJFO JOKAaTOpa X
OHATA30HA (TaK HA3BIBACMBIC OP3TTOBCKHC JICTICCTKH). DBO3HHKArOIIHC
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JCTIECTKA  PE3K0  YBEIMYHMBAIOT 3aMETHOCTh INIAHEpA M SIBILTIOTCA
HempueMieMbIMH.  [IpencTaBiaeHsl  pe3ynpTartel  MogenmpoBanma  JIOP
mureitHoi ADAP L-nnana3oHa, pa3MemaeMon B OTKIOHIEMOM HOCKE KPbLIA,
Tpu OOJIyUCHHH MIJIOCKOHM BOJIHOHM B IIOJIOCE YacTOT X-Auana3oHa. B kauectse
MHUPOKONONocHOT0 3neMeHTa A®AP L-mmamazona BeiOpana ofgHa u3
MOIU(HUKAIMA HEOTHOPOTHOTO METAILIOAUAICKTPHICCKOTO  H3Jy4arert
(MHH), cocrosimero u3 METALIMYECKOIO OCHOBAHUS M METALIMUCCKOTO
JKpaHa, BHY TPH KOTOPBIX YCTAHOBJICHA TPEXCIOHHAS MIeHUaTHAS IUIATa.

AHaTH3HPYCTCS NPHMCHCHHC YACTOTHO-CCACKTHBHBIX CTPyKTyp (UCC)
ISl CHEIDKCHHS BCTIHYHHBI OPATTOBCKHX JICMECTKOB. Ha mepBoM stame ams
koHTpoyst JJOP AP B X-mmama3oHe pa3paboTaHa MOJIOCHO-3aTrPaKAAFOINAsT
UCC Ha OCHOBEC TICUATHBIX KOJBIICBBIX 3JICMCHTOB C pabouci momocoit 8.0 —
12.0 ITo. Ipu pasmemernn YCC HA AHAICKTPHUICCKON ama)parMe HaX
aneprypoit A@AP mponCXOIUT TOIBKO YACTHIHOE MOJABJICHAC OP3ITOBCKUX
nermectkoB Ha 8 — 12 ab B monoce paboumx uacror 8-12 ITLI. Ilpm
pacnonokeHrn YCC Ha BHYTPCHHCH CTOPOHC OOTCKATCII MPOUCXOIUT
3¢ peKrTHBHOE NOAABICHUE NU(PPAKIMOHHBIX JenecTkoB Ha 15 — 20 nb B
momoce 8.0 — 10.5 ITu. [na yeemmueHHA MOJOCH 4acToT KoHTpoyst JIOP
OCYIICCTBIICH TCPEXOJ K ABYXCIHOHHOM kackamHod mmockoii UCC, [ro
TTO3BOJIMJIO TIOJABUTH OP3TTOBCKHE JICTIECTKOB Ha 5 — 8 ab B momoce yactor 8
— 22 ITu A rawxke, x asyxpeszoHancHoH UCC, pacmonoskeHHOW Ha
BHYTPEHHEH CTOpPOHE OOTEKaTtessl (IIOJABICHHEC OpPATTOBCKHE JICIIECTKOB HA
10 — 15 ab B monoce uyacror 8§ — 12 u 16 — 18 ITu). IlpoBeacHHBIC
HCCICIOBAHMS TO3BOJLIIOT CYINCCTBEHHO IOHHM3HTH 3aMETHOCTH IUIAHEPA C
A®DAP L nmnamazona.

Back-scattering diagram control from L band active phased array using
of frequency selective structures
Volkov AP, Grinev A.Yu., [zmaylov A A.
MAI, Moscow

Radar visibility is determined by strongly reflecting components: an air
inlet, a hull, wings, etc. The antennas and array are such components. The
back-scattering pattern (BSP) is a function of the monostatic scattering
performance (radar transmitter and receiver co-locate) versus angular
coordinates. For the analysis of the scattering field’s structure the following
modes are emphasized: antenna resonant mode scattering, antenna terminal
mode scattering, structural mode scattering. Antenna resonant mode
scattering is directly a function of the currents on the antenna. The scattering
from the antenna resonant mode is proportional to the gain and pattern of the
antenna. Antenna terminal mode scattering is a function of how the antenna is
terminated or loaded. Structural mode scattering is caused by discontinuities,
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impedance mismatch, material boundaries. Out of working band the
scattering field is defined by the structural mode.

BSP features for L-band antenna arrays are caused by lobes of scattering
field with maximal reflection in back direction (Bragg lobes) are shown.
Bragg scattering specifics is studied using L-band in-line dipole array model,
especially focusing on Bragg lobes. Results of the back-scattering pattern
(BSP) numerical calculation are presented for in-line L-band active
electrically steerable array for the case of X-band sounding. The antenna
system arranged inside of controlled slat of leading edge of aircraft's wing.
Vivaldi radiator is selected as broad-band L-band radiator. The radiator is
composed of ground plane and metal screen inside that three-layer printed
circuit board is placed. BSP by FDTD method is calculated. The counts of

radiators are limited by 8 radiators and the step of radiators is takeno' 172, .

Scattering control of L-band AESA equipped with frequency selective
structures (FSS) is discussed, which provides spatial band-stop features to the
antenna. The radiator of AISA is optimized with all presented FSSs together
to take into account a mutual effect. During the first phase, one layer single
resonance FSS, based on printed ring element are designed. FSS placement
on plane dielectric diaphragm in front of AISA aperture provided the partial
suppression of Bragg lobes in 8-12 GHz frequency band. FSS placement at
curve radome provided the suppression of Bragg lobes over 15-20 dB in 8-
10.5 GHz frequency band. During the second phase, double layered FSS and
double resonances FSS based on square ring clements for bandwidth
enhancement are designed. Double layered FSS placement on plane dielectric
diaphragm is provided wideband Bragg lobes reduction over 5-8 dB in 8-22
GHz frequency band. Double resonance FSS placement on curve radome
provided Bragg lobes reduction over 10-15 dB in 8-12 GHz and 16-18 GHz
frequency bands.

The results presented in this work allow to significant decrease the radar
visibility of aircraft with L band AISA.

MukpocxeMmsl 1151 23POKOCMHMECKOT0 NPUMEHEHUSI KOMIIAHUH
Muianap
Jbsaxos [1J1., ymmmaa C.C.
IIKK «Mumanap», r. Mocksa

ITpu mMpOEKTUPOBAHKUH PATHO3ICKTPOHHON aNmapaTypsl A1 ABHATHOHHON
¥ KOCMHYCCKOM TEXHHKH K 3JIEMCHTHOH 0a3¢ NMPEABABILIOTCS MOBBIIICHHbIC
TPcOOBAHMA MO HAACKHOCTH M CTOMKOCTH K BO3IACHCTBHEO CICIHATHHBIX
(hakTOpOB.

Kommanmt AO «IIKK Munanap» pa3pabaTbiBacT W BBIMYCKACT
MHKPOCXCMBI, COOTBSTCTBYHOIIHC »THM  TpeOoBammsMm. Cpemm  yxe
BBIITY CKACMBIX MUKPOCXEM I a3POKOCMHYICCKOTO IIPUMEHEHHUS HEOOXO0 MO
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OTMETUTh 32-pa3psaasbiii MHKpOKOHTpomiep 1986BEST, ocHOBaHHBIN Ha
mpoueccoproM sape ARM Cortex-M4F u ¢ mmupoxuM HAOOPOM aHAIOTOBOH
n mudposoit mepudepun, MmurpocxeMmy crarmdeckoro O3V 1645PY5Y
ooremom 4Mour (512Kx8), wmmkpocxemy 1645PT3Y  omsOKpaTHO
3NCKTpHUCCKH mporpammupyemoro [I3Y oOobemom 2MOHT HAa OCHOBC
antifuse.

B  Hacrosmmee BpeMst  meT  pa3padOTKa  HOBBIX ~ MHKPOCXEM:
mpeodpa3oBaTeIb «YTOI-KOO» i padoTsl ¢ maTumkamu tuma CKBT, JIAT
nmn CenbCHH C TOYHOCTBIO 10 | YTIIOBOH MHHYTBL, IPOTPaMMHpyeMast
normueckas wmukpocxema (IUVIMC), mnpuemomnepesaTdvku — pa3iIdIHBIX
nHTEp(ECcoB U IpyTHE.

Pa3paboTka TakoTo Poaa MHKPOCXCM SBIBICTCS HCTPHBHAIBHOW 3amadcH.
Jnst  3amutel 0T THPUCTOPHOTO 3(deKkra HEOOXOAUMO IPUMCHCHHC
texHoorud KHU (xpemuwit Ha w3omarope). g o0eCneueHu CTOHKOCTH K
HOHU3UPYIOUWIEMY H3JIVICHHIO HEOOXOIHMMBI PA3JIMYHBIC TOMOJOTHUCCKHC
TPUEMBI, HATIPUMEP, KOJBIEBbIE (JOPMBI 3aTBOPOB TPAH3HCTOPOB. /[l
oOecIieyeHIsI CTOMKOCTH K CO0sIM (HanmpuMep, BbI3BaHHBIX T3Y) HEOOX0AMMBI
CHCUHANBHBIC CXEMOTCXHHYCCKHEC PCHICHHUI, TAKHE KaK IPHMCHCHHC
KOPPEKTUPYIOMIHX KOJOB, IyOIHPOBAHUE U MAKOPHUTAPHBIC CXEMBI.

B pesynprare, pa3zpaboTka MHKPOCXEM, YCTOWUMBBIX K CIICIHATBHBIM
(hakTopam, CTAHOBUTCSI 3HAYUTCIHHO OOJICE CIOKHBIM IIPOLECCOM, YEM
pa3paboTKa aHAJOTHYHBIX MHKPOCXEM HWHIYCTPHAIBHOTO M, TeM Oolee
KOMMEPUECKOTO KJacca.

Kommanme#t AO «I[IKK Mumasap» AT TMPOCKTHPOBAHHSA TAKOTO pPoAa
MHKPOCXEM OBLTH Pa3paboTaHbl TCXHOJOTHS, HA00p OnbmioTek u IP O6mokoB
W, CaMo€¢ TJAaBHOE, PsI JONOJNHEHWH K CTAaHAAPTHOMY IIPOLIECCY
TIPOCKTHPOBAHHSI MHKPOCXEM, TIO3BOJLIIOIIHIC MaKCHMAJIbHO
ABTOMATH3UPOBATh U YIPOCTHUTH IPOIIECC PA3paAOOTKH.

TeXHOIOTHS BKIFOUACT B CeOI:

e  KHH npouecc H3roToBICHN ¢ MPOSKTHBIMHA HOPMaMH 180 HM;
TPAH3UCTOPHI C KOIBICBOH (POPMOiT 3aTBOPOE;
KOPPEKTHAS IKCTPAKII TAPAMETPOB «KOJIBIECBBIX» TPAH3UCTOPOBE;
YUET BIAMSHUA HAKOIUICHHOM 03bI m3myueHus 10 500 KPax;
HaOop momomHmTenbHBIX DRC mpaBmn mpoeKTHpOBAHMS I

«CTOMKOCTHY,

e  «croikme» OMOIMOTEKa HHU(POBHIX 31eMEHTOB U [P 610KH.

Januast TexHONmOrWS ¥ OONBHION ONBIT pPa3pabOTUMKOB KOMITAHHH
MO3BOJIIEOT BBINMYCKATh PA3IUYHBIC MHKPOCXEMBI, HE YCTYAFOIIHC JIy YIIHM
HMIIOPTHBIM aHAJIOTaM.
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Integrated circuits for aerospace applications from ICC Milandr
Dyachkov P.L., Shumilin S.S.
ICC “Milandr”, Moscow

Designs of clectronic equipment for acrospace applications demands for
semiconductor components with increased reliability and radiation hardness.

ICC Milandr develops and produces ICs that meets these requirements.
Several ICs, which are already in production, should be taken into
consideration among ICC Milandr product line. They are 1986BE8 32 bit
ARM Cortex-M4 microcontroller with extensive set of analog and interface
peripheral blocks and 1645PY5 4Mbit SRAM as well as 1645PT3 2Mbit
ROM based on Antifuse technology.

There are also number or chips under development. The examples are RDC
(Resolver to Digital Converter) which is also capable to interface with LVDT
and Synchro sensors as well as Field Programmable Gate Array (FPGA) and
various interfaces transceivers.

Development of Rad-Hard chips is not a trivial task. We have to use SOI
(Silicon On Insulator) process to avoid latch-up effects as well as special
countermeasures to deal with ionizing radiation. The countermeasures
includes special tactics during chip topology design such as using annular
transistors. Other aspect of the technology is robustness to SEU effects due to
high-energy particles that can be achieved by use of error correcting codes
and majority logic in RTL and circuit design phase.

All this additional complexity makes design process of Rad-hard ICs to be
much more complicated in comparison to the design process of similar ICs
but just of industrial or commercial grades.

ICC Milandr has developed all necessary competences and technologies
for Rad-Hard ICs design. The set of libraries and IP blocks as well as design
practices in extension to conventional chip design process has been
developed. Therefore, it allows company to simplify and automate
development process as much as possible.

The technologies used for acrospace ICs includes:

e  180nm SOI production process

e  Transistors with annular gates structures

e  Validated extraction process for O-gate transistors parameters

e  Algorithms for parameters variation after up to 500 kRad
accumulated dose

e A sct of DRC rules for Rad-Hard designs

¢  Rad-Hard library of digital gates and IP blocks

The developed technology and broad competences of company employees
provides path to produce state of the art ICs in match or ahead world’s best
aerospace semiconductors technologies.
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Ocol0ennocTn 00pA0OTKI CUTHAJIOB ¢ HEJTMHEITHOT YACTOTHOI
MOIIy.]'[ﬂHHeﬁ B BLICOKOI/IH(I)OpMaTI/IBH])IX CHCTEMAX PATNOBUIACHUAS
Eropos B.B., Xapmamos A.H.

MAM, r. Mocksa

Hcmomp30Banne B CHCTEMAX PATHOBHACHUS 30HIUPYIOMEX cHrHAMOB (3C)
C BHYTPHUHMIIYJIbCHOH MOAyJIIEEH OOYCIOBICHO HEOOXOAMMOCTBHIO
yBemmucHHA SHepreruaeckoro moreHouama PJIC. M3BeCTHBIM HEIOCTATKOM
3C ¢ BHYTPHHUMITYIbCHOM JHHCHHOH 4acTOTHOH Mmoaymmed (JIUM)
SIBIIICTCSl BBICOKUH YPOBCHb OOKOBBIX JICIIECTKOB CHTHANBHOW (DyHKIMH
(YBJI), KOTOpbIC OTPAaHWYMBAIOT JUHAMHYCCKHH nuamazoH PJIM BOmm3m
SpKUX O00BEKTOB. B memax cHmwkeHHs YBJI TpaguumoOHHO NIpPHMEHSETCS
OKOHHOE B3BCIIMBAHUC B YACTOTHOM WM BPEMEHHOH 00JacTH, Hampumep,
okHOM XemMmuHTa. OJHAKO TPH OKOHHOM B3BCIIMBAHHU YaCTh JHCPIHH
CHTHAIIA TEPSCTCS, A Pa3PEINaromast CIIOCOOHOCTh CHIDKACTCS.

AnprepHaTHBHOE pemicHHE 1o CHIDKeHHmI0 YBJI  0e3  mortepm
SHEPTETHYICCKOTO MOTCHIMAJa BO3MOKHO Iipu wmcmomb3oBammn 3C ¢
MIPAMOYTOJIBHOM OrHOAOMICH M HEMMHEHHOM YacTOTHOH Moay el (HUM).
B cayuac memmHEHHON UM TCOPETHUCCKH MOKET OBITh C(HOPMHPOBAH TAKOH
curHan, asrokoppemsumonHas (yHkmma (AK®) koroporo mo YBJI Oyner
skBuBasicHTHA AK® JTUM-nMITy;1hCca ¢ OKOHHBIM B3BEIIMBAHHUEM, OJHAKO B
JTAHHOM CJIyJae II0TEPh YHEPIUH HE Oy IeT.

3akoHy Moaymimuun ¢ HUM, noixydeHHOMY IyTEM AaCHMIITOTHYECKOTO
CHHTE3a COOTBETCTBYET MCTOJMYCCKAd OIMMOKA, KOTOPAs TEOPETHUCCKH
MUHHMH3UPYETCA HTCPANMOHHBIMH IPOLEAypaMH onTuMu3anud. OmHAKo
3((PEKTUBHOCTD PEIICHHA 3374 ONTHMH3AINH CYIICCTBECHHO CHIDKACTCA
MpH TEXHHYECKOM peanM3alul H3-3a aNmapaTHBIX MCKOKCHHH TpakTa
(dopmuposanust 3C — NIMPOKOMOIOCHBIC CHTHANBI B IPOIIECCE MPOXOKICHUS
CBU-tpakta mpuOOPCTAIOT AaNMAPATHBIC (JTHHCHHBIC H  HCJIHHCHHBIC)
HCKAKCHHUS.

OKCIICPUMEHT, TMPOBCACHHBIH Ha 0a3e paspaboraHHOTO HA Kadeape 407
Mockosckoro  ABmanuoHHOTO IHCTHTYTA MakeTa NIMPOKOMOJIOCHOTO
PaauOIOKATOPA, MOKA3AJL, YTO MPU MUCHOIb30BAHUN CUTHAJIOB C HEJIMHCHHOM
UM uxX CTpyKTypa HCKaKaeTca HACTOMBKO, 4r0 YBJI momy4uacMmoil Ha
ammaparype AK® cocrapmaer oxono -20 ab mpu TeopeTniaeckux -43 nb.

OTH WCKAKXCHUS MOXKHO CKOMIICHCHPOBATh, IPUMCHSS IIPOLEAYPY
HWHBEPCHOHM (PHUIBTpalMu K IPEABAPHTEIBHO 3alMCAHHOMY CHTHaAMy. [lpm
3TOM MOTPEIMHOCTH PeaTH3aliH KOPPeKTHPYIOTCa, W YDBJI curHanabHOM
(YyHKOME OTpeAcIsICTCS UMb BEIOOPOM IPHMCEHACMOTO IMOCJIE MHBEPCHOH
(UABTPAUHH YACTOTHOTO OKHA. [IpH TakOM IOIX0AC HCOOXOAHMOCTH B
JOPOTOCTOAMICH ammaparype, OOCCICUMBAIOIICH JOMYCTHUMBIH VPOBCHB
HCKA’KCHUH 30HAUPYIOIIETO CHTHANA, OTIATACT.
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[To pe3ympraTaM 3KCIICPUMEHTANBHBIX HCCICAOBAHMI IONYUCHA OIICHKA
moTeps JHepreTHueckoro morcHmuana PJIC ot mupoBOM KOPPCKINMH
MPUHEMAEMOr0 curHana. Tak moayvaercsd, uro amxd caydas HUM nortepu B
OTHOLICHUHM CHTHAN/IOyM COCTaBAT mpuMmepHO 8%, a amr JIUM - 26%
Pe3yasTaTsr mokazamy meaecoo0pa3HOCTh MPHMCHCHHUS Tako# 00padoTKH.

Special aspects of signal processing with nonlinear frequency modulation
in high-informative systems of radiovision
Egorov V.V., Kharlamov A.N.
MAI, Moscow

systems of radiovision is caused by the need to increase the energy
potential of RLS. The main PS disadvantage with the intra pulse lincar
frequency modulation (LFM) is a high level of side lobes of alarm function
(SLL) which limit the dynamic range of RLI within bright objects. In order to
decrease in SLL window weighing in the frequency or time domain is
traditionally applied, for instance by Hamming's window. However the part
of the signal energy is getting lost and resolution is decreasing while using
window weighing.

The alternative decision about decrease in SLL without loss of energy
potential is possible using PS with rectangular magnitude and the nonlinear
frequency modulation (NFM). In case of nonlincar FM, the signal can be
theoretically created whose autocorrelated function (ACF) at SLL will be
equivalent to ACF of LFM-impulse with window weighing. However in that
case loss of energy won't exist.

The methodical mistake corresponds to the law of modulation with NFM
received by asymptotic synthesis. It is theoretically minimized with iterative
procedures of optimization. However the optimization problem solving
effectiveness significantly decreases at technical realization due to the
hardware distortions of a path formation of PS — broadband signals in the
process of passing a UHF path get hardware (lincar and nonlinear)
distortions.

The experiment was based on the model of the broadband radar which was
developed by the Chair 407 at Moscow Aviation Institute. It has shown that
using signals with nonlinear FM, their structure is so distorted that SLL
received on the ACF equipment makes about-20 dB at theoretical-43 dB.

These distortions can be compensated applying the procedure of an
inverse filtration to the previously recorded signal. Thus errors of realization
are getting corrected and SLL of alarm function is defined only by a choice of
the frequency window applied after the inverse filtration. Under this
approach, the requirement for the expensive equipment providing the
allowable level of probing signal distortions disappears.
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According to experimental data, the assessment of loss of energy potential
of RLS was obtained from digital correction of the accepted signal. It turns
out that for NFM case a loss in the relation of signal/noise will compile about
8%, and for LFM — 26%. Results have shown the applicability of such
processing.

BopToBbie TeTEKOMMYHHKAIMOHHBIE CHCTEMbI BBICOKOT HATEKHOCTH H
JKHBYYECTH HA OCHOBE HCMO/Ib30Banusa Texnosorun COTS
Kimmmanos B.I1.

MI'TY «Crankun», T. MOCKBa

OmarM #W3 OCHOBHBIX KOMIIOHCHTOB ABTOMATH3HPOBAHHOH CHCTCMBI
VOpaBICHHA  KOMIUICKCHBIMH ~ CHCTCMAMH  BOOPYKCHHA  ABIACTCA
HHOOPMAIIMOHHO-TCICKOMMY HUKAIMOHHAs ~ cucteMa. Cpead  OCHOBHBIX
XAPAKTCPUCTHK IPPCKTHBHOCTH HAPAAY C OBICTPOACHCTBHEM, TOUHOCTHIO H
JIOCTOBEPHOCTHIO SIBILIETCSI HAACKHOCTD.

B xm3HEHHOM ITUKIJIE OOPTOBBIX CHCTEM Ha 3TaIlc MPOSKTHPOBAHMS BASKHOC
MECTO 3aHHMACT 3a7a4da OOCCIICUCHHS BHICOKOTO YPOBHS HAACKHOCTH,
KOTOpPOE JOCTHUTACTCS 3a CYET CTPYKTYPHOH m30bITouHOCTH. HaxoskneHme
pPALMOHANFHOTO KOMIIPOMHCCA MEKIY MAKCHUMAJIBHOH HAJCKHOCTBIO H
MHHHUMATEHOH CTOHMOCTBIO AKTYaIIBHO hin i 60pTOBBIX
TEICKOMMY HHKATHOHHBIX MOJCHCTEM BOOPYKCHHA. JTa 3a7a4Ua MOKST OBITh
3(()CKTHBHO PCANTH30BAHA HA OCHOBC MCIOTH30BAHHA TCXHOJIOTHH «TOTOBBIX
K TMPUMCHCHHIO MOAYJICH KOoMMeEpueckoro mcmomHeHms» Commercial Off-
The-Shelf (COTS) [1].

JlaHHAasT ~ TEXHONOTHMS HA  OCHOBE  HCIIONb30BAHWSA  JIOKAIBHBIX
BRMHCTHTSTFHBIX ceTel FDDI [2] MokeT 00¢CIeUnTs 3aJAHHBIA YPOBCHD
HAACKHOCTH TPH HCIOIb30BAHHH HCAOPOTHX KOMIUICKTYIOIMMX H3ACITHI
MacCOBOTO H3TOTOBJICHUSI.

B  pabore mpemmararoTCs — BapHAHTHI  peamm3amud  OOPTOBBIX
HHPOPMAIIMOHHBIX ceTel  BBICOKOH HAJCKHOCTH Ha  OCHOBE
KOMIUICKCHPOBAHHS THIOBBIX JIOKATBHBIX CETCH KOJIBICBBIX TOTIOIOTHI:

JsoiiHoe MapkepHOoe KO0 FDDI

MHOTOKOBIEBBIC CETH TOMOJOTHH «3JUTHIICONI» H KTOP»

Bribop cercBoit Texmomoruun FDDI o0ycrmoBieH TeM, 4YTO AAaHHASA
TEXHOJIOTHSA 00JIAAACT MOBBIIICHHOH OTKA30Y CTOMYHBOCTERIO [2].

B noxmame paccMOTpPEeHBI OCOOCHHOCTH ITOCTPOCHHUS BBICOKOHACKHBIX
TCIICKOMMYHHKAHOHHBIX TOJCHCTCM B COCTABS KOMIDICKCHBIX CHCTCM
yIpaBiIeHI OOPTOBBIX CHCTEM HA OCHOBE TOTOBBIX K MPUMCHEHHIO MOIYJICH
KoMMepueckoro  mcmomHeHms — (texmomormss  COTS) Ha  mpumepe
KJacTepH3aluu KOJIbLEBbIX ceTeit FDDI

Jluteparypa
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1 Knumanos B.M.,, CytaruH M.B. bopToBble  MH(OPMALMOHHO-
BbIYMNC/INTENbHbIE CETW BbICOKOW FOTOBHOCTM KOJIbLIEBbIX TOMOMOMMA Ha
OCHOBE UCMO/b30BaHUA NOK&/IbHbIX BbIYUCAWUTENbHBIX CeTeil. Tpyapl
MEXAYHapOAHON KOH(epeHUMN «[MepcrneKTuBbl UCMOMb30BaHUSA HOBbLIX
TEXHOMOTNIA Y HAYYHO-TEXHUYECKMX PELLEHUIA B PAKETHO-KOCMUYECKON 1
aBMALMOHHOM MPOMBbILLIIEHHOCTU>» MexxayHapoaHbIii Ca/IoH
A3poKocMUYeCcKnNX TexHonoruii n ycnyr «KAEROSPACE-2008» c.61-62.

2. Knumanos B.M.,, CyrtaruH M.B., beictpukosa B.A.  3agauu
KaTacTpo(hoyCTOMUMBOCTU  KMACTEPHBIX  BbIYMCAUTENbHBIX  CUCTEM.
XKypHan «HOBOCTM NCKYCCTBEHHOrO MHTennekTa». 2002. N 3(50). c. 22-
30. ’

Onboard telecommunication systems of high reliability
and survivability based on the COTS technology
Klimanov V.P.

MSTU STANKIN, Moscow

Information and telecommunications systems are one of the main
components of weapon complexes automated control systems. Reliability is
one of the main efficiency characteristics along with performance, accuracy
and confidence.

Ensuring a high reliability level in the design phase of the onboard systems
lifecycle is an important task, which can be achieved through structural
redundancy. Finding a rational compromise between maximum reliability and
minimum cost is important for weapons onboard telecommunication
subsystems. This task can be effectively accomplished through the
Commercial Off-The-Shelf (COTS) technology usage [1].

This technology can provide a given level of reliability based on cheap
FDDI LAN components of mass production usage [2].

In the paper, implementation options for highly reliable onboard
information networks based on standard ring topology aggregation are
presented, such as:

FDDI dual token ring;

Multiring network topologies ellipsoid and thor.

The FDDI network technology has been chosen due to high fault tolerance
(21 '
The report describes the features of highly reliable telecommunications
subsystems construction within the integrated onboard management systems,
based on ready-to-use commercial modules (COTS technology) such as

FDDI ring networks clustering.

Literature

1 Klimanov V.P., V.M. Sutyagin Highly reliable ring topology onboard
information networks, based on LAN technologies. International conference
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“Usage perspectives of new technologies and technical solutions in the rocket
space and aviation industries”, international acrospace technologies and
services exhibition “AEROSPACE-2008” pp. 61-62.

2. Klimanov V.P., V.M. Sutyagin, V.A. Bystrikova Tasks of disaster
recovery cluster computing systems. “News of artificial intelligence". 2002,
N 3(50). S. 22-30.

IoBbImeHne XapaKTePUCTHRK CUMILIEKCHBIX BHICOKOCKOPOCTHBIX
paanoamHIii mepexayn HHQPOPMAIHA € MAJTBIX HI3KOOPONTANLHBIX
KOCMHYECKHX ANMNAPATOB HA 3eMHbIC CTAHIIHA
Konocos BM., Crpyros C.A.
3A0 «Mepkypwuit», . Mocksa

B macrosmee Bpems 3AO «Mepkypuit» semossier OKP mo cozpanmro
OOpTOBOIl ammaparypsl BBICOKOCKOpPOCTHOH pammommann (BA-BPJI) mna
npumeHeHI B KA /133 paznudHOro Ha3HAUCHWUS.

OcHoBaHHEM NIS1 TPOBEACHUS PA0OT SBISICTCS TEHACHIMS MOBBIIICHH
XAPAKTCPUCTHK LEJICBOH ammaparypbl KOCMHYCCKUX anmaparos /(33 B 4acTu
obnrema popmupyemMoii ueaeBoit HHOOPMAIHH.

Lenwu BoImotHEHAS padoT:

L4 TOBBIMICHHUC CKOPOCTH NEPCaAan I/IH(I)OpMaI.[I/II/I B CHMIUICKCHOM
PpagHOKaHANC KOCMHYCCKHUI ammapaT / 36MHAs CTAHIIHS,

e  olecmedycHUE BO3MOKHOCTH HCIIONIB30BAHIA OOPTOBOM ammaparyphbl
BBICOKOCKOpOCTHOfI PagUOIMHAHA B MAJBIX KOCMHYCCKHX amnmaparax
(MKA).

Ammapatypa cymecTsyromux 3C B COUCTAHHH C JOCTYIHBIM YaCTOTHBIM
pecypcom 8025-8400 MI' mo3BosIeT AOCTHYh HHPOPMALMOHHYIO CKOPOCTH
B paagmokanaye 6omee 1 I'our/c.

JUT1 JOCTHOKEHUS YKA3aHHBIX LIEJCH BBITOIHUTE CICAYIOIIME 3aJa4H;

e  ONpEXeNCHHWE CTPYKTYPHl CHTHAJOB OOCCICUMBAIOMICH CKOPOCTh
nmepeaayn uapopmammu 6os1ee 1 ['out/c;

e  o0ccrcucHHE HCOOXOIUMOM SHCPTCTHKH PaTHOTHHIH,

e ofecmedyeHHs  MajbIX  3HAYCHHWH  Macchl, ra0apuroB  H
snekrponorpedicHus BA-BPJI nng mpumereHna MKA.

CTpyKTYpY paguOCHTHANIOB NpeAIaracTcs (opMHpOBATH HA OCHOBC
CHCTEMBI PEKOMECHAOBAHHBIX CTAHIAPTOB Me>kay HapoTHOTO
KOHCyJ'l])TaTI/IBHOFO KomuTeTa mo KOCMHYESCKHM CHCTEMaM nepeaaiun JaHHBIX
(CCSDS), pa3paboTaHHBIX C YYACTHCM CreruamcToB deaepanbHOTO
KOCMHYECKOTO arcHTCTBA.

TpeOyeMy0 SHCPTCTHKY PAXHOIHHHA TPH IMOCTOSHHBIX XaPAKTCPHCTHKAX
3C mpemmaraeTca oOecmeYMBATh BBICOKHM KOI(D(DHUIHCHTOM YCHIICHHSA
AHTCHHOU CHCTEMBL
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B BA-BPJI Tpebyemas IHMHUM olecreumBacTcs HUCIOIb30BAHHEM
64-37eMCHTHON akTHBHOH (Da3MpPOBAHHON AHTCHHOW PEIICTKH, IPH 3TOM
BBIXOJHAS MOINHOCTh KaXKAOrO KaHama cocrasimsier or 20 go 150 MBT B
3aBHCHMOCTH OT BBICOTHI OPOHTHI B mapaMeTpos 3C.

Hcnonp30BaHne COBPEMEHHBIX AMINCKTPHUCCKHX MATEPHANIOB IMO3BOJIICT
€037aTh IIOCKHUH MICYATHBIN H3y4aTeib 3neMeHTa ADAP ¢ mnomaasio 1 kB.
CM.

[lo pe3ympraTaM NPOBEACHHBIX MCCICAOBAHMI B HACTOSINEE BPEMI
n3rotasimBactcsa MakeT bA-BPJI mo3somsmomuit noctias ckopoctu 1 I'ont/c
TPH Macce MCHEE 7 KT M AJICKTponoTpedicHnn MeHee S0 BT.

Enhancement of simplex high-speed communication radio links from
low-orbit spacecraft to Earth stations
Kolosov V.M., Strugov S.A.
“Mercury ZAO”, Moscow

“Mercury ZAQO” performs a development work on designing high-speed
radio link equipment (“BA-VRL”) for different purpose Earth remote sensing
spacecraft.

Actual reason for this development work is increasing of performance of
Earth remote sensing spacecraft equipment, which leads to growth of
transmitted data.

Current development objectives:

e  increasing data rate of simplex radio channel (space-to-Earth);
e  providing high data rate radio links to small spacecraft;

Current technical characteristics of ground stations equipment and
available frequency band 8025-8400 MHz make possible to reach 1 Gb/s data
rates of radio link.

It is necessary to accomplish certain tasks during development to achieve
the objectives:

e  choice of coding and modulation scheme for more than 1 Gb/s data
rates;

e  providing necessary energetic parameters of radio link;

e  providing decreased weight and power consumption to usage in
small spacecraft.

It is supposed to use for coding and modulation scheme Recommended
Standards of Consultative Committee for Space Data Systems (CCSDS),
developing with participation of Russian Space Agency’ specialists.

It is suggested to provide required energetic parameters of radio link by
usage of high-gain antenna system.

“BA-VRL” includes 64-clement AESA with output power range 20 — 150
mW providing necessary EIRP for different orbit heights and Earth station
parameters.
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The usage of modern diclectric materials makes possible to design a flat
printed radiating element of the AESA within 1cm? space.

At the present time, a pilot model of “BA-VRL” is in manufacturing
process. This model has to provide 1 Gb/s data rate radio link, whilst having 7
kg in weight and 50 W of power consumption.

Coxpanienne MUKJIA MPOEKTHPOBAHNS W H3TOTOBJICHHA Ka0e/IHbHBIX
TCKTPHIECKHX KTIYTOB
Kommuccapos A.A., Kcerodonrosa JLH.
HITO «Carypu», . PeiOnHCK

B OAO «HIIO «CarypH» TIPOCKTHPOBAHHE W  H3TOTOBJICHUC
JMEKTPUYCCKUX KAOCNBHBIX JKTYTOB OCYMIECTBILUIOCh MO CICAYIOMCH
TporeaAype:

®  IPOCKTHPOBAHUC OJICKTPHUCCKUX KAOCTBHBIX JKIYTOB B MOJYJIC
Modelling cuctems! NX mox ynpasnenueM Teameenter;

e  paspaboTka CcOOpPOYHOTO uepTex)a kryta B 2D cucreme
AaBTOMATHU3UPOBAHHOTO MPOCKTHPOBAHILS,

®  TPOCKTHPOBAHHUEC W H3TOTOBJICHWUEC CIICHHAIBHOW TEXHOJOTHUCCKOH
OCHACTKH I KAKIOTO KTy Ta,

®  H3TOTOBJCHHC JKIYTA;

e  KOHTPOJb T'COMETPHHM W XaPAaKTCPHCTHK KIYTA C HCIOIb30BAHHEM
CIHCUHATBHBIX H3MEPUTEIBHBIX MPHOOPOB.

Jns1 cokpamieHHs1 IMKIA ITPOCKTUPOBAHUS W W3TOTOBICHHSA KaOCTBHBIX
JMEKTPUYCCKUX JKTYTOB IPOBEICH AHANN3 CYINECTBYIOIIETO IIpoIiecca ¢
momompio LEAN-MeTonomornn U BBIIBICH P (DAKTOPOB, MO3BOJLIFOIINX
COKpATUTh MOTEPH BPEMEHH M ONITUMHU3HPOBATH ITPOLIECC.

B pesyabprare mposeaeHmst LEAN-TIpoekTa COKPAIEH MUK 32 CUET:

e  pa3pabOTKH METOJMKH MPOCKTHPOBAHUS 3JIECKTPHYCCKHX JKIYTOB B
Momyme NX Routing Electrical u 00y4YCHHA CICOHANHCTOB HABBIKAM
padotsl ¢ pyuxumonaaom moay i1 NX Routing Electrical,

e  BHCAPCHHA NPOLEAYPHI JICKTPOHHOTO cornacoBaHmsa K]l Ha sKIyTHI,

e  ompcacicHUS TPCOOBAHHH K COACPIKAHHIO H O(OPMIICHHIO HOBOTO
puga KJ — depreka mmaza, pa3pabOTKHM M BHEAPCHHS ITPOLCIYPbI
VIPaBJICHHS YEPTESKOM 1133,

®  HCIOJNB30BAHUWS CTANEII B KAYECTBE YHHBEPCATHHOW OCHACTKHU IS
H3TOTOBJICHUS JIFOOOTO JKTYTa MO YEPTEXKY IUIA3a, W WCKIFOUCHUS 3TAIOB
NPOCKTHPOBAHUS M  HU3TOTOBJCHUA CICHHAABHOM TEXHOJIOTHYCCKOU
OCHACTKH I KAKIOTO KTy Ta,

e  M3MCHCHHUS TIPOIECCA KOHTPONI TEOMETPHH JKIYTa — 3aMCHA
H3MEPECHUS M3TOTOBICHHOTO KIYTA BU3YAJIbHBIM CPABHCHHEM C UCPTCIKOM
1433,
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L4 YCTAHOBKH TICPCOHAJIBHBIX KOMIBIHOTCPOB HA YYACTKAX C60pKI/I
JKIYTOB W 00meH cOopkm a1 mpeaocrtaBneHua goctyma k K/ B
3JICKTPOHHOH (hopme;

®  PACIIMPEHHOTO OOYYEHHS TEXHOJIOTOB BOIPOCAM TEXHOJIOTHYECKOTO
oOecrieyeHHsT POU3BO/ICTBA 3TICKTPHICCKUX JKIYTOB.

[IpuMeHEeHHE HOBOTO IOAX0JA K TPOCKTHPOBAHWIO M H3TOTOBICHHIO
JMEKTPUYCCKUX KAOCHBHBIX JKTYTOB IIO3BOJIJIO CYINCCTBEHHO CHHU3HTH
TPYZOEMKOCTh  NPOCKTHPOBAHUS W  OQOPMIICHHSI  KOHCTPYKTOPCKOH
JOKYMCHTAIIMU, YMCHBIIUTH KOJTHICCTBO oIHOOK U COKPATHUTH LHUKIJL

Pesynbratsl, TIOJIy YCHHBIC mpu  peamm3aumn  LEAN-mpoekra,
MOATBEPIKACHBI HA MIPUMEPE MPOSKTUPOBAHUA M M3TOTOBJICHHUS KOHKPETHOTO
3JICKTPHYUCCKOTO KaOCITBHOTO JKTYTA.

Reduction of cycle of design and manufacture of cable electric harnesses
Komissarov A.A., Ksenofontova L.N.
NPO “Saturn”, Rybinsk

At NPO Saturn the design and manufacture of electric cable harnesses was
performed according to the following procedure:

e  design of electric cable harnesses in the Modelling module of NX
controlled by the Teamcenter;,

e  development of assembly drawing of the harness in 2D CAD;

e  design and manufacture of special-purpose manufacturing tooling for
each harness;

) manufacture of a harness;

e inspection of geometry and features of a harness using special-
purpose measuring instruments.

Analysis of the available process with application of LEAN procedure has
been performed for reduction of the cycle for design and production of cable
electric harnesses, and a number of factors, which allow reduction of time
losses and improvement of the process, has been revealed.

Implementation of the LEAN project resulted in the cycle reduction owing
to:

e  development of the procedure for design of electric harnesses in the
NX Routing Electrical module and training of specialists for skills of
operation of the functional of NX Routing Electrical module;

e implementation of the procedure for electronic coordination of
design documentation for harnesses;

e  specification of the requirements to content and execution of a new
type of design documentation, i.e. a drawing of loft floor, development and
implementation of the procedure for control of a drawing of loft floor;
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e usc of a holding frame as all-purpose tooling for manufacture of any
harness according to a drawing of loft floor, and exclusion of stages of
design and manufacture of special-purpose manufacturing tooling for each
harness;

e change of a process for inspection of the harness geometry. i.c.
change of measurement of a manufactured harness by visual comparison
with the drawing of loft floor;

o installation of personal computers at the arcas for assembly of
harnesses and general assembly for provision of access to an electronic
version of design documentation;

e advanced training of process engineers for engineering support of
manufacture of electric harnesses.

Application of a new approach to design and manufacture of electric cable
harnesses allowed significant decrease of labour-intensiveness of design and
execution of design documentation, decrease of number of errors and
reduction of the cycle.

The results obtained at implementation of LEAN project are confirmed on
the example of design and manufacture of a specific electric cable harness.

Mopens 3IeKTPOMATHHTHBIX H3JIyUeHmii KadeJreii
mu(QpoBLIX BHACOHHTEPPeiicoB
Konosamok M.A ., 'opoyHoBa A.A., baes A.b., Ky3nenos 10.B.
MAM, r. Mocksa

CospemcHHBIC IM(PPOBBIC HHTCPPCHCH TMO3BOAIOT  OCYHICCTBIATH
nepenavyy BHACOMH(POPMAIIMH C WMCHONb30BAHHEM KAOCIBHBIX COCTUHCHHH
paznmuaHOM  mmmHBL  OpraHm3oBaHHAs TakuM — 00pasoM  meperada
BHAcONH(pOPMATIMH MOMKET COIIPOBOXKIATHCS H3ITyYCHUEM
3IEKTPOMATHUTHBIX MTOMEX.

B pabore wmccreayroTca XapaKTEPHCTHKH HCTOYHHKOB JAHHOTO BHAA
MOMEX M MPEAJIaracTcsi MOJCHb, OIMCHIBAIOINAS W3IY4YCHHEC KaOCTbHBIX
COCOMHCHHH BHACOMHTCP(CIiCOB. B OCHOBC MOICIH IICHKHT JTHHCHHOC
mpeodpa3oBaHne HH)HOPMAIMOHHBIX CHTHANIOB HHTCP(CHCOB B CO3IABACMBIC
HMH 3JICKTPOMATHUTHBIC TIOMEXH.

Mogens npeoOpa3oBaHus CHTHANOB HHTEP(EHCOB B 3ICKTPOMATHUTHBIC
H3IyYCHHA COCTOMT U3 MPOCTPAHCTBEHHOM M3IYYAOIIEH CTPYKTYDBI,
KOTOpAas B MPOCTEHIIEM CIIy4ac MOXKET OBITH OIMCAHA AWUIOJIbHONH MOJCIBIO,
a TAaKKe HPKBUBAJICHTHOH 3JIEKTPHUHCCKOM CXEMOH IMPeoOpas0OBaHMUSI CHTHAIIOB
IIMHBI B TOKH H3IYYAOIIEH CTPYKTYPBI, KOTOPAs MOXET ObITh HMOCTPOCHA
corynacHo anroputmy bpyHo. MICXOAHBIMH JAaHHBIMU JJISI MOJCTH SIBJISIEOTCS
pa3Mepsl M TEOMETPHUECCKOE PACcHoNOkeHue Kabeist mHTepdeiica, a Takxe
(hopMa CHTHAJIA B IHHE B CHH(A3HOTO CHTHATA KAOCII.
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Jns mpumepa CHHTE3a SKBHBAJICHTHOH CXEMBI ObIIa HCIOIb30BAaHA
MOJTHOBOJTHOBASL JJICKTPOJMHAMHYCCKAS MOJCTD IBYXIIPOBOIHOHN JIMHHH.
[MapamerpaMu THHHH ABILFOTCS Pa3MEPhl M OTHOCHTEJILHOE PACTIONIOKCHHC
MPOBOJHAKOB. B paboTe MOmy4eHBI pe3ynbTaThl ANMMPOKCHMALNH BXOTHOM
MPOBOJUMOCTH JTHHHH B 3aJaHHOM JHAMA30HE YaCTOT.

®opMa HH()OPMALMOHHBIX CHTHAJIOB B IMHHC W CHH(A3HOTO CHTHATA
Kabemst MOXKeT OBITh OMNPEACICHA 3KCIHEPUMEHTANBHO IYTEM IPOBEICHHA
OJHOBPCMCHHBIX ~H3MCPCHHH C  HCIOJB30BAHHEM  MHOTOKAHAJTBHOTO
ocummiorpada. 3amuch WH(POPMADIHOHHOTO CHWTHATA B IHHEC TPH 3TOM
MOJKET TIPOM3BOAMTCS AaKTUBHBIM Ju(depeHumansHeiM npoOHUKOM.
3amucH  CHH(A3HOTO  CHTHAIA  HCTONB3YIOTCS  TOKOBBIC  KJICIIH,
YCTAHOBJICHHBIC Ha KaOene. [t perucrpamun ¢inaboro CHrHaNa DH(POBBIM
ocnworpagoM K BBIXOAY ~ TOKOBBIX  KJICHIEH  NOJKITFOYACTCA
OIAPOKOIIOIOCHBIH MAJNOIIYMAIHN YCHIUTSTD C KO3()(DHUIHUECHTOM YCHICHHUS
30 ab.

Jna sepuduxanun MoAaea OyAyT HCIOIb30BAHBI PE3YIBTATHl H3MEPEHAH
JMEKTPOMATHUTHBIX ~ IIOMEX,  CO3JAaBacMBIX  KabemeM  mu(pOBOTO
puaconHTepdeiica DVI, B OmmwxHeH 1 JaNbHEH 30HAX.

Electromagnetic radiated emission model for digital video interface
Konovalyuk M. A., Gorbunova A.A., Bacv A B., Kuznetsov Yu.V.
MAI, Moscow

The design problem of the complex electronic device is interfaced with the
contradictory requirements of modern standards. The quality control of digital
signals is disconnected with electromagnetic compatibility measurements. In
both cases the source signal transformations can be described with equivalent
lincar networks. However, the space distribution of the currents in the object
plane should also be considered in EMC problem.

The radiation pattern of digital video interface cable can be calculated
using the distributed equivalent dipole model. The parameters of the dipole
model are the dipoles size and orientation as well as the current time delays
with respect to the measured common mode current. In accordance with
equivalence principle proposed dipole model completely determine the cable
radiated emission.

One of the possible modeling approach is the reconstruction of the
structure external characteristics into the equivalent electrical circuit
consisting of lumped elements (resistors, inductors and capacitors) and
coupling clements, for example ideal transformers or delay lines. This
approach allows determining the conversion of a known input signal in the
structure elements as well as its radiation characteristics.

In this paper the EMI sources equivalent circuit synthesis based on the
electrical dipole model is discussed. The generalized Brune method is used to
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determine the multiport equivalent network. To estimate the parameters of
system functions the Vector Fitting Method is applied. The equivalent
electrical circuit synthesis procedure based on the full-wave modeling of the
electromagnetic structure is presented.

The measured data could be obtained with the multichannel time-domain
measurement system consists of digital oscilloscope, low-noise amplifier,
current loop and differential voltage probe.

An example of simulation results is presented using the CAD model of
digital signal two-wire differential bus. The parameters of the bus are length,
distance between wires and the thickness of the wire. The radiated emission is
calculated above the bus on the distance and processed with proposed
algorithm. The equivalent Brune’s network is synthesized for the structure
radiation admittance.

The experimental results for single link DVI cable are provided for the
radiated emission model validation.

CrepxXurupoOKoOnoI0OCHBII CHHTE3ATOP YACTOT
AJIS CUCTEMBI PAAHOMOHUTOPHHT A
Kpuxos J1.C.

HHUWUPTH nm. ak. A.W. Bepra, r. Mocksa

B pabore nccnenoBasa BOZMOMXKHOCTb CO3IAHHS CHHTE3aTOPA CETKH YaCTOT
(CCY) mna Ooprooii pagmosnekTpoHHON cucteMsl (BPOC) HabmoacHus u
KOHTPOI paguooOCcTaHOBKH. OCHOBHBIM HA3HAYCHHEM TAKHX CHCTEM
SIBJIACTCS TIOCTOSHHBIN HITH MCPHOIMMCCKHA MOHHTOPHHT 3arpy3ku 3Qupa B
IIMPOKOM [JHANA30HE YacTOT, OOHAPYKCHHEC M AHAJNHM3 HOBBIX H3JIYUCHHH,
OTPEICNICHAC HMX MECTOIOJOKCHHS, OIICHKA WX OIACHOCTH, BBIIBJICHHC
HCMPCAHAMCPCHHBIX MM CHOCHOHUATBHO OPTAaHH30BAHHBIX PAAHUOKAHAIOB
yreukdn uHpopMmanmu. BPOC sBiseTca macCMBHOH W IPEACTABICT COOOH
IIUPOKOIOJIOCHOE paguonpuéMHoe ycrpoictso (PIIpmY), npeaHasHAUCHHOE
J711 paboThI B 3a1aHHOM JHAIA30HE YaCTOT.

Ha mnepsoM 3Tame paboTBI HPOBEACHO OOOCHOBAHHC TPCOOBAHWH K
mapametpaM PIIpMY: mmama3oHy pabodmx 4acTOT, aMIUTUTYTHO-YACTOTHOM
XAPAKTCPUCTHKS, KOIDPHUIMCHTY CTOSUCH BOTHBI HA BXOAC IPHCMHHKA
(KCBH), H30HpaTeIbHOCTH 10 COCCTHCMY M 3CPKABHOMY KAHAJAM TPHCMA,
Yy BCTBUTCILHOCTH IPUEMHHKA, ITOJIOCE MPOITYCKAHM U IP.

Ha sropom srame paboter 6put0 BeIOpaHo PIIpMY cymepreTepo uHHOTO
THIA, C KAaCKaZOM IPEeoOpa30OBaHUS HACTOTHI PATMOCHTHANIA. B KauecTse
TETCPOJUHA TPEATI0KEHO HCIOIB30BaTh CBEPXIIHPOKOMONOCHs CCYU —
HCTOYHUK KOJICOAHHH C MEPECTPOHKON CHHTE3HPYEMOH 4acCTOTHI B IIHPOKOM
JWAma30HE ®  BHICOKOH  CTAOWMJIBHOCTHIO  BBIOPAHHOH  YAaCTOTHI
ChopmymapoBansl TPeOOBAHHSA, MPSABIBILICMBIC K CHHTE3aTOPAM 4acTOT B
CHCTEMAaX PpAJAMOMOHUTOPWHIA: [IWANMA30H padOuYMX YacTroT, TOYHOCTh
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VCTAHOBKH, CTAOMIBHOCTh YACTOTHL, YPOBEHb (DAa30BBIX IMYMOB, YPOBCHB
TMOOOYHBIX KOJCOAHHI; CKOPOCTh NMCPSCTPOHKH M IIAT MCPECTPOMKH YaCTOT;,
BBIXO/HASI MOIITHOCTD; IIOTPEOJICHHE 3HEPT MU, MACCA W TA0APHTHIL.

Meroapl maccuBHOTO IM(POBOTO CHHTE3a IMO3BOJLIOT B IOJHOH Mepe
peann30BaTh MPCHMYIICCTBA COBPEMCHHOH IH(POBOH 3ICMCHTHOH Oashl B
YaCTH YMCHBINCHHMS MACChl WM TabapuUTOB YCTPOWCTB, IOBBIICHHSI WX
TEXHOJOTHYHOCTH W HAACKHOCTH. OMHAKO OHHM OTIHMYAIOTCS BBICOKHM
VPOBHEM MOOOYHBIX CHEKTPANHbHBIX COCTABILIFOIIMX M (PA30BBIX IIyMOB HA
Bbixoge. AkruBHbic CCU MMEIOT HU3KUH YPOBEHb MOOOYHBIX CIIEKTPATBHBIX
COCTABJLIFOINUX IIPH MAIBIX OTCTPOHKAX OT padOuYeH YacTOTHI, OJHAKO IO
CPAaBHCHHIO C TACCHBHBIMH HMCIOT OOJbINCE BPEMsI NMEPECTPOHKH C OJHOM
pabouei YacTOTHI HA APYTYIO0. YMCHBIICHHE IIATa CETKH YacTOT B CHCTEMAX
AKTHBHOTO CHHTE3a, TpPEOYET YCIOKHCHHS CXEMBbl W CONPSDKCHO C
VBEJIMYCHHEM WHEPIMOHHOCTH CHCTEMBL [lepexon kK mu(poBOH 3JIEMEHTHOH
fGaze, Kak W B TACCHUBHBIX CHHTE3aTOPAX, MO3BOJLIET YJYUIIHTH
MaccorabapUTHBIE XapAaKTEPUCTHUKU CHCTEMBI, IOBBICHTH HANEKHOCTh H
TEXHOJOTHYHOCTH, HO CHIKACT MAKCHMAIIBHOE 3HAUCHUE Pa00UCH YaCTOTHI.

B pesymprare  pa®oOThI  NPEATIOKEHBI IYTH  IOCTPOCHUS  CXEM
ceepxmupokononocHblx CCU ¢ MHHHMANBHBIM IHATOM  MEPECTPOHKH
qactoTel ;i1 BPOC HAOMFOACHHS W KOHTPOJ PATHOOOCTAHOBKH, 4 TAKKS
CIOCOOBI MOBHIICHAS UX OBICTPOJACHCTBYL

An ultra-wideband frequency synthesizer for radiomonitoring system
Krikov D.S.
CNIRTI n.a. A.L. Berg, Moscow

In work was investigated the possibility of creating a frequency synthesizer
for on-board radioelectronic system (BRES) surveillance and control radio
situation. The primary purpose of these systems is persistent or periodic
monitoring of radio environment in wide range of frequencies, detection and
analysis of the new radiation, the definition of their location, estimation of
their danger, identifying unintended or specially organized radio channels of
information leakage. BRES is passive and represent itself a broadband radio
receiver (BRR), which is designed to work in a given frequency range.

On first stage of the work conducted substantiation of the requirements to
parameters of the BRR: range of working frequencies, the amplitude-
frequency response, receiver sensitivity, bandwidth of the receiver, and other.

On second stage of work was chosen BRR superheterodyne type with a
cascade of radio frequency conversion. Instead the local oscillator suggested
to use ultra-wideband frequency synthesizer - vibration source with the
rearrangement of the synthesized frequency in a wide range and high stability
of the selected frequency. The requirements applicable to the frequency
synthesizers in systems of radio monitoring: operating frequency range; the
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accuracy of frequency setting; frequency stability; level phase noise; the level
of adverse fluctuations; speed of the frequency setting and step of frequency;
output power; energy consumption, weight and dimensions.

Passive methods of digital synthesis allow to fully realize the benefits of
modern digital element base in terms of reducing the weight and dimensions
of the devices, increase their adaptability and reliability. However, a passive
of digital synthes have a high level of side spectral components and level the
phase noise at the output. A active digital synthes have a low level of side
spectral components with small step detuning from operating frequency, but
compared with passive have more time adjustment from one operating
frequency to another. The decrease of the step the frequency grid in systems
of active synthesis, requires a sophisticated scheme and associated with an
increase in system inertia. The transition to digital components, as in the
passive synths, allows improve the weight and size characteristics system,
increase reliability and manufacturability, but reduces the maximum
operating frequency.

As a result of this work of the It was offered ways of constructing schemes
of ultra-bandwidth frequency synthesizers with a minimum step of frequency
tuning for BRAS surveillance and monitoring of radio environment and ways
to improve their performance.

H3mepenne mapamMeTpoB AHTEHH B OIIKHEI 30HE pH
TEMJIOBBIX HCIBITAHHUSIX
Kysnenos I' YO., Mumocepaos M.C.
MAM, r. Mocksa

[lo pesymprataMm wmW3MepeHWii B OMIDKHEH 30HE  HCCIEAyeTCs
BOCCTAHOBJICHUE JMarpaMMbl HampasiacHHocTH ([AH) u aMmauTyaHO-
(azoeoro pacmpencneaus (ADP) B ameprype aHTCHHBI NPH TEILUIOBBIX
HCHBITAHUSAX. Y CIOBHA M3MEPEHUH 3HAYUTEIBHO OTIMYAFOTCS OT OC39X0OBBIX,
TaK KAK AHTEHHA HAXOJWTCA B KaMepe TeIUla M XOJIOAA, KOTOPYIO I
peIIeHMS 33a1a4H BOCCTAHOBIICHHUSI TIPEACTABILIIOT KAK METAJUIMUYCCKHN KOPOO
¢ pammompo3pausbiM OkHOM. M3mepenmst [JH uw ADP B OmmkHCH 30HC
AKTYaJbHBI A7 KPyMHOTAOAPUTHBIX AHTCHH W AHTCHHBIX PEIICTOK. B ciyuae
aKTHBHBIX (Da3MPOBAHHBIX AaHTCHHBIX permeTok (ADAP) mi3mepenms [IH wu
A®P 0cobeHHO akTyanbHBI, TaK Kak npueMornepenaromue Moaym (I11IM) u
AHTCHHOE IIOJIOTHO KOHCTPYKTHBHO MPEACTABILIFOT COOOH E€IWMHOE IIETOe,
HEBO3MOXKHO B TOTOBOM KOMILICKCE OTACIBHO CHATH XapakTepuctuku I1TIM
W OTHOCNBHO  XApPAKTEPHUCTHKH  AHTEHHOTO  IIOJNOTHA.  Pe3ynbTarsl
poccranosincHuI AP ADPAP ucnoib3yroT [ BHECEHUSI KOPPEKTHPYFOIIHX
K03 (HUIMCHTOB, YTOOBI KOMIICHCHPOBATH A¢()eKTH JIH aHTCHHBL

PaccMmaTtpuBaroTCs OCHOBHBIC OCOOCHHOCTH, TPHUCYINHE H3MEPCHHAM B
OMMKHCH 30HC B YCIOBHAX IOCTABICHHONW 3amaun. HamOonpmmii BKIAA
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BHOCAT OTPOKCHHSI OT CTCHOK KaMepel HW OT HE HICAIBHOTO
PpazuoNpPO3pavHOTO OKHA, BBHI3BIBAS HE TOIBKO HCKAKEHHS MO B IUNIOCKOCTH
mMepeHua, HO u m3McHeHHC ADP amtemubel. J{na BoccraHoBncHua ADP
HCIOJIb3YETCSI METOA PA3I0KEHHS IO IUIOCKHM BOJHAM, IO3BOJLIFOIIMH
MICPECUUTHIBATh TIOJIC M3 IUIOCKOCTH HM3MEPCHHH B IOJNE HA INIOCKOCTH
aHTCHHBL, a Takoke paccumtbBarek JH. Ilpu 3TOM cpesa pacmpOCTpaHEHHS
paccMaTpmBacTCsi Kak HEOJHOPOJHAS JHMHWSA IIEPEJAYd, UTO IO3BOJLIET
OTIPEICIHMTD 3aBUCUMOCTh KOA(P(HITMECHTA OTPAXKEHHS OT PATHOIPO3PAUHOTO
OKHA OT 4YacTOTHl M yIula mazeHws. [lo pe3ymprataM BOCCTAHOBIICHHA
HAOMFOJACTCSL  XOPOINAs KOPPEIIMMA C YHCICHHBIM JKCIIEPHMCHTOM,
MPOBCJACHHBIM C IIOMOINBE0 METOAA KOHCYHBIX PA3HOCTEH BO BPEMCHHOM
oomactu (KPBO). Ilo pesymbratamM pabOTBHI MOXKHO CACTATH CICAYIOIIHC
BBIBOTBL:

° Boccranosute [IH m ADP aHTCHHBI MOXKHO, HCIOJB3YS MCTOX
PA3NOKEHUS 1O TUIOCKUM BOJHAM C YUETOM KO3 (HIMEHTa MPOXOKICHUS
Yyepe3 OKHO IMPO3PAIHOCTH,

e  Tounocts BoccranoBiacHus JH cocrasmier npumepHo 0,5 ab ams
TICPBBIX OOKOBBIX JICTICCTKOB H OK0JIO 1 1B Mt naapHuX;

e  Tounocts BoccraHoBicHHI A®P pasHa mpumepro 1,5 nb mo
aMmmTyac u 0kojao 6 — 10° mo (ase ana BCeX HW3AydUATCICH, KpPOME
KpaiHuX. [ kpaliHuX n3aydaTench ommoOKa B (paze MOKET COCTABIATH 0
15°;

e  [Ipu XOpOMmIO COTIACOBAHHOM AHTCHHE (KO3()HIMCHT OTPAKCHHS OT
BXOA0B Hmwke -10 ab), CTpykTypa KOTOPOH HEe TOAACPKHBACT
TIOBEPXHOCTHYIO BOJHY, H3MCHEHHE aMITIHTYIHOTO PACIPEICICHHS 32 CUET
OTpakeHHOU BOJIHBI cocTasiiet ot 0,1 70 0,3 ab.

Antenna parameters measurement during thermal testing
Kuznetsov G.Yu., Miloserdov M.S.
MAI, Moscow

Nearfield measurements-based reconstruction of antenna farfield pattern
(FP) and amplitude-phase distribution (APD) during thermal testing is
analyzed. The measurements conditions are not anechoic, since the antenna
under test (AUT) is positioned in the frost and heat chamber, which can be
modeled as a metal housing with a radiolucent diclectric cover. FP and APD
measurements under such conditions are especially important for active
phased antenna arrays. Since transmit/receive modules (TRM) and antenna
aperture comprise a single unit, it is impossible to characterize radiating
structure apart from TRMs. The results of APD reconstruction are used when
calculating additional phase shifts or transmit/receive gain of TRMs for
antenna pattern correction.

252



Distinctive features of near-field measurements and error sources under
such conditions are analyzed. The field reflected from metal housing and
dielectric cover are the main contributors. They affect not only the measured
field, but also the APD of the antenna. Plane wave expansion method is used
for APD and FP reconstruction. The medium between antenna and
measurement plane is treated as nonuniform transmission line in order to find
the dependency of transmission/reflection coefficients from frequency and
angle of incidence. The results of reconstruction are correlated with the
results of numerical modeling using finite differences in time domain method
(FDTD). The following conclusions can be made:

e The APD and FP can be reconstructed using plane wave expansion
method subject to dielectric cover transmission coefficients;

o  Farfield pattern can be reconstructed with a 0,5...1 dB accuracy;

e  Excitation amplitude can be reconstructed with a 1,5 dB accuracy,
excitation phase can be reconstructed with 6 — 10° accuracy (15° accuracy
for radiators located on the edge of antenna);

e  Ifthe antenna is matched so the input reflection is lower than —10 dB
and the array structure does not support surface waves, then the amplitude
distribution deviates within 0,1...0,3 dB from the distribution of that antenna
in free space.

Yrnpagienne 3JIeKTPOHHBIMHE MOJEISIMU COOPOK KPENEKHBIX 2JIEMEHTOB
Kycros C.P.
HITO «Carypa», . PeiOHHCK

CoxkpameHne CpOKOB TPOCKTHPOBAHHS M BBIMYCKA KOHCTPYKTOPCKOH
moxymerTammd (KJI) HanmpsMyro BIMSCT HA CPOKH pas3padorkm m3aemus. B
COBPCMCHHBIX VCIOBHSAX BaKHO MAKCHMAJIbHO TIOJHO HCIOJNB30BAThH
(P)YHKIMOHAT MPEMEHIEMOT0 HHXECHEPHOTO IMTPOTPAMMHOTO OOECIICUCHHS I
TOBbIICHUS 3(P(PEKTHBHOCTH pabOTHI KOHCTPYKTOPA.

OmauM W3  HanpaBieHHH  TOBBIICHHUSA  3(P(EKTHBHOCTH  PabOTHI
KOHCTPYKTOpa HA CTAJWH IPOCKTHUPOBAHMSI W BBIMYCKA KOHCTPYKTOPCKOH
JOKYMCHTAIMH SIBJUICTCS BHEAPCHUE MPOLEAYPHI ABTOMATH3UPOBAHHOTO
(opMHpOBAaHHS W  YOPABICHHA 3JCKTPOHHBIMH  MOJCISIMH  COOPOK
KPETICKHBIX 3JIEMCHTOB. BHEApPEHHE MpOUEAYpsl YAAIOCh JOCTHYD 33 CUET
peamm3anuy 3a1a4:

e  aBTOMATH3HPOBAHHOTO TCHCPHPOBAHMSI CEMEHCTBA OJHOTHITHBIX

KPETIC)KHBIX 3NIECMEHTOB HA OCHOBE MIA0JIOHA;

e  aBTOMATHYECKOTO IOA00pA TMOIXOMIMHX KPEHC/KHBIX 3JICMEHTOB

IO/, Pa3MeEpP KPENe;KHOTO OTBEPCTHS,

e  AaBTOMATHYCCKOH (UIBTPAIEM COBMECTHMBIX MEXIy COOOH

KPETIC)KHBIX IICMEHTOB;
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e  OJHOBPEMCHHOTO Pa3MCHICHHS KPETEXka B TPYIIIC OTBEPCTHUH, B TOM
YHCIIC M PA3HBIX MO Pa3Mepy;

e  aBTOMATHYCCKOTO IO3UIMOHHPOBAHHA KPEMCKHBIX 3JCMCHTOB B
MOJICIILHOM IIPOCTPAHCTBC;

e  T0m0Opa KpPEHEKHBIX JJIEMEHTOB IO PAAy HETCOMETPUUCCKUX
MAPAMETPOB, TAKUX KAaK MOKPHITHE, MATECPHAJN, IUIOTHOCTh W T.II. M HX
COYCTAHHIO,

e  BH3yQJHM3aLHHU IPoLEcca noadopa.

[Iporienypa aBTOMATH3HPOBAHHOTO (OPMHPOBAHMSA W  YIIPABICHHSA
3IEKTPOHHBIMH MOJCIMH COOPOK KPEIE)KHBIX 3JICMCHTOB PCAIHM30BAHA B
€INHON cpeae MPOCKTUPOBAHMA M3ACIMH H BBINYCKA KOHCTPYKTOPCKOM
JIOKYMCHTAIINH, BKITFOUAFOIICH CHCTEMY ABTOMATH3UPOBAHHOTO
mpoektupoBanud NX moxa ympasiacHueM PLM-cuctemsr Teamcenter
paspadotku Siemens PLM Software.

PaboTs! 0 BHEAPEHUIO IIPOBOIWIINCH B 4 3Tama:

e  mccrenoBaHWe Bo3MOkHOcTeH NX/Teamcenter m TpeOoBaHHi K
3NEKTPOHHBIM MOJCIIIM KPETICKHBIX 3JICMEHTOB;

e  IWIOT-MPOSKT MO peanm3anuy (YHKIHOHATA HA KOHKPETHOM
H3/ICTIVN,

e  ONIBITHAA 3KCIUTyaTanus (yHKIHOHAIA,

¢  THPAOXUPOBAHHE HA BCE BBITY CKACMBIC M3/ICIIHSL
OnbITHAS SKCIUyaranus IOKA3ala 3HAYUTEIBHOE CHIDKCHHE 3aTpaT

BPEMEHH HA MOJOOP KPETEKHBIX 3IEMECHTOB KOHCTPYKTOPOM IIPH BBIITYyCKE
3IEKTPOHHOHN JTOKYMEHTAIMH Ha COOPOYHBIC €IMHHUITBL.

Control of electronic models of fastening elements assemblies
Kustov S.R.
NPO “Saturn”, Rybinsk

Reduction of time for design and release of design documentation directly
influences time for the product development. Under present-day conditions it
is very important to use the fullest functional of applied engineering software
to increase the labour-intensiveness of a designer.

One of the activities for increase of the designer’s labour-intensiveness at
the stage of design and release of design documentation is implementation of
a procedure for computerized formation and control of electronic models of
fastening elements assemblies. Implementation of the procedure is successful
owing to implementation of challenges for:

e  computerized generation of the family of similar fastening elements
based on the template;
e  automatic selection of appropriate fastening elements for the size of

a mounting hole;
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e automatic filtration of the fastening elements compatible with each
other;
e simultancous placing of fixture in a group of holes, different in size
included;
e  automatic positioning of fastening elements in the model space;
e sclection of fastening elements by a number of non-geometry
parameters such as coating, material, density, etc. and their combination;
¢  visualization of the selection process.
Procedure for the computerized formation and control of electronic models of
fastening elements assemblies is implemented in the integrated environment
of product design and release of design documentation, which comprises NX
CAD controlled by the Teamcenter, PLM designed by Siemens PLM
Software.
The works for implementation were performed by 4 stages:
e research of the NX/Teamcenter capabilities and requirements to
electronic models of fastening elements;
e pilot project for implementation of the functional on the specific
product;
e  pilot operation of the functional,
e replication for all manufactured products.
The pilot operation demonstrated significant decrease of time input for
selection of fastening clements by a designer at release of an electronic
version of documentation for assembly units.

Ynpagaenne TeXHHYECKIMH TPEOOBAHNSIMI B KOHCTPYKTOPCKOIT
JOKYMEHTAIMH
Memsuuk U.H., ®ascrosa JIA., Curauxos C.C.
HITO «Carypu», . PeiOnHCK

B OAO «HIIO «Carypw» B KauecTBE SIUHON CpEexbl MPOCKTHPOBAHUS
HM3ICIUN M BBIMYCKA KOHCTPYKTOPCKON AokymeHTtarmu (KJI) mcmone3yroTcs
PLM-cucrema Teamcenter Hu cucTeMa ABTOMATH3HPOBAHHOTO
mpoekrupoBaHust NX  pazpadorkum  Siemens PLM  Software. Onm
MIPEAO0CTABILIEOT BO3MOXKHOCTh KOHCTPYKTODY:

e  VIOPABJATH COCTABHBIMH YaCTAMHU U3JACTHN U BEPCHOHHOCTHIO K/I;

e  pa3palaTbIBaTh, COXPAHATH, COTJACOBBIBATH, VTBEPXKIATh U
H3MCHATh JJIEKTpOHHYKD KJI B COOTBETCTBUHM C ACHCTBYIOIIUMH
TPEOOBAHMAME TOCYJAPCTBCHHBIX, OTPACICBBIX CTAaHJAPTOB, a TAKKC
CTaHAAPTOB W HHCTPYKIMH IPEIIPHUITHSL.

D¢ dexTHBHOCTD padOTHI KOHCTPYKTOPA B CHCTEMAX HATPSAMYIO BIHSICT HA

CPOKH H Ka4uecTBO paspadarsmacmoii mM KJI. OmHuM w3 31anoB 0(opMICHHA
KJI ®a gerayim m  cOOpOvHBIE COWHHUIBI SBIIETCS  ()OPMHPOBAHHC
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texaudeckux Tpebosanui (TT). TT (opMEpPYIOTCS KOHCTPYKTOPOM B
COOTBETCTBHM C  JCHCTBYIOIIMMH  HOPMATHBHBIMH  JOKYMCHTAMH,
CTAHIAPTAMHM TPSANPHATHA W HMHCTPYKIMSIMH, a TAKKE C YUCTOM
HMCIOMICTOCS ONBITa MPOCKTHPOBAHHMSA KOHKPETHBIX BHIOB JCTANCH H
COOPOYHBIX ¢IHHMIII

Jna mopenmeHHS 3(PQPCKTHBHOCTH PAOOTHl KOHCTPYKTOpPA HA 3Tame
(HOopMHUpPOBAHHA TCXHHUYCCKUX TPcOOBaHMI ObLIa pa3paboTaHa MOACHCTEMA
aBTOMATH3UPOBAHHOTO (hopMHpoBaHMS U yrpaBieHns TT.

IlocraBneHHYIO 3a0a4y IPH PEATH3ALUU HOACUCTEMBI YIANOCh JOCTHYD 32
CUéT:

e  nmexommosuimu TT Ha THnoBsIe TT U THTIOBBIE (POPMY THPOBKY,

e xmaccupukaumu THHOBBIX 1T ®W THOOBEIX (POPMYIHPOBOK,
oOecTieyeHHsI IIOMCKA MO OTIPEICICHHBIM KPHTCPHSM,

e  (opMamm3anmm m aBTOMaTH3amMH B Teamcenter mpomecca BBOJA

THIOBBIX ()OPMYTUPOBOK M THIOBBIX TT;

e  KOHTPOJSI KOPPEKTHOCTH MH(POPMAIMH HA 3TAIC BBOAA;
e  KOHKPETH3ALWH THIOBHIX ()OPMYIHPOBOK M THIOBBIX 1T B MOMEHT

TEXHHUYECKOTO OTIPEACICHUS ACTAIN B COOPOTHOH CMHUIIBL,

e  IICHTPAIM30BAHHOTO BBOJA THIOBHIX ()OPMYIHPOBOK M THITOBBIX TT;
e  VTBEP)KIACHHUS THIOBBIX (POPMYIHMPOBOK W THHOBBIX 1T, mpoBepkn

HX aKTyaJIBHOCTH,

e  aBTOMATH3HMPOBAHHOW BCTaBKHU copmmupoBanubelx TT 111 neraneh n

COOpPOUHBIX CAVHUIL B TPA(HUICCKHE TOKYMCHTHI.

[TpumeHeHnE MOACUCTEMBI B OIBITHOM 3KCILTYyaTallM ITO3BOJIHIO CHH3HTH
TPYIOEMKOCTh O(OPMIICHHS KOHCTPYKTOPCKOH AOKYMCHTAIIMH W COKPATHTH
KOJIMYECTBO ONIMOOK, BBIIBJSIEMBIX IIPH TICPBHYHOM HOPMOKOHTPOJIC
TEXHUYECKUX TPEOOBAHMUH.

Control of Technical Requirements in Design Documentation
Melnik I.I., Favstova L. A., Sitnikov S.S.
NPO “Saturn”, Rybinsk

The Teamcenter, PLM system and NX computer-aided design by Siemens
PLM Software are used as an integrated environment for design of products
and release of design documentation at NPO Saturn JSC. It allows a designer
to:

e control the components of products and versioning of design
documentation;

. design, store, coordinate and revise the electronic version of design
documentation according to effective requirements of state, industry
standards, and standards and instructions developed by the Enterprise.
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Efficiency of the designer’s work in the systems directly influences the
terms and quality of the design documentation developed by a designer. One
of the stages for execution of design documentation for parts and assembly
units is formation of technical requirements. Technical requirements are
formed by a designer according to the effective normative standardizing
documentation, standards of the Enterprise and instructions as well as taking
into consideration the experience for design of specific types of parts and
assembly units.

To increase the efficiency of designer’s work at the stage of formation of
technical requirements a subsystem of computer-aided formation and control
of technical requirements has been designed.

The assigned task at implementation of the subsystem was achieved owing
to the following:

e  decomposition of technical requirements into standard technical
requirements and standard statements;

o classification of standard technical requirements and standard
statements, provision of search according to specific criteria;

o formalization and computerization of the process for input of
standard statements and standard technical requirements at the Teamcenter;

e  control of information correctness at the input stage;

e  gpecification of standard statements and standard technical
requirements at the moment of technical determination of the part and
assembly unit;

e  centralized input of standard statements and standard technical
requirements;

e  approval of standard statements and standard technical requirements,
verification of their urgency;

e  computer-aided insertion of the formed technical requirements for
parts and assembly units in graphic documents.

Application of the subsystem in pilot operation allowed to decrease the
labour-intensiveness for execution of design documentation and reduce the
number of errors revealed at primary norm inspection of the technical
requirements.

CoBpemennsbie Npod./ieMbI IPOCKTHPOBAHUS H 6€3011ACHOT0
HCIIOJIBL30BAHINA PATHOIJICKTPOHHBLIX I/IH(l)OpMaHI/IOHHLIX CHCTEM
Muxaiinos B .1O., Mazena P.b.

MAM, r. Mocksa

IMpakTHka TPOCKTHPOBAHHSA W  3KCIUIYATALHH  PATHOICKTPOHHBIX
uHpopMarmoHHbIX cucteM (PUC) Takosa, YTO LETBIH CHCKTP MPOOICMHBIX
BOTIPOCOB, HMCIOIIAX  TPAMOC OTHOIICHIC K  0e30macHOCTH
HHOOPMAIIMOHHOTO B3aUMOACHCTBHA C HCHOJB30BAHHCM PATHOKAHAIA,
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OIYCKACTCS M3 PACCMOTPCHHUS, T.¢. CUNTACTCA PCHICHHBIM. B wacTHOCTH, 3TO
OTHOCHTCA K np06neMaM YCTAHOBJIICHUA COCOUHCHUA WA CHHXPOHU3AIIUHA B
OIAPOKOM CMBICTE (BXOJKACHHIO B CHHXPOHH3M IO YaCTOTE H 3aICPIKKE
MPUHAMAEMOTO CHTHANA), MPOoOJIeMaM CHHXPOHH3AIMH HH(POPMAIHOHHBIX
TOTOKOB HA BCCX YPOBHAX 3TATOHHOU MOACTH BSaHMOI[efICTBH}I OTKPBITBIX
cucrem (OSI), mpoOiremaM COTJIACOBAHMS M WHKANCYJUIIMH IPOTOKOJIOB

HHPOPMALIMOHHOTO B3AMMOJICHCTBHA. Pazymeercs, HAKOTIJICHHBII
Oorareiimmii  OMBIT TNPOCKTHPOBAHMA W  JKCIUIyaTalMH  CIOKHBIX
HHPOPMAIIMOHHBIX CHCTEM MO3BOJIACT YCHEMHO pemars

«(pyHIAMEHTAJbHBIC» 337144 IPOCKTHPOBAHUS TPATUIHOHHBIMH METOJAMH,
OCHOBAHHBIMH HA JCKOMIIOZHMIIMHM CHCTEM M aOCTPAarHpoOBAHWH OT JETalcH
peamm3anuy CBS3AHHBIX B3aHMMOJCHCTBYIOIIMX moiacHcTeM. Bmecre ¢ tem,
BO3HHKAIOT 337a4H, TPeOYIOMME MPHBICUCHUS JOMOTHATEIBHBIX ITPH3HAKOB
JCKOMIO3HINA, KPUTHYCCKH BIISIFOINMX HA PE3YJIbTATHI IMPOCKTHPOBAHHUS.
[Mpumepamu TakuX 33734 SIBISIFOTCS TTOCTPOCHUE CHTHATBHO-KOJOBBIX
roHcTpykimi (CKK), B KOTOpBIX BBIOpaHHBIC THII MOIYJUIOHH H CIIOCOO
KOAUPOBAHUA COBMECTHO (cormacoBaHHO) pemaroT POOIEMBbI
sHepreTHaeckoll  3PdexruBHOCTH, WIH S(D(CKTUBHOCTH HCIIONB30BAHHA
YACTOTHBIX AWama3oHoB. OmHAKO, CETOAHS, HAPAAY C YKA3aHHBIMH
TPeOOBAHMAMH  IPHBJICKACTCA M 0E30MAaCHOCTh  MH()OPMATHOHHOTO
p3ammonclicteus  (BMB), oOccmeucHHE KOTOPOH TOJNBKO — MCTOTAMH
mu(poBAHKS JTAHHBIX HE TOJHKO HEAOCTATOYHO, HO U HEA((HEekTHBHO.

B nmokmaze mpuBOAWTCS KPHUTHKA MOJX0JA K IMPOCKTHPOBAHUIO IIOTHOTO
tpakra PUC Ha OCHOBE TpaAWMIMOHHOW MOJECIH «IOCTABHIIMKH YCIYT-
MOTPCOUTEITH YCIIYyT», MOCTPOCHHAA HA OCHOBS aHamm3a 3()(CKTHBHOCTH
BKIIQI0OB KOMITOHCHTOB MOJICIH B penieHue odmei 3amaun bHB. Ha ocrose
KPHTHYECKOTO aHaim3a (hOopMyJHMpyeTcs TIIyOOKHH CHCTEMHBIH MOIXOX K
mpoekrupoBannro  PUC, orTBedarommx  COBPEMECHHBIM  TPEOOBAHIAM
SAMUMICHHOCTH HH()POPMAITHOHHBIX MPOIecCoB. OOCYKAAIOTCS TMOIOKCHHAA O
«CMCIICHWK»  TO3WIMHA, CBA3AHHBIX ¢  obOecmeucaneM BHB  u
COOTBETCTBYIOIIIMX IIPOLECCOB, K IPHEMO-TICPEIAAIONIEMY TPaKTy H
pazuokaHany, B yacTHocTH, K BbIOOpy CKK ¢ m3MeHsIeMbIMH CBOICTBAMH H
TAKTUKE UX MPHMCHCHUL.

Current problems of the radioelectronic systems design and secure use
Mikhaylov V.Y., Mazepa R.B.
MAI, Moscow

The practice of design and operation of radio eclectronic information
systems (RIS) is such that a whole range of problems that have direct
relevance to the security of information interaction over radio channel
omitted from consideration, i.c., it is considered to be decided. In particular, it
relates to the problems of connection establishment or common
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synchronization (signal frequency and delay acquisitions), information flow
synchronization at all levels of the reference Open Systems Interconnection
model (OSI), as well as problems of negotiation and encapsulate information
interaction protocols. Of course, the accumulated wealth of experience in the
design and operation of complex information systems is successfully deal
with "fundamental" design tasks using traditional design methods based on
the systems decomposition and abstracting from the implementation details of
the related interacting subsystems. However, problems arise which require
attract additional signs of decomposition, critically affecting the results of the
design. Examples of such tasks are the construction of signal-code structures
(SCR), in which the selected type of modulation together with coding method
solves the problem of energy efficiency and efficient use of the frequency
bands. However, today, in addition to these requirements there is a
requirement of secure information interaction (SII) ensure that only by one
method of data encryption is not only inadequate, but ineffective.

The report provides a critique of the approach to the design of the RIS
based on the traditional model of "service providers, service users", built on
the basis of the effectiveness analysis of the RIS component deposits of the
model to the common SII problem. Based on a critical analysis a deep
systematic approach to the RIS design, meeting modern requirements of
security of information processes is formulated. We discuss the provisions of
the "displacement" of positions related to SII ensuring and related processes
to receiving and transmitting radio path and, in particular, the choice of the
SCS with variable characteristics and tactics of their application.

HcciieoBanne napamMer pudeckux (pazoBbIX MET0/10B H3MEDEHHsT
VIJIOBBLIX KOOPANHAT
Huxurur A.O., Opmos A A.
Boal'V, r. Boarorpaz

OZ[HOfI n3 3a4a1  PAgUOTCXHUKH ABJLICTCA ONPCACIICHUC YTJIOBBIX
KOOpAHHAT 00BCKTA B 3aHaHHOM paguomnone. OOHHM U3 COCOO00B PCIICHHA
3TOH  3amaum  SBJUIETCA  HCIOJNB30BaHHEC  (DA30BOTO  IEJICHTATOpa,
MIPEACTABILIOIIETO COO0H MHOTOKAHAIBHBIA HMPHEMHHUK PAJHOCHTHANA, HA
Pa3HECCHHBIC B TPOCTPAHCTBE AHTCHHBI.

Lenpto manHOW padOTHI SBISIETCS HCCICAOBAHHME MAPAMETPHUYCCKUX
MCTOAOB HM3MCPCHHSA PA3HOCTH (a3 CHTHANOB, KOTOPBIC MOTYT OBITH
OPUMCHCHBI UL 3a4aY NCJICHTAUU W ONPCACTICHUA YTJIOBBIX KOOPAHWHAT B
pcanpHOM BpeMEHH. B padoTe TpPEANOKCH CPABHHTCIBHBIA — AHAITH3
MOTPEITHOCTH OLICHMBAHUS PA3HOCTH (Da3 Pasmu4HBIX TU(PPOBBIX METOIOB
P HATHYHMH AMIUTATYJHOH W YaCTOTHON MOy ALY,

Ha mepsoMm srame paboThl HMPOBOJWIICS AHAIHW3 METOJIOB OIPCIACICHUS
pazHocTH (a3, PaCCUUTHIBATINCH 3aBECHMOCTH TOYHOCTH OIICHKH OT 3HAYCHH
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OTHOLICHHUSI CHTHANI / IOyM, BCIMYHHBI AMIUIMTYJHOH W YaCTOTHOH
MOJYJUIOUH CHUTHANOB. UMCICHHOE MOJCIHMPOBAHHC IOKA3BIBACT, YTO LA
OIHOTO W3 MCTOAOB cpeaHekBaaparmduoe oTkiaoHcHHEe (CKO) oucHkH
paszHocTH (a3 TAPMOHHYCCKUX CHTHAIIOB NPH OTHOINCHWH CHUTHAN / IIyM
801b cocTaBmOT mpuMEPHO 6-10°° pamraH, a MPH OTHOIICHAM CUTHAN / Iy M
60 1B mpumepuo 710 pamuan. BeU0 MOKA3aHO, YTO UM JAHHOTO METOTA
TIPH AMIDTHTYXHOW MO JBIIHH CHTHANA C TayOuHHOH Moy winun 20%, CKO
OUCHKH pasHocTH (pa3 coctaBuwiao 3-10° pamguman, a mpud YACTOTHOM
Moaymamuu ¢ aHajmormuHeiME mapamerpamu CKO omeHkm pasHoctm (pas
cocTaBmmoT 1-107 paguan.

Ha Bropom »3Tame mpOBOJWIOCH YHCICHHOC MOJCIHPOBAHUC JAHHBIX
METONOB I CHTHAIA C MHOTOKAHAJBHOTO (Da30BOTO MEJICHraropa B
H3MCHIOMEMCST  PaJuoONoae. ITO MO3BOJIUIO OICHHTh JAHHAMHYECKYIO
MOTPEIIHOCTD METO/I0B B YCIOBHSIX H3MEHSFOIICHCS pa3HOCTH (pa3 CHTHAJIOB.

HccnenosanHble  MeTOABI MOTYT OBITh IPHUMEHEHBI B 337a4ax
pasWoONENCHTaM W ONPEICNICHHWS  TPOCTPAHCTBCHHON  OPHCHTALHNH
TOJBIKHBIX OOBEKTOB B PAJHOIOINE PA3IHYHBIX CHCTEM, TAKHX KAK CHCTCMBI
CICNON TOCAAKHW, PAAWOHABUTAIMOHHBIC CHCTEMBI M Jp. TO4YHOE W
OTIEPATUBHOC HM3MEPCHHE YTJIOBBIX KOOPAMHAT MOKET OBITH HCIIOJIb30BAHO
I OpPTaHW3allid ONTHYCCKUX KAHAJIOB CBI3H MEXKIY IBWKYIIUMHUCS
00BEKTAMHL.

HccrnenoBanne BhIMONHEHO TIpH (UHAHCOBON moxacpskke PODU B
paMkax HayuyHoro mpoekra Nel5-47-02297 (p_noBoskbe a) u rpanta PH®
Ne 15-19-00028.

The research phase of parametric methods for measuring
angular coordinates
Nikitin A.O., Orlov A A.
VolSU, Volgograd

The angular coordinates measuring of the object in a radiofield is one of
the radiotechnics task. One way to solve this problem is using a phase
direction finder. It is a multi-channel radio receiver with space diversity
antennas.

The purpose of this study is to investigate parametric phase difference
measurement techniques, which can be used for direction-finding tasks and
measuring the angular coordinates in real time. The paper presents a
comparative analysis of phase difference digital techniques in the presence of
amplitude and frequency keying.

In the first stage we analyzed techniques for the phase difference calculated
according accuracy of the estimate of the value of the signal / noise ratio, the
value of amplitude and frequency modulation signals. Numerical simulation
shows that phase difference root mean square (RMS) deviation of one the
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methods for the harmonic signals with the signal / noise ratio 80 dB is about
6-10-8 radians, and it is 7-10-6 radians with the signal / noise ratio 60 dB. We
shows that this method for signals with 20% amplitude keying has phase
difference RMS deviation about 3-10-6 radians, and the 1-10-5 radians for
frequency modulation with the same parameters.

The second stage includes the numerical simulations of these techniques
for a multi-channel signal from the phase direction finder in a changing
radiofield. It allows estimating the dynamic error of tech in a changing phase
difference signal. The studied methods can be applied to the problems of
finding and determining the spatial orientation of the moving objects in the
radio field. It can be used in various systems such as a blind-landing system,
navigation systems, and others. The precise and rapid measurement of
angular coordinates can be used for the optical communications organization
between moving objects.

The study was supported by RFBR under the research project #15-47-
02297 (r_povolzhe a) and RSC under the research project #15-19-00028.

Hcenenonanne MEXaHN3MA JerPAJANHA B KPEMHHEBBIX
TEH30MPEOOPA30BATENIAX JATUNKOB (H3MIECKUX BETHYIHH
Tunaxos I0.H.!, Amapuun C.A 2, Tlappéros HM.?
IMI'TY um 3 .H.Baymana, *MAU, 1. Mocksa;
2Oumuan MI'TY um D.H. Baymana, r. Kanyra

B mocnemHee BpeMs NIMPOKOE PACIIPOCTPAHEHHE TOIY YU HHTETPATIbHBIC
M3MC npeobpazoBatemn  (DU3HUCCKHX — BCTHUMH-JATYHKH  JTABJICHHA,
KOTOpBIC HAIIUTM NPHMCHECHHE B CHCTEMAxX ABTOMATHYECKOTO VIPABICHHS
JBUTATECISIMH, B ABHAUMOHHOH M  PAKETHO-KOCMHYCCKOH  TEXHHKE,
paldoTarOIUX B JOCTATOYHO S>KECTKUX YCIOBHSIX BHEIIHCH AarpecCHBHOM
Cpempl.

OxHUM W3 OCHOBHBIX 3JICMCHTOB JATYMKOB SIBJIICTCS HyBCTBHTCIbHBIN
amemeHT (U3J), cocrosmumii M3 KpeMHUEBOH MeMOpaHbl M Au()(y3HOHHBIX
TEH30pe3ucTopoB. M3BecTHO, UTO emé J0 3amycka B IIPOU3BOJCTBO
KPEMHHCBbIC IUIACTHHBI MOTYT HMETh MEXAaHMYECKHE HampspreHHI. K
CO’KANICHHIO, MCXAaHWICCKUC HANPSDKCHUS HEPA3PHIBHO CBSA3AHBI C YIIPYTUMH
JedopManmsIMH U MOTYT OBITH OOHApY>KCHBI B IPOLECCE SKCIUIYaTALUH
JATYAKOB TPH BO3ACHCTBHM BHCIIHHX CHJ Ha MeMOpaHy. JIo CHX mop moxa
HE CYIIECTBYET OIPECICICHHOM METOAMKH, C MOMOMIBI0 KOTOPOI MOYKHO
MPOBECTH  TCOPETHYECKOE M OJKCICPUMECHTANBHOE  HCCICIOBAHHC
MEXaHMICCKUX HAMPSHKCHUI U ynpyTux aedopManuit B cTpykrype [1].

Llenp paboThI- MPOBECTH IKCIEPUMEHTAIBHOE HCCICIOBAHHE ACTPANAINA
TCH30TPCOOPA30BATCICH JAaTUYNKOB (DH3HUCCKMX W CHH3HTH YPOBCHB C&
BIIMSTHUSI HA MHOTOCJIOWHBIC CTPYKTYPBIL.
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[locne aHW30TPOIIHOTO TPABICHHSI HA IOBEPXHOCTH KPEMHHEBOH
macTuHbl opueHTarmy (111) Obumr 0OHApYKEHBI AS(EKTHI, KOTOPHIE MOTYT
TOPUBECTH K MEXAHHYCCKHM HANPSDKCHUAM, CIIOCOOCTBYIOIMM MOSBIICHHEO
HE)KENIATEbHBIX AcopManuii u 00pa30BAHUIO JUCTIOKALMI HECOOTBETCTBHA
B CTPYKTYpE [2].
Uccnenosarms POM  m300pakeHHI CKONA KPEMHUCBOH CTPYKTYPHI B
TOTICPEYHOM HAIPABJICHUH AHAIM3UPOBANACH, C IIOMOINBIO JJICKTPOHHBIX
MuKpockonioB TM-3000 u CarlZeissSMT. B pesymsrare Ha OCHOBAHHH
MOJTYYCHHBIX JAHHBIX ObUIA ONTHMH3HPOBAHA KOHCTPYKLHA H TCXHOJOTHA
(dopmuposanua YD mpeoOpas3oBaTelr.
Crmcox murepaTy phl
1. Caypo A.A., 3umun BH. VYmanmmes AB. m ap. Muxposaruuku
JABICHHA W MHKPOCHCTEMBl HA HX OCHOBE. // JIaTUMKH W CHCTCMBL
1999 Ne 4 ¢.28-30.

2. BaraHos B.W.HHTerpanbHble TCH30IPCOOPA30BATCIIH. M.
:OHeproarommsaart, 1983, ¢ 64-75.

Study of mechanism of degradation in silicon strain conversion devices
sensors of physical quantities
Tinyakov J.N.!, AgarchinS.A 2, Parfenov N.M.3
IBMSTU, *MAI, Moscow;
“Branch of BMSTU, Kaluga

Recently, widespread integrated MEMS transducers of physical quantities-
pressure sensors, which have found application in automatic control systems
for engines, aircraft and rocket-space technique, working in harsh conditions
of aggressive environment.

One of the main elements of the sensors is the sensing element (SE), which
consists of a silicon membrane and a diffusion strain gages. It is known that
even before the start of production of a silicon wafer may be mechanically
stress. Unfortunately, stress is inextricably linked to elastic deformations and
can be detected in the operation of the sensors when exposed to external
forces on the membrane. Still yet there are certain techniques which can be
used to conduct a theoretical and experimental study of mechanical stresses
and strains in the structure [1].

The objective was to conduct a pilot study of the degradation of strain
conversion devices sensors physical and reduce its impact on the multi-layer
structure.

After anisotropic etching on the surface of a silicon wafer orientation (111)
were found to have defects that can lead to mechanical stresses that contribute
to the occurrence of undesirable deformations and the formation of misfit
dislocations in the structure [2].
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Research SEM images of cleaved silicon structures in the transverse
direction was analyzed using electron microscopes TM-3000 and Carl Zeiss
SMT. As a result, on the basis of the obtained data was optimized design and
the technology of forming the sensitive element of the transducer.
The list of references
1. Saurov A A., Zimin V.N, Umantsev A.V. and others the pressure
Microsensors and Microsystems based on them. // Sensors and systems.
1999. No. 4 pp. 28-30.

2. Vaganov V.I Integral strain conversion devices. M. Energoatomizdat,
1983, pp. 64-75.

O HONO3NIMHOHHBIN PATHOJIOKATOP AJIsI OXPAHBI IEPUMETPA AIPO/POMA.
Ceepanos B.T'., OxotauxoB [ A., TTamerko A A.
MAM, r. Mocksa

Lensro manHOW paboOTHl ABIANOCH CO3AAHHC  OTHOMO3HIIMOHHOTO
pasuonokaropa, OCHOBHAS (YHKIHA KOTOPOTO 3aKIIOYACTCAI B OXPaHE
y4acTKa mepuMeTpa adpoapoma. JaHHOe YCTPOHCTBO KpaliHe HCOOXOIUMO B
CBf3M C HECOBCPIICHHOCTBIO CYIICCTBYIOHNIMX METOJAOB OXPAHbL, TaK Kak
BHACOHAOMIOACHHC 3a TCPPHUTOPHCH mepmMeTpa, ©¢ 00X0n KpaifHe
3aTpyIHUTEIBHBI BBHAY MHOTHX IPHPOJHBIX W UenoBeueckux (pakropos. Ha
JAHHBIH MOMCHT CYINECTBYET MHOKECTBO PAAMOJOKANHOHHBIX IPHOOPOB,
MO3BOJLIIONIMX HEMPEPBIBHO CIEAWTH 3a Teppuropmeii. PazpabarsiBacMblii
mpuboOp, B  OTIMYME OT  TPEACTABICHHBIX  PAJUOTIOKAIHOHHBIX
OOHApYKWUTEJNCH, TPEICTABICHHBIX HA PBIHKEC, WMEET BO3MOKHOCTh
H3MEPEHMS PACCTOSIHKS OT IMPUOOPA A0 MOCTOPOHHETO, A TAKXKE BBIUHCICHHUS
CKOPOCTH €TO NEPEABIKCHIS B IIPEACTIAX OXPAHICMOH TEPPUTOPHH.

IlepBbiM 3TamoM pa3pabOTKH JAHHOTO YCTPOWCTBA SBJLLIOCH CO3JAHHC
OCHOBHOTO Y3I1a PAIHOJIOKATOPA HA OCHOBE KOPPEILIITHOHHON CXEMBI C IBY M
KBaApaTypHBIMH KaHamaMmu. JIaHHAsA CXema ABISIETCS —ONTHMAIbHBIM
peImeHUEM 1 00pabOTKH OTPAKCHHOTO OT 0OBCKTA AHAJIOTOBOTO CHTHAJA C
Hecymed 4dactotoi 6 I'Tn. Mcmonp3oBaHHe ABYX KBAaAPATYPHBIX KAHAJIOB
KOPPCIAMHOHHOM  CXCMBI  OOCCIICYHBACT  TOBBIICHHYID  TOYHOCTH
oOHapy>keHHA 00BeKTa. [IpHWHIMI ACHCTBHSA OCHOBBIBACTCA HA TOM (DaKTe,
YTO CHUTHAI, OTPAKCHHBIH OT IOJBHXHOTO OOBEKTA, OTIMYACTCSI OT CHTHAINA,
OTPA’KCHHOTO OT HEMOJABIDKHBIX IPEAMETOB. YCTPOHCTBO PETHCTPUPYET
CHTHAI OT TOJBIKHOTO OOBEKTA M IIO3BOJUIET TOUHO OIPEACIHTH €T0
CKOPOCTH U MECTOTIOJIOMKCHHE.

BropeiM 3TanmoM pa3paboTKH SABIUIOCH BHeApeHHE B cxemy ALl u
JANTPHCHIYI0 TPOTPAMMHYIO 00pabOTKYy MOJYUYEHHOTO C KOPPEIATOpa
curHama. Ilox mporpaMvHONH 00pabOTKOH MOApa3yMEBAcTCS IPOrpaMma,
HAIMCAHHAS C UCTIOIB30BaHuEM s1361k0B C 1 C++. [IporpamMma mo 3agaHHOMY
anropuT™My OOBCAMHACT CHTHANBI C JABYX KBAJPATYPHBIX KAHAJIOB H C
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MOMOIIBIO IOPOTOBOIO YCTPOICTBAa ONPEAEACT, €CTh JIM IOCTOPOHHHHU B
340AHHOH 30HE HIIH HET.

B skcnepuMeHTANBHOM YacTH pa3pabOTKu ObLI MPOBEACH IKCIICPUMEHT, B
TEUYECHHE KOTOPOTO Pa3pabOTaHHOE yCTPOHCTBO MCIBITHIBATIOCH B PA3THIHBIX
cutyanusx. IMATHPOBANIOCh HAXOXKICHHUE IMOCTOPOHHETO HEIOBEKA B 30HE
JEHCTBHA PAaMOJIOKATOpa HA paccTofHmAX OoT 1 g0 100 mMerpoB, a Taxke
MIPOMCXONIIO TECTHPOBAHHWE pPadOTHI YCTPOMCTBA W €ro MPOTrPaMMHOTO
oOecrieueHNsA.  JKCIIEPUMEHT ~ MOKa3al  yCTOHUYMBOE  OOHApYy KCHHC
MTOCTOPOHHETO HA BCEM AMAIa30HE PaboTHI mpuOopa.

Pe3ympTaToM BBIIOJIHCHHOH pa0OTHI SIBIIETCS PadOYMii  IPOTOTHIT
OJHOTIO3WIMOHHOTO  PAJMONOKAaTOpa, a TakK JK& JOKYMCHTAIUSA W
MIPOTPAMMHOE 0OECIICUCHHE.

Single position radar for protecting the perimeter of the airfield
Sverdlov B.G., Okhotnikov D.A., Paschenko A A.
MAI, Moscow

The aim of this work was to create a single point of radar, the main
function of which is to protect the perimeter of the airfield. This device is
essential due to the imperfect existing methods of protection, as the video
surveillance of the perimeter of the area, it is extremely difficult due to
bypass many natural and human factors. At the moment, there are many radar
instruments, enabling to continuously monitor the area. Developed device, in
contrast to the presented radar detectors on the market, has the ability to
measure the distance from the device to the outside, as well as calculate the
speed of its movement within the protected area.

The first step in the development of this device was the creation of the
main assembly of radar-based correlation scheme with two quadrature
channels. This scheme is the optimal solution for processing a return from the
object of the analog signal with a carrier frequency of 6 GHz. The use of two
quadrature channels of the correlation circuit provides increased accuracy of
object detection. The principle of operation is based on the fact that the signal
reflected from a moving object is different from the signal reflected from
fixed objects. The apparatus detects a signal from the mobile unit and allows
it to accurately determine the speed and location.

The second stage of development is the implementation of the scheme of
the ADC and the further processing of the received programming signal to the
correlator. Under the program means the treatment program written using
languages C and C ++. The program according to the algorithm combines the
signals from the two quadrature channels and via a threshold device
determines if a stranger or not a predetermined zone.

In the experimental part of the development of an experiment was
conducted, during which the developed device has been tested in different
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situations. It simulates the presence of a stranger in the area of the radar at a
distance of 1 100 meters, as well as a test of operation of the device and its
software. The experiment showed stable detection outside the full range of
the instrument.

The result of the work performed is a working prototype of a single point
of radar, as well as documentation and software.

AJNTopuT™M OTIPEAC/ICHHS reorPAPIIecKAX KOOPIHHAT
PJIC no ganasim PTP
INepecnernn JLA.
MAM, r. Mocksa

Lensto maHHOH PaAdOTHI ABIIOCH CO3JAHHMC AJATOPHUTMA OIPCICICHHS
reorpapMIECKuX KOOPAMHAT HA3CMHBIX HETOJBIDKHBIX PATHOIOKAIMOHHBIX
cranuuii (PJIC) mo maHHBIM CTAaHOUHM PAAHOTCXHHUYCCKOH paseeaxu (PTP),
BXOMIIICH B COCTAaB CHCTCMBI  PAAHO3ICKTPOHHOW OoppOBl  (POB),
pacmonoXeHHOH Ha camonére. PemieHme MaHHOW 3a7a4d CHOCOOCTBYET
HWHTETPAIUU CHCTEMBI B IECPCICKTHBHBIC KOMIUICKCHI ABHALMH W ITO3BOIHT
MOJIYYHTh HOBBIC TAKTHYCCKUEC IPCHMYLICCTBA IPH INPOTHBOJICHCTBHH
PATHOUBITY YAFOTIIIM IICTISIM.

Ha mepeoM astame Obum ompeneiacHbl TpeOoBaHusa k cuctemMam PTP m
Hapuranme camonéra. OmpeacneH METOJ PEUICHUS JAHHOW —337adqum,
MIPOBEACHBI HCOOX0IMMBIC MATEMATHUCCKHIE BBIKIIAKH.

Ha Bropom 3tame pa3paboTaHHBIH anropuTM B cpeae Matlab mpumensics
B pacy&THOMN MOJEIN KOHKPETHOTO MOJETA, IJE B Mpouecce 0TpaboTKu ObLIn
pa3paboTaHbl TOJANTOPUTMBI CHHXPOHH3AUWH JAHHBIX, (QuIbTpammum u
composoxacHus PJIC, cratucriyueckoi 00padoTKH H3MEPEHHH.

PesympraTom paboTH SABIASETCA MOJENb PEUICHUS 3aiaud HA OOpTY B
pe)KHME PEaNbHOTO BpPEMEHH. Tak ke COPMyIHMPOBAHBI 3aJaull K
TOCTICAYIOIIEMY 3TAIy PACIIUPEHHUS TAKTHUECKUX BO3MOKHOCTEH:

e  OmnpeneneHnEe KOOPAMHAT HA3CMHBIX, HAABOAHBIX M BO3/IYIIHBIX

TOABHYKHBIX IICTICH,

o  Opranm3anuu HHOOPMATHOHHOTO B3AHMOACHCTBHA MEKIY OOpTaMu

B IPYNIOBOM TOJETE, HA3EMHBIMH, MOPCKUMH W JPYTHMH BO3IYIIHBIMH

OOBEKTAMH C UENBI0 YMCHBHICHHS BPEMCHH M VBCJIMUCHHSI TOYHOCTH

OTIPEACTICHUS KOOPAMHAT PATHON3ITY YAFOIIHIX [EJICH;

e  Omnpenencaue CTPYKTYPBI €IMHOTO HH(POPMALTMOHHO-

VOPABILIOINIETO TIOMSI W KOMIUICKCA CPEICTB Iepetadd mH(popMmammu 00

0OHAPY KCHHBIX LCIIAX.
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Algorithm for radar geographical coordinates detection
by means ELINT data
Pereslegin L.A.
MAI, Moscow

The goal of this work was to develop an algorithm for terrestrial fixed
radars geographical coordinates detection by means electronic intelligence
station (ELINTS), which is part of the system of e¢lectronic warfare (EW)
installed on the plane. The solution of this problem contributes to integration
of advanced aircraft and will provide new tactical advantages in countering
radio-emitting targets.

In the first phase have been identified requirements for aircraft navigation
and ELINT systems. The method of solving this problem and the necessary
mathematical calculations was defined.

In a second phase the developed algorithm in Matlab was used in the
calculation model of a particular flight, where in the course of mining have
been developed subalgorithms of data synchronization, radars filtering and
tracking and measurements statistical analysis.

The work result is a model for solving the problem on board in real time.
Also formulated the problem for the next stage of tactical possibilities
expansion:

o  Coordinates determination of ground, surface and air moving targets;

e  Organization of information exchange between the planes in the
group flight, terrestrial, marine and other air objects to reduce the time and
increase the accuracy of radio-emitting targets coordinates determining;

e  Determining the structure of a single information and control field
and a complex of communicating information of detected targets.

Pagnouacrorasie 3seMenThI B ycTpoiicteax CBY
Ierpos M. A.
HHHWUPTH mm. ak. A.W. Bepra, r. Mocksa

B ycrpoticteax CBY 4acTo BOBHHKACT HCOOXOIUMOCTbH HCIOIB30BAHHI
TAKUX PATUOYACTOTHBIX 3JICMEHTOB KAaK: HHIYKTHBHOCTb, EMKOCTB, PE3HCTOP
u apyrux. Ha HH3KHX 49acTOTax OHU NMPEACTABILIOTCS B BHAC HACAIBHBIX
COCPEAOTOUCHHBIX INEKTPUUCCKUX 3NIEMCHTOB c HYJICBBIMHA
reoMeTprueckuMu pazmepamu. OnHako B amamazone CBU reomerpuueckue
pa3Mepsl pagMoOIEMEHTOB W KOH(QUTypamuss BO MHOTOM  OIPENCIIIIOT
YACTOTHBIE CBOWCTBA, IMO3TOMY HX HEOOXOJMMO TIIPEACTABIATH B BHIC
pacmpeAcneHHBIX FUIM, B KPaWHEM CIy4ae, KBAa3HCOCPETOTOUCHHBIX
amemMeHToB. K pammovacToTHBIM 3nemeHTaM ycrporcte CBU  takke
HEOOXOAMMO OTHOCHUTH HECOAHOPOAHOCTH, BO3HHKAIOIIHE B IHHHIX
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Mepeavn, HAampuMep, NPH W3rHOE JHMHUI, MpPH HX Pa3BETBICHHH, IIPH
YCTAHOBKE MOIYyIPOBOJHHKOBBIX JICMEHTOB H TAK JANCE.

B ngoxmame pacCcMATpHBAKOTICA PAd  PAJIUOYACTOTHBIX  3JIEMEHTOB,
AHANM3HPYIOTCSA WX YACTOTHBIC CBoiicTBa B mmamazoHe CBUY. Tlpusomarcsa
PE3YJIBTATBL PACUYECTOB B CPEAC JNEKTPOAMHAMHYCCKOTO MOACTHPOBAHUA.
[TpuBomATCA IKCTIICPUMEHTAIBHBIC PE3YJIbTATHl MCCICIOBAHHH pPAAA THIIOB
HEOAHOPOIHOCTEH, BOSHUKAIOIIMX B TMHIIX IIECPEIAH.

[To pe3ympTataM TEOPETHHYECKHX W 3KCIEPHUMCHTANBHBIX HCCICIOBAHHH
JAFOTCSI PEKOMEHIAUWH MO IPABHIBHOMY IPUMEHCHHIO PAaTHOYACTOTHBIX
3neMeHTOB B yeTpotictBax CBU. TobkO y4eT HACTOTHBIX OCOOCHHOCTCH
paznoOvaCTOTHBIX 3JIEMEHTOB MO3BOJBICT co34aBath ycrpoiictea CBY c
BBICOKMMH JICKTPHYCCKHMH TAPAMETPAMH, PACIIHPATh HX pabouui
JWAINAa30H YaCTOT, YMEHBINATh MACCy M Ta0apHTHL.

Elements of the radio frequency for microwave device
Petrov LA.
CNIRTI n.a. A.I. Berg, Moscow

In microwave device often appears need of the use such radio frequency
element as: inductance, capacity, resistor and others. On low frequency they
introduce in the manner of ideal concentrated electric element with zero
geometric size. However within the microwave range of geometric sizes radio
element and eskside define the frequency characteristic so their necessary to
present in the manner of portioned. To radio frequency element microwave
device also necessary to refer to spottinesses, appearing in line of the issue,
for instance, under tumbling line, under their branching, when installing
semiconductor element and so on.

In report are considered row radio frequency element, are analysed their
frequency characteristic within the microwave range. Here results calculation
are given in ambience of electro dynamic modeling. Here given experimental
results of the studies of the row of the types of the spottinesses, appearing in
line of the issue.

On result theoretical and experimental studies are given recommendations
on correct using radio frequency element in microwave device. Only, the
account of the frequency particularities radio frequency eclement allows to
create the microwave device with high electric parameter, increase their
operating range of the frequencies, reduce the mass and size.
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Hcro/in30BaHue METOI0OB BLICOKOTOMHOI0 A0CO/IOTHOTO
mectootmipeenenns B THCC T'JIOHACC
IMoaxoperroB A H.

MAM, r. Mocksa

MeTtoapl BEICOKOTOYHOTO aDCOIFOTHOTO MECTOOTPEACICHHS B TII00ATBHBIX
HABHTAOHOHHBIX CIyTHHKOBBIX cucreMax (THCC) akTwBHO pa3BHBArOTCH B
TCUCHHE TMOCICAHUX HECKOIBKHX JeT. M3BECTHO MHOKECTBO MPHIOKCHHHI
JAHHBIX METOAOB (CTPOHMTCIIBCTBO, CENBCKOE XO3AHCTBO, TEOAC3HS,
MOHHUTOPHHT AchopMannil B3OAHWH H COOPYKCHHH, IPOTHO3 IYHAMH,
Hedransie 1wardopmer u ap.). B pabdore paccMaTpHBAROTCS BOMPOCH
TIPUMECHEHH METOJ0B BEICOKOTOYHOTO a0COIFOTHOTO MECTOOIIPEACICHUS [T
cucrems! [ JIOHACC.

Mertoapl  BBICOKOTOYHOTO A0CONMFOTHOTO MECTOOTPEICICHUS MOYKHO
pa3menuTh HA JABE TPYHIBI IO KPHUTCPHIO HCIOJIB30BAHHS ITPOLCIY P
pa3pemeHus HEIOYHUCICHHON HEOJHOZHAYHOCTH IICEBA0(DA30BBIX H3MEPECHHUH:

e Hambomee pacmpocTpaHeHBI B HACTOSINEE BPEMS  METOIBI
BBICOKOTOYHOTO MECTOONPEICICHUS, B KOTOPBIX HE HCIIOJIB3YETCS
Pa3peIICHHC  ILCTOYHCICHHOW  HCOTHO3HAYHOCTH  MCCBIO(PA30BBIX
mmepernit (metoanl Float PPP B aHTOA3BIMHOI THTEpATYPE).

e  Meroapl BBICOKOTOUHOTO MECTOONPEACICHUSI C  Ppa3peHICHHEM
[EJIOYNCICHHOM HEOTHOZHAYHOCTH TICEBAO(AZ0BBIX H3MEPEHUI (METOIbI
Integer PPP B aHIIOS3BIMHOM TUTEPATYPE).

Meronst Float PPP B Hacrosimee BpeMs1 YCHEITHO PEATH30BAHbI H IMHPOKO
HCIOJIB3YIOTCSL KaK [UIT CTAaTHYECKOTO, Tak HW U1  JHHAMHYCCKOTO
morpedburens. Hecmorps Ha pasmmuue B NPHHOUNAX — PA3ACICHHA
cnyTHHKOBBIX curHanos cucteM GPS wm TJIOHACC, TtouHOCTH W
omeparuBHocTh MeTO10B Float PPP 1 ITIOHACC u GPS cpaBHuMa.

Mertoasr Integer PPP B HacTosmee BpeMsa AKTHBHO Pa3BHBAKOTCA, B MHPE
MPEIIOKEHBI HECKOJBKO TMOAX0A0B. M3-32 4ACTOTHOTO  pasAcicHUs
cnyTHukoBbIX curHanmoB [JIOHACC peanm3anus NaHHBIX METOJIOB LA
cucrembl [JIOHACC 3HaumrensHO choxkHee, yeM g cucremsl GPS. K
HACTOSIIEMY BPEMCHH OTCYTCTBYIOT  OIyO/IMKOBAHHBIC  CTAOMIBHbIC
Ppe3yabTaThl JaHHBIX MeTO0B npuveHuTensHO kK [ JIOHACC.

B pabotre npHBOAATCS CpPABHHUTEIBHBIC PE3YJIBTATHI BBICOKOTOYHOTO
abcomoTroro MectoompeneneHus no ['JIOHACC u GPS B pexkumax Float
PPP, Integer PPP. Onmcansl yCroBHsS NOATOTOBKH MCXOJHBIX JAHHBIX IS
pexxumos Float PPP um Integer PPP. ITpoananm3mpoBaHBI OCOOCHHOCTH
I'JIOHACC, 3arpy nasromnue peanuzanmto Metonos Integer PPP.
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The use of precise point positioning methods in GNSS GLONASS
Podkorytov A.N.
MAI, Moscow

Precise point positioning methods were actively being developed in global
navigation satellite systems (GNSS) during last several years. There are a lot
of known applications for these methods (building, farming, geodesy,
deformation monitoring, tsunami forecast, oil platform positioning etc.). This
study is focused on applying of precise point positioning methods to
GLONASS system.

Precise point positioning methods can be divided in two groups according
to the following criterion: the use of procedure of phase measurements
ambiguity resolution.

e  Widely used currently precise point positioning methods without
applying phase measurements ambiguity resolution (Float PPP methods).
e  Methods with the use of phase measurements ambiguity resolution

(Integer PPP methods).

Currently, Float PPP methods are successfully implemented and widely
used for both static and kinematic users. Precision and convergence time of
Float PPP methods for GLONASS and GPS systems are comparable in spite
of different multiple access principles.

Integer PPP methods are actively being developed nowadays, there are
several different approaches. Because of GLONASS FDMA principle there
are troubles with implementation of these methods for GLONASS compared
with case of GPS. Till now there were no published stable Integer PPP results
for GLONASS.

In this study we describe comparative results for GLONASS and GPS
precise point positioning with Float PPP and Integer PPP methods.
Preparation of initial data for Float PPP and Integer PPP processing is
described. We analyze also specific GLONASS features which cause troubles
with Integer PPP implementation.

Oco0eHHOCTH CINMBKH PAJNOJIOKAINIMOHHBIX 300D asKeHUii 3eMHOIT
MOBEPXHOCTH
PomanoB A A.
Konmepn «Bera», MAU, t. Mocksa

CimBka paguoa0KaHOHHBIX H300paxkeHui (PJIM) 3eMHOH MOBCPXHOCTH
MO3BOJIET YBEIMYHTh 3(PPeKkTuBHOCTS ACH(PUPOBAHUS IIOATHBIX H
MPOTSHKCHHBIX ~ OOBEKTOB W BTOPHYHOH  OOpabOTKM  JaHHBIX
PasHOIOKANMOHHOTO MOHUTOPHHTA.

Jns ycnemmoit cmmmeku aByX PJIM 3eMHOW MOBEPXHOCTH HEOOXOIMMO
HAWTH HMX OPHCHTALMIO APYT OTHOCUTEIbHO Jpyra (KOPETrUCTPaLuio) —
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peoOpa30BaHHE M3 CHCTEMBI KOOPAMHAT OJHOTO W300pPAKCHUS B CHCTEMY
KoopauHaT Apyroro. [Ipu oTcyTCTBHH HHPOPMALMHU O TOJIOKCHHH HOCHTEIII
PJIC Bo Bpems ¢opmuposanuss PJIM xopermcrpamms mnpoBOAMTCS C
TTOMOIIBIO OTIOPHBIX TOUEK 3 obmactu nepekporrust PJIN.

AHamH3 XapakTCPHBIX TCOMETPHUCCKNX HCKakeHuH Ha PJIM mokasan, uro
HCKOMOE MpPeoOpa30BaHHE SBISICTCS TPOCSKTHBHBIM, NApaMETPHI KOTOPOTO
MOKHO HAHTH C IIOMOIUBI0 METOJA TOJMHBIX HAWMCHBINUX KBA/JPATOB IO
KOODOMHATAM ONMOPHBIX TO4eK. OmHAaKO B CHIY OCOOCHHOCTCH
¢opmupoBanms PJIM  3cMHOH MOBCPXHOCTH HAIHYNC BO3BBIIICHHBIX
O0OBEKTOB B 30HE CHEMKHU MPHBOJUT K IIOSIBJICHAUIO MHBEPCHH (HAJIOKCHU)
H300POKEHNI TAaKUX OOBEKTOB M O0NACTCH PAagMOTEHH, YTO MOJKET
MIPUBOJUTH K TIOJYUCHHIO HEKOPPEKTHBIX 3HAYCHHUH IAPAMETPOB HCKOMOTO
peoOpa30BaHM C OMOIIBI0 METO/A ITOIHBIX HANMCHBINNX KBAIPATOB.

B ngaHHOM 1OKIage MPEAnoKEHA IMPOLEAYpa OIPEICIICHHS ITApaMETPOB
HCKOMOTO  IIPOEKTHBHOTO MPEoOpa3oBaHMSI C  YYETOM  OIHCAHHBIX
ocobernoctelt PJIM 3¢eMHO# TOBEPXHOCTH.

Features of earth’s surface radar image stitching
Romanov A.A.
Concern “Vega”, MAI, Moscow

The stitching of earth’s surface radar images increases the efficiency of
interpretation of area or extended objects and second processing of radar data.

To stitch two earth’s surface radar images successfully it is necessary to
calculate their relative orientation (coregistration). The relative orientation is
the transformation from the coordinate system of first radar image to second
one. The desired transformation is calculated using reference points from
overlapping region of radar images in case of lack of information about radar
position and orientation during the radar image forming.

The analysis of radar image geometric distortions shows that the desired
transformation is projective one, the parameters of which can be calculated
using the method of least squares and the coordinates of the reference points.
However the presence of high objects in monitoring arca leads to the
appearance of inversion (overlapping) their images and radar shadows on
radar images due to features of radar image forming. It may lead to incorrect
calculation of projective transformation parameters using the method of least
squares.

This report will present the calculation procedure of radar image
orientation parameters considering the features of earth's surface radar images
described below.
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PagnoiokannoHaoe 00HAPYKEHIE MOCTOPOHHNX MPEIMETOR
HA B3JIETHO-TIOCAI0YHOM 110J10Ce
Ceepanos B.I'., Oxorauxos [ A., CaBucHko 1. A.
MAM, r. Mocksa

HecMmoTpss Ha ycmexu COBPEMECHHOM AaBHALMWH, MO-MPEKHEMY €CTh PAX
ceppesHblx mpobmem. B 2000 romy B 10 mmmix or Ilapwka camoner
aBunakommannn AirFrance, motepmen kpymeHue npu B3nere. «KoHkxopm»
o6opt F-BTSC Beipymun Ha B3méTHYIO monocy Ne26R. Bo Bpems paszdera mo
B3neTHO-Nocagouno monoce (BII) ma ckopoctm mpumepHO 280 KM/4
caMoJIeT HaexXasl Ha Merammdeckuii odaomok ot 6opra DC-10, BcreacTsue
YET0 MOKPHIMKA IPABOTO MNEPBOTO KOJIECA HA IICBOM INACCH JIOIHYJIA.
Bonpmioii ()parMEHT MOKPHIIKH, YAAPHBIIMKH B KPBUIO CAMOIETA, BBI3BAN
MOBpCKICHUE OOIIMBKM WM YTEYKy TomimBa U3 ©Oaka. B pesymsrare
karactpodsr morubmu 113 uwemosek — 109 ma 6opry «Kowkopma» m 4
YEJIOBEKA, HAXOJUBIIHMXCS HA 3EMIIC.

Cymectyromme  mpuOOpHL,  CIICHHATH3HPOBAHHBIC HA  MpoOIeMe
00HApY )KCHUS MOCTOPOHHNX Tpeametos Ha BIII, UMCIOT psa HCAOCTATKOB.
B ocHOBE MOAOOHBIX MPHUOOPOB JIEKAT CHCTEMBI BHICOHAOIIOACHHS, KOTOPBIC
HE OOCCIICYMBAOT TAPAHTHPOBAHHOE OOHAPYXCHHE B CHIY IIOTOJHBIX
YCIOBHHI HITH BPEMEHH CYTOK.

Lemsro padoTHI SABIICTCA paspaboTrka PAIHOIOKAIIMOHHOTO
CBEPXIIMPOKOIIONIOCHOTO ~ JATYMKA,  CIMOCOOHOTO — pemarh  3a1ady
0OHAPY)KCHHS MOCTOPOHHHUX MPSAMCETOB ¢ OOJBINCH JOCTOBCPHOCTHIO, UCM
CYLICCTBYIOIIHE CHCTEMbI OOHAPY KCHILL.

B ocHoBe mpmbopa JEKHT  IOCICIOBATEIbHOC  CKAHHPOBAHHC
0003peBacMoro MIPOCTPAHCTBA IMyTeEM 00Ty YeHHA KOPOTKHM
PAZHOUMITYJIBCOM C IOCICIOBATEIbHBIM AHATIHM30M OTPAXKCHHBIX CHIHAJIOB.
PagmomokaTtop TOCTPOCH MO CXEME C KBAAPAaTYPHBIM IPHEMHHKOM C
mocmenyromel mudposoli  0OpaboTkod curHana. [Ipubop ompeacmact
Pa3HHLY OTPHKECHHOTO OT 0003PEBAEMOTO IPOCTPAHCTBA CHTHANA C 3apaHee
3a(HKCHPOBAHHBIM OTPAKCHHBIM CHTHAJIOM OT MOBCPXHOCTH CBOOOTHOH OT
TMOCTOPOHHHUX NMPEAMETOB. B cJyvac, €CIiM U3MCPCHHAA PAa3HULA MPCBBIMIACT
MOPOT, OIIEPAaTOp OMOBEINACTCS 00 OMACHOCTH. BakHBIM IUIOCOM mpmOOpa
SIBIICTCSL BO3MOKHOCTH PAa0OTBHI COBMECTHO C paHEE YCTAHOBJICHHBIMH
CHCTEMAMH, BBINOJHIATE CBOM (DYHKIMH B COCTaBE WHTCTPHPOBAHHOH
cHCTEMBl OE€30MAaCHOCTH AN  aBHAPCHCOB COBMECTHO C  CHCTEMOH
BHACOHAOIFONCHUS B TCITIOBH30POM.

[IpoBeneHHBIE AIKCIEPHMEHTHI MOKA3adH YBEPEHHOE OOHAPY’KCHHC
pa3pabOTaHHBIM CBEPXIIMPOKONIOJIOCHEIM PAAHOIOKATOPOM TOCTOPOHHETO
mpeaMeTa Ha cBOOOJHOM mpocTpaHcTee, mMuTHpyromeMm BIIII, a Ttamxe
BBIMHCIICHUE KOOPIMHAT, OOHAPY>KEHHOTO IPEIMETA.
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Radar detection of foreign objects on the runway
Sverdlov B.G., Okhotnikov D.A., Savchenko . A.
MAI, Moscow

Despite the advances of modern aviation, there are still a number of serious
problems. In 2000, 10 miles from Paris, the plane airline AirFrance, crashed
during take-off. "Concord" aircraft F-BTSC taxied to the runway No26R.
During the take-off on the runway at a speed of about 280 km / h the aircraft
hit a metal chip from the side of DC-10 as a result of the first wheel of the
right tire on the left landing gear broke. A large fragment of the tire, which
struck the wing of the aircraft, damage skin and leakage of fuel from the tank.
Concorde has crashed just minutes after take-off, killing all 109 people on
board and four people on the ground.

Existing devices, specialized on the problem of detecting foreign objects
on the runway, have several disadvantages. At the heart of these devices are
CCTV systems that do not provide a guaranteed detection due to weather
conditions or time of day. The aim is to develop an ultra-wideband radar
sensor capabilities to detect foreign objects with greater reliability than
existing detection systems.

The device is based on a sequential scan of overlooked space by short radio
pulse irradiation with a consistent analysis of the reflected signals.
Radiolocator is comstructed by scheme with quadrature receiver with
following digital signal processing. Device defines differences between
reflected and overlooked spacee with pre-recorded reflected signal from
surface free of obstructions. If the modified difference exceeds the threshold,
the operator is notified of the danger. An important advantage of the device is
the ability to work in conjunction with the previously established systems to
perform their functions as part of an integrated security system for flights in
conjunction with CCTV and a thermal imager.

Experiments have shown reliable detection of ultra-wideband radar
developed by a foreign object in the free space simulating runway, and
computing coordinates of the detected object.

MeTtoauKa H CPEACTBA KOHTPOJIA 3JICKTPOHHOI
KOHCTPYKTOPCKOH JOKYMCHT AN
Cutaukos C.C., Kycros C.P.

HITO «Carypu», . PeiOuHCK

B ycrnoBusx MHTCHCH(MKAIMK TEPSBOAA MPOLIECCCOB MPOCKTHPOBAHHS U
Ppa3paboTKu KOHCTPYKTOpPCKOHM mokymeHTammd (KJ) B HHTCTPHPOBAHHYEO
cpeny PLM u CAD cucreMm, mepexoaa Ha 3MCKTPOHHBIC moamuHHukn K/ u
ABTOMATH3HPOBAHHYIO TEpeAady HHPOPMALMH B  MPOU3BOJICTBEHHBIC
CHCTEMBI BO3PACTACT 3HAUCHHC KOPPEKTHOTO (DOPMHUPOBAHHUS OCHOBHBIX
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rpaMICCKHX TOKYMCHTOB — JJICKTPOHHBIX MOJACIACH W ueprexkei (OMU)
Jeranei u COOPOYHBIX CAMHUII CO3AABACMOTO U3ICTIHS.

[lepeueHb KOHKPETHBIX TPEOOBAHMI, YCTAHOBICHHBIX M1 OMY,
PETIAMECHTUPYETCS HOPMATUBHBIMA JOKYMECHTAMHE TPEATPHUATHS M BKIFOYACT
TpeOOBaHMSA CTAHAAPTOB W  HOPM  TPOCKTHPOBAHMA, TPEOOBAHWI,
OTpee/sIeMbIc TEXHOJIOTHEH WM IPOW3BOJACTBEHHBIMH HH()OPMALMOHHBIMH
CHCTEMaMH, TPEOOBAHMUS, CBA3AHHBIC C BBHINIOJHEHHEM KOHKPETHOHM JCTANbBIO
HIH COOPOTHOH CAMHUIICH ONMPEACTICHHON ()YHKIHH B COCTABS M3ACTIHA.

KoHTpoms COOMFOICHUS B MPOILCCCE MPOCKTHPOBAHUSA BCEX TPeOOBAaHMI
MPeACTABIBIET AN KOHCTPYKTOPA OUCHB CIOXKHYIO M TPYJOCMKYIO 3a/1ady,
VBCIMYHUBAOIIYE)  NMPOJOLKHTCIBHOCTh — mpomecca  paspadotkn K/
CokpaTuTs TPYAOEMKOCTH KOHTPOJSI IIO3BOJSICT ABTOMATH3ALUS 3TOTO
TIpoIIeCcca.

Hcnonp3yemele mpu mpoekruposanun PLM u CAD cucreMbl HMEIOT
BCTPOCHHBIC KOMIUICKCHI KOHTPOJISI KOPPEKTHOCTH JAHHBIX, OJHAKO HX
()YHKOMOHAT HE MOKET OXBATHTh BCE TPCOOBAHMA, YCTAHABIMBACMbBIC HA
TIPS AMPHATHH.

JI1s KOHTPOJI perTaMeHTHPOBAHHBIX TpeboBanuii B cpeae NX/Teamcenter
pa3paboTaH KOMIDICKC MPOTPAMM ABTOMATH3HPOBAHHOW MPoBEpkHm OMY,
KOTOPBIA 0OECIICUMBACT BHIIIOIHEHHE TPEOOBAHMH:

e  HOPMATHBHOW JOKYMCHTALNH,

e  00miero mocTpocHUs1 OOBEKTOB (00O3HAYUCHHE W aTpuOyTHI (haiiia,
€IMHHIBI H3MEPCHUS, KOPPEKTHOCTh MACCHI U JIP.);

e  KOPPEKTHOCTH T€OMETPHH (JOMYCKH, AHATHM3 IEPECCUCHUH H Ap. ),

e  crpykrypm3ampd MY (CKpHITBIC OOBCKTHL, CCBIIOYHBIC HAOOPHL,
3JIEMEHTHI OCTPOCHHUSL, COCTAaB COOPKH H Ap.);

e  odopmicHH (OCHOBHAS HAANUCH M PAMKA YepTe:Ka, MPH(THI H 1p.)

e  CTPYKTYpH3aIMH dYacTH (pACMOJOKCHHEC OOBEKTOB IO CIIOAM,
KaTeTOPHH CIIOCB, I[BETOBAS MATHTPA U JIP.);

¢  MPOBEPKH MOCTPOCHHUS M HCHOJb3YEMOTO0 HMHCTpyMEHTapus (Wave,

Examine Geometry, Feature Playback).

Peanmmzaumsa KOMIIIEKCAa MPOTPAMM ABTOMATH3MPOBAHHOW IPOBEPKU I
Pa3NMUYHBIX H3AENHH OOCCIEYMBACT KOPPEKTHOCTH paspaboranHod K]/ m
MO3BOJIIET 3HAYUTEIBHO CHU3UTh TPYAOCMKOCTh MPOLIECCAa MOICTHPOBAHUS H
o¢popmcHus K/,

Procedure and means for control
of the electronic version of design documentation
Sitnikov S.S., Kustov S.R.
NPO “Saturn”, Rybinsk

At intensification of transfer of design processes and development of
design documentation in the integrated environment of PLM and CAD
273



systems, transition to electronic originals of design documentation and
computer-aided transfer of information to manufacturing systems the
importance of correct formation of the main graphic documents — electronic
models and drawings of parts and assembly units of the product under
development increases.

Specification of particular requirements determined for electronic models
and drawings is regulated by standardizing normative documentation of the
Enterprise and comprises the requirements of design standards and norms,
requirements determined by a manufacturing process and manufacturing
information systems, requirements for implementation of a specific part or
assembly unit of a specific function within the product.

Control for observance of all requirements during the process of design is a
very complicated and labour-intensive task increasing duration of the process
for design documentation development for a designer. Computerizing of this
process allows to decrease the labour-intensiveness of control.

The PLM and CAD systems used for design comprise in-built packages for
control of data correctness, but their functional cannot cover all requirements
established at the Enterprise.

To control the regulated requirements in the NX/Teamcenter environment a
package of programs for computer-aided check of electronic models and
drawings, which ensures implementation of the requirements of:

e  standardizing normative documentation;

e  general construction of objects (designation and attributes of a file, a
unit, correctness of weight, etc.);

e  correctness of geometry (tolerances, analysis, etc.);

e  structuring of electronic models and drawings (hidden objects,
reference sets, elements of construction, assembly composition, etc.);

e  design (title block and drawing frame, prints, etc.)

e  structuring of the part (arrangement of objects by layers, categories
of layers, color palette, etc.);

e checks of construction and instruments applied (Wave, Examine

Geometry, Feature Playback) has been developed.

Implementation of the package of programs for computer-aided check of
different products ensures correctness of the developed design documentation
and allows significant decrease of labour-intensiveness of the process for
modeling and execution of design documentation.

A0GcomoTHBII MeTo1 n3MepeHnst K03 PunuenTa ycuieHus aHTeHH

Cractur M. B., JloOsramua E.M.
MAM, r. Mocksa
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Lenpto maHHOW paboTHI SBISIIIOCH OCBOGHHE CIOCO0A OIPEICIICHUS
Kk03(ppuIMeHTa YCHICHHUS aHTCHHBI METOJOM OTPAXKCHUS B IIHPOKOH MOJI0CE
YaCcTOT M e¢ aAaNTaI¥s A1 HMCIOMIETOC 000PYIOBAHUS H OCHACTKH.

BakHOM 4YaCTBEO MPOCKTHPOBAHHA PA3IHYHBIX CHCTEM  ABIACTCA
MOATBEPKACHAE WX OCHOBHBIX XAapPAKTEPHUCTHK. 11 AHTCHHBIX CHCTEM 3TO
MOTYT OBITh IIMPHHA JWATPAMMBI HANPABICHHOCTH, YPOBEHb OOKOBOTO
H3IyYCHHUS, KOI(P(HIMECHT HANPaBICHHOTO [JCHCTBHUA, CTaOWIBHOCTH
(azoBoro 1eHTpa U T.4. U3MepeHne JaHHBIX MAPaMETPOB MOXKHO IPOBOJHTH
HA OTKPBHITOM TIOJIHTOHE, THOO B KamMepax — OC33XOBBIX WM, HA00OPOT,
3XOBBIX — PCBEPOCPAMOHHBIX. TaKKE 3TO MOXKCT OBITh KOMIIAKTHBIH
TOJIMTOH C KOJUTMMATOPOM, 0OSCIICUMBAOIINMHY H3MEPEHHS B KBA3H-TAJIbHEH
30HE.

OCHOBHOM  TPYZHOCTBIO TIPH  IPOBSACHHH  3KCHCPUMEHTAIBHBIX
ucceaoBanuii ko3pdumuenra yeumenus (KY) Ha OTKPHITOM TOUTOHC
SBIICTCL ~ MHOTOJIYUCBOM  XapakTep  PACHpOCTPAHEHHS  PaJHOBOJH,
OOYCIIOBJIICHHBIH BIHSHHCM TOJCTHJIAIOMICH TOBCPXHOCTH (3emum). B
pe3yabTaTe CBA3b MEXKIY H3MEPACMON W H3MEPHUTCIBbHOM AHTCHHAMH
OCYIIECTBILICTCS HE TOJIBKO IPSAMBIM JIyUOM, COCAMHSIOINM HX (pazoBbic
LEHTPHI, HO H JIYYOM, OTPAKCHHBIM OT IOBEPXHOCTH 3e¢MIH. JaHHBIM
(akTopoM O0OYCITOBICHA CYIICCTBCHHAS MOTPCITHOCTh, BHOCHMAS B
pe3yIbTaT U3MEPCHUSL.

W3 meropoB msMmepenust KY BBIOETSAIOT, Kak MPAaBUIO, CICAYIOIIME:
MPAMOH, CPaBHECHHA C 3TAJOHOM (3aMCINCHHMA) M METOA TPEX aHTCHH. B
MEPBOM CIIy4ae IPEAIONAracTcs, HYTO HM3BECTHO BCE 00 HM3MEPHUTEIBHOH
arTcHHe. 3aeck KY ompeaemieTcs W3 YPaBHCHHA PACHPOCTPAHCHHS.
Tounocts onpeacncHus KY HanmpsaMyr 3aBHCHT OT JOCTOBEPHOCTH 3HAHUS
XApPAKTEPUCTHK M3MEPHTEIIFHON aHTCHHBI. B Cilyuae CpaBHEHHS C 3TaJIOHOM
moiayuacMmble OuEHKH KVY aHTEHHBI CBOOOZHBI OT BIISIHHS TPACCHI
TIPOXOYKICHHS CUTHAJIA, TAK KAaK OHA OKA3bIBACT OJMHAKOBOC BO3ACHCTBHE HA
H3JIyYCHHUE HMCCIEAYEMON W 3TAJTOHHOM aHTeHH. HO, Kak MpaBuio, 3TAJIOHbI
SIBILTFOTCSL Y3KOIIOIOCHBIMH. B TpeTheM ciyuae Takke HEOOXOIWMO HMETH
JIBE M3MCPUTEIbHBIC aHTCHHBI. [IpH 3TOM HEOOXOAMMO COBEPIIUTH OOIIBINEE
YUCNIO HW3MEPCHHH, TMOCJE Yero pemacTcs CHCTEMAa  VpPaBHCHHH
PpacIpoCTPaHCHHSL.

Ho taroke cymectByeT m Mmeron usmepeHus KY ¢ momomro aHammsa
KO3 (UIMCHTa OTPAKCHUSA OT AHTCHHBI MPH HAIWYMH TICpex HEH
peduekropa. JJaHHBIH METO MO3BOJIET IMPOBOAWTH M3MECPECHUE B IMHPOKOH
mojoce 4actoT. [Ipm 3TOM M3 H3MEPHTEILHOrO 000pPYIOBaHHA TpeOyercs
mumb peIeKTOMETp M caMa M3MEpsAeMas AaHTCHHA, a M3 JOMOJIHUTCIHHOH
OCHACTKHM — IUIOCKHMH 3KpaH H AHTCHHBIH NO3HLHOHED C 3BOTIOLMEH MO
PACCTOSHMIO.
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B pabote mpoBeAcHO M3MEPEHHE PAJA IMHPOKOIIOJOCHBIX AHTEHH B JBYX
aumanasoHax 4actor — 0.8.8 ITw um 18.28 I'Tn. PesympTarsl moayvmiim
XOPOIICe COTNIACOBaHUE ¢ cepTuduraramu kamodposkn BHUDTPU.

The absolute antenna gain measurement method
Snastin M. V., Dobychina EM.
MAI, Moscow

The purposes of this article are the discovery of a reflection method for
obtaining an antenna gain in a wide frequency band and its adaptation to
existing equipment.

An important part of the various systems design is a confirmation of their
basic characteristics. For antenna systems it may be: beam width, level of the
side lobes, directivity, stability of the phase center, etc. The measurement of
these parameters can be carried out on the open range or in chambers —
anechoic or, conversely, echoic—the reverberation chambers. It can also be a
compact range with a reflector, which provides quasifar-field test.

The main difficulty in experimental tests of gain (G) on the open range is a
multi-beam propagation due to the influence of the underlying surface (the
ground). As a result, the link between antenna under test and probe is carried
out not only the direct beam between their phase centers, and also the beam
reflected from the ground. These factors caused a significant error introduced
in the measurement result.

Among the gain measurement methods usually allocates the following:
direct gain measurement, the gain comparison technique and three-antenna
measurement. In the first case it is assumed that we know all about probe. G
is determined from the transmission equation. The accuracy of G determining
is directly dependent on the reliability of the probe characteristics knowledge.
In the case of comparison technique the obtained antenna G is free from the
influence of the signal path, as it has the same effect on the standard and
antenna under test radiation. But usually the standards are narrowband. The
third case is also necessary to have two measuring antenna. It is necessary to
make a greater number of measurements, and then solve the system of
transmission equations.

But there is also the method of measuring G with analysis of the antenna
reflection coefficient in case if there reflector in front of the antenna. This
method allows taking the measurement in a wide frequency band. Here it is
required only reflectometer and antenna under test and in additional
equipment —plane metal plate and the antenna positioner with the distance
variation.

In this paper we measured the number of broadband antennas in two
frequency bands — 0.8..8 GHz and 18..28 GHz. The results are in good
agreement with a VNIIFTRI calibration certificates.
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Cnioco06 a1anTHBHOTO HA3HAYEHNS ATPErNPYyeMbIX HeCYIINX B CHCTEMe
LTE Ha npuHOMNAX KOTHUTHBHOTO PAXHO
Caomok KA., I'pomaxos O . A.
MAM, r. Mocksa

Ha cerogmsmuwnii neHb B MOOWIBHOW CBS3HM HAOMIOJAETCA «B3PHIBHOID
pocT mepexaBacMoro TpaMKa JAHHBIX, YTO SBIIETCS OUCPEIHBIM (PAKTOPOM,
YCYTYOIAIOMUM CYIICCTBYOIIYIO MPoOieMy Ac(HIHTA PaTHOvIaCTOTHOTO
CHEKTpa A7 MOOMIBHOM CBsI3H. KpoMe TOTO, pEeryIsITOpHKa UCTIONb30BAHMS
CIEKTPa B HACTOSINCE BPEM MPEAyCMATPUBACT BhIJAYY JWICH3WH HA IPABO
SKCKMIO3MBHOTO  JOCTYIIA K  PaxMoOvYacTOTHOMY  pecypcy.  Takoe
pacripeicicHHe HE MPEAyCMaTpUBacT JOCTYII K 3TOMY PECypCy ApyTHM
MOIb30BATEILIM.

Bo03MOXHBIM perieHreM MpoOIeMsl Ae(hUIMTA CIIEKTPA SIBIIETCS CO3JAHMC
CHCTEM MOOWIBHOHW CBsI3H, pPAOOTAIOIMX HA INPHHIMIAX «KOTHHTHBHOTO
panuo». OCHOBHAS WACS KOTHUTHBHOTO PAIHO0» 3aKIIOYACTCA B COBMECTHOM
HCIIOJIb30BAHUH PATHOYACTOTHOTO CHEKTPA HECKOIBKUMH MOJIb30BATCILIMH.
KnroueBbIM NPUHIMNOM KOHUCHIHMK SIBJSICTCS HETPEPBHIBHBIA MOHHTOPHHT
3aHATOCTH CIIEKTPA, KOTOPHIH MO3BOJIUT OIPEACILITh B PEATbHOM MacmTade
BPCMCHH CBOOOIHBIC YYACTKH CICKTPA YAaCTOT H/HMJTH CBOOOJHBIC BPCMCHHBIC
MO3UIUH B CTPYKTYPE CHUTHAJIOB, M3JIYUACMbBIX JCHCTBYIOIIUMHE CPEACTBAMHU
pamuocBs3u («OeNmble ISITHA»), W PA3pPEelNTh NEpPeIady CHTHAIOB HOBBIM
CPEACTBAM HA YCIOBHX, HCKIIFOUAOIINX B3AHMMHBIC IIOMEXH.

Bomnpocsl BHenpeHWS KOTHUTHBHOTO PAIHO AKTHBHO OOCYKHAIOTCS B
Mexnynapogaom  Coroze  Omekrpoceasun  (MC3).  Paszpaboran  psan
JOKYMCHTOB, ONPEACILIOIMN NPUHIWNBI (PYHKIMOHHPOBAHMSA CHCTEM Ha
ocHoBe korautuHOTO pazmo (Report ITU-R SM.2152, Report ITU-R
M.2225, Report ITU-R M.2242).

B moxmame 0OCYKJArOTCSl NPUHIMIBI IIOCTPOCHHS HHTETPHPOBAHHOH
CHCTEMBI TIEPEAAYH JAHHBIX HA MPUHIUIIAX KOTHUTUBHOTO PAJHo0, CIOCOOHOH
pemmTh 3a7ady OOCCNEeUCHHS TapaHTHPOBAHHOH BBICOKOH CKOpPOCTH
MepefaYn  JAHHBIX 10 KAaHalaM CBI3M B VCIOBWAX  jaedunura
pazuovacToTHOro cmekrpa. Cucrema mpeacTaBisieT coOOH HANOXKCHUE HA
CYMICCTBYIOIIYIO TOMOJOTHIO cetH CraHgapra GSM B3aUMOAOTOTHFOMCH
MHKPOCOTOBOM cerrm crangapta LTE, paboraromeli B TeX K& YaCTOTHBIX
auamazoHax.  PaccmarpuBaercst  cmoco®  aJanTHBHOTO — HA3HAYCHUS
arperupyeMbIX KOMIOHCHTHBIX Hecymux cucrtembl LTE Ha mnpuHOumax
KOTHUTHBHOTO PAJIHoO, 4 TAKKE BOIIPOCHI 3JICKTPOMATHUTHOH COBMECTHMOCTH
HHTCTPHPOBAHHON CHCTEMBI. [IpHBOANTCA OLCHKA MAKCHMANTBHOM CKOPOCTH
TepeJaud JAaHHBIX B MUKPOCOTOBOM cetu LTE.
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A method of an adaptive aggregated carriers assignment for the LTE
system based on the principles of cognitive radio
Snopok K.A., Gromakov Y.A.
MAI, Moscow

Nowadays we can witness an “explosive” growth of the traffic data in
mobile communication, which is another factor contributing to the problem of
radio spectrum shortage. In addition, the regulation of the spectrum usage
provides the license assigning for an exclusive right of access to allocated
radio frequency resources. This distribution does not provide access to the
resources for other users.

A possible solution to the problem of the spectrum scarcity is the creation
of mobile communication systems, operating on the principles of “cognitive
radio”. The idea of “cognitive radio” based on the collaborative using of the
spectrum by multiple users. A key principle of the concept is the continuous
monitoring of the employment spectrum, which allows to determine the free
portions of the frequency spectrum and/or free time positions in the structure
of the signals emitted by the existing radio communication ("white spaces")
in real time, and to allow the transmission of secondary users under
conditions excluding interference.

Questions relating to the introduction of cognitive radio systems are being
actively discussed in the International Telecommunication Union (ITU).
There were developed several documents that defines the principles of
systems functioning based on cognitive radio (Report ITU-R SM.2152,
Report ITU-R M.2225, Report ITU-R M.2242).

Current report discusses the principles of integrated communication system
that is based on the principles of cognitive radio and is able to solve the
problem of providing a guaranteed high data rate despite of a spectrum
shortage. The system represents itself a superposition of the existing GSM
network topology and complementary microcellular LTE network, operating
in the same frequency bands. A method of an adaptive aggregated component
carriers assignment for the LTE system on the principles of cognitive radio,
as well as issues of clectromagnetic compatibility of the integrated system is
considered. An estimate of the peak data rate in the microcellular LTE
network is provided.
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@opMHPOBAHNE JMHAMHYCCKHX HPH3HAKOB VIS KJIACCH(HK AN
Me30MACHITA0OHBIX cHcTeM B aTMochepe 3eMiTn 1o pagnoIOKANHOHHOMY
m300p AXKEHHI0
Coxkonosa E.C.!, Tenpnsix A.A.%, Bemmoctun H.C .3
'THHUHPT, 2UTP PAH, *HUPOH, r. Hiwkuuit Hosropox

B mHacrosmee BpeMs OOJBIIOC BHUMAHHE YJCJUICTCS HCCICIOBAHUIO
auHAMEKH Me3oMmacmTadHbex cucteM (MC) B armocepe 3eMin, KOTOPBIC
CBA3AHBIL C TIPU3ECMHBIMHA KOHBCKTHBHBIMH IIOTOKAMH H MOIYT
COIPOBOKIATBCA INTOPMAMM, JIMBHAMH, IPO3aMM, IPagoM H JPYTHMH
OTMACHBIMH  SIBNCHMAMH. JIma  310r0  BCE  dYame  WCHOJNB3YIOT
PanHOMETEOTI0KATOPHL, KOTOPHIC TIO3BOIIOT OLICHUTH BOJHOCTH B PATHIHBIX
obmactax MC mo ux pagHoI0KAIMOHHON OTpaskacMOCTH. L{enpro HacTosmeH
PadoTHI ABIACTCA (POPMHUPOBAHKC KJTFOUCBBIX MPH3HAKOB MO H300PAKCHUAM
paauooxannoHHO# otpaskacmoctu (PO) MC, KoTOpBIC 3aTéM MOTYT OBITH
HUCITIOJIB30BAHBI A UX I(J'IaCCI/I(I)I/II(aI.[I/II/I.

IMposeacHHas padoTa COCTOSIIA U3 YSTHIPeX >TanoB. [lepssiii sTam paboTh
3aKMOvYANCsT B cOOpe  JKCIEPHUMCEHTANBHBIX  JAaHHBIX. B paborte
HCIOJIb30BANNCh  JAHHBIC M3  METCOPOJOTHYECKOH  Oa3bl  JaHHBIX
HAIIMOHAIBHOTO OKeaHw4eckoro W armoc(epuoit menrpa CIHA (NOAA).
JlaHHbIC OBLIM MOy YEHBI C paguHoMeTesIokaTopa cepur WSD-88, ¢ parnycom
aercTeuAg 250 kM.

Bropoii stan paboTs! 3akmovancs BocctanoBicHue PO Ha H300paskeHUN B
rpajaliy Ceporo IBera U mpoermposanne PO Ha BBICOTHBIC IIIOCKOCTH OT
1000 xo 10 000 M ¢ marom 1000 M.

Ha Ttpersem 3rame  OCYLIECTBLICA  NPEABAPUTEIbHBIA  aHATU3
m3o0pakeHmit MC. Ha u300paskeHUAX MBI BRIACIIUTH 00aCTH C OTHOPOAHOM
MAKCHMAJIBHOH SPKOCTBIO, KOTOPBIC MBI HHTEPHPETHPOBANH, KAK MOIIHBIC
KOHBCKTHBHBIC SMUCHKH C OTPAKACMOCTRIO Oomee 45 nb. Amamm3 3THX
00JacTeH MOKA3all, YTo C YBEJIMUCHHEM BBICOTHI KOOPAMHATHI MX IIEHTPA Macc
HE M3MCHAIOTCA M MPOUCXOJUT CHIDKCHHE YPOBHA OTPAKAEMOCTH. MBI
paccumMTaNy IUIOMmAb, MEpUMETpP, Kod(pduimeHT Gopmel, u KOdIQPuITHECHT
KOMIIAKTHOCTH H ApP. TCOMCTPHUCCKHUC MNPHU3HAKH (I)OpMI)I KOHBCKTHBHBIX
sreeK. BpeMeHHOH aHAIN3 TEOMETPHYCCKUX MPH3HAKOB (DOPMBI ITOKA3aI HX
3aBHCHMOCTH OT BPEMCHH.

Ha 3zakmoumrensHOM  deTBEPTOM 3Tame ObUI  NMPOBEACH — aHAIHM3
TOJYYCHHBIX PC3YJIbTATOB W IMOKA3aHO, YTO AJUHAMHKA TCOMCTPHICCKHUX
TMPU3HAKOB COOTBETCTBYCT (DPH3HUCCKAM MpoLeccaM, mpoucxoaammx 8 MC.
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Formation of dynamic characteristics for the classification of convective
systems in the Earth’s atmosphere on the radarimage
Sokolova E.S.!, Telnih A A 2, Bellustin N.S.?

INNRRI”, °2TAP RAS, *RIRP, Nigniy Novgorod

At the present time, many scientists are exploring the dynamics of
convective systems in the Earth's atmosphere Convective Systems (CS)
formed by the surface convective flows. It may be accompanied by storms,
rain, thunderstorms, hail and other hazards. Weather radarsystem is used to
study the state of convective, which allows to estimate the water content in
different arcas of CS on their radar reflectivity. The aim of this work is to
develop the key features and radar image reflectivity convective system,
which can then be used for their classification. The work consisted of four
stages.

The first phase of the work is in the collection of experimental data. We
used data from the radar database National Oceanic and Atmospheric
Administration United States Department of commerce. The data were
obtained weather radar series WSD-88, with a radius of 230 km.

The second stage of the work is the restoration of radar reflectivity (RR) of
the grayscale image and projecting high-rise RR plane from 1000 to 10 000 m
in increments of 1000 m.

In the third stage, the preliminary analysis of the images. In the images we
isolated region with a uniform maximum brightness, which we interpret as a
strong convective cell with a reflectivity of more than 45 dB. Analysis of
these areas revealed that with increasing height of the center of gravity does
not change and a reduction in the level of reflectivity. Analysis of these areas
revealed that with increasing height of the center of gravity does not change
and a reduction in the level of reflectivity. We calculated the area, perimeter,
shape factor, and the coefficient of compactness and others. Interim analysis
of geometric shapes showed signs of their dependence on time.

The final fourth step, we analyzed the results and we have shown that the
dynamics of geometric signs corresponds to the physical processes occurring
in the CS.

Horbmmenmne 3 PEeKTHBHOCTI CHCTEMBI OXJIAKICHHA (OPTOBBIX
PJIC manopa3vepusnix JA
CraperucHko A B.
MAM, r. Mocksa

Boproeeie PJIC wmamopasmepubix JIA XapakTepH3YIOTCS BBICOKUMH
3HAYCHISIMU BBIACILICMON TCIUIOBOM 3HEPTHH HAa eamHHIy oObéma (10-15
Bt1/aM®), mpH OTpaHHYCHHBIX Pecypcax OTBOJA 3TOH TEIIOBOH JHCPrHH.
IMosromy 3amaua mpocktuposanme CO sBIICTCA akTyanpHOH. B pabote
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paccMaTpmBacTCsl pEmICHHWE 3amaduu  IpoeKkTHpoBaHwe CTpykryper CO
6oprosoii PJIC Oecnmnoraoro JIA Ha OTpaHHMEHHOM HAOOPE PpECypcoB
O0TBOZA TEIUIA. 3aJada CTABHUTCS CICAYIOIUM 00pa30M: OIPEICIHTH
crpykrypy CO BPJIC 00ecneunBaroInyr0 HOpMaIbHbIH TCIUTOBOH PEKIM IIPH
MUHHMAIIBHBIX 3aTPaTax.

HcxoanplMu JAHHBIMH PEIICHHA YKA3AHHOHM 3a0a4M SBIAIOTCA. MOACTb
koHCTpykimu BPJIC, momyCTHMBIC 3HAYCHHSA TEMIICPATYP KOPIYCOB
3JIEMCHTOB ~ KOHCTPYKIMH, HOTpeOIsieMas  MOINHOCTh,  HapaMETPBI
OXJIAXKJAFOMIECTO BO3AYXA.

Jna penieHus 3ama4n B pab0OTe MPEIaracTcs CISAYOIIUH aTOPHTM:

e  ApamTamus HWCXOAHOM MOJEIM K PEHNICHHIO 337a4d  aHAIN3A
TEIUIOBOTO PEXHUMA. 3Ta MPOIEAYPA CBOAUTCS K YIPOIICHHIO KOHCTPYKIHH
C IICTBIO COKPAMCHWS YHCIA KOHCYHBIX 3JICMCHTOB, IPH COXPAaHCHUH
AIEeKBATHOCTH TEIUIOOOMEHA.

o TlpeaBaputembHbIl aHAamU3 TeIUTOBOTO pekmma BPJIC. Anamms
pemmonHsgeTcs cpeacreamu SW Flow Simulation. Pesyasrarom anammza
SIBILIETCSI TEMITEPATy pHOE ToJIe KOHCTpYKumu BPJIC.

e OnpeneneHHE MaTPUIBI IIEPETPEBOB  3JIEMEHTOB KOHCTPYKIIHH.
OnpenencHiEC TNCPETPSBOB  O0CCIICUMBACTCA — CPABHCHHCM — 3HAUCHHI
TEMIIEPAaTyP KOPIYCOB 3JCMCHTOB KOHCTPYKIHH C  JIOIyCTHMBIMH
3HAYCHIAMH, 3TAHHBIMA B HCXOJHbBIX TAHHBIX.

e  OmnpexneneHHE MATPULBI PEATHHBIX 3HAUCHUH IIEPETPEBOB HICMECHTOB
KOHCTPYKIIHH.

e  TlocTpocHHC TEIIOBOH MOACTH KOHCTPYKIHH POC

e  ®OopMHPOBAHUE TOAMHOXCECTB C H30OBITOUHBIM 3HAUCHHUEC MOIHOCTH
W C HEAOCTATOYHBIM 3HAYCHHUEM MOIIHOCTH.

e  PemicHue ONTMMHM3ALMOHHON 3aJa4d TOKPBITUA TEIJIOBOH MOJAETH
pecypcaMu CHCTEMBI OXJTKICHHUSL.

PaccMOTpeHHBIH anropuT™M peann3oBaH IpH pa3padboTke KoHCTpykumu CO
BPJIC 6ecimorroro JIA nmpoekra «Kopcap».

Improving the efficiency of the cooling system of small airborne
radar aircraft
Starenchenko A.V.
MAHM, r. Mocksa

On-board radars of small-sized airborne vehicles are characterized by high
values of the recovered heat energy per unit volume (10-15 W/dm?), with
limited resource of heat extraction. Therefore, the task of designing the SC is
relevant. The paper deals with the solution of designing the structure of SC-
board radar drone aircraft on a limited set of resources of heat removal. The
problem is formulated as follows: to determine the structure of SC radar
provides normal thermal conditions at minimal cost.
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The initial data of this task are: model design radar, allowable temperatures
buildings structural clements, power consumption, the parameters of the
cooling air.

To complete this task the following algorithm is suggested.:

e  Adaptation of the original model to the problem of the analysis of
the thermal regime. This procedure is to simplify the design to reduce the
number of finite elements, while maintaining adequate heat transfer.

e  Preliminary analysis of the thermal mode radar. The analysis is
performed by means of SW Flow Simulation. The result is the analysis of
the temperature field of the design radar.

e  Determination of the matrix of structural elements overheating.
Determination of overheating is provided by comparing the values of the
temperature of the body structural clements with the permissible values
specified in the original data.

e  Determination of the matrix of real values of overheating of the
structure.

e  Construction of a thermal model

e  Formation subsets with excess power value and insufficient power
value.

e  The solution of the optimization problem covering the thermal model
resource of the cooling system.

Considered algorithm is implemented in the design of structures with
unmanned aircraft radar project “Le Corsaire”.

Ipumenenne MHOTOMO/IETBLHBIX AJITOPHTMOB TPAEKTOPHOIT 00padoTKH
B CHCTEME OPraHH3ANNH BO3AYITHOTO ABHIKEHHSI
Corae MU', ®ecenko C.B.2
'MAH, *®umman «HUW AspoHasuramumy», T. MOCKBa

POoCT HHTCHCHBHOCTH BO3AYIMHOTO MBHKCHHSA M YMCHBIICHHC HHTCPBAJIOB
SMICTOHUPOBAHUS MPUBEJIO K CYIIECTBEHHOMY BO3PACTAHHIO TPEOOBAHUIT K
KA4ueCTBY TPackTOpHOI 00paboTkn mHQOpMAIMH OT CPSACTB HAOIOACHHS B
CHCTCMC OPraHW3alMH BO3AYIIHOTO JBIDKCHHS TPAXKTAHCKOH aBHALHH.
TpeboBanns 6suH chopMy mHpoBaHBI B cTaHmapte EppokorTpomt 1997 roga
B BHAC TCCTOB. [IpeabaBACHBI TPCOOBAHNA HE TOIBKO K OLCHKAM KOOPIHHAT
H TAPaMCTPOB IBIDKCHHUSA BO3AYIOHBIX CYJO0B B YCTAHOBHBIMUXCS PEKAMAX
PadoTHI TPACKTOPHBIX (DUJIBTPOB, HO M TIPH CMCHE THIA IBIKCHAA. OOBIMHEIC
(QUABTPBI TPACKTOPHOH OOpPAaOOTKH KAJIMAHOBCKOTO THIA YIOBICTBOPHTH
3THM TPCOOBAHMAM HE MOTYT. B 3TOH CBA3H, OCOOBI HHTCPSC BBI3BIBAFOT
MHOTOMOJICTBHBIC (DHTBTPHI TPACKTOPHOH 00PaOOTKH.

JIBIKCHME BO3AYIMHOTO CYAHA OMUCHIBACTCA HCCKOJIBKHMH MOJCIIIMH.
Tak 19 BO3AYWHBIX CYIOB TPAKAAHCKOH aBHALMH B CTAHOAPTC
EBpPOKOHTpONS OMPEACTICHO TPH BO3MOXKHBIX THIIA TOPH30HTAIBHOTO
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JBIDKCHHA. IPAMOJIMHCHHOE PABHOMEPHOE, IOBOPOT, NPAMOIMHEHHOE C
H3MCHCHHEM CKOPOCTH. KOHCTPYKTHBHBIC MHOTOMOJCIBHBIC AITOPHTMBI
MOMYYCHBI HA  OCHOBE  TayCCOBOM  ANNPOKCHMAIUH  IUIOTHOCTEH
pactpenencHus BEpOATHOCTEH. [Ipu 3TOM BO3MOMKHBI TPH BO3MOKHBIX
CTPYKTYPHBIX CXEMBI HX NOCTPOCHHSA. [TPOBOAUTCA HX CPABHCHHE.

HccnegoBanue MEPCHIEKTHBHBIX H CYIIECTBYIOIUX CHCTEM ABTOMATH3ALHA
OPraHM3alHU BO3AYIIHOTO JBIJKCHUSA BO3MOXKHO TOJMBKO IPH IOMOIIH
uMuTaropa. Takoi WMHTATOP OBLT CO3AH, MPOINC] HMPOBCPKY HA CTCHIAC
OJHOTO M3 MPOU3BOJUTEACH M B HACTOAIICE BpEMs HCIOJIB3YETCA IPH
MPOBEACHHH TPOBEPOK HA HUCHBITAHHAX B HOBOM MOCKOBCKOM IICHTpE
ABTOMATH3HPOBAHHOTO VIPABICHHA BO3AYINHBEIM ABIKeHHEM (ML AYBJD)
BO BHykoBO. B 4acTHOCTH, NMpOBEACHA MPOBEPKA KAYECTBA TPACKTOPHOMH
00pabOTKH HAa COOTBETCTBHE TPECOOBAHMAM EBPOKOHTPONS 111 HOBOH H
crapoii cucrem AYB/I. [IpuBoasTCS pe3yIbTaThl HCIBITAHAH.

Multiple model tracking algorithms for ATC
Sychev ML.L, Fesenko S.V.
MAI, Moscow

Growth of intensity of air traffic and reduction of flight level intervals has
led to essential increase of requirements to tracking quality in ATC.
Requirements have been formulated in the Eurocontrol standard in 1997. The
particular interest is represented by multiple model algorithms. Aircraft
movement is described by several models of possible movement. For
example, for civil aircrafts at the description of horizontal movement three
models are usually used. The first basic model is uniform movement. The
second model is turn (circle movement). The third is change of speed.
Aircraft tracking is carried out under the information from surveillance
facilities. Today the primary and secondary surveillance radars are used.

The general approach to the decision of a problem of aircraft tracking is the
description of its movement by several models. The condition vector
describing co-ordinates and parameters of aircraft movement has the discrete
parameter. It is interpreted as an index of model of aircraft movement. This
parameter is described by a Markov’s chain with the set matrix of
probabilities of transition from one condition in another. In the literature the
formal conclusion of the algorithm describing change of density of
distribution of probabilities of a condition vector is spent. In practice,
constructive algorithms turn out on a Gaussian approximation of the density
distribution of probabilitics function. Usually it is possible to interpret as
linearization.

In work block diagrams of three types of multiple model algorithms are
presented. Comparison of their characteristics is spent. Results of simulations
are presented.
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ApToMaTmanmsi opopmiieHus deprexeii B npoexte SaM 146
®ascrosa JLA., Curauros C.C., ®emopucrosa 10 A.
HITO «Carypu», . Pe1OuHCK

OAO «HIIO «Carypp» — KOMIAHHA, KOTOpasd  3aHHMACTCH
MIPOCKTHPOBAHHEM, IIPOM3BOACTBOM M OOCIYKHBAHHEM Ta30TypOMHHBIX
JBUTATeICH AJi1 BOCHHOW W TPAKIAHCKOM aBHALMHM, MOPCKHX CYIOB,
3HEproycraHoBok. OTHMM ¥3 3HAYMMBIX IIPOCKTOB SIBJLICTCA CO3NAHHC
mpurateas SaM146. [Igurarems SaM146 — COBMECTHBIH POCCHHCKO-
¢paruysckuit  (OAO «HITIO «Carypw» u Snecma SAFRAN Group)
ra30TypOMHHBIN ABHUTATENNh, MOMYyUMBIINE cepru(ukar Tuna Espomeiickoro
arcHTCTBA MO aBHAIHOHHOHN Oc3omacHocTH (EASA), mpeaHA3HAYCHHBIA IS
cemetricta camoneros Sukhoi SuperJet-100.

[Iporecc KOMIETHANBHOTO MPOCKTUPOBAHUS H3ACIHS, CO3MABacMOTO HA
OCHOBE MCKAYHAPOJHOTO IAPTHEPCTBA TEPPHUTOPHAIBHO  VAAJICHHBIX
TIPEANPHUATHHA, OPTAHW30BAH HA OCHOBE 0C30YMa’KHOW TEXHOJIOTHH OOMEHA
nHpOpMAIHMEH, KaK OPraHW3AIMOHHOTO, TAK M TEXHHYCCKOTO Xapakrepa. Ha
HAaYQIBHBIX  3Tamax MPOCKTHPOBAHHA HOPMATHBHBIMH JTOKYMCHTAMH
pPEeTIaMCHTHUPOBAHBI  TPEOOBAHMS K  COACPKAHHIO M O(OPMICHHIO
KOHCTPYKTOPCKOit JokyMeHTauuu (KI).

Opraam3anms MPOCKTUPOBAHUSA B HHTECTPHPOBAHHON cpeae
NX/Teamcenter mno3BossieT >(QQEKTUBHO peImaTh 3amadu  YIPABICHHI
KOH(UTYparueH  W3ACTHA, paspadorkm  um  oopmieHma K/,
ABTOMATH3UPOBAHHOM MEpefavn JAaHHBIX IIApTHEpaM Snecma # B
TIPOM3BOACTBCHHBIC HH(OPMALMOHHBIE CHCTEMBI. MHTErpHpoBaHHAS cpeaa
oOecrieunBacT BO3MOKHOCTh  BBOAA HMH(OPMAIMM B  MOMEHT €€
BO3ZHHKHOBCHHS B MECTC €€ BOSHHKHOBCHHS W JAIBHCHINETO UCIIOIb30BAHM
BO BCEX IPOLIECCAX KUZHCHHOTO IUKJIA.

Jns  cokpameHWsT CPOKOB MPOCKTHPOBAHMS pa3padoTaH  KOMILICKC
MPOTPaMM  aBTOMATH3aUMH OQOPMIICHHS UCPTEKECH B COOTBETCTBHH C
PCTIAMCHTHPOBAHHBIMA ~ TPCOOBAHMAMHE —KOJUICTHATBHON — pa3padOTKH |
o¢popmmeHns KJI. KoMIUieke BKIFOUACT CACAYIOMHIH ()Y HKIIHOHA:

e  CO37aHHC OCHOBHOM HAJINCH M PAMKH YCPTEKA,

(hopMHpOBAHHUE M Pa3MENICHIE TEXHUUCCKUX TPEOOBAHHI,
CO3JaHue TAOIHIBI aTPUOYTOB M TEXHUYECKOH JOKYMCHTALHH,
(opMHpOBAHHE U Pa3MENICHHE TaOIUIIBI PETUCTPAIINI H3MCHCHHIH;
(opMHpOBAHHE U Pa3MELICHHUE TAOIUIIEI KOMITOHEHTOB;

CO3/JaHME JIHCTA COTJIACOBAHUS,

aBTOMAaTHU3AIMS IKCHOpTa yeprexa B popmar TIFF;

HA3HAUCHHC W KOPPEKTHPOBKA Pa3Mepa mpHu(Ta HaaImHuCceH.
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OcHoOBHbIC AaHHBIC A1 (POPMUPOBAHKS MPUBEICHHBIX IIEMCHTOB YEpPTE:Ka
BBHIOMPAFOTCA ABTOMATHYCCKH W3 CIOPABOYHHKOB W HAOOpa aTpHOYTOB
00BCKTOB HHTCTPHUPOBAHHOH cpeasr NX/Teamcenter.

Hcnonp30Banne KOMIUICKCA MPOTPAaMM ITO3BOIHMIO 3HAUHTECIBHO CHH3HTH
TPYIOEMKOCTh W CPOKH Pa3pabOTKH M O(opMicHHS HEpPTEXKEH B IMPOCKTE
SaM146. KadecTBo BBINYCKAGMOHl  KOHCTPYKTOPCKOH JTOKYMCHTALMH
HEOJAHOKPATHO nmoATBepxacHo ayauramu DOA EASA.

Computerizing of Execution of Drawings in the SaM146 Project
Favstova L.A., Sitnikov S.S., Fedoristova Yu.A.
NPO Saturn, Rybinsk

NPO Saturn JSC is a company for design, manufacture and maintenance of
gas-turbine engines for military and civil aviation, marine vessels, power
generation plants. The SaM146 engine is one of the important projects. The
SaM146 engine is a certified by European Aviation Safety Agency (EASA)
gas-turbine engine mutually developed by Russia and France (NPO Saturn
JSC and Snecma SAFRAN Group) for the Sukhoi SuperJet 100 family.

The process of collective design of the product developed on the base of
international partnership between territorially remote facilities has been
organized based on the paperless process of information exchange both
organizational and technical types. At initial design stages the requirements to
content and execution of design documentation are regulated by standardizing
normative documentation.

Organization of design in the integrated NX/Teamcenter environment
allows efficiently solve the tasks of the product configuration management,
development and execution of design documentation, automated transfer of
data to the Snecma partners and production information systems. The
integrated environment ensures a possibility for information input at the
moment of its origination in the place of its origination and further use in all
processes of the product lifecycle.

A package of programs for computerization of drawings execution has
been developed according to the regulated requirements of collective
development and execution of design documentation to reduce the time for
design. The package comprises the following functional:

e  design of title block and drawing frame;
formation and allocation of technical requirements;
generation of a table of attributes and technical documentation;
formation and allocation of a revision history table;
formation and allocation of a table of components;
generation of Agreement Sheet;
computerization of the drawing export into the TIFF format;
setting and correction of print size of titles.
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Main data for formation of the specified elements of drawing are selected
automatically from manuals and package of attributes of objects of the
integrated NX/Teamcenter environment.

Application of the package of programs allows significant decrease of
labour-intensiveness and period for development and execution of drawings
in the SaM146 project. Quality of design documentation has repeatedly
confirmed by EASA auditing.

Yayumenne nokasaresieii COOpoTTHO-MOHT AKHBIX Onepanmii
npou3BoAcTBa PIA MeTo1aMi MporpaMMHO-aIrOpUTMIIECKOT0
MO/ICJTHPOBAHMS
®am Brer Anb
MAM, r. Mocksa

B nokmage paccMaTpmBaeTcsd TOAXOA K YIAYUINCHHIO IOKAa3aTeicH
COOPOYHO-MOHTAXKHBIX ~ ONCpPanWi  MmpoWM3BOACTBA POA  mMeromamu
IIPOTPAMMHO-AITOPUTMHYECKOTO MOJCIUPOBAHKUSA C IPHMEHCHHEM Oa3bl
3HAHHH H OJKCHCPTHOH CHCTEMBL LICapr0 padoThl ABIACTCA CO3TAHHC
IPOrpaMMHOTO o0ecnedyeHua TEXHOIOTHYECKOM NOATOTOBKH IPOU3BOACTBA,
MO3BOJLIIONICTO  ABTOMATH3MPOBATH CHHTE3  BAPHAHTOB  PeajH3alluu
TEXHOJOTHYECKHUX TPOIICCCOB.

®axropsl, BaEHOmUE HAa 3()(HEKTHBHOCTH TEXHOJOTHUYECKOTO IIPOIECCa,
06’BGI[I/IH6HI>I B BOCCMBb TIpynm N0 MNPHHALICKHOCTH K PA3THIHBIM
HANPABICHUAM pPacyeToB. [ pymmel (DaKTOPOB TOPOKAAOT OHOIMOTCKH
0a30BBIX IPOTPAMMHBEIX KJIACCOB, KOTOPBIC HHKAICYJUPYIOT BHYTPH CeOA
OCHOBHBIC CBOWCTBA M METOJbI OOPA0OTKH MAPAMETPOB TEXHOJOTHUCCKUX
MPOLECCOB. DB3aMMOOCHCTBHE KJIACCOB OCYIIESCTBIACTCA IMPUMCHCHHUEM
uHTEep()eiica 00paTHOTO BeI30Ba (MHTEp()CHica COOBITHIL).

Pa3paboTaHHbIC MATCMATHUCCKHC MOJCIH SBJLTIOTCA Oa30BBIMH  AJIA
MPOTHOZHPOBAHUS  PE3YIbTATHBHOCTH  TEXHOJOTHYECKOTO  ITPOIIECca
MIPOM3BOACTBA Y370B HA MEYATHBIX IIaTaxX. OCOOCHHOCTHIO IMPEAIAaracMou
MOJENHM  SIBISICTCH  VHH(UKAmmI WHPOPMALMOHHBIX  CBSI3CH  MEXIY
00BEKTAMH, YTO TO3BOJIIET CTPOUTH HA €€ OCHOBE IMPOTPAMMHBIC KOMITIICKCHI
MO/ICIMPOBAHHSA TEXHOJIOTHICCKUX TIPOIICCCOB, HApaIIMBaTh
(I)YHI(I.[I/IOH.':UII)HI)IG BO3MOXHOCTH HPOTPaMM TCXHOJIOTHYCCKOH IIOATrOTOBKH
MIPOM3BOACTBA, CO3JABATh W BCTPAMBATh HOBBIC MOJCIH B CYINECTBYIOIICE
MIPOTPAMMHOE 0OECIICHUCHHE.

[IporpamMmHas peanm3anusl MPEIIOKEHHBIX MOJCICH WCHONb30BAHA I
pacueTa mapaMeTPoOB COOPOTHO-MOHTAXKHBIX OTCPALHMH MPOU3BOACTBA POA.
[TporpaMMHBIii KOMIUICKC OPHCHTHPOBAH HA MHHHMH3ALHMIO Opaka IIpu
cOOpKke ¢ TMOMOMIBK) POOOTOB-aBTOMATOB. OH TO3BOJIACT. OCYIICCTBIATH
ONTHMAIBHBIH BBIOOP OOOPYJOBAHWS W XaPAKTCPUCTHUK TEXHOJOTHUCCKUX
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OIepalyii, CHHTE3HPOBATh JOMYCKH HA MAPAMETPBI KOHCTPYKIMH y3710B HA
TICYATHBIX IJIATAX.

Improving the indexes in manufacture and assembly of radio-electronic
devices by the method of programmed algorithmic model
Pham Viet Anh
MAI, Moscow

The report deals with a question of improving indexes in manufacture and
assembly of radio-electronic devices by the programmed algorithmic model
that applies knowledge base and expert system. The target is to create the pre-
production software, allowing the automatic synthesis of the operational
methods for technological procedures.

Factors affecting the efficiency of the technological procedure are
combined into 8 groups with different calculating ways. These groups create
libraries for the basic classes, in which contain properties and methods to
process the data of technological procedures. The interaction among classes is
carried out through a callback interface (UI events).

Algorithmic model that built is considered as the base to calculate the
efficiency of the technological procedures producing parts on PCB. The
feature of that model is the unity of the objects that allows setup of
technological procedure modeling software, enhances the functionality of the
pre-production programs and creates new models.

Applying the proposed models helps to calculate the data in manufacture
and assembly radio-clectronic devices. Target of the software is to minimize
the amount of defective products in assembly with the help of robotic
machines. It allows to: find out the optimal seclection of devices and
performance of technological operations, synthesize the acceptable tolerances
for the designed parameters of nodes on PCB.

FlyTrack — connajisHas1 ceTh MAJION aBHATIHNA
Bmromentans C.B., Bmomentans S.B., [latixmucaamos C.X.
MAH, M®THU, . Mocksa

Kaxapiit monp30BaTeab CeTH MHTEPHET 3HAKOM C COLUATBHBIMU CETSAMHU.
OHH HACTOIBKO PACTIPOCTPAHCHBI, YTO MPOHHKIN MOYTH B KAXKAYIO Cepy
JCATCIIFHOCTH YC0BSKa. HacTam MOMCHT, B KOTOPBIH M B ABHAIMMH CTAJIO
AKTyaJbHBIM CO3JAHHE CHCIUATH3UPOBAHHON COLIHATBHON CETH.

Komanma Flytrack.net, rpymma nmmroTtos-moOuresneii, npo(hecCHOHAIBHO
padotaromas B 00jacTH  HH()OPMALMOHHBIX TCXHOJIOTHH, PCIOHIIA
MOMBITANIACH TPHMEHHUTh HAKOIUICHHBIH B [T omeir kK oOecmeueHHro
0C30IMacCHOCTH TOJICTOB Mo asuanuw, jeraromicii B 30H¢ G. OCHOBHOH
MPOOIEMOH 3TOH 30HBI MOJCTOB ABIACTCA TO, YTO HE BCC BOBAYIIHBIC CyAa
HMCIOT HeOOX0aNMMOE 000PYIOBAHHE W COOOMIAIOT O CBOMX ICPSIBHIKCHHIX
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H MaHeBpax gucmeruepaM. [IpoOreMy MOXKHO PEIIUTh C HOMOIIBED
MyOMHMKALMK B COLHATIBHON CETH TPEKa CBOCTO MOJICTA H B3AHMMOACHCTBHA C
APYTHMHA TIOJB30BATCIIIMH - THJIOTAMH H JUCOCTUYCPAMH  aA3POAPOMOB.
CnoxHOC W J0POrOoCTOAIIee OOOPYIOBAHHEC MOYKHO 3AMCHHTH OOBIMHBIM
cMapTQOHOM, WYTO CAETACT JSTOT  (YHKOHOHAN  JOCTYNHBIM U
TOJTb30BATEIICH.

[TpoeKT COCTOUT M3 ABYX MPOTPAMMHBIX YACTCH: Web-4acTH U MOOHIBHOTO
TMPUJIOKEHHUST 11 omepaunmoHHOH  cuctemMsl  Android.  MobumbHoE
TOPUIOKCHHE OTCICKABACT TPACKTOPHIO MPOJICTa CAMOJCTa W MyOIHKyeT
JAHHBIC B CCTH MHTEPHET. ITMIOT MOKET BHACTh B pexkmMe online apyrue
CaMOJICTHI, HAXOAIIHECA MOOMH30CTH H JICTETh 32 KEM-TO, MPECTICAOBATH
JpYyro camoseT (aKTyalbHO ISl TPYMIOBBIX MOJETOB), JIETETh MO CBOEMY
TpeKy. Web-4acTh mo3BOJMICT MyOMKOBATh HH()OPMAIMIO O MOIETAX, B TOM
yucnie (ororpadum Web-4acTs mperocTaBIsACT OTACIBHBIH HHTCPQCHC mms
AUCTICTYCPOB NPH YIPABJICHUH MOJICTAMHA H KOMMY HUKAIIUA C MUJIOTAMH, YITO
MO3BOJIET 00ECIEYnTS OE30MACHOCTh MOJIECTOB U co3Aanueonline-community
ABHATOPOB-FOOUTEIICH.

OmnbIT BHSAPCHHS MPOTPAMMHOTO 00ecTicUeHHUS - a3poaApoMbl «LLleBmHHOY,
HA4yaTO BHEJPCHUE HA a3poapoMe « MosKack».

JlaHHBI WHBECT-NPOCKT HA CETONHSAINHHH JCHb HE TPeOYeT HHMKAKUX
BJIO’KCHHUI H peanu3yeTcsa nyTéM OSCINIaTHOTO CKAYABAHMS MPUJIOKCHUSA AT
OSAndroid. [MTomyucHre MPHOBLTH BO3MOXKHO 34 CUCT MPOJAXKH MOJMHCKH
MOJTB30BATCIIIM, HCIIOIb30BAHKS JAHHOM MIAT(OPMBI B KAYCCTBE TUIOILAIKH,
OCYIICCTBIAIONICH pekaaMy aBHaTypu3Ma mo moaean SMM (Social Media
Marketing), 3a cHeT MPOIAKU COMYTCTBYIOMIMX TOBAPOB H YCIIYT.

JlaHHBII TIPOCKT MOKA3BIBACT, YTO PA3BUTHE MPOTPAMMHOTO OOCCTICUCHHUS B
JAHHOM KIHOYC OYCHb NCPCOCKTHBHO W HMCCT 0o IO IMOTCHIHAT
paseutiA. OIHAKO, MO CJIOBAM ABTOPOB MPOCKTAa I HHUX KpaWHE BaKHA
AHQOpMAIIMOHHAS ~ MOJAOCPIKKA CO  CTOPOHBI  MPO()eCCHOHATBEHOTO
coobmectBa. [IpoekT HyKmaercs B HWH()OPMAUMOHHOW IOJNEPIKKE CO
CTOPOHBI MPO(PECCHOHANTEHOTO COOOMIECTBA.

Fly Track — social network of small aircraft
Blumental S.V., Blumental Y.V., Shaykhlislamov S.H.
MAI, MIPT, Moscow

Nowaday almost everyone has a smartphone, use the Internet and familiar
with social networks. The team Flytrack.net, a group of amateur pilots,
professionally working in the field of information technologies, decided to try
to apply it's IT experience in the field of safety of small aviation, flying in the
G-area.

The software consists of two parts: website and mobile application for the
Android operating system. Mobile application keeps track of the path of the
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aircraft and publishes data on the Internet. The pilot can see in real time the
other aircraft next to him, pursue another plane, what is important for group
flights. He can even fly along his old track or along track, shared by another
pilot. Website provides the opportunity to publish information about the
flights on the pages of the pilots, publication of photos taken during the flight
and provides a separate interface to controllers with which they are able to
control flights and build communication with the pilots. As can be seen from
above, the project not only solves the problem of safety of flights insurance,
but also there is a social component, online-community of amateur aviators.

At the moment, the project has already successful experienced at the
airfield "Shevlino", started implementation on other airfields.

The availability of this service through the Internet makes (website and
Google Play) makes it easy to get started.

In addition, this project may be useful not only in terms of improving
safety and developing online-community, but also beneficial from a
commercial point of view. From the authors point of view there are several
promising ways of monetization. Making a profit is possible through the sale
of subscription to users, the use of this platform as a platform performing
aero-tourism advertising model SMM (Social Media Marketing), through the
sale of related products and services.

This project shows that the development of the software in this field is very
promising and has a great potential for development. According to the authors
of the project for them is very important information support from the
professional community and its feedback.

H3mepenne 4acToThI CEPAIIEONEHUsT Ye/I0BEKA
Mo €ro BHACON300D AJKEHHI0
OxotankoB [ A., Hemr B, Amryaus A M.
MAM, r. Mocksa

Uacrora  cepaucOMCHHS — SBISICTCS  OJHOH M3 XapaKTCPHUCTHK,
HCIOJIb3YEMOH IIPH OLECHKE INCHUXO3MOITHOHANHHOTO COCTOSIHHS UCIOBEKA.
DTOT KpUTEpHH KpallHE BAKCH BO BpPEMs TPCHHPOBKH UEIOBEKA 32
ABHANMOHHBIM TPCHAKEPOM, TaK KAaK OT HET0 HANPSAMYIO 3aBHCHT,
CIIPABIACTCA JIM UCHBITYEMBIH ¢ MOTyYaeMOM HATPY3KOH HITH HET.

CymecTByIOmue METOIBI HCCICIOBAHMUS YACTOTHI CEPALCOUCHHUS TPEOYIOT
KOHTAKTa C KO)KefI, YTO SBIICTCI HX OOJIBIIHM HCOOCTATKOM. K Taxum
METOOAAM MOKHO OTHCCTH TPAAHUITHOHHBIC (HaanMep: HU3MCPCHHUC MaJIbLaMHA
PYKH) WIH anmapaTHeC (HAMMPHMEpP, ¢ MOMOMIBI) MPHOOPOB: IMYIIHCOMETPA,
MyJIbCOKCHMETPA, 3JCKTpoKapauorpada).

Lensro paboTHl ABIACTCA Pa3pabOTKA YHHBEPCATBHOTO OCCKOHTAKTHOTO
METOJAa MOJyYCHHsS HYACTOTHI CEpAUCOHCHHS HCNOBEKA, IPOXO/IIETO
HCIBITAaHNE HA ABUAIHOHHOM TPSHAKEPE, C IIOMOIIBI0O KAMEPBL
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Kamepa sBmgercs wacTero Oojee KPYHHOTO KOMIUICKCA, KOTOPBIH
MO3BOJIIET TMOIYYHTh TOJNHYIO HHQOpPMAIMIO O COCTOSIHMH ITHIIOTA,
IpOXOaAImECTO0 HCOBITAHHA HA ABHAOHOHHOM TPCHAXKEPE. OI[HI/IM u3
3JIEMCHTOB 3TOTO KOMIDIEKCA SBILIETCS JATUMK, HCCICAYIOIIUI OOBEKT
PaanuOIOKATHOHHBIM CHTHAJIOM. Z[,JI}I YBCIHYICHIA JOCTOBCPHOCTH,
MOJY4AaEMBbIX PE3yIbTATOB IPEAIAracTcs HCIOIb30BaTh BHICOHAOIIOICHHC
34 UCHBITYCMBIM, TAK KaK TaKOH MCTOA TOXKC ABJLICTCA 66CKOHT3KTHI>IM, a,
CJIC0BATEIBHO, HE TOCTABHUT HEYA0OCTB HCIBITY EMOMY.

Kamepa cHUMaeT IUOO HCOBITYEMOTO, MONYYAacMBIH C KAaMeEphl HMOTOK
BHACOKAIPOB IEPEAacTcs MO TPOBOJAHOW CBSI3M HA  KOMIIBIOTEP.
[MporpamMmmHOE  OOCCICUCHHWE  TCPEXBATBIBACT  3TOT  BHACOMOTOK H
oOpabarsiBacT cro. Ha mepBoM 3Tame aHAmM3a JAHHBIX MPOUCXOTHT MOMCK
JUA HWCOBITYEMOTO HA BHICOM300PAKCHHH, MOJO0HAS 337a4a  MOKCT
pelmarbcs MyTeM HCHOJb30BaHUSA ainroputMa Buomsl-/[xonca. Ilpu
BBUIBJICHHU KOOPAWHAT JIMIIA, MPOUCXOAUT IMOHUCK YYIACTKOB I/1306pa>KeHI/I}I
COoacCpKaImmx KO>KHBIH TIOKPOB. W3menenue Bo BPCMCHH CPCOHCTO 3HAYICHUA
0 BCEM OOHAPY>KEHHBIM TOYKAM KPACHOH COCTABILTIOIICH I[BETA KOJICOIETCA
C YaCTOTOH HAIIOJTHCHHS KPOBBK) KOKHOI'0 MOKPOBA JIHIIA HCHBITYCMOT'0, YTO
TO3BOJIACT, POBCIA YACTOTHBIN AHATIN3 3TOTO CHTHAJIA, BEIYHCTHTH 3HAUCHIC
YACTOTHI Iy JIbCA U MMOCTPOUTD €T0 TPEH BO BPEMEHH.

Pe3yasTaTel  3KCHCPHMCHTOB TIOKA3ATH BO3MOYKHOCTH HCIOIB30BAHHS
OTMCAHHOTO METOJA B LEJIX OCCKOHTAKTHOTO HAOMIOJACHHS 3a YacTOTOH
CepaICONCHUS YCTOBCKA.

Measuring heart rate of man in his video image
Ohotnikov D.A_, Nelin L. V., Tashynin A.M.
MAI, Moscow

Heart rate is one of the characteristics used in the evaluation of the psycho-
emotional state of a person. This criterion is extremely important during
training of person per flight simulator, because of it depends, whether the
subject cope with the resulting load or not.

Existing methods for researching heart rate require contact with the skin,
which is their biggest drawback. These methods include traditional (for
example, measuring fingers of the hand) or hardware (for example, using of
devices such as: a heart rate monitor, pulse oximeter, electrocardiograph).

The purpose of research work is to develop a universal non-contact method
of obtaining heart rate of the person passing test flight simulator, with the
camera.

The camera is part of a larger complex, which allows you to get complete
information about condition of the pilot, passing tests on flight simulator. One
element of this complex is the sensor examining an object using radar signal.
To increase reliability, the results are encouraged to use video surveillance for
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test, as this method is also a non-contact and therefore does not cause
inconvenience to the subject.

The camera records the face of the subject, the resulting stream of video
from the camera is transmitted by wire to the computer. The software
captures the video stream and processes it. In the first stage of data analysis is
searched person on the video of the test, this problem can be solved by the
use of the algorithm Viola-Jones. In identifying the coordinates of the person
is searched areas of the image containing the skin. The time variation of the
average value of all detected points of the red component of the color varies
with the frequency of blood filling of the test person's skin, which allows
spending a frequency analysis of the signal to calculate the heart rate and
build its over time.

The results of experiments showed the possibility of using the described
method in order to non-contact monitoring of the heart rate man.

MonuTopuHT 321aHHOIT 00,1ACTH 3eMHOTi TIOBEPXHOCTH € IIOMONIBI0
pacnpenesennoii PJIC ¢ peXkuvoM CHHTE3HMPOBAHNS ANEPTYPhI
Matictpenxo E B.
Konnepn «BEI'A», . Mocksa

B pabote paccMaTpHBAKOTCA AITOPUTMBI (opMupoBaHHUS
paanoOKAanMOHHbIX u300paxkeHuit (PJIM), B TOM 4YHCIC TPEXMCPHBIX
H300PKEHUH B PEKUME CHHTC3HPOBAHMUS aNICPTY Pl AaHTCHHBI IIPH HMHUTAINA
mepeMerneHusT  (pa3oBoro 1meHTpa peampHOM aHTCHHBI (DLIA) myTem
MIEPEKITFOUCHHUS IPUEMOTICPEAAIONINX MOy JICH.

[Ipomiecc mpAMOTO CHHTE3a TIPH KOHTHHYAIbHOM JICHCTBHTEIHHOM
nepemenicHun PLIA Mo 3amaHHON TPAaCKTOPHUHU MPUBOAUT K (POPMHUPOBAHHIO
perampHoro PJIM. Ompako moJOOHBIH IpPOLECC MOXKET OBITh pPEann30BaH
MyTEM IIOCJICIOBATCILHOTO 3JICKTPOHHOTO NEPEKIIOUCHHS OIPEICICHHOTO
YhCcIa ~ NMPUEMOICPEJAIOIMX  MOAyIeH, uMeommx  (HUKCHpOBAHHOE
pacnonoskeHue. B maHHOW CHTyanud TNPHHAMACMBIA CHTHAT U3
KOHTHHYQJIBHOTO TIPEOOPa3yeTcs B MMILYJIBCHBIM, TOTJAa KaK 3STAJOHHBIH
CHTHAII TP M3BECTHOM PACIIOJIOKCHUM YKA3aHHBIX MOJIYJICH MOXET OBITh
CTCHEPHPOBAH, KAK HEITPEPBHIBHBIN.

JaHHBIH MOAX0J MO3BOJACT CHOPMHUPOBATH H300PAKCHHE 30HIUPYCMOI
00JacTH HE Xy, UeM IIPH HEIMPEPHIBHOM ICHCTBUTCILHOM IEPEMCIICHHH
@Il peanbHOW AaHTEHHBI, OJHAKO MPEICTABIICTCS YIOOHBIM IIPH PEIICHUH
psina 3a0a4 Ha3EMHOTO PAAHMOMOHHUTOPHHTA.

B pabore mOKazaHBI pE3yIBTATHI MOACIHMPOBAHHSI ANTOPHTMOB H
MPUBEICHO CPAaBHCHHE C  ANTOPUTMAMH  TPATHIHOHHOH  CHCTEMBI
MoHuTOpHHTa. [lTokazaHo, 4TO paspemeHne Mo od0enM KOOpAWHATAM, Kak U
TPH CTPOTO BpamATCIFHOM nepeMemicHHH PLIA OyaeT OTHHAKOBO BBICOKHM
7 00eCTIeYMBACTCS 3a CUET KOTCPEHTHOH 00paboOTKH O€3 BHY TPHUMITY ILCHOH
MOy JSIIUH CUTHAJA.
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DopMupyeMOe H300paKCHHC TMO3BOLICT TONYYHTh HPSACTABICHHC O
3aJaHHON 00JIaCTH 30HIUPOBAHHS C BBICOKMM PA3PCHICHHECM B TOM YHCIC,
TIPH UCHOJb30BAHUU PEAbHOM HECHANPABJICHHOM AHTCHHBIL JIAaHHBIM MOAXO[
MOKET OBITh HCITOJIB30BAH nIpu NOOCTPOCHHHM CHCTCM MOHHTOPHHIA H
H36J'IIOZ[6HI/I}I 34 PasauvaHOTO poaa MOABMKHBIMH W HCIOABMKHBIMH
HA3CMHBIMH OOBCKTAMH.

[MpencTaBiacHB aATOPHTM CHTHAJMBHOHW 00PAaOOTKH H OTKIIHKH CHCTCMBI
MpH VKAa3aHHOM Cmoco0¢ O0OpadOTKH TPACKTOPHOTO CHTHAJA, a TaKKe
TIPUBE/ICHBI PATHOIOKAIMOHHBIE JBYX- M TPEXMCPHBIC H300pRKCHHI B
PasmTIHBIX 00TACTAX HAOIFOICHUS.

Earth pointed area monitoring taking account with radiolocation system
with aperture synthesizing mode
Maistrenko E. V.
Concern “VEGA”, Moscow

In this work radio image (RI) including three-dimensional radio image
creation methods taking account aperture synthesizing (RAS) operating mode
with antenna phase center (APC) movement imitation by switching
transceivers are confirmed.

Aperture synthesizing process taking account with APC continuous real
movement allows to create detailed RI. However similar process could be
realized by serial coherent switching of defined number of transceivers,
which have fixed location. In this case receiving signal is converted from
continuous to pulse then, as reference signal could be generated as
continuous, incessant.

This approach allows to create RI of interesting area not worse than in case
of

APC real movement, however is more comfortable during ecarth
radiomonitoring.

In this work imitation modeling of algorithms and comparison with
traditional monitoring system methods are given. It’s showed, that resolution
in both coordinates, as in case of circular APC movement will be identically
high and provided by coherent signal processing without impulsive
modulation.

Created radio image allows to get view of surrounded space with
resolution, better than with using of real antenna. Given approach could be
used in creation of monitoring systems for mobile and stationary carriers
during observation different objects.

Signal processing algorithm and output response with present way of
trajectory signal processing, and also two and three dimensional radioimages
in different observation areas are given.
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6. Po0oTOTEXHUKA, HHTEJUIEKTYaJIbHbIE CHCTEMbI H
ABHALINOHHOE BOOPY:KEeHHE

6. Robotics, Intelligent Systems and Aircraft
Armament

IMepcnexkTHBHBIE KOHIETITHA MOCTPOCHIS KOMILIEKCOB 00PTOBOTO
odopyaoBaHmsi
Antnmos B.B., 3axapos U.B., [Torakos B.b.
MAM, r. Mocksa

Ha mpumepe Boerusx mporpamm CIITA “DAIS”, “Pave Pillar” u “Pave
Pace” amamm3upyerca TMyTH CO3AAHHA NCPCICKTHBHBIX KOMILICKCOB.
OcHOBHAsI TSHACHIMS — TEPEX0T OT (PeAECPATHBHOTO MOCTPOCHHS K MOTHOH
HHTETPANys CUCTEM PAAMOYACTOTHOTO IHANA30HA B CIUHBIH KOMIDIEKC HA
OCHOBC (DOPMHPOBAHMSA MHOTOJHANAROHHON AaKTHBHOH (hasHpOBAHHOM
anteHHOH pemetkn (ADPAP) m coBmecTHOW 00padoTku mH(pOPMAIMH
pasmrIHON (PH3HUCCKOH MPHUPOIBL.

PazpaboTannHas apXHTCKTypa MPCAyCMATPHUBACT (DYHKIMOHATBHYIO H
(DM3HYCCKYI0 HMHTCTPANMIO ammaparypsl. OYHKIHMOHAIBHAS HHTCTPALHA
HAIPABICHA HA OOBCAMHCHHE, KOPPEILIIMIO M AHATH3 TIOTOKOB HH(OPMAIMH
OT PA3IMYHBIX CPEACTB I KOOPAUHALMH W COBMECTHOH pabOThI Pa3JIMIHBIX
JATYAKOB M YCTPOHCTB OTOOPAKCHHA HH(POPMALHH, OUCHKH OOCTAHOBKH H
OCHCTBHIH TPOTHBHHKA [ TPHHATHSA PCHICHHSA, OOHAPYKCHHA U
pacTo3HaBaHMS LEJei, BRIOOPA TPACKTOPHUH TIOJIETA U YIIPABJICHHUS OPY>KHEM.
Qu3mueckas HHTETPAIMS MPEIyCMATPHBACT OOBECINHCHHUE HA CIMHOM IHACCH,
CTOlike, B ONMOKe C oOecredyeHHEM THOKOH CBSI3M B PEalbHOM Macmrade
BPEMEHH MCEXAy (YHKIMOHATIBHBIMH JJIEMCHTAMH paHee (DU3HMUCCKH
000COOIECHHBIX  CpeacTB. MHTerpammo  oOOpYJAOBaHHS — IDIAHUPYETCA
MPOBOAMTH 33 CUYET IIMPOKOTO TPHUMCHCHHSA HOBOM 3JIEMCHTHOH 0as3bl,
pkmodass MonomutHele CBHC, omnrmdeckme CpeacrBa IEpetadd |
mpeoOpazoBanuss uHGopMmanmu. [Ipm 3TOM CYIIECTBEHHOC BHHMAHHC
VACNACTCS NPHHLUHNAM CTAHAAPTH3AUMHA MOJAYJACH H KOHCTPYKTHBHBIX
3JIEMCHTOB.

Peanmmzaumsa 3THX TEHOCHOMH ONpENcsIET OONHK IEPCHECKTHBHOTO
KOMIUICKCA CaMOJICTa, KOTOPHIH MO’KHO MPEACTABHTh B BHJC PCIICHHA
OTACTBHBIX (DYHKUHOHATBHBIX 33724, TAKHX KAk, OOHAPY)KCHHC H araka
HA3¢MHBIX (MOPCKHMX) HJIH BO3AYIOHBIX LCIACH, 00CCHCUCHHEC OOOPOHBI
caMoneTa, MOJeT WO MapmpyTty H 3(dekruBHOC mpeomoncHue [1BO
TMPOTHUBHUKA, PATHOCBA3h ¢ KOMAHIHBIM MYHKTOM H MEXIY CAMOJCTAMH, B
TOM YHCJIC Yepe3 KOCMHIECKUE CPEACTBA U PSI APYTHX 3a/1a4.
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Future concept of construction of complex on-board equipment
Antipov V.V., Zakharov 1.V., Polyakov V.B.
MAI, Moscow

On the example of US military programs "DAIS", "Pave Pillar" and "Pave
Pase" examines ways to create advanced systems. The main trend - the
transition from federal to build a complete system integration of radio
frequency in a single complex on the basis of the formation of a multi-band
active phased array antenna and joint processing of different physical nature.

The developed architecture provides the functional and physical integration
of the equipment. Functional integration aims at bringing together, correlation
and analysis of the flow of information from a variety of means to coordinate
and collaborate various sensors and display units, assess the situation and the
actions of the opponent to make a decision, detection and identification
purposes, select the flight path and the control arms. The physical integration
aims at integrating in a single chassis, rack, block ensuring flexible
communication in real time between the functional elements previously
physically separate funds. Integration of equipment will be carried out due to
the wide application of the new element base, including monolithic large
scale integrated circuits, optical transmission and transformation of
information. At the same time, considerable attention is paid to the principles
of standardization of modules and components.

Implementation of these trends defines the appearance of perspective
complex plane, which can be presented as solutions of certain functional
tasks, such as detection and attack ground (sea) and air targets, ensuring the
defense of the aircraft, flight route and effective overcoming enemy air
defense, radio communication with the command point and between the
aircraft, including through space-based weapons and a number of other tasks.

Hcnoan3osanue nporpamvuoro komiviekca EULER nas
MMHTAIHOHHOTO MOJCJIMPOBAHNSI CHCTEM ABHAIMOHHOTO BOOPY KEHUSI
Bexaemumes @.C.

MAM, r. Mocksa

B mHacrosmee BpeMd B MHPOBOM MPAKTHKES [ HMHTALHOHHOIO
MOJCJIMPOBAHHA PAabOTHI  CIOKHBIX MEXAHHMUYCCKUX CHCTEM aKTHBHO
HCHOIB3YIOTCA IPOTPAMMHBIC KOMIUICKCHI, PEATH3YIOIIHE TEXHOIOTHIO
ABTOMATH3UPOBAHHOTO JAHHAMHYCCKOTO AHATIM3d MHOTOKOMITOHCHTHBIX
Mexaamuecknx  cucteM  (MMC), TpPHMCHCHHC KOTOPBIX — IO3BOJIACT
OTICPATHBHO PCIIATH OOIBINOC KONWYCCTBO 3amad. B Poccmm omamm w3
TpeACTaBUTENCH MOAOOHOTO KJIAacca MPOrpaMM SIBIBIETCS IIPOTPAMMHBIA
kommieke  (IIK) EULER, paspaboramnbiii  cnemmammcramu  AO
«ABTOMeExXaHUKAY.
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3afaum MOJEeNMpPOoBaHMA CBOAATCA K 3afjade pacyéra KUHEMATUKM U
OMHAMUKN  CUCTEMbl  DKECTKMX U JehOpMUPYEMbIX Tes,  CBA3AHHBIX
KWHEMATUYECKMMW  CBA3AMMW,  YMPYrogeMn@upyowmMm  afieMeHTaMu
(Npy>xvHamy,  amopTusatopamy,  OTOOMHMKaMK,  KOHCTPYKTMBHbIMM
XECTKOCTAMMU W T.4.) WU NPUBOZAMK, & TaKXKe MOryT UMeTb B CBOEM COCTaBe
rMapaBnnyecKue, MHEBMATUYECKNE W 3/1EKTPUYECKME CUCTEMBI, 3/1EMEHTI
CUCTEM KOHTPONS W yrpaBneHus (HaTumku, noruyeckue npeobpasoBatenu,
WCMOMIHWTENbHbIE OpraHbl YMNpaBneHns u T.4.) U Gpyrve KOMMOHeHTbI. 1o
ycTaHoBneHHbIM B MK EULER npaBunam onucaHus paboTbl MEXaHWUYECKON
CUCTEMbl  AaBTOMATMYECKM (POPMUPYETCH MaTemMaTuyeckas Mogenb eé
OVHAMUKW.  YPaBHEHWA 3TOM MaTeMaTM4ecKol MOLENM B  TEXHOMOruK
aBTOMaTU3MPOBAHHOIO AuHamuyeckoro adaimsa MMC nocTpoeHbl Ha
TOUHbIX 3aKOHAaX KNacCUMYeCKOM MeXaHUKKW, YYWTbIBAOWMX 60MbLUve
NepeMeLLeHMs U HEIMHENHOCTb  XapaKTepuCTUMK B3aMMOLENCTBMSA, UTO
Mo3BO/AET FOBOPUTb 06 afeKkBaTHOCTM hopmupyembix Mogeneid. [lo
CPaBHEHMIO C TPagWULMOHHBIM TMOAXOAOM K WCCMEfOBaHUI0 ANHAMUKM
C/IOXHbIX MEXaHWYECKUX CUCTEM, MPU KOTOPOM MPOW3BOAUTCA «PYyYHOE»
(hopMMpOoBaHMe YpaBHEHWIA W KX MpOrpaMMUpoBaHve, TeXHOMorus
aBTOMaTU31POBAHHOIO [OMHAMUYeCcKoro aHanmsa obecneymsaeT
CYLLECTBEHHOE YMEHbLLUEHNE BPEMEHM CO3[aHWS AMHAMUYECKMX Mogenei
CNOXHbIX 06BEKTOB, W BbICOKYI TMOKOCTb MO UX NEpeHacTPolike 1 BbICOKOE
Ka4yecTBO MOJyYaeMbIX Pe3y/ibTaTos.

MK EULER o6ecneunBaeT cneaytoline OCHOBHblE BO3MOXHOCTW A1
MMUTALMOHHOTO MOJEIMPOBAaHNS:

e aBTOMaTMyeckoe (POPMMPOBAHWME YPABHEHWIA  MaTeMaTU4ecKoi
mogenun agwxeHus MMC B HeNMHENHON MOCTaHOBKE C YYETOM 60/bLIMX
nepeMeLLeHniA YacTell OTHOCWUTENbHO Apyr Apyra (nNpy 3TOM YypaBHeHUs
aBTOMATMYeCKN Nepe)OPMUPOBLIBAIOTCA MPU U3MEHEHMAX B CTPYKTYpe
MEeXaHMYECKOW CUCTEMbI B NPOLIECCE eé ABMKEHNA);

e aBTOMaTUYecKyr) cOopkKy o6bweid mogenm MMC un3 mogenein eé
arperaTtos u rnogcuctem, obecneynBaroLLyt0 MPOCTOTY CO3AaHWUS CNOXHBIX
Mofenei;

*  MNOMHYK MapameTpu3aumio 3afaHns O6BEKTOB  MeXaHW4ecKoi
CUCTEMBI;

*  CHHXPOHM3aUMIO MPOLECCOB WMHTEPaKTUBHOIMO CO3[aHUA OOBEKTOB
MMC 1 nx onvcaHus B BUAe TEKCTOBOIO (haiina Ha crneuuanbHOM S3bIke,
BO3MOXXHOCTb OMUCaHWS U PefakTUPOBaHUA OOBLEKTOB KaK C MOMOLLbHO
[ManoroBbIX CPeACTB, Tak U B TEKCTOBOM pelaKTope;

e BM3yaM3aumMto npouecca paboTel Mogenvpyemoin MMC.
MpeacTasneHHble Bo3MoxkHOCTU MK EULER no3sonstoT pelwats 3a4auv B

caMblX pas3MyHbIX 06MacTax, B TOM u4ucne W B 061aCTM  CUCTEM
aBMaLMOHHOT0 BOOPYXXEHWS, Te BO3MOXHO PeLLeHue Criefytowmx 3atay:
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e MOJE/MpOBaHME Mycka pakeTbl C CaMo/iETa C MCMO/b30BaHNEM
aBMALMOHHOIO KaTany/ibTHOrO WX MyCKOBOTO YCTPOICTBA;

e MOAENMPOBaHME MEXAaHWU3MOB 1 MPOLIECCOB OTAENEHWS MOJSIE3HBIX
Harpysok;

e MOZE/MpOBaHWe MONETa WU3LENUs C YUYETOM YNpYrux KosebaHwii
KOHCTPYKLW, U3MEHEHUS MacChl 1 paboTbl CUCTEMbI YTPABNEHUS U T.4,

B HacTosiweil paboTe MpeAcTaBfieHbl Pe3ynbTaTbl paspaboTKM Mogeneit

ANS PeLUeHUs JaHHbIX 3afau.

Utilizing of the Software Package EULER for simulation modeling
of aircraft weapon systems
Beklemischev F.S.
MAI, Moscow

Software packages implementing the technology of automated dynamic
analysis of multibody systems (MBS), whose utilization allows quick solving
of many problems, are being actively utilized in the world practice for
simulation modeling of complex mechanical systems. In Russia, one of the
representatives of such software class is the Software Package (SP) EULER
developed by experts of the “AutoMechanics” JSC.

Modelling problems are reduced to the problem of calculating kinematics
and dynamics of a system of rigid and deformable bodies connected with
kinematic constraints, elastic damping elements (springs, shock-absorbers,
bump stops, constructional stiffnesses, etc.) and drives, and also can include
hydraulic, pneumatic and electric systems, monitoring and control systems'
elements (gauges, logic converters, executive control elements, etc.) and other
components. Based on the rules of describing the work of a mechanical
system, established in SP EULER, a mathematical model of its dynamics is
automatically formed. The equations of this mathematical model in the
technology of an automated dynamic analysis of MBS are based on the
precise laws of classical mechanics, which take into account large movements
and nonlinearity of interaction characteristics, that allows talking about
adequacy of the models being formed. In comparison with the traditional
approach to studying dynamics of complex mechanical systems, in which
“manual” formation of the equations and their programming are carried out,
the automated dynamic analysis technology ensures considerable reduction in
time of creating dynamic models of complex objects, high flexibility in their
readjustment and high quality of the results obtained.

SP EULER offers the following main simulation modeling capabilities:

e automated fonnation of the equations for the mathematical model of

MBS motion in nonlinear arrangement, taking into account large

movements of the parts in relation to each other (the equations are
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automatically reformed if there are changes in the mechanical system's

structure and movement process);

»  automated assembling of the general MBS model from the models of
its units and subsystems, ensuring simplicity of creating complex models;

»  full parametrization of setting the mechanical system's objects;

»  synchronization of the processes of interactive creation of MBS
objects and their description in the form of a text fde in a special language.
The possibility of describing and editing objects both by means of dialogue
means and in a text editor;

»  visualization of the process of work of the MBS being modeled.

The presented SP EULER’s capabilities allow to solve problems in varied
areas including the field of aircraft weapon systems where solving of the
following problems is possible:

» modelling of missile launching from an aircraft with the use of an
aviation catapult or launching device;

»  modelling of the payload separation mechanisms and processes;

* modelling of the product's flight, taking into account elastic
vibrations of the construction, change in weight and work of the control
system, efc.

This paper presents the results of development of the models for solving
the aforementioned problems.

Pa3paboTka nporpaMMHo-annapaTHOro KoMreKca rnoBbILLakoLLEero
3(h(heKTUBHOCTb NPUMEHEHUS pa3BeablBaTe/IbHbIX 6ECMNIOTHBIX
NeTaTeNbHbIX annapaTos
bonblwakos K.K.

MAW, r. Mocksa

Pa3BuTME COBPEMEHHBIX TEXHOJ/IOMMIA MO3BONSET CErOAHA GECrnUIOTHLIM
netatenbHbiM annapatam (BJTA) ycrewHo BbINOMHATL Takue (yHKLuUK,
KOTOpble paHee 6blM UM HeJOCTYNHbI UK BbINOAHANINUCH APYTUMY CUNaMun 1
cpeacTBamu.

B HacTosLLiee BpeMs OCHOBHOI NPO61eMOii OCcyLeCcTBeHUS 3WEKTNBHOIA
pasBefKu ABMSETCA OrpaHUYeHHas MNPOMyCKHas CrnocoBHOCTb  KaHana
nepefayn faHHbIX ¢ BJTA Ha HaseMHyHO CTaHUmto. Monyyaemblil Npy paboTe
ONTWKO-3/1EKTPOHHOI annapaTypbl NETaTe/IbHOro annapara 06beM [aHHbIX
ABNAETCA M3ObITOYHbIM, YTO B COBOKYMHOCTUM C OOBLEMOM BWAEOAAHHbIX
co3gaeT npobemy onepaTMBHOIO A0BEAEHUA HEOOXOAMMOI NH(OPMaLMK 40
LIeHTpa ynpasneHus.

B HacToslLLEeM MccnefoBaHnM AN BO3MOXHOCTU pafuokKaHana ¢ 3aaHHoi
MPOMYCKHOMA  CMOCOBGHOCTbIO  BbII0  MPUHATO  PELUEHUE  CHU3UTH
NHOPMALMOHHYIO Harpy3Ky Ha KaHan nepefayun [aHHbIX 32 CUET CHUXKEHUS
M36LITOYHOCTY MOJTyHaEMON 1 HaKanIMBaeMOi NHOpMaLWW.
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B KaHane nepefjauM JaHHbIX YKasaHHas W36bITOYHOCTb 06pasyeTcs
rnaBHbIM 06Pa3oM M3-3a MEPEKPLITUS KafpOB OMTUKO-3/1EKTPOHHOW CHEMKU
MecTHocTU. [laHHas npo6nema ycTpaHMMa npy NOMOLUW NpeABapuTe/bHOM
06paboTKM MaccuBa [aHHbIX Ha 60pTy MOCPEACTBOM  «CK/EUBAHWS»
MOJTyYEHHbIX U300paXKeHWiA (KaapoB).

Pa3paboTaH MporpaMMHO-annapaTHbIi KOMMIEKC, KOTOPbIA N03BOUT
MPOU3BOAUTL aBTOMATMYECKOE CK/IEMBaHUE M306PXEHNA C MUHWUMASbHBIM
yyacTMeM MOMb30BaTeNst U BbICOKUM ObICTpoAeiCcTBMEM. 3a OCHOBY Obinn
B3ATbl &/ITOPUTMbl MPOLLECCa «CKNEUBAHUS» W300PaXKEHWIA, COCTOALLErO U3
YeTbIpex 3Tarnos:

*  BblgeneHue ToUeK MHTEpECA HA U306PaXKEHNM.

e OnpefeneHue KOPPENALMOHHOM  3aBUCUMOCTU  MEXZY 3TUMU

TOUYKamu.

e OnpegeneHve Mofenn Npeo6pasoBaHUs KOOPAWMHAT MO TOYKaM C

KOPPEeNALMOHHON 3aBUCHMOCTLHO.

. «CK/emBaHme» € UCM0/b30BaHNEM HaliieHHO Moaenu.

PelleHa 3afaya COBEPLUEHCTBOBaHWS OpraHM3auUMM KaHana mnepefayu
[aHHbIX MOBbLILUIEHHOM MNPOMYCKHOM CMOCOBHOCTU, MYyTEM YMEHbLUEHNS
M3GbITOYHOCTM  NepefaBaeMoOil  BUAEOMH(OPMALMKM,  YTO  MO3BOU/IO
ONTYMMW3MPOBaTL MpoLecc 06paboTKM BUAEOMAHHBIX B CUCTEMe «6OpT-
3eMN1S1» W MOBbLICUTL 3N(EKTUBHOCTL BbIMO/IHEHWS 334ayun MO MOYYEHUHO
pasBeAaaHHbIX.

B npougecce pa3paboTku 6bin NPoaHaan3MpoBaHbl KOMMIEKCHI CXOAHOO
Ha3Ha4eHUs, coCTaB/eH anropuT™ MporpamMmsl, MpOBeAeHbI
3KCMEepVMEHTaNbHble  WCCNEfOBaHWA  pe3ynbTaToB  pabotbl.  Bce
MPUMEHsEMblE B KOMIJEKCE  anropuTMbl  MOXHO — 3HAuMTENbHO
ONTYMMW3MPOBATb MO BPEMEHW BbIMOMHEHWSA, @ MPOLECC BbIYMCIEHUIA NErKo
noAdaeTcs pacnapannennsaHuio.

Development of hardware and software system for increasing
the effectiveness of using surveillance unmanned aerial vehicles
Bolshakov K.K.

MAI, Moscow

Development of modem technologies makes it possible today for
unmanned aerial vehicles (UAV) to successfully accomplish those functions
which used to be unavailable to them or to accomplish them with other tools.

At the present moment the main problem of effective surveillance is
limited capacity of the data communications channel from UAVSs to the earth
station. Data volume, received from electro-optical equipment of an aerial
vehicle, is excessive. In conjunction with video data volume it is difficult to
pass the necessary information to the coimnand center.
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In this research it was decided to decrease the information load on the data
communications radio channel by lowering the excessiveness of received and
cumulated information.

The above-mentioned data excessiveness is principally fonned because of
electro-optical mapping frame overlap. This problem can be disposed with
the help of preliminary mass-data processing on the board by “matching” the
received images (shots).

We developed hardware and software system which will make it possible
to automatically match images with minimal user involvement and high-
speed operation. It is based on the algorithms of the “matching” process
which consists of four stages:

»  Detecting points of interest of the image.

»  Defining the correlation dependence between these points.

»  Defining the model of coordinate mapping between the points with
correlation dependence.

*  “Matching” based on the determined model.

We solved the problem of improving the data communication channels
with strong bandwidth by lowering the excessiveness of transported video
data. This made it possible to optimize downlink video-data processing and to
raise the effectiveness of intelligence data acquisition.

Underway we analyzed systems of similar purposes, worked out program
flow, undertook experimental studies of the working data. All the system
algorithms can be time-optimized; the computational process can be easily
parallelized.

Vicnonb3oBaHWe poeBOro MHTENNEKTA A1 NaHUPOBaHNS MapLUPYyTOB
06neTa NnowaaHbIX Lenein maccnsom BJ1A
MpuHbKO A.C.
MAW, r. Mocksa

B paHHO paboTe paccmaTpuBaeTcs 3afjaua MNiaHMpoBaHvs 06neTa
NOWaaHOM Lenn MaccMBOM GeCrnOTHBIX neTaTenbHbIX annapatos (BJ1A),
ONTUMaNbHOTO B CMbIC/IE BbIOPaHHbIX KPUTEPKEB.

MnowagHble LUenu 3afaloTca B BUAE MHOXECTBA KOHTPOJbHBLIX TOYEK,
pacnonoXxeHne KOTOPbIX 3aBUCUT OT NOCTaBMIEHHON 3a4auMn.

PaccmaTpriBaeTcs MPUMEHEHWE POEBOr0 WHTENIeKTa A1 NiaHUpoBaHWUs
KOJINEKTUBHOIO TMOBEieHWS [eLeHTPaM30BaHHOIO CaMoOpraHu3yHoLLErocs
maccusa BS1A.

Llensto fgaHHOM pab0Tbl SABNAETCA peLUeHMe 3afaun  MiaHMpoBaHus
KOMMEKTUBHOIO NoBedeHWs MaccuBa BJIA, a Tak e rposefeHue
KOMMbIOTEPHOTO  MOJENVMpPOBaHWA  anropuTMOB  POEBOrO  MHTE/NeKTa
MPUMEHNTENBHO K paccMaTpMBaeMON 3ajave.

299



B kayecTBe KpuTepus ONTUMANbHOCTU 6blf BblGPaH MUHUMAbHBbIN
CYMMapHBIA NPoAgeHHbI NyTb Bcemn BJTA maccuBsa.

Mo ycnosmsM MOLENMPOBAHUSA POEBOI MHTENNEKT 3a/10)keEH B 6OPTOBOI
KoMMbloTep Kaxgoro BJIA, ¥ 33paya niaHUPOBaHUS PEeLUaeTCd KaxKabIM
areHTOM posi OTAENbHO C YYETOM MOMYYEHHON WH(OpMauuM OT Apyrux
areHToB pos. 3afava peLlaeTcs BO BPEMS BbINOSHEHUSA MONETHOTO 3afaHna U
38BWCUT OT CUTYaLMMN Ha K&XKAbIA MOMEHT BPEMEHM.

B KauecTBe anroputma pOEBOro WHTeNfekTa 6bin BbiGpaH MypaBbUHbIN
aropuTM, C TMOMOLLBIO KOTOPOr0o peLlaeTca 3ajaya K-KOMMUBOSHKEPOB.
PelueHnem 3TOii 3afaunM  SBNAETCA COBOKYMHOCTb OMNTUMAIbHLIX MO
BbIGPaHHbIM KpUTEPUAM MapLUPYTOB 414 Maccusa B/1A.

Routing target areas with UAV array swarm intelligence
GrinkoA. S.
MAI, Moscow

In this paper we consider the problem of planning target area flight routes
of unmanned aerial vehicles (UAV) array, optimal in tenns of the selected
criteria.

Target area is defined as a set of control points, located depending on the
current task.

We consider the application of swann intelligence to plan the collective
behavior of decentralized self-organized array of UAVS.

The purpose of this paper is to solve the problem of planning the collective
behavior of the UAV array, as well as conducting computer modeling
algorithms of swann intelligence in relation to this problem.

The optimal criterion was selected as minimal total distance traveled by all
UAYV anay.

According to the conditions of modeling swann intelligence is
incorporated in the on-board computer of each UAV, and the problem is
solved by every swann agent separately, considering the infonnation received
from the other swann agents. The problem is solved in every flight job,
depending on the situation at the moment.

As aswann intelligence algorithm been the Ant Algorithm has chosen. The
same algo is applicable to the Traveling Salesman Problem. The solution to
this problem is a set of UAV anay optimal routes for the selected criteria.

Mcmxodusnonornyeckan HaLeXXHOCTb NIeTUMKa B MOSeTe
JsopHrkos M.B., MegeHkos A.A., Hecteposuy T.B.
MAW, r. Mocksa

AYeKTMBHOCTb  MUMOTUPOBAHMS 11 MaHEBPUPOBAHUS  aBMALIMOHHBIX
KOMM/IEKCOB 1 Ge30MacHOCTb MOJIETOB OMPEefesseTcs He TOMbKO TaKTUKO-
TEXHUYECKUMM  XapaKTEPUCTUKaMK, HO W MCUMXO(M3NONOTMYECKUMY
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BO3MOXKHOCTSIMM  fleTUMKA. YUeT 3TUX BO3MOXHOCTE/ NpU  CO3AaHMK
aBMALMOHHOW  TEXHWUKM  MNPEACTABASETCA  aKTyanbHbIM  HanpaBieHUEM
MOBbILLEHNS 3PHEKTUBHOCTU €€ 3KCNayaTauum U KOHKYPEHTOCMOCOBHOCTM.
OCHOBHbIMW  HampaBfeHNsIMW  Takoro y4eTa sBAseTca  obecreyeHue
NPOCTPaHCTBEHHOI OPWEHTUPOBKU NETUMKA B MONETE U MaHEBPUPOBAHUSA C
GOMbLUMMKM 1 MPOAO/MKUTENbHBIMU Meperpyskamm 1 nepenagoM  BbICOT.
PelleHne 3Toli  3afauM  nNpeanonaraeT  MHXEHEPHO-MCUXOMOrMYECKOe
NPOEKTUPOBaHME CPEACTB OTOBPaKEHWS MHGOPMaLUMM U CO3AaHME CUCTEM
WHTENNEKTyanbHOW  MOAMdEPXKW  NleTYMKa  Ha  OCHOBE  3HaHUs
NCUXOU3NONOTNYECKUX MEXAHN3MOB MPOCTPAHCTBEHHOW OPWUEHTUPOBKU B
YCNOBMAX  KOH(IMKTA  MEXAy  BOCMPUSTUEM  MHCTPYMEHTa/IbHOM
MH(OPMaLUM U CyOBEKTUBHBIMU OLLYLLIEHWUSIMW NOMOXEHWUS NPU OTCYTCTBUM
€ro 06bEKTMBHOIO KOHTPOAsA. Kpome Toro, He06X04MMO YUNTIBaTh BAUAHME
neperpysok, [AblXaHUs Mof W36bITOYHbIM AaBNEHUMEM W TUMOKCUM Npu
MaHeBPEHHbIX MOMeTax Ha (PYHKUMOHa/IbHOE COCTOSHME JfIETYMKA U
OrpaHvuyeHVe ero BO3MOXHOCTE MO BOCMPUATAIO WM NpeobpasoBaHUIO
MH(OPMaLMIO, MNPUHATWIO  PELLEHUsl, OLEHKW CBOEr0  COCTOSIHUSI 1
BbIMO/THAEMbIX AEACTBUIA.

TexHonMorMyM Takoro y4yeta npeanosiaraloT NpoBefeHMe NabopaTopHbIX,
MONYHATYPHbIX WU NETHbIX 3KCMEPUMEHTOB B YCMOBUSX MOAENMPOBaHUS
(haKTOPOB MaHEBPEHHOrO MOfeTa WM UCMO/b30BaHUS CPEACTB MOAJEPKaHUs
paboToCcnoCco6HOCTM M ynpaBfieHuss  PYHKUMOHANbHLIM  COCTOSHUEM.
Heobx0AMMOCTb  3KCTMEPUMEHTa/IbHOr0  060CHOBaHMA  KOHCTPYKTOPCKMX
PeLLeHnn Mo 06ecreveHM0 paboTOCMOCOOHOCTM NETYMKA UM BO3MOXHOCTM
peleHns MM TMONETHbIX 3afjaHWii  npedycmaTpuBaeTcs TpeOGoBaHMAMU
3proHOMMKN B TEXHMYECKOM 3aJaHuK Ha pa3paboTKy o6pasua TEXHMKW.
BbINonHeHWe 3TUX TpeGoBaHUIA MPOBEPSETCS Ha 3Tarnax KOHCTPYKTOPCKMX,
rocyfapCTBEHHbIX W BOMCKOBbLIX WUCMbITAHWAX CrieyuansHO pa3paboTaHHbIMM
MEeTOAaMW Mo NoKasaTensmM NPoQEeCcCMOHaNbHON AeATeNbHOCTU NETUMKA.

HeBbINONHEHWE UM UTHOPUPOBaHME 3TUX TPe6GOBaHWI CO3aaeT YCoBMS 1
MPeANoCLITKN 418 OWMOOYHBIX N HECBOEBPEMEHHbLIX AENCTBUI ETUMKA,
CMOCOBHbIX MPUBECTM K aBMALMOHHBIM WMHUMAEHTAM W MPOUCLLECTBUAM.
AHa/IN3 TaKMX C/lyyaeB, CHATAROLLMXCA CEACTBMEM Ye/TIOBEUYECKOrO (haKTopa,
MOKa3a/l, YTO B UX OCHOBE NeXaT HeOCTATKM NPOEKTNPOBaHWS aBUALMOHHON
TEXHUKM W NOATOTOBKM NIETHOrO COCTaBa, CBSI3aHHble C HEBbIMNO/IHEHUEM
Tpe6oBaHWiA MO Y4YeTy  MNCUXOMU3NOMOTMYECKUX  XapaKTEPUCTMK 1
BO3MOXXHOCTEl/ NleTYMKAa U 0BOCHOBaHWMID KOHCTPYKTOPCKMX PELUeHWi ¢
MOJenMpoBaHveM YCNOBUiA 1 BO3AeCTBII (DaKTOPOB noneta.
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Psychophysiological reliability pilot in flight
Dvornikov M.V., Medenkov A.A., Nesterovich T.B.
MAI, Moscow

Effectiveness of piloting and maneuvering of aircraft and safety of flights
is determined not only by the tactical-technical characteristics, but also
psychophysiology opportunities of pilot. Consideration of these features is
viewed as actual direction of increasing the competitiveness and exploitation
of aviation technics. The main directions of this consideration are to provide
spatial orientation in flight and to support the pilot's maneuvering with large
and lengthy acceleration and height difference.

This task involves engineering and psychological design of information
display and development of pilot intellectual support systems based on
knowledge of the psychophysiological mechanisms of spatial orientation in
the condition of conflict between the perception of tool information and
subjective impressions of the situation in the absence of its objective control.

In addition, the influence of overloads, breathing under pressure and
hypoxia during maneuvering flight on the functional status of the pilot and
limit of his ability to perceive and transforming information, take decision,
evaluate their condition and active must be considered. Such technologies
include laboratory, semi natural test and flight experiments in condition of
modeling maneuverable flight factors and using of means and management of
functional health status.

The need for experimental substantiation of engineering decisions to
ensure the health and ability of the pilot and his opportunity to complete
flight purposes is provided by requirements of ergonomics in the technical
task on the development of a specific technique.

Compliance of these requirements shall be verified on the stages of design,
state and service testing of aircrafts by specifically developed methods using
indicators of pilot’s professional activity.

Failure to comply and ignoring these requirements creates the conditions
and prerequisites for the erroneous and no adequate of pilot’s actions that able
become the reason for the aviation incidents and accidents.

Analysis of these cases considered as consequence of human factors,
showed that they based on disadvantages of aeronautical technique design
and training flight crews, associated with non-compliance requirements for
the consideration of psycho-physiological characteristics and capabilities of
the pilot and to the justification for design decisions with modeling conditions
of flight and impacts of its factors.
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YnpasfieHne rpynnoi 6ecnnnoTHbIX SIeTaTe/IbHbIX annapaTos
B peXxume pagvomonyaHuns
Kagbipos A.P.
MAW, r. Mocksa

PaccmaTpuBaeTca 3afjadya HaHeCceHUs asvayfapa rpynnoil 6ecrnmioTHbIX
netatenbHbiXx  annapatoB  (BJTA) B peXxume  pagnoMOnyaHus Mo
HEeOAHOPOLHOW paccpefoTOYEHHON Ha3eMHOM uenn. B cBSisu ¢ mporpeccom
BO3MOXHOCTEVA COBPEMEHHbIX cpencTs PafnO03IeKTPOHHOI O
npoTtusogeinctama (PAI) No BCKPLITUIO 1 MepexBaTy KaHa/oB pagnoobMeHa,
npegnaraeTcs paspaboTaTb anroputM ynpaeneHus rpynnoii /1A B pexxvme
pagmomonuaHus.  pynnoBoe  ynpaeneHWe  MOApasymeBaeT  3agaqvy
ONTMMM3aLMN JENCTBUIA BCEX YYaCTHUKOB TIpPyMrbl, HampaBfieHHbIX Ha
[OOCTKEHME  MakCMMyma  TpynnoBoi  adekTmBHocTM. B ciyuae
paguomMonyaHnsa Kaxgeld BJIA 3a cueT 60PTOBbIX /IOKALMOHHBIX CPEACTB
NEHTUNLUMPYET Uenm u gpyrue BJ1IA B 30He 0GHapy)XeHWst 1 OelicTBYeT
COrNacHO  COBCTBEHHOMY OMTWUMa/IbHOMY NJiaHy  LefepacrpegeneHus,
COCTaB/IEHHOMY Ha OCHOBe WMetouleiics  uHgopmaumu.  Kputepwii
ONTUMa/ILHOCTU PaccMaTpuBaeTCs B KaveCcTBe (PYHKUMM [BYX (haKTOPOB:
ywepba, HaHECEHHOro MNPOTMBHWKY TNpU atake LUeuM, W BPEMEHM,
3aTpayYeHHOMyY A/151 aTaKu Lenu.

Takum 06pasom, rpynnoBoe YyMpaBfeHUe B PEXWME pPaguoMOosvaHus
npegnonaraeT NocnefoBaTelbHOE peLLeHne CefyoLwmnx 3aday:

*  uieHTU(MKauus Lenein n gpyrux 6S1A B 30He 06HaPYXeHWs;

*  OUEHKa NOTeHUManbHOro yulepba npu atake UeInM W BPEMEHM,

3aTpaYeHHOro Ans aTaku Ans Kaxaoro BJ/1A B 30He 06HapPYXKEHMS;

e OnpegeneHve ONTUMaLHOIO MaHa LenepacrnpeaeneHus.

B oT/nMume OT KOMMEKTVMBHOFO rPYyMmoBOro ynpaeneHUs 3gdeKTMBHOCTb
npegfiaraemMoro ajropuTMa He 3aBUCUT OT paboTel cpeacts P3M u oT
KOMIMYeCTBa Y4YaCTHWKOB Trpynnbl. [pUMEHeHWe airoputMa FpynnoBoro
YNpPaB/eHNa B PEXMUME PagnoMOonyaHUs 06ecrneymBaeT rpynne CKPbITHbIN
MO/ET, NMOBbLILLIAET BEPOSTHOCTb ycnexa 60eBoii onepauum.

The group management of unmanned aerial vehicles in the radio silence
mode
Kadyrov J.R.
MAI, Moscow

The problem of application of air strikes the group of unmanned aerial
vehicles (UAVS) in the mode of radio silence on heterogeneous distributed
ground targets. Due to the progress of modem electronic countermeasures
(ECM) for opening and interception of radio traffic channels, it is proposed to
develop a control algorithm for the UAVs group in the mode of radio silence.
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Group control refers to the problem of optimization of actions of all
participants of the group to achieve maximum group efficiency. In the case of
radio silence every UAV due to the onboard sensors identifies goals and
neighbouring UAVs in the detection area and operates according to its own
optimum plan of target distribution, based on the available information. The
optimality criterion considered as a function of two factors: the losses
inflicted on the enemy when attacking the target, and the time spent to attack
the target.

Thus, group management, based on mode of radio silence suggests to
undertake the following tasks:

»  target and neighbouring UAVs identification in the detection area,

»  estimation of potential damage of the attack target and the time spent

to attack for each UAYV in the detection area.

*  determining an optimal plan of target distribution.

In contrast to the collective group control the effectiveness of the proposed
algorithm does not depend on any means of ECM or the number of members
of the group. The application of the algorithm of group control in radio
silence mode allows to keep a secret the group flight, thus, increasing the
probability of success of military operations.

BO3MOXHOCTW 1 OFpaHNYeHUS UHTENNEKTYa/IbHOM NOAAEPXKKM NIeTUnKa
Kosnosa H.M., MegeHkos A.A., Hecteposuy T.b.
MAW, r. Mocksa

VHhopmMaLyoHHoe — obecnedyeHve  fleTUMKa ABASIETCA  OCHOBOW — €ro
NPOECCHOHAIbHOW  HAAEXHOCTU W MPUHATUA  3PEKTUBHBLIX PeLUeHUIA.
Ocobylo ponb MrpaeT npeaynpeauTeNisHoe WH(OPMUPOBaHWE fleTUMKA O
BO3MOXHOM  YCMIOXHEHUW YCNOBWIA MOMeTa, MNOSBMeHUA (PaKTOpPoB U
06CTOATENbCTB, TPEBYIOLWMX YUeTa ANA BbINOAHEHUS MOMETHOTO 3adaHus U
6esonacHocTu noneta. OfgHaKo nNpu pa3paboTKe annapaTHO-NpPorpaMmMHOro
obecreyeHnss  Takoro  MH(OPMUPOBaHWS  HEOOXOAMMO  YyuuTbIBaTb
NCUX0N3MONOrMYecKne OCOBEHHOCTM MEPEK/IOYeHUs U pacrpegeneHns
BHUMaHWs,  BO3MOXHOCTM  OLHOBPEMEHHOM WM NOCNeLOBaTeNbHO
nepepaboTKM  MH(OPMaLUM  pasHO  MOAATBHOCTM U CYOBEKTUBHYHO
Vepapxmi0 BaXXHOCTW U MOCNeL0BaTe/IbHOCTW BbINOMHEHNS HEOOXOAMMbIX
peicteuiAi. Kpome TOro, MOAneXar y4yeTy 3aKOHOMEPHOCTW BK/IHOUEHUS
yenoBeka B CWUCTeMy YMPaBfAeHWs W CHOXKHOCTb  Mpeobpa3oBaHuMs
WH(opMaLMK B YCNOBUAX AeuLIMTa BPEMEHN.

Mcyxotm3nonormyeckne  pekoMeHgaLmu, nogfiexawme yuety npu
CO3aHUV CPEeLCTB UHTENNEKTYaNbHON NOAAEPXKKM NETUMKa, BbISBAAANCH B
3KCMepUMeHTaIbHbIX YCMOBUAX. VccnefoBaHMs NPOBOAUAMCH B MHTEpecax
onpefeneHns CMOXHOCTM KOHLEeNTyasbHOW MOAenn peluaemoi 3agaum,
06ecneynBatoLLel MaKCUMa/IbHO O6bICTpoe W 3PMEKTVBHOE BKIHOYEHNE B
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MpOLIECC €€ PEIICHUS NpH H3MCHCHUHM CHTYAlMH WO BO3AYLIHOH
0OCTaHOBKH.

INcuxopU3HONOTHYCCKHE  3aKOHOMECPHOCTH, MOAJCKAINUEC VYETY B
HHTEpECAX  YIYYIICHUSA IPOCTPAHCTBCHHOM OPHUCHTHPOBKH  JICTUHKA,
OPOBOJWIMCh HA JICTHOM TPCHAKEPES NPH PCIICHAH 3aJaY Pa3IHIHOM
CIOKHOCTH W BO3ACHCTBHM  (DAaKTOPOB  TOJIETA,  BBI3BIBAIOINHX
CHEIH(PUUCCKYFO H HOCTICIH(DHUIESCKYIO HATIPSHKCHHOCTD.

INcuxopU3HOTOTHICCKHE 3AKOHOMEPHOCTH, TNOMIC/KALNIHE YUYCTY TPH
AHQOPMAIIMOHHOW  MOJNCP)KKE JISTYHKA B 3aBHCHMOCTH  OT  €r0
()YHKUHOHATIBHOTO COCTOSHMS, HPOBOAMIHCH IO PE3YJbTATAM AHAIH3A
pamooOMEHa IKHIMAKEH CO CIECHHMATMCTAME MO YIPABICHHIO IMOJICTAMH BHE
BO3AYIIHBIX TPACC.

B pesynbrate mccnemoBaHUM OBUIH ITOJIYYCHBI MHOTO(AKTOPHBIC MOJICIH
peIIeHHsI 3a0a4 JICTUYHKOM, YUWTHIBAIOIINE YPOBCHb €TI0 CICHH(HICCKOH U
HECTICHH(UICCKOH HAMPSHKCHHOCTH, 4 TAKKC OTPAHHUCHHBIC BO3MOKHOCTH
mpeoOpa3oBaHnsd HHOOPMALMH TPH H3MCHCHHAX  (DYHKIHOHATHHOTO
COCTOSIHHUA B TOJICTE.

O0o0meHne W aHAMH3 MATCPHANIOB HCCICAOBAHHA CTald OCHOBOH
000CHOBaHMA TPeOOBAHUH K pa3pabOTKE U PSKOMECHIALMI 1O IMPOTPAMMHO-
aNmapaTHoMy  OOCCHCUCHHIO  JKCICPTHBIX  CHCTEM  H  CPEACTB
I/IHTGJUIGKTY&]'IBHOﬁ TOAOCPIKKH JICTUYHKA. Hpe/:[noxceHa TCXHOJIOTHA
HHKCHCPHO-TICUXOJIOTHICCKOTO MPOCKTHPOBAHUA CHCTCM TNCPCKIHOYCHUA
BHUMAHUS JICTYHKA HA IEPEepadOTKy HOBOH HMH()OPMAIMH W 3aBEPIICHHS
HAYATHIX ONCPANUHA MO BBHIIOJHCHHIO MOJCTHOTO 33aJaHHA U OOCCIICUCHHIO
6e3011aCHOCTH TIOJIETA.

Possibilities and limitations of aircrew intellectual support
Kozlova N.M., Medenkov A.A., Nesterovich T.B.
MAI, Moscow

Informational support of the aircrew is the basis of his professional
reliability and making of effective decisions. A special role is played by a
preliminary informing the aircrew about a possible complication of the flight
conditions, and appearance of factors and circumstances requiring accounting
to perform flight tasks and flight safety. However, the development of
hardware-software means of such informing must take into account the
physiological features of the focus shift and the distribution of attention,
possibilities of parallel and sequential conversion of information of different
modality and the subjective importance of hierarchy and sequence of
performing of necessary actions.

In addition, particularities of operator inclusion in the system of
management and complexity of information convert in condition of time
deficit must be accounted.
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Psychophysiological recommendations for accounting during development
of intellectual support pilot received substantiation under experimental
conditions.

The studies were conducted in order to identify the complexity of
conceptual model of task decision, ensuring timely and effective inclusion in
the process of its solving during the changing of air situation or
circumstances.

Psychophysiological processes and mechanisms that should be considered
for improving the aircrew spatial orientation were identified on the flight
simulator following a decision of tasks of varying complexity and impact
flight factors as reasons of specific and nonspecific tension.

Psychophysiological processes and mechanisms that should be considered
for informational support of pilot depending on his functional state were
identified following an analysis of the radio conversations of crew with
specialist of flights control.

As a result, multi-factor models of solving the tasks of pilot, which took
into account level of his specific and nonspecific tension and limited
possibility of converting the information under the changing of pilot
functional status in flight, were obtained.

Generalization and analysis of resecarch materials became the basis for
substantiation of design requirements and recommendations for hardware-
software development of expert systems and means of intellectual support for
the pilot.

There is offered the technology of engineering and psychological design of
pilot attention-switching systems on processing new information and
completing of initiated actions for solving flight task and ensure flight safety.

Mpumenenne pacmmpennoro guasTpa Kanmvana k cuaTesy
H AHAJIM3Y AJITOPHTMOB OLICHUBAHUS B HABHTAINOHHBIX CHCTEMAX 110
MATHHTHBIM TOJISIM
Komocosckas T.IL
MAM, r. Mocksa

Ilenpr0 HACTOAMIETO HAYYHOTO HCCICIOBAHHA ABICTCA PEIICHUE 33Ja4d
CHHTC32 W AHAIM3A ATOPHTMOB O00PAaOOTKH CHTHAJIOB A HABHTAITHOHHBIX
cucreM (HC) nmerarenpupix ammapatos (JIA), a Tawke IpyTHX IOJBHXKHBIX
OOBEKTOB  PA3IMYHOTO  BOCHHOTO W  TPAKIAHCKOTO  HABHAYCHUS,
HCIOJNB3YIOIMX B KAYECTBE HCTOYHHKA HWH(OpMAIMH aHOMAJIbHOC
MarHuTHOE moje 3emuau (MI13).

TpexXKOMITOHEHTHBIH (PEPPO30HIOBBIH MATHHTOMETP, YCTAHOBJICHHBIM HA
JIA wm apyrom HOCHTENE, HCIONB3YETCAd B Kauectse jgarumka MII3 B
TIPUCYTCTBHH OKPY KAIOIIUX (PEppO MATHUTHBIX 3JEMEHTOB WM CIYKUT I
(OopMHPOBAHUS BEKTOPA HEIMHEHHBIX H3MCPCHHII COBMECTHO C BEKTOPOM
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IIyMOB H3MepeHHH. PelleHme 3a7auu CHHTE3a M AHANH3A AITOPUTMOB B
padore OBLIO MONYYCHO HA OCHOBAHWM MCETOIOB TCOpHH (DIIBTpAUWH H
nacHTH(UKAIMY ¢ MpUMEHEHHEM pacmmpeHHoro (mrsTpa Kamvana (POK),
W CHHTE3HPOBAH AITOPUTM, NMO3BOJLIFOIINI OLCHUBATH MATHUTHBIN Kypc JIA,
a TAKKEC MATHUTHOC HAKJIOHCHWE (YroJ, 0OpA30BAHHBIH ITOJHBIM BEKTOPOM
HaANPSLKEHHOCTH MATHUTHOTO TOMSI M €T0 NPOCKIHECH HA TOPH3OHTAIBHYIO
IJIOCKOCTB), MOAYJIb BEKTOpa HampsskeHHOCTH MII3 W ko3 puumueHTH
[Tyaccomna, XapaKTEPU3YIOIIHE TTOCTOSTHHOC u HHIYKTHBHOC
HAMATHUYHBAHUE, I ONMPEACICHUS TOYHOTO TeOrpaQuIecKOro MOJI0KEHHS
JIA. TlomyuyeHHble A7SI BBIBEACHHBIX AJAaNTHBHBIX CXEM (DHIIBTpAUH
pe3yIbTaThl MATEMATHYECKOTO MOJCIHPOBAHHS OTPAKAIOT IOBEACHHC
OIICHOK BEKTOpPA COCTOSIHMS, OINMOOK OLCHHWBAHWA, KOBAPHALMOHHOH
MaTpHIbl OMHUOOK OICHHUBAHWS M ANIOCTCPHOPHOH IUIOTHOCTH BEPOSITHOCTH
HA WHTEpBAJC HAOIMIOACHHSA CO CPABHHUTCIHHBIM AHAIH30M AL PA3THIHBIX
VCIIOBHH, TIPH PA3IHYHBIX HAYAIBHBIX 3HAYCHUSAX M BEKTOPAX I'ayCCOBBIX
OenmpIX IYMOB MOJCNCH COCTOSHHSI CHCTEMBI M H3MEPEHHH C
COOTBETCTBYIOIIMMH HWHTCHCHBHOCTSIMH, JUII HMMHTAOMH  BO3JCHCTBHA
BHEIIHCH CPEAbl HA CUCTEMY, C YUETOM KapT MArHUTHOTO CKIOHCHUS. Takmm
00pa3oM OICHECHHBIM MATHHTHBIA KYPC MOKET CIYXKHTH 1) HEoOXOamMOu
nHpopMarmed nant  (DOPMHPOBAHWS HMCTHHHOTO Kypca B OOpPTOBOM
KOMIIbIOTEpe KOMIUICKCHBIX HC, B pazimyHBIX pe:KUMax: PaarOMOTIAHIL,
momuanusa PJIC; mpu monere Hax y4acTKaMH CyIIM C MAaJOMH()OPMATHBHBIM
penbeoM, TAKMMH, KaK IMyCTHIHH, aKBATOPHH H T.J., 4 TAKXKE 2) KAK METOH
KOPPCKINH HAKATUTHBAIOIIIXCS OMHO0K HHepIHambHEIX HC.

Cunaresuposannsie anroput™Mel # HC mo MIT3 obecmeunBar0T BBICOKYIO
3((pEeKTHBHOCT W TOYHOCTH OICHHBAHHS KypCOBOM HWH(popMamum w
MO3BOJLTIOT ~ IIOMHOCTBIO OTKA3aThC OT TPOBEACHHS TPYIAOCMKHX H
JIOPOTOCTOAIIMX ACBHAIIMOHHBIX PAa0OT, XapaKTEPHBIX IS TPATHIHOHHBIX
AITOPHUTMOB.

CnokHast 3amaya COBMECTHOTO OIICHHUBAHUSI BEKTOPA COCTOSHHS H
MAPAMETPUICCKOH HACHTH()UKANWU IO-TIPSKHEMY OCTACTCSl  OTKPBITOH
00NacThiI0 B KJacce CXeM amanTuBHOHW ¢miubrpanuu. B mamHOW padote
MpeaIaracTCsd HOBBIH MOAXOA K €€  PCIICHHI0, COCTOAIMH B
pacmpoCTpaHECHHU AQJANTUBHOIO OLCHUBaHWA Ha OCHOBe POK gma
KJIACCHYECKHUX CTOXACTHYCCKUX JTUHAMITICCKHX CHCTEM c
JCTCPMUHHPOBAHHOH CTPYKTYPOH Ha Cay4yad oOpabOTKH CHTHAIOB H
mapaMeTpuieckoi maeHtuuranum B croxactmieckux HC mo MII3 co
CIAY4YaWHOH CTPYKTYpOH WM NEPSKIIOYAKOIIMMHUCH MapaMeTpaMu, KOraa
BEKTOPBI COCTOSIHHSI W IAPAMETPOB TIPEIACTABILIOT COO0H MAapKOBCKHE
TIPOIICCCHI.
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The application of an extended kalman filter to synthesis and analysis
of estimation algorithms for magnetic navigation systems
Kolosovskaya T.P.

MAI, Moscow

The purpose of the present scientific research is the solutions of the
problem of signal processing algorithms synthesis and analysis for magnetic
field navigation system (NS) of an aircraft or the like for military and civil
applications.

A three axis orientation magnetometer mounted on an aircraft or on a
vehicle is used for sensing the earth's magnetic field in the presence of the
surrounding ferrous materials and for forming the nonlinear measurement
vector with the measurement noise vector.

The solutions of the problem of algorithms synthesis and analysis were
obtained by using the suboptimal extended Kalman filter (EFK) which allows
to estimate the magnetic course of an aircraft, the inclination angle (the angle
a vector representing the total magnetic field makes with its trace on a
horizontal plane),the module of the magnetic-field strength vector and the
Poisson's coefficiens, indicating the constant and the inductive magnetization
for determining the precise geographic location of the aircraft. Computer
siulation results of the derived adaptive filtering schemes reflect the behavior
of the state vector estimates, the estimates errors, the covariance matrix, and
the a posteriori hypothesis probability density with comparison for different
conditions with different initial values and different Gaussian white noises
vectors of the system state and of the measurements with corresponding
variances, for imitation of environmental influences on the system taking into
account the declination maps.

The estimated magnetic course can serve 1) as necessary information for
the true course computing on board of NS, in the radar silence and radio
silence modes, during a flight above surface arcas with uninformative relief
such as deserts and oceans, and 2) as a method of errors correction for inertial
NS.

The proposed algorithms and magnetic NS provide high efficiency and
estimation accuracy comparing with other existing navigation algorithms and
permit to abandon the performing of laborious and expensive magnetic
deviation work inherent for traditional algorithms.

A complicated problem of the state vector estimation together with
parameter identification is still an open area in the class of adaptive filtering
schemes. The purpose of this paper is to propose new approach of the
extension of EFK adaptive estimation in the classical stochastic dynamic
systems with deterministic structure to the case of signal processing and
parameter identification in stochastic magnetic NS with random structure or
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with switching parameters when the state vector and the parameter vector are
the Markov parameter case.

Pa3padorka «Po0oTH3INPOBAHHOI CHCTEMBI METAHHS
PASMHHHPYIOIIETO 3aPsIa»
Kopensros K.B.
MAM, r. Mocksa

Lensro maHHOW pPadOTHI ABIACTCA pa3padoTKa POOOTH3HPOBAHHOTO
KOMIUTCKCA I OMICPATHBHOTO CO3JAHMA MPOXOAa B MHHHOM mone. [Ipoxon
JOJDKCH COCTABILATh HE MEHEE 3 METPOB IO IMHPUHE U He MeHee 150 mMeTpoB
B AJTAHY. BpeM}I TIOJTHOTO LUKJIA PASMHUHHUPOBAHUA OT BBIXOJA HA IMO3HIUEO
JI0 OCBOOOXKICHHUS MPOX0/A JOJDKHO COCTABIATE He Oouee 3.4 MHUHYT.

B mHacrosmee Bpems, B paMmkax OOCBBIX JCHCTBHH, CYINECTBYET
HCO6XOZ[I/IMOCTI> OMCPATHBHOTO MPCOAOJICHUA MHUHHBIX noJicH TPOTHBHUKA:

e B pamKax (POpCHPOBAHHA MCPCIOBOH JTHHHUH,

e B paMKaxX INCPEABI)KCHHSA B TBUIOBOH 30HE I TPCOAOJCHHA
JAACTAHIHOHHO yCTAHOBJICHHBIX MUHHBIX noJcH TPOTHUBHHKA.

OTH 330aYM B POCCHHCKOM apMHHU PEINAIOTCS TMPHUMCHECHHEM YCTAHOBKH
YP-77, 0OCHy:KHBacMOH CamCpHBIM OTACIACHHCM YHCICHHOCTBIO B 8-10
YETIOBEK.

TeKyH.[a}I CTATHCTHKA MNPHMCHCHHA IOKA3BIBACT, UTO CPCOAHCC BPCMA
JKH3HH Ha HepeﬂOBOfI A1 JAQHHOTO THIIA YyCTAHOBOK COCTABJIACT 5 MHHYT.
Bpems HeOOX0aMMOE 11 OTPAOOTKH YCTAHOBKH COCTaBIACT 7..10 MHHYT.
OHH CTAHOBATCS TNPHOPUTCTHBIMH MHUIICHAMHU OJ1 MPOTUBHUKA B ICTLIX!

e  [PEAOTBPALICHUS MPSIMOX UX (PyHKIHH,

e  HAHCCCHHA ymiepda MCMOIB3YIOIMICH CTOPOHE (B YCTAHOBKE 10 1,21
BB).

Jns oOecriedeHUs BBIMOJHCHUS 3374 B JAHHOH paboTe IPOBOAUTCA
pa3paboTka POOOTH3MPOBAHHOW CHCTCMBI, KOTOpAas TO3BOJHT PCIIATH
CTICAYIOIIHCE 3aa'H:

e  CO37aTh KOMIUICKC B (JOpME OTACIBHOTO MOMYJA, MPUTOTHOTO AJIA
MEPEBO3KH PA3TUIHBIMHA THIIAMH TPAHCIIOPTHBIX CPEACTB;

e obccmeunth  paboTy  KOMIIGKCAa  O€3  HEMOCPCACTBCHHOTO
MPUCYTCTBUS ONCPATOPA, B ABTOMATHUCCKOM PCKAME HW/HIH B PCKUME
YAQIEHHOTO YIIPABICHHUS,

e  o0ccTeUnTh BpEeMS MOJHOTO MHUKIA 00padoTku He Oosee 3.4 MHHYT
C MOMCHTA aKTHBAIIMK HA OOCBOM MOBUIUH,

e  VIYUIONTH XaPAaKTCPUCTHKH CYIIECTBYIOIMX OOpasLoB IO OOmEH
BO3MOJKHOM AJMMHC W IMAPHHC MPOX0da, MPU COXPAHCHHU WA CHHKCHHUH
TEKYIIMX MacCOTa0aPUTHBIX XaPAKTEPUCTHK ITOTOOHBIX CHCTEM.

Z[,JI}I PCIICHUA MJAHHBIX 3adavd CO34Ar0TCA MCXAHHMKO-MATCMATHICCKHUC
MOJCTH KOTOPBIC MO3BOMMIOT MPOCYHTATh (DAKTOPHI METAHHUA 3apsma
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PA3MHHHPOBAHUS, KAK OCHOBHOTO PAGOUCTO ICMCHTA JAHHOM CHCTEMBL. JTO
00CCIICUNBACT ONTUMANBHYI0 Pab0Ty JAHHOTO DJICMEHTA, KAK MO CKOPOCTH
OTPabOTKM UHKIA, TAaK MW 10 TOYHOCTH OKOHYATCIBHOM  YKIAIKU
PA3SMHHHPYIOIIETO 3aPsaa HA IPECOJOICBACMOS MEHHOS TIOJIC.

Tak ke pa3pabaTbIBAIOTCA P  CPCACTB ABTOMATH3ALMH, KOTOPBIC
MO3BOJLIT OCYIICCTBILITH OATOTOBKY, HABCACHHUE W OTCTPEIT 3aPsiIa MCTAHH,
a TaK XC €ro HCOOXOAUMYIO KOMIIOHOBKY IS BBIIOJHCHHUS MOCTABICHHON
3a1aYH B ABTOMATHYCCKOM PEXKHME, JTHOO MOX YHPABICHHCM YIAIEHHOTO
omeparopa.

Development of “Demining charge thrower robotic system”
Korenkov K. V.
MAI, Moscow

The aim of this work is to develop robotic systems for rapid creation of
passage in a minefield. The passage must be at least 3 meters in width and at
least 150 meters in length. Time of the full cycle of demining from the
entering demining position before the release of passage shall not exceed 3..4
minutes.

Currently, during military action, there is a need to rapidly overcome
minefields of the enemy:

e  When forcing the front line;
e  When moving forces in the rearward to overcome remotely installed
enemy minefields.

In the Russian army these problems are solved by using the UR-77
equipped with demining squad contained 8-10 people.

Current statistics of such applications shows that the average lifetime at the
forefront for this type of setting is 5 minutes. The time that is required for
demining cycle is 7..10 minutes. They become priority targets for the enemy
in order to:

e  Prevent their direct functions;
e Damage to Demining side (installation carries up to 1.2 tons of
explosives).

In order to complete the task within this work is carried out to develop a
robotic system that will achieve the following objectives:

e  Create a complex in the form of a single module suitable for the
transport by various types of vehicles;

e  Provide complex that will operate without the direct presence of the
operator by automatic and / or remote control mode;

o  Ensure that full cycle processing will take no more than 3..4 minutes
after activation at combat position;
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e Improve the performance of existing models on the total possible
length and width of the passage, while maintaining or reducing current
weight and size characteristics of such systems.

To solve these problems we create mechanical and mathematical models
that allow us to calculate factors of demining charge throwing, as the main
working element of this system. This provide optimal characteristic of this
element, by the demining cycle speed and by accuracy of the final placement
of demining charge at forcing minefield.

Also developed a number of automation tools that will provide preparation,
aiming and demining charge shooting, as well as its layout needed to
accomplish the task in an automatic mode or under the control of a remote
operator.

AJIFOpI/ITM ABTOMATHYICCKOI'0 YIIPABJICHUS IMPOJI0JIbHBIM ABMAKCHUCM
0eCIMIOTHOTO JIETATELHOT0 ANIAPATA HA JTAIE IOJIHO MOCATKH
Kymudees I0.B.!, Hecrepos B.A.%2, Muponosa M.M.2
MHIIK «Asuonuka, "MAU, r. Mocksa

IMocanka BITJIA caMOIETHOTO THIIA ABILIETCS CIOXKHBIM M NMOTCHIHAIBHO
OTACHBIM 3ABEPIIAIONIMM 3TANOM IOJIETA. YCNMEX BHIOJHEHHUS IOCAIKH
3aBHCHT OT TakuX (DaKTOPOB Kak JeTHbIC Xapakrepuctuku BITIA, Bun
TPaCKTOPHH  CHIDKCHHS TIPH  TOCAAKE, BO3MOKHOCTH  OOPTOBOTO
000pyIOBAaHMA, HCTIOIB3YECMOTO I OOCCIICUCHHA TOCAIKH, XAPAKTCPHUCTHK
a’3poApoMa, BOZMOMKHOCTH Aa3POJPOMHBIX CHCTEM IIOCAJKH, a TaKke OT
METEOYCIOBHI B paiione nocagku [1].

Kak mpaBmno, B Hacrosmiee BpeMsl Ha 3Tame IMOCAAKH HA HA3EMHBIH
aspoapom cHmwkeHHEe BIUJIA ocCymmecTBisieTcss IO TPAcKTOPHH IPIMOH
TJIACCAABl ¢ YIJIOM HAKJIOHA B Ipedenax 2-3 rpaayca BIUIOTh A0 KacaHUA
konécamu maccu BIIN Ilpu TakoM CHIDKCHHHM B OTCYTCTBHH TPACKTOPHH
BBIPABHUBAHMS IMPOMCXOJUT BechMa EcTKad mocaaka BITIA, uro ocodeHHO
HEe)KeNaTeIbHO A TsoRENbIX BITJIA.

B nanHO# paboTe mpeaaraeTcs MCMOIb30BATh HA 3TANC IMOJHOM MOCATKA
a1 Tsokénoro  BIUVIA  TakoH BHA TPAacKTOPHH CHIDKCHHS, KOTOPBIH
00ECIIeYnBACT EMY MSATKYFO MOCAIKY.

Jns orpaboTku xemaemoln Tpackropuu cHmkeHus BIUJIA mpu mocaake Ha
HA3EMHBIH a3pOJPOM BIUIOTH A0 TOJHOH OCTAHOBKH HCIIOJIB30BAJICS METO[
MaTEMATHYECKOTO MOJCITUPOBAHHSL.

B xauectBe oOBekra mccieaoBaHusa Obim BeIOpaH BITJIA camMoméTHOTO
THIIA BOCHHOTO HA3HAYCHMS TSDKENOTO Kiacca. Maremarwdeckas MOaeib
00bEKTa BKIOYANA B CEOSl a3POJMHAMHYECCKYIO M IUHAMHYECKYIO MOJCIH
mpocTpaHcTBeHHOTO ABIKEHUS BITJIA kak TBEPIOTO TEIa, MOJCIHb TATH ABYX
JBUTATCIHHOW CHIIOBOM YCTAHOBKH, MOJACIH TPEXKOIECHOTO YIIPYTOTO IACCH
C IOBOPOTHOM HOCOBOM CTOMKOM U MOJEIIH BETPOBBIX BO3MY ICHHH.
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Jna  ynopaeacHmsa gaBwkcHHEM BIUUIA  HCHONB30BATHCH  ANTOPHTMBI
ABTOMATHYECKOTO YIIPABJICHHS, CHHTC3UPOBAHHBIC IO METOAY OOPATHBIX
34434 AMHAMHUKH [2].

[NomyuyeHHBIE B PabOTE PE3yIBTATHI MOJCIHPOBAHUS IIPEAJIOKCHHOTO
pe’kMMa  TOMHOM IOCagKH TMOATBEPXTAIOT  ODOCHOBAHHOCTH — BBIOOpA
TPACKTOPHUH BHIPABHUBAHKS B BHJAC IIOJIMHOMA TPETHETO NOpsaka. [Ipu Takom
BHAC JKCITACGMOH TPACKTOPHM BBIPABHUBAHWS OOCCICUMBACTCA MSTKAsA
mocaaka BITJIA, HCKIIOYArOmas BO3MOYKHOCTh BO3HHKHOBCHHS ABAPHHHBIX
CHUTyanui B MOMCHT IIEPEX0Aa TPACKTOPHH BO3AYIIHOTO MOJETA B ABIKCHHUC
IO MMOBEPXHOCTH a3pOAPOMA.

Crmcox IuTepaTy phl:

Kotuk M. TI'. JluHamMuka B37A€Ta M MOCAAKH CaMOJETOB. — M.:
MammnocTpoeHue, 1984.

Kpyteko I1. [. OOpatHble 33a7a4d JUHAMHKH YIPABIACMBIX CHCTEM.
Hemuuennsie Mmogem. — M.: Hayka, 1987.

Unmanned aerial vehicle automatic control algorithm of the longitudinal
movement at the full-stop landing stage
Kulifeev Y.B.!, Nesterov V.A.2, Mironova M.M.2
MRPC “Avionica”, ’MAI Moscow

Landing of an airplane-type UAV is a complicated and potentially
dangerous final stage of the flight. Landing success depends on such factors
as UAV flight performance, landing descent trajectory configuration,
capabilitics of the onboard equipment used for landing, acrodrome
characteristics, capabilities of the acrodrome landing systems, as well as on
meteorological conditions in the landing area[1].

Generally, now at the stage of field landing the UAV descents along the
straight glide path with a slope within 2...3 degrees down to runway contact
with landing gear. Under such descent without flare path the UAV landing is
hard, which is especially undesirable for heavy UAVs.

This article proposes using such a descent trajectory of a heavy UAV at the
stage of the full-stop landing that ensures the UAV soft landing.

The mathematical model approach was used to develop a required UAV
descent trajectory for the field landing to full stop.

A heavy-duty military airplane-type UAV was selected as the subject of
the research. The mathematical simulation consisted of the acrodynamic and
dynamic model of spatial motion of the UAV as a solid body, model of twin-
engine power-unit thrust, model of tricycle spring landing gear with rotating
nose gear and model of wind perturbations.

Automatic control procedures synthesized according to the method of
inverse dynamics were used to control UAV motion [2].
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Simulation results for the offered full-stop landing mode contained in the
article justify the choice of the flare path in the form of the third order
polynomial. That shape of the flare path supports the UAV soft landing,
eliminating any possibility of emergency situations at the moment of the
flight path transition into motion on the acrodrome ground.

References

Kotik M. G. Dinamika vzleta i posadki samoletov. — M.:
Mashinostroenie, 1984.

Krut'’ko P. D. Obratnye zadachi dinamiki upravljaecmyh sistem. Nelinejnye
modeli. — M.: Nauka, 1987.

Pa3paborka airopuTMOB COTJIACOBAHHOIO JICHEHTPATU30BAHHOIO
VIPABJICHHS IEPECTPOEHHEM IPYIIILI 0ECIHJIOTHBIX JIETATEILHBIX,
anmnaparon
Muxaiinos H.A.

MAM, r. Mocksa

[lpu pemeHnym NENEBBIX 337a4 TPYIIOH OCCHHIOTHBIX JICTATEIBHBIX
armaparos (BJIA), TpeOyroTcst pa3znudHble TOCTPOCHHUS TPymIbl. CymecTByeT
MHOKCCTBO THHOBBIX mOCTpocHHH BJIA («meneHr», «(QpoHT» W T.IL),
KOTOpBIC TOBBIMAOT 3(PPEKTUBHOCTh PEIICHUS OTACTBHBIX I101337a4.
CnoxuocTh MpoOIeMbl mepecTpocHust BJIA B moaeTe COCTOHT B TOM, HTO
TpeOyEeTCA MPOKIAIBIBATE TPACKTOPHH Kakaoro BJTA, coOmromas MHOKECTBO
KPUTCPUECB M OTPAHMYCHHH, MPOTUBOPEYAIIUX APYT APYIY: BBLICPIKUBATH
HHTCPBAJIbI U AUCTAHIIUH, YTOOBI OPEAOTBPATUTE CTOJIKHOBCHHUSA, IMPOBOAUTH
NEPECTPOCHUC B MUHUMAJIBHOC BPEMI, IPH 3TOM COXPAHATH OoJIbIIIC OHCPrun
A BBIIOJHCHHS LEJCBOM 3agaun. MCChaenoBaHUS B PELICHUE 3aJad
pa3paboTKu anropuTMOB yIpasieHua rpymmoit BJIA nposogmmics B [1], [2].

Lenpto maHHO# PadOTHI ABISIETCS CO3JAHHC ANTOPHTMA OTBHICKAHMS
ONTHMAJNBHBIX, B CMBICIC MHHHAMYyMa CYMMAPHOH [UIMHBI, TPACKTOPHUIl
OBIOKCHHSA OTHCHbHBIX bBJIA B cocrabe rpymmel. CopMyTupoBaHHAS
mpoOieMa  BKIFOYACT B ce0f, PCHICHHC CICAYIOMMX  TOA3a1ad:
pactipeacncnue monokeHuwii BJIA B CTpPOO M ONpEleNcHHE HapaMeTpoB
naemkeHmst BJTA ¢ yueroM 3amaHHBIX OrpaHHucHUN. B KayecTBe orpaHHUCHUH
TIPUHITHL: MAKCHMAJbHAS CKOPOCTh JBIKeHHS DBJIA, MUHHMambHbIE H
MAKCHMAQJIBHBIC AJUCTAHIIMH W HWHTCPBAJIBI MCOKAY AammaparaMu. 332[3‘13
pacIpeeICHIUS PENIACTCs C MPUMECHEHHEM TEHETHIECKOTO aJITOPHTMA.

PesympraToM paboThl SIBILIETCS QJTOPUTM YIpaBicHuUs rpymmod BJIA m
KOMIIBIOTEPHOE MOJCIHMPOBAHHE PAaOOTHI aNTOPHUTMA, TPOBEACHHOE C
HCIOJIb30BAHUEM Pa3pabOTAaHHOTO TMPOTPAMMHOTO OOeCredcHus, Ha 0ase
MATLAB Simulink u Unity3d, B KauecTBe Cpeabl BU3YaTH3ALHH.
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[1] OpsacHKO AmekcaHap AnCKCaHIpOBHY «3axada (OPMHPOBAHUS CTPOS
B rpymne BIUTA» Hsectua HOkHOTO (h)eACpANBHOTO VHHBCPCHTCTA.
Texumueckne Hayku Bemmyck Ne 3 /oM 128 /2012.

[21B. H. Eganos, C. B. Musun, B. B. Hepemuna«YIpaBicHue MOICTOM
BIUIA B cTpor0 Ha OCHOBE KOOPIWHAIMH B3aWMOACHCTBHS TPYIIIbI
neTateTbHBIX ammapaToB» Bectauk YIATY Towm 18, Ne 1(62) (2014)

Algorithms development of the coordinated decentralized management
of unmanned aerial vehicles group evolution
Mikhaylov N.A.
MAI, Moscow

At the target tasks solution by the unmanned aerial vehicles (UAV)group,
various tactical formations is required. There is a set of standard tactical
formations ("echelon ", "front", etc.), which increase the solution efficiency
of separate subtasks. The main complexity of UAV evolution management in
flight consists in that it is required to lay each UAV's trajectories, responding
a sct of the criteria and restrictions contradicting each other: to maintain
intervals and distances to prevent collisions, to carry out evolution to the
minimum time, thus to keep more energy for performance of a target task.
Researches in the solution of UAV group evolution management algorithms
development problems were conducted in [1], [2].

This work's purpose is algorithm creation of trajectories search, which are a
minimum of total length. The formulated problem includes the solution of the
following subtasks: distribution provisions of UAV and the UAV's movement
parameters determination in consideration of the set restrictions. The
restrictions are: maximum UAV’s movement speed, minimum and maximum
distances and intervals between vehicles. The problem of distribution is
solved with application of genetic algorithm.

The UAV group evolution management algorithm and the computer
modeling, which is carried out with use of the developed software based on
MATLAB Simulink and Unity3d, as the visualization environment, is result
of work.

[1] ApsaacHro Ancekcanap ATCKCaHIPOBHY «3amava (JOPMHPOBAHHUA CTPOS
B rpymne BILUTA» Hseectus HOkHOTO (h)eACpANBHOTO VHHBCPCHTCTA.
Texumueckne Hayku Bemryck Ne 3 /oM 128 /2012.

[21B. H. Eganos, C. B. Musun, B. B. Hepemuna«YIpaBicHue MOICTOM
BIUIA B cTpor0 Ha OCHOBE KOOPIWHAIMH B3aWMOJCHCTBHS TPYIIIBI
neratenbHBIX ammapaToB» Bectauk YIATY Towm 18, Ne 1(62) (2014)
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AHA/TI3 MPUMHAH ABMANMOHHBIX MPOUCIIECTBHIT
Hecteposmu T.B., Menenkos A A., [Isopankos M.B.
MAM, r. Mocksa

be3onacHOCTH MONETOB PACCMATPHBACTCA B KQUECTBE BASKHOTO MOKA3ATENA
KOHKYPCHTOCTIOCOOHOCTH ABHAIMOHHON TeXHUKH, OMIHOKH 3KHIAXA JICKAT B
ocHoBe  70-80%  meTHBIX  mpomcImecTBHH.  JIGHCTBHS — JKHIIAKA,
MIPEAMCCTBYIOMNEC ABHANMOHHBIM HHIMACHTAM H JICTHBIM IIPOMCIICCTBHSIM,
KJACCH(PUIUPYIOTCS B HHTEPECAX MX MPEAy IPESKACHIUS ITPH MPOCKTHUPOBAHUA
WM OKCIUIyaTaly AaBHAIMOHHOW TexXHHWKH. Mcmomp3yemas 3a pyOeskoM
KJIACCH(UKALMS CTPYKTYPHl UCIOBCYECKOT0 (Dakropa IpexyCMaTPHBACT
BBIICTICHHEC OMACHBIX JACHCTBUIl 4YEJIOBEKA-OMEPATOPA, HMX IPESANOCHLIOK,
HE3(D(PEKTHBHOTO KOHTPOIISI M HEAOCTATKOB B OPTAHHU3ALMH JICTHOH PabOTHL

YpOBEHb ONACHBIX JCHCTBHH  BKIIOYACT OIMHOOYHBIC  PEIICHUS,
HETOATOTOBJICHHOCTD, OINMOKH BOCTIPHATHA U HEBBITIOTHCHAE TTPEATHCAHHBIX
gerctBuil. K ypoBHIO TPEANOCBIIOK ONMACHBIX JACHCTBHIL OTHOCATCA
(u3myuecKe W TEXHOJIOTHYECKHE (DAKTOPHI WM YCIOBHUS, OTPAHHMUCHHBIC
BO3MOYKHOCTH  4EJIOBEKA, HEOIarompusITHOS MICHXHYECKOE HIH
(PM3HOTOTHYECKOE COCTOSIHME, IUIOXOE B3aHMOJCHCTBHE B JKHIIAKE M HE
TOTOBHOCTH JIMYHOCTH. Ha ypoBHE HE3()()EKTHBHOTO KOHTPOIS BBIACILIIOT
OTCYTCTBHE HAA30pa, JONYCTHMOCTh HECAACKBATHBIX JCHCTBUH, HE
MIpeABUACHUE CHTYAIMH W MPOIycK HapyiueHud. K ypoBHIo HEapdekTHBHON
OPTaHM3aLHU OTHOCAT HEYMEIIOE YIIPABICHHE H HETOCTATKH YIIPABICHHS HITH
OPraHH3aHU KOHTPOJI.

AHanu3 aBMANMOHHBIX WHIUICHTOB BBIIBHJI B3aWMOCBSI3b KOMIIOHCHTOB
pPa3HBIX VPOBHEH CTPYKTYpsI uenoBeueckoro (akropa. Ilokaszana
CYIIECTBCHHAS CBSI3b MPEANOCHIIIOK OMACHBIX ACHCTBHH C MPO(ECCHOHATIHHO
BOKHBIMH KA4YeCTBAMH. [ OTOBHOCTH JHMYHOCTH WM BO3JACHCTBHC BHEIIHHUX
(hakTOpPOB OBLIH BHIPAXKCHHO CBA3AHBI TAKKE ¢ MPOCCCHOHATBHO BAKHBIMH
KauecTBaMH. HeOnarompusiaTHoe INCHUXHYECKOE WM  (PH3HOIOTHICCKOC
COCTOSIHHEC M IUIOXO€ B3aMMOJCHCTBHE B JKHIAKE OBUIM CBA3aHBI C
HEIOCTATOYHBIME HaBbIKaMH. OOHApPYKEHA BBIPAKCHHAS CBSI3b OIACHBIX
JCHCTBHH  OSKHMaXa  C  HEOJATONPHUATHBIMH  TICHXHYCCKHMH  H
(PM3HOTOTHMECKUMH COCTOSIHISMH, IUIOXHM B3aMMOACHCTBHEM B SKUIIAXE H
HETOTOBHOCTBIO JIMYHOCTH. JIONMyCTHMOCTh HEAACKBATHBIX JCHCTBHHA OblIa
CTATHCTHUYCCKH CBA3aHA C HEJOCTATKAMH YIPABICHUA M OPraHHU3aIUH
KOHTPOJIL. M3 3THX MaHHBIX CleI0BaN0, YTO MPO(eCCHOHATBHAS HAIC)KHOCTh
JeTYMKa ¥ OC30MACHOCTh IOJETOB BO  MHOTOM  OOECIICUHMBAIOTCA
KOMIUICKCHBIM TIOJIX0JOM K YUETY UEIOBEUECKOTO (PAaKTOp HA BCEX YPOBHIX
aHaMM3a €ro CTPykTypsl. OmuOOYHBICE W HCCBOCBPCMCHHBIC JCHCTBHA
SKHMAKa MOTYT CTaTh CICACTBHEM YIYIICHHH B OPTaHH3ALMH IIOICTOB,
KOHTPOJI ¥ BHIIBJICHI MPOOJIEM M HECBOCBPEMEHHOM OIICHKU CUTYAIlHMH KaK
BO3MOXXKHOH YTPO3bl O€30MACHOCTH IOJICTOB. B 1e70M, aHamm3 CTPYKTYPHI
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YCJIOBCUCCKOTO (I)aKTopa KAaK MPUYIAHBI ABUALTHOHHBIX HHIUACHTOB H JICTHBIX
HpOI/ICH.IeCTBI/Iﬁ TO3BOJISICT BBEIBIAITH «CIAOBICY 3BCHBS B OCIIH COOBITHI H
CTCUCHHH O6CTO}IT6J'II>CTB, HMCHOIIUX TPATHICCKUEC MMOCTICACTBUA, B TOM YHCJIC
CBA3AHHBIC C (I)yHKI.[I/IOHaJ'IBHBIM H TOCHXOCOMATHYCCKHM COCTOAIHHUCM
JCTYHKA.

Analysis of the causes of accidents
Nesterovich T.B., Medenkov A.A., Dvornikov M.V.
MAI, Moscow

Flight safety is seen as an important indicator of competitiveness of
aviation technology. Errors of aircrew underlie 70-80% of flight accidents.
Preceding the aviation incidents and accidents actions of aircrew are
classified in the interest of avoiding them during design or operation of
aviation technology.

Using abroad the framework of human factors analysis and classification
system allocates unsafe acts of operator, preconditions for unsafe acts, unsafe
supervision and flight organizational influences.

Level of unsafe acts of operator is subcategorized as decision errors, skill-
based errors, perceptual errors and violations.

On the level of the preconditions for unsafe acts the following factors are
identified: physical and technological environment, physical or mental
limitations, adverse mental or physiological status, crew resource
management and personal readiness.

Level of unsafe supervision is subcategorized as inadequate supervision,
planned inappropriate operations, failed to correct a known problem and
supervisory violations.

On the level of organizational influences the following factors are
identified: resource management, organizational climate and organizational
process.

Analysis of aviation incidents revealed the relationship components at
different levels of framework of human factors analysis related. Preconditions
of unsafe acts were shown to be significantly associated with skill-based
errors. Personal readiness and physical environment showed a stronger
relationship also with the skill-based errors. Adverse mental and
physiological status and crew resource management were associated with
skill-based errors. A significant link was found between the unsafe acts of
aircrew and adverse mental or physiological status, crew resource
management and personal readiness. Planned inappropriate operations
showed to be statistically associated with organizational climate and
organizational process.
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Data of researches have shown dependence of professional reliability of
aircrew from integrated approach to take into account the human factor at all
levels of its structure.

Errors and delayed actions of aircrew can result from gaps of flight
organization, control and identification of problems and delayed assessment
of the situation as a possible threat to safety.

In general, analysis of the structure of the human factor as a cause of
aviation incidents and flight accidents does possible to identify “weak links”
in the chain of events and coincidences of circumstances, with tragic
consequences, including related to functional and psychosomatic status of the
pilot.

Metoanka 000CHOBAHNS BBIOOPA CTPYKTYPHI, COCTABA H MAPAMETPOB
NPHUBOAA ¢ MPIMCHEHHEM TLIAHETAPHOI POJMKOBHHTOBOI TIepeaatin
MOBHIIIEHHOI TOYHOCTH W HATEKHOCTH (PYHKIIHOHIPOB AHIS
Bapouxro AT ., Cuzanos A.B., Cosa A H., Haiixa P.B., Hocos A.C.
OI'VIT «LI3HKW» - «Kb «Motop»; MAJIH, . Mocksa

Ilens uccmenoBaHus COCTOUT B NMOBBINICHUH TOYHOCTH BOCIPOH3BEACHUA
3aJAHHOTO 3aKOHA MOBIDKCHHA CHCIHATBHOTO MOHTAYKHO-CTBIKOBOYHOTO
00OpYAOBAaHMS  PAKECTHO-KOCMHYECKOTO KOMILICGKCA C  IPHUMCHCHHCM
3IEKTPOMEXAaHWIECCKOTO TPHBOJA HAa 0a3e IUIAHETAPHOH POJIMKOBHHTOBOH
nepenaun ([TPBIT) ¢ noBBIIEHHOM HAICKHOCTHIO ()Y HKIIHOHHPOBAHKSL.

CpaBHHUTETBHBIH  AaHANMM3 MCXAHW3MOB W IIPHBOJOB  JIMHCHHOTO
NEpeMELCHHA ~ MOKa3zal, 4YTo  Oojee  LieaecooOpasHO  cO3JaBaTh
3JCKTPOMEXAHUYECKHE  TPUBOABI € NPUMECHEHHEM  IIAHCTAPHBIX
pomukoBuHTOBBIX nepenad ([TPBIT). Hayunsle pe3yibratsl, pa3paboTaHHBIE B
XOJ€ TCOPETHYECCKHX H JSKCHCPHMCHTANBHBIX HCCICAOBAHUI, IO3BOJHIH
00OCHOBaTh HOBBIC TEXHHYCCKHE PEINCHHUS W YIYYIIHTh XapaKTCPHCTHKH
I[IPBII, B ToM wmciae OOCCHCYHTH BBICOKYIO TOYHOCTh MCPECMCIICHHS
BBIXOJHOTO 3BEHA, 3a CUET CACAYIOIMX €€ KOHCTPYKTHBHBIX H
()Y HKIMOHATIBHBIX 0COOCHHOCTCH:

e  HATPy3Ka BOCIPHHHMACTCA BCEMH BUTKAMH MOJYTACK H PABHOMEPHO
pactpenensaeTcsa MKy BUTKAMH POJTHKA,

e  TPHUMCHACTCA HOBBI THI POIHKA, B KOTOPOM BO3HHKAOMIASL
MHEKpoAeopManms PaBHOMEPHO PACHPENCIIET HATPy3Ky, VBEIUIHUBAS
pecypc nepenavy,

e mpuMeHseTcs HoBas (opma pe3pOOBOTO  3AUEIICHHA, UTO
VMCHBIIACT TA0APUTHBIN Pa3Mep MEPEAAaYH U YBEIMIMBACT X0 IPUBOJA;

e  TpuUMCHACTCA HOBag (popma 3y0a B 3y0UATOM 3ALCIUICHHH MCXKIY
POIMKOM ¥ 3yOUaThIM BEHLIOM VBCJIMYUBACT CJIOHM CMAa3KH B 3allCIIJICHWH,
VMCHBIIACT TEMIICPATYPY MEPEIAUHN B padOUEM PEXKHIME.
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Ha 6a3c HOBBIX HAYYHBIX PE3yIBTATOB OOOCHOBAHA W pa3padOTaHA HOBAS
MCTOIWKA, MO3BOIOMAS OOOCHOBATH BBIOOP CTPYKTYPBL, COCTaBa H
IapaMeTPoB TIAHETAPHOH POJMKOBHHTOBOH nepesayuu A
3IEKTPOMEXaHIMICCKOTO MPUBOAA.

[IpuBeacHBI  pe3yabTaThl  ampoOamiH  MPeAIaracMoro  HAy4vHO-
MCTOAWYCCKOTO ammapara Ha nOpuMepe (PUKOIHOHHOW IUTAHCTAPHOM
POMKOBHHTOBOH mepegaun 48x12.

Takum 00pazoM, NPHMEHCHHE IPEAIATACMOTO HAYIHO-METOJHUECKOTO
ammaparta npu co3xaHuu npusoa0B Ha 0a3e [TPBIT mo3soser:

e  ONpeACIATH ONTHMANBHOC 3HAUYCHHE MACChl OPHBOJA  ANA
oOecTieueHHsI 3a1aHHOTO OBICTPOACHCTBHS O€3 IIepepeTyIMPOBAHM,
L4 IIOBBIIIATH JAOCTOBCPHOCTH PE3YyIbTATOB TCOPETHICCKUX H

OKCHCPUMCHTAJIBHBIX I/ICCJ'IGI[OBaHI/II\/II;

e  ABTOMATH3HPOBATH IMPOCKTHPOBAHHEC MPHUBOAA C  BBHICOKHMH

JUHAMHYCCKUMH XAPAKTCPUCTUKAMH, SBZ[aHHOfI HAACKHOCTBHO H

JIOJITOBCHYHOCTHIO U peamn3oBars ero B CAD/CAM/CAE cucteme.

The choice of structure, composition and characteristics of a drive using
a Planetary Roller transmission of increased accuracy and reliability:
methods of proof
Varochko A.G., Syzanov A.V., Sova A N., Chayka R.V., Nosov A.S.
FSUE “TSENKI-“CB “Motor”; MADI, Moscow

The purpose of this research is to increase the accuracy of a given law of a
special installation and connection equipment motion in the space-rocket
complex with the usage of an electromechanical drive. This has to be done on
the base of a Planetary Roller (PRVP) with increased reliability.

The comparative analysis of the mechanisms and drives of the linear
transference showed that it is more appropriate to create electromechanical
drives using a Planctary Roller (PRVP). The theoretical and experimental
studies that were carried out made it possible to come to the scientific results
which allow to validate new designs and improve the characteristics of PRVP
including high accuracy of the output component transference due to the
following constructive and functional peculiarities:

e  capacity is received by all the coils of half-nuts and is evenly
distributed among the coils of a roller;

e anew type of a roller is used when a microdeformation distributes
capacity evenly increasing the resource of transmission;

e anew form of a screwed gearing is used; that decreases an overall
dimension of transmission and increases the speed of a drive;

¢ anew form of a tooth is used in toothing between a roller and a gear
ring that increases the layer of lube in gearing and decreases the
temperature of transmission in operating.
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Newmethodswerevalidatedandworkedoutonthebasisofnewscientificresults.
They let justify the choice of structure, composition and characteristics of a
Planctary Roller transmission for an electromechanical drive. The approved
results of the offered scientific and methodical body are shown by the
example of friction Planetary Roller transmission 48x12.

Thus the use of the offered scientific and methodical body while making
drives on the base of PRVP allows:

. to determine the optimal value of a drive mass for providing the
given quick-action without an overshoot;

e  To increase reliability of the results of theoretical and experimental
studies;

. To automatize designing of a drive with highdynamic
characteristics, the given reliability and durability and to implement it in

CAD/CAM/CAE system.

IIpumenenne mu@poBoil TCH30METPHICCKOM ANIAPATYPSBI
B npouHocTHLIX nenbiTanusix ACII st onpenesiennst mapaMeTpon
AIPOYIPYTOCTH
[epunxun O.H., Baramos V. /1.
MAM, r. Mocksa

B macrosmee BpeMS IMHPOKOS PACTIPOCTPAHCHHC MOJIYYHIH MCTOABI H
CPEIOCTBA 3ICKTPOTCH3OMCTPHH, HCIMOIB3YCMBIC B OOJBITHHCTBE OTpacici
TCXHHKH W BO MHOTHX 00JIACTSAX HAYKH, B TOM YHCJIC HAXOAAT MPHMCHCHHC B
MPOYHOCTHBIX HCHBITAHHUSA PA3THYHBIX ABHAIMOHHBIX CPCACTB MOPAKCHHS
(ACTI) u JIA. TIpOoYHOCTHBIC HCHIBITAHASA STHX OOBCKTOB MPOBOAATCSA IIA
OTPCACTICHAS APAMCTPOB a3POYIPYTOCTH.

SBneHME A’POYHPYTOCTH HAOMOAACTCS TPH OOTCKAHHH HAOCTAIOIIUAM
BOBAYIIHBIM MOTOKOM, H HPOSBIIACTCA B TAKHX MPOLECCAaX Kak: GadTwHT —
BBIHY KICHHBIC KOJICOAHHSA TOA MCHCTBHCM HCCTAHOHAPHOTO OOTCKAHH,
¢pmatrep — moTepd  KOJACOATCIbHON ~ YCTOWYHMBOCTH,  BBI3BAHHAS
B3aMMOJCHCTBHCM A3POAMHAMHYCCKAX VIPYTHX W HHCPUHAJIGHBIX CHI,
JUBCPICHIMSA — ANCPHOTMYMCCKAS TOTEPSA YCTOWYHBOCTH. OTH MPOLCCCHI
MPUBOAAT K YXYIAMICHHIO YMPABIICMOCTH, a TAKKe K AC(OpPMALHH HITH
Pa3PYHICHAIO KOHCTPY KITHH.

JUId mcCIenoBaHUSA BO3ACHCTBUH 3THX SBJICHHH HA OOBCKT, IMPOBOJATCS
MPCIBAPUTCIIGHBIC HATYPHBIC HCHBITAHUS, 3aKIFOYAIOIIHCCS B HMHTALHH
BO3JCHCTBHH HA CHCTEMY, COOTBETCTBYIOIIMX YCIOBHAM €€ SKCIUTyaTaluu, U
MOHHTOPHHIC €C COCTOSHHA, C ICNBI0 BBIABICHHSA HAHOOJICC VI3BUMBIX
YYACTKOB KOHCTPYKIMH. Pe3yapTaThl HATYPHBIX HCIBITAHHH MOTYT OBITH
HCIOIH30BAHBI B KAYCCTBS HCXOMHBIX TAHHBIX I CO3JAHHA KOMITBEOTCPHBIX
MAaTEMaTUYCCKUX MOJCTCH.
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WsmepeHust  OCYINCCTBISIFOTCS € TOMOINBED  AKCEICPOMETPOB,
MO3BOJIIOIIUX PCTHCTPHPOBATh (opMy KOJICOAHHMH, W TCH30JATUHKOB,
mPeoOpasyIOIMUX B 3ICKTPHUCCKAN CHTHAN H3THOAIOMMC MW KPYTALIHC
MOMCHTHI B KOHCTPYKIIUH.

OcCHOBHBIM (HDaKTOPOM, OTPCACIIAFOIIAM OCOOCHHOCTH PA3AMYHBIX TPYIIT
TCH3OMETPHUYCCKOM anmapaTyphl, SIBISICTCS YACTOTA U3MEPICMOTO MPOLECCa,
KOTOpasi OmpeAc/sieT KAK CXEMHOE, TaK M KOHCTPYKTHBHOE MOCTPOCHHE,
JAMHUTHPYCT AJTHHY COCOAUHHUTCIIBHBIX JIMHHAHR | T.A. B xadecTBe OCHOBEHI A
KJACCH(HUKAMKE TCH30MCTPHUCCKON ammaparypsl UEICCOOOPa3HO MPUHSTH
MMEHHO TOT HMapaMeTP M PA3ACIUTh AIMAPaTypy HA TPH TPYIIIbL

e  ammapartypa ;Ui H3MCPEHHS CTATHYCCKUX Ac(HopMaIuif;

e  ammaparypa ;Ui H3MEPEHHI KOMOMHHUPOBAHHBIX Ie(hOpMALIHIA;

e  ammapartypa JUist H3MCPCHHS JMHAMUYCCKUX IS(hOPMATIHIA.

Pa3paboTka Takoit anmmapaTypsl — CIOKHBI H TPYIOCMKHH Tpouecc. Tem
HC MCHCC, NPUMCHCHHC MCTOAOB KOCBCHHBIX I/ISMepeHI/IfI H yKaSaHHOI\/’I
anmnaparypel MO3BOLIIOT MOJIYYHATHh AJOCTOBCPHBIC OAHHBIC O COCTOAHHUH
CHCTEMBI, JKC MPH OBICTPOMPOTCKAIIUX TUHAMHUCCKUX MPOLECCax. JTo
COKpAIAeT BPEMS W MOBBIMNACT TOYHOCTH pacuera, aHajiuWza W Habopa
CTATUCTHYICCKUX JAHHBIX I KOPPCKIHH MaTCMATHYCCKOH MOAOCIH H
ONTHMH3AINH BCCTO HHUKIA SKCICPHMCHTAJIBHBIX PA0OT MO OOCCICUCHHIO
0e30IacHOCTH HCCIeAyeMOTo Oo0BeKTa OT (hnarrepa W APYTHX SBICHUH

A3POYNPYTOCTH.

Application of digital tensometric equipment for defining parameters
of aeroelasticity in strength tests of ADO
Perchikhin O.1., Vagapov U.D.
MAI, Moscow

Nowadays widely used methods and means of tensometry, found
application in most industries and in many ficlds of science, including
strength test of an aircraft and air-delivered ordnance (ADO). Strength tests
of these objects are carried out for measuring parameters of acroelasticity.

Acroelasticity is observed during the flown ADO or aircraft by splitstream
and these processes are shown in: buffeting - forced oscillations under non-
stationary flow; flutter — loss of stability caused by interacting acrodynamic
and inertial forces; divergence — aperiodic loss stability in-flight. These
processes lead the degrade of controllability, deformation or structural
destruction.

Nature tests are carried out for studying in these phenomena effects. The
task is to stimulate the influence on the system, and control of this
construction to detect the most stressed parts. The results of these tests can be
used as initial data for producing computer mathematical models.
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Measurements are carried out with the help of accelerometers registering
the form of oscillations, and tensosensors, which transform deformations into
electrical signals.

The main factor, determining features of different groups of tensometric
equipment, is the frequency of the measured process, which defines as a
circuit, and a structural arrangement of equipment, limits the length of the
connecting wires, etc. As a basis for the classification of this equipment, it is
worth to take into consideration this parameter and divide tensometric
instrumentations into three groups:

e  cquipment for measuring static strain;
e  cquipment for measuring combined strain;
¢  cquipment for measuring dynamic strain.

The development of such equipment is a complex and time-consuming
process. Otherwise the application of indirect measuring methods and given
equipment give opportunity to achieve accurate data about system state even
in dynamic processes. This reduces the time and raise accuracy of calculation,
analysis and amount of statistic data for correcting mathematical model and
optimization of experimenting operations on ensuring the influence of flatter
upon tested object and other phenomena of aeroelasticity.

BoproBrast 0ICPATHBHO COBETYIOMIASI IKCIEPTHAS CHCTEMA I THIOBOI
curyannu «BBoj rpyniinl B Bo3aymabIii 00ii - ConpoBoikenne yiapHbIX
e (BOCIC-BI'B-B-Conposoikaenne)

[Mosmosoit A.A., ©enyHos B.E.

MAM, r. Mocksa

CoBpeMEHHbIC CAMOJIETHI IPOCKTHPYIOTCS U BBHINOJIHCHHSA PA3IUIHBIX
reHepambHBIX  3amad Beuicta  ([3B). B paccmartpumBacmoit 3B
«ConpoBo’kACHUE BO3AYIUHBIX YJAPHBIX CHD» Tpymma HCTpeOuTencH
compoBoxkacHust (MC) oOCYIECTBISIET HEMOCPEACTBCHHOE IPHKPBITHE
conpoBoxaacMsIx yaapHeix cui (YC). I'pymma UC crporo ynmopsiioueHa mo
YPOBHAM Hepapxuu. B rpymme BeieadeTcsa koManaup nepsoro yposH: (K-I)
u xomanaup Broporo yposHa (K-II). Komanaup K-I mpuauMaer pemenus mo
BBOJAY TpyIIbl B BO3AYIIHBIA OOH M OTPAKCHHMIO arak HCTpeOWTEICH
nepexsarunkoB (UI1) Ha npukpsiBacMbie YC.

BOCOC-BI'b-B-ConposokacHne, pa3smemaemast Ha  Oopry K-l
TpeACTaBIsieT OOPTOBYI0 KOMITBIOTEPHYIO CHCTEMY, KOTOPAs AKTHBUPYETCA

SKUMAXEM TIPH OTPEJCJICHHBIX yCIoBHsAX. B 0azy sHamumii (B3) BOCIC-
BI'B-B-CompoBoxknenne mepex moixeroM moctymaer u3  «CHcTeMbl
MOATOTOBKH BBUICTa» amnpHOpHAs WH(OPMALMA, a B MpOIEcce MojeTa —
TeKymaa wapopManug u3 mwtatHex BLIBM-anropurMoB 1 mHPOPMATHOHHO-
ympasmmomnero  nona  (MYID) xabwaer sxmmaxka. B3 BOCOC-BI'B-B-
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ConmpoBOXKIOCHHEC HMMECT [BA HEPApXHYECKHX YpoBHA. Ha mepsoM
HEpapXHIeCKoM ypoBHe B3 ¢ HCIMOIBb30BaHHEM NPOIYKLIHOHHBIX HPABHI
akrmpm3mpyercss  mpodnemHas  cyocuryamums  (IIpC/C),  anexsatHas

CTIOKUBIICHCS BHEIMHEH oO0cTanoBKe. Ha BTropoMm mepapxudeckoMm yposHe b3
pemarorcs  3agaunm  akrususmpoBaHHoW [IpC/C  m  BBIpabaThIBarOTCS
pexomeHammu a1 0opra K-1 mo cmocody 3ammutst V.

ITpu pemeHnn 3THX 33424 HCTIOJIB3YIOTCA MareMaTHueckue mMoaem (MM)
(¢parmenros tTunosol curyauun (TC): MM mestenet TC caMoIeTOB H pakeT
KJIAcca «BO3AYX-BO3Ayx», MM smu3oq08 HaseacHus: HaseacHue MC va UI1,
naeeacuue UM Ha YC, HaseaeHmue pakerel UC ma UIT R(MC), HasemeHue
pakersr MIT sa YC R(UI]). B TC «ConpoBoskACHUE BOZAYIIHBIX VAAPHBIX
cmn» Bo3HUKArOT aBe [IpC/C: «PexorHocumpoBka» U «LlenepacmpeacicHue».
B IIpC/C «PexkorHOCUMpPOBKa» BBIPAOATHIBAIOTCS PEKOMEHAAIMH i1 OOpTa
K-I: mecto UC B cTporo, 00CCICUHBANOMICE MMPOTHBOACHCTBHC BO3MOYKHOMY
nogeincamio UMII; mepememenme HMC Ha 33gaHHOE MECTO B CTPOIO;
OTPCACIICHAC TPAHHUIIBI OTMIACHOCTH A1 BhIaeacHHON mapsl Y C-UIT B ciyuae,
©CIH 3aaHO aTakoomacHo¢ HampaeincHme win mossmwica MII. B TIpC/C
«UenepacnpenencHue» BBIPAOATHIBAIOTCA pekoMeHAanuu 11 Oopra K-I:
mecto pacmonoxkernust MC, obecneumsaromee mnporusoachcreue MII Ha
rpanmie onacHocTH, HazHaueHue MC, KOTOPhIA JODKEH MEPEMECTUTHCS HA
BbIOpaHHOE MecTO; BhigencHue MC amst oTpakeHHA aTaku HAOIOIAeMOTO
UIL

The Onboard operative advising expert system for the typical situation
“Entering a group to an air combat - Escort strike forces” (QOAES-
EGC-A-Escort)

Plyatsovoy A.A., Fedunov B.E.

MAI, Moscow

Modern aircrafts are designed to perform a variety of general tasks of a
flight (GTF). Considering GTF “Escort of air strike forces”, fighter escort
group (FE) provides the covering for the accompanied strike forces (SF). A
group of FE is strictly ordered by levels of hierarchy. The commander of the
first level (K-I) and the commander of the second level (K-II) are allocated in
the group. The commander of the K-I takes decisions on entering the group in
an air combat and the reflection attacks to the covered SF of fighter
interceptors (FE).

OOAES-EGC-A-Escort is located on the board K-I. It is an onboard
computer system which is activated under certain conditions by the crew. A
priori information comes from “the flight preparation system” to the
knowledge base (KB) of OOAES-EGC-A-Escort, in the process of flight, the
current information comes from the regular onboard computer algorithms and
information-control field (ICF) cockpit. KB of OOAES-EGC-A-Escort has
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two hierarchical levels. On the first hierarchical level, using the knowledge
base of production rules, a problematic subsituation activates (PrS/S), which
is adequate to current external environment. On the second level of the
hierarchy KB solves problems of the activated PrS/S and makes
recommendations to the board K-1 on the method of protection of SF.

Solving these problems, using mathematical models (MM) of fragments of
a typical situation (TS): MM figures TS - aircrafts and missiles of a class “air-
to-air’, MM of episodes of aiming: aiming FE on FI, aiming FI on SF, aiming
missiles FE at FI R(FE), aiming missiles FI at SF R(FI). In the TS “Escort air
strike forces™, there are two PrS/S: “Reconnaissance” and “Target allocation”.
The PrS/S “Reconnaissance” provides recommendations to the board K-I: a
place for FE in the ranks that provides a counteraction of the possible
appearance of FI; the movement of FE to the specified place in the ranks;
definition the danger border for the selected pair of SF-FI when specified a
danger direction or appeared FI. The PrS/S “Target allocation” provides
recommendations to the board K-I: location of FE, providing a counteraction
of FI at the danger border; the assignment of FE, which should move to the
selected location; FE, which allocated to reflect attacks of the observed FI

Pacno3HaBanme BLICOKOAMHAMITTHLIX 00HEKTOB HA IpUMeEpe
JIOTIACTH BEPTOJIETA
ITpoxopos I1. 1.
MAM, r. Mocksa

B Hacrosmmee BpeMs MIMPOKO WCHOJNB3YIOTCS CEPHITHO BBIILYCKACMBIC
BEPTOJETHI C COOCHOM CXEMOHM, KOTOpbIE HMEKT OTHOCHUTEJIBHO MAaJIbic
radapuThl, KOMIIAKTHOCTh, 4YTO VIPOIIAET OOCIYXMBAHHE, XPAaHCHHE,
TPAHCIIOPTHPOBKY, PACIIHpSET 00NacTh NPHMEHCHHI. be3zomacHoCcTh H
3((pEKTUBHOCTD HUCIONb30BAHHMSA JAHHBIX BEPTOJICTOB B  HEKOTOPBIX
cnenu(pMIHBIX PEKUMAX MOJETA MOXKCET OBITh TOBBIIICHA, C€CIH OyayT
peanm30BaHbl IMPOLECCHl HM3MEPEHHS B PEATbHOM BPEMCHH TPACKTOPHH
JBIDKCHIS JIOTIACTEH W COOTBETCTBYIOIIETO YIIPABICHHS JTOTIACTAMH.

Llenpto TaHHOTO MCCIIETOBAHUS SABILICTCS Pa3paboOTKa crioco0a H3MEPEHUS
TIOJIO’KEHUS JIOTIACTEH BEPTOJIETA C TIOMOIIBIO BHICOKOCKOPOCTHOW KAMEPBHI.

Ha mepsom osrame B padoTe paccMAaTPHBAKOTCA BOMPOCHI BBIOOpA
HE00X0aMMOTO 000pyIoBaHMA. [l CHEMKH BBICOKOAMHAMHYIHOTO OOBEKTA
(B TAaHHOM CIly4ac — JIOTACTH) TPEOYETCA BBICOKASA YACTOTA KaaApoB (OOJbIIC
30 T'm), 4yTOOBI HMETH BO3MOKHOCTH MOJYYATh KAAPBI C H300PAKCHHCM
nomactu 0e3 «cMa3ay». brlm mMpoBEACHBI HCCICAOBAHUS 1O BHIOOPY YaCTOTHI
CBEMKH M BPEMCHH 3KCIO3HIINH, HCXOII M3 TaDAPUTHBIX PAa3MEPOB JIOTIACTH H
YaCTOTHI BPAILCHUS HECYIIICTO BHHTA.

BropeiM 3Tanmom B padoTe SABIIETCA YIydIICHHE HAOTIOAAEMOH CICHBL
W3navanpHO nomacts W (OH OBLIM HEKOHTPACTHBIMH OOBCKTAMH, 4TO
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3aTPYAHATO ABTOMATHYCCKYHO 00paboTKy wm300paxkeHuid. [lostromy ObumH
MPOBEACHBI HCCICJOBAHHA MO BHIOOPY PACIIONOKECHUSI OCBETHTEIBHBIX
prOOPOB, KOHTPACTHOTO IO OTHOIICHHIO K JIONIACTH 3KPAHA.

TperbuM 3TamoM SBISETCS BHIOOP W pealm3alisi AaNrOPUTMOB UL
ABTOMATHYECKOTO TOWCKA, PACIO3HABAHUS M H3MEPEHUS TTOJOKECHHS JIOTIACTH
Ha Kagpe. Ilocne mpoBeaCHHON pPAaOOTHI MO MOBBIMICHUIO KOHTPACTHOCTH
JOTACTH IO OTHOIICHUIO K (DOHY, MCIIONB3YETCS MOPOTOBAsT OMHAPH3ALM,
Kak HamOoJiee OBICTPBIH MO0 BPCMCHH BBHIMONHCHHA AMroput™m. i1 Toro
yTo0Bl OTACTHTH ()PATMCHT JIOMACTH B KaApe OT IOyMa HCHOIB3YCTCA
aNroOpuTM CBA3aHHBIX oOmacreit. Ilpm 3TOM TPOWM3BOIWTCA  IOWMCK
HAaWMOONBIICH MO TIIOINANM CBSI3AHHOW OOJACTH, KOTOpAas CYUHTAeTCA
nomacTsio. Jlanee mpou3BOAMTCS WACHTH(DMKALIWS JOTACTH W M3MEPACTCS €
MOJI0’KEHHUE B CHCTEME KOOPAMHAT KAMEPBHI.

Pe3ypTaToM BBITOJIHCHHON padOTBI SIBILIETCS IPOTPAMMHOE OOCCIICUCHIE,
MO3BOJLIIONICE HM3MEPATH IOJIOKCHHUE JIOMACTH, METOAWKA IIPOBEICHH
SKCIECPHMEHTA, PACCMATPHBAFOINAS BOIPOCHI YCTAHOBKH H3MCPHTEIHHOTO
000py IOBAHHA.

Recognition of highly dynamic objects on the example
of helicopter blades
Prokhorov P.D.
MALI, Moscow

It is now widely used commercially available coaxial helicopters, which
have a relatively small size, small footprint, simplifying maintenance,
storage, transport, expands the scope of application. Safety and effectiveness
data of helicopters in certain specific flight modes can be improved if
measurement processes are implemented in real time the trajectories of the
blades and corresponding control blades.

The aim of this study is to provide a method for measuring the position of
the blades of the helicopter with a high-speed camera.

At the first stage in the work deals with the selection of the necessary
equipment. To capture highly dynamic object (in this case - the blade) require
a high frame rate (over 30 Hz) to be able to receive frames with the image of
the blade without "blurring". Studies have been conducted on the frequency
selection of shooting and the exposure time based on the dimensions of the
blade and rotor speed.

The second stage of the work is to improve the observed scene. Initially,
the blade and the background were contrast objects, making it difficult for
automatic image processing. Therefore, studies were carried out at the choice
of the location of lighting, contrast against the blades of the screen.

The third step is the selection and implementation of algorithms for the
automatic search, identification and measurement of the position of the blade
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on the frame. After the work done to improve the contrast of the blade in
relation to the background, using the binarization threshold, as the fastest
time of the algorithm. To isolate a fragment of a blade block noise algorithm
related arcas. Thus most secarched arca related field, which is considered the
vane. Next is the identification of the blade is measured and its position in the
coordinate system of the camera.

The result of the work performed is a software that allows you to measure
the position of the blade, the method of the experiment, is considering the
installation of measuring equipment.

YupagjieHue BUACOCHEMKOI
¢ 0eCIII0 THOTO JIETATEILHOTO ANMAPATA CAMOJIETHOrO THIIA
Bonoxutun J.A.!, Kuasepa B.B. !, Pymanues J1.C.2
IMAU, ZMITY PAH, r. Mocksa

PaboTta mocBsImeHa CO3AHMIO CHCTEMBI CTAOWIM3AaIUHM W YIPABICHUIO
BHACOKAMEPOH, PACHOI0KEHHOW Ha OOpTy OCCHHMIOTHOTO JICTATEIHHOTO
ammapaTa CaMOJETHOTO THIIA CO B3NETHOH Maccoit ue Oomee 15 kr.

B03MOKHOCTH BHACOCHEMKH TPeOOBANOCH YIVUINHT 34 CUET OOIBIIOTO
JWama3oHa YIJIOB, HA KOTOPBIE MOMKET TIIOBOPAYMBATBCA  Kamepa
OTHOCHTETBHO caMosiéra. [Ipm 3TOM BaXHO OBITIO OOECIECUHTH PEKUM, B
KOTOpOM Kamepa CrmocoOHAa BECTH CBHEMKY Ja’ke B BEpxHEH mnoiycdepe
camMonéTa mpH yriax A0 +20° HaJ TOPH30HTAIBHON IIOCKOCTBIO, B TO BPEMS
Kak HAa OOJBINHHCTBE OCCHHIOTHBIX JICTATCIbHBIX anmapaTtoB  KamMcpa
0003PEBACT TOJIBKO HIDKHIOK MOIyCchepy.

OcHOBHAs 331a4a COCTOSIA B COXPAHCHUH BHICOKAMEPOH, YCTAHOBICHHOH
Ha OopTy OCCHHMIOTHOTO CaMOJETA, 3aJAHHOTO HAMPABJICHHSA IIPH €TO
MaHECBPHPOBAHHUH B BO3IYXC.

JIns penieHus MOCTAaBICHHOM 33134y ObLIO BBIIIOTHEHO CIICAYIOIIEE:

] BBIOPAH KOHTPOJLIEP, NATYUKH MOJIO0KECHHS H Y CKOPSHHU,
e  CO37aHAa MATCPHHCKA IIaTa C HEOOXOAWMMBIMH BBOJAMH H

BBIBOJAMH;

e  pa3pa0oTaHa MAaTEMATHYECKas MOJCNb JBIJKCHHI CAMOJIETA,

AITOPUTMBI ¥ IPOTPAMMBI YIIPABICHUSA ITOJI0KEHHEM BUACOKAMEDHI,

e  pcamm3oBaHBI pekuMbl HaOmoAcHMA «[lo HampaemeHmro», «Ilo

Kypcy» U «OTCIC)KHBAHAE TOUKI»,

e  olecmedycHa BO3MOXKHOCTh HW3MCHCHHS IMAPAMETPOB BHICOCHEMKH:
auadparMel, BBIAEPKKH, (DOKYCHOTO PAaCCTOSHUS U Ap. ;

L4 BBIACPKAHBI 3aJAHHBIC MaCCOBO-Fa6apI/ITHI>Ie XAPAKTCPUCTHKH,

e  [PEAOCTABICHBI ONEpaTopy (PYHKIHMH YIPABICHHI BUACOKAMEPOH B

PEKUME PEaTbHOTO BPEMCHH.
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Brox Buacoxamepel BCTPOCH B (Pro3eispk camonéra. Beg€ ycrpolictBo
LIEAUKOM HOMEINACTCA B LWIMHADP C AuaMeTpoM ocHOBaHmA 0.15 M m
BBICOTOH 0.15 M.

PemeHa oaHa W3 TIIABHBIX 3a4a4 — CACIATh KaMEpy MHEPLHOHHO-
HE3aBHCHMOH OT caMmonéra. BpameHue TroJOBKH BHICOKAMEPBI BOKPYT
KOKIOW OCH  OCYHICCTBIDICTCS ~ MAJOMHEPUUOHHBIM  COJICHOMIHBIM
BBICOKOTOYHBIM JABUrareiaeM. /ManazoH M3MEHEHHS VIJIOB MO MEPBOM OCH:
+180°, mo Bropo# ocm — or +20° mo —120°. T.o co3gaHHas cucTeMa
MO3BOJIIET BECTH CHEMKY BAOJb IPOAOIBHON OCH caMoiéra W 0003peBaTh
BCPXHIOK Oy Chepy.

Kommiekc cmocobeH pemars 3amadum TOWCKA JFOJACH, OOHApYKESHUS
MOKAPOB B Talire U, KOHEUHO, 331a41 PA3BEIKH.

Control of video shooting from the unmanned airplane
Volokitin D.A!, Knyazeva V.V.!, Rumyantsev D.S .2
IMAL ?ICP RAS, Moscow

The work is dedicated to the creation of the camera stabilization and
control system, located on board of the unmanned airplanc with take-off
weight not exceeding 15 kg.

The task was to improve features of video shooting to the large range of
angles at which the camera can be rotated with respect to the aircraft. Thus, it
was important to provide a mode in which the camera is able to film even in
the upper hemisphere of the aircraft at angles up to + 20° above the horizontal
plane, while in most UAVs camera overlooks only the lower hemisphere.

The main objective was to maintain the video camera, installed on board
the UAYV, in a given direction when maneuvering in the air.

To solve this problem was performed as follows:

o the controller, position sensors and acceleration were set;

¢ the motherboard with the necessary inputs and outputs were set up;

e a mathematical model of the aircraft, algorithms and programs for
controlling the position of video camera were developed;

o the regimes of observation "In the direction", "At the rate" and

"Tracking point" were realized,

e  possible to change the settings of Camera: aperture, shutter speed,
focal length, etc.;

¢  given mass-dimensional characteristics were kept up;

o the camera functions control was provided to the operator in real-
time.

The block of video camera was built into the fuselage of the aircraft.
Whole device fits into a cylinder with a base diameter of 0.15 m and height
0.15 m.
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One of the main tasks was solved - to make the camera independent of the
inertia of the aircraft. Low-inertia precision solenoid motor rotates the camera
head around each axis. The range of variation of the angles of the first axis: +
180°, on the second axis: between +20° to -120°. Created system allows you
to shoot along the longitudinal axis of the aircraft and to view the upper
hemisphere.

The complex is able to solve problems of finding people, detection of fires
in the forest and, of course, the problems of intelligence service.

IIporpaMvMHO-MeTOTIIECKASI CHCTEMA HCCJIEI0BAHIS TOTHOCTH
Hageaenns YAP kiacca «B0o3ayx-Bo3ayx»
3axapos U.B., Tpyouukos A A., PemmerHukos JIA.
MAM, r. Mocksa

B naHHOW cTarbe JAHO ONHCAHWE WHCTPYMEHTA M METOJOJOTHH I
HCCNCIOBAHUS W KOJIWYCCTBCHHOW OLCHKH BIMSHHS TEXHHUCCKOTO
cocrostHust YAP kmacca «BO3myX-BO3AYX» HA TOYHOCTh €€ HABEIACHUS,
KOTOpBIE MOTYT OBITh HCIIOJNB30BAHBI I PEATHM3AlMH  METOHOJOTHH
skcuyaranuy Y AP 1o cocTosHMIO.

B kauectBe WMHCTpYMEHTA [ IPOBEACHHUS WCCICIOBAHUS ObLIa
pa3paboTaHa TPOTPAMMHO-METOJMYCCKASI CHCTEMA, B OCHOBE KOTOPOH
peann30BaH KOMIUIEKC MAaTeMAaTHUCCKUX MOJENEH npouecca HapeaeHus: (MM
ITH) pakersr Ha Bo3aymmHyro Ienb (BL[). CuHTe3 METONONOTHH OLCHKH
MIPEAONAracT pEIICHHE KOMIUIEKCA B3aWMOCBSI3AHHBIX 33/1a4 B PaMKax
MHOTO(DAKTOPHOTO 3KCIIEPUMEHTA C OOIBINOH PAa3MEPHOCTHIO HMCXOIHBIX
JAHHBIX 1 OOBCKTOB HCCICJOBAHMA M HCCICAYEMBIX ITPOLECCOB, C
OMPOKHM  JHANA30HOM  HAYAIBHBIX  YCIOBHH  MOJCIMPOBAHHA H
OJHOBPEMECHHBIM JCHCTBHEM HECKOJBKUX PA3IHYHBIX (PAKTOPOB, BIMSIOIINX
HA pe3yabTaThl mposeacHUs MO,

B pazpaborarnyto [IMC BBeneHBI HOBBIE MOJYJH, B TOM HHCIC MOJIYIIb
(OpMHPOBAHKS HAYANBHBIX YCIOBHH MATEMATHYECKOTO MOACIHPOBAHMS
MPOIIECCa  HABEICHUS HA OCHOBE MPUOMIDKCHHBIX — AHAIHTHYCCKHX
3aBucHMOCTEd. Kpome TOro, BBEICHBI MONOJHHUTEILHBIC NEPCKPECTHBIC H
oOpaTHbIC CBSI3H, BBEICHA COBOKYITHOCTh KOHKYpHUPYIOmuX Moaesei ITH.

Hcxon mpoBeacHUS IKCTIEPUMEHTA 00YCIOBJICH PAAOM HE3aBUCHMBIX JPYT
ot apyra (pakropoB. Cpeau HHX MOYKHO BBIICTHTH CICAYIOIIHC (DAKTOPHI -
THI TPUMEHIEMBIX YAP, Tekymmee TEXHHUYECKOEC COCTOSHHE KOHKPETHOH,
npuMeHIeMOH YAP, THI menm, W ee JICTHO-TEXHHUICCKUE XapaKTCPHCTHKH
(JITX), BUA U XapakTep NPOTHBOACUCTBUS BO3AYLIHOW LM aTAaKyIOLIECH ce
pakete, Tun Hocuteia YAP u ero JITX, xapakTep BO3AYIIHOTO 00 HOCHTCIIA
W [ENH, KOHKPETHBIC HAYaJbHBIC YCIOBHI Imycka YAP mo memn. B cws3m ¢
stuMm, B [IMC mnpuMmMcHCHB 5 KIacCcoB MOAyiacH mna (QopMupoBaHHA
HCXOTHBIX TaHHBIX MDD, peam30BaHHbIC [0 TEXHOIOTHH 043 JAHHBIX.
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OcHogoii [IMC sBIIeTCS KOMITICKC MATCMATHUYCCKUX MOZCICH mpouecca
HABCACHUA VAP Ha ocib, BK.]'IIO‘{aIOH.[I/II\/II MOJCIb ABIOKCHHA LCIH, MOACIIb
YAP kak 00BCKTA YNPABICHHUS, A TaK K¢ COBOKYITHOCTh MOJCICH CHCTCMBI
HaBeAcHUSA Y AP kak 00bekTa KOHTPOJIA. [IepeINCICHHBIC MOICTH 00pasyOT
KOHTYP HABEACHMA, 3AMKHYTBIH 4Yepe3 YPABHCHHA OTHOCHTEIBHOTO
ABIOKCHUS PAKCTHI U LCIIH.

[To pesymsraTam mogemupoBanusa B [IMC 1 (UKCHPOBAHHBIX VCIOBHH
6oeBoro npuMeHeHUsI YAP ObUmn moTyUeHBI TpackTopuu ABWRCHUI YAP n
OEeTH, 3aBHCHMOCTH  HW3MCHCHHS  (Da30BBIX  KOOPOHHAT  MPOLECCa
CAMOHABCACHHA PAKeThl HA LEJNb OT BPCMCHH HABCACHHUSA, TPCXMEPHBIC
(YHKOME 3aBUCHMOCTH MOKA3aTelsl KadecTBa OT [JBYX BAPBHPYEMBIX
MapaMETPOB KOHTPOJIA.

Software and methodical system of studies pointing accuracy
air-to-air missiles
Zakharov 1.V., Trubnikov A A., Reshetnikov D.A.
MAI, Moscow

This article describes the tools and methodologies for the study and
quantify the effect of the technical state air-to-air missiles at its pointing
accuracy that may be used to implement the methodology of operation as a
missiles.

As a tool for the study was developed by software and methodical system,
based on complex mathematical models implemented process aiming missiles
at aerial target. Synthesis evaluation methodology involves solving a set of
interrelated tasks within the multifactorial experiment with a large dimension
of input data for the study of objects and processes under study, with a wide
range of initial conditions of simulation and the simultaneous action of a
number of different factors affecting the results of the experiment.

The developed software and methodical system introduced new modules,
including a module forming the initial conditions mathematical modeling
guidance based on approximate analytical dependencies. In addition, the cross
and introduced additional feedback, introduced a set of competing models of
guidance.

The outcome of the experiment is due to a number of independent factors.
Among them are the following factors - the type used missiles, the current
technical condition of the concrete, used a missiles, type of target, and its
performance characteristics, the type and nature of countering air targets
attacking its missiles, the type of carrier missiles and its performance
characteristics, the nature of air combat support and target specific initial
conditions of the missile is launched. Therefore, in the software and the
methodical system uses 5 classes of modules to form the original data of the
experiment realized by database technology.
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7. JKOHOMHYECKHE MPOOJIEMBI 2IPOKOCMHYECKOTO
KOMILIEKCa

7. Economic Problems of the Aerospace Complex

PaspnTie HAYKOEMKHX OTPAC/ICH KAK (DAKTOP MOBBLIIICHHAS
IKOHOMHIYCCKOiT 0e3onmacHocTn PO
Anexkcecsa I1.A., Konosamosa O.B.
MAM, r. Mocksa

Lensro maHHON pabOTBI ABMACTCA HCCICAOBAHHC TOJOKCHHA H
HAMpaBJICHUHA Pa3BUTUS HAYKOEMKHX oOTpacicii P® ¢ TOYKM 3peHUs
oOecrieueHIsT YKOHOMHYIECKOH Oe30macHocTr PO.

CoBpeMEHHbIC aBTOPHI TPAKTYIOT IMOHITHE SKOHOMHYECKOH OE30MACHOCTH
C PasiIuYHBIX TOUCK 3PCHHA, HO IPHU 3TOM BBIACILIOT OAHY W3 KIHOUCBBIX
3371a4 00CCIEUYCHHUS SKOHOMHYECKON OE30MacHOCTH — OOECIEUSHHE POCTa
HaI.[I/IOHaJ'II)HOI\/II OKOHOMHKH U yCHIICHHUC CIIOCOOHOCTH HpOTHBOZ[efICTBOBaTB
BIMSAHUIO BHEINHUX W BHYTPEHHHX YTPO3, B IEPBYIO OYEPEdb, 3a CUET
PasBUTHA YXKEC HMCHOIIUXCIA HAYKOCMKHX 0Tpacnel71 H CO3JaHHA HOBBIX.
OmapME W3 KpHTEpHEB OOECICUCHHS SKOHOMHYECKOH OE30MaCHOCTH
SIBILICTCSI OLICHKA PECYPCHOTO MOTCHIHMAIA M BO3MOXHOCTEH €0 Pa3BHTHA U
YPOBCHB 3()(CKTHBHOCTH MCIIOTB30BAHMA BCEX BUAOB PECYPCOB.

CoBpeMeHHBIC YCIOBHSI OM3HECA, XaPAKTEPH3YIOMHECS POCTOM TIPOIIECCOB
ro0amM3anuy, HOBBIC METOABI BBIBOJA M PEANM3alHH TOBAPOB H YCIYT
MPEBPAIIAIOT HHHOBALWU B OCHOBHOM MHCTPYMEHT CO3JAHMA KOHKYPEHTHBIX
MPEUMYINECTB HM OOCCIICHUCHUS TEXHOJOTHYCCKOM ¥ OPTaHM3alHOHHOH
KOHKY PEHTOCTIOCOOHOCTH TOBAPOB M YCIIYT, a TAKKE OPTaHU3ALMH, OTPACIH,
HApOJHOTO XO3SMCTBA B HenoM. HeoOXxoamMmocTh mepexoga 3IKOHOMHKH
Poccuiickoli ®enepauud HA HMHHOBALIMOHHBIA IyTh PA3BUTHA — 3TO
MPHU3HAHHAA TO4KA 3peHud. Poccuiickas Oeaepanya 3aHIMAET MATO3AMETHOE
MOJOKCHHC HA MHPOBBIX PBIHKAX BBICOKOTCXHOJOTHIHOM TIpPOaYKIIUH.
Ol"paHI/I‘{eHHOCTI) HCTOYHHKOB IPHUTOKA BaMKOTHI B CTPAHY H HAJOTOB B
OI0mKET 3a CYUET peamm3anusl IMPHPOAHBIX pecypcoB (HedTb, ras u ap.),
KOTOPBIC ABJIAKOTCA OCHOBHBIMH CTATBAMH pOCCHfICKOFO OKCIopTa, HE
MO3BOJIET YTBEPXKJaTh O 3((PeKkTHBHO (YHKUMOHHUPYIOMEH CHCTEME
SKOHOMHYCCKOHM Oc3omacHOCTH P® W HC rapaHTHpyeT BBIXOX Ha Oomce
BBICOKHE M YCTOWUUBBIC MO3ULUN HA MUPOBOU apeHE.

Ji4 DOMHOLCHHOM HMHTErpaliM B MHPOBOM JKOHOMHYECKOH H
TMOTUTHICCKOM MPOCTPAHCTBE HEOOXOIUMO OOCCIICHUHTH BBIXOJ SKOHOMHKH
P® B nporpeccusHy0 a3y pa3BUTHA, KOTOPAS AUKTYET 3BOIOIHMOHUPOBAHO
HAyKOEMKHX OTpacicH, Oa3HpyIOIIXCS HA TIEPEAOBBIC JOCTHKCHIS HAYKH H
TCXHUKH. Pa3BUTHE HAYKOEMKHMX OTpacieil MpeIoNaract Co3daHuce
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HENMPEPBIBHOTO M YCTONYMBOTO IHKJIA B PAMKAX OTCUCCTBEHHOH 3KOHOMHKH
WHHOBAIMOHHOTO IMKIA (0T (PyHJAMEHTAJIbHBIX HCCIICIOBAHUH 110
CCPHHHOTO  MPOM3BOACTBA), PCPOPMHPOBAHHC  CHCTCMBI  KAIPOBOTO
oOecrieueHNs A,  pa3BUTHE  HMHCTHTYTA  3alIUTHl  HHTEJUICKTYAJbHOH
COOCTBCHHOCTH H .

HMeHHO 1o 3TOM NpUYMHE AKTUBU3ALUS WHHOBALMOHHOM ACATEIBHOCTH
HAPOJHOTO XO34WCTBA, PA3BUTHE HAYKOCMKHX OTpAcicd M MPEANpHATHH
SIBIICTCSl YCIOBHEM pealu3alliil HAIMOHAJBHBIX HHTEpecOB Poccmum B
CHCTEME YKOHOMHYECKOH O€30IMaCHOCTH.

Development of the knowledge-intensive branches as factor of increase of
economic security of the Russian Federation
Alekseeva P.A., Konovalova O.V.
MAI, Moscow

The purpose of this work is research of situation and the directions of
development of the knowledge-intensive branches of the Russian Federation
from the point of view of providing economic security of the Russian
Federation.

Modern writers treat concept of economic security from various points of
view, but thus allocate one of key problems of providing economic security —
ensuring growth of national economy and strengthening of ability to
counteract influence of external and internal threats, first of all, due to
development of already available knowledge-intensive branches and creation
of the new. One of criteria of providing economic security is the assessment
of resource potential and opportunities of its development and level of
efficiency of use of all types of resources.

The modern conditions of business which are characterized by growth of
processes of globalization new methods of a conclusion and realization of
goods and services turn innovations into the main instrument of creation of
competitive advantages and ensuring technological and organizational
competitiveness of goods and services, and also the organizations, branches, a
national economy in general. Need of transition of economy of the Russian
Federation on the innovative way of development is a recognized point of
view. The Russian Federation holds hardly noticeable position in the world
markets of hi-tech production. Limitation of sources of inflow of currency to
the country and taxes in the budget for the account realization of natural
resources (oil, gas, etc.) which are the main articles of the Russian export,
doesn't allow to claim about effectively functioning system of economic
security of the Russian Federation and doesn't guarantee an exit to higher and
steady positions on the world scene.

For full integration in world economic and political space it is necessary to
provide an exit of economy of the Russian Federation in a progressive phase
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of development which dictates it is evolved the knowledge-intensive branches
which are based on the advanced achievements of science and technology.
Development of the knowledge-intensive branches assumes creation of a
continuous and steady cycle within domestic economy of an innovative cycle
(from basic researches to a mass production), reforming of system of staffing,
development of institute of protection of intellectual property, etc.

For this reason activization of innovative activity of a national economy,
development of the knowledge-intensive branches and enterprises is a
condition of realization of national interests of Russia in system of economic
security.

OT BHYTPEHHEr0 PHIHKA K MHPOBOii KOHKYPEHTOCTOCOGHOCTH
Anmpeesa O.10., Cobounes JLB.
MAM, r. Mocksa

KoHKy peHTOCTIOCOOHOCT MPEANPHATHS MOXKHO ONPEACTHTH, KAK YPOBEHb
3((PEKTUBHOCTH HCTIOIL30BAHUSI SKOHOMHYCCKHX PECYPCOB OTHOCHTEIHHO
3(PEKTHBHOCTH HCTIOIb30BAHUS IKOHOMHUYCCKHX PECYPCOB KOHKYPEHTAMH.
Emre B xkoHIE 30-X 171 MOBBINICHHUS KOHKYPEHTOCIOCOOHOCTH aBHALMOHHOM
texuukn B CCCP OpITa MCKYCCTBCHHO CO3MaHA KOHKYpeHTHas cpema. Ilo
BCEM HATPABJICHHSIM PAa3BHTHSI HOBOW aBHAIIMOHHO-KOCMHYCCKOM TEXHHUKH 32
TOCYJAPCTBCHHBIC 3aKa3bl KOHKypuposamu asa-tpu Kb. 3t0 craepxwusano
MPOSIBJICHHMSI ~ MOHOMNOJNM3MA, HO  CO3JAN0  HIUIO3HIO  M30BITOYHOTO
MOTPEOICHAS PECYyPCOB. B yCIOBHAX YKECTOUCHHS PECYPCHBIX OTPAHHICHUH
W YCHJICHHUS KOHKYPCHIWH OIPEIACICHHAS KOHOMHS PECYpPCOB B 3aMaIHBIX
KOMIIAHIAX ObUIA AOCTHTHYTA 3a CYET CIOMSHUA M IOTJOICHHH. BomHa
MOAOOHBIX PEOPraHMU3aMH B ABHALIMOHHOM MPOMBIIIIICHHOCTH ponuia B 90-
x rogax B CIIHA u EC. B Poccun xe ycnosus u nemu peopranmzaumn All
H3MCHHINCh OOJlee  CYINECTBEHHO: IIPOM3OILIA  MOHONONH3AIMS M
BO3ZHHKHOBECHHE Takux kopmopammii kak OAK, OJIK, OPKK, suytpm
KOTOPBIX TPOJOJDKAETCA O0ppda 32 TOC3aKas3hl, TOCIOMIACPIKKY, Kaapbl,
0CnadIsasa CHITBI OPTAaHH3ALHH.

Vike I0Ka3aHo, YTO MyTh BO BHEIIHUM PBIHOK (3a HCKIFOUCHUEM BOCHHOM
MPOAYKIMH) JICKUT Yepe3 KOHKYPCHIHMIO M JIHMICPCTBO HA BHYTPCHHEM
pbiHKE. MHPOBOIl ONBIT MOKA3al, YTO BO BCEX CTPAHAX (Pa3BUTBIX U HE
OUCHb) TOCYAAPCTBCHHbIC NMPEANPHUATHSI B IICIOM MeHee 3(D()eKTHBHBI, YeM
mMyOMUYHBIC (AKIHOHCPHBIC) KOMIAHWH. [0 MHCHHFO aBTOPOB, CO3JAHHUC
TOCKOPIIOpaIi B BRICOKOTEXHOMOTHUIHBIX oTpacimix (OAK, OJK, OPPK u
ZIp.), OTIO3JAJI0 HA ABA NCCATHICTHA U MOTJIO ObI 3aMEHHTH OSCCMBICICHHY O C
TOYKH 3pEHHS JKOHOMHYECKOH 3((ekTuBHOCTH mnpHmBaTH3anuio 90-
x.IIpeacrasmgercs, 4T0 CyImECTBOBAHHE TOCKOPIIOPALNH, KAK IPeOBIBAHHC
craprana B OW3HEC-HHKyOaTope, ciexyeT orpaHmuuTh 5-7 rogamu. [locne
3TOr0 CpOKa B  paMKax  TOCKOPIOPAIMH  JODKCH  BBIIBHTHCA
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KOHKYPCHTOCTIOCOOHBIH THACP, HA 0a3¢ KOTOPOTO CICAYCT CO3MaTh OHY (a
Iy4Ile HECKONBKO) IyONnmuyHyr0 aknuoHepHyro kommanmoo (ITAO) c
npoxokaeHueM nporeaypel IPO u cBoOoaHO# mpojaskeil YacTw akImi Ha
6upke (nmyume 3apyoeskHoi). M3 ombira OAK BHAHO, YTO MOHOMOIM3AIMA
aBHACTPOCHUS mpuBena k odparHoMmy 3¢ddekry. He momyumn mocrarounon
rocyaapcteeHHON moaaep:kku npoekt Kb «Tymones» - Ty-334, mmesmmii
HAWOOJbIINE KOMICTCHIIMH W TEXHMUCCKUE 33/IC)IbI B 001aCTH TPAKIAHCKOTO
camoneroctpocHUS B Poccuu. [Ipeamourcane (M MHBCCTHINNMH) OBLTH OTAAHBI
HCCOMHCHHOMY JHACPY BOCHHOTO apmacTpocHHa — Kb «Cyxoit» u ero
mpoayktySSJ 100, koTOpEIH HE OMPABAAT MPOTHO30B H CCHYAC OTBOCBBIBACT
BHYTPECHHHH PBIHOK. BO3MOKHO, TOCTOWHO IOKA3aB ceOs HA BHYTPCHHEM
PBIHKE, TIOSBATCS M MACCOBBIC 3apyOCKHBIC 3aKA3bL.

Jloknag MOATOTOBICH MHpPH MOAACPKKE POCCHHCKOTO TIyMAHHTapHOTO
Hay4HOTO (poHIa (mpoekT Ne 15-02-00478).

From home market to global competitiveness
Andreeva O.Y ., Sobolev L.B.
MAI, Moscow

Competitiveness of the organization can be defined as the level of
efficiency of using economic resources in relation to efficiency of using
economic resources by competitors. By the end of 30th years the artificial
competitive environment was created for increasing the Soviet aviation
techniques competitiveness. In all directions of new aerospace techniques the
two-three Design Office competed for the state orders. It constrained displays
of monopolization, but created illusion of superfluous resource consumption.
In conditions of toughening of resource restrictions and strengthening of a
competition, saving mode of resources in the western companies has been
achieved due to mergers and acquisitions. The wave of similar reorganization
in the aviation industry has taken place in 90th years to the USA and EU. In
Russia the conditions and the purposes of the Aviation Industry
reorganization has changed significantly more - there was a monopolization
and emergence of such corporations as UAK, UMK, URKK in which
proceeds fight for state orders, state support, shots, resulting a weakening
forces of the organizations.

It is already proved, that the way to a foreign market (except for military
production) lays through a competition and leadership in a home market.
World experience showed that in all countries (developed and not really) the
state enterprises in general are less effective, than the public (joint-stock)
companies. In opinion of the author, creation of state corporations in hi-tech
branches (UAK, UMK, URKK, etc.), was late exactly for 20 years and could
replace a senseless privatization of 90th from the point of view of economic
efficiency. It is represented, that existence of state corporation as startup in
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business-incubator, it is necessary to limit stay by 5-7 years. After that term
within the limits of state corporation the competitive leader on the basis of
whom it is necessary to create one (and it is better a little) public joint-stock
company with passing IPO procedure and free sailing a part of shares at a
stock exchange (it is better foreign). From experience of UAK,
monopolization of aircraft construction has led to a boomerang effect from
the point of view of economy of resources. The project of "Tupolev" — Tu-
334, having a greatest competence and technical reserves in the field of civil
aircraft construction in Russia, have not received sufficient state support. The
preference (and investments) have been given to the doubtless leader of
military aircrafts - "Sukhoi" and its product SSJ 100, which has not justified
forecasts and now wins a home market. Probably, if the company conquer
authority in a home market, there will secure many foreign orders.

The report is prepared at support of the Russian humanitarian scientific
fund (the project 15-02-00428).

Hmmopro3amenmenne — 327101 yCIEIHOro Pa3sBATHS POCCHIICKOIT
aBHaHHOHHOﬁ NPOMBINLJICHHOCTH
Aptromuk B.JI., T'ycakos A.T'., TuxoHos A.W.
MAM, r. Mocksa

Lenpto nmaHHOH pPabOTHI SBIACTCA HCCICIOBAHHE OCHOBHBIX IyTCH
Pa3BUTHS ABHALMOHHOHN MPOMBIIICHHOCTH U €& MOCTYIATEIbHOTO PA3BUTHUL
B VCIOBHAX  TOCYJAPCTBCHHOM  CTPATETMH,  HANPABJICHHOH  Ha
HMIIOPTO3aMEMCHAC M PA3BUTHE IMTHPOKOTO COTPYIHHYECTBA CO CTPAHAMH
BPUKC.

Konuennus pa3surus HMIOPTO3aMEIICHHUS BRIFOUACT B ce0 ClleIyroniee:

e TocymapcTeenHass  cTparermsi HAa  HMIOPTO3AMCINCHHE B
ABHAIMOHHON IPOMBINIICHHOCTH OIpPEACIIeTCS (DAKTHYECKH ITOTHBIM
MPEKPalNICHHEM  COTPYAHHYECTBA IO  PEANM3alMHd  COBMECTHBIX
ABHAIMOHHBIX MPOCKTOB C YKPAWHOH B COBOKYITHOCTH C MEKIYHAPOTHBIMHU
CAHKIMAMH, HTO JHUKTYET HEOOXOJUMOCTh WHTCHCH(HMKAIMH YCHIIHH
POCCHICKIX MPOU3BOAUTCICH 1S 00CCIICUCHHU HMIOPTO3aMCIICHHA.

e Ilyrm obecneuenus 3(QeKTHBHO  ACHCTBYIOIIETO  CEKTOpa
HCCICAOBAHUH B MOJCPHH3ALMH ABHANMOHHON IIPOMBINIICHHOCTH M KAk
CIIC/ICTBHE — PEIICHHUE MPOOIEMbI HMIIOPTO3AMEIIICHHS.

e [0TOBHOCTH OONBINMHCTBA POCCHHCKUX TNPEANPHATHI OOECHECUHTH
OTCYCCTBEHHYI0  ABHANMOHHYIO  IPOMBINUICHHOCT  HEOOXOIMMBIMHU
KOMILJICKTYIOIIMMH. B 3TOM OTHOINICHWHM BEChbMa XapakTepHa padoTa Ha
omepexxeane OAO «KnmmoB». Ha ero HOBOW IUIOIMAZKE pPEalm3yeTcs
mpockT «IIeTepOyPICKHE MOTOPBDY, KOTOPBIH OOCCICUHT JBHUTATCILIMH
POCCHICKOE BEPTOJCTOCTPOCHHE M H30ABHT €TO OT MMOPTO3aBHCHMOCTH.
OcHOBHBIM KOHKypeHTOM «KiumMoBa» SBIAETCS OJWMH W3 BEAYIIHMX
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MHPOBBIX IPOM3BOJUTEICH ABHANBHTATCICH — YKPAMHCKAS KOMIIAHUS
«Motop Cua», OT KOTOPOH B 3HAYMTCIHHON CTEIICHHU 3aBHCHUT POCCHHCKAA
ABHAIMOHHAS OTPACIIH B IICTIOM.

e  TeHmeHumus HA HA4YAJIO AKTHBHOTO COTPYJHHYCCTBA B ABHALIMOHHOH
ngesitenpHOCTH o crpaHamu BPMKC B cBM3M ¢ HEmpekpammaroIuMcs
JABICHUEM CTpaH 3amaga. EcTh ompenesicHHAs YBEPEHHOCTh B TOM, UTO
yxe K 2018 romy xuratickme Comac m Opasmmsckme Embraer cmoryr
TIOJY YHTh poccuiickue asurarenn or MC-21.

e  JloammcaHwe HOBBIX KOHTPAKTOB H IOTOBOPOB O COTPYIHUYECTBE II0
pe3yJIbTaTaM BBICTABKH TCPCIOBBIX OOPA3IOB POCCHHCKOH ABHATMOHHON
npomsmuieHEOCTH MAKC — 2015.
3aKOYEHHE O TOM, YTO HMMIIOPTO3AMCEIICHUE OTKPHIBACT BO3MOKHOCTH

JJI pOCTA U Pa3BUTHUS POCCUMCKOM aBHALIMOHHON MPOMBILIICHHOCTH, U, KaK
CIEACTBHUE, CTAOMIM3aLNK CONUATLHOM 00CcTaHOBKH. [103TOMY BCECTOpOHHEE
pa3BUTHE NPOTPAMMBI HMMIOPTO3AMEIICHHS MOMKET CTaTh OJHHM W3
(akTOpOB, CTAOWIHBHPYIOIIMX COIMMAJBHO-3KOHOMHYCCKOC MOJIOKCHHC
Poccun B nemom.

Import substitution - the key to successful development
of the Russian aviation industry
Artyushchik V.D., Gusakov A.G., Tihonov A L
MALI, Moscow

The main target of this work is to study the basic ways of development in
the aviation industry and its progressive development in a state strategy of
import substitution and development extensive cooperation with the BRICS.

The concept of import substitution includes:

e  State strategy of import substitution in the aviation industry is
determined of the complete cessation of cooperation on the implementation
of joint aviation projects with Ukraine in conjunction with the international
sanctions, which calls for the intensification of efforts of Russian producers
for import substitution.

e Ways to ensure effective action in the sector of research and
modernization of the aviation industry and as the result - the problem of
import substitution.

e  The willingness of the majority of Russian companies to provide
domestic aviation industry the necessary components. In this case, the work
ahead of the curve characteristic of JSC Klimov. On its new site, the project
"Petersburg Engines", which will provide a Russian helicopter engines and
ransomed him from import dependence. The main competitor of "Klimov"
is one of the world's leading manufacturers of aircraft engines - Ukrainian
company "Motor Sich", on which depends heavily on Russian aviation
industry as a whole.
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o  The trend at the beginning of active cooperation in aviation activity
with BRICS in connection with the steady pressure of West countries.
There is a certain confidence that by 2018 the Chinese «Comac» and
Brazilian «Embraer» will receive Russian engines from the MS-21.

e  The signing of new contracts and cooperation agreements as a result
of the exhibition samples of advanced Russian aircraft industry MAKS -
2015.

The conclusion that the import substitution provides an opportunity for
growth and development of the Russian aviation industry, and as a result, the
stabilization of the social situation. Therefore, the comprehensive
development program of import substitution may be one of the factors that
stabilize the socio-economic situation in Russia in general.

DopMUAPOBAHIE MEXAHI3MA TeMII(PUPOBAHNS PHCKOB MPOMBIIIJICHHOT 0
NPEINPUATHS B YCJIOBUSIX MEKTYHAPOTHBIX CAHKIIIIA
Boukosa A.T"., Memmos A 1O., Kamommaa M .H.
MAM, r. Mocksa

B pesynprare BBOJA CAHKUHMH B OTHOIICHHHM NPCAMPHATHH OOOPOHHO-
MPOMBIIIUICHHOTO KOMILICKCA C(OPMHPOBATACH MPOOJICMAa  YIPABICHHUS
BO3pACTAIOMEMH pUCKaMH. Llenpr0 maHHOH paboTHI ABIACTCA pa3padoTKa
MEXaHW3Ma JeMI(UPOBAHUS BBIIBICHHBIX HA NPESANPUATHH PHCKOB,
KOTOpBIC  HETOCPEJACTBECHHO BIMIOT HA  (DHMHAHCOBO-3KOHOMHYCCKHC
mokazaremy. JleMndupoBaHue B PacCCMaTPUBAEMOM CMBICIE — 3TO IPOLECC
CMSTYCHHS HE)KEJIATCIBHOTO BO3ACHCTBHS 4€ro-amdo, B AAHHOM CIy4ac —
(axkTopoB puCKa, obocTpusmuxcsa B mepmox 2014-2015 romos. JlaHHBIH
MCXAHU3M TMMO3BOACT KOMIJICKCHO BBIABHTH HANPABICHHUA BOSI[GfICTBI/IH
Pa3IUIHBIX PHCKOB C YICTOM BBCOACHHBIX CaHKHHfI.

AXTyanbHOCTh HACTOSIIETO WCCICTOBAHHUS ONMPEACIICTCS TPEXKIE BCETO
COBPCMCHHBIMH PCATMSIMH POCCHHCKOH 3KOHOMHKH, HEOOXOINMOCTHIO
BBUIBIICHHS, AHAM3A M CHCTCMATH3AIMHM PHCKOB, A TAKXKE IPEIJIOKCHHS
MEPONPHATHI MO UX CHIKCHHUIO.

B craree paccMOTpeHA KIACCH(DHKAINA CAHKIHI W BBIBJICHBI TC CAHKIIHH,
KOTOpBIC ~ HMCIOT  HEMOCPEJCTBCHHOE  3HAYCHHWE 11 OOOPOHHO-
TIPOMBIIICHHOTO KOMITICKCa. B pabore mpeaioskeHa CHCTEMa B3aHMOCBSZH
CaHKIHMiT, CTaTeH OyXramaTrepckoro OajgaHca W OT4eTa O (DHHAHCOBBIX
pe3yabTaTax.

3areM 1Tt pa3pabOTKH MEXaHU3MA IeMTI(pHPOBAHAS OBLT MPOBCACH AHATH3
PHCKOB IPEANPHATHSA, YCUINBIIUXCA MO BO3ACHCTBHEM CaHKIM. B paMkax
AHATIN3a PUCKOB NMPCANPHATHA OBLIH IOCTABJICHBI U PCUICHBI TAKHC 3a0a'H,
KaK: OTPEICJICHHUC BJIMSIHHS PHUCKOB, BO3PACTAOINHMX IIOJ BO3ICHCTBHEM
CaHKHHfI, Ha ACATCIBHOCTE TIPCANMPHATHA O60p0HHO-1’[pOMI>IH.UIeHHOFO
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KOMIUICKCA; MPOBEACHUE (PMHAHCOBOTO AHAIN3A; COOTHECCHHUE BBIIBICHHBIX
PHUCKOB ¥ ()MHAHCOBO-3KOHOMUYECKHUX ITOKA3ATENCH MPEATIPAITHS.

ITo mwrToraM MPOBEACHHOTO HCCIACAOBAHMSA OBLT C(OPMHPOBAH MCXAHH3M
JeMr(pupoBaHUS PUCKOB. Ampodanus JAHHOTO MEXaHHW3Ma Obla MpOBEICHA
Ha mpexnpuarun «Kopmopamus «Mpkyr», Haxomameecs B coctase OAO
«O0BeIMHEHHAS ABHACTPOUTCIBHAS KOPHOPAM», B aApeC KOTOPOH OBLIH
BBIIBUHYTHI ~ CEKTOPAJbHBIC  CAHKIHUM, OTPAHWYHWBAIOINHEC  JOJTOBOC
(pMHAHCHPOBAHHUE, M IPYTUC CAHKIHH, MPSIMO WM KOCBCHHO OTPAKAFOIIHECS
HA JICATCIbHOCTH IPEIIPHATHSL.

B pesynbrare aHamm3a ObIIH BBIJCJICHBI TIOKA3ATEIN ACTOBOH AKTHBHOCTH,
peHTA0CIPHOCTH, IHKBHIHOCTH M IUIATEKECIIOCOOHOCTH, HA KOTOPBIX
OTPAa3WIOCh BIMSHHC CAHKOWI, W PHCKH, KOTOPHIC BO3POCIH IIOX
BOBACHCTBACM JAHHBIX CAHKIMH. Kpome TOro, OBLIA MPEAIOKCHA CHCTEMA
MEPONPHATHI MO CHIDKCHHIO JAHHBIX PHCKOB. JIAHHBIM MEXAHU3M MOKET
OBITh CKOPPEKTHPOBAH IPH BHIABICHUH IPOUMX PHCKOB, XapaKTCPHBIX I
JICSITCTBHOCTH IPYTHX KOMIIAHUH.

Formation of the mechanism of damping the risks of industrial
enterprise in the conditions of international sanctions
Bochkova A.G., Mytsov A.J., Kaloshina M.N.

MAI, Moscow

As a result of introduction of sanctions against enterprises of the military-
industrial complex a growing problem of management of growing risks was
formed. The aim of this work is to develop a mechanism of damping the
risks, identified in the company, that directly affect the financial and
economic indices. Damping in this sense - is the process of mitigating of
undesirable effects of something, in this case - the risk factors, aggravated in
the period 2014-2015. This mechanism allows the complex to identify the
direction of the impact of different risks in view of the sanctions imposed.

The relevance of this study is primarily determined by the modern realities
of the Russian economy, the need to identify, analyze and systematize the
risks and offer mitigation measures.

The article deals with the classification of sanctions and identification of
those sanctions which have direct relevance to the military-industrial
complex. The paper proposed a system of relationships of sanctions, balance
sheet items and income statement.

Then, to develop a mechanism for damping were analyzed the risks of the
enterprise, worsened by sanctions. Within the framework of enterprise risk
analysis, have been put and solved tasks such as: determining the impact of
the risks, increasing under the influence of sanctions on the activity of
enterprises of the military-industrial complex; financial analysis; correlating
the identified risks and the financial and economic indices of the enterprise.
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As a result of the study was formed the mechanism of damping risks.
Testing this mechanism was held by the company "Corporation "Irkut",
located within the JSC "United Aircraft Corporation", which sector sanctions,
limiting debt financing and some others, directly or indirectly affecting the
activity of the enterprise, have been put forward against.

As a result of the analysis were identified indicators of business activity,
profitability, liquidity and solvency, which reflected the impact of the
sanctions, and the risks which increased by the impact of these sanctions. In
addition, it proposed a system of measures to reduce these risks. This
mechanism can be adjusted in identifying other risks specific to the activities
of other companies.

Mopens-4H narencuguranuy pasBuTus
BBICOKOTEXHOJIOTHYHBIX KOMILICKCOB
Kynpun M.J1., Jaseinos A/,

MAM, r. Mocksa

COBEpIICHCTBOBAHHE HAYYHO-METOJMYECKOTO ammapara HW  METOJOB
VOpPaBICHHA  WHHOBAIMOHHBIMM W  HMHBCCTHUIMOHHBIMH  PECypcaMu
TIPEATNPHUATHH B HHTEPECcax HHTECHCH()IKALHT pasBUTHL
BBICOKOTCXHOJIOTHYHBIX KOMIUICGKCOB SIBIICTCSI AKTYalbHOH 3amauci B
COBPEMCHHBIX YCIOBHAX CTPYKTYPHBIX H3MCHECHUN B MUPOBOH U POCCHHUCKOM
KOHOMHUKE.

Oprasn3anmOHHO-3KOHOMIYESCKHEC MEXAHU3MBI CO3IAHUS, HCIOJIb30BAHMUS
W BOCIIPOM3BOJICTBA HHHOBAIHMOHHBIX PECYPCOB NMPEANPUATHH AaBHAMOHHOH
TIPOMBIIUICHHOCTH IPEAIOJNATAl0T OLEHKY WHHOBAIMOHHOTO IOTCHIHANA
TIPEANPHATHA C OLCHKOH HHBECTHIIMOHHOW OOCCIICUCHHOCTH M C YUCTOM
COBPCMCHHBIX MPCACTABICHUIH O MOJCIIAX WHHOBAIMOHHOTO pasBuTHa (G5-
Go).

Moaemn HHHOBAIHOHHOTO pazBUTHL OTICPHUPYIOT TAKUMH
BpPEMA-PECYPCHBIME (DAKTOpPaMH Kak TPy, KaNHTal, BPeMs, MOTPEOHOCTH,
BO3MOXHOCTH. B Mommpukanmsx wmoxmered [JaHHble (AKTOPHI M HX
COCTABIIIOINME PACCMATPHBAIOTCA KAK OJHIAOTCHHBIC WM 3K30TCHHBIC
(hakTOpBI B PABIMYHBIX COUCTAHUAX. [Ipw 3TOM U1 ONMHCAHHA MOJCICH W
moncka  3(QEKTHBHBIX  PCHOICHMH  HCIMOJB3YIOTCA, KAk  IPABHIIO,
MOCTICAOBATEIbHO-TIAPAJIICIBHBIC CXCMBL

Taxod MOAXOA K ONHMCAHUIO MOJAEICH M CXEM HX MPEACTABICHHA HMEET
HCSIBHOHM UENBI0 OOCCICUCHHE YCIOBHSA HE3aBUCHMOCTH (DAKTOpOB mpH
MONCKE HECAOMHHHPYEMBIX PCIICHUH M WX pamwkupoaHud. CoOCTBECHHO
MHOXCECTBO (DAKTOpOB paccMaTpwBacTCs B 3TOM CIy4dae Kak Hamepen
3aJaHHBIN KOpTEXK. [10aX01 MMEET ONPEACICHHBIC Y I3BUMOCTH.

LenecoobpasHo Oojee IOJHO YUHTHIBATH ITOJIOMKCHHUS TEOPHU OTKPBITHIX
CHCTEM W €€ TPHWIOKECHHH, IWHAMHKY 3HAYAMOCTH BPEMSI-PECYPCHBIX
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(haxTOpOB IpH UCCICAOBAHUA U (POPMHUPOBAHHUH 3(P(PEKTHBHBIX HATIPABICHUH
WHTCHCH(DHKAIIMU PA3BUTHSI BEBICOKOTEXHOJIOTHUHBIX KOMIUICKCOB.

C 3TOH HeNbI0 MPEAIaracTcsl HCIoIb30BaTh MoAenb-4H HHTCHCHpHUKAIIH
pasBuTHA, TAE OMOPHBIMH (PaKTOpaMH SBISIFOTCS HHHOBAIMOHHBIA (M1),
wHBeCTHIHOHHBIH (U2), maTemnekryansasiil (U3) u wHpopManunonnsit (U4)
TMOTEHIMAJ MPESANPHATHN B UX CHCTEMHOM €IMHCTBE. [l OMMCaHUs TakOH
MOJETH MPEANATACTC KPYToBad CXeMa C MEPEKPECTHBIMHE CBA3ZAMH YSTBIPEX
ONOPHBIX 3JI¢MEHTOB nNoTeHummana npeanpuaruit (M1-M4). Takaa cxema
JOCTATOYHO anCcKBATHO OTpa’kacT MPEANIATACMY O moaens-41
WHHOBAIMOHHOTO  Pa3BUTHSI KAK  BApPHAHT COBPEMCHHOH  MOJCTH
HHHOBAHOHHOTO pa3BuTHA GO.

JlaHHast Mozemb JaeT  BO3MOXKHOCTH  IIOBBICHTH  OOOCHOBAHHOCTH
TIPUHIMACMBbIX YIIPABICHUCCKUX PEIICHUH.

Joxmax  moarotoBacH —mpu  (puHAHCOBOW — momacpxkke ~— PTH®
(mpoexr 15-02-00478).

4I-model for development management of hi-tech complexes
Kuprin I.L., Davydov A.D.
MAI, Moscow

The development management of hi-tech complexes is essential for the
world and Russian aerospace economics in which structural changes take
place. The management of innovative and investment resources is important
in these processes.

An estimation of innovative potential and investment security with regard
to modern ideas about models of innovative development (G5-G6) is the
basis for management decisions.

The human resources, investment potential, market demand, capabilities
are key factors for models. These factors are considered as external or internal
variables. The models are describes using series-parallel patterns and the
solutions are looking for in these patterns.

This method for describing models and patterns has an implicit goal to
secure the conditions for independence of factors when searching for non-
dominated solutions and their ranking. The factors are applied as the given
sequence. This method is not perfect.

It is advisable to more fully integrate open systems theory and its
applications, the dynamics of the significance of the time and resource factors
in the study and the formation of the effective ways to intensify the
development of high-tech complexes.

It is propose to use 4I-model for development management with four main
factors: innovation potential (1), investment potential (2I), intellectual
potential (31), information potential (4I) as a system set. Circular pattern with
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cross interaction shows the characteristic of the model quite adequately as the
modern model G6.

The model helps to raise the validity of management decisions.

The report is supported by the Russian Humanitarian Science Foundation,
grant No. 15-02-00478.

KonnenryannHble TPIHIATLI COBEPIICHCTBOBAHUSI METOIMKH OTICHKN
Tpyaoemiocta u crommocta HUOKP B 00/1acTH ABHAIIMOHHOI,
PAKETHOI B KOCMHYECKOIl TEXHHKH
Epmakosa O .B., /luanosa E.B.

MAM, r. Mocksa

C nenpro moBeImeHUS 3(Q(EKTHBHOCTH U PE3yIbTATHBHOCTH PACXOJ0B HA
HAY4YHO-UCCICAOBATEIBCKHE W  OIBITHO-KOHCTPYKTOPCKHE — pa3paboTKH
(HUOKP) B obOnmacTH aBHAITHOHHOH, PAKCTHOM M KOCMHUCCKOH TCXHHKH
HEOOX0AMMO JalbHEHIEE PA3BHTHC W COBCPIICHCTBOBAHWE MEXAHU3MOB
OICHKH TPYA0SMKOCTH 1 cTomMOCTH HUOKP 114 moBBIICHAS a1CKBATHOCTH
7 0OOCHOBAHHOCTH HAYYHO-TEXHHYCCKHX M TCXHOJIOTHMUYCCKHX PE3YJIbTATOB,
CTPAaXOBAaHUS PHCKOB BBINOJHCHHS WCCICIOBAHHUIL, CTHMYJHUPOBAHHA
COOMIOACHUS TPOCKTHBIX CPOKOB, TOJNYUCHHE KOHEYHOTO MPOJYKTA,
COOTBETCTBYIOLICTO MHPOBOMY VPOBHIO KAUECTBA.

CopMympyeM OCHOBHBIC KOHLCTTYAIbHBIC IPHHIHUIE (OPMHPOBAHI
CTPYKTYPBI YCOBEPIICHCTBOBAHHOH METOJWKH OICHKH TPYJIOCMKOCTH H
croumoctd BemonHeHHT HUOKP B o0nacTm aBHAaLMOHHOM, PAaKETHOH H
KOCMHYECKOH TEXHUKH:

e  TPHHIMMI yICTA OCOOCHHOCTCH 00NACTH ABHALMOHHON, PAKCTHOH H

KOCMHYCCKOH TCXHUKH,

e  mpuHIMN KIacrepuiamuy padbor HUOKP;
e  [PHHIMI MHOTOBAPHAHTHOW OIICHKH TPYJOEMKOCTH BBITIOJTHCHUS

HHOKP;

° MPUHIUI MHOTOBAPHAHTHOM oncHKH crommoctd HUOKP;

e  mpuHIMN TU(PPepeHIMPOBAHHON KOPPEKTHPOBKH CTATCH 3aTpar;

o  mpuHIMN AH()HESPCHIHPOBAHHOTO PACTIPCICICHISI AMOPTH3ALMH,

e  [IPHHIMI y4YEeTa COOTBETCTBHA KBanm(pUKAnWU IpH (HOPMHUPOBAHUHU

TPYIII HCIIOJTHUTENICH /U1 BBITOJTHCHHS KaXKI0TO BUIA PadoT;

e mpuHIMN AAD(CPCHIUPOBAHHOTO PACTIPSACICHHSA  HAKJIATHBIX

PacxoaoB.

B CcTpykTypy VCOBCPIICHCTBOBAHHONH MCTONHKH IMPSAIAracTcs T0OABHTH
HOBBIA pasmen — «Xemxuposanue somonHeHnst HUOKP», cocrosmmit w3
(¢opMupoBaHHA CXeMBl  CeKbropuTH3anmd  BbemoHCHHS HUWOKP w
TIPUMCHEHHS TIPOM3BOTHBIX (prHAHCOBBIX HHCTPYMCHTOB u
c(hOPMHPOBAHHBIH C HCHOIB30BAHUEM CIICAYFOIMUX ITPHHIUIIOB!
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TIPUHIMI CEKBIOPUTH3ALIH;
TIPUHIMI (POPMHPOBAHMS KOHTYPA 3MHUCCHH IIPH CEKBIOPUTH3ALIH;
npuHIMI GopmupoBanus KoHTYpa BbmoHeHNST HUOKP;

npuHIEI GopmMupoBanms KOHTYpa Xemkuposanus HUOKP;
TIPUHIMIT HCTIOTE30BAHMUS ACPHBATHBHOTO TOTOBOPA.

Takum oOpasoM, IpeigaracMas YCOBEPLICHCTBOBAHHAA CTPYKTypa
METOIHKH MO3BOJISIET MOBBICHTH OOBEKTHBHOCTD, TOUHOCTh H JOCTOBEPHOCTH
pe3yIbTAaTOB OLCHKH TPYAOCMKOCTH W CTOMMOCTH, 4 TAKKEC XCIKHPOBATH
pucku BemoxaeHIsT HUOKP.

Conceptual principles of improving methodology for assessing
the complexity and cost of research and development in the field
of aviation, rocket and space technology
Ermakova O.V_, Dianova E. V.

MAI, Moscow

To improve the efficiency and effectiveness of spending on Research and
Development (R&D) in the field of aviation, rocket and space technology
needs further development and improvement of mechanisms for assessing the
complexity and cost of Research and Development to improve the adequacy
and validity of scientific, technical and technological results, insurance risk
that research, promote compliance with project deadlines, the final product
according to the world standards of quality.

We will formulate the basic principles of the conceptual structure of an
improved methodology for assessing the complexity and cost of R&D in the
field of aviation, rocket and space technology:

e  The principle of considering the peculiarities of the field of aviation,
rocket and space technology;
e  The principle of clustering R&D work;
The principle of multivariate estimation of labor input of R&D;
The principle of multiple valuation of R&D;
The principle of differentiated adjustment cost items;
The principle of differentiated allocation of depreciation;
The principle of taking into account relevant qualifications in the
formation of groups of performers to perform each activity;
e  The principle of differentiated allocation of overhead.

The structure of an improved methodology is proposed to add a new
section — «Hedges of R&D», consisting of the formation of R&D scheme of
securitization and the use of derivative financial instruments and formed
using the following principles:

e  The principle of securitization;
e  The principle of formation of the circuit at the issue of securitization;
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e  The principle of formation of the contour of R&D;
e  The principle of formation of the contour hedge R&D;
e  The principle of using a derivative contract.
Thus, the proposed method allows an improved structure to increase
objectivity, accuracy and reliability of the results of the evaluation complexity
and cost, as well as to hedge the risks of R&D.

Ocot0ennoctn GopMHUPOBAHNS YACILHBIX OKA3ATEICH KAMNTAILHBIX
M IKCIUIYATAIMOHHLIX 3ATPAT JJIsl QPOKOCMUECKIX MPe/ P s THi
Juanosa E.B., Jyounckuii M.O., Kaxommaa M.H.

MAM, r. Mocksa

CerogHst B JKOHOMHKEC PoccHMM HanW4We MOIMHOTO aBHAHOHHOTO
MOTCHIHAIA TIPU3HAHO HEOOXOMMBIM YCIIOBHEM COLHAILHO-
SKOHOMHYECKOTO ¥ WHHOBAIMOHHOTO PA3BHTHS, a TaKKE OOCCIICUYCHH
6esonmacroctn P®. Ha co3maHwe BBICOKOKOHKYPEHTHOH ABHALMOHHOM
MPOMBIIUICHHOCTH ¥ 3aKPCIUICHWE €€ IIO3WIMH HA MHPOBOM PBIHKE
HampaBicHa [ocyaapcTBeHHas mporpamMma «Pa3BUTHE ABHALIMOHHOU
npoMbIuicHHOCTH Ha 2013-2025 roapry. i AOCTHKEHUS MOCTABJICHHBIX
meaeH motpeOyercs OOmbIION 00BEM (DHHAHCOBBIX BIOKCHHH, B T.4. H3
(eaeparpHOTO OROKETA.

VYcnoeus acurimra (DMHAHCOBBIX PECYpPCOB, KOTOpBIE HAOIIOAAIOTCS
CETOJHS B 3KOHOMHKE Poccum, TpeOYyIOT MPUMEHECHHS HOBBIX IOAXOI0B K
aHAMM3y HEOOXOAMMOCTH WM JOCTAaTOYHOCTH 3aTpar. llepcCreKTHBHBIM
MOAXOJ0M K TAKOMY OOOCHOBAHHUIO SIBJICTCSI METOJOJOTHS HOPMHPOBAHILL,
KOTOPAs MPUMCHHTCITFHO K PACCMATPHBACMOI MPoOIeMe TpaHC(HOPMHPYLETCH
B TPOLEAYPY OLCHKH VICHbHBIX KANHTANBHBIX BIOKCHHH, YICIbHBIX
JKCIUTY aTAMOHHBIX 3aTPaT, YACIBHBIX 3aTPaT Ha HETPESABUICHHBIC PACXOIbI,
VACTbHYIO MIPHOBLIB.

VYraenpHble KANMTANbHBIC BIOXKCHHS, OSKCIUIYaTAMOHHBIC —3aTpPaThl,
VACTIbHBIC 3aTPAaThl HA HENPEABHICHHBIC PACXOABI M YACIbHYIO NPHOBLIL
MPEAIaracTCsl PacCUMTHIBATG (IIOMHMO TPAZHIHOHHBIX IIOJXOJOB — Ha
CAMHUILY BBITYCKACMOH MpoAyKImy (B pyOIsIX, HOPMO-4acax, KyooMeTpax),
ceOECTOMMOCTH, TNPHOBUIH, MOINHOCTH, IPOM3BOAMTCIBHOCTH TPY/a,
YUCICHHOCTH IPOMBIIIICHHO-IIPOM3BOACTBEHOTO TIEPCOHANA, (JOHAA OILIATHI
TPYJa U Jp.) TAKKE HA CAUHULLY

- MPOLICHTHBIX OOS3ATENECTB IO KPEIUTHBIM PECYpcaM (BBIIIIAYHBACMbIM
JUBUICHIAM, TIPOIICHTAM IO TPHBICKAEMBbIM OOIHTAIMOHHBIM 3aHiMaM, B TOM
YHCIIC 10 KOHBEPTHPYEMBIM IICHHBIM OyMaraM) AJIsI OIIPEJICIICHHS HArpy3KH
Mo 00s3aTEIbCTBAM HA KAKABIH BAPHAHT HANPABICHHUSA (OOBEKT) Pa3BUTHSA
KOMIIAHUH
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- AKUMOHECPHOTO  KamWTana i AHaJdW3a BIMSAHHA — PA3BHUTHA
paccMaTpPUBACMOTO HANPABICHHUA ACATCIBHOCTH HA CTOMMOCTb KOMIIAHHH,
OLICHKY KATIMTATOSMKOCTH

- Kpurepues 3(pHEKTHBHOCTH — HA CAMHHUIYY YHCTOTO JUCKOHTHPOBAHHOTO
JTOXOJa, BHYTPCHHCH HOPMBI JOXOZHOCTH, PCHTAOCTHHOCTH HHBCCTHIIHH,
CPOKA OKYNAcMOCTH, BBITOJHOCTH, JHOPALUA U T. 4. JJI1 QHATU3A VACTbHBIX
MOKA3aTeNCH B PAMKAX PEAN3ALHH HHBECTUIIMOHHOTO IIPOCKTA.

MopeaupoBaHUue  YACHBHBIX  KANUTAJBHBIX  BIOJKCHHH,  YJACTBHBIX
SKCILTYy aTAMOHHBIX 3aTPAaT, YACIBHBIX 3aTPAT HA HEMPESABHACHHBIC PACXOIbI
W YACTbHOH TPHOBUIM TMO3BOJLIIOT OTHOCHTEJIBHO KAKIOTO HAMPABICHHA
JCSTCIbHOCTH WM OOBCKTA AHAJHM3a TOBOPHTH O HYCTBEPHOH YICIbHOM
KPATHOCTH PACXOA0B H JAOXOAOB, KOTOpasd MO3BOIACT MO IOJYYCHHBIM
COOTHOIICHHAM OCYHICCTBIATH CPABHHUTCABHBIM AQHATU3 PAa3BHBACMBIX
HANPABICHUH, PAHKHPOBATH 1o MPHOPUTETHOCTH, COCTaBJIATH
MEPCTICKTUBHBIC HHBECTHIMOHHBIC MIAHBL

Peculiarities of formation of specific indicators
of capital and operational expenses for aerospace enterprises
Dianova E.V., Dubinsky M.O., Kaloshina M.N.
MAI, Moscow

Today the Russian economy is the existence of powerful aviation potential
was recognised as a necessary condition of the socio-economic and
innovative development, as well as the safety of the Russian Federation. The
State program "Development of the aviation industry for 2013-2025" is
directed on creation of the highly competitive aviation industry and fixing of
its position in the world market. For achievement these goals will require the
large volume of financial investments, including from the Federal budget.

Conditions of deficiency of financial resources, which are observed today
in the Russian economy, demand new approaches to the analysis of necessity
and sufficiency of expenses. A perspective approach to substantiation is the
methodology of rationing, which in relation to the considered problem is
transformed into the assessment of specific capital investments, specific
operational expenses, specific costs of incidental expenses, the specific profit.

Specific capital investments, operational expenses, per specific costs for
incidental expenses and the specific profit are offered to count (besides
traditional approaches — per unit of production (in rubles, normo-hours, cubic
meters), cost price, profit, capacity, labor productivity, number of the
industrial-manufacturing personnel, salary fund, etc.) also per unit:

e interest obligations on credit (paid to dividends, percent on the
attracted bonded loans, including convertible securities) for definition of
load according to obligations of each option of the direction (object) of the
company's development.
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e share capital (capitalization) for the analysis of influence of
development of the considered activity on the cost of the company, a capital
intensity assessment.

e  criteria of effectiveness — per unit of the net discounted income,
internal standard of profitability, profitability of investments, payback
period, advantage, duration, etc. for the analysis of specific indicators in the
framework of realization of the investment project.

Modeling of specific capital investments, specific operating expenses,
specific costs for incidental expenses and specific profit is allowed to tell
concerning each activity or object of analysis to speak about a fourfold
specific frequency rate of expenditure and income, which allows to carry out
the comparative analysis of the developed directions on the received ratios, to
range on priority, to make long-term investment plans.

@opMHPOBAHNE MPOCKTHOH KOMAHALI HAYKOCMKOIH OPraHH3AIUH
Knanosa [1.C., Degorosa M. A, Kyapsasues A.C.
MAM, r. Mocksa

Lenpto mawuO# paboThl sABIIETCA 0030p OCOOCHHOCTEH (HOPMHPOBAHMUS
NMPOCKTHOM  KOMAaHABI  HAYKOEMKOHM  OpPraHM3aLuu. XapakrepHou
0COOCHHOCTBEO OPraHM3ALMH TPYJa B HAYKOEMKHX OPTaHM3ANMAX, KaKk B
MHpe, Tak ®W B Poccum, SBIIETCI  HUCHIOIB30BAHHE  IPOCKTHO-
OPUECHTHPOBAHHBIX CTPYKTYP.

ITpoeKTHO-OPHEHTHPOBAHHBIC OpraHm3alux JIOIKHBI o0nanars
COOTBETCTBYIOIIIMM HHCTPYMEHTApHEM (OPMHUPOBAHUS KOMAHIBI IPOCKTA,
MOCTPOCHUSI BHYTPCHHUX KOMMYHHKAUMH M CHCTEMBI CTHMYJIHPOBAHU,
HHCTPYMEHTAMH aANTAIMH K MPOCKTHOW W TBOPUECKOH AEATCIHHOCTH H JIP.
Kpome Tor0, BO3HHKAIOT Crienu(uyIeCKue PUCKH PADOTHI IIPOSKTHOW TPYTIITBI
W Jmacpa Tpoekra. Bce 3T0 MOBBIIACT 3HAYHMOCTH  HMOCTPOCHHS
COOTBETCTBYIOLIMX CHCTEM OPTaHW3ALUK PAOOTHI U YIIPABJICHH IIEPCOHAIOM
B IIPOCKTHBIX CTPYKTY PaX HAYKOEMKHX OPTaHH3AIIH.

[IpakTuka ympaBiacHHS MOKA3BIBACT, UTO MPOCKTHYIO KOMAHIY CJCIYyET
HaYMHATH ()OPMHUPOBATH HA 3TAIC IUIAHUPOBAHUS IMPOCKTA, BHE 3aBUCHMOCTH
OT COJCPKAHHMI IPOCKTA HAYKOEGMKOH OpraHm3amud. a1 3TOTO MOJKET
HCIOIL30BATECA KOMOHMHAIMSA MeETog0B. . 1a¢ bono, P. benOuna,
COBMECTHMOCTb, KPEATUBHOCTb H Ap. IIpm 3TOM CTPYKTypa NPOEKTHOM
KOMAHZIBI 3aBHCHT OT THma mpoekTa. Ho, naske B ciayvyae YCIEIIHOTO
(opMHpOBAHKS KOMAHIBI HA 3TAlle HA4aja IMPOCKTA, MO3THEE CYIICCTBYIOT
pucku ee¢ morepu. [lo3TOMy mOAXOX K OIICHKE PHCKOB, CBSI3aHHBIX C
MEPCOHAIOM TPOCKTa KaK JK€ 3HAYMM, KAK W IOAXOA K OLCHKEC HHBIX
(TTIPOM3BOACTBEHHBIX, (DHHAHCOBBIX, IKOJOTHUCCKHUX, TEXHHYCCKHX) PUCKOB
mpoekta. K puckam AaHHOW TPyHIBI OTHOCATCA: PHCK IEPEMAHUBAHUA
KJFOUEBBIX MIPOKOB TIPOCKTA; PHCKH, CBS3aHHBIC C HEOOXOAMMOCTHIO

343



TOBBIMCHUS KBATH()HIKAIUN W PA3BUTHEM WICHOB IPOCKTHOW KOMAHIBI B
XO0J€ peamM3alul IPOEKTa (3a9acTyl0 HE YUWTBHIBAIOTCA HA 3TaIme
MIJAHHPOBAHMS), HEONPEACICHHOCTh PEANbHBIX  YCIOBHH  KOHTPAKTa
(BO3MOKHO, YACTHYHOC), CIOKHOCTH COXPAHCHHE NMPOAYKTHBHOE KOMAHJBI
Ha Oyaymiee u ap.

Oco0bM cTatycoM B KOMaHAEe 007TaJaeT M PYKOBOJWTETH IPOCKTA.
BriOmpass pykOBOAMTENS IPOCKTAa B HAYKOCMKOH OpTaHU3ALUH, HY KHO
XOPOIIO MOHMMATh €TI0 POJb W MHCCHIO B KoMmaHie. Cpeam BO3MOKHBIX
poJei: 3KCIEPT, KOOPAMHATOP, CTATYCHOE JHUIO, KOHTPOIUPYFOLIHIHA,
BIOXHOBHUTCIb H Jp. MHCCHI PYKOBOIAWTEI PEATM3yCTCs B IPOIECCE
BBICTPAMBAHMS B3aUMOOTHOIICHUN C KOMAHIOM, B TOM YHCJIE 3a CUET CTHJIA
OOIICHHS, MOCTAHOBKM WM KOHTPOII 33144, HCTIOJIb30BAHHS
COOTBETCTBYIOIIHMX HH(POPMAIMOHHBIX CHCTEM ITOICPKKH IPOCKTA H JP.

B memoM, GopMHpOBaHH MPOCKTHOH KOMAHAB HAYKOCMKOH OPTAHH3ALHA
MIPEACTABILIET CAMOCTOSTCILHYFO BAKHYIO 32124y

Formation of the project team knowledge-based organization
Zhdanova D.S., Fedotova M. A., Kudryavtsev A.S.
MAI, Moscow

The purpose of this paper is to review the characteristics of the formation
of the project team knowledge-based organization. A characteristic feature of
the organization of work in knowledge-intensive organizations, both in the
world and in Russia, is the use of project-oriented organizations.

Project-oriented organizations must have appropriate tools forming the
project team, build internal communication and incentive systems, tools to
adapt to the design and creative activities and others. In addition, there are
specific risks of the work of the project team and the project leader. All this
increases the importance of building appropriate systems of work
organization and human resource management in the design structures of
high-tech companies.

Management practices shows that the project team should begin to form at
the planning stage of the project, regardless of the content of the draft high
technology organization. For this combination of methods may be used: E. de
Bono, R. Belbin, compatibility, creativity, and others. The structure of the
project team depends on the type of project. But even in the case of successful
team building at the stage of the project began, and later there is a risk of its
loss. Therefore, the approach to the assessment of the risks associated with
the project staff both as significant as the approach to the assessment of other
(industrial, financial, environmental, technical) risks of the project. The risks
of this group include: the risk of poaching of key players in the project; risks
associated with the need for training and development of the project team
members during the project (often not taken into account at the planning

344



stage); the uncertainty of the real conditions of the contract (possibly partial);
difficulty of maintaining a productive team in the future, and others.

A special status in the team, and has a project manager. Choosing a project
leader in the knowledge-based organization, you need a good understanding
of its role and mission in the team. Among the possible roles: expert
coordinator status a person who controls, the mastermind and others. The
mission leader is realized in the process of building relationships with the
team, including due to communication style, setting and control tasks, the use
of appropriate information systems and other support for the project.

In general, the formation of a project team knowledge-based organization
is an independent important task

OneHKa COCTOSIHUA U NEPCIEKTHR PAZBUTHS KOMMEPUIECKOr0
BEPTOJIETHOTO coodmenus B Poccun
3esaruanesa MW, 3yesa T.W.
MAM, r. Mocksa

OKOHOMHYCCKHC W TOJHTHYCCKUC M3MCHCHHA, KAK HA BHYTPCHHCM, TAaK H
HA BHCIODHCM PBIHKEC, BO MHOTOM 33Jal0T HANPABICHHC PA3BHTHA cepam
OomsHeca. B mocmemHne roapl B MOCKOBCKOM PETHOHC AKTHBH3HPOBAHO
TMPSIIOKCHAC M0 KOMMCPUCCKHUM BCPTOJICTHBIM ABHANCPCBO3KAM, 4 UMCHHO
pacTeT Cmpoc HA YCIYTH BEPTOJCTHOrO Takcw. OmHAKO, HAPAAY C
VBCIHMUCHHCM 00BEMA MPSIOCTABIACMBIX MACCAKUPAM YCIAYT, CYMICCTBYCT
MHOKCCTBO (DAKTOPOB, KOTOPHIC CACPKUBAIOT PA3BHTHC JAHHOTO CETMCHTA
peiHKA. Llempro mamnHO# pabOTHI SABIAIOCH HMCCICIOBAHHEC COBPCMCHHBIX
mpoOJieM, CYIICCTBYIOIMMX HA PBIHKC OTCUCCTBCHHBIX KOMMCPUCCKHX
BCPTOJICTHBIX ABHATICPCBO30K.

B pesymprare MpOBCICHHOTO HCCICAOBAHHA MHPOBOTO M BHYTPCHHETO
TMAPKOB BCPTOJCTHOW TCXHHKH BBIABIICHBI OCHOBHBIC TCHICHIHMH, 3 MMCHHO
MAACHAC CHPOCA HA TPAKTAHCKHC BSPTOJCTHI HA MHPOBOM PBIHKE H POCT
3aKYMOK A POCCHHCKOTO BCPTOJICTHOTO Tapka. [IOKAa3aHBI OCHOBHBIC
(haKTOPHI, MOBTHABIONC HA OOBEMBI MMOCTABOK I BHYTPCHHCTO W BHCIMHCTO
peiHKA. [IpoBCICH CpPABHUTCIBHBIN AHAM3 PCATH30BAHHBIX IOCTABOK
BCPTOJICTHOH TCXHHKH A OTCUCCTBCHHBIX, CBPOIICHCKHAX W AMCPHKAHCKHX
TMPOU3BOAUTCIICH BO3AYIIHBIX CyJ0B. PaCKphITa CTPYKTYpa OTCUCCTBCHHOTO
MapKa TPAKTAHCKUX BCPTOJCTOB, MOKA3AHBI OCHOBHBIC TCHACHIMH B
3akynmkax. JlaHa OLCHKA YPOBHK) HMIIOPTA BCPTOJICTHOH TCXHHKH H
HACHTH()UIIHPOBAHBI PHCKH.

OCYIICCTBICH  aHATW3  NPHYAH  BOSHUKHOBCHHS  ABHAHOHHBIX
HHLIUACHTOB, CBA3AHHBIX C 3KCIUIyaTaUMEH TPa)KAAHCKOH BEPTOJCTHOU
TeXHUKH. MCCICIOBaHBI ABHALMOHHBIC MPOWCIICCTBHA, KATACTPO(QBHL,
MPOU3OIICAIIHE Ha Tepputopun Poccum Oomee uem 3a 20 JieT, BBIABICHA
OIWHAMHAKA (DaKTOPOB, BIISIOIMIMX HA OC30MACHOCTH TOJICTOB. JlaHEI
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PCKOMCHIALMH IO PETYIHPOBAHHIO HEIOBEUSCKOTO (PAKTOpa, OCYIUCCTBICHA
CPAaBHHTCIBHAA OLCHKA BCPTOJICTOB OTCUCCTBCHHOTO U 3apyOesKHOTO
MPOU3BOJCTBA.

B pesyaprare  MOCHTHQUIOUPOBAHBI PUCKH, BOBHHKAIOIUE IPH
JKCIUTYaTAMA TCXHHKH OTEYCCTBCHHOTO M 3apyOcKHOTO MPOH3BOJACTBA,
ONpEACTCHbl HAMPABICHUSA MO VBCIHUCHHIO OC30MACHOCTH MOJCTOB.
Bosnens! crnenmuuueckiue BHYTPEHHHE (DAKTOPHI KOTOPHIC BIILSFOT HA
pa3BUTHE pBIHKA KOMMEPYECKHUX aBuanmepeBo3ok B Poccum. s
PpEryIUpOBaHUs BO3JCHCTBHSA JIAHHBIX (hakTopoB HCOOX0IAMO
COBCPIICHCTBOBAHUC H PA3BHTHC TCXHOJOTHHU IMPOU3BOACTBA, MAPKCTHUHTA,
HHPPACTPYKTYPHl W 3aKOHOJATCJHBHOH 0a3bl. JTO MNOMOXKET CICNaTh
BEPTOJICTHBIC ABHANICPEBO3KH Oo0see OC30MACHBIME, PACIPOCTPAHCHHBIMH,
JOCTYIMHBIMH U peHTa6eJ'II>HI>INII/I.

Assessment of a state and prospects of development of the commercial
helicopter transportation in Russia
Zvyagintseva I.I., Zueva T.L.
MAI, Moscow

Economic and political changes, both on internal and in a foreign market
set the direction of development to spheres of business in many respects. In
recent years offers on commercial helicopter air transportation in the Moscow
region are made active, namely demand for services of a helicopter taxi
grows. However, along with increase in volume of the services provided to
passengers, there is a set of factors which constrain development of this
market segment. The purpose of the present article was research of the
modern problems existing in the market of domestic commercial helicopter
air transportation.

As a result of the conducted research of world and internal parks of
helicopter equipment the main tendencies, namely decline in demand for civil
helicopters in the world market and growth of purchases for the Russian
helicopter park are revealed. The major factors which influenced volumes of
deliveries for a domestic and foreign market are shown. The comparative
analysis of the realized deliveries of helicopter equipment for domestic,
European and American aircraft producers is carried out. The structure of
domestic park of civil helicopters is revealed, the main tendencies in
purchases are shown. The assessment to the level of import of helicopter
equipment is given and risks are identified.

The analysis of the reasons of emergence of the aviation incidents
connected with operation of civil helicopter equipment is carried out. The
aviation incidents which happened in the territory of Russia more than in last
20 years are investigated, dynamics of the factors influencing safety of flights
is revealed. Recommendations about regulation of a human factor are made,
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the comparative assessment of helicopters of domestic and foreign production
is carried out.

The risks arising at operation of technology of domestic and foreign
production are as a result identified, the directions are determined by increase
in safety of flights. Specific internal factors which influence development of
the market of commercial air transportation in Russia are revealed.
Regulation of such factors influence requires improvement and development
of the production technology, marketing, infrastructure and legislative base. It
will help to make helicopter air transportation more safer, widespread,
available and profitable.

Anamm3 3QPeKTHBHOCTH MPUMEHEHUSI CITYTHHKOB ANCTAHITHOHHOT O
30HAMPOBAHNS 3EMJTH, HCIIOJIH3YEMBbIX IS PETOTBPAIICHHS,
o0HapY:KeHHsI ¥ JIMKBHAAIAN YPE3BLIMANHBIX CHTY I,
Kanemoxa J. /1.

MAM, r. Mocksa

B pabore mpoaHanmM3MpOBAaHBI OCHOBHBIC HAMPABICHHS HCHOJIb30BAHUS
rocMmieckor uH(popmanmu 111 HyKx MUC, mepcneKTHBHBIC HANPABICHHS
CIYTHHKOBOTO MOHHMTOPHHTA YPE3BBHMAHHBIX CHTYAIMH, TAHA KAUCCTBEHHAA
OIICHKA WH()OPMALWH, TOJYYACMON B MPOICCCE HAOMFOACHUA W H3MCPCHHSA
XApPAKTCPHCTHK TNPHPONHOH Cpeapl ¥  KOHTPOJIHPYEMBIX OOBEKTOB
pPa3NMUYHBIMH CPEACTBAMH  3KOJIOTHYECKOTO MOHHTOPHHTA, IIPOU3BEICH
pacyer W JSKOHOMHYECKOE OOOCHOBAHHC IICHBI CAMHHIBI CHHUMAEMOM
TIJIOINATM KOCMHUYECKUM aMapaToM JUCTAHIHOHHOTO 30HIMPOBAHIS 3SMITH.

UroObl CTPYKTYPHPOBaTh M HATISIHO INPEACTABHTH IPOOJIECMBI JAHHOTO
CETMEHTA PBHIHKA KOCMHYECKHX YCIYT, BBIOpaThb M OOOCHOBaTh HamOOIICe
[enecoo0pasHple MyTH Pa3BUTHS OOBEKTA IMPOTHOZHPOBAHHS B OyAyIIEeM,
TOJIY YU TH KOJMYECTBEHHYIO MPOTHO3HYIO OLICHKY OTHOCHTEIBHOH BAYKHOCTH
HaIPABICHAUH Pa3BUTHSA OOBCKTA, PACCMOTPETH ANBTCPHATHBBI PA3IUIHBIX
MyTEeH W CPEACTB JOCTHIKCHHA HMOCTABICHHON HENH, 4 TAKKE ONTHMAIBHO
pacrpecIuTs MMEIOIMUECS PECYPCHl, B JAHHOH padoTe OBLIO IOCTPOCHO
JepeBo LieJe, a 3aTeM, NMpH HMOMOIIM SKCIEPTHOrO Ompoca Oblla JaHa €ro
KOJIMYECTBEHHAS OIICHKA — ICPEBO PCIICHUH.

An analysis of the effectiveness of Earth remote sensing satellites remote
sensing satellites are used for the prevention, detection and elimination
of emergency situations
Kapelyukha D.D.

MAI, Moscow

This paper analyzes the main directions of space-based information for the
nceds of the Emergencies Ministry, promising arcas of satellite-based
monitoring of emergencies, given the qualitative assessment of information
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received in the course of monitoring and measuring the characteristics of the
environment and controlled objects by various means of environmental
monitoring, made the calculation and feasibility study unit price of the
withdrawn areas spacecraft remote sensing.

In order to structure and visualize the problems of this segment of the
market of space services, choose and justify the most appropriate way of
development of object of forecasting the future, to obtain a quantitative
predictive assessment of the relative importance of the development
directions of the object, consider alternatives to the various ways and means
to achieve this goal, and optimally allocate the available resources in this
paper was built tree of goals and then, with the help of expert survey was
given a quantitative evaluation - a decision tree.

Opranuszamnysi peMOHTHOTO TIPOU3BO/ICTBA ABNAIMOHHBIX IBHIaTe el
HA 0CHOBE TJIAHHPOBAHMUSI ITPOTPECCUBHBIX HOPM H HOPMATHBOB.
Komaposa A.M., TuxoHos A.W.

MAM, r. Mocksa

Cpok ciyxOBbl COBPEMCHHBIX ABHALMOHHBIX JBUrAaTeCH CYIICCTBCHHO
VATUHACTCS 3a CUCT IPOBEACHUS PA3HBIX BHIOB PEMOHTOB M TEXHHYECKOTO
OOCIy’KUBAaHHA, OJHAKO  OpraHM3alMsd  PEMOHTHOIO  IIPOM3BOACTBA
MOJBCPIKCHA JCHCTBHIO MHOTHX, ITOT4aC HEYCTPAHMUMBIX TEXHOJOTHUCCKUX H
SKOHOMHYCCKHX HEOTPEACICHHOCTEH M YIPO3, OOBEKTHBHO CYIICCTBYIOIIUX
B IIPOLIECCE TMPOBEACHHS OPTaHU3AIMOHHBIX MEPOIIPUSTHH.

[Nosbimenne 3(Q()eKTHBHOCTH PEMOHTHOTO MPOM3BOJICTBA ABHAMOHHBIX
asurarenei B Poccum, ero KOHKYPEHTOCIOCOOHOCTH HANPSIMYFO CBSI3AHO C
BO3POKACHHEM  OOpadaTHIBAOINMX OTpacieil MPOMBIIUICHHOCTH, I
KOTOPBIX  OOJNBINOEC 3HAYCHWE, HAPAAY C  HWHBCCTULMSAME, HMCEET
HCTIOJIb30BAHHE TIEPEAOBBIX TEXHOJOTUH COBEPIICHCTBOBAHUS
OPraHM3ALHOHHBIX pEIICHMH IO Tpydy. Mcxoas W3 MHPOBOTO OIBITA,
HEOOXOAMM TEPEX0X OT TPAJUIHOHHBIX METOAOB OPraHW3ALMH H
HOPMHPOBAHUA TPyJa, HE MPEIANOJAralOliuX, Kak NPaBHIIO, IPOBSACHUE
TINATEJIBHOTO MCCICAOBAHMA IpoLEcca, K METoJaM aHalH3a TPYAOBBIX
TIPOIIECCOB HA OCHOBE IUIAHUPOBAHMUS IMPOTPECCHBHBIX HOPM ¥ HOPMATHBOB.

HopMupoBaHnme TpyJa pPacCMATpUBACTCA B KA4YeCTBES BAKHCHIICH
COCTaBJLAIOIICH BHY TPHIIPOU3BOACTBEHHOTO YIPABICHUA, YIPABICHYECKOIO
ydera, OpPraHW3allid TPOM3BOACTBA W  VIPABJICHHSA 3HAHMAMH HA
TIPS ANPHUATHH, OCYIIECTBILTIOMEM PEMOHT IBUTATEIICH.

Heo6xoamMocTs HOpMHPOBAHHS 00YCIOBICHA IOCTOSHHOM MOTPEOHOCTHIO
BBLIBIICHHS PE3CPBOB CHIDKCHHS 3aTPaT HA IPOM3BOACTBO HA OCHOBE HX
TOIATEJIFHOTO M3YUYCHHSI M Pa3pabOTKH TPEAVIOKCHUH IO IOBBINICHHIO
3¢ pexrnBHOCTH. Takas MOCTAHOBKA BOIPOCA MPHBOJUT K HEOOXOIMMOCTH
CO3JaHM U3MEPHUTEIBHOTO HHCTPYMEHTAPHSA, C MIOMOIIBI0 KOTOPOTO MOYKHO
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NPaBHIbHO OLCHUBATHL M IPOTHO3HPOBATH 3aTParbl TPYJA B KOHKPETHBIX
ycnoBusx. TpeOoBaHHSA K MPOTPECCHBHBIM HOPMAM 3arpar Tpyda B
COBPCMCHHBIX YCIOBHAX MOTYT OBITh CBSICHBI K CIICAYFOLIIM

L4 BBICOKOC KA4YCCTBO YCTAHABIMBACMBIX HOPM, HX MAaKCHMAJIbHOC
MPHOIIKCHAC K 00IMCCTBCHHO-HCOO X0 IMMBIM 3aTPaTaM TPy aa;

e  BCCCTOPOHHSIS Hay4Hast OOOCHOBAHHOCTH HOPM HAa OCHOBE Ooiee
MOJNHOTO  y4YeTa  OPraHA3ALHOHHO-TCXHHYECCKHX,  JKOHOMHYCCKHX,
NICUX0(DU3HOTOTHYECKUX U CONUANBHBIX (PaKTOPOB;

e  paBHAd HANPKCHHOCTH HOPM HA AHAJOTHYHBIC pabOTHl B
OAUHAKOBBIX YCIIOBIAX UX BBITOJTHCHUS.

Takum 00pazoM, BHEIPEHHE IPOTPECCHBHBIX HOPM W HOPMATHBOB B
PEMOHTHOE MMPOU3BOACTBO IMO3BOJEICT COKPATHTH 3aTPAaThl HA MPOH3BOACTBO U
PEMOHT W MTOBBICUTH KA4YCCTBO H HA3HAYCHHBIN PECYPC ABHATHOHHBIX
JBHTATCIICH.

The organization of repair aircraft engines, based on the planning
of progressive regulations and standard rates.
Komarova A .M., Tikhonov A L
MAI, Moscow

Service life of modern aviation engines is significantly extended due to
conducting out different types of repairs and technical, however the
organization of repair production go throw the action of many ones,
sometimes the ineradicable technological and economical indeterminacy and
threats which of are objectively existing in the course of carrying out
organizational actions.

Increase of efficiency of repair production aviation engines in Russia, its
competitiveness is directly connected with revival of the processing industries
for which great value, along with investments, has use of advanced
technologies of enhancement of organizational decisions on work. Based on
international experience, transition from the traditional methods of the
organization and regulation of work which aren't assuming, as a rule, carrying
out careful research of process to methods of the analysis of labor processes
on the basis of planning of progressive regulations and standard rates is
necessary.

Regulation of work is considered as the most important component of intra
production management, managerial accounting, production organization and
management of knowledge on the entity performing repair of engines.

Need of regulation is caused by fixed requirement of identification of
allowances of cost reduction for production on the basis of their in-depth
examination and development of offers on efficiency increase. Such
statement of a question results in need of creation of measuring tools by
means of which it is possible to estimate and predict correctly work costs in
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specific conditions. Requirements to progressive cost rates of work in modern
conditions can be consolidated to the following:

e  high quality of the established regulations, their maximum approach
to public and necessary costs of work;

e  comprehensive scientific justification of regulations on the basis of
more complete accounting of organizational and technical, economic,
psychophysiological and social factors;

e cqual intensity of regulations for similar works in identical
conditions of their accomplishment.

In this way, implementation of progressive regulations and standard rates
in repair production allows to reduce production costs and improve the
quality of repairs and the assigned resource and aircraft engines.

Bueapenne cucTeMbI IKOJIOTHUECKOT0 MEHEUKMEHTA KAK CPeICTBO
MOBLIIICHUSA IKOIOTHICCKHAX XAPDAKTCPUCTHR MPOAYKITHHA ABHAINMMOHHLIX
NpeANpPHATHI
Adornna O.A., Kpacuomranos B.A., Copoxun A.E.

MAM, r. Mocksa

ViayymeHne 3KOJOTHUCCKHX XapPAKTCPUCTHK MPOAYKIMH ABHAIIMOHHBIX
TIPEANPHUATHH ABISICTCS B HACTOSIIEES BPEMS IMPHOPHTETHBIM HANPABICHHECM
HaMOHANBGHON momutukd. OZHEM W3 OCHOBHBIX IIYTCH pEIICHHA
JKOJOTHYCCKUX MPOOIEM  SBIETCA  BHEAPCHHE HA  ABHAIIMOHHBIX
TIPEANPHATHIAX CHCTEMBI HKOJOTHIECKOT0 MeHeLxMeHTa (COM), 0 uéM ObLI0
3asBicHO em¢ HA koH(pepeHumun OOH B Pmo-me-Kameipo (1992 1.), rae
pyKOBOAMTEIIME OONBIIMHCTBA CTPAH MHpa Oblna moamucaHa [Iporpamma
nevicteuit «IloBecTka aHA Ha XXI BEK», B KOTOPOHl MOAYEPKUBAIOCH, UTO
«OKOIOTHUYECKUA MEHEHKMECHT CICAYCT OTHECTH K KIFOUCBOM TOMHHAHTE
VCTOHYMBOTO PA3BUTHS W OJHOBPEMEHHO K BBICIIMM IPHOPHUTETAM
MPOMBIIUICHHOW ~ JESTENBHOCTH W NPEIIPUHEMATEIBCTBA».  [IyTh
(dopmuposanus 3PHEKTHBHON IKOIOTHUECKON MOTUTUKU I ABHAMOHHbIX
MPEANPHATHH CIEAYET CO34aBaTb B COOTBETCTBHH C TpPeOOBAHUSIMH
cragmapra ISO 14001 «CuCTEMBI 3KOJOTHYCCKOTO  MCHCIKMCHTA.
TpeOoBaHUs B PYKOBOACTBO IO MPHUMECHEHHIO».

CucremMa 3KOJIOTHIECKOTO MEHEKMEHTA — YaCTh CHCTEMBI MCHEIKMECHTA
OpTraHM3aLWH, UCIOJB3YEMAs 1 pa3pabOTKA M BHEAPCHHS KOJIOTHUCCKOH
TIOJMTUKH U YTIPABICHHUS €€ 3KOIOTHYECKHME actiekTaMi. COM BKIIOUAeT B
ce0s OPraHW3ALMOHHYIO CTPYKTYPY, JCATCIbHOCTh MO IUIAHHPOBAHUIO,
OTBETCTBCHHOCTD, MPAKTHKY, MPOLEAYPHI, TPOIECCHI H PECY PCHI.

JIaHHBIH AOKYMCHT pa3paboTaH TaK, YTO CTr0 MOKHO NPHMCHATH K
OpraHM3aUWsIM BCEX THIIOB H Pa3MEPOB C VYETOM  PA3IUMHBIX
reorpapuIECKuX, KyJIbTYPHBIX M COIUAIBHBIX YCIOBHI.
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Oxroyormyeckas 3PQPESKTUBHOCTE MOXKET OBITh OXapaKTCPHU30BaHA, K
TIPUMEPY, TAKHMH TMOKA3aTEISIMH KAK KOIMYECTBO HCIOJIB30BAHHOTO CHIPHSA
W TOTPEONEHHON »HEprmm A0 W mocne BHeApeHm1 COM; KOIM4YeCTBO
BBIOPOCOB B aTMoc()epy, K IPHMEPY, YIICKHCIOIO raja U OKHCJIOB a30Ta;
MOy YECHHbBIC OTXOAbI HA KOIMYECTBO TOTOBOW MpoAyKImH; 3(P(EKTHBHOCTH
HCIIOJIb30BAHMUS MATEPHAIIOB M MTPOIYKIHH H T.1I.

BreapeHne MEpONPHATHH MO SKOIOTHYCCKOMY MEHEIKMCHTY IPHHOCHT
ABHANMOHHBIM TPEANPHATHSIM TPOHHOH BEIMTPHIII (3((exT), 0Opasyromuiics
U3 TPEX COCTABJLAIOIIHX. COLMAIBHOTO, IKOHOMHUYECKOTO U SKOJIOTHYECKOTO.
CounanpHbIN 3aKII0OYACTCSA B YIYUIICHHH KA4eCTBA KH3HH, YBEIWUCHHH €&
MPOJOJDKUTETIBHOCTH, VMCHBIICHHM UHCIA HECYACTHBIX CIVYAaEB H
3a00eBaHMi,  COKpAICHWH  TEKYYECTH  KaJpOB IO  TPHYHHE
HEYAOBJICTBOPEHHOCTH  YCIOBHSMH  TPYJQ; OJKOHOMHUYCCKHH  3(pderr
oOpa3zyeTcs 3a CYET YBEIMUYCHHA LICHBI HA SKOJIOTHYECKH YHCTYIO POy KI[HIO
W pacIIMpCHUsI PHIHKA ¢& cOBITA, BHEAPCHHWC JAHHOM CHCTEMBI TaKKe
MPUBOJUT K YIYYOICHUEO OSKOJIOTHYCCKHX XapaKTEPUCTUK TEXHHUKH,
TEXHOJIOTHH, POy KIHH, YCIYT U COXPAHCHHUEO OKPY KArOLICH CPE/IBI.

The introduction of an environmental management system as a means
to improve the environmental performance of aircraft production
enterprises
Afonina O.A., Krasnoshtanov V.A., Sorokin A E.

MAI, Moscow

Improving the environmental performance of products aviation enterprises
is now a priority of national policy. One of the main ways of solving
environmental problems is the introduction of aviation enterprises
environmental management system (EMS), what was stated by another UN
conference in Rio de Janeiro (1992), where most of the world leaders signed a
program of action "Agenda for the XXI century"”, which emphasized that
"Environmental management should be attributed to the dominant key of
sustainable development and at the same time to the highest priorities of
industrial activity and entreprencurship”. Way formation of an effective
environmental policy for aviation enterprises should be established in
accordance with the requirements of ISO 14001 "Environmental management
systems. Requirements with guidance for use".

The environmental management system - part of the organization's
management system used to develop and implement environmental policy
and manage its environmental aspects. EMS includes the organizational
structure, planning activities, responsibilities, practices, procedures, processes
and resources.
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This document is designed so that it can be applied to organizations of all
types and sizes, taking into account the different geographical, cultural and
social conditions.

Eco-efficiency can be characterized, for example, indicators such as the
amount of raw materials used or consumed energy before and after the
introduction of the EMS; emissions to the atmosphere, for example, carbon
dioxide and nitrogen oxides; the amount of wastes received on the finished
products; efficient use of materials and products, etc.

Implementation of measures for environmental management brings
aviation enterprises trifecta (effect), which is formed of three components:
social, economic and environmental. Social consists in the improvement of
quality of life, increasing its duration, reducing the number of accidents and
diseases, reducing staff turnover due to dissatisfaction with working
conditions; economic benefits generated by increasing prices for
environmentally friendly products and market expansion of its sales;
implementation of this system will also improve the environmental
performance of equipment, technology, products, services and environmental
conservation.

JInGepammzanmyus ABHACOOOINEHHSI KAK CTUMYJI K PA3BATHIO 0I0/UKETHBIX
ABHAKOMIIAHMIL: MUPOBOIi ONIBLIT K BO3MOKHOCTH HA MIOCTCOBETCKOM
NPOCTPAHCTBE
Kynskos B.B.

HWY BIIID, r. Mocksa

Jubepamu3arma  MCKAYHAPOTHOTO  ABHACOOOINCHHS  CTAHOBHTCSH
OCHOBHBIM TPCHIOM B PETYJIHPOBAHHH ITACCAKHPCKUX ABHAICPEBO30K B
pasHbIXx dvacTsax wMmpa. OnmHOW W3 OCHOBHBIX (popM  TpOSBICHHA
THOSPATH3AMHA CTAM PEKAMBI «OTKPHITOTO HEOa», ABIAFOMIACCS MO CBOCH
CYTH JBYCTOPOHHHMH WJIH MHOTOCTOPDOHHHMH COTJIAIICHHUSMH MEXIY
rocyaapcTBaMu. PeXHMBI  «OTKpBHITOTO HE0a»  YIPOINAIOT  JOIMYCK
ABHAKOMITAHUH HA HOBBIC MAPIIPYTHI, CHUMAIOT OTPAHHYCHUS 110 TIPOBO3HBIM
eMKOCTAM H 4YacToTe peiicoB. VX co3maHme CMOCOOCTBYCT VBETMHMCHHIO
MACCAKUPONMOTOKA HA MEXKAYHAPOAHBIX BO3AyMHBIX HMHHAX (MBJI) m
CHIDKCHHIO IICH HA ABHAOWIICTBL

OxHuM W3 BAOXKHBIX IOCICACTBHH JMOEpaNn3aluy aBHANCpeBo3ok 1990-
2000-p1e crax OypHBIH POCT OIOKETHBIX ABHAKOMIIAHWIL, OW3HEC-MOJICIb
KOTOPBIX BO MHOTOM 3aBHCHT OT CTETICHH JIHOCpaIH3aliiy apuacoodmenus. B
paMKax HAIEeTO HCCICAOBAHMS MBI H3VUHIM ONBIT JIHOCpATH3aLIH
asuacoo0meHus B Epponie n FOro-BocTounoi Asmu. OnbIT KaXKI0TO peTHOHA
VHHKQJICH ¥ HECET MHOTO pa3HOro, HO u o0mero. OOmmM HTOrOM
mmOepanu3anyuy AaBHACOOOIICHUSI B 3THX PETHOHAX MHPA CTAJO TOSABJICHHUC
PESKUMOB  «OTKpPBITOrO HeOa» - EBpomerckoro oOmero aBHAIHOHHOTO
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mpoctpancTtea (ECAA) u Exuroro asmammonnoro peraka ACEAH (ASAM).
PromkeTHbIC ABHAKOMIIAHMHM HA BHYTPCHHEM  CBPOINICHCKOM  PBIHKE
ABHANEPEBO30K CETOAHA 3aHMMAOT 56% pbiHka, a B crpaHax ACEAH sror
mokazarens KoieOmercs B amamazoHe 70-80%. Ilpm 3tom kpymHeHmme
ABHAKOMIIAHMM  3THX PETHOHOB IO  TACCAXHUPOIOTOKY  SIBILTEOTCS
OromKeTHRIME ~ aBHAKOMIAHWUIMH. OHH  BBITCCHSIOT — TPAJUIHOHHBIC
ABHAKOMIIAHMM C OJIDKHE W CpPEIHE-MATHUCTPANBHBIX HANPABICHUA W
pacImpSIOT CBOKO KIMCHTCKYIO 0a3y 3a CHET HOBBIX ITACCAKHPOB, YXOIIIHX
OT TPAIUIMOHHBIX ABHANICPEBOZUHUKOB.

C pacmagom CCCP mpekpaTwio CyIeCTBOBATH OOMICE COBETCKOC
ABHAIMOHHOE IPOCTPAHCTBO, 4TO CEPHE3HO YIAPWIO IO PA3BUTHIO
TPOKIAHCKOH aBWanuu B 3TOM peruoHe. Co3maHme peXmMa «OTKPHITOTO
HeOa» B pamkax EADC MOXET 1aTh HOBBIH HMITYJIBC K PA3BUTHIO HE TOJBHKO
MEKIyHAPOAHOTO ABHACOOOIICHUS MCEKAY CTPAHAMM-YYACTHHIAMH, HO H
CHOCOOCTBOBAaTh ~ NOSABICHHIO  HOBBIX  OFO/UKCTHBIX ~ ABHAKOMIIAHHH,
YBEIHMYCHHUIO ACTOBOM AKTHBHOCTH, 4 3HAYHT M MHPOXO3SAHCTBEHHBIX CBA3CH
B PETHOHE.

B paMkax mgaHHOM pabOTBHI MCCIEAYIOTCS PBHIHKH aBuanepeBo3ok EC mu
ACEAH u nono>xeHue OIOMKCTHBIX ABHAKOMIIAHUH HA HUX, AHATU3UPYIOTCA
OCHOBHBIC 3Talbl JHOEpanmM3allii aBHACOOOMICHHS B 3THX permoHax. Ha
OCHOBE 3TOTO OMbITA IPOBOAMTCS AHANHM3 PBHIHKA ABHANICPEBO30K CTPAaH-
yuactau, EADC u mpeanaraercsa HaOOp Mep AT MOATOTOBKH K CO3IAHHUIO
peskuMa «OTKPBITOTO HeOa» cpeau crpan EADC.

The air transport liberalization as an incentive of low-cost carriers’
development: global practice and opportunities in the post-Soviet space
Kulkov V.V.

NRU HSE, Moscow

The air transport liberalization is becoming a major trend in the regulation
of air passenger traffic in different parts of the world. Ones of the main forms
of manifestation of liberalization became an "open sky" modes that are
bilateral or multilateral agreements between states. They are simplifying the
airline’s admission for new routes, remove the limit of capacity and
frequency of flights which leads to growth of passenger traffic on
international air lines and lower prices.

One of the important consequences of the air transport liberalization in
1990-2000-s was the rapid growth of low-cost airlines, which business model
depends on the degree of liberalization of air traffic between states. In our
resecarch we have studied the experience of liberalization of air traffic in
Europe and Southeast Asia. The overall result of air transport liberalization in
those subregions are the emergence of "open sky" modes - the European
Common Aviation Arca (ECAA) and the ASEAN Single Aviation Market
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(ASAM). Low-cost airlines on the internal European air transport market
occupy 56% of the market, and in the ASEAN countries the figure is in the
range of 70-80%. The largest airlines in passenger traffic in these regions are
low-cost carriers. They are replacing the traditional airlines on short and
middle-haul destinations and expanding its customer base through new
passengers leaving traditional carriers.

The disappearance of the Soviet general aviation area hit hard by the
development of civil aviation in this region. Creation an "open sky" mode in
the framework of the Eurasian Economic Union (EEU) can give a new
impetus to the growth of international air traffic between the participating
countries, contribute to the emergence of the new low-cost airlines and
increase business activity between states.

This research investigates air transport market of the EU and ASEAN and
the position of the low-cost airlines, analyzes the main stages of the air
transport liberalization in those regions. On the basis of this case the author
analyzes the EEU air transport market and offers a set of measures to prepare
for the creation of an "open skies" mode among EEU members.

MoaroToBKa MEHEKEPOB MO YNPABJICHHIO YEJI0BEUECKIMH PecypcamMu
KaK IPeanochLIKa GopMUPOBAHIS KAAPOBOT0 MOTEHITHAIA
npeAnpuATHs
JlaTeimesa B.B.

MAM, r. Mocksa

B ycrnoBusax o0ocTpeHHMS MEKAyHAPOJHBIX TOJUTHYCCKUX OTHOIICHHH,
OTTOKA JOIATOCPOYHBIX HHBECTHULHMI M, KAK CICACTBHC, CHIDKCHHS TCMIIOB
Pa3sBHTHA OKOHOMHKH CTPAHBl, NPCONPHATHA CAMOJCTOCTPOCHHSA U
PAKEeTOCTPOCHHS JOJDKHBI pElIaTh CBOM 3aJa4d HE TOJBKO 33 CUET
BBICOKOTEXHOJIOTHYHOTO 00OPYAOBAaHHA, HO H (JOPMHPOBAHHSA aACKBATHOTO
KaJpOBOTO NMOTCHUHMATA. Te KPHTCpHH, KOTOPHIC PAHBIIC MPSIBABISIHCE K
MEPCOHANY ~NPEANPHATHH CTPATETHYCCKOTO HA3HAYCHHSA —  BBICOKAA
KBaTA(DHKALAS, THCUUILTAHA, HCTIOJTHUTEIBHOCTD — CETOTHA HEAOCTATOYHBL

Hamm wmccnenoBaHws, OPOBOOMBLIAECA B TCUCHHC psAma  JIeT,
CBHICTEIBCTBYIOT O 3HAYHTCIBHBIX H3MCHCHHAX B COACP)KAHHH H XapaKTepe
TPYJa, YTO HAXOJHT OTPAKCHHE B IEPCOHAT-MCHCKMCHTE B MOBBINICHHU
TpcOOBAHMH K VPOBHIO OOpA30BAHHA, KBANMH()MKAIMH COHUCKATCILL, POCTEC
CIpoca HA BBIPAKCHHBIE CIOCOOHOCTH K HHHOBALMOHHON JCATCIBHOCTH,
TBOPYECTBY, CHCTEMHOMY MbIIUICHHE0. OXHAKO, YeM KBaTH(HIMPOBAHHCE
MEPCOHAN, TEM BbIME €ro TPeOOBAaHMSA K CHCTEME MCHEIKMEHTA
OPSONPHATHA, TEM B3BICKATCIBHES OH B BOMPOCAX OPTaHU3ALUH TPYIa,
CO3JAaHHS YCIOBHH A OCYINCCTBICHHS HAYYHBIX HCCICAOBAHHN M PSILCHUA
MPOH3BOACTBCHHBIX 3374a4, (POPMHPOBAHHA ONATONMPHATHOIO COLHATBHO-
MICHXOJIOTHYCCKOTO KIIMMATA H KOPHOPATHBHOH KY TbTYPBL
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BaIxoa cocTouT B TOM, YTOOBI B YIIPABICHUYCCKYIO MMPAKTUKY HMPEATIPUITHH
HAyKOEMKHX OTPACIEH, a TakKe MPO(IIBHBIX YUCOHBIX 3aBECICHHUI BHECAPUTH
MOJEIb CTPAaTerHYeCKOr0 VyIPAaBICHHA MEPCOHANOM, OCHOBAaHHYIO Ha
TMPUMCHEHHH HOBBIX COLIMANBHBIX TEXHOJOTHMH HA BCEX 3Tamax padoThl ¢
TFOIBME, OOBECKTUBALMH WX 3HAHUH W YMCHUHM W WX NPEBPALICHHUI B AKTHB
OpraHM3ALUH.

JeATenpHOCT, MO YNPABICHHIO  YCJIOBEUECKMMH  PEcypcaMu
MIPUHIMITHAIBHO OTIMYACTCS OT TPAAWIMOHHOTO YIIPABICHUS TIEPCOHATOM H
KapOBOTO aIMHUHHCTPUPOBAHKS TEM, YTO HANPABILICT OCHOBHBIC YCHIIMA HA
CO3JAaHWE  pA3BUBAIOIICH  CONMANBHOM  CpPeasl UL IOBBIIICHHA
PE3YIBTATHBHOCTH JCATCIBHOCTH IICPCOHANA, IOBBINIACT JOCTYITHOCTH H
3((PEKTUBHOCTD WCHONB30BAHUS PAOOTHHKAMH BCEX OPTAHU3AIMOHHBIX
PECypCoB.

Pemenne  3TOHf  3amaum  mpeamojaracT  paspabOTKy B By3ax
00paz0BaTeNIpbHBIX MPOTPAaMM, HANMPABICHHBIX HA IIOATOTOBKY OakalaBpoB W
MarucTpoB MO YIPABICHHIO YEIOBCUCCKHMH PECypCaMH IIPEANPHATHA,
00NajaromyUMH, MOMHMO TPAJULUMOHHBIX  YIPABICHUYCCKUX  HABBIKOB
MIJAHHPOBAHMS, OPTAHW3ALMK, KOOPAMHALIMA W KOHTPOJII, BBIPAKCHHBIMH
HCCIICIOBATCILCKUMHI KOMIICTCHIMSIME W IIMPOKMMH 3HAHWSIMH B 00JACTH
TPYJOBOI0 3aKOHOAATEILCTBA U (JOPMHUPOBAHKA MOTHBAILIMOHHBIX MPOrPaMM.

Preparation of HR-managers as a prerequisite of the enterprise
personnel potential formation
Latysheva V.V.
MAI, Moscow

The aggravation of international political relations and outflow of long-
term investments provoke the slowdown of economical development of the
country. Therefore, aviation and missilery enterprises nowadays need not
only high-tech equipment, but also appropriate human resources to achieve
their goals and solve their problems. Criteria, such as qualifications,
discipline, diligence, used for strategic organizations personnel before are not
relevant anymore.

Our researches, conducted during some years show the crucial changes in
content and nature of the labour. It results in increased requirements to
education level, qualifications, innovative skills and creativity of the
personnel. Nevertheless, the more qualified employees are, the higher their
requirements to management system are. Labour organization, appropriate
working conditions for scientific studies and friendly psychological
environment are important for the well-qualified stuff.

The offered solution is to implement the model of strategic HR
management into the enterprises of high-tech industry and relevant
universities. This model should be based on using new social technologies
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during all stages of working with people and also transforming their skills
into assets of the company.

HR management is fundamentally different from traditional personnel
management in focusing on creating the developing social environment. Thus
it gives to the stuff more opportunities and access to all the organizational
resources, which results in higher efficiency of the employees.

Consequently, the universities curricula need to be supplemented with
educational programs for HR bachelors and masters. According to them, the
future specialists are to have not only traditional skills (planning,
organization, coordination and control), but also resecarch competences,
knowledge of labour legislation and motivational programs.

Jocrrxenne neeBoii 3PPeKTUBHOCTH AeITEILHOCTH IPEINpPHsITHIi
AIPOKOCMUYECKOI NPOMBIIIJICHHOCTH IYTEM MOBBLIIICHUAA TPYI0BOI
MOTHBAIUN COTPYIHUKOB.

Muxamuk B.W., CumarteeBa E.A.

MAM, r. Mocksa

B coBpeMEHHOM MHpE a3POKOCMHYECKAs OTPACHb SIBJLICTCA OJHOH W3
HaWOOJICC TPHOPHTCTHBIX M HAYKOCMKHX OOJaCTCH  UCIOBCUCCKOM
JCSTEIBHOCTH. YYaCTHE B KOCMHYECKUX IPOTPaMMax B 3HAYUTCIBHOW Mepe
OTpEIe/BICT TOJMUTHYCCKHH MPECTIHK COBPEMECHHOTO TOCYJApCTBA, €TI0
SKOHOMHYECKYIO0, H HAYYHO-TEXHHUCCKYI0 H OOOPOHHYIO MOIIb.

BBuay CIoXHBINCHCS 3KOHOMUKO-TIOJUTHICCKOW CUTY Al HEOOXO0AUMO B
TOJTHOM MEPE UCTOIB30BATh KAJPOBBIN MOTCHIUANI NPEANPUATHH OTPACH, TO
€CTh HACTPOUTH LETOCTHYIO, a TIaBHOE 3P PekTHBHYO paboTy C KaapaMu Kak
B Z[efICTBYIOHlHX OopraHmsanuiax W NOPCANpPUATHAX, TAK U B BHOBBb
CO3ABACMBIX.

B cBa3m ¢ OTHM, AKTYAJIbHBIM ABJLICTCA CO3AAaHUC CHUCTCMBI OLCHKH H
(opMHpOBAaHHS  MOTHBALMH  TPYAOBOH  JCATEIBHOCTH  PAabOTHHKOB
MPEANpPHATHA, B KOTOPOH CHCTEMa OIUIATHI TPyJa 3aHMET CBOE MECTO B
KAueCTBC OTHOTO M3 CPeaCTB mOOyKACHHA K padore. OCHOBHAS LB
MPOIIECCAa MOTHBAIMH - 3TO TOJYYCHHE MAKCHMAJIbHOH OTAAYH OT
HCMOJb30BAHUAA UMCHOIMUXCA TPYAOBBIX PECYPCOB, UTO MO3BOJLICT MOBBICUTH
00y PE3YIBTATHBHOCT M MPHOBUIBHOCTH ACATCIBHOCTH MPCATNPHATHS.
JlaHHas1 cucTeMa MPEACTABIIETCS OCOOEHHO BAXKHOHM B YCIOBHAX Jc(uIura
()HMHAHCOBBIX CPCIACTB, TOCKOJBKY TMO3BOJACT MAKCHMAIBHO 3((eKTHBHO
HCIIOJIb30BATH UCTIOBEUCCKHIE PECY PCHI.

PaspabareiBacmas cucTeMa HAmpaBlIcHA HA YBEIWYCHHE 3PPEKTUBHOCTH
HCIOJIb30BAHUS TNOTCHOHMANA COTPyAHHKOB. W comepkur B cebe Takue
HHCTPYMCHTBI  BIIMSIHHUA  KAK, MATCPHUATIBHOC TOOIIPCHHUEC, BBCACHHC
COpPCBHOBATCIFHOTO MOMCHTA B pabore. HoseHmme OTCUCCTBCHHBIC H
3apyOeKHBIC UCCICAOBAHMA B OONACTH KAJPOBOM IMOIHTHUKH ITPEIIPHSITIL,
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MOMOTYT pa3paboTaTs M aAaNTHPOBATH KOHEYHYIO CHCTEMY, I BHCIPCHHS
€¢ Ha MPEANPHATHS ABUAIHOHHOM MPOMBIIIIICHHOCTH.

Jannas pa0ora HampaBiIeHAa HAa W3YUCHHE POJH M 3HAUCHWS MOTHBAIMH
NEPCOHANA HAa NPEANPHATHAX OTPACIH, METOAOB CTUMY IMPOBAHUA IIEPCOHAIA
u OyAyT [JaHel VHHUBEPCANBHBIC IPAKTHYCCKHEC PEKOMCHIAUWH I
JOCTIDKCHHUSI MAKCHMATBHO 3()(heKTHBHON padOThI IPEANPHATHIA.

Achieving the target efficiency of the aerospace industry by improving
labor metivation
Michalik V.I1., Silanteva E. A.
MAI, Moscow

In today's acrospace industry is one of the priority and science intensive
areas of human activity. Participation in space programs largely determines
the political prestige of a modern State, its economic and scientific-technical
and defense power.

In view of the current economic and political situation is necessary to make
full use of human resources of the industry, that is to set up a coherent,
effective and most importantly work with staff in existing organizations and
enterprises, as well as in newly created.

In this regard, the actual creation of a system of evaluation and formation
of motivation of labor activity of employees, in which the system of
remuneration will take its place as a means of motivation to work. The main
objective of the process of motivation - is to get the most out of the use of
available human resources, which improves overall performance and
profitability of the company. This system is especially important given the
shortage of funds, because it allows the most efficient use of human
resources.

The developed system aims to increase the efficiency of use of the capacity
of staff. And contains the effect of these instruments as financial incentives,
the introduction of competitive moments in the work. The latest national and
international research in the area of personnel policy, will help to develop and
customize the ultimate system for implementing it on the aviation industry.

This work is aimed at understanding the role and importance of employee
motivation at the enterprises of the industry, methods to stimulate staff and
will be given universal practical recommendations to achieve maximum
efficiency of enterprises.
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HccenrenoBanne crioco0oB OpraHm3anii M CTHMYJTHPOBAHIS
HHHOBANHOHHOII 1eATEIbHOCTH MPENPUATHIL ABHAIINIOHHO
NPOMBIIJICHHOCTH
TuxonoB B.A., Hosukos A.C.

MAM, r. Mocksa

Ilepexonq K WMHHOBAMOHHOMY PA3BUTHIO JKOHOMHKH OINpPEICICH B
KAUECTBE CTPATETHYCCKOH 3aJa4M COLHAIBHO-3KOHOMHYECKOTO PA3BHTHA
HaIIeH CTpaHbl HA TOATOCPOUHYIO MepcrekTuBy. CTOMT 337a4a MpeBPaIneHI
Poccun u3 CBIppeBOH AEP/KABBI B OJHOTO U3 THACPOB MHPOBOI 3KOHOMUKH,
HMEIOIIETO  BBICOKOMHAYCTPHATBHYI0 HHHOBAUMOHHYIO JKOHOMHKY, C
MOCICAYIOIKM BXOKACHHEM K 2020 r. B MATEPKY BEAYIIHUX CTPAaH MHpa IO
o0beMaM BaTOBOTO BHYTPEHHETO MTPOIYKTA.

Pemenne »Tolt aMOMIMO3HOM 3agaudl HECBO3MOKHO O€3 PaIHKAIBLHOTO
VCKOPEHHS TEMIIOB  HAyYHO-TCXHHYECKOTO  PA3BHTHSI  ABHALMOHHOH
TIPOMBIIUICHHOCTH, KOTOpAs, OC3YCIOBHO, SBJLIETCA ONHOM M3 KIFOUCBBIX
oTpacieii MHpPOBOM 53KOHOMHKH. B CBOKW oOuepedp, aBHALMOHHAA
TIPOMBIIILICHHOCTh CTUMYJIHPYET PA3BHTHE CMEKHBIX OTPACICH M MEPETOBBIX
TEXHOJIOTHIA, CO3/aBast 3HAUNTEIBHBIA MY IbTHILTHKATHBHEINA 3P (eKT.

BaxkHCHIIYFO PoOAap HWIPACT ABHACTPOCHHC MW B OOCCIICUCHHH
000POHOCTIOCOOHOCTH M HALIMOHATBEHOHN O€301MaCHOCTH: B MHPOBOM JKCIIOPTE
BOOPY>KCHHH OIS aBHAMOHHOM TeXHHUKH K 2025 roay mpesbicut 70%.

Omnako peamm3anusg BCEX MMOTCHOHANBHBIX IIPESHMYLICCTB OTPACIH
BO3MOXXHA JIMIIb C MPUMEHEHHEM HOBBIX OPTaHH3AIMOHHO-3KOHOMHUCCKUX
(opM pa3BUTHI HAYKH U COCTWHCHUS €€ C MPOU3BOACTBOM. OMHON M3 TAKHX
(hOpM SBILTIOTCSA TCPPUTOPHH HHHOBAIHOHHOTO PA3BUTHS.

Teppurtopust uHHOBaumMoHHOro paszeputust (TUP) — eaunHuna tepputopu-
aTBHOTO VCTPOWCTBA, KOTOPAsd HMMECT OCOOBIH PEXKHM XO3AHCTBCHHOM
meaTembHOCTH. OCHOBHOM ILCMBIO opraHm3aunn THP sSBIgeTcs CO3maHUC
LEJOCTHOH  TCPPUTOPHANLHOM  WHHOBAMOHHOW  MH(QPACTPYKTYPHI H
opranm3anust  3(P(EeKTHBHOTO  KOOPIMHHPOBAHHOTO  PETYJMPOBAHHA
TPOLIECCOB TEPPUTOPHUATLHOM HHHOBALMOHHOM JEATEIbHOCTH.

Ora mems OyACT MOCTHTHYTA MYTCM PCIICHHA 3374a4, OCHOBHBIMH W3
KOTOPBIX SBJITFOTCSL:

e  CO37aHHC IICNOCTHOH MHHOBAIIMOHHON HWH()PACTPYKTYPHI B pPaMKax
THP;
e co3maHWMC  ONATONPHATHBIX  YCIHOBMH  UI1  TPHBICUCHHSA

OTEYCCTBEHHBIX H 3apyOeKHBIX HHBECTHIIHH,

e COXpaHCHHE H HAPALIUBAHHE MOTEHIHATIA
BBICOKOKBATH(DHIIMPOBAHHBIX HAYUHO-TCXHIHUCCKHUX U PAOOUHX KaJApOB;

e  TEXHHYCCKOE TIIEPECBOOPYKCHHC ABHANMOHHBIX NPEAIPHUATHH —
y4acTHUKOB THP Ha COBPEMEHHOM TEXHOJIOTHYECKOM YPOBHE.
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[Ipeamonaraercs, uro Ha Teppuropun MOCKBBI OyAyT pa3MCIICHBI B
TMPOMBINIICHHBIX 30HAX YCTBIPC TCPPUTOPHH HHHOBALMOHHOTO PAa3BUTHA, B
TOM YHCIC B 00jacTH MammHOCTpocHHA Ha Oasze OI'YII «MMIIO wmm.
YepHbIIICBaY.

The research of organizational methods and innovative activities
promotion of aviation industry enterprises
Tikhonov V.A., Novikov A.S.
MAI, Moscow

The transition to innovative development of the economy identified as
strategic objectives of socio-economic development of our country in a long
term. The task of transforming Russia from a raw power to one of the leaders
of the world economy, with industrial innovative economy, followed by entry
by 2020 the top five leading countries in terms of gross domestic product.
The solution to this ambitious goal is impossible without a radical
acceleration of growth rate of scientific and technological development of the
aviation industry, which, absolutely, is one of the key sectors of the global
economy. In its turn, the aircraft industry stimulates the development of
related industries and advanced technologies, creating a multiplier effect.
The most important is a role of the aircraft industry in the defensive
potentialities and national security: in world weaponry exports, the share of
aviation equipment by 2025 will exceed 70%.
However, the realization of all potential advantages the sector is possible
only with the use of new organizational and economic forms of science
development and its connections with production. One such form is the
territory of innovative development
The territory of innovation development (TID) is the unit within the real
device, which has a special mode of economic activity. The main purpose of
the TID is the creation of a holistic regional innovation infrastructure and
organization of effective coordinated regulation of territorial innovation
processes.
This objective will be achieved by solving problems, the main of which
are:
e the creation of an integrated innovative infrastructure within the
TID;
e the establishment of favourable conditions for attracting domestic
and foreign investments;

e  conservation and capacity building of highly qualified scientific and
technical staff and workers;

e technical re-equipment of aviation enterprises participating in a TID
gallery at a modern technological level.
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It is assumed that four arcas of innovative development will be located in
industrial arcas within Moscow boundaries, including in the field of
mechanical engineering on the basis of FGUP «Chernyshev’s IPE".

Ipumenenne NEHOBOr0 KOMILIEKCHOT0 AHAIIN3A U JKCIOHEHIINATHH O
MO/IEJIH VTS JI0JITOCPOMHOr0 IPOTHO3HPOBAHUSI CTOMMOCTH CEPHITHBIX
00pa3moB ABNATEXHUKN
TToranenko 1.B.

MAHM, r. Mocksa

Lenpto wHayuno#t paboTel sBIETCS pa3pabOTKa  KOHICHTYAIbHBIX
MOAX0M0B K (DOPMHPOBAHWIO TOCYJAPCTBCHHOH TMOJIMTHKH CHCTEMBI
JOITOCPOYHOTO  NPOTHOZHMPOBAHWS  CTOMMOCTH  CEPHHHBIX  00pas3loB
ABHATEXHUKH B YCIOBHAX TJ0O0ANMM3AIMH W  BO3MOXKHOTO  BIMSIHHA
HEYIPABIIEMBIX (JAKTOPOB BHEIIHEH CPE/IBL.

I'maBras 3agaua padOTB. OOOCHOBATH TCOPCTHUCCKHAC KOHIICTIIHH
(QOpMHpPOBAHHA W WCMOJNB30BAHMA CTOMMOCTHBIX MOKA3aTCICH  IA
MPOM3BOACTBA CCPUITHBIX OOPA3LOB ABHATCXHHKH HA OCHOBE IICHOBOTO
aHAMM3a M OKCIMOHCHIWAIBHOM MOJENH, NPH COOMIONCHWH 3aJaHHBIX
KAUECTBCHHBIX M IICHOBBIX IIAPAMETPOB.

ABTOPCKHI OIXO K PEIICHUIO TIOCTABICHHOM 331a41 COCTOHT B AHAIM3C
BBIYCKA BBICOKOTCXHOJIOTHIHON ABHATEXHUKH HA (DAKTOPOJIOTHUCCKOM
Marepuaie, W3J0KCHHOM B KOHTPAKTaX IO MOCTABKaM HA JOJTOCPOYHBIH
TepHOA, TPUMCHEHHE 3aKOHA POCTA CTOMMOCTH IMPOAYKIMH B MeToaa bokca-
Kokca, a Taxke cpaBHEHHE TOJYUCHHBIX pE3yIbTATOB IIPOTHO3a C
3apyOeKHBIMH HCTOYHHKAMH M MX JATbHCHIIAS BepH (UK.

OCHOBOH HCCNEIOBAHHMS SBISICTCSI COBOKYIHOCTb  SKOHOMHYECCKHX
OTHOWLICHWH, CKiampBaromasics B cucreMe 3akynok OIIK B ycmoBmax
JOITOCPOYHOTO HMPOTHOZHPOBAHMS M YCTAHOBICHHS TOPH30HTA (PMHAHCOBOTO
MJAHUPOBAHMSA TIPH  OMNPEICICHHH CTOMMOCTH CEPHHHBIX 0O0pasIoB
ABHATEXHUKHU B MPOLECCE PeaTH3alii TOCYIapCTBEHHON mporpammsr BBT B
VCIIOBHSX HEOIPEICICHHOCTH U (JHMHAHCOBBIX PHCKOB.

[lo mHeHWIO aBTOpa, 3a7a4a HAYUHBIX KOJUICKTHBOB, JCTIAPTAMCHTOB
MIJAHUPOBAHKSA M TPOTHORHPOBAHUSI COCTOMT B (popMHMpOBAaHHMH MOJENCH W
TOWCKA HHCTPYMCHTAPHA in COBEPIICHCTBOBAHUS CHCTEMBbI
TIPOTHO3HPOBAHULL.

YunThBast OTEUYCCTBCHHBIM u 3apyOexsberi ombir [11B, ¢ yuetom
MPUMCHEHHA IICHOBOTO KOMIUICKCHOTO QHANMM3a W 3KCIOHCHIHAIHHOU
MozemM COpMHPOBATH ABTOPCKHH IOAXOA K OIPEACICHHIO CTOMMOCTH
CEpUIHBIX 00PA3LOB ABHATEXHUKH B JOITOCPOYHOM IIEPHOC.
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Application of comprehensive analysis of the price and the exponential
model to predict the long-term cost of production models of aircraft
Potapenko I.V.

MAI, Moscow

The purpose of research is to develop conceptual approaches to the
formation of the state policy of long-term forecasting the cost of production
models of aircraft in the context of globalization and the possible impact of
uncontrollable environmental factors.

The main objective of the work: to prove the theoretical concept of
formation and use of cost parameters for mass-produced models of aircraft on
the basis of price analysis and exponential-social model, subject to specified
quality and price parameters.

The author's approach to solving this problem is to analysis issue high-tech
aircraft to factual material set out in the contracts for the supply of long-term
ne-period, the application of the law of growth of cost of production and the
method of Box-Cox, as well as a comparison of the results forecast from
foreign sources, and their further verification.

The basis of the study is a set of economic relations in the defense industry
procurement system in terms of long-term forecasting and the establishment
of the financial planning horizon when determining the cost of production
models of aircraft in the process of implementation of the state program of
arms and military equipment in conditions of uncertainty and financial risk.

According to the author, the task of research groups, departments of
planning and forecasting is to build models and research tools for the
improvement of the system of forecasting.

Taking into account national and international experience of PPB, taking
into account the application of a comprehensive analysis of the price and the
exponential model to generate the author's approach to determining the cost
of production models of aircraft in the long run.

Obecnevenie YJKOHOMITYECKOH 0€30IACHOCTH 32 CYET MOBLIIICHH ST
KOHKYPEHTOCTIOCOOHOCTH MPeANPHATHIT ABHATTNOHHOTO
}IBI/IFaTeJIeCTI)OeHI/Iﬂ
[Tpocsupuna H.B., Tuxonos A.W.

MAM, r. Mocksa

ABHANMOHHAS TTPOMBIIUICHHOCTD SIBJIIETCS OJHOM M3 KIIOUCBBIX OTpPaciIcH
MHpOBOH JKOHOMHUKH. HecMOTps Ha MpOJODKAIOIMICS SKOHOMHUYECKUN
KpH3HC, OTPacib COXPAHJCT BBICOKHE TeMmbl pocta: A0 2025 1. 00BeM
MHPOBOTO PHIHKA ABHANMOHHOM TEXHUKH IUIAHUPYCTCS YBEIMHYUTD O0Jee UeM
B 2 pas3a. Pocchiickoe aBHACTPOCHNC UTPACT OOJBINYIO POTb B 00CCIICUCHIH
SKOHOMHYECKOH OC€30MACHOCTH HAINETO TOCYAApCTBA, MOA  KOTOPOH
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MOHUMAETCA HAIMYUEC KOHKYPEHTHBIX IPEHMYINECTB, OOYCIOBICHHBIX
COOTBETCTBHEM MAaTEPHATBHOTO, (pmHAHCOBOTO, KaapOBOTO,
TECXHOJOTHYCCKOTO  TNOTCHIMANOB W  OPTaHM3AUUMOHHOH  CTPYKTYPBI
MPEANPHATH €r0 CTPAaTETMYCCKHM [ELIM M 337adaM. JKOHOMHYECKasd
0e30IaCHOCTh  CKJIAABIBACTCS W3  HECKOJNBKUX  (DYHKIMOHAIBHBIX
COCTABJDIFOIIIX, KOTOPBIC I KA’KTOTO KOHKPETHOTO TPEANMPHATHS MOTYT
HMETh  pa3NUYHBIC NPHOPHTETHI B  3aBHCHMOCTH OT  Xapakrepa
CYIIECTBYIOIIMX YTPO3.

['maBHBIME  3a7adaMH  ABHAIMOHHOW  MPOMBIIUICHHOCTH  SIBILIFOTCS
CO3JaHME YCIOBHH 111 00ECIICUEHHS OS30aCHOCTH CTPAHbI M TPAHCTIOPTHOH
JOCTYIIHOCTH JUI1 HACENEHHSI BCEX permoHoB P®. ApBmanmoHHOE
JBHTATCJCCTPOCHHC TMPCSACTABIACT COOOH TMOAOTPACHAb  ABHAIMOHHOH
MPOMBIIUICHHOCTH, BO MHOTOM ONPEACIUIIOMIYI0 €€ TEXHOJIOTHYCCKHH
YPOBEHB.

Xapakrepusys TPOU3BOACTBCHHO-XO3IUCTBCHHYI) ACATCIBHOCTh OTPACIH
B LIEJOM, CICAYET OTMETHTD, YTO, HECMOTPSA HA MOJIOKUTCIBHYIO JHHAMUKY
OCHOBHBIX IOKA3aTelCH, A0MA POCCHUCKHX IMPOM3BOIUTEICH TPAKAAHCKHX
ABHANMOHHBIX IBUTATEIICH HA MHPOBOM PBIHKE KPalHE MaJa, UTO B YCIOBHIX
TIPUHATBIX CAHKOWH MOSKET YXYAIIHWTb IOZUIMH CTPAHbI HA (POHE HU3KOH
KOHKY PEHTOCTIOCOOHOCTH OTE€UYECTBCHHBIX ABHALIMOHHBIX ABHTaTelcH. Takum
o0Opa3oM, mpoOmeMa OOCCICUCHHA KOHKYPCHTOCTIOCOOHOCTH POy KITHH
HamboJIee OCTPO CTOMT MMECHHO IIEPEH ABHTATCICCTPOUTEIIMH POCCHHCKOH
ABHANIMOHHOM TIPOMBIIUICHHOCTH. Pemenne 3TOH mpoOiaeMsl KpakHe
HEOOXOAMMO 111 BBDKHBAHHS W YCTOWYHBOTO PA3BHTHSI OTCUYECTBEHHOTO
ABHAIHOHHOTO JIBUTATEIICCTPOCHHSL. YuuteiBas, YTO CO3aHHe
BBICOKOX()()CKTUBHBIX ABHAIBHTATCJICH HOBOTO ITOKOJCHHS, MAPAMETPHI H
XApPAKTCPHCTHKHA KOTOPBIX [JODKHBI OYOYT COOTBETCTBOBATH JIyYIIMM
MHPOBBIM JOCTIDKCHHSIM M TIPEBOCXOJWTh HX, SBICTCA OJHOH W3
NPHOPUTETHBIX 33424 POCCHHCKONM ABHALMOHHOM  MPOMBIIIECHHOCTH,
HCOOXOAMMOH  MPCSAMOCHUIKOH  KOHKYPCHTOCIMOCOOHOCTH — MOJOTPACITH
ABHANMOHHOTO JBUTATEICCTPOCHUS CTAHOBUTCS: (JOPMHPOBAHHE M PA3BHTHC
COBOKYITHOTO KOHKYPCHTHOTO TIOTCHIHANA MPESANPHITHI, BJIAJCHHUC
peambHBIMH ~ HHCTPYMCHTAMH TIPEBpalICHHS MOTCHIHMAZa B  (akTop
JEHCTBUTEIBHOM KOHKYPCHIIHH.

B crparermueckoM IUIAHE TMOMMTHKA PYKOBOJACTBA HPEATIPHUATHH, Kak
CYOBEKTOB PBHIHOYHBIX OTHOINCHWH, MOJDKHA 3AKIOYATHCA B TOM, UTOOBI
3aKIAABIBATH JIOITOBPEMEHHBIC OCHOBBI 1w TIOBBIIICHUS
KOHKYPEHTOCIIOCOOHOCTH B IUIAHHPOBAHWH, pPa3pabOTKE M OPTaHH3aLUH
JOITOCPOYHBIX YCTAHOBOK.
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Ensuring economic security by increasing the competitiveness
of aviation engine-building
Prosvirina N.V., Tikhonov A.IL
MAI, Moscow

The aviation industry is one of key industries of world economy. Despite
the proceeding economic crisis, branch keeps high growth rates: till 2025 the
volume of the world market of the aircraft equipment is planned to increase
more than twice. The Russian aircraft industry plays large role in providing
economic security of our state, which is understood as existence of the
competitive advantages caused by compliance of material, financial,
personnel, technological potentials and organizational structure of the
enterprise to its strategic objectives and tasks. Economic security consists of
several functional components, which for each concrete enterprise can have
various priorities depending on nature of the existing threats.

The main tasks of the aviation industry are creation of conditions for safety
of the country and transport availability to the population of all regions of the
Russian Federation. The aviation engine-building represents the subsector of
the aviation industry in many respects determining its technological level.

Characterizing production economic activity of branch in general, it should
be noted that, despite positive dynamics of the main indicators, the share of
the Russian producers of civil aviation engines in the world market is smallest
that in the conditions of the accepted sanctions can worsen country positions
against low competitiveness of domestic aviation engines. Thus, the problem
of ensuring competitiveness of production most is particularly acute for
engine manufacturers of the Russian aviation industry. The solution of this
problem is extremely necessary for a survival and a sustainable development
of domestic aviation engine-building. Considering that creation of highly
effective aircraft engines of new generation, parameters and which
characteristics will have to correspond to the best world achievements and
surpass them, is one of priority tasks of the Russian aviation industry;
becomes the necessary prerequisite of competitiveness of subsector of
aviation engine-building: formation and development of cumulative
competitive capacity of the enterprises; knowledge of real instruments of
transformation of potential into a factor of the valid competition.

In the strategic plan of the politician of the management of the enterprises
as subjects of the market relations, has to consist in laying the long-term
foundation for increase of competitiveness in planning, development and the
organization of long-term installations.
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Bonpocs! oneHkn 3P PeKTHBHOCTH NIEPEX0/1a MPENPUATHI HA cepriinoe
MPOU3BOACTRO MPOIYKIIMH 000POHHOTO HAZHAYMCHUSI
[Typasuna AT.

MAM, r. Mocksa

I'maBHas memp MCCHEAOBAHMSA - MOKA3aTh HEOOXOJMMOCTH M, B TO JKE
BpeMs, 3(DCKTHBHOCTh MEPEX0AA OT CAMHHIHOTO MPOH3BOJCTBA OMBITHBIX
00pasmoB k cepud. B cBA3M C OCTCTHIMHE COOBITHAMHE HA YKPAHHE U 00IIIM
POCTOM HANPHKCHHOCTH B MHPOBBIX IMOJUTHUYCCKAX H JKOHOMHUCCKHUX
OTHOLIEHHUAX 3TO CTAHOBUTCA BABOIHE akTyanbHee. Hamel crpaHe mpocto
HEOOX0AMMO B KpaTyaHIme CPOKH MOJHHMATh CBOM BOCHHBIA IOTCHIHAIL,
MIEPEBOOPYKATh APMUI0. VIHHOBAMOHHAS MOJCPHU3AMMSA BCETO OOOPOHHOTO
KOMIUTICKCa, OC3yCIIOBHO, HEOOXommMma, TeM OOJice, CETOOHA, B YCIOBHAX
pacTymei reOomOJUTHYCCKOH HEPBO3HOCTH, B TOM YHCJIC BBI3BAHHOU
I00ATbHBIM KPU3HCOM, KOTAA BOCHHA CHJA CTAHOBHTCS eme Oolee
BOXHBIM CTPAXYFOIINM CPEICTBOM.

CepuitHoe TPOW3BOACTBO - THII POU3BOJCTBA, XaPAKTCPU3YIOMHHCS
OTPAHHYCHHON HOMCHKIIATYPOH H3ICIHH, HM3TOTABIHBAEMBIX MU
PEMOHTHPYEMBIX NEPUOAMUYECKH MOBTOPSIOIUMUCS NAPTHAMH (CEPUSAMH), H
CPaBHHUTEIHFHO OOJBITUM 00BEMOM BBIITY CKA.

B mganHOM HCCICIOBAaHHH OYACT PACCMOTPCH BAapPHAHT MCIIKOCCPHIHOTO
MPOM3BOACTBA OJHOTO W3 OOPa3lOB BOCHHOW TEXHHUKH HA KOHKPETHOM
00OPOHHOM HPEITPUSITHH.

Z[aHHBIfI THII TMPOHU3BOACTBA ABJLACTCA NCPEXOAHBIM OT CAWHHYIHOTO K
CepUItHOMY . BBINyCK H3AEIHN MOKET OCYIIECTBIATHCSI MATBIMH MAPTHIAMHU.

Hosble pa3paboTku Ba’KHBI A1 OOOPOHHOW IPOMBINUICHHOCTH HANICH
CTpaHBI, HO TpeOyeTCA, MW HApAWBaTh OOINEC KOJNHYCCTBO VK
Pa3pabOTaHHBIX MCPCICKTHBHBIX  OOpasHOB BOCHHOW  TCXHHKH, HC
OCTAHABJIMBASICH HA CAWHHUYIHO H3TOTOBJICHHBIX ONIBITHO-KOHCTPYKTOPCKHUX
H3ACTHAX, KAK 3TO OBLIO ITOCIICTHAE IBA JCCATHICTHSL.

HccnenoBarue COCTONT M3 ABYX YAaCTEH: TEOPETHUCCKOH U MMPAKTHYCCKOH.

B nepBoii 4acTH NPeACTABICHBI XaPAKTEPHCTUKA CEPHIHOTO MPOU3BOACTBA
H KPATKUC CBCACHWA O NMPCANPUATHH, TAC MPEANIOIAracTCAa BHCAPUTD Z[aHHI)II\/'I
MHBCCTHLIMOHHBIM TPOeKT. IIpuBeAcHA HMCTOPHA PAa3BUTHA MOPCKHX
3CHHTHBIX KOMIUICKCOB  ONIJKHCTO  pPyOCkKa, TNPOCKTHPOBAHHCM  H
H3TrOTOBJICHHCM KOTOPBIX 3aHHUMACTCA IPCANPUATHE, KAYCCTBCHHO
MPOAHAIN3HPOBAH PHIHOK BOOPYIKCHHH B HACTOAIICE BPEMAL.

Bo BTOpoii uYacTm HCCIEIOBAaHHS IPOBEACHA OIICHKA 3(PPESKTUBHOCTH
KAMUTAJIBHBIX 3aTPaT HA MOACPHHU3ALIHNIO ITPOHU3BOACTBCHHBIX MOH.[HOCTGfI
IPCANPUATHA. HCXOZ[HI)IMI/I JAHHBIMH ULI MPOBCACHUA PACUCTOB ABJIAIOTCA
JAHHBIC BHYTPEHHETO YYETA: PACYET TPYAOEMKOCTH HM3TOTOBICHUA IO BHIAM
pa60T OAHOTO U3ACITHA U CTATHU MOCTOAHHBIX U MCPEMCHHBIX 3aTPAT.
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B uccnemoBannu OyIyT OTPaKCHBI MPCHMYIICCTBA MEPEX01a HA CCPHHHOC
HM3TOTOBJICHHC, MOKA3aHA AKTYAIBHOCTh H BHITOJHOCTh JAHHOTO MPOCKTA B
HACTOSAMICE BPEMS, a TAKKE COMUATBHBIN MMOATCKCT.

Questions to assess the effectiveness of the transition of enterprises
producing defense products, for mass production
Puravina A.G.

MAI, Moscow

The main purpose of the project - to show the necessity and at the same
time, the profitability of the transition from individual production of
prototypes to the series. In connection with the recent events in Ukraine and
the general growth of tension in the world's political and economic relations,
it becomes double urgent. Our country is a must as soon as possible to raise
its military capabilities, to re-equip the army. Innovative modernization of the
defense industry of all, of course, necessary, especially in today's growing
geopolitical nervousness, including those caused by the global crisis, when
the military force becomes even more important means of insuring.

Serial production - the type of production, characterized by unlimited
product range manufactured or repaired recurrent batches (lots), and a
relatively large volume of the issue.

The project will be considered an option small-scale production of one of
the models of military equipment to a particular defense enterprise.

This type of production is the transition from a single to a batch. Release of
products can be carried out in small batches.

New developments are important for the defense industry of our country,
but required, and to increase the total number of already developed advanced
military hardware, without stopping on the unit made developmental
products, as it was the last two decades.

This work consists of two parts (theoretical and practical).

The first part presents the characteristics of mass production and brief
information about the company, where it is supposed to implement this
investment project. See the history of the development of maritime air
defense systems near abroad, in designing and manufacturing company,
which has been qualitatively analyzed arms market now.

The second part of the project is estimated. Initial data for the calculation
are the data of internal accounting: the calculation of the complexity of
manufacturing activity types of products and articles of fixed and variable
costs.

The project will reflect the benefits of the transition to serial production; It
shows there levance and profitability of the project at the moment, as well a
social implications.
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HpOﬁﬂeMLI ABHANTHOHHOTO CKRJIAJAA T MECTOABI HX PCIICHUSA
Pszanosa E.B., UepHoOposoB A.U.
MAM, r. Mocksa

Pactymmii cipoc Ha POCCHHCKOM PBIHKE BO3AYINHBIX MEPEBO30K BEACT K
PACLIIMPEHUI0 U MOACPHU3ALMH NAPKa BO3AYIIHBIX CYJ0B ABHAKOMIIAHUH 3a
CUET CAMOJICTOB OTCUCCTBEHHOTO H 3apyOSKHOTO IPOU3BOACTBA.

Jl1s HOpMAJbHOH JKCIDIyaTalyd CaMOJETOB TPeOyeTcsl 00SCIECUECHHE HX
3aMacHBIMH YACTSAMH. 376Ch BO3ZHHKACT NMPOOIEMa — CAMOJCTHBIH MapK
Pa3HOOOPA3CH MO THIIAM, HO OTHOCHTEIFHO HEMHOTOUHCIICH IO KOJIMYCCTBY
camoneToB. [l oOCIy KHBAHHSA CAMOJICTHOTO MAPKA, a TAKKE 0OCCIICUCHHS
PadoTHl A3pOTOPTOB TPCOVIOTCSA BCC BHABI ABHAIMOHHON TeXHHUKH(AT):
ABHAABHIATCIIH, CHCTCMBbI a’3poapoMHOTO 06CJ'Iy JKHBAHWA, CHCTCMBI
VOPABICHHA TOJCTAMH H OICPATHBHOIO OOCCIICHUCHHS, 3amM4acTd |
PEMOHTHBIC KOMITJICKTEIL.

Z[J'I}I XPaHCHHUA 3aITACHBIX qJacTeH A4 PCMOHTA JICTATCIBHBIX ANIIAPATOB H
apyrux BugoB AT TpeOyercd HamwdHe M MPABHIBHOC (hyHKUMOHUPOBAHHC
cki1aga. OueHuB IIONIAAh UMEIOINETOCS CKIANA, B padoTe MPOBEACH AHAIN3
HamboJee BOCTPEOOBAHHBIX M BAKHBIX 3aNACHBIX YACTECH, KOTOpBIC B
ONPEACTICHHOM KOIHYCCTBE JOJDKHBI HAXOAWUTHCH HA CKiafe. Takke YUTCHBI
VCIOBHS WX XPAaHEGHHI ¥  TPAHCHOPTHPOBKH, KOTOPbIE  TPEOYIOT
OTIPEICICHHBIX (DHHAHCOBBIX 3aTPaT. 3aIrIacTH, TPEOYIOMHE PEAKOH 3aMCHBL,
3aKYMAOTCA 1O (DAKTy PEMOHTA.

IMpoanamm3upoBana 3(QQEKTHBHOCTH pabOTHI CKJIAMA, OOCCIICUCHHC
Pa3yMHBIM KOJMYCCTBOM PaOOTHHKOB. Pa3paboTaH MCTOJ OLCHHUBAHHUA H
3((CKTUBHOTO PACHPCACICHASA TPyJa PAOOTHHUKOB. B3ATHI BO BHHMAHHC
BHABI pabOTHI, CTCIICHb CIOHOCTH B Ka)KIOM THIIC ACHCTBHH pabOTHHWKA W
T.I.

Tawke paccMOTpeHA HCOOXOTUMOCTH CO3JAHHA OOIICH 0a3pl TAHHBIX H
3(HEeKTHBHOHN ABTOMAaTH3HPOBAHHON CHCTEMBI YIIPABICHU, IIPH 3TOM HY KHO
PEUIUTH 3agaty MHOFOKpI/ITepI/IaJ'II)HOI\/’I OIITHMHU3AIIHH. CHmkeHue
TPYIOSMKOCTH PA0OTHI HA CKIAAC MOXKHO JOCTHYB B PAMKAX ABTOMATH3ALUH
OTJCNBHBIX TPYAOEMKUX TEXHHYCCKUX ONEPALH.

Jna pemieHHs JAHHBIX, 4 TAKKEe APYTHX COMNYTCTBYKOIIUX, 334324 H
mpo0JIeM OCTPOSHA MATEMATHYECKAS MOACB C ETBI0 MUHHMH3AIHH 3aTPaT
ckaaga. OHa mMO3BOJUIET AOCTHTHYTH 3(dexkTHBHOCTH padOTHI CKIaza B
[EenOM, CHH3MB IIPH 3TOM 3aTpaThl HAa €ro COACPKAHHC, YMCHBUIHTD
KOMTHYECTBO Pabovyero MNEpCcOHANa NPH OJHOBPSMCHHOM — MOBBIICHHH
MPOU3BOAUTCIBHOCTH, ONTHMATBHO HCIIOIB30BATh CKIIAACKOS TPOCTPAHCTRO.
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Problems of the aviation storage and their solutions
Ryazanova E.V., Chernobrovov A.L
MAI, Moscow

The growing demand in the Russian market of air transportation leads to
the expansion and modernization of the fleet by aircraft of the airlines of
domestic and foreign production.

For normal operation of the aircraft is required to provide them with spare
parts. There is a problem - fleet is diverse in type, but has relatively small
number of aircraft. To service the fleet, as well as operate the airports all
kinds of aviation technology (AT) are required: aircraft engines, systems
airfield services, flight control systems and operational support, spare parts
and repair kits.

The presence and correct functioning of the warchouse is required for the
storage of spare parts for repair of aircraft and other types of AT. Assessing
the existing warchouse area, the analysis of the most popular and important
spare parts was held, which in a certain amount must be in stock. Also take
into account the conditions of their storage and transportation, which require
certain financial costs. Parts that require rare replacement are bought into the
repair.

The efficiency of the warchouse was analyzed, providing a rcasonable
number of employees. The method of assessment and the efficient allocation
of workers was developed. The types of work, the degree of difficulty in each
type of worker action, etc. were taken into consideration.

It is also considered the need to establish a common database and efficient
automated control system, and the need to solve the problem of multi-criteria
optimization. Reducing the complexity of the work in the warchouse can be
achieved within the framework of the automation of certain labor-intensive
technical operations.

To address these and other related challenges and problems a mathematical
model was created to minimize the cost of warehouse. It allows to achieve the
efficiency of the warchouse in general, to lower the costs, to reduce the
number of employees while increasing productivity, optimal use of
warchouse space.

Onenka GUHAHCOBO-IKOHOMHYECKOIT 1eATETHLHOCTH PETNPUsITHIA
ABHAIMOHHO-KOCMIYIECKOi1 0TPACIN METOAOM I'HIIEPBEKTOPHOTO
PAHKAPOBAHNS
Cagponos B B., Heuacs B.C.

KB Dmexrponpudop, r. Capatos

OneHka  (MHAHCOBO-KOHOMHYECKOH  JCSITCIBHOCTH  IPEIIPHUSATHIH
ABHAIMOHHO-KOCMHUYECKOH OTpacial SABIACTCA AKTyaldbHOH 3amadcd u
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MO3BOJIICT OMPCSACHAHNTh. KaHmuaatoB Ha BemojgHeHrme HUOKP mo
KOCMHYECKOM  (aBHAIMOHHON) TEMATHKE, MECTa  MPEANpHATHA B
rocyAapCTBEHHOM KOpHOpauuu «PockocMoCy, O0beanHCHHON
ABHACTPOWTEILHOM  KOPIOpAUMH C  TOYKH  3PEHHI  YCICIIHOCTH
OCYIIECTBICHH YKOHOMUUECKOH ACATEIBHOCTH | T. II.

Lens paboTH — MOCTPOCHHE YHOPSAIOUCHHOTO MHOKSCTBA 3(PPCKTHBHBIX
BAPHAHTOB TPESANPHATHH ABHALMOHHO-KOCMHYECKOH OTpacid (KOpreka
[Tapero) w BHIOOP HAWIYYIETO MO NPHHATOH COBOKYIIHOCTH KPHTCPHCB
TIPS ATPHATH.

JUI OLICHKHY NpeANpUATUN HCIOIb30BAHBI CICAY FOIHME TIOKA3ATEIIH:

¢  PeHTaOCTBHOCTH XO3MHUCTBEHHOM  JCATECIbHOCTH (axTUBOB;

COOCTBECHHOTO KAIlUTAJA; TEKYIIUX AKTHBOB, IIPOH3BOJCTBECHHBIX (DOHIOB;

TPOU3BOJACTBA; MPOAAXK).

e  JIukBHIHOCTH AKTHBOB (xo3ppuuHeHTHI JTMKBUIHOCTH:

a0COTFOTHOM; OBICTPOH (KPHTHUCCKOHN); TCKyIICH; 001Ieit).

e  OynancoBas  yCTOHUMBOCTH  (KO3(uimeHTs:  (QHHAHCOBOH

HC3aBUCHMOCTH,  3aJ0/DKCHHOCTH,  (JHHAHCOBOH  HANPSIKCHHOCTH;
AMYIICCTBA IPONU3BOACTBCHHOTO HA3HAYICHUA, MAHCBPCHHOCTH,
00ECTICUEHHOCTH COOCTBECHHBIMHU 00OPOTHBIMHA CPEACTBAM,

00CCIICUCHHOCTH MATEPHANBHBIX 3aIlacOB  COOCTBCHHBIM ~ OOOPOTHBIM

KATATAJIOM).

o  [loxazaTenmu CTOBOH aKTHBHOCTH (KO3 PHIHCHT 000pauMBacMOCTH

AKTHBOB;, JUTHTCIIHHOCTH MIEPHOAA 000POTA).

OcymiecTBIeHa MOCTAaHOBKA 3ajaud. B MareMaTtwmyeckOM IDIaHE OHA
OTHOCHTCS K OOJACTH THIIEPBEKTOPHOTO PAHXHPOBAHMA. PackpeIT Meron
pelieHMs, WCIOJB30BAHBI  TNOHATHI  ONMOPHOTO  Koprexa  Ilapero,
TICEBJOKOPTE KA W HCTHHHOTO KopTeska [lapero.

PaccMOTpeH mpuMep NOCTPOCHHSA HCTHHHBIX Koprexked Ilapero npum
HCIIOJIb30BAHUN METOJOB <OKECTKOTO» PAH)XUPOBAaHWS, bopma, TypHUpHOH
TaOIMIBl, MHHUMAKCHOTO, PAaBHOMECPHOH ONTHMAIBHOCTH, CIIPABEIIMBOTO
rommpommucca. [lokazaHo, 4YTO KOPPEKTHOE PEHICHHE 33JaYd  MOYKHO
MOJYYHTh HA OCHOBE NMPUMEHCHHS Pa3pabOTAHHOTO KPUTEPHS MOCTPOCHHA
HCTHHHBIX KOpTekeit [aperto.

[IpoBeneH BHIOOP HAWIYYINETO IO HMPUHATOW COBOKYITHOCTH KPHUTCPHEB
TPEATPUATHA.

Evaluation of financial-economic activity of enterprises
of the aerospace industry using the method of hyper-vector ranking
Safronov V.V., Nechaev V.S.
KB Electropribor, Saratov

The ecvaluation of financial-economic activity of enterprises of the
aerospace industry is an actual task which allows to determine: candidates for
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execution of research and development work on the space and aviation
subjects, the enterprise position in the State Corporation “Roscosmos”, the
United Aircraft Corporation in respect to successfulness of economic activity
etc.

The study objective is the building of the ordered set of efficient variations
of enterprises of the aerospace industry (Parcto tuple) and choosing the best
enterprise on accepted set of criteria.

For evaluation of enterprises we used the following indices:

o  Profitability of economic activity (assets, equity capital, current
assets, production funds, production, sale).

e  Assets liquidity (liquidity ratio: absolute; quick (critical); current;
general).

o Financial stability (ratio of: financial independence; indebtedness;
financial tensions; property for production purposes; mancuverability;
provision of own circulating assets; provision of inventories by own
working capital).

e FEconomic activity figures (asset turnover ratio, duration of the
period of turnover).

The formulation of the problem is fulfilled. In mathematical terms it refers
to hyper-vector ranking field. The method of solution is revealed, the terms of
Pareto reference tuple, pseudo and true tuples are used.

An example of building of true Pareto tuples was considered using the
methods of “hard” ranking, Borda, cross table, high-low method, uniform
optimality, fair compromise. It is shown that the correct problem solution can
be obtained by using the developed criterion of building the true Parcto
tuples.

The choice of the best enterprise on accepted set of criteria was carried out.

Kajaposoe o0ecnieuenne pakeTHo-KOCMHYECKOi 0Tpac/in
B YCJIOBHSAX PECTPYKTYPHU3AIUAN
Cemuna A I1., CumantseBa E.A.
MAM, r. Mocksa

CoxpaHecHue mpemMyIiecTs u mpumopurera Poccmm B MHPOBOH
KOCMHYECKON JIEATECIBHOCTH SBJEICTCA OCHOBHOM 3agaded PaKETHO-
kocMuyeckod mpombinicHHOCTH (PKID) B Hacrosgmee Bpems. IlpeomoneTts
TIIyOOKHH KpH3HC, B KOTOPOM HA JAHHBIH MOMCHT HAXOJMTCS OTCUCCTBEHHAS
PAKETHO-KOCMHYECKAs OTpPacib, MOXKHO TOJBKO C IOMOIIBIO  MEp,
HANPaBICHHBIX HA J3(Q(CKTHBHOC WCHOJB30BAHHE BCEX PECYPCOB
npeanpuATHid oTpaciu. [Ipm 3TOM OZHON W3 BAXKHBIX IPOOJIEM SIBIIETCA
mpobiaema  obOecrieyeHHS ~ HPOMBINUICHHOCTH  Kagpamu.  Kaaposoe
0OECIIEUCHNE PAKETHO-KOCMHUYECKOH OTPAcIM — 3TO KOMIUICKC ACHCTBHH,
HANPABJCHHBIH HA TOWCK, OTOOP ® TOAOOP TMCPCOHANA, CO3TAHHC

369



KAUECTBEHHOTO U KOJMYECTBEHHOTO COCTaBa nepcoHana npeampuaruii PKIT u
OTPACIH B LIETIOM.

Ompo¥ W3 BAKHBIX 33a7aY SBISICTCS BBIIBICHHEC IOTPSOHOCTH B
oOCCIICUeHNH TPEINPUATHH COTPYIHHKAMH OIPEACICHHBIX mpogeccuii oT
BBICIIIETO 3BEHA (PYKOBOAUTEIH OTPACIH M MPEANPHATHA) A0 HU30BOTO 3BSHA
(xBamM(PUOUPOBAHHBIC  CICHHATHCTEI W paboume),  00JIAmArOIIMMH
HEOOXOAMMBIMH HABBIKAMH W 3HAHHWAMH. 11 3TOTO B IEPBYIO OYEpPEab
HEOOXOAMMO TIPOBECTH AaHANHM3 CJIOXKHBIICHCA CTPYKTYpBI IIEpCOHAA
npeanpuaruii PKIT. MccaeaoBanue nmokasano, YTO CPeAd OCHOBHBIX NMPHYIH
KpH3HCAa B OTPACHH fABLICTCA YTpaTa KBATH()HIHUPOBAHHBIX KAJAPOB M HX
crapeaun. [Ipu 3TOM B COBPEMEHHOH OBICTPOMEHSFOIICIHCS PHIHOYHON Cpere
OpTraHM3ALHH MOTYT JOOHUTBCS YCIIEXa TONBKO B TOM CJIY4ae, €CIM CTPATCIHs
JAIBPHECHIIIETO PAa3BUTHA KaTPOBOTO MOTCHIMMANA OYJACT CTPOUTHCS HE TOJILKO
HA MOJTOTOBKE KAJPOBOTO IMOTCHIHMANA, HO M YUHTHIBATh YKEC MMCIOIIUCCS
KaZpOBbIE pecypcsl M pe3epBbl. Kpome TOro, NpPUXOAWTCS BHOCHUTH
CYHICCTBCHHBIC TIONMPABKH B CHCTEMY KaJpOBOTO OOCCICHCHHSI H3-3a
()HHAHCOBBIX OTPAHHICHUH H TPCOOBAHHUI TOCY IAPCTBA.

Jna pemeHus mpoOaeM KaapoBOTO OOCCIICUCHHA HCOOXOINMO B TICPBYIO
Oouepelb YMCHBIINTH pPa3phlB IHOKOICHWH, MPHBJICYh HA TPEATMPHATHA
MOJIOABIX CHECIHANMCTOB M HAYYHBIX PAOOTHHKOB, CO3JaTh YCIOBHSA I
TMPUBICYCHUSI W 3AKPEIUICHHS TANAHTIMBOM MOJNOACKH, pPa3padoTaTsh
KAQUECTBCHHO HOBYIO CHCTEMY MOTHBALIWHU TPyJd, YMCHBIINTH TECKy4YeCTh
MOJIOABIX KaZPOB, HAAMUTH OOJICE TECHOE B3AMMOJCIHCTBHUE IPEANPUATHI C
BY3amu, onTHMH3HPOBATh OPTAHU3AMUOHHYIO CTPYKTYPY M KOPIIOPATHBHYIO
KYJBTYPY OpPTaHH3ALWH, MOBBICUTH HMPECTIK Ipodeccuu, chopMUPOBATH H
MOJATOTOBHTH BHICOKOKBATH()HIUPOBAHHBIC YIIPABICHYCCKHIC KAIPHI.

JlaHHOE WCCIEeAOBAHME HANPABICHO HA BBIIBICHHE OCHOBHBIX IPOOIEM
KaZIpOBOTO OOECICUCHUSI PAKETHO-KOCMHUYECKOH OTpacim, HAa M3Y4CHHC
kaaposoro moreHumana npeanpuaruid PKII, a Taxke HA MOUCK PEIICHUS
CYMICCTBYIOIIMX MPOOJICM B KAIPOBOM OOCCIICUCHHH OTPACIH.

Human resourcing in the Russian rocket and space industry
in the restructuring environment
Semina A.P., Silanteva E.A.
MAI, Moscow

The main goal of the Russian rocket and space industry (RSI) nowadays is
to maintain benefits and leadership of Russia in the global space activity. A
deep crisis in the domestic rocket and space industry could be overcome only
through efficient use of financial, human etc resources of industry companies
with human resources being one of the important issues. Personnel hiring is a
set of measures designed to recruit enough qualified personnel for the space
industry.
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One of the main goals is to identify the necessity for qualified employees
of certain professions from top management (heads of industries and
companies) to lower level (skilled professionals and workers). First of all one
needs to analyze the current personnel structure of Russian RSI companies. A
study showed that the main reasons for the crisis are mostly the loss of skilled
staff and its ageing. In the current rapidly changing market environment the
human resources strategy should not only be based on the human
resources training, but also should be taken into account existing staffing
resources and reserves. In addition, it is necessary to make substantial
amendments to the system of staffing due to financial constraints and
requirements of the state.

To solve human resources problem it is necessary to reduce the generation
gap, attract to the companies young specialists and scientists, create
conditions for attraction of talented youth and develop a new system of labor
motivation, reduce turnover of young personnel, ensure a closer relationship
between industrial companies, scientific Institutes and Universities, optimize
the organizational structure and corporate culture of the organization, increase
the prestige of the profession, shape and prepare highly qualified management
personnel.

The aim of this study is to identify the main problems in personnel hiring,
analyze personnel potential and find solution for existing problems in RSI
sector.

CoBepiieHCTBOBAHNIE CHCTEMBI PECYPCHOT0 00€eCIIeIeHNs HAYKOEMKHX
MPOEKTOB ABHANHOHHON U PAKETHO-KOCMHYECKOI MPOMBINLIEHHOCTH
CunanrseBa E.A., Tuxonos A.H.

MAM, r. Mocksa

ITpoekThI co3maHuI HOBBIX 00PA3IOB TEXHUKH B ABHALIMOHHOM M PAKETHO-
KOCMHYECKOH MPOMBIIIJICHHOCTH — 3T0 HAYKOGMKHE IIPOCKTHI, PEaTH3ali
KOTOPBIX TPeOYET 3HAYUTEIBHOTO PECYPCHOTO OOCCIICUCHH. A €CITH YUCCTB,
YTO B ABHALHOHHOH W PAKCTHO-KOCMHYCCKOH MPOMBIIIICHHOCTH, pabdoTa HAZ
CO3IaBAaCMBIMH OOBEKTAMH OCYHICCTBILICTCSI HE B COCTABE IIPOCKTOB, 4 B
coctaBe mporpaMM  (COBOKYIIHOCTh IPOCKTOB WJIM KAk  IPOEKT,
OTIMYAOIIMACS 0CO00HM CIOKHOCTBIO CO3/1aBACMOH NPOJYKIWH W/HIH
METOJOB YIPABJICHHI €TI0 OCYIIESCTBICHHEM), TO BO3HHKACT MOTPEOHOCTH B
COBEPIICHCTBOBAHUM METOJOB M IIOAXOAOB IPOCKTHOTO MEHE/HKMCHTA B
YACTH PECYPCHOTO OOECIEUCHUS C YUETOM CIEHHU(PHICCKUX XapaKTCPUCTHK
ABHAKOCMHYECKOH OTpacm.

OueBHIHO, HYTO [JOCTIKCHHEC 33JAHHBIX KOHCYHBIX  PE3yJIbTATOB
MIPOCKTA/MPOrPaMMbl  HEBOZMOXKHO IIPH PEHICHHH IPOOIEMBI PECYpPCHOTO
0OECIICUCHNSI C YUYETOM ONTHUMH3AIMK TOJBKO OJHOTO W3 BHIOB PECYPCOB,
HanmpuMep (PUHAHCOBO-IKOHOMHYECKOTO. B CBSI3H € UeM COBEPIICHCTBOBAHHC
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PECYPCHOTO OOCCIICUCHHS JOJDKHO OBITh OCHOBAaHO HA PACCMOTPCHUH
pecypcHOTO 00CCIEUCHUS B KAYeCTBE CHCTEMBI - TPYIIBI  3JICMCHTOB
(puHAHCOBBIX, TPYJOBBIX, MATCPHANBHBIX, MPOW3BOJCTBCHHBIX H IIPOY.
PECYPCOB), OPTaHHM30BAHHBIX TAKHM O0pa3oM, YTO OHH B COCTOSHHH
B3aMMOJCHCTBOBATh KAK CIOMHOC LEIOC UM AOCTIDKCHHA ONPCACICHHBIX
LEeTeH.
B paboTe paccMOTPEHBI CICAYFOLIHNE KIFOUCBBIC TEMBL
e  MECTO NOHATHS «HAYKOEMKHH ITPOCKT» B OOmIEH Kiaccupukaumu
MPOCKTOB;
e  0000mICHHE M CHCTEMATH3ALM TCOPETHICCKOTO OIBITA YIPABICHHUS
PECYPCHBIM 00SCIICUCHHEM MTPOCKTOB H MPOTPaMM;
®  PACCMOTPCHHE PECYPCHOTO OOCCICUCHHUS HAYKOCMKHX MPOCKTOB H
MPOTPaMM KaK CHCTSMBL.
PesyasraTroM pabOTBHI SABIACTCH BBIABJICHHC MOTPCOHOCTH W TOHUCK
BO3MOJKHBIX TyTCH COBEPIICHCTBOBAHHA CHCTEMBI PECYPCHOTO 00CCHCUCHUA
HAYKOCMKHX MPOCKTOB ABHAKOCMHYECKON OTPACIIH.

System improvement of resource support for aerospace industry
science-intensive project
Silantieva E.A., Tikhonov A.IL
MAI, Moscow

The projects/programmes of creation new acrospace technical products are
the science-intensive projects which requires significant resources. Now the
project management needs to improve the resource support system of
projects/ programmes, taking into account the specific characteristics of the
aerospace industry.

Focusing only on the financial and economic aspects of resource provision
is irrational, because getting a positive result requires efficient use of all
resources. That's why improving resource support of science-intensive
projects should be based on consideration of resource provision as a system -
a group of clements (financial, labor, time, material and production
resources), organized in such a way that they are able to interact as a single
unit to achieve the current and strategic purposes.

The research includes the following topics:

e concept of the "science-intensive" projects in the context of the
general classification of projects;

e  project management theoretical experience of resource support;

e  interpretation of resource support as a system;

e  structure of resource support System for science-intensive project.

The main result the report is the demonstration of opportunities to improve
the system of resource support for aerospace industry science-intensive
project.
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TexHuko-3koHOMHIYECKOe 000ocHOBaHNE ceTH neHTpoB TOnP
B a3ponoprax MbsiHMbI
Coe Txy
MAM, r. Mocksa

B roro-socrounom A3zuu PETHOHE Ha6m0/:[aeTc;1 HHTCHCUBHOC PAa3BUTHC
TPAHCHOPTHBIX CHCTEM, B TOM UHCJE M CHCTEM BO3IYIIHOTO COOOINCHHS.
MoaepHU3HPYIOTCS CYINECTBYIOINME a3pPOIMOPTHI, CO3JAIOTCA HOBHIE. B
KA4YeCTBE OJHOM M3 OCHOBHBIX YCIYT B a3POIOPTAX OKA3BIBAIOTCS YCIYTH MO
TeXHHUCCKOMY 00cCIykuBaHui0 U peMoHTY (TOuP) Bo3aymmHbeix cynos (BC).
Jnst 37010 HEOOXOJMMO CO3JaBaTh COBPEMEHHBIC LEHTPHI TEXHHUCCKOTO
OOCITyKHBAHUS U PEMOHTA.

H3BecTHO, YTO KOKIOE BOZAYIIHOE CYJHO MMEET CBOIO HHIHBHIY AJILHYIO
cucremy TOuP, paspabatsiBacMyro mpu mpockrupoBanud. Cucrema TOwP
BKJIFOYACT B KAYCCTBE OCHOBHBIX 3JICMCHTOB. KOHICTIHIO TOHP, TpeboBanms
k TOuP, crpykrypy, mepeucHb paboOT M TCXHOJIOTHH, BBIMOTHACMEBIX B
npouecce TOwuP, cocras u TpebOBaHMS K IEPCOHANY, BHIMONHromeMy TOuP,
TpcOOBAaHMA H COCTaB OOOpPYIOBAHHA, HCHONB3yeMoro mpu TOwuP,
TPcOOBAHMA U COCTAB HHPOPMATHOHHOTO o0ccmeucHus TOuP.

Co3maBas ceTh LEHTPOB TEXHHYECKOTO OOCIY>KHBAHHA HA a3pOJpOMax
H606XO£[I/IMO pemaTe MPOTHBOPCUMBBIC 3a4aYH IMOJHOTHI U KAUCCTBA YCIIyT
mo TOwP nang BO3AYIIHBIX CyZOB H OOCCHECUCHHS PEHTAOEIHHOCTH
()Y HKIMOHUPOBAHMS TAKUX IICHTPOB.

Ha nepsom 3tame HEOOXOAMMO BBINMOIHHTH AHAIN3 ITACCAKHPOIIOTOKOB B
asponoprax MEBSHMEI B THIA BO3OYIIHBIX CyI0B, 066CH6‘{I/IB3IOH.[I/IX TCKYIIHC
U TIPOTHO3HPY EMbIC MACCAKHPOIIOTOKH.

3areM Mo THIAM BO3AYIIHBIX CyJOB ONPEACIIEM MOTPEOHOCTH B YCIyTrax
TEXHHYECKOTO OOCTy>KMBAaHHSA M peMoHTAa. Ha ocHOBE aHaim3a ceTH
a’pomopTOB, MacCCAXUPONOTOKoB, THHaxka BC m morpeOHOCTeHt B TOWMP
onpeacroTCa HeoOXoaAuMbIe YpoBHH TOHP m BX 00BEMBL. 3TO MO3BOJACT
OTMpeACIMTD NOTPSOHOCTH B IIeHTpax TOuP.

Pacnonoskenme 1enTpoB TOwWP  panmoHamm3mpyeTcs HA  OCHOBE
MPEAIaracMor0  TEXHHKO-IKOHOMHUECCKOTO KpHTepHsi. TakuMm 00pazoM
CO3ACTCSI ONTHUMANBHAS CETh IICHTPOB TEXHUYCCKOTO OOCIYKHBAHHS HA
a’poApoMax PETHOHA, OOECIECUYHMBAIOIAS IOTPEOHOCTH ABHAKOMIIAHHH B
TOwUP u 0KymacMOoCTh HHBSCTHIUI B CO3TAHUC TAKOH CCTH.

Meronuka TO3BOJIIET ONPEICIATh HANMPABICHHS PECTPYKTYPH3ALHA
(omrummsanuu) peruoHamsHOH cetm TO mw PBC npum  w3MeHCHHH
SKOHOMHYECCKUX YCIOBHH.

Ha manHOM 3Tame MCCIeTOBAHMM NPEANAracTcA CTPYKTYPa METOJUKH H
KpUTEpHUIL.
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Technical and economical justification of MRO network center
at airports of Myanmar
Soe Thu
MAI, Moscow

In the South-cast Asia region is witnessing rapid development of transport
systems, including systems and air traffic. Modemizing existing airports,
create new ones. As one of the main services at airports providing services for
the maintenance and repair (MRO) of aircraft. To do this, create a modern
center for maintenance and repairs.

It is known that every aircraft has its own individual system maintenance
and repair, developed by the design. MRO system includes, as basic
elements: concept MRO requirements, structure, list of works and techniques
performed in the course of maintenance and repair, composition and
requirements for personnel performing maintenance and repair, and the
requirements of the equipment used in the maintenance and repair, and the
requirements of the information security MRO.

Creating a network of service centers, on the ground need to be addressed
conflicting objectives of completeness and quality of service for maintenance
and repair and ensure the profitability of such centers.

The first step is to perform an analysis of passenger traffic at the airport s
of Myanmar and the type of aircraft, providing current and projected
passenger traffic.

Then the aircraft type definition service needs maintenance and repair.
Based on analysis of the network of airports, passenger traffic, facial features
and the needs of the Armed Forces in the MRO determined appropriate levels
of maintenance and repair, and their volumes. This allows you to determine
the need of maintenance and repair centers.

Location MRO centers rationalized on the basis of the proposed feasibility
criteria. This creates an optimal network of service center on the ground in
the regions, ensuring MRO the needs of airlines and MRO return on
investment in the creation of such a network.

The technique allows to determine the direction of restructuring
(optimization), a regional network of MRO when changing economic
conditions. At this stage of the research proposed to the structure of the
methodology and criteria.
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Ouenxka pe3yiasTaToOB PeopraHm3 Ay NpeIIPHuSTH A3POKOCMHYIECKOIT
OTPACIN HA OCHOBC M3MCHCHUS KOJIHYICCTBCHHBIX 1 KAYICCTBCHHBIX
ToKa3areJieil TPY/10BOT0 MOTEHIIHAIA
Kanomwnna M.H., Uemepucosa A.B., Jlaspos JL.I1., Peasko b.U.
MAM, r. Mocksa

CTpykTypHBIC TPCOOpPA30BAHHA KOCHYJINCH MHOTHX MPCANPHATHH
A3POKOCMHUYECKONH oOTpacim, HampuMmep, Takux kKak OAQO «PpiOmHCKHE
Motope», OAO «A. Jlromska-Carypr», OAO «ABHAIMOHHAS XOJTHHIOBAS
kommanua «Cyxoi», OAO «TymoneB», OMCKOE MOTOPOCTPOHTEIHHOC
oobeamaeHne wMm. [LV. Bapawosa m apyrme. IlpeoOpazoBaHue Takux
OobIIHX HAYy'THO-ITPOU3BOACTBCHHBIX KOMILICKCOB OTHOCHTCA K
MacInTaOHBIM NIPOCKTaM, PE3yJIbTATHBHOCTD KOTOPBIX MOXKCT OBITH OLICHCHA
TOIIBKO C y4eTOM (DAaKTOpa IPOJIOHTHPOBAHHSL.

W3  mpeaycMOTpeHHBIX ~ 3aKOHOJATEIhCTBOM  Poccmm  crocoOoB
PEOPraHu3ayy, MPHMECHACMBIX B a3POKOCMHUYCCKOM OTPacid, B PaMKax
JAHHOW CTaThbW PACCMATPUBAIOTCH. CIISAHHEC W TPHCOCIMHCHHE, MCETOIbI
KOTOPBIC YKPYOHAOT CYHICCTBYOIIHUC NpPCaAnpPUATHA, OTBCYAKOT
COBPEMCHHBIM  TPEOOBAHUIM (YHKOMOHMpOBAHMA  3TOH  cdepsl
JICSITCIBHOCTH, TIO3BOJLTIOT OOCCHEUMTh €€ YCTOWUMBOC, KOHKYPECHTHOC
pa3BUTHE.

B pesynpTate peopraHn3annuy H3MEHIIOTCS KaK TEXHUKO-TEXHOJIOTHUCCKHC
Tak ® (PMHAHCOBO-3KOHOMMMCCKHE IOKazarenu. W3MEHEHHE MoCIeTHUX
MPOUCXOAUT B CBA3H CO CABHIAMH B KH,Z[pOBOI\/II TIOJIUTHKE, MPUMCHCHHUCM
APYTAX MOAXO0A0B K JJOTHCTHUICCKHUM IMPOUCCCaM, pErCHEPAUAMHA OCHOBHOTO
KamuTana, mpeoOpa3oBaHUAMH B HAJOTOOONOKCHHH, a4 TAKKE PHCKAMH,
COIY TCTBYFOIIIMH 3THM MAKPOIIPOIIECCAM.

B Hacrosmiee BpeMs HAKOIIICHO JOCTATOYHOE KOIMYECTBO HH(OPMAIIHH,
MO3BOJLIIONICE OLICHUTH IIPOJOHTHPOBAHHBIC PE3YIbTATHl PEOPTAHHM3ALUH
a3POKOCMUYECKOM OTpaciu. B CTaThe paccMaTpUBAKOTCS MPEAJIOKEHUA IO
pa3paboTKE KOHLEMIHMH OICHKH C HCIOJIb30BAHHEM COBOKYITHOCTH
KOJHMYCCTBCHHBIX M KAYCCTBCHHBIX IMOKA3ATCIICH OLCHKH TPyAOBOTO
norennmana (aanee — TII).

[IpeamaracmMasi KOHUEMIWS OLCHKH  PE3YJIbTATOB  PEOPraHH3ALMHA
TIPS ANPHATHH a3POKOCMIUECKOH OTPACIH BRIFOYACT:

e  aHaIM3 MOKA3aTelICH ACATCILHOCTH MPEANPUITHI a3POKOCMUUECKON
OTpaciy, KOTOPBIH MPEI0IATacT BHIOOP M SIMMHUHHPOBAHHE (DHHAHCOBO-
SKOHOMHYCCKHX ITOKA3ATCIICH,

o amamm3 TII, KOTOpHIA MPEamOIAracT BHIOOP TOKA3ATCIICH,
XAPaKTEPUBYIOIMMX  YCTOMYMBOE  pa3BUTHEC  MPESANPHATHS,  AHATIH3
0COOCHHOCTCH (DYHKIHOHHUPOBAHMA, BHIOOP MCTOAOB M MOJIXOJ0B OLCHKH,
BbIIBICHUCE crienuukn cTpyKTyphl TI1 1 uX Kinaccu(pUKAIMIO, BELIBICHUC
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MCKMAPAMETPHUCCKHX ~ 3ABHCHMOCTEH,  Pa3pabOTKy  HHTETPAJbHBIX
KPHTCPHCB;

®  OLCHKY Pe3yIbTATOB peOpTaHA3aLHH Tpe IMPHATHH
A3POKOCMHYCCKOH OTPACITH.

Estimating of the results of reorganization of the aerospace industry
companies based on the changes in quantitative and qualitative
indicators of labor potential
Kaloshina M.N., Chemerisova A.V., Lavrov D P., Redko B.1.
MAI, Moscow

Structural reforms have touched many aerospace companies, such as JSCO
“Rybinskic Motori”, JSCO “A. Lulka-Saturn”, JSCO *“Aviatsionnaya
Holdingovaya Companiya “Sukhoi”, JSCO “Tupolev”’, Omsk Engine-
Building Association named after P.I. Baranov and so on. The reorganization
of such huge resecarch and manufacturing complexes refers to large-scale
projects, the efficiency of which can only be esteemed considering the factor
of prolonging.

As part of this article, the ways of reorganization, which are provided for in
the Russian legislation and used in the acrospace industry, are considered the
following ways: merger and acquisition, these ways, which expand the
established business, meet the modern requirements of the functioning in this
field of activities, provide a sustainable, competitive growth.

Due to the reorganization, there are the changes not only in the technical
and technological indicators, but also in the financial and economic ones.
Changing of the latest ones happens because of the following: changes in
personnel policy, using the other approaches to logistics processes, recovery
of capital stock, changes in taxation, also the risks associated with these
Macro-processes.

Nowadays we have collected enough information, which let us estimate the
prolonged results of reorganization of the acrospace industry. The article
deals with the proposals of the concept formulation of estimating with using a
set of quantitative and qualitative indicators’ estimating of labor potential
(hereinafter - LP).

The offered concept of estimating the results of reorganization of the
aerospace industry companies includes:

e  Enterprise performance indicators analysis, which involves the
selection and elimination of financial and economic indicators;

e  Analysis of LP, which involves the selection of indicators that
characterizes the sustainable development of company, the analysis of
performance features, the selection of the methods and the approaches of
estimating, revealing of specific structure of LP and its classification,

376



revealing inter-parametric  dependence, the development of integral
criterion;

o  FEstimating the results of reorganization of the acrospace industry
companies.

KaacrepHbIii mo1xo/1 1JIsl penieHust OPraHu3aAINOHHO-9KOHOMHIECKIX
npodJeM npH co3JAHHH CAMOJIETOB H BEPTOJICTOB
JUISL TPAKAAHCKON aBHATANA
[lepdanos A.C.
MAM, r. Mocksa

ABHAIIMOHHBIC KJIACTEPHI — 3TO KOMILICKCHI HAYKOEMKHX HPEATPUSITHH,
HCCICIOBATCILCKUX ~ HWHCTHTYTOB, TIIOCTABIOMKOB W  IPOM3BOJUTCICH,
CBA3AHHBIX  TCXHOJOTHMYECKOM  IICMOYKOH W PACHONOKCHHBIX B
reorpapUUCCKOr OMH30CTH, pad0Ta KOTOPHIX OCHOBAHA HA OPTAaHH3ALHOHHO-
SKOHOMHYCCKOH TIAaT(HopME.

B CHIA u EC paccmarpuBarOT pa3BHTHE PETHOHAIBHBIX ABHAHOHHBIX
KJIACTEPOB B KA4YeCTBE OJHOTO M3 BAKHCHIIMX (PAKTOPOB MMOBBIIICHHA
KOHKYPEHTOCIIOCOOHOCTH JSKOHOMHKH. [lomaepskka mpeaycMOTpeHa Ha
OCHOBE IIPEIOCTABICHHUS TPAHTOB HA KOHKY PCHOM OCHOBC.

B Poccun co3naHue aBHAIMOHHOTO Kiactepa (GopMHPYETCS MO MPUHIHAITY
— BBICTPAMBAHUE TIOJHOTO TEXHOJOTHYECKOTO UKJIA CO3AAHUS CAMOJICTOB H
BEPTOJCTOB U1 TPHKJAHCKOM aABHALMH, COCTOAIICTO M3 HE3aBUCHMBIX
npoussoacTeeHHBIX Koproparmii (OAK, OJIK, "Bepromersr Poccun').

B CCCP B 70-x romax aBHanmpOMBIIIIICHHOCTD BBIIyCKana B cpeaHeM 150
MACCAKUPCKUX CAaMOJICTOB M BEPTOJICTOB B T0xa, ObUT COPMHPOBAH
3AMKHYTBIH TEXHOJOTMYECCKMM LMK, KOTOPBIH, MO CYTH, SABJLLICH
ABHANMOHHBIM KJIACTEPOM HA BCEH TEPPHTOPHH CTPAHBL YIIPABICHHUC
ABHANMOHHOM ITPOMBINIICHHOCTBIO OCYHICCTBIIUIOCH MHHHCTEPCTBOM -
LCHTPATH30BAHHO.

B Hacrosimee BpeMsi POCCHHCKAs AaBHANMOHHAS ITPOMBIILICHHOCTH
padoTacT HaJ BOCCTAHOBJICHHEM IO3WIMH MPONUIBIX JET M, OOBEIWHHB
VCHIHMA Pa3IHIHBIX TPCINPHATHH oTpaciu B pamkax OOBeIMHCHHON
apuacTpouteibHOH kopmopammn (OAK), B I0aroCpodyHON TCPCHCKTHBE
MJAHUPYET BOWTH B ILITEPKY JHACPOB MHPOBOTO  KOMMEPUECKOTO
ABHACTPOCHHUSL.

LlenTpom knacrepa yamie BCETO OBIBAIOT HECKOJNHKO MOIIHBIX KOMIIAHHH,
TMPH 3TOM MEXKIy HHMH COXPAHSIOTCH KOHKYPCHTHBIC OTHOIICHFL
KoHueHTpanuss KOHKYPEHTOB, MOKYIATEICH M MOCTABIIMKOB CIIOCOOCTBYET
pocty 3(Q(eKkTHBHOH CHeHHATH3AMUH MPOWU3BOACTBA. [IpH 3TOM KiacTtep
TaKXKe OOECICUYHMBACT 3AHATOCTHh JISI MHOTHX HEOOMBIIUX (DUPM W MAaIBIX
MPEAMPHATHIA.
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OOpenMHEHNE B KIACTEP HA OCHOBE BEPTHKAILHOM HHTETPALUH
(opMHpYET HEC CHOHTAHHYI) KOHLUCHTPALMIO PA3HOOOPA3HBIX HAYYHBIX H
TEXHOJIOTHYCCKHX CHCTEM, a4 ONPESOCICHHYH) CHCTEMY PacHpOCTPAHCHHA
HOBBIX 3HAHMH ¥ TexXHONOrMH. IIpH 3TOM BAKHEHIIUM YCIOBHEM
3((ekTHBHON TpaHC(HOPMALHH H300PCTCHUI B HHHOBALMH, A HHHOBAIIHIA - B
KOHKYPCHTHBIC MPCHMYIUECTBA SABIACTCA (JOPMHPOBAHHE CETH YCTOMHBBIX
CBA3CH MEKIY BCCMH VYACTHHKAMH KJIACTEPA, B OCHOBE KOTOPOTO JICHKHUT
OPTaHH3ALHOHHO-3KOHOMHUYCCKAs IaT(hopMa.

The cluster approach gives a possibility to solve organizational and
economic problems for production of aircraft and helicopters
for civil aviation
Shcherbanov A .S.

MAI, Moscow

Aviation clusters are complexes of high-tech enterprises, research
institutes, suppliers and manufacturers of related technological chain and
located in geographical proximity, which are based on the organizational and
economic structure.

In the US and the EU consider the development of regional aviation cluster
as one of the most important factors of increasing the competitiveness of the
economy. Support is provided through the provision of grants on a
competitive basis.

In Russia the establishment of the aviation cluster is formed according to
the principle of building of full technological cycle of aircraft and helicopters
for civil aviation, consisting of independent manufacturing corporations
(UAC, UEC, "Helicopters of Russia").

In the USSR in the 70s the aviation industry produced an average of 150
passenger aircraft in the year, was formed a closed technological cycle,
which, in fact, was an aviation cluster in all areas of the country. The aviation
industry was implemented by the Ministry centrally.

Currently, the Russian aviation industry is working on the recovery of past
years and combine the efforts of various companies in the industry under the
United aircraft Corporation (UAC), in the long term plans to join the top five
leaders in the global commercial aircraft industry.

The center of the cluster is usually only a few powerful companies, with
between them remain competitive relationship. The concentration of rivals,
customers and suppliers contributes to the growth of efficient specialization
of production. The cluster also provides employment for many small firms,
and small businesses.

Association in the cluster based on vertical integration generates not a
spontancous concentration of various scientific and technological systems,
and a system of dissemination of new knowledge and technologies. The most
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important condition for the effective transformation of inventions into
innovations, and innovations into competitive advantages is the formation of
a network of stable relationships between all members of the cluster, which is
based on organizational and economic platform.
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8. MaTtemaTu4yeckue MeTobl B a3POKOCMUYECKOil
HAyKe U TeXHHKe

8. Mathematical Methods in the Aerospace
Science and Technology

3axava onTHMATLHOH HMITYJILCHOI KOPPEKIIHH 0/THOTO mapaMeTpa
TPACKTOPHH ABILKCHHS JICTATEILHOTO AMIIAPATA 110 KPHTEPUIO
BCPOATHOCTH
Azanos B M., Kau 10.C.
MAM, r. Mocksa

B paboTepaccmarpuBaeTcs 3a1avda ONTHMAIBHON UMITYJIBCHOW KOPPEKIHH
mapameTpa TPAEKTOPHHU JBIDKCHHS JETaTeIbHOIO anmapara.
Maremaruyeckad MOJCIb IHPOLECCa KOPPEKLUHHM NPEACTaBIACTCA B BHUIC
CTOXaCTHYCCKOM AMCKPETHOH CHCTEMBI YIPABICHHA 33JaHHOTO MOPAAKA CO
CKaJSIPHBIM  YNPABICHHEM, TJC CIy4YaWHBIC OIMMOKM  MOJCIHPYIOT
OTHOCHTEIbHYI0 HETOYHOCTb MCIIOJHCHHMA KOPPSKTHUPYIOIIETO MMITYJIbCA.
IMpeanonaraercs, 4TO U3BECTHA MOJHAS MHPOpMALHA O BEKTOPE COCTOSIHUA
CHCTCMBI. L[enmo KOPPEKOHN  ABLACTCA MAKCHMH3AIWA BCPOATHOCTH
HENPEBBIMCHA A0COIOTHBIM 3HAUCHWEM TIIEPBOM KOOPAMHATHI BEKTOPA
COCTOSIHHA HEKOTOPOro (DHKCHPOBAHHOIO 3HaueHMsdA. [Ipeamosaraercs, 4To
OomHnOKKH OTPAaOOTKH PACUYCTHOH BEIMYHHBI KOPPEKTHPYFOIIECTO HMITYIIbCA
HMEIOT PABHOMEPHOE PacIpeaciICHHUE.

Jns ciywyas 3a7aHHOTO YHMCIA INATOB M OTCYTCTBUS OTPAHHWUCHHI HA
VIpaBAIOIIEE  BO3ACHCTBHE  COOTBETCTBYIOINAd  3ajaya  CHHTE3a
ONTHUMAIBHOTO YIPABICHUSA AHATWTHYCCKH PEINACTCS C MOMOMIBI0 METOAA
JHHAMHYECKOTrO MpOorpaMMupoBaHud. HalineHHOE yIIPaBICHHE CPABHUBACTCS
C M3BCCTHBIMH ONTHMAJIbHBIMH YIPABICHUAMH IO APYTHM KPHTCPHAM
Ka4ecTBa.

B craTthe Takke MOKA3BIBACTCS, YTO HA OCHOBE YCIOBHH SKBUBAJCHTHOCTH
BCPOATHOCTHBIX 3a4aY ONTHMH3ALUU ITOJYUCHHOC PCIICHHC MOXKCT OBITh
HCIOJIb30BAHO JUI1  HAXOXIACHWSA  YNPABICHHS, ONTHMANBHOTO IO
KBAHTHIIbHOMY KPHTCPHIO KA4CCTBA.

Hccrnenyrorcst BOIPOCHI ONTHMATGHOCTH HAWACHHOTO YIPABICHHSI B
I/ICXOI[HOfI 3aaa4e npu HATTHYIHH BCPOATHOCTHOTO HHTCTPATBHOTO
orpanuucHus. Ilocneanee  XxapakTepusyeT KJIACC  YOPAaBACHUH —IIpH
OrpaHHMYCHUH HA pacxoj TomamBa. C HCHOIB30BAHHEM CBOMCTB HCXOIHOIO
PCHICHUA AHATUTHICCKHU CTPOATCA ONTHUMAJIBHBIC TPACKTOPHUA U YIIPABJICHUC,
HA KOTOPBIX 3HAYCHHUA KPUTCPHA BCPOSTHOCTH PABHO CAHHHIIC.
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Ha ocHoBe pesynpraros paboThI PacCMaTPUBACTCS TPHUKIATHAS 33724
KOPPCKIMH TPACKTOPHH TCOCTAHOHAPHOTO HCKYCCTBCHHOTO CITyTHHKA
3eMITH IPH MOMOIIH ABUTATCIIA OOIBIION THTH.

Problem of optimum pulse correction of one parameter of a trajectory of
the movement of the aircraft by probability criterion
Azanov V.M., Kan Yu.S.
MAI, Moscow

The problem of optimum pulse correction of parameter of a trajectory of
the movement of the aircraft is considered. The mathematical model of
process of correction is presented in the form of a stochastic discrete control
system of the set order with scalar control where random errors model
relative inaccuracy of execution of the correcting impulse. It is supposed that
full information on a vector of a condition of system is known. The purpose
of correction is maximizing probability of not excess by absolute value of the
first coordinate of a vector of a condition of some fixed value. It is supposed
that execution errors of the correcting impulse have uniform distribution.

For a case of the set number of steps and lack of restrictions on the
operating influence the corresponding problem of synthesis of optimum
control analytically is solved with the help of a method of dynamic
programming. The found management is compared to known optimum
managements by other criteria of quality.

In article is also shown that on the basis of conditions of equivalence of
probabilistic problems of optimization the received decision can be used for
finding of management, optimum by quantile criterion of quality.

Questions of an optimality of the found management in an initial task in
the presence of probabilistic integrated restriction are investigated. The last
characterizes a class of managements at restriction on fuel consumption. With
use of properties of the initial decision optimum trajectory and management
on which values of criterion of probability it is equal to unit analytically are
under construction.

On the basis of results of work the applied problem of correction of a
trajectory of a geostationary artificial satellite of Earth by means of the engine
of big draft is considered.

IIporuo3 mapameTpoB Bpamenusi 3eMJI Ha KOPOTKOM HHTEPBaje
BPEMEHH C HCIO/IH30BAHIEM HEHPOCeTeBOro MoaxXo1a
Awnocosa H.IL
MAM, r. Mocksa

[Mapamerpsl BpameHHs 3eMIH WTPAlOT BAKHYIO POJIb B HABUTALMH H
ympasncHuE IBmkeHHCM KA. 3Hanme tekymmx 3HaueHmit [1B3 (yrios
MpEelNecCHH W HYTaIW{, YIJIOBBIX KOOPAMHAT 3EMHOTO  IOJIOCA,
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paccormacosanne mkan spemeHndUT] mexxay Beemupabmv Bpemenem UT 1u
BceemupubiM  koopaumHHpoBaHHBIM BpemMeHeM UTC) HeoOXxomumo  aust
TOYHOTO  B3aWMHOTO  IPeoOpa3oBaHWSI  HHECPUHAIBHOM  CHCTEMBI
koopauHaTj2000 B rpuHBHUCKHC cCHcTeMBI KoopauHAT WGS 84 u 113 90-02, a
TaKXe TOYHOTO MPOTHO3MPOBaHKU: opouT KA [1].

B xadecTBe aNbTEPHATHBHBIX MNOAXO0A0B B mporHozmposanuu [1B3
(YTJIOBBIX KOOPOMHAT 3SMHOTO MOIIOCA) OBLTA MPEIIOKCHA HCHPOCCTCBOH
moaxod. Jms MomenwpoBaHWS ObLIa HCIOJNB30BAHA CETh HA OCHOBC
MHOTOCIIOHHOTO IIEPCENTPOHA CO CKBOZHBIMH CBS3SIMH OT BXOZHOTO CJOS K
CKPBITBIM CJIOSM. JTO TMO3BOJLIET 0OJEE TOYHO MOJCIHPOBATH JIMHCHHbIC
yacth (PyHKUWH, BBMHCIAEMBIC CKPBITBIMH ciosMu.  Kpome ToroO,
HCII0JIb30BAJIACH MHPAMHUJAIBHASL CTPYKTYPA CKPBITHIX CIIOCB.

B kauecTBe BXOAHBIX JAHHBIX OpANIHCh 3HAUCHHS YIJIOBBIX KOOPAWHAT
3EMHOTO TOJOCA (X, U V) 34 11 mHEH HEMOCPEACTBEHHO MEpe] MPOTHO30M H
31 geH» g0 3TOr0 mepuoja ¢ maroM 17 AHeH AN yueTa MEPUOAHYECKOrO
XapakTepa BXOJHBIX MAHHBIX (BCero 82 3HaucHH:A). PesympratoMm padoThI
CCTH SIBJIICTCSI NMMPOTHO3 3HAYCHHI KOOPIMHAT IOJIOCA HA OJHU W JBA JHA
BIIEPE OT TEKYIICTO 3HAYCHILL.

Jns permeHus mpoOneMsl 0onbmMMX KO3(D(PUIMEHTOB MacCIITAOMPOBAHM
BXOJHBIX JAHHBIX H, CICAOBATEIHHO, NMOBHIMICHUA TPEOOBAHUH K TOYHOCTH
0OyUCHHUS CETH, HCIIOJIb30BAHCH HE CAMH KOOPAWHATHI TOJIFOCA, A PA3HOCTH
TEKYIEro W Hpeaplaymero  3HaueHws.  JI1  BOCCTAHOBICHUS
HEIOCPECTBECHHBIX 3HAYCHHUH ITPOTHOBHPYEMBIX KOOPAWHAT JOCTATOYHO
TPUOABAUTH MOTYUCHHBIC PE3YIBTATHI K TCKY UM KOOPIHMHATAM TI0 X, H Vp.

B xkauectse oOyuaromed BHIOOPKH ObLT B3AT Hepuox ¢ 1962 roga (mauano
HabmoacHmi) 10 koHIA 2012 roma (Bcero okomo 18 TeICAY 3HAUCHMI). A B
Ka4yeCTBE MPOBEPOYHOH BBHIOOPKH BhICTYIAMH AaHHBIE 3a 2013 1 2014 roxs!

B OompmmHCTBE CIOy4acB MNPOTHO3, IIOCTPOCHHBIH HEHPOHHOH CETHIO,
okasajaca TouHee myOnmkyembrx mporo3os MCB3. Kpome toro, o
CONOCTAaBMM C  PE3yJbTATAMH, TOIYYCHHBIMH IIPH  KPATKOCPOYHOM
MIPOTHOZHPOBAHAM C WCIIOJIb30BAHUECM YHCICHHO-AaHATUTHYCCKOH MOJCTH
KOJ1e0aTCITIFHOTO MPOLECCa 3EMHOTO TIOTFOCa.[2,3 ]

B nmambHeHmem, 1 yAy4IIECHHS TOYHOCTH OOYYCHHS W TOYHOCTH
MPOTHO3a IPEANOJAraeTcsi HCIONb30BaTh  CIUIAMHOBOEC  CIIIA’KUBAHHC
BXOAHBIX JAHHBIX, KaK HA JTame OOy4YeHMS CETH, TaK W Ha Jrame e
HCIIOJTb30BAHHL
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Forecast of Earth rotation parameters in a short time interval
with the use of neural networks
Anosova N.P.
MAI, Moscow

Earth rotation parameters play an important role in traffic management and
navigation of satellites. Knowledge of the current values of the OBP
(precession and nutation angles, the angular coordinates of the terrestrial
poles discordance of time scales dUT1 between UT1 and Universal Time
Coordinated Universal Time UTC) is necessary for precise mutual
transformation of the inertial coordinate system j2000 in the Greenwich
coordinate system to WGS 84 and PZ 90-02, and accurately predict the orbits
of satellites [1].

As alternative approaches to forecasting EOP (angular coordinates of the
earth pole) a neural network approach was proposed. A network-based multi-
layer perceptron was used for modeling with through connections from the
input layer to the hidden layers. This allows to model of the linear part of the
functions computed hidden layers more accurately. In addition, the pyramidal
structure used hidden layers.

The data were taken as input values of angular coordinates of the earth pole
(s) within 11 days immediately prior to the forecast and 31 days prior to this
period in increments of 17 days to account for the periodic nature of the input
data (82 values). The work of the network is the forecast values of the
coordinates on one pole and two days ahead of the current value.

To solve the problems of large scale factors of input and therefore increase
the accuracy required for network training the polar coordinates were not
used by themselves, but rather the difference of the current and previous
values. To restore immediate values of projected coordinate it is sufficient to
add the results to the current coordinates on Xp and Yp axis.

A period from 1962 (start of monitoring) until the end of 2012 was taken as
the training sample (which gives a total of about 18,000 values). Sample data
for 2013 and 2014 was taken as a verification sample.

In most cases, a forecast built by a neural network, was more accurate than
the forecasts published by IERS. In addition, it is comparable with the results
obtained in the short-term forecasting using numerical and analytical model
of the oscillatory process terrestrial pole. [2,3]

In the future, to improve the accuracy of learning and prediction a
smoothing spline input is to be used in the step of network training, as well as
on the usage phase.
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I/ICC.]'ICIIOB?IHI/IC YACTHBIX CTYYIACB ABH/KCHUAS TBépI[OI‘O TECJIAa
¢ TOPU3OHTAJILHO BHOpUPYIOMEi TOUKOI moaBeca
bemuenko M.B.

MAHM, r. Mocksa

B pabote paccMaTpuBacTCsl ABIKCHHE TSDKEIOTO TBEPAOTO TENA, OAHA M3
TOYEK KOTOPOTO COBEPHIACT TOPH3OHTAJbHBIC TAPMOHHYECKHC KOJICOAHHS
BBICOKOH YACTOTHI W MAaNOW aMImmryabl. B paMkxax mpuOmmkeHHOMN
ABTOHOMHOHM CHCTEMBI YPAaBHCHHH IBIDKCHHS OBLIH HAWICHBI HEKOTOPHIC
YACTHBIC CIy4ad JBIKCHHA TENA: MOJIOKCHHA OTHOCHTEIBHOTO PABHOBECHH,
CTAI[MOHAPHBIC BPALICHUA W MAATHUKOBBIC IBIDKCHHA. BBIIM PacCMOTPEHBI
JBa YACTHBIX CIy4Yas TSOMETPHH MACC Tela: TeJO C LEHTPOM MAacc Ha
TIABHOH OCH HMHEPUHMH H TEIO € LECHTPOM MACC B TNIABHOH IUTOCKOCTH
HHEPLHH.

bpII0 MOKA3aHO, YTO CYIECTBYIOT ABA THNA MOJO0KCHUN OTHOCHTEIBHOTO
paBHOBeCHA. B TNOJTOXKCHHMAX PABHOBECHA IEPBOTO0 THHA LEHTP Macc
HAXOAMTCA HA OOHON BEPTHKAIH C TOYKOM MOABECA, BBHINIC WM HIDKE HEE.
Jlpyrue MOJIOJKCHHA PABHOBECHA TAKOBBL, YTO PAAHMYC-BEKTOP LICHTPA MAacc
HAXOAWTCA B IUIOCKOCTH, COACPIKAIICH BEPTHKANh M JIMHUIO JCHCTBHA
puOpamuit. [1pu 3T70M OH COCTABIACT C HIHKHCH BEPTHKAIBIO OCTPHIH YTOIL.

Hccrnenosansl HEOOXOOUMBIE M JOCTATOYHBIC YCIOBHS VCTOIUMBOCTH
HaliICHHBIX paBHOBecHil. JlocTaTouHble yCHOBHS OBLIM HAWACHBI Kak
YCAOBHA  MONOXKHTCIPHOM  ONPEACIEHHOCTH  KBAAPATHYHOM  4aCTH
TAMHJIPTOHHAHA  BOBMYIICHHOTO JBIDKCHHA. HeoOXoamMple  yCIOBHA
VCTOHUMBOCTH OBLTH  HAWJACHBI, KAK VCIOBHS MHHMOCTH KOPHEH
XAPAKTEPUCTHICCKOTO YpaBHCHUA JMHEAPHU30BAHHON CHCTEMBI
MPUOIIKEHHBIX YpaBHEHHH. HccrenoBaHMe MMOKAa3amo, 4TO A1 BEPXHHX
TOJIO’KEHUH PABHOBECHS PACCMATPHBAEMBIC YCIOBUSA HE BBIIOTHAIOTCS, a I
HIDKHEX ¥ OOKOBBIX TIOJIOKCHHH ecThb OO0JacTH  yCTOMUMBOCTH,
MPEACTABICHHBIC ABYM YCIOBHAMHU.

HalineHHBIM OTHOCHTEIBHBIM PABHOBECHAM INPHOMKCHHOW AaBTOHOMHOH
CHCTEMBI COOTBETCTBYIOT MEPHOAUYCCKUE ABIKCHUA MOTHON HEABTOHOMHOM
CHCTEMBI. YCTAHOBJICHO, YTO HEYCTONYUBBIC MOJOXKCHHA OTHOCHTEIBHOTO
paBHOBECHSI TPHONMMKCHHOM CHCTEMBI IEPEHAYT B  HEYCTOIUMBBIC
MEPHOANYCCKUE JBIJKCHUA MOMHONH CHCTEMBI, 4 YCTOMYHBBIC PABHOBECHSA
NEpeiayT B NECPHOAWYCCKUE BIKCHHUS, VCTOMUUBBIE B JHHCHHOM
TIPHOTIKCHHH.

HccnegoBanue mokas3ao, YTO CTALMOHAPHBIC BPAIICHHUA BO3MOYKHBI JIHIIb
a1 Bomuka Jlarpamwka. OHEM MpencTapsrOT cOOOHW BPAICHHS BOKPYT OCH,
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coJeprKaleii IEHTP Macc, MPUUEM IIEHTP MACC PACIONIATAeTCs TAK HKE, KaK U
B COOTBETCTBYIOIIMX JAHHOMY TEJy HMOJOKECHIIX PABHOBECHL.

OOHapy>KeHbl [Ba THIIA MASTHUKOBBIX ABIKCHUH. [IpHm MasTHHKOBBIX
JBIDKCHHSIX TIEPBOTO THUIIA JIMHWS JCHCTBHS BHOpArMid TNPHHAIJICKAT
MIJIOCKOCTH, COJACPIKAINCH PafHyC-BEKTOpP IIEHTPA MAcC M BEPTHKANb, a I
JBIDKCHHH BTOPOTO THIIA TIEPIICHANKYJLIPHA CH.

Hccnenosanue BBIIOTHEHO 3a CUET rpaHTa Poccuiickoro HayqHOTO (hOHIA
(mpoekr Ne 14-21-00068) B MOCKOBCKOM AaBHALIMOHHOM HHCTHTYTE
(HaMOHATBHOM HCCIICA0BATEILCKOM YHHBEPCUTETE).

Particular cases of motion of a rigid body with a horizontally
vibrating suspension point
Belichenko M. V.
MAI, Moscow

We consider here the motion of a rigid body with a point committing fast
harmonic horizontal oscillations of small amplitude. In the framework of an
autonomous system of approximate equations of motion some particular
cases of motion of the body were found. They are relative equilibriums,
permanent rotations and pendulum motions. Two cases of the body mass
geometry are considered when its center of mass is on the principal axis or
plane of inertia.

It has been shown that there are two types of relative equilibriums. In the
first type of equilibriums the center of mass is on the same vertical line with
the suspension point, above or below it. In the second type the radius vector
of the center of mass lies in a plane containing the vertical and axis of
vibration.

Necessary and sufficient conditions of stability of the equilibriums were
obtained. Sufficient conditions were found as a condition when the quadratic
part of the Hamiltonian of the perturbed motion is sign-definite. Necessary
conditions of stability were found as a condition of imaginary roots of the
characteristic equation of the lincarized system of perturbed motion. The
study showed that the upper vertical equilibriums are unstable. For the lower
vertical and lateral equilibriums stability conditions include a restriction on
the body mass geometry and the range of the vibration frequency.

These relative equilibriums of approximate autonomous system generate
the periodic motions of the full non-autonomous system. The unstable and
stable relative equilibriums of the approximate system generate unstable and
stable in the lincar approximation periodic motions of the full system
consequently.

The study showed that a permanent rotation is possible only for the
Lagrange’s case. They are rotation about an axis containing the center of
mass.
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Two types of pendulum motions were found. For the motion of the first
type the vibration action line belongs to the plane containing the radius vector
of the center of mass and the vertical, while for the second type of motion the
vibration action line is perpendicular to it.

The study was performed by a grant from the Russian Science Foundation
(project No 14-21-00068) at the Moscow Aviation Institute (National
Research University).

MojennpoBanue nepesieTa KOCMHYECKOro anmapara ¢ Hu3Koii
OKO0J103eMHOTi 0POMTHI HA OPOUTY BOKPYT TOYUKH Jmopanun Lz cictemsbl
Coumne-3emurst
Bobep C.A., Akcenos C.A., ®enoperko FO.B.

MHM3M HWY BIIID, r. Mocksa

Lensro paboTHl OBLIO CO3TAHAC ATMTOPHUTMOB IS ONMPCACICHHS MOMCHTA
ormeTa KocMuueckoro ammapara (KA) ¢ HH3Kk0H OKOJIO3EMHOH OpOHWTHI
(HOO) w  BeHIWYHMHBI  HMITYJIbCA,  MO3BOJIOIIHNX  OCYIICCTBHTH
OJHOWMITY IbCHBIH IIEPETICT Ha OPOWTY C 3aJaHHBIMH XAaPAKTCPUCTUKAMH B
oxpectHOCTH ToukH L2 cucremsbr Comare-3emisa. Pacuerst BemonHeHH B [10
GMAT, 4ducieHHOE MHTETPHPOBAHUE - C YIeTOM BceX IuaHeT CONHEYHOH
CHCTEeMBI METOAO0M PyHre-KyTThI 8-9 mopsaxa.

Ileppast wacTh: OLEHKA XapaKTEPUCTHK OTPAHHUCHHOW OPOHMTHI B
3aBHCHMOCTH OT IIAPaMETPOB IEpures OTIcTa. BBencHa Bpamaromascs
cucrema koopauHat (CK) ¢ puxcupoBanHoit 0Chr0 CoMHIIC-3¢MIIA H HAYAIOM
KoopauHaT B meHtpe 3Jemmm. Jma 3amanHOM BhIcOTEI HOO B 31081 CK
MOJOKEHANE W HampasineHwe AwkeHHS KA  ompexemsercs Tpems
mapameTpamu: mpsmoe BocxokacHme (RA), ckmomenme (DEC), asmmyt
(AZI). Jna 6omsimoro mHabopa BexropoB (RA, DEC, AZI) 6s11H pacCUUTAHBL:
BEIMYMHA WMIIYJIbCA, HEOOXOAMMOTO MM TIEpPEleTa HA OTPAHHUCHHYIO
OpOMTY B OKPECTHOCTH TOUYKH L2, W XapaKkTCpHCTHKH HOJYyUCHHOH
OTPAaHMYCHHOH OPOMTHI.

Bropas wuacte: cBs3p BpeMmeHH BbiBeAcHHS HAa HOO C BO3MOXHBIMH
XapakTEepUCTHKAMH Tiepurest otiera. Xapakrepuctuku HOO 3asucar ot
BPEMCHH BBIBEICHHA M KOCMOJIPOMA 3amycka. JUIT KOHKPETHOTO BEKTOpA
peiBeacHUA B [ puHBHuckoii CK (I'CK) OBITO CMOJCTHPOBAHO MHOKCCTBO
touek (DEC, AZI), mnomyuaemsix mpum JoctmwkeHuH KA 3amaHHOTO
MepuamaHa RA mpu w3MEHEHHWH BPEMCHH BBIBEACHHUS B TCUCHHH Troma (C
marom 001  c¢yr). 310  MHOXKCCTBO  NPSACTABIACT o000
KBA3HIICPHOAMICCKYI0 KPHBYIO, HE IUIOTHO 3aMETAIOIIYI0 KOIBICOOPA3HYIO
00JacTh, HYTO O3HAYACT HEBO3MOXKHOCTH JOCTIDKCHHSI IPOW3BOJIBHOM
xomoOunaun (RA, DEC, AZI) mpu BRIBSACHHH C 33JaHHOTO KOCMOAPOMA B
33JaHHOM ITPOMEKYTKE BPEMCHH.
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Tpetbsa "acTh: pa3paboTKa aNrOpPUTMA, MO3BOJLIFOMICIO ABTOMATH3UPOBATh
MOMCK BO3MOXKHOCTEH IEpeieTa B 33JaHHOM BPEMEHHOM OKHe. Jlng
3amaHHoro Bekropa BeBeacHHS B ['CK ma HOO (TO¥ K¢ BBICOTHIL, YTO H B
TIEPBOH YACTH), AHANA30HA Tepedopa BPEMCHH BBIBEICHHSA, U OTPAHHYICHUH
HA XapaKTCPHCTHKH TpeOyeMOH opOuTHI BOKpPYT L2, cO3maHHBIA anropuTM
BO3BPAIIAcT HA0OP BO3MOKHBIX MOMCHTOB BBIBE/ICHIS, KAKIOMY H3 KOTOPBIX
COOTBETCTBYET MOMCHT OCYIICCTBICHHSI IICPEXOTHOTO HMITYIbCA H €T0
BEJIMYMHA, XAapPAKTEPUCTHKH IIOJy4acMOH opOuTsl BOKpYr L2. [l storo
ANTOPHUTM BBINOJHICT NEpeOOp M TPEXMEPHYIO MHTEPIOLIMIO MO JAHHBIM,
pacCUNTAHHBIM HA TIEPBOM 3TaIIC.

PesympraTom palOoTel sBIAIETCS HAOOP IPOTPAMMHBIX HMHCTPYMCHTOB,
Mo3BOJLTIONIMX 1O 3aganHoMy Bekropy B I'CK u BpeMEHHOMY OKHY
peiBeacHUA HAa HOO, W OTpaHHYCHHAM HA XAPAKTCPHUCTHKH MOIy4YacMOM
opouTsl BOKpYT L2 paccumrarb MOMEHTHI BBIBEACHHS H OTJICTA, BEIMIHHBI
HMITY IbCOB, HCOOXOAUMBIC A1 OCymecTBIcHA mepesera ¢ HOO Ha opOuty
BOKPYT L2, yAOBICTBOPAIOIIYIO 3a0AHHBIM OTPAHUYCHUAM.

Computer simulation for spacecraft transfer from low Earth orbit to
orbit in vicinity of Sun-Earth L: libration point
Bober S.A., Aksenov S.A., Fedorenko Yu.V.
MIEM NRU HSE, Moscow

The purpose of work was the creation of algorithms to determine the
spacecraft departure time from low Earth orbit (LEO) and magnitude of
impulsive burn that will lead to single-burn transfer into orbit with specified
characteristics in the vicinity of Sun-Earth L2 point. Calculations performed
in GMAT software, numerical integration performed with respect to all
planets of the Solar system by the method of Runge-Kutta 8-9 order.

Part I: Evaluation of limited orbit characteristics, depending on parameters
of the perigee departure. Put the rotating coordinate system (CS) with a fixed
axis of along Sun-Earth direction and the origin in the center of the Earth. For
a given height of the LEO position and direction of the spacecraft is
determined by three parameters within a given CS: right ascension (RA),
declination (DEC), azimuth (AZI). For a large set of vectors (RA, DEC, AZI)
the magnitude of the impulsive burn required for a transfer to limited orbit in
the vicinity of the L2 point, and characteristics of the limited orbit were
calculated.

Part II: Relation between time of LEO achievement and possible
characteristics of departure perigee. Parameters of LEO depend on the time of
orbit achievement from Baikonur launch site. For a given vector of LEO
achievement in Greenwich CS (GCS) was calculated a set of points (DEC,
AZI), obtained when the spacecraft crosses meridian RA along with time of
LEO achievement changes within one year (in increments of 0.01 day). This
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set forms a quasi-periodic curve that has not sweep tight some sort of an
annular region, which means the inability to achieve any combination (RA,
DEC, AZI) when spacecraft starts from a given launch site in a given LEO
achievement window.

Part III: Development of an algorithm that allows to automate the search
for a transfer at a given time window. For a given vector (in GCS) and time
window of LEO achievement (with the same height as in the Part ) and
restrictions on the characteristics of the desired orbit around L2, created
algorithm returns a set of possible LEO achievement times, each of which
corresponds to the time of the transfer impulse and its magnitude,
characteristics of obtained orbit around L2. Algorithm performs a search and
interpolation in a three-dimensional data calculated in the Part 1.

The results of work is a set of software tools that allow for a given vector
in GCS and LEO achievement time window, and restrictions on the
characteristics of the resulting orbit around L2, to calculate the moments of
LEO achievement and departure, the magnitude of impulses required for
transfer from LEO to orbit around L2, satisfying specified restrictions.

Yncaennoe MoAeTMPOBAHNE MPONIECCOB 00TEKAHMST BLICOKOCKOPOCTHBIM
HEN30TEPMIUIECKHM IeTePOreHHbIM MOTOKOM JIETATETLHOTO ANMAPATA
KOHHYEeCKOH GopMBI, NPUTYIICHHOTO c(hepoii
bymaxkynos MM., Huxutun I1.B.

MAM, r. Mocksa

3agaya  oOTekaHmWsT TedM  Pa3HBIX  (OPM  BBHICOKOCKOPOCTHBIMH
TETCPOTCHHBIMH MOTOKAMH BCE CIIE OCTACTCS AKTYANBHOH IPH KCILIY aTalin
B OKCTPEMAJBHBIX VCIOBHAX M3ACIMH AaBHALIMOHHOM, PpAKETHOM U
KOCMHYECKOX TeXHUKH. CIOKHOCTh 33a7a4d  OOYCJOBJICHA TEM, 4TO
OOTEKAHUE TENI TE€TCPOTCHHBIM IMOTOKOM OCYIIECTBIIETCA ABYMS (hazamm,
ra3000pa3HOl (Ta3-HOCUTCIb) W TBEPAOH (YACTHIBI PASHOH AMCICPCHOCTH,
«K-(aza»). Hamrme B HaberaromeM BBICOKOCKOPOCTHOM moToke «K-(dazsp
JaKE B MAJBIX KOHICHTPAIMAX MCHICT HE TOJBKO Ia30IHHAMHKY OOTCKAHUS
TElla, HO U BHOCHT BECHMA CJOXKHBIM JOMOJHUTEIBHBIM MPOLECC - MPOLECC
JHEPro-Macco0OMEHA ¢ MOBSPXHOCTHIO JIA. JIaHHBIH MPOLECC KPOME FHEPTO-
MaccooOMEHA BBI3BIBACT HHTCHCHBHYIO MEXAHHHUCCKYIO SPO3HIO IIOBEPXHOCTH
TEJIa, YTO BHOCHT HEOOPATHMBIH BKJIA B a3pOJUHAMEKY JIA, a Taxoke CHIBHO
H3MEHACT PECYPC €0 IKCILIY aTaIlHH.

B paboTe npeanokeHa MaTeMaTHYECKAst MOZCTh, ONMHCHIBAIOINAS ITPOLICCCHI
SHEPro- W MAacCOOOMEH mpu  OOTEKAaHMH  BBICOKOCKOPOCTHBIM
HEM30TCPMHYICCKUM TETCPOTCHHBIM MOTOKOM JICTATEIBHOTO — aIIapara
KOHMIECCKOW (popMbI CO CeprydecKHMM MPHUTYIUICHHEM. MaremaTiuiecKas
MOJENIb TNOCTPOCHA Ha HWCIONB30BAaHMM MeEToAa Jlarpamka-OWnepa, B
KOTOPOM Hapsay ¢ DHICPOBCKHM ITOJXOJOM OIHMCAHMS IPOIECCOB B IMTOTOKE
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HecymeH (asbl (Ta3-HOCHTCNB), TPHMCHAICA NOAXOA Jlarpamka s
OTIMCAHUS JUHAMHKH TSUCHUS ucniepcHOr «K-(ha3sp.

Maremarnieckass MOACITH TCUCHHSA Ta30BOH (ha3el MOCTPOCHA Ha 0ase
vpasHeHnd Hapwpe-CTOKCa, YpaBHEGHMH 3HEPTMHM M MAacCOIEpPEHOCa H
VPaBHEHHS COCTOSHMSA. TeueHue TBEPAOH (Pas3bl MPEACTABICHO YPABHCHUSIMHA
MEPEHOCA KOJIMHMECTBA JABIKEHHA M MEX(a3HOro temroodMeHa. Pemenme
MOJCTH OCHOBBIBATOCH HA HCIOJBb30BAHHH AUCKPETHBIX AHAJNOIOB CHCTEMBI
ypaBaHeHuH HaBbe-CTOKCa, COBMECTHO C YPAaBHCHHAMH ICPSHOCA MACCHI,
SHEPTUH U TEIIOOOMCHA.

Pemenne MaTreMaTHUCCKOH MOJCIH PCaTH30BRIBANOCH ¢ momompro CFD
kommiekca ANSYS CFX, B KOTOpPOM A 3TOTO HCHOIB3YCTCA METOX
KOHTPOJNbHBIX 00BeMOB. Ha ©Oasze mamnmoro CFD xkommiekca mocTpoecHa
pacueTHas MoOACTb OOTEKAHHA W  B3AMMOJCHCTBHA  CBEPX3BYKOBOTO
TeTCPOTCHHOTO MOTOKA ¢ JIA ykazanno# (hopmsl. Ha ocHoBe paspaborannoit
pacyeTHON MOJEIM MPOBEACHA CEPHS BBIMUCIUTEIbHBIX 3KCIIEPUMEHTOB IS
passoii mucnepcHocTH «K-(as3er» B BBICOKOCKOPOCTHOM MOTOKE.

[lo pesynprataM 4YHCICHHOTO MOJCIUPOBAHUS IPOHM3BEIACHA OIICHKA
MPOIIECCOB IHEPr0-MAacCOOOMEHA BBICOKOCKOPOCTHOTO HEH30TEPMHUCCKOTO
TETCPOTCHHOIO MOTOKA B YCIOBHAX IOJCTA THHNCP3BY KOBOTO JIA B IOTHBIX
CTOSIX aTMOC(EPHI.

Computational simulation of high-speed non-isothermical heterogeneous
flow process around a spherically truncated cone shaped aircraft
Bulyakkulov M.M., Nikitin P.V.

MAI, Moscow

The work presents a mathematical model describing processes of energy-
and mass interchange in a high-speed heterogencous flow around a
spherically truncated cone shaped aircraft.

The mathematical model was based on Lagrange-Euler method which uses
both Euler description of processes in the carrier phase flow (carrier gas) and
Lagrange description of dispersed K-phase flow dynamics. Combination of
these methods allowed to compose a mathematical model of the high-speed
heterogencous flow around an axially symmetric aircraft forebody.

For a gas state the model is based on the Navier-Stokes equations, energy
and a mass transfer equations and state equation.

For a solid state we apply momentum transfer equation and interphase heat
exchange equation.

The model solution is based on the use of discrete analogues of the Navier-
Stokes system of equations, together with the mass- and energy transfer and
heat exchange equations. To solve the task we apply CFD ANSYS CFX
complex.
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OnTuMmsanyst rpy30nepeBo3oKk Ha YIACTKe JKeJe3HOI0POKHON ceTn
BysHoB M.B., Haymos A.B.
MAM, r. Mocksa

Lensro paboOTHl ABIACTCA HCCIACAOBAHHC MATCMATHYCCKOH MOICITH
HA3HAYCHUSI JIOKOMOTHBOB COTJACHO CYTOYHOMY 33/IaHWIO0 HA TIICPECBO3KY
IPYy30B IO Y4YaCTKy JMKECJC3HOJOPOKHOM CETH. YUHUTBHIBAKOTCS PA3THUHBIC
OTrPaHUYCHI, CBA3AHHBIC C UCITOJIb30BAHUCM JJOKOMOTHBOB MPHHAIJICKAIINAX
PA3THYHBIM JEMO NPHIHMCKH OPH TNCPEBO3KE TPY30B IO KAKIOMY H3
HampasyieHuH. OIHCHIBACTCS MPOTPAMMHO-ANTOPUTMHUYCCKHN — KOMIIIICKC
pa3paboTaHHBIN  qIA TOAYYCHHSA CyOONTHMAJIBHOTO  PCIICHHA 00
HCIIOJIb30BAHUM JIOKOMOTHBOB COTJIACHO CYTOYHOMY IUIAHY-337JaHHIO IO
KPHATCPHIO MHHHUMHU3AIHH CYMMAapHOTO KOJIMYCCTBA HCTIOJIb3y CMBIX
JOKOMOTHBOB.  [Ipeamaraercd  cmoco®  BH3yAIM3aUUH  MOJIYYCHHOTO
CyOONTHMAIBHOTO PEHICHHS, MPOBOAMUTCA AHATH3 PE3yJIbTATOB UHCICHHOTO
OKCIICPUMCHTA. HCXOI[HI)IG JAHHBIC AJIA YHCJIICHHOTO OKCHICPUMCHTA
MO/JICJIMPYIOTCS. HA OCHOBE O0OpAaOOTKH PEalbHBIX JAHHBIX O MEPEBO3KAX HA
HCCIICAYEMOM YYACTKE JKEJIC3HOAOPOKHON CETH 32 HEKOTOPBIH MPOMEKYTOK
BPEMEHU. [MpoBomuTcss  CpaBHHTCIBHBIH  aHamM3  3(D(OCKTUBHOCTH
TOJIYYCHHOTO pacnuCaHmAa JABHKCHHS JJOKOMOTHBOB C PpEaIBHO
HCIOJIb30BAHHBIM HA JAHHOM TIPOMEKYTKE BPEMCEHH. AHAIU3HPYIOTCA
paznu4HbIE KpUTEPUH 3()(PEKTHBHOCTH.

Optimization of freight transportation in the area of the railway network
Buyanov M.V., Naumov A.V.
MALI, Moscow

The objective is to research the mathematical model of allocation of
locomotives according to the daily tasks for freight transportation on arca of
the railway network. Taking into account the various limitations associated
with the use of locomotive belonging to different depots for freight
transportation in each direction. We describe software and algorithmic
complex designed for optimal decision on the use of locomotives according
to the daily plan-task on the criterion of minimizing the total number of used
locomotives. Is provided a method imaging an optimal solution and the
analysis results of the numerical experiment. The initial data for the
numerical experiment modeled on the basis of actual traffic data in the target
area of the railway network for a certain period of time. Carried out a
comparative analysis of the efficiency of the resulting timetable to actually
used in the given period of time. Various efficiency criteria are analyzed.
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Jluneapuzanusa GYHKIUH NOTEPH B 32/1a4€¢ KBAHTU/ILHOMH ONTUMH3AIIUN
JUIA CJIYYAs OTPAHMYEHHOTO HOCUTEJISA BEKTOPA MAJIBIX CJAYyYalHbIX
napamMeTpoB
Bacumsea C.H., Kaun 10.C.

MAM, r. Mocksa

B pabore pemaercs 3amaya MHHHUMH3AIMH KBAHTHIBHOTO KPHTEPHS I
(VHKIMH TOTCPh, HCITHHCHHO 3aBHCAIICH OT BCKTOPA MANBIX CIIYYaifHBIX
nmapamerpos. Kpurepranbabie ()yHKIME TAKOTO THIIA BCTPSUAOTCS B 331a9aX
VIPaBJICHIA JICTATCIBHBIMH AIIAPATAMHE C YUCTOM CIyYaHHBIX BO3MY HICHHH.
OVHKIMA TOTEPh B TAKUX 3a7a4aX OOBMHO XapaKTCPU3YeT TOYHOCTH
CHCTEMBl YIIPABJICHHS, HANPUMEP TCPMHUHANBHYIO. Mamble chaydaiHbe
MapaMeTphl MOJCIHPYIOTCS HPOM3BEACHUSAMH CIIYYAWHBIX BEIMYHH C
33JaHHBIMH PACTIPEACICHISIME HA MAJIbIe JCTCPMHUHHUPOBAHHBIC KOHCTAHTBHI,
00pasyroIue BEKTOP MAJIbIX IIAPAMETPOB.

CrocoOb! MOJyYCHHUS AHATHUTHYCCKUX 3aBHCHMOCTEH 71 KBAHTHJILHOTO
KpHTEpHUs MOAPOOHO M3I0XEHH! B [1]. Caeayer OTMETHTH, UTO 3TH CIIOCOOBI
SIBILIFOTCSL TPYJHO PEANM3YEMBIMH H3-32 CIOXKHOH CTPYKTYPHI (PyHKIHH
MOTEPh W CIIOKHOCTH MHOTOMEPHOTO PACHpPEACICHHA BEKTOPA CIyYaHHBIX
TapaMETPOB.

PesympraTtel maHHOW pabOTBI OCHOBAHBI HA METOAC JIMHEAPW3ALMH
PCIICHUS 33739 KBAHTHIHLHOH ONTHMH3ALWH, NPCAIOKCHHOM B [2]. OH
3aKJIFOYACTCS B HCIIOJIb30BAHHM BMECTO HCXONHOM HEIMHCHHOW (DYHKIMH
moTePh o€ MOACITH, THHCHHOHN MO CIy4YaiHBIM TapamerpaM. B padote [2] atoT
MeT0 00OCHOBAH TOJBKO A CIAy4as CKAJLIPHOTO CJIYYAHHOTO MapaMeTpa.

B Hacrosmet padoTe mpuBOAMTCA OOOCHOBAHHMC MCTOJA JHHCAPH3ALUH
O Ciydas, KOorJa CIyYadHBIX HApaMETPOB HECKOIBKO W HX COBMECTHOC
pacmpenencHuEe  HMEET  OrPAaHHMYCHHBII  HOcuTendb. [loka3aHo, 4TO
MOTPEITHOCTh ~ WCHOJNB30BAHUS  JIMHCAPM30BAHHOH  (DYHKIMHM  IOTEPh
TIPOTIOPITHOHAIBHA KBAAPATy HOPMBI BEKTOPA MAIBIX ITAPAMETPOB.

PacueTsl, mDOIyYeHHBIE HA TECTOBOM IPUMEPE, IOATBEPIKAAIOT
AKTYaJbHOCTD MOJIYyUCHHOTO PE3YIbTaTA.

1. Kubzyn A.W., Kan }0.C. 3amaum croXacTHYECKOTO POTPAMMHPOBAHUS
C BEpPOSATHOCTHBIME KpuTteprsiMu. — M.: DUSMATIINT, 2009.

2. Kan 10.C., Cricyes A.B. «OcHOBBI METOIA IMHEAPU3ANH TSI PELICHH
337a4 KBAaHTWJIBHOTO AHANMM3a C MAJbIMH CIYYaHHBIMH HApaMETPaMED,
ABroMaruka u TeeMexanunka, 2008, Ne§, crp. 71-82.
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Loss function linearization in the quantile optimization problem
for vector of small stochastic parameters with the bounded support
Vasileva S.N., Kan Yu.S.

MAI, Moscow

The quantile criterion minimization problem for the nonlinear loss function
depended on a vector of small stochastic parameters. Such criterial function is
found in aircraft control problem with stochastic perturbation accounting. In
such problems loss function usually characterizes the control system
accuracy, for example the terminal one. Small stochastic parameters are
modeled by a multiplying random variables with given distribution and small
deterministic constants forming the small parameters vector.

Methods of producing analytic dependencies for quantile criterion are
detailed in [1]. It should be noted, that these methods can be hardly
implemented due to the loss function complicated structure and the difficulty
of random vector multidimensional distribution.

The work results are based on the linearization method detailed in [2] for
the quantile optimization problem. The method consists of using a model
linear in random parameters instead of the original nonlinear loss function. In
the work [2] this method is justified only for the scalar random parameter
case.

Here is the linearization method justification for the case where there are
several random parameters and their common distribution has a bounded
support. Here is shown that the inaccuracy of linearized loss function using is
proportional to square of small parameters vector norm.

The calculations obtained on the test sample, confirm the relevance of the
results obtained.

1. Kibzun A1, Kan Yu.S. Zadachi stokhasticheskogo programmirovania s
veroyatnostnimi kriteriami. — M. .FIZMATLIT, 2009. (in Russian)

2. Yu. S. Kan, A. V. Sysuev, “On approximate solution of the problem of
formation of the fixed-income portfolio of securitics”, Autom. Remote
Control, 71:6 (2010), 1094-1104

06 ycToiiunBoCTH NEepPMaHEeHTHLIX BPANIeHHii HECHMMETPHYIHOTO
THPOCKOMA ¢ BUOPHPYIOMICIT TOUKOIT moaBeca
Bmmenkosa E.A.

MAM, r. Mocksa

PaccmaTpuBaeTcsa ABIKCHIE HECHMMETPHYHOTO THPOCKOTIA, OJHA H3 TOUCK
KOTOPOTO COBEPIIACT BEPTHUKANBHBIC BBICOKOYACTOTHBIC TAPMOHHYCCKHE
KkoneOaHua Manod aMIuTy Abl. [Ipeanonaraercs, 4To HEHTP MacC THPOCKOIA
JICKUT HA OJHOM M3 TTIABHBIX OCeH mHepuuu. M3ydaeTcs yCTOMYUBOCTD ABYX
THIIOB TNECPMAHCHTHBIX BPALICHHA THPOCKOMA, MPH KOTOPBIX THPOCKOMI

392



BpalIAeTCd BOKPYI YKA3AHHOM TI'IaBHOW OCH MHEPLUU HJIM BOKPYT OCEH M3
TJIABHBIX IUIOCKOCTECH MHEPIMH, IPUMBIKAOIINX K JAHHOH OCH.

Hccrnenosanne mpoBOTUTCA B PaMKaxX MNPHONMKCHHOM ABTOHOMHOH
cucteMbl TuPepeHIHANEHBIX YpaBHCHHI| 1], 3anMCaHHON B KAHOHHYCCKOM
¢opme. IlpoBemeHa HOpMamm3amus TAMIUIBTOHHAHA — BO3MYINCHHOTO
JBIDKCHHST B OKPECTHOCTH H3YYACMBIX HYACTHBIX JBI)KCHHH THPOCKOTIIA.
Jlocrarounble  YCHOBHSA  YCTOHYMBOCTH  HCKAIHCh  KAaK  yCIIOBHSA
3HAKOOTIPEICICHHOCTH KBAAPATUYHON YAaCTH HMOJYyHUCHHOTO TaMHJIBTOHHAHA,
HEOOXOAMMBIC VCIIOBHS YCTOHYMBOCTH HAWIACHBI IYTEM HCCICIOBAHHA
KOPHEH XapaKTCPHCTHUCCKOTO YPABHCHHS JIMHCAPU30BAHHBIX YPABHCHHH
BO3MYIICHHOTO JBIDKCHHSI. B IUIOCKOCTH O€3pa3MepHBIX HHEPIHOHHBIX
MAPaMETPOB 3aJa4YM  BBIICICHBI O0NACTH C Pa3IWdHBIM  XapaKTEpOM
YCTOWMHBOCTH, VCJAOBHSA KOTOPOH 3aBHCAT OT YACTOTHI BHOPAIHH TOYKH
MMOJABECA W YTIIOBOH CKOPOCTH IIEPMAHEHTHOTO BpamueHus. IIposeacHO
CPaBHCHHE TOJYHUCHHBIX PE3yJbTATOB C COOTBETCTBYIOLIMMH PE3yJIbTaTAMHA
I TeAa ¢ HCTMOABIDKHON Toukoii[2]. OOHapy»KCHO, YTO I HC CITHIIKOM
00X 3HAUCHUH YACTOTHI BUOPALMM YCIOBHS YCTOHYMBOCTH COBIAJAIOT
1o (hopMe C aHATIOTHIHBIMH YCIOBHSIMH JJISI CIIy4ast OTCYTCTBHS BHOparmu. B
psane oOnactell M3MCHEHHS WHEPUHOHHBIX MAPAaMETPOB, I KOTOPBIX IIPH
OTCYTCTBHM  BHOpammii HMEIa MECTO  HEYCTOHYHMBOCTH,  HAIIMYHC
BHOPAIIMOHHOTO MOMEHTA O0ECHeUmIo CTAaOMIM3ALMIO B OIPEACICHHOM
JINANA30HE U3MCHCHUS YTIIOBOH CKOPOCTH IIEPMAHCHTHOTO BPAIICHIL.

Jns aByX YaCTHBIX HAaOOpOB WHEPLHOHHBIX IAPAMETPOB IPOBEICH
HCIMHCHHBIL AQHANMH3 YCTOMYMBOCTH. PaccMOTpEHBI HEPE3OHAHCHBIH H
PE30HAHCHBIH CIIyYaH, a TAKKE CIIyYaH BBIPOIKICHHU.

Pabora BpmomHeHa mpum (uHAHCOBOH moanmepskke Poccumiickoro ¢oHma
(yHIAMCHTATBHBIX HCCIeAoBaHUH (mpoekt 14-01-00380) m mporpaMmbr
«locymapcTBeHHAs TMOAACPIKKA  BEAyINUMX HAaydHbIX mkom»  (HII-
2363.2014.1).

Jluteparypa

Maprees A.Il. K Teopum IBIKEHHS TBEPAOTO TEJNA C BHOPHPYIOLINM
moasecoM // Jloxmaasr Akamemun Hayk. 2009, T.427, N 6. C.771-775.

Xomocrosa O.B. Hccnenoanne yCTOIMBOCTH IEPMAHCHTHBIX BPAIICHAH
Irayae. // M. - Wxesck: HUL] «PerymsipHas U XaoTHUECKAsI THHAMHKA». —
2008. — 128 c.

Stability of permanent rotations of an asymmetrical gyroscope with
a vibrating suspension point
Vishenkova E.A.
MAI, Moscow

We consider an asymmetrical gyroscope with a point making vertical high-
frequency harmonic oscillations of small amplitude. We assume that the
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gyroscope center of mass lie on one of the principal axes of inertia. We study
the stability of the two types of permanent rotation of the gyroscope, in which
the gyroscope is rotating about specified principal axis of inertia or about the
axes of the main planes of inertia, adjacent to this axis.

The research is considered in the framework of an approximate
autonomous canonical system of differential equations of motion [1]. The
normalization of the Hamiltonian of the perturbed motion in the
neighborhood of the particular movements of the gyroscope has obtained.
Sufficient conditions for stability were sought as conditions of sign-
definiteness of the quadratic part of the obtained Hamiltonian. Necessary
conditions for stability are found by examining the roots of the characteristic
equation of the linearized equations of perturbed motion. In the plane of the
dimensionless inertial parameters, we highlighted arcas with different
character of the stability, the conditions of which depend on the frequency of
vibration of the point of suspension and on the angular velocity of the
permanent rotation. The comparison of the results obtained with the
corresponding results for a body with a fixed point is fulfilled [2]. It was
found that for not too large values of vibration frequency, the stability
conditions match by shape with the same conditions in the case of absence of
vibration. In some areas, changes of inertial parameters, for which with the
absence of vibration instability occurred, the presence of the vibrational
torque provided stabilization in a certain range of variation of the angular
velocity of the permanent revolution.

Nonlinear stability analysis is carried out for two special cases of inertial
parameters. We consider non-resonant and resonant cases, as well as cases of
degeneration.

This work is supported by the Russian Foundation for Basic Research
(project 14-01-00380) and by “State support of leading scientific schools”
(SS-2363.2014.1).

References

Markeyev A P. To the theory of a rigid body with a vibrating suspension //
Dokl. Akadem. nauk, 2009, vol. 427, no. 6, pp. 771-775 (Russian)

Kholostova O.V. Investigation of stability of permanent rotations Staude //
Moscow - Izhevsk: Regular and chaotic dynamics, 2008 (Russian)

MareMaTH4ecKkoe MOIe/THPOBAHIE MTHOBEHHOT0 HATPeBa JIMHEITHOT0
HCTOYTHHKA TEMJIOTHI /I OTIEHKH TEILTONPOBOTHOCTH HEOTHOPOHBIX
MATEpPUATIOB
Iapubsu b.A., Mepkynos ' A.

MAM, r. Mocksa

OKCIICPUMCHTATTBHBIN METO/ HATPCBA THHCHHOTO MCTOYHWKA TCIUIOTHI [1-
3] OTHOCUTCS K 30HIOBBIM HECTALMOHAPHBIM METOAAM KPAaTKOBPEMEHHBIX
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m3MepeHnd [I-ro poma, M mpuUMEHAETCS U1 OMpeneNeHus Kod(duimenTa
TCIUIOTIPOBOAHOCTH ¥ TEIDIOBOM AKTHBHOCTH BCIICCTB, IPESKIC BCETO,
skuakocTeit [1]. Meroa ucnonab3yercs TakKe I OLCHKHU TEIIONMPOBOAHOCTH
TBEPABIX MAaTEPHANOB [2-3], OAHAKO CBA3AH C ONMPEACICHHBIMU TPYIHOCTAMH
HCKQKCHHA IOJIC3HOTO TEMIEPATYPHOTO CHrHANA (OTKIMKA HA HATPEB)
HCCIEIyeMOro o0Opasia B BHAC JOIOJHHTCIBHOTO MEPETPEBa HMCTOUHHKA
TCIUIOTHI 32 c4YeT Haam4ywmsil (PAKTOpa KOHTAKTHOTO — TEPMHYECCKOTO
comporuBiacHua (KTC). Jna oueHkH KO3(pPHUIHEHTA TEIIOMPOBOIHOCTH
TBEPABIX MATEPHATIOB HCHOIB3YETCA PACUECTHOE COOTHOIIEHUE [1-2], qaromee
JIOCTATOYHO NMPHOM3HTEIBHBIC PE3yIbTaThl. YueT BamstHus paxropa KTC [2-
3] ¥ BBEACHHE COOTBETCTBYIOIIUX IOMPABOK TMO3BOJIET HECKOIBKO
VIAYYIINTH 3Ty OLICHKY.

B manHOH padoTe MPEITOKCHBI MATCMATHUCCKHC MCTONBI OLCHHBAHHUS
KO3((HIMeHTa TEIIOMPOBOIHOCTH TBEPABIX MATEPHAJTOB, OCHOBAHHBIC HA
YUCICHHOM MOJCIHPOBAHHHA HArpesa UCTOUHHKA. C(OPMHUPOBAH YPOBHEBBIH
Kputepuii BmmaHUs Ha HarpeB (akropa KTC, mo3sonmBmmii ompenesmTh
BPEMCHHbIC  PAMKH  YCIOBHO-ONTHMAIBGHOTO  IPOMEXYTKA  3aMepa
MIPHUPAIICHHH TEMIIEPATyPbl UCTOUHUKA B TOUKE €r0 KOHTAKTA C 00pa3IoM.
OnecHky kK03(p(QUOHCHTA TCIIONPOBOIHOCTH MOCIICTHETO B3aAMCH PACUCTHOTO
COOTHOIICHUS MPEII0KEHO MPOBOAWTH ABYMsS METOJaMH. B mepeoM, 1
CETOYHON (DYHKIMHM TpUpAINCHHI TEMIICPAaTypPhl B ITOJIYIOTapH(DMITICCKOH
IIKAJIe METOJOM HAUMEHBINNX KBAJPATOB BOCCTAHABIMBACTCS KOA(P(HUIECHT
HAKJIOHA aCHMIITOTHI, COOTBETCTBYIOIICH PETyIPHOMY TEIUIOBOMY PEKHMY
cucreMbl. Bo BTOpoM Meroze myTéM MHOTOKPATHOTO IPOTOHA MPOTPAMMBI
MO/ICIMPOBAHMS HArPEeBa MCTOYHUKA PEINACTCS MHBEPCHAS TEIUIOBAS 3amada
Ha OmnpeaciacHue Kod((UIMCHTA TCIIOMPOBOTHOCTH oOpasma. [lomck
KO3 urmeHTa, HanbOIEE MOAXOIIIETO B CMBICHIEC KPHTEPHSI MUHHMAIbHOH
CYMMBI KBAagpAaTOB VKIOHCHHH PACUCTHON M JKCHECPHMEHTAIBHOH CETOK
MIPHUPAIICHIH TEMIICPATYPBI HCTOUHUKA, TPOBOIMIICS HTCPALIMOHHO, PA3HBIMH
aNrOpUTMAMH HYICBOTO TIOPAAKA, B TOM UHCIC 3SBPHCTHUCCKUMH
HMHTAIIMOHHBIMH. Pesymprars OLICHMBAHUS r03(puimenra
TCIUIOTIPOBOAHOCTH TBEPABIX MATCPHANIOB, IIOJNYYCHHBIC NPH PEIICHUH
MPeAIaracMpIMH  METOAAMH HECKOJIBKHX METOAMUYCCKUX 33734, XOPOIIO
COTJIACYEOTCSI C JMTEPATYPHBIMH JAHHBIMH: UL HAYAIBHOM TEMIICPATyphI
300 K morpenrHoCcTh He MpEeBBIIIaia COOTBETCTBEHHO 1.9% u 2.5%.

[1] Crmpun I''T"., IInpoxosa E.K., Kpasuyn C.H., Ctpekanosa E.A. UDXK,
1991, 61, No2, ¢.289-295.

[2] Coupur T'.T., Bunorpamos FO K., Bexses O.B. TBT, 1996, 34, Nel,
c.29-34.

[3] Beaser O.B., Crmpun I'T., ®opmanés B.®., Henapokos H.1IO. DK,
1998, 71, No5, ¢.805-810.
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Mathematical modeling of the instantaneous heating of the linear heat
source for evaluating the thermal conductivity of heterogeneous
materials
Garibyan B A., Merkulov G.A.

MAI, Moscow

The experimental method of heating a linear heat source [1-3] refers to
methods of short-term non-stationary probe measurements of the II-nd kind
and is used to determine the thermal conductivity and thermal activity of
substances, especially liquids [1]. The method is used to assess the thermal
conductivity of solid materials [2-3], but is associated with certain difficulties
due to distortion of effective temperature signal (response to heating) by the
sample material in the form of overheating the heat source due to the presence
of contact thermal resistance (CTR) factor. To estimate the thermal
conductivity of solid materials the ratio [1-2] is used, which gives quite rough
results. The consideration of the effect of CTR factor [2-3] and the
introduction of appropriate corrections allows improving the evaluation.

In this paper we propose mathematical methods for estimating the
coefficient of thermal conductivity of solid materials, based on numerical
simulation of the source being heated. The criterion of the influence of CTR
on source heating was formulated, which allowed determining the
conditionally optimal time interval for measuring increments of the source
temperature at the contact point with the sample material. Instead of using the
ratio [1-2] the two following methods for thermal conductivity coefficient
evaluation are proposed. In the first one, for grid function of temperature
increments in semi-log scale, the least squares method recovers the slope of
the asymptote, corresponding to regular thermal regime of the system. In the
second method through multiple simulation program of the source heating
execution inverse thermal problem is solved to determine the thermal
conductivity of the sample. The search of the coefficient, which is most
suitable in terms of the criterion of the minimum sum of the squared
deviations of the calculated and experimental grid increments of the source
temperature, was conducted iteratively, using different algorithms of the zero-
order, including heuristic methods. The estimation results of the thermal
conductivity of solid materials obtained by the solution of several
methodological problems using proposed methods are in good agreement
with published data: for the initial temperature of 300 K, the error did not
exceed 1.9% and 2.5% respectively.
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B03MOKHOCTH 9HCIEHHOT0 MOAEIHPOBAHAS ADP0IMHAMHIECKOM
nHTep GepeHnu BUHTOB BEPTOIETA
Tapunos A.O.%, Opunnnukos B.1.2, Hukonaes E.W.2, Tackapos M.3.12
IKHUTY-KAH, 2KB3, r. Kazans

C menpl0 TPOBEACHMS UHMCICHHBIX HCCICIOBAHHH a3pOJHMHAMHICCKUX
XApPAKTEPHCTHK BHHTOB ABTOPAMH CTAaThd OBLT pa3zpaboTaH IPOTPAMMHBIH
KOMIUICKC IO PAc4éTy AadpPOJMHAMHYCCKUX XaPAaKTCPHCTHK KOMOMHAIMH
BHHTOB C YYETOM UX B3aUMOJCHCTBUS APYT C APYTOM.

[MporpaMMHBII KOMIUICKC TOCTPOCH HA 0a3¢ BHXPCBOH TCOPHH TOHKOH
HeCyIIeH TIOBEPXHOCTH, paspaboTaHHOH nofg PYKOBOJACTBOM
C.M.Bemoneprosckoro. HemmueliHast HecTanMOHApHAS BHXPEBAST TEOPHUS
TOHKOW HECyIIEH NOBEPXHOCTH TIIO3BOJSIET MOJCIHPOBATH  CIOKHBIN
HEJIUHCHHBIN CJICA OT BUHTOB, BOSHUKAIOLIUN HA PESKUMAaxX MAHCBPUPOBAHUS
W TOPU3OHTANBHOTO TOJIETA. 3amadya OOTCKAHMSI BEPTOJIETA ITOTOKOM
HEBJ3KOH HEC)KMMACMOM OKHAKOCTH  PEIIACTCS YHCJICHHO METOAOM
JAUCKPCTHBIX BUXPCBBIX PAMOK.

BroiOpaHHBIE ~ MOAXOX  TO3BOMSIET  KOMIUICGKCHO  CMOZJEIHPOBATH
B3AUMOB/IMAHHAC  PA3JITATHBIX KOM6I/IHaI.[I/II\/'I BHHTOB B OJHOM IIAKCTC
mporpaMM. BHHTBI COCTOAT M3 KOHEYHOTO YHCIA JOMACTEH. YIPaBICHHE
BHHTAMH OCYIICCTBIFICTCSI IO 3apaHee OIPEICJICHHBIM 3aKOHAM. (DOpMBI
HECYIIUX IIOBEPXHOCTECH OIPEICISIFOTCA pAcueTOM M 3aJal0TCi B BHIAC
()YHKOME KOOPIMHAT M BpeMCHH. KHHEMATHYCCKHE MApaMETPhl JBIKCHUS
CUHTAKOTCA H3BCCTHBIMH. 3a£[aHI/Ie OTHX M[ApaMETPOB BO3MOKHO IIO
pe3yabTaTam JETHBIX JAHHBIX.

IIporpaMMHBII ~ KOMIUIEKC ~ MO3BOJIIET  CMOJCIHPOBATH  PEIKUMBI
TOPH30HTAIILHOTO TIOJIETa, PEXHM BEPTHKAIGHOTO CHIDKCHHUS, BKIFOUAS
PEXKHUM  «BHXPCBOTO KOJbLA», MIOAPBIB HCCYWICTO0 BHHTA HA PCOKHUME
aBTOPOTALMH, MAHECBPbI B BEPTUKAILHOW M FOPH30HTAIBHOU IJIOCKOCTAX. B
MPOIIECCe pacyéra ONMPEACILIFOTCS HATPY3KH HA HECYINUX IMOBEPXHOCTAX C
YUCTOM B3aUMHOTO BIIHAHHUA BCCX HECYIIUX HOBerHOCTefI.

UuncreHHOE MOJCIMPOBAHKIE PEATH30BAHO HA SI3BIKE MPOTPAMMHPOBAHUS
C++ B BHIC MakeTa MPOTpPaMM, KOTOPAS MO3BOJLIET MPOBECTH BU3Y ATH3AIIHIO
(pu3HICCKON KApTHHBI OOTCKAHHSA BCPTONICTA, (POPMBI BHXPECBOTO CIICAA,
TOJICH CKOPOCTEH.

B paboTe BBHIMOJHEH aHAMN3 a3POINHAMUYCCKOTO BO3ACHCTBHS HECYMIETO
BHHTA HA PYJCBOM B 3aBUCHMOCTH OT B3AHMHOTO PACTIOJIOKCHHA (a3HMYTOB)
ux jomnacteit. HalineHo HamOosiee OMaronpuaTHOS B3AHMHOC PACIIONIOKCHIC
JOMACTeH BUHTOB. [ 3TOTO Ciaydas HMPOBEAEH AHANMH3 B 3aBHCHMOCTH OT
HU3MCHCHI 1aCTOTHI BPAIICHUA PYJICBOTO BUHTA.
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Numerical simulation opportunity of helicopter’s rotors aerodynamic
interference
Garipov A.O.2, Ovchinnikov V.I1.2, Nikolaev E.I.%2, Gaskarov M.Z.!-2
TKNRTU-KALI, *Kazan Helicopters, Kazan

By the authors were developed a numerical simulation program code for
investigation problems of modeling unsteady acrodynamics of the
helicopter’s rotors.

Program code built on the basis of the vortex theory of thin airfoil
developed under the guidance of Belotserkovskii. Nonlinear unsteady vortex
theory of the fine bearing surface allows to simulate complex nonlinear trace
from rotors, arising on modes of maneuvering and horizontal flight. Flow
problem helicopter flow of an in viscid incompressible fluid is solved
numerically by the discrete vortex frameworks.

The chosen approach allows complex simulate the entire helicopter in one
software package. Main and tail rotors consist of a finite number of blades.
Management screws made according to predefined rules. Form bearing
surfaces are determined by calculation and are given as a function of position
and time. Kinematic parameters of the motion of the helicopter are considered
known. Setting these parameters is possible as a result of flight data.

The program allows you to simulate modes of horizontal and vertical
flight, "vortex ring", autorotation, maneuvers in the vertical and horizontal
planes. In the process of calculating the defined fixed and variable loads on
the helicopter units, taking into account the mutual influence of all bearing
surfaces.

Numerical simulation of vortex sheet is implemented in the programming
language C ++ as, a software package that allows making visualization of the
physical flow pattern of the helicopter, shape wake vortex velocity fields and
pictures of the streamlines.

In this paper analyzed acrodynamic encounter by main and tail rotors in
dependence of mutual position of theirs blades and fined most propitious
mutual position of blades. For this case analyzed acrodynamic encounter in
dependence of tail rotor rotation frequency.

MoaempoBaHne TEYCHNS B KAHAJIE IEPEMEHHOT0 CCHCHIS
CO CTOsTUell JETOHATMOHHOH BOJIHOM
T'ugacoos B.1O.
MAM, r. Mocksa

HCO6XOZ[I/IMI>IM JTanoM mnpH CO3JAHHHU COBPCMCHHBIX OBUTATCJIBHBIX
YCTAHOBOK SBILICTCH MATCMATHYCCKOC MOICTHPOBAHHC (DH3HKO-XHMHIUCCKIX
MPOLIECCOB, MPOTEKAKOIMUX B KaMEpe CropaHus W comie. B Hacrosmen
padoTe paccMaTpUBACTCS CIyYal COKUTAHKS TOIDIHBA B KAHAJE IIEPEMEHHOTO
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ceucHHs, nMeromiero (hopmy cormia JIapamsd, B CTAHOHAPHOH ACTOHAIIHOHHOH
BOJIHC C TOCTICAYIOIIMUM PA3rOHOM IPOJYKTOB CTOPAHHS O CBEPX3BYKOBBIX
ckopocteit. [Ipy YMCICHHOM MOJEIHPOBAHUH HMPEATIOIATACTCS, YTO TCUCHHUC
OTHOMEPHOE 3(PQPEKTHI BI3KOCTH, TEIUIONPOBOTHOCTH W JUPPy3um He
VUHUTBHIBAIOTCA. TeueHHe ra3a Ha BXOJE B COIUIO 33JACTCSI CBEPX3BYKOBBIM.
Pemraercsa mpsiMast 3a7aua TEOpPHH COIUIA, TEUYCHHE ra3a 0 JCTOHALMOHHOM
BOJTHBI ~ CUHTACTCA  “3aMOPOKCHHBIM , A  TOCIC  ACTOHAIMOHHOM
BOJIHBI ‘PABHOBECHBIM . B TOM ciyuyae, eCIM JCTOHAIMOHHAS BOJHA
peamm3yeTcsi B CY’KAIOMEMCSl KAHAJNE, OHA SBIUICTCSA IIEPECKATOH, &
KOOPJIMHATA OTPEICISIETCS W3 YCIOBHS PABCHCTBA CKOPOCTH MPOAYKTOB
CTOpaHH PABHOBECHON CKOPOCTH 3BYKa B KPUTHUECKOM CeueHHH. B ciyuae,
€CJIM ACTOHAIMOHHAS BOJIHA PEANM3YETCA B KPUTHUICCKOM CCUCHHH WM B
pacIupSIOMEHCST YacTH KaHAma, TO AII OOCCICHCHHS MOCICAYIOIIETO
VCKOpEHHS TOTOKA [0 CBEPX3BYKOBBIX CKOPOCTEH OHAa  JIOJDKHA
COOTBETCTBOBATH pekuMy UenveHa-Kyre.

[Ipusomarca (PuU3MKO-MATEMATHYCCKAsI MOJAETb M BBHIUMCIHTEIHHBIC
ANTOPHUTMBI MOJCITUPOBAHIS XUMHYCCKH PABHOBECHOTO TCUCHHS B COILIC CO
CTOAYCH JCTOHAIMOHHOW BOMHOH B KBA3HOJHOMEPHOHM CTAHOHAPHOM
MOCTAHOBKE. PacCMOTpeH cCiyvail CropaHusl TOIUIMBA B CTAUHOHAPHOU
JCTOHAUMOHHOM BOJIHE C  IOCJHCAYIOIIMM  Pa3TOHOM  IIOTOKA IO
CBEPX3BYKOBOH CKOpOCTH. MccinenoBaHbl PEeXXHMBI TCUCHHS JOIYCTHMBIC B
paMKax OTHOMCPHOHW CTamMOHapHOW Mogemu. [lpeanoskeHa (opma
TIPEACTABICHHS PE3YIbTATOB MATEMATHUECKOTO MOJACTHpoBaHusI B Bune R-R
JWArpaMMBblL, KOTOPAs TO3BOJSIET IO H3BECTHBIM IApaMETpaM HAa BXOJC B
KAHAJI ONPEACTNTh PEANM3YIOIUICA BHI TCUCHHS NPH  PA3IUIHBIX
COOTHOIICHWSIX MEXIY PaaNyCaMH BXOJHOTO, KPUTHUESCKOTO W BBIXOJHOTO
CCYCHUH KaHamA.

Simulation of flow in a channel of variable cross-section with
a standing detonation wave
Gidaspov V.Yu.
MAI, Moscow

Necessary stage in the development of modern propulsion systems is the
mathematical modeling of physicochemical processes occurring in the
combustion chamber and nozzle. In this paper we consider the case of
combustion in a channel of variable cross-section having the shape of Laval
nozzle, in a steady detonation wave with a subsequent acceleration of the
combustion products to supersonic speeds. In numerical simulations it is
assumed that for one-dimensional effects of viscosity, thermal conductivity
and diffusion are not taken into account. The gas flow at the entrance to the
supersonic nozzle is defined. Solved the direct problem of the theory of the
nozzle, the flow of gas to the detonation wave is considered to be “frozen”,
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and after the detonation wave “equilibrium”. In that case, if the detonation
wave is realized in a narrowing channel, it is overdriven, its coordinate is
determined from the condition of equality of velocity of combustion products
equilibrium sound velocity in critical cross-section. If the detonation wave is
realized in a critical section or in the expanding part of the channel to allow
the subsequent acceleration of the flow to supersonic speeds it must be akin
to the Chapman-Jouguet.

Physical and mathematical model and computational algorithms for
modeling chemical equilibrium flow in the nozzle with a standing detonation
wave in quasi-one-dimensional stationary statement. The case of combustion
of fuel in stationary detonation wave with the subsequent acceleration of the
flow to supersonic speed. The investigated flow regimes valid in the
framework of one-dimensional stationary model. Suggested form of
presentation of mathematical modeling results in the form of the R-R
diagram, which allows by the known parameters at the entrance to the
channel to determine the realized type of flow at different ratios between the
radii of the input and output of critical sections of channel.

Pemenne u aHAJIN3 321241 PACHPEAEJICHUsI CAMOJIETOR
B TAKTHYICCKOM BO3AYITHOM IPOTUBOCTOSAHIN
Topoynosa 1O A, [Teraukosa E.A.

MAM, r. Mocksa

3agaua pacnpeneieHHs TAKTHYCCKUX BO3AYINHBIX CHII IO PA3IHYIHBIM
0OCBBIM 3aJaHWSAM COCTABJBIET OAHY W3 BAKHCHIIMX IPOOJIEM IIpH
MPOBEACHHH TAKTHYECKOM BO3AYINHON KaMmaHWH. [IpuHMMas BO BHHMAHHUE
BCC  BO3MOJKHBIC  pCIICHHWSI  NPOTUBHHKA, TPEOyeTcs  OIPEIC]HThH
ONTHMAJNBHBIA IIIAH HCINONB30BAHMA CBOMX TAKTHYCCKHX PECYPCOB.
IlocTaBneHHAd 3a7a4a OTHOCHTCA K KJIACCY 334a4 TCOPHH CTPATEITHYCCKHX
urp. TpeOyercst pacmpeneanTh CaMOJEThI IO TPEM 3aJadaM: Il YIApOB O
6a3aM NMPOTHMBHUKA, I TMPOTHBOBO3AYINHONH OOOPOHBI M I MOAJCPKKH
HA3¢MHBIX  OICpaIUil. PaccmarpuBaercs  3agaua  ONTHMAJIBHOTO
pacmpenencHus CaMmOJIeTOB ISl CPABHUTCIBHO KOPOTKOM KammaHuu |[1].
Ilpeamomaractca, 4YTO KakAasd CTOPOHA HMMEET JBa PA3AMYHBIX THIA
CaMOJICTOB. OJMH M3 KOTOPBIX MOKET HCTIOJIB30BAThCA TOIBKO AT YAAPOB IO
6azaM WM AM HA3EMHOW IOJACP/KKH, a BTOPOH — UI1 TOIBKO I
MIPOTHBOBO3AYINHONH OOOPOHBI WM AN HA3EMHOM TOJNEPXKKH. BoeHHO-
BO3AYHIHAA CHTYaIHMA PAaCCMATPHBACTCA KAK MIPA, COCTOANAA U3 CEPHH
OTEPalUi WIM XOJOB, KOKIABIH W3 KOTOPBIX COCTOMT B OJHOBPEMCHHBIX
vaapax mo ©0a3aM TNPOTHBHUKA, B TPOTHBOBO3AYINHOH OOOPOHE W B
MOTACPKKE HA3eMHBIX BOMCK. Kaskmad CTopoHa mNpeAnpHHMMAET 3TH
JEHCTBHA C LETBK BBIMOTHCHHA IOCTABICHHOM 3aJa4M HJIH C LETBEO
MOMYYCHHA OMPEACICHHOTO IJIATekKa (HAPUMED, IJIATEK MOXKHO H3MEPATH
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PA3HOCTBIO MEKIy KOJIHYSCTBAMH OOCBBIX BBUICTOB [ HA3eMHOM
NOAACPKKH CBOUX CHJI H AHAJOTHIHBIMH KOJUICCTBAMH BBUICTOB CHII
mpoTuBHHUKA) [2]. B 3TOM cimyuac 00¢ CTOPOHBI MOTYT HMCTh ONTHMAJIGHBIC
CMCINAHHBIC cTpaTeruu. lIenmbio 3a7aud SBIETCS MOKA3aTh, KAK 3aBHCAT
ONTHUMAJIBHBIC PACHPCACICHUA OBYX THIOB CaMOJICTOB OT BCIMYIWHBI
HAYAJIBHBIX CHII.

Pabora BemonHeHAa TWpH (DHMHAHCOBON mMOAAEpX Ke rpaHTta llpesmmeHra
Poccuiickoit ®enepauun MK-1404.2014 8.

Jluteparypa

L.D. Berkovitz, Melvin Dresher. Allocation of two types of aircraft in
tactical air war; a game-theoretic analysis. Operations Research, 1960.

L.D. Berkovitz, Melvin Dresher. A game-theory analysis of tactical air
war. Operations Research, 1959,

Solving and analizing the problem of plane allocation in tactical
air confrontation
Gorbunova Y.A., Pegachkova E A.
MAI, Moscow

The task of allocation tactical Air Force between different combat missions
is one of the main problems while conducting tactical air campaign.
Considering all possible opponents decisions, it is important to determine
optimal plan of using tactical resources. This task refers to the group of
strategical game theory tasks. The task is to distribute planes among three
tasks: to attack enemy's bases, for air defense and to support ground
operations. The task of optimal planc allocation for comparatively short
campaign is considered [1]. It is supposed, that each side has two different
types of planes: first can be used only to attack bases or for ground support,
second - only for air-defense or ground support. Air-force situation is
considered as a game, which consists of series of operations or moves. Each
of them is simultancous enemy's bases attacks, air-defence and army support.
Each side makes this moves with the purpose of accomplishing the task or
with the purpose of receiving certain payment (for example, payment can
vibe measured in difference between the amount of operational flights for
supporting the army and the same operational flights of the adversary) [2]. In
this case both sides can have optimal mixed strategies. The task is to show
how do optimal allocations of two types of planes depend on the initial force
size.

The task is carried out with the financial support of Russian President
Grant MK-1404.2014 8.
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ANTOPHTM KOHTPOJIA T0CTOBEPHOCTH H3MEPEHHIT HHEPIHATHLHO-
CIIYTHHUKOBO# HABUT AIMOHHON CHCTEMBbI
®pomosa O.A., 'pomes A.B.
AHITI «TEMIT-ABHUA», T. Ap3amac

[TpumMeHeHNE HHEPIHAILHO-CITYy THHKOBBIX CHCTEM B COCTaBE OCCIHIOTHBIX
nerarenbHbIX anmapatos (BIUJIA) mo3BoisieT pemmTh 33a7aduy HABHTALMH B
VCIIOBHAX YCTOIUMBOM padOTHI ammaparypsl MOTPEOUTEICH CITyTHHKOBBIX
HaBuramnoHHBIX cucTeM (AIl CHC). Oxkcmayaraums AIl CHC Ha
BBICOKOJHMHAMHYHBIX BITJTA B YCIOBHAX PaTrO3NEKTPOHHOTO
TIPOTHBOACHCTBHSA Tpebyer TIOBBIIICHUS TIOMEX03aIMUIIEHHOCTH
HHEPLHATEHO-CITY THHKOBBIX HaBUranuoHHbIX cucteM (MCHC).

[NoBbImeHEE TOMEX03AIUINCHHOCTH MOSKET OBITH 00ECIIEYEHO KaK 3a CUET
cpeacts camoro mpuemanka CHC, Tak u axropurmuiecku B cocrase MCHC.
B  macrosmeit  paboTe  pacCMATPHBAOTCA ~ AJNTOPUTMBI  KOHTPOJIA
mocrosepHocTH m3Mepernit AIT CHC B cocraBe MCHC. Kourtpoms
MPOBOAWUTCA  HA  3TANC  KOMIUIGKCHOH  00paboTkn  mH(OpMaImH
occmmaropmMeHHON HHECPIMATLHOHM HaBuranuouHo# cucteMsl (BUHC) u ATl
CHC.

Hambonee omacHpiM BHmoMm OKHBIX JaHHBIX All CHC saBagercs
YBOJSLIHI CHUTHAI, BBI3BAHHBIH HMHTCJUICKTY ATbHON TMIOMCXOH.
Wnenrnduramms takoro cb6os Ha (oHe Hakammmparommxca ommbok BITHC
VCAOKHACTCSA C YBCIHUCHHCM BPECMCHH ABTOHOMHOW PAOOTHL Y BOIALIHA
CHTHAII MOXKET OBITh BBIZACICH HA (DOHE OOHOBISIEMOW MOCJICAOBATEIFHOCTH
(ueBsa3ok) (umpTpa Kammana amroputva kommuiekcuposanmst BUHC u ATl
CHC.

Wamepennss AIl CHC OyaeM cumrath JOCTOBEPHBIMH TPH YCJIOBHH
HAXOKICHHA TEKYIICH HEBSI3KH B 3aJaHHBIX BEPOATHOCTHBIX MPEAEIAx
OTHOCHTETIHHO €€ MPOTHO3HOTO 3HA4YCHUWs. [Ipm 3TOM MPOTHO3HOE 3HAYCHHC
(opMHpYETCS C MCHONB30BAHUECM BPEMECHHOTO PsIJA HEBSI30K C HEKOTOPHIM
VIPEKICHACM.

Kourpoms mo Heps3kam ¢uaprpa Kammana mno3sossier m30€XKaTh
3aBucHUMOCTH OT HakorueHwms1 omnbok BMHC Bo Bpemenu. ®opmuposaHue
MOJEIM BPEMCHHOTO PsSJa HEBA30K, TPOTHO3a C  HEOOXOIMUMBIM
VOPE)KACHHEM H JOBCPHTEIFHOTO HHTICPBANa C 3aJAHHOW BEPOSTHOCTHIO
MO3BOJIIET PEAIN30BATh ANANITHBHYI0 CXEMY 3alIMTHI HH()OPMAITHH.

Mogaemuposanue padoTs! anropurMma B ycnosusax Boinadn AIT CHC cboes
pPa3MUYHOTO THIIA HOATBEPAMIM €ro PaboTOCTIOCOOHOCTh W 3asBICHHBIC
CBOWCTBA HAJACKHOCTH KOHTPOJISL.

402



The algorithm for reliability control of inertial-satellite navigation
system measurements
Frolova O.A., Groshev A V.
ARPE “TEMP-AVIA®, Arzamas

An application of inertial-satellite systems on unmanned aerial vehicle
(UAV) allows solving a navigation problem on condition when the navigation
equipment of consumers of satellite navigation system (NEC SNS) is in
steady operation mode. The operation of the NEC SNS in highly dynamic
UAVs demands to increase the noise immunity of the inertial navigation
satellite systems in the conditions of radio-electronic counteraction.

The noise immunity can be increased by an application of satellite
navigation system receiver itself and algorithmically in the inertial-satellite
navigation system. In this article we consider the algorithms for reliability
control of measurements of the navigation equipment of customers used as a
part of inertial-satellite navigation system. The control is carried out at the
stage of the complex information processing of the strapdown inertial
navigation system and the navigation equipment of satellite navigation
system.

A false signal, caused by an intellectual interference, is the most dangerous
type of NEC SNS false data. While the SINS errors are accumulating, the
identification of such failure is become complicated with increasing time of
self-contained operation. The false signal can be enhanced from an updating
sequence (residuals) in Kalman filter algorithm, designed for SINS/NEC SNS
integration.

If the current residual is set in the range of probability in according to its
predictive value the NEC SNS measurement is considered to be valid.
Meanwhile the predicted value is given by using residuals with some time-
advance function.

The control with using Kalman filter residuals eliminates the dependence
from SINS error accumulation in time. The generation of time series residual
model, prediction having the required time-advance function and the
confidence interval having the designed probability, allows implementing the
adaptive information protection scheme.

The modeling of the algorithm operation on condition when the NEC SNS
generates different types of failures confirmed its operability and declared
properties of control reliability.
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JAHAAMIYECKH T0J00HASI KOHETHO-)JIEMENTHASI MOAEIIb JIOIACTH
(eCHIAPHIPHOIO HECYIIEro BHNTA HA YIPYTOM 3JIEMEHTe
Tapunos A.O.!, Hukonaes EN.!, TyGaiinyumn M. X!, Hukomaes C.E.2,
IMantroxun K.H.2
1KB3, 2KHUTY-KAW, r. Kazans

[Ipu MpOEKTHPOBAHWU HECYINETO M PYJCBOTO BHHTOB BEPTOJNETA OYCHB
BOXHO NPABHILHO OTCTPOHTh BHHT OT PE30HAHCA C IPOXOJHBIMH
TAapMOHHMKAMH JIONIACTEH HA pabO4MX 000pOTaX BHHTA, YTO BO3MOXKHO TOJBKO
IPH TIPAaBHJIBHOM OIPEICICHHH MACCOBO-KECTKOCTHBIX XAPAKTECPHCTHK
(MXKX) nomacreit. Pacuer MXKX nomacreil gBIsIeTcsl TPyAHOM 3agadci, u
OHA PEIIACTCs NMPHMCHCHHEM NPUONIDKCHHBIX AHATHTHUYCCKHX WM Oolee
TOYHBIX KOHCYHO-3JICMCHTHBIX MCTOJOB PACUETa XaPAaKTCPHCTHK CCUCHH.
Koneuno-3meMeHTHBIE METOABI pacyeTa MPEANOYTHTEIBHEE HCIOIb30BAThH
I PacyeTa JONMACTEH M3 KOMIIO3HIHOHHBIX MATEpHAIOB, HO 3TO Tpedyer
THIATEJIBHOM padOThI MIPH MOCTPOSHHH MOJCIH M MPHBOJUT K 3HAYHTECILHBIM
3aTpaTaM MAOIMHHBIX PECYpPCOB M BPEMEHHM i1 pacuera. M3-3a 3toro mpm
pacuete MJKX ceueHHH NPUXOAUTCS HCHOIB30BaTh PACUCTHBIC MOJCTH
MAaJIOPa3MEPHBIX XAPAKTEPHBIX OTCEKOB, KOTOPBIE MOKHO IPOCUHMTATH B
OTPAaHMYCHHBIX BPEMEHHBIX paMKax, JTUKTY CMBIX YCAOBHAMH
TIPOCKTHPOBAHUSL.

Pacuer coOcTBeHHBIX 4acTOT M ()OPM BCEH JIOMACTH HECYHICTO BHHTA
[EJIUKOM METOJOM KOHCYHBIX 3JICMEHTOB HE IPEICTABILICTCS BO3MOKHBIM
W3-32 OTpaHWYCHUA MO BpeMcHH. OCOOEHHO 3TO CIIOXKHO CHENarh I
nomactu Beproaera AHCAT, koropas KpemuTcs K Baly IIOCPEICTBOM
MHOTOCTIOHHOTO YTpyroro »3jeMcHTa. OCOOCHHOCTBIO JAHHOTO BHHTA
SIBILICTCS] IPUMCHECHUE BO BTYJIKC B KAUECTBE KOHCTPYKTHBHOTO SKBUBAICHTA
TOPH30HTAILHOTO M BEPTHKAIBHOTO IMAPHHPOB MHOTOCIOHHOTO YIIPYIOTO
3JIEMEHTA, COCTOSIIETO U3 YEPEAYFOIIIXCS CIOEB PE3MHBI H CTEKIIOIUIACTHKA.
B namHOM ciy4yae BO3MOKEH TOIBKO PAcUET OKOHYATECILHOTO BAPHAHTA
JOMACTCH I MPOBCPKH MPaBHIGHOCTH moadopa MXKX. MoaemupoBaHme
YIOPYTOTO 3JICMCHTA OJHOPOTHOH OAjaKOH ABIACTCS NPHOTIKCHHBIM W HC
VUHUTBIBACT S-00pa3HOCTh Ac(OPMHPOBAHWS MHOTOCIONHHON Oankm B
TIJIOCKOCTH B3Maxa.

B moxnage mpeaiaracTcs anrOpHUTM TMOCTPOCHHS JMHAMHYCCKH TOA0OHOH
KOHCYHO-3JIEMCHTHOM MOJENH HECYINETOo BHWHTA. [IpHBEACHBI PE3yJIbTAThI
CPaBHECHHUS TPATHIHOHHOHN U KOHEUHO-3IEMCHTHOH METOIUK C PE3yIbTaTaMH,
MOJYYCHHBIMA B 3KCIICPHMEHTE C BBIBCHICHHONH HA YIPYTOM JIICMCHTE
JOTACTHIO.
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Dynamically similar finite element model of the hingeless rotor blade
with an the elastic hub
Garipov A.O.!, NikolaevE.I.!, Gubaydullin I.H.!, Nikolaev S.E.2,
Pantykhin K.N 2
'Kazan Helicopters, ’KNRTU-KAI, Kazan

When designing of the main and tail helicopter rotors is very important to
build up the hub with passage of resonance harmonics of the blades in the
working speed of the hub. Is only possible with the right determination of the
mass-stiffness characteristics (MSC) of the blades. The finite element method
preferably used for the calculation of composite blades, but it requires careful
work in model leads to considerable time and resources for the calculation.
Because the calculation of sections MSC used the specific computational
models of small compartments that can be calculated in the limited time
frame dictated by the terms of the design.

Calculation of natural frequencies and forms of the entire rotor blade with
finite element method is not possible due to time constraints. This is
particularly difficult do to for the ANSAT helicopter blade which is fastened
to the shaft by means of a multilayer elastic beam. A special feature is the use
of the screw in the bush as a constructive equivalent of the flapping and lead-
lag hinges the laminated elastic beam consisting of alternating layers of
rubber and fiberglass. In this case the only possible payment of the final
version of the blades to check the correct selection of MSC. Modeling of the
elastic element homogeneous beam is approximate and does not include the
S-shape deformation of the beam in the plane of the multilayer stroke.

The report proposes the algorithm for the constructing such a dynamic
finite element model of the rotor. The results of the comparison of traditional
and finite element methods to the results obtained in an experiment with an
elastic beam.

O1eHKA TEKYIEro COCTOSIHUS ABHANMOHHON TEXHUKH
B HPOIECCE IKCILIYATAIMH
Hapran JLT'., Teraukosa E.A.
MAM, r. Mocksa

PaccmarpuBaeTcs 3a1a4a OLCHKH TEKYIIETO COCTOSHIS MOJCIH CaMOIIETa
C PYUYHBIM YOpaBicHHEM. B mpouecce Co3JaHMA, SKCOCPUMEHTAIbHOU
OTPa0OTKM ® TOCICAYIOMEH DITaTHOM JKCIUIYaTalMH aBHAMOHHO-
KOCMHYICCKHX CHCTCM IMPOBOIAUTCS HGHpGpBIBHBIfI MOHHUTOPHHT UX COCTOSTHUA
C TIPUBJICYCHUEM PAa3HOOOPA3HBIX CPEICTB OOBEKTHBHOTO KOHTPOJSI. 3T1a
wHOOpMAIMA TOCIC COOTBCTCTBYIOWICH OOpabOTKH TO3BOJACT BHIIBHTH
CTATHCTHYECKUE 3aKOHOMEPHOCTH, IPHCYIIWE BO3ICHCTBYIOMIMM HA CHCTEMY
posMymaromuM  (akropam. OO0BeM 3TOM HMH(MOPMAIMH CYMICCTBCHHO
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OTPAHMYCH, YTO ACTACT MPAKTHYCCKH HEBO3MOKHBIM MOCTPOCHHUE OTHOCTBIO

A7IcKBaTHOM CTATHCTHYECKOM MOJEIM HEKOHTPOIHMPYEMBIX (PaKTOpOB.

[NocraBneHHYFO 33724y MOKHO PEIINTH, HCIIOIB3Y S JOBEPHTEIBHBIN MOAXO,

KOTOPBIA TO3BOJIIET YUCCTh CIyYAHHYIO MPHPOAY (PAaKTOPOB, BIMSIOMMUX HA

COCTOSIHME HCCICAYEMON CTAaTUCTHYECKOM MOJEIH, ONMCHIBAIOIIECH HX

ceorictea [1]. PaccMarpuBacMmblec UAECH NPUMCHSIOTCS IS OLECHKH

BEPOATHOCTH TOJOMKH MOJCNCH CAMOIETOB C PYYHBIM VIPABICHHEM.

TpeOyercss ompenenuTb MOMEHT BPEMCHH, KOTAA BEPOSTHOCTDh MOJOMKH

ABHAIMOHHON MOJETH JOCTHIHET YCTAHOBICHHON KPHTHYCCKON IPAHMIBI IO

COBOKYIHOCTH (hakropoB. B 3aBmcmMocTH OT TpeOyeMOro mporHO3a

(oTIepaTMBHOTO WJIM  JOATOCPOYHOTO) TNPHMEHSIOTCSH Pa3HbIE METOJbI

MPOTHOZUPOBAHHUA [2].

Pabora BbImomHeHa mnpu (UHAHCOBOH moOAnepxkke MuHOOpHAykm PO

(3amanme Ne 1.1191.201K)
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Assessing the current status of aviation equipment in service
Davtyan L.G., Pegachkova E.A.
MAI, Moscow

The task of assessment of present manual control plane model condition is
considered. While creating, checking and exploiting aerospace systems
uninterrupted monitoring of its condition is conducted, using different means
of objective control. After appropriate processing this information allows
identify statistical regularities, which are inherent in factors which influence
the system. The amount of information is limited. That’s why it is nearly
impossible to construct an adequate statistical model of uncontrolled factors.
This task can be solved using confidence approach, which allows to take into
account random nature of the factors, influencing condition of analized
model, which describes their qualities [1]. Considered ideas are used to
evaluate probability of manual control plane models damage. It is required to
determine the time when the probability of failure of aircraft model reachs
critical limit established by a combination of factors. Depending on the
required forecast (operational or long-term) different methods of forecast are
used [2].
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YcroitunBocTs Jielinepa B METAJIOKOMIIO3UTHBIX 0AIJI0HAX BLICOKOTO
JABJICHUS /sl KOCMITYCCKUX ANNAPATOB
Eropos A.B.
HHAT, r. Mocksa

MeTanmoKOMIIO3HTHEIC TUIHHAPHICCKUC OaJIOHBI BBICOKOTO JABICHHA
(MK BB/I) npuMeHSIOTCS B KOCMHMYECKHX Aammaparax sl XpaHCHUS
HHEPTHBIX Ta30B. BHYTpeHHI repMeTH3upyromas 0bomouka (JICHHED), Kak
MPABUJIO, BBIMOTHACTCA W3 IUIACTHYIHBIX AJIFOMHHHCBBIX CIJIABOB, HAPYKHAA,
CHIIOBAs, — W3 VIUCIJIACTHKA WJIM  OPTaHOIUIACTHKA, KOTOPbIC
Je(OPMHUPYIOTCS THHEHHO-YIIPYTO MPAKTHICCKH 0 PA3PyILCHHAS.

TeXHOTOTHYECKH JCHHED CBAPUBACTCA W3 JABYX 4YACTEH, MO3TOMY Ha
LWIMHAPE JEHHEPA CYIIECTBYET KOJBLUEBOM CBApHOM IIOB, BBIOJHACMBIN
CBApDKOM TPEHHEM C MEpPEMEIIMBAHMEM. B TakmxX IMBaxX HMEET MECTO
HEKOTOPAst PA3HOTOIIHMHHOCTD IO [IJTHHE.

Bammonsr B nponccce H3rOTOBICHUA, HCIIBITAHHI H OKCIITy aTalTHHA
MOJABCPTAIOTCA BO3ACHCTBHIO IMKIMYCCKHX HATPY30K, OOYCIOBICHHBIX
MOJA4YCH W CHATHCM BHYTPCHHCTO MaBACHUA. [IpH HarpyxeHHH OaynioHa
BHYTPECHHHM JaBICHHCM HAPY>KHASA KOMIIO3UTHAS 000IOYKA OCTACTCS B 30HE
yopyrux — acopmanmuii, a BHYTPEHHSII  MCTAUIMYECKAas  000JI0YKa
YBCIHIUBACTCA B JUAMCTPE U NICPEXOAUT B 30HY IITACTHIHOCTH. HpI/I CHATHH
BHYTPEHHETO [ABJICHHUS KOMITO3WTHAA OO0OJOYKA BOCCTAHABIMBACT CBOH
pazMepsl M JABHT HAa MCETAUIMYCCKYFO, 3acCTaBLIl €€ CHXKUMAThCH, B
pe3yIbTaTe HEro JICHHEP MOMKET IOTEPATh YCTOHYHMBOCTH M IIPOUHOCTHBIC
XAPAKTCPUCTHKH METAIOKOMITO3HTHOTO OAJJIOHA MOTYT OBITH CHHYKCHBL

B pabore craButcs W permaercs 3aaada MOJYHUCHWS AHATUTHYECKOTO
TMPHOTIKCHHOTO PCIICHH IO OLCHKE YCTOHYHBOCTH JIcHHepa. [T0CKOIbKY u3
HCIBITAHHH OAJUTOHOB YCTAHOBJICHO, UTO Pa3pyLICHHA HAYHHAKOTCA B 30HC
KOJIBIICBOTO CBAPHOTO IIBA, PACCMATPHBACTCS YCIOBHO TOJIBKO ICHTPAIBHAS
YacTh UHMIMHAPHICCKOTO OaNIoHa co cepuiueckuMmu AHUINAMH. B KauecTse
HCXOJHBIX JAHHBIX OCPYTCA PATHANBHBIC TCPCMCIICHHA KOMIIO3HTHOM
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000JIOYKH TPH Pasrpy3ke OALIOHA, OMPEICICHHBIC W3 KOHCYHO-3ICMCHTHOTO
peIICHHS.

[NonyuyeHne BBIpa’KeHUS 11 HPUOMIDKCHHOH OIICHKH VCTOIUMBOCTH
JeWHEpa C 3aJaHHBIM PATUATBHBIM CMCEIICHHEM IPOBOJWTCA AHAJOTHYHO
CYHICCTBYIOIIEMY  PCIICHMIO TEXHOJOTHYECCKOM 337a4d O  TOTEpe
VCTOHYMBOCTH TOHKOCTCHHOTO KOJIBI[A TIPH €r0 OOXHMME MO YKCCTKOH
MaTpHIE.

[TpoBeneHbI pacueTsl U MPOAHATH3HPOBAHA BO3MOKHOCTh MECTHOI IOTEpH
YCTOWYHMBOCTH JICHHEPA.

Liner stability in spacecraft metal-and-composite pressure vessel
Egorov A.V.
NIAT, Moscow

Metal-and-composite cylindrical pressure vessels (MCPV)are used for
inert gas storing in spacecraft. As a rule the inner insulated enclosure (liner) is
made of ductile aluminium alloys; the external one (force shell)is made of
carbon-filled plastic or organoplastic which are deformed elastically linearly
almost to destruction.

Technologically a liner is welded of two parts, therefore on the liner
cylinder there is acircumferential weld performed by friction stir welding. In
such joints there is some polythickness along the length.

The vessels are exposed to cyclic loads during manufacturing, testing and
operation due to internal pressure raise and relief. When loading the pressure
vessels by internal pressure, the external composite shell is in the zone of
elastic deformations, and the internal metal one increases in diameter and
moves into the zone of plasticity. When removing the internal pressure, the
composite shell recovers its dimensions and presses on the metal one, causing
it to shrink. As a result the liner may lose stability and strength characteristics
of the MCPV may be decreased.

The paper poses and solves the problem of obtaining approximate
analytical solutions to assess the stability of the liner. When testing the
MCPV, we established that the fracture started in the zone of the
circumferential weld. Sowe conventionally consider only the central part of
the cylindrical vessel with spherical bottoms. As the initial data we take the
radial displacement of the composite shell when unloading the vessel defined
from a finite element solution.

The expression obtained for the approximate evaluation of the stability of
the liner with a given radial displacement is carried out similarly to the
existing solution of the technological problem of the loss of stability of a thin-
walled ring when swaging itby a rigid matrix.

The calculations have been carried out, and the feasibility of local
wrinkling of the liner has been analyzed.
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O1eHKH HHTETPATLHBIX BOPOHOK NPH BO3AefiCTBUHA HEKOHTPOTHPYEMbBIX
daxTopor B tuHavuke JIA
3aiies B.B.
MAM, r. Mocksa

PaccmaTtpuBaeTcs OLCHKH HMHTETPATbHBIX BOPOHOK IpH ABWKEHHH JIA ¢
VYETOM BO3ACHCTBHS OTPAHMYICHHBIX HEKOHTPOIMPYEMBIX (pakropos. Cpenn
TAKHX (I)aI(TOPOB- HCTOYHOCTH B ONpCACICHUN  A3POAUHAMHICCKUX
XAPAKTEPHCTHK W CIOXHAS 3aBHCHMOCTD MOCJIEAHHX OT arMoc(epHBIX
XApPAKTECPHUCTHK, PEATbHBIC OTKIOHCHUS OT XAPAKTEPHUCTHK CTAaHJAPTHOH
arMoc(epbl, BIHSHHC BCTPOBOTO BO3ACHCTBHA, HCTOYHOCTH CHCTCMBI
VIPaBICHUA U Ap.

JlokazaHBI TCOPEMBI 00 OLCHKE CBEPXY (TApAaHTHPYFOIIUC OI[CHKH) H CHH3Y
(ha30BOTO TOTOKACHCTEMBI, 11 TPACKTOPHH, HAYMHAIOIIHMXCS BHEKOTOPOM
OIrPaHMYICHHOM OJHOCBA3HOM MHOKCCTBC. OI.[GHKI/I TOJIYYCHBI C MOMOIIBKO
pa3BUTHS METOAA CPABHEHHWS M MeToJa BekTop (yHKuumi JlImyHOBa, AL
CHCTEM, VY KOTOPBIX HEOOSM3aTEIbHO CYIIECTBYIOT OCOOBIE TOYKH B
HCCIICAYCMOH YaCTH TPOCTPAHCTBA (WM OCOOBIC TOYKH 3aBHCAT OT
HEKOHTPOIHMPYEMBIX (PAKTOPOB).

Vka3aHHBIC MCTOABI JOBCACHBI 40 YHCICHHBIX AJITOPUTMOB, MPUMCHCHHBIX
B pasmmuHbIX 3amavax auHamuku JIA. Cpenu Takux 3a7a4, B AOKIAAC
ONMCBHIBACTCA  3a4a4a OLCHHMBAHUA  BETPOBOTO  BO3ACHCTBHA  (TIPH
MPOM3BOJIGHOH CKOPOCTh  BETPA, VIOBJICTBOPSIOMIETO  ONPEACICHHBIM
OTPAaHMYCHHAM) HA IIOCAAKYy TPAHCIMOPTHOTO camoiera. ONHCHIBAIOTCA
ycaoBua kKaTacTpodsl mpu nocaake JIA H OmpeaesIroTCS COOTBETCTBYFOIIHC
OTPAaHMYCHHUS HA CKOPOCTh BETPA.

The estimation of system’s flow under influence of uncontrolled
factors in aircraft dynamic
Zaytsev V.V.
MAI, Moscow

We consider the estimation of dynamical system flow (in aircraft dynamic)
under influence of uncontrolled factors. These factors can because by air
dynamical coefficients, consideration of wind effect etc.

The proposed methods are based on the development of vector Lyapunov's
function method, the comparison method and certainly theorems about of
mathematical description of system’s phase state. New methods and
algorithms can be effectively applied in various arrears: practical stability and
practical stabilization, estimation of system’s solution, control theory
(estimation of reach ability domain) and others.
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Using these methods and appropriate numerical methods, the conditions for
safe landing of transport aircraft under influence of wind were calculated. The
comparison of these resultsi with known methods are reduced.

Mpusmmn MakcuMyMa B 3aade ObICTPOACHCTBUSI JIMHEHHOT
JUCKPETHOH CHCTEMOI ¢ OTPAHUMCHHBLIM YIIPABJICHHCM HA OCHOBE
MHOKECTB (-yInpaBJ/isieMOCTH
Hbparnmos JI.H.

MAHM, r. Mocksa

B moxmane obcyxmactes 3aga4a 0-ynmpaBIaeMOCTH THHCITHOW aBTOHOMHOHN
CHCTEMBI C JUCKPETHBIM BPEMEHEM M BBIIYKJIBIM KOMITAKTHBIM MHOKECTBOM
JIOTyCTHMBIX yTpaBicHuH ¢ auddepeHIupyeMon TpaHULEH, T.€. IEpeBoIa
3a1aHHOM cucTeMBI B 0 MOCPEACTBOM JOIYCTUMOTO (B CMBICJIC OIPAHUYCHUMN)
yOpaBICHHA 3a KOHCUHOS umcmo maroB. Croemmpuka  3amavd
OBICTPOACHCTBUS I IJMHCHHBIX CHCTEM C JUCKPETHBIM BpPEMEHEM
OTPEICIHICTCI TPYAHOCTSIMH HCHOJB30BAHUS OOMICTIPHHATHIX METOMOB.
JlaHHble OCOOCHHOCTH B OOHIEM CJy4ae XapaKTepHBI OTCYTCTBHEM
AHATTMTUYHOCTH IPU PEIICHAH 3aJa4H JHHAMHYCCKOTO MPOTPAMMHUPOBAHIS H
aHanora ypasHCHHUs beiMaHa, HEKOPPEKTHOCTHEO NMPUHIKIIA MAKCHMYyMa C
JUCKPETHBIM BPEMCHEM B 33/1a4e OBICTPOJCHCTBHSA, HECTUHCTBCHHOCTHIO
ONTHUMAIBHOTO YIPABJICHHUS.

B moxmame paccMaTpHBAFOTCS IOCTATOUHBIC VCJOBHS, IIPH KOTOPBIX
OKa3bIBACTCS AOIYCTHMO MPHMCHCHHWE MPHHIWIA MakcuMmyMa. PemeHue
MOCTABACHHOM 33Ja4M OCHOBBIBACTCA HA MOHATHH MHOXkecTBa O-
VOPaBIIEMOCTH CHCTEMBI 32 N MIaroB, T.6. MHOXECTBA TEX HAYAIBHBIX
COCTOSTHHI CHCTEMBI, H3 KOTOPBIX OHA MOKET ObITh mepeseicHa B 0 3a N
maroB. [loka3zaHO, 4YTO B pAcCMATPHBACMOM ClIydac MHOXECTBO O-
VIOPABIIEMOCTH AOIYCKACT MPEACTABICHUC B BHJC aNrcOPamdeCKOH CYMMBI
JTMHCHHBIX TPEe0oOpa30BaHMA MHOXKECTBA JIONYCTHMBIX VIpaBicHHuH. M, kKak
CICACTBHE, SBIUICTCA BBIMYKIBIM KOMIAKTOM ¢ guddepeHmmpyemMon
rparuuci. [Ipeanonoxenne 0 qu((PePSCHIHPYCMOCTH TPAHHIBI OKA3BIBACTCS
CYIICCTBCHHBIM, IOCKOJBKY HPHUBOAWT K TOMY (aKTy, 4YTO /I KAOKIOH
TPAaHUYHOH TOYKH MHOXKECTBA O-yIPAaBIICMOCTH HOPMAJBHBII KOHYC
mpeAcTaBsieT co0oil EIMHCTBCHHBIM (C TOUHOCTHIO A0 IOJOKHTECIHHOTO
MHOXWUTEIS) BEKTOp. UTO, B CBOIO O4YEpeab, MPHBOAUT K CIUHCTBCHHOMY
BO3MOKHOMY ONTHMANBHOMY YIPABJICHUIO, KOTOPOE JICKUT HA TPAHHLE, T.C.
MOKET OBITh HAHICHO B PE3YJIbTATE PEHICHHS ONTHMHU3ALMOHHON 3a1a4H.

B 1okmame Takke MPEANIOKEH AaNrOPHTM IIOCTPOCHHS ONTHMAIBHBIX
VOPaBICHHA W TPACKTOPHU Ml Ciydas, KOTAA HAYAIbHOE COCTOSIHHC
CHCTEMBI HE JISKUT HA TpaHHIEC MHOKecTBa O-ympasmiemoctn. OmHAKO B
3TOM CJIy4ac ONTHMAIGHOE YIPABICHHUE OKA3BIBACTCSI HECTHHCTBCHHBIM.
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The maximum principle in the minimum time problem of linear discrete-
time system with bounded control based on the 0-controllability sets
Ibragimov D.N.

MAI, Moscow

The subject of discussion is problem of O-controllability of linear discrete-
time system with the compact convex feasible control set with differentiable
border, i.c. problem of the transferring given system to 0 by means of the
feasible control in minimum number of steps.

Specifity of 0-controllability problem for linear discrete-time systems in
common case is related to the difficulty of using conventional methods. These
features is characterized by lack of explicit form of the solve of the problem
of dynamic programming and lack of analogue of Belman's equation,
incorrectness of maximum principle for minimum time problem in discrete-
time case, nonuniqueness of optimal solution.

The sufficient conditions that allow us to use maximum primciple is
investigated in this article. The solution of the considered problem based on
term of the O-contrallability set, i.c. set of those initial states from which
considered system can be transferred to the origin by N steps or lesser. It is
shown, that in the considered case O-contrallability set can be represented as
algebraic sum of the lincar transformations of the set of feasible controls. And
therefore it is convex compact set with differentiable border. Assumption,
that border is differentiable, is essential, because in this case this case there is
exists the only one normal vector in any border-point of the 0-controllability
set. And as consequence the only feasible control lies at the border, i.e. it can
be founded as solution of some optimization problem.

Also algorithm of the constructing of the optimal trajectory and the optimal
control in the case, when initial state of the considered system doesn't lic at
the border of 0-controllability set, is investigated in the article.

OnbiT npuvenenns nporpavmvuoro komiiekca FENSAP-ICE nas
MOAETHPOBAHMS 00/ICACHEHIS KPBLIAa CAMOJIETA.
Wnnpynenaiite S.A., Wagdi G. Habashi, Guido Baruzzi, Fossaty M.
Tymomes, MAU, McGill, r. Mocksa

OOneneHEHNE CAMOJICTOB B IIOJIETC — BCEMHPHO IPH3HAHHAS CEPbE3HAS
mpoOieMa  O€30mAcHOCTH. B ONPEACTICHHBIX  JCTHBIX  YCIOBHAX
MCPCOXIAKACHHBIC KAIUIM  BOABI, COACpXKAIMecsi B OOJaKax, MOTYT
3aMep3aTh, TMONANas HA MEpeTHUH Kpad (ro3elspka, KPhUIbEB CaMOJIECTa, HA
3IEMCHTBHI OIEPEHUS, B BO3AYXO3a00PHUKH ABHALMOHHBIX JIBHTATCIICH.
Jlengnoit cnoii m3MeHseT (GOpMy OOTEKACMBIX MOBEPXHOCTEH M, Kak
CICACTBUE, Aa’POJMHAMHYCCKAC XapAaKTCPUCTHUKH CAMOICTA, HYTO MOMKET
MOJABEPTHY Th MONET OMACHOCTH. ATMOC(EPHBIMH ITAPAMETPAMH, BIFSTIOIIUMHE
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Ha OOJICICHEHHE, SBILIFOTCS: CKOPOCTb IIOJIETA, TEMIIEPATypa, AABICHHE, a
TaKXe METEOPOJIOTHUCCKHE TAPaMETPBIL: BOJHOCTb, JHAMETP
MEPEOXIAKICHHBIX KaTeIb.

Jn1 TOHMMAHMSA TPOLECCOB OOPAa30BAHUS JIbAA W OIPEACIICHHSA
3((CKTHUBHOCTH  MPOTHBOOOJCACHUTCIBHBIX  CHCTEM B OCHOBHOM
HCIOJIB3YIOT JICTHBIC HWCIBITAHHS W METOAbI MOACTHPOBAHMSA. JIeTHbIC
HCIBITAHUS, KaKk 0a30BOC CPEACTBO BCEX ABHAIMOHHBIX METOJOB, B JAHHOM
CIOyyac HE SBILIOTCS HMCUCPIBIBAIOIINM HH(POPMAIMOHHBIM HCTOYHHKOM,
MOCKOJBKY  TPYAHO  ONPEACIWTh  MCECTOIOJIOKCHHE  BBI3BIBAIOIINX
o0neacHCHWE OOMAKOB, a TAKKe, NPHHAMASA BO BHHMAHHC OMACHOCTH
CHUTYallWH, 3HAYUTCIGHO COKPAIIACTCS BpPEMs IPHEMIICMBIX YCIOBHH
SKCIEpPHMEHTA 11 MHI0Ta. B pesymprare, Ans NMOHHMAHWS PA3IHYHBIX
MEXaHU3MOB 00Pa30BaHU JbJa U OOpBOBI ¢ obnencHeHUEM, 3((ekTHBHEE
HCIOJIb30BAaTh METOABI MozeiupoBaHus. (OJHAKO IKCIICPHMCHTAJIBHbIC
METOAbl  TPEOVIOT  WCIONBb30BAHHMSA  JOPOTOCTOSINETO M CIIOXKHOTO
00OpYAOBAaHMS — OXIAKIACMBIX BBICOKOCKOPOCTHBIX a3POJHMHAMHUCCKUX
TpyO, OCHAICHHBIX CHCTEMOH BOCHPOM3BO/ICTBA BHI3BIBAIOIIIX OOJICICHCHHUE
ocankoB. Kpome TOr0, SKCIIEPHMEHTHI, MPOBOANMBIC B HA3CMHBIX YCIOBHIIX,
HE MOTYT TOYHO BOCTIPOM3BECTH YCIOBHUS OOJICACHEHHUS B TOJIETE.

B pesymbrare, UMCICHHOE MOJCTHPOBAHHE HAPACTAHUS JIbIA OKA3BIBACTCS
HEOOXOAMMBIM U1 OINPEACICHUS BEPOSTHOCTH W OLCHKH OIACHOCTH
0OJICICHEHMS B JAHHBIX METPOJIOTHUCCKUX YCIOBIX, A TIOHUMAHUS POIH
H3MCHCHHA TPO(WIA KpbUIa, a TakKe AId OUCHKH 3((CKTHUBHOCTH
PA3IHYHBIX METOI0OB MPOTHBOOOJICICHUTEIFHOM 3aIIHTHI.

B nanHON paboTe NpEenCTAaBICHO CPaBHEHHE PE3YIbTATOB OOJICACHCHHS
KpbUIa CaMOJIETa, TOJIYUCHHBIX C IOMOIUBIO IPOTPAMMHOTO KOMILICKCA
FENSAP-ICE, c pe3yapraraMu NOJIETHBIX HCIBITAaHUH Ha puMepe TY-204.

Comparison of natural flight test results with CFD simulation using
FENSAP-ICE
Indrulenayte Yu. A., Wagdi G. Habashi, Guido Baruzzi, Fossaty M.
Tupolev, MAI, McGill, Moscow

Supercooled water droplets constitute a serious hazard to civil aviation;
hence commercial aircraft must be certified for flight in known icing
conditions. Aircraft manufacturers must demonstrate the airworthiness of
their aircraft in icing environments and the effectiveness of the anti-icing
equipment in protecting the aircraft. The procedure to obtain certification is
complex and expensive. Initially a condition matrix must be constructed to
identify the regions of the in-flight icing spectrum that the aircraft is most
likely to encounter and be most affected by. This is followed by the design of
the anti-icing or de-icing equipment, usually through a combination of CFD
and icing tunnel tests, and finally the aircraft must be flown into natural icing
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environments to demonstrate its airworthiness in the most severe conditions
and prove the effectiveness of its anti- or de-icing equipment.

CFD is increasingly proving to be a reliable tool for initial aircraft
development and also facilitate and streamline the wind tunnel testing
campaigns. The supercooled droplet icing environment is however a complex
multidisciplinary field where the icing tunnel is at a severe disadvantage
compared with CFD. Icing tunnels are extremely complex and expensive to
build and maintain, and suffer from problems related to the relative scale of
the droplets and the aircraft, spray quality, low speeds and high operating and
consequently testing costs.

The fidelity of the simulation of in-flight icing through CFD has been
constantly improving through the years and has evolved to the point where
complex 3D aircraft configurations can be easily analyzed without the
limitation of speed, temperature, scale or operating conditions of the icing
tunnel, at a fraction of the cost of icing tunnel simulations. Furthermore, CFD
can casily be included in the design cycle of the aircraft from the beginning,
rather than be confined to an a posteriori exercise, so that verification of anti-
/de-icing system effectiveness and the performance of the contaminated
aircraft can be casily measured and improved. Most of the data used in the
validation of icing codes comes from icing tunnel in the form of simple 2D
experiments that are often not repeatable from one icing tunnel to another due
to the complexity of the cooling and droplet injection equipment.

The present work explores an alternative avenue for the validation of icing
codes, namely direct comparison with the data obtained during in-flight icing
campaigns of a full-size aircraft. The presentation will show direct
comparison of the data collected during in-flight ice accretion campaigns of
an instrumented Tupolev aircraft and CFD simulations using FENSAP-ICE.

Pa3patotka mesieBoii QyHKITHN, YIUTHIBAOMEH MOY/IH 1 (ha3y
YACTOTHO-3ABHCUMOT0 NIAPAMETPA B 3a1a4€ CHHTE3a MHOTOPE30HAHCHBIX
Mo/1eJ1eii MACCHBHBIX YJICKTPOHHBIX KOMIIOHEHTOB
Kamamy mua U.©., 3abomoukuii A .M.

TYCVYP, r. Tomck

J1a MOAeTMPOBAHUA UCTIBITAHHN HA JIEKTPOMATHUTHYK) COBMECTHMOCTB
OOpTOBOH  PATMOINCKTPOHHOH  ammaparypbl KOCMHYECKHX — aIlllapaToB
HEoOXoauMbl Moaemn KoMmmoHeHTOB. [lo crammapram MIL-STD-461F u
ATAA S-121-2009 Tpebyercsi BBIIOJNHATH WCHbITaHUS B Imupokom CBY
auanazoHe (oo 40ITn, ¢ pexomeHmaumed po 1001Tm), gaxe amg
HH3KOYACTOTHBIX OMOKOB. COOTBETCTBEHHO, HHM3KOYACTOTHBIC ITACCHBHBIC
RLC-xOMNOHEHTHI OYAyT ONMHMCHIBATHCA YACTOTHBHIMH XAPAKTEPHCTHKAMH C
HCCKOJIKHMH ~ pe3oHaHCaMu. TumoBbie  wMoaenun  RLC-KOMIOHCHTOB
OTMCHIBAIOT TOBEACHHUE B PabovueM AMATA30HE YACTOT, TOJHKO 10 YaCTOTHI
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TEPBOTO PE30HAHCA, HA3BIBAEMOTO COOCTBCHHBIM. [l03TOMY BO3HHKacT
337a4a CHHTE3a MHOTOPE30HAHCHBIX MOJICTICH.

OmiH w3 METOAOB CHHTE3a MOJACICH HCHOIB3YET MAPAMCTPHUCCKYIO
OIITUMHU3AITHIO mo KPUTCPHIO MHHHMHA3AITHA CPECAHCKBAOAPATUIHOTO
OTKJIOHCHHSI ME)KAYy HW3MEPEHHBIM MW BBIMMHUCICHHBIM KO3((HIHeHTAMH
otpakeHus WM nepeaaydn. Koagpuuuenr otpaxkerns S11 u nepexaum S21 —
KOMIUICKCHBIC Yncia. Paza KOMIUIEKCHOTO YHCA H3MEHICTCA B Mpeaeiax [—
T, ®], mpu 3TOM, eCiam (pa3a yOBIBACT, TO MPH AOCTIKCHHH 3HAYCHHA —T
CICAYIOIAsT TOYKA HAYHETCSA CO 3HA4YCHWSI 7. [103TOMY, NPH BBIMHCICHHH
neneBod (PYHKIMH B OKPECTHOCTH TAKHX TOUCK €€ 3HAUCHHE MOMKET PE3KO
BO3PACTH, YTO YXYAIIUT IPOUECC CXOAUMOCTH ONTHMH3ALMH H IIOHUCKA
rII00aTbHOTO MHUHUMY MA.

Lens paboTel — mpeAacTaBUTh CIOCO0 yuéTta (Da30BOH COCTABIAFOIICH
YACTOTHO-3aBUCHUMOTO KO3((HIMEHTA Tepefayd WIH OTPAKEHHI IIPH
ONTUMH3AIHH MAPAMCTPOB Mo;[eneﬁ TMACCHBHBIX JJICKTPOHHBIX KOMIIOHCHTOB.

Jna pemeHus 3TOH mPOOICMBI MPSANATACTCA TCPST BBIMHCICHHCM
[eneBod (PYHKIMM TOTIOJHUTEIFHO 00pabaThBaTh (pa30BYIO COCTABILFOILYIO
KOMIUICKCHOTO HHCIA, YTOOBI OHA TPEIACTABILIIA COOOH HEIPEPBHIBHYIO
(yHKOMFO, OOBIMHO PABHOMEPHO YOBIBAMOIIYIO, O3 IICEBIO PE30HAHCOB.
Lenesas QyHKIHSI COCTOUT W3 CyMMBI ABYX CJIATAEMBIX, IEPBOC BBHIMUCIIIETCS
JUIS MOZY I, BTOpoe — 1A (ha3el B paguaHaX. Ko3(h()HUIIHCHTH ¥ ClIaracMBbIX
mox00paHbl TAaKAM 00pa3oM, 4YTOOB WX BKIAA B OOIIee 3HAYCHHC OBLT
TIPHMEPHO OJWHAKOB.

JlaHHBIT crioco0 peamm30BaH Ha sA3bIKE MporpamMMuposanus Python B Bune
MPOTPaMMHOM (DYHKIMH W anmpoOHpPOBAH INPH ONTHMH3ALUH ITAPAMETPOB
MOJC/ICH YMIT-PE3UCTOPA M BBIBOAHOIO KOHACHCaTtopa B auamaszone 0.01—
20 ITu. IlonydeHHBIC MOACTH HMEIOT BBICOKYH) TOYHOCTh, 4 HX LEJCBBIC
(D)YHKIMH MMEET BBICOKYEO CXOJIUMOCTb.

HccnenoBanue BBIOJIHGHO B PAMKAX BBIIOJIHEHHS T'OCYJAPCTBCHHOTO
3agaamsa Ne§.1802.2014/K MunobpHayku Poccum.

Development of objective function considering the magnitude and phase
of the frequency-dependent parameter in the synthesis multi-resonance
models of passive electronic components
Kalimulin LF., Zabolotsky A.M.

TUSUR, Tomsk

Models of components are necessary for electromagnetic compatibility
tests simulation of the onboard radio-electronic equipment of spacecrafts.
According to the MIL-STD-461F and AIAA S-121-2009 standards it is
required to carry out tests in the wide microwave range (up to 40 GHz, with
the recommendation up to 100 GHz), even for low-frequency units.
Accordingly, low-frequency passive RLC-components will be described by

414



the frequency characteristics with multiple resonances. Standard models
describe behavior of RLC-components within the operating frequencies
range; only up to the frequency of first resonance, which it is called the self-
resonance. Therefore, a task of synthesis of multi-resonances models occurs.

One of methods of models synthesis is the use of parametrical optimization
by minimization criterion of root mean square deviation between measured
and calculated coefficients of reflection or transmission. The reflection S11
and transmission S21 coefficients are complex numbers. The phase of the
complex number varies between [-m; w], in this case, if the phase is
decreasing, then when achieving of —r value, next point starts from value of
7. Therefore, in the calculation of the objective function in the neighborhood
of such points, its value may rise, which will worsen the convergence process
optimization and global minimum search.

The aim of this study is to present a way of considering the phase of the
frequency-dependent transmission or reflection coefficient in the optimization
of parameters of models of passive electronic components.

As the solution to this problem we propose to process a phase of a complex
number before calculating an objective function in order that it could
represent the continuous function itself which is usually evenly descending
without of pseudo resonances. The objective function consists of the sum of
two components, the first calculated for the magnitude, the second — for the
phase in radians. The coefficients of items are chosen so that their
contribution to the overall value would be approximately the same.

This way is implemented in the Python programming language as a
function and is approved in the optimization of parameters of models of a
SMD resistor and a wired capacitor in the range 0.01-20 GHz. These models
are highly accurate, and their objective function has a high convergence.

The investigation has been carried out at the expense of the state contract
8.1802.2014/K of the Russian Ministry of Education and Science.

Pa3padorka ruaposoTka Xeqe-Iloy. Hccenopanne o0Texanns
JABYMEPHBIX T€JI
Huxonaera E.A., Kuynos 5.C.
CT'AY, r. Camapa

Lemsto paboTer sBmseTCA Co3maHHe TuAposoTka Xene-Lloy mma
HCCIICIOBAHUS O0TCKAHHUS KUAKOCTAMHE a3POTHHAMHICCKHX PO (HHTICH.

ITapaMeTpbl THAPOJOTKA TAKOBBL, YTO B HEH HMUTHPYETCS HACATIBHOE
TeucHUe. [TOCKOMbKY TEUCHHE HMICANBHO, TO SUCHKA CIYXKUT A PEIICHUS
ypaBHeHus Jlamaca, 4To B CBOK O4YEpEeAb MO3BOJUIET PEIUIUTh MHOKECTBO
32044 B PAKCTHO-KOCMHYCCKOH Cepe (MOKHO TOBOPHTH O NPHMCHHMOCTH
TTOJTYYCHHBIX JAHHBIX JI1 HCCICIOBAHUA OOTCKAHHA PAKCTHI B aTMOC(epe).
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Sueiika Xeme-Illoy crtama 3HAMEHHTOH KAK CBOErO poOJa AHAJIOTOBOE
BBIMHCJIMTEIBHOS YCTPOUCTBO AT PELICHHA ypaBHEHHA Jlamnaca, H B 3TOM
Ka4YeCTBE OHA 0KA3aIach OCOOCHHO ITOJIC3HOH I BH3YATH3AUH JBY MCPHBIX
TCUCHHH B NOPUCTBIX CPCAax B NPCANMOJIOKCHHH, YTO OHH OJ0CTATOYTHO
MEIJICHHBIC, 4TOOBI cieaoBarh 3akoHy Jlapcm. OmHako HAa TPOTSDKCHHH
MOCICAHAX TATHACCATH THAPOJOTOK Xene-llloy Hauam (yHKIHOHHPOBATH
O BHU3yamM3anuH OOTCKAHWS JBYMEPHOTO TIOTOKA SKHIKOCTH OKOJIO
TCOMCTPHICCKUX 06’I>GKTOB, YUTO CIYKHUT LI PCIICHHA MHOKCCTBA 3a4aY1 B
PAKETHO-KOCMHICCKOH cepe.

PaspabarsiBaemblii runponoTok Xene-Illoy mpencrasmsier cobo0il MIOCKUH
KaHAJI C BHICOTOH kmBOro ceucHust 1 M. CTeHKaMM KaHala Al TCUYCHHSA
SKUIKOCTH SIBILTEOTCSI IIPO3PAYHBIC CTEKIIA, Yepe3 KOTOPBIC MOKHO HAOIFOIATh
KapTHHY TeueHHA. [HAPONOTOK mMmeeT pasmepsl  600x300 MM
PaSpa6OTaHHI>II\/II THAPOJOTOK BBIMOJTHCH W3 KOMIO3HIHOHHBIX MATCPHAJIOB,
YUTO MO3BOJLICT COXPAHUTD AOJITOBCTHOCTD H TCXHOJOTHITHOCTDh KOHCTPY KIIUH.
T'maponotok Xene-IIloy COCTOMT W3 OCHOBHOTO KOPIYyCa, IMPOKIAIKH,
MO3BOJIOMICH CO374aTh TOMIIHUHY, CTEKIA, H YIUIOTHHUTECIBHOH pamku. Ilo
CEYCHHUIO THAPOIOTKA BKICCHBI 10 Uri Ayit NOAaYu YSpHUI U KPACKH.

[Momaua yepHWJI TPOMZBOJUTCA C IOMOINBEO COCAUHCHHSA TpPyOKaMH
uronok W Oauka. /[m1 oOeccmeucHHs TpeOyeMOH CKOPOCTH TOTOKA
HCIIOJIb3YETCSI HACOC, KOTOPBIH OOcCIeunMBacT CKOpocTh 1 cwm/c uepes
ceueHue 220 MM2.

CyTp 3KCIIEpHMEHTA 3aKJEOYACTCA B TOM, 4TO B suchky Xeme-Illoy
TMOOYCPSTHO MOMCIMAIOTCSA PA3IHYHBIC KPBUIOBBIC Mpodmam, auO0 apyrHe
TCOMCTPHYCCKAC OOBCKTHL, Mmociae 4ero  (oTto  (UKCHPYETCA A
BH3YAJHM3aLHK ITPOIIECca 00TEKaHMsL. Bru3yanm3ams mpoiecca mpon3BOAUTCS
Py IOMOIITH paSHOHBeTHOfI KpaCKu WK YCPHUII, I BUAUMOCTH peaﬂLHOfI
KApTHUHBI 00TCKAHUS OKOJI0 TEOMETPHIECKUX OOBEKTOB.

Development of the hydrotray of Hele-Shou.
The flow of two-dimensional bodies
Nikolaeva E.A., Kiunov Ya.S.

SSAU, Samara

The aim of this work is the creation of hydrotray the Hele-Shou to study
the flow of liquids aecrodynamic profiles.

Hele-Shaw's cell serves for visualizating and research of flows of liquid of
around airfoil. Parameters of a cell are that ideal current is imitated. As the
current is ideal, the cell serves for the solution of Laplace equation that in turn
allows to solve a set of problems in the space-rocket field (it is possible to
speak about applicability of the obtained data for research of a flow of the
rocket in the atmosphere).
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Hele-Shaw's cell became well-known as some kind of an analog computer
for the solution of the equation of Laplace, and in this respect it was
especially useful to visualizate two-dimensional currents in porous
environments in the assumption that they are too slow to follow Darci's law.
However throughout the last fifty Hele-Shaw hydrotray started functioning
for visualizating a flow of a two-dimensional stream of liquid about
geometrical objects.

The developed Hele-Shaw's hydrotray represents the flat channel with
height of the live section of 1 mm. Channel walls for a current of liquid are
transparent glasses through which it is possible to observe a current picture.
The hydrotray has the dimension of 600x300 mm. The developed hydrotray
is made of composite materials that allows to keep durability and
technological effectiveness of a design. Hele-Shaw's hydrotray consists of the
main case, the laying allowing to create the thickness, and a sealing frame.
On the section of a hydrotray 10 needles for supply of ink and paint are
pasted.

Supply of ink is made by means of connecting needles and a tank with
pipes. For ensuring the demanded speed of a stream a pump is used which
provides the speed of 1 cm/s through the section of 220 mm2.

The essence of experiment is that in Hele-Shaw's cell various airfoil
profiles, or other geometrical objects then it photofixation for visualization of
process of a flow serially are located. Visualization of process is made by
means of multi-colored paint or ink, just to show a real nature of the flow
around geometrical objects

IIpumMeneHne HeiipoceTeBLIX MOMYIMITMPIYCCKUX MOAeIei
JUISL YIIPABRJICHUS TPACKTOPHEI TUIEP3BYKOBOT0 JICTATE/ILHOTO
anmoapara
Kosnos [,.C., Tromennes FO B.

MAM, r. Mocksa

Jns yopaBIeHHA CIy CKOM KOCMIUeCKoTo ammapara (KA) B BEpXHHX CITOSIX
arMoc(epbl HUCTIONB3YIOTCS AJTOPHUTMBI TPOTHO3HPOBAHUS TPACKTOPHH.
Hambonee pacmpocTpaHeHHBIM SBISIETCS YIPABJICHHE C IMPOTHO3HPOBAHUEM
TPACKTOPHH B IUIOCKOCTH «IIEPErpy3Ka-CKOpocTh». B maHHOM momxone
HCIIOJIb3YIOTCS PEIICHHT OOPAaTHOH 3a1a41 MEXAHUKH MOJICTAa: HA OCHOBAHWUH
MOJCIM JBWKCHHUS 4YEPe3 33JAHHBIC HHTCPBAIBI BPEMCHH BBIYHCILIIOTCA
3HAYCHI YIPABIIIIOIINX CUTHANOB. PaccMarpuBaeTcsl yIIPaBICHUE IO KPECHY
HA NACCHBHOM V4YACTKE IOJIETa. B COOTBETCTBHHU C aITOPUTMOM, YHYAaCTOK
CImycKa paszaemaerca Ha 1mmaTh (a3, JIBwkeHHME O Kaxaon u3 (a3
ompeACIACTCA CICHU(PHUCCKIM  aarcOpPamyeCKUM  COOTHOIICHHEM — THIIA
paBcHCcTBa.  TpagMOMOHHO  3HAYCHHA  YIOPABILIOMECH — MEPEMEHHOU
BBIMHUCILIFOTCS. HA OCHOBAHWH COOTHOILNCHHS, IOJYUCHHOTO IO YIPOINCHHOH
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MOJCIM  JBIJKCHHS, JONOJHECHHOH  anrcOpamyuecKuM  YPABHCHHEM.
IIpennaraercd A4 BBMUCICHHSA 3HAYCHHH YIPABAIOMICH NEPEMEHHOM Ha
KOKIOH w3 (a3 HCHONb30BaTh UHCICHHOE WHTCTPHPOBAHHE CHCTEM
au(QepeHIHATEHO-ATCOPANICCKHX YPABHCHHH PA3THYHBIX HHACKCOB.

Jns peanmzaruy anropurMa yIpaBICHHS TPACKTOPHEH TpeOyercs TouHas
Mozenb ABMKCHAS KA. AKTyanbHBIMH SBISTFOTCSI METOMBI, IO3BOJLIFOIIVC
VTOYHHTH MOJCTh OOBCKTa HA OCHOBAHWH PEANbHBIX JaHHBIX. [Ipeamaraercs
HCIIOJIb30BATh HEHPOCETEBBIE MOIYIMIMPUICCKHE MOJCTH I HOCTPOCHHUS
morHOM Moaemd amwkeHuA KA. TIoay sMmHpryIeCKuii MOIX0A MPEInoIaract
(hopMHpOBAHHE MOJEICH THIIA «CEPBIH MUK, COUCTAFOIINX HCIIOJIB30BAHIC
TCOPETHUYCCKUX 3HAHUH 00 OOBEKTE MOJCIMPOBAHUS W BO3MOKHOCTB
VAyYIICHUS MOJCIH MO OSKCICPHMEHTANbHBIM JAaHHBIM. B  kauecTse
TCOPETUYUCCKUX 3HAHHH HCIONBb3YIOTCS Au(depeHInanbHbe  ypaBHEHH
HCXOJHOH CHCTEMBI, a TaKKE CIIOCOOBI HX HWHTETPUPOBAHUSA. MeETombI
VAyYIICHUS MOJCIH WCIONb3YIOT ammapar HCKYCCTBEHHBIX HEHPOHHBIX
cereil. IlpennaraeTcs HCHONB30BaTh HEHPOCETEBBIC IOy IMIHPHUYCCKHE
MOJETH CIIENUATBHOTO BHAQ, PEATH3YIOLINE HEeABHbIC MeTOAbl PyHre-Kyrra
OI1  WHTCTPUPOBAHHA  cHCTEMbl  Au((epeHIHATBEHO-aIreOpanIeCKuX
ypaBHcHHH. OOYVYCHHC  MOACTH  TO3BO/ICT  YTOYHHTh  3HAUCHHA
PEaTM30BAHHBIX B HEH a3pOJMHAMIYECCKUX KO3(D(OUIINEHTOB.

B xkauecTtBe O0OBEKTA MOJCIHPOBAHHS HCIIONB3YETCS THICP3BYKOBOH
JIeTatenbHBI  anmapar. [IpuBOmATCS  pe3ynbTaThl  BRIMHCIHTECIHHOTO
SKCHEPHMEHTA IO YTOYHCHHIO KO3(p(PHUIMCHTA MOMCHTA TAHTa)Ka.
PaccmarpuBaeTcst OBIKECHHE IO YYAaCTKy CIycka (pase pPaBHOBECHOTO
mmaaupoBanus KA.  VpasHenmsa  mBwxeHHS KA,  JOMOTHCHHBIC
anreOpanIeCcKuM COOTHOIICHHEM, OTIMCHIBAFOTCS CHCTEMOH
nudQepeHIHATEHO-ATCOpanIeCKUX YpaBHCHIH WHAckca 1. Ha ocHoBaHwn
Momemu ABmkCHHA KA (QopMupyeTCa MONy3MIHPHICCKAS MOACITH B BHIAC
HEHPOHHOM CeTH C MOAYIbHOW apxurektypolt B popmare MATLAB Neural
Network Toolbox.

Neural network based semi-empirical modeling for trajectory control
of hypersonic vehicle
Kozlov D.S., Tiumentsev Yu.V.
MAI, Moscow

For the control of space shuttle descending in the upper atmosphere
algorithms of trajectory prognosis are used. The most widely used approach is
a trajectory control in accordance with drag acceleration versus relative
velocity profile. The approach is based on the solutions of flight mechanics
inverse problem so according to equations of motion over determined time
intervals values of control variable are calculated. The bank angle control for
zero-thrust phase of a flight is described. In accordance with the approach the
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phase of a flight can be divided into five separated parts. The motion along
each part can be performed when state variables satisfy specific constraint in
the form of algebraic equality. The values of control variable are usually
calculated by the formula obtained from simplified system of equations of
motion extended by specific algebraic equation. We propose an approach
where in motion along each part of a phase of a flight values of control
variable are obtained from numerical integration of system of differential-
algebraic equation of various indexes (DAE).

For realization of the trajectory control algorithm it is required to obtain a
precise model of space shuttle motion. This is the reason why it is important
to develop methods allowing us to elaborate an object model basing on real
data. We propose utilization of neural network based semi-empirical
modeling for developing a complete model of space shuttle motion. The
semi-empirical approach assumes the generation of the “grey box” models
combining the theoretical knowledge about the object with the possibility to
improve the model using the experimental data. As theoretical knowledge
they use the differential equations of the source system as well as the method
of integration of these equations. The way of improving of the model includes
application of the methods of artificial neural networks. Special form network
based semi-empirical models implementing implicit Runge-Kutta method of
numerical integration are proposed to use. The training of the semi-empirical
model allows to eclaborate the models of aerodynamic coefficient
implemented as a part it.

A hypersonic vehicle is considered as a modeling object. The results of
simulation for elaboration procedure of pitch moment coefficient are
presented. Equilibrium glide part of zero-thrust phase of a flight is described.
The equations of motion extended by appropriate algebraic equation are
described by index 1 DAE system. For space shuttle equations of motion
semi-empirical model is generated in the form of the modular neural
networks. MATLAB system and Neural Network Toolbox package were used
when implementing the semi-empirical models as well as in the course of the
computer simulations.

I/ICCJ'ICIIOB?IHI/IC AAHAMHUKH BPAMATCIbHOTO ABIKCHAA KOCMHUYICCKOT0
annapara ¢ H3MeHsIeMOil A3POTMHAMHIYECKOI ACHMMETPHEli pH crycKe
B armMoc(epe Mapca
Kypxuna E.B.

CT'AY, r. Camapa

SlBneHne 3axBara KOCMHYECKOrO ammapara B JJIMTCIbHBIA PE30HAHC,
MOJKET NPHBECTH K CYIICCTBCHHOMY YBCIHMYCHHIO YIJIA aTAKH W CTATh
MPUYUHON aBapUIHBIX cuTyanuil [1]. Peamm3anmsa Takoro peskuMa ABIKCHUS
SABJIACTCA CICACTBHEM YBEIHMYCHHUSA VYIJIOBOH CKOPOCTH BO3BPALIAEMOTO

419



KOCMHYCCKOTO ammapara OT MaJbIX HAYAJBHBIX J0 PE30HAHCHBIX 3HAYCHHH
moa BOSI[GfICTBI/IGM MCXAHHYCCKHX MOMCHTOB, 06yCJ'IOBJ'IeHHI>IX MaJbIMH
3HAYCHUWSIM MACCOBOM W a3poauHaMH4ECKOM acummerpuu [2,3] Biusxue
MapaMeTPOB A3POAMHAMHUYCCKOH ACHMMETPHH CYINCCTBEHHO 3aBHCHT OT
BEIOOpa atMOC(epsl, B KOTOPOH OCYHICCTBIACTCSA CIYCK KOCMHYCCKOTO
ammapara. B naHHOH paboTe PacCMOTPCH Ciydal pa3pssKCHHOH aTMOC(epEL,
Ha mpuMepe armoc(epsr Mapca. Llempto paboTHI SIBISETCSA OIPEICICHHE
JIOTyCTHMOTO JHANA30HA U3MCHEHHUS a3POJUHAMHYCCKON aCHMMETPHH IIPH
CIyCKE KOCMHYECKOTO ammapara B arMmocepe Mapca, mpm KOTOpOM
BO3MOXKHO M30€KaTh JIMTCIHHOTO PE30OHAHCHOTO PEKHMA JBIDKCHUL.
UncreHHOE ~ MOACTHPOBAHHME  JBIDKCHHA ~ KOCMHYECKOTO  amlapara
OCHOBBIBACTCSI HA HCMOJB30BAHMM KBA3HIMHCHHONW CHCTEMBI YPaBHCHHH
JBIKCHUSI KOCMHYECKOTO anmapara ¢ Majod a3poJHHAMUYECCKOH U MaCcCOBOM
acHMMeETpIsAMH. B paboTe NPHHATO NPEANOIOKEHHUE, YTO B IIPOIECCE
aTMOC()EepHOTO CIyCKa KOCMHYECKOTO AaIliapaTra HMMEETCS BO3MOKHOCTH
YIPABASIEMOTO YMCHBIICHHS BEIMYHMHBI €r0 MAaJOH a3pOJMHAMHUYCCKOM
ACHMMETPHH IPH COXPAHCHHH HECH3MCHHOHM BEIMYMHBI MAJOH MacCOBOM
ACUMMCTPHH. Beamunna napamMeTpa, OITHCBIBAKOIICTO HU3MCHCHHC
A3POAMHAMHYCCKON ACHMMETPHH, 33JaHA B BH/C 3aBHCHMOCTH OT BBICOTBHI
HaJ MOBEPXHOCTHIO Mapca MO SKCIIOHEHIMAIBHOMY 3aKoHY. IIpom3BoanTcs
OILICHMBAHUC BEPOSTHOCTH 3aXBaTa B IJIABHBIH PE30HAHC B PACCMATPHBACMOM
CIy4ac W OMPEACILICTCS JUAMA30H N3MCHEHHUSI BEIIMUIHBI a9POJMHAMITICCKOH
ACHMMCTPHH, TPH KOTOPOM HC HAOMIONACTCA 3aXBara B UINTCIBHBIHA
pe30HAHC.
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Investigation of rotational motion dynamics of variable aerodynamic
asymmetry spacecraft during the Martian atmosphere descent
Kurkina E.V.

SSAU, Samara

The phenomen on of capture spacecraft into a long resonance may lead to a
substantial increase in the angle of attack and cause accidents [1].The
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implementation of such mode of movement is the consequence of increasing
the angular velocity of a spacecraft from the small initial to the resonance
values under the influence of mechanical moments, due to the small values of
the mass and acrodynamic asymmetry [2,3]Effect of aerodynamic
asymmetry parameters substantially depends on the choice of atmosphere, in
which a spacecraft descent occurs. In this study the case of rarefied
atmosphere is considered on the example of the atmosphere of Mars. The aim
is to define an acceptable range of acrodynamic asymmetry variation during
descent of a spacecraft in the Martian atmosphere, in which is possible to
avoid a long resonant mode motion.

Numerical simulation of the spacecraft dynamics is based on the using of
quasi-linear system of spacecraft with little aerodynamic and mass
asymmetry motion equations. In the work is accepted the assumption that
during spacecraft atmospheric descent it is possible to reduce the value of its
managed small acrodynamic asymmetry, while preserving unchanged the
value of the small mass asymmetry. Value of the parameter that describes the
change in the aerodynamic asymmetry is defined as a function of height
above the surface of Mars by an exponential law. The probability of capture
into the main resonance is estimated in the case under consideration. The
range of acrodynamic asymmetry value variation at which the capture in a
long resonance is not observed is determined.
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MoaempoBanne a0 IAIIN TEIVIOBOI 3AIMATHI B BHICOKOIHTAILIHITHOM
ra30BOM MOTOKE
Koctur I'.®.!, Jlermxos A.B.?
10-V HILI VpO PAH, TPL] Makeesa», r. Muacc

Lens naHHOM pabOTHI COCTOHT B Pa3padOTKE MCTOIWKH I YHCICHHOTO
MOJCTHPOBAHHS  ABJCHHSA  aOMAOMH  TCIUIO3AMIMTHBIX  MATCPHAJIOB,
BO3HHKAMOMICTO NPH JBWKCHHH THICP3BYKOBHIX JICTATCTBHBIX ANNAPATOB
(JTA) B mnoTHBIX crosx atMoc(ephl M €€ peann3anus B MaKeTe YUCICHHOTO
MO/ICTUPOBAHHSL.
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OcHOBHOM O0NMACTHIO TPUMCHEHHS METOJUKH SIBIICTCSA BBIIIOJIHCHUC
VTOUHSMIOIMINX PACcYCTOB A3pOAWMHAMHKHA M TCIUIOBBIX pEKUMOB JIA,
00paboTKa pe3yIbTATOB JICTHBIX 3KCICPHUMCEHTOB, H3YUCHHUE YKPAHUPYIOIIETO
3p(ekTa TPOAYKTOB PA3PYMICHHA TOBCPXHOCTH M MOJCTHPOBAHNC
HCECTAIIMOHAPHBIX ~ JPO3MOHHBIX MPOILIECCOB IPH  HPOXOXxAcHHH JIA
atMOoC(epHBIX 00pa3OBAHH.

Anamm3 noctyneelx CAE-makeToB mokasaj, 4Yro B HHX OTCYTCTBYIOT
HHCTPYMEHTBI MOJCAMPOBAHHS (B CONPSDKCHHOM MOCTAHOBKE) TAKHX
OCHOBHBIX 3()(peKTOB abiiIMU, KaK PELECCHS MOBEPXHOCTH, IOTJIOMICHHC
TEIUIA M €0 YHOC Ta30BBIM IIOTOKOM C IOBEPXHOCTH, KHHETHKA IPOILIECCOB
JCCTPYKIMH MarepuanoB. [Ipm 3TOM OTACITBHBIC ACTICKTHI JAHHOW OOmICH
33724 XOPOIIO M3yYCHBI TEOPETHUCCKH U IKCIIEPHMECHTAIBHO.

B oCHOBE METOAMKH JEKUT METOJ UHCICHHOTO PAcueTa THICP3BYKOBOTO
00TCKAHHS MCTOJOM KOHCYHBIX OOBCMOB. MOACIHMPOBAHHEC MPOIECCA
aOmuMy  BBHIMOTHACTCS TIPH I[OMOINM 3aJAHMSA IOJBIKHOH TPAHUIIBL
[Ipomeccsl B TBEpAOM TEJIE€ MOJCITUPYIOTCA IPH MHOMOINH ITPOTPAMMBI,
BBIMOIHSIOMCH PEHNICHHE YPABHEHHUS TEIUIONMPOBOHOCTH METOAOM IIPOTOHKH
HA JICKAPTOBOM KOHCUHO-00BEMHON pacueTHOH ceTke. OTaenpHAS mporpaMMa
pelmacT ypaBHEHHE YHOCA H ompenersieT GopMmy mosepxHOCTH Tena. Pacuer
BEIMYMHBI VHOCA B KOHKPETHOH TOYKEC IOBCPXHOCTH BBINOIHICTCA
HHKCHCPHBIMH METOAMKAMH. VICXOmMHBIMH JaHHBIMH AN pacyera yHOca
CIY’KUT YHCICHHOC PEHICHWE Ta30IMHAMUYCCKON 3amadM W PE3yJIbTaThI
peLICHUS TBEpAOTEABHON 3a0a4H.

JaHHBI MOAXOA TMO3BOJECT BBECTU OTACABHBIA IHAT NMO BPEMEHHU I
razoAMHAMHYECKON M TBEPAOTEABHOU 331a4. BAyB yHOCHMOro marepuana u
€r0 JHCPTHU B ITOTPAHUIHBIA CIOH MOJCTUPYETCS NCTOYHUKOBBIMH YJICHAMH
B ypaBHEHIIX HaBbe-CTOKCA M SHEPTHH COOTBETCTBEHHO.

B KkauecTBe KPHTCPHEB YCTOMYHMBOCTH PEIICHHSA CONMPSLKCHHON 3agayud
BBICTYIIACT CXOAWMOCTh [0 HEBA3KAM HA KAKIOM JTame peIICHHA
ra30AMHAMHYCCKOH 3a7Jaul M OTCYTCTBHC JIOKAJIbHBIX KAaBEPH HA
TOBEPXHOCTH TEJIA IPH PEIICHUH Y PABHCHUS YHOCA.

Jns peanmzaumy METOIMKH OBUTA BBIMOJTHEHA AOPA0OTKA IPOTPAMMHOTO
kommiekca ANSYS Fluent ¢ wcnomp3oBaHmeM wmHTEp(eica mia
nporpamvupoBanusg UDF.

JUi1 mpoOBEPKHM METOAWKH BBIMOJIHCH YHCJACHHBIM PACUET PELECCHH
YIJIEpOA-YIIACPOAHOIO KOJMaKa jJetareapHoro anmapara IRV-2 u cpaBHeHue
C TOCTYIHBIMH 3KCICPUMCHTAIBHBIMH JAHHBIMH.
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Modeling ablation of thermal protection in high enthalpy gas flow
Kostin G.F.!, Lepikhov A.V 2
1S-USCUB RAS, Makeyev GRTs, Miass

The paper dedicated to developing a technique for the numerical simulation
of ablation phenomenon of thermal protection materials, due to the motion of
hypersonic vehicles in the atmosphere and its implementation in the
computer-aided engineering software.

The main goal of the technique is calculations of acrodynamics and thermal
conditions of a hypersonic vehicles, a processing of the results of flight tests,
the study screening effect of a gas products of pyrolysis and surface modeling
of unsteady erosion processes on a hypersonic flight vehicle surface at a
atmospheric formations.

Analysis of a CAE software showed that they lack simulation tools (at
coupling formulation) of main ablation effects, such as boundary conditions
for surface recession with heat absorption and its removal by incident gas
flow, kinetics of internal thermal pyrolysis and destruction of heat-shield
material. The individual aspects of the general problem has a good theoretical
and experimental investigation.

The technique is based on a CFD calculation of hypersonic flow by finite-
volume method. Ablation process simulated by defining a moving boundary.
The processes in solids are modeled using the program that solves a heat
equation by the tridiagonal matrix algorithm on Cartesian finite-volume
computational grid. The individual program solves recession equation which
determines the surface shape of a hypersonic flight vehicle. Calculation of the
recession value at a specific point on the surface is performed by an
engineering techniques. Initial data for an ablation calculation are a numerical
solution of gas-dynamic problem and solid pyrolysis thermal transfer
problem.

This approach allows to introduce to a solution separate time steps for
solid-state and gas-dynamic problems. Injection pyrolysis gases and energy in
the boundary layer is simulated by source terms in Navier-Stokes and energy
equations respectively.

The stability criteria of the solution for this coupled problem are residuals
convergence at every stage of the gas-dynamic problem solving and absence
of a local cavitics on the surface of the hypersonic vehicle during the
recession equation solution.

The technique was realized in ANSYS Fluent CFD software with UDF
programming interface.

For the technique verification the numerical calculation recession carbon-
carbon nosctip of IRV-2 vehicle was performed. Computational results was
compared with available experimental data.
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Pazpa0oTKa 0C A1 HAHOCIIYTHUKA HA 3¢ MHOTOIIC/ICBOIT
miargopmel «Caneprus»
Mansirus J1.B.
JlaGoparopus MpOSKTHPOBAHHS CBEPXMAITBIX KOCMHYCCKAX ANMNAPATOB
«ActpoHOMHUKOHY, T. CaHkT-IleTepOypr

B TCUCHHC TPEX IOCICOAHUX Z[GC}ITI/IJ'IGTI/Iﬁ BCOyIUC MHUPOBBIC
YHUBCPCUTCTHI MPOBOIAT HAYYHBIC HCCICAOBAHHUA W JOKCOCPUMCHTHI B
KOCMHYCCKOM TMPOCTPAHCTBE, CO3AAaBas I 3THX LENCH COOCTBCHHBIC
HAy4YHO-00pA30BaTCIbHbIC MHKPO-, HAHO- M THKOCIYTHHKH, a TaKXe
(uHAHCHPYSI WX 3aIyCK HAa OKOJO3EMHyI0 opOmry. CHEKTp permacMbIxX
TAKHMH CIOYTHAKAMH 33734 JOCTATOYHO IOHPOK — OT MPOBEACHHSA
HCCNCIOBaHNHA (DM3MKM MArHUTOC(EPHBIX M HOHOC()EPHBIX IPOLECCOB 0
HMCIBITAHMI HOBBIX TEXHOJIOTHH B 00JIACTIX PaguoOCBA3H, AUCTAHITUOHHOTO
30HIUPOBAHUS, KOCMHYCCKOM OMOIOTMH M MarepuaioBeAcHUI. boiee Toro
ClenyroIleil TeHOCHIMEH pa3BHTHA MOJOOHBIX AaIIapaTOB — IOCTPOCHHUCS
OpPOUTANBHBIX TPYNIHPOBOK. TakHe KOCMHYCCKHE HCCICIOBAHHA TPEOYIOT
BBICOKOI ctemeHH opueHTarmu CMKA, mpu 3T70M HEOOXOIUMO yACP/KAHKC
MPUBS3KA K MECTHOCTH Ha miuurenbHoe Bpemsa. C  fapyro CTOPOHBI
OPHCHTALIME0 MOKHO PAacCMOTPETh KAk MPHBA3KY K ONPEACICHHBIM
BEIMYMHAM, WM 3HAYCHWSIM MApaMETPOB HEOOXOAWMMBIX I HamOolee
OJAarONMpPHATHOTO BBHIMOJHCHUA BO3JIOKCHHOH KOCMHYCCKOM Mucchu. B
0000IMICHAOM BApPHAHTC OPHUCHTAITHA CCTh HHYTO MHOC, KAK PCIICHUC 3a1aYH
BAPHALTUOHHOTO HCYHUCIICHHA, YTO COCTABJLICT CYTh OIITHMAJIBHOTI'O
ympasneHuA. CaMa e Tpacca moJyieTa — Habop TOUCK ¢ KOOPAHHATAMH, UTO B
COBOKYIHOCTH COCTABILICT KOHKPCTHYIO (yHKOmio;, T1.0. 3amada OC
anmpOKCUMHPOBATH (PYHKIHMIO YIPABJICHIA K BHAY (PYHKIMH TPACCHI MOJIETA.
BaykHO OTMETHTP M yUET NMOTPEIIHOCTEH JAaTYMKOB OOpartHOH cessm. [laree,
OpH  TPOBEJCHHH JKCHCPHMCHTOB B KOCMHYCCKOM TPOCTPAHCTBE B
OoNpIIMHCTBE CiyuacB padoTa BeAETCH ¢ O0OpabOTKOM JaHHBIX HAa OOpTY
CMKA, Oonce TOrO paboTa C JICKTPOHHO-ONTHYCCKUMH CHCTCMAMH
MOPA3yMEBACT MPOBSACHUC aHANMH3Aa W 00PadOTKY (POTO/BHACOMATCPHAIOB
(T.H. KoHTeHTa). Ilpm sroM mrobas rpadmdeckas wHPOpMALMA — MACCHB
KOOpAMHAT TOYUCK B COOTBGTCTBYIOHlefI I.[BeTOBOfI KOOUPOBKE, IAC KAUCCTBO
(Mamoe KOMMYECTBO INYMOB) 3aBUCHT OT MPOBOJHUMBIX MEPONPHUATHH
00padoTKH — peHaepuHTa 00padaThIBACMOTO H300pakeHmA. TakuMm 00pazoM
Ha Oopry CMKA HEOOXOZMMO HMETb BBIMHUCIUTCIBbHBIC MOIIHOCTH IO
pabore ¢ TOAOOHBIMH JAHHBIMH, C TAKOH 3amaded MOTYT CHPaBHTHCS
rpaduuecKAe MPOLECCOPBl, KOTOPBIC MIMPOKO IPSACTABICHBI HA PBHIHKE.
[TpuueM MOKHO TMOAOOpATh MPOLECCOP B 3aBHCHMOCTH OT IOTPEOIIEMOM
MOIIHOCTH H TNPOYHM MapaMeTpaM. APXHTEKTYpa TAKOTO TIpaHIeCKOro
IIPOIIECCOPA MPEAOTPEACIICT HATHINEC COOTBETCTBYIOMMX HHTEP(PEHCOB I
MOAKTIOUCHUSI PA3NIUYHBIX NPHOOpoB. B  KauecTBE MPOTOTHIIA TAKOTO
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ycrpoiictBa BbIOpaH mponeccop ¢ ARM fapoM; a OmepanHOHHAA CHCTEMA
crpoutca Ha 6a3e *nix-moJ00HBIX CHCTEMAX, 4 HMCHHO!
° Linux — OC ma CMKA 01uHOYHOH MHCCHH,
e  freeBSD — OC a1 pa3BopaunBaHus OPOUTANBHBIX TPYIITHPOBOK;
e Open Solaris — OC mna mOCTPOCHHSA OPOUTABHOTO CEpBEpa
00padOTKH JAHHBIX.

Development OS for nanosatellite based on multi-purpose platform
“Synergy”
Malygin D.V.
Nano Satellite Design Laboratory “ASTRONOMIKON”, Saint-Petetburg

Over the past three decades, the world’s leading universities conduct
research and experiments in space, creating for this purpose its own scientific
and educational micro-, nano- and picosatellites; as well as financing their
launch into orbit. The range of tasks solved by these satellites is quite wide -
from studies of magnetospheric and ionospheric physics processes to test new
technologies in the field of radio communications, remote sensing, space
biology and materials science. In addition the following trend in the
development of these devices - building orbital groups. Such space research
require a high degree of orientation nanosatellites, when it is necessary to
retain reference to the arca for a long time. However orientation may be
considered as binding to a specific number; or the values of the parameters
necessary for the performance of the most favorable space mission. The
generalized version of the orientation is none other than the solution of the
problem of variational calculus, which is the essence of the optimal control.
Very same flight path - a set of points with coordinates, for a total of a
particular function; thus task OS management function to approximate the
form of the function of the flight path. Importantly accounting errors and
feedback sensors. Further in experiments in space, in most cases, work is
being done with the data processing on board nanosatellites, moreover work
with electron-optical systems involves the analysis and processing of photo /
video (eg, content). At the same time, any graphical data - an array of point
coordinates in the appropriate color coding, where the quality (a small
amount of noise) depends on the processing of the activities - rendering the
processed image. Thus nanosatellites on board must have the computing
power to work with such data; with such a task can handle graphics
processors, which are widely available on the market. Morcover, the
processor can choose, depending on power consumption and other
parameters. The architecture of the graphics processing unit determines the
availability of appropriate interfaces for connecting different devices. As a
prototype of such a device is the core of the processor with ARM-
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architecture; and the operating system is built on the base of *nix-similar
systems, namely:

¢  Linux - OS nanosatellite for single mission;

e  freeBSD - OS for deployment orbital groups;

¢ Open Solaris - OS for building the orbital server data.

Meroap1 mugpoBaHus rUNEPCHeKTPATILHBIX H300P AJKeHHI
€ HCMOJIb30BAHIEM MHOTOTIAPAMETPHYECKHX MPeodpa3oBaHmii
Maprrorun C.A., MapresaoBa A B.

HITOA, Yp@YV, r. ExarepurOypr

CHyTHHKOBBIC CHCTEMBI HIMPOKO HCIIOJIB3YIOTCS B HACTOSINEE BPEMSI I
pemeHns1 33139 TPAKAAHCKOTO M BOCHHOTO HA3HAUCHMS, IIO3TOMY CIPOC HA
3a0IMTY U XPAHCHHUE CITy THHKOBBIX H300PA’KCHUH MMOCTOSHHO VBEIMYHBACTCSL.
TpeOoBaHus K 3amuTe MYIBPTHMECIMIHOH HHpOpPMAIMH (M300pa’KeHHSI H
BHCO) CYIICCTBCHHO BBIIC, YCM K TCKCTOBOM, M3-3a OONBIICTO 00BEMA H
BBICOKOH KOppemiued Mexay mukceaamu. [1o3TomMy B HacTosIee BpeMsd
IIMPOKO PA3BHBACTCA TAKOE HAINPABICHHE, Kak MH(POBAHUE H300PAKCHUIL.
C T1OMOIIBI0 CHEUHMANBHBIX METOJOB  IMH(POBAHHA  H300paKCHHE
KOHBEPTHpPYETCSI B  HeumracMyr  (opMy  (9acT0  CTAaTHCTHYCCKH
HEKOPPEIUPYEMBbIH OCibIi IMyM), YTO 3aAIOUINACT €T0 OT IPOCMOTpA
HEABTOPH3HPOBAHHBIMH JTHIIAMH.

OnrHieckue CHCTEMBI, KOTOPBIE HCIIOIb3YIOTCS B CIlYTHHUKOBOH TEXHHKE,
MO3BOJLIIOT MIEPEAABATH MAPAIUICIFHO U C OOJIBIION CKOPOCTHIO JBY XMEPHYIO
KOMIUICKCHYI0 HH(OpMALMIO, MO3TOMY OIS IMH(POBAHMA CITy THHKOBBIX
H300pAKCHUH OB TPCATOKCHBI MCTOABI C HCTOIB30BAHHCM YaCTOTHO-
BPEMEHHBIX IpeoOpazoBaHmii W Ciy4aiHeIX (a3oBbIx Macok. B ocHoBe
($azoBOH Mackd JIOKAT (PYHKOHA, KOTOpas TMPCACTABIACT COOOH
CTATHCTHYECKH  HEKOPPEIHPYEMYyI0  CIYyYalHYH0  IOCICAOBATCIHHOCTD
pacnpeaenéunyr0 B mpeacnax [0,1). Ipu aefictBum (ha30BBIX MAacoOK Ha
H300paKEHHE B YACTOTHO-BPEMEHHBIX OOJACTIX WCYC3ACT KOPPEILIIHA
MEXKIy MHKCEIAMH, a HW300paKCHHE KOHBEPTHPYETCS B OCNBIH MyM. OTH
ciayuaiiHple (YHKIMH ®  ABIIFOTCS KIIOYOM AId  JCIIH(pPOBAHHA
H300pAKCHUS.

OmHAKO B HACTOAINEE BPEMS 3TH ANTOPHTMBI HC SABJLIIOTCH HAEKHBIMH,
TaK KaK C PAa3BHTHEM METOJOB 3alIUTHI BCETJA PA3BHUBAFOTCS M METOMbI
B3II0MA.

C menpro yBeNWMUCHHS HANEKHOCTH METOJOB INH(POBAHHS B CTaThe
MPEAIaracTcsi MeTod IMU(POBAHHMA THICPCHEKTPATIBHBIX CITy THHKOBBIX
H300paKEHUH, OCHOBAHHBIA HA MHOTOIIAPAMETPHYICCKOM IPEOOPA30BAHIH
®ypbe ¢ HCTIOIB30BAHUEM IIEPEMEIIHBAIOIIETO MPEOOPA30BAHI.

B kauectBe 00BEKTAa HCCICIOBAHHA HCIOJNB3YCTCSH THICPCIECKTPATbHOC
m3oopakerue (I'N), T.¢. MaCCHB Wil KyO TAHHBIX, KOTOPBI BKIFOYACT B CCOA
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MPOCTPAHCTBCHHYF HHOOPMAIHIO 00 00BEKTE, TOTIOTHCHHYIO CICKTPAIbHOM
wHOOPMAIMCH TTO0 KAKIOH MPOCTPAHCTBCHHOH KOOPAHHATC.

[TomyuyeHHBIE pPE3yIBTAaTHl MO3BOJLIIOT CHENATh BBIBOJ O HAAEKHOCTH
MPEANIOKECHHOTO MeToAa Iu(poBaHUs H OONBIIEH YCTOMYHMBOCTBIO K
CJCNOMY B3JIOMY IO CPAaBHCHUIO C JPYTHMHM METOJAMH, OCHOBAHHBIMH HA
KJIACCHYECKUX M JIPOOHBIX IpeoOpazoBaHmsix Dypse.

Hyperspectral image encryption using multiparametric transforms
Martyugin S.A., MartyanovaA.V.
UrFU, SPAA, Yckaterinburg

The rapid growth of digital imaging applications has increased the need for
effective image encryption techniques. Fast (efficient) image encryption is an
area of interest for research due to need of real-time image encryption-
decryption in various fields such as military imaging, satellite imaging etc.
Image encryption techniques convert original image to another image that is
hard to understand. It is essential that nobody could get to know the content
without a key of decryption.

Optical systems are of growing interest for image encryption because of
their distinct advantages of processing 2-dimentional complex data in parallel
at high speed. Time-frequency methods and random phase encoding
techniques are the most widely used in optical image encryption. Random
phase mask has a form of statistically independent white sequence uniformly
distributed in [0,1). Because the phase angle is random, any correlations
between adjacent pixels are erased, and image can be considered as white
noise. In these methods this masks are a keys of decryption.

To increase a security of data robust encryption schemes we propose a
novel encryption scheme using multiparametric Fourier transform and
permutation transform in this paper.

The proposed scheme significantly enhances the data security compared to
classical Fourier transform and fractional Fourier transforms based methods
and it shows consistent performance with hyperspectral images.

DopMyJIbI IEPEX0JA K XAPAKTEPUCTHYECKHAM MIEPEMEHHBIM IS
PA3INYHBIX MATEMATHYECKUX MOJEJICH TeUeHHil raza Kak cocraBHast
YaCTh YMCJICHHOT0 AJITOPUTMA
Maprtromosa AT
MAM, r. Mocksa

HpI/I THACJICHHOM MOJACIMPOBAHUHA TCUCHHH BHCIMHUX H BHYTPCHHUX 3a4a1
AIPOAUHAMHUKHA CYICCTBCHHBIM QJICMCHTOM ABIACTCA TIOCTPOCHUC
Pa3HOCTHOTO aIropuTMa HA OCHOBEC COBPCMCHHBIX HCJTHHCHHBIX Pa3sSHOCTHBIX
CXCM.
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O6H.[I/IM MOMCHTOM NPUMCHCHHA COBPCMCHHBIX HEITHHCHHBIX Pa3HOCTHBIX
CXEM K YPaBHCHHUAM Ta30BOH JUHAMHAKH SABILICTCA nepexonq K
XAPAKTEPUCTHYCCKUM TiepeMeHHbIM. OpuruHanbHbl anroputM Poe Tpedyer
BBIMUCJICHUA MATPHUIBI KaK JICBBIX TAK H IPABBIX COOCTBEHHBIX BCKTOPOB
CHCTCMBI ypaBHeHI/Iﬁ B YACTHBIX MNPOU3BOAHBIX J3BOJHOIHOHHOTO THIIA,
MOJCTUPYIOIIEN 3aKOHBI COXPAHCHHUSL.

Pa3noskeHne 1o COOCTBCHHBIM BCKTOpaM OBLIO NMPOBCACHO HA OCHOBC
MomupuupoBanHOTo MeToda Roe-Pike’ [1] amsa AByX W TPEXMCPHBIX 33134
ra30BOM AMHAMHKH, & TAKKE A1 YPABHCHUI PEarHPYIOMIMX ra30BbIX CMecei
I MPOWM3BOJILHOTO YMCIA KOMIIOHEHT Ta30BOH CMECH KaK Uil HICAIBHOTO
ra3a, Tak ¥ B MPEAIOJOKCHUN PECATbHBIX TAOMYHBIX YPABHECHHI COCTOSHIA
B COOTBETCTBHH C [2].

[NomyuyeHHble  (QOpMyNBI ~ HCIONB30BAHBI IPH  KOHCTPYHPOBAHHUH
YUCICHHOTO  aNrOpHTMAa,  HCNMOJB30BABINETOCA OIS UHCJCHHOTO
MOJEIHMPOBAHUA OCECHUMMETPHYHBIX M TPEXMEPHBIX TCUYCHHUU TOPEHHA H
ACTOHAIMU B KaMCpax CropaHuia ACTOHAMOHHBIX I[BI/Il"aTeJ'IeI\/II. ypaBHeHI/I}I
COCTOSIHHSA I KKAOH KOMIIOHCHTHI CMECH 33JABAMCHh B TaOIMIHOH
dopmMe, a WMECHHO OJHTAIbIUs 00pa3oBaHMA M KOI(PPHUIUCHTHI
TCIDIONMPOBOAHOCTH  PACCMATPHBAIHCH KAk  TaOmuuHbIC  (DYHKUHH
TEMIEPATYPHI.

[1] Toro E.F. Rieman Solvers and Numerical Methods for Fluid Dynamics.
Springer, New York, 1999,605 p.

[2] Glaister PJ J. of Comp. Phys. Vol. 77: pp. 361—383 1988.

Formulae of transition to characteristic variables for different
mathematical models of gas flows as the component of numerical
algorithm
Martyushova Y.G.

MAI, Moscow

Construction of difference algoritm on the basis of contemporal difference
schemes is essentually element of numerical simulation of external and
internal problems of acrodynamics.

Common part of contemporal difference schemes construction is the
transition to characteristic variables of full system of the gas dynamics
equations. Original Roe’s algorithm demands definition of both matrices of
left and right eigen vactors for system of equation of evolution type which
modelling conservation lows.

Definition of left and right eigen vectors where provided on the basis of
modified Roe-Pike’s method [1] for two-and three dimensional gas dynamic
problems and for system of equation for reactive gas mixes with arbitrary
number of components both for ideal and real equations of stete (in tabular
form) in connection with [2].

428



Formulae for left and right eigen vectors where used for numerical algorithm
construction. This algorithm in turn was used for numerical simulation of
axisimmetrical and three dimensional flows of explosion and detonation in
reactors of detonation engines. State equations for every gas mix component in
tabular form where used, namely enthalpies of formation and heat conduction
coefficients where treated as tabular function of temperature.

[1] Toro E.F. Rieman Solvers and Numerical Methods for Fluid Dynamics.
Springer, New York, 1999,605 p.

[2] Glaister PJ J. of Comp. Phys. Vol. 77: pp. 361—383 1988.

3anaua pacnpeneieHns 010/UKeTa MEKIY PA3IMIHBIMUI
NECPCHCKTUBHLIMHA THITAMH OPYKHIA CACPKUBAHIA
Mouwucees K.JI., ITeraukosa E.A.
MAM, r. Mocksa

PaccmarpuBaercs 3amaua 0 pacmpenencHus OIKETa MEKAY Pa3IHIHBIMHU
THIIAMH OPYXKHA, B YCIOBHAX NPECAOTBPAINCHHA BOWHBL, A CACPKMBAHUA
VCIIOBHOTO IPOTUBHHKA. [locTaBieHHas 3a1a4a pa3BUBACT IMOXOXKYIO IPOOIEMy
pacnpencacHus OrPaHUYCHHBIX OMCKOBBIX BO3MOXKHOCTEH [1].

Hameii nensro ABIACTCA yACPKAHUE IPOTHUBHUKA OT Pa3BA3BIBAHMA BOMHBL, a
[EJIbI0 MPOTHBHUKA — MUHAMH3ALIWSA HAMCH CHOCOOHOCTH K OTBETHOMY YIapy
TOCPEACTBOM BBIACICHUSI COOCTBEHHOTO yJapa Opy’KHeM craepkuBaHusa.
MOOOTO 3aaHHOTO PACTIPEACTCHUS HAIIMX YCHIMH MEXIY Pa3IHIHBIMH
CHCTEMaMH CICP)KUBAHWS TPOTHBHHUK OYJET CTApaThCs PACIPEACTIHTb CBOH
HAYATBHBIA yaap TakuM o00pa3oM, 4To0Bl MHHHMH3HPOBATH CIMOCOOHOCTH K
OTBETHOMY YAAPy, COXPAHAIOLIYIOCA MOCTE YIPEKAAOIIETO yaapa.

CraenoBatenbHO, Ul YIYUIICHHS CUTYAlMH B HAIIY CTOPOHY, HEOOXOAMMO
pacIpecuTh HAIN CHJIBI ITO0 CACP>KUBAHUIO TAK, YTOOBI MAKCUMH3HPOBATh 3TOT
MHHUMYM, CO3JAaHHBIM HAIMM NPOTHBHUKOM. Hccaeayemas 3aqa4a H3MEHACTCA
B 3aBUCHMOCTH OT BPCMCHH W BHCIIHHUX MAPAMCTPOB, KOTOPBIC B CBOKO OUCPCAb,
Tak e OyAyT 3aBHCETh OT BpeMcHHU. ClieJ0BAaTEIbHO, IS PACCMOTPEHHS 3aJa41
CIeAyeT BBHIJCIHTH OIPEACICHHBII BPEMCHHOM OTPE30K, HA KOTOPOM MBI
CMOKEM OOCTHYIP MAaKCHMyMa A4 MHHHMyMd, KOTOPOTO AOCTHI HAII
MPOTHBHUK. MakCHMyM U1 OIPEACICHHOTO OTpe3Ka BPEMEHH HE Oyler
SIBILITBCS. MAKCHMYMOM I OPYTOTO OTPE3KA, TAK KAK BHEINHHE ITAPAMETPBI
OyAyT W3MCHEHBI, TAK KAK IOJMTHKH, YIPABILIOINE OPYXUEM CACPKHBAHILL,
MOTYT NPUHUMATH PA3HBIC PCIICHUA B 3aBUCHMOCTH OT BPCMCHH.

Z[OHOJ'IHI/ITGJ'II)HO IPeANOIAracTCA, YTO0 MPOTUBHUK BCACT PA3BCAKY H 3HACT O
pPACTIONIOKCHHM HAMIETO OPYXKHA, HYTO JACT €My IPEHMYINECTBO I
VIOPS)KAAIOMET0 yaapa. B kauecTBe HAYANBHBIX YCIOBHH BBICTYIAKOT. YHCIO
HammX 0a3 (HA3CMHBIC H MOPCKHC), H YHCIO 0a3 MPOTHBHUKA, YHCJIO PAKCT HA
KOKIO0W ©Oase, OTHEBAsA MOIIb, CTOMMOCTH 0a3; 4YaCcTh HA3¢MHBIX 043,
OOHAPY KCHHBIX NPOTUBHUKOM, YHCJIO J3KHIAKCH CAMOJICTOB I AaTakW IO
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0asaM; BEpOATHOCTB TOTO, UTO 0a3a YUEJIeeT MOCe Yaapa PAaKeTOH; BEPOATHOCTD,
YTO MOpPCKad 0asa He OyaeT 0OHApY KCHA MPOTHBHUKOM. [IpH peImeHuH CHavama
paccMaTpuBaACTCA 3adava MHHHMH3AIUW C TOYKH 3PCHHA NMPOTHBHUKA, IOCIC
YET0 HAYMHACTCA MOMCK MAKCHMYyMa, YTOOBI OBITH TOTOBBIM K YIIPEKIAFOIICMY
yAapy NPOTHBHHKA. TakuM 00pa3oM, paccMaTpuBacMad 3agada CBOIAMTCA K
HAXO0XXACHUKD MAKCHUMHWHHOTO PCHICHWA, B TO BPEMA KaK 3adaya MPOTHUBHHUKA —
3TO 3a7a4a NPOCTONH MHUHUMHU3ALHH.

Pabora BemonHeHa mpu (uHAHCOBOH mommepxkke PODU rpant Ne 15-08-
01902-a.

Jlureparypa

1. James M.Dobbie. On the allocation of effort among deterrent systems.

Operations Research, 1959, vol.7, p.335-346.

The task of distribution of the budget between various advanced
weapons of deterrence
Moiseev K L., Pegachkova E.A.
MAI, Moscow

We consider the problem of the distribution of the budget to prevent a
new war of the conditional opponent, who leads to war. As it concerns our
deterrent power, the aim of the enemy is to minimize our ability to
counterstroke with using our weapon of deterrence.

The enemy will try to distribute his a first strike to minimize the ability to
counterstroke, that continue after a first strike (the first strike of the enemy of
weapon systems of deterrence) for any given distribution of our efforts
between different systems of deterrence. Therefore, to improve the situation
in our side, we have to allocate our powers of deterrence so as to maximize
this minimum, that was created by our enemy. Thus, our task is determining
the maximum solution, while the task of the enemy is a simple task of
minimization.

Obviously, the task will be changed depending on the time and external
parameters, which also will depend on the time. Consequently, a certain
period of time should be allocated for the consideration of the in which we
can achieve the maximum for the minimum, that was reached by our enemy.
The maximum for the certain period of time will not be peak(maximum) for
another period, as the external parameters will be changed. Policies governing
the weapon of deterrence can take different solutions depending on the time.

Also, the opponents are assumed to reconnoiter and know the location of
our weapons. It give benefit to the first strike.

We introduce the initial conditions to solve the problem: the number of
our base (land and sea), and the number of bases of the enemy; the number of
missiles at each base; the firepower; the cost of bases; the part of the land
bases were found by the enemy; the number of air crews to attack the bases;
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the probability that the base will survive after the missile strike; the
probability that the naval base will not be detected by the enemy. Then we
begin to consider the problem from the point of view of the enemy, and begin
to minimize it. Then we start to look for the maximum to be ready to the first
strike of the enemy.

This work was supported by RFBR grant No 15-08-01902-a.
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Tounoe pemenne npudIM:KeHHOro ypapHennsi Bopia n nocrpoenne
HA €ro 0CHOBE KBATEPHHOHHOTO ajaropntMa opuentammu BUHC
Momoneukos A.B., Canyuxkos S1.T"., Momoaerkosa T.B.
HUIITMY PAH, CT'TY, r. Caparos

B  mpomecce  (YHKUMOHHPOBAHHS  MHOTHX  OCCIIaT()OPMCHHBIX
HHCPUHANBHBIX  HAaBHTAUHOHHBIX  cucteM  (BMHC)  mepmoamtecku
BBMHCJIACTCA  BEKTOP OPHCHTAIMM  TBEPAOTO TE€Id  OTHOCHTENIBHO
HHEPUMAIGHOTO  TNPOCTPAHCTBA  NMyTEeM  NPUOMIHKEHHOTO  PEIICHHA
MPHOIIKEHHOTO JIMHEHHOTO A depeHnmampHOT0 ypapHeHHs bopma (B
mpaktuke noctpoeHust BMHC HemmHCHHABIM 1ICHOM B ypaBHCHHH bopua mpu
MalbpIX yIJax MOBOpOTa mpeHeOperaroT). B ypasHenum bopra BxomHOH
BEJIMYMHON SBISIETCSI BEKTOP YITIOBOH CKOPOCTH TBEpAOTO Tema. OTMeTnM,
YTO TIOJHOEC HETUHEHHOE YPAaBHCHHE bopla OTHOCHTENBHO BEKTOpA
OpHEHTALUU TBEPAOTO TEJA ABIACTCA AHAIOIOM KBATEPHHOHHOTO JIMHEHHOTO
YPaBHCHHUA, BEKTOP M KBATCPHHOH OPHCHTALIMH TBEPAOTO TENA CBA3AHBI
MEXIy COOOHM M3BECTHBHIMH COOTHOLICHMSMH. MEXIy TeM, UIT HEKOTOPOTO
HOBOTO BEKTOpa YIJOBOH CKOPOCTH, KOTOPBIM NOIy4YaeTCA B 3a4a4e
ompeaencuust opucHTammu TtBepaoro teiaa (BMHC) Ha OCHOBE HCXOIHOTO
MPOU3BOIBHOTO BEKTOPA YIJIOBOH CKOPOCTH MPHU OCYIICCTBICHHH B3aUMHO -
OJHO3HAYHBIX 3AMCH NMEPEMEHHBIX B YPABHCHMAX ABIDKCHUA TBEPAOTO TEIA,
MpUOIIKCHHOE ypaBHEHHE bopra JO0IMycKaeT TOYHOE AHAIUTHUIECCKOC
pEIICHUE.

B nokmage Ha OCHOBE IMOJYUYCHHOTO TOYHOTO PEHICHUS MPUOIMKSHHOTO
JUHEHHOTrO ypaBHEHHA bopra (CIpaBeATuBOrO MPH MAJBIX YITIAX MOBOPOTA
TBEPAOTO TENIda) pEIICHA C MOMOIIBI0 KBAAPATYD 3aJa4a ONpeaciCHUA
KBATCPHHOHA OPHCHTALUH TBEPAOTO Tela MNPH IPOHU3BOIBHOM BEKTOpPE
YIJIOBOM CKOPOCTH M MAJIOM YIJIe IMOBOPOTA TBEPAOTo Tena. Mcxoad u3 31oro
pEIICHHA, TPEIIOKEH MOAXOA K HOCTPOCHHIO HOBOIO —AQIrOPHTMA
CBEPXOBICTPOTO IUKJIA IS BBIMHCIICHI HHEpIUaIbHOW opueHTanmu bUHC:

e 10 33JaHHBIM KOMIIOHEHTAM BEKTOpA YITOBOH CKOPOCTH TBEPAOTO

TEIa HA OCHOBE B3AHMHO - OJHO3HAYHBIX 3aMCH MEPEMECHHBIX B KAMKIBIN

431



MOMCHT BPEMCHH BBIYHCISACTCSA HOBBIH BEKTODP YITIOBOH CKOPOCTH TBEPIOTO
TENA,
¢  HCOOJB3yS HOBBIH BEKTOP VIJOBOH CKOPOCTH H HAYaIbHOC

TIOJIOKEHUE TBEPIOTO TEIA, HAXOAMTCS C IOMOIUBIO KBAZPATyp TOYHOC

pelIcHHE TNPHOMKCHHOTO JHMHEHHOTO YpPaBHEHHWSA bopma ¢ HyJIeBbIM

HAYAJbHBIM YCIIOBHEM;

e TI0 BEKTOPY OPHUCHTAIMH OIPEACTICTCS 3HAYCHHE KBATCPHHOHA
opucHTanuu Teepaoro reaa (BUHC).

OrtMern™M, uyTO TpH mocTpoeHm: amropurMa opuenrammu BHUHC Ha
KaKIOM MOCTICAYIOIEM [IAre 3aMCHA MEPEMEHHBIX YUHTBIBACT MPCIbIAY LM
mar ajropurMa TaKuM OOpa3oM, 4YTO HA4YadbHOE 3HAYCHWE BEKTOpA
OpHCHTALIMH TBECPAOTO TCMA KaKAeld pa3 Oymer HyaeBsM. Jloxmazg
MPOAOJDKACT HCCACAOBAaHMS, HadaThie B [1, 2]. Padora moxaepxana PODOU
(mpoekt Ne 12-01-00165).
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The exact solution of the Bortz approximate equation and build
on its base quaternion orientation algorithm of SINS
Molodenkov A.V., Sapunkov Ya.G., Molodenkova T.V.

MCPI RAS, SSTU, Saratov

This study was financially supported by the Russian Foundation for Basic
Research, projects no. 12-01-00165.

In operation of many strapdown inertial navigation system (SINS)
periodically calculated orientation vector of a rigid body with respect to
inertial space by an approximate solution of the Bortz approximate linear
differential equation (in the practice of building SINS nonlinear term in the
Bortz equation is neglected at small angles of rotation). In the Bortz equation
input value is the angular velocity vector of the solid. Note that the full non-
lincar Bortz equation for the vector orientation of rigid body is an analog of
quaternion linear equation; vector and quaternion orientation of a solid linked
known relations. Meanwhile, for some of the new angular velocity, which
results in the problem of determining the orientation of a rigid body (SINS)
based on an arbitrary initial angular velocity in the implementation of a one -
definitely a change of variables in the equations of motion of a rigid body, the
Bortz approximate equation has an exact analytic solution.

The report prepared on the basis of the exact solution of the Bortz
approximate linear equation (valid for small angles of rotation of a rigid
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body) achieved by a quadrature problem of determining the orientation of a
rigid body quaternion with arbitrary angular velocity and low angle of
rotation of a rigid body. Based on this decision, the approach to the
construction of a new ultra-fast algorithm to compute cycle of inertial
orientation of SINS:

e to specify the component of the angular velocity of solid based on
mutually - unambiguous change of variables at each time point is calculated
new angular velocity of the solid body;

¢  using the new angular velocity and the initial position of a rigid body
is found by quadrature exact solution of the Bortz approximate linear
equation with zero initial condition;

e the value of quaternion orientation of a solid (SINS) is determined
by the vector orientation.

Note that the construction algorithm orientation of SINS at cach
subsequent step change of variables into account the previous step of the
algorithm in such a way that the initial value of the vector orientation of a
solid each time will be zero. The report continues the research started in [1,
2].
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Onpenesnenne cO0CTBEHHBIX YACTOT KOJIe0aHNI IMHTATOPA
KOCMHYECKOT0 ANMmapara
Mycaros P.B.
3A0O «3HeprokoHTpaKT», . MoCKkBa

HWmuraropsr kocMmuueckux ammaparos (MKA) ciayskat mag oTpaboTkn Ha
3emme w B mojere mHTEpdeiica pakersi-HocuTenas (PH), auHamuyeckux u
CTATHYCCKUX  BO3ACHCTBHH, TEOMETPHYCCKOM  YBAZKH  KOCMHYECKOTO
ammapara (KA) u PH. ITostomy mMuTaTops! J0pkHBI coBmazath ¢ KA mo
LEJIOMY PsiAy HMApaMeTpoOB, B TOM YHCIC IO IEPBBIM COOCTBECHHBIM YaCTOTaM
KOJICOaHHH.

Orcrona BO3HHKACT TpeOoBaHKE K mpockTupoBaHo MKA — obecmeunTs
paseactB0 UKA m KA mo mepso# coOctBeHHOl uactorte. s permeHms
TAKOW 337Ja4YH TPOCKTHPOBAHWSA HEOOXOAWMO HMETh AHAJIHTHUCCKOC
BBIPOKCHHC, OTPEICIIIOMICE ICPBYI0 COOCTBEHHYHO YacToTy UKA.

B pabote paccmoTpeHbl (opmynel Panes u ['paMves MPUMCHATCITFHO K
UKA, npeacraBramomeMy COO0H BEPTHKAIBHO PACIIOIOKCHHBIN KOHCOJBHO
3aKPEIJICHHBI CTEP)KEHb KPYIJIOTO TONMEPEYHOT0 CEUCHHSA C  JABYMIA
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OJMHAKOBBIMH HABECHBIMH I'Py3aMH B (JOpMe IUMMHIPA. [ py3bl pa3MeIIcHbI
CHAMMCTPHYIHO OTHOCHUTCIIBHO OCH CTCPIKHA, OHH KPEIATCA Ha nonepeqnoﬁ
ocH (IITAHTE), ICPIICHANKY IAPHOH OCH CTCPKHA. CUMTACTCA, UTO CTCPKCHD
VOPYTHH, a TPY3bl ¥ MTAHra ADCOIFOTHO YKECTKHE.

Jna pacuera mepsoi codcreenHOR dacToTel KA ¢opmymna I'pammernst B
padore Obuta 000OmEHa Ha  KOJNCOAHWS  YINPYTOro  CTEPXHSI C
COCPEIOTOUYCHHOM MacCou.

OrneHka TOYHOCTH AQHANMTHUYCCKHX pACUYCTOB TPOBEACHA IYTEM WX
CPaBHCHHS C KOHCUHO-JICMECHTHBIM perreHneM. B mporpamme SolidWorks
6sr1a moctpoecHa Moaens MKA ¢ 3akperuieHHsAMH, a 3aTeM B IPOTPaMME
Simulation Mozmens pazdnBamach Ha KOHEYHBIC 3IEMCHTHI H PACCUUTHIBAIHNCH
TEpBBIC IATh COOCTBEHHBIX 4dacToT KoieOammit UKA. Hccnemosassl Tpu
papuanta MKA ¢ pa3HBIM PacmoyiO;KCHHEM TPY30B OTHOCHTEIBHO CTEPIKHI
HA PACCTOSHUM, BOPUTBIK U HA OCH CTEPKHA (B BUAEC IIAPA).

AHanmm3 pe3yIbTaToB PACcUeTOB MOKA3AJ, YTO NMEPBasi COOCTBEHHAS YaCTOTa
HKA 3apermactca o (opmyiae Pames B 2 pasa, mo YTOUHCHHOH (popmye
I'pammenss — na 22 %, 4TO TOBOPHUT O BO3MOXKHOCTH €€ IPHMCHCHHS IPH
npoekrupoBanun MKA.

Determination of spacecraft simulator vibration eigenfrequency
Musatov R.V.
CJSC “Energokontrakt”, Moscow

Spacecraft simulators serve the purposes of developing carrier rocket
interface both on Earth and during the flight, as well as dynamic and static
influence, geometric coordination of spacecraft and carrier rocket. Therefore
subset of simulator parameters is to coincide with those of spacecraft,
including the first vibration eigenfrequencies.

Hence a spacecraft simulator designing requirement follows to ensure
equality of spacecraft simulator and carrier rocket in the first eigenfrequency.
To solve such design task one must have an analytic expression describing
the first eigenfrequency of the spacecraft simulator.

The research considers Rayleigh and Grammel formulae with regard to
spacecraft simulator. The latter is a vertical cantilevered bar of circular cross-
section with two identical mounted cylinder loads. The loads are placed
symmetrically relative to the bar axis; they are fastened on the lateral axis
(rod), which is perpendicular to the axis of the bar. We consider the bar is
elastic, the loads and the rod are utterly rigid.

When researching, Grammel formula has been generalized to calculate
vibrations of an elastic bar with lumped mass in order to estimate the first
eigenfrequency of the spacecraft simulator.

Accuracy cvaluation of the analytical calculations was carried out by
comparison of the obtained data with the finite element solution. Spacecraft
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simulator model was created in the SolidWorks software and then it was
divided into finite elements by the Simulation programme to compute the first
five vibration eigenfrequencies of the spacecraft simulator. We investigated
three types of spacecraft simulator differing by the loads placing relative to
the bar: at a distance from the bar, adjoining and on the bar axis (in the form
of a ball).

The analysis of the results shows that the first eigenfrequency of the
spacecraft simulator is twice overestimated by Rayleigh formula, and it is 22
per cent overestimated in case of refined Grammel formula usage, indicating
that it may be applied when spacecraft simulator designing,

O 3agave BepoOSITHOCTHON ONTHMI3AINH JIsT JOPMHUPOBAHUSI
OIPAHHUYICHHOTI'0 IO BPEMCHHI TCCTA 1 IlOﬁaB.]IeHI/II/I HOBOTO (l)yHKHI/IOHa.]Ia
B C10 MAHU CLASS.NET
Mxwurapsa . A.

MAM, r. Mocksa

Lenpto manHON pabOTHI SBISIETCS WCCIETOBAHUEC W PEHICHHUE MPOOICMBI
(GOpMHUpPOBAHHA OTPAHHYCHHBIX TI0 BPCMCHH TCCTOB B CHCTEMAX
JUCTAaHIMOHHOTO OOYHUCHMS HA OCHOBAHUHM MH(pOPMAIMH O BPEMEHH OTBETA
TOJIb30BATEII HA 3a1AHHUS CHCTCMBL

[lepBbIM 3TANOM HCCICAOBAHUS SIBIBICTCS TCOPETHICCKOE 00OOCHOBAHWE M
pelicHWE ONTHMH3ALUMOHHONW 3agaunm. B pabore paccmoTpeHa 3amaua
(OpMHPOBAHUS WHAMBUAYAIBHBIX 3aJAHHH C OTPAHWYMCHHUEM II0 BPEMCHH
BBIIIOJJHCHUA B CHCTEMAaX JHCTAHINHOHHOTO 06y‘{eHI/I}I " MOpPCIIOKCH
anropuT™M ¢ penreHmA. IIpennoKeH»I K HCHOIB30BAHHIO [BE MOJCTH
BPEMECHH OTBETA IMOJIb30BATEII HA 3a/1avy. HEMPEPBHIBHAA, OCHOBAHHAS HA
MIPEAMONOKCHUH O JIOTHOPMAIBHOM PACIIPEACICHUM BPEMEHH OTBETA
CTYACHTA HA 33[JaHHME, M JMCKPCTHAS, OCHOBAHHAS HA AHAIM3E JAHHBIX,
MOJY4YCHHBIX IpH 00paboTKe cTaTucTH4ecKOoW wmH(popMmaumu. B kauecrse
0OOCHOBAHHS WCIIOJIb30BAHMS TPEANOKEHHBIX MOJENCH TpOBEpeHA HX
KOPPEKTHOCTh HA CTAaTHCTHUYCCKHUX JAHHBIX PEaNbHO (DYyHKIMOHHUPYIOMCH
CIO0 MAM CLASSNET. CpopmymmpoBaHa 3a0a4a LCIOUHCICHHOTO
CTOXaCTHYCCKOTO IPOTPAMMHPOBAHHS C BEPOATHOCTHBIM KpurepueM. [l
pEIICHHA 3aJa4M B CIy4ac HENPEPBIBHOM MOACTH BPEMEHH OTBETA
TOTE30BATSII Pa3paboTaH aIrOPUTM, OCHOBAHHBI HA HACC MCTOIA BETBCH H
rpanul. B paccMOTpeHHOM TpHMEpe pa3padOTAHHBIA ANTOPUTM TO3BOJII
MOy YHTh ONTHMAJIBHOC PEIICHHUE 3HAYUTCIBHO OBICTPEE METOAA IOIHOTO
mepebopa € TOCHCAYIOMEH TPOBEPKOH BCEX JACTCPMHHHPOBAHHBIX H
BEPOSITHOCTHOTO OTpaHMYCHHH. B cilydae ¢ AMCKPETHOH MOJENBI0 OBLIO
MOy YE€HO ONTHMAIBHOE PEIICHHE, COBIAJAOIICE C MOXYUCHHBIM PEIICHUCM
B CJIy4ac HEIPEPHIBHOW MOJCTH BPEMCHH OTBETA.
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BroppIM 3TamoM HCCICOOBAHHS SABIACTCA pa3paboTka HHCTPYMEHTA
(OPMHPOBAHUS OTPAHMHMCHHOTO TI0 BPEMECHH TECTa, IUIAHHPYEMad K
preapeHno B CJI0 MAUM CLASS.NET. [Ins 310TO BHCCCHBI H3MCHCHHS B
OPOTPAMMHYIO  COCTABLIIOINYID CHCTEMBL B cucteMe  J00aBICHBI
BO3MOXXHOCTH (PUKCHPOBAHHUSI BPEMEHH OTBETA PEANBHBIX IMOIB30BATEICH HA
33JaHUS CHCTEMBI, YTO IPHBEIO K HM3MCHCHHIO CTPYKTYPbI 0a3bl JAHHBIX
CJIO. Ha s3sike mporpamvupoBanus PHP Osuto paspaboramo T1O,
MO3BOJIIOMICE TMOMYyYHTh HHOOPMAIMIO 0 padoTe monb3oBaTencii w3 B/
MySQL B dopmarupoBanrOoM BHAe. MIcnonb3ys cpeacTBa BHIMHCIHTEILHOTO
maketa MATLAB, paspaGorana mnporeaypa, IO3BOJSFOINAS IOJNYYHTH
OLCHKH MAPAMETPOB HEMPCPHIBHOW MOJCTH BPEMEHH OTBETA. Taike ¢
TMOMOIUBK) JAHHOM NPOUCAYPHI TMOCTPOCHBI THCTOTPAMMBI I BPCMCHH
OTBETA Ha KKIOC 3aJaHHC Kypca, YTO IMO3BOJUIIO IOJYYHTh AUCKPETHYIO
MOJCTb PACHIPEACTICHHIA BPSMCHH OTBETA MOJIB30BATETA HA 3aJaHHUC KypPCa.

PesympTaToM ~ BBINOMHEHHOW ~ padOTBI  SABIETCA  TCOPETHUCCKH
0OOCHOBAHHbIH, pPa3pabOTAaHHBIH IPOTPAMMHBIA KOMIUIEKC TOTOBBIH K
pHeaperuro B CJ10 MAW CLASS.NET.

About probabilistic optimization problem of formation of individual tests
with a time limit and adding new features in LMS MAI CLASS.NET
Mkhitaryan G.A.

MALI, Moscow

The purpose of this work is to research and solve the problem of formation
of limited-time test systems of distance learning based on information about
the user response time on exercises.

The first stage of the research is theoretical substantiation and solving
optimization problem. The paper considers the problem of formation of
individual tasks with a time limit performance in distance learning system
and the solution algorithm. Proposed the use of two models of the response
time of the user to the problem: continuous based on the assumption of
lognormal distribution response time student on the job, and the discrete,
based on analysis of data obtained in the processing of statistical information.
The rationale of using the proposed models checked for correctness in the
statistics of a functioning LMS MAI CLASS.NET. Was formulated the
problem of integer stochastic programming with probabilistic criteria. For
solving the problem in the case of the continuous model of the response time
was developed an algorithm based on the idea of the method of branch and
bound. In this example, the algorithm developed allowed to get the optimal
solution much faster than method of complete enumeration, followed by a test
of deterministic and probabilistic restrictions. In the case of the discrete
model was obtained optimal solution coincides with the solution obtained in
the case of the continuous model of response time.
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The second stage of the research is to develop a tool for the formation of a
limited-time test, planned for implementation in LMS MAI CLASS.NET. To
do this, were made changes in the software of the system. The system added
the possibility of fixing the actual response time of users on the task. It led to
a change in the database structure LMS. On the PHP programming language
was developed software that allows obtaining information on the work of
users from the MySQL database in a formatted form. Using the tools of
computational package MATLAB, developed a program that allows
obtaining estimates of the parameters of the continuous model of response
time. Also, using this program was constructed histograms for the response
time for each task of the course that allowed us to obtain a discrete model of
distribution of response time to the user the task of the course.

The result of the work performed is theorized developed software package
ready for implementation in the LMS MAI CLASS.NET.

Ipumenenne GuJibTPOB YACTHIL /IS PEHICHNSI 321A4M OLICHIBAHUA
COCTOSTHHUSA TUCKPCTHBIX CTOXACTHICCKUX CUCTEM
Kynpssuesa . A., Haconosa JI.P.

MAM, r. Mocksa

B pabore paccmarpmBacTcsi peImICHHE 3a7a4d OLCHHUBAHMS COCTOSHHS
JUCKPETHOH CTOXAaCTHYCCKOW CHCTEMBI IO PE3yJabTaraM HAOMIOACHUHA C
HCIIOJIb30BAHUEM UYETHIPEX (PUIBTPOB:

e  pacomperHoTo (pripTpa Kamvana (Extended Kalman Filter, EKF)

e ancucHTHOTO (prmsrpa Kammana (Unscented Kalman Filter, UKF)

e  Momnte-Kapmo punsrpa yactur (Monte-Carlo Particle Filter, MCPF)

e ancucHTHOTO(MIBTpauacTu (Unscented Particle Filter, UPF).

Januast mpoOmeMaTHKAa SBIACTCS AKTYAIbHOM, 4YTO MOATBEPXKIACT
0oNpIOIOC  KOMMYCCTBO TPHIOKEHHA BO MHOTHX OONACTAX: TEOpHA
CTOXACTHYECKHUX CHCTEM YIPABJICHUA, CITy THUKOBAS HABHIALMA, IIPOLELYPBI
00padoTKH H300PAKCHUH W CHTHAJIOB H JIP.

[Ipeamonaraercs, 4To MoAETh 0OBEKTa HAOMIOACHUS M MOJICTb H3MEPCHUH
HCJIUHCHHBIE M AJJAWTUBHBIE OTHOCHTEIBHO CIIYYAaWHOTO BO3ACHCTBUAL
Hccneayroress aBa  choyyas:  CIydalHble  BO3ACHCTBHS — IOJYHHEHBI
rayCCOBCKOMY 3aKOHY PACHPEACJICHUS, CJIyYalHbIe BO3ACHCTBHS MOIYUHCHBI
HETayCCOBCKOMY 3aKOHY PACIPEICIICHHS.

OnTuManbHOS PCIICHHUS 3adadud I JTHHCHHONW MOJCTH W AJIHTHBHBIX
TayCCOBCKHX IIYMOB MOJYYarOT C HCIOJb30BaHHEM (uibTpa Kammana, ecm
JK€  MOJEeIb HEIMHEHHA, a ClIydYaiHble BO3ACHCTBHA  IOJYMHCHBI
TayCCOBCKOMY 3aKOHY pACIPEACTCHUS, TO TPHMCHICTCS PACIIHPEHHbBIH
¢umpTp  Kanmama. Ecmm caydaifHOE — BO3ACHCTBHC — ITOIMMHCHO
HETayCCOBCKOMY 3aKOHY PpACIPEACICHUS, IIETIeCO00pa3Hee HCIONIb30BaATh
ANMMPOKCHUMAITHOHHBIC MECTOABI, B TOM YHCJIC (I)I/IJ'IBTpBI JACTHII.
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[TpuBnekaTeIbHOCTh MPUMECHEHHS ANTOPUTMOB (PHIIBTPA YACTHI[ BHI3BAHA
TEM, UTO OHH COHUCTAIOT OAHECOBCKYO PEKY PCHUBHYIO IPOIICAYPY OLICHHUBAHUS
¢ MerogoMm Monte-Kapio.

Jl1a perieHus MOCTABICHHOM 3aJa4d CO3JAH MPOTPAMMHBIA KOMILICKC C
ucnoms3oBaameM cpexbl MATLAB u Microsoft Visual Studio C# 2010.
[NomyyeHsI ¥ MPOAHATH3UPOBAHBI PE3YIBTATHI UHCICHHOTO PEIICHUS 33Ja41
HA PA3JMYHBIX MOJCIBHBIX mpuMepax. [IpoBeneHO CpaBHEHHE PE3yJIBTATOB
padoThl 4YeThIpeX (PHUIBTPOB, a TAKKE CPABHCHUE C PE3yJIbTATaMH APYTHX
aBTOPOB.

J11 HeIMHCHHBIX MOJAETACH C TAayCCOBCKUM CIYYAilHBIM BO3ACHCTBHEM
HamboJee KOPPEKTHBIC PE3yJIbTAThl IIOJYYCHBI IIPH  HCIIOJIb30BAHUH
anroputMmoB EKF n UKF, a 1 moxenei ¢ merayccosckum — MCPF u UPF.

Jna uCcrmoNb30BaHUA ANTOPUTMOB (DHIIBTPOB HACTHI HCOOXOAHMBI 0OJICe
MOIIHbIC BBIYHCIATEIBHBIC PECYPCHI, YeM JJISI HCIOIb30BAHUS MOTU(PHKATIH
¢mmprpa Kanvana.

Solution of stochastic discrete filtering problem by using particle filters
Kudryavtseva I.A., Nasonova L.R.
MAI, Moscow

The solutions of stochastic discrete filtering problem by using Extended
Kalman filter (EKF), Uncented Kalman filter (UKF), Monte-Carlo Particle
filter (MCPF), Unscented Particle Filter (UPF) are presented.

Particle filter technique is becoming involved in many spheres of science:
stochastic control theory, signal and image processing, satellite-based
navigation system.

The mathematical model, including non-linear stochastic discrete state
equation and measurement equation, is concerned. In the paper two cases are
focused on: the process noise and the measurement noise are Gaussian and
the process noise and the measurement noise are non-Gaussian.

Described task is solved by developed Software solution, based on
MATLAB and Microsoft Visual Studio C# 2010 platforms. The results are
compared to the results obtained earlier by other authors.

For non-lincar models with Gaussian noises most correct results are
obtained by using EKF and UKF techniques, and for non-Gaussian cases —
MCPF and UPF techniques.
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IIpuMenenne anmapara Ay AILHBIX YHCET IIPH PEICHUN 321249
ONTUMHU3IANNHA MHOI'OBHTKOBBIX MC)KO[)GI/IT?I.]ILHLIX nepesicToB
KOCMHYECKOI0 ANMAPATA € JJICKTPOPAKCTHOH ABUTATE/ILHOM
YCTAHOBKOI1
Huxkommaes UL A.

MAM, r. Mocksa

B mamHO# paboTe paccMaTpHBACTCH BO3MOKHOCTh MPHMCHCHHS ammapara
JyanbHBIX YHCENI TIPH PEIICHWH 337Ja4 ONTHUMH3ALIHH MHOTOBHTKOBBIX
MEKOPOUTAIIBHBIX NEPEICTOB KOCMHIYESCKOTO aNMapaTa ¢ IBUTAaTEIIMA MAIOH
Tarn. Kak W3BECTHO, NPH NPOBEICHHHM HCOOXOAMMBIX BBIUMCICHHH B
OyanbHBIX YHCIAX BMECTE CO 3HAUYCHHEM (PYHKIHH OJHOBPEMECHHO
MOYYAEeTCA U 3HAYCHHUE €€ MPOM3BOAHOMN. IIpH 3TOM TOYHOCTH BBIMUCICHHA
MPOM3BOAHOW pABHA TOYHOCTH BBIUMCICHHA (YyHKUMH. Tem caMbIM
TOSIBTIICTCSA BO3MO>KHOCTB peanm3anuu ABTOMATHYECKOTO
aubpepeHIMPOBAHMS 33JAHHONH (DYHKIMH COBMECTHO C OIIPEICJICHHEM ¢
3HAYCHH.

Kak mpasmimo, B 33ma4ax TPACKTOPHOW ONTHMH3ALMH MCSKOPOHTAIBHOTO
neperera KA ¢ OPJ1Y mns ommcanus apmkeHms KA mcnone3yercs cucremMa
VPaBHCHHH B OCKYJIHPYIOIINX 3JICMCHTAX. JT0 O0OCCHCUMBACT X
MIPEUMYIIECTB — M C TOUKH 3PCHHS AHATUTHYECKOTO MCCIICIOBAHMUS 330a4H, U
C TOYKH 3pPCHHS €€ UHCJICHHOTO pEIICHWSA. Tak, HAmpuMep, CTAaHOBHTCA
BO3MOXXHBIM IPUMCHCHHE ACHMIITOTHUCCKHX METOJ0B HEOCCHON MEXAHHUKH,
B YACTHOCTH METOJA YCPETHEHHSA. A Mamas CKOPOCTb M3MECHCHHS (Pa30BBIX
TIEPEMEHHBIX O00CCIICUMBACT MOBBIMCHAC BBIMHCIUTCILHON YCTOHUMBOCTH
TIPH YUCICHHOM MHTETPHPOBAHNH HA IJIUTEIBHBIX HHTCPBAIAX BPCMCHH.

Onnako, mpaBble 4YaCTH ypaBHCHHH ABmwkeHUS KA B OCKyJIHPYOIHX
3JIEMEHTAX JOCTATOYHO CJIOKHBL. JTO M TPHUBOJHUT, OCOOCHHO IIPH YUETE
ngeiicteust Ha KA pasmuiHOTO poAa BO3MYIICHHH, K TPYZHOCTSIM IIPH
PacCMOTPEHUH COOTBETCTBYIOIMX 33734 TPACKTOPHOH ONTHMH3ALMH. JTH
TPYAHOCTH CBSI3aHBI C TEM, YTO MPH PEUIICHAYN ONTHMH3AMUOHHOHN IPOOIEMbI
B paMkax (opMaimiMa NPHHOWIA MAKCHMyMa AaHAJIHTHYCCKAsA 3aIiCh
MPABBIX YaCTEH CONMPSIKCHHOM CHCTEMBI YPABHCHHH OKA3BIBACTCHA BEChMA
3arpyIHUTENBHOH. [103TOMY, B CHIIy KAHOHHYECKOTO (PopMAaIi3Ma MPHHIIUTIA
MaKCHMYyMa, BeCbMa 3(D()EKTHBHBIM SBIIETCSI HIPUMCHEHHE aBTOMATHUCCKOTO
I PepeHIMPOBAHKUS C HCIOIb30BAHUEM IYyAJbHBIX UHCEN (C BEKTOPHOH
JyaTbHOH YaCTBIO) A BBIMHCICHHA MPABBIX YACTCH YPABHCHHH CHCTEMBI
ONTHUMAIBHOTO JBIKEHI KA.

B pabore mpeacTaBieHbl PE3yABTATHI PEINCHHSA PA3IMYHBIX 33734
ONTHMH3AIMH MHOTOBHTKOBBIX MEKOPOWTANBHBIX meperetoB KA ¢
3JCKTPOPAKETHOH JBUTaTEIbHOW YCTAHOBKOM C MPHUMEHCHHMEM ammapara
IyanbHBIX ymcen. Moaens apmwieHUS KA yUYHTBHIBACT BIMSHHE PA3THIHBIX
BO3MYIICHHH, TAKMX KAaK HEHCHTPAJIHHOCTh T'PABHTALUOHHOTO OIS 3EMIIH,
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posMmymeHmnsa ot Jlynsr, CoxHia u T.1. PaccMarpuBaroTCst IEpeneTsl MEXIY
TIPOM3BOJIbHBIMH HEKOMILIAHAPHBIMH OPOHUTAMH.

Application of the dual numbers for solving optimization problems
of the multirevolutional interorbital flight of the spacecraft with electric
propulsion system
Nikolichev LA.

MAI, Moscow

In this paper we consider the possibility of using the device of dual
numbers for solving optimization problems of the multirevolutional
interorbital flights of the spacecraft with electric propulsion system. As you
know, during the necessary calculations in dual numbers, together with the
value of the function at the same time we can obtain the value of its
derivative. The accuracy of calculation of the derivative is equal to the
accuracy of calculation functions. Thus, there is the possibility of
implementing automatic differentiation of the predetermined function jointly
with the determination of its value.

As a rule, in the trajectory optimization problems coupled with the
interorbital flights of the spacecraft with EPS the equations in the osculating
elements is used to describe the motion of the spacecraft. This provides a
number of advantages - in terms of an analytical study of the problem, and in
terms of its numerical solution. Thus, it becomes possible to use the
asymptotic method of celestial mechanics, in particular the method of
averaging. A low rate of change of phase variables enhances computational
stability in the numerical integration over long periods of time.

However, the right sides of the equations of motion of spacecraft in
osculating elements are quite complex. This leads, especially when we taking
into account the effects of the different disturbances, to the difficulties in the
consideration of the relevant tasks trajectory optimization. These difficulties
stem from the fact that when we are solving optimization problems in the
framework of the formalism of the principle of maximum, the analytical
obtain of the right sides of the adjoint system of equations is very difficult.
Therefore, in view of the canonical formalism of the maximum principle,
very effective is the use of automatic differentiation using dual numbers (with
dual vector part) to calculate the right-hand sides of equations of optimal
motion of spacecraft.

The results of solving various optimization problems of the
multirevolutional interorbital flights of the spacecraft with electric propulsion
system with using the device of dual numbers are considered. The
mathematical model takes into account the motion of spacecraft with
influence of various disturbances such as non-centrality of the gravitational
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field of the Earth, the perturbations from the Moon, the Sun, etc. We consider
the flights between arbitrary non-coplanar orbits.

MareMaTHYeCKO€ MOIENPOBAHNAE PACTIPEICTCHUST XUMITTECKIX
BEIIECTB, 3ATPSI3HSAIONIAX BO3AYX TEPMETHYHBIX TIOMEIEHMIT 1
MHJI0THPYEMBIX Kocvmdecknx anmnaparos (ITKA)
Osepos [1.C., Hocosckumit A M., Myxameanesa JLH.

HWMBIT PAH, r. Mocksa

MareMaTtn4yeckoe MOJCIHPOBAHHE 3aKOHOMEPHOCTH — PACHpPEACICHUA
KOHIICHTPAIWH XMMHYECKUX BEIIECTB, B BO3AYXE TEPMECTHYHBIX MOMCIICHUH
W THIOTHPYEMBIX KocMmmdeckmx ammapatoB (IIKA), ocHoBaHo Ha
CTATHCTHUYECKOM AHANH3E PE3YIBTATOB 15-TH IETHETO MOHHTOPHHTA JTETYYHX
opranmdeckux coeamHeHHH B Bo3myxe MKC (Bcero okomo 12 000
HM3MEPECHHBIX KOHICHTPALMMN).

[Tpo6s1 BO3AYXa OTOMPANNCh M TOCTABILIACH HA 3CMIIEO B COPOCHTHBIX
mpoodo3abopaukax AK-1M, paspadorarusix criermamiuctaMma UMBIT u PKK
«3Heprus». Aranmm3 mpod mposoamica B [ HL PO UMBIT PAH meromamu:
ra30BOH XpoMaTorpadpuu 1 XpoMaToMacc-CIICKTPOMETPHH.

[lpn craTHCTHYECKOM AaHANM3C WACHTH()HUIMPOBAHHBIX XHUMHYCCKHX
BCINECTB, YCTAHOBJICHBI CJICAYIOIIHE OCOOCHHOCTH WX PACIpEIc/ICHHSI B
pozmyxe MKC: moOnOKHTENbHAST ACHMMETPHI, OCTPOBEPIIMHHOCTH
MIJIOTHOCTH PacipesesicHus1. Briepeble YCTAHOBIICH JJOTHOPMABHBIH XapaKkTep
pacmpedencHHA  BEHIECTB, 4YTO COMVIACYIOTCA C  3aKOHOMEPHOCTAMH
VCTAHOBJICHHBIMH IS aTMOC()CPHOTO BO3AYXa W BO3AyXa padoucH 30HBL
JlorHOpMaNBHBIH ~ XapakTep PAcHpEACNICHUSI KOHLECHTPAUUMH  BPEAHBIX
pemecte B Bo3ayxe MKC, a Tawke COOTHOIICHHE YCPETHECHHBIX
KOHLICHTPALMH pa3aMuHbIX nepuoaoB ocpeanenua (100 3: 1,5: 1),
CBHACTEABCTBYIOT O HEPABHOMEPHOCTH PACHPEACICHUS 3arpsa3HAOIIHX
BEIIECTB B BO3AyXe repMooOBekToB M ITKA, BO3MOKHOCTH 00pa3oBaHHSA
«3aCTOMHBIX» 30H.

YcTaHOBIICHHE COOTHOIICHHS YCPETHCHHBIX KOHLEHTPALUMH Pa3IHIHBIX
MCPHOI0B OCPCTHCHUSA B MOMCIICHAUH ¢ Tpaktudecku 100% pemupky amueit
BO3/IyXa, HMMCET BAKHOC NPHKIATHOE 3HAUCHHE, KOTOPOEC HEOOXOAMMO
VUUTBIBATh IIPH TNPOCKTHPOBAHMU CHCTEM JKH3HEOOECICUYCHHA (CHCTEM
BEHTHJLIIUH M OUNCTKH BO3AYLIHOW CPEIbl) AIUTEIBHO (PyHKIHOHUPYIOIINX
MHJIOTHPYEMBIX CTAHLIHH.
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A study of the statistical distribution of chemical pollutants
in air of pressurized objects and manned spacecrafts
Ozerov D.S., Nosovsky A.M., Mukhamedieva L.N.
IBMP RAS, Moscow

The statistical distribution of chemicals in the air of pressurized objects and
manned spacecrafts has been investigated. The data was collected during a
15-year monitoring of volatile organic compounds in the air onboard the ISS
(about 12,000 measured concentrations of chemicals).Air samples were
collected and delivered to Earth in the sorbent samplers(AK-1M), which are
specifically designed for space stations by Institute of Bio Medical Problems
(IBMP) and RSC "Energia". Sample analysis was carried out in the IBMP
using the gas chromatography and mass spectrometry methods.

Statistical analysis of the identified chemicals showed the following
features of their distributions in the ISS air: positive asymmetry and
peakedness of density distribution. It was established that the distribution is
not normal and is very close to lognormal. This is consistent with the
statistical distributions established for ambient air and the air of working
zone. Lognormal distribution of chemicals in the ISS air, as well as the ratio
of average concentrations between different averaging periods (10: 3: 1,5: 1)
showed an uneven distribution of pollutants in the air of pressurized objects
and manned spacecrafts. This indicates the possibility of formation of
"stagnant" zones.

Established relations of average concentrations for different averaging
periods onboard the ISS with almost 100% air recirculation has great
practical importance, which must be considered when designing life-support
systems (ventilation and air cleaning) for long operating manned stations.

ACHMITOTHYECKAS CTAOIIH3ANNASA CIYTHAKA ¢ YIPYTOii MTAHTO1
NPH HAJIHYIH CIYMANHBIX BO3MYIICHUI
Omncrun E.E.
MAMN, UITY PAH, r. Mocksa

B pabotepaccMaTpuBacTCA 3a1a49a OMTHMATBHOH CTAOMIM3ALHHN CITY THHKA
C VOpPYTOH INTAaHrOM HA HEOTPAHWYCHHOM HWHTEPBAaje BPEMCHH. 3aIaHBI
audQepeHIMaNbHbIC YPABHEHHA [JBIDKCHHS CIYTHHKA B  IIJIOCKOCTH.
IIpenmomaracTca, 4r0 HAa CHCTEMY ACHCTBYKOT CIy4aWHBIC BO3MYIICHUA,
KOTOpBIC MMCIOT CMBICT HETOYHOCTH MOJEIM M ympasiacHmsa. HeoOxoammo
HAaliTH TAakoe YIpPaBJICHHE, KOTOPOE CTAa0WIM3HPYET CHCTEMY 34
HCOTPAHWYCHHOEC BPEMA, ONTHMAILHO OTHOCHTECIBHO KBAJPATHIHOTO
KPHTEPHUS KAUeCTBA YIPABICHUS.

Pemenne ocrosano Ha metone (yHkuumit JlsmyHoBa-Jlarpasska, KOTOPBIH
aBAeTCS  o0oOmeHmeM Meroma (QyHkumid KpoToBa HA  CHCTCMBL,
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OTHCHIBACMBIC CTOXAaCTHUYCCKHM Au(depeHInaNbHBIM VpaBHEHHEM MTO.
Jlureapu3oBaHHAsT CHCTEMAa YPAaBHCHHH [BIKCHHS CIyTHHKA SBILICTCS
CHCTEMOH CTAUMOHAPHBIX KBA3HJIHHEHHBIX CTOXaCTHIECKUX
audQepeHIMANbHBIX YPAaBHCHUH. B 3TOM Cilyyae mpH IOMOINHM YKa3aHHOTO
METO0/1a 33/1a4a CBOJUTCS K PEHICHHIO HETMHEHHOTO MATPHYIHOTO YPABHCHHUS.

B pesyxprare mosydeHs! KOI(D(UIHUEHTHI JTHHEHHOTO CTAIIHOHAPHOTO
peryiiropa M ONTHMAaIbHOE 3HaucHHEe  Kpurepus. [IpoussencHo
MO/ICIMPOBAHIE MOBEACHUS CHCTEMBI C IOJYUCHHBIM YIIPABJICHHEM H IIPH
HAJTHYHH CIy4alHBIX BO3MY ICHHH.

Asymptetic stabilization of a flexible satellite with stochastic
disturbances
Onegin E.E.
MALI ICS RAS, Moscow

An optimal stabilization problem for a flexible satellite on the infinite time
intervalis considered. The differential equations of satellite movement is set.
It is a summed that the system is influenced by stochastic disturbances. These
disturbances correspond model and control uncertainties. The go alis to find
the control, which stabilizes the system on the infinite time interval and is
optimal by means of the quadratic performance criterion.

The solution is based on the Lyapunov-Lagrange method. Itgeneralizes the
Krotov method for systems described by Ito stochastic differential equation.
The lincarized satellite movement system is a time-invariant stochastic
differential quasi-linear system. In this situation the method reduce the initial
issue to the problem of solving non-lincar matrix equations.

As the result we find the optimal linear feedback control gain and the
optimal performance value. The computer simulation of a flexible satellite
movement is implemented.

JHHAMHKA TBEPAOIO TEJIA, ABIKYIIET0Cs [0 TOPHU30HTAILHOI
IUIOCKOCTH HOCPEACTROM MEPEMCINCHIS BHYTPCHHEI MACChI
IManés A.C.

MAM, r. Mocksa

B pabore paccMarpmBacTCs MEXAHHYECKAs CHCTEMA, COCTOSIIAS U3
TBEPIOTO Tena (KOPIyca), HAXOASIICIOCs Ha TOPH30OHTAILHON IMEpOX0BATOH
IJIOCKOCTH, H MATCPHATBHOM TOYKH BHYTPH Tela (BHYTPCHHEH MACCBI).
[Ipenmomaraercs, YTO TOYKA COBEPHIACT OTHOCHTEIHHOE MBIDKCHHE IO
OKPY>KHOCTH, LICHTP KOTOPOH COBNMAAAET ¢ LEHTPOM Macc Kopmyca. Bo Bce
BpeMs  JABIDKCHHA  BHYTPEHHSAA Macca C BHCINHEH cpemoil  He
BSaHMOHefICTByeT. By/:[eM CUATATDH, UYTO OTHOCHUTCJIIBHOC KPYTOBOC OABHIKCHHUC
TOYKH COBEPIIACTCSA C MOCTOSIHHON YIIOBOH CKOPOCTBEO.
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[Ipu ompeneneHHBIX 3HAYCHUIX MNAPAMETPOB 337Ja4YH  OTHOCHTCIHLHOC
JBIDKCHHUE TIOJBIKHOM MAacChl MOXKET BbI3BATh JBIDKCHHE KOPIyCa IO
TOPH30HTAIBHOM IIOCKOCTH. MICCleaoBaHHE XapakTepa TAKOTO ABIKCHHSA
MPEACTABILIET HE TOIBKO TCOPETHUYCCKHA HHTEPEC, HO MOXET HMETh H
MPUKIAAHOE  3HAUCHHE U1 CO3JAHHS  MOOWIBHBIX  YCTPOMCTB
(BHOpAIMOHHBIX POOOTOB), MBIKYINMXCA TOCPSACTBOM ICPCMCIICHHSA
BHYTPEHHHX Macc. [IpenMymecTBO TaKuX YCTPOHCTB COCTOUT B TOM, UTO OHH
HC TPCOYIOT CHCUHMATIBHBIX ABIXKHTCICH (KOJCC, TYCCHHI, HOT W MPOY.) H
MOTYT OBITh BBIIIOJIHCHBI B 3AMKHYTOH 000JI0YKE, ITOCICTHEE OOCTOATEILCTBO
JeNAeT UX YCTOMYMBBIM K ArpeCCHBHOMY BO3ACHCTBHIO BHEINHEH CPEAbl U
MO3BOJIIET MPUMCHATH, KAK HA TBEPABIX IIOBEPXHOCTAX, TAK U B JKUIKOCTSIX.
Takme yCTpOHCTBA ABILIIOTCSA MNEPCIEKTUBHBIMH I COBPEMCHHOM
KOCMHYECKOM OTpaciu. B 4acTHOCTH, OHM MOTYT HAWTH NPHMCHCHHE IMPH
HCCIICIOBAHNH HEOCCHBIX TEIL

B paborte mocnenoBaTeIbHO HCCICAOBAHBI JBE MOJCIH TPEHHA MEKIY
KOPIYyCOM H ONOpOH: MOJEIs CyXOro (KyJOHOBCKOIO) TPECHU,
KOMOMHHMPOBAHHAS MOJEIh CYXOTO H BA3KOr0 TpeHmH. Kpome Toro
MIPOAHATH3UPOBAHBI JBAa BAPUAHTA HAYANBHBIX YCIOBHUIl, HANO)KCHHBIX HA
KOPIYC: COCTOSIHHE IIOKOSI M HEHYJIEBas CKOPOCTh KOPIyCa B HAYaJIbHBIH
MOMEHT BPEMCHHU.

Ilo pe3ymbraTaM TPOBEACHHBIX HCCICAOBAHHH OBLIH YCTAHOBJICHEI
pa3NuU4HBIC BHIABI TOPH3OHTAIGHOTO IBIKCHUS. AHATUTHYCCKH OIPEICICHbI
KPHTEPUHU CYIICCTBOBAHUS PA3NIHYHBIX PEKHMOB JBIDKCHHA W TIPOM3BEICH
KAUECTBCHHBIN AHAMM3 CKOPOCTH M TMEPEMEINCHHS TElIA IO IMOBEPXHOCTH.
OnpeneieHsl  NMEPHOAMYECCKHAC  PESKUMBI  JBIDKEHHA, [JOKa3aHa WX
ACHMIITOTHYECKAS YCTOMUMBOCTD (TOJBKO JJISI MOACTIU CYXOrO TPCHHUS).

Dynamics of a rigid body moving on a horizontal plane by the internal
mass moving
Panev A.S.
MAI, Moscow

The paper deals with the mechanical system consisting of a solid body (the
body), located on a horizontal plane, and the material point inside the body
(internal mass). It is assumed that the point performs relative movement along
a circle whose center coincides with the solidbody’s center mass. Internal
mass doesn’t react with external environment during all the time. We assume
that the motion of a point on the arc takes place at a constant angular velocity.

For certain values of the parameters relative movement of the movable
mass can cause the movement of the body on a horizontal plane. Study the
nature of such a movement is not only of theoretical interest, but may also
have practical significance for the development of mobile devices (vibrating
robots) moving by moving the internal mass. Study the nature of this motion
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is not only of theoretical interest, but may also have practical significance for
the development of mobile devices (vibrating robots) moving by the internal
mass moving. The advantage of such devices is that they do not require
special propulsion (wheels, tracks, legs, and so forth.) And can be performed
in an enclosure, the latter fact makes them resistant to attack by the external
environment and allows to apply, on solid surfaces, and in liquids. Such
devices are promising for the modern space industry. In particular, they may
find use in the study of the heavenly bodies.

Two models of friction between the body and horizontal plane: the model
dry (coulomb friction) and combined model dry and viscous friction are
investigated in this paper. Also analyzed two variants of initial conditions
imposed on the body: a state of rest and non-zero velocity of the body at the
initial time.

The results of the research were established various types of horizontal
motion. Analytically, the criteria of the existence of different modes of
motion and made a qualitative analysis of the speed and movement of the
body surface. Periodic modes of motion were defined and their asymptotic
stability was proved (only for dry friction).

Budamorexa anmpoKCHMAIMOHHBIX AJITOPATMOB B MMHTAIIHOHHO-
MOJCINPYIOMICIT CHCTEME CJI0KHBIX IeéTEPOr¢HHBIX KOMILICKCOB
ITerpynuna E.B.

IV, r. Ilensa

Lenpto gaHHON pabOTHI SIBIBIETCS CO3AAHHE OHONHMOTEKH ANTOPHTMOB H
MPOrpaMM, PEAMHM3YIOIMMUX ANMIPOKCUMAIMOHHBIE METOMBI, HCIIOJIB3YEMEIC
A pCIICHUA 3aJaY1 HMHUTAIUOHHOTO MOACIHUPOBAHUA (I)yHKI.[I/IOHaJ'IBHO-
JOTHYECKHUX TPOIIECCOB B CTI0KHBIX TETCPOTCHHBIX KOMILICKCAX.

COBpeMeHHBIe TMPAKTHICCKUC 3aJa94 MOACTHPOBAHUA CJIOXKHBIX
TCXHHYCCKHX CHCTCM CBA3aHBI C ar[npoxchauneﬁ MHOTOKPHUTCPHAJIBHBIX
MHOTO3KCTPEMATBHBIX (DyHKIHH.

HHpopMarmoHHAs TCXHOJIOTHA MOICIHPOBAHHA CJIOKHBIX CHCTCM
BKJIIOYACT MCTOAHKH CTATHCTHYCCKOrO AaHaldu3a HCXOAHBIX JAHHBIX,
peamm3yIOIIME TPAAMIHMOHHBIC CTATHCTHYCCKWE Tmpoueaypsl. Hammawme
MPHUKJIATHBIX AJANTHBHBIX OHOTHOTCK JAcT BO3MOYKHOCTH HCIIONIB30BAThH
TOTOBBIC W MNMPOBCPCHHBLIC PCHICHHA, HC BAABAAChP B HX MATCMATHUCCKHC
JeTaad, 4[TO TO3BOJIICT MOBBICHTH CKOPOCTH OOPabOTKH HMCXOTHOH
nHpOPMAITHH.

B nmamHOM paboTe mWpeanaracTCd HOBBIH TOAXOJZ B TCXHOJIOTHH
MOACTHPOBAHUA, KOTOpBIfI BKIHOYACT ANMMPOKCUMAITHOHHBIC MCTOABI aHATIH3A
HCXOOHBIX MJAHHBIX, HWCIOJIBb3YHOIINUC (I)yHKI.[I/II/I CIICHHAJTBHOTO BHAA AT
00paboTKH TMapaMeTPOB MHOTOMEPHBIX MHOTO3KCTPEMATIBHBIX (DYHKIHH,
HHTEPIPETHPYIOIKUX  IPOCTPAHCTBECHHO-PACIIPEACIEHHBIC CITyJalHbIC
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mporuecchl. OCOOCHHOCTBIO JAHHOTO IIOAXOJA SIBISICTCS HCIIOJIB30BAHHC
METO/A AaNIPOKCHMANMU KOMIUICKTAMH MHOTO3KCTPEMAIBHBIX (DYHKIHH,
0TJ'II/I‘I21IOH.[I/II>1C$I BO3MOKHOCTBEO MPUMCHCHHUA MAPAMCTPHICCKOTO MCXaHU3Ma
BBIOOpA (DYHKIMH CIICIMATLHOTO BHAA.

PesyasraTroM maHHOW pabOTBI ABAACTCA OHONHOTCKA AITOPHTMOB H
MporpaMM, KOTOPasi TPAKTHYECKH PEATM30BAHA B KAUeCTBE COCTABHOTO
KOMIIOHEHTa HMH()OPMATHOHHO-MOJACTHPYIOMEH CHCTEMBI MHOTOIICTICBOH
3aNpaBOYHO-HEUTPAIM3ALMOHHON  CTAHLHUH, NMPEAHA3HAYCHHON  [7IA
peamm3anid W BCACHHA MMHTAIHOHHBIX H ANIIPOKCHMAITHOHHBIX Moaeneﬁ
TEXHOJIOTHICCKOTO 000PYAOBAHMSA 3AMPABOYHON CTAaHIMH, AII 00paboTKH
OKCIICPUMCHTAJIBHBIX W OMIHPHYUCCKUX JAHHBIX, MOATOTOBJICHHBIX IJIA
MOJCTHPOBAHASA TCXHOJIOTHUYCCKHX MPOICCCOB, a TAaKKe A 00pabOTKH
PE3yIBTATOB SKOJOTHICCKOTO KOHTPOILI H MOHHTOPHHTA.

Anmanramust K KaccaM  3a1a4, KPHTEPHSAM M IPOLEAYpPaM IOWCKA
pe3yiapTaTa  OCHOBAaHA  HA  TPEX  MEXAHWU3MAx:  IPOLEIYPHOM,
MapaMETPUYECCKOM W KOMOWHHPOBAHHOM  HACTPOWKH  IIPOIICCCOB
BBIUUCJICHUH.

B xoae skcmiyaranun wH()OPMALHOHHO-MOJCTHPYIOMCH CHCTCMBI OBLTH
TOJTYYCHBIL PE3YyIbTATHL, ITO3BOJIUBIITHC NOATBCPAUTD KOPPEKTHOCTD
MPEANIOKECHHOTO TMOJAX0Ja, a Takke JI(PPEKTUBHOCT Pa3pabOTAHHBIX
ANMMPOKCHUMAITHOHHBIX MOI[GJ'IGI\/II 1 UX ONPAKTHICCKYH0 MPUMCHHUMOCTbD.

Adaptation library of approximation algorithms in simulation modeling
technology for complex systems
Petrunina E.V.
PSU, Penza

The focus of this study is to create a daptation library of approximation
algorithms and programs. They are used as estimation tools in place of the
statistical methods for multi-functional information modeling system for
implementation and maintaining surrogate models while processing
equipment of the multi-purpose filling and neutralizing station.

The need of multi-extremum function approximation arises in many
branches of complex modelling in engineering systems. Simulation
technology of complex systems includes approximation methods as
estimation tools. The adaptation library of algorithms and programs provides
the realization of surrogate based modeling technique using approximation
methods.

In general, a function approximation problem requires us to select a
function among a well-defined class that closely matches or approximates the
function. In this study, we propose the new approach of surrogate modelling
technique based on approximation method with sets of the multi-extremum
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functions. The set of multi-extremum functions are chosen as the basic set in
accordance of the physical nature of simulation process.

The multi-functional information modeling system for implementation and
maintaining surrogate models while processing equipment of the multi-
purpose filling and neutralizing station consists from two main components:
the adaptation library of algorithms and programs and simulation shell.

The special models library created for simulation various classes of
problems: creation and implementation of surrogate models of elements and
units of processing equipment; research of characteristics and parameters of
elements and units; modeling of impact of objects of processing equipment
on environment.

Adaptation to the classes of problems is based on selection methods of
calculation process (procedural, parametric and composite). The parametrical
mechanism uses a method of a group variation of parameters for
approximation of basic data. It results in increasing degrees of freedom for
selecting the parameters and enhances simulation results the reliability.

More than two hundreds created approximate models and algorithms are
integrated in this special models library.

The result of this work is the information modeling system that allowed to
carry out the analysis of work of processing equipment.

JlaMuHApPHO-TYPOYJICHTHBII MEPEX0,] — COCTOSHIIE BOTIPOCA 1 MPOJ/ieMbI
ITnatonos .M., Brikos JI.B., Momianos A.M.
MAM, r. Mocksa

Jl1d penieHus NOCTOSHHO PACIIMPAIOIIETOCA KPyTa 34444, BO3IAracMbIX HA
ABHAIMOHHYIO W PAKCTHO-KOCMHYECKYIO TEXHHKY, BCE 0OJee aKTyaIbHBIMH
CTAHOBATCH JOCTIJKCHHE THIEP3BYKOBBIX CKOPOCTEH MOICTA JETATEIBHBIX
ammapatoB. K cokaneHWro, MHOTHE MPOLECCHL, MPOUCXOAAIHE IPH
THIEP3BYKOBBIX CKOPOCTAX MOJETa, HA CETOJHAIIHUA MOMEHT ILTOXO
n3yueHbl. OOHOW W3 TAKUX MPOOJIEM SBILICTCA ITAMHHAPHO-TYPOYICHTHBIH
mepexodq B THIECP3BYKOBOM — MOTPAHMYHOM — CJO€. BO3HHKHOBCHHE
TypOYJICHTHOCTH B TIOTPAHMYHOM CJIO€ TPHBOJUT K  VXYyALICHHUIO
A’PONMHAMMYCCKUX  XAPAKTCPHUCTHK  JICTATCIBHBIX  ammapatoB  (JIA),
CTPEMHUTEIIBHOMY BO3PACTAHMIO TECIUIOBBIX HATPY30K HA JICMEHTBI HX
KOHCTPYKIMH, ITO TPeOyeT 00CCICUCHU aICKBATHONM TCILIOBOH 3AIMUTHI, H
KaK CJICACTBHC, YBEIMUCHMI Macchl JIA.

HcTtopuueckn  CIOKWIIOCH, YTO OONACTh TMOTEPH  YCTOMUMBOCTH
JAMHUHAPHOTO TOTPAHUYHOTO CIOS — JIAMHHAPHO-TYPOYJICHTHBIH TEPEexo,
Ompele/sUIach  3MIHpHUYecKW.  Hambonee  HM3BECTHBIM — KpPHTEPHEM
BO3ZHHKHOBCHUS TYpPOYJICHTHOCTH SIBJIIETCA Yncio PeliHonpaca. OHO 3aBHCHT
OT CKOpOCTH HAOCTaroIIero IIOTOKA M XAapaKTEpPHOTO pa3Mepa Tena.
JlaMuHApHO-TYPOYICHTHBIA TEPEX0] HACTYNACT NPH AOCTIDKCHHH UHCIOM
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Peitrompaca cBoero kputHaccKoro 3HAUCHU (Rekp). Crienyer OTMETHTD, UTO
KOKIOW KOHKPETHOH TEOMETPHHM OOTEKAaeMOTO TEla M TCUCHUIO C
XapaKTEPHBIMH OCOOCHHOCTSIMH COOTBETCTBYET CBOE Rekp, ompememnsemoe,
KAk TPAaBWJIO, IO PE3ylIbTaTaM OJKCHEPHUMEHTA. TakuM >Ke 00pazoM
MPUMEHSIOT H, T.H. €-N-METO.

VY Takux MOAXOJ0B HMEETCS P CEPhE3HBIX OTPAHUYUCHHUN WM JOIY ICHHUH,
KOTOPBIC BBI3BIBAIOT IMPOOJIEMBI IIPH MOMBITKE 000OMICHHS IMHPOKOTO KpyTa
TMPUKJIATHBIX 33734

IIpu 1OBONBEHO OBICTPOM TEMIIC PA3BUTHSA KOMIBIOTCPHBIX ANMAPATHBIX
MOIMHOCTEH M TEXHOJOTHMM, aJlbTCPHATHBOM WIM JONMOJHCHHEM K
SKCIEPHMEHTY MOXKET CTaTh HYHCICHHBIM SKCIEpHMEHT. I cocTaBiICHHSA
MaTEMATHYECCKOH MOJENH, KOTOPas C JOCTATOYHOM TOUHOCTBHIO OIMCHIBANA
OB THNECP3BYKOBOC NMPHUCTCHOYHOE TEHUCHHE, HEOOXOIUMO IIPEIBAPUTEIHHO
BBITIOJTHATE OOJBIION 00BCM SKCICPHUMCHTANBHBIX H TCOPSTHUCCKHX PadoT,
KOTOpBIC IIO3BOJLAT IPOAHATH3HPOBATH IPOMCXOJANINE B THICP3BYKOBOM
TOTPAHIYHOM CJIOE TIPOIIECCHI, 4 TAKXKE BIMSIIOIINC HA HUX (PAKTOPHI.

B gamHoit paboTe mpeAcTaBACH 0030p HAWMOOICE  3HAYMMBIX
OTCYCCTBCHHBIX M 3apYOCKHBIX HCCICIOBAHHH B OOIACTH YCTOHYMBOCTH
THIICP3BYKOBOTO MOTPAHWYHOTO CJIOS, CACIAHO OOOOMICHHC HW3JI0’KCHHOH B
HuxX mH(popMarmu. [TpeacTaBneHbl HAWOOJICE NEPCIICKTHBHBIC HANPABICHUS
JANTPHCHININX HAYYHBIX HCCICAOBAHMH C LENbI0 JOCTIDKCHHS Oolee
TIyOOKOTO TIOHMMAHHS MPHPOIBI CTAOMIBHOCTH MMOTPAHHYIHOTO CIIOS, TIOTCPH
€ro YCTOMYIMBOCTH W Pactiaza a0 Ty pOyICHTHOCTH.

Laminar-turbulent transition — advancements and problems
Platonov L. M., Bykov L.V., Molchanov A M.
MAI, Moscow

In order to overcome a constantly expanding list of challenges, encountered
by aviation and space-rocket machinery, it is more topical than ever to
achieve hypersonic speeds of flight. Unfortunately, many of the processes
occurring during hypersonic flight are to date poorly understood. One such
process is laminar-turbulent transition of hypersonic boundary layer.
Development of turbulence in a boundary layer is fraught with aircraft
aerodynamics deterioration, and swift increase of heat loads on construction
elements, which demands providing adequate thermal protection, and as a
result, increase of gross weight.

Historically the area of instability in laminar boundary layers — laminar-
turbulent transition was determined empirically. The most famous criterion of
turbulence emergence is the Reynolds number. It depends on incoming flow
speed and body characteristic size. Laminar-turbulent transition usually
occurs when Reynolds number reaches its critical value. It is worth noting
that each individual streamlined body form has its own critical Reynolds
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number, generally determined by an experiment. Similarly is being applied
the so-called e-N-method.

Nevertheless, such approaches are teeming with simplifications and
restrictions, which cause difficulties when trying to generalize a broad range
of objectives.

With the rapid advancement of hardware capacities and computer
technologies, an alternative or compliment to the experiment may arise,
known as numerical simulation. To present a mathematical model that would
adequately describe a hypersonic boundary layer flow, it is necessary to
conduct a vast number of experimental and theoretical works, which in turn
may enable to analyze the processes occurring in a hypersonic boundary layer
and the factors affecting them.

This paper presents a review of the most significant domestic and foreign
studies in hypersonic boundary layer stability, a generalization done of
information present there. Shown are the most promising arcas of future
scientific work with the aim in more fundamental understanding of the nature
of boundary layer stability, its destabilization and breakdown to turbulence.

IIpumenenne oNTHMAILHBIX JIHHEHHBIX TPE0dpP A30BAHMI A5
HICHTH(PHKANNN IPOU3BOIHBIX KOG PHIMEHTOR 23POAMHAMIYECCKHX
CHJT 1 MOMEHTOB NPOI0JILHOr0 ABILKeHust JIA
INomnasckuii b K., Cuporkun ' H., benses B.I1., Kyxaperko H.W.
JIMU um. M.M. I'pomoBa, r. XKykosBckuii

B moxaage pacCMOTPEHBI METOABI PA3ACIBHOTO OLICHUBAHMSA MPOU3BOIHBIX
A3POAMHAMHYCCKHAX KO3()(HIHUCHTOB CHII M MOMCHTOB C IPEIBAPUTCILHOU
OIICHKOHM CyMMAapHOH TaTH apurareiaci BC mo M3MECpPCHHAM COCTABIAFOIIHAX
MEPETPy3KH, BBICOTHO-CKOPOCTHBIX IAPAMETPOB, YIJIOB H  YIJIOBBIX
CKOPOCTEH NPH HATUYHHU JTHHCHHON CBA3H MEKAY MEPEMCHHBIME COCTOSHHUA,
HCHOTIBb3yEMBIMH B MATEMATHYCCKON MOJCTH ABIDKCHHA. MeToa OCHOBAaH Ha
MPEABAPUTEIFHOM ~ NPECOOPAa3OBAHMM ~ MATEMATHUCCKOH  MOJCITH H
NMPUMCHCHHH K PE3yJbTaTaM H3MEPSHHH ONTHMATIBHBIX HHBAPHAHTHBIX
JTMHCHHBIX TPEOOPa30BAHMH JUCKPETHOH HWH(OPMANMH HA CKOIb3SMEM
0azoBoM HHTEpBade. PemieHue 3azaud  pa3AcibHOTO  ONPEICICHUA
MPOM3BOAHBIX  A3POJAUHAMHYCCKUX KOI((PHIMCHTOB PACCMOTPEHO Ha
IpUMepe OLCHKHA KO3(D(UIHMCHTOB ITHHCHHOW MATEMATHYCCKOH MOACTH
MIPOJOIBLHOTO KOPOTKOTIEpHOAMICCKOTO ABIKeHHUI JIA. OtpaboTKa METOIOB
OLICHMBAHUA KOI(P(PHUIMEHTOB Aa3POJIUHAMHYCCKHX CHJI H MOMEHTOB C
BBIICTICHUEM CHIIBI TATH JBHTATEICH BBINOIHAIACH IO MATEPHANIAM JICTHBIX
HCTBITAHUHA M JAHHBIM MOACTHPOBaHIA ABrkeHII BC.
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The optimal linear transformation application to the identification of
derivatives of aerodynamic forces and moments’ coefficients for the
aircraft longitudinal movement
Poplavski B.K., Sirotkin G.N., Beliayev V.P., Kukharenko N.I.
Flight Research Institute, Zhukovsky

The report treats the methods of separate (decoupled) derivatives’
evaluation of acrodynamic quotients of force and moments, including
preliminary assessment of summary aircraft engine thrust made on the
measured load components, speed, altitude, angles and angular velocity
parameters for the case of linear interrelation of the state variables used in the
aircraft motion mathematical models.

The method is based on the preliminary transformation of mathematical
models together with optimal invariant linear transformations of discrete data
on a shifting basic interval applied to the measurements. The way the task of
separate determination of acrodynamic coefficients’ derivatives is solved may
be seen at the example of estimation lincar model quotients for aircraft short-
period longitudinal motion. The methods of aecrodynamic force and moment
coefficients' estimation by singling out the engine thrust component were
worked out on the basis of flight testing and aircraft motion simulation data.

Bmsiane 3gdpexTor mucnepcnu npu KOJUICKTHBHOM
B3AAMOAEHCTBIH YACTHIL
ITpozoposa 2.B.
CIIoI'Y, r. Cankr-Ilerepbypr

Paccmarpusarorcst 3(p()eKThl BIMSHUS MOMCHTA KOIHMYCCTBA BIKCHHI,
3ama3abIBaHUs W TIOJOKCHHS IICHTPA WHEPLMH 3JICMEHTApPHOTO OOBEMa B
MEXaHWKE, BKJIFOYAs KBAHTOBYIO MEXaHHKY. B Kiaccmueckoil MEXaHHKE
CIUTOIIHOW Cpexbl CIOKIJIOCh MHCHWE O MajOM BIHMSHHH MOMCHTOB
OTHOCHTETIHFHO BKJIAAA IOBCPXHOCTHBIX CHJI, TAK KAaK MX JCHCTBHE HMMEET
00BbeMHBIH Xapakrep. OMHAKO Al JTHHHBIX TE U MPH OOJBINNX TPATUCHTAX
MApaMETPOB BKJIAJ 3HAYMTEIICH M MOXKET OBITh MPUIMHON HEYCTOIIMBOCTEH,
TIPUBO/AIINX K H3MEHCHHUIO CTPYKTYPbI TCUCHHUS MM PA3pyILICHUIO TBEPIOTO
tena. Pamee HamMu 3((CKTHI H3YYATHCH TCOPCTHUCCKH, OBLT IOJIYyUCH
HECHMMETPHYHBIH TCH30p HANPSLKCHHUH M1 OCCCTPYKTYPHBIX YaCTHIl H
VKAa3aH METOJ yd4YeTa HECHMMETPpHYHOH dYacTH TeH30pa. DBrBox
MOIU(PHIMPOBAHHEIX YPABHEHUI 0A3MPOBAICSI HA KHHETHYCCKOM TEOPHHU C
paspemenneM napagokca Jl. T'mnpbepra. DneMCHTApHBIH 00BEM MOKET HITH
caM BpamaTbCAd BOKPYT OCH WHCPIMH WM OBITH BOBICUCHHBIM BO
BpamaTenbHOE IBIKCHHE. B TOM M JpyroM CIydasx IMOTOK IIOTHOCTH 4Yepe3
TPaHMIy HM3MCHICTCH 3a CYET IOBOPOTA 3JIEMEHTAPHOTO oOBeMma. Yacrto
CUHMTACTCS, 4YTO A OOCCTCHCHHS IPABIILHOCTH PACUCTOB, HAIMPUMEP,
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MOTCHIUAIOB B3aUMOACHCTBUA B TBEPAOM TEIC WIH IUIA3ME AOCTATOYHO
OCTAHOBHTECSI HA Y4YETE MOMAPHOTO B3AMMOJCHCTBHS YACTHI. JTO
MPABIIBHO, CCIIH PACCMATPHUBACTCA MOTCHIUAN JJI1 PABHOBECHBIX YCIOBHIL.
B HepaBHOBECHBIX YCIOBHAX: 00pA30BAaHKE TPEHIMH, BO3MYLICHHUS B IIJIA3MeE,
W T.J. TPOSBIBIFOTCA KOJUICKTHBHBIC 3((EKTHI B3aMMOACHCTBHSI 32 CUET
00pa30BaHMUA HCPABHOMCPHBIX PACTPCICICHUH (Pr3HUeCKuX BemmduH. [Ipm
MEXAHHYECKOM  BO3ACHCTBHHM HA  KPHCTAUIMYCCKHE Tema  (CKaTue,
PACTSKCHEE) MIEPECTPAUBACTCA KPHCTAUIMYCCKASA PEIICTKA H PACTIPSACTICHUE
3JIEKTPOHOB BHYTPH 00bEMa M HA MMOBEPXHOCTH. Ha Hamm B3risLa HETOUYHOCTH
BO3HHKACT IpH pacuere (YHKIMH Jlarpamka 4acTHI] KaK CYMMBI ITOIIAPHO
B3AMMOJCHCTBYIOIMX YacTHL. [I0I0KeHHE OCH HHEPIMH MPH PABHOBECHBIX
VCIIOBHAX U IIPH HEPABHOBECHBIX YCIOBHAX PA3IMYHO, YTO M OOYCIABIMBACT
HAJIMYHC KOJUIEKTUBHBIX 3()(DCKTOB.

Dispersion effects at the collective interaction of particles
Prozorova E.V.
SPbSU, St. Petersburg

Effects influence of the angular momentum, the delay and position of the
axis of inertia (center of mass) of elementary volume in mechanics, including
in quantum mechanics are considered. In classical continuum mechanics had
an opinion about the small action of contribution the angular momentum
relative contribution of surface forces since their action has a volume
character. However, at long surfaces and large gradients parameters
contribution is significant and may be the cause of instability, leading to
changes in the flow structure or destruction of the solid. We early studied
with theoretical methods the influence of these effects. Non symmetric stress
tensor was obtained and was set method of accounting for the non-symmetric
part of the tensor for particles without structure. The conclusion was based on
the modified equations of the kinetic theory, for which it was suggested and
was used the more precise asymptotic approach to the resolution of Hilbert's
paradox. The elementary volume itself or may rotate around the axis of inertia
or to be involved in the rotational movement. In both cases the flow density
across the border is changing. It is often assumed that to ensure the accuracy
of calculations, for example, the interaction potentials in a solid or plasma
enough to stop on pairwise interactions of particles. This is correct if
examines the potential for equilibrium conditions. In nonequilibrium
conditions: cracks, perturbations in the plasma, etc. manifest the collective
interaction effects due to the formation of uneven distribution of physical
quantitics. By mechanical action on the crystalline solids (compression,
tension) rebuilt the crystal lattice and the distribution of electrons in the bulk
and on the surface.
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HeiipocereBast Moe/Ib A1ANTHBHOTO KOHEYHOT'0 ABTOMATA HA OCHOBE
THCTEPE3NCHBIX MAKPOaHcamMoIeit
ITpocros 10.C., Tromenues 10.B.
MAM, r. Mocksa

Ha Cel"OI[H}IH.IHI/Iﬁ JCHb Tpe60BaHI/I}I, OPEABABIACMBIC K NMCPCHCKTUBHBIM
THIIAM JICTATCIBHBIX ammapatoB (JIA), TakmM Kak BHICOKOABTOHOMHEIC
occimnotaeie JIA (BIUIA), mpeamoniararoT pa3BHTHE KAYCCTBCHHO HOBBIX
moaxod0B B obmactu HHTCJIJICKTY AJIbHBIX CUCTEM YIPABJICHUA U MOAACPKKH
TNPUHATHS peLIcHHI. Heobxoammo HE TOJIBLKO 00eceuuTh
PaboTOCHOCOOHOCT B YCIOBHAX INYMOB W HCOMPCACHEHHOCTCH, HO H
HAACIUTh 00BEKT YOPaBJICHUA HCKOTOPBIMHA AJANTHBHBIMHA CBOfICTB.’:lMI/I,
HaIpHMEP CHOCOOHOCTHIO HAKAILIMBATH TEKYIIUH OIBIT JIS1 KOPPEKTHPOBKH
JaTbHEUIINX ICHCTBHH.

MHOFOO6€H.[":IIOH.[I/IM noaxoaoM B JAHHOM  HANPABJICHHUH  ABJLICTCA
MPUMCHEHHE  HCHPOCETEBBIX  METOJOB, KOTOpPBIC IOKA3adH  CBOIO
3()(CKTHBHOCTh TPH PCIICHHH TAKHX 3374a4, Kak pPaCMO3HABAHHC H
KIaccupuranust 0o0pazoB, HWICHTH(HKALNMS CHCTEM, HPOTHOZHPOBAHHC
MpOLECCOB W MHOrWe Apyrue. B TO ke BpeMsa, KOHLEMUUS
JCTCPMUHHPOBAHHBIX KOHCUHBIX aBTOMaToB (JIKA) maBHO 3apeKOMCHIOBANA
ce0s B 001acTH pa3padOTKH CHCTEM VIPABICHHA CIIOKHBIMH TCXHHUCCKHUMH
oObekTtamu. [losToMy ecTecTBEHHBIM 0Opa3oM BO3HHMKACT )KCIAHHC
00beAMHUTH 002 Moaxoaa. OJHAKO, KAK MPABUJIO, PACCMATPUBAIOT BAPHAHTHI
OOBECAMHEHMS, KOTJA HEHPOHHAS CETh NMPHMCHACTCA I MPeoOpa3oBaHHSA
CBIPBIX BXOOHBIX JAHHBIX B 3HAYCHUSA JOTHICCKUX NCPCMCHHBIX Z[KA

HpeﬂCTaBJI}IeTC}I NCPCUCKTUBHBIM 06’I>GI[I/IH6HI/IG OTHX MMOAXOAOB IIyTCM
peanu3anuu KOHCYHOTO ABTOMATA HEMOCPEACTBCHHO B BHIAC HEHPOCETEBOU
Mozemm. Toraa TeKyIee COCTOSHEE aBTOMATa MOYKET OBITh IPEICTABICHO B
BHIC AKTHBHOCTH JJICMCHTOB CCTH H, KaK CJICACTBHC, OBITH YUTCHO IpH
pa3paboTKe TpaBHI JOOOYVUCHHSA CCTH, JACHCTBYIOIOMX BO  BpEMSA
(yHKOMOHMpOBaHMS OOBEKTA. B 3TOM clydac NOSBIIETCS BO3MOKHOCTH
KOPPEKTUPOBATh CBSI3H, OTBEYAIOINIMCE KAK 3a PACIO3HABAHHE 00PA30B, TAK U
3a JOTHYCCKYIO CTPYKTYpy AKA.

Omnako T MHOTHX HEHpOCETEBBIX Mozenel, peammsyrommx KA,
XAPaKTCPHBI TPOOICMBI YCTOHYHBOCTH W HAKOIUICHHA OIMHOOK, a YacTh
MOJCTCH TpeOyeT MPEABAPUTCIBFHOTO OOVUCHHSA, HC TO3BOJIAA SBHO 3a7aTh
CTpYyKTYpy apromara. ODHMM H3 BAPHAHTOB PCIICHHA 3THX MPOOICM
SIBILICTCSI MCTIOJIb30BAHAE HEHPOCETEBBIX MOJENCH, 00IaJar0iX CBOHCTBOM
TAMSATH, T.C. CHOCOOHBIX OCCKOHCYHO JIUTCIBHOC BPEMS COXPAHATH TCKYIICE
COCTOAHHUC B OTCYTCTBHH BXOOHOI'O CUTHAJIA.

B mannoit paboTe paccMaTpuBacTCA METOA ABHOTO moctpocHHS JIKA Ha
OCHOBE TPE/IJIOKCHHOW PaHEee MOJCTH THCTEPE3UCHOTO MHKpoaHcaMOms [1].
JanHas Moae b 00Ia1aeT HE TOIBKO HEOOXOAUMBIM CBOMCTBOM IMAMSTH, HO
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Takke  COOCOOHA  J000Y4YaThCd  HCMOCPCACTBCHHO B MPOILRCCE
(DYyHKIMOHHPOBAHMS, OOCCIICUMBAS AJANTHBHBIC CBOMCTBA HEHPOCETEBOTO
JKA.

Prostov Yu.S., Tiumentsev Yu.V. A hysteresis micro ensemble as a basic
element of an adaptive neural net // Optical Memory and Neural Networks
(Information Optics). — 2015, Vol. 24, No. 2. — pp. 116-122.

Neural network model of adaptive finite state automaton based on
hysteresis micro ensembles
Prostov Yu.S., Tiumentsev Yu.V.
MAI, Moscow

The necessity of a new approaches in the field of intelligent control
systems and decision support in our days are caused by the requirements for
promising types of aerial vehicles such as highly autonomous unmanned
aircrafts. This modern systems must be robust for noise and uncertainty and
futhermore must include adaptive capabilities such as ability to experience
accumulation for the correction of a future decisions.

One of the most promising approaches in this field is based on using of
artificial neural networks. They can effectively solve a variety of tasks like an
object recognition and classification, system identification, data prediction,
etc. At the same time the concept of deterministic finite state automaton
(DFA) has long been used successfully in the development of control systems
for complex vehicles. These approaches can be combined together. However,
mostly neural networks are used as recognition subsystem only to convert the
raw input data to the value from a set defined by DFA scheme.

It seems promising to implement finite state automaton directly in form of
a neural network model. In such case a state of automaton can be represented
as activity of neurons in a neural network. Therefore, it one can be taken into
account when designing a re-learning rules working in "on-the-fly" fashion.
As a result, corresponding to the pattern recognition and logical structure of
the DFA connections can be corrected appropriately.

However, many neural network models that implement DFA has
disadvantages such as error accumulation and instability in operation. Some
of models could not be constructed explicitly from the DFA scheme and
require a preliminary learning. One of possible solutions for these problems is
the use of neural network models that has the property of memory which
means the ability to save the current state endlessly during long time in the
absence of an input signal.

We propose a method of an explicit construction of deterministic finite
state automaton in the form of neural network based on the model of
hysteresis micro ensemble [1]. This model has the necessary property of
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memory, but also is capable of "on-the-fly" learning providing adaptive
properties of the DFA implemented as the neural network.

1. Prostov Yu.S., Tiumentsev Yu.V. A hysteresis micro ensemble as a
basic element of an adaptive neural net // Optical Memory and Neural
Networks (Information Optics). — 2015, Vol. 24, No. 2. — pp. 116-122.

MpudmkenHoe pemenne 3a1a4 GUILTPATNA 1 TPOTHO3HPOBAHMST
CHTHAJIOB B CTOXACTHYECKHX CHCTEMAX C HeMpPePbLIBHLIM BpeMeHEM
Pribakos K.A.

MAHM, r. Mocksa

PaccmarpuBaroTcs 3a1a4u ONTHMANTBHOHN (DHIBTPAINK U IPOTHOSHPOBAHUS
B CTOXACTHYCCKHX cuCTeMaxX au()(Y3HOHHOTO, CKAYKOOOPA3HOTO WM
au(Qy3HOHHO-CKAYKOOOPA3HOTO THMOB. THII CHCTEMBI  OIPEACIICTCS
MOJCIbE0 O0BCKTA HAOMFONCHHSA, OHA OIMCHIBACTCA CTOXACTHYCCKUM
au(pepeHIMATbHBIM YPABHEHHEM, COJCP)KAIINM COOTBETCTBEHHO TOJBKO
I Py3HOHHYIO KOMIIOHECHTY, TOJBKO CKAaYKOOOPA3HYI0 KOMIIOHEHTY WIIH
00c  KOMIIOHGHTHL. ~Mozeirb  H3MEPHUTCIBHOM  CHCTEMBI  3amaercs
cToxacTHdeCKUM U (epeHINAIbHBIM YPABHCHUEM, COJCP)KAIIAM TOJIBKO
au()(Qy3HOHHYI0O KOMIOHCHTY. 3a4avd ONTHMANGHOH (HIBTpanHH H
MIPOTHOZHPOBAHUS COCTOSIT B HAXOXKIACHHH AaINOCTEPHOPHBIX IIJIOTHOCTCH
BCPOATHOCTH BCKTOPA COCTOSHHA OOBCKTA HAOMIOACHHA B TCKYIOUH H
Oyaymuii MOMEHTBHI BPEMCHH IO PE3yJbTaTaM HM3MEPEHHH 3TOTO BEKTOpPA
COCTOSTHISI, IMCEOIIMMCS K TEKYIEMY MOMCHTY BPEMCHH.

Ha srane ¢uapTparmu npeanaraeTcs HCHOIb30BaTh POOACTHOE YPABHCHHE
Jlyakana—-MopTeHCeHA—3aKaM, a4 HA 3Tale NMPOTHORHPOBAHUSI — YPABHCHHC
®oxkepa-Tlnanka—Kommoroposa mmst cucrem mudy3moHHOTO THHIA WM
ypasucHne KommoropoBa—®eanepa A CHCTEM CKAavYKOOOpPasHOTO H
mu((Qy3HOHHO—CKAYKOOOPA3sHOTO  THMOB. [ICPCUHCICHHBIC  YPABHCHHSA
JTMHCHHEL, TI03TOMY OHH HCANBHO MOJXOIAT Uil MPHMEHCHHS CIICKTPAIbHOH
(hOpMBI MATEMATHYECCKOTO OIMCAHMA, KOTOPAs PAaHEE MCIOIb30BAlach LI
pemeHus 3a0a4 ONTUMAanbHOH (mabTpanuum [1, 2], a Tarke 3a1a4 aHaIm3a B
CTOXaCTHYCCKUX  cucTeMax  auddyszmoHHOro wmm  auddysuoHHO-
ckaukooOpasnoro tunos [3]. Ha ee ocHOBe pa3paboTaHbl CHEKTPAIbHbIC
METObI ONTUMAIBHOW (PHIBTPAIMK M MPOTHO3HMPOBAHMS B CTOXACTHUYCCKUX
cucremax auddy3monnoro, ckaukooOpazHoro wmn  Iu(GPy3HOHHO-
CKAYKO00OPA3HOTO THIIOB.

Jlutepatypa: [1]. Peidbakop K.A. O pemenHum poOacTHOTO YpPaBHEHHUS
Jlyakana-MopTeHCeHAa—3akalm I  HECTAMOHAPHBIX  cucteM  //
Hna(popMamoHHble ¥ TEICKOMMYHUKAIHOHHBIC TeXHONOTHH. — 2014, Ne 22.
[2]. Peibakos K. A. O pemennu ypapaeHuS [y HkaHA—-MOPTCHCCHA-3aKaH 1S
HECTALHOHAPHBIX CHCTEM Juddy3HOHHO-CKAYKOOOPAZHOTO THIA
CHEKTPAIbHBIM METOJOM // AKTyanbHBIE IPOOIEMBI BBIMUCIUTEIBHOH H
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mpuKIagHOH Maremarmkn — 2015, MexayHapoauas KoH(EpeHIHS,
Hosocubupck, 19-23 okrs6pst 2015 r.: Tp. kord. — HoBocuOupcek, 2015. [3].
IManTemees A.B., PribakoB KA., CorckoBa WM.JI. CmekTpamsHBIH METOZ
AQHAM3a HEJMHEHHBIX CTOXACTHYECKHX CHCTEM YHpaBlIcHWS. — M.:
Bysosckas kaura, 2015.

Pabora BemonncHA mpu (puHAHCOBOH moaaepkke PODU (mpoekr Ne 13-
08-00323-a).

An approximate solution of filtration and extrapolation problems
for continuous-time stochastic systems
Rybakov K. A.
MAI, Moscow

The problems of optimal filtration and extrapolation for diffusion, jump or
jump-diffusion stochastic systems are considered. The type of stochastic
system is determined by the observation object model, it is described by a
stochastic differential equation containing the diffusion component only, the
jump component only or both components, respectively. The measuring
system model is given by a stochastic differential equation containing only
the diffusion component. The problems of optimal filtration and extrapolation
are to find the posterior probability densities of the state vector in the current
and future time moments based on the measurements available to the current
time.

It is proposed to solve the robust Duncan—Mortensen—Zakai equation for
the filtration problem and the Fokker—Planck—Kolmogorov equation
(diffusion systems) or the Kolmogorov—Feller equation (jump or jump-
diffusion stochastic systems) for the extrapolation problem. These equations
are lincar, so they are ideal to use the spectral form of mathematical
description (the spectral method), which was previously used for solving
optimal filtration problem [1, 2], as well as for solving analysis problem for
stochastic systems [3]. The spectral methods of optimal filtration and
extrapolation for diffusion, jump or jump-diffusion stochastic systems are
presented in this work.

References: [1]. Rybakov K.A. Solving robust Duncan—Mortensen—Zakai
equation for nonstationary systems // Information and Telecommunication
Technologies. — 2014, Ne 22. [2]. Rybakov K. A. The solution of Duncan—
Mortensen—Zakai equation for nonstationary jump-diffusion systems by
spectral method // Actual Problems of Computational and Applied
Mathematics — 2015. International Conference, Novosibirsk, October 19-23,
2015: Proc. Conf. — Novosibirsk, 2015. [3]. Panteleev A.V., Rybakov K.A.,
Sotskova I.L. Spectral Method of Nonlinear Stochastic Control System
Analysis. — M.: University Book, 2015.

This work is supported by RFBR grant 13-08-00323-a.
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MareMaTH4YeCK0€ MOICIMPOBAHNIE NIPOLEAYP CHHTE3A KOHTPOJIbHO-
JHATHOCTHYECKHUX AJITOPUTMOB B PEKOH(UIypHPYEMOii cucreme
GYHKIMOHAILHOTO KOHTPOJIA U INATHOCTHKH (OPTOBOT0 KOMILICKCA
YIPABJICHUsI KOCMHYECKOr0 anmnapara
Capxkun JLB.

HITO mm. C.A. JIaBoukuHa, T. X HMKH

B pabote mpmBOAATCS PE3yibTaTHl MATEMATHUYCCKOTO MOACIHMPOBAHUS
MPOLCAYP CHHTE3a AITOPHTMOB JHATHOCTHKH W KOHTPOISI OOpPTOBOTO
kommuiekca ympaemeaus (BKY) xocmmdueckoro ammapatra (KA) B
pexoHpurypupyemMoM BerucmureasHOM monie (PBIT) parcee mpemmoskeHHON
CHCTEMBI (DYHKITHOHATEHOTO KOHTPOIA U quarHocTuku (COK/D).

Lenmsro paboTsl sABIACTCA pa3paboTKa W HCCICAOBAHUC 3(PPECKTHBHBIX
CHOCOOOB  ammapaTHOH peaau3alii  CHHTC3MPOBAHHBIX  BEPOSITHOCTHO-
CTATHCTHYECKHX, JIOTHYECKUX (OmHAPHBIX H TEPHAPHBIX) H
KOMOMHHPOBAHHBIX aNTOPUTMOB O00pTOoBOTO auarHoctuposannst bKY KA na
O0ase BemencHHBIX  (pparmeHToB  PBIT  COKJ.  Maremarmiaeckas
(dopManm3ammsa NPOUEAYp CHHTE3a OCHOBAHA HA WCIIOJIB30BAHHH PaHES
MPEANIOKECHHOTO AN OIMCAHUS IPOLECCOB (DOPMHPOBAHMS ANMIAPATHBIX
ypoBHe# amarHocTHueckux Moaene BKY KA meroma xoH(HUTYypanuoOHHbBIX
(yHKIHH.

B kauecTBe OCHOBHBIX IIOJIYUCHHBIX PE3YJIBTATOB B JOKJIAAC MPUBOITCS
Tpu cmocoda 3aJaHus KOHQHIYPAIMOHHBIX (YHKOWH, ONMHCHIBAFOIINX
0COOCHHOCTH ANIapaTHOH peam3alliy CHHTEC3MPOBAHHBIX AMATHOCTHUCCKAX
moxenei B PBIT COK/I,

[epsbrif coco0 OCHOBAH HA OIMCAHWHW IIPOLCAYP CHHTE3a KOHTPOJIHHO-
JHATHOCTHYCCKHX aaroputMoB BKY ¢ momomipro 001meit KoH(pHUTY parmoHHOH
¢yrxkomm  PBIT K(2), ommceBaromel BTOPOM YCIOBHBIM AamnmapaTHBIR
yposerb PBIT COKJl (q = 2). IlokazaHa BO3MOKHOCTb PACIIPOCTPAHCHHS
JAHHOTO CIoco0a NMPHMEHHUTENFHO K OOJBIIMHCTBY THIIOB COBPEMEHHBIX
TIPOTPAMMHEPYEMBIX JIoTHYeCKHX HHTErpanbHbIX cxeM (IIVIMC) kmacca FPGA
C OCTPOBHBIM THIIOM aIIIAPATHOM APXUTECKTYPHI.

Bropoii ciocod 3akIrovaeTcs B OMMCAHNH CHHTE3HPOBAHHBIX KOHTPOIBHO-
JHATHOCTHYECKHX anroputMoB BKY mo mpHHIUIY BIOXKEHHBIX MATPHYHBIX
HA00poB ()YHKUHOHATBHBIX 3MeMcHTOB B PBII COKJ w ymoOcH mia
mozemmpoBanusa (parmenTo PBII, moctpoenmubix Ha 6aze [IJIMC xmacca
FPGA ¢ nepapXuiecKiM THIIOM apXHTEKTYPBL

Tpetmit ctoco® OCHOBAH HA HCIIOIb30BAHUN THOPHUAHBIX JTHATHOCTHUCCKHUX
MoOJeNnell BRKIIOYAIOIUX KOH(PHUTYpAIHOHHBIE HAOOPHI BTOPOTO YCJIOBHOTO
anmapaTHOTO YPOBHA (q = 2) M BIOXXCHHBIC MATPUYHBIC HAOOPBL, HAYHUHAS OT
VPOBHSI KOMMY THPY EMBIX JJOTHUECKHUX OJIOKOB.

[IpoBoauMTCS CpPAaBHHUTEIBHBIA AHANN3 MPEHMYINECTB H HETOCTATKOB
MPEANIOKCHHBIX ~ CHOCOO0B  3amaHMs  KOH()HTIYPALMOHHBIX  (PYHKUHH,
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ONMCHIBAKOIIAX  TPOUCAYPHI  CHHTE3a  KOHTPOJIBHO-IHATHOCTHUYCCKHX
amroputMoB BKY KA.

Mathematical modeling the procedures of synthesis monitoring
and diagnostic algorithms in spacecraft onboard control complex
reconfigurable system of the functional monitoring and diagnostics
Savkin L.V.

Lavochkin Association, Khimki

In operation results of mathematical modeling the procedures of synthesis
diagnostics and monitoring algorithms for spacecraft onboard control
complex (OCC) in the reconfigurable computing field (RCF) of ecarlier
offered functional monitoring and diagnostics system (FMDS) are given.

The purpose of operation is development and research of the effective
methods of hardware implementation synthesized probable and statistical,
logical (binary and ternary) and combined algorithms to onboard diagnosing
of spacecraft OCC on the basis of the selected fragments RCF FMDS.
Mathematical formalization the procedures of synthesis is based on use of the
method of configuration functions which is earlier offered for descriptions
process of formation hardware levels of the diagnostic models spacecraft
OCC.

Three methods of the job the configuration functions for describing
features of the hardware implementation synthesized diagnostic models in
RCF FMDS are given as the main received results in the report.

The first method is based on the description of procedures synthesis
monitoring and diagnostic algorithms of OCC by means general
configuration function of the RCF K(2) which describing the second
conditional hardware level of RCF FMDS (q = 2). Possibility of distribution
this method for relation in the majority of types the modern programmable
logic integrated circuits (PLIC) class FPGA with island type of the hardware
architecture is shown.

The second method consists in the description of the synthesized
monitoring and diagnostic algorithms of OCC by the principle of nested
matrix sets of the functional elements in RCF FMDS and is convenient for
simulation a fragments of RCF constructed on basis PLIC class FPGA with
hierarchical type of architecture.

The third method is based on use of the hybrid diagnostic models including
configuration sets of the second conditional hardware level (q = 2) and nested
matrix sets. In both cases numbering is carried out from level beginning from
the level of the switched logic blocks.

The comparative analysis of advantages and shortcomings of the offered
methods the job of the configuration functions which describing procedures
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synthesis of monitoring and diagnostic algorithms for spacecraft OCC is
carried out.

Hepnozmqecmle JABHKCHUS rAMHJILTOHOBOI CHCTEMbI npu HAJTTYIAA
JIBOITHOT0 PE30HAHCA TPETHEr0 MOPSAKA H UX YCTOHYHBOCTH
Cagonos AWM.

MAHM, r. Mocksa

Hccneayrorca ABIKCHUSA HEABTOHOMHON 27-IIEPHOAUYECKON MO BPEMEHH
TAMHJIBTOHOBOH CHCTEMBI C JBYMSI CTCNICHAMH CBOOOABI B OKPECTHOCTH
TPHUBHATBHOTO MOJIOKCHHA PABHOBECHA, YCTOMYHBOIO B JIHHCHHOM
npuOmmwkeHnd. [Ipeamonaraercs, 4To B CHCTEME pEalIHM3yeTCsl ABOHHOM
(oCHOBHOHM W KOMOWHAIIMOHHBIN) PE30HAHC TPETHETO MOPSIKA, HO MPH 3TOM
COOTBETCTBYHOIIUE PE3OHAHCHBIC CIIATACMBIC MATIBL.

Panee nokaszano [1], 4T0 B cay4ae ABOMHOIO PE30HAHCA TPETHETO MOPAIKA
TPHBHAIBHOE MOJNOKCHUE PABHOBECHA CHCTEMBI HEYCTOMUNBO. Llems manHOM
paboTBl — PpEImICHHE BONPOCA O CYIICCTBOBAHHM W YCTOWYHBOCTH
MEPHOANYCCKUX JBIDKCHUM CHCTEMBI B MANOH OKPECTHOCTH 3TOTO
paBHoBecusa. IIpm momMommM pAga KAHOHHYECKHX 3aMEH IIEPEMEHHBIX
MPOBEACHA HOPMATM3ALMA TAMIJIBTOHHAHA BO3MYILICHHOTO JBIKCHUS 10
YJICHOB YCTBEPTON CTENEHH BKIIIOYUTCIBHO OTHOCHTEJIBHO BO3MYINCHHH C
YUYETOM HMEIOMIMXCS PE30HAHCOB. [10IyYeHBI XapaKTEPHBIC TAMUIBTOHHAHBI
JIBYX THIIOB.

B mrockocTH mapaMeTpOB 3aJavd BBIACICHBI OONACTH C Pa3IHIHBIM
YUCIOM TIOJIOKCHUI PABHOBECHS COOTBETCTBYIOINMX — IPHOIMKCHHBIX
(MOZENBHBIX) TAMHJIBTOHHAHOB. MccrenoBaH BOmpoc 00 YCTOHYMBOCTH
HAWICHHBIX MOJIOKCHHUU PaBHOBECHS. JIOCTATOUHBIC YCIOBHUS yCTOWUMBOCTH
HCKATHCh KAK YCIOBHA 3HAKOONPEACICHHOCTH KBAAPATHYHBIX YAaCTeH
COOTBETCTBYHOIIUX TAMHJIbTOHUAHOB BO3MYILICHHOTO JBUIKCHUS.
HeoOxomuMble yCIOBHS YCTOWYHBOCTH MOJYUCHBI I[yTEM HCCIICTOBAHUS
KOPHEH XApaKTEPUCTHYCCKUX YPABHCHUI JIHHCAPHU30BAHHBIX YPAaBHCHHN
BO3MYIIEHHOTO JBHYKCHHUA.

Kaxxmomy OTIMMHOMY OT TPHBHAJIBHOTO TIOJOKCHHIO PABHOBECHSA
MOJETBHOM CHCTEMBI COOTBETCTBYET CAMHCTBCHHOE, AHAIUTHYCCKOE IO
MaJIOMy MapaMeTpy MEPUOANYECKOE (C MepuoaoM 127) ABWKEHHE MOJTHOU
cucreMsl. IIpu 3TOM HOJOKEHHAM PABHOBECHA, AN KOTOPBIX BBINOTHCHBI
JIOCTATOYHbIC U (WIIH) HEOOXOIUMBIC YCIOBHS Y CTOHIHBOCTH, COOTBETCTBYIOT
VCTOHYMBBIC B JHHCHHOM NPHONMKCHHH IICPHOJUYCCKHE IBIKCHHA, a
HEYCTOWYUBBIM MOTOKCHHUAM PABHOBECHS — HEYCTOWYMBBIC TIEPHOIMICCKIE
JBIOKCHHA. B 4YaCTHOCTH, HAWACHBI YCIOBHA, IMPH KOTOPBIX B CHCTEME B
MaJOH OKPECTHOCTH HEYCTOIYUBOTO, NMPH HATHUYHN ABOMHOIO PE30HAHCA
TPETBETO MOPSAJIKA, MOJOKCHUSA PABHOBECHUS HMEIOTCS YCTOWYMBBIE (B
JTMHEHHOM NPUOTIHKCHUN) IEPHOAMICCKAC JBIDKCHH.
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Pabora BpmomHeHa mpum (uHAHCOBOH moanmepskke Poccumiickoro ¢oHma
(yHIaMEHTANBHBIX wmccaenoBaHui (mpoekr 14-01-00380) m mporpaMmsr
«locymapcTBeHHAs MOAACPIKKA  BEAYINUX HAaydHbIX mkom»  (HIII-
2363.2014.1).

Jluteparypa

1. Xomocroa O.B. O gBmKCHHM TaMHIBTOHOBOH CHCTCMBI C JIBYMSA
CTCTIICHAMH CBOOOIBI TIPH HATMYHHI KPATHBIX PC30HAHCOB TPETHETO MOPSAAKA //
Henuneinas qnuaammka. 2012, T. 8. Ne2. C. 267 — 288.

Periodic motions of Hamiltonian system in the presence of double
resonance of the third order and their stability
Safonov AL
MAI, Moscow

We consider the motions of a non-autonomous time-periodic two-degree-
of-freedom Hamiltonian system in the neighborhood of the trivial equilibrium
position in the lincar approaching. We assume that the double (main and
Raman) third-order resonance occurred in the system. The resonant
cocfficients are assumed to be small.

Previously it was shown [1] that in the case of double resonance of the
third order the trivial equilibrium position of the system is unstable. The
purpose of this work is studying the problem of existence and stability of
periodic motions of the system in a small neighborhood of the equilibrium.
By means of series canonical changes of variables the normalization of the
Hamiltonian of perturbed motion up members to the fourth degree inclusive
with respect to disturbance taking into account existing resonances has been
performed. Two typical Hamiltonians are obtained.

In the plane of the parameters, we highlighted areas with different number
of the equilibrium position corresponding to approximate (model)
Hamiltonians. The problem of the stability of the found equilibrium positions
is investigated. Sufficient conditions for stability were sought as conditions of
sign-definiteness of the quadratic relevant parts of the Hamiltonians of the
perturbed motion. We are obtained necessary conditions for stability by
examining the roots of the characteristic equations of the linearized equations
of perturbed motion.

Each non-trivial the equilibrium position of model system corresponds to
the only motion of the full system, analytical by small parameter a periodic
(with a period of 12%. The position of the equilibrium for which the sufficient
and (or) the necessary conditions for stability, consistent stable in the linear
approximation, periodic motions, and unstable equilibrium positions -
unstable periodic motion. In particular, it found the conditions under which
the system in a small neighborhood of the unstable in the presence of the
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double resonance of the third order are stable equilibrium position (in the
linear approximation) periodic motion.

This work is supported by the Russian Foundation for Basic Research
(project 14-01-00380) and by “State support of leading scientific schools”
(SS-2363.2014.1).

Reference

1. Kholostova, O. V. On the motion of a Hamiltonian system with two
degrees of freedom in the presence of multiple resonances of the third order //
Nonlinear dynamics. 2012. Vol. 8. No. 2. P. 267 — 288.

Pa3paloTka n HCCIC0OBAHIE XAPAKTEPUCTHK CHCTEMBI
MO3UITHOHUPOBAHAS ¢ MHTETPHPOBAHHBIM KAHAJIOM MePeIav JTAHHBIX
Cepxun ©.5.

MAM, r. Mocksa

[Nocnenqume TrOABI MHOTHE KOMIIAHHMHM 3aHMMAIOTCA pa3pabOTKOH H
HCCICIOBAHMEM  MCTOJOB  PA3BEPTHIBAHHS  CHCTEMBI,  IO3BOJLFOIICH
OTIPEICIHITh CBOC MECTOIONIOKEHHE HE TOJBKO HA OMPEICICHHOM YYACTKE
BHC IIOMCHICHWI, HO W BHYTpH moMemcHHi. OCHOBHBIM TpecOOBaHHEM,
MPeABIBISIEMBIM K  IOJOOHBIM  CHCTEMaM, SIBISIETCA  OOCECIICUCHHC
CTAOMIBHOM pPabOTHI B YCIOBHSAX MHOTOJYYCBOCTH, XapaKTCPHOM A
OQUCHBIX WIM TPOMBIIUICHHBIX THOMemcHHiT. Ha ocHoBe aHamm3a
CYHICCTBYIOIIMX CHCTEM IPEIJIOKEHBI METOJBl PEATH3AUUN  CHCTCMBI,
COBMEIIAIOIICH BO3MOKHOCTH BBICOKOTOYHOTO JIOKAJILHOTO
MECTOOTIPEICICHAS W BBICOKOCKOPOCTHOM TEpeaayud JAaHHBIX, BHIOPAH OTHH
W3 TIPEIaTaeMbIX METOJOB, OTPAKAFOIMH OCOOCHHOCTH, XapaKTCPHBIC I
BCEX MPEJIOKEHHBIX, B ¢ moMompro cpeacte MATLAB/Simulink mposeaeno
HMHTAIMOHHOE MOJCIMPOBAHUE. Pe3yIbTaThl MOJACTMPOBAHUS ITOKA3BIBAIOT,
YTO HABHUTAIMOHHAS COCTABJLIIOIIAS CHCTEMBbI HE BIMSICT HA KAUECTBO PabOTHI
nHPOPMAIIMOHHOTO KAHATA, a4 TaKKE NPH HANMYHH MHOTOIYYCBOCTH,
XApPAKTECPHOH 711 O(HCHBIX MOMCIICHUH OIMMOKH IPH MO3ZHUIMOHUPOBAHUH
0 KOAOBBIM M3MepeHUsAM He mpeBsmmaroT 4.21 M u mveror CKO meree 0.62
M, a o (pazosbM He mpepbimaroT 0.29 M n mveror CKO menee 0.1 M. B xozxe
MOJCTUPOBAHUS ObLTH BBIIBIICHBI XaPAKTEPHBIC OCOOCHHOCTH
()YHKIMOHHPOBAHMS COBMCUICHHOM CHCTEMBI, TpeOyromue Ooiee Ty00Koro
uccneoBaHus. JI1 aganTHBHOTO YIPABICHHS MO LIMHOHHO-KOJTOBBIMH
cxeMaMH HWH(POPMAIMOHHOTO KaHANA, a TaKKe I WCKIOUCHHSI U3
00pabOTKH HCKAKCHHBIX BCICACTBHE HH3KOTO OTHOIICHHUS CHTHAIY/IIYM
H3MEPEHUH OBII MPOBEIACH CPABHUTCIBHBIH AHAIN3 AJTOPHTMOB OLCHKH
OTHOLICHUS CUTHAN/myM. Kpome TOro, OBIIO 3aMEUCHO, YTO IPH BBICOKUX
3HAYCHIAX CHTHAI/IIYM HA W3MEPEHHS HAYMHAIOT BIHMATH 3PQEKTHI
KBAHTOBAHMS YACTOTHI B LH(POBBIX CHHTE3aTOPaX HYACTOTHI TETEIb
CICKeHHUA. BBUT TpoBencH aHamm3 pasmmdHbIX cxem moctpocHHS LICU u
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BBLIBIICHA HamOonee 3((hekTHBHAS B IIIAHE MOJABICHUS JAHHBIX 3(dexToB
cxema. [lockombKy MHOTOIYYCBOCTH B PCATbHBIX YCIOBHAX MOMKCET
OTIMYATHCS OT 33JAHHOH B MOJETH, OBUT pa3paboTaH IKCIICPUMEHTAIBHBIH
MPOTOTHII COBMCHICHHOH CHCTEMBI M TPOBEICHBI JKCIICPHMCHTHI B
HEOOIBIIOM O(HCHOM ITOMCIICHHUH ITPH HAJMWYHH KCIC3HBIX KOHCTPYKIMI U
CTCH BONM3M TPAacKTOPWH [BIKCHHS IPHEMHHKA. Paccmarpmeaioch ABa
CIy4ast. «KOPOTKHE» mepeMereHus (mopsaaka 20 cM) U «IHMHHBIC» (MOpsAIKa
20 wm). Takmm o0pa3zoMmM, UII «KOPOTKHX» IIEPEMEIICHHH OIMHOKH
ONpeACICHHA MO3UIMH MO KOJOBBIM H3MEPEHHAM HE MPEBBINAIOT 3.38 M H
nmeror CKO meree 0.53 M, a mo (azoebiM He mpepbimatot 0.11 M 1 nmeror
CKO wmenee 0.04 m. CnenyeT OTMETHTB, YTO BO3BpAIICHHE B HAYAIBHYIO
TOYKY 1O (Da30BBIM H3MEPEHHSAM OICHEHO C ommOkod 1.5 cm. Jma
«IUTHHHBIX» TIEPEMCINCHHUH OMMOKHM ONpEJCICHHS MO3MOUH 10 (Da30BBIM
m3MeperwsiM He mpepbmmaroT 1.94 M m mmeror CKO memee 0.81 M.
Bo3pparicHre B HAYANIBHYK) TOYKY OLCHCHO ¢ ommOKkoit 23 cm. Komosbie
H3MEPEHHS UMCIOT OIMHOKH 00Jee 5 METpoB.

Research and development of positioning system with integrated
communication channel
Serkin F.B.
MAI, Moscow

In recent years many companies engaged in the research and development
of methods that allow positioning in outdoor and indoor conditions. The most
difficult requirement for that systems is to ensure the stable operation under
severe multipath conditions which is typical for office or industrial space.
State-or-art systems were analyzed and new methods which allow integration
of high throughput communication and high precision navigation channels
are proposed. For MATALB/Simulink simulation was chosen one most
general of the proposed methods. Simulation results show that the navigation
channel of the system does not affect the quality of the information channel.
Also results show that in presence of multipath fading and using code
measurements for positioning maximum errors are lower than 4.21 m, and
STD are lower than 0.62 m. If phase measurements are used, maximum errors
are lower than 0.29 m, and STD are lower than 0.1 m. Specific features that
require more in-depth research were revealed during the simulation. The
comparative analysis of signal-to-noise ratio estimators was held to choose
the algorithm for adaptive modulation-coding scheme control used to achieve
best possible quality in the information channel. Also was observed that high
signal-to-noise ratios lead to the fact that frequency quantization errors in
digital synthesizers become more conspicuous. Several realization schemes of
digital synthesizers were analyzed in current work. In real world multipath
conditions can vary depending on arca where the system is working. The full-
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functional real-time system prototype based on software-defined radio
technology was developed to perform experiments in real office environment.
Two cases was chosen: short movement (about 20 ¢cm) and long movement
(about 20 m). Results show that in case of short movement positioning errors
for code measurements are lower than 3.38 m and have STD lower than 0.53
m. If phase measurements are used, error are lower than 0.11 m, and STD
lower than 0.04 m. Come back to start point performed with 1.5 cm error. In
case of long movement positioning errors on phase measurements are lower
than 1.94 m, and STD lower than 0.81 m. Come back to start point performed
with 23 cm error. Code measurements have errors more than 5 meters.

IIpuMeHeHne HenpePLIBHO-TUCKPETHLIX HEMHEHHBIX GIILTPOB
JUISL ABTOHOMHOI'0 OLICHHUBAHNS TPACKTOPHH CITYCKACMOI0 ANNIAPATA
Pynenxo E.A., ®enopos I1.B.

MAM, r. Mocksa

PaccmarpuBaercs poLecc a3POANHAMHYCCKOTO TOPMOKCHHSA
KOCMHYCCKOTO ammapara ¢ MajbiM KO3((PHIHCHTOM KadecTBa B atMocdepe
Mapca. On ommcwiBacTCs cHcTeMON Tu(depeHIMAaNbHBIX YPABHCHUH IS
CKOPOCTH, YI7Ia HAKJIOHA TPACKTOPHH H BBICOTA TMOJieTa. HauamsHeIC yCIIOBHUA
BX0OAa B arMoc(epy SBILTFOTCS CIy4YaiHBIMH C OONbIOIMM pa3zOpocoM, M3-3a
4ero anpnopHLIﬁ MAKECT BO3MOXXHBIX TpaeKTopl/Iﬁ OKa3bIBACTCA CIHIIKOM
mAPOKEM. 71 €T0 CYKESHHA H3MEPAIOTCS MPOCKLUMH BEKTOPA MEPErPy3KH HA
OCH KOOPIWHAT THPOIIAT(OPMBL. PerucTpauus meperpy 30K OCyIIeCTBILICTCS
B JUCKPCTHBIC MOMCHTEBI BPCMCHHU C AAAUTUBHBIMHA U MY JIbTHILTMKATHBHBIMHA
CAyYalHBIMH TOTPEITHOCTSAMH. TpeOyercs IyTeM o0OpabOTKH  3THX
H3MCPCHHH HA OOpPTY ammapara B PeaJbHOM MAacmTade BPSMCHH IOJYYATH
Kak MOXHO OOJee TOYHBIC OIICHKH MAPAMCTPOB TPACKTOPHH B KAXKIBIH
MOMEHT BpeMeHH. OOBMHO /UIT PEHICHUS 3TOW 33Jaud  INPHMEHSIOT
HENPEPBIBHO-IUCKPETHYIO BEPCHIO OBICTPOro nuHEHHOTO pruabrpa Kamvana.
Jas8 3TOTO BHIMONHAKOT JOBONBHO TPyOVIO JIHHEAPH3ALMIO YPABHCHHI
00BEKTa M HM3MEPUTCISI B OKPECTHOCTH HOMHHAIBHOW TPACKTOPHH, 4TO
IPUBOOUT K HGI[OCTaTO‘{HOI\/'I TOYHOCTH OLICHUBAHHA.

B mammoii pabGore wmcchmemyercs  3(P(EKTHBHOCTH  ONCPATHBHOTO
OLICHMBAHUS TPACKTOPHH HEIHMHCHHBIMH (IIIbTpAMH. 3TO KJIACCHYECKOC
KOHCUYHOMCPHOE TMPUOMIKCHHE K OCCKOHCUHOMEPHOMY  aOCOJIIOTHO-
onTuMatbHOMY (PuIBTPY CTpPAaTOHOBHYA, W3BECTHOC KAK KBASHIHHCHHBIN
0000ménnbt Qumstp Kamvana, KOTOpbIi OCHOBAaH Ha 0OOnce TOYHOM
JMHCAPU3AUUH MOICIH B OKPECTHOCTH OHCHKH. OJHAKO 3TOT (PUIBTD
ABBICTCA AOBOJBHO MCIUICHHBIM, TAK KAaK HAXO0XIACHHUEC BCKTOPA OLCHKH
COMPOBOXKIACTCA €m¢ W  BBMHCICHACM MATPHLIBl  ANOCTCPHOPHBIX
KOBapHaLuil.
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[To3atoMy paccMOTpeHO W TIOAOOHOE ITHMHEAPU30BAHHOEC NMPHONIDKCHHE K
HOBOMY OBICTPOMY HEIHMHEHHOMY (HIBTPY ONTHMAJIGHOH CTPYKTYPBI,
KOTOPBIA SIBISIETCSI PA3BHTHEM KOHEYHOMEPHOTO YCIOBHO-ONTHMAIBHOTO
¢umpTpa IlyrauéBa. B 3TOM CyOONTHMATGHOM AITOPHUTMC OLCHHBAHHA
ClyyaliHas MaTpula KOBApHALMH 3aMEHICTCS ACTCPMHUHUPOBAHHOM, 4YTO
VMEHBIIACT TPYAOEMKOCTh BBIMUCICHUI. EE 3HaUCHHMS BMECTE C APYTHMH
YUCIOBBIMH TmapamerpamMu (uiabTpa Haxomarcss mertomoM Monrte-Kapro
3apaHee, OO0 HAYajga IPOLECCA OLCHHBAaHHMA. Takoe CTaTHCTHYECKOE
MOJICIMPOBAHHE 00BEKTA, U3MEPHUTEI M (PUIBTPA AHAJOTHIHO JTOCPOTHOMY
pEIICHHIO YpaBHEHH PHKKATH IJI1 MATPHUIBGI KOBAPHALMH NPH MOCTPOCHUUH
muHeitHOTO (HbTpa Kaimana.

B nmoxmaze mpuBOAATCS PE3YIBTATHl CPABHHTCIBHOTO CTATHCTHHYECKOTO
MOJICIMPOBAHM YKa3aHHBIX (rmbTpoB. [IpH 3TOM IEMOHCTPHUPYIOTCS ABA
BHAA (DMIBTPOB ONTHMAIBHOHM CTPYKTYPBHI — C HEIPEPBIBHBIM ITPOTHOZ0M
MEKIy MOMCHTAMH W3MEPEHHH M C MHOTOTOYCYHBIMH JUCKPECTHBIMH
TIPOTHO3aMH, KOJIMIESCTBO KOTOPHIX MOKHO H3MECHSITh.

Application of continuous-discrete nonlinear filters for autonomous
estimation of the lander trajectory
Rudenko E.A., Fedorov P.V.
MAI, Moscow

The process of acrodynamic brakeage of a spacecraft with low quality
coefficient in Mars atmosphere is studied. It’s described with differential
equation system including speed, trajectory gradient and flight height. Initial
conditions of atmosphere entry are random with high dispersion, therefore a
priori cluster of probable trajectories occurs to be very wide. Load factor
vector projections on a gyro platform axis are measured for cluster
constriction. G-force registration arranges at discrete instants of time with
additive and multiplicative random error. It’s needed to treat measurements
on spacecraft board in real time and get the most accurate estimates of
trajectory parameters at every moment of time. Usually continuous and
discrete version of rapid linear Kalman filter is used for this task solution.
Rather rough linearization of objects’s equations and measuring element are
done to achieve this, and it leads to poor evaluation accuracy.

In this report the efficiency of near real-time trajectory investigation by
nonlinear filters is studied. This classical finite-dimensional approximation to
infinite-dimensional optimal Stratonovich's filter, known as quasilinear
extended Kalman filter, is based on a more accurate model linearization in
valuation neighbourhood. However the filter is rather slow, because it’s
needed to calculate posterior covariance matrix to compute the evaluation
vector.

463



For this reason similar linear approximating to a new rapid nonlinear
optimal structure filter is studied, which is developing finite-dimensional
conditionally optimal Pugachev filter. In this suboptimal evaluation algorithm
a random covariance matrix is replaced with a determinate one, that makes all
calculations more simple. Matrix values and other filter numbers are found
using Monte Carlo method before evaluation process. Such statistical object
modeling, counter and filter is analogous to premature solution of Riccati
equation for covariance matrix equating linear Kalman filter.

In the report the comparative statistical modeling results of examined
filters are described. Moreover there are two optimal structure filter types
analyzed — with continuous predictions between sampling instants and with
multiple discrete predictions, which quantity can be changed.

OnruMaiInLHast CTAa0NM3 AN ABIUKEHNS 0eCIHI0OTHOT0 JIETATE/ILHOT0
annapara B HECIOKOIiHOIi arMocdepe
Xamuua A.C.
MAM, r. Mocksa

PaccmarpuBaeTcs ABIDKCHHE IICHTPA MacC OCCHIIOTHOTO JIETATEIHLHOTO
ammapara (BIUTA) B BepTHKATGHOH IIOCKOCTH MOJ ACHCTBHCM BHCIIHCTO
BETpOBOTO  BO3MymicHHS. (CumcTeMa ypaBHCHHUH, ONHWCHIBAOMAS — 3TO
JBIDKCHHE, SBISICTCS KBAa3WIMHCHHOHM, TaK Kak HE TOJNBKO KO3((HuueHTA
cHoca, HO 1 ko3 duumenTsr nuddys3un (ko3 dumeHTs Py OeIoM IyMe)
JMHEIHO 3aBUCST OT KOMIIOHECHT BEKTOPA COCTOSIHISL. BeTpoBBIc BO3MY IICHI
3amaroTcsa  (popMupYROmMuMH  (PIIBTpaMH THHA JpaiacHa, COACPKAIMUME
HCOMPEACACHHOCTS. JIOCTYITHA H3MEPCHHIO H MOYKCT OBITh HCTIOIB30BAHA IPH
VIPaBJICHHUH JIUIIb YACTh KOMIIOHEHT BEKTOPA COCTOSHILL.

[Ipenmaracmas paboTa MPOTOILKACT HCCICAOBAHUSI ABTOPOB, B KOTOPBIX
MOJNYYCHBI VCIOBHS HE OOA3aTCIbHO ONTHMAJBHOW  CTaOWMIM3aINH
KBAZUIMHCHHON CTOXACTHYECKOM CHCTEMBI MO 3aJAHHOMY KPHUTEPHIO,
BBIPAKCHHE IS CTAOMIBHOTO 3HAYCHUS KPUTEPHSI M HECOOXOIUMBIC YCIOBHA
ONTHMAJNBHOCTH JIHHECHHOTO PETyJATOPAa CTOXACTHYECKON KBAZHIMHEHHON
cucreMbl, Py HKIHOHUPYIOIICH HA HEOTPAHUUCHHOM HHTEPBAJIC BPEMEHH.

C moMOIIBI0 3THX HEOOXOJUMBIX YCIOBHH M IPEIOKCHHOTO YHCICHHOTO
METOJAa CHHTE3a ONTHMAIBHOH CHCTEMBI IONYYCHBI OITHMAIBHbIC
ympasneHus BITJIA ¢ y4yeroM BETpOBBIX BO3ACHCTBHEL. /i1 cpaBHCHHA B
cootsercTBHH ¢ Teopucii AKOP A M. JleToBa ObUTO HAHICHO ONTHMAJBHOC
VOpaBICHHC JACTCPMHHHPOBAHHOW 3agaud  (0e3 yduera  BCTPOBOTO
BO3ACHCTBHA). [IPOM3BEICHO CPABHEHHE KAYeCTBA MOJTYYCHHBIX YIIPABICHUI
JJI PACCMOTPEHHOM CTOXACTHYECKOM CHCTEMBI YPABHCHHH, ONMHCHIBAKOINCH
newkenue BITTA.
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Optimal stabilization of motion unmanned aerial vehicle
in the volatile atmosphere
Khalina A.S.
MAI, Moscow

The motion of the center of mass of an unmanned aerial vehicle (UAV) in
a vertical plane is considered under the influence of an external wind
disturbance. The system of equations describing this motion is quasi-linear,
since not only the coefficient of the demolition, but the diffusion coefficients
(the coefficients of the white noise) is linearly dependent on the components
of the state vector. Wind disturbance are set shaping filter type Dryden
containing uncertainty. A part of the state components vector is available to
measure and can be used to control.

The present work continues the study of authors, who obtained the
condition of not necessarily optimal stabilization for quasi-linear stochastic
system, expression for the stability criterion and the necessary conditions of
optimal linear regulator for stochastic quasi-linear system.

Optimal control of UAV under the influence of wind disturbance was
obtain according to these necessary conditions and the proposed numerical
method for the synthesis of optimal systems. For comparison, according to
A M. Letov theory of analytical design of optimal control was obtained
deterministic problem optimal control (excluding the impact of the wind).
Quality comparison of received controls was produced for stochastic
equations system describing the motion of the UAV.

Yupag/ieHHEe KA4eCTBOM TEXHOJOTHIECKOTO TMPOIecca ¢
HCMOJIB30BAHHECM MHTC/VICKTY AJILHOTO AHAJTH3 A JAHHBIX
XomyTckas O.B.

MAM, r. Mocksa

Jucneruepckoe ympasicHue u cOop mamHeix SCADA  (Supervisory
Control And Data Acquisition) SBIACTCS OCHOBHBIM H B HACTOSINCC BPEMA
ocTaeTcd HambOJIee NEPCICKTHBHBIM METOAOM ABTOMATH3HPOBAHHOTO
VIPaBICHUA CJIOKHBIMH THHAMHYICCKHMH CHCTCMAMH (IpolieccamMu) u coopa
JIAHHBIX O MOKA3aTEIIIX 3TUX CUCTEM (IIPOLIECCOB).

B HACTOAIECE BPEMA MPOUCCC U3TOTOBJICHUA NMCYATHBIX IUIAT, HCCMOTPA HA
ucnoms3oBaane SCADA-cucTeM, aHATH3HPYCTCH ACUCHTPAIH30BAHO (T.C.
KOKIOBIH ~ 3Taml  TEXHONOTHMMECKOTO  MPOLECCa  AHANMBHPYCTCd  H
KOPPEKTUPYETCS B OTPBIBE OT OCTANbHBIX). OTCYTCTBHE KOMIUICKCHOTO
aHATH3a TMPOLECCA H3TOTOBICHUA HAKJIAJBIBACT OTICUATOK HA KAYECTBO
BBIHyCKaeMOfI IPOAYKIHHU U HE MO3BOJMCT YYUTHIBATH BIIMAHUC MAPAMCTPOB
oOHOTO 3Tama Ha  Opyroil. C  MOMOMBI0  HHTCIUICKTYAJTbHOTO
aramma(Datamining) 607apmMOT0 00BEMa HECTPYKTYPHPOBAHHBIX JAHHBIX W3
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SCADA-CHCTCMBIMOJKHO ~ BBIIBUTH H  OLCHUTH  CTCIICHb  BJIHAHHSA
HECOUCBUAHBIX  AO1  4YEIOBEKA  3aKOHOMEPDHOCTEH  HA  KA4eCTBO
W3TOTABIMBACMOM INPOAYKIMH, a TaKkKe MPEAOTBPATHUTH TOSABJICHHUC
HENOJIAJ0K M HEUCITPABHOCTEH M PACIHUPUTH BO3MOKHOCTH yrpasicHus TIL

IlpeanaracTcsi  MPOBECTH  UHTEIUICKTYAJIbHBIM  aHamu3  (PEIIUTh
MPEACKA3ATENBHYIO 3a4a4y ¢ MOMOIUBI0 PEIPECCHOHHOTO AHATU3A M AHATH3A
BPEMCEHHBIX PANOB M MPOBEPHUTH KAYESCTBO MOJACTH C NMOMOIUBIO OLEHKH €€
AICKBATHOCTH) OOIBIIOTO 0OBEMA MAHHBIX (TMOKazaHWi JardnkoB SCADA-
CHCTEMBI M JO0AaBICHHBIX K HHM ()OTO W ayAWo3amuced) I
MIPOTHO3HMPOBAHUS HCIUTATHBIX M3MCHCHHHA IIAPAMETPOB W  YIPABJICHHA
kauecteoM TI1. PemicHue qaHHOW 3a1a4d MOKHO Pa3OHTh HA TPH 3Tama. HA
TMCPBOM  3Tan¢ HCOOXOAWMO BBIIBUTh KPHUTCPHH KAUCCTBA TPOIYKIUH,
AHAIM3HPYEMBIC MAPAMETPHI MPOLECCA M 3aKOHOMEPHOCTH H3MECHCHUI 3THX
IMapaMeTpoB, HA BTOPOM — CIIPOTHO3HPOBATH TMOSBICHHE HEIUITATHBIX
H3MCHCHHH, HAa TPETBEM — MPOM3BECTH mepeHacTpoiiky TII miga miberaHms
HEHCIpaBHOCTEH. [lodMyueHHBIC PpE3yABTATBHl PACIIUPAT BO3MOKHOCTH
yIOpaBIcHUA KaueCTBOM TII, CHU3AT (DHHAHCOBBIC W3ACPKKH H JAAyT
BO3MOXXHOCTb MOBBICHTH KAYECTBO KOHEYHOTO MPOYKTA.

Technical process quality management using data mining
Khomutskaya O.V.
MALI, Moscow

Supervisory Control and Data Acquisition (SCADA) is a major and
currently remains the most promising method for automated control of
complex dynamical systems (processes) and systems (processes) statistics
collection.

Printed circuit boards (PCB) manufacturing process, despite the use of
SCAD A-systems, is analyzed decentrally now (i.e. each step of the process is
analyzed and regulated separately from the others). The absence of a
manufacturing process comprehensive analysis affects the products quality
and does not allow take into account the effect of the one stage parameters to
another. Data mining of SCADA-system unstructured data can identify and
determine the impact of non-obvious for human laws on the manufactured
products quality, as well as prevent the faults and failures occurrence and
empower process control.

It is proposed that data mining (solving a predictive task using regression
analysis and time series analysis with checking model quality by assessing its
adequacy) of large volumes of data (SCADA-system sensors with added
photos and audio recordings)can predict the unforeseen parameters changes
and technical process quality management. The solution to this problem can
be divided into three steps: the first is identifying criteria for product quality,
analyzed process parameters and laws of these parameters changes, the
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second — predicting the appearance of abnormal changes, the third —technical
process reconfiguring to avoid problems. The results will extend the technical
process quality management capabilities, will reduce financial costs and will
provide an opportunity to improve the final product quality.

OnTuMannbHoe yrnpagsJieHne ClyTHUKOM C YIIPYToii INTaHroi
NPH HAJIMYNH CJIy4AiHBIX BO3MYIICHHI H HETOYHOI peajms3anun
VIPABJSIIOIINX BO3ACHCTBHIT
Lapsros K.A.

MAMN, UITY PAH, r. Mocksa

PaccmatpuBaeTcst IIOCKOE ABIDKCHHE AOCOIFOTHO JKECTKOTO CIYTHHKA
C OJHOH YNmpyroH IITAHTOH HA OKOIO3CMHOM OopOuTe. B KAuecTBE IMTAHTH
MOXKCT  BBICTYNIATh  PAJHOAHTCHHA  WIH  Oalka  TPAaBHTALHMOHHOM
crabmmm3anuu. CraBUTCS 337a4a  YCIMOKOGHWS YIPYTHX — KOICOAHWH,
BO3HHKAIONIMX B INTAHTE IOJA JCHCTBHEM BO3MYINAIOMICTO BPAMIATSIHLHOTO
MOMCHTA W CIYYAHHBIX BHCITHUX BO3ACHCTBHH, U CTAOMIH3ALMH CITYTHHKA B
OpOHUTATBHON CHCTCMC KOOPAWHAT. YTPABICHHC OCYMICCTBIACTCSA 34 CUCT
HM3MCHCHHA BCJIMYHHBI TATH TA30PCAKTHBHOTO JIBHTATCIIA, YCTAHOBJICHHOTO HA
CITyTHHKE.

Ilpeanonaraercsi, YTO YHOPAB/LIOIIUEC BO3ACHCTBUS PEATU3YIOTCI CO
CIAyYalHBIMH OINMOKAMHE, a TIPOIECC YTPABICHHSA OCYMIECTBIICTCA IIPH
HaIHH WH)OPMATHOHHBIX orpaHmucHId. H()OPMALIHOHHEIC OTPaHHICHHUI
BRIDAKAFOTCA B TOM, UTO KAKIA4 KOMIOHCHTA BCKTOPA CTPATCTHH
VOpPaBICHHA 3aBHCHT OT CBOCTO 3apaHee 33JIaHHOTO HA0Opa TOYHO
H3MCPACMBIX KOMIIOHCHT BCKTOpA COCTOSHHUA. [T CHHTE3a ONTHMAIBHOM
CTPATCTHH YHPABICHHA HCIOJNB3YCTCA YHCJACHHBIH MCTOI TPATHCHTHOTO
THA, Pa3pabOTaHHBIA TIA PCHICHHS 33044 ONTHMH3AUHH KBA3MIHHCHHBIX
JTHHAMHYCCKUX CTOXACTHYCCKHX CHCTCM NpPH HCMOTHOH HWH()OPMALHH O
COCTOSTHHH.

[IpencrasieHsl pa3muyHbIE CIydan HH()OPMHPOBAHHOCTH, HA OCHOBAHWH
KOTOPBIX MOXKHO CICIATH BBIBOJ, KAKHC KOMIIOHCHTHI BCKTOPA COCTOSHHS
CIEAYET U3MEPAITh, 4 OT H3MEPEHHS KAKMX MOKHO OTKA3aThCSL.

Optimal control of a flexible satellite
with random external perturbations and control errors
Tsarkov K.A.
MALI, ICS RAS, Moscow

Plane motion of a perfectly rigid satellite with one eclastic rod on the earth
orbit is considered. The rod can be represented by a radio antenna or
gravitational stabilization girder. The goal of control is to damp the elastic
vibrations occurring in the rod because of perturbation torque and random
external perturbations, and in the stabilization of the satellite in the orbital
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reference frame. The control is performed by changing the satellite gas jet
engine thrust.

We assume that the implementation of control contains random errors, and
the control process is executed with information constraints. These
constraints manifest themselves in that each component of the control
strategy vector depends on a preliminary assigned set of precisely measured
state vector components. The optimal control strategy is constructed using the
numerical gradient method developed for solving quasi-linear stochastic
optimal control problems with incomplete information.

Different cases of information constraints are presented. Comparison of
these cases implies the conclusion about which state vector components to be
measured, and which of them can be waived.

Hccanenopanne yCToiiMHBOCTH BPAIMATEILHOTO IBUKCHHAS
AAHAMHAYICCKH-CUMMETPUYIHOT0 CITY THAKA HA LINNTHIECKOT Opﬁl/ITe
NPH HAJIMYUU DPOCTPAHCTBCHHBIX BO3MYIICHHIT
Ueknna E.A.

MAM, r. Mocksa

Pemraercs 3amaua 06 yCTOIMMBOCTH PE30HAHCHOTO BPAINCHHUS CIyTHHKA -
TBEPIOTO TEJA OTHOCHTEIBHO LEHTPA MACC HA JIUIHITHYCCKOH OpOmTe.
HccnemoBanne yCTOMYMBOCTH 1O JIAMYHOBY NAHHOTO PEHICHHA C Y4YETOM
TJIOCKOTO BOSMYIICHHA OBLIO BBIIOTHCHO B padoTax [1-3].

Lenpto HAcTOsMIEH pabOTHI SABISIETCS AHANM3 YCTOWYHBOCTH YKA3aHHOTO
pelieHHsI NP HANWYWH TPOCTPAHCTBECHHBIX BO3MyHICHUH. CIyTHHK
MIPEAMONAracTCsl JHHAMHYCCKH-CHMMCETPUYHBIM, T.€ [BA €r0 TJABHBIX
MOMCHTA WHCPIIHH PABHBI MSKIY co00i. HalacHBI 00MacTH Y CTONIMBOCTH B
TuHCHHOM TpuHOIKCHAN, OHH COBNATAOT C AHAJOTHYHBIMH OOJACTSMH B
MJIOCKOM CJy4Yac, OJHAKO, HAIWYHC IPOCTPAHCTBEHHBIX BO3MYIICHHH
MPUBOJUT K TIOSBJICHHIO HOBBIX PE30HAHCHBIX TOYCK: BHYTPH KaXKIOH
00JIaCTH TMOSIBIIETCS TOUKA KOMOMHAIMOHHOTO PE30HAHCA BTOPOTO MOPSIIKA,
TaKXE YBEIMIHUIOCH KOIMYECTBO PE30HAHCHBIX TOUEK TPETHETO U YETBEPTOTO
mopsAAKoB. B yKa3aHHBIX 0071acTAX OBUT TAKKS MPOBSACH HCITHHCHHBIN
aHanmu3 yCcTOM4MBOCTH. HcciaenoBaHWEe BBIIONHANIOCH MPH  IOMOINH
METOJMKH, OMUCAHHOU B cTarhe [4]. HennHEeHHbIN aHANIN3 BBIIOTHAICA KaK
O HEPE30HAHCHBIX, TAaK W I PE30HAHCHBIX CIIYYaCB TPETHETO H
YETBEPTOTO MOPSIKOB. DBUIO YCTAaHOBIEHO, YTO B JAHHBIX OOJACTSX, 3a
HCKITFOYCHUEM HEKOTOPOTO YHCIIA PE30HAHCHBIX TOUCK, 001acTu (popMambHOH
YCTOWMHBOCTH YCPCAYIOTCA C OOJNACTAMH YCTOWUHBOCTH 11 OOJBITHHCTBA
HAYATbHBIX YCIOBHH.

Hccnenosanue BBIIOTHEHO 3a CUET rpaHTa Poccuiickoro Hay4qHOTO (hOHIA
(mpoekr  Nel4-21-00068) B MOCKOBCKOM ABHAUMOHHOM HHCTHTYTE
(HamoHaasHOM HCCIEA0BATEILCKOM YHUBEPCUTETE).
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Stability analysis of the rotational motion of a dynamically symmetric
satellite in an elliptical orbit in the presence of the space perturbations
Chekina E.A.

MAI, Moscow

We study the motion of a satellite as a rigid body about the center of mass
in an elliptical orbit of arbitrary eccentricity. The stability of such solution in
the presence of the planar perturbations was accomplished in the works [1-3].

The aim of this work is a stability analysis of this solution in the presence
of the space perturbations. In this case we assume the satellite to be a
dynamically symmetric rigid body. The regions of stability in the linear
approximation were found. They coincide with those of the planar case;
however the presence of the space perturbations adds some extra resonance
points: there appears a point of the combination resonance of the second order
inside every region, and also the quantity of the resonant points of the third
and fourth order increases. In the mentioned regions the nonlinear stability
analysis was also carried out. The resecarch was performed using the
techniques described in [4]. Nonlinear analysis was performed for both
nonresonant cases and those of resonance of the third and fourth order. It was
found that in these regions, with the exception of a number of resonant points,
the regions of the formal stability interchange with those of the stability for
the most initial conditions.

This research was supported by the Grant of Russian Foundation for Basic
Research (14-21-00068), in Moscow aviation institute (National research
university)
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3amaua HeNMpPEePHLIBHOTO YIPABICHHA B OKPECTHOCTH KOJLTHHEAPHOIT
TOYKH JHOpaH
MImerpos A.C., Hmsipos B.A.
CIIoI'Y, r. Cankr-Ilerepbypr

Peammsanmd KOCMHYECKHX NOJECTOB CTAJO0 OJHHM U3 HPHOPHTETOB
COBPCMCHHOH HAyKH MW TCXHHKH. Hambonce BAKHBIMH H  IOTHPOKO
HCCIICAYEMBIMH ABIIIOTCA MPOCKTHI, CBA3AHHBIC C MONCTAMH B OKOJO3EMHOM
MPOCTPAHCTBE, T.K. OHH B OCHOBHOM IPEAHA3HAYCHBI AIA PEIICHUA
MIPUKIAAHBIX 3371a4, TAKHX KaK, HAPHMEp, TEJICTPAHCILANUS W AOCTYI K
Huareprer. Takke, akTyaTbHOH COBPCMCHHOHM MPOOICMOH CTAll0 H3YUCHHUC
aCTEpOMTHON U KOMETHOM OIMACHOCTH, B YACTHOCTH, MOCTPOCHHUE TPACKTOPHUIL
IepexBaTa B OKOJIO3EMHOM HPOCTpaHCTBE. TOmMKOM it paboOTHl B 3TOM
HAIPABICHAUN CTAJTH COBPEMECHHBIC KOCMHYCCKHME KaTtacTpo(pl, B HEPBYIO
ouepenp nanacHue (pparmeHros kometsl lllymeiikepos-Jlesu 9 Ha FOmurep B
1994 roxy m B3pbIB MeTeopuTa Hax YensOunckoMm B 2013 1.

Oxpecrroct Touek mmoOpammu L1 m L2 cucremsr ComHue-3emis,
HAXOJITCSA HA PACcCTOSHUM HOpsAaka 1,5 MIH KM OT IeHTa 3eMIIH IO JIMHHUH,
cocqmmsmomieii ConmHme W 3eMIIO M OTHOCATCS K OKOJIO3CMHOMY
mpocTpaHcTBy. [lomarme "Touka mmOpamuu" wrH "narpamkeBa TOYKA"
SABJIACTCS MOACIBbHBIM MOHATHE KPYTOBOM OTPAHMUYCHHOM 3a1a4M Tpex Ten. B
JaHHOH padoTe MBI HCCICAYSM YIPABIICMOC OPOHTANBHOC IBIKCHHC
KOCMHYECKOTO aIIapaTra B OKPECTHOCTH KOJUTHHEAPHOH TOUKH mmOpammm L 1.
B kauecTBe MATeMAaTHYSCKOH MOACTH MBI HCIOJNB3YEM YPABHCHHA XHILIA
KpPYTOBOH OrpaHW4eHHON 3a1a4uu Tpex Tex [1]-[3].

[TpuBomuTCss CEeMEHCTBO HENPEPHIBHBIX YIIPABICHUH, OOCCTICHYHBAFOIINX
VCTOHYMBOCTh 1O JIAMyHOBY A7 OPOMTANBHOTO JBH)KCHHUS B OKPECTHOCTH
TOYKH JHMOpAnWH, CTPOHUTCS OLEHKA OOJACTH YIPABISIEMOCTH AT TAKHX
VIPaABACHUM, peIacTcd 3aJavya ONTUMHU3AaUWU. Pe3yapTarbl UYHCJICHHOTO
MOJICIMPOBAHHS YIIPABISIEMOTO ABIDKCHUS HIUTFOCTPHPYIOTCS rpaiecKu BO
BPAIIAIOMICHCA CHCTEMBI KOOPAUHAT.

PaboTa BemomneHa npu noanepxke rpanra CII6I'Y 9.37.345.2015.

[1] Imerpos B.A. Crabumm3arus ynpaBIsieMOro OpOUTAIBHOTO JBIKCHUS
KOCMHYECKOTO aIllapaTa B OKPECTHOCTH KOJUTMHEAPHOH Toukw nuOparmn L1
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// Bectn. C.-Tlerep6. ym-ta. Cep. 10: Tlpukmagpas MaTeMaTHKA,
nHpopMaTHKa, mpoueccs ynpasnenus. 2005. Bem. 2. C. 193-199.

[2] A. Shmyrov, V. Shmyrov, Controllable orbital motion in a
neighborhood of collinear libration point, Applied Mathematical Sciences,
vol. 8 (9-12), pp. 487--492. 2014.

[3] Shmyrov A., Shmyrov V. Method of Lyapunov functions for
controllable Hamiltonian systems // 20th International Workshop on Beam
Dynamics and Optimization (BDO). IVESC-ICEE-ICCTPEA-BDO-2014.
Edited by: D. A. Ovsyannikov. 2014. C. 156.

The problem of continuous control in a neighborhood
of collinear libration point
Shmyrov A.S., Shmyrov V.A.
SPbSU, St. Petersburg

The implementation of space flight become one of the priorities of modern
science and technology. The most important and widely studied are projects,
which related to near-Earth space. These projects intended for applications,
for example, TV broadcast and Internet access. Also, relevant problem today
is research of asteroid and comet hazard, in particular, the construction of
trajectories of interception in near-Earth space. The impact for the work in
this direction was the modemn cosmic catastrophes, primarily the fall of
fragments of Comet Shoemaker-Levy 9 on Jupiter in 1994 and the explosion
of Chelyabinsk meteorite in 2013,

The neighborhoods of libration points L1 and L2 of Sun-Earth system are
at a distance of about 1.5 million kilometers from the center of the Earth on
Sun-Earth line. These neighborhoods are in near-Earth space too. The term
"libration point" or "Lagrangian point" is model concept three-body problem
and its modifications. In this paper we research the controllable orbital
motion of a spacecraft in a neighborhood of collinear libration point L1. We
use Hill’s equation of circular restricted three-body problem as a
mathematical model [1] - [3].

We present a family of continuous controls, which are ensuring Lyapunov
stability of orbital motion in a neighborhood of libration point. Also, we
construct the estimation of controllability area for such controls and solve the
problem of optimization. The results of numerical simulation of controlled
motion are illustrated graphically in the rotating system of coordinates.

The authors acknowledge Saint-Petersburg State University for a research
grant 9.37.345.2015

[1] Shmyrov V. A. Stabilization of controlled space vehicle orbital motion
in the neighborhood of collinear libration point L1 // Bulletin of St.-
Petersburg University. Series.10. 2005, Release.2. P. 193-199. (in Russian).
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[3] Shmyrov A., Shmyrov V. Method of Lyapunov functions for
controllable Hamiltonian systems // 20th International Workshop on Beam
Dynamics and Optimization (BDO). IVESC-ICEE-ICCTPEA-BDO-2014.
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9. IlpousBoacTBEHHbIE TEXHOJIOTHH B 00J1aCTH
ABHALMOHHOM, PAKeTHOH M KOCMUYECKOH TeXHUKH

9. Production Technologies in the Aviation,
Rocket and Space Industries

MoppmeHne J0CTOBEPHOCTH OMEHKH OCTATOYHOTO Pecypca M3 e mii
HA OCHOBE Pe3YJILTATOB IHOPHIHOI THATHOCTUKH
Abammu M.H.
MI'TY um. H.2. Baymana, . Mocksa

Llenpto maHHOM pabOTHI ABILIOCH MOBBINICHHE JOCTOBEPHOCTH OICHKH
OCTaTOYHOTO pecypca W3ACHHi, B TOM YHCIC, HAXOMAMMXCS B YCIOBHIX
JIATEIBHOTO KOCMHYECKOTO IOJIETA HA OCHOBE PE3YJIBTATOB THOPHIHOM
JHATHOCTHKH, COYCTAIOIICH B CCOC HMHTAIHOHHOC BO3IACHCTBHC H
PETUCTPALUIO PE3YIbTATOB JAHHOTO BO3ACHCTBUL

Ha mepoM oarame ObDT TPOBEACH AHANH3 PA3IMYHBIX  BHIOB
TEXHOJIOTHIECCKOTO BO3JICHCTBULL, BBI3BIBAIOIICTO TCHEPAITHIO
VABTPA3BYKOBBIX KONCOAHWI B Marepmane C ICIbI0  IOJIYUCHHUS
JHATHOCTHYCCKOH HH(OpMAIHA 00 00BCKTE BO3ACHCTBHUA.

Hance ObL1a MPOAHATH3HPOBAHA cneumura MCXaHU3MA
THAPO3PO3HOHHOTO, JIA3CPHOTO W MEXAHMYCCKOTO  BO3ZJCHCTBHA  HA
TTOBEPXHOCTHBIN CITOH 00BEKTa KOHTPOJI H HA OCHOBE IOJIYUCHHBIX JAHHBIX
OBLIO0 MPOBEICHO MOJICTHPOBAHUE JAHHBIX IPOIIECCOB C HEIBIO OIMPEICICHUS
HHPOPMATHBHBIX IPU3HAKOB, KOTOPHIE MOTYT OBITh IOJIOKCHBI B OCHOBY
THOPHIHOH THATHOCTHKH.

Ilocne wero ObIa  TPOBEACHA  JKCICPHMCHTANBHAS  OLICHKA
Pe3yIBTATHBHOCTH TIPUMCHEHHS IIPEITI0KEHHBIX CTIOCOO0B IS OTIPEACICHHS
(PM3UKO-MEXaHMIECCKUX u JKCIUTY aTAHOHHBIX XapPaKTEPUCTHK
MTOBEPXHOCTHOTO CJIOS, C LEJIBI0 COMOCTABICHHUS MOMYyUCHHBIX PE3YyIbTATOB C
TCOPETUUCCKIMH JAHHBIMH.

Ilocne wero Obmm BHIOpaHBI HAWOOJNEE PE3YIBTATHBHBIE CIIOCOOBI
BO3ICHCTBHS M METOJUKH JJISI PETHCTPALMH YIbTPAa3BYKOBBIX KOJICOAHUI B
Marepua’e.

Pe3ympTaToM BBIOJHEHHOH PA0OTHI SBIICTCA HWHKCHEPHAS METOAWKA H
HA0Op PEKOMEHIALMI IO OIICHKE OCTATOYHOTO PECypca MaTepHaa H3ACIHH
PAKETHO-KOCMHYECKOM TEXHUKH HA MPOTSLKCHHUH BCETO XKU3HEHHOTO IMKIIA.
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Increase of reliability of an assessment of a residual resource
of products on the basis of results of hybrid diagnostics
Abashin M.1.

BMSTU, Moscow

The purpose of this work was increase of reliability of an assessment of a
residual resource of products, including, being in conditions of long space
flight on the basis of results of the hybrid diagnostics combining imitating
influence and registration of results of this influence.

At the first stage the analysis of different types of the techmological
influence causing generation of ultrasonic fluctuations in material for the
purpose of obtaining diagnostic information on object of influence was
carried out.

Further specifics of the mechanism of hydroerosive, laser and mechanical
impact on a blanket of control object were analysed and on the basis of the
obtained data modeling of these processes for the purpose of definition of
informative signs which can be the basis for hybrid diagnostics was carried
out.

Then the experimental assessment of productivity of application of the
offered ways for definition of physicomechanical and operational
characteristics of a blanket, for the purpose of comparison of the received
results to theoretical data was carried out.

Then the most productive ways of influence and a technique for
registration of ultrasonic fluctuations in material were chosen.

The engineering technique and set of recommendations about an
assessment of a residual resource of material of products of the missile and
space equipment throughout all life cycle is result of the performed work.

Pa3paborka uCHLITATEILHOIO CTEH/IA /ISl MOACTHPOBAHNIS BO31EiiCTBHSI
NLUIEBOIT COCTABISIIONIEI JIYHHOIT DK30C]epbl HA MATEPHAJIBI
IJIEMCHTHI KOHCTPYKIIHN KOCMIYICCKHX ANIIaparos
Bunmanos A.C.

CT'AY, r. Camapa

Pabora HampaBneHa HA CO3JAaHHC HCHBITATCIBHOTO CTCHAA LA
MOJCTIHPOBAHHUS BOACHCTBHS MBLUICBOH COCTABJAIOIICH AYHHOH 3K30C(ephl
HA MaTEpUAJIbl U JIIEMEHTHI KOHCTPY KLU KOCMHUYECKHX aNllapaToB.

MpHorue uccnenoBaHug 1 HAOMFOACHHA [ 1] YKA3BIBAIOT HA CYIICCTBOBAHUS
HA TIOBCPXHOCTH 0¢3 aTMOC()CPHBIX KOCMHYCCKUX TCI MOTOKOB 3aPsSKCHHBIX
MHKpoyacTul. Ha JyHHOW MOBEPXHOCTH pa3MEPbI JCBUTHUPYIOLWICH NbUIH
MoryT cocrasmite 0,1-1,5 MKM, HmpH 3TOM HX CKOPOCTh HAXOJUTHCS B
muamazone 0,1-1 kM/c, a koHmeHrpammsa 25-700 cm-3. Bricota mogpema
MHKPOYACTHL YACTUL MOKET COCTaBIATh 100 kM. HampasneHue ABIKCHUA
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MOTOKOB TPHIIOBEPXHOCTHOM MBIIM MOKET OBITh KAaK BEPTHKAIBHOE, TAK W
TOPU30HTANBHOE [2].

Ha mepom 3rame padotrer  Opuia  paspaboTaHa  KOHCTPYKIHS
ucmpITaTenbHOTO  creHga. CTeHJ COCTOMT M3 BaKyyMHOH — KaMmepsl,
BEPTHUKAIBHOTO W TOPH30HTAILHOTO WHXXCKTOPA 3apsHKCHHBIX YACTHIIL,
VIPaBISIEMBIX HUCTOUYHHKOB BBICOKOTO HAMPSKCHUS, MOBOPOTHOTO CTOJIMKA,
CHCTEMBl OTKIOHSIOIIMX CETOK, JATYMKOBOW ammapatypsl u  Ooka
VIPaBICHHUS.

Bropoit stan paboTel HampaBieH HAa Pa3padOTKy HHKEKTOPA TBEPABIX
3apOKCHHBIX  YacTul, J(1 ONpedeieHHd ONTHMANBHOM KOHCTPYKIHH
HHEKEKTOpa  pa3padoTaHa  MOJETb  3apAAKM  YACTHI,  IPOBEACHO
KOMIIBIOTEPHOEC MOJCIMPOBAaHHE pPabOTHI WHKEKTOpPa. OCHOBHOH 3ajaducH
SIBILICTCSL OTPEICIICHHE 3aPsIa M CKOPOCTH BBUICTA YACTHIIBI M3 HHKCKTOPA.
PaspaboranHas MareMaTHYECKas MOJCJIb PACCMAaTPUBAET  ITPOLECCHI
MIPOMCXOIAINNE TIPH 3aPSAKM YACTHI[ M BKIFOYACT B ceOS JBA BO3MOKHBIX
MEXaHW3Ma: KOHTAKTHYI0 3apAAKy MW 3apgagKy MHKPOYACTHI[ 4epes
3ACKTPHUCCKUN Pa3paa.

[IpeanoxeHHas MOJEIb MO3BOJLIET PACCUNTATh 3aBHCHMOCTD ITAPAMETPOB
3aPSPKEHHBIX YACTHI] HA BBIXOJE MHXKSKTOPA OT HANPSUKEHHE ITOABAEMOT0 HA
3apAAHBIL  3MCKTPOA, KOHCTPYKLIHH 3apAAHOM KaMephl W IAPaAMETPOB
3apAIHON UTIbL.

Pabora sBpmoxHeHa mpH (PUHAHCOBOW MOJIEp’kKKE MUHHCTEpPCTBA
oOpazoBanms u Haykm P® B paMKax BbHIOJHCHUS KOHTPAKTa IO
Cormnamenwmto Ne 14.575.21.0107 ot «28» HOs10ps1 2014 T.
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The development of a test stand to simulate the impact
of the dust component of the lunar exosphere of materials and structural
clements of the spacecraft
Vidmanov A.S.
SSAU, Samara

The work aims to create a test stand to simulate the impact of the dust
component of the lunar exosphere of materials and structural elements of the
spacecraft.

475



Many studies and monitoring [1] points to the existence on the surface of
celestial bodies without atmospheric fluxes of charged microparticles. On the
lunar surface the size of levitating dust may be 0.1-1.5 microns, with their
speed in the range of 0,1-1 km/s, and the concentration of 25-700 cm-3.
Lifting height microparticles particles may be 100 km. Flow direction near
the surface of the dust may be both vertical and horizontal [2].

At the first stage of design of the test stand. The stand consists of a vacuum
chamber, the vertical and horizontal injector charged particles, controlled by
high voltage sources, rotary table, sensor equipment and control unit.

The second stage of the work focused on the development of the injector
solid charged particles. To determine the optimal design of the injector
developed a model of charging the particles, computer modeling work
injector. The main objective is to determine the charge and the output speed
particle of the injector. The mathematical model considers the processes
occurring in the charge of the particles, and includes two possible
mechanisms: contact charging and charging microparticles through an
electrical discharge.

The proposed model allows to calculate the parameters of charged particles
at the outlet of the injector from the voltage applied to the charging electrode,
the structure of the camera charging and the parameters of the camera
charging needle.

The work was supported by the Ministry of Education and Science of the
Russian Federation as part of the contract under the Agreement Ne
14.575.21.0107 on "28" November 2014
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K Bonpocy KOHTPO.1s1 KOHIEHTPALMIT BOZOPOAA IPH CTEHI0BbIX
ncnpiTanmsix 1Y pakeTHoix 010K0B
I'anees A.B.!, ITonos B.B.2
'MAM, r. Mocksa; 2HULT «PKII», r. ITepecBer

Ha crenne HULL PKII ¢ y4eTOM CYIIECTBYROIIUX PACCTOSHHN A0 JKHNBIX
MAaCCHBOB W TPOTHIIOBBIX SKBHBAJICHTOB KHCIIOPOJIHO-BOJOPOTHOTO TOILTHBA
PA3PCIICHBI HCIBITAHKA JTBHTATCIBHBIX YCTAHOBOK (/1Y) pakeTHBIX OTOKOB C
3ampaBko g0 2700 Kr JKHAKOTO BOJOPOJAa B TOIImMBHBLT Oak Y.
ObecnieueHne 6€30MaCHOCTH UCTIBITAHUH /1Y C yBEMMTUCHHON 3aIpaBKoH Oaka
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AY (mo 7000 xr) SKHOKAM ~ BOAOPOJOM  TPEOYET  BBIIOJTHCHHS
JOTIONHUTCIIBHOTO ~ KOMITIGKCA Mep O€30macHOCTH M NAPUPOBAHUS
HEIITATHBIX CUTYAIMH, TPEAY CMATPUBAOIIHX:

e  COXpAaHCHHC HEPAPXHUCCKOTO TPHHIMIA IIOCTPOCHUS IPOTPAMM
HCTIBITAHUH C IOCTCIICHHBIM HX YCI0KHCHHEM,

e  OCHameHWE cucTeM aBapuiHOH 3amuThl (CA3) KaHanaMu KOHTPOILI
BHOpOTICPETPY30K B HampakeHHbIX cucremax JY (THA mu xamepa
CrOpaHus),

e  BHEJPCHHE  JATYAKOB  KOHTPOJSI ~ YTEUEK  BOAOpPOAa  C
HHEPLIUOHHOCTBIO 110 2 C;

¢ [IPEMCHCHHWC AaKTHBHBIX CPEACTB (uerMaTm3anum ¢ J00aBKaMHU
HHTHOUTOPOB 7 TIPETOTBPALICHIS B3PhIBA CMECEH BOJOPOAA C BO3AYXOM
(WK KHCTIOPOIOM).

TlokazaHbl pe3yabTaThl OTIAAKH mporpaMMmHbIx KoMmIiuiekcoB (ITK) Ha
OCHOBE COBPEMCHHBIX HH()OPMANMOHHBIX TEXHOJOTHI, NMPHMCHICMBIX B
MOICUCTEMAX THATHOCTHKA U CA3. BasKHBIM TIPH 3TOM SBJIACTCS OCHAIICHUC
cucreM moxapos3peisonpenynpexaeaust (CIIBII) moacucreMolt KOHTPOIIA
omacubix HakommeHHH (CKOH) B3pBIBOOMACHBIX TA30B, 00IATAFOIIAX MATOH
HHEPLMOHHOCTHIO M CENCKTHBHOCTHIO (OTCYTCTBHE PEAKIWHU HA JAPYTHE Ta3bl
— KHCJIOPOJ U reJnil).

[Ipobnema  OBICTPOACHCTBHS ~ CHTHAIM3ATOPOB,  KOHTPOJIHPYIOIIHX
KOHIICHTPAWH BOJOPOAa mpu HcmbITaHusax 0noka 12KPB B 2000 r., Obna
peleHa:

e  OCHOBHOH CHCTEMOM C NOJYNPOBOAHUKOBBIMHU Aarunkamu MITKB1
KOHIEHTpamud BoAoposa (pazpadorka MUH®DH) ¢ HHEPUHOHHOCTHIO
KOHTPOJIA 10 6 C;

e  nyOmmpyromeh CHCTEMBI KOHTPOJI TEMIICPATY Pbl c
HHCPIUOHHOCTBEO TIOKA3aHUit 70 1 ¢ (0¢3 KOJHUCCTBCHHOM OIICHKH).
[Toxa3zaHsl pe3yIbTaThl HCCICAOBAHMS PA3THYHBIX JATUNKOB W BHEAPCHUS

CHCIHANLHOM YCTAHOBKHM I TIPOBCICHMS CPABHUTCIBHBIX HCIBITAHHH
JATYHKOB KOHTPOJII YTEUEK BOAOPOJA HA OBICTPOJACHCTBHE U CEICKTHBHOCTH
B VCIIOBWAX, NMPHUOMIKCHHBIX K PEaJbHBIM YCIOBHAM 3KCIUTyaranmu. Ha
OCHOBE TMPOBCIACHHBIX  JAaDOPAaTOPHBIX  HCCICAOBAHHH  IPEJIaracTcs
ucnoms3oBath B CKOH mapannemsHO ¢ garumkamm HAa ocHoBe MJII-
CTPYKTYp W  KOHTPOJISI  TEMIIEPATYPhl  JNCKTPOHHBIE  JATUMKH  C
ONTOBOJIOKOHHBIMH JIMHHUSMH CBSI3H, IIOCTPOCHHBIC HA OCHOBE THOPHIHBIX
TEXHOJOTHI. MHEPIHOHHOCTH KOHTPOIISI COCTABHT IIPH 3TOM HE Ooee 2 c.

Taxum 00pasoM, BHCAPCHHUE HCCIeA0BAaHHBIX JaTunkoB B CITBII mo3somt
TMOBBICUTh OC30MACHOCTh WCIBITAHHHA HA CTCHAC W KO3(D(QHIMCHT OXBaTa
aBapUHHBIX (HSIITATHBIX) cuTyarwii ¢ 0,6 (v coBpeMeHHBIX CA3) 10 0,8-0,9.
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To the question of the control of concentrations of hydrogen test rig
doo rocket blocks
Galeev, A.B.1 Popov B.B.2
'MAI, Moscow;
RC “RSI”, Peresvet

At the booth SRC RSI with regard to distances to existing residential areas
and TNT equivalents of oxygen-hydrogen fuel allowed testing of propulsion
units (PU) rocket blocks with dressing up to 2700 kg of liquid hydrogen in
the fuel tank do. Security testing do with a larger tank of PU (up to 7000 kg)
of liquid hydrogen requires additional complex safety measures and parry
abnonnal situations involving:

»  preservation of the hierarchical principle of construction of test
prograimners with their gradual complication;

»  the equipment of systems of emergency protection (SEP) channels
control vibrometers in stressed systems do (turbo pump and combustion
chamber);

» the introduction of sensors to control leaks of hydrogen with a lag of
up to 2,

 use of active means of phlegmatization with the addition of
inhibitors to prevent the explosion of mixtures of hydrogen with air (or
oxygen).

Shows the results of the debug software systems (SS) based on modem
information technologies used in subsystems of diagnosis and SEP. It is
important to equip systems warning fire and explosion (SWFE) subsystem of
control of hazardous accumulations (SCHA) explosive gases having low
inertia  and selectivity (absence of  response to other
gases, oxygen and helium).

The problem of speed detectors, controlling the hydrogen concentration in
the test block RB in 2000, it was resolved:

*  main system with semiconductor sensors IPKV ltlie concentration of
radios hydrogen (development MEPI) with inertia control up to 6;

»  the backup system of temperature control with the inertia of the
readings to 1with (without quantitative evaluation).

Shows the results of a study of various sensors and the introduction of
special devices for carrying out comparative tests of sensors to control leaks
of hydrogen on the performance and selectivity in conditions close to real
operating conditions. Based on the conducted laboratory researches proposed
to use in the SCHA in parallel with the sensors based on MDP-stmctures and
temperature control electronic sensors with fiber-optic communication lines
constmcted on the basis of hybrid technology. The inertia of the
control will be not more than 2 s.
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Thus, the introduction of the investigated sensors in SWFE will improve
the safety of testing and enrolment in an emergency (off-nominal) situations
with 0.6 (modern SEP) to 0.8-0.9.

Cpejcrea OHTOIOrHYECKOIT IO/ UIEPIKKHI MPOIECCA MPOEKTHPOBAHMSI
M A0/ IOHHO M OCHACTKH B COBPEMEHHOM POCCHIICKOM ABHACTPOEHIHT
INpymws M.B., Jlapur C.H.

Val'TVY, r. YIbsaH0BCK

Lenpto pgamHOH pabOTHI SBIIETCS COBECPIICHCTBOBAHWE IIPOILIECCOB
MPOCKTHPOBAHUA IMAOJIOHHOH OCHACTKH B VCIOBHAX ABHAIHOHHBIX
MIPOM3BOACTB 3 CUET Pa3pabOTKH KOMILIEKCA OHTOJIOTHYCCKOM ITOJICPIKKH.
B Hacrogdmee BpeMs MPOLECC MPOCKTHPOBAHUS 3JICKTPOHHBIX MOJEICH
IIa0JIOHHOHM OCHACTKH OCYHIECTBILICTCSI HHSKCHEPOM - KOHCTPYKTOPOM B TaK
HA3bIBACMOM  «PYYHOM» PCKHUME, YTO ABJACTCA AOBOJIBHO CJIIOKHBIM H
TPYAOCMKHAM TPOUEccoM. Hapsaay ¢ 3THM, Takke OTCYTCTBYCT 0a3a OIbITa H
BCC HAKOIJICHHBIC MPOCKTHBIC PCIICHUA (KaK YAQUHBIC, TaK H HeT) TCPAXOTCA
H HE HCTOJB3YIOTCA NOBTOPHO. [Toaxoa paccMaTpuBacMbIil B JAHHOH CTaThe
OCHOBBIBACTCA HA BHCAPCHHHU KOMIIJICKCA OHTOJOTHYCCKOH NOOACPKKH H
TICEBJOKOIOBOTO MOJCIMPOBAHMS B IPOLECC MTPOCKTHPOBAHMS IMA0IOHOB, B
OCHOBE  KOTOPOTO  JICKHT  PaCIIMPACMBbIA  MCEBAOKOJOBBIM  SI3BIK
MO/ICIMPOBAHH, CHOCOOCTBYIOIIHH CHIDKCHHIO TPY ZOEMKOCTH
MPOCKTUPOBAHUA, MOBBIMICHUIO KAYCCTBA HCXOAHBIX IMPOCKTHBIX peIJIGHHfI,
COKPAIICHHUS CPOKOB ITOJTOTOBKH MPOW3BOJCTBA, A TAKIKE aKKYMY IHPOBAHHS
W TIEpPeatc OIbITa PAHEE PEATH30BAHHBIX IIPOCKTHBIX PEIICHUH.

B pabore B HHCTPYMECHTAIBHO-TEXHOJIOTHYECKOE COIPOBOMKICHHC
MIPOIIECCOB MPOCKTUPOBAHHS KOH(HIYPUPYEMBIX MIA0JIOHOB IPEaIaraeTcs
BKIIFOYHTH CPEICTBA OHTOJIOTHYECKOTO COIPOBOXKICHHS, OOCCIICUHBAIOIIIE:
KOHTPOJIHPYCMOC HAKOIUICHHC OmbITa pPa3padoTOK MIa0loHOB B (hopme
MOJeNeil MPEeneaACHTOB, MOATOTOBICHHBIX K NMOBTOPHOMY HCIIOJIB30BAHHIO,
CHCTCMATH3AIMMIO MOJCACH MA0JIOHOB B OCHOBY KOTOPOH IIOJIOKCHO
HHTCPAKTHBHOC K.]'IaCCI/I(I)I/II.[I/IPOBaHI/Ie U CBA3BIBAHHC C HCHOJB30BAHHCM
MEXaHW3MOB  CHCTEMATH3AUMH B  OHTOJIOTHAX,  KOHTPOJHPYEMOC
HUCITIOJIB30BAHHC JICKCHKH, BKJIFOYIAs IIOHATHA, B JOKYMCHTAX,
paspadarsiBacMbBIX B mpomecce  pabor.  BakHOH — 0COOCHHOCTBEO
npeaIaracMeIX CpEACTB ABJLICTCA TO, YTO OHH OIMHPAKOTCA HA PE3YJIbTATHI
OKCIICPUMCHTOB, KOTOPBIC MPOBOAATCA C CCMAHTHYCCKHMHU MOACIIAMH
m1abJIOHOB M MOJACISIMH TIPOTPAMM HYHCIOBOTO HMPOTPAMMHOTO YIIPABICHULL,
KOTOPBIC HCIOJIB3YETCS B HX IIPOHU3BO/ICTBE.

Z[,J'I}I MPOBCACHUA JKCONCPUMCHTOB, CO3OAHHWA OHTOJOTHH W CpPCACTB
OHTOJIOTHYICCKOTO COMPOBOKACHUS IIPEUIATACTCS MCIOIb30BaTh BOIPOCHO-
OTBCTHYHO MoACTHpYROIyr0 cpeny WIQA, cpeacrsa koTopoit  Oputm
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AJANTHPOBAHBI K HWHCTPYMCHTANBHOH TOJACPKKE JSKH3HCHHOTO IHKIA
1abJIOHOB.

B pabote mpeacTtaBieH MHOAX0J K HPOCKTHPOBAHHIO OHTOJOTHH H
kmaccuuraropa MAOAOHHON TCXHOJOTHYCCKOM OCHACTKH C ITOMOTIBIO
nHCcTpyMeHTapuss WIQA. Hcmoxnbzosanme cpeacts WIQA oOecmeumBact
MOJCTHPOBAHHSA HE TOJIBKO HMMCIOIIAXCS INAO0IOHOB, HO H CO3JAHHC HOBBIX
[1a0JIOHOB, C BO3BMOKHOCTBIO CHEIHU(DMKAIUKN M aKKyMYJIIHA UX MOJENICH B
OHTOJIOTHYICCKOM CJIOBApE.

Means of ontological support for designing template tooling
at modern Russian aircraft
Grishin M.V, Larin S.N.
UISTU, Ulyanovsk

The aim of this paper is to improve the processes of designing the template
tooling in the aviation industry through the development of ontological
support means. At present, the design of template tooling is performed by an
engineer with the use of the "manual" mode, which is a quite complex and
time-consuming process. In addition, the process lacks for an experience
base, and all the accumulated design solutions (both, successful and abortive)
are lost or not reused. An approach to study of this article is based on the
implementation of a set of the ontological support and the pseudo-code
modeling means into a process of template tooling design that is based on the
extensible pseudo code simulation language. The ontological support helps to
reduce the design complexity, improve the initial design quality, get a shorter
pre-production term, as well as to accumulate and transfer the experience of
the previously implemented design solutions.

The article suggests including ontological support means to the tool-and-
engineering maintenance in design processes of configured templates. It will
ensure the controllable accumulation of template development experience in a
form of precedent models ready for the reuse; systematization of template
models based on the interactive classification and coupling using ontological
systematization principles, controllable use of vocabulary, including
concepts, in documents that are developed during work performance. An
important specific of the means suggested is that they rely on the
experimental results of template semantic models and CNC software models
used in template production.

Authors suggest the use of the toolkit WIQA (Working In Questions and
Answers) that helps to create the ontology and its use in conceptual
experimenting in designing. The WIQA tools have been tailored to the
engineering support of the template life cycle.

The article gives an approach to design an ontology and classifier for
template tooling using WIQA tool set. The use of WIQA tool set helps both
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to model available templates and to develop the new ones allowing
specification and accumulation of template models in the ontological
vocabulary.

The template representation in a form of a model is useful for template
reuse in tasks where models are to be tailored to changes in production
conditions, e.g., when developing new aircraft equipment samples. An
interactive version of the classifier in a form of a project ontology allowing
for an access routine to the ontology components contributes to increasing the
R&D automation level when developing a template tooling.

MMy ibCHBII YCKOPHTEIB YACTHII HOBBICHHOMH d(PeKTHBRHOCTH
Hopodees A.C., Cyxaues K.
CT'AY, r. Camapa

IlpeanoskeHHbIT METOA YCKOPEHHS OTIMYACTCA OT CYLICCTBYIOIIHX U
TO3BOJIIET JOCTHTATh BHICOKOTO 3(D(DEKTUBHOTO HANIPSYKSHUSI BCETO HA OJTHOU
CTYIICHH YCKOPHUTEII, IPH 3TOM CHCTEMA 3JCKTPOJOB AHAIOTHYHA IPOCTOH
CHCTEME CTATHYECKOTO YCKOPHTEII, a CHCTEMA YIPABICHHI MAKCHMAJIbHO
VOPOMmCHA. 3a7a4d CHCTEMbI YIIPABJICHHS CBOMATCA K JCTCKTHPOBAHHIO
MOMCHTA BJICTAa YaCTHIBI " TCHCpaIu 3aImy CKarouIcro CHTHAaJIA,
MOCTYIAIOMETO HA CHCTEMY HHHIMANMH TEHEPATOPAa  HMITYJIBCHOTO
HanpsokeHUA. VIMITY TbCHBI YCKOPHTENb COCTOUT U3 HE3aBHCHMBIX APYT OT
Jpyra  yCKOPHUTCIbHBIX  MOJYJCH,  KOTOPBIE  MOXKHO  COCAMHATH
MOCJICAOBATEIHPHO U IOJYYaTh TEM CAMBIM HEOOXOJMMBIC CKOPOCTH HACTHIL,
OtnenpHBIE CTYIICHH HMITYJIbCHOTO YCKOPHTEI MOTYT OBITH IIPHCOCIHHCHBI
K JAPYTHM THIAM YCKOPHTENCH, KAK HAYANBHBIM, IMPOMEKYTOUHBIH HIH
KOHCUHBIM Kackad. s MOATBEPKACHUS BO3MOYKHOCTH PEATM3ALMH TAKOTO
METOJa YCKOPEHHS OBLIO IPOBEACHO MAaTEMAaTHYECCKOE M (pu3mueckoe
MOJICIMPOBAHUE OTJCNBHBIX YacTeH, KOTOPOE TIOKA3alo0, YTO CHCTEMA
obOnagaer Oolee BBICOKMMH XAPAKTCPHCTHKAMH, YEM CYIIECTBYIOIIHC
aaynord. Tak crymeHs Ha 3QPekTHBHOC HanpsDKCHAE 2 MB nMeeT THHCHHBIC
pasMepEI OKOJIO ABYX METPOB, U MO3BOJIAET PATOHATH YACTHILI C Y ACIBHBIM
3apsiaoM pasHbIM 30 10 HamOoJee BEPOSTHOH CKOpOCTH paBHOM 10 km/c B
JAHANMA30HC YaCTHI OO0 1 mmxm. O‘IGBI/IZ[HO, YTO NOPH YBCIMUCHHHW YHCJIA
CTYymeHSH  OyZeT TPOMCXOAUTH  YBCAMUCHHC  CKOPOCTH — YACTHIIBL
OrpaHnueHUH MO KOJMYECTBY CTYNICHEH KOHCTPYKIHMS HE MMEET, BCE
CTYIICHH OJHHAKOBBI C HC3aBHCHMBIMH CHCTCMAaMH YOpaBJICHUA.
MopaepoBaHHE TOKA3AJI0, YTO YCKOPHTCIBHAS CTymeHs Ha 2 MB 0¢3
JOTIOTHUTEIBHBIX MEpP MOXKET pad0TaTh HA YACTOTE CICAOBAHHSA YACTHIL
pasHoit 1 T'm. ®usznyeckoe MOACIHPOBAHHE YIPABIIEMOTO TIEHEPATOPA
uMnyabcHOro HanpspkeHusa (I'MH) moxaszano Bo3MOKHOCTB cozganusa ITHUH ¢
HAACKHOH M TPOCTOM CHCTEMOM HMHHIHALMU IO TEPBOMY Pa3PAIHHKY.
Ucnbiranms, npoBoammble HAa  (H3MYECKOH  MOJCNH, TOATBEPIHIN
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cTaduimpHOE  CpabaThIBAHWE IO  YNPABILIOIIEMY  HMIyJbCy. [lpwm
MaTeMATHYCCKOM MOJCTUPOBAHUH HCIIOTB30BATUCH APAMETPBI, 3aMCPCHHBIC
Ha padoTaromeM VCKOPHTEIC APYTOTO THHA C HIACHTHYHOH CHCTEMOI
YCKOPAIOIIHX HIICKTPOIOB.

Pabora sBbmonHeHa mpuW (PUHAHCOBOW mOANEPXKE MUHHCTEpPCTBA
oOpazosanmss u Haykm P® B paMKax BbHIIOJHCHUS KOHTPAKTa IO
Cormamenmto Ne 14.575.21.0107 ot «28» HOs10ps1 2014 T.

Bubmorpaduiaeckuii Ciucok:

1. Friichtenicht, J., F., Two-million-Volt electrostatic accelerator for
hypervelocity research, Rev. Sci. Instrum., 34, 1962, 209-212.

2. S. Hasegawa, A. Fujiwara, K. Morishige, H. Yano, T. Nishimura, S.
Sasaki, Y. Hamabe, H. Ohashi, K. Nogami, T. Kawamura, T. Iwai, K.
Kobayashi, and H. Shibata. Acceleration of micro-particles to hyper
velocities by using a 3.75 mv van de graaff accelerator. // Lunar and Planetary
Science XXX submitted, ss. 1543-1544.

Pulsed particle accelerator increased efficiency
Dorofeev S.A., Sukhachev K 1.
SSAU, Samara

The proposed acceleration method differs from existing ones and allows to
achieve a high effective voltage of one stage of the accelerator, moreover, the
electrode system is similar to a simple static system of the accelerator, while
the control system is simplified. Objectives of the control system are reduced
to the moment of the particle entry detection and the generation of the trigger
signal for the initiation system of the impulse voltage generator. Pulsed
accelerator consists of independent from each other accelerator modules that
can be connected in series and thereby obtain the necessary particle speed.
The individual modules of the pulsed accelerator can be attached to other
types of accelerators as initial, intermediate or final stage. To confirm the
feasibility of such acceleration method, mathematical and physical modeling
of individual parts was performed, which showed that the system has higher
performance than existing methods. So the stage with an effective voltage of
2 MYV has the linear size of about two meters, and allows you to accelerate the
particles with charge-to-mass ratio 30 to the most probable speed 10 km/s in
the size of particles up to 1 micron. It is obvious that increasing of the number
of stages will increase the speed of the particle. This design has no
restrictions on the number of stages, all stages are similar and have
independent control systems. The simulations showed that the acceleration
stage of 2 MV operate at a repetition frequency of particles about 1 Hz
without further moves. Physical modeling of controllable high-voltage
impulse generator showed the possibility of creating a generator with a
reliable and simple system of initiation in the first spark gap. Tests conducted
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on a physical model, confirmed stable initiation by the control pulse. In
mathematical modeling parameters, measured on a running accelerator of a
different type with the same system of accelerating electrodes, were used.

The work was supported by the Ministry of Education and Science of the
Russian Federation as part of the contract under the Agreement Ne
14.575.21.0107 on "28" November 2014.

References:

1. Friichtenicht, J., F., Two-million-Volt electrostatic accelerator for
hypervelocity research, Rev. Sci. Instrum., 34, 1962, 209-212.

2. S. Hasegawa, A. Fujiwara, K. Morishige, H. Yano, T. Nishimura, S.
Sasaki, Y. Hamabe, H. Ohashi, K. Nogami, T. Kawamura, T. Iwai, K.
Kobayashi, and H. Shibata. Acceleration of micro-particles to hyper
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K Bonpocy 0 Co31aHIH BLICOKOPECYPCHBIX TPYOONPOBOHBIX CHCTEM
JIETATETHLHBIX ANMAPATOR
Eropos B.I'.!, Baceuxna M.A.!, Konomerckmit A.B.2
'BI'YUT, 2BI'TY, r. Boponesx

B HACTOAIICC BpEMA B JICTATCIBbHBIX annaparax HMCHTCA
TPyOOMPOBOIHBIC CHCTCMBI PA3IMYHOTO HAZHAUCHHUA W3 THTAHOBBIX CIIIABOB
H KOPPO3HOHHO-CTOMKHX CTANCH C HAPY KHBIM JHAMETPOM 0T 40 10 200 MM H
TomuuHON cTeHku oT 0,8 A0 1,5 mM. Bosblmas MpOTSHKEHHOCTh H CIIOKHAS
(I)opMa TAKHUX CHCTEM, CBAPCHHBIX U3 TOHKOCTCHHBIX 3JICMCHTOB, BBIABUTAKOT
BBICOKHE TPEOOBAHUS K WX KA4YECTBY, HAACKHOCTH H pecypcy. Coderanue
OOJBIIOTO THAMETPA MATHCTPAICH ¢ MUHEMATBHO HCOOXOIMMOH U3 YCIIOBHSA
MIPOYHOCTH TOJIIWHOHW CTCHKH TPYOBI 3HAYUTEILHO YCIOXKHICT MPOOIEMy HX
(hopMooOpa3oBaHUg 1 COOPKH B TPACCy.

Ha oTteuecTBEHHBIX NMPEANPHATHIX MPH TPOU3BOACTBE TPYOOIPOBOIHBIX
CHCTCM NMPHUMCHAKOTCA HCIIBHOTAHY THIC OCCIIOBHBIC TOHKOCTCHHBIC pr6HI>Ie
3arOTOBKH, KOTOPBIC MOTYT HMCTh PA3HOTOJIIMUHHOCTb, HCKPYIJIOCTD,
cabneBuaHOCTh. KpoMe TOTO, WX HOMEHKJIATYPA OTPAHMYCHA TUAMETPOM H
TONIMHON CTCHKH. YKa3aHHbIC (DAKTOPHI 3aTPYAHSIOT H3TOTOBICHHC
KAQUEeCTBCHHBIX TPyOYaTHIX JeTaleH, OCOOCHHO OOJBINOTO JHMAMETPA, W3
THTAHOBBIX CIIJIABOB H KOPPO3HOHHO-CTOMKHMX cTajed. B pesymabrare
BO3HHKACT HEOOXOJMMOCTh B PYYHOH IOJATOHKE M CBAPKEC IPH MOHTAXKE
TpyOUaTBIX 3NIEMECHTOB B TPAcCy, HTO 3HAUMTCIBHO CHIDKACT PECypC
TpyOOIpPOBOA B IIEIOM. AHATIOTHYHBIE TPYOBI B MPSMOIIOBHOM HCIIOTHCHUH
HMCKOT KOHIOCHTPATOP Hal'[p}DKeHI/Iﬁ B BUAC MPOAJOJIBHOTO CBAPHOTO IIBA, YITO
OTPHLATEIHHO CKA3bIBACTCA HA [HUKJIMYCCKOH JTOJNTOBEYHOCTH BCETO
TpyOOmpoOBOIA.
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VYCTpaHUTh HETaTHBHOE BIMSHHUE IPOAOJBHOTO CBAPHOTO INBA MOXKHO
BBCACHHCM B TCXHOJIOTHYCCKHH IPOIECC TOJYYCHHUS TPyOBl W3 JHCTa
ONCpallMd  POTAUMOHHOMW  pPaCKATKH. CpaBHHTCTEHBIC HCIBITAHHA
MyJIbCHPYIOIMM BHYTPECHHHAM JABJICHUEM 3SKCICPHMCHTAIBHBIX 00PasIoB
MOKA3AJIH, YTO PECypC TPYOHBIX 3ICMCHTOB, MOJYUYCHHBIX C MPHMCHCHHCM
POTAMOHHOMW pPACKATKH, NMPCBBINACT MPHOMM3HTCARHO B 10 pa3 pecypc
TIPAMOIIOBHBIX pr6HI>IX QJEMCHTOB C QHAJOTHYHBIMH OHAMECTPOM H
TONMMUHON cTeHKH. [I0 pe3ynapTaTaM NPOBEACHHBIX JKCIEPHUMEHTATBHBIX
HCCINCIOBAHMA  CO37JaHA  TEXHOJOTHUS  HM3TOTOBJICHHSI  TOHKOCTCHHBIX
MPCUHU3HOHHBIX TPyOOMPOBOIOB ¢ MPUMCHCHHCM POTALHOHHON PACKATKH H
1<ann6p0131<n o4 aBTOMATHICCKYI0 CBAPKY KOJBLCBBIX CTBIKOB. O)KI/IZ[aeMBIfl
3(({CKT OT BHCAPCHHSA MAHHOH TCXHOJOTHH BBIPAKACTCA B YBCIIHUCHHH
pecypca TpyOompoBoAa ICTATCIBHBIX anmmaparoB 10 S0000 JeTHBRIX YacoB.

Pabora BpmonHeHa mpum (UHAHCOBOW momacpikke [IpaBurenscTBa
Poccuiickoit ®eacpanuu B smme MuHHCTEPCTBA O0pAa30OBaHUSI M HAYKH B
pamMkax peamm3anud (peacpaapHOI mesaeBoil mporpammel «MccnemoBaHua u
pa3paboTKH MO0 TPHOPHUTCTHBIM  HANPABIACHHAM  PAa3BHTHA  HAYYHO-
TEXHOJIOTHYECKOro kommuieckca Poccumum Ha 2014 - 2020 roge» 1o
COTTAIICHHIO O mpeaocTaBicHuH cyocumuu No 14.574.21.0042. VHUKATHHBIH
nacHTH(UKaTop cornameHnss RFMEFI57414X0042.

To the question of the creation of high-resource pipeline systems
of aircraft
Egorov V.G.!, Vasechkin M.A !, Kolomensky A.B.2
'VSUET, ?VSTU, Voronezh

Currently, in aircrafts there are piping systems of various applications
made of titanium alloys and stainless steels with an outer diameter of 40 to
200 mm and a wall thickness of 0.8 to 1.5 mm. The great length and complex
form of such systems, welded from thin-walled elements, place high demands
on their quality, reliability and service life. The combination of a large
diameter pipe with the minimum necessary conditions for the strength of the
wall thickness of the pipe significantly complicates the problem of forming
and assembling in the track.

At the domestic enterprises in the production of piping systems they use
weldless thin-walled seamless pipe blanks, which may have different
thickness, roundness, saberform. In addition, their range is limited by the
diameter and wall thickness. These factors make it difficult to manufacture
high quality tubular parts, especially of large diameter, made of titanium
alloys and stainless steels. This results in the need for manual trimming and
welding when mounting tube elements in the track, which considerably
reduces the life of the pipeline as a whole. Similar pipes, welded in

484



longitudinal execution, have stress concentrator in the form of a longitudinal
weld, which adversely affects the cycle life of the whole pipeline.

Elimination of the negative effect of a longitudinal weld is possible
through an introduction of pipes made of sheet rotary rolling operation to the
technological process. Comparative tests with pulsating internal pressure of
experimental samples showed that the resource of tubular elements obtained
by using a rotary rolling exceeds about 10 times the life of longitudinal
tubular parts with the same diameter and wall thickness. The results of
experimental studies established manufacturing techniques of thin-walled
precision pipes using a rotary rolling and calibration for automatic welding
circumferential joints. The expected effect of the introduction of this
technology translates into greater resource of aircraft pipelinesup to 50,000
flight hours.

The work is supported by the Government of the Russian Federation
represented by the Ministry of Education and Science as part of special
federal program “Rescarch and development on priority directions of
scientific-technological complex of Russia for 2014 - 2020 years” on the
grant agreement No 14.574.21.0042. The unique identifier of the agreement
RFMEFI57414X0042.

OnpenesieHne PeoJOTHYECKIX XAPAKTEPHUCTHK cijiaBa AAS083
3axapeeB U.1O., Axcenos C.A.
MHWSM HUY BII3, r. Mocksa

OCHOBHOH  UCNBI0  KOMIBIOTCPHOTO  MOJCTHPOBAHHA  IPOILCCCOB
CBEPXIUIACTHYHOH (DOPMOBKH SBJIACTCS ONTHMH3ALMUSA PCKHUMOB JABJICHHS
TO3BOJMAIOIIUAX IMOJIy4YaTh HAWITYIICC (I)OpMOI/ISMeHeHI/Ie B OTBCTCTBCHHBIX
YacTAX H3ACTH. AJCKBATHOCTh PE3YJIbTATOB IOJOOHOTO MOJCIUPOBAHHA
CHJIBHO 3aBHCHT OT KOPPCKTHOCTH HAYAJIBHBIX H TPAHHIHBIX yCJ'IOBI/Iﬁ "
YPaBHCHHA COCTOAHUA MaTepuana. BakHCHIIMMH  XapaKTEePUCTHKAMH
Marepuaja BO BpPEeMs H30TECPMHYECKON TopadcH (OPMOBKH SIBILTIOTCA
K03 (HUIMCHTOB CBA3BIBAKOLIUX HHTECHCHBHOCTBIO HAMPSDKCHUH,
HHTEHCHBHOCTHIO Ac(opmanuii u CKOPOCTHIO AchopMaiH.

Knaccuueckuit METO OMpPEACICHUS PEOJOTHUYECCKUX CBONMCTB MAaTCPHAIOB
OCHOBAaH HA WCIOJNH30BAHWH 3KCIHCPHMEHTOB HAa OJHOOCHOEC PACTSDKCHHC,
OJHAKO BO BCe OONBIIEM YHMCIC padOT ONMUCHIBACTCS NMPUMEHEHHE A 3THX
meneil SKCIEPUMEHTOB IO CBOOOIHOM ra30BOH (DOPMOBKE. ITO MPOHUCXOIUT
H3-32 TOTO, YTO MOJC]Ib MaTepHata, OCHOBAHHAS HA JAHHBIX OJHOOCHBIX
HCIBITAHUA HETOCTATOYHO XOpPOIIO OIMMCHIBACT IPOLECC JABYOCHOTO
pacTsHKeHHS IpH (POPMOBKE.

[IpumeHeHne OOpPaTHOTO aHanNW3a, A1 HAXOXKICHHSI PEOJOTHUCCKUX
CBOWCTB MaTepHana, OCHOBAHHOTO HAa MOJCIHPOBAHWH JKCIICPHMCHTOB C
momompio MKD, sBisteTcs CMmKoM BpeMsI 3aTPaTHBIM IIPH HCTIOJIb30BAHUA
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JUIS PeIICHUA MpsAMOH 3axaum. [losToMy B JaHHOH padoTe I ONMPEaCICHUSA
CBOWCTB aFOMHHHCBOTO CIIABA HA OCHOBAHWH 3KCIICPUMEHTOB HA IBYOCHOC
pacTSDRCHHE — HCTIONB30BANACH  YIPOINCHHAS MATEMATHYECKAs. MOJCIb,
TTO3BOJLIFOIIAS TIOJIY YU Th pemeHne B AHATTUTHIECKOM 101§
TOJIy aHAJTHTHYCCKOM BHJIC.

B pabore mcmonp30BaHa MPOCTAast METOAMKA, ITO3BOJLIIOMIAS OIPEACIHTH
CBOWCTBA Mareprana HA OCHOBAHUH HKCIICPHMCHTOB IO CBOOOTHOM ra3oBOH
¢opmoke. C  mOMOIBIO  3TOM  MeTogmkKm  Opum  00padOTaHBI
SKCICPHMCHTANBHBIC JAHHBIC M OBDIM IOJYYCHBI 3HAYCHUS KOHCTAHT
ypaBHCHHH cocTosHHA Mg cmmasa AAS083. TlonxyucHHBIC KOHCTAHTHI
COOTBETCTBYIOT 3HAUCHISIM, OIMCAHHBIM B murepartype. IlpeamoxeHHas
TCXHUKA SBJBICTCH VHHBEPCAJTPHOH M MOKET OBITh HCIONB30BAHA I
OTPEICNCHAS IAPAMETPOB PA3NHYHBIX BHAOB VPAaBHCHHUH COCTOSHHA
Mmarepuana. OCHOBHOH HaceW JAHHOH METOJWKH SBILICTCS IPHMCHCHHC
0OpaTHOTO AaHANMM3a C WCIMOJIB30BAHHUECM ITOJIYAHATHTHYCCKOTO pEIICHHA
MPAMON 3a7a4M OCHOBAHHOTO B CBOI0 OUECPEIb HA 3aBUCHMOCTH TOJIIHHBI
KyHoJda OT €ro BBICOTHI, MOJNYYCHHOH H3 JKCIEpHMEHTA. Mcmonb3oBaHHUE
THIIOTE3BI O JTMHCHHOM XapaKTepe MOBEACHUS TOJINHHBI B 3aBHCHMOCTH OT
BBICOTHI TO3BOJIICT YMECHBIINTH YHCIO HEOOXOAMMBIX SKCHCPHMEHTOB I
OTIPEIC/ICHASI CBOMCTB MaTepHana. ANEKBAaTHOCTh IPEITIOKEHHOTO METOAA
ObpU1a TPOBEPEHA C IMOMOINBED KOHEYHO 3JIEMEHTHOTO MOJCITHPOBAHHS H
JKCIICPHMECHTAIBHBIX TAHHBIX JOCTYIHBIX B JINTEPATYPE.

Determining AAS083 aluminum alloy rheological properties
Zakhariev I.Yu., Aksenov S.A.
MIEM NRU HSE, Moscow

The main purpose of superplastic forming computer simulation is a
pressure regime optimization and getting the best possible forming in critical
parts of the product. The adequacy of the results of such simulation depends
strongly on the correct initial and boundary conditions and the material state
equation. The most important characteristics of the material during the
isothermal hot forming arcequivalentstress, equivalent deformation and
deformation strain rate.

The classical methods for determining the rheological properties of
materials are based on the use of uniaxial tension as experiments, but in a
growing number of papers describes methodic that use free bulge tests as
experiments. This is due to the fact that the material model obtained from
uniaxial tests is not well as one based of free bulge test during molding.

The use of reverse analysis for finding rheological properties of the
material, based on modeling experiments by using the finite element method
is to time-consuming when used for solving the direct problem. Therefore, in
this study for determining the aluminum alloy properties on the base of free
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bulge experiments the simple mathematical model was used. This model
allows obtaining the solution in the analyticalorsemi analytical form.

We used a simple method that allows determining the material properties
based on experiments on free bulge test. With the help of this technique, the
experimental data have been processed. And the rheological characteristics of
AA5083 alloy state equation were obtained. The obtained characteristics
correspond to the values described in the literature. The proposed technique is
universal and can be used to determine the parameters of various types of
state equations of the material. The basic idea of this method is the use of
inverse analysis and using the semi-analytical solution of the direct problem
based, in turn, on the thickness-height depending, this dependinggcan be
obtained from the experiments. By using the hypothesis of the linear nature of
the thickness-height, depending behavior it is possible to reduce the number
of necessary experiments. The adequacy of the proposed method was verified
by using finite clement modeling and experimental data available in the
literature.

CpaBHeHne METO/I0B BOCCTAHORBJICHHUS T€OMETPHH TIepa
JONMATOR TypﬁI/IHLI U3 KApPpOMPOIHLIX CIIABOB
Kmamos B.T'.

OAO «KY3HELOBy, CamI'TY, r. Camapa

Kommpeccopsr w TypOwHBI aBHAIMOHHBIX [ TJ[ - OCHOBHBIC V3B
OTNPCACIIOIIAC  XAPAKTCPUCTHKHM  Apurarenci. Hambomee  mopormmu
3JIEMCHTAMH TIPH MX IPOU3BOJCTBE SBILIOTCSA pabOYHE JOMATKH TYPOHHBL
3a0paKkoBKa JIOMATKH TYPOHHBI MPOHUCXOAWUT OOBIMHO MO HC3HAYHTCTHHBIM
Je(eKTaM U KaK CICACTBUE UX BOCCTAHOBJICHHUE SKOHOMHYCCKH 00OCHOBAHO.

B nanHO# padoTe paccMaTpHBACTCS MPOLECC BOCCTAHOBICHUSI TCOMETPHHI
mepa (BBICOTHI) paboucit momatkum TtypoocTtaprepa (TC) aBmammoHHOTO
typOosuHTOBOTO nABUTareimst HK-12MII. [IpoBeneH CpaBHHTEIBHBIM aHATIH3
4-x BHIOB BOCCTAHOBJICHHWS. AaproHoAyrosoit Hammaskoii (ApJC) ¢
nmpucago4uHoi mposonokod XHO60BT, myTeM maliku ¢ MOPOMIKOBBIM MPHIIOEM
BIIp24 B kepammueckux (OpMax, JTa3epHOW HAIUIABKOH C TNPHCATOUHOH
npososiokod XH60BT m nasepHOHl HAmIaBKOH B HOPOMIKOBOM BAaHHE C
mpunoeM BIIp24.

Meron mneuyHo#l maiikm B KepamMmdecKHX (opMax 3aKmoYacTcs B
MOMCIICHHUH TIepa JIOTATKY B CHCHHAIBHO IIOATOTOBICHHYIO KEPAMHUUICCKYIO
(opMy TOBTOPAIOMIY0 MPO(HIH JOMATKH ¢ HCOOXOIWMBIM HPHITYCKOM HA
JATbHCHIIYE) MCXAHHUYCCKYIO 00palOTKy, TOCJAC UCr0  3aChINacTCs
MOPOIIKOBBIN MPUION M MPOUCXOAUT NPOLECC MAWKH B BAKYYMHOHU IICYH.

Meroa na3epHOl HAMIABKOM B MOPOIUKOBOM BAHHE 3aKIHOYACTCS B
HAIUIABKC HA IIEPO IIOMATKH, MOMCIICHHOH B BaHHY C HAIUIABJBICMbIM
mopommkoM. Jlomarka pazMemanach B HMOPOIIKOBOW HACBITH TAK, YTOOBI €€
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MEPO W MOBEPXHOCTH MOPOIIKOBON HACKHITM HAXOJMJIMCH HA OJHOM YPOBHE.
BoznaeiictBue ma3epHBIM JIy4OM OCYIIECTBIBLIOCH IO KacaTelbHOH mepa
JOTATKA M MOPOIIKA.

Ha ocHOBe TpOBEACHHOTO CPAaBHUTEIPHOTO  AHANIHM3Aa  METOJOB
BOCCTAHOBIICHHS IIEPa JIOMATKH, YCTAHOBJICHO, YTO Hanboee 3PPekTHBHOM B
3TOM CIy4ac SABIBICTCS UMITYJIbCHAS JIA3epHAs HAIIABKA. [Ipy 3TOM HamaBka
B IIOPOINKOBOH BaHHE OOecmeumBacT 00Jice BBHICOKYIO IPOU3BOAUTEIBLHOCTD
mpouecca MO CPAaBHCHMIO C JIA3€pHOM HAMIABKOW C  IMPUCAAOYHOMN
NMPOBOJIOKOW. BBIIBICHBI OCHOBHBIC OTJIHYHS JIA3CPHOM HAILIABKU OT
kmaccmuecknx MeToaoB (Ap/IC W malkdW) BOCCTAHOBICHHSA TCOMCTPHH
Jomarok TypOuHbEL [IpMBEACH CpPABHHTEIBHBIH AHANN3  CTPYKTYPHI
BOCCTAHOBIICHHBIX CJIOCB IIOCPEACTBOM JJICKTPOHHOH MHKPOCKOIIMH C
3JIEMCHTHBIM aHAJIM30M MOTIEPEYHBIX MUTH(OB 00pas3noB. BeIIBICHA CTENCHD
BIISTHUS KAKIOTO CII0c00a HA OCHOBHOM MAaTEpHaN JOMATKU - YCTAHOBICHO
YTO METOJ MEYHOM MAMKU M JIA3¢pHOM HAIUIABKH OKA3bIBAET HAWMEHBIICE
BOBACHCTBHC HA YHOPOUHAOMY Y'-pasy muroro cmiaBa JKC6-K.
ITocpencTBoM 3IEMEHTHOTO aHANM3a BBUIBICHO HANMYHEC B CTPYKTYpE
TIPUTIOST TPEIIONOKUTEIFHO CETKH CIOXHBIX MHTCPMETAILUIHIOB, a TaKXKe
kapOumoB Bob(Ppama m xpoma. OmpeacncHa MHKPOTBEPAOCTH (HV)
BOCCTAHOBIICHHBIX CIIOEB M Pa3IMYHBIX (pa3 mopomkosoro mpumos BIIp24.
ITposeneno wm3mepenme KTJIP (rko3duumenra IMHEHHOrO pacIIMpeHUs
MaTepuaja) MaTepPUaNOB, YYACTBYIOIINX B BOCCTAHOBJICHHUH.

Comparison of methods for restoring the geometry of the turbine
blades feather of heat resisting alloys
Klimov V.G.
JSC “KUZNETSOV”, SamSTU, Samara

Compressors and turbines of aviation gas turbine engines are the main
components that determine the characteristics of the engine. The most
expensive elements in their production are the blades of the turbine. Rejection
of unfit turbine blade usually occurs because of insignificant defects and
consequently, their restoration is economically well founded.

In this article the process of restoring the geometry (height) of the turbine
starter’s (TS) blade stylus of aviation turboprop engine HK-12MIT is
considered. A comparative analysis of 4 types of restoration has been carried
out: TIG build-up welding (ApJIC) with filler wire XH60BT, soldering with
solder powder BIIp24 in ceramic forms, laser build-up welding with filler
wire XH60BT and laser build-up welding in powder solder bath BITp24.

The method of furnace soldering in ceramic forms consists in placing the
blade in a specially prepared form repeating the ceramic blade profile with
the necessary allowance for further machining, after which the solder powder
is poured and the process of soldering in the vacuum furnace takes place.

488



The method of laser welding in a powder bath consists in surfacing of the
blade stylus placed in a bath with the built-up powder. The blade was placed
in the powder mound so that its stylus and the surface of the powder mound
were at the same level. The influence by a laser beam was carried out on the
edge of the blade stylus and the powder.

On the basis of the carried-out comparative analysis of the blade restoration
methods it was determined that the most effective in this case was the pulse
laser build-up welding. The build-up welding in a powder bath provides
better performance compared with the process of laser build-up welding with
filler wire. The basic differences between the laser build-up welding and the
classic techniques (TIG build-up welding and soldering) of restoring of the
geometry of the turbine blades have been determined. A comparative analysis
of the structure of reconstructed layers by electron microscopy with elemental
analysis of transverse sections of the samples is provided. The impact of each
method on the base material of the blade has been explored; it was found that
the method of furnace soldering and laser build-up welding has the least
impact on the hardening y'-phase of the cast alloy JKC6-K. By elemental
analysis, the presence in the structure of solder of the grid - admittedly of
complex intermetallic compounds - as well as carbides of tungsten and
chromium has been revealed. Microhardness (Hv) of the recovered layers and
various phases of powdered solder BIIp24 have been determined. CTLEM
(coefficient of thermal linear expansion of material) of the materials involved
in the restoration has been measured.

Meroa ynpasJjieHUsI aHU30TPONHAEH MTPOHOCTHRIX cBoiicTB ITKM
HA 0CHOBE TEPMOPEAKTHBHBIX CBA3YIONINX FOPSIYero OTBEP KICHHSI
IMpouerko A.E., Teaem B.B., [Tpoucrko A H.

KHAT'TY, r. Komcomombck-Ha-AMype

HpI/I N0y UCHUH I/ISI[GJ'II/IfI W3 NMOJUMCPHBIX KOMIIO3HITHOHHBIX MATCPHATIOB
(IIKM)Ha OCHOBE TEPMOPCAKTHBHBIX CBA3YIOIIUX TOPAYETO OTBEPIKACHHA
Mamas  TEIUIONMPOBOJHOCTh  MNPEHPEroB  MHPEISATCTBYET  CO3JAHHIO
PAaBHOMEPHOTO MO TEMIIEPATYP IO CEUCHHIO M3JCHUS WM TPHBOJUT K
NEPBOOYEPETHOMY  OTBEPKICHUIO 00Jiee HArpeThix cjoeB. Hammuue
TCMIICPATYPHOTO TPAAUCHTA NPHBOAUT K BO3HUKHOBCHHIO AHHU30TPOIHMH
MpOYHOCTHBIX cBOMCTB [IKM 10 TommuHE W34Es, CIIOCOOCTBYET
KOpPOOJICHHIO JeTajeH, BCICACTBHC O0PA30BAHMI BHYTPCHHHX HANPSKCHUH.
[IpenoTeparuts 00pa3oBaHHWE BHYTPCHHHX HANPSKCHHA B KOMIIO3HTE H
VIAYYIIHTH €TO (PH3HKO-MEXAHHIECKHE CBOICTBA MOKHO 32 CUCT YIIPABICHHUS
CKOPOCTBIO OTBEP;KACHUS B CIIOSIX nperpera. [1,2]

Iocpencteom BBOmA mHTHOMTOpaA OTBEp>kAeHIA NiCl2 B 4, 8 m 12 cnom
naTHaamatucroHoro mpempera CT-69H Obo  mpemio’KEHO — CO31aTh
«pasrpy3ouHble» mpocnodku. [Ipm 3ToM TOUKAa TErNe00pa3oBaHHIA B
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OPOCTIOWKAX [OJDKHA HACTYIATh MOKS, YeM B TPEXCIOHHBIX MAKeTaxX
IPENPETOB, MCIKAY KOTOPBIMH OHH PACIIOJIOKCHBIL.

[Tpouecc OTBCp)KICHHSA W BpPeMs TeIe00OpPa3OBAHHA OTCICKHBAHCH B
peaTbHOM BPEMEHH MPH MIOMOIIH THAICKTPHYCCKOTO AHAIH3A.

IMomxyuenusie oOpasubl wucxoguoro tmmactuka CT-69H w  TIKM,
COACPKALIETO MHTHOUPYIOIIHE MPOCIOHKH IMOIBSPTAIHCh Pa3pyILAIOICMY
KOHTPOJIFO METOJOM TPEXTOUCUHOTO CTaTHueckoro wsruda. [lpu asrom
BBIABJICHHC BIIMAHUA HepaBHOMepHOI\/’I ycaaku H, KaK CICOCTBHC,
AHA30TPOMUHA TMPOITHOCTHBIX CBOICTB IPOBOAUTIOCH TPUJIOKCHUEM
3HAKOTICPEMCHHOH HATPY3KH K COCEOHHM o0pasuaMm, T.e. I TEPBOTO
o0pa3ua Harpy3Ka NpHKIAAbIBANACh CBEPXY, A1 BTOPOTO CHU3Y H T.1.

CoraacHo TOJYYCHHBIM JAHHBIM NMPCACTABJICHHASA TCXHOJOTHA MO3BOJLICT
perympoBarh paBHOMEpHOCTH ycaaku [TKM. [oareep:kacHHEM MOCICTHETO
SIBILICTCSI BO3PACTAHHUE IIPECTa MPOYHOCTH Ha M3rud (st Bepxa — 17 %, st
Hm3a 7 %), YMCHBIICHAC AHH30TPOTIHH MPOYHOCTH HA 7.72 %.

Hccnenosanue BHIMOTHEHO pH puHAHCOBOH moanepkke PODU B pamkax
Hay41HOro mpoekra Ne 14-08-31294 mon_a.

1. Protsenko A.E., Telesh V.V. Technological capabilities to increase
strength of fiberglassreinforced plastic based on thermoset binder // Science,
technology and life - 2014, Proceedings of the international scientific
conference, Czech Republic, 2014, pp. 256 — 258

2. AE., Protsenko AN., Telesh V.V. Methods of control of the
anisotropy of strength properties of multilayer polymer composite materials //
“Fundamental and Applied Studies in the Pacific and Atlantic Oceans
Countries” The 1st International Academic Congtress, Tokyo, 2014, pp. 486 -
489

The way to regulate anisotropy of the strength properties of FRP
based on hot curing thermoset binders
Protsenko A.E., Telesh V.V, Protsenko A.N.
KnASTU, Komsomolsk-na-Amure

During processing of polymer composite materials (PCM) based on hot
curing thermoset binders, low thermal conductivity prevents to establishment
of a uniform temperature field over the section of the product and leads to
priority cure of hotter layers. The presence of the temperature gradient leads
to rise of the anisotropy of strength propertics of FRP, which promotes
buckling due to the formation of internal stresses. Controlled influence on the
velocity of curing reaction in prepreg layers can prevent formation of internal
stresses and improve strength properties of PCM. [1,2]

The idea was to made “unloading” interlayers in composite through
injection of the inhibitor of the cure process in 4, 8 and 12 layers of fifteen

490



layers prepreg. Wherein gelation point of interlayers should starts later than in
three layers packages which are located above and below of them.

The cure process and gelation points were monitoring online via dialectical
analysis.

Samples of the original and modified (containing inhibiting interlayer)
plastics were subjected to destructive testing method of the three-point static
bending Identification of the influence of non-uniform shrinkage and, as a
result, the anisotropy of the strength properties were done with alternating
load to adjacent samples. For example, to the first sample load was applied
from above, to the second — below, etc.

According to the data, this technology allows to adjust the uniformity of
shrinkage of PCM. Consequently, the flexural strength in modified samples
increased (for the top - 17% for the bottom 7%) and anisotropy of strength
properties decreased for 7.72%.

The study was supported by RFBR, research project No. 14-08-31294
MO a.

1. Protsenko A.E., Telesh V.V. Technological capabilities to increase
strength of fiberglassreinforced plastic based on thermoset binder // Science,
technology and life - 2014, Proceedings of the international scientific
conference, Czech Republic, 2014, pp. 256 — 258

2. AE., Protsenko AN., Telesh V.V. Methods of control of the
anisotropy of strength properties of multilayer polymer composite materials //
“Fundamental and Applied Studies in the Pacific and Atlantic Oceans
Countries” The 1st International Academic Congtress, Tokyo, 2014, pp. 486 -
489

IKCHEPHUMEHTAJILHOE OTIPEIE/IeHIE MEXAHUIECKIX XAPAKTEPHCTHK
MOJIMMEPHBIX NOKPBLITHIA € TIOMOINLI0 HCNBITATEILHOI YCTAHOBKH
INSTRON
Maptupocos M.U., Padbunckwuii JL.H., Ceprmrucsa E.B.

MAM, r. Mocksa

B pabdote mpoBOAATCA  SKCICPHMCHTANBHBIC  HCCACIOBAHHA IO
OTNPCACICHHI0 MCXAHHYCCKUX XAPAKTCPHCTHK 00pasoB W3  JIHCTOBOM
mpokatHOH cTtamu O8IIC (HenernpoBaHHAS KOHCTPYKIMOHHAA CTANIb ¢ MAJIbIM
COoACpKAHHEM YIJEpoAd) U AMOMHHMEBOro cmiasa (mucr) 1163P/ITB
cucteMbl  Al-Cu-Mg, Ha KOTOpPBIC HAHOCATCH PA3IHYHBIC 3AIIUTHEIC
TMOKPBITHA TOTHMEPHOTO THma. OOpasisl IS HCHBITAHHH MPEACTABIAIOT
€0001#f MPAMOYTOIBHBIC IUIACTHHBEI (TMOJOCH) 12 MM X 120 MM pa3mmaHOi
tomuuubl (0,8 MM, 1,0 MM, 1,5 MM, u 2,0 mMm). Ilepen HaHeceHHEM
JAKOKPACOYHBIX MOKPHITHH HA HCCACAYEMBIC O00pa3mbl IMPOBOIMIACH
MPCIBAPHUTCIIBHAS TOATOTOBKA TOBCPXHOCTCH: OOCIKHPHBAHHC, a 3aTCM
(docharupoBanne (A CTaoM) W XPOMATHPOBAHHC (I ATFOMHHHCBOTO
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cmiaBa). Ilocme 3TOH omepamyi HAHOCHIACH MOTUMEPHAS TOPOIIKOBAS
Kpacka Ha  JSUOKCHIHO-MONMI()UPHOH OCHOBE  3INEKTPOCTATHUECKUM
cmocodom. Mcmonb3oBamuck kpacku ¢pupm AKZO NOBEL (Tomnanans) u
EUROPOLVERI (Mramus). Jlanee a1 MOBBIICHHS MECXAaHHYCCKHX CBOWCTB
H MPUAAHUA MOBEPXHOCTH JOTIOJTHUTETbHOM H3HOCOCTOMKOCTH,
JOITOBEYHOCTH M  YJAPONMPOYHOCTH HA OKPAIICHHYI0 IIOBEPXHOCTH
Hanocuics kepammueckuii mak CeramiClear Deltron D8105 ¢upmbr PPG
Industries (CIIIA). 3T10T naKk COACPKHT KCPAMHUCCKHC HAHOYACTHIIEL,
KOTOpBIC IIOCIC HAHCCCHWS JaKa HA NOBEPXHOCTh, 3aTBEPICBAS B IICUH
MOJMMEPH3AIMY, O00pa3yloT TYCTYIO CETYATYI0 CTPYKTYpPYy, KOTOpasd
BBICTYIIAET B KAYECTBE 3AIIUTHOTO CJO0SA OKPALICHHOM METAUIMYECKOM
MOBEPXHOCTH, YIydIDAeT ¢€ OJKCIUTyaTAlMOHHBIC CBOHCTBA. HaHeceHue
MOKPBITHH ~ MPOBOJWJIOCH B  TOKpacouHod kamepe ¢upmbsl Gema
(IIseituapus).

HpOBOE[I/IJ'II/ICB OKCICPUMCHTBI Ha LOCHTPAJIBHOC PaACTHKCHHUC "
‘IGTBIpGXTO‘IG‘H—IBIfI I/ISFI/I6, CPAaBHUBATTUCHh MCXAHHICCKHUC XAPAKTCPHUCTHKH
HCCIEIyEMBbIX O0pasIoB C AHAJOTHYHBIMH OOpasmamu O€3 MOKPBITHSA, a
TaKke C 00pa3mamu, HA KOTOPHIE HA TOJHMMEPHYIO IOPOIIKOBYIO KPacKy
HAHOCWINCh PA3IMYHbIC YIPOYHSIOIIMC IIOJMYPETAHOBBIC JIAKH WM
JCKOPATHBHBIE  JIAKH, HE  SBILTIOIMUECS  HAHOCTPYKTYPHPOBAHHBIMH.
OKCHEPHMEHTHl ~ MPOBOAMJIMCH IIPH  KOMHATHOH  TEMIleparype Ha
YHUBCpcaapHOW wucmbiTatebHOM Mammuae INSTRON (BemmkoOputaHus),
Mozens 5960. JlaeTcd CpaBHCHHE MOIYUYCHHBIX OKCIEPHMEHTATBHBIX
PE3YIBTATOB C JAHHBIMH YHCJICHHOTO MOACTHPOBAHHWA MCTOAOM KOHCYHBIX
3JIEMCHTOB c TIOMOTIHEO MPOTPAMMHOTO KOMILICKCA
MSC.PATRAN/MSC.NASTRAN.

Pabora BpmomnHeHa mpu (uUHAHCOBOH moamepskke Poccwmiickoro ¢onzma
(hYHIAMCHTATBHBIX HCCACAOBaHMI (Kox mpoekra 11-01-00540 a).

Experimental definition of mechanical characteristics
for polymeric overcoats by the INSTRON test unit
Martirosov M.1., Rabinsky L.N., Serpicheva E.V.
MALI, Moscow

The work contains research by definition of mechanical characteristics of
samples from sheet rolling steel 08PS (not alloyed constructional steel with
the small content of carbon) and an aluminum alloy (sheet example) Al-Cu-
Mg system 1163RDTV covered with different types of polymeric overcoats.
For test pieces are used rectangular plates (strips) 12 mm x 120 mm with
various thickness (0,8 mm, 1,0 mm, 1,5 mm, and 2,0 mm). Before drawing
paint and varnish coverings on the studied samples was carried out
preliminary preparation of surfaces: degreasing, and then phosphate coating
(for steel) and chrome plating (for an aluminum alloy). Then polymeric
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powder paint on an epoxy and polyester basis was applied on the surface of
test examples with the electrostatic method. We used paints of AKZO
NOBEL firms (Holland) and EUROPOLVERI (Italy). Further to improve
mechanical properties and give to a surface an additional wear resistance,
durability and crash-worthiness, was applied the ceramic varnish of
CeramiClear Deltron D8105 of PPG Industries firm (USA). This varnish
contains ceramic nanoparticles which after drawing a varnish on a surface,
hardening in the polymerization furnace, form dense mesh structure which
acts as a protective layer of the painted metal surface, improving its
operational propertics. Drawing overcoats was carried out in a painting
chamber, produced by Gema (Switzerland).

WE made experiments on the central stretching and a four-dot bend.
Mechanical characteristics of the studied samples were compared to similar
samples without covering, and to samples, covered with various
strengthening polyurethane varnishes or decorative not nanostructured
varnishes on polymeric powder paint. Experiments were made at the room
temperature by universal test unit made by INSTRON (Great Britain), model
5960. We included comparison of the received experimental results with
numerical modeling by method of final elements made by
MSC.PATRAN/MSC.NASTRAN software.

Work is performed with financial support of the Russian fund of basic
researches (a project code 11-01-00540 _a).

CoBmecTHOE peneHne 312t NPOEeKTHPOBAHUA TEPMOCTAOHILHOM
OCHACTKM JIJISl PON3BOACTBA KPYMHOPA3MEPHBIX ArPeraTon
ABMAIMOHHBIX KOHCTPYKIMii B cctemax ANSYS Workbench
n MATLAB
Kypkun E.H., Canpirosa B.O., Crimpura M.O.

CT'AY, r. Camapa

XKéctkuMm TpeOOBAaHHEM K TEXHOJOTHH MPOWM3BOJICTBA KPYMHOPA3MEPHBIX
arperaTtoB aBHAIIMOHHBIX KOHCTPYKIHMH M MH()Y3MOHHOH OCHACTKE U1 HX
H3TOTOBJICHHS ABILICTCS 00ECIICUCHUE 32 JAHHOTO TCOPETHICCKOTO KOHTYPA |
obmeit  ¢opmel  m3gemma  mociae  (OpMOBKH € 00s3aTCIBHBIMH
VIOBICTBOPCHISIME TPCOOBAHHH 110 KAYCCTBCHHOM MPOMUTKE U COOTIOACHUIO
TEMIIEPATYPHOTO PEXXUMa MOIMMEpH3ami. TexHomorns (HopMOBKH AeTanei
W3 KOMIO3HWIMOHHBIX  MATEPHANOB  IPEANOIATACT  MOJMMEPH3AIMIO
CBA3YIOMECTO IPH BBICOKHX Temreparypax. IloBeaeHHE OCHACTKHM HpPH €¢
HATPEBE CYIIECTBEHHO 3aBHUCHT OT MOBEICHHSA CTBHIKOB KOMIIO3HUIIHOHHBIX
3JIEMCHTOB CO CTANBHBIMH. AJIC3HOHHOC COCAWHCHHE CTAIBHBIX W
KOMIIO3HIMOHHBIX 3JEMCHTOB KOHCTPYKIHH C YUYCTOM CyIICCTBCHHOH
Pa3HHIBI B HX TEMIICPATYPHOM PACIIMPCHHUH IMPUBOINUT (CCIM HE YUHTHIBATH
pa3pymecHAE KOHTAKTA) K H3THOY TOHKHX KOHCTPYKIMOHHBIX JIEMEHTOB. [Tt
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BBIOOpa crmoco0a COSIWHEHHS CTANBHBIX M KOMIIO3HIHOHHBIX 3JIEMCHTOB
TpeOyeTCA MOJACAMPOBAHUC HANPSHKCHHO-ACHOPMUPOBAHHOTO COCTOSHHS
OCHACTKH ITPH HATPEBE MO I[efICTBHeM CHJIBI TAKCCTH.

[lepbiM 3TamoM pabOTHI MPOBEACHO CO3JAHME KOHEYHO-3JICMECHTHOH
MOJENM M pacueT  HANPSHKEHHO-AC(OPMHPOBAHHOTO  COCTOSHHA
HH(PY3HOHHON OCHACTKM M3 MATCPHAJOB C PA3IMYHBIM KO3((duImeHTOM
Temreparyproro pacmupenus B cucreme ANSYS Workbench. ITposeaeno
MO/ICJIMPOBAHNE YCIOBUIT IKCILTyaTallMH OCHACTKH NP TIPOM3BOJICTBE — IIPH
€€ PacHoJI0KeHHH HA POBHOM IOy HA BCEX OIOPAX, IIPH PACIIONIOKCHUH HA
TPEX OIOpax B CJIydac HEPOBHOTO IOJIA a TAKKE IPH TPAHCHOPTHPOBKE
ocHacTkm Ha Ttenexke AGV m Ha TpaBepce. Paccmorpensl ciyuam
BO3ICHCTBHS TEMIICPATYPHBIX IOJEH HA KOHCTPYKIMIO HH()Y3HOHHOH
OCHACTKH TpH ¢¢ Harpese a0 200 °C.

Jns omeHKHM TeMmmeparypHBIX ae(OpMammi, BBI3BAHHBIX CTCCHCHHEM
(hopMooOpa3zyIomeii MOBEPXHOCTH M3 YTJICIUIACTHKA, IPOBEICHO CPABHCHHC
nepemenicHuit (JopMooOpazyroIme MOBEPXHOCTH IPH €€ 3aKPEIUICHHHM HA
paMe OCHACTKH M CBOOOJHOM Harpese. Pe3ynmbraThl pacuera, 3amHCaHHbIC
ANSYS Workbench B Buzae TekcToBOTO (haiima, COACPKAIICTO HOMEPA V3II0B
W 3HAYCHHS IMPOCKUMH MepeMenieHud, Obumn uMmoptupoBassl B MATLAB.
3arem, B cmcteMe MATLAB, mnpoBeacHO CpaBHEHHE TEMIICPATYPHOTO
PACIIMPSHUS TPH Pa3IHIHBIX CHOCO0aX 3aKpeIuicHUs (popmoodpasyromei
MOBEPXHOCTH H  PACCUMTAH MAKCHMAJNBHBIA MOJYJb  PACXOKICHHI
TEMIICPATYPHOTO PACITUPCHHUA CTCCHCHHOH M CBOOOHOH IOBCPXHOCTH.

B pesynprate mpeasioKEHO TEXHHYECKOE PEINCHHE, COTJIACHO KOTOPOMY
CTaJI0 BO3MOXHO TPUMCHCHHC CTAJIbHBIX erHéH(HBIX QJICMCHTOB B
KOHCTPYKIUHA OCHACTKH, H3TOTOBICHHOH H3 KOMITO3HIUOHHBIX MATCPHAJIOB,
KOTOPBIC HC BBI3BIBAIOT JIOKAJTBHBIX KOpoOIcHHH (hopMooOpasyromei
TOBEPXHOCTH IIPH HATPEBE OCHACTKH.

Coupled solution of thermostable tool designing problem for large-size
aircraft units production in ANSYS Workbench and MATLAB systems
Kurkin E.I., Sadykova V.O., Spirina M.O.

SSAU, Samara

Strict requirement to the production technology of large-sized aircraft units
and to the infusion tool for their production is provision of high accuracy of
the theoretical surface with mandatory quality of impregnation and
polymerization temperature conditions. Technology molding parts made of
composite materials involves the polymerization of the binder at high
temperatures. Tool behavior during its heating greatly depends on the
behavior of joint type between composite and steel elements. Bonded contact
of steel and composite structural elements in case of significant differences in
their thermal expansion (if not to take into account its destruction) leads to
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bending of thin structural composite elements. Contact type selection between
steel and composite elements required modeling of the infusion tool stress-
strain state problem under the influence of heating and gravity.

The first stage of work was finite element model building and calculation
of the stress-strain state of the infusion tooling materials with different
coefficients of thermal expansion in the ANSYS Workbench. The tool
simulation under its maintenance conditions was done. The cases of its
location on a level floor on all supportts, at the location on three supports on
uneven floor as well as transport on the AGV on the traverse were studied.
The cases of the temperature fields impact on the infusion tool under heating
t0 200 °C were investigated as well.

To estimate thermal deformation caused by the constraint of the carbon
molding surface was compared strains in case of constraint molding surface
during its attachment to the frame and in case of free heating. The ANSYS
Workbench calculation results were recorded as a text file containing a
number of units and values of the displacements and were imported into
MATLAB. Then, in the MATLAB, we compared of thermal expansion at
various ways of the molding surface constraints and calculated the maximum
difference between the thermal expansion of constrained and free surface.

The result is suggested technical solution, according to which it was
possible to use steel fasteners in the construction of infusion tool made of
composite materials such way that don’t lead the local molding surface
warpage during its heating.

3azlaq1/1 HAYKH H TCXHOJIOTNHA NMOBBIMICHUS IMTPOTHOCTH
OCTCKJICHHS CAMOJIETA
Crapres 10.K.
CIIoI'Y T'A, CTIOI'TH (TY), r. Cankr-IletepOypr

Leapto pabOThI SABISICS AHATH3 PCATBHBIX MPUYHH MOSBICHUS TPSIHUH B
JJIEMCHTAX  ABHALMOHHOTO OCTCKJICHHST W BbIPA0OTKA  HEKOTOPBIX
HpGZ[J'IO)KGHHfI, CIIOCOOHBIX CHHU3HTH BCPOATHOCTD HX MOABJICHHUA. OcCHOBBI
TAKOTO aHATH3A OBLIH 3aJI0KCHBI PA00TAMH, BHITIOTHCHHBIMH PAHCE.

Jna ocTekncHHA NeTaTenbHBIX ammaparoB (JIA) yxke Oosee cra Jer
MPUMCHSIOTCS Heopranmueckue 3akanéHuse crékiaa (H3C). g Bo3aymHbIxX
W MOPCKHX CyJOB YPOBEHb IPOYHOCTH, OOCCIICUMBACMBIA OJHOH TOJNBKO
3aKAJKOM CTEKIA, OKA3bIBACTCS HEAOCTAaTOYHBM. [losroMy mpuOeraroTr Kk
TPUIUIEKCUPOBAHUIO — IPOLECCY CKICHBAHMA JABYX VIPOUYHEHHBIX JIHUCTOB
CTCKJIA C MOJMBHHUIOYTHPAIBHON MICHKOW MEKIy HHMH, a emie OOIbInee
VBEIMYCHHE TPOYHOCTH JOCTHTACTCS B PE3YJIbTATEC  HCHOOIb30BAHHS
KOMOWHHPOBAHHOTO MCTOJA, COUCTAOMICTO 3aKANKY C HOHHBIM OOMCHOM
MOBCPXHOCTH CTCKJIA B PACIUIABC MOAXOAAMmCH comd. Pa3HooOpasHBIC
KOM6I/IHaI.[I/II/I 3aKaJIEHHBIX JIMCTOB CTCKIA C IIaCTHHAMH, prO‘{HéHHI)IMI/I
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HOHHBIM OOMEHOM, ITHPOKO NMPUMCHSIOTCS B KOHCTPYKIHAX JTOOOBBIX CTEKOI
# (POPTOUCK COBPEMEHHBIX MIMPOKO(O3eDKHBIX JIA.

UnmroMHHATOPBI  MACCA)KUPCKHX  CaloHOB  JIA B MOJABIAIOIEM
OOJBIMHHCTBE ICTAOT W3 OPHCHTHPOBAHHBIX OpraHmuyecKkux CTékon (OC),
MPEACTABILIOIMX COOOH  TMOMMMETHIMETAKPHIAT, MOJU(PHIMPOBAHHBIH
J00AaBKAMH, TOBBIIAIMUMHE CTA0MIBHOCTE OC moa BO3ACHCTBHEM 030HA
6oxpnmx BICOT M YO mamyuenus Comnna. [Ipuvenenune B 3neMenrax JIA
HCMCTAJITHICCKHUX MATCPHUATIOB C YIy41IICHHBIMHA CBOMCTBAMH "
HETPAAUITHOHHBIX TCXHOJIOTHH WX M3TOTOBICHHSA IO3BOJIICT CO3daBaTh
H3OCTHA KOHCprKI.[HOHHOfI OIITHKH C NPUHIHUITHATIBEHO HOBBIMH
A3POAMHAMHYCCKHME U KOHCTPYKTHBHBIMH (DOPMaMH.

3amena ©Ha ©Oopry JIA aHanoropIx mpHOOPOB HA COBPEMCHHBIC
nHPOPMAIIMOHHBIC TAHETH (TMEPEX0] HAa TaK HA3BIBACMYIO ABHOHWKY WA
HHIUKATOPHI HA TOOOBOM CTCKJIC), PABHO KAK M COBCPLICHCTBOBAHHE (POPMBI
¢rozemnxa JIA, TpeOYIOT HHBIX TCXHOIOTHUYCCKHX MPHEMOB H PCIICHUH. YoKe
B CkopoM BpemcHu B Kimacce H3C moTpeOyioTcs abpa3smBOCTOMKHC H
TCPMOIPOYHBIC, HO 00JIee JIETKUE CIHABHYCBBIC IAHCIIH C JICKTPOXPOMHBIMHU
TOKPBITHAMH.

Ho aToT mepmon BpAAZ TH TPOMIUTCA JOATO, TaK KAk HA CMCHY
BH3YAJbHOMY H300pAKCHHIO BHCKAOWHHOTO IIPOCTPAHCTBA VK€ TOTOBO
OPUITH «BHPTYAIBHOC H300pKCHHE», (JOPMHPYEMOE BHACOKAMEPAMH, A
KOTOPBIX IUIOIIAAb OCTCKICHHA HCH3MECPHMO MCHBIIE JAKe OJHOTO
HIUTFOMHHATOpPA, HE TOBOPA O JOOOBOM CTEKIC M (OPTOUKAX KAOMHBI
ITHIJIOTOB. Br[poqu, B OTOM ClIy4da€ H H606XO£[I/IMOCTI> B KaOHHE oTHagacT,
MOCKOJIBKY HAa HWH()OPMALHOHHBIC MAHCTH NPOCKTHPYIOTCH H300PAKCHUA
KaMmep, He0OXOIUMBIC JAHHOMY WICHY 3KHIIAXKA B 3TOT MOMCHT.

Science and technology tasks for increase of durability of aircraft glazing
Startsev Yu.K.
SPbSU CA, SPbSTI (TU), St. Petersburg

The aim of the resecarch was to analyze the real causes of the breaks in
aircraft glazing and develop proposals that might reduce the likelihood of
their occurrence. The basis for this research had been formed over the years.

Hardened inorganic glass (HIG) had been used for aircraft (AC) glazing for
over a hundred years. However, the level of strength provided by hardened
glass is insufficient. To improve this, the triplex process of gluing two
hardened glass sheets with butyral resin film between them is widely used.
An even bigger increase in strength is achieved through a method that
combines hardening with ion exchange of glass surface in molten salts. The
combination of hardened glass sheets with glass windshield strengthened by
ion exchange are widely used in window designs of modern wide-body
aircrafts.
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Passenger cabin windows are usually made of oriented organic glass (OG)
featuring the perspex modified with additives which increase stability of the
OG under the influence of high-altitude ozone and UV radiation from the
Sun. Application of non-metallic materials with improved properties and
innovative manufacturing technologies in the aircrafts’ construction, allows
to build ingenious optic forms with new performance, acrodynamic and
structural features.

Replacement of the analog cockpit with modern aircraft avionics, as well
as improved fusclage shape, require different technological methods and
solutions. It is already clear that HIG will need to be lighter, carry
electrochromic coatings and be abrasive- and heat-resistant.

But very soon now, these technologies will be replaced by "virtual
imaging" generated by cameras, for which the glazing area is much smaller
than the windscreen. And then even traditional cockpit will become obsolete,
since the images projected onto the dashboards will be specifically tailored
for each crew member at any given time point.

HccaenoBanne BIAMSIHIS TEXHOJIOTHIECKIX YCJIOBHIT 00padoTKH 1
TMOKPBITHSI METAJINIOPEKYIIEro HHCTPYMEHTA HA CTETeHb HAKJIENA 1
MEePOX0BATOCTH MOBEPXHOCTH MPH (Ppe3epoBaAHNA
®umunmosa A B., Be3bsasbrunsiii B.®., IIpokodses M. A, Enxxun M.C.
PT'ATY, r. PeiOuHCK

Lensro gawHO# paboOTHI ABIATIOCH PCIICHHC 33Ja4YH  YCTAHOBJICHHS
()YHKIMOHATLHOW 3aBHCHMOCTH, OTPAKAMOUICH BIMSHHE TEXHOJIOTHUYCCKHX
ycrmoBud  00pa0OTKM  HA  XapakTCPUCTHKH  IAPAMETPOB  KAduecTBa
MOBEPXHOCTHOTO CJHOA (IICPOXOBATOCTh H CTENCHb HAKJICNA) M HX
B3AMMOCBS3b MCKAY COOOM.

B xome paboTel OBUTM TPOBCACHBI HCCIACAOBAHWSA BIHAHHSA MMOJAYH,
CKOPOCTH PE3aHHUS W APYTHX NMApaMETPOB TEXHOJIOTHUECKOTO IpoIecca Ha
BCIIMIHWHY NMApPaMETPOB MICPOXOBATOCTH U MUKPOTBECPAOCTH MOBEPXHOCTH HA
mpuMepe (pesepoBaHuI TpH 00pabOTKE KOHIEBBHIMH (pesamu kak 0Oe3
MOKPBITHA, TAK H C MOKPBITHEM (MATEPHAT PEXKYIICH YaCTH MHCTPYMEHTA —
BK10XOM) npu crieayfommux yCIOBHUIX:

®  IIPH IMOCTOSTHHOM CKOPOCTH Pe3aHHs V, M/MHH M YacTOTE BPAIICHUS

IIIHHACIT 1, 00/MHH,

e  TIPH NOCTOSHHOH momaue Ha 3y0 Sz, MM/3y0;

CpaBHHUTCTGHBIN AHATTH3 TOKA3ATCIICH MOATBEPKIACT, UTO BEIOOP PCIKAMOB
Pe3aHA W HAMIAC HWIH OTCYTCTBHC TMOKPBITHA Yy METAIOPCIKYIICTO
HHCTPYyMCHTA OKaA3bIBACT CymCCTBECHHOC BIIMAHHUC Ha Ka4CCTBO
00pa0OTaHHOH TOBCPXHOCTH. [IOIMYUCHHBIC AHAJMMTHYCCKHC 3aBHCHMOCTH
NO3BOJLIOT  PACCUHUTHIBATH OIITUMAJIBHBIC PEKUMBI O6pa6OTKI/I AT
(pe3cpoBaHUA TPH HCIOJNB30BAaHHH (pe3, kak O¢3 MOKPHITHA, TaK H C
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MOKPBITHEM ¢ OOCCIICUYCHHEM MAKCHMAIBHO —JOCTIDKAMOTO —KaueCTBa
TMOBCPXHOCTHOTO CJ1051 00padaThIBACMON ACTANH.

PeSyJ'II)TaTBI HCTIBITAHHH JAar0T OCHOBAHHUC HWCIIOJIB30BATh ITOJYUCHHYHO
3aBUCHMOCTb Ul NPAKTHYECKOTO IPHMCHCHHS CTCHNCHHOH 3aBHCHMOCTH
mapameTpos 1mepoxoBaroctu Ra, Rz, Sm wm wmmkporsepaocru HV mpum
(Dpe3cpOBAHUH OT PSIKUMOB PE3AHHUS U MPUMCHICMOTO HHCTPYMCHTA.

OmnpeaeneHbl BO3MOMKHOCTH — VIIPABJICHHS IPOLECCOM  MEXAHHYCCKOH
00padoTku i 00eCcTIiCUCHIS TPEOYEMBIX MApAMETPOB TOYHOCTH M KAUCCTBA
moBepxHOCTH. Dpe3epHas 00padOTKA AODKHA BECTHCHh HA TAKHX PEKHMAX,
OpH  KOTOPBIX HAWOOJICE TWONHO HCHONB3YIOTCA MOIMHOCTh CTAHKA H
CTOMKOCTb HHCTPYMCHTA, 00CCIICUABACTCA BHICOKOE KAUECTBO 00PabOTKH MPH
MHHHMAJBHOH ¢ CeO0CCTOMMOCTH, M CO3HAIOTCA OC30MACHBIC YCIOBHA
PpadoTHL

PesympraTel paboThl MOJYHYCHBI B PAMKAX BBHITOJHCHHS 0a30BOH HacTh
TOCYJApCTBECHHOTO 3amaHust MuHoOpHayku Poccru (HUP 824).

Studying of the cutting modes influence and coating cutting tools
on the surface roughness and microhardness with milling processing
Philippova A.V., Bezyazichny V.F., Prokofiev M.A_, Yelkin M.S.
RSATU, Rybinsk

The aim of this work was the solution to the problem of establishing a
functional relationship, reflecting the effects of processing conditions on the
technological characteristics of the surface layer quality parameters (the
surface roughness and microhardness) and their relationship to each other.

During the studies were conducted influence the feed speed of cutting and
other process parameters on the magnitude of roughness and microhardness
of the surface of the example milling the processing end instruments both
uncoated and coated (material cutting part - VK10HOM) under the following
conditions:

. at a constant cutting speed V, m/min and spindle rotational speed n,
rev/min;
. at a constant feed per tooth Sz, mm/tooth;

The comparison of values proves the choice of cutting mode and the
presence or absence coating cutting tools has a significant influence on the
processed surface quality. The analytical dependences allow to calculate the
optimum cutting data for milling cutters using uncoated and coated with
securing the highest quality of the surface layer of the workpiece.

The dependency, acquired as a result of the experiment, enables a power
dependence between surface roughness values — Ra, Rz, Sm, microhardness —
HV and milling modes to be used in practice. The posibilities in the managing
of the processing for the provision of required accuracy and quality has been
determined.
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The possibilities control machining process to ensure the required accuracy
of the parameters and surface quality. Milling must be carried out in such
conditions under which most fully use the power of the machine and tool
provides high quality characteristics at a minimum its cost, and create a safe
working environment.

AanITHBHOE N3MEHEHHE KeCTKOCTH CUCTEMBbI CTOJI-ITPHCIOCO0IeHIe-
JeTajih Ha fa3ze CHCTeMbI C HYJIeBOIH TOUKOT
Uepnsix M., Tpopumos B.B.
BI'TY, r. Boponex

B HACTOsAIIES BpeMsI AKTYQIbHBI BOIIPOCHI TIOBBIIIEHUS
TMPOU3BOIUTCIIFHOCTH MCXAHMUCCKOH 00Pa0OTKH M Ka4eCTBA 00paboTaHHOM
MOBEPXHOCTH ACTANCH I aBHAKOCMHYECKOW orpacim. CyImecTByeT psn
BBICOKOIIPOHU3BOAUTCIIBHBIX TGXHOJ’IOFI/IfI, OI[HOI\/'I U3 KOTOPBIX ABJLICTCA
BBICOKOCKOpOCTHAs oO0padotka (BCO). Ilpum sBeeapernn BCO Ha
MPOU3BOACTBO BO3ZHHKACT PSI CIOKHOCTCH, B YACTHOCTH BO3ZHHKHOBCHHC
PC30HAHCHBIX BHOpAUMHA B CHCTEME CTOJ-IPHCIOCOOICHAC-HHCTPYMCHT-
nerans (CTTAM).

Jna pemeHHs JAHHBIX mpoOyieM OBUT TPOBEACH AaHATH3 3JICMCHTOB
yl'[pyl"OfI CHCTCMbBI CTAHKA, BBIIBIICHO HX BJIHAIHHC HA BO3MOXHOCTH
BOZHHKHOBCHHUS PC30HAHCHBIX BHOpanumil. PereuepaTmpHblc BHOpaImu
MPCACTABILIIOT COOOH MCPHOAMYMCCKOS W3MCHCHHC CHIIBI PCaHHA. OTH
H3MCHCHUS  BBI3BAHBI TCPEMCHHOH  TONMIHHOM  CPE’acMoOro  Clos,
OCTABJICHHOTO MOCJIC MPEABIAYIICTO MPOX0Ja HHCTPYMCHTA.

BosHukarome BHOpanuy CO 3HAYHTEIBHBIME AMIUTUTYJAMH KOICOAaHWH
OOYCIIOBNCHBI  PE30HAHCOM MEKIY COOCTBCHHBIMH ~ 4acTOTAMH
00pabaTeIBaCMO JETANM W COCTABJUIFOIIMMH YAaCTOTHOTO CIICKTPA CHIIBI
pe3aHms, OMPEACISICMBIMH HMMITYJIbCHBIM BO3ICHCTBHEM 3yOBCB B ¢
PEeKYILIEH YaCTH HA JCTAb.

B nmamHOM paboTe mpeacTaBiacHa HWH(POPMANHOHHO - H3MCPHUTCIBHAS
cucrema (MUC) nas KOHTPOII BOSHHKHOBCHHS PE30HAHCHBIX BHOpALMH B
mpouecce pe3anms. E¢ menp 3akmouacTcss B TOM, 4TOOBI copmMmpoBaTsh
TIOTHYI0 KAPTHHY BHOpALMii, BOSHHKAIONINX B YIPYTOH CHCTEME CTaHKA. JTO
MO3BOJMJIO CBOCBPCMCHHO BJIMATH HA TPOLCCC O00PAOOTKH C LCIBI0 HX
HUBCTHPOBAHUSL.

Jnd WM3MEHCHHA JKECTKOCTH CHCTEMBI CTOJ-NPHCIIOCOOICHHUC-ACTAb
(CIT1) 65110 PEemICHO HCMOIB30BATH CHCTEMY C HYJICBOM TOUKOH (AaHTI. Zero
Point System, coxp. ZPS). Ona mpeacrasisser co0o# MPUCIOCOOICHUE IS
OBICTPOTO  CHATHA-YCTAHOBKH 3arOTOBOK C BBICOKOH TOYHOCTBIO H
MOBTOPACMOCTBIO. DBBUT YMECHBIICH THIOPA3MEDP 3aKHMHBIX MOIYICH H
COOTBCTCTBCHHO YBEIHUCHO HX KOIHMYCSCTBO. MOJATBHBIH aHAIU3 MOKA3all,
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YTO M3MCHCHHUE YHMCIA M PACIIOJIOKCHUS 3aXKaThIX HHIMIENACH Moayiei ZPS
MO3BOJIIET BIMATH HA COOCTBEHHYTO 4acTOTy cucteMbl CT1/1,

Jns1 aganTWBHOTO W3MCHCHMS COCTOSIHHS MOJAYJEH ObLT pa3paboTaH
mpoToTHI ycTrpokicrBa. OH cocromT u3 Hadopa IEYATHBIX IUIAT C
MHKPOKOHTPOJIIEPOM,  APAaHBEPOB  INATOBBIX  JABHTATENCH,  IATOBBIX
JBUTATEIICH, KOMIIPECCOPA M PETYIMPYEMBIX KIAMaHOB. Mcxoas 3 JTaHHBIX,
noayueHHbIX ¢ MUC, marossie ABHTATEIN OTKPHIBAIOT-3aKPBIBAIOT KIIATIAHBI,
TEM CaMbIM H3MCHSSA COCTOSHHIC MOAYIcH ZPS.

Adaptive change of rigidity in the system «table— tool —-part» based
on the zero point system.
Chernykh D.M., Trofimov V.V.
VORSTU, Voronezh

At present, the task of improving the efficiency of the mechanical
treatment and the quality of the treated surface of the parts in the acro-space
industry is pressing. There is a number of the high-efficiency techniques one
of which is a high-speed machining (HSM). While introducing HSM into
manufacturing, we face a number of complexities, resonance vibrations in the
system “table-tool-part” (TTP) being one of the most important of them.

To solve the problem, the analysis of the components of the machine-tool
elastic system has been conducted and their influence on the possibility of the
resonance vibrations arising has been revealed. Regenerative vibrations
represent periodic change in cutting force. These changes arise due to the
varying width of the cut left after the previous pass of the tool.

Arising vibrations with considerable amplitudes of oscillations are caused
by the resonance between fundamental frequencies of the work piece and the
elements of the frequency spectrum of the cutting force.

In the present study, the informational and measuring system (IMS) is
introduced for the control of the resonance vibrations during the cutting. The
purpose of this system is to generate a complete overview of the vibrations
arising in elastic system of the machine tool. It allows us to eliminate the
influence of such vibrations on the machining process.

To change the rigidity of the system “table-tool-part” (TTP), it has been
decided to use the system with the Zero Point System (ZPS). It is in fact the
tool for the fast removal and installation of the work pieces with split-hair
accuracy and recurrence. The standard size of the tightening modules has
been diminished and their number has been increased, accordingly. The
modal analysis demonstrates that the change in the number and the
arrangement of the grasped nipples of the ZPS modules allows us to adjust
the TTP system basic frequency.

The device prototype has been developed for the adaptive change in the
state of the modules. It includes the set of the printed circuit boards with the
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microcontroller, the drivers for the stepping drives, the stepping drives, the
compressor and the adjustable valves. Proceeding from the data received by
IMS, the stepping drives open and close the valves, thereby changing the state
of the ZPS modules.

MomvepHbIe KOMIIO3UITNOHHBIC MATEPHAIBI B TPEXCJIOIHBIX COTOBBIX
MAHE/ISIX M0JIA BO3IYNTHBIX CY0B
IMTepmax IT.B.
HHAT, r. Mocksa

OCHOBHBIMH Tpe60BaHI/I}IMI/I K maHCusiM  moja A1 COBPECMCHHBIX
MACCAXKUPCKUX CAMOIICTOB SBILIFOTCSA: OOCCIEYCHHUE I0KapoOe30MacHOCTH,
MHHHMAJIBHOW MACChI, TOCTAaTOYHON >KECTKOCTH, MPOUYHOCTH, CTOMKOCTH K
VIAApHBIM H Jp. COCPEJOTOYCHHBIM HArpy3KaM. JTH M MHOTHE ApYTHE
CHCIHANBHBIC 33Ja4M HAWIYYIONM 00pa3oM pEHIalTCd HPHUMEHCHHUCM
TOJIUMEPHBIX KOMIIO3HITHOHHBIX MATCPHAJTIOB B CAMBIX p33H006p33HI>IX BHIOAX
KOHCTPY KTHBHO-TEXHOJOTHYECKUX U MATEPHATOBETUCCKHUX PEIICHUIM.

B ormmume ot 3apyOeskHBIX (UPM, TAE TPOU3BOACTBO IIAHEJCH IO
BO3AYIIHBIX CyJOB pa3BHBAJOCH KAaK CAMOCTOSATEIBHOC HAIPABICHHUE,
OTCYCCTBEHHBIC NMPCANPHATHS B NMPOW3BOJCTBE IAHEJICH IMOJA HCIOJIB3YIOT
TEXHOJOTHH W HWCXOJHBIC MATEPHANBL, Pa3padOTAHHBIC AT KOHCTPYKIUH
JPYTOTO HAa3HA4YCHUA. TakuM 00pazoM, TONyYacMbIE POCCHHCKHMH
MPOU3ZBOAUTCIIAMA TAHCIIH NMOJa HC MOTYT OBITH KOHKypeHTOCHOCO6HI>I C
3apy OCKHBIMH.

Jna momydyeHWs TaHENEH MONa W3 OTEYECTBEHHBIX MATEPHANIOB, HE
YCTYNAIOIMMX 3apyOCKHBIM, HCOOXOIUMO PCHIHTH PAT MATCPHATIOBCTUCCKUX
A TCXHOJOTHUCCKHX 3a4a4, KAaK MNMOJYYUYCHHC OTCUCCTBCHHBIX CHCHHAIBHBIX
HETOPIOYHX CBS3YIOIINX W KJICEBBIX MPEIPErOB HA MX OCHOBE M pa3paboTka
TEXHOJOTHH TOPAYET0 MPECCOBAHUA MAHENCH B MHOTOSTAKHOM Ipecce. B
OAO HHUAT Ob11 mpoBEACH PAX HCCICIOBATCIBCKUX PAa0OT MO JAHHBIM
HAIIPABIICHUAM.

Pe3ympTaTel NPOBEJCHHOTO AHAIHM3a OTCUCCTBCHHBIX  APMHPYOIINX
HAIIOTHUTCIICH 110 YOpyro-mpoOvIHOCTHBIM W BECOBBIM ITOKA3ATCIIAM, C YUCTOM
YCIOBHit PaBHONPOYHOCTH TOJIy YAEMBIX OOIIHBOK, MOKa3anu
[ENIecO00pa3HOCTh  MCTIONBb30BAHMSA B KAUYECTBE BOJOKHHCTOH OCHOBBI
BBICOKOMOJYJTbHOEC,  BBICOKOIIPOYHOE  CTEKIOBONOKHO.  [IpmmeHeHme
BBICOKOMO/IY TbHOH CTCKJIIOTKAHHM JACT BO3MOXKHOCTH IOJy4aTh IIPEIPETH C
JOCTATOYHO IMHUPOKHM CIICKTPOM IOBEPXHOCTHOH IIOTHOCTH U HAHENCH
071 PA3TIIHOTO HA3HAYCHIL.

Jna obecncucHUS HEOOXOAMMON MPOYHOCTH M HAJCKHOTO CKICHBAHHSA
OOmMMBOK C COTOBBIM 3ANOJHHTSICM OBLIO pa3paboTaHO CHCHHAIBHOC
MOIU(PHIMPOBAHHOE SMOKCHIHOE CBSI3YIOMIEE MOTHOCTHIO COOTBETCTBYIOIICE
TpeOoBanmaM All-25 mo moskapHOIt OC30MACHOCTH.
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PaspaboTaHHAs TEXHOIOTHA H3TOTOBICHMSA COTOBBIX IAHCJICH IONA HA
OCHOBC MOIYUCHHBIX CBS3YIOIICTO M TPCIPETa MO3BOMICT PCIIUTH 3a1aUy
IOPOM3BOJACTBA KOHKYPCHTOCHOCOOHBIX C 3apyOC:KHBIMH TAHCICH mMoma m3
OTCUCCTBCHHBIX MATCPHATIOB.

Polymer matrix composite materials in aviation sandwich floor panels
Shershak P.V.
NIAT, Moscow

The main requirements for floor panels of modern passenger aircraft are:
fire safety, minimum possible weight, sufficient hardness and strength,
resistance to impact and concentrated load. These and many other special
tasks are best solved using polymer matrix composite materials in various
kinds of design, technology and material science solutions.

Contrary to foreign companies, where the production of aircraft floor
panels developed as an independent direction, Russian companies in the
production of floor panels use the technology and initial materials developed
for other designs purposes. Thus, floor panels produced by Russian
manufacturers can not be competitive with production of other countries.

To obtain floor panels made of Russian materials and not conceding to
foreign ones, it is necessary to solve a range of materials science and
engineering tasks, such as producing special self extinguishing resins and
prepregs based on its resins, also the development of hot-pressed panels
technology in multi stage press must be solved. NIAT has carried out a range
of scientific researches in this field.

The analysis of reinforcing fillers produced by Russian companics by
elastic-strength and weight parameters, considering circumstances of equal
strength of obtained skins showed the feasibility of using high modulus and
high strength fiberglass as reinforcements in facing. Application of high-
modulus fiberglass allows to obtain prepregs with a wide range of surface
density for floor panels for different purposes.

To ensure the necessary strength and reliability of bonding between facings
and honeycomb, the specially modified epoxy resin in full accordance with
AP-25 fire safety requirements has been developed.

The developed technology for sandwich floor panels production based on
obtained resin and prepreg solves the problem of production floor panels of
Russian initial materials fully competitive with floor panel produced by
foreign companies.
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O0ocHoBaHuE BHIOOPA ONITHMAIBLHOTO TEXHOJOTHIECKOTO TPOIEcca
00padoTKH 0 MPOU3BOANTETHLHOCTH
[Tysanosa T.A.
PT'ATY, r. PoiOunCK

Lenpto manuOM padoOTHI SABIIIOCH OOOCHOBAHWE BHIOOPA PALMOHAIBLHOTO
TCXHOJIOTHYICCKOTO  Tpolecca  oO0pa0OTKH HAa  OpPUMEPE  ICTAH
«luck» O0BCKTAMH  HCCIICAOBAHHA OBLTH TPH BHAA TCXHOJIOTHUCCKHX
MPOLECCOB, 2 HMCHHO:

e  TCXHOJOTHYCCKHH Ipouecc 0OpabOTKH AETanH HA YHHUBEPCAILHOM
000py IOBAHHH,

e  TCXHOJOTHYCCKHH Mporecc 0OpabOTKH JeTand Ha 000pYJOBAHHH C
urry;

e  TCXHOJOTHUCCKHH Mponece oOpabOTKH ACTANH C HCHOJB30BAHHCM

KaK YHHBEPCAJIbHOTO 000y I0BaHMS, TaK 1 000opynosaHms ¢ UITY.

Ha mepBom 3tane uccieqoBaHusA MPOBEACH AHATH?3 BIHAHHA KAUSCTBEHHOM
OIICHKH TEXHOJOTHYHOCTH JCTAIHM HA BHIOOP OOOPYAOBAHUS C MOMOIIBIO
Pa3pabOTaHHOTO AaNTOpUTMAa OTPAOOTKH [CTATH HA TCXHOJOTHYHOCTB,
BKJTFOYAFOIICTO B ¢e0S 3 YPOBHAL.

Ha BTOpOM 3Tame maHa KOJMYECTBCHHAS OLICHKA TEXHOJOTHYHOCTH. [l
3TOT0 OBUIH PACCMOTPEHBI TEXHOJIOTHUECKHE IPOIIECCH 00PabOTKY JeTan C
MOCTCAYIOIUM PpacueToM A1 HUX KOI(PQHUIMEHTa TEXHOJOTHIHOCTH,
COCTABJUIIOIIMMH  KOTOPOTO SIBILTFOTCS:  KO3((UIHMEHT KOHCTPYKTHBHOH
CIOKHOCTH  AcTamd, Kod(duimeHr 1mepoxoBatocTH  0OpabOTAHHBIX
MOBEPXHOCTEH, KO3()(uumeHT TOUYHOCTH O0padoTKH, KO3((UIEEHT
B3aHMHOTO PACIOJNOKCHHSA ITOBEPXHOCTEH, KO3((uImEHT VHHpHKAIIH
KOHCTPYKTHBHBIX 3JICMCHTOB, KO3 (HIMEHT 00padaThIBACMOCTH JCTAIH H
K03 (HUIMCHT KOHIEHTpAmH 00padoTKH. ONTHMATBHBIHA BHI 000PY Z0BAHH
Ob1  oOmpeAclIcH 1O  HAWMCHBIIEMY  3HAUYCHHIO  KOd(duimeHTa
TCXHOJIOTHYIHOCTH.

Ha TperbeMm »Tame aHamW3a BBIIOJHEH PacueT MPOH3BOIUTCIBHOCTH
JAHHBIX TEXHOJNOTHYCCKHX THpomeccoB. Jlmd ympomeHHs — pacuera
HCOOJB30BAIMCh CPCAHUC 3HAUCHHA BPCMCHHU BBIMOJTHCHHUA OTACIBHBIX
padoumnX M XOJIOCTBIX XOJ0B. bolee mpon3BouTeNbHBIH BHA 000PYIOBAHUS
JUTS ICTAJH OMPEICIICH 0 HAUOOIBIIEMY SHAYCHHIO IIPOH3BOIUTCIIBHOCTH.

Ha mocrmemnem srame ucciemoBaHms ObLIA JaHA OLCHKA CEOCCTOMMOCTH
H3TOTOBICHHA ACTATH C YUCTOM CICAYIOIIMX 3aTpaT: HA OIUIATY TPyJa H
OTYHCICHUS, HA OOOPYIOBAHHE W OCHACTKY, HA DCPCHANAOKY H
MPOTPAMMHPOBAHKE, HA TEXHOJIOTHYCCKYHO 3HEpTHI0. B pesyibrare pacdera
OB CACTAHBI BEIBOIBI 00 SKOHOMIUCCKOH 3(D(PECKTHBHOCTH MPOLCCCOB I
BO3MOJKHBIX TOJOBBIX IPOTPAMM BBINYCKA ACTATH.
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Ha ocHOBEe COBOKYNHOCTH HOIYYCHHBIX PE3YJBTATOB HETBIPEX JSTANOB
aHaaM3a  CACAAHBl  BBIBOABI O  PALMOHAJIBHOCTH  HCHOJb30BAHUS
000pYA0BAHMS B KOHKPETHBIX YCIOBHX.

PesympraTel paboThl MOJYHYCHBI B PAMKAX BBHITOJHCHHS 0a30BOH HacTh
TOCYJapCTBECHHOTO 3amaHust MuHoOpHayku Poccuu (HUP 824).

Justification of a choice of optimum technological processing
on productivity
Shuvalova T.A.
RSATU, Rybinsk

The purpose of this work was justification of a choice of rational
technological processing on the example of a detail “Disk™. Three types of
technological processes were objects of research, namely:

e technological processing of a detail on the universal equipment;

¢  technological processing of a detail on the equipment with ChPU;

e  technological processing of a detail with use of both the universal
equipment, and the equipment with ChPU.

At the first investigation phase the analysis of influence of quality standard
of technological effectiveness of a detail on an equipment choice by means of
the developed algorithm of working off of a detail on technological
effectiveness including 3 levels is carried out.

At the second stage the quantitative assessment of technological
effectiveness is given. Technological processing of a detail with the
subsequent calculation of technological effectiveness coefficient for them
which components are was for this purpose considered: coefficient of
constructive complexity of a detail, coefficient of a roughness of the
processed surfaces, processing accuracy coefficient, coefficient of a relative
positioning of surfaces, coefficient of unification of constructive clements,
coefficient of a workability of a detail and coefficient of concentration of
processing. The optimum type of the equipment was determined by the
smallest value of coefficient of technological effectiveness.

At the third analysis stage calculation of productivity of these technological
processes is executed. For simplification of calculation average values of time
of performance of certain workers and the single courses were used. More
productive type of the equipment for a detail is determined by the greatest
value of productivity.

At the last investigation phase the assessment of cost of production of a
detail taking into account the following expenses was given: on compensation
and assignments, on the equipment and equipment, on readjustment and
programming, on technological energy. As a result of calculation conclusions
were drawn on economic efficiency of processes for possible annual
programs of release of a detail.
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On the basis of set of the received results of four analysis stages
conclusions are drawn on rationality of use of the equipment in specific
conditions.

Results a job are got within performance of a basic unit of the state task of
the Ministry of Education and Science of the Russian Federation (NIR 824).

BinsiHue npeaBapuTe/bHON 3ATSKKH HA INIOTHOCTH CTBIKA
00 TOBBIX COeMHEHMTH
Porynun I1.H., Xaiinyxos JLK.
HITO Asromaruku, r. EkatepuaOYpr

Lenpto maHHON palbOTHI SBISUIOCH MOJCIMPOBAHHEC W OLICHKA BIIMSIHHC
MIPEABAPUTEIBHON 3aTSDKKHM HA IUIOTHOCTh CTHIKA B CJOKHBIX OOITOBBIX
COCAMHCHISIX TPH  IIOMOIONM  IporpaMMHOTO  Komiurekca ANSYS.
[IpoBeneHHBIH 0030p JMUTEPATYphl TOKA3bIBACT AKTYAIbHOCTh JTAHHOH
3agaun. B pabore paccMOTPEHBI THIBI KOHTAKTOB M METOA pacuéra.
CH0KHOCTh 3a7a4M 3aKIFOYACTCS B OIPEJCIICHWH HEHTPANbHOH JIMHUH,
pa3aeiLIoOmeH 30HY C/KATHA (KOHTAKTA CONMPHKACAIOMIMXCH MOBEPXHOCTEH B
CTBIKE) OT 30HBI PACTSDKCHHS (30HA padOThI OOITOB). YUHTHIBAS, UTO (POPMBI
(pTAaHLEBBIX CTHIKOB, PACIONOXKCHHE OOITOB W JCHCTBYIOMIAA BHEIIHSA
HArpy3ka MOTYT OBITh Pa3HOOOPA3HBI, TO B 3TOM CIIy4ac 33/a4a CHJIBHO
VCIIOKHICTCSI M TPAKTHYCCKH CTAHOBUTCS HE pPa3pemmMon aaxke rpado-
AHATMMTHUYCCKHM METoJOM. B nmaHHOH padoTe OIECHKA IUIOTHOCTH CTHIKA
MPOM3BOAMIACH IIPH  TPHIOKCHUM  PACTATHUBAIONICH  HATPY3KH W
H3ruOArOMmEro MOMEHTA IO KPHTCPHIO HOPMAJBHBIX HANPSKCHUH H IO
KPHTEPHIO 3a30pa.

Ha mepBom 3Tame paccMOTPEHO BIMSHHE NMPEABAPUTCILHOMN 3aTSHKKH IPH
BO3ACHCTBHU PACTATHBAOIICH CHIBL IIpOBEACHO CpAaBHEHHE H PACUET
HOPMAJBHBIX HAMPSHKCHUH B CThIKE M IIMIUIbKE. C MOMOMIBIO ITOJIYUCHHBIX
pe3ympTaroB, ObLT  ompenciaéH  KO3(p(HUIMCHT OCHOBHOH  HArpPy3KH.
Omnpenenenne ko3((HUUHEHTA OCHOBHOH HATPY3KH TIPOBEACHO IIyTEM
CPAaBHCHHS HAIPSHKCHHO-IC(OPMHPOBAHHOTO COCTOSHHS INNHJIBKH, C
TIPEeABAPUTEIBFHON 3aTsSLKKOM M 0e3 He€, OT ICHCTBHA BHEINHEH OCEBOM
PACTATHUBAOLICH CHIIBL

Ha BropoM 3Tane kx Moae ObLT NPUIIOKEH YACTHIA M3THOAOIINI MOMEHT.
[Tpu aHanm3e pe3yIbTaToOB OMPEACIEH MOMEHT PACKPBITHS CTHIKA, IOCTPOCHBI
rpaduKy W3MECHEHH HOPMAJbHBIX HANPSDKCHUH B KOHCTPYKIUH. B pacuére
TIPUBE/ICHBI XapaKTCPHbIC CCUCHUSI KOHCTPYKIMH M IOKA3aHO OOpPa30BAHHC
3a30pa B CTBHIKE.

Jannas pabota MOKCT OBITh PCKOMCHAOBAHA I pacuyéra OONTOBBIX
COCIMHCHHH.
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Impact of pretension on close of the butt of bolted joints
Rogulin P.N., Khaidukov L.K.
NPO Automatiki, Yekaterinburg

The aim of this project was to model and evaluate the impact of pretension
on closed butt in complex bolt joints with the use of CAD - system ANSYS.

The study of references shows relevance to this specific problem. The
types of contacts and the method of calculation are looked over in this
project. The complexity of the problem is the definition of the neutral
filament which divides the compression zone (contact surfaces in the butt)
from the tensile stress zone (bolt zone).

Given that the forms of flange joints, the placing of the bolts and the acting
load may differ, means that in this case the problem becomes more complex
and almost unsolvable, even with the help of grapho-analitical method. In this
project, the evaluation of the close of the butt was conducted under the tensile
load and bending moment due to normal stress and the gap.

At first stage, the influence of pretension under tensile load was looked
over. The comparison and calculation of normal stress in the butt and in the
bolt was conducted. Using the obtained results, the load factor was identified.
The identification of the load factor was performed by comparing the
deflected mode with and without pretension under the tensile load.

At the second stage, a pure bending moment was applied to the model.
When analyzing the results, the moment when the joint opened was
identified. The plots of normal stress were conducted. The most important
sections and forming of the gap are shown in calculations.

The given project may be recommended for bolted joint analysis.

506



ANgaBUTHbIN yKasaTe b

Index
Abashin M.1.......cccooovvevinneee 474
AbdullinM.R.....oooovii 96
Abgaryan V.K......ccoooovininnnn. 128
Abramov G A.....ccco e 168
Afonina O.A......cocoe v 351
AgarchinS. Ao 262
Akhmetzhanov R.V......... 113, 142
Aksenov S.A.......ccoeveeeee. 387, 486
Aleksandrov, E.G.......cc..ccuuee... 222
Aleksandrova T.G.........ccc........ 104
Alekseeva P.A.......cccooeeevevnnnen. 330

Altunin KV 96. 123, 143, 155, 165
Altunin V.A.96, 123, 143, 155, 165

Andreeva O.Y ....cocoeveveeveiiree 332
Andrianov D.1........ccovvvvirnee 157
ANdric M ..., 10
Andryushin A.S......cccoovnnenn. 98
ANOSOVaN.P.......cooovveiiiiiinne 383
ANtipov V.V 294
Antropov N.N ... 142
Artyushchik V.D......ccooeienees 334
AstaevaV.V......coovviiiiiiennen 52
AzanoVV.M.....ccccoceiiviiiiiieiins 381
Baev AB.....cooieeiee 248
Bagno D.V......cociiiiiiiiin 230
Balashov A.L........ccccoeeuveernnnnn. 145
Balashov V.V......cccccvvviiiinne 142
BalkenD.B.........cooveeveinrene 54, 73

Balyan A.\V.....ccooiiiiiiin 170
Balyk V.M.....ccoiiiie 66, 84

Baranov V.V.....ccccveveiicnneee, 11

Beklemischev F.S..........cve... 296
Beliayev V.P.....ccoooiiiiiiie 450
Belichenko M.V........cceovenee. 385
Bellustin N.S.......cooviiiiiieee 280
Berezlmoy V.N......ccccovvirinnn. 100
Bezyaziclmy V.F.......ccoooveens 498
Blumental S.V.....ccccoooveveviinns 288
Blumental Y.V....ccccoooiriininnne 288

507

Bobe L.S....cooeiiiiieieeeeee e 83
Bober S.A......cooiieee e 387
BobronnikovV.T.....ccccceeuvnneee. 204
Bochkova A.G......ccooceevvernne. 336
Bogatyi AV ..., 142
Bogatyi AV....ccccveiiiniene, 113
Bolshakov K.K..........ccceeevcvinne 298
Bondarev V.G.......coocvveeveviiieene 12
Borisov Y.Y ..o 228
Borovik I.N........coovieiiiieei 152
Brekhov O.M..........cc......... 170, 177
Bronnikov D.V........cccooeeevcvinne 230
Bukatyi A.S......ccoviiiii 102
Bulgakov D.V.......ccooeiiviinnnn. 14
Bulyakkulov M.M...........cc...... 389
Bulygin M.L.....ccoviiiiiiinn 233
Busurin V.1.....cooeeevnvennee. 173,210
Buyanov M.V.......ccocvviniennn 390
Bykov L.V....ccccovviiiinnn. 58, 448
Chayka R. V..., 318
CliazovV.V...cocoiiiiiieiee 68
Chekina E.A.......ccovveveeeeiieeae 469
Chemerisova A.V........cccceuvnne. 376
Cherevko Al........ccouvruee. 195, 218
ChemakovV.V........coceevvveiinen. 162
Cherniy LA ..., 116
Chemobrovov Al..................... 367
Chernykh D.M......cccccoovnininnnnn 500
Chicherova E.V.....cc.ccocoverneee. 220
Danilihin AM....ccc.coovvevenee. 11
DavtyanL.G........ccccovieienenne 406
Davydov AD......ccooeieneienne. 338
Demidenko V.P................. 123, 165
DiagilevaE.S.......cccooiiniiin 104
Dianova E.V......ccccceeeueen. 340, 342
Dobychina E.M.........ccccccovenene 276
Dolgopolov V.P......cccocvenennnn. 56
Dorofeev S.A.....ccocooveieeveiee 482
Dronov P.A.........cooovvveeeeiiiiinnn, 136



Dubensky ALA.....ccooieieeeene. 172

Dubinsky M.0......ccccoervrvnnnn. 342
Dudkin K.K.....ooooeeiviieeiee e, 56
Pushkin Yn.V......cceoou.. 195,218
Dvornikov M.V................. 302, 316
Dyachkov P.L.......ccccooriennnnenn. 238
Dyakonov G.A.......cccccoevvnennenn. 142
Efimov A.G.....oooveeieeieeee 15
EQOrov A.V....ccoiiiieiiecen, 408
Egorov V.G.....cooeiiiiiiciene 484
Egorov V.V.....cooiiiiiiinn, 240
Ermakova O.V......coceeeveevvnennn. 340
EskinV. 1o, 213
Evsjukov AL A ... 213
EZhov ADD....ooooeeeieiivee e 58
Favstova L. A.....cccceeeevviiieneee 256
Favstova L. A.....ccccoeveevviiieneee 285
Fedorenko YUu.V........ccooeevvnennne 387
Fedoristova YU.A.........ccueeeeee. 285
Fedorov P. V..o 463
Fedotova M.A........coooveeeeennee. 344
Fedunov B.E..........cocuvverinrennee. 322
Fesenko S.V......ccooeveveeivinenne 283
Firsyuk S.0...ccooiiiiiiicceee 92
Fossaty M.......ccceoiiiennnn. 411,412
Frolova O.A.......coooveiiiieeeie, 403
Fyodorov D.Y .....cccccvvinevnnnnn 121
Galeev, AB......ccooevveveeeeen. 478
Garibyan B.A........ccccooeviinnn. 396
GaripoV A .0 398, 405
Gaskarov M.Z.......cccccoeeevvevnenn. 398
Gerepelkin V.V ... 68
Gidaspov V. YU....cccooererciennnne 399
Goldfeld M.A.....cvveiieee 150
Gorbunova A A.......cccceeuerenen. 248
Gorbunova Y. A......ccoceeeevvreren. 401
Gorelikov L.F.....cccccoovieeiine 232
Grachev V.A......ccoo e, 79
Gribanov A.S.....ccociiieecee e, 15
GrineV A.YU.....oooeeeevieeeeiinee 235
GrinkoA.S.......ocoeeieeeeeeee e, 300
Grishin M\V....cooeiveiiiee e 480

508

GrishinR.A.....ccoeves e, 113
Grishina ALA....ccoes e, 52
Gromakov Y. A....... ceceeveeenennn. 278
Groshev AV .....coce cevvveevnenn. 403
Grotova O.N........o.. ceveveinieenen. 187
Gubaydullin ILH..... ................ 405
GuidoBaruzzi......... ........ 411,412
GUO Zheng....ccceeeee vvreerieieeeene 93
Gusakov A.G.......c. ceeceeeeiienn. 334
Haluilin G.F.....coooovv i, 213
Hilko VLot e, 11
Hou Zhong-Xi.....c.. coeevevinenenne 93
[aKUPOVA.Y Ui i 177
lashynin AM......... oo 290
Ibragimov D.N....... ccccoverinnns 411
IksanovH.S........cc.o. ceeeeiiieenn. 162
llyasov K.V s 170
Ilyasov R.l....ccoooviet s 172
Hyina ANNL..oooiiies e, 175
Indrulenayte YU.A.......cceeeee. 412
10NOV V. Aot e 17
Ippolitov S.V.....cccc. v, 12
lureV Al s 64
Ivanenko V.N......... coeeeirennen. 104
Ivanov A.V....coceeees ceeeeieeeen. 11
Ivanov D.N........ccoet coveveeeeiinns 62
Izmaylov AA......... oo, 235
Kadyrov J.R....ccccc vovnirvnnne, 303
Kalimulin LLF.......... oo, 414
Kaloshina M.N....... . 336, 342, 376
Kan YU.S...coooeeieeee e 381, 392
Kapelyukha D.D.........c.cccc.... 347
Kashirin D.A....ccoo. voveeieeiiee 113
Kazaryan A.V......... oo, 189
KhadanovichD.V................... 211
Khaidukov L.K....... cccooveennenen. 506
Khakimov A.l......... coooeeeiieeenns 48
Khalina A.S.....coooees e, 465
Kharlamov A.N...... cccooeenneeen. 240
Khartov S.A........... . 116, 148, 153
Khizhnyakov Y.N........c.ccce.e. 158
Khomin T.M...ccocce. coiiiiiiiieeas 88



Khomutskaya O.V...........c....... 466

Khorev T.S....ooveeiiceee e 215
KIMVPoeeee e, 114
Kiunov Ya.S......occeeeiiiieeiiiieee 416
Klimanov V.P.......ccoccvvcvveinnenn. 242
KImov V.G....coooeveiveieiee e 488
Klyagin V.A ... 41
Knyazeva V.V......c.ccoviinen. 326
Kobzeva I.N.........ccovevvieee. 208
Kocherova E.E........c.coevenn. 125
Kohanova S.Ya....cccccceeeeeeviene 143
KohanovaS.Ya........ccccceeveevunennn. 123
Kokoreva O.A........coooveeveireene. 118
Kolesnikova lu.S.........cccoeeeee.. 177
Kolokolnikov F.A............ 179, 224
Kolomensky A.B........ccccoeeeee 484
Kolosov V.M......ccoccvvvviiiiinene 244
Kolosovskaya T.P........cccoeuee 308
Komarova A M...........cooevuvvnennn. 349
Komissarov A A......cccoeeuveenen. 246
Konovalova O.V........cccceeevueennn. 330
Konovalyuk M.A.........ccocerne. 248
Kopylov AV......coooiiiiie 121
Korenkov K.V.....oooeeivivcvieien. 310
Komeenkova A.V.......coccevvuenn. 170
Korobkov V.V.....ccoocevvvevevnenn. 210
Korotkov M .0......ccovvvvieeieeiien. 98
Kostin G.F...oooviieeeee 423
Kostishin M.O......cocovvvvcvnrerinee. 185
Kostishin M .0......cocovvvvcvvrerinen. 181
Kostomarov E.S........ccoceeeeevinns 224
Kovalenko K.A......coooeeevciiree. 64
Kovalenko P.V....ccoccoeeivevvirenee 79
Kovalev K.L......ococvevevveeernne. 172,208
Kovalyov V.1.....ccccooviviiiiiinnn. 39
Kozhevnikov V. V............. 113, 116
KozlovD.S......ooooeeeveeeeiee 418
Kozlova N.M......ccooeiiieeiiienns 305
KrasinskayaE.M...........cccooeuee. 175
Krasinsky A.Ya.......ccooeeeieennnns 175
Krasko V.Ya....cocoooeviiiiineinnn. 127
Krasnoshtanov V.A.................. 351

509

Kremenetskaya M.E................... 52
Kremenetskaya M.Y ................. 168
Kriko\ D.S. ..o 250
Kruglov KL, 128
Ksenofontova L.N.................... 246
Kudryavtsev A.S.......ccccoeenene 344
Kudryavtseva LA.......cccccoeeene. 438
Kukharenko N.1.........c.cceeeeenens 450
Kuleshov M.F.......ccocooviiiiinee. 208
Kulifeev Y.B...ooooeioiieeiieeen. 312
Kulikov N.L......oooeeiiiieeeee e, 21
Kulkov V.V....oooooiiiiiiie, 353
Kuprin L., 338
Kuptsov V.V ..o 65
KUurkin E Lo, 494
KurkinaE V....ccooeeeiviiecenn 420
Kustov S.R......ocoevveiiiene 254, 273
Kuzmin 1Y U....cocoeeeirenen. 195,218
Kuznetsov AD.....ccccoveeecneenen. 19
Kuznetsov G.YU......c.ccceeuneenee. 252
Kuznetsov L.V......cocoeiivevinnenn. 195
Kuznetsov YU.V.....ccccceeeevnenee 248
Larin S.N..coveieee e 480
Latysheva V.V......ccccooninnnnenn 355
Lavrov D.P.....cooviiiiiiiiiie 376
Le Due Tiep.cooereienerineeiene 182
LelkoVK.S....covoiiieieieee e, 184
Lepikhov AV ..., 423
I SRR 93
Limonnikova E.V............ 195, 218
LipoV B.P..oooiiiiece 22
Lisejkin V. Ao 130
Lobanov LE........ccooovveeiiienne 132
Loeb HW....coooiieeeen 128
Loginov AN.....ooiiiiiceee 121
Lomtev S.0...ccocveeieiieeieee e, 136
Lopatkin D.V.....cccoooiviiieee 12
Lovitsky L.L...cooiiineirniee, 134
Luchkov A.N......oooevveieeiieeee 26
Lukyanov O.E........cccovevninennne 24
Lutsenko A.YU...cooveeiveeceeenenne, 70
Maistrenko E.V.......coceeenernee. 292



Makarenko A V. ................... 21,28

Makarevskiy D.1............ccooooen. 98
Makovetsky MB. ....................... 30
Malenkov A A ... 66
MalyginD.V. .......coocooviieiinn, 425
Markelov V.V. .., 185
Markov Yu.G. ... 68
Martirosov ML ... 492
MartyanovaA.V.........c.ocoon.n. 427
Martyugin S A........c.ocoeevinn. 427
Martyushova Y.G. ... 428
MasherovPE. ......................... 138
Mashkin MIN. ... 224
MazepaRB.......c.oooviveiii 258
Medenkov A A................. 305, 316
MedenkovA A. ... 302
MelikovaM.B. ... 31
Melnik LI, 256
Melnikov V.E. ..o, 193
Merkulov G A. ... 396
Mesnyankin S.YU. .........ccocovenn. 58
Michalik V.I. ... 357
Mikhailov S.A. ... 49
Mikhaylov N.A......................... 314
Mikhaylov V.Y ... 258
Miloserdov M.S...................... 252
MinMin Thaw .......cocoeeieii. 187
MironovaM M. ........................ 312
Mkhitaryan G.A. ... 436
Modestov KA. ..o, 172
Mogulkin A.L.............ocooevvinnnenn. 142
Moiseev D. V. i, 90
Moiseev G.V. .o, 33
MoiseevK.L........ooovvvii, 430
Moiseeva S.G. ..coooviivi 90
Molchanov AM. ..................... 448
Molodenkov A V.. ... 432
Molodenkova T. V. ................... 432
Monahov S.V. ......cooovviii, 213
Muhametshin T A...................... 48
Mukhamedieva L N................. 442
Murzin AN. ..o, 140

510

MusatovR. V..., 434
MuzykaMM. ................. 195,218
Myhametshin T.A...................... 46
Mytsov AT o 336
Naing Htoo Lwin..................... 189
Nalivaychenko D.G. ................ 150
Narizhnyj A A. ......cooveeee 160
NasonovaLR.......................... 438
Natalchenko T.D.................... 136
Naumov A V..., 390
NazarovaDK................c.oo 70
Nechaev VA, ..o, 185
Nechaev V.S. ..., 368
NedelkoD.V................. 46, 48, 49
NelinLV. ..o 290
Nesterov V.A ..o, 312
Nesterovich T.B....... 302, 305, 316
Nguyen Thanh Son................... 191
NicolaecvEL ............ccoeiiiii. 35
Nikitin A.O. ..o 260
Nikitin P. V. ..o 389
NikolacvE.L ..., 36
Nikolaev SE........ccccoovviiii. 405
NikolacvE.L ..........c.cooeii 398
NikolacvaE.A. ................. 71, 416
Nikolaecva MIN. ..............oooee. 35
NikolaevE.L ..........cccoooeii. 405
Nikolichev LA. ........................ 440
Norenko AY. ...oooovvvviveiiii, 121
NOSOVA.S ..o, 318
Nosovsky AM.........cocovvennnn. 442
Novikov A.S. ..o, 359
Nyagulov MR, ................... 54,73
Obuhova L. A. ... 143
Obukhov V.A. ..., 142
OhotnikovD . A. ....................... 290
OkhotnikovD.A. ............. 264,272
OneginEE. ... 443
Oparin A.S. ... 75
OrlovAA ..., 260
Osadchiy N.V. ... 163
Ovchinnikov V.I..................... 398



OzerovD.S....coceieeieeeeeie 442

OzeroVE.V....ocoviieeeeiiiiieces 12
Panev AS....cociiiiieiiieees 444
Pantykhin K.N.........cccccoenneee. 405
Pantyukhin K.N........cccooeiiienns 36
Parafes S.G.....cc...oecevveeenen. 62, 75
Parfenov N.M.........cooereinnnne. 262
Paschenko A.A........ccccoeveenenne. 264
Pastuhov ALA........ coceeeeieeee. 39
Pegachkova E.A.... ..401,406, 430
Perchikhin O.l........ccccoevvnnnee. 320
PeresleginL.A........cccoeveeneee. 266
Petrov LA.....coooviie e 41,267
Petrukhin V.A....... cccoeeeinne. 193
Petrunina E.V........ccooeeeennenee 446
Pham Anil Tuan........cccocueveneee. 210
Pham Viet Anh......ccoceevvennnee. 287
Pham X.Q...occoovvii e 90
Philippova A.\V..... cccoovvenene. 498
Pikalov V.P.....cccot e 160
Pismarov A\V.....cooooveeeieeeinenn. 77
Platonenkov C.V.....cccccccvnen.e 195
Platonenkov S.V.....cccceevnennee. 218
Platonov E.N......... .. 123, 143, 155
Platonov I.M......c..ccoeveeeeinnnnee. 448
Plokhikh AP.....ccc v 142
Plotnikova A.YU..ccccoeeeeuvnrennee. 197
Plyatsovoy A.A.......ccccovernneee. 322
Podivilova E.O.......cccccceun.n.e 199
Podkorytov A.N.......cccceenee. 269
Polyakov V.B........ccooirennene. 294
Poplavski B.K....... .cccoceeeeneee. 450
Popov AV 157
Popov B.B....ccooois i 478
Popov G. Ao 142
Porsimev V.A........cccoeeeeine 145
Potapenko 1.V....... ccccvvennene. 361
Prokhorov A.S........ccoeeeinnnne. 201
Prokhorov P.D.......cccoceeevnennnee. 324
Prokofiev MLA...... cccoeeviiiee 498
Pronin YU.A...oooeeev v, 31
Prostov YU.S....ccc.. coevciieeenens 453

511

Prosvirina N.V.........cccoevevvieene. 363
Protsenko A.E.......cccooveevernene. 490
Protsenko A.N.......ccoceveevvrinneen. 490
Prozorova E.V........cccevveeiiinnns 451
PradnikD.O.....cooovveeviiiecieeeee 64
Pugachev A.0.....ccocoveienenee 147
PugacheVU.N........ccccoviiiinnnnnn. 17
Pugatchev U.N.........ccoooee. 14, 30

Puravina A.G........ccoevviveeeren, 365
Rabinsky L.N......cc.ccooiinennes 492
Ravikovich Y. A.......cocoveveieens 147
RedkoB.1.......cooovvvevciieiieee, 376
Reshchikov M.A........ccoeevevien. 179
Reshetnikov D.A.........cccouveee. 328
Rogov D. Ao 79
RogulinP.N......ccoovniniinnn, 506
Romanov A A......cccceeeeeiiiinnn. 270
Romanov O.T.....cccccveiiicvinnennn. 224
Rudenko E.A.....cccoovieevii 463
Rumyantsev D.S........ccocevenne. 326
Ryazanova E.V........ccccoovennee. 367
Rybakov K.A......ccooiiiie 455
Rybnikov S1.......cccoeee. 81, 191

Sadrtdinov V.D......cooovvereviee 134
Sadykova V.0.....c.cccooevnencnnee 494
Safonov Al.....ccceevveeeiiieeien. 459
Safronov V.V.......... 145, 202, 368
Sakovich LLA........ccoveeeee. 195,218
Salnikov NLA.....ceeeeeeee, 83
Samokhina K.E........cc.coeovvevnnee. 28
Sapunkov Ya.G....cccevreriennne 432
Savchenko LA.....cccooeveviieee 272
SavkinL.V.....cooeevviiiiieeiee, 457
Schetinin V.E.......cooviieee. 225
Semenchikov N.V........cccevevnneee. 45
Semina AP, 370
Semusheva C.M...........cceevene. 173
SerkinF.B.......ooooveveieeviee e, 461
Serpicheva E.V......ccccoenenen. 492
SeverovV A A ..., 202
Shakirov M.Z.......ccocovvveeeiiinnene 49
Shaykhlislamov S.H................. 288



Shchegolev AL AL ..o 165

Shcherbak V.V. ... 179, 224
Shcherbanov A.S...................... 378
Shemyakov A.O. .................. 68, 92
Shepel V.T ..o, 163
Shershak P.V. ..., 502
Shiryaev V.I ..o 199, 211
Shmatov D.P. ..........ccc.ocoo. 136
Shmyrov A.S........coooveeiieinn 471
Shmyrov V.A. ..o, 471
Shtonda S.Y...........ocoooviiiii, 157
Shubin AB........ccoovvii. 222
Shukalov A.V. ..., 185
Shukalov A.V. ..., 181
Shumilin S.S........................ 238
Shuvalova T.A.........ccccoooi. 504
SilantevaE.A.................... 357,370
SilantievaE.A. ................o...... 372
SinelnikovV.Yu.......ooccooeiii 88
Sirotkin GN. .............c.cooo. 450
Sitnikov S.S.............. 256,273,285
Sizov A A, .. 88
Slavgorodskaya A.V................... 43
SmimovPE. ... 148
Snastin M.V............cccccoo, 276
Snopok KL Ao 278
SobolevL.B...........oooviii, 332
SoeThu ..o, 374
Sofin N A. ..., 158
SokolovaE.S............c....ooo. 280
Sorokin AE. ..., 351
Sorokin V.A. ..., 121
Sova AN. ..., 318
Spirina M.O........cooovveiienn, 494
Stanchenko A.S.......................... 84
Starchenko AE........................... 86
Starenchenko A V. .................. 281
Starov A V..o, 150
Startsev Yu.K. ............ooooo. 496
Stiin E Ao 121
StrokachE.A. ...........cc...oc.. 152
Strugov S.A. .o 244

512

Sudakov V.A. ... 213
SukhachevK.I. ........................ 482
Suvorov MO. ........cccooe, 153
SverdlovB.G. ............... 264,272
Sychev ML ..o, 283
Syzanov A.V......o.coovevvieiiennn, 318
TaSuanTung ..........c.oevvenvenn. 45
Telesh V. V..o 490
Teleshov A V..o 232
Telnih A A ... 280
TerekhovD.N.......................... 157
Terenin S.S. .................... 179, 224
Terentiecv AL A. ... 155
Terentiecv V.V. ..o, 92
Tereschenko T.S........................ 92
TereshchenkoT.S..................... 204
Tihonov ALl ..o, 334
Tikhomirov MLA..................... 121
Tikhonov AL .......... 349, 363, 372
Tikhonov V.A. ... 359
Timofeev K.Yu.......ooooeeiiinn. 150
Tinyakov JN. ... 262
Tiumentsev Yu.V............. 418, 453
Tozhokin L A............................ 130
Tretyakov A V. ..o 206
Trinh V.M. ..., 90
Trofimov V.V. ... 500
Trubnikov A A. ... 328
Tsarapkin R.A..............c.oooo 160
Tsarkov KA. ..o 467
Tseligorov NLA. ... 216
Tseligorova EN....................... 216
TulinovaEE............................ 208
Tverdokhlebova EM. ................ 88
UsoVA. V.. 46
VagapovUD. ..o 320
ValuiP.V. . 121
Varochko AG.........ccoocoooe. 318
Vasechkin M. A........................ 484
Vasileva SN. ..., 392
VerechikovD.V........................ 19
Vidmanov A.S....................... 475



VikhorevR.V........cccocoviiii, 171

VishenkovaE.A....................... 393
Volkov AP....ccooveiiiin, 235
VolokitinD.A. ..............coonee. 326
Volotsuev V.V. ..o, 65,77
Vrdoljak M. ..o, 10
Vukovi€ D. ..o 10
VyshedkevishLU. .................... 98
WagdiG. Habashi............. 411, 412
Weixing Zhou.............c.coeeen. 94
Xuefeng Xiao.........ccccovveeveennann. 94
Yanovkaya M.L. ...... 123, 143, 155
Yanovsky ML.................. 96, 165
Yelkin ML.S......ccoovioiii, 498
Yin Naing Win......................... 173
Yusupov A A ..o, 165
Yuzhakov A A. ..o, 158
Zabolotsky AM.........c...oeeuei. 414
Zakin AE. ... 230
Zakhariev LYu......................... 486
Zakharov LV............... 294, 328
Zarochentsev S.G...........c..cooe... 39
Zaytsev V.V .o 409
Zelnev VN, Lo, 60
Zemlyanaya V.A ... 106
Zharinov L.O. .........c.ocooin, 181
Zharinov O.0.............ccooovn. 181
ZhdanovaD.S......................... 344
Zlobin AS. ... 109
Zueva Tl ..o, 346
Zvyagintseva L1 ..................... 346
Abammma ML U............cooov 473
Abrapsa BK ... 127
Abmymm MLP. ... 94
AbpamoB T Ao 167
AmapumH C. Ao 261
AzaHOBB M. ... 380
AxcenoB C.A. .................. 386, 485
Anexcarapos EL. ................... 221
Anexcargposa T.I.................. 103
AmexceeBa LA ... 329

Amryuun B.A.94, 122, 142, 154, 164

Amryaun KB.94, 122, 142, 154, 164

Angpeea O10. ... 331
AngpuanoB A W..................... 156
ArmprommuH A.C....ooov 97
AnocoBaHIL ... 381
AatumoBB.B. ... 293
AntpomosHH. ........................ 141
Aptromuk B J1. ... 333
AcraceaB.B.............c.ooe 51
Apormra O.A. ..o 350
AxvermxanoBPB. ............ 112, 141
Barao AB........ccooviie 229
BacB AB........cooovviiiee 247
BamamoB A JL. ..o 144
bamamos B.B. ... 141
BamxeH A.B........coooovi 53,72
Bamemk BM.................... 66, 84
BamtH AB.......ooovvii 169
BapanoB BB. ........cc..cooviinn 110
besws3prunbiiit B.O. ................. 497
Bexmemmmes @.C..................... 294
bemmuenko M.B. ... 384
Bemmoctua H.C. ... 279
BemweB BIL ..o 449
Bepesxxnoit BH. ..., 99
Bmomerrams CB. .................... 287
bmomenTrams SAB. .................... 287
BoOe JLC. ..o 82
Bobep C.A.....ooiiiiieee 386
Bobporrnkos B.T.................... 203
Borateiit AB................... 112, 141
BoumapeB B.I'........c.ocooiieii, 11
Bopucos FOIO. ..o 227
Boposuk UH. ............ccooenn 151
BoukoBa AT . ....ccooovviieien 335
BpexoBOM. ... 169, 176
BponuukoB AB..........c...ce. 229
Bykatetd A.C. ... 101
BymrakoB IA.B........cccooviveiie, 13
Bympirua MLJL .. 232
Bymikkymos MM..................... 388
Bycypur BH.................... 172, 208



BystHOB MLB. ... 390
BeikoBJIB.............ooo 56, 447
Baranos V. 1. ... 319
Bany# I1IB.........ccoooovieiin 120
Bapouxo AT ..o, 317
Baceukma MLA. ..o 483
BacumseBa CH......oooov 391
Bepemurkos IB. ... 18
BumnmauoB A.C. ..o 474
BuxopesP.B. ........cc.ooovii 170
BumenkoBa E A, ... 392
BomkoB AIL......ccoooviiiii, 234
Bomoxutus A, ... 325
Bomonyes BB. ..........c......... 65,76
Bemmeakepud 1Y ... 97
TFameeBAB........ooooovii 476
FapubstHB.A. ... 394
lapumoB A.O.................... 397, 404
TackapoBM.3........ccooovinin 397
TumacnoB BIO. ... 398
Tompadpemsa MLA. ... 149
TopOyHOBa A A. ..o 247
TopOyroBaFO.A.........coooee 400
TopenukoB JLO. ... 231
IpaucB BA. ..o, 78
I'pubdanoB A.C.....coovoiin 15
TpuseB AXO......coooiii, 234
Tpuabk0 A.C..ooovv 299
Ipumus M.B.............ooooo 479
TpummeP.A. ..o 112
Iprumuaa A A. o 51
I'pomakoBFO.A. ..o 277
I'potoBaOH. ........ccooovvin, 186
IpomeB AB. ..o 402
I'y6atimymmu UX................... 404
IycakoB AT . .....ocoooviiin, 333
Hasrau JIT ... 405
JaBeimoB A JL ... 337
Janmmuxua AM. ................... 110
JBopHukoB M.B. .............. 300, 315
Hemunenko BIT. ..................... 122
JuanoBaEB. ................. 339, 341

514

JoosramHa EM........... 274

Honromonmos B.IT. ..................... 55
JopodeeB A.C......oovveiin, 481
JdporOBITL A ..., 135
JdyOerckuit A A.............oooen. 172
Hdyoumacrkuit MLO...................... 341
Jyaxua KK 55
Jymxuu FO.B. ... 194,217
JpskoHOB . Ao 141
HesraxoB TTJL ... 236
Jarunesa E.C........................ 103
EBCIOKOB A A. ....cooiiie 212
EropoB AB.......coooviiiee 407
EroposB.B.........ooveeie 239
EroposB.I . ....cccooiiiii 483
ExoB AT oo 56
Eakaa M.C. .ooovvoveeeeeee 497
EpmakoBa OB. ... 339
Eckua BU. ..o 212
EpmvoB AT . oo 15
Kapuros U.O..........c..cooenn 180
KapuroB O.0..........cccevvenen. 180
Kramosa J1.C...............oeoee 343
3abomoukuit AM..................... 413
Batikua AE................ 229
BaiueBB.B. ... 409
3apoucHeB C.I.......cooovinn 37
3axapos UB.................... 293, 327
3axapeeB IO, ... 485
3aruanesa UM .................... 345
3emeHeB B H. ..o 59
SemmHATI B Ao 105
3a00mH A.C. ..o 108
3yeBaTH. ...coooovviii 345
Hoparamos A H....................... 410
HUsanenxko BH......................... 103
UBaroBAB. ..o 110
WsanoB A H............................... 61
M3MalmoB AL A ..o 234
Vus Hawer Bue ... 172
HxcaroB X.C.......ooooovvvevenn. 161
Wmpmaa AH........................... 174



HmpsacoBKB.............coooo 169
HmpacoBPU.................c.c . 172
Huapynenaiite SLA. ... 411
HoHoBB.A. ..., 15
HomomuroB CB. ..., 11
KagppoB AP. ..., 303
KazapesHAB. ..o 188
Kamamymua U.O. ..................... 413
Kanommuaa M H. ...... 335, 341, 375
KanlO.C.......oooooooo, 380, 391
Kamemoxa .M.l 347
Kammpua JA. ... 112
KamBIL ..., 113
KuraceMB...........ccocooocil 42
KuyaoB S1.C. ..o 415
Kmamanos BIL......................... 241
KmamoB BT . ..., 487
Kansrua B A, ... 40
KusmsesaBB. ... 325
KobG3esaUH............................ 207
KoBamesB.M..............c..ccooon. 37
KopameB KJIL. ..., 172
KosaméB KJI ..o 207
Kosagzerko KA. ....................... 63
KoBanmeuko ILB. ........................ 78
KoxxesaukoB B.B............. 112, 115
Ko3moB A.C.........ooovvveiiie 417
KosmoBaHM........................... 304
KoropeBa O.A. ........coovevin 117
Konecunkosa l0.C. ................. 176
KomoxomsaukoB @ .A....... 178, 223
Konomenckuit AB................... 483
KomocoBBM..........ccco. 243
Komocosckaa TII. ................... 306
KomapoBa AM. ........coooovvnnn. 348
KomuccapoB A A.........c.oc.... 245
KonmoBanoaOB.................... 329
KomoBamok M.A. .................... 247
KombmoB AB. ... 120
KopenpkoB K.B.........ccvoonee. 309
KopreenkoBa A.B.................... 169
KopobkoBB.B. .........coovin 208

515

KopotkoB M.O........oooovvinn, 97

KoctuH T'.@........oovvvviii 421
Koctummmu M.O. .............. 180, 184
KocromapoBE.C...................... 223
KoxanoBa C.5I. ................. 122, 142
KouepoBa EE...........ccooovinn. 124
Kpacunackags O.M..................... 174
Kpacunackuit AS...................... 174
Kpacko B A .....coooovvviiiiin 126
KpacaomranoB B A. ................ 350
Kpemenenkas MLE. ............ 51, 167
Kpuko J1.C. ..o 249
KpyrmoB KH........cooooviiin 127
Kcenogonrosa JILH. ................ 245
KympsasueB A.C..........ooovvenen 343
Kympssuesa UA...................... 437
KysaenmoB A JL......c.ooovvenvienn, 18
KyspenoB 'O ..o 251
Ky3neuoB UB..........ccoooven. 194
Ky3remoB FOB.........cooovv 247
Kyspmua LIO.................. 194, 217
KymemoB M.A..........cooevve 207
Kymuxos HH. ..o, 19
Kymuagees O.B. ... 311
KympxkoBB.B......ooovei 352
Kympua MUJL ..o 337
KymmoBB.B. ... 65
Kypxkun EM. ... 493
Kypxkuna EB............................ 419
KyctoBC.P......cooov 253,272
Kyxapeaxko HH. ...................... 449
JlaBpoB IIL.....cccooeviiiiinn 375
Japua CH.......ooooovvii 479
JlatpimeBa BB...........cooeei 354
Jle JIpik THen ... 182
JEOXB. oo 127
JempxkoB K.C. ..o 183
JemmxoB AB. ..o 421
JlumonrukoBa EB. .......... 194, 217
JunoB B.IL ..o, 22
Jucetikua B.A. ... 129
JobanoB UE...............cocv. 131



JloBumkuid JLJL. ........................ 133

JJormroB A H................ 120
JJomteB C.O....ooooviiiiii 135
Jlomarkun AB........................... 11
JykpaHOB O.E. ... 23
Jymerro AFO. oo, 69
JyuroB AH. ..o 24
MaszemaPb............................. 257
Maiictperko E.B. ..................... 291
Maxkapesckuit TH...................... 97
Maxkapeuko AB. ................. 19, 27
Maxkoseuxkuit M.b....................... 29
ManeHKOB A A. ..o 66
Manbsmrun AB. ... 424
MapkemoB B.B............c...coe. 184
MapkoBFOT. ..., 67
MaprupocoB M.H..................... 491
MapteaaoBa AB.......cooo 426
Maptrorua CA. ... 426
Maprromosa AL ... 427
MamepoB ILE. .......c..oovienn 137
Mamkwa M H................... 178, 223
MeneHkoB A A. ... 300, 304, 315
MemukoBaM.b.......................... 31
Mempuuxk UH........................... 255
MemsuuxkoB BE. .................... 191
MepkymoB T A. ..o 394
Mecusakua CYO....................... 56
MunocepaoB M.C. ................... 251
My MuH TXO0........cooov 186
MuponoBa MM. ...................... 311
MuxatinoB BIO....................... 257
MuxatimoB HA......................... 313
MuxatimoB C. A ..o 48
Muxamuxk BU.......................... 356
MorymkuH AU ... 141
MogectoB KA. ..o 172
MomuceesI'B..................c.... 32
Momucees AB................ooooa 89
Momucees KJI..........cocoooo 429
MomnceeBa CI. ..o 89
MonoaeHkoB A.B.................... 431

516

MomonenkoBa T.B................... 431
MomaanoB AM. ..................... 447
MonaxoBCB. ..............eo 212
My3zbika MM. ................. 194, 217
MypsuH AH. ..o 139
MycaroBPB. ......cccccocvieen 433
Myxamenuesa JLH. ................ 441
Myxamermma T.A. .............. 40, 47
Mxwurapaa T A. ... 435
MemoB AXO. ... 335
Hazaposa K. ..o 69
Hausr Ty JIBHH ... 188
Hamusattuenxo J.I................. 149
Hapwxasit A A...........cooooo 159
HaconoBa JIP.......................... 437
Haranpuenxo T . ................... 135
HaymoBAB. ..o 390
Hryen Txans IoH .................. 190
Henemsrxo AB. .............. 46, 47,48
Hemmu UB............................ 289
HectepoBB Ao 311
Hecteposuu T.b. ..... 300, 304, 315
HewacB B A. ... 184
Hewaecs B.C...................oco 367
Huxutorn AO. ... 259
Huxkurua [1.B. ....................... 388
Huxonmacs EW. .......... 35, 397, 404
Huxomaes CE.......................... 404
Huxomacea M H....................... 34
HuxomacsaE.A.................. 70, 415
HuxonmaesE.W. .......................... 34
HuxommaeB LA...................... 439
HoBukoB A.C.......c.oooovviee 358
Hoperro AXO. ..o 120
HocoBA.C...ooooovvieiee 317
Hocosckuit AM. .................... 441
HsrynoB MLP. ... 53,72
O6yx0oBB.A ... 141
Ob6yxoBaJLA. .......coovvii 142
OpunaHUKOBB.U. .................. 397
OzepoB A.C..oooov 441
O3epoBEB........oooviiii 11



OueruaEE......................... 442

OmapuH A.C....ooovvv 74
OpmoB A A ..o, 259
OpmoBBIL.....ccooeeviieei 232
Ocammit HB........................... 162
OxotHukoB JLA. ...... 263, 271, 289
MaseB A.C. ..o 443
Taamroxun KH.................. 35, 404
Mapagpecs CT......ooovvenin 61,74
MappéroB HM........ooovin 261
TMacTyxoB AA. oo, 37
IMamenko A A.....coooviiii, 263
ITerauxkoBa E.A. ... 400, 405, 429
Ilepenémxuua BB. ...................... 67
Iepecmeruv JLA. ... 265
Mepumxua OU. .......oovn 319
IMetpoB U A. ... 40, 266
IlerpyauHa EB.........ooovven 445
IMerpyxur B.A. ..o 191
IMukanoB BIL ........ccooooviinn 159
IMucemapoB AB. ..o, 76
ITnatonenkoB C.B............ 194, 217
ITnaroroB E.H. ........ 122,142, 154
ITnatoHoB UM. ... 447
IMnotHuKOBA AFO. ... 196
IMnoxux ATL ..o, 141
IMnamoBoit AL Ao, 321
IMMommeunoBa EO. ................... 198
IMoaxopertoB AH. ... 268
TMonsaxkoB B.b.........ccoovevii 293
Iommasckut BK...................... 449
MomoB AB.........oovvevieii 156
MomoBB.B.........oovvivii 476
MomoB T A.....ooooiiii 141
TMopmmeB B.A. ..o 144
IMotanenko U.B. ...................... 360
IIpo3opoBa 3.B........ooovvn 450
IMpoxoseB M. A. ..o 497
MporuHIO.A. ..o 31
IlpocBupuna HB. .................... 361
IpoctoBFO.C. ..o 452
IIpoxopoB A.C.....oovvvvrii 200

517

ITpoxopoB ILM, ....cceooovvennn 323
IMpomerko AE. ..o 489
IMpomerxo AH.........coeevvnan 489
Mpymauk JJ.O. ..o 63
IMyraueB A.O.....cocovvvvveeen 146
IMyraues FOH................ 13, 15,29
IMypaBuHa AT .00t 364
Padwackmit JIH....................... 491
PaBuxoBua FO.A...................... 146
Peasko B.U. ... 375
PemretHukoB ILA. ... 327
PemukoB MLA. ..o 178
PoroB JILA. .....cooiiiiiiii 78
Porymuu I[TH...................co. 505
PomMaHoB A A. ..o 269
PomaroB O.T................... 178,223
Pyacako E A ..o 462
Pymsanes J.C.......cooooveevn 325
PridakoB KA. ..o 454
Puibuukos CH. .................. 80, 190
PazanoBa EB. ... 366
Capxkua JIB.................. 456
CaBucHko ML A............ccoei. 271
CanprauroBB. /... 133
CamprkoBa B.O. ... 493
CakoBua LA, ................. 194,217
CampaukoB HA. ... 82
Camoxmaa KE. ... 27
CanyrkoB ST ..o, 431
CagoroB A M. ..o, 458
CagponoBBB. ........ 144, 201, 367
CeepmnoBB.I................... 263,271
CeBepoB A A ..o 201
CemerumkosHB. ..................... 43
CemmHa ATL....00iiii 369
CemymeBa CM. ..o, 172
Cepxua @B, ..o 460
CepmucBa EB. ...l 491
Cm3aroBAB. ..o 317
Cm30BAA. ..o 87
CunmanteeBa E.A. .....356, 369, 371
CurempaukoB B0, ................... 87



Cuporxkma T H..................o. 449
CuraukoB C.C.......... 255,272,284
Cnasropoackas AB.................. 42
Cnasropoackuit BM.................. 42
CvuprOBILE. ..o, 148
CractuH MB. ... 274
Cromoxk KA. ..o 277
CoboneB JIB. ..o 331
CoBaAH.......oooooiiiiii 317
CoC TXY oo 373
CokomoBaE.C. ..., 279
CopoxuH AE.........oooviiii, 350
Copoxua B.A. ..o, 120
Copma HA. ..o 157
Cmapura M.O. ..., 493
CraaueHKO A.C. ..o 84
CraperucHro AB. .................. 280
CrapoBAB. ..o 149
CrapueB FO.K. ..o, 495
Crapucako AE. ... 85
CrupurEA........oioi 120
Crpokaa EA. ..o, 151
CrpyroBC.A. ..o 243
CyBopoBM.O. ..., 152
CymakoBB.A. ..o 212
CyxaueB KH. ..........cooovvinn, 481
CorteB MBL s 282
Ta CyaH TYHT..........covvovinrnn, 43
TeepmoxneboBa EM. ................. 87
Terem BB. .....ccoooiiieie, 489
TememoB AB. ......cooovvievi 231
TempHBIX A A. ..o 279
Teperun C.C.................... 178, 223
TepeHTBeB AL A ..o 154
TepentbeB B.B. ..., 91
TepexoB AH. ......oovvviiiiein 156
Tepemenko T.C.................. 91, 203
TumopeeB KIO. ... 149
TuaaxoB FOH. ... 261
TuxomupoB MLA. ... 120
TuxonoB A.U. ..333, 348, 361, 371
TuxoHOBB.A ..o 358

518

Toxxoxkua A ... 129

TperbsakoB AB. ..o 205
TpopmmoB B.B. ... 499
TpyOHUKOB A A. ... 327
TymuaoBaEE. ... 207
Tromeunes FOB............... 417,452
YCoBAB. oo 46
®dascToBa JLA.................. 255,284
®am AHB TYaH ........oooovvnan. 208
®am BeeT AHB........coooev 286
Pam CK. .o 89
Oemoperrko OB 386
OemopucroBalO.A. ... 284
Oemopos IO, .o 120
®eaopoB LB 462
OemoroBaMA. ... 343
OeayHoBB.E. ... 321
Deceako CB. . 282
OummmoBa AB. .................... 497
Oupcrok C.O......ooovvvvii 91
OpomoBa O A ... 402
Xamanoeuu IIB. .................... 211
XaayxkoB JLK. ..o 505
XakmMoB AW ... 47
Xammaa A.C. ..o 464
XapmamoB AH...............ocoo 239
XaptoBC.A. ............ 115, 148, 152
Xaxymua . ®.........cocoveevienne. 212
XmwxuaxoB FO.H....................... 157
Xumpko B . ..o 110
XoMuH T M. ..o 87
Xomytckasts OB. ... 465
XopeBT.C. oo 214
Hapamkua P.A. ... 159
HapskoB KA. ..o 467
HemropoB H.A. ... 215
LemuropoaEH...................... 215
YazoBB.B.......ocoooir 67
Uaika P.B. ... 317
Uekmaa EA. ..o 468
UemepucoBa AB. ... 375
Uepesko AW .................. 194, 217



YepnakoBBB. ... 161
UepHOOpoBOB A U. ... 366
Uepwstit LA, ... 115
Yepsbx M. ..o 499
Uuab BM. ..o 89
UuuepoBaEB. .......ccooooi 219
MMaiixmaciamos C.X................ 287
MTaxkupoB M.3. ..o, 48
MemsaxoB AO. ..o 67,91
Menems B.T......cccoooevvviiiis 162
Mepmak ILB. ... 501
MMupsaes BH.........ccvevevvin 198
MMupses BH.,.......cccvveeiie 211
Mmaros JA.I1............ccocoooo 135
MImepoB AC..oooovv 470
MImepoB B.A.....ooo 470

519

Mrouma CIO. ... 156

HIyour AB. ......cc.coveeee 221
HlysamoBa T.A. ..o 503
ykamoB A.B. ................. 180, 184
ymumaa C.C. ... 236
Mlepoaxk BB..................... 178, 223
MepoanoB A.C. ......ccooevv 377
Meruaun BE. ........................ 224
ITuromeB A A. ..o 164
IOxakoB A A. ..o 157
FOpeeB AU, ... 63
FOcymoB A A ..o 164
SAxymoB AYO.....cooooiii 176
Suosckas MLJL. .. 94, 122, 142, 154
SAmyrrHA M. .. 289



14-s1 MexayHnapoaHast KOH(pepeHs
«ABHAIIAS 1 KOCMOHABTHKA — 2015
Te3ncnl

14" International Conference
“Aviation and Cosmonautics —2015”
Abstracts

IMpencenarems Oprromurera
Illesyos Bauecnae Anexceesuu
Compencenarens OprroMurera

| ©panxo Hepcuanu |
YuéHBIH CEKpeTaphb
Jlynéea Haoeorcoa Cepeeegra

Organizing Committee Chairman
Vyacheslav Shevitsov

Organizing Committee Co-chairman

Scientific secretary
Nadezhda Luneva

IMoamucano B mevars 07.11.15
®opmar 148x210 MM
Bymara odcernas. Yeu-msa. . 17,4
Tupax 600 3Kk3. 3aka3 Ne32654

OrneyaraHo
Tumorpadus «JIroxcop»

520



OpraHusatopsl | Orginizers

MapTHEpbI | Partners

125993, MockBa, A-80, 'CI-3, Bonokonamckoe Locce, 4
Volokolamskoe shosse, 4, Moscow, A-80, GSP-3,125993
+7 985 457-37-51

aviacosmos@mai.ru

www.mai.ru


mailto:aviacosmos@mai.ru
http://www.mai.ru

