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%
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pons pa3paboTok, BHEAPEHHbIX B MPOM3BOACTBO M MAcCOBO BbiMyCKaeMbIX Ce-
pUAHBIMKM 3aBodamu. 3a 75°net paspabotaHo Gonee 70 TMNOB ABuratenei, w3
koTopbix 60 % (41 Tvn) 3anyLUeHs! B CEPUMHOE MPOM3BOACTBO.

CamoneTbl ¢ NepMCKUMW ABUraTeNsMU — Ha BOOPYXKEHUM BEOYLLMX aBUaKoMna-
HU Poccum 1 3apybexbs: «Bonra-fHenpy, «TpaHcaspo», Red Wings, Silk Way
Airlines, Cubana, Air Koryo u opyrux. [epMmckue aBuraten yCTaHOBIEHbI Ha ca-
morneTax npesuaeHta PO v npembep-muHucTpa PO.

Pa3spaboTaHbl U CEpUNHO BhbIMYCKAKOTCA ABAa CEMENCTBA ra3oTypOMHHbIX YCTa-
HOBOK Ana TIA w SnekTpoCTaHUMA pasnuyHon MoluHocTW. Bonee 760 raso-
BbIX TypOuH paspaboTku «ABuadBuratens» ycnewHo pabotawT Ha obbekTax
OAO «lasnpom», OAO «JTYKOW», OAO «CyprytHedteras», OAO «PocHedTb,
OAO «BbaLuKup3aHepro» 1 apyrux.

OAO «ABunapauraTenby — ronoBHoOM paspaboTynK CEMENCTBA ABUraTenemn naToro
MOKONeHMs Ansg NePCnekTUBHLIX camoneToB Tuna MC-21, a Takke 4nsi NPOMbIL-
NEHHbIX ra3oTypOUHHBIX YCTAHOBOK U 3IEKTPOCTAHLIMIA HOBOTO MOKOMNEHUS.

OAO «Aswaasuratenby CErogHs — 310 yCneLuHoe, ctabunbHO NpubbinbHOE npea-
MPUSATME C MOLLHBIM Ka[pOBbIM MOTEHLMANIOM, BriafetoLee NPOrpecCMBHLIMM TeX-
HOMOMSIMM NPOEKTUPOBAHMS], COBPEMEHHOI MPOU3BOACTBEHHO-TEXHOMOTUYECKON W
nabopaTopHo-ucnbiTatensHorn 6asoit. Ha npeanpusatum pabotatot 2700 coTpyaHm-
koB, 3 koTopblx 1900 YenoBek — MHXEHEPHO-TEXHUYECKUE CMIELManncTbl U PyKo-
Bogutenu. B Tom uucne 3 4.T.H. n 29 k.T.H., 31 acnupaHT. 55 % nepcoHana uvetot
BbicLLee obpasoBanue. CpeaHui BospacT cotpyaHukoB OKB — 40 ner.
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YyacTHUKaM M rocTaM MexIyHApOaHON Heae
aBMAKOCMHUYEeCKHX TeXHOJI0rHuil «Aerospace Science Week»

Ot mvenu Poccuiickoif akageMuu HayK IPHUBETCTBYIO YYAaCTHHKOB H
rocreil MexayHapoAHON HEAEeNn aBUaKOCMUYECKUX TEXHOJIOTUN «Aerospace
Science Week»!

JlaHHOE MepompHiTHE OOBEAMHHMIO B ceOe aBa KPYIHBIX HAYYHBIX
MEpONPHATHS ABHAKOCMUYIECKON HHIIyCTPHH: MexryHapoJHYIO
KOH(pepeHInI0 «ABHAIMA W KOCMOHABTHKa» M MeXOTpacieBo KOHKYpC
HAYYHO-TEXHHUYECKHX PadOT U mpoekToB «Mosioaéxe n Oyayllee aBUaluu 1
KOCMOHABTHKIW». B pamMKax CEeKIMOHHBIX 3aceJaHMi NpOWAeT 00cyKIeHHue
HAYYHBIX PabOT W TNPOEKTOB KaK MOJIOAOTO IOKOJICHHS, TaK M OIBITHBIX
CIICIUAIUCTOB U 3aCITYKEHHBIX neﬂTeneﬁ HayKH, 4YTO HEIMPEMCHHO OacT
HOBBIM TOJTYOK pa3BUTUA Haquoﬁ MBICJIM Ha aBHAIIMOHHO-KOCMHUUYCCKHUX
TIPEATIPUATHSAX U TPOPHUIBHBIX YHUBEPCUTETAX.

Poccmiickast akamemusi Hayk mnpuaaéT OoJsibIioe 3HAYEHHE 3agadam
pa3BuTHs HayKH B Poccun, MOBBIIEHNS €€ WHTEIIEKTYyalbHOTO MTOTCHIUANA,
HEOOXOANMOCTH BBIPAOOTKH MEXaHM3MOB 3((EKTHBHOTO B3aMMOJICHCTBHS
HAayK{ U [IPOMBIIUICHHOCTH, MAaKCHMAJIHOTO BKJIFOUCHHS HAYKH B IPOIIECCHI
MOJICpHH3AIN ¥ MHHOBAI[HOHHOTO Pa3BUTHSI.

51 y6ex1€H, uTO BOMPOCHI, 3aTPOHYTHIE Ha IUIOIIaAKax Aerospace Science
Week, OyayT umeTh O0JbIIOE 3HAUCHUE JUIsl Pa3BUTHUS HAILEH CTPaHBI.

Xemaro BceM ydacTHMKaM M TOCTAM MeXIyHapoJqHON  Henenu
ABMAaKOCMHUUECKHX TeXHOJoruii «Aerospace Science Week» ycremHoro
OCYILIECTBJICHUSI 3aJlyMaHHBIX IIPOEKTOB, BHEIPEHMs PpELUEHUH, UACH U
pa3paboToK B MHTEpecax OOIIero Jieja — POCCUICKOM HayKu!

IIpe3uoenm Poccuiickoii akademuu Hayk,
akademux B.E. @opmoe



OoOpamenue pekTopa MOCKOBCKOI0 aBUALIMOHHOTO
HHCTUTYTA (HAIIMOHAJIBLHOIO MCCJIEI0BATEIHLCKOI0
YHUBEPCHUTETA) K YYACTHUKAM U roctsM MexayHapoaHoi
HeJeJIM ABUAKOCMUYECKHX TEXHOJI0THH «Aerospace Science
Week»

JHoporue apysss! MckpeHHe pajx IpUBETCTBOBATh Bac Ha MexXTyHapoaHOU
HeJlelle aBHaKOCMUUECKHX TexXHOJIorni «Aerospace Science Week», koTopast
B 3TOM T'0Jly COOMpaeT HayYHYIO JIUTY aBUALIMOHHO-KOCMHYECKOi oTpaciu!

MexnyHapoaHass Heneds aBHAKOCMUYECKHX TEXHOJIOTHMH OO0beAnHHIA B
ce0Oe y4€HBIX U CIIELMAINCTOB, CTOSIINX Ha Pa3HbIX 3Talax CBOETO HAYYHOTO
MyTH: OT CTYACHTOB W MOJIOJNBIX CIEIMAJICTOB 0 MPU3HAHHBIX YYEHBIX H
BEAYIINX JKCIEPTOB-IPAKTUKOB aBHAKOCMHUYECKOW oTpaciu. HampaBieHus
paboter Aerospace Science Week OXBaTHIBAIOT MIMPOYANIINNA CIIEKTP
aKTyaJbHBIX BOTIPOCOB ABUAIIHOHHO-KOCMUYECKOH HaYKA u
MPOMBIIIICHHOCTH, a [eNoBas W KOHKYpCHas MporpaMMa HIealbHO
JOTIONHSIOT IMUPOKYI0 HAydHYI0 TMporpamMMmy Mepomnpusatus. [IpustHo
0CO3HABATh, YTO HAIl YHUBEPCHUTET SBJISCTCS TAKOH MOIIHON 00BEAMHAIONICH
CIWJIOW I YBIEUEHHBIX M TAlaHTIMBBIX YUY€HBIX, BEIYLUINX HAyYHYIO
JIeSITeNIbHOCTD B MHTEPECaX aBUAIIMM U KOCMOHABTHUKH.

YBepen, uto MexayHapogHas HeAesls aBHAaKOCMHUYECKUX TEXHOJOTHM
«Aerospace Science Week» craHer 3peKTHBHOI IIIOMIAKON U OYePEIHON
CTYICHbIO K BBINOJIHCHUIO IOCTaBICHHONW PYKOBOJACTBOM HalIeil CTpaHBI
3aJ]a9d — CO3[JaHUU BBICOKOTEXHOJOTHYHON M HAYKOEMKOM JepiKaBEhI.

JKemato BaM IDIOZOTBOPHOH pabOTHI, YCIIEXOB B peaM3alldil BalllUX
TBOPYECKHX 3aTyMOK M HUKOT/a HE OCTaHABJIMBATHCS HA JIOCTUTHYTOM!

Pexmop MAH, 0.m.n., npogpeccop
A.H. I'epawenxo
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= > KAZAN

(N2 HELICOPTERS

KABAHCKWUIA BEPTONETHBLI 3ABOA

OAO «Ka3aHckuil BepTOJIeTHBIN 3aBOI»
NupopmanunoHHas cipaBka

OAO «Kazanckuit BeprosetHbiii 3aBo» (OAO «KB3y,
KB3) — mpowusBoautens BepToneToB cemeiictBa Mu-8/17,
BXOJAIIMA B  POCCUMCKHM  BEPTOJIETOCTPOUTEIIHHBIN
xonauHr «Beptosetsl Poccun». BeproneTsl poccuilckoro
MPOM3BOJICTBA, H3rOTOBICHHBbIE B KazaHu, cyMmapHO
Hasetanu Oojnee 50 MWJUTMOHOB JIETHBIX YacoOB IO BCEMY
Mmupy. 3a Bcro ucropuro cymecrsoBanus KB3 6oxee 12 000
BepTosieToB Mu-4, Mu-8, Mu-14, Mu-17, «Aucat» u ux
Moaudukanui mocrasieHo B 100 crpan mupa. B pamkax
porpammsel xoaauHra «Bepronersl Poccun» 1o co3naHuo
BepTojeTa Mu-38 3aBoj OTBEUaeT 3a MOCTPOUKY OIBITHBIX
MIPOTOTUIIOB BEPTOJIETA M OPraHHU3aLUI0 €ro CEepUIHOro
IIPOU3BOJICTBA.

OAO «Ka3zaHckuil BepTOJIETHBIA 3aBO/» OCYLIECTBIISIET
MIOJIHBIM IIMKJ CO3JAHMSI BEPTOJIETHOM TEXHHKH OT
pa3paboTKH U CEpUHHOro BBITYCKAa JI0 MOCIENPOJAaXHOTO
COIIPOBOKICHHUS, OOy4YeHHs] TepcoHana U TPOBEACHUS
pEMOHTA.
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1. ABHAaIMOHHBIE CHCTEMBI

1. Aircraft Systems

C,-angular coefficient theory in horizontal take-off
of fixed-wing aircrafts
Bedé, Francisco Laélio de Oliveira
Brasilian Air Force Reserve, Colonel Airman

In 1906 and 1907 Alberto Santos Dumont worked tirelessly in Paris
making airplanes: Project 14Bis, Project 15, Projects Demoiselle. These
projects were the result of the junction of Scientific Knowledge from the Late
Nineteenth Century with the New Techniques of Twentieth Century First
Decade. So, it was the link between those Knowledge and Technique that
birthed the current term Technology. Thus, Dumont designed the future.

Before, between 1892 and 1897, Dumont was prepared himself
“scientifically” attending the Collége de France, the Sorbonne University and
the Bristol University. In 1898, he studied at the navigation school Merchant
Ventures Technical College. It's true, that he didn't apply in this
quadrennium of studies because he preferred to invest in their talent and
admirable practical and mechanic, revealing an inventive genius in balloons
and dirigibles to, finally, become a autodidact engineer in aircraft
construction, when he sensed a dimensionless and “magic” number 6 for the
relationship “mass/energy”, resulting from the ratio between the maximum
take-off weight (mtow) and powerplant (motor/engine power). Dumont also
realized, yet, if the result of that ratio was less than 6, then the airplane would
take-off with more safety.

Over one century has passed and we had the privilege of giving a
trigonometric treatment for numerical data annotated by Dumont about their
airplanes, resulting in a Scientific Theory as already entitled.

The theory concludes with a “Reduced Cartesian Application of C,”,
developed trigonometric from data “mass/energy” annotated by Dumont,
when he dismissed the relation “wing loading”. These data were entered into
two “cartesian axes" of a Trigonometric Circle, Quadrant I, Unit Radius
containing 49 intervals, where: in Axis Y or Axis of Sines has the maximum
value recorded as 490 (relating to “kg”); and; in Axis X or Axis of Cosines
has the maximum value noted as 368,421 (regarding “hp”). This application
provides the ideal ratio “weight/power” for all aircrafts flying very well in the
world, meeting a “cost versus benefit”, ie, efficiency and/or effectiveness
(COST) versus flight safety (BENEFIT). In this application, since the fragile
14Bis even the largest commercial airliner A-380 and the most robust cargo
Antonov AN-225, the “cost” is identified by three sectors bounded by m =

12



CA (angular coefficients), representing the declivities of tangents from four
angles: 53,070, 67,550, 81,740 and 82,510 relating respectively to the angular
coefficients C, 1,33; C4 2,42; C, 6,89; and; C4 7,60

(Keywords)

Coefficients: Angular C,; Lift C;; Drag Cp

Brp10op TpaekTOpUM NOJIETA IPH OTKA3e JABUIraTes
AnexcanHukosa M.B., Mapkun H.H.
MAM, r. Mocksa

CoBeplIeHCTBOBaHUE JBUTaTenei MIO3BOJIHIIO co3/1aTh
JlaTbHEMarucTpaIbHbIe camMoJeTel C JByMsa JABuraredsmu. Ilpu
9KCIUTyaTallid TaKUX CaMOJIETOB OTKa3 JBUTaTeNs CO3JaeT MOTEHLUAIbHBIC
poOJIeMBl, KOTOPbIE MODKHBI OBITh THIATEIFHO H3YUCHBI, HPEKAE UYeM
BBINIOJHATH TIOJIET 10 HOBOMY MapipyTy. OTka3 IBHTaTelssi CyIIECTBEHHO
BJIMSIET HA BBICOTY IIOJIETA, YTO BIHMIET Ha OE30IIaCHOCTH IOJIETA B TOPHCTON
MECTHOCTH.

Jlns mosera ¢ OTKa3aBIIMM ABHTaTeNeM TpeOyeTcst Ooiplas Tsra, 4eM Ta,
KOTOPYIO 00ecreurBacT paboTaroluil BUraTeib B PEKUME MaKCUMAJIbHOU
TArd. EOUHCTBEHHOE pelleHHe B 3TOM Cllyyae - CHU3MThCS 1O Ooisee
MOAXOJIAIeH BBICOTHI mosieTa. Ha BHIOpaHHOM BBICOTE pacrojiaraemas Tsra
JIOJDKHA CPABHATHCS C MOTPEOHOM, TEM CaMbIM I03BOJISASA BO3IYIIIHOMY CYIHY
BBIMOJIHATh TOPU3OHTAJBHBIN MMOJET. YCIOBHUS Ui CHIDKEHHS HE Bcerja
OJIMHAKOBBI, MOCKOJBKY HMHOTAA BO3AYIIHBIM CyAaM IpPEICTOUT IOJIET HaJ
TOPHBIMHM paifoHamMu. B Takux ciydasx HEOOXOJMMO H3YYHTh MapUIpyT,
YTOOBl OIGHWUTH BO3MOXKHOCTH ©O€30MacHOro ToJieTa Haj —penbedoM
MECTHOCTH.

B kauecTBe BHEHITATHOW CHUTyallMH paccMaTpHBAeTCs OTKA3 JIBUTATENs H
moxiet 1o iporpamme ETOPS. ETOPS — a60pesuatypa cinoB Extended-Range
Twin-Engine Operation. Bemonaenne nporpammer ETOPS mnpexncrasmser
c000ii m000H TOoNeT caMosieTa ¢ IByMs T'a30TYpOMHHBIMH JBUTATEISIMH HPH
onHOW HepaloTarolied CHJIOBOH YCTaHOBKHM B TEUEHHE BPEMEHH,
mpeBblmaromero 1 dgac. BO3MOXHOCTh peanu3alii  Takoro Iojera
COOTBETCTBYET MPaBWJIaM KCIUTyaTallld IBYXABUTaTEIbHBIX CAMOJIETOB.

CyIIecTBEeHHBIM HEIOCTaTKOM JBYXJBHMIATEIbHBIX CAMOJIETOB SIBIISIOTCS
MOCIEICTBHSI IPU OTKa3e ABuratens. [IpaBuna nonera npu oTkasze ABUraTens
ONpENAENAIOT TNpPEJeNbHbIE BPEMEHHBIE PAMKH. OTH PAMKHU OTPAaHUYMBAIOT
BpeMsi, 3a KOTOpOE JaHHBIH CaMOJET MOXET JOJeTeTb /10 OJrKaiiiero
MIPUTOJHOTO a9POAPOMA C OJHUM BBIKIIOUEHHBIM JBUTATENIEM INPHU IMOJHOU
Harpy3Ke Ha COOTBETCTBYIOILIEH BBICOTE.

IToner camonera B ciyyae 0TKa3a M OTKIIOUEHUS ABUraTeNs BHIIOJIHAETCS
co cpenHeit ckopocthio 400 wmwmms/gac (640 km/gac). OOs3aTenbHBIM
YCIIOBHEM IIOJIeTa MO KPUTHYECKOMY TOIIMBHOMY CIICHAPHIO SBIISETCS
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HEMEJICHHOE CHUXEHHE M MPOJOJDKUTENbHBIM moser Ha Bbicote 10000
¢dyToB (3048 m). Eciin Ha camorieTe IMeeTcs TOCTaTOYHBIH 3amac KUCIopo/a,
HE TPOM3OILIO pa3TepMETH3AIlMH W OTKa3a CHCTEMBI >KH3HEOOSCTICUCHHS,
MOJIET MOXKET BBHIIONHATECS HA BBICOTE HKCIUTYyaTAaI[MOHHOTO ITOTOJKA.
Hccrnenyercs BnusHUE OTKa3a JBUTATENS Ha OCHOBHBIC JIETHO-TEXHHYCCKHE
XapaKTepUCTHKH CaMOJIeTa U JHarpaMMy TPAaHCTIOPTHBIX BO3MOKHOCTEH.

The choice of flight path in case of failure of the engine
Aleksannikova M. V., Markin N.N.
MAI, Moscow

Improving the engine allowed to create aircraft with two engines. When the
operation of such aircraft engine failure creates potential problems that need
to be carefully examined before making the flight on the new route. Engine
failure significantly affects the flight altitude, which affects the safety of
flight in mountainous terrain.

For a flight with a failed engine requires more thrust than the one that
provides the engine running at maximum thrust. The only solution in this case
- to go down to a more appropriate altitude. At a selected height net thrust
must equal the needs, thereby allowing aircraft to level flight. Conditions for
the decline is not always the same, because sometimes the aircraft to be flying
over mountainous areas. In such cases it is necessary to explore the route to
assess the possibility of a safe flight over the terrain.

As an emergency situation is considered an engine failure and the flight

program ETOPS. Words ETOPS is Extended-Range Twin-Engine Operation.
Execution of the program is any ETOPS flight airplane with two turbine
engines with a broken power plant for a time longer than 1 hour. The
possibility of implementing such a flight conforms to the rules of operation of
two-planes.
A major shortcoming of twin-engine aircraft are the consequences of an
engine failure. Flight rules in case of failure of the engine is determined limit
timeframe. These constraints limit the time during which the aircraft can fly
to the nearest suitable airfield with one engine shut off at full load at the
correct height.

The flight of the aircraft in case of failure and disconnection of the engine
is performed at an average speed of 400 miles/hour (640 km/hour).
Prerequisite for flight critical fuel scenario is the immediate reduction and
long flight at an altitude of 10,000 feet (3,048 m). If the plane has an adequate
supply of oxygen, there was no depressurization and non life-support
systems, the flight may be performed at the height of the operational ceiling.
We investigate the impact of a failure of the engine to the main performance
characteristics of the aircraft and the transport capacity chart.
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HccnenoBanue BAUSHUS PEKMMOB AaHH30TPONHOIO TPABJICHUS
Ha IIePOX0BATOCTH MOBEPXHOCTH 3J1€MEHTOB JATYUKOB
MHKPOYJIEKTPOMEXaHHYECKHX CHCTEeM
Baxarosa F0.H.', ITapdenos H.M.%, Tumomenko A.C.'
'MUDT, "MAH, r. Mocksa

B mHacrosmee Bpemss Bce OOJNBIIYI0 MOIMYJISPHOCTH IPHOOPETAIOT
MHUKpPOAJIEKTpOMEXaHH4IecKre TaTduku U cucteMsl (MOMC), H3roTOBICHHBIE
Ha OCHOBE TeXHOJIoruH MHUKpocucteMHoi TexHuku (MCT). MOMC-natunkw,
TaKde KaK MHKpPOAKCENCPOMETPHl M MHKPOTHPOCKOIIB, HAXOIAT LIMPOKOE
IpUMEHEHHEe B HAaBUTallUM U CHCTEMax YIpaBJICHUS AaBHALMOHHO-
KOCMHYECKON TeXHUKH.

OCHOBHBIM ~ KOHCTPYKLIIMOHHBIM  MaTe€pHajioM Ui 4yBCTBUTEIBHBIX
3JIEMEHTOB SBJSIETCSI MOHOKPHUCTAUIMYEKUM — KpeMHMH. Ui co3gaHus
YyBCTBUTEIBHBIX 371eMeHTOB MOMC HCIONB3yIOTCA pa3iudHble METOJbI
TpaBJICHUs, B TOM 4YHCIEe W HanOoiee MOIMYJSIPHBIM METOJX aHW30TPOIHOTO
xummdeckoro  TpaBieHus  (AXT)  kpemMHHSA, KOTOPBIH  IO3BOJACT
(hopMHpOBaTH Kak HETITYOOKHE MPOGIIN HA IIOCKOCTH MOHOKPHCTAIIA, TaK
U CKBO3HBIE OTBEPCTHSA, a TAKXKE CIOXKHO-IPOQHIbHBIE 00beMHBIE (PHUTYpHI
TpaBieHus. HecMoTps Ha mumpokoe npuMeneHue Mmerona AXT naHHbBIA
METOJ TPABJICHUS IO CHX MOP HEJOCTATOYHO M3ydeH [1].

Hacrosimas paborta nocBsiieHa U3y4eHHI0 0COOCHHOCTEH aHW30TPOITHOTO
TpaBJICHUsI MOHOKPHCTAIIMUECKoro kpeMHus opuentarun (100) B pactBopax
Ha ocHoBe KOH pasHOW KOHIICHTpalMHd C J00aBJICHHEM KOMIIOHCHTOB,
BIMSIOIIMX HAa IIIEPOXOBAaTOCTh IOBEPXHOCTH WU MapaMeTpsl Ipoliecca
TpaBICHUS.

HccnenoBanus  TOKa3zajdd, dYTO  HPOYHOCTE  MHUKPOMEXaHHUECKOH
CTPYKTYpBl 3aBHCHT OT KadecTBa OOpabOTKM IIOBEPXHOCTH KpPEMHHMS
aneMeHTOB MOMC. VCTaHOBICHO, YTO TIPH CIOKHO-TIPO(QUIBHOM TPaBICHHH
9JIEMEHTOB T0/IBECA — TOPCHOHOB IPOUCXOJUT HEPaBHOMEPHOE TpPaBIICHHE
CTOPOH B CHMMETPHUYHOH KpecTooOpasHOil crTpykrype. MccienoBans
TUNWYHBIE Je(eKThl AaHM30TPOITHOTO TPABJICHUS, TaKHe Kak OOKOBOW u
YIJIOBOM pacTpaB, TOATPaB YIIAyONeHHH, «IHPAMUABD)Y, UMb U
TOBBIIIIEHHAS MIEPOXOBATOCTH MIOBEPXHOCTH [2].

B pabote n3yuanu BO3MOKHOCTh CKBO3HOTO TpaBieHUs kpeMHus KOD-4,5
(100) tommuuON 460+10 MKM U1 TOIXy4eHHS YyBCTBUTEIHFHOTO 3JIEMEHTA
MHKpOaKCeIepoMeTpa.

B pesynapTare mpoBemeHHOW paboOTHl pa3paboTaH TEXHOJOTHYECKHI
IpolecC  aHM30TPONHOrO  TPABIEHMS  KPEMHHUS Ui HOJIY4YEHHUs
YyBCTBUTEIBHOIO  JIEMEHTa  MHMKPOMEXAHHYECKOTO  aKCeJIepOMEeTpa.
OmpeneneHsl ONTUMANbHBIE PEXUMbBI aHU30TPOITHOTO TpaBJICHUS, BHIOpaH
COCTaB M KOHIIEHTpalusi KOMIOHEHTOB TpaBiieHus. VccienoBaHbl (OpMBI
KOMIIEHCAaTOPOB YIJIOBOTO MOATPABaA.

15



The study on the effect of anisotropic etching on the surface roughness
of MEMS sensors elements
Bazhanova Yu.N.!, Parfenov N.M.z, Timoshenkov A.S.!
'MIET, *MAI, Moscow

The recent years have witnessed the growing popularity of
microelectromechanical sensors and systems (MEMS) made on the basis of
microsystem technology (MST). MEMS sensors such as microaccelerometers
and microgyroscopes are widely used in navigation and aerospace control
systems.

The main structural material for such sensors is monocrystalline silicon. In
fabricating MEMS sensors there are used various methods of etching,
including the most popular method of chemical anisotropic etching of silicon,
which enables to form both shallow profiles and through holes on the plane of
a single crystal, as well as complex dimensional structures. Despite its
widespread use this method of etching is still poorly understood and needs
further studying [1].

The present paper examines characteristics of anisotropic etching of
monocrystalline silicon of (100) orientation in KOH-based solutions of
different concentrations with the addition of components that affect the
surface roughness and parameters of etching process.

The study has shown that the strength of micromechanical structures
depends on the quality of silicon surface processing of MEMS elements. It is
found that under etching complex profiled elements of suspension -torsions-
there occurs uneven etching of sides in a symmetrical cruciform structure.
The paper investigates such typical defects of anisotropic etching as lateral
and angular on-mask etching, under-mask etching of pits, "pyramids",
"spikes" and increased roughness of the surface [2].

The paper also studies the possibility of through etching of silicon KEF-4.5
(100) of thickness 460 + 10 mm for fabricating microaccelerometer sensors.

The study resulted in designing the technological process of anisotropic
etching of silicon for micromechanical accelerometer sensor; besides, there
were determined optimal regimes of anisotropic etching, as well as selected
the composition and concentration of etching components. There were
studied forms of compensators of angular under-mask etching.

HexoToprble acnekThbl IKCIJIYaTAlMH TAKeJbIX TPAHCIOPTHBIX
camoJieroB Ha UBIIII, nokpeITOi c10€M 0CaAKOB
bextuna H.b.

MI'TYTA, r. Mockga

HGCMOTpH Ha INIOCTOSIHHOC CHUXKCHHUC 06IIIGFO quciia aBapnﬁ u KaTaCTpO(i) B
MHpOBOﬁ Fan(,HaHCKOﬁ aBUalluy, ClIydan BbIKaTbIBaHUS BO3AYHIHBIX CY/10B
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(BC) ¢ moBepXHOCTH UCKYCCTBCHHOM B3JIETHO-MIOCa0uHOM mojockl (UBIIIT),
MPOJOJKAIOT OCTABaThCSl JOCTATOYHO PACIPOCTPAHCHHBIMH, COCTaBIISA
IIPUMEPHO YETBEPTh BCEX MHIUICHTOB.

AHanm3 paboTHI BO3AYIIHOTO TPAHCIIOPTa IOKa3bIBaeT, YTO HaWOOJbIIee
YHUCIIO OMHMOOK B MWJIOTUPOBAHMM MPOHCXOTUT HMPHU BBIIOJHEHUH ITOCATOK
CaMOJIETOB B CIIOJKHBIX MeTeoycloBusax. Ha mocanke Bpems aisd aHanu3a u
YIpaBICHUSI CaMOJIETOM OTPaHHYEHO, YTO TpeOyeT OT JIETHOTO COCTaBa
BBICOKOI KBanM(uKauy 1 00JIbIION BHUMATENbHOCTH. [IpH 5TOM BO3MOXKHBI
U OMMOKM B NMHJIOTHPOBAHWH, HCIPABUTh KOTOPBIE 3aTPYAHUTENIBHO M3-3a
OTPaHUYEHHOT'O BPEMEHH.

3ajaua MHUHUMM3aLMU pHCKOB BblKaTeiBaHul BC Ha mocagke umeer
BBICOKUH IPUOPUTET BO BCEM MHUpE. DTO CBA3aHO C TEM, 4YTO, C OJHOU
CTOPOHBI,  IPOUCXOJWUT IIOCTOSIHHOE YBEIWYEHHE TIabapuTOB M Macchl
TpaHcniopTHEIX BC, U, cie10BaTeIbHO, yBEIHICHHE TT0CaT0YHON CKOPOCTH U
MOTPeOHON TOCAJOYHONW AWCTAHIMH, a C APYrOM CTOPOHBI, HaOiomaeTcs
OypHOe pa3BuTHE WHQPACTPYKTYphl B palOHE a’3poNoOpTOB, BEAyllee K
YBEIMUYCHUIO BEPOATHOCTH CTOJNKHOBCHHS, B CIy4ae BBIKATHIBAHUS, C
00BEKTaMH 3TOH HHPPACTPYKTYPHL.

AdpopOMHBIE TOKPBITHA HapsAdy C Harpyskamu, OOYCIIOBJICHHBIMH
JBIDKEHHEM BO3JYUIHBIX CYyJIOB, IIOJBEPraloTcs TakkKe U IPUPOIHO-
KJIMMAaTH4eCKUM Bo3feiicTBUAM. CaMBIMH CIIOXHBIMM M OTBETCTBEHHBIMU
SIBISIFOTCS] 3MMHUIM U OCEHHE-BECEHHUM MEepHObl SKCIUTyaTallud a’poApoMa,
KOTOPBIE CONPOBOXIAIOTCSI MHTCHCHBHBIM BBINAJCHUEM OCaJKOB B BHUIE
BOJIBI, CHEra, a TAaK)Ke HAJIMYHMEM CIISIKOTH M O0Opa3oBaHUEM TOJIOJETHBIX
OTJIO)KEHWH, YTO CYIIECTBEHHO YyXyIamouye (QPUKIMOHHBIE CBOHCTBA
B3JIETHO-TIOCcanouHbIX mosioc (BIIIT) u Tem caMbIM co3maeT NMpEeaIoCchUIKH K
Pa3JINYHBIM aBapUHHBIM CUTYaLUsIM.

Mopenes nBwxenus BC mno mnosepxnoctu WBIIII, wucnons3yromas
OocpeJHEHHOEe 3HaueHHe Kod(duimeHTa TpeHHs KauyeHHs, SBISETCS
HEJIOCTaTOYHO aJIeKBaTHOM M HY’KJaeTcsi B yToyHeHHH. Takum oOpa3om, Ha
CEerOJHAIIHUNA JIeHb CTaHOBUTBbCS ~ aKTyalbHOM 3ajada IOCTPOCHMS
MaTeMaTH4eCKOH MOJENIN B3aUMOCBS3aHHOHN cuctemsl «mokpeitue WBIIIT —
mHeBMaTUK Imaccu BCy», BXOTHBIMH MapaMeTpaMH KOTOPOH, SIBISIOTCA:
yIenbHas IUIOTHOCTh OCAAKOB M IIapaMeTphl ITHEBMAaTHKa (KECTKOCTD,
BHYTPEHHEE TPEHUE, CTPYKTYPHBIN PHCYHOK MPOTEKTOPA).

B noxnage mpencraBieHsl MareMaTudeckue mojenu asumxeHus BC mo
UBIIII, nokpsITOil c10€M 0CaIKOB pa3IUYHOHN MIIOTHOCTH.
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Some aspects of the operation of heavy transport aircraft
on a runway covered with a layer of precipitation
Behtina N.B.

MSTUCA, Moscow

Rolling out the aircraft beyond the runway while landing in bad weather
continues to be very common. The problem of minimizing these risks is a
high priority worldwide.

Model aircraft movement on the surface of the runway, using the averaged
value of the coefficient of rolling friction is not adequate enough and needs to
be clarified. Today become urgent creation of a mathematical model of the
interconnected system “runway surface - pneumatic chassis”.

The report presents the mathematical model of the motion of the aircraft on
the runway covered with a layer of sediments of different densities.

Meroauka ¢GopMHUPOBaHHS IJIAHOBOM IPOEKIMH B IIPOLeCCe CHHTE3a
KOMIIOHOBOYHOI1 cXeMbl (JPOHTOBOIO camoJieTa
Bubuxos C.1O.
OKB Cyxoro, r. Mocka

Lens paboTsl - pa3paboTKa anmapaTa, IPIMEHEHHE KOTOPOTo B Iporecce
CHHTE3a KOMIIOHOBOYHOW CXeMbl ()POHTOBOTO camojieTa (Ha mpuMepe
MEePCHEKTUBHOTO MAJ03aMETHOTO UCTPEOUTENIs), MO3BOISIONIETO YMEHBIIUTh
TPYAOEMKOCTh 3TON MPOLIEYPHI.

IIpu cuHTE3e KOMIIOHOBOYHOM CXEMBbl CaMoJleTa IPOEKTUPOBLIUKY
HEOOXO/JMMO ONpENeNUTh TaK Ha3blBAEMOE «KOMIIOHOBOYHOE IIOJIE,
TaKOBbIM Ha MEPBOHAYAILHOM JTane (OPMUPOBAHHUS TEOMETPHYECKOTO
o0JiKa SIBJISICTCS TUIAHOBAsi MPOSKIMSI CaMoJIeTa, OIpEeJelIIomas HeCyIIyIo
CIIOCOOHOCTh camolieTa, M Tpaduk IUIomanel, ONpenessIomMi Kak caMm
o0beM camoiera, TaKk W BOJHOBYIO IPHOaBKy a’3pOAMHAMHYECKOTO
COIPOTHUBIICHHSI.

AJNTOPUTM METOJMKH BKJIIOYAET CIEAYIONIYI0 COBOKYITHOCTh ITPOLEAYP:

e  ®dopMmupoBaHHE TPAHWYHBIX YCIOBHH IS IUIAHOBOM IPOEKLIUH
(mormaay, onpenensieMoil OCHOBHBIMH ITPOCKTHBIMH NapaMeTpaMu; JUINHBI,
orpeessieMol pa3MEpHOCTBIO caMoJIeTa U ONTUMAaIbHON (OopMoii rpaduka
IUTOINAACH; IOMYyCTUMOTO pa3Maxa Kpblla ONpPEIeNseMOro yCIOBUSMHU
0a3upoBaHus).

] Omnpenenenne mapamMeTpoB KpbuUia (yIUIMHEHHS H IUIOIIATA B
3aBHUCUMOCTH OT BECOBOM pa3sMEpHOCTH M 33JaBaéMbIX MapaMeTPOB
MaHEBPEHHOCTH).

e  OmnpeneneHne MHUPHHBI (ro3eispka (ONpPEAeIsIeMoro IOIMyCTUMOM
IUTONIAIbI0 KOHCOJIEH KphIJa).
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e  OmnpexneneHne  NOJOXKEHHUS  Kpblla 1O  JJMHE  caMmoJieTa
(ompenenseMoro UCXOIs U3 ONTUMAIIEHON (GOpPMBI TpaduKa Iromaneii).

e  OmpeneneHne TOJNIOKECHUS IBUraTeneil (ONMpEAensIeMOro 3aJaHHON
IEHTPOBKOH,  IIOJIO)KEHHWEM KphIa HW  KOMIIOHOBKOW  OOpTOBOTO
PaIno3IeKTPOHHOTO 00OPYAOBAaHUS B TOJIOBHON YacTH (pro3ersika).

e  (dopmupoBaHHE BapUAHTOB pPAa3MEIICHUS TPY30BBIX OTCEKOB U
BO3/lyX03a00pHUKOB.

e  Omnpexnenenrie (GopMbl TOPU3OHTAJIBHOTO ONEPEHUs (MCXOIS U3
napaMeTpOB IIAHOBOH MTPOEKINH U 3aJaHHOU CTETIEHbIO YCTOWYNBOCTH).

e  VYTOYHEHHME a’pOAMHAMUYECKOro (OKyca Hecylleil CcXeMbl |
TMIOJIO’KEHHUS IEHTPa NapyCHOCTH.

Pe3ynpraTroM BBINOJHEHHOW pPa0OTHI SIBISIETCS METOAMKA ITO3BOJISIOLIAS
OCYIIECTBIAITh (POPMUPOBAHNE BAPHAHTOB IUIAHOBBIX INPOCKIMH caMmoieTa.
ITpu 3TOM 1O CpaBHEHHUIO C CYNIECTBYIOIIMMH TIporieccaMu (hOpMHUPOBaHUS
OLEHKHM W BBHIOOpa BAPHAHTOB IUIAHOBBIX MPOCKIMH, BKIIOYAIOIINX
COBOKYIIHOCTh 3BPHUCTHYECKUX NPOILEIYP, TPYLOEMKOCTh CHIDKCHA HE MEHEE
yeM Ha 14%.

Methodology of plane view formation during synthesis of layout
diagram of the front-line aircraft
Bibikov S.Yu.
Sukhoi Design Bureau, Moscow

Goal of the Research work — to develop methodology, which should reduce
work content of front-line aircraft’s layout diagram synthesis (on the example
of next generation stealth aircraft).

During the synthesis of aircraft’s layout diagram the designer needs to
determine the so called “layout field”, which on the first stage of general view
geometry development is the plane view. It defines its lift ability and the
aircraft’s cross-sections graph of areas, which shows volume of the aircraft
and addition of wave drag.

Algorithm of the methodology includes the following complex of
procedures:

e  Formation of boundary conditions for the plane view (projection) of
the aircraft (area, which is defined by the major project parameters; length,
which is defined by dimensions of the aircraft and by optimal form of
aircraft’s cross sections graph of areas; acceptable wing length, which is
defined by deployment conditions).

e  Determination of wing parameters (aspect ratio and area of the wing,
which depend on weight and maneuverability of the aircraft).

e  Determination of width of the fuselage (defined by acceptable area
of wing).
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e  Determination of wing position along the fuselage (defined by the
optimal form of aircraft’s cross sections graph of areas).

e  Determination of engines position (defined by designated centering,
wing position and by layout of onboard radio electronic aircraft equipment,
located in the nose part of the fuselage).

e  Variants of cargo bays and air intakes positioning.

e  Determination of horizontal empennage form (defined by plane view
parameters and prescribed stability rate).

e  Adjustment of aerodynamic and windage center position of the
selected aerodynamic scheme.

The result of the Research work is the developed methodology, which
allows to form different variants of plane views of the aircraft. The proposed
methodology, in comparison with existing procedures of evaluating and
choosing different variants of plane views, that also include complex of
heuristics procedures, allows to reduce at least 14% of work content.

Pemenue 3a1ayu NOMCKa KABUTALMM B TPYOONPOBO/IaX BCACHIBAIOIMX
MarucrTpaieii rHIPoCUCTEM ¢ IOMOIIbIO CHCTEM HHKEHEPHOI0 aHAJIN3a
Bobapuxa 1.0.

UpI'TVY, r. UpkyTck

Lenbro naHHOM pabOTHI SBISUICS aHAJIHU3 PEKUMOB pabOThI BCACHIBAIOIIUX
MarucTpaneif THUAPOCUCTEM, B TOM 4YHCIE M MEPEeXOAHBIX MPOLECCOB MNpHU
W3MEHEHHU PEXUMOB palbOTHI, IIOCTAaHOBKA 33aJadl B CHCTEME MHXEHEPHOTO
aHanM3a W e€ pelleHHe C MOCHEAYIONMM aHAJIM30M  IOJYYeHHBIX
PEe3yJIbTaTOB.

IlepBbIM 3TamoM sBISUICS aHAIN3 PEXHUMOB pabOTHl  BCACHIBAIOIINX
Mmarucrpaneii ruapocucteM. [Ipu 3ToM paccMaTpUBaINCh KaK CTAIIMOHAPHBIE
PEXHMMBI ¢ YCTAaHOBUBIIMMHUCS TTapaMeTpaMy, TaK U MEPEXOAHbIE TPOLECCH €
HEYCTaHOBUBIIUMHUCS MapaMeTpamu. Takum obpa3om, ObUTH paccMOTpeHH! 4
ciyJasi:

®  PEKHM MHUHUMAJIbHOW MPOU3BOJUTEIILHOCTH THIPOHACOCA;
®  PEXHM MaKCHMallbHOM NPOU3BOIUTEILHOCTH THAPOHACOCA;
e [epexoJ| OT pe)XUMa MUHUMAJILHOI MPOU3BOJUTENILHOCTH K PEKUMY

MaKCHMaJIbHO# MPOU3BOINTEIBHOCTH;

e [epexoJ OT peXHMa MaKCUMaJIbHOW NPOU3BOIUTENBHOCTH K

PEKUMY MUHAMAaJIbHOM PON3BOIUTEIEHOCTH

Bropsim 3TanoM sBisuIOCh  JOPMHUpOBaHHME PACUETHOW MOAENIH JUIA
HanOosee HeOJIArONPHUATHOTO PeXXnMa padoThl BCachIBaIOIIeH Maructpain. B
KayecTBEe TaKOBOTO ObUI OmIpenesiéH Nepexoi OT PEeKUMa MHHHUMAIbHON
MPOU3BOJUTENFHOCTH K PEXUMY MaKCUMalbHOW MPOU3BOAMTELHOCTH
ruaponacoca. J[ist BeIOpaHHOTO ciydas Obiia copMHUpOBaHa pacuéTHas

20



MOJICNb JUIsl CHCTEMBbl HHXXCHEPHOTO aHaiu3a. 3ajada pelanach B JIBYX
IIOCTAaHOBKAaX.

B craruonapHOl MOCTAHOBKE 3a/1a4M ObUT BBHIIIOJIHEH aHAIN3 IS PEKUMA
MUHUMAaJIbHOH NPOW3BOANUTEIFHOCTH THAPOHACOCA. DTO OBUIO HEOOXOIUMO
JUIsL OTpe/ieNiCHHs MapaMeTpOB MOTOKa [0 Hadana MepeXOJHOTO IMpollecca.
[MonyueHHble [aHHBIE OBUIM HCIOJB30BaHBI B KAYECTBE HAYAIbHBIX
apamMeTpoB ISl 337a4K B HECTAIHOHAPHOM MOCTaHOBKE.

B HecTanmoHapHO MOCTAHOBKE 3aJjaud OBLIT BBIIOJHCH aHAN3 MEPexoia
OT PeKUMa MUHHMAIBHOW MPOU3BOIUTEIBHOCTH K PEXKHMY MaKCHMAIbHOM
MIPOU3BOIUTECIBLHOCTH THIPOHACOCA, JUIS KOTOPOTO HAdYalbHBIC HapamMeTphl
MOTOKA OMPENCISUIUCh 10 pe3yiabTaTaM MpPEABAPUTEIBHO BBHIOIHEHHOTO
aHanmu3a U1 PeKUMa MHHHMATBHOW TPOM3BOIUTEIBHOCTU THApOHAcOca B
CTaTUYECKOM ITOCTAaHOBKE 3aauM.

[onydeHHble AaHHbIE MOATBEPAMJIN BO3HUKHOBEHHE KABHTAIIUH B
OKHIIAeMBIX ~ MecTaX  TPYOONpPOBOJOB  BCACBIBAIOIIEH  Marucrpaiu
THPOCUCTEMBI.

Pe3ynbTaToM BBIMOJIHEHHOW pPabOTHI SIBISETCS PELICHUE 3aa4yd MOWCKA
KaBUTAIl[MH B TPYOOMPOBOJAX BCACBHIBAIOIIUX MArkCTpaieii THIAPOCHCTEM C
MOMOIIBI0 CHUCTEM WHXXCHEPHOTO aHalu3a, a Takke (opMupoBaHHE W
0oTpabOTKa METOJMKH TOCTAHOBKH 3aJa4 JUIS KCCIICAOBAaHHS IOTOKA B
TpyOOIPOBOJaX BCACHIBAIOIIMX MArMCTPajC THIPOCHCTEM C TOMOIIBIO
CHUCTEM HHKCHEPHOTO aHajIH3a

The solution of a problem of search of cavitation in pipelines of hydraulic
systems suction lines by means of engineering analysis systems
Bobarika I.O.

ISTU, Irkutsk

The purpose of this work was the analysis of operating modes of hydraulic
systems suction lines, including transient at change of operating modes, a
problem definition in engineering analysis system and its solution with the
successive analysis of the derived results.

The first stage was the analysis of operating modes of hydraulic systems
suction lines. At that both the stationary modes with the established
parameters, and transient with the unsteady parameters were considered.
Thus, 4 cases were considered:

e mode of the minimum productivity of a hydraulic pump;

e mode of the maximum productivity of a hydraulic pump;

e transient from the mode of the minimum productivity to the mode of
the maximum productivity;

e transient from the mode of the maximum productivity to the mode of
the minimum productivity.
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The second stage was formation of design model for the most adverse
operating mode of the hydraulic system suction line. As that trransient from
the mode of the minimum productivity to the mode of the maximum
productivity of a hydraulic pump was defined. For the chosen case the design
model for the engineering analysis system was created. The problem was
solved in two statements.

In a stationary problem statement the analysis for the mode of the
minimum productivity of a hydraulic pump was made. It was necessary for
determination of parameters of a stream prior to transient. The findings were
used as initial parameters for a problem in non-stationary statement.

In a non-stationary problem statement the analysis of transient from the
mode of the minimum productivity to the mode of the maximum productivity
of a hydraulic pump for which initial parameters of a stream were determined
by results of previously made analysis for the mode of the minimum
productivity of a hydraulic pump in a stationary problem statement was made.

The findings confirmed of beginning of cavitation in the expected places of
pipelines of hydraulic systems suction lines.

The solution of a problem of search of cavitation in pipelines of the
hydraulic systems suction lines by means of engineering analysis systems,
and also formation and working off of a technique of statement of problems
for research of a stream in pipelines of hydraulic systems suction lines by
means of engineering analysis systems is result of the performed work.

HHOBaMOHHBIE KOHCTPYKTHBHO-TEXHOJIOTHYECKHE PelleHusl
B CO3aHMH MONCKOBO-THAPOAKYCTHYECKHX CHCTEM
ABYXCPEeIHOT0 anmapara.
lanpmmn H.C., Maxpos B.I1.

MAM, r. MockBa

Mopckue MHHBI YK€ Ha MPOTSHKEHUU MHOTHX NECATHIETHH MPOAOIDKAIOT
0CTaBaThCAd TPO3HBIM IIOJIBOAHBIM OpYXKHEM, MPEACTaBIAIOUNM pPEaJbHYIO
OMacCHOCTh AN Kopabmeil. MuHBI SBIAIOTCS OZHMM M3 Hambonee
3 PEKTUBHBIX BHIOB MOPCKOTO OPYXKHS IO KPUTEPHIO <«3(PPEKTUBHOCTD-
cTOUMOCTE». OCHOBHBIM CPEICTBOM OOHAPYKEHHUS MHH SIBJISIOTCS aKTHBHBIC
THPOJIOKAIINOHHBIE CUCTEMBI.

Hannast paboTa HocBsieHa npodieMaM co3/1aHHusT KOHKYPEHTOCIIOCOOHON
rugpoakyctuueckoil cucremsl MmuHomckanus (TACM)  nByxcpemaHoro
anmapara (JJCA). Amnmapar 3amyckaeTcs ¢ TOJBOTHBIX, HAJBOJHBIX U
ABUAIIMOHHBIX HOCUTENEH; MPOXOAMT MO 3aJaHHOI TpPaeKTOpuUM U
MPOM3BOJIUT IIOMCK MHHOINOJOOHBIX OOBEKTOB B Ha3HAYEHHOH oOsacTh
MOUCKA.

I'mapoaxycTrueckas cHCTeMa ammapara COCTOUT U3 3 gacTeil:
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e  HocoBas miockas HU3KOYACTOTHAsE aHTCHHAS PELICTKA CIYXKHT JUIs
MPEIBAPUTEIHLHOTO  CKAaHHPOBAHUS aKBAaTOPHUH W KOPPEKTHPOBAHUSA
MIPOTPaMMBEI TBIKEHHSL.

e  Hm3kouacToTHass aHTCHHAa HIDKHETO 0030pa  CIYXHT Ui
oOHapyXeHHsI MHHOMOJOOHBIX OOBEKTOB TIOA CIIOEM  HJIa/MSATKOTO
TPYHTa/BOIOPOCIEH.

e  BBICOKOUACTOTHAs aHTEHHA HWKHETO 0030pa 00JaJacT MCHBIINM
paauycoM JAeWCTBUSA, HO Jy4lled pasperiamoleid crmnocoOHOCThIO U
MO3BOJISIET JACTANIBHO PACCMOTPETh 00BEKT U KIIACCH(DHUIIUPOBATH €ro.

B Hacrosiee BpeMs MOUCK MUH MPOU3BOIUTCS YCTAPCBIIUMU CHCTEMAaMH,
TpeOyromuMu OOJNBIIUX 3aTpaT BPEMEHH W PECypCcOB, IAaHHBIA ammapar
MO3BOJIUT CYIIECTBEHHO YCKOPHUTH MPOIECC OOHAPYKCHHS U 00C3BPEKUBAHUS
MHUHOTIOJOOHBIX OOBEKTOB, B TOM YHCIIE Ha OMACHOM IUIA CyIOXOJICTBa
TEPPUTOPHUH.

Innovative design and technology solutions in the creation
of sonar systems the two environment device
Ganshin N.S.

MAI, Moscow

Sea mines have for decades continued to be a formidable underwater
weapons pose a real danger to ships. Mines are one of the most effective
naval weapon in terms of "cost-effectiveness". The primary means of
detection of mines are active sonar system.

This work deals with the problems of creating a competitive two
environment device with mine-detector sonar system. The unit starts with a
submarine or air carriers and moving along a predetermined path, is
reviewing a large surface of the seabed.

Hydroacoustic system unit consists of 3 parts:

. Flat low-frequency antenna of forward view is used to pre-scanning
the waters and correcting motion program.

. Low-frequency antenna of bottom view is used to detect objects
under a layer of silt / soft soil / algae.

. High-frequency antenna of bottom view has a smaller radius of
action, but better resolution and allows you to see details and to classify
objects.

Currently, the identification of mines made obsolete systems that require
large expenditures of time and resources, this unit will significantly accelerate
the process of detection and neutralization mine-like objects, including
dangerous to shipping area.
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YucinenHoe Moe TUPOBaHUE A3POANHAMHUYECKOH MHTepdepeHIIun
HecyIMX MOBEPXHOCTel BepToseTa
Hukonaes E.M.%, Tackapos M.3."?
'KHUTY-KAU, ’KB3, r. Kazaub

B Hacrosmee BpeMs CyIIECTBYIOT IBa OCHOBHBIX IOIXOAA K PEIICHHIO
3a/1a4 MOAEIHPOBAHUS HECTALIMOHAPHOM a3pOAMHAMHUKHU BEPTOJIETA: METOMBI,
OCHOBAHHBIE HA NPUMEHEHNU BUXPEBBIX TEOPUH, U METOIbI, OCHOBAHHBIE Ha
pSAMOM WHTETpUpoBaHNH ypaBHeHHI HaBbe-CTokca.

B Hacrosmeli pabore paccMaTpHBacTCsi MOJECIMPOBAHHE B3aHMHOTO
BIMSHUSA HECYIIUX IOBEPXHOCTEH Ha OCHOBE BHUXPEBON TEOPUU TOHKOM
Hecylen MOBEPXHOCTH, pa3paboTaHHON noJ PYKOBOJICTBOM
C. M. benonepkoBckoro. HenuneliHas HecTallMOHAapHas BHUXpeBas Teopus
TOHKOW Hecyllell TMOBEpPXHOCTHM TO3BOJSET MOJEIUPOBATh  CIOKHBIN
HEJIMHEUHBIN cel OT BUHTOB, BO3HUKAIOIMNA Ha peXUMaX MaHEBPUPOBAHM
M TOPH30HTAJIBPHOTO TOJIeTa. 3ajada OOTEKaHWS BEPTOJETAa IIOTOKOM
HEBSI3KOM  HEC)KMMAeMOM  JKHIKOCTH  PEIIAeTCd YHCICHHO METOJOM
JUCKPETHBIX BUXPEBBIX PAMOK.

BbiOpaHHBIE TOAXOX TO3BOJIIET KOMIDIEKCHO CMOJEIMPOBATH BECh
BEPTOJIET B OJHOM MakeTe mporpamMm. Hecymuil 1 pyneBoil BUHTBI COCTOAT
U3 KOHEYHOTO 4Hcia jJonacTed. YIpaBJIeHHUE BHHTAMH OCYIIECTBISETCA IO
3apaHee OIpeAcNeHHbIM 3akoHaM. @opMbl HECyIUX IIOBEPXHOCTEH
OIPEIEIAIOTCSl pacyeToM M 3aJalTcs B BHJE (YHKUUM KOOPIHMHAT U
BpeMeHH. KuHemarmueckue napaMeTpbl IBIDKEHHS BEpTOJIETa CUUTAIOTCA
W3BECTHBIMH. 3a/laHUe ITUX MapaMeTPOB BO3MOXKHO IO Pe3ysbTaTaM JIETHBIX
JTaHHBIX.

IIporpamMma TO3BOJISIET CMOJAEIHMPOBATH PEKUMBI TOPHU3OHTAIBHOTO
HOJIETa, PEKUM BEPTUKAIBHOTO CHIKEHHS, BKIIIOYAs PEXHM «BUXPEBOrO
KOJIbL[a», MOJPBIB HECYHIETO BUHTA Ha pPEXHME aBTOPOTAI[MM, MaHEBPHI B
BEPTUKANBbHON M TOPU3OHTAIBHOM IUIOCKOCTSAX. B mpomecce pacdera
ONpPENENAIOTCS MOCTOSIHHBIE U IIEPEMEHHBIE HArpy3Kd, MPUXOISIIUE Ha
arperaTsl BEpTOJE€Ta C YYETOM B3aMMHOIO BIHUSHHMA BCEX HECYHIMX
MIOBEPXHOCTEH.

UuncneHHOE MOJAEIMPOBAHHE BHXPEBOH IEJEHBI PEanu30BAaHO Ha S3bIKE
nporpaMMupoBanus C++ B BHIe MakeTa MPOrpaMM, KOTOpas IO3BOJISET
MPOBECTH BU3yaldM3alMi0 (U3NIECKOH KapTHHBI OOTEKaHWS BEPTOJIETa,
(hopmBl BUXpEBOTO Clieia, TIOJIEH CKOPOCTEH W KapTWH JUHUH ToKa. 3amada
uMeeT OOJIBIIYI0 pa3sMepHOCTh W TpeOyeT OONBIIMX BBIYUCIUTEIHHBIX
pecypcoB, HOTOMY B IPOrpaMMe pealn30BaHa MOAAEPHKKAa MHOTOIOTOYHBIX
BBIUUCIIEHUH C pachnapajlellMBaHUEM Ipoliecca PEeLICHHs AN yMEHBLICHUS
BPEMEHH pacueTa.

B noxnmaze mpuBeneHbl pe3yNbTaThl pacueTa MEPEMEHHBIX BO BPEMEHU
Harpy3ok Ha npumepe Beproiaera AHCAT OAO «KB3y.
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Numerical simulation of aerodynamic interference between
the bearing surfaces of the helicopter
Nikolaev E.I.z, Gaskarov M.Z."*
'KNRTU, *Kazan Helicopters, Kazan

At the moment there are two main approaches to solve the problems of
modeling unsteady aerodynamics of the helicopter: methods based on the
vortex theories and methods based on the direct integration of the Navier-
Stokes equations.

In this paper we consider the modeling of the mutual influence of bearing
surfaces 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 inviscid 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 verticalflight,
"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. Problem has a greater dimension and requires
large computational resources, so the program includes support for multi-
threading with parallelization process solutions to reduce the calculation time.

The report presents the results of the calculation of time-varying loads by
example of helicopter ANSAT made by JSC "Kazan Helicopter Plant".

Bausinne 3arpy3ku pblyara ynpaBJjieHUs HA XapaKTePUCTUKHU
CHUCTEeMBI CaMOJIeT-JIeTYUK
I'punés K.H.
LHAT'U, r. XKyxoBckuit

BriOop onTHManbHBIX XapaKTEPUCTUK 3arpy3KH pBIYAroB YyIIPaBICHHS
SBISIETCST KOMIUIEKCHOW 3anaded. Tak, oNnTHMasbHBIE XapaKTEPHUCTHKU
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3arpy3Kd 3aBHCAT OT YYBCTBHTCIIBHOCTH VIIPABJIICHUS, BBIOOP KOTOPOH B
CBOIO OYepenb 3aBUCHT OT JUHAMHKH camojera. B HacTosmee BpeMs
XapaKTepUCTHKH 3arpy3KH PBIYATOB YIPABICHUS BHIOMPAIOTCS Ha OCHOBE
CyOBEKTHBHBIX OILIEHOK JIETYUKOB. OOBEKTHBHBIX MOKa3aTeaeh
ONTUMAJIFHOCTH 3arpy3KH HE CYIIECTBYET.

Jns BeIABNIEHHS OOBEKTHBHBIX IOKa3aTeled ONTHMAIBHOCTH 3arpy3Kd
pBIYAaroB yIpaBieHUsT HEOOXOMMMO HCCIENIOBATH 3aKOHOMEPHOCTH BIUSHHS
XapaKTePUCTHK 3arpy3kd (TPaJMCHT 3arpy3Kd, NpeABApUTCIbHBIN 3aTsr,
TpeHue, neMmnpUpoBaHHE) HA TapaMEeTPbl HEPBHO-MBIIICYHON CHUCTEMBI
gyenoBeka. HecMOTpss Ha TO, YTO BOIPOCY HACHTH(HKAIMK MapamMeTpOB
MOJIC/IM JICTYMKA TIOCBSIICHO JOBOJIGHO OOJIBIIOC KOJHYECTBO padoT,
BJIMSIHAC XapAaKTEPHCTUK 3arpy3Kd Ha YACTOTHBIC XApPAKTCPUCTHKH MOJCIU
JeTyrKa 100 He pacCMaTPHUBAIOCH BOOOIIIE, JINOO OCTAIOCH HESICHBIM.

B cBa3um c 3THM, UENBI0 HACTOAMEW paOOTHI SBISETCS BBHISIBICHHC
3aKOHOMEPHOCTEH BIMSHUS XapaKTCPUCTHK 3arpy3Kd Ha OIMCHIBAIOIIHE
(DYHKIMH MOMETH JIETYMKA C YYETOM BIHUSHHA XapaKTEPHCTHUK YIPYTOCTH
KOHCTPYKIMH caMoneTa. OCHOBOM [UIs TPOBEACHUS TAaKOTO aHaln3a
SIBIIIFIOTCSI SKCIIEPUMEHTAJIbHBIE JaHHbIE, onydeHHble LIAT .

B pabote paccmaTpuBaeTcsl BIMSHUC XapaKTEPUCTHK 3arpy3KH Ha paboTy
BCEX CHUCTEM, COCTABJISIOIIUX MOJEIb JIETUMKA, & UMEHHO: HEHPOMBIIICYHON
CUCTEMBI, CUCTEMBI PYyKa-pblyar, LIEHTPAJIbHOM HEPBHOM CUCTEMBI U MOJEIH
JICTYHKA B IEJIOM. MaTeMaTH4eckoe OMHUCAHHE PabOThl Pa3IHMUYHBIX CHUCTEM
MOJIENTM JIETYMKA W 3HAHUE 3aKOHOMEPHOCTEH W3MEHEHHsS MapaMeTpoOB
NepeAaTouHblX  (YHKIMHA  3TUX  CHCTEM  MO3BOJHT  HCIIOJIh30BATh
pa3pabOTaHHBIA ammapaT TPH OICHKE BIUSHHUA JIOOBIX XapaKTePHCTUK
3arpy3Ku.

Hapsny ¢ uccnenoBanreM BIUSHHS THHEHHBIX XapaKTEPUCTHK 3aTPy3KH B
paboTe paccMaTpUBAETCs TAKXKE BIMSHHUE TAKUX HEIWHEHHBIX JIEMEHTOB KaK
NpeBapUTEeIbHBI  3aTar W TpeHHe.  Pa3paboTaHHas  MeToIUKa
UICHTU(HUKAIIMK ITO3BOJISICT TIONYyYaTh YaCTOTHBIC XapaKTCPUCTHKHU IS
J'IIO6BIX, B TOM 4YHUCJIC U HeHHHeﬁHLIX CUCTECM.

Iloka3aHo, YTO MPH H3MEHCHHH XAPaKTCPUCTHK 3arpy3KH CYIIECTBYET
"30Ha amanTanuu’" CHUCTEMBI pyKa-pbluar. B mpemenax 3TOW 30HBI 4acToTa
cp63a CUCTEMblI HC HU3MCHSICTCS HpI/I N3MCHCHUHN rpa)meHTa 33pr3KI/I.
HOKa3aHO, qTo Fpa}II/IeHTLI 3arpy31<14 B npe,uenax 30HBI aJanTalunu
COOTBETCTBYIOT ONTUMAJIHHEI I10 OT3bIBAM JICTYHKOB.

OcHOBHas YacTh pE3YJNbTATOB TMONYYCHA [UIA COyd4as YIpaBICHUS
mrypBaioM. OnmHako B paboTe MPUBOIATCS pPE3YNbTaThl, UX CpPaBHEHHEC U
aHaU3 IS IEHTPAIBHOW U OOKOBOI pyYeK yIpaBICHUS.
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Effect of Inceptor Feel System Characteristics
on Pilot-Aircraft System Parameters
Grinev K.N.

TsAGI, Zhukovsky

Selection of inceptor feel system characteristics is a complex task. Their
optimum values depend on aircraft control sensitivity, which, in their turn,
depend on aircraft dynamics. Thus, usually the optimum feel system
characteristics are selected according to subjective pilot ratings. No objective
criteria of inceptor feel system characteristics selection were developed so far.

To determine objective criteria of inceptor feel system characteristics
optimality, we need to know the effect of feel system characteristics (force
gradient, breakout force, damping, friction) on pilot’s system parameters.
Despite of the fact there are a great number of publications discussing
identification of neuromuscular system parameters, the effect of feel system
characteristics on the system parameters remains unclear.

Thus, the main goal of this work is to determine the regularities of the
effect of inceptor feel system characteristics on pilot model describing
functions. This analysis is based on experimental data received at TsAGI.

The paper describes effects of feel system characteristics on all pilot model
components: neuromuscular system, limb-manipulator system, central
nervous system and pilot model as a whole. The determined describing
functions of the model components and their parameters variation as a
function of feel system characteristics would allow us to estimate the
characteristics’ optimum values.

It is shown, in particular, that limb-manipulator system has a zone of
adaptation, within which the system cutoff frequency remains constant
regardless of force gradient variation. According to pilots’ comments, the
values of forces gradient within the adaptation zone correspond to their
optimum values.

Improvement of marketing policy of producers of the aircraft equipment
in the conditions of the changed market realities
Grishina E.A., Zueva T.1.
MAI, Moscow

By the beginning of the 1990th years the Soviet civil planes didn't concede
to foreign analogs on the majority of flight technical characteristics except the
fact that engines of a domestic production were significantly less economic.
Transition of national economy to a market way of development, a deep
economic crisis of the subsequent period, change of proportions and priorities
in activity of the enterprises, laid the foundation of purchases of civil planes
of foreign production, activity of the Russian design offices stopped.
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Introduction of further restrictions (for example, on noise, for Yak-42) in civil
aviation, compelled to buy for many years domestic carriers foreign aircrafts.
In this regard, during the long period, civil aviation of Russia was and
remains, is dependent on the West.

Due to the aggravation of a foreign policy situation and the economic risks
which arose on this soil, the problem of dependence of the Russian airlines on
deliveries foreign aeromechanics becomes aggravated as there is possible a
manipulation activity of the Russian airlines by introduction by different
western countries of restrictions. It can lead to problems of ensuring air
transportation in Russia in the necessary volume and with necessary safety.

In modern conditions the actual direction of research is development of the
system of measures for the organization of production of spare parts
necessary for airlines and accessories of civil aircrafts for the specific
customer and service of the aircraft equipment by the Russian experts. The
solution of this task will allow to prolong life to the existing fleet and to
prepare a basis for production of spare parts and accessories for domestic
planes.

In work problems in production of civil planes and their accessories at the
domestic enterprises, and also the problems connected with service of foreign
aircrafts by the Russian operators are investigated. Features of the developed
marketing policy are stated and measures for its improvement in the changed
conditions are offered. The emphasis is placed on development of a complex
of the actions allowing to re-organize system of preparation of engineering
and flight shots, and also actions that are stirring up activity of the domestic
air enterprises for creation of civil planes and their accessories. The offered
arrangements have to promote the solution of a problem of providing and
service of civil planes of the western production in Russia with use of own
resources and in perhaps short terms.

IIpoekTHpoBaHUe U OLIEHKA MPOYHOCTH 30H KOHCTPYKTHBHOIO MEepexoaa
B KOHCTPYKIHUSIX MJIaHEepa caMoJIETa U3 NMOJTUMEPHBIX CJIOUCTBIX
KOMIIO3UTOB
I'pumenxo C.B., ITonos 10.1.

MAMN, r. MockBa

OOBEKTOM HCCIIe/IOBaHMS AaHHOM pabOoTHl SBIISETCS TaK Ha3bIBaeMasi 30Ha
KOHCTPYKTUBHOIO T€pexoJa B KOHCTPYKLIHH caMoOJ€Ta U3 TIONUMEPHBIX
CJIONCTBIX KOMITO3MIIMOHHBIX MAaTepualioB. JTO YYacTKM KOHCTPYKIHH, B
KOTOPOH MPOUCXOINUT U3MEHEHNE TOJIIMHBI KOMIIO3UIIMOHHOTO TTaKeTa, JIN00
M3MEHEHHE CTPYKTYpbl YKIagkd Oe3 W3MEHEHHs TOJIMHBL. BTtopoe
BCTpeYaeTcsi B KOHCTPYKLMSIX CaMOJIETOB Topaszio pexe. Takue 30HbI BXOAAT
B Ooree o0miee MOHATHE HEPETYISIPHBIX 30H, ¥ IPUCYTCTBYIOT IIOBCEMECTHO B
TOHKOCTCHHBIX KOHCTPYKIMSIX M3 KOMITO3HTOB: 30HBI YCHWJICHHH CTBIKOB,
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Y4acCTKA BOKPYI KPOMOK BBIPE30B, KOHLEBBIX U IPUCOEAUHUTEIBHBIX
KPOMOK, IUIOUIAJIKM YCTaHOBKM CTPUHIEPOB, HEPBIOp WJIM UINAHTOYTOB,
pazmugHOTO pona 30HH ycwieHHH. Cpeaw CyOIECTBYIOIINX METOIHMK
MIPOEKTUPOBAHMS A 30H KOHCTPYKTHBHOI'O IEPEXOAa MPENyCMOTPEHBI
TOIBKO  KOHCTPYKTOpCKHE TpeOOBaHWSA W  PEKOMCHIAIMH, 3a/1ada
AHATTUTHIECKOTO 1T0100pa MapaMeTPOB U OLIEHKH MPOYHOCTH HE BCTPEYACTCS.

PaccmatpuBaeTcst 3amada NPOEKTUPOBAHUS M OLEHKH MPOYHOCTH TaKUX
YYaCTKOB KOHCTPYKIIMH. B KadecTBe HCXOJHON O0OCTAaHOBKHM BHIOpaHa
TUNOBass JJI1 3TOrO ciydyas CXeMa C HM3MEHEHHMEM TOJIIMHBI [aKeTa,
0003HauCHBl BapbUpyeMbIC MapaMeTpbl. B  3amade MPOCKTHPOBAHUS
M3YYaIOTCs MPUHIUIBI TI0J00pa BApbUPYEMBIX TAPAMETPOB I 00CCIICUCHUS
HECyIIeH CroCOOHOCTH, BBIICISIOTCS HAHOONIee pallMOHANBLHBIC pericHus. B
3aayue OICHKH MPOYHOCTH YUUTHIBAIOTCS XapaKTepHBIE 0COOCHHOCTH PabOTHI
30H KOHCTPYKTUBHOTO NEPEX0AA MO HAarpy3KOH.

Cpenn xapakTepHBIX OCOOCHHOCTEH MOXHO BBIACTHTH, INPEXKAE BCETO,
BBICOKYIO BEPOSATHOCTb PACCIOCHHUS MAaKeTa B PacCMaTPUBAEMBIX Y4YacTKax
KOHCTpYKUMHA. Takoe sIBJEHHE MPOUCXOAUT M3-3a 3HAUMTEIBHOW KOHLIEBOM
MEXKCJIOEBOM KOHIIEHTpAIlMM KacaTEJbHbIX M HOPMAJIbHBIX HalpsDKeHUi. B
paboTe paccCMOTPEeHBI YCJIOBUS MX BO3HHKHOBEHMS M TpPEAJOKEHA MOJETh
JUIS UX OmpeaesieHus. AHaTUTHYECKHE 3aBUCUMOCTH B MOJETH CIHUIIKOM
CJIOKHBI NIl CTAaHAAPTHBIX WHKEHEPHBIX PACUYETHBIX MNPOLEAYp, MO3TOMY
4yacTh pabOTHI MOCBAIICHA pacu€Ty HECKOJBKUX THIIOBBIX CIIy4acB ISt
(dbopmupoBanus 0ojice MPOCTONH HMHKCHEPHOH METOIMKH OIICHKH HeCyIlen
CHOCOOHOCTH.

Kpome Toro, paccmarpuBaeTcsi W aHaAmM3Upyercs paboTa  30H
KOHCTPYKTHBHOI'O MEpexo/ia C¢ TOYKH 3PEHMsI CTaTUCTUYECKOW TUHAMMKHU.
Uccrenyercs Takoii mokaszaTenb, Kak KOX((GUIMEHT BapHaldU YIPYTUX H
MIPOYHOCTHBIX XapaKTEPUCTHK IaKkeTa, U €ro M3MEHEHHE OT IOoKa3aTes
CJIO’KHOCTH KOHCTPYKLMH IaKeTa U 30HaX Mepexoa.

Design and evaluation of strength structural transition zones in airframe
structure of the aircraft polymer laminated composite
Grishchenko S.V., Popov Yu.l.

MALI, Moscow

The object of study of this work is the zone of structural transition in the
aircraft structure of polymeric laminated composite materials. This land
structure in which a change in the thickness of the composite package or
modified without changing the structure of the packing thickness. The second
is found in the construction of aircraft is much less common. Such zones are
included in the more general concept of irregular zones, and are ubiquitous in
thin-walled structures made of composites: the gain of joints, the areas around
the edges of the cuts, the end edges, the installation site of the stringers, ribs
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or frames, various areas of the gains. Among the existing design
methodologies for structural transition zones are only design requirements
and recommendations, the task of selecting the parameters and analytical
evaluation of strength is not found.

We consider the problem of designing and assessing the strength of the
design of such sites. As the initial conditions chosen for this case a typical
scheme with changing the thickness of the package, marked with variable
parameters. In the task we study design principles of selection of varied
parameters to ensure the bearing capacity is allocated to the most rational
decisions. In the task assessing the strength taken into account the
characteristic features of of the structural transition zones under load.

Among characteristic features can be identified, especially high probability
of package bundle designs in these portions. Such phenomenon occurs due to
significant concentration of terminal interlaminar shear and normal stresses.
In this paper, we consider the conditions of their occurrence and the model
for their determination. Analytical dependences in the model is too complex
for standard engineering computational procedures, so part of the work is
devoted to the calculation of a few typical cases for a more simple
engineering methodology for assessing the carrying capacity.

Moreover, we consider and analyze work zones constructive transition
from the point of view of statistical dynamics. We study an indicator such as
the coefficient of variation of elastic and strength characteristics of the
package, and the change of the index package design complexity and
transition zones.

Questfor the optimal geometry of subsonic passenger aircraft
wingtip device
Gueraiche D.
MAI, Moscow

Designing a fuelefficient and environment-friendly passenger aircraft is
one of the most urgent problems in aviation industry today.A straightforward
way for reducing fuel consumption is the constant refining of the airframe
aerodynamics.For this purpose, the drag of the wing (50% of the total drag)
can be significantly reducedby decreasing its lift-induced component
(induced drag).

Traditionally, reducing the induced drag was due to the increase in wing
aspect ratio.However, a ‘“narrow” long wing has low stiffness and
causessevereaeroelasticityissues.Thishas implied a strict restriction on the
wing aspect ratio. In 1976, Richard Whitcomb introduced an alternative way
to dealwith the induceddrag of the wing: The wingtip device — small, almost
vertical surface with a streamlined profile, installed at the tip of the wing
(winglets).Such concept allowed an 8% total increase in aerodynamic
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efficiency of the wing. Since then, there have been developed many concepts
of wingtip devices of various shapes and sizes.

The aim of this research is to compare the existing wingtip
devicesforevaluating their aerodynamic efficiency. As well as the
development of analytical formulas that would allow the optimization of
theshape and geometric dimensions of wingtip devices in early stages of
passenger aircraftwing design.

The computational experiment was carried out using CFD software
packages FlowVision and Ansys Fluent, in order to obtain the flow pattern in
the wingtip proximity, and to calculate the overall gain in induced drag of the
wing due to the use of the wingtip device.

AHAJIHU3 MEKTYHAPOIHOT0 ONBITA ATTECTALIMH CHEeNHATbHBIX
TeXHOJOTHYeCKHX MPOIeCCOB H Pa3padoTKa MeTOANKH HX aTTECTAIIMHU C
yuyeToM TpeboBaHuii PO
Honros S1.C., TTonkonsun B.T.

MAMWU, Hayuyno-meronnueckuit nentp «HOPMAy, r. Mocksa

Beaymue npennpusatuss mMupa  a’3pOKOCMHUYECKOM OTpaciid, Takhe Kak
Boeing, Airbus, General Electrics, Rolls-Royce u nmp. TpeOyroT oT cBOMX
MTOCTaBIIUKOB AKKPEIUTALIUH CIICIHATIBHBIX TEXHOJIOIMYECKHIX MPOLIECCOB.

WHCTUTYT 1O aHANU3y M OLIEHKE TEXHHUUECKUX XapPaKTEPUCTHK, SABIACTCA
HEKOMMepueckuM jaouepHuM mnpeanpusitueM SAE international, uybeit
MHUCCUEH SABJISIETCSL:

®  MpElOCTaBJIE€HHE YCJIYr 110 YHUBEPCAIbHOW, OOBEKTUBHOM U
HE3aBHCHMOM OIEHKE Tpoliecca MPOM3BOACTBA U U3EITHH;

e  cepTU(UKAMKM B TOCTOSHHO PAa3BHUBAIOMICHCS IPOMBIIIIICHHON
OTpPACII C LEIbIO MOBBIIIECHNS CTOUMOCTH (IIPOLyKTa) MPU OJHOBPEMEHHOM
CHIDKEHHH COBOKYITHBIX H3JIEPKEK M ONTHMH3ALUK COBMECTHOH paboThI
3aKa34ynKOB M MOCTABIIHUKOB.

MexayHapoHas TporpaMMma SIBISETCS BEAyIIEH M HCIIONB3yeMOil BO
BCEM MHUpE, KOTOpas oOOBEAMHHIA KpyIMHEHWNIMe KOMIAHHUM C LENbI0
MIPUMEHEHNsI SKOHOMHYECKH BBITOJHOTO KOMIIPOMHCCHOTO TIOAXOJa MpH
aTTECTAllMH CIIEI[ITPOLIECCOB M M3ENUI U MOCTOSHHOTO COBEPIICHCTBOBAHUS
BHYTPH aBUaKOCMHUYECKOH M aBTOMOOMIBHOM OTpacieil MpoMBIIIUIeHHOCTH. B
3Ty IporpamMMmy MONaJaroT CleNUallbHbIE IPOLECCHl U U3JENNs, oIy4aeMble
B pPe3yJIbTaTe COYETAHHS OTAEIBHBIX MAaTEPHANIOB, JETaNICH H/UIIU IIPOLIECCOB,
C 1ENbI0 (POPMHUPOBAHUS IIEIOT0Y», HAIPUMEDP, KOMITO3HUTHI, YIUIOTHUTENN U3
2/1acTOMEpA, JAEKTPOHUKA U M.

IIpu npoBegeHMHM ayaUTOB, OJKCHEPTHl HUCIOJIB3YIOT BONPOCHUKH,
cOCTaBJICHHbIE HAa OCHOBe TpeOoBaHM cTanmaproB cepuu ISO 9001/9100 n
OTpacieBOl HOPMAaTUBHOHN TOKyMEHTAILINH.
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Lenpto naHHOW pabOTHI SIBIISETCS W3y4YEHHUE, aHAIM3 MEXKIYHapOIHOTO
ombiTa W pa3pabotrka Meromonormu oreHkn CnTIl  KOHKpETHBIX
OPEINpUATHH, C Yy4eToM TpeOOBaHWI W CICHU(PUKHA OTCYSCTBEHHOTO
TIPOM3BOJICTBA.

World experience analysis of special technological processes certification
and development of methods for their certification with regard to the
requirements of the Russian Federation
Dolgov Y.S., Podkolzin V.G.

MALI, Science Methodical Centre “NORMA?”, Moscow

Leading companies of the world in aerospace industry, such as Boeing,
Airbus, General Electric, Rolls-Royce and others require from their suppliers
accreditation of special technological processes.

Analysis and evaluation of technical characteristics institute is a non-profit
subsidiary of SAE international, whose mission is:

e providing a universal, objective and independent evaluation of the
production process and products;

e  certification as a continuously developing industry with the goal to
increase the value (product) while reducing total costs and optimizing
collaboration of Customers and suppliers.

The international program is leading and used throughout the world, which
brought together the largest companies in order to apply cost-effective
compromise approach to certification of special technological processes and
products and to continual improvement within aerospace and automotive
industries. This program covers special processes and products resulting from
the combination of particular materials, components and/or processes, to form
a "whole", for example, composites, elastomer sealants, electronics, etc.

When conducting audits, experts use questionnaires based on the
requirements of ISO standards 9001/9100 and industry regulatory
documentation.

The aim of this work is study, analysis of international experience and
development of methodology for the special technological processes
evaluation of specific enterprises, taking into account requirements and
specific characteristics of the domestic production.

YcranoBka ¢popMHpPOBaHMSA MPecCNAKeTOB TOPMO3HBIX IMCKOB
aBHAIHOHHBIX KoJec. UTorm.
Jontoko N.A., Macnos 10.B., Mumenko B.1O.
MAMW, r. MockBa

JlanHasi paboTa BBINIOJNHSIACH B paMKax NOCTaHOBJIEHUs [IpaBuTenbcTBa
Poccun ot 9 anpens 2010 r. N 218 "O Mepax rocyqapCTBEHHONW HOIIEPKKN
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pasBUTHSL KOOINEpPAlMM POCCUIMCKUX BBICHIMX YYeOHBIX 3aBEACHHH U
OpraHM3alii, peaIu3yIOmNX KOMIUIEKCHBIE IPOEKTHl 110 CO3JaHUI0
BBICOKOTEXHOJIOTHYHOTO TIPOU3BOACTBA”. B Xome mpoBeaeHHBIX paboT ObLH
MIPOBEJCHBI TPEIBAPUTEIBHBIX HCCICIOBAaHHUSA IO BHIOOPY METONOB H
croco0OB TIOATOTOBKH KOMITOHEHTOB (YTJIEBOJIOKHO W YTOJBHBIN MEK) AJIS MX
nocneayromero cmenieHus. Kpome toro 0bu1 pazpaboTaH HMPUHIUIIHAIBEHO
HOBBIH METOJI ITOJaYy CMECH B Ipecc-(hOPMBL.

B mpouecce co3nanus yCTaHOBKM ObLI MPOBEIEH psifi MPEIBApUTEIBHBIX
pacyeToB, KOTOPbIE IOTOM MPOBEPSUTUCH SKCIEPHUMEHTAIBHO.

OCHOBHBIMH  OTJIMYMSIMH  yYCTAaHOBKH, pa3pa0OTaHHOH B HMHCTHTYTE,
SIBJISIFOTCSL:

®  [PHUHIMIHUAJIBHO HOBas KOHCTPYKLMS PE3KH YIJICBOJIOKHA: MPHU
CBOEHl NPOCTOTE OHAa MO3BOJSIET PELINTH BONPOCH IO PETYIHPOBAHHIO
JUTMHBI OTPE3acMBIX BOJOKOH, MOXKET IEpPEHACTPauBaThCS HA Pa3iIMIHbBIC
THIIBI BOJIOKOH M PEXYIIME 3JIEMEHTHI NMPH HX H3HOCE 3aMEHSIOTCS Ha
MecTe 06e3 0COOBIX 3aTPyIHCHHIA;

®  3MEHEHa CHCTEMa IOJadd YIJICBOJIOKHA M TIeKa B Ipecc-(QOpPMBI:
KOMITOHEHTBI TIOAAI0TCS HE OTAEIHHO, a B BUJIC ITPEABAPUTEIILHO CO3IaHHOM
cMecy;

° B CBA3UW C TEM, YTO B CHCTCMC YIIpaBJICHUA OTCYTCTBYIOT
ANIEKTPOABHUIATENIM, a YIpPaBICHHE OCYLICCTBISETCS NPUMEHEHUEM
MMHCBMATUYCCKHUX yCTpOﬁCTB, TO ITOBBIIACTCA 6630HaCHOCTL MIPUMECHCHUA
YCTaHOBKH, T.K. YIJTICPOJ ABJIACTCA OUCHDb XOPOIINM 3JICKTPOIIPOBOJHUKOM;

o KOHCTPYKLIMSI ~ yCTAaHOBKM  MO3BOJSIET  MPOBOIUTH  OBICTPYIO
MepeHacTPOIKy Ha APYroi THIopa3Mep npecc-hopmsl;

e B CBI3M C TEM, 4YTO TIIOJIHOCTbIO M3MEHEHa CHCTEMa I10Jlauu
KOMITOHEHTOB, CaMa YCTaHOBKA MMeEET 3HauYUTEIbHO MEHbIINE rabapuThl B
CpPaBHEHHM C TEMH, 4YTO B JAHHBIH MOMEHT IPHMEHSIOTCS B
MPOMBIIIICHHOCTH.

B rmpouecce co3maHus YCTaHOBKM OBbUIO Pa3pabOTaHO 3HAYUTEIBHOE
KOJIMYECTBO HOBOBBEIICHHMH, Ha KOTOpBIE B HacTosiiiee Bpemsl 0(OpPMIICHBI
3as1BKU.

PaSpa6OTaHHLIe 1 MPUMEHCHHBIC MPUHIUIILI 1 METOJbI CO3IaHUA YTJIECPOIa-
YTIEPOAHBIX KOMIIO3UTHBIX CMECEH IO3BOJISIOT JAAlbHENIIEEe IPOBEICHUE
paboT Mo CO3MaHMI0 KOHCTPYKIMHA Oojee CIOXKHBIX (HopM M TabapuUTHBIX
pa3Mepos.

B pabote ydacTBOBanmM COTPYJHHMKH pa3lMUHBIX Kadeap HHCTHUTYTa, a
TaK)Ke CTYJIEHTHI CTAPIIMX KYpCOB U UMEHHO Onarojapsi y4acTHIO B PELICHUN
KOHKPETHBIX HHXXCHEPHBIX 33/1a4 C NPUMEHEHHWEM COBPEMEHHBIX METOIOB
MIPOEKTUPOBAHMS M3 HUX YK€ /10 OKOHYAHWS HWHCTUTYTa C(HOPMUPOBAIHCH
rpaMOTHBIE  COBpeMEHHble Kaipbl g  Poccuiickoil  aBHAMOHHOM
TTPOMBINIJICHHOCTH.
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Installation of formation of press packets of brake disks aviation
wheels. Totals.
Donyukov I.A., Maslov Yu.V., Mishchenko V.Yu.
MAI, Moscow

This work was performed within the resolution of the government of
Russia of April 9, 2010 N 218 "About measures of the state support of
development of cooperation of the Russian higher educational institutions and
the organizations realizing complex projects on creation of hi-tech
production”". During the carried-out operations researches on a choice of
methods and methods of preparation of components (carbon fiber and carbon
pitch) for their subsequent mixing were conducted preliminary. Besides
essentially new method of submission of a compound in compression molds
was developed.

In the course of creation of installation a row of predesigns which were
checked then experimentally was carried out.

The main differences of the installation developed at institute are:

e  essentially new construction carbon fibers are sharp: in case of the
simplicity it allows to resolve issues on regulation of length of the cut-off
fibers, can be recustomized with different types of fibers and the cutting
elements in case of their wear are replaced on a place without special
difficulties;

e the system of submission of carbon fiber and pitch in compression
molds is changed: components move not separately, and in the form of
beforehand the created compound,

e  Dbecause in management system there are no electromotors, and
control is exercised use of pneumatic devices, safety of application of
installation since carbon is very good electroconductor increases;

e  construction of installation allows to carry out fast realignment on
other standard size of a compression mold,

e  Dbecause the system of submission of components is completely
changed, installation has considerably smaller overall dimensions in
comparison with that are applied at present in the industry.

In the course of creation of installation the significant amount of
innovations on which requests are issued now was developed.

The developed and applied principles and methods of creation carbon -
carbonic composite compounds allow further work on creation of
constructions of more difficult forms and overall dimensions.

Staff of different chairs of institute, and also students of older years
participated in operation and exactly thanks to involvement in the solution of
specific engineering objectives using the modern methods of design from
them already before the termination of institute competent modern frames for
the Russian aviation were created
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Kommuiekc moxyHATYPHOTO MOIeIMPOBAHUS
AUHAMUKU MaHEeBPEHHOT0 camMoJeTa
Xaneukui H.B.l, Boponna A.IO.I, Epodeen E.B.l, CTeOnMHKNH A.I/I.l,
Koucrantunos C.B.
'"MATH, r. KykoBckuit; ’OKB Cyxoro, T. MockBa

XapakTepHOH 4epTOM pa3BUTHS COBPEMEHHBIX MAHEBPEHHBIX CaMOJIETOB
SIBIIIETCSA UCTOJIb30BaHHE HEYCTOMYMBBIX a9POAMHAMHYECKUX KOMIIOHOBOK C
YOpaBIsgeMBbIM BEKTOPOM TATH [UI1 pPeaJu3allid BBICOKOMAaHEBPEHHBIX
XapaKTepUCTHK Ha BCEX peXKHMaxX MOJETA, BKIOYAas M OKOJOHYIIEBBIE
CKOpPOCTH MoJETa (PEXUM CBEPXMAaHEBPEHHOCTH). B 3THX 3KCTpeMallbHBIX
ycioBusx cuctema ynpasienusi monérom (CVYII) nmomxna oOecrieunBarb
Ype3BbIUAiHO BBICOKHMH YpOBEHb HAJ&KHOCTU YIPABIEHUS CaMOJETOM, a
TaKxke TpeOyeMmble TUHAMUYECKHE XapaKTepPUCTHKH JIETAaTeIbHOIO ammapaTa
(JTA), 49TOOBI COXpaHHTh YIPABICHHE W BO3MOXXHOCTHh BBIMOJHCHUS WM
LENeBOM 3aJaudl Jake IPH HAIWYAM OTKa30B M HapyIlIeHWH B padorte
paznuuHbIX aneMenToB CYIL

Onuumu 13 ocHOBHBIX 3neMeHToB CVYII, ompepensiomux Hag&XHOCTh U
0€301acHOCTh YIIPABJICHHUS CaMOJIETOM, SIBIIFOTCS 3JIEKTPOTHAPABIMUECKHE
cnepsmue pyineBbie npusoasl (OIPIT), a1 KOTOPBIX NPERBSBISAIOTCS 0C000
BBICOKHE TpeOOBaHUS 10 0E30TKA3HOCTH M JUHAMHYECCKAM XapaKTePUCTHKAM
B 4acTH (YHKUUM YNPaBJICHUS M OTPaOOTKE MaJbIX BXOJIHBIX CHUTHAJIOB,
COOTBETCTBYIOIIMX TMepeMelieHusiM BbIXxogHoro 3BeHa nao0 0,1% ot
MaKCHMaJIbHOTO X0/1a.

Hnst moctmwxkenus: TpeOyeMbix mokaszareneil HanéxHoctu CYII Ha Beex
JTamax co3faHus arperatoB u cucteMm ympasieHus (CY) yctpoiicts JIA
MIPUMEHSIOTCS HCHBITaTelIbHbIE CTeHABl. Takoe Oonblnoe 3HaueHUE,
yZenseMoe UCIBITATeIbHOMY 000py/I0BaHHIO, OOBSCHSETCS TEM, YTO HIMEHHO
OT HEro BO MHOIOM 3aBHCHT Haa&xHOe (yHKuMOHMpoBaHHWE cucTeM. Ha
CTEHJaX  HPOBOJATCS ~ aBTOHOMHBIE M KOMIUIEKCHBIE  IPOBEPKHU
(YHKIIMOHMPOBAaHUS CHUCTEM M arperatoB. Takue CTEHIbI, KaK IpaBHIIO,
coznatorcs B Kb u cnenuanuzupoBanusix HUUA.

B nacrostmee Bpemss B LIATU co3man u QyHKUMOHHpYET CTEHJ IS
ABTOHOMHBIX MCCIIEZIOBAaHUM CTaTHYECKUX U JWHAMHYECKUX XapaKTEPHUCTHUK
PYJEBBIX IMPHUBOAOB M KOMIUIEKCHBIX HCIIBITAHHM CHUCTEM YIPaBICHHUS C
BOCTIPOM3BEJCHHEM IIapHUPHBIX MOMEHTOB (CHJI) Ha TPHBOJAX B
3aBHCUMOCTH OT peXHMOB Tmonéra camonéra. IlpumeHenne nmbpoBon
TEXHUKHA W CHENHAIN3UPOBAHHOTO MPOTPAMMHOTO 00ECHeueHHs IT03BOJIIET
pacIIUpUTh BO3MOXKHOCTU UCCIIEAOBAaHHM, TOBBICUTh TOUHOCTh U3MEPEHUH, a
TaKKe MOJEIUPOBaTh TUHAMUKY cUCTEMBI «JIA-CVY) B peanbHOM BpEMEHHU.

B 2014 rony B LIAT'M ObI0 mpoBeieHO MOJIYHATYpPHOE MOJEIHUPOBAHHE
JUHAMUKH COBPEMEHHOIO MAaHEBPEHHOTO CaMoléTa C HCIOJIb30BaHHEM
HarypHbix OI'PII crabunmzaTopa, BepTHKAIBHOTO ONEpeHMs U 3jiepoHa. B
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XOZie TOJIyHATYPHOT'O MOJICIIMPOBAHUs Ha CTEHJE CUCTEM YIPaBJICHHS OBLIO
paccMOTpeHo 4 TUIIOBBIX pPeXXHMa IIoJieTa Takoro camonera. Mccnenosanoch
M30JIMPOBAHHOE TPOAOIBHOE KOPOTKOIIEPHOIMYECKOe U OOKOBOE JIBIIKCHHE
00BeKTa ¢ 3aJaHHBIMU KOA(HUIIEHTAMH JTHHEHHBIX ypaBHeHHUU. [lorydeHsl
HEepeXoJHbIe MPOLECCHl 110 OCHOBHBIM KOHTPOJHMPYEMBIM HapaMeTpam
IOBIKCHHS, a Takke AaMIUIMTYIHO-(a30BBIE YaCTOTHBIE XapaKTEPUCTHUKH
Pa3OMKHYTOrO KOHTYpa YIpPaBICHHS B IPOAOJIBHOM U OOKOBOM KaHaie. Bee
XapaKTEPUCTUKU TOJMYYEHbl KaK IpU JICHCTBUM HArpy3KH Ha BBIXOIHBIC
3BEHBSI PYJIEBBIX IPUBOJIOB, TaK U TP €€ OTCYTCTBUH.

The complex of hardware-in-the-loop simulation of maneuvering
aircraft flight dynamics
Khaletsky L.V.!, Voronin A.Yu.l, Erofeev E.V.l, Steblinkin A.I.l,
Konstantinov S.V.2
'TsAGI, Zhukovsky; “Sukhoi Company, Moscow

One of the distinctive features of the development of modern maneuvering
aircraft is the use of unsteady aerodynamic configurations with thrust-
vectoring module for the realization of highly maneuverable characteristics
on all flight regimes, including near-zero airspeed. In these extreme
conditions the flight management system (FMS) must provide extremely
high reliability of aircraft control and the required dynamic characteristics in
order to keep control and the possibility of target perfomance even in the
presence of failures and malfunctions of various elements of the FMS.

Electrohydraulic servovalve actuators (EHSV) are one of the main
elements of the FMS determining the reliability and safety flight. For these
actuators there are high-level requirements on reliability and dynamic
performance in terms of control functions and tracking small input signals
which correspond with actuator’s output level up to 0,1% of the maximum
stroke.

To achieve the required reliability level of the FMS at all stages of unit and
device creation, test-benches are applied. So much importance given to the
test equipment, extenuates the fact that it in many ways defines reliability of
the system operations. The test-benches provide independent and complex
accessory check. Such benches are usually created in development
laboratories and design-engineering departments.

Currently, TsAGI has created and operates the test-bench for autonomous
research of static and dynamic characteristics of flight control actuators and
integrated testing of control systems with simulation of hinge moments
(forces) on the actuators depending on the flight modes of the aircraft. The
use of digital technology and specialized software enables to extend research
area, improve the accuracy of measurements and simulate the dynamics of the
aircraft and the FMS in real- time.
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In 2014 TsAGI carried out hardware-in-the-loop simulation of
maneuvering aircraft flight dynamics using real EHSV of horizontal
stabilizer, vertical tail and aileron. Four typical flight modes of such aircraft
were analysed during that simulation. There were investigated isolated
longitudinal short-period and the lateral movement of the object with the
given coefficients of linear relations. Besides, step responses on the main
controlled parameters of motion and nyquist plot of control opened loop were
obtained in the longitudinal and the lateral channel. All the results were
obtained both with the external load on the output of testing actuators and
during its absence.

IIyTu noBbleHns1 6€30MACHOCTH M TOYHOCTH BBLITIOJHEHUSI 32124
BBICOKOTOYHOI0 YIPABJIEHHS a3POKOCMHYECKOI TeXHUKH
Edpemon A.B., Tarmik M.C., Tsarmuk A.C., Tumenko A.H.,

Anexcanapos B.B., Komenenko A.B.
MAMU, r. MockBa

B  pabore paccmarpuBaroTCsS ~ MpOOJNEMBI  BBINOJIHEHUS — 3a1ad
BBICOKOTOYHOT'O YHNPAaBJICHUA PAa3JIMYHBIMU JICTATCJIbHBIMH  allliapaTaMu.
Ocoboe BHMMaHME yzaeiseTcs npoOieme yrnpaBieHHs KocMuueckuMu JIA
IIpU BBITTIOJIHEHUH 3aJ1a4 CTBIKOBKHU, MMOCAAKHU HAa TYHHYIO ITOBEPXHOCTD.

Ha 0a3e paspaborannoro B MAM CHCTEMHOTO MOAXOJa K HCCIICIOBAHUIO
3aja4 pPy4YyHOTO TMHWJIOTHPOBAHUS NPEIIOKEHO OOECIeUYUTh TOYHOCTh
BBITIOJTHEHUA 3aJa4M CTBIKOBKH IIYTEM HMHTErpalvu CpeIACTB aBTOMAaTHU3allUN
U TPOTHO3HOHM WH(pOpPMANHH, CHHTE3UPYEMOW C 3IEMEHTAMH TPEXMEpPHON
PEaTBHOCTH Ha SKpaHe JHCIDICS.

Ha 6a3e MeTo10B McCIeIOBaHUS CUCTEMBI CaMOJIET-JIETYHK MOKAa3aHO, UTO
TaKOi MyTh IO3BOJISET CYMIECTBEHHO CHH3WUTH 3arpy3Ky KOCMOHABTa B
mporiecce  BBIMONHEHMS  3aJadll  CTHIKOBKM W CBECTH  3ajady K
OJTHOKOHTYPHOH, B KOTOPOH HEOOXOANMO OTCIICKHBAHHE IMPOTHOZHOW METKU
MOJIOKEHUS KOCMUYecKoro JietatenbHoro anmnapara (KJIA), mpoenupyemoro
Ha IUIOCKOCTb, JABWXKXYIOYIOCA B KOPHIAOPE JOIMYCTHUMBIX OTKHOHCHI/II‘/'I,
nepemeniaronasics co ckopoctrio commxenus KJIA u MKC.

C 1enpl0 TPOBEPKH TEOPETUUECKHX PE3YJbTaTOB ObUIM MPOBEICHBI
OKCIICPUMEHTAJIbHBIC HUCCJIICAOBAHUS Ha MIHUIOTa>XHOM CTCHC MAI/I,
CHa0XXCHHOTO  CTEPEOCKOMUYECKOW  CHCTeMO#  Bu3yamm3ammu.  Mx
BEIMIOJTHCHUIO ~ TIPSANICCTBOBANl ATAll  Pa3pabdOTKU CIICHAPHS BHEIIHEH
00CTaHOBKH, aJICKBaTHBII UCCIICAYEMOH 3a/1a4e.

Cucrema Bu3yanu3aiyn ObUIa pa3paboTaHa Ha OCHOBE CO3JJaHHOTO paHee B
MAW mporpaMMHOTO  OOECIHCUEHHs, IO3BOJIOMIETO  MOJCIHPOBATH
BHPTyaNIbHYI0 peanbHOCTh «VisualCreator». IlporpamMHoe oOecrnieueHue
«VisualCreator» BKiIIOUaeT B ce0s IIHPOKWH HAOOp MHCTPYMEHTOB IUIS
CO3/IaHUS CUCTEM BUPTYaJIbHOH PeabHOCTH, QYHKIIMOHUPYIOMNX B pPeXUMe
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peanbpHOro Maciitaba BpEMEHH, a WMEHHO, MHCTPYMEHTHI Uil paboThl ¢
TPEXMEPHBIMH  MOAEISAMH, TEKCTYPaMH, CIOXHBIMH HEPaAPXUICCKUMHU
CTPYKTYpaMH, HPUMEHSIOIUMHUCS TIPH pPa3pabOTKE IIMPOKOMACIITAOHBIX
CIIEH, IIeHepaMu, a TaKXKe HHCTPYMEHTAMH JJISl CO3MaHMs Pa3IndHOTO poja
3¢ dexToB.

C nmomompro  mporpamMMmHOro  obecmedenus  «VisualCreator»  Obur
pa3paboTaH cueHapuid, KOTOPBIH B PEKUME PEaTbHOTO MacITaba BpEeMEHH C
BBICOKOM CTENEHbI0 MAeTaJM3alliil IO3BOJSET MOJENHUPOBAaTh Ha JKpaHe
MIJIOTQXXHOTO CTEHAa MeXAyHapoJHYyI0 KOCMUYECKYIO CTaHIIMIO, C KOTOPOH
MPOM3BOJMIIACH CTHIKOBKA, 3E€MJII0 TNPH PACCMOTPEHHH €€ C  OpOMTHI,
3Be3aHOe He6o, ComHIle.

DKcnepyMEHTaNbHbIE HWCCIEJOBAaHMS II0Ka3ajid, 4YTO HCIIOJIb30BaHHE
MPETI0KEHHBIX CPEJCTB MOBBIIICHUS TOYHOCTH MIJIOTHPOBAHUS TO3BOJISIOT
BBITIOJTHUTH TIOCTABJICHHYIO 3a7ady ¢ BeposATHOCThI0 100% u cymecTBeHHO
pacHMpuTh TUANa30H Pa3IMIHBIX HAYaJIbHBIX B3aUMHBIX nojoxeHnid KJIA n
MKC 1 mocneyoniero BIIOIHEHNUS 3aJa4l CTHIKOBKH.

Hacrosimass paborta BbINONHSUIACh TpH  copedcTBUM  CKOJIKOBCKOTO
VHHBEpCHTETa HayKu U TexHosoruu (moroBop Ne 202-MRA ot 01.11.2013

r.).

The ways for the improvement of flight safety and precise accuracy
control of aerospace vehicle
Efremov A.V., Tjaglik M.S., Tjaglik A.S., Tichenko A.N.,
Alexandrov V.V., Koshelenko A.V.
MAI, Moscow

The problems of the piloting tasks required high accuracy are considered.
These tasks include the tasks typical for space vehicles: docking and landing
on the Moon. The problem is decided by the use of the system approach
developed at MAI. The approach is based on man-vehicle system
consideration it is offered to integrate the flight control system and the
display to decrease the pilot workload and to transform the pilot-aircraft
system to the single — loop task. The test of the theoretical investigation was
carried out by use of MAI simulator provided by the stercoscopic visual
system. For that purpose the scenario corresponding to the investigated task
was developed.

The system of visualization was developed on the basis of software
«VisualCreator» created at MAL

This software allows to simulate the real word included the International
Space Station, Earth, Sky, Sun, with high level of reality in the real time.

Experimental investigations demonstrated the high efficiency of the
proposed solution. The presentation was supported by the Skolkovo Institute
of Technology (contract Ne202-MRA, 01.11.2013).
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CoBeplIeHCTBOBAaHHE METOAMYECKOTO ANNAPATA MO OIleHKe HAe:KHOCTH
TOIUIMBHOI CHCTeMBbI BO3IYIIHOTO CY/IHA BOEHHOT'0 Ha3HAYeHHUSs
3apsumuk WU, Crykanos A.H., Tiotaes E.C., ®erucos E.B.

BYHI] BBC «BBA mMm. mpodeccopa H.E. XKykosckoro u FO.A. 'arapunay,
r. Boponex

Ananumz paboT, HapaBICHHBIX Ha HCCIIEJOBaHHE 0E30MaCHOCTH MOJIETOB,
HAJICKHOCTH, KOHTpojempuromHoctd u  TexHosormgHoctn  (BHKT)
BO3IYIIHBIX CyIOB BoeHHOro HazHadeHHUs (BC BH) moxasaim, 4ro B mosHOM
o0beMe TpeOOBaHMSAM HOPM HE COOTBETCTBYET NPAKTHUECKH HH OJHO
Bo3aymuoe cyaHo (BC). Dro o0O0BACHAETCS Kak KOHCTPYKTOPCKHM
HECOBEPILEHCTBOM 00pa3LlOB BOOPYXKEHUS W BOCHHOM TEXHUKH, TaK H
HEJOCTaTOYHBIM  yPOBHEM  METOJMYECKOrO  ammapaTa 10 OLIEHKe
9KCIUTyaTallMOHHBIX cBOMCTB BC.

K rommusnoii cucteme (TC) BC BH npenssaBisiorcs BeIcOKue TpeOOBaHUS
HAJIS)KHOCTH, T.K. OHA MPEICTaBIsieT COOOH CIIOKHYIO, MHOTOYPOBHEBYIO
CHCTEMY, BKIIIOYAIOLIYIO TOJCHCTEMBI, arperaThbl, 3JEMEHTHl Pa3IHdIHBIE MO
cBoeMy (DPyHKIMOHAIPHOMY Ha3HAYEHHUIO 1 KOHCTPYKTHBHOMY BBITIOJTHEHHMIO.
UemM crnoxHEe cucTeMa, TeM OHa MEHEE HaJeKHa, T.C. HaJeKHOCTb CHCTEMBI
3aBUCHT OT HAIEKHOCTH €€ arperatoB (JIEMEHTOB), (QYHKIMOHUPYIOUIUX B
OTIPEJIETICHHBIX YCIOBHSAX U NIPH BO3JCHCTBHHU Pa3INIHBIX (PaKTOPOB.

B Hactosmee Bpems ouenka HajgexxHoctu TC BC BH 3akmrouaercs B
ONpeneeHUH  3HAuUeHWM  IOKa3aTeled  HaJeXKHOCTHM  HCXOAd U3
CTaTUCTUYECKHUX JIAHHBIX, KOTOPHIC YUUTHIBAIOT (DaKT MPOSBICHHS OTKa3a U
€ro MOCJIEACTBHS, HO HE IO3BOJISIOT OLEHUTh BIMAHHE TaKUX BHEUIHHX
(aKTOpOB Kak YCJIOBHUS dKCIUTyaTalu ¥ npuMmeHeHus: AT, KOHAMIIMOHHOCTh
MIPUMEHSIEMOT0 aBHAIIMOHHOTO TOIUIMBA U JpP., HA BEPOATHOCTH MPOSBICHUS
IapaMeTpUYECKHX OTKAa30B M HEUCIIPaBHOCTEH  arperatoB TOIUIMBHON
CHCTEMBI.

IIpeanaraercsa npousBoauTh oueHky HajexxHoctd TC BC BH c¢ yuerom
BIMSHHUS BHEIIHWX W BHYTPEHHHX (PakTOpOB Ha O€30TKAa3HOCTH PabOTHI
Ka)XJI0TO 3JIEMEHTa CUCTEMBI. [l TOCTHKEHUSI 3TOW Lenn HeoOXOAMMO Ha
sTane (OpPMUPOBaHH MaTeMaTHieckod Monenu QpyHkimuonuposanus TC c
y4eToM TpeOOBaHUIl Ha/le’KHOCTH HMCIIONIB30BaTh arperaTuBHEIN crnocob (A -
cxema). IIpu atom TC BC pazbuBaercst Ha koHeuHoe yncio noacuctem (TC
camonera, TC pBurarens # T.0.), COXpaHAI TIpH OSTOM  CBSI3H,
oOecrieunBaroIie uX B3auMoaelcTBHe. B KkauecTBe 3ieMeHTa A-CXEMBI
BeIcTymatoT arperatbl TC, KaXIblii U3 KOTOPHIX NMEET BXOJHBIE, BHIXO/IHBIC
n coOcTtBeHHble Tmapamerpbl. Ilpm 3tom MmoxmemupoBanne TC BC
OCYIIECTBIISICTCS. C YYETOM XMMMOTOJIOTHYECKHX OCHOB (DYHKIIMOHMPOBAHHUS
CHCTEM.

IIpumenenue npengaraemMoro mnoaxoja k oueHke HajexHoctd TC BC
TIO3BOJIUT OOECIICUNTh MPOBEJCHUE HCCIIEIOBAHUS 0E30TKa3HOCTH KaXJIOTO
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arperata TC mpu HCIIONH30BAHUN aBUAIIMOHHOTO TOILIMBA C 3arPS3HCHUSIMH,
C MOCJICIYIOIIMM Y4ETOM B3aMMHOTO BIMsAHHUS arperatoB TC Ha HaIeKHOCTh
BC B nienmom.

On the advancement of the military aircraft fuel system reliability
verification methods
Zavyalik 1.I.,Stukalov A.N., Tyutnev E.S., Fetisov E.V.
“Air Force Academy named N.E. Zgukovskiy and Y.A. Gagarin”, Voronezh

According to the analysis of the research papers on flight operating safety
as well as military aircrafts reliability, testability and maintainability, hardly
any aircraft fully conforms to the applicable regulatory requirements. This
fact is attributable both to the engineering defects of models and the
inadequacy of the aircraft serviceability verification methods.

The extremely high requirements with regards to reliability are applied to
the military aircraft fuel system as it is a complicated multi-level system
composed of subsystems, components and elements of different functions and
design. The more complicated the system is the lower is its reliability as it
depends on the reliability of its every element (component) operating under
certain conditions and in certain environment.

At the moment military aircraft fuel system reliability verification involves
calculating reliability factors on the basis of the statistics that follows up
failures and their consequences but doesn’t allow for the evaluation of the
external factors such as operation conditions, quality of the fuel, etc., that can
possibly lead to the parametric failures and defects of the fuel system
elements.

The safety verification method for the military aircraft fuel system is
provided herewith that considers internal and external factors impact on
reliable service of the every part of the system. To complete the above, the
aggregative method (A-scheme) is to be used at a simulation model
development stage in accordance with the safety requirements, whereupon
military aircraft fuel system is divided into the finite number of subsystems (a
fuel system of the plane, a fuel system of the engine, etc.), maintaining the
connections required for their interaction. The fuel system’s components each
having input/output and inherent parameters function as A-scheme element,
while military aircraft fuel system is modeled relying on the tribochemical
fundamentals of system operation.

Application of the proposed military aircraft fuel system reliability
verification approach will make it possible to examine reliability of every
element of the system charged with contaminated fuel followed by
consideration of mutual influence of the fuel system elements and aircraft
reliability in general.
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OmnpeneneHue TATH aBHABHTaTe el caMoJIeTa 10 KHHEMaTHKe
ero pasdera npu B3Jjerte
3aiinieB I".A., Karapmanos P.JIL., Axpapos A.A.
JIMN um. M.M. I'pomoBa, r. XKykoBckuit

Ha mpumepe camonera Ty-204 ¢ ayms neurarensimu [1C-90A B moxmane
OIICHUBAETCS CXOANMOCTh PE3yIbTaTOB HATYPHOTO SKCIIEPHMEHTA T10 pa3oery
caMmoJIeTa IIPH B3JIETE C MCXOJHBIMH JaHHBIMH TI0 JBUTATEII0, OTYICHHBIMA
Ha JIBUTATEJIHHOM CTEHIE, W II0 CaMOJIETy, MOJNydCHHBIMH, B YaCTHOCTH, B
a’pOTMHAMHUIECKOI TpyOe.

VYCTaHOBICHO, YTO CXOJUMOCTb PE3YJIbTaTOB pacdyeTOB C IOMOIIBIO
MaTeMaTHYeCKOM MOJAENIH «CaMoJeT+IBUraTelb» Ha OCHOBAaHMM HMCXOIHBIX
JNAHHBIX, TOJYYEHHBIX HA JBUTATEJIHLHOM CTEHJE U B adPOAMHAMUYECKOM
TpyOe, ¢ pe3ynbTaTaMd HaTypHOTO OHKCIEpHMEHTa, mnposeneHHoro OAO
«TynoneB», o BpeMeHU M JuIMHE pazbera He Xyxke, yeM 1,8% u 1,4% B
JOJSIX OT HKCIEPUMEHTANBHBIX 3HaueHUH. PacxokaeHne 3Ha4eHUH cpemHei
0 CKOPOCTH TATW aBuanBurareneir - He Ooinee 1,6%. CuenaH MO3UTHBHBIN
MIPOTHO3 OTHOCHUTEIIFHO METOJa OTPEICSIICHUs TSATH MO KMHEMaTHKe paz0era
TIpH B3JIETE.

Bo BTOpOif WacTH AOKIama TAakXKe C IMOMOIIBI0 MaTeMaTHYECKOH MOJIEIH
«CaMOJICT+IBUTATENb» OIPEACISICTCS TATa aBUAJABHTATe]IC B HATypHOM
9KCIIEpPUMEHTE TI0 pasdery camoiera npH B3nete. OOBEKTOM HCCIEIOBAHUN
SIBIISICTCS JieTaromas jtaboparopust Mn-76 ¢ TpeMs IITaTHBIMU JBUTATCIAMHU
J30-KII2 u ombitHeIM gpuratenem HK-93. PasnensHo ompenpemnsiercs Tsra
IITAaTHBIX W OIIBITHOI'O }IBHFaTeHeﬁ. Tsara OKCICPUMEHTAJILHOI'O JIBUTATCIIA
OIpe/ieNAeTcsl KaKk pa3HOCTh 3HAUYEHUM TSITH CHIIOBOM YCTAHOBKHM B LIEJIOM,
MIOJyYCHHBIX NPH paloTaloeM M aBTOPOTHUPYIOIIEM AKCIEPHUMEHTAIEHOM
JIBUTATEIE.

YCTaHOBIIEHO, YTO CXOMUMOCTh 3HAUCHHS TATH IITATHOTO JBUTATENS CO
CTCHIIOBEIM 3HAYCHHEM Ha B3JICTHOM pEXUME He Xyxke, dyeM 3%. Tsra
9KCIEPUMEHTAIBEHOTO JBUTATENs COCTaBmia 7,7 Tc Ha pexume 0,4 HOMHUHaNA
ripu yucie M=0,163.

Aircraft engine sizing by kinematics of its take-off roll
Zaytsev G.A., Kagarmanov R.L., Akhyarov A.A.
LII Gromov, Zhukovsky

Using TU-204 aircraft with two PS-90A engines as an example, the report
evaluates reproducibility of results obtained in full-scale experiment on
aircraft take-off roll and engine initial data received at engine test facility as
well as aircraft initial data received in particular in the wind tunnel.

It has been established that reproducibility of calculation results by means
of “aircraft+engine” mathematical model based on the initial data from
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engine test facility and wind tunnel, and the results of full-scale experiment
carried out by JSC “Tupolev” is not worse than 1.8% and 1.4% regarding roll
time and length in fractions of experimental values. Divergence of the engine
mean velocity thrust values is not more than 1.6%. Method of engine sizing
by roll kinematics at take-off was positively assessed.

In the second part of the report engine thrust in the full-scale experiment on
aircraft roll at take-off is also defined by “aircraft+engine” mathematical
model. The object of the research is IL-76 flying test bed with three D30-KP2
operational engines and one NK-93 prototype engine. Thrust of operational
engines and that of the experimental one is defined separately. Experimental
engine thrust is defined as difference of the power plant thrust values as a
whole, received with running and windmilling experimental engine.

It was found that reproducibility of operational engine thrust value and test
facility value at take-off mode is not worse than 3%. The experimental engine
thrust amounted to 7.7 tf at 0.4 nominal value mode with Mach number
M=0.163.

OnpeneneHue paMoHAIbHBIX KOHCTPYKTHBHBIX NapaMeTPOB
¢ IpUMeHEeHUEeM MeTO0/1a KOHEYHBIX 3JIEMEHTOB
Kacymos E.B.

KHUTY-KAMU, r. Kazanb

OCHOBHOW NENbI0 JTaHHOW pPa0OTHI SIBISIETCS pa3paboTka anropurMa
YHUCJICHHOIO OIPEJCJICHUs DPALMOHAIBHBIX [apaMETPOB KOHCTPYKLUHU U3
KOMIIO3UI[MOHHBIX MAaTEpUalOB MOJ BO3ACHCTBHEM CHUCTEMBI BHEIIHHMX
Harpy3ok. PaccMaTpuBalOTCsl HECKOJIBKO METOJOB TOMCKA PALMOHAIBHBIX
KOHCTPYKTUBHBIX [1aPAMETPOB.

[lepBBIii anropuT™M pelIeHus 3aJaqd INPECTABISET COOOH CleAyIoNIyio
MOCJIEJ0BATENBHOCTD, KOTJa TONIIMHBI KOHCTPYKLIUH 3a0al0TCS M3HAYaIbHO
MOCTOSIHHBIMH M TIEPBOHAYAJIbHO 33/IaHHBIA 00BEM MaTepHana B Ipolecce
HUTCPAIUOHHBIX HepeC‘IéTOB cuMTaeTcsa HeusMeHHbBIM. Ilocie cTraTuyeckoro
pacu€Tta 3HAYCHHUA TOJIIMH H3MCHAIOTCA B Yy3J1aXx pacquHoﬁ KOHCYHO-
9JIEMEHTHOM CETKH B 3aBUCUMOCTH OT BEJIMYMH YZACIbHOM dHEPruu ynpyrux
nedopmanuii B pa3inuHbIX MECTaX KOHCTPYKIMH. Peann3zoBaH Takxe BTOpon
BapUaHT Iepecdy€ra TOMUMH. B HEM M3HAYalbHO 3aJa€TCSI MAaKCHUMAaJIbHOE
3HAQYEHUE YPOBHA HANpPSDKEHUM B KOHCTPYKIMM, a TaKKe MUHHUMAIbHO
BO3MOJKHas TOJIIMHA. B oTnn4ne oT nepBoro anroputMa, 3€Ch OT UTEPALUU
K HTepaluu oObeM MarepHana HW3MEHSETCs B 3aBUCHMOCTH OT YPOBHS
SKBUBAJEGHTHBIX HampsbkeHud. Ilocne crarmdeckoro pacuera 3HAYCHHSA
TOJNIIMH B Yy3JaX pacueTHON CETKM W3MEHAIOTCS B COOTBETCTBHH C
OTHOLICHHEM JEHCTBYIOIUX HANPSKEHUH K MAaKCHUMAaJbHO JOMYCKaeMOMY.
HrepannoHHbIi pacuéTr 1o nepepacrnpeeseHuIo TONIUH MPOA0HKAIOTCSA J0
TOTO MOMCHTA, II0OKa MaKCUMAJIIbHOC 3HAYCHHC HEalS[)I(eHI/Iﬁ HC JOCTHUTHECT
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3alaHHOM  BeJIMYWHBL. TpeTuil anropuT™M MOAPa3yMEeBAET IMOLIArOBOE
H3MEHEHHE IJIOTHOCTH MaTtepuaa i MOMYJIS YIPYTOCTH.
[lepepacmpeneneHrie IUIOTHOCTH MaTepHaia M TIEpecdeT ero MOAYIs
YOPYTOCTH MO3BOJSIET MMOTYYUTh T€OMETPUICCKHE XapaKTePUCTHKH Oy TyTei
KOHCTPYKIWHU. [IpUMEHEHHEe TepeYUCICHHBIX aJTrOPUTMOB  MO3BOJISAET
MONYYUTh PAlMOHANBHYI0 KOHCTPYKIHIO C TOYKH 3PCHHS PaBHOMEPHOCTH
HaTrpYy>XCHHUS BCEX €€ 3JIEMEHTOB, a TOIyIeHHOE B IPOCKTHPOBOYHOM pacyeTe
pacnpe/ieneHre TOJIIUH SIBIISIETCS] PAllMOHANBHBIM C TOYKH 3pEHUS] BECOBOTO
COBEPILEHCTBA.

B pacuerax mpuUMEHEHBI Pa3IMYHBIC BHIBI OOBEMHBIX M 00OJIOYCUHBIX
KOHEYHBIX 3JIEMEHTOB. DJIEMEHTHI MOCTPOEHBl Ha OCHOBE KMHEMATHUECKHX
runore3 Kupxrodda-JIssa u TUMOIIEHKO M MpeIHA3HAYCHBI U PEUICHUS
JIMHENHBIX U TEOMETPUYECKH HEIMHEWHBIX 3anad. KoHeuHble 37€MEHTHI
007amaroT Pa3NTUYHBIMHA ~ XapaKTEPUCTHKAMH CXOJUMOCTH YHCICHHOTO
pelIeHus, KOTOpBIE C TOMOINBI0 CHCIHANBHBIX TECTOBBIX MPUMEPOB
HCCIIEAYIOTCS IO PEIICHNUS 3a/1a4 OIpEeACICHUS pallHOHAIBHBIX TAPaMETPOB.

B pabote paccMOTpeHBI IpUMEPHI pacueTa TeCTOBHIX 3a7ad (IDIaCTHHA IO
BO3ICHCTBUEM PA3IMYHBIX THIIOB HATPYKCHUS, MIIHMHIPAICCKAs 000I0YKa,
KOHCOJILHO 3aKperieHHas MIaCTHHA), a TAaKXKe MPUMeEPhl pacueTa dIEeMEHTOB
KOHCTPYKIIMK IIEHTPOOCIKHOTO KOMIpeccopa TypOOHAAayBa BUTATEIsS
BHYTPEHHETO CropaHus, 3JIEMEHTOB KOHCTPYKIHHM CHCTEMBI YIPaBICHHS
JIETKOTO BEPTOJIETa, KOHCTPYKIIUU KpbLja caMoJIeTa.

Definition of rational design parameters using the finite element method
Kasumov E.V.
KSTU-KAI, Kazan

The main goal of this work is development of an algorithm for numerical
determination of rational design parameters of composite materials under the
influence of external loads. Several methods of searching of the rational
design parameters are considered.

The first problem algorithm is the following sequence of actions, when the
thicknesses of the structure are given as constants and the originally given
volume of material in the process of iterative calculations is considered
unchanged. After the static analysis thickness values vary at the nodes of the
computational grid, depending on the values of the specific energy of elastic
deformations in various construction sites. The second option of thickness
conversion is also realized. In this option the maximum value of the stress
level in the structure is initially set, as well as the minimum possible
thickness. Unlike the first algorithm the volume of the material varies from
iteration to iteration depending on the level of equivalent stress. After the
static calculation thickness values change in the nodes of the computational
grid in accordance with the ratio of actual stress to the maximum allowed
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stress. Iterative calculation of the thickness redistribution continues until the
maximum value of the stress reaches a specified value. The third algorithm
means a step change of material density and elastic modulus. Redistribution
of the material density and recalculation of its modulus of elasticity allows to
obtain the geometrical characteristics of the future construction. Application
of these algorithms allows to receive a rational design in terms of loading
uniformity of all its parts, and thickness distribution resulting by the design
calculation is rational in terms of the weight consummation.

The calculations use different types of solid finite elements. Elements are
based on the Kirchhoff-Love and Timoshenko kinematic hypotheses and are
intended for solving linear and geometrically nonlinear problems. Finite
elements have different convergence characteristics of the numerical solution,
which, by means of special test cases are investigated to solve problems of
definition of rational parameters.

The paper considers the calculation example of test problem (plate under
various types of loading, cylindrical shell, cantilever fitted plate), and also
examples of calculation of the structural elements of an internal combustion
engine’s turbocharging centrifugal compressor, structural elements of light
helicopter control system, aircraft wing structure.

0030p KOHCTPYKUMI a3poAUHAMUYECKUX MojeIeil
JIeTaTeJIbHBIX aNnapaToB
Koncrantunos /1.10.
I'ocMKBb «Panyra» um. A.S. Bepesnska, r. JlyOHa

Pa3sBurue cpencTB MpOEKTUPOBaHHS U HPOM3BOJICTBEHHBIX TEXHOJOTHH
MO3BOJISIFOT COKPAaTUTh CPOKHM U3TOTOBIEHHS MOJENEH U IPOBEACHUS
a’POJMHAMUYECKUX HCIBITAHUH, ONEPaTMBHO BHOCUTb M3MEHEHUS B
KOHCTPYKLIUIO, YNPOCTUTh MOHTaX CMEHHBIX 4YacTed Ha MOJENN U caMoi
MoJieNn B paboueit yacTu TpyOBI.

Haubonee TpyloeMKHM »3TamoM B HpOLECCE M3TOTOBIEHHS MOEIU
aBisieTcd 00paboTka a’pOJMHAMUYECKHX IIOBEPXHOCTEH, K KOTOPBIM
NPEIBABISAIOTCS BBICOKHE TpeOOBaHMA IO TOYHOCTH HCIOJHEHUS U
H1epoXoBaTOCTU. [IprMeHEeHue TEXHOJOTUi TPEXMEPHOU IeyaTH I103BOJISIET
CYLLIECTBEHHO CHHU3UThb TPYJOEMKOCTb Ha JAHHOM JTale, OJHAaKo,
NPUMEHEHHE TUIACTHKOB B a3POJMHAMUYECKUX MOJIEJICH MpeabsIBIsieT Oolee
JKECTKHE TpeOOBaHMS K pacueTaM MoJieliel Ha IPOYHOCTb.

B noxnazse paccMOTpEHBI CYIECTBYIOLINE U NEPCHEKTUBHBIE KOHCTPYKIHH
a’pOJAMHAMUYECKHUX MOJENeH; MoKa3aHO HalIW4Ke pecypca 3amaca Ipo4HOCTU
y KOHCTPYKLMH Mojened TpaJuLMOHHBIX KOHCTPYKIMH, YTO MO3BOJSET
ONTUMU3UPOBATH BECOBBIE XAaPAKTEPHUCTUKU MOJIENIH, HE BBIXOAS 3a PaMKU
TpebyeMoro 3amaca IpOYHOCTH.
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Tarxke mpuBEICH CIOCO0 MPHUIOKECHUS adPOJUHAMUYCCKHX HArpy30K Ha
MOJIeNb, KOTOPHIH MO3BOJISIET PACCUUTHIBATE 3aIachkl MPOYHOCTH ¢ OOJBIIEH
TOYHOCTBIO.

Overview aerodynamic aircraft models designs
Konstantinov D.Yu.
GosMKB “Raduga” of A.Ya. Bereznyk, Dubna

Development of design tools and manufacturing technologies can reduce
models’ production time and aerodynamic testing, to make quick changes to
the design, simplifies the installation of replacement parts for the model and
the model in wind-tunnel test section.

The most time-consuming step in the manufacturing process of model is
the treatment of the aerodynamic surfaces, which are subject to high demands
on precision and roughness. The use of three-dimensional printing technology
can significantly reduce the complexity at this stage, however, the use of
plastics in the wind tunnel models imposes more stringent requirements for
the calculations of models for durability.

The report examines current and perspective design of the aerodynamic
models; demonstrated the presence of a resource of safety in construction of
models of traditional designs to optimize the weight characteristics of the
model, without departing from the scope of the required margin.

Present a method of biasing of aerodynamic loads on the model, which
allows the calculation of safety margins with greater accuracy.

Oco0eHHOCTH MPOEeKTHPOBAHMS CTHIKOBBIX 30H ABHALMOHHBIX
KoHcTpyKuMii U3 KM ¢ ncnonb3oBaHueM Kpene:KHbIX 3J1eMEeHTOB
Ennoryp A.U., Kpasios B.A.

MAMU, r. Mocksa

Ienpto  pabGoTel  SBASETCA  BBIIBIEHHE M y4e€T B IPOEKTHO-
KOHCTPYKTOPCKHX pabotax ocoOeHHOCTel paboThl MaTepuana B 30HE
Kpemeka (30Ha OTBEpPCTHi) TMaHeled M3  CJIOUCTHIX  MOJIMMEPHBIX
KOMITO3UITMOHHBIX MaTepuaios (KM).

HanpsxeHns Ha KOHTYpe OTBEPCTHS SBISIOTCS CIEACTBHEM COBMECTHOTO
JEUCTBHSI CHJI B TAHENM M CHJI C KPENEeXKHOTO 3JIEMEHTa, IepelaBaeMbIX
KOHTaKTHBIM JIaBJIICHHEM (CMSATHEM).

Cuibl B IaHENU — IPOXOJAT Yepe3 30Hy OTBEPCTUS KPETIEIKHOIO IJIEMEHTa
C MNpPOSIBIEHHUEM 3HAYUTEIbHON KOHLEHTpAallMM HaNpsDKeHUI Ha KOHTYpe
orBepcTHs. 3a 0a3oBble MapaMeTpbl  HANPSHKEHHO-IE()OPMHPOBAHHOTO
cocrostnust (HC) manenu B 30He otBepctus mpuHsato HJIC nanenn 6e3
oTBepcThs. B pabore MCClenyroTcs BEIWMUYMHBI KOY(PPHUIIMEHTa CHIDKESHUS
MIPOYHOCTH IO OTBEPCTHIO, KOTOPHIE 3aBUCST OT PACIIOIOKEHISI OTBEPCTHI B
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TpylIne, HampaBlICHUs HarpyKEeHUs, MEXaHWYeCKHUX xapakrepuctuk KM B
LEJIOM U Ka’KJOr0 U3 CIIOEB.

Cuitbl ¢ KpEeIeKHOTO JIEMEHTA BBI3BIBAIOT JOMOIHUTEIbHBIC HAPSKCHUS
cmstus nakera KM B 30He KoHTypa oTBepctus. [Ipum 3TOM B oTiauuue OT
METAJUIOB, TJ€ BEIMYMHA MAKCUMAJIbHBIX HANpsOKEHUH COOTBETCTBYET
CpeOHEMY  pAacyeTHOMY  KOHTaKTHOMY  JaBIEHHMIO,  PacHpeelcHHe
HanpspbkeHui B KM HepaBHOMEPHO, CO 3HAUUTENBHBIM OTIUYUEM OT CPEJHUX
PacueTHBIX HANPSDKEHUH MO MPUYMHAM:

e  pa3Hasg KECTKOCTb U IPOYHOCTb CBA3YIOIIETO U apMHUPYIOIIUX
BOJIOKOH;

e pazHas >kecTKkocTb KM KOHTypa OTBepCTHs MO paJualIbHBIM
HampaBlIeHUSIM U 1O TONIIMHE TMakeTa U  COOTBETCTBYIOIIEE
nepepacipeeneHe KOHTAKTHOTO JABICHHUS;

e  pa3Hble JUAMETPHI KPEMEeKHOTO JIEMEHTa M OTBEpCTHs (IIOCaaKa,
BIMSHAE TEXHOJIOTMYECKHX JOMYCKOB TIIPH YCTaHOBKE KpPEMEKHOrO
COCTMHEHU)

®  DOKCIEGHTPHUCHUTET W/WIM TIPOTHO KPEHEeXHOTo 3JIEeMEHTa IpH
Harpy>XeHUU
JlononHUTEIPHOE BIIMSIHAE Ha KOA(PQUIHMEHT CHWXEHHS IPOYHOCTU

OKa3bIBAaeT COOTHOIIEHNE MoayJelt ynpyroctd KM u KpenesxHOTro 3JieMeHTa.

B noknane u3N0OKEHO BIMAHUE XapakTepa HArpyKeHHUs, MapaMeTpoB
KOHCTPYKLIMH U UX COBMECTHOE JEHCTBHE Ha NMPOYHOCTH CTHIKOBBIX 30H KM
IIPY IPOEKTUPOBAHUY aBUAIIMOHHBIX KOHCTPYKIuil 13 KM.

BriBoabI

B 30HE KpemexHBIX CTBIKOB HaINPsHKEHHO-Ie(OPMHUPOBAHHOE COCTOSIHHUE
(HAC) KM peanmsyeTcst co 3HAYUTEIEHBIMU KOHIICHTPAITUSIME HAIIPSKSHIH.
OTO NPUBOAMT K HEM30€KHOMY HapallMBaHUIO Pa3MEpPOB CTHIKOBBIX 30H
MaHeJeil M COOTBETCTBYIOIIEMY CHIDKEHHMIO BECOBOH 3((EKTHBHOCTH
KOHCTPYKLUH.

PaznenpHblil yuer paszauusbix (akropoB BiausHus Ha HJJC KM B 30He
Kperexa, OIleHKa BIUSHHUA KOHCTPYKTHBHBIX mapamerpoB Ha HJIC, mMetoss!
AQHAJTUTHYECKOTO M TPAKTHYECKOT0 HAXO0XKJIEHHUS K03(D(UIIMEHTOB BIMSHUSA
MO3BOJIMT OINPENEIUTh ONTHUMAIbHBIE IapaMeTpbl KOHCTPYKIHH C YYETOM
cymectByromux dakropos HIC.

Special aspects of designing connecting joints zone for panel composite
for aircraft structures
Endogur A.IL, Kravtcov V.A.
MALI, Moscow

The purpose is identify and including the operation of the material special
aspects in the zone fasteners (zone of the holes) panel made of polymer
composite material (CM) consisting of layers. The result is for design work
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Hole contour tensions are the result of complex action of forces in panel,
and forces from fasteners transmitted by the contact pressure.

Panel forces pass through the area of the hole in the panel with a great
stress raising on the hole contour. The parameters of the stress-strain state
(SSS) of the panel without holes taken for the basic parameters of SSB. The
values of streghtness reduction on hole coefficient are investigated in this
work. They depend of locating holes in group, traffic routing, mechanical
characteristics of whole composite and mechanical characteristics of each
layer.

Forces from fasteners produce additional stresses in CM in the hole
contour zone. However, unlike metals, where a value of maximal tensions is
according to the middle calculated subgrade reactions, tension spreading in
CM is uneven, with a great deviation from middle calculated tensions because
of:

e  different stiffness and durability of resin and stratifils of CM

e  variable stiffness surface holes of CM in the radial directions and the
thickness of the package; and the corresponding redistribution of contact
pressure

o  different diameters of fasteners and holes (fit, effect of production
tolerance)

e  cccentricity and/or fasteners deflection during loading.

Additional influence on the strength reduction coefficient has a ratio of
moduli of elasticity KM and a fixing element

The article shows the influence of different loading and structural
parameters fasteners on SSB aircraft design from CM

Results

In the zone fasteners CM stress-strain behavior takes place with a great
stress raisers. In consequence it is necessary to increase the size of the panel
in the zone fasteners and decreasing of efficiency construction of aircraft.

Divided accountability of different various factors that affect CM SSS by
panel in the area of fasteners, evaluation of the effect of structural parameters
on SSB, analytical and practical methods of finding coefficients of effects
will let define optimal structural parameters including of existent factorsof
SSS.

Hepa3pymawumuii KOHTPoJIb (PU3NKO-MEeXaHUYeCKNX CBOICTB
MATEPHAJIOB U U3/1eIUI ABHAIIMOHHO-KOCMUY€eCKOIl TeXHHKH METOI0M
JMHAMHUYECKOT0 HHACHTHPOBAHUS
Kpens A.IL
UII® HAH benapycu, r. MuHck

B noxnane npeacraBieHsl IOCIEAHAE JOCTHKEHUS B 001aCTH UCTIBITAHUI
KOHCTPYKIIMOHHBIX MarepuaioB aBHaHHOHHO-KOCMquCKOﬁ TEXHUKHN
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METOZOM JAMHAMHYECKOIO WHAECHTHPOBAHUS, OCYLIECTBISIEMOIO B DPEXHUME
OJTHOKPaTHOTO yJapHOTO HAarpy>KCHUS.

Ha ocHOBaHMH pe3ynbTaTOB MHOTOJETHHX HCCICIOBAaHHWN IPEIIOKEHA
KOHLETIUSI W METOJOJIOTHS KOHTPOJII MaTepHalIOB WHACHTHPOBAHUEM,
pa3paboTaHbl U CHCTEMATU3UPOBAHBI MOJAEIHN e(OPMUPOBAHHS MaTEpHAIIOB
NpY UHJCHTUPOBAHNUH, YITEHO BIMSIHUE TEMIIEPATYPHO-BPEMEHHBIX yCIOBHH
Harpy>KeHusl Ui TIOMYYEHHs JIOCTOBEPHBIX M OOBEKTHBHBIX JAaHHBIX O
(pU3UKO-MEXaHMYECKUX  CBOMCTBaxX  (TBEpAOCTH, MPOYHOCTH, MOAYJIe
YOPYTOCTH, TPEUIMHOCTOMKOCTH) M OCTaTOYHOM pecypce METaloB,
KOMIIO3UTOB U NOJIUMEPOB.

IIpuBomATCS KOHKpETHBIE pe3yJIbTaThl IPOBEJECHHBIX HCCIEI0BaHMH,
KOTOpEIE JIOKa3bIBAalOT ~ BO3MOXHOCTb  HCIOJNB30BaHUS  MeEToJa
JUHAMHYIECKOTO  WHACHTHPOBAHUS U1  HEPa3pyLIAIOUMIETO  KOHTPOJA
NPOYHOCTH W MOXYJIS  YHOPYTOCTH  YIJIEPOIHBIX  KOMITO3MIIMOHHBIX
MarepuanaoB (B TOM YHCIIE NMPOCTPAHCTBEHHO-APMUPOBAHHBIX) M BBIIBICHHS
AQHW30TPOIHMHU CBOIMCTB KOHTpOJHpyeMoro Marepuana. [lokasano, 9Tto meron
MO3BOJISIET TTOBBICUTh MH(OPMATUBHOCTH KOHTPOJS M OIPEAEIUTh MOAYIb
YOPYroCTH W TPOYHOCTh MaTepHala B pa3IMUHBIX  HaNpaBICHUSIX
OTHOCHUTEIIBHO ~ OCH  apMHMpOBaHHUS, UYTO MOXET B JajbHeHIIeM
UCIIOJIb30BAThCS I OLEHKH Hecyliel cloCOOHOCTU CIIOUCTBIX U3AEIHM.

[pennoxeHsl crocoObl KOHTPOJISI TBEPAOCTH M IMPOYHOCTH HEKECTKUX
KOHCTPYKLMI (TpyOONpOBONIOB, OOOJIOYEYHBIX KOHCTPYKIHMH U  T.I.),
oOnajaromux HEeJOCTaTOYHON TOJIMMHON M Maccoil M TpOBeACHUS
KOHTPOJsS JAMHAMHYECKUMM TBEpAoMepaMH. PaccMaTpuBaroTcsi HpUMEPHI
KOHTPOJISI CBOWCTB IIBETHBIX METAJUIOB (QIIOMHHUS, OpOH3BI, JaTyHH), a
TaK)ke TBEPJOCTH IOKPHITHI U3 XpOMa M HUKEJS Ha CTAJIBbHBIX MOJIOKKAX.

[MpuBoasiTcss pe3ynbTaThl MCCIENOBAHWH IO OLEHKE TPEHIMHOCTONKOCTH
XPYIIKMX KOHCTPYKIHMOHHBIX MaTE€pHAJIOB: KepaMHUKH Ha OCHOBE KapOuia
KpeMHHMs, a Tarke cTekoi. IlokaszaHo, 4ro, paspaboranHble B JabopaTtopun
KOHTaKTHO-IUHamMuueckux MetonoB koHtposnss WII® HAH benapycu,
AITOPUTMBI TTO3BOJIAIOT MPOBECTH KOHTPOJIb KPUTHUECKOro Ko3dduimenrta
MHTEHCUBHOCTH HaNpsKeHUH 0e3 pa3pylIeHns MaTepruania.

PesynbraTomM uccnenoBaHuil sBIAETCS CO3JaHHE CEpPUU MPUOOPOB Ul
KOHTPOJSI peaJbHBIX MAaTepHajoB M W3JENUil, HCIOJB3YIOIIHUXCI B
ABUAIIMOHHO-KOCMHUUYECKON TEXHUKE U MAIIHHOCTPOCHUH.
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Non-destructive testing of physical and mechanical properties of
materials and products in aerospace engineering by dynamic indentation
Kren A.P.

Institute of applied physics of the National academy of science
of Belarus, Minsk

The report presents the latest achievements in the field of testing of
construction materials used in the aerospace industry by dynamic indentation
method, implemented in the single impact loading mode.

Based on the results of previous research, the concept and methodology of
the material testing with the help of indentation were developed, the models
of material straining during its indentation were proposed, the influence of
temperature and time of loading on the physical and mechanical properties
(hardness, strength, elastic modulus, fracture toughness) and residual life of
metals, composites and polymers was considered to obtain reliable and
objective data.

The results of the studies that prove the possibility of using dynamic
indentation method for nondestructive testing of strength and modulus of
elasticity of carbon composite materials (including space-reinforced) and the
identification of the anisotropy properties of tested material are presented. It
was shown that the method allows to receive more information about
materials to determine the modulus of elasticity and strength of the material
in different directions relative to the axis of the reinforcement, which may
further be used to evaluate the bearing capacity of the layered products.

The methods of controlling the hardness and strength of non-rigid
structures (pipelines, shell structures, etc.) that have insufficient thickness and
weight for monitoring of the dynamic hardness. The examples of testing the
properties of non-ferrous metals (aluminum, bronze, brass), as well as the
hardness of the coatings of chromium and nickel on steel substrates are
discussed.

The results of studies of the fracture toughness of brittle structural
materials: ceramics based on silicon carbide, as well as glass are analysed. It
is shown that the developed in the IAP NASB method and algorithms allow
to test the critical stress intensity factor without destruction of the material.

The result of research is the creation of a series of devices for control of
real materials and products used in the aerospace and mechanical engineering.

IIpepBaHHbIi B31ET caMoJIéTa
Ky3znenos A.A., Mapkun H.H.
MAMW, r. Mocksa

HOHFOTOBKa caMoJIeTa K B3JICTY BKJIFOYACT ONPEACIICHUC B3JICTHOT'O BECa,
HEHTPOBKH, YUYCT CUJIbBI TOPMOKCHHSA Ha B3JICTC B 3aBUCUMOCTH OT COCTOSHUSA
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B3JIETHO-NIOCAJ04YHOI mojockl. [Io ATUM [NaHHBIM BBIUUCIAETCS CKOPOCTh
OTpbIBA HOCOBOTO KOJ€ECa M CKOPOCTb OTPBIBA OT  B3JIETHO-TIOCAJOYHOU
TIOJIOCHI.

OmbIT 3KCIUTyaTaliy BO3AYIIHBIX CYJOB MOKA3bIBAa€T, YTO HEPACUETHYIO
6aTaHCHPOBKY CaMOJIETa BBI3BIBAIOT CIICIYOIIHNE IPUIHHBI:

e  [IpeBbIIeHNEe MaKCHMaIBHOTO B3JIETHOTO BECa,
e JlonoxeHue UeHTpa MacCc  BOEpEeAU  IpeleibHO-NEperHeER

LIEHTPOBKH,

e  [IpeBblIeHNE MaKCUMaIbHOTO B3JIETHOTO Beca,
) OOneneHeHUEM KphLIA,
e  IlpeBbllieHHE CHIIBI TOPMOXKECHHUSI PACUETHOrO 3HAYCHUS O0OXKaTHEM

TOPMO30B U 3arpsasHenusmu BIIIL

[IInpoko mpuMeHsEMBIHI B HACTOSINEE BPEMsl PACUCTHBIH METOJ OLECHKH
XapaKTEepUCTHK B3JIETAa PACCMATPHBAET CaMOJIET Kak COANaHCHPOBAHHYIO IO
MOMEHTaM TSDKEIYI0 MaTepHalbHyl TOouKy. OZHAKo B IpoIecce MOAHATHSA
HOCOBOTO Kojeca 1 oTpbiBa oT BIIIT Heo6XoauMo co31aThk yriioBble CKOPOCTH
U YCKOPCHHWH, YTO IPHUBOJUT K HEOOXOIMMOCTH pPAacCMaTpUBaTh €ro Kak
HecOaaHCHPOBAaHHOE 110 MOMEHTaM MaTepHaIbHOE TEJO.

VYBenuueHne MNOTPEOHOTO OTKIOHEHHS pYJsi BBICOTHI BO3MOXHO IpH
CMEIIEHUH ILEHTPOBKH BIIEpE], YBEIWYECHUU B3JIETHOTO BECa, YMEHBIICHUU
MOJBEMHON CHJIBI Kpblla mpu obneneHeHnd. Ho B 3ToM ciiyuae HeT
W30BITOYHOTO  OTKJIOHCHHUS  CTa0WIM3aTOpa, KOTOpPOE  HEOOXOIUMO
nmapupoBaTh cpa3y IIOCie B3JeTa, Kak B ciydae JeHCTBHA OOJbILION
TOPMO3SIIEH CHIIBI HA OCHOBHOE IIACCH.

OTtcyTcTBHE COOBITHH TOABEMa HOCOBOTO Kojeca M oTpeiBa or BIIII Ha
pacdyeTHbIX CKOPOCTSX HE SBIISIETCS IUTATHBIM PACUYETHBIM CIydaeM Juls
NpepBaHHOro B3neTa. Ecim B TeueHnme Tpex CEeKyHJ MOcie HeyladHOH
MOMBITKY 1TOJJbeMa HOCOBOT'O KOJIECA HE NMPOMCXOANUT YBEIHUUCHHSI CKOPOCTH
caMoJieTa 1 OTphIBa HOCOBOTO KOJIeca, TOPMOXKEHHE SIBIISIETCS eIMHCTBEHHBIM
crocoboM  oOecrieueHust  0€30MaCHOCTM  MAcCaXUpOB M caMoOJIeTa.
Oco0OeHHOCTH pacueTa NPEepBAHHOTO B3JIETa COCTOSIT B OJIM30CTH CKOPOCTH
IPUHATHA pelieHus K ckopoctu orpsiBa oT BIIIL. B pesynbrare nucranuus
MPEPBAHHOTO B3JIeTa MOXET MPEBBIIATh [UIMHY B3JIETHO-IIOCAOYHON
MOJIOCKI M IIPOM30MIET BBIKATHIBAHHE CaMoOJIeTa 3a KOHLEBYIO IIOJOCY
6e3omacHoCTH.

CymecTBeHHOE TIPEBBINICHNE CHIIBI TOPMOXKeHHs npu npodere mo BIIIT
NpPE/ACTaBIsIeT  yrpo3y  O€30MacHOCTH  MOJeTa, IIOCKONBKY — Tpedyer
M30BITOYHOTO OTKJIOHEHHMS! PYJIsl BBICOTHI M CTaOMIIM3aTopa, YTO MPUBEAET K
3abpocy Ha yriael cBaimBaHusa mocie orpbiBa or BIIIl.  Cobmronenue
PykoBozcTBa 1o IETHOI 3KCIITyaTallMu B YacTU OINIPEJENICHUs BEca caMoJeTa
W ero IIGHTPOBKM IIO3BOJUT CHU3UTh BEPOSITHOCTh  HEPAaCYETHOU
OaaHCHPOBKH caMmoJeTa Ha B3JIeTe.

50



Aircraft aborted take-off
Kuznetsov A.A., Markin N.N.
MAI, Moscow

Preparation of aircraft for take-off involves determining the take-off
weight, center of gravity, keeping the braking force on the rise according to
the condition of the runway. From these data, the rate is calculated off
rotation speed and separation from the runway.

Experience in the operation of aircraft shows that unplanned balancing
aircraft cause the following reasons:

e  Exceeding the maximum take-off weight,

e  position of the center of mass in front of the maximum front-
alignment,

e  Exceeding the maximum take-off weight,

e Icing wing,

e  Excess braking force estimated value of compression brakes and
contaminated runways.

Widely used in the moment calculation method performance evaluation
considers the plane take off as balanced by the moments of heavy material
point. However, in the process of lifting the nose wheel and lift-off from the
runway, you must create the angular velocities and accelerations, which leads
to the need to treat it as nonzero the moments of the material body.

An increased need for elevator deflection is possible with offset alignment
forward, increasing the take-off weight, reducing the lift of a wing icing. But
in this case there is no excessive deviation stabilizer that is necessary to fend
off immediately after takeoff, in the case of a large braking force acts on the
main chassis.

The absence of events lift the nose wheel and lift-off from the runway at
the estimated speed is not the case for regular settlement aborted takeoff. If
within three seconds after a failed attempt to lift the nose wheel does not
increase the speed of the plane and off rotation, braking is the only way to
ensure the safety of passengers and aircraft. Features of the calculation are as
rejected take-off decision speed close to the speed of separation of the
runway. As a result, stop distance may exceed the length of the runway and
the airplane will roll out of the terminal strip safety.

Significant excess braking force when run on the runway is a threat to
flight safety, as it requires excessive deflection of the elevator and stabilizer,
which will throw to the corners of the stall after the separation from the
runway. Compliance with Flight Manual to determine the weight of the
aircraft and its alignment will reduce the likelihood nonzero balance the
aircraft on takeoff.

51



HNnaTepkanudpanys JaHHBIX MOHUTOPHHTA reou3n4ecKoi
U THAPOMETeoPOoI0rHYecKoii 06cTaHOBKHU Ha Tpacce CeBepHOro
MOPCKOI'0 MYTH U B OTJAJIEHHBIX, CTPaTernyecKuXx paionax
ApKTHYeCcKOro meabpa
Kynpuxos H.M.', ITaBmoB A.K.2
'MAW, r. Mocksa; “THI] «AAHH W, r. Cauxt-IletepGypr

I'moGanpHBIe KIMMaTHYECKWEe UW3MEHEHHsS Ha IUlaHeTe (Tio0aibHOe
MOTEIUICHNE) HauOoJiee CHIIBHO TPOSBILIIOTCA B ApPKTHKE («APKTHYECKOE
YCHIJIEHHE»), YTO OTKPBIBAET HOBBIC BO3MOXHOCTH JJISI Pa3BUTUS WHIYCTPHUH,
uHdpacTpykrypsl u cymoxonacrtsa mo tpacce CMII. CocrosiHue JeassHOrO
MOKPOBA, TEMIIEPATYPHBIN PEXXUM NMPU3EMHOTO CIOS BO3AYyXa M LUPKYIALUSL
aTMoc(epbl, B LEJIOM, SIBJISIOTCS HanOoyiee 3HAYMMBIMH HHIUKATOpaMu
YCKOPEHHOTO N3MEHEHUS apKTUIECKOI KINMaTUIECKOH CHCTEMBI.

B nmocnenHee necsTuieTMe HAOMIOAAeTCs  YCTOMYMBAs —TEHICHIMS
COKpAlICHUs] IUIOMAANW pPACHPOCTPAaHEHHS W TOJIIMHBI MHOTOJIETHErO
(TmrakoBOT0) apKTHYECKOTro JeasHoro mokposa. B 2007 u 2013 rr. mmomans
ApKTHYECKOTO  JIEASTHOTO TIOKpOBa B CEHTIOpe JOCTHINIAa  CBOMX
MHUHUMAJBHBIX ~ PEKOPIHBIX 3HaueHWH (He Oosee 40% OT HOPMBI).
3HAYNTEIBHO BO3POCIA YacTOTa BOHHUKHOBEHUS 0CO0O OIACHBIX ITOTOJHBIX
SBJICHUH (JIOKaJbHBIC M TTTyOOKHE [IUKJIOHBI, KaTaCTpOpHIECKNE HAaBOJHEHHS,
IITOPMOBBIC BETpa M HArOHBI, 3UMHHE pa3pyIIEHUs IMpuIas, KpUTHYEeCKHe
00BEMBI KUIKUX UM TBEPBIX 0CATKOB, 3MMHHIE OTTEIENH H T.I1.).

Ha ¢one HaOmOgaeMbIX COBPEMEHHBIX H3MCHCHHMU KJIMMAaTa MEHSCTCS
yCTOsIBIIAas KapTHHA LUPKYJIIMOHHBIX IMPOIECCOB B BBICOKUX INHUPOTAX.
V3MeHsr0OTCS TpaAWLMOHHBIE TPACKTOPUM AapKTHUECKUX IUKIOHOB, YTO
CIOCOOCTBYET MOSIBJICHHIO HE XapaKTEPHBIX IS Pa3IMYHbIX CE30HOB Toja
nenoBbIX ycioBuit Ha Tpacce CMII. DTo 0coOeHHO KPUTHYHO Ha OOIIeM
(oHE yMEHBLIEHWS TOJIIMHBI MHOTOJICTHUX JIBJIOB M  BBITECHEHUS
MHOTOJIETHHX (ITAKOBBIX) JIOB 00JIee TOHKUMHU OZHOJIETHIMHU.

B kauecTBe CBs3yIOIIEr0 3BEHAa MEXIYy CYIIECTBYIOLUIMMH, HO
Pa3pO3HEHHBIMHU AINNAPaTHBIMU KOMILJIEKCAMH, IpeyularaeTcs HCIOIb30BaTh
MHQOPMALMOHHO-aHATUTHYECKHH TPOTPAMMHBIN  KOMIUIEKC JIOKQJIBHOTO
MOHUTOPHHIa OOBEKTOB OKpYy)Karomied cpeabl («AiKom000K»), KOTOPHIH
SBIISIETCA TPOAYKTOM COBMeCTHOH paspaborkum I'HI| «Apkruueckuit u
AHTapKTHYECKUMA HUN» (T. CankT-ITerepOypr), MocKkoBCKOTO
ABUAIIMOHHOTO WHCTUTYTA (HannonansHOTO HCCIIeIOBATEIBCKOTO
yHHBepcHuTeTa) (T. MOCKBa) U Majioro HHHOBAMOHHOTO mpeanpuarus OO0
«["arapuHckuil cTapT.
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Intercalibration of monitoring data of the polar (Arctic) geophysical and
hydro meteorological conditions in the interest of aircraft operation
Kuprikov N.M.', Pavlov A.K.*
1MAI, Moscow; 2SSC “Arctic and Antarctic Research Institute”,

St. Petersburg

Intercalibration of monitoring data of the polar (Arctic) geophysical and
hydro meteorological conditions in the interest of aircraft operation. Global
climate change on the planet (global warming) is most pronounced in the
Arctic («Arctic amplification»), which opens up new possibility. In the last
decade there is a steady downward trend in extent and thickness of the multi-
year (pack) of the Arctic ice cover. In 2007 and 2013. area of the Arctic ice
cover in September reached its record high minimum (no more than 40% of
normal).

Significantly increased the incidence of particularly severe weather events
(local and deep cyclones, catastrophic floods, storm surges and wind, snow
fracture of fast ice, critical volumes of liquid or solid precipitation, snow
thaw, etc.) ies for the development of industry, infrastructure, and navigation
on the North Sea Route (NSR).

The state of the ice cover, temperature of the surface layer of air and
circulation of the atmosphere, in general, are the most significant indicators of
rapid changes in Arctic climate system. Against the background of the
observed current climate changes varies resist pattern of circulation processes
in high latitudes. Change the traditional trajectory of Arctic cyclones, which
contributes to the appearance of not specific to the different seasons of the
year the ice conditions in the NSR.

This is especially critical on the general background of reducing the
thickness of multi-year ice and multi-year displacement (pack) ice thinner
annuals. As a link between the existing but disparate hardware, proposed to
use the information and analytical software package local monitoring of the
environment («iKolobok»), which is a product of joint development of the
SSC «Arctic and Antarctic Research Institute» (St. Petersburg) Moscow
Aviation Institute (National Research University) (Moscow), and small
innovative enterprise LLC «Gagarin Start» (Moscow).

Kpuorennasi Tpanc3ByKoBasi a3poAMHAMHUYecKasi TPy0a ¢ oxJaxkIeHueM
NnoToKa 3a cuer 3pdexra Ixoynsa-Tomcona
3serunues B.Y., Kypmanranues P.3., Mensaukos A IO.
WUTIIM CO PAH, r. HoBocubupck

B UTIIM CO PAH 6pU1a npeayioxeHa ujesl U BBHITIOJTHEHA TeOPETHICCKAs
mpopaboTKa OpUTHHAJIbHOM KpHUOTEHHOM TPaHC3BYKOBOM TpyOBI
KPaTKOBPEMEHHOT'O JICHCTBHSA C MPOJOIDKUTEIBHOCTEIO PadOYero pexmnMa OT
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5 po 10 ¢. OHUM U3 NPUHLUIHATIBHBIX HAYYHO-TEXHUUYECKUX MPEIJIOKEHHH,
JEXKAMUX B OCHOBE IPEUIaraeMoil KOHIICHIWHM, SBIISAETCS BO3MOYKHOCTB
WCTIONB30BaHUs (P (PeKTa YMEHBIICHUS TeMIIEpaTypsl IpH aanadaTHIeCKOM
JPOCCENMPOBAHNUN CKATOTO Ta3a.

PaGounii mpomecc mpemmaraeMoil TpyObl BKIIIOYAeT IIPEIBAPHTEIBHOE
HaKOITJICHHE CXaToro Bo3ayxa c masieHueM 20 MIla u temnepatypoit 180 —
190 K B cmenuamssHOM XOJIOMWIBHUKE-HAKONUTEIE W IIOCIEAYIOMIEM
Heperycke 3Toro Bosayxa B (opkamepy TpyObl ¢ IpoccenupoBaHueM 10 1
MIla. Ilpu sToM Temneparypa rasa BciaenctBue ¢ dexra xoyms-TomcoHa
JIOTIONTHUTENbHO yMeHbliaercds Ha 80 — 90 rpamycoB M JoCTUTaeT
MHHHUMAaJbHO BO3MOKHOTO 3HAueHHMs, OOECIICUMBAIONIETO MAaKCHMaJbHbIC
3Ha4YeHHUs ducia PeifHonbca B TpaHC3BYKOBOM JHana3oHe CKOPOCTEil.

B pabore paccMaTpuBarOTCS pE3yNbTaThl MPAKTHYECKOH IPOBEPKH
BO3MOXKHOCTH CO3IaHUs MOJOOHOHW TPaHC3BYKOBOHW TPyOBI. DKCIIEPUMEHTHI
OBLTH BBIOJTHEHB! HA Ta30JMHAMHIECKON YCTAHOBKE C MCTEYEHHEM BO3IyXa
U3 pecuBepa yepes 3ByKoBoe comuo auamerpoM 60 m 70 mm. B mponecce
UCTEeUYCHUS IaBlieHHe pabodero raza ymeHsmaiock ot 130 — 100 Gap B
pecuBepe 10 5 — 2 Oap mepexn comsioM. V3MepeHus, BBINONHEHHBIE IPH
MOMOIIIM TepMoIap, IMOKa3ald, 4YTO TeMIlepaTypa TIa3a, BBITEKAIOUIETo U3
coria, ymeHsmanack Ha 20 — 30 rpagycoB IO CpaBHEHHUIO C TeMIIepaTypon
ra3a B pecuBepe, YTO B IPUHIIUIE COTJIacyeTCs C OKUAAEMBIMU 3HAYCHUSAMU
npu kKoMHaTHOH Temmepatype (290 K) rasa B pecuBepe. s cpaBHEHHsA
MPOBOIMINCH OIBITEI C JAPOCCENHMPOBAHHEM Tra3a B 3UMHEE BpeMs MpHU
HauanbHOM Temmeparype rasa 250 K. YMmeHslneHue temmepaTypsl 3a cHeT
JPOCCEeNMPOBaHMs B 3THX oIbITax pocruraino 40 rpaxycos. Tem He MeHee, H3-
32 TEXHHYECKHX INPOOJEeM HE yNajJoCh IOHM3WTh HAadalbHYIO TeMIeparypy
raza B pecuBepe n0 TpeOyeMbix 3HadeHWi 180 — 190 K, mpum xoTopsrx
OKHJaeMoe TajfieHHe TeMIepaTyphl 3a CUeT APOCCEINpOoBaHus JocTHrHET 80
—90 rpanycos.

V3mepeHnst TOJHOTO M CTaTHYECKOTO JABJIEHHWS Ha Cpe3e coIula Jaju
BO3MOXHOCTb OIIpeAesuTh uucio Maxa Ha cpese comia. Ilpu auamerpe
3ByKOBOro comma 60 MM TIpPOJODKHUTENBHOCTh  CYIIECTBOBAHHUSA
TPaHC3BYKOBOTO IoToka ¢ ymcaioM M = 0,9 — 1,0 moctmrama 3 c.
MakcuManbHOE 3HaYEHUE €JUHUYHOIO uucia PeliHoiblca B OXJIAXIECHHOM
notoke pasHsiock Re 1/m = 1-10%,

PaGora  BemonHena npu  moanepxke  Poccuiickoro  donpa
OynnpamentanbHbix McenenoBannii (rpant 12-08-00438-a).
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Cryogenic transonic wind tunnel with flow cooling due
to joule-thomson effect
Zvegintsev V.1., Kurmangaliev R.Z., Melnikov A.Ju.
ITAM SB RAS, Novosibirsk

At ITAM SB RAS the idea was proposed and theoretical study was
executed of the original transonic cryogenic wind tunnel with duration of the
operating mode from 5 to 10 seconds. One of the principal scientific and
technical proposals underlying the proposed concept is the decreasing of gas
temperature due to adiabatic throttling process.

Workflow of the proposed wind tunnel includes a preliminary
accumulation of compressed air with a pressure of 20 MPa and a temperature
of 180 - 190 K in a special refrigerated storage unit and then this air flows
into the settling chamber with throttling here up to 1 MPa. In this process the
temperature of the gas due to Joule-Thomson effect is further reduced by 80 -
90 degrees and reaches the minimum possible value that maximizes the value
of the Reynolds number in the transonic range of velocities.

The article discusses the results of the practical test the feasibility of
creating such a transonic wind tunnel. Experiments were carried out on
gasdynamic facility where the air from the receiver flows through the sonic
nozzle with diameter of 60 mm and 70 mm. During expiration working gas
pressure was reduced from 130 - 100 bar in the receiver to 5 - 2 bar before the
nozzle. Measurements made using thermocouples showed that the
temperature of gas flowing from the nozzle was reduced by 20 - 30 degrees
compared with the gas temperature in the receiver, which in principle is
consistent with expected values at room temperature (290 K) of the gas in the
receiver.

For comparison, experiments were conducted with the throttling of gas in
winter, when the initial gas temperature in the receiver was of 250 K. The
decrease in temperature due to throttling in these experiments reached 40
degrees. However, due to technical problems it was not possible to lower the
initial temperature of the gas in the receiver to the desired values of 180 - 190
K, at which the expected temperature drop due to the throttling reaches 80 -
90 degrees.

Measurements of the total and static pressure at the nozzle exit were given
the opportunity to determine the Mach number at the nozzle exit. With
diameter of sonic nozzle of 60 mm the duration of transonic flow with M =
0.9 - 1.0 reached 3 seconds. At cooled air the maximum value of unit
Reynolds number was equal Re 1/m = 1-10%,

This work was supported by the Russian Foundation for Basic Research
(grant 12-08-00438-a).
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Metonnka ¢popMrpoBaHus 00 THKOBBIX XaPAKTEPHUCTHK JIETATeJILHOI0
anmnapaTta MaJioii aBHalMH
JleBkoB B.I'.
MAM, r. MockBa

Manas aBuauus B Poccuiickoilt @enepanun sBiseTcss BaXXHbIM CETMEHTOM
ABUALIMOHHBIX IEPEBO30K B CBS3M C XapaKTEpHbIMM JI1 Hallled CTpaHbI
KIIMMAaTOTeorpapuIecKuMH 0COOEHHOCTSIMH. Opnnaxko, OTCYTCTBHE
TOCYIapCTBEHHON NOINEPKKH W HOPMATHBHO-TIPABOBOI 0a3bl MpPUBENO K
rIyOOKOMY — KpPH3HCY, KOTOPBI  XapaKTepHU3yeTcs YCTapeBaHHEM U
COKpAIlleHHEM TapKa U OTCYTCTBHEM MacCOBOT'O IPOM3BOCTBA JIETATENbHBIX
annapaToB, CIIOCOOHBIX OBITH KOHKYPEHTOCIIOCOOHBIMH B JTAHHOM CEKTOpE
aBuaciyr. Taike HEMalOBaXHBIM (AaKTOPOM OIKCIUTyaTalluH  SIBISETCS
3aIlyIIEeHHOCTh Ha3eMHOM HH(PACTPYKTYpHI.

Lenpto naHHON pabOTHI SIBISUIOCH CO3JaHUE W pealn3alys METOIAMKU
(hopMupoBaHHs OOIMKOBBIX XapaKTEPUCTHK JICTATEIFHOTO amIapara Majlon
aBUAIM{, KOTOpas pemaer HamOojee aKTyaJdbHbIC Ha JAHHBIA MOMEHT
BOIIPOCHI, CBSI3aHHBIE C TpoOIeMaMH TPUMEHEHHS CHIIOBBIX YCTAaHOBOK
Pa3IMYHBIX THUIOB, NPUMEHEHUEM HWHHOBAIIMOHHBIX MaTEpUaJOB U
TEXHOJIOTHA TPOM3BOICTBA, MPOOJIEMaMH a’pOIPOMHOTO Oa3MpOBaHUSA U
SKOHOMHYECKOW 3(P(PEeKTHBHOCTH aBHAKOMITaHUH, CO3JaHHBEIX Ha OCHOBE
BO3JYIIHBIX CYJOB MaJIOW aBUALIUU.

Jnis  pemieHuss TOCTAaBICHHON 3amaud  ObUT pa3paboTaH MOJENIBHO-
METOJIMYECKHI amlmapar, B paMKax KOTOPOro OBbUIM pealn30BaHbl MOJIEIU
MPOEKTUPOBOYHOTO pacyera, MOJENIM co3laHusd W (YHKIHMOHUPOBAHUS
a’poOnopTOBO  MHMPACTPYKTYphl U MOJAETH OKOHOMHUYECKOW OIECHKH
3¢ (HEeKTUBHOCTH aBHAKOMIIAHUW MaJlol aBUaluu. MoJaeabHO-METOINYeCKUi
ammapar, — TpPeACTaBIAIOIIUANA  CO0OH  CHUCTeMy  METOOUK  OICHKH
3(h(HeKTHUBHOCTH Ha OCHOBE CHCTEMHOTO aHAJIN3a, ITO3BOJISET PemlaTh 3aaaqy
(opMupoBaHHs OOJNACTH CYIMIECTBOBAaHHA OOJHKOBBIX XapaKTEPHUCTHK
MEPCIEKTUBHOIO JIETATEJIbHOTO alnapara Majol aBHallMM B paMKax
paccMaTpuBaeMOil CUCTEMBI.

IIpousBenena mporpaMMHasi peaju3allisi  MOJAEIbHO-METOIUYECKOTO
anmapara, KoTopas IO3BOJISIET NMPOBOAMTH HCCIIEJOBAHUS U CHOPMUPOBATH
PEKOMEHIAlMU TI0 BBIOOPY PallMOHAILHOTO MapKa BO3AYIIHBIX CYI0B MaJIOi
aBUalMU AJ1d 3aJaHHBIX yCHOBI/Iﬁ OKCILTyaTaluu.

Formation technique of characteristics of the light aviation aircraft
Levkov V.G.
MALI, Moscow

The light aviation in Russian Federation is an important segment of air
transportation, because in our country there is some climate and geographic
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peculiarity. However, the lack of government support and regulatory and law
base led it to the profound crisis. This crisisis characterized by the aging and
reduction of the park and absence of mass production of aircrafts, that can be
competitive in this sector of air service. Also, there’s important fact of
exploitation: our land infrastructure is neglected.

The purpose of this work was to develop and implement methods of
formation of conceptual design’s characteristics of the light aviation aircraft,
which solves the most topical problems. Those problems are related to the
problems of application of aviation engine ‘s of different types; application of
innovation materials and industrial technologies; problems of airfield basing
and economical effectiveness of the airlines, which were made on the base of
the light aviation aircrafts.

To reach this aim,there were made the model-methodological apparatus.
The models of engineering calculation, models of making and functioning in
airports infrastructure and models of economical rating of light aviation
airline effectiveness were made in model-methodological apparatus. This
machine is a system of methods, that rates effectiveness on the base of system
analysis. It solves the problem of formation of region, where conceptual
design’s characteristics of perspective light aviation aircraft are placed.

The program realization of model-methodological apparatus is made. Due
to it, we can make researches and form recommendations for choosing of
rational park of light aircrafts, for specified exploitation conditions.

AanTHUBHBIE CUCTEMBbI M pacnpe/e/ieHHOe HATPYKeHHe B 3aja4ax
3aIIHUTHI OT YAAPHBIX MEPErPy30K
JIumos B.I1.
«KPB»-AnantuBHble CUCTEMEI, T. MoOCKBa

B pabote paccmaTpuBaroTCs BO3MOXHOCTH JOTIOJHUTEILHOTO YIyqLICHHS
3alUTHl JIETHBIX JKHUMAXeW OT yAapHbIX NEpPEerpy3oK, BO3HHMKAOIUX HpU
aBapuiiHBIX Tocaakax. OCHOBHOE BHHMAaHHE YEIIEeTCS BEPTHKAIbHO-
MIPOAOJBHBIM Ieperpy3kaM. Teno uenoBeka MOJAENHUPYETCS COBOKYITHOCTBIO
KBa3MKECTKUX MACC, COeIMHEHHBIX YIPYTO-BSI3KUMH CBA3SIMH.

Ha mnpuMepe MHOrOMacCOBBIX CHCTEM pacCMaTPHUBAIOTCS BAapHAHTHI
MIPUJIIOKEHS aKTHBHBIX CHJI K PasTOHSIEMbIM (3aTOPMaXHBA€MBIM) Maccam,
AQHAIM3UPYIOTCS. OCOOCHHOCTM HAKOIUICHHMs ycwind u Jedopmanmii B
MEKMAaCCOBBIX CBS35IX.

IIpyMeHUTENbHO K TEy YelOBEKa TAaKHE YCUIMsS BO3HUKAIOT B BSI3KO-
YOPYrHMX MEXKIO3BOHOYHBIX JUCKaX MEXAy IO3BOHKAMU B pe3yJlbTare
HMHTEHCUBHOTI'O TallIeHUs] BEpTUKAJIBHOW CKOPOCTH MpH aBapuiiHOU nocaake. B
LeNAX YJIydlleHus 3allUThl OT YAApHBIX MEperpy3oK Mpeiaraercs
ONTUMHU3UPOBATH  XapakTep IMepedaydl yAapHOTO HUMIyJlbca IIyTeM
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peanu3ali  paclpeieieHHOT0  HarpyXeHHus, KOTOpO€ COCTOMT B
YTIOPSIOYCHHOM TPHUIIOKEHUH aKTUBHBIX CHJI K BBIZICTICHHBIM MaccaMm.

Jnst 3TOM menu mpeaaraeTcs NPUMEHATh WHAVBHIYaJIbHbBIC aJalTHBHBIC
3d-manenu, KOTOpPBIE OJHOBPEMEHHO NMPHUAAIOT OTAEIBHBIM CETMEHTAM Tea
YeJIOBeKa KBa3MKECTKHE CBOMCTBA, (POPMHUPYIOT MPABUIBHYIO H3TOTOBOYHYIO
M03y W yIy4dIIAlOT 3pTOHOMYHOCTH pabodero Kpecia jgeTynka. PaccmoTpena
KOHIETITyalbHasl MaTeMaTH4ecKas MOAENb Ml OLEHKH CHJIOBBIX U
BPEMEHHBIX IAPaMETPOB PAOOTHI NPEITI0KEHHOW CHCTEMBI.

Adaptive systems and distributed loading
in problems of protection from shock overloads
Lipov B.P.
RBC-Adaptive Systems Ltd., Moscow

The paper discusses the possibilities of improving the protection of aircrew
from shock overloads that occur during emergency landings. The focus is on
vertical longitudinal strain. The human body is modeled by a set of quasi-
solid masses connected by elastic-viscous links.

Are treated variants of application of the active forces to the accelerated
masses (or decelerated), analyzes the features of the accumulation of forces
and deformations in the links between the masses.

In relation to the human body such efforts occur in a visco-elastic
intervertebral discs between the vertebrae as a result of intensive quenching
of the vertical velocity in case of emergency landing. In order to improve
protection against shock overload is suggested to optimize the transmission of
the shock pulse through the implementation of distributed loading, which is
the ordered application of the active forces to the selected masses.

For this purpose it is proposed to apply an individual adaptive 3d-panels,
which also give the individual human body segments of quasi-solid
properties, form the optimal shape of the spine and improve ergonomics chair
pilot. Discusses the conceptual mathematical model to evaluate the force and
time parameters of the proposed system.

HccnenoBanue adpoJuHAMUYECKUX XapPAKTEPUCTHK CaMOJIETa
Ou3Hec-Kj1acca
JIykbsanos O.E.
CT'AY, r. Camapa

Lenpto nmaHHOH pa0OTHI SIBISCTCS OIpPEICIICHHE adpPOJHHAMUYCCKUX
xapaktepuctuk  (AX)  camon€ra  OW3Hec-KJlacca  NEpPCHEKTHBHOM
A9POAMHAMUYECKON  KOMIIOHOBKM C  TOMOILIBIO  HMCCIEAOBAHUSA  €ro
MacITabHOW MOJIETH B adpoiuHamMudeckoi Tpyoe XAU T-5.

Jna BBIPAOOTKH  TEXHHYECKOTO NpEeVIOKEHUT ~ Ha  3CKHU3HOE
MPOEKTUPOBaHUE CHOPMYIUPOBAHBI TAKTUKO-TEXHHYECKHUE TpPeOOBAHMS
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(TTT), npenbsBiaseMble K HpoekTHpyeMoMmy camonéry. Paspaborana
KOHILIETIIUS caMOJIETa, €T0 a3pOJMHAMUYECKasi KOMIIOHOBKA, TEOMETPHUCCKHE
XapakTepUCTHKH. J{JIsI cO3MaHMs MacImITaOHOH MOIENH M TEXHOJIOTHYECKOH
OCHACTKM M3TOTOBICHUS OBbLIAa CO3[aHA MACTEP-TEOMETPHUS MPOEKTHPYEMOTO
camoiéta B CAD/CAM/CAE/PLM-cucteme Siemens NX (JIureH3us
1230721). DOkcniepuMeHTaNbHAs MOJENb pa3pabaTeiBaeMOro camoiéra Oblia
M3TOTOBJIEHAa aBTOpOM paboThl B Macmtadbe 1:42. Ha Mozmenn npemrycMoTpeHa
BO3MOKHOCTb OTKJIOHEHHUS L[EIbHOTIOBOPOTHOIO TepesHero
ropusoHTanbsHoro onepenus (I1I'0O), pyneit BBICOTHI U 3aKPBUIKOB.

OKCHepUMEHTAIFHONH YCTaHOBKOHM CIIy)KWJIa a’poJUHaMHU4ecKass TpyoOa
XAMW T-5 3aMKHYTOTO THIIa C OTKPBITOM padoueii yacTpio. uamerp paboueit
yactu 0,75 merpa, anauHa pabouedt yactu 1,2 M, AMana3oH W3MEHEHHMs
ckopocreit motoka 10...40 m/c, momHOCTh ABurarens 32 kBT, morpenHocTs
m3Mepenuit 0,2%.

HccnenoBanus NpPOBOAWINCH U TOJETHOW W B3JIETHO-TIOCATOYHOMN
KOHpuUrypanuii camonéra mpu cKopoctd moToka 35 wm/c. [lomydeHHbIe
PpE3yIbTaThI 9KCTIEPUMEHTAIBHOTO HCCIEOBaHNS MIPECTABIICHBI
3aBUCHMOCTSIMU K03 duimeHTa nmoabEMHON CHIIBI OT yrila aTaku ¢y, (oc);

k03 HUIMEHTa TPONONBHOTO MOMEHTAa OT yria atakd m_(o) M OT
ko3¢ punreHTa N0AbEMHON CUIIB ( ) NIOJIAPOU IIEPBOTro poja .
GPun it m;\Cyy )5 p p pon; cya(cxa)

CornacHo pe3ysbTaTaM KCIIEPUMEHTOB MOJENIH B a3POJAUHAMHUYECKOH TpyOe
BBISICHEHO, YTO BHIOpaHHAs MEPCHEKTHBHAS a3pOAMHAMHUYECKas KOMIIOHOBKA
0011a7aeT BBICOKMM 3HAUEHHMEM KPUTHYECKOrO yIila aTaku O, = 17,5°. Ha
3aKpUTHYECKUX YyIJIaX aTaKd He HaOJI0JaeTcsl pe3KOro MajeHus MOIbEMHON
cwibl.  Mogens  o0magaeT  HEYNOBICTBOPUTEIBHBIMH  MOMEHTHBIMU
XapakTepUCTUKAMHU: 0 YIJIOB aTaku o < 2° paccMmaTpuBaeMas KOMIIOHOBKa
oOnasaer W30BITOYHOM TPOJONBHONH YCTOWYMBOCTBIO, mpu o > 2.5°
KOMIIOHOBKA CTaHOBHUTCA HEYCTOHYMBOM, OarmaHCHUpyeTcs IO HEYCTOIYMBON
cxeMe Ha yriie aTaku o = 17°. Takxke HCCIeJOBaHO BIUSHHE YIila YCTAHOBKU
[I'O =Ha BenmuuuHy Cra caMoOJIETa U BJIMSHME BBIIIYCKAa MEXaHU3ALMU 33 HEH

KpOMKH Kpblta Ha AX caMmounéTa.

[IpoBenen aHanu3 mOdy4eHHBIX AX TIPOEKTUPYEMOTO  CaMOJIETa,
BBISIBJICHBl TPEUMYIIECTBA M HEJOCTATKH BBIOPAHHOW TMEPCIEKTUBHOM
a’poanHaMudeckoil komnoHoBku JIA. TlpenioxeHsl peKOMeHAALMH O €€
JanpHeHIe nopadoTke.
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The study of aerodynamic characteristics of business jet
Lukianov O.E.
SSAU, Samara

The aim of this study is to determine the aerodynamic characteristics of
Business Jet of prospective aerodynamic layout by investigating its scale
model in a wind tunnel HAI T-5.

In order to develop technical proposal for the advanced development,
mission requirements for the projectable jet have been formulated. The
concept of the jet, its aerodynamic layout, and geometric characteristics have
been developed. To create a scale model and machining attachments of
production, master geometry for the projectable jet was created in Siemens
NX - CAD / CAM / CAE / PLM-system (license 1230721). The
experimental model of the projectable jet was developed by the author of this
work in scale 1:42. The model provides the possibility of deviation of all-
moving forward tailplane, elevators and flaps.

The wind tunnel KHAI T-5 of closed type with open test section was used
as experimental apparatus. The diameter of the working part is 0.75 m, length
— 1.2 m, the range of flow rates — 10...40 m/s, the engine power — 32 kW, the
measurement accuracy — 0.2%.

The studies were conducted for the flight and takeoff - and landing layout
of the aircraft at a flow rate of 35 m/s. The obtained results of the
experimental study shows the dependence of the lift force coefficient on the

c, (a o .
angle of attack Ya‘ ’; longitudinal moment coefficient on the angle of
attack "z (a) and on lift force coefficient "2\ ; polar curve of the first

type €ya (Cx“ ) According to the results of experiments with the model in the
wind tunnel, the selected prospective aerodynamic layout has a high value of
the critical angle of stall attack akp = 17,5°. Beyond-stall angle of attack, a
sharp drop in lift force is not observed. The model has a poor moment
characteristics: up to angles of attack a < 2°, the considered layout has pitch
axis stability; with o > 2,5°, layout becomes unstable: it balances on the
instability configuration with the angle of attack a = 17°. We also
investigated the influence of the angle of installation of all-moving forward

tailplane on the amount of €3 of the aircraft and the influence of wing
trailing edge high-lift device on the aerodynamic characteristics of the jet.
The analysis of the obtained aerodynamic characteristics of the projected
jet has been conducted, advantages and disadvantages of the chosen
prospective aerodynamic layout of the aircraft have been identified. The
recommendations for its further improvement have been offered.
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IloBbImIeHne cTAOMIBHOCTH PA0OT NEPEKITIYAIOIINX
KJANaHOB THAPONPHBOJA
Bonakos A.A., Mumenko B.1O.
MAMN, r. MockBa

T'unpaBmiraeckue npuBona JIA paboTaioT B yCIOBHSIX 3HAKOIIEPEMEHHBIX
Harpy3okK, 94T0 IIPUBOJIUT K TOMY, YTO MPAKTHYECKH MHINKATOPHAsI MOIHOCTh
0J10Ka MUTaHUSI JAHHOTO MIPHUBOJA MEPEXOJNT B TEILIO.

BeImonHeHNe MEepeMEHHBIX JPOCCENe 30JI0THUKOBOTO PACHPENEIUTENS C
pPa3NUYHBIMHM IIPOBOAMMOCTSAMH 10 CIMBY M HAarHETaHHWIO NPUBOAWT K
nepepacpeeseHUIO JaBleHus B pabouuX MOJOCTSIX MPUBOJIA.

IIpy goCTWXKEHMHM TIOPOTOBOTO  3HAUEHHs JaBJIEHHsS POUCXOJUT
cpabaThiBaHUWE MEPEKIIOYAIOIINX YCTPOHCTB M HW3MEHEHHE CTPYKTYPHI
NPHUBOJQA, IIO3BOJIAIONICE CYIIECTBEHHO YMEHBIIWTL BEIMYMHY DSHEPIUH,
nepexozdmes B Temno. llepekimroyaromye yCTpOWCTBA, BBINOJIHEHHBIE,
HanpuMep, B BHUJEC KJIANAHOB, NOJDKHBI MMETh NMPHEMIICMbIE AWHAMUYECKHE
XapaKTEPUCTHUKH, COOTBETCTBYIOIINE XapaKTEPUCTHKAM ITPHUBOJIA.

Pazpaborana MaTeMaTHdecKas MOJIETIb (YHKIIMOHNPOBAaHUS
MIEPEKIIFOYAIOIINX YCTPOHCTB, YYUTHIBAIOIAS KOHCTPYKTHUBHBIE IapaMeTphl
caMoro KjaraHa ¥ IpUBOA.

Maremarnueckass MOAEIb yYUTHIBACT BIHMSHHE Ha TEPEXOIHBIN Iporecc
OCHOBHBIX KOHCTPYKTHUBHBIX U THAPOJAWHAMHUYCCKUX MapaMETpOB Hacoca —
Macchl PeryIHpyONIero opraHa, Macchl 30JIOTHHKA, C)KUMAeMOCTH paboueit
KUIAKOCTH B IIOJIOCTH HarHeTaHu#d, KOE)(l)q)I/II_[I/IeHTOB YCUJI€HUsL CUCTEMBL
pETYIUPOBAHHUS.

[To pa3paboTaHHON MaTeMaTHYeCKOW MOJEIN MPOCUYUTAHBI OCHOBHBIE
BUABI TCPEXOJHBIX MPOLCCCOB IPHU Pa3IMYHBIX BXOJHBIX CUTHaIax, 4YTO
TIO3BOJISIET OLIGHUTH 3a0pOCHI NABJICHWS B JIMHUM HAarHETAHUS M IPOBECTH
aHann3 (aKkTOpoB, BIMAIOMMX HAa HHAX (KOHCTPYKTHUBHBIE I1apaMeTphl
CHCTEMBbI PETYJIMPOBAHMSA: Macca PETyJIMPYIOIIET0 OpraHa M yNpaBisIOLIero
30JIOTHUKA, TIPOBOJMMOCTH TIEPEMEHHBIX W IIOCTOSIHHBIX JJPOCCENIeH,
3¢ QEeKTUBHbIE TOJIOMAIN 30JIOTHHUKA M CEpBOLMIMHIpPA, o0beMa paboueit
KUIKOCTHU B JIMHUU HaFHeTaHI/Iﬂ).

[TpoBeneHo UMUTAIOHHOE MoJeMpoBaHue B cucteMe Matlab (Simulink)
MIEPEXOTHOTO nporecca u MIOJTyYEeHbI 3aBHCUMOCTH MEXTY
KOHCTPYKTUBHBIMU W TUAPOAMHAMHUYCCKUMHU IMapaMETpaMu KilallaHa ¢
MIpHUBO/Ia, 00ECTICYMBAIOIINE YCTOWINBYIO pabOTy BO BCEM IHAITa30HE YaCTOT
BXOJIHOT'O CUI'HaJIa U HAarpy30K Ha BBIXOAHOM 3BCHE.
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Improve the stability of the switching valves hydraulic drive
Volkov A.A., Mishchenko V.Yu.
MALI, Moscow

Aircraft hydraulic drive work in the conditions of sign-variable loadings
that leads to that almost indicator power of the power unit of this drive passes
into heat.

Performance of variable throttles of the spool-type distributor with various
provodimost on plum and to forcing leads to redistribution of pressure in
working cavities of the drive.

At achievement of threshold value of pressure there is an operation of the
switching devices and the change of structure of the drive allowing to reduce
significantly the size of the energy passing into heat. The switching devices
executed, for example, in the form of valves have to have the acceptable
dynamic characteristics corresponding to characteristics of the drive.

The mathematical model of functioning of the switching devices
considering design data of the valve and drive is developed.

The mathematical model considers influence on transition process of the
key design and hydrodynamic parameters of the pump — the mass of
regulator, mass of a zolotnik, and compressibility of working liquid in a
cavity of forcing, coefficients of strengthening of system of regulation.

On the developed mathematical model main types of transition processes at
various entrance signals that allows to estimate pressure at pressure lines and
to carry out the analysis of the factors influencing them (design data of
system of regulation are counted: the mass of regulator and the operating
zolotnik, conductivity of variables and constant throttles, the effective areas
of a zolotnik and servo cylinder, volume of working liquid in a pressure line).

Imitating modeling in Matlab (Simulink) system of transition process is
carried out and the dependences between design and hydrodynamic data of
the valve and drive ensuring steady functioning in all range of frequencies of
an entrance signal and loadings on an output link are received.

HccnenoBanue a)poguHAMHYECKHX XAPAKTEPUCTHK JIa3¢PHBIM METOIOM
Huxkutun J1.A., Xoboros U.A., Hazapos A.H., Kaptykos A.B.,
Mepkumus I'.B.

MAMU, r. Mocksa

Pa3paboTka HOBOW aBHAllMOHHOW TEXHWKH, B YaCTHOCTH BEPTOJETHOH, B
CBA3M C TpeOOBaHUSAM PE3KOTO TOBBIIICHUS CKOPOCTH JICTATEIBHBIX
anmapaToB C BEPTUKAIBHBIM B3JETOM TpeOyeT CO3JaHUS METOAOB U
amnmnapaTypbl peTUCTpalli a9POIMHAMUYECKUX XapaKTEPUCTHK.

IToTokH XUAKOCTH, Ta3a U IJ1a3MBbl SBJISIIOTCS] BECbMa paclpOCTPaHEHHBIMU
BUJAMH TEYCHHUH, HAONIOZaeMbIMH KaK B HATYPHBIX YCIOBHSAX (IIOTOKU
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BO3/yXa B arMocdepe, TeYeHUs B MOpSX M OKeaHax), TaK U B MHOTOYMC-
JICHHBIX TEXHHUYECKHX YCTpOIcTBaxX (ABHUTaTeNM BHYTPEHHETO CrOpaHus,
MIApOBBIE W Ta30BbIE TYPOWHBI, PEaKTHBHBIC OBUTATENN, Pa3IMYHBIC COILIA
JUISL CO3JaHUS CBOOOIHBIX T'a30BBIX M JKUAKOCTHBIX CTpyH M T.n.). Bee atn
MIOTOKH XapaKTePU3YIOTCI TPEXMEPHOCTBI0O W HECTALMOHAPHOCTBIO, UYTO
CYIIECTBEHHO 3aTPYIAHAET MX M3Yy4EHHE, HEOOXOANMOE Kak AJs TOHUMaHHUS
CYTH SIBJICHUS, TaK U IS IPAKTUYECKOTO MIPUMEHEHHS.

OKcnepuMeHTaNbHas — adpoTWAPOJMHAMHUKA  KpallHe  HYXJIaeTcs B
OECKOHTAaKTHBIX METOJaX HW3MEPEHHs JIOKAJIbHOW CKOPOCTH pPa3IHMYHBIX
MIOTOKOB .

JlaHHBIE M3MepeHus] BO3MOXKHO OCYLIECTBUTh B PEaJbHBIX YCIOBHAX (Ha
Tpacce B peXHME I0JieTa) ¢ MOMOMLIBI0 MeToja pedpakToMeTpuu, T.e. C
MIOMOIIBI0  HETIOCPEICTBEHHOTO HW3MEPEHHUsI yIyia IPENOMIICHHA JIyda
JIa3epHOTO M3ITYYeHHs, MPOIYIIEHHOTO 4epe3 cpeay B KOTOPOH BO3HHUKAET

HEOAHOPOAHOCTD.
Ilo 3aBECHMOCTH HM3MEHECHUS KO3(1)(1)I/ILII/ICHT8. MpCIOMJICHUA TOJYYCHHOT'O
B Ppa3HbIX TOYKax 5 NpeACTaBIISACTCA BO3MOXXXHBIM OLICHUTH

adpOIMHAMHUYECKUE TTapAMETPBI CPEABL.

B nanHOM MccnenoBaHMM OblIa BBINOJHEHA pa3paboTKa HOBOH CHCTEMBI
JUIL  M3MEPEHUsl a’pOIUHAMHYECKUX T[OKa3arelied M Uil OLEHKH U
perucTparyy adpoIUHaMHUKH ABHKYIETOCS 00BEKTA.

The exploration of aerodynamic characteristics using laser method
Nikitin D.A., Hobotov I.A.,Nazarov A.N., Kartukov A.V., Merkishin G.V.
MAI, Moscow

Designing of new aeronautical engineering, particularly helicopters,
because of requirements of high growth of velocity of vertical takeoff
aircraft needs new methods and designing new devices of registration of
aerodynamic characteristics.

Fluids of liquid, gas and plasma are widespread kinds of flows, observed
both in nature (fluids of air, streams of water in seas and oceans) and in
numerous technical devices (in internal combustion engines, in steam and gas
turbines, in jet engines , in different nozzles for generation of gas and liquid
streams and etc.). All of this fluids are characterized by tridimensionality and
nonstationarity, which makes their investigation more complex, which is very
needed for understanding the essence of its phenomenon, which is used for
practical application.

Experimental aerohydrodynamics extremely needs new contactless
techniques of measuring and registration of local velocity of different fluids.

Such measurements are possible in real-life environment (in regime of
flight) using method of refractometry , that is direct measuring of refraction
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angle of laser beam, passed through the environment, where the irregularity
arises.

By the relationship of variation refraction coefficient, derived in different
points we can estimate aecrodynamic characteristics of environment.

In this research the design of a new system for measurement and
registration of aerodynamic rates was made for estimation of aerodynamics of
moving object.

YucjieHHOe HcclleJOBaAHUE BINSHUS 0TCACHIBAHUS MOTPAHUYHOIO CJIOS
HA XapaKTepUCTHKH TPanenHeBHIHOI0 BO31yX03a00pHHKA
Kapnos E.B., HoBoropoaues E.B.

ITAT'Y, r. XKyxoBckuit

IIpoBenen pacyer oOTeKaHWS H3OJMPOBAHHOTO BO3AYX03a0OpHHKA C
TpanenMeBUIHBIM BXOJOM M KPUBOJIMHEHHBIM KaHAJIOM IIPU CBEPX3BYKOBBIX
yrcnax Maxa HaOeraromero IMOTOKa. BBINOMHEH CpaBHUTENBHBIN aHANIN3
XapaKTepUCTHK M TIOJICH TEYEeHWs B KaHale BO3IyX03a00pHHMKA JUIs
BapHMAaHTOB C CHUCTEMOH OTcoca MOTPaHUYHOTO ciost M 0e3 Hee. Pacuers
MPOBOIWINCH C IpUMEHeHHeM mnporpaMmHoro makera ANSYS CFX
(Customer N 501.02.4). YucneHHo pemiajgach CHUCTeMa OCpPEJHEHHBIX IIO
PeitHonpacy cramuoHapHbIX —ypaBHeHuM Haspe-CTokca ¢ MOJenbio
TypOynenTHoctu SST.

IIpu pa3zpaboTke reoMeTpuu BXoJa BO3AYyX03a0OpHMKA ObLI HPHUMEHEH
METOJl Ta30JMHaMHYECKOT0 KOHCTpyHpoBaHus. CoOrllacHO pacyeTHOH
TEOPETHYECKOH CXEeMe TEeUeHMsl C)KaTHe II0TOKA OCYIIECTBISIETCS TpeMs
KJIMHBSIMH, @ UMEHHO, TOPH30HTAJILHBIM (BEPXHUM) KIMHOM C yriIoM O,,=10°,
a Takke OOKOBBIMHM CTPEIOBHIHBIMH KIMHbAMHU-IIEKaMu. Ha pacueTHOM
pexuMe mo yucry Maxa HaOeraromero ImoToka W NpH HYJIEBBIX 3HAUCHUSAX
YIJIOB aTak! ¥ CKOJILKEHHS TOPU30HTAIBHBIA KIMH U OOKOBBIE KIMHBS-IIEKH
(hopMHPYIOT €IMHBIH KOCOM CKAa4OK YIJIOTHEHHS, B IFIOCKOCTH KOTOPOTO
Jexar KpOMKH KIIMHA, MEK u obOedaiiku. [Ipu BuIe crepeny KpOMKH BXoJza
00pa3yroT paBHOOOYHYIO TPATEIIHIO.

Jns MonmenupoBaHHUS TEYEHHUs B BO3AyX03a00pHHKE OblIa MOCTpOEHA
reKcaroHaJibHas pacueTHas ceTKa 00beMOM IopsiiKa 6 MIIH. sYEeK.

Pacu€rbl mpoBeseHbI Ul BapHaHTOB BO3/1yX03a0OpHHKAa 0€3 CHCTEMBI
0TCOCa TMOTPAHUYHOTO CJIOSI U C CHUCTEMOH OTCOCa IMOTPAaHMYHOTO CIIOS.
OO6HapyXeHO, YTO MPH B3aUMOJCHCTBHMU 3aMBIKAIOIIETO0 MPSIMOTO CKadKa
VIDIOTHEHWsS C TIOTPaHMYHBIM CJIOEM Ha KIHMHBAX CKaTHi BO3HUKAET
OTpbIBHAs 30Ha C A —o00pa3HOW cTpyKkTypoi. Bropas oTpeiBHas 30Ha
(hopmupyeTcs 32 TOPIIOM B MECTE CHIIBHOTO HCKPHBJIEHHS KOHTYpa KaHalla Ha
yyacTKe  MOJOXHUTEIBHOIO  IpajueHTa  jgaBieHus.  Vcmosb3oBaHue
OTCachlBaHMsS IOTPAHUYHOTO CJIOS IIO3BOJISIET CHHU3HTH (CYIIECTBEHHO
0CJ1a0NTh) MHTEHCUBHOCTB M Pa3Mephl 00JIaCTeH OTPHIBHOTO TEYECHUSI.
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Ilo pesynbraTamM pacuy€roB CTPOWJINCH JPOCCEIbHBIE XapaKTEPHCTHKH
BO3MIyX03a0OpHUKA, T.€. 3aBUCUMOCTH KOd(h(dUIIMEHTa BOCCTAHOBICHUS
TIOJTHOTO JIaBJICHUS V B CEUCHHUHU KaHala Iepel ABUraTeneM ot koddduimenrta
pacxoma Bo3gyxa f depe3 Hero. JlpocceampoBaHHE MOJACIHPOBAIOCH C
TIOMOIIBIO TIepeKaTHS KaHalla 3a CEUYeHHEeM BXOJa B IBHUTraTens. (s 3TOro
pacueTHas TeOMeTpHs KaHala 3a CCUCHHEM BXOJa B IBUTATENb BBHITOIHSIACH
B BHJIe coIuia JIaBais ¢ BappupyeMoi IIomaabpto Y3Koro ceueHus F,.

[omydeHsl moJnst TedeHHMS B BO3AYX03a0OpHHKE, COOTBETCTBYIOIIHE
pasNMyYHBIM  TOYKaM JAPOCCEIbHOW  XapakTepucTHKH. IlokasaHo, 4TO
OTcachlBaHUE IOTPAaHUYHOTO CJIOS NPUBOAMUT K YIYYIICHUIO CTPYKTYPHI
TEYEHHs M MOBBILICHNUIO K03 uIMeHTa BOCCTAaHOBIICHHUS ITOJTHOTO JIABJICHUS
B CCYCHUH JBHUIATEIS.

Numerical investigation of the boundary-layer suction effect
on capability of trapezoidal air inlet
Karpov E.V., Novogorodtsev E.V.
TsAGI, Zhukovsky

The numerical computation of supersonic flow around trapezoidal air inlet
with curved duct was conducted. Comparative analysis of characteristics and
flow fields in the air intake duct equipped with boundary-layer suction system
and without it was perfomed. Computations were carried out using program
package ANSYS CFX (Customer N 501.02.4). Steady-state RANS equations
with SST turbulent model were solved.

For the air intake entrance geometry developing gas-dynamic construction
method was applied. According to the rated theoretical scheme flow
compression is implemented by three wedges, that is horizontal (upper)
wedge with angle 6,=10° and side swept wedges. Under rated Mach number
condition at zero angles of attack and sideslip horizontal wedge and side
wedges generate common oblique shock wave. Edges of wedges and cowl are
located on the surface of this shock wave. Edges of air intake entrance form
right-angular trapezoid.

For flow simulation in air intake the hexagonal computational grid was
generated. Common number of cells was about six millions.

Computation was carried out for inlet variants equipped with boundary
layer suction system and without it. It was detected that interference of
breakdown (direct) shock wave and boundary layer on the air inlet
compression wedges leads to formation of separated flow area with A-shaped
structure. The second separated flow area is generated behind the air intake
throat in the place of strong duct curvature with positive pressure gradient.
Applying of boundary-layer suction enables to alleviate (considerably reduce)
intensity and sizes of separated flow areas.
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According to computation results inlet throttle performances were built, i.e.
relationships between total pressure recovery coefficient v in front of engine
section and mass flow rate coefficient f at the engine section. Throttling was
simulated using duct contraction behind the engine section. For this purpose
computational geometry behind engine section was shaped as Laval nozzle
with variable area of narrow section F,.

The air intake flow fields confirming to different points of throttle
performances were obtained. It was shown that boundary-layer suction leads
to flow structure refinement and total pressure recovery increasing at the
engine section.

HanpskenHo-1epopMHpoBaHHOE COCTOSIHNE €CTECTBEHHO 3aKPYYE€HHBIX
CJIOMCTBIX AHM30TPOINHBIX JONATOK U3 AaDMHUPOBAHHBIX MATEPHAIOB
HypumbeToB A.Y.

MAM, r. MockBa

B manHO# paboTte paccmarpuBaetcs AedopMarius MHOTOCIOHHBIX JOMaTOK
IpU KpPYYEHUU U pacTskeHuU. [IpuHsATas B HacTosilee BpeMs TEXHOJOTHS
W3TOTOBJICHUS JIeTajied, 3JeMEHTOB KOHCTPYKIMH K3 KOMITO3MIIMOHHBIX
MaTepuangoB (K.M.) MMEET SIBHO BBIPDQXKEHHYIO CIOUCTYIO CTpYKTypy [1].
CBoiicTBa OTIENBHBIX CJIOEB M X B3aHMHOE PACIIOIOKEHHE B COCTaBe MaKeTa
TaKHUX CJOE€B, B KOHEYHOM CUeTe ONpEeAENAI0T CBONCTBAa BCErO MaTepHaia.
IloBeneHne OJHOHANpPABIEHHOIO CIIOS IOJlaraeTcs JHMHEHHO-yIpYTuM, a
CBSI3b MEX/Y HANpsHKEHUAMH U e(OpMalMsIMK ONUCHIBAETCS 000OLICHHBIM
3akoHOM ['yka.

C [NOMOIIBIO TE€OMETPUYECKUX  MPEACTABIECHUM Uil  CIIOMCTBIX
AQHU3O0TPONHBIX  CTEPXKHEHM €  NPAMOJIMHEHHOW  OCBIO  IOJIyYEHBI
KMHEMaTU4YECKUE COOTHOIICHHS, KOTOPhIE B MOCIEAYIOEM HCIOIb30BATNCH
JUISl YCTaHOBJIEHUS] OCHOBHBIX YpaBHEHHM [2].

[IpumeHeHne TOYHOH TEOPUM €CTECTBEHHO-3aKPYUEHHBIX CTEpXKHEH
MIPOM3BOJIFHOTO TONEPEYHOT0 CEUYEeHUs Ha Oa3e OOIMX ypaBHEHHWH TEOpHH
YOPYTrOoCTH CBS3aHO C OONBIIMMU MaTEeMAaTHYeCKUMH TPYAHOCTAMHU U
MPUBOJIAT K CIOXKHBIM pemnieHusM. IloaTomy mosydeHHas NpHONMKEHHAS
Teopus [2] 3aKpy4EHHBIX CIOMCTBHIX JIOMATOK OCHOBaHA Ha OMpeAeSICHHBIX
THIIOTE3aX, TIO3BOJIAIOUINX Pa3felUTh KOMIIOHEHTHI HANpsDKeHUH H
nedopmanuii Ha riIaBHBIE M BTOPOCTENEHHbBIE, KOTOPHIM B psijie YpaBHEHHH
npeHneOperaercs.

JlocToBEpHOCTH MPUOIMKEHHON TEOPHUH 3aKPYUYEHHBIX CIOUCTBIX JIOTIATOK
MPOBEPSAETCS COMOCTABICHUEM C H3BECTHBIMH JJII HEKOTOPBIX YaCTHBIX
ClydyaeB  pEUICHUSMH M  CpPaBHEHHMEM  DPE3yJbTaTOB  pacueToB ¢
9KCIEPUMEHTAILHBIMH JaHHBIMU.

PesynbTarel pacdera Ha DOBM 1o NWHEHHBIM COOTHOIICHUSM JTydIle
COTJIaCYIOTCSl C AKCIEPUMEHTAIBHBIMU JTaHHBIMH, Ye€M CYIIECTBYIOUINE B
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JUTEpaType JIMHEApHU30BaHHBIE 3aBHCHUMOCTH. OJTO IOJATBEPXKAACT, 4TO
npeajaraeéMoe KHHEMaTHYeCKoe COOTHOIIeHHe [2] TofHee OTpakaeT
B3aMMOBJIHSHUE Te(hOPMALUK KPYyIEHHS H PAaCTKCHUS.

1. HypumbGetoB A.Y. ABTOMAaTH3MPOBaHHOE IPOSKTUPOBAHHE pPACKPOs
JeTajell  NPOU3BOJILHOTO  IIONEPEYHOIO  CEYCHUs M3 CIOUCTBIX
KOoMHOO3UIMOHHBIX MarepuanoB // Bectauk PYJIH. Cepus «VHxeHepHBIC
ncciaenoBa"usa». M.: - 2009 - Ned.- C. 92-101.

2. HypumbetoB A.Y., Typexanora I'.11., XKaun6ocsiHoB P.C. [edopmarus
€CTECTBEHHO-3aKPYUEHHBIX MHOTOCJIOMHBIX aHU30TPOIHBIX CTEPXKHEH NpHU
KpydueHun u pactspkenun// Materidly 1X mezinarodni védecko - prakticka
konference «kEFEKTIVNI NASTRJE MODERNICH véd — 2013». - Dil 42.
Technické védy: Praha. Publishing House «Education and Science» s.r.o - 96
stran, C.17-22.

Stress-strain State naturally twisted ayered anisotropic reinforced
blade materials
Nurimbetov A.U.
MAI, Moscow

In this paper the deformation of multi-layered blades rotating and
stretching. The present technology of production details, structural elements
of composite materials has clearly expressed a layered structure [1]. The
properties of the individual layers and their relative placement in such sectors,
will ultimately determine the properties of the material. Behavior of
unidirectional layers depends linearly elastic, and the relationship between
stresses and deformations describes generalized Hooke's law.

Using geometric ideas for layered anisotropic rods with a straight axis
kinematic relations hips, which are later used to establish basic equations [2].

Application of precise theory naturally twisted rods of arbitrary cross
section based on the general equations of the theory of elasticity is very
mathematical difficulties and lead to difficult decisions. Therefore the
approximate theory [2] twisted laminated blades is based on certain
assumptions, to separate the components of the stress and strain on major and
minor, some equations is despised.

Accuracy of approximation theories swirled layered current known
mapping is checked for some particular cases of solutions and comparing the
results of calculations with experimental data.

Computer calculation results of linear ratios are consistent with
experimental data better than existing in the literature of the linearised
according. This confirms that the proposed ratio of kinematic [2] more fully
reflects the mutual influence of torsion and stretching.
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1. Nurimbetov A.U. CAD cutting parts of arbitrary cross-section of
laminated composite materials //Bulletin of RUDN. Series "Engineering
studies". M:-2009-No. 4.-p. 92-101.

2. Nurimbetov A.U., Turehanova G.I., Zanbosynov R.S. Deformation of
naturally-swirled multilayer anisotropic torsional and tensile rods// Materialy
IX mezindrodni védecko - praktickd konference «EFEKTIVNI NASTRIJE
MODERNICH véd — 2013». - Dil 42. Technické védy: Praha. Publishing
House «Education and Science» s.r.o - 96 stran, C.17-22.

HexoTopbie Bompochl oNTUMHU3AaNMH MPOQUIIsi KPbLI1a MaJ0pa3MepHOro
0ecNMUJI0THOTO J1eTaTebHOr0 annapara
IMapxaes E.C., Cemenunkor H.B.
MAM, r. MockBa

Ilocnennee BpeMst B KadyecTBE HOBOIO MEPCIEKTUBHOTO HAaIpPaBICHHUSA
pa3BUTHsI OCCITMIIOTHBIX JIETATENBHBIX AIIapaToB PacCMAaTPUBAIOTCS MHHH -
n Mukpo-bIIJIA (camonerHoi cxemsbl). [lOBBIIEHHBIH HHTEpPEC K ATOMY
KJIacCy aBHAIlMOHHON TEXHHWKH OOBSICHACTCSA PE3yJIbTaTOM OJHOBPEMEHHOTO
MOSIBJICHUS HOBBIX JIOCTMDKEHHUI B 00JIACTM MUHHATIOPH3AIMM KOMIIOHEHTOB
JIA 1 HOBBIX KOHIENIMNA MPUMEHEHHUS TaKHUX allnapaToB.

HanbHeiimmee pa3utue Takux bIIJIA, HecoMHEHHO, noTpedyer
MOBBIIICHUST WX adpoJAMHAMHYCCKOW d(dekTruBHOCTA. OIHAKO CTOWT
OTMETHTh, UTO a’pOJMHAMUKA YKa3aHHBIX allllapaToB CYIIECTBEHHO
oTiaMyaercs OT a’poauHaMuku JIA Gonbmiolf pa3MepHOCTH, B YaCTHOCTH
oOrtekanmne mpoduierd kpputla MuHH — u MHKpo BITJIA mpowmcxomuT mpu
MajblX, KpHUTHYECKHMX 4Yuciax Re= 10%...5%10°. IIpu Takux uywmcnax
PeiiHonb/ica XapakTepHO BO3HUKHOBEHHE OTPBIBHBIX TEUSHUIT M 00pa3oBaHue
TaK Ha3bIBAEMBIX OTPBIBHBIX My3bIpel JJaMUHAPHO-TYpOYyJIEHTHOTO Iepexoia,
YTO  TPHUBOAWT K  HEJIMHEHHOMY  CKauKoOOpasHOMY  IOBEICHHIO
a’POJUHAMUYECKUX XapaKTEPUCTUK M KaK CIEJCTBHE YXYALIEHUE JIETHO-
TEXHUYECKHUX XapaKTEePUCTHUK BCETO ammapara.

B pabote paccMOTpeHBI HEKOTOpHIE ACHEeKTHl ONTUMH3AIMHU MPOGUII
KppUIa B TPWIOKEHHMH K  adpPOAMHAMHUYECKOMY  IPOEKTHPOBAHHUIO
MaJIopa3MepHbIX OECIMIOTHBIX JeTaTeIbHBIX alapaToB.

Ocoboe BHUMaHHE VACJACHO MapaMeTpu3alu Hpoduias  Kpbuia.
CdopmynupoBaHbl OCHOBHBIE TPEeOOBaHHMS, KOTOpBIC IPEABSIBISIOTCS K
aNMPOKCUMHUPYIOIIUM Npo(UIIb KPUBEIM MPU X BBIOOpPE AJISI HCHIOIB30BaHUS
B TIpoliecce onTuMu3anun npoduirst. OTMedeHsl HepeleHHbIE TPOOIeMbl IPU
CO3JJaHUM MapaMeTPUIECKOW MOJENH NMpoQHisl Kpblla U NapaMeTpu3alud B
LEJIOM.

IIpencraBneHsl NpUMepbl YUCIEHHBIX PELIEHUH 3a4ad  ONTUMU3ALMU
npoduneit mo omHomMy W Oonee KpuUTEepHsAM. PermieHus moiydeHBl Ui
CIydaeB, KOrja HEOoOXOAMMO MUHHMH3HMPOBaTh IENeBble  (YHKIHH
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A3POJIMHAMUYECKHAX KOA(P(OHUIIMEHTOB MPH MEPEeXoJie OT JAOKPHUTHYCCKUX K
3aKpUTUYECKUM unciam PeliHombica.

Some aspects of airfoil optimization process for small size unmanned
aerial vehicles application
Parkhaev E.S., Semenchikov N.V.
MAI, Moscow

Recently, mini - and micro-UAV’s (aircraft scheme) are considered as a
new promising direction of advancement of unmanned aerial vehicles. The
increased interest in this class of aircraft is due to simultaneous appearance of
new advances in the aircraft components miniaturization and new concepts of
such devices application.

Further development of the UAV’s will undoubtedly require increasing
their aerodynamic efficiency. However, it should be noted that the
aerodynamics of these devices is significantly different from the large
dimension aircraft aerodynamics , in particular airfoil flow of mini - and
micro UAV’s occurs at small, critical number Re = 10* ... 5 * 10°.These
Reynolds numbers are characterized by the appearance of separated flows
and the formation of the so-called separation transition bubble, that leads to
an abrupt nonlinear behavior of the aerodynamic characteristics and ,as
consequence, the entire aircraft performance deterioration.

Presented paper discusses some aspects of the airfoil optimization process
related to the aerodynamic design of small unmanned aerial vehicles.

Particular attention is paid to the airfoil parameterization. The basic
requirements for approximating profile curves are defined for airfoil
optimization process. The unsolved problems creation a parametric airfoil
model and parameterization in general are marked.

The numerical examples of the airfoil optimization process for one or more
criteria are presented. Example solutions in which it is required to minimize
the objective functions of the aerodynamic coefficients in the transition from
subcritical to supercritical Reynolds numbers were found.

Crnioco0 o0ecnieyeHusi BUXPEBOii 6€30MACHOCTH MOJeTa
JIeTaTeJILHOTO anmapara
T'onosues W.I'., Jlammuu K.B., IInatos C.A., ®axpkoB 2.41.
T'ocHUHUAC, r. MockBa

IIpencraBnenst pe3yNbTaThl aHanmu3a TEOPETHUYECKUX u
SKCTIEPUMEHTAIILHBIX HCCIII0BaHUM 1O IpobieMe Oe3onacHocTH nosera JIA,
TIOTIA/IAIONIETO B BUXPEBOE OOpa30oBaHHWE OT BIIEPEIM JICTSIIETO CaMOoJIeTa.
[loka3aHo, dYTO [0 HACTOSIIETO BpeMEHH (HAKTHIECKH OTCYTCTBYET
obmenpuHATas MHPOBBIM aBHAanMOHHBIM coobmectBoM (MIKAO, FAA)
CKBO3Hasl METOJIMKA pacdeTa MmapaMeTpOB KOHIEBBIX BHXPEH OT OIMKHETO 10
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JIaJIbHETO CJIEZ0B, B IIEPBYIO OYEpPE/b M3-32 OTCYTCTBHS HPSIMBIX M3MEPEHHUN
BCETO JMama3oHa CiIeAa: B JTa0OPaTOPHBIX YCIOBUSX (a9pOIUHAMHUYECKHE
TpyOBI) HET JalbHEro cieJa, B aTMocdepe 3aTPyOHEHO IOTydYeHHE
XapakTepucTuK OmmxHero ciena. COBpeMEHHBIE MOJETH TypOyJIEeHTHOCTH
JUI pacueTa BUXPEBBIX CIEIOB HE IO3BOJIAIOT C JOCTATOYHOH TOYHOCTBHIO
paccumThIBaTh  IEPEXOA  MEXAy ONIDKHMM W JaJbHUM  CJIEIOM.
IIpeamomnaraercst, 9TO 3TO BBI3BAHO HETOYHBIM MOJIEIUPOBAHUEM ITyJIbCALIUH
JIaBICHUMN.

[MpennoxeHo co3nmarhk cucTeMy BUXpeBoW Oe3omacHocTu mojera JIA Ha
6aze cobcrBeHHO ammapaTypbl JIA W IITaTHBIX CHCTEM WH(POPMAIMOHHOTO
B3aumoneiictBus JIA u cmyx0 YBJ[. Cucrema Briarodaet B cebs [1]:
nepenady JerareibHbIM anmapatoM (JIA)-renepaTropoM uHpOpManMU O
CO371aBa€MOM MM BHXPEBOM CIIE/Ie, CKOPOCTH I0JIeTa, KOOPJHMHATAX, BPEMEHU
nepenadd MyTeM pPaguocBsa3n "OGOpT-0OpT" B pajMOBEINATENEHOM PEKHME
W/WIA B peXuMe "TOUKa-TouKa" M MOCIEeIYIOIUI MpHeM 3ToH WHpopMauu
JIA-abonenrom wiu JIA-aboHEHTaMH, TPH 3TOM COOTBeTCTByrommi JIA-
aOOHEHT  TNPOW3BOAMT  TEKYIIHWE,  COOTBETCTBYIOIIME  IIapaMeTpam
NPUXOJSIIETO K HEMy BuxpeBoro ciena ot JIA-renepatopa pacdeTs
BEIMYMHBI JEHCTBYIOIIETO HAa HEro BO3MYIIAIOIIETO0 MOMEHTa KpeHa H
M3MepeHus BUXpeBOil o0cTanoBkH nepen JIA-aboHEeHTOM, MPOBOAUT PacuyeThl
BO3MYIIAIONIETO MOMEHTAa KpEeHa, TIPOU3BOAUT CpaBHEHUE BEIUYMH
BO3MYIIAIONIETO MOMEHTa KpEHa, PAacCUMTAHHBIX IO pe3ylbTaTaM 3ITHX
M3MEpEHUil, ¢ BENMYMHAMH BO3MYILAIOIIET0O MOMEHTa KPEHa, MOJYyYeHHBIX
pacdeToM Ha OCHOBaHMH nepenaHHod mHpopmanuu ¢ JIA-reHeparopa, npu
3TOM TpeOyemble sl OIpEeAeieHHs BHXpEBOH oOcTaHOBKM mepex JIA-
aOOHEHTOM IaHHBIE IOJYYAIOT IyTEM M3MEPEHHH C IMOMOIIBIO JaTIHKOB
CTaTHYECKOTO JABJICHHS, YCTAHABJIMBAEMBIX B IEPEIHHMX "KPUTHUECKHX'
TOYKaxX €ro KpbUIbEB, MPUYEM HaWOONbIIee W3 BBIYMCICHHBIX 3HAUYCHHWH
BO3MYIIAIONIETO MOMEHTa KpEHa BHIOMPAIOT KaK OKHIAeMOE BO3JECHCTBHE
BUXpeBoro ciena Ha JIA-aOOHEHT M BHIOpaHHYIO BEJIMYMHY B KauecTBE
KOPPEKTHUPYIOIIEeH BBOIAT B CUCTEMY yrpaBieHus JIA-abonenTa.

1. ITatent — 2477893 PD, GO8GS5/02. Criocob obecrieueHns BUXPEBOii
0e30MmacHOCTH MoJIeTa JieTaTeabHoro anmnapara / ®anpkos 2. ., T'onoBHes U.
I'., IlnaroB C. A., Jlammun K. B., Xpabpos C. A.; ®I'VIT «'ocHUNAC».

Means of aircraft wake vortex safety
Falkov E.Ya., Golovnyov 1.G., Lapshin K.V, Platov S.A.
GosNIIAS, Moscow

The report represents results of the analysis of theoretical and experimental
studies of the problem of an aircraft safety when it meets with a wake vortex
from a preceding aircraft. We show that up to now the global aviation
community (ICAO, FAA) has not in fact got any transparent methodology to
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calculate parameters of tip vortices from both near and far wakes, mainly due
to the absence of direct measurements of the whole wake range: we can’t
acquire a far wake in a laboratory (air channels) as well as characteristics of a
near wake in the atmosphere. Current turbulence models for wake vortices
calculation do not provide needed accuracy for the calculation of the
transition between near and far vortices. It may be because of inaccurate
simulations of pressure pulses.

We propose to establish an aircraft wake vortex safety system on the basis
of onboard equipment and standard data exchange systems between the
aircraft and ATC. The system includes (1) transmittance of data about created
wake vortices, airspeed, coordinates, time of air-to-air broadcast and/or point-
to-point transmission from the preceding aircraft; and (2) acquisition of this
data by one or more subscribed aircraft. Herein applicable aircraft performs
current calculations of an affecting disturbance rolling moment, according to
parameters of the wake vortex acquired from the preceding aircraft, and
measures the vortex situation in front of the subscribed aircraft; it also
calculates the disturbance rolling moment, and compares values of the
disturbance rolling moment calculated on the results of these measurements,
with those calculated according to information transmitted by the preceding
aircraft; data necessary to determine the vortex situation in front of the
subscribed aircraft is acquired from the measurement of the static pressure by
sensors placed on the critical wing tips. The largest calculated value of the
disturbance rolling moment is selected as the anticipated wake vortex impact
on the subscribed aircraft; this selected value is input in its control system as
a correcting one.

1. Patent — 2477893 RF, G08G5/02. Means of aircraft wake vortex safety /
E. Ya. Falkov, I. G. Golovnyov, S. A. Khrabrov, K. V. Lapshin, S. A. Platov,
FGUP GosNIIAS, Moscow.

O BHyTpeHHell cTPYKTYype TYpOyJIeHTHOCTH
ITomor C.A.
MAMU, r. Mocksa

[Ipennoxxena rumore3a O TEPMOJMHAMUYECKOW  HEPABHOBECHOCTH
TypOyJNEeHTHBIX TEYEHUN BHYTPH MPUCTEHOUYHBIX CIOEB. [ Mmore3a ocHOBaHa
Ha wgen W.IlpurokmHa o TOM, 4YTO TYpOYJEHTHOE TEUYCHHE Ha
MUKPOCKOIIMYECKOM  YPOBHE  SBIISIETCS.  BBICOKOOPTaHU30BAHHBIM, UTO
COOTBETCTBYET KOI€PEHTHOMY IMOBEJACHHUIO MWUIMOHOB W MUJUIMOHOB
MolleKynl u Ha pabore [l.JIleBepmMopa O 3aMBIKAHUU CHCTEM MOMEHTHBIX
ypaBHeHUU. CBsA3b MJIEH NaJeKO HE OYeBUIHA, MOCKOJBKY IMEpBbIA aBTOP
paboTan HaJ TEPMOTUHAMUKON KOHTHHYYMa, a BTOPOH CTPOWII MOJENH JUIS
nepexoaHo mo unciaam Kayacena o6iactu TeueHui.
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IIpuBeneno cpaBHeHMe Mojenu IyTd cMmemeHus llpannmis u
NpPENIOKEHHOW B THUIOTE3e MOJENH TypOyneHTHoro oOmeHa. IlokasaHo
pasnuume CKopocTell OOMEHa WMIIYJIBCOM M CKOPOCTH TypOyJICHTHBIX
yJIbCALUH.

IlpennoxxeH myTh MOCTpOeHHA  (DU3UKO-MATEMATHUECKOM  MOJEINH,
ONMCHIBAIONIEH BHYTPEHHIOIO CTPYKTYpY TypOyJICHTHOTO TEUCHHS, HE
NPUBOAANIMKA K HAPYLNIEHHIO BTOPOrO Hadajla TEPMOAMHAMHUKH M 3aKOHOB
COXpaHEeHMA. OTa MOJENb SBJIAETCS NEePEeXOJHONH OT MOJENM CIUIOIIHON
cpelbl K IOJHOCTBIO KMHETUYECKOM Mozaenu. Mozenb BKIIIOYAET KOHEYHOE
yuciio audQepeHnraIbHbIX ypaBHEHUH B YacTHBIX IPOU3BOJHBIX IS
MaKpoIapaMeTpoB. SIBISETCA JIOIMYECKUM MPOJOJDKCHUEM MOMEHTHOM
monenu I'.I'pana, ynydmennoit mogenu R13 M.Toppunsona u I'.Crpaurpana
¢ MOMEHTOM 3aMbIKaHusA 10 JIeBepMopy.

PaccMoTpeHBI BO3MOXKHOCTM W MHYTH TIOCTAaHOBKH  (DH3HYECKOTO
SKCHEPUMEHTA AT TOATBEPKACHUS PEAT0KEHHON THITOTE3bI.

About the internal structure of turbulence
Popov S.A.
MAI, Moscow

The hypothesis of thermodynamic nonequilibrium turbulent flows inside
the boundary layers has been developed. This hypothesis is based on the
Prigogine’s idea that the turbulent flow at the microscopic level is highly
organized, which corresponds to the coherent behavior of millions and
millions of molecules, and on the Levermore’s paper "Moment Closure
Hierarchies for Kinetic Theories". The logical interconnection of ideas is far
from being obvious, because Prigogine worked on the continuum
thermodynamics, and Levermore developed mathematical models in the
transition flow regime for the Knudsen number.

The Prandtl mixing length model is compared to the developed model of
turbulent exchange. The difference between momentum exchange velocities
and the velocity of turbulent pulsation is demonstrated.

We propose a way to build a physical-mathematical model describing the
internal structure of the turbulent flow without violation of the second law of
thermodynamics and conservation laws. This model is a transition from the
continuum model to a fully kinetic model. The model includes a finite
number of differential equations in partial derivatives for macroparameters. It
is a logical extension of Grad’s moments model, Torrilhon’s and Struchtrup’s
improved model R13 with the moment of closures by Levermore.

The report analyses the possibilities and ways of physical experiments to
validate the proposed hypothesis.
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IIpoexTpoBaHMe U OLlEHKA MPOYHOCTH MHOrocJoiiHoro nakera IIKM
[Tomos 10.1.
MAMN, r. MockBa

Lenpto nanHON pabOTH! ABISUIOCH CO3JAaHUE ANTOPUTMa U IIPOTPAMMHOTO
oOecrieueHnsl ISl PELICHUS 3a7a4M MPOCKTUPOBAHMSA M OLEHKH MPOYHOCTH
MHOTOCJIOHOTO TaKeTa C MPUMEHCHHEM MOIMMEPHBIX KOMITO3MIIMOHHBIX
MatepuanoB (IIKM) mpu neifcTBUM HOpPMAaJbHBIX M KacaTENFHBIX IOTOKOB
yeunmuii. Konctpykrusao nakeT u3 [IKM MoxeT OBITH 31eMEHTOM OOIIMBKH
CTPUHIEPHOM M TPEXCIOMHOM IMaHenH, Nosica JOHXEpOHa U APYTHX Y3JI0B
arperaToB IIaHepa caMoJIeTa.

[Taker cocrout n3 cnoeB pa3ubix MarepuasioB (KM, Ti, cramb u ap.) wnu
n3 cnoeB KM c pasnuuHON CTPYKTYypoll, KOJIMYECTBOM CJOEB, YTIaMHu
ykmagka ¢ = 0 °, 90°, £45° 1o OTHOIIEHUIO C KOHCTPYKTHBHOM 0oChio X.

3ajgaya pemraeTrcd B JBa dTama. Ha mepBoMm 3rTame Aisd 3aJaHHOTO
MHOTOCJIOHOTO TTaKeTa OMpEAEICHBI ACHCTBYIOMINE HAPSIKECHUS B KaXIIOM
cloe, pa3pymaroniie HanpsKeHUS W 3amac MPOYHOCTH  CIIOS OTHOCHTEIIBHO
[JIaBHBIX OCeHl ynmpyroctd 1 U 2 W OTHOCUTEIBHO KOHCTPYKTHBHOM ocu X
0e3 ydera paboTHI CBs3ylomero. Paspaboranel HOMOTPaMMBI 3aBHCHMOCTH
paspylIalomnX HANPSHKEHHH OT  XapaKTepHUCTUK  MaTepHana  CIOEB,
MO3BOJIIOIME  OMNpPEICINTh  KOHCTPYKTHBHBIE  ITapaMETphl  CIIOEB
MaKCHMaJIbHOM 3 QEKTUBHOCTH.

Ha BropoM »3Tame  NOpUMEHAIOTCS  aHATUTHYECKHE COOTHOLICHMSA
XapaKTEepUCTUK IPOYHOCTH MHOrociolHoro maketa KM c yuetom paboTs
cBsasytomero. Pa3pabotana Onok-cxema aidroputMa M IPOTPaMMHOE
obecrieuenre. Ha mnpumepe NpPOEKTHPOBAHMS CTPUHTEPHOW KOMITO3UTHOM
MIaHeT! MOJyYCHbI 3aBHCHUMOCTH BIHSHHUS CTPYKTYypHl MakeTa Ha
JCHCTBYIONINE HANPSDKEHUS W JeOpMAalMU MO OCSIM YIPYTOCTH KaXIOTO
CJIOSI U KOHCTPYKTHBHBIE apaMeTPhl TIAHEIH.

Design and evaluation of strength of the polymer composite materials
multilayer package
Popov Yu.l.
MAI, Moscow

The present paper is aimed at creating the algorithm and software for
design and evaluation of strength of the polymer composite materials
multilayer package (PCM) under regular and stress- strain flows.
Constructively a PCM package can be used as an element of stringer panel
and three-layer panel, spar boom or of any other airframe units.

The package consists of multiple layers of various materials (composite
materials, Ti, steel etc.) or of composite layers with different structure,
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number of layers, laying angle varying from ¢ =0 °, 90°, to +45° in relation
to the constructive axis X.

This task is being solved gradually in two stages. At the first stage the
operational stress for each layer, destructive load and layer's safety margins
in relation to the main flexibility axes 1 and 2 and in relation to the
constructive axis X were defined. Nomographic charts showing the
dependency of destructive loads on the characteristics of layer materials
which allow defining the constructive parameters of maximum capacity
layers were also elaborated at this stage.

At the second stage the analytical correlations between the strength
characteristics of the CM multilayer package and the bindings are being
applied. Algorithm flow-charts and software was worked out. On the example
of the stringer composite panel design the influence correlations between the
package structure and actual stress and deformations alongside the flexibility
axes of each layer as well as constructive parameters of the panel were
defined.

OcHOBHbBIE MOJI0KEHUSI METOAMKHU ONMpeeeHHs MPOeKTHBIX
napaMeTpoB GeCHIOTHBIX JIETATEIbHBIX aNIAPATOB, HCMOJIbL3YIOIIHX
IHEPTUK) COJTHEYHOT0 U3JIyYeHHs JJIsl M0JIeTa
Cawmoitnosckuii A.A., JIuceiines H.K.

MAMN, r. MockBa

Lenpto nmaHHOW pPabOTHI SIBISUIOCH CO3JAHUEMETONMKU OIPEACICHUs
NPOEKTHBIX  ITTapaMeTpoB  OECHWJIOTHBIX  JIETATeJNbHBIX  amlaparos,
UCTIONIB3YIOMIMX SHEPTHIO COJIHEYHOTO U3IY4EHUS IS MOJIETA.

3amadya mpoekTHpoBaHUs JIA, HCHONB3YIOMIErO0 SHEPTHIO COJHEYHOTO
W3NTydeHusi, Kak u soboro JIA, peanusyromero a’poAnHaMHYECKHH
NPUHIOUIT  TI0JIETA, CBOJAWTCA K YJIOBJIETBOPEHUIO (yHIAMEHTAIbHBIM
COOTHOIIIEHHSM, KOTOPBIE XapaKTEepHU3yIOT 000N MPOEKTUPYEMBIH caMoieT
KaK JIeTaTeIbHBIN afnmapar TsDHKEJICC BO3AyXa, CIOCOOHBIM JIeTaTh B
OTpeNeNIeHHOM JMana30He BBICOT W CKOPOCTEH, COBepIIaTh MAaHEBPHI,
B3JIETAaTh M CaJAUTHCS HA a3POJPOMEBI 33/IaHHOTO KJlacca.

OCHOBHEBIE U3 3TUX COOTHOIIIEHUH:

e  ypaBHEHHE BECOBOTO OanaHca;

e  ypaBHEHHE IPaBUTALMOHHOIO OanaHca;

e  ypaBHEHHE HEPreTHYECKOro OajaHca.

IMpn maremaTndeckoil (OPMYJIHPOBKE 3a/1aud, INPOEKTUPOBAHHE €CTh
YIOBJIETBOPEHUE BBIIICTIPUBEACHHBIM TpeboBaHUAM c yueToM
HaKJIaJbIBA€MbIX OIPaHUYCHUIN KaK HA apaMeTphbl TaK U Ha XapaKTEPUCTUKH.
IIpoextupoBanue JIA, MCHONB3YIOMMX SHEPTHI0 COIHEYHOTO W3IIyUYCHHS,
HUMeeT pAJ 0OCOOCHHOCTEH, CBA3aHHBIX C THIIOM CHIIOBOH YCTAaHOBKH.
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PesynbraToM BBINONHEHHOW palOTHI SBISETCS METOJMKA, MO3BOJISIOIIAS
ONPEIEINTh BECOBYID M TEOMETPHUYECKYIO pa3MEpPHOCTb, a TaKxke
paluoHaNbHBIE NapaMeTpbl HeCyHIuX NoBepxHocTel JIA, Mcnosb3youmero
SHEPrHI0 COJIHEYHOTO W3JIyYeHMS, B 3aBHCHMOCTH OT MacChl H
9HEPronoTpeOICHNsS ENEBOIl HAarpy3KH.

The main methodological principles of the solar-powered UAVs main
parameters determination
Samoylovskiy A.A., Liseytsev N.K.
MAI, Moscow

The goal of the work is creation of the methodology of the solar-powered
UAVs main parameters determination.

The task of the solar-powered flight vehicle designing as well as any flight
vehicle implementing aerodynamic flight principle comes to fulfillment of
fundamental equations, that describe any projected plane as heavier than air
flight vehicle with ability to fly in a certain altitude envelope and velocity
range, make evolutions, take off and land at established class airfield.

The main equations:

e Mass balance
e Gravitation balance
¢ Energy balance

Mathematically, aircraft design is a fulfillment the requirements above with
taking into account parameters and characteristics restrictions. Solar-powered
UAYV design has some specialties because of the specific type of power plant.

Suggested methodology defines weight and geometry of solar-powered
UAYV depending on payload weight and power consumption.

Binsinue mpenBapuTeJbHOT0 HATSKEHHS BOJIOKOH HA BeJTHYMHY MOTHON
B pe3yJibTaTe TEXHOJOTHYECKOr0 MPouecca W3roToBJIeHUs U3IeJInii u3
KOMITO3HIINOHHBIX MATEPHAJIOB
Cemeniosa A.H.

MAMU, r. MockBa

Kommnozummonnsie marepuans! (KM) HaxoAsT HmMpOKOe NPHUMEHEHHE B
pa3IMYHBIX ~ OTpPAcisiX  MPOMBIIIEHHOCTH. IIpouHOCTHBIE  CBOHCTBa
KOMIIO3UTOB MCHOJB3YIOTCS MPU MPOSKTUPOBAHUY, IPOYHOCTHBIX pacyeTax U
U3rOTOBIEHUU y31I0B U arperatoB u3 KM. Bricokuit MOgynb ynpyrocta u
BBICOKAsl yZEJbHAs NMPOYHOCTh OOECreunBarOT KOMIO3WUTHBIM MaTrepuaiaM
IIpeuMylIecTBa NpU dKCIUTyatanuy JIA B yCIOBUSIX CI0KHOTO Harpy>KeHHS.
OTH NMPEUMYILECTBA B MOJHOW Mepe MOTYT OBITh UCIIOJIB30BAHBI IIPH YCIOBUU
CO3/IaHUSI WHTETPATbHON KOHCTPYKIMH. METOIOOTHS M3TOTOBICHHUS TaKHX
KOHCTPYKIMH  TIO3BOJIIET TOJYYHUTh CIIOKHYIO  BBICOKOHArpY>KEHHYIO
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KOMIIO3UTHYIO KOHCTPYKLMIO C OOJNBIIMM YHCJIOM BXOJSIIMX B Hee
9JIEMEHTOB 0€3 MEeXaHW4YEeCKOW TOJTOHKH JIeTajeH, CBEpJCHHUS OTBEPCTUH H
YCTaHOBKM MEXAaHHYECKOTO Kpemneka. MHTerpaipHble KOHCTPYKIUH MOTYT
0o0EcIeunTh  CYIIECTBCHHOE CHIDKEHHE MacChl C  OJHOBPEMEHHBIM
MOBBIIIEHNEM KECTKOCTH, IPOYHOCTH U TEXHOJIOTUYHOCTH.

OpHako ONHOW M3 BaXKHEWHINX MPOoOJIeM Mpon3BojacTBa m3nenuit m3 KM
ABJISIETCS BOSHUKHOBCHHE TEXHOJIOTHUECKHX OCTAaTOUHBIX Aeopmarmii. OHn
BO3HMKAIOT  IPU  W3TOTOBJICHMM  W3AENUM  BCIEACTBHE  OTIMYHUSA
TEeMIIEpaTypHBIX ~ KOI(G(QHUIUEHTOB BIOJIb W  IONEPEK BOJOKOH B
MHOT'OCJIOMHBIX CTPYKTypaX, HEOAHOPOIHOCTH CTPYKTYPHI.

Lenbro naHHOW pabOTHI SBIISETCS WCCICAOBAHUE BIIUSHUS CTPYKTYPBHI U
KOHCTPYKTHUBHBIX JJIEMEHTOB Ha BEJIMYMHY OCTAaTOYHBIX JAedopManuii u
HnepeMeIleHNH, BOSHUKAIONINX BCIEACTBUE TEMIIEPATYPHOIO BO3ACHCTBHS B
TEXHOJIOTHYECKOM MPOLECCe, W BO3MOXKHOCTH YCTpaHEHHS aedopMaruii
MyTeM MpPEIBAapUTEILHOTO HATSXKEHHs BOJOKOH. 3ajaded MNpOBOAMMBIX
pacueToB  sBIAETCA HCCIIeI0BaHHE BO3MOKHOCTH obecrieueHns
TEOpEeTHYECKOH (OPMBI HU3AENMH IOCIEe TEXHOJOTMYECKOro Ipolecca,
UCCIIEIOBAHWE BIIUSHUS MNPEIBAPUTEIBHOTO HATSDKEHHs BOJOKOH HA
BEJIMYHMHBI TOBOJIOK IO JUTMHE U KOHTYPY KOHCTPYKIIUH.

[IpaxkTrdecku JaHHAs METOAMKA MOKET OBITh HCIIOJIB30BaHA MIPU CO3IaHUU
peanbHBIX ~ KOHCTPYKIMH  MHTETpaJbHOTO  THNA  KECCOHAa  Kphlia,
TOPU30HTAJIHHOTO M BEPTUKAJIHHOTO OINEPEHUS MpPHU OTCYTCTBUU OJIHOU
naHenu  (OTKPBITBII  KOHTYp). TeXHOJIOrHmdecku KOHCTPYKIMH MOTYT
M3rOTaBJIMBAThCSl MeToAaMu BakyyMmMHo# uH(Dy3un, RTM mertomom (Resin
Transfer Moulding), mpemnperoBoii TexHonormed. B maHHOW MeTomuke
paccMarpuBaeTCsl  NpenperoBas TEXHOJOTHs, KOTopas oOecrednBaeT
PaBHOMEPHOCTBH MEKCIIOEBOI CTPYKTYpPBI IPU MIPOU3BOACTBE U3ICIHIA.

B kagectBe mpuMmepa ObIII pacCMOTpEH KECCOH KOpoOYaToil CTPYKTYPHI ©
pa3HON KOHCTPYKIMEN MaHEIH ¢ Y4eTOM XKECTKOrO 3aKpEeIICHHs:

e  CrpuHrepHas naHeb;
e  3akperuieHHs Kpas KOHCTPYKIIMU B BHJIE )KECTKON HEPBIOPEHI.

Fiber pre-tensioning influence on deformation value in composite
construction manufacturing process
Sementsova A.N.
MALI, Moscow

Composite materials are widely used in various industries. Mechanical
properties of composites are used in the design, stress analysis and
manufacture of composite units and assemblies. Their high values of Young
modulus and specific strength provide advantages for plane exploitation
under different load.
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These advantages can be used in integral construction design development.
The integral construction manufacturing method provides complex composite
construction without mechanical fitting parts, drilling and mechanical
fasteners. Integrated design can provide a weight reduction, strength and
stiffness increase, manufacturability improvement.

However, one of the major problems of the composite construction
development and production is the appearance of technological residual
strains. They arise in the manufacturing process because of differences of
temperature coefficients along and across the fiber direction in laminate
structures, heterogeneous structure of composite. The purpose of this paper is
to investigate the influence of the composite structure and construction
components on the appearance of technological residual strains and
displacements, the influence of fiber pre-tensioning on the strain reduce. The
main task is to study the theoretical form construction after the manufacturing
process.

In practice this method can be used in integral construction production,
these constructions are wing, horizontal and vertical tail assembly.
Manufacturing processes are vacuum infusion, RTM method (Resin Transfer
Moulding), prepreg technology. The prepreg method is used in this research,
which provides equal material distribution of the interlaminar structure during
manufacturing.

As an example, a box caisson construction with different panel structure
and boundary conditions was calculated:

e  stringer panel;
e  constrained edge as a rigid rib.

CTpyKTYpHbBI€e CBOICTBA H CTATHCTHYECKHE MO/IeJIH PellleHHsl 3a1a4u
OLICHHBAHMNS JIETHO-TEXHUYECKHX XapPAKTePHCTUK JIeTaTeIbHbIX
annapaTos
Baiipamos K.P., Baiipamos P.K., CuBkoB M.A., CmupHoB A./l.

BA PBCH umenu Iletpa Benukoro, r. Mocksa

B pabore moka3aHo, YTO COBMECTHOE NMPUMEHEHHE HA MPAKTUKE JICTHBIX
UCTBITAHUNA METOJOB TEOPHM OIICHUBAHUSI M TEOPUU CTATUCTUYCCKH
HEHAJIS)KHBIX PEIICHUH I03BOJIACT IOBBICUTH JOCTOBEPHOCTH OICHHBAHUS
JeTHO-TexHUUeckux xapakrepuctuk (JITX) neratensubix ammapaTtoB (JIA)
MIPH HAJUYUHU TIOMEX ¥ MAJIOM KOJMYECTBE IKCIIEPUMEHTAILHBIX JAHHBIX.

IIpn »KkcnepUMeHTANIEHOW OTpabOTKE HE BCerga YAaeTcsl JOCTHraTh
Tpebyemoro kadecTBa JIA. [TonydeHHAs HA MOMEHT 3aBEPIICHUS HCITBITAHHMA
JIA  omeHka TOYHOCTH CTPEeNbOBI HE IONTBEPXKAACTCS  OLICHKAMH,
MOJYYCHHBIMH TI0 Pe3yJIbTaTaM ITyCKOB Ha 3Tare MPUMEHEHHs MO LEICBOMY
HA3HAYCHHIO. B METOMOJOTHYECKOM  IIAHE  TAaKHWEe  PACXOKIACHUS
00YCIIOBJCHBI MPOTHBOPEYHEM MEXKIy TEM, 4YTO 3aJa4d OLCHHBAHUS
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XapaKTEePUCTUK HAJCKHOCTH M TOYHOCTH OOBEKTHBHO OTHOCSATCS K KJIaccy
HEKOPPEKTHO MOCTABJIEHHBIX 3a/1a4 U UICTOPUYECKHU CIIOKUBIIAMCS TTOAXO0J0M
K MX PEHICHHIO HA OCHOBE KJIACCHYECKHUX METOJIOB TEOPHUU BEPOSTHOCTEH U
MaTeMaTHYECKOW CTATUCTHKH.

Ha HpiHemHeM 3Tane pa3BUTHS TEXHOJOTMH IOJUTOHHBIX HCIBITAaHUI
00BEMBI JIETHBIX M CIECIHATIBHBIX BHIOB UCTIBITAHUI COKpAIIEHBI 10 Mpeea.
OTO0 3HAYMT, YTO cooTHeceHue 3anad oneHnBanus JITX mepcnexTuBHBIX JIA
K KJIACCY HEKOPPEKTHO MOCTaBJIECHHBIX 3a/1a4 UMeeT YCTONUHBYIO TEHICHLIUIO
U OIpefenseT MOAXOJ K TEOPeTHYECKUM HCCICNOBaHMUSM II0 CO3JaHUI0
COOTBETCTBYIOLINX METOIUK.

O0bem wucnbiTanuii JIA npu netnsix ucnsitanusx (JIM) ompenensiercst B
3aBUCHMOCTH OT TpeOyemoii nocroBepHoctd oueHok JITX. JloctoBepHOCTB
ouenku JITX, B cBow ouepens, ompeaenser Hapsn JIA TpeOyembld mims
BBITIOJTHEHHS NTOCTABICHHOHN 3a/aud. YUHTHIBas TO OOCTOSITEIHCTBO, YTO B
CHiIy (DMHAHCOBBIX TPOOJEM, YBEIWIUTh KOJHYECTBO MCIBITATEIbHBIX
IIyCKOB HEBO3MOXXHO, MPOBEICHBI HCCIEIOBAaHUSA IO pa3paboTKe HOBOTO
METOIMYECKOTO  MOIX0Ja, C LEeNbl0  O0EcHedeHHus  BO3MOXKHOCTH
ucnonb3oBaHus npu oneHke JITX pe3ynpTaToB ITycKOB, IMPOBEACHHBIX B
Ppa3HbIX reo@mn%cm&x YCIOBUAX, JAaHHBIX CTCHAOBBIX, 3aBOJACKUX U APYIUX
UCTIBITAHUH, a TakXe OLIEHOK OTIENbHBIX COCTABJIAIONINX pPacCEeUBaHMUS,
MOJYYCHHBIX IO  pe3yibraTaM  OOpabOTKHM  TEIEMETPUYECKOH U
BHELITHETPAaeKTOpHOH nHpopMarmu. B mociennee Bpems ouenky JITX JIA
paccMaTpuBalOT TOJBKO C TOYKM 3PEHUS  allOPUTMOB  00paboOTKH
SKCICPUMCHTAJIbHBIX JaHHBbIX, HE IpUuHUMast BO BHUMAaHHC
HEOIPEJENEHHOCTH, CBSI3aHHbIE c y4acTHeM 4eloBeKa B
aBTOMATH3HPOBAHHBIX mporeccax. [IpemnaraeMblii MNOAXOH CBs3aH C
paccMoTpeHHeM mpouecca ouneHuBaHus JITX kak, B KOHEYHOM CUETe,
nporecca nOpuHATHA — pemeHus.IIpuHATHE paccMaTpuBaeMoro — Kiacca
pellleHui OpraHusyeTcs B BHIE MHOIOJTAlHOM 4YeIOBEKO-MAIIMHHOM
MPOLEYPHl, OTAENBHBIE 3Talbl KOTOPOH CXO0XH MEXIy co00if B 00X
gepTax U B TOXKEC BpEMA B ACTAJIAX MOTYT OTJIMYATHCA APYT OT Apyra.

Structural properties and statistical models for solving the problem
evaluation of performance of aircraft
Bayramov K.R., Bayramov R.K., Sivkov M.A., Smirnov A.D.
Military Academy of Strategic Missile Forces named after Peter the Great,
Moscow

It is shown that the combined use of in practice flight test methods
estimation theory and the theory of statistically unreliable solutions can
improve the accuracy of the estimation of performance of aircraft in the
presence of noise and a small amount of experimental data.
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When experimental development is not always possible to achieve the
required quality of the aircraft. Obtained at the time of completion of the tests
the aircraft estimate of the accuracy of shooting is not supported by the
estimates obtained as a result of start-ups on the stage of the application for
its intended purpose.

In terms of methodology, such differences are due to the contradiction
between the fact that the task of evaluating the characteristics of reliability
and accuracy objectively belong to the class of ill-posed problems and
historically approach to addressing them based on classical methods of
probability theory and mathematical statistics.

At the current stage of technology development ground tests and flight
volumes of special types of tests reduced to the limit. This means that the
correlation estimation problems of performance perspective of aircraft to the
class of ill-posed problems has been steadily and determines the approach to
theoretical studies on the establishment of appropriate procedures.

Amount of testing of aircraft in flight testing is determined by the required
reliability assessments of performance. Confidence in the assessment of
performance, in turn, determines the attire of aircraft required to accomplish
the task. Given the fact that, due to financial problems, increase the number
of test launches impossible, conducted research on the development of a
novel technique in order to be able to use in the assessment of performance
results launches conducted in different geophysical conditions, these posters,
factory and other tests and evaluations of individual components of dispersion
obtained after processing and telemetry-trajectory information. Recently,
evaluation of performance of aircraft is considered only in terms of
algorithms for processing the experimental data, without taking into account
the uncertainties associated with the participation of the person in automated
processes. The proposed approach is based on the consideration of the
evaluation process of performance as, ultimately, the decision making
process.

Decision-making processes in a variety of complex human situations is the
object of attention and study a wide range of sciences. In the process of
decision-making procedures usually distinguish the formulation of objectives,
indicators chosen to target achievement (criteria), the synthesis of possible
alternatives to the behavior and selecting the most rational. In recent years,
the object of the study were complex systems, which are characterized by a
large responsibility for decisions, as well as a high degree of uncertainty in
the environment
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IIpoexkTHpoBaHNe NaHes el H CTHIKOB KECCOHA KPbLIa
U3 KOMIIO3MIIHOHHBIX MaTepHAaJI0B
Comomenko B.H.

MAM, r. MockBa

TexHONIOrMs U3TOTOBICHUS COEAMHEHHMH ISl METAUIMYEeCKHX KOH-
CTPYKLMH caMoleTa K HacTOALIEMY BPEMEHH XOPOIIO OTIakeHa. Buisl
paspylleHHs] COCIUHEHUI KOMIIO3UTHBIX JJIEMEHTOB IIPAKTHYECKH OK-
BUBAJICHTHBI TEM, KOTOPbIE HMEIOT MECTO Ul METAIUIMYECKUX COCAMHEHUN,
HO TIOBEJCHUE KOMIIO3UTHBIX MAaTEPUAIOB OTIMYAETCA OT IOBEICHHUS
AQHAJIOTUYHBIX METAJUIMYECKUX COSANHEHUN B CUITY CICAYIOIIUX IPUIHH:

e  OTHOCUTEIBHO BBICOKOM YSI3BUMOCTH MaTepuaya, CBA3aHHOH ¢
BBICOKOM KOHIEHTpalUe HANPSKCHUHI Ha IPaHULAX OTBEPCTUM;

®  paccloeHHs KOMIIO3UTa B IIONEPEYHBIX HANPABICHUSAX BBHUIY €ro
CIIOUCTOU CTPYKTYPHI U T.1.

®  HEOJHOPOIHOCTH CBOWCTB KOMIIO3WTa M OCOOCHHOCTEH €ro B3am-
MOJEHCTBHSI C METAIIIMYECKUM KPEMEKOM, 3HAUYUTEIBHO OTIMYAIOLIErOCs
OT B3aUMOJICHCTBUS Kpenexa ¢ MeTaJuioM. [1]
lens pabotel. Pa3paboTka METOAMKHM NPOEKTHPOBAHMS KOHCTPYKIMH

KECCOHA KpbUIA, U3TOTOBIEHHOTO U3 KOMIIO3UIMOHHBIX MaTEpHANIOB, B 30HE
CTBIKA C LIEHTPOIIJIAHOM.

3amaun uccrnepoBaHus. [{ng 3a1aHHON KOHCTPYKTHBHO-CHIJIOBOM CXEMBI
KEeCCOHa KpblIa M3 KOMIIO3MLIMOHHBIX MaTepUaloB, IPU H3BECTHBIX
pacueTHBIX Harpyskax, ONpeAeIUTh KOHCTPYKTUBHbIC apaMeTpsl IMaHelel U
cteika OUK ¢ meHTpomiaHoM MpH KOTOPBIX 00eCcTIeYnBaeTCsl MUHIMYM Beca
KOHCTPYKLIMH U yIOBJIETBOPSIIOTCS OTPaHHUYCHHUS, CBSI3aHHbIE:

e  C HOPMaMH IIPOYHOCTHU U KECTKOCTH;

®  CpecypcoM KOHCTPYKLUY;

e ¢  (UBMKO-MEXaHWYECKMMH  CBOWCTBaMH  KOMIIO3HUIIHOHHBIX
MaTepHUaoB;

®  C TEXHOJIOTHEN U3rOTOBIEHUS KOHCTPYKIUH.

e  Pesynbrarsl paboTHI:

e IlpeanoxkeHa MeTOJWMKa NPOEKTHpOBaHMs cThika KeccoHa OUK c
LIEHTPOILTAHOM, OCHOBaHHAs HA MYITHIUCIUIUIMHAHPOM MOJXOIE.

e [lpoBeneHsl mapaMeTpUYECKHE HCCIEAOBAHUS IO NMPOESKTUPOBAHHIO
pa3TUYHBIX KOHCTPYKIIMM TaHeded u CThIKOB keccoHa OUK ¢
HeHTporutaHoM. Ha OCHOBAaHWMM BBINIOJHEHHBIX HCCIEIOBAHUN JaHBI
PEKOMEHJALUN [0 pPAalMOHAIbHOMY TIPOEKTUPOBAHHIO CTBIKOB HOBBIX
aBUALIMOHHBIX KOHCTPYKIUH U3 KOMIIO3UIL[HOHHBIX MAaTEPUAIIOB.

Cnucok nurepaTypsl
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1. B. W. I'punmn, A. C. [I3w00a, FO.M. ynapekos. IIpounocts u
YCTONYMBOCTh 3JIEMEHTOB W COCIWHEHUM ABHAIIMOHHBIX KOHCTPYKIHH W3
KOMIIO3HUTOB. - M.: ®u3mariur, 2013.

Designing Composite Panels and Wing Box Joints
Soloshenko V.N.
MAI, Moscow

At the present moment the technology of manufacturing joints for the
airplane metal constructions has been sufficiently developed. Types of
destruction of joints of the composite elements are practically equivalent to
the destruction of metal joints, however the reactions of composite materials
significantly differ from the reactions of their metal analogues due to the
following reasons:

e Relatively high vulnerability of material caused by high
concentration of stress at slot edges;

e  Transverse delamination of composite material caused by its layer
structure;

e  Heterogeneous composite material characteristics and specifics of its
interaction with metal fasteners which is sufficiently different from the
interaction of fasteners with metal.

The paper is aimed at elaborating the methodology of design of the
composite material wing box construction and wing center section joint.

Research goals. For the given constructive-strength scheme of the
composite wing box under the defined calculated load the present paper aims
to define the constructive parameters of panels and joints of outer wing with
the wing center section which ensure the minimal weight of the construction
and fulfill the following requirements:

Norms of strength and toughness;

Construction service life;

Physical-mechanical characteristics of composite materials;
Technology of the construction manufacturing.

Achieved results:

e  On the basis of multidisciplinary approach the methodology of
designing the composite material wing box construction and joints of outer
wing with the wing center section was proposed.

e  Parametrical research of designing various constructions of panels
and joints of outer wing with the wing center section was conducted.
Following the conclusions of the research recommendations for rational
design of joints of the new aircraft composite constructions were given.
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YrnpapieHue KOHTPOJIENPUTOJHOCTHIO ABUAIIHOHHBIX CHCTEM
Ha CTAIMH NIPOCKTHPOBAHUSA
Crmpunonos U.b.
Kopmnopamusa «Mpkyt», r. Mocka

ITpouecc ympaBneHHs KOHTPOJIEIPUTOJHOCTBIO aBHAIIMOHHBIX CHCTEM Ha
CTaIMu TIPOSKTHPOBAHMSA BKIIOYACT B CeOS 3Tamsl MOIECIMPOBAHMSA
KOHTPOJIETIPUTOAHOCTH, pacdeTa W aHajW3a  I0Ka3aTeled; CpaBHEHHS
paccuMTaHHBIX 3HAUYEHWH IIOKazaTeled C 3aJaHHBIMH TPEeOOBaHMAMH,
KOPPEKTHPOBKHU MPOEKTHBIX PEIICHHUH.

C umenpl0  aBTOMAaTHM3allMM  YNPABICHUS  KOHTPOJIEMPUTOIHOCTHIO
aBHALMOHHBIX  CHUCTEM Ha JTamax [pPOCKTUPOBAaHUS  pa3padoTaHa
(yHKIMOHAJBHAS MOJENb  IIPOM3BOJACTBEHHON CHCTEMBI JUISl PEILCHUS
3aJaul «AHaJIU3 KOHTPOJEIPHUIOJHOCTH» C HCIOJIb30BAHUEM METOIOJIOTHU
IDEF (ICAM Definition). Mozesb onuchiBaeT NpoLecchl MPOU3BOACTBEHHON
CHCTEMBI IO peai3alii KOHTPOJIECTIPUTOAHOCTH, KaK CBOMCTBA CHCTEMBI, KaK
OHA YIpaBisAeTCs, KakWe CYINIHOCTH TpeoOpasyeT W Kakue CpeicTBa
UCTIONB3YeT ISl PEUICHUs OCHOBHOW 3aladd, OIpPEAEIIeT HEeoOXOoIauMble
MOTOKM HWH(OpManuy, CpeacTBa YHpPaBIEHHS IPOIECCOM, pECypchl U
TpeOoBaHus K IPOrPaMMHOMY OOECIICUCHHUIO JUTS PEIIeHHs JaHHOH 3a1aum.

Peanuszanust MeToAMK pacdera W aHAIM3a KOHTPOJETPUTOAHOCTH TpedyeT
BHEJPEHHs aBTOMATH3alMM B MPOLEAYphl aHajiu3a. OTO CBsI3aHO C
HE00X0IMMOCTBI0 00paboTKH 60JIBIIOT0 00beMa UCXOJHOM HH(OPMALUH IS
MPOU3BOJICTBA PACUETOB, OOpPaOOTKH pE3yJbTATOB C Y4YETOM OOJIBIIOTO
KOJIMYECTBA KPUTEPUEB OLIEHKU KOHTPOJICTIPUTOJHOCTH B MIPOLIECCE aHAU3A.

C menpio peanu3ayy TPeOOBAHUH K aHAJIM3Y KOHTPOJICIPUIOJHOCTH, KaK
YacTM  mpolecca  NPOCKTUPOBAaHHMS  CO3/aHO  CIICLHAaIM3MPOBAHHOE
MpOrpaMMHOE 00ecIedeHe B KOTOPOM pean30BaHbl (pyHKINN:

e  pacyeT OCHOBHBIX ITOKa3aTelleil KOHTPOJENPUTOAHOCTH arperaTtoB
(YHKIMOHAIBHBIX CHCTEM CaMOJIETa;

e  paHXHpOBaHME TIIOKa3aTeJIell KOHTPOJICHIPUTOJHOCTH AarperaTos,
(YHKIMOHANBHBIX CHCTEM, CaMOJIETa B LIEJIOM IO YPOBHSIM KPUTHYHOCTH
OTKa30B;

®  BBUIBICHHE CKPBITHIX OTKa30B KOMIIOHEHTOB ()yHKIMOHAJIbHBIX
CHCTEM CaMoJIeTa;

®  CpaBHEHHE pPaCUYETHBIX M 3aJlaHHBIX Mo T3 3HAYeHWH TMOKa3aTeneu
KOHTPOJIETIPUTOIHOCTH;

e  BblJaYa PEKOMEHJAIMH MO KOPPEKTHPOBKE MPOEKTHBIX PELICHUi
JUISL ONITHMHU3AIMN BCTPOEHHBIX cpeacTB koHTpoussi (BCK), peanmsyrommx
(YHKIMIO KOHTPOJISI B CHCTEME.
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Testability control of aircraft systems on the design stage
Spiridonov I.B.
Irkut Corporation, Moscow

The process of testability control on design stage includes testability
modeling, calculation and analysis of indices, comparison of the calculated
values with the specified requirements, correcting project decisions.

The functional model of production system, for solution of the problem
«Testability Analysis» with IDEF (ICAMDefinition) methodology, to
automate testability control on design stages was developed.The model
described processes of production system in testability realizing as system
quality, its managed, what it transformed and used for solving the main
problem.

Implementation methods of calculation and testability analysis, requires the
introduction of automation in the analysis procedure. It depends of necessity
to processing with large amount of initial information for production of
calculations, processing results taking into account with a lot of testability
criteria evaluations in analysis process.

To realize testability analysis requirements as a part of design process,
special software was create.

Software functions are:

e  Dbasic testability indices calculation;
e  ranking of testability indicesby failure critically level;
latent failures detection method;

e calculated and specified in TRS testability indices comparison;

e issuance of recommendations for the adjustments to the design
decisions to optimize BITE, that perform control function.

HccnenoBanus 06e30macHOCTUH M IHepreTudeckoi 3ppekTUBHOCTH
Pa3TUYHBIX APXUTEKTYP CHCTeMBbI pyJeBbIX IPUBOIOB 0oJiee
3J1eKTPHYECKOro camoJieTa
Kysmunos B.M., Xaneukwii JI.B., Ctebnunkun A..,
Epodees E.B., Ckpsioun A.B.

LATI'Y, r. )KykoBckuii

PabGora mocBsmeHa  MCCIENOBAHMIO  NEPCHEKTHBHBIX  apXHUTEKTYP
WCTIONTHATEJIFHOW YacTH CHCTEMBI YIIPaBICHHA Ooyiee 3JIEKTPHUECKOTO
camosieta (BDC). OcHOBHO# T1IeNIbI0 pabOTHI SBISIETCS pa3paboTka |
BepuHKaUN apXUTEKTYphl cUCTeMBbl pyieBbix npuoxos (CPIT) Gmmxne-
cpemHeMaructpaiabHoro camoiiera (BCMC), koTopas:

®  COOTBETCTBYeT TpeOOBaHHMSAM OE30MACHOCTH TIOJIeTa COTJIACHO

aBUAIMOHHEIM TipaBmwiaM All 25, mnbo IpeBOCXOANT UX;
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e mno3BossieT CHU3UTH cymmapHelii Bec CPII m peammsyer Oonee
pannoHaIbHOE UCTIONb30BAaHUE SHEPTUH Ha OOPTy caMoJeTa.

ITo nmpenBapuTENbHBIM OIIEHKAM HCIIOJIB30BAaHHE HOBOH apXHUTEKTYpHl IIPH
NPOEKTHPOBAaHUM CHCTEM pYJCBBIX NPUBOAOB MJOJDKHO IIPUBECTH K
MOBBIIIEHHIO TOINTUBHOK 3¢ dexktuBrocTH BCMC Ha 8+10%.

B HacTosmiee BpeMs CyIIECTBYET IBE TEXHOJOTHH, 3a CUYET BHEAPCHUS
KOTOPBIX BO3MOXHO TpoBeaeHue snektpudukammu CPII. Oto TexHOIOTHH
PYJEBBIX MPUBOIOB c EKTPUIECKUM SHEpPrONUTaHHEM:
anexkrpoMexanuueckux (OMII) u anexkrporuapocratuueckux (I'CPII).

Ha Ttekymiem ypoBHE pa3BUTHS JaHHbIE TEXHOJIOTMU 00JaJal0T MEHbLIEH
yAEIbHON MOITHOCTBIO (TI0JIe3HAsi MOIHOCTh Ha €IMHUILY Macchl arperara)
[0 CPaBHEHMIO C TPATULMOHHBIMH 3JIEKTPOTUAPABIMYECKUMU NPUBOJAMH.
OMII B HacTosimiee BpeMsi HE COOTBETCTBYIOT TPeOOBaHMAM IO HAJCKHOCTH
HCIIOJIHUTENPHOTO YCTPONCTBA, YTO MOATBEPXKIACTCS TEMIIaMH BHEAPECHUS
MPUBOAOB JAAHHOTO THIIA B NEPBHUYHYIO CHCTEMy ymnpasieHusa. Kpome Toro,
00a BHJa MPUBOJOB NPUBOAAT K HOBBIIIEHHOMY TEIUIOBBIJICIICHHIO B 00J1aCTH
MX YCTaHOBKHM M 00JIaCTH YCTAHOBKHM CHJIOBOH ammapaTypsl.

[lpenBapuTenbHBI  aHaNM3  IOKA3bIBaeT, YTO  IpOCTas  3aMeHa
cymectByromux OI'PII Ha osnekTpuueckue B paMKax TpPaIUIIMOHHBIX
apXMTEKTyp BBIUIPHIII B Bece He obOecneunt. Onektpudukarmo CPII
1L[eJIECO00Pa3HO MPOBOAUTH IYTEM IEPECMOTpa KIaCCHUYECKUX APXUTEKTYp
CPIl c mnocTenmeHHBIM IEPEXOJOM Ha apXUTEKTypy C HCIOJIb30BaHUEM
UCKJTIOYUTETIbHO aBTOHOMHBIX 3JEKTPUYECKUX NMPHUBOIOB 110 Mepe pa3BUTUSA
JIAHHBIX TEXHOJIOTUH.

B wuccienoBaHmm monydeHBI OLEHKH BECOBOH 3(QEKTHBHOCTH U
BEPOSITHOCTH TIOTEPH TPeX KaHAJIOB YIpaBJICHUS (ITyTEBOTO, MIPOJOIBHOTO U
nonepedHoro) Juig 4erblpex apxurektyp CPII ¢ wucnomszoBanuem
JNEKTPUUECKUX NPUBOAOB. ISt cilydas MCHONB30BaHUM apXHUTEKTYphl THIIA
«QIIEKTPUYECKOE KPBUIO» MPEATI0KEH NEPecMOTp aJITOPUTMOB YIPaBICHUS
KPEHOM caMoJjieTa IyTeM IepeHoca yNpaBILSIIOIINX BO3AEHCTBUIL ¢ 2J1epOHOB
Ha 1 depeHInaIbHO OTKIOHSIEMBIN PYJlb BBICOTHI.

Safety & energy efficiency research on
advanced flight control actuation systems for more electrical aircraft
Kuvshinov V.M., Khaletsky L.V, Steblinkin A.I., Erofeev E.V., Skryabin
A V.
TsAGI, Zhukovsky

The research is focused on advanced flight control actuation system
(FCAS) architectures for more electric aircraft (MEA). The main goal of the
project is to develop and verify new FCAS architecture for MEA which:

e  Satisfy the current level of flight safety requirements (FAR/CS-25)
or exceed it;
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e Allows to reduce overall weight of the FCAS and to implement more
economical energy utilization onboard.

As the result, the new architecture should lead to fuel efficiency growth by
8-10% for short/mid range passenger aircraft.

There are two technologies on the market which make FCAS electrification
possible. These are electrical actuation technologies: electromechanical
(EMA) and electrohydrostatic (EHA). But both of the technologies have less
power-to-mass ratio (at actuator level) in comparison to traditional
electrohydraulic actuators at the present level of its development. EMA
doesn’t correspond to the safety & dynamics requirements to be installed in
the primary flight control system, which is proved by the current intensity of
its implementation in perspective FCAS. In addition both of them bring lots
of heat dissipation issues in the installation area.

Preliminary analysis shows the absence of weight saving obtained by
replacement of electrohydraulic actuators with electrical ones within the
scope of traditional architecture. Reasonable FCAS electrification should be
done by revision of classical architectures with step by step implementation
of electric actuators into new types of architectures as EMA & EHA
technologies improves.

There are several types of FCAS architectures presented:

e  classical (for short/mid range passenger aircraft) architecture with 3
hydraulic systems as the start point of FCAS electrification;

° “traditional” more electric architecture used on A380, A400, A350;

e advanced more electric architectures with one or two groups of local
hydraulic systems including ones with pressure and flow rate adaptation to
current hinge moments and rudder velocities;

o «electric wing» architecture.

o «all electricy» architecture used on F-35B as one possible version of
total FCAS electrification.

Preliminary estimations of control channels fault probability and
weight/energy savings with the proposed architectures implementation are
shown. Roll control algorithms revision is suggested for the «electric wing»
architecture, e.g. it can be done by transferring control signals form ailerons
to differential elevator.

HccaenoBanue a3poHHAMUYECKHX XapPAKTEPUCTUK HeONePEHHBIX
KOPIIyCOB IUPHUKa0Jieil Npu X ABUKEHUHU Yepe3 BOCXOASIIYI0
BO3AYUIHYIO CTPYIO
Ta Cyan Tynr, Cemenunkon H.B.

MAM, r. Mocksa

IIpoBeneHO YMCIIEHHOE UCCIIEJOBAHUE a3POAMHAMUYECKUX XAPAKTEPUCTHK
HEOTIEpEHHBIX KOPITYCOB JUPIIKAOJIEH ¢ KPYroBbIM H  OJUTUITHYCCKUM
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MOTIEPEYHBIM CEYEHHUEM IPU MX JBMIKEHHH Y€Pe3 BOCXOMASAILIYIO BO3AYILIHYIO
CTPYI0, OCh KOTOpOH OblTa MEepIeHANKYISIpHA MPOAOIBHON OCH KopIryca

Jquprkabs. PerieHue 3a1aun OCyIIECTBIAIOCH C TIOMOILBIO MTPOTPaMMHOTO
komruiekca Ansys Fluent 15 (ymmensus Ne 00632255).

MopennpoBaHue 0OTEKaHHS M PacdeT a3pOANHAMUYECKHX XapaKTEPUCTUK
KOpITyCOB Iupmxadnelt ¢ yamuHeHHeM A = 4,5 OBUIM BBINONHEHB IIPH
CKOPOCTH TIOCTYHATEIbHOTO ABIKECHMS AUprkadis V = 18.056 m/c, oceBoi
ckopoctu crpyn U, = 10.67 wm/c, uncne Peitnonsaca Re = 5.6x10° wu
MOCTOSIHHOM  yriie arak kopmyca o = 0. IllupuHa cTpyn B ee HadanbHOM
CEUCHNH Ha I'paHMIC CYETHOH 00JlacTH OblIa paBHA JBOMHOM JUIMHE KOpITyca
quprka6s. [Ipn M3MEHEeHHH MONEpPEeYHOro CEYEHHs KOpIlyca ero o0beM H
JUIMHAa OCTaBAINCHh IIOCTOSIHHBIMH. TedyeHHEe B OKPECTHOCTH KOpITyca
MPEIIOIarajgoch TypOyICHTHBIM.

B pesymbraTe pacyeToB BBIABICHBI OCOOCHHOCTH OOTCKaHHA |
pacmpeseneHus CWJI JaBlCHHS W CHJI TPEHHS IO KOpIycaM AWUpHKaOis,
MONYyYCHbl  BEMMYUHBI  KOO(PQUIMEHTOB JIOKAIBHBIX M  CyMMapHBIX
a’pOJMHAMUYECKUX TPOAOJIBHOM CHIBI, HOPMQJIBHOM CHIBI, a TakKxke
MOMEHTa TaHTaXa KOpIyCOB AWPWXabied mpH WX [BIDKCHHH Yepe3
BOCXOJAIIYI0O BO3AYIIHYIO CTpyl0. B 4WacTHOCTHM HaieHO, YTO M3MEHEHHE
(hOopMBI OTIEPEYHOTO CEYESHNUS KOPITyca NPaKTHIECKN HE BIMSET HAa XapaKkTep
NPOTEKaHUsl MO MPOJOJILHON KOOpAMHATE, XapaKTepU3yHoUIeld IOJI0KeHNE
KOpIyca B cTpye, KOO(QPHUIHEHTOB YKa3aHHBIX CyMMapHbIX CHJI U MOMEHTOB.

Numerical investigation of the aerodynamic characteristics of a tailless
airship during motion through the ascending airstream
Ta Xuan Tung, Semenchikov N.V.
MAI, Moscow

A numerical investigation of the aerodynamic characteristics of a tailless
airship with both circular and elliptical cross-sections, during motion through
the ascending airstream, the axis of which is perpendicular to the longitudinal
axis of the airship, has been conducted. The solution to this problem was
obtained using the ANSYS FLUENT 15.0 software package (license number:
00632255).

Modeling of the flow and calculation of the aerodynamic characteristics of
the airship’s hull with elongation of A = 4.5, were carried out with the
translational velocity of the airship, V = 18.056 m/s, axial velocity of the
stream, U, = 10.67 m/s, Reynolds number, Re = 5.6x10° and the constant
angle of attack of the hull, & = 0. The width of the stream in its initial cross
section on the border of the computational domain was equal to twice the
length of the hull of the airship. In changing the cross-section of the hull, it’s
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volume and length remained constant. Flow in the vicinity of the hull was
assumed to be turbulent.

The results of the calculations revealed the characteristics of the flow and
the distribution of the pressure forces and friction forces on the hull of the
airship. The values of the local and resultant acrodynamic longitudinal forces,
normal forces and pitching moment of the hull of the airship during motion
through the ascending airstream were obtained. In particular, it was found that
variation in the hull cross-section practically had no effect on the character of
the change of the coefficients for these resultant forces and moments in the
longitudinal coordinate, which characterizes the position of the hull in the
stream.

Kpeiicepcknii moser camojiera B yCJIOBHAX TYpPOYJIeHTHOCTH
Mapxkun H.H., Taxxernunos P.P.
MAMU, r. MockBa

B ycnoBusx Tpo3bl WM NpH CHIBHOW TypOyJIEHTHOCTH HMEIH MECTO
TIOTIBITKH TIPEOIOJIETH OTIACHBIE YYaCTKU MapIIpyTa Ha BBICOTE CTaTHYECKOTO
moTosika. AHanu3 aBuakaractpod camosietoB Ty-154 22 asrycrta 2006 roga
IIpU BBHIMOJNIHEHHHM peilica AHama-IlynkoBo u camonéra A330 B HOYHOM
TpaHcaTIaHTH4YeckoM peiice u3 Puo-ne-XKaneiipo B Ilapmwx 31 mas 2009
rofa, IIOKas3aJ, 4YTO TIOJIET Ha BBICOTE CTATHYECKOTO IIOTOJKAa OIAaceH
BbIXOOM Ha PCKUM CBaJIMBaHUA.

HccnenoBanue AMHAMHUKU TIOJIETa HA BBICOTE CTATHYECKOTO IOTOJIKA
MIO3BOJISIET ONPENENIUTh TUIMYHBIE (DAKTOPHI, BIHMAIONINE Ha O€301acHOCTh
nosiera. [Ipy HaGope BHICOTHI BETMYMHA CKOPOCTHOTO HArlopa YMEHBIIAETCs
32 CcYeT yMEHBIICHHWS MABJICHUS Ha BBICOTE M YMEHBIIECHHS CKOPOCTH,
BBI3BAHHOH MTPOEKINEH CHUIIBI TATH Ha BEKTOP CKOPOCTH IIPU HAO0OPE BHICOTHI.

Bropoii ¢axTop, BBI3BIBAIOMINII yMEHBIIEHHE CKOPOCTH IPH TOJIETE B
TypOyJeHTHOH aTrmocdepe, CBA3aH C HEJMHEHHOH  3aBHCHMOCTBIO
KO3 pHIHEeHTa JOOOBOTr0 COMPOTUBJICHUS OT yrja artakd. [Ipu OJUHAKOBOM
YBCJIIMYCHUM YTJIa aTaKH U3-3a BOCXOAALICTO MOPhIBA U YMCHBIICHNUU €TO0 IPpH
HUCXOJALIEM TIOPBIBE BCJIIMYHUHA pupamCHus CHIJIBI JI000BOTrO
CONMpoTHUBNIEHUS OyneT pa3nuyHoil. [[ng KBagpaTHYHOW MOJSAPHI caMojieTa
J000BOE CONPOTHBICHHE OyAeT yBEIHMYMBATHCS OOJBINE HAa YyYacTKax
BOCXOJSIINX IIOPHIBOB, YEM YMEHBIIATHCS HA YYacTKax HUCXOJSIINX
MOPBIBOB. JTO NPHUBEJET K TOMY, YTO NPH NPOXOKAEHHH Yepe3 00JacTbh ¢
pPaBHOW HYJIO CpeqHel CKOPOCTBIO BEPTHUKAIBHBIX MOPHIBOB  HTOTOBas
BEJIMYMHA CUJIBI CONPOTHBIIECHUS OyJIeT TOPMO3SILNEH, Jake eclIM HUKaKUX
0coOBIX SIBIEHHH He BO3HMKaeT. Takoe ycpeaHEHHOE NaJeHHEe CKOPOCTH B
peasbHBIX TONETAaX MpeAyNpexaaloT golaBieHHEM pexnma paboThl
JIBUTATENEH.
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VYMeHblIeHHe TPUOOPHONW CKOPOCTH HA BBICOTE CTATMYECKOTO MOTOJIKA
NOTpeOyeT YBEJMUCHHS yTJia aTakd Ul OalaHCHPOBKH CHIIBI NMPUTSDKECHHS
A9POAMHAMHUYECKON NOIBEMHON CUION. JIONOJHUTENBHOE YBEIUYEHHUE YyIia
aTakl TIpU CWJIBHBIX BEPTUKAIBHBIX IOpPBIBAX BETpa MpPUBENET K
MPEBBIICHAIO YTJIa CBAIMBAHUS U CPBIBY IIOTOKA HA KPBIJIE.

CpbIB IIOTOKa MPH MOAXOZE K CBAIMBAHUIO IMPHUBOANUT OOBIYHO K TPSICKE
camonéra m3-3a MOMAJaHMS 3aBUXPEHHH C KpbIIa Ha TOPH30HTAIBHOE
orepeHre. OTa NpeAyNpeauTeNibHas TPsACKAa, OJHAKO, MOXXET He OBITh
JIOCTaTOYHO CWJIBHOW Ha caMojierax C aBTOMAaTHYeCKOM cucTteMoi
YIIPaBJICHUsI, UTO 3aTPYAHSIET 0OHAPYKEHHE IKUITaKEM OTIAaCHOW CHTYaIHH.

OnacHOCTh CBaJMBAaHUSA CaMoOJIeTa Ha BBICOTE CTATUYECKOTO IOTOJIKA
TpeOyeT NOBBIICHHOTO BHUMaHHs OKHIAXa JUIs BbIBOJA caMojeTa W3
peXMMa CBAJMBAHUS B MEPBBIC TPU CEKYHJBI IOCIE BO3HHKHOBEHUS CpBIBA
MIOTOKA Ha KpBIJIE.

Cruise airplane in turbulence
Markin N.N., Tazhetdinov R.R.
MAI, Moscow

In the context of thunderstorms and severe turbulence, efforts were made to
overcome the dangerous sections of the route at the height of the static
ceiling. Analysis of the plane crash of Tu-154 August 22, 2006 of the flight
Anapa-Pulkovo and A330 aircraft in night transatlantic flight from Rio de
Janeiro to Paris May 31, 2009, showed that the flight at an altitude of static
ceiling dangerous access to the stall mode.

Study of the dynamics of flight at an altitude of static ceiling to determine
the typical factors affecting the safety of the flight. During the climb the value
of the dynamic pressure is reduced by reducing the pressure on the height and
speed reduction caused by the projection of the traction force on the velocity
vector of the climb.

The second factor causing the decrease in speed when flying in turbulent
atmosphere, associated with the nonlinear dependence of the drag coefficient
on the angle of attack. For the same increase in the angle of attack due to the
upward rush and decrease it when the increment downburst drag force will be
different. For the quadratic drag polars aircraft will increase more in the areas
of ascending impulses than the decrease in the areas of downbursts. This will
lead to the fact that when passing through the area with zero average velocity
vertical gusts total value of the resistance force is decelerating, even if no
special effects do not arise.

This averaged speed drop in real flight warn adding regime of the engines.
Reducing the speed of the instrument at the height of the static ceiling would
require an increase in angle of attack to balance the force of gravity
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aerodynamic lift. An additional increase in the angle of attack with strong
vertical wind gusts would exceed the angle of stall and stall on the wing.

Stall at the approach to stall usually leads to vibration of aircraft due to hit
turbulence from the wing to the horizontal tail. This precautionary shaking,
however, may not be strong enough for aircraft with an automatic control
system that hampers the detection crew dangerous situation.

Danger of stalling the aircraft at an altitude of static ceiling requires special
attention of the crew to bring the airplane mode stalling in the first three
seconds after the onset of flow separation on the wing.

HcTopusi M nepcneKTUBBI IPUMEHEHUs] TPYOUATHIX HCTOYHMKOB
H3JIy4YeHHs NMPH TelJIOBBIX HCNIBITAHUAX KOHCTPYKIMii
Emncees B.H., ToBcTonor B.A.

MI'TY um. H.D. baymana, r. Mocksa

Berimyckaemple TPOMBIIIIIEHHOCTRIO HanOoJiee MOIIHBIE Ta30pas3psiaHbIe
TpyOUaThle BOIOOXJaXKJaeMble MCTOUYHUKH m3mydeHus tuma JTIT10/200 c
HOMHHAIIFHOW MOITHOCTREO 15 KBT OBUIM TPHHATEL 332 OCHOBY
HarpeBaTeJIbHBIX YCTAHOBOK U TEIUIOBBIX M  TEIUIONPOYHOCTHBIX
UCMBITAaHUH KPYHMHOMACIITaOHBIX O00Opa3lloB M 3JEMEHTOB KOHCTPYKIMH
a3POKOCMHUYECKOW TeXHHKM Tpu Temmeparypax g0 2000...2300K.
IIpoBeneHHBIC HCCIEOBAHUSA M KOHCTPYKTOPCKHE DPa3pabOTKH IO3BOJIMIN
JIOBECTH MOIIHOCTh €IMHUYHOTO HCTOYHMKA H3JIyYeHHs C JUIMHOU
MexanekTpogHoro mnpomexyrtka 0,2 M mo 100...120 kBt u co3gate
UCTIBITATEIbHBIC YCTAaHOBKH, TO3BOJISIONINE IIPOBOJUTH HATPEB MCIBITYEMbIX
00BEKTOB NPH INIOTHOCTH JIYYHCTOTO TEIJIOBOTO IOTOKa 70 3 MBT/KB.M.

B pesysnbraTe mMpoBeNEHHBIX HMCCIIEIOBAaHMH MOIYYCHBI MCUEPITBIBAIOIINC
JaHHBIE O BCEX HEOOXOAMMBIX JJsI TPOEKTHPOBAHMS HArpeBaTeNIbHbBIX
YCTPOMCTB XapakTEpPUCTHKaxX  IEJIOro psAfa TpyOdaThIX Ta3opaspsaHBIX
WCTOYHMKAX M3ITyYEHHs, BKJIIOYAsl SHEPTeTHUCCKHE U PECYPCHBIE, B IINPOKOM
JMana3oHe pEeXUMOB paboThl. [IpuBeNEeHbl MpHUMEpPbl IPAKTHYECKON
peanu3ayy UCTIBITATENbHBIX YCTAHOBOK M PE3yJIbTaThl UX NMPHUMEHEHHs MpU
BBICOKOTEMIEPATYPHBIX TEIIOMU3NIECKUX HCCICJOBAHUAX M TETUIOBBIX
HCTIBITAHUAX IEMEHTOB KOHCTPYKITHH.

Ha ocHOBe HAaKOIUIEHHOTO IPAKTUYECKOTO OINBITAa ONpeAeieHbl Hauboiee

TNEPCIICKTUBHBIC obactu MPUMEHCHUA HUCTOYHHUKOB HarpeBa
paccMaTpuBaeMoro Tuia, a HWMCEHHO, OHNpEACICHUC Tel'[J'[O(l)I/BI/I‘IeCKI/IX n
MPOYHOCTHBIX XapaKTCpUCTHUK (byHKL[I/IOHaJ'H)HO HEpaspylaceMbIX

KOHCTPYKLHMOHHBIX MaTEpHUajOB U MOKPBITUH JUISl 3JIEMEHTOB KOHCTPYKLUH,
MOJBEPIaeMbIX BEICOKOTEMIIEpATYPHOMY HarpeBy B Cpelle 3alaHHOTO COCTaBa
WIH B YCIOBHAX KOMOWHHPOBAaHHOTO HAarpeBa WCTOYHHKAMH pPa3sHOU
(u3uuecKoil TPHUPONIBI M TEIUIOBOTO BO3JEHCTBUS Ha KOHCTPYKIHIO, UX
WCTIONIb30BaHUE B BHUJE OTHEIBHBIX HAarpeBaTelbHBIX OJOKOB B COCTaBe
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CTEHJOB  [AJs  HAa3eMHBIX  KOMIUIEKCHBIX  TEIUIONPOYHOCTHBIX U
BHOPOANHAMUYECKHX WCTIBITAaHUN KPYITHOMACIITaOHbBIX MoJenen
MEPCIIEKTUBHBIX O00pa3oB THUIEP3BYKOBBIX JIETATEIbHBIX  aIlllapaToB M
KPYMHOTa0apUTHBIX KOCMHUYECKUX KOHCTPYKIHH.

IIpn wWCHONB30BaHMM HCTOYHWKOB M3IYYEHHS B HArpeBaTeNbHBIX
YCTaHOBKax BO3HHMKAeT psii IpoOieM, CBA3aHHBIX C OOBEKTHBHBIM
ONpEZIICHHEM  apaMeTpoB  HAarpeBa, B  YAaCTHOCTH  TEMIIEPATYpPHI
MIOBEPXHOCTH, a JJIsl KPYHMHOTA0apUTHBIX OOBEKTOB — IOJISI TEMIeparyp Ha
HarpeBaeMoi MOBEpPXHOCTU. PacCMOTpeHBl HEKOTOpBIE MOAXOAbl U MPUMEPHI
MPaKTUYECKOH peanus3aliyd perucTPUPYIONIUX YCTPOWUCTB, MCHOIb30BAHHBIE
IPU NPOBEICHUU TEIJIOBBIX HCIBITAHUI 31€MEHTOB KOHCTPYKIIHIH.

History and prospects of the application of tubular radiation sources
in thermal testing
Eliseev V.N., Tovstonog V.A.
BMSTU, Moscow

Installations for the thermal testing of large scale samples and structural
elements of aerospace objects at temperatures up to 2000-2300 K were
created based on the most powerful commercial water-cooled gas-discharge
type radiation sources DTP10/200 with a rated power of 15 kW. As a result
of the studies and design development, the power of a single light source with
0.2 m electrode gap was increased to 100-120 kW. The testing systems
created thereby were capable of thermal testing at radiant heat flux densities
of up to 3 MW/sq.m.

The studies have provided comprehensive information about the
characteristics of various tubular gas-discharge radiation sources needed for
the planning of heating systems. These characteristics include parameters for
the energy and operating life times of the sources in a broad range of
operating modes. We present some examples of actually implemented testing
units and their utilization for high-temperature thermophysical research and
thermal testing of construction elements.

Based on the experience, we have defined the most promising areas of
application for the heat sources described above. Those include studies of the
thermophysical properties and strength of functionally indestructible
materials and coatings for structural components subjected to high
temperatures, either in the medium of a given composition, or under the
conditions of combined heating by sources of different physical nature and
different thermal effects on the structure. Another important application of the
heat sources is their use as separate heating blocks in ground-based testing
facilities for thermal and vibrodynamic testing of large-scale models of
hypersonic aero- and spacecraft objects.
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Our paper deals with a variety of problems that arise when the radiation
sources are used in the heating facilities. The problems are related to a
reliable determination of the heating parameters, such as the surface
temperatures and temperature fields on the heated surface (for large-scale
objects). We present some approaches and practical examples of registration
devices that are used in the thermal testing of structural elements.

AHAINTHYECKHH pacyeT YKJIAIYNKA KOMIIO3UTHOI cMecH
¢ npuMenennem nporpammsel FlowSimulation
CkunanoB C.H., Tpuanckuit H.H., I'ycapkun C.H.
MAMN, r. MockBa

OmHUM U3 CcaMbBIX CJOXHBIX JJIEMEHTOB YCTAHOBKM (hOPMUPOBAHUS
IIPECCIIaKeTOB TOPMO3HBIX JHCKOB ABHAIIMOHHBIX KOJIEC SIBIISICTCS YKIATUUK
YK€ CMEIIaHHBIX YIJICBOJIOKHA M KaMEHHOYroJbHOTro meka. OH IOoKeH
obecrieunBaTh PaBHOMEPHYIO YKIAaIKy CMECH HENOCPEACTBEHHO B
npeccopmy. Ero GuibTpsl NOMKHBI MPAKTUYECKH TOJHOCTBIO MPOITYCKATh
W3IMIIHAA BO3AYX M3 TNpecchOpPMbl, NPU 3TOM YICPKUBATh IEK IOJ
YKJIaI4UKOM, MaKCUMajbHble MOTEpU HE MAODKHBI mpeBbimate 10% ot
KOHEYHOTO KOJMYECTBa MeKa B MPEcCrakeTe ¥ ObITh JOCTATOYHO HaIEHKHBIM
Ha BCEX OJTamax U pexuMax paboTel, 0€3 Kakux JMOO0 3HAYHUMBIX
noBpexxaeHUH. [locKoNbKy B yKJIQAUUK MOJAIOTCS MaTepHajbl ¢ BO3LYXOM
JIOCTaTOYHO OOJIBIIOTO AABJICHMS, HA BBIXOJE M3 HEro JOJKEH OBITh MOTOK
0e3 3aBUXpEHHUIl, HHaue BOJOKHO OyJeT JOXKHUTbca B Hpecchopmy
HENpaBWIBHO, YTO CKaXeTcsd Ha (U3NYEeCKHMX CBOIMCTBaX KOHEYHOTO
npoykra (TopMO3HOTO rcka). Kpome Toro BHYTpM caMoro yKJiIaauuka He
JOJDKHO OBITh CIMIIKOM OOJIBIIMX BO3MYIIHBIX 3aBUXPEHUH, YTO MOXKET
TIPUBECTH K HEPAaBHOMEPHO! YKJIaJKe cMecH. 3aadueil SIBIIseTCs ONpeieeHe
NpUEMJIEMOH C TOYKM 3pEHHS adPOJUHAMHUKHM KOHCTPYKLMH T'C€OMETPHH
YKJIQT9HKa.

IIpoexTnpoBaHne KOHCTPYKLMH BCEH YCTAaHOBKH OCYIIECTBISUIOCH C
npumeneaneM CI'M  SOLIDWORKS. [Ins mnpoBeaeHus pacueToB
a’poAMHaMUKH TpuMeHsuicst Moayns FlowSimulation, xoropslit mo3sossier
IIPOBECTH BCE UCCIIEIOBAHUS JOCTATOYHO OBICTPO U TOYHO.

[TocTpoeHne pacyeTHOM CETKHM OCYHIECTBIISJIOCH IO T'€OMETPUYECKOU
MOJIENIH YKJIQIYMKA C YIUIOTHEHHEM CETKH B 30HaX CMEILCHHUS YIJIEBOJIOKHA C
YTOJIBHBIM IIEKOM M B MECTaX I10JjauH MOJTy4YCHHOW CMECH B 30HY YKIIAIKH.

PacueTpl, mpoBeseHHBIE JUIS PA3IMYHBIX BapHAHTOB PACIIOJIOKEHHS
)KEKTOPOB 110 OOIIEH BBICOTE, @ TAKXKE 110 BHICOTE OTHOCUTENHHO JPYT ApyTa.
Kpome Toro pacyers! MpOBOAMINCH JUIS Pa3IMUHBIX BAPHAHTOB BBIXOIHOTO
CEUEHHUS TOTOBOM CMECH.
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[IpoBeneHHbIe pacyeTsl MO3BOJIMWIIN MPEABAPUTEIILHO OCYIECTBUTH BHIOOD
PAcION0KEHHUS 3KEKTOPOB MOAAYH YIIICBOJIOKHA U ITO100paTh PALIOHATBHOE
CCUCHUE Ha BBIXOJIC CMECH.

ITo pe3ynpTaTram pacdeToB ObLIa yTBEPXKICHA MOAETH YKIAAINKa, KOTOpAs
OTBEYacT BCEM TpecOOBaHMAM, KOTOpPBIE K HEMy IIpEICTaBIEHBH. B xome
pacdeToB OBUIO BBIABICHO MHOXXECTBO SIBICHHH, OOBSICHSIOIINE HEIOCTATKA
npenplgymeii Moxenu yknaguuka. OTMEUCHHBIE HEIOCTATKH YUYTCHBI B
Ipolecce CO3JaHUS IPOMBIIUIEHHOTO o0pasla  yKIaJduka CO3JaHHOM
YCTaHOBKH.

Jns TmpoBepKHM TOYHOCTH pacyeToB C IPHUMEHEHHEM  IIPOrpaMMbl
FlowSimulation ©ObtM mpOBENEHBI OSKCHEPHMEHTHI, B XOAE KOTOPBIX
3aMepsUIMCh MacCOBBIE pPAcXoJbl BO3JyXa Ha pEabHOM YCTAaHOBKE H
MOTy4CHHBIC JaHHBIE CPAaBHUBAINCH C PACUETHBIMHU. [lOTpEImHOCTh pacyeToB
He npesbicuna 7%.

Analytical calculation of the stacker of a composite compound using the
FlowSimulation program
Skidanov S.N., Triadsky N.N., Gusarkin S.N.
MAI, Moscow

One of the most difficult elements of installation of formation of press
packets of brake disks of aviation wheels is the stacker already the mixed
carbon fiber and coal-tar pitch. It shall provide uniform laying down of a
compound directly in the press form. Its filters shall pass almost completely
excessive air from the press form, thus retain pitch under the stacker, the
maximum losses shan't exceed 10% of finite number of pitch in a press
packet and to be rather reliable at all stages and operation modes, without any
significant damages. As in the stacker materials with air of rather big pressure
move, on an output from it there shall be a flow without turbulences,
differently the fiber will lay down in the press form incorrectly that will affect
physical properties of the final product (a brake disk). Besides in the stacker
there shan't be too big air turbulences that can lead to non-uniform laying
down of a compound. The task is determination of the construction of
geometry of the stacker accepted from the point of view of aerodynamics.

Design of construction of all installation was carried out using SGM
SOLIDWORKS. The FlowSimulation module which allows to conduct all
researches quickly enough and precisely was used to carrying out calculations
of aerodynamics.

Creation of an estimated grid was carried out on geometrical model of the
stacker with multiplexing of a grid in zones of mixing of carbon fiber with
carbon pitch and in places of submission of the received compound in a
laying down zone.
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The calculations which are carried out for different options of layout of
ejectors on the general height and also for height relatively each other.
Besides calculations were carried out for different options of output section of
a ready compound.

The carried-out calculations allowed to realize beforehand a choice of
layout of ejectors of submission of carbon fiber and to pick up rational
section on a compound output.

By results of calculations the stacker model which meets all requirements
which to it are provided was approved. During calculations it was revealed
the set of the phenomena explaining shortcomings of the previous model of
the stacker. The marked shortcomings are considered in the course of creation
of an industrial sample of the stacker of the created installation.

For check of accuracy of calculations using the FlowSimulation program
experiments during which mass air flow rates on real to installation were
measured and data retrieveds were made were compared to the estimated. The
error of calculations didn't exceed 7%.

AJITOPATM aBTOMATHYECKOI'0 YBOAA OT CTOJTKHOBEHUS
NPH NoJeTe TPYNIbI CaMOJIeTOB
®omuues U.J1.
MAMU, r. MockBa

Llenbro JaHHOW pabOTHI SABJISUIOCH UCCIIEOBAHUE AJITOPUTMOB M METOOB,
HalpaBJICHHBIX Ha MOBBIIMIEHHE 0€30MacCHOCTH I'PYIMIIOBOTO IMOJIETa, a TaK ke
pa3paboTka aBTOMAaTH3UPOBAaHHOW CHCTEMBI YIIPABIICHNUS, OCHOBHAS (QYHKIIMS
KOTOPOHM 3aKIII04aeTCsl B aHAIN3€ OTHOCHTEIBHOTO MABMXKEHHS CaMOJIETOB
Tpynmbl Ha OCHOBEe MH(oOpManuu ¢ OOPTOBBIX HABUTAIIMOHHBIX CHCTEM C
LENbI0 OLEHKA BEPOSATHOCTH CTOJIKHOBEHHS CaMOJIETOB TpYIIBl B
3aBUCHMOCTH OT paHra camojera, (OpMHpPOBaHHS  ONTHUMAILHON
(pannoHaIbHOM) TPAaeKTOPHM YBOJAA OT CTOJKHOBEHMS M CIIEJIOBaHHS €l B
aBTOMAaTHYECKOM PEXHME.

[TepBbIM 3TanoM pa3pabOTKH SBISJIOCH CO3JIaHWE MMUTALMOHHOW MOZEIH
roJjierta TPYMIbl CaMOJIETOB, MO3BOJISIOIICH MOAEIMPOBATH (OPMUpPOBAHHE
OIaCHOM CHUTyallMd U OTpabaThIBaTh AITOPUTMBI YIPABJICHHUS B Pa3IHMYHbIX
pexxnmax moserta. IIpu 3ToM OBIIM HCHOIB30BAHBI MOJIENHU C PACIIHPEHHBIM
00BEKTOM YNpaBJICHHS, peaM3yIOIle W3MEHEHHE INapaMeTpOB MOJEIH B
3aBUCUMOCTH OT peXkuma mnojera. Mojens mnonera Tpynmnsl CaMOJIETOB
MO3BOJSIET MOJy4YaTh MapaMeTpbl OTHOCHTEIBHOTO IIOJIOKEHHUS CaMOJIETOB
Ipynmel BO BCEM JAMAaNa3oHe IPUMEHEHUs aBHAalMOHHOrO kommiekca. C
MOJENBI0 pealn3yeTrcs JBa alropuTMa TPAEKTOPHOIO  yIpaBlIEHHUS,
MO3BOJSIOIIME BBIAEPKUBATH B ABTOMATHUECKOM pEXHME 3aJaHHOE
MIOJIOKEHNE BEJIOMOI0 CaMoJieTa OTHOCHTEIBHO BEIYIIETO W 00EeCIednBaTh
YBOJI OT CTOJIKHOBEHHSI.
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Bropoit artanm Briowaer B ce0s  pemieHuMe 3agaun  oOecrieueHHMs
6€301acHOCTH ITyTE€M BBIYMCIICHHS ONTHMAIBHON 110 33JlaHHOMY KPHUTEPHIO
Ka4yecTBa TPAaCKTOPHUH  [BIDKCHHA  B3aWMOACHCTBYIONIETO  CaMoJIeTa.
TpaekTopust MUHHUMHU3UPYET CPEIHEKBAAPATHUECKOE OTKIOHEHHE OIINOKH
MPOTHO3UPOBAHMSA, BBIYNCICHHON 110 TEKYIIEH OLICHKE BEKTOPA COCTOSHUS Ha
MHTEepBase paboTel anropuT™a. JlaHHas BBIYUCIECHHAs TPAGKTOPHS BMECTE C
OLICHKON OTKJIOHEHUsI OIIMOKHM IPOTHO3MPOBAHMS TPACKTOPUH OIPEACIICT
CTAaTHCTHYECKYIO 00JAaCTh PACIHOJIOKEHUSI B3aMMOJECHUCTBYIOIIETO CaMoJIeTa,
9TO MpEeACTaBIsieTCs B BHJAE TpeXMepHoro I['ayccoBoro pacmpesenceHus.
ANTOpPUTM  ONTHUMAIBHOIO  YIpAaBIEHHS  JBIDKCHHEM  00OecredyuBaeT
(opMHpoBaHHE TPOrPaMMHOM ONTHMAIBHON TPAacKTOPHUM YBOJA OT JAaHHOMN
30HBI M O0ecHeyeHue CIelOBaHMs B aBTOMAaTHYECKOM PEXUME TaHHOU
TpaekTopuu. PemeHne maHHON 3a7add  ONTHMAIBHOTO  YIPaBICHMSA
BBITIOJTHACTCS YUCICHHO TPaJUEHTHBIM METOJIOM.

Pe3ynpraToM BBIMOJIHEHHOW pPAa0OTHI SIBISETCS AITOPUTM YIPABICHUS,
(hopMupyOLINH TPAaEKTOPHIO OE30MACHOTO YBOJIA OT CTOJIKHOBEHHS.

Algorithm of automatic collision avoidance maneuver in a group flight
Fomichev 1.D.
MAI, Moscow

The aim of this paper is to study algorithms and methods which are
developed to improve safety of group flight by using automatic control
system. Forming optimal (rational) avoiding collision trajectory and
automatic following it with an estimation of collision probability in respect
with the plane rank by relative position analysis are the main function of the
automatic control system.

First stage of the development is devoted to the creation of a group flight
model which can be used to test any control algorithm and is capable to
interpret an imitation of collision of planes in group. Extended plane
dynamic model capable to adjust its parameters to flight conditions was used
in development. Group flight model is capable to collect data about relative
positions of planes in group at all the range of plane employment. The model
consist two algorithms which realize both an automatic position tracking and
collision avoidance maneuver.

Second stage of development includes solving the problem of safety of
group flight by calculating the trajectory that satisfies to chosen moving
trajectory quality criterion. Trajectory minimizes the prediction error mean-
square deviation calculated by current estimation of a state vector at the
algorithm work interval. Presence statistical range of the cooperated group
plane is defined both by calculated trajectory and the prediction error
deviation estimation. This statistical range is presented by three-dimensional
Gaussian distribution. Optimal control moving algorithm allows both forming
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program optimal trajectory of avoiding the latter zone and following the
trajectory in automatic mode. Solution of this problem is a numerical one and
accomplished by gradient method.

Result of presented in this paper work is the control algorithm forming
trajectory of safe collision avoidance maneuver in group flight.

IyTu pemenust mpo6aeM pa3padoTKu U MPUMEHEHHs ONTHYECKUX
MMHUTATOPOB HA3eMHOI 00beKTOBOI 00CTAHOBKH CHCTEM
KOHEYHOI'0 HAaBeJeHHs
Kucnmunpin FO. ., Xucmatos 1.O.

I'ocHUHUAC, r. MockBa

B HacTtosmee Bpems akTyaJlbHBI BOIPOCHI COBEPIICHCTBOBAHUS METOJIOB
MOJIYHATYPHOTO ~ MOJEIUPOBAHUS  COBPEMEHHBIX  ONTHKO-3JEKTPOHHBIX
cucreM koHeuHoro HaBeneHus (CKH), mpuMeHsIeMBIX Kak ¢ IeNbl0 PerIeHUs
HCCIIeIOBATEILCKUX 3a]ad, COMPOBOXKAAIONINX Mporecckl pazpaborku CKH,
TaK W 3a1a4 HazeMHbIX ucnbiTaHuii CKH, kauecTBO mpoBeeHMsI KOTOPBIX BO
MHOT'OM OIPEAETSET YCHEIHOCTb JIETHBIX KCIIEPUMEHTOB.

OCHOBHBIMAJIEMEHTOM KOMIUIEKCa MONyHaTypHoro mozenupoBanus CKH
SIBJISIETCSI ONTHYECKUHMMUTATOP 0OBEKTOBOW OOCTaHOBKH, MPEACTABIISIONIHIA
n3 cebs  ucHbITaTelNbHOE  O0OpYAOBaHWE, IpeAHA3HAYCHHOE  JJIs
BOCIIPOU3BEJICHUS MapaMeTPOB MMOTOKOB ONTHUYECKOTO H3JIyUEHHs CIOKETOB,
conepKammx oOBeKTHl HMHTepeca, Ha BxomHoM 3pauke CKH. B mokmanme
paccMaTpUBarOTCs HPUHITUIIB] MOCTPOCHUS OTNTUYECKUX
HMUTATOPOBOOBEKTOBOM OOCTAaHOBKH, (DYHKIHOHHUPYIOIIUX B BHAHMOM,
OommkHeM, cpeqHeM u panbHeM MK nmamasoHax, M WX (QYHKIIMOHAIBHBIC
cxeMbl. O0OOCHOBBEIBaeTCS X (DYHKIIMOHAJIbHAS CTPYKTypa Kak amiapaTHo-
MIPOTPAaMMHBEIX KOMILIEKCOB, CIIOCOOHBIX PEIIaTh 3a/Jadd OLECHKH KadecTBa
AITOPUTMOB aBTOMAaTHYECKOTO PACIIO3HABAHUS M COMPOBOXKACHUS 00BEKTOB
HHTEpEca BO BCEX PEKMUMaX MPUMEHEHMSI, BKJIIOUAsl aBTOHOMHBIMH.

IIpuBomnTCS ~ OmMMCaHWE  CXEMBI  TOCTPOEHHS  KOJUIMMATOPHOTO
MPOEKUMOHHOTO  ycTpoiictBa. Mcxonst M3 XapakTepUCTUK — ONTHKO-
SJIEKTPOHHBIX TPAaKTOB paspabarbiBaeMbix B Hactosimee Bpemst CKH,
000CHOBBIBaeTCS TOTPEOHBIN COCTaB  MOJAENBHOTO psJa ONTHYECKUX
HMHUTaTOPOB.

@®opMynupyroTCS MyTH pEIIeHUS OCHOBHBIX MpoOJeM  co3/1aHMs
KOJUIUMATOPHBIX TMPOEKIUOHHBIX YCTPONCTB ONTHYECKUX HMHUTATOPOB
(onoueneBoit o0craHoBkHU. K unciry Hanbosiee BaxKHBIX POOIIEM OTHOCSTCS:

e  olecreueHHe Kiacca TOYHOCTH ONTHYECKMX KOMIIOHEHTOB Ha
MOPSAJIOK BBILIE KJ1acca TOYHOCTH KOMIIOHEHTOB onTuueckux cucrem CKH;

e HeoOXOJMMOCTH NPUBJIEUCHHUS OpPraHU3anni, ClIeNIUAT3UPYIOMIUXCS
Ha pa3paboTke KOMIIOHEHTOB HH(PPAKPACHBIX CHCTEM;
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e  HeoOXOAMMOCTb  NPOBEAEHHUS  METPOJOTMYECKOW  JKCHEPTH3BI
pa3paboTku;

e  HeoOXOAMMOCTPH aTTECTAIMU KaK MCIBITATEIFHOTO 000PYI0BaHHS;

e  BbHICOKAs CTOMMOCTh ONITHYECKIX KOMIIOHEHTOB.

@opMynmupyrOTCS TYTH pEIIeHHS OCHOBHBIX NPOOJIEM IPUMEHEHHS
ONTUYECKUX UMHUTATOPOB B cocTaBe KIIM.

[Ipennaraercs nepeyeHb CPEINCTB W3MEPEHUH W 00OpyHOBaHUS JUIs
OCYILIECTBJICHUSI METPOJIOTHUECKOM aTTecTallMd ONTHYECKHUX HMHTaTOPOB
o6bexToBol 06ctaHoBKM CKH Kak OCHOBHOIO HHCTPYMEHTAILHOTO CPEJICTBA
MOBBILIEHHS JOCTOBEPHOCTH U 0OOCHOBAHHOCTH PE3YJIbTATOB UX UCIBITAHUI.

Ways of solving development and application problems of optical
imitators of ground-based object situation final guidance systems
Kislitsyn Yu.D., Khismatov LF.

GosNIIAS, Moscow

Currently, the development issues of modern electro-optical final guidance
systems (FGS) HIL methods are used both to solve research problems and
problems of ground tests FGS are actual.

The main element of the complex HIL FGS is an optical imitator of object
situation, representing test equipment for playback flow parameters of
sceneoptical radiation containing objects of interest on the entrance pupil of
the FGS.The report discusses the principles of optical imitators of object
environment, operating in the visible, near, middle and far infrared regions,
and their functional circuits.Explains their functional structure as hardware
and software systems capable of solving the problem of estimating the quality
of algorithms for automatic detection and tracking of objects of interest in all
modes of application, including self-contained.

We present the description of the collimator projection device
circuits.Based on the characteristics of currently being developed FGS
electro-optical paths substantiates of the optical simulators lineup.

We formulate ways of solving the main problems of creating the collimator
optical projection simulators of target environment device.Among the most
important issues are:

e  ensuring of accuracy class of optical components on the order above
of accuracy class of optical components final guidance systems;

e the need to involve organizations, specializing in the development of
infrared systems components;

e  the need for metrological examination of design;

e the need for certification as test equipment;

e  The high cost of the optical components.

We formulate ways of solving the main problems of application of optical
simulators in the HIL complex.
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We propose a list of measuring instruments and equipment to carry out
metrological certification of optical imitators of object situation final
guidance systems as the main tool to improve the reliability and the
reasonableness of the test results.

IToJsieT camosieTa B yCJIOBHUAX 00/1e1eHEHUS
Mapxkun H.H., Ye6anos II.C.
MAM, r. Mocksa

MupoBast CTaTUCTHKA MOKa3bIBa€T, YTO YUCIIO JIETHBIX IPOMCIHIECTBUIL,
BO3HHUKAIOIIMX M3-3a ONACHBIX BO3JEHCTBUI BHEIIHEH cpeabl, JocTUraer 25-
30% ot oOmero KoJWYecTBa JIETHBIX NpoucuiecTBHd. Cpean pas3iu4HBIX
MIOTOIHBIX BO3JCHCTBUH Ha caMmoJieT HauOOJBIIYI0 OMAaCHOCTh MPEACTABISIET
obOmeneHenne. EjkeromHo B aBmanmy OOLIEro Ha3HAYEHHUS TNPOHCXOASAT
JECATKH TSKEIBIX JIETHBIX TPOMCIIECTBHH W3-3a obOneneHeHus. [lostomy
HCCcIIeJOBaHHE BIMSHUSA o0JeIeHEeHNS Ha a3pOJMHAMUYECKHE
XapaKTEPUCTUKU TPAXKIAHCKUX CaMOJIETOB SIBIACTCS BAXHOW 3ajadet,
pelIeHHe KOTOpOH B 3HAUMTEIBHOW CTENEHH YBEIMYUT OE€30MacHOCTh U
PETyIAPHOCTH TOJIETOB.

Hnst  obGecnieyeHus HEOOXOJUMOrO ypOBHS O€30MAaCHOCTH  IMOJIETOB
CaMOJIETOB B YCJIOBUAX OOJEICHEHUS HEOOXOAMMO OIpPENCNIUTh BIIMSIHHUE
Ibaa, oOpa3ylollerocss Ha IUIaHEpEe CaMoJeTa, Ha €ro a’spoJHHaMHUYeCKUe
XapaKTepUCTUKH U BBIIBUTH OCOOCHHOCTH AMHAMHUKH I0JIETa. JTO MO3BOJIUT
3apaHee pa3paboTaTh TpeOOBaHHMS K MPOTHBOOOJCACHUTEIBHOHN 3alluTe U
BBIJJaTh PEKOMEHJAllMH 110 3aIUTE caMoJIeTa OT 00JIeICHEHHS.

CyliecTBeHHbIE ~ W3MEHEHHS  a’3pOAMHAMHYCCKHX  XapaKTEPUCTHK
MIPOMUCXOJIAT MPU OOJICICHEHNH HECYIIMX IOBEPXHOCTEH IUIaHepa caMoJieTa.
C TOuKHM 3peHMs a’dpOJMHAMHKH, HAKOIJICHHE JIbJja Ha KPbUIE M ONEPEHHH
BBI3BIBAET NMPHUPOCT COMPOTHUBIICHHS, TOHMKACT MAaKCUMAIIbHYIO TTOIbEMHYIO
CHITy W yTOJI CBAIMBAaHMS, M YBEJIIMUCHNE MOTpeOHOro yriia araku. Ha ocHoBe
uccienoBanuii, nposeneHHbXx B L[AI'M, omnpeneneHo BiusHUE (GOPMBI U
pa3MepoB JbJa HAa a’POAMHAMHYECKHE XapaKTEpPUCTHKH caMoyeTa IpH
Pa3IMYHBIX PEXKHUMaX MOJIETa B YCIOBUSAX OOJIEICHEHUS.

Hccnenyercs BiAMAHME NbJa HA B3JIETHO-NIOCAJOYHBIE XapaKTEPUCTHKH
camoiera. MakcUMaldbHOE M3MEHEHHE a’dpPOJHMHAMHYECKOTr0 KadecTBa,
koa(ppunreHnTa  MOABEMHOW  cwibl M Kod(QduIMeHTa  J000BOTO
comnporuBieHust pocrturaer 35+40%. B pesynbrare oOieneHeHMs JIETHO-
TEXHUYECKHE XapaKTEepUCTUKH caMolieTa yxyamaroTed Ha 17+20%. OTka3 ot
00paboTKM IUIaHepa NPOTHUBOOOJIENCHUTENHHON JKHIKOCTBIO — CO3JaeT
MIPENOCHIIKY Ul aBUALIMOHHOTO MIPOUCILECTBHS Ha JTare B3JeTa.

YBenuueHne J000BOTO CONPOTUBIICHHS NMPHUBOJIUT K OIACHOCTH MOTEPH
YCTOHUMBOCTH Ha BTOPBIX PEXUMAax IIOJIeTa IpPH OTPHIBE OT B3JIETHO-
MTOCAZ0YHOM TOJOCH. BO3HMKAeT pHUCK MPEeBBIMICHUS MOTPEOHON TATON IS

97



nojera ¢ OOJEICHEBIIMM KpPBUIOM TSATH CHJIOBOM YCTAHOBKM B MOMEHT
otpeia ot BIIIl, yTto mpuBeaeT K morepe CKOPOCTH M CTOJKHOBEHHUIO C
3eMIIEH.

Flying an airplane in icing conditions
Markin N.N., Chebanov P.S.
MAI, Moscow

World statistics show that the number of air accidents that occur due to the
dangerous effects of the environment, as high as 25-30% of the total number
of air accidents. Among the various effects of weather on aircraft icing is the
greatest danger. Every year in the general aviation there are dozens of heavy
flight accidents due to icing. Therefore, study of the effect of icing on the
aerodynamic characteristics of civil aircraft is an important task that greatly
enhance the safety and regularity.

To ensure the required level of safety of aircraft in icing conditions is
necessary to determine the effect of ice formed on the airframe, its
aerodynamic performance and to identify features of the dynamics of flight.
This will advance to develop requirements for anti-icing protection and to
give recommendations for the protection of aircraft icing.

Significant changes occur in the acrodynamic characteristics of airfoil icing

airframe. In terms of aecrodynamics, the accumulation of ice on the wing and
tail causes the increase of resistance, reduces the maximum lift and stall
angle, and an increase of required angle of attack. On the basis of studies
conducted in CAGI, determined the effect of shape and size of the ice on the
aerodynamic characteristics of the aircraft at various flight conditions in icing
conditions.
Examines the impact of ice on takeoff and landing characteristics of the
aircraft. The maximum change in aerodynamic efficiency, the lift coefficient
and the drag coefficient is 35 + 40%. As a result of icing flight characteristics
of the aircraft deteriorated by 17 + 20%. Refusal of treatment airframe icing
fluid creates the preconditions for an accident on take-off.

Increased drag leads to the danger of loss of stability in the second flight
conditions in the separation from the runway. There is a risk of exceeding the
necessary power for a flight with an icy wing thrust of power plant at the time
of separation from the runway, resulting in a loss of speed and collision with
the ground.
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OcHoOBHbBIE CIIOCOOBI 00eceueHus1 0e30MACHOCTH IKHTIAKEH
JIETKOMOTOPHBIX CAMOJIETOB B ABAPUITHBIX CUTYAI[UAX
[[Tu6anos B.1O.

HIIIT «3Be3ma», MockoBckast 0071., M. TOMUIHHO

ExerogHo B MHpe NPOUCXOAUT IO HECKOJBKHX JECSATKOB aBHAI[MOHHBIX
KatacTpod c JIeTKOMOTOpHBIMH camosieTamu. OXHUM U3 TpaIuIHOHHBIX
CHOCOOOB CITACEHHs WICHOB SKUMAXEH TAKHX CaMOJICTOB B KPUTHYECKOH
CUTyalld SIBJIAETCS CaMOCTOATENBHOE IMOKHIAHME JIETATENBHOIO ammapara
(JTA) ¢ mcnonp30BaHNEM MHIWBHAYaIbHBIX IHapamioToB. OmHaKo mpu Bcei
CBOEH MPOCTOTE ATOT CIOCOO HMEET CBOM OYEBHJHBIE HEIOCTaTKH, U
MO3TOMY CJIElyeT PacCMOTPETh APYIHe BO3MOXKHBIE CIIOCOOBI MOBBIIICHUS
Oe3omacHocTy Skunaxa JIA B aBapuifHON cUTyalHy.

IlepBbIM W3 HHX SBJISETCS TNPUMEHEHHE aMOPTU3AI[MOHHON CHUCTEMBEI,
obecrieunBaroLel, COBMECTHO C CHUCTEMOM KpeceqbHOH (UKCAIUH, 3aIIUTY
OT yAapHBIX HEPErpy3oK MpH aBapUHHON Mocajgke. OTa CHCTEMa SIBISAETCS
MIPaKTHYECKN 00s13aTeNIbHOM U1 OOJIBIINHCTBA COBpeMEHHBIX JIA, omHaKko He
rapaHTUpPyeT  CHACEHHWE  WIEHOB  JKHNaXka B  cIydae  pPa3sBUTHA
KaTacTpo(uieckol CUTyalluy Ha BCEM MPOTSHKEHUH HOJIETA.

Jpyrum BapHaHTOM CHACEHHs SKUIAXKa SIBISIETCS MapalllOTHAs CUCTEMA C
€e TPUHYOUTSJbHBIM BBOJOM, IIpeIHA3HAueHHas i1 Oe30I1acHOTro
mpu3eMieHus Bcero JjerkomotopHoro JIA. Takue CHUCTEMBI XOpOIIO
NOAXOIIT Juisi obecrieueHHs: OE30IaCHOCTH JIETKMX MHOTOMECTHBIX JIA,
OJIHAKO TaKXe He MO3BOJIIOT rapaHTHPOBATh CIIACEHMS WICHOB HKHUIIAXKa BO
BCEM Juana3oHe npuMeHeHus JIA.

Eme omauM cpenctBoM oOecredeHus O0€30IaCHOCTH B aBapHHHOM
CUTyaIliM SIBISIETCS NPUMEHEHHE CHCTEMBl NPUHYAMTEIBHOTO ITOKHIAHUS.
Hx wucronp3oBaHMe OCOOEHHO aKTyaJlbHO JUIA JIETKMX CHOPTHUBHBIX
CaMOJIETOB, a TaKXKe JIETKOMOTOPHBIX CaMOJETOB JBOWHOIO Ha3HAYCHMUS.
BenymmM oTedecTBEHHBIM pa3pabOTUYNKOM M MPOHU3BOJUTEIEM TAKUX CHCTEM
spisiercs  OAO  «HIIT «3Be3ga». B paMkax Hacrosmiero nokiazna
TIPE/ACTAaBICHBl OCHOBHBIE IPHUHIMIIBI PA0OTHI M OCOOCHHOCTH MPUMEHCHHUS
COBPEMEHHBIX CPE/ICTB aBapUITHOTO MOKUAAHUS HU3KOCKOPOCTHBIX JIA, B TOM
qHcie:

e oOneruennsx KK TpagunnonHoi cxeMsl,

®  PEAKTUBHO-NAPAIIIOTHBIX CHCTEM;

e  CBEpXJIETKHX KaTalmyJbTHBIX CHCTEM C DPa3IHUYHBIMH NPHHIUIAMH

BBO/Ia B IIOTOK CIACATEIIFHOTO MApaIlioTa WICHA SKHITaxa.

Takum o6Opaszom, Ha OAO «HIIII «3Be3na» K HACTOANIEMY BpEMEHH
CO3/laH IIUPOKUX psAA CUCTEM aBapUIHOIO MOKHUJIAHMS, KOTOPbIE MOTYT C
yCIIEXOM IPUMEHATHCS Ha JIETATENbHBIX allaparax Kak IpakJaHCKoro, Tak U
BOCHHOI'0 HA3HAYEHUSI.
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The main means to ensure safety of light aircraft crews
in emergency situations
Shibanov V.Yu.
RD&PE “Zvezda”, Tomilino

Every year several dozens of light aircraft accidents take place all over the
world. One of the traditional means to save aircrew members in emergency
situation is self-supported escape from the aircraft with individual parachutes.
However, for all its simplicity, this method has some obvious disadvantages,
for this reason we should consider other possible means to ensure higher
safety of aircrews in emergency situations.

The first of such means is an energy absorption system, which, in
conjunction with the seat restraint system, provides protection against shock
loads during emergency landing. This system is practically mandatory for
most modern aircraft, but does not guarantee the aircrew survival in the event
of a catastrophic situation development throughout the flight.

The second means to ensure the aircrew safety is a parachute system with
forced deployment, designed for a safe landing of the entire light aircraft.
Such systems are well suited for a multi-seater aircraft, but they also do not
guarantee the aircrew safety within the entire range of the aircraft operation.

Still another means to ensure the aircrew safety in emergency situation is a
forced ejection system. Its application is especially important for light sport
aircraft, and light dual-purpose airplanes. The leading national designer and
manufacturer of such systems is JSC “RD&PE “Zvezda”. This report presents
basic principles of operation and application specifics of modern emergency
escape systems intended for low-speed aircraft including as follows:

e  conventional light-weight ejection seats;

e  rocket-assisted parachute systems;

e ultralight ejection systems with different principles of input into the
airflow of the crew member’s rescue parachute.

Thus, JSC “RD&PE “Zvezda” has developed a wide range of emergency
escape systems that can be successfully used in any civil and military aircraft.

YucaeHHOE MOACIMPOBAHUH [JIsl ONIPeeIeHNs yCTAT0CTHBIX
XapPaKTEePUCTHK HA PAHHUX CTAAUSAX NPOEKTUPOBAHMA
Bbacunos M.E., Kacymos E.B., lllysanos B.A.
KHUTY-KAU, KB3, r. Kazans

OcHoBHas 11eJ1b JaHHOW PadOTHI — MpeBapPUTENbHAS OLIEHKA YCTAIOCTHBIX
XapaKTEepUCTUK MEXaHMYECKOW CHCTeMBbl JieraTenbHoro ammapara (JIA) nHa
PaHHUX CTaJMsIX €€ MPOSKTUPOBAHUS JI0 TIOJIyYEHHUs OIBITHOTO 00pasma.

B nanHOii pabore, HpHM NPOEKTHPOBAHMHM MEXAaHMYECKOM CHCTEMBI
npejiaraeTcs  JI0  TOSIBJICHWS  ONBITHOrO  oOpasia  HMCHOJIb30BaTh
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AQHATTUTUYECKUHA METOJ OLIEHKM YCTAJOCTHOM MPOYHOCTU KOHCTPYKIIMU.
HcxogupiMu [uisi pacdera JaHHBIMH OyOyT 3aKOHBI M3MECHEHHS HArpy30K M
HaMpsDKCHUHN, KOTOpPBIE ONPENEINAIOTCS ¢ MPUMEHEHHEM METOJa KOHEYHBIX
anemerToB (MKD). B 3Tom ciryuae WHCTpYMEHTOM MJIsl CHIDKEHHS OOIIEro
YPOBHS HANpPsKEHWH, YMEHBIIEHHA KOJMYECTBA KOHLEHTPATOPOB H
CTIaXWBaHUS NEPENaOB MO PacIpeAeIeHIs HaNPsDKCHUH OyIyT METOIbI
IIOMCKAa  pAlHOHAIIBHBIX KOHCTPYKTHUBHBIX IAapaMETpPOB. Y CTpaHEHHE
KOHIIGHTPAaTOPOB U CHUaXMBaHUE MOJS  HANpPsHKEHUH  yoydilaeT
XapaKTepUCTUKH YCTAJIOCTHOM JOJITOBEUHOCTH, KOTOPBIE KOJIMYECTBEHHO
MOXXHO OLCHHTh Ha OCHOBaHWUM KpPUBBIX YCTAIOCTH Il 0OpasioB
IMPUMEHSEMBIX B KOHCTPYKLMM MaTepuanoB. IIpuMeHseTcss HEeCKOIbKO
METOJIOB IIOUCKA PAI[OHAIBHBIX KOHCTPYKTHUBHBIX TapaMeTpPOB.

[lepBrIii anropuT™M pemIeHHUS 3aJaddl NPENCTABISIET cO00i CIeTyrONIyIo
MOCIE0BATENBHOCTE  NEUCTBUA. VI3Ha4albHO TOJIIMHBI KOHCTPYKLIHMHU
3a7al0TCsS MOCTOSHHBIMU. [lepBOHadanpHO 3alaHHBIH 00BEM MaTepHana B
Impolecce HWTEpallMOHHBIX MepecdE€TOB cuuTaeTcs Heu3MeHHbIM. Ilocne
CTaTMYECKOTO pacyeTa 3aJaHHBI IE€pPBOHAYAIGHO OOBEM MaTepHaia
nepepacnpesenseTcds B 3aBUCHMOCTH OT BEIMUYUHBE YAEIBHON DHEPrUH
yInpyrux aedopmaiuii B pa3IMuHbIX MecTaX KOHCTPYKLUH IyTeM U3MEHEHHUs
3HAQUEHU TONIIMH B Yy3JaX pPacueTHOM KOHEYHO-3JIEMEHTHOM CETKH.
PeanuszoBaH Tak:ke BTOpOI BapuaHT nepecuéra ToJUMH. B HEM n3HauyaiabHO
3aJaeTcs MaKCHMalbHOE 3HAUCHHE YPOBHS HANpSOHKEHUH B KOHCTPYKIHMH, a
TaKXXC MHUHHMAJIBHO BO3MOXKHas TOJIIIKWHA. B ormnume ot TIepBoOro
ITOpPUTMa, 37IeCh OT UTEepaIM K UTepali 00bEeM MaTepHaja U3MEHIETCs B
3aBHCUMOCTH OT YPOBHS SKBHBAJEHTHBIX HamnpsbkeHui. [locne cratuueckoro
pacueTa 3HA4YEHHs TONIUMH M3MEHSAIOTCS B y3/aX pacuyeTHOH CETKH B
COOTBETCTBUM C OTHOLIECHHEM ACHCTBYIOLIMX HAINPSHKEHUH K MaKCUMAallbHO
JomyckaeMoMy. MrepannoHHBIH pacuéT MO NepepacnpeneleHuto TOJIINUH
IpoAOJDKAEeTCs JO TOr0 MOMEHTa, @OKa MAaKCHMalbHOE 3HA4YCHHE
HaNpsOKEHUH He JOCTUTHET 3aJaHHOM BenuuuHbL [IpH 3TOM KOHCTpyKuus
panroHaJIbHa C€ TOYKHU 3pC€HUA PABHOMEPHOCTU HArpyXCHHUA BCEX €€
JJIEMEHTOB M, KaK CJEJCTBHE, MOJIY4YEHHOE B IPOEKTHPOBOYHOM pacyeTre
pacnpeneneHue TOJIIUH ABISAETCA PAllHOHAIBHBIM C TOYKH 3PEHHUSI BECOBOTO
COBEPILEHCTRA.

Pemenne 3agaun onpeneneHns palMOHANBHBIX TapaMeTPOB KOHCTPYKIIUH
IIPOBOJMIIOCH Ha PA3JIUYHBIX TUIMAX KOHEUHBIX JIEMEHTOB U MPH PA3IUUHBIX
BapHaHTaX Harpy3o0K Ui IPOCTBIX NMPUMEPOB, PEAIbHBIX KOHCTPYKIUN U UX
JJIEMEHTOB.
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Numerical simulation for determination of the fatigue characteristics
on the early design stages
Basinov M.E., Kasumov E.V., Shuvalov V.A.
KSTU-KAI, Kazan Helicopter plant, Kazan

The main goal of this work is a preliminary assessment of the fatigue
characteristics of the aircraft mechanical system in the early stages of design
up to prototype production.

In this paper, the design of the mechanical system is offered to use an
analytical method for estimating the fatigue strength of the structure before
production of the prototype. The initial data for the calculation will be laws of
change of loads and stresses, which are determined using the finite element
method (FEM). In this case, search methods of rational design parameters
will be a tool of decrease the overall level of stress, reducing the number of
concentrators and smoothing fluctuations of stress distribution field. The
elimination of concentrators and smoothing of the stress field improves the
fatigue life, which can be estimated quantitatively on the basis of fatigue
curves for the samples used in design of materials. Several search methods of
the rational design parameters are applied.

The first problem algorithm is the following sequence of actions. Initially,
the thicknesses of the structure are given as constants. The originally given
volume of material in the process of iterative calculations is considered
unchanged. After the static analysis the originally given volume of material is
redistributed depending on the value of specific energy of elastic
deformations in various construction sites by changing the thickness at the
nodes of the computational grid. The second option of thickness conversion is
also realized. In this option the maximum value of the stress level in the
structure is initially set, as well as the minimum possible thickness. Unlike
the first algorithm the volume of the material varies from iteration to iteration
depending on the level of equivalent stress. After the static calculation
thickness values change in the nodes of the computational grid in accordance
with the ratio of actual stress to the maximum allowed stress. Iterative
calculation of the thickness redistribution continues until the maximum value
of the stress reaches a specified value. Thus the design is rational in terms of
loading uniformity of all the elements and, as a consequence, thickness
distribution resulting by the design calculation is rational in terms of the
weight consummation.

Problem solving of definition of rational design parameters was carried out
on various types of finite elements and in different types of loads for simple
examples of real structures and their elements.
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OcoleHHoOCTH pa3padoTKH BePTOJIETHOI TEXHUKH € Y4eTOM TpeOoBaHM
TPaBMO00€30MaCHOCTH IKHUNAMKell U maccaskupoB
Sxymes B.C.,.Uynatyn A.B., 3aBaos O.A.
MAMN, r. MockBa

[IpoexTpoBaHre aBHAIMOHHOW TEXHHUKHA MPEINCTABISAET COOOM 1yt
KOMaH/ABl  Pa3pabOTYMKOB CIOXHYIO MHOTOYPOBHEBYIO 3amady. Ha
NIEPBOHAYAIBHOM JTale CO3JaHUs HEOOXOAWMO BBIOPAaTh OCHOBHBIE
NPUOPHUTETEI Ui (DOPMHUPOBAHMSA  KOMIUIEKCHOTO  KpUTEepHa Ui
3¢ (GEeKTHBHON OLEHKH pe3yabTaToB pPaboTh. OIHMM W3 HEOTHEMIIEMBIX
KPHUTEPHUEB /Il TTMIOTHPYEMBIX, @ OCOOEHHO ISl MACCAKUPCKUX BO3AYIIHBIX
CyIOB Bcerga Oyner ocTaBaThcsi O€30IAaCHOCTH YesIOBEKa. BakHbBIM
3JIEMEHTOM Oe3omacHoCTU ABHALMOHHOM TEXHUKH SIBJISIETCS
TPaBMOOE30IIaCHOCTh JKUNAXEH M maccaxxupoB. TpaBMOOE30MacHOCTH
XapaKTepU3yeT JIETATeJIbHBIN annapar ¢ TOYKU 3pE€HUs. COXPAaHEHUS 310POBbs
mrozieit B mponecce 3kcIuryatanni. OcoOeHHO JaHHAst XapaKTEPUCTHKA BAXKHA
IIPU HACTYIUICHWH JIETHBIX HPOWCIIECTBUH, BO BPEMsSI KOTOPHIX BO3HHKAIOT
OoIpIIie 3HAUEHMS YJApHBIX IEPErpy30K, NEHCTBYIOIMX HA JIOJEH BHYTPH
JIETAaTEIBHOTO arnmapara.

CoTpynHHKaMH BEIYyIIMX ABHAIMOHHBIX MNPEANPUATHH ¥  HAy4HO-
HCCIIE0BATEIbCKUX MHCTHTYTOB OTpaciy OblIa mpojenana Ooipmias padora
HaJl co3laHueM 0a3bl JaHHBIX (U3MOJOTMYECKOW MEPEHOCHMOCTH yIapHBIX
MEPETPY30K, HHCTPYMEHTOB OLIEHKHM OMACHOCTH TPaBMHUPOBAHUS W aHAJIU3
Haubosee HeONAronpusaTHbIX (DAaKTOPOB BO3JEHCTBHS Ha YeJOBeKa. Tarke
OBUTH CO3JIaHbl 00pa3Ibl MATEPHATIOB M TEXHUKH JUIS PELICHHS OCTaBICHHO
3aja4u.

B HacTosmee BpeMs mpu pa3paboTKe BEPTONETOB HCIOJIb3YIOTCH
HOPMAaTHBHBIE JIOKYMEHTBI, B KOTOPBIX OTPaXXEHB! JaHHBIE U PEKOMEHAAINN
10 pe3yabTaTaM HAayYHBIX HCCIEJOBAaHMH M IPAKTHYECKOTO OIbITA
9KCIITyaTali 00pa3lloB TEXHWKH B peaJbHBIX YCIOBUsX. Ha pasmuaHbIX
JTamax CO3JaHMsl BEPTOJETAa MPUMEHSIOTCS, MaTeMaTHYeCKHe pacyeTsl,
HaTypHbIE M CTEH/IOBBIE HCIIBITAHUS ISl JOKAa3aTelbCTBA COOTBETCTBHS
pa3pabaTbIBa€MOro JIETATENILHOTO almapara 3asBICHHBIM TpeOOBaHUAM
nepen cuenuaanctaMmu KBaJ’II/I(i)I/IKaHI/IOHHI)IX KOMMCCHH.

MHorue  acmekThl  TPaBMOOE30MACHOCTH  OOECHeUMBAIOTCS  IMPH
TapMOHHM3AIUN TECXHOLCHTPHUYCCKOTO MW AHTPOIIOUCHTPUYCCKOr0 IMOAXOI0B
IPU CO3JaHMU JIETaTelbHOro ammapara. s 3Toro HeoOXOJMMO 4YeTKOoe
IIOHUMAaHHEC u WHCTPYMECHTBI mapaMETPpUICCKOTO BBIYUCIICHUA
B3aUMOBIIMSIHASL PA3JIMYHBIX XapaKTEPUCTUK BEPTOJIETa M MCUXO(PHU3HOIOTHI
YeJoBeKa Ha JKeJaeMbli pe3yibrar. HeoOxonnuM ydeT mapaMeTpoB nosiera Ha
Pas3IMYHBIX PEeXXUMax, BEPOSITHOCTEH BOSHUKHOBEHUS TEX WIJIM HHBIX OTKA30B,
CHOCOOHBIX TpPUBECTH K aBapuifHOW mnocajgke. bonbmioe BIMsHME TaKke
OKa3bIBaeT BHIOOP ONTHUMAIBHBIX KOMIIOHOBOYHBIX PEIICHWH BHYTPEHHEro
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NPOCTPAaHCTBA BEPTOJICTOB M TabapUTHO-KECTKOCTHBIE XapaKTEPUCTHKU
3JIEMEHTOB HHTEphEpa.

Bo Bpems pa3paboTKu BeprojeTa BCerna CYIIECTBYET HECKOJIBKO
BapMaHTOB pELICHHH IOCTABJICHHOHN 3aladyd M TOJBKO YeTKas METOIHKa
cnoco0Ha MPHUBECTH K CO3TaHUI0 3(PPEKTUBHOTO JETATEIFHOTO allapara.

Features of the development of helicopter technology with regard
to traumatic safety of crews and passengers
Yakushev V.S., Chuntul A.V., Zavalov O.A.
MAI, Moscow

The development of aviation technology for the engineering team is a
complex multi-level task. At the initial stage of creating, need to choose the
main priorities for the formation of a complex criterion for effective
performance evaluation. One of the essential criteria for manned and
especially for passenger aircraft will always remain human security. An
important element of the security of aviation technology is traumatic safetyof
crews and passengers. Traumatic safety characterizes the aircraft from the
point of view of preserving the health of people in the process of operation.
Especially this characteristic is important in the occurrence of crashes in
which there are large values of shock overload acting on the people inside the
aircraft.

The members of the leading aviation companies and research institutes
industry was done great work on creating a database of physiological
endurance shock overloads, assessment tools, risk of injury and analysis of
the most adverse factors of human exposure. Where are also created samples
of materials and technology to solve the problem.

At the present time in the development of helicopters used normative
documents, which describe the data and recommendations based on the
results of scientific research and practical experience of the operation of the
equipment in real conditions. At various stages of development of helicopter
used, mathematical calculations, field and bench tests to prove compliance of
the developed aircraft requirements to the specialists of qualification
commissions.

Many aspects of injury prevention are provided at the harmonization
technocentric and anthropocentric approaches to the development of the
aircraft. This requires a clear understanding and tools for parametric
calculations of the interaction of various characteristics of the helicopter and
psychophysiology of crew on the desired result. It is necessary to consider the
flight parameters for different modes, the probability of occurrence of certain
faults, which could lead to an emergency landing. Also influenced very
considerably by the choice of the optimal layout solutions internal space of
helicopters and overall stiffness characteristics of the elements of the interior.
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During the development of the helicopter there are always several solutions
of the task and only a clear methodology can lead to the creation of the
efficient aircraft.
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Jk FCKB AJIMA3-AHTEMN
Y

OTKpBITOE aKLHOHEPHOE 00LIECTBO
«["0JI0BHOE CHCTEMHOE KOHCTPYKTOPCKOE
610po Konnepna [IBO «Anmaz-AHTei»
UMeHH akajgemuka A.A. Pacruietunay
(OAO «I'CKb «Anmaz-AHTeii») SBISIETCS
BeJlyIlei 0TEeYeCTBEHHON OpraHu3anuen —
Pa3paboTYMKOM BOOPYKEHHS
TIPOTUBOBO3/YLIHOM U IPOTUBOPAKETHON
0GOPOHBI (BO3AYLIHO-KOCMUYECKOI
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2. PakeTHbI€ 1 KOCMHYECKHE CUCTEMbI

2. Rocket and Space Systems

PacuyeTrHo-3KCnIepHMEHTAIBLHBIA aHAJIN3 NPoLecca JUCTHILIS A
B CHCTeMe pereHepanuu Bojabl 3 ypunsl CPB-YM
Apaxuees /I.B., bo6e JI.C., Pakos B.B.
HUWxumMmami, . MockBa

C menpro obecrieueHus 3kumaxa poccuiickoro cermenta MKC Bogmoii B
OAO «HNHMxuMMarm» pa3zpaboTaHa M H3TOTOBJIEHA CHCTEMa pereHepalnuu
Bozbl U3 ypunbsl (CPB-YM). B nanno#i cucteme mpoiiecc U3BJICUEHUSI BOJBI
U3 YpUHBl OCHOBaH Ha METOJI€ BaKyyMHOH AMCTIIUIALIMU C peKyleparuen
SHEPTHH B IICHTPOOEKHOM MHOTOCTYIIEHYaTOM BaKyyMHOM IHCTHILIATOpPE
(IMBJ). B IMB/] mucTuiisamusi OCYIIECTBIICTCS CTYIIEHYATO, IPH 3TOM
TEIJIO KOHJAGHCAUUU Iapa HCHOJb3YeTCs i MCHAPEHUsl JKUAKOCTH B
ciaenyroueil crynmeHd. Pacxoj SHeprum Ha JUCTWUISILMIO CHHXKAETCS
MPONOPLMOHAIILHO YUCIY CTymneHed auctwuistopa. IlonBox temna u ero
JIOTIOJIHUTENbHASL PEKYyNepanusl OCYLIECTBISIOTCS B TEPMORJIEKTPHUUECKOM
terwioBoM Hacoce (TTH) 3a cuer addekra I[lenpthe. OTpaboTka mporecca
JUCTWUISIMK yPUHBI IPOBOIMIACH HA KOHCTPYKTOPCKO-TEXHOJOTMYECKOM
Mmakete cucteMsl (KTM CPB-YM).

MHoroctyneH4yatas BakyyMHas JUCTWUIALUS ypUHBI — TIpoOLiecC
MHorodakropHslii. Ha ero paGoume mapamMeTpsl BIHSIOT KOHIIGHTpALUs U
KOHCEpBaIMi HCXOMHOTO TNPOJYyKTa, TeMIlepaTypa XJaJareHTa, KOJIHYECTBO
HeKkoHAeHcupyomuxces razoB B LIMBJI. Tak mnoBbllieHME KOHUEHTpaLUU
ynapuBaeMOM YpHUHBI OINpEAeNsieT pocT TEeMIEepaTypHOH Jemnpeccuw,
HEKOHJCHCHUPYIOIIMECS Ta3bl CO3JAl0T 3HAYUTENIbHOE  COIPOTUBIICHUE
MAacCCOIEPEHOCY B MMapora3oBoi (aze, OTOMUTEIBHBIN KO DUIHEHT (CTETICHb
pexymepanuu) TTH ymMeHbIIaeTcst IpomopuAOHAIEHO YBETHUSHIIO PAa3HOCTH
CpPEIHUX TEMIIEpaTyp MEXIy TOpsSYUM M XOJIOAHBIM LUPKYJSLUOHHBIMHU
KOHTYpPaMH.

B nmokmame oOCy»maeTcsl pacueTHBIN aHAIMW3 Mpolecca AUCTHILISINA U3
YPHUHBI ¥ IPOBOUTCS €r0 CPABHEHUE C IKCTIEPUMEHTAIBHBIMU TaHHBIMH.

Calculation and experimental analysis of the distillation process in the
system for water reclamation from urine (SRV-UM)
Arakcheev D.V., Bobe L.S., Rakov V.V.

JSC NIIchimmash, Moscow

The system for water reclamation from urine (SRV-UM) was designed and
manufactured by JSC NlIchimmash to provide the crew of the Russian
segment of the ISS with water.
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In this system the process of water removal from urine is based on vacuum
distillation with energy recovery in a rotary multistage vacuum distiller
(RMVD). The RMVD provides cascade distillation - the heat of condensation
is used for evaporating liquid in the next stage. The energy consumption for
distillation is reduced proportionally to the number of distillation stages. A
thermoelectric heat pump (THP) provides the heating and additional recovery
of heat energy due to the Peltier effect. The process of urine distillation is
tried out in the research and design system mockup (KTM SRV-UM).

Multistage vacuum distillation of urine is a multifactorial process.

The concentration and chemical pretreatment of feed urine, the coolant
temperature and the amount of non-condensable gases in RMVD affect its
operating parameters. Thus, an increase in the concentration of urine being
evaporated results in rise in temperature depression, non-condensable gases
produce significant resistance to the mass transfer in the gas-vapor phase, the
THP’s heating coefficient decreases proportionally with an increase in the
average temperature difference between the hot and cold loops.

The paper deals with the design analysis of the urine distillation process
and its comparison with the experimental data.

MeToauka MHTerpaluu MOOWJILHOTO po60Ta B CHCTEMY BHEKOPa®eIbHOi
nesTeabHocTu Poccuiickoro cermenta MKC
BabGaiines /1.B.
PKK «3neprus», r. Koponés

OnHOI M3 aKTyaJlbHBIX 3ajad MPAaKTHKH KCIUTyaTalud U OOCITYKHBAHHS
KOCMHYECKOH  TEXHHKH SBISETCS  aBTOMAaTH3amus H  podoTu3amus
BHeKopabenpHO# gestenpHOCTH (BKJ[). B HacTosmiee Bpems B Mupe
CYIIECTBYET M MPOEKTHPYETCs OOJIBIIOE KOJMYECTBO POOOTOTEXHHYECKUX
cucteM (PTC) xocmuveckoro HasHaueHHs. OIBIT BHEIPECHUS u
9KCIUTyaTallid poOOTOB B NPOMBINUIEHHOCTH IIOKa3bIBaeT, 4TO HX
3G (GEKTUBHOCTh  ONIpeAeNsieTcs  CTENEHBI0  B3aMUMHOW  ajanTaluu
UHQPACTPYKTYpHl, B KOTOPOH PyHKIMOHHPYET poOOT 1 camoro podoTa.

B  nmokmame mpexacraBieHa  METOAMKA — MHTETPallMd  MOOWIJIBHOTO
TeXHoJIoTHYecKoro podora B cucremy BK/I 1 onTHManbHOTO BBITOTHEHUS
omepauuit poboToM coBMecTHO ¢ omepatopamMu B ckadaxape (CK) u
CaMOCTOSITENIbHO, KOTOpasi BKJIIOYAET CIEAYIOIINE 3TAIbL:

1.  Amnanus Tumna, cocraBa u cTpyKkTypsl cucteMsl BKJ[ ¢ PTC
OmnpeneneHue napaMeTpoB U aITOPUTMOB TUIOBBIX ONepanuil
Omnpenenenune oomuka PTC
Ioctpoenue napameTpoB U anroputmoB onepauuii PTC
Omnpenenenue kpurepues ontumanbHocTi BK/]

Brienenne anpTepHaTHBHBIX BapranToB PTC

Sk wb
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7. Tlocrpoenue anropurmMoB coBMecTHOH paboTsl onepaTtopa B CK ¢
MOOHIILHOTO poboTa
8.  Pemrenne MHOTOKpUTEPUATIBHON 3a7a9u u HaXO0XXIECHUE
ontumansHoro  Bapuanta  PTC,  mapameTpoB  mpucmocoOJIeHHUH,
WHCTPYMEHTA, BHEITHEH IOBEPXHOCTH U OOBEKTOB OIEpaIii
9.  Onenka 3pGeKTUBHOCTH PELICHUS
IIprmmenenne stoit Metoguku k BKJ] ma PC MKC mo3Bonsier B mepBoM
NPUOJIMKEHUH OLIEHUTh BO3MOKHOCTH TIOBBIIICHHST d3(P(PEKTUBHOCTH 3a CYET
unrerpauun PTC, TpeOyeMblid mist 3Toro o0beM paboT U MOXKET CIIYKUTh
OCHOBOI JUIsl JajbHeHeld pa3pabOoTKH HHCTPYMEHTAILHOT0, METOJUYECKOTO
U TexHojorndeckoro odecrneuenust BK/I.
CucteMHBIH NOAXOA K MpobjeMe M aHajau3 BO3MOXKHOCTEH BHEIPEHHMS
HOBBIX TEXHOJIOTHH pPOOOTOTEXHHWKH OOecrednT co3maHue U d(h(eKTuBHOE
npumenenue PTC na PC MKC.

Methodology of integration mobile robot in extravehicular activity
system on Russian segment of ISS
Babaytsev D.V.
RSC “Energia”, Korolev

One of the most actual purposes of explotation and maintenance
spacecrafts practice are automation and robotization of extravehicular activity
(EVA). Currently in the world there and designed a large number of robotic
systems (RS) for space purposes. Experience of implementation and
operation of industrial robots shows that their performance determined by the
degree of adaptation with infrastructure where operates the robot and the
robot itself.

The report presents a methodology for the integration of mobile robot in
EVA for optimal robot operations with the cosmonaut in the suit and on their
own, which includes the following steps:

1. Analysis of the type, composition and structure of EVA with RTS

2. Determination of parameters and algorithms for common operations

3. Determination form of RS

4. Construction and algorithms operations RS and determination of
parameters

5. Determination of optimality criteria EVA

6. Isolation alternatives RS

7.  Construction of algorithms joint operator in the UK with a mobile
robot

8.  Decision multiobjective problem and finding the optimal variant of
RTS parameters, tools, and objects of the external surface operations

9.  Evaluation of the effectiveness of decision
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Application of this methodology to the EVA system of Russian segment of
ISS allows to evaluate opportunities to improve efficiency through the
integration of RTS, evaluate required for this work, and can serve as a basis
for further development of the tool, methodological and technological support
EVA. Systematic approach to the problem and analysis of possibilities of new
technologies of robotics ensure the establishment and effective use of the
RTS on Russian segment of ISS.

CHuKeHMeE IKOJIOTHYEeCKOro yuiepoa u odecrnevyeHue Ge3aBapuiiHoiM
skcnayarauuu u3aenaui PKT
Bensxos C.C., I'yces E.B.
MAM, r. MockBa

OmHMM W3 BaXHEHIIUX TOKazaTeNell ypOBHA pa3pabOTKH W3IeIHd
pakeTHO-KOCcMIdeckor TexHuku (PKT), Hapsamy ¢ JHepreTHYeCKNMH H
TOYHOCTHBIMH  XapaKTEPHUCTHKAMH, SIBIISIETCS eé Oe3aBapuiiHas
9KCIUTyaTaIHs.

Pemenne 3TOHM 3amauM 3aTparmBaeT BCIO COBOKYIHOCTb MEPONPHATHH
nporpamMMbl — oOecrieueHHs  HafA&KHOCTH, OTPadOTKH  AJTOPUTMOB U
9KCIUTyaTaIllMOHHON JoKkyMeHTauuu. Ilpu 3TOM MHOTHE BOIIPOCHI TECHO
CBSI3BIBAIOT pabOTy W XapakTepUCTHKH arperatoB H3Ielus ¢ paboToi
CHCTEMBI yIPABJICHUS MOJETOM.

B cBs3u ¢ TeM, 9TO B OT€UECTBEHHOHN MpPAKTUKE PAKETOCTPOEHUS PAaKEThI
pa3pabaThIBalOTCS OJIHUMHU OPraHU3alMsIMH, & CUCTEMBI YIIPABICHUS JUII HUX
pa3pabaTbIBatoOTCs JPYTHMH, TIPE/ICTaBIISIETCS 1esIecoo0pasHpIM
paccMOTpeHNE HEKOTOPHIX AaCHEKTOB 3aTPOHYTOW MpoOIeMbl Oe3aBapHitHON
9KCIUTyaTalliM, pEHNIeHHEe KOTOPBIX CBA3aHO C Bo3noxeHneM Ha CVY
JIOTIOJTHUTENBHBIX (QYHKIMH 1O oOecrieyeHHio Oe3aBapuifHOro moiéra B
Cilydae BO3HHKHOBEHHMS OTKa30B (HEIITAaTHBIX CHUTyarui). Takxke B Kpyry
3THX BONPOCOB HAXOAWTCSA 3aJada MUHMMH3aIMK ymiepba B ciydae
HEOOXOIMMOCTH MPEKPAIeHHUs MoNETa.

IToMuMO BBICOKHMX TpeOOBaHMH, MPEABABISIEMBIX K CHCTEMaM YIIPaBICHUS
B CBSI3M C HEOOXOJUMOCTBIO PELICHHUS MTOCTABICHHBIX 3a7a4 HACHTU(DHKAIUH
B TOJIETE BO3MOXKHBIX OTKA30B, UX MApUPOBAHMA M MHHMMHU3AINH yIIiepoa,
HEOOXO/JMMO HAJW4YMe BO3MOXKHOCTH BIIMSTH Ha Hpolecc mojéra
MMEIOIINMHECST OOPTOBBIMH CPEJICTBAMH, @ TaK)Ke BBHICOKAs IOCTOBEPHOCTb U
TOYHOCTb 3HAHMS AMHAMMYECKHX CBOMCTB OTAENBHBIX y3JIOB U arperaToB U
U3JIENUs B LIEIOM.

Ha ocHoBanuu Bepu(HIMPOBAaHHBIX MaTeMaTHYECKHX MoOJeNell 00beKTa
YIPaBJIECHUsI MOKET ObITh NPOBEAEH KOMIUIEKC padOT, HalpaBieHHBIH Ha
CO3/JaHME aJTOPUTMOB CHCTEMBI YIPaBIICHHS, KOTOPHIE IO3BOJIMINA OBl
OTIEpPaTUBHO W HaN&KHO MACHTU(HUIIMPOBATH OTKA3BI 3JIEMEHTOB U CHCTEM B
mporiecce mojaéTa M BEIpabaThIBaTh peIeHHs (KOMaHAbl Ha WCIOJTHUTENEHBIC
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9JIEMEHTBHI), IPEJOTBPAILAIOIINE aBaApHUI0, THO0 MUHUMH3UpYIOLHe yuiepo ot
aBapuu.

Reduce environmental damage and ensure trouble-free operation
of aerospace hardware
Belyakov S.S., Gusev E.V.
MAI, Moscow

One of the most important indicators of the level of development of rocket
and space technology, along with the power and precision characteristics, it is
trouble-free operation.

The solution to this problem involves the totality of activities of the
program to ensure reliability, the algorithms and operational documentation.
However, many issues are closely linked and work characteristics of the
product units with the system flight control.

Due to the fact that the domestic practice of rocket missiles developed
among organizations and management systems developed for them by others,
it seems appropriate to consider some aspects of the problem concerned
trouble-free operation, the solution of which is associated with putting on the
SS additional features to ensure a trouble-free flight in the event of failure
(emergency situations). Also among these issues is the problem of
minimizing damage in the event of the need to stop the flight.

In addition to high requirements for management systems in relation to the
need to solve the tasks of identification of possible failures in flight, their
parry and minimize the damage, you must have the possibility to influence
the process of flight available on-board resources, as well as high reliability
and accuracy of the knowledge of the dynamic properties of individual
components and aggregates and articles in general.

Verified on the basis of mathematical models of the control object can be
carried out a set of works aimed at the creation of algorithms management
system that would quickly and reliably identify failures of components and
systems during the flight and to develop solutions (commands to actuators) to
prevent an accident or minimize damage from the accident.

IIpoekTHpoBaHNEe TYHHEIBHBIX BO31YX03200PHHKOB H309HTPONIMYECKOI0
CKaTHS JJISl 0CeCHMMETPHYHBIX JIeTaTeJbHbIX allNapaToB
Bparynuos E.51.", Bayuxos [I.A.', Tanxus B.M.?, 3serunnes B.J1.'
'"UTTIM CO PAH, r. HoBocubupck, “TITY, r. Tomck

B ob6mem cirydyae Bo3nyxo3abopHuk BPJ] nomkeH HanmpaBUTh BO3IYIIHBIN
MOTOK BHYTPb KOpIlyca JIETAaTeIbHOIO ammapara M BBIIOJIHUTh 37€ECh
TopMOXKeHHe 1oToKa. CrnenupuyeckuM YCIOBHEM IIPH  pPa3MEIICHUU
BO3yx03a00pHHKOB BPJ/l Ha OOKOBOM MOBEPXHOCTH OCECHMMETPHUYHOIO
JIETaTENBHOTO alnapaTa sBISeTCS TpeOOBaHNWE OTCYTCTBHS BBICTYHAIOIIUX B

111



MOTOK YacTel KOHCTPYKLMH Ha HadaJIbHOM dTare nosera. Takoe TpeboBanue
MOXKHO BBIIIOJHUTE HPY I[OMOIIM BBIIBIDKHBIX (MM PaCKPBIBAIOIINXCS)
BO3JyX03a0OpHUKOB, KOTOpBIE YCIIOXKHSIOT KOHCTPYKLIHMIO ammapara H
CO3/aI0T HECTAIlMOHAPHBIE HArPY3KH IIPU OTKPHIBAHHU.

B nmaHHO# pabore paccMaTpuBalOTCS TaK Ha3bIBAEMbIC «TYHHEIBHBICH
Bo3ayxo3abopHukn (ducted air intake), KOTOpele HE HMMEIOT 3JICMECHTOB,
BBICTYTAIOMINX 3a Ta0apuThl Kopmyca. OOmen3BecTHO, YTO IMOBOPOT IOTOKA
0e3 MCIOIb30BaHMS BBICTYMAIONIMX YacTeld BO3MOXKEH TOJBKO 4epe3 Beep
BOJIH pa3peXeHHs, IOCIe KOTOPOro CKOPOCTh NOTOKA YBEIMYHMBACTCS, U
nocyieyonee TOPMOXKEHME B CKadKax yIUIOTHEHHs IPHBOJUT K
3HAYUTEJIbHBIM TIOTEPSIM ITIOJIHOTO JaBiieHUsl. FIMEHHO NOATOMY TyHHEIbHBIE
BO3JlyX03a00pHHUKH JI0 CUX IIOp HE NPEJICTABISAIOT MHTEpeca JJIsl peallbHbIX
JeTaTeNbHBIX allapaToB.

OnHako CyNICCTBCHHOC IIOBBIMICHHE XapaKTEPUCTHUK  TYHHEIBHOTO
BO3JyX03a00pHUKA MOXHO MOJNYYHTh, €CIH TOPMOXKCHHE IOTOKAa IOCIe
BOJIHBI Pa3peKEHHs BBHINONHAT HE Yepe3 CKayKH YIUIOTHEHMS, a IIpH
TOMOIIM M309HTPOITMYECKOTO TeUeHHs cxkaThs. [1o paccmaTpuBaeMoil cxeme
OBUIH TOCTPOCHBI TYHHEJBHBIC BO3AYyX03a0OPHHKU C PasIMYHBIMH YIIaMH
Ha4yalbHOTO IOBOPOTa IOTOKa. B pabore mpexactaBieHsl pa3paboTaHHBIE
BapUaAHTLI TYHHCJIbHBIX BOSI[yXO3a60pHI/IKOB C H303HTPOIMUYCCKUM
TOPMOXKEHHEM IOTOKA. YHMCIIEHHOE MOJEIMPOBAHHE TPEXMEPHOTO TEUCHHS
BHYTPH  paccMaTpHBaeMbIX  BO31yX03a0OpPHMKOB  TOATBEPAMIO  HX
NPaKTHYECKYyI0 ~ PEaIM3yeMOCTb M BBICOKME  DKCIUIyaTal[MOHHBIC
XAapaKTEPUCTUKU B IIUPOKOM JUANA30HE MIOJETHBIX YCIOBHM.

Designing of ducted air inlets with isentropic compression for
axisymmetric flight vehicles
Braguntsov E.Ja.", Vnuchkov D.A.", Galkin V.M.%, Zvegintsev V.L.'
'ITAM SB RAS, Novosibirsk; “TPU, Tomsk

In general, the air inlet must direct air flow inside the body of aircraft
and performs flow deceleration here. The absence of protruding parts in the
flow at the initial stage of the flight is a usual requirement when air inlets are
placing on the side wall of the axisymmetric aircraft. This requirement may
be met by means of retractable air inlets, which complicate the design of
aircraft and create nonstationary loads when opened.

In this paper, we consider so-called "ducted" air inlets, which do not
have any protruding parts beyond the edges of the airframe. It is well known
that the rotation of the flow without the use of protruding parts is possible
only through the rarefaction wave after which the flow velocity is increased,
and the subsequent deceleration with help of the shock waves leads to
significant losses of the total pressure. That is the main reason why ducted
inlets are still of no interest to the actual flight vehicles.
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However, significant improvement of characteristics of the ducted air
inlets can be obtained if the deceleration of the flow after the wave of
rarefaction will carry out not through shock waves system but with using of
isentropic deceleration.

According to this scheme ducted air inlets have been built with
different angles of the initial flow rotation. The paper presents the developed
variants of ducted air inlets with isentropic deceleration of the flow.
Numerical simulation of three-dimensional viscous flow inside the considered
air inlets confirmed their feasibility and high performances in a wide range of
flight conditions.

YuceHHOe MO/IeJIMPOBAHUE CBEPX3BYKOBOI0 TeUeHHs BA3KOr0 raza
¢ o0pa3oBaHHeM MCEBIOCKAYKA B HIJIMHAPHYECKOM KaHaJe
MeneaukoB A.1O., 3sernnnes B.U1.

UTIIM CO PAH, r. HoBocubupck

Kak w3BecTHO, MHO3BYKOBOH IIOTOK B IIUIMHAPHUYSCKOM KaHAJC
MIOCTOSIHHOTO CEYEHMS 3a CUeT BSI3KOCTH YBEIMYUBAET CBOIO CKOPOCTh U MPH
ONpEeICICHHON (KpUTHUYECKOHN) JUIMHE KaHala ycKopsieTcsl 10 4ucia Maxa
paBHoro eaunuie (M=1) Ha Bbeixome. JlanmbHelilee yBETUYECHUE JIMHBI
KaHalla TPUBOAUT K YMEHBIICHUIO CKOPOCTH BO BXOJHOM CEUYEHHH W,
COOTBETCTBEHHO, K YMEHbIIEHHUIO pacxoa. [Ipu 3ToM Ha BbIXOJe U3 KaHaia
COXpaHseTCsl KpUTHYECKasi CKOPOCTh MoToka M=1.

[Ipu cBepX3BYKOBOM TEUCHHH B KaHAJe HaJMYUE BSI3KOCTH IMPHUBOAUT K
TOPMOKEHHIO TIOTOKa. PaccMoTpeHHe 3alaud CBEPX3BYKOBOIO TEYCHHUS B
TpyO€e IpeAcTaBIIeT HHTEPEC IS ONPEICICHUS COMPOTUBICHUS TPESHUS WIH
KO3 HIHEHTa CBEepX3BYKOBOTO TpeHMs. [Ipu ompeneneHHON (KpUTHIECKO)
JUIMHE KaHaJla TOTOK YMEHBIIaeT CBOIO CKOPOCTh A0 4uciia Maxa paBHOTO
enuaune (M=1) Ha BBIXOZE. JlanmpHelInee yBeTHUYCHWE UIMHBI KaHaia
MPUBOAUT K (OPMHPOBAHUIO B OINPEICIICHHOM CCUCHHHM KaHajia CHCTEMBI
CKAa4YKOB YIUIOTHEHHs, 3a KOTOPBIMH o00pa3yercs MH03ByKOBas 00JacTh
teueHus. Clio)kKHasg  CTPYKTypa CKauykoB UM o0iacteid  OTPBIBHOTO
MIPUCTEHOYHOTO TEYECHHsS] HA3bIBAETCsl IICEBAOCKAYKOM. B 7103BYKOBOM
00acTy 3a NCEeBAOCKAYKOM H3-3a HAINYMS BSI3KOCTH ITPOMCXOIUT YCKOPEHHE
MOTOKA, IPUYEM B BHIXOJHOM CEUYEHUHU BCET/a MOAIEP>KUBAETCS KPUTHUECKAS
CKOpOCTh oTOKa M=1.

HccrnenoBanuio CBEpX3BYKOBOTO TEYCHUS B KaHale ¢ 0Opa3oBaHUEM
IICEBJIOCKAYKa IOCBSIICHO JOBOJBHO MHOTO  pabOT, TOTOMY dYTO
aKTyaJIbHOCTh IMOJOOHBIX 3a7ay CBsA3aHA C MPOCKTHPOBAHUEM BO3IYIITHO-
peaktuBHbIX ABuraresieii (BPJI), aspommHamuyecknx TpyO M pasiIMUHBIX
THTIOB BO37yX03a00pHUKOB. Bo Bcex 3Tmx paboTax paccMaTpuBaeTcs
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HeOoJblIasl JJIMHA KaHajla M TNCEBJOCKaYOK 00pa3yercs 3a cueT MOKaTHs
(apoccenupoBaHus) MOTOKA HA BBIXOJE.

B mpemmaraemoi paboTe paccMaTpUBAIOTCS PE3YNBTATHl YHCICHHOTO
MOJCIIMPOBAHUS BA3KOIO CBEPX3BYKOBOTO TEYEHHS B TPyOE IOCTOSHHOTO
ceyeHus. Ilpu HeOONBINON JUIMHE paccMaTpUBaeMOro KaHala TEeYCHHE
OCTaeTCsl CBEPX3BYKOBBIM M PE3yJIbTATOM pacyeTa SBISCTCS I0JIe TCUCHUS H
COIPOTHBIICHHE KaHaya. [0 Mepe yBeJMYEeHHs JUIMHBI KaHAlla JOCTHIASTCS
KPUTHYECKHH PEXHMM TEUCHHMs, IPU KOTOPOM B BBIXOJHOM CEUCHUM KaHana
yuciio Maxa M=1. Kak mnoka3plBalOT pe3yibTaTbl pacyeToB, NpHU
JabHEHIIeM yBEJIMYCHUH JUIMHBI KaHaua (OPMHUPYETCS PEKHM TECUCHUS C
oOpa3oBaHueM IiceBgockauka. [Ipm 3ToM oOpa3oBaHue ICEBIOCKayKa |
Hepexo] K J03ByKOBOMY TEUEHHIO PEaslM3yIOTCs TOJBKO 3a cyeT paboThl CHIT
TpeHus (Jake MPH UCTCUCHUH B BAaKyyM).

Numerical modeling of viscous supersonic flow with forming
of pseudoshock in a cylindrical channel
Melnikov A.Ju., Zvegintsev V.I.
ITAM SB RAS, Novosibirsk

It is well known that the velocity of subsonic flow increases along a
cylindrical channel of constant cross section due to viscosity and at a certain
(critical) length of the channel it is accelerated at the output to a Mach
number equal to one (M = 1) . Further increasing the length of the channel
leads to the velocity decrease at the input and thus reduces the flow rate
through the channel. Flow velocity at the outlet of the long channel keep the
critical value M = 1.

On the contrary at supersonic velocities the presence of viscosity leads to
deceleration of the flow in a channel. At a certain (critical) channel length the
flow velocity at the output reduces to Mach number equal to unit (M = 1).
Consideration of the problem of fully supersonic flow in the tube is of interest
to determine the frictional resistance or supersonic friction coefficient.
Further increase in the length of the channel causes to the shock waves
formation at a specific section of the channel behind which a subsonic flow
region is formed. The complex structure of the shock waves and regions of
separated flow near the wall is called as "pseudo shock". After pseudo shock
subsonic flow is accelerated because of viscosity, so at the outlet section
critical flow velocity M = 1 is always maintained.

Quite a lot of articles are devoted to investigation of supersonic flow with
pseudo shock formation in the channel, because the relevance of such
problems associated with the design of jet engines, wind tunnels, and various
types of air inlets. A channel of small length was considered in all these
works and pseudo shock was formed due to rising of pressure (throttling) at
the outlet.
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Present paper deals with numerical simulation of viscous supersonic flow
in a channel of constant cross section. At a small length of the channel the
flow velocity maintains itself as supersonic. In this case the flow field and the
channel friction drag are the main results of the calculation. When the length
of channel is increasing a critical flow regime is reached, in which Mach
number is equal to unit (M = 1) at the output section of the channel. As it is
seen from calculation results, the flow regime with pseudo shock is formed at
further increase in the channel length. In this case pseudo shock formation
and transition to subsonic flow are realized only due the work of the friction
forces (even when pressure at the exit is equal to zero).

IIpenso:xkenne no kiaccupuKaAUu MAJIbIX ABTOMATHYECKUX
KOCMHMYECKHX CIYCKAaeMbIX alnapaToB
Toppec Canuec K.X., Boponuos B.A.
MAMN, r. MockBa

B HacTosmiee BpeMs HIET MPOIECC MHUHHATIOPU3AIMH B Pa3sIIUIHBIX
00JacTAX HAYKW W TEXHHKH, MPOIECC KOTOPHIA MO3BOJSACT CO3IATh HOBBIN
KJIACC CIYTHUKOB, KOTOPBIE C OJHOHW CTOPOHBI OTHOCATCS K MajbIM IIO
MaccorabapuTHBIM XapaKTePUCTHKAM, a C JAPYrodl CTOPOHBI SIBISIOTCS
ammapaTtaMu CpeIHero Kjacca Mo CBOUM (hYHKIIMOHAIBHBIM BO3MOXKHOCTSIM.

MOXXHO TpPUBECTH B TPUMEP PAl  XapaKTEPUCTUK, SBISIOMUXCS
OCHOBHBIMH JocTonHcTBaMM MKA: Manass macca M rabapuTHbBIE pa3Mephl;
COKpaIlleHuEe CPOKOB CO3/IaHUS M B HEKOTOPBIX CIIyYasiX 3aTpaT; MpUMEHEHHE
PH nerkoro kmacca (BO3MOXHO TPYIIIIOBOE M IIOIMYTHOE BBIBEJCHHE MpPU
ucnone3oBanun PH cpemnHero u Tspkemoro kiacca). bmaromaps stoMmy, B
HACTOsIIIee BpeMsi Mallopa3MepHble KocMudeckue ammapatel  (MKA)
SIBISIIOTCS. OJJTHUM W3 HamOoJiee TEePCIeKTUBHBIX HAMpPaBICHUA KOCMHYECKOM
TEXHUKH TI0 BCEMY MHDY.

Mautbie KoCMHYECKHE almapaThl MOTYT OBITh MCITOJIE30BaHEI HE TOJNBKO KaK
HCKyCcCTBeHHbIe criyTHUKH. Ha 6a3e MKA MoryT ObITh CO3/jaHBI CITyCKaeMble
ammaparsl, ¢ TOMOIIBI KOTOPBIX ¢ OPOUTHI 3eMJIH MOTYT OBITh JOCTaBIICHBI
pe3ynbTaThl HAYYHBIX HCCJIECNOBAHUN WM JKCIEPUMEHTOB. TOpMOXKeHHe
Takux KA OCyHIIeCTBISIETCS C MOMOIIBIO JKECTKUX adpPOJMHAMUYECKUX
9KPAHOB, MAPAIIIOTHBIX CUCTEM, HaJYBHBIX TOPMO3HBIX YCTPOUCTB U JIp.

Korma roBOpSAT O ManbIX CIIyTHHKaX, TO HEPBHIM IPU3HAKOM OOBIYHO
HA3bIBACTCS WX Macca Kak HawOojee ONHM3KO acconuupyemasi ¢ HMOHSTHEM
«Manelity. [IpuBoasTCs Maccel OT TOHHBI O JAECATKOB rpammoB. B 90-x rr.
ObUla TIpEIJIONKEHA YCIOBHAas KiacCH(UKAIMS CIOYTHUKOB IO Macce
(bompmme >1000 xmx; Manbie 1000-500 xrx; Mwumam 500-100 xr;
Muxkpo100-10 kr; Haro 10-1 xr; [Tuko 1xr—100 rx; ®emro < 100 1)

B cBoto ouepensn, ciryckaeMble anmaparhl, JeCAHTUPOBAHHbBIE aIMapaThl, U
T.aI. 0 cBoe opme, macce W (QYHKIHMOHATEHOCTH—MOTYT CYIIECTBEHHO
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OTIMYAThCS OT JPYIMX HCKYCCTBEHHBIX KOCMHYECKHX CIyTHHKOB. B
HACTOsILIee BpEMs CITyCKaeMble ammaparbl MOXKHO KJIacCH(ULIUPOBAThH IIO
tdopme (chepuueckas, cerMeHTaJbHas, CerMeHTalbHas (apa, 30HTHUK,
HEeCYIIUi KOpIyc, Kpbulatas ); IO adpOJMHAMHYECKHM KadecTBaM
(bammucTHdeckuif, Maloro KadecTBa, CpPEOHEr0 KadecTBa, BBICOKOTO
KadgecTBa); IO  BHAAM  chycka  (OaJUIMCTHYSCKUM,  CKOJB3SALIHA,
ranupyromuii). OgHaKo, HE CYMIECTBYET MEXIYHAPOIHBIX OQHUIIHATbHBIX
CTaH/apTOB TOM00HOH Kiaccudukanmuu mo macce, MO3TOMY IpeJyiaraeTcs
BBECTU aHAJIOTMYHYIO Kiaccudukammio mis Takoro pona KA. Ha ocnose
NpuBeJIeHHON BbIlIe Kiaccudukammu anst KA, npeanaraercs aHaaorndHas
Kiaccu(UKaIMs 0 Macce JUIs CIIyCKaeMbIX armaparos.

Proposal for classification small reentry space vehicles
Torres Sanchez Carlos G., Vorontsov V.A.
MAI, Moscow

The currently process of miniaturization in several fields of science and
technology, has allowed creating a new class of spacecraft’s, which on one
hand are small in weight and size, and on the other hand are devices of the
middle class in terms of functionality.

Can be given for example a number of features, which can be considered as
main advantages for small spacecraft’s: Low weight and dimensions;
Reducing the time design and in some cases costs; Use of light class of
launch vehicle; etc. Due to this, nowadays, designing small spacecraft’s is
one of the most promising areas of the worldwide space technology.

Small satellites can be used not only as artificial satellites, but also can be
used for creating small reentry vehicles for delivering results of scientific
research and experimentation from Earth's orbit. Braking into the atmosphere
can be performed by using hard shield screens, parachute systems, inflatable
braking device and others.

For small satellites, the mass of the spacecraft is the first sign is usually
taken as the most closely associated with the concept of "small." It mass goes
from tons to some grams. In the 90s, in Arianespace was proposed a
conventional classification of satellites by mass that is currently used as
standard classification. (large > 1,000 kg; medium-sized 500-1,000 kg; mini
100-500 kg; micro 10-100 kg; nano 1-10 kg; pico 0.1-1 kg; femto < 0.1 kg).

In turn, reentry vehicles, landers, etc. by its form, mass and functionality
may differ significantly from other artificial satellites. At present descent
vehicles can be classified by shape (spherical, segmental, umbrella, winged);
aerodynamic characteristics (ballistic, low, medium or high lift-to-drag ratio);
by type of descent. However, there are no an international standard
classification by mass, therefore it is proposed to introduce a similar
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classification for this type of spacecraft, on the basis of the previous
classification for the spacecraft.

ABTOHOMHBIE KpOocCIIATGOpPMeHHbIe KIIHeHTCKHe HHPOpMalMOHHbIe
NPUHJIOKeHHUS 1J1s1 HHGOPMaNMOHHBIX cucTeM noaaepxxxku KA
I'mu36ypr U.B.

MAM, r. Mocksa

WHdopManmoHHbIE CHUCTEMBI TMOJAEPKKH JKH3HEHHOTO LUKJIA W3/EINi
SIBIIIIOTCSL PAacIpeesIeHHBIMI U MOAPa3yMeBalOT BO3MOXKHOCTh YAAJIEHHOIO
JIOCTyNla KOHEYHBIX MOJb30BaTeNel AITUX CHUCTEM K XpaHdlleidcs Ha HX
cepBepax uH(popmanmu. [lo Mepe pa3BUTHS BO3MOMKHOCTEH MOOMIIBHBIX
YCTPOMCTB, HX MHCIOJIB30BAHME B POIM HOCHUTENS KIHMEHTCKOI uacTu
nH(OpPMAIMOHHBIX CHCTEM CTAaHOBHTCS BCe O0jIee BOCTPEOOBAHHBIM.

C pocroM pazHOOOpasust MmIaTGopM KIMEHTCKHX YCTPOHCTB BO3HHUKAET
3ajaga oOecreueHnsl 11 TOJib3oBaress, paboraromero ¢ maHHbIME VC
noanepxxkkn KW eauHOM cpenpl BHE 3aBUCHMOCTH OT TOIO, Kakoi
1aTGopMoii OH MOIB3YeTCs.

OcnoBHas uzest coBpeMenHbix MC moanepskku XM — co3ganue enuHoOro
MH(OPMALIMOHHOTO TPOCTPAHCTBA, B KOTOPOM BCE STH JIIOAUW PabOTAIOT C
ndopmanmeir 00 w3menmuu. MC  gommkHa  00ecredUTh  KaXKAOMY
MOJIb30BATENI0 B HEOOXOMUMOM O0BeME B HYXHOE BpeMs aKTyaJIbHYIO
nHpopmanuio 06 u3enuu.

CyliecTByIOIINE PEIICHHUs HE 00ECIeUnBAI0T YHUBEPCAIBLHYIO MOJIEPKKY
BCEX MOOMJIBHBIX YCTPOMCTB, YTO B COBPEMEHHBIX YCIOBHSX HE MOXET
YZIOBIIETBOPHUTH ITOTPEOHTEIS.

Jl1st mosTHOIIeHHOTO MH(OPMAIMOHHOTO B3aUMOAEHCTBHUS TEPPUTOPHATIBHO
pacIpeielleHHbIX I10JIb30BaTelNiel Tpebyercst monkmodyenne kK eamHoit MC
nognepkku KM cranmoHapHBIX W MOOWIBHBIX KIHEHTOB, JUIS YEro
HEoOXoAMMa CHCTEeMa YHHBEPCAJIBHOTO JOCTyMa C JIOOBIX KIMEHTCKUX
YCTPOMCTB, HMMEIOIINX CTaHJApTH30BAaHHBIM Opay3ep, YTOOBI IPH CMEHE
KJIMEHTCKOTO0 YCTPOMCTBA HE MEHSUIOCHh B3aUMOJCHCTBHE IOJIB30BATENs C
ennnoi MC. Taxast HEOOXOIUMOCTh BO3HHKJIA B CBA3H C PE3KUM POCTOM
pacupocTpaHeHHS pPa3sHOPOAHBIX MOOWJIBHBIX YCTPOHCTB M C TEUCHHEM
BpeMeHH OyIIeT TOJIBKO BO3PacTaTh.

MoOuibHBIE YCTpOMCTBa UCIIONB3YIOT MOAKIIIOUEHHE K ceTH MHTepHeT no
6ecrpoBOJTHBIM KaHaJIaM CBSI3H, KOTOPbIE MOTYT ObITh HEHAJIEKHBIMU, UMETh
MaJlyl0 TPOITYCKHYIO CIIOCOOHOCTh WJIM OKa3aTbCsl BOBCE HENOCTYIHBIMU B
CaMblil HY>KHBIH MOMEHT.

UroObl  pemmTh  3amaud:  obOecredeHHs  KpoccIUlaTGOPMEHHOCTH
KIIMEHTCKOTO TPHJIOXKEHUS; JOCTYITHOCTH M aKTyaJbHOCTH MH(popManmu u3
cucremsl nogaepxkn KM ams mose3oBaTened MOOMIBHBIX yCTPOMCTB,
HeoOXonuMo  oOecmeyuTh JIOKaJbHOE COXpaHEHHE Ha  yCTpoiicTBe
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MOJIB30BATEIIS ONPEAEIEHHOI0 00beMa JaHHbBIX, HEOOXOJUMBIX KOHKPETHOMY
HIOJIL30BATEINII0 B aBTOHOMHOM peXHMe, B Cilydae HOTEPU COCAUHEHHsS C
CepBEpOM, a TAaKXKe aBTOMATHYECKOe OOHOBIICHHE 3TOM MH(OpMaLuH IpU
HOSIBIICHUH COCAUHEHHS C CEPBEPOM.

C wucnons3oBanmem API paspabatsiBaemoro cranmapra HTMLS s
peaM3aliy JIOKAIBHEIX XPaHWIMII MaHHBIX Iepe] BeO-NPHIOKCHUAMH
OTKPBUIUCH HOBBIE TOPU3OHTEL.

Stand-alone cross-platform client-side information applications
for CALS/PLM information systems
Ginzburg 1.B.
MAI, Moscow

CALS/PLM information systems are distributed and imply remote access
of these systems’ end-users to the information stored on their servers. As the
capabilities of mobile devices grow the use of those devices as the carrier for
client-side of CALS/PLM information systems becoming increasingly
popular.

With the increasing diversity of client devices’ platforms there is a problem
to provide the users of CALS/PLM information systems with a single
environment, regardless of what platform they use.

The basic idea of modern CALS/PLM information systems is the creation
of a common information space in which all the users work with information
about the product. CALS/PLM information system should provide the
required amount of information about the product for each user at the right
time.

Existing solutions do not provide universal support for all mobile devices,
this may not satisfy the consumer in current conditions.

To have full of value information interaction geographically distributed
users need to connect to a single CALS/PLM information system supporting
office and mobile users. This requires a system to maintain universal access
for any client devices having standard compatible web-browser to provide
constant user's interaction with a single CALS/PLM information system
regardless of the client device type used. This need has emerged due to a
sharp increase in the prevalence of heterogeneous mobile devices which over
time will only increase.

Mobile devices are used for wireless Internet connection, which can be
unreliable due to signal problems, have low bandwidth or be completely
inaccessible at the right time.

To solve the problem of providing cross-platform client application,
availability and relevance of information from CALS/PLM information
system for mobile users, it is necessary to provide local preservation at the
user's device a certain amount of data required for a specific user to work in a

118



standalone mode, in case of loss of connection to the server, and
automatically update this information when a connection to the server is back
online.

Using the API developed under HTMLS5 standard to establish local data
storage on the client-side for web-based applications to work offline have
opened up new horizons for the web-applications.

IIpoekTHpOBaHHUeE OAEKIBI A/ FOPHOJIbIKHHKOB-NAPAJIUMIHNLEB
B YCJIOBHSIX HU3KHX TeMIIepaTyp
I'opxynosa C.}O., Xpomosa 1.B.
HTU MI'YAT, HI'TY, r. HoBocubupck

B Hactosimee Bpemsi B Poccuiickoit ®Denepanuu yaensercs OOJbIIOeS
BHMMAaHUE COLIMAJIbHBIM IPOrpaMMaM B MHTEpecax MHBAJIMIOB, B TOM YHUCIIE
JMOAeH C TIONHOW WIM YaCTUYHOW yTeped (YHKIUH TEpeABIKCHHS B
pe3ynbpTate 3a00JIeBaHIA CITHHOTO MO3Ta MK TPaBM.

Hempro paboTBl SBISAETCA HCCIEIOBAHUE IIPOLECCOB TEIUIOOOMEHa B
CHUCTEME «UEJOBEK — TEIUIOBas 3allluTa — OKpY’Kalollas cpeaa», a TaK ke
COBEPIIIEHCTBOBAHKE CYILECTBYIOIIEI0 aCCOPTUMEHTA CIIOPTUBHOI OJIeKIbI B
kauecTBe 3((HEKTHBHOTO CpPEACTBA TEIUIOBOro KoMdopTa Ui JIOIeH ¢
OTPaHWYEHHBIMU JIBUTATEIbHBIMU BO3MOXHOCTSAMU.

B Hacrosimeit pabote MpOBOIATCS IKCICPUMEHTANBHBIC HCCIICIOBAHHUS
TEIIOQU3NYECKUX XapaKTEPUCTHK pPAa3UYHBIX MaTepualioB B IIHPOKOM
JUana3oHe  IapaMeTpoB  OKpyXamomed  cpeasl, B TOM  YHCIE
BBICOKOJJIACTUYHBIX ~MEMOpaH, WCIONB3YeMBbIX Ui KOHCTPYHPOBAHUS
CIETIHATH3UPOBAHHON OJICIKIBI 1 TEPMOOEIIBSI.

[puHOUD paGoTel MeMOpaHBI OCHOBaH Ha TOM, YTO MOJIEKyNa BOXBI (B
mapooOpa3HOM COCTOSIHAM) BO MHOTO Pa3 MEHBIIE Kallellb BOJBI, MOITOMY
HCTAPSIONINNCS TIOT CBOOOJHO BBIXOJUT HAPYXKY, B TOM BpeMs Kak BojJa HE
mormagaeT BHYTpb. Emle OgHO BakKHOE CBOMCTBO, KOTOPBIM oONamaet
MeMOpaHHBIA MaTepHuaj - BO3IyXOHENMpOHHIAeMocThb. I1onpobHO H3yueHBI
CBOMCTBA 3JACTHYHOTO MEMOpPaHHOTO MaTepHaja — TPHUKOTaKHOTO
TPEXCIOMHOTO IOJOTHA. TOHKOE IUIOTHOE TPUKOTa)XHO€ IOJOTHO
MEPEIUICTCHHUST HHTEPJIOK, UMEET MUKPOIIOPHUCTYIO THAPO(GOOHYI0 MEeMOpaHy
B KadgecTBe BHYTPEHHETO cIos, KOoTOpas obecrieunBaeT
BETPOHETIPOHUIIAEMOCTH M BOJOCTOMKOCTh (water-resistant, 8000 mm), a
TaKke  (QIMCOBYI0  MATKYI0 BHYTPEHHIOIO  IIOBEpXHOCTb, KOTOpas
oOecrieunBaeT TEIUIOBOH KOMGOPT 3a CYET BOPCOBOI IOBEPXHOCTH.
Hccnenyemble Marepuasisl Onarofapsi CBOMM HMHHOBAIIMOHHBIM CBOWMCTBaM
3aMEHSIOT TPaAULOHHbIE TPU CJI0Sl TOPHOIBDKHOIO KOCTIOMA HA JIBa, TO €CTh
UCKJIIOYAIOT U3 IaKeTa MaTepHaJoB BETPO3AIIMTHOIO KOCTIOMa OOBEMHBIN
YTETIIUTENb.
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Ha ocHoBanuu aHanuza pacrpeaencHusi TEMIEpaTyp U TEIUIOBBIX MOTOKOB
B Pa3NMYHBIX YacTAX TeJda ONPEICIIAIOTCS MECTO pAacCIOIOKeHUS |
TEPMHUYECKOE COINPOTHBICHUE YTCIULIIOIINX 3JEMEHTOB B KOHCTPYKIHH
TOPHOJIBIKHOM OAEKIBI.

Pesymbratel mccnemoBaHHWS MOTYT OBITH IIOJIE3HBI CIICIIHANTUCTAM IIPH
MPOEKTUPOBAHUHN TEPMOOENbs JJIsI WHBAIKUAOB, BHICOTHO-KOMIICHCHPYIOIINX
KOCTIOMOB JIETYMKOB, KOCTIOMOB ITOCTOSSHHOT'O HOIIEHHUS JUIsI KOCMOHABTOB, a
TaK € MPU COBEPILICHCTBOBAHUHU DSJEMEHTOB CHCTEM TEepMOCTaOMIN3aIuU
ckagaHIpoB.

Designing sportswear for paralympian alpine skiers at low temperatures
Gorkunova S.Y., Khromova 1.V.
NTI (branch) “MSUDT”, NSTU, Novosibirsk

Nowadays, in Russia much attention is paid to social programs intended for
persons with disabilities, including people with full or partial loss of function
of the movement as a result of disease or spinal cord injury.

The aim of this work is to study the heat transfer processes in the system
"man - thermal protection - environment", and improving the existing range
of sportswear as an effective way of thermal comfort for people with
disabilities.

In this paper experimental studies of thermal properties of various
materials in a wide range of environmental parameters is conducted,
including studies of elastomeric membranes using for the production of
specialised clothing and thermal underwear.

Working principle of the membrane is based on the fact that a molecule of
water (in vaporized state) many times smaller than water drops, so
evaporating sweat freely comes out, but water does not get inside ski
costume. Another important property, which has a membrane material -
airtightness. The properties of an elastic membrane material - a three-layer
knitted fabric. A thin dense weave interlock knitted fabric, a microporous
hydrophobic membrane as the inner layer, which provides windproof and
waterproof (water-resistant, 8,000 mm), as well as a soft fleece an inner
surface which provides the thermal comfort through the pile surface are
studied in details. The traditional three layers of ski costume was replaced
into two layers by test materials with innovative properties. These materials
are exclude the volume insulation from the materials set of windproof
costume.

On the base of analysis of the temperature allocation and heat flow in
various parts of the human body the location and thermal resistance of
insulation elements in the construction of ski costume are determined.

The results of the study can be used by specialists in the design of thermal
underwear for disabled people, pressure costumes for pilots, constant wear for
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astronauts, and in improving the elements of system thermostabilization of
space suits.

MopenupoBaHue BJMSHUA BbICOTHBIX (AKTOPOB
Ha padoTy KPOBEHOCHOM CHCTEMBbI YeJI10BeKa
HaraeBa A.B., Xpomosa 1.B.

HI'TVY, r. HoBocubupck

AxTyanpHOH 3amaueil B oOsacTé 0€30MaCHOCTH KOCMHMYECKHX IOJIETOB
SBJISCTCSl pa3paboOTKa CPEACTB 3alllUThl, HAMPABICHHBIX Ha KOMIICHCAIIHIO
TUIOJMHAMUN B YCIIOBHSX JUTMTENBHOM HEBECOMOCTH. B HacTosIee Bpems
CYIIECTBEHHO  PACIIUPUINCH  TPaHHUIBl  (DU3UYECKOTO  COCTOSHHUS
KOCMOHABTOB, JOIYCKaeMbIX K TOJIeTaM B KocMoc. Hapsay ¢ MmupoKuME
BO3PAaCTHBIMU PaMKaMH, MOXKHO BBIICIUTh U TPU XAPAKTEPHBIC TPYIIIbI 10
TUITY JBUTATEIILHON AKTUBHOCTH: CHEIHATHUCTHI-0MIEPATOPHI,
OOpTHHXKEHEPBI, TPCHUPOBAHHBIE KOCMOHABTHI (HANpHMEp, BOCHHBIC
netyuku). [loHWKEHHAasT  JABUTATENbHAasT  AKTHBHOCTh  yXY/IIAeT
COCTOSIHME HE TOJBKO MBIIIEYHOW CHCTEMBI B BHAC aTPOPHUECKUX
W3MEHEHUH JIBUTATEJIBHOTO annapaTa, HO U CepIAeYHO-COCYAUCTOM, a TaKkxkKe
MHOTHUX APYTHUX CUCTEM OpraHu3ma.

Haubonee »(QekTHBHBIM CcHOCOOOM  HEWTpajM3alMd  HEraTUBHOIO
BO3JICUCTBUS JaHHBIX (PAKTOPOB SBJSIFOTCS TPEHAXEPHI, (HOPMHUPYIOIIHEC
3aaHHyI0 (U3nUYecKyro Harpy3ky. Ocoboe 3HaueHHE TPH ITOM HMEIOT
WHIIMBHyalIbHBIE 0COOEHHOCTH OpraHu3Ma JUIsl pa3IndHbIX BO3PACTOB, I0JIa,
a TaKXkKe COCTOSHHS OpraHM3Ma: THIA KOHCTUTYIMH, BHIA JBUTaTEIbHOU
aKTUBHOCTH, Beca. OueHb BaXXHO NPH PEHICHHH 33/1a4d KOMIICHCAIUH
TUIIOJIMHAMHUY U HEBECOMOCTH T0/100paTh BENUUUHY (HH3HMUYSCKON HArpy3Ku
HA KOHKPETHBIE TPYIIITBI MBIIIII.

Lens Hactosimield pabOThl — KCCIICAOBAHUE BIMSHHS THUMA JBHUIATEIbHOM
AKTHMBHOCTH 4YeJIOBeKa, BHJa W BEIMYHHBI (DU3UUECKOH HArpy3Ku Ha
pasiuuHble TPYNIBl MBI HpH  pa3paboTke CpeAcTB OoprObI ¢
THIIOJIMHAMKEH B yCIOBHSX HeBecoMOCTH. Oco0oe BHMMaHHE IOCBSIICHO
OLICHKE CTCIICHU 3(1)(1)GKTI/IBHOCTI/I CpCACTB KOMIICHCAIMU OTHACJIBHO JJIA
MYKCKOT'O U KEHCKOTO OpraHu3ma.

B pa60Te BBIIIOJIHEH KOMIIJIEKC MOACIBbHBIX I/ICCHCI[OBaHI/Iﬁ BJIIMAHUA
Pa3UYHBIX THIOB J[BUTATEIbHONW AKTHBHOCTH, BHUJIOB U HWHTEHCHBHOCTH
(bu3nUecKoil Harpy3Ku Ha paboTy KPOBEHOCHOI CHCTEMBI Il MYXCKOTO U
KEHCKOTO OpraHM3Ma B YCIOBHSX JUIUTENIBHOW HeBecoMocTH. Tak ke
npoBeieHa OLEHKa 3(GEKTUBHOCTH PA3IMYHBIX THIIOB TPEHAXEPOB
(Bemocumenn W OeroBas JOPOXKKa, OSJUITMITHYECKHUI TpeHaxEp, rpedis,
THIIEPIKCIEH3HS U JIP.).

Ipouecc aganTanuu YyeaoBeka K HEBECOMOCTH 0OJIee JIETOK M JOCTUTAeTCs
MeHbIIEeH «(U3NOIOTHUECKOW I[EHOW», YeM peajanTanus K 3eMHOW Ccuie
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TSDKECTH TI0CJE JUIMTEIBHOrO TpeOBbIBaHMS Ha OKOJIO3EMHOW opOwuTe.
BoszHuKkaromue y KOCMOHAaBTOB BO BPEMsI BOCCTAHOBHTEJFHOTO IEPHOAA
CPOYHBIE U JOJITOBPEMEHHBIE MPUCIIOCOOUTENBHBIE PEAKIINH HAIIPABICHBI Ha
BO3BpAICHUE K IPEIIOJETHOMY YPOBHIO (YHKIIMOHHPOBAHHS >XH3HEHHO
BOXHBIX cHcTeM. OTIENbHOE HCCIIEIOBAaHME IMOCBSIICHO aHATU3Y CHOCOO0B
peabmnuTanuy KOCMOHABTOB IIOCIIE AITUTEIBHBIX TIOJIETOB.

Modeling the impact of negative factors flight on the circulatory
system of a person
Dagaeva A.B., Khromova I.V.
NSTU, Novosibirsk

Actual problem on the space flight safety is the development of means of
protection designed to compensate hypodynamia under conditions of
prolonged weightlessness At present greatly widened the boundaries of the
physical condition of the astronauts admitted by to fly into space. Along with
a wide age limits, we can distinguish three characteristic groups the type of
physical activity: experts-operators, flight engineers, trained astronauts (for
example, military pilots). Reduced physical activity worsens the condition of
not only the muscular system in the form of atrophic changes of the
locomotor system, but also cardiovascular, as well as many other body
systems.

The most effective way to neutralize the negative effects of such factors are
simulators that form a given exercise. In this case, of particular importance
are the individual characteristics of the organism for different ages, sex, and
condition of the body: the type of constitution, the type of physical activity,
weight. It is very important for solving the problem of compensation
hypodynamia and weightlessness to pick the amount of exercise on specific
muscle groups.

Purpose of the present work is study of the effect of type of physical
activity a person, the type and magnitude of exercise on different muscle
groups in the development of means to combat with hypodynamia in
weightlessness. Particular attention is devoted to assessing the degree of
effectiveness of compensation separately for male and female body.

In the work there were made modeling investigations of the influence of
different types of motor activity, types and intensity of exercise on the
circulatory system for the male and female organism in conditions of
prolonged weightlessness. The effectiveness of different types of simulators
has been assessed (bike and treadmill, elliptical trainer, rowing,
giperekstsenziya etc).

The process of human adaptation to weightlessness is easier and is
achieved lesser "physiological cost" than the readaptation to Earth's gravity
after a long stay in Earth orbit. During the recovery period, astronauts appear
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urgent and long-term adaptive reactions to return to preflight level of
functioning vital systems. A separate study is devoted to analysis of
rehabilitation techniques astronauts after long flights.

MHorokpurepuaabHblii NapaMeTpU4ecKuil aHAIU3 3QPeKTHBHOCTH
M MHOTOKPUTepHAJbLHAS ONTHMHU3ALHS ONePATUBHOIO INIAHUPOBAHNUS
1eJeBoro GyHKIHOHUPOBAHMUS KOCMHYECKHX CHCTEeM HAOII0eHUS
H CBSI3H
Hapsonsix B.B.

MAM, r. Mocksa

Pacmmpenue  cmexkTpa  MpegoCTaBISEMBIX B HACTOAIIEE  BpeMs
KOCMHUYECKHX YCIYI M MH(POPMAaIMU TECHO YBS3aHO C COOTBETCTBYIOIUMH
IporeccaMy yIpaBieHus kocmudecknmu ammapatamu (KA) n cucremamn
(KC). Ha coBpemeHHOM »3Tame MNPOEKTUPOBAHHE KOCMHYECKHX CHCTEM
Habmonernss (KCH) m cBmu (KCC) HampaBieHO Kak Ha JOCTIDKCHHE
MHOTOQYHKIMOHAJIBHOCTH WX [EJIEBOr0 NPUMEHEHWS, TaK M Ha
MEPCOHATM3ALMUIO YCIYI MpPH TOJYYEHHH KOCMHYECKHX CHHMKOB U
oOecrieueHnH CIyTHUKOBOM CBSI3pI0 C TMOJIHBIM COOTBETCTBHUEM DSIY
NpeABSIBISIEMBIX — MOTpeOuTensiMu  TpeboBanuid.  CrenoBarenbHO, U
a¢dextrBHOCTH IeneBoro ¢ynknunonuporanns KCH u KCC onpenensiercs
[0 HECKOJNBKUM TIIOKa3zaTensiM. J[ng ee moBBIIEHUS Tpedyercs peuatsh
npo0yieMy MHOTOKPHUTEPHAIBHOIO aHaM3a M ONTHMHU3ALUU ONEPATHBHOIO
IUIAaHUPOBaHuUs HesieBoro ¢pynkiuonupoanusi KC, kotopas B o0iiem ciydae
XapaKTepU3yeTcs MOIMHOMHAIBHON CII0KHOCTBIO.

Lens  nokmama —  JeMOHCTpanusi  KOMIUIEKCHOH — METOIUKH |
CHELHUaIN3UPOBAaHHOTO IIPOTPAMMHOTO OOECTIeUeHHs, MO3BOJISIOEro Ha
OCHOBE MOJIETIMPOBAHMS PELIaTh yKa3aHHYIO MpoOJIeMy M CBsI3aHHBIC C Hel
YacTHBIE 3a/1a9H Ui J'oOoi opouTansHOU rpymmupoBkud KCH i KCC.

B noxmnazne npencraBieHsl 1 00CYKAAIOTCS:

. Mozenu mporeccoB neneBoro ¢ynkinuonuposanns KCH u KCC ¢
Y4eTOM OTpaHHWYEHHUI, OOYCIOBICHHBIX CIEHAPHSIMH HX paboThl H
TexHuueckuM pecypcom KA, TpeboBaHuii Kk mapamerpaM pabodyux OpOUT
KA, a Taxke BHemHMX (aKTOPOB (OCBEIIEHHOCTh, O0OJIAYHOCTH,
PaAMOBUIUMOCTD U T.11.);

e  (Qopmamuzanus ¥ MOCTAHOBKM HPOOJIEMbl MHOTONapaMeTpUIECKOTO
aHanuza  AQQPEKTUBHOCTH WM  MHOTOKPUTEPHAIBHOH  ONTUMH3ALNH
OIIepaTHBHOTO UIAaHUpOBaHus nenesoro ¢pyHknuonnposanuss KCH u KCC,
a TaKKe CBS3aHHBIX C HEH YacTHBIX 3a/1a4, BKJIIOYAIONIMX KPHUTEPHH
(moxazarenu) oueHku 3¢ dexTruBHOCTH LeneBoro GyHkuuoHupoBanus KC;

®  KOMIUIGKCHas METOIMKa pELICHHUs IIOCTAaBJICHHBIX MpPOOJIEMBI M
3a/1a4 aHaJIN3a U ONITUMH3AIINH;
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e  CICHMATU3MPOBAHHBIA MPOrpaMMHBII KOMILIEKC, 00eCIIeYHBaIOIIMit
CHCTEMHOCTh, YHHMBEpPCAJbHOCTH M HY)XHOE OBICTpOACiiCTBHE IpU
BBIYHCIICHUSX.

B nokmaze nmpuBOIATCS M 00CYXKIOAIOTCS MPUMEPH PELICHHUS MOACIBHBIX
3a71a4 MHOTOKPHUTEPHAIILHOTO IapaMeTpHUYecKoro aHanmusa 3GpQeKTHBHOCTH 1
MHOT'OKPUTEPHATIBbHON ONTUMHU3ALUH LEJNeBOro (YHKIMOHHPOBAHHS psna
mHorocnyTHHKOBEIX KCH 1 KCC.

Jloknaj TONTOTOBICH C  HWCIOJBb30BAaHMEM  pe3yJbTaTOB  HAayYHBIX
UCCIeJ0BaHMH, POBOAMMBIX aBTOPOM NpH mojyepxke Poccuiickoro donna
¢ynnameHTanbHbIX uccnenoBaHuid (rpantel NeNe 11-08-01278-a, 13-08-
01381-a).

Multi-criteria parametrical analysis of efficiencyand multi-criteria
optimization of operative planning of target functioning for satellite
observation and communication systems
Darnopykh V.V.

MAI, Moscow

Expansion of space services and information provided now is closely
coordinated to the corresponding control processes of the spacecrafts (SC)
and systems (SatS). At the present time design of satellite observation
(SatOS) and communication (SatCS) systems is directed on achievement of
multi-functionality of their target functioning as well as on personalization of
shooting and communication services with acceptability status of costumers.
Therefore, the efficiency of SatOS and SatCS target functioning is
determined by several rates. It is required to solve a problem of the multi-
criteria analysis and optimization of operative planning of SatS target
functioning for efficiency increasing. Such problem is characterized by
polynomial complexity in general.

The purpose of the paper is demonstration of the aggregated technique and
specialized software allowing to solve on the basis of modeling the
considered problem and related tasks for any SatOS or SatCS orbital
constellations.

The following subjects are presented and discussed in the paper:

e models of SatOS and SatCS target functioning processes taking into
account the restrictions caused by scenarios of their operation and SC
technical resource, requirements to SC working orbits parameters and
external factors (illumination, overcast, radio visibility, etc.) also;

e  formalization and statements of multi-parameter analysis of
efficiency and multi-criteria optimization of operative planning of SatOS
and SatCS target functioning problem and the related tasks including
criteria (indicators) of efficiency estimation of SC target functioning also;
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e  aggregated technique for solving of the mentioned above problem
and tasks of analysis and optimization;

e  specialized software providing systemacity, universality and speed
of a computer when carrying out calculations.

Several examples of model tasks solving of the multi-criteria parametrical
analysis of efficiency and multi-criteria optimization of multi-satellite SatOS
and SatCS target functioning are given and discussed in the paper.

The paper was supported by The Russian Foundation for Basic Research
(projects No.No. 11-08-01278-a, 13-08-01381-a).

MeToanka OleHKH IKCIIEPUMEHTAIBHOM 0TPa0oTKH 00beKTOB
HCIBITAHUI C y4eTOM MX Pa004yuX XapaKTepUCTHK
Hynaes /1.B., Kpuo6okos JI.B.

I'TI «Kb «tO>xHoe», r. JIHenponeTpoBck, YKpanHa

Ha ceromusmHuii neHp NpH OICHKE BapHaHTa s IUIAHAPOBAHUS
SKCIepUMEHTANbHOH oTpadoTku (D0) obbekra membitanuii (OU), B ToMm
4ucie [UIA W3JCNNH paKeTHOH TEXHHWKH, PYKOBOJCTBYIOTCS CTOMMOCTBIO
BapuaHTa U JUIMTEIbHOCTBIO NMPOBEICHUS €0 HCHBITAHUH. DTO HE B MOJHOU
Mepe ortpaxaer wnenbp 0 gaHHOro wu3enus (ompeneneHue PpadouMx
XapaKTePUCTHK), TaK Kak paboune xapaktepuctuku OV uMeroT pa3nudHble
Pa3MEpHOCTH ¥ Mana3oHbl U3MEHEHUs. DKCIIepUMeHTallbHast oTpaboTka ON
OCHOBaHa Ha HWEPapXUUECKOM INPHUHIMIE, KOTOPBIA IMOJpa3yMeBacT
MOCJIEIOBATENIbHYI0 OTPa0OTKY paccMaTpuBaeMOro H3IeNUsl BIUIOTH [0
YpOBHsI Hamboliee CII0)KHOTO H3JeiHs (CHCTEMa WM KOMILUIEKC), B KOTOPOE
oHo BxomuT. Kpome Toro, BapuanTel 3O paccMaTpUBAEMOTO U3ICIHS MOTY
OTIIMYATBhCS COACPIKAHHEM J5TaloB (BUAAMH W KATETOPHUSMH) HCIIBITAHHUIH.
Takum 00pa3zom, 4eM CIIoKHEee «KOHEUHOe» H3Jenue, moasepraemoe 30, TeM
CJIO’KHEE OI[CHHUTH €T0 BAPHAHT OTPAOOTKH.

Jnsa ynpomenust ouenku 90 OU npemmnaraercss paboune XapaKTepUCTHKU
paccMaTpuBaeMOro  W3JIeNusl  ONpeNelisiTh B KOJMYECTBE  YCJIOBHBIX
TEXHUYECKUX eAuHUI (y.T.e.) mo dopmyIe: pr:1+1g(x/ XO), rme X —

mapaMeTp paccMarpuBaeMoil pabouell xapaktepuctukm (PX), a X L
HOPMHUPOBAaHHBIA €€ mapaMeTp 3HaueHHe KOTOPOro MpHHHUMAeTcs B
COOTBETCTBUH C JEHCTBYIOIIMM ¥ HOPMATHBHBIMH TOKYMEHTAMH HWIJIH
pacuéToM W3 yX€ NPHHATHIX HOPMHUPYEMBIX MapaMeTpOB, WM HA OCHOBE
OKCHEPTHOH  OLEHKH, WIM W3 TPaKTUUYECKUX COOOpakeHHH  [id
paccmarpuBaemort  PX, wmm  obmenpunsTtoe (HampuMep, dYacTora
IIEPEMEHHOTO TOKA CEeTH OOIIEeTO MOJIB30BAHNU).

Torma mis KaXkIoro n-ro dTama WUCHBITaHUN paccMmarpuBaemoro OU,

m
coacpiKaero m BUA0B, KOJIUYECTBO Y.T.C. 6y11eT paBHO ZKi , a IJI1 BCCX
px
i=1
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n_m o o
3TaIllOB — ZZ k' - BEcmm Ke BuABI HCIBITAHWH HMMEIOT k xareropuit
px
j=1 i=1
WCTIBITAHWH, TO A KaXKIOTO BHIA WCIBITAHMA KOJIMYECTBO y.T.e. Oymer
k
y m k
paBHO ZK px» AU KQKJIOTO dTama — zz KY , AId BCEX JTaloOB —
px
y=1 i=l y=I

n_m k

ZZZ K. CormocTaBUB COOTHOMIEHHS KOJIMYECTBA Y.T.€. CO CTOMMOCTBIO B
j=1 i=l y=I
Ka)kKJIOM U3 BapUaHTOB BO3MO>KHO BBIOPaTh HAWIYYLINH BAPHAHT OTPAOOTKH.
IIpumenenne Meronuku onenku O30 OUW ¢ yuetom paboumx
xapakrepuctTuk OV 1O3BONAET ONPENENuTh KOJWYECTBEHHYIO OLCHKY
CTOMMOCTH OTpPaOOTKM YCIOBHOM TEXHHYECKOH EIMHHUIBI B KaKIOM U3
BapUAHTOB SKCIEPHMEHTAIBHOH OTPa0OTKH, YTO CHOCOOCTBYyeT Ooree
000CHOBaHHOMY BBIOOPY IIpE/UIaracéMbIX BapHAHTOB OTPabOTKH M Oojee
MIOJTHOMY MX COOTBETCTBHIO IIETH OTPAOOTKH.

Methodology of estimation of the experimental development off the
objects of testing object into account their working descriptions
Dunaiev D.V, Kryvobokov L.B.

State Design Office “Yuzhnoe”, Dnepropetrovsk, Ukraine

At the present day, variant cost and duration of its tests are using for
experimental development (ED) out variants of testing object, including
rocketry products, follow the cost of variant and duration of realization of his
tests. It doesn't fully reflects the goal of ED out for this product
(determination of working characteristics) because working characteristics of
testing object has different dimensions and variation ranges. Experimental
development out of testing object (TO) is based on hierarchical principles
which means sequential working out of TO up to the most complicated
product level (system or complex), in which it contains. Besides,
experimental development out variants can vary by tests stages content (types
and categories). Thereby, the more complicated is testing final product, then
it's working out variant is more difficult to rate.

Determination of testing product working characteristics with amount of
conditional technical units (c.tu) using the XK d:1+lg(x/ X 0) formula,

where X — pending working characteristics parameter, X’ _ standardized
parameter, which value takes according to actual normative document or
already taken normalized parameters calculation, or basing on expert rating or
practical considerations for pending working characteristics or conventional
value (AC frequency of local networks for example) is offering this way for
testing subject working out simplification.
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Amount of c.t.u. will be equal to i K, for each the Nth stage of tests of
i=1
examined TO, containing Mth modes, and for and for all stages — ZZ K,
Jj=1 =l
If the types of tests has Kth categories of tests, then for every type of tests

m

k k
amount of c.t.u. will be equal Z K, for every stage — ZZ K, for all

y=I i=1 y=1

stages — Zn:ii K}, - Confronting correlations of amount of c.t.u. with a
j=l1 i=l y=I
cost in each of variants it is possible to choose the best working off variant.
Using of experimental development out techniques of testing object
according to testing subjects working characteristics allows defining the
quantitative estimation cost of working off conditional technical unit for each
variant of the experimental working out, which promotes more reasonable
choice of the offered working out variants and their more complete
accordance to working out aim.

Oco0eHHOCTH HCIIO0Jb30BAHUSI HAHO-CIYTHUKOB KJacca CubeSAT s
pellleHus1 HAYYHBIX 32/1a4
3yes .M.
CubI’AY, r. KpacHospck

B moctpoenmn xocmuyeckux ammapatoB  (KA) MOXHO OTMETHTH
TEHJCHIMIO K MUHHMATIOpW3allMM  amnmapaTtoB. Pe3ynbraroM JaHHON
teaaeHmn sBistoTest KA cranmapra CubeSAT. OcHOBHBIM OJIOKOM TaKOToO
HAHO-CITYTHHKA ABJIsIeTCs KyO 00BéMoM 10x10x10 em’ 1 maccoit 1.3 kr (1U).
W3 Hero MoryT ObITh ocTpoeHs! ciryTHuku 2U, 3U, 6U.

Lenpto  nmaHHOW  paboOTHl  SBIAETCS  BBISIBIEHHE  OCOOEHHOCTEH
ucnonb3oBanus CubeSAT B Hay4YHBIX UCCIIEIOBAHUIX M MPOBeIeHUE 0030pa
Kpyra HauboJiee MOAXOANNX HAYIHbIX 3a/1a4.

KA CubeSAT mnonynsipHel B 00pa3oBaTelbHBIX M HAy4HBIX HPOEKTaX
MHOTHX YHHBEPCHTETOB MHpa. ITO O00YCIOBIEHO TpeMsI IPUIMHAMH: HU3Kas
croumocTh M Bpems pazpabotku (30-100 TeIc. momn., 1-2 roma), Hu3Kas
CTOMMOCTB 3aITyCKa, BO3MO)KHOCTh MHTETPAIMHU CTYJICHYECKOTO 00pa3oBaHus
U HaydHBIX HccienoBaHnii. KA Moryr OBITh ITOJHOCTBIO pEan30BaHBI
MaJIBIMH KOJUIEKTHBAMH CTYZEHTOB M aciupaHToB (5-30 4er.), 4TO MOBBIIIAET
Ka4ecTBO 00pa30oBaHus 3a CUET MPOEKTHOH MOoJIesT 00yUYEHUs U IPUBIICYEHUS
K peaJIbHBIM HaY4HBIM HCCIIEIOBAHHSIM.

Cpoku pa3paboTKH MOTYT OBITH CHFDKEHBI NPH HCIOIB30BAHUU T'OTOBBIX
cayxkeOHbIX  Tatdopm,  TpencTaBieHHbIX Ha  peiHKe  CubeSAT
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KOMIUIEKTYIOIINX, YTO TO3BOJISIET COCPEOTOYNTRCS Ha pa3paboTKe MOoJIe3HON
Harpy3KH.

Pemenne Hayuneix 3agad Ha CubeSAT cBs3aHO C PSIOM TPYXHOCTEH:
CEphE3HBIE MaccoradapuTHBIC OTPAHUYCHMS, HU3KHH CPOK aKTHBHOTO
cymectBoBaHus (1-3 roma) m orpaHMYEHHWs >HEPrONMTAaHMUS, CBA3AaHHBIC C
MAaJICHBKOM TUIOIIAABI0 COTHEUHBIX OaTapet.

CubeSAT sBmsieTcst TOMyISIPHOW SKCIIEPUMEHTAIBHON TUTaTGOPMON IS
NPOBEPKH U TECTHPOBAHUS pa3pabOTaHHOrO OOOPYHOBAHUS, TEXHOJIOTHH U
9JIEMEHTHOH 0a3bl: TECTUPOBaHUE OOPTOBBIX KOMIIBIOTEPOB, CPEACTB CBSI3H,
JIaTYNKOB, KaMep, TPOCOBBIX CHCTEM, COJIHEYHBIX HapycoB M T.I. Kpome
atoro, Ha ocHOBe KA kiacca CubeSAT OTHOCHTENBHO OBICTPO U HEIOPOTO
MOXeET OBITh peaiM30BaHa HHU3KOOPOWTaJbHasl IPYNIHMPOBKAa KOCMUYECKHX
anmapaToB ISl MCCIEHAOBAHUS BEPXHEH aTMoc(epsl M AUCTAHIHOHHOTO
3oH1upoBaHus 3emsn. OCHOBHAS 4acTh pelIaeMbIX (yHAaMEHTAIBHbIX 33139
Ha KA wmacca CubeSAT cBs3ana ¢ uccienoBaHHEM BepxXHEH aTMoc(epsl,
KOCMHYECKHX H3IyYeHHH, paclHpOCTpaHEHHs pPaauoBOJH B aTMmocdepe,
THIPOMETEOpPOJIOTHEH M DKOJOTHEH, a  TakkKe OHOJOrMYeCKUMH
skcriepuMenTamMu. CymecTByroT mpoekTsl CubeSAT mna  mpoBeneHHs
MEXKIIIAaHCTHBIX I/ICCHe[[OBaHI/Iﬁ.

Takum o0pazom, CubeSAT sBisieTcst NEpCEKTUBHBIM HHCTPYMEHTOM JUIS
IMPpOBEACHUA (byH[[aMeHTaHI)HLIX 1 MPUKJIaJHBIX I/ICCHC}IOB&HI/II?I B MHTETpaliun
CO CTYJICHYCCKOW Haykoil m oOpa3oBaHueM. BbUIM MOKa3aHbI OCOOCHHOCTH
ucnonb3oBanusi CubeSAT B HaydHBIX HCCICIOBAHUAX U MPOBEICH 0030p
HanOoJiee MOIXOAAIINX 33824 JUIA POBEICHHUS UCCIIEOBAaHMM.

Features of using CubeSAT class nano-satellites for research tasks
solving
Zuev D.M.
SibSAU, Krasnoyarsk

There is a tendency to miniaturization in satellite development. CubeSAT
class satellites are one of this tendency result. A basic unit of the satellite is
cube with dimensions 10x10x10 cm® and mass 1.3 kg (1U). Satellite formats
2U, 3U, 6U can be construction with the help of basic units combining.

The aim of this paper is to reveal features of using CubeSAT class nano-
satellites for research tasks solving and reviewing appropriate science tasks.

CubeSAT satellites are popular in education and scientific projects of many
universities in the world. There are three reasons. It is low cost and
development time ($30-100k, 1-2 years), low cost of launch and the ability to
integrate student education with scientific research. These satellites might be
constructed by small work team (5-30 workers) of students. Thus, the quality
of education might be improved with project learning model and involvement
in real researches. Development time can be decreased with using of ready

128



satellite service platforms that presented on a CubeSAT components market.
In this way payload might be in focus of research.

Solving research tasks by CubeSAT satellites is associated with a number
of difficulties. First of all, it is limitation of weight and size. Secondly,
limitation of power supply is result of small solar panel square. Thirdly, small
lifetime (1-3 years) is also a drawback.

CubeSAT satellites are popular experimental platform for testing
developed devices, technologies and element base (test of on-board
computers, telecommunication means, trackers, cameras, space tethers, solar
sails, etc. Moreover, an orbital CubeSAT constellation can be created with
relatively inexpensively and quickly way. For example, the CubeSAT
constellation can engage in upper atmosphere research and remote sensing of
the Earth. Main part of solving fundamental science problems is associated
with researches of upper atmosphere, space radiation, radio-wave
propagation, hydrometeorology and ecology, microbiology. Also, there are
projects of CubeSAT satellites for interplanetary mission and researches.

Thus, CubeSAT satellites are perspective instruments for fundamental and
applied researches in the integration with student science and education.

AHaJIn3 TpeOGOBaHUI, ONIpeNe IS IONIUX MPOEKTHDIN 001K paKeThI-
HOCHUTEJISI CBEPXTSIKEIOr0 Kiacca
HWBanos M.B.
[MHNWmami, r. Koponés

B centsiOpe 2014 roma mpesumeHT Poccmiickoit ®emepanuu omoOpiut
npeanoxkeHne PockocMoca 1O CO3MaHMIO  KOCMHYECKOTO — PaKeTHOTO
KOMIUIEKCa C PpaKeTOW-HOCHTENeM CBepXTsbkenoro kiacca. Hama crpana
Beien 3a CHIA, oOBSBHBIINME O CO3JaHWUU CBEPXTsDKENOro Hocutens SLS
(Space Launch System) eme B 2010 roxy, mpuCTyIHIa K UCCIIEAOBATEIHCKON
JIeATEIbHOCTH B yKa3aHHOM HallpaBJICHHUH.

Kocmuyeckuii pakeTHBIH KOMIUIEKC CBEPXTSDKEIOTo Kilacca IMpeaHa3HaueH
JUIS BBIBEICHUS MIIOTHPYEMOT0 Kopaduis g obneta JIyHbI, TUIOTHP yeMBIX
SKCHEeIUIMA Ha ToBepxXxHOCTh JIyHBI, a Takxke [  BBIBEJCHUSA
KPYHHOTabapUTHBIX MOAYJeH OpOWMTAJbHBIX CTAHLIMH Ha HU3KYIO OpOUTY
3emin 1 TsDKeIbIX KA Ha BBICOKORHEPTETHUYECKHE OPOHTHI, B TOM YHCJE Ha
I'CO u otnérHble TpaekTopuu K miuaHeraM COTHEYHOH CUCTEMBI.

CymecTByer psan TpeOOBaHWI, ONpenessomuX OONMK  Oyaymiero
KOCMHMYECKOTO PaKeTHOro Kommiekca. KOMIOHOBKa pakeTbI-HOCHTENS
JOJDKHA oOecrieunBaTh yHHBEPCAJIbHOCTh ISl MPUMEHEHMS! Kak B COCTaBe
KOCMHMYECKHX KOMIIIEKCOB C  aBToMmaruueckumu KA, Tak u ¢
MUIOTUPYEMBIMU anmnapaTaMu. B cBsi3u ¢ npumenenuem PH cBepxTsxenoro
KJacca Uil MWIOTHPYEMBIX 3aIlyCKOB, IS JOCTHIKEHHS O€30IIaCHOCTH H
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0c3aBapUilHOCTH, HSHEPreTUYECKUE  XApPAKTCPUCTHKH  PaKET-HOCHTEICH
IOJDKHBEI 00€CTIEYNBATE:

. BEIBEICHHE MWIOTHPYEMBIX  KOpaOled 1Mo  TpaeKTOpHUH  C
MOTPeOHBIMU JIJIsI pa3paboT4YHKa CITyCKaeMOTro armapaTa Ieperpy3kaMu
1ocJie OTAENEHUs OT aBapuiiHoil PH;

. COXPaHHOCTh CTapTOBOTO COOPYXKCHHS TIPH  BO3HUKHOBEHUH
aBapUMHBIX CHUTyallMii Ha HayaJbHOM Yy4YacTKe TIOJeTa U BBHINOJHEHHE
MporpaMMbl TOJNETAa C OIHUM HEPAOOTAIONIMM MApIICBBIM JBHraTEICM
00KOBOrO OJIOKA.

Taxoke npu onpenenennu oosnuka PH cBepxTsikenoro kiacca He0OX0AUMO
YUUTHIBaTh  chenuduky kocMompoma  «BOCTOYHBIN», € KOTOPOTrO
IUTAHUPYETCs COBepLIaTh 3amycku. PaiioHbl mNaJeHHWss TMEepBOM CTyNEeHH
HaXOJIATCS HA YIOaJICHUN

~ 1200 kM OT KOCMOApOMa B CBSI3M C HEOOXOTUMOCTHIO YyBOHIA 3a O.
CaxanuH.

AHaMU3UpPysT MEPOBEIC TEHACHIINH B KOCMHYCECKONW 00IacTH, HEOOXOIUMO
0c000 MOTYEepPKHYTH 00IIee CTpeMIICHHE K YHH(UKAIIMH COCTaBHBIX YacTel
PH. Vcxons u3 maHHOW MO3WIUH, BEACTCS 0OCYKICHHE MPOCKTHOTO OOJIMKa
OOKOBBIX OJIOKOB TiepBOW cTymeHH. Ele OJHUM OCHOBOIOJAraroluuM
MPUHIIMIIOM CO3JIaHUSl PAKETHOTO KOMIUIEKCA CBEPXTSDKENOro Kiacca
SIBIIIETCS. TPEEMCTBEHHOCTh TEeXHOJOTWH. Ilpu mMpoeKkTupoBaHUM HOBOTO
CBEPXTSDKEJIOTO  HOCUTENsI HEOOXOAMMO IIHPOKO TMPHUMEHATH  OIIBIT,
HaKOIJICHHBIH B Hamed ctpaHe mpu co3ganuu MTKC «Oueprus-bypan»,
MIPUMEHSISI TPU 9TOM COBPEMEHHBIE TEXHOJIOTUH, 00eCTIeunBaIONIUe 3316l Ha
Oymymiee.

Analysis of requirements, determining the shape
of the project superheavy rocket
Ivanov M.V.
TsNIIMash, Korolev

In September 2014, the President of the Russian Federation approved the
proposal of the Russian Space Agency to create a superheavy space rocket
launch vehicle. Our country after the United States, announced the creation of
superheavy rocket SLS (Space Launch System) earlier in 2010, started the
research in that direction.

Space rocket complex superheavy class is designed to remove the manned
spacecraft to fly around the Moon, manned missions to the moon's surface,
and moreover to derive the large-sized orbital station modules to the Low
Earth Orbit and heavy spacecraft on the high-energy orbits, including GEO
and the orbit to fly to the planets of the Solar system.

There are a number of requirements that define the shape of the future of
space rocket complex. Assembly of the launcher should provide flexibility for
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use as a part of space systems with automated spacecraft and manned
vehicles. In connection with the use of superheavy class rocket for manned
launches, in order to achieve security and trouble-free operation, the energy
characteristics of launch vehicles must provide:

e  FElimination of manned spacecraft on a trajectory to the needs of the
developer of the landing vehicle congestion after separation from the
emergency rocket;

e  The safety of the launch facility in case of emergency in the initial
part of the flight and the program of flight with one engine inoperative
marching side block.

Also in determining the shape of superheavy rocket need to consider the
specifics of the cosmodrome "East", with which it is planned to make runs.
Impact areas of the first stage are at a distance ~ 1200 km from the launch site
because of the need for the disposal island Sakhalin.

Analyzing the global trends in the field of space, it is necessary to
emphasize the common desire to unify the components of rocket. Because of
this position, the project under discussion image side blocks of the first stage.
Another fundamental principle of the creation of the missile system is the
continuity of the superheavy class technologies. For designing a new super-
heavy carrier must be widely applied experience gained in our country when
creating complex "Energiya-Buran", while applying modern technologies
providing for the future.

Pa3paboTka KoMIIeKCHOH MH(OPMAIMOHHOI MOJIeJIN 3TANOB
MaTepUuaTU3aliM U3/1eJUsl U AJITOPUTMOB paldoThl ¢ Hell B LeJIsixX
ynpaBJjieHusi 3¢ (PpeKTUBHOCTHIO POU3BOJICTBEHHBIX CHCTEM B X0/€ UX
OPraHU3alMOHHO-TEXHUYECKOI0 NPOEKTUPOBAHUS M MOAEPHU3ALMHU
Kabanos A.A.

MAMWU, r. MockBa

OO6yacThi0 HCCIEAOBAHUS SBJSIIOTCS KOHCTPYKTOPCKO-TEXHOJIOTHUECKOE
npoektupoBanne JIA, TexHoJlOTHYecKass TMOATOTOBKA IPOW3BOJICTBA,
MIPOEKTUPOBAHKE MIPOU3BOICTBEHHBIX CHCTEM MIPEeATPUATHI
A’POKOCMHUYECKON OTpaciiy.

Lenpto wuccnemoBaHusl SBISIETCST pa3pabOTKa KOMIUIEKCHON MOJenu
Marepuanu3alMyd  M3Aeaus. B MHTEpecax OLUEHKH U YIpaBJiCHUs
3¢ (GEKTUBHOCTBIO MPOU3BOICTBCHHON CUCTEMBI IPEIPUSTHSL.

Tpaguumonno, cormacHo ECKJ, w3nmenme ompenensercss Kak 000
MpeaMeT WM HabOop MpeaMeTOB MPOU3BOJICTBA, IOJICKAIIAX H3TOTOBICHUIO
Ha TpeAnpusTHd. B HacTosmiel pabore moj U3AETUEM IMOHUMAETCS O0BEKT
WHTEIJUICKTYyallbHOH  COOCTBEHHOCTH,  IIOJBEPTAIONIMICS  MIpOIEIypaM
MaTepuanu3alyy 0 MOMEHTa TOCTaBKH ero moTpebutento. M3BecTHO, 4TO
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LEHHOCTh W3NSl B KATETOPMAX MHTEUIEKTYyaJbHOW COOCTBEHHOCTH
HECPABHUMO BBIIIIE, UM LEHHOCTH (PU3MUECKOTO IK3EMILIAPA U3ACIH.

ITpuMeHUTENPHO K MHXEGHEPHOH NpakTHKE, K M3JEIHI0 OyaeM OTHOCHTH,
HalpuMep, HW  4epTeX  (KOHCTPYKTOpPCKas  MOKyMEHTaumus), W
TEXHOJIOTHUECKHH  Tporiecc  (TEXHOJOTWYECKas  JOKyMEHTanus), W
MPOU3BOJICTBEHHbIC HHCTPYKIWHU (IIPOM3BOJACTBEHHAS JIOKYMEHTAIMS) Kak
KOMIIOHCHTBl ~ MaTEepHaN3allid  HHTEIUIEKTYyalbHOH  COOCTBEHHOCTH,
OTHOCSLIECHCS K U3ACIIUIO.

PaspabarsiBaeMas KOMIIJIEKCHAs MOJEIb XapaKTepU3yeTcst
OCOOEHHOCTSIMM:

e  [IEJIOCTHOCTBIO OIMUCAHUSA W3IEIUA C MKCIONb30BAHUEM YACTHBIX
B3aUMOYBSI3aHHBIX MaTeMaTHYECKHUX Mojeneii, MO3BOJIIOIIHX

paccMaTpuBaTh H3JAEIAME C PAa3HBIX TOYEK 3PEHHS, COOTBETCTBYIOLIMX
CTaausAM €ro MaTepHaIu3allig;
®  CTPOTMM XPOHOJIOTHYECKHM TOPSAKOM €€ pa3padOoTKH, TUKTYEeMOTO

Pa3BUTHEM KM3HEHHOT'O IUKJIA H3/EHA.

MareMaTH4ecKUM ammapaTtoM pa3pabaTbiBaeMoOil KOMIUIEKCHOM MOJAENH
ABJISIETCS TEOpUsi rpadoB.

Teopernueckoit 0CHOBOI pabOTHI SBJISIIOTCS Uaeu yueHbix bemsikosa U. T.,
Bbopucosa 1O. /1., Enaruna C. U., Kynuka lO. I1., Amepurnpina I1. U.

CojneprxaHue KOMIUIEKCHOW MO U TIOPSJIOK €€ pa3padoTKH:

rpa¢ cOOpOYHOTO COCTaBa M3HETUSI = Tpad MPOLECCOB U3LETHSI = Tpad
MPOU3BOJICTBEHHOH CHCTEMBI M3AEINSA = Tpad) MPOU3BOACTBEHHONW CHCTEMBI
nu3aenuil (mpeanpusTus).

Kaxnmas u3 mocneayromux Mojenedl HacleayeT M JOIOJHSAET CBOICTBa
npenpinyiieid. IlpaBuna nepexoma M COOTBETCTBUE MOJENEH  CTPOroO
ompeneneHsl. V3MeHeHue B 000 M3 YaCTHBIX MOJeNeil oTpakaeTcs Ha
W3MEHEHHH KOMIUICKCHOM Mojenu B nesoM. Haumbonee monHas 1o
nHopmManmy Mozenb sBiIAeTcS 0a30i AN pa3pabOTKHM WMHTAIlMOHHOMN
MOJIENIN ¥ TOCTAHOBKH YKCIIEPUMEHTOB HA HEM.

The development of an integrated information model of the stages of
materialization products and algorithms in order to control the efficiency
of the production systems in the course of their organizational-technical
design and modernization
Kabanov A.A.

MALI, Moscow

Area of study are concurrent engineering, production tooling,
manufacturing engineering, design of production systems aerospace industry.

The aim of the study is to develop an integrated model of materialization of
the product in the best interests of the assessment and management efficiency
of the production system of the company.
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Traditionally, according to ESKD, the product is defined as any item or set
of items of production to be manufactured at the enterprise. In the present
work under the product refers to the object of intellectual property, subject to
the procedures materialize until delivery to the consumer. It is known that the
value of products in the categories of intellectual property is far higher than
the value of the physical instance of the product.

As applied to engineering practice, the product will include, for example,
and drawing (design documentation), and process (process documentation),
and manufacturing instructions (product documentation) as components of
the materialization of intellectual property rights related to the product.
Developed a comprehensive model is characterized by the features:

e the integrity of the product descriptions using private interrelated
mathematical models that allow you to see the product from different points
of view, corresponding to the stages of its materialization;

e  strict chronological order of development dictated by the
development lifecycle.

Mathematical apparatus developed integrated model is graph theory.

The theoretical basis of this work are the ideas of scholars Belyakov, L. L.,
Borisov, Y. D., Elagin S. 1., Kulik, Y. P., Yashcheritsin P. I.

The content of the integrated model and the procedure for its development:

Graph Assembly BOM = graph of processes of the product = graph
production system product = graph production system products (enterprise).

Each of the following models inherits and extends the previous properties.
Transition rules and compliance models are strictly defined. A change in any
of the private model is reflected in the change in the integrated model as a
whole. The most complete information model is the basis for the development
of the simulation model and the performance of experiments with models.

Pacuyer TpaekTopuii ynpapJ/isieMoro najieHusi 0Tpad0oTaHHbIX CTyNeHel
pakeT-HOCHTeJIeH
Aynpsuenko C.M., Kucnosckuit B.A.
UTIIM CO PAH, r. HoBocubupck

OmHuM W3 aKTyalbHBIX HaNpaBIeHUH WCCIEAOBAHUN adpOIUHAMUKHI
oTaeNAonmxcs yacteil paker-Hocutenei (PH), Bo3Bparmaronmxcs B paiioHbI
MajieHusl TPU BBIBEACHWM IIOJIC3HBIX HArPy30K, SIBISIETCS BO3MOXKHOCTD
co3manusi AI(PQGEKTUBHBIX YIPABISIOMIAX OPTaHOB ISl MHUHUMH3AIUH
Iomaael pa3dpocoB paioHOB MaICHUSI.

Henpro  paboTBl  ABISCTCS HW3yYCHHE IapaMETPOB  YIPABISIOMIETO
BO3ICHUCTBUSA, HEOOXOAMMOIO s YBOJIA OTAeNsdromuxcs dvacrteir PH B
3a/laHHBINA pailoH najeHusl.

IlepBeiM 5TamoM pabOTBl  SBISIOCH  ONPEACICHUE OalLTHCTHYECKOM
TPACKTOPUU TAJCHHUS TMEPBOM CTyNmeHHM O3 WCIOJIB30BAaHUS CUCTEM
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ynpasieHus. Jlins 3toro ObUIM 3apaHee BHIOPAHBI BO3MOXKHBIC 3HAYCHHS
AOPOJMHAMHYIECKUX  KOI(PPHUIMEHTOB  JOOOBOTO  CONPOTHUBIICHUS H
MOABEMHOU CHIBI. Pe3ynbTaroM MEpBOro JTama SBHIOCH OIpelesieHUue
pa3MepoB MpenoaaraeMoil 00JaCTH OTHYKACHHS.

BTopbIM 3TanoMm SBJSJIOCH BBIOOP CHCTEM YIPABICHUS M OIpEACICHHE
ONTHMAJIbHBIX IAPAMETPOB YIPABJISIIOLICT0 BO3ACUCTBHS. BbLIO HCcne0BaHO
BIIMSTHUE BBICOTHI TIPUMEHEHUSI CHCTEMbI OCYIIECTBISIIONICH KOPPEKTUPOBKY
a’POTMHAMUICCKHIX XapaKTePUCTUK oTpaboTaHHOU CTYIICHH,
MPOIOJKUTEITBHOCTH TPUIIOKEHUS YIPABJISIONIETO BO3ICHCTBUS U BETUUHNHBI
YCHITHSI TOTO BO3JICHCTBHS Ha TPACKTOPUIO TaICHHUS.

PesynbTaToM BBITIONTHEHHOW pPabOTHI SIBIJIOCH OIpPEICIICHHE AHana3oHa
BO3MOXKHOCTCH W3MCHCHHUS TPACKTOPHH yBOAa OTPaOOTAHHOW CTYICHHU ISt
YMEHbBIICHUST 00JIACTH OTUYXKICHUSI C TOMOIIBI0 PACCMATPUBACMBIX CHCTEM
yIPaBICHUSL.

Trajectory calculations controlled drop waste stage rocket
Aulchenko S.M., Kislovsky V.A.
ITAM SB RAS, Novosibirsk

One of the important research areas in acrodynamics of separating parts of
rockets those fall in the impact areas after orbiting payloads is ability to create
effective guiding systems is needed to minimize impact areas.

The main target of the study is investigation of influence parameters
needed for guiding of separating parts of rocket in the given impact area.

The first stage of the work was to determine the ballistic trajectory of the
fall of the first stage without the use of guiding systems. For doing this the
possible values of the aerodynamic were pre-selected by coefficients of drag
and lift. The first stage result was to determine the size of the impact area.

The second stage was the selection of guiding systems and to determine the
optimal parameters of the influence. During the research there was
investigated the influence of application height of using guiding system to
change aerodynamic characteristics of separating parts of the rocket, duration
of system work and impact value on the falling trajectory.

The result of the performed work was the determination of the range of
possible trajectory changes of disposal stage to reduce the impact area
through considered guiding systems.
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O BO3MO:KHOCTH NMOCTPOEHHSI HA OCHOBE IPYNIUPOBKH U3 5-6
ppamapmuxcsd KTC 1 HeckoIbKUX cOTeH 0pONTATBHBIX 00MEHHBIX
Macc ABYHANPABJIEHHOT0 KOCMUYeCKOro KoHBeiiepa 3emus-JlyHa ¢

TPYy30I0TOKOM B 1eCSITKU TOHH B MecCSIIl H 0 Pa3HOOOPa3HbIX

neperneKTHBaxX NPUMeHEeHHs HAKOMJIEHHOT0 00paTHBIM MOTOKOM
JIYHHOTIO IIeCKa Ha 0K0JI03eMHOi opOuTe
Kusrunnges 1.B.
r. Mocksa

KocMmuueckne TpocoBblE CHCTEMBI — TIEPCHEKTHBHOE HAlPABICHUE
KOCMHYECKON TEXHUKHU U TEXHOJIOTUH, HO UX MAaKCHMaJIbHbIe BO3MOXKHOCTH U
obnacte Hanbosiee 3PPEKTUBHOTO MPUMEHEHHS 10 CHX IOp HEAOCTATOYHO
oco3HaHbl. ABTOp ImpejyiaraeT HadaTh pemats ¢ noMomsio KTC He crapsie
3aJaud pakeT, a HOBYIO 3a/lady OCYIIECTBJICHHsS TOTO, YTO HE 3alpelieHo
3aKOHaMM COXpaHEeHM (IHEPTUH, UMITYJIbCa, MOMEHTA UMITyJIbca). A UMEHHO,
CO3/IaHKE JIBYHAINIPABICHHOTO PAaBHOTO IT0 Macce MOTOKa BEUIECTBA B CHCTEME
3emis-Jlyna. Bpamaronmecs KTC criocoOHBI 6e3 ymapoB u 6e3 W3MEHEHHUS
cBOMX OpOWMT OOMEHHMBATh pPAaBHBIE MAacChl Ha CBOMX KOHIAX C JPYTHMH
CIYTHUKaMH, MpOJICTAIOIMMH IO KacaTeNbHBIM WM IIE€PECEKAIOIINM
opbutam, ecnm B MOMEHT OOMEHa ypaBHATh BEKTOpa CKOpPOCTEH
oOMeHHBaeMbIX Macc. OJHOBpPEMEHHO BpallafolIascsi B KOCMOCE IMpalna
(KTC) ¢ nByMsl CTHIKOBOYHBIMH Y3JIaMH Ha KOHLIE MOXET paboTaThb M Kak
KOHBeifep, nepenaBast 0OMEHHBIE CITyTHUKH C KacaloIUXcs OpOUT Ha KaXKJOM
cBoéM Tmonyobopore. VIMEHHO B 9TOM BHIUTCS CEKPET OTPOMHOTO
MOBBIIIEHUS] TPOM3BOJUTEIBHOCTH OYyAyIIMX TPAHCHOPTHBIX CHCTEM Ha
ocHoBe KTC. Heo6xoumMo nHITs TOJBKO PEIINTh 3a7jady 3aMbIKaHUA IeTH
13 HECKOJIBKUX MepexoanHsix opout mexay HOO oxono 3emmu u HOO oxono
JIlyHBl, W JOHYCTHMBIX MEXAY HHMH JUIi OOMEHHBIX Tpy30B HpalieH
MEXOpPOUTANBHBIX TIEPEXOJ0B Ha HEHCUEpIIaeMblii MCTOYHHK BHE3EMHOTO
BEIIIECTBA, KaKMM B HameM cirydae sBisercs Jlyna. Ilpu stom HeoOxomumo
COTJIaCOBaHME TIEPUOJMYECKON pabdoThl Tpamed 1o BpeMeHW Ui
OIHOBPEMEHHOTO CXOKAEHHWS JIByX TIpyHnn OOMEHHBIX OOBEKTOB M
COOTBETCTBYIOIIEH MpaIl B OKPECTHOCTH €€ TOUKH OOMEeHa — TOUKH KacaHus
TpEX CMEXHBIX opOuT. T.e. mepuopl oOpaleHus Mo BceM OpOUTaM JOKHBI
OBbITh KpaTHbl HaWMEHBILEMY MEPUOJY WJIM €ro LIEJOH JoJie W LEeNOW Joie
nepuona obpamenus JlyHsr, paBHoro 27,32 cyrok. KoHreBas cKopocTh
BpamieHnss 0OMEHHBIX Macc Ha Mparie JODKHA OBITh OrpaHHYeHa MPUMEPHO
0,9 km/c, Torma Macca Tpoca Mmpaimy MOXKeT ObITh MEHbBIIIE MacChl 0OMEHHOTO
CIyTHHKa Ha KOHIIE. 3aTpaThl Ha BBIBOJ HA IEJIEBBIE OPOMTHI OCHOBHBIX
9JIEMEHTOB KOHBeHepa /Il Havyaja ero SKCIUIyaTallMd — Ipalied M HepBbIX
00MeHHBIX Macc — OyyT oTHOCHTENILHO Maibl. [locie Hawana paboThI TAaKOTO
JYHHOTO KOHBeHepa ero MeCsSYHYI0 IpPON3BOJIUTENEHOCTh MOXHO OyJer
TOBBIIIATH 32 CUET YBEIUUYCHHs YHCJIA OOMEHHBIX CIYTHHKOB. [1060YHBIM
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pe3ysbTaToM 3TOH paboTsl Oyzmer Hakomienue Oamwtacta Ha HOO — Memku
JYHHOTO TIeCKa paBHbIMH Topriusmu mopsiaka 200 kr. IlepeBoms st
0OMEHHBIE MacChl PaKeTHBIMU OyKCHpaMy Ha OpOUTHI OOMEHHBIX CITyTHHKOB
U JIOBEAS WX YHCIIO JIO COTEH, MOXXHO IOBBICHTH IPOU3BOJHUTEIHHOCTH IO
CHA0XCHMIO JTyHHOH 0a3bl 10 IECATKOB TOHH B MECSI M coAepkaTh Ha JlyHe
200 y4€HBIX BCEX CTpaH.

About the possibility of building on the basis of groups of 5-6 rotating the
CCC and several hundred orbital exchange mass bidirectional cosmic
conveyor Earth-Moon with traffic in the tens of tons per month and
about the various prospects of application of the accumulated reverse
flow of the lunar sand in earth orbit
Kniaginichev V.

Moscow

Space tether systems is a promising area of space equipment and
technologies, but their maximum capability and the scope of the most
effective applications are still insufficiently understood. The author proposes
to begin to solve it using CCC not old tasks missiles, and a new task
implementation that is not forbidden by the conservation laws (energy,
momentum, angular momentum). Namely, the creation of bidirectional equal
to the mass flow of the substance in the system Earth-Moon. Rotating the
CCC is able without shock and without changing their orbits to exchange an
equal mass at its ends with the other satellites flying on tangents or crossing
orbits, if at the time of exchange to equalize the velocity vector of the
exchanged mass. At the same time rotating in space slingshot (CCC) with two
docking sites at the end of may to work as a pipeline, passing exchange
satellites on orbit at every half-turn. It is the secret of the enormous
productivity of future transportation systems based on the CCC. It is only
necessary to solve the problem of the circuit of several transient orbits
between the IEO about the Earth and the IEO about the moon, and valid
between them to exchange cargo sling interorbital transitions to an
inexhaustible source of extraterrestrial matter, which in our case is the Moon.
This requires coordination of periodic tasks slings time for simultaneous
convergence of the two groups exchange objects and a corresponding sling in
the vicinity of its point of exchange - point touch three adjacent orbits. I.e.
periods all orbits must be a multiple of the smallest period or a fraction and a
fraction of the orbital period of the moon, equal 27,32 days. Limit the speed
of metabolic mass in the hollow of a sling should be limited to about 0,9
km/s, then the weight of wire rope slings may be less than the mass exchange
of the satellite at the end. The cost of the output to the target orbit of the main
elements of the conveyor to the beginning of its operation - the sling and the
first exchange of mass will be relatively small. After the beginning of such a
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lunar pipeline's monthly performance can be improved by increasing the
number of exchange of the satellites. A side result of this work will be the
accumulation of ballast on the IEO - bags lunar sand equal portions of about
200 kg. Translating these metabolic mass of the rocket tugs on orbit exchange
satellites and bringing their number up to hundreds, you can improve the
performance of supply lunar base to tens of tons per month and include on the
moon 200 scientists from all countries.

PacyeTHO-3KCNIEpUMEHTANBbHBIN aHAJIU3 POLEcca THIPUPOBAHUS
AMOKCHIA yIJIepoaa BOAOPOIOM
Koran N.JI.
HUHNxummami, r. Mocksa

Henpro maHHOW paboOTHl SABISACTCS ONTHMH3ALNUSA TEUYCHUS PEaKIHH
THIPUPOBAHUA JHOKCHIA yriepoma BomopoaoM (peakmuu CabaTbe) s
YBEJIMYCHHUS CTEIICHH MPEBPAIICHHS.

Ha »rtame Teoperndeckoil MONTOTOBKH ObLIa CO3JaHa WMHTAIIMOHHASL
MOJENb peakTopa THIPUPOBaHWS, TpeTHa3HaueHHas [Uii  BEIOOpa
ONTUMAJILHBIX TEMIEPATYPHBIX PEXHMOB C YYETOM €ro KOHCTPYKTHBHBIX
ocoOeHHOCTeH (MCrmonb3yss Komiuieke umkeHepHoro I[10  “Console” wu
“LabView”).

[Tepeuens mapamMeTpoB MOJAETH, U3MEHEHUE KOTOPHIX MO3BOJISIET JOOUTHCS
pekuMa paboThI peakTopa, OJU3KOro K ONTUMAILHOMY:

e 00BEMHBIC COOTHOIICHUS UCXOAHBIX peareHToB CO, 1 H,

nasienue razosoid cmecu CO, u HyHa Bxoze B peakTop;

00BEMHAs CKOPOCTH Motaun ra3oBoit cmecu CO, u H, B peakrop;

THUT U XapaKTePUCTUKU KAaTaIN3aToPa;

pa3MepHBIEC XapaKTEPUCTUKH OJI0Ka peakTopa.
B xome mnpenBapUTENbHBIX WCHBITAHUH YyXKE WMMEIONIMXCS 00pas3IoB
PEaKTOPOB THAPUPOBAHUSI ObLIN TIOTYUYEHBI CIIETYIONINE 3aKITFOUCHHUS

. YBEJIMUEHUE TEMIIepaTyphl PEaKiMu HE MPUBOJUT K YBEIUICHHIO
CTENEHH MPEBPAIEHUS, TaK KaK ONTUMaJIbHBIN TEIJIOBOK PEKUM pabOTHI 1O
CTENEeHN TPEeBpaleHHs] JOCTUTAaeTCs B Yy3KOM JHama3oHe TeMIIeparyp
CBOMCTBEHHOM JIJIs1 K&XKJI0M Pa3HOBUIHOCTH KaTajJu3aToOpOB;

. JUIs  O0ECIEeYeHUsT YCTOWYHMBOTO aBTOTEPMUYECKOIO  pEeXUMaA
HEOOXOIUMO TIPH MPOBEACHUU PEaKIUM OPraHW30BaTh IEPEMEHHBIA OTBOJ
TEIJIOTHI MO JJIMHE PEAKLIMOHHON 30HBI, TaK KaK CHI)KEHUE TeMIIepaTypbl 10
120 — 140 °C B KoHIE CIIOS KaTajau3aTopa MO3BOJIIET JOCTHYL Hanbolee
BBICOKOW CTENIEHH MPEBPALLEHUS;

. paHee TPEANIOKCHHAs KOHCTPYKIHS MakeTa OJIoKka peakTopa,
[IOMEILIEHHOTO B KaICyJly, SBJISIOILYIOCS OJHOBPEMEHHO EMKOCTBIO XPaHEHUS
IUOKCHAA Yriiepoaa, mpu3HaHa HedQQeKTHBHOW u3-32 HEBO3MOXHOCTH
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JOCTIDKCHUS CTaOMIIBHOM TEeMIEPATyphl, B CBSA3U C BIMSHUEM MEPEMEHHOTO
JaBJICHHS B EMKOCTH Ha BEJIMYUHY TEIUIOCHEMA;

. NPUMCHEHHE IEPCIEeKTHBHBIX KaTaIn3aTOPOB IO3BOJSET CHHU3HThH
TeMIepaTypy Ipolecca, 00eceunTs 0ojee paHHee 3a)KUTaHNe PeaKIUH.

Ha ocHOBe MpoBeACHHBIX HCCIICAO0BAHHI NPEAIOKeHA HOBask KOHCTPYKIIHS
9KCIIEPHIMEHTAIBHOTO OJIOKa peakTopa, 00eCIeUnBAaIOIIEeT0 IPIMCHUMOCTD
Pa3IMYHBIX THUIIOB KAaTaJH3aTOPOB, BO3MOXKHOCTH KOHTPOJIS TEMIIEpaTyp II0
JUIMHE W JAWaMeTpy CJOsS 3aChIKH, pPa3MEpPHbIE K KOMIIOHOBOYHBIC
XapaKTePUCTUKH KOTOpOrO  BHIOpaHBI ~Ha  OCHOBE  MOJEJeH,
CKOPPEKTHPOBAHHBIX B XOJI€ ONBITHOIM OTPaOOTKH pabOTHI peakTopa.

Calculation and experimental analysis of the hydrogenation process
Kogan I.L.
NIIchimmash, Moscow

This paper aims to optimize the hydrogenation (Sabatier ) reaction to
increase the conversion rate.

At a theoretical preparation phase a hydrogenation reactor simulational
model for a selection of optimal temperature conditions with consideration
for design specifics (using complex of “Console” and “LabView” engineering
software ) has been built.

A list of the model parameters which variation enables the reactor
operating conditions to be close to the optimal ones is as follows:

e the volume rations of feed reagents CO, and Hy;

o the pressure of CO, and H, mixture in the reactor upstream;

e the volume feed rate of the CO, and H, mixture to the reactor;
o the type and characteristics of the catalyst.

In the course of preliminary tests of the hydrogenation reactor prototypes
the following findings have been obtained:

an increase in the reaction temperature not lead to an increase in the
conversion rate since the optimal heat condition for the conversion rate is
reached in the narrow temperature interval inherent in every variety of
catalysts;

. on order to obtain a stable authothetmal condition it is necessary to
carry out the variable heat exchange along the reaction zone length since a
decrease in temperature down to 120-140°C at the end of the catalyst bed
allows the most optimal conversion rate be reached;

. the reactor unit proposed previously and enclosed in the capsule
being at the same time a CO2 storage tank is considered as unsatisfactory as it
is impossible to obtain a constant temperature due to the influence of the
variable pressure in the tank on the value of heat exchange

. the usage of advanced catalysts makes it possible to reduce the
process temperature end ensure a quick reaction ignition.
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Based on the research data obtained on a new design of the experimental
reactor unit permitting usage of various types of catalysts, possibility of
temperature monitoring along the length and diameter of the catalytic bed,
dimensional and lay-out characteristics being selected based on models
corrected in the course of experimental try-out of reactor operation has been
proposed.

MopayabHasi cHCTEMA TePMOPEry Il KOCMHYECKHX aNlapaToB
¢ MpAMeHeHneM KOHBeiiePHBIX JIMHHI MUKPOAKTHATOPOB
Koznos [I.B., CmupnoB W.II., XKykos A.A.

OAO «Poccuiickue KOCMUYECKHE CUCTEMBI», T'. MOCKBa

BeruncnuTenbHass MOIIHOCTh Ha eQUHUIY 00bEMa M oOmias CTeneHb
WHTETPALUH 3JEKTPOHHBIX KOMIIOHEHTOB B KOHCTPYKIMHM KOCMHYECKHX
anmapaToB IOCTOSHHO PacTéT. JTO NMPUBOJUT K MOBBIIIEHHOMY 3HEpPro- M
TerioBbIAeNeHNIO. I[lpn  3TOM  CcTaHIapTHbIE  aKTHBHBIE  CHCTEMBI
TEPMOPETYJISIIUA CTAHOBUTCS MPOOJIEMAaTHIHO HCIIONIB30BAaTh B radapurax
HUMCIOIINXCS KOHCTPYKIMH, a CHCTEMbl Ha IIACCHBHBIX KOMIIOHEHTaX
HEJIOCTaTOYHO (P (PEKTUBHEI.

Llenpto paboThl siBIsieTCS  pa3paboTKa albTEPHATHMBHOI'O BapHaHTa
CHUCTEMBl  TEpMOpPETYJSIMM, objajaromeid  MOAYNBHOM  CTPYKTYpOH,
MacumTadbupyeMon (cocTosiield W3 IJIEMEHTapHBIX S4YeeK) M YCTOMYMBOH K
KOCMHYECKHM YCJIOBHSAM 3KCIUTyaTalluu.

3a OCHOBY B3ST IUTOPHBIM MEXaHH3M ABIKCHHS OTPaXKaroIEro KpaHa C
MPUBOJIOM OT TEPMOMEXAaHMYECKHX MOJUMEPHBIX akToaropoB [l1]. B
NPEATIOKEHHOM  BapHaHTE  aKTIoaTopel  (TEPMOMEXAaHHYECKHE  WIIH
JIEKTPOCTATHYECKHUE) PACIOJIATAIOTCS B LEMOYKU IO JBa IapauIeNIbHBIX
psana, TpM TAaKOM pACIHOJIOKEHWH 00pa3yercsi KOHBeWepHas JIMHUS,
criocoOHasi JIMHEHHO IiepeMelnarh IoJe3Hyl0 Harpysky Ha cebe. Ha neit
CBEpXy paclojiOXKeHBl JBa TNep(GOPHUPOBAHHBIX MHOTOCIOMHBIX 3KpaHa
(mepdopanus g0 40-50 % or mmomanau dkpaHa). [Ipu UX coBMelIeHUH
MIPOUCXOTUT TMOJHOE TEPEKPHITHE ITOBEPXHOCTU H3O0JIUPYIOUINM CIIOEM,
00BEKT CTAHOBMTCS 3AIIMIIEHHBIM OT BHEIIHEr0 HU3JIyYEHUS U OT IOTEpH
BHYTPEHHETO TeIUIa, a IPU CMEIIEHUH OJHOTO U3 SKPAaHOB HA PACCTOSHUE,
paBHOE TIOJNIOBMHE TMepuoaa Tnepdopauud — TMOBEPXHOCTh HYaCTUYHO
OTKpBIBAETCSI M XApaKTEPUCTUKH H30JUPYIOIEro ciosd MeHstoTcd. Ilpu
MaJloM Iiepuope Iepdopanuu  HEOONBIIOrO  IMEepeMelIeHHs JKpaHa
OKa3bIBae€TCs  JOCTaTOYHO Uil  (YHKIMOHUPOBAHUS  yCTPOWCTBA,
WHEPLUUOHHOCTb U BpeMsl pPEaKUUU CHCTEMBbl Ha W3MEHEHHE BHEIIHHX
ycnoBuil ymMeHblaercs. @opMupyst ¢ IOMOLIBIO HECKOJIBKUX AJIEMEHTAPHBIX
syeek (50x50 MM) 3ammmiaemMyro 06JacTh ¥ yIpaBiisisi IMH HE3aBUCHMO JIPYT
OT JIpyra, BO3MOXHO JIOKATBHOE PETyIHUpOBAHKE TeMIepaTypsl. MoayiabpHas
CTPYKTYpa MpeanojaraeT PeMOHTONPUTOJHOCTE M BO3MOXKHOCTH 3aMEHBI
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OTZAEJBHBIX 3JIEMEHTOB KOHCTPYKLUH IPH COXPaHEHUH PabOTOCIIOCOOHOCTH
cucTeMbl. Manble pa3Mepbl aKTIOATOPOB M CIOMCTas KOHCTPYKIIUS
MHUHUMH3HPYIOT TONIIMHY ¥ Maccy yCTPOHCTBA.

B pamkax mnpoBeaéHHOII pabOTHI HM3TOTOBIEHBI HKCIIEPUMEHTAIBHBIC
00pa3mbl COCTaBHBIX HYacCTeW CHUCTEMBL. Pe3ylbTaThl HCIBITAaHUH ITOKa3aid
CHIDKEHHE TEMIIEPATypHI MIEPErpeBa 3aIlUIacMOn IIOBEPXHOCTH Ha 52-63 %.

Bubmmorpaduiecknii Ciucok.

Koznos JI.B., Cmupnos WN.II., XKXykoB A.A., CemuanoB A.C., Uypuino U.B.
MHKpPOCUCTEMHOE YCTPOHCTBO TEPMOPETYIISIIIUU TTOBEPXHOCTH KOCMHYECKHUX
anmapatoB.  Ilar. 2518258 P®, MIIK B81B7/00, B81B3/00.
OAO «Poccuiickue kocMmuyeckue cuctembl». 3asB. 07.12.2012. Omy0:.
10.06.2014. .M. Ne 16. 16 c.

Modular system of spacecraft thermoregulation using conveyor
of micro actuators
Kozlov D.V., Smirnov I.P., Zhukov A.A.
JSC “Russian space systems”, Moscow

Computing power per unit volume and overall degree of integration
electronic components in the spacecraft structures are constantly growing.
This leads to increased power and heat generation in the spacecraft. The
standard active thermoregulation systems become difficult for use in the
dimensions of available structures, while systems containing passive
components are not effective enough.

Aim of the work lies in develop an alternative thermoregulation system,
which has a modular structure, scalable (consisting of unit cells) and resistant
to space conditions.

The system is based on the curtain mechanism of motion of reflecting
shield with thermo-mechanical polymer actuators [1]. Actuators (thermo-
mechanical or electrostatic) are arranged in chains in two parallel rows. In
this case, forming conveyor line, that can move the payload on itself linearly.
Two multilayer perforated shields (perforation 40-50% of the shield area) are
located on top of conveyor line. When they overlapping surface is completely
covered by an insulating layer. In this case, the object becomes protected
from external radiation and the loss of internal heat. By moving one of the
screens at a distance equal to half the period of perforation — surface is
partially open and properties of insulating layer change. Under low period of
perforation, small movement of the screen is sufficient for the functioning of
the device; inertia and response time of the system when external conditions
change is reduced. Producing a protected area by several elementary cells
(50x50 mm) and to control them independently from each other, a
temperature control for local zone is possible. The modular structure makes
the device repairable and allows changing different construction elements
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while saving working capacity of the system. Small size actuators and
sandwich construction contribute to minimization thickness and weight of the
device.

Experimental samples of components of the system were produced
in this work. Results of the tests showed a decrease temperature of the surface
overheating to 52-63 %.

Bibliography.

Kozlov D.V., Smirnov I.P., Zhukov A.A., Selivanov A.S., Churilo L.V.
Microsystem device of thermoregulation spacecraft surfaces. Patent 2518258
RU. JSC «Russian space systemsy». Priority 07.12.2012. Publication
10.06.2014. Bulletin of the invention Ne 16. 16 p.
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KomOunupoBanHoe ruapoadpazusHoe GpopMUpoBaHHe 00beMHBIX
TMOBEPXHOCTEIl ¢ HAJI0sKeHHeM JIeKTPHYeCKOro moJist
Kotykos B.1., Kupumios O.H., 'ongapos E.B.
«BM3»-¢pumman GI'YIT TKHIIL um. M.B. Xpynuuesa, BITY, KBXA,
r. Boponex

B COBPEMEHHOM MIPOU3BOACTBE BCC qamie MPUMEHACTCA
BBICOKOD((PEKTHBHBIN, OBICTpONIEpEHATAXUBAEMbI U YHUBEpCaJbHBIN
rUApoadpasuBHBIA ~ crocod — pasfeneHuss  MarepuanioB.  TexHoJorus
ruapoabpa3suBHOTO pa3felieHUss OCHOBaHAa Ha MPHUHILUIE 3PO3HOHHOTO
BO3/eiicTBUsL CTpyH abpa3uBa B BOJHOI paboueil cpeme Ha pasnensieMblid
Mareprall. X BBICOKOCKOPOCTHBIE TBEpAO(A3HBIE HYacTUIBI paboTaroT B
Ka4yecTBe [IEPEHOCYMKOB PHEPTHU U, COYAAPSIACH 00 M3/eNNe, yIAIMIOT YacTh
paszmensieMoro Matepuana. CKOpPOCTb 3pO3MM 3aBHUCHT OT KHHETHYECKOH
SHEPTHM BO3JICHCTBYIOMNX YaCTHIl, MX MAacChl, TBEPAOCTH, (HOpMBI M yria
yziapa, a Tak’ke OT MEXaHHIEeCKHX CBOIMCTB oOpabaTeiBaeMoro marepuaia. B
pe3ynbTaTe CTOJIKHOBEHHUS! a0pa3MBHBIX YacCTHIl IPOUCXOIUT (GOPMHUPOBAHHE
MOBEPXHOCTHOTO  CJIOsi  oOpabaThiBaeMOro Mmarepuaiia, o0OyCIIOBIEHHOE
BO3/ICiICTBMEM HECKOJIIBKUX (DaKTOpPOB: IIACTHYECKOE J1e(OpPMHUpPOBAHHE,
MHUKpOpE3aHue U Xpymkoe paspymenue. Hanbomnee 3hhekTHBHBIM sABISETCS
MHKpOpE3aHHe, KOTOpOE XapaKTepU3yeTcs B3aMMOJCHCTBHEM IIOTOKa
abpasmBa u 00pabaTeiBaeMOro Marepuana II0J MalbIM yIJIOM, YTO
CHOCOOCTBYET  CbeMy  Marepuajla  MHKpPOpE3aHHEM. IIponecc
COIIPOBOXKIAETCS  OJHOKPATHBIM IOTPYXXEHHWEM aOpa3WBHBIX 3€peH B
oOpabaTbiBaeMbIii MaTepHall, CHATHEM YacTH Marepualla M CKOJOM YacTh
abpasuBHOro 3epHa mno mnepudpepun. B cBsI3M ¢ HEOOXOIUMOCTBHIO
obecrieueHHss MalbIX yIJIOB  BO3ACHCTBUS  aOpa3sWUBHBIX YacTUI[ Ha
oOpabaTbiBaeMbIii  MaTepuall, TEXHOJIOTHsSI THIPOAOpa3UBHOTO pasJieleHUs
HCTIONB3YyeTCsT TOJNBKO I (OPMHUpPOBAHMSA CKBO3HBIX Mma3oB. llpum
NO0aBICHIM PEXYIIEH TOJIOBKH BO3MOXKHOCTEH YIIPaBISEMBIX YTIOBBIX
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HepeMeIIeHHH 110 OTHOLICHUIO K 00pabaTbiBaeMoii 3aroToBke B auamnasone 0
+ 20° m perynupys CKOpPOCTh TepEeMEIIeHMsI COIula W JaBlieHue paboueit
cpensl BO3MOXKHO IIONy4aTh HECKBO3HBIC yriryOneHus. lcmoibzoBaHue
runpoadpasuBHOi cTpyn mox yriaom 0 + 20° K 3aroToBKe MO3BOJHT
OCCIIPEIIATCTBEHHO BBIXOIWUTH W3 30HBI OOpabOTKM  OTpaboTaBIIEMY
abpa3uBy, 4TO cTabWIM3HpYeT Iponecc GopMHUPOBaHUS yriyoneHus. OqHaKo
HOJIy4CHHBIC 10 TAKOH TEXHOJIOTMH HOBEPXHOCTH OYAYyT MMETh BBICOKYIO
IIEPOXOBATOCTh M HU3KOE KaYECTBO IMOBEPXHOCTHOT'O CJIOS, YTO HE ITO3BOJHT
UCIIOJNIb30BaTh JIeTalb 0e3 JanbHelIeil oraenouHoit oopaborku. IToBeicHTE
TOYHOCTh M KayecTBO 0OpabaTbiBaeMOIl MOBEPXHOCTH, YCTpaHUTh (et
IapXKUPOBaHMUs ee aOpa3suBHBIMH 3€pPHAMH, BOZMOXHO 32 CUET HAJIOXKEHUsI Ha
30Hy OOpabOTKH DJIEKTPHUYECKOTO IO, KOTOpOe, YAausisi HeOOJbIIon
NPHUITYCK aHOAHBIM PACTBOPEHHEM, B3HAYUTEIBHO IIOBBICUT KadecTBO
HOBEPXHOCTHOI'O CJIOS ¥ CTAaOMIIM3HpPYET mpouecc 00paboTKH.

Combined hydroabrasive forming of sculpted surfaces with
superimposition of electric field.
Kotukov V.1, Kirillov O.N., Goncharov E.V.
“VMP”-branch of FSUE Khrunichev SRPSC, VSTU, KBKhA, Voronezh

High performance, quick-set and universal hydroabrasive method of
materials sharing is applied with increasing frequency in the present-day
production. Hydroabrasive sharing technology is based on the principle of
abrasive jet erosive exposure on the shared material in the aqueous working
medium. Their hypervelocity solidphase particles work as energy carriers and
when they encounter the product, they remove part of the shared material.
The erosion rate depends on the kinetic energy of the exposing particles, their
mass, hardness, shape, angle of hit and mechanical characteristic of the
process material. As a result of the abrasive particles collision occurs
formation of the process material surface layer which is associated with
exposure of several factors: plastic deformation, microcutting and brittle
fracture. The most effective is microcutting which is characterized by
interaction of the abrasive flow and the process material at a low-angle which
contributes to the removal of the material by means of microcutting. The
process is accompanied by single immersion of the abrasive grains into the
process material, removal of material part and peripherally chipping of the
abrasive grain part. Due to the necessity to provide small angles of abrasive
particles exposure on the process material, the technology of hydroabrasive
sharing is used only for the formation of through grooves. When adding to the
cutting head ability of operated angular movements towards processed
workpiece in the range of 0 + 20° and regulation of nozzle speed and
working medium pressure it is possible to obtain blind hollows. Use of
hydroabrasive jet at an angle of 0 + 20° to the workpiece allows worked-out
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abrasive to leave the working area easily. This stabilize hollow forming.
However surfaces obtained in accordance with this technology will have high
roughness and low quality of surface coating. This does not allow to use the
item without further finishing treatment. To improve the accuracy and quality
of the processed surface and eliminate the charging effect of the abrasive
grains is possible due to imposition on the treatment area the electric field.
This field, by removing a small overdimension by means of anodic
dissolution, will greatly improve the quality of the surface layer and stabilize
the treatment process.

Pe3yabrarsl popMHPOBaHNS CXEMHO-TEXHUYECKHX PeleHui
MepCIeKTHBHOr0 KOCMHYECKOro annapara 115 A0CTaBKU 1
(pYHKIMOHMPOBAHUS JTYHOX0/A
Kpaiinos A.M., Boponuos B.A.

HITO um. C.A. JIaBoukuHa, r. XUMKH

Lenpto maHHOW pabOTHl SABIANHCH (OPMHUPOBAHHE M BBIOOP CXEMHO-
texanaeckux pemeHnit (CTP) kocmmaeckoro anmapara (KA) s nocraBku
(GYHKIMOHMpPOBaHUS TepcrnekTHBHOro nyHoxoxa (JIX) Ttakum oOpasom,
YTOOBI Macca MepeBO3UMOro MOJIe3HOro rpy3a JIX Obl1a MaKCUMAaIbHOM.

Ha mepBoM 3Tamne paboThl MPOBEACHBI aHAIU3 PabOThI CUCTEM COCTaBHBIX
yacteh KA c¢ JIX Ha pa3nmmuHblX 3Tamnax (QYHKIMOHUPOBAHUS, aHAIIU3
BIMSIHHS CXEM HX TOCTpOeHHUs Ha oOrryio maccy. [Ipu Beibope CTP cuctem
coctaBHBIX yacTed JIA ¢ JIX cymecTBeHHO BIMsSET Ha Maccy BO3MOXHOCTb
KOMIUIEKCUPOBAaHHS CHCTEM, KpPOME TOTO HEOOXOIMMO YYHTHIBaTh HX
B3aMMO3aBHCHUMOCTb.

Ha Bropom 3tame paboter mpoBeneH Beioop CTP mepcnextuBHOTO KA C
JIX kak OIHOTrO W3 3JIEMEHTOB KOCMHYECKOTO KOMIUIEKCA OTeYEeCTBEHHON
nporpamMmmsl uccienoBanus JIyHsl. B mensix cokpaiieHnst CpoKOB U 3aTpar Ha
pa3paboTky KA paccMoTpeHa BO3MOXKHOCTb HCTIONIb30BAHUS
paspabatbiBaeMoii nepeneTHo-nocanoynoit miardopmsr (IIT) KA «JlyHa-
Pecypc/1I1» pist mocTaBKkM TEPCHEKTUBHOTO JIYHHOTO poBepa. 3ajada
CBOAWTCA K ompezaeneHnto obbema HeoOxomumoit amantamuu [T u
paszpabotke MoOwnpHOUW miaTdopMmbl JIX mis obecrneueHUs: MaKCHUMalbHO
BO3MOYHOH Macchl IEPEBO3UMOM 0JIE3HON Harpys3ku. IIpu pemennu 3anauu
ObLTH BBIOpAHBI:

e  KOMIIOHOBOYHas cxema pacnonoxenus JIX na ITI1IT;
° 00beM HeoOxoaumMoi agantanuu IT1IT;
®  BapHaHTHI IOCTPOCHUS CITYy)KEOHBIX U crienuanbHbIX cucteM [1IIIT u

JIX.

PesynbraTom BhinosnHeHHOH padotsl sBistorest CTP mepenektnBHOro KA
¢ JIX, obecneunBaromue MaKCUMaJIbHYIO MacCy IMEPEeBO3UMOIO IOJIE3HOTO
rpy3a, a TaK)Ke HHCTPYMEHTHI M METOAOJIOTHS 11 (OPMHUPOBAHUS U BEIOOpa
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CTP mobbix gpyrux KA ans  gocraBkd W (DyHKIHMOHMPOBAHUS
TUIAHETOXO/IOB.

Results forming scheme and technical solutions advanced spacecraft for
the delivery and functioning lunar rover
Krainov A.M., Vorontsov V.A.
Lavochkin association, Khimki

The purpose of this work is the formation and selection of scheme and
technical solutions (SSS) spacecraft (SC) for the delivery and functioning of
perspective lunar rover (LR) so that the weight of the transported payload LR
was the highest.

At the first stage of the work carried out analysis of the components of the
spacecraft systems with LR at various stages of functioning, analysis of the
influence of their construction schemes on the total weight. When choosing
SSS system components SC with LR significantly affects the mass of
opportunity of integration of systems, also it is necessary to take into account
their interdependence.

In the second phase of the selected SSS perspective spacecraft with LR as
an element of the space complex of the domestic program of lunar
exploration. In order to reduce the time and cost to develop considered the
opportunity of use the developed landing platform (LP) spacecraft «Luna-
Resource/1P» to deliver a perspective lunar rover. The problem is reduced to
the determination of volume of necessary adaptation LP and development
mobile platform LR to provide the maximum possible mass transported
payload. In solving the problem have been chosen:

e arrangement of LR on the LP;
e  volume of the necessary adaptation LR;
e  options for creating service and special systems LP and LR.

The result of the work performed are SSS perspective SC with LR to
provide the maximum possible mass transported payload as well as the tools
and methodology for the formation and selection SSS any other spacecraft for
the delivery and functioning planetary rovers.

JproHoMuyeckasi aIanTUBHOCTD U 321a4M YJIyYIIeHUs 3alUThI
OT YAAPHBIX IEPerpy3oxK
JIunos B.I1.
«KPb»-Anantususie Cucrtemsl, r. MockBa

3ammra OT YyJOapHBIX NEperpy3ok B aBUAlMM M Ha TPaHCHOPTE
Npe/CTaBIsieT coO0OM akTyaslbHYIO 3ajady. B pabore paccmarpuBaioTcs
YAApHbIE NEperpy3Ku, BO3HHUKAIOLIUE B YPE3BbIYAWHBIX CUTyallUsX IIpU
KaTallyJIbTUPOBAHUM M IIPU aBapUMHON Iocaznke. BbICOKMI TpaBMaTu3m
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cpeau JIETHOTO COCTaBa, SIBISIOLIMNICSA CIEACTBUEM YIAPHBIX IMEPErpys3okK,
TpeOyeT AaNbHEHIIEro yIydIIeHNS 3alUTHBIX CHCTEM.

B Hacrosimiee BpeMsi IPUMEHSIOTCS OTACIBbHBIC BUABI CUCTEM 3aIIUTHI OT
YAApHBIX HEPETPY30K, CHIDKAIONINE YPOBCHb BO3JACHCTBHA IEPETPY30K Ha
IIUJIOTOB 32 CYET YAaCTWYHOT'O MOTJIOMIEHWS JHEpPruM yaapa. Jpyrue BHUIbI
3alIMTHBIX CHCTEM YIYy4YIIaloT MEPEHOCHMOCTh TEPerpy30K Omaromaps
paIMOHATFHON SPrOHOMHYECKONH (OpMe OMOpPHBIX MOBepxXHOCTeH. [Ipoume
BU/IbI 3aIIUTHBIX YCTPOMCTB TOJILKO (DPUKCHPYIOT TEJIO MHJIOTa (NPHUBS3HBIE
CHUCTEMBI), a 3aIllUTa TOJIOBBI MIJIOTA OT yAAapHBIX MEeperpys3ok B HacCTOsIIEe
BpeMsI HE Hallllla B aBUAIUU IMPAKTUYECKOT0 PEeIICHHUS.

VYder aHTpONOMETPHUM KOHKPETHOTO MWJIOTa B CHUCTEMAax 3allUTh
MO3BOJISIET YIYYIIUTh 3PTOHOMHUYHOCTH PadOYero MecTa W IMepeHOCHMOCTh
YAApHBIX TIEPErpy30K. OProHOMHYECKAash WHIMBHIYyaJlN3alus OIOPHBIX
MIOBEPXHOCTEH aBHAIIMOHHBIX KPECEN JUIS IIMPOKOTO CIEKTpa MOJIb30BaTeIeh
MOXeET OBITh 0OecneueHa NPUMEHEHNEM aIalTHBHBIX JIOXKEMEHTOB. B padoTte
ommcaHbl OOIIME MPHHIMIBI PabOTHl aJalTHBHBIX JIOKEMEHTOB, KOTOpBIE
3aIIMIIEHbI TATEHTAMH.

OproHoMuyeckas WHIMBHIyalu3anus Ha 0a3e aganTHBHBIX JIO)KEMECHTOB
MO3BOJIAT YJIYYLINTh TEPEHOCHMMOCTh VAApHBIX MEperpy3ok Omaromaps
(GOPMHUPOBAHUIO H  TOAJNCPKAHUIO  ONTUMAIBHOW  CHJIOBOH  (OPMBI
MIO3BOHOYHUKA W PAaBHOMEPHOMY paclpelesIeHHI0 YCUINM Mo IUIouaan
KOHTakTa. Ha ocHOBe JTHX IMPUHIUIIOB pacCMaTpUBarOTCsA AaKTUBHBIC
CHUCTEMbl 3allliThl OT YAApHBIX Meperpy3ok Ha 0aze aJanTHBHO-
UHAWBUIYANbHBIX TaHenei. Takue cucteMbl (HOPMHUPYIOT PAIMOHAIBHOE
MOJIOKEHWE Tela W HAJEKHO COXPaHSIOT 3Ty IMO3y B MOMEHT yjapa,
o0ecrieunBaOT palMoOHAIbHOE MPWJIOKEHWE W JJO3MPOBAHHYIO Iepeaady
YIApHBIX CHJI Ha CKEJIETHO-MBIIIEYHYIO CHCTEMY MTHJIOTA.

Adaptive systems and distributed loading
in problems of protection from shock overloads
Lipov B.P.
RBC-Adaptive Systems Ltd., Moscow

The paper discusses the possibilities of improving the protection of aircrew
from shock overloads that occur during emergency landings. The focus is on
vertical longitudinal strain. The human body is modeled by a set of quasi-
solid masses connected by elastic-viscous links.

Are treated variants of application of the active forces to the accelerated
masses (or decelerated), analyzes the features of the accumulation of forces
and deformations in the links between the masses.

In relation to the human body such efforts occur in a visco-elastic
intervertebral discs between the vertebrae as a result of intensive quenching
of the vertical velocity in case of emergency landing. In order to improve
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protection against shock overload is suggested to optimize the transmission of
the shock pulse through the implementation of distributed loading, which is
the ordered application of the active forces to the selected masses.

For this purpose it is proposed to apply an individual adaptive 3d-panels,
which also give the individual human body segments of quasi-solid
properties, form the optimal shape of the spine and improve ergonomics chair
pilot. Discusses the conceptual mathematical model to evaluate the force and
time parameters of the proposed system.

00 oaHOM MOJX0/1€ K PelleHHI0 NPOodIeMbl ONITUMHU3ALUHA TPOEKTHOT O
00JTMKAHU yNPaBJIeHUS NePCNeKTHBHBIMU KOCMHYECKUMH CHCTeMaMU
Ha0/r01eHHMs HA 0a3e MaJIbIX KOCMHYECKHX allllapaToB
Mansimes B.B., lapHomnsix B.B.

MAM, r. MockBa

CoBpeMeHHBIE TEHACHIMH pPa3BUTHS KocMuueckux ammaparos (KA) u
CUCTEM HAOIOICHUS (KCH) COCTOST B MIPOEKTHPOBAHUHT
MHOTO()YHKIMOHAJIBHBIX (MHOTOIIENEBBIX) OPOUTANBHBIX TPYIIHPOBOK U3
HEeCKOJbKHX (4, 5 u 6onee) KA, cHmkernn ux maccel (Mansle KA umm Mukpo-
KA), o0cnykMBaHMN 3HAYUTENHFHOTO CErMEHTa Ha3eMHbBIX HH()OPMAaMOHHBIX
UCTOYHHMKOB, a TaKke JauBepcHUKalMU TpeOOBaHMH K KOCMHYECKON
nHdopmanuy, o0yCIaBIMBAIONIMX MOTPEOHOCTh B CO3/IaHMU TEMAaTHYECKHX
win crenanu3upoBaHubix KA. Bce mepeuncnenHsle (pakTopbl MO3BOJISIIOT
TOBOPHUTH 00 aKTyalbHOCTH Hay4YHO-TEXHHYECKOI MpOOJIEMBl ONTUMHU3AIMN
OTIpeZIeIeHNsI IPOEKTHOTO 00MKa U yrpasieHus Takumu KCH.

Lens  nokmama — ~ AEMOHCTpauust — NPUKIAIAHOTO  IPOrpaMMHO-
MaTeMaTHYECKOTO O0ecCIeYeHNs], MO3BOJIIONIET0 MPOBOANTH KOMILIEKCHOE
MOJICTIMPOBaHNE MPOLECCOB LENeBOro (YHKIMOHWPOBAHMS Kak JuIsl
onuHOYHEIX KA, Tak u st opOutansHeIX rpymmupoBok KCH, naBats oneHKy
uX 5(Q(QEeKTUBHOCTH, pelras TeM caMbIM OOIIYI0 MpoOJIeMy W YacTHBIC
ONTHUMH3AIIMOHHbIE 3a7ayd, ¥ OOOCHOBaHHWE BO3MOXKHBIX BapHaHTOB
nocrpoenusi (npoextHoro obnuka) KCH, B opOuTanbHYH TIpYIITUPOBKY
KOTOPBIX BXOJSIT HECKOIbKO Manbix KA mmm Mmukpo-KA.

B moknazme mpencrasiensl u oocyxkaarorces a1 KCH Ha 0aze manbix KA
nnu MUKpo-KA:

e crnoco0 ¢opManmuzanuu mponecca LEeNeBOro (yHKIMOHUPOBAHUS
KCH myrem pa3paboTKM COOTBETCTBYIOUIMX MOJIENICH C  y4eTOM
TpeOOBaHMIT W OrpaHWYEHMH, NMPEABIBISEMBIX K Mapamerpam pabodmx
opout KA, a takke pasinM4HBIX YCJIOBHH (YHKIMOHHUPOBAHUS OOPTOBOM
neneBoi anmapatypsl KA (171s1 Beeit rpynnupoBKH);

e  00mas nmocraHoBKa MPoOJIEMBbl ONTUMH3AIMH TIPOSKTHOTO OOJIMKa U
ynpasienuss KCH u mpuMeps! mocTaHOBOK 9aCTHBIX MPUKJIAIHBIX 33134,
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®  METOAMKA pEIICHMs IIOCTABJICHHOW MNpoONeMBl M B paMKax Hee
YaCTHBIX 3aJad ONTHMHU3AIMU MPOeKTHOro obmmka n ympasiaeHns KCH c
UCTIOJIb30BaHUEM pa3paboTaHHBIX MoJenen HX LIENIEBOTO
(hyHKIIMOHUPOBAHUS,

e  CHELHAIU3UPOBAHHBIN NPOrPaMMHBIN KOMIUIEKC, IPeIHAa3HAYEHHBIN
JUIS aBTOMaTH3UPOBAHHOTO PEIICHUS MPOOJIEMBI M B PaMKaX HEE YacCTHBIX
3aJ]a4 ONTUMHM3AIMY IPOEKTHOTo obinKa u ynpasnenuss KCH.

B noxmane mpuBOAATCS U OOCYXJIAIOTCS MPUMEPHI PELICHHUS MOIEIbHBIX
3a7a4 ONTHMH3alUK TNpoeKTHoro obmuka u ynpasinenuss KCH, B cocraB
opOuTaIbHOW TPYNIHUPOBKK KoTOopod BXxomaT 1Ba KA «Mereop-3M» nu
«MoHHTOP-O» U MATh HU3KOOPOUTATIBHEIX MUKPO-KA.

Jloknmax TOATOTOBIEH C  HCIONB30BAaHHEM  PpE3yNbTaTOB  HAy4YHBIX
HCCIIeJOBAaHNH, MPOBOAMMBIX aBTOpaMHU ITpy noanepxkke Poccuiickoro doxna
¢yHIaMeHTanpHBIX uccienoBaHmid (rpaHTel NoNe 12-08-00175-a, 13-08-
01381-a).

The approach for solving of appearance definition and control
optimization problem for perspective satellite observation systems
on the basis of small spacecrafts
Malyshev V.V., Darnopykh V.V.

MAI, Moscow

Present trends of spacecrafts (SC) and satellite observation systems
(SatOS) development consist in design of multi-functional (multi-purpose)
orbital constellations of several (4, 5 and more) SC, decrease of their mass
(small SC or micro-SC), service of large segment of terrestrial information
sources and diversification of the requirements to space information inducing
necessity for design of thematic or specialized SC also. All of the mentioned
above factors allow to take into consideration relevant scientific and technical
problem of SatOS appearance definition and control optimization.

The purpose of the paper is demonstration of the applied methodical and
software package allowing to carry out aggregated modeling of target
functioning processes as for single SC as for SatOS orbital constellations, to
estimate their target efficiency, solving thereby optimization problem and
applied tasks, and explanation of possible construction (appearance)
alternatives of SatOS which orbital constellation includes several small SC or
micro-SC.

The following subjects are presented and discussed in the paper for SatOS
on the basis of small SC or micro-SC:

e technique of target functioning process formalization for SatOS by
development of the corresponding models taking into account the
requirements and restrictions to SC working orbits parameters and various
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operating conditions of the SC on-board target equipment (for whole SC
constellation) also;

e  general optimization problem statement for appearance definition
and control of SatOS and examples of statements for applied tasks;

e technique of the optimization problem and applied tasks solving for
appearance definition and control for SatOS with using of the developed
models of their target functioning;

e  specialized software intended for automated solving of optimization
problem and applied tasks of appearance definition and control for SatOS.

Several examples of model tasks solving of appearance definition and
control optimization for SatOS which constellation consists of two SC
"Meteor-3M" and "Monitor-E" or five low-orbit micro-SC are given and
discussed in the paper.

The paper was supported by The Russian Foundation for Basic Research
(projects No.No. 12-08-00175-a, 13-08-01381-a).

JleTHbIe IKCIIepUMEHTAIbHbIE KOMILIEKCHI IJIsl CO3/IaHUs ABHAIHOHHO-
PaKeTHBIX KOCMHUYEeCKHX KOMILIEKCOB
Macnos JI.A.
HHWWmam, r. Koponés

MupoBoii ONBIT pa3pabOTKH U CO3AAHUS ABUAIIMOHHON M KOCMHUYECKOH
TEXHHUKH IOKa3all, 4To 6e3 HCIBITaHUH ¢ IPUMEHEHHEM 3KCIIEPUMEHTAIbHbIX
KOMILJIEKCOB B HATYPHBIX YCIOBUSAX TPAKTHUYECKH HEBO3MOXHO OLICHHUTh
paboTOCIIOCOOHOCTE W HAIECKHOCTh  (DYHKIIMOHMPOBAaHWS  HamOoiee
Harpy>KeHHBIX Y3JI0B U arperaros.

Jletnpnii  skcnepuMeHTanbHBI  koMmIuieke  (JIDK)  momkxeH  ObITH
chOpMHUpPOBaH, YUYUTHIBas  CIEAYIOIIME  TOAXOABI K  IIPOBEJACHHUIO
9KCIIEPUMEHTAILHOIN OTPaOOTKH N3AEIHS:

1. DBONBIIMHCTBO BaXXHEWIIUX TEXHUYECKUX PEIICHUH JOJKHBI
IIPUHUMATHCS B TIPOLIECCE MIPOBEACHUS PacUETHBIX HCCIIEIOBaHUI.

2.  Kpurudgeckue npoOiaeMbl, KOTOPHIE HEBO3MOXHO pa3pelIuTh C
MOMOIIBI0  Pacy€THBIX ~METOAOB, OTpaOaTHIBAIOTCS HAa  Ha3eMHOIi
9KCIepUMEHTAILHON Oa3e.

3.  Kpurudgeckue npoOiaeMbl, KOTOPbIE HEBO3MOXHO pa3pelIuTh C
TIOMOIIBIO HA3eMHBIX HCIBITAHUH, OTPa0aTHIBAIOTCS B JIETHBIX UCTIBITAHUSX.

4. C nensio yMmeHblIeHUs 3aTpar Ha paspabortky JIOK m mpoBenenuns
CaMHMX UCTIBITAHUH HEOOXOAMMO:

e  MakCHUMaJbHO HCIOJIb30BaThb HAKOIUIEHHBI ONBIT B JaHHOH
00JacTH;

e  MUHHMMH3HPOBAThH OOIEE YNCIIO PA3IMIHBIX JEMOHCTPATOPOB.
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Jlist co3naHust aBHAIMOHHO-PAKeTHOr0 KocMuueckoro komiuiekca (APKK)
Poccueit Hanbosnee cymecTBEHHBIM HAyYHO-TEXHIYECKUM, TEXHOJIOTHIECKIM
1 TIPOM3BOACTBEHHBIM 3aJelIaMH 00J1aJaf0T IPOEKTHI:

e IIpoexr ©Ha O0a3ze Mul-31 - paspaborka u coszmanme APKK
ceepxierkoro kiacca (I o 200 xr Ha HA3KYIO OKOJIO3EMHYIO OpOHUTY).

e TIIpoext Ha 6aze Ty-22 (APKK «Cxku¢») - pazpaboTka u co3maHue
APKK cBepxunerkoro xiacca (III' o 500 kr Ha HHM3KYIO OKOJO3EMHYIO
opoury).

e IIpoext Ha 06aze AH-124-100 (APKK «Bo3nymHsiii crapt») -
paspadotka u coznanne APKK nerkoro kiacca (III' no 3500 kr Ha HU3KYIO
OKOJIO3EMHYIO OpOHTY).

IIpoBenenue nerHeix ucneitTanuii  APKK  «Bosgymssii — ctapt»
MIPEACTABIIETCS LIeNIeCO00pa3HbIM B cIeAyIOIue 3 JTamna:

. JIeTHBIC UCTIBITaHus Oe3 necanTupoBanus maketa PKH m3 CH;

e  JIeTHBIE UcHbITaHus ¢ necaHTUpoBanueM maketa PKH u3 CH;

e  JIeTHBIE UcHbITaHUsA ¢ peanbHol PKH.

Flight test demonstrators for creating horizontal air-launch systems
Maslov D.A.
TSNIImash, Korolev

World experience designing and creating acrospace engineering has shown
that without flight tests in realistic conditions is almost impossible to evaluate
performance and reliability of the most loaded components and systems.

Flight test demonstrators (FTD) to be designed, according to the following
approaches to flight tests:

1. Most of the major technical decisions to taken in the process of
computational research.

2. Critical issues that can not be resolved with computational methods
practiced on the ground tests.

3. Critical issues that can not be resolved on the ground tests practiced
on the flight tests.

4. In goal to reduce development costs of the FTD and the flight tests
should:

e  maximum use of the experience gained in this field;

e  to minimize the total number of different demonstrators.

To create a horizontal air-launch system in Russia the most important
scientific, technical, technological and manufacturing backlog projects have:

The project is based on the MiG-31 — design and creation of horizontal air-
launch system ultra light class (payload up to 200 kg into low Earth orbit).

The project is based on the Tu-22 (project «Skif») — design and creation of
horizontal air-launch system ultra light class (payload up to 500 kg into low
Earth orbit).
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The project is based on the An-124-100 (project «Air Launch») — design
and creation of horizontal air-launch system light class (payload up to 3500
kg into low Earth orbit).

Flight tests of horizontal air-launch system «Air Launch» seems
appropriate in the following 3 steps:

o flight tests without separation;
o flight tests with separation;
o  flight tests with real rocket.

OueHka BJMSHUS MOTEPb B 00TeKaTe/ie HA 1aJbHOCTH 00HAPY:KeHUsl
00beKTa paanoJI0KAIMOHHOI roJioBKoi camoHaBeaeHusi BJIA
Maxossix A.B.

MAM, r. MockBa

JladbHOCTP M BEPOATHOCTh  OOHApPY)KEHHS  OOBEKTa  AKTUBHOM
pannoIoKaMOHHON TooBKoM camoHaBeneHust (API'CH) sBistorcst ogHIMHA
W3 OCHOBHEIX MOKazaTerneit 3¢ pekruBHOCTH pyHKIIMOHUpOBaHUs BJIA.

HampHOCTh 00Hapy)keHHst API'CH 3aBHCHT OT TEXHHYECKHX MapaMeTpOB
CTaHIMHU: JUTUTEIBHOCTH W3JIy4aeMbIX UMITYJIbCOB, UTMHBI BOJIHBI, (DYHKIIUH,
ONHKCHIBAIOLIEH JAMarpaMMy HaIpaBICHHOCTH aHTeHHBL. CHeKTpaibHOU
IUIOTHOCTH COOCTBEHHBIX INYMOB NPHUEMHHKA, HMITYJIbCHOH MOIIHOCTH
M3NTydeHUs] TepelaTuuKa, Kod(QQHIMEeHTa HaNpaBICHHOCTH aHTEHHBI, OT
YCIOBHH pPaCHpOCTPAHCHHUS PAAMOBOIH — KO3(GQGUIMEHT OcCiabacHus
pPamIuMOBONIH B pealbHOW aTMmocdepe (m0Xkab, TyMmaH, obOjlaka H T.IL),
MPOTSHKEHHOCTD CPEJibl OCTIA0JICHHS; OT OTPAXKAIOIINX XapaKTEPUCTUK IETIeH,
T.e. oT uX 3 PeKTHBHOM oBepxHOCTH paccesHus (JI1P).

MakcumanbHas aJbHOCTE OOHApY>KEHUS] — JAIBHOCTH OOHApYKEHHS C
3aJ]aHHBIMU BEPOSITHOCTSIMU ITPAaBUIILHOTO OOHAPY>KEHNUS U JIOKHOHM TPEBOTH.
Ee MOXXHO ompenenuTh KCIEepPUMEHTAIBHBIM IyTEeM WM aHATHTHYECKUM C
MOMOIIBIO YIIPABIICHUS PATHUOIOKAIIH.

Iorepu B obrekaresne BausOT Ha kodddunueHt pasnmuuumoctn APT'CH.
OH ompenenseTcss OTHOIMIEHHEM >HEPriuH OJHOTO IPUHUMAEMOTO CHTHaja K
CHEKTPaIbHON IUIOTHOCTH IIyMa MPUEMHHKA, IIPH KOTOPOM eIlle BBLACISETCS
curHajg Ha (oHe COOCTBEHHBIX IIYMOB, BeJIM4YMHA KO3 uumeHra
Pa3NUIMMOCTH OMPEAEISIETCS BEPOATHOCTHIO MPABUIBHOTO OOHAPYXKEHHUS
(BeposiTHOCTH OOHApyXXEHUs: OTMETKHM IIeJIM NpH HaJWUYUM LeJd B TMOJe
speust API'CH), oT BepoATHOCTH JIO)KHOH TpeBOTH (BEpOSTHOCTH
O0OHapy>X€HHsI OTMETKH LIEJI TPH OTCYTCTBHHU LETH B I10JIE€ 3PEHMS JaHHON
I'CH) u or xapakrepa npuHMMaeMbIX cUrHaiIoB.CyMMapHBIH KO3((GHUINEHT
MOTEepb SHEPTUH CUTHAJI/IIYM NpU 00pabOTKE B TPAKTE «BXOJ B OOTEKATEIb —
BXOJl aHTEHHBI — BX0J] npueMmHuka» PJIC onpenensiercss Kak IpoU3BeICHHE
KO3 (GUIIMEHTOB TIOTEph: B OOTEeKaTele, B AaHTEHHE, BBICOKOYACTOTHOM
KaHaie, (uUIbTpe MpPHEMHHKA, BUACOYCHINTENE, W3-32 HECOTIACOBAHHUS
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¢uIbTpa C CHIHQJIOM M 1O I0JOCE IIPOIYCKaHWs, B CyMMHpPYIOLIEM
YCTpOHCTBE, W3-32 aBTOMAaTHYECKOI'O ChEMa JaHHBIX, M3-32 PaCTPOHKH
4acTOThl curHama, B pgerekrope.KoapdummeHt morteppr B obOTekaTene
ompezensiercs ero BHeIIHed (QopMoH, ANIIEKTPHYSCKUMU M MarHUTHBIMH
CBOICTBaMHM KOHCTPYKLMOHHOTO MaTrepHaia OOTeKaTels, IIMHOW BOJIHEL,
yIJIaMH TIPOXOXKACHHS CHTHANA 10 a3UMyTy M yriay Mecrta.lis omeHkH
kod(pdunreHTa moTepp B oOOTeKaTelle MOTYT OBITh HCIIONB30BAHBI Kak
TEOPETHYECKHUE METOMBI, TaK U SKCIIEPUMEHTANILHBIC JaHHbIC.

Pe3ynpraThl TpOBEJEHHBIX WCCIEAOBAaHMN 10 BIMSHHUIO IOTEPh B
oOTekaresne Ha JAJIBHOCTb UM BEPOSTHOCTh OOHAapyXeHus o0OBbeKTa
MOKa3bIBAIOT CYIIECTBEHHOE YMEHBLICHHE THX IOKa3aTeled W3-3a HaJIndus
oOTekaTes.

The assessment of influence of losses in a fairing on range
of object detection by a radar seeker of UAV
Makhovykh A.V.

MAI, Moscow

Range and probability of detection of object by an active radar seeker
(ARS) are one of the main indicators of efficiency of functioning UAV
operation.

Range of detection of ARS depends on technical parameters of station:
duration of the radiated impulses, wavelength, the function describing the
directional pattern of the antenna, spectral density of its own noise of the
receiver, pulse power of radiation of the transmitter, antenna orientation
coefficient; from conditions of distribution of radio waves — radio wave
weakening coefficient in the real atmosphere (rain, fog, clouds, etc.),
attenuation length of the environment; from the reflecting characteristics of
the target, i.e. from their effective surface of dispersion (ESD).

The maximum range of detection is the range of detection with the set
probabilities of the correct detection and a false alarm. It can be defined
experimentally or analytically by control of radar-location.

Losses in a fairing affect the coefficient of discernability of ARS. It is
defined by the relation of energy of one received signal to the spectral density
of noise of the receiver at which the signal still stands out against the
background of the intrinsic noise, the size of coefficient of discernability is
defined by probability of the correct detection (probability of detection of a
mark of the target in the presence of the target in sight of ARS), from
probability of a false alarm (probability of detection of a mark of the target in
the absence of the target in sight of this RS) and from the character of the
accepted signals. The total coefficient of losses of energy signal/noise when
processing in a path "an entry in a fairing — an entrance of the antenna —an
entrance of the receiver " radar is defined as product of coefficients of
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losses: in a fairing, in the antenna, in the high-frequency channel, in the filter
of receiver, in the video amplifier, due to of a disagreement of filter with a
signal and on a pass-band, in the adder, due to of an automatic collection of
data, due to of a disorder of signal frequency, in the detector. The coefficient
of losses in a fairing is determined by its external form, dielectric and
magnetic properties of structural material of a fairing, by wavelength, by
corners of passing of a signal by an azimuth and a corner of a place. For an
assessment of coefficient of losses in a fairing both theoretical methods, and
experimental data can be used.

Results of the conducted researches on influence of losses in a fairing on
range and probability of detection of object show significant reduction of
these indicators because of availability of a fairing.

HccienoBanue 3JIeKTPOXUMHYECKOH CHCTEMBI MOJTYyYeHHS] KHCJI0POAa
B CHCTeMAaX ;KH3Heo0ecneyeHUus] MUJIOTHPYEMbIX KOCMHUYECKUX
annaparoB
Metenkua A.H.

MAMU, r. MockBa

JUis perieHus MpakTHYECKUX 3a7ad IO CO3JAHUI0 COBPEMEHHBIX CHUCTEM
obecieuenus  kusHenmesTenbHocTH  (COXK)  skumaxkedl  3aMKHYTBIX
repMooOBeMOB  Bce OoJiblliee BHUMAHUE YAENSIETCS YHUCICHHBIM METOAaM
pemeHns MaTeMaTHYeCKUX MOJeNiel, ONMUCHIBAIONINX CJIOXKHBIE MEXaHU3MBI
MpolLeccoB nepeHoca BHyTpu arperatoB COX.

Teopernueckue HCCIIeJOBAHMS HeCTallMOHAPHBIX PEKMMOB
anekTpoxumuuecknx cucteM (DXC) B cocTaBe KOCMHUYECKHX CHCTEM
pereHepanyu  CIOCOOCTBYET BHEIPEHHUIO IEPCIEKTHBHBIX —IPUHIMIIOB
(hopMupoBaHUs cpeabl OOUTAHMS HKUIIAXKA.

DKCHEpUMEHTAILHOE HCCIE0BaHUE ToJell mapameTpoB BHYyTpu IXC
NPUBOANT K HMCKaXXEHHIO XapaKTEPUCTHK Mpolecca BCIEICTBHE BBEICHUS
M3MEPHUTENFHOTO  30HAa, @ OCYIIECTBICHHE HHTEPPEPOMETPUUECKUX
HCCIIETOBaHUH 3a4aCTyI0 HEBO3MOXKHO.

CoBMecTHOE pacCMOTpEeHHE MEPEHOCa MACCHl, UMITYJIbCA, SHEPTHH CIOKHO
Ja)ke TPU CYIIECTBEHHBIX YNPOIIEHUSAX B CTAllMOHAPHBIX YCIOBHSAX.
[TpuHIMIIHATEHO BO3MOXHO HCCIIEIOBaHUE OOIIETo ciiydast HeCTal[HOHApHON
JNEKTPOXUMHUYECKOH  CHCTEMbl IIPH  OJHOBPEMEHHOM  PacCMOTPEHHH
(hopmupoBaHus nosen KOHIIEHTpanuii, CKOpPOCTEH,
TemrepaTypsl. PaspaboTka  METOZOB  HCCIENOBaHMS  HECTALMOHAPHBIX
HOPOLECCOB B DJIEKTPOXUMHUUYECKUX CHCTEMax IO3BOJIAET MOIy4aThb
KOJINYECTBEHHBIE XapaKTEPUCTUKH MIPOLIECCOB MEPEHOCA.

Jnst ananusza 1mojied MHTEHCHUBHBIX IapaMeTPOB B IPOTOYHOH cHCTEMe
AIIEKTPOJINTHYECKOTO TIOTyYeHHsI KHUCIOpOoJa TPEAIoKEeHa MaTeMaTHIecKas
MOJIENTb ANEKTPOXUMHUUYECKOW CHCTEMBI, BKIIOYAIOIIAsl ypaBHEHHS OajaHca
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Macchl, SHEPTUM W ypaBHEHHE JBW)XCHHS B IPUOIIKCHUH NOTPaHUYHOIO
cnost. B kadecTBe MHCTPYMEHTA YHCIEHHOTO PELICHUS] CHCTEMBI ypaBHEHHH
[0 OTIPEeNEeNICHUI0 ITIOJIeH KOHIEHTpAaNni, CKOpPOCTEH, TeMIIepaTypsl BEIOpaH
METOJ KOHEUYHBIX pa3HOCTEH C WCIONB30BAaHMEM HESABHBIX KOHEYHO-
Pa3HOCTHBIX CXEM.

Lenpto naHHON paboTHI SBIAETCA CO3JAHUE MPOTPAMMHOTO O00ECHEeUeHNs,
TIO3BOJISIOIIETO MCCIIEI0BATh MATEMAaTHYECKYIO MO/IENb MIPOIIECCOB IIEpEeHOCca
INEKTPOXUMHUYECKOI CHCTEMBI MOIYyYEHHUs KHUCIOPOAa C HCIOJIb30BaHUEM
pa3MuUHBIX TPAHWYHBIX W Ha4yaJbHBIX YCIOBHH, (U3UKO-XUMHYECKHX
CBOMCTB anekTposnTa.Pe3ynbTaTsl YMCIEHHBIX MCCIEJOBAHUI IMO3BOJIAIOT
BBIIBUTH HamOoJiee 3HA4YMMbIE [apaMeTpbl Mpolecca W ONPEIeSUTh
ONTHMAJIbHBIE PEXXUMBI PAOOTHI CUCTEMBI, €€ POEKTHHIC H TEXHOJIOTHUECKHE
mapaMeTpel, YTO MO3BOJUT HMHTCHCH(HUIMPOBATH IIPOIECCH PETCHEPAINN
MIPOXYKTOB >KU3HEACATENPHOCTH. lIccrmenoBaHue ITyTed HWHTEHCH(UKAMN
npomeccoB  MaccomepeHoca B OXC wumMeer Oonblioe 3HAYCHHE B
TEOPETHYECKOM IUIAHE U B IPAKTHYECKUX HMPIIOKCHHUSIX.

Research of electrochemical oxygen generation system
in life-support systems of manned spacecraft
Metelkin A.N.

MAI, Moscow

To solve practical problems in the creation of modern life-support systems
of exclusive systems more attention is paid to numerical methods for solving
mathematical models describing the complex mechanisms of transport
processes inside devices of life-support systems.

The oretical researches of non-stationary modes of electro chemical
systems in the cosmic regeneration systems supports the introduction of
advanced principles forming the habitat crew. Experimental research fields of
parameters inside electrochemical systems results to distortion characteristics
of the process due to the introduction of measuring probe, and the
implementation of interferometric studying is often impossible.

Joint consideration of the mass, momentum, and energy is difficult even
with significant simplifications in stationary conditions. It is possible to study
the general case of non-stationary electrochemical system with simultaneous
consideration of the formation of concentration, velocity and temperature
fields. Development of research methods for unsteady processes in
electrochemical systems provides quantitative characteristics of the transport
processes.

To analyze the fields of intensive parameters in the flow system of the
electrolytic production of oxygen mathematical model of an electrochemical
system, including mass balance equations, energy and the equation of motion
in the boundary layer approximation is suggested. As a tool for the numerical
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solution of a system of equations to determine the concentration fields,
velocity, temperature selected finite difference method using the implicit
finite difference schemes.

The goal of this work is to create software that allows to explore the
mathematical model of the transport processes of electrochemical oxygen
generation system using a variety of boundary and initial conditions, physical
and chemical properties of the electrolyte. The results of numerical studies
allow to identify the most important process parameters and to determine the
optimal operating conditions of the system, its project and technological
parameters that will allow to intensify the process of regeneration of waste
products. Researching ways of intensification of mass transfer processes in
electrochemical systems is of great importance in theory and in practical
applications.

Cucrema reJiluoLEeHTPUYECKUX Pado4ux opouT
aas uccaegosanust Cosnna
Koncrantunor M.C., Mun Teiin
MAMU, r. MockBa

B pabote mnpeanaraercs HCIOJIB30BaTh CUCTEMY HECKOJIBKUX pPabOUYMX
TeJMOLEHTPUYECKUX OpPOUTC HU3KUM IEpUTENHEM JUIS HUCCIEIOBaHMs
Connma. Ha xaxmoit u3 stux opout KA genaet oluH WU HECKOJILKO BUTKOB
otHocutenbHO Conuila. Paboune opOuUTHI (KpoMe MOCIEIHEH) PE30HAHCHBI C
opburoii Beneprl. Bce OHM XapaKTepU3YIOTCS OTHOCHTEIBHO HEOOJNBIIMM
pampycoM  TEpUTENHsT W  OTHOCHTENBPHO  OONBIIMM  HAKJIOHEHHUEM,
MO3BOJIIFOIUM HCCienioBaTh moisipabie obiactu Comama. [lepexom KA ¢
OTHOW OpOWTHI Ha NPYTYIO OCYMIECTBISECTCS C MCIOIB30BAHUEM ITACCHBHOTO
TPaBUTAIIMOHHOTO MaHeBpa y BeHepsl m He TpeOyeT pabOTH MapiieBOU
JIBUTATEIILHON YCTAHOBKH.

AHanmu3upyeTcs BO3MOXKHOCTh BhIBeieHUS KA Ha mpeniaraeMyro CHCTEMY
TeIIMOIEHTPUYECKUX pabounx opbut. PaccMmaTpuBaemas TpaHCHOPTHas
Kocmuueckas cuctema 6azupyercs Ha PH Coro3-2, XuMu4eckoM pa3rOHHOM
Onoke «@PperaT» © DIEKTPOPAKETHOW JBUTATEIbHOH YCTaHOBKE C
pannovyacTOTHBIMHU ABUTaTessIMM THna RIT22. XuMmudeckuiipa3sroHHbIH 610K
obecrieunBaeT runepOOIMYecKnii M30BITOK CKOPOCTH OTHOCHTENBHO 3eMIIn
npu crapre ot He€ M oraenserca or KA. DiekTpopakeTHas JBUTaTelIbHas
yCTaHOBKa OO0ECHeyrBaeT IepesieT 10 TeMHOLEHTPUUECKOH TpaeKTOpHH
3emist — 3eMiIs U rpaBUTAlMOHHBIN MaHeBp y 3emun. [Ipu noanere k 3emie
obecrieunBaeTcss JJOCTaTOYHO OOJbIIas BENIWYMHA THIEPOOINIECKOrOo
M30bITKa CKOPOCTH. ['paBUTalMOHHBIM MaHeBp y 3emum oOecrieunBaeT
JanbHEHIMKA mepener K BeHepe, Ha KOTOpOM He Hpexanonaraercs
ucronb3oBaHue MapieBoro asurarens KA. 3atem wucmoms3yercs cepus

154



IpaBUTAllMOHHBIX MaHEBpOB y Benepsl. Kaxnplii Takoil MaHeBp MepeBOIUT
KA Ha nocnenoBatenbHOCTb pab04nX reIMOLEHTPUYECKUX OpOUT.

Lenp wccnenoBaHus— NMPOAaHAIM3UPOBATH PA3IMYHBIE CUCTEMBI PabOdUX
TeTMOLCHTPHIECKHX OpPOHT, OTYYUTh OLICHKY Macchl KA, nocrapisemMoro Ha
9TH CHUCTeMBI paboumx opbut. [IpoaHamM3MpOBaHHBIE CHCTEMBI pPabOUINX
TeIMOLCHTPHYECKUX OPOHMT OTJIMYAIOTCS BEIWYMHAMH IICPUTEeNHsS H
HaKJIOHCHHEM pabodnx OpOwT.

[IpoBeneHHOE HcciIeOBaHUE TIOKa3bIBAET, YTO CYIIECTBYET BO3MOXKHOCTD
obecrieunTs BeiBeneHne KA nocrarouno 6ompmoii Maccel (6onee 1800 kr) Ha
HECKOJIKO CHCTEM T'eJIMOLEHTPUYECKHX OpOHT, 00ECIIeYHBAIOIINX XOPOLINE
ycioBuss HaOmopeHus ConHna ¢ HEOOJBLIOTO PAcCTOSHUS, BKIIIOYAs
HaOII0ICHUs IPUHONSIPHBIX oOnacteit CoHIa.

System of heliocentric operational orbitsfor Sun exploration
Konstantinov M.S., Min Thein
MAI, Moscow

In this paper, we propose to use the system of heliocentric operational
orbits withlow perihelion radius for Sun exploration. Spacecraft (SC) makes
one or more revolutions around the Sun on each of these operational orbits.
The operational orbits (except the last) are resonant with Venus's orbit. They
are characterized by relatively low perihelion radius and large inclination,
providing to explore the polar region of the Sun. Transfer from one orbit to
another is implemented by using passive Venus gravity assists and not
requires the workingof main engine.

The possibility of SC insertion into the recommended system of
heliocentric operational orbits is analyzed. The transportation system based
on launcher "Soyuz-2" chemical upper stage (ChUS) "Fregat" and electric
propulsion (EP) with radio frequency ion thruster(type RIT22)is considered.
The SC with ChUS is delivered into the near Earth orbit by launcher "Soyuz-
2"and the ChUS provides the hyperbolic excess velocity and is separated
from SC. EP provides heliocentric trajectory to encounter Earth with large
hyperbolic excess velocity. Earth gravity assist provides the passive flight to
Venus. Then a series of Venus gravity assists are implemented. Each gravity
assist delivers the SC into sequence of heliocentric orbits.

The purpose of the study is to analyze different systems of working
heliocentric orbits, to get the mass characteristics of the SC which can be
delivered into these system of operational orbits.Analyzed systems of
heliocentric operationalorbits differ from each other in the perihelion radius
and inclination of the operational orbits.

The analysis shows that it is possible to insert the large SC (more than
1800 kg) into some systems of heliocentric orbits, providing good conditions
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for the Sun exploration from short distance, including observing polar regions
of the Sun.

OnruMusanysi napaMeTpoB U TPACKTOPHU ABUKEHUS
MEKKOHTHHEHTATBHOM 23POKOCMHYECKOI CHCTeMBbI
By3ynyx B.1., Muxanes C.M., Yuxyxy A.1O.
HATI'Y, r. XKykoBckuii

OOBbeKTOM HCCIIENOBaHUs SIBIsIETCS a’dpokocmuyeckas cucrema (AKC),
pajuKanbHO COKpalllaiolias BpeMs II0JieTa Ha MEKKOHTHHEHTAJIbHBIE
paccTosiHus (10 18 ThIC. KM).

AKC ocHOBaHa Ha WHCIIOJIb30BaHMM DPAKETHOTO crioco0a BBHIBEJCHUS Ha
HU3KYI0) OKOJO3eMHYIO opOuty (cybopOuty). CHcTema BBIBEACHUS —
TpEXCTyNeH4arasi, COCTOMT W3 J03ByKoBoro camonera-Hocurens (ICH),
rurep3BykoBoro camoineta-paronnmka (I'CP) ¢ JXXPA wu BosmymHO-
kocmuueckoro camornera (BKC) ¢ JKPJ. CraproBas Macca pakeTHO-
kocmuueckoit cuctemsl (PKC) cocrarmser 120 T.

Henb paboter — popmupoBarne obnmmka AKC HOBOTO MOKOJICHHS W OIICHKA
BIMAHUS  Pa3IMYHBIX TUIOB TOIUIMB HAa OCHOBHBIE TEXHHUYECKUE
XapaKTepUCTUKU (Macca IOJIE3HOTO Tpy3a, rabapuTHBIE pa3Mepsl CTYICHEH,
00beMbI TOIUTUBHBIX OakoB u T.1.) PKC.

Meroponorust MccieOBaHUN OCHOBaHa Ha OOOOIEHWH U aHajIHu3e
PacyeTHO-TEOPETUUECKOr0 HAy4YHO-TEXHHYECKOTO 3ajiefla, HAKOIUIEHHOTO B
IIAT'Y B manHO# 007aCTH, B TOM YHCIIE B 00JIACTH aBHAIMOHHO-KOCMHYECKHUX
CHCTEM MHOTOpa30BOTO HCIHOJNB30BAHHUSA, a TAaKXKEe Ha JOMOJHHUTEIbHBIX
pacdeTHBIX HCCIIEJOBaHUSAX c UCTIONIb30BaHNEM KOMIIJIEKCOB
BBEIYUCITUTENHHBIX MTpOTpaMM, pazpaboranHeix B LIATU.

B pabore BbImONHEHO (opMupoBaHME OONMKA  TEPCHEKTUBHOTO
JBYX(I03eIsKHOTO caMmorieTa-HocuTelst ¥ Tpex BapuanTtoB PKC ¢ pazmuyabiM
THUIIOM TOIUIMBA TIepBOH cTynenn. OnpeneneHs adpoAMHaAMUYEeCKUe U JISTHO-
texHuueckne xapakrepuctuku PKC um AKC B c6ope. Ilokazano, dro
paccmarpuBaemas  koHuenmua AKC  1o3BonmseT  COKpatuTh  BpeMs
MEXKOHTHHEHTAJIBHBIX NepesnieToB A0 1,2 yaca. Hanmydmmm ¢ TOYKH 3peHus
Macchl TOJE3HOTO Tpy3a SIBISETCS BapHaHT HCIOJIb30BAHUS KHCIOPOIHO-
BOJIOPOAHOTO TOIUIMBA Ha mepBoii crynenn PKC.

Parameter optimization and mechanical trajectory
of intercontinental aerospace system
Buzuluk V.I., Mikhalyov S.M., Udzukhu A.Yu.
TSAGI, Zhukovsky

The object of this study is the aerospace system that radically reduces the
flight time at intercontinental ranges (up to 18000 km.).
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The aerospace system based on rocket sub-orbit launch. The three-stage
orbital launching system consists of a subsonic carrier, hypersonic plane-
booster with liquid-propellant engine and a shuttle with liquid-propellant
engine. The launching mass of space-rocket system is 120 tons.

The aim of this work is to design new generation aerospace system
configuration and to estimate the impact of different fuels on the main
technical characteristics of space-rocket system (payload mass, overall
dimensions of stages, fuel tanks volume etc.).

The research methodology is based on the synthesis and analysis of the
design-theoretical, scientific and technical background of TSAGI in this area
including reusable aerospace systems as well as additional design studies
using sets of computer programs developed in TSAGI.

The configuration design of the future twin-fuselage carrier and three
versions of aerospace system with different fuels in the first stage was
accomplished in this work. Aerodynamic and flight characteristics of space-
rocket and aerospace system as an assembly were determined. It was shown
that the considered aerospace system concept permit to reduce the time of
intercontinental flights to 80 minutes. The best variant in terms of payload
mass is to use the oxy-hydrogen fuel in the first stage of space-rocket system.

MopeaupoBaHye 00TeKaHHUA CIYCKaeMOro anmnapara B 103ByKOBOM H
TPAHC3BYKOBOM IIOTOKAX B YCJOBUSAX 0JJOYHOI0 CTPYHHOI0 TOPMOsKEHHS
Jlyuenko A.}O., Hazaposa JI.K.

MI'TY um. H.D. baymana, r. Mocksa

I[To Mepe akTHBHOrO TOpMOXEHHs cryckaemMoro ammapata (CA) wu
MPUOJIMKEHUST €r0 K TIOBEPXHOCTH IUIAHETHl MECHSIOTCS YCIOBHS OOTEKaHUS
OT THIEP3BYKOBOTO JIAMHHAPHOTO Ha OONBIIMX BBICOTaX JO TYpOYJICHTHOTO
JO3BYKOBOTO TeUeHUs M Bo3aeiicTBus Ha CA OTpaKeHHBIX OT IMOBEPXHOCTH
CTpyH Ha 3Tane MAIrkou MOCajaKHu.

BbIJI0 NpOBEACHO 4YHCIEHHOE M OKCIEPUMEHTAIbHOE MOJEIUPOBaAHHE
obrekanuss CA cermMeHTalbHO-KOHMYECKOH (opMbl Ha J103BYKOBOH H
TPaHC3BYKOBOM CKOpOCTU. PacyeT mpoBOJMIICS C UCIIOJIB30BAHUEM OTKPBITOM
aTdopmsbl Ul YuciieHHOro MozaenupoBanus — OpenFoam Ha Gaze Web-
nabopatopun UniHub.

IIpn  10O3BYKOBBIX CKOpPOCTSIX HaOeraromero IOTOKAa IPOBOAMIOCH
YHUCJIEHHOE MOJIEIMPOBaHNE OOTEKaHWs LWJIMHIPUYECKHX M CErMEHTaJbHO-
KOHHYECKHX Tell.

PesynbraThl BU3yanu3anuy T€YEHHs, HOJyYSHHOTO YHCICHHBIM METOJIOM,
MOATBEPXKIAIOT, YTO  JIO3BYKOBOE OOTEKaHWE  IWIMHAPHYECKUX U
CErMEHTAJIbHO-KOHNYECKUX TeJl COINPOBOXKIAETCS OTPHIBOM IIOTOKAa HA
OOKOBBIX MOBEPXHOCTSX IMIMHApA U oOpatHoro koHyca CA. Ha TopueBoi
MOBEPXHOCTH LWIWHApa W J000BoM »dkpaHe CA o0pasyrorcs obmactu
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NOBBIIIEHHOTO ~ JaBJICHWS, Ha  OOKOBBIX  IIOBEPXHOCTSX  JIaBJICHHE
MMOHIKEHHOE, B JOHHBIX OOJACTIX 00pa3yloTcs TOpPOOoOpa3HbIe BUXPEBBIC
obmacru.

Xapaktep OOTEKaHHS CETMEHTAIBHO-KOHHYECKHX TelT TPaHC3BYKOBBIM
NOTOKOM SBJISICTCS BECbMa CJIOXKHBIM, TaK KaK CBA3aH C HaJIddUueM
CMEIIAaHHBIX (HO3BYKOBBIX WM CBEPX3BYKOBBIX) 30H TEUCHHsS H oOiacteil
oTpeiBa. UHXeKuus CTpydl NPUBOOUT K TpaHCHOPMALMU CTPYKTYPHI
o0TeKkaHHs M CIIOCOOCTBYET NepepacpeieIeHUIO IaBICHHS KaK Ha JIOOOBOH,
TaKk M Ha OOKOBOW TOBEPXHOCTSX MOJENeH, YTO TIOKa3ajdl KOMILIEKC
NPOBEICHHBIX JKCIHEPUMEHTAIBHBIX  HCCIEIOBaHMH, IO  pe3yJbTraTam
KOTOPOTO BBISBJICHBI XapaKTepHBIC CTPYKTYPbl TEUYEHHUS, KaueCTBEHHO
BIIMSIIOIIME HA N3MEHEHHE adPOIMHAMHYECKHUX XapakTepucTuk CA.

B pabore Tarxke OBUIO BBEINOJIHEHO MaTeMaTHYECKOE MOJICIHPOBaHHE
MHXKEKIMU CTPYH B 3aTOIUICHHOE IPOCTPAHCTBO W B TPAHC3BYKOBOM
Ha0eraroluii oTok. M3aMepeHus, MpoBeACHHBIC 10 Pe3yIbTaTaM YUCICHHOTO
MOJICIIUPOBAHUS, JAlOT YHOBJICTBOPUTEILHOE COBIAJCHHE I'€OMETPUYCCKHX
HapaMeTpoB CTPYH ¢ SMIUpUYEcKUM pacyeToM. CpaBHEHHE C pe3yJIbTaTaMH
JKCIIeprMeHTa  (TemuiepoBckue (ororpaduu) IOKa3alo KauyecTBEHHOE
COBIIAJICHUE KapTHHBI 00TekaHus (00pa3oBaHHE COOTBETCTBYIOUIMX 30H
MOBBILIEHHOTO JaBJICHUS, Pa3pexKeHUsl, 00JIacTeil OTphIBa).

Modeling of subsonic and transonic flow around a reentry vehicle
with block jet braking
Lutsenko A.Y., Nazarova D.K.
BMSTU, Moscow

When vehicle brakes and approaches the planet's surface, initial conditions
change from hypersonic laminar flow at great heights to subsonic turbulent
flow and jets interacting with the surface on soft landing stage.

Numerical and experimental simulation of segmentally-conical reentry
vehicles in subsonic and transonic flows was carried out. Calculations were
performed using an open package for numerical simulation of continuum
mechanics problems OpenFoam based on the Web-laboratory UniHub.

At subsonic speeds numerical simulation of flow around cylindrical and
segmentally-conical bodies was carried out.

Flow visualization results obtained by the numerical method confirm that
the subsonic flow around cylindrical and segmentally-conical bodies is
accompanied by flow separation on the cylinder and inverted cone lateral
surfaces. Some areas of increased pressure are forming on the cylinder face
and the reentry vehicle front screen, on the lateral surfaces the pressure is
decreased, toroidal vortexes are forming in the bottom region.

Character of the transonic flow around a segmentally-conical body is
complicated, because there are mixed (subsonic and supersonic) zones and
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areas of separated flows on the side surface of inverted cone. The jet injection
leads to the transformation of the flow structure and contributes to the
pressure redistribution on frontal and lateral surfaces of the models, that
complex of experimental studies showed, typical flow structures,which
influence on the vehicle aerodynamic characteristics, were revealed.

The work has also been carried out mathematical modeling of in-injection
of jets in the ambient space and in transonic incoming flow. Measurements
based on the numerical simulation results gave a satisfactory agreement with
the empirical calculated geometrical parameters of the jets. Comparison with
the experimental results (shlieren photos) showed agreement of the flow
pattern (formation of the high pressure areas, rarefaction and separation
regions).

OnTuMu3anys TpaeKTOPUHU MEKIVIAHETHOTO NepeJieTa ¢ OLeHKOMI
JOIyCTUMOI'0 BpeMeHU BHEIITATHOIO OTK/JII04eHus JPIY
Hryen /luen Hroxk, Konctantunos M.C.

MAMWU, r. MockBa

Llenbro naHHOW paboTHI sBJISIACh OLIEHKAa TpeOyemoro 3amaca pabouero
tena ans OPJY, KOoTopHIit MO3BOJIET MAapUPOBaTh BO3MYIICHUE TPACKTOPHU
KA, cBs3aHHOE C HEIITATHBIM BBIKJIIOUCHHEM JABHUTATENIS B K000 TOUKe
JM000ro akTHBHOTO y4yacTKa MEXIUIAHETHOW TpaeKTOpuH. AHaIM3UpyeTcs
TpaekTopusi 3emns-3emus-Benepa ¢ MOCHeqylOmMMU — BO3MOXHBIMHU
rpaBUTALMOHHBIMU MaHeBpaMu y Benepst TSt BBIBEJICHHSI
HCCIICAOBATENILCKOTO 30H/a, TEIHOICHTPUYCCKIE TPACKTOPUH KOTOPOTO
obOecrieumBaeT OnaronmpusATHBIE yciuoBHs Uit HaOmogeHuss  ColHIA.
PaccmarpuBaemasi TpaHCHOpPTHas KOCMHYECKas CHCTeMa OasupyeTcs Ha
pakete-HOocuTene «Cor03-2», XUMHYECKOM pa3roHHOM Onoke «Dperat » u
ANEKTPOpaKeTHOW JBUTATeNbHOW ycTaHoBke (OP/1Y), wucmoip3yromieit
paauovyacTOTHBIA HOHHBIN aBUraTesb Tuna RIT-22.

Ha mnepBoM 3Tame npoBENEHHOrO HCCielOBaHUs Oblla BhIOpaHa cxema
BeiBezieHus KA Ha paboune opOutsl aist uccnenosanus Connna. Cxema
BKJIFOYajla TPAaBUTAIIMOHHBIM MaHEBp y 3€MIM M CEpPHI0 T'PaBUTAIIMOHHBIX
MaHeBpoB y Beneprl. [lns BBIOpaHHOH cxeMbl pa3paboTaHa MoOJENb
ontuMansHOoro JnBmwkeHUs KA. Pa3zpaboTaHHBIH METOJ ONTUMHU3ALUU
Tpaekropun KA ucrnonb3yeT HEOOXOIMMEIC YCIOBUS MPUHIIMIIA MaKCHMyMa
Iontpsiruna.

Bropoii sTan nccnenoBaHus ObII MOCBSIIEH pa3pabOTKE METO/A OLEHKH
TpebyeMoro 3amaca pabodyero Ttema OPJ[Y, kotopoe tpebOyercs s
MAPUPOBAHKS BO3MYIICHUH, KOTOPBIE MOTYT OBITh BBI3BAHBI HEIITATHBIM
BBIKIIIOUeHHEeM  ABuraresns. [lpu  cylecTBymolmieM OrpaHHYeHHM  Ha
pacronaraeMslif 3amac TOIJIMBA IPOBEICHHBIM aHAIN3 IO3BOJIAET MOJIYUIHUTH
OIIEHKY JOMYCTUMOHN MPOJOKUTEIHPHOCTH HEITATHOTO BhIKIIoUeHus: DPIY
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JUId TIOJIyY€HHBIX Ha MEPBOM dSTale HOMMHANBHBIX TpaekTopuil. YucieHHoe
UCCIIEJIOBAaHNE  TIOKa3bIBACT, YTO, JIOMYCTHMas TPOAOJDKUTEIBHOCTh
HELITaTHOTO BBIKIIOUCHNUS JIBUTATEII MOXKET OBITh HEJOCTATOYHO BENIHKA.

Ha tpersem sTamne uccnenoBaHust pemaercs mpodieMa HaX0KACHHE HOBOH
HOMHHAQJIBHOHM TPAeKTOPHH. Y BEIHMUCHNE JOIMYCTIMOTO BPEMEHHU HEIITATHOTO
BBIKIIIOUCHHSI JIBUTATENIl IPEAyaraeTcst JOOMTBCS 3a CUET BBEICHUE
MACCHBHOTO YYacTKa B KOHIE T€IHOLEHTPUIECKOH TPACKTOPUH IEpeneTa, a
TaKKe 3a CYET BBEJCHUS JIONOJHUTEIHLHOTO MAcCUBHOTO YydYacTKa (Win
HECKOJBKUX JIOTIONIHUTEIBbHBIX IAaCCHBHBIX YYacTKOB) Ha TPaeKTOpUHU
TeIMOLEHTPUUECKOTO Mepenera. Y BBOAMMOH B PAacCMOTPEHUE HOBOM
HOMHHAQJIFHOH TPAaeKTOPHHM €CTb OINPEIEJICHHOE YHCIO BBIOMpPaeMbIX
mapamMeTpoB. OTH  NapaMeTpbl  ONTHUMM3HPYIOTCS IO  KPUTEPHUIO
MaKCHMaJIbHOH JIOIMyCTHMOH [UIMTENBHOCTH HEIITATHOTO BBIKIIOYCHUS
JIBUTATEIIS.

Pe3ynpraToM BBIIOJIHEHHOW pabOTHI SBISETCS HAXOXKACHHE TAaKOW HOBOH
HOMHUHAJBHOM TpaekTopuu BbiBeneHUs KA, mnpu peanuzauuu KOTOpOi
JOIYCKAaeTCsl MAaKCHMAaJbHO OONBIIOE BpeMsI BHEIITATHOTO OTKIFOUCHHS
OPY. Jns paccCMOTPEHHOM MEXIUIAHETHOM TPAaeKTOPUU 3TO BpeMs
0Ka3aJI0Ch [TIOYTH PABHBIM 5 CYTOK.

Optimization of interplanetary trajectories with the assessment of the
permissible time of contingency turn off the electric propulsion
Nguyen Dien Ngoc, Konstantinov M.S.

MAI, Moscow

The purpose of this article is to estimate the required fuel reserve of for
electric propulsion, which allows to fend perturbation of trajectory associated
with contingency turning off the electric propulsion at any point on the active
segment of the interplanetary trajectory.

The Earth-Earth-Venus trajectory with the consequent possibility of Venus
swing-by for spacecraft insertion into the heliocentric trajectories is analyzed
which provides favorable conditions for solar observations. Space
transportation system based on the launch vehicle "Soyuz-2", the chemical
upper stage "Fregat" and electric propulsion using radio ion thrusters type
RIT-22.

The SC insertion path into the working orbit for Sun exploration was
chosen in the first stage of this article. The path included a Earth swing-by
and a series of Venus gravity assist maneuvers. A model of the optimal
motion of spacecraft is developed for selected path. Developed a method for
optimizing the trajectory of the spacecraft uses the necessary conditions of the
Pontryagin maximum principle.

The second stage of this article devotes to developing a method of
assessing the required fuel reserve of the electric propulsion, which is
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required to count the perturbation that may be caused by a contingency turn
off the electric propulsion. When there is a restriction on the supply of
disposable fuel analysis allows assessment of the permissible time of
contingency turn off the electric propulsion for obtained in the first stage of
nominal trajectories. Numerical investigation shows that the permissible time
of contingency turn off the electric propulsion may not be sufficiently large.

At the third stage of this article, the problem of finding a new nominal
trajectory is solved. Increase in the permissible time of contingency turn off
the electric propulsion invited achieved by the creating of the passive segment
at the end of the heliocentric trajectory, as well as through the introduction of
additional passive segment (or more additional coasting) on the trajectory of
the heliocentric flight. We entered into the consideration of a new nominal
trajectory has a certain number of selectable parameters. These parameters are
optimized by the criterion of the maximum permissible duration of
contingency engine shutdown.

The result of this article is finding a new nominal trajectory for SC
injection, the implementation of which may be as large as possible while
permissible time of contingency turn off the electric propulsion. For
considered interplanetary trajectory that time is nearly equal to 5 days.

MaremaTuueckasi MOJeJib paIMOTOMOrpaguyecKoro MOHUTOPUHIA
HOoHOCc(hepPHI ¢ MOMOIIbI0 CHYTHHUKOBBIX IPYNIHPOBOK
Huxonaes I1.H., bemokonos 1.B., ®unonnna O.B.

CT'AY, r. Camapa

OnHOM M3 aKTyalbHBIX 3a/ad MPHUKIJIAJHBIX KOCMHUYECKHX HCCIIEJOBAaHUN
SIBIISIETCSI 33/1a4a 110 PEKOHCTPYKLMH (QYHKIIMH PACHpPEeNICHHs SIEKTPOHHON
KOMITOHEHTHl B HMOHOC()EpHOM cjoe 3eMiH. DTO OOBACHIETCS TeM, 4YTO
noHocgepa, Kak cpefa pacipoCTPaHEHUSI PAAMOBOJH, CYIIECTBEHHO BIIUSET
Ha pabOTy pa3InYHBIX CHCTEM HABUTAINH, JIOKAIIMH U CBSI3H.

ABTOpOoM pa3paboTaHa METOJMKA MAaTEeMaTHYEeCKOTO MOJIEIUPOBAHUS
PEKOHCTPYKIIMM  TPOCTPAHCTBEHHOTO  paclpelesieHus]  3JICKTPOHHOU
IUIOTHOCTH B ILIAPOBOM CJIo€ MOHOC(EpH! 3eMIIM C HOMOIIBIO IPYIITHPOBKU
Manbix croyTHHKOB. CyTh ee 3akmiouaercs B TOM, YTO 24 CIyTHHKA
pacmosarascb ~ paBHOMEpPHO  Ha  KpyroBoil  opbure,  30HIUPYIOT
pamvomsnydyenueM ¢ uvactotoit (150 m 400) MIn, B nanHOM ciyuyae,
KOJIBIIEBOM cJI0M mMoHOCQepsl. [IpuMeHeHne Tomorpaduieckux MeETONOB K
JAHHBIM O TMONHOM J3JekTpoHHOM coxaepxkanmu ([I9C) B wmoHochepe,
MOJy4aeMbIX Ha Tpaccax CIyTHHUK-CIyTHUK, MPEIOKEHHON TPYNIUPOBKHU,
oOecrieunBaeT HENPEpHIBHOE TNONydyeHHe HWHPOpManmuu O JIByMEpHOM
pacnpenenennn I19C B rnobanpHOoM MacmtabGe. IlokazaHo, 4ro mpwm
OTIPENICTICHHBIX YCIOBHSX 3Ty 3a/Jady MOXHO CBECTH K MaJOPaKypCHOM
ToMOrpaUecKord 3agade, M TPOM3BOAWTH PEKOHCTPYKIMIO HMCKOMOIO
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pacnpezeneHus 3JeKTPOHHON MJIOTHOCTH C ITOMOLIBIO OBICTPOICHCTBYIOIINX
CBEPTOYHBIX aJITOPUTMOB.

PaspaboTan makeT MpUKJIAIHBIX MPOrpaMM, HO3BOJIAIOLIMN MTPOU3BOINTH
HOJIHBIH [UKJI MATEMaTHIECKOT0 MOJECIUPOBAHU, IIe IS OLCHKH KadecTBa
PEKOHCTPYKLUH IIOCIEAOBATEIbHO pelIaeTcsl mpsMas W oOpaTHas 3aladd.
[psimas 3amada COCTOUT B HOJIyYEHHH MHTETPAJBHBIX XapaKTEPUCTUK CPEIbI
(IT2C), myrem MoOIenupoOBaHHA IpoOILEcca PaTUOM3IYICHUS, U 3aaHHOTO
pacnpesieneHus dNEKTPOHHOH KoHueHTpauuu. OOpaTHas 3ajada COCTOMT B
PEKOHCTPYKIMU AByMepHoOro pacrpezaeienus [I9C Ha ocHOBE HM3BECTHOTO
HabOpa MHTErpajbHBIX XapaKTepUCTHK cpenbl. Jlis 3amaum Takoro kiacca
aBTOPOM pa3paboTaHO CIENHAIN3UPOBAHHOE MAJIOPAKYPCHOE AMHAMUYECKOE
SAOpO  CBEPTOYHOrO  ITOPUTMA, Jalollee  BO3MOXKHOCTh  IOJIy4aTb
YIOBJICTBOPHUTEIBbHYI0 PEKOHCTPYKLMIO B IIMPOKOM JWAIla30HE BXOMHBIX
NPOCKIIMOHHBIX JaHHBIX.

Mathematical modelling of radio tomographic ionospheric
monitoring via satellite constellation
Nikolayev P.N., Belokonov 1.V., Phylonin O.V.
SSAU, Samara

The reconstruction of the electronic components distribution functions in
Earth's ionospheric layer is an actual problem of applied space research. The
reason is that the ionosphere as a medium of radio-waves propagation
significantly affects the operation of the various systems of navigation,
location and communication.

The mathematical modeling technique of the electron density spatial
distribution reconstruction in Earth’s ionosphere spherical layer using a
constellation of small satellites was developed by the author. It assumes
twenty - four satellites, that are arranged uniformly on the circular orbit,
sound a ring layer of ionosphere with radio emission at frequencies of (150
and 400) MHz. The continuous acquisition of information about two-
dimensional ionospheric total electron content (TEC) distribution on global
scale is achieved by application of tomographic methods for obtaining data
about ionospheric TEC on proposed constellation satellite-satellite path. It is
shown that under certain conditions, the problem can be reduced to a few-
view tomographic problem, and the desired reconstruction of the electron
density distribution by fast convolution algorithms can be evaluated.

The applied software package allowing to perform a full cycle of
mathematical modeling was developed, where direct and inverse problems
were sequentially solved for quality assessment of reconstruction. The direct
problem is to obtain the integral characteristics of the medium (TEC), by
modeling the radio emission process for a defined electron density
distribution. The inverse problem is to reconstruct of the two-dimensional
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TEC distribution based on known medium integral characteristics set. The
author developed specialized “few-views dynamic kernel” that provides an
opportunity to obtain satisfactory reconstruction of wide range input
projection data for this class of problems.

00 oxHOM MoAX0/e K 00ecneYyeHHI0 a3POyNPYroii yeToiHYuBOCTH
MAHEBPEHHOI'0 0eCIUJIOTHOIO JeTAaTeIbHOI0 aNapara Ha JTane
3CKHU3HOTO0 NPOCKTHPOBAHUS
Omnapun A.C., I[Tapadecs C.I'.

MAMU, Mocksa

OnHOM M3 BayKHEHIIMX NPOOJIEM MPOEKTUPOBAHUSI BBICOKOMaHEBPEHHBIX
OecnmwIOTHBIX JleTatenbHbIX anmapatoB (BJIA) sBusercs obecrieuenne
O6esomacHOCTH OT (uatrepa ® a’poymnpyroil ycroiumBoctn ¢ CAY.
Aspoynpyroe B3aumopeiicteue BJIA ¢ CAY MOXHO NpeaCTaBUTh B BUIC
MHOTOCBSI3HOTO KOHTYpa, B KOTOPOM [BE JIMHHUHM OOpaTHBIX CBSA3EH: depes
MOJATINBOCTh PYJEBOTO NPHBOAA W TPAKT yNpaBIeHUs. Takas CTPyKTypa
YKa3blBacT Ha BO3MOJKHBIE BHABI IIOTEPH TUHAMHYECKOW YCTOHYMBOCTH:
pyJieBble M KOpIycHble (GopMbl (uiaTTepa, noTepsi yCTOHYUBOCTH B CHCTEME
«IIPUBOJ — PYJb» U MOTEPs YCTOMUMBOCTH B KOHTYpe «ynpyruit JIA — CAY».

IIpobnembl, cBs3aHHBIe C oOOecIeYeHHeM YCTOWYHMBOCTH KOHTYpa
«ynpyruit JIA — CAVY», ciemyer pemarb, HauyMHas C 3Tana 3CKU3HOIO
NpoeKTUpoBaHus. BrusiBneHne (akra Hanuuusi KoyieOaHUH B MHOTOCBS3HOM
KOHTYpE JIMIIb Ha 3aBEpIIAIOIINX 3Talax MPOeKTUPOBaHUS (IIPU HAa3eMHBIX U
JIETHUX WCHBITAHUAX) NPUBOAWT K 3HAYUTEIBHBIM JIONOJIHUTEIHHBIM
3aTpaTaM CpeJICTB M BpPEMEHH Ha IPOBEJICHHE MEpPONPHATHH MO HX
YCTpaHEHHIO.

B pabore paccmarpuBaeTcs WTEpalMOHHBINM MOAXOJ K  PEHICHHIO
poOIeMBI 00ecTIeYeHUs adpOyIpyTroil ycToiunBocTH MaHeBpeHHOTo BJIA Ha
9Tame 3CKU3HOTO IpoekTupoBaHus. [logxon BkiroyaeT B ceOs TpH I3Tara.
IlepBoIif 3Tam — BBIOOP CTPYKTYphl M OCHOBHBIX IapaMeTpOB KOHTYypa
crabunmzanuu BJIA ¢ yderoM ero a’spoynpyrux XapakTepuCTHK. Bropoi
9Tall — pallMOHAIbHOE Pa3eNbHOE MPOECKTUPOBAaHHUE MOJCUCTEM: ILUIaHEpa U
CAY (B ToM uymcie, CUCTEMBbl CTa0WIM3allMM W TIpHBoja). Tperuit sram —
COTJIaCOBaHME CTPYKTypbl W mapaMmerpoB taHepa u CAY ¢ 1enbio
yJIOBJIETBOPEHUsI TPeOOBaHUAM 0e301MacHOCTH OT (uiaTTepa M a’poyIrnpyrou
ycroifuuBoctu ¢ CAY.

C 1e7pI0 peasin3alyy MpeaiaraeMoro Noaxoaa pa3padoTaHsl:

— MAaTeMaTH4YeCKHEe MOJENHU HUCCIECAO0BaHUA YCTOMUMBOCTU CHUCTEMBI
«IPUBOJ — PYyJIb» U KOHTYypa «ynpyruil JIA — CAVY»;

— METOJIbl COIJIaCOBaHMs MapaMEeTPOB KOHCTPYKTHUBHO-TEXHOIOTMYECKHX
pemennii maanepa u CAY (mpuBoza M CHCTEMBI CTaOWIM3AalMH) C LENBIO
obecnieueHns TpeboBaHMH a’poynpyroi ycrorunBoctr BJIA;
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— IpUMep pelIeHus 3aJauy COoracoBaHMs MapameTpoB miaHepa u CAY c
y4eTOM TpeOOBaHMH a’dpPOYNPYTOH YCTOWYMBOCTH, KOTOPBIH WILTIOCTPHPYET
BO3MOJKHBIE PEKOMEHIALUH Ul O0ECHEUCHUS aspOyNpyrod yCTOHMIMBOCTH
BJIA ¢ ygetom CAY.

PabGora BrmmomHeHa mpuW (QHHAHCOBOM moAmepkke MUHHUCTEpPCTBA
obOpazoBanmst u Haykm Poccuiickoir ®emepammn, mpoekt Ne 834,
pykxoBogutens — HenapokomoB A.B.

About one approach to the ensuring of the aeroelastic stability
maneuverable unmanned aircraft at the stage of preliminary design
Oparin A.S., Parafes S.G.

MAI, Moscow

One of the most important problems of the designing of maneuverable
unmanned aircraft is a security from a flutter and an aeroelastic stability with
the automatic control system (ACS). The aeroelastic interaction unmanned
aircraft and ACS can be presented in the form of a multiply-connected loop.
There are the two lines feedbacks in this loop: through the malleability of the
actuator and the control loop. This structure indicates that in addition to the
flutter the losses of stability in the system «actuator — rudder» and in the loop
«elastic aircraft — ACSy are possible.

The problems associated with stability of the multiply-connected loop
«elastic aircraft — ACS» should be addressed, starting with the stage of
preliminary design. Detection of the fact of the presence of oscillations in the
multiply-connected loop only in the final stages of design (the laboratory and
the flight tests) leads in significant additional costs money and time to
undertake measures to eliminate.

An iterative approach to solving the problem of ensuring of the aeroelastic
stability of the maneuverable unmanned aircraft at the stage of preliminary
design is considered. The approach includes three stages. The first stage is the
choice of the structure and of the main parameters of circuit stabilization of
the aircraft in views its regard aeroelastic characteristics. The second stage —
rational individual design of the subsystems: the airframe and the ACS
(including, the stabilization system and the actuator). The third stage — the
harmonization of the structure and parameters of the airframe and the ACS
with the purpose of satisfaction of requirements of safety from the flutter and
the aeroelastic stability with the ACS.

With the purpose of implementation of the proposed approach are
developed:

— mathematical models of stability of the system “actuator — rudder” and
the loop “elastic aircraft — ACS”;

— methods of coordination of the parameters of the constructive-
technological decisions of the airframe and the ACS (the actuator and the
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stabilization systems) with a view to compliance with the requirements of the
aeroelastic stability of the aircraft.

— an example of solving the problem of coordination of the parameters of
the airframe and of the ACS with the requirements of the aeroelastic stability
that illustrates the possible recommendations to ensure the aeroelastic
stability of the aircraft with account the ACS.

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

Ennnas nnatdgopma ynpasiieHus Ha3eMHO HHPPACTPYKTYPOii
PaKeTHO-KOCMHYECKOH TEXHUKH
ITamenko J[.B., Cune M.II.
[y, r. Ilenza

B P® Bemercs pa3paboTKa HOBBIX M MOJAEPHH3ANMUS CYIIECTBYIOLIUX
BOCHHBIX M TPaXITAHCKUX pakeTHO-Kocmuueckux komiwiekcoB (PKK).
Baxno#t wacteio PKK sBmstoTCS OOBEKTHI Ha3eMHOH WH(PACTPYKTYPHL,
BKJIIOYAIOIM€ TEXHOJOTMYEeCKHE W  BCIOMOTaTelbHbIE OOBEKTHl U
TEXHHUYECKHE CPEICTBA, OCHOBHBIMH (YHKIMSAMH KOTOPBIX SIBISETCS
3ampaBKa Pa3TOHHBIX OJIOKOB M KOCMHMYECKHMX allapaToB KOMIIOHEHTaMU
TOIUIMBA M Ta3aMU C HCIOJIB30BAHHEM 3allPABOYHBIX CTAHIMHA, a TaKxke
MIPEAITYCKOBBIE Pa0OTHI, BKIIOYAIOIINE YIIPABICHUE XPaHWIHIIAMH TOILINBA,
CHUCTEMaMH II0Xapa-B3PbIBOTYIICHUS, CHCTEMaMH MOHHUTOPDHUHTa M T.1.
3ajaun ynpaBiIeHUs PAacCMaTPUBAEMBIX OOBEKTOB IIPENICTABISIOT COOOM
CIIOKHBIE W YHHKaJbHBIE TEXHOJOrW4ecKkue mnponeccel. [lpm stom s
KaXJOro M3 KJIacCOB M3JCIMH CYIIECTBYET CBOS aBTOMAaTH3UpPOBAaHHAsS
chUcTeMa KOHTPOJS W YIPaBJICHMS, YTO CYHIECTBEHHO YBEIHMYUBAET
CTOMMOCTh W CJIOKHOCTh WX pa3pabOTKH, MPOU3BOJCTBA M SKCIUTYaTAIUH.
[TosTOMy aKTyandbHBIM SIBISETCS pELIEHHE MNpOOJIEMBbl CO3IaHUs €IUHON
6a30Boil 1IaThOpMbl YIpaBiIeHHs Ha3eMHOH HHQPACTPYKTYpOil pakeTHO-
KOCMHYECKOH  TEXHMKHM, KOTOpoe  obecreduT  paboTy  IIMPOKOH
HOMEHKJIATYPBI TEXHUYECKUX, TEXHOIOTUIECKUX M BCIIOMOTATENIbHBIX CUCTEM
C UCHOJIB30BAHNEM YHH(DUITUPOBAHHBIX U MACIITaOMPYEMBIX OTEYECTBEHHBIX
anmapaTHO-MIPOTPAMMHBIX KOMIUIEKCOB, YTO MTO3BOJIUT CHU3UTH BPEMEHHBIE U
MaTepHuabHbIE 3aTPATHI.

ABTOMaTH3UpOBaHHAS cucrtema KOHTPOJIS u yIpaBJIEeHUs
TexHosoruueckumu nponeccamu PKK oTHOcuTCA K Kitaccy pacnpeneneHHbIX
CUCTEM, KOTOpBIE COCTOST U3 MNpOMBIIUIEHHBIX OBM u BCcTpamBaeMbIxX
YCTPOWCTB yHpaByieHHsT 00beKTaMH (MHUKPOKOHTPOJUIEPOB), OOBEIMHEHHBIX
KOMMYHUKAIlMOHHON ceThlo. Takue cucreMbl (QYHKIHMOHHPYIOT B JKECTKOM
peaslbHOM BPEMEHH W XapaKTepU3yIOTCS HAIWYHEM OOJBIIOTO KOJIMYECTBA
pecypcoB U TapajelbHBIX IPOIECCOB, B3aUMOJICHCTBYIOIIMX Yepe3
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KOMMYHHUKAIIMOHHYIO cpely. AKTyallbHOHM sBJsleTcsl 3ajada pa3paboTKu
MHCTPYMEHTAIbHBIX CpeACTB HOAEPKKH aBTOMATH3HPOBAaHHOTO
MPOEKTHPOBAaHUS CHCTEM YIpaBICHUS Ha3zeMHOH wuHOpacTpykrypoit PKK,
o0ecreynBaOMMUX EANHCTBO IPOrPaMMHO-AINIAPATHBIX IAaThopM H, Kak
CJIC/ICTBHE, TOPTAOEIBHOCTD YIPABIISIIOLIETO MPOTPAMMHOTO 00CCIICUCHHSI.

Takum o00pa3oM TpeOYIOTCS HOBBIE TIIOAXOABl K IIPOCKTHPOBAHHIO
pachpesieNeHHbIX CHCTEM YIpaBJICHHS JUIi CO3JaHWsA €OUHOW 0a30BoH
wiatGopMbl  yOpaBlieHHS ~ Ha3eMHOM  HMH(PacTPyKTypoW  pakeTHO-
KOCMHYECKOM  TEXHUKH, KOTOpble  obOecreyar  pabOTy  IIMPOKOH
HOMEHKJIATyphl TEXHMYECKHX, TEXHOJOTMYECKMX M BCIIOMOTaTelbHbIX
cucteM. B paMkax MOCTpoeHMs TaKMX CHCTEM, BEAETCS COTPYAHUYECTBO
Mexny kadenpoit «BeruucnutensHas texaukay [1I'Y u 3A0 «HUHU®U u
BT» B oOmacté yHHUKAIMH CHCTEM YIpPaBICHHUSA OOBEKTAMH HA3eMHOU
uappactpykryps! 1o OLII «MccnenoBanust n pa3padoTKa M0 IPUOPUTETHHIM
HanpaBieHusAM pa3Butug HTK Poccum wa 2014-2020 1.» (Cormamenne Ne
14.574.21.0045 ot 19.06.14).

Uniform platform of management of land infrastructure rocket
space equipment
Pashchenko D.V., Sinev M.P.
PGU, Penza

In the Russian Federation development new and modernization of the
existing military is conducted and civil space-rocket complexes (SRC).
Important part of RKK the objects of land infrastructure including
technological are both auxiliary objects and technical means, main functions
which gas station of accelerating blocks and spacecrafts is components of fuel
and gases with use of gas stations, and also the prestarting works including
management of storages fuels, systems of the fire-vzryvotusheniya, systems
of monitoring and etc. Problems of management of the considered objects
represent difficult and unique technological processes. Thus for everyone
from classes of products there is the automated monitoring system and
managements that significantly increases the cost and their complexity
development, production and operation. Therefore is actual solution of the
problem of creation of a uniform basic platform of management land
infrastructure of the missile and space equipment, which will ensure
functioning of the wide nomenclature technical, technological and auxiliary
systems with use unified and scalable domestic hardware-software complexes
that will allow to lower time and material inputs.

The automated control and management system for the technological
processes of RKK belongs to the class of the distributed systems, which
consist of industrial COMPUTERS and the built-in control units objects
(microcontrollers) united by the communication network. Such systems
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function in rigid real time and are characterized by existence of a large
number of resources and parallel the processes interacting through the
communication environment. The problem of development of tools is actual
supports of the automated design of control systems land infrastructure of
RKK providing unity programhardware platforms and, as a result, managing
director's portabelnost software.

Thus new approaches to design are required distributed control systems for
creation of the uniform basic platforms of management of land infrastructure
space-rocket technicians who will ensure functioning of the wide
nomenclature technical, technological and auxiliary systems. Within creation
of such systems, cooperation between Computer facilities chair is conducted
PGU and JSC NIIFI i VT in the field of unification of control systems objects
of land infrastructure according to the FTP "Researches and development in
the priority directions of development of NTK of Russia for 2014-2020"
(Agreement of No 14.574.21.0045 of 19.06.14).

KonuenryanbHble npo0JieMbl OLIEHKU KayecTBa U
KOHKYpPeHTocnoco0HoCcTH JIA Ha 3Tane TeXHUYECKOTo NMpelI0KeHNs
ITecTtoB M. /.

MAMU, r. MockBa

CucTeMHBIH NMOAXOJ K MPOEKTHpoBaHHIO JIA M MX KOMIUIEKCOB CTAaBHUT
mepen  MPOEKTAHTOM, BO-NIEPBBIX, 3aJady BbIOOpa  HEpapXHYECKOU
HEMPOTUBOPEUUBOU CUCTEMBI MOJICNIEH OMUCHIBAIOIINX 3aBUCUMOCTh CBOMCTB
MIPOEKTHPYEMOro O0BEKTa, B YACTHOCTH HCIOJB3YyEMBIX Ui OIICHKH €ro
KauecTBa, OT BapbUPYEMbIX KOHCTPYKTHBHBIX U YIPABIISIOLIUX TapaMETPOB U
3aJaBacMbIX BO3MYINAIOMMNX. BTopas 3amaya - BBIOOp HEpapXUYECKOU
CHUCTEMBI QJICKBATHBIX KPUTCPHUECB ONTHMHU3AIlMH, Ha 0a3e CBOICTB
OLICHMBAEMBbIX NPHUHATOM  Mozenbpto. Jlamee  aHanM3upyeTcss 4acTo
HCTONB3YeMBI Ui 0O0eBBIX, yaapHBIX JIA kpurepuii 3¢ (eKTHBHOCTB-
crapToBas Macca. B Hem 3¢ dextuBHOCTS JIA olleHMBaeTCS Kak BEpOSTHOCTh
MopakeHus 1ienu B cTpenbboBoit omepaunu JIA. Ha ocHoBe anammza s
peanu3all MHOTOKPHUTEPHAIFHONW ONTHMU3AINH, IPH INPOECKTUPOBAHHU
TEXHUYECKUX  CHCTEM, Haubojee  palMOHAIBHBIM  TIPEJCTaBISAETCA
HCTIONb30BaHUe MpUHIHMA [IapeTo U rI1aBHOTO KPUTEPHs A OJAHO3HAYHOTO
pemenust. i (GopMHpOBaHMS  TJABHOTO  KPHUTEpUSl  Hpeuiaraercs
KOHIIeNTyaJabHas MOJENIb KPUTEPHUsl KaK OTHOILEHHE COBOKYIMHOCTH CBOMICTB
00beKTa, ONpPENEINSIONUX €ro CII0COOHOCTh YIOBJIETBOPSTH 3aJaHHYIO
MOTPEOHOCTh K COBOKYMHOMY ymliepOy, CBS3aHHOMY C MaTepUabHBIMU
(MHAHCOBBIMM M TpPYAOBBIMH, 3aTpaTaMH, a TaK € C O3KOJOTHYECKUM
ylepOoM, HaHOCHMMOM OKpYXKaloIllel cpelie Ha BCeX JTarax >KU3HEHHOTO
nukia npoekrupyemoro JIA. B pacueTHol Moaeny mpeiaraeéMoro KpuTepus
B KayecTBE 0OOOIIEHHOTO MOKa3aTelsl CBOMCTB YIOBIETBOPATH IMOTPEOHOCTH
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IpeJJIaraeTcsl UCMoJb30BaTh MYJIbTUILTUKATUBHYIO CBEPTKY BEPOSTHOCTHBIX
MoKa3aTee CBOWCTB (HE TOJBKO BEPOSITHOCTH TOpaKkeHUs Iienu). B
KadgecTBe IOKazaTenel yiepOa MCIONb30BaTh CYMMY 3aTpaT, CBA3aHHBIX C
obecriedyeHreM 3THX CBOWCTB B BHJIE CTOMMOCTH WM, B YaCTHOM CiIydae, B
Buge Maccel dacteil JIA. Jlamee paccmarpuBaercsi mpoOiieMa OIICHKH
KOHKypeHTocrmocoOHocTH JIA Ha »JTame TeXHHYECKOTO NPEIOKCHHUS,
KOTOpasi He MOXKET OBITh OIICHEHa TOJBKO TI0 IMOKa3aTelsIM KadectBa JIA B
paMKax  OZHOW  CTpenb0OBOW  omepanuM 10  3a4eTHOM  IIeJH.
KonkypenrocrnocooHocts JIA 1ODKHAa OLIEHMBATHCS TOJNBKO COBMECTHO C
KoMIuiekcoM JIA, ¢ y4eToM MHOTOLIENEBOIO XapakTepa €ro HCIOJb30BaHHUS.
B kadecTtBe MepsI yuiepba npy 5TOM sl KOMILIEKCa CJIEyeT paccCMaTpUBATh
HE TONBKO IIeHy IpOJak, HO U MOTEHIMAaJbHbIE 3aTpaThl IOKYyNaTess Ha
SKCIUTyaTalio KOMIUIEKCa 338 BECh CPOK CITY>KOBI

Conceptual problems of quality and competitiveness assessment of
vehicles in a phase of technical offer
Pestov M.D.
MAI, Moscow

There are two goals of systematic approach of designing vehicles and
vehicle complexes. The first goal is to choose a system of hierarchical and
self-consistent models that describe how characteristics of the object of
research depend. Particularly, the system describes how characteristic of
quality depend of constructional and regulating parameters and influences.
The second goal is to choose hierarchical system of fitting criterions of
optimization. The criterions must base on characteristics with which the
model is appreciated. Than criterion of potency — initial weight is to be
estimated. This criterion is often used for assessment of battle and crushing
vehicles. Dimension of the criterion is probability of defeating the aim by the
vehicle. To design the vehicle and to realize the multicriterial optimization on
the base of this analyses the principle of Pareto and criterion of
monosemantic decision are the best to use. Conceptual model of criterion is
offered to determine the primary criterion. The primary criterion is a ratio of
summation of the object’s attributes (that determine it’s ability to satisfy a set
require) to overall damage that associates with financial costs and workforce
as well as with environmental damage. The fly causes environmental damage
during all the cycle of its designing. In a process of designing the model there
is a description how it satisfies different requirements. This description is a
complicated index which means multiplicative summation of probabilistic
indexes (it means not only probability of defeat of the aim). The damage is
rated by a sum of costs that provide satisfaction of requirements or, for
instance, by weight of parts of the vehicle. The next step is considering a
problem of assessment of competitiveness of the vehicle in a phase of
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technical offer. The problem could not be assessed with the quality index of
the single fire act. Competitiveness of the vehicle must be assessed with the
complex of vehicles, taking into account different purposes of its function.
For assessment a damage of complex of vehicles not only selling price is
considered but a potential costs of a customer for maintenance of a complex
of vehicles are also considered.

AHAJIU3 cHCTeM reHepaluy KHCJI0Poa IJId IKHIAKA MPH MoJieTe
Ha Mapc
[Ipomkun B.1O., Kypmazenko 2.A.
HUHNxummam, Mocksa

[Ipu nunotupyemom mosere Ha Mapc, eAMHCTBEHHO BO3MOXHBIH CIIOCO0
obecrieueHns SKNMaka KUCIOPOAOM AJISI ABIXaHUS - 3TO CHCTEMa I'eHEpaIun
kucioponpa (CI'K) osmekrponm3oM BOXABL, MONYyYCHHOH U3 MPOIYKTOB
KHU3HEEATEIBHOCTH denoBeka. CeromHs MOXKHO paccMaTpHuBaTh TONBKO TPH
TEXHOJOTHH 3JEKTPOJIN3a, Kak Hamboiiee pa3paboTaHHBIE W HMMCIOIIHE
JIETHBIC BAPUAHTHI CHCTEM.

1. CI'K »anexTponn3oM BOIBI CO CTaTHYECKON INEI0OYHO Marpuieit
EBpomneiickoro KocMU4ecKoro areHTCTBa TOJIBKO IUTAaHUPYeTCs K MOCTaBKe Ha
MexnyHapoanyto kocmuueckyro craniuio (MKC) u He wuMeeT ombiTa
JUIITENbHON paboThl naxe Ha 3emue. Jlanwas CI'K He oOnagaer
IpeUMylIecTBaMH B pecypce, Macce M DJHEPromoTpedieHuH H, 0
IIPOBEACHHOH OlICHKEe, OyZeT HeyCTOHYMBa B paboTe.

2. CI'K 31eKTponu30M BOJbI C TBEPABIM MOJUMEPHBIM 3JIEKTPOIUTOM
(TIID) CHIA pabortaetr Ha MKC ¢ 2007 r. u Ha anpens 2014 r. HapaboTana
~2,5 rona (6e3 yuera cTosiHOK). 3a Bpems skcruryatanuu CI'K mpoucxomguna
MHOTOKpAaTHasi 3aMeHa €€ TEeXHOJIOTHYECKHX OJIOKOB, BKIIOYAs 3aMEHY
OCHOBHOTO Oyioka ¢ anektponmsepoM. Kpome Toro, memOpana TIID
JETpasiupyeT W3-3a BBIACISIONIMXCA MHUKpOIpuMeced (0COOEHHO IpH
CTOSIHKE), YTO yBEJIMYMBAET YHEPronoTpedIeHne anekrponusepa B 1,5 paza u
Bezet k oTkazy CI'K. Macca u yaensHoe suepromnotpednerune CI'K ¢ TIID B
~2 pasa Oombine, yem y Poccntickoit CI'K.

3. Poccuiickast CI'K anexTposn3oM BOIBI ¢ HUPKYISANNEH IIEI0YHOTO
anektponuta «aekTpoH-BM» paboraer na MKC ¢ 2000 r. u Ha ceHTIOph
2014 r. Hapabotana =9,3 roma (6e3 ydera crostHOK). CI'K oGecrieunBaer
MIPOU3BOIUTEIHHOCTH Kuciopoaa 10 160 HopManbHBIX J1/9ac (Ha 6 4eloBeK),
nMeeT Maccy 164 xr (Bxmrouast 160 xr s TexHoiorudeckoro 6ioka — Th) u
yAenpHOe dHepronoTpednenne ot 7,56 1o 8,86 Br-yac Ha 1 HOpM. muTp O2.
®daxruaeckas Hapadotka Ha MKC y Tb coctaBuna 1265 cyTok 0 0TKa3a Jis
TB 009 B 2006-2011 rr. m 678 cytok 6e3 orkaza mist Th 011 ¢ 2011 r. mo
HacTosmiee BpeMs. 3a Bpems BbIpaboTkn pecypca Tb kakoro-m6o
YXYALIECHUS €ro XapaKTePUCTHK He 0OHAPYKEHO.

169



3a nepuon sxcmiayatauuu Ha MKC cucrema «OnextpoH-BM» mpomina
JUIMTENBbHYI0 OTpabOTKY ¥  MOAEPHHU3ALMIO, CO3IaHBl M  YCIEIIHO
MPUMEHSIOTCS METOIMKH 3KCIUTyaTalluy, AOMOJHUTEIbHOE 000pyI0OBaHHUE U
CHCTEMa Ha3eMHOH MOANEPKKU. BO3MOXKHBIE HEITATHBIE CUTYAIlMH CBEICHBI
K MuHEMYyMY. [loaTomy, cuctema «nekTpoH-BM» sBiseTcss ennHCTBEHHON
CI'K, xoTopas MMeeT NpHEMIIEMBIC XapaKTEPHCTHKH IO Pecypcy, Macce,
SHEProNOTPEOICHNI0 W HAACKHOCTH M MOXET OBITh HCIIONb30BaHA MpHU
nonere Ha Mapc. [lpu co3gaHuM MapcHaHCKOro Kopabist Heo0XoIuMmo
MPUMEHUTH CIIEAYIOMHUI moaxo no otHomeHuto k CI'K:

- obs3arenbHOE Hanuuue aByX padounx mect st CI'K «Onexktpon-BMy;

- ABTOHOMHBIY OJIOK YIpaBJICHHsI, CBSI3aHHBIN C TJIABHBIM KOMITBIOTEPOM;

- ccTeMa aBToMaTH4Yeckoi 00paboTku nHpopmanuu o napamerpax CI'K;

- YYeT B3aMMOCBSI3H BCEX CHUCTeM, paboTaromux coBMecTHO ¢ CI'K.

Omenka o6meit maccsr st CIK npu monere Ha Mapc skumnaxka 6 4enoBek
qnurensHocThio 500-600 cyrok naet 340 xr npu 2-x Th u 500 xr npu 3-x Th.

Analysis of the crew’s oxygen generation systems for the flight to Mars
Proshkin V.Ju., Kurmazenko E.A.
NIIchimmash, Moscow

The oxygen generation system (OGS) based on water electrolysis is the
only way to provide oxygen for the breathing during manned flight to Mars.
Water for electrolysis will be received from products of life. Today, only 3
water electrolysis technologies can be considered as most developed and
flight system alternatives.

1. OGS with fixed alkaline electrolyte, designed by Europe (ESA) and
only planned to be operated aboard the International Space Station (ISS). This
OGS has no experience in even ground prolonged operation has no advantage
of service life, mass, power consumption and as estimated instable in
operation.

2. OGS with solid polymer electrolyte (SPE), designed by USA and
operated the aboard the ISS since 2007. As of April 2014, this system has 2.5
running years (without taking into account the periods of system shutdowns).
During the operated there were many replacements of system units, including
replacement of the main unit with electrolyser. In addition, membranes SPE
degrade due to the trace contaminants in water (especially, during the periods
of system shutdowns), this increases the electrolyser’s energy consumption in
1.5 times and leads to system failure. OGS with SPE has the mass and
specific energy consumption twice more that the Russian OGS.

3. OGS «Electron-VM» with alkaline electrolyte (25 % solution KOH)
circulated through the cathode and anode cavities of the electrolyzer,
designed by Russia and operated aboard the ISS since 2000. As of September
2014, this system has 9.3 running years (without taking into account the
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periods of system shutdowns). OGS’ production rate is up to 160 normal 1/h
0O,, its a mass is 164 kg (including 160 kg for the technological block - TB)
and specific energy consumption from 7.56 to 8.86 WHr at 1 normal liter of
oxygen. As to the ISS maximum operating time of TB has been up to 1265
days before failure for TB 009 between 2006 and 2011 and 678 days without
failure for TB 011 from 2011 till now. For all TBs aboard the ISS during a
service life it has not been detected any deterioration of block’s parameters.
For the period of working aboard of ISS system «Electron-VM» has a long
development and modernization, created and successfully applied methods of
exploitation, auxiliary equipment and ground support system. Possible off-
normal situations are minimized. Therefore, the system of "Electron-VM" is
the only OGS, that has appropriate characteristics for the resource, mass,
power and reliability and can be used during space flight to Mars. For the
Martian spaceship the following approach must be applied towards the OGS:
e obligatory presence on board two places for OGS «Electron-VM»y;
e an autonomous control unit associated with the main onboard computer;
e automatic processing of information about current OGS parameters;
e accounting interactions of all systems that work together with the OGS.
The total mass of the OGS «Electron-VM» during the flight to Mars 6 crew
for 500-600 days is estimated 340 kg with two TB and 500 kg with three TB.

O Bompoce aHa/M3a HAAEKHOCTH cBepxMajioro cnytHuka «SibCube»
IIarkoB A.T'.
CubI'AY, r. KpacHosipck

B nocneagnue rogsl MOXKHO OTMETUTH uepely aBapuil B KOCMHUYECKOH
otpacau. Psn  aBapuii, cBsi3aHHBIX C pakeroHocureneM «IIporoH-M»
npousomen ¢ aekadps 2010 roga. ABapuu u cOOH € 3aITyCKOM KOCMHYECKHX
anmapatoB (KA) 3 «I'moHac-M», KA <« Oxkcipecc AM4y», «Tenkom-3»,
«Qxcmpecc MII2y», «SIman-402», BHOBb 3 «['oHac-My, «Jxcipecc AM4Py.
IToTtepn Ka)I0ro OLIEHMBAIOTCA B HECKOJIBKO MIpJ pyOneil. B cumy Takmx
cOOBITHIT BOITPOC aHATIH3a HAJEKHOCTH M KOHTPOJIS Ka4ecTBa B KOCMHYECKON
oTpaciu nmpuodperaet O0IbIIOe 3HAUCHUE.

CymecTBYIOT JECATKH METOIOB aHajlu3a HAAEKHOCTH, IPU TOM KaXKIbIH
MMEET CBOM MPEUMYILECTBA M HEJOCTaTKH, OTPaHMYEeHUs] B 00JAacTH MX
npuMmeHeHus. llepedeHbp METONOB U pemieHus] OOIIMX 3ajad aHain3a
HAJIGKHOCTH MOXHO HaWTH B TocydapctBeHHbIX cranmaprax (OCT P
51901.5-2005 B Poccumn u mexaynapoausiii crangapt [EC 60300-3-1:2003).
Tak paspaborannbii B CLHA mns ouenkm cucremsl Launch Control
MEXKOHTHHEHTAIIBHON OaymucTudeckoil paketsl Minuteman [, wmeron
aHanuza JiepeBa HencnpaHoctei (FTA) momyduin MmHpoKyo IOANEPKKY U
YacTO MCIIONB3YyeTCd AKCIEePTaMU B KauyeCTBE MHCTPYMEHTA aHAJIM3a OTKAa30B
0 CTemeHH Haae)kHocTH. OJHAKO OH HE MpeaHasHa4deH U1 aHauu3a
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CTPYKTYPHO-CIIOKHBIX cucTeM. [Ipm 3ToM TexHuueckas cucrema KA
MPEUMYIIECTBEHHO MOXET ObITh TPEICTaBIeHa TOJBKO HEMOHOTOHHOM
MOJIETIBIO, T.K. BIMSHHUE COCTAaBIIIOMNX €€ KOMIIOHEHTOB U B3aHMOJICHCTBHE
MEKAY COOBITHSIMH HEBO3MOXKHO ITIPEICTaBHTH TONBKO IOCIEI0OBATEIbHBIMU
U TapaJUIeTbHBIMU CBs3AIMH. g aHanmm3a HaAEKHOCTH TaKOH CHCTEMBI
MOJKET OBITH HCIIOJB30BAH COBPEMEHHBIM OOIIMI JIOTHKO-BEPOSTHOCTHBIN
METO]l aHaIN3a HaJEKHOCTH CHCTEM. B OCHOBE 3TOr0 METO/a JISKUT JIOTHKO-
BEPOSITHOCTHOE HMCYMCIICHHE, MWCIOJB3YIONlee NpaBuia BBYUCICHUS U
ONIEPUPOBAHMS C BBICKA3bIBAaHUSMH, NMPHUHATHIMU B JIBy3HAaYHOW JIOTHKE, U
MaTeMaTHYeCKHi ammapar Teopud BeposiTHOCTH. Cpeau NperMyIecTB
METoJla MOJXKHO Has3BaTh MEHBINYI0 TPYAOEMKOCTh B CpPaBHEHHUH C
KJIaCCHYECKUM TEOPETHKO-BEPOSTHOCTHBIM W MapKOBCKMM METOIOM U
BO3MOXKHOCTH TIOJNyYHTh OLIEHKY CIO)KHOTO YTBEPXKICHUS O HAaIEKHOCTH
CHCTEMBI C Y4ETOM €€ CIIOXKHOW CTPYKTYphl. IIpumMeHeHMe 3TOro mMerona B
KOCMHYECKOH  [ESATEIbHOCTH HMEET IIePCICKTHBBL, a MpaKTHIEeCKas
anpoOarust 3aruranupoBana st mpoekta Cubl’AY «SibCube» (cBepxmanoro
Kocmmyeckoro ammapara kmacca CubeSat). Ilenmpro «SibCube» sBnsercs
MOBBIIIEHNE KadecTBa OOpa3oBaHUS B adpPOKOCMHYECKOM OTpaciu |
TecTHpoBaHHe TexHosoruil. HecmoTps Ha orpaHmdeHuss Takux KA
(MaccorabapuTHbIE, SHEPIeTHYECKUE OTPAHUYCHUS) U OTHOCHTENILHO HU3KHE
CPOKM aKTHUBHOTO CyIIecTBOBaHMS (1-2 roja) MOBBIIMIEHHE UX JKUBYYECTH U
6e30TKa3HOCTH OCTaéTcsd aKTyaJbHOW 3ajadedl. AKTyalbHa OHa U JUId
npoekra «SibCubey.

Takum 00pa3om, MpoeKT HaHO-cIyTHHKA «SibCube» MO3BOJIUT HE TOJIBKO
MPOBOJUTH TECTHPOBAaHNWE TEXHUYECKUX YCTPOWCTB B YCIOBHSIX KOCMOCA, HO
¥ TPOBECTH ampoOanuio OJHOTO W3 Pa3BUBAIOUIMXCS METOAOB aHAIN3a
HaJEKHOCTH.

About a question of nano-satellite «SibCube» dependability
Piatkov A.G.
SibSAU, Krasnoyarsk

There is a sequence of accidents in aerospace in recent years. Many of
them are associated with booster rocket «Proton-M» that is lasting since
05.12.2010. These accidents and failures of satellite launching have affected 3
«Glonas-M», «Express AM4», «Telecom-3», «Express MD2», «Yamal-402»,
again «Glonas-M» and «Express AM4P». Every accident is estimated at
some milliards of rubles. As a result a question of dependability and quality
control is getting more significance in aerospace in Russia.

There are scores of dependability analysis methods with advantages and
disadvantages, boundary conditions for its application. Enumeration of the
most popular methods is in some standards (GOST P 51901.5-2005 in Russia
and international standard IEC 60300-3-1:2003). For instance, one of popular
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methods is method of Fault Tree Analysis (FTA) that was developed in USA
to estimate intercontinental ballistic missile launch control system called as
Minuteman I. This method is popular as analysis tool to analyze scope of
failures. However, it does not support analysis of complex structural systems
whereas technical system of satellite is described only as a nonmonotonic
model because its component influence and its interaction of events of model
cannot be produced only as sequential and parallel links. Dependability
analysis of such a system might be done with common Boolean function
technique of system dependability analysis. This method is based on a logical
and probabilistic calculation. Calculating and manipulating with statements
(boolean logic) and mathematical techniques of probability theory are used in
the logical and probabilistic calculation. Advantages of the method is lower
amount of calculation in comparison with the classical probability theory and
Markov method.

Application of this method in space field has prospects. The object for
approbation is the «SibCube» project (CubeSat class nano-satellite of
SibSAU). The aim of «SibCube» is to improve the quality of education in the
aerospace industry and testing technologies. Despite nano-satellite limitations
(weight, size, energy) and relatively low active lifetime (1-2 years) increasing
of satellite survivability and reliability is an essential task.

Thus, the «SibCube» project is testing means of technologies in the space
environment and developing dependability analysis method approbation.

IIpoexkTpoBaHue U BHIOOP KOHCTPYKIIMHU y3J1a COeTUHEHUSI
KEePaMH4YeCKOTr0 00TeKaTelsl PAKeTHI ¢ MeTANIMYeCKHM IIIMAHT0yTOM
Poros JI.A., Bactoxos M.B., Jlateim C.U.

MAMU, r. MockBa

Lenbto Hacrosimield pabOThI SABIAETCS TEOPETHUECKOE MPOTHO3UPOBAHUE
Hecylel CrocoOHOCTH oOOTekarelsi ¢ KepaMHuYeckoil 000J0YKoil U
MCTAINIMYCCKUM HJHaHFOyTOM JJIA paKeT ABUAITMOHHOI'O 6a3I/IpOBaHI/I$[ u
BBIOOp ONTHMAJIBHOTO BapuaHTa KOHCTPYKIMH. B KkadecTBe Kpurtepus
OIITUMAJIBHOCTHU HpI/IHI/IMaeTCH MI/IHI/IMyM paCTSH‘I/IBaIOH_[I/IX HaHp)I)KCHI/Iﬁ B
Kepamuke. Pe3ynbraThl  pacyeTHBIX  HCCIEJOBAaHUM  MOAKPEIUISIOTCS
HaTypHI)IMI/I HNUCIBITAHUSIMHU MAaKCTHBIX HSHCHHﬁ.

B OCHOBY KOHCTPYKIMH IIMAHTOYTa 3aJI0)KEHBI JIBE METAJLTHYCCKUC
00e4allki C KOJBICBBIMU BBICTYIIAMH, COCIHHCHHBIC TEICCKOIMUICCKA |
3aUKCHpPOBAaHHBIC  paTUANBGHBIMA  INTH(PTAMH, YCTAaHOBICHHBIMH  IIO
cKoup3sme mocanke. (OOeyaiika IIITAaHTOyTa W3 HMHBAapOBOrO CIUIABa
COCMHEHA C BHYTPCHHEH MOBEPXHOCTBIO KEPaMUYECKOH 000JI0YKH
ANACTHYHBIM  KIIEEM-TepMETHKOM.  [lepexoJHOe  THTAHOBOE  KOJBIIO
obecreunBaeT COeIMHEHNE 00TEKATENSI CO BTOPBIM OTCEKOM.
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[IpoBeneHHble pacyeTsl TeMIEpaTypHBIX IHOJIEH M OOIIEro HanpsHKEHHO-
Jae(opMHPOBaHHOTO COCTOSTHUSA OOTEKATENS BHIIIOIHEHBI METOJJOM KOHEUHBIX
3JIEMEHTOB C HCIIOIb30BaHMEM ITaKeTa MPUKIATHBIX IporpaMm. Pe3ynpTars
MOKa3aJIi BBICOKHE YPOBHH TEMIEpaTyp B INMAHTOYTE, KIEEBOM IIBE WU
pacTATUBAONINX HANPSDKEHHH B KEPaMHUUYECKOH 000NIOYKE BCIEACTBHE €&
paauanbHOTO Pactopa MIMaHTOyTOM.

Jns maHHOTO THHA W3IEIHHA PabOTOCTIOCOOHOCTH OOTEKaTeNs B IEIOM
ornpezeseTcs Hecylleil CIoCOOHOCTBIO KepaMH4YeCKOW O00O0JOYKH — Kak
HanOonee ci1aboro ¢ TOYKW 3pEHUSI MPOYHOCTH M HAJEKHOCTH DIIEMEHTA.
Paszpymenne 00070YKM BO3MOXHO JIMIIb TPU JIOCTIDKCHUM B HEH
HaIpsHKSHUH, TPEBBIMIAIONINX MTPEeT MPOYHOCTH Ha pacTsHKEHHE.

OCHOBHOM 1LIeNBI0 pacyeToB OBLIO ONpeJeNiCHHE ONTHUMAalTbHOW B YacTH
MHUHUMH3AIUA HANPSODKEHHH KOHCTPYKIWH, KOTOpas (IO CpaBHEHHIO C
NepBOHAYAIbHBIM BAPHAHTOM) MPH MHHHUMAJIBbHBIX BHOCHMBIX HM3MEHEHUSX
MI03BOJIsUIA OBI MTOBBICHTH HECYIIYIO CIIOCOOHOCTB M HaJIS)KHOCTh OOTEKaTEIs.

PacueTHBIM myTE€M IOKa3aHO, YTO MAaKCUMyM HAIpPsDKCHHH BO3HHKAacT B
y3Jle CTBIKA KEpaMHUYeCKOH OOOJIOYKM C METAJUIMYECKHM BHYTPEHHHM
IIIIAHTOyTOM. Pe3ynbTaThl MCHBITAHMA HPH OJXHOBPEMEHHOM BO3JCHCTBHU
HarpeBa u CWJIOBBIX ()aKTOPOB TOATBEPANIN JAHHYIO THIIOTE3Y.

K paccmoTpeHnto ObLIH MPE/IoKEHbl HECKOJIIBKO BAPHAHTOB KOHCTPYKIHH
C U3MEHEHHOM reoMeTpueil BHyTPEHHET0 MHBAPOBOTO INAHTOYTa, KOTOpHIE
JIOJDKHBI 3HAUUTENIBHO CHHU3UTH YPOBEHb DPACTATHMBAIONIMX HANpsKEHUH B
KepaMHUKe, ONPEeeAI0IINXCS BHYTPEHHUM PaciopoM OT LIMAaHroyTa.

JIOTIONTHUTENBHOE CHIDKEHHE PACTATUBAIOIIMX HANPSIKEHUH MOCTUraeTcs
CO3JJaHMEM KOJIbIIEBBIX ITyCTOT BHYTpPH y37a coexnHeHus. [Iporouku mexmy
METANTMIECKUMH O0eyaiikaMi yMEHbBIIAIOT TEIUIOOOMEH, YTO 3HAYMTEILHO
CHIKAET TEMIIEPaTypy BHYTPEHHEH 00eUyalKH, a IyCTOTHl MEXTy KEpaMHUKOH
U BHYTpeHHeH oOedaiikoii B FOOOYHON dYacTH KepamMH4YecKOd O000JI0YKH
CHIDKAIOT HANpPSDKEHHS KpaeBoro 3¢ ¢eKra B Hel OT TEIIOBOTO Pacropa.

Design of a joint of a ceramic nose cone with a metallic shell ring
Rogov D.A., Vasyukov M.V., Latysh S.I.
MAI, Moscow

The purpose of the article is to predict load-bearing capability of a nose
cone with a ceramic dome and a metallic frame ring for air-based missiles and
to choose an optimal design. The optimality criterion is minimum tensile
stress in ceramics. The field tests of mock-up models confirm the estimated
data.

The frame ring consists of two metallic shells with collar rims telescoped
together and fixed with radial slip-fit pins. The invar frame is connected to
the inner surface of the ceramic skin with flexible adhesive sealant. A
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titanium adapter ring provides connection of the nose cone with the second
section.

The calculations of temperature field and stress strain behavior of the nose
cone are performed with finite element method by using software package.
The results showed high temperatures in the ring, the adhesive-bonded joint
and high tensile stress in the ceramic skin because of radial pressure of the
ring.

For this type of structures working efficiency of the nose cone is
determined by load-bearing capability of the ceramic dome as it is the most
vulnerable part according to strength and reliability. The breakdown of the
ceramic is possible only when reaching stress exceeding tensile strength.

The main purpose of the calculations was to determine an optimal design in
terms of minimizing tensile stress for this design (as compared to an original
design) to increase nose cone load-bearing capability and reliability by
introducing minimum changes.

The analysis demonstrates that maximum stress is in the joint of the
ceramic skin with the metallic inner shell ring. The results of simultaneous
thermal and force impact tests proved this hypothesis.

It was considered several variants of structures with the redesigned invar
inner shell ring to reduce tensile stress in ceramics from ring’s inner pressure.

Ring cavities inside the joint are formed to additionally reduce tensile
stress. The cavities between metallic shells decrease heat exchange and
therefore reduce temperature of the inner shell and the cavities between
ceramics and the inner shell in the skirt part of the ceramic skin reduce
boundary disturbance in it because of thermal action.

IIpumenenne Hempo(pHIMPOBAHHOIO 3J1€KTPOAA-IETKH A5 MOBBILIEHUS
IKCIIYATALMOHHBIX XaPaKTEePUCTHK U3/1eJINi PaKeTHO-KOCMHYeCKOMH
TeXHUKHU
Pszannes A.1O., Kupumios O.H.

«BM3»-dumuan @I'YIT TKHIIL mm. M.B. XpyranueBa, BI'TY, r. Boporex

CoBpeMeHHOe THOKOCTPYKTYPHOE MPOU3BOJICTBO TPeOYyeT HCIOJIb30BAHHUS
YHUBEPCAJIHLHOTO MHCTPYMEHTA. JIJIs1 3TOTO MOJIXOIAT 3NIEKTPOPHU3UIECKHUE U
JNEKTPOXUMHUYECKHE METOAbl 00paboTKM IAe B KadecTBE HHCTPYMEHTa
UCTIONB3YIOTCST HENPO(MINPOBAHHBIE 3JIEKTPOJBI, B YACTHOCTH 3JIEKTPOI-
IIeTKa.

[IpencraBnsier MHTEpeC NPUMEHEHHE ODJIEKTPOAA-IIETKH ISl TPHIAHUS
MaTepuajaM  BBICOKOHATPY)KEHHBIX  JeTaled  HOBBIX  IOBBIIICHHBIX
9KCITyaTallMOHHBIX IIOKa3aTeseil. DIeKTpOoAOM-IIEeTKONH OB 00paboTaHbI
TUIOBBIE  M3JIETHSA, MMEIOIIME CIOXHYI0 TeOMEeTpHuecKylo  Qopmy:
TpyOOTPOBOJIBI ~ THIAPOCUCTEM,  «IIHEKH». llocme  KOMOWHUPOBAaHHOM
00paboTKH DJIEKTPOAOM-IIETKOW B W3ACTHUSAX W3 CIUIABOB  aTIOMUHUS

175



YCTaJIOCTHAs! TPOYHOCTH COM3MEPHMa C YCTAJIOCTHOW MPOYHOCTHIO 00pas3LoB
nocie (QpesepoBaHMA W 3aUYNCTKM HAa CJIECapHBIX omepanusix. B
TIOBEPXHOCTHBIX CIIOSAX 00pabOTaHHBIX JeTaneil He 00Hapy)KEHO YBEIHICHUS
MHKpopacTpaBiuBaHus. [Ipn o0paboTke wW3aenuii W3 THTAaHOBBIX CILIABOB
3NIEKTPOJOM-IIETKON ¢ HaNpsDKCHHEM He MpeBbIMaomuM 4 B, He BBICOKUMHU
OKPY)XHBIMH CKOpOCTsiMH, He Oomee 10 M/C TOSBIAETCS BO3MOXKHOCTH
HAHOCUTH Ha 00pabaThIBAEMYIO HMOBEPXHOCTH C MEAHOTO 3JIEKTPOJAA-IIETKA
TOHKMH 3aIIUTHBIN cloi. B pe3ynbTaTe mpoucxoaurt B 2,5-3 pa3a NoBbIIICHHE
YCTaJIOCTHOM NMPOYHOCTH. Y BEJIMYUBACTCS YIoJl 3arnda y TUTAaHOBOTO CIIJIaBa
BT1-0 ¢ 105° mo 180° y rturaHoBoro cmaBa BT6-4 ¢ 87° no 160°. B
pe3ynbTaTte 00pabOTKH HE MPOUCXOANUT HABOJIOPAKMBAHUE B IIOBEPXHOCTHOM
cioe: coaepxkanue Bogopoaa cocrasiseT 0,01%, uto B 1,5 paza MeHble yem
B COCTOSIHUM IIOCTABKH M B 2,5-3 pa3a HIXKE 4eM IOCTE SIEKTPOXUMUIECCKON
U DJIEKTPO’PO3MOHHON 00paboTkH. B OCHOBHOM MeTamie conep)kaHue
Bogopona coctaBisger 0,007%, 4TO COOTBETCTBYET COCTOSIHUIO IOCTAaBKH
METaJlIa, 3TO UCKII0YaeT 00pa30BaHME 0-30HBI, KOTOPas BEI3BIBACT CHIDKCHHE
IUITACTUYHOCTH Matepuana. Ilocime oOpabOTKM 37EeKTpomoM-IeTKoi (A.c.
1732558) miacTHYHOCTH THTAHOBBIX mM3enuii yBenmumBaercs Ha 10-40%,
YTO TO3BOJISIET M3rOTABIMBATh MX IIIyOOKO# BBITSDKKOW. Takke TUTaHOBBIC
CIUIaBbl  XapaKTepU3yIOTCS  OJHOPOJHBIMU  (PU3MKO-MEXaHWYECKUMHU
CBOWMCTBAMHM IIPH  HCIIOJIb30BAaHHHM  DJICKTPOGU3UYECKOH  00pabOTKH.
OOpaboTKka DJEKTPOAOM-IIETKONH HE HapyllaeT XHUMHUYECKHH COCTaB
00pabaThIBAEMBIX MaTepUalioB, B WX IIOBEPXHOCTHOM CJIO€ HaOJIIOAaeTCs
YBEJIMUEHHE MHUKPOTBEPJOCTH, CTPYKTypa 30HBI TEPMHYECKOTO BIHMSIHUA
Oonee paBHOMEpHAas, 3epHO Oojee MeNkoe, 4eM 10 OOpabdOTKH, dYTO
MO3BOJIMJIO YBEJIMYUTh KOPPO3HOHHYIO CTOMKOCTH MaTe€pHaliOB,  YIyYIIHTh
MEXaHHYECKHe CBOMCTBA M YBEIUYUTH PECypc pabOTHI.

[NomyueHHsle pe3ynbTaThl MO3BOJISIOT HCIIONIB30BaTh KOMOWHHPOBAHHYIO
00paboTKy Henpo(MINPOBAHHBIM 3JEKTPOIOM-IIETKON JUIS M3TOTOBICHHS
M3EINH U3 TOKOIIPOBOAALIMX MaTE€PUaJIOB JJISI aBHAlMHM, KOCMOHABTUKH U
JIPYTHX OTpaciei MPpOMBIIIJICHHOCTH.

Use of plain brush electrode for improvement of operational
characteristics of the rocket-and-space products
Ryazantsev A.U., Kirillov O.N.

“VMP”-branch of FSUE Khrunichev SRPSC, VSTU, Voronezh

Modern flexible manufacturing requires the use of a multipurpose tools.
Electrophysical and electrochemical treatment methods are suitable for this.
The plain electrodes, particularly a brush electrode, is used for this method.

Of interest is the use of brush electrode to give the high-load item materials
new increased operational characteristics. Typified workpieces with complex
geometry were processed by brush electrode: hydraulic system lines,
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“worms”. After compound treatment by brush electrode the fatigue strength
of the aluminum alloy products is commensurable with fatigue strength of the
specimens after milling and stripping during mechanical operations. In the
surface layers of the processed items no increase of the microetching was
found. During processing of the articles made from titanium alloy by brush
electrode with a voltage up to 4 V and with low periphery speed up to 10 m/s
it is possible to apply a thin protective copper layer from the brush electrode
on the processed surface. The result is 2.5-3 times increase of the fatigue
strength. The titanium alloy BT1-0 bend angle is increased from 105° up to
180°, the titanium alloy BT6-4 bend angle is increased from 87° up to 160°.
As a result of the processing the hydrogen absorption in the surface layer
doen bot happen: the hydrogen content is 0,01% which is 1,5 times less than
in the condition of supply and 2,5-3 times lower than after electrochemical
and electric erosion processing. In the basic metal the hydrogen content is
0,007% which is equivalent to the condition of supply of the metal, and this
eliminates o-zone formation which causes decrease of the material ductility.
After the processing by the brush electrode (A.c. 1732558) the ductility of the
titanium products is increased by 10-40% which allows to produce them by
means of deep drawing. Also titanium alloys are characterized by
homogeneous physical and mechanical properties during the use of
electrophysical treatment. Processing by the brush electrode does not affect
the chemical composition of the processed materials and in their surface layer
there is increase of microhardness. The structure of the heat affected zone is
more uniform and the grains are finer than before the treatment. These allows
to increase corrosion resistance of materials, to improve mechanical
properties and to increase their service life.

The obtained results allow to use compound treatment by means of plain
brush electrode for manufacture of the articles made from conductive
materials for aviation, space technologies and other industries.

HoBbimenue 3pGeKTUBHOCTH JUATHOCTHYECKOT0 00ecrnedeHust
0OpPTOBBIX CHCTEM YNPaBJeHHsI COBPeMeHHbIX KOCMUYECKHX aNnapaTos
3a c4eT MHOTOYPOBHEBO# annapaTHO| peKOHPUIrypauuu
HoBuukos B.M.l, Caskun J1.B.2
'MAH, r. Mocksa; *®umnan OIYIT «HIIO um. C.A. JlaBoukuHay, T. Kanyra

B pabore paccmaTpuBaeTCs BO3MOXKHOCTH ANIIaPaTHOTO BBIICICHUS
JUArHOCTHYECKON IMOJICUCTEMBI M3 COCTaBa OOPTOBOW CHUCTEMBI YIPaBICHUS
(BCY) coBpemennbix kocmuueckux anmaparos (KA), 1 GyHKIMOHUPOBaHUS
€€ B KaueCTBE CaMOCTOsTENbHON anmnapaTHoi nojcuctemsl bCY.

Henpro nmaHHON paboTBl  sBIsIETCS pa3paboTKa ¥ HCCIIEOBaHUC
BCTPOCHHOH muarHoctmueckod mozacucreMbl BCY, peanm3yemoii Ha 06aze
€JMHOTO BBIYUCIHUTEIHHOTO TOJISI ¢ MHOTOYPOBHEBOW pekoHpurypamueii. B
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KaueCTBE OCHOBHOMW DJICKTPOHHOM KOMIIOHEHTHOH 0a3bl, MCIOJIb3YEeMOH st
CO3/1aHHUs BBIYHCIIUTENBHOTO IIOJIS,, PACCMATPUBAIOTCS IMPOrPaMMHUpPyEMBbIE
normyeckue naTerpanbaeie cxemsl (IIUC).

UccnenoBanue BO3MOXHOCTEH MHOTOYPOBHEBOM anmnapaTtHoi
pexoH(pUTYpauy, MPUMEHHUTENFHO K JuarHocTmdeckoi moxpcucreme BCY,
MPOBOJIUTCS B YETBIPEX OCHOBHBIX ACHEKTAX:

1. anmaparHas peanm3anusl pa3IM4YHBIX JUArHOCTHYECKUX arOPHTMOB
B PEXUME PpEaNbHOrO0 BpPEeMEHHM JUIsl JAUAarHOCTUKU CJIOXHBIX BHIOB
HeucnpaBHocTel 1 oTka30B BCY;

2. BBICOKas CTEIeHb JIOKaJIM3alMM HeucnpaBHocTed u cboeB B BCY,
BKJIFOYast 00pTOBYIO IIU(pOBYIO BeIYMCIUTENbHYIO MamnHy (BLIBM);

3.  BbICOKas THOKOCTb AMAarHOCTMYECKHX aJTOPUTMOB MpH aHAIU3E
CIIOKHBIX BHJIOB HEHCTIpaBHOCTEH 1 0TKa30B BCY;

4. OopToBas IWArHOCTHKA CIOXHBIX osieMeHToB BCY wmeromamu
anmapaTHOro IyONMpOBaHMSA M WMHUTAIMOHHBIX alTOPUTMOB, 3a CHYET
a/IalITUBHON PEKOH(PUTYPAIIH AUArHOCTHIECKUX MOYJIEH HEMOCPEICTBEHHO

Ha OopTy KA.
B paspabareiBacmoii nmmarHoctmdeckoit moxacucteme BCY  ypoBHH
ammapaTHbIX KoH(pUTypauui IpezaraeTcs pacrpenensiTh o

HepapxXuuecKoMy MPUHITUITY B BUJIE BIOKEHHBIX MaTpPHIl, HAUMHAS OT YPOBHSI
KOMMYTHPYEMBIX JIOTHYeCKUX OJIoKoB, BXonsmux cocta [IJINC, u Bmuots
JI0 TIOJICKCTEM, 00Pa3yIOIINX HE3aBUCUMbIC TUATHOCTHUCCKUE MOJICIIH.

IIpoBoauTCST CpaBHUTENBHBIN aHaIU3 NPEUMYIIECTB W HEIOCTaTKOB
pa3pabaTbiBaeMO# AMArHOCTUYCCKOMN MOJACUCTEMbI U MPOTPAMMHON CHCTEMBI
KOHTposiss W auarHoctuku bBCY. Iloxazana BO3MOKHOCTH CO3JaHMS
amnmapaTHeIX IUIATGOPM C  KOPPEKTUPYEeMOH  apXHUTEKTypOW, UHCIO
PEKOH(MUTYPUPYEMBIX ypOBHEH KOTOpOit OrpaHUYMBAETCA  JIMIIb
XapakTepucTukamu ucnoiabzyemsix [IJIUC.

PesymbraTroM BBHIIONHEHHOH pabOTHI SBIACTCS CTPYKTYpHas cxema
muarHoctmdecko  moacuctembl BCY ¢ OmokaMH  MHOTOYPOBHEBOU
pexoHpurypaumm.

Increase of efficiency of diagnostic support the onboard management
systems of the modern spacecrafts for the score multi-level hardware
reconfiguration
Novichkov V.M.", Savkin L.V.?

IMAI, Moscow;

*The Branch of Federal Enterprise “Lavochkin Association”, Kaluga

This paper examines the possibility of hardware selection diagnostic
subsystem from the onboard control system (OCS) modern spacecraft, and
functioning as an independent hardware subsystem OCS.
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The aim of this work is research and development of integrated diagnostic
subsystem OCS implemented on a single computing fields with multi-level
reconfiguration. As the basic electronic components used to create the
computing field, discusses the programmable logic integrated circuit (FPGA).

The four main aspects of investigation of the possibilities for multi-level
hardware reconfiguration, in relation to diagnostic subsystem OCS:

1. hardware implementation of different diagnostic algorithms in real-
time to diagnose complex faults OCS;

2. high degree of localization of faults and failures in the OCS,
including on-board digital computing machine;

3. high flexibility of diagnostic algorithms in the analysis of difficult
types of OCS failures;

4. onboard diagnostics of difficult elements of OCS by methods of the
hardware duplicating and imitative algorithms, due to the adaptive
reconfiguration of diagnostic modules directly onboard the spacecratft.

In developing diagnostic subsystem OSC levels of hardware
configurations is to be distributed hierarchically in the form of nested
matrices, starting from the level of switching the logical units comprising part
of the FPGA, and until subsystems forming an independent diagnostic model.

A comparative analysis of the advantages and disadvantages of the
developed diagnostic subsystem and the software system monitoring and
diagnostics of OCS. The possibility of creation of hardware platforms with
adjustable architecture, the number of reconfigurable levels which is limited
only by the characteristics of the FPGA.

The skeleton diagram of a diagnostic subsystem of OCS with units of
multi-level reconfiguration is result of the performed work.

ObocHoBaHue pa3padoTKHU CHCTEMbI pereHepalui CAHUTAPHO-
TUTHEHNYeCKO BObI A1 KOCMMYECKOH CTAHIMH
CanpuuxoB H.A., bo6e JI.C.

HHNWxumMmami, . MockBa

Peanmaum{ MEPCHEKTUBHBIX Op6I/ITaJ'II)HI>IX U MCXKIUIAHCTHBIX IIOJICTOB
CBA3aHA C COBEPUICHCTBOBaHHMEM cHcTeM >ku3HeoOecreueHus (CXKO)
skunaxa. OaHolt n3 BakHeWmux coctaBisomux CXKO sSBISIOTCA CUCTEMBI
BojooOecreueHuss (CBO). DTu  cUCTEMBI  JOJDKHBI  OCYIIECTBIIATH
MaKCHUMAaJIbHOE€ M3BJICUEHHE M PEreHepaluio BOJbI M3 BOJOCOAEpMKAIIUX
MIPOAYKTOB KHU3HEICATEIHLHOCTH YEIOBEKa M OMOTEXHHUYECKOI'O KOMILICKCA,
oOecrieynBasi MOTPEOHOCTH HKUIAXKa B BOJE C MHHAMAIBLHBIM JOOABICHHEM
BOJABI U3 3amacoB. OJHUM W3 pemarIuX (akTOPOB COBEPIICHCTBA CUCTEM
pereHepanii  SBISICTCS ~ MAaKCHMajdbHO  BO3MOXHBIH KO3 dHIMEHT
U3BJICYCHUS BOOBI.
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PaGoTbl 1O CO3JaHWIO CHCTEM pereHepand BOJbl  IPOBOJMIKNCH
Bcecoro3HbIM HayqHO-HCCIIEA0BATENLCKIM M KOHCTPYKTOPCKUM MHCTHTYTOM
xuMmudeckoro  mammHOcTpoeHuss ~ HUUXMMMAIIL  (r. MockBa)  —
pa3paborankoMm cucteM B conpyxectBe ¢ PKK «3JHeprus» - reHepaIbHBIM
3aKa3YMKOM, pa3paOOTYMKOM MIIOTHPYEMbIX KOCMHYECKHX CTaHIMH ¢
WuctuTyToM Memuko-Omonorndeckux mnpodmem (MMBII) — romoBHO#M
MEINKO-OMOJIOTHYECKONH — OpraHW3aIield MIIOTHPYEMOil KOCMOHABTHKH. B
pe3ysbTaTe TPOBEACHHBIX (YHAAMEHTANbHBIX HCCIEAOBAHUN M OIBITHO-
KOHCTPYKTOPCKHUX pabor ObL1H pa3paboTaHbl 3¢ peKTUBHEBIE
MaJIO9HEPrOEMKHE M MaJOOTXOJHbIE TEXHOJOI'MH, OCHOBaHHBIC Ha (DU3UKO-
XMMHUYECKHX MpOLEccax, U CO3JIaHbl JIETHbIE CUCTEMBI PEreHepanny BObl U3
KOHJIeHCaTta aTMOc(epHOH BIarM M YPHUHBI Ui KOCMHYECKHX CTaHIMH
«Camoty, «Mup» 1 MKC.

Hnst  crannmum «Mup» Obuta Takke pa3paboTaHa W KPaTKOBPEMEHHO
UCIIBITaHA CHCTEMa pEereHepanuy caHWTapHO-TurueHndeckod Boapl (CPB-
CI') Ha ocHOBe (HMIBTPOBAHUS C TOCIEAYIOMIEH COPOIMOHHONH OYHCTKOM.
Takas cucrema IpHUMEHNMa TOJBKO IIPU HCIIOJIB30BAHUH JTUCCONUHMPYIOIIETO
Ha MOHBI MOIOILETO CPE/CTBA, HAPUMEp KaTaMHWHA C OKHCBIO aMHHA, M HE
MO3BOJISIET  MCHOJIB30BaTh OOBIYHOE MBUIO M IIAMIyHH. B CBI3M €
JOCTUTHYTBIM B MOCJIEJJHEE BPEMsI IPOIPECCOM B M3TOTOBJICHUH NOJIUMEPHBIX
MOJYNPOHULIAEMBIX MEMOpaH TMOSIBUJIACh BO3MOXKHOCTH HCIOJIb30BaHUS
MeMOpaHHOW TEXHOJIOTMHM B CHCTEMax pereHepaly BOJbI HA KOCMUYECKOU
craHimu. [IpoBefeHHbIH aHAU3 MOKa3al MEePCHeKTUBHOCTh MCIOIB30BaHUS
MEeMOpaHHBIX METOJIOB JJIsI pEereHepaluy CaHUTapHO-TUTMEHUYECKON BOJIBI,
MOJYYCHHOW TIpH HWCIOJIb30BAaHUM OOILICTIPUHATHIX MOIOIIMX CPEACTB, WU
BBISIBIII HEOOXOIUMOCTh SKCIIEPUMEHTAIBHBIX HCCIIEAOBAHMUI.

B nacrosimem nokinane paccMOTpeHa NPUHLIUINAIBHAS CXeMa CHCTEMBI 1
MPUBEJICHBl PE3yJIbTaThl MPEBAPUTEIBbHBIX MCCICTOBAHUM armaparypsl A
OYHMCTKH BOJBI OT XHMIKOTO MBIIA, HCIOJIB3yEMOTrO IPH OOMIETTPHHSATHIX
TUTHEHIYEeCcKHX npoueaypax. O60CHOBaHa TEXHOJIOTHS OYUCTKH, OCHOBAaHHAsS
Ha UCIIOJIb30BaHUU METOJIa 0OpaTHOr0 0CMOca.

Validity of hygiene water processing system development
for a space station
Salnikov N.A., Bobe L.S.
NIIchimmash, Moscow

Implementation of promising orbital and interplanetary missions depends
on the improvement of life support systems (LSS). One of the key
components of LSS is water supply systems (WSS). These systems should be
able to recover a maximum of water from water-containing life products and
bioengineering complex providing for the crew’s needs in water with
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minimum supply water added. One of the decisive factors defining recovery
system high efficiency is the maximum water recovery efficiency.

Water recovery systems have been designed by the Research and Design
Institute of Chemical Engineering NIICHIMMASH (Moscow) in
collaboration with the "Energia" - the general customer and developer of
manned space stations, and the Institute of Biomedical Problems (IBMP) - the
main biomedical organization of manned spaceflights. From the fundamental
researches and development activities efficient low-power and low-waste
technologies based on physico-chemical processes have been designed. The
flight systems for water recovery from humidity condensate and urine for
space station "Salyut", "Mir" and the ISS have been built.

The hygiene water processing system based on filtration followed by
sorption purification have been also designed and tested for a short period of
time on the space station "Mir". Such a system can only be used if the soap is
capable of dissociating into ions, for example, catamine with amine oxide
which is different from commonly employed soaps and shampoos. Thanks to
the recent achievements in the manufacturing of polymeric semipermeable
membranes it has become possible to use membrane technology of water
recovery on board the space station. The analysis has shown that the use of
membrane methods for hygiene water processing with the use of common
soaps is very promising. Further experimental studies are necessary.

In this report a flow diagram of the system is shown. The results of
preliminary researches of the hardware for water purification containing
liquid soap commonly accepted in conventional hygiene procedures are
provided. The necessity of technology for water purification, based on the
method of reverse osmosis, is proven.

OnruMusanus reoMeTpuy a3poIUHAMHUYECKO# UTJIBI C HCIOJIbL30BaAHHEM
nakeroB pSeven u FloEFD
CapatoB A.A.l, AxceHoB JI.A.Z, XomuHnY JJ;.C.1
! Maraxsanc, *“Mentor Graphics, T. Mocksa

Lenpto paboOThl SBISUIOCH ONPEIENICHHE ONTUMAIBHON B 3aJaHHBIX
IUana3oHax IapamMeTpoB TE€OMETPHHM adpPOJUHAMHYECKOW WIJIBI  JIS
MHUHUMU3AIANA JIOOOBOTO COMPOTUBJICHHWS HAa pa3HBIX yriax aTakd Ha
CBEPX3BYKOBBIX CKOPOCTSIX.

ASPO,HI/IHaMI/I‘{CCKI/IC HUTJIbI HCIOJIB3YIOT JIIsL YMEHbUICHUSA
A3poAMHAMHUYCCKOTO COIIPOTUBJICHUSA Ha JICTATCIIbHBIX arimaparax,
ABUIKYIINXCA Co CBCPX3BYKOBBIMH CKOpPOCTSAMMU. HBy‘ICHI/Ie

a’pPOAMHAMUYECKMX  CBOMCTB  TakMX  HAacaJOK  IIPOBOJUTCS  Kak
9KCIIEPUMEHTAIbHO, TaK W Ha OCHOBE YHMCIEHHOTO MojenupoBaHus. Jlis
OTIpE/ICICHNST a3POJMHAMUYECKOTO CONPOTHBICHHS Ha HEHYJEBBIX YIiax
aTaku TpeOyeTcs MOAENMPOBATh TPEXMEPHOE BHEIIHEE OOTEKaHWE Tena
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CBEPX3BYKOBBIM IOTOKOM, 4YTO SIBJISIETCS CIOXHOH W PECcypcoeMKon
BBIYHMCIIUTEIILHOM 3aJa4uei.

AdponmHaMudeckue  pacdyersl mpoBoawimck B - makere  FIoEFD,
NpefHa3sHaYeHHOM AN THAPOTA30JMHAMHYECKOTO M TEIUIOBOTO
MoaenupoBaHus. [l pemeHus 3amadund ObUTH ONPENENCHBI ONTHMATIbHBIC
mapaMeTpsl PacueTHOW CETKM M HCCIEAOBaH BONPOC CXOAMMOCTH
PE3yJIbTATOB YHCICHHOTO PacueTa.

B pamkax pa0otTel mpoBeleHa ONTHMHU3alnUs (OPMBI UINIBI 10 YETHIPEM
napaMeTpaM T€OMETPHU C UCIIOJIb30BAaHHEM IIPOTrPaMMHON IIaTQOPMBI LIS
aBTOMATH3alMM MH)XEHEPHOT'O aHaIi3a U ONTHMHU3ALUU pSeven, OCHOBAHHOMN
Ha amroputmuueckoM sape MACROS. Hcnonps3oBaHus —anropurMa
ONTHMHU3AIIMM Ha OCHOBE CYpPpOTaTHBIX MOJEJeH I03BOJMIO MONYyYUTh
ONTHMaJIbHBIE MAapaMeTPhl TEOMETPHM WIJIBl NMPH MHUHHUMAJIbHOM OIOIKETe
BeIMHCIEHNHA. B pabore moka3zaH moaxox K aBTOMATH3AlMM PELICHUS
MOAOOHBIX 3314 B TIAKeTe pSeven.

ITocTaHoBKa ONTHMH3aLMOHHON 3aadW HE BKIIOYaNa y4YeT TEIUIOBBIX
3¢ ¢exToB, KOTOpHIE WrparOT OONBIIYI0 POk TPH BEIOOpe (QopMEI
a’pOJMHAMUYECKON HIJIBI IPU NPOEKTHPOBAHWH PEaNbHBIX JICTATEIbHBIX
anmnapaToB. OJIHAKO OTCYTCTBHE TAKOTO OTPaHUYEHUsI [TO3BOJIMIIO NP TTOUCKE
rJ00aTbHOI0 MUHUMYMA LIeJIeBOH (DYHKIMU HOIYYUTh HECKOJIBKO Pa3HbIX 110
TeOMETPHUH PEeIIeHHH ¢ OJIM3K0H a’dpoJHAMUIecKOi 3 (heKTHBHOCTBIO.

Pe3ynbpraToM BBINONHEHHONW pabOTHl SBJsIETCS HA0Op ONTHMAJIbHBIX
NapaMeTpoB TE€OMETPHM adPOJANHAMHYECKON WIJBl Uil MHHUMHU3ALHUN
CONPOTHUBJICHHS Ha Pa3HbBIX YIJax aTaKh NPU CBEPX3BYKOBOM OOTECKAHUH.

Aerodynamic needle optimization using pSeven and FloEFD software
package
Saratov A.A.', Aksenov L.A.?, Khominich D.S.'
'DATADVANCE, *Mentor Graphics, Moscow

The goal of the present work is do define an optimal geometry of
aerodynamic needle within the required range of parameters in order to
minimize supersonic drag at the different angles of attack.

Aerodynamic needles are used to reduce aerodynamic drag of aircrafts
under the supersonics. Both experimental research and simulations are used
to study aerodynamic characteristics of such needles. To evaluate
aerodynamic drag at the nonzero angles of attack, a 3D modeling of the
objects’ external supersonic flow is required. This is a complex and resource-
consuming computational challenge.

CFD analysis was performed in FIoEFD software package, used for CDF
and thermal simulations. To solve the problem, mesh convergence was
analyzed and optimal FE mesh parameters were set.
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In this work, four parameters of needle’s geometry were optimized using
pSeven — software platform for engineering automation, data analysis and
optimization, powered by MACROS algorithmic core. Using surrogate-based
optimization algorithm allowed obtaining optimal needle geometry
parameters with the minimum solver calls budget. The work demonstrates the
process of automating similar problems solution in pSeven.

Optimization problem setup didn’t consider thermal effects, which play a
big role in the aerodynamic needle geometry selection process in the course
of aircraft design. However, ignoring this constraint allowed getting several
different geometries with similar aerodynamic efficiency during the global
optimum search.

The result of the executed work is a set of optimal geometry parameters of
aerodynamic needle to minimize supersonic drag at the different angles of
attack.

MeTton onpeesieHHs1 CKOPOCTH IYJIbCHPYIOINEro TeYeHHsI MUTATeTbHOMH
JKU/IKOCTH B 3aMKHYTOM MHKPOKaHaJjle 0HopeaKkTopa Ha opOUTAIBHOI
CTAHIMH
CewménoBa O.B., Iletpos B.A., XaycTtoB A.1.

MAMWU, r. MockBa

Llenbro maHHOM pabOTHI SBIISETCS ONpPENEJICHUE OCHOBHBIX (PH3MYECKUX
apaMeTpoB MyJIbCUPYIOIIETO TEYEHHUS MUTATEIbHON KUAKOCTH B 3aMKHYTHIX
MHUKpOKOHTYypax (Bbicota 100 mkm, mmpuHa 500 MkM) OHOpeakToOpoB Uist
BBIpaNIMBaHKS KJIETOK Ha OOPTY OpOMTAILHOM CTaHIHMH.

Ha cmenuansHo pa3paboTaHHOM cTeHAE OBUIM TPOBEJICHBI CEPHUH
9KCTIEPUMEHTOB, TO3BOJIIONINE yYECTh ITyJICHPYIOIIUI XapakTep TeUeHHs
XKHUIKOCTH B KaHajlaX M HEBO3MOXXHOCTh NPSIMBIM METOJIOM OIPEIEIHTh
CKOPOCTb M PacxoJl TPAaHCHOPTUPYEMOH K siUCHKaM ¢ KJIETKaMHU XHIKOCTH.
Ilo mokazaHMAM HHTETPUPOBAHHBIX B TNPOTOYHBIH MHKPOKaHall JAaTIYHMKOB
JABJICHUST OMNPEICISUINCh PACXOAd M CKOPOCTh JKHAKOCTH B 3aMKHYTOM

MHUKpOKaHaJIe.
BrisiBieHa 3aBHCHMMOCTH TOTEPh [ABIECHUS OT HAINPABICHHS JABMXCHUS
KHUJIKOCTH B KaHaje: TPH TOJIOKUTCIFHOM HAINPABICHUN JBHKCHHUS

KHUJIKOCTH TIOTepH  JaBJIEHUS HOCAT JIMHEHHBIM  XapakTep, HpH
OTpHIIATEIFHOM — MapaboIMYecKuil XapakTep B 3aBHCUMOCTH OT pacxoa.
INomy4yensl skcepUMEHTaIbHbBIE 3aBUCUMOCTH NOTEPh JABJICHUS HA y4acTKe
MUKpOKaHajla OT pPacxoia >KUIAKOCTH B HEM, YTO JAaeT BO3MOXHOCTb
OTIPEJETINTh PacXoj] B 3aMKHYTOM MHKpOKaHalle Ha JII0OOM pexuMe paboThl
6uopeakropa. [TorpemrHocTh pa3paboTaHHOTO MeTo1a cocTaBmia +5%.

B pesynbrate BBIIOJIHEHHOH pabOTHI pa3paboTaH METOJ| OINpeAeIeHUs
OCHOBHBIX IIApaMETPOB TEUCHHS >KUIKOCTH B 3aMKHYTOM MHKPOKaHaie
OuopeakTopa /Js BBIpAIIMBAaHHUA KJIETOK Ha OpOWTANBHBIX CTAHIUAX.

183



JlaHHBII METOX YUHUTHIBAET OCOOEHHOCTH CaMOro MUKpOKaHaia Ouopeakropa:
MHKpoMacmTad, U3MEHEHHE IONEPEYHBIX Pa3MEpPOB €ro IPOTOYHOM YacTh
u3-3a 1eopManiy CTCHOK BO BpeMs paboThl Hacoca, 3aMKHYTOCTh KOHTYPa,
a TaKKe 3HAKOIEPEMEHHBIH XapakTep TEYCHUS JKUAKOCTH, BBI3BaHHBIH
cnenn(uKoit paboTH Hacoca.

The method of determining the velocity of the pulsating flow of the
nutrient liquid in the closed microchannel of the bioreactor on the orbital
station
Semyonova O.V., Petrov V.A., Haustov A.L.

MAI, Moscow

The object of the work was to determine the basic physical parameters of
pulsatile liquid flow in closed microchannels (height 100 um, width 500 pum)
of bioreactor for cells cultivation on the orbital station board.

Experiments were conducted on a specially designed stand. This allowed to
take into account the pulsating nature of the fluid flow in the channels and
enabled to determine the speed and flow rate in closed channel by nondirect
method. According to the data from the pressure sensors integrated into the
flow-through microchannel, the fluid flow rate and speed were determined.

It was shown that flow in microchannels was different in opposite
directions. The pressure losses were linear for the positive direction and
parabolic for the negative one. Characteristic of the pressure losses at the site
of microchannel from the flow rate allowed flow rate determination in the
closed microchannel for any mode of bioreactor operation. The methodic
error was +5%.

The developed method allows measuring the main parameters (flow and
velocity) in the closed microchannel without damaging its structure before
use as intended.

The new method for determining the main parameters of flow in a closed
microchannel bioreactor for cells cultivation in orbital station was developed.
This method takes into account these features of the bioreactor microchannel:
micro-scale, transverse cross-sectional dimensions variability due to the
elastic wall deformation during the pump operation, closed-loop design,
alternating fluid flow caused by pump specifics.

Metoanka ¢popMHUpPOBaHUSI MAPIIPYTOB JABHKEHHS YIIPABJIsieMbIX
IUIAHUPYOLHX 0J10K0B B ycaoBusix [TPO HazemHoro 6asupoBaHus
Baiipamos K.P., Baiipamos P.K., CuskoB M.A., CmupHOB A.]l.

BA PBCH umenu Ilerpa Benuxkoro, r. Mocksa

B pabore mnpoBeneH aHaiu3 OCOOEHHOCTEH YNPABISIEMOTO CPEACTBA
nopakenust (YCII) kak JeTaTelqpbHOTO ammapaTta M CpPeICTBa ITOPAXKCHHUS
neneit npu Hammany [IPO Ha TeppUTOpUE BEPOSITHOTO MPOTUBHHUKA. MeToIb!
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peLIeHUs] KpaeBbIX OaIMCTHYECKUX 3a/ad4, pa3paboTaHHbIE B OaTMCTHKE
pakeT ¢ OOBIYHBIM OCHAIICHHEM M OCHOBaHHBIC Ha WTEPALMOHHOM pacuére
MONA/IAIOIIEH TPACKTOPHUH, 3AECh HENPUTONHBI B CHIIy HPHHIUNHAIBHBIX
pa3imamii cnoco0OB TOCTAaBKU OOEBBIX 3apsAA0B K enu. OTHAKO COBEPIICHHO
0TKa3aThCsl OT METOJA MOCIECAOBATENbHBIX IPUOIIKCHUH HE IPEACTABISAETCS
BO3MOXKHBIM.

B ocHOBy ympaBieHHS IBIKCHHEM YIPABISEMOTO CPEACTBA MOPAXKEHUS
(YCII) MoryT OBITh 3aJIOKCHBI pa3IMYHBIE METOIbI, HO O00s3aTeIbHO
aJanTUBHBIE K HW3MEHYMBOCTH COCTOSIHUSI pealbHOH aTMocepbl B
3aBUCUMOCTH OT UIMPOTBI MeECTa, CE€30Ha M BpEeMEHH CyToK. M3-3a
CYILIECTBEHHON 3aBHCUMOCTH a’3pOJUHAMUYECKUX CHUJI OT IEPEeYHCICHHBIX
(akTOpOoB  METOABl  HABENCHMs, HUCIOJB3yIOLHME  3a0aroBpeMEHHO
paccuMTaHHBIE IPOTPaMMBl HM3MEHEHHS YHPABISIOMNX IapaMeTpoB, HE
obecriedar BbicokoTouHOro HaBenmeHus YCII. Jns HaBemenus YCII
3¢ (PEKTUBHBI TOJBKO METOABI TEKYIIETO NPOTPAMMHPOBAHHMS, OCHOBAaHHBIC
Ha TEPUOTUYECKOM pEIICHWH KpaeBoi Oammmctmdeckor 3amaun (KB3) B
npouecce nosera. OxHaKo UId 00eCTIeYeHNs] BBICOKOTO KauecTBa HABEICHHS
CylllecTBEHHBl TO4YHOCTh M Bpemst pewmeHuss Kb3. Bricokyro TOYHOCTH
pemennss Kb3 MoskeT oOecneyuTh METOA, OMHPAIOIIMICS Ha YHCICHHOE
WHTETPUPOBAaHUE ypaBHEHMM ABWkeHUs YIIb Ha nporsosupyemMoi uacTtu
IIyTH TPU COOTBETCTBYIOUIEH MOJENHM JBIDKEHHS M BBICOKOTOYHBIX
HM3MEPEHHUAX TEeKYIIUX MapaMeTpOB IBIKEHHsSI OOPTOBBIMY HABUTALIMOHHBIMHU
npubopamu.  OJHAKO  OTPaHMYEHHOCTh  OBICTPOJEHCTBHA  OOpPTOBOMU
BBIUMCIIUTEIFHON TEXHUKH HE IIO3BOJIUT CAENaTh JIUTEIBHOCTh OJHOIO
LUKJIa HaBEIECHHUS JOCTATOYHOW IJIsi 0OecIedeHUs! BBICOKMX TpeOOBaHMH K
TOYHOCTH HaBeAeHUs. L[MKJI HaBeJeHUs B 3TOM CIIydae COCTaBHT BEJINYHHY
HECKOJIBKO CeKyH/I. TOJIbKO IPUMEHEHHNE YIPOIIEHHBIX MOJIENIeH ABHKEHUS 1
aHauTU4Yeckux anroputmoB pemiends KBb3 npu Hamuuuu coBpeMeHHOU
BILIBM wmosxer obOecrneunTh LMK HaBeaeHus He Oonee 0.05 — 0.06 ¢, u,
CIIeI0BaTeNIbHO, O0ECIIeUUTh BBIPAOOTKY M HCIOJHEHHWE YIPaBISIOIINX
KOMaH/J[ MPaKTU4YeCKH HENPEPHIBHO BIUIOTH JO KOHEYHOW TOYKU HABEIEHUS.
Ecmm mpu  3TOoM  Tekyme Qas3oBble mapaMeTpbl  (KOOpIAMHATHL U
COCTaBIIAIONINE CKOPOCTH), H3MepsieMble OOPTOBBIMH HAaBUTAIIMOHHBIMH
npudopamy, MNEPHOAUYECKH KOPPEKTHPOBaTh C IIOMOIIBIO  BHENIHEH
HaBUTAI[MOHHON MH(OPMAIINK, HApUMEp, OT CIIyTHHUKOBOW HAaBUTALIMOHHOM
CHCTEMBI, TO TOYHOCTb HaBEJCHUSI OyAeT ONpEeAeNAThCS TOJIBKO TOYHOCTHIO
TEKyIUX HABUTallUOHHBIX NapAMETPOB HE3aBUCHMO OT TEKYILEro COCTOSIHUSA
arMoc¢eprl. HasBaHHBIMH CBOMcTBaMM O0JIaaeT, HANpUMEp, METOJ
HaBEJICHUS «I10 TPeOYeMOMY YCKOPEHHIO».
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Formation technique routes controlled planning units
in a ground-based missile defense
Bayramov K.R., Bayramov R.K., Sivkov M.A., Smirnov A.D.
Military Academy of Strategic Missile Forces named after Peter the Great,
Moscow

The paper analyzes the features of guided weapons like aircraft and means
to engage targets in the presence of anti-missile defense on the territory of the
probable enemy. Methods for solving boundary value problems of ballistic
developed ballistic missiles with conventional warheads, and based on the
iterative calculation of falling trajectories are unsuitable due to fundamental
differences in the methods of delivery of warheads to targets. However, it is
to abandon the method of successive approximations is not possible.

The basis of the motion control guided weapons can be laid down various
methods, but not necessarily adaptive to the changeability of the real
atmosphere, depending on latitude, season and time of day. Because of the
strong dependence of the aerodynamic forces on these factors guidance
methods, using previously calculated program change control parameters will
not ensure precision-guided weapons guidance. Guidance for guided weapons
are only effective methods of current programming, based on the periodic
solution of the boundary value problem in the process of ballistic flight.
However, to ensure a high quality essential guidance accuracy and the time to
solve the boundary value problem ballistic. High accuracy of its solutions can
provide a method based on the numerical integration of the equations of
motion in a predictable part of the way at an appropriate model of the motion
and high-precision measurements of the current motion parameters on-board
navigation devices. However, the limited speed of the onboard computer
technology does not allow to make the duration of one cycle guidance
sufficient to ensure the high requirements for guidance accuracy. Cycle
guidance in this case is the magnitude of a few seconds. Only the use of
simplified models of motion and analytical algorithms for solving boundary
value problems in the presence of a ballistic modern onboard digital computer
can provide guidance cycle not exceeding 0.05 - 0.06 s, and, therefore,
provide the production and execution of control commands almost
continuously up to the end point of the guidance. If the current phase
parameters (coordinates and velocity components), as measured by on-board
navigation equipment, periodically adjusted by an external navigation
information, for example, a satellite navigation system, the pointing accuracy
will be determined only by the accuracy of current navigation parameters
regardless of the current state of the atmosphere. Named properties has, for
example, the method of guidance "to the desired acceleration."
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Ha3zemHblii n13MepUTeIbHBIH KOMIJIEKC JUATHOCTHUKHU MOTOKOB
pa3pe:keHHOoii MJIa3Mbl B paMKaX MOJATOTOBKH KOCMHUYECKOT0
sxcnepumenTa (KJ) «Ilnazma-IPID»

Kopcyr A.T'., Mapkuanos A.B., Cu3oB A.A., CurenpankoB B.1O.
TBepmoxnedona E.M.

HHWWmMma, r. Koponés

BrimoHeHHBIC panee HCCIIeTOBAHUS (KO «ITnazma-MKCy)
MIPOAEMOHCTPHUPOBAIH HAJIA9He ANEKTPHYECKIX oJIei BOKPYT
KpymHorabapuTHBIX KocMmrdecknx ammapatoB (KA) B yclnoBusSX ABWKCHHS B
noHocepe W BO3MOXKHOCTH HMX BO3pacTaHUs B JIOKAIBHBIX 00JacTIX
MOBEPXHOCTH JI0 BEJHMYHMH, BEAyNIMX K paspsaHbiM dpdexram. AHaiu3
MIOKa3bIBaET, YTO ITOT (haKTOP MOXKET SIBIATHCS NPUYUHOHM cOOeB B paboTe
pa3MuHBIX OOPTOBBIX CHCTEM, a TAaKXKe CIHOCOOCTBOBAaTh BO3HHKHOBEHHIO
MIPOIIECCOB, HAPYIIAIONINX [EJIOCTHOCTh MAaTepUaIoOB MOKPBITHI KA.

Juiss oTpabOTKH CPEeNCTB KOHTPOJSA AIIEKTPOPa3psOHOil OOCTAaHOBKM Ha
BHEIIHEH IMOBEPXHOCTH W B IUIA3MEHHOM OKpYXeHHH MeKayHapoTHOH
kocmraeckort cranmmu (MKC), a Takke ISl OCYIIECTBICHHS PETYIAPHOTO U
HETPEPHIBHOTO MOHHUTOPHHTA POCCHICKHHA CEerMEHT OyneT OCHAIleH
amnmapaTypou perucTpannuy ra3oria3sMeHHoro okpyxerus (APT'O).

Jus mpoBeneHHs OaHHOW pabOTBI HEOOXOMUMO CO3JaHWE Ha3eMHOTO
HM3MEPUTENIBHOTO  KOMIUIEKCA, IIO3BOJIAIOLIETO  BBIIOJHATH  CIEAYIOLIHE
3aauu:

e  [IpoBejeHHE HCTbITaHuil Hay4yHoH anmapatypsl APT'O u eé makeros

B CMOJIETUPOBAaHHBIX  YCIOBHUSX, TOMOOHBIX 0OCTaHOBKE  BOJM3H

nosepxHocTd MKC;

o IIPOBEJICHUE  WCHBITAHUN  anmapaTyppl Ha  CTOMKOCTb K

3MEeKTPOHU3NIECKUM (PaKTOpPaM BO3ICUCTBUS IDIA3MEHHOW CPEIbl;

B moxnane nmpuBeneHsI:

° kpatkue ceegenus o KO «Ilnazma-MKCy;

®  pe3ylbTaThl  HA3eMHOTO  MOJICIIUPOBAHHSA  SJICKTPOPA3PITHBIX

MPOIIECCOB, MPOUCXOIAIINX B INIa3MeHHOM OKpyxeHnn MKC;

° ceaenus o moaroroske KO «Ilmazma—3PI1y;

o pe3ynbTaThl MPOBEACHUS MOJEpPHU3AIMU CTeHA0BON 0a3pl DI'VII

HHWWmam.

e  COCTaB Ha3eMHOTO M3MEPUTENBHOTO KOMIUIEKCa JIHAarHOCTHKH

MTOTOKOB pPa3peKeHHOU IJIa3Mbl.
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The ground plasma flow diagnostic complex
for space experiment “Plasma-ERP”
Korsun A.G., Markianov A.V., Sizov A.A., Sinelnikov V.Yu.,
Tverdokhlebova E.M.
TSNIImash, Korolev

Previous researches showed electrical fields presence nearby the large
spacecraft moving in the ionosphere plasma. The possibility of the electrical
fields increasing in local areas near the spacecraft surface has been also
showed. The electrical fields increasing can cause discharge processes, which
can be a reason of different on-board systems operation failure. The
spacecraft surface coatings damages are also possible.

In order to discharge fenomena control equipment creating and for regular
monitoring of discharge situation nearby International Space Station (ISS)
surface on the Russian Orbital Segment will be mounted gas and plasma
environment registration equipment (ARGO).

The land based measurement complex creating is necessary to complete
this work.

This complex will be able to solve next tasks:

e test of the gas and plasma environment registration equipment

(ARGO) and models with environment which is like ISS surrounding;

e clectrical proof tests of equipment in plasma environment.
The information showed in presentation:

e the space experiment “Plasma-ERP” brief;

e clectrical discharge processes nearby ISS surface experiment, results
of the land tests;

e information about the space experiment “Plasma-ERP” preparation;

e test plants modernization results based in the TSNIIMASH,;

e land based plasma flow diagnostics complex components.

Beinykjasi MUHHMHU3a0Hs NOTJIOMIEHHON 103561 PAAMAILIMU U pacxoaa
pa0ouero Tesia NpH JO0BbIBEJCHUH KOCMHYECKOI0 anmnapara
Crapuenxo A.E.

PKK «Qneprus», r. Koponés; MOTH, r. loaronpyaHslit

[Ipu noBeiBeneHNH KocMmudeckoro anmapara (KA) ¢ moMomsio ABUraTenei
Majol TSITH BMECTO ABHUTraTeeld OOJBIION TATH CYIIECTBEHHO BO3pPacTaeT
paauanroHHasi Harpy3ka Ha OOPTOBYIO DJIEKTPOHUKY U Apyrue cucteMbl KA.
Bonbme 10361 MOTNIOMEHHON pajualii MOTYT CYILECTBEHHO CHU3UTH CPOK
cirykObl 60pTOBOH 31€KTPOHUKH M Bcero KA.

JUis cHMXKEHUs [03bl MOIVIOIEHHON paaualvM Hapsay C NAacCHUBHBIMU
METOJlaMH B JIUTEpaType paccMaTpUBAaeTCsl CIOCOO CHWKEHHS — JI03bI
paauanuy myTéM BeIOOpa crienuanbHOM TpaeKkTopuu noBbiBeaeHus [1,2]. s
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CHIDKCHUS 1036l 0€3 CYIIECTBEHHBIX YBEJIMYEHHH pacxoga paboyero Ttena
3a7ady MOXKHO CQOPMYyIHpPOBaTh B BHAE JABYXKPUTCPHAIBHON 3a1adn
ONTHMHU3AIMN C KPUTEPUSIMH KadecTBa — 3aTpaThl pabodero Tena M 103a
panuanum.

s moctpoeHns  mapeto-(poHTa  yKa3aHHOW —3aJadd  ONTHMH3ALUH
B paboTe mpeayaraeTcs METOJ HMPOMEXYTOUHBIX OpOHT. CyTh €ro COCTOHT
B IIApaMETPHU3aLUK TPACKTOPHU Iepenéra OpOUTANBHBIMH 3JIEMEHTaMHU
Habopa NMPOMEKYTOYHBIX OpPOUT, Yepe3 KOTOphIE MOCIIE0BATENBHO TOJKHA
NPOXOJMTh 3Ta Tpaekropusa. Torga ecnm kakum Jub0 oOpasom 3anathb
TPAaeKTOpUU Tepenéra MeXAy IPOMEKYTOYHBIMH OpPOUTAMH, TO Pacxojn
paboyero Ttema u nornoméHHas KA no3a OynyT GyHKIMAMH IapaMeTpoB
MIPOMEXXYTOYHBIX OpOHMT. B KadecTBe mapaMeTpoB NPOMEXKYTOYHBIX OPOMT
UCTIONB3YIOTCSI MX HAKIOHEHUs, OCTAJIbHBIE MapaMETPhl MPOMEXYTOUHBIX
opbut ¢ukcupoBanel. CBopaumBas TONYYCHHBIH BEKTOPHBIA KpHUTEpHI
B CKaJISIPHBIH, MOXKHO TIEPEHTH K OJJHOKPUTEPHAILHOH 3aa4e ONTHMHU3ALNH.

[lomydeHnass HenmuHEHHas 3agada MApaMETPHUYECKOM ONTHMH3ALUH UL
HAaXOXJCHNUS HETPUBHAIBHBIX TPAEGKTOPUH [OJDKHA 001amgaTh BBICOKOH
Pa3sMEpHOCTBIO, HYTO CYIIECTBEHHO YCJIOXHsiEeT €€ pemeHue. [lostomy
B JIOKJIaJie¢ MPUBOJIUTCA IMOCTPOCHHUE HUKHEH BBINYKIOW OLEHKH LEJIeBOM
GyHKIMH, KOTOpas yke moanaércs 3(pQEeKTUBHOI YUCICHHON MUHUMU3AIHH.
MUHUMAaNbHYI0 TPAaeKTOPHIO OLEHKH MOXKHO HCIIONIb30BAaTh B KAaueCTBE
HETPUBUAIILHOTO HAYaJbHOTO NPHOJIVDKEHUH ISl IPUMEHEHHs aJrOPUTMOB
rJ100aJIbHON ONTUMH3ALUH UCXOIHOTO (DYHKIIMOHAIA.

CIucok IuTepaTypsl

Dutta Atri, Choueiri Edgar. Minimizing Radiation Fluence during Time-
Constrained Electric Orbit-Raising // 23Rd International Symposium On
Space Flight Dynamics. Pasadena, CA: 2012.

Jehn R. Radiation Optimum Solar-Electric-Propulsion Transfer From GTO
to GEO.// 24Rd International Symposium On Space Flight Dynamics. Laurel,
MD: 2014.

Convex optimization of a low-thrust spacecraft orbit insertion trajectory
with objectives of absorbed radiation dose and propellant consumption
Starchenko A.E.

RSC “Energia”, Korolev; MIPT, Dolgoprudny

Absorbed space radiation dose is dramatically increases if low-thrust orbit
insertion maneuver is used instead of high-thrust one. Huge dose significantly
decreases spacecraft electronics operational time and eventually leads to
whole spacecraft malfunction.

In order to reduce amount of absorbed dose trajectory of low-thrust orbit
insertion could be changed. There are few papers considering such method of
dose minimization [1,2]. To cope with possible propellant consumption
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increase the problem could be formulated in a form of two-objective
optimization problem. The objectives are absorbed dose and mass of
propellant consumpted.

Intermediate orbits method (IOM) was introduced to calculate pareto
frontiers of the problem. The IOM’s main idea is to consider several
intermediate orbits of the insertion trajectory and treat them as variable.
Changing parameters P; of the intermediate orbits and calculating trajectory
passing through all of these orbits, it is possible to obtain absorbed dose and
propellant consumption as functions of P, We consider in this paper
inclinations of intermediate orbits as variable parameters of the trajectory. All
other orbital elements of intermediate orbits are fixed.

To reduce the problem to a conventional single-objective optimization
form weighted sum model is used. Derived single-objective nonlinear
problem should be highly dimensional to reveal non-trivial minimal
trajectories. This circumstance makes the problem hard to solve.

In order to cope with it in this paper construction of the objective’s convex
lower bound is presented. Minima of the derived convex function can be
easily found with help of modern convex optimization software. Optimal
trajectories of convex lower bound can be used as initial guess in global
optimization problem for the original objective.

References

Dutta Atri, Choueiri Edgar. Minimizing Radiation Fluence during Time-
Constrained Electric Orbit-Raising // 23Rd International Symposium On
Space Flight Dynamics. Pasadena, CA: 2012.

Jehn R. Radiation Optimum Solar-Electric-Propulsion Transfer From GTO
to GEO.// 24Rd International Symposium On Space Flight Dynamics. Laurel,
MD: 2014.

HccnenoBanue MeXaHU3MOB HCII0JIb30BAHUS OTPACIEBbIX
U MeKOTPAC/IeBBIX MPOrHO30B HAYYHO-TEXHOJIOTHYECKOr0 Pa3BUTHS
1o Hanpagjennio «TpancnopTHBIE H KOCMHYECKHE CHCTEMbD)
Ceipun C.A.
MAMN, r. MockBa

PaketHO-KOCMMUECKas OTpacjib ABJIACTCA TEM CCEKTOPOM JKOHOMUKH,
KOTOpLIﬁ onpeaciaeT Hay‘lHO-3KOHOMI/I‘IGCKI/Iﬁ u O60p0HHO—HOHI/ITI/I‘I€CKI/Iﬁ
MOTCHIHAJI CTPAaHbl, MECTO U OTHOLICHUE K IrOCyAapCTBY B MHPCE. HOSTOMY
0OJIBIIOE BHUMAaHUE yaeiasdaeTrcsa pa3pa60TKe MMPaBUTCJIILCTBCHHLIX MPOrpamMm,
OIPCACIIAIOINUX  CTPATEIrMIO W HAIPaBJICHUSA  Pa3BUTUA  OTpaciini B
CpCAHECPOYHOM U HOJITOCPOYHOM II€pUOAaX. KpOMe TOTO, HCO6XOIII/IMO
COTJIACOBAHHUE OTPACJICBBIX IMPOTHO3HBIX U CTPATCIMYCCKUX JOKYMEHTOB C
JOJITOCPOYHBIMU IMTPOTHO3AMM PA3BUTUA DKOHOMUKHU B LEJIOM.
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Lenpto paboThl SIBISIETCS. MCCIICNOBAHNE MEXaHHU3MOB, CIIOCOOCTBYIOIINX
COTJIACOBAHUIO PE3yJbTaTOB POIHO30B HAYYHO-TEXHOJIOIHYECKOTO Pa3BUTHS
Ha OTPAcIeBOM M HAIIOHAILHOM YPOBHE, M MOJTOTOBKA HPEIIOKEHHI HO
NPaKTUYECKOMY HCIOJIB30BAHUIO PE3yJbTaTOB IIPOTHO30B KOCMHYECKOM
NPOMBIIUICHHOCTH IPU (OPMHUPOBAHWM W aKTyaJH3alM{ JOJITOCPOYHOTO
NPOTHO3a HAYy9YHO-TEXHOJIOIHYECKOro pa3BuTHs Poccun.

HcenenoBanus BKIIOYAIOT B ceOs:

e 0030p MHUPOBOTO OIBITA pa3pabOTKW MPOTHO30B  HAay4YHO-
TEXHOJIOTHYECKOTO Pa3BUTHSI KOCMUYECKOH MTPOMBIIUICHHOCTH;

e  aHamm3 MPOTHO30B HaY4HO-TEXHOJIOTHYECKOTO pa3BuTHs
KOCMHYECKOH NMPOMBIIUICHHOCTH, BBITOJHEHHBIX B Poccuu u 3a pyoexom,
W CpaBHHUTENBHBI aHalM3 C TOCYJapCTBEHHBIMH CTPaTErHYECKUMHU
JOKYMEHTaMH HayYHO-TEXHOJIOTHYECKOIl HalpaBJICHHOCTH;

e  ompenencHWe — TpeOoBaHMIT K cOCTaBy,  CTPYKType H
XapaKTepPUCTUKAM OCHOBHBIX SJICMEHTOB OTPACleBBIX MPOTHO30B HAYYHO-
TEXHOJIOTUYECKOTO Pa3BHTHS;

®  U3yYCHHEC MEXAaHM3MOB M HMHCTPYMEHTOB MHTEIPALIH OTPACICBOTO
NPOTHO32 B JOJITOCPOYHBII.

PesysnpraTroM BBIIONHEHHOW paboOTHI sBISETCS OOOOIIEHUE ITOJNYyYSHHBIX
JaHHBIX U (opMHUpOBaHME HA MX OCHOBE TPEOOBaHHI K MPOTHO3aM HAay4HO-
TEXHOJIOTMYECKOTO  Pa3BHTHS 10 HampaBieHHio «TpaHCIOpTHBIE W
KOCMHUYECKHE CHCTEMBI ISl NAIbHEUIIEro MCIOJIb30BAHUS TAKUX HMPOTHO30B
npu (GOPMHPOBAHMHM ¥ aKTyalH3alUH JOJITOCPOYHOIO IIPOTHO3a HAy4HO-
TEXHOJIOTHYECKOro pasBuTHs Poccun.

Investigation of the mechanisms, that are used in sectoral and
intersectoral forecasts of scientific and technological development in the
direction of “Transport and space systems”

Syrin S.A.

MAI, Moscow

The space industry is the sector of the economy that determines the
scientific, economic, military and political potential of the country, as well as
the place and relation to it in the world. Therefore, the great attention is paid
to developing government programs, defining strategy and direction of
industry development in the medium and long term. Also it is necessary
coordinate sectoral forecasting and strategic documents with long-term
forecasts of economy development as a whole.

The aim of this work is the analysis of the mechanisms contributing to the
coordination of forecast results for research and technological development at
the sectoral and national level, and to prepare proposals on the practical use
of space industry forecast results in the formation and actualization of long-
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term forecast of scientific and technological development of the Russian
Federation.

Investigation includes:

e review of the global experience in the scientific and technological
forecast development the space industry;

e analysis of scientific and technological development forecasts of the
space industry, conducted in the Russian Federation and abroad, and
comparative analysis with the state strategic documents of scientific and
technological orientation;

e  definition of requirements for the structure and characteristics of the
main eclements of sectoral research and technological development
forecasts;

e  study of mechanisms and tools for integration of sectoral forecast in
the long term period.

The result of the work is the generalization of the data and requirement
elaboration for research and technological development in the direction of
“Transport and space systems” for further use of these forecasts in the
formation and actualization of long-term scientific and technological
development forecast of the Russian Federation.

®opMHpOBaHHe TPeOOBAHUI K MaJOpa3MepHbIM ABTOMAaTHYeCKUM
KOCMHMYEeCKHM CITyCKAaeMbIM annaparaM
Toppec Canuec K.X.!, Boponmos B.A?
IMAI/I, r. MockBa,; HIIO um. C.A. JlaBoukuHa, . XUMKH

OnHMM U3 TepCIIEKTHBHBIX HAIPAaBICHUI Pa3BUTHSI KOCMUYECKONH TEXHUKU
ABJISIETCS CO3/aHME MAJbIX KOCMHYECKHMX aIllapaToB, B COCTaB KOTOPBIX
BXOJISIT MUHHM CITyCKaeMbI€ amnmaparbl. Pe3ybTaTbl HayYHBIX HCCIIEIOBAHUNA U
TEXHOJIOTHUECKUX WM OWOJIOTMYECKMX OJKCIIEPUMEHTOB MOTYT OBITh
JIOCTaBJIEHBl € OpPOWTHI 3eMJIM C TOMOIIBIO CITyCKaeMBIX aIllaparos,
TOPMOKEHHE KOTOPBIX B aTMoc(hepe OCYIIECTBIISIETCS C MOMOIIBI0 JKECTKHX
AIPONMHAMUYECKUX OSKPAHOB, IApalIIOTHBIX CHCTEM WIM HaJTyBHBIX
TOPMO3HBIX YCTPOUCTB.

Bosppamenne Ha 3eMii0 pe3yibTaTOB 3KCIEPHUMEHTOB M HPOAYKIHH
MHUKPOTPABUTAIMOHHOW M JAPYIMX KOCMHUYECKHMX TEXHOJIOTMH He Bcerzaa
y1o0HO, a TakKe HKOHOMHYECKH HE BBITOJHO, OCOOCHHO KOrja TIpy3bl
HeOOJIbIINE WIH TPEOYIOT ONlepaTHBHOTO Bo3BpanieHus. OIMH U3 MOAX0A0B K
penieHuo npoOeMbl BO3BPALIEHUs] HEOONIBIINX TPY30B — 3TO CO3laHHE U
JKCIUTyaTalss ~ aBTOMAaTHYECKMX  MAJBIX  CIIyCKaeMbIX  KOCMHYECKHX
anmapaTtoB (MACKA).

IMponomkast HampaBieHHe pa3pabOTKM MajbIX KOCMHYECKHX AallapaToB
(MKA) B P®, paccmaTpuBaeTcs BO3MOXXHOCTH BBEACHHS MAajoro
aBTomMarmueckoro cmyckaemoro anmapata (MAKCA) na 06a3e omHOi
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YHUGHULIMPOBAHHOH IUIaTPOpMBI, C y4yeToM €€ NPUMEHEHUS B 3EMHBIX
YCIIOBHAX [UIS BBIIOJIHEHHS IIMPOKOTO Kpyra 3a/1ad.

B pabore mpeanmoXeHB TEXHUYECKHE pPEIICHHs, OOCeCIICYHBAIONIIEC
TPAaeKTOPHBIE ONEpallid 10 BBOAY B MEHCTBHE MalbIX CITyCKaeMBIX
anmapaToB B 3eMHBIX YCIOBHAX, a TaKKe METOAMYECKHH MOAXOX K
(OpMHUPOBAHUIO TAKHUX OTICPAITHIA.

B cBsI3M ¢ 3THM CTaBATCS CICAYIOLINE OCHOBHBIC 3a1a4H:

e  pa3paboTKa METOAMYECKOTO MOAXO0Aa K (DOPMHUPOBAHUIO CXEMHBIX
peuienuii cuctembl BBoga B aedictBue CA, W COOTBETCTBYIOIIMX
TPaeKTOPHBIX Ollepanuii 1yt JOPMUPOBAHHS CXEM CITycKa B aTMOchepe;

® IOMCK TEXHWYECKHMX pELIEHHH CpEeNCTB, 0O0ECICUUBAIOLINX
TPaeKTOpHBIE Olepaldd 10 BBOJAY B JIeHCTBHE MallorabapUTHBIX
ABTOMAaTHYECKUX KOCMHUYECKUX CITYCKAaeMBIX alapaTtoB Ui 3eMis;

Formation of requirements for small reentry vehicles
Torres Sanchez Carlos G.!, Vorontsov V.A.2
"MALI, Moscow:; NPO Lavochkin, Khimki

One of the most promising areas of space technology is to design small
spacecraft’s, which includes small descent vehicles. The results of scientific
research and technological or biological experiments can be delivered from
the Earth’s orbit by reentry vehicles, whose braking in the atmosphere is
provided by rigid aerodynamic screens, parachute systems or inflatable
braking devices.

Returning to Earth the results of experiments and products of microgravity
and other space-based technologies is not always convenient and
economically profitable, especially when loads are small or require prompt
return. One approach for solving the problem of the return of small cargo is
the creation and operation of automatic small reentry spacecraft’s.

Continuing with the trend of developing small spacecraft’s in the Russian
Federation, the possibility of introduction of a small automatic reentry vehicle
on the basis of one unified platform, taking into account its application in
Earth conditions for a wide range of tasks, is considered.

In this paper is proposed a solution to provide trajectory operations for
bringing into service small reentry vehicles on Earth, as well as a methodical
approach to the formation of such operations.

In this context, the main tasks are:

Developing of a methodological approach to the formation of the technical
solutions for bringing into operation reentry vehicles, and the corresponding
trajectory for forming schemes of descent in the atmosphere;

Searching technical solutions to provide orbital operations for a small
space reentry vehicle on Earth.

YK 629.7.015.076.66
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MeToauka NPOrHO3UPOBAHUS TEXHOT€HHOT0 3aCOPEeHNUsI HU3KHUX
0KO0J103€MHBIX OPOUT € Y4eTOM B3aMMHBIX CTOJKHOBEHUIl H AaKTHBHOT'O
yaajdeHUus] KOCMUYecKOro Mmycopa
VYcosuk U.B.

MAM, r. MockBa

TexHOTEeHHOE 3aCOpPEHHE OKOJI03€MHOTO KOCMHYECKOTO IPOCTPAHCTBA
(OKII) sBiseTcst CYIIECTBEHHBIM  HETAaTHBHBIM  MOCJIEICTBHEM €0
npakTuaeckoro ocoeHms. Jlampreiimee ocBoenme OKII HeBo3MoOxHO 0e3
O0OBEKTHBHOTO aHAIM3a TEKYIIETO COCTOSHHS 3arpA3HEHUS, €T0 UCTOYHUKOB
U 3aKOHOMEpHOCTEH 3BOJIOIMHA. OCOOEHHO OCTPO 3TOT BOMPOC CTOHUT IO
OTHOIIECHHIO K 001acTH HU3KUX OKoJjio3eMHbIX opout (HOO) c BeicoTamu 110
2000 kM, a Takke OOJIACTH TEOCTAI[IOHAPHBIX OPOWT, TIe TEXHOTCHHOE
3aCOpEHHE SIBISIETCS MAaKCUMAJIBHBIM M BO3HUKIA pealibHas OMAaCHOCTh
B3aUMHBIX KaTaCTPO(PUICCKUX CTOJIKHOBCHUH KOCMUYECKUX OOBEKTOB.

B mokmame paccMOTpeHO TEKyIee COCTOSHHE TEXHOTCHHOTO 3aCOpPEHHUS
obact HOO, ocHOBHBIE (haKTOPHI, BIUSIOMINE HAa SBOJIIOLUIO TEXHOT€HHOTO
3aCOpEHMs], MEPCHCKTHBHBIE METOIBl YHAJNCHHS KOCMHYECKOTO Mycopa H
CYIIECTBYIOIINE TMOAXOIBl K MPOTHO3HPOBAHUIO TEXHOTCHHOTO 3aCOPCHHS.
OCHOBHOE BHHMaHHE YJEIICHO METOIUKE IMPOTHO3UPOBAHHSA TEXHOTCHHOTO
3acoperust HOO ¢ yueToM B3aWMHBIX CTOJIKHOBEHUH M aKTHBHOTO YIaJICHHS
KOCMHUYECKOT0 MyCOpa, OCHOBaHHON Ha JI€TEPMHUHHPOBAHHO-CTATUCTUYECKOM
MOJXOJIE.

The method of predicting space debris in Low-Earth orbits , taking into
account mutual collisions and active space debris removal
Usovik I.V.

MAI, Moscow

Space debris in near-Earth space (NES) is an important negative
consequence of its practical development. Further development in NES is
impossible without objective analysis of the current state of pollution, its
sources and patterns of evolution. Particularly acute, this problem with
respect to the low -Earth orbits (LEO) with altitudes of up to 2000 km, and
the area of the geostationary orbit, where space debris is the maximum and
there is a real danger of mutual catastrophic collisions of space objects.

The report examined the current state of debris in LEO region, the main
factors influencing the evolution of space debris, advanced methods of
removing debris and existing approaches to the prediction space debris.
Emphasis is placed on the method of forecasting debris in the LEO with
mutual collisions and active space debris removal based on deterministic-
statistical approach.
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Hcciienosanue TpaexkTopuii nepesiera ¢ HUI3KHX 0K0J03¢MHBIX OPOUT
B OKpPecTHOCTb TO4YKH L, cucrembl ConHue-3emis
®enopenxo 10.B.

HWY BIIS, r. Mockpa

PaboTa mocasmeHa nccae10BaHUI0 OHOUMITYJIBCHOTO MIEpeXoa ¢ HU3KOH
OKOJI03eMHOW opOuTHl BhIcOTOW 500 KM Ha KBa3U-IEPHOANYECKHE OPOUTHI
BOKpyr Touku mmoOpammm L, cuctembr Comane-3emuss. Llemsio paGoThI
SBISIETCSL  ONPENEJICHHE B3aUMOCBS3M MEXIy TapaMeTpaMH Iepures
OTJIETHOM TPAGKTOPHM W XapaKTCPUCTUKAMH OpPOWTBI BOKPYr TOYKH
OpaIyu, Ha KOTOPYIO OCYILIECTBISIETCS MIEPEXO/I.

Bo Bpamaromeiics cucreme KoopauHatr ¢ GukcupoBaHHOH ocklo ConHile-
3emis, KBa3WIIEpUOAMYECKHE OpPOWUTHI BOKpYr ToukH L2 oOpasyercs
CyNepro3uIed KoJIeOaTeNbHBIX [BHXKEHHH 10 TpeM OpTOTOHAIBHBIM
HanpasieHueM. [Ipn HaxoXIeHHH B Majoil OKPECTHOCTH TOYKH JIMOpaIiu,
nepuoAbl KojeOaHWi 1O ABYM HANpaBICHUSM, JIEKAIIUM B IIIOCKOCTH
SKJIMNTUKA — COTJACOBaHBI, KOJNEOAHWS IO TPEThEMY HANpPABICHUIO —
He3aBUCUMBL. Takme opOuThl HasbBaroTcsi opbutamm Jluccaxy. [lpm
YBEIMUYCHUN aMIUTUTYJl, MEXIy KOJcOaHMSIMM IO Pa3HBIM HAaIpPaBICHHUAM
BO3HHMKACT CJIOKHAas B3aWMOCBS3b, MPHBOJAIAS K BO3HHKHOBEHHIO
pe30HAHCHBIX Trano-opout. Ha »Tanme BeIOOpa OpOWTHI 111 MHCCHHA B
okpecTHOCTh ConHeuHO-3eMHON L), BakHOE 3HAUEHHE HMEIOT TakKue ee
XapaKTCPUCTHUK, KaK aMIIIUTYAbl B IJIOCKOCTH 3KJIUITHUKHU U OPTOrOHAJIbBHOM
el HampaBieHun. Kpome TOro, HeEOOXOIMMO YYUTHIBATH BO3MOYKHOCTH
MEPUOANYECKOTO TONA/IaHus anmnapara B TeHb 3eMJIH, KOTOPOE UMEET MECTO
IIPU HAaXOXJEHUH Ha opOutax Jluccaky M HEKOTOPBIX KBa3W-rajio opOuTax.
XapakTepHOW OCOOCHHOCTBIO KBa3H-TaJl0 OPOMT SABJISETCS HaJUuue 00JIacTH
BOKpyr ocH, CoiHie-3eMirs, B KOTOPYIO OpOHWTa HUKOT/Ia HE niepecekaet. Js
UCKJIIOYEHMs 3aTCHEHWH ammapara JOCTaTOYHO, YTOOBl MHMHHMAJIBHOE
paccTosiHHE OT TPaHMIBI JaHHOH o61acTh 10 ocu CoutHIe-3eMIlst IPEBHIIIAIO
panuyc 3eMHOI OTyTEHH.

B MoMmeHT oriera ¢ paccMaTpHBaeMOil OKOJIO3EMHOH OpOWTHI, ammapar
HaxoxuTcs Ha cepe, onuceiBarommid 3emmo Ha BbicoTe 500 KMJIOMETpoB, a
BEKTOP CKOPOCTHU HAIIpaBJIeH 110 KacaTelbHOHU K 3ToH cdhepe. Takum oOpazom,
Hepmreﬁ oTJIETa OMPEACIIACTCA TPEMA YHCIaMU: YIJIOBBIMHU KOOpJAWHATaMH,
ONHUCHIBAIOLIMMHU  TIOJIOKEHUE  ammapara ¢ yIJIOM,  ONPEACISIONINM
HanpasJICHUE €T0 IBUKCHUA.

B pabore, i1 3aJaHHOrO TOJOXKEHHS M HANpaBICHUS OTJIETa
OTIpENETsIeTCsl €MHCTBEHHBI BO3MOXHBIH MOAYJIb CKOPOCTH, KOTOPBIH
obecrieuynuT AOCTAaBKY ammapara Ha OpOWUTY BOKPYr TOYKM JHOpanuy.
[MpousBoxuTes pacueT TpaeKTOpHA Nepexoa Ha OpOUTHI BOKpPYT Touku L2 n
CTPOUTCS OLIEHKa XapaKTEPUCTHK 3THX OpPOWT AJISl Pa3iUyuHBIX I1apaMeTpoB
nepurest OTJIETHOM TpaekTopuu. Ha OCHOBE BBINOJHEHHBIX pPAacdeToOB
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CTPOSITCS  CIICIIMAJIBHBIE KapThl, MO3BOJISIONIME OLEHUTh BO3MOXKHOCTh
nepesneTa Ha OpOUTY ¢ 3aJaHHBIMU XapaKTEPUCTUKAMHU (Pa30opocC B IMIIOCKOCTH
SKIMOTUKA M OPTOTOHAILHOM €i HAMpaBICHWH, MUHUMAJBHOE PACCTOSHHE
mo ocu Comane-3emMisi) W TOJTYYHTh IIApaMeTphl TIEpHUres OTJIETa,
MO3BOJISIOIIUE €r0 OCYIIECTBHUTS.

Investigation of flight trajectories from Low-Earth orbit in the vicinity
of L2 Sun-Earth
Fedorenko Ju.V.
NRU HSE, Moscow

The work is devoted research the single-pulse transition from low-Earth
orbit altitude of 500 km on quasi-periodic orbits around L2 libration point
Sun-Earth system. The aim is to determine the relationship between the
parameters of the perigee departure trajectories and the characteristics of the
orbit around the L2 libration point at which the transition occurs.

In a rotating coordinate system with fixed axis of the Earth-Sun, quasi-
periodic orbits around L2 libration point is formed by superposition of
vibrational motions in three orthogonal directions. Being in a small vicinity of
libration point the oscillation periods in two directions, lying in the ecliptic
plane are agreed, fluctuations in the third direction are independent. Such
orbits are called Lissajous orbits. A complex relationship appears with
increasing amplitudes between fluctuations in different directions, which
leads to the emergence resonant halo orbits. When selecting orbit for missions
to the vicinity of L2 Sun-Earth, the amplitudes in the plane of the ecliptic and
orthogonal it are important and we called them as characteristics of the orbit.
In addition, it is necessary to consider the possibility of periodically expose
the spacecraft in the Earth's shadow, which occurs while on Lissajous orbits
and some quasi-halo orbits. A feature of quasi-halo orbits is the presence an
area around Sun-Earth axis, which the orbit never crosses. To exclude
shading of the spacecraft it is sufficient that the minimum distance from the
boundary of the field to the axis of the Sun-Earth greater than the Earth's
penumbra radius.

At the moment of departure from Earth orbit, the spacecraft is located on
sphere about 500 kilometers from the Earth's surface, and the velocity vector
is directed along the tangent to this sphere. Thus, the perigee of departure is
determined by three numbers: the angular coordinates, which describes the
position of the vehicle, and the angle, which determines the direction of its
movement.

In this paper, for the specified p