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OpHOll M3 aKTyalbHBIX 3ajad aBUALMOHHOM MpPOMBINUIEHHOCTH Poccuu Ha naHHbBIN
MOMEHT SIBJISIETCS MMIIOPTO3aMEIlEHUE CUCTEM U arperartoB TIpakJaHCKUX CaMOJIETOB
oTeuecTBeHHOMU pa3paborku. [Isurarens [1/-14, pazpaborannsiit AO «OJIK-ABuaaBurarennby B
KOOIEepaluu ¢ IpYIrMMH HPEeIIpUSITUSIMHU aBUALMOHHOM OTpaciiy, MpeaHa3HaueH JUIsl 3aMEHbI
JIBUTATENs] WHOCTPAHHOTO TMpou3BoauTessi Ha camoiere MC-21. BaxHeHmmm 3j1eMEHTOM
MapineBoi cuioBoit ycraHoBku (MCY) mis obGecrieuenust 3h()eKTHBHOCTH M 0€30MaCHOCTH
10JIETa SIBJISIETCS MOTOTOHJ0J1a. J{71s1 pa3paboTKU a’dpoAMHAMUYECKOTO MPOEKTa MOTOTOH/I0JIbI
MCY I1/1-14 6bua co3nana cnernuanbHas pabouasi rpyrina, BKIodaromas crnenuaiuctop GAY
«IATN», AO «OJIK-ABuanBurarenb» v Ipyrux NpeanpusTUii aBUAITMOHHONW OTPACIIH.

DAY «UJAI'» coBmectHo ¢ AO «OJIK-ABuanBurarenb)» BBINOJIHWI OOIIMPHBIN
KOMIUIEKC pPAaCYETHO-IKCIEPUMEHTAIbHBIX pPabOT IO BHIOOPY a’pOJAMHAMUYECKOTO OOIMKa
MoTtorouaoasl MCYVY I1/1-14. AspoarHaMu4ecKuii MpOEKT MOTOTOHAOJBI pa3paboTaH, UCXO U3
COBPEMEHHBIX TpeOoBaHMI 0OecredeHHs] MaKCUMaJbHOU 3()()EeKTUBHON TATU JBUTATENS, €T
ra3oIMHaMUYecKOM  YCTOWYMBOCTM M MHMHHUMHU3AIMKA  BHEIIHETO  a’pOJAMHAMUYECKOTO
COTIPOTHUBIICHUS. JTO CONMPOTHUBJICHUE, KaK MPaBUio, cocTtaBisieT 10 8-10% BHyTpeHHEH TATH
JBUTATENsl Ha KpelCepCcKUX pexumax IoJeTa camojieTa W YBEJIUYMBAeT pPAacXoJ]l TOIUIMBA
nBurarens. Jns CHIKEHHS STHX MOTepb TATH MCIIOJIB30BaHbl HE TOJBKO HapaOOTaHHBIN
OTEUECTBEHHBIH M 3apyOeXHBIA ONBIT Pa3pabOTKH COBPEMEHHBIX TypOOpPEaKTUBHBIX
IBYXKOHTYpHBIX apurarencii (TPJIJ]), oTBedarommx MEPCIEKTUBHBIM TpPeOOBAHUAM II0
0€30MacHOCTH MOJIETOB U a3POJUHAMHUYECKOMY COBEPILIEHCTBY ra30TypOUHHBIX JIBUTATeNeH, HO

u HoBeumme HapaboTku LJATU u AO «OJIK-ABuanBurarenby» Mo METoJgaM MOJICTUPOBAHUS



a’pOJIMHAMUKH M ONITUMH3ALIMU BHEIIHUX OOBOJIOB IBUTATEJNsI, B TOM YHCJIE B COCTaBE CaMOJIeTa.
B pamkax paOoThl pemieHbl TPU SKCIEPUMEHTAIbHBIC 33Ja4M: pa3pabOoTKa U HCIBITAaHUS B
aspoauHamuyeckux Tpyodax [IAT'U n3onmpoBaHHBIX BO3ayx03a00pHHKA (pUC. 1), MOTOTOH/I0JIBI
(puc.2) u peaktuBHoro corma I[1/1-14 (puc.3). Chenyromue ABE BaKHEHIIHE 3aJadyd OBLIH
BbimoyiHeHbl coBMecTHO LAY u AO «OIK-ABuansurarens» npu mnoguaepxkke I[IAO
«Kopmnopanus «Mpkyr». [lepBas — 310 onieHka xapakrepuctuk camosnera MC-21 ¢ MCY I1/1-14.
B pesynbprare umcnennoro mojaenupoBanus (puc.4) u ucnbeitanuid B Tpyoe T-128 LHAI'U
OIIPEEIICHO, YTO Ha KPEHCEPCKOM PEKUME a3POIMHAMUYECKHE XapaKTEPUCTUKN KOMIIOHOBKH C
YCTaHOBJIEHHbIMU oTeuecTBeHHbIMU [1/-14 mpakTuyecku HE OTIMYAIOTCA OT KOMIIOHOBKHU C
0a30BbIMH HMMIIOPTHBIMM JIBUTaTEJIIMU, @ BHYTPEHHHE XapaKTEPUCTHKU BO31yX03a00pHMKA
I1/1-14 DONHOCTBIO  YIOBJIETBOPSIIOT  INPUHATBIM  HOPMATHUBHBIM  TpeOOBaHMSM IO
a’poMHAMUYECKOW I(P(PEKTUBHOCTH U  Ta30JIMHAMHYECKOM YCTOWYUBOCTH. Y CHEIIHO
MIPOBEJICHBI HCIIBITAHMS BO3AyX03a00opHuKa B coctaBe tuianepa B AT T-104, mens KOTOPBIX —
OTIpeNieIeHNEe XapaKTePHCTUK, OTHOCAMIMXCS K O€30MacHOCTH TIOJETOB M YCTOMYMBOCTH
JIBUTATENIs Ha B3JIETHO-TIOCAJ0YHBIX PEKUMaX MPH OOJIBIINX yIilaX aTaky, a TAaKkKe MPU CUIBHOM
O00okoBOM BeTpe. BTopas, He MeHee BajkHas 3ajjaua — 3TO OTPadOTKa U OLIEHKA XapaKTEPUCTHUK
peBepcuoro ycrpoiictea (PY) TI/I-14 B cocraBe camonera (puc.5). HHATU npumenwmn
COOCTBEHHYIO HOBEWIIYIO0 TEXHOJIOTHIO MOJEIMPOBAHUS IPOLIECCOB, KOTOPbIE MPOUCXOIAT C
CcaMoJIETOM IpH MpoOere Ha B3JIETHO-IIOCAJ0YHON MOJOCE C BKIIOYEHHBIM PEBEPCOM TATH
JnBurareneil. Jra TEXHOJOrHMsl COBMECTHOI'O UHCJIEHHOIO MOJEIMPOBAHUS M CTEHJIOBBIX
ucnblTaHui B HaTypHOU TpyOe T-104 He nMeeT aHanoroB 3a pyOeKoM.

Paboter ¢ «OJIK-ABuagBuratensy» maqd MOITHBIM TOMYOK ISl Pa3BUTUSI PACUETHBIX H
AKCIIEPUMEHTAIIBHBIX METOJ0B uccienoBannii B LIAI'M. BniepBrie B OT€YECTBEHHOM ITPAKTUKE B
HAT'U CO3J1aH COBPEMEHHBIN METOJ KOMIIBIOTEPHOTO MOJIEIIUPOBAaHUS 51
MHOTOAUCHUTIUIMHAPHON ONTUMU3AIMU BXOAHBIX YCTPOMCTB, MOTOroHmon u comen TP,
AKTHBHOE TIPUMEHEHHUE YUCIEHHBIX METOJIOB pacueTa COBMECTHO C TPYOHBIM IKCIEPUMEHTOM
MO3BOJIUJIO 3HAYUTENIbHO YBEIMYUTh MPOJYKTHUBHOCTh, HHPOPMATHUBHOCTH M TOYHOCTh

MCCIIEIOBAHUI. DT METOAbl YCIENTHO MPUMEHEHBI TPU MPOECKTUPOBAHUK MOTOTOH10761 MCY



[1/1-14 B coctaBe camonera MC-21. B HacTosiiiee Bpemsi 3Ta METOAOJIOTHSI CTala OCHOBOM JIJist
uccnenoBanuii nepcrektuBHoro TP/ I1/1-35 u mupokodro3ensyKHOTo JaTbHEMarucTpaabHOTO
caMoJIeTa.

B IAI'U pa3paboTaHbl HOBbIE HMHUTATOPHI ABHraTeJeH, pacUIMPSIONINE BO3MOKHOCTH
TpyOHOTO 3KcriepuMenTa. Ha puc.1l mokasana ycraHoBKa, Ha KOTOPOH BO3MOXHBI UCTIHITAHUS B
HatypHoil TpyOe T-104 kpynmHOMacmiTaOHBIX MOAETEH BXOIHBIX YCTPOMCTB M MOTOTOHJIOJ
TPIJI ¢ OoOmbLION CTENMEHBI0 JBYXKOHTYPHOCTH C MOJICIMPOBAHHEM B3aUMOJICHCTBUS
BO31yx03a00pHuKa 1 BeHTusiTopa TPIIJl. Beenena B akcruryaTanuio HoBast ycraHoBka B AT
T-104 nns MonenupoBaHMsl BO3AECMCTBUS PEAKTUBHBIX CTPYM JBUrareieili Ha OpraHbl
yropaBieHus: camosieta Ha pexxkume mpodera o BIIII (puc.6). Ctenn BrnepBbie IPUMEHEH IS
UCTIBITAaHUN KpynmHOMacmTabHoi moaenu MC-21 ¢ mMuTaTOpaMu JABUTATEICH.

HoBple nupoBbie MOJENM W METOABI MaTEMAaTUYECKOTO MOACITHPOBAHUS IMO3BOJISIOT
JIOTIOJTHUTH JKCIEPUMEHTAIbHBIC TaHHBIE W YMEHBIIUTh PUCKHA BO3ZHHUKHOBEHHS MpOOIeM Ha
stamne ceprudukanuu nurarens. B obecrieuenue pa3paboTKH METOAMKH OIIPEIEICHUS TATOBBIX
xapakrepuctuk asuratens [1/1-14 mpu M > 0 B DAY «IAI'M» u AO «OZIK-ABuaaBuraTens
NPOBEJICHO 4YHCICHHOe MonenupoBanue npurarens [1J]-14 (puc.7) Ha cTeHAe C yd4eTOM
BpalieHust BeHTuisiTopa Ha kpeiicepckom (M=0.8; H=11 km) u B3nernom (M=0; H=0) pexxumax.
ConocTaBieHUE MOJYYEHHBIX 3KCHEPUMEHTANbHBIX TATOBBIX XapaKTEPUCTUK C pe3ysibTaTaMu
pacyeToB M30JUMPOBAHHOM JBUTAaTE€IbHOW YCTAaHOBKM Ha COOTBETCTBYIOIIMX peXUMax
MO3BOJIUJIO  CAENaTh BBIBOA O HEOOXOJMMOCTH Yy4yeTa OCOOEHHOCTEH MpPOBOJMMOTO
HKCIIEPUMEHTa B CTEHJOBBIX YCJIOBHMSIX TIPU OINPEAEICHUH TITOBBIX XapaKTEPUCTHK
paccmatpuBaemoro TP/l ¢ BHemHUM oOTeKaHUEM.

Hcnonb3yemple MpU MPOEKTUPOBAHUM YHCIEHHBIE METOJIbl MPOILIN BCECTOPOHHIOI
BEpU(PUKALMIO U BAJTUAALNIO HA OCHOBE MOJIEIbHBIX U HATYPHBIX 3KcniepuMeHToB. CpaBHEHHE
pacueTHbIX W  OKCIEPUMEHTAJbHBIX JaHHBIX [I0Ka3aJo, YTO MpeJCKa3aHHble TpuU
MaTeMaTHYeCKOM MOJEIMPOBAHUN PE3YJIbTaThl C OOJBIION TOYHOCTBIO COOTBETCTBYIOT
XapaKTEpUCTUKAaM pEaJbHBIX W3JEIHNA, a METOABl YUCIECHHOTO MOJECIHMPOBAHMS IO3BOJISAIOT

JOTIOTHUTD (PU3HUECKUN IKCIIEPUMEHT.



Puc.1 — Ucnpitanus Bo3ayxo3zadopuuka [1/1-14 8 AJIT T-104 LHATU

Puc.4 — Yucnennoe moaenupoBanue [1/1-14 B coctape MC-21



Velocity Magnitude

Puc.5 — Uncnennoe monenupoBanue pesepca tsru 11/1-14 B coctae MC-21 (a) u ucnsitanus

moenu camosiera MC-21 ¢ mmuraropamu PY T1/1-14 B T-104 (6)

Puc.6 — Crenp u1st HCIIBITAHUN CaMOJIETOB ¢ MOJIETIUPOBAaHUEM peakTUBHbBIX cTpyl TP/

BX0Z, BO BHYTPEHHWIA KOHTYP

Bpalyatowmiica BeHTUAATOP

LleHTpanbHoe Teno

Conno BHYTPEHHEro KOHTypa

Cnpamnsiowmii annapar
Puc.7 — Yucnennoe mopenupoBanue apurarens [1/1-14 Ha cTeHzme c yueToM BpalleHHUs

BCHTUJIATOPA



