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2 IOskHO-Ypasibckuit (enepaibHblii HayuHbli LIEHTP MUHEPAJIOTHH U reodkosorud YpO PAH

PaccMOTpeH ONbIT NPHMEHEHHS CYNePKOMNBIOTEPHOr0 MMHTALIHOHHOIO MOJAETHPOBAHHUS A3POra30rHAPOIHHAMHKH H
TenJiooGMeHa NPH PelieHuH Psija 3a1a4 NPOeKTHPOBAHMUS H3/1eIHil PAKETHO-KOCMHYeCcKOl TexHuKH. O630p 0XBaThbiBaeT
BONPOCHI YHCIEHHOr0 MOAEJIMPOBAHHS IPOLECCOB MPHU CTAPTe, BKII0YAs CTAPT PAKET ¢ CaMOJIeTa-HOCHTEIs, B MoJIeTe,
BKJII0Yasi OJIET B CIJIOUIHO cpeJe Ha /10- U CBEPX3BYKOBBIX CKOPOCTHAX 10 BbicoT 70-80 xM u pasienenue cryneneit PH, B
JIOHHOI 00/1aCTH CBEPX3BYKOBOIO JIeTaTe/IbHOT0 annapara (JIA) npu noJiere Ha CBEPX3BYKOBOH CKOPOCTH; pacyeTHO-
IKCNEPUMEHTAIbHBIE HCC/ICI0BAHMS MA30AHHAMUKY OJI0YHBIX CTPYH NPOAYKTOB CrOPaHHs M MPOLIECCOB KEKIHH B
npoeMe IMyCKOBOIro0 CT0J1a, a TAKKEe MHOr0e Apyroe.

[MpuBoasiTCS NPUMMEPbI BAIMAALNH BbileNePeYnCIeHHbIX HMUTALMOHHBIX MO/IEIEH.

PasBuTHe paKeTHO-KOCMUYECKOM TEXHMKH B 3HAYMTEIBHOW CTEMEHH CTUMYJIMPYET MPOTPecc B O6JIACTH BBIYMCIMTENbHOM
TEXHUKH W MaTeMaTMYeCKOro MOMAETMPOBAHUS MPOLECCOB ad’POra3ordAPOJMHAMUKMA M TEIUIOOOMEHA, 4YTO TMO3BOJISET
paspabaTeiBaTh BCe Gollee AeTalbHble U aeKBaTHbIE MMHTAIMOHHBIE MOJEIH. DTO, B CBOKO OYEPE/Ib, 1AET BO3MOXKHOCTH COKPATHT
3aTpaThl Ha HA3eMHYIO JKCHEPUMEHTAJbHYIO OTpabOTKy B a’pOJAMHAMHYECKMX TPyOaX W TEIUIOBBIX YCTAHOBKAX, a TaKke
YMEHbLIUTh KOJIMYECTBO JIETHBIX UCTIHITAHUM.

B obnactu a’porasorniapoaMHaMMKM M TEIUIOOOMEHa MareMaTHYecKve ¥ MMMTALMOHHBIE MOJENH CTPOATCS HA OCHOBE
[POrPaMMHBIX CPE/ICTB, PEATU3YIOIIUX pelieHne ypasHenuit Hapbe-CTokca 11 1BroxeHus B cruiowHoi cpeae (CFD-nakeTsl), wiu
MCTIONIb3YIOIIMX MPAMOE CTATUCTUYECKOE MOJEIUPOBaHKE ISl PELICHNs ypaBHEHUH BosblMaHa Mpu ABWKEHWH B Pa3speKeHHO
Cpezie, KaKk KOMMEpPYECKUX (B T.4. POCCHICKOH pa3spalOTKH), TaK H OTKPBITO PaclpocTpaHsemsix. [Ipd MCCIeNOBaHUU yaapHO-
BOJTHOBbBIX TMPOLIECCOB B ra3ax MCIOJIb3YETCS YPABHEHUsI COCTOSIHUSA PEAIbHOTO rasa.

VIMUTaLIMOHHOE MOZIETMPOBAHHE KaK METON MCCIIEI0BAHHS SABJISAETCS YaCThIO MATEMATHYECKOrO MOJIETMPOBAHHS, TIPH KOTOPOM
u3ydaemas CUCTEMa 3aMEHACTCS YHCIIEHHON KOMIIBIOTEPHON MOJEINBIO, C HEOOXOAMMOM IS Lejeld MCCIENOBAHUS TOYHOCTHIO
ONHCHIBAIONICH peabHyI0 CUCTeMy. B pamkax 3Toif MOJENM € MOMOIIBIO W3MEHEHHs BXOAHBIX MApaMETPOB, HAYaJbHBIX U
FPaHUYHBIX YCJIOBHH BO3MOXHO MPOBEJCHHE BBIYKMCIMTEIBHBIX SKCTIEPHMMEHTOB, TaK Ha3biBAeMas MMMTALMS PabOTHI CHCTEMBI,
TIO3BOJISIFOILIAs U3y4aTh MOBEJEHHUE U XapaKTEPUCTHKU MOAETUPYEMOM CHCTEMBI.

BHefpeHHe HMHUTALMOHHOTO MAaTEMaTHYECKOrO MOMNEIMPOBAHMS B IMPAKTHKY pacy&TOB aj3pOrasorHIPONMHAMHUKH U
TEMI000MEHa — JUTUTENBHBIH ¥ TPYA0eMKHI HaydHO-TEXHIYECKHIH MPOLIECC.

B nacrosimee Bpema AO «I'PLI MakeeBa» ycHemIHO NPOBOAWT HAayYHO-UCCIENOBATEIbCKHE PAGOTHI MO BHEIPEHUIO B
TIOBCEIHEBHYIO  MHXKEHEPHYIO INpPAKTHKYy MMMTALMOHHOIO MAaTeMaTHYECKOTO MOJEIUPOBaHKSA (DH3HYECKHX MPOLECCOB,
COMPOBOXKAAIOMIET0 KU3HEHHbIN LIUKII PAKETHO-KOCMUYECKOM TEXHUKH OT Tpoliecca pa3paboTKu 10 paboT 10 MPOLIEHUKO CPOKOB
IKCIUTyaTall|H.

B nepevens ocHOBHbIX 32124 AO «I'PII MakeeBa» W pacHeTHbIX MO/eJI€l, OMUCHIBAIONMIMX ONPE/IEICHHbIE YCIOBHS UX
pelenus, BXoair [1-4]:

1. Craprt: Ha3eMHbIH, C CAMOJIETa-HOCHUTEIS;

2. Tomer PH no Tpaekropuu: WHTErpaibHble M pacTpe/ie/leHHbIe a3pOAnHaAMUYecKUe XapakTepuctuky (AJIX) ¢ yuerom

CTPYH ABMrateiieil, pasesieHue CTyNeHeH, BO3ICHCTBYSA NPy cpabaTbiBaHUK NUPOCPEICTB, OTAEICHHE YacTell U UX MajeHu e,

BO3ICHCTBHE CTPYH B BaKyyMe, a3pOAUHAMHUYECKOE U CTPYIHHOE TEMJIOBOE BO3AEHCTBYE;

3. AdpoIMHamKKa M TEIUIOBbIE PeXUMBI cryckaeMbix JIA: AJIX, Teruiobie pexumbl JIA BHe aTMochepbl, TEIUIOBbIe PEXUMBI

JIA ¢ yderom abinsumu, TemInepaTypHble PEXHMbI B JOHHOH OGNACTH, CONpPSIKEHHbIH a’pOTEPMOIMHAMHYECKHH pacyer

TPAeKTOPHU U TEIUIOBBIX PEIKMMOB CITyCKaeMbIX JIA ¢ mepecTpolikoii reoMeTpuH B POLIECCE CUETA;

4.  Hasemnas skcrutyatauus PH: Temneparyphbie u BnaxsocTHble peskumbl (TBP) PH npu TpaHCIOPTHPOBKE U Ha CTAPTOBOM

KOMILIEKCE, BHYTPEHHUE TEUCHHS B OTCEKaX [P TEPMOCTATUPOBAHMHU B MPOLIECCE MOATOTOBKH, J0JTOBPEMEHHOE XPAHEHHUE,

CTapEHHE MATEPUAJIOB.

Pemenue moxoGHbIX 3anay adporas’orMiAPONMHAMHKM M TEMIO000MEHa, Kak MPaBUJIO, CBSI3aHO C BBICOKMMM 3aTpaTaMu
BbIYMC/IUTEIIbHBIX PECYPCOB. OTO MPENONpPEsIesiseT HeOOXOAUMOCTh BBICOKONPOU3BOAUTEIBHBIX BBIUMCIHTENBHBIX CHCTEM WU
CHELMANIbHOrO MPOrpaMMHOro 00ecreyeHus.

Boruucaurensubie cucrembl AO «I'PL] MakeeBa» MO3BOJISIOT POBOAMTH TakKe pacueTsl. K HUM OTHOCATCS:

1. Knactepsl, ot 0,5 1o 30 7Flops;
2. Pabouwe crauunu (HP Z840, HP Z800, HP Z400), ocHaiueHHbie rpadudeckumu yckoputensmu NVIDIA Tesla K40,
INTEL Xeon Phi.

[Iporpammuoe obecneuenue (I10), xotopeiM pacronaraer AO «['PL] MakeeBa» s pelieHHs 3a4ad C HCIOIb30BAHHEM
UMUTAMOHHOI0 MaTEMaTUYeCKOr0 MOIETMPOBAHMS, BKIIFOYAET CAEAYIOLINE MPOrPAMMBI U IPOTPAMMHBIE KOMILIEKCHI:

I. T1O mns crutomiHoM cpembl (o 70-80 kM)

1.AeroShape3D (c 1991 roxa);

2. COSMOS-M (c 1991 roxa);

3. NASTRAN-CFDesign (¢ 1997 rona);






