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AkTyanbHOCTb

@ KOppekTHOE ONMCaHNE ABMXKEHNA PAa3PEXEHHOrO ra3a BO3MOXHO HA OCHOBE
KuHeTuyeckux nopxogos [Koran, 1967, HYepuntbstu, 1978, bepa, 1981]:
ypaBHeHusi BonbuMaHa, annpoOKCMMUPYIOWNX KNHETUYECKUX YPABHEHUIA, MeTOAA
NPsSIMOrO CTAaTUCTMHECKOrO MOLEMPOBAHMS, N APYTUX.

@ BaxHoii npuknagHoii 06nacTbio NPUMEHEHNS TEOPUN PA3PEXKEHHbBIX Fa30B
SIBNSIETCS UCCNIEfOBAHNE MELJIEHHbIX TEYEHUIA B Pa3iMYHbIX
MUKpO3/IeKTPOMExaHn4eckux ycrpoiicteax (MEMS).

[Ho and Tai, 1998], Taknx kak MUKPOHACOCHI U MUKPOTYPOMHBI, MUKpOCOMNIa,
CUCTEMbI OXJTAXKAEHNA 3NTEKTPOHHbBIX KOMMOHEHTOB.

@ [lpyrum TpagMuMOHHLIM MPUIOXKEHMEM YPABHEHNI MEXAHNKN Pa3pEeXKEHHOro rasa
ABNAETCA MOAENNPOBAHNE Aa3POANHAMUKN N TenﬂOOGMeHa KOCMUN4YeCKnx
annapaToB, ABMXKYLLMXCS B BEPXHUX cnosx atmocdepsl. Npn Bxoae annapata B
aTmocdepy ¢ 60NbLIOIA CKOPOCTLIO ONPEeAENnsAOWNMY ABAAIOTCA 3P eKkTbI
Pa3peXXeHHOCTN N CUJIbHOW HEPABHOBECHOCTW TEYEHUS, CM. Hanpumep
[B.M.Koetyhenko et al., 1977, lvanov and Gimelshein, 1998].

@ Takum 0b6pasom, pa3sBUTNE HUCNEHHBIX METOAOB MOAENNPOBAHUS TEHEHUIA
Pa3peXXEHHOro rasa sIBAAETCS aKTyasbHOW 3ajadqeil MaTeMaTN4ecKoro
MOZEeNNPOBAHNS.
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AHkeTa
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O6we uenn 1 3agaqn Koga

] Paspa60TKa HOBbIX YHNCNEHHbLIX METOAOB PELUEHNA KNHETUYHECKINX ypaBHeHvu7|

@ Pewenne beHAaMeHTaﬂbelX Hay4HbIX N NPUKNAAHbIX 3a4a4,

@ PaspaboTtka napannensHbix anroputmos ans multi & many-core cuctem.
Y1o mogenupyetcsi (Knaccol TeqeHuin)

@ TeYeHMs| OfHOATOMHOrO Pa3pe>KEHHOro rasa, BK/IOYas runeps3ByKOBbIE
Mogenu

o wmogenn Kpyka (BI'K) n E.M. LLlaxoea
YucneHHble meToasbl

@ lMpotmneonoTtoyHas TB/l cxema Ha NpoN3BONbHBIX CETKAX;

@ KoHcepBaTuBHbIi MeTOg pacyeTa MHTerpana CTOJIKHOBEH U
NHTerpuposanne no spemenu:

@ sIBHblE CXeMbl, HessBHas cxema Tuna LU-SGS,
CeTKn 1 CETOYHbIE TEXHONOM NN

@ MHOrobnouHble rekcasgpabHble CETKU, HECTPYKTYpPUpPOBaHHbIe rnbprgHble ceTKn
Mpenpoueccop

@ pekomMno3nunsi 6-mMepHOli CeTKM 4Ji1si NapaniesibHbIX BblHNCAEHNI
MapannensHeie BolYMCREHNS

@ pByxypoeHeBasi mogens OpenMP + MPI , go 61000 sinep
AA3bikn nporpammuposanust n API

@ Fortran 2003

Tapes (®UL NY PAH) CFD Weekend 2017

M, 03.12.2017 3/22



PacueTHble ypaBHeHus B be3pa3mepHoit hopme

@ CocTosiHue rasa onucbiBaeTcst (yHKLUER pacnpeseseHnst MOJEKY MO CKOPOCTSM
f=1f(t,x,&), rae (&1, &2,&3) KOMNOHEHTbI BEKTOPA MOJIEKYNISIPHON CKOPOCTN NO
HanpasneHusim (xi, x2,3 ) COOTBETCTBEHHO.

@ S-mMopaenbHOe KMHETUYeckoe ypaeHeHue nmeet sug [LLaxos, 1968]:

of of _ L HS) _nT
Gt T = J=ufD =6, v= 0

£ — g, (1 + 2(1 — Pr)Sc(c® — g)> ;o w=p(T)=T%,

n 2 e Y y_e_ T
Wexp(fc), cfﬁ, v=¢§& —u, SinT3/2'

@ Makpockonuyeckne nepeMeHHble ONPERENsItOTCA B BUAE UHTErpanos no &:

<n7 nu,gnT—i—nuz,q) :/(175,52,%vv2) fdé, p=nT

@ [Mapametp paspexxeHHOCTH § (Ax:
L bp 8 109 LA
psr/2R; T 5y/mKn ~ Kn’ :
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I'paquHble N Ha4aJibHbl€ YCNOBUA

@ Ha rpanuuax 3agaem f Ans MONEKyn, BEKTOP CKOPOCTU KOTOPbIX HanpaBneH
BHYTPb pacueTHoi obnactu (&, > 0):

@ [Ansl 3epKaJIbHOrO OTPaXXEHUS OT NMAOCKOCTN CUMMETPUN NMEEM
f-(tvx7£) = f(t7x7£1)7 51 :g_zgnn

@ Ha MOBEPXHOCTU Tena C 3afaHHOl TemnepaTypoii

2
%exp(ﬁ—w), n = 2Y7 N, Nfzf/snfdﬁ

f(t,x,€) =
( 5) T
£p,<0

@ Ha BxopHoii rpaHuLe B 3afayax BHeLWHeN aspoanHaMukn (No = Too

F(t,x,€) = (1) ">/ exp (—c%)

@ Ha BbIXOAHOU rpaHuMLe CTAaBNTCS JIOKANbHO-MAKCBEIOBCKAst DYHKUMSI

n(t,x) (€ —u(t,x))?
(xT(t,x)32 P (* T(t,x) )

1)

f(t’x7£) = fM(t7x7€) =

@ HavanbHoe ycnoBune - N0KasbHO-MaKCBENNOBCKAs (OYHKLMSA
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Ob630p YNCNEHHOrO METOAa peLLeHns

@ CnoXHOCTN, BOSHUKAIOLWME MPY HNCNEHHOM PELUEHNN KUHETUHECKOrO YPaBHEHUS

@ Bonbwas pasmepHocTs 3apaqm: WwecTrMepHoe ha3oBoe NPOCTPAHCTBO + Bpems

@ Peluerue ypaBHeHns (pyHKLMA pacnpeaencHns) COREP>XXNT paspbiBbl [aXke A5
rNagKnX rpaHMYHbIX U Ha4yanbHbIX YCIOBWi

@ VYpaBHeHMe CTAaHOBUTCA XKECTKUM B 00NaCTsIX TeYeHUs1 € MasbiM JIOKaNbHbIM
yucnom Khygacena Kn

@ B pabote npegnaraetcs opurmHanbHblii BapUaHT METOAA ANCKPETHBIX CKOPOCTENA,
KOTOPbIA MMEET Cneayoume NpenmyLwecTsa no CPaBHEHNIO C U3BECTHLIMU B
nnTepaType meTogamu

@ MoryT ucnonb30BaThbCst MHOro6n04HbIe CTPYKTYPHPOBaHHbIE, NGO NPON3BONbHbIE
HECTPYKTYPVPOBAHHbBIE CETKUN HE3ABUCKMO Kak B (PU3NHECKOM, TaK U B CKOPOCTHOM

NpoCTpaHCTBax
@ YycneHHblli METOA KOHCEPBATMBEH MO WHTErpasny CTOJIKHOBEHWI Anis ntoboro
npubnvxeHHoro nHterpana cronkHosennii (BIK, LLlaxosa, PoikoBa, ... )

o [pumensieTcs HEOAHOPOAHAS AMCKPETN3ALMS OnepaTopa nepeHoca
@ lcnonb3yetcs NOAHOCTBIO HESIBHBIA aJIFOPUTM MPOABUXKEHUS MO BPEMEHU

@ PaspaboTaHHbIi METO PELUEHNS KUHETUHECKOrO YPaBHEHUS
ANA pEWEHNSA HE TONIbKO aKaAEMUNHECKNX, HO U MPOMbILLUNEHHbLIX 3aA4a4 CO
CJIOXKHOI reoMeTpueid.
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Obuas cTpykTypa YUCAEHHOrO MeToAa

@ BBogum orpaHmyeHHyto pacHeTHyto 00nacTb 1 HECTPYKTYPUPOBAHHYIO CETKY U3
sveek Vj B dn3nyeckom npocTpaHCcTBe 1 y310B & B CKOPOCTHOM

@ Dyukunm f, £ bynem 3afjaBaTb B LIEHTPaX si4€eK CKOPOCTHOW U pn3u4ecKoi
CETOK, UHTEPNPETMPYS UX ANsi KaXKAOoN svelikn V; pm3n4eckoro npocTpaHCTBa Kak
BeKTOpr AONMNHbI Ng C KOMMNOHEHTaMI

f;j = f(t7 Xi>£j)> f(S) - f(S)(t7 Xi7€j)7 £j = (51]752/‘753/')

U]

@ WuterpuposaHue no siveiike V; n cTaHAapTHasi annpokCUMaLusi WHTErpanos ot
NMOTOKOB M MPaBOil 4acTh NPUBOAUT K MONY-AUCKPETHON Cxeme

of; 1
=R, =——- ®,+Ji, ®i= /(ﬁn/i o f)ds,
ot [Vi| ; F

li

Ex = (&1, k2, ks, - - -kaE)T7 Enii = NE1 + nEr 4 n3Es.

@ Yepes o 0bo3HaueHa Onepauusi MOKOMIOHEHTHOrO YMHOXEHUSI ABYX BEKTOPOB:
C = ao b — BEKTOp C KOMNOHEHTaMu ¢; = a;b;.

@ [lonyyumBwNiics MeTOA MOXHO WHTEPMNPETUPOBATL KaK MONYLUCKPETHYIO CXEMY
peleHmnst cMcTembl 6OMBLIOTrO YNCNA JINHEAHBIX YPABHEHN COXPAHEHUSI,
CBAA3QHHbIX Yepe3 HENIMHENHbIN XKEeCTKNIA NCTOYHUK.

Tapes (®UL NY PAH) CFD Weekend 2017 M, 03.12.2017 7/22




[leTann 4ucneHoro metoaa

@ Annpokcnmauums onepatopa neperoca ¢ nomowbio 1B/ cxemsbl
@ METOA HaUMEHbLUMX KBagpaTbl AN NPON3BONBLHbBIX CETOK
@ JIOKaJIbHO-OAHOMEPHBIX annpoKCMMaunmn gns rekCa’gpos
@ KoHcepBaTMBHash annpoKCMMALM UHTErpana CTOJIKHOBEHMA: HaX04NM
makponapametpbl W = (n, uy, w2, u3, T, g1, g, q3)T 13 ycnoBuii BbiBOAA
NPUBNNIKEHHOTrO MHTErpana CTONKHOBEHMIA

e 1 0
& (5) 0

— J

= vV} 2Prq

@ lcnonb3ayeTcs KOHCEpBAaTUBHAS anMpPOKCUMALUS FPaHNYHBIX YCnoBuli Anddy3Horo
OTpaXKeHUs MOJIEKYN
@ [IpoaBu>keHMe NO BpeMEHU:

@ HesiBHbINE MeTog Diiniepa ¢ NpubnnXXeHHOR NnHeapn3ayneli HYNCAEHHBIX NOTOKOB 1
MHTErpana CTONKHOBEHMWIA;

@ nosy4vamowasncs cncrema pewaetcs ¢ nomowbio LU-SGS noaxoga, npeasioxxeHHoro B
[Yoon and Jameson, 1988, Men’'shov and Nakamura, 1995] anst ypaBHeuuii Diinepa
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LLl1abnoHbl peKOHCTPYKLMM Ha NPOU3BObHBIX CETKAX

Eﬂ A

B.A. Tutapes (®UL NY PAH) CFD Weekend 2017 nnM, 03.12.2017 9 /22




Onucaxne koga

@ Ha ocHOBe NpefsioKeHHOro YMCIEHHOrO MeToAa Bbin pazpaboTaH NporpamMMHbIii
komnnekc “Hecperaii-3/1" ana peweHnsi nnockux, 0CECUMMETPUYHbBIX 1
TPexMepHbIX 3aaad

@ Cocrout n3 BbiducnuTensHoro sigpa (6asosoii bubnnorekn), HeNOCpeaACTBEHHO
KWHETNYECKOrO peLlaTensi 1 AByX MpernpoLecCopoB.

@ 20000 ctpok Ha PopTtpan 2003/2008 c snemeHtamu OOI.

@ lopnepxusatorcs ogHoyposHesbie (MPI, OpenMP) u asyxyposresas OpenMP +
MPI mogenn napannenbHblX BblHUCAEHNT

@ CBuaeTensCTBO O roCyfapCTBEHHOI pernctpaunmn nporpammel gns IBM
2017616295 ot 06.06.2017
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Coctas “

lpernpoyeccop CKOpPOCTHOM
ceTku (3 Moayns)
+YreHue ceTku B hopmaTtax Neutral u StarCD 3.2.0

lpenpoyeccop rMpoCcTpaHCTBEHHOM
ceTku (4 mogyns)

*Pa3bueHune cetkn Ha 610ku
<Y4yeT naockocTen CUMMETPUM

*BbIBOA CETKM W KBAAPATYPHLIX BECOB

+MepeHyMepoBKa BEPLUMH, FPAHEN U syeek
-CneunanbHblii hopMaT CeTok

BbrumcnmrensHoe sapo (11 mogyneii)

*YreHue cetkun B popmaTtax Neutral u StarCD 3.2.0

~CTPYKTYpbl BEPLUMHA, fi4eliKa, rPaHb, CETKa, NOBEPXHOCTHasi CeTKa

*YreHune cetku B popmaTtax Neutral & StarCD, noctpoeHue rpacos CBS3HOCTU
*Mpoueaypbl PEKOHCTPYKLUNU DYHKUUI

-Mpoueaypsl Ans ucnonb3osaHus MPI u OpenMP

KuHetnyeckuii pewaresns (21 Moaysib)

*Mopenu Kpyka u LLlaxosa Ans OAHOATOMHOroO rasa

+AnckpeTnsaums no speMeHn metoaom LU-SGS

*MHTErpupoBaHue no MONEKYISIPHOI CKOPOCTU C KOHCEPBATUBHBIMU KOPPEKLUSAMU

+PeliaTeny Ansi KOHKPETHBIX KNACCOB TEYEHMI: MUKPOKaHa, BHELIHEE o6TeKaH!e, ucnapeHue
*MapannencHbiii BBOA/BLIBOA C UCNONb30BaHWeM MPI 2.0

*Mpoueaypsbl 06paboTKN AaHHbIX
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Peannsauns napannenbHbix BblHUCNEHNT B

@ OgpHoypoeHesas mogens [Titarev, 2012, Titarev et al., 2014] - MPIl-obmetibi
MeXAY y3/MaMu 1 SEKOMMNO3MUNS CETKM OAHUM U3 ABYX CMOCOBOB:
@ B npocTtpaHcTBe ckopocTeii npenpoueccopom komnnekca ‘Hecseraii-3/1" ¢ yyeTom
rPaHNYHbIX YCNOBUI 3ePKaNbHOrO OTPaXKEHNS.

@ B cdur3nyeckom npocTpaHCTBE C NOMOLWbIO BHEWHel nporpammel (Hanpumep Metis)
n noaroToBka 610koB npenpoueccopom komnnekca “Hecperaii-3 /1"

@ [syxyposHeBas mogenb napannensHbix Beiducaenuii OpenMP + MPI
[Turapes, 2015, Turapes et al., 2016] ans cospementbix multi- 1 many-core
cuctem:

@ BepxHuii ypoeeHb — MPl-06meHbl Mexay y3namum

@ HwxHwuii ypoeeHb — gekomnosuuns dusndeckoii cetkn kaxxgoro MPI-npouecca Ha
6n10kn 1 ncnonbsoeaHue TexHonorun OpenMP pgna Bcex 3TanoB 4YKUCNEHHOroO
anroputma.

@ B mHoronoTouHoli peanusaunu metoga LU-SGS kaxaasa HuTb paboTaeT gnsa ceoeii
4acTN NPOCTPAHCTBEHHOW CETKM; NPU 3TOM Asi “PUKTUBHBLIX  S4EEK NUCMNOJIL3YETCA
npubnuxerne Akobu Af; = R;/d;, roe d; - anaroHanbHbIl 3n€MeHT MaTpuLbl
HESIBHOrO MeToAa

© BaxHo noguepkHyTb, 4to OpenMP + MPI nogxon peannsosan gns HESIBHOrO
MeToAa AUCKPETN3aLnmM Mo BpeMEHN.

Tapes (®UL NY PAH) CFD Weekend 2017 nM, 03.12.2017 12 / 22




3aflaymn BHELWIHER rMnep3ByKOBOW a3pOANHAMUKY

[Mpn YncneHHom MoOAENnMpPOBaHWN FUMEP3BYKOBLIX TEHEHN HAa OCHOBE MOJE/bHBIX
KMHETNHECKMX yPaBHeH U CylwecTeyeT 2 dyHAaMeHTaNbHble npobembi:

© MMpuMeHNMOCTb MOAENLHOrO MHTErpana CTONKHOBeHNA (Bannaauus)
o KaK N3BECTHO, NOCTPOEHNE MOAENBHOIO NHTErpana CTONIKHOBEHWIA HaUENEHO Ha
NpPaBUIbHBIN BBIXOA HA PeXNUM CrowHON cpepbl B npegene Kn — 0 (§ — o).

@ Peanbhas To4HOCTE MOaenupoBaHus npu Kn & 1 MOXET OUEHUBATLCS MyTEM
CpaBHEHUA C pe3ynbTaTamu, NONYHEHHLIMU NO TOYHOMY ypaBHeHuto Bonbuymana
nnn pewennto MCM

@ CunctemaTtnyeckux cpaBHeHunii anst Moo > 1 He npuBogMNoOChH

@ bBbicTpbiil pocT BoIYMCAMTENbHBIX 3aTpaT npu M > 1

@ [Npu ncnonb3oBaHNN TPaZNLNOHHOR NPSAMOYIONLHOW CETKN B CKOPOCTHOM
NPOCTPaHCTBE YNCNO Y3NM0B pacTeT kak M3, = pacyeT NpoCcTpaHCTBEHHbIX TeHeHMid
npn Moo > 20 CTaHOBUTCS HEBO3MOXHBLIM

@ B nntepaType npeanaraertcsi NCnoabL30BaTh CETKY TUNA BOCbMEPUYHOrO AEpeBa, CM.
nanpumep [Arslanbekov et al., 2013, Baranger et al., 2014].
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OcHogHble gocTuxerns 3a 2017 rog

@ lMpsimom cpasHennem ¢ DSMC pacdetamn yaanocb nokasaTb NPUMEHUMOCTb
MOAENbHbBIX KUHETNHECKNX YPABHEHUA ANSA pacCHeTa rmnep3BYyKOBbIX TeyeHuni
paspexeHnHoro rasa (10 < M, < 25)

@ Bnepsbie NOCTPOEHHO HUCNEHHOE pelleHne 334341 OBTEKaHNS PeanncTuHHbIX
3X-MepHbIX Mogesnieli CnyckaeMbIX annapaToB Ha OCHOBE PELUEHUS KMHETUYECKOro

YpPaBHEHNA

@ [ns M = 10 nposegero cpasrerne ¢ DSMC nakerom SMILE (UTNM CO PAH)
Ha 3agade obTekaHusi BKA LIATIU

@ TMposeaenbl pekopgHbie pacyeTs: Ao 256 y3noe knactepa PCK Metactpum Ha
ceTkax go 18 munnnappoe siyeek
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Bannpauus momenn v Bepudpnkauus koma

@ PaccmaTpunsaercs 3agaqa obTekaHusi Kpyrnoro uunvHapa pagnyca 6 groiimos
(15.24 cm) pnst yncen Maxa M = 10, 25

@ Pesynbrathl cpaBHuBatoTcs ¢ pacqetamu no DSMC kopgy “Monaco”
[Dietrich and Boyd, 1996], npuseaentbimn & [Lofthouse, 2008].

@ [lpeacTaBreHbl pe3ynbTaThl UCMNONL3OBAHWEM Haubosee NoapobHOI ceTkn n3
115 x 40 A4eek B NJIOCKOCTU X-y U CKOPOCTHOI ceTkmn u3 35720 ysnos.

(a) MpocTtpancTeeHHas cetka (6) CkopocTHas ceTka
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ObTekaHue notokoM aproHa, My, = 25,

§ =16 (Kn ~ 0.56)

ozt - . oz ' "
" S R N —— S
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(a) koadb. pasneHus ¢, (6) koadp. TennootgauM ch

B.A. Tutapes (®UL NY PAH) CFD Weekend 2017

(B) TemnepaTtypa T

nM, 03.12.2017 16 / 22



Bepudmkauus Ha mogenn BKA LA

@ CpasHeHue ¢ pesynbtatamu metoga MNCM, kog SMILE [lvanov et al., 2007]

@ Pacuyersl kogom SMILE nposogunuce cotpyagHukamu UTNM CO PAH

E.A. Bongapewm, l.B. BaweHnkoebim n A.A. LLleBbipunbiv B pamkax npoekTta
P®®U 15-07-02986

@ Buicota H = 90 kM, ogHoaTOMHbIf ra3, § = 38/m, = TO7%
@ Yucno Maxa Haberatowero notoka Mo, = 10, yron atakun o = 25

@ [lpeacTaBrieHbl AMHUN YPOBHS KO3 ULNEHTA [ABNEHUS Cp

€p: 0.08 0.26 0.44 0.62 0.80 098 1.16 134 152 1.70
Cp_DSMC: 0,08 0.26 0.4 0.62 0.80 0.98 1.16 134 1.52 1.70

(a) xom SMILE (6) Hecseraii-3]
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Bepudukaums va mogenn BKA LIATI (2)

CpaBHeHune pacnpeaeneruii ko3ppuUNeHTa TPeHUs Cr:

(a) xom SMILE (6) Heceeraii-3]

CpaBHeHune pacnpegenenunii K03 UUNEHTA TENNOOTAAYU Ch:

(a) «om SMILE (6) Heceeraii-3]]
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OueHoYHbI pacyeT st NepBOl KOCMUYECKOR CKOPOCTM

@ Beicora 100 km, ras — Bo3gyx, d = 0.71/m, U = 7900 m/c, a = 25
@ [lonHoe 4ucno siveek B 6-mepHom npoctpaHctee — 19,7 munnuappos!

Uy.— 0
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300
250 -~
=
L 150

100

50
10.9821 | —|
2
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ObTekaHne cerMeHTaNbHO-3aTYMNAEHHOIO TeNa

TpexmepHOe TENO CIOXKHONR hOpMbI C HAACTpPOKaMu

MapameTpbl 3agaun Takme xe, Kak 1 B pacHeTte obTekanus BKA:
@ BbicoTa noneta 100 km

@ ckopocTb Haberatowero notoka 7900m/c, yron ataku o = 25.

CeTka B (pU3M4ECKOM NPOCTPAHCTBE - TUNa TETPa-npu3m, 326 ThiCSY siveek.

MonHoe 4ucno sveek B 6-mepHoii cetke - 14,7 munnuapaos.

S TANAAVATAT
XXOCIRRARE
VAvaYg

oL

(a) PacueTHas ceTka (6) [Oaenenue n nuHnm TOKa
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MacwTabupyemocTtb koga

@ lcnonbayerca PCK MMetactpum, CM6MY Metpa Benukoro, Us, = 1500 m/c,

Bbicota 100 km

@ DddekTusHocTb 0kono 75% — Ha yposHe nyuwux npumepos (kog NOISEtte,

[ABanakuh et al., 2012]).
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Uneno mneproTokos

(a) rekcel, 9.5 munnuappa ysnos
utapes (UL, NY PAH)
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Uneno mneprioTokon

(6) Tetpa-npusm, 8.7 muanuapga yssnos
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BbiBoabl v byayLine niaHbi

PesynbTaThI:

@ CospaH komnnekc napannensHeix nporpamm “Hecperaii-3/1", nossonusiunii
3(pHPEKTNBHO NOCTPOUTL PELLEHME TPEXMEPHOrO KNMHETUHECKOrO YpaBHEHMS Ha
cospemeHHbix cynepdBM ¢ ncnonb3oeaHnem pekopgHOro Hucna npoueccopos /
runepnoTokoe (6onee 60000).

@ Bniepsble npoBeaeHa KOJMHECTBEHHASI OLEHKA TOHHOCTM MOZAENNPOBAHMS
rNep3BYKOBbIX TEYEHWNI PA3PEIKEHHOrO ra3a Ha OCHOBE YUCJIEHHOrO pPeLleHUns
MOAENbHOIrO KUHETUYECKOrO ypaBHEHMA.

@ BriepBble NOCTPOEHO peLleHne KNHETUHECKOrO YPaBHEHUS AJ1st 3a4a4m obTekaHns
PeANNCTNHHbIX Mop,eneﬁ CNyCKaemMoro annapaTta Ans pexxmma 06TeKaHVI$I,
COOTBETCTBYHOLLErO BXOAY CMYCKAEMOro annapaTta B aTMocdepy € nepeoi
KOCMUYECKON CKOPOCThIO.

Ha 2018 rog 3annaHupoBsaHbl ciegytowine paboTsi:

@ luTterpauus B kog mogenu PbikoBa ans AByxaTOMHOro rasa

@ [poBeaeHme TECTOBbLIX PAaCHETOB ODTEKAHUSI C YHETOM BHYTPEHHUX CTENeHEN
ceobobl
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