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Hucceprammonnass ~ pabora  I'opobma A.B. IIOCBSAIIEHa  Pa3BUTHUIO
HapajUIeIbHBIX TEXHOJIOTHM MaTeMaTHYecKOro MOJENUPOBaHMS IIMPOKOTO Kpyra
3aad TIa30BOM JOMHAMHKM Ha COBPEMEHHBIX CyNEepKOMIIBIOTepax pas3In4HOMN
apxWTekTypsl. Ilpemnaraemplii aBTOpOM TOXAXOJ OXBaTBIBAET BCE  3Tallbl
MaTeMAaTHYECKOTO MOJEIMPOBAHMSA W, B IEpPBYI0 o4epens, (GOPMHUpPYET HOBBIE
NPUHIMIE  TOCTPOEHUS  BBICOKOI(Q(MEKTHBHBIX YHCIECHHBIX allOPUTMOB H
KOMILIEKCOB ~ IpOrpaMM Ui  CYIepKOMIBIOTEpHBIX  pacderoB. lIpumeHnss
pa3paboTaHHBIM NOAXOJ K Tak¥M CJOXHBIM M PECYpCOEMKUM 3ajadaM, KOUMU
SIBIIAIOTCS 33Jla4i MOJIEIMPOBaHUs TypOYIeHTHBIX TeueHul, [ opoben A.B. momyqun
pSIT BaXHBIX YHCJIEHHBIX PE3yJbTATOB, KOTOpPHIE MOTYT OBITH HCIIONB30BaHBI AT
JnanpHeWIero pasBUTHSA Mojenedl TypOyldeHTHOCTH. B mepByio odepenb, 3TO
pe3ybTaThl  MOJAETUPOBAHHUSL HEC)KUMAEMBIX TypOYJNEHTHBIX TeYeHWH IpHu
BBIHY)KZICHHOW M €CTeCTBEHHOM KOHBEKIIMH, a Taloke 3a/ad BHEIIHEro OOTeKaHWs
CKUMAEeMbIM Ta30M.

AxTyanpHOCTB. B Hacrosimee BpeMs CTaHOBHUTCS IIOHATHBIM, YTO JajIbHEHIIee

COBEPIICHCTBOBAaHUE XApaKTEPUCTHK HOBBIX JIETATENBHBIX AlllapaTOB MOXET OBITh
obecriedeHO 3a c4geT Oonee TOYHONO MOJAEIMPOBAaHUS OTPBIBHBIX TypOYJIEHTHBIX
TedeHud. [IpobiemMa MonenupoBaHUS TakOro poAa TEYEHUM, 10 CYTH, SBISETCS
pobaemMoii KOPPEKTHOIO MOJEIUPOBAHUS Pa3HOMACIUTAOHBIX BUXPEBBIX CTPYKTYP.
bonpmmme uwncia PeiltHonbpaca o0ycCiaBIWBAIOT IOSBIEHHE YPE3BBIUAMHO MENKHX
BUXPEBBIX CTPYKTYp, allllpOKCUMAlMs KOTOPBIX TpeOyeT HUCIONb30BaHNs YUCICHHBIX
CX€M C O4YeHb OONBIIMM HYHCJIOM CTereHeil CBOOO/BI, YTO MOXET OBITH JOCTHTHYTO
mubo 3a cYeT MpHBIEYEHUS W3MENFYCHHBIX pPAacdeTHBIX CEeTOK, Jubo 3a cuer
UCTIONB30BaHUs CXEM BBICOKOIO IOpSiIKa TOYHOCTH. TakuMm o0pa3oM, TOYHOCTH
MOJEIUPOBaHMUs TypOYIeHTHBIX OTPHIBHBIX T€YEHUH OTPaHHYMBAETCS TEXHUYECKOH
BO3MOXXHOCTBIO KOMITBIOTEPOB 3a pasyMHOe BpeMsi 06paboTaTs THraHTCKUe MacCHUBhI
CETOYHBIX (DYHKIWI, allpPOKCUMUPYIOIIMX M3BECTHBIE YpaBHEHHUS TEUEHHS BI3KOM
XKUIKOCTH WU rasa. B aBHauHomf)ﬁ IIPOMBIIIIEHHOCTH aKTyaJlbHOCTh MpOoOJeMBl

3Q(EeKTUBHOTO HCIOJF30BaHHUS BO3MOXHOCTEH  apXHTEKTYphl COBPEMEHHBIX
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KIaCTepHBIX  CHCTEM €  LENbI0  IpeacKa3aHus  a’pOAUHAMUYECKHX U
a’3p0aKyCTHYECKUX XapaKTepUCTHUK JIETaTeNIbHBIX alllapaToB He BHI3BIBaeT COMHEHHA.
Cnenyer otmeruts, uto B Poccuiickoii ®egepaliid TEXHOJIOTHMH H
NpOrpaMMHOE  OOECIIeUeHHe PpAaCHpeleNeHHBIX U BBICOKOIPOU3BOAUTENBHBIX
BBIYHCIUTENBHBIX CUCTEM BHECEHEI B IIepedeHb KPUTHIECKUX TEXHOJIOTHA.

HuccepranuonHas pabora I'opobua A.B. cocroutr u3 mrectu rias. B mepsoi
rIaBe MpeCTaBiIeHa METOAMKa pacliapajUleIMBaHusi, KOTopas MOXeT IPHMEHATHCS
I CcO3/laHus BBICOKOA(MGhEKTUBHBIX NapaUIENBHBIX KOIOB. (OcoOeHHOCTEIO
CO3IaHHOM METOJUKHU SBISIETCA BO3MOXHOCTH A EKTHBHOTO WCIIONb30BaAHUS
KPYIHEIX CYMEPKOMIIBIOTEPOB M HMX COBPEMEHHBIX THOPHAHBIX apXUTEKTyp, B
KOTOPBIX DPas3IH4YHBIM 00pa3oM MOIYT COYETAaThCs LEHTPAIbHBIE IMPOIECCOPHl H
YCKOPHUTENU-COIIPOLIECCOPEI.

Bo Bropoli u Tpersel IuaBax IIpeNCTaBleH pa3pa0OTaHHBIM aBTOPOM
napajyIeNIbHBIA aiTOPUTM M peanusyromuii ero xommiekc mnporpamMm NOISEtte,
NpeqHa3HAaYeHHBIW, B IEPBOI0 OYepenb, ISl pacyeToOB 3ajauy HeCTallHOHAPHOM
a’pOAMHAMMKY U a3POaKyCTHKH.

B dgeTBepTOMi M IATOM IiaBaxX ONMCHIBAETCS OPUTHMHANBHBIA IapajlielbHbIH
aIrOPUTM Ha OCHOBE HOBOIO METOHIA pelIeHus YypaBHeHHs IlyaccoHa ®
HmapajiebHbI KOJ Ul CYNEePKOMIIBIOTEPHOTO MOJEIMPOBAHUS HECKHMAaeMbIX
TYpOyJI€HTHBIX TeUEHUN.

B 3akmounTensHOMN 1IECTOl IiaBe NpeicTaBleHa Cepus KPYMHBIX 3TAIOHHEIX
pacyeToB, B KOTOPE® MOJEIUPYIOTCS pa3IMdHbIe THIIHI TyPOYJICHTHBIX TEUSHHI.

K pesynbraraM auccepTallMOHHON pa0OThI, MMEIONIMM HAYYHYIO HOBHU3HY,
MOXXHO OTHECTH:

e HOBBIM KOMIUIEKCHBIH IIOAXOJ K pa3paboTKe ¥ UCHOJIB30BaHHIO
napajlIeIbHBIX KOOB JJIs YMCIEHHOTO MOZEIHUPOBaHMS TypOYJIeHTHBIX TeUEHHI Ha
CYIEPKOMITBIOTEPAX CIOXKHOU TMOPUIHON apXUTEKTYPHI;

o 3(QQEKTHBHBIM alrOpUTM C MHOTOYPOBHEBEIM paclapalljieuBaHUEM,
peanu3ylomuii SKOHOMUYHBIE CXEMBI IIOBBIIIEHHOTO TIOPSOKA TOYHOCTH Ha
HECTPYKTYPUPOBAHHBIX CETKaX;

° paspaboTaHHBIM MPOrpaMMHBIN KOMILIEKC, PEATU3YIONMHA BCE 3TAIBI
BBIYHCIIUTENBEHOIO JKCIIEpUMEHTa (IIOCTAaHOBKA 3a/ayd, IIOATOTOBKA JaHHBIX,
BEIYHCIIEHHUS, 06paboTKa pe3ynbTaToB) M OPUEHTUPOBAHHEIM Ha PacYeTHBIE CETKH C
YHCIIOM 3JIEMEHTOB MOPSIKa MUILTHAPAA;

. JNOCTH)KEHHE BBICOKOM MacmrabupyeMmoctu (3¢(heKTUBHOCTH OJIHM3Ka K
80% ma 10° smpax) ©pPH WCHOJNB3OBAHHMM COBPEMEHHBIX IapalielNbHBIX



BBIYHCIIATENIBHBIX CHCTEM B pacueTax KaK CKXHMAaeMbIX, TaK M HeCKHMAaeMBIX
TEUECHHH;

° AJITOPHTMBI TIEPEHEeCeHbl KaK Ha rpauyeckue MpOIECCOpH], TaKk ¥ Ha
yckoputenu Intel Xeon Phi. ITpu 3ToM, GBIIO IPOJEMOHCTPHPOBAHO YCKOPEHHE TIO
CPaBHEHUIO C [EHTPAIEHEIM IIPOLIECCOPOM;

® IlpoBeneHo  mpsAMOe  YHMCIEHHOE  MOJCTHPOBAHHE  HECKONBKYIX
«TAIOHHBIX» 3a/la4 A BalUIalMd M KaTUOPOBKM IONY3MIIMPHUYECKAX MOIeNei
TypOyJIeHTHOCTH.

HayyHyro HOBH3HY TOATBEpXJaeT TOT (akT, 4YTO  pe3yIbTATHI
AUCCEPTAIMOHHOM pabotsl I'opobua A.B. mpencTaBieHsl B OKOJNO CTa HAYYHBIX
nyGnuKanmsx, u3 KOTOpHIX oxono 30 pabor comepikarcs B pedepaTuBHON Gase
Scopus.

OO60CHOBAHHOCTE HayYHBIX MOJIOXKEHHH, CHOPMYIMPOBAHHEIX B JUCCEepTALUH
I'opobuia A.B., M HOCTOBEPHOCTH HAyYHEIX pe3yiIbTaToB  IPEeACTaBIIAIOTCS
AOCTaTOYHO XOpOIIO MOATBEPXIEHHBIMH. Pe3ynbraTel paGOTEI M3IOXKEHBI B

OONBIIOM KONMYECTBE CTAaTel B BEAYNIMX MEX/IyHAPOIHBIX PELEH3UPYEMBIX
KypHallaX, a TaKKe B MHOTOYHMCICHHBIX JOKIaJaXx HA MEeXTyHapOIHBIX
KoHGepeHIMsX.  IIpencTaBlneHHBle B auCCepTalM¥  MApaUleNbHBle  KOJIEI
BaIUIMPOBAHE! Pa3IMIHBIMU CrOcO0aMH, B TOM 4YHCJIE HAa 3aJayaX, HMMEOHX
HaJIeXHBIC JKCIIEPUMEHTAIbHBIC JaHHbIC. OTAlOHHBIE PAcdeThl METOAOM IIPSIMOTO
HCJICHHOTO MOJICIIUPOBAHUSA, K Ka4eCTBY KOTOPHIX, €CTECTBEHHO, HpeIbIBISIOTCS
0COOeHHble TPeGOBaHWS, BHIIOJHEHH IO XOPOIIO OGOCHOBAHHOH METOIHKE:
pealu3alisi MPOCTPAHCTBEHHOW MCKPETH3AllMM OIEpPaTOPOB  MOATBEPXKIACTCS
IIpoko u3BeCTHRIM MeTogoM MMS (Method of Manufactured Solutions), yaensercs
BHUMaHHe 00OCHOBAHHIO Pa3sMeEpOB PACUETHOM OBNACTH, CETOYHOTO paspemesus, u
Tl

O [pakTHYecko#  3HaYUMOCTH  JaHHOM JUCCEPTAllHOHHON  paboThI

CBHJICTEIECTBYET WCIONB30BAHUE DPE3yJbTaTOB PabOTHl B COBMECTHBIX HAYYHBIX
HCCIICIOBAHUAX C OONBIIMM KONMYECTBOM aKaIEMHYECKHX H IIPOMBIUICHHBIX
MapTHEPOB, KaK POCCUNCKHX, TaK U 3apyOeKHBIX.

K muccepranuonnoii pa6ore I'opo6ua A.B. umerorcs CIIEAYIOIINE 3aMEeYaHHS:

B paGore orcyrctByer mcropuueckuii 0630p npobieMel, a Takxe 0630p
COBPEMEHHOI'O COCTOSHMSA IpPOOJIEMBI B MHpPE C COOTBETCTBYIONIMMY CCBUIKAMH HA
aBTOPOB pabOTAIOIKX B JaHHOM HAIPaBIECHUH.

Bropas raBa cosmepuT OmmcaHWe YHCIEHHOTO ANrOPUTMA peleHus 3aaaq

Q3pOIMHAMMKH Y adpOaKyCTHKH  NO@bluieHHOU  mounocmu.  OIUcaHme
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NIPCIICTABICTCS HE IIOMHBIM, TaK KaKk HE HaeT MPENCTaBIEHHE O MeXaHH3Me
AOCTHXXEHHS BBICOKOI'O IIOPSAKA TOYHOCTH. HEMOHITHO 0 KaKoM KOHKPETHO MOpSAIKE
TOYHOCTM HMIET pedb. Kakolf DHOpSOOK TOYHOCTH MMEeT cXema BOJIM3M
KPUBOJIMHEHHOM rpaHuUIbI?

Kpome Toro, nMeroTes cnenyromye HegocTaTku:

e IIpencraBienre HEKOTOPEIX CXeM U pHUCYHKOB (Hamp., puc. 1.11 © 5.5 B
AUCCEpTalluy, pUC. 2 B aBTOpedepare) CI0XKHO JUIs TOHUMAHHUS.

® HenonsTHO, moyeMy B 3amade 06 OBGTEKAHHM TaHJeMa UUWIUHIPOB
(pasgen 6.1) ucnonmssosan Merox DDES, xots CYILECTBYIOT DOJIee COBPEMEHHBIE €ro
BapuaHThl (Hanpumep, IDDES) u asTop muamer 06 stoM.

. B 3anmage 06 oGrexanuu Tammema IMITHHAPOB (pasgen 6.1) B kayecTse
CTaTHCTHYECKUX XapaKTepUCTHK ITyJIbCaIii CKOPOCTH IIPEACTABIIEHO
PaCIpe/IeeHle HHTEHCUBHOCTH IIyNbCANUi CKOPOCTH B IEHTPANBHOM CeYeHHH (u_'z,
F). Xorenock OBl MMETH IS HONHOTHI IIOJNE KOMIIOHEHTE w? , KacaTeJsHOTO
HanpsokeHust  PediHonbaca uv', TpodHBIX Koppessmuii wulu, ¥ Koppemsuuii
«IaBIIEHHE-CKOPOCTE» p' .

° B 3amage 6.2 memocrarouno moxpo6HO ommcan BBIOOp MHHHMAJILHOTO

Imara ceTkd. Paspemenue macmraba KomMoroposa — KmoueBOdl MOMEHT IIpA
IpsMOM 9HCTIEHHOM MOJIEIMPOBaHUH TYPOYIEHTHOCTH.

° B zamagax 6.3, 6.4, 6.5 Toxe XOTenmoch 6B WMETEH npobun
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MHTCHCHBHOCTH ITyJIbCAllMii BCEX KOMIIOHEHT ckopocta  («?, v?*, w?), uro

TI03BONIATIO OBI BOCCTAHOBHUTE IIONS aHU3OTPOIIHH TypOyJIeHTHOCTH. DTO Ba)KHO IS
KaIuOpOBKH Mozenell 06MEHHOro 4ieHa P'S; B MOIemsx TypOyIeHTHOCTH Kjacca

DRSM (Differential Reynolds Stress Models).

U B pacuerax mo meromy DNS e IIOJTy49€HBI I10JII CKOPOCTH JUCCUIAITNN
KUHETHIECKO! SHEPIMH TypOYIEHTHOCTH £, 9TO MOIJIO 6Bl GBEITH MOTE3HBIM TSt
YTOUHEHHA MOMySMIMPUYECKUX YPAaBHEHH IS &, HCTIONB3yeMbIX B RANS-mozemsix
TYpOyJIEHTHOCTH.

YKkaszaHHble 3aMeYaHUs M OTMEYeHHBIE HEeIOCTATKH He CHIDKAIOT OOIImit
BRICOKMH YDOBEHb JMCCEPTALMOHHOM paGoTel I'opobua A.B., ee Hayunyio wu
[IPaKTHIECKYIO 3HAYUMOCTh. TeMaTHKa AMCCEPTAMOHHON paGoTHI COOTBETCTBYET
3asBIEHHOH CIICLMANBHOCTH, a €e COJAep)KaHHe B MONHOMN Mepe IMpPEeJCTABIEHO B
OIyOIMKOBAHHEIX aBTOPOM paGoTax. ABTopedepaT HHCCEpPTALUM IOJIHOCTBIO
OTPAXKACT CONCpXKAaHME pAOOTEI M JA€T HCYEPHBIBAIONIYIO uHpopMalmio 06
OCHOBHBIX MOTOXCHHMSIX U pe3yibTarTax pabGoTsl. JlMccepTallis SBIISeTCS BIOJHE



3aBEpIICHHON HAay4HO-KBaIM(QHUKALIHOHHONX pabOTOM, BBISHIBAIOINWNA HAYYHBIA H
NpaKTHYeCKui uHTepec. PaboTa MONHOCTBIO YHOBIETBOpSET TpeGOBaHMIO II. 9
«Ilonoxenuss o mopsAAKe IIPHUCY)KIAeHUs ydeHBIX crenenei» (I[locranoBneHue
IIpaButensctBa PO ot 24.09.2013 Ne842).

Ha ocHoBaHWMM BEIIECKAa3aHHOTO CYHTAK, UTO J[aHHAA IMCCEPTALMOHHAS
paboTa COOTBETCTBYET KPUTEPHSM, YCTAHOBIEHHBIM IOJIOXEHHEM O NPHCYKICHHU
YYCHBIX cTeneHed, a ee aBTOp ['opobenm A.B. 3acmyxwuBaer mpucyxaeHus emy
YYEHOM CTeleHM MOOKTOpa (H3MKO-MaTeMaTHYECKHX HAYK II0 CIIENMAJbHOCTH
05.13.18 — «MaremaruyecKkoe MOIEIMPOBAHUE, IUCICHHBIE METONBl U KOMILIEKCEI
IIpOrpaMmy.
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