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znrx ryp6yneHTHbIX teuenufi>,

Ha TeMy: <r{ucleHHoe MoAenI'IpoBaHI4e crpyl
.- --v, n^m^,Ltror.rt rr-Ivf 2TeMaTI,IqeCK

nn.orruXXffThTJ;ffi;# r";";;;;;.H'r KaHA vr^a'asu:raro-MareMarl{qecKux HavK

,.\,r n^ n < rravorrrtrrr2 1ilcuflKOCTII. fa3a pI IIJIa3MbI
il';.;;;io.r" Oi.OZ.OS - Mexa'rKa xI,IAKocrLl, ra3a pI rIrIa3MbI

raH$erqufi.
Taruuo6pasorr,r'TeMaAuccepTalll,toHHofipa6orstflBJIfleTcfl

ff#JJ:Jff;';#ilH'T:#;:: a'Lrn L, rrHxeHepHbre parpa6orxra ece qaule

on"parcTcq Ha MeroAbr KoMrrbrorepHoro MoAeJrr{poBaHrrs Anfl u3ytr e*r4fl'cJloxt'blx sra:uuecKl4x

[poqeccoB. oco6oe BH[MaHr{e yAensercfl typoyn.HrHbrM crpyfturrM TeqeHvfl'') Koropble

Irr'poKo rrplrMeHqrorcq B pa3nr,rqHblx TexHr4qecK'IX CnnCTeMax - 
or oxJlaxAalounx ycraHoBOK

pIKaMepcfopaHl4flAoBeHTI{IquuoHHbIxI{[poTIltBoIIoXapHbIxclIcTeM.
oftroft vr3 KJrrorreBbrx 3a,,aq BeHT'rJrflrlrilr rroMeuleuuil, oco6enno B MeALIITLIHCKIIX

yqpexAe ,^r*,--^BJrflercs o6ecne.reH[e HarrpaBJreHHofo, KOHTponLrpyeMOro vr 6egonacHofo

ABrrxe'Lrq Bo3Ayxa. oSSeKTr{BHoe MoAenupoBanue raKplx rpoqeccon rpe6yer I'crloJlb3oBaHufl

MareMarlrrrecK'rx ruoAerefr, ocHoBaHHbrx Ha cr{creMe ypanuennfi Haele-cToKca' Ll

coorBercrByroullx rrr4cJreH'brx MeroAoB "* 
pa-" 

'vrs" 
oAuaro' HecMorp fl' Ha Aocrl4r'yr'fi

[porpecc, rroBeAe''re crpyfiHux re.reuufi B 3aMKHyrbIx [pocrpaHcTBax TaKLIx KaK

rroMeule ,'vrfl, aMexaHl,rqecrofi BeHTr4Jrflquefi _- ocraeTcfl HeAocraror{Ho I'r3yqeHIrbIM'

[ouonu'rrerrbHyro cJroxHocrb rrpeAcraBJrfler MoAeJr'rpoBaHue flepexoAHblx u ryp6yJIeHTHbIx

pe)KLrMoB, xapaKTepHbrx Anfl pearrbHbrx ycrronufi 3Ks[[yar awvBeHTI'JIflIrI'toHHbIx cncreu' B

erofr cBfl3pr oco6srfi r,rHTepec [peAcraBJrfler MoAerr[poBa'ne B3annMoAeficre'q pa3nl'ItrHblx

Tr4rroB crpyfr (nnanyur4x, rrp[creHHbrx, ceo6oAuuof " 
TlrrroBbrx r4 c''eurraJrrr3llpoBaHHblx

apxr4reKryp*rir* o6reuax - 
Ha[puMep, n r,rn$erIrI4OHHbIX rallarax'

B[peAcTaBJIeHHoLIpu6o'"paccMaTpllBaeTcgqHcIIeHHoeMoAenI,IpoBaHLIe
ryp6yneHTHbrx AByMepHbrx ,o rpexrrnepHbrx crpyiru'x Terle'uitt c LIcrIoJIb3oBaHLIeM flaKera

openFoAM. Aruenr cAeJraH Ha MoAerrupoBaHrrr' crpyftn'x crpyKryp B pa3nl4rlHbrx

ronsuryparlr4rx rroMerue yuit, oua"*_:___ BrrvrflHvrfl, rpaHLIrrHbIx ycnonuft' pac[oJlo]Ice'Llfl

rrp'Toq'brx kr Bbrrfl)KHbrx ornepcrufi, a TaKXe lapaMerpoB ryp6yre'THocrl'I Ha

QopwrupoBaHr^e cKopocrHbrx 14 TeMleparypHblx nonefi' 3ro rlo3BoJlfler rloBblcllTb

e$Qe*uBHocrb BeHTr4Jrflu'roHHbrx clrcrerr c yuerou rpe6onaHufi r rerlJloBovry norr'rsopry LI

SrrrrAeMlroflofflqecrofi 6esonacHOCTI',I' - u fipaKTUqeclcufi LrHTepec Anfl 3aAarr

flolyueuHblepe3ynbTaTblIIpeAcTaBJIgIoTHayqHbIlI
orrr'IMI,I3 awv Bo3Ayxoo6ueHa vr renroo6MeHa B "ot:1:"::: j#JHH: ;ffiffiTH;
ffiHffiX":1"""*'TJ""'"o-;';;;;;"*Y"llTl':ff :3'",1t'lT.:il1ffi Jffi HHbIx
Bo3AyIIIHbIxtIoToKoBflBJIfle"|cg'Ba)KHbIM,n.'.,,'onnupo$"nun H.PadaKoB Gr.{ffieru Kupn*s

maunstgrr$K TllxHil€flblx yluwffrfif,

" o/-r " P1 _ ,,30 Af, -

I CII\-rIrYr vvfwv^'^' - -

ilpuopI4TeTHbIMHaIIpaBneHpIflMpa3BI4TI,IgBbIII[cJIpITeJIbHoI/t



a3poMexaHprKrr B UHTepecax 3ApaBooxpaHeHr4q, apxlrreKTypHoft KnprMaroJIofHI4 14

rlpoMbllxnennofi BeHTLIJISIIHII.

Ile.rrs rr 3aAarru uccJreAoBaHufl

I{e.rrgo nacroqqefi A[ccepTaIluosgofi pa6o6r tBJ1fleTcq pa3BI{TI4e vr

coBepr[eHcrBoBaHHe MeroAoB rrr4cleHHoro MoAenr{poBaH'f, ryp6yleHTHbIX crpyfiHrtx

reqenufi c ucrroJrb3oBaHlreM rrporpaMMHoro raKera openFoAM Ha rlprlMepe MoAenplpoBaHl4f,

Bo3AyIIIHbIxIIoToKoBBBeHTIIJIHpyeMbIXIIoMeIIIeHv|frx,BIIacTHocTLIBMoAenflX
nnS erquoHHblx 6omnra'{Hblx rl€ular.

[tts AocruxteHnf, [ocraBJrennofi qenn B AlrccepTaquonnofi pa6ore perIaJII.{Cb

cneAylouve 3a4aril4:

1. BrrnolHpr$ aFlur4TtrqeCrUfi o6sop cyuecrByrouux MeroAoB rII{CJIeHHO|O

MoAenupoBaHr4r ryp6yneHTHbrx crpyfiusx re.reHplfi, BbuIBI{Tb r4x [pel'IMyulecrBa kr

ofpaHplrre'Ll'fl' 
nahr'r. qnAr'Dt*nrr^crr' ric'rloTrh?vevofi MareM - Aenra (g qacrHocrl{t

2. llponepuTb aAeKBaTHOCTb HcloJlb3yenaoft MaTeMaTLIrIecKoI'I MO,

MOAenrilypoyneHTHOCTr,r k-ro ssr) nyrevr qHcreHHoro MoAennpoBaHprfl npucreunofi

ryp6yleHtuOfi cTpy[ I4 cpaBHeHIIf c 3KCIIepHMeHT€LIIbHbIMII AaHHbIMH'

3. CuoAerprpoBarb BJrlr.nHlre qlrcJra PefisoruAca rlaAarouleft ryp6yneHrnoft crpyl'I Ha

TeIIJIolepeHoc rrpu OxnaXAeHI4LI HalpeBaTelrnOfr IIJIaCTI'IHbI'

4. I4ccle.uoBarb BnlrflHr4e HHTeHCT4BHOCTLT ryp6yleHTHOCTlI exoAHOfi CTpyI{ Ha

crpyKrypy Bo3AyrlrHofo IIOroKa B TIOMeIIIeHI4H'

5. llponecrn MoAenr,rpoBaHr{e BrwrflHufl, orppIIIareJIbHbIX rpaHurrHblx yclonufi rlo

,[aBJreHHro Ha Bo3AyrrrHrrfi uoioK Lr rerrJroo6uen B MoAenu un6erqHouuofi rl€ularbl'

OCHonnbIe noJIOlI(eHHfl AI{CCepTaIIIIIIt BbIHOCHMbIe Ha 3aIIIury:

. pesymrarbr MoAeJrrrpoBaurrfl rlprrcreHo'rHofi crpyu H oxJraxAeHuq

HarpeBare*nofi rrJracrrrHtrr. B pa6ore llccneAoBaHo BIrkrfl:F|/,e rrl4cra PefisolrAca vr

rapaMerpoB ryp6yneHruocrr{ Ha xapaKreplrcrprKrl reuroo6MeHa pI crpyKrypy crpyfinoro

TeqeHH{ [pII yAape cTpyl4 o HafpeTylo IIoBepxHocTb. 
.,

. perynsrarbr MotreJrr{BoBaHr.rfl crpyfinoro rerreHrrfl B MoAeJrrr uHQeIcquonnotr

rraJrarbr 6olrgnum. Ilpoee4eu arrurv3 BnvrflHtrfl. rpaHI{qHbIX ycloenfi raB[reEvIfl',

B3ar4MopacrroJroxr e1nfl. BeHTr{JIsuI{oHHbIX ornepcrufi vr feoMerpplu rIoMeIrIeHHfl Ha

xapaKTeprrcrl{Kl{ IIOTOKa, noATBepxAenHue rr[cJIeHHbIMH pacrleraMll C I4C[IOJIb3OBaHI{eM
:

OpenFOAM.
[ocronepHocTb u ooocHoBaHHOCTb pe3yJIbTaTOB

,{ocronepHocrb HayrrHbrx [oJro]Keultfi, nrmoAoB I4 peKoMenAauHfi' rIpeAcraBJIeHHbIX B

Aprccepr a:q;akr, o6ecne'rnBaerc-f, :

o Koppexrnofi flocraHoerofi

SusuuecKnx ypaBueHufi (ypanneHufi
3A/laq MoAenupoBaHr4ff Ha ocHoBe syu4aueHTiUIbHbIX
Hanre-CroKca, sHeprllu, MaccorlepeHoca II ypaBH euuft

ryp6yneHrHocrH);
o LrcrroJrb3oBaHrreu o6ocHoBaHHbrx u anpo6uponanHblx tII{cJIeHHbIx MeroAoB pellleEvfl

ypanneuufi;
o pe&nugauuefi pacqeros n cno6oAHo paclpocrpaHseMoM rIporpaMMHoM KoMrIrIeKce

openFOAM, mprpo1o rrpprMeHfl eMoM B plHlKeHepnofi rpaKrLIKe ;

. cpaBHeHr{eM lonyrreHHbrx pe3ynbraroB c AaHHbIMI4 3KCnepuMeHTaJIbHbIX 14

TTHCIeHHbIX I,ICCJIeAOBaHLIfi , Ony6lI,IKOBaHHbIX B uayUUOfi nl'ITepaType ;

o [oCT&TorIHbIM rILrcJroM [poBeAeHHbIX qHcJIeHHbIX SKctIepI{MeHToB' OXBaTbIBarOrq[x

pa3nI,ItIHbIe [apaMeTpbl tloroKa LI reoMeTpllqecKue roHQurypaUI4H rloMelrleruEfi '

HayuHafl HoBI{3Ha

1. Bnepnue [onyqeHo noAo6Ue reqeunfi B feoMerpl{rrecKl4 nOAO6HHX MOAenflx

6olrHuqHbrx ruurar c pa3nr,rqHbrMr{ Maclrrra6avm(3x1xl H 9x3xl), uro ro3BoJlfler o6o6qarr

pe3ynbrarbr rrprcJrenHoro MoAenupoBaHlrr Anfl pa3nLIr{HbIX TLIrIopa3MepoB IloMeluenuit"



2. YcraHoBJreHo BJrr.rflHr{e orpr{rlareJrbHoro BbIXOAHO|O AaBJIeHUfl HA CTpyKTypy

Bo3Ayrrrgoro rroroKa: rroKa3aHo, rrro rpu -8 fla u - 16 fla upotfulr cpegnefi cKopocrll

Bo3pacraer Ha 60/ou24% coorBercrBeHHo rro cpaBHeHl/t]o c ueftrpalbHblM AaBneHI4eM.

3. O6ocnoeaHa cxeMa BeHTr.rJurqura uu0eKrlr{oHHofi uzularbl, IIpu xoropofi Aocruraerc-u

seo6xoAp1urrfi ypoBeHb cKopocrHoro rorr,rsopra (cropocrb Bo3Ayxa He rlpeBblrlraer 0.2 tt'.lc n

3 oHe pa3Melu eHr4s. naqueuron).
4. BrrssJreHbr rpaHr4rrHbre 3Haq envs, rrHTeHcLrBHocrLI ryp6yneHTHocrll sxoAHoft crpyu,

rrpn Koropbrx cyqecrBeHHo pr3MeHqerct ror{Hocrb MoAenI{ k-ro SST.

IlparcrnqecKafl 3HarlrlMocrb
pe:y6rarbr, nonyqeHHbre B xoAe AlrccepraulroHHoro HccrleAoBa1ktfl\ Moryr 6HG

HCfIOJIb3OBAHbI.

O TIPH NPOCKTI4POBAHLII4

KOHAI4UI4OHpIpOBaHH' Bo3Ayxa

MeAHUI,I H CKI{ e yqpe}KA eH.l4fl';

o B pa:pa6orKe MeroAIdK

ilony3aMKHyrblx o6renaax;
o B yue6Hovr rrpoqecce [pu rroArorosre 6araraBpoB, MarI,IcrpaHToB kr acflvrpaHToB rlo

HanpaBneHr{qM <Texnu.recKa;r repMoAprHaMrlKa), <Marevarl{rlecKoe MoAenI'IpoBaHpIe) '
<flpuxla le^as MeXaHIIKa>> 14 ApyrIaM cMeXHbIM ALIcqurlJrpIHaM.

OrlelrHsrfi BKrraA B npaKTnqecKyro peanlr3auraro pa6orbl rlpeAcraBJl{er BHeApeHI'Ie

paspa6oraHHbrx uoAerefi B AerrenbHocrb HnSer<ql{oHHoro orAeneHl'Ifl Kapacyficrofi

Tepp r,ITop[ zrnbH ofi 6 onurplllbr "Kyptu aHXaH,{arxa" .

Aupo6arlnfl Pe3yJrbraroB
OcHosHbre rroJroxeHprr pr pe3ynbrarbr Ar,rcceprarluoHHofi pa6oru 6blwt npeAcraBJIeHbI pI

o6cyx4eHbr Ha pqAe MexAyHapoAHbrx u pecuy6Jrr{KaHcKl4x HayqHbIX xon(pepenqufi, BKrroqas:

o 8th Computational Methods in Systems and Software (CoMeSySo 2024), Bcetnu,

9exur, orrx6pr 2024 r.
. MeNAyHapoAHar KoHsepenqeu <BrrsoBbr HayKu>>, Amuarbr, KagaxcraH,2j23 r.

. HayuHo-[paKrr{rrecKafl ron$epeHrlllf, <PagBnrue PhD AoKropaHTypbl...>, EraurKeK'

2022 r.
. XXIV MeN4yHapoAHafl rconsepeHurrs <Hayxa 14 o6pasonaHlle: npo6neuH vr

repcIreKTpIBbI)), Alraficruit' rcpafi' Poccuq ,2022 r-
. MeNAyHapoAHbre xoHrpepeHunlr ICMSIT, IT-npocrpaHcrea K|VCTA, a raKxe pflA

Apyrux HayqHbrx Meporpu stnit n Kuprrt3craHe, Pocclllt u KasaxcraHe.

Yqacrue B 3Tr{x r<oHoepeHrlr4rx rro3BoJrHJrO aBTOpy nonyql{Tb IIeHHbIe 3aMerraHvrfl' 14

rrpeAnol1 e11tg) cnoco6crByrou[e yrorrHeHr..rrc v yclIneHLIIo HayrrHbIX nonoxenuft

Ar4CCepTArJxLt.
[y6;runauuu
OcHoeHrre pe3ynbrarbl HccneAoBaHvfl'

BKIIOqAq:

orpaxeHbl B 11 HayrlHbrx uy6ruaralll'If,x,

. 1 crarbro, ouy6m,rr<oBaHHyro B H3AaHvrpr, vrlreKcl{pyeMoM B MexAygapoAHofi, 6ase

AaHHbIX Scopus;
. 3 crar

(PITHID;
. 1 uy6JILIKaUurc B )KypHaJIe c HMrlarcr-QanTopoM 0.L73;

. 2 aBTopcKLIx cBllAerenbcrBa;

. 14 pqA MarepHiIJIoB r<onSepenuufi.

lly6mlraur{oHHarr aKTHBHOCTb rrOATBepX(Aaer KaK OpnrplHaflbHocrb, TaK pI HayrlHyro H

IIpaKTHIIeCKyIO 3HaqI{MO CTb IIOnylIeHHbIX pe3ynbTaToB.

3avre.raHl{fl K ArlccepraurroHHofi pa6ore:
1. He Ao KOHUa pacKpbrTa MeTOAOJTOIIIfl BaJIHAaIIUn pe3yJIbTaToB.

Hecuorp fl.HacpaBHeHr{e c JruTeparypubrMr{ r,r 3KclepHMeHT€uIbHbIMLI AaHHbIMH, cJleAosano 6bI

14 O11TLIML13 A\Wr CHCTSM MSXaHI4TISCKOIZ BeHTpInflIII{u 14

B noMeIIIeHpIflx pa3nI4I{HOfO HUt3HaIIeHILfl', BKIIOqaJ{

MoAenI,IpoBaHLIt ryp6yneHTHblx reqeuufi B 3aMKHyTbIX 14



6olee no4po6Ho orrracarb rrpoueAypy nepusHx a:!;nr4 .rl,IcreHHofi MoAeJIH, oco6esno B

KoHreKcre OpenFOAM.
2. OrpannrreHHoe BHrrMaHrre rryBcrBrrreJrbHocrrl uoAe"uefi K rlapaMerpaM

ryp6y.rreHTHocrrr. B pa6ore paccMarpHBarorcq pa3Hble 3HaqeHLIs I'IHTeHcLIBHOcTLI

typOy"aHTHocrpr, Ho aHEUrH3 rryBcrBr{TeJrbHocrlr MoAenu r nst6opy MoAenu ryp6yJreHTHocrpl

(nanpurvrep, cpaBHeHple k-e u k-crl SST) npe4craBJleu QparueHrapHo.
3. HeAocrarorrHo rrpoaHaJrrrgrrpoBaHbr orpaHrrqeHnfl IrcrloJlb3yenaoft MoAeJrrr.

He o6cyx{AeHbr Bo3MoxHbre oruu6ru qucreHHoro Mero&a, orpaHnqelJvrfl. rlo nprIMeHLIMocrH

pacrrerHofi cerru, a raKxe BJltrrHrrq Har{€ulbHblx I4 rpaHl{r{Hblx ycnouEft.

4. @opvty;tupoBKrl HAYIIHOII HOBII3HbI MO}I(HO VTOTIHIITb.

Heroroprre rryHKTbr HOBtr3Hbr cKopee Kacarorc.u npl'IKnaAHOfO rIpLIMeHeHr4fl', qeM

QyHaaueHT€urbHoro BKnaAa B pa3Bprrne reopwuryp6yJIeHTHbIX rerreHnfi. CneloBaJlo 6H'{erqe

pa3 f p aHHqpITb tlp I,IKI aAHbIe LI Te Op eTLIIIeCKII e aCfI eKTbI.

5. C;ra6oe orpalr(eHue acrreKToB Maclrrra6npyenrocru pacudron lr

rrporr3BoAr.rreJrbHocru. B ycnonurx r{cloJrb3oBaHur OpenFOAM rone3uo 6ulo 6sI ouenu$

eSSeguBHocrb napanneJrbHbrx Bbrrrr{cJrertuit u oco6eHnocrl{ rrl{cneHHoro anropllTMa rrpll

yB enHqe IJvrI4 cJIO )KH O CTI'I re OMeTpH I'I .

3ru 3aMerraHr,rfl He cHlrr(aror o6uefi nrrcorcofi oueHKrr pa6orst u He craBtr rIoA

coMHeHLre ee HayrrHbrfi yponeur. Hanporr{B, I{x Mo)KHo HcrloJlb3oBarb KaK rIoreHIII4itlIbHbIe

HarrpaBne1vrfl. ;^nfl rrpoAonlxeHnfl, LrccneAosaHuir, B paMKax AoKTopcxofi Aucceprallu[ r4lrv

rIpI,rKnaAHbIX [poeKToB.
Taruu o6pasou, rroJryrreHHbre B Ar4ccepra\nv n ny6lurcaquu, pe3ynbrarbl

rrpeAcraBJgror 6olrurofi unrepec KaK c reoperu.recrofi, TaK pI c ilpaKTllqecKofi roqex 3peHLIs.

[lrccepr a1iwfl, A6glrl,ryrarHnoeofi 3efiuyprr Kanu6eKoBHbI Ha reMy: <<rlucleHnoe

MoAenr{poBaHrle crpyfinrrx ryp6yJreHTHbrx re.reHllfi) tBJlflercq HayrrHo-KB€LlluSuraqnonsofi

pa6orofi, n roropofi Ha ocHoBaHr4u BbrrroJrHeHHbrx aBTopoM LlccneAosaliluit paspa6oraHo

MoAenupoBaHpre BeHTlrJrsrruu 6omnH.rHbrx rr€Lirar c rloMoxlbro [pI,IKnaAHbIX [porpaMM,

BHeApeHue Koropbrx BHocr{T 3Harrlrrelrnslfi BKnaA B pa3BpITHe crpaHbl, qro coorBercrByer

rpe6onaHlrf,M lloroxeHus <O ropqAKe rrpucyx{Aenvs, yqeHbIX creneHeb BAK Kupruacrofi
pecny6lkrKr4, rrpeAbrBJrfleMbrx K KaHALrAarcKr{M Ar.rccepralllltM, a ee aerop A64uvtyrilnurloBa

3efinypa KaHrr6eKoBHa 3acnyxrBaer rrpucy)K [eHufl. y.reHoft crerleHrl KaHApIAara Susuxo-

MareMarr{rrecKr4x HayK no cfleuuuurbHocru 01.02.05-MexaHI,IKa xl{AKocrr4, ra3a H rIJIa3MbI

orssln paccMorpeH v yrBep)KAeH Ha pacuupeHHoM 3aceAaHLI[ HayrrHo-

rrpolr3BoAcrseHHofi ra6opar opr4vr <MoAerr.rpoBaHlle B 3HeprerllKe) KagHI'ITV LIMeHTI

K.IrI.CarnaeBa <23>> anpens 2025 r., rrporoKojr J\bl, c yqacrueM BeAyIrIux creIII{aIIpIcroB rlo

npo$rEnro Ar{cceprauur{ r,r HayqHbrx corpyAHr{KoB B KoJILIqecrBe 9 'reroneK, B ToM rrllcne 1

AoKTopa HayK u 2 t<ala4u4ura HaYK.

flpe.qcelareilb pacmupeuHoro 3ace ranns'
3aBeAyrourft HayrlHo-rpopl3BoAcrseHHoft3aBeAyroql,t[ HayrIHo-[poLI3BoAcrBeHHoI{ ---
na6oparopuefi <MoAelLIpoBaHLIe B 3HepIerI{Ke), naypeaT ril.
rocrrpeMnu PK e o6racrll HayKI{ I4 rexHI{KLI, A.r.H., ' Afre*"*:$
upoSeccop

Cerperapb 3aceAaHLI.l

floAnucl{ 3aBepreM

6"fr&
AYPblc

HR 4ursryeriniq

.,.v:6)w^n-

.A.
bt3HRff

KOBA


