
OT3ITIB OAI,IUHAJTbHO| O O IIIOHEHTA

HA Ar{ Cceprau r{ rc A6aunryra.rurroB ofi 3elinypbr KaHnr6eKoB Hbr

Ha reMy: <HucneHHoe MoAenlapoBaHr{e crpyfiunrx ryp6yneHrHbrx reueu.uft>,

flpeAcraBreuuofi Ha coucKaH]re ylenofi c'relreHra l(an.4r{Aara Su:uKo-MareMa-rr4r{eeKl{x HayK no

crellna.IrbHocru 0 I .02.05.- <MexaHrIKa xl4AKocrr{, ra3a H rr.rra3Mbr))

CoaepxaHne AucceprarJrrvr coornercrByer uay.ruoft c[erJuanb]roeru 01.02.05-MexaHHKa

XHAKOCTII, fa3a Vr ilIIa3MbI 14 COCTOHT I{3 BBeAeHIit,s, TpeX rIaB, BbIBOAoB H 11paKTUqeCKHX

peKoMeH !ra]!Jf.it, flepe qHfl ycnoBHbrx o6osHaueuufr , crtrcKa Hc nonb3osaHH ofi ngTeparypbr.

ArcryanbHocrb reMbl. 3a uocteAHl4e HecKoJIbKo Aecqrunernfi crpyftHtte rerlegl.re craJrg

npeAMerou o6uu4pHblx sKcnepnMenTaJlbubrx 14 rtrIcJleuHbrx HccneAonaHufi. ,{uccepraqgoggat
pa6ora ilocBflIrleHa axryalrHofi 3aAaqe tII4cJIeHHoro MoAenupoBagprfl rypdyneurgbrx crpyfi,

uuercuefi 6onruoe [paKTur{eoKoe 3HarIeHIae B fI4ApoA}rHaMHKe, agpoAr,IHaMHKe I{ eMexghrx

o6lacrsx HayI(H H TexHI,IKH. TypdyneHruble I(pyrnbre v nJrocKr4e crpyr4 HcrroJrb3yrorcrr B

pa3nHqHbIX TexFII4qecKHX npnro)Keun.f,x H HapoAuoro xossficrBa: cprcreMbr oxnilKAe64fl,, paor{er

rennoo 6MeHa B neFrru JrupyeMbrx [oMeuler{krrrx.

B uacroflIuee BpeMfl HaIa6ouee aKTyanbHbIM ,Iunfle'rc.fl rrplruur{n KoMrleKcgoro perrregl4s

BorlpocoB ollpeAeileHLrfl Bo3Ap(oo6naesa H paor{era Bo3AyxopacrpeAerreHari Ha 6ase

3aKoHoMepuocreft crpyfiullx TeqeHwft u npra6nnxeuHbrx MareMarnr{ecKux rrlclAelefi re[rro

uaccoo6MeHHblx rtpoUeccoB MeXaHuqecKr4X BegTr{JrltpyeMbrx 6o6Ha.{HbrX rrajraT. B pa6ore

rIpeAcraBJIeH KoMlrleKcHbrft uoAxoA K MoAenlrpoBaHr4fo ryp6yJreHTHbrx crpyftuulx rer{eH ufi, c

IIctIoJrb3oBaHI'IeM pa3nuqHblx MoAeneft typ6yneuTHocrll ilnn o[peAeneHr{r 3aKogoMepnocrefi

$opnaupoBanl{s cKopocrHblx u reM[eparypublx norefi B BeHrgJrqpyeMorvr rroMeuIeHHH

r4cflorrb3yrorcfl pe3ynbra]tbr pQrueHl{'I r{uc.ireHnLrMH MerOraMV HA 3BM Cr{creMbr ypanueuufi,

BKtlloqalouefi ypaBHeHue Haune-Ctorca, ouepflll{, MaccorepeHoc aH ilr4ecg11augg ryp6ynerirsofi

Kl,Iuerplrrecxofi oHeprI{I{.

Anrop nogpoduo ncaneAyer BrrurHr4e elr6opa MoAenra v BJrr4flHHe BbrxoArtoro

orpHllare.r-rbHofo fpaHHr{Horo ycJroBl4rr Anr AaBneHlIfl i{a ARr{}KeHHfi BO:lAyXa oonruurl}ioft rlaJlarbr

c yqeroM Ten;ioO6NIeHa Ha rorlflocrl q?IcJreI{IToro pemenug cofiocraBJlf,.f, pe3ynbrarbr pacqeroB

c gKCnepI1IMeHTaJIbHbIMX H tII4QiIeIiI{bIMI{ AaHHbrMHi [peAcTaBJIeHHbIMr{ B nl,ITepaType.

B AauHo[ pa6ore r43yqeHo Brnqulre r]brxoAuoro orpr,ruareJrbHoro rpanr,rrruoro yaJroBufl

Anfl AaBJIeHI4s Ha npouecce BeHTI4JII{r{HH 6onrurrqirofi naJrarbr c l{€Tona rennoo6MeFra.

B ntrueasllo xgHH ble rr oATts ep )K,4a er ttl(T)&r ir,Ho crb Al{cce pr.ar(au .

[eiruuccfleAoBaHHfl:[emn[ccJ1e/(0riai.II4'lItsJIJle'i.c"p$*

crpyfiuux ryp6yileHrHblx re.{enprfi B paMr(ax npurinaAnoro nf,x9?U9ilEt{FgHmi'rmd',ffoqrcme
Krrprarscrurfi rouy4apaeouuu$
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BeHTI'IJUIIIUU uHSexquosurtfi ruularbl Kapacyficrofi reppr,rropuzurnnofi $onnHuqu. Ans
AOCTLTXeHHfl [OCTaBneHHOfi rlenu peuraJrr{cb cneAyrorqHe 3aAar{rr :

l. flpoeeAegue aHaJll{rl{"recKoro o6sopa cyuecrByauux MeroAoB rrncJreHHoro

MoAenlrpoBallr-f, ryp6yneH'rHblx crpyfturrx reqeuufi kr orpeleJreufle Bo3Moxubrx nyrefi HX

Azulrsefi ruero ycoB eprue HcrBoB antrfi.

2. flponepKa aAeKBarHocrll l{cttoJlb3yenrofi MareMarnqecxofi MoAeJrH nyreM rrl4cJreggoro

MoAenr,rpoBaHnfl [prrcreuo.rHofi ryp6ynenruofi crpyfi .,

3. MoaeJIHpoBaHr4e BITkrfrHI4JI rfi{cna PefisoirbAca naAarouefi ryp$yrregTgofi uunarrsofi
crpyr4 Ha oxra)KAerrr4e HarpeBarenrnofi [Jiacrr4ubr.

4. MoAelnpoBaHI'Ie BrIHgHIt.tI I{HTeHcI,IBHocrH 'ryp6yneHTuocrr,r nxoAuofi crpyr.r Ha

trPOIIeCC BEHT}IJISIII4I4 MOA9JII,I II OMEIqEHHfl .

5. MoAemlpoBaur{e BrrtrfrHlrfi, or?uuarenbgoro BbrxoAHoro rpaHr4rrgoro ycnoBr.r.fi Anrr

AaBTIeHI{fl Ha llpouecce BeHTHJTflIIHH MOAeJrr{ raHr}exquousofi [arraTbr Kapacyficxofi

reppr{ropnanbHofi 6onnuprubr c yqeroM rennoo6Meua.

Crpyrcrypa u o6reu Arlcceprarlur. Co4epxcauae Ar4ccepr arrprr4 coorBercrByer uayvnofi

cneUualrbHocrn 01 .02.05-MexaHI{Ka xIIAKocrpI, raga H nJIa3Mbr r{ cocrotrr r43 BB9A9HH{, Tpex rJraB,

3aKrroqeHkrfl', npaKTHrrecKl{x peKoHMenAaqnfi, bn6luorpaSnu I4 lrpuJloxesnft. Pa6ora coAep)r(r4T

120 crpaHHu reK cra, 25 pucyul(a, l6 ta6n wr, 7 4 du6rurorpa$rauecrux ccbrJroK H 5 nprEnoxesnft.

Bo BBeAeHuIr rIpeAcraBJIeHbI aKTyaJlbnocrb reMbr A'cgepr ar\Hvr, rIeJrH kr satrtrrkr.

flpune4enbr cBeAeH rl.fl o 6 anpo 6 a\avt pa6 ornr.

B nepnoft rJraBe rpoBeAeH o6sop nr{reparypbr ro coBpeMeHHbrM MeroAaM

MoIeJII'IpoBaHI{.fi typ6yleHrHblx crpyfturx re.renllfi' BbrHyxAessofi KoHBeKrIuu B o6uefi
6omunqHbrx rraJrar. flponeleH ar{turrr3 Aocryruofi uayquofi Jrureparypbr r4 pe3yrrbraroB Apyrnx
aBropoB.

Bo ntopofi rJIaBe paccMorpeubl MeroArI AlrcKperu3aqtrru o6o6glegHoro ypaBgegr4s

uepeHoca [nfl, o6o6ueugofi nepeMegsoft ua oclloBe kferoAa Kogrponbgbrx o6reNlos B paMKax

raKera OpenFOAM.

B rpernefi rJIaBe rIpeAcraBJIeHbI pe3ynbrarbr rrucreHHoe MoAerr,rpoBagr{e crpyfinux
typ6yleuTHbrx re.reHuft. B arofi rJrage lrpnBeAeHbr pe3ynbrarbr co6crnegnbrx r,rccJre.[osauuE.

Hayunas HoBrr3Ha floJryrreHnbrx pelyJrbrarog pa6oru.

L floxasallo, Erro rrpr4 N,roAeJrupoBarrlru npoqecca oxnaxAeHprfi HarpeBareJrbgofi uuacrr4Hbi c

pocroM .q{wcilaPefiuons,qca I'IMnarrsofi crpyl,I or 8 000 ao 48 000 nonbrrrraerc.fl Bbrrrr4crrr4rerbHa.rr

eQSercruBHocrb qI'IcJIeHHbIX pacrreroB c Haflepe.u sa.qauHofi Toquocrbro, a LIMeHHo rrl4cro

utepaqufi WeHbllraer}fl' Ha 27 .93 % u BpeM.s pacqera yMeHbr1r aercflr Ha 27 .g2% nrrfl.

buo yantkEp s i I on M oAerr r.r ryp 6 1'neurnocrr4.



2. Kporue roro, qucnenHblM MoAeJrr.rpoBal{r4eM o6uapyxeuo se paBHoMepHoe

pacupeAeJleHl'Ie cpe.UHeft TeM[epaTypbl Terteuufi B cpeguefi ropr{3oHranrgofi nJrocr(oerr4

pacqerHofi o6nacrr{.

3. llony'reHo noAo6ple rer{euuft s MoAeJrfix raJrar c pa3Mepaun 3x1x L u 9x3x L n AByx

reoMerpl4r{ecKl4 noAo6snrx BeprI4KaJIbHbIX ceqeuuflx. lloxasauo, coorBercrBr,re Mex(Ay

3Kc[epHMeHToM H qHQTIeHHrIM pacqeroM l\fifl MoAerrE k-o SST flBn.fiercfi uanxyAurefi npu

HHTeHcr,rgHocru 5ol0.

4. flponeAeHo rrpIcJIeHHoe MoAeJIEpoBaHr.re BnurflHtrfl. BbrxoAHoro rpagnrruoro ygroBus Ars

AaBneHIa.g rrpu opraHn3a:llzra BeHTrrJrflIura nnSeKUHoHHofr ualaru c orpuqarerrbHbrM AaBJreHr{eM

Itapacyficxofi reppuropuannnofi 6onrunqu. Oduapyxego, rrro upo$unr cpe4uefi cKopocrr

yBenuquBaercs Ha 6% H 24 % rtpn -8lla pr -16lla orpnllarerlbgbrx 3Harregr,rflx BbrxoAgoro

AaBJIeHr.rr IIo cpaBHeHl,rrc C HyneBhIM BbrxQAHbrM AaBneduent.

5. floxasauo, rITo npu npeAnoxennofi cxeue BenTrannwu unsexquosHofi [arrarbr rrs rpex

[aIII4eI-ITon o6ecner{I4Baerat Hy}Iffiufi crcopoc'ruofi ronasopr -cKopocrb He [peBbrrrraer 3HaqeHr{rr

0.Zwlc.

IlparcrnqecKar 3HarruMocrb noJryrreHnbrx p$yJrbraroB.

IlonyueuHble pe3yJlbrarbl AaHuofi Ar.rccepraqaousoft pa6ornr Bnoc.f,r orpeAerreHuufi

BKnaA B MeroA MareMarHr{ecKoro MoAenldpoBaH}rs ryp6yneHrHbrx crpyftHux re.reHnfi,

Pe:ylntarbl LIccneAoBaHHfl BHeApeHbI B Aeflrenbrrocrb unrpexqraoHnoro orAenegux I(apacyfrcxofi

Teppr.r rop r{ aJr bH o fi 6 o lruuu br "KypualrxaH .{arra".

Tarxe Marepr,{aJrbr Aucceprarlr{H MoxHo r4cnonb3oBarb n y.re6HoM rrpouecce B KaqecrBe

cneuuilIbHoro Kypca rro BbIrIHQJIHtelnsofi rr4ApoAHHaMHKe n rypdylgHTHbrM Ter{eHHsM Arrfi

aTyAeHTOB CTapIUI{X KypCOB, MarI{CTpaHTOB I4 aOIIEparrToB cooTBgTcrByrOuEX ClleqHanbHocreft.

IIoArnep?KAeHue [oJIHorbI onyd.rruroBaur{fl ocgoBnbrx [oJro2mewwfi, pe3yJrbraroB,

BbtBoAoB AlrccepTarlurr.

Ocnonsoe coAepxaHue Al{ccepralllaortHofi paOoru cor{cKarena ony6xnKoBaHnr n 1 1 nayvuux

uy6nnxaulaflx u2 anropcKl4x ctsI,IAereJlbcrBax, B ToM r{r.Icre B Hayr{HbIX }Kypuanax 3a ttpeAeJraMu

Kuprnncxoft Pecny6ntrKkr, Koropble Bxo.{}rr n 6asnAaHHbrx Scopus (1), Pp'IHtl (3), IF -0.173(1).

O6rqee KoJII4rIecrno dalloB npeBbruraer Mur{r,rMaJrbnoe'Tpe6oearrue HAK Kp.

CQopnayJII'IpoBaHHbIe BbIBoAbM tIoJIolr(eHHl, Bt,rHocr4Mbre Ha 3arrln'ry, corfiacy]orc.fl c

[onyrreHHbrMu pe3ynbraraMr{ n ny6nuKarlnrx.

CootnercrBrre anrope$epara coAepil(aHlIIo Ar{ccepraur{H, AnropeSepar BrroJrge

coorBercrByer coAepxaHHlo AHccepraIIHH, Rocranneugbfi s Hefi qerrg r.r gaAarlaM l{ccJreAo Banvrfl.,

I,I I'IMeer I4AeHTLrqHoe pe3}oMe Ha KbIpfbI3cKoM, pyccKoM r4 aHrnuftgxoN,r fl3blKax.



3arre.raHlrfl rro Alrccepraunu.

1. B Auccepraul{u BbIBoAbI no KaXAoff rlane Aar{br or{eub rparrofi $opue.

2. B pa6ore Hcrorb3oBaJlocb rporpaMMa npr4KJraAuoro raKera OpenFOAM, MoxHo 6nrno

acrlonb3oBarb Apyrl4e naKerbl [porpaMM AJrfl cpaBHeHr,rfi pe3yrrbraToB r,rccrreAoBaHHfl.

3. lluercrcfl 3aMerlaHutr IIo oSopnnneulllo r.rnnlocrpa\utrt, ra6laq. C:reAonalo 6u ucronb3oBarb

craHAaprHbre HorauHH, co6mo4arn |OCT.

YxagauHble 3aMe.l'aHvrfl. He cHI,IXaror 3HarIpIMocrH flonyqeHubrx pe3yrlbtaroB u He Brrl{flIor Ha

oOuryro IloJloxtrlrenbHylo oUeHKy .qlacceprallr4or{Horo HccJreAoBaHH.f, 3.K.A6AHMyraJrHnonofi.

BrtnoAnt. fluccepralruouuag padora Ad4r,rnryrarunonofi 3eftHyprr Kasu6eKoBubr Ha

reMy <rlucneuHoe MoAenI4poBaHHe crpyfiHmx ryp6ynenTHbrx re.{eunfi), rpeAcraBJre}rgoft na

coI'IcKaHHe yueHofi crelleHn KaH.(nAara $urraxo-MareMarur{eeKr4x HayK, 11o c11er(Hanbgocr1,r

01 .02-05-MexaHura )KI{AKocTr{, rff}a H IrrIa3MbI, fBJrfleTcr caMocro.fiTerrbnbrM 3aKoHrreHHbrM

HayrIHbIM I,IccneAoBaHHeM. Pa6om coAepxr{T Hayr{Hyro HoBH3Hy, r4rvreer npur(naA'yro

3HatILIMocrb. Crpyrcrypa H coAepxagr.re Alrccepr arrr4r4. orpaxaror Hayrrgbre rrortor(errr{s H

pe3ynbrarbl l{caneAoBalj^wfl, orBerlaloT rpeoonauvrflM u Kpr,rrepuqM HAK KP (o IIopsAKe

rpHcy)I(AeHI4tr yYeHblx creneFleil>>, npegrrflBJlfleMblM K KaHAI{narcKHM Arrcceprar[n{M, a ee aarop

A6aarvryraJrunoBa 3efiHypa KasudeKoBna 3acny)KaBaer irpucy)KrleHr4ri yveuofi creneur{

KaHAI'IAara Qu:nxo-MareMarHr{ecKllx HayK rro crlellnanbHocru 01.02.05-naexagr4Ka )KHAKocrrr,

TA}AH IIJITI3MbI.

O$prquarssrrfi orrroHeHr KaHAHAaT $usrlKo-

MareMarurlecKux HayK" AoueHT rcaQe,qpbr

nu$oprraaq?roHi-rbrx

IrIccun<-Itynr,cKoro

focyAapcTBeHHofo yHHBepcr4TgTa

nM. K. TusucraHoBa rcos K. A.
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