
3AKIK)tIEHI4E (nonro Puoe)

PauarOn Ky6aurru CaAuHonutlr KaHAuAaT TexHutIeCKHx HayK, SKCIIepTt npUnle'renHstfi

ArrccepTauuoHHbrM coBeToM A 05.21.631 npu I,IHcruryre MaIUIIHOBeAeHI'Iq L aBTOMaTI{Krl

Haquoua.nrHoft araAeMIIIr Hayrc KsIprrlgCKofi Pecny6,'Iurcu u Kutprtt:cxo-POccuftcxona

C,ransucxoM yHHBepcLITeTe una. E.H. E.nuquHa 11o Al'Iccepra[uu Typrau6aenofi Arcuaplr

Ea,.rra6aesroi ncoraaHrre aJrroplrrMa Arq MareMar[qecKoro MoAeJrupoBaHuq reqesufr

HaA cJIOx(Hoft noAcru.larouleft IIoBepxHocTbH))), fipeAcTaBJleunofr Ha Co[cKaHIIe yqeHofi

cTerreHrr KaHArrAaTa surnro-rvraTeMarr{qecKlrx HayK 11o c[euHaJIbHocrl{ 05'13'18-

MaTeMaTIIqecKoe MoAeJIIIpoBaHIIe, qIIcJIeHHbIe MeToAbI I,I KoMIIJIeKcbI tIpoIpaMM,

paccMorpeB rpeAcTaBneHHylo col4cKarerteru Typran6aeeoft A. B luccepraUulo, rtpl4tuen K

cJreAyloqeMy 3aKnloqeHl{}o.

l. Coorsercrn[e pa6orsl crrequaJlbHocrl{t no xoropofi AaHo rpaBo

ArrccepTaIIIrOHHOMyCOBeryIIpllHI{MaTbAHCCepTauI',II',IK3aIUUTe
O6nacrr r4ccneAoBaHH, npeAcraBneHHofi KaHAI4AarcKofi AHcceprau[H coorBercrByer

npoQnnro AI4ccepralllloHHolo coBera.

Hacrosqa.s Ar,rccepTaurroHHa, pa6ora flocBfllueHa npo6leuau MaTeMaTI'IqecKor.o

MoAenldpoBauux rp€xMepHblx ryp6yleurHblx oTpbIBHbIx Teqe:uuit' u nepeHoca 3KOJIoluqecKI{

BpeAHbIx npuuecefi. Paccrnrorpeuur Bonpocbl [pHMeHeHI'Iq [porpaMMHolo o6ecneqesus c

r4cnoJIb3oBaHI,IeM reonusoprvrauuoggoft cplcreMbI H MareMarI'ILIecKolo MoAenI4poBaHI/,s' BlrklflHufl'

ecTecTBeHHOro [peII,TCTBL fl Ha pacIIpocTpaHeHI'L SKOJIOrI4qecKI4 BpeAHbIX np14MeCeft'

BrnOlsenO qUCJIeHHoe MOAenHpOB urrre, pa3pa6oTaH a,'IrOpI'ITM noCTpOeHI4x rpexrraepHOfi

pacveruofi ceT1r.r ;1nfl 34aqv o6r.*unm ecTecTBeHHOrO trpenflTcTBl'Is ropbl cylaftuau,

lrcroJrBoBaH aJrropr.rrM u KoMrrJreKc [porpaMMHblx cpeAcrB (passivescalarSimpleFoam,

GRASS GIS8, Python, Gnuplot), Ilo3BonflIolqufi '{ucIeHHyIo peann3allu}o 3a/Jiaqu BlluflHt4fl

ecTecTBeHHOro [pe[rTcTBLIq Ha paclpocTpaHeHl'Ie SKOJIOrUqecKL BpeAHux npulteceft', qTo

orBerraer naclopry c[equaJrbHocrr.r 05.13.18 - rvrareMarraqecKoe MoAeJIupoBaHI4e, qHcJIeHHbIe

MeroAbI I4 KOMnJIeKcbI rlpofpaMM, n.4, n.5,t1.7.

2. Ilelrro AHCCeprarIrroHHOfi pa6orbr sBJrflercfl MareMarHr{ecKoe MoAenHpoBaHI'Ie

BltrlflHLrfl. ecTecrBeHHOrO flpensrcrBLrf, Ha pacflpocrpaHeHI'Ifl 3KOJIOTUqeCKI'I BpeAHbtx uputuecefi

Ha npplMepe ropbl Cynafirvran, l. Oru B paMKax flaxera OpenFOAM'

OcHonusle 3aILaliv Al'Icceprauuousofi pa6orlr :

I. TIUCICHUOC MOAEIIUPOBAHI'IE BJII'If,HI4fl ECTCCTBCHHO|O TIPCNflTCTBVIfl' HA PACIIPOCTPAHEHI,I'I'

gKoJlortrqecKl4 BpeAHbIx npuluecefi Ha rlpuMepe ropbl Cy:rafiuau, r' Oru;

2. Patpa6oira aJlropl.IrMa rlocrpoeHl4r rpexr',tepuofi pacuerHofi cerKl4 c noMolqblo

snappyHexMesh Als 3a1aq1 o6rexaHuq Bo3AylxHbIM tloToKoM ropu Cylaltltau ;

3. Bepu$rarallns uc[onb3oBaHHolo orKpblToro 11a1eTa OpenFOAMT, ycrauoeJleHHolo B

oneparlrroHHofi cprcTeMe Ubuntu 20.04 if.S Ha pa3JI[qHbIx 3aAarlax BbIrIHcJILTelrnofi

aSporllApoAI{HaMI',IKI{.
Coomeemcmsue o,teKma uccnedosauun duccepmaquu qeilu u 3qdaltaM duccepmaquu'

O6texrOrra I,IoCJIeAOBaHIas f,BJIreTcfl TpexMepHble ryp6yneHTHbIe atrraoCQepurte TeqeHI{s'

flpeAuetour uCCneAOBaHI'Ifl .,IBJI,eTCf tII4CIeHHOe HccJIeAoBaHI'Ie BilI/.flHvlfl eCTecTBeHHOro

npenflTCTBI4 f. Ha pacflpocTpaHeH[e 3KoJIOTI'IqecKI4 BpeAHblx IIpHMeCefi' IJ,:rr AoCTuxeHu'

IOCTaBJISHHOfi e ALICcepTaIII4oHHOfi pa6ore qenu uCCneAOBaHH, I4 peuIeHI'Ls 3aAatl npuMeHtrnl4cb

pa3nr4qHble qllcJreHHbre MeroAbI: MeroA KoHTponbHsx o6:servlog n roIvI6uHaUI4H c pa3nI'Ir{HbIMI'I

cxeMaMr{ Ar4cKperl43a\uv Llrfl3aAar{u nepeHoca Qusuuecxofi neluqnsbl, Mero'qbl.Ttp1"1111-1
v^vlYlolvlfr A4v!\yvrrrJe+1,' AJL" __-r---- _ 
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Anfl pacqeTa sua.reHr4ft BeIHr{trH Ha fpaHH pacueruoft sqefiKu, MeToA faycc 14CICHI,Iq

bHOCTI4
HHTefpanoB. 3ru MeToAbr cooTBercTByror rpe6oBaHHrM K I'lCcneAoBaHI4IO

05.13.18 - rrlaretraTr.rqecKoe MoAenupoBAHV1, qncJIeHHL,le MeToAbl I',I KOM

Axmyanuuocma mel4bt duccepmaquu. Lts npoBeAeHus HarypHblx"-':::.^:::,,::^....: 
". 
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/ 3arparbl' flosrorr'ry MareMarllqecKoe MoAenlrpoBaHlre c trpuMeHeHaelr 6rrcrpo4eftcrnyioqnx
MHororlpoueccopHblx BbIqI'IcJII{TeJIbHbx KoMrrJreKcoB 3Har{r4TeJrbHo o6rer.{aer rpyAbr
I'IccreAoBarerq. B rl4cceprauuosnofi pa6ore [poBoArrrc fl vccneiloBaHr4e 3a1aqkr
BE'Iqucnl{Telrsofi aSpoII{HaMuxu o6rexaHI{, HepoBHrrx rroBepxHocrefi MeorHocrr{ c yr{eroM
pacnpocrpaHeHEfl 3Ko.[oll4r{ecKl4 BpeAHbrx npzMecefi. YcoaepureHcrBoBaHue cyuecrByrorrlux
Mero,{oB MoAenLIpoBaHI4s rp€xuepHrx ryp6y:renrnrrx orpbrBHbx reqesufi vt [epeHoca
gKonorl{.IecKll Bpe.4Hbx npuueceft olpeAenqrcT axTyanbHocrb reMbr r4ccneAoBaHlrr.

Ha ocHosaHprlI BbrrrreH3JroxeHHoro MoxHo 3aKJrroqurb, r{To HayqHoe r,rccJreAoBaHr{e,
BbIrIorIHeHHoe corlcKareJreM Typran6aenofi A.8., flpeAcraBnflercf, aKTyaJ,rbHbrM 14

cBoeBpeMeHHbrM.

3. Hayunue pe3y,rrbrarr,r.
3.1. B pa6ore npeAcraBneHbl Hayuuo-o6ocHoBaHHbre reoperr.rr{ecKr.re 14 rrpaKrlrrrec67e
pe3ynbTaTbl, COBOKyIIHOCTb KOTOpbIx uMeeT HeManOBaxHOe 3Har{eHVe Anfl pa3BuTkrfl SuSuXO-
MareMarHr{ecrofi HayKpI. Paspa6oraH antopl4TM nocrpoeHrrr rpexnrepuoft pacueruofi cerxu grr
3araqr4 o6rerauus ecrecrBeHHoto flpefisrcrBr{fl roprr CynaftuaH ropo4a Oru, rdcrroJrb3oBaH
KoMrlneKc rporpaMMHblx cpercrn (passiveScalarSimpleFoam, GRASS GIS8, Python, Gnuplot),
nossorslouufi qucneHHylo peanu3aqulo 3aAalru BrrzrfrHrrx ecrecrBeHHoro npentrTcrBrrlr Ha
pacnpocrpaHeHHe SKororI4qecKI,I BpeIHbIx npllMecefi, npone4eH pacr{er Blr:afl:atfl ecrecrBeHHoro
npenrrcrBlrfl ropEl Cylafirr'rau, r. Oru Ha paclpocrpaHeHpre gKonoulqecxrz BpeAHLx npuuecefi.
3.2. o6o,roeaHlre AocroBepHocr, Hayr{Hbrx pe3ynbraroB. Bce nonyr{eHHbre aBTopoM
pe3ynbrarbl I'I BbIBoAbI AocToBepHbI, TaK KaK rrorrBepxAeHbr [r o6ocHosaHbr Koppexruoft
uocraHoel(ofi 3aI.a'{v, o6ocHoeanHrh,{ ucnoJrb3oBaH1,1eM MeroAoB MareMarur{ecKoro
MOAenIrpoBaHI{fl LI [pofpaMMl{poBaHr.rr, qr{cJreHHbrx MeroAoB, IOCrrxenufi conpenrenHofr
BbIr{HcJrl'ITelruofi c}rcreMbl, AocraroqHbrM o6reltou [poBeAeHHbrx BbIr{HcJrI4TeJIbHbx
3KCIepLIMeHTOB I'I CpaBHeHUeM [Onyr{eHHbrx r{HcJ]eHHbrx pe3ynbraroB rr cool.BercrByroqrrMr{
SKCIIeprrMeHTanbHbrMr.I z pacr{eTHbrMpr AaHHbrMr{.
3'3. TeoperurrecKoe 3HaqeHHe pa6oru onpeAenflercs aclonb3oBaHzeM Mero.(a 11ocrpoeH6q
rp€xrrepHoft pac.rernoft cerKr4 Anfl 3aAar{ o6rexanuq ecrecrBeHHoto [pcrrf,TcrBuq ropbr
Cy:rafinaan ropoAa ort ra anropl4TMa Anrr MareMarurrecKoro Morenr4poBaHur rpexMepHbrx
ryp6y:reHrHblx orpblBHblx reqeHnfi z nepeuoca sKonoruqecKr4 BpeAHbrx npnlrecefi.
3.4. CoorsercrBl{e KBairlu0zxaquoHnoMy npr{3Haxy. IlpegcraBJreuHa, pa6ora coorBercrByer
ocHoBHF,IM xnanuSuxaul4oHHblM [pI43HaKaM KaHArrAarcKr,rx aucceptaryuil, r.[. 10
lloloxenzs o [op.rrAKe [pucyxAeHnfl yrreHofi crerreHr4 KaHupr+ara $n:uro_
MaTeMaTI{rIecKI4x HayK no cnequ€LllbHocTl4 05.13.18 - l,rareuarr.rqecxoe MolenrrpoBaH1re,
qI4CJIeHHbIe MeTOALI V KOMIIJIeKCbI [pOrpaMM, {BJItreTCs aHAzeagyaltnOft HayqHO-
rna,rzrluxaquonuofi pa6oroft, uueioqeft cyrqecrBeHHoe rrpaxTr4.recxoft 3Har{eHhe.

4. Ilparruqecnaq 3HaquMocrr, uoryqeHHr,rx peiyJ.rbraroB (g.rrn olpacJ,ru, crpaHbr,
uupa). Pesylsraru .qrccepraqlroHuoft pa6oru Moryr 6rmr prcnoJrb3oBaurr Ans pippa6orxu
HayqHo o6ocHosaHHrrx uepoupnxrufi npa rparocrpor4TeJrbcrBe e c$epe [oBbrrrreHgfl
3KoJloruqecxofi 6esonacHocrl4 u 3KoJlorpIqecxoir rconrcfoprnocrlr yp6aura3oBaHHbrx reppuropufi.
A raxNe nonyr{eHHble pe3ynbrarbl Ar.rcceprar]HoHHofi pa6orrr Moryr 6snr ucnoJrl3oBaHbr B
pa^:pa6orre reppHropnalrirofi aBroMarr.r3upoaarfnofi cacreMbr KoHTpoJrtr nu6pocon
3arpr3Hrrre:refi s aruroc$epy.



5. C o orsercrBrre anropeQepara coAeptxaHrrto ArrccepraIII'rH

Aarope$epar rroJrHocrbro coorBercrByer coAepxaHlrlo Allccepral\rrvt, nocraBJleHuoft n

Hefi uenu I.I 3aAaqaM llccneAoBaHlr[.

6.3aMeqaHuq
1. B npe,UcrasreHHofi Arrcceprarluorirrofi pa6ore npI4BoAlITcq uclorb3oBaHple cyulecrByloull4x

rrporpaMMHbrx cpeAcrB. Bsr.no 6u He JTI4IUHI4M pa3pa6orKy vr BHeApeHI{e co6crseHHoro

lpofpaMMHof o rpoAyKTa Ans peanr43arlupr [peAnoxeHHoro anlopl4TMa pelxeHuq 3anaqv.

2. B r.rsroxeHuu pa6orbr HMelorc fr c rnrrvrcrrtqecKue Heror{Hocrv u cLtr"rancl4qecrue orulr6xu.

7. IIpeg,'IoxeHuq
1. HasHa.{urb B KatrecrBe BeAyrueft opraHusaquu rcarlegpy llpurlaAnoft untfoprraaruxra

Saxylrrera Qusuxo-MareMarrrqecKoro o6pa:oeaHNr Lt unQoprtaaulaoHHbIx rexnolorprft

Krrprsrcxoro rocy.(apcrBeHHoro yHr{Bepcl{Tera I4MeHI4 I,hueua,rrt Apa6aena,

2. Ha:Ha.urt nepBErM or[uqua-nrHrru onIIoHeHToM a.tf.-rra.H. Kepurr.r6ercona A',

r{Merorlero BaxHbre Hayr{Hbre rpyAbl no reMa'ruKe HccJIeAoBaHLIf, Al{ccepralluossofi pa6orbl

(cnequa:nuocrb no rpyAaM 05. 1 3. 1 8).

3. Ha:Haqzm BropbrM o$uqua,rruuu ornoHeHToM x.$.-rvl.n. Kaprauoay A. Ix.,
uueroulefi BaxHbre HayqHbre rpyAbr uo reMaruKe I,IccJIeAoBaHI{n Alrcceprauuorirroft pa6orrr

(cnequanrHocrb rlo aaroperlepary 05. 1 3. 1 8).

9. 3arcflro.reHue

[ucceprauuoHHa.f, pa6ora Typrau6aeeofr A. E. f, BJrrerct r4H1uB:aily anurofi :axon'{eHHofi

Hayr{Ho-KBalraSuxaqraonnoft pa6orofi, rtocBqureHHr,tfi arrya:nnofi reue, coAepxaHlze orBer{aer

rnaluQnxaqproHHbrM rrpr,r3HaxaM rr coorBercrByer rpe6onauuslt HAK [KP, rtpeA:sf,BnfleMblM K

KaHAr{AarcKr.rM Ar,rcceprarllrf,M rro cneq}raJlbHocrrl05.13.18 - MareuarutlecKoe MoAenI{poBaulore)

I{I,{CIEHH6IC M ETOAEI I,I KOMIIJIEKCbI NP OIPAMM.

10. 3rccuepr ArrcceprarlrroHHoro coBera, paccMorpeB rlpeAcraBJIeHHbIe AoKyMeHTr,It

peKoMeHAyer Ar{cceprarlrroHHoMy coBery A 05.21.631 upu I4ucruryre MatulrHoBelcHlafl r'l

aBToMarrrKu HAH KP u Krrpru:cxo-PoccuitcxoM CrassHcKoM yHI4BepcI'ITere prvenu E. H.

E.rrquna [pr,rHf,Tb Ar.rcceprarluro Ha reMy <Co:4aHue anropl{TMa AnrI MareMarl{qecKolo

MoAenrrpoBaHu.s rer{eHuil ua1 cloNnofi noAcrurla}oruefi nonepxHocrE'}o), [peAcraBneHHylo Ha

cor.rcKaHrre yuenoft crerreHr{ KaHALrAara r}u:llxo-uareMar[r{ecKux HayK no cneq}IiubHocrpI

05.13.18 - MareMarr,rqecKoe Mo,{enprpoBaHrre, qr{cJreHHble MeroAbI Ir KoMrIJIeKcbI nporpaMM.

Sxcnepr:

K.r.H., AorIeHr rcaSeAprr TIOKC

KITY un.I{.Par3aKoBa K.C.

lo''il.,



3AKJIIOqEHI,IE

Papraron Ky6anux CaAunonurr, KaHAr.rAar rexHrrqecrrrx HayK, gKcnepr, upnnrevennrrfi
AlrcceprarllroHHblM coBeroM A 05.21.631 npu llncruryre MarrrrrHoBeAenlrfl rr aBToMarlrnu
Haqlroua.rrtnofi aKaAeMHlr HayK Krrprurcrcoft Pecrry6JrnKlr u Kuprrrscro-Pocc[ftcxou
CJrassHcrcoM yHrlBepcrrrere upr. B.H. E.nrquna no Arrcceprarlnr Typrandaenoft Arcuapn
Balrabaennrr <<CocAaHrre aJrroprrrMa Afls MareMarr.rqecKoro MoAeJrrrpoBau[s reqenuft naA
c.noxnoft [oAcrllJrarcqefi nonepxHocrbro), npeAcraB;rennoft Ha colrcKaHue yrreHoft crenenu
KaHAlrAara Qnrnro-rvrareMarrrrecKrrx HayK rro c[eq[aJrbHocrrr 05.13.18- MareMarrrrrecKoe
MOAeJT[pOBaHrrer qrrcJreHHbre MeroAbr u KoMrrJreKcbr rrpofpaMM, paccMorpeB
rIpeAcraBJIeHHyIo corlcKareJleu Typran6aenofi A. E 4ucceprarluro, rpurreJr K cJreAyroqeMy
3UIKIIOqEHI,IIo.

1. Coornercrnue pa6orrr cueqlraJrbHocrlr, no roropoft AaHo rrpaBo
Ar{ccepTarlrroHHoMy coBeTy npr.rHr.rMaTb ArrccepTarlrrrr K 3arrlrrTe

flpe4craueHHtur KaHAr,rAarcKa-f, Aprcceprarlr.rf, coorBercrByer upoQunro
Ar,rccepTarlHoHHoto coBeTa.

Hacroqua, Al4cceprarlploHHa"f, pa6ora [ocBflrrleHa K upo6leuana MareMarr4trecKoro
MoAeJlupoBauux tpexMepHblx ryp6ynenrHbrx orpbrBHbrx te.reHr.rft !r [epeHoca gKoJrorrrqecKr,r
BpeAHbIx npuuecefi. Paccnaotpeuu Bo[pocbr [pr.rMeHeHufi uporpaMMuoro o6ecue.reHr.rs c
rIcrIoJIb3oBaHLIeM reor.rn(foprr.raqvonnofi clrcreMbr r.r MareMarr.rqecKoto MoAeJrr{poBalus. B1tnflHvtfl.
ecrecrBeHHolo ilperlrrcrBl,Ifl Ha pacnpocrpaHel/,us. SKoJroruqecKr,r BpeAHbrx upunaecefi.
Bslnonueuo qrlcneHHoe MoAenlrpoBaHr.re, paspa6orau MeroA rrocrpoeHr,rr rpOxl,repnofi pac.reruoft
cerKI'I I^rfr, gallaqu o6rexanll ecrecrBeHHoro nperrflTcrBr.rs ropbr Cylaftuan, rrc[oJrb3oBaH
arlropllrM x KoMrIrIeKc nporpaMMHblx cpeAcrn (passiveScalarsimpleFoam, GRASS GIS8,
Python, Gnuplot), uo3BoJlflIolquft .rficreHHyro pean]r3artrurc sq'/la.qfi BltuflHyts. ecrecrBeHHoro
npen.f,TcrBllfl' Ha pacnpocrpaHeHr.re gxoJrotuqec([ BpeAHbrx upuueceft, rrro B nomrofi uepe
orBeqaer [aclopry cnelll{i}JlbHoctn 05.13.18 - rr,rareMarurrecKoe MoAeJr}rpoBaHrre, qr{cJreHHbre
MeTOAbr r.r KoMrrJreKcbr rrporpaMM.

2. Ile;rsro Alrcceprarlnonnofi paOoru rBJrserc, MareMaruqecKoe MoAeJrr{poBaHr{e
BItUflHVts, ecTecrBeHHoro flpeflrTcTBr.rfl Ha paclpocTpaHeHr{, gKOIOrr.rqeCKr{ BpeAHrx npr.rrraeceft
Ha rrpr{Mepe ropbr Cynafiuau, r. Oru B paMKax rraKera OpenFOAM.

Ouronnsre 3aAaq[ Ar{cceprarlr.ronuofi pa6oru :

l. r{ucleuuoe MoAeJILIpoBaHI{e BJrr.rrHr{s ecrecrBeHHoro npenrrcrBvrfl, HapacupocrpaHeHrr.,r
sKOJrOr[qeCKr,r BpeAHbrx nprEueceft Ha flpr{Mepe ropbr Cylafiiraau, r. Oru;
2. Paspa6orxa anropurMa rlocrpoeHus rp€xuepuofi pacueurofi cerKr{ c noMorrlbro
snappyHexMe sh Lils, 3 a!.aqu o6rercauus Bo3AyrxHbrM rroroKoM roprr Cynaft uan ;
3. Bepu(pHr<aIII,Ifl LIcIIoJIb3oBaHHoro orrpbrroro raKera OpenFOAMT, ycrauowreHHoro B
ouepaquonnoft crlcreMe Ubuntu 20.04 LTS Ha pa3JrurrHbrx 3aAarrax Bhrqr,rcJrr.rrenrnofi
agporr.rApoAHHilMr.rKlr.

Coomeemcmeue o1ueKma uccfledoeauun duccepma4uu qe,ilu u sadaraaM duccepmaquu.
O6rexrou pIccJIeAoBaHLL sBJlrercfi TpexMepHbre ryp6yneHTHbre aruocsepnsre reqeHr,r.fl.
flpe4uetona [ccJIeAoBaHH, ,BJlrercs qIacreHHoe r,rccJreAoBaHr.re BlruflHufi. ecrecrBeHHoro
nperlflTcrBllff Ha pac[pocrpaHeHr.re sKororuqecKrl BpeAHhrx npuuecefi. lgtfl Aocrr{xegr,rf,
[ocraBJleHHofi n guccepraquonuofi pa6ore rlerur rrccJreAoBalrrltr r.r pelreH[s 3a,{atr [pr{MeHflJrr{cb
pa3nuqHble qrIcJIeHHhIe MeroALr: MeroA KoHTponbHrx o6reuos s rol,r6una\t4u c pa3rurrHbrMr.r
cxeMaMr.r Ar{cKperr.r3 a\uH A,.fl 3 aAarrH rrepeHoca $ usuuecxofi nenuunnrr,
AJI, pacrrera gHa.reHr.rfi Berr.rqr,rH ,u .puHH puararroh sqefixu, uero,q f BhIqUCJIEHI{f,AJU pacrrera gHa.reHufi Berl,rqr,rH Ha rpaHa pactrerHo , uero4 fr
r,rHTerpaJron. 3tu MeroAbr coorBercrByror rpe6oBarrr.rflM K
05. 1 3. I 8 - uareuaruqecKoe MoAenr,rpoB alue ) qr.rcJreHubre MeroAbr r.r

Arcmyanuuocmu me.l4bt duccepmaquu. fitn npoBeAeHr,r,
vccneAoBaHufi n reoSKoJlofHrrecKr,rx 3a.{aqax HyxHbI 60lsruue pt

'\jt' d/'/3/-.
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3arparbl. Iloetovty MareMarrqecKoe MoAeJrfipoBaHlre c rpr,rMeHeHrel,r 6rrcrpo4eftcrnyroqzx
MHoro[poqeccopHbrx Bbrqr,rcJrr{TeJrbHbrx KoMrrJreKcoB 3Harrr,rreJrbHo o6nerqaer rpyAbr
rrccneAoBarenfl. B Ar{cceprarluouuoft pa6ote [poBoAr,rrcfl r.rccneAoBaH]re 3aAatru
Bbrq[crr,rremnoft iupo.qr,rHaMuru o6rexaHn, HepoBHbrx rroBepxHocrefi uecrnocru c ytreroM
pacnpocrpameuufl. oKofloruqecKr{ BpeAHbrx npr,rMecefi. YcoseprueHcrBoBaHue cyqecrByloqfix
MeroAoB MoAenr,rpoBaHu, rpexuepurx ryp6ynenrnrx orpbrBHbrx reqeHr,rfi Lr [epeuoca
gKoJroruqecKr{ BpeAHbx uprEueceft, oflpeAeJrrror aKTyturbHocrb reMbr r.rccJreAoBaHr.rr.

Ha ocnosaHI,ILI Bblruer3JloxeHHoro MoxHo 3aKJIrorIIrITb, rITo HafrHoe I,IccJIeAoBaHHe,

BbInoJIHeHHoe colrcKareJreM Typran6aenofi A.8., npeAcraBJrflercfl. aKTyErnbHbM u
cBoeBpeMeHHbrM.

3. Hayunue pe3yJrbrarbr.

3.1. B pa6ote [peAcraBJleHbr HoBbre HayqHo-o6ourosaHHbre reoperr{rrecKr.re u flpaKTr.rtrecKr,re

pe3yJrbTaTbr, coBoKy[HocTb KoTopbrx r{MeeT 3HarrrlrTeJrbHoe 3HaqeHVe AIrs, pa3BuTkrfl Qr'rsuro-
MareMarr.Irrecxoft HayKH. Paspa6omH ilrropr,rrM rrocrpoeHr.rx rp€xuepuofi pacueruofi cerru Ars
3aAarII{ o6rexanr.Is ecrecrBeHHoro [peflflTcrBr{, ropsr Cynafiuas ropoAa Oru, l,rcuoJrb3oBa}I

KoMrrreKc rporpaMMHbrx cpeAcm (passiveScalarSimpleFoam, GRASS GISS, Python, Gnuplot),
fio3Bonflroruufi .nacuenuyrc pean[3arl]rrc ga4awr Blu4fl:ar4fl. ecrecrBeHHoro trpelrrrcrBlrfi. Ha

pacfipocrpaHeHr.re gKoJror[qecKu BpeAHbrx [pl{Mecefi, upone4eH pactler BlrvrfrHvtfl. ecrecrBeHHoro

rrpe[f,TcrBr{r ropbr Cyraftuan, r. Oru Ha paclpocrpaHeHrre gKoJrorrruecKr,r BpeAHLrx npuueceft.

3.2. O6ocnoBaHrre AocroBepHocrv HayqHbrx pe3ynbraros. Bce rroJrfreHHbre aBTopoM pe3yJrbrarbr

LI BbIBoAbI AocroBepHbr, TaK KaK rroATBepx,{eHbr z o6ocnoraHbr Koppexrnofi uocranonrofi
3agtaqn, o6ocnonanHrru ]rcnoJrb3oBaHl4eM MeroAoB MareMarl{tlecKoro MoAenI,IpoBaHI,L vr

flporpaMMr{poBaHu.f,, qr,rcJreHHbrx MeroAoB, Aocruxenuft conperuennofi BbrrrrrcJrr.rrensnoft

cI,IcreMhI, AocrarorlHhlM o6renaona npoBeAeHHhrx BhIrr[cJIHTeJIbHblx gKcnep]IMeHToB u
cpaBHeHI4eM noryqeHHbx rrr,rcJreHHLrx pByJrbTaToB vt cooTBeTcTByroqr.rMr{

SKCIIepLIMeHTaIJIEHbIMT,T U paorreTHblMr.r AaHHbIMI{.

3.3. TeoperllqecKoe 3HatreHr{e pa6oru o[peAenrercfi r,rcnoJrb3oBaHrreM MeroAa nocrpoeHlr,
tpexnaepnoff pacuernofi cerx[ AIrfl 3aAatr o6rexauus ecrecrBeHHoro npe[srcrBr.rs ropbr
Cy:raftuan ropoga Oru rI anropr,rrMa An, MareMarr{qecKoro MoAeJrr,rpoBannr rp€xMepHbD(
ryp6ynenrHbrx orpbrBHbrx rerreHufi n nepeuoca gKoJrorlEqecKu BpeAHbrx uprEuecefi.
3.4. CoorsercrBre rnalu(pmaqrloHHoMy npH3HaKy

flpe4cranneHHarr pa6ora coorBercrByer ocHoBHbrM rnaru(furarlrdoHHbrM rrpr,BHaKaM

KaHAuAarcKux Ar4ccepraqufi, n.n. 10 floloxenus o rtops,(Ke rrp[cyx.(eHufl yrreHofi creuenu
KaH.uI4Aara Susuxo-lrareMarvqecKr4x HayK rro cleqlraJrbHocru 05.13.18 - MareMarr,rqecKoe

MO.(enupoBaHAe, qlrcrteHHbre MeToAbI H KoMrrJreKcbr rrporpaMM, gBJlf,eTcg. uuguBu4yalruofi
HayqHo-KBanu(puraquoHnofi pa6oroft, urrrerorqeft cyqecrBeHHoe upaKTr{.recroft 3HaqeHue.

4. IlpaxruqecKafl 3HaqlrMocrb roflyqeHHbrx peyJrbraron (.u;rr orpacJrrr, crpaHbr,
uupa). Pesymraru .u{cceprarluonnofi pa6orsr Moryr 6rrm ucnoirb3oBaHbr Ars patpa6orxll
Hayquo o6ourosaHuHx uepoupurrraft rpu rpaAocrpor{TeJrbcrBe r c(fepe rroBbrrneHr.rs

grororuqecxoft 6esouacHocrll H gKoJrorurrecxofi xonrSopruocrr,r yp6auu3oBaHHbrx reppnropnfi.
A rarxe [onyqeHubre pe3ynbrarbr Ar,rcceprarluouuofi pa6orrr MoryT 6rrrr rcnoJrb3oBaHbr B

paspa6ome reppuropl{a.uruofi aBroMaru3raponauhoil clrcreMbr KoHrpon, nrr6pocon

3arpfl3HllTerefi s aruoc([epy I,I BHocflT cyrqecrBeHHrrfi ruaA B MareMarr.rqecKoe MoAenr{poBaHr{e

TpexMepHbx arlroc$epubrx reqeHr{ft c yrerolr [epeHoca gKonorr{qecKr{ BpeAHbrx npuuecefi.
5. CoornercrBne anropeQepara coAepxaHr{ro Aflcceprarlmr



AnropeQepar [oJlHocrblo coorBercrByer coAepxaHr,rro.q[cceprawtkt,rrocraBJreHHofi s Hefi
qeJrr{ u 3aAaqaM }rccneAoBaHr.rr.

6. 3apre.raH[s
l. B pa6orc He yKBaHa no xaroft rprtrlrue nu6pau r.rMeHHo rraKer openFoAM.

2. B nepnofi nepxuefi ctpore Ha crp. 15 ronopurcr, qro Bil3yeuil4sarlInr ocyqecrBJreHa Ha
ParaView I,I Aanblrle B TeKcre.[tlcceprarlIarr orcyrcrByer AorronHr.rrerrra.fi rEn(popuaqfis o6 sroft
rporpaMMe.
3. B reKcre AllcceprallIafi [pucyrcrByror HeKoropbre ycJroBHbre coxparrleHr{fl. Iloerorray
neo6xo.{upro AolronHr,rrb A[ccepraqr{rc crr]rcKoM ycJroBHbrx corparrlenufi .

4. B pa6ore [pI,IBoA]Ircs I,Ictlorb3oBaurre cyrqecrByroqux rporpaMMHbD( cpeAcrB. Bruo 6u ue
ITIIIIHI,IM paspa6otry I{ BHeApenue co6crBennoro uporpzrMMHoro rpoAyKTa .qn peurusapu
[peAJroxeHHoro aJrropr4TMa pellleHufr, 3aIlaqfi .

7. llpeqflor(eHuq
1. HagHa.rrrb B KaqecrBe BeAylqefi oprauu3aqrar.r xaSegpy llpuxnagnofi nn(fopnaarkrKkr

sarynrrera (fusuxo-MareMarlIqecKoro o6paronauur fi nu(popuaqr4oHHbx rexuororuft
Ksrpruscroro rocyAapcrBeHHoro yHr{Bepcr{Tera r,rMeHr{ I4ureualrr Apa6aena,

2. HasHaqurr [epBbIM o(puqnamuurra o[rroHeHroM A.Q.-rr,r.n. KeprEu6erona A.,
LlMeloqero BaxHbIe HayqHhre rpyAbr rro reMarr,rKe r,rccJreAoBaHr.r, Ar,rcceprarlrEouuofi pa6orrr
(cueqnalruocrb ro rpyAitM 05. 1 3. 1 8).

3. Ha3Ha'rztr BTopbIM o(puquaarurna orrroHeHToM x.S.-rr,r.n. Kaprauony A. Ax.,
prueroqeft BaxHbIe HayqHble rpyAbr rro reMarr{Ke r.rccneAoBaHu, Ar.rcceprarluonuofi pa6orrr
(cuequalrnocrb ro anrope$epary 05. I 3. 1 8).

9.3arc.ltro.reHrle

,{uccepraqrloHnail pa6ota Typrau6aesofi A.B. flBJr.flerc.,r r{HAr{Br.rAyurnrnofi sarou.reHHofi
HayuHo-KBa-rru(puraqr,Ionnoft pa6orofi, ilocBsrrleHHtrfi arryalruofi reue, coAepxaHlre orBerraer
xnanuSrxaquoHHblM npLI3HaKuIM I,I coorBercrByer rpe6onauusru HAK IIKP, flpeAbflBn eMbrM K

KaHAIl,{arcKLIM ALIccepraIILIflM no cfieq]IanbHocrll 05. 1 3. I 8 - Mareuar]rqecKoe MoAeJrr{poB anfie)
rr}IcJIeHHble MeToAbI I,r KOM[JIeKCbr IIpOrpaMM.

10. Srccuepr ArlcceprallrroHHoro coBera, paccMorpeB rrpeAcraBJreHHbre Aor(yMeHTbr,
peKoMeHAyer AlrccepralllroHHoMy coBery A 05.21.631 upu I4ucruryre MarrruHoBeAen:afl. u
aBroMarlIKIa HAH KP u Krrprsrscxo-PoccuficroM CrassHcKoM yHr.rBepclrrerc rEuenu E. H.
Elrquna [pltHrrb Allcceprallruo Ha reMy <CosAaHue aJrropr,rrMa AJrfl MareMarr,rqecKoro
MoAeJI[IpoBaH[.s reqeHuft sM cloNuofi [oAcrlrnaroqefi uonepxHocrbro)), npeAcraBJlenHyro Ha
coI{cKaHI'Ie yueuofi creneHl4 KaHALrAara Susur<o-uareMarlrqecKr.rx HayK IIo c[eq]ranbHocrH
05.13.18 - MareMarr.rtrecxoe MoAeJrr.rpoBalue) rrucreHHbre MeroAbr la KoMrrJreKcbr [porpaMM.

3rccnepr:

K.T.H., AOIIeHT
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