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o SuqualbHoro orrrroHeHTa Melnxo B a Orera I4ropre Bla.v.a Ha 4ueceprallurc

f purop beBa C eprer IOp r en uqa <<MoAeJrIap o BaHH e rlp oqec c oB KoHBeKrI4BHoro

rrepeMelurrBaHr4fl, 14 rrpucreHorrHoro Maccoo6uesa B 3aAarrax aHaJluga BoAopoAHoft

6esouacHocrr{ A3C npv rflxreJrofi avapw4), rpeAcraBneHHyro Ha coI4cKaHI{e

y.reuofi crerreHr{ KaHAlallara Qusnro-MareMarllr{ecKl{x HayK rlo crreuu€ulbHocrkl

05. 1 3. 1 8 - MareMarr.rqecKoe MoAeJrHpoBaHr{e, rrHcJIeHHbIe MeroAbI t4 KoMrIJIeKcbI

npofpaMM

[ucceprarlrdoHnafl, pa6ora fpuropbeBa C.IO. rocBflIrleHa pa:pa6orKe

MareMarr4rrecKr4x MoAenefi [pracreHoqHoro u o6teMHoro relno I4 Maccoo6ueHa n

MoAenr{poBaHr{ro pac[pocrpaHe:nr4fl, MHoroKoMrloHesrsofi cMeclrt fa3oB

rrplrMeHr{TeJrbHo K 3aAarraM anaJru3a BoAopoAnofi 6esonacHocru A3C. Cpe4Ia

pazpa6oraHHbrx uoAelefi MoAenr{ rplrcreno.ruofi KoHAeHaa\uvr ilapa,

perorvr6v:aa\vv BoAopoAa Ha KaTarrr{rH.recrofi noBepxHocrrl 14 KoHAeHcaTopa-

TerrJroo6uenuura, rpeAcraBnrroqero co6ofi cnolKHylo rereporeHHylo

KoHcrpyKrlr4ro Lr3 ryqKa rpy6or. I4cnoJrb3oBaHl{e raKl{x uoAelefi coBMecrHo c

KoAaMr4 Bbrrrlrcrurelruofi rrrApoAHHaMIaKI4 (CFD) rlo3BoJlfler pacqerHblM ryreM

a*urkr3r,rpoBarb cocro fllnkre arnaoc$epbr BHyrpI{ 3aIrII{THofi o6oJIorrKI4 peaKTopa Bo

BpeMr r{}KeJroia anapur4, TeM caMbrM oueHraBarb Bo3Mox{HbIe rIocJIeAcrBHs aBapvu

r4 rrpr4Hr4MaTb KoHcTpyKTr4BHbre pelxe}lufl. I'rrfl npeAoTBpaIrIeHI4.f, HextenaTeilbHblx

crleHapr4eB. Ayapux Ha A3C <@yrycvrMa-aairuru>> B 20II roAy, Koropa{

corrpoBoxrA€IJracb B3pbrBoM BoAopoAa, [oKa3brBaeT, rITo npo6leMbl,

p accMoTp eHHbre B AI4c cepTarl LrLr, flBIrfl roTct Be cbMa aKmy an bH btJwt t .

Marepuuurbr Ar{cceprarlrroHnofi pa6oru I43JIo}KeHbI Ha I4l crpaHI4IIe,

coAeplrar 30 pucyHKoB u 12 ra6wrq. Pa6ora BKJrroqaer s ce6s BBeAeHIae, rrerblpe

rJraBbr, 3aKrroqeHrre, npunolKeHl4e 14 crrucoK nl{Teparypbl prs 109 zcrorrHLIKoB.

Bo BBeAeHr{r{ o6cyx4aercf, aKTyanbHocrb nu6paHnofi TeMbI,

Sopvrynr4pyrorcf, ocHoBHbre rleJrr4 vr 3apla'r^v uccneAoBaHutr. lIpuBoAI{Tc.a

un$oprr,r arlt4fl. o rrpeAMere H o6rexre prccJreAoBaHufl, o6ocuoBblBarorcf, HayrrHafl

HoBra3Ha, [paKTrar{ecK afl. 3*aqr4Mocrb Alrccepralll{oHsofi pa6oru 14 AocroBepHocrb



ronyqeHHbrx pe3ynbraroB. Tarxe Bo BBeAeHLIH $optynupyrorcfl rlono)Kennfl,)

BbrHocuMbre Ha 3arqvry, u npuBoAr{Tcfl cnrlcoK anpo6npoBaHHrtx pa6or.

B uepnofi ruase Ar4cceprarJuvr Aenaercg o6sop cyqecrByloqnx rIoAXoAoB rr

MoAeJrefi, Ntn perreHr4fl. 3apraq anurursa arMoc$epsl BHyrpI{ salqurHofi o6oro'mu

peaKropa, npr{BoA flTcs. apryMeHrbl B rIoJIb3y IlcrroJlb3oBaHl4fl RANS CFD B

KaqecrBe raHcrpyMeHTa anfl AeruurbHoro anaJrkr3a npo6leu BoAopoftrofi

6esouacHocrn A3C. llepe.rucnrrorc;r rBJreHvrfl, 14 rrpoqeccbl, MoAenIr Koropblx He

pe€rJrr{3oBaHbr B craHAaprHbrx Bepcr4flx CFD KoAoB, Ho BaxHbIe B

paccMarprrBaeMbrx 3aAarrax. ,{elaercr o6sop cyuecrByroul4x roAXoAoB K

MoAeJrupoBaHraro 9Tr4x flBJreHr,rft, o6cyx{Aarorefl, vrx HeAocrarKla. Ha ocuoBe rlepsofi

rJraBbr Sop*yJrrapyrorcfl ocHoBHbre rlenr4 u 3ap:aqr4 4krcceprar\uu

Bo nropofi rJraBe Aaercfl, orrr4caHr,Ie MareMarl{rlecKl4x 14 TII4cJIeHHbIX

uo4elefi, Koropbre r4crroJrb3oBaHbr B Ar4ccepraulroHnofi pa6ore npl4

MoAeJrrapoBaHr{r{ sKcnepr{MeHToB. B nepnofi qacrr{ rJIaBbI rrpr{BeAeHa

ueo6xo4nwafl, uH$opnrarJr4fl o cyqecrByroilIr4x MoAeJItx B KoAe ANSYS Fluent.

O6cyxAarorcfl Bonpocbr rrncreHHofo MoAenr4poBaHr,r.s ryp6yneHTHocrpr,

MHoroKoMrroHeHTHbrx kr 4nyx$asHbrx reueunfi, 3apla:a:as, rpaHrarrHbrx ycronzfi vr

€urropkrrMbr rrr4cJreHHoro perueHur. Bo nropofi .lacrkr rJIaBbI rlpl4BoAurcfl

MareMarnrrecKoe onucaHr4e paspa6oraHHbrx ruo4erefi: rrpucreno.rHofi

KoHAeHca\vu fiapa, perovr6unaq;nu BoAopopla Ha KaraJrvrrnrrecKofi uosepxHocrr{,

r4crrapelavrs. BoAbr r43 6axa-npuflv'Ka H KoHAeHcaropa-TerrJroo6ueuuuxa.

flpe4craBJleHa 6rox-cxeMa ql{cJreHHofo €rrrropurMa - B3ar4MoAeficrBufl, ocHoBHoro

pacrrerHoro cpeAcrBa (ANSYS Fluent) u pazpa6oraHHoro rraKera rrporpaMM

CoRe, noAKnroqaeMoro B BLIAe cropossefi 6v6nworeKr,r.

B rpemefi HraBe rrprlBoAflTcfl. pe3ynbrarbr rrr4creHHofo MoAeJrrapoBaHns

rpoqeccoB $opnnupoBaHra,fl vr pa3pyrr envrfl, crparu$nraquu JrerKofo ra3a,

Lrv'krrupyrotqefo BoAopoA. Ha npr4Mepe MoAenr{poBaHprfl gKc[epr{MeHToB,

rrpoBoAr{Brrrr{xcr B Poccuu (P@-flII BIilryITO) u 3a py6exonr (I,lucrr.rryr llaynr

Illeppepa), r4ccJreAoBaHbr Bonpocu SopuupoBaHufl, arparra$raxaql4l4 nerKoro ra3a

B rrycroM rroMerrIeHHH, B rrpr{cyrcrBr4r{ BHyrpeHHr4x KoHcrpyrcqnfi LI B cB.fl3aHHbIX



rroMerrleHr,rsx, a raruKe Borrpocbr pa3pyllreHl4fl crparr4$uxaqul4 JlefKoro ra3a rIoA

AeficrsueM cncreM 6egonacHocrr,r (ron4eHcaropa-TerlJloo6uesskrKa kr

cnpr{HKlepHofi cucreuu). B erofi rJraBe raK}Ke rIpHBeAeHbI pe3ynbrarbl

nepras uKarlrlu MoAenu KoHAeHc arop a-TerIJIo o6u esuuxa.

B rrerBeprofi rJraBe rrpr.rBoA flTcs. pe3yJlbrarbl nepIE$zKawu uoAelefi

rrpr4 creHorrHoro rerrJro 14 Maccoo6ueHa. Ha npl,IMepe MoAenI4poBaHI4.a

3KcrrepnMeHra TOSQAN ISP-47 rrpoAeMoHcrpl4poBaHa pa6orocnoco6Hocrb

MoAeJrra np?rcreHo.rHofi KoHAeH cagvr napa B cnyqae H3orepnauqecxofi

KoHAeHcupyrcqefi lpaHr4rlbr, Ha rrpr4Mepe MoAenr4poBaHl{s I{HTefp€LIIbHoro

eKcrrepr.rMeHra PANDA PE 1 MoAeJrb anpo6upoBaHa Ha crtyuafi, corp,rDKeHsofi

rpaHuruu. MoA errr pexovr6anar\krvr BoAopo [a Ha KaraJrrzTr4rrecKofi nonepxHocru 14

wc;;apenr4fl, BoAhr ug 6arca-ilplrsMKa Bepr4$zqzpoBaHbr Ha oKcrrepraMeHrax RECO-3

kr PANDA PEI,2, coorBercrBeHHo. Pe:ynrrarbr cpaBHeHus. rpoBeAeHHbrx

pacrleToB c 3Kclepr{MeHTEUrbHbrMr{ AaHHbrMH, B rIeJIoM, rloKa3€ulr4 xopouee

cofJracue.

B gaxrroqeHr{H rrpraBeAeHbr ocHoBHbre pe3yJrbrarbr pa6oru.

Hayuuan Ho Bu3Ha npe AcraBJIeHHofi pa6oru.

1 . Paspa6oraHa oprarr4H urbnafl, MoAenb rrpr4creHorrHofo rerrJro H Maccoo6ueHa

CoRe, Koropar rro3BoJrfler MoAenr{poBarb npoqeccbr npr4creHo.rHofi

KOHAeHCarI4vr ilapA B rrpHCyTQTBkrkr HeKOH.4eHCUpyeMbrX |€I3OB Vr

p e ro rr,r 6 vIHar\vrkt B oA op o Aa Ha Kar€urnrlrr{ e c Ko ft n o e epxH o crr4 .

2. Pa:pa6oraHa opI{rlIH aJrbnafl, MoAenb KoHAeHcaropa-TerrJroo6uenHnxa,

rlpeAcraBn.arculero co6ofi rpy6rraryro KoHcrpyKuuro cJroxHofi $opvru.

3. flocrpoeHbl rrl4cneHHbre aJrropr4TMbr pazpa6oraHHbrx MoAe teit, rro3BoJr.f,rorque

HctloJlb3oBarb I4x B KoMrIJreKce. AnropurMbr pea[ra3oBaHbr B BHAe 6u6tuoreKr4,

rloAKnro.Iaeivlofi K yHI4Bepc€uIbHoMy CFD xoAy ANSYS Fluent, 14

opHeHTr4poBaHbr Ha r{crroJrb3oBaHr{e B BbrcoKo[por43BoAr4TenbHbrx

BbIIII4CJIHTCJIbHbIX CI4CTEMAX.

4. llpune4eHbl pe3ynbrarbl rrncreHHoro MoAeJrnpoBaHrafl HoBbrx gKcrrepr4MeHToB

(ttu ycraHoBKax PANDA, TOSQAN) rro BoAopoAnofi 6egonacHocrr4 AOC,



nocBtrrrleHHbre rr4ApoAHHaMr4Ke HeoAHopo.(HhIX r€t3oBbIX cMecefi. BunoJIHeHa

BaJWrilArIIafl pacqeToB, rroATBep4nBInafl KoJIHqecTBeHHOe cooTBeTcTBpIe

pe3ynbTaToB rII4CneHHbIx SKCIIepLIMeHTOB HMeIOIIII4MCfl, SKClepLIMeHT€uIbHbIM

AaHHbIM.

BtreoAbr, yrBep)KAeHr4fl r,r [oJromeHr4fl, cQopnrynupoBaHHble B Al,Icceprarlr4u,

rBJrrrorc.fl xoporuo o6ocuoBaHHbIMI{ u. docmoeepHbuvlu, [ocKonbKy 6:';'ta

rrpoBeAeHa BcecropoHH.f,r nepuSnKarlr4.f, MareMarl4qecKl4x MoAenefi H MeroAIaK,

pe3ynbrarbr pacu€ron corJracyrorcfl c gKcrrepI4MeHTaJIbHbIMI4 .{aHHrIMI4, rlpu

MoAenr4poBaHr{vr krcilonrcyrorcs a[po6HponaHHbre rlaKerbl nporpaMM, tIucJIeHHbIe

MeTOAbr r{ €urfopHTMbl.

Aemope$epam orpaxaer coAepx{aHhe u BbIBoAbI 4nccepralluoHuofi

pa6oru. Teua Ar,rcceprarJuu kr ee co,.4eplxalaLre coorBercrByror rracnopry

cnerlr{urJrbHocrr4 05.13.1 8 Mareuarr{rrecKoe MoAenHpoBaHIae, rrI4cJIeHHbIe

Mero.{br 14 KoMnJreKcbr nporpaMM. PesyruTarbr Ar.rccepra\r4vr AoKnaAbIBuuII{cb vr

o6cyx4arvcb Ha poccHficKr{x vr MexAyHapoAHhIX roHQepeHIII4tx. llo reMe

Alrccepra\vvr ony6nnKoBaHo 9 HayqHbrx pa6or, BKJIroqa.s 4 ny6nuxarJr4vr B

BeAyrrlux peqemupyeMbrx HayrrHbrx )KypH€urax, peKoMeHAyeMbrx BAK. Bce oro

rro3BoJrf,er cAeJrarb BbrBoA o6 ycueruuofi anpo6aquu pa6orsr.

3aueuaHu.r no pa6ore:

1. He Ao KoHrIa rceH rpHrepufi, tro KoropoMy BbrHoclaJlocb cyxAeHr{e o

xopoueM coBrraAeHr4H pe3yJrbraroB pacrreToB c 3Kclepr{MeHT€rrrbHbrMr,r AaHHbrMr4.

K npr4Mepy, B noApa3AeJre, [ocBrrrIeHHoM BaJrvr[ar\r4kr MoAenr4 KoHAeHcaropa-

TerrJroo6uenuura, Aenaercf, 3aKrroqeHr4e o xoporxeM corJracun pe3yJrbraroB

pacrreTa kr 3KcrIepr,IMeHTa, trPH sToM Anfl HeKoTopbrx vr3 npLIBeAeHHbrx B

Al{cceprar\ur4 rloKa3arerefi pa3rr4rrue c oKcrrepHMeHToM sBJrflercf, 3HarrrzreJrbHhrM.

Tax, MoJIbHafl Aonfl reJIHfl B oAHoM vr3 AarrIHKoB, tloryqeHHafl B pacrlere,

rlpeBbllrraer 3Kcrlepr{MeHT€urbHbre 3Harrenr4r B 1,5 - 2 pa3a (ur. pr4c. 3.11(6) Ha

crp. 87). Eoree roro, AJrfl oKcrrepr.IMeHTaJrbHbIX AaHHIIX He yKa3aHbr

ilorp eruHeo crr{ r{3Mep e Hvri4.



2. B AracceprarJr4vr, B rJraBax c BepuSHKaIII4efi pa3pa6oraHHblx MoAenefi

(rnanrr 3 H 4), He rrpr.rBeAeHbr p$ynbrarbl rryBcrBLITeJrbHocrI4 pacrreroB K

vro4u$vKa\r4u pacrrernofi cerKr4. HegasucraMocrb pe3yJlbraroB MoAeJIHpoBaHI4fl or

cerorrHoro paz6uenufl. frBrflercfl, BaxHbIM rroKa3areneM pa6orocuoco6Hocrl{

MareMaru.recxofi MoAeJrr{, H cpaBHI4e p*ynbraroB MoAenupoBaHl,Ifl Ha cerKax

pa3nrarrHoro Macrxrada flBlrflercfl. xoporul,IM ToHoM rIpH rrpoBeAenr4vr

nepnQuKarlur{. llosrouy, HecoMHeHHo, 6ruto 6rt uole3HblM npl,IBecrkT pe3yJrbrarbl

cpaBHeEkrfl, TaKLIx pacrreroB.

3. B Auccepraqrdrr r.rMeerc.rr rarcKe pflA peAaKIII,IoHHbIx oruu6or. K rpl4Mepy, B

rrpr4Jrox{elF|:r4v yK€BaHbr ccbrJrKr{ Ha HecyuecrByroque pvcyHKI{; B Tperbefi rrase Ha

crpaHr{qe 9I npr.IBeAeHa ccbrJrKa, rro-Br4ArIMoMy, He Ha ror pI,IcyHoK 3.5(a)

BMecro 3.12(a).

Hecuorpfl Ha yKa3aHHbre 3aMeqankrfl) Aucceprarryrfl fplaropbeBa C.IO.

BbrfroJrHeHa Ha xopolreM HayrrHoM ypoBHe, coAep)KHT SJIeMeHTbI HayVUOfi

HoBr{3Hbr Lr [paKTr4.{ecrofi 3HarruMocrr4. Pa6ora [pe.{craBJl.ser co6ofi

3aKoHrreHHoe, caMocroflTeJrbHo BbrIIoJIHeHHoe HayrrHo-KBaJII4SuxaquoHHoe

r{ccJreAoBaHr4e, B KoropoM codepcrcumcfl perueHue eacrcuoil sadaqu co3AaHI,Ie

MareMarr4rrecKr4x uoAerefi TerrJro u Maccoo6ueua rnfl anurvr3a arnroc0epbl

garqzruofi o6oloqru peaKTopa [pr4 rsxerofi aBapur4, a r4x pealru3ar1urfl, B BI4Ae

raKera rporpaMM, rroAKnroqaeMoro K CFD roAy Fluent B BHAe cropoHsefi

6u6tmoreKr4.

[uccepraqnoHHafl. pa6ora orBer{aer Kpl4repr4flM n9 lloroNeHplfl o
:

lpucyx 4envru yrreHbrx creueuefi, [peAb.rrBJrf,eMblx K KaHApIAarcKI{M

Aucceprar{r4.f,M ) a ee aBTop, fpvropren Ceprefi lOprenuu, 3acnyxlzBaer

rrpr4cyx Ee:ekrfl, yueHofi crerreHur KaHAr4Aara $Iasnr<o-MareM arvr.recKl{x HayK rlo

crreuuaJrbHocrl{ 05. 13. 1 8 Mareuarnr{ecKoe MoAenHpoBaHI4e, rrpIcJIeHHbIe

MeroAbr H KoMrrJreKcbr npofpaMM.



O$uquanrHufi orrroHeHr -
3aMecrr{TeJrb .{upeKTopa no Hafruofi pa6ore -
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s o6racrr4 rerrrro$nsurn AO (3HI4II),
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29 anpeu,2017 l.

floAnucs O.VL MeruxoBa 3aBepflro

Y.reHnfi cerperapb AO (3HI4II), K. H.IO. MeAneAeBa

ArquouepHoe o6qectno <Snerrporopcrzfi HafrHo-prccJreAoBareJmcrufi rIeHTp

tro 6esouacHocrl{ aroMHbrx eJreKTpocraHrlilfrrr, 142530, MocroBcKafl o6lacrr,
r. SlerrporopcK, yJr. Cssroro KoucraHrr{H&, [. 6, rel. (49643) 3-30-74, e-mail:

Orer ZropreBlrq Meilaxos
reJr. (49643) 3-15-45

e-mail : oleg.melikhov @erec.ru
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