
OT3bIB

o$uUuangrgrg olIIoHeHTa Ha AgccepTalluro Cnoco6uHa An.4pes B1araflreenqa <<9ucleHHoe

MOAenI{pOBaHHe o6TeKaHI,If, TeJI cBepx3ByKoBbIMI4 nOTOKaMH C TBepAbIMH qacTI4IIaMId)'

rrpeACTaBneHHytO Ha cOuCKaHI4e yqenofi CTeneHI4 AOKTOpa $uSurO-uateMaTl'Iqecrux HayK no

cfleuuaJrbHocTr,r 1.1.9. - <Mexanuxa XLTAKOCTV, lA3A I,I IIJIa3MbD)

IlpO6lerraa r{[cIeHHorO MOAenI{poBaHI'lf, gnyx$asHsrx Ter{eHufi flB:IrfleTcfl axryalruofi na

[pOTqXeHI.Iu HeCKOJIsKI,IX rrOCJIeAHI'Ix 4eCmUlerufi, r{TO CBq3aHO, B IIepByIO OqepeAb' C

HeoOxoAI,IMOcTbIo per11eHgq prlAa [paKTI'IqecKHx 3aAaq, TaKI'Ix KaK a6pa3krB1afl o6pa6orxa

rroBepxHocTefi, HZIIIrIJIeHIIe nOKpbITI'Ifi, 3aIUI'{Ta pa6o'{ux [OBepXHOCTefi OT 3pO3I'IOHHOIO

BO3AeftCTBI,Ifl, IIpeoAoJIeHI'Ie JIeTaTeJIbHbIMI{ annapaTaMl'I yqacTKoB aTMOCOepbI c qaCTI'IIIaMpI

CHera, BOAbI, IIbIJII4, B TOM III'ICJIe BynKaHIIqeCKOfi, BcTpeqaIOU ei4)fl HA 6Olr[rux BbICOTaX' Ha

lporrxeHr4r.r groro BpeMeHr,r piBpa6oraHo HeMiIno MareMarlar{ecK[Ix MoAenefi AByx$iBHoro

noToKa, r{acTb LI3 HI4X peanl{3oBaHbl B KOMMepqecKI4X t4 OTKpbITbIx npoIpaMMHbIX naKeTax

B TIII,ICJII,ITCNbHOfi TI4APOTA3OAI'IHAMI4KII.

B gaeIIcuN.{ocTH OT Cnoco6a oflucaHl,Iq ALICUepcHofi $asrt MOAenI',I MO}KHO pa3Aenl{Tb Ha

ABa KJracca. flo.uxoA Ha ocHoBe B3aIIMOIIpoHI4Kalouux KoHTuHyyMOB, B KOTOpoMy oTHOCflTCS',

MOAenI{ 11epBgro KJIaCCa, uC[OnByeT ypaBHeHI'Ifl cIIJIOIIIHOfi Cpe,Uu Anq OluCaHI{f KaK HeCyUefi

$a:rr, TaK I,I AllcrepcHofi cocrauqrcUefi AByx(ba3Horo noroKa' llpeuuyrUecTBoM AaHHoro

loAxoAa trBr-sercfl Bo3MoxHocrb lrcrloJlb3oBarb eAIaurrfi MareMarl'Iqecxuft alnapar An' perueHzfl

cr{cTeM ypannenrafi Hecyqefi vt AllcrrepcHofi Sas, OAHaKO cJIOxHocTb npeAcTaBn'eT

MoAenprpoBaHl,Ie 3alblneHHblx noToKOB c BblcoKofi KoHUeHTpaqvefi rrpuMect4' a rarNe yuer

s:a[N.IOAefi cTBvts. na6eratOlll{x qacTHII c OTpaxeHHbIMH OT n6Bepxuggtefi' HaxOA'IIIuxc' B

noToKe Ten. B ocHoBe MOAenefi Bropofo KJIaCCa JIexI4T narpaHxeB no.[xoA K OII{CaHI'IIO

Ar{cflepcHoil $arn, nocTpoeHHblfi Ha peIIeHI'Iu ypanueuufi ABI'IXeHI'L OTAeJIbHbIx r{acTI'IU' B

cotreTaHflr.r c afinepoBbrM oIIucaHLIeM Hecyqefi $asrt, qTo AaeT BO3MOXHOCTb AeTaJIbHO

prCCJreAOBaTb TaKLre SaxrOpU, KaK CTOJIKHOBeHH.'{ MeXIy qaCTHUaMI'I, }Ix 3aKpyTKy' pa36poc

qacTr.ru no pa3MepaM. o6paTHofi CTOpoHofi MOAenefi AaHHofo KJIaCCa 
'fBJLIOTcfl 

noBbIIIIeHHbIe

Tpe$OBaHLL K B6IIIIICJII,ITeJIsHsIM pecypcaM, BCJIeAcTBIIe qero, KaK IIpaBI{JIO' n pacuerax

Hcrronb3yroTc, IIpeACTaBITTeJIII rpyln peaJIbHbIX qacTuu vt cTaTvcTVtIecKI4e MeTOAbI po3blrpblllla

croJlKHoBeuufi ueNlY HHMIa.

ouuqurelbHofi qepTofi paccuarpl{BaeMofi AI{CCepTauaonHOfi pa6oTbl flBl/lfleTcf flpsMoe

[oJrHoMacrx.ra6uoe MOAenI,IpoBaHLIe 3aIIEIlennrrx IIOTOKOB Ha ocHoBe nalpaHxeBofo IIO'IXOAa',

npH KOTOpoM KOJIIIqeCTBO MOAenI',IpyeMbIx qacTI',IU cooTBeTcTByeT IIUCny peanbHblx'

flparruuecKa, peanr{3arlu.s rroAo6unx MoAenefi crana Bo3MoxHa nI{IIrE)U€AABffiffffir**:
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aKTLTBH6TM piBBr,rrlreM Bo3MoxHocrefi BblrrucnplTenbHofi TexHI,IKI{. flpe4loNenuufi noAxoA

rro3BoJrreT AeraJrbHo r,rccJreAoBarb npoIacxoAfllllue n leyx$a3HoN{ noroKe rlpoqeccbl c

Mr.rHHMaJrbHbIMu AorryuleHl,IflMr,r u ssrcoxofi creneHblo AocroBepHocrll, a raKxe npoBecrpl

cotIocraBJIeHI,Ie co cTarI'Icr[qecKI'IMI'I MOAeJUIMI'I.

Hapagy c pacueraura ganrrl€HHbrx rroroKoB c MLInJIuoHaMII qacrI,IU, 6onuuofi I'IHTepec

Bbr3brBaer AerurbHoe r,rccreAoBaHrre Ha6nIoAaeMbIx B peanbHblx SKclepI4MeHTax

un:reucn6u1aur.rg TerrJroBbrx rroroKoB r{ Bo3HLIKHoBeHI,II role6arelbHbrx pexl'IMoB TerIeHV, B

yAapHoM cnoe B npucyrcrBnu Lalne ue6olrruoro q[IcJIa orHocLITeJIbHo Kpy[HbIx qacruu.

BcE nepequcneHHoe cBlrAereJrbcrByer o6 aKryaJrbHocrrr reMbl Al'IccepralluouHofi

pa6orbl.

O6reu npeAcraBnessofi Ancceprarluu cocraBJlser 313 fleqarHblx crpaHI4II, oHa BKrloqaer

BBeAeHr,re, [recrb rJraB, 3aKJrroqeHr{e u cnucoK HcroqHl4Koe I,I: 361 no3l'Iquu. Texcr pa6orsl lrMeer

.{Erxue pr scHbre q3brr t4 crpyKTypy, AoTIoJIHeH 188 uoqcHqloq[IMl{ p[cyHKaMI'I rE rpaQuxauu. flo

c[eKTpy paccMarpr.rBaeMbrx suenufi n pa6ore MoxHo BbIAenI,ITb ABe npl4MepHo paBHbIe no

o6seuy qacrr4, Koropbre cBfl3brBaer B eAr,rHoe Ilenoe flograllHo pa3BlIBaeMrtfi antopoM or rJIaBbI K

fJraBe annapaT MaTeMaTr.rrrecKoro MoAenr,rpoBaHl{s cBepx3ByKOBOfO yAapHofo cJIo.,{ c qacTI{uaM[I.

Bo nseAeHuu c$opuynupoBaHbr rlenr.r H 3aAarlu Allccepralluonnoil pa6orrt, o6ocsonanrr

3Haqr,rMOCTb Lt HSBI,I3Ha I,ICCngAOB alr4fl, npeAcTaBnen rparxufi O6aOp COAepxaHI4q AHCCepTaIII{I'I'

B nepnofi rJraBe pa6oru c$opruynr.rpoBaHa MareMaruqecKajl MoAenb AByMepHoro noroKa

ra3a c npr.rMecbro qacrr.rq npr.rMeHr.rreJrbHo K 3a.uaqe o6reranuq rrperpaAbl B cBepx3ByKoBoM

pexlrMe. Teqenue HeBr3KOrO ra3a crruTaeTc, AByMepHbIM JIaMpIHapHbIM [I OIIHCbIBaercq c[creN',Iofi

ypanuenufi 3finepa c AolonH[rreJrbHbrMr{ qJIeHaMpI, yqI.ITbIBa}oUI{MH o6uen I{MnynbcoM I{

euepruefi c tfasofi qacruu. Atts trr{cJreHHoro peIneHI'L ypannenufi raronofi AIIHaMI'IKII

lpr,rMeHrercfl MeroA KoHeqHbrx o6seuon Ha AeKaproBhlx cerKax c u3MeJIbqeHI'IeM .f,qeeK s6rI'IspI

rroBepxHocru o6rexaeMoro rela. B pa6ore llcflonr:yercs opuruHaJlbHa, xnarurp€xvtepHa'

MOAenb AI,IHaMI{KI,I qaCTI,Iq, OCHOBaHHaTI Ha peIneHI{I{ ypaBHeHufi AnUxeUut BC€X M0AenupyeMblx

qacTI.Iq, Kax,4iUI 143 KoTopblx [peAcTaBnqeT oAHy peanbHylo, a flapaMeTpbl B MoMeHT

cToJTKHOBeHHfl oflpeAenrroTcr c6luNeullelt qacTI4II B [pocTpaHcTBe-BpeMeHI',I. Bce

cToJrKHoBeH Lrfl. peurt3ylorc.u locJleAoBarenbHo B xpoHonoruqecKoM nopflAre' B uaupauenuu

ocu, oprofonalrnofi nJlocKocrl{ TerreHur, Ha ABI,IXeHI,Ie qacrHII HaKJIaAbIBarorcfl neplIoAI'MecKI'Ie

rpaHLIqHbIe ycnoBlIfl.

B pe:ynrrare nponeg€nuofi cepuu BbrrrLrcJII4TeJIbHbIx sKCnepI,IMeHTOB IIO nonepeunortay

o6rerauurc KpyroBoro uprnr{HApa rroKa3aHo ycldneHlre BlrllflHvtfl' rIpI'IMecI4 Ha Hecyuyro tbagy,

Koropoe [poqBnfleTc, B coKpaUeHI4I'I oTxoAa yAapnofi BoJIHsI I'I pocTe AaBJIeHI4f B yAapHoM cnoe'

aoSerr yctrnr.rBaeTcq c pocToM KOHrIeHTpaUu[ [pI{MecLI H ilpv I',I3MeJIbqeHHI{ CtlMI',Ix qacTI{II'
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BrusHue qacTprrl Ha TeMnepaTypy ta3a B yAapHOM cnoe OKa3ilnocb pa3HoHanpaBneHHbIM I'I

3aBr,rcHT or r.rx pa3Mepa. flpxurru MoAenI,IpoBaHI,IeM [oKa3aHo, uro yv6r cronKHoBenufi Ivtexgy

tracrr,ruaMr,r B 3HaqflTerbHofi creneHr{ onpeAerqer pacflpeAeneHl'Ie qacrl'IU B npocrpaHcrBe I'I

cHlrxaer HenocpeAcrBeHHoe cyMMapHoe yAapHoe eogAeficrsue [pI'IMecI{ Ha [oBepxHocrb

o6rexaeuoro reJla, T.e. Bo3HI'IKaer 3KpaHl'Ipyrcurufi oQ$err.

Bo nropofi rJraBe pa6oru MoAenb 4nyxQasuoro yAapHoro croq 4opa6o'raua c qenblo

o6ecneqenuq Bo3MoxHocrr.{ pacvera o6reran[q ocecI,IMMerpI,Ir{HbIx reJI, B rlacrHocrl{, cSeprt,

cBepx3ByKoBbrM 3arrbrJr€nuru noroxoM. Cucreua ypanneuufi rasoeofi AIIHaMHKI'I, 3anucaHHa, B

[unl,rHApl4rrecrofi clrcreMe KoopAHHar, peruaerc.s Mero.4oM KoHeqHbIx o6leMos B

ocecr.rMMerpuquofi flocraHoBre. ,{nuNenue qacrllI1 paccql4TblBaerc, n rpexlrepuotvl

rrpocTpaHcTBe, 11pu 3TOM MoAenr4pyeMa, qacT[IIa BbIcTyIIaeT npe.4cTaBI'ITe]IeM ancaM6lq

peilnbHbrx qacrr,rq. B nrr.rracrr4TeJrbHblx gKcnepl4MeHTax rro o6reraHuro 3ary[neHHoro reJla

3anru€nnrrM noro1oM ra3a c qacrr,rrlaMz AByx xapaKTepHblx pa3MepoB (rar na:unaen'rofi,

6g4ucnepcHoil upuuecsro) Bbr3brBaer r.rHTepec o6uapyNenHoe flBJIeHI{e ilepepacnpeAeneHl4q

yAapHoro sogAeficreufl Ha rroBepxHocrb B ronb3y $paxuuu qacrl4u MeHblxero pa3Mepa. Hapr4y

c rrpqMblM pacv€rou croJrKHoBeHuii naexgy qacrLIUaMLI, peanl'I3oBaH crarl'Icrl'I'Iecrufi rIoAxoA Ha

ocHoBe MeToAa Moure-Kapno. npoBeAeHo cpaBHeHr{e AByx IIOAXOAOB.

B rperrefi rJraBe c(popnlynupoBaHa Lr peanu3oBaHa KoMIrJIeKcHiLf, MareMaTI'IqecKiuI

MoAenb rerrJroMaccoo6uena nperpaAbr s ganrtreuHoM rloroKe, yql'ITblBarouafl 3po3l{oHHoe

no:4eficrnue npl4Mecr4 Ha noBepxHocrb, a raKxe paAualrploHurrfi tenloo6uen o6reraeuoro rena

c qacrurlaMu. MoAelupyerc{ r,r3MeHeHr.re $oprrau I4 HarpeB TeJIa B rloroKe qacrllll, [oKa3aHa ponb

sKpaHplpyrcrUero etf$eKTa oT cToJIKHoBeuufi uex4y qacTuIIaMH, xOroprrfi n lpone4€HHblx

pacvdrax lpr,rBoArrn K AByKpaTHoMy oHLIXeHIIIO LIHTeHCI',IBHOCTI',I 3po3uoHHOlO yHoca Maccbl'

yqer crolxuosegr,rfi cnoco6crnoBan pocry KoHueHTpaIILIfl rIpIaMecI{ slruzu noBepxHocrl4

nperpaAbr r.r AononHprrenbuoMy HarpeBy qacrlau, KaK or Heyfipyrux croJlKHoBenufi uacruq 4pyr

c ApyroM, TaK [r BcJreAcrBr.re ux 6oree [poAonxLITeJIbHofo upe6unauu, B yAapHoM cJloe u

KoHBeKTr,rBHoro rerrJroo6lreua c ra3oM. Conoxynuocrr 4eficrel4q STux Saxtopon [pI'IBoAI'Ina K

pocTy noToKa TenJloBolo r43[ryqelfl]1rs. oT [pHMecII K noBepxHocTl4 TeJIa'

Bgsn sa ocHoBy peanrr3oBaHHbre B [peAbrAyIIIpIx ulaBax AHCCeprauIaH iInropHTMbI

qHcJIeHHorO peIxeHIIfl 3aAaq cBepx3ByKonofi aOpo.4uHaMIzKII Ha AeKapToBbx ceTKax e o6lacrxx c

I6ABLI1H6IMI{ rpaHI4UaMI/t, B 'rern6profi rJIaBe AI{ccepTaUI4I4 aBTOp paspa6aruBaeT Mo'[eJIb

pacu€ra ABrrxeHr4, rpynnofi c$epuuecxofi qacruubl rlo cI'IMMerpI'II4 TeJIa, floMerqennoro s

cnepx:nyronofi nor4yurHufi rroToK, C BbIxoAoM qacTuIIbI 3a I'paHI',IIIbI yAapHofo cJlot'

PaccuarpnBaeTcfl o6rexanue ra3oM c$eprr, a TaKxe KpyroBoro III4nI'IHIpa c [nocKI{M TopUoM B

rrpoAonbHoM HalpaBneHytu. floxasaHo nsar,IN,IoAeficrB[e cKarIKa yrlnorHeHl,Lf, or rIacrI'IIIbI c
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ronoBHofi y.[apHofi BonHofi c o6pa3oBaHueM Ha[paBJreHHofi B cropoHy reJra rir3oBofi crpyu,

Bbr3brBarouefi nosueHr.re Ha noBepxHocru TeJra rora-rrnofi 3oHbr, n roropofi xoneexrunHrtri

renrtosofi noroK or ra3a rrpeBbrrrraer (HeBo3MyrueuHsrfi> ypoBeHb B HecKoJrbKo pa3. flpu erou no

Qpouralruofi o6racru o6pa:yerc.,r Br{xpeBoe ABr.rxeHr{e ra3a. flpuu€rr,r, B cnyqae o6rexaHraq

uunprHApa c rrJrocK[rM ToprIoM, Br,rxpeBoe rer{eHr,re BxoAHT n xore6aremurrfi pexl4M, uI4KrHt{ecKIl

ra3MeHlrlcb B pa3Mepax. AlexearHocrb Mo.uenu r4 KoppeKTHocrb pacu€ron floATBepxAarorcfl

lprMbrM cpaBHeH[reM c r,rMerorulrMr.rcg 3KcrIepI{MeHTi}JrbHbrMr4 AaHHbrM[r. Xoporuee coBrraAeHr,re

lonyqeHo KaK no KapTr{HaM TeqeHr4, B pa3nr4rrHbre MoMeHTbr BpeMeHrr, TaK H IIo qacToTe I.I

aMnnrrryAe xore6aHufi napaMerpoB ra3a.

.{amnefiruee pa3Bprrr.{e MoAeJrb, r{cnonb3yroua, rvcKperu3aul{rc cl4creMbl ypannenufi

rasosofi AprHaMr,rKH Ha AeKaproBbrx cerKax, rroJryr{aer s uqrofi rllaBe pa6oru. flpuueuun MoAenb

o6rexasprs flperpaAbr K orAenbHoft vacrr,rqe, [ocrpor.rB Ars nee orAenbHyro pacv6ruyrc cerKy H

o6ecne.r[e corrprxeHr.re [apaMerpoB ra3a Ha BHeIrrHefi rpauuqe roralrsofi cerKLI qacrl,Iubl c

ocnonuoft, aBTop peanr.r3oBan Merol cKoJrb3rrut4x aAaIITI,IBHrIx ceroK, xoroprtfi [o3BoJIlIJI

MoAenr{poBarb ABrrxeHr{e KpynHofi qacruqbr BAoJrb croxsofi TpaeKTopupl, He orpaHl4qllBascb

ocbro cr{MMerpr{u. Pearusauu, Mo.ueJru orpaHr.rr{eHa nrocxofi lnyrraepnofi flocraHoBKofi, vto

o6ycloueHo nprlMeHeHr,reM f,qeeK KBa.qparHofi $oprrasr, [cnoJIb3oBaHHe Koropblx conprxeHo

rroBbrrrreHHbrM pacxoAoM rtaMrrr.r KoMrrbrorepa. Orpauzvenue BbI3BaHo rexHI'IqecKI{MI,I

flpuqr,rHaMu Lr He Hocr.rr npr4Hur,rnuanbHoro xapaxTepa. Mo4erupoBaJlocb rBIrxeHLIe KaK

oArauoqnofi qacrrrrrlbr, TaK r.r trocJreAoBarenbHocrl{ rracrlzu B yAapHoM cnoe y floBepxHocrn c$epsr

c orKJroHeHVeM or ocn. Ha Kar{ecrBeHHoM ypoBHe orMeqeHo o6paeonaHl4e orHocHTeJIbHo

(AoJrroxr,rByrrl[x) o6lacreft unreHcu$uKarluu KoHBeKTI,IBHoTo rerlJloBoro rloroKa Ha

[oBepxHocrl{ rlperpaAbl, B ToM rIHcJIe slrwzu nepe4uefi KplaTuqecKofi roqrrE.

flolyueuue KoJrr4qecrBeHHbrx oueHoK rr noATBepxAeHlIe o6Hapyxenuux eQ$exroB AJUI

pacueron, aHiurorr.rrrHbrx npoBeA€uHuu B AByMepHorr,r upu6luxeHl4n s uqrofi rJIaBe pa6orst,

norpe6onalo peanr,r3aur{u flonHoueusofi rp€xuepnofi uoAella IBHxeHI'L Kpy[HbIx rlacruu B

yAapHoM cJroe, Koropofi n nocBq[IeHa rrrecraq ulaBa Aplcceprauun. flpuueHeHl{e An, pemeHus

cr,rcreMbr ypanneuufi ra:osofi Ar,rHaMr,rKLI 6ecceroquoro MeroAa c aHI,I3orpolHbIM

pacflpeAeneHrreM pacuErurx y3noB B rrpocrpaHcrBe [o3BonLIJIo cyuecrBeHHo cHI{3I{T},

lorpe6leuue BbITII{cJrr{TenbHbrx pecypcoB rro cpaBHeHHIo c MeroAoM KoHeqHbIx o6reMoe Ha

AeKaproBbrx cerKax. Anroporrl pa:pa6oraubr Mero.{bl cKorb3.f,[Iux o6raxos (ana-nor MeroAa

c6oJrb3f,rrlux ceror) 14 eArdHoro o6laxa pacuerurx y3noB MoAenupoBaunfl. [Blax.eHIlq qacruu B

rpocrpaHcrBe. Brruonnena nepuQuxauua pa:pa6oranusrx noAe.nefi v aJIropI,ITMon uyr€vt

perneHu, Tr,rrroBbrx 3aAaq r,r cpaBHeHr{r rroJlyqeHHblx pe3ynbraroB c 3TaJIoHHbIMIa. Ilporparraunslfi

xo4, 6laroAapfl r.rcnonb3yeMbrM rroAxoAaM r paspa6orKe, a raKxe npllMeHenurc 6z6lHoreKI'I
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pacnapanne ItkrBAH]|lfl BbIqI,ICJIeHI'Ifi OpenCL, flBIls,eTcs' yHI'IBepcanbHbIM I4 Moxer BbInOJIH'f,Tbc'

KaK Ha MHOrOsAepHbrx rpoqeccopax, TaK r,r Ha rpasuvecKllx ycKopI'ITeJIflX. flpu uo4elI'IpoBaHI'IlI

ABuxeHI{, KpynHblx r{acTI,IU B yAapHoM cnoe y rroBepxHocru C$eprr C ue6Olrurl'IM HaLIzuIbHbIM

oTKJrOHeHr.reM oT ocr.r crrMMeTppru, KaK r4 B IItTOfi IJIaBe pa6oTbl' Ha6n1oAanocb o6pa3oBaHge B

O6laCru nepeAHefi KpI,ITI4r{eCKOfi TO'{Ku 3OHbI C TpexKpaTHbIM pOcTOM KOHBeKTHBHOTO TelnOBOrO

nOTOKa. PaSpa6OtaHHbIe anrOpI'ITMbI uO3BOJITIOT MOAenpIpOBaTb . ra3OAI4HaMI'IqeCKOe

Bar,rMoAeficTBl{e HaxoA.,IUuxcrI B yAapHoM cJloe HecKonbKux KpynHblx qacTllq MexAy co6ofi'

B 3aKJrrcrreHrrrr flepeqprcJreHbr noJryqeHHbre B xoAe pa6orbl HaA Al{ccepralluefi

pe3ynbTarbl, KOTOpbIe aBTOp BbIHOCHT Ha 3aIIIIATy'

.fiocronepnocrb flonyqeHHbrx B Ar.rccepraur{oHHofi pa6ore pe3ynbraroB IloATBepx4aercfl'

[psMbrM cpaBHeHr,reM pe3ynbraroB pacqeToB c r{Meloulr.IM,hlcfl 3KcnepI'IMeHTaJIbHbIMI{ AaHHbIMI4

IIo BTI,IqHHIO KpynHblx r{acTLIU Ha TeqeHI',Ie B yAapHoM cnoe' peIIIeHl',IeM p',',IAa TecToBbIx 3a&aq HA

gTaIIe puBpa6OTKLI [peAnOxeHHbIx aBTopOM MOAenefi, CoIOcTaBJIeHI4eM pe3ynbTaT6B c

aHiIJrr4Tr,rqecKI{M,I tfopuynarr,u{ u IToJITMI,I I,I3 I{3BecrHoro arJlaca ra3oBblx reqeHllfi' I4cuolrayrotcr

r.r3BeCTHbIe qucJreHHble MeTOAbr pemeHuq cI4CTeM ypaBHeHI'Ifl rzl3oBoft AI',IHaMHKI{ I4 pacrleTa

ABI,I1SHLIq u Te[noo6MeHa qacTI{U. flpe.UoNeHHble aBTOpoM opI4rI4HiInbIIbIe nO'UxoAbI I'I

anropr,rrMbr coorBercrBylor Sra:uuecxurvr [poqeccaM v npoxoAqr o6ruyro [poBepKy Ha

aAeKBarHocrb.

flpaxrnuecKylo IIeHHocTb npeAcTaBnrer panpa6oTaHHblft aBropoM Ha6op rporpaMM'

KoTopblfi IIO3BoJITeT MoAenllpoBaTb TenJIOBOe, paAI'IaIIpIoHHoe I'I 3po3IIoHHOe Bo3'[eficrnue

BbrcoKocKopocTHoto rroroKa ra3a c qacrllUaMu Ha reJla bloNsofi Sopuu, yrrl4TblBarb ee

r,r3MeHeHr.re BSJTSACTBT{g spo3r.roHHofo pa3pyllleHI{fl. Peruenue IIOAO6HEIX 3aAa'{ oco6eHHO

aKryanbHo Anfl oTpacnr4 [pprKJraAHofi BblcoKocKopocTHofi a3poAuHaMI'IKI'I. flporpaurrlsufi roA,

Iro3BoJrrrouufi pacc.{r4TbrBaTb HecTaIIPIOHapHoe TeqeHI4e Bfl3KOrO fa3a B rpexrraepnofi nocranosxe

c ABr,rXyUr4MAcfl, TSJIaMII, nl4HefiHble pa3Mepbl KOTopbIx MoIyT OTIpIqaTbc's Ha HecKoJIbKO

nOpqAKOB, IIpeAcTaBnreT OTAeJIbHbIfi flpagTuqeCrcufi HHTepec, [OcKOnbKy C nOAo6HOfi 3a4aaleil'

KaK npaBHno, He cnpaBJrsroTcq r4 npooeccHoHaJlbHble KoMMeprlecrue cFD-naKeTbI'

HayuuarHoB[I3HanoIyI{eHHbIxBpa6oTepe3ynbTaToBcBfl3a]Flacpa3pa6oTKofiI,I

peanr,r3aur.reft MaTeMaTprqecKofi MoAenI{ AByxsa3HOrO yAapHo1o cJIOq, B KOTOpofi yqI'ITbIBaIoTc'

BpauIeHI.{eqacT[II,plxoTpaxeHHeoT[oBepxHocTl4I{CTOJIKHOBeHI'LMexAyqacTHIIaMu'aTaKxe

o6parHoe BJrr{flHr{e Ha reqeHr,re ra3a. Mo4enupyercr 3po3I'IoHHoe pa3pylxeHl'Ie v

pac[pocTpaHeHple I,I3nyI{eHI4' B yAapHoM cnoe. PeaJI]a3a\Ag' nepelll4cneHHblx MoAenefi B eAI{HoM

[porpaMMHoM KoMIIneKce no3BoJIpIJIa AeTaJIbHo I,IccJIeAoBaTb flpoueccbl ra3oAI,IHaMI,IKI,l A

TenJroMaccoo6MeHa npr4 cBepx3ByKoBoM o6rerasun reJra 3arIbIneHHbIM noroKoM, ycraHoBl{Tb

BILIqHI,IS oTAeJIbHbx napaMeTpoB Ha xapaKTepHcT[IKI4 Bo3AeficTBHf, AByx$aeHoro IIoToKa Ha
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noBepxHocTb. oTMeqeHo cyuecTBeHHOe BJrurHr,Ie sKpaHLlpyrcUero gaboeKTa oT cToJIKHOBeHUfr

Mex.(y qacrr,rrlaMr,r Ha HHTeHcr,rBHocrb Spo3I,IoHHoro yHoca Maccbl. Hecouseuuofi

opnrrrHaJrbgocrbro o6laAaer MHoroMacllta6sas MoAeJIb o6rexanuq ra3oM

BblcoKol,IHepqproHHbrx qacrull s6rr.rsra noBepxHocrr,r reJra Ha ocHoBe 6eccero'rHoro aJIropI{TMa.

Ee nporpaMMHa, peanr,r3aUr{s u upone4enurte BbItI}IcJI}ITeJIbHbIe 3KcnepI'IMeHTbI BlepBble

rro3Bonr,rnu AeraJrbHo r,Byqlrrb MexaHr.r3Mbl loralsnofi unreucu$uKalluu reIIJIoBoro sogAeficrnus

rz13a Ha floBepxHocrb, r,rHAyUr{poBaHHbIe BbIxoAoM sa yAapnrtfi cnofi xpynnofi qacruqsr.

flo .unccepralrul{ I,IMeIorct cneAylou[e 3aMeqaHnq II Bo[pocbl :

l. O6parnoe BJrr4rHr.re npprMecu Ha ra3 paccqllTblBaerc, ocpeAHeHHeM rIacrHU uo .auefixe (rcax

u o6sl.rHo Anfl narpaHxeBbrx uero4on), qro ,BJLserc, olpeAelennrru AonyueHzeM,

oco6esso rrpH Hanr4qu]f. orpL3uBrrrrrxc, or noBepxHocrH llacruU, ABI{xyULtxc.f, rlporllB

Ha[paBneHr4, ocHoBHoro rroroKa. Kax yqI,ITbIBarc, B A[IccepralJvtt4 3Tor tloroK qacruu?

TaxNe Bo3HI{Karor Bolpocbr rrHBapI,raHTHocrLr noJryr{aeMblx r{IlcreHHblx peureHuit ot

pa3Mepa s'IefiKu.

2. He npungue Bo BHr.rMaHr.re Brnfl:nvtflnoroKa Maccbl rIpI4 3po3I{oHHoM yHoce (aHalor ngyna)

rpe6yer AoloJrHr.rreJrbHoro noqcHeHufl. Oco6enno, ecrvl cqurarb, tITo Macca gpo3l4oHHoro

yHoca AocrllraeT 2Oo/o or ucxogHofi Maccbl rela (cu. crp.l2l guccepraUuu)'

3. Anrop pa6o:ru orpaHr.rquBaercs. paccMorpeHlleM ToJIbKo naMHHapHbIx reqeurafi raga.

Or.uelrnuft saxHrrfi Borrpoc npeAcraBn.fler B3anMoAeficrsue qacrl'Iu c yAapHbIM cJIoeM c

y.r€rOu ryp6ylenrHocTl{ IIoToKa, a c l,tHxeHepHofi ToqKH 3peHuf, - Bo3MoxHocTb

MoAengpoBanus o6re KaHp$, rel ryp6yJreHTHbIMI;I 3albIJIeHHbIMH TerIeHI4 flV,v Ha ocHoBe

pzrpa6oraHHblx B Al4cceprallun 6eccetoqHblx anropl'ITMoB'

4. B pa6ore BbrrroJrHeH pacqer sgauN,roAeficrBtrfl n reuloo6ueHa AByxQa3Horo 3aIIbIJIeHHolo

cBepx3ByKoBoro floroKa c floBepxHocrblo ren pa3nl{qHblx $op,, c ucloJIb3oBaHI4eM

onucauufi pa3nuqHoro ypoBHq Aeranlr3alluu cJloxHocru. OqenuAHo, qro npoBeAeHl4e

TpexMepHblx pacqeToB cBepx3ByKoBblx 3aIIbIJIeHHbIx re'IeHufi c uexSa:usnra

TennolepeHocoM lr yqeroM cronKHoBeHufi s BrI.II{cJII,ITeJIrHoM nJIaHe BecbMa rpyAoeMKa'

3aAa!ra, Tpe6yrcuafl 6omurprx BbrrrrrcJrlrreJlbHblx pecypcoB. floerouy, 6rmo 6rt uHrepeClro

Lr noJIe3HO [poBecTI,I CpaBHeHHe 3TUX IIOAXOAOB KaK C AaHHbIMU Apyrl4x aBTopoB' TaK I',I

Apyr c ApyroM c ueJrbro o[peAeneHr{, o6lacrefi nppIMeHI'IMocrH KaxAoro v3

r{cnoJrb3oBaHHbrx B Ar{cceprarluu cnoco6oB pacrrera raKl4x teqennft .

5. B frase 2 rryu HccJreAoBaHr4r.r [OJrr4ALIclepcHbIx noroKoB qacruu B ocHoBHoM

lpeAcTaBneHbl pe3ynbTaTbl pacqeToB IIo 6uguclepcHblM pac11peAeneg1ltu' Tarxe ne

xBaraer AaHHbrx IIo pac[peAeJreHuflM KOHTIeHTpaIITIU nonHAl{ClepcHblx r{acrI{II Ang flepBblx

rpex flar AuccePTaIIuu.
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6. B par4ene 3.4. nrmolHeHo MoAenupoBaHue re[noflepeHoca Lr3nyqeHueM Anq o6rexaHl,Is

cBepx3ByKoBbrM 3ilrrbrJreHHbrM [oroKoM teua. B pa6oru ucnonb3yerc, ruIrloresa Tien and

Drolen (1987) He3aBucr.rMoro pacceflHvts, cornacHo roropofi tlacrllqa rlorJlolqaer rI

paccer,rBaer u3nyrreHue raKxe xax 6y.uro Her oKpyxarolrlux ee Apyrux qacrllq. Xorg anrop

LI yKtBbIBaeT, qTO OHa He BITOJIHe IpI'IMeHT,IMA Anfl OttUCaHLL CHJIrHO3a[IIJIeHHrIX te'{eHlafi

n6rur:u oKpecrHocrlr reJra, TeM He MeHee n pa6ore He rIpuBoAHTcfl pueHoK IIo o6lacru

lpr4MeHr,IMocrr,r gToro rroAxoAa, Bo3MoxHbIx rlpeAenbHblx :saqennfi rro BeJII,ITIHHaM

KOHUeHTpaIIVLId Vl Eld.aMerpoB rlacruu.

7. Bonpoc uo 6ecceror{HbrM MeroAaM, r.rcilonb3yeMbrM B frase 6. flonqrHsl tIJIIocbI AaHHoro

noAxoAa Anfl MoAenr{poBaHr,rs flepeMerrlarcquxcfl B [pocTpaHcTBe ceToK B cpaBHeHI{I,I C

MeroAoM KoHer{Hbrx o6reMoe. Ha ocHose prunoxeHufl B psA Tefinopa 6ruta nocrpoeHa

KoHeqHo-pa3HocrHa, MoAenb Anq 3Toro rloAxoAa. Tax xax MeroA He KoHcepBarr'IBeH, To

BO3Hr,rKaroT Bonpocbl rro rrpHMeHr4MOCTr.r AaHHOIO TIOAXOAa npu onUcaHI'IH CnOXHbIX

gnyx$a:nrrx cBeprcByKoBblx reqenufi An, Apyrllx r[InoB ulu reouerpnfi.

8. B51eoAsr rro Ar4cceprarlu[ [pe,{craBnflror co6ofi [epequcneHlIe roro, qro cAeJIaHo B

Ar{ccepTaIIIrI4.

flo.[soAs uroru paccMorpeur.r.tr Ar.rcceprarlr{H Cnoco6uua A.B., npuxoAI,IM K cneAyloueMy

3axflrorreHuro. Hecuorpfl Ha [epetrucneHHble 3aMeqaHplr, o6ulas oIIeHKa pa6orrr, 6e:yc.nonno,

rroJloxr,rreJlbHiu{, [peAcraBJleHHafl Ar,rccepraulag. flBilflercg uelruoft HayqHo-[ccJleAoBareJlrcrofi

pa6orofi, Bbr[oJrHeHHofi na BbrcoKoM HayqHoM ypoBHe u o6laAaroqefi nayunofi u npaxru'Iecxofi

ueHHocrbro. Kar uo o6reuy, TaK lr ro cJroxHocru peru€uHblx 3aAaq pa6ora coorBercrByer

ypoBHro AoKTopcKofi 4uccepraqrnu. CoAepxaquec, B AI,IccepraIIHH BbIBoAhI u HoBbIe HayqHble

pe3ynbrarbr f,Brsrorc.s B Aocraroqnoft uepe o6ocuoeaHHblMlr, I{x MoxHo crll{Tarb KpylHbIM

HayrrHbIM Aocrr{xeHr,reM s o6racrrr r.rccJreAoBaHuflTeqeHLIg I,I TenJlonepeHoca BblcoKocKopocrHblx

troToKoB ra3a c rBepAbIMH qacrl,IuaMpl.

Paspa6orauHbre B xoAe BbrloJrHeHr,r, Ar.rcceprauuouuoft pa6orrr MoAeJII{ I{ aJIroppITMbI, a

TaKxe [onyrreHHbre c ux rroMorrrbro HoBbIe pe3ynbrarrl flporunu aupo6aquro na 6olruroM qucJle

HaytrHbx xonifepenqufi u ceMr4HapoB no riroBofi Ar'InauuKe, 3HeplerllKe pI lnyx$a:uuru

Tetregr,rsM. flo reue Agcceprauut ottyltuxoBaHo 25 nayunsrx crarefi Bo BxoArrllux B nepeqeHb

BAK unpr MexAyHapoAHbre HaytrHbre 6asH AauHbrx peIIeH3I{pyeMbIx HayqHblx xypHanax, B ToM

trr.rcJre 6 crarefi 6es coasropa, 3aperrrcrpr{poBaHbr 2 olsexra rIHTeJIJIeKTyalruofi co6crseuuoctpl

- nporpaMMbl An.r 3BM.

Anrope(pepar Ar,rcceprarlulr orpaxaer ocHoBHbIe [oJryqeHHble BbIBoAbI I{ pe3ynbrarbl I4

noJrHocrbro coorBercrByer coAepxaHr.rro caltofi pa6orsr. B rexcre A[Iccepraql'I[1u aBTope$epara

ccblJrKr,r Ha LICnOJIb3 OBaHH ble I,ICTOTTHI'IKH yKBaHbI B epHo.
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,{uccepraquoHHiur pa6ora <<gzclennoe MoAenLIpoBaHI{e o6rexau[s reJI cBepx3ByKoBEIM[I

flororztMu c :rn€p.urnvu,r qacrl,ruzlMr,r) IroJIHocrbIo coorBercrByer rlacflopry cleuuanbHocrx 1.1.9.

- <MexanuKa xr{AKocrkr, ra3a r4 rrJra3Mbr)), no HayqHoMy ypoBHIo, noJIyqeHHbIM pe3ynbraraM,

coAepxaHr.rlo u o$opMJreHr.rrc yAoBnerBoprer BceM tpe6onauuqlu BAK P@, npe4ttBJL,IeMbM K

AoKTopcKuM A1rccepraqrl.f,M, BKJrroqiur [.rr. 9-14 <floroxenus o npucyxreHl{I'I ytleHbrx

creneuefi>>, yrBepxAeHHoro [ocraHoBJreHr{eu flpaeureJlbcrBa PoccptficxoYr Oeaepauuu or 24

ceurr6pr 2013 r. ll1b842, a e€ anrop - 
Cnoco6ran An4pefi ButalseBl'Iq - 

3acnyxlrBaer

lpucyxAeHzr yuenofi crerreHr,r AoKTopa $u:uxo-uareMarl4r{ecKl,Ix HayK no cneullaJlsHocru 1.1.9.

- <Mexauuxa xlaAKocrt4,ta3a I'I rIJIa3MbD).

O$uuuanrrmrfi ouuonenr:

AoKTop Susuro-uareMarr.rqecKr.rx HayK, cneullaJlbHocrb 01.04.14 <TenloSz:uxa u

Teoperprr{ecKa5r renJrorexur{Ka)), upoQeccop PAH, rrasHHfi uayuuufi corpyAHI{K la6oparopun

TepMora3oAuHaMLIKLI @e.qepalruoro rocyAapcTBeHHoro 6roAxeruoro yqpexAeHl'Ifl HayKI'I

<I,IHcruryr renno$usnKr{ HM. C. C. KyrarenaA3e Cu6upcxoro orAeJIeHI4s Poccuficxofi ara"[euuu

HayK)), r. Honocu6npcx

flaxoNtos Maxcuu A:rercau4Ponuu

Orssre cocraBJleH u 9!, 
-tfenpanx-2}23 

r.

A,4pec opraHr43arleru: 630090, Poccrar, r. Hosocu6upcK, rlpocr. AxaAenaura Jlanpenrrena, 4. 1,

rereoon : +7 (3 83) 3 1 6-53 -3 6, e-mail : pakhomov@itp.nsc'ru, web-cafi r:

lrttp://www.itp.nsc.rur/structura./nauchnyejorazdeleniya/22-laboratoriya-termogazodinamiki.htrnl

floAnucs llaxoNtosa Maxcnua AlercaHgpoBl'Iqa

yAocroBeprrc.

Y.reHHfi ceKperapb I4T CO PAH,

x.Q.-u.u.

* !5, genpa-nx 2023 r.

M.C. Maxapon

e og /6o - est/o(co*Ao' ftoZze?r:2fi.-


