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oT3hIB BEAyIUEII Opr,q,H[r3AIII,IU
(DeAepanruoro rocyAapcrBeHHoro 6ro4xerHoro yqpexAeHr.rs HayKr,r O6reAuuenHrrfi uucruryr
BbIcoKI'Ix reMneparyp Poccraficrofi ar<aAeuur,r HayK (OI4BT PAH) Ha Arrcceprarlruo Cnoco6una

Alr4pex Brlra-urenra'{a (rlucneHHoe MoAeJrr,rpoBaHr.re o6reranus ren cBepx3BygoBbrMr,r rroroKaMr,r c

tnOp4rnrau qacrl,IqaMl{)), [peAcraBneHHyro Ha cor4cxaHue yrenoft crerreHrr roKTopa Suezxo-
MaTeMarI{tIecKLIx HayK no crrelll{anbHocru 1 .1.9. - Mexauuxa xr{AxocTr,r, tasau [Jra3Mbr.

Orurofi I'tg BaxHbx [pLIKJIa,qHbD( 3aAaq coBpeMeHHofi aspoguHilMr.rKr.r ffBJrrercs noler sa
cBepx3ByKoBblx cKopocrrx B rlJlorHbrx cJrorx arnaoc$eprr, B ToM rrracJre npeoAoneHr.re JrerareJrbHbrM

aflnaparoM 3oH C AI4CIepCHEIMLI BKJTTOqeHVflMV\ KOTOpbre Moryr HaxoAr.rrbcfl KaK B Xr.rAKOM, TaK r.r

n rn0pAou arperarubx cocrosH[rx, Harrpr,rMep, AoxAfl, cHera, o6laxoe, rrbrJreBbx 6yp", yqacrKoB

c ByJlKaHllqecrofi IrbrJlblo. Ha.nr.Ique 4ucuepcuofi nprrMecr.r . B Bo3AytrrHoM rroroKe cosAa6r

AOlOJIHI4TenbHyrO TelrnoBylo rI 3po3r{oHHyro Harpy3Ky Ha floBepxHocrb JrerareJrbHoro aililapara,
Koropa, AoJIxHa y-qI'ITbIBarbc, yxe Ha gTarre ero npoeKTr.rpoBaHr{r. Ilpone4eulre HarypHbrx 1r

creHAoBblx r'Icurnauufi rpu mupoKoM crleKTpe anaocsepHbx snreHrfi pasluunoft npupoAbr

collprxeHo KaK c TexHI'IqecKI{M[ cJIoxHocTflMLI, Tax I{ c nrrcorofi cTor4MocTblo, a nopofi,

lrpaKTuqecKl4 HeBo3MoxHo. B stofi cr,flgu paspa6orxa MareMarr.rtrecKoro alnapara vt

lpolpaMMHoro o6ecnerleHrL Am q[creHHoro Mo.qen[poBaur.rs o6reKanr{.f, TeJr cBepx3ByKoBbrM

noroKoM ra3a c rn€pgrrrlu tIacrpIIIaMLI, roropofi u [ocBrrrleHa npeAcraBJreHHaJr Ar,rcceprarlufl,
sBJrfl erc, aKTyaJrbHoft rE Upreer 6olrruylo [paKTr.rq ecKyro rIeH Ho crb.

Heo6xoAuIr'to orMerLITb, vro crpeMraremnsrfi pocr npo[3BoAlrreJrbHocrLr Bbrtr[cnr,ITeJrbHbx

cI'IcreM Ha reKyIrIeM STaIre o6ecuequnaerc ., B rrepByro oqepeAb - yBerr4qeHrEena o6reua rraMrrlr,
III'ICJIa [poqeccopoB, KOJII{rIeCTBa sAeP [poqeccopa, [ocrpoeHr{eM rereporeHHbrx cprcreM c
I'IcnoJIb3oBaHI'IeM rpa(fu'recxux ycKopl{teleft npoMbrr[neHHoro KJracca. B cnssu c grr,rM oAnofi us

saxHefim[x xapaKTep[crl'IK paapa6arslBaeMbrx rrJrropr,rrMoB u [porpaMM MareMarr,rqecKoro

Mo,qeJll'IpoBawut' $uzuqecKl'Ix snrleurfi Bblcryrraer ssftexrunnoe EcrroJrb3oBaHr,re anfiaparHoro
odecne'reHrl coBpeMeHHbrx KoMrlblorepoB [ocpeAcrBoM paclapaJrJleJrr,rBaHr{, pacu€ror, B ToM

C rqt r ,lorvtleHTaUiloHHoro 1

o6ecneeeHun I/lAYl r

r/6*u-zdi^

.poffioriurrcroe ruocce, 4. 4



qI'IcJIe Ha rpa(huqecKrlx flpoqeccopix, qeMy B Ar.rccepraqr.{oHHoft pa6ore Cnoco6una A.B.
yAen'ercs HeMiIJIo BHI'IMaHI'II. Pea-ursaqrar MHoroMacrura6noft MoAeJrr,r peureHrrs cr{creMbr
ypanueuufi rasonoft ATIHaMI{KII, Koroptu ucnoJrb3yerc{ AJrs pac.r€ra ftBoArrH4MrgecKoro
ssaplN{oAeftcrBl'Ifl KpyIIHbIx qacrrrll c yAapHbrM cJroeM, 6rrna 6u [o[pocry HeBo3MoxHa 6es
aKTI{BHoro [prIMeHeHI'It [apaJlnenbHbx BbrqrrcJreHr.rft, oco6enuo, n rpexuepuofi uocraHoBKe.

fircceptaqrl cocrol{T H3 BBere*utss rrrecrr,r ruraB, 3aKJrroqeHufl r.r c,,r4c*a nr{Teparypbr.
o6qufi o6reu pa6orst cocraBJlf,er 313 crpauzrl, B crrrrcKe nrrreparyprr 361 Har.rMeHoBaHr{e, B roM
ql'Icre 72 pa6oru aBTopa rlo reMe Al{cceprallvrvt) vts Koropbx 25 - craru,r B perleH3r{pyeMbrx
xypHulnax, BxoA'Iu[x B clrucoK peKoMeHAoBaHHbx BAK lasaanufi ma6o MexAygapo4nrre 6a:u
AaHHEx Web of Science u Scopus, 6 crarefi ony6nuronaHhr aBTopoM eAr,rHoJrr.rqHo, nonrreHhr
cBl'IAereJlbcrsa PocnareHTa Ha gna o6rexta LlHTeJrJrexryanruoft co6crsenuocrlr - [polpaMMbr An,
38M.

Bo nneAenIIII [peAcraBneH o6sop coAepxaHr,rs raxAofi rr3 rJraB pa6orrr, oflpe.4eneHhr rleJrr4

u 3a4a'qv, o6ocnonanrr aKTyulJrbHocrb, HaytrHa, 3Harrl4Mocrb I,r HoBr,r3Ha npoBo,(r{Mbrx
ucclegonanufi.

filasrr Ailcceprallkru c nepnoft rlo rperbro nocBf,rrleHbr qr.rcJreHHoMy r.rccJreAoBaHr.rro

o6rexauus 3aryrlneHHoro rena cBeprcByroBbrM rroroKorra ganurdHHoro ra3a u aHaJrr{3y BrrvflHvrfr,
qenoro p'Aa puBHopoAHEIx (paxropon. flosrauno paspa6aruBaercfl KoMrrJrexcHarr MareMarr.rqecKa.f,
MoAeJIb, BKrlotlEuolllatr MoAenb AI'IHaMuKI'I gucnepcuoft Qa:rt, MoAeJrb rasonofi Ar.rHaMHKr,r
yAapHoro cJlofl' MoAenI'I HarpeBa I'I Spo3rloHHoro pa3pylxeHl,I{ [perpaAbr, a TaKxe MoAen6
pacnpocrpaHelJl.,'fl' TerrJroBoro r.r3nrreHr{, n 4nyx(pasnoM yAapHoM cnoe.

Ypanuenur ABII*.HI'L qacr,nll r{I.ITbIBaror c}rny i*poAr.rHaMr{qecKoro conporr.rBJr e,,s., 
',ryMaruyca I{ Bpalqiuoqzft uoueut. Ilpra pacu€re HarpeBa qacrurlbr rrgThrBarorc.rr KoHBeKrznnufi u

paAl'IalluoHnrrft teuloBble IroroKu' otnuqurenruofi .reprofi paspa6orauHoro rroAxoAa .f,Brrercs
lpf,Moe [oJlHoMacura6uoe MoAenI'IpoBaHLIe rloroKa qacrlrq, trpE KoropoM KaxAa, qacruua B

BbT.IIICJIIITeJIbHOM sKCleprIMeHTe COOTBercrByer o4uofi $usrEuecxofi, r{r.rrbrBarorc, BCe

croJIKHoBeHI'Ifl qacrl'Iqbl c nperpiloit u ApyHTMLI qacrlallulMr4, qro rro3BoJrser c Mr.rHrrMiIJrbHbrMr4

AOnyIqeHI{rMrI I'I3rrarb BJII'I,HLIe BparrleHr.rfl qacrr.rq }r croJrKHoBenr.rfi uexly Hr,rMr,r Ha rrapaMerpbr
TeqeHI'L a AryxSasHoM yAapHoM cJloe u LIHTeHcT{BHocrb nos4efictnur 4nyx(fasHoro rroroKa Ha
IloBepxHocrr o6teraeMoro reJla. rlapauerpbl qacrr.rq B MoMeHT croJrKHoBeur.rfl onpeAeJrrrorcf,
atrflpoKcl'IMaIlueft TpaeKTopI'Iit ux ABlIxeHHf, 3aBr.rc{qr.rMr.r or BpeMeHr.r npocrpaHcrBeHHbrMkr
KpTIBbIMTI BToporo noprAKa. flpanaenureJlbHo K rIJIocKlrM ABWepHbM ra3oAr{HaMr,rqecKr.rM rroJrrM
pa:pa6otauu anropl'ITMbl oTITTIMI'I3aIIELI [pflMoro qIncneHHoro Mo.qen]rpoBaHr{, Ar,rH.Mr,rKr{
Al'IclepcHofi Sasrr - (KBa3rlTp€xuepnax> MoAenb ABr{xeHr{fl qacrr.rq c yuerorra cronxHoseuIlfi.

,{m 4IzcxperI'I3aIIrII{ clacreMbl ypanueuvft rasonofi Ar.rHaMr.rKr,r Hecyrqero ftBa, ypaBHeHus
TeIIJIoIIpoBo'4HOcTlI B pa3pyIIIarcIIIeMc, TeJIe v ypaBHeHLIs paclpocTpaHeHl{, r.r3nyqeHu, B
saIIrUIeHHoI\'I rloroKe I{cloJl*yerc, ynu(puqzpoeaHurrfi [oAxoA Ha ocgoBe aAa[Tr.rBHbrx



AeKaproBbx ceroK, a raKxe o6qprft Merol norpyxeHHofi rpauuqrr c $zxuEBHbrMr.r s.refixaN,rr,r

a[[poKcI,IMaII[LI KpaeBblx ycnoBufi ua Kpr,rBonr,rHefinrrx rroABr.rxHhx rpaHr{qix. flpuuenaercr

sBHa.u cxeMa HHTerpupoBaut4s. crlcreMbr ypaBHeHr.rfl ragonofi Ar.rHaMHKr,r, r.r HerBHiur - rlprd pacudre

TeIJIOB0TO rI3nfIeHLIt u pacnpooTpaHeEvlfl. TelJIa BHyTpH Tena.

I'Iccle4yercr BJIIIflHLIe npllMecr4 Ha flapaMerpbr ra3a B yAapHoM cJroe. OrMe.raercs

coKparrleHrle orxoAa ygapuoft BoJIHbI I,I pocr AaBJIeHLu rasa. Brr.rgHr.re qacrr,rq Ha reMrreparypy rit3a

HeoAHO3HatIHO TOpMOXeHI{e qaoTr.rq B yAapHoM cJroe colpoBoxAaercfl. paccerHueM

KuHerl4qecrofi sneprvlr u crtoco6crnyer HarpeBy ra3a, Ilocire orcKoKa or reJra, 3aMeAnr.rBrnr.recs

qacrurlhl HecKoJIbKo oxnaxraror ra3 BcneAcrBr4e KoHBeKTT{BHoro rerrJroo6ueua. flpoanlenue

orMeqeHHbx e(p$erron ycl{nllBaerc.f, rlpu pocre KoHrleuTparlpr}r flpr,rMecr.r, a raKxe yMeHbrrreHrrr{

qacrr.rq B pillMepe.

CronrnoseHl,L MexAy qacrullaMr{ rrprrBoArr r o6paronau}rro cKorrnerrlrft qacruq I,r pocry

KoHIIeHTpaIII4I,I rlpvMecl{ B rroroxe ra3a s6rusu o6reraenaoft rroBepxHocrrt, oco6euno, Bo

Qponranrnofi 3oue co cropoHhl na6eraroqero rroroKa. flo Mepe pocra KoHueHTparlurr

ua6erarolque qacrl{Ilbl sce qatqe craJrKr.rBarorc, c upe6rmiuo[u.rMr.r rl6rusw noBepxHocrr.r,

orKJloHflIorc, or ua.ramuofi TpaeKTopI{Lr ABr.rxeHlrfl r,r reprrcT cBoro cKopocrb, KaK cJreAcrBr.re,

cHl'Ixaercff HerlocpeAcrBeHHoe y.uapHoe no:Aeficrnue qacrurl Ha [oBepxHocrb reJra - Bo3Hr.rKaer

e${em ((gKpaHa). Haxonresr.Ie tlacrrrrl n6ilusu rroBepxHoctr cnoco6crByer oxnaxAeHr,rrc rasonofi

SassI u AoIIoJIHI,ITenbHoMy HarpeBy 4racnepcrofi nyrerr,r KoHBeKT[rBHoro renloo6ureua,

rIoHIoIrIeHI,Irc I{3nfreHI,L or rrperpaAbr B cJrytrae <ropxuefi> floBepxHocrr{, B p*ynbrare
BO3paCTaIOT TeIJIOBOe LI3JITTeHI{e [pr,rMecr,r u paBHoBecHafl TeMrrepaTypa [oBepxHocTH

o6teraelraoro reJla. I4ccreAosaHo B3ar.rMoAeficreue qacrlarl rronlrAucrrepcHoro cocraBa, B ToM

qucre <6n4ucnepuroft> [pLIMecI{ qacrllq, BKnroqarcUeft Spaxqur4 AByx xapaKTepHbx pa3MepoB.

Macca Marepl,Iala [perpaAbl, Koropyro oHa reprer trpu KaxAoM yAape qacrr4rlbr o

rloBepxHocrb, Bblqllcrl.sercfl. conlacHo ussecrHoft noJrygMrrr,rpuqecxoft MoAeJrrI, ocnosaHHoft Ha

IIOHTTLM e(fSer<rnnnoft sHranrnllr.r spo3r,roHHoro pillpyrneHr4a. Paspa6oraHa MoAeJrb r,r3MeHeHr.r,

reoMerpul,I TeJIa, [oABepxeHHoro MHororrrrcJreHHbrM yAapaM qacrlarl. fpauuqa rena npeAcraBJreHa

MHororpaHHI{KoM, spo3l,IoHHoe nos4eficrBl,Ie qacrull3a BpeMeHHofi raurepna-u cyMMr{pyercr, [ocJre
qero pacctlllTblBaerc, cMeIrIeHI{e BeprxI,IH MHororpaHHI,IKa B coorBercrBzr,r c ynec€nuofi uaccofi. B

nponeAennrrx pacuerax oco6euHo ,pxo rrpoflBr.rncf, oKpaHr4pyroqufi eQOeKT or crorxnoseHr4fi

MexAy qacTI,IqaMI,I, BCJIeACTBI4e KOTOpO|O UHTeHCUBHOCTb 9pO3HOHHOTO yHOCa CHr,IXaJracb BABOe.

I'Iurepec BbI3bIBaer [onfreHHoe n pacuErax MirJroe BJrr,rflHue yrera r,r3MeHeHr,r, reoMerpr{[

npefparbr Ha cwMapHyro r.rHTeHcr4BHocrb gpo3r4oHHoto yHoca Maccbr.

Hapa4y c o6lagarolrlllMll HecoMHeHHofi uay*roft nonugnofi pesynrraraMlr KoMrrJreKcHoro

I{ccneAoBaHzx y.rera BrrflHvIfl. ptrHopoAHux QarropoB Ha 4np<(fasuufi y4apnrrft clofi, HayqHyro

IIeHHocrb npeAcraBnfler vI MeroAr,rqecKa, tracrb pa6oru. Paspa6oraH lr Irporu€n nepnsuKarlr4ro

loAxoA Ha ocHoBe MoAeJIbHhrx qacrl,rq-[pe,4craBr,ITeneft, rax4ax r,r3 KoropbD( coorBercrByer



rpy[ne Qusuvecxux, B coqeralvrut c trprMbru MoAennpoBaHr,reM croJrKHoBeuufi, vro [o3BoJrr.rJro

pacIIIupl,ITb crIeKTp pelllaeMblx 3aAaq r.r Ailno Bo3MOXHOCTb MoAenr{poBarb rpexuepuoe ABilxeHr,re

rIpI'IMecI'I B ocecl{MMerpI,ItIHoM ra3oALIHaMLItIecKoM floJre. flpone4eno corocraBJreHr,re pe3yJrbraroB

sosAeficrsl,Ix npI,IMecI{ Ha reJlo rIpH [rcrroJrb3oBaH[u flprMoro rroJrHoMacrlra6noro pacvera

croJlKHoBenuft uexAy qacrLIIIaMI,r co crarr.rcrr,rqecKr.rM rroAxoAoM Ha ocHoBe MeroAa Mosre-
Kapno.

Bo ntopofi TIoJIoBLIHe Allcceprauuonnofi pa6orrr, B uraBirx c .rerndprofi uo ruecryro,
locrpoeH coorBercrBytouluft aflIrapar MareMarrrrtrecKoro MoAeJrrrpoBaHr,rfl vr rrpoBoAuTcs

tII'IcJIeHHoe I'IccneAoBaHue $usuuecrux eSQeKToB, coflpoBoxAaroq]rx ABHxeHr.re B cBepx3ByKoBoM

yAapHoM cJloe HeMHoroq[cJIeHHbrx KpyrrHoAr,rcnepcHbrx qacrraq. Tarue qacrr{rlbr, o6ta4as.

AocrarorlHoft uaccofi, [prI ABHxeHIlH HaBcrpevy na6eraroueMy [oroKy flocJre orpaxeHr.rfl or reJra

BbIxoAflT 3a rlpeAenbl yAapHoro cros lr paAlrKirrrbHrna o6pasoM r.r3MeHrror Bcro Kaprr.rHy o6rexanus

TEJIA [A3OBbIM IIOTOKOM, IITO NOATBEPXIEHO IIENbIM P.'IAOM SKCNEPI,IMEHTOB.

Ha nepeou STafIe, B3f,B 3a ocHoBy pa3Br{Tbre n nepnofi qacrIa A]rcceprarluonnoft pa6oru

aJIropI{TMbI pe[IeHl{fl cLIcreMhI ypanneuufi rasonofi Ar.rHaMr.rKra B rlr{n}rHApu.{ecxofi crrcreMe

KoopAI{Har Ha aAarITLIBHbrx AeKaproBbrx cerKax c noABr,rxHhrMr4 rpaHr.rrlaMrr, aBTop paspa6arunaer

BbrtIrIcJII4TeJIbHyIo MoAeJIb ABuxeHLIs oguuo.firofi rpynuofi qacrr.rrlbr HaBcrpetry na6erarorqeuy

cBepx3ByKoBoMy rlorory Iro ocu cr.rMMerpr{u 3aryrrneHuoro reJra. B poJr}r npelpagbr B

uponeA€uurx pacu€tax Bblcrylalor c([epa v xpyronoft qrnr,rHAp c rrJrocKr,rM ToprIoM,

HarIpaBJIrIoqI{e Koropoto [apairneJrbHbr ua6erarorqeMy [orory. Oco6rrfi r,rHTepec [peAcraBnsror

BnepBhle ollucaHHble B Hacroslqefi pa6ore ra3oAr,rHaMr.rqecKr.re lpoUeccbr, conpoBoxlarcque
BLxoA qacrl'Illbl 3a flpeAenbl HeBo3MyrrleHuoro y.(apHoro cnoa. IIpu sgam\,roAeficrBr.r[ ronosnofi

y4apnofi BOJIHbI co cKarIKoM yrlJlorHeHrrr, BrI3BaHHrIM ABI,IxeHI,IeM qacrullbr B cBepx3ByKoBoM

rloroKe, o6pasyercx HaTIpaBJIeHHaJI Ha reno crpys riBa, co3Auuoqas s6rl,rsu rroBepxHocrrr roqKy

pacreKaHl4s, or Koropofi qactr ra3a ycrpeMJrserc, K ocr{ cr{MMerpHu u QopurEpyer Br{xpeBoe

ABI4xeHI{e ropol4Ai}nbnofi SopnrH. B6llrrsu roqKr4 pacrexaHr.r, Ha [oBepxHocrr4 Tena KparHo

Bo3pacralor AaBneHLIe ta3aLr KoHBeKTr,rBnrrft renltonoft notox K noBepxHocru.

,{nr uogenflpoBaHuf, o6rcxanrEg IILrJrxHApa c rrJrocKr.rM ToprIoM, B KaqecrBe Bxo.qHbrx

AaHHbx, I{crIoJIb3oBaJI}Icb napaMerphr peurnbHbrx creHAoBbrx lEcurrrauuft. flolyueunrre n pacu6tax

KaprI,IHbI TeqeHI{q fi napaMerpbr ftBa [oKa3irJrH OqeHb xopouee coDracoBaHue c
gKcrIepI{MeHTi}JIbHbIMI,I. MoAelupoBaHI,Ie rro3BoJruJro r,r3frl,ITb MexaH[3MbI Bo3HI,IKHoBeHI,L

role6arenrHoro pexuMa reqeHl,It, xapaKTeplrcrr,rKr{ Koroporo raKxe coorBercrByror AaHHbrM

sKolepr.rMeHTa.

flpnuenun aJIropI{TMbI pac.reta o6reKanr.rs reJra [oroxoM Br3Koro rrBa K orAeJrbHbrM

qacrullitM u o6ecne.rlIB conlacoBaHlre rpaHr{qHbrx ycnonufi, n nsroft uraBe pa6omr aBTop

paspa6arrrBaer MoAenb cxoJlb3slqux aAalrlrBHbx AeKaproBbrx ceroK ABLrxeHr.r, qacrurl B yAapHoM

cJloe BAoJIb cJIoxHbIx rpaextoprafi u nrocrofi [ocraHoBKe. Hecnaorpr Ha onpe4en€unue



AonyrqeHpls, o6ycronneHHble AByr\{epHbrM xapaKTepoM MoAeJrr.r, IIoKrl3aHa Bo3MOXHOCTb

noKanLI3auHLI ToqKlr pacreKaHr,rfl B o[peAeuennofi o6racru s1lmzu Kprrrr.rqecKofi rouxlr upr.r

ABrtXeHI,Ilr qaCTI'IqbI C OTKJIOHeHI,IeM OT OCil, a TaKXe yBenuqeHueM IlpoAonxr,rTeJrbHocru eE

cyuIecTBoBaHLIs IIpu [ocJIeAoBaTeJIbHoM oTpD(eHr,rH OT nOBepXHOCTr,r HeCKOJrbKr.rX qaoTr,rq.

-f,nleuue colpoBoxAaercfl, JIoKiIJrbHbrM pocroM AaBJreHr,rfl ta3au KoHBeKTr.rBHoro re[JroBoro rroroxa

K rroBepxHocTl,I.

flocrpoeuue [onuocrbro ropper<tuofi, c roqKla 3peH]r, Qusuxu, MoAeJrr.r

[pocrpaHcrBeHHoro ABrIxeH]I.fl rlacrrrrl B yAapHoM cnoe rpe6yer paccMorpeHr.rs Bcex rrpoqeccoB B

tpExtrlepuofi nocranosre. BcreAcrB[e pasrr4qus. ruueftusx pa3MepoB rracr]ru u flperpaAhr Ha

HecKoJIbKo nopf,AKoB, perueHr.re cr{creMbr ypannenzfi Hanre-CroKca Ha AeraproBhrx cerKax c

KBaAparHbltr{n sqeftxaMu oKtt3blBaerc, 3arpyAHr,rreJrbHbrM BBr,rAy 6onrruoro pacxoAa rraMrrLl

KoMlrblorepa. [ttx [peoAoJreHr.rfl grr,rx orpanuvenufi n ruecroft HraBe Alrcceprarluu aBTop

rlpeAnaraer I,IcrIoJIb3oBatr 6ecceroqHrrfi MeroA perrreHr.rr cprcreM ypanHeuuft rasonofi AHHaMuKu,

ocnonansrrfi Ha MHK-aunpoKc[MaIIlH qacrHbD( [pocrpaHcrBeHHbrx rrpor.r3BoAHbrx vr

uosnorsloqufi onruMr.r3r{poBarb norpe6reuue KoMrrb}orepHbrx pecypcoB 6narogapx

aHll3orpolHoMy pacflpeAeJreHrrro BhrqucrureJrbHbx y3JroB B rrpocrpaucrBe. flpe4loNeuu

opllnlHarlbHble anroprrrMbr MoAenr.rpoBaHr.rro o6rexaHr,rq ra3oM AB[xyrrluxc, TeJr Ha ocHoBe

6eccetoqHoro [oAxoAa. flpone,qeua nepuQuxarlu, paspa6oranHbrx anroplrrMoB r,r nporpaMMHoro

KoAa Ha rlrrroBbD( 3aAarrax Bbrrrr,rcJrr,rreruuoft rr,rApoAr,rHaMr.rxu. Paspa6oraunrrft [porpaMMHrrfi xog,

ucnolrsytouluft TexHoJlorrlrc pacrapannerrvBanus. OpenCL Ntfl, nepeHoca ocuoeHofi

Bbrrrr.rcJrr.rremuoft Hzrrpy3Kr,r na rpa(fuuecKr.re flpoqeccopbr, rro3BoJrr{r n rpexuepHoM npocrpaHcrBe

BbrrroJrHurr pacuerrr, aHaJIorpIqHbIe ABWepHbM 3aAaqaM r,r3 usroft uIaBbI, [onyrII,ITb He roJrbro

KarrecTBeHHbre, Ho r.r KoJrrrlIecTBeHHbIe oIIeHK[ loxalrnofi unrencusuKauHr,r nos4efictnu.g rul3a Ha

loBepxHocrb reJla. Pom 4anrenkrs. u rerrJroBoro rroroKa Aocrr,rran 3 - 4 paz, rrro xopouo

cornacyeTcfl c SKcnepHMeHTiIJrbHbrMr{ AaHHbrMr,r.

B sarcrroqeuuu cSopMynr,rpoBaubr BhrHocrrMbre Ha 3arrlr.rry pe3ynbrarbr Ar4ccepraquonnoft

pa6orrt.

O6ocnosaHnocrb Hayrrubrx rroJrolmeHrrfi, nrrnogoB rr peKoMenAarllrfi. B 4r,rcceprarluu

[peAcraBneHbr KoppeKTHbre [ocraHoBKH Bcex pe[aeMbrx 3aAarr. Irlcuorssyrorca r{3BecrHhre

ypaBHeHpu orrucaHlr, ABlrxeHr.r, qacruu vt cnrtorunofi cpeAhr, pacflpocrpaHeHr.r{ Telna vt

pr3nfreHlrr. flonyveHHbre pe3yJrbrarbr .flBJrrrorc.f, BHyrpeHHe HerrporrrBoperruBhrMr,r u

coorBercrByror o6ulzrvr Srasu.recxurr [peAcraBJreHlrrM. Creuenr o6ocnonanHocrr4 HayqHbrx

noroxenufi r,r BbrBoAoB coorBercrByer rrplrHrrofi s paMKax cneqrraJrbHocru 1.1.9. * Mexanuxa

XI{AKOCTI,I, tA3a VI nJItBMbI.

B noJrb3y AocroBepHocrrr flonfreHHbrx n pa6ore pe3ynbraroB cBuAerenbcrByer

TrrlareJrbHbrfi noAxoA aBTopa K rrocraHoBKe 3aAaq, paspa6ome Qusuuecxu rt MareMarprqecKlr

KoppeKTHbrx uo4ereft, nu6op r.r3BecrHbx MeroAoB r4 anropr.rrMoB perrreHr4, clrcreM ypannenufi,



cKpynyJIe3HUI [poBepKa co6crBeHHbrx i]nropr.rrMoB r,r [porpaMMHoro KoAa Ha recroBbrx 3aAaqax,

cpaBHeHI'Ie pe3yJlbraroB c pac.reraurE Apyrr4x aBTopoB vr aHaJrr.rrr.rqecKr.rMr4 BhrpaxeHHrMr.r,

xopouee cornacoBaHr{e c AaHHbrMr.r creHAoBbrx r{cnbrr a:uuit.

Hayunan HoBrr3Ha pe3yJlbraroB Ar.rcceprarlnouuofi pa6oru o6yclonrena
opurl{HilnbHocrblo H KoMTIJIeKoHbIM noAxoAoM K npf,MoMy rroJrHoMacrura6nonay MoAeJrr{poBaHr,rrc

o6reranus rperpaAhl sarru€HHrrM rroroKoM c yr€rona [rr4poKoro Kpyra Qaxtopon (nparrlenue,

cToJIKHOBeHpIe, I,I3JrrreH[e qacrull, Spo3r,roHHoe p8pyrleHr.re nperpa(br, Brr,rsH]re Ilpr,rMecr.r na ra:)
u onpeAeJIeH[Io ponu KaxAoro r,r3 HLrx, B rrepByro oqepeAb, c roqKr.r 3peHrlu nos4eficrnzx ua

loBepxHocrb reJla. florasaHa BuDKHocrb yrem croJrKHoBeurafi uexAy qacrr,rqaMr.r Aaxe 11pu

orHocI'ITeJIbHo HeBblcoxofi xouqeHTpalll.Iu rrpHMecr{ n na6erarorqeM rroroKe.

Paspa6otanbl HoBbIe MHoroMacuta6nrre Bbrrrr,IcJrilTeJrbHhle MoAenlr pacvera reqeHr,r, ra3a B

yAapHoM cnoe upll Harvrtuu ABllxyrquxc, B [oroxe reJr. C rax floMorrlbro [oJrfreHbr xopomo

cornacylolllvec . c gKcrIepLIMeHToM AaHHrre o6 pr3MeHeHr,rf,x crpyKTypbr r.r [apaMerpoB TerreHprf,

m3a, Koropble Molyr 6rrrn nugnaHbl Aaxe oArrHoqHbrMr{ qacrr4rlauu. r{ucleHHoe MoAenr,rpoBaHr.re

[o3BonI'IJIo B AeriIJUrx LI3ytII,rrb flpr{rrr,rnbr na6moAaeubrx B gKcrrepr{MeHTax ssreHuft.

flonyrennrre B ,u,Iccepraql,IoHHofi pa6orc pe3ynbrarbr Moryr 6rrrr ucnoJrb3oBaHbr B

yHHBepcI'ITeTax, aKa,qeMuqecKl,Ix I4 OTpaCJIeBbX I,IHCTr4TyTaX, 3aHI,IMarOq[XC, ]ICCJTeAOBaHI,IeM

4ryxSasnrx reqenufi u Ex rrpaKrr.rqecrr{Mrr rprnoxeHrrrrvru (OI4BT PAH, IIA|I4, I{HI,II4Mag,
III4AM, I,IfIMex PAH, MAI4, Mfry uu. Eayuana, M@TZ, Bfry Boeuuex r{ Ap.).

flo 4uccepraqnounofi pa6ore I{Merorcs cneAyroqile Bolpocbr Lr 3aMerragufl:

1. ,{nr onpeAeJIeHI{, KpyrlHocrlr (ranepqnonnocru) qacrr,rq aBrop r,rcrongyer ra1r.re

cJloBocoqerauvfl. (tIacrLIIIbI MenKoAr4cnepcuofi [pr.rMecr.r)), (qacrr4rlbr cpeAHero

pa3Mepa), (KpyrrHoAr.rclepcHbre qacrr.rrlbD). flonrruo, rrro r,rHepuuoHHocrb qacruu

onpeAenf,erc, He roJIEKo LIx pa3MepoM (gr.rauerpou) v rrJrorHocrbro, a raKxe

cKopocrblo ua6erarorqero noroKa u pirMepoM (4uarraerporra) o6rexaeuoro rena.

Ilosrouy Nts. o[peAeneHl,L IaHep{uoHHocrr{ qacrrrrl ylo6nee [crroJrb3oBarb

6espaslaepnuft xpurepufi -.mcro Crorca, BKrroqiloqufi sce yfloMrHyrbre flapaMerpbr

4np<(fasnoro rroroxa.

2. ,{eleuue pexI,IMoB Ha ((croJlKHoBr.rreJrbHbre) u <6eccrorxuoBuTeJrbHbre)) y4o6uo

npoI43BoALITB c [Iclonb3oBaHr,reM croJrKHoBr,rreJlbbHoto qlrcJra Croxca (ourouenue

BpeMeHLI 4znarrtr.ruecxofi penaKcaulru qacrr.rrlbr K xapaKTepHoMy BpeMeHr.r MexAy

croJlKHoBeuunvtu), MeroAonor[, uctloJr63oBaHr4{ Koroporo xopouo pa3Br,rra B Teopur4

gnyxSa:nrrx [oroKoB.

3. IIpu pacudre cromnoseuufi uacrllq B Ar{cceprarluu r{clonb3yrorcfl pirnr.rtrHbre

BeJlr{rrr.rHbr roe$$uqueHTa BoccTauoBJreHr,r, cKopocTr,r gN=l (c. 103), eN:0,9 (c. 86, c.

89, c. 92, c. 135, c. 140), eN:0,5 (c. 101, c. 102), eN:0,17 (c. 158, c. 168). Taxofi
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6olrruofi pas6poc oAsoft ug naxnefiruux xapaKTepr,rcrr.rK flpoqecca croJrKHoBeHrrtr

rpe6yer HeKoroporo [orcHeHr4r.

B AI'IccepraIII{H orcyrcrByer piBAen <OcuoeHbre ycJroBHhre o6osua.reH[fl)). Oro
ocJroxHrer Boclpfisrr,re Marepr{aJra il [pr{BoAr.rr K r4c[oJrb3oBaHr.rrc pa3HbD(

o6osHa.reHuit Als o.uHr,rx r,r rex xe BeJrr,rqilH.

Bo scex BhIBoAax B 3aKrIoqeHI,IrI orcyrcrByror xarue-ru6o qr4cJroBrre 3HaqeHr,rs, qro
(( cMa3brBaeT) KoHKpeTr{Ky [oJrrreHHbrx pe3yJrbTaToB.

6. Xoporuo 6rmo 6rr uponecru tILrcJreHHoe MoAeJrr.rpoBaHr.re He roJrbKo 4nx ycnonnft

I4MeIOIIIIIXCS SKClep[MeHToB, HO I,I rroBapbr,rpoBarb ocHoBHbrMr,r [apaMeTpzlMr.r c qenbro

IlonfreHl'L HoBbIx LIHTepecHbrx pe3ynbraron (cxasanHoe orHocr.rrcs, flpexre Bcero, K

rnane 4).

7. Bocupzxrue rIoJIrreHHbIx pe3ynbraroB r{ r,rx aHaJrr.r3 ocJroxHeH r.rc[oJrb3oBaHueM

AI{ccepraHToM MiIJIbIx 3HaqeHI,Ifi a6comotHoro BpeMeur.r (uaupuMep, 1,156.10J c), sa

KOTOpOe qacrlllla 3aropMo3LIJIaCb B yAapHoM CJrOe, OTpzl3r,rnacb or [oBepxHocrrr,

ABrIraJIacb n o6paruou HaIIpaBJIeHLT[, BbrrrrJra 3a rrpeAenbr yAapuoro cJror,

3aropMo3l'IJlacb, pa3BepHyJlacb, BHoBb Aocrr,rura floBepxuocrur rr r.I\. floresuo 6ulo 6lr
IlpplBecrl'I HeKOTOpyIO CXeMy ABr,rxeHLu qacrr.rrlbr c yKa3aHr.reM xapaKTepHhrx ).qacrKoB
ee rpaeKTopkrLtu }Icnonb3oBaTb orHocr{TeJIbHOe BpeMfl \pu amutn3e ee ABlrxeHilfl.

3arclro.renue

Bucra"eannble BhIIrre 3aMerIaHIiIt He cHllxarot uayruofi I,I npaKTr{qecrofi 3Harr[Mocrr.r

Al{ccepralluounoft pa6otrr, Koropa"fl, 6esycronuo, 3acJryxuBaer rroJroxureltnofi oUeHKH. B uelou
MoxHo 3aKJIIoqI'ITb, rITo Aucceprallus Cuoco6una Au4pex Burzulrenu.ra <gucleuuoe
MoAenl'IpoBanue o6reKaHlI.f, Ten cBepx3ByKoBhIMH [ororitMl,r c rndp4urrar{ tracr[rltrMll> o6laAaer
BHyrpeHHI'IM e.U'IHcrBoM u ,Br-sercs 3aBepmeuuofi HafrHo-uccneAoBareJmcxoft pa6oroft, Koropas
LIMeeT BaxHoe HafrHoe u [paKTI,ItIecKoe 3Ha{eHue. Cororyuuocrb HayqHbrx [oJroxeuufi s
o6lacru I{ccJIeAoBaHI,L ganrrn€nsrx [oroKoB, rronfreHHbrx B Auccepraqr{fi ilocpeAcrBoM

paspa6otanurx oplIH.IHaJIbHbx MareMarr,rqecKlrx uo4eleft, MoxHo rnalr(fzqupoBarb Kax

KpynHoe HafrHoe AocrI'IxeHHe. Teua ALIccepraII[[ coorBercrByer flaclopry yxasauuofi

clequirJrbHocru 1.1.9. - Mexanrara xr.rAKocru, ta3a yr nJra3Mbr.

Bce ocuonnble peynbrarbl Al{ccepraqnouuofi pa6oru anpo6upoBaHbr na 6omruoM rrr.rcne

pocclEficrux LI MexAyuapoAHbrx HayqHbrx xon(pepenquft. Kor[.recrBo uy6nuxaquft anropa uo

TeMe pa6otu yAoBnerBopser rpe6onanuau, [peAbflBnfleMbrM K AoKTopcKr{M Ar,rcceprarlr4flM

coHlacHo reryqefi peAaKIIHLI lloloxenrnf, o rrpr4cyxAeHr.ru yr0urx creueuefi. Anrope$epar
rlpaBl{nbHo I{ [oJIHo orpaxaer coAepxaHr.re Ar{cceprar]vu. CcruxrE Ha r{croqHr,rKrr B Texcre

Ar.rcceprarluu pr aBTopeQepara yra3aHbr KoppeKTHo.

4.

5.
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luccepraqux Cnoco6una A.B. v uacroxrquft or3brB na ne€ o6cyxga;rucr v 6surpr

o4o6pensI Ha 3aceAaHr.ru HayrrHoro ceMr.rHapa la6oparopr,ru J',1b8 OI4BT PAH (uporor<ol J\!1 or 06.

02.2023 r.). Errno orMeqeHo coorBercrBue pa6oru ypoBHro AoKropcKoft 4ucceprawrlt, a reMbr

pa6otu upo([rnro ne4yrqefi opI'aHLI3arILru. .{uccepraqux peKoMeHAoBaHa K 3arrlr4Te.

Brrcragannbre 3aMeqaHru orpaxeHbr B HacroflrueM or3brBe.

flo nayrnoMy ypoBHIo rtoJlyqeHHbrx p*ynbraroB, cBoeMy coAepxaH]to n oSopMJreHlrro

Al{cceprallrIoHHa.f, pa6ora <9uclennoe MoAenr{poBaHr.re o6reraHus reJr cBepx3ByKoBbrMr.r

IIoroKaMI,I c tn€p4mal,I qacrLIqaMLI) yAoBnerBoprer nceu rpe6oBaHr,rsM BAK PO, [peAbrBnreMbrM

K AoKTopcKI,IM AI,IccepraII[flM, B ToM rrIacre u.n. 9-14 <floloxeur{fl o rrpficyxAeHr,ru freHbrx
creueueft>>, yrBepxAeHHoro rrocraHoBJreHr,reM flpanurelrcrna Poccprficrofi Oe4epaquu or
24 cenrx6ps20l3 r. J\s842, a eE anrop Cnoco6uu An4pefi Brramesuv 6erycnonHo 3acJryxr{Baer

npucyxleHur yrEHoft crerIeHI,I AoKTopa Qusuro-uareMarr.rqecKr.rx HayK rro cneqrrirJrbHocrr.r 1.1.9. -
Mexanura xI,IAKocrI,I, ta3a u nJra3MbI.

3ane4yrorq wfi ta6 oparopzra J\! 8 $usuuecrcoro

4nyx(fasurx re.reHr.rfi OI4BT PAH,

tm.-Kopp. PAH, a.0.-rr,r.n.

IoAur,rcr A.IO. Bapaxcrnna 3aBepsrc

3auecru:rerrb AupeKropa OI4BT PAH

A.IO. Bapaxczn

H.H. I4saHosa

Oe4epantuoe rocyAapcrBeuuoe 6roAxernoe frpexAeHr.re HayKr{ O6re4r.rueuuufi r.rHcrr.rryr

BbrcoKr{x reMrreparyp Poccuftcrofi axaAeuur{ HayK (OI,IBT PAH)

A4pec: 125412, r. Mocrna, yn. I,Ixopcxaq g.13, crp.2
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