
oT3btB

Ha Ahccepraqhxr A.B. Cnoco6rxa <t{ rcnex xoe MoAenhpoBaHHe o6rexax uA Ten
cBepx3ByKoBblMh noToKaMr c rBepAbrM14 qacTh u,aMr )), npeAcTa BneH Hylo Ha

corcKaHre yvetofi creneHh AoKTopa Qrasraxo-nnareMarhqecKhx HayK

no cneq,ranbHocrh 1.1.9 - MexaHhKa xhAKocrn, raga r nna3Mbt.

CrpyxrypHo coAepxaHtae Ahccepraqhh qerKo Aennrcn Ha ABe paBHoqeHHbrx no

o6ueruy t,t no 3HaqhMocrr,r r{acrh. Xorn err qacrh o6te4ranenur o6qeil rennofi -
cBepx3ByKoBoe o6rexanre re/r noroKoM ra3a c qacrrqaMh, KaK oro orpaxeHo B

Ha3BaHrh , oHt pa3nhqHbt no o6teKTy r4ccne AoBaHVfl, no MeroAaM MoAenrpoBa-

HVn n no aKqeHTaM npr aHa.nh3e pe3ynbTaToB.

Ilepean qacrb cBs3aHa c MoAeflhpoBaHreM oqeHb cnoxHbtx 4syxQaaxulx
re,{exhfi ra3a c nphMecbp AhcnepcHbrx rBepAbrx qacrhl4, BTopaR qacrb - c Ae-
TanbHbtM MoAenrpoBaHheM AhHaMhKh H Bo3Aehcteua Ha yAapHatfi cnoia u ro-
noBHyrc yAapHylo BonHy KpynHbtx qacrhq,, ABl4xyt4v1xcr HaBcrpeqy noroxy. Ha

nnofi egrnRA, pa3yMHo Aarb olleHKy xax4ofi qacrh orAenbHo.

Ho Havuy n c He6oabluoro orcrynneHrn. B MexaHhKe MoAenh rpaAhqhoH-

HO BOCnphHhMarcTCR KaK MaTeMaThqecKhe MoAe.nh, onhcbtBaeMbte, KaK npaBh.no,

4rQ$epeH qran bH btMh ypa BHeH hfl Mh. O4Ha xo coBpeMeHH ur fi aar,fl nA Ha MoAe-

nupoBaHne or,flhqaercfl or K,flacchL{ecKoro. He4ocraroqHo 3anrcarb ro.nbKo ypaB-

HeHrfl, neo6xo4rMo eu-{e ra paapa6orarb MeroAbt l4x pelueHrn, BK,nloqarcu-{ile B

ce6n anropilrMbt r cnoco6l.i' uxv,ncneuHoil peanil3aLluu.Bce 3To BMecre il npeA-

craB.nfler co6oil Bbtt{t4c.nrrenbHyro MoAenb, Koropas n03Bo,flt4T nonyqhrb orBerbl

Ha Qyn4aMeHTa.nbHbte Bonpocbt h peuJhrb KoHKperHbte 3aAaqh.

,{rccepraqrn A.B. Cnoco6hHa nocBflrJ4eHa paapa6orKe hMeHHo HoBbtx Bbt-

qncnnrenbHblx ruo4enefi B MexaHhKe ra3oB3eecefi r B 3aAaqe o ABI4)KeHnv Kpyn-

Hblx qacThl-{ B yAapHoM c.noe, a raKxe ilccneAoBaHhto c noMot4b}o 3Tr4x nno4enefi

eQQexroB, Koropbte paHee xe 6utnr [3yqeHbr nnu 6amn h3yqeHbr HeAocraroq-

xo. Ber4y h3noxeHHoro BbuJe reMa Ailccepra \vv1 nBnnercn, HecoMHeHHo, aKTy-

anuxofi.

Ilepexo4n K aHann3y xax4ofi h3 AByx qacreil Arccepraqilr, orMeqy, Ltro

nonoxeHhs, BbtHocl4Mbte Ha 3aqrry, coAepxar L5 nyHKToB il 3aHilMarcr 6 c He-

6oluurnn crpaHtaLl. He paa6rapafl noApo6Ho xax4urfi nyetHsr] AxBuxrya&r,lronBrt{€noM fl
o6ecneqeHr4n MAL1

.lP" o' ,rLb



cornaceH co BceMh no,nox{eHLAIMV. [losronny pa3pelxhre ocraHoBvlTbcn He Ha

BCeX, a TOnbKO Ha npilHl-{vnt[anbHo BaxHbrx HayqHbtx pe3ynbraTax h BbtBoAax B

Ahccepra|,].]/'vt t4 o6parraru BHrMaHre aBTopa h qneHoB At4ccepraL{hoHHoro coBera

Ha hMercl4ilecfl cnopHbte MoMeHTbt il HeKoTopbte HeAocTaTKh.

t{acru I

(Mo4enrapoBaHhe 4ayxQaaxbrx reqeH uir rasa c qacrhqaMt4; rnaBb t L,2 n 3l

layxQaaHble reqeH vfl ra3a c qacrilL{aMh - oAHo 143 HanpaB neuui4 MexaHilKl4 MHo-

roQaaHutx cpeA.Taxne reqeHhr Bo3HhKarcT B 3aAaqax BHe[rJHeil asporqnHaMnKV

npr ABhxeHVV.flerare.nbHbtx annaparoB B 3anbt.neHHofi arnnocQepe, B 3aAaqax

ra3oArHa MaAKtA nporoLrHbrx rpaKToB ryp6onnauhH, cenap aWV npr,rnnecefi, nHeB-

MOTpaHCnOpTa r T.n.

Kax r Bce MHoroQaaHure reqeHhfl, TeqeHilfl ra3a c qacrhqaM14, paccMarph-

BaeMbte B Ahccepra\nv, MHoroMa cura6n ur. Xa pa xre pH bt M 14 nnacu:ra 6aMil 3Aecb

FBllfllorcfl pa3Mep o6rexaennoro re.na, pa3Mep ArcnepcHbtx qacrilq nprannecra (xo-

ropurfi Ha HecKonbKo nopFAKoB MeHbuJe pa3Mepa reaa), AnvHbt AnHawneecxoil u

rennoaofi pena Kca L{ vlv qacrv\ B noroKe, cpe4Hnn AnvHa cao6o4Horo n po6e ra
qacTrL{ Me}KAy cTo.flKHOBeHUAMU Apyr C ApyroM h T.n.

Taxre reqeHhr conpoBoxAatorcn cnoxHbrM B3ahMHbrM BnnflHVeM pa3nhq-

Hutx $axropoB - AVHaMVt{ecKhM B3ahMoAeficrahe^ MexAy Hecyr4efi v Ancnepc-
Hofi $asaM r, KoH BeKTh BH brM A parytla\hoH H btM nnexQaaH blM Ten,noo6nnenonn,

xaorh3aL{uefi qeuxeHtfl qacrrL{ nph cronKHoBeHhflx Mex4y HVIMV. Orcxox qac-

T14t-{ or noBepxHocrv, ttx paccenHre h3-3a HecQepravecxoil Qopnnur, qro rhnh'.{Ho

Anfl MHorhx cnyqaeB, luepoxoBarocrb noBe pxHocrt4, Bo3MoxHafl a 6paar sHan

3 po3iln Aonon H hTe.n bHo cyqecTBeH Ho ycnoxHF toT Teqe H re.

[lpo6aenna MoAenhpoBaHhn reqeHril c yqeroM Bcex Ha3BaHHbrx h HeHa-

3BaHHblx Qaxropoe B HacronlJ-lee BpeMs AaneKa or cBoero oKoHqarenbHoro pe-

tUEHilR.

Har6onee 3HaqrMbrMt4 pe3ynbraraMr Ailccepra \nn B arofi qacrh flBnflrcT-

cn cneAyrcrqne:

llepaoe. Aarop paspa6oran u peanusoBan Bbrr{hc.nhrerbHy}o ruo4enu o6-

TeKaHhfl Te,n ra3a c qacrrqaM[ c yqeronn 6orur.r.roro qhcna Qaxropoe: pa3nhqHblx



cocraB,nRrcl{hx MexQasHofi cvn;ir (oanur conpon4B neHVfl w cvnr;r MarHyca), a3po-

AhHaMrqecKoro MoMeHTa,4eficrsyrcu-{ero Ha qacTrL{ur, nnexQa3Horo KoHBeKThB-

Horo il paAhaqhoHHoro rennoo6nneHa, cro.flxHoaeHrfi Mex4y qacrrL{aMu, o6par
Horo B.nhflHnn npnuech Ha reqeHhe rasoeofi $aaur, 3po3t4oHHoro Bo3Aeitctavln

nphMech Ha reno n BnttflHre h3MeHenran Qopnnbr re.na Ha crpyKTypy reqeHiln B

yAapHoM c.noe. 14gaecrnute npeAruecrBylor4ile MoAenil yqhrbtBanu 6ona[JhHcrBo

arrx $axropoB, oAHaKo He yqhrbrBanv oAHoBpeMeHHo cro.nKHoBeHhr MelKAy

q a crh L1a M v, ?po3ttoH H oe pa3 pyule H re rer a n pa Ana\ra o H H ur fi re nr oo6nne H.

Bropoe. Paapa6oraHa MoAe.flb reqeHhfl MoHo- u nonnAncnepcxoil npra-

Mech, ocHoBaHHafl Ha npflMoM Mo4enrpoBaHhu ABhxeHhF 14 CTOrrKXOeeXtafi

MexAy qacrhq,aMn.Taxoil noAxoA norpe6oaaa paapa6orKh HoBoro anropvlrMa v1

Hoeoil TexHo.norhr pacqera ABhxeH vfl v't cronxHoeeHhil oqeHb 6onuuoro l,vcna
qacrill-l (nopn4xa L0 nnnn.), Koropbre nprHL{hnra,flbHo or,nhl{atorcfl or hcnonb3ye-

Mblx ApyrhMr aBropaMh (A.n. Cracexxo c coaBropannra) h MeroAa MoHre-Kapno

(A.H. Bonxoe ra tO.M. l-lrapxynoa). Aarop yryenvn 6oauu:oe BHrMaHhe HCCneAoBa-

H14lo ro..tHocrt4 cBoero noAxoAa, Bbrno.nHhB paci{erbt raKxe no MeroAy Moure-

Kapro n cpaBHvlB pe3ynbrarbt.

Tperue. Pa:pa6oraH v vccneAoBaH anroplrrM nprMoro MoAenrpoBaHhfl

AuHa MVKr n p h M e c v c ucno nb3oBa H reM q a crh r.l-n peAcra eut e neil ( nno4en ra pyro-

u{14x qacrrq - simulated particles). l-1o4o6Huril noAXoA LUhpoKo hcnonb3yercn B

MeroAe MoHre-Kapao. Paaehrafl aBTopoM TexHonofvn nprMeHhre,nbHo K nps-

MOMy MOAenhpOBaHhrc AuHaMuKh nphMecn peanv3oBaHa, HacKo/tbKo fl 3Halo,

BnepBbre.

Paspa6oraHHbre Bbrt{r4cnhrerbHaR MoAe.nb, arrrop}rrM r rexHon orur KoM-

nbpTepHoro npnMoro MoAenApoBaHuA ABhxeHrfl 14 cro.nKHoeex]rfi MexAy
qacrhqaMh hMercT Bax(Hoe 3HaqeHhe Ann MexaHVKI ra3oB3Beceh u aenarcTcn

caMbtM ch.nbHbrM HayqHbrM pe3ynbraroru 9acrr I 4rcceprayr.

Ornnevy, Ltro B Hacroflur,ee BpeMfl ePoccuu, HacKonbKo MHe il3BecrHo,

To/lbKo rpil HayqHbte rpynnbr Moryr Lr4c,neHHo MoAenhpoBarb 4eyxQaaHbte reqe-

Hl4fl CO CTO,flKHOBeHTflMh MeXAy qacThLlaMil: rpynna .{.fl. Pear3HIKoBa, B Koro-

pylo BxoAvlr coucrare.nb, rpynna A.fl. CraceHKo a [Al-14 h rpynna tO.M. l-{r,rpxyno-

Ba B "BOEHMEXE". 3a py6exoM TaKlKe oqeHb He6oluruoe qrc.flo rpynn, npexAe



Bcero, B f noHhh , Vlzpaune, OpaHrlrar r l-epnna HV.4, 3aHVMatorcfl no4o6HurMh pac-

qeraMh. B 2021, roAy nonBr,nacb, no-Bl4Al4MOMy, nepBaf CTarbfl Ha 3Ty reMy t4c-

cneAoBareneil hs CIUA ("Journal of Computational Physics", aBropbt ra Crex-

Sop4cxoro yHhBepctarera). ['lprvrHa raKoro no,noH{eHVA Aen cocrohr, Ha nnoil

B3fnflA, B OnpeAe.neHHblx rpyAHocrflx, cBR3aHHbtx KaK c MareMarhqecKilM anna-

paToM onvcaHnfl AaHHoro flBneHnfl, ocHoBaHHbrM Ha BeponTHocTHoM noAxoAe,

MHoroMepHblx QyHxr-panx pacnpeAe neHVfl ra o6o6qeHHoM ypaBHeHhr Soauqnna-

Ha (ac6 9ro He FB.flRercfl AexypHbtnn 6nro4oM hHlKeHepHoro o6paaoaa nua), ral n

TpyAHocrnx, cBr3a H H brx c co3Aa H r4enn aQQexrh BH btx h aAe KBarH btx Bbtr.t hc.n ure.n b-

nurx nno4eaefi.

3arile,{axrn no 9acrra I (rnaeut L,2 n 31.

Otltt , KaK B 4anuHefiueM r 3aMeqaHrn no Hacrr ll, rnnercT, Bo MHoroM, xapaKTep

noxe.flaHilfi uayvHoro peAaKTopa v HanpaBneHbr Ha ynyqlueHre KaqecrBa v3no-

xeHhfl Marephana.

L, B 4rccepray'tu cnhcoK nhreparypbt BKnrcqaer 361 rcroqHhK, B roM
qilc.ne 287 ccanoK Ha pa6orut Apyrhx aBTopoB. Cnrcox coAepxrr npaKrhrtecKil

ece Hah6o.nee BaxHarc ny6nula\uv1. Xorn nonRTHo, r{To ynoMnHyrb Bce pa6orur

HeBo3MoxHo, fl 6ur 4o6aeun e o6gop eu{e HecKonbKo crarefi, rMetol4l4x npnMoe

orHor.reHre K TeMe hccneAoBanuil aBTopa, a hMeHHo:

[1]. Panaru M.C., [IJn,tra4r A.A. BnmqHile L{acrilq, orpaxeHHbrx or noBepxHocr]4, Ha Kap-

THHy cBepx3ByKoBoro o6rexanilF 3arynneHHoro refla noroKoM ra3oBsaecw. Vuc-
fieHHae uemodu e MexaHuKe cnnowuoil cpe)ar, 1980, t. 17 , Ns 6, c. 1 08-1 13.

[2]. laeut4oa [O.M., EHrxees [4.X., HurnaarynnH P.14. Pacqer o6rexaHrfl 3arynneHHbtx
Ten noToKoM ra3a c qacTilqaMil c yL{eToM BnilEHl4F OTpaXeHHbtX qacThq Ha Teqe-
Hue ra3oB3Becil // nMTO. 1990. Ns 6. C. 67.

[3]. l-ony6xuna lA.B., Ocrnqoe A.H., Caxapoa B.[21. O6rexaHue nnocKoro L{ilnrHApa
cBepx3ByKoBbt M cna6oean brneHH br M noroKoM npn B3ailMogerlcrarr ronoaxofi
ygapHofi BorHbt c KocbrM cKaqKoM ynnorHeHila ll hse. PAH. Mexauuxa xudxocmu u
ea3a.2011. Ns 1. C.59-72.

[4]. Tpyuee A.il., Oon,tmn B.M. O6reKaHhe ren geyxQa3HbrM noroKoM rilna ra3-
TBepAbte L{acr[qbt c yqeroM opo3r4r4 ll [lpuxnaduas MexaHu<a u mexHuLtecxan $u-
suKa,1983. Ne 1. C. 69-75.
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[5]. MonnecoH l-.B., CraceHro A.rl Oco6eHHocl4 o6rexaHilc 3arynneHHoro refla
cBepx3ByKoaoil nonilAilcnepcnoft crpyefi c 3aKpyrKofi orpaxenHbtx qacn4t-l // TBT.
2011. T. 49. Ns 1. C. 73.

[6]. MonnecoH l-.B., CtaceHxo A,Il. Bsanruogeficrarae payxSasHofi crpym il rBep4oro
rena c o6paaoaaHueM "xaoca" qacrmLl llTBT.2013. T. 51. Ns 4. C. 5g8.

[7]. lshii R., Hatta N., Umeda Y., Yuhi M. Supersonic gas-particle two-phase flow
around a sphere. J. Fluid Mech.,1990, Vo|.221, pp. 453-483..

Ccutnxa Ha crarbo nocneAHhx aBropoB B roM H{e xypHa,ne 3a 1-989 roA B Avlc-

ceprallilr4 ecrb, a Ha yKa3aHHylo Bbtlue crarbto 1990 roAa Her.

Kponne roro, roBopn o ccbt.nKax Ha nilTeparypy, He Mory He orMerhrb, r{To u e o6-

aopnoil qacrh At4ccepra \nv, v npra o6cy>Kryelv'l co6crBeHHbtx pe3y,flbraroB aBTo-

pa He xBaraer aHanv3a cyu{ecrBa pa6or npeAlxecrBeHHrKoa. Taxoil aHa.flh3 no-

3Bonvn 6ut no4vepKHyrb r apryMeHThpoBarb HoBr43Hy noAxo4oB H pe3ynbraroB.

2. B nepaofi r.naBe AocraroqHo noApo6no onrcaHbr MoAe.flh reqeHnfr He-

cyqero ra3a, yAapHoro B3ahMoAeitcreua qacrnL{ c o6rexaennofi noaepxHocrblo,

napHblx cTonKHoBeuui,t MexAy qacThL{aMra. Aarop nphBoAl4T Bce napaMeTpbt He-

BO3MyU{eHHOrO nOTOKa raeOAOfi sa:Ul, KOHqeHrpaLlhlo qacrht-1, 14x pa3Mep, yKa-

3btBaer re nnv hHbte a$$exrur (yver rnh Heyqer cro.nKHoseHhfi MexAy qacrhLla-

Mh, yqer nnv Heyeer 3axpyrKr4 qacrrL{). O4naxo nph AeMoHcrpaqilh u a+ann3e
qhc.neHHblx pe3ynbraroB e n. 1.3 (gracneHHoe ilccneAoBaHNe AVHaMnKh Ahcnepc-

noil Qaaut B yAapHoM cnoe; phcyHKr4 or L.13 ao L.29) He yKa3aHbt nprHrrble 3Ha-

qeH hR xosQQra qheHTa rpeH hfl /, xoaQQh qhe HTa Boccra Ho BneHVfl nopnnar uHofi

KOMnOHeHTbt CKOpOCTV np|/. CTO.nKHOBeHhFX qaCThl_{ Apyr C ApyroM en, napaMerpbt

€o v ve, oflpeflensrcl4he xoaQ$raqheHT BoccraHoBneH4fr cry B Mop,e,nh orcKoKa

qacThl-l or noBepxHocTl4 Tena. B 4anuHeilr-uenn aBTop nphBoAt4T pe3ynbraTbt hc-

cneAoBaHnA BnnflHrn xoa$QhL{heHToB B MoAenI cro,nKHoBeHVn qacrilt-{ Ha An-

HaMrqecKoe Bo3Aeitcrave npilMecil Ha noBepxHocrb rena (prac. 1.30 - phc. L.32),

t43 Koropbtx Bl4AHo, qro 3Tr4 xoa$$raqreHTbr 3aMerHo Bnvfltor KaK Ha rpaeKropl414

qacrrLl (gpyrnmn c.noBaMh, Ha KaprhHy reqeHhfl AucnepcHoil Qasur) , ral n Ha AA-

HaMilqecKoe r ren,noBoe eoarqeilcrBhe nphMecr Ha re,no. Ho eonpoc o roM, KaKhe

3HaqeHhfl f, €n, €s v1 vs r noqeMy hMeHHoraKhe 6anu npilHsrbt B cephflx Bbt-

qvcnurenbHblx gKcnephMeHToB npv uccneqolaHnv aos4eficrlnfl qacrvlq Ha reno

h Ha reL{eHhe Hecyqero ra3a, ocrancs orKpbrrbrM. Kcratr, no4o6Hoe 3aMeqaHhe
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Molt{Ho cAenarb r orHocr4Te.nbHo 3aAaHVa creneHr onrr'.lecKofi vepHorbt € no-

BepxHocrh qacrrLl (crp. 38).

H encno, ytt l4Tbl Ban acb nv 3a Bhcr4Mocru xooQQr qne HTa Boccra Ho Bl€HVfl € y

HopManbHoil xonnnoHeHTbt cKopocrl4 qacrr4r-{ nph orcKoKe or noBepxHocrt4 or yr-

na yflapa. Ha crp. 42npwee4eHa 3aBrcr4Mocrb cry TonbKo or ux1. O4Haxo, KaK no-

Ka3bl Ba toT SKCnephMe HTa,n bH ble Aa H H bre pa3n hq H btx a BTopo B, 3aBncnMocTb ery

or yrna yAapa oqeHb c|/,nbHafl. Cnep,oearerbHo, oHa 6y4er oKa3btBaTb onpeAe-

nflrcqee BnvflHVe Ha KapTilHy reqeHhF nphMech n, RaK cneACTBl4e, Ha hccneAye-

nnure QyHxl-{t4oHanbt (rnrencrBHocrb yAapoB, n.norHocrb noroKa gHeprilh K no-

BepxHocrt4Tena orAhcnepcHoil Qasur, cpeAHrcrc cKopocrb y4apoB t4 Ap.).

3aeepuan o6cyx4eHre Bonpoca o MoAenhpoBaHVV coyAapeHnR qacrrq c

noBepxHocrbro rera, o6parrann BHhMaHhe Ha ro, r{To nphHFTan B Al4ccepraLlhh

MoAenb (crp.41-43) a nrareparype rcnonb3yercr npr yMepeHHbtx cKopocrflx

yAapa (ao 20-30 n/c).8 ro xe BpeMn B Ailccepra\tAtt paccMarphBatorcn B roM
qhc.ne BbtcoKot4HepqnoHHbre qacrhr-lbr h rHnep3ByKoBoe o6rexaHre re.n (vracno

Maxa a 6oauurHcrBe nphMepoB pacqera paBHo 6). Xorn cKopocrb coyAapeHiln

qacrur-l c re.floM He nphBo AVT:A, MoxHo oxhrqarb, r{To oHa 6y4er AocraroqHo
6onuuofi (4o Hecxo.nbKrx coreH MerpoB B ceKyHAy). l-lpra 6orur.urx cKopocrnx

yAapa Har6oaee HaAexHbtMh B Hacroflu{ee BpeMr cqrrarcTcr 3KcnepilMeHTa.nb-

Hble 3aBhcl4MocTt4 xosQQraqreHToB BoccraHoB.fleHhfl cKopocrr4 qacrhl-{ oT cKopo-

crh naAeH )Afl vyrnayAapa (W.Tabakoff, B.A..flaurxoe, A..l'1. CraceHxo). llosronny

norhqHo 6utno 6ut cpaaHhrb napaMerpbr orpalKeHHbrx qacrhq, no,flyqatol4hecn B

npnHnrofi aBTopoM MoAenr yAapHoro B3ahMoAe itctana, c ernMn 3aBhct4Mocrfl-

nnn. OrcyrcrBue raKoro cpaBHeHhR ocraB.nfler orKpbrrbtM Bonpoc o6 a4exBarHo-

crr nphHRrofi nnop,enr.

3. Aerop paccMarprBaer wupoxui,t Ahana3oH pa3MepoB qacrhl-l (or 2 nnxnn

Ro 50 nnxnn). p,ranannrvecKoe noBeAeHile qacrrr-l B noroKe onpeAenflercfl Lu4c,noM

Ctoxca, Koropoe npeAcraB.flfler co5oil orHouJeHVe AnvHu AvlHaMtqecxofi penaK-

cawvl '.racrhq K xapaKTepHoMy nuuefrnoMy pa3Mepy reqeHiln. 3ro qvcno B yKa-

3aHHoM Ahana3oHe pa3MepoB qacrrr-{ pa3nhqaercfl B 625 paz, T.e. noqrh Ha rph

noprAKa. K coxaneHttlo, aBTop He nphBoAhr3HaqeHVflevcna Croxca B paccMar-

phBaeMbrx n phMepax pacqeroB.
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4. .0,4n cronKHoBhre,nuHoit AhcnepcHofi Sa:ur BaxHbtM napaMerpoM fla.flfl-

ercfl t{l4c.no KHy4ceHa B "ra3e" vactrll Kno. Kax BrAHo h3 npeAcraBneHHbtx Kap-

rhH TeqeHrF nphMecra (nanpraM€p, puc.1-.17), KoHL{eHTpaL{hf nphMecu B yAap-

HOM C.nOe h3MeHflerCR OqeHb CttnbHo, h cneAyer oxhAarb, qro qrc,no KHy4ceHa

TaKxe 6y4er cyt4ecrBeHHo r43MeHflrbcn. l-'lpra nepexoAe B nocneAyplJ-lt4x r.naBax

or peanbHbtx qacrrL{ K qacrhL{aM-npeAcraBhre,flflM (x nno4enhpyroqr,tM uacnar4ann)

Heo6xo4rnno o6ecneqrrb paBeHcrBo qhce.n KHy4ceHa e o6orx cnyqanx. lpyrurvu
c.noBaMh, neo6xop,ranno o6ecneL{ilTb paBHochnbHocrb r{t4c.neHHbrx nno4enefi

cro.nKHoBrrenunoil nprMech, ocHoBaHHbrx KaK Ha npFMoM Lthc.fleHHoM MoAenh-

poBaHril Bcex qacrhq, TaK r Ha MoAenhpoBaHnvronbKo qacrht4-npeACTaBhreneil.

Aarop HeoAHoKparHo noAqepK14saer Heo6xoAr4Mocrb npil nepexoAe K MoAenh-

pylolqhM qacrrLlaM o6ecneqrrb oAhHaKoByro 14HTeHchBHocrb cro.nKHoBeHrfi qac-

rnq (crp.73,ctp.80). Peay.nbrarbr Ha phc. 2.7 vt 2.8 noxaabtBaror, qro nph coor-

BercrBylor4enn aur60pe napaMerpoB coyAapeHhn MoAenhpytol{l4x qacrht-{ pac-

npeAeneH nn Bqonb KoHrypa \nnvHqpa raKhx BaxHbtx QynxrlraoHa,floB TeqeHhF,

KaK CpeAHnfl HOpManbHafl CKOpOCTb qacThr-{ B MOMeHT yAapa r n.norHocTb noToKa

3HeprLlr or nphMech K noBepxHocrr prna o6eux MoAenefi npaxruvecKLl coBnaAa-

rcr Bnnoru 4o F=16 (F - vr,rcno peanbHbrx qacrrL{ B MoAenrpyrcqeil vacrral1e). Ko-

HeqHo, 6utno 6ut ranrepecHo r4ccneAoBarb 3aBhcl4Mocrb pe3ynbraroB or F a 6o-

nee uhpoKoM Arana3oHe h3MeHeHhfl 3Toro napaMerpa. Hecnnorpn Ha nonyqeH-

Hoe cor,nache, Ha u6onee y6epmenbHbrM apryMeHToM B nonb3y paBHochnbHocrt4

o6erx nno4eaefi ArcnepcHbrx cpeA c ro'.lKr4 3peHrs cro.nKHoB ennil MelKAy qacrh-

qaMh Mornv 6ut 6utru ec6 xe oAhHaKoBbre no.nn evcna Kny4ceHa Kn, a yAapHoM

croe. K coxaaeHVto, raH$opnnaqtan o qrc.nax KHy4cena B Ahccepra\vvl orcyrcrBy-

er.

5. He coscen noHflTHo, noqeMy a n. 1.4 (gracneHHoe hccneAoBaHhe Bo3-

geil*eua $paxrlrara qacrhL{ Ha nperpaAy h reqeHhe ra3a B yAapHonn cnoe) npra

o6tennHoil xoHqeHTpa\tttr qacrhr-{ B HeBo3MyrJ-{eHHoM noroKe 10-4, xor4a cro.nK-

HoBeHrR MexAy qacrhL{aMh B yAapHoM c,noe 3aBeAoMo ilrparcr oqeHb 6oaur.uyro

ponb (noxaaaHo B npeAbrAyrrleM n. 1.3), paccMarprBaercfl reqeHhe 6es yvera

cro,nKHoBeanil (prac. 1.33 a, 6; puc.1.34). EcrecraeHnurnn 6uuo 6ur npr 4annofi
KoHLleHrpa\vv hccneAoBarb BaphaHTbr c o6paruurnn B.nhflHheM nphMech Ha re-
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rleHhe ra3a n 6ea o6parHoro BnnflHnfl, Ho c yqeroM cro.nKHoeeHril MexAy qacrh-

qaMu.

5. HeconnHennutfi hHTepec npeAcraB,nfler pe3ynbrar aBTopa o na16oru-

ueM pocre ren.noBoro noroKa B Kpr4Tr4qecxofi ToqKe B cnyqae ryp6ynenrHoro no-

rpaHhqHoro c.non taMeHHo Anfl KpynHbrx '.{acrhr-l AhaMerpa 50 MKM, a He AnF Me.n-

xwx2 nnxnn (crp. 65). 3ror pe3ynbrar npon4Bopequr ony6arxoBaHHoMy B crarbe

[B.oesterle, A.Volkov, Yu.Tsirkunov. Progress in Flight Physics, Vol. 5. 20L3, pp.

441-4561 Ann naMVHapHoro norpaHh'..tHoro cnon, r4e Hail4eHo, qro KaK Anfl

cron KHoBrrea unofi , TaK L4 4nn 6eccrol KHoB r4Ten uuofi n phMech Ha r6on uu uil te-
naosoil noroK or ra3oBofi Qaaur B Kpr4Thqecxofi ToqKe nonyqaercn npt pa3Mepax

qacrhl-l a6nusu Kpt4Tl4qecxoro (npra pa3Mepax MeHblue Kphrt4qecKoro qacrhqbt He

cra,nKhBarcTcfl c noBepxHocruro). K coxaneHt to, B At4ccepra\nv He nphBoAr4Tbcfl

3HaqeHHe KphTl4'.{eCKOrO pa3Mepa '.{aCThL{ npH paccMoTpeHHblx napaMeTpax reqe-

HVfl vl orcyrcrByer cpaBHhrenunurfi alanv3 ra o6cyx.qeHhe AaHHoro pe3yabrara.

Kponne roro, AhcnepcHan Qaea Bnvfler He ro.nbKo Ha napaMerpbt Ha eneuHelr

rpaHhqe norpaHt4qHoro cnofl, Ho h Ha caMo TeqeHhe BHyTph norpaHhLtHoro c.nofl,

no3ToMy nprHnrutfi noAxoA K onpeAeneHrrc nnorHocn4 KoHBeKThBHoro rennoBo-

ro noroKa or ra3oBofi Qaaur K noBepxHocrh rena (crp. 64-65), xor4a B,nhRHhe qac-

Tl4l-{ Ha TeL{eHhe BHyrpl4 norpaHhqHoro cnon He paccMaTphBaeTcfl, npeAcTaBnfler-

cfl He AocTaToLtHo KoppeKTHbtM.

7, Ipr cpaaHeHhil pe3ynbraroB pacqeroB npflMbtM MoAenhpoBaHreM

ABilxeHhfl v c-tonKHoeeHril qacrilr-{ c pe3ynbraraMh crartacrr4vecKoro MoAenhpo-

BaHtAA MeroAoM MoHre-Kapno aBTop He noflcHser, noqeMy 6uu eur6pan BapraHT

MeroAa MoHre-Kapno 6ea cqerqhKa BpeMeHil, a He Apyrofi, cxaxeM, MeroA Ma-

xopaHTHoil qacrorut, Koropbrfi o.{eHu xoporuo 3apeKoMeHAoBan ce6n e AVHaMV-

Ke pa3pexeHHoro ra3a.

8. Pesynurarbr pac'.{era 3po3hoHHoro pa3pylueHrfl Te.na Ha ocHoBe KoH-

qenLlh14 sQ$exrraanofi aHran bnvn pa3pyueH ua (puc. 3.6 u 3.8) noxa3btBarcr, qro

hMeer Mecro xpynKoe pa3pyu:eHre. flph aroM HeflcHo, KaK MoAenhpoBarb pa3-

pyueHre ynpyronnacThL{ecKoro Te.fla, qTo He MeHee aKTyanbHo, qeM pa3py[xeHhe

xpynKoro.



9acru l!

(Mo4enr,rpoBaHhe B3ahMoAeficrehn KpynHbrx qacrhq c yAapHbrM cnoeM 3aryn-

fleHHoro rera u c ronolxofi y4apxoil aonx oil; rnaeat 4,5 u Gl

3ry vacru MoxHo paccMarpilBarb KaK 3aAaqy B3ahMo geilctaua HecKonbKhx re.n B

cBepx3ByKoaoil a3poArHaMhKe. .QaHHan 3aAaqa rpe6yer MoAenhpoBaHhfl c Bbt-

coxoil Tot{Hocrblo rpexMepHbrx HecraL{r4oHapHbrx reqeHrfi B MHorocaRsHurx o6-

nacrflx c ABt4xyl!vMVcA rpaHhL{aMr. Coaganhe Bbtqrc,nhre.nbHoit rnopenu n pa3-

pa6orxa rexHo.norhh pacqera F,nn raKoro poAa reqeHril npeAcraB.nfllor 3Haqh-

Te,nbHbte rpyAHocrr. B ro xe BpeMfl npnMoe MoAenilpoBaHre c BbtcoKl4M npo-

crpa HCTBeH Ho-BpeMeH H brM pa3pe ueH ileM ra3oAh HaMrqecxofi ra Hre pQep eH\ttv

ABl4xylqhxcn re,n aKTyanbHo A n MHorhx nphnoxeauil e agpoKocMrqecxofi rex-

HhKe v Apyrvx o6aacrRx.

Har6onee 3Har{hMbtMh pe3ynbraraMh Al4ccepra \tAtt B srofi qacril flBnRrcT-

cF cneAyrcu{he:

llepeoe. Paapa6oraHbr 14 peanh3oBaHbr Bbrlu4c.nhre.nbHbte MoAen v Ann
pe rueH hF ypa B HeH r il )ilnepa B MHorocBR3Hbrx o6nacrnx. An roprrM MoAen h po-

BaHnfl ocHoBa H Ha hcno,n b3oBa H r h aAanrhBH brx AeKaproBbtx QraxoapoBaHHbtx

ceToK BbrcoKoro pa3pe[ueHhf, a TaKx{e cKonb3nqhx ceToK.

Bropoe. Paapa6ora Ha 6ecceroqHar Bbrr{ hc,n hre.n bHafl MoAen b Anfl peue-

Hhn ypaBxeurfi 3finepa il Haeue-Croxca. Taxofi noAxoA RB.flnercn oqeHb ru6xurvt

v npn hcno.nb3oBaHVvl aHh3orponHoro pacnpeAenetnn y3noB n03Bo.nfler o6ec-

neqhrb BbtcoKoe pa3pelueHile reqeHhfl ra3a Bo Bcex o6nacrnx, B ToM qvcne B no-

rpa H hq H blx c.no8x, n pil cyqecTBeH Ho MeH buJ Hx Bbtyncn4Te.n bH blx 3aTpaTax.

,[,a, 6ecceroqHbte MeroAbt He RB.flf torcn KoHcepBarrBHbtMr4, r{To BcerAa }Ke-

.nare.nbHo, oco6eHno npr cKBo3HoM pacqere reqenrfi c yAapHbtMt4 Bo.nHaMh, oA-

HaKo HeKoHcepBarhBHocru 6ecceroqHbrx MeroAoB He RB.nflercfl, Ha rtaoit ezrnag,

Kpt4Tt4qecKhM HeAocrarKoM. B n rreparype h3BecrH bt HeKoHcepBarh B H bte Mero-

Abt, HanprMep c rcno.nb3oBaHreM xy6ruecxux cnnailnoB, Koropbte no3Bo,nrtor

nonyqhrb c BblcoKofi roqnocrbrc perxeHhe ypaBHeHNfi Haeue-Croxca Aaxe B c/ty-
qae, KorAa B TeqeHun npvcyTcTBytoT yAapHbte Bo.nHbt.



CoraaceH c MHeHheM aBTopa, vto 6ecceroqHbre MeroAbr noKa He Haur.nh

cepbe3Horo nphMeHeHilF a Poccuu,14 B sroM HanpaBneHVn ArccepraL{roHHoe

hccneAoBa H he fl BnReTcfl nroHepcKhM.

Tperue. ButnoaneHo lqare.nbHoe qilc.neHHoe hccneAoBaHile ronxoil ne-

craqhoHapHofi yAapHo-BonHoeoil crpyKrypbt reqeHrfl B yAapHoM cnoe npn ABV-

xeHhh KpynHbtx qacrht-l nporlrB noroKa. p,eranuxo onhcaHo ra3oAhHaMhqecKoe

B3arMoAeficrare ogHoil, AByx r rp6x qacrhl-l c yAapHbtM c.noeM v Apyr c ApyroM

nph ABl4xeHVV no c.noxHbrM npocrpaHcrBeHHbrM TpaeKTopr4flM. Asropy yAanocb

BnepBble cMoAeflt,rpoBarb xone6arenbHbte pex{hMb! TeqeHhR B yAapHoM cnoe,

L{To paHee Ha6nro4anocb B 3KcneprMeHTax.

3anneqaxrR no tlacrra ll (rnaeat 4,5 n 61.

Hynnepaqhfl 3aMeq anufi npoAonxeHa.

9. HeaepHo cQopnnynhpoBaHbr rpaHilLrHbre ycnoBhfl Ha noBepxHocrr4 o6re-

KaeMoro rena (,.qan ypaBHeHhi,rJtrnepa e n.4.1 na crp. t57 u Ann ypaBHenrfi Ha-

aue-Croxca B n. 4.3, aa crp. L77). B o6orax cnyqaflx aBrop, noMhMo ycnoauil na

KOMnOHeHTbI CKOpOCTI4,3a4aeT npOH3EOAHbre nO HOpMa nV Or nnOTHOCT|A, AaBne-

HVn n Kacare,nbHofi cxopocrr. 3roro He rpe6yercfl AnA KoppeKTHbtx nocraHoBoK

3aAaq (cnn., HanphMep, [C.8. BannaHAep. llex1uu no rrApoa3poMexaHhKe. Y.{e6

noco6re. 11., vlzg-eo,[FY, 1978]). To xe orHocr4rcfl K rpaHhqHbrM ycnoBilrM Ha

exo4Hofi rpaHhL{e Ann ypaBnenuil Haaue-Croxca (crp . 176, 196 u 251). Taxoro

poAa cooTHo[ueHnn nHofAa none3Ho hcnonb3oBarb B anropHTMe pacqera, oAHa-

Ko nph nocraHoBKe KpaeBbrx 3aAaq Ann vcxoAHbrx 4r$QepeHL{haflbHbtx ypaBHe-

uuit ouu He HyxHbt.

10. Ipr sa4aHHoil HeBo3Myu-leHHofi cKopocn4 qacrht-lbt (890 nn/c, crp.

158), oHa, noc.ne BxoAa B yAapHbrit cnoil 6y4er o6rexarucn co cBepx3Byxoaofi

cKopocrbo (nnaxoaMa,nbHafl cKopocrb 3ByKa B yAapHoM cnoe B ToqKe ropMoxe-

HnA paBHa nphMepHo 540 nn/c). flpra sronn nepeA uacrrqeil Bo3HhKHer rofloBHan

yAapHan BonHa .4 cnnbHo Bo3MyqeHHurfi cneA :a Hefi. flcno, L{To noc.ne orpaxe-

HVfl qacrvrla 6y4er ABhrarbcfi B Bo3MyqeHHoM TeqeHhh. B 4raccepraLlhh He

npeAcTaB.neHbl pe3ynbTaTbr pacqeTa TeL{eHhfl B yAapHoM cnoe noc.ne BXoAa L{ac-

Tt4r.{br t4 npn ee ABhxeHVV K Teny. Aaropy cneAoBano o6cygrrb Bonpoc, HacKo.nb-
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Ko Ch.nbHo noBnilflloT BO3MylJ-teHtAfl, Bbl3BaHHble naAarcU-{efi qaCTV\eil, Ha ABhxe-
Hhe oTpaxeHHofi.

Hapn4y c 3aMeqaH vfrMvl no KaxAoil us raactefi, Heo6xoAt4Mo cAenarb

o6qrae 3aMeqaHhn no ecefi Ahccepralllth.

B rexcre ecrb pFA oneqaroK r HeroLrHocreil. He yxasaHd pasnnepHocrb Ko-

eQQraqraeHTa AhHaMrqecxofi BR3Kocn4 Ha crp. 36; He cKa3aHo, qro J ilMnynbc

cvnbt,4eilcrayrcqnil aa L{acrilr.{y B npol{ecce coyAapeHVr (crp. 39); cneAoBano

orMerhrb, qro coorHoueHhr B KoHqe crp. 39, Koropbte hcnonb3ylorcs Anfl 3aMbt-

KaHhR ypaBHeHrfi rannnyauca il MoMeHra hMnynbca nph coyAapeHVV AByx qacrrL{,

- 3TO KrHeMaTrqeCKhe COOTHOUeHhS; HeflCHO, r{TO hMeeTCfl B BVAy, KOrAa aBTOp

nhluer "B npotltaHoM cnyqae" B TeKcre Ha crp. 44 npu o6cyx4eH nvt Benvrvtlbt

uara no BpeMeHr. Asrop hcnonb3yerrepMrH "nonapxute cro.nKHoBeHhfl" qacrht-l

B To BpeMfl KaK o6r.r-lenpraHRTbtM FBnflercE TepMilH "napHbre cro,flKHoBeHl4fl"

(anra.: "binarycollisions").Ha crp.45 aBTop nhuJer, qro B HeBo3Myr4eHHoM noro-

Ke qacThtlbl pacnpeAeneHbr paBHoMepHo B npocTpaHcTBe, npn 3ToM HeflcHO, OHh

pacnpeAe,fleHbt AerepMrHrpoBaHo (Hanprannep, B y3nax cerxr) vnv cnyqafiHurnn

o6paaonn Ha ocHoBe paBHoBepoFTHoro 3aKoHa. Ha crp. 47 aetop accor.U4hpyer

n,norHocrb noroKa 3Heprhh or qacrht-l K Teny Q uz-za Heynpyroro coyAapeHVfl

TOnbKO C Ten,noBbrnn soap,eficrBileM, Ho 3To,nr[ub MaxopaHTHafl oqeHKa Ann

nrorHocrh rennoBoro noroKa, KorAa Her4po6neHVA qacrht-{ t Jpo3tloHHoro pa3-

pyueHhn noBepxHocru. VlcxyccrBeHHoil aarnnghr onhcaHHafl Ha crp.47-48 n

no3xe Ha crp.59-62 cvrya\nn, KorAa nonepeqHo o6rexaetauil4unuHAp paAhyca

3 cnn axo4hr B nbt,neeoe o6naKo Ha Bbrcore 10 xnn c rrnep3ByKoBbtM r.l4c,noM Maxa

paBHblM 6. TepnnraH "rHeprHure qacrlr-lur" (crp. 50) ayvr.ue 6urao 3aMeHrrb Ha

"rHepqroHHbre vactutlut". CnoaocoqeraHhe "3eo.flrcqrn reMneparypbr B ceqeHhh

Kpt4Tt4qecxofi ro,{xh" (texct Ha crp. 62 u ganee h B noApt4cyHoqHbtx noAnhcnx K

prc. 1.35-1.37,1,.40,2.6 n 4aaee) flB.nnercfl HeyAaqHbrnn. Cy4n no cMbtcny, aBrop

ilMeer B BVAy nu6o pacnpeAe.neHhe napaMerpoB ra3a (rennneparypur) BAonb Kpt4-

rrqecxofi nvHVV ToKa, nu6o B MephAr4ouanunoil n,rrocKocrr4 B ocechMMerphrtHbtx

3aAaqax (nanprnnep, n.4.1). Ha phcyHKax 4.11,4.19 cnegoBano noKa3arb ocv \v-
nvlHqptt.recxoil cr4creMbr KoopAuHar. HenoHnrHo, 3aL{eM art4 ocr o6oaHaqarcTcfl

no-pa3HoMy B npeAerax o4Hofi r.naBbt ((x,y) s n.4. t u (z,r) e n. 4.2).
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BurcxaeaHHure Bbruje AncKyccvoHHbte no.floxeHrfl h 3aMeqaHhR He B.nh8loT

Ha o6r4yrc oAHo3HaqHo nonoxrrenbHyp oqeHxy Ahccepraq,raoxxoil pa6orut.

,{rccepraL1rn HanncaHa xopor.xr4M noHflTHbrM HayqHbtM r3btKoM. Aerop 3aHhMa-

ercfl AaHHofi rennaruxoil noqrh 20 net. Bce ocnoBHbte pe3ynbrarbt hMelor QyH-

AaMeHTanuHutfi xapaKTep, oHvl ony6arxoBaHbr 14 t438ecrHbl cnel{hanhcraM. Aoc-
TOBepHOCTb BbIBOAOB nO pe3ynbraTaM BbrnonHeHHoro hccneAoBaHVfl y MeHfl, KaK

3Kcnepra, He Bbt3btBaer coMH enuil. Paspa6oraHHbte Bbtlu4c.nhre.nbHbte MoAenvl,

anrophTMbl il TexHonorvn qrc.neHHbrx pacqeToB MoryT hcno.nb3oBaTbcF Bo MHorilx

Apyrrx nphnoxeHVnx. Oco6o orMeqy, qro hx qeaecoo6pa3Ho BHeAphrb B co3Aa-

BaeMbte HaqroHanbHbte naKerbr nporpaMM (aHanorrvHure ANSYS) 4an qhcreHHo-

ro MoAenhpoBaHhn 4syx$aaHbrx reqeHuil raEa c qacrrL{annra. O6paqaer Ha ce6n

BHhMaHI4e nepQexr-1noHV3M aBTopa nph orpa6orxe Bbtqrc,nhrenbHbtx nno4enefi,

rax aepNQvKa\ttv v Banu5a\nv, a raKxe npr crcreMarhqecKoM hcc,neAoBaHhr

ponv pa3nhqHblx QaxropoB h pacqere roHKofi crpyxrypbt reqeHrafi. O6reM, Kaqe-

crBo 14 HayvHulfi ypoBeHb Bblno.flHeHHbrx r4cc,ne4oaaHrfi no,nHocrblo coorBercrBy-

ror ypoBHlo AoKropcxofi Anccepra\t vt.

Ornneuy, qro aBrop cAenan noApo6naril AByxqacoaofi 4oxnaA no ceoil AVc-

cepraqhh Ha HayqHoM ceMhHape no MexaHhKe xhAKocrt4, ra3a h n,na3Mbr s "BO-

EHMEXE". B cennrHape, KpoMe corpy4Hr4KoB Haluero yHhBepchrera, npvHlnv
TaKx{e yqacrhe yqeHble hs CaHxr-l-lerep6yprcKoro no.nrrexHhqecKoro yHhBepcil-

Tera, MareMarhKo-MexaHilqecKoro $axynurera CaHxr-l-lerep6yprcKoro yHrBepcr-

rera, Orarxo-rexHhL{ecKoro ttHcrvtryra hM. A.O. l/oSQe PAH. B paseepHytoirr guc-

KYCCUA nO AOKnaAy Bbtcrynnnv 6 goxropoB HayK. Bce no44eplKanh Ahccepraqh-
oHHylo pa6ory, xorn 6urnh BbtcKa3aHbt h 3aMeL{aHilF.

AsropeQe par n pa Bhn bHo orpaxaer coAe px aHVe Ah cce pra qh h.

3axntoqexre

Cvrtarc, qro Al4ccepraqhr Cnoco6rxa Ax4pen Brraaueehqa <gucnexxoe

MoAenhpoBaHhe o6rexaxrR Ter cBepx3ByKoBbrMr,t noroKaMh c rBepAbrMh qac-

ThqaMh)) yAoBnerBopser rpe6oaaHhflM, npeAbnBnneMbrM K AoKTopcKtAM AtAc-

cepral{hnM cornacHo nn. 9, 10 u I'1, <ilonoxeHttn o npucyxAeHrh yqeHbtx crene-

Heil> (IlocranoB.neHhe fipaerrenbcrBa PO or 24.09.20!3 N 842, peA. or
26.09.2022 "O nopsAKe nphcy)+qeHrr yqeHbrx creneHefi"), nocKo.nbKy FBnrrercn
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HayqHo-KBanv|ttKaL{hoHHofi pa6orofi, e xoropofi Ho ocHoloHuu eilnonHeHHbtx

o?mopoM uccnedoeonuil pospo1omoHil meopemuqecKue nolto)KeHun u nped-

cmoeneHu KoHKpemHbte pe3ynbmomu, coeoKynHocmb Komopbtx MuttHo Koonu-

Sut4upoeomb KoK HoyqHoe docmuxeHue, cocmoflt4ee e pospo1omKe Holbtx ebt-

qucnumenbHbtx uodeneil cltuttHbtx deyxQosnux meqeuuil zoso c moepdoruu
qocmuutoMu u mpexMepHbx HecmaLluoHopHux meqeuuil o 

. 
MHozocznsuux o6-

nocmnx, e cyt4ecmeeHHoM po3eumuu alteopumMol u mexHonoeuil pocqemoe

moKux meueuuil, ux o6ocuosoHuu u npuMeHeHuu K peueHUp oKmyonbHbtx Eadora

deyxQoenoil aepodunoMuKu u zosoduuarquqecxoit uumepfuepeHquu melt I
ceeprceyKolbtx nomoKox, a ee aBTop Cnoco6rH Ax4peil Bhranueenq 3acnyx<t4-

Baer nphcyxAeHrn eMy yqeHofi creneHh AoKTopa Qraaraxo-MareMarhqecKhx HayK

no cneL{r4a.nbHocrr4 1.1.9. MexaHrxa xhAKocrtt, ra3a h nna3Mbt.

OQraqraan unur il on noHeHT

AoKrop Qr,ra.-nnar. HayK, npoQeccop

llodnuca lO.M. l-tupxynoeo ydocmoeepfrn:
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l-f r,r pxyHoe lOpnia M rxa 314 Ko-MareMarta'.{ ecKlax Hayx, n po$eccop,

naypear npeMhh H.E. )HyxoacKoro nepaoir creneHh za 201,L rog,
qneH Poccrilcxoro HaLl[oHanbHoro KoMr4rera no reoperhqecxoil n nphKnaAHofi nnexaxuxe.

Mecro pa6orur: xaSegpa nna3Mora3oAhHaMrKh il Ten.norexHhKh,

Sanrwilcxvtfi rocy4apcraeunurfi rexHhqecKhil yxraaepoarer <BOEHMEX) rann.,{.O. YcrhHosa

1-n Kpacxoapnneilcxan y^., A.1, 190005, r. Caxxr-[lerep6ypr, Poccrs.

E-mail: Yurv-Tsirkunov(orambler.ru ruo6. ren. +7 965 037 5268
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