
OT3bIB or[rlqrlaJrbHoro orrrroHeHTa

Ha AnccepraquK) Ha co[cKaHrre yqeHofi creuenn

xangugara $n:urco-MareMarurrecKrrx HayK

Aprauononofi IIunrr Bponr.rc.ranonnrr

Ha reMy: <<tlucrenHaq pea.iru:aqru nIo4e,rn Euo

npu 6o.ruurr.rx 4eQopMarIusx>)

rro cfiequal'rr,Hocrll 01.02.04 - <Mexantra ge{opulrpyeMoro rBepAoro rera>)

Cos4anl.le nelzseinoii cBr3aHHofi MoneJrri coBMecrHoro ge$opuzporanux

xlrlKofi u raepgoii Sas rpyHTa, yqxrrrBarorqei ynpyronnacrnqecroe rroBeAeHze

MaTeprzaIa, colpoBoxAarorqeec.{ r4lr.{eHeH[ij]r,1 nopucTocTn H npoHrlqaeMocTr4,

tBr{ercq BecbMa Baxnoft :a4avefi. feoMexanlz.recKat peaKqus cKenera fpyHTa Ha

r43MeHeHr{e aaBJreHrlt XI4.{KOCTI{ IttpaeT KnloqeByro poJrb, HanplrMep, npli

o6pasoeauuu KoJIeLI Ha rpyHToBrix Aoporax I.tJrrr npu HepaBHoMepHofi oca,qKe

r.IHxeHepHrlx coopyxenufi. Tarzu o6pasou, aKTyaJ,rbHocrr, TeMH Ancacprarlvu

HecoMHeHHa KaK B TeopeTr4gecKoM, TaK ri B npaKTI,IqecKoM nJraHe.

I{e.rr, ,4uccepraquonuofi pa6oru ex.inoqaer s ce6q:
- rrocraHoBKy $rasrz.recrlr r.r reouerpuqecKr.r Herr.rHefiHoi cB.ffiaHHoii 3aAa,ru

coBMecrHofo neQopMl,IpoBaHrir noplrcrofo BoAoHac6rlleHHoro Ma.rcplr€ua I]on

Bo3AetcrBr.reM Harpy3Kr.r fiprz Me.qJreHHoM orroKe xH.qKocrlr;

- co3AaHI.Ie arfopurMa peueHrr{ rarofi sagauu }I efo peaJIIBaUrxo c

noMolllblo pa:pa6orannoro nporpaMMHofo Kolal npaKTl{qecKoe hccJreAoBaHr{e

ycrot.rl.IBocrl.r anfopl4TMa n ero anpo6aqno na rourperHHx 3alaqax.
- paspa6orry MeroAoB B;rqxcflemlll e$$exrrznnux csoitcrs roprlqroro

Bo,qoHacblrqeHHofo Marepllalra, BXo,qtulIX B KaqecrBe IrapaMerpog g uo,qe.lr Elto.

Ha ocHoBe acl4Mnrorl,IqecKoro Mero,qa ocpe.qHeHr4{ n onpo6oBaHlae 3Tr4x MeronoB

Ha npr,rMepe peajrr,Hr,rx c'rpyKTyp rpyHroB.

Cogepxauue Aliccepraqrru cocraBlltlor BBe,qeHIle, .rpu fJraBbr,

3aKJrroqeHr,re, cnucoK Jrr.rreparypu tB 722 HauMeHoBaHr.lfi r.r rpfi nprinoxeHr.r.s.

O6qzil o6rev pa6orur - 157 crpanuq.



Bo nnegexun o6ocnosrmaetcq aKTyaJILHocrr, TeMbt,qrzcceprarluoHHoro

rrccJlegoBaHr.rr. B orou pa.:gele Qopuylupyrorcx qenu, nora3aHbr HayrrHarr

HOBI€Ha I4 npaKT[qeCKa_S 3HaqI-IMOCTb nr.rccepTaqv oHHoIo IiccJIeAoBaHI4t.

flpegcraereuu ocHoBHrJe rroJloxeHllt, Br,IHocI,IMbre Ha 3atuury, oru4saHa

crpyKTypa AvccepTa\r4u, KparKo rr3JroxeHo coAepxaHlle Tpex fJraB, npnBe.4eH6r

cne4eurnx o6 anpo6aquu pa6orur u ny6maxaqlr.rx ro reMe lrzcceprarlr i.

B nepeofi r.nane

feoMeTpr{qecKz, u

,{uQQepenqua.nrnar

rIcnoJrB3oBaHI,IeM o6tqux 3aKoHoB coxpaHeHrz{ MexaHI-IKrz cllouruoii cpegrr u

ri3JroxeH BhrBoA yparnenuft noJrHocrbro HeruHefiHofi (u

Slr:r.rvecxrn), cB.rnaHHofi MoAeJrri KoHcoJrr{Aarluu.

nocraHoBKa 3aqagv xonco:rirgaquu 3arLlaa:ea c

3aKoHa Or. lTpaqu [apcu; oHa BKJrroqaer y'panneuul paBHoBecur, {unsrpaqtl,r

Ii u3MeHeH[.s ropr4crocrrr. floc:reAul,re .qBa ypaBHeHrr.s epeQopMy:rr{poBaHbr B

JIarpaH)KeBEIX KOOpArrHaTaX rnepgOfi @a:u cKeJreTa c I{cnoJIB3oBaHHeM

orHocr.rrerbHot cKopocrrr ABIlxeHut xr.rAKocrl,I corJracHo nolxo.qy ALE

(Arbitrary Lagrangian-Eulerian). Tar<oe npr.rMeueHrre Mero.{a AIE

npeAcraBJlterc{ noarru. ,{lx peIIIeHIzt crrcreM;I ypaBHeHr,rfi Mero1oM KoHeqH;IX

3JIeMeHTOB IIOJIT{eHa BapI4aIITTOHHZU{ IOCTaHOBKa 3a,4aql,I KOHCOJIIIAa4UU, lnt

JrliHeapl.I3arlllrr BaplIaquoHIIoro ypaBHeHus paBHoBecr4Jr r{cnoJl63oBalac6 TexHIiKa

guQQepeuqupoaauru o faro.

Bo nropoil rJraBe onlicaH aJrroprzrM perxeHus cBr:aHHoft 3aAarrx

KOHCOJIHnaIIr4r,r I,I npliBe,4eHhl npl{Mepbl ql{cJreHHofo MoAeJrr.rpoBaHlit,

,{:r.r npocrpaucrseHHoil AucKperlr3arl}ru lrcnoJrr,3yerc.r MeroA KoHeqH;x

3JreMeHToB: cepeHArrrroBEr KBaAparurIHbIe 3JreMelrrbl Q2 gnx arurporcuuaqulr

.ypaBHeHr.r{ paBHoBecr4.r ri s.rteMeHrsr rpurulrefiuolo runa Ql 4ilr annpoxouMaqru

ypaBHeHI,It Sunrrpaqlru. Cucrelra ypanneHr.rfi paBHoBecur u Qunrrpaqurz

pelxaercq B npeAnoroxeHliu nocro.gHHofi nopncrocrl-I, Koroparr nepecqrrrblBagTct

IIa KaXAOM rrlare tto BpeMeHH. [,U peuewu c].rcTeM6l llcnolr;3yeTcr MeTo,{

Y:aerr c anyrpennuuu repa\utrMrr Ha Kalr<AoM lIafe no BpeMeHu.

Ilpone4eu anallr: ycroiuuBocrl,t q[creHHofo arropr4TMa perxeHut

nuHefiHofi ceAJroBofi 3a4a'rrl v. cAeJrarr BBrBo,{, rrro npu annpoKcr4Marluu



KoHer{HFrMrz 3JreMeHTaMr4 e2-el a.rroplrnr ycrofiwrr, a npu anlpoKcxMarlua
3JreMeHTaMn Q1-Ql na6:lo4arorcr ocqvJrJrrquu ropoBoro ,qaBJreHrir. flpuregenrr
ql{cJreuHrre lpriMep;r pacqera Herr,rueinofi caq:aHuoi ra.qaqr4 KoHcoJtunaqri]r rpz
orricaHrzu rr4fiepynpynrx cBoicrB Marepr,rara noreHrls a.traMr.r Myuz, Myau_
Pusnuua, Tpeloapa rz Cen-Benalla-Kzpxro$a, pac.reru uor€3arri, qro

I.IcnoJrb3oBalrlre noreHrlrrara Ceu-Benaua_KzpxroQa npuro4lrr r uexoropofi
HeycroiquBocrLr aJrropr-rrMa pemeur4s npu geSopuaqull 20010. Ilorasauo, vro
yrler reoMerprzqecroii nelatreiinocrrr rrpnBoAtrr K 3aMerrroMy cHHxeHr{ro
pacqerHblx 3Ha.reHLIt lopoBofo AaBneHrrr, a yuer z:r"leuenlt,r tropucrocTli z
npoEI-IqaeMOCTr.I MaTepI.IaJIa - K CyrqecTBeHHOMy yBellrIeHuro BerriltnH lopoBoro

AaBreHu_s Ha HaqaJIbHoM 3Tarre flpoqecca xofibo:rlqaqm. paccuotpeua :raraqa o

.qeEopMrlpoBaHr.l4 rroplrcroro 6uoloruqecrolo varepvara, HacrrrqeHHoro rcpoB;ro
I{ nra3Mot c r4cnor}3oBaHr.reM MoAeJru rnnepynpyrccrrr.

Penena :a4ava o6 ynpyrornacrrvecxolr 4e$opvr.rpoBaHnrr ropricroro
BoAoHachlrr1eHHofo fpyHTa B paMKax geSopuaqzonnoi Teoput4 ruraorr.rrrHocru.

Tperra ruana nocBslleHa BblqncneHllrc napaMeroB, Bxo.4{rqlix B MoAeJ,rr,

Etro. Ha ocHoBe MeroAa ocpe.{HeHxJr pa:pa6oraurr npoqe.qypbr B;rqucreHrzq
napaMerpa bzo rz reH3opa pacuupeHrr{ nopucrofi Bo.4oHacrnleHHoi cpe,4;l rrpt4
saMep3aHlrfi. flpeg:roxeunrre Merorbr peaJrr,t3oB artr na 2D n 3D uo_nenrx
peaJrbHbrx crpyKTyp pa3Jrr.tt{Hbrx rt4rroB cKaJr;Hbrx rpynroe. p*ylrrarbr pacrreroB

xopouo cofnacyrorct c p*yJrLTaraMr.I 3Kcrrepl.IMeuron. Bao4utcl noeoe
o6o6rleHHog onpe,4ejreHr.re fipeAcraBr,rrerbHofi o6.nacru, n coorBercrBrru c
KoroprrM sQQerrlrnnlre cBoicrBa rpyHToB MoxHo onpe,4errrb Ha o6racrrx
MeHburero pa3Mepa. o6laaanullx pa:l rv uoft noptzcrocrbltl.

B :arc,rrovexur cQopMyJrxpoBaHbr ocHoBH;re pe3yJrBrarbr nrzcceprau{x,
Hayvnan HoBrI3Ha ocHoBur,rx pe3yJrr,TaroB glaccepraquounofi pa6oru

3al{JrroqaeTcg B cJIeIyIO[IeM:

l) [aua $oplrynvpoBKa $r€rfiecKu rz reoMerp]lqecxr{ HerlrHefiHou cBr3aHHoii

3aAaqu KoHcojrrz,qaul4x B cKopocTtx, pa:pa6orau aJlfopr.lTM ee peIIeHI.L{ pt co3IIAH

co6craeuurrii nporpaulrurrii ro4.



2) flonyuena Jrr.IHeapr,BoBaHHarI Bapl,IaquoHHajr nocrauoBKa 3a1a\b, trpuro1lafl

AJt KoHer{Ho-sreMeHTHoii pea,rr.r3arlvu.

3) flpone4eu analrzs ycroiureocrri aJrroprzrMa perxeHr.r, ceAnoBoi 34aHrr B
,1x HeiiHoM H HerHHefiHoM BapuaHtax.

4) flpoae,4eHo rrccJreAoBaHr{e Blr.r.rHr4r reoMerpraqecrofi ueluuefiHocrr.r fi
z3MeHeHIit [op]IcTocTI4 I-I npoHI{IIaeMOCTr.I MaTepIIaJIa B npoqecce elo

4eQopvzponanua.

5) Pa:pa6orautr aJrropr4TMbr B;rqucrerlvr napaMETpoB, BxoA{rqlx B Mo.qerb Euo,

H ITOJIyqeHEI 3aBr{CI,IMOCTTT 3THX napaMer?oB or nopr.rcrocru, I4cnoJrb3yeMEre B

pacqeTax [o MoleJrrr KoHcoJrrraaulzu.

O6ocuonauuocrt rl AocroBepuodrr, pe3yJlr,TaroB Alrccepraqlill

ooyciloBneHa KoppeKTHocTbIO MaTeMaTI_IqeCKLlX nOCTaHOBOK 3a,{aq, IpI.IMeHeHIieM

aneKBaTHErX qUCJIeHHSIX METOIOB rZ COIJIaCT4 eM OT,{eJI6HEIX p*ynbTaTOB pacqeToB

c 3KCIIepIIMeHTaJIbHBTMT.I .{aHHhrMI.I.

IIo pa6ore lruerorcq cre,qyrcql-le 3aMeqaglrs:

l. B 4rccepraqml flprzBeAeHbr npuMepbr perxeHrlx 3a,4arr c oAHorrlnHr,rMa

fpaHI4rrHlIMI,I ycJIoBr{.{MI-I. Eruro 6tr I,IHTepecHo noryql.IT; pelIreHr,rs 3aaaq,4Ju

ApyfKx Br..uoB fpaH l,,|e H bx yc,roBr.ii.

2. [n rcex paccMorpeHHbrx 3aAarr npeAcraBreH6r pcynbrarrr roJt.bKo Aru
BeJrr.rqr4HEr rropoBoro AaBJreHr4r. 3uaqelluq xe Apyflrx ee:ruvuu (uanpulrep,

EanprxeHvfi B rropucrolr r<aprace) I pa6ore He nor<a-:asrr.

3. Haprry c KoHeqHo-sJreMeHTHbrM npeAcraBJrenraeu npocrpaucrsenaofi

crpyxTypBr, rrepexoA c oAHoro BpeMexHoro urara na gpyrofi nplr

ooorBercrByloqefr He.rrsHofi pa3HocrHofi cxeMe ocyrqecrBJUrerc, c

rzcnoJIB3oBaHHeM Merola urepaqufi. Bo nropofi r:laBe I-I3JIoxeH lrerog npocrofi

I-ITepaIIHIr, a raKxe Merol conptxeHHblx fpagueHToB. Croluo 6gr norcHllT;, IIo

KaKofi npuqr,rHe npelroqreHr.re or.4aHo Mero,Uy npocrofi r.rrepaqnz.

4. 3aueuaxraa pegaKrlr.touHoro xapa.roepa.
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B pa6ore, oco6eHHo B pa3Aene 2.3, uaclo ynorpe6Jr.,rercr repMuH

(ycrofiqlaBocrr, 3aAaqr.I>). B KoHTeKcre r.GJlaraeMoro Marepr4ana npaBl,InbHee 66lno

6rr ynorpe6lxrr repMuH (<ycrofiqr.rBocrr, qucJreHHoro alrroprrrMo).

Ha crp, 1 15 B KoMMeHTapun t< puc. 3 ,l ,2 cKa3aHo, rrro rpaHr.rqa

npelcraeureruuofi o6:racrz xectro 3aKpenreHa. O4naro, ero He coorBgTcrByer

IIpI.IBeAeHHbTM Ha prrCyHKe rpaHuqHbrM ycJroBr4rM.

Ha crp. 53 nepeA SopMyrofi (2.1.6) e xouueuraplrr4 K Hefi nepenyraHo

o6osuauenr.re o,4noft }rs serliquH,

Caerannge 3aMeqaHLIt He

Apralronoeofi. Pa6ora rr3Jroi(eua Aocrarovno nogpo6uo !t xopouo o$opMJreHa.

3arcmo.reHne.,{uccepraquonua.r pa6ora H.B. Apravononofi BbrrroJrHeHa Ha

BbrcoKoM HayqHoM ypoBHe, ee MaTeprIaJILI I.I3JIoxeHbr apryMeHTrrpoBaHHo II

gnorue o6ocnoeanu. Ona npeAcraB:rrrer co6ofi rlerocrHoe 3aKoHqeHHoe

uccJreAoBaHvg, B KoropoM noryrreHbl HoBlIe BaxHsIe pesynbrarbl B o6racru

MaTeMaTr{rrecKoro Mo,{eJrripoBaHrir npoqeccoB,{eoopMapoBaHvr nopncTbx

BoAoHacr,rlIeHHErx MareprralroB. Asrope@epar npaBI.IJIbHo I,I rIoJIHo orpaKaer

coAepxaHrre,qlccepTarlrri, ocHoBHr,re ee, p*yJrETaTBr olyonaKoBaH6r

pelleH3rrpyeMlrx xypHaJrax, rrHAe(cfipyeM;rx B MerKAyHapoAHErx 6a:ax Web

Science, Scopus, RSCI, a rarxe arpo6lrpoBaHbr Ha Mex.qyHapo.4Hbrx

poccufi cxrax naywtrx xonQepenqrux.

,{uccepraqlu orBeqaer rpe6oBaHl4rM, ycrauoBneHHbrM MocrogcxuN{

focy,qapcTBeHHr,rM yHr-rBepcrrTeToM r{MeHr.r M.B. JlovoHocosa K pa6oTaM

no,{o6Horo poAa. Yra:annue 3aMerIaHHt He yMaJItrcT 3HarILIMocrr.I

cHI,IXaIor ar,rcoroi oqdnru Alrccepraqr{rr H.E.

B

of

v,

.tr'rccepTaultoHHoro}IccJJe.{oBaHr{s.

uoAeplKaHl4e Arrcceprauvl4 cooTBeTcrBjer nacnopry cllellu:ulbHocTrr

01.02.04 - <<Mexanura ,qe$opMrlpyeMoro rBepaoro rero) (no Qrl:vKo-

MATCMATI TICCKI.IM HAYKAM), A TAruI(C KPIIT9PII{M, OIIPEAEJIEHHbIM TITI. 2.1.2.5

floroxenraq o npLrcyx.4eHr.ru yqeHbrx creneHei B MocKoBcKoM rocyAapcrBeHHoM

yHrBepcr4Tere riMeHri M.B. Jlouonocosa. ,{rzccepraqrzonua.a pa6ora o$opMreHa,



cofJracHo rrpIiJIo)r(eHI.ItM N9 5, 6 lloloxegng o AI.IccepraIIIioHHoM coBere

Mocroncroro rocyAapcrBeuuoro yHltnepcnrera ultenrz M.B.,rlolloHor;oga.

Taxau o6pa3oM, coficKareJrb Aprauouoaa Hma Epoullc.naaoana

3acJryxlrBaer npucyxgenlrr yveuofi creneuu xaugltgara Ql.I3l4Ko-MareMarr4secKr4x
HayK no cneuriaJrssocru 01.02.04 - ((MexaHrzKa ge$opl,mpyevor.o rBepAoro

TCJID).

O$uqna:mrxfi onnonenr:

,{oxrop $u:ttro-rrrareMarl.IqecKrrx HayK,
ne4yrqufr nayvurrfi corpygllux na6oparopuri luHaMr4qecKr-rx ucnstrauuir
Qegepalruoro rocygapcraeunoro 6lonxerxoro o6pa-:oeareJrbHoro yqpex,qeHr.r,
<<Mocrogcrlrfi rocyAapcrBeHHrrfi yHuaepcurei uuenu M.B. Jlorraonocoea)
(Hayvno-rzccle4oearenbcKrzfi r.lHcrr.rryr Mexaxzru MocxoscKoro
focynapcrBeHHoro yHzBepclrrera nMeuz M.B. Jlorraonocona)

IIIIIEH]4LIHOB Ceprefi fenuaaaennr 
/y',/ --

l/fl44
Kollrartuue gannue:

rcll.: +7 (91 6)37 19882, e-mail: serp56@yandex.ru
Cnequaltnoctr, no xoropoi o$uqlraJrrHhlM onnoHeHToM
3arux IeHa,{HccepTarlur:
01.02.04 Mexanur<a 4eQoputpyevoro rBepAoro rerra

Alpec llecra pa6orn:
119192,r. Mocrca, Mrauypnucxufi npocuexr, 1. 1,
Hayvuo-raccre4oaarelrcrui uucmryT MexaHr,rKr4
Mocroncroro rocy,{apcrBeHHoro yHuBepcllrera nueuu M.B. .IloMoHoceea,
.na6oparopnr.altHaMh.lecK X tcnstr aH hi
Ten: +7(495) 939 55 12; e-mail: serp56@imec.msu.ru

Iloguucr ee,qyqero HafrHofo corpyAHr.rKa
HI'12 vexanuxu MfY C.f. IlueHnuHoaa y

Vveuuii cerperaps HI4I4 vexasrxr MfY
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