
OT3bIB oQrqrarbnoro onnoneHTa

Ha Ancceprallrln Ha coucnanne yuenofi crerreHrl

KaHAr{Aara Snsnrco-uareMarnqecKnx HayK
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Ha reMy: <<Mo4elnpoeanne

I4nnorenr[q A.lexcan,qporuua

BJIIIfl HI{q Mr{KpocTpyKlypHbrx MexaHr.r3MoB Ha

loBeAeurre MarepnaJroB rrprr cBepxnJracr[rrecKoM geeoprrnponanut>>

no c[eqr{aflbnocru 01.02.04 - <<Mexanurca 4e$oprvrnpyeMoro rBepAoro re.,ra>)

llpegcrannennax Ar499epTarlr4fl rIOCB.SIIIeHa MOAeJrr4pOBaHnro

coepxnracrzvecrofi Ae(bopMarlr4 r.r M e T a J I J I O B H C I J I a B O B B p a M K a X

QeHOMeHOJIO|T4qeCKOTO IOAXOAa.

-fsreHae cBepx[Jracrrrqecroft 4e(foprr,raqufi r.rHTeHcr{BHo r{ccJreAyercq c 60-x

roAoB [porrrJloro croJlerlrr, Ii yxe B 80-e ro.qrr HaqarocB ero yclelrrHoe BHeApeHue

B TexuoJror[llecKlre npoqeccbr rrrraMrIoBKI{ rz $opuorra lrr4poKoro Kpyra

Marepr4ruloB AJrr tr3foroBJrenux 4eranefi aBlraKocMrzqecrofi rexnrrz, asroMo6zrefi

u r.4. co6paHa BHyrrrrrreJrbHzur, Ho pa3po3HeHHar IIo JrfiTeparypHbrM r{croqHr4KaM

6aza 3Kcnepr.rMeHT€rJrburrx AaHHbrx (rpurirre 4eSopuaqv u, 3ABI{CLIMOCTI,I

HarlprxeHr4r or cKopocrrr Ae(bopMau[r4, or pa3Mepa 3epeH, olrr,rMrurEHbre

TeMleparypuo-cKopocrnbre r,rHTepBaJrbr cBepxfiracruquocrrz a r.4.), roroprre

tBJrrrorcr ocnonoft Inx no46opa pexlrMoB TexHoJron{qecKr.rx flpoqeccoB.

.{ocrarovno IrrupoKo r4c[oJr63yercr raKxe KoMlbrorepHoe MoAeJrr.rpoBaur4e gTrrx

lpoqeccoB qncJreHHrrMr,r MeroAaMr4 perrreHr,rr 3aAaq Mexan[rz 4e(lopuapyeMofo

rBep,qoro rena. flpn 3ToM, oAHaKO, r{CnoJrE3yrorcr y[poqeHHbre oqpeAeJrrrotrlr{e

coorHollreHr4fi, KOTOpbIe OrrI4CbIBaror MexaHI{qeCKOe noBeAeHr4 e Marepr4 ruroB B

y3KoM t4 HTepBane cKopocreft 4eQoprrraqr4rr rd reMlepar)?hr, coorBercrByroqeM

orrrr4MaJrbHEIM peXLrMaM cBepxrrJracrvqnoc:rra. flogroMy 3aAaqa onpeAeJleHr4t

rlapaMerpoB MareMarzqecKnx uo4elefi , olrrcErBarotq[x Kpr4B6re 4e(f oprrarzporanux

CBEPXTIACTI{qECKI4X MATCPIiAJIOB B IIIITPOKOM ALIAIA3OHE TEMIEPATYPHO-

I



cKopocTHbrx ycJloBl,rfr, yqr{TbrBaroqr4x r,r3MeHeHrrr [aprlMeTpoB cTpyKTypbr

MaTepr4ura, TaKrrx KaK cpe,qH[fi pa3Mep 3epeH rzJrr{ paclpeAeJreHrze pa3MepoB 3epeH,

a raKxe AeQopMaur,roHHoro )mpoqHeHrrfi, flpe,qcraBJr{eT co6oft aKTy€lJrbHyro 3aAaqy

MEXAHVKI,I.

.{raccepraqlronnar pa6ora cocroprr rr3 qerbrpex rraB.

B nepnofi fJraBe Ha ocuoBe crpyKTypHo-MexaHrzqecKr.rx ruoAenefi

cBepxflracr[qHocrr4 aHaJrr43vpyercfr Bo3MoxHocrb orrvcanvr. xopouo agnecrnoft

crrrMor,rAaJrbHofr saeucuvocru Haflpsrl(eHvfr Terrenvrfl or cKopocrr{ ge(f oplraqrara e

norapu$vz'recKrrx KoopA[Inarax. Crporo noKznaHo, .rio napa-n,reJlbHoe vJu4

IIOCJICNOBATEJIbHOE COCAI,IHCHI4E HEJII4HEfrHO-B'3KIdX SJIEMeHToB. TIo,uqI4 H-'IoIIII4 Xc'

creneHnofi 3aBrrcr{Mocrri Haflpr}r{eunr or cropocrt{ Ae{bopMarlr4n, He Moxer

onlrcarb cI,IrMoI4 AaJIbHyIo 3aBI,Icr4Mocrb, a cMelrraHHoe - Mox(er. llponeAeu a:Harvl3

o6racrefi [pocrpaHcrBa [apaMe:rpoB oflpe,qeJrrroqtrx cootroruennfi Tpex

cMerrlaHHo coeAr{HeHHbrx gJreMeHTOB, flpn KOTOp6TX flOryqrtlorcr crirMott A€urbHbre

KpLIBBIe, XapaKTepHbre AJrr cBepxnJracTlrrrHocTr,r.

Bropax fJraBa nocB{rrleua pa,spa6orre aJr[opr.rrMa olpeAereHr,rq [apaMerpoB

rtogereft cBepxlracrl,IrrHocrrr, npr4 Koropblx o[peAeJrrrotrlr4e coorHorrreHrrt

onr4cbrBalor saz6olee roqHo l,IMeroqyocr coBoKy[Hocrb gKcrrepr4MeHT,IIrLHbIx

Kpr.rB;rx 4e(poprr,rupoeaHvs Marepr4aroe. 3a ocHosy B3fiTbr coornorueur{r Me)rAy

HarrprxeHr.rrMr4 rz cKopocrrrc 4eQopruaqrru, npeAJroxeHHbre B pa6ore Zhou u

Dunne, 3TIr cooruollreHl4t

I43MeHeHLIe pa3Mepa 3epeH,

,4OIIOJIHeHbI COOTHOUIeHI4.{MI,I, OIIpeAeISIOtq[MI4

a TaKXe ylporrHeHv e, BLI3BaHHOe Ha(OnJreHI,IeM

4eQerror [pr4 4eQopvaqrzu. Pa:pa6orau aJrropraTM, no:eo,rtrcrqufi,

rrocJreAoBaTeJrLHo BBOA{ B paCCMOTpeHI4e

cooTHoIIIeHI{t, OnUCbIBaIOql{e I,I3MeHeHIIe

nop6upax coorBercrByroqr4 e rrapaMerprr, 4o6zeaTbc{ Har{Jryqnefo orrr4caifivrfl

OCHOBHbIE COOTHOIIIEHV', 3ATEM -

pa3Mepa 3epeH r,r y[poqHeHr4e r4

ulrerorqeficx coBoKynHocTrr AelpopMarllroHHErx Kpr{Bbrx Apyrrx



oKclepr4MeuTaJlbHbrx 3aBl{clrMocrei. llorcasaHo, qro [oJrf{eHH6Ie c

Ilc[oJlb3oBaHfi eM [peAJIOXeHrrOfO aJlropr.rrMa MoAeJru o6na4arot

lpeAcKEBareJrruofi cl{noft, a caM aJrroprrrM AeMoHc,rp4pyer ycrofivlrnocrb IIo

OTHOIIIEHIIO K IIIJTMAM BO BXOAHEIX AAHHbX.

Tperur raBa Qar<urvecxra rBJurercr anpo6aqueft coornourenuft c

paccqr4TaHHBrMI{ BO BTOpOfi rnaSe [apaMerpzrMl4 rrpu peureHur,I rnaccuqecroft

3A4arrr4 MoAeJrr.IpoBaHr,rr crepxruractr,rvecxoft Sopuoaru nzcra. Oorosurrl4

HeAOCTaTKOM paHee npoBeAeHHbrx rrccJleAosaHzf r srofi o6nac:u.r rBJr.rerct

I4crIoJIBoBaII[e oqpeAeJltrcqlfi cooTHolrreHzft, cnpaaeg.nrzabrx ToJIbKo AJI' y3Koro

I,IurepB€ura cxopocrefi 4e(popnraqulr, TorAa xaK B groM npoqecce cKopocrb

AeQopMarIErr B pa3Jrr,rqHLrx qacrflx (fopnryenroro Jrr{cra Moxer MeHrrbct

3Harrr4TeJrEHo rrlJe fiBlI'.ercfl noc:roqHHoft Ha nporrx(eHr4rr Bcero [poqecca. HoBr,BHa

[oAxoAa n grofi HraBe 3arJlloqaerct B ToM, rrro llcrroJrb3oBaHbr olpeAeJrrroqr4e

cooTHorrleHr4Jr, yqkrTbrBaroqlte SBoJrrcrIr4Io pa3Mepa 3epeH lr y potrHeHl4 e B

lpoqecce geQoprr,raqraz, r4 [ofr{eHbr [priHrlr{[r{uurbHo HoBhre oco6ennocrr.r

pe3yJrrTaroB pacqera, KaK ro cyuecrBoBaHr{e 4ux rax4ofi cKopocrr.r .qe(bopMarlulr

o[Tr4M€UIIHOTO pa3Mepa 3epeu, a Ant KarKAOTO pa3Mepa 3epen _ ontaualrnoft

cKopocTLI Ae(popMaIIItu, KorAa rrapaMerp, nagsanurrfi napaMerpoM

HeoAHOpOAHOCTT.T rICTOHqeHVrl ItprCTa, Mr.rHr.rMaJreH. 3ror rraunvlrylt 6es yrera pocra

3epeH He 3aBl,rcrzT oT I{cxoAHoro pa3Mepa 3epeH, a c }n{eToM pocTa 3epeH no

pasauroi r pa6ore MoAeJrr{ MkrHr4MyM fiapaMerpa HeoAHopoAuocru, xoroprrfi

lroxet 6rrTb 4ocrr,Irlryr, y6rrraer c ywenrruenuefa r4cxoAHofo pa3Mepa 3epeH, xort

He MOXer 6rrrr caegeu K r{yJrro. @ar<r, vro [ptr yMeHbrrreHr{r.r ucxoAHoro pa3Mepa

3epHa o[rr.rM€urbHar cKopocTb ge$oprr,raqur.r Bo3pacTaeT, coDracyeTc, c

9KC[epr{MeHTaJrbHbIMr4 AaHHbIMrr U BaXeH Arr npaKTr,rrlecrr.rx nprauenenraft

(popnronrra.



B verneproft ruraBe cAeJraHa rroflbrrKa ) rera gBoJrroqrzra 6olee geralruoft,

.reu cpe4ullfi pa3Mep 3epeH, crpyKTypHofi xapaKTephrc-rLrKvr, KaK pacnpeAeJreHr,re

pa3MepoB :epeH. IlocroJrbry B flpoUecce cBepxlJracrr4qecrofi 4eQopMaqr4r4, B

3aBI'Ict4MocrI4 or reMleparypbl I{ cKopocrIi' Moxer [po[cxoALITL I{ pocr 3epeH, I{

rrorBJleHr.re HoBbrx 3epeH 3a crler AtlHErMr{qeCKoft perpvrcran rv3a\vfi,

pacflpeAeJreHr.re 3epeH IIo pa3MepaM cJroxHo t43MeHrrerc.rr c 4e(popuaqr.refi.

Paccuotpeurr pagrrlrruble MareMarr.rqecKr{e MoAeJrz lI3MeJrbqeHLIr, [peAroxeHa raK

Ha3brBaeMarr MoAeJrB c He[oJrHbrM rz3MeJrbqeHr.teM, n roropoft AonycKaerc,

BeporrHocrHbrfi xaparrep AeJreHr.rr 3epeH c pa3MepaMr4 B6rrrre HeKoroporo

Kpr.rrllqecKoro. c nonrorqrto srofi Ir,ro4enra KarrecrBeHHo yA€urocb orrr4carb raKyro

oco6enuocrr, KaK cMetueHr4e MaKcltMyr!{a pac[peAeJleHr{r pa3MepoB 3epeH BJreBo

upu rrrcoroft cKopocrr4 cBepx[Jracrnrrecxoft 4elpopuaquu. Pesyntrarrr sroft rnasrr

B KOJII{qeCTBeHHOM [naHe MeHee yAaqHLr, qeM pe3yrbTaTBl [peAhrAytqrrx,

NOCKOJIbKY IIPCAJIAIAEMbIE MOACJIIZ HE I{MEK)T AOJIXHOIO STASUUECXOTO

o6ocuoBau[{. Buecre c reM, [peAJraraeMrre anropr4TMbr 6yAyr ovenr [oJre3Hbr,

ecJrr.r KorAa-Jrr.r6o y4ac:rcr naftrn no4xo4xnqyro {usrzvecKyro MoAeJrE.

Ilpe4craellercx, qro ga1a.tu Aucceprarlkrrr, flpex(Ae Bcefo, r4Meror

flpaKTr,rqeclg'Io EalpaBJIeHHOCTb, a r4MeHHO HA O6eCneqenr4e r,rH)KeHepoB.

paccqltrblBalollll4x rexHoJlorEqecK[e [poqeccbr cBepxrracrrlttlecKofo

Qoprr'roo6pasoBaHr.rf, c[raBon, pa6ovr,rvu olpeAerqroqr4 Mr{ coorHorrrenu-sN4r,r, 6oree

TotIHo orIIrIcBIBarouILIMI4 [oBeAeHIie rex LIJIIT IrHhrx r,rcrroJlb3yeMblx B [poI,IgBoAcrBe

crrJraBoB. Tperrx rJraBa [oKa3brBaer, rrro gTLr cooiHollleuux pa6oraror, a qerBepr€ur

rIoK€I36IBaer, qro IlMelorcr [epcleKTltBbr garurefiuero pa3Bfi-tvfr r4 troBhrrrregldt

TOqHOCTT4. BIrAeCre c reM, pa6ora ranaeer $yn4auelrranbrryro, Teoperl{rlecK),1o

rax s Hei pa.:pa6arrmatorcq MareMarr.rqecKr4e€uIropr.rrMBr,

KOJIIIqCCTBApellrarb cJloxnbre 3a4a'l.v onpeAeJleHar 6o:rrlroro

IIeHHOCTE, TaK

rro3BoJrtlotque

A



IIAPAMETPOB ONPE.4EJItrIOqIIX COOTHOIIICHI4fi rI MAKCI4MZUIbHOTO rIPI.I6II,IXEHI4' K

lpeHoMeHoroH4qecKoMy ofificaHr4ro,qeoopMaqr4oHHbrx KpnB6rx.

Pe:ynrrarur pa6orrr, HecoMHeHHo, AocroBepHbr, TaK KaK

14 crroJrb3oBaHrr crpofrre MareMarr4qecKue [oAxoAbr, a pa6ota

Bepr{lpml4pyeTcr cpaBHeHr4eM c eKclep[MeHr€rJrbHbrMr4 pByJrbTaTaM],r.

onpeAeJrrer t,t o6ocnosaHuocrb ocuoBnbrx uonoxenuii Alrcceprarl?Ilr.

K 4zccep:raqur4 r{Melorcr cneAyrotqfie 3aMeqaH[r.

l . Crpyr<r1pa rvccepra\vrl HecKoJrbxo neo6rrqsa. O6rrqno B KoHrIe

ALIccepraIII4Ir Ha ocHoBaHI4I,I LI3JIoxeHHbIX pe3yJrETaroB leJrarorcr nrrno4r,r. B

4AUUOfi NC PA6OTC IIMEETCfl TOJILKO 3AKJIIOTIEHIiC B BI,IAE KPATKOTO PE3IOME.

Bnpoverul, gTor HeAocraroK KoMllencrrpyercf, qerKo

OCHOBHbIMI,I IIOJIOXEHI,I{M11.

2. A,rropzru onpe.4ereHr4.s napaMerpoB, paspa6oraHurr i.,t n rtarle 2,

uverorqzfi, KaK aBTop yrBepxAaer, Aocraroiruo o6rqzft xapaKTep, ApyflrM

I{ccJIeAoBareJItM TpyAHo Boclpol{3Becrl4' TaK KaK B Alicceprarlul,I He npI,IBeAeHLI

lporpaMMbr, ero peanr43).ro]tr1ue.l4lu, ecJrr.r 3To'riHTeJrJreKTyaJrBHar co6crnennocrr,

cror'rJro 6rr saperucrpr{poBarb coorBercrByrcfiIr4e rrporpaMMhr I{ AarE Ha Hr4X

CCbIJIKI,I.

Yxa^saHHste 3aMer{aHr4r rzMeror o6qraft xaparTep rr He yMurnrror 3uaq}rMocrr{

AlrCceprarlrloHHoro rrccJreAoeanux. PesylBTarEr Arrccepraqzu ony6ru,rKoBaHbr B

aBropr4TerHErx )KypHaJrax r,r AoJroxeHbr B p.{Ae nposr,rllburrx xon{epenquft tr

ceMvHapoB.,{nccepraqux orBeqaer rpe60eanuxrr.r, ycraHoBJreHHrrr,r MocxoscrzN.{

rocyAapcrBeHHlrM yHr{BepcnreroM r4Meuv M.B.JloNronocosa K

nogo6Horo poAa. CogepxaHze Ar,rcceprarlrrr4 coorBercrByer

cfierlr{arrbHocru 01.02.04 - <<Mexanlrxa geQop\aupyeN.{oro rBepAoro rera>> (no

Qa3r'IKo-MareMarr4qecKr4 M uayr<alr), a raKxe Kpr4TepvrM, olpeAeJreHlrbru nu. 2.1-

2'5 llonoxenraq o npucyxAe'rzr{ yqeHbrx creneueft s MocKoecxo^4

s Hefi

uogenefi

3ro xe

c (popMynr,rp oBaHHbrMlr

pa6o:rarr,t

flacnopry



focyAapcrBeHEoM yHr{Bepcr{Tere r,rMeHr.r M.B. JlouonocoBa, a rarxe oQoprrlneHa

co racHo [pr{Jrox{eHr.rrM Nl 5, 6 llOroxenl'q o r[cceprarlrioHHoM coBere

MocxoscKoro rocyAapcrBeuuoro yHr.rBepcrdrera lrMeuv M.B. JloMonocoea.

Tarzv o6pasoM, cot4cKare.nr fonuapoe lfHHoreHrzfi Alexcan4poruu

3acJryx$.rBaer [pr4cyxAeHr{rr yleuoi crerreHr{ KaH,4rrAara duguro-lrareuarr{rrecKr{x

HayK lro c[equ€rJrBHocru 07 .02.04 - <<Mexanura 4e$oprvrupyerraoro rBepAoro reJra>.

Odruua.nsulrft onnosenr;

IOKTOp (plt3r,rKo-MaTeMaTl4qecKr4x HayK,
rnasurrfi nayvnrrfi corpyAHr{K, 3aMecrvreJrb Ar,rpeKTopa
rro Ha) {Hofi pa6ore (Degepa:rHoro focyAapcrBeHHoro
6rogxeruoro f{pexAeHrrr nayrcu I,Incrlrryra npo6neu
cBepxniracr rlHocrr.r MeraJrJros Poccuftcroft araneurau
HayK

HA3APOB Aipar Axrr,reronlru

7 oxrx6pn2021 r.

Konraxtnrre raHH6re:
'relr'. 7 -3 47 -282-37 -50, e-mail: aanazarov @imsp..ru

cueqza:urocrl, rro Koropoil o(f lrqua-nrurrM o[noHeHToM 3arquueHa Ar,rcceprarlr{{:
01.04.07 - @zsura rBep,qoro rena

A4pec uecra pa6or6r:
450001, PO, r. YQa, yrr. Creuana Xanrypuna, A. 39, @e4epa.,rrnoe
rocyAapcrBeHHoe 6rogxerHoe frpexAeHr4e HayKri
cBepxfiJracrl,rqHoorri MeratJros Poccufi croft ar<a4euura nayr<
Ten: +7 -347 -223-64-07 ; e-mail: imsp@imsp.ru

I4ucruryr npo6lenr
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