
OT3biB 
oqmuHaJibuoro onnoueuTa 

Ha )J)1ccepn U,110HHYIO pa6oTy 3asoHLJ11HCKoi1 3neoHopbi Eop11coBHbi 

«Y CTaJlOCTHO MaCUITa6HO-- CTpyKTypHOe pa3pyrneHl1e l1 ,Il;OJlf OBel!HOCTh 

KOHCTpyKI HH rrpH rrporropU,HOHaJibHbiX npou,eccax Harpy)KeHH5D>, 
I ~ ~ 

rrpe,n:cTaBm~HHYIO Ha COHCKaHHe yLieHOH CTeTieHH L(OKTOpa YJH3I1KO-

MaTeMaTW eCKHX HayK no cneu,MaJi bHOCTI1 01.02 .04 - " MexaHHKa 

,D,ecpop M11pyeMoro TBep,D,oro Ten a" . 

~HCCepTaU,H HHa5I pa60Ta COCTOHT 113 BBe)J,eH115I, LJeTbipex rJiaB , 

npHJIQ)KeHl15I, 3aKJI LteHH5I, CTIHCKa ny6nHKaU,HH aBTOpa ITO TeMe ,D,HCCepTarmH 11 

6116n11orpacpJiqecK 1 ro cnHcKa H3 281 HaHMeHoBaHHii. Pa6oTa M3JTmKeHa Ha 303 

CTpaH11U,aX, BKJIIOLJr 5I 71 p11CYHOK 11 18 Ta6JTHU. ABTOpecpepaT )J,11CCepTaU,HH Ha 3 6 

CTpaH11U,aX BKJIIOLJaeT CII11COIC 113 OCHOBHbi X ny6JT11KaU,11H no TeMe )J,11CCepTaU,viH, 

ony6JIHKOBaHO 94 pa60Tb1 113 HHX 42 B peu,eH3HpyeMbiX )I{ypHaJTaX 113 nepeLJH5l 

BAK P<D. OcTaJTbH re cTaTbH B c6opHMKax Tpy,D,oB 11 MaTep11anos KOHcpepeHu,Hii 11 

,UOKJia,D,OB. 

AKTya.ribHOC' b TeMbi ,U11ccepTaU,HH 3ai<JIIOqaeTc5l B cne,D,yiOmeM. I1po6neMa 

ycTanocTI1 BD3H11Kfa 6onee eTa II5lTH,D,eC5lTH JTeT TOMY Ha3a,D, 11 6bma CB5l3aHa c 

pa3pyrnem1eM OCer n O,D,BJ1)KHOrO COCTaBa Ha )KeJie3HO,D,OpmKHOM TpaHCI10pTe . 

ITepsbre Hccne,D,m aHH5I no 3TOH npo6neMe 6brnH BbiiTOJIHeHbi BenepoM B 

fepMaHHH B cepe,D, He ,D,eB5lTBa,r~u,aToro seKa. I1po6neMa 5lBJI5leTC5l qpe3BbJqaJ1Ho 

aKTyaJibHOH J B Ha T05llll.ee BpeM5l. ConraCHO CTaTMCTHqeCKHM )J,aHHbiM OCHOBHbie 

pa3pyrneHH5I B 11f )KeHepHOH n p aKTHKe (,1J,O 80 npou,eHTOB OT o6mero 1-:IHCJia 

pa3pyrneHHH) npo cxo,lJ,5lT no npHqHHe ycTanocni. I1po6JTeMa Hccne,lJ,yeTc5I 

MeTO)J,aMH Cp113HKH MeXaHMIC11 11 MeTaJIJIOBe)J,eH115l. f1p11 KJiaCCI1 YeCKOM ITO)J,XO,Ue, 

cne,D,y5I Bene py, Cl po5ITC5l KpHBhre aMnJIHTY ,II, a Hanp5I)KeHH5l - '-IH en o U:HKJIOB ,00 

pa3pyrneHH5l (KpHBa5l Benepa) ,1J,JI5l orpaHJ1qeHHoro LJHCJia U:HKJTa Harpy)KeHH5l . B 

HacTo5lmee spe!V 5l, B CB5l3H C aBapHHHbiMH pa3pyrneHH5lMl1 oceii 

BbiCOKOCKOpOCTHbJf IIOe3)J,OB OC06oe BHMMaHMe _Y )J,eJI5leTC5l 06JiaCTH rHraU,HIOIOBOH 

ycTaJIOCTH. B JI HTeraType ITO npo6JieMe ycTaJIOCTH B OCHOBHOM paCCMaTpviBaiOTC5l 

3MIII1pHqeCKHe Kfh1TepHl1 pa3pyrneHH5I, OIIHCbiBaiOlll.He 3KCnepHMeHTaJibHbie 

OBIUH~EJI MAH 

s:~ U ffi: 0,9 20 . 



KpHBble ycTaJIOCT . f1po6neMa H3yLJ: aeTC5I HHTeHCHBHO MeTO,D,aMH cpi13HKI1 

MaTepHanos, L£a5l TOHKHe CTPYKTypH1Ie Hccne,I~,oBaHl15I H a pa3JIHLJ:H1IX 

Macuna6HbiX B OTMeL£eHHbiX pa6oTaX I1pYIMeH5leTC5l, B OCHOBHOM, 

,D,eTepMHHHposaHH IH rro,D,xo,D,. B TO )Ke speM5I s orrbnax r-ra6mo,D,aeTc5! 

3HalJiiiTeJ11H1Iti pc 36poc 3KCI1epl1MeHTaJibH1IX KpHBbiX ycTaJJOCTI-:l, KOTOpbiM 

orrpe,D,eJI5IeTC5! pa: mF-IHbiMH BHyTpeHHHMH ( cJiyL-Iati:Hbre pacrrpe,D,eJieHH5I no 

06oeMy ,D,ecpeKTO ) I1 BHeliiHHMH cpaKTOpaMH (BJII15IHI1e arpeCCI1BH1IX 

B03,D,eticTBHti) . B CB5I3H c 3Tl1M o6cT05ITeJibCTBaMI1 cTaHOBHTC5l aKTyaJibHbiM 

rrpi1JIO)KeHI15I Bep05 THOCTHbiX MeTO,D,OB ,1J,J[5! OITl1CaHI15I ycTaJJOCTHbiX pa3pyweHHJi. 

HayLJ:Ha5I HOI l13Ha ,D,HccepTaiJ,HOHHOH pa6oTbi. 

KoMrrJJ:eKcHoe paccMoTpeHHe rrpo6neMbi ycTaJIOCTH c rrpHBJJeLJ:eHHeM 

,D,OCTH)KeHHH cpH3 KH rrpOYHOCTH I1 ITJ1aCTI1LJ:HOCTH, MeXaHI1K11 pa3pyrneH115I 11 

Bep05ITHOCTHbiX o6w,eM BH,D,e B HaCT05IU(ee BpeM5I ,D,OBOJ1bHO 

rrp06JieManPIHO . TO )Ke BpeM5I mo6bie HOBbie I1CCJ1e,D,OBaH115I B 3TOM 

HarrpasneHHH )Ke aTenbH1I 11 secbMa aKTyanbHbi. Tarme 11Ccne,D,oBaHH5! 

rrpOY:HOCTH l1 DJJaC' HLJ:HOCTH, MeXaHHK11 ,D,ecpopMHpyeMOfO TBep,D,OfO TeJia, TeOpYIH 

Bep05ITHOCTH I1 Mtr O,D,OB BblY:HCJ[HTeJibHOfO 3KCrrepHMeHTa l1 c<j:>opMyJIHpOBaHa 

¢eHOMeHonor HLJ:ec a5I TeopHH ycTanocTHOH rrpoL-IHOCTH. I1p11 3TOM yLJ:HTbiBaeTC5I 

CTa,D,11HHOCTb ,D,OC TmKeH115l ,D,ecpeKTaM11 Ka">K,D,OfO ypOBH5! orrpe,D,eJieHHbiX 

rrpe,D,eJJbHbiX cocT , 5IHHH 11 o6pa3oBaHH5I ,D,e<j:>eKTOB nocJie,D,ywmHx yposHei1 

,D,ecpopMnpyeMoro TBep,D,oro Tena 11 sepo5ITI--IOCTHbiMH 

MeTO,D,aMH rrpOLI,eCCOB Ha pa3JI11LJ:HbiX MaCWTa6HO-CTpyr<TypHblX 

ypoBH5IX. Taxoti rro,D,xo,D, 2xaeT B03MmKHOCTb orrHcaTb 3KcrrepHMeHTaJibHbi e 

Kp11Bble ycTaJIOCTH pa3JIJ1l-IH1IX MeTaJIJ[11LJ:eCKHX MaTepHaJIOB DO orrpe,D,eneHHOMY 

ypOBHJD HaKOITJieHI biX ,D,e<j:>eKTOB. 

0TMentM oc OBI--Ibre pe3yJibTaTb1 ,D,HccepTaiJ,HOI--II--IOH pa6oTbi. Pa3pa6oTaHa 

TeOp115I ycTa.I10CTH fO pa3pyrueHH5l MeTanJIHLJ:eCKHX MaTepHaJIOB I1p11 CJJO)KHOM 

Harrp 5I)l(eHHOM coc 05IHHH 11 rrporropiJ,HOHanbHbiX Harpy)KeHH5IX, YL-IHTbiBawma5I 

rrpoiJ,eCCbi ITOCJJe,D,ClBaTeJJbHOfO o6pa30BaHH5l , pa3B11TI15! l1 CJ1I15IHI15I ,D,e<j:>eKTOB Ha 
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xapaKTepHb!X M~CWTa6HO-CTpyKTypiibiX ypOBH"X pmpyweH H". Teop1151 

OTIMCbiBaeT Bep0511JHOCTb xpynKOf'O p33pyweHI15l Ha K3)K)J,OM ypOBHe CMCTeMOH 

peKyppeHTHf.IX ort pe)\enmoU.\11X cooTHOWeHHh . PaceM oTpeH hi TPH 6a30Bbre 

CJiy"Y:aH TIJIOCKOf'O HanpmKeHHOfO COCT05IH 1151: CHMMeTpW-IHbiX O,Ll,HOOCHOf'O 11 

I ~ B ~ 
llBYXOCHOf'O paBH<~MepHOrO Harpy)l{eHMM M CllBHra. KalJeCTBe nepeMeHHOM 

Bbi6HpaeTC5l 3MI1Jilt Ty,IJ:a M3KCI1M3JibHOfO rJiaBHOf'O HanpmKeHI15!. J1CTIOJib3YfOTC5l 

pe3yJihT3Tbl CT3H,Ll,2.pTHhiX ycTaJIOCTHhiX I1CI1biT3HI1H ,Ll,J15l onpe,LJ,eJieHI15! 6a30BhiX 

KOHCT3HT MO,LJ,eJi t <DopMyiiHpytOTC5! onpe,LJ,eJI5ll-OLUI1e COOTHOWeHl15l 

O,Ll,HOOCHOf'O 11 ,LJ,BYXOCHO! O paBHOMepHOro Harpy)KeHl15l I1 C,Ll,BYira 

,Ll,J15l 

c 

HeCHMMeTpaqHbiM U:HKJIOM Harrp5I)l{eHM5l. MaTepHaJibHbre ¢YHKU:Hl1 MO,IJ:eJm 

onpe,IJ:eJI5llOTC5l ITO ll3HHbiM CT3H,IJ:apTHbiX ycTaJIOCTHblX 11CTiblT3Hl1H B ycJIOBI15lX 

Cl1MMeTp11'1HbiX Harpy)KeHl1M. ~J15l TpexMepHbl X nponopU,I10H3JibHhlX Harpy)KeHHM 

MaTepHMbHh!e <!J1 HK1.11111 YYI1Tb!BaJOT OTHOUleHI!e rnaBHb!X HanpmKeHHli 11 

napaMeTp aCMMM(FP11l1 L(I1KJI3 B COOTBeTCTBl1l1 C l13BeCTHbiMl1 TeOpl15!M11 

ycTaJIOCTHOM npOLJhlOCTH. <DopMyiiHpyeTC5l ycJIOBHe )J,J15l onpe,IJ:eJiei-!115! H3LJ3JihHOrO 

MOMeHTa pa:ml1Tl15 ,IJ:ecpeKTOB Ka>K,Ll,Of'O ypOBI-151 11 ,Ll,OJif'OBeqHOCTH MeTaJIJia no 

,LJ,ecpeKT3M Me30YJDOBH5l . TioJiyqeHa Kp11B35! ycTaJIOCTI1 ,Ll,J15! TpexMepHbiX 

Harpy)Kei-Il1H, K3K pe3yJihT3T 3BOJII-OL(l111 MI1Kp0- l1 Me30,Ll,ecpeKTOB. Ha OCHOBe 

npe,Ll,JIQ)KeHHOM Te f pl1Y1 IT03T3TIHOf'O p33pyweHl15! pa3pa60T3H MeTO)J, OL"(eHKI1 

CpOKOB 6e30flaCH1~ 3KCT1JiyaTaHHH H OCTaTOYHOii 1\0TICOBeYHOCTH yqacTKOB 

MarHCTpaJibHbiX r r o- I1 HecpTerrpoBO,Ll,OB. B o6IIJ;eM BH,LJ,e ccpopMyiiHpoBaH 

KpwrepHi1 6e3onaciriol1 3KCniiyaTaU:HH KOHCTPYKUYIH, KaK o6o6weHHe H3BeCTHbiX 

flO)\XO)\OB, 11C:f10Tib+ eMbTX B pacqeTHOii npaKTHKe. 

Pa3pa6oTaHFia5l B ,LJ,HccepTaU,HH MO,IJ:eJib ycTaJIOCTHoro pa3pyweHH5! 

I 
HCITOJih30Ban::tcb B t acqeTax ,LJ,OJiroseL£HOCTH KOHCTPYKTHBHbiX 3JieMeHTOB HecpT e-

11 ra3onposo,LJ,oB c yqeToM 11x ,LJ,ecpeKTHOf'O cocT05!HI15! . MeTO,LJ, ou,eHKH 

,LJ,OJI!OBe"Y:HOCTI1 BK I-OY.eH B p5!,Ll, HOpM3Tl1BHb1X ,Ll,OKyMeHTOB ,Ll,JI5! npoeKTHbiX 

opraHH3au,Hi1 TIAO «ra3rrpoM» B TOM qJ1cJie, s «MeTo,LJ,HKY ou,eHKH cpoKoB 

cny,K6hT rmorrpoacji\OB>> (M.: l1PL( lmnpoM, 1997. IOOc.), «PeKOMeHI\aUHH no 

OUeHKe 6e30II3CHOC Tl1 M3f'l1CTpaJibHOf'O 1330DpOBO)J,a Dpl1 rrpoeKT11pOB3HHl1» (M.: 
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OAO «ra3ITpOM», 2000. 1 05c.), «PeKoMeHnaUHM ITO oueHJ(e 6e3oiTaCHOCTM 11 

nonroBeYHOCTM ra OITpOBO,LJ,OB rrp11 ITpoeKTHpoBaHMM» (M.: OAO «fa3ITpOM», 

2002. 160c.!, «1\1

1 

eTO,LJ,HYecnre peKOMeH,LJ,3UI1H ITO cpoKaM 3KCITnyaTaUHH 

ra30ITpOBO,LJ,OB» (M( 000 «BHI1l1ra3», 2005. 100c.). 

ITony"YIHH1H~ Hay"YH1Ie 11 npaKTI1"Yecrme pe3yiT1TaT1I BOWJIM B crreuMaJI1H1Ie 

Kypcoi Ka¢e ,l;l,pbl eopHH ynpyrocnr MexaHHKO-MaTeMaTHYecKoro ¢aKynoTeTa 
I 

MrY HMeHM r .B. JioMOHOCOBa «<DH311KO-MexaHMLieCKI1e KpMTepHH ITpOYHO~Tl1 l1 

p a3pyrneHH5l H H: ITPHJIO)l(eHH5l K oueHKe nonroBeYHOCTM KOHCTPYKUMH» 11 

«<DH3HKO-Me).l.3HHYeCKHe OCHOBbl ITpOYHOCTH I1 pa3pyrneHI15I» ,UJI5l CTy,LJ,eHTOB, 

6aKanaBpoB, MarH , TpOB I1 aciTHpaHTOB. ITo 3THM MaTepHanaM ITO,LJ,rOTOBJieHhi 

yqe6Hole noco61151 :: «BBe,LJ,eHHe B Teopmo ITpoueccos pa3pyweHH5I TBep.D,blX Ten. 

YYe6Hoe ITocro611e M . : l13,LJ,-Bo MrY. 2004. 168c.», «CoBpeMeHHbie Teoprm 

p a3pyrneHI15l ITPH cnmKHOM Harpy)l(eHHH. YYe6Ho-MeTO,LJ,HLrecKoe noco611e K 

cne!1l1aJlbHOM~ KYJ cy Ka<jlenpbi TeopHl1 ynpyrocTI1 "TipoYHOCTh H pa3pyrneHHe 

MaTepHanoB 11 3Jiel\ eHTOB KOHCTPYKUHH" M.: l13,LJ,- BO MrY, 2008. 63c.». 

pa6oToi. Bo l BBe:l emm o6ocHoBaHa aKTyan oHOCTh ITpo6neMoi ycTanocTH, 

c¢opMyJIHpOB3Hhl ~ ~eJIH HCCJ1e)J,OB3Hl15l, I10K333Ha ero HayYH35I I1 rrpaKTHYeCK35I 

3H3Lfl1MOCTb, nepE YHCJieHbl OCHOBHble pe3yJioT3Thi, COCT3BJI5IIDW,l1e HOBI13HY 

pa60Thl, I1 ITOJIO>Kei 1151, BhiHOCI1Mbie Ha 33UJ:HTy. 

B rrepBoi1 r aBe BhrnonHeHhi o63opHore Hccne,LJ,oBaHH5I no pe3yJioTaTaM 

MHOfOYHCJICH~hlX KCnepl1MCHTaJihHblX HCCJICllOBaHHil 11 COBpeMCHHhlX TCOpHH 

ycTaJIOCTHOf'O pa3]1 yrneHI15I Ha,LJ, o6pa3U3MI1 113 yrnepO,UHCThiX, nerHpOB3HHbiX, 
I . ~ . ~ 

:::::e::t 11

1

f 
0

::::;::;
0

::~;::: HH~~e:::h::~::::::::::l:HT::::~~ 
crrnaBOB. Co[lJiaCH<! 3THM pa6oTaM B ,LJ,HccepTaUHH Bhl,LJ,eJI5liOTC5l YeTbi pe cTa,LJ,HH, 

onpenen5liOuTe ME'XaHHKY xpyrrKoro ycTanocTHoro pa3pyrneHH5l. ITepsa5I cTa,LJ,H5I 

o6ycnoBneH a. ITpou,~ccaMH 3BOJIIOUHH ,LJ,e¢eKTr{hrx CTPYKTYP 11 MHKpocTpyKTYP Ha 

MHKpoMaClliTa6HoJ\ , ypoBHe. Ha BTopoM: cTa,LI,HH rrpoHcxo,LJ,HT rrocne,LJ,oBaTeJihHOe 

3apmK,LJ,etme 
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CTa)J,HH HCCJle)J,OBar bl )J,OBOJibHO ITO)J,p06HO 3KCITepHMeHTaJI.hHO I! TeopeTI!'IeCKil 

MeTo,naMH q)!l13HKlf TBep.noro Terra 11 MeTarrrr ose,neHH5!. Ha TpeTbei1 cTa.IJ,HH 

p 33Bl1BaiDTC51 e)J,HHW-!Hble x pyrrKHe MaKpOTpeiJJ,HHbl Ha MaKpO·-MaCWTa6HOM 

ypoBHe. LleTBepTar CTa.IJ,H5! x apaKTepH3yeTC5! B03Hl1KHOBeHHeM l1 p a3BHTHeM 

Maf'HCTpaJibHbiX TJDell(HH, l1 ITOJIH1IM p33pyrneHIJ:eM. 3ni CTa)J,}fH l1CCJie.UyiDTC5I 

MeTO.IJ,aMH MeXaHHKH pa3pyweHl15!. 

Bbr,neJ15!lOTC5 wecTb MacwTa6Ho-cTpyKTYPHhiX yposHei1 pa3pyweHH5I, 

OTBeLJalOIJJ,HX pa3I- 11M CTa.IJ,l15!M pa3Bl1Tl15! xpyrrKOf'O pa3pyrneHH5! ITO pa3HblM 

cpH3HLJeCKHM Mer ai-IH3MaM. )J,ecpeKTbl Ka)f(.IJ,Of'O ypOBI--LH pa3pymeHl15! 

x ap aKTepH3YIDTC5! orrpe,nerreHHblM JIHHeHHbiM pa3MepOM l1 ITJIOTHOCTE>I-0 B 

ITpe,ncTaBHTeJibHOJVI o6oeMe MaTepHarra Ha HeKOTOpOM HHTepsane speMeHH 

Harpy)KeHH5! . I1p11 .IJ,OCTmKeHHH JIHHeHHbiX pa3MepOB If ITJIOTHOCTH ,n:ecpeKTOB 

Kpi!TI!qecKofi sen~qi!Hhi npoHCXOI\IIT rrepexol( Ha cnel(yi011111H Macrma6Ho 

CTPYKTYPHbi i1 ypor eHb. Pa3Mepbl ,n:ecpeKTOB pa3H010 ypoBH5I oueHHBalOTC5! B 

cpe,nHeM ITO pe3yJ bTaTaM cpH3W:IeCKHX H3MepeHai1. B ,n:HccepTaUHH oTpmr<eHbi 
I 

B03MO>KHbie ~pHq!/ Hbl o6pa30BaHl15! l1 KHHeTHKH pa3BHTH5I ,necpeKTOB Ha Ka>K,IJ:OM 

yposHe pa3pyrneHH5I, BKJilOLJa5! ITocne.nosaTeJibHoe 3apmr<,nei-me H pa3BHTHe 

MaKpoTpeiJJ,H t Ha Me3oyposHe aHcaM6rrei1 3epeH. 3nr cTa)J)1H rByLiai-OTC5! 

3KCnepHMeH1~3JlbHJTeopeTW-IeCKHMH MeTO)]aMH cpi13HKH TBep)]Of'O TeJia If 

M eTarrrr o Bel\ e fnH. T peTbH CT"'\HJI BKJJIO q aeT pa3 BHTH e el( IIHH q H hJX x pyrrKHX 

MaKpOTpeiJJ,H~ fr MaKpo- MaCUJTa6HOM ypo BHe. q eTBepTa5I CTa.IJ,H5! 

xapai<TepH3Y r C5! B03Hl1KHOBeJmeM l1 pOCTOM Maf'HCTp3J1bHbl X TpeW,HH, 

IIp!!BOI\"liJI!X K p r p yiUeHJUO. 3Tll CTal( l!H 113Y"IaiOTCH MeTOI(aM H MeXaHIIKI! 

pa3pyweHH5! . 

BTopa~ :r rnaela ITOCB5!IJJ,eHa MaTeMaTHqeCKOMy MO,n:enHpOBaHHID ITpouecCOB 

xpynKOrO pa3f YIUEr iUI MeTaJIJJOB H CnrraBOB Ha pa3Hb!X CT]JYKTypHO MaCIUTa6Hb!X 

ypoBH5!X npH O)]H<r CHOM 11 )]ByXOCHOM paBHOMepHOM Harpy)KeHHH H C)]BHf'e C 

CHMMeTpwm biMH r~ acHMMeTpHLIHbiMH LJ,HKJiaMH Hanp5!)KeHHH. Mo.nenb CTpOHTC5l 

.IJ,JI5! MeTaJI !J1 0B l1 CITJl aBOB, nepBOHa'laJibHO HMefDIJJ,HX ,necf>eKTbi 

I 

MeTarrrrypnfl:l eCKOf H TeXHOJIOf'WieCKOf'O ITpOHCXO>K,IJ:eHH5I, HO He HMei-OW,HX 
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MaKpOTpeUJYIH B 06JlaCT5IX MHOfOUI1KJlOBOH YI fHfalJ,Y!I(JlOBOH ycTaJlOCTH C Y:l'!CJlOM 

UHKnos np11 N 1 E [5. 103 ,1 0'0 J. 
Pe3ym.TaTbi rnaBbi 2 Mcnonb3YlOTC5l B rnaBa 3 np11 ¢opMynHpOBKe 

I ~ t1. 
OII]Je)J,eJ15UOll(I1X Clf OTHOIUeHHH I1]JH CJlQ)KHOM Haiip5I)KeHHO-)J,e'±'O]JMH]JOBaHHOM 

COCT05IHYIH .B YCJJOBH5IX I1]JOI10]JIJ,YIOHaJl bHb!X O)J,HOLJ.aCTOTHb!X Harpy>KeHHH C 

CYTMMeTpW-IHhiM r- 1 HeCYTMMeTpr-rl-IHhiMH UHKJJaMH HarrpmKer-mli . B KaY:eCTBe 

:::::H;::bi:hi:F~:::bia::::::A:rr;:;:;:::~o:: ;~::::::a:a:::::::: 
ycTaflOCTHbiX YTCmr aHHH. 3TH )J,aHHbie YICTIOJib3Yl-OTC51 )J,Jl5I ITOCTpOeHH51 KpHBOH 

ycTaJIOCTH K:iK pe3[JlbTaT ITOCJie)J,OBaTeJlbHOfO 3a]JO>K)J,eHH5I, pa3BHTI15I 11 CJll15IHI15I 

X]JYIIKHX )J,ecpeKTO B ycnOBH5IX CJlO>KHOfO Hanp5I)KeHHOfO COCT05IHI15I . ~aHO 

CpaBHeHHe u pe::: JlbTaTaMH OITblTOB )J,JI5I ]J5l)J,a KOHCT]JYKU:HOHH biX CTaJieM, 

I 

ani-OMHHHeB:DIX, M:f fHHeBbiX I1 THTaHOBbiX CITJiaBOB D]JH pa3JlWIHblX ITJIOCKHX 

H anpmKeHHblX COC~ 05IHH5IX. 

lleTsepra5l l naBa rrocB5ILIJ,eHa orrpe)J,eneHHI-O Bepo5ITHOCTYI pa3pymeHH5I 

KOH CT]JYKUHH (KC~HCT]JYKUHOHHOfO ]JHCKa) ITO Bep05ITHOCTH pa3pymeHH5I 

60Jiblll0f0 KOJlW-fetTBa O)J,HOTHI1HbiX KOHCT]JYKTHBHbiX 3JieMeHTOB. Ha OCHOBe 

ITpe)J,JIO>KeHI-IOM Moh enH C]JOK CJTY)K6bi KOHCT]JYKTHBHOfO 3JTeMeHTa OIT]Je)J,eJT5IeTC5I 

I 

ITO pe3yJlbTaTaM ai! aJIH3a Bep05ITHOCTH pa3pymeHI15I ITO OITpeJJ,eneHHOMY ypOBHl-0 

HaKOTIJieHHbiX: )J,eq1eKTOB. C yLJ.eTOM n pe)J,TIOJTQ)KeHI15l 0 TO M , LJ:TO Bep05ITHOCT b 

pa3pymeHH5I KOHIJ.,T]JYKU:lUI He )J,OJDI<Ha npeBbilllaTb 3a)J,aHHOf'O 3HaLreHI15I 

(K]JHTepHH KOHC11]JYKTliBHOH Ha)J,e)KHOCTli), orrpe)J,eJI5leTC5I ycJIOBHe )J,JI5I 

HaXO>K)J,eHH5I U:]JOKa CJiy)K6bi KOHCT]JYKU:HH B IJ,eJIOM. 

B rrpYinO~Kei--JHH K 

KOHCT]JYKU:HOHHOM Ha)J,e)KI--JOCTH IT]JHMeH5IeT C5I )J,JI5I Ol(eHKH C]JOKOB 6e30IIaCHOH 

3KCIIJTyaTal(Hl1 KOHCT]JYKU:HH HeCpTe- I1 fa30II]JOBO)J,OB. B KaLieCTBe HJIJTl-OCTpaU:Hli 

II]JHBe)J,eHbi pe3yJirt1TaTbl pacLJ:eTOB npoeKTH:DI X C]JOKOB Cfly)K6bl I1 OCTaTOLJ.HOH 

)J,onr oBeLIHOCTH nm el1Horo yLiaCTKa no)J,3eM Horo MarHcTpanbHoro ra3orrposo)J,a. 

OcHOBHbie p 3YJibTaTbi )J,HccepTaUHOHHOH p a6oThi BhiiiOJIHeHbi asTopoM H 

)J,OJTQ)KeHbi Ha poe I11'1CKliX li Me)K)J,yHa]JO)J,HblX KOH¢epeHl(H5IX, CI1MII03HyMaX I1 
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ceMHHapax ( 6onee 30 noKnanoB) . BKnan aBTopa B ny6miKaUH5IX, BbmonHeHHbiX B 

COaBTOpCTBe , COCT1j $IJ1 B aHaJ1H3e l13BeCTHOfO 3KCIIepHMeHTaJ1bHO-TeopeTHYeCKOfO 

MaTepHana, (p0pM)fJ1HpOBKe fHIIOTe3 l1 KpHTepHeB, BbiTIOJ1HeHl1l1 aHaJTHTW-IeCKHX 

HCCJ1enosai-H·lH 11 '-1 . cneHHbiX pacLJ.eTos. ITpl1 Hcrronb30BaHl1l1 pe3ynhTaTOB n pyrvrx 

l1CCJ1e)J,OBaHHM LI,aKr CSl CCbiJ1KH Ha l1CTOYHJ1KH I1HcpOpMaUJ111. 

Conep>KaHmj aBTopecp epaTa nonHOCTbFO cooTBeTCTByeT conep)KaHHI-O 

,llHCCepTaUMI·[. 

3aMeY:aHl151: 

1. Bbl,Uen5Ir t TC.5I wecTb MacwTa6Ho-cTpyKTypHbiX yposHeti pa3pyweHM51. 

,[l,ecpei<THOe COCT05IH11e Ka)K)J,OIO ypOBH5f xaparnepvr3yeTC5f J111He~HbiM 

pa3MepoM TIJ10THOCTbf{) B 11pe)J,CTaBHTeJ1bHOM 06beMe MaTepl1ana. 

TipenenbHoe cocT05lHHe necpeKTa Ka)K,Uoro ypoBH51 orrpenen5leTC51 

rrpene;rbHbiJV ImHeMHbiM pa3MepoM 11 rrpenenbHOH TIJTOTHOCTbi-O. He 

TIOH5ITHO, 3a eM Ha,UO BBO,lll1Tb ,UBe xapaKTepHCTHKH Ka)K,llOIO ,UecpeKTHOfO 

cocT05rHH51 T ,UJTMHa 11 n n oTHOCTb. He ccpopMynHposaHbJ Kl1HeTHY:eCKHe 

ypasHeHH51 fr3BHTH5l TIJ10THOCTI1 )J,ecpeKTHOfO COCT05IHI15f B 3aBHCHMOCTI1 OT 

aMIIJ1l1TY ,Ubi ranp5DKeHH51. 

2. Bson vrTC51 ~~ononHHTenbHO rroH5ITH51 rrospe)K)J,eHHOCTl1 nn51 Ka:>Knoro 

ypoBm. He Jf OHHTHO, KaK OHH CBH3aH&J c nnoTHOCTbfO 11ecjleKTOB. 

3. B cpyHKI~HH sepo5ITHOCTM pa3pyrneHH51 sxo)J,HT Lmcno ~HKrros HaY:ana 

o6pa3oBaHm necpeKTOB i - ro y p oBH5I. He noH5!THO, KaK s onbJTe MmKHO 

orrpent~J1 l1Tb x senHYHHbl. 

4. <DyHKIJ,Hl ' pa3MepoB necpeKTOB napaMeTpos 

nospe:K)J,eHHOCTH orrpenen 5II-OTC51 s wKane peanbHOro speMeHH. B TO )Ke 

speM5I s 1- HccepTaiJ,HH paccMaTpHsaroTC5! npo6neMa ycTanocTM rrpM 

UHKJ1l1Y:eCKI1 l-Iarpy)KeHH5!X, a He npo6neMa CTaTHYeCKOH ycTaJJOCTH 

(non3yLrecn1 CooTBeTcTseHHO, He yKa3aHa rrpo~enypa nepexon a OT 

speMeHH K c Hcny ~vrKnos Harpy)KeHH5I. B 3TOM cnyL~ae HY)KHO yLmThiBaTb 

qaCTmy Harr >KeH""· B )1Hccepmum' He yqv!T&mmoTc" 3¢¢eKTbl BJll1HHl1: 



I 

qacTOTbl H r py)KeHIUI Ha ycTaJIOCTHYI-0 npoqHOCTb, KOTOpbie, KaK 

rroKa3hiBaiOTI onhiThi, MoryT 6biTh 3HRY:I1TeJihHhl. 

5. B LJeTBefTOM rnase n po6neMa ycTanocTYI He paccMaTpHsaeTc5I. 0Ha 

noCB5IJUeHa I qlopMynHpOBKe ycnos11l1 6e30TKa3HOM 3Kcrrn yaTaUvi11 

rrpOT5I>KeHH1r KOHCTp yKUHti. I1pl1 3TOM BCe paCCMaTpYIBaeMbie cpyHKUHYI 

(nosp e)K,IJ,eH r ocn,, ¢YHKUH5I pacrrpe,IJ,eneHH5I , sepo5ITHocTh pa3pyweHI15I) 

3aTII1ChiBafOT~5I B lllKaJi e peaJihHOfO speMeHI1 . B TO )Ke speM5I HCITOJi h3YlOTC5I 

pe3yni.TaTbl f nas 2 11 3, rrocB5IJ.UeHHhie rrpo6neMe ycTanocTH MeTannos. 

6. 0TMeqae1IC5I, qTO OCHOBHa5I H,IJ,e5I pa60Tbi - xpynKOe ycTaJJOCTHOe 

pa3pymem1e MeTannos 11 cnnasos . B TO )Ke speM5I s o6nacTH 

MaJIOUHKJIOBOH ycTaJI OCTI1 ,ll,JI5I 60Hbllil1HCTBa MeTaHJI OB l1 CTIJiaBOB 

pa3pyrueHHe ~;:rsn 5IeTC5I B5I3KHM 11 HacTynaeT, KOr,IJ,a cyMMapHa5I 

rrnacnrrrecKc: 5l ,IJ,e¢opMaUI15I ,IJ,OCTHraeT KpHTMqecKoi1 sen11q11Hbi (KpwrepHM 

Ko¢¢rma). HCTO xpyrrKoe pa3pyweHHe B03MmKHO rrp11 ,IJ,syx cnyL£a5Ix. 

I1epsoe rrp11 pa3pywemnr o6pa3ua c TpemHHOH l1 BTopoe B o6nacTH csepx 

ycTaJJOCTH rrpH OTHOCHTeJibHO MaJJoi1 BenHqHHe 

aMn mny,IJ,bi Hanp5I)KeHH5I. B 3TOM cnyt.rae rrpoueccbi rrospe)K,n:aeMOCTYI He 

5IBJ15II-OTC5I HOf03TallHbiMI1 l1 orrpe,n:eJJ5IlOTC5I MaJibiMI1 TpeiUHHaMH, 

06pa:J)'fOU1HtC~, B TOM 'IHCJIC, BOKpyr ~aCTJUj BKJlfO~CHHii l1 MaTepWill 

pa3pyruaeTC:} xpyiiKO npH ,ll,OCTmKeHHH ,ll,eclJeKTOB Kpi1Tl1'-IeCKOH BeJJW:IHHbi. 

ql1CHO Ll,l1K 1 OB ,ll,O pa3pyweHI15I B OCHOBHOM orrpe,IJ,eJJ5IeTC5I 3THMI1 

rrpouec caMH a He pOCTOM MarHCTp anhHOH TpeiUHHbl. 

Y Ka33HHbie aMe'-!aHH5I He BJ1l15IIOT Ha o6ruy10 OLJ,eHKY ,ll,HCCepTaU:HOHHOH 

pa6o Thi. 

EopHC::::: H)q£: ~taJI::1C:::Tau:~::a6::::::KT~;:::~HH::::ym~:::HOp: 
11 orrro seqH o CTb K of CTj)yKUHii rrp 11 rrp orr o p l(l1 o H arrb HhiX rrpo u eccax Harp ylKeHnm>, 
5IBJ15IeTC5I 3<lKOHT.HmH.biM HayLfHbiM l1CCJie,IJ,OBaHI1eM, l1Mei-OIUI1M Hay'-!HOe l1 
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0 IIOp5I)l,Ke npi1CY)I<)l,eHI15l yl.JeHblX CTerreHeH», YTBep)K)l,eHHOrO TIOCTaHOBJJeHI1eM 

IIpaBHTeJibCTBa Pot cHi1cr<oi1 C!>e)l,epaiJ,HH OT 24 .09.2013r. N2 842, npe)l,b5IBJJ5leMbiM 

K ,Ll)1CCepTal(115IM [ a COl1CKaHI1e y'-leHOH CTerreHI1 )l,OKTOpa HayK, a ee aBTOp 

3aBoHl.J.JIHcKa5l 3ner Hopa EopHcoBHa 3acny)KYIBaeT npHcy)r<)l,eHI15l yY.eHoi1 cTerreHI1 

)J,OKTOpa Cj:H1311KO-MaTeMaTl14eCKVIX H3YK ITO CITeiJ,l13JJbHOCTl1 01.02 .04 

"MexaHHKa ;~ecpoprHpyeMoro TBep)l,oro Tena". 

OcpHIJ,HaJibHbiH onnoHeHT, 

)J,OKTOp cp113.-MaT. HayK, 

CTapru VIM HaY YHbiH COTpy )l,H11K, 

rrpocpeccop r(acpe)l,pbr Teop11I1 ynpyrocTH 

MaTeM1Tl1KO·iMeXaHI1l.]eCKOfO cpaKyJJbTeTa 

CaHKT-IleTe]ll 6yprcKoro rocy )l,apcTBeHHoro 

YHI1Beponel a, 

11HocTpaHHb I1 '-!JleH HAI-l 

Pecny6m1K11 ApMeH115l f?,~"-- I P.A. ApyTIOH5IH 

06.09.2018 

,... -- - ·1. I ,lJ;oK}'MeHT no,z:nmuBJieH 
~ B nopAAICe HcnonHeHH~~ I ! ·. TJ>y,ZJ;OBbiX 06.R3aHHOCT~ 
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