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« YTB EP)l{,ZJ,AIO» 

TipopeKTOp no HayKe l1 KOMMepuy1an113au,1111 

<I>(EOY BO «Ka3aHcK11i1 rocy ,LI,apCTBeHHhIH 

OT3bIB 

se,LJ,ymei1 opraHI1J3au,1111 <Df'EOY BO «K13Y» Ha ,LJ,11ccepTau,11JoHH)'IO pa6oTy 

KoposaH:u,esoi1 EKaTepl1HhI AHaTOJiheBHhI Ha TeMy «Mo,LJ,en11posaH11e rrpou,eccos 

,LI,ecpopMMposamrn TOHKOCTeHHhIX o6onoqeK Bpamemrn 113 r11nepynpyr11:x 

MaTep11anOB», npe,LI,CTaBJieHHYI-0 Ha COl1CKaHl1e yqeHOH CTerremf .[l.OKTOpa cpH3YIKO­

MaTeMaT.111-:1eCKYIX HayK no cneu,HaJibHOCTl1 1.1.8. - «MexaHHKa .uecpopM11pyeMoro 

TBep.n.oro Tena» 

B HaCT051JJJ,ee speM51 o6nacTh np11MeHeHH5l o6onoqeqHhIX KOHCTpyKu,11i1 H3 

r11rrepyrrpyr11x MaTepl1aJIOB cymecTBeHHO pacrnHp5IeTC5L Tio5lBJ15ll-OTC51 HOBbie 

ycTpOHCTBa, KOTOphlX con po smK.naeTc5l 

npo113sonhHb1M11 nepeMeI..IJ,eHl151Ml1 11 .uecpopMau,115IMH 11x 3neMeHTOB. Cpe,LI,11 TaK11x 

ycTpOHCTB MO)J(HO OTMeTl1Th M5IrKyI-O po60TOTeXHl1Ky, rrpoTe3bl BHyTpeHHl1X 

opraHOB, 3JieMeHThl n16Koi1 3JieKTpOHl1Kl1 11 T.)1,. TipoeKTl1pOBaH11e rro.uo6HhIX 

KOHCTpyKu,11i1 11 3neMeHTOB rrp116opos CB513aHo c Heo6xo,LJ,VIMOCThI-O 11x \.rncneHHoro 

MO,LJ,en11p0Bamrn B ycnOBl15IX HeorpaHWieHHhIX yrrpyrVIX rrepeMeI..IJ,eHHH 11 

.uecpopMau,11i1. TaKVIM o6pa30M, HecoMHeHHhI aKTYaJihHOCTh M 06ocH0BaHHOCTh TeMhI 

.n.11ccepTau,J-rn E.A. Koposai1u,esoi1, u,enhI-O KOTopoi1 5IBmieTc5l MO,LJ,en11posaH11e 

npou,eccos cTan1qecKoro 11 ,LJ,11HaM11qecKoro .uecpopM11posamrn TOHKOCTeHHhlX 

o6onoYeK spamett115l 113 nmepyrrpyrHx MaTepVIanos rrpH rrpoH3BOJihHhIX 

nepeMeme1-:11151x H .uecpopMaU,H5IX. 

,ZJ,11ccepTaIJ,115l COCTOl1T 113 BBe,LJ,emrn, Il51TI1 rnas, OCHOBHhIX BbIBO,LJ,OB 11 Cffl1CKa 

n11TepaTypb1. 06m11i1 o6oeM pa6oThI cocTaBJI5leT 290 cTpamm Maunrnom1cHoro 
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TeKCTa, BKJJIO"Y.a51 169 pttcyHKOB, 13 Ta6JIHI]., cnHCOK U:HTttpoBaHHOll JIHTepaTypbl 113 

219 HattMeHOBaHH:i1. 

Bo BBC)J.CHHH Ha OCHOBe o63opa pa6oT no pa3BHTttlO HCCJie)l,OBaHl1H 

noBe)J.eHIDI o6onoqeK nptt 6oJihllittX nepeMelIJ,eHH51X 11 )J.ecpopMau:mrx 

ccpopMynttpoBaHo onpe)J.eJieHtte M51rKoi1 06orroY.K11, ttcnoJib3yeMoe B pa6oTe. 

06oCHOBaHa aKTYaJihHOCTb )l,11.CcepTaU:HOHHOM pa60ThI, ccpopMyn11poBaHa u:enh, 

oxapaKTep1130BaHhl HayY.Ha51 HOBl13Ha, rrpaKTHY.eCKa51 3HaY.11MOCTh, MeTO)l,hl 

HCCJie)l,OBaHH5f 11 )l,OCTOBepHOCTh pe3ynhTaTOB, npe)J.CTaBneHbl IIOJIO)l(eHJUI, 

BhIHOCHMbie Ha 3aW:HTY' a TaK)l(e rrp1rne)l,eHO CO)J.ep)l(aHHe pa60Tbl no rJiaBaM. 

B nepsoii r nase )J.ttccepTaU:HH rrpoBO)J.HTC51 o63op cyw,ecTBYIOI.IJ.MX B 

HaCT05IW,ee BpeM51 MeTO)l,OB MCCJie)l,OBaHH51 CTani:qecKoro tt )l,HHaMHY.ecKoro 

rroBe)J.eHIDI TOHKOCTeHHhIX o6onoqeK Bpaw,emrn H3 ni:nepynpyrttx MaTepttarroB rrp11 

6oJibllIMX rrepeMelIJ,emrnx H )J.ecpopMaIJ.H5IX. Oco6oe BHHMaH11e y)J.eJieHo pa3JIUY.HhIM 

TeOpI15IM l1 CHCTeMaM ypaBHeHHM, 11CIIOJib3YeMbIM rrp11 pacqeTax ,n:ecpopM11poBaHH5l 

M51rKl1X o60JIOY.eK. 

Bo BTOpoii r JiaBe ,n:11ccepTaIJ.HOHHOM pa60Tbl cpopMy n11py10TC5I CMCTeMbl 

ypaBHeHHH CTaTJ1l.£eCKOro H )l,HHaMHY.eCKOrO )l,ecpopMHpOBaHIDI TOHKOCTeHHbIX 

o6orroqeK Bpaw,emur H3 Herr11Hei1Ho yrrpyrttx MaTep11arroB rrp11 6oJibllIHX 

rrepeMew,eHHJIX 11 )l,ecpopMaU:1151X, l1CIIOJib3YeMbie B IIOCJie)l,yIOlIJ,eM aBTOpOM rrp11 

pa3pa6oTKe BhIL£11CJIHTeJihHbIX arrrop11TMOB 11 pellieH1111 3a)J.aLI. YpaBHeHI151 ocHoBaHhI 

Ha rrpe)J.nOJIO)l(eHHH 0 6e3MOMeHTHOCTH Harrp5I)l(eHHOro COCT05IHH51 o6oJIOY.eK. 

B TpeTbeii r nase )J.ttccepTau:1n1 rrpe,n:cTaBrreHa cttcTeMaTH3aU:H51 O)J.HOMepHhIX 

m ·rneMHbIX H HeJIHHeHHhlX KpaeBbIX 3a)l,aq )J.ecpopMHpOBaHH51 TOHKOCTeHHbIX 

KOHCTpyKII,11i1., rro3BOJI5IIOII.J.a5I cBeCTH MHoroo6pa311e rrocTaHOBOK 3a)l,aL£ 

paccMaTpM.BaeMoro B pa6oTe KJiacca K ,n:ByM 3an11CbIBaeMbIM B BeKTOpHO-MaTpHqHoH 

cpopMe cpopMyrr11pOBKaM. 

B qeTBepToif r nase ,n:11ccepTaIJ.HOHHOH pa6oThI rrpe,n:cTasrreH arrrop11TM 

pelllemrn 3a,n:aq ocec11MMeTpuqHoro cTaT11Y.ecKoro ,n:ecpopMttpoBaH115I o6orroY.eK 

Bpaw,emrn 113 rMrrepynpyr11x MaTep11arroB np11 6orrhIIIHX ,n:ecpopMaIJ.H51X, orrHcaHhI 
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oco6eHHOCTl1 ero ltCCTOJlb3083HH51 H npe)J,JlO)f<CHbl cnoco6br KOlHpOJI51 TOYHOCTH 11 

0 ,1H03H3LJHOCTH pemeHH51 1a.rra11 KaK 3TaITbl pa1pa60TaHHOfO anropHTMa. llpe.JJ,JIO/KeH 

TIOJixo)J, (( TeopeTWleCKOMY MCCJJC)lOB8 1-H110 oco6em 1ocTeH 38KpI1HP-IeCKOrO 

ITOl3e)lelH151 UMJH1H1lpl1YCCKOH 060JlOLIKM H3 n1nepynpyroro M8Tep11aJJa. np118e)J,eHO 

cpaBHeHHC pe3)"Jlb'I aTOB pewemrn 'm)J,3Lfl1 0 pa·~.JJ,yBaHHH U,MJllilH.LJ.pHYeCKOH o60JlOLfKH 

KYCOLfHO-llOCTOSlHHOH TOJllUHT!bl H3 nmepynpyroro MaTepttana, rronyc-reHHbIX Ha 

OCHOBaHHH HC00Jlb30B8Hl151 <1BTOJ1CKJ.IX pa·3perna1-ouu1x COOTHOlilCHHH 11 ypaBHeHHH 

MOMCHTHOH TeopHH 060110LICK. llpcnc-raBJlCI-Ta MeT0;111Ka napaMeTpwtecKoro attamna 

}1,eq)0)1\IMPOBaHH51 060JI01 !CK pacCl\1aTp1rnael\10f'O KJlacca. 

B nstTOH rmrnc ,r1,11cc~prau1111 on11ca1-1 a11rop1n\1 pe1uc1nrn 1a.11a11 

OCCCl1M!\leTpwmoro :nrna\11!lJCCKOl 'O ;1c¢opM11pOB3!Hi51 o60J10YCK Bp<1UJCHH51 113 

r11nepynpyr11x \:taTcpmuroB 11p11 6onb11111x necpopMaiurnx. PerneHbl ·3a)],al.JM o 

Harpy)KeH 1111 ccpep11 11eCKOH J.l 1 ll1Jllill) lpWleCKOH o60J10Lf 1(11 11'3 r1111epynpyrHX 

MaTepJ.1aJ!OU pa·rnwlHblX THllOB J !pH pa1JIWlllblX 33BHCl1MOCT51X BHCllJHett 1rnrpy1KH OT 

speMem·L T eopen11-1ccKH no11yLJc110 51RICHl1C ,:imrar-.rn4ecrrnro x J1on1<a ccpepw1ecKoil 

060JJOLJKJ1 H3 BblCOKO')JlaCTWlllOf'O M<.nepKana, a T3K/Ke npO)lCMOflCTpHpOB3HO 

J.1COOJlb30B3I-Il1e ypaBllCWl~i MO:\ICllTITOii TeOpHH o6onoYeK ,QJl5l peweHH5i 'Ja)J,aYH 

pa1;lyBaHl151 UYIJIHHJ:pHLICCKOH 06ono1 !KH 113 HeoryKOBCKoro MaTep11aJia 

J'aj)\10H HYCCKH H1MCH51fDlLl,ll MC51 ! l.3BJ1CHJ/IC'vf. 

B 1aK.1lJO'-ICHtttt 11p~rne:1e1-1b1 

)],MccepTau11.oH1-1ori pa6oTbl. I l aJ.160.1cc 

no.1y LleHHbIC B pa6oTc, ~aK:11oltaKHC5! 

OCI IOBI I blC Hay111rb1e pe3yJlbTClTbJ 

C)'UlCCTBCllHblC HOBblC pe1ynhT31 bl, 

H c1c, ly~ouicM: 1. Ccµopl\1ysrnp0Ba11a 

3aMKH)'T351 CJ.1C rer-.w. pa1peu1a1ouu1x ypaBHCHJ.1H, O!lHChlB3fDlllJ.1X noBeJ].Clll1e 

TOHKOCTeJ-lllblX 060JIOL!CK Bj)3ll(CHH5:1 l-1'3 nmepynpyr11x M3TCpHanOB npH 

npO!i13BOJlbHblX JJ.e<pOpM(1Jlll51X II rrpH\lCLIVll\.13}1 ; [; 151 Jll-06blX cpopMbl l\1CpV!JlJ.13Ha 

o60JI04KH, BJ.1) l3 ) 11py1 01'0 110 !ClllHl3113 \taTCpJ.IaJl a, ycJOBHH 1-iarpy)Kemrn H 

1aKpen11e11m1; 2. Tlpe,1.llO)KCHa CllCTeMannaqi.rn HCJll1HCHHblX 

Me xamtKH TOHKOCTCHl-fblX KOllC rpyKU11 H, JT03BO.Tl51K)lU351 CBeCTH 

noc raHOBOK TaKMX 33,QaY, tPOPM) ! I "1pyeMblX }J,Jl5i CJIYY351 
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rrepeMer.u;eHHH 11 necpopMaD,MH, JH1lllb K JJ.BYM K3HOHJ11-:leCKl1M cpopMaM, 6naroJJ,ap51 

t.IeMy coKparuaeTc5I 411cno Tpe6y10w,11x pa3pa6onrn anrop11TMOB 11x pewemrn; 3. 

I1ccJTe)J.OBaHbI oco6eHI-IOCTI1 pea.rnnau.1u1 pa3pa6oTaHHbJX 1lHCJleHHblX aJTrOpHTMOB J1 

rrpe,lJ)lO)l{eHbl c11oco6bJ TIOBblllJeHM51 TOLJHOCTH peweHl15l 11 KOHTpOIT51 O)J,I-103Ha4HOCTl1 

rrpo.nomKemrn peweHIMI HCJ1I1Hei1HOH KpaeBOH 33,JJ,arrn, Y.TO 5IBmieTC5I Kpai1He 

BmKHhlM B CR51111 c npHMCHeH11eM anropHTMOB K HCCJ1e)J.OBaHJ1lO nosenemur 

o6orro4eK np11 npo113BOJTbHbTX rrepeMer.u;em1.six H .necpopMau,mix; 4. ITpe,n:JTO)l{eH 

Teopeni4CCKYIM TJO,l(XO,l( K I1CCJJe)J.OBUHl11-0 oco6eHHOCTeif 33KpHTl1l{eCKOro rrose.nemrn 

paBHOMepHo pa1nysaeMott 1 ll1J111Hnp11t1ecKoil 06ono11K11 H3 rHnepynpyroro 

MaTep11aJJa, CB5l3aHHhTX c nepcxon oM o n 1-1opo.nHoro 1-1anpmKe1-rno-

.necpopM11poBaHtIOro COCT05llfvl.5! , B HCOII,l ropOJI.HOc; 5. ,Ll)rn VTCCJICJlOB3Hl151 KaK 

CT3TJ.1l-:leCKOI'O, TaK l1 Jl.l1H3Mlil1-Tec1<0ro TIOBeneI-H15I o6oJJOYeK H3 n1rrepynpyn1x 

MaTepHaJlOB BrlepBble HCflOJlb3C.)83Hbl COOTHOI..JJCHWI MOMeHTHOH Teopm-1 o6onoYeK; 

6. flpH pemeHHH 3a,n:aq ,lJ,l1H3Mf1LJeCKOro pa3,lJ,yBaHH51 TOHKOCTCHHbJX o60J10YCK 

BpameHH51 H3 nmepynpynrx MaTepvraJTOH ycTaHOBJTem1 B03MO)ICHOCTb peam13aqm1 

n11HaMH4ecKoro xnonKa np11 JlKHC~HoA 1aR11CHMOCT11 BHyTpeHHero .nasneHtt51 OT 

BpCMCHI1, a T3K)l<e MCCJfe)J.OBaHa 3aJl,aYa () 803,llCHCTBHH rapMOHHLJCCKH 

l13MeH5UOUlCfOC5I )laBJTeHH5l Ha UHJI.1 .. mnpvrLJeCKYIO o60J10l.JKY KaK Ha4aJJhHO-KpaeBa51 

no COOTHOUieH1151M 6e3MOMeHTHOH H. MOMeHTHOM Teop11l1. 

CTpaKTMLfeCKa.5£ IJ,CHl--fOCTT~ pa60Tbf 3aKJHOYaCTC5l B C03.f(aHl111 33BepillCHHOf0 

aJJropHTMvP-:1ecKoro 11 nporpaMMHoro 06ecnel..1emrn .n1rn pememrn <PH311'ICCKH 11 

reoMeTpw:recKH fieJTJi!HeHHhJX 3a,n:aq OCCCHMMCTpI14HOfO CTaTJ14eCKOT'O 11 

JI.MH3Ml14eCKOfO necpopMHpOBaHJrn TOHKOCTCHHbIX o6oJl04CK spamemur 113 

rHrrepynpyr11x MaTepHaJJOB npH npo113BOJJhHbIX rrepeMew,eI-m5Ix Yf JI.ecpopMau:i-urx. 

Bee noJTO)J{CHMJI, BblHOCl1Mbie H3 13IHHTy, Hayrmo 06oc1-1ona1-1h1 11 UOJI.TBep)l{,llCHbl 

cpasHeHHCM B Y.aCTHbJX cJiyYa5lx c aHaJll1TJ1llCCKHMH pemeHH51Ml1 3a,l],a4: Jrn6o 

l..{fiCJlCHHhlMH 3KCnepHMeHTaMl1 pa3JTJ.1l-!HhlX THCTOB (cpas.HeHJ1e c pac 1:reTaMJ1 no 

.n:pyro:H CMCTeMe ypaBHeHHM, aHaJI113 CXO,l],HMOCTH, HCI10Jlh30B3Hl1e npe,llJTO)l{CHHhlX B 
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pa6oTe MeTO)J;OB nOBbillleHIUI TOY:HOCTl1 peweHl15I 11 KOHTpOJUI O)J;H03HaYHOCTH ero 

npo.LJ.omKeH11.si. no rrapaMeTpy). 

11MeJ-OTC5I HeKOTOpbie 3aMeY:aHl15I, He BJ1115IJ-OII.IYie Ha u:enOCTHOCTb pa60Thl: 

1. bblnO 6bI 11HTepeCHO 3KCrrep11MeHTMhHO 11CCJle)],OBaTb noBe)],eH11e 

ccpep11qecKoi1 o6onoLJKH 113 rm1epynpyroro MaTep11ana, pa3.LJ.yBaeMoi1 n11He.i1Ho 

B03pacTaI-OIJJ.HM BO speMeHH ,lJ;aBJTeH11eM, 11 cpaBHY!Th 3KCrrep11MeHTMbHO l1 Y:l1CJleHHO 

nonyqeHHhJe pe3ynhTaThI. 

2. Pa3pa6oTaHHhie anropHTMhI pewemrn 3a)],aY: .LJ.ecpopM11posamrn o6onoY:eK 

spameH11.si. M3 nmepynpyr11x MaTep11anon rrpe)],DOJrnraJ-OT B03MO)l(H0CTb 

YIX rrpHMeHeH115I K HCCJle)],OBaHMJ-0 noBe)],eHl15I COCTaBHbIX o60JTOY:eK, 0)],HaKO B pa6oTe 

paCCMOTpeHbI Jll1lllh o6oJTOY:KH 0)],HOpO.LJ.HOH cpopMhJ MepM,ll,HaHa 

3. VIMeeTc51 p51,ll, pe,ll,aKU,HOHHbIX 3aMeLJaH11i1. 

C)].enaHHhie 3aMeY:am.rn He CHH)l(aJ-OT o6me.H rroJTO)l(MTeJTbHOH ou:eHKH 

.l1.M ccepTau1111. 

Pa6oTa BhmonHeHa Ha BhICOKOM HayLJHOM ypoBHe 11 xopoII.Io ocjJopMneHa. 

ABTopecpepaT .LJ.OCTaTOlfHO nonHo 11 TOlfHO oTpa)l(aeT ee co,ll,ep)l(am1e. OcHOBHhie 

pe3yJTbTaTbl ony6JTJ1KOBaHbI B 7 CTaTh5IX, pa3MeIJJ.eHHblX B l13)],aHl15lX, 

peKoMeH)],OBaHHhIX BAK P<l>, B 5 cTaTh5JX s 113)1,amrnx 113 cn11cKos Web of Science 

11.n11 Scopus, s 2 cTaTh5JX B c6opH11Kax 11 15 Te311cax .LJ.OKJTa)],os. AsTop pa6oThJ MMeeT 

3 CBH}J,eTeJlhCTBa 0 rocy,ll,apCTBeHHOM per11cTpaU:MH nporpaMM )],Jl51 3BM, 

pean111yJ-Om11x ccpopMyn11posaHHh1e s )1.11ccepTau:1111 anroprnMhI. 

3aKJHO"'leuue. ,ll,11ccepTau:110HHa5I pa6oTa E.A. Koposai1uesoi1 51sm1eTc5J 

caMOCT051TeJlhHOH, 3asepweHHOH HaylfHO-KBan11cp11Kau:110HHOH pa60TOH, B KOTOpoH 

peweHa aKTyanhHa.H npo6neMa pacqeTa TOHKOCTeHHbIX o6onoYeY:HhIX KOHCTpyK11,11i1 

113 r11nepyrrpyr11x MaTep11anos )1.JT51 cnyqa.si. npo113sonhHoi1 cjJ11311qecKoi1 11 

reoMeTPHLieCKOH Hen11Hei1HocT11. PeweH11e )],aHHOH npo6neMhI ttMeeT smKHoe 

)],Jl51 cospeMeHHbIX rrpH6opocTpmnenhHhIX 

npOMhIWJTeHHOCTH. ,ll,11ccepTau,1151 cooTBeTCTsyeT Tpe6osaHH51M rr. 9-14 f10JTo)l(eH115J 

o np11cy)K)1,eHH11 y11eHhIX CTeneHei1, a ee asTop, Koposai1u,esa EKaTepirna 
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AHaTonheBHa~ 3acny)K11BaeT np11cy)KJJ:eH115I y"lleHoif cTeneH11 JJ:OKTopa cp11311Ko­

MaTeMan1qecK11x HayK no crreu;i1anhHOCT11 1.1 .8. - «MexaH11Ka .necpopM11pyeMoro 

TBep.noro Tena». 

0T3hIB Ha .nnccepTaI.I,HJO 11 aBTopecpepaT o6cy)K.[(eH 11 o.no6peH Ha 3ace.n.am1H 

Kacpe.n.phl «U:11cppOBhie CHCTeMhl 11 MO)],em·D> <I>e.nepanbHOro rocy.napcTBeHHOrO 
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