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U CCJl e,lJ.OBa Hl1e 

B eCTH. CaM . r o c . TeXH. y a - rra. Cep. <I> H3.- MaT. Hay KH. 2012 . N. 1 ( 26) . C . 1 10 - 1l5 

'Y,lJ,K 539.374 

HCCJIE,LI;OB AHHE O,LI;HOOCHOf O H ,LI;BYOCHOfO HAfPY)KEHIHI 
PA3YnpO l:J:H5IIO~HXC5I MATEPHAJIOB no 9 H,LI;OXPOHHOH 
TEOPHH HEYllPYf OCTII 

10. H. Kaiknueeuw, C . II. IIo.M'bLm~u'H 

Cauxr-Fl ereptiypr-oortt rocynapcreeaasrn TeXHOJlODP-IeCKl1li
 

y HI1Bepc'lTeT paCTI1TeJl b HblX nOJlHMepOB,
 

198095, POC CI151, Caa x-r-Flerepoypr, yJl. VIBaHa Hepxsrx , 4.
 

E-m ail s: yuli j . kadashevichillyande x . ru , sppo millyande x . ru 

B paM.7<;ax meop uu HeynpY20cm u ,m aOXpOHH020 muna, Y'iUm1>~ealO w, e u auJtam av,u lO , 
UJY'ieH1>~ OaHOOcHoe u aeyocHoe JHa'ICOnepeM.eHHOe aerfiopM.UpOeaHue paJynpO'iHJllOW,UX
CJI M.amepuaJtoe . [JpeaJtO:'JICeH1>~ onpedensnouiue coomHOWeHUJl, 0606w,eHHNe Ha 06
Jtacm1:> 60Jt1:>wUX aerfiopM.av,uu. Ilpueedeusc npu.uep-«, deuosccmpupspouiue eOJM.O:'JIC
Hocm u meopuu. 

Kmoxeusre CJlOBa: Heynpy20Cm1:>, 3HaOXpOHHaJ! meopun, onpedensuouiue coom xouze
HUJl, aeyocHoe Ha2py:'JICeHUe, paJynpO'iHJllOw,ueCJI M.amepuaJt1>t. 

Baeneaae. Pa3yrrp0t.IH 5IIOIJJ,l1eUJ: MaTepl1aJIbI, xp aasie ,D,e¢ Op MHpOBaHl15I y KO

TOpbIX l1M e lOT nanaioume BeTBl1, 6bIJIH otiaapyacea sr ,D,OCTaT o <.J: H o ,D,aBHO H , ecre
cTBeHHo, see 3TO BpeM5I rrpHBJleKaJIH BH H M aHHe l1CCJIe,D,OBaTeJIeH [1-10] . OT,D,eJlbHO 

OTM eT HM IJ,l1KJl p a 6 0 T B. B. CTpyIKaHoBa [11- 16], B KOTOpbIX nosenemre paaynpox
H5IIO IJJ,l1XC5I M a T e p l1aJIOB 6bIJIO paccsrorpeao na OCHOBe TeOpl1l1 T e'IeH l15I . B n penna
raevoa aaropav n cr ar i,e B pavxax 3H,D,OXpOHHOH .reopaa aeynp yrocr n ,D,JI 5I MaJIbIX 

,D,e¢OpMaIJ,l1H 113JIaralOTUI aekoropsre peaym.ra.n,i , nonyxeansre npu O,D,HOOCHOM H 
,D,ByOCHOM anaxonepen en noja >KeCTKOM narpyacemm pa3yrrpo<.J:H 5IIOIJJ,l1XC5I MaT epl1

aJIOB . P e3 YJl bT a T b I 60JIee paHHl1X HCCJI e,D,OB aHU H aaropoa rro pa3ynpOt.IH5IIOIJJ,HMC51 

M aTe p U aJIa M MOIKHO H a HT U B [3,6,17]. 

OUpe,lJ,eJI5IIOIl..I,lfe COOTlIornemUI reopaa. I1CXO,D,H bIM ,D,JI5I aaannaa BbI6paH sa
pHaHT 3H,D.OXpOH HO H T eOp Hl1 aeynpyrocrn , Y<.J: l1TbI BalOIJJ,l1 H ,D,HJIaTau,l1lO MaTepl1a

JIOB [18]) B ¢opMe 

(1 ) 

(2) 

3,D,eCb a: j , E:~j ' R ; j - ,D,eBl1aTOpbI TeH30pOB Harr p>IIKe Hl1H , ,D,e¢OpMal./,l1H 11 acnouo
rare.nsnoro napascerpa-recxoro TeH30pa I4j, G - MO,D,yJIb C,D,BHra, K - o 6beMHbIH 

MO,D,yJIb , 7 - a HaJIOr ,D,e¢OpMaIJ,110HH Or O npeziena TeKy<.J:eCTlI, 9 - aHa.JIO r K03¢¢I1

un errra y rrpO<.J: He H l1 5I , a 11 r - napasaer ps r 3 H,D,OXpO HHOCT l1 , /3 11 k l - KOHCTaH T bl 

M a T ep l1 aJI a . 

J{)Jtuu h caox oeu« Kadauie eu-c (,D,. ¢ .-M.H.) , nporpeccop, Ka¢. asrcurea MaTeMaTI1KI1 . Cepzeii 
Il aenoeu-c [JOM.Nm 'ICUH (K.¢.-M.H.), nouear, Ka¢. Bblc luei1 MaTeMaTI1KH. 
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OjlHOOCIiOf C 

B a }K H b I H ' IaCTHbIH C! 

r = O. Tora a nonyxaea , 

2G 

B paoor e [1 9] 6blJl sune,
 
xo rzia k1 = 0, 11 npaser
 
'rp exocn oro npocroro Hal
 

r p Y }KeHl1 eM rr OHl1M aeTC51
 

H3 M eHeHl15I yrna Bl1p.a re
 
C<p Op MYJIl1pOBa H 11 06lII,H
 

O CH OBHbIM TO pM030M Y1
 

JI5Ie TC5I OTcyT cTBl1e '-1eTK
 

H CJIO}KH b I X HarpyIKeHH:
 

p e 3 YJIb T a T b I , rrOJlY'-1eHH bI
 

nnnar auna [20,21]' XOT5
 

H CCJle,D.OBaTeJl5IMH -TeOpe
 

' IeIIKO 11 E. A. Aunpeesc
 
nocren n OBe,D,eHI151 pasy
 
r p Y }KeH l1l1. B <.J:a CTHOCTI
 

06 « I1H Bep Cl1lJ» 3cPcPeK1
 

,lJ.eMo Hc Tp aD,JIOIlHbIe 

(1) paccMaT p lm a eTC51 sa 
de1 > 0 nponcxornrr pac 
cn yxae l1MeeM 

Flapan er psr TeopmI H I' 

T = 

Torzra , e CJlH ,D,HJlaTaJ..I,H ~ 

B b l r JI 5I,D,5IT KaK 

Ha puc. 1, a H pHC, 1 
,D,Jl5I pa3ynpo<.J:H 51 I0lII,er( 

HarpY}KeHllH 11 OTCy TC' 



!O12. 

['0 HA f PY)KEHIUI 
:IJI:OXPOHHOH 

N. 1 (26 ) . C . llO- U S 

:umbl6a1oU\eu OUJl.am a11,UlO, 
Joealtue paJynpo"l.H.I!'IOU!UX
eltuJl, 0606U!eHHNe Ha 06
wlfcmpupYlOU!u e 60J,MO:J/C · 

mpeOeA.I!'IOU!ue coom Howe· 
Ulbl. 

:ble ,ll,ecP0p MHpOBaHH5l y KO

,ll,OCTaTO"-JHO rt asno 11 , ecre
(OBaTeJIeM [1 -1 OJ. OT,n;eJlb HO 

'OPbIX nosenenae p aaynpox

TeOp11 11 rex en a s . B npezin a

fll1 neyrrpyrocrn N I 5l MaJIblX 

l y tteHHble npn o,n;nOOCHOM H 

13yrrpO<.J:H5llOW.HXC51 »rarepn
lOB rro p a3ynpOqH5llOli.i;HMC51 

[ ,ll,m! aHaJIH3a BbI6paH aa

I.JJ:Hll ,ll,I1.JIaTaU;lllO MaTepHa-

R'·
-.!L (1) +o ' 

)= (Ti i , co = Cii . (2) 

1, ;J;ecPopMal~H ti H BCnOMO

Ib cztsara, K - 06'beMHblIi 

~CTIl , 9 - aa anor K03cPcPl1

CTI1, {3 11 k1 - KOHCTaHTbl 

bl cwe!\ M aTeM a TlIKI1. Cepeea 
laTlIKlI . 

I1c CJle/lOBaHfle O/lHOOCHO ro II n eyocnoro HarpY>KeHlIH p a3 y n pO 'iHHIO I1.(HX CR MaTepHaJI OB . . 

B a)l<Hbli1 'Iac THblti CJlyqaH COOTHOUIe HHH (1), (2) B03HHKaeT npn 0: = 1 H 

J = O. Torna nonyxaea , qTO 

1 do: ) de'. e' . , " » __ T_1J + _ I_J_ , (3) 2G ( aij + T -dci de, 9 + 1 

- dRo k1
dC~Jdc ~J" (3 - ,Ro = co - }( ao. , de; 

B paoore [19] 6bIJl BbI,n;eJleH q aCTHbIH CJlyqaH onpenensroumx coornourea an (3), 
xorna k1 = 0, 11 npaseneau peaynsrari.r HCCJle,n;OBaHH5l HeKOTopbIX BapHaHT OB 

rpex oc n or o npo croro HarpY)j{eHH51 YTIJIOTH5leMbIX MaTep HaJIOB. Ilon npOCTbl M Ha

rpY)j{eHl1eM nOHHMaeTC5l narpyacenne (,n;ecPop Ml1pOBam le) 6e3 p 8.3rpY3KH I1JlI1 6e3 

113MeHeHI15l yrna BH,n;a TeH3 0pa Hanp5l)j{eHI151 (,n;ecPopMa~l1 ti ) . 3,n;ecb xce B [19] 6bIJl 

CcPOp MyJll1p OBaH 11 06111;llH 3aKOH ,n;I1JlaTaWiH B cPop Me 

(3( Ro) = dRo (4) sn 
OCHOBHblM TOpM 030M YTOq HeHI151 3H,n;OXpOHHOH TeOpl1l1, no MHeHl1lO aBTop OB, 5lB

Jl51eTC5l OTCyTc TBl1e T·leTKI1X 3KcnepHMeHTaJIbH bIX ,n;aHHbIX npn s naxonepeaenasrx 
11 CJlO)j{ HbIX HarpY)j{eHI15lX. ,lJ,0 CI1X nop He norrrnepxcn ensr 3KCrrepl1MeHTaJIbHbIe 

peaynsrar'si , rrony-rennsre euie Il. KOJlyM6acoM , ,n;Jl5l p5l,n;a MaTe p l1aJIOB npn ouen xe 
,l(I1 Jl aTa~1111 [20 ,21]' XOT5l OHH, HeCOMHeHHO, ,n;OJl /KHbl npHHHMaTbC5l BO BHI1MaHl1e 

l1CCJle,n;oBaTeJl5lMH-TeOpeTI1KaMII. B He,n;aBHO onyrinaxoaannoa paoore B . n. Pan
xeaxo 11 E. A. AH,n;peeB0I1 [22J OTMeqeH pxn narepecm,ix TeOpeTl1qeCKI1X oco oea

HOCTen rrOBe,n;eHH51 p a3 ynpOqH5llOW.HXC5l MaTep l1aJIOB npn 3HaKo n ep eMeHHoM Ha

rpY)KeHI1H. B q aCTHOCTH, 6bIJla nozrrsepxcneaa rnnoreaa B. B . CTpy)KaHOBa [1 3] 
06 «HHBepCHI1» 3cPcPeKTa Bayumarepa . 

,lI,eMoHcTpa~oHHb le npa srepsr. B npeztnaraeuoa cr ari.e n a OCHOBe TeOpHII 

(1) p aCCMaTpI1BaeTC5l sanaxa )KeCTKOro HarpY)KeHI15l p aCT5l)KeHl1eM- C)KaTl1eM: npn 

dCl > 0 npoucxomrr pacrszceaae, a npn dC I < 0 - n ocrr ezty ioruee C)KaTl1e. B 3TOM 

cnyxae I1MeeM 

Ilap asrerpsr TeOpl111 II KOHCTaHTbl MaTep l1aJIa npl1MeM B a anocnee rtpccrov Bl-i,n;e: 

T = /372, = 1, 2G = I, 9 =0: -4. 

Torna, eCJlH ,n;I1 Jl aTa~l15l crcyrcrnyer II co = 0, TO p acxeraue ypaBHeHI151 TeOp1111 

BblrJl51,n;5lT KaK 

1 
C2 = --2[1 . 

Ha pac. 1, a 11 pu c. 1, 6 npaaenen si Tl1nl1qHble rpacPl1KI1 3aBl1Cl1MOCTII al rv Cl 

,ll,Jl51 p8.3ynpOQH51lOw.erO C51 MaT epl1aJIa npn O,n;HOOCHOM 3HaKonepeMeHHOM )KeCTKOM 

HarpY)j{eHI1I1 II OTCyTCTBl111 ,n;I1Jl aT a~l1l1. 
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Ka,ll.a WeBI1 <f 10. 11., n O M bI T KI1 If C. n. 

0\ 

0,5 
o ... . 

- 0,5 . 

- 1 

- 1,5 . 

-2 

-5 - 3 - 1 a 

PMC. 1. O,[(HOOCHOe aaaxonepeueanoe aar py sceaue MaTepuana ,[(JIH paansrx [I 

)J,m l CJIyqa51, xorna ,n:IIJIaTaU)151 MaTeplIaJIa I1M eeT MeCTO 11 EO -=I- 0, paCCMOT

pensr ,n:Ba sapnaara CB51311 ,n:ecPopMaU:IIH Ej 11 E2 npn rrp5IMOM 11 0 6 p aTHOM Ha

rpy>KeHIIII (cxeusr ,n:ecPo p MlIp OBa HII 5I npaseziensr aa p HC. 2). B 060lIX aap nairrax 
E2 -=I- -EI/2. 

Ha pnc . 3, a 11 puc. 3, 6 npasenensr pe3YJIbTaTbI pac-rera Harrp5I>KeHIIH al 
11 ,n:ecP0pMaU:IIH E I ,n:JI5I BaplIaHTOB ,n:ecPopMHpOBaHII5I , YKa3aHHbIX na pHC. 2, a 
11 pHC. 2, 6, COOTBeTCTBeHHO . Pe3YJIbTaTbI ,n:eMOHcTpHpyKlT neotis r-nroe nosene
mre Harrp5I>KeHIIH H ,n:ecPopMaU:IIH npn aaaxonepeaeaaov >KeCTKOM aarpyxcenua 
yrrJIOTH 5IeM bIX pa3yrrpOQH5IKllll,I1XC5I MaTepHaJIOB . O CHOBHOH BbIBO,n: - npu YQeTe 

a 6 

[2 ,------ - - - - ---------, 

0,2 

0,4 

- 0,4 

[ 2 

0,1 

0 
- 0,1 

- 0,2 
- 0,3 

- 0,4 
- 0,5 

- 0 6 ':--~-_____;~-___i>-____:=' - 0,6 
'0 1 2 3 [) 0 1 2 3 

a 6 

Puc . 2. Tpaex ropna rreyocxoro ,[(ecPopMHpoBaHuH 

0) 

0,5 

0 

- 0,5 

- 1 

- 1,5 . 

-2 
0 1 2 3 [\ 

a 6 
Puc. 3. Ocessre HanpH)KeHHH H ,[(ecPopMa~uH npu ,[(ByOCHOM ,[(ecPopMHpoBa m lH 
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I1CCJre,ll.OBa Ifl1e O,ll.HOOCHOro 

,lJ,nJI aTa U: ~IH pa3yrrpO'1H5I1O 

3am I CIIM OCT lI EI '" E2 , a3K 

QIlT h ero B O,n:HOJ1 113 cj:Jop~ 

(2) HJIII (3), (4) . 

0606I.J.J;eHHe reopnn H 

npoQ!I5IKl lll,IIXC>J: M arepaar 
pa a neynpyrocrn xa 06 JI 

,Il,eKC HO J1 aarnrcn ,n:JI5I TeH3 

o 
E= D, 

o 
E= 

R = E - (1- ( 

3 ,Il,e Cb F - rpazmenr .n.e<jJ 

T OrOH aJIbHbl J1 TeH30p nc 
Bh I H T eH30p Y,Il,JIIIHeHH5I, J 

c Tetl ,Il,e¢op~aU:l1 l1 . 

,1l..n 5I ,Il,eMO HCTpall,lfH Be 
naraeu oro sapaanr a peu 
xor o aKTIIBHoro (6e3 pas 
m U I M a TeplIaJIa C Dll = 
D 12 = 0 npn CJle,n:yIOIl..\H> 

MeTpOB .reopaa: a = 1, 
T = 1 - ex p( - Iii). Ha 
r p a ¢ lIK lI pa3BIITII5l .n.ecj:Jo: 

3 a BlIClIM OCT lI OT ocesoro I 
asre K a Qe CT BeHHO OTB e tIa~ 

KHX r-opnsrx nopozt. 

Pa60Ta BbIDOJIHeHa npa n 

BHBJ1H o r PA<D W-IEC 
1.	 Ma ier G. Incremental plr 

inst abil i t y effects II Int. J 
2.	 H6pa2UMoe B. A., Kmow 

MO H II 113e. AH GGG? ~ 

Some problems for medii 
Pp . 116-1 21). 

3.	 K aoauieeu si 10. H. Teopn 
HIlH/I jI,01<:,J/, . AH GGG?, 
plasticity and creep takinj 
no.6. Pp. 1341-1 344]. 

4 . Jletieoee A . A ., lJaycoe 
MaTe pHanOB no napaxrer 



I. 

)Hana ,lJ} UI pa3Hbl X C 1 

,reCTO Ii [0 -# 0, paCCM OT

np5lMOM Ii 06paTHOM H a 

~. 2). B 060 HX sapnairrax 

pacxera Hanpm K eHHll CTI 

YKa3aHHblX ua ouc. '2, a 

PYlQT Heo 6bll.J.HOe n oaezie 

OM )\(eCT KOM narpyacen a n 
lBHOf'! BbIBO,D, - npu ysere 

2 3 
6 

posanua 

2 3 
6 

lOM ,l\e¢OpMHpOBamIH 

MCCJre.n;OSaH/fe O.n;HOOCHoro H .n;ByOCHOro «eroy scenn« pesy npovnsucnunxc« MaTepUaJIOB ... 

,J,H.J1aTaW Il1 p a3ynpOqH 5110mer OC51 MaTepHaJIa C.J1 e,D,yeT He «yram.ra ari. s x apaxrep 

3aBHCHMOCT H [ 1 "-' [ 2 , a 3KcnepHMeHTaJIb HO yCTaHoBHTb 3aKOH ,D,H.J1aTaU;HH H BK .J1 IO

'lHT b ero B O,D,HOH H3 cPOPM> n pe,D,.J10 )\(eHHbl X B onpe,D,e.J15IIOmHX COOT HOW eH H51 X (1), 
(2) H.J1H (3), (4). 

Ofiofimenae TCOP " H u a 0 6 JIaCTh 6 0 JIhIllHX ,lJ,e<l>opMau,nH. YKa)\(eM ,D,.J1 51 p asy

rrp0l.J.H51IOmHXC51 MaTepHaJI OB O,D,HH H3 BapHaHToB pacWHpeHH51 3H ,D,OXpOHHOll Teo

pHH n eynpy rocrn Ha 0 6.J1aCTb 6 0.J1bW HX ,D,ecPo p MaU;HH . C Or.J1 aCHO [17], B 6e3bIH 

nexcaon 3a n HCH ,D,.J151 TeH30poB COOTHOW eHH51 (1) , (2) 3an HWyTC51 B BH,D,e 

1 [ 0 g+l 'J 0 E . 
T CT +CT--IR/ = T [ +--IRI

2G g+a g +ex ' 

s=D , [0 =~ , =T (IRI , jHI) , g < -1,T 

D= (L+LT )/2, L=FF- 1, Q=FU- 1 , 0,= QQT , 
o	 0 
[ = E + d1 - 0.[, a= a + an - na ,
 

R ( ) CT IRI = VdR : dR \R\ = f \R\dt .
 .	 = [ - 1 - ex 2G' dt dt ' 

3)J,eCb F - rpanaeirr AecPo p M a U;HH, Q - o p 

roroaansau n T eH 30p nosopor a, U - n p a

Shl H T eH 30p YA .J1 HH eHH51, D - T eH 3 0p CKOpO 

cr en ,D,ecPo pMaU;HH . 

)J,.J151 ,D,eMOHCTp a U;HH B0 3MO )\(HOCTeH npen

naraevoro sapaan r a peurena sana-ra »cecr
xoro aKT HB Hor o ( 6 e3 p a3rpY3KH) n a rpy ace

Hli51 M aT epHaJIa. C D ll = -1 , D 22 = 0,5, 
D12 = 0 npn c.J1e,D,yIOm HX 3Hal.J.eHI151X n apa 

MeT pOB TeOpllll : ex = 1, 2G = 1, g = -4 , 
T = 1 - exp ( -I e: I)· Ha pHC. 4 npnseneau Pu c. 4. AKTlIBHoe np onOpu.1I0HaJIbHOe 

0,5 1-2-1,5 -1 -0,5 

0,05 .

°e ll 

0,15 ' . 

lalll 
0,3 .--

0,25 

0,2 ' 

r pa¢ HK H pa3BHTH51 ,D,ecPo p MaU;H11 [ l l 1\ [22 B rmyocn oe .n,e<jJopMYlpOBaHHe 

3aBHCHMOCT H OT oceso ro HarrpmKeH H51. KpH

aue KaQeCTBeHHO OT Be cIaIOT OnbITHbl M ,D,a HHbl M, orry 6 .J1HKOBaHHblM B [5] ,D,.J151 xpyn

KHX r opnsix n opon . 

Pa60Ta Bh1I10JlHeHa npn nonnepscxe P cD<Il¥l (npoexr NQ10-01-00 705-a) . 
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