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PacC.Atam pU6MOmC.R onpedensuouiue coom HOWeHU.R m eopuu 6.R3?>; onJWCmU"i HOCmU 3H­

dOXPOHH.O ZO muna, pacnpocttvpawewuue H a 06.M Cm'b 60.ll'bw UX oetjj op.M.av,uu U noeopo ­
mO B. Ilpednona eaemcn, 'i.mo 6 npov,ecce oetjjop.M.Up06aHU.R scuxpopaetnnuenusc 603HU­
?<;alOm -o;ax: 6 ynpyzux, ma?>; U 6 Heynpy zu x 3.1le.M.eHmaX scamepuana. Ilp ednoo-cewu. 06a 
onpedenssoiuiui: yp a6HeHU.R U 06a 3a?>;OHa OUAama'4UU OA.R ynpyzou U Heynpyzou 06· 
.~acmeu . Ilapaxcem p w pa3pblXAeHUJI, 66eoeHbl 6 ?>;pumepuu np0"iHOCm U O.ll.R xpyn?>;ozo 
U 6J/.3-O;O ZO pa3pyweHUJi .M.amepuaAOB. 

Kmo vensre C1I0Ba : Heynpyzocm'b, 3HOOXpOHHaJi meopu.R, 60A'bWUe oetjjop.Atav,UU, onpe­
Je.ll.Rlow,ue coomHOWeHU.R, .uuxpopcspsnuewusc, npumepuu npownocmu. 

Bsenenae. M O,n;eJIb ynpyrOB5I3KOnJlaCTWlHOCTH, Y'-lHTbIBalOl.I1,a51 MI1KpOpa3py ­

rneHH5I B n p onecce ney npy r oro ,n;e¢OpMHpOBaHI15I MaTepHaJIa, BBO,n;HTC5I B onpe­

neJI5I lOl.l\l1e COOTHOWeHI15:1 :':lH,n;OXpOHHOr O TIma, o606I.IJ;eHHbl e aa 06JIaCTb 60JTbWHX 

;re¢ OpMaIJ,I1H 11 nOBOpOTOB . TI p enrro.nar aer ca aMI1TI1BHOe n p en cr aan en n e TeH30 ­

pa ,L(e¢Op MaIJ,I1H Ha yn pyr-yro H rreyrrpyryro COCTaBJT5:llOl.I1,l1e. TIpH '-leM C'-lI1Tae TC5:I, 

"11'0 MI1KpOpa3pyweHI15:1 B srarepnane MoryT B03HHKaTb KaK B y npyron , TaK H B 

ueyrrpyroti 30HaX ,n;e¢OpM HpOBaHH5:I, BHOC5I CBOH BKJTa,n; B p a3pbIXJTeHI1e 11 paspy­

iuenae MaTep HaJla. 

1. Kpl-ITe p HH npOqHOCTH HOBO)f(lfJIOBa a ero pa3BHTHe. B paoorax [1.2] ObIJI 

ll pe,L(JTO)KeH KpiITepnll p aapyureaas MaTepHaJIOB, oXBaTbIBaIOI.IJ;HH KaK xpynxyro , 

rax 11 B513KyIO ¢ OPMbI p aap yureaaa. O TBeTc TBeHHocTb aa paapynreane MaTepl1­

ana B03JTaraJlaCb na n JTaCTfFICCKOe p a3pbIXJTeHHC, Mepa xoropor-o e H KpHTepHll 

orrpenenannci, no ¢ opMyJT aM 

de 
(1)d>' = V dCp.dE! ·d>' = f3, 2J 2J ' 

e= e*. (2) 

fjJ,l'. cfj"" TeH30p nJTaCTI1'-leCKOH ,n;e¢opMaIJ,HH, >. - n ap aMeTp O,n;KBI1CTa, f3 .- KOH­

CTaHTa MaTepHaJla, e*- pa3p bIXJIeHHe n p a paapy ureaan . 

B .u.a..nbHeHweM [3] Bbl 5:lCHI1JIOCb, '-lTO ,n;JT5I JIy'-l WeI'OCOr JTaCOBaHH5I pac-reros 
C OnbITHb IMa ,n;a.HHbIMI1 crienyer C'-lHTaTb , qTO napasrerp f3 He n OCT051HeH, a 3a BI1­

CI1T 0'1' I1HBap aaHTa P = JPi j Pij , r,lJ,e Pij - TeH30p OCTaTO'-lHbI X MHKpOnanp5:l/Ke-

IOJlUU Hcaan06U'i. K aJaw eBU"i (,D, .<p.-M .H., n porp.) , n pocpeccop , x adi . BblClJIell MaTeMal'1lK1I. Cep­
ceil JIa6A06U"i JI oMblm nu H (K .-<p.M.H., non .), ,D,OueHT, xad». BbIC llJe r i MaTeMaTlIKH. 
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• • ~ . _ l~! ,~l I.J f I &J I J. ~ _ _ 

K~ ,ll~WeBJ1-'{ 10 ./1., ilOMbITK HH Ci F!. . <Po p."vry J1JCpOH I<Cl 

Ha l l [41: 
dB
 
d>' = (3 (p) . (3)
 

B p aoore [5] 6blJI0 npe,lJ.JIO?KeHO 60JIe e 06I.I.J;ee onpeaenmouiee ypasaen ne ;:r,JI51 .na­
pasrerpa B B ¢ opMe 

dB
 
d>' = (3(p, B). (4)
 

Kpoxie TorO, OTMeTfIM CTaTbI1 [6,7], B KOTOpbIX npe,lJ.JIO?KeIIbI ypaBJIeHIUI ,lJ.JUI pas­
psixneana B BI1,lJ.e 

dB
 
d>' = f3(>. )B (5)
 

dB
 
d>' = (3(To), To = ao - mB, ao = ai i (6)
 

COOTBeTCTBeHHO. H, HaKOH el~, B paoore [8J B pavxax snztoxponaor-o nonxozra npezt ­
JIO?KeHO onpenensnoutee ypaaneane ,n;JI51 ofiofirneaaor-o napasrerpa P3.3pbIXJIeHH5i B 

¢opMe 

dRo
 
dR = (3(Ro), (7)
 

r ,n;e 

1 I 1 - 0' I 
R· ·= c ·· ---a· · 

tJ t J 2G 'J' 

ki
Ro = cO - ](ao, ao = aii, cO= Cii · 

3,n;e cb Cij I aij - TeH30pbI ,n;e¢opMaU:Hll H ,n;ell CTBYlO~HX nanpazceunii , nrrpnxa­
MY! 0603Ha'{eHbI HX nesnaropsr, K - 06'bel\1HbIll MO,n;yJIb, G - MO,n;yJIb czis a ra , 0' -' 

napasre'rp 3 H,nOX pOHHOCT H, k i - KOHCTaH'ra MaTepllCl..rra. 

COOTHOllIeHH51 (1)-(7) OTllOC51TC51 K cnyxaro, xorna CKOp OCT b ,ne¢OpIvll1pOBaHH 5i 

He nrpae-r pOJIK. IT03TOMY aaropsr pa60T [9-11] paCCMOTpeJIH 60JIee 0 6 UII1 H CJIy­

'-laM CJIO?KIIOrO uarpyacenxa, cnpaaenrm asrit KaK ,n;JI51 nJIaCTH'-lHOCTH , TaK H ,n;JI5I 

nOJI3y'-leCTH , TO ecr r, ,n;JI51 ,n;OCTaTO'{HO 06 ~e ll T eOp H I1 He06paTHMbTx npoueccos . 
Kparepaa p3.3pyweHH51, 0606~alO~Hll ¢OpMyJIy (3), BblrJI51,n;eJI CJI e,n; YJO~HM 06­

pa30M : 

de . 2 . 
d>' = P /3 (>'), Bk p = m (X). 

2. 'Yq(h I\mKpopa3pyrnemtii B aeynpyrax 3JIeMeHTax. B patiore [12] npn no­

crpoennn KpH'repH51 npO'-lHOCTH 6bTJIHCnOJIb30BaH npocrenuma BapHaHT 3 H,D,0 ­

XpOHHOll T eopHH aeynpyrocru, Y'-lHTbIBaJO~Hll MHKpOp3.3pyweHH51, xor na p aapy­

meHH51 uacrynaror B ynpyr-nx 3JIeMeHTax. B ,n;aHHOH: crar-se rrpHBo,n;HTC51 ¢OPMY­

JIl1p OBKa KpHTepH51 npO'-lHOCTH MaTepHaJIOB ,n;JI51 ofimero sapxaara 3H,n;OXpOfIHOi:j 

TeopHH neynpyroc-m, y,{HTbIBaJO~ell MHKpOp3.3pymeHH51 , xorrta B npouecce n e­

¢OpMHpOJ:laHH51 MHKpOp3.3pymeHY!51 npoacxonxr KaK B ynpyrl1x, TaK 11 B Heyupy­

r rr x 3 JIeMeHTax MaTepl1aJla B YCJIOBH51X B5I3KOrrJIaCTI1'-lHOCTI1 npn 6 0 JIbmHX ,n;ecJ?op­

Mau.H51X. 

lCpHTCpHH 1I~ 

sroro . COI' JI RCHO H 

"l,e .!1 51 I{) Il ~H C COOT IIOllIeHI151 

IJ~H X : 

D.JI ~1 

R ' (l ) te 1 - a 
' J = Cij - 2G 

I 

Y p a BHCIIH 51 (8) MO?KHO aa 

3,n; e Cb 0 6 0 3 Ha '-le HbI '{epe3 t 

lH1 a T Op T eH30pa ;:r,e llcTByI 

MO r aTeJlb HOr O napaverpz 
:-m)~OXpOH H OCTH , PI - ana 
napaxserp M a T ep HaJI a . 

Tloc-ryrt a ra aHaJIOrI1'{H 

/ P+ 
tJ 

I1JI H 

3 ; ~eC b Y ?K.e f,~j - ,n:eBHRTO 

:Jo p a MHKpOHanp51?KeHlIH , 

-re rrso pa , G2 - MO,n;yJIb Y 
npene.na neynpyroro paa 

ITPH rr OJII\OCTbIO aKTI 

r ,n;e f, ~j - ,lJ.eBI1aT Op TeH 3 

HOlIleHHll npn PI = PI(1i 
Ecnu peaJIl13yeTC51 f 

CJIe; .wIOI.I.J;ee ,lJ.On OJIHHreJl 
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TKJr li e.n. (!JOPMYfl llp OBKa «pn r ep ns: rrpO 'lHOCT H MaTepH aJIOB /J, fl Jl 3HA bXpOrlH Ot l xeopnn ne y npyr oc t u 

(3 ) 

IpeJ\eJI5IlOIl.\ee ypaaaenae ,ll;JI5lna­

(4) 

IpeJ\JIO)KeHbT ypaBHeHH 51 ,ll;JI51 paa­

(5 ) 

e, 0'0 = Uii (6 ) 

<ax 3HJ(Ox p oHHoro nozrx ona npezi­
!HOfO napaverpa Pa3pbTXJIeHH5I B 

(7) 

EO = Eii · 

ByIOIIl,I1X Harrp51)KeHHlI , nrrpuxa­

IIO,llj'JIb, G - MO,n:y"lb czmnra, 0' - '
 

pnana.
 

orna CKOp OCT b ,ll,e cPo p M Hp OBaHH5I
 

paccnorpenn 60JIee 0 6 w.Y1 11 CJIy ­


: ,n) I 5I rrJIaCTH'IHOCTI1, TaK YI J(JI51
 

~ OPUI He0 6paTI1M bIX nponeccos .
 
. (3), BblfJI5lJ(eJI cJIeJ(YlOmI1M 06­

lMeHTax. B paoore [1 2] npn rro ­


aa rrpOCTeHWI1H aapnaa'r 3 HJ(O­


I1KPOp a3pyweHlI5l, xorzta p aspy ­

flOM crari,e rrpHBOJ(HTC5l cPOpMy­


o6IIl,ero sapxarrra 3HJ(OXPOHHoll
 

ryureaaa , KOr,D,a B nponecce )J.e ­


xax B y n p y r a x , 1'aK 11 B aeynpy­


'TH9'HOCTlI npn 60JlbWlIX ,ll,ecPop ­

D..15I :3TOf O, 'COf JIa crIO H,ll;eHM pafiorsr [13], CcPOpMyJIHpyeM 3H,ll;OX p OHH ble o rr p e­

.leJ1 5l1OIl.\ l1e COOTH OW eHH51 ,ll;BYX TiIIIOS - ,ll;Jl51 ynpy r-nx 11 aeynpyrnx COCT a BJI5ll 0 ­

uni x: 

d i e dRI (l ) 
c le + 0' Cij _ _ _i_j_ 91 + 1 RI (I ) (8) IJ PI dRI - PI dRI + 91 + 0' i j , 

R~~I )= c ~j_12~~U;j , dRI = dR:;I)dR:~I), PI=PI( R I,Rd, 

Y p aBHeHI1 51 (8) MO)K HO aanncar t, 11 B CJIe,ll;Y I0w.eM BI1,ll;e : 

(9) 

3 ,ll,eCb 0603H a'leHbI -repes c ~j - ne saarop TeH30pa ynpyr-ax ;recP0pMau,HlI , U;j - ne­

nnarop T eH30pa ;rellCTBYIOllWX (B HeWHl1 x ) Ha np5I )K eHl1l1 , R~~I ) - ;reBH aTOp scno­
;;lJOraTe.ITb HOr O napaMeTpl1'1eCKOrO TeH30pa, GI - MOJ(yJIb CJ(B11ra, 0' - napaMeTp 

::JH,ll,OXpOHHOCTI1, PI - aHaJIOf npenena yn pyroro pas p yutenaa , 91 - rr OCT05IHHbI lI 

napaa er p MaTepHaJIa, 

Ilocryrrmr aHaJIOfH'IHbIM 0 6pa30M H J(JI51 neyrrpyr-ax 3JIeMeHTOB M OJ(eJIH: 

d tp dR'(2) . 
Ip /3 Cij _ __ij_ 92 + 1 R I(2) (10) Cij + P2dR - P2 dR + + {3 ij 

2 2 92 , 
1 

R
I (2) _ 'p 1 - (3 , d
 
IJ - Cij - -2GSij l R 2 =
 

. 2 

HoH:l 

c;j dc;j ] dS~j 92 + 1 ,
2G2 - - - +P2 -- = P2- - + --- si " (11) [

92 + /3 dR2 dR2 92 + /3 J 

3 .J,eCb yxce c;j - ,n:eBHaTop TeH30pa ney npyrux J(ecPopMau,HH, S ~j - ,rr.eB l1a T Op T e H­

aopa MI1 KpOHalIp5I:>KeHHH , R:~2) - ,D,eBl1a T Op BCrrO MOraTeJIbHOrO napasre-rpa-recxor-o 

TeH30pa, G2 - MOJ(yJIb ynpO'lHeHH51, (3 - rr a p a M eT p 3 HJ(OX p OH HOC1'H , P2 - aHaJIor 

npeztena neynpyroro paspynrena a, 92 - rrO C1'0 51HHbI H napaxierp MaTepYlaJI a , 

I1PI1 normoc-n.to aK1'lIBHOM aarpyxcenna BbIIIOJIH51e1'C51 paseacr-ao 

r ne C;j - J(eBlIaTop T eH30pa rr OJIHbIX ,'~e cP opMaU;H:lI , 'Y:acTHbIlI cnyxa ii 31'I1X COO1'­

HOWeHl1l1 npa PI = PI(Rd H P2 = P2(R2) npnsenen B [14] . 
E CJII1 peaJIH3ye1'C51 He nOJIHOCTblO a KTHBHoe n arpyzceaae , TO p eKOMeHJ(y eM 

cn enyro uie e J(o rrOJIHHTeJlbHOe yCJIOBHe: 

(12) 
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1

KaAaWeBM 'l l-O.M., n c .OM bI T KHH . n 

E CJUl Gl' = 1 H (3 = 1, TO, cox pana a 3H,I:\0X:POHHOCTb y p aarrenuri, JIerKO no.ny­
q HTb 60JIee npocr sre ,I:\JI 51 aHaJIH3a H BocrrpH51TH51 onpezren aroume COOTHowemUI 

B CJIe,I:\YfOweH diopu e: 

c~j dc;j ) dO';)
2G ( 

I 

1 91 + 1 + PI dc], = PI dc], + O'ij' 

c'p dc',P ds ' . 
2G ( t) t) ) ') ' 

2 9 2 + 1 + P2 dc~ = P2 dc ~ + 8ij ' 

dR2 = dcf = 

3. Onpenena ioura e COOTHOIIIeHH H H KpHTepHH npOtIaOCTH ,rr.J1H 60J1hIIIHX ,rr.e­
qlopMau;u H . Yxasaaasre B rr . 2 COOTHoweHH51 H y p aBHeHH51 sanacansr ,I:\n51 ofi rra­
CTH MaJIbI X ,I:\ecPo pMa~H H. I1pH nepexozre K 60JIb WHM ,I:\e¢OpMa~H 51M H 60JIbWHM 

noaopo'rav nocr-ynasr COrJIaCHO p eKOMeH,I:\ a~rr51M , npe,I:\CTaBJIeHHblM, rranpnsiep, B 

paoore [15]. BBe,I:\eM npnseneaasre necpopvanaa H npaseneausre Harrp51)KeHH51 rro 

cPopMyJIaM 

E e = QTceQ ; EP = QTcPQ; T = QT O'Q ; 
(13) N(1) = QT R(l )Q ; N(2) = QTR(2)Q; 

i;e = QT DeQ; i;p = QT DPQ; T = QTO'Q ;. . (14)
N(l ) = QTR(l)Q; N (2) = Q T R (2)Q. 

3 ,I:\eCb H zianee B 6e3bl HAeKCHOH cPopMe san ac a TeH30pOB 6YAyT HCrrOJIb30BaTb C51 

CJIe,I:\y fOI.I.J;He onpene.nea na H COOTHo w eHH51 : Q - opTOr OHaJIbHbIH TeH3 0p noaop or a , 
De - TeH30p cxopocrea y npyr-ax ,I:\ecPopMa~rrH , orrpe,n;eJI51eMbIH KaK De = (Le + 
+ LeT) /2, rne Le = FeFe- l , a Fe = QUe - nOJI51p HOe p a3JIO)KeHl1e r-pazmeara 
y rrpyroH ,I:\ecPopMa~UI1 Fe 11 U e - npassra TeH30p yrrpyroro y,I:\JIHneHlI51. Kpoxi e 
r oro, BBe,I:\eM ynpy r-na crnm We = (Le - LeT )/2 11 CQOTHOWen l1e u~ = Fe

TFe. 
Aaanor-axao H ,I:\JI51 aeynpyrnx COCTaBJI51fOI.I.J;UX: DP- TeH30p CKopOCTeH n eynpy ­

1rnx ,I:\e cPo p M a~rr H, DP = (LP + LP T)/2, LP = FpFp- , Fp = Qup - n OJI51pHOe Pa3JIO­

)KeHHe r-parra en'ra neyrrpyroa ,I:\ecPopMa~Hrr Fp , Up - npaasrti Ten 30p aeynpy roro 

y,I:\JI11n eana, We = (L e - L eT )/ 2 - aeyrrpyr-aa crnm H u~ = F; Fp . 

<I>aKTrrQeCKI1 COOTHOWeHI1.H (13) U (14) orrpe,I:\eJI51IOT rrse MepbI ,n;ecPopMa~rrH­

y rrpyroii U ae ynpyroa COOTBeTCTBeHHO: 

C I1CrrOJIb30BaHI1eM onpenenemni (13), (14) COOTnOWeHI151 (9), (11) n pmey'r BI1,n; 

(15 ) 

DpOBeAe M HaA y paBHeu l151MH (15) onepau n ro c oparn oro rrp e06pa30BaHI151 BI1,n;a 

Q ( . ) QT , TOr,I:\a rron YQI1M , 'ITO 

56 

I'fI.e Kp y )KOK Ha,I( '1' 

H a x r zra . 

E CJ1l-r BOCnOJIb: 

MO)K HO 3arrl1CaTb r 

11 

3 T H COOTHOlUeHm 

; :r,CcPOp Ma U;I1H 11 DC 

EC JII1 Gl' = 1, 
yp a BHemi H (17) p 

a CB513b 0' 1 C 81 OJ 
K aK 6bIJIO yx: 

B aacrosnueii paf 
)l ;y IOI.I.J;rre 3aKOHbI 



' K U H C. n. 
<POp .\f Y/lHp OBKa KpHTep HR n pO'lHOCTH MaTepUaJIO B nn« 3H/l,OXPOHHOii TeOp lIJ ( neyupy rocru . 

HHOCTh y paBHeHIlH, JIerKO DOJl y ­

51 orr pe,neJ1HKlUJ.He COOT HO WeH H 51 ' I e se R IRtl Rt{ gl + 1) IR1 c + 0:PIC = PI 
O 

1 + . ,
gl + 0" (16) 

O' I p + (3" zp _ R + IR21R2(g2 + 1) IR2 c: P2E - P2 2 . ,
92 + 0" .. 

rae KpyIKOK nan T eH30pOM 0603Ha'iaeT 06'be KT HBHble npoaas ozrm.re T IlDa I' pnna-> 
Haxrnu: 

i e = i e + ceD - Dc:e, i P = i P + c:PD':'- Dc: p • 

R1 = R1 + RID - DR I, R2 ;' R2 + R2D - DR 2 

H rrp O'IHOCTH .u,JISI 6 0 JIbillHX ,r:r.e­
'p aBHeHIl 51 aanacaasi )lJIH o 6 .rra­ D = QQT, PI = pdR1, R1), P2 = P2(R2, R2) . 
I111M ,necPOpMa~ Il HM II 60JIbUlHM 

rrpe)lCTaBJIeHHbIM , nanpnraep , B ECJIH BOCn OJIb30BaTbCH COOT HOWeH I15JMIl (S}. , (10), TO y p a B HeH I1H (15) 11 (16) 
fl npaa ezteansre Ha npH)KeHIlH n o .\oiO)j( HO aannca-n, T aK : 

T= QTaQ; 
(13) QTR(2)Qi 

T.= QTaQ ; 
(14) 

QTR(2)Q. II 

eH30pOB 6Y)lyT llCrr OJIb3 0 BaTb C51 

roroaam-aua T eH30p nonopo-ra, 
,n p e)leJIHeM hI H KaK De = (Le + 
l 5Ip HOe p a3JIO)KeHIle rpazmen-ra 

91'1:1 COOTHOUleH H5l - a m u IO P y p a BHeHHH (9) n (11), aoy xce )lJI5J 0 6JIa CTI1 '6oJIbW I1X
) ynpyroro y)lJUm eHH 51. Kpov e 

l\e cPopMa ~Il ii II nOBopoTOB . 
1 Co.OTHOW eHIle u~ = Fe

T Fe. 
Ecrns 0" = 1, (3 = 1, PI = cons t , P2 = c o n s t , TO B O,JlHOOC HOM crryxae 1-13DP- TeH 30p cxopocr ejr neyrrpy­

ypasaeua a (17) p eaJI113 Y KlT CH CJIe,JlYKlUJ.l1e pe urenna : 
I , Fp = Qup - n OJI51pH Oe p a3JIO­

9 - rrpaBbl H TeH30p ney npyroro 
'n II u2 = F T 

D 0"1 = ~ [c:i +glPl (1 - exp( - cr lpl )) ] , 
. P p C p . gl + 1 
IT 51 101' ztse Mep bI )lecPopMa~ ll }i - ­

8 1 = 2G
2 [cf + g 2 P2 (1- ex p( -cfIP2)) ], 

g2 + 1 

dR I = dei , dR2 = dcf , 

a CBH3 b 0'1 C 81 onpe)leJI5JeT C5J ¢ OpM yJIOll (13) , a IlM eHHO 81 = 0'1 - Tl (R1, R2)' 
omean s (9), (11) rr p n sry-r BI1)l K aK 6 blJIO Y Ka.3a HO B n . 1, O)lI1H 113 OCHOB HbIX 3 a K OHOB )lI-l J1 C\.Ta u.HH I1MeeT BH)l 

~ 1 . dRo = (3( R ) r..; IRIINI , dR 0 ,T O: 
(15) ;r 1 . B aacr osnuea paoore a BT OpaMI1 p e KOM eH)ly KlTC5J , CJIe)lyH l1)le5J M p a60 T [9,10], CJIe ­N;- tJ 'R2

1 2 ' ·l\YIOUJ.He 3 a KOHbI ,JlH.naTa u.ml H K p HTep I1H : 

iaruoro rr p e0 6 p a30 Ba HIl5J BI1)la (I)
dRo (( I) . ) .0'.. dR =(31 , a*, RI, 0'* = a · ' Ro . 'J .tJ'I ~ 
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(17 ) 
G ( 

IR l lc: e oe) 0 gl + 1 I . 
2 1 - - + PIC: = Pl a + - - R11a, 

gl + 0" gl + 0" 

( 
IR2!€P " ) O ' g2 + 1 .

2G2 -­(3 + P2C: P = P28 + - - (3 IR2Is .
g2 + g2 -+­



K a,l(aw eBH<flO.H., n OM bITKHH ·C.n 

dR~2 ) ((2 ) .) 
dR = (32 R O ' S*, R2 , S* = JS~jS~j ' 

2 
. (1) (2) * ' .

Ro = R O + R O = R o(R 1, R 2). 

4. 01.l,eHKa x purepna. B Ka'IeCTBe npassepa p aCCMOTpl1 M cry nen va'roe a a­

r pyxcenae n p a rrOJI3y 'IeCTH . MHOrO'IHCJIeH Hble sxcn epioaea-ransm.ie Ha6JIIOL\eHH>J 

(CM _, a anpn raep , [16-18]) n OKa3aJIH , 'ITO npHHU;Hn JIHHeHHOrO Cy MMHpOBaHH 5J He 

BbITIOJIH5JeTC5J . H aH60 JIee HHTepeCHbIH 3aKOH OCTaTO'fHOH L\OJIr OBe'IHOCTH 6 bIJI ripen ­

"10)l<eH BYL\¢OPL\OM [17]: 
n 

I>IJ ;(ti/tn = 1, 
i=1 

rrre ti- BpeM.51 L\eHCTBH5J HarpY)l<eH H.51 n a i -Toll cry nea a , ti - Bp eM 5J ,L:(O p aapyure­

HH5J npn n arpy zceaaa a a i-Toll c-ry n ea n , a ¢yHKU;UH Wi HaXO,L:(HJIHCb sx cnepavea ­
Ta.n b HO, rrpH'feM npn HH3KHX Hanp5J)l<eHH 5J X 3T H ¢ YHK 1.l,HH nsirryxm,r, a npa 60JIb ­

WH X Harrp51 )l<eHH5J X - sor-ny-ru . 0 6I.I.1,Hll BbIBO,lJ H3 aH aJIU3a 3KcnepHMeHT aJIbHbIX 

,L:(aHHbI X TaKOB: n OHH)l<eHHe Hanp51)l<eHHH y BeJIH'fHBa eT ,L:(OJIr OBe'IHOCTb , a nonsrure ­
HHe n anpaxcemra Be,L:(eT K YMeHbrueHHIO ,L:(OJIrOBe'fHOCTH. KpHTe p HH p aspyurenaa , 

npe,L:(JIO)l<eHH bIH B [9, 10], x o powo OrrHCbIBaJI OTKJIOHeHHe OT npnamma JIHHeHHO­

ro Cy MM HpOBaHH5J. Pac-rerta , nposezreansre n o npen n araesso u y B ,L:(aHHOH pao or e 

aapuan-ry Te opHH , OKa3aJIHCb 6 JIH3KHM H K p e3YJIh TaTaM pa6 0T [9,10] . 
ABTopaMH rrO,lJp06HO 6bIJIa p a ccno'rpena U s anaxa rrpocror o C,L:(BHra. 9 Ta aazia­

"fa rrpe,L:(CTaBJI.51eT OC06bI H mrrepec, TaK KaK n o KJIaCCH'feCKHM JIHHellHbIM TeO pH.51M 

n eynpyrocrn H n o npeL\JIO)l<eHH 5J M p a60TbI [9] oc easre ,lJe¢OpMaUJofH He B03HHKaIOT, 

H HCrrOJIb30B aHHe Kp HT ep H51 rrpO'fHOCTH, CB5J3aHHOr o C p a3pbIXJIeHHeM, 6eCCMbIC, 

JIeHHO. A rro npenn araesr ca B ,L:(aHHOlI p aoore Teop HH npn C,L:(BHr OBbIX nar-pyxcenn ­

5JX B03H l1KalOT ocensre necpopvanna (aeoons ume n o BeJIH'fHHe) , a CJIep;OBa TeJIbHO, 

I1MeeT Me CTO H Pa3pblXJIeHH € MaTepHaJIa. P e3YJIbTaTbI OKa."3aJIHCb BrrOJIHe npn ev ­

Jl eMbIMH p;.15J npaKTH KH. 

Patiom a eblnOJl.HeHa npu noddeptncxe P rp rp lf (x:od npoenma 08-01-00036-a) . 
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s"·s ·.
1)	 1)'FX

Hz). 

l CCMOTPI1M cTy rrew iaTO e H a­

~p l1MeHTanb Hb l e Ha 6moll,eHlUI 

fl1HeilHo ro CyMMl1poBaHI1 51 He 

Hoil ll,OJIroBe '-lHOCTI1 6 b l JI npezi­

~RH, ti - BpeM>I no paspyurs. 
~i HaX O,L(HJI11.Cb 3KcrrepHMeH­

KilliH BbirrYKJIbI , a npn 6 0JIb ­

HaJIH3a 3KCrrep11.MeHTaJlbHbIX 

T ,L(OJIrO Be'-lHOCTb , a noasnue­

.nr. KpYITep11.i1: pa3pyweHH>I , 

eaae OT rrpHHlJ)1ITa JIH Hei1:H o­

rraraeMoMy B ,L(aHHofi paoore 

raM pa60T [9 ,10]. 
Lnpocroro C,L(BHra. 9 Ta aana ­

!'::ceCKI1M JIlIHei1:Hbl M T eopl15IM 

.llecPopMa u m l He B03H11.Ka lO'l', 
c Pa3pblXJIeHHeM , 6eCCMbI C­

npa C,.lBHrOBbIX HarpY )f<CHI1 ­

leJIlI '-lHHe ), a CJle,L(O BaT e JIb HO, 
bl OKa3anHCb Brr OJIHe npnev­
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FORMULATION OF MATERIAL STRENGTH CONDITION FOR 
ENDOCHRONIC TlIEORY OF NON-ELASTICITY ALL OWING FOR 
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S-mai!: sppom cy andex ruv 

Endo chroni c cons titutiv e relations in viscoplas tic theory f or large stmin dom ain ere 
studied. It 'is assume d that micro-fra ctures are initiat ed both in elastic 'and in non­
elastic elem ent s of deform ed m aterial . Tw o constitutive equations and two dilatation 
one s for elastic and non- elastic ranqes are proposed. Dilatation parame ters are in tro­
duced into strength condition for brittle and ductile fracture of materia ls. 
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