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Annomauus. Ilpennoxeu CTaTl1CTl1LJeCKl1H aapnarrr TeOpl1l1 neynpyrocrn 3H.uOXpOH­

noro Tl1na , )'lJl1TbIBalO~l1H nauarn.asre Ml1KpOHanp5l)l(eHl151 l1 na-rarn.aue Ml1KPO.uecpOP­

Mau,l1l1, conepacaumeca B MaTepl1ane. Crpopraynnpoaaa u onpenenstoume COOTHOweHl151 

reopan . H a rtpnvepax 0.uH03neMeHToH l1 .uByx 3neMeHTHoH Mo.uenl1 npencrasnenu pac­

LJeTbT O.uHOOCHoro uarpyxcenaa fl1nOTeTl1LJeCKOrO MaTepl1aJla, .ueMoHCTpl1p)'lO~l1e B03­

MO)l(HOCTl1 nonxona B npezmonozceaaa 0 paBHOMepHOM pacnpenerreana HaLJaJlbHbIX 

MI1Kpo.uecpopMau,HH. nO.uLJepKl1BaeTC5I , '-ITO B npou,ecce narpyacenna crpytcrypnsie ane­

MeHTbl Mo.uenl1 MoryT rerrepnponars .uecpopMau,l1l1 pa3HbIX 3HaKOB, LJTO pacuinpaer 

rpaunusr npl1MeHl1MOCTl1 reopnn. 

!VllO'leeble cnoea: 3HOOXp OHHaft meopu» ueynpyeocmu, onpeoensuoiuue coomuo­
Wei-tuft, cmamuc muuecxuii eap uaum, nawaiu.uue uuxpoo ediopuauuu, uuxponanps­

JICeHUft . 

B 1995 rorry B pafiore [1] 6blna npeunoacena .uByxnoBepxHOCTHa51 TeOpl151 nnaCTl1LJHOCTI1, 

YLJ l1TbIBaIOll.(a51 Ml1KpOHanp5l)l(eHl151. B 2004 r ony B cr ar se [2] 6bIJla cnenana norrsrrxa pacumpurs 
B03MO)l(HOCTl1 'reopua, npencrasneaaoit B [1], C l1CnOJlb30BaHl1eM l1.ueH, BbTCKa3aHHblX B pafiorax 

[3,4]. <DaKTl1yeCKl1 B [2] 6bIn npezmoacen HOBbIH sapaanr 3H.uOXpOHHOH TeOpHl1 nnaCTl1YHOCTl1. B 
.uaHHOM accnezroaanau pa3Bl1BaeTC5I 11 YTOLJH5IeTC5I nonxo.a K nOCTpOeHl1lO onpenenaroumx COOT­

HorueHl1H TeOpl111 nnaCTl1YHOCTl1, ony6nl1KOBaHHbIH B crarse [2]. 
Ilpennoxeuua pa60TbT [2] l1MemJ cnenyiounrq Bl1.u: 

md Eij dYij 
E .. + l3'T k -- = 'Tk --+ x k ' (1) 

Ij d 'A d'A 
k k 

X k =Ckm Y; , k ,m = 1,2, ...,N, (2) 

crij = 2G· (Eij - amY;) , (3) 

am ~O, La", =1, «», ="dy~ "=~dY~ : dy~ (4) 
III 

3.ueCb "» - ztean arop TeH30pa .uecpopMau,l1H, (J ij - .ueBl1aTOp TeH30pa Hanp5l)l(eHl1H, Y;' 
nesuaropu TeH30pOB aeynpyrux .uecpopMau,l1H, 'Tk - ananoru nediopvauxoa HbIX npenerros rercy­

LJeCTl1, - KOHcTaHTbI, l1Meloll.(l1e cv srcn, aHaJlOrl1LJHbIH K03cpcpl1u,l1eHTaM ynpOLJHeHI151Ck lll 

(pa3ynpOLJHeHH5I) , ~ - napaverp 3H.uOXpOHHOCTl1 (0:::; ~ :::; 1), alii - KOHCTaHTbl , HMeIO~l1e 

cxrsrcn BeCOBblX K03cpcpl1u,l1eHToB. Bupaaceane x k B crarse [2] Ha3BaHO cpenaeaaaeurennu« rte­

Bl1aTOpOM neynpyrnx .uecpopMau,l1H:. 

llaCTHbIH: sapaairr TeOpHI1 (1) - (4) npn k,m = 1,2 l1MeeT Bl1.u: 

de .. dv: I 2 
Ij JIj C CE.. + ~ "'C \--="'C1- - + IIY"+ 12Y '" (5) 

IJ dA dA Ij IJ 
I 1 
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Cepl151 « E CTeCT BCHHbIC Ha YKl1 » 

dEij dy~ ] 2
E.. + fl.'T2-- = 'T2-- + C \y ·· y .. , (6)

2 + C22 13U, IJ f-l d'A d'A IJ IJ 
2 2 

crij ,
'J CT. E .. =-+U,Y.. +U2Y

2 
.. , U I+U2 = 1. (7)

IJ 2G IJ IJ
.7bHbl X 

'umem OTMeTHM ABa HeAOCTaTKa COOTHoweHHH (5) - (7) : 

il.com 1) B [2] peKoMeHAOBaJlOCb pacxeru npOBOAl1Tb JlHWb B cny-rae at = u 2 = 0,5; 
2) yTBep)l(AaJIOCb, '-lTO G - peaJlbHbIH MOAYJlb CABHra, XODI B HayaJlbHbIH MOMeHT uarpyxce­

Hllil MOAYJlb CABHra no COOTHOWeHH51M (5) - (7) 3a BHCHT OT 3Ha'-le IlH51 napaverpa ~ . 

TIo::noMY ceil-rae l1CXOAHble COOTHOWeHH51 TeOpHl1 (1) - (4) npeanaraercs aanncart, HeCKOJlbKO 

sapyro« BHAe (~k - napaverpsi 3HAo x p OHHOCT H). 

1 ( fl. dc ij J dy;
2G ' crij + f-lk 'T k d'A = 'T k d'A + x k ' (8) 

k k 

X k =Ckm y;', k.m = 1,2,...,N, (9) 

'CTIi , 

JI1Tb 

rrax 
i . B 
JOT-

c 
E=-+ u\y, + U 2Y2' (13 ) 

2G 
Ilpnnepsr, npasenenaste B crarse [2] , npoAeMOHCTpl1pOBaJll1 xopowee COBnaAeHHe C orn.rr­

HbIMH AaHHbIMH. OAHaKo pac-reru rrpoaonunnci, JlHWb npn MaJlbIX 3Ha y eHllilX ~, YTO OrpaHHYH­

saer B0 3MO)l(HOCTl1 reopun . OTMeTHM raiose, '-lTO B [2] aarop OTOWeJl OT peKoMeHAaUHH pa60TbI 

[3], B KOTOpOH Mepa AecPopMaUHH BBOAHJlaCb no cPopMYJle (a - napaMeTp 3HA OXp OH HOCTH) : 

cr
r=E-(1-u)- . (14)

2G 
TI03TOMY AJl51 AByx3JleMeHTHoH MOAeJlH (8) - (10) C )"-IeToM (14) rronyuaev, YTO:y-

Iii _l_.(cr+~I'T] dcr J='T drl +C1!r] + C (15a)1 I2r2 , 

e 2G] Idr; I Idr, I 

_1_.(cr+~2'T 2 dcr J='T2 dr2 +C (156)
2,r,+C22r2 

, 

2~ I~I I~I 
cr cr 

I] =E1- (1- ~l)-' r2 =E2 - (1- ~2)-' (16)
2G) 2G2 

(E) = C,E1 +C2E 2 , C, +C2 =1, (17) 

r ne KOHCTaHTbI C\ , C2 - aecossre K03cPcPHUHeHTbI , a CHMBOJl < e > 0603Ha'-laeT cpezuiee sa ax en a e 
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CepM5I «E CTe CT Be HHble HayKVI» 

neepopMauYl YI. 

PaCCMOTpYlM COOTHOWeHYl5I (15) - (17) nJUI OnHOOCHoro HarpY)l(eHYl5I B CJlY1.Jae, xorna k = 1 

~I =1 YI ell =--
1 

.Torna ''i =E:, dr; =1 de, I YI 
g+1 

_1_.(0"+'t dO" J='t~+_E_, IdE: 1=~dE: . :d E: ., (18) 
I2G IdEil IdEil g+l lj v 

rue: IEi I - nJlHHa .ayru TpaeKTOpYlYl neepopMHpoBaHIDI, g - auanor K03epepYlUYleHTa ynp01.JHeHI1~ 

(pa3ynp01.JHeHYl5I) MaTepYlaJla. 

Ilpennonoaot«, 1.JTO B TeJIe YlMelOTC5I Ha1.JaJlbHble MHKponeepopMauYlYl Eo' cpenuee 3Ha1.JeHl1e 

KOTOpbIX paBH5IeTC5I HyJIlO . OpennOJlO){(HM, 1.JTO neepopMHpOBaHYle Ha1.JYlHaeTC5I B TOM cny-rae, xorna 
BHeWH5I5I neepopMaUYl51 E npeBOCxOnHT 3Ha1.JeHHe Eo' TeM caMblM noxansuas nJlHHa nyrYl A onpe­

nemreTC5I epopMynoH A= E - Eo ' rne E YI Eo ozmoro 3HaKa. Ho Torna noxansuue neepopMaUH YI £0 

npOTYlBOnOnO)l(HOrO 3HaKa caMOCT05lTenbHO 6ynyT BbI3bIBaTb re-renne MaTepYlaJla, npu Ka)l(nOM 

E > 0 nn51 cpennero 3Ha1.JeHYl51 nanpsxcenu» nOJlY1.JaeM: 

<0">= 
+00

f O"(EO' E) f(Eo)dE o, 
- 00 

rne: f(Eo) - nnOTHOCTb pacnpenerreuns cnY'-laHHOH BenYl1.JYlHbl Eo, O"(Eo,E) - noxani.asni aaxou 

pa3BYlTYl51 Hanp5l)l(eHHH, a <. > - 3HaK cpenuero 3Ha1.JeHYl5I CJlY'-laHHOH BenYl1.JYlHbI. 

fJlaBHOH ocotienaocrsro paccvarpnaaevoro no.axona 51Bn5IeTC5I TO 06CT05lTenbCTBO, lITO OT­

puuarenr.aue na-rarn.uue MYlKponeepopMaUHYI Eo npensrcrayior pa3BYlTYllO Te1.JeHYl51 npu paCT5I)I(e-

HYlYI, a nonoaorrem.aue Eo cnocoficrsyior pa3BYlTYllO Te1.JeHYl5I. Eo.nee roro, euie B pafiore [5] 6b1JlO 

yxasaao, 1.JTO IEo 1< L, rne L - HeKOTOpa51 3KcnepHMeHTaJIbHa51 xapaxrepacruxa MaTepYlana. 

OTClOna MO)l(HO cnenars BbIBOn, 1.JTO Te1.JeHYle MaTepYlaJIa Ha1.JYlHaeTC5I npn ycnoann 

E - E~I) ~ 0 B nepaou cny-iae (npa paCT51)l(eHYlYI), aBO BTOpOM cnyxae neepopMYlpOBaHYl5I (C)I(aTYlYI) 

- npu E+ E62
) ~ O. 06benYlH5151 06a cnY1.Ja51 neepopMYlpOBaHYl5I nonyuaexr: 

e 

< 0" >= fO"(Eo,E) f(E o) de., (19) 
- e 

STOpOH oco6eHHOCTblO nonxozia 5lBn5leTC5I TO 06CT05ITeJIbCTBO, 1.JTO BHe mrrepaana 1Eo 1< L 
BHeWH5l51 )),eepopMaUYl51 E He npOYl3BOnYlT Hanp5I)I(eHYle 0". 3TOT epaKT nrpaer peuiarouiyio pons­
npYl YlCnOnb30BaHYIYI epopMynbl (19). 

Cornacuo paoore [5] 3aKOH pacnpenenenaa Eo 6nYl30K K HopManbHoMy saxony pacnpenene­

HYl51 , HO )),n51 BbI5ICHeHH5I Ka1.JeCTBeHHoH KapTYlHbI 5lBneHYl5I npYlMeM paanoraepusiii 3aKOH pacnpene­

JleHYl5I Eo' rorna npn Ka)l(nOM E> 0 cpezmee 3Ha1.JeHYle 0"(Eo' E) ua npo)),eepopMYlpOBaHHOH1.JaCTYI 

6y)),eT HMeTb cnenyioumf BYI)),: 

(20a) 

ecnn IE 1< L. Ecrm xce IEI> L, TO: 

(206)
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CCPI151 «EC"reCTBeHHbJe HayKI1» 

[Jpe)J.nOJlO)KI1M, lJTO B 'rene npncyr crsyror uavan suue MI1KpO)J.ecPOpMaUI1I1 EO 11 na-ransuue 
la k ==1 , 

MI1KpOHanp51)l(eHI151 a O' np l1lJeM a O = q . EO ' q =const . To rna npu np51MOM O)J.HOOCHOM Harpy­

)\{eHI1 I1 paCT51)l(eHl1eM peuie nne ypa BHeHI1 5l ( J8) I1MeeT BI1)J.: 

a = n + p E + exp(E0 T-EJ. (qE o - n - pEo) ' (2 J) 
(1 8)
 

2G Tg 2G
 
n = p=-­

g +l ' g +l ' 
Ha pncynxe J npaaenenu Tl1nWIHble rparpmot peurenna (2 J) )J.Jl51 cJlYlJ a51 2G = 1, T = 1,

la4eHHe 
g =4 , Eo =1, E ;::: Eo ' q =1 (KpI1Ba51 - a) 11 q =0,2 (KpI1Ba51 - 6).

:, xorna 
1.6 r--------r-----,----.-----.---.--~ 

, onpe­
1.4 

U111 Co 

~JK,'(O M 1.2 

1 

0.8 

0.6 

0 .4 
o OT­

'JDKe­

)blJIO 

: a 
... . . --- - - - ~---- . .. . - .. ~ - .- -- -- -- - ; -- -- -- -- -- , --- --- - --;---- -- -- -­ 0.8 

, , , 

: : 
, 

: 
, 

6 
. -- .. ---- --~---- .. . --. : ---- -- -- -- -: ---- -- -- . : -- -- ---- -- -: ---- -- --. • 0.7.. .. . .. ... .. . . 
--. -- ---- - - ~----- -- -- --~ - - -- - - -- --i -....--- ---~ -- -- --- ----i------ --- · 0.6 

" • I 

," " ,., ,, , . , , 
-- --.. -- -- -~ -- --- . -- -- ~ -- --- -- -- --; -- --- . -- ---; ----- ---- --; --. -- -- -- ­ 05 

I , , , I 
, , I I , 

.."" . "
" 

-- --- -- -- - : -- -. --- --- - ~ - - --- ------ ~ -- -------- - ~ ----- -- -- -- j-- -- ---- -­ 0.4·, ,. ., , .,· . .· , . . 
0.3.. -- - --- -- ~ -- - - -- -- -- . ~ - - -- -- -- -- - : -- -- -- -- -- . : - -- - -- -- -- - : -- . -- -- . -­

, I I , 

I I , I 

: ' : E 

<0"> 
. . . . . _ ~ .. . - - ~ - - - - _ .~- . . . - ..~ - - - - - - , - - - - - -~ - - . • •• •• . . . • . •~----- - . .. . . 

, , , 

, . 
• I , • • • , • 

. . . -- - t - -_. -- ~-- -- ---:- - - _ . _ . ~ - - - - - . ! - -- - - . ~ - - - - -- ~ - - - - - - -; ­, , , . 
, " I, . .· , .· ,. , 

-···-·i ---~- ------: ;._--.--i-----··: : --:- ------ -.-. . , , , , . " , , . , . "' .
" " "'
"

" ,
" 

-.. --. !.. ----;-- --- --:-- ..... ~. -- ..:-----+- -- .. ~ .. -----~ -- ---- -.. -­
, , . , . . ,· , . . . . .· .. ." . .." . . " ' " 

------1--- ---( -- r -----r---- --:-- -- -- j------r---r 
, , .. " , , . . , . , , 

-.. ... :. -- -- ~ -- -- ---;--.. -- .: -- . -- -: --- .. _ ~ -- .. . . ~ . . -- --- : --- -- ­
, ' 

E 

020 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 

PHCyHOK 1. Jloscarn.m.re xpuasre PHCyHOK 2. Ocpe~HeHHhljj 3 a K OH 

~e(I)OpMHpOBaHHH "PH MOHOTOHHOM ~e(I)OpMHpOBaIlHH "PH "PHMOM 

O~HOOCIIOM paCTHJKeHHH aKTHBHOM HarpyJKeHHH
IBI1M 

[JO)J.lJepKHeM, lJTO peure na e (2 1) onpenen ser 3aKOH TelJeHH51. npn Hel13M eHHblX 3HalJeHI151X 
[111-1) 

na-ram.uux MI1Kpo)J.ecPopMaQI1H Eo ' TaK KaK MaTepl1aJl npl1HI1MaeTC51 nepaouasansuo 1130TpOn ­

HbIM, TO cpennee 3HalJeHI1e na-iansnux MI1Kpo)J.ecPopM aUI1H 11 aa-ransnstx MI1KpOH anp51)l(eHHH B r e­

ne, ,aOJl)l(HO paBH51TbC51. nymo < E >= 0, < a > = 0. 
I1cnOJlb3y51 JlOKaJlbHbIH 3aKOH (21), paeuovepasia 3aKOH pacnpenenenas HaqaJlbHblX MI1KPO­

,aecPopMaUI1H Eo 11 (20), non y-tav: 
'L 
'Jl b < a >+= ;£ ·l[n + p£+ exp ( £0;£}eq£, - n - P£ol}d£o. (22) 

'e- JJ:Jl51 crry-raa, xo rna 2G =1, T = 1, g = 4, q =1 peurenue (22) I1MeeT BI1)J.: 

e­
< a >= 1,2 + 0,2 E+ O,4. e-2£+ 0,8 .(e-2£-1) , 

E 

a npn JlJ060M q peureuue (22) npl1HI1MaeT cPOpMy : 

q q 05k +02
< a> = - + 0 7 + 0 2 E+ (- - 0 1) . e-2£ + , , ·(e-2£-1) . 

2 ' , 2' E 

Ha pncyuxax 1 11 2 nOKa3aH xapaxr ep pa3BI1TI151 ,aecPopMaUI1 I1 rrpu aKTI1BHOM MOHOTOHHOM 
aarpyzceuaa paCT5I )I(eHl1eM ,aJl51 JlOKaJlbHbIX 11 ocpenneansrx Hanp51)l(eHI1H. M O)l(HO noxasa'rs, qTO B 

d <a > 
,aaHHOM rrpavep e npu JlJ060M 3HalJeHI1 11 q =1. 

£=0 

v!3BeCTI151 MfTY «M AM VI» NQ 1(19), 20 14, T. 4 
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Cepu» «Ecrecrueuuue l-laYKI1 » 

PaCCM OTp HM KaK H3MeHHTC5I JlOKaJlbHblH 3aKOH pa3BHTH51 Hanp5l)l(eHHH, eCJlH paCT5DKeHHe 

CMeHJleTCJI C)I(aTHeM H, Ha06opOT, eCJlH C)I(aTHe CMeHHTC51 paCT5I)I(eHHeM. Ilpennonoxoca, '-ITO sa­
KOH I13l\f eHe HI151 Hanp5l)l(eHH5I npn O)].HOOCHOM aKTHBHOM (6e3 paarpysxa) paCT5I)I(eHHH C q)l1KCl1pO­

B<lHHbIM H 3HalfeHH5IMH uasam.nux MHXpO)].eq>OpMaUHH, 0603HalfaeMbIX EO' BbITeKaIOw.HH H3 (21) 

npa g =00, 20 = 1, 't =1 H q = 1 HMeeT BH)].: 

a + = 1+ exp( Eo - E) . (Eo -1) , (23a) 

a npu npOCTOM C)I(aTHH: 

(236) 

Ilpenno.roaorv , LITO nposeneuo narpyxcexae paCT5I)I(eHHeM. TIpH 3HayeHH5IX E = E. paCT5I­

)l(eHHe 3aKaHYI1BaeTC51. Ilocne aroro I1pOBO)].HTC5I ofiparnoe C)I(aTHe. Ilpennonaraerca , I.JTO cnpa­

Be)].JlHBa q>opMyJla runa (236) , HO )].Jl5I «CKJleHKH» petuenuii 110 Hanp5l)l(eHH5IM BMeCTO MHO)l(HTeJI5I 

(1- Eo) ceiisac BBO)].I1TC5I Hel13BeCTHbIH MHO)KHTeJlb C , TO ecrs: 

a_ = -1 + C· exp(Eo+ E) , 

a C HaXO)].HTC51 H3 YCJlOBH5I a+(E.) = aJE') . HeTpy)].HO nposepirrs, I.JTO: 

C = 2· exptc, - E.) + (Eo -1)· exp(2· (Eo - E.)) 
H 'rorna OKOHyaTeJlbHa51 <pOpMyna )].Jl5I cr_ nocne paCT5I)I(eHH5I )].0 E. 3anHWeTC5I B BH)].e: 

a_ = -1 + 2 ·exprs - E.) + (Eo-1)· cxprs, + E- 2E.) . (24) 

Ilpr: 3TOM 6blJlO y-rreno, I.JTO nocne H3MeHeHI15I HarpY)l(eHH5I C paCT5I)I(eHWI aa C)I(aTHe )].JlHHa 

)].yfl1 paana A= 2E. - E- Eo' a E. - )].eq>opMaUH5I nepezi nOBopOTOM narpyxceaua. )J,Jl5I BbIYHCJle­

HH5I cpenaero 3HaI.JeHH51 Hanp5l)l(eHI15I , ocpezmsevoro no Eo H panaovepnovy saxony pacnpenene­

HH5I )].Jl5I Eo' npa 06paTHOM C)I(aTHH socnonsayevcs COOTHoweHHeM rnna (22). Torna: 
2£.-£ 

< a > = -1 + 2 .exp(E- E.) . Eo + (Eo - 2) . exp( Eo + E- 2E.) 
(25) 

- 2·12E. - EI 
Ilpasenennoe peureune (25) cnpasennuao rtpn 0:<;;; E :<;;; 1. 
Ilpu E < 0 HCXO)].HbIM 51BJl5IeTC5I peureuae 3a)].aI.JH (18) npH aKTHBHOM MOHOTOHHOM C)I(aTHH , 

nony-reuaouy aHaJlOrHYHO COOTHoweHHlO (21) 11 ocpenaenaovy no Eo: 
2 £ 1 e - 0 2£<a> =-1 5 + - ,5'e (26)-, 

E 

Ilorpefiyev, I.JT06bl npn E = 0 peureune (25) H peuienue (26) cosnanana, TO ecru: 

1 
<c >. = -1,5 + C -[ e"E- - o,5 -e" J (27) 

ECJlH B KOHue npensmyuicro ar ana (npu E = 0) a = a o' TO C = 1+ 2/3 .a o. 
Ha pncynxe 3 npnaeneuo peuieune (15) - (17) no )].Byx3J1eMeHTHoH Mo)].eJlH )].Jl5I npOCTeHIlJe­

ro cJlYI.Ja51 O,lJ,HOOCHOro MOHOTOHHoro paCT51)l(eHH51, xorna: 

1 [ da] de,-_. a+-- =-- E 20 a 20 (28a)
2G d ): d's: ' 1 ' ,

I 1 I 

1 [ da] dE 2--. a+-- =-- E :<;;;0 a20. (286)2G d): o:' 2 , 
2 2 2 
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Cepl151 «ECn :CTBeHHble HaYK(1 » 
sernre 
ro aa­
;!lP O­

: (21) 

3a) 

36) 

lCT5I­

npa­
reJJ5I 

3neCb ~I = ~ 2 = 1, Cll = C l 2 = C2 J = C22 = 0, L 1 = L 2 = 1. Torna lJ = EI , r2 = E2 ' 

d\ = dEI' dA 2 =-dE2 , 11 CJIenOBaTeJIbHO: 

_1_. .[cr + dcr] = 1, (29a) 
2G l de, 

2~2 -[IT ­ :;,] = ­ L (296) 

Torzra peurenne CI1CTeMbl (29) 3an 11 WeTC5I cnenyroumv 06pa30M : 

1 1
El =--·In(1-cr) , E2 =--·In(1+cr), <E>=(E1 +E2) /2.

2G1 2G2 

B pacxerax, npenCTaBJIeHHbIX na pncyaxe 3, npl1H5ITO, -rro 2G1 =1.2 , a 2G2 =1 . 
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---- .. ~ .. - -- - - ~ -- -- -- : --- -- : - -- - -- : --- ­
,, . . . ,, 

-1 -0 5 0.5 1.5 

PHCyHOK 3. Hoaenenue ll.el}>opMaQH" no ypaBHeHHSlM Il.Byx3JleMeHTHoH 3HIl.OXpOHHO" 

'reopnn npH 0Il.HOOCHOM paCTSlJKeHHH 

Xapaxrepnon oco fieiuro crsro peWeHl151 CI1CTeMbI (28 ) 51BJI5IeTC5I TO 06CT05lTeJIbCTBO, -rro zte­

cPopMaI..l,l111 E1 11 E2 npOTI1BOnOJIO)f(HOrO 3HaKa, -rro orxpsraaer HOBbIe B03MO)f(HOCTl1 n JI5I 3HJJ.O­

HI, XpOHHOH reopnrr. (flo reopan paficru [2] 3Tl1 necP0pMaI..l,l1l1 ozmoro 3HaKa). 
PaCCMOTpl1M n aJIee nJI5I ypaaueuaii TeOpl111 (15) - (17) 60JIee 06ll(I1H npl1Mep OnHOOCHoro 

MOHOTOHHoro paCT5I)f(eHl151, xorna, B OTJIl1lfl1e OT npensinyurero, yYl1TbIBaIOTC5I l1 aavansuste Ml1K­

ponecPopMaI..l,l1l1 Eo' Torna onpenenaroume COOTHOWeHI151 6ynYT I1Men Bl1n (28a) l1 (286), a JIO­

xansnsre 3aKOHbl necPopMl1pOBaHl151 npI1Hl1MaeM, cJIenY51 (21 ), B cPopMe: 

c 
2G =1+(Eo-1)·exp(Eo-E) , (3 0a) 

I 

c 
- = -1 + (Eo+ 1) . exp(Eo- E) , (306)
2G2 

t-
npn g =00, L = 1, cro = q . Eo' q =1. 

Peurenne CI1CTeMbl (30) B OTcyTCTBl1l1 ynpo-merrua MaTepl1aJIa (g = 00 ) MO)f(HO nOJIYlfl1Tb B 

Bl1ne: 

1 
-(cr)= 1,5 + 0,5 · expf-Ze.) + (exp(-2EI ) -1) / EI' (31a)
2GJ 

1 
2G (cr)=0,5.(exp(-2E2)-1), (316) 

2 
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CepI151 «ECTe CT Be H H bl e HaYKYI»°rae: E I :;:::: 0, E 2 ~ . 
Ha pHcyHKe 4 npnsenenu rpa¢HKH pa3BHTH5I ,ll.e¢OpMaUHH ,ll.Byx 3JleMeHTOB MO,ll.eJlH B 3aBH­

CHMOCTH OT cperurero Hanp5l)/(eHH5I , Bbl1.JHCJleHHble no (31) npH 2G} = 1.2 H 2G2 =1 . 

1.2 

1 

0.8 

<0"> 
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-1 -05 o 0.5 1 5 2 25 

PHCyHOK 4. BJIHSIHHe :)JIe M eHT OB PHCyHOK 5. BJIHSIHHe 3JIeMeHTOB 

3HAOXpOHHOH TeopHH aa KPHBYIO 311AOXpOHHOH 'reopau ua KPHBYIO 

OAHOOClloro paCTSI~eHHSI "PH OTCyTCTBlf1f OjlHOOCHOro paCTSI~eHHSI C y-reross 

ynpo-raenaa MaTeplfaJIa ynpouuenna MaTepHaJIa 

Ha pncymce 5 npencraanenu peaynsraru peWeHH5I CHCTeMbI (28) ,ll.n51 npavoro aKTHBHoro 

Harpy)/(eHH5I paCUI)/(eHHeM C Y1.JeTOM H na-ransuux MI1KpO,ll.e¢OpMaUI1H H ynp01.JHeHI151 MaTepl1aJla 

(napaverp g =4). Jloxansusie 3aKOHbI ,ll.e¢OpMl1pOBaHH5I B 3TOM cny-iae aupaxcarorca cnenyio­

ll\I1M 06pa30M: 

a 
- = 0,2· E+ 0,8· [1 + (Eo-1)· expre , - E)], (32a)
2G l 

-
a 

= 0,2· E+ 0,8 ·[- 1+(Eo+ 1)· exp(Eo- E)], (326)
2G2 

a ocpenaeunsie ,ll.Jl51 pasnoxrepno pacnpeneneunux Ha1.JaJlbHbIX MHKpO,ll.e¢OpMaUI1H - B BI1,ll.e: 

< a > 0,8
-2G = 0,2· Ej + 1,2 + 0,4· exp( -2EI ) + -. (exp(-2E 1) -1), (33a) 

] E] 

<a >
2G=0,2'E2 +0,4·(exp(-2E 2 ) - } ) , (336) 

2 

rne, rro-rrpexcuevy, E, :;:::: 0, E 2 ~ 0, 2G, =1.2, 2G2 =1. 

3aMe'laHHe 

06paTl1M BHI1MaHHe aa Ba)/(HYlD ,ll.eTaJlb , KOTOpa51 He 6blJla 1.JeTKO asineneaa B [5]. TIp113HaBa51 

B03MO)/(HOCTb HaJII1Yj151 B MaTepHaJle na-rarn.asrx MI1KpOHeO,ll.HOpO,ll.HOCTeH, asropsi [5] C1.JI1TaJlI1, 

1.JTO B ynpyroii 06JlaCTH CB5I3b Me)/(,ll.Y Hanp5l)/(eHH5IMH 11 ,ll.e¢OpMaUH5IMH Mo)/(eT 6bITb npo 113BOJlb­

HOH, TaK KaK Ha1.JanbHble MI1KpOHeO,ll.HOpO,ll.HOCTI1 MoryT BJlH5ITb aa npouecc ,ll.e¢OpMl1pOBaHI151 

nmus B nJlaCTHyeCKOH 06JlaCTI1. B 3H,ll.OXpOHHOH reopnu neno 06CTOHT HHa1.Je. B 3 H,ll.OXp OHHOM 

nonxone OTcYTCTByeT paanerienne ,ll.e¢OpMaUI1H Ha ynpyrne 11 aeyrtpyrue cocraanstoutae, n03TOMY 

CB5I3b Me)/(,ll.y Hanp5l)/(eHH5IMH H ,ll.e¢OpMaUH5IMI1 B HCXO,ll.HOM COCT05lHl1l1 He MO)/(eT 6bITb npOH3­

Bon bHOH, OHa nonnocrsro onpenenaercs CTpyKTypOH COOTHOWeHI1H reopna . Eonee Toro, B 

HayanbHbIH MOMeHT Harpy)/(eHI151 B 1130TpOnHoM MaTepHane cpenune 3 Ha y eHH5I ,ll.e¢OpMaUHH 11 

Hanp5l)/(eHI1H ,ll.OJl)/(HbI paBH5ITbC5I uyruo. C yyeTOM aroro H ,ll.OJl)/(HbI aHaJlI13I1pOBaTbC5I COOTHowe­

HI151 (12) - (14) . 
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