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Annomauusi. TIpe,LVJaraJOTC51 remopno-napauerpa-tecxae BapMaHTbI 3H.n:OXpOHHOH 

TeOpInI neyrtpyrocrn, y-nrrsraaroume MHKPOHanp51)l(CHH51, MHKpopa3pyrneHHc H sa­

'raepneaanne MaTepmUIa. TIpHBe.n:eHbI pemeaas .n:JI51 onpenenaiounrx CooTHoIIIeHHH npn 

O.n:HOOCHOM narpyzcenna, YCTaHOBJIeHa B3aHMOCB513h Me)l(.uy HCKOTOphIMH BapHaIITaMH 

rcopati . TIpoaHaJII13MpOBaHo BJIH51HHe napaxterpa annoxponnocrn M napaverpa ynpo-r­

nenas MaTcptIana IIa epOPMY O.n:HOOCHbIX KpHBbIX «nanpaacena e-oterhopvaitns» . TIpH­

acztensr pesyrrsrarst aexcropsrx lfHCJIeHHbIX axcnepmrenron, BKJIJOlfa51 cxexry C pas­

rpyaxann pa3ynp01.JH5lJOillcrOC51 MaTCpHaJIa. 

KT/lOlleebl e cnoea: neynpyeocmu. rniooxponnus meopus, onpeoensuoiuue coomno­

tueuus, ,11 UKpOnanpsoceuus, uuxpopaspyuienus;pasynpouuenue, sameepoeeauue. 

BapHaHT 1 

B 1957 r ozry BHJIh51M Ilparep [1, 2] B paxixax KOIII~CIIUHH TC1.JClnm nsen IIOH51THC aarsepne­

BaCMOCTH, rrOHHMa51 rrOn 3THM TepMHHoM cnocoonocrr, xrarepaana HC aocnpnmnaars H3MCHeHHC 

) ~C¢ O pMaUHH npn pOCTe Hanp51)KCHHi1. A BTOp [2] ssen nOH51THC Bbm yKJIOH IIOBCpXHOCTH samepne­
BaHHH: B .n:cB51THMepH oM rrp ocrpancrse IleqlOpMaUMH H pa3IleJUIJI nanpaxcerute n a IlBC COCTaBmlJO­

II lHC: ynpyroe na npsrxceuae H Hanp5DKClIHC 3aTBCp)lCBaIIH H: . <DaKTW-ICCKH Ilparep c¢opMyJlHpOBaJI H 

3aKOH 3aTBCpnCBaHH51 [1] B ¢ OpMC: 

o Dh 0 e 0 
a ij =V - - , (J"!i+ aij =(J"ij ' v> , (1) 

D&ij 

rae: 6'11 - nCBHaTOp TeH30pa nOJIHbl x Ile<jlopMaUHH, a(" ()~ - zteanaropu TeH30pOB ynpyrnx 

uanp5DKCIIHll H Hanp5DKeHHll 3aTBCpneBaIIH51' h(()!i ' &y) = 0 - noaepxnocrs saraepneaa­

HH51. 

ECJlH OCTaHOBHThC5I n a npocr einuexr BapHaIITC, xorzra nOBcpxHOCT b 3aTBCpnCBaHlIH: B npo­

crpancrse Ilc¢OprvIaUHH HMeeT BHIl : 
.----- - - - - - ­

1 0 1 0 
h«()ii ' &y) ==, (&y -""i ' (J'!): (&y - 2" ' (J'y ) -&0 =0 , (2) 

TO onpenenmoume COOTHOllleHHH: TaKOH TCOpHH samnnyrca CJleIlYIOIllHM 06pa30!\1: 
o 0d. _ (J'y (J'ij 0 _ ' , . _ . o~-- (3)[' ii - £0 -- +- , (J'y (J'y - 20 ['y.. ' d n - i.. :. daii.. - .. .\)1d(J'y~ . 

. d ry k . 

3,'J,ecb G - MO)J,yJl b CIlBHr a, k - KOHCTaHTa MaTepHaJIa, Co - ncqlOpMaUHoHHbIli npenen sa­

rsepnenauun. 
no cxexie nocrpoenaa 3H,n,OXPOllHhIX Bapl1,UlTOB TCOpHH, OTBC1.JaIOIllHX Jlro6011 TeOpI1H Te4C­

HHH: [3]. MOIT,HO norry -um, orrpenensroume COOTHOllleHI1513HIlOXpOHHoro rnna, OTBC1.JalOllI,ne HLI,e51M 

Ilparepa rl ,21: 

" d&ij _ ' dRy Ry 
e . + 26 £0 a J - - Co - - + (4) 

If dR dR k+2G at 

Rij = (J"1-2GO- aJ) &ij ' dR=~dRij :dRij , O:-S;aj:-S;l (5) 

3necb, 1l0nOJlHI1TCnbHO IIpHH5lTO, '-ITO a j - napanerp 3H.D:OXpOIlHOCTH, R!i - a CBHaTOp BCIlO­
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MOraTCJIbHoro napaMCT]JH'-1CCKOro TCH30pa. 

OlJCBH)l,HO, lJTO npn a 1 =0 COOTHOlllCHHSI (4), (5) nepexonsr B ypaBHcHH5I (3). Ofiutee peuie­

lIHC ypaBHcHHH (4), (5) npn aKTHBIIOM O.LlHOOClIOM narpyzcenna H nocrosnnsrx MaTcpHaJlbHblX ua­
paxrerpax MO.LlCJIH onpC)l,CJI5ICTC5I <popMyJIaMH: 

£= I [R+£ok.(I-exp(-RI(2G£oa j » )], (6)
k+2Ga1 

a =R +2G(I-a1)&. (7) 

KpOMC 'roro, B (4), (5) ylJTeHO, lJTO B OJlHOMCpHOM cnysae da-I = 2G, a KpHBa51 er -& OJl­

de &= 0 

HOOCHoro HarpY)l(eHHSI BbIXO)l,HT na acmrrrrory : 

e = a- +k &0 

2G+k 
npn rnofisrx 3HaqeHH5IX napaxerpa 3H.LlOXPOHHOCTH a 1 . 

J1HTCpCCHbIH BapHaHT IIOJIYlJaCTC5I H3 COOTHomCHHH (4), (5) CCJIH nOJIO:>KHTh a 1 = 1. Torna: 

. ,d&ij _ derii erij I 
Bij + 2(T £ 0 -- - &0 --+ , da, = vderij : derij . (8) 

da, da, k + 2G 

1~[ cr ' 
"~ I ",. , ,
flt .. ·· ,., i ' 

:[
 
5 # 

-

,T.
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PIICYIIOK 1. 3aBIICliMOCTh a r-e npn 0tJ,1I00cnOM narpyseemm (no ypaBJlellHHM (8» 

KpHBa51 nedropxiapoaaaaa npn HHTerpHpoBaHHH 3THX ypaBHcHHH B cnynae O.LlHOOCHOro 

n arpysceuna 11 nOCT05lJlHbIX MaTepUaJIhllblX napauerpax MO.LlCJ1H (2G =1. £0 =1. k =3 ) JlPHBC,llC­

na na pncynxc I. OLJCBHJlHbI BhmYKJlOCTb KpHBOH BHH'3 H BbIXO.Ll CC na aCHMllTOTy. 

Bapuaur 2 

B paxrxax KOHu,enu,HII TeqeHH}I CTaTIICTH~leCKa}j TeopHSI neynpyrocrn, YlJHThIBaJOmCUI MHK­

pOI13npSl)KCHH5I M MHKpopa3pymcHIUI. 6blJla ony6JIHKOBaHa B 1982 rOJlY r4]. Ee onpCJlCJl5lIOIllHC 

COOTHOllleHH5I HMeJIH BH1X: 

_ derij 
f 

a-ij
f 

_ If . .r 9) 
£i/ - P dJl +--;;;, du - \j derij . derij , ( 

2r ~ f det k P d'1 - I P'd'P erij = vJl:ij - erlj , erij = t - ,- + 1 £ij ' /l, - C &ij' Gij' ,
d/'. 

rue: (J"ij ' l,'ij' a-{ - .LlCBHaTOphl JIOKaJlbIlhIX TeH30pOB nanpaaceuati, .Llell)OpMaIlHH H MHKpopa3py­

meHHH, r - npC.LlCJ1 TeKyqCCTH MaTCpHaJIa, p - JIOKaJIblIbIH npCJlCJI paapymcmrx, G1 ­

MO.LlYJIb C.LlBHra, k1 - K03<P<PHllHeHT ynpOlJHeHHSI, In - IIOCTOSlHHbIH napaMCTp. 

- • • • • • - _. -", • • - - - ' - _. • • • . _ •. ~ . - • • -_ •• -~ . • . I 

.. _ .. ~ ~ "._. -....~ 

· , •••i••••••:
: 

·;. j 
! 
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Ilpn 3TOM npC,LlnOJIaraJIOCh, q1'O: 

-?G e (10)a ij - ~ 2 £ij 

3,LWCb Db - ,LICBIIaTOp JIOKaJIbHOrO TCI-I30pa IIJIaCTlP-ICCKUX ,L(c <po p M a q u M, G2 - napauerp Ma­

Tcpuana, a non £: nOHUMaIOTC5I netpopxraua», OTBCqaIOli{HC 311al.JCHIlIO p , rrpH K01'OpOM npOH30­

mCJI paspsrs yupyrux CB5I3CH. Ilpu jlOCTH)J(CHHU ztesuaropov 'renaopa MHKpopa3pymcHHH CY{ BC­

JIHl.JHHhI 2G I £ !I rrpoacxoznrr JIOKanhHbIH paspsm ynpyrnx CB5I3CH H a i; = 0 . 

31'OH 1'COpHH O1'RCqaC1' OjlHOMCpHa5I MOaCJIh, rrpCaCTaBJICHIIa5J na pncynxe 2. 

~ T zo . 2(; , ,, k, 

t;Lm,tw'j777771rw--a 

Pncyuox 2. O lJ.JIOMepn3H MO,lleJlh, Y·IHTh18310m.3H MIU'pOH3npmKenHH H MHKpop33pymellHH 

,I{JI5I 3TOM MOacnllll ypaaaenmi (9) - (10) HMceM : 

a 
ko& = - , = 2G1 , c CJlH £-:;' p (ll a)

ko 
mp

ko = 2GI - m +-- -:;, P , CCJIH £ ~ P , (11 b) 
e 

C/) 00 

(Eli )= Elj , (Db) = f£b d<1>(p ) , (CYij) = fCYij d<1>(p ) . ( 12) 
o 0 

rzte : \ . ) - 'm aK onepamm OCpCaHCHH}l, a mrrerparrsnas (py HKUH }l p acn p ezten en n a <1>(p) ct.IHTaCTC}l 

H3RCCTHOH. 

Hc norn.sya cxexry nepexona K 3HjlOXPO HHhIM BapHaHTaM [3], B p afio r e [5] obma npennoacena 

TCOpH5I ucy n pyrocrn, Yl.JIITblBaIOli{a51 MHKpopa3pyrncmuI H OCHO BallJIa51 na nOnO)I(CIUUIX 11 pesyns­

rarax HCCJIejlOBaHH5I [4]. Ee o n pCaeJI5IIOli{HC COOTHOllIeHH5I HMeJIH cneztyto uuu i BHjl 

e .. +a , dD!1 =_1_.( , dRij + (g +1)RI/ ] . ( 13) 
{/ 2 P: dR 2G p- dR g + a ..

2 

Rij = 2G £ i; - (1- aJ a ij , 0 -:;, al -:;, 1 . (14) 

rae : g - auanor K03qHjmuneH1'a ynpo-merms xrarepnana. a2 - napaxierp :m a OX p OHH OCTH, P2 

auanor nerhopvauaoutroro npcn en a MHKp opa3pymcHlIH p 113 (9) . 

Ba pnarrr 3
 

nOjlCTaBHM CCHtfaC £ij H3 (14) B (13). Torna n onytIHM , l.JTO:
 

daij -« RIJ
 
a/,J' +a, p, -- = p , - - + (1 5) 

~ - dR - dR g + a 2 

ECJIU norperiosars, tITo 6bI npn a 2 =0 peureane (15) COBnaLI,allO C PCIlICHHCM (4) n pn a l =0 

,LVf51 aKTUBJIOro OjlllOOCIIOro lIa rpyiKCIIH5I, TOrJ(a IICTPYWIO 1I0Ka3aTh, l.J1'O : 

2G p,
~+l- [; ---, (16) 

L ­ 7G k () -)(j _ J+ _ 
Ofimee PCIlICHUC ypaBHCHHH: (13). (14) npn OLI,HOOCI-IOM narpy.seunn H nOCTOll.HHbIX napa­

Mcrpax MO.uCJIH MOiKCT 6bITb nO JIyl.JeHO B BU)(C: 

CY = 1 [R+P2 g .(I-exp(-R I(a2P2)))], ( 17a) 
a 2 +g 
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(l7b)
10) 

ECJlH a 2 = 1, TO O,n:HOOCHOC peuremre (17) BH,n:OH3MCH5ICTC51,n:0 COOTHOrnCHH51: [erp Ma­

npOI130­ 0" = _1_ [2G& + P2 g.( l-cxp(-(2G&) / P2))]' (18)
l+g 

(J I Be­ OTMeTHM, -rro £PopMa pCrnCHH5l (6) npn a j =00 TaKOBa 4TO:l! 

a = (2G + k) e - k c'o . ( 1- exp (-& /(2G &0)))' (19) 

CpaBHHBa51 (18) H (19) H, HMeSi BBH,lW YCJTOBH5I (16), MO)l(HO yBH,lJ.CTh, LITO PClllCHH51 OKa3a­

JIHCb O,llHHaKOBbTMH. TaKHM 06pa30M, pcmCHHC CHCTCMbT (13), (14) rrpH YCJlOBHH a, = 1 pasuo-

CHJIbHO pClllCHHIO CHCTCMbI (4), (5) npn YCJlOBMM a j =00, M Ha060poT, PClllCHMC CMCTCMbI (13), 

(14) npn YCJlOBMM a2 = 00 paBHOCMJlbHO penremno CHCTCMhT (4), (5) rrpn YCJlOBHH a j = 1. 3TO 

n03BOJl51CT, B nansnetimea, HC nOJlb30BaTbC51 ,lJ.ByM51 $OpMaMM 3aD,aHH51 napaaerpa-recxoro TCH30pa 

Rij (5) H (14), a orpaHM4HTbC51 O,n:HOH £POPMOH, pa3pCWa51 napauerpy a MCH51TbC51 B npenenax OT 
nenaa 

oD,O 00 , a HC TOJlbKO B npezienax 0 ~ a ~ 1. 
Kposre roro, MO)l(HO 3aMCTHTb, LITO 3Ha4CHM51 rrapaxterpa g orrpCD,CJl51IOT TpH 30HbT pa3BHTM51 

la) llccPopMaIlMH npn aKTHBHOM OD,HOOCHOM MOHOTOHHOM narpyxeana: 
• CCJm g > 0 , TO pCaJIH3yCTC5I 301m TTJlaCTH4CCKoro TC4CIIH5I C ynp04HclIHCM - BOCXOMlllla51 zrna­

Ib) rpasoaa 0" - e C BbmYKJlOCThlO BBCPX; 

• CCJlH g < 0 H. g < -1 , TO rrOCJlC nJlaCTM4CCKoro TCLICHH51 rrpOMcXoD,HT MHKpopa3pywcHHC H 

2) pasyrrpo-nremre xrarepaana - BbITIYKJIa51 BBCpX KplIBa51 0" ~ e C B03pacTaHHcM H nocnenyronnnr 
y6bIBaHHcM annors D,O HYJl51 - JlHHH51 aasxoro paspyinenna; 

naeTC51 • eCJIH -1 < g < 0 , TO rrpOHCXO.llHT aaracpzteaamre MaTCpHaJIa - BOCXO IlSlllla5l ,llHarpaMMa a ~ e C 

BblllYKJIOCTblO BHH3. 

TaKHM 06pa30M , na ITJIOCKOCTH 0" ~ E: I1pH 0,n:J100CITOt\f MOHOTOHHOM narpyacenaa B 3aBHCll­10)J{eHa
 

Je3ynb- MOCTH OT BCJIHLIHHbI napaaerpa g 06pa3YIOTC51 D,BC xapaxrepnue T04KH (50,0) H (0.0"0)' KOTO­


pue MO)l(HO Ha3BaTb T04KaMH B5I3KOrO H xpYI1KOrO paspyruenaa. 
! '1 ; ,. . : - -.- -.-- ------:----------,- -- ---­. c. , -~---.--, .-~ 

. 0'3) 
- --ji 

i:'\ fl i~) .. ~ -..\ -. .-.! 
./'"', 

/ '''. 

; 0 

, f; 

C .1 0.::. 0.8 ~? ~ , 4 1 6 :.B 

e. 

PHCyHOK 3. Pa3BHTHe l~e 41opM a U:HH B PHCyHOK 4. Pa3BHTHe LJ.e41opMal~HH B 

3aBHCHMOCTH OT napasrerpnn MOLJ.CJICH 3aBHCHMOCTH OT napasserpa 3HLJ.OXpOHHOCTH 

ll a pucyuxe 3 npHBC.llCHbT pa3JIH4HbTC KpHBhIC pa3BHTH5I I l C£P OPM UIlHH rrpn OllHOOCHOM 

lIarpY)J(C IIHll, BbI4HCJICHHbIC npn CJIC,llYIOIIlHX 3Ha t.ICHH5IX napaxrerpon MOlICJlCH 2G =1. a =1,znapa-
Pz = I , a j = ] , &0 = 1: a - KpHBa51 TC4CHHSI C pa3ynp04HcHHCM H BSl3KHM paspyrnenaeu (g = -2 ); 

6 - KpnBa51 TC4CHH5l C yrrpo-memreu (g = 4 ); B - JlHHH51 yrrpyrocra; r - KpHBa5l TC4CHII51 C saraep­

llCBalIHCM (g = -0.75); n - KplIBa51 (mOJIHOro» 3aTBcplICBaHH5I H xpynxoro paspyurenaa (g = -2 , 
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a 2 =4). 

Ha pHcyHKC 4 upasenema xpnnsre nerbopxrapoeanaa, OTBe'tIaIOI.IJ:lfe pa3JIHQHhIM 3HaQeHH5IM 

napaxierpa a npn cPIIKcIIpoBaHlIOM oTpHuaTCJIbHOM 3HaQCHHH napaxrerpa g. B pacserax 6bIJlO 

npHH5ITO, -rro P2 = 1, 2G = 1, g = -4 , a = 1 (JIIIHH5I a), a = ].5 (KpIIBa5I 6), a = 4 (miHH5I B), 

a = 0 (KpHBa5I r) . 

OTl~eJIbHO paCCMOTpIIM nOBCl~eHIIC pa3ynpolfIUIIOI.IJ:erOC5I MaTCpHaJIa, xorna aKTHBHoe 

aarpyxenae CMCH5ICTC5I pa3rpY3KOH, a 3aTCM nOCJIc,n:yIOI.IJ:HM aKTHBHhIM narpyxeanesr. 

-" 0 . :J-:: 0.4 O~~ · 0.8 ::) '}.4 l.b 18 ") 

PUCyHOK 5. nOBCLJ,CHUC pa3ynpo'lHHIOIlJ,CrOCH MaTcpua.'1a npn narpyaccmm C pa3rpY3KaMH 

Ha pncyruce 5 npc ;J:CTaBJICHbI pac-rersr nOBCJ~CHH5I r a n o rern nec x oro MaTcpj,'JaJIa no o n pene ­

JI5IIOI.IJ:Hl\1 COOTHOllieHII5IM 3H;J:OXp OHHOH TCOp I IH, YIIHThIBaIOI.IJ:d l: MIlKpOpa3pYllieHIlH, no CXCM C 

uarpyaxa- paar p yax a- trar p y ax a B rrepaoii QeTBCp TIl npn a = 0.2, 2G = 1, P2 = 1, g + a = - 1.8 . 

KalICCTBCHHO PC3YJIbTaThI pac-rero s no TCOPIlII 6 JIIl3KII J( onbITHbIM ;J:aHHbIM. nOJIYlJCHHhlM D OP­

CTOM Ii llaM IlHo M R JK CnC p HM eHTax ua fierouax H rpyrrrax [6]. 

3aMCQaUliC 

CooTHOllieHIl5I ;J:JI5I ,n:CBIlaTOp OB B (4), (5) Il (13), (14) MO)KHO ,n:on OJIHIITL y p aB HcHHHMIl. y QII ­

T blBaJOII llH"m ruaponr.ie COCTaRJI5IIOIHUC TCII30pOB, B cPo pMe [71 

P(R iI ) = dR'i • Rii = Gii - k2 (Jii' 
dR K 

3LlCCh R,[ - n c pBbIH uun apaatrr uapaxicr pn-recxoro TeJ130pa Ru' Cii - IlCpBhln nunapaairr 

'rcmo pa J~C c]lOpM aJ lnH (Mcp a p aspux n enns l\IaTCPHaJIa), (Jii - llepBbli1 HHBapHaHT TCII30pa narrpa ­

)KCIIHi1. K - 06bCMHhiH MOl rYJl b MaTCp HaJIa, KOHCT,UlTa k-. 11 (PYBK1IH5I M,lTCpmUIa fJ onpcrrcns ­

lOTC}1 ua ocnoue aHaJIH3a 3KcncpHMeHTaJIbHhTX .IlaHHbIX. 

3TH q.rOpMyJl hl o fio fimaior npCllJIOIKeHH5I, HCIlOJJh3y eM hlc HCCJIC!IOBaTCJI51MH IIIKOnbl B.B. 1-10 ­

BO)KIlJIOBa B KpIITCp HU npOTlHOCTIl H OBO)l( HJIOBa-PbI6 aKHH o H [SJ. 
Pa60Ta BbIHO JIHCHa npn II0JUICP)KKC POCc HHcKo ro cPoIIJIa rPYH/IaMCHTaJIbllhTX HCCJIcJIoBallHH 

(rpanr 14-01- 00202). 
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4. Kanamean-r IO.K Teopas IIJIaCTlI4HOCTH H II0JI3Y4ecTH, Y4HThIBaIOmaSI MHKpopa3pymeHHe II 

Ia"'lemUIM .n:OKJIa~bI AH CCCP. 1982. T.266. NQ 6. C. 1341-1344. 
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