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Aunomauun. PaccMaTpHBaeTC5I reaaopao-napaaerpavecunri BapHaHT 3 H.nOXp OHHOH
 

reopnn neynp yrocru .nJl51 60JlbWl1X .neepopMal..(HH H nOBopOTOB, yYHTbIBalOLl.(HH ape

MeHHbJe 3ep epeKT bI. 113YLfaeTc5I BJlH5IHHe napauerpa, sxonaurero B rpannenr .neepopMa


U.I1H, ~I napaverpa ynpo-me uns ua epOPMY H BeJlHLfHHY KpHBbiX «nerpopv au u» nOJl3)Tl.Je


CTH~BpeM5I » . Ilpuaenenu COOTBeTcTBylOLl.(l1 e npnvepu.
 

K !llOlleeble cnoea: ...mooxpoHHafl meopust, tionuuue oe tpopsiauuu, onpeoens io iu ue 
aa ncoomn outenus . nonsyue cmu, zp aoueum oerjJopMa11uu. 

B paficre [1] 6blJll1 CepOPMYnapoaanu npnnunnsr nOCTpOeHI151 reoMeTpHLfeCKI1 HeJlHHeHHOH 

reopnn nJlaCTI1LfHOCTI1 3 H.nOx p o HHo r o runa H npennozceau onpezrenmoume COOTHOWeHH5I neyrrpy
r OCTl-I, y-nrr sraaioum e 60JlbWHe .neepopMaI..(HH. BnOCJle.nCTBI1I1 3Ta TeOpl151 6blJla 0606Ll.(eHa C uensio 
ysera npeweauux npOl..(eCCOB, nporexaiounrx B neynpyrnx MaTepHaJlaX [2]. B patiore [3] C HC

nOJlb30BaHI1eM onpenenmounrx COOTHoweHHH reoMeTpI1LfeCKH HeJlHHeHHOH 3 H.nOXp OHHOH TeOpHI1 
nom 

6 blJlJol npencraeneasr peaynsrarta peWeHJoI5I HeKOTopbIX 3a.naLf nOJl3yYeCTJoI. B npeztnaraevofi BHJoI


MaHJoIID LfHTaTeJl51 crarr.e JoICCJle.nyeTc5I BJlJol5lHJoIe epOPMbl rparmeirra .neepopMal..(JoIH na 3aBHCJoIMOCTJoI 
m=
 

.neepopMau.I1H nO Jl3yYeCTH OT BpeMeHJoI.
 
E JoIPaCCMaTpJolBaeTC5I O.nJolH JoI3 TeH30pHO-napaMeTpHLfeCKJoIX Bapl1aHTOB 3 H.nOXp OHHOH reopan 

aeyrtpyrocrn .nJl51 60Jlb W I1X .neepopMaI..(HH. H nOBopOTOB, YLfJolTbiBalOLl.(JoIX apevennue 3 ep ep e KTbi [2]. 
B 6e3bIH.neKc Ho H ep opMe aa nucn onpenerrmoume COOTHOWeHJoI5I JoIMelOT BJoI.n [3]: 

a. 0'" 1'" 0'0 0 

- 0' +-[1' [= .1'+-- 11'1 , Eo = ~ , (1) 
2G 2G g +a K 

(2) t = • (Ir I,11'1) , g = g (I 1'1,I1'1 ), G = G(Ir \' 11' 1), 

0' "" 0' (3) 
r = E - (1- a ) 2G ' r = E- (1- a) 2G ' 

o 0 •a 
(4)r = D - (1 - a) - E = D Q = R R T 

2G " , He 

(5)O' =O'+O'Q-QO', E=E+EQ-QE, 

" 1 ~d1' d1' (6) 
1 
r = -: - , I 1'1 =fdr . 

dt dt 

3.nec b E 11 Eo - neeuarop H WapOBa51 -racrr, TeH30pa .neepopMaI..(JoIH, 0' JoI 0'0 - zreanar op JoI 

WapOBa51 COCTaBJl5l1OLl.(a51 TeH30pa Hanp5l:)J(eHJoIH, r - zreanarop napaaerpiorecxoro TeH30pa, • 

aHaJIOr .neepopMal..(JoIOHHblX npenena rexytecrn, g - ananor K0 3epepHI..(JoIeHTa yrrpo-menua 

(paaynpo-menna), a - napaverp 3H.nOXpOHHOCTH (0 ::::; a s 1), G - MO.nYJlb cnaura, K - MO.nYJlb 

0 6beMH oro C)J(aTJoI5I , BepxHHH JoIH.neKC T - 3HaK TpaHCnOHl1pOBaHH5I , t - BpeM5I . Kposre roro , Q 

TeH30p c n n na, R - 0 pTOrO HaJlb HbIH TeH30p n osopora, 

R = F V-I , L = FF- I 
, D = (L + LT )/2, (7 ) 

F - TeH30p rpamreirra .neepopMaI..(JoIH, V - npaasrii TeH30p y .nJlHHe HH5I B nOJl5lpHOM Pa3JlO

)J(eHHH TeH30pa rpanueirra F = RV, L - CKOp OCTb rpa nueirra .neepopMaI..(HH, D - TeH30p CKOpO
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CTeH .necP0pMa~I1H. 

qacTHbIH sapuairr TeOp1111 (1) - (7) .nJUI nennaropos npu a = 1 11 2G = 1 I1MeeT BI1.n: 
Q • (.0 0£ • 

1a+alf:I=1f:+-If:I, e e D; (8)
g +1 

.
 
1 (9)=1 (I r I,1r I), g =g (I r I, 1r I), 

)J,1l51 I1CClle.nOBaHI151 BbI611paeTC51 rpaznrerrr .ne cPopM a~11 11 B cPopMe: 

kll m·kl 2 0]
 
F = k l2 k22 0, (10) 

[ o 0 k33 

Y TaKOrO rnn a rp azureirra .necP0pMa~1111 oprorouarn.nsni TeH30p nosopcra R 11 TeH30p cnn
na n HMelOT cnenyrouiyro cTpyKTypy: 

R=[~:i~~ ;:6 ~J ' n=~[~1 ~ ~] , tg~= k~ (:;1) . (11) 
o 0 1 0 0 0 JJ 22 

B pariore [3] asropu .naHHoH n y611I1Ka~1111 aHalll13l1pOBalll1 sapnairr :m .noxpoHHOH TeOp1111 
nOJ13yy.ecTH .n1l51 60JIbWHX .necPopMa~I1H H nOBopoTOB C rpanneirroa .necP0pMa~1111 runa (10) npl1 

m =O. 
Ilonaraev nanee , Y.TOTeH30p cxopocreii zterpopv au na D, nesnaro pu TeH30poB .necPopM a~HH 

s 11 Hanp51)l(eI-II1H a HMelOT BH.n: 

D = [ ~: ~ ~~: ~ ] , f: = [: :~ ::: ~ ] , a =[ :: ~ : :: ~ ] . (12) 

o 0 D33 0 0 f: 33 0 0 a33 

Hcnom.ays (7), KOMnOHeHTbI TeH30pa cxopocreti .n e cP o p Ma~ I1 H D MO)l(HO CB5I3aTb C KOMno
HeHTaMI1 TeH30pa rpanneura .necPopMa~1111 F clle.nYIOI1.I,I1MI1 .nl1 cP cPepe H~l1allb H brM H ypaBHeHH5IMI1: 

kllkn -mIs 2~ 2 =!'!.·D1J , knls l -mkI 2~ 2 = !'!.·D22, ( 13a) 

1s 
, 

2(kn + mk11 ) -1s2(k
" 

n + mls l ) = 2·!'!.· D12, (136) 
. 2 

= !'!. =k11 - m k12 , (13B) k33 k33D33 , k22 

DO.nCTaBJI5151 (11) B Bblpa)l(eHI151 .nll51 06b eKTI1BHhIX nponaaozmux (5), ncnonsaya 3aTeM COOT

HOWeHI151 (1), (2), (4) H BBO.n51 0603Hay.eHH51 k = lj(g + 1) H 11 = IE I/1 , nOllyql1M 3aMKH yTYJD CI1CTe

My .nl1cPcPep eH~l1all bHbIX onpe.nell 51 IOI1.I,HX COOTHOWeHI1H: 

Gil -2q,0'12+ naIl = DI1+ k l1 f: j j , Ell -2q,f:12 = DI1 , (14)
 

a n + 2q,0'12 + nO'n = D22+ k nf:n , En + 2q,f:12 = Dn, (15)
 

G33+ na33 =D33 + k nf:33 , E33 = D33 , (16)
 

G\2+q,(0'\1 -O'n ) + 110'12 = DI2+ k /1f:J2, EI2+ 2q,(f:11-f:22) = DI2, (17)
 
. . . . 

kllkn - m k12Is2 =!'!.. Dll , k221s I - m 1s 2kl2 =!'!.. D22, (18) 
. . . . 

k33 = k33 • D33 , kl2(kn + mklJ ) -1s2(k22+ mkll) = 2·!'!.· D12 ' (19 ) 

k I 2 (m-l) k k k 2 /'1 ~' 2 ,2 ·2 2' 2tgrp = ,!'!.= II 22 - m 12 ' f:= f:11+f: n+f:33+ f: 12 · (20)
k11 +k22 

Hccnenosaune Blll151HI151 napaxrerpa m aa nporexanne .ne cPopMa~Hl'1 BO BpeMeHI1 B npouecce 
nona ysecrn MaTepl1alla Hay.I1HaeTC5I C «ti u cr por o» aKTHBHOrO MOHOTOHHOrO Harp Y)l(eHH5I )I(eCTKHM 

c.nBl1rOM, xorna = 0 , D22 = 0 , D }} = 0 , D I2 =F O. Harpyscenne nponornxa erca no nexoroporoD I I 
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C ep i151 « (::CTeCTBeHHble HUYKl-I» 

3Ha4eHi151 cru = cr~ < 2Gt . Ilocne xero Hanp51)l(eHl151 qmKCI1PYJOTC51, 11 Ha6mo..QaeTC51 npouecc n on

3Y4eCTl1. Flpa BbI4l1CIleHI151X B COOTHOWeHI151X (14) - (20) 6bIIlO npl1H51TO , 4TO r == ko·1 EI i1 ko == 1 , 

TO ecrs n == 1. Bapbl1pOBaIlC51 «aHaJIOr» K03<PcPI1Ul1eHTa ynpo4HeHI151 (pa3ynpo4HeHYI51 ) k l1 napa

MeTp m , onpe..QeIl51I011~I1H <pOpMy TeH30pa rpannenra ..Qe<popMaUI1I1 F . 

£1 5 

4 

3 5 

2 5 

2
 
EI2 

1 5 

-," • • • - -- - _• •; - - - - - - _• • - ~ • • -_ • • - <--- } _ • • - - _. - - -: •• - _. - - - • • :. - -" - _• • .1 
bll 

.:--- .... ... ~ .. .... ..+m=! 
, , , , ,. . 

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

£12 

15 

3.5 r---""--~-~--"'-----'--~--~--' 

E ij : k=O k=O.15 .. - .~ . _ - .".- . . -~ . -- . ._-. . . ~ .. . _-.. __ .: . . ... ~ . m=l : m=l. . . , ,, , 3 , ~ ; . ., ,, 
~ : · · ~···· ·· ··· ; · ····· ··· · i .. . ~ ( m=O : m=O 

: : : 

25 -:-- : '[ j , > ..( : , j • . . · · · .. ·1 · · · •. . . . . 

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

.. · .. ·f..% .., ,.. ·	 i· l..~O.
 
. . .
. . .: .;~:.L ....._ ,· · .... · l · .. .. · · .. ·, .. ·· · .. · .. f · ·m~f 

. : : .: t t 
0.5 L-_ ..l.-_ _ L_--'_ _ .L.-_ -'-_ --'-__.L......_ -'050l--- -'-- -'-- --'--..l.-- .-L.--L- - .L.-- -.J 

0.5 1.5 2 2.5 3 3.5 4 o 0.5 1.5 2 5 3 35 4 

PHCyHOKl. Ocenaa H C~BHrOBaSl neipopwa PHCyHOK2. 3aBHCHMOCTb ~e4> O p Mau.H" ej J H 
mm UOJl3J' IJCCTIf IIplf J: = 0 

Cl 2 OT Bpeltfelll' up" /; = 0. 15 
5 5 r------.---------~-----, 

E 1j j k=0.5 Eij : k=-O.3 : m=l 
1 8 , , ; , . 

b12 t--~ :	 : : m= 1 
1 6 ·.. ~~f_·_· _.. :·_.._· - .:-_~l:...t~m 0'-'-;~~~· .. · .. · ..f ~.. · .. -t · -......,:c~::~.:...:: : ·~ ••••••••••••••••••• l••••••••••••••••••••• •• •• i	 •••••·E~ 
1 4 

m=O 
12 3 . 

1 ~ ~ ) .. 
,.---.-;- _- _._- . 

Ell ~.:..:_:: ~ + ;	 ;... .. .. , 
m=l 

,,	 ....--.. ~ -.. --.-.

,

...... ... .......
, 
, .:- _- ,- - _-

. 

2.5 

1 --..--- --_. ~)~ : ~. 
Ell	 t 
o5L-- - -.-L.-- - - -'-- ---'-- - - ---' OAo 0 5 15 2 25 35 4 0 05	 1.5 

PHCyHOK 3. lf3MeHeHHe ~e4>opMau.H" B npo PHCyHOK 4. HaKOnJ1eHHe ~e4>opMau.H" ell H 
uecce n0J13Y~leCTH npn k == 0.5 el2 BO BpeMeHH npH k = -0.3 

Ilpneenenaue npl1MepbI ..QeMoHCTpl1PYJOT 4eTKYJO 3aBI1Ci1MOCTb peaynsraros OT <pOPMbl rpa

..Ql1eHTa ..Qe<popMaUI1H, a aapsuponaaae K03cP<pI1Ul1eHTa k n03BOIl51eT nOIlY"4aTb nOIlHblH cnexrp 

cPOPM Kpl1BbIX (<..Qe<po pMau l1.5l n0J13Y4eCTI1 ~ BpeM51» ; IlI1HeHHble (PI1CyHOK 1), aoapacrarounre C pas

HblMI1 BbmYKIlOCT51MI1 (pI1CYHOK 2, pl1CyHOK 4) i1 y6blBalOWl1e (pncysox 3). YbyLJeHl1e BIlI151HI151 OT

pauarensnux 11 neuensix 3Ha4el'Il1H napaverpa m B nnanax nansnetiunrx I1CCIle,ll,OBaHI1H. 

3aMeqaHHe 

06paTl1M BHI1MaHl1e na TO, 4TO 3Ha4eHl1e m == -1 - OC06blH CIlY4aH, xcrna 3HaMeHaTeIl b B 

nsyx ypaBHeHH51X CHCTeMbl ofipaiuaerca B HOIlb . .D.Il51 aroro 3Haq eHI151 m CI1CTeMa onpenensromax 

COOTHOWeHI1H ..QOIl)l(Ha 6bITb COCTaBIleHa OT..QeIlbHO. 

Pa60Ta BbInOIlHeHa npa 4aCTl1LJHOH nozinepxcse POCCl1HCKOrO <pOH..Qa <PYH..QaMeHTaIlbHblX I1C

CIle,ll,OBaHHI1 (rparrr 14-01-00202) . 
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