(L_L]
t, =t e e T/ (5)

rae T, 1 T, — TemItepaTypa HCIBITAHM H OKPY:KaIOIIEH cpelbl BEIpakacTcd B °K;
B= 10 — Ko>QQHIMEHT, XapaKTEPH3VIONMH BOCIPHHMUHBOCTE MaTepHala K
KOppo3HOHHOH cpefe, T,= 283 °K — cpemHecTaTHYeCcKOe 3HAYeHHe JKCIUTyaTa-
IIMOHHON TeMIlepaTypbl B °K IIpH OTHOCHTEIBHOH BlaxHOCTH Oomee 90%,;
T, =304 °K — temrepaTypel B °K IIpH KOTOPOH IPOBOILTCA HCITBITAHH .

[TopcTaBHB HCXOTHBIE JaHHBIE B (HOPMYITY, TIOMYUHM t,, = 48 1acoB.

OneHka pe3yibTATOB HCIILITAHHHA
(OLeHKa KONMMYECTBEHHBIX ITOKa3aTeled HaAeKHOCTH OCYILECTBIAETCH IO METOLY
TMOBEPHUTEILHBIX HHTEPBAIIOB H ITPeICTaBlIcHa B TallL. 2.

Jlareparypa

1. JIzupkan 5.B. 3amaHie M IpoBepKa TPeOOBAHHH K HAJICKHOCTH CIOAKHBIX H3IEC-
mit.— M. Pagmo u cBasp, 1981.— 176 ¢. 2. The status of the reliability technology
H#RAC Journal. —1995. —Vol.3, Ne 1. 3. [Iporpamma M MeTOAMKA TTaGOPaTOPHBIX
HCTIBITAHWH Ha TEXHHYESCKHH pPecypc M HageKHOCTh, Xapbkop, XIIKb
“ApnakoHTpoms -, 1979, C.11.

IToctynunae pegkomwternto 15.09.2001

YK 539.3

TEPMOYIIPYI'OE TE®OPMHPOBAHHUE MHOI'OCJIOMHBIX
INTACTHH

H.B. Cmeranxuna, E.B. Cper, A .H. llymmkos

Huemumym npobiem mauunocmpoenus HAH YVipaunu, Xaperoes, Yipauna

A method for analysis of the strain-stressed state of multilayer plates within the
framework of the first order refined theory is offered. Temperature distribution
through the thickness of each layer i1s obtained by using orthonormal Legendre
polynomials. The resolving set of equations and boundary conditions for
multilayer simply supported plates is obtained.

Kak mokazaHo B psame padoT, TOCBAIICHHBIX TEPMOYIIPYTOCTH MHOTOCIIOHHBIX
KOHCTPYKIIH, JJI9 ONMMCAaHHSI PaclpeleleHHsI TeMIIEpaTyp 10 TOIIIHHE TIACTHHBI
TIPHMEHASTCA THITOTE3a O KyCOUHO-THMHESHHOM pacTIpeleIeHHH TeMIIEPaTyphsl o
TOMIHHe TMakeTa [1-5]. B crarbe [6] pacnpenencHHe TemIlepaTyphl TOIYHUCHO H3
PEIIcHHA 3afadyH HeCcTalMOHApHOH TEIUIONPOBONHOCTH, 4YTO IIO3BOIIIO YYECTh
pasIHe QH3HKO-MeXaHHYECKHX XapaKTePUCTHK MaTePHAIIOB ClIoe. B HacTo4g-
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el cTaThe Ha OCHOBE TPEIJIOKEeHHOTO PaHee alrOpUTMa PellleH s TeMIIepaTyPHOH
3aMaql M YTOUHEHHON TEOpPHH TIEpBOTO TIopAAKa chOPMHpOBaHAa CHCTEMa
ypaBHEHHI PaBHOBECHA W TPAHHYHBIC YCIIOBHA CTAIIMOHAPHOH 3aJlayd TepMOYTI-
PYTOCTH H TIPEIJIORKESH METO] HX PEIcHHA.

PaccMOTpHM IIPAMOYTONBHYR IHIAPHHPHO OIEPTYI0 MHOTOCIIOHHYHO ILIA-
CTHHY, COOpaHHYIO M3 / CIIOEB MOCTOIHHOH TONMIIHHBI H OTHECEHHYIO K AeKapTOBOH
CHCTEME KOOPIHHAT, KOTOPad CBA3aHA ¢ HapYKHOH IMOBEPXHOCTHIO TIEPBOTO CITOA.

Pemenne ypaBHeHMA TerUIonpoBogHOCTH AT =0 mimg i-ro crmog Oyiem
HCKaTh B BHJIE

L 32) = 3 53 [ £(Z)|sinoyasing,y- 0
k=1/=1r=1
ric

O<x<Ad, 0<y<B, o,=nk/A, B, =nl/B,

1
z.=(z-8,_,)/h, 8§ =h,» 845228, i=LI.
=1

h; — TOMIIIHA 1-TO cNod, A K B — pasMepsl IITaCTHHEI B IIIaHE.
B xauecte ¢yHKmMii f,,# =1 R, BHOHpacM OPTOHOPMH-POBAHHEIE

TTOIHMHOMEI JlexkaHapa (#-1)-H cTeneHn Amg HHTepBana 0 <z <]

fi=1. f,=+302z-D, ..., (2)

1
_[fkﬁdz =8y (3)
0

[Tpoermpoparke ypaBHSHHS TEIUTOMPOBOMHOCTH Ha (YHKIMH f. (2) ¢ yueToM

YCIIOBHA OPTOHOPMHPOBAHHOCTH (MYHKIH (3) TPHBOAHT K CHCTEeMe JTHHEHHBIX
aNreOpanvYeCKiX YpaBHEHHI

£ R
(o +B T — 2Ty =00 (o + B )0 — 2 T8 =05 o
r=3 r=4

s g o -
(ot + B )Y a2y — Trubra2 =0

(ot + Bﬁz)ti[ﬁ—ljkﬁ =0, (o +B])Try = 0. Q)
& 12
i I d fr
0;-1

Ha HapyXHO#t H BHYTPeHHEH MOBEPXHOCTAX TMACTHHEI ITPOHCXOINHT KOHBEKTHRBHBIH
TEITO0OMEH ¢ BHEIIHEH cpemoi. 3armieM KpaeBble YCIIOBHA M VCIIOBHA TETIIOBOTO
COTPKEHHA CIIOEB

o ?“IVTI ‘leo =4, (TH o Tl ‘Zl=0) ’ }“IVTI‘ZI:E;I =4, (Te o TI‘Z;zBI )’
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:0: T

i+l +1‘Zi=6i i |Zj=63'_7-‘;+1‘23'=63'

~ VT + A VT, =0, =11,

THe A, — KO(PPHITHEHT TETMOMPOBOTHOCTH, a, v a, - KO pHIHEHTH KOHBEK-

THBHOH TEIUIOTIEpEeaui Ha HAPYKHOW M BHYTPECHHeH TMOBEPXHOCTIX, 7, M 1, —
TeMIlepaTypa BHEIIHEH U BHYTPEHHEH CPel.

Kpaepble yCIOBHS, YCIOBHS PaBEeHCTBA IMOTOKOB TEIUIA W TEMIIEpaTyp Ha
CTBIKaX CJIO€B M COOTHOINEHHSA (4) COCTAaBILIIOT Pa3pellarolllyld CHCTeMy arel-
paldyecKHX VpaBHCHHH, PeEIIeHHe KOTOPOH MOMKHO HaWTH CTaHZapTHBIMH
MeTOIaMH.

CrenyroIHid 3Tal pereHrd 3aadd COCTONUT B ONPEIEIeHHH HATIPIACHHO-
DeOPMHPOBAHHOTO  COCTOSHHSA MHOTOCIHOMHOM —IUIACTHHBL IOJ — AcHCTBHEM
M3BECTHBIX TEIUIOBBIX M CHIIOBBIX HATPY30K. PACCMOTPHM CITyUai MAalbIX VIIPYTHX
nepemertieHnid. JleopMaliiy cImoep OMHCHIBAIOTCA B PaMKaX YTOUHEHHOM TEOpPHH
mracThH [7]. KoHTakT MeXTy cI0oIMH HCKITFOYAET WX PAcCllanBaHHE M B3aHMHOE
[IPOCKAIB3bIBaHMe. {19 ITaKeTa CIIOeB CIIPABEAIMBA THIIOTE3a JIOMAHOH IIMHHH.
COracHO IIPUHATOH THITOTE3€ IIepeMEIleHNA TOUKH £-T0 ¢II0A HMEIOT BHUJL

W o—u+ ih; gyl +(z-8, )y v = v+§hj ij +(z—8i-_1)tp’;=
J=1 =1
wi=w, i=11, (5)
rne w=ulx, y,t) v=v{x,y,f). w=wlx,y,f) - TNCpPSMEIICHHT TOUKH
KOODIHMHATHOH  IUIOCKOCTH B HalpaBIeHWH  KOOPAHHATHBIX  Oceii;
wo= vyl (x, v, ), W;f — q;; (x, ¥, ) — YIVIEI TTOBOPOTa HOPMATHHOTO SIEMEHTa B
i-M caoe BOKpyr ocelt Ox u Oy. Jedopmalmm cIoeB ONMPSHSIIIOTCA COTTIacHO

tdhopaymam Korrm.
HampsaxeHna u gehopMAaIliH B 1-M CIIOe CBI3aHBI 3aKOHOM ['yKa:

i Eg' { i E_;‘ ¢ i i { i E_;‘ ¢
G, = ]_\;? (8JC +\J£-8y )_1—\)1 O‘-;‘T;'v Oy = ?(SJ’ +vs'8x)_ 1_\)3_ a.{Ts’v
’EI _ ’Ef _ Eg‘ { ’E: _ ’I:I- _ E_;‘ i
P o) T T )
T =1 = B 7‘}2 . i=11, (6)

T 214y
rae E, — moaymb IOmra, v, — xosthdrmment ITyaccoHa, oe,f — ko3 drmpeHt

JMHEHHOTO TeMIIepaTyPHOIO pacliMpeHMI MaTepHala 1-ro c¢mod. B dopmynax (6)
T.= T.{x,v,z} — pacTipefieneHye TemMIepaTypsl (1), MOTyUeHHOS H3 PellleHHT 3aJauH
TEIMOMPOBOAHOCTH.

[TpuHHMaa BO BHHMAaHHE (6) M HM3BECTHBIE COOTHOINCHHMA AN YCHIHH H

MOMEHTOB [ 7], 3aImIneM
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Ny =No=Npoo Ny =Ny =Npo M =M -Mj. My =M -M;.

) _ -1 _ B ) -1 _ B
N, = ai[u,x + 2.k wi,x]+ Elw“ + OLE[V,); + 2k, J + %wy,y

J=1 j=1

:’ :’ i-1 _ Bi i-1 _ B
Ny =0 v, + > h oy, +—11pyy+cc2 uy+ > byl +_2wa
= 2 5 2
B

Niy:Ni oa{u + v +Zh (pry+1pyx)+?(1p”+q;yx)

. B i—1 I I i-1 . ﬁ{
M = 21 " +Zk ‘Pxx +?Lp“+— v,y+2ikj- I‘I'Ij;,y +?2pr,y
Jj=

) B i i i—-1 . Y
M;f 21 V +Zh Wy,y +_Wy,y+_ H,x-’_zkj W;,x +?21-Pxx
=

i

_ B ' v . _
Miy:Mj = 23 Uy, + v, +Zih (Wx,yJFWyx) +E3(‘Pic,y+‘4’;,x)' (7)
j
3nech C‘-i: thfzj onizocivi-, a;:ail_;fj B;:a‘;fhi-, W{;:B‘;{hi-,

I1-v;
k=123, N, LM ;., — HHTETrPalbHbIE XapaKTePUCTHKH TEMIIEPATyPHOTO IO,

N = Eonfa - Eoof ¥

1 _E )dz
Vi 9 Vi 0;
YPaBHeI{P[ﬂ PaBHOBSCHA MHOIO CTIOFHOH IMTaCTHHBI, a TakKXES COOTBCTCTBYIOIMES

TPaHWYHBIE YCIOBHA BBIBOAATCA Ha OCHOBE BapHAIMOHHOTO TIPHHIMITA BHUPTYallhb-
HOW paboTHI:

! : I . . .
Z( i +N;ﬁx,y N},x)_i_pfzo’ E(N;cy,x—i_N;:,y_N},y)—i'p;:O’

=1

I _ _
Yl +a), )+ 5 =0,
=1
I-1 ) _
hﬂ'Z(Nﬁl—'—N;;; N%TJ:CI-)—FM;C,I—'—MI _Q MTx—’_pSH_O’
_1 - - . .
hE-Z(N;’;; +NJ5 - Nf+1)+M-‘ +M,, -Q, My, +p3,, =0 ©

=}

L,
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Fpa}mq}[ble YCIIOBHA A HIaPHHPHO onep'roﬁ ILTaCTHHEL HMEIOT BHA
I

SV NG )20, v=0, w=0. B3 (VI NI el A =0
i=1 J=i

lpfy =0 (x=0, x=4)
w=20, i(N;_N;):(), w=0, y' =0,

=1

-1, | | | o
hﬂ.Z(N}wl_N;l)JrM; —M} —0 (y=0, y=B), i=11I.

j=i
B ypaBHEHMIX pPaBHOBeCHA (8) pj (x, y) (7= 1. 27 +3) — KOMIIOHEHTHL

BEKTOPa CHIIOBHIX HAarpy30K PX.
MeTop pertieHH TMTOMyUeHHOH CHCTEMBI YpaBHeHHH (8) aHalloTHUSH MeTOMY,

M370KeHHOMY B padoTe [7]. KOMITOHEHTH BEKTOpa TiepeMerteHtit U = {“; (x, y)}

H 00ODINEHHOTO BEKTOPA HATPY30K @ = {’5’; (x, y)} ( j=1,2I +3), BKIHOYAFOIIETO

TeMIIepaTypHbIC H CHITOBBIC HAaTPY3KH, Pas3maraioTcsd B pagsl Dypbe Mo QyHKIHIIM,
VIOBTCTBOPSIONINM TPAHHYHBIM  YCIIOBHAM, COOTBETCTBYIOIIHM IMAapPHHPHOMY

OIMHPaHMIO 11O KParo,

uj'(xvy):qu)jmnBjmn(xvy)’ qu'(xvy):ZZQ;’mnBjmn(xvy)’ ®)

m=1n=1 m=1rn=1

e uy = u(x,y), u, =v(x.y), uy =wlx,y), 1y, =y, (x,y),

: I _ I
Usirg = wsy (JC,_]/’): 4 = pf _ZN},;{: 4y = pg _ZN},yv 43 = p;:
i=1

i=1

-1 -1
- Jrl i . { - Jrl i
QSH' o p3+s’ hs' Z NT,x MT,xv QS+I+.¢' - p3+I+s’ hs' ZNT,y MT,y i
=t J=t
B, =cosa, xsmpP,y, B, =smw, xcosp,y,
B3mn = S1I1 0Ly, X511 Brzy * BSH’,mn = Blmn » B3+I+s',mn = BZmn »
mmn nn . I 7T
o, = —, Bn: ., i=1,1.
A B

B pesynbraTte A4 KaamoH mapsl 3HAUSHHH M U N perlieHne (8) 3ajjadi CBOAHTCA K
PEMICHHIO CHCTEMBI TMHEHHBIX anTedpaniecKiuX ypaBHEHHH

[Amn ]Umn = QP’J’IP’I 2
re [Amn] — KBa/IpaTHad MaTpHIa,

W =Clog +CIph W = = 0] +Cl fB, W =2 =0,
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7“TI§+3' — R‘Fgff,l — Diagl +D;Bi= l‘r{i§+f+i — Ng’fffﬂ',l - (Di +DZI’) }xman
Wi = Clog, +CIBL, A5 =25 =0, A%, = N3l = (D +D5 b B,
?“ﬂ;g+f+f - ?“F;Iffﬂ',Z - D;Oti —f—'DiE Bi ? R‘ri?’gl - C?{ (Oti + Bi l
?“ri?’fzﬂ' - kﬂ?ffi 3 - OL; O{‘m > l‘?f’ﬁﬂf - )‘%TIH'J - OC; Bn 3

mn _ 2 2 i
Mxiize; = Muy O + My By + 0308,

mn _ n i —
7"‘3+.z',3+.'f’+Jr' - R‘3+I+j,3+f - (T] 2y + T]Ssj )am Bn »

mn _ 2 2 i - 1T
?“3+I+;',3+I+Jr' - T]3s'j'ocm +T]1UBH +OC38U: L.J _I:I ’

U,, 1 Q,, - Ko3bOHIHEHTH PasTORKEHUI B PSJIBI BEKTOPOB MEPEMEINEHHIT U

i
Harpysok (9). KosdduimeHTs Ci,j D;{, K i,j Ny, TPHBENCHEI B pabote [7].

[Tocre BBIMHCIEHHS 3HaUYEeHUS KO3(PQHIMEHTOB TepeMEIeHHH, HCIIONIb3Y I
thopMyTIBI (9), HaxoIHM MTepeMellleHHA (5), HanpsaKeHHA (6), CHIBI H MOMEHTEI {7)
B CITOSX TDIACTHHEI.

[IpencraplneHHEIM alTOPUTM IIO3BOJLIET  HCCIESNOBaTh  TEPMOYIIPYIOE
HAIPAKSHHOE COCTOSHUE MHOTOCTIOMHBIX IUTACTHH, COOPAHHBIX H3 IPOH3BOIBHOTO
YHCTIA CTTOEB ¢ PasTHYHBIMH YIIPYTHMH CBOHCTBAMH MaTepHAIIOB CITOCB.
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