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ACUMNTOTUYECKOE PELLEHUE 3ANAYUN
HECTALUMOHAPHOM TENNOMNPOBOAHOCTU CITIOUCTbIX
AHU3OTPONMHbLIX HEOOAHOPO[OHbIX OBOJIOYEK

ITocmpoens, sHewHUe acumnmomuyeckue PasLoxceHus peweruti 3adauu Hecmayu-
OHAPHOU MenaonposoodHOCTU CAOUCTBLL AHUSOMPONHBLL HeOOHOPOOHBLL 06os0UeK
NPU PABAUUHBLL ZPAHUUHBLL YCAOBUAX HA AUYEBHLL NogeprHocmax. IIpoanarusu-
POBAHBL MoAYuaOWUecs O8YymepHble pas3pewtarowue YypasrHeHus U uccredosarsl
acumnmomuueckue ceoticmea peweHutl 3adauu menaonpogodrHocmu. Jano gpusu-
yeckoe 000CHOBAHUE HEKOMOPHLX 0cobeHHOCMmel ACUMNMOMUYECKO20 PA3A0HCEHUS
memnepamypsvl.

Hacroamaa pabora AByAeTCA IIPONOJIKEHMEM MCCJIENOBAHMI, OITyOJMKO-
BaHHBIX B [4], re ObLIM IIOCTPOEHBI ACUMIITOTHMYECKME Pa3JI0KEHUA PeIleHNUsa
3a7la4yl TEIJIONPOBOSHOCTY TOHKMX CJIOMCTBIX IIACTMH IIOCTOSHHONM TOJIIIMHBI
IpM rpaHNYHBIX ycsoBuax I-ro u III-ro pona Ha JuieBbIX HoBepxHOCTAX. OnHa-
KO B VMH)KEHEPHOJ IpaKTMKe IIOMMMO IIJIACTMH YacCTO JCIIOJb3YIOTCA TOHKOCTEH-
Hble KOHCTPYKIMM OOJiee CJIOXKHOJ IeOMeTpUM — CJIOVUCTBhIE ODOJIOUKM M VICKPVB-
JIEHHBIE ITaHeJV IIOCTOSAHHOJ ¥ IepeMeHHON TOJIUMHEBL I103TOMy aKTyaJIbHOM fAB-
Jdgercsa npobsemMa pas3paboTKM METOJOB pacdeTa M aHaJM3a OCOOEHHOCTeN pelle-
HMA 3a7la4y TEIJIOIPOBOJHOCTY TAaKMX CJIOMCTBIX KOHCTpykKumil. Hacrosiee nc-
CJIeZIOBaHMe IIOCBSIIEHO IIOCTPOEHMIO ACUMIITOTMYECKNUX Pa3JIOsKEeHMI pelleHuit
3a7la4y HeCTal[MIOHAPHOJM TEeIJIONPOBOJHOCTY CJIOVCTBIX AHM30TPOIIHBIX HEOJIHO-
POOHBIX 000JIOYEK II0 Pa3JIMYHBIM MaJibIM IIapaMeTpaM IIpM I'PDaHMUYHBIX YCJIOBM-
AX Ha JINIEBBIX ITIOBEPXHOCTAX 00Illero BUIA.

1. IlocTaHOBKa 3ama4Yy TEMJONPOBOJHOCTH CJOWUCTBIX AHM3OTPOIHBIX
o0osouek. PaccMoTpuM TOHKyIO 000JI04YKy, cocTosAlnyio u3 M aHM30TPOIHBIX
HEOJTHOPOIHBIX CJIOEB, BO3MOXKHO, IIepeMeHHOJ ToJImHbL. CBaAMKeM ¢ 000JI0YKOI

KPMBOJIMHENHYIO OPTOTOHAJBHYIO cucTeMy KoopzmHaT OX,X,X; Tak, 4TOOBI OT-
CUeTHas IOBEPXHOCTb Xy = (0 coBmajaJja ¢ ONHOM 13 JIMIEBLIX IOBEPXHOCTEl
o0GoJsiouKy (HalpuMmep, BHyTpPeHHeIt), a oBepXHOCTu Xy = H, = const > 0 omnpe-
IeJIANY TPAHUIBI KOHTAKTa MeXAay m-m u (m +1)-m ciuoamm, m =12,.... M
(sHauenme x; = H,= (0 s3ajaeT OTCYeTHYIO IIOBEPXHOCTb, X3 = H, = H = const >

>0 — OpYrymo JMIEBYIO IIOBEPXHOCTB; CJIOM IIOCJIELOBATEJILHO IIPOHYMEPOBaHBI
OT OTCYETHOJI IIOBEPXHOCTM K IIPOTMBOIIOJIOMKHOI JIMIleBON moBepxHocTy). ITapa-

meTpel Jlame A,, A, HeIpepbIBHBI BCIOAY B 000J0YKEe M MMEIOT IJIaJKOCTh, KOTO-
pas norpebyeTcs B mpollecce paccyskfeHmit; napamerp Jlame A, Ha rpaHMIax
KOHTAKTa CJIOEB MOKET MCIBITBIBATE PasphbiB IIEPBOro poja (T.e. Ag = A(3m) pu
H, _,<x3;<H,, 1<m< M), BEyTPM KasKJOT0 M -TO CJIOA BTOT IapaMeTp MMe-

eT IJIaJIKOCTh, KoTopas MnoTpedyeTcsa B Ipolecce paccysxnernii. (B ciydae cioes
IIOCTOAHHOJ TOJIIMHLI KOOPAMHATa Xy = 0 3aJjaeT paccTOAHME OT IIPOM3BOJILHOM

TOYKM ODOJIOUKM O OTCHUETHOM IOBepPXHOCTHM, Ipu atom A, =1.) Ha rpanumax

MeX Ay CJIOAMM BBITIOJHAIOTCS YCJIOBUA VMA€AaJIbHOIO TEIIJIOBOI'O KOHTaKTa.
HpI/I CAeJIaHHBbIX IIPEeAIIOJIOMKEHNAX YypPpaBHEHNE HeCTaLH/IOHapHOf/I TeIlJIoIIPo-
BOOJHOCTM MM -T'O CJIOA MMEET BU[

T 7 m) =
—(m)=(m) OT™ __ 1 23: a Z3:A1 _2A_3}‘ij 6Tim) N
ot A A, A, 1T 0 e oz,
+Q™(x,x,,%y,t), H, <Xy <H,, 1<m<M, (1)
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rge T'™ — remmeparypa m-ro cios; @™ — MIOTHOCTH MOLIHOCTM BHYTPEH-
HUX JMCTOYHMKOB TEeIlJIa B M -M CJIOE,; kg}”) — KO03(P(PUIMEHTHI TEIJIOIPOBOJHOC-

TV MaTepyuaja m -To cjod (B o0IeM ciydae, (DYHKIMM BCEX MPOCTPaHCTBEHHBIX

c(m

IIepeMeHHbIX); — yHenpHASA TEILIOEMKOCTb MaTepuaga m -ro cjaos; p™ —

o0beMHas IJIOTHOCTb MaTepuajia m -To cJos; t — BpeMsA. 3Iechb U Aajee pas-
MepHble (PYHKINM U BEJIMUYMHBLI OyZeM IIOMedaTh CBEPXY UepTOii, a COOTBETCTBY-
omye UM O0e3pasMepHble (DYHKUMM M BeJIMUMHBI — 0003HAYATh TEMU K€ CUMBO-
JaMy, HO 0e3 4epThL

Ha moBepxHOCTAX X3 = H, KoHTakTa M -ro U (M +1)-ro cJI0EB [OJKHBI

BBIIOJIHATHCS YCJIOBUS COIPSYKEHUS PEIIeHNUs 0 TEIJIOBOMY IIOTOKY U TeMIle-
parype:

ZB:X(J?) oT'™ _ ZB:X(;;’ oT™ Fom) _ i) 5. =
A 0%, &4 om = 37 M
i=1 Al t i=1 1 4
n=m+l1l, 1<m<M-1, (2)

Ha JIMIEBBIX IIOBePXHOCTAX obomoukm (xy =0, Xy = H) 3ajaHBl rpaHUYHEIE
YCJIOBUA 00II[ero BuUza

3 AW ~m) I —
p)y fai 0T = 19Q(F,,7,,7) + 87a (TV(%,, T,,0,7) -
A, Ox; |_
i=1 1 g ;c3=0
—) 3
- T, (xvxz’t))’
3 WM ST ~ _
py Bl AT gz, 5, 1)
~ A Ox; |_ -
=1 1 1 ;c3=H
395 (TM(3 7 A1) -TH(% % T
+98 a(+)(T (z,,%,,H,t)-T, (xl,x2,t)), (3)
rne @) — 3azaHHBIE Ha JMLIEBBIX [OBEPXHOCTAX IIPOEKIMN BEKTOPA TEILIOBOTO
IIOTOKa Ha HaIllpaBJIEHNME BHeIIIHel HOpMaJ'H/I; &(i) - KOSCbeI/ILU/IeHTbI KOHBEKTUB-

HOTO TeILIOOOMEeHa ¢ OKPYJKaIoIleil cpeoil Ha BHelHel (+) u BHyTpeHHei (—) —

o m(+ o
OTCYETHOJ — IIOBEPXHOCTAX O0DOJIOUKN; TOE;) — TeMIlepaTypa OKpy’Kalolleil cpe-

JIbI CO CTOPOHBI BHEIIHeN (1) M BHyTpeHHeN (—) JIMIeBOi IMOBEPXHOCTY 000JI0Y-

+ (=
@ 8% — pyHKIME IeperIOueHMA, MO3BOJIAINE 3a4aBaTh TOT

YES)
win, B,y
VIV VIHOV TUII I'PaHMYHBIX YCJIOBUII Ha BHEIUHeN (1) ¥ BHYTpeHHel (—) JIMIIEeBBIX
IIOBEPXHOCTSAX.

Ha rtopueBoii moBepxHocTt S (KpoMKe) 0DOJIOUKM TaKiKe 3aJlaHbl I'PaHUY-
HbIE YCJIOBUA, aHAJOTMYHEIE (3):

S Dy A i T F +8a™ (T"™(8,%) - T.,(5,1))
B;nigﬁja—@—vqn(,)a (8,6)=T,(5,1)),
(X,,%,,%) €S, t2%, 1<m<M, (4)
roe ﬁ’i — KOMIIOHEHTBI BEKTOpa eIVIHWYHONI HOpMaJII K TOpLIeBOIZ IIOBEPXHOCTN
0007109k, aflm) — 3aJaHHBIM TEIJIOBOJ IIOTOK Yepe3 TOPLEBYIO IIOBEPXHOCTb

(M) — gosdpdourmenT TermmoobMeHa Mo 3aKoHY HbIOTOHA MeKIy

m -To CJIOS; O
m -M CJI0eM M OKpY:Kalolleil cpefoif Ha TOpIieBoi moBepxHocTy; T, — TeMmepa-

Typa OKPYKalolllell CpeZbl CO CTOPOHBI TOPIIEBOI IIOBEPXHOCTM (MJIM TeMIepa-
Typa TOPILEBOI IIOBEPXHOCTY, CMOTPSA II0 CMBICIY); B, v, 0 — (PYHKIMM IIepeKJIo-

4eHNs, IO3BOJAIIME 3alaBaTh TOT MJM MHOM THUII IPAaHMYHBIX YCJIOBUII Ha TOpP-
LI€BOJ IIOBEPXHOCTH.
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B moment BpeMeHNt ?0 B M -M CJIO€ 3aJaHO HaYdaJIbHOE yCJIOBME
F(m) (= = = Ty qm= = o=
T (), %y, Ty, ty) = T (T, Ty, Ty ), 1<m<M, (5)

i (S To(m) — 3aJlaHHAA (PDYHKIMA.

Ob6espasmepum cootHourerusa (1)—(5). C proit 1esbi0 BBeZeM Oe3pa3MepHbIe
He3aBJCUMbIe IIepeMeHHbIe

A,dx; = LA dx;, i=12, A,dx, = H Adx,,

t=1/t, t, >0, L =min(R,a), (6)
rqe R — XapaxTepHbI pajilyC KPUBU3HBI OTCUETHOJ [TOBEPXHOCTI ODOJIOUKIL, &
— XapaKTepHBI pasMep 000JI0YKM B MJaHe (IJIA ITOJIOTMX 000JIOUEeK UM MCKPUB-
JIeHHBIX TaHeseil); H, — XapakTepHas TOJINMHA OGOJOYKM, f, — XapaKTepHOe

BpeMd, B TedYeHJe KOTOPOr0 PacCMaTPMBAETCs IIPOLECC HEeCTalMOHAPHOM TeIlIo-
IIPOBOJHOCTL.
YpaBHenue (1) obespazMepum yMHOKEHMEM Ha A1A2A3I?If/(7_u*’1_‘*), TOTzla C
ydeToM (6) mosryumm
82C(m)8tT(m) = 82L(2m)(T(m)) + 8L(1m)(T(m)) + 0, (xg’?agT(m)) +e2Q™(x,1),
X = {1, 2y, 25}, (7)
i (S
L (T0) =3, (MI0,T0) 0, (M3, T) +.0, (M0, T + A0, T)
L(zm(T(M)) = 61(X§T)81T(m) + XY;@ZT(’”)) +0, (7“(2?)51T(m) + 7L(21;)52’11(111)) ]
o (8)
€= H,/L — manbii mapamerp; 0; — omepaTop HacTHOro AuddgepeHnnpoBaHns
o Oe3pasMepHOit IPOCTPAHCTBEHHO MmepeMeHHoi x,, ¢ =1,2,3; 0, — omepaTop

JacTHOro nudpdepeHnpoBaHns 10 6e3pasMepHOMY BpeMeHN ¢t .
IlepBoe wm3 ycJoBuUit compskeHusa (2) obespaszMepuM YMHOMKEHUEM Ha

AIAZFI*/@*’I_‘*) , @ BTOpoe 13 ycJioBuit (2) — peJjieHMeM Ha ’1_‘* = const:
e(A0, T + A5, T™ ) + Ae, T =
= gAY, 7™ + 120, 7™) + 1 {Wo,T™
Tm = 7™, x,=H,, n=m+1, 1<m<M-1, 9)
rpaHNYHbIE yCJI0BUA (3) o0e3pasMepuM YMHOMKEHMEM Ha AlAZITI*/(X*’I_“*), a(4) -
YMHOMKEHIEM Ha A1A2A31TI*/(X*’T’* ):
B[, TV + 1800,V + 108, TV] = ey V@7 +

— 1 -
+ 88 o (T - TS), x, =0,
— B [e(A0Da, TV + A, TN 4 A5 TD] = gyt 4
+ &8 Mo, (T - T(Y), x, =H, (10)

3 2 3
- BSZ n, Z k;’?)éeT(m) - BZ npx;;g)agﬂm) = eyq™ + eda™ (T™ T ),
p=1 (=1 p=1

(x), x5, 5) €S, t2>t, 1<m<M, (11)
HayaJbHOE ycsoBue (5) obespasmepnum peseHneM Ha T, = const:
T (x,t,) = T\™ (x), 1<m<M. (12)

B coorHomrenuax (7)—(12) mcnosb30BaHBI cienyiomye (oOpMyJbl obespas-
MepuBaHNA ¥ 0003HAYEHN!
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o)~ Lgom) a1 a4 aqm  gm 144 4 F200M
T* ij AiAjk* 14727731 7\* ' 1472773

T =L oo L aa1Q®, o, =2A4A4La,, T,=-==
=1y 7 1t ) w =5 Attty T
T, — — 1,
T,==, ¢m™=_L a4,4Ig™, wmz%Aﬁﬁ@dm,%z%,

1 —9_ — + S(+ —

cm = ﬁA1A2A3L2c("”p“’”, 8 = 4,48, n, =Am,,
=123 1<m<M, (13)
T, — HEKOTOpOe XapaKTepHOe 3HAUEHNE TeMIEPaTypbl KOHCTPYKIWM (HAIpu-

Mep, TEMIIEPATypPa €CTECTBEHHOIO COCTOSHMA); A, — XapaKTepHOoe 3HadYeHye KO-

*
3¢ppuImenTa TENJIOIPOBOSHOCTY MaTEPNAJIOB CJIOEB ODOJIOUKM (HAIIpMMep, MaK-
CUMaJIbHAA II0 CJIOAM BeJUYMHA HaMOOJIBILIET0 M3 TJIABHBIX 3HAYEHWII TeH30pa

A (m) . (m) _
KO03(P(PUIIMEHTOB TEIJIONPOBOHOCTH 7%']' ); C Oe3pa3MepHad TeIJIoeM-

KOCTb (XapaKTepHOe 3HaueHUe BpeMeHU ?* B (7), (13) BBIOpPaHO TaK, 4YTOOBI ctm

uMeJsa MIOPANOK eAVIHUITHI).
Ecau cuntaTh, 4TO MB3MEHEHMIO MAaJIOTO FeOMETPUYECKOro IIapaMeTpa € COo-

OTBETCTBYET M3MEHEHME TOJIIVHDBI 000JI09YKM H* (TOJIHH/IHI::I CJIOEB IIPM 3TOM W3-

MEHHAIOTCA IIPOIIOPIMOHAJIBHO M3MeHeHMio H, ) npu (pUMKCHMPOBaHHOV reoMeTpum
OTCYETHOJ ITIOBEPXHOCTY KOHCTPYKIMM (IIpM (PMKCHMPOBAHHOM XapaKTEpPHOM pas-

Mepe L), To ocHOBHBlEe (PYHKLMM M BEeJIMUMHLI, [IpUBeJleHHbIe B (13), uMeloT cie-
IYIOIVe acUMIITOTUYEeCKYe cBoicTBa npu € — 0

MY =0, =123 Q™ =001, TV =001, QY =00),

T,=0(), ¢ =0@1), o™ =0@1), c™=0@1), T™=071). (14)

Kak 0OpbLmo moxasaHo B [4], B rpaHMYHBIX ycJoBuAX obiero Buza (10) Ges-
pasMepHble KOD(PPUIMEHTBI O, , XapakTepusyiomue Kpurepuit buo [3] #a sn-
LIEBBIX IIOBEPXHOCTAX, MOTYT OBITH IOPAIKA €IMHUIBI, & MOTYT OBITh OOJIBIIVIMY

I MaJibIMJM BEJIMYMHaAMM II0 CPaBHEHMIO C eIH/IHI/IIIef/'I. CJIe,I[OBaTeJIbHO, IIpm o1pe-
AEJIEHHBbIX YCJIOBUAX Terioo0MeHa Ha JIVIIEBBIX IIOBEPXHOCTAX 6espasMeprIe

yncya Buo (l(i) MOYHO paccMaTpyBaThb KaK He3aBUCHMMbIE OT €& MadJlble WJIN

OouJibIINie TTapaMeTpPHI.
HJasee OymeM OTZesbHO paccMaTPMUBATBL CiIydam OOJIBINMX M MAaJbIX 3Hade-
HUi ynces Bruo Ha JMIEBBIX ITOBEPXHOCTAX ODOJIOUKIL

2. Caxyyqait rpaangabix ycjaoBuii II-ro u III-ro poga mpm mMajbIX 9mciiax
Buo Ha JUIEBBIX NOBEPXHOCTAX 000J09KN. IIycTh Ha 00euX JIMIIEBBIX ITOBEPX-

HoCTAX yncja Bbuo Oy s Oy, ABJIAIOTCA MaJbIMM HE3aBJMCUMBIMI [IapaMeTPaMu
+

(mpu aTom B (10) crenyeT IpUHATH [3(*) =1). Tak Kak Oy, Oy BXOIAT JIMIIb B

rpannyHble ycsoBuA (10), CTOAT COMHOMKUTENAMN IPU (PYHKIMAX T, 7™M 3 ge

IIpY MX OPOMBBOAHBLIX, M JJIA OCHOBHBIX (PYHKIMII M BeJIMUWH, [IPUBEIEHHBIX B

(13), BBIONHAIOTCA aCUMITOTMUYECKNE CBOMCTBa, aHaJlorn4yHble (14), mpu Oy =

-0, o0 - 0, To HauasbHO-KpaeBada 3azada (7)—(12) ABaaerca 3amadeiil ¢ pe-

IyJIAPHBIM BOSMYIIEHMEM [0 IIapaMeTpam O, o). JlJiAd ynpouleHns peuleHns

3TON Haqaano—}cpaeBoﬁ 3aJa4dyl MCIIOJIb3yeM aCUMMIITOTYECKOEe Pa3JIoKeHNe
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o0 o0
T(m)(xl,x2,x3,t) ~ z zTi(jm)(xl,x2,x3,t)a(l_)(xg+), 0 <oy, 0
i=0 j=0

4 <L

(15)
ITopncraBum (15) B (7)—(12) n cobepem cilaraeMmble IPYU OAMHAKOBBIX CTEIle-
HAX ocff)ocf +)» TOIZa TIOJIy MM CJIEAYIOLIYIO LIEII0YKY PaBeHCTB!

MO I = SLEIG) 4 (T + 0,040, +
+8y,80,£°Q"™ (x,1), (16)
8(7“5371'1)61’111‘(]‘7'1) + ké?)ﬁzTi(jm)) + }‘gg)a:sTi(jm) = 8(7‘$)61Ti(jn) + }‘(37;)62Ti(]‘n)) +

(n) (n)
+hyy 03T

T =T, xy=H,, n=m+l, 1<m<M-1, (17
3(7“(311)61’111(]'1) + 7‘(312)62711'(]‘1)) + 7“(313363’111(]'1) = SSOiSOjY(_)Q(_) - 86(_)611'50]"11_) +
£ o501 2 =0,
- [S(Xg/f)alTi(jM) + }"(3];4)62Ti(jM)) + }”g)%Ti(jM)] = 8601‘8077’“@”) -
—£8;8,,8 T + e8I T, x, =H, (18)

3 2 3
—Be)y n, > AP0, T =By n AURo, T = e8a™T(™ +
p=1 (=1 p=1
+880;80; (g™ —8a™T,),  (x), x5, x5) €S, T2,

1<m< M, (19)

T (x,t) = 8,8, T{™(x), 1<m<M, 1,j=0123.., (20)

rge §,, — cumBos Kponexrepa. B mepsom pasenctse (18) mpu 7 = 0 u BO BTOpOM
paBeHcTBe (18) mpu j = 0 caemyer ydecTb

T =0, ™) =0, 1<m< M, i,7=0,1,2,3.... (21)

Hauganbro-kpaeBble 3agaun (16)—(20) ¢ yueTrom (21) MOKHO IIOCJELOBaTENb-

HO IIPOMHTErPUPOBATH NPU BceX 4,5 > 0, T.e. MOYKHO IIOCJIEJOBATEJILHO OIpene-

JUTb Bce KO23(pPUIMEHTHl pasiioskeHusd (15).

Hamnune MaJjoro reoMeTpryecKoro mnapaMmeTrpa € IPM BBICHIMX IIPOM3BOJ-
HbBIX B ypaBHeHUN (16), B ycyuoBuax conpssxkeHud (17) M IpaHUYHBIX YCJIOBUAX
(18), (19) yxasblBaeT Ha TO, YTO HadaJIbHO-KpaeBad 3amauda (16)—(20) mpu ro-
O6b1x 7,7 =2 0 sABIAeTCA 3a/jadell C CUHTYJIAPHBIM BO3MYIIEHMEM, IIO3TOMY pellle-

HIUE 3TOM 3aJla4dmM cjenyeT pa3bICKMBaThb B BUe

(m) _ m(m) (m) (m) P
T;" =Ty + Ty + Ty 1<m< M, 1,7 =0,1,2,3..., (22)
i (S T,fg” — BHeIIIHee acUMIITOTHYECKOe DPa3JIoyKeHMe (DYHKIN Ti(jm), xXapakre-
pUByIOIllee OCHOBHOE TeMIEPATYpPHOe IIOJIE B MM -M CJIOE; TT(Z;” — IIOIpaBKa K

BHEITHEMY Pa3JIOKEHNIO B OKPECTHOCTV HaYaJbHOTO MOMEHTa BPEMEHN t = tO;

Téz’;) — IIOIpaBKa K BHEIIHEMY PasJjOKeHMI0 B IIOIPAHMYHOM CJI0E B OKPECTHOC-
TV TOPLIEBOJ IIOBEPXHOCTY 0D0JIOUKIL.

Hasee HacrTodlllee MCCIeNOBaHME IIOCBAIIEHO OIPENEJIEHMI0 BHEIIHETO
ACUMIITOTUYECKOTO Pa3JI0KeHNA T*(i’;”. Yro0Bl IIONYYNUTh JJIA OIpeLeseHNU T*(Z”
HEIIPOTVBOPEUNMBYIO IIEIIOYKY PABEHCTB, aCUMIITOTUYECKOE Pa3JIOsKeHNe CJelLyeT
3a7aTb B Buue
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*l] (xl,x2,x3,t) z+]+1 z ik (xl,xz,x?),t)a 1<m<M, ,j=20.

(23)
ITopcraBum (23) B (16)—(20) 1 cobepeM caaraeMble IIPY OAMHAKOBBLIX CTeIle-
HAX €, TOrZa IIOJIYYMM CJIELYIOIIYIO LIeIIOYKY PaBeHCTB AJIA olpeneseHusa PyHK-

it T]k (x,1):

0;(M530,TS ) = 0, 1<m<M, (24)

A0, T = 150, T, T (x,t) = T (x,0), @y =H,,
n=m+l, 1<m<M-1, (25)
Qo,Ti =0, x3=0, -r{0, T’ =0, x;, =H, (26)

- B(n1 ) + n2k(23) +ngh m))é Tl]’a” =0, (x, 2y, 23) €S,

1<m<M, (27)
T (x,8,) = 0, 1<m<M, (28)
05 (M0, Ti ) + L™(T)) = 0, l1<m<M, (29)
A0, T + 0510, T + 05370, T =050, T + AP0, T + 1550, T,

iV (x,0) =T (x,1), x3;=H,, m=m+1l, 1<m<M-1, (30)

M0 T + M50, T + 1500, TH) = 0, x, =0,
- (Ao, THD + 4400, T + A0, T ) =0, =, =H, (31)

—BZ Zx’”)a T”O BZ n AU (mg Tw’}” dal™ ]0> =0,
p=1 (=1 p=1

(x;, 5, x5) €S, 1<m<M, (32)
T (%, 8y) = 8,80,T3™ (%), 1<m<M, (33)
0 ( m)a Tz]Z ) + L (Tz]T)) + Lm)(TzJO )) atTl]() =0 ’
1<m<M, (34)
k ) Tl]2 +k31 )0 le1 +k32 )0 le1 K 6 sz2 +K31 0 Tl]1 +k32 62le1 ,
1]2 ™) (x,t) = m(xt), xs=H,, mn=m+1l 1<m<M-1,(35)
M0, T + M08, T + M50, T = 83,8,,v' 77 + 87T ., a3 =0,
M
( '8 ngz + 7‘31 '8 ngl + }”32 '8 Tm ) = SwaoﬂmQH) + 6(+)Ti(,j—)1,0’
xy =H, (36)
3 2 3
_BZ Z z]l Z z]Z 60‘ z]l - 80180](yqn -
p=1 (=1 p=1
-8a™T,), (x,%,,25) €S, 1<m<M, (37)
m(xt)— 1<m<M, (38)
0 (7“33 0 Tz]”lzl)) + L (Tz]k 1) + L (Tz]k)z) m)ath]k 2 =
= —801.80].83,662 )(x,1), 1<m<M, (39)
7“(3?)63711'(]‘11?) + 7“(37171)61711'(]‘11?7)1 + 7“(37211)62711'(]‘11?7)1 = 7“(33)63711'(]‘72 + 7L31 0 Tzﬁc) 1

(n) (n)
+ 3905 T 1
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iV (x,t) = T3 (x,t), a3 =H,, n=m+l, l<m<M-1, (40)

—-)m(1)
M0, T + 0500, T + 4590, Tnk =80T Ly = 8180058 7T
x, =0,
- (M0, T+ 205 T,ﬁfmx;f;“azn%zl):s“wf;:k 80,8, B3y VT,
=H, (41)
: \ (m)m(m)
m m
—BZnPZx 5 T”k = anxpg ”k ) _ da T =0,
p=1 /=1
(xl,xz,xg)eS, 1<m< M, k=3,4,5..., (42)
Tig’]c”(x,to) =0, 1<m<M, k=345., 1,j=0123..., (43)
rge corJacHo (21), (23) cienyetr ydecTb
T, =0, T™, =0, 1<m<M, 14,j,k=0123.... (44)

ITocTpoum pertenne cucrems! (24)—(43). Viarerpupysa ypaBHeHue (24), ¢ yue-

Tom (25), (26) n k(gg” >0 (8 cumy mocrynara Onsarepa [2] u A; >0, i=1,2,3)
[IOJIY YMIM

1]0 m)(x,t) = Z.].O(Jcl,acz,t), 1<m<M, (45)

rae 0., — mpomsBosbHAA (PYHKINA, [MOAJEKAIAA B IOCJIEAYIOIIEM OIIpesese-

150
Huto. VI3 (45) cienyeT TOKJIECTBEHHOE BBIMOJIHEHME TPAHMYHOTO YCJIOBUA (27) Ha
KpOMKe 000J10uKy, a 13 (28) ¢ yueTom (45) BBITEKaEeT HAYAJILHOE YCJIOBUIE

eij[)(xl’xz’t[)):o, 1<m<M. (46)

Vurerpupya ypabBHeHue (29) o IepeMeHHol x,, ¢ yderom (45), (8), (30),
(31) nonquM

a ngl + 7\.31 5 Tz]O + 7\.32 5 Tz]O =0, (47)
oTcoa
T(x,1) = 0, (2,25, 8) - FV(x,),  1<m<M, (48)
rae z]l Tx,t) = J (7‘(371'1)6191]'0 + 7“(372'1)6291]'0)Wdgcs +
H Ags
m-1
m-1 Hy 0 1
Z j 3181911'0 + A 8291.].0)de3 ; (49)
(=1 H, 33

ijl(xl,x'Q,t) m(xl,xz,o,t) - rIpOI/IsBOJIbHaH dbyHKUMA, NoAJIeKalad oIpee-

JeHuio. Beipasum ns (47) npoussoguyio 0,7 U oxcTaBuM B (32), Torma

z]l

3 ; 10,050 + A3 05050
_BZ; Z pt 0, B0 +anp}”p3 l]x(m) . —8(1("1)6”,0 =0,
p=l (= 33
(xl,xz,x3)eS, 1<m<M. (50)

Tax Kak MaTepuaJibl CJIOEB IIPEAIIOATal0OTCA IIPOM3BOJIBHBIMM (B 00IIEM
ciydae, ¥ HEOOHOPONHBIMM II0 TOJIIMHE), & (PYHKIMA Gijo He 3aBUCUT OT Iepe-

MeHHOlt X;, TpaHu4YHOe ycyoBue (50) He MOXKeT OLITh BLIIOJHEHO TOYHO BO BCeX

TOYKaX TOPLIEBOJ IIOBEPXHOCTM ODOJIOUKM, TIO3ITOMY 3I€eCh U Jajiee I'PaHUYHbIE
ycaoBua Ha KpoMikax obosouku (50), (37), (42) OymeM BBINONHATH B MHTETPaJib-
HOM cMbIcJle (IPOMHTEIPMPOBAB IO TOJIIVHE ODOJIOYKM yKa3aHHbIe PaBEHCTBA),
4TO ABJAETCA HEOOXOOMMBIM M JOCTATOYHBIM YCJIOBMEM JJIA 3aTyXaHWUA IIOrpa-
HUYHBIX CJIOEB [3].

IIpounTterpupoBas coorHolreHue (50) mo TosnyHe 000JOYUKM, IOJIYyUYUM Tpa-

HMUYHOE YyCJIOBME Ha KPOMEKe IJIs (byHKI_H/H/I Oijo .
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(=1 m=1H 4 p=1 p=1 33
M H‘m
(m) _
~ 80,0 2. j a™dx, =0, (x,x,) e, (51)
m=1 Hp 4
rne I' — KOHTYp, OTpaHMYMBAIOIINI OTCUETHYIO IIOBEPXHOCTH ODOJIOYUKM, 3aHU-

Malonryio obsactb G B IPOCTPAHCTBe IIEPEMEHHBIX X, Xy -
IloncraBum (48) B HauasbHOe ycJioBue (33), Torma
0,51 (a0y, 20y, 1g) = FiT (%, 1) = 89,80, T4™ (x). (52)

Tax kak HadaJbHOE paclpejielleHVe TeMIlepaTyphl To(m)(x) IIPOM3BOJIBHO,
o (m) o
dyHKIMA Giﬂ He 3aBUCHUT OT IIePeMEeHHON X, U (OyHKIMA Fij1 II0 IIepeMeHHO

X, VMEeT BIIOJIHE ONpEeeJIeHHYIO 3aBUCUMMOCTD (49), To HadanbHOe ycjosue (52)

B 00IIeM ciydae He MOKET ObITh BBIIIOJIHEHO TOYHO BO BCEX TOYKAX ODOJIOUKH,
II0TOMY 37leCh U JaJjiee HadajbHble ycsoBusa (52), (38), (43) OyneM BBIIOJHATHL B
MHTETrPaJIbHOM CMBICJE (IIPOMHTErPMPOBAB II0 TOJIIHE ODOJIOYKYM 3TU PaBEHCT-
Ba), YTO ABJISAETCA HEOOXOAVIMBIM VI JOCTATOYHBIM YCJIOBMEM JAJA 3aTyXaHUA II0-
IIpaBKU TU’]”) B (22) B OKpPECTHOCTM Ha4YaJIbHOTO MOMEHTa BPEMEHU i .
IIpounTerpupoBaB paBeHCTBO (52) MmO ToJIIMHE OOOJIOUKM, IIOJIyUMM Ha-

JaJIbHOE yCJIOBUE IJIs (byHKI_H/II/I 6“ .

0,51 (), 2y, t) = HZ j [80:80, 1™ (%) + F (x, t) daey, (o), 25)€G
m= lH

(53)
rme x, = H >0 — annimkaTa BHEIIHeN JIMIEBOM ITOBEPXHOCTM B Oe3pas3MepHOIl

cucTeMe KOOPVHAT.
Ypasuenue (34) c yuerom (8), (45) u (47) M0sKHO ITpeobpPas30BaThL K BULY

0, (W™, Tim

ij2

4+ aymMe T

ijl

2
)+ 7”(31;)62'111(7”)) = —Z 52(7‘;71”)6161‘70 +
=1

2
+ x%?)azezjo) + Z 9 [7“%1)(7“(3?)6191]'0 +

+ A0, eno) NG }+ C™0,0,;-
33

IIpounTerpuposas mo Xy 9TO ypaBHeHMe, ¢ yderoMm (35), (45) m mepBoro pa-
BeHCTBa (36) HOJIyYUM

o, T + 0 Po, T + AP0, T = QY (x,t), 1<m < M, (54)

rae

Qz]Z (x,t) = 80:‘80]‘\((_)@(_) + 8(_)ei—l,j,0 + J. {Za |: 31 ™o 9”0 +
Hm

+ }\‘(31; 0 ez]() j| za /1 a ez]() + }\‘/2 a ez]())
c™o %o} dxy + D™ (6,;), (55)

IndpdepeHIMaTIbHBIN OIIEPaTOP D(m)(o) MMeeT BUL
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m-1 Hy 2 2
EZ I{Z [ 510, () + 1590, (+)) } Z 61(-)+

p=1

+7»§f2)62(-))+C"")6t(-)}dﬂc3, DW()=0. (56)

W3 pasencrsa (54) npu m = M, x5 = Hy; = H n u3 BTOoporo paseHcTsa (36)
¢ yaetoM (55), (56), (45) caenyer
M+1 S)A- -
D( + )(eij[)) _ _601‘807(7’( )Q( ) T y(+)Q(+)) _ 8( )ei—l,j,o _ 8(+)ei,j—1,0’
(x,2,) €G. (57)
JT0 ypaBHeHMe c ydetoMm (44), (45) ompenesaeT (PYHKIMIO eijo(acl,acwt) opu

yoKe M3BecTHhIX O, ; jo n 0. YpaBueuno (57) COOTBETCTBYIOT IPAaHMYHOE

4,7-1,0 *
yciyoBue (51), 3aymanHoe Ha KOHTYpe ', n HayasbpHOe ycjoBue (46). 3HaA u3 Ha-
JaJbHO-KpaeBoy 3azaun (46), (51), (57) dpyrkUIMIO 9:‘;‘07 nosyuum B cuay (49),
(55), (56) m3BecTHbIe IpaBylo dYacTb B (54) m dynrmuio F 1]1 (x t) B (48). Ilox-

craBuB (48) B (54), nosry4uum

m m 1
0 Tz]2 = (Qz]2 (x,1) + 7L31 ‘o Fm + 7“(32 )62Fi(jl )) NG
33
m 1
- (A5 )aleijl + M50 91]1) ) (58)
2y

Tle IIepBOe cJlaraeMoe B IIPaBOil 4acTu — M3BecTHad (PyHKUUA. I[IpoumHTerpupo-
BaB 3TO paBeHCTBo o X5, C y4€TOM (35) OyzmeM MMeThb

TIW (x,) = 0,5, (2, 205, 1) — F3) (%, 1), 1<m<M, (59)
roe
X3 1
FiPx = [ (178,05 + 158 em)Wolac3 +
H 33

m-1

m_1 Hy

Z j 316191']1 + 7L32a 91]1) NG, dag
(=1 g, 33

X3

1
j (ngz + 0100 Fz]l + 0500 Fz]l )—m)dx3 -
Hp 7“33
1
- z j 1]2 + }\‘31 z]l + }\‘326 Fz]l) (0) dx{; ’ (60)
1H Mg
(-1

em(xl,xz,t) = Tiglg(xl,xz,o, t) — npousBoJbHAA (PYHKIMA, IOAJIeKAllad olIpese-

JIEHNIO.
IloncraBum (58) B rpaHMuHOe ycJoOBMe Ha KpoMKe (37) M IpPOMHTErpupyem
€ro II0 TOJIIIVHE O6OJ‘IO‘IKI/I ¢ yuetoMm (48), Torma

3 p M

3
Z_: ezylz .[ _ank;)?)_F?“Bé Z . p3 dxg -

m=1 H,, p=1 p=1 }\’33

M Hp
—80,, > | a™dx, =

m=1 Hm—l
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H (m)

r S (m S Mphps o om)
J _BZZ_; n, (M7 an]l +21{500 z]l M) +B —(Qij2 +

1 p=1 }\‘33

M=

3
i

1 H

+ A0 FGY + 1500, FY ) + 80,8, (vg™ - 8a™T, ) —

- 8o ™F{T }dx?), (x,,2,) el. (61)

IloncraBus (59) B HauaJsbHOe ycJoBue (38) M IPOMHTErPUPOBAB €ro IO TOJI-
IIMHe 000JI0YKY, ITOJIYy4NM

0,55 (2, 2y, 1y) = Hmlej O(x,ty)dacy,  (x,2,) € G (62)

B cuny dopmanbrOro CXO,I[CTBa cootHomtennii (34)—(38) u (39)—(43) coor-
BETCTBEHHO U paBeHCTB (H9), (48) u (54), (47) MOKHO IJIA HadaJbHO-KpaeBOll 3a-

Jadn (39)—(43) npu k > 3 crmesatb ,uonyl_ueHMH
oS TI + Mo T, + Ao, Tin ) = Q) (x,1), 1<m <M,
(63)
Ty (%, 1) = 0,5y (), 2y, 1) = Figt) o (x, 1), 1<m<M, (64)

rae Qijmkll(x,t), Fi(].?;z (x, t) npenmosaralTCA yyKEe M3BECTHBIMU (PYHKIVAMIL

(IIpn k =3 pomywenns (63), (64) BBIIOJHAIOTCH, TaK KaK CIPaBEIJIMBLI pa-

Fm)

BeHcTBa (48), (54) n dyrrUNN Q”2 , 1]1

mna3BecTHBI 13 (49), (55) u peleHHOI
HadaJIbHO-KpaeBon 3amaun (46), (51), (57))

Bripaszum us (63) nponssoguyo 0,T ]k 1 U TIOACTaBUM C yueToM (8) B ypas-
HeHne (39), Torga mocJie MUCIOJb30BaHMA paBeHCTBa (64) mosyunm

63(7‘%)6371‘(;1?) + 25700 T]k L+ A5 ngk )= 80i80j83kQ(m)(X’ t) -

i
1

- Z{ |: (3 z]k 1t 7“37?)6 Fz]”l?)Z + 7“37;)6 FZ;I?)Q) 7L( ):| -
33

) ) )
- az(kﬁ? ale‘(jZlf)2 + 7“42 ‘o Fz]k 2)} m ath;I? 2

2
1

Z{ [ I8y )aleijk—z + A’(Bg%)azeijk—2) (m)} -
Ay

-0, (}"?Zb)alei]‘k—z + }"(é?)aQGi]’k—Z )} + C(m)ateijk—Z'
IIpounTerpuposas 1Mo x,; 3TO ypaBHeHue, ¢ ydetom (40), (41) Oynem umeThb

M0, T + 050 THY) + M0, TV, = QU (x,1), 1<m <M, (65)
rae
L3

Quk (x,1)= 8C 1]k 2| -0 _811‘60]‘6%6(_)7‘;;) - _[ {801‘80]‘6%@(7”)("7”_
H

m-1

),) +C"™o, Fin

an]k2+?\ aF tz]k2

27 ijk—2

2

;

Z |: p3 z]k1+?\3lan]k 2+
-1 Hy

”dx3 Z j {amawsng“)(x,t) -

[lHll

+ 37;)6 Fz];?)Z) 7\‘
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P

2
@ 14 14
DIA >a F]k g+ a F]k ,) +Cl >atFi;,g_2 +
p=1

2
1
+ Z 61)[% ”k ) +x316 Fl]k 5 +X326 Fnk o) = NG, }} da, +
p= 33

—

L3 2
m 1
+ J {Z [ 31 )6191-]4;672 + 7L(32 )62911'1%2) X(m)} -
H,_, “p=1 33
2
Zap( 0512 +7“ 50 eijk—z) +
p=1
+ C(m)atei]’k—Q} dacg + D(M)(eijk—Z) ’ (66)

InddepeHIabHbIN OIIepaTop D™ () omnpeneseH B (56). VI3 coorHOenusa (65)
npu m =M, xy = Hy = H n u3 Broporo paBeHCTBa (41) c yuetom (56) cienyet
M+1 _ (0 @ -
DM* )(eijk—z)__s( Ti(—)l,j,k—2|x -5 z] lk 2| _H +61i80j63k6( )

H

M m
+8y,8, 88T + 3 | {501-50;'5%@“")(&& -

1y m1

2 2
m)
_Zap aFl]k 2+?\' 1]k2 Z |:p3 1]k1+
p=1

1
aF]k 2+}\‘326F]k 2)}\‘(m):| at ijk— Z}d‘r37
33

(x;,x,) € G, t>t,, (67)

Ifle IpaBas YacTh — M3BECTHAs (PYyHKIMS IePeMeHHBIX X,X,,t, TaK KaKk (PyHK-
oumn QE;Z)_I, Fi§f22 IpexnroJaraloTcsa ysxe u3BecTHbIMU (cM. (63), (64)).

Ilpn k =3 ypaBuenue (67) ompemenseT (PyHKIIO Oijl(xl,acz,t) npu rpa-

HUYHOM ycJoBum (61), 3alaHHOM Ha KpPOMKe ODOJIOYUKM, ¥ HAYaJIbHOM YCJIOBUU

(53). IIpn k > 4 rpanmyHoe ycJyioBue AJisi ypaBHeHusA (67) moaydmm, IIPOMHTEr-

pPUpPOBaB paBeHCTBO (42) mo TosyHe 0D0JIOYUKM NIJA IpPeAbIAyllero 3HaueHua k
(saMeHMB B (42) k ma k-—1), Torma, uckmarwouus u3 (42) 3a cuet (63) mpomssBox-

Hyo 04T ]k 1 Y VICIIOJIb30BaB paBeHCTBO (64), OymeM MMeThb

Zé > j { Zn,,kp; 4oy Z my pn31):|

m= lH
30 i ) g, =Y ey wmg m)
ijk—2 Z j o x5 =), j B n, (2770, ijk—2 T
m=1H m=1§H -1 (=1

m)

(m P P3
+7“12 z]k 2 +BZ z]k 1+7L31 an]k 2
p=1

+ 1550, F ) - da™EG z}dacB, (x,,x,)el, k=4,56..

(68)
Iois1 onpenesieHNs ke HAYaJIbHOTO YCJIOBMSA, COOTBETCTBYIOIIErO yPaBHEHNIO
(67) mpu k > 4, noncraBum (64) B paBeHcTBO (43) (3aMeHuB B HeM k Ha k—2) u
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y4dareM, 49TO COIJIaCHO CAeJIJaHHOMY JOITYyIIEeHWIO (*)yHKLU/IH F]k 9 YoKE€ M3BECTHa,

TOTOa II0CJI€ MHTErpmpoBaHUsA I10 TO.TIH_U/IHe 000JI0YKM II0JIYYVM

0505 (1, 5, 1) = z j F,(x,ty)day, (x,,%,)€G, k=4,56....
m= lH
(69)

Bripasum u3 (63) mpomssommyio 04T, l]k 1 M TIIPOMHTErpUpyeM IOJydeHHOe

PaBeHCTBO II0 X5, TOrJa ¢ y4etom (64) HOJ‘Iy‘II/IM

TV (x,1) = 0,5y (), @,,1) - F (x,8), 1<m <M, (70)
rae
X3 1
(m) = (m) (m)
Fiely(x,1) = I (1577010505 + 1550,0,5_5) 2o day +
Hm—l 33
e 0 1
Z j O + 1320,0,5._5) NG dxg —
=1 g, 33
i 1
(m) (m)
j z]k L HA0 Fz]k 2 + gy 0, F ) om) dxg -
H,,_ 33
(0 (0 (0) (0) (0)
j z]k L A0, Fz]k » + 1530, Fz]k o) =7 NG, dx; , (71)
L Hp 33
Gijk_l(xl,xz,t) = Tigllg_l(xl,xwo,t) — Opou3BOJbHAA (PYHKLMA, MOAJIeKAIad OIl-

penenenuto. (Ilpu k = 3 pasencrsa (70), (71) comagaror ¢ (59), (60) coorBerct-
BEHHO.)

Onpenenns (pyHKIINIO Gijk_2 U3 HadaJIbHO-KpaeBoii 3azaun (67), (61), (53)
(mpm k =3) nam (67)—(69) (mpu k >4), 6y;:eM uMeTb B cuiy (71), (66) n momy-
menuit (63), (64) nsBecTHble (PyHKLINUU ka 1» ngmk) B paBeHcTBax (65), (70), xo-
TOpble (POPMAJBLHO ITOJIHOCTBIO COBIANAT c (63), (64). Takum obpaszom, momyiie-
HuA (63), (64) ocraroTcA CIpaBeAJMBBIMU U AJA CJIEAYIOLUIEr0 3HaueHuUd k, Io-
aToMy 110 cxeMe (63)—(71) MOKHO IIOCTPOUTL PellleHye HavaJIbHO-KPaeBoil 3ajJa-
un (39)—(43) (rme 4,5 = 0,1,2...) 0JA HOBOTO 3HAYEHUA Kk U T.H.

Hpe,[[J’IODKEHHI:HZ aJITOPUTM OIlpeneJsieHrisd OCHOBHOI'O TPEXMEPHOIro HecCTal-
OHapPHOT'O TEMIIEPaTYPHOTO IIOJA B CJIOMICTOM aHI/ISOTpOI’IHOf/)I 000JI04Ke MTOKa3bIBa-

€T, 4TO OJIf BBIYVMCJIEHUA HEN3BECTHBIX KOSCbeI/H_H/IeHTOB Tz]k B aCUMMIITOTH4YEC-

KOM pasJyoskennn (23) npu rasgaom k = 0,1,2,... He0OXOaAMMO HPOMHTEIPUPOBATH

IIByMepHble ypaBHeHus (57), (67), KoTopble OTJIMYAIOTCA JINIIbL M3BECTHLIMM IIpa-
BBIMM YaCTAMM ¥ B Pa3BEPHYTOM ByJie B cuiy (56) BBIMNIALAT Tak:

v Hm

m 1

Z ,[ {Za [ eijk—Z + }‘532 )aZGijk—Q)W} -

m= lH 33

- Z 640‘57)61917‘%2 + }“27271)6291']%2)} day =
Hm

M
00,22, [ C™ day + W, (x,,7,,1), (72)
m=1 Hp_q

roe W, ompepessierca mpasoif gacTeio (57) mpu k = 2 mum mpaBoit gacTeio (67)
npu k > 3.
183



Takx xax ypaBHeHme (72) comepsXMUT MIPOMBBONHYIO II0 BPEMEHM ¢ JINIIb
IIEPBOrO IIOpAOKa M IIPOM3BOAHBIE IIO IIPOCTPAHCTBEHHBIM II€pPEMEHHBIM .’I,‘l, .’1’,‘2
BTOPOTO IIOPSAAKA, TO OHO ABJIAETCA ypPaBHEHMEM NapabosdecKoro THIIA.

ITorasxkeMm, uTo mudepeHIaNbHbI OIIepPaTOp B JIEBOM YacTM ypPaBHEHMUHA
(72) aBnsaerca syymmnTudeckuM. C 3TOJ LIEJIbI0 PACCMOTPUM CJIELYIOIlee ypaBHEe-
HIE:

2 2
m m m ]. m

Z 9y [7“(43 )<7“(31 )alei]‘k—z + 7‘532 )azeijk—Q) (m)} - Z az@“(el )alei]‘k—Q +

(=1 7\33 (=1

+ 7\%)6291.].,672) = w, (x;,2y,23), 1<m<M, (73)

TJe NepeMeHHaA X, BBICTYNaeT B KadecTBe IlapaMeTpa, a JeBas YacTb COBIIaJa-
eT ¢ IOABLIHTeTrpaJIbHLIM BBIpasKeHMEeM B JieBoit dacTu (72). XapaKTepucTUieCcKoe
ypaBHeHUe 14 (73) umeer BuUL
(m)y (m) (m)y (M) .2 (m)y (m) (m)y (m)
[(55 Mgz’ = hag Aag )t —2(A%5 Ay = MEAS) @ +

1
+ (T -5 = 0, (74)
33

rme xé () = dx,/dx; — npoussBopHasd, 3aJalollasd HapaBJEHUE XapaKTePUCTH-
KI IIpY (PMKCHMPOBAHHOM Xy . JMCKPUMMMHAHT 3TOTO ypaBHEHUA
___4 (m) C o
D——Wdet(kij ), l,]—1,2,3,
33

rae det (k(f")) — OIpeJesMTeNb MaTPUIBI KO3((MUIMEHTOB TEIJIOIPOBOSHOCTIA

Corsacuo nocrynaty Onsarepa [2] u A, >0, k33 >0, det (k )> 0, nosTomy

D < 0. CrnepgoBaTenbHO, omepatop B (73) ABIAETCA SJJIUITUUECKNUM, a IJIA KO-
acpdumenTos B (74) npyu JOOBIX X3 BBHIIOJHAETCA HEPABEHCTBO

2
2
| (g -] <
33

MIAG S AED APA - MDA

<4
(m) (m)
7‘33 7L33
IIpomHTErpMpyeM 3TO HEPABEHCTBO II0 TOJIIMHE 000JIOUKY
m H (m)y (m) (m)y (m) N2 m) (m)y (m)
Z i 7“12 7L33 _7“13 7“23 dor. < Z j‘n 22 7L33 _7“23 7L23 «
k(m) 3 m)
m=lH_ 33 m=lH_ Ay
X(m)K(m) _ k(m)}\’(m)
11 ‘33 13 M3
x o dx., (75)

33
OTCIOZA, IIPVIMEHVB K JIEBOJ YaCTV HEPaBEHCTBO BYHHKOBCKOI‘O [1], mosyunm

n 2 — A lmptm) 2 Hy, 2 — 3 4mg (m)
[Z J 13 23 deJ < Z J‘ 23 23
3(m) A Lm)

m=lg__, 33 m=1H_ 33
(m)y (m) (m)y (m) M H (m) (m)y (m)
% 7L11 7“33 _7“13 7“13 dx3 < fﬂ 7L22 7L33 _7‘23 7“23 dach
X(m) —~ }L(m)
33 m=lH_ 33
M Hp x(m)k(m) —k(m)K(m)
11 33 13 M3
x Y o dx, , (76)
m=1H_ 33

IZle TocJielHee HEePaBEHCTBO ABJIAETCH CJEJCTBMEM TOIO, UYTO B CUJIY IIOCTYJIATA
OHsarepa COMHOMKMUTEJM IIOJ 3HAKOM MHTErpaJia B IIpaBoii dacty (75) IOJIoKN-

TEJIbHBI IIPV BCeX 1‘3 .
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Vlcnonb3ysa HepaBeHcTBa (76), MOXKHO OIlpelesUTb TUII ollepaTopa B JIEBO
4JacTy paspelawoniero ypasHeHusa (72). B crammoHapHOM ciydae (8t6ijk_2 =0)
xapaRTepMCquecxoe ypaBHeHue 1A (72) uMmeer BuUL

Hy, m) _ x(m);\(m) M Hp 7\ K (m) —k(m)k(m)
2 23 a3 ' 12 733 13 M3

Z J o daxy —2x, Z o) day +
m=lH_ Ays m=1H_ 33

M Hp }\‘(m)}\‘(m) _ }\,(m)}\.(m)

11 33 13 M3 _
+ z J. ) dx; =0,
m=l H_ 33

a ero ,ZU/ICKpI/IMI/IHaHT

m)k(m) —(m)y (m) Hyp, Alm)p (m) _ 5 (m)y (m)
My 13 a3 Ays M3 23 23
D=4 z j D dx3 —4 > o dx, x
m=1H__ 33 m=lH Ags
M m (m);\(m) Y m);L (m)
11 33 13
x> | o da, (77)
m=1l H, 33

s (77) ¢ yuerom HepaBeHcTBa (76) mosmydaem D < 0. CioemoBaTeJsibHO,
InddepeHIMaabHbIN OIlepaTop B JIEBOM YaCTU paspellarlllero ypaBHeHus (72)
ABJIAETCA BIIMIITUYECKVM OIIEPATOPOM BTOPOTO IIOPAAKA II0 ABYM IIPOCTPAHCT-

BEHHBIM II€PDEMEHHBIM X, X, IIOITOMY B CTalMOHapHOM ciay4dae (0,0, , =0)

ypaBHeHue (72) ABJseTCA ypaBHEHMEM BJIMIITMYECKOrO TUIA, 3aBUCAMLIVM JMIIb
OT IBYX IIEPEMEHHBIX Xy, Xy .
Ecom Ha 00eux JIMIIEBBIX ITOBEPXHOCTAX 3aJlaHbl I'paHM4YHbIe ycaoBudA II-ro

pozma (B(i) =y(i) =1,8% =0 mm oy =0 B (10)), To B pasnoxenun (15) ocraerca

smmb mepeoe ciaaraemoe (T™(x,t) = T(J(g”(x,t)) M BHeIIHee aCUMITOTHYECKOoe
pasJiosKeHNe TeMIIEPATYPHL OIIpeiesgeTca cooTHoeHneM (23) mpu ¢ = j = 0.

ObGcynyM HEKOTOpPBIE CBOMCTBA IIOJIyYEHHOI'O ACHMIITOTMYECKOTO pPa3JIosKe-
HUA (23) Ipy rpaHMYHBIX ycJoBMUAX II-ro poma Ha JIMIIEBBIX ITOBEPXHOCTAX (IIpn

1=7=0m oy, = 0). 13 paszaoskenus (23) caenyer, 4TO Opu Q™ %0 nmeem
T (2, 205, 25, t) = O(1/€) npm e—>0, (78)

T.e. ¢ yMeHblIeHMeM & Temmeparypa T 00 B Ka'KJIOM CJIO€ HEOIDAaHWYEHHO BO3-

pacraer 1o MOZAyJ0. JOTOT (PaKT uMeeT (puandeckoe OOBbACHEHMe. A MMEHHO:
YMEHBIIEHNIO &€ COOTBETCTBYET YMEHLIIEHME TOJIIVHDBI OGOJ’IO‘-II{I/I  CJIOEB IIpu
(PMKCHMPOBAHHBIX IIPOUMX BXOJHBIX NAHHBIX 3anauy (pasdMepax OTCYETHON IIO-
BEPXHOCTU 06OJIO‘-IHI/I, IIJDIOTHOCTVM MOIIHOCTM BHYTPEHHUX JVCTOYHMKOB TeIlJa,
TEIJIOBBIX IIOTOKAX Ha JIMIIEBBIX IIOBEPXHOCTAX). Tak KaK XapaKTepHLII pasMep

T + o
000s0uky L ¥ TerJoBble IIOTOKM Ha JIMIEBBIX IIOBEPXHOCTAX Q(_) B KaXKIObIn

MOMEHT BpeMeH) (PMKCHPOBAHBI, TO 0e3pa3MepHbIil IPUTOK (OTTOK) TeIlja depes
9TV IIOBEPXHOCTM VIMeEeT Bblpameﬂme

jj Q) A, A, dx, dx, + Oe). (79)

IIpn yMeHBHIeHI/II/I JKe TOJIIMHBI ODOJIOYKM ¥ CJIOeB (YMEHBIIEHUM ¢€)
YMeHbIIATCA 00beM KOHCTPYKLMM ¥ ILJIOMIA[M TOPIIEBLIX IIOBEPXHOCTEN 000-
JIOUKM U cJoeB (Ha KpoMmkax). IloaTomy, 4ToObl 0becrieunTs (PUKCUPOBAHHBIN OT-
TOK (IPMTOK) TeIlIa depes3 3TY IIOBEPXHOCTHM, PABHBIN 3HAUEHMIO IIEPBOTO cjara-
eMOoro B IIpaBoii dacTu (79), Ipy yMeHBIIEHUM & IOJKHBI BO3PacTaThb II0 MOAY-
JII0 TaHTeHIMaJbHble KOMIIOHEHTBI TEIIJIOBOTO IIOTOKA B ODOJIOYKe, a 3HAYMT, II0
3akoHy Dypbe HEOrPaHMUEHHO LOJIKEH BO3PACTaTh MOAYJb IpaiyeHTa TeMIle-
patypsl. CienctBueM 5TOro OyZeT HEOPAaHMYEHHOE BO3PACTaHMe II0 MOZLYJIIO
TeMmneparypsl mpu € — 0. 3toT akKT 1 oTpaskaeT cooTHouleHue (78).
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V3 pazmoskenns (23) u pasencts (b7), (67) (mpmu k = 3) caenyer, 4TO BKJAJ

N
B TeMIIEPATYpPy OT TEILIOBLIX HOTOKOB @), 3a/aHHBIX HA JIMIEBBIX HOBEPXHOC-
TAX ODOJIOYKM, II0 € Ha INOPAROK OOoJbIle BKJIAZa OT BHYTPEHHMX MCTOYHMKOB

rerwra @™, rax xax Q%) onpenesAnT (QYHKIMIO Téé’é) (aepes 0,,) 1 mociue-
IYIOIIe T()(g;c)’ k=123,... (cm (57), a Q™ szamaer QyuxO To(gi) (4epes

0y9,) ¥ TOCIEnyIOIIe TO((;’}C), k=123,... (cm. (67)). IroT PaKT TaKKe UMEET
¢pusnaeckoe obbacHeHMe. [Ipyu yMeHBIIEHNN € yMeHbIIaeTca 00beM 0DOJOUKM U
CJI0eB, a 3Ha4YUT, B cuiy (14) ymeHbIIaeTCA MOLIHOCTbL Temja @ , ITPOU3BOAM-
MOTO B JaHHBII MOMEHT BpPeMeHU BO Bceil 000JI0YKe BHYTPEHHUMM MCTOYHMUKAMU
remma Q™ npudeM @y — 0 mpum &€ — 0, Tak KakK CTPeMMUTCA K HYJIO 00beM
obosioukn. MoIHOCTE Ke mpuToka (OTTOKa) Temya @, , IPUBHOCKMOTO B KOHCT-
PYKIMIO B JAHHBII MOMEHT BPEMEH) 3a CUeT TEIIOBBIX moTokoB Q) cormacmo
(79) B obuiem cayudae He cTpeMurcsa K Hyso npu € — 0. Ilosromy TensoBble

+
IIOTOKI Q(_), 3a/laHHbl€ Ha JIMIIEBBIX IIOBEPXHOCTAX, OKa3bIBAalOT GoJiblliee BJINSI-
HYJE Ha TeMIlepaTypy, 9eM BHYTPEHHVIE VMICTOYHMKN TeIlJja.

Ecin B KaDK,ELOIZ TOYKE KaxXJI0ro CJOA 000JI0YKM OHa "3 IJIaBHBIX ocell aH-

M30TPONMM COBIIAZIAET C HAlpaBJIEHWEM X;, TO Kf;l") :Kg;) =0, 1<m<M.

(TaxkuMmu cBoricTBaMM 00JIaZAI0T, HAIpPUMeEpP, 0DOJIOUKY, CJIOM KOTOPBIX ITOCTOSH-
HOJ TOJIIIVMHBI apMUPOBAHbL 110 ITOBEPXHOCTAM, DKBUIUCTAHTHBIM OTCYETHON IIO-

BepxHOCTM X3 = (0.) B arom ciywyae mpu TepMOM3ONALMM JMIEBBIX IOBEPXHOC-
Ten (Q(i) =0), HaJIMUIMY BHYTPEHHUX JVCTOYHMUKOB TEILJIa (Q(m) # 0) u HeHyJe-
BOM HayaJibHOM ycJsoBun (53) us (60), (49), (55) nonyuaem
Fyor (x,1) = Figs)(x,1) = 0, Qi (x,t) =0, 1<m<M. (80)
Crenosaremsro, mpu AT =0 =0 u @) =0 us (23), (45), (48), (59), (80)
BBITEKAET, YTO C TOYHOCTBI0 O(g”) TeMIepaTypy MOMKHO CYMTaTh [IOCTOSHHOM II0
TOJIIIVIHE ODOJIOYKM 3a IIpeesaMy IIOTPAaHMYHOIO CJIOA JajKe B Ciydae HeoIHO-

POJHOCTY MaTEPHMAaJIOB CJIOEB I10 TOJIIHE (63k§;") #0).

Ecan suueBble IOBEPXHOCTY He TEPMOM30JMPOBAHBI (@¥ #0), a BHYTpEH-
HMEe JMCTOYHMKM TeIlJla OTCYTCTBYIOT (@™ =0), To dbyHKIMA To(é’é) pu k(ﬂ” =

=AY =0, 1<m <M, B cuny (66), (70), (71), (49), (55), (60) umeem kBajpa-
TUYHOE DpacIiipefeJsienre II0 TOJIIIMHE CJI0EeB, II03TOMY U3 (23) ciaenyeTr, 49To C
TOYHOCTBIO O(sg) pacrpenejsieHMe TeMIlepaTypbl 3a IpefejlaMy IIOTPaHUYHOTO
CJIOA II0 TOJIIHE CJIOEB MOKHO 3a/1aBaThb II0 KBAJIPATMYHOMY 3aKOHY (II0 KycOd-

HO-KBaJpPaTUYHOMY 3aKOHY II0 TOJIIVHE CJIOVICTON ODOJIOUKN B ILIEJIOM).
Ecan Ha o0eux JMIIEBBIX IIOBEPXHOCTAX MMEET MECTO KOHBEKTMBHBIN Tell-

aoo6men (BF) =8 =1 B (10)) ¢ MambMy uncaamu Buo O,y ¥ OTY HNCJIA VIMe-

I0T TOPANOK & (O ~ &), TO B Ccuiry pasuoxennii (15), (23) mosy«nm acummro-

TUUECKMe CBOCTBA OCHOBHOTO TeMieparypHoro moas T\™ | aHajoruussle Tem,

YTO IIPpMBEOEHDbI BbIIIE OJIA CJIydas I'PaHMYHbIX yCJIOBI/If/i BTOPOroO poJa Ha Julle-
BBIX IIOBEPXHOCTAX.

3. Cayuaii rpaangubix ycaosuii I-ro m III-ro poma npu cpeaganx m 060Jb-
mux 9ucjiax buo Ha JANIEBBIX MOBEPXHOCTAX 000J09KM. B 3TOM ciydae ocra-
I0OTCA CIIpaBenJMBBIMM ypaBHeHMs U cooTHoluneHmus (1)—(14), so umcaa Buo nHa

JIMIIEBBIX IIOBEPXHOCTAX O(,(+ > 1, IIpy4deM II0-IIPEeyKHEeMY BBIIIOJIHAETCA aCUMII-

+)
ToTHYecKas oueHka o) = O(1) mpu & —> 0.
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Ona ynobcTBa majbHENMIIEro M3JI0MKEeHMUA B HACTOAIIEM Haparpade creaem
(+

cJenyoIye nepeodo3HaYeHNA: oy =0 )>1 — umesa Buo Ha JMIEBBIX I0BEPX-

HOCTHX; To(m) ETO((;") — De3pasmepHasa HadaJbHAA (PYHKUNUA paclIpefiesieHUs TeM-
IepaTyphl; HUKHUII MHAEKC IIOCJie 3aIlATOl O3HadaeT YacTHoe nuddpepeHIpo-
BaHME II0 IIPOCTPAHCTBEHHOW ITEPEMEHHON X; (('),i =0,(-), 1=1,2,3) num Bpe-

mern ¢ ((+), =0,(+)).

Hanuume majioro mapaMeTpa € OPM BBICIIMX IPOM3BOAHBIX B yPaBHEHUMU
(7), B ycaoBuax compsxkeHud (9) m rpaHmyHbix ycaoBuax (10), (11) ykasbiBaer
Ha TO, 4TO HadaJibHO-KpaeBas 3azada (7)—(12) ABaserca 3amadeil ¢ CUHTYJIAP-
HBIM BO3MYIIIEHIEM, IIOBTOMY peIIeHye 3Toil 3anaun OyzeM pas3bICKUBATH B BU-
zie, oTaimgHOM OT (15),

T = 1™ 4+ 7™ 4 ™) 1<m<M, (81)

rme T™ — OCHOBHOe TeMIepaTypHOe IOJe B M -M CJIOE; Tt(m) — IOoIIpaBKa K
OCHOBHOMY TeMIIEPAaTypPHOMY IIOJI0 B OKPECTHOCTM HA4daJbHOTO MOMEHTa
BpeMeHM t =t; Tém) — IIOIpaBKa K OCHOBHOMY TeMIIEPATYPHOMY IIOJII0O B

IIOIPAHMYHOM CJIO€ B OKPECTHOCTY TOPILIEBOJ IIOBEPXHOCTY OOOJIOUKIL.
B aromM ciydae B KadecTBe HEIPOTMBOPEUYMBOIO BHEIIHETO acUMIITOTHYeC-
KOT'O Pa3JIOYKEeHNA TeMIIePaTypsl cienyeT BeIOpaThb

T (@), 5, 25,8) ~ D T (a0, 2y, 25,1) €, 1<m< M. (82)
k=0

C yueToM caeJaHHBIX Iepeobo3HauUeHMI Oe3pas3MepHble ypPaBHEHUS M COOT-
HomeHns (7)—(12) IHOJIHOCTBIO COBIAJAIOT C YPaBHEHUAMU M COOTHOIIEHUAMU
(2)=(7) B [4] cooTBeTCTBEHHO, a pasJyoxkeHusa (81), (82) coBmazaioT C pPa3JIoXKeHN-

avu (9), (10) B [4], mosToMy 1A ompefeseHUa Ko3(ppUIMEeHTOB Tlim) pasJoxe-
H1A (82) MOYKHO JIOCJIOBHO IIOBTOPUTH BCE PacCCysKIeHUsd, IpUBeJleHHbIe B [4].
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ACUMNTOTUYHUIA PO3B’A30K 3A0AYI HECTALIOHAPHOI TENNOMNPOBIQHOCTI
LUAPYBATUX AHI3OTPONMHUX HEOOHOPIAHMX OBOJIOHOK

ITo6ydosano 308HIWHT acumMnmMoOmMuuHi Po3kaadu Po38’'a3Kie 3adaui HecmayioHapPHOL
MenionposioHoOCMi WAPY8AMUX AHIZOMPONHUX HEOOHOPIOHUX O000A0HOK NPU PISHUX
KPauosuxr Yymosaxr HA AUYBOBUX mNogepxHAx. [Ipoananizosano ompumani 0808UMIPHI
D036’ A3YBANLHI PIBHAHHA 1 00CAIOHCEHO ACUMNMOMUYUHT 8AACTMUBOCTT PO38’A3KI8 3a0aul
menaonposionocmi. Hagedeno hisuuni obrpynmysarnus O0esaxux ocobausocmeti acumn-
MOMUUHO20 PO3KAAOU MemMnepamypu.

ASYMPTOTIC SOLUTION OF THE PROBLEM OF NON-STATIONARY THERMAL CONDUCTION
OF LAYER ANISOTROPIC INHOMOGENEOUS SHELLS

Exterior asymptotic expansions of solutions of the problem on mon-stationary thermal
conduction of layer anisotropic inhomogeneous shells are constructed under various bo-
undary conditions on obverse surfaces. The obtained two-dimensional resolving equa-
tions are analyzed and asymptotic properties of solutions of the problem on thermal
conduction are investigated. The physical substantiation of some singularities of asymp-
totic expansion of temperature is given.

VIH-T TeopeT. U NPUKJ. MEeXaHUKI ITosy4ueno
CO PAH, Hosocubupck, Pocensa 26.08.08
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