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Benopycckuti Hayuonanvbublli mexuudeckull yHugepcumem

KoMmmo3unuonHble MaTeprabl, B CUIIy CBOCH CTPYKTYPHI 001aIaloNIe YHU-
KaJIbHBIMU CBOMCTBaMU, IITUPOKO MPUMEHSIOTCS B COBPEMEHHOM MPOU3BOICTBE.
B »TOM psiny 3HAUUTEIBHBIM UHTEPEC BBI3BIBAIOT CTCHOBBIE CTPOUTEIIBHBIE, TKa-
HEBbIE U KOHCTPYKIMOHHBIE TPOIYKThI HOBOT'O KJIacca — BOJIOKHUCTBIE U MHOT'O-
CJIOVHBIE, TTO3BOJISAIOIIME MOJIYy4YaTh M3AENIUs C 3aJaHHbIMU CBOMCTBamMu. Takue
MaTepuaybl THIA «COHABUY» MPUMEHSIIOTCS B CTPOUTEIBHOM IPOU3BOACTBE
(TUIICOBOIIOKHUCTHIC, THUIICOKAPTOHHBIE C OTHEYNMOPHBIMU, BOJOCTOMKUMHU H
JIPYTHMHU CBOWCTBaMH).

Hcnonp3oBaHNe MHOTOCIIOWHBIX MaTEpHANIOB C 3alaHHBIM coYeTaHheM (u-
3MKO-MEXaHUYECKHX CBOWCTB OTKPBIBACT OOJBININE BO3MOXKHOCTH JIJISi U3TOTOB-
JICHUS W3ICTTUH U KOHCTPYKITUH C TTOBBIMIEHHBIMU Ka4ECTBOM U DKCILTyaTalnoH-
HBIMH XapaKTEPUCTUKAMHU I pa3IMYHbIX OTpaciieil HApoJHOro xo3saicTBa Pec-
nyonuku bemapycb. BbiOop M KOMIUIEKTAlMsT Pa3HOPOIHBIX CIIOEB MOIAOOHBIX
MIPOTyKTOB 00ECIIEUNBAIOT MOyUCHUE H3ACIUN ¢ HAOOPOM 3aJaHHBIX XapakKTe-
PUCTHUK: BBICOKOIPOYHBIX, )KaPOCTOUKUX, AHTUKOPPO3UHHBIX U T. II.

Paccmotpum Temnmoduzuueckue OCOOSHHOCTH Tpollecca TeriooOMeHa B
MHOTOCJIOWHOHM CTeHKe B 00IIeil moctanoBke. OTAETBHBIC CIIOM MOTYT TIPETep-
neBaTh (Pa3oBBIE WM XMMHUYECKHE TpeBpanieHus (OTBeplIeBaHHUE TepMOpeaK-
TUBHBIX CMOJI, TUIICOBBIX HANOJHUTENEH, HCHapEeHUEe WIH KOHACHCALUS B TIOPU-
CTBIX TEIIO3AIMTHEIX MaTepuaiax). Pacder nmpoBonuM ¢ yueToMm (Ha3oBBIX TIpe-
BpallleHui W 3aBUCHMOCTEH TeIIO(MU3MUECKUX XapPaKTEPUCTHK COTPSIKEHHBIX
TeJl OT TEMIIEPATYPBL.

Ha puc. 1 npuBeneHa cxema CHCTEMBI pacCMaTPHUBAEMBIX TET B YCIOBHSX
cummertpu. [IpuHATE 0003HaUYeHUs: | — MeTamTudeckass WiIH MeTaJUIOKepaMHu-
Yyeckas MaTpHIla; 2 — HEMETaNIMYECKOe MOKPHITHE (KepaMuKa, CTEKIIO- Wiu Oa-
3aJIbTOBOJIOKHUCTBIE MaTepUaibl); 3 — CJIOH, B KOTOPOM IIPOUCXOIAT (hpa30BEIC
WM XUMUYECKHE TIpeBpalleHus (TepMOpEaKkTUBHBIE CMOIIBL, THIIC); 4, 5 — Heme-
TAJUTMYECKHUE CJIOM CO CICIHMATBLHBIMU CBOWCTBAMH (apMHUPOBAHHEIN YTIIEPOI,
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TEPMOCTOWKHE TOKPHITUS U T. A.). KomndectBo u
MaTepUaNbl CJI0ECB MOTYT OBITh Pa3IHUYHBIMU B CO-
OTBETCTBUHU CO CIYKCOHBIMU XapaKTCPUCTUKAMU U
(YHKIIMOHANBHBIMA  OCOOEHHOCTSIMH MHOTOCIIOM-
HOW CTEHKHU.

Haitnem pacnpenenenue TemiepaTtypbl B CH- a
CTeME€ COMPSDKEHHBIX TeN IS KaKJOr0 MOMEHTa
BpeMeHH. B 3TuX ycioBHAX TemIeparypHOe ToJje
MHOTOCJIOWHOW CTEHKHM OIMUCHIBAE€TCS CHUCTEMOM
HEJMHEHHBIX U QepeHIIHANLHBIX YpaBHEHUN Tie-
peHoca TeruioThl (BBHIY HENTWHEHWHOCTH IOTOKOB ' e
TEIUIOTHl U TPAHUYHBIX YCIOBHIA) C COOTBETCTBYIO- Puc. 1
IIUMH KPAaeBBIMH YCIOBUSMU. VI3MEHEHUE TeMIre-
paTypsl MO Ce4eHMIO (BIOJb KOOPAMHATHI X) B JHOOONH MOMEHT BPEMEHH I
K&XJIOTO CJIOSI MHOTOCIOMHONM CTEHKU OINpPEAeNseTCS U3 PELICHUS CUCTEMBI
mud epeHInanbHBIX YpaBHEHUN TEIUIOMPOBOTHOCTH

oT (x t) o aT, (X, t)
e oX

¢ (e () —— () —— )

rae | — WHAEKC, ONMpEeSIOmni MPUHAICKHOCT YPABHEHHS M MapaMeTpPOB
K Pa3INYHBIM CIIOSIM MHOTOCIIONHOHN cTeHKH; ¢;(7}) — yAenbHas TeIIOeMKOCTh

i-ro cnost kak Qynkims tremneparypsl; p;(T;) — INIOTHOCTH MaTepHuaia i-ro cios
kak Qyskius temneparypbl; A;(T;) — KO3(GQHUIMEHT TEmIONpOBOIHOCTH i-TO

cyosi Kak (YyHKIIMS TEMIEePaTyphl; X — KOOpPAWHATA, HAlpaBJICHHAs 110 HOPMaJIU
K MOBEPXHOCTH CTCHKHU.

VYcioBus TEIUIOBOTO COIPSDKEHUST HAa TPAHUIAX CIOEB (TpaHUYHbIC YCIOBUS
IV pona) nmerot Bu:

JaT,
! mw-mm @
y Ti=Tia, €))

roe i =1, 2, ..., N; xj — auuHa conpspkenuit i-ro u (i — 1)-ro cioes.

B cooTBeTCTBMH C YCIOBHEM 3a7auMl MPUHHUMAaeM, YTO TEIUIOOOMEH Ha
BHEIIHEH MOBEPXHOCTH MHOTOCIONWHON CTEHKH MPOUCXOIUT MO 3akoHy HbroTo-
Ha — Puxmana. Torga ¢ y4eToM CHUMMETPHYHON MOJENN TPAHUYHBIC YCIIOBHS
3aIMITYTCS TaK:

a—T:O mpu X=0; (@)
ox
kaa—T =—MT -T,) mpu x=a. (5)
HavasbHble yCIOBHS KMEIOT BI/I,Z];
T,(x,00=T,, mpu i=1,2,..,n. (6)

g paccmarpuBaeMoii cxeMsl (puc. 1) mast ciost 3 pemaeTcs 3aaa4a ¢ ¢a3o-
BBIMH TIPEBPAICHUSIMH C TIOABMKHON rpaHutieit das.
Ha rpanune pasgena ¢as (B cioe 3) npu X =& 3anwumieM ycioBus (Ha3oBoro

niepexona [1]:
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T =T=T, (&) (7)

7\// aTS (iat) —7\.” aTB ((twt) %

= r X=c, 8
37 ox 37 ox P3 at npu £ (8)

rae Ty — TemnepaTypa (poHTa (ha30BBIX NpPEBpAIEHU; p; — INIOTHOCTh MaTe-

puana; I — yaempHas TerioTra (Ga3oBoro mepexomaa.
JIMHEWHBI HCTOYHMK NPH KOOpAWHATe X=¢& NpPEACTaBUM C IOMOIIbIO

O-pyukumu Jlupaka. Ilpu 3TOM BOCIOJB3yeMCS OCHOBHBIM CBOWCTBOM
O-byukium [2]

[ £003(x=g)dx = £ &), ©)

—oco

s pemienns 3amaun (Ga3oBOro mepexoja MPUMEHSETCS METOJ CrIIaKHBa-
Hust: O-QyHkuus 3amensercst 6-obpasHodt Qymkimed O(T —T,,A), OTIHYHO#H

oT Hyss nuib Ha uHTepBane (T, » AT, +A) ¥ yIOBIETBOPSAIONIECH YCIOBHIO

HOPMHUPOBKH:
Tp+A
j 8(T —T,, A)dT =1. (10)

Ty—A

Crmaxusas na untepsane (T, —A, Ty +A) dynkmm 53(T), 83(T), ¢5(T),
A5(T), A3(T), Hampumep, TpH JIMHEHHON 3aBUCHMOCTH MEXIy 3HAYCHHAMH

B TBepaol daze mpu T < Ty — A u B xuzakoit ¢aze npu T > Ty + A, noxyuum
KBa3WJIMHEHHOE ypaBHEHHeE, 1o ¢opMme coBmnajaromee ¢ auddepeHIraIbHbIM
ypaBHeHueMm (1). Jlns pemieHuss MOIYYEHHOTO KBa3WJIMHEHHOTO YpaBHEHUS
MOJKHO HCIIOJIb30BaTh PA3HOCTHBIC METOIBL.

U3 rpannyHbIX ycrnoBuid (2) BHIHO, YTO TeMIepaTypHble (yHKIWMH Ha rpa-
HUIIE CIOEB HE MMEIOT Pa3pbIBOB, a MPETEPIEBAIOT Pa3pbIB MEPBbIC MPOU3BO/I-
HBIE. DTOT (aKkT IaeT BO3MOKHOCTh pacCCMaTPUBATh CUCTEMY COTPSKEHHBIX TeJ
KaK CTEHKY C TeIUIOPH3MUYECKUMU CBOWCTBAMH, 3aBUCSLIMMU OT KOOPIUHATHI
W TeMIIepaTyphl U TEPIIIIMMH Pa3phbiB HA TPaHUIIE CIIOCB.

VY4uTBIBas 3TO 00CTOATENLCTBO, & TAKXKE BBOJS Oe3pa3MepHbIC NIEpEMEHHEIE,
NepenuieM cucteMy IudQepeHIraNbHbIX YpPaBHEHUH M KpaeBbIE YCIIOBHSA
B 0e3pa3MepHBIX MEPEMECHHBIX:

c(u, x)p(u, x)%z%[l(u, x)?)—i}; (11)
a_u:0 npu x =0; (12)
ox
yR— npu x = 1; (13)

ox
u=(x,0)=uy(x), (14)
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rae u — 663pa3MepHa${ TeMICpaTrypa, OIpeaACIACTCA B Ka)K,I[Oﬁ TOYKE CHUCTEMBI

u; x — OGe3pa3mepHasi KOOpAWHATA, TIpe]-

0
CTaBJIAIOLIAsl OTHOIICHHUE TEKYIIEH KOOPAUHATHI K HAPYKHOMY pa3Mepy MHOTO-
CIIOMHOM CTEeHKU; Ty — TeMIEpATypa OKpYyKarolle cpeapl.

Jns perieHus mocraBieHHOW 3ajlayd MCIOJIB3YeM METOJA ceTok. Jjisi dwmc-
JICHHOTO pemieHus ypaBHeHus (11) mepeiineM k KOHEYHO-Pa3HOCTHOMY aHAJIOTY.
PacyeTrHyto 00nmacTb MHOTOCIOHHOIO Teja 3allOJIHUM HEPEryJspHON CeTKOH
¢ y3mamu xj, tae i = 1, 2, ..., N, Ipu4eM KOJIMYECTBO Y3JIOB B KaXKIOM ClIoe 000-
3HayaeM uepe3 Ni. Torma miar ceTku Ha KaxaoM crmoe hy = ai/h;, toe aj —
Oe3pa3MepHasi TOJIIMHA I-r0 cj10s. BBeJieM B paccMOTpeHHe Takke (PUKTUBHYIO
CETKY, y3JIbl KOTOPO#l Ha moumara hj CABUHYTHI K OCH, TaK YTO PAHHUIIBI CIIOEB
OTCTAIOT Ha MOJIIara OT CMEKHBIX y3710B. O003HAYMM HyMEpaLuIo y3JI0B CETKU

B JIF000H MOMEHT BpEeMEHH; U =

5
or—1 non,roe N = Zni.
1
JI1s1 KOHEYHO-Pa3HOCTHOM anmpOKCHMAIUK MTPOou3BOAHBIX B (11) HcImonb3y-
€M UYEThIPEXTOUCUHYIO HEABHYIO cxeMy. Toraa paccMaTpuBaeMylo 3aaqy MOXK-
HO CBECTH K HTEPALIIOHHOH cucTeMe aaredpandeckux ypaBHEHUH
N Y T s

o pic—==|A LA

1T -1 L |
! T h HE h+ '*E h_

(15)

rnei=0,1,2,..,n—1.
AHaNoOrnyHBIM 00pa3oM MpOBeJeM ANNPOKCHMAIMIO KPaeBbIX YCIOBHH Ha
COOTBETCTBYIOILLEH CETKE. Pa3HOCTHBIN aHAJIOT TPAaHUYHBIX YCIOBUI UMEET BUI:

2\ . ur|1+l — ”rlmtll =_q ”r|1+l + “:f—ll : (16)
n-= h, 2
uio =u mpu i=1,0,...,n-1;
uio =0 mpu i=n,n+1, ..,n
HauanbHble YCIOBHSI 3aITUINIEM CIICTYIOIMM 00pa3oM:
U_y =1uy. 17)

Ternodusnueckue kodrppureHTs! B BoipaxeHusx (15), (16) Beraucnsem no
TeMIIepaType Ha TpEeAbIIyIIeM BPEMEHHOM CJIO€, B3SITOW B y3Jie CETKH IMpH Lie-
JIOM WHJIEKCE ¥ B CEPEANHE MEXKITy ABYMs y3JIaMH ITPH TTOJIOBUHHOM HHEKCE.

Komuuectso (N + 2) ypasuenuii (15), (16) onpenensiem (N + 2) HEU3BECTHBIX

cerounsix Qyukimii N; (i = -1, 0, ..., n). Ha KaX70M BPpEeMEHHOM IlIare CucTeMa
(n + 2) ypaBuenuii (15), (16) pemiaercst ¢ MOMOIIBIO MPOTOHOYHBIX COOTHOIICHHIA:
Bo=1 7vo=1L

2

A L I(Ph)+A L /(Ah) +cp, &
i+= i—— T
2

2 = ; (18)
A M) =2, I(AR)B,
2 2

Bi+1 =
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=2
Ay /(ﬁh—)Yi +a7Cipiuil
i T

2

Yi+1: 7\‘ L /(ﬁh+) >
|+E
rnei=0,1,...,n-1.
url]+l: Yn :
1+oah, /| 210
nt
2 _Bn
1-ocah,/| 21 |
"2
“ilj11=”il+1[3i +%i»
rmei=n,n-1,...,0;
h, = Xi — X5 h = X — Xi_1s
= h +h
h - h, =X, — X,
BBIBO ]

Ilo pe3ynpraTam YHCIEHHOTO SKCHEPHMEHTA YCTAHOBJIEH XapaKTep paclpe-
JIENIEHUs] TEMIIEPATyp B CEUYEHUH MHOTOCIOMHON CTEHKH, KOTOPBIN ONperenseT-
CS TEOMETPHYECKMMH COOTHOIICHWSMH W TEPMHYECKHM COIPOTHUBICHHUEM
OTAETBbHBIX CJI0eB cTeHKH. Ilpum Hammuuu cios ¢ Ga3oBBIMH M XUMHYECKHMHU
MpPEeBPAIICHUSIMHU TEIJIOTa MOTJION[aeTCcsd B OCHOBHOM JIaHHBIM clioeM. Temmepa-
TYPHOE I10JIE MHOTOCJIOHOW CTEHKHU B OIPEACIICHHON CTENEHU 3aBUCHUT TaKkKe
OT TEIUIOBBIX YCJIOBHHM Ha MOBEPXHOCTAX CTEHKH. M3 aHanmm3a TemmepaTypHOro
MOJI BBISIBIEHA POJIb HAaYaJbHBIX IApaMEeTPOB M TOJNIIMH OTHAEIBHBIX CJIOEB
CTEHKH.

Habop maTepuanoB oTne/bHBIX ClI0€B 00yCIIOBICH (PyHKIMOHAIBHBIMU OCO-
OCHHOCTSIMU CTEHKH (IIPOYHOCTHBIMH, TEPMO- U KAPOCTOHKUMH, aHTHKOPPO3H-
OHHBIMH H T. J.) M 3aBUCHUT OT IKCIUTyaTallMOHHBIX CBOWCTB M3IENUH, X CIy-
XKeOHOro Ha3HAUYCHUSL.

YHuBEpcaIbHOCTh pa3pabOTAaHHON MATEeMaTUYECKOH MOJIEIH U YUCICHHOTO
METOJIa PEeIICHHs MO3BOJISIET PAaCCUUTHIBATH MHOTOCIIOWHBIE M3MENHS C 3aaH-
HBIMH CJIY’)KEOHBIMHM XapaKTEPUCTHKAMU U Pa3JIMUHBIX OTpacieldl HapoIHOTO
XO3AHCTBa (PHEPreTHUECKor, HePTEXMMHUYECKOH, MallMHO- U MPHUOOPOCTpPOU-
TEIBHOU | T. 1.).
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