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Ha ceropusamuuii AeHp pa3pyliaolUecs NOIUMEPHbIE MaTepUalbl IUPOKO UCIOIb3YOTCS
B KOHCTPYKI[HH TEIIOHATPY>KCHHBIX 3JIEMEHTOB B CaMBIX Pa3HBIX 00MacTax TexHHUKH. [Iporecc
JECTPYKLUHU B TAKUX MaTepuaax HOCUT CIOKHBII MHOIOCTaJUIHBIN XapakTep, A ONUCAHUS
KOTOPOI0 OHOCTAIUIHOE YpaBHEHUE APPEHUYCca yXKE HE BIIOJIHE ITOIXOIUT, TaK KaK IPOTEKaHUE
XMMHUYECKHUX IIPOLECCOB HAYUHAET 3aBUCETh OT TEMIIAa Harpea. JlaHHas CcTaThbs IOCBSAILEHA pa3pa-
00TKe anropuT™Ma omnpesencHus Ko3(GHUINCHTOB YpaBHEHUSI HEPABHOBECHOM TEPMOXUMHUECCKOM

KHHCTUKHU MCTOIOM O6paTHLIX 3aJga4.

KiroueBble cioBa: oOpaTHbIe 3a/ladM TEII000MEHa, JeCTPYKLUI MaTepHaoB, KOCMUUECKHI

armapar, TerJjioBas 3aliunTa.

BBeageHune

TepMuueckasi IeCTpyKIHUS MOJTUMEPHBIX TEIUI03a-
[IMTHBIX MaT€pPHaJIOB COMPOBOXKIACTCS TETJIOBHIMU
s dexTaMu 1 BBIJICICHHEM TTUPOIM3HOTO Ta3a. [1u-
POJU3HBIN ra3 oOpa3yercs B y3KOi 00JIacTH — B 30HE
paznoxeHus. [ paHuIpl 06JaCTH pa3IoKEHHS OIpe-
JIEJISIOTCS] TEMITEpaTypoil, MIOTHOCTHIO MaTepHalia
u TemrioMm HarpeBa. OOpa3oBaBuIuiics raz GUIBTPY-
eTcsl B 00JIaCTh C HAUMEHBIIIUM JIaBJICHHEM, Y4acT-
Bys TIPH 3TOM B TIpoIIecce MepeHoca Tema. Termno-
BbIe APPEKTHI OT MHOTOCTAIMHHBIX MapaIeTbHBIX
XUMUYECKUX PEaKIMil UMEIOT KaK 3K30TepMHUUec-
KW, TaK U 3HI0TEpMUUYECKUH XapakTep. Tpaguu-
OHHO KMHETUYECKHE MPOIECChl OMUCHIBAIOTCS T0-
JTyIMIIUPUYECKUM OJHOCTAIUMHBIM ypaBHEHUEM
appEHUYCOBCKOTO THIIA:

dp _[Kp",T>T,,

E
ac |o, T<r;K=7Bxp|~4r

[IpuHATE BO BHUMaHUE CIOKHBIN XapakTep peax-
UM MOXKHO C IOMOIIbIO HETMHEHHBIX KO (UIEeH-
TOB Y BBE/ICHUS B YPaBHEHUS HOBBIX YJICHOB, YUHUThI-
BAIOLIUX TEMIIepaTypy U TEMII Harpesa.

[Ipu npoexTHpoBaHUU FIEMEHTOB KOHCTPYK-
MU U3 MOJIBEPKEHHBIX PA3I0KEHUIO0 MaTepuajoB

Ba)KHO 3HATh KaK TEII0(U3HUECKHEe, TaK U TEPMO-
XUMHUYECKHE XapaKTEPUCTUKH CaMOTo MaTepHaa.
CymectByer psijt pador [1, 2], MOCBSIIEHHBIX BO-
pocaM ONpeAeNeHHs TETIOPU3NIECKIX XapaKTe-
PHUCTHK pa3jararonmxcs noauMepoB. B Hux npuso-
JISITCSL IITOPUTMBI HICHTH(DUKAIIMY MAaTEMaTHIECKUX
MoJiesiell TerIonepeHoca, OCHOBaHHBIE Ha pelie-
HUM 00paTHBIX 3a1a4. Ho 3Tu anroputMsl npeny-
CMaTpPUBAIOT, YTO TEPMOKHHETHYECKUE XapaKTepHC-
THUKH OTPENENAIOTCS 3apaHee, KaKUM-JIH00 JIpyTrum
MeToAoM. beuto 6b1 1enecoobpazno u3 o6padboTKu
JTAHHBIX OJTHOTO HKCIIEPUMEHTA MOyYUTh HE TOIBKO
Termo(u3n4ecKre, Ho ¥ TePMOKHHETHIECKHE KO-
(uLuEeHTHl MaTeMaTHYECKOW MOJIEIIH.

NMocTtaHOBKa obpaTHOM 3apaun
HepaBHOBECHON TEPMOXMMMUYECKOMN
KUHETUKN

Jlis onmcanus mporiecca JeCTPyKIUH IMOJIMMepa
Obla BeIOpaHa OJJHOMEpPHAsi MaTeMaTU4yecKast MO-
JIeJTb, BKJIFOYAOLIAsi TPH 30HBI C TIOABUKHBIMU BHYT-
PEHHUMH T'PaHULIAMU: 30HY HE3aTPOHYTOTO pasiio-
KEHHEM MaTepuajia; 30Hy pas3JIoKeHUs, B KOTOPOH
MPOTEKAIOT XUMHUYECKHUE PEaKIuu U oOpasyercs
(UIBTPYIOMIMIACS TUPOTU3HBIN Ta3; 30HY KOKCOBOT'O
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OCTaTKa, 4Yepe3 KOTOpbIii BO3MOKHA (PUIBTpaLus MH-
pOJIM3HOrO rasa. ['panuna Mexay UCXOAHBIM U pa3-
JararolUMcsl MaTEpUaIOM OIpEeeseTcsl TeMIIe-
paTypoil Hagana pasnoxeHus 1. I'panuny Mexmy
pasziararouMcsi MaTepraioM U KOKCOBBIM OCTaTKOM
MOYKHO HalTH, 3Has 3HAYEHNE KOKCOBOTO OCTAaTKa P,.
Jlns oqHOCIOMHOTrO MaTepuana Takas MareMaruye-
CKasi MOZIEJIb UMEET BU/I:

o(T (ex))p(7(x,) 2402 -

ot
dT (t,x) .
ox
dT (t,x) .
ox

= 2{A(r(x.v)
(1)

+C

g

(1 () [ 2LE o

Ip(x,71)
ot

xe (O,L),TE (O’Tmax);

X

+H (T (t,x))

oT

j=)

Na b

b

~a, A (T(0,7)) +B,7(0,79=¢,(1), 7 (0, 7,,..):(2)

Q)

X
BT(L,T

X

~—

—a,M(T(L 7))

+B,T(L,1)=4,(1), (0, 7,,,);(3)

T(O,x)=T0(x),xe (O,L); 4)

p(0,x)=p,(x),xe (0,L). (5)

JlecTpykius monmumepa ONrChIBAIACh YpaBHEHUEM
Appennyca ¢ 100aBOUYHBIM YIEHOM, OTPEIEIISIOIIIM
3aBHCUMOCTH TEMIIa PA3JIOKEHHUS OT TEMITa HarpeBa:

P iy, ©)
ot
rae
0,7 (x,7)<T
F(x,n)=— A+G)a— p'exp - ,P(x,1)>p, T(x1)2T
ot RT(x,7) ¢ '
0,p(x,7)<p,.

B sTom ypaBHenun ko3 dunentst 4,0, n, E GB-
JISTIOTCST ICKOMBIMU XapakTepucTukamu. Ha mannom

oT(t,x) 9

0 97T (t, x) .
ot ox

c(T (z, x))p(T (z, x)) ?»(T (T,x))

C (T(r, x))]i 1) aﬁaT(r’ x)+H(T(r, x))

ox £

sTane paboThl 1eIecoo0pa3Ho OUEeHUTh dP(HEeKTUB-
HOCTh pa3pabaTeIBaeMOr0 ajJrOpUTMa, IIPUHSB KO3(-
(bUIMEHTHI apPEHUYCOBCKOTO YPaBHEHUS KOHCTaH-
tamu. Onpenenenne K03PPUIHEHTOB YpaBHEHUS
AppeHuyca B JaHHOW MareMaTu4ecKol MOZEIIHN sIB-
nsieTcst oopaTHoi 3amageii [3]. OcoGeHHOCTH perie-
HUs OOpaTHBIX 3a71a4 TEIUIONEepPeHOoca XOPOLIO OIu-
CaHbl B IUTEPATypHBIX UCTOUHUKAX U HAJl METOAAMU
UX pemeHust padoTano OONBIIOe KOJTHYECTBO aBTO-
pos [1, 3, 4]. Cpenu MHOXKECTBA CYIIECTBYIOIINX Me-
TOZIOB pellleHHst 0OpaTHBIX 3a/1a4 Haubosee yHUBEp-
CaJbHBIM, B IJIAHE MOCTPOECHMS BHIYMCIUTEIHHOIO
QJITOPUTMA, ABJISIETCSI METO UTEPALMOHHON PEryIis-
puzanuu [4]. JlaHHBINA METOA HAILIEN ITUPOKOE MPH-
MEHEHHE IPY PEIICHNH 33/1a4 AUarHOCTUKU U UCH-
TU(UKAINN TETUIOBBIX MPOLECCOB, OOPATHBIX 3a/1a4
aKyCTUKM M MarHutoguHamuku [5]. B Hacrosmee
BpeMs aHAJIMTUYECKH JI0Ka3aHa €IMHCTBEHHOCTh
pelIeHus 3a1a4i WASHTU(UKALKUN JJI1 OJHOTO KO-
s unmenta monenu [4]. Tem He MeHee MpakTHKa
UCIOJIb30BAHUS METO/1a UTEPALIMOHHON PEeryspu-
3allMu MOKa3aja, YTO METOJl JAaeT XOPOIIHUE Pe3ylib-
TaThI 11 BOCCTAHOBJICHUS JaXKe YeThIpex Kod(du-
IIMEHTOB MaTeMaTH4YeCKON Mozen [2].

B MeToze nrepaiioHHOMN peryispu3anuu 1js pe-
LIEHUs IOCTABJICHHOM 3a/1a4u UCIIOJIb3YETCs 10MO-
HUTEJbHAsA HH(OpMAIHI O TEeMIIEpaType B HEKOTO-
pPBIX BHYTPEHHUX TOUKax [3]:

(7)

Hcrounnkom Takoi MH(GOpMAIIK MOTYT CITYKHUTh
YCTAHOBJICHHBIC B MAaTCpHaJIC TCPMOAATUUKH. B co-
OTBETCTBHUHU C aJITOPUTMOM UTEPALIMOHHOMN peryss-
pH3alMy B ATUX TOYKaX BBOIATCS (PUKTHBHBIC Tpa-
HHUIIBI TCIJIOBBIX CJIOCB C MJICAJIbHBIMU YCJIOBUAMU
TEIJIOBOrO KOHTAKTa:

T(X,,t)=/f, (1), m=1LM.

oT (X, —0,1) 9T(X,+0,1)
ox - ox

,m=1M—1;(8)

T(X,-0,1)=T(X,+0,1), m=1,M-1. (9)

C y4eToM JIOTIOITHUTEIBHON HHPOPMAIIH U BBE-
JICHHBIX JIOMYIICHUH MaTeMaTH4eCcKas MOJIENb MIPH-
HUMAeT BU/I;

Ip(x,1)

, (10
ot ox (10)

R
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(X X) =LM+1l, X,=0, X, =L 1€(0,1,]

m-1°

7(0,x)=T,(x), xe (X, ,X, ) m=L,M+1, x, =0, x,,,, =L; (11)
p(0,x)=p,(x), x e(X, X )m=L,M+1, x,=0, x,,,, =L; (12)
—alk(T(O,t))aTgo’T)+B1T(O 1)=¢,(1),1€ (0,7,,.1; (13)
(7)) g (Lt =g, (1) e (0.1 T (14)
BT(Xm—O,t):aT(Xm+O,r) m=T.ce (0.1 ] (15)
ox ox
T(X,-0,7)=T(X,+0,7),m=1M,t€ (0,1,, ]; (16)
Ip(x,71) ~
o =F(x,1), (17)
e
0,7(x,7)<T

F(x)= —(A+@§)—f]p"exp[”(m)}p<x,r>>pc,r<x,r)zz,

0,p(x,7)<p,

xe(X, X, bm=LLM+1, X,=0, X,,,, =L;

m—1°

p(X,—-0,1)=p(X,+0,7), m=1,M (18)

T(X,,7)=f,(t),m=1,M ,te (0,1, ] (19)

m?

AnropuTtm pacueTta koac¢pcpuuneHToB ypaBHEHUS HePaBHOBECHOMN TePMOXMMUYECKON
KUHETUKH

Ha ocHoBe skcriepuMeHTa bHBIX TaHHBIX CTPOUTCS 11eJIeBOM (PYyHKLIMOHA HEBSA3KH, XapaKTePU3YIOIUI
Pa3HHUILy pacUeTHBIX U U3MEPEHHBIX TEMIIEPATYp:

J(4,0,n,E)= I Ko (T )[T(dm,r)—fm (r)]z dr. (20)

mlo

Jlnst yCTOMYMBOTO pelieHus 331a41 HE0OX0IMMO JOTIOTHUTEIBHO OTPAHUYUTh 00JIACTh MOMCKA PEILICHHUSI.
B kadecTBe Takux orpaHUYEeHU MOTYT Hcnonb3oBaThes ypaBHenus (10)—(18) [3]. C yuerom orpannyeHuii,
HaksaapBaeMbIX ypaBHeHUsAMU (10)—(18), dynkumonai (20) 3anumiercs B BUIE:

J(A4,E,0,n) AiITH:T ]dr+in Xj { ( T(r,x))aTg;’x)]—

—c(T(r,x))P(T(r,x))ang’x) +Cg(T(r,X))jdpc(i’T)d§ aTé;’x)+H(T(r,x))ap(ai T):ldrdx+
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8 v 0.0~ 0 e r(50) e 0.0) D00 |der @

){8T(Xm -0,7) oT(X, +O,r)}_
o

X ox

3 WX, [T (X, ~0,5)-T(X, +0.0)]+3 [ (X, 1) [p(X, ~0,)—p(X, +0,7) dec+

[Tocne coobuieHns HCKOMBIM XapakTepucTukam 4,0, n, E npupamenuit A4,AO, An, AE temneparypa

U IJIOTHOCTb NoTy4aroT Bapuauuu AT u Ap. Torna npupaiienue (GpyHKIMOHAIa HEBSI3KU OyeT ONpeesaTh-
Csl BBIpAXKEHUEM:

AT=1,+1+1,+1,; (22)

rac

i_fx O[T (X,.7)- /(1) |AT(X,.7)dx;

[_pcaAT_p@A CLU

ot oT ot 81
o*\ oT aT OL OAT OT oL ,..0°T 9 (. 0AT
e —+— —+—AT—5+—| A +
oT* ox ax doT ox ox OdT ox~  ox ox

aC
+C, japdgaAT jaApdga—T+ e AT j e 9L LI\ 9P HaAp}dde
ot ot “ox OT ot ot

ot “ox dT
+1T X
+ jjcp FAp OF 7989 | e
pel N p oT ot

L=y XJ V(x,r)Ade+T_f Y(O,T){O‘IX(T(O’T))(—MTl(’)—EcO’T)+[Bl T aX(T;xO’T)) aTég’T)]AT(O’T)}dH

AT (X — AT (X M
)|:a ( m O’T)_a ( dm+0,’[):|dr+2j.wm (‘X;nJT)I:AT(‘X;z_O’T)_AT(‘X:n-l_O’T):Idr-l_
X

TW
+ jrm (X,.1
0 dx

m=1

+ ]u I—O,I)—Ap(Xm+0,r)]dr+
0

"'T Y(L’T){azx(T(L’T))%*‘l:& +a, ax(Ta(xL’T)) aT()LC’T)]AT(L,t)}dI;

0

M+ Xy
F F F F
:2.[ I {8 8 —AA+ a—A a—A@} (x,7)dxdr.
= |0E aA on 00
Munumusanus Gpyskinuonana (20) ocylecTBIsIach MpagdeHTHHIMI METOIaMHU (METOIOM COMPSKEHHbIX
IPaJMEHTOB, METOJOM CKOPEHIIEro CIyCKa):
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A=a=y,G(1Y), 5=0,1, .., 5" (23)
0"'=@'— ySG(J'@(“)), s=0,1,.., s (24)
n=n=y,G(J,"Y), s=0,1, .., 5; (25)
E=E— ySG(J;”), s=0,1,.., 5" (26)

ITepBocTeneHHOM 3a/1aueii B 3TOM CiTydae SIBJISICTCS pacueT rpareHTa (PyHKIMOHAIa HeBSI3KY J ’(A, O,nE )
[6]. Tak kak Ha JaHHOM 3Tare pa3paboTKU aJrOPUTMa UCKOMBIE XapaKTEPUCTUKU CUUTAIUCH KOHCTAaHTAMH,
TO HET He0OXOAUMOCTHU UX IapaMeTpu30BaTh. [ pagueHT QyHKIMOHAIA HAXOMUTCS Ul KaX 0 U3 ompee-
JSIEMBIX XapaKTEePUCTHUK U3 JIMHEHHOHN YacTy IMpupalieHus rpagiuenrta gyHkipronana (19):

e

£

S
ot

=2 ! Xj g—ZCD(x,t)dxdt; 27)
I, = j:! :j g—gd)(x, v) dxd; (28)
J, = A,:] T! ;fl g—};d) (x,7)dxdr; (29)
J, = A::Z!’ j g—id)(x,r)dxdr. (30)

[pu 5ToM conpsikeHHbIH MHOKHUTEND Jlarpanska @ (x,T) HAXOAUTCA U3 PELICHUS CONPSIKEHHOM 3a1a4u:

aw(x’r)p(x,r)c(T)+i[k(T)aw(x’T) ]_{dX(T) 8T(x,t)+cg( )J~8p E1 Ejaw X,7) .

ot ox ox dT ox M ot J ox
9H (T) p(x.%) | p(x.%) 9p(x,1) ) G1)
p(x,t) dp(x,t p(x,t F
T)-C (T)——=2 ® el
+[ 7 S S G ]‘”““ ST
xe (X, X, ),m=LM+1, X,=0, X, =L, te (0,7, ];
v(x%1,.)=0,, xe (X, , X, m=1LM+1,X,=0,X,, =L,; (32)
a—\VX(T(O 1)) - f d§+—Bl =0,1€ (0,7, 15 (33)
ox :
)\,(T(Xm,’[))|:aW(X5+O’T) aW( :| I:T m’ ):I, (34)
X
m = 1 M ,te (0,7, ];
y(X, -0,7)=y(X,+0,17), m=1,M ,t€ (0,1, ]; (35)
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9D (x, 1) _ox, )a—F—H( )a\y(x,r)_[c(T)aT(x,r)+8H(T) aT(x,r)]w(x,T)_

Jt Ip ot ot ar o
(36)
J| 7 aT (&,1)
_5;[JC§(T)——5g——W(§T)dE}
xe(X, ,X,),m=LM+1, X,=0, X, =L, 1€ (0,7, ];

®(x,1,)=0, (37)

dy(L, Lop(T(L,t L
w(ax T);L(T(L,t))—\u(L,r)Cg(T(L,r))j (a(T ))d§+W(a2T)Bz=0,TE(O,Imax]. (38)

'XH

Jlns BerancneHust TTyOMHBI CITyCKa UCTIOB3yeTcsl hopmyra:

e 9 (AR v G o)

Y= ; (39)

S _O[[AT (X, 7.6/ ))} dt
G(s"

m=1
OHpeHCHHeTCH W3 pCHICHUA 3a1a9U ITPpHUPALICHUA TCM-
1 4) OHpCHeHHCMbIX XAPaKTCPUCTHUK:

[7Ie TIpUpaIeHne TeMneparypol A7, (Ii(
neparypsl Uil KaXKJI0H U3 YEThIPEX (

LD (x aATk}[@ .. Iap dé]aAT J{d A (B_Tj AT _dHdp

ot ox ox dT ox ar ox dT*\ ox | dT ox* dT ot
(40)
d X
éj‘%daa&_pdc oT AT +c J'aApdéaT aAp_Apca_T,
deH ot ox dT ot ox ot ot
xe (X, . X,).m=LM+1, X,=0, X, =L, te (0,1, ];
AT, (0,x)=0,xe (X, , X, ), m=LM+1, X, =0, X,,,, =L; (41)
AT, T
o3, 92000 ITOY A 1 o6 AT (0,1)=0, e (0,1, (42)
ox ox dT
AT, (X AT, (X
OAT, ’”’T)za i ”’+O’T) m=1,M ,t1e (0,7, 1; (43)
ox ox
ATk(Xm,r) AT, (X, +0,1), —lM ,7€ (0,7, 15 (44)
Ap(X,.t)=Ap(X, +0,1), m=1,M ,1€ (0,7, 1; (45)
0,T<T
d0Ap oF oF
—_— Ap+—AT+R >p  T>T; 46
e |:8p PHor }p P, , (46)
0,p<p,
oF , oF , oF , oF ,
Rl:a_AG(JA)7 2_£G(J@)a 3_$G(Jn)’ 4:a_EG(JE)a
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xe(X, . X,), m=L,M+1, X,=0, X,,., =L, 1€ (0,1

m—12 m
AT, (L T(L
[ () oL o
ox ox dT

T,(L,t) [+B,AT(L,1)=0,1€ (0,1

max ]’

(47)

max] °

3anaua (40)—(47) pewmaercst [Uisl KaKI0W U3 ONPEAEIseMbIX XapaKTepUCTUK k=1, 4.

3aknr4yeHue

Pa3paboTtaHHbIii aITOPUTM MO3BOJISIET OIPEICITUTh
HOCTOSIHHBIC KOA(PHUIIMEHTBI MaTeMaTHYECKON MO-
JIeJTM HEPAaBHOBECHOW TEPMOXMMHUYECKOW KHHETUKU
JeCTPYKIMHU TOJIMMEPHOro Marepuaia. B nanpHei-
1IeM, Toclie anpodanuu pa3paboTaHHOTO aJrOPHT-
Ma, IUIAaHUPYeTCs JopadoTarh ajJroOpuTM OIpene-
JeHusT KOdQPHUIMESHTOB MaTeMaTHYSCKONH MOJIEIH,
3aBUCSIIUX OT TeMIlEpaTypbl. B kauecTBe mepBoro
1rara mo anpoOalyy IIaHUPYeTCs TIPOBECTH IKCIIe-
PHMEHT Ha MOJICNBHBIX JaHHBIX. CIeOyIONIHiA Tar
ampoOaru J0JDKeH Oy/eT BKIII0YaTh B ceOs mpoBe-
JICHHUE SKCIIEPUMEHT Ha 0a3e TeIyI0BOH J1abopaTtopuu
HUO-601 (MAN).

Cnucok o6o3HavYeHUn

A4, ©, n, E — onpezensieMble k03hGULUEHT YpaBHEHUS Ap-
peHHyca;

a,, by, ¢,(t)—K0d)HIIEHTHI, XapaKTEPH3YIONINE THIT [PAHHY-
HOTO YCJIOBHSI HA BHEIITHEH (HarpeBaeMoi ) MOBEPXHOCTH;

a,, by, q,(1) — k0> UIHEHTEI, XapaKTEPH3YIOLINE THII IPa-
HIYHOTO YCJIOBUS Ha BHYTPCHHEH MOBEPXHOCTH;

(') — Tennoemxocts, /M3 -K;

Cg(T ) — TEMI0EeMKOCTh MHPOTH3HOTO Ta3a, Jik/kr-K;

/., (1) — u3MepeHHbIe 3HAYCHHS TEMIIEPATyPhI B TOUKE C KOOP-

auHaroi X, K;
G — onepaTop, OnpeNeNsomMii BEIOpaHHBIA METO OITUMH-
3aI1H;

J (A, O,nFE ) — 1eTIeBOi (PyHKIIMOHAT HEBSI3KU;

H(T) — terumoBoii ekt xumuaeckoii peakim, Ji/kr;

k =1,4 — IOPSAKOBBIN HOMEP ONPEIENIIEMON XapaKTepPUCTUKH;
L — ronmuuHa marepuana, M;

m =1, M — HOMep TepMOJaTUNKa;

R — ra3oBast HOCTOSIHHASL B YPaBHEHHN APEHHYCa;

§ — HOMEp UTEpaLHH;

s" — HOMep TIoCTIe/THel HTepalHy;

1, — Temniepatypa Ha4ajia gecTpykuun, K;

T (x,t) — Temneparypa, K;

T, (x) — pacmpezeneHre TeMIepaTyp B Ha9aJlbHBIH MOMEHT Bpe-
MEHH 10 TONIIMHE 00pasia, K;

T(X,,t) — pacdeTHbIC 3HAYCHHs TEMIIEPATyphl B TOUKE C KO-
opauHaroit X, K;

X — KOOPJIMHATA, M;

X, — KOOpJIMHATA I'PAHHIIbI 30HbI HAYANA JICCTPYKIUH, M;

X, — KOOp/IMHATA YCTAHOBKH /1-TO aTIUKa, M;

Y, — DIyOWHa CITycKa Ha s-if mTepanuu;

A(T) — remnoemkocts, Br/m2;

P, — NJIOTHOCTH KOKOCOBOI'O OCTAaTKa, KI/M 3;

P, () — 3aBHCHMOCTB TIOTHOCTH 0GPa3LA OT KOOPAMHATHI B Ha-
YaJlbHBIH MOMEHT BPEMEHH, KI/M 3;

T — BpeMs, C;

T, — BpeMsl Hayasa JeCTPyKIIHH B TOUKE, C;

T, x — TIPOIOIKUTEILHOCTD TIPOIPEBa, C;

1(1) w(x7), @), ¥(0,7), v (L7, 7(X,7), (X, 1) (X, 7), v(x) -
HeoNpe/ieJeHHbIe MHOXKHUTeI N Jlarpamxa.
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Up to date, breaking-up polymeric materials are widely applied in the structures of heat-load-
ed elements in various fields of technology. These materials are indispensable while creating fron-
tal braking screens of the devices entering the atmosphere with a second cosmic velocity such as
“Hayabusa” and “Stardust”. The phenol-carbon composite was employed on these devices as a ther-
mal protection material. The destructive process of in these materials is of a complex multi-stage
nature. Chemical reactions between the decomposing material components and components of
the incoming stream may progress in parallel with heat release and absorption. In engineering prac-
tice, when designing destructive thermal protection, applications of these models, with parallel mul-
ti-stage processes, can significantly complicate the process of optimal technical solution selection.
In such situations, the one-stage Arrhenius equation does not exactly fit to describe the process of
destruction. The mathematical model accuracy increasing is possible by introducing into its com-
position a component that accounts for the heating rate. This article is devoted to the development
of an algorithm for computing the coefficients of the non-equilibrium thermo-chemical kinetics
equation by the inverse problem method. The developed algorithm is based on solving the coeffi-
cient inverse problem by the iterative regularization method. The iterative regularization method
application is stipulated by its good convergence and universality, which were confirmed in prac-
tice while solving similar problems. The universality of the iterative regularization method algo-
rithm is stipulated by the similarity of the computing apparatus of the steps involved in it. The itera-
tive regularization method is based on the procedure for minimizing the target residual functional
of the experimentally measured and calculated temperature values at the temperature sensors in-
stallation points. As additional conditions restricting the search for solutions, the conditions for
the heat transfer problem in the material and on its surface are introduced into the functional. Cor-
respondingly, the non-equilibrium thermochemical kinetics equations are also included into mini-
mized functional. Minimization of the functional is performed by first-order gradient methods. The
key step in gradient methods of minimization is the calculation of the gradient of the target func-
tional. To do this, a solution to the conjugated heat transfer problem is made at the each iteration.
The next step in minimizing the functional consists in calculating the descent depth. It is neces-
sary to determine the temperature increment to calculate the descent depth for each of the unknown
characteristics. After calculating the new values of the coefficients, it is necessary to solve the di-
rect heat-transfer problem by substituting the newly obtained characteristics as the initial data. The
conjugate problem, the problem of temperature increment and the direct problem of heat transfer
are formally identical from a mathematical point of view. This circumstance significantly simpli-
fies computational procedures of this algorithm program implementation.

Keywords: inverse heat transfer problems, materials destruction, spacecraft, thermal protection.
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