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Cymka 1 00XHUI KepaMUUECKHX MaTepu-
aJOB M M3JENUN — CIOXKHBIA TEIJIoMaccoOOMeH-
HBIA MpOLIeCC, MPUYEM TPACKTOPHUS M BpeMs JI0-
CTIDKEHHUSl 33/IaHHOM KOHEYHOM BJIa)KHOCTH II0-
nypabpukaTa, B KOHEUHOM CUETE, ONpPENeNsIoT
KayecTBO KOHEUYHOW mnponykuumu. Kuneruky
CYUIKH M OOXHra Takoi KanmuIsipHO-TIOPUCTON
Macchl, KaKk KepaMH4yecKue MaTepHualibl, omnpese-
JISIOT 3aKOHOMEPHOCTH BHYTPEHHErO W BHELIHE-
ro mepeHoca Biard W TemnoTsl. IlocpencrBom
MAacCOMPOBOIHOCTH BJlara U3 BHYTPEHHHUX CIIOEB
MaTepuaja MPOABUIaercs K BHEIIHEH TpaHuie
Terna (K TMOBEPXHOCTH HcmapeHus). B ciyuae
NPUMEHEHUS] TPaJAWLHOHHOTO KOHBEKTHBHOTO
pexrMa o0XHra BBICOKOTEMIIEPATYPHBIM TEILIO-
HOCHUTEJEM IPOLECC MOXKET OCTIOKHSTHCS 3a CUET
SIBJICHMI TEPMOBIIArOpoOBOAHOCTH (TepMoan(-
(Gy3uu) ¥ BHYTPEHHErO UCIIapEeHHs BJIard B 00-
pabaTeIBaeMOM MaTepHale.

BeipakeHHbIE B OIMHAKOBBIX €AMHHUIAX
M3MepeHHus KO3 (QHUIMEHTHI BJIATONPOBOJHOCTH
TBEPIBIX TeNl — K 0OBIYHO MEHBIIE COOTBETCTBY-
IOMKX KO3 (UIUEHTOB TEMIIEPaTypOIPOBOAHO-
CTH 3THX Ten — a. [Ipu aTom, eciau paznuuue 3Ha-

yeHHH KO03()(UIMEHTOB IMOTEHIUAIONPOBOJHO-
CTH JIOCTaTOYHO BEIHMKO (KpUTEpPHUH HMHEPIIMOH-
HOCTH TOTEHIIMAJIa TOJIs BEHIeCTBA 110 OTHOIIE-
HUIO K NOTeHIMany nois rtera Lu): Lu = k/a <
1072+ 1073, To mpomuecc TemIoBoil 06pabOTKH
MOXKHO CYHTATh U30TepMuUUeckuM [1].

Opnnako, kak ciemyer w3 tadm. 1, mpo-
ecc TepMooOpabOTKU KepaMHUYEeCKUX MaTepua-
JIOB HE SBISIETCS M30TEPMHYECKUM, TIOITOMY TIPH
MOJICIMPOBAHUH TIPOIIECCa M ONTUMH3AIHMH TeX-
HOJIOTHYECKHUX PESKUMOB CYIIKHA M 00XHra Heo0-
XOIMMO YYUTBHIBATh B3aUMHOE BIIMSHHUE SBIICHUM
nepeHoca Teria 1 BJIarH.

JleficTBUTENBHO, KOrjaa KOd((HUIMEHTHI
BJIaro- M TEIUIONPOBOIHOCTH PAa3INYAIOTCs Me-
Hee 4eM Ha J[Ba-TPU MOpPsIIKa, TEIUIONEPEeHoC Cy-
IIECTBEHHO BIIMSCT HAa BHYTPEHHUH BIarorepe-
HOC. YMEHBIIICHHE BIIarocoAepKaHusi HapyKHBIX
CIIOGB MaTepHalia COMPOBOXKIACTCS MPU TEPMO-
0o0paboTke ux Oomee OBICTPHIM HPOTPEBOM,
BCJIC/ICTBUE YEro BO3HHKAET IIOTOK BJIard B
HaIrpaBJCHUH, HPOTHBOIOIOKHOM TeMIeparyp-
HOMY TPaJMEHTy, T.€. OT IOBEPXHOCTH B 00BbEM
o0pabaTbIBaeMOro MaTepuala.
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Tabmmna 1. Koad¢uumeHTH NOTeHINAT0NPOBOIHOCTH KePaMHUYeCKHX MaTepHAI0B

Kepammaeckuii Ma- 3HavyeHnst KO3 PUIMEHTOB TOTCHIINATIONPOBOAHOCTH,

Tepua: (Mz/tz) : Lu=k/a
k — koo durment Braro- | a— kodddunuent remnepa- | Kosdpumuent nnepruonnoctu
IIPOBOIHOCTH TypornposogHocty (thermal | BIard 1o OTHOMIEHUIO K TEILTY
(moisture diffusivity) diffusivity)

[nnna (0,66+2,14)10~* 18,58 10” (3.6+11,5) 10” > 10~

Kepammueckuit _

P———— 54107 19,7210 27,4107 > 102

KUPIHY

B sTtoM cmywae 3amada pacuera moned
BJIArOCONEpIKaHUI M TeMIepatyp B oOpabarbiBa-
eMOM MaTepuaie TpeOyeT pEeIICHHS CHCTEMbI
i depeHIaNbHBIX YpaBHEHUH B3aWMOCBSI3aH-
Horo TeruiomacconepeHoca [2]. Iokazano [3],
9TO Uil OONBIIMHCTBA MaTEPUAJIOB OCHOBHAS
Macca BJIarW MEPEeHOCHTCS TOCPEICTBOM Macco-
NPOBOJHOCTH, a BiHsHHE TepMoauddy3un u
BHYTPCHHHX (Da30BBIX IEPEXOJ0B MEHEE CyIIe-
CTBEHHO. B »TuX ycroBHsX kpaeBas 3ajada B3a-
MMOCBSI3aHHOT'O TEIUIOBJIArONepeHoca Mpu 00XKHU-
re MOXKET OBITh MPEACTABICHA JBYMSI CAMOCTOSI-
TEJTBHBIMU 33/I1a4aMH TEIUIO- M BIIArOMPOBOIHO-
cru. OpHaKo, TUIIOTe3a 00 aleKBATHOCTU MaTe-
MaTUYECKOrO OINHCaHHs Iporecca O0KUra Ha
OCHOBE IOCIIEIOBATENIBHOTO PEHICHHS IBYX Kpa-
€BBIX 3aJ[a4 — TEIUIONPOBOAHOCTH (HArpeB BIaXK-
HOT'O TeJa) ¥ MacCOMpPOBOAHOCTH (TEPEeHOC BIaru
B HarperoM Teie) — TpeOdyeT TEeOopPETHUECKOro
noarBepkaeHus. ONpeneneHHbId Imar B 3TOM
HarpaBJICHUH CACTaH B aHATUTUYCCKOM MOJICIH-
pPOBaHMH TpoIlecca TEPMOBIAKHOCTHOM o0Opa-
OOTKU TIpU OOKUTE KEePaMHYECKOro MaTepHaioB
W U3JICTHH.

OOXHUT KepaMUYECKOTo MaTepHaa sBIis-
eTCsl CIIOKHBIM TEIIOMacCOOOMEHHBIM MpOIIeC-
COM, a XOJ O0KHTa M BPeMsl JIOCTIIKEHUS 3aJIaH-
HOM KOHEYHOM BJIQYKHOCTHU ONPEENSIIOT KaueCTBO
TOTOBOrO TMPoAyKTa. Eciiu o0kuraeMelii MaTepu-
aJl IMECT OIpPEACICHHYI0 BIaKHOCTh, TO KHHE-
THKa YJQJCHHs BJIard MOXET OIMMCHIBATHCS OC-
HOBHBIM YPaBHEHHEM MacCOOT/aud B Ta30BOU
¢aze. B o6macTé THrPOCKOMMYECKOTO COCTOSTHUS
BEI[ECTBA KMHETHKA O0XKUTa OMpPEIeNsieTcs 3aK0-
HOMEPHOCTSIMH BHYTPEHHETO IMEpeHOCca BIIATH M
TernoTel. [locpencTBoM siBIEHHS MacCOMpPOBOI-
HOCTH BJlara M3 BHYTPEHHUX CJIOCB Marepuaia
NPOJBUTACTCS K BHEIIHEW rpaHulie Tena (K 1mo-
BEPXHOCTH HcHapeHus). [Ipy KOHBEKTUBHOM
crocobe 00KUra BBICOKOTEMIIEPATYPHBIM TEILIO-
HOCHTENIEM MPOIECC MOXET OCIOXKHATHCA Tep-
MOBJIarONPOBOIHOCTHIO M BHYTPEHHHM HCIIape-
HHEM BJIarH. JTO MMEET MECTO MpU OOKHUTre Ke-
paMUYECKHX MaTepHaJIoOB, KOraa pabodne Temiie-
paTypbl TOCTUTAIOT HECKOIBKHX COTEH IpajJyCcoB
enbcus.

B kauecTtBe TeopeTHueckoil OCHOBBHI IIO-
HUMaHHs TIPOLIECCOB TEIUIO- W BiaromnepeHoca
npu OOXKUTe KepaMHU4eCKUX OJIOKOB M3 TJIMHBI,
MPEACTABISIONINX COO0H KalUJUIPHO-TIOPUCTHIE
TeNa, UCIOIB3YEM U3BECTHYIO MOJIENb, HA OCHOBE
NPUHIIUIIOB HEPAaBHOBECHOI TepMOANHAMUKH [2].
Ota Mozenb MpeAcTaBiseT co0oi cucTeMy IBYX
B3aMMOCBS3aHHBIX JH(PepeHInanbHbIX ypaBHe-
HUI B YacTHBIX mpom3BonHbix (AYUII), onwucel-
BAIOIIMX HECTAIMOHAPHYIO JWHAMUKY H3MEHe-
HUS BO BPEMEHM M MOJISAX TpaJUeHTOB TeMIlepa-
Typel M BIAKHOCTH B Macce KalWIIsAPHO-
MTOPUCTOTO TeNa.

st mpoBepky THUIOTE3BI O CYIIECTBEH-
HOM BJIHMSHHHM TEMIIEpaTypHbIX TPaAUEHTOB Ha
KWHETHKY TPOLECCOB CYIIKH M O0KMTa Kepamu-
KU TIpH 3HAYUTEIBHOM TONIIMHE OJIOKOB MCIIONb-
3yeM aHaJINTUYECKOE M KOMIBIOTEPHOE MOJENH-
pOBaHUe.

Cornacno JIbikoBy [2], HecrannoHapHbIe
MOJIsL BJIArOCOZEP KaHUS M TEMIIEPaTyphl OMHUCHI-
BalOTCSl CHCTEMOW JBYX HEMUHEHHBIX audde-
pPEHLIMANBHBIX  YpPaBHEHUH  HECTAllHOHAPHOTO
BHYTPEHHETO BJIAro- M TEIIOoNepeHoca, KoTopas
JUISL TIpoliecca OOXKHUra KepaMHU4ecKoro Marepua-
Ja TMpUHHUMAeT cieayromuid Bua (uis ynodcTBa
paccMaTpuBaeTcd OAHOMEPHOE IPOCTPAHCTBO
O<x <I):

M (x,t) , &2 0?
=k M (x,1) + k§—=T (x,1),
ot Ox? (x.1) Ox? (x.t)
1)
aT(x,t) 82 0
=a T(x,t)+ep—M(X,1). (2
p axz( )8[56t (x1).(2

3nech: t — Bpemsa o0kura; X — MpoCcTpaH-
CTBeHHas koopauHarta, M(X,t) — mose Biaroco-
nepxkanust; T(X,t) — TemmepatypHoe mone; K —
k03(puLMeHT BIAronpoBOogHOCTH; & — K0dhdu-
LUEHT TEeMIIepaTypPONPOBOAHOCTH; O — TepMorpa-
JOUEHTHBIN K03 duiuent; € — kodpdunueHT da-
30BbIX U3MeHeHuit; B =R/(C p), roe R — yzxenpHas
SHTANBNHNS (a30BBIX MPEBpAIICHU; C — yIelb-
Hasl TETUIOEMKOCTb; p — yJeNbHasl IUIOTHOCTB.

[Tpu 5TOM HayvalbHBIC YCIIOBHS ONpeE.e-
JSIFOTCS KaK:

TEXHUKO-TEXHOJIOTUYECKHE ITPOBJIEMbI CEPBUCA Ne4(22) 2012 39




B.O. Anopees, C.E. Tunaxos

M(x,0)=Mi(x)= Mi, T(x,0)=Ti(x)=Ti. (3)
I'paHUYHbBIC YCIIOBUS OMPEICISIIOTCS KaK:
M(0,t)=Me(l,t)= Me, T(0,t)=T(l,t)=Te. (4)

O/MH W3 M3BECTHBIX IMOJXOIOB K pelle-
HUIO cucTeMbl T epeHInanbHbIX YpaBHEHUH B
YaCTHBIX MPou3BOAHEIX (1) — (4) cocTout B mpu-
MEHEHUU WHTETPAJbHBIX IMPeoOpa3oBaHUil Ist
CBEJICHUSI pacCMaTpHBaeMOW MpoOJieMbl K Ooree
npocTbiM auddepeHnnansHpIM ypaBHeHHIM. Hc-
CIIeIOBaHUs TOKa3ajd, 4YTO TpeoOpa3oBaHUs
Jlanmaca u @ypoue He ynpomaioT 3agady. [Ipeod-
pazoBanue Oypbe HE OYECHb MPUTOAHO B YCIOBH-
X KOHEYHBIX pPa3MEpPOB HCCICAYEMBIX IIpO-
CTPaHCTBEHHBIX Tel, a nmpeoOpazoBanue Jlamaca
HE MOXKET OBITh MCIIOJIh30BAHO M3-32 HEAOCTATKa
UH(OpMAINH, CBA3aHHOW CO 3HAYCHUSMH TPOM3-
BOJIHBIX PacCMaTpUBAEMbIX IIEPEMEHHBIX Ha Tpa-
HUIIAX TIPOCTPAHCTBEHHOM 00JIacTH.

Jns mosydeHusl MOJIE3HBIX PE3YIIbTaTOB
pelIeHus 3a1auu BEIOpaH METOH, Oa3HpYIOIHIACT
Ha HCIOJIb30BaHUM COOCTBEHHBIX 3HAYCHUH U
cobctBeHHbIX umncen [4]. Tlpu stom, mpouemypa
petreHus augGepeHIMaNbHOr0  ypaBHEHHS B
qacTHBIX pon3BonHbIX (AYUII) Buna

oF(x,t)  8%F(x,t)
a ! ox2

oTHOcuTenbHO F(X,t) mpm cooTBeTCTBYIOIIMX
TPAaHUYHBIX W HAYAJIBHBIX YCIOBUSX CBOIUTCS K
CIeIYIOIIeH MOCIeI0BaTeIbHOCTH MIaroB (y —
KoHCTaHTa, a D(X,) — Bo3Mymaromuii Heromo-
TCHHBIH YJICH):

e PemmTh COOTBETCTBYIOIIYIO T'OMOTICH-
Hyto 3amady (momaras D(x,t) =0) u momydnTs
COOCTBEHHBIC 3HA4YCHHS M COOCTBEHHBIC (YHK-
IIH, HEOOXOAMMBIC Ul TIOCTPOCHUS PELICHUS B
BUJIe OCCKOHEUHOM CyMMBI;

e Bripa3uts Bce (yHKIIHMOHAIBHBIC YJICHBI
HETOMOTCHHOM 3aJayyl uepe3 IMOJy4YeHHbIE C00-
CTBEHHBIC (DYHKIIHH,

e Pemmth monyueHHOE ypaBHEHHE C Oec-
KOHEUHBIMH CYyMMaMH OTHOCHTEIBHO K0d(du-
IIUCHTOB, HEOOXOIMMBIX ISl HAXOXKICHHS pellie-
Huit F(X,t), ucnone3ys cBOWCTBa COOCTBEHHBIX
3Ha4YEeHUI U COOCTBEHHBIX (PYHKIIHUH.

YroObl MPUMEHHTH IMPEIIOKEHHBIH Me-
TOA K HMCXOTHOHM Mape B3aUMOCBS3aHHBIX YpaB-
Henuit (1) — (2), HeoOXOAMMO CONpPSHKCHHBIC
YJICHBI B Ka)KJIOM YPaBHEHHH PacCMaTPHBATh KaK
HETOMOTCHHBIE «BO3MYyInaromme» wieHsl D(X,t).
[lpu STOM pelieHHs OTHOCHTENBHO (QyHKIMIA
M(X,t) u T(x,t) ypaBuenwuii (1) — (2) moxHO mpen-
CTaBUTh B BUJIE CYMM C OCCKOHCYHBIM YHCIOM
YJICHOB:

M(x)=C+Ya,Bd,(x), ()

n=1

+ D(x,t) (5)

T =D+ b O¥(. @

n=1
Bnece D (X) u W,(X) cobcrennbie

(GyHKIMY, HE 3aBUCSIINE OT BpeMEHH, a Koapdu-
UeHTHI an(t) u by(t) sBrstrorest pyHKUMSAMH TOND-
ko BpemenH, C u D — onpenensior u3 HagaabHBIX
Y TPAaHUYHBIX YCIOBHH.

T.e. cOOTBETCTBYIOIIAasE TOMOT'CHHAsI KOH-
cTpykums 11t ypaBHenui (1) u (2) onpenensiercs
Kak:

oM (x,t) | &

e k P M (x,1), (8)
oT(xt) _ 0

ek a o T(x,1). 9)

I'omorennsie ypaBHenus (1.8) u (1.9)
JIETKO PEMIAIOTCS METOJOM pasZeieHHs Iepe-
MeHHBIX. [Ipu 3TOM, COOCTBEHHBIC 3HAYCHHS H
COOCTBEHHbIC (YHKIIMH ISl COOTBETCTBYIOIINX
rpaHn4HbIX ycroBuii (1.3) ompenensioTes Kak:

n’r?

. =|—2,‘I’n(x) =D, (X) =sin(v/AX) =...

...:sin[$xj,n:1,2,...,oo. (10)

[Ipumenenue npeoOpazoBanus Jlamnaca
MO3BOJISIET BBIYUCIUTD U KO3 GULIMEHTHI an(t) u

bi(t):

a, (t) :Mexp( pit) +...
PL— P2
...+mexp( p,t), (11)
P2— P
C,=-B ki, d+ak, A +BeA KL S, (12)
b, (t) =Mexp( pt) + ...
PL— P2
..+%exp(p2t) , (13)
P2— Py
D, =Bk, —BA ke . (14)
3aech:

P, =%(Bsk6+a+k—...

= (Bekd)? +2Bedk? + 2Bedko + k2 +o® — 2kat
(15)

P, =%(Bsk8+a+k+...

.+ (Bekd)? + 2Bedk? + 2Bedka + k% +o® — 2Kot .

(16)
B wurore mpeoOpa3oBaHWil M pacueros
MOJTy4YaloT PEIIEHUS] NCXOAHOM CUCTEMBI ypaBHe-

5 [0
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it (1.1)-(1.2) oTHOCHTENFHO MCKOMBIX (YHK-
mmii M(X,t) u T(X,t), KoTOpBIE YHIOBIETBOPSIOT
I'PaHUYHBIM U HaYaJIbHBIM YCIOBHSIM:

M (x,t) = Me+ > a, 0, (x), (17)

n=1

o

T(x,t)=Te+ > b,(t)¥,(X). (18)

n=1

WznoxxeHHas BbIlIe cXeMa pelIeHHs Mo-
JIO)KeHAa B OCHOBY IOCTPOEHHs KOMIUIEKCA aHa-
JUTHYECKUX M KOMIIBIOTEPHBIX MOJIENEH Temrie-
PaTypHO-BJI2YKHOCTHBIX MPOLIECCOB B 00BbeMe
KepaMHU4ecKux u3aenuid. Paccmorpum moaxon K
MOJIETTMPOBAHUIO TEPMOBIAKHOCTHOM 00paboTKu
BJIQKHBIX KalMJUIIPHO-TIOPUCTHIX Tel Oe3 ydera
SABIICHUS TepMOANDy3HH.

Ecnu npenebpeus BnusHEEM TepMoaud-
¢y3un, TO KpaeBas 3ajadya B3aUMOCBS3aHHOTO
TEIJIOBJIarorepeHoca MoXXeT OBbITh MpeAcTaBIeHa
JIBYMSI CaMOCTOSITENIbHBIMU 3a/adaMd TEIuIo- U
BJIarOnpoBOAHOCTH [3], MaremaTnyeckast MOJIeib
KOTOpBIX BKIIIOYaeT B ceds MOCIeAOoBaTeNbHOE
pelIeHUsT TPeX KpaeBbIX 3a/ad. TelIONpPOBOIHO-
cTH (HarpeB BIa)KHOT'O TeNa), MaCCONPOBOIHOCTH
(mepeHoc Biarm B HArperoM Teje), TEIIONnpo-
BOJHOCTH (OXJaXJIeHWe BJIaKHOro Ttenma). Jlis
IBYX TEpBBIX 3aJad MaTeMaTH4yecKas MOJCNb
MOXeET OBITh TpENCTaBlIeHa, COOTBETCTBEHHO,
ypaBaenusimu (19) u (20):

M=kv2|\/|(x,t);
M (x,0) = My;
MO _ . (19)
ox
BIM , —M (1,1)] = kaMa(' 0.
ATy _ o MOD:
T(x,0)=T,;
TN _, (20)
x
ar(,t).

of T =T(L )] =k——=

OX

PesynbraToM paOoThI ABISETCS aHAIUTH-
4eCKOe MOJICIb, TPEACTaBISIONIast co0oi pere-
HUE CHCTEMBI CONPSDKEHHBIX JuddepeHIuab-
HBIX YPaBHEHUH B YaCTHBIX MPOM3BOIHBIX, OIH-
CBIBAIOIIUX TPOIIECCHI TEPMOBIIAXXHOCTHOH 00pa-
OOTKHM TIOPHUCTHIX MAaTEPHAJIOB Ha OCHOBE TCOPUH
A.B. JIsixoBa. MccnegoBaHue Mmony4eHHOM MoO-
TSN TIPUMEHHUTEIIBHO K O00XHTY KepaMHUYECKHX
MaTEpUAJIOB TOKA3aJl0, YTO SBJICHUE TEPMOH (-
(y3un oOKa3bIBacT CYIICCTBEHHOC BIIUSHUC Ha
MUHAMHKY TpOIlecca U €ro cleayer MpUHUMATh
BO BHUMaHHE. TepMOrpagueHTHBIN KO3]Qurm-
SHT O SIBIIICTCS BXKHBIM IapaMETPOM COIpsDKe-
HUS MIPOIIECCOB MEePEHOCA TTOTSHINAIIOB U OKa3bI-
BaeT CEPhE3HOC BO3/ICHCTBHE HA Pa3BUTHE IPO-
(unelt BIaroconepikaHus U TEMIEPATyphl B Ke-
pamuueckoM Martepuane. [lomyueHHOe aHATWUTH-
YECKOE PEIICHHE MO3BOJISIET AKCIIEPUMEHTATBHO
OnpenensaTh 3Ha4YeHUS KOd(DPUIIMEHTOB comps-
JKEHUS B MOJCITH M MPAKTHYECKU HCIIOIB30BATh
pa3paboTaHHBIE MOJENU B IPOU3BOJCTBEHHBIX
YCIOBUSIX JUIS aJCKBAaTHOTO ydYeTa B3auUMOJICH-
CTBUS TIPOIIECCOB TEIJIOMACCONEpPeHoca. ITO
CHUMAET HEOOXOAUMOCTh OOpaIIeHUs K OOBIYHO
WCIIONIb3YeMbIM  YIIPOIICHHBIM ~ MOJIENSAM  pas-
JIEIGHOTO  TIPEJICTABIICHHUS] TEMIIEPATyPHBIX U
BJIYKHOCTHBIX IMPOIIECCOB B MPOIECCAaX CYIIKH H
00XuTra KalJUTIIPHO-TIOPUCTHIX MaTEPHAIIOB.

PabGora BeIONHEHAa TPH  TOIJNEPIKKE
doHma CoOmCHCTBUS pPa3BUTHUIO MalbiX (GopM
MPEINpUITAA B HAYYHO-TEXHHUYCCKOW cdepe,
npoekT Ne 9104p /14910.
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