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AHAJIMTUYECKOE PEHIEHUE 3ATAYN O YCTAHOBUBIIETI'OCH
TEPMOMEXAHHYECKOI'O COCTOSHUSI CTEP’)KHSI OTPAHUYEHHOM
JJIUHBI TP OAHOBPEMEHHOM HAJINYNUU KOHIHEBBIX TEMIIEPATYP
N BOKOBBIX TEINIOOBMEHA

AnHoTamus. B 1aHHON cTaTbe paccMaTpHUBArOTCS IPOOIEMBI YHCIEHHOTO HM3YUYEHUS TEPMOMEXAHMUYECKOTO COCTOSHMUS
crepkueit. Ha ocHoBe ¢QyHmaMeHTampHOrO 3akoHa 00 W3MEHEHMM KONHMYEcTBa TeIUIa, IIpOINejiee 3a BpeMs OT uepes
(UKCUPOBAHHOTO CEUEHUS CTPOUTCS YPaBHEHHE YCTAHOBIIMBIIIErOCS TEILIONPOBOHOCTH JIISI TOPU30OHTANIBHOTO CTEPKHS OT PAaHHU-
YEHHOU JUIMHBI Y TOCTOSIHHOTO IIOTIEPEYEHHOTO CEUEHUSL.

IIpu 5TOM Ha JBYX KOHITAaX HCCIIETYEMOTO CTEPKHS 3aJaHbl pasHbIe TEMIIEPATYpPhL, a Yepe3 GOKOBOM IIOBEPXHOCTH IIPOHC-
XOJUT TEINIOOOMEH ¢ OKPYKaloIel ee cpeioit. KpoMe Toro, Uccie/lyeMblii cTepkeHb BEITOIHEH U3 TEPMO3AIUTHOTO MaTepHana
ANV-300. Onpenensroniuiicsl 3aK0H pacIpe/ielieHIsT TeMITepaTyphl, BCEX COOTBETCBYIONMMX AedopMaliii U HalpsDKeHU  a
TaKKe IIepeMENIEHHS TI0 JUIUHE UCCIIEyEMOTO CTEPKHS. BBIMUCIIIOTCS BEIMYMHEI TEPMUYECKOTO Y IMHEHUS U BO3HUKAIOILETO
OCEBOTO Y CHIIHSL.

B cnoxHOIU TepMuueckod 30He paboTaOT IIOJIIMITHUKOBBIE KOMIIOHEHTHI PEAKTUBHBIX W BOJOPOJHBIX JBUTaTENEH,
aTOMHEIX M TEIUIOBBIX 3JIEKTPOCTAHIMM, TEXHOIOTMYECKUX JIMHUN IlepepalaThIBAIONMX IIPOM3BOJICTB, a TaKXkKe JBHrarTeleh
BHyTpeHHero cropanus. HajexHas paboTa 5TUX KOHCTPYKIMH OyJeT 3aBHCETh OT YCIIOBHM TEPMO3JAC KOMIIOHEHTOB ITOJIIIIHIIL-
Huka. [losToMy 5To Hccle[oBaHUE MTOCBSINEHO YUCIEHHOMY M3YUYEHHIO COCTOSIHUS TEPMO3/IC HECYIITAX KOMIIOHEHTOB KOHCTPYK-
1Ml B BUJIe CTEP>KHEN OrpaHUUEHHOHN JUTUHBI, OTPAaHUYEHHBIX ¢ O0OMX KOHI[OB.

IIpemnaraeMelii BEIYMCIUTEIBHBIN aITOPUTM OCHOBAH HAa IIPUHIUIIE COXPAHEHNS SHEPTUU. 11pH 5TOM Bce THITHI MHTETPaIoB
B QYHKIMOHATBHBIX (GOpPMyTIaX SHEPrUU UHTErPUPYIOTCS aHATUTHYECKH. 1Ipy 3TOM IOIIyUYeHHBIE YHCIIEHHBIE peIieHust Oy Iy T
HMMETE BBICOKYIO TOUHOCTb.

KiroueBble ciroBa: TEIDIOBO ITOTOK, TEINIOOOMEH, TEILUTOIIPOBOIHOCTH, TEINIOOOMEHA, TEIUIOM30IBIIIL.

3. TlocranoBka 3amaun

PaccMmoTpuBaeTcs rOPU3OHTANBHBIN CTEPKEHD OTPAHUYEHHON JUTHHBI U TOCTOSTHHOTO IETIEPEUSHHOTO
cedeHHs, mIomaab koToporo F(cM?). Och OX CTEpykHA HAIpaBHM CIEBa B MPaBO KOTOPAs COBMATACT C
ocero creprkai. Ha nesom koHie crepsnsa 3amana Temmeparypa Tq[c®], a manpasom T,[c°]. Ipu sTom
T1 > T,. Yepes OOKOBOM MOBEPXHOCTH CTCPIKHSI MPOUCXOAUT TCILIOOOMEH ¢ OKPYKAKOIICH €€ CPCIOH.

Ipu 31oM KO3 dHIHCHT TeI00OMeHA R [CMBZTCO], a Temmeparypa okpyskatomeii cpeawt T, [c®]. Pacuetnas

CXeMa UCCIeAYEMOro IpoLecca MPUBOAUTCA HA PUCYHKE 1.

2303033230050 :

SESSEQ mm— —

Pucynok 1 - PacuerHast cxema 3ajaumn
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Tpebyercs onpeneIuTh:

1) 3akoH pacmpeencHusI TEMIIEPATYPhl O JTHHE UCCIETYEMOTO CTCPIKHSL.

2) OmnpeaenuTs BEIUUUHY TCPMHUYCCKOTO VATHHCHHS UCCIEIYEMOTO CTCPIKHSL.
B ciyuae 3amemneHus 1BYX KOHLIOB CTEPIKHS HCOOXOAMMOTO ONPEIACITUT!

3) Bo3HHKAIOIIECE OCCBOC YCHITHSI.

4) Tlone pacnpeneneHus COCTABILIIOMUX AchopMarimii 1 HAMPSUKECHUH.

5) Tlone pacrpeaeneHus NEPEMEIIICHUS.

OM3UKO-MCXAaHUUCCKUC  CBOMCTBA  Marcpuanta HCCIACAYCMOTO  CTCPXKHSA — XapaKTCPU3VIOTCA

BT 1
KO3 PUITHCHTAMH TEILIOMPOBOAHOCTH K, [m], TCINIOBOI'O PACIIUPCHUS & [C—O] U MOAYJIEM VIPYIOCTH

Kl o
E [CM_Z] Ecnu yuects, 4T0 HUCCACAYEMBIN MPOIECC YCTAHOBUBINEIOCS, a TAKXKE 3HAUCHHE Kod(dduimeHra

TCIIONPOBOIHOCTH MaTCpHATa CTCPKHS ropa3ao OObINC YeM ILUIOMNAAh IOMEPEHYHOrO CCUCHUS, TO
MOXHO 0€3 CYIUCCTBCHHOHW OMIMOKH MNPCHEOPECYh TCMICPATYPHBIMH TPAIUCHTAMH B HAIPABICHHIX
MCPIICHAUKY/ISIPHBIX K OCH CTCPIKHSL, M IPUHATh TEMIICPATYPY MOCTOSHHON B KQKIOH TOUKE MOTICPEIHOTO
CCUCHUSI, ICPIICHAUKY IPHOTO OcH 0X. [1pu TakoM momymeHHu TeMueparypa ¢ GyHKUHeH TOIbKO OZHOTO
HE3aBUCHMOBOTO MEPEMEHHOTO X, U IMOJIC PACHPEACICHUS TEMIICPATYPhI N0 AJTHHE CTEPXKHS MOXKET ObITh
OMHCAHO OOBIKHOBEHHBIM AU (P PEPCHINATEHBIM YPABHCHHEM.

CormacHo (hyHIAMEHTATBHOTO 3aKOHA TCILIOMHU3UKH, KOJIMYCCTBA TCILIA, MPOXOASINETO 3a Bpemst di
YEpPE3 CCUCHHS CTEPIKHS, HAXOAAMICTOCH HA PACCTOSHUU X[CM] OT ero 1eBoro koHua 6yaet

—KyxF = dr (1)

rac T (x) — noJie pacnpefiesieHUs TeMIepaTypPhbl, KOTOPas MOKAa HCU3BECTHA.

B TO BpeMs KOJHYCCTBO TCILIA, MPOLICAINCE 3a BpeMsI
dt yepe3 ceueHUe, HAXOASIIETOCH HA PACCTOSIHUU X + dx[cM]  OT 5ICBOrO KOHUA CTEPXKHS, OyAeT
paBHO

dT . d?*T
—KpuF (Z 4+ 22 dx) dr Q)

Kpome TOro y4actok CTCp:KHsI, 3AKIFOYCHBIH MEKIY CCUCHHSIMH, OTCTOSIMUMH OT JICBOTO KOHI[A
CTEpIKHS HA PAcCTOSHUM X U X + dx[cM], BemencTeus mporecca TEIIONPOBOIHOCTH, MPHUOOPETAET 3a
BpeMsi dt KOJIMYCCTBO TCIUIA, PABHOC PA3HOCTH yKa3aHHBIX KomudecTs (1) u (2), T.c.

a2t

Taxxe creayeT OTMETHTb, YTO 3a 3TO K€ BpeMs 4epe3 OOKOBYIO MOBEPXHOCTh 3TOTO YYacTKa
IIPOMCXOANT MOTEPS TEIUIA PABHOS

hPdx(T — T,.)dr 4)

rae P[cM] — mepumeTp NONEPEeIHOTO CCUCHUS.
Ho Tax kak uccieqyemMpiit HAMH MPOLISCC SIBISCTCS YCTAHOBUBINUMCS, T.€. CTAIIMOHAPHBIM, TO U3(3-4)
UMECM
K, FEL dxdr = hPdx(T — T,)d 5
XX dxz xXat = X ocC T ( )

OTcroga 11 paccMaTpruBacMOH 3a0a91 ONPEACTUM YPABHCHHE YCTAHOBUBILECHCS TETNIONPOBOIHOCTH

d*T _ RP(T-Too) (6)
dx? KyuF

Jst nanmpHEHIEro vao0cTBa BBEASM 0003HAUCHUS

hP
a? = P (7
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VUUTBIBAS, YTO TEMIIEpaTypa okpysxatommei cpeasl T, = const, 0 < x < [, To umeem

d(T-Too) _ dt
dx T dx (8)

OTCHOAA TAKKC IMOJTYIUM

d’T _ d?(T-Tyo)
e e 0<x < ©)
YuursiBas (7) u (9) nepenuriem (6)
dZ(T_Toc)
T_az(T_Toc) =0 (10)

JTO ypaBHCHHE SBISCTCS OOBIKHOBCHHBIM JU(PQECPCHUMATBHEIM YPAaBHCHUEM € MOCTOSHHBIMH
koadduruenramu. Torga ero oOmmit HHTErpaI OyAeT

T—Tye=Cie™*+Che™, 0<x< (11)

I'ne €; n €, SBAAIOTCS MOCTOSTHHBIMY MHTETPHUPOBaHNA. VX 3HAYEHHS ONIPEAEISIIOTCA U3 TPAHUTHBIX
YCIOBHM B KOHLIAX CTCPIXKHSL.

T(x=0)=T[c°}T(x =1) = T,[c°]; (12)
,-T,,=C,+C
1~ Loc al1 5 _al} (13)
Tz - TOC = Cle + Cze
N3 atux cuctem onpeacnsrores 3HaUcHuI O U C,.
C. = (TZ_TOC)_(Tl_Toc)e_al
L =
Zsi‘llgal) (14)
C, = (T1—Toc)e™ = (T2 —Toc)
2 2sh(al)

IMoncrasmss (14) B (11) onpeaensiercs mone pacupeae/ICHUST TEMIICPATYPHI TI0 TJTHHE UCCICAYEMOTO
CTCPIKHSA € YICTOM YCIOBUH 3KCILIyaTanuu [2 ]

(To—Toc)sh(ax)+(Ty—

Toc)sha(l—x)
o 0<x<l (15)

T(x,h, Ky, P,F,Ty) =Ty +

Ha ocHoBe ¢yHAaMEHTANBPHBIX TEOPUH TEILTOQH3HUKH MOXKHO ONPEACIHTh BEIUYMHY VITAHCHUS
paccMaTpHUBACMOrO CTEPIKHS €CIIHM OH 3aIIEMIICH OJHUM KOHLIOM, & APYroii cBoOoacH

Al = ol (x)dx = & [ T(x)dx = a{T, 0 +[(T, - T, Nehlal)~1)/a (1, ~T,)(1 - ch(al) /) / sh(al)} ~ (16)

B cnyuae ecnu 06¢ KOHLIBI CTEPKHS 3AIIEMIICHBI, TO B HEM BOZHHKACT OCEBOEC C:KUMaromiee ycunue R,
KOTOpOE OyJEeT HAMpaB/ICHO BAOJb €ro ocu 0X. Ero 3HaUeHHE OnpeaesseTcs COOTBETCTBY FOINM 3aKOHOM
I'vka [3]

 N,EF_ ofiF

= Ld+[(L =T, Netal) 1) a5 -1, )A~cHaD)/ @)/ sial)} (17)

B osrom cmyuae mo iMHE HWCCIEAYEMOTO CTEP)KHA 3aKOH pPacHpEeAclIeHHS TEPMO-YIPYTOH

R=

cocraBysromei Hanpsokenus O MOXKHO ONPEACTIHTh COrIacHo 0600meHHoro 3akona I'yka
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