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HaunoHanbHbI TEXHUYECKUIA YHUBEPCUTET, I. 3anopoXxbe

AHATIUTUYECKOE PELLIEHWUE 3A0AYY O CTALMOHAPHOM
PACMNPEAENEHUN TEMNNA B AHU3OTPOIMNMHOU
MHOIOCIOUHOU NNACTUHE

Pewiaemes 0gymepnas sadaua o cmayuoHapHom pacnpeoeieHu menia 8 AHU30MponHol niacmune, cocmosuyed
U3 NPOU3BOTLHO20 KOHEYHO20 YUCAA CNASHHBIX NapaieabHelx nonoc. Ha oonoti epanuye 3a0ana memnepamypa uim
nomox, Ha Opyeoil noooepicusaemes Hyxegas memnepamypa. Peutenue nonyueno @ eude unmeepanog @ypve.

IIpuseoen npumep paciema O7a O8YXCHOUHOU NAGCIIUHbL.

Kmioueeste ciosa: mrozocnotinas AHU3OMPONHA:A niaacmunad, memnepamypd, menyogoli NOMOoK, npeo6pa308ayue

Dypre, GyHKYUL NOOAMTUBOCUL.

Beenenne

B cBa3u ¢ BO3pacTaHHEM TEXHOJIOTHYECKHX TPEOOBa-
HHUH K MAaTEPHAJIAM, HCITOIIB3YEMBIM B PA3JIHYHBIX Cepax
JKU3HH, BO3HHKAET HEOOXOANMOCTh pa3paboTKu MaTeMa-
THYCCKHUX MOJCICH, ONMCHIBAIOIIIX Ac()OPMAIIHIO MaTe-
PHAJOB MO ACHCTBHEM CHIIOBBIX, TEMIICPATYPHBIX, 3JICKT-
PHMECKUX M MATHHUTHBIX mojei. OmHOM W3 mpocTeHImmx
MOZCJCH TAKOTO THIIA SIBIICTCSI HECBSI3HAS TEPMOYTIPY-
TOCTb.

B 3TOM Cciyuae mepBhIM 3TAIOM PEIICHU 3a9a1 SBJII-
€TCs PacyueT TEILIOBBIX NOJCH. TakuM 3agadaM I OTHO-
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POIHBIX H30TPOIMHBIX TEJ MOCBSIICHBI KITACCHUECKUE MO-
HOrpaduu Takux aBTOpoB, Kak: B. 3. [Taprom, I1. Y. Iep-
mun, A. 1. Kosancurko, B. Hosauxwit [1-3]. a1 MHOTO-
CTIOMHBIX TEN, B CBI3HU C TPYZHOCTSAMH YIOBJICTBOPESHUS YC-
JIOBUH HAa TpaHULAX CPEX, aBTOPBI, KAK NMPaBHJIO,
OTPAHHUYHBAIOTCA HE 00JICC UCM IBYXCAOHHBIMHE CPCAAMH.
HccnenoBaHuio CYIIECTBEHHO MHOTOCJIOMHBIX CPET TOCBS-
IICHBI paboTHI [4, 5]. 11 MHOTOCTIOHHBIX AHH30TPOITHBIX
TEJ AHAJIOTUYHOE PELICHUE 3aJa4 TEPMOYIPYTOCTH SBJLS-
€TCS OTKPBITBIM BOITPOCOM.
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Jlnst 32184 TepMOYIPYTOCTH H30TPOITHBIX MHOTOCIIOH-
HBIX Cpes OTHEM U3 3(D(HEKTHBHBIX METOIOB aHATIMTHICC-
KOTO PEIICHHS SBIIETCS METOX (DYHKIMI ITOAATIHMBOCTH
[6], xoTOpBIH sIBIETCA PA3BUTHEM METOAA HAYAIBHBIX (IyH-
kit Bracosa [ 7], n m3HAYANEHO pa3padaTbIBajICA I Pe-
TICHHS 33134 YIIPYTOCTH MHOTOCIIOHHBIX H30TPOIHBIX TEL.
Hcnonp3oBanue (D)YHKIMHA MOJATIHBOCTH A PCIICHHA
3334 O PaCIPOCTPAHCHHH TEIUIA B MHOTOCIIOWHBIX H30T-
POIHBIX IJTACTHHAX OMHCAHO B padote [5]. B narHo# pado-
T€ PE3YJIBTATHI CTAThH [ 3] MEPEHECEHBI HA CYYal IJIaCTH-
HBI C AHH30TPOITHBIMH CIIOSIMH.

TlocranoBka 3agaun

PaccMOTprM aHH30TPOITHYFO IIIACTHHY, COCTOSIIYO H3
71 OSCKOHEUHBIX MAPAIUICIBHBIX ITOJIOC, MATCPHAT KAKIOH
13 KOTOPBIX SIBJBICTCS AaHW30TPOIHBIM, TIPHHEM OHA M3 OCCH
AHM30TPONHH IApaUICIbHA TPAHHIAM IIOJIOC, a BTOPAs
nepneHANKY/sIpHA. [lomocsr OymeM HyMepoBaTh CBEPXY
BHU3, HAUMHAS C SIUHUIBL. B Ka)KI0M Ccrioe BBEAEM JI0-
KaJBbHYIO MPSMOYTOIBHYIO JEKAPTOBY CHCTEMY KOOPIH-
HAT, KaK MOKa3aHo Ha pucyHke 1. Kaxkaas nonoca ¢ Home-
POM [ XapaKTepH3yeTcs BHICOTOH A, ko3 drimeHTaMu
temwtonposonsocta K, , K, uxoddduuueHTaMu eme-

PATYPONPOBOJHOCTH A, A, , KOTOPBIC CBS3AHBI MEXKIY

coboit coorHomernmamu [8]: A, =— Ko ,m=Xx,z,Tae
c,p

€, —Hu300apHast YICIbHAN TCIIOEMKOCTb, [, — ITIOTHOCTb.

B manpHelimeM Takke OyIeM HCIIOTB30BATh XapaKTCPUC-

tuxy K; = /K, K, . Ha BepxHeil rpaHULE MIACTHHBI H3-
BeCTHA TemnepaTtypa. Ha HrokHel rpaHuie MIacTHHBI HOA-
JCPKUBACTCS HyleBas TeMieparypa. CTaBHICA 3a4a4a OIH-
CaTh YCTAHOBHUBIICCCS TCILTOBOC HOJIC.

PacnipezieneHue TeMueparyp B 7 -i monoce onuchisa-

ercs pynxupeii 7] (x, z )
MareMaTHYECKH PEIICHHE 3a1a4H CBOTMTCA K PeIle-
HUIO YPABHEHHSA:

Ay t+h,—5=0 6

HA KQKI0H 13 oroc. Ha o01meii rpaHuIe mo.t0C BBIMOTHS-
FOTCSA YCIIOBHA PABCHCTB TEMIICPATYP H PABCHCTB IIOTOKOB
(3axoH @ypse) [9]:

T(x.h)="T,,(x.0).

K, %(x, h)=K.. %(xao). @
TDaHUUHBIC YCTOBHS 3aIAHUH:
T,(x.0)= f(x). T,(x.7,)=0. 6)
e f(x) - 3ananmas QyHkums.
Meroz pemermsi

3ajgadya permaercs ¢ MOMOINBI0 MHTETPAIBHOTO IIpe-
obpaszoBarust Oypre mo nepemeHHol X . [Ipeamonaraer-
Ci, UTO BCC (I)y HKINH, BXOOAIINEC B YPABHCHUS, YIOBJICTBO-
PSIFOT YCIIOBHSIM CYIIECTBOBAHMS IpeoOpazoBanmsl. B mpo-
CTpaHCTBE TPaHC(POPMAHT ypaBHCHHE (1) mpHHAMACT BHA;

~up T2+ T (C.2)=0, @
I7c MTPHUX 03HAYAeT Tu(depeHInpoBaHNE 0 IIEPEMEH-
HOM Z.a p= ‘g

., { — mapamMeTp HHTCIPAIbHOIO Ipe-

A, K. K, K,
00pazoBaHULL, ’EI-Z =% - __&
Ao cp cp K

iz

,T,>0.
iz

O01ee pemeHue ypaBHCHHS (4):

]_:' = Cli(C.:)ChTipZ + C2i(C.>)ShTipZ' &)

BaeaeM BCIOMOTATCIIHHBIC (DYHKIHH TS KAXKIOH MOJI0-
CBI, CBSI3AHHBIC C TpaHC(OPMAHTAMH (PYHKIMI, OIMUCHIBA-
FOLIX TEMIICPATYPY U MOTOK HA BEPXHEH IPAHMIIE MOTOCHL

n0-TE0).50-—-Tk0).  ©

i

Honcrasmss (5) B (6), maxomam, uro C,, =m,, C,, =¢,.

1

Taxmm oOpazoMm:

Puc. 1. Muorocnoiinas miactuHa
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Tl.(C,zl.) = ni(C)chripz + ei(C)shrl.pz ,i=1..,n.
370 03HAYACT, UTO AN HAXOKICHHA TEMIICPATYPHI B
TOYKAX i -H MOIOCKL, JOCTATOYHO OMPEIACTATH BCIIOMOTA-
TEJIbHBIC (PYHKIIHH 3TOH ITOIOCHL.
Ycmous (2) B pOCTPAHCTBE TpaHC(OpMaHT 00pama-
FOTCA B CTICAYIOLIUE:

f(c.!ahz) = 7_;H(CJ’O)’ Kizi,(gahi) = K( )z]Ti+1,(C.>30)'

Orcroga momy4aeM 3aBHCHMOCTb MEKAY BCIIOMOIa-
TEIBHBIME (DYHKIMSIME COCETHUX TOJIOC:

i+1

1 = K, 1 =
8i+1(CJ): Tz‘+1 (C,O): = Tz (C:hz'):
TinP Ky TinP
= R L (x pnshp, +7,pe.chp,)=

K(z‘+1)z Tinp

K. .
= = L(T‘lz'Shpi +8i0hpi):
K(z‘+1)z Tin

= If—i(ﬂﬁhpi +g,chp, )3

i+1

Nin (C) = 7_;+1 (C:O) = T_Z(C,hl) =n,chp, +e;shp,. 8)

3neck ujanee p; = T, ph; .

Taxum 00pazoM, HaAM TSI PEIICHUS 31341 JOCTATO4-
HO 3HATh BCIIOMOTATEIbHBIC (DYHKIMH TOIHKO MEPBOH MO-
nockl. OcTabHBIE BCIOMOTATENbHBIE (D)YHKITHH OTIPEACIII-
FOTCA 10 PCKYPPSHTHBIM cooTHOmCHHM (8). OmHy u3
BCIIOMOTATETBHBIX (DYHKIHIT MOYKHO OTPE/ICIINTE HETIOCPE I-
CTBEHHO M3 TPAHUYHBIX YCIOBHHA. OnuIeM crocod mory-
YeHUA BTOpoii u3 3TuX (ynkumii. Cornacuo (3):

Z(Q,hn) =mn,chp,+& shp, =0,
Orcroma
M, =-¢,thp,.
g, =-M,cthp,. ©)
Kak BuanM, BCIOMOTATCITBHBIC (PYHKIHH 77 -1 TTOJ0CH

SIBJISIFOTCS THHCHHO 3aBUCHMBIMH. AHATTOTHYHO [5] MOXK-
HO TIOKA3aTh, YTO 3TO OCTACTCS BEPHBIM AT JTFOOOTO CITOA,

T. €. 711 MOOOTO0 | = |, 7 IMEET MECTO (hJopMyIIa:

n, =-dg,. (10

OyHkuHO d, ((;) OyaeM Ha3bIBaTh (D)YHKIHEH TEpPMO-

TIOJATIMBOCTH | - MOJI0CH! (110 aHanoruu ¢ [5]). [omyumnm
PCKYPPCHTHBIC (DOPMYIBI IS BBIMHCICHHA (DYHKIHH

d(C) Beeaem obo3nauenus: shp, =S,, chp,=C,.

1 i

Torma us (8)
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Nyt = niCi +8iSi = _diSiCi +8iSi = 8;‘(_ diCi +Si)'
C apyroii CTOpOHBI

N =—d 8,y = —d, Ai(niSi + SiCi) =

i i+1

= _di+1Ai(_ diSiSi + SiCi) = _di+1Ai8i(_ diSi + Ci )
3oece A, = LL
K(z‘+1)z Tin

INocKoMBKY 3TO PABEHCTBO HMEECT MECTO I/ BCEX €, (C) ,

TO, ACJIACM BEIBOA, YUTO!

—dC, +S =—d,

i+l

Ai(_diSi +Ci)>

OTKyZIa MOJIy9IHUM PEKYPPEHTHBIE (POPMYITBI IS OTIPEeIIe-
HESA QYHKIHH o,
— Si + Cidi+lAi

" C +8d. A

i+l

(11)

Cpasnmsas (10) u (9), HalACM, YTO A1 HEDKHCTO CJIOA

d =thp, . (12)

Meroaom MaTeMaTHYECKOM HHAYKIMH JIETKO TTOKA3ATh,
4TO BCe (DYHKILHH SBIAFOTCSA YeTHBIME 1O ., TO ecTb
d, =d, (P )

OVHKINY TOAATINBOCTH 3aBUCST TOJHKO OT TOJNIIHH
oIo¢C 1 K03(h(YUIMEHTOB TEITONMPOBOIHOCTH T0N0C. Bee
OHH MOTYT OBbITh BBIMHCIICHBI, HAYMHAS C TOH, KOTOPAs OT-
HOCHTCS K HIDKHEH nmornoce, |, 3akaHuuBad QyHKImeH d, .
3Hast OHY M3 BCIIOMOTATEIbHBIX (DYHKIUH IIEPBOH ITOJI0-
CBI, U (DYHKIMIO MOAATINBOCTH TIEPBOH MOJIOCHI, MOYKHO
HAUTH BTOPYIO BCIOMOTATCIBHYIO (DYHKIIUEO TICPBOH TMO-
JOChL. 3HAS Mapy BCIIOMOTATEIBHbIX (DYHKIHH IIEPBOii 1O-
JOCBI, MBI MOKEM, KaK OTMEHAJIOChH BBINIC, HAUTH PEIIe-
HHUE HCXOTHOM 3a0a4H.

B cnyuae, xoraa senmiamHbI K, 11 BCEX CIIOCB COBIIA-
narot (mpu 3toM K, MOTYT oTmmdarscs), OyaeM UMETh
T, =1 Ama 1060T0 7 W MoNMy4eHHbIC (OPMYITBI 11T PyHK-
UK TIOJATIIMBOCTH COBIAJAOT C H3BECTHRIMH (popMyra-
MH JJIS1 H30TPOIHOTO cayyast [5].

OyHKUIIME ¢, YI0OHO MOTB30BATHCS, CCIIH HA BEPX-

HEH rpaHULE 3aJaH NOTOK. EC/M ske Ha BEpXHEH IpaHuLe

1
3a/1aHa TEMTIEPATypa, To yA0OHee BBECTH (DYHKIUH 7, = =
Iepeuncmum cBoiicTBa QyHKUMM #; (OHU JIETKO TOMy4a-
FOTCS H3 QHATIOTHYHBIX CBOHCTB (DyHKUMH d, ):

& =M. 13

— riJrICi + Ai‘S'i
i riJrlSi + Ai(ji ’ (14)
r,=cthp,. 15)
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YucsioBoii mpumep
B Ka4ecTBe mPHMEPa PACCMOTPHM IIIACTHHY, COCTOSI-
1yF0 13 AByX 10710C. [omy i sBrbie hopmyumsr ams 7, (5

H 772(@) , UCTIOJIb3YsI COOTHOILCHHUSI, TIOYUYCHHBIC PAHEE

T(6) =, (ch, pz ~ s, pz) =

= f(Q){chtlpz - Mshqu} . (19

C,S, +ACS,

(Q) =1, (ch’czpz - rzsh'czpz) =

= CC,+ASS C
C -2 1 g |l o — 2k .17
f(C)[ 1 C.S, +ACS, 1}[0 T, Pz S, S szj

[TycTs mnacTuHa, COCTOAMIAS U3 ABYX MOIOC OAMHAKO-
BOH TOMIUHEI / =1, IMCIOMHX KO3()()HUIHCHTHI TEILIO-

nposogroctu K, ., K, . K, , K, . O6o3naums K, ve-

pe3 K, mocTpouM TpauKu PACTIPSACICHHS TEMIICPATYP
B IICPBOM H BTOPOM CJIOAX MPH CICAYIOIMAX KO3 PuIncH-
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B ToM cayuae, korma TeMmneparypa Ha BEpXHEH TpaHu-

IIC OMHUCHIBACTCSA (HDOPMYIIO:

1-—

flx)=

0,

x,

x|>l,

TIOJIYYHM CJICAYIOINHE PE3YAbTATHL
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Puc. 2. PacipocTpanenue Temia B IepBoM (a, b) ¥ BO BTOPOM CJIOSIX IUIACTHHEI (¢, d)
IIPH CMEHE OpPUCHTAIIUH Oceif aHM30TPOIINI
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W3 rpa¢uxoB BHAHO, YTO CMECHA HAIPABJICHUS AaHU30T-
POIHH B TICPBOM CJIOE HAMHOTO 00JI¢e CYLICCTBCHHO BITH-
ST HAa PACHPCICTICHAC TEMIICPATYPHI B TENIC, YeM CMCHA
BO BTOpoM cioe. Kak u cnegoBaio 0KkuaaTh, H3MCHCHHE
napaMeTpoOB aHU30TPONHNH MPUBOAUT K CYIICCTBCHHOMY
HM3MCHEHHUIO TEMITEPATYPHBIX HOJIEH. IT10T 3(hekT HAando-
JICC 3AMCTCH BOJIH3H OOIICH TPpaHHUIIBI CIIOCB.

O01nie BLIBOABLI

B mauHO#M cTaThe OBLIA PACCMOTPEHA ABYMCPHAS 332~
4a 0 CTALMOHAPHOM PACHPEACICHUH TEIIA B AaHU30TPOII-
HOM TENE, COCTOALIEM M3 MPOU3BOIBHOTO KOHEYHOTO YHC-
J1a CHASTHHBIX HEOTPAHWYCHHBIX B IIJIAHE, MAPAIICTIBHBIX
nooc. Meron yHKIuMit HOJATIMBOCTH, KOTOPBIH IpHMe-
HSAJICA paHEe TOIbKO I H30TPOIHBIX CPEA, PACTIPOCTpa-
HEH HA CIIy4yail aHU30TPOIHOM MIaCTUHBL. i1 BBIUKCIIC-
HHUA TEMIIEPATYPHL B KAJKAOM H3 CIOCB TElA MOIYYCHBI
obmmue (opmyrel B BHAE HHTErpaoB Oypee. [IpusencHb!
TIPUMEPBI pacyeTa, MOKAZHIBAIOINE BIMIHIC H3MCHCHUS
K03 ()(PHIICHTOB AHU30TPOITHH HA PACTIPCACICHIC TCMIIC-
parypsl B AByXcroiHoH mmactuHe. [[manupyercs 0000muTs
TOYYCHHBINA PE3YIIBTAT HA TPEXMEPHBIM CITy4ai.
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Ourenenxo M.I., Bemao LIT AnaniTiasmii po3s’si30K 3a1a4i PO CTAIOHAPHMT PO3TIOTIT TEMIA B AHI30TPOIHIi

OaraTomapoiii ruacTuHi

Po3sg’azyembea 0gosumipna 3a0aua npo cmayioHapuuii po3nooin menia 8 aHi3ompontiii naiacmuni, uo
CKNAOAEMbCA 3 OOGINLHO20 YUCAA CHAAHUX NApaneabHux cMmye. Ha o0uiil epanuyi 3a0ano memnepamypy abo nomix,
Ha MWLt niOMpUMyemsbes Hyibosa memnepamypa. Pos3e 130K ompuMano y euen1oi inmezpanie Oyp’e. Hageoeno

NPUKIAO PO3PAXVHKY O 080ULAPOBOI NAACHIUHU.

Kouosi cnosa: 6azamoutaposa aHizomponta niacmuna, memnepamypa, meniosuii nomix, nepemeopetts Oyp’e,

DYHKYiA nooamaugocmi.

Olenenko M., Velichko L. Analytical solution of a problem of the stationary distribution of heat in anisotropic

multilayer plates

A problem of the stationary distribution of heat in anisotropic multilayer plates, which consists of random
number of welded parallel stripes, is solved in the article. There is a given temperature or a flow on the one border
and a zero temperature on the other. The solution has been got in the form of Foureu s integral. An example of

calculation for the double-layer plate is given.

Key words: multilayer anisotropic plate, temperature, thermal flow, Foureu s transformation, compliance func-

tion.

92



