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MOJIEJITMPOBAHUE TEMITEPATYPHBIX MTOJIEA
JIBYXCJIOMHOT O IOJIOIO HUJIMHIPA METOJIOM PA3JIEJIEHUS IEPEMEHHbBIX

Kauo. gpus.-mam. nayx, ooy. U.5. COPOIOBEI], O.H. ME/IBEJ/IEBA
(Ilonoukuit 2ocyoapcmeeHHblil YyHUGEPCUM e )

Ilpeocmasneno obocrosanue memooa Pypve 0 peuieHusi Kpaeswvix 3a0a4 menjionposooHOCmu 8 Cyyae
08YXCNIOUHO20 N0N020 YuIuHopa. Paccmompeno Oeeamv 3adau Ha cobcmeenHvie 3HAUEHUS U COOCMEEHHble
@yuxyuu muna mypma — Jluyeunns ¢ paspvienvimu kodpguyuenmamu. Memodom pazoenenus nepemeHHvIxX
HatioeHvl pewieHusi 0OHOPOOHbIX 3a0ay. Kajcoas 3adaua npusedena Kk uHmespaibHOMY YPAGHEHUIO C CUMMEN -
puyHbIM A0pom. Pewenus neoonopoonuvix 3adau noayuenvl 6 gude psioos Dypve no cucmemam coOCMEEHHbIX
@YHKYUL paccmampusaemvix 3a0au.

Knrwouesvie cnosa: ogyxcioiinoe meno, memnepamypad, Memoo pazoeneHust nepemeHHbIX.

IMocranoBka 3agaum. [Tonerii mUIUHAP OONBIION ITHMHBI (OECKOHEYHBIA TMOJBIA MHJIUHAP) C BHYTPEH-
HHMM paguycoM R, W BHEIIHMM R; OKpy:keH 00oJyioukoil TommuHoi H = R—R;, rie R — BHemHuit paauyc
obomouku. Temnodusnyeckne XapaKTCPUCTHKU IOJIOTO IMJIMHIAPA W OOOJOYKH CUYMTACM Pa3IUYHBIMU:
Al ¢, Prs Ap, ¢y, Py 3A€CH ¢ — TEINIOEMKOCTb, P — IUIOTHOCTB, A — KO3()(ULUHEHT TEIIONPOBOJHOCTH, HH-
JeKe 1 OTHOCHUTCS K TOJOMY LWJIMHIPY, HHACKC 2 — K o0onouke. HaliTu pacnpeneneHue TeMreparypsl B CHCTE-
Me JIByX OWIHHAPHUIECKUX TeJ, KOTopas OyIeT 3aBHCETh OT Ha4aJIbHOI TeMIepaTypsl U OT croco0a B3auMoJei-
CTBHSI CHCTEMBI C OKpYyXaromieil cpenoif. [Ipeamomnaraercsi, 9To TeMIepaTypHOE IOJie B CHCTEME TeJl paJnalb-
HOE, T. €. HE 3aBHCHUT OT HOJISIPHOrO yria ¢ W KOOPAUHATHI z . Temmeparypy IMOJIOro MMIMHApPa 0003HAYaeM

T;(r,t) (t—Bpems), TemnepaTypy obonouku — T5(r,t) . BHyTpH monoro HuiaMHApa U 00OJOYKH MOIYT OBITh
HCTOYHMKHU Temna wy(r,t), w,(r,f) — KOJMYECTBO TEIUIA, BBIIEIAEMOI0 B €JMHUIE 00bEMA B €IUHUILY BPEMEHH.

B obmiem ciydae 3agada onpeiesieHus TEMIIEpaTyphbl yKa3aHHbIX HWIMHIPUYECKUX TNl MOXKET OBITh 3a-
JlaHa B BUJIE CHCTEMBI, BKIIIOYAIOIICH B ce0sl 1Ba ypaBHEHHS TEIIONPOBOIHOCTH, HaYalbHbIE YCIOBUS, YCIOBUS
CONPSDKEHHS TEMIIEpaTyp, TPaHUYHBIEC YCIOBHA. | paHWYHBIE YCIOBHS JOJDKHBI 33/1aBaThCsl Ha BHYTPEHHEH MO-
BEPXHOCTH 7 = R U Ha BHemHel — r = R. Jlng yno6cTBa BBeieM Oe3pa3MepHble BENUUUHBI

R A A A t
x=L, X0 =&, x1=—1, a1=—1 , Ay = 2 K? =ﬂ, K, =—1 F=a—22.
R R R ap 0Py 4 @ Ay R
Torpaa cuctemMa COOTHOIIEHUM JIJIsl OTIPEIETICHUSI TEMITEPATYPhl 3aITUIIETCS B BUJIE
oT, _ [ 0*T, 107 wy (r,))R?
— =K, | —+t—7 |*W (X, F) F>0, xp<x<x, Wj(x, F)=—"""—|, @))
oF axr x 0x acPy
0T, _[0°T, 10T, ws (r,1)R?
—= = —=+——= [+Wo (5, F) | F>0, xy<x<1, Wo(x,F)=——""—|; 2)
OF | gx? x ox arCHPs
HavaJIbHOC yCJIOBUC
T, (x,0) = fi(x) (xo Sxle),
T(x,0)=f(x), T(x,0)= HG) = folxa) s 3
T (x,0)= fo(x) (x Sx<1),

YCIIOBHS COTIPSDKEHUS

O (x. F) _Ty(xy. F). @
0x dx

L(x,F)=T(x,F);, Ky
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T'paHUYHBIC YCJIOBUSA
0T, (xp. F)
T, F)

AT (1, F)
0x 0x

B —oyTi(xg, F) =91 (F); By +a, (1L F) = ¢y (F). &)

Bapbupys 3HadeHns KOHCTaHT [, dq, By, O, B dopmynax (5), MOKHO MOIYYUTh NPU X =X, U IPH

x =1 Tpu BUIA TPAHUYHBIX YCIOBHIL: MEPBOTO, BTOPOTO M TPETHEro pona. Becero momyuum NeBATh pa3iuIHBIX
3a/1a4, KOTOpPBbIe MOXHO OXapaKTepHu30BaTh Kak 3amgauun (i —j) (i =1, 2, 3;j =1, 2, 3). D10 o3Ha4aeT, 4yTo B Hop-
MyJax (5) Opu X = X 3a/laHO TPaHUYHOE YCJIOBME I-I'0 POJia, a IpU X =1 3a7aHO rPAaHUYHOE YCIOBHE j-IO POJa.

Cyns no my6nukanusM [1-5], OCHOBHBIM METOAOM PELICHHUS 3a/1a4 TCIIOMPOBOIHOCTH JJIsi MHOT'OCIIOH-
HBIX TEJ SBJSICTCS METOJl MHTErPANbHBIX MMPEOOpPa30oBaHU. DTOT METO UMEET OJUH HEJIOCTATOK: MOCIE MOJTY-
YeHUS PENICHHs 3aJla4¥ TETUIONMPOBOAHOCTH B M300pa)KEHUSX HE BCErJa YAAeTCs JJIEMEHTapHBIMU METOJaMH
BEPHYTHCS K opurnHanaM. B [6, 7] 3a1aun TEIIONMPOBOIHOCTH IBYXCIOWHBIX TEJl PEIIAIUCh METOAOM pasJiene-
HUs niepeMeHHbIX. OOOCHOBaHME METOJa pa3/iCiCHUs MEPEMEHHBIX MPUBOAUT K 3amavaMm [lItypma — JlnyBumis
C pa3pbIBHBIMH KO3 duiineHTaMu. B maHHOM paboTe METOoA paseNeHus NMEPEeMEHHbBIX MPUMEHSIETCS U OTpe-
JISTICHUS TEMTIEPATYPHBIX TOJIEH TBYXCIOWHOTO TOJIOTO MHIUHPA.

MeTton pa3aesieHus IepeMeHHbIX IPU pellleHUuH OJHOPOIHBIX 3a1a4.

IIpenBapuTenbHO pacCMOTPUM CiTydaid, korna B ¢popmynax (1)—(5)

Wi(x, F) = 0; Wy (x, F) =0; ¢y(F)=0; $,(F)=0.
Pemenus ypasuenwuii (1) u (2) OyaeM UcKaTh B BUJIE TIPOU3BEACHUS (PYHKIIHH, T. €.
T,(x, F)=U (F)V,(x) (k=1,2). ©6)

IToxcrasinss BelpaxkeHus (6) B ypaBHeHus (1) u (2), mocne paszfencHus NepeMEHHbBIX U PEILIeHHs 0JIy4a-
€MBIX YPaBHEHUI, HAXOANM

Vi(x) = Aljo(% x] + BlYO(% x] . V(1) = A O(pox)+ By YO(Upx), Up(F)=exp(—uiF),  (7)

a

rie  JO(x) u YO(x) — dynkuu beccens HyeBoro mopsijka nepBoro ¥ BTOPOTo pojia COOTBETCTBEHHO [1].

Hanee OyayT ucnons3oBaThes Takxke GyHkuuu J1(x) =—J 0o (x) u Yl(x) = -vo/ (x) — 6ecceneBbl hyHK-
IIUM TIEPBOTO MOPSJIKA IEPBOTO W BTOPOI'O poja cooTBeTcTBeHHO. Kak BuaHO, perieHus (7) 3aBUCAT OT LIECTH
HOCTOSHHBIX i, Uy, A, Ay, By, By, KoTopble HaxoasaTcs U3 ycioBuil (4), (5). UroObl mepBoe U3 yCJIOBUH CO-

npsKeHUs (4) BBIIOIHANOCH IpU MoObIX F >0, 10mKHO OBITh ) = [y , 4TO IPUBOAUT K PABEHCTBY

a a

Jo(KLxl]Al +Y0[KLX1]BI -JO(px ) A ~Y0(px; ) B, =0. (8)

Bropoe u3 ycnoButi (4) MOXHO 3amucaTh B BUC

K)\u[Jl{KLxlel +Y1(le1]Blj—pKa [Jl(uxl)AZ +Y1(ux1)32) =0. ©)

a a

W3 rpaHrYHBIX yCIOBHA (5) TTOJTydaeM eIie JBa COOTHOIICHISI:

[%Jl(on)—alJo(on DAI +[@Y1(lx()) —alyo(LxOD B, =0, (10)
Ka Ka Ka Ka Ka Ka

(Bqul(u )J+a, Jo(p )JA2 + [Bqul(u )+a, Yo(u )JB2 =0. an

ITonydena cucrema 4-X JTHHEWHBIX OJHOPOJHBIX alreOpanveckux YpaBHEHHH I HAXOXKICHUS Kod(hdu-
LUEHTOB Aj, Ay, B, B, u uucna [. UrtoOsl cuctema (8)—(11) nmena HeHyneBble pelIEHUs, €€ ONPENEIUTED

A() noypKeH paBHATHCS HYJIIO.
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Brimumem BbIpaKCHUEC A(l.l) , JJIA1 4€Tr0 BBCACM HOBEBIC 0003HAYCHUS:

H — H — H — H — — —
JO| —xy |=Jpo, YO —xg | =Yyo, JO| —x1 | = Jp1, YO —x1 |=Yy1, JO(H X ) =T, YO ) =Yoo,
[K 0] 00 [K OJ 00 [K IJ 01 [K 1] 01 ( 1) 02 ( 1) 02

a a a a

JO(u) = Joa. YO()=Yps. Jl[KonJ:Jlos Y{KLXOJ:YIO’ JI[KLXIJ:JID YI[KLMJ:YU’ (12)

a a a a

JU(px) =Jip, YI(ux ) =Yg, JU(R) = Jp3. Y1(R) =Y.

B s1tx 0603HaueHHAX

Joi Yo1 =Jo2 Yoo
MKy J11 MK\ MK, J12 “HK, Yo
A(W) =B Biu (13)
KLJm —0yJgo KLYlo — 01Xy 0 0
a a
0 0 BalJiz +ap oz BaHY 3 +0,Y3

Vpasuenane A(U) =0 Ha3BIBAIOT XapaKTEPUCTHUECKUM YPaBHEHHEM, a €T0 PEIICHUS — XapaKTepUCTHUe-

CKUMH YHCJIaMHU WU COOCTBCHHBIMU 3HAYCHUSMH (ECIIU MPH ITHX 3Ha4YeHUsX cucrema (8)—(11) umeer HeHyse-
Bble pemieHus). OTmeTuM, uto uucio Y =0 gaBnserca kopHeM ompenenutens (13) mus xaxnoi 3amaun. Himke

Oyzmet mokazaHo, 4to yuciao [ =0 Oyaer cOOCTBEHHBIM 3HAUYEHHEM TOJBKO A 3amaun (2—2). COOTBETCTBYIO-
mei cobctBeHHoit ¢ynkimeit oyner T(x,F)=1 (x0O[xy,1], F=0). B cBsi3u ¢ 3THM XapaKkTepHUCTHYECKOE
gucno | =0 Oompmre paccmarpuBatkcs He Oynet. [lpu 3Tom BTOpyio cTpoky ompenenurens (13) cokpatum Ha
M, aB3amayax (i —j) mpu i = 2 Wik j = 2 COKpaTUM Ha |1 TPETHIO WM YETBEPTYIO CTPOKH.

Janee Oyzaer moka3aHo, 4TO JJIs KXKI0H 3a1a4i MHOXKECTBO COOCTBEHHBIX 3HAUCHHUI CUCTHO, COOCTBEH-
HBIC 3HAUYEHHs1 HEOTPHULATEIBHBI, IPOCTHI U UX MOXKHO NepeHyMepoBath 0 <y <M, <..<H <....

Jns 3anaun (2-2) nobasiusercs coocTBeHHoe 3HaueHue WUy =0 . Pemenus cuctemsl (8)—(11) 6yayT 3aBu-
CeTb OT COOCTBEHHBIX uucel |; , U Mbl OyneM 0003HauaTb UX KaKk A i, Ay, B, By . 3aliMeMcs Teneps pe-

menueM cuctemsl (8)—(11). bynem cunrtare, 4to ypaBHeHue (9) COKpalleHo Ha M.
IpenpapurensHo BBEAEM HEKOTOpPhIE Ipeobpa3zoBanus onpeaennTens (13), B KOTOpoM U 3aMeHEHO Ha |y
U BTOpas CTPOKa HE COIEPKUT MHOXUTeNs | . K mepBoit cTpoke npudaBUM TPEThIO U YETBEPTYIO, IOMHOXKEH-
—Yo1 Yoo y
HBbIE COOTBETCTBEHHO Ha B u Bl Y+ 0T KO BTOPO# CTPOKE MPHOaBUM TPETHIO U YETBEP-
1Mk oy oM 13 + U tp3
Yo —0a1 Yo

a

-Ky\1 " Ko
Bik Yio ~ Yo BaHy Y3 +0,Yy3

a

TY10, IOMHOKCHHBIC COOTBETCTBCHHO Ha . HOHy‘-II/IM OIpeACIUTECIIb, KOTO-

Biky

a

pOMy COOTBETCTBYET cucTema, paBHOcHibHas (8)—(11). Beemem 3amennl Ay =( YIO_GIYOOJCl,k’

B
Ay = (BszYB +a, Y03)C2,/<- Torma By = ‘[ }< b

a

Jio _GIJOOJCl,k’ By = ‘[Bzukfm +a, Jo3]C2,k :

Jns Cp g, Cyy TONydaeM CIeyIOIIIe BHIPAKCHUS:
G = (102 [BZHkYB +0, Y3 ] —Yo [Bzuk]B +0y Jo3 D Dy,

_ Bk Bikk
Cz,k-(fm(K Yo —01Yyo |~ Yor K J10 =% Joo | |Drs

a a

rac Dk — MMPOU3BOJIbHBIC TOCTOSIHHBIC.
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BeinuiemM okoHYaTeNbHbIE BEIPAXKEHHU Ul KOOQOUIMEHTOB A 1, Ay 1, By By i

_ [ By
Al,k‘( K Yio =01 Yo || Joz| BaMiYiz +00; Yoz | =Yoo | BaMeJi3 +05 Jo3

a

_ [ B
Bl,k__[}( Ji0 =0 oo || Joz | BaMiYiz +05 Yo3 [ =Yoo | BaMiJi3 +00o Jo3

a

Bk Bk
Az,k:[BzuleﬁGzYm][Jm[K Yo —0iYyo |~ You K Jio =00

a a

Dy,

N—
o

Dy,

Dy.

(14)

Ne—

_ Bk Bk
Bz,k—‘(32Hk113+0(2]o3)(101(;( Yo —0i¥po |~ You }< Jio =910

a a

®Dopmynsr (14) 3anmcansl B 0o603HaueHusx (12), 1. e. J — pynkums beccens nepsoro pomga, ¥ — GyHK-
s beccens BToporo poja, mepBblii HHACKC — MOPsoK GyHKIMU beccenst, BTOpoil HHACKC — HOMEp 3HAYCHHS,

IpHU KOTOpoM Beruucisiercst pynkuuns beccens: 0 —{;—k XO] 31— {;—k xl] 32— [ukxl) ;3 - (Uk) .

a a
Takum 00pa3oM, HaiileHO MHOXECTBO pemreHui 3amau (1)—(5) 6e3 ydyera HavanpHOTO ycioBus (3) mpu
W (x, F)=0, Wo(x,F) =0, ¢;(F)=0, ¢o(F)=0 (oxHOpORHEIl CIrydail):

T, (0, F) = (Al kJO[u—kx]+ B, kyo[“—kxDexp(—piF) (xOlxg. 1),
’ ’ Ka ’ K(l

T, (x,F) = k=1,2,.., (15)

T4 (x,F) = (Az,kJO(ukx)+ By Yo(pkx)]exp(—pﬁF) (xO[x, 1),

e Aygs Ay g Bigs By — kKodpduumentsl, onpeaensemsie 1o Gopmynam (14); [y — KOPHU XapaKTepUCTH-
yeckoro ypaBaenus:t A(U) =0, 3gecs A(Y) — onpenenurens (13).

CaoiicTBa pelieHUI 0THOPOAHBIX 3a/1a4.
Bynem npennonaratrs, uto B (1)—(5) Wi (x, F) =0, Wy (x, F) =0, ¢1(F)=0, ¢,(F)=0. 3anumem ypas-
HeHus (1) u (2) B BUJEe OJHOTO YpaBHEHHUS

oT _1 0 oT sz(xD[xo,xl]),
—_ D — 1, D = a 16
( ) ax] 0 { X (xl][xl,l]). (10

Oynkuun (15), y1oBIeTBOPSIONIUE YTOMY YPAaBHEHUIO, 3aIIUILIEM B BUJIE

Vi) = Al’kJO(%x] * Bl’kYO(;—kx] (xOlxg. 1),

T, (x, F) =V, (x) Bxp(-Ui F), V; (x) = “ “ k=1,2,.... (17)

V1 (X) = Ay 1 J O(Wgx)+ By YO(ygx) (x Oy, D),

IToacraBinss Beipaskenus (17) B ypaBHenne (16) u cokpaiias Ha exp(—uiF ), mosryduM g depeHIras-

HOE ypaBHEHHE, KOTOPOMY YIOBIETBOPAIOT GyHKIuH V) (X):

1 /
V) == PV ) =WF Vi (1)

Wuaue rosops, Gynkiuu Vi (x) sABIAIOTCS cOOCTBEHHbIMU GYHKUUAMH auddepeHaipHoro oneparopa
L , mopoxaeHHoro nudGpepeHuaabHbIM BhIpaKeHHEM [ (Vk (x)) B (18), ycnoBusimu conpsikeHus (4) u rpaHuy-

HBIMH ycJI0BUsIMU (5). MBI IpUILIIH, TaKUM 00pa3oM, K 3ajade Ha cOOCTBEHHbIE 3HaueHus 11 1uddepenimas-
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Horo oneparopa L . B knaccuyeckoM ciyuae, koraa p(x) HenpephlBHO nuddepenunpyemas Ha oTpeske [xg;1]
dynkusa u p(x) >0, oty 3amady HazwiBaoT 3agadeit llltypma — JlnyBmist. B nanHOM ciydae moJyrydeHo 0600-
menue 3a1aun Itypma — JlnyBuiuis B ToM cMbiciie, 4To QyHKIUS p(X) TEPIUT paspbiB NEPBOTO pojia BO BHYT-
peHHeil Touke oTpeska [xg; 1], HO pu 3TOM 106aBIIAIOTCS [iBa YCIO0BUA (4) B TOUKE pa3phiBa.

OcHOBHOI MeTOA UccieoBaHus B Kiiaccuueckoit 3aaaye typma — JInyBuiis — npuBeieHue 3TOM 3aja-
YU K MHTETPAJbHOMY YPaBHEHUIO MyTeM moctpoeHus QpyHkiuu ['puna [8]. B nanHoM ciydae Oynem mocTynarhb
aHanornyHo. [IpenBapHuTeIbHO PaccCMOTPHUM 3aJady o ToM, OymeT iu ducio UL =0 CcOOCTBEHHBIM 3HAYCHHEM

onepartopa L . Jlist aToro paccmMorpum ogHOopoHoe ypaBaenue [(U) =0 mpu ycJIoBUsX (4) U €To penieHue

%lnx+b (xD[xO; xl]),

Tov —ony =777 K
_l(p(x)U/))/:Oj{Kw (=0 =0 +0) | p (19
: UCi=0=U Gy +0 Kol Xy @1y (4O,
K X

a a

rie a u b — IpoU3BOJIBHBIEC TOCTOSHHBIE.

Paccmotpum Teneps 3amauy (2-2) ¢ rpaHUYHBIMU yclIoBUSAMU U / (%) =0, U / (1) =0. O6a stn ycnosus
BemmontHeHB! ipu a = 0. U3 pemrenus (19) crenyer, 9o ans 3agaun (2-2) ancino P =0 sSBIsLeTCS COOCTBEHHBIM
3HaUYCHHEM C COOTBETCTBYIONIEH coOcTBeHHON QyHKIne U(x) =b (x 0 [xo;l]) .

Jlerko MoKa3aThb, 4YTO AJI APYTUX 3a4a4 IMONbITKAa YAOBJICTBOPUTL 'PAHUYHBIM YCJIOBUSAM HNPUBOJUT K pa-
BCHCTBAM d = 0, b=0 , T. €. IJI BCEX OCTaJIbHBIX 3aJ1a4 YUCJIO [l = 0 He SIBISETCSA COOCTBEHHLIM 3HAUYCHHEM.

Tenepsb Oynem cTpouth QyHKIMY ['prHA U Beex 3a1ad, Kpome 3amadu (2—2). JIns 3Toro BOCTIOIb3yeMcst
MeToz10M [8], cOriacHO KOTOPOMY pelleHHEe HEOJHOPOIHOTO YPaBHEHHS

1 /
W =-—(pev') = reo 20)
X

OyzeT HaiiieHO C ITOMOIIBIO METO/a BapHalldi MPOMU3BOJIBHBIX IMOCTOSHHBIX. CHadanma HaXOAWM J1BA JTHMHEHHO
HE3aBHCHMBIX PEIICHHUS COOTBETCTBYIONIETO OJTHOPOAHOTO ypaBHEeHUs (19) ipu ycnoBusx (4), 0THO U3 KOTOPHIX
Uy (x) ynoBieTBopsieT rpaHUYHOMY YCIOBMIO IIpU X = X, a Apyroe U;(x) —npu x =1. Iloctpoum yka3aHHbIE

pelIeHus A KaXxao0il U3 BOCbMHM 3a/ad, BOCHOJb30BaBLINCH BhIpaxkeHUAMU (19). IIpenBaputensHO OTMETHM,
4TO Npu (PUKCUPOBAHHOM I I Beex 3aaau (i — j) gynknusa Uy(x) OyzmeT onHOH U TOH xe, a pu HUKCUPOBaH-

HOM j Takoit OyzeT Gynkuus Uj(x) . Takum 00pa3oM, BCEro HYXKHO IOCTPOUTh Tpu QyHKIUK Buaa Uy (x) u TpH

¢ynxuuu Buga U (x) . Bemumem ux

=2, Ujxp) =0, j=2 Ulm=0,
2D
Up(x) =1, (xDOlxp,11); Uy =1, xDO[xy.1;
i:1, Uo(.XO)ZO, i:3, U(/)(Xo)_Bion(Xo)ZO,Bil :GI/BI’
X
In— (xlj[xo;xl]), I+ ! (xD[xO;xl]),
X Xg XoBi (22)
- 0 0 Yobhy
Uy(x) = . Ug(x) =
KyIn—=+In=L (xO[x;1]); Ky In-+In-L+ ! (xOfx;1);
X X X X XBj
i =3, U/ (1) +Bi,U;(1) =0, Bi, =0, /B,
=1, U =0, J 1 2U1 ) =0y /By
x lni+K;\ In x; L (XD[XO;Xl]),
In—+KyInx, (xO0x;x]1), X Bi, (23)
Uix)=7 x Ui(x) =
Ky Inx (xO[x;10); K;\(lnx—BL.j (xOx; 17).
b
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C nomompio opmyn (21)-(23) nerko nmopobpare Qynkiun Ug(x) u Uj(x) s kaxpod us 3amad.
Hamnpumep, mns 3agaun (2-3) BIOOp OCYLIECTBIIEM CIedyIomuM odpasom: i = 2 u 1o dopmyie (21) Uy(x) =1
npu x [xy;1];j =3 u no Bropoii u3 popmya (23)

X 1
In—+K,|Inxy —— (xD[xO;xl]),
X Bi,
Ui(x) = X
Ky| Inx—— x0O[x;1]).
A ( Bizj (xOLx:11)

Janee, no MeToay Bapualuu IpOU3BOJIBHBIX TIOCTOSHHBIX CTPOUM pelleHue ypaBHeHus (20):

C6U0+C1/U1—0
xU;(x xUpy(x
C/ - 1( )f( ), Cl/ - 0( )

=0
f(x) wlp wlp

U(x) = Co(x)Up (x) + Cy (x)U; (x) = fx).

X
p(x)

Uy +ClUf =-

B stux dopmynax w=w(x) — Bporckuan pynkuuit Uy(x), U;(x) . Jlerko noka3ars, 4To A Bcex 3anad

w(x) [p(x) = wlp — KycouHo-nocTOsIHHAA Ha oTpe3ke [xg; 1] Qynkimsa. Murerpupys, Haxo1um

1 U X U 1
U =- Uo(x)j”%ﬁdywl(x)j”%@o(”dy = [ YG(e ) f (. 24)
X XO

0

Ipenensl MHTErpUpOBaHUs BBIOMpaNMCh TakuM o0pazoM, utodsl Cy(1) =0 u Ci(xy) =0. IIpu Takom
BBIOOpe TipenenioB ¢yukmus U(x) OymeT ymOBIETBOPITh I'paHWUYHBIM YCIOBHUSM. B mociemneM wHTErpaie

G(x,y) — ¢oyakmus ['puna nuddepernmansHoro oneparopa L . Ee BeipakeHue

G(x.y) = —ﬁ{

Uy(DU(y), xp<x<y,

(25)
U)Uy(y), ysx<l1.

Jlerko Bunmets, uto ¢pyHkusa ['puHa cummeTprudHa, T. €. G(x, y) = G(y,x) . Ota QyHKIUA 00IagaeT u He-

KOTOPBIMU JPYTUMH CBOMCTBaMH, KOTOPbIE IPUBE/EHEI B [§, 9].

C nomompio GpyHkuuu I'puHa Kakaas U3 BOCBMH 3a/ad Ha COOCTBEHHBbIE 3HaYeHUs U1 nuddepen-
UAJBHOTO omeparopa L cBOAUTCS K 3aJadye Ha COOCTBEHHBIE 3HAYCHMSA AJISA OJHOPOJHOTO MHTETPAIBHOTO
ypaBHEHUs

1
V(o) = [ yGlx, )V (y)dy . (26)
X0

Paccmotrpum Teneps 3amauy (2-2), s KoTopoit uncio L =0 sBiseTcss COOCTBCHHBIM 3Ha4YeHUEM. UTO-
Obl N30aBUTbCA OT 3TOTO YCIOBHS, BBeAeM Iu(depeHranbHblil onepaTop L, nopoxaeHHsll auddepenuans-
HbIM BblpaxkenueM 4 (U) =I[(U)+U u rpaHMYHBIMU YCIOBHAMHM 3ajaul (2-2). OOuiee penieHre 0JHOPOAHOIO

ypaBHeHus [j(U) =0 MOXHO NpeACTaBUTh B BUJIE

v ={U0<x) (xDlxg: 1 1),

= x -~ =
U, () (xD[xl;l]) UO(x)—aOIO(K J+bOKO(K ], U, (x) =q10(x) + b KO(x) ,

a a

rie 10(x) m KO(x) — momudurnmpoBanablie GyHKINN beccens HyaeBoro mopsjaka mepBoro U BTOPOTo poja

COOTBETCTBEHHO [1].

Jns noctpoenus kaxnoil uz dynkumit Ug(x)u Uj(x) moaydum cHUCTEMY TpeX JIMHEHHBIX ypaBHEHUil

C YeThIpbMs HEU3BECTHBIMHU: dy), by, ay, b . Ilocne noctpoenus pynkuuit Uy(x), U;(x) 1 npumenenus hpopmyi
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(24) n (25) 3amaua Ha coOCTBEHHBIE 3HaYeHUs Uil quddepeHraIbsHoro onepaTopa L CBOJUTCS K MHTETPalb-
HOMY ypaBHEHHIO (26), B KOTOPOM U CIeLyeT 3aMEHUTb Ha [ +1 .
Jlerxo mokasats, uro Qynkuus U(x), onpeneneHHas Gpopmyioit (24), yIoBIECTBOPSET YCIOBHUSIM COIPS-

xeHust (4). OToT dakT ykaszplBaeT Ha TO, YTO COOCTBEHHbIE (DYHKLMHM MHTETPaJIbHOrO ypaBHeHHUs (26) ynoBie-
TBOPSIIOT YCIOBHUSAM COTIPSKCHUS. BhImuiem Tenepb OCHOBHBIE CBOMCTBA COOCTBEHHBIX 3HAUCHHM orneparopa L
U ero codctBeHHbIX QyHKIMH V) (x), ABIAIOMIMXCSA OJHOBPEMEHHO U COOCTBEHHBIMHU (DYHKIMAMM UHTErPaIbHO-
ro ypaBaenus (26) [8, 9].

1. CobcTBeHHBIE 3HaYEHUSI HEOTPULIATEIIbHBIE, TPOCTHIE K UX MHOYKECTBO CUETHO.

2. Cobeteennbie Gynkuun {V (x)}5=; 06pasyloT MOIHYIO OPTOTOHANBHYIO CHCTEMY (QYHKIMA.

3. Besikast nctokoo0pazHoO TpencTaBuMast uepes sipo GyHKIUS paznaraercs B psa Oypwe 1o 3ToH cucTeMe.
Metoasl NOCTPOECHMS pelieHnii HeOTHOPOIHBIX 3a/1a4.
a) ITycts B cucreme cootHowmenuit (1)—(5) Wi (x, F) =W, (x, F) =0, ¢;(F)=¢,(F) =0, f(x)Z0. Pe-

IICHHUE B 9TOM Cily4ae 0003HaYMM Ty (x, F) . Tlpeanonaras, 4to f(x) pasnaraercs B psang @ypbe 1o cucreme (6),

MOTyJYaeM

0 1 1 1
T (x,F)= Y Dy W (x) Bxp(—p; [F), Dy = > [ FeVexdr, 1V IP= [ VE (x)xdx

k=1 k X0 X0

0) ITycts B cucreme coorrowenuii (1)—(5) ¢1(F) =0, (F) = f(x) =0, W;(x,F)Z0 (i =1,2). ITonoxum
W, F)=W(x,F) npu xO[xg;x], W, F) =W, (x,F) npu xU[x;;1]. Ionaras, yro npu xaxiaom F >0

¢ynxkuus W(x, F) pasnaraercs B psa @ypbe no cucreme {V, (x)}i=, T. e. W(x, F)= z Wy (F) LV, (x), pere-
k=1
HMSA 3a]la4 B PacCMaTpUBAeMOM cilydae Oynem uckarb B Buze Ty (x, F) = Z B, (F)V, (x) (Bk 0 = O) . s
k=1

F
B, (F) nomy4daem By (F)= I exp (ui (t— F))Wk (t)dt , 1. e. perenne Ty (x, F) mocTpoeHo.
0
B) [Ipu ¢ (F) =0, (F) =0, f(x) 20, W(x,F) #0 pemenuemM 3a1au OyneT cymma Tr(x, F)+Ty (x, F).

r) B 06miem ciydae nerko nogoOpars ¢pyskmo U (x, F) , yAOBIETBOPSIONIYIO TOJIHKO TPAHMYHBIM YCIIOBHSIM.
Torna pemenue 3a1a4 MOKHO HalTH B BUAe CyMMBbI Tpex ciaraembix: 1(x, F)=T1(x,F)+T2(x,F)+ U(x,F).

3mecy T1(x, F) — pemenue tuma a) B KotopoM f(x) —» f(x)—U(x,0); T2(x, F) — peureHue Tumna 6) B KOTOPOM

H (xF)=K2Uh+x"'U)-Ur (xsx<x),

W, F) - Wx,F)+H(x,F), H(xF)=
Hy(x,F)=Ul +x"'U -Up  (n =x<1).

JIUTEPATYPA

—_—

JIsikoB, A. B. Teopwust terutonpoogHoct / A. B. JIpikoB. — M. : Beicmas mkoma, 1967. — 600 c.

2. XKyx, . II. Tennorexnuueckuil pacuer HapyxkHbix orpaxaenuit / W. II. XKyxk, JI. II. MundyenkoBa. —
Mumnck : Hayka u Texnuka, 1975. — 104 c.

3.  MWnpuenko, O. T. TemmnepaTypHoe 1moJie ABYXCIOWHON IJIACTHHBI TIPH MEPEMEHHBIX BO BPEMEHH IPAHUIHBIX
ycioBusx terooomena / O. T. Mnpuenko // MmkenepHo-(u3mdeckkuit xkypHait — 1970. — T. 19, Ne 6. —
C. 1094-1099.

4. TlaBnosckuii, I'. Y. TermonpoBOAHOCTh B ABYXCIOWHOW IUTACTHHE MpHU rpaHW4IHBIX ycioBusax III poma /
I'. N. TTaBnoBckwuit / NHkeHepHO-Pu3ndecKkuii xypHai, 1962. — T. 5, Ne 4. — C. 86-88.

5. Cwmupnos, M. C. TemnepaTypHoe 1oJie B TPEXCIOHHON CTEHKE NPU I'PAaHUYHBIX YCIOBUAX YETBEPTOrO PoAa

/ M. C. CmupnoB // B kH. Termno-u MaccooOMeH B KaruIsIpHO-MOPUCTHIX Tesax. — M. ; JI. : TocaHeprousar,

1957. - C. 17-20.

107



2017 BECTHUK ITIOJIOKOI'O T'OCYAPCTBEHHOI'O YHUBEPCUTETA. Cepus C

6. Coporosen, M. b. MoaenupoBanue TeMmepaTypHbIx mojeil nByxciodueix ten / WU. Bb. Coporoser,
C. A. lllnanaxoB // Matepuainsl MexyHapoHoi HayuHoi koHpepenunun MCIT // I'ponno, 2008. — Y. 2. —
C. 261-265.

7. Baxynpumk, B. C. Paznoxenue 1mo coOCTBEHHBIM (YHKIHMSM, CBS3aHHBIM C KPacBBIMH 3aJlayaMM TeILIO-
IpOBOJHOCTH Ui AByxciaoiHbIx Ten / B. C. Bakynbuuk, 1. b. Coporosen, C. A. lllnanakos // BectHuK
ITonorkoro rocynapcrBeHHoro yHuBepcurera. Cepust C, @dyHnameHtanbibie Haykd. — 2009. — Ne 3. —
C. 87-91.

8.  Bmamumupos, B. C. YpaBuenus maremaruueckoii ¢pusuku / B. C. Bnagumupos. — M., 1971.

9. Cobomnes, C. JI. YpaBuenus marematuueckoi pusuku / C. JI. Cobones. — M., 1966.

Tocmynuna 19.09.2017

SIMULATION OF TEMPERATURE FIELDS OF TWO-LAYER A HOLLOW CYLINDER
BY THE METHOD OF SEPARATION OF VARIABLES

1. SOROGOVETS, O. MEDVEDEVA

In this work, for solving boundary-value problems of heat conduction in the case of double-layered
hollow cylinder, the justification is given of the Fourier method. Considered nine tasks on their own values
and eigen functions of the Sturm—Lowville problem with discontinuous coefficients. By separation of variables
of the solution of homogeneous problems. Each task, refer to the integral equation with symmetric kernel.
Solutions of the inhomogeneous tasks received in the form of Fourier series by systems of eigen functions
of the considered problems.

Keywords: two-layer body temperature, the method of separation of variables.
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