Ipuknaonas mamemamuka & Pusuka, 2021, mom 53, Ne4. C. 284-292.

YK 517.956 DOI 10.52575/2687-0959-2021-53-4-284-292
MSC 35R12
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AnHOTanMs. VI3BeCTHO, UTO PN MaTeMaTHUeCKOM MOJeIMPOBAHMIL SIeKTPOMATrHUTHBIX T10JIell B IIPOCTPAHCTBE XapaKTep
3JIEKTPOMArHUTHOTO IIpOIecca OIIpeNesIAeTcs CBOMCTBaMM cpefbl. Ecim cpea HeNpOBOAAIINASA,TO ITOJIy4YaeM BBIPOKIA-
IOLIXCSI MHOTOMEpPHBIe I'UIIepbonuecKne ypaBHeHys. Ecin xe cpena o6iaamgaeT GOJIBIION IIPOBOAMMOCTBIO, TO IIPUXO-
IOUM K BBIPOXKJAIOIMMCS MHOTOMEpPHBIM IIapabonnueckuM ypaBHeHMsaM. CeZoBaTeNbHO, aHAIN3 3JeKTPOMArHUTHBIX
IoJIelt B CIIOKHBIX Cpefax (HalpuMep, eciii IPOBOAMMOCTD CPebl MEHIETCA) CBOAMUTCA K BBIPOXKJAIOIIIMCSI MHOTOMEp-
HBIM I'UIep6oJI0-TIapabonueckuM ypaBHeHUsM. VI3BeCTHO TakxKe, UTO KOJeOaHMS YIPYIMX MeMOpaH B IIPOCTPAHCTBE
0 NMpMHIMINY ['aMMUIBTOHA MOXKHO MOMEIMPOBATH BBIPOKMAIOIIMMIICS MHOTOMEPHBIMY TMIIEpOOIMUECKIMI YpaBHe-
HuAMH. V3yueHme Ipoliecca pacIpoCTpaHEHNS TeIlIa B Cpefie, 3allOJHEHHO MAaccolf, IIPMBOAUT K BBIPOKIAIOILIIIMCS
MHOTOMEpPHBIM I1apabosmdyecKuM ypaBHeHUsM. ClleqoBaTeNbHO, MICCIEMysl MaTeMaTuecKoe MOIeNIMpOoBaHMe IIpoliecca
pacIpocTpaHeHUs TeIlla B KOJEOIIONMXCS YIPYTUX MeMOpaHax, TakKe MPUXOAMM K BBIPOKTAIOIIMMCS MHOTOMEPHBIM
runep6o0-mapaboaueckuM ypaBHeHISIM. IIpu n3yueHNN 3TUX NPIUIOKEHNIT BO3HMKAeT HeOOXOAMMOCTb IIOJyUeHNS SB-
HOTO IIpeJCTaBIeHNs PeLlIeHNIT ICCIeNyeMbIX 3afau. KpaeBple sagaum myst rumepOoio-napaboinueckKnx ypaBHEeHIT Ha
ILIOCKOCTH XOPOIIIO M3YYeHBI, a IX MHOTOMEpPHBIE aHAJIOTH MCCIeToBaHbI Majo. 3amaua TpuKOMI 71 yKa3aHHBIX ypaBHe-
HIIT paHee nccieqoBaHa. Hackonbko M3BeCTHO, 3Ta 3ajiaua B IIPOCTPAHCTBE He M3yUeHa. B maHHOI paboTe ITOKa3aHO, UTO
UL HEKOTOPBIX KJIACCOB MHOTOMEPHBIX CMEIIIAHHO TUIIepO0I0-TIapabouecKix ypaBHeHIIT 3aaua TpiKoMu paspeinma
HEeOJHO3HAUHO.
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Abstract. It is known that in the mathematical modeling of electromagnetic fields in space, the nature of the electromagnetic
processis determined by the properties of the medium. If the medium is non-conducting, we obtain degenerate multidimensional
hyperbolic equations. If the medium has a high conductivity, then we come to degenerate multidimensional parabolic
equations. Consequently, the analysis of electromagnetic fields in complex media (for example, if the conductivity of the
medium changes) is reduced to degenerate multidimensional hyperbolic - parabolic equations. It is also known that the
oscillations of elastic membranes in space can be modeled according to the Hamilton principle by degenerate multidimensional
hyperbolic equations. The study of the process of heat propagation in a medium filled with mass leads to degenerate
multidimensional parabolic equations. Therefore, by studying the mathematical modeling of the heat propagation process in
oscillating elastic membranes, we also arrive at degenerate multidimensional hyperbolic - parabolic equations. When studying
these applications, it becomes necessary to obtain an explicit representation of the solutions to the problems under study.
Boundary value problems for hyperbolic - parabolic equations on the plane are well studied, and their multidimensional
analogues are little studied. The Tricomi problem for these equations was previously investigated. As far as we know, this
problem has not been studied in space. In this paper, we show that for some classes of multidimensional mixed hyperbolic-
parabolic equations, the Tricomi problem is ambiguously solvable.
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1. BBemenne. Teopus KpaeBbIX 3afay I TUIEpOOIO-11apaboIuecKnx ypaBHEHMIT Ha IJIOCKOCTI XOPO-
o usyuena ([1]), a X MHOroMepHbIe aHAJIOTY MCCIeNOBaHbl Majio [6], 3amaua TpukoMu Ui yKasaHHBIX
ypaBHeHUII paHee ucciaenosaHa B [10]. Hackopko m3BecTHO, 3Ta 3a1aya B IPOCTPAHCTBE He M3yUeHa.

2. TlocTaHOBKa 3agaun 1 pe3yabTar. Ilycts D,— KOHeuHas o61acTh €BKIN0BA IPOCTPaHCTBA Epy q TOUEK
(1-¢)

7>
a npy t < 0— mmimHApmMyeckoir moBepxHocThio I' = {(x,f) : |x| = 1}, u mIockocTeio ¢t = ty = const, rae
|x|— nmmua BexTOpa X = (X1,...,Xm), @ 0 < ¢ < 1. O6osHauum uepe3 D} u D~ uactu obunactu D,, nexariue
COOTBETCTBEHHO B IOJIyIpOCTpaHcTBax ¢ > 0 u ¢ < 0. Yactu konycoB K., Kj, orpannumsarouux obnacrtu D},
o6osHaunm uyepes S¢ u S! coorserctBenHo. Iycth Se = {(x,1) : t =0, £ < |x| < 1}.

B obmactu D, paccMOTpUM CMELIAHHO TUIIEPOOIIO-TapaboIMuecKyie YpaBHEHS

(1, +es X, t), OTPAHMUEHHAS B IOIYIPOCTPAHCTBe ¢ > 0 KoHycaMu K, : |x| =t+¢ Ky : x| =1-1 0< ¢t <

m
Axu—ug + 35 ai(x, t)uy, + b(x, t)uy +c(x, t)u, t > 0,
0= =1 (1)
Asu —us + 3, di(x, t)uy, +e(x, t)u, t <0,
i=1

rae Ay— oneparop Jlamaca 1Mo nepeMeHHBIM X1, ..., Xy, M > 2.

B manpHeriIIeM HaM YO0OHO IEPEIITH OT AeKAPTOBBIX KOOPAMHAT X1, ..., Xpm, | K chepuueckumr, 0y, ..., Opy_1, 1,
r>00<6;<21,0<6;, <mi=23,..,m-10=(60..0p1). Cienys [10] B KauecTBe MHOTOMEPHOTO
aHayora 3agauu TPUKOMU paccCMOTPUM CIIELYIOIIYIO

3amaua T. Haittu perenus ypasaenus (1) B o6mactu D, ipu ¢ # 0 3 kmacca C(D,) NC!(D,)NC?(DFUD"),
YIIOBJIETBOPSIOLIEE KPAEBBIM YCIOBUSIM

ulse = ¢(r,0), ulr = (1, 0). (2)

Iycte {Y,ifm(Q)}— cucTeMa JIMHETHO He3aBUCUMBIX cheprueckux QyHKImit mopsaaka n, 1 < k < k,, (m—
2)!nlk, = (n+m-3)!'(2n+m-2), WZI(SE), 1 =0,1, ... - mpocrpancrsa Cobonesa, a S = {(r,0) € S, ¢ < r < @}

Wmeet mecto [9]

Jemma. [Tycmy f(r,0) € WZI(SE). Ecnul > m — 1, mo pso

kn

Fr0) = > FE ()Y (6), (3)

n=0 k=1

a makxxce pAObl, NoIyueHHvle U3 Heeo Oupdepenyuposanuem nopsaoka p < | —m + 1, cxodames abcomomuo u
DABHOMEPHO. ) N

Yepes di.‘n(r, t), ai.‘n(r, t), bk (r, 1), &k (r, 1), dlkn(r, t),dlkn(r, t), ek (r, 1), pk, ok (r), Y& (1), T%(r), 7% (r) oBozHaumM
Koo urmeHTH! pasnoxenus psma (3), coorBercTrBeHHO QyHKIMI a;(r, 0,1)p(0), ai%p, b(r,0,t)p, c(r,0,1t)p,
di(r,0,t)p(0).di3p, e(r,0,t)p,i = 1,...,m, p(0), ¢(r,0), Y(t,0), 7(t,0) = u(r,6,0), v(t,0) = u;(r,6,0), mpu-
uem p(0) € C*(H), H- enunmunas cdepa B E,,. Beegem muoxecrso dpyuxumit B/(S,) = {f(r,0) : f €

o ky

WS 3 SO, ) FIEOIE o) P20 +n(m=2)) < 0,12 m 1)

Iycrs a;(r, 0,1),b(r,0,t),c(r,0,t) € WZZ(D:), di(r,0,t),e(r,0,t) € WZI(D’) c C(D7), 1 > m+1, npu 3Tom
di(r,0,0) =e(r,0,0) =0,0 <r <1,i=1,..,m Torma cnpaBeniausa

Teopema. Ecnu ¢(r,0) € BL(S,), ¥(t,0) € WZI(F), I > m+1, mo3adaua T paspewsuma HeOOHOZHAUHO.

OTMeTuM, UTO HEeeJMHCTBEHHOCTS peleHys 3agaun T 1 MOJIeIbHOTO FUIepOoI0-11apaboaInyecKoro ypas-
HeHUs HoKasaHa B [1].

HMoxkasaresnbcTBO. B chepnueckux koopanuarax ypasaenus (1) B o6nactu D} nmeer Bun

m—1 1 o
Lu = u,, + U — —0u —uy + Z a;i(r, 0, t)uy, + b(r, 0, t)us +c(r, 60, t)u = 0, (4)
r r P
s=-5 1 9 (sinm-i19,2 1, g; = (sinfy...sin0; )%, j > 1
rme§=— ) ———————— (sin i— |, 91=1,¢9; = (sinf;...sin0;_1)%, .
Jj=1gj Sinm_J_l 9]' (99] Jan g1 9i ! i J

VsBectHO [9], uTO CIeKTp omeparopa § COCTOUT M3 COOCTBEHHBIX umcen A, = n(n+m—2),n = 0,1, ...
Ka)KITOMY 13 KOTOPBIX COOTBETCTBYET K, OPTOHOPMUPOBAHHbIX COOCTBeHHBIX (yHKumit Y~ (). Tlpu t — —0
Ha S, moyunM QyHKIMOHAIBHOE cooTHOLIeHe Mexxny 7(r, 0) u v(r, 0) Buna

m-—1

1
T + 7, — =01 = v(r,0). (5)
r
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Hckomoe pewtenne 3agaun T B obnactu D: OyIeM MCKaTh B BUIE

k

u(r,0,t) = Z ﬁ],i(r, t) Y,]Zm(e), roe ﬁﬁ(r, t) — GyHKIMK, TOIUIeXale ONpefeIeHIIIO. (6)
n=0 k=1

=

ITopcraBus (6) B (4), yMHOKMB 3aTeM IIOJyueHHOe BbIpakeHme Ha p(f) # 0, M IPOUMHTErpUpPOBAB I10

enuHM4HoOI chepe H B E,,, nns ﬁ],i nonyunm [1], [3]

m
11 151 71
Polorr _Po”on"'( Po +Za0) iy, + bytly, + Cotlg+
i=0
oo kp m—1 m
k k| -k Tk -k
+ Z pn nrr pn ntt + Pn + Z Ain | Unr + bnunt+ (7)
1

n=1 k=
& -2 p—2+Zai‘ )laﬁ}ﬂ.

i=1

+

Tenepr paccMOTpUM GeCKOHEUHYIO ccTeMy HuddepeHIMaTbHBIX YPaBHEHNUIT

1-1 1-1 m-—1,_; _
Potlorr = Poltore + —— Potlor = 0, (8)
k-k ko L m-1og k Mg
Py, — Py, + pruy, — zpl up =
(e (9)
_ 11 ~1:1 _ _
__k_l (Z 10u0r+b u0t+c0u0), n=1 k=1k,
i=1
k gk kok LMoLl g An g
PrUnrr — Prlpe t Pnlnr — r_zpnun -
1 m
_ Tk =k ~k
- _k_ Z Ajn— lun T bn—lun—lt + [cn—1+ (]0)
k=
m
~ k _
+Z (@, — (n—Daf,_lak_t, k=1ky, n=23...
i=1
HerpynHo ybequrscs, uro ecin {L’tﬁ}, k =1k, n=0,1,...— pemenne cucrems! (8)—(10), To OHO ABIAETCA

u pelreHreM ypaBHeHus (7). 3aMeTM, UTO KaKoe ypaBHeHMe cucTeMsl (8)-(10) MOKHO peACTaBUTH B BUIE

ok, m=1) 0 A
_untt+f nr_r_;lunzf;l(r’t)’ (11)

rae f¥(r,t) onpeenarOTCa M3 MPeABIIYINX YPaBHEHWIT 9TOI CUCTEMBI, TIPI 3TOM firt=o.
[anee, yuuTbIBas OPTOTrOHATIBHOCTD ChepruecKux (QyHKIMI Y,Ilfm(@) [9], n3 (5) u U3 mepBOro KpaeBoro
ycnoBus (2) B cuny (6) Oymem nMmeThb

m-—1 A
# o4 g _ TRk

_k
o T~ 3 =v,(r), e<r<1, (12)

(1+¢)
2

ak(r,r—e)=¢k(r), e<r< Jk=1ky, n=0,1,.... (13)

B (11)-(13) mponssens sameny ik (r, t) = P k(r t) m monaras & = ’” , N = 7 COOTBETCTBEHHO IOJIYUUM

An
Lty =ty + 7 ztin = S (G, (14)
S S YN 1
Tn§§+ ?T Vn(é:), 5 < §< E, (15)
w6 5) = gh(o) g £, (16)

R (28),

fn(é*n)—(§+r7) fn(§+n,§ ), Ty
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or (&) = (

Vcnone3sys obiuee pemrenne ypasHeHus (14) (cm. [5]) B [2] moxasano, uto perenne 3agaun Komm s
ypaBHeHus (14) nmeet BUI

ok + g), Jn=((m=1)G-m) -4l /4 k=1, kn, n=0,1,....

w(En) = S ROLTED + 3r,’:<§>R<§, £ En)+

&
—/ k(s(l)R(gl,flsé{ n) _Tk(fl) R(§1,m,§ ’7)|§1:m]d§1+
1

V2 (17)

7
+/[f (&1, n)R(&1, i3 & n)dErdn,

2

[N

rae R(&,n1; € ) = Py, [(51_'71();5;7'71))&3%)”1)“5”)] — ¢yukuus Pumana ypaBHeHMsI Lu,’j =0 [12], a P,(z)— dynkua

3 0 8§1 0 6171 ad
L) P +

ONL o, Nt 9&,
(&1, m1), HanpaBIeHHAs B CTOPOHBI IoayIwiockoctu i < &. aiee, s (2), (16) nmeem

Jexxangpa, p = n + ) |&,=p,» N"— HOpMaib K mpsAmoli ¢ = 7 B TOUKe

£ £ 1 _—
r,’;(a) = ¢’;(§), r,’;(g) =y*0), k=1,k, n=0,1,.... (18)

Pewrenne ypaBuenue (15) 3anuceiBaercs B Buje [7]

k 3 3— k k k
7, (&) = = EET W, (8)dE + e, & + 0y, £, (19)
E<i<i si=n+ (mz_l), S; = —n — (m2_3), ck  ck — mpomsBonbHBIe He3aBUCHUMbIE TOCTOSHHEIE.

IMoncrasnsas (18) B (19) s c’fn, c’;n

£\t £\% £
k k _ k
el asal)

1\* 1\% 1 2 5 5
(5) Cllcn + (5) Clzcn = 1#!;(0) - =51 /(2_32 ; Sz _ 2_5151 51)1/5(51)(151,
%

MOJy4¥M CHCTEMY ypaBHEHMUII

13 KOTOPOTo HamgeM
cm (290 (5 ) + 25 (4 =y (oD (5 = &),
= [e12% (U5 (0) = A%) = 22} (S )1/ (e — &),
1
2

(20)
(27 3 TS2 _ g8 Sl)Vk( dE = AX = const.
oo 3 "
U3 (17), (19), yaursiBas ycnosue (16) 6ynem nmersb
k ¢ 3—s; 3—s k ¢ k gf + §§
(= f(fs2 L EET VR (E)E +V2(s; —81)/Vn(§1)Pp T | 46—
&(&+%) 1)
(§§+E / { J@Erag-arg e, [ f} 5 & lda} Vh(E)d,
rae
s1—1 / gl §
SR = (52— 50 (205 @) - 05 (5) = by - b2+ (2§+€; ';,,f lf e i

(28— G +E5
§ I;n ./ T dgl :
TeEre) & (§ 5)
IIpopuddepenimposas ypasuenne (21) mo § [IOJIy4YMM MHTErpajibHOe ypaBHeHe Boibreppa Broporo pona
£
1

K=o+ [ Gueanien S <t<g,

£
2
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‘/—(32 - Sl)Xn(§)

) _ Szgsz 1§3 S2 slé:sl—l ?—51_’_

(E _452) ’ é:1 +§2 _ (25 ) s9—1£3=52 _ ys1—1g3-s1y_
Nl =5 E )Zpﬂl§1<§+§> @ & ETE)
3 —S2 _ 3—s1 §§+§§ (253_8)(5 _452 §2
f( T <25+e>zpﬂ(§1<§+f> e )|
nu3 KOTOpOI‘O HaI/II[CM
£
(@) = (@) - / Ra(€, &1 -1) k (£0)dé, (22)
rae R, (&, &;—1)— pesonbBenra aupa G, (&, &1).
Hanee us (20)-(22) umeem
- v e |28 ; afk
Va(s, - )7 / g -2 | G - [ Rt GEd| a6, (2)

2

(51 — £%) df;lk . fl £ 2¢ 51—
s a5 [(2§+e)2f (m 2) de (Spe ) ere

(25 2 7 gl 55 1o g:l é;g
eT )3/( TR (m )d§1] 2 Gy )z/ §(§+£))d§1+
e sty (70 £ S E+E do}
+(2§+5_32)§ (28 + )Sf( — 48 &P, (5(§ 5 dé A’,§+2d—§+
§1 fg &E- .\
(2§+g)2/ (gl(é;_'_g)) gl ( §+ )5 (24)

2 £
((22§+ 3)3 /( ? _4§1) P” (;(§+§g)) d§1] [ZSllPrli (g) - sSzzsl¢§(o)] +

& 28—« so—
[ <z§+e)2f (f(f+f))"ér +(2§+e_32)§ N

(2§ S2—4prr § §5 S$19S2 S2
b Fe- g (S o ot -t )]

Us (23), (24) oxuosmauno ompenensercs AX k = 1, k,, n = 0,1, .., mpu srom, ecu oK (&) = 0, Y¥(0) = 0,
10 AK = 0. Takum o6pasom, us (22), (19) exuHCTBEHHBIM 06pasoM HaitmeM 7k (£), VE € (5, %] CienoBarenbHO,
cHauasa pemus 3agauy (8), (13) (n = 0), a 3arem (9), (13)(n = 1) u T.4. HAIOEM ITOCIIEOBATENHBHO BCE ﬂ,’j(r, t)
us (22), (19), 17).k = Lk,, n=0,1,....

Urtak, B obnactut D;’, II0Ka3aHO, UTO

/p(G)LudH =0. (25)
H
Iycre f(r,0,t) = R(r)p(0)T(t), npuuem R(r) € Vy, Vo— mwrotna B Ly ((t + ¢,1 — t)), p(0) € C*(H)— mwrorHa
B Ly(H),aT(t) € Vi, V;— morna B Ly ((0, (1;) )). Torma f(r,6,t) € V, V =V, ® H® V;— muorna B L, (DY) [8].

Orcrona u us (25), cnemyer, uro / f(r,0,t)LudD} =0 u Lu=0, V(r,0,t) € D}.
Dy

YunrsiBag onesku [9]

k,| <c, n™? <cn? P ¢ = const, 26
|

5

81’
0

j=1m—1, p=0,1,..., a TakKe orpaHnUeHNs Ha 3aganuble pyHKumit ¢ (r, 0), ¥ (t, 0), ananormyso [2], MoKHO
[TOKA3aTh, UTO PAI

oo ky
(n0) = Y. > I F Y0 (27)

n=0 k=1
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CXOIATCs aBCONIOTHO U PABHOMEPHO.

CrnepmoBartenbHO, PyHKIS
o ky
(
u(r,0,t) =ZZr

n=0 k=1

Yk, (6) (28)

sABJIsIeTCs peleHneM 3anaun (4), (2), (27) B o6nactu DY, rae GpyHKImi u,lj(r, t), k= m,
n=0,1,..., Haxomaarcs 1o popmye (17), B KOTOpOII v],i(’g’), r,’f(g) onpenessorcs u3s (22), (19).

Teneps 3agauy T Gyaem usydats B o6macti D™, [l atoro cHavana GpyHKIMo 75 (7) MPOTOIKIM TIagKuM
o6pasom Ha oTpe3ok [0, 1] B Buze

(), e<r<i
gi(r)=4 @), 0<r<e (29)
nlik(r),0<r<ek=1k, n=12..,

(m-1)

roe f,’f(r) € C([0, ¢]), npuuem f',’f(e) = T,’f(g), f',]f(r) = r“f,’f(r), a2

oo kp —m
B cuny onenok (26) pagu(r,0,0) = g(r,0) = 3, > r & gﬁ(r) Y,ﬁm(Q), CXOISATCs aBCOTIOTHO ¥ pABHOMEPHO,
n=0 k=1

ecom [ > 32
B ob6nactu D™ paccMOTpuM IepBYI0 KpaeByIo 3aauy I YpaBHEHUS

- 1
Liu = u,p + n - —5u ur + Zd (r, 0, t)uy, +e(r,0,t)u =0, (30)
i=1
C yCIIOBUIEM
uls, = g(r,0), ulr = ¢(r,0). (31)
Perrenne 3amgaun (30), (31) 6ymem uckats B Buge (6). [loncrasnsas (6) B (30) 6ymem nmeTs
péaérr _p(l)a(1)t+ ( Zdlo) u0r+eOu0
oo kpn (m 1) m
k -k k -k - k k| -k

+ Zl £ {pnunrr ~ Pnlp t+ (fpn + Zl din) Uppt (32)

n=1 k= i=

Teneps paccMOTpUM GeCKOHEUHYIO cicTeMy AuddepeHINaTbHBIX YPaBHEHNUIT

_ (m-1) ,_
péuérr pOuOt + 7péuér =0, (33)
_ _ (m - l) _ /11 1 -
pfullcrr - pfullct + Tpll< kr p]1< {C - _k_ E d10u0r + eO“O n=1k=1k, (34)

(m—l) k -k _/1_,, k -k

[n mr l[n nt n-nr g[n n
knfl

- _ki {Z dln lun rt [F\k 1t Z( ) lkn—l)]a;,;—l} > (35)

™ k=1

k =1k, n—2,3,....

HetpynHo ybenuTsest, 4TO ecnu {a’,;} k=1ky n=0,1,..— perrenne cucremsr (33)—(35), To OHO ABISIETCS
U peleHneM ypaBHeHus (32).
Herpynuo 3amernTs, 4TO KaXKIoe ypaBHeHuUe cucreMsl (33)—(35) MOXKHO IIpeCTaBUTD B BILIE

N U in Ve ik = 7
Uppy — Upy + funr - _n f (r, t) (36)
- . . 1 L
rae f,7(r,t) ompenensroTcs U3 IpenbIIy X ypaBHeHI/m 3TOI/I cHCTeMBI, Ipu 3ToM f; (r,t) = = 0.

B (36) mpousBenist saMeHy mepeMeHHbIX ik (7, 1) = ri k(r t) moxyuum

An
Luf = uk —uk+—u = fk(rt), k=1,kp n=0,1,.. (37)
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IIpy 3TOM KpaeBoe ycioBue (31) 3anmurercss B Buge

Uy (r,0) = g (r), un(L,6) =Y (1), k=1, kn, n=0,1,..., (38)

(m-1)

oy =rz ffro).

ITpoussens sameHy vﬁ(r, t) = u],i(r, ) — xﬁ,’f(t) 3amauy (37), (38) mpuBemeM K ciemyloleil 3agaue

R ) (39)
vﬁ(r, 0) = gNﬁ(r), vl,i(l, H=0,0<r<1, (40)

~ A_n ~

S (0 = £ 8) + Y = 50 (1), Ga(r) = g () = Y5 (0).

Pemtenne 3amaum (39), (40) uiiem B Buje

vk (r,t) = vf, + 05, (41)
roe vfn(r, t)— pelleHne 3agaun
k ~k
Luy, = fy (r,1), (42)
vk (r,0) =0, ¥ (1,8) =0, (43)
a v’;n(r, t)— pellleHMe 3aaUN
Lok, =0, (44)
vk (r,0) =gk (n), ok (1L, =0, 0 <r < 1. (45)

Penrerne BbllIeyKa3aHHBIX 3a[a4, aHAIOTMYHO [11], paccMoTpuM B Bune

ok (r,) = D R(NT(1), (46)
s=1
IIPU 9TOM IIyCTh
Frr) = aE (OR(r), Gi(r) = > BER(). (47)
s=1 s=1
IMopcrasnss (46) B (42),(43), ¢ yuetom (47), moayuum
An
Ryr+ ZRs+pRs =0, 0 <r <1, (48)
r
Rs(1) =0, [Rs(0)] < oo, (49)
Tt + uT = —ain(t), (50)
T5(0) = 0. (51)

OrpannuenHoe peutenne 3agaun (48), (49) numeer Bug [7]
Rs(r) = \/;Jv()/s,nr), (52)

v=n+ @, Jv(z)— dynxuus Beccens mepBoro posa, ys,— ee Hymu, i = y2 .
Peruenue sagaun (50), (51) sammceiBaercss B Bue

t

(1) = - / b (8) exp[—y2 (1 - OdE. (53)

0

IMopcrasnsas (52) B (47) moxyuum

00

AR = ) d (O penr), 0< 7 <1, (54)
s=1
R = D B Ju(year), 0 <7 <1, (55)

s=1
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Paner (54), (55)- pasnoskenns B pagbl Pypoe-Beccens ([12]), ecnn

1
) = / VERE(E 0T (ran)dE (56)
1
B = G / VEF (O (Yand)de, (57)
Ihe Vs, S = 1,2,...— IOJOXMTeNbHble HyM GyHKImK Beccens, pacmonoskeHHbIe B IOPSAKe BO3PACTAHN MX

BEJIVUMHBL
U3 (52), (53) mosryuum peirerne 3amaun (42), (43) B Buge

. t
ok, (r,8) = = 3" ViJu(rsmr){ / at (&) exp[—y2, (t - H)]dE}, (58)
s=1 0

ruoe a];n(t) omnpenensercs us (56).
Hanee, mopcrasiss (46) B (44), (45) 6ynem nmetsb

Ty +y2,T =0,
PpellIeHeM KOTOPOTO SABJISETCS
Ty(t) = exp(=ygnt)- (59)
Us (52), (59), ¢ yuetom (47), moayuum

of, (1) = > VPBE T (ysnr) exp(—2, 1), (60)

s=1

rae bin "axomurcs us (57).

CrnenoBarenbHO, cHauana pernus 3amauy (33), (38) (n = 0), a 3arem (34), (38)(n = 1) u T.4. HaitIeM TOCIENO-
BaTeJIbHO BCE ﬂﬁ(r, t) us (41), roe U’fn(r, t), Ué‘n(r, t) ompenensores u3 (58), (60), k = 1,k,, n=0,1,....

Urax, B obnactu D™ uMeeT MecTo

/p(Q)LludH =0. (61)
H
Iycte f(r,0,t) = R(r)p(0)T(t), npuuem R(r) € Vy, Vo— mnotHa B Ly((0,1)), p(6) € C*(H)— miuorHa B
L,(H),aT(t) € V1, V;— mnortHa B Ly((t9,0)). Torma f(r,0,t) € V, V =V, ® H® V;— mnotna B L,(D™). Orcrona
n u3 (61) ciemyer, 4To f f(r,0,t)LijudD™ =0 nu Liu=0, V(r,0,t) € D™.
-
Takum ob6pasom, ¢pyukius (28) ects peurenme 3amaun (30), (31) B obmactn D™, roe pyHKumin uf(r, t),
k=1k, n=0,1,.., Haxomarcs us (41), koropas B cuiy (29) ABJIsIETCI HEOAHO3HAUHBIM.
YunrsiBas orpaHnueHus Ha 3aganuble pyakuuit ¢(r, 0), Y (t, 0), a rakxe ouenku (26), ananornuxo [6, 11],
MO>KHO IIOKA3aTh, UTO IMOJYUEHHbIE HEOJHO3ZHAUHbIE pPeLIeHNUs BUAa (28) MPUHAMIEKUT MICKOMOMY KJIACCy.
TeopeMa mokasaHa.
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