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JIbBiBCHKMII HaIllOHATBHNI YHIBepcuTeT iMeHi IBana Ppanka

BU3HAYEHHA HEBIZIOMUX ITAPAMETPIB V¥V ITAPABOJITYHOMY
PIBHAHHI 3 JOBIJIbHNUM CJIABKM BUPO/I2KEHHAM

Posrnanaerbca obepHena 3amada OJHOYACHOTO BHU3HAYEHHS JABOX 3aJIEXKHUX Bifg vyacy Koedi-
IIEHTIB y mapaboiTHOMY PiBHAHHI 3 BHPOIZKEHHSIM. BCTaHOBIEHO YMOBM iCHYBAaHHS Ta €IWHOCTI
KJIACUYHOTO PO3B 3Ky BKa3aHOI 3a7a4i. JloCTiaKeHHST TPOBEIEHO Y BUMAAKY CJIADKOTO BUPOIKE-

HH:I.

We consider an inverse problem for simultaneous determination of the two time-dependent
coefficients in a degenerate parabolic equation. The conditions of the existence and uniqueness
of the classical solution to the above problem are established. We investigate the case of weak

degeneration.

Koedimienrni obepueni 3ajaui st mapa-
O0JIIYHUX PIBHSHBb B PI3HUX (DOPMYJTIOBAHHSIX
BHBYAJNCH y 6aratbox poboTax. YMOBH KO-
PEKTHOI PO3B’sI3HOCTI 00epHEHUX 33,14 BU3HA-
YeHHd 3aJIeZKHUX BiJ] 9acy cTapuinx KoedirieH-
TiB y mapabosivHOMY piBHsIHHI 3Haiimeno y [1]-
[5]. ¥V poborax [6|-|9] mocuimKyBaaucs obep-
HeHl 3aJ1a4i igenTudikalil 3a/1e:KHuX Bl 4da-
cy KoedilieHTiB pu nepriit nmoxijiHiit Heni10-
Mol yHKIIT y mapabosiiunoMy piBusinni. [ljis
BU3HAYEHHS HEBIJIOMUX IMapaMeTpiB y 3raja-
HHUX IpalgX 3a/aBaJIICh pi3HI HabOpHu Kpaiio-
BUX YMOB Ta YMOB [IeDeBU3HAYEHHsI (3HAUCHHST
TEIJIOBOTO TTOTOKY, HEeJIOKAJIbHI Ta iHTerpaabHi
YMOBH TOIIIO).

OGepueni 3ayaui i napaboidHUX PiB-
H¥Hb 3 BUPOJZKEHHSIM JIOCJIi/zKeHl maJjo. Bu-
BUYEHHAM ODEpHEHMX 3a/1a4 BU3HAUYeHHS Koedi-
uienta a = a(t), a(t) > 0,t € [0,T] y piBusnH]

uy = a(t)tPuge + b(z, t)uy + c(z, t)u + f(z,t)

i3 33aJaHUMHU TTOYATKOBOIO YMOBOIO, KpailOBH-
Mu ymoBamu JlipixJie Ta 3HaYEHHSIM TEILIOBOIO
HOTOKY B SIKOCTI YMOBHU IePEeBU3HAYEHHS 3aii-
mvasuchk M.I. Isandos, H.B. Cangina. Beranos-
JIEHO YMOBH iCHYBaHHS Ta €IWHOCTI KJTACHIHUX
PO3B’SI3KIB TaKHX 3aJad y BHIAJIKY CJIa0KO-
ro [10] Ta cuabroro [11| BEpOmKeHHS. YMO-
BH KOPEKTHOI PO3B’I3HOCTI OOEpHEHUX 3a1ad
3 HEBIIOMUM 3aJIe2KHUM BiJ 9acy MOJIOIITAM
KoedilieHTOM y mapaboiYHOMY piBHSHHI 3i
CJIAOKUM CTelleHeBUM BUPOJIZKEHHAM 3HA/JIeHO

v [12], [13].

OpHak Ha CHOTOMHI AKTYaJhHUME € 3ajadi
O/IHOYACHOT'O BU3HAYEHH JIeKITbKOX IapaMeT-
piB y mapaboJiiuaoMmy piBHsHHI. /1 mapa6o-
JIYHUX pIBHAHL 03 BHPOKEHHS TaKi 3a/1adi
BuBYaNChH y [14]-[16].

Y aaniit poboTi PO3IISAETHhCH 0DepHEHA
3ajla4a  OJIHOYACHOI'0 BU3HAYEHHS 3aJIe2KHUX
BiJI, 4acy CTApIIOro Ta MOJIOJIIOr0 KoedilieH-
TiB y mapaboivHOMYy PIBHAHHI 3 BUPOJIZKEH-
M. JlocripkeHHs TPOBEJIEHO Y BUMAKY J10-
BLIBHOTO CJTA0KOTO BUPO/IZKEHHS.

1. @opmyiroBanHda 3azadi. B obiacti
Qr ={(z,t) : 0 <z < h,0 <t < T} posrnsg-
HEMO OOepHeHY 3a7a9y BU3HAUEHHS 3aTeKHUX
Big vacy koediuienris a = a(t) ra b = b(t)
y OJIHOBUMIpHOMY 1apabO/IivHOMY PIBHSHHI 3
BUPO/IZKEHH M

ur = a(t)Y(t)uge + b(t)uy + c(z, t)u + f(x, 8)

3 MOYaTKOBOIO YMOBOIO

u(z,0) = ¢(x), z € [0,h], (2)
Kpaitoumu ymoBamu /Jlipixie

w(0,) = pi(t), ulh,t) = palt), ¢ € [0,7] (3)
Ta YMOBAMU MMEePEBUIHAYCHHST

a(t>w(t>uﬂf(o>t) = :u3<t)7 te {07 T]? (4)

/u(x,t)dx = ua(t), t €10,77. (5)
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Bigmomo, mo ¢ = ¢(t) — MOHOTOHHO
spocraioua dynkiis, taka, mo (t) > 0,
t € (0,7],4(0) = 0. TocaimzkeHHst IPOBOJANTb-
Csl Y BHUNAJKY CJa0KOIO BUPOJZKEHHH, KOJIH

f<j¢(0)d0> dr — 0, xkonu t — 0.
0 \7

OzHaueHHd. Tpitixy Pyrryt
(a.b,u) € (CI,T))? x C*(Qr) N CQy),
a(t) > 0, t € [0, T] nazsemo poss’azkom 3adawi
(1)-(5), axwo eona 3adososvhac pienarns (1)

i ymosu (2)-(5).

2. IcuyBanHs po3B’a3kKy 3amaui (1)-
(5)-

Teopema 1.
HYNOMBCA YMOBU:!

Al) ¢ € C?0,h],u3(t) = pzo(t)p(t),
U3 € C[O,T], JIFS CI[O,T],Z =1,2,4, C,f S
C(Q7) ma sadosorvraroms ymosy leavdepa sa
3MIHH010 T 3 nokasnukom o, < o < 1 pieno-
MIPHO 610HOCHO T;

A2> <:0,<I> > va S [O7h]7 N3,0(t) > 07
pa(t) — pa(t) #0, ¢ € [0,TT;

. A3)  ¢(0) = u(0), p(h) =
OfSO(lb“)dl“ = 114(0).

Ipunycmumo, wo euro-

M2(0)7

Todi 3adaua (1)-(5) mae poss’asok (a,b,u)
npu x € [0,h] ma t € [0,To], de uucao Ty,
0 < Ty < T susnauaemsves ULIOHUMY JGHU-
MU Uiei 3a0a4i.

Hosenenns. 3senenvo 3amaay (1)-(5) a0
cucTeMHu PpiBHAHB. llpumycTtumo TmMmMYacoBo,
mo dbyuknii a = a(t) Ta b = b(t) Bimomi.

VY mpamiit 3a1a4i (1)-(3) mposegemo 3aminy
3MIHHUX

u(e, 1) = u(z,t) + o) + pu(t) = m(0)+

+ 7 (M2(t) — a(t) — p2(0) + ,u1(0)>. (6)

Toxi BisHocHo dyuKuil ¥ = u(x,t) oTrpuMaemo
3aj1a4y 3 OJHOPIJHOI0 MOYATKOBOIO Ta Kpaiio-

BUMU YMOBaMMH:
Ty = a(t)Y()Tge + by + c(z, )+
 flat) = () = 3 (a(t) — (e

+ (n(0) = i (0)) + 5 (palt) = (1)~

~a(0)+ u1<o>>), )

u(x,0) =0, x€]0,h], (8)
u(0,t) =u(h,t)=0, te€]0,T]. (9)
3a JTOTIOMOT OO dyHKITIT ['pina
G1 = Gi(z,t,&,7) nepmoi KpaiioBoi 3aja-

4i 1 piBHIHHS
uy = a(t)y(t)tag

samaay  (7)-(9) s3aminEMO  eKBiBATEHTHHM
inTerpo-audepeHniaJIbHIM PIBHAHHSIM

Uz, t) = /t /h Gi(z,t,&,7) (b(7>ﬂs+

+e(&mu+ f(§,7) = pa(r) — 2 (pa(r)—

) + (e (E) + () (90’(5)+

3 (1) = () = ) + () )+

(10)

+c(&7) (w(é) + pa (1) — p12(0) + %x
X <u2(7) — (1) — p2(0)+

- Ml(O))>>dde, (z,t) € Qr. (11)

Bigomo [17, c¢. 12|, mo &yuknii [pina
Gr = Gi(x,t,&,7),k = 1,2 nepmoi (k = 1)
Ta apyroi (k = 2) kpaiioBux 3aj1a4 jijis piBHS-
ung (10) 3amaorbesa dbopmyTaMu

L X
2y/x(0(t) — 0(r))

Gk(ﬂf, ta 57 7_) =
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(x — &+ 2nh)? )
4(0(t) — 0(7))

(z + & + 2nh)? _
16(t) — 0(n) )) =1

(12)

3 (exp<

n=—oo

+ (=1 ¥ exp <—

t

ne 6(t) = /a(7’)¢(7)d7. Buxoasan 3 (12),

0
JIETKO TEePEeBIipUTH, 0 BOHU BOJIOIIOTH TaKH-

MM BJIaCTUBOCTAMM:
G?x(xa ta 57 T) = _G1£<x7 t> 57 T)7
Gopa (2, 6,6, 7) = Goge(x,1,€,T),

h
[ ettty =1
0
Ch
Gx 7t7 ) d S— 13
0/\ o T S o (13
[Moknagemo v(z,t) = wu,(z,t). Bukopucro-

Bytouu (6), (11), mpsmy 3agaqy (1)-(3) 3aminu-
MO CHCTEeMOIO iHTerpaJIbHUX PIBHAHL BiAHOCHO
dbyukmiit v = u(z,t),v = v(x,t) :

u(z,t) = p(z) + m(t) = (0)+
2 a(8) = ua(6) = p2(0) + i (0))

+/t hgl(x,t,g,T) (b(T)v(éUT)Jr

0 0

(14)

y (z)(m(g, ™) + (€, Tyul€, T) + F(E,7)—

. %(Mgm - M;m) — () + alr)(r)x
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’ w”(f))dédﬂ (e,1) € Oy. (15)

BayBaxKuUMoO, IO JJisg TOro mo0 3HalTH
v = v(x,t) mu 3qudepenniroann (14) 3a 3min-
HOIO . 3HAieMO MOBEIIHKY IPABUX YACTUH
dbopmya (14), (15). Bukopucrosytoun (13) Ta
osnauennst pynkuii 0 = 0(t), orpumaemo

Il‘//GﬂﬁfT( o, 7)+

+C(€, Tu(§,7) + f(§,7) + a(r)v(r)e"(§)—
_ %(M’Z(T) — lu/l(T)> — ,ull(T))dng < Oyt

n=|[ fouteren(somens

+ c(éa T)U(f, 7—) + f(gv T) - p/l(T)_

_ %(u;(ﬂ - u;(ﬂ) +a(T)y(r)x

< Q) )dear| < Cy

dr
o/ \VO(t) —0(r) =

_q j( jwda)%df

BpaxoBywoun o3HaveHHS CJIaOKOr0 BUPOIZKEH-
HsI, pOOMMO BHCHOBOK, IO IHTETPAJN B MIPABUX
qactunax dopmya (14), (15) upsamyors 10 Hy-
Jist, KOJIM ¢ IPSAMYE 1IPU HYJIS.

Jng BiAmyKaHHSA PiBHAHDb CTOCOBHO HEBITO-
mux a = a(t),b = b(t) npoinrerpyemMo piBHsIH-
usg (1) ta Bukopucraemo (2)-(5). Orpumaemo
CUCTEMY PIBHSHD:

(16)
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PosrisHemo piBHSHHS (14)-(15).
BpaxoByiouu MOBEJIIHKY iHTerpaJin
I, I, MoxkeMO cTBepJKyBaTH, IO ICHYE

take qucio t1,0 < t; < T 1m0 BUKOHYIOTHCS
HEePiBHOCT1

a(t) = a(6) = pa(0)+

pa(t) — pa(0) +

[0,h] x [0,1], (18)

%s@’(»’v) + %(Mz(t) = p(t) = p2(0) + pa (0))+
+//Gmxummw)@ﬂ+ﬂé)

($,t) € [Oah] X [Oatl]' (19)
Toxi 3 piBusns (14), (15) Bumiusae, 1o
1
M, ==
0< My =75 min o)l < u(z,1)
1
< max [p(z)] + 5 min |p(z)] = M,
( ) ) [O7h] X [07t1]7 (20)
1
> -
v(z,t) 2;3(1)%@( x) = My >0,
('Tut) € [O7h] [Ovtl] (21)

[le o3nauae, mo 3HaMeHHuKE B hopmytax (16),
(17) Bimminni Bix Hyna Ha Biapisky [0, t1].
Takum gunHoM 3amada (1)-(5) 3Bemena o
ekBiBaseHTHOI cucremu piBusiab (14)-(17) npu
(z,t) € Q, Qn = (0,h) x (0,t). Exsi-
BAJICHTHICTH PO3YMIEMO Tak: $AKINO Tpilika
dbyuxuiit (a,b,u) € poss’szkom 3amadi (1)-(5)
upu (z,t) € Q,, To dyukuii (u,v,a,b) €

(C(@4,))? x

46

(C10,t1])? € poss’askoM cucTemn

(14)-(17), i, maBmaku, sxmo (u,v,a,b) — He-
nepepsuuil po3s’a3ok cucremu (14)-(17) s
(z,t) € @, 1o (a,b,u) € (C[0,t1])* x
C*(Qy) N CM(Q,,) — poss’asok 3axaui (1)-
(5). Tlepma dYacTHHA TBepKEHHS BUILTHBAE
31 cmocoby oTpuMaHHS CUCTeMu piBHsSHD (14)-
(17). ITokazkemo, 1110 IPABUJILHUM € 1 3BOPOTHE
TBEDJIZKEHHSI.

[Ipumycrumo, mo (u, v, a, b) — Henepeppuuii
posB’s30k cucremn (14)-(17) ana (z,t) € Q,,.
BpaxoBylouu HPUILYIIEHHS TEOPEMH, MH MO-
xkemo 3audepeniioparn pisaicts (14) 3a .
OckinbKy TpaBi 9acTUHU OTPUMAHOI PIBHOCTI
ta pisuocri (15) cmiBmagaiors, To v(x,t) =
uz(x,t). Kpim roro, dyukuis v = u(x,t) naje-
xuthb j10 Kaacy CM0(Q,,), 3a10B0sbHsE yMOBH
(2), (3) Ta piBugung (1). [licas mporo ymona
(16) cmiBmagae 3 (4).

Tenep pisustamst (17) MoXKHA TepenucaTn y
BUIJISITL

a(t)(t) (uz(h, t) — uz(0,4)) + b(t) (u(h, t)—

—u(0,t)) + /(f(x,t) + c(z, t)u(z,t))dx =

h
/ut:ttdx—u4() t €10,t].
0

Bpaxosyiouu
h

ngo(:z:)d:z: =

(5), mo i 3aBepluye JOBeJEHHS €KBiBAJEHT-
wHocti 3amaqi (1)-(5) Ta cucremu piBHSAHB
(14)-(17).

Hapmani mocaiykyBaTuMeMo CHCTEMY PiB-
uaub (14)-(17). g roro, mob goBectn icHy-
BaHHd 11 PO3B’4I3KYy BHUKOPHCTAEMO TEOPEMY
[MTaymepa mpo HEPYXOMY TOYKY ILTKOM Hele-
pepBHOTO omepaTopa. Po3mounemo 3i BCTaHOB-
JIEHHsI allPIOPHKUX OIIHOK PO3B’43KIB CHCTEMU
piBusiab (14)-(17).

Hng dyukuii v = wu(z,t) npaBmIbHUMHI
sanumaiThea omiuku (20), a aug QyHKIGT
v =v(z,t) — ouinka 3uuzy (21).

YMOBY Y3TOJI2KeHHS

14(0), nmpuxoaumo 0 yMOBH
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[Tosuaunmo V (t) = m{zgx}v(m ,t). Bpaxo-
TE

BYIOUH YMOBH TeopemH, 3 piBHsaHHA (16), Ma-
TUMEMO
ps(t )

aft) <
(1) M:
3 immoro 60Ky, 3 piBusub (16), (17) 3HaX0-
JIUMO

3 (t)
alt) = s te Dl (23)
6(t)] < Ca(1+a(t)p(t)V (1)), t € [0,4].
(24)

Jani Bukopucraemo (20), (23), (24) o0,
suxosun 3 (15), oninutu V' = V() 3Bepxy:

(V)
+C7/——9t _erT—F
a(r)o(r)V2(r)

+ 08 \/7 dT t E 0 tl] (25)

BI/IKOpI/ICTOByIO‘{I/I (23) y  BHIJISA
L M, IIepeTBOPUMO 1HTerpa-
a(t) 1s(t)

JIA, IO BXOAATH JO IIPABOl YACTHHU HEPIBHOCTI

(25):

/t V(r)dr
VO(t) —0(7)

[ a(r) (VA (r)dr

J pa(r)\/0(t) = 0(r)
/ / (1) (1)dr
\VO(t) —0(r 3(T) 0 t —0(r)

o j (VA (r)dr
B p3(1)\/0(t) = 0(7)

[Tosuaunmo Vi(t) = V(t) + 1. Toxi uepiBHicTh
(25) MOKHA MepenucaTu y BUTJIsII

[ a(r)b(r)VR(r)dr

Vl“)SC“O“O/ ENCOETE)
26)

[TixHecemo o6uBi YacTuau HepiBHOCTI (26) 10
KBaJIPaTy, BAKOPUCTOBYIOYU LIPU HHLOMY HepPiB-
nocti Komi ta Komi-Byusikoseskoro |18, ¢. 49,
382]:

V4( )dT

| Vim0

VE2(t) <203, +2C%

t

o a2<r>w2<f>dr |
HA(r)\/00) — 0(7)

Posrignemo inTerpad

B ocranunomy inTerpasii 3pobumo 3aMiny 3MiH-

0
HUAX 2 = % OTrpumaemo
fi= Cavit / ST T
1/2
= s (/ V(O-1(20())V1 — 2 z

IN

+/ w<e—1<ze<t>>>m)

1/2
1/2

</¢ \/_dz

/1/1 H(1/26(1) )NTZ)’

1/2

ae gepes 071 = 071(t) nosmaueno ¢yuxiiio
obepueny 10 0§ = 6(t). 3pobuBnim 3BOPOTHIO
3aMiHy B MePIIOMY iHTerpaJii OCTaHHBOI HepPiB-
HOCT1, OJIEPZKIMO

0= 1(1/26(t))

J < Cly 9(@(% / a(r)dr+
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N 1 / dz ><

s | Vi=s) =

6-1(1/26(1)) 10
- 0(t) Pp(0-1(1/20(t)))

3acTocyeMo TeopeMy IpO CEepeJIHE JI0 iHTerpa-
Ja

dr B
\/t—T_

t
—92 —,
»(t*)
ne t* € [0,t;]. BpaxoByoun o3nauenns cjiabko-
t
I'0 BUPO/IZKEHHSI, OTPUMYEMO, 1110 BHPA3 W

npavye 1o myadg npu t — 0. Lle ozmagae, mo
J1 < Che.

BukopucroByoun ocranio omisky B (27), npu-
XOJAUMO JI0 HEPIBHOCTI

Vi (7)dr

/o) = o0)

B ocranniii mepiBHOCTI 3MiHHMO t Ha O i,
a(o)y (o)
ps(0)/0(t) = 0(0)

interpyemo ii o o Bizg 0 10 t. Bukopucrosyio-
9H PiBHICTH

VE(t) < Ciz + Chg (28)

AJOMHOZKUBIIIN Ha Ipo-

/ oo
VW — 0@ —0r)

3 IIi€l HePiBHOCTI MAaTHMEMO

t

[ cloenio
I EN o)

do < Cho+

¢
4
Vi) dr.

O

[TizcTaBisiioun OCTaHHIO HepiBHICTH B (26),
0JIEPZKYEMO

Vit(r)

e dr.

V()<021+022/

0

[Mozuaaumo H(t) = Cy+Cos / d7‘ Toui
0

Vi) _ - H'(D)

P(t) T ()

PosjtiiuBiig 3minHi Ta npoiHTerpyBaBiin, 3Ha-
XO/IIMO

C122

( ) C(22

H(t) < & <
t
dr
—303,C
e w< )
< Ms, t €0, ts],

Jie aucio to @ 0 < to < T 3a10BOJIBHSIE YMOBY

[2)

—303.C > 0.
2z w<>

Orxe,

Vi(t) < Mg, t € [0,ts],

a00, MOBEPTAIOYHCH JI0 BBEJICHUX MO3HAYECHD,

v(z,t) < My, (z,t) € Q. (29)
Buxopucraemo (29) y (23), (24). Oxepzxumo

|CL(t>| > Al > 07 te [07t2]7 (30)

(1)) < Mi, t € [0,13] (31)

Takum 4YuHOM, anpiopHi OIHKU PO3B A3KIB
cucremn pisusiab (14)-(17) BeranosieHo.

YTouHNMO OIIHKY DYHKINT v = v(x,t). s
IIbOro BHKOpUCTaeMO piBHsHHs (15). OcKib-
KM BCl JOJAHKHU, KPiM IIEepIIOro, IpaBol dJac-
tuan dopmyan (15) upaMyoTs 10 HyJIs UDH
t — 0, To icuye Take qucjio t3,0 < t3 < T, mo
BUKOHYETHCsI HEPIBHICTD

05 + 023(1 + A2 + M2 + M3M4) X (32)
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x/(/wﬂm)ﬁﬁgﬂhtEMQ]

[okaagemo Ty = min{ty, to,t3}. Tomamo
cucremy pisBusinb (14)-(17) y Burasgl onepa-
TOPHOTO PiBHSHHS

w = Puw,

ne w = (u,v,a,b), a oneparop P BU3HAYAETHCSI
IIpaBUME YacTHHaMU piBHAHB (14)-(17). Y Ga-
naxosomy upocropi (C(Qg))?* x (C[0,Tp))?
subepemo wmuoxkumny N = {(u,v,a,b) €
(C@r)? x (COT)? = My < ulw1) <
Ml,MQ S U(ZL‘,t) S Mg,Al S a(t) S
As, |b(t)] < My}. OueBupnHo, o BuGpaHa Ta-
KMM YHHOM MHOKHHA N — 3aMKHEHa 1 OlyKJIa,
a oneparop P nmepeBoauTh 11 B cebe. Te, 110 meii
OIepaTop IITKOM HelmepepBHUi JOBOIUTHCA 34
TOIO CXEMOIO, IO il Yy HEBUPOJIZKEHOMY BUIIA/I-
Ky |17, c. 27|. Lle o3Hauae, 1110 BUKOHYIOTHCSI BC
ymoBu teopemu IIlayaepa mpo HEpyXoMmy TOU-
Ky, &, OTKe, ICHY€ PO3B 130K CHCTE€MH PIBHSHD
(14)-(17) npu (z,t) € Qy,. Bpaxosyioun exsi-
BAJIEHTHICTH 3rajlaHol cucremu Ta 3a1a4i (1)-
(5), oJlepzKNUMO iCHYBaHHS PO3B’A3KY M€l 33,1~
ui s (z,t) € @To‘ Teopemy 1 noBezeHo.

3. €aunicTh po3B’a3Ky 3axaui (1)-(5).

Teopema 2. [lpu surxonanmi ymos

Bl) C, f S CLO(@T)? NS 03[07 h]a

B2) pao(t) # 0, po(t)—pa(t) # 0, t €[0,T]

po3e’asox 3adawi (1)-(5) edunud.

HdoBenennsa. Ilpumyctnmo, 1o icuye
nBa poss’a3ku (a;, b, u;), i 1,2 3agaui
(1)-(5). Buxomgum 3 (1)-(5), mag pisHumb
a(t) = ai(t) — ax(t),b(t) = bi(t) — bao(t),
u(z,t) = up(x,t) — uz(x,t) orpumaemo 3aa-
ay

up = a1 ()Y () uze + by (H)uy + c(z, t)u+
+ a(t)(t)uges + b(t)ua,,

u(z,0) =0, z € [0, Al (34
uw(0,t) = u(h,t) =0, t € [0,T], (35)
ar () (t)u(0,6)+

+a(t)P(t)us(0,t) =0, £ € [0,T],  (36)
/ﬁuﬁmx:QtemTy (37)

0

3a monomororo dyukii I'pina G*(x,t,&,7)
nepioi KpaitoBoi 3aja4i Jij1gd PIBHAHHS

U = ay ()t Uy + by (g + c(z, t)u,

po3B’s130K 3aa4i (33)-(35) 3amumniemo y BUTIIs-

ai
u(z,t) :/t/hG*(x,t,f,T)(a(r)w(T)x

X Ugee (&, T) + b(T)uge (&, T))dEdT.

Hudepenniooun dopmyrty (38) 3a x, 3uaxo-
MO

(38)

X tugee (€,7) + b(ryuge (€, 7)) dedr.  (39)

Buxozsuu 3 piBasans (36), (37), 3uaiigemo pis-
HHHsI cTOCOBHO GyHKIiil a = a(t),b = b(t).
Bpaxosyoun (38), (39), orpumaemo cucremy
OJHOPITHUX iHTEerpaJbHUX PiBHAHL BosbTepa

t

a(t) = /(Kll(t,T)a(T) + Kio(t, 7)b(7))dT,
O (40)
b(t) = /(Kgl(t,T)a(T) + Koo(t, 7)b(7))dT,

0

(41)

sJIpa STKOl BU3HAYAIOTHCS (POPMYIaMu

h
000
0
X¢(7)U2§£<57 )df,

Klz(t,T) = _MX

M3(t)

H~

Kll(ta T) =

h
X /G;(O,t,&,T)qu(f,T)d&
0

Kgl(t, 7') = —
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(G (R, t,€,7) = G(0,8,6,7) )(T) %

h
X
[
h
X uzgg(f,T)d§+//G*(x,t,fm)c(x,t)x

X (T )ugee (&, 7)dEdx—
_ PP(t)a (t)ag(t) (uge (B, t)

M3(t)
h
/ G (0,4,6,7)

Kgg(t,T) = —

— U2, (0, 1)) "

(T )usge (8, T)df) :

1

pa(t) — pia(7)

(a0t
/(G*(h t,6,7) — G(0,t,&,7))uge (€, T)dE+

h h

—I—O//G* x, 6, &, T)e(x, t)uge (€, T)dEdr—

2()ar (t)as () (uae (hs ) — us(0,1))
p3(t)

G;(Oa ta ga T)“Z{(&, T)df) .

X
St~

[Tokazkemo, 1110 sipa cucremu piBHsHD (40),
(41) e imTerpoBunmu. Ilepmr 3a Bce 3ayBa-

JKAMO, IO 3a YMOB TeopeMu s DyHKIIT

Ugy = Usge(7,t) TPABUIBHOW 3aJUIIAETHCS
ominka (29). OuiHUMO Ugy, = Ugee(x,t). g
IBOIO PO3IVIIHEMO BinoBiHy 3a1aay (1)-(3).
Hudepenniooqn (14) apiui no x, 3HaX041MO

t

Ugee (T, 1) = ¢ () +/Gl€(x,t, h,T) (bg(T)x

X g (h, 7) 4 c(h, T)pa(7) + f(h, 7) — po(7)+
+ ag(T)w(T)gp”(h)) dr — /Glg(a:, t,0,7)%

X (bQ(T)UQ&'(O, 7') + C(O, T)MI(T) + f(0> T)_

t

co)ir— [ [(ser

X UQE(S T)—i—Cg(E T)“Q( >T)+f€(§7 )
)

1
X Ghe(z,t, &, 7)dédr — Ghe(z,t,€,7)%
/]

— i (7) + ax(T)P(7

\]

= 2 (pa(7) = 41 (7)) + az(T)e (7)™ (€

X by (T)ugee (&, T)dEdT. (42)

Omnianmo Tperiit 101aHOK, IO BXOAWTH 0
npaBoi wactuan dbopmynn (42). Bukopucro-
Bytoun dopmyay (12), omeprumo

t
Jo = ‘/ Glg(l’, t,0, T) (bg(T)U2§<O; T)+
0

+¢(0, 7)pa (1) + (0, 7) — pa (7)+

+a2(7)¢(7)90"(0))d7 <

t

1 oo
< 0240/ 000 — 0(7) nzz_oo |z + 2nh|x

X exp (—(:]H——%h);) dr.

0(t) —0(r
B ocramnbomy iHTerpaJii 1mpoBejemMo 3aMiHy

. (7
3MIHHEX 2 = ——. OTpuMaeMo

o(t)

1

J2 < 0259 /
0

+oo
X Z |x+2nh|exp(—

n=—oo

l\J

)(1 — 2)3/2 8
(z + 2nh)? L
61— z))d

1

= Cs00) %/1#

0

+00
X Z |:B~|—2nh\exp(—

n=—oo

[EEE)E,

)dz,

(x4 2nh)?
0(t)z

ge 071 = 07Y(t) — dyukuia, obepHena 10
2nh

0 = 0(t). Bamiaumo o = M Y pesyiib-
0(t)z
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TaTl 3HAXOIUMO

+o00 oo
2
JQ S 025 Z / e 7 x
nz*oo(m-&-th)
NG
1 C
X do < 26

b(t)

oo (000 - )

AHaJIori9HO OIIHIOETHCS I APyruil J0J1aHOK
npasoi wactuaun dopmysiu (42). s onin-
KW 9YeTBePTOro JoJaHKa BuKopucraemo (13).
Orpumaemo

J3 :/t/h(C(ﬁ,T)mg(é,T)+Cg(£,T)U2(€,T)+

A7) = 3 () = () + aal(r)(7)x

X gp’”(f)) Ghe(z,t, & m)dédr <

t

§C27/

0

dr

V() = 0(r)

BpaxoBytoun o3nHadeHHsi CJIaOKOr0 BUPOZKEH-
Hs, MATHMEMO

J3 < Oy
Takum 9uHOM 3 piBHAHHS (42), 3HAXOIUMO
&
b(t)

Hami st mocoijpkenns sijaep cucremu (40),
(41), Buxopucraemo Bizomi [19, c. 469| oninku
dyuxkiiit ['pina

’u2m (a:, t>| < (43)

_142r+4s

’D;D;G<y7t77777—)| < 029<t_7—) 2 X

N2
X exp (—C30%), T e {0, 1},

s€{0,1,2},2r+s=1a6o2r+s=2,7 <t.

(44)

Bpaxosyoun (29), (44) Ta ymMOBH Teopemu,
3HAXOMMO

|K11(t,7’)| SCgl/mX

X exp (— ; E”Q)(“_ _9(?)2 ) déda + Cis
' / s 2 <
036

= Vim0t

Oyukuil Kio(t, 7), Koo(t, 7) oumiHoO0THCS aHa-
Joriuno. bepyun 10 yBaru o3HaueHHs CJ1a0KO-
I'0 BUPO/PKEHHS, MOYXKEMO CTBEpJIZKYyBaTH, M0
d/ipa OJIHOPIHOI CHCTEMHU IHTerpaJbHUX PiB-
usub Bossrepa (40), (41) mators inrerposmni
ocobamBocTi. Ile o3Ha4vae, 110 1151 cucreMa Mae
JINTIe TPUBIATHHUN PO3B 30K

a(t) =0, b(t) =0, t € [0, T].

Bukopucrosyoun neii dakr B 3amadi (33)-
(35), oTpumaemo

u(z,t) =0, (z,t) € Qr,
1o it 3aBepiiye jgoBeentst Teopemn 2.
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