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Abstract

In the paper we investigate the multidimensional inverse problem for the system of parabolic
equations in an unbounded domain. The proposed problem is reduced to a boundary value
problem of infinite elliptic equations and the method of successive approximations allows one to
prove the existence and uniqueness theorems for solutions of systems of these elliptic.
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BBeagenue

B pabote paccmarpuBaeTcsi BOIPOC pPa3pelIMMOCTA OOpaTHBIX 3a7jay /I  CHCTEM
napaboInyecKuX ypaBHEHUHA B HEOTPAaHUUEHHOH 00J1acTH.

B o6smactu Q = D x (—o0,0) paccMaTpuBaeTcs caeayroias 3a/1aua:

augt(,t) — Au(x,t) =a(x)u(x,t) +b(x)v(x,t) + h(x) f (x,t), (1)
%— AV(X,t) = 3, ()UK 1) + B, GOV B) + GG (X1, ()
u(x’,t) = F(x',t),v(x',t) =G(x',t),(X',t) e I' = S x (—o0,0), (3)
u(x,0) = p(x), v(x,0) =y(x),x € D, 4)
u(x,T) =, (X), v(x, T) =y, (x),x e D, (5)

rme D orpanuuennas obmacts 8 R",S=0DeC? n<3, Au= Z(aij (X)uy )y
ij=1
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a;(x)=a; (x)eC*(D) u VEeR" Zaijéﬂcfj > ,u0|§2, 1y =const >0, @(x), @:(x), w), pi(x), alx),

ij=1

b.(x), flx,t), g(x,t) - 3amannbIe, a b(x), ai(x), ai(x), h(x), g(x) - uckombie PyHKIHH.
Onpenenenue. Cucremy {u(x,t), v(x,t), b (x), ai:(x), h(x), g(x)} HazoBeM pellleHrEeM 3a7auun

(1)-(5), ecotu OHM YIOBJIETBOPSIOT CJIEAYIOIINUM YCTOBHSIM:

1. ®yaxmua b(x), a:(x), h(x), g(x)eW,” (D).

2. U(% ), Uy (,1),U, (1) (=11), U, () (L =11), U, (1) (=) eL,(Q).

3. E@ = [ [ @+ A D1T00 0+ ) + AT A K0 <oo, p>,

—ooD

u(x,t) = Tﬁ(x,ﬂ) exp(—iAt)dA.
4. V(Xat)’vtx (X,t),VXi (X’t) (I :ﬁ)’ VXin (X!t) (I’ J :ﬁ)’ Vttxi (X’t) (I :ﬁ) € LZ(Q) .

5. E(V) = T j @+ ZPIIT(x, ) @+ A2 +| AT (x, 2) Jdxdd < oo,

v(x,t) = TV(X,&) exp(—iAt)dA.

6. Ycnosus (1)-(5) yZIOBJIETBOPAIOTCS B OOBIYHOM CMBICIIE.
[peanonoxum, uro ¢yHkmuu @(x), @(x), w), y:(x), Flxt), Glb), flxt), glxt)

YAOBJIETBOPAIOT CJIEAYIOINUM YCJIOBUAM:

1) @(x), W), ¢:(x), w:(x) eW,' (D),
(¥ =F )|, w9, =G|,

(Pl(x)|s = F(X1t)|t:T J l//l(x)|s :G(Xat)L:T :

2 10,50 (@), F(x0) Wz (D),
900,28 ¢ 1, (@), 9(x0) W2 (D).
3 Fo 0, 2D | oo o2 (3)),
ot
60,7 SN 1 (i (s))
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D A =) f(xT) =y, () f(x,0)|=5>0, VxeD
AL =|w()g(xT) -y, (x)g(x,0) =8 >0, VxeD.

[IpuBesiEM CIeyIOITYIO JIEMMY

Jlemma 1. [Tycrs U(X, 1),V (X, 1) - pemenve 3aaun

SiAT(X, A) — AG(X, A) = a(x)d(x, ) +i{—f (x,T)-i T A9(x, A)d A+ f (x,0)-i T AG(x, A)d/l}+
A(X) b .

+Ql(x)+i{—¢,/(x)-i T AG(X, 1) exp(=iAT)d A+, (x) i T /w(x,l)d/i}+Q2(x),
A(X) b .

1

SiA(X, ) — AT(X, A) = {q)(x) i T AN(X, A)exp(=iAT)d A +,(X) i T 29(x, A)d /1}+Q3(x) +

A (%)
+ A ](-X) {_g(va) g T /1\7()(’ l)d/l—i_ g(X’ O) g T 1\7(X, ﬁv) eXp(—I/IT)dl}—I-Q“(X) +b1(X)\7(X, /l) R (6)
T(x,A)|, = F(x,4),9(x,2) =G(x, 1) )
u3 knacca E(u) <oo.
Torma byskuun

u(x,t) = Ta(x,ﬂ) exp(—iAt)dA4, v(xt)= T V(Xx,A)exp (—iAt)d 4,

—00

b(x) = ﬁ —f(x,T)i T AG(x, 2)d A — f (x,0)i T AG(X, A)exp (—iAT)d A +Q,(x),

h(x) =

ﬁ —'//(X)iZﬂa(x,ﬂ)exp(—iﬂ)di +y/1(x)iz/10(x,,1)d,1 +Q,(x),
al(x):ﬁ —go(x)izﬂV(x,ﬂ)diexp(—i/ﬂ)dA+gol(x)izﬂV(X,ﬂ)dljJng(X)

1
A, (%)

q(x) = —g(x,T)i T A9(x, 2)d A+ g(x,0)i ]O A¥(x, 1) exp(—iﬂ,T)dﬂj +Q,(x)

SIBJIAIOTCSA peleHreM obpaTtHoi 3agauu (1)-(5), r7e

Q) = ﬁ[ £ (0, T)(=Ap(X) —a(x)(x)) — f (x,0)(~Ap(x) ()¢, ()],
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Q,(x) =ﬁ[vx(x)(—#\col(x)—a(x)«)l(x))wl(x)(Aco(x)+a(x)(p(x»],
Q00 =~ z) [90x,T)(=Ap (%)~ b, () (X)) — 8 (X, 0)(~ Ay, (%) — b, (X (x))].
Q9= tx) [90x,0)(— A, (X) — by (), (X)) + G (% T) (A (X) + b, (X)y (x))].

JlokazaTeyIbCTBO JIEMMBI 1 CJIEAyeT U3 Pa3PeNIuMOCTH 3a7aui (6),(7) ykazaHHOM B KJlacce U
TOTO, UTO
u(x,0)=¢(x), v(x,0)=w(x) m u(x,T)=¢(X), V(x,T) =y (X).

Tenepp ycTaHOBUM paspemuMocts 3amadu (6),(7). O6o3nauum yepe3 x(X,A) u W(X, A)

pyskIMU

Ac(x,2) =0, x(x )|, =F(x2)

2 2|l = 2

(% s 0, <CF [F (3, A) s (8)
u

AW(x, 2) =0, w(x, 1), =G(x, 1)

. <clEx | )
WX, A ) < CF |G A, - (9

Jlns pazpeninmoctu 3a7a4u (6)-(77) MpUMEHUM METO/T II0CJIe/IOBATEIbHBIX PUOITHKEHUH
—iA0™(x,A) — AG™ (x,4) =a(x)a™ ™ (x, 1) + ﬁ{— f(X,T)-i j AV (x, A)d A+
X
+(x,0)- [ 20" (x, A)d A +C§1(x)}\7(m‘” (x,2) + ﬁ{—w(x) i [ 20T (x, 2) exp(-iAT)d A+
X —0

+y, (X) - ]2 20M (x, 2)d A +Q, (X) +iAx(x, 1) +a(x)x(x, 1) - f(x, /1)};

—iAV™ (x,1) = AV™ (x, 1) =

A(%) {(D(X) : i]iM"“”(x, A)exp(=iAT)d A+

1
A (%)

+,(X) i T AV (x, A)d A +Q~3(x)}\7(’“” (x,A)+ {—g(x,T) i T AV (x, )d A+

+0(x,0)-i T 20" (x, 1) exp(—iAT)d A +Q, (x) +iAw(x, A) +bl(x)w(x,/l)}g(x,/1) +

+b, ()7 (x, 1) (10)
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1™ (xA), =0, ¥ (x,2)|,=0, mM=012,..,

rae

G =Q -2 T)n [ At 2024 f A(X 9)

|jz x(x, A)dA,

Q,(x)= Qz(x)—Mujz (X, /1)d/1+‘/’1( )uj/uc(x A)dA,

A(X) =,
Q) =Q,(x)+ Altx) go(x)iliﬂw(x,ﬂ) exp(—iﬂT)dl+%izlw(x, A)dA,
Q,(x) =Q,(x - ( 3 J'/lw(x A)d/?.+ g( |I/1W(x A)exp(—iAT)dA

YcTaHOBUM CHayasia allpUOPHbIE OIIEHKU JIJIsl pellieHus 3aau (10)-(11).
OTMeTHM CIIeAyIoNe BCIIOMOTraTeIbHbIE JIEMMBbI:

JlemMma 2 (Cm.[2]). [TycTh

|©

L”(0,T) +72T ||CD|_1 ;

L(0,T)

= o,1) < }/O + 7/1T ||q)l—l

Ecmm 2Ty, +4Ty,7, <1 u |®,

L”(0,T) < 27/0’ TO ”(DI

HEKOTOpBbIE IIOCTOAHHBIE.

JlemMma 3. IIycTb BBIIIOJIHEHBI YCIIOBUA 1—4 U

122 N 2
[n O 5

§3w(1+|/1| )7 Fex, z)H d2+2NZ +[b(x)|}

o0

< [ (4] ||g(x,4)||§(md4cf 122, j J(a+12) VP (x, 4 ded 2+ @HNE)

—o0

{j (121 A IR O A e, 02} { [ [y e foal dxd/l} "

00

-0 D

—00

+N§II(1+|ﬂ|)2p||g(x,/1)||2dxdﬂ,+(1+ N§){j(1+|,1|) A IR e s, 92

1

{j [l PP P | F x| dxd/l}z N2 [ [(0+[2]) a0 A 2+

X
C(D) p_3

(11)

o) <2y,, ..., tme y,>0( :@)

1
2
X
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1

o0

+(1+ N ){ [ (@+12)1AF X606 D) e o, @ } { [(@+4) |/1|2|g“(x,/1|“dxd,1}2x

—00

2 4-n
«No 2% C,-Z,2 1 (12)
2p-3 1, 2

Torma mis TOC/IEIOBATENbHBIX TPUOJIMKEHUH, ompezeasieMbix (10),(11), crpaBeiIuBO

HEPABEHCTBO

2p m m 27, NZ T 2p 2
” 1+]4] ) (\w (%A +[VE (x, )] )d xdi< =20 ” { - L!(u\z\) | F(x, A)[ dxd A +

-0 D

+(1+ Nj){of(uu\) AL IF (A, }{T(HW)zp\i\z“f(x,ﬂ)“4dxd/l}2+

—00 —00

+N§.[.[(1+W)Zp\g(x,/l\zdxd/1+(1+N(f){.[(lﬂl\) 12)3IG (x /1)HW7,2(S) }x

-0 D

—0

1
X{T [@+a)"1F 1gx Al dxd/l}z (13)

—0o D

rIe

Cl : HyHi(D) = C12 Hy \fv;’z(S)’ CZ :“y“L4(D) < C2 \f/zl(o) 'HyHLZT(D)’

NPT | 17 €Y I GO I 7€) B 721€) B 0] I RC)

° Al(X) C(IS)’ A(X) C(Ij)’ A(X) C(I5)’ A(X) C(I5)’ A(X) Cc(D) A(X) c(D)
gxT)| , 19(x0) Q(X) Qy(X) QS(X) @(X)

A (%) Jle o) T am o 180 o5 1A ey 11 A [l 5 1| A s,

1 1
0 # — - HauMeHbIIIee COOCTBEHHOE YUCJIO 3a1aul — AU = zu , u| = 0.
0

2
g b
JdokazaresnbcTtBo. I3 (10), (11), mpumeHsss HePaBEHCTBO ab<Za’+—, Ve>0
2

&
oJIy4yaeM

o ] (141207

—0 D

VI (x,2)| + Vv(m)(x,/l)‘z)dxdl <
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313‘220 T [(2+]4)) (\wm)(x D +[ve(x,2) )dxd/1+

-0 D

1 2 N2
+2—8[Ha(x)uc(m+2p_3 )| Fx /1)H d2+2NZ + b 5, +

( 1+|1| " lai(x l)“c(o)d/l} [ [+ P (a2 oo f + 02 x, 2 a2 +

—o D

n 2
- 2pN 3 ; {H 1+]4]) (\Vu(m)(x A +[ve™ x, ) )dxd/l}
&

-0 D

N2 % 1|7
+2_2.[0V£(1+‘2/‘ )ZP‘ f (X,l)‘z dxdl_'_z_g{v!;'l[(l-l-‘ﬂ,‘ ‘ﬂz‘ HF( 2/)HW27/2(5) }X

{” 1+[2)) P Af | f (0, A dxd;t} 1+ N2 )+ ” (4[] |g "2 (x, 2)[ dxd 2 +

-0 D
1 1
2 © 2
+—(1+N ){ [ J@+12) "1 o (Al e e, @ } x{ [ @+ )2p|ﬂ.|2||g‘(x,i)||4dxd/1} (14)
-0 D —o D

Torma, B3aB (14) € = f—z U, IPUMEHSA JIEMMY 2, TTOJIyYuM OIleHKH (13).

Jlemma 4. HYCTI) BBIIIOJTHEHBI YCJIOBHA JIEMMBI 3. Toma JJId  110CJIeJOBATEJIbHBIX

MIPUOJIMKEHUH, OTIpeiesiieMbIX (10), (11), ClIpaBeyTUBHI OIIEHKH

T [ L+ )Z“OAJ““) (X, z)\z +|AT™(x, ﬂ)mdxdi <C, (%), (15)

—ooD

TI(1+|A| )i p2[(1+|ﬂb| )Z‘U(m) (X, A) =™V (x, /1)‘2 +

—ooD

+‘A(U(m)(x,/1) —U(m‘l’(x,i)ﬂd xdA <const q, q<1, (16)

Tj(1+ 12| ¥ p‘2[(1+ A F[7 (x, 2) =79 (x, )] +

—ooD
+|AT™ (x, 2) —V(m‘l)(x,;t)ﬂd xdA<const g™, q<1. (17)

]_IOKHSaTeJII)CTBO. YMHOkKas COOTHOIIIEHHE (10) COOTBETCTBEHHO Ha
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(1+|}L| )2 P2 AT™ (x, 2), (1+|/1| )2 P2 AV™ (X, 1) U, IPUMEHSS « & -HEPABEHCTBO», HMeeM

T fa+} )ZP‘ZUAU““) (x4 +|AT™ (x,/i)\zjdxd/l <

—ooD

<122 {u e+

( (1+12))" Ja(x /1)||c<D)dl} C/Z j [(2+]4]) (\w‘m D%, )| + VI (x, 2)| )dxdm

—oD

0

2p 2Hf( MH dA+2N;. +Hb(X)HC(D)

—0

-n 0 2
GA; 2pN§3 z}{”(uw)”( 3 (x, 2+‘V\7(m1)(x,/1)‘2)dxd/1} +

-0 D

0

1
2 -2
+lZZ H (L+]2)"7 f (x,)° dxd,1+{jj L+2) " AL IF (A, } x

o0 D -0 D
1
x{J J@+a)y" A e A" dxdﬂ}z L+ NZ) +
—o D

o0

+N§jj(1+|g|)zp,z|g(x,g)|2dxd/1+(1+ Nj){”(1+|/1| “1IAfe(x z)”W;/z(S) }2><

-0 D -0 D

] [l ey } (18)
—oo D

Torpaa, yautsiBas OIeHKY (13), TOJTyIUM

”1 Vs ZUA 0™ (x, /1)\ +|AT™ (%, 2) )dxdﬂ<C 7o) - (19)

—ooD
AHAJIOTHYHO, KaK U Bbimre, st pasrocta U (X, A) =0 (x,4) u V™ (x,4) -V ™ (x,1)

u3 (10),(11), ¢ y4€TOM OIIEHKH U3 JIEMMBI 3, TTOJIYIUM

TJ(1+|/1| )Zp[(1+|i|) T (x,4)-T ™ (x, ,1)‘

—ooD

+‘A(u(m)(x A) - ~(m‘l)(x,/i)‘z]d xdA<constq™, q<1, (20)

27




Russian Journal of Mathematical Research. Series A, 2015, Vol.(1), Is. 1 ——

T [@+4 )2"[(1+|/1| FI™ (6, 2) =T (x, ) +

+ A@™ (x, 2) —\7<m-1>(x,/1)ﬂd xd A <const q", q<1. (21)

Jlemma 5. IlycTp BeINOIHEHBI YCI0BUA IeMMBI 3. Torza npu kaxzaoM GUKCUPOBAHHOM M

CYIIIECTBYET €TUHCTBEHHOE pellleHune 3a1a9u (10),(11) u3 k1acca

” 142 ™ 2[1+|ﬂ| T )+ @A) Fva™ )] +

—ooD
+\Aa<m>(x,z)\2}d XdA < .

Z[OKa{%aTeJIbCTBO STOU JIEMMBI IIpOBOAUTCA METOAOM FaJIepKI/IHa

TeopeMa. HYCTIJ BBIIIOJTHEHBI YC/IOBUA JIEMMBI 3 U

Z,-~/322, |:||Q1(X)”c(|5) +||Q3(X)”c<5) +||a(x)”c;(5) +||bl(x)||C(D):|\/7\/C (1) >0 (22)

Torpa cyiecTByeT eIMHCTBEHHOE pelieHre o6paTHou 3aauu (1)-(5).
JlokasaTeabcTBO. Pazpernumocts 3asaun (6),(7) cienyer us jemm 3, 4. Ham ocramoch

JI0Ka3aTh, 4TO
U, =e(x), UX D] =a() u VD], =p (), VD] =y (9.
TIycTb u(x,t)]_, =@(x), v(x,t)|_, = (x). PaccMoTpuM PyHKIME
P(X) = @(X), ¥ (X) —w(X). OBoznauny @(X) —(X) = Z(X), ¥ (X) —w (X) = Z,(X) .
Torza aa dyukmun Z(X) 1 Z,(X) u3 (1),(2) 1 (4) uveenm
AZ(x)=a(x)Z(x)+1(x)Z,(x),
AZ,(x) = K(x)Z(x) +b,(x)Z,(x),

Z(x) =0, Z,(x)|, =0, (24)

(23)

rre 1(x)|° <3UQ1(X)HC(D) T C(ﬂo)}

KO <3/ Q0 ) |

YMmHO)kasn cooTHouieHue (23) cooTBercTBeHHO Ha Z(X), Z,(X) u umHTerpupys no obmactu D,

nMeeM:
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4 [IVZOOF < (109 o) 12095 ) 226 _'(\VZ(x)r + \vzl(x)f)dx ,

D

5 [IVZ, 0O X< ([ K ey 10000 ) 220 (\vsz + \vzl(x)f)dx

D D
Orciozia, B CHILY YCJIOBUH TeopeMsl, cienyeT, uto Z(X) =0,Z,(x) =0.
AHAJIOTUYHO /TOKA3bIBAETCS, YTO

u(x,T) =@ (x), v(X,T) =y, (X).
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AnHoramua. B pabote paccmarpuBaeTcs BOIPOC PaspemIMMOCTH OOpaTHBIX 33714 IS
cucTeM rapabosiuecKnX ypaBHEHHUH B HeorpaHU4YeHHOH obsiactu. [Ipesiaraercss MeTo T, KOTOPBII
OCHOBaH Ha CBeJIeHUM OOpAaTHOU 3a7jauyil K HEKOTOPHIM HEJIWHEHHBIM OeCKOHEUHBIM CHCTEMaM
SJUTUNITUYECKUX ypaBHEHUU. J[aHHBIM MeTOZ IMO3BOJISET JI0OKAa3aTh TEOPEMBI CYIEeCTBOBAHUA,
YCTOMUHMBOCTH Y €IMHCTBEHHOCTHU PEIIeHNsI MHOTOMEPHBIX O0OPaTHBIX 3a7ja4 B Kiaccax (yHKITUH
KOHEYHOH IJIaJKOCTH.

KiroueBbie coBa: oOpaTHble 33/laud;  CYIIECTBOBAHHWE U  €IUHCTBEHHOCTb;
HeorpaHUYeHHas 00J1acTh; HapaboJIMYecKre YpaBHEHU .

30




