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VK 517.9
O mpe/icraBiieHUM pellieHusl OIHOi 0bpaTHOI 3a5a4n
JJIE MHOI'OMEPHOI'0O IIapaboJInvecKoro ypaBHEeHUs

C Ha4YaJIbHbIMU JaHHBIMU B BUJIE MTPOU3BEICHUS

Hrops B. ®ponenkos*

Tanuna B. Pomanenko!
I/IHCTHTyT MaTeMaTHKH,

Cubupcknii deepabHpli yHHBEpCHTET,
Croboansiit, 79, Kpachosipek, 660041,

Poccust

[osyuena 21.07.2011, okonuarenbupiii Bapuant 15.09.2011, npunara k nesarn 15.10.2011

B pabome uccaedosana sadavna udenmugduravyun xoafbuyuenma, cmoswezo neped duddeperyuanvrom
OneEpamopoM 6Mopozo NOPAJKA, 6 MHOZOMEPHOM Napaboiureckom ypasreruu ¢ dannvmu Kowu. B nped-
TLOAOXHCEHUY, CNEYUBADHVLT YCA0GUL Ha 6T00Nbie darnvie obpammnas 3adava npucedena x npamoti. Joxa-
3aMbL MEOPEMDL CYUECNE06AHUA U COUHCTNEENHOCTIU PEWENUA NPAMOT U 06pamnoti 3adan.

Kmouesuvie crosa: obpamnas 3adava, 3adava udenmudurayun, xosfdunuermmve obpammoie 3adavu, me-
mM00 CAAOOT ANNPOKCUMAYUL, YPAGHENUS 6 ULACTIHOLT NPOUIGOOHVLT.

Bsenenue

B pabore uccnenosana kKosdduumenraas obpartHas 3a1aua I MHOTOMEPHOTO HAPAGOIIH-
“ECKOrO ypaBHCHUs B C/lydae Janubix Komm ¢ nemssecTbiM Koddbduuuentom, crosmmm mepe
smddepentuanbubiv omepaTopoM Broporo nopsyika. Ilocranoska ofparnoii 3agaum sBiseTest
HACTHBIM CJIyaeM ypaBHenusi, pacemorpennoro s pabore F0.E.Anuxonosa [1]. Pauce [2, 3, 4]
noc/Ie epexoa OT obpPaTHOll 3a/ati K HPAMOIl IPUXOAMIOCH HCCIC0BATH PA3PEITHMOCTD Ha-
TPY?KeHHoro (Comeprkaimero cieapl nemssecToit bynkiun) ypasmenus. B gannoii padore ao-
KA3aHO, TO €C/I HAYAJILHDIC YCIOBUA HMEIOT CHeIMAJIBbHBIA BHJL, TO BOIPOC OTBHICKAHHS perie-
HUsL MCXOJIHOH 0OpaTHOI 3a/1a4i CBOAMTCS K MCCJIE0BAHMIO JIBYX MPAMbIX 3344, O/HA H3 KOTO-
PBIX COCPZKUT BBIPAZKEHHE /Il HEM3BECTHOrO Kovdbdumpenta. JJaHublil pesyibrar, moiyaeHHblit
10.E. AHHKOHOBBIM, MO3BOJTHIT JIOCTATOMHO yI0OHBIM 06PA30M IPUBECTH H3YHACMYIO 0OPATIYIO
3aJiady K HEKJIACCHYECKOil NpsaMOil 3ajiate /s CHIIbHO HEJIMHETHOr0 ypaBHeHUs CHEIHATLHOIO
BHJIA, & 32TCM JI0KAa3aTh CyIECTBOBAHUE M MHCTBCHHOCTD PEIICHHs 38,/ 1A 1 IIPU TIOMOIIN METO/A
cyaboit anmpokcumanm [5, 6] B Kiaccax riaakux orpanmuennnix yukmmii. B pabore I0CTpOe-
HBI MOJIEJIbHBIE IIPUMEPBI BXOJHbIX JAHHBIX, YIOB/ICTBOPSIONIIX yCIOBUAM JOKAZAHHBIX TCOPEM,
M HailJIeHbI COOTBETCTBYIOIIHE HM PEIICHHUS.

Metoz ciaboil anmpoKCHMAIMK SIBJISIETCS METOJAOM paciiervienus na auddepenmannonm
ypostie, 611 Brepsble npejiozken B paborax H.H. flnenko n A.A.CaMapcKoro u moyams passi-
THE B paboTax UX YUCHHKOB M MOCJIE/0BATENel.

*kspk_job@mail.ru
fgalina.romanencko@yandex.ru
(© Siberian Federal University. All rights reserved
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1. CymecTBoBaHMe U €JUHCTBEHHOCTH PelIeHnsl 00paTHO
3aa4u

Pacemorpum B obmactn Gio ) = {(t,w, z) |z €R", z € R, 0<t<T} sasauy Kommn s
napabosIMIeCKOro ypaBHeHust

up = at)uz.(t, 2, 2) + b(t) Agu(t, z, 2) + A(t, 2) B. (u), (1)
tae B.(u) = e1(t)u..(t, @, z) + c2(t)uz (¢, z, 2) + es(t)ult, z, 2), ¢ mAvAILHBIM yeoBHEM:
u(0,z,2) = up(z, 2). (2)

@ynxuun a(t), b(t), ¢;(t) — uenpepbisible, orpammermbie na (0,7, npuuen a(t) = ap >
0,b(t) = by >0, ¢1(t) =co> 0. Oynxmmsa ug(x, z) AeficrBurenprO3HATHAS T 3a1ama B RPTL
Dynxuust A(t, z) TOAIECHAKUT ONPCAEICHIIO OHOBPEMEHHo ¢ pemermenm u(f, z) samaun (1), (2).

ITycrs 3aza00 yejoBue mepeonpe/ie/enst

u(t,0,2) = (i, 2) (3)

1 BBIIOIIEHO yesosue cormacosanmst (0, z) = (0, 2).
ITpenonaraeM BLIIOJIHECHEE YCIOBHs

|B2(0)| = ler ()22 (¢, 2) + ea(t)p= (8, 2) + es(D)(t, 2)| = >0, p — const. (4)

HacTHpiM caydaeM Teopembl, Jokazanuoit F0.E. Anukonosbiv B paGote |1], siBasiercs caemy-
oIIast TeopeMa.
Teopema 1. Ecau cyuwecmeyiom pewenus o(t,x) u f(t,2) caedyowuz 3adav Kowu:

% —be,

#(0,7) = wo(z), (5)
of _ Uit 2) — a®)::(t, 2) — f(t 2)eu(t,0)
S = al)fee + Bu(f) e ,

F(0,2) = we(2), (6)

mo dynryuu u(t,r,z) u AL, z), onpedeaennvie dopmyramu
w(t.z, 2) = (t, 2) f(t,2),
t Z) =: a(t)wzz(tﬁ Z) = f(t~ Z)(p,(t, O)
B.(v) '

AGAAIOMCA pewenuem obpamnoti sadawu (1)~(3) 6 npednoaosrcenuu, wmo ug(x, z) = wo(x)vy(z2).
IIpoBepiy cpaBeIMBOCTL TEOPEMBI HEMOCPEICTBEHHOl M0/CTaloBKoil B ypasuers (1), (2)
BLIPAYKCHHIT /IS HCH3BECTHBIX (DYHKIHIL.

A2y = 2t

Gelt2) = (O (t,2) = St Du(t,0)
B.(9)

Tloncrapnm u(t,z,2) = (t,z)f(t,z) u A(t,z) =
ypasuenue (1), nosyanm

of

%_aff+ o, - ()0 fon + b()fDup + Ye(t, 2) — a(t)wzz(t.z) — f(t,2)¢u(t,0)

B-(v)

B.(f)e-

-123 -



[image: image6.jpg]Hrops B. ®postenxos, [anuna B. Pomanenko O npexpcrapienun penrenust ouoit o6paTHoil 3a1a4u s ...

CrpynnupyeM OTHOCHTENIBHO f 1 (p, TIOJTy M

o0 of 8,2) ~ 00)slt,) S, u(10)
(% -s080) 1= (5 —atrsee - 2 2

Bz(f)> v

Vanrsisast, ato (¢, r) — pemenne 3agauu (5), a f(t, z) — pemenne 3anaun (6), noayIaeM Tox-
JIeCTBO.
Ouesnzno, uro dynxmus u(t, z, z) = @(t,z) f(t, ) yAoBICTBOPSET HAYAIBLHOMY yCIOBHIO (2),

w(0,2,2) = p(0,2) f(0, 2) = wo(x)vo(z) = uo(z, 2).

[IposepuM BBINOHeHIE yejaosuit nepeonpeenenns u(t,0,z) = (t, z). Hycrs A(t z) =
u(t,0,2) — ¥(t, z). Hokaxewm, aro A(t, z) = 0. Pacemorpum ypasuernne (1) mpu 2 = (0, ,0),
Oy THM

w(t,0,2) = a(t)u..(t,0,2)+b(t )A u(t,0,2)+A(t, 2) Bs(u) = a(t)u.=(t,0,2) +b(t) Ayu(t,0,2)+

Pe(t, 2) — a(t).z(t, 2) — (&, 2)eu(t, O) 5

s, b B.00) B, (u(t,0,2) + ¥(t, 2) — ¥(t, 2)).

we(t,0,2) = a(t)u.=(t,0,z) + b(t) Agu(t,0, 2) + A(t, 2) B.
Pu(t, 2) — a(t)pe:(t, 2) — f(t, 2) Dap(t, 0)b(t)

B.(v)

ue(t,0,2) = a(t)(uz2(t,0,2) — .= (t, 2)) + b(t) Agu(t, 0, 2)+

+u(t,2) — f(t,2)Arp(t, 0)b(t) + A(t, 2) B (A(t, 2)).

(u) = a(t)u.-(t,0,2) + b(t)Azu(t, 0, 2)+

B.(¥(t, 2)) + A(t, 2) B (A(t, 2)).

Tlosyunm 3amady Komn ciexyromero Bujga:
Ay(t, 2) = a(t) Az (t, 2) + A(t, 2) B (A(t, 2));  A(0,2) =0

Ecim koadbdumment A(t, ) HenpepbiBen n O'PaHAHCH, TO ¢JAMHCTBEHHBIM DEIICHHCM JIAHHO
samauu spaserca A(t,z) = 0 u, smaunt, u(t,0,2) = (t,2). YeioBue mepeonpesie/ienus BLIO)-
HSACTCSL.

Jljist IoKa3aTeLCTBA CYIMeCTBOBAlNs pemmenis 3a1aan (6) pacCMOTPHM BCIOMOTATEIbHYI0
sagauy B obmactn G = {(t,2) | 2 €R, 0<t < T}:

af

Y g+ Bpss (2[00

e, 0.2 = (o) ™

aaech ((t,z) = (L, 2) — a(t)..(t, z) — 10 usBecrnas bynkuus, a S5(V) — byukuusa cpesku,
omnpeseneniasg B R, CKOJIb yroiHO pa3 HEIPEPhIBHO ;Lmbdacpenuupyelvmﬂ u obJaaiomast CieLy-

5 ¥, upm ¥ > 2
omumn cpofictamn:S5(V) = - >0, e Ru S5(9) =< § 5
3 3 mpu U < 3

Onpeenenmio noyteskut bynxims f(t, 2). Oynxius vp(2) AeHCTBUTEPHOZHATHAS I 3a,1aHa
k
B R. Oynxuus Sg )(19) <2,k=1,...,4.
Jj1s1 I0KA3aTebeTBa CyMECTBOBAHISL PEIICH s BCIOMOTaTe/ IbHOM 3a/1a91 UCTIOIb3YeM MEeTOT
ciaboit annpoxcnmanun [5]. @ukcupyem nocrosmnyio 7 > 0 taxyio, uro 7.J = T. Pasbusaem
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-
3a/1aty Ha TPU APOOHBIX Mara u JIHHEAPH3YEM 3314y CABUIOM 110 EPEMEHHOM ¢ Ha BeJIHIHHY 3

JT =3a0)f7(t,2), gr<t<(i+3)m ()

=360 +aOLGDSK (2), (i+Hr<t<(i+2)n ©

T =3 28 (,2), (i+3)r<t<(i+1)7, (10)

F70,2) =w(z), j=0,1,2,...,(J—1),Jr=T, (11)
Bt D=1 (t-5.2) e(t0)

rae AT(t,2) =
et (t,2) B.(¥)

OraocurensHo dyHKIMi vg(z), u’)(t, z) HPEJIIOIOKUM, ITO OHM JIOCTATOUHO IVIA/IKHE, HMEIOT
BCC HENPEPBIBHBIC NPOU3BOAHBIC, BXOAAIIME B CCIYIONCC COOTHOMICHHE, H YI0BJICTBOPSIOT CMY:

d* 7] 8’”
ERERLE IS

%'z{r(t,z) <C, k=0,1,....,4,i=0,1,....6. (12)

Hast pemnennst f7 pacuiensiennoit 3agadn (8)—(11) jgokazanbl paBHoMepHbIC O T ONCHKH
B obsacTn G[o 7y Tae 0 < t* < T - nekoropast (pUKCHpOBaHHAS KOHCTAHTA, 3aBHCAINAS OT
KOHCTAHT, OIPAHNIHBAIONIIX BXOAHLIC Janibie (12), Koucrant ag, by, ¢o n koncrantst g us (4).

dk
Z"f ( )‘ C, k=0,1,...,4. (13)

B cumy onenkn (13) npasbie wactu ypasuenuii (8)—(11) orpamnienst paBHOMEPHO 10 T Ha
MOBOM BPEMCHIOM HHare, monajaomeM B orpe3ok [0, 1], ciepobaresbio, crpaseymmBa paBHo-
MepHas 110 T OLEHKa

|ff (. 2)] < C, (t,2) € G[U,?']- (14)

Huddepentupys ypasmennst 3a1a4u (8)—(11) no nepeMennoit 2 ouH WK ABa pasa, MOy THM
PABHOMEPHBIE 110 T OLEHKH

L@+ L2 < C (t2) € Gy,

410 BMecTe ¢ onenkamu (14) u

|akf’tz‘\0, k=14, (t2)€Cpz),

rapanTHPYeT BBIIOIHEHHE YCJIOBHIl TeopeMbl Aprena 0 KOMIAKTHOCTH.

B cniy Teopempl Apriesia 0 KOMIAKTHOCTH HEKOTOpasi HOIIOC/IEJA0BATEILHOCTL 74 (¢, 2) 1o~
caesosarensaoctu f7(t, z) pemenuii 3agaqn (8)—(11) cxomuTcess BMecTe ¢ HPOM3BOAHBIMIE 110 %
JIO BTOPOTO NOPsi/IKa BKJIIOUHTEIbHO K dynkmun f(t,z) € COA'E(G[(,{;‘])A Ha ocnosanun teopembt

cxomumoctt MCA, f(t, z) — pemenne 3azauu (7), npuiem f(t, z) € C/].f(G[o,i~])~ e

s B 1
CH(Ggan) = {160t 2) 3z (0.9 € CGpag) b =01,2),

1IpH 3TOM

<C, k=0,1,2. (15)

ok
’70;,;/‘(7572)
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[ycrs Bomosmsiercs caeyiomee yeosne mpu ¢ € [0,£*] (MOKHO A/151 IPOCTOTHI HOTPEGOBATS,
1TOOBI JlAHHOE YCIOBHE BBITOMHsIOCH 1ipu ¢ € [0, 7], z € R):

B(t, 2) — vo(2)ei(t,0)

B.(0) e e

st Toro urobt casATh cpesky B ypasuenun (7), JOKaxKeM, 4To npu ¢ € [0, *] BBImOMMMACTCS

B(t.2) — 1t Dpi(t,0) _ 8

B.(y) ~ 2
IIpounrerpupyem (7) 1m0 BpeMeHHO{ IIEpeMEHHOM B npejenax or 0 o t:

t

F(t2) = () + / (i, =),

0

e W(t, 2) = a(t) fos + B.(f)Ss (%W)

Tax xax BoiOsIHsICTCA yeaosue (4), TO CHPABETHBO PABEHCTBO

B(t,2) = F(t:2)eu(t,0) _ B(t:2) —vo(2)pe(t,0) _ 2u(t.0) Jy ¥(n, 2)dn

B.(1) B B.(¢) B.(4)
B cny srmonnenus yeiosusi (16), yanrsisaz (12), (15), moayamm npu ¢ € [0, zAd(g)]
Bt 2) = f(t, 2)eu(t, 0) sy s 9
———L 20— A0t > -.
B.(0) e

3nech A(0) — HeKOTOpAs LIOJIOKATENbHAS KOHCTAHTA, KOTOPAsS ONCHUBACT BXOIHBIC JIAHHBIC
u 3asucut or 4, koncrantel C' u3 (12), a rakeke KoncTanTwl, orpammuHBaomel KosdbuienT
a(t).

B cny onpesesenus cpesatomeit dbynxiun Ss(0) nveem

S5(A(t,2)) = A(t,2), upu t € [0,t*], tae t* = min ({* L) .
2A(6)

Taxnm obpasom, B ypasuenmi (7) cpeska crumaercst. CrIe0BATEIBHO, JOKA3AHO CYICCTEO-
Banue pemenust f(t, z) 3amaun (6) B KIacce C,I;Z(G[ovt.]).

Emmersenmocts permenist sa/tain mosyyena myTeM JOKa3aTelbeTBa TOX ICCTBEHHION0 PABEH-
CTBa HYJIIO PA3HOCTH JIBYX HpPEJIIOJaracMbIx perrenuit. Jl0Ka3aTeqbeTBO B JAHHON CTAThE He
HPHBOAMTCS.

Crpaseusa
Teopema 2. [Ipu evinoanenuu yeaosuti (4), (12), (16) na sxoduvie dannvie cywecmeyem t*,
0 < t* < T - nexomopas noaoocumeavnas xoncmanma, sasucauan om i u3 (4), & us (16),
nocmoanni, ozpanuiusarowur dynkvyuw a(t), b(t),ci(t), u nocmosnnwr us (12), ozparnuvu-
saowux 6x0dNvie dannvie, maxas, wmo pewenue f(t,z) sadawu (6) cywecmeyem u eduncmeenno
6 Kaacce

k
CL(Glo ) = {f(t,z)‘ft(t, 2), %m. 2) € C(Gop) k=01, 2} .

o

2
npu amom ydosaemsopaem coommowenuro Y . _o |=——f(t,z)| < C.
2 Y k=0 | ok d (b

- 126 -
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IockoabKY CymecTBOBaHMe pemenns Jokazano B obmacti G -], T0 GyeM TOBOPHTD, [TO
sastata (6) paspenMa B MAJIOM BPEMCHHOM HITEpBAJIC.

Banaua (5) aBistercs Kaaccuueckoit sanadeit Komn ais napabosmieckoro ypasaennst. Cchop-
MyJIUPYeM yCJIOBHsl CYIIECTBOBAHMsL M €IMHCTBEHHOCTH PENIeHUs Uit JAHHON 38191 B BUJIE Teo-
peMbl.

Teopema 3. ITycmov wy € C(R™) oepanuvena, mozda pewenue ¢(t,x) 3adavu (5), npunadre-
orcaugee Kaacey C?f = {p(t,x)|pi(t,x), Dyo(t,x) € C(Ilp 7)), |af < 2}, ydosaemeopaouee
COOMHOWENHUIO

3 Dgeu(t ) < C,

lal<2

cyuwecmeyem u €()UHC7’L€1€HHU<
B cuy Toro, uro dynkuun u(t,z,z), A(t,z) Bblpaxaiorcs depes usBecTHble (ByHKINM, a
MMEHHO

u(t, z,z) = p(t, 2) f(t, 2),

Uit 2) — a()=: (L, 2) — f(E 2)pe(t, 0)
B.(v) '

rae ¢(t,z) € C}f, f(t,2) € CLIZZ —permenns 3aja4 (5) 1 (6), cupaBeiInBa OIEHKA

35 ¢ [T

k=0 |a|<2

AR, 2) =

ok
u(t, z,z)

‘ L0 (17)

B cuiy Teopem 1-3 crnipasejymBa
Teopema 4. ITycmy evnoansomes yeaosus (4), (12) na 6xodnwe dannwvie, yerosus meopemut
8 u yeaosue (16) na pynxyuio p, asamouyroca pewernuem sadauu (5), moeda cywecmeyem t*,
0 < t* < T — nexomopas noaodcumeavnas Koncmanma, sasucauwai om fi us (4), & us (16),
nocmoanwz, ozpanususaouur dyrnkyuu a(t), b(t), ci(t), u nocmosmnouz us (12), ozpanuvusa-
rouuT 6T00NvIe dannvie, makas, wmo cyuecmeyem pewenue u(t,x, z), A(t, z) obpammnoli 3adawu
(1) — (3) 6 ®aacce

z(z*):{ (£, 2), (L 2) | u(t, 2, 2) € CEE2(Go )y ALt z)ECtZ(G[OP)}

ok

1%
kuEC(G[[),])kf[)lQ la| < }

C2¥Guep = {utt.a, |20 5

ydosaemeopsowee coommuowenuo (17).

JloKazkeM eMHCTBEHHOCT pentenusi obparnoii 3agadn. [Tycrs sbionmnsiores yceaosus (4),
(12), (17). Joka3areabCTBO €MHCTBEHHOCTH pernenns 3amaqu (1)-(3) Gymem BecTr 0T IPOTHBHO-
ro. Iyers uy (t, x, 2), A1 (t, 2) m ua(t, , 2), Ao(t, 2) — aBa Kaaccudecknx pernenust 3a1a4n (1), (2).
[Ipudenm napa dyukumit uy(t, 2, z), Ai(t,z) — pemenne, onpejeisiemoe TeopeMoil 1 u yoBite-
TBopsiomee yeaosuio (3), a mapa dyskmuit us(t, z, 2), A2(t,2) — HeKOTOpOe Jpyroe perieHue
sagan (1)-(3), yrosnersopsioutee ycaosuio (17). Torga cnpaBeinBbl COOTHOIICHUS:

wuy = a(t)urz=(t, @, 2) + b(t) Aguy (t, @, 2) + A (t, 2) Bz (1),
Uz = a(t)ugz=(t, 2, 2) + b(t)Azua(t, z, Z) + Aa(t, 2) B2 (u2),

u1(0,2,2) = uo(z, 2), wu2(0,z,2) = uo(z, 2),

ui(t,0,2) = 9(t,2);, ws(t,0,2) =2(t, 2).
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Pasnocrs w1 (t, @, 2) — ua(t, @, 2) = u(t, x, 2), Ai(t,z) — Aa(t, 2) = A(t, 2) siBasieTca pernenuem
331891
w = a(t)uss(t, 7, 2) + b(t) Agu(t, x, z) + Mi(t, 2) Bz (u) + A(t, 2) Bz (u2), (18)

uw(0,2,2) =0, wu(t,0,2) =0. (19)
Homaraem B ypasnenmu (18) # = 0. Henonssys (19), Buipaskaem kosdbdumment npu dynxmumn
A(t, z). Tloacrasnsis ero seipazkenne B (19), mosyanm
b(t)Ayu(t,0,2)
B (1)
u(0,z,2) = 0. (21)

up = a(t)u-z(t,, 2) + b(t) Agu(t, x, 2) + i (¢, 2) B, (u) + B.(u2), (20)

Pacemorpum neorpurarensibie, te yobisaomue na orpeske [0, t*] dymximm
)

Zda u(¢, z, 2)

B cuity npunipuna MAKCHMyMa, TOJTYTHM ONCHKH Ha yPABHCHIC (20)

k(t) = sup k=0,1,2.

Glo.4]

lu(€, 2, 2)] < Cega()6,  (€,2,2) € Gy, 0K LS L,
OTKY/Ia B CHJTy HEOTPHIATEILHOCTH i (t) MOy ImM OLEHKY
90(t) < Ctga(t) < Clg2(t) + 91(1) + go(t))t, 0<t<t".

Huddepenmpys ypasuenns (20), (21) no @ oaum win asa pasa, B CHJy OPHHIMIA MAKCH-
MyMa JUJIsd ypaBHEHUST

o

gk . gk "
(; Wu)t = a(t)(; @u)u(t,x, 2)+ b(t)(;l BTfu)m(t,x, 2)+

Fhi(t2) (; %Bz(u)) 20500 (; %&w») ,
(Z;}kh ><o 2,2)=0, k=1,2,
T0JIy9aeM aHAJIONH'HBIC OLCHKH
9k(t) < Ctga(t) < Clg2(t) + g1(t) + go(t))t, k=12 0<t <t
Cr102KuM BCE OLEHKH, MOy THM
9o(t,2) + g1(t,2) + ga(t, z) < Clga(t,z) + gi(t,2) + go(t, 2))t, 0 <t < t*
Orcioa Hoty M, 9T0 BBIIOJIHSETCS PABEHCTEO go(t, 2) + g1 (t,2) + ga(t,2) = 0 npu ¢ € [0,¢],

1
me(<6

11, CJICIOBATEIIBHO,
u(t,z,2) =0, (t,,2) € Gjo -
Hosropsis paccysxaenus s ¢ € [0, 2¢], noyunm, uro

u(t,z,2) =0, (t,2,2) € Gpag-

-~ 128 -



[image: image11.jpg]Urops B. ®posnenkos, lamna B. Pomanenko O npejcraBienun perenus: oHoi o6paTHOI 3amauu s ...

‘{ep(‘s KOHEYHOEe YHCJIO 1IaroB MOJJyYuM OLUEHKY
u(t,z,2) =0, (t,x,2) € G-

YuureBast, uro u(t,z,z) = ua(t,x,2), (t,x,2) € Gy}, w3 (18) nomyuum, uro jyrs
Aty 2) = Ai(t, 2) — A2(t, 2) BBIIOIHSIETCS COOTHOIICHHE

A(t,2)B(¥) =0,
oTKysa B cuity (4) cueyer, 4To
At,2) = Ai(t,2) — Aa(t,2) =0, t€[0,t7].

CrpasejyinBa

Teopema 5. [Ipu evnoanenuu yeaosuii (4), (12) na sxodnvie dannvie, ycrosul meopemot 3
u yeaosua (16) na dymwxyuwo p, seamougyroca pewenuem sadavu (5), pewenue u(t,x,z), A(t, z)
sadavu (1)-(3), ydosaemeoparowee coommnowenwo (17), eduncmeenno 6 xaacce Z(t*).

2. Ilpumep BXOJHBIX JAHHBIX, Y/IOBJETBOPHAIONINX YCJIOBUAM
JIOKA3aHHbIX TE€OPEM

B kauecTBe NpUMEpa pacCMOTPUM CJIe/LyI0nLy 10 3agady Ko st mapabosntieckoro ypasmue-
Hus.
B obmacti Gig 0.5 = {(f,.;n 2)|z€eR, zeR, 0Kt < ()45} PACCMOTPHM ypaBHEHHe

wp = U, (t,x,2) + Agu(t, z,2) + A(t, 2) B.(u), (22)
rae B.(u) = u.(t,x, 2) + us(t, z, 2) + 2u(t, , 2), ¢ HAYATBHBIM YCJIOBHEM:
u(0,x, 2) = up(z, 2) = (sin(z) + 3)(sin(z) + 1). (23)

Oynxuun a(t) = 1, b(t) = 1, e1(t) = e2(t) = 1, ¢3(t) = 2 — HenpepbIBHbIE, OrpaHUYEHHbIC
na [0,0.5]. ®yukuus ug(w, z) = (sin(z) + 3)(sin(x) 4 1) geficrBuTenpHo3HatNA U 3a/1aHa B R2,
Oynkums A(t, 2) MOUIEKUT OMPE/EIICHIIO OHOBPEMEnHo ¢ pemenuem wu(t, , z) sagaqn (22), (23).

H)'(',Tb 3a/lalo YCJIOBUE Iepeonpeae/IeHusT CIe/1yIOmero BHJIA:

u(t,0,2) =¥(t, z) = (t+ 1)(sin(z) + 3),
M BBITIOJIHEHO YCJIOBHE COIIACOBAHHMST
uo(0, z) = ¥(0,2) = sin(z) + 3.
Heobx01iMO BBIIOJHEHHE CIICAYIOMEro YCIOBHsL:
| B (%) = |e1(£)¥22(t, 2) + ca(t)b=(t, 2) + ea(t)v(t, 2)| = p >0, p— const.
HeTpy/iHO MPOBEPUTH, ITO JAHHOE YCJIOBUE BBHIIOIHACTCS
B.(¢) = (t + 1)(—sin(z)) + (t + 1) cos(z) + 2(t 4+ 1)(sin(z) 4+ 3) =
= (t+ 1)(sin(z) + cos(z) +6) = p > 0,

J0CTATOIHO B3STH [t = 0, 5.
Pacemorpum 3agady Komn

g—f =Azp, ©(0,z) =wo(z) =sin(z) + 1.
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Pemenuem s1oii 3aa4n siisiercs Gynkuust o(t, z) = e~ sin(x)+1. B arom Mozkno yoeauThes,
nozcrasus dynkimo (¢, z) B ypasnenue:

-V sin(z) = —e(Vsin(z), »(0,z) = wo(z) = sin(z) + 1.

Qynxuust wy(z) = (sin(z) + 1) € C(R) orpanuvena.
Jns 3amaun

af sin(2)(2+t) + 3
o = fet B:(S) (t + 1)(sin(z) + cos(z) + 6)°
f(0, z) = vo(z) = sin(z) + 3, (24)
pemmennem Gyger bynxuus f(t,z) = (t + 1)(sin(z) + 3).

IIpu srom
B.(f) = (t + 1)(=sin(2)) + (t + 1) cos(z) + 2(t + 1)(sin(2) + 3) = (¢ + 1)(sin(z) + cos(z) + 6),

Al 2) = Pi(t, 2) — a(t)y, ( z) = f(t,2)@(t,0)  sin(z) + 3 +sin(z)(t + 1)
= B.(¢v) T (t+ 1)(sin(2) + cos(z) + 6)
[ojcTaBunM perenue B ypasnenmue

sin(z) + 3 + sin(z)(t + 1)
(t + 1)(sin(z) + cos(z) + 6)°

sin(z) +3 = —(t + 1)sin(z) + (¢ + 1)(sin(z) + cos(z) + 6)

sin(z) +3 = —(t + 1) sin(2) +sin(z) + 3 + (¢ + 1) sin(z),
HOJIy9aeM BEPHOE TOXKJIECTBO.
s cymectsoBanus permenust 3a1a4u (24) HeOOXOAMMO BBITOTHEHHE YCIOBHS

d* 0 0
Tarn(s) + | ote. )] + | )| < ©

k=0,1,...,4,i=0,1,...,6.

Jlannoe yc/oBie BBITOMHSACTCS B CHIYy OIPAHMUCHHOCTH BCEX MPOM3BOAHBIX OT hyHKImit
vo(2) = sin(z) + 3 m p(t, z) = (t + 1)(sin(z) + 3).
ITo reopeme 1 dbynkuus u(t, z, z) upeacraBuMa B BUIC

u(t,x,z) = p(t, @) f(t,2) = (t + 1) (e " sin(z) + 1)(sin(z) + 3).

[posepuwm, yzosiersopsier i bynkuus u(t, z, z) ypasnenuo. s 31oro seimmmenm Bee dyHk-
[{H, YYACTBYIOIIME B yPABHEHUH:

u, = (sin(z) + 3) (sin(e)(e™" = (t+ 1)e™") + 1) = (sin(z) + 3) (sin(z)e " (~t) + 1),
Ugy = —(sin(z) + 3)(t + 1) sin(x)e ",
wz, = —(sin(z)e™" + 1)(t + 1) sin(2),
Uity 2) — a(t)yh:: (8, 2) — f(t, 2)e(t,0) sin(2)(t+2) +3
B.(¢) (t 4+ 1)(sin(z) + cos(z) + 6)’
B.(u) = (t + 1)(=sin(2)) 4 (t + 1) cos(z) + 2(t + 1)(sin(2) + 3) = (¢ + 1)(sin(z) + cos(z) + 6),

Alt, 2) =

I [OJICTABHM X B ypaBHenue (22).

(sin(z) + 3) (sin(z)e " (—t) + 1) =
—(sin(z)e™" + 1)(t + 1) sin(2) — (sin(z) + 3)(t + 1) sin(z)e "+
sin(z)(t4+2) +3
(t + 1)(sin(z) + cos(z) + 6)

+ (t+1)(sin(z) + cos(z) +6)
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TTocite S/eMEeHTAPHBIX TPeodPA3oBANMIL IOC/IeIHEee yPABHEHHE IIPUMET BHJL
sin(z) sin(z)e ! (—t) + sin(2) + 3sin(z)e " (—t) +3 =
= —2te ' sin(z) sin(x) — 3te'sin(z) — tsin(z) — 2¢ " sin(z) sin(z)—
— 3e~tsin(x) — sin(2) + te” ' sin(z) sin(x) + tsin(z)+
+ 2e~"sin(2) sin(z) + 2sin(z) + 3te " sin(z) + 3.

Tloc/ie coKpalenns HoJLyIuM BEPHOE TOXKIECTBO.
Oynxnus ug(z, z) npeacTaBuMa B BHIE

uo(z, 2) = wo(x)vo(2) = (sin(z) + 3)(sin(z) + 1).
VeqoBre JUtst CyIecTBOBANNs petenus 3a1aan (24)
B(t, z) — vo(2)p(t,0) sin(

2)(t+2)+3
B.(v) (t + 1)(sin(z) + cos(z) +6)
poimosmsercsa npu 6 = 0,01l n Vit € [0,045].
,llan[lblﬁ npuMep MoKa3bIBaeT, ITO MHOKCCTBO BXOJIHBIX JAHHBIX, Y/IOBJICTBOPAIONINX IIOIY-
EHHBIM JOCTATOTHBIM YCIOBHSM paspemmmocTts 3ajgaqu (1) — (3), e mycro.
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An Representation of the Solution of the Inverse Problem
for a Multidimensional Parabolic Equation with Initial Data
in the Form of a Product

Igor V. Frolenkov
Galina V. Romanenko

An identification problem of the coefficient at differential operator of second order in multidimensional
parabolic equation with Cauchy data was studied in this article. The theorems of existence and uniqueness
of the solution for direct and inverse problems has been proved.

Keywords: inverse problem, identification problem, method of weak approvimation, equations wn partial
derivatives, existence and uniqueness of the solution.
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