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VIIK 517.9
O 3amaye uaenTudukanum PyHKIIUMN UCTOYHUKA B CHUCTEME
YPaBHEHUII COCTABHOI'O TUIIA

FOpuii 4. Benos*

WHCTHTYT MaTeMaTHKH,
Cubupckuit de1epabHbIl YHIBEPCUTET,
Ceobommsrit 79, Kpacuosipck, 660041,

Poccus

ITony4gena 18.05.2011, okonuaTenpHbIit BapuaHT 25.06.2011, npunaTa K negaru 10.07.2011

Hccaedosarv, 3adavu udenmudurayusy, GYHKUUU UCTIOYHUKA OAA NOAYIEOAOUUOHHOT CUCTEMb, 06YT
YpasHeHulli 6 4aCmHLT NPOUSEOOHBIT, 00HO U3 KOMOPHIT AGAACMNCA NAPAOOAUNECKUM, EMOPOE — IANUN-
muueckum. Paccmompenwvt 3adava Kowu u nepsas xpaesas 3adaua. Hcroduve zadauwu annpoxcumupy-
OMCA 3a0a4AMU, 8 KOMOPHIT IAAUNMUYECKOE YPAEHEHUE 3AMEHACTNCA NAPAOOAUMECKUM, COOEPHCAULUM
Mmanviti napamemp € > 0 npu npoudsodHol no epemeru.

Karouesvie cao6a: YpasHEHUA 8 YACTNHOIT NPOUZBOOHVIT, KPAESIE 3a004U, aNNPOKCUMAUUL, MAALT NAPaA-
MEMP, CTOOUMOCTD.

B pabore paccMoTpenbl 3a/1auu UACHTUPUKAIINNA DYHKIIMA UCTOUHUKA JJIsT OJTHOMEPHONH CH-
CTeMBbI JIByX YPABHEHUH B YACTHBIX IPOU3BOIHBIX BTOPOIO IOPSIKA, OJHO U3 KOTOPBIX SBJISETCS
mapaboIMIecKM, BTopoe — sjunrudeckuM. Vcciemosanbl 3amada Komm u mepsBas Kpaepas
3agada. lcxoauble 3a1a49 allIpOKCUMUPYIOTCS 3aJa9aMi, B KOTOPBIX SJLIMITHYECKOE YpaBHE-
HUE 3aMeHSeTCs apabOIUYECKUM, COAEPXKAIINM MaJIblil mapaMerp € > 0 Ipu IPOM3BOIHOMN 110
Bpemenn. JloKasaHbl Pa3permMOCTh AlllPOKCUMUPYIONIUX 3aJ@9 U UCXOJHON 3a/1a4id B KJIACCaX
JIOCTATOYHO TJIQJIKUX (DYHKITHIA.

Pemenus 3a1a4 11 TOJIYy9BOJIOIMOHHON CUCTEMBI HAXOMATCH KaK MPEHesibl w peIIeHuit o
COOTBETCTBYIONIMX KPAEBBIX 3aJ1a4 JJIs BOJIOIMOHHBIX CUCTEM IIPU CTPEMJICHUH HapaMeTpa € K
HyJII0. PazpemmmocTsb uccieyeMbix 3aa4 mpu € > () pu yCJAOBUN IEPUOJMIHOCTH IO TPOCTPAH-
CTBEHHOII IEPEMEHHOM, JIOCTATOYHON IVIaJIKOCTU U BBIIIOJHEHU YCJIOBHUI COIIACOBAHUSA BXOIHBIX
JAHHBIX 337491 JokasaHa "B meroM" Meromom cmaboii ammpokcumanmu |1, 2]. TlepnogmarocTs
pelenuii & JIOKA3BIBAETCS pacIeIIeHueM UCXOAHBIX 3a0a4 Ha, P, 3884, KOMIIOHEHTHI KOTOPBIX
SABJISIOTCH IEPUOAUIECKUMHE 110 £ U PABHOMEPHO CXOJATCH IIPU CTPEMJIEHAN IIapaMeTPa PaCIIell-
JIEHUSI K HYJIIO K HEPUOAUYIECKUM 10 & (DyHKIUSIM f}, SABJISIOIIAMCS PELICHUSIMU AIlIIPOKCAMHU-
PYIOIIUX 3a1a4. YCJIOBUS IEPUOIUIHOCTH PEIIeHui & TO3BOJIAIOT JI0KA3aTh PaBHOMEPHBIE 110 €
OlleHKH pemrennii w B Hopmax CF (Q7), Qp = [0,T] x [0, L], n paBrOMepHYIO B Q7 CXOIMMOCTD
0K w. IToy4YeHBI ONEHKHE CKOPOCTH CXOIUMOCTH.

Paccmorpen cirydaif, Korjga HaxXOJUTCsl HEM3BECTHAS KOMIIOHEHTa, BEKTOP-(MDYHKIUH UCTOYHH-
Ka, MPUHAJJIEXKAIasl yPaBHEHUIO, cojepxKaineMmy napamerp e. Ciydail, Korja HeU3BeCTHA KOM-
[IOHEHTa BEKTOP-(DYHKIMU UCTOUYHNKA B YPABHEHUHU, HE COAEPIKAIIEeM MaJblil IIapaMerp, U3ydeH
B [3].

N3zy4yeHnio mpsiMbIX 384 JIJI CHCTEM COCTABHOI'O THUIIA ITOCBSIIIEHBI PAOOTHI PA3/JIUYHbIX aB-
Topos [4-10].

O6paTHble 33a491 JJIsT BOJIOIMOHHBIX CUCTEM COCTABHOTO THUIIA CM., Hanpumep, B [11-14].
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FOpuwuii 4. Benos O 3amave uaeHTUdUKaIUE QYHKIMA UCTOYHUKA B B CUCTEME yPABHEHHUIA ...

Paccmorpum B mosoce Ijg 7 = {(t,2)]0 <t < T, —o00 < & < +oo}, T > 0 — const, cucremy
ypaBHEHUN’

£ £ 1> £
U+ a110 4 a120 = f1Uge + f,
5161t + aglvi + agzlaj = ,ugze)m + EF, e — const, ¢ € (0,1], (1)
¢ ganasiMu Komn
w(0,2) = u’(x), ©0(0,z) =°(z), —o0 <z < +00. (2)

B (1) xoaddurmentsr a;; = a;;(t), i,j = 1,2, 3amansr Ha orpeske [0,7], u; = const > 0,

i = 1,2, ynxkmun f, I samanst wa I 7y, dyskmus F(t, ) yaosieTsopser npu 20 € (0,1),
I > 0 — const, ycyoBuio

F(t,2°) =6, &> 0—const,t€[0,T]. (3)

TpeGyercs: maiiru dynxmun © = w(t,x), v = v(t, x), g = ¢(t) IPH JONOIHATETHHOM YCIOBUI
(ycnoBue nepeonpeesienms )

5(tv ‘TO) = ¢(t)7 1/)(75) € 02[07T]7 (4)

rie 1(t) — sanannas Ha [0, T] dyHknus.
IIpeImoI0sKUM BLITIOJHEHIE CIIEAYIOIIX yCIOBHIA:

® YCJIOBHE COTJIACOBAHUSA

() = 9(0); (5)

o dyukmun a;;(t), i,j = 1,2, nBaxkasl HenpepbiBHO auddepennupyems! Ha orpeske [0,7]:
aij € Cz[OaT]v 1,7 =1,2 (6)
e marpuna A(t) = an(t) - ann(t) HOPOKIAET CUMMETPHYECKYIO, KOIPIUTUBHYIO OUJIH-

az1(t) a(t)
meiinyto dopmy a(t, €, x) = (A(t)€, x):
a(tvé-aX) :a(t7X7§) ngx € E2a

a<ta§7£) = H|£‘2 V€ = (§17§2) € E27 te [O’T]7 k > 0 — const. (7)

0

Paccmorpum dernoe uncsio p = 6. Ipemmomoxkum, uro dyrkmmu v, v°0, f, F umeror mempe-

PBIBHBIE [IPOU3BOJHBIE, BXOAAIIUE B (8), U YIOBIETBOPAIOT YCIOBUAM

o om 9 om o,

WWF(t’x)’+ W@tmf(t’x)‘+‘8;rju @)+ N
J

+ %vo(u’c) <C,j=0,....,.p+6;,m=0,1,2, (t,z) € Qp.

B (8) u Hike yepes C' Gynem 0603HAYATH HOCTOSHHBIE, HE 3aBUCSIINE OT .

Yepes Kqlkke (ITjo,77) obosmadmm mpocTpancTBo BekTop-bynxmuit (p(t,x),¥(t, ), x(t)),
onpesenennbix B Iljg 7 X Iljg 77 % [0,7] coorsercTBenno n Takux, uto B g 7 byskmm ¢, 9
HeIpepbIBHO JnddepeHITupyeMbl IO & 10 MopAnka [, GYHKINS ¢ HenpepbhIBHO JanuddepeHIpy-
eMa 110 ¢ 10 opsizika k1, pyHKIUs 1) HenpepbiBHO auddepennupyema ko pas 1o t u QyHKIUs Y
HenpepbiBHO uddepennupyema d pas Ha [0, T

Yepes K" %2 (Q) obosmaunm K4+ (Ijo,77), T1e BMecto Il 7 ceayeT paccMaTpuBaTh
Qr =10,T] x [0,1].

HpI/I HEKOTOPBIX JOIIOJIHUTEJIbHBIX YCJOBUAX MBbI:
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FOpuii ¢1. Besios O 3zanade naenTudukanmuu GyHKIUA UICTOYHUKA B B CUCTEME YPABHEHUIA ...

[ [ 1>
® JIOKayKeM CyIIECTBOBAHUE JOCTATOYHO IJIQJIKOrO perieHus u, v, ¢ 3amadu (1), (2), (4) B
[, 7 mpu mobom € > 0;

e IIPU YCJIOBUH TIEPHOAMYIHOCTH II0 T U HEYeTHOCTH BXOMHLIX maHHEBIX f, F, u®, v0 moxaxkem
E € € -
CYIIECTBOBAHUE JIOCTATOYHO [VIAJKOTO PENeHNsl 33/[a9 OlpPeNeJIeHus u, U, ¢ B Qp = [0, T] x

[0,{] mpu mepBOM KpaeBOM yCJIOBHH
u(t,0) = o(t,0) = u(t,1) = o(t,1) = 0, t € [0, T}; 9)

® JIOKAKeN CYIIeCTBOBAHIE PEIIeHIH U, U, g nepBoit kpaesoit zajaun (12), (20), (4%), (9°), rae
u= 11rr(1)u v= hm v, g = hm g, m aepes (1°), (20), (4°), (9°) 06O3HAUEHBI COOTBETCTBEHHO

)

(1), (2), (4), (9) pu £ = o ( upn U= u, 0 =0, = g);
[ ] HOJIy‘{I/IM OLLeHKy CKOpOCTI/I CXOOUMOCTH ’IEJ,, ’1617 3 K u, ’U7 g COOTBETCTBEHHO HpI/I E — O

Ipeanonoxenue 1. IIpednonoscum, wmo exodnvie darnnwve u’(x), v°(x), f(t,x), F(t,z) —
nepuoduteckue no T GYHKUUY U padot

& k & k
u?(x) = 3 agsin —Wx, v0(z) = 3 Brsin ix,
k=1

k=1 l !
f(tv 37) =

= (10)
fr(t)sin kTﬂx, F(t,z) = ) Fp(t)sin kTﬂ-x
k=1

gL

k

1

cxodames pasromepro coomeememsenro 6 [0,1] u Qp smecme co c8ouMU NPOU3BOIHBIMU NO T
do nopsadka p + 4.

NMeror MecTo CiIeyomue Te0PEMBbI.
Teopema 1. IIpu svinosnenuu yeaosut (3), (5)-(8) sadava (1), (2), (4) umeem edurncmeenroe

g € €& 4.1.1
pewenue (4,0, q) waacca K PTHb (Ijo,77), ydosaemeoparousee COOMHOUWEHUAM

pt4 33’

‘%(t x)' Cle), (t,x) € Mg 1.

8‘7 £ t 1= 8 € t
+ @U( )| )+ llgllerom + &U( ,T)

(11)
ot

Iocmosmnasn C(e) 6 (11) sasucum, 6oobuie 2060ps, oM € U LOONBLL OGHHBIT, NPEICTNABACHUE
€

dynxyuu g cm. 6 (22).

Teopema 2. IIpu svinoanernuu npednoaosicenus 1 u yeaosuti meopemv, 1 npu arobom durcupo-

g € E € €
sanmom € € (0,1] Komnonenmo, u, v pewenus (u,v,g) sadavwu (1), (2), (4) asamomes nepuodu-
YeCKUMU PYHKUUAMU N0 Nepemernoti T U YO068AEMBOPAIOM YCAOBUAM

02mu(t,0)  92mu(t,l)  0*™o(t,0)  9*™u(t,l)

=0,m=0,1,...,p/2+2.  (12)

Ox2m - Ox2m - Ox2m - Ox2m
3 i 9 om o . om o . o
ameuanme 1. U3 (11) u cucmemwt (1) caedyem, wmo 507 907 U u(t, z), m—m@v(t,x), 2m+j <
p+4, cywecmesyrom, nenpepviev, 6 g 1) u
om oI e om o
m—mﬁu(t x)‘ + ’atmaxjv(t,x) < C(e) npu(t,x) € g 1y (13)
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FOpuwuii 4. Benos O 3amave uaeHTUdUKaIUE QYHKIMA UCTOYHUKA B B CUCTEME yPABHEHHUIA ...

JlokazaTesbeTBo TeopeM 1,2 MOXKHO ITPOBECTH HA OCHOBE MeToja paciervierns [11, 12]. ITe-
13 13
PHOJIMIHOCTH U, U B TeopeMe 2 joka3biBaercs B cuity (10) pacmemenuem 3agaqu (1), (2), (4)
g g

Ha P, 337129, KOMIOHEHTHI PENTeHNl KOTOPBIX u’, v7 SBIASIOTCSI MEPUOAMIECCKUMH II0 L, YIIO-
g 13
BiierBopsitor (12) u paBHOMEpPHO cxofATCsd ipu T — 0 K [epUOAUIecKuM 1m0 & MYHKIUAM U, U,

yaossierBopsitomum (12).
k
F(t,x)|,

kfmax ,k=20,1,...,p+ 4. Hke cuuraem

Pt

BBITIOJITHEHHBIMU yCJIOBHUS TeopeM 1, 2 u cneaymmee IIPE/IITIOJIOXKEHNE:
CYIIECTBYET Takasl ocTosHHast 3 > 0, ITO UMEIOT MECTO HEPABEHCTBA

dak

IIycts M), = max
Qr

K> /’[’2l1/2M2/266a

1> B13/2 My /26.

1. AttpuopHbIe OIleHKH

JlokazkeM paBHOMEPHBIE II0 € OIEHKU CeMelCTBa (13,16), 5) pemenwnii 3agaqu (1), (2), (4) upn
BhInoJIHeHNK ycsouii (3), (5)—(14).
ycrs @ = (0,0) u w; = (u;,0;) = <6J1€¢ (9373): ﬁ(ﬁ 0)= ﬁf} — HPOM3BOJHAS OT W
J 4153 Oz Oxd Oz~ OxJ
mo x nopsjka j, j = 0 — mesoe.

1.1. OneHku ITPOU3BOTHBIX cjj

IMpomuddepentupyem j pas (j = 0) uo nepemennoit x 3agaqay (1), (2), yMHOXKUM pe3ysbrarT
nuddpepeHupoBaHs Ha € gtwj, rje 6 > 0 — dpukcupoBaHHas OCTOSIHHASL, U IIPOUHTErPUPYEM

pesyJbTar yMHOXKeHus 1o obsactu @, = (0,0) x (0,1), o € (0, T]. Ioayunm paBeHCTBO

1 76t9542 E/ 41&2842 /7015 LE & _
5 /e 8t(u]) dtdx + 5 | € 8t(v]) dtde + [ e "ta(t;w;,w;)dtdr =

:,ul/eiet’lsj,j_kglijdtdl’ﬁ*,ug/eiot’f}j_i_glsijdtd;’rﬁ*/eieti]“fjdtdl’+/ etEF ’U]dtddi

U ’ ’ ’ (15)
VIMeroT MeCTO CJIE/IyIOHIe COOTHONIEHHS.
o 1 —0t a 13 2
17, = 3 /e a(uj) dtdx =
Qs
) l ) ! (16)
= 3¢ bo /(uj(o x))dx + 5/ e~ (u;)dtdx — /(ug(m))zdx,
0 Qs 0
o E —ot _
5i=75 /e 8t( ;) dtdr =
Qo
1 ) l (17)
€ oo [, € _ €
=3¢ 0 /(vj(a,sc))zdx+ 5/ gt( 2dtdx — 5/
0 Qo 0
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FOpuii ¢1. Besios O 3zanade naenTudukanmuu GyHKIUA UICTOYHUKA B B CUCTEME YPABHEHUIA ...

35 = /e_eta(t;f)j,(fjj)dtdm > n/e_9t|fjj(t,x)|2dtdx, (18)
o Qo
I, =m /e*eféﬁgﬁjdtdx = —m /e*“(ﬁjﬂ)%tdx, (19)
Qo Qo
IS ; = u2/€76t5j+25jdtd$ = —l2 /eiat(5j+1)2dtd$, (20)
o Qo

1 d .
S %4 / e~ (f;) dtdz + 5 /E*Gt(uj)zdtdx, Y¥d >0 —const.  (21)

o o

I :‘ / e fyu;dtds

0

IMonoxum x = z° Bo BrOpoMm ypasaennu cucremsl (1). Haxomum, aro

1

B(t) = F(t, $0) {51//(15) + a2 (t)w(t) + a?l(t)a(t7 xo) - M?qeja:m’ (tﬂ xo)} (22)

s (22), (3), (4), (6) caexyer, uro
501 < 50k + i, 2] + el 2) ), (23)

rae k = I[gfg]({llb'(t)l + lag2 () (D[},

k‘l = I[Ila)]( |a21(t)|. (24)
Huzke MBI omeHIM
7. :’ /e_até(t)Fj(hw)f)j(t,x)dfdw : (25)
Qo
B cuy (12)
£ 1> 1 1>
i) < s [0 2)| < 2y ()
1 3
|0;(t,2°)| < Joax, [0 (t, )] <17 |[0;41 (I < 12 [[0;42(1)]]. (26)

s (23), (26) crenyet, 9ro

€ k kll% 5 Ml% 5
501 < 5 + Tl Ol + = P B (27)

e [[f(1)]] = (/l 52(t,x)dx) Lo,

0
UmeroT MecTo ciieayronie COOTHOIIECHUSI.

k
I7; < M; /6_‘%|§(t)ll5j(t7w)|dtdx < Mjg/€_0t|’l€)j(t,$>|dtd$+

3

[ e iea Ol 0)dtdn + Moy [ e e Oyt 0t (28)

- Qo

15

+ Mk
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B cuy mepasencrs HIsapra n Komm (¢ oo > 0)

2 =k /e’9t|15)4(t o)|dtde < < /e*“ff(t z)dtdz + C(I, T, o, Mj, k, 6)
7,7, 1 — ]6 I\ X ) g\b s £y Gy IVl vy O,
Qs Qo

rie nocrosgaHas C 3apucut smms ot [, T, o, M;, k, 0 1 He 3aBHUCHT OT €.

l2 _ £ €
19, = Mk = / €O (8) 1155 2, 2) dtdr <

5
Qo
< %/ —0tp (t x)dtdr + C(I,T, o Mj,kl,a)/ —0iy, (t x)dtdz,
QU’ QU
o l% —0t)|& €
17,553 = Mjpa—5 [ € [Vaea(t)][]v;(t, 2)|dbdz <
QU 1
ﬂl2 e [ 12Mjps [ _ppc2
25J e 0% xm(t x)dtdx + 2(535 %y ;(t, x)dtdz,
- Qo

(29)

(30)

(31)

W3 pasencrea (15) u coornomenuit (16)—(21), (27)—(31) upu j = 2 nosydnM HEpaBEHCTBO

0 1 /
c2 e2
(§+H70(§,OL,Z,T, Mg,kl))/efetUQ(t,x)dtd:er§efea/u2(a,:c)dx+

Qo . 0

+( —a)/e*" Uy (t, @) dtda + (K — M%;ﬁ)/ —0ty (t x)dtdz+
Qo Qo

(1 — %)/ —0ty (t x)dtdr < C(6,a, B, k,1, T, Ma,ms), o € [0,T].

Qo

BeiGepem B (32) nocrosinayo o > 0 JocTaTodHo Majioit Takoii, uro (B cuity (14))

_ pial Mo
203

>d; >0,

3
‘LLQ(l — ﬂl§M2/2(S) >d; > O,
3aTEM BO3bMEM 9 J0CTAaTOIHO 60.HBH_H/H\’I TaKHUM, 9TO

0
(5 +rk—C(a,3,6,1,T, M2, m2)) > dj.
B cuy (33)—(35) u3 (32) moaydunm HepaBeHCTBa

£ 1= £ £
luallLy(@ry + lusllLor) + 102l Lo(@r) + 10l Lo(@r) < Ch,

ug(o,z)dr < Cy, 0 <0 < T.

o _
S

3 (27), (36) caenyer, uro
€
19/l 22 (@r) < Cs-
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3neck u Huxke yepes Cp,, m = 1,2, 3, 0603HaUEHbI IOCTOSIHHbBIE, 3aBuUCsIme oT «, 3, §, I, T,
Ms, ma, p1, po u HesaBucsmmue or € € (0, 1].

Pacemorpum j > 3. Bamerum, 9To B 9TOM cirydae cooTHolnenus (16)—(21) nmeror mecro.

Omnennm [5 ; npn 0 < j < p + 2. B cuiy (38)

o l l o

I3, < /e-9t|§ (t |/|Fj(t,x)||5j(t,x)|dxdt < Mj//@ 1155 (¢ )l dtder <
o 0 (39)

ZU l
M
VM]//e (t,x)dtdr + 7]//6 O (g(t))%dtdz < VM/ ta:dtdaz—FN
0 00

riae v > 0 — Ipon3BOJIbHASA MOCTOSHHAA, ocTossHHAaA N 3asucut ot Mj, I, v, (.
3 (15)—(21), (39) amanoruvno JoKa3aTeJbCTBY HepaBeHcTB (36), (37), noaydeHHbIX Ajist j =
2, TOJIy9UM, 9TO UMEIOT MECTO COOTHOIIEHUS

1> 1= £ 1>
ujllLo@r) + 1rillza@r) + 1VillLa@r) + 1Vi+1llLa@r) < O,

l
2
/aj(a,x)dm<a 0<j<p+3. (40)
0

U3 nepsoro ypasrenust cucremsl (1) u coorrnomenwuii (6), (8), (40) caemxyer, uro
0« ‘
||6tuJHL2(QT) \Cv 0<j<p+1 (41)

1.2. AnpuopHbIe OIleHKHN csj B HOpMe (' (@T)

HpeﬂHO.HO}KI/INI, 9TO BBIIIOJIHAIOTCA YCJIOBUA COIVIACOBaAHUS BXOJAHBIX JTaHHBIX

11203 () — az1(0)u’ () — aza(0)v"(x) + g(0)F (0, ) = 0. (42)
B (42)
9(0) = [a21(0)u"(z°) + a22(0)9(0) — Mvgm(wo)]ﬁ- (43)
U3 (22), (43) caemyer paBeHCTBO
510 = 90+ 220 (44

Beenem obosnauenust

e (ou\ o & (00 5 5 ¢
YT pei\ ot )T aai \ ot ) wj = (uj v3).
[Ipomuddepennupyem cucremy (1) 110 TIepeMEeHHO ¢, 9TO BO3MOXKHO B CIJIy 3aMeYaHus 1.
Tlosmygum cucremy ypaBHeHwmit

0 &/

&ﬁ +a11u + (ngv + a11u+a121) = mum + £,

O e
58—15) + azlu + (1,22’0 + byt + ahyv = Ngvm + 'F + gF’ (45)

— 451 —



FOpuwuii 4. Benos O 3amave uaeHTUdUKaIUE QYHKIMA UCTOYHUKA B B CUCTEME yPABHEHHUIA ...

C HaYaJIbHBIMU JaHHBIMU

7(0,2) = mul, (2) + £(0,2) — an (0)u’ () — a12(0)0°(z) = d(x), (46)
u, B cuity (42)—(44) o
0.0 = L0 < wia), )

IMpomuddepentupyen j pas no nepemenuoii x samaqy (45)-(47), ymHOXKUM pe3ysnbraT aud-
ote/
J

g €
Qo, 0 € (0,T], aro moxHO crenarh B cuity samedanns 1. Tax kax bynxmmm ayjug, ajov;, f,

Loty aboti, GF! Ly (Q >0
g1 Uj, G905, gL OrpaHUYEHBI B HOPME IIPOCTPAHCTBA 2(Qr) paBHOMEpHO 10 £ , TO TIO
AHAJIOTUH C TE€M, KaK ObLIM MOJTydeHbl coorHomeHnst (40), Oy YnM COOTHOIIEHMS

— 13
bepennmposanust cucremsl (45) Ha e "'w ; U IPOMHTErPUPYEM TIOJIy YUEHHOE PABEHCTBO 10 00JIaCTH

el e/ e’/ e’
HujHLz(QT) + ||uj+1||L2(QT) + ||ijL2(QT) + ||vj+1||L2(QT) < C? (48)

l
/(ﬁ;(a,x))%ga o€ (0,T], 0<j<p+1. (49)
0

0

0
YmuoxkuM j pa3 upoguddepennupoannyio cucremy (1) mo x ma e tafjj_,_z U TIPOUHTErPU-

pyeM pe3yJbrarT yMHOXKeHusd 110 @y, 0 € (0,T]. Ilosyuum pasencTBo

/efet(gaj+1)2dtdx+€/efet(géjﬂfdtdx—

ot ot
- Qs
—0t e O« _9tE 0«
— [ e %a(t;wj, e j+2)dtde +pq [ e uj+2auj+2dtda:+
Qs Qs
9 9 (50)
—0t e —6t €
+M2/€ ’l}j+25’l)j+2dtda)‘: —/6 fjaujwdtdx—
- Qs
_etf 8 €
—[e gFjavﬁgdtdx.
Qo

VnMeroT MecTo clieAyroIue COOTHOIIEHMS.

! I
g=- / efeta(t;f)j,f)j_s_z)dtdx = /efeta(t; fjo,(f;jH)dtdx =

Qo

0 0
:%/a[efeta(t;5j+1,§1j+1)]dtdx+5/efeta(t;i)j_s_l,fjjﬂ)dtdx—
Qo

Qo
l

_ |
—%/e Ot/ (t; 0541, 0511 )dtdr = 3¢ b7 [ a(v;0j41(0,x),0j41(0,2))dz— (51)

Qo

o

>

l
0 0 _ € 15
4 [ 008510 Bypa(@dn + 5 [ e altsopen, by
0

Qo
— 3 £
*%/6 ! (t;wjp1,wj 0 )dtda,
Qo

[\
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l

;0 e
Ig:%/e e ]+2dtd33—'u1 _9"/ U; 4 o(0, z)dr+
Qo

0
l

2 2
+9%/e—0tﬁj+2dtdm— %/3j+2(x)dx

Qo 0

1
- —pr O 2 [
I3 :%/e “at U odtdr = — 5 € 0 /vj+2(0,x)da:+
Qo 0
1

2
-|-€%/6_Q’5 v 4odtdr — 2/8j+2(x)dx

Qo 0
B cuy (8), (38)

8),
‘/ LSy ]+2+ng]+2)dtdx<C' ji=0,1,...,p.

Uz (50)—(54) cremyer, aro

l !
52 52 52 52 .
/uj+1(a,x)dx +/uj+2(a,x)dx +/vj+1(0,x)d:v —l—/sz(a,x)dx <C,j=0,1,...
0 0

e nocrostiHas C He 3agucut ot o € [0,7] u € € (0, 1].
U3 (55) pasaomepro no € u o € [0, 7T

l

l
2
/ d:c—i—/f)Jax r<C, j=0,1,...,p+2.
0 0

Jlemma 1. Mnootcecmsa {éj}, {151]} paeromepro no & € (0,1] ozpanunenvt 6 Qrp:

13 13 .
||“j||c(§T) + ||Uj||c@T) <C j=01,....,p+1

Joxazamenvcmeo. B cuy (12), (56)

l
2
ol <t [@aeora) <cienl =0t L
0

Orcrosia ciiejryer, 9To
HuJHC(QT) C,j=0,1,....,p+ 1.

Anajgorudno JIOKa3bIBae€TCdA, 9TO

||UJHC(QT) C,j=0,1,....,p+ 1.

Jlemma 2. Mnoocecmeo {g(t)} pasnomepno no e € (0,1] ozpanuneno na [0,T):

||§||C[0,T] <C

JokazaresberBo JgeMMBI 2 cieyeT u3 coorHomenuit (27), (57).
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€ g
2. Ouenkn ||u;|\C(QT)a HU;‘HC(@T)

IMponuddepentmpoBannyo j pa3 mo nepeMennoil x cucremy (45) yMHOXKUM Ha BbIparKeHue

0 -«

0]
o0t (81& (ﬁ; 12), a(fu; 42) | ¥ IDOMHTErpUpPYeM Pe3yJIbTaT YMHOKEHNU 10 001acTH @y, 0 € [0, 7.

Ha ocuosannu (12), (13), (46),(47), B OCHOBHOM TOBTODSIsI PACCY?KJIEHUsI, TIPUBEJIECHHBIE DU
HoJIy4eHnn HepaseHcTBa (56), MoIyYrM HEPABEHCTBO

l l
/(ﬂ;(a, x))2dx + /(5;(0, 2))2de < C,j=0,1,...,p. (59)
0 0

B cury (59) (cM. 1oKa3aTenbeTBO JIeMMBI 1) nmeer MecTo

JIemma 3. Mnootcecmea {13;}, {161;} pasromepho no € € (0,eg] ozparnuuenv 6 Qp:

€ € .

B cuny mepasercrs (57), (60) mHOXKecTBa {ﬁJL {ze)j}, j =0,1,...,p — 1, yIoBJIeTBOPSIOT
ycatoBusim TeopeMbl Apriesa (o komnakTHocTH B C(Qr)). Ha ocHoBaHMM TeopeMbl Apiiena cyiie-

g e e
CTBYET IOAIOCJIEA0BATEILHOCTD (U, V) IIOC/IEI0BATEILHOCTH BEKTOPOB (U, V) U BEKTOP-(hyHKIIHsI
(u,v) Taxme, uyro npu p — 0

o “w

u; —uj, v;j—v; cuHoB C(Qp), j=0,1,...,p—1 (61)

Hepexons k npesesty npu (1 — 0 B cucrenme (1) (pu € = p) U yauThIBast IpU 3TOM onerky (60)
(pu j = 0), B cuaty (61) nosy4amm, 9To BeKTOp (U, V) YAOBJETBOPAET B Q7 CUCTEME ypDABHEHUI

ug(t, ) + ar1 (O)u(t, ) + ar2(t)v(t, ) = prug(t, ) + f(t,x),

az1 (t)u(t, z) + asz()o(t, 2) = poves(t, x) + g(t) F(t, @), (62)
HAYAJBHBIM yCIOBUSIM
u(0,z) = u’(z), ©v(0,2) =), =<0, (63)
KDAEBBIM YCJIOBHSIM
u(t,0) =v(t,0) = u(t,l) =v(t,1) =0 (64)

U YCJIOBHIO IIEPEOIPE IeSIeHUS
u(t,z°) = ¥(2). (65)
B (62) B cuay (22), (61)

o(t) = ﬁ{amu)u(m% + an (Y1) — pavaa(t, %)},

g(t) — g(t) cummmo s C0,T). (66)

U3 (61), (62), (66) crenyer, aro (u,v,g) € Ko? 10(Qy).
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3. EquncrBeHHoCTh pernienus 3aga4u (62)-(65)

[Tycts BEKTOPBI (111,, 111,5), (5,%,5) — aBa pemenus 3azadn (62)-(65) xmacca Ko? '1Y(Qp) u
d=t—t,5=v—10,§=g— 0
Bexkrop (@, 7, §) yIOBIETBOPSIET yPABHEHUSIM
Ut + 11U + 120 = p1 gy, (67)
a21% + A220 = poUzy + GF) (68)
HAYAJILHBIM YCJIOBUSAM
4(0,x) = 0(0,z) =0, (69)
KDPaeBBIM YCJIOBHSIM
a(t,0) = 0(t,0) = a(t, 1) = o(t, 1) =0 (70)
U YCJIOBHIO MIePeOIpe e/ ICHIs
o(t,z") = 0. (71)

B cuty ogroposHocTH ypaBreHus (67), yeaosuii (69)—(71) u paBencTBa
g(t) = (a21 (t)’&(tv xO) - /-1/2'5xz(ta J,‘O))/F(t7 1,0)7

umeer MecTo ( CM. BBIBOJ OlleHKH (36)) paBeHCTBO
lall . @py + 1002, @,y =0,

OTKyIa caeyet, 9To & = 0 = 0 B Q.

JokazaHa
Teopema 3. ITycmwv ewnoanaomes ycaosua (3)—(8), (12), (42) u npednonoocenue 1. Tozda
pewenue (u,v,g) sadavu (62)-(65) cywecmeyem u eduncmeenno 6 kaacce Ko~ 10(Qr).

B cuty eamacTBenHOCTH pemenns 3agadu (62)-(65) B kmacce KoP ™ H1Y(Qp) u npunaesx-
HOCTH (U, V, §) STOMY KJIACCY CJIEJLYET, YTO [OCJIeJI0BATEIbHOCTD (ﬁ, v, f}) cxomures K (u, v, g) Tak

B
JKe, KaK ¥ BbIOpaHHAs HAMU BBIIIE HOJIIOC/EI0BATEIHHOCTD (U, U, ).
Teopema 4. I[Tycmo swnoanatomes yeaosus meopemuv, 3. Tozda npu € — 0

ﬂj—>uj, 161j—>vj cumvno 6 C(Qr), j=0,1,....,p—1,

g—g cuwnoes C[0,T). (72)

9
4. CKOpOCTb CXOJMMOCTH W K w mpu € — ()

> €
Berarem u3 cucremst (1) cucremy (62). Ob6osnauns w —w = (4 —u,v —v) =(r ,r ') =r,
HOJLYIHUM CHCTEMY ypaBHeHuil

2e(1)
978"(1)4-@ ;1(1)_'_& ;(2) . o°r
ot 11 12 = /hi(%Q )
v =(1) c(2) AN
e’:‘a + ag1r 4 ager = us 922 + GF (73)
£ 5(1) 5(2)
st BekTopa 7 = (1,7 ), Y/IOBJIETBOPSIOIIErO YCIOBUSIM
r(0,2) =0, €0, (74)
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a2m c a2m 5
axzm’r(t, 0) = mr(t, l) = 0, m = 0, 17 2. (75)

g
B (73) dyukius G umeer Bujx

G(t) = 3t — 9(t) = (am(OF " (1,2°) — oo (1,2°) + 1) ﬁ |

IMpomuddepentmpyem Tpuzkabl 3aga4dy (73), (74) mo nepemennoit x. Ymuoxkum npogudde-
ot

(76)

— €
PEHIMPOBAHHYO CUCTEMY Ha € T3 1 IPOMHTErPUPYEM Pe3yJIbTaT YMHOXKEHUs 110 @y, o € (0, T].
ITosryunM, B OCHOBHBIX MOMEHTAX IOBTODsIsi BBIBOJ, cooTHOMIeHuH (40), HepaBeHCTBO

1
(1) ) D) £, o
(ry (o,2))de+ [ (ry (t,z))°dtde+ | (v, (¢, 2))*dtdx < eC. (77)
0 Qr Qr

B cuy (75) MOXKHO JIOKa3aTh, 9TO

l l
c(1) ) c(1) ) ‘

(r; (0,2))%dz < C [ (r3 (o,2))*dz, VYo €[0,T], j=0,1,2,3;
0 0

/ GO (¢, 2))2dtde < C / D (4 2)) e,

Qr Qr

2 2
/(?fn)(t,x))zdtdx <C /(?i )(t,x))thdx, m=0,1,...,4. (78)
Qr Qr
WUs (77), (78) crenyior HepaBeHCTBA
;= usllo@,) <€7?C, §=0,1,2, (79)
[t = tm| Lo (@r) + [0m = VmllLa@r) < €72C, m=0,1,...,4. (80)

Jlokazana
Teopema 5. I[Tycmo sunoansomes ycaosus meopemvs 3. Toeda umerom mecmo coomuowenusn
(79), (80).

Pacemorpum samaay (1), (2), (4). IIpeanonoXum BBIMOJHEHUE YCJIOBHi Teopembl 2. B cuiry

[EPUOJNIHOCTI BXOJHBIX JAHHBIX (CM. IIPEJIIOoJIOKeHne 1 1 JI0Ka3aTebCTBO TeopeM 3-5) mmMeer
MECTO

Teopema 6. ITycmv evinoansomes yeaosus meopemv, 3. Tozda pewenue (u,v,g) sadauu
U + 11U + 120 = pi g, + f,
a21u + A2V = oy + gF,
uli—o = u’,  vlsmo = 2",
ult,2°) = (1)
cyuecmeyem u eOUHCMEERHO 6 KAACCE Kop_l’l’O(H[O,T]). IIpu e — 0

€ € .
uj —uj, v; —v; paswomepno ¢ 7, 7=0,1,...,p—1,

5 — g PAGHOMEPHO 6 0[07 TL |1€1’(t7 l‘) - U(t, I’)‘ < \/EC, (ta I) € H[O,T]v
u gvinoanaemes coommuowenue (79).

B teopeme 6 BexkTOp (LEL,fLE), f]) — pemtenre 3amaqau (1), (2), (4), u byuxus f}(t) OTIPEJIETIAETCS
paBeHcTBOM (22).
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An Identification Problem of Source Function in the System
of Composite type

Yury Ya. Belov

An identification problem of source function for the semievolutionary system of two partial differential
equations, one of which is parabolic, and the second - elliptic are investigated. The Cauchy problem and
the first boundary-value problem are considered. Initial problems are approximated by problems in which
the elliptic equation is replaced with the parabolic equation containing the small parameter € > 0 at a
derivative with respect to time.

Keywords: partial differential equations, boundary-value problems, approximation, small parameter, con-
vergence.
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