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Haiimensl mocTtaTouyHble W HEOOXOOMMBIE YCIOBUS — CYyIIECTBOBAHUS
ONTUMAJILHOTO YIpaBeHWs pelieHussMu 3amadu llloyontepa - Cumoposa
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Sufficient and nesessary conditions of the optimal control existence of so-
lutions to the Showalter - Sidorov problem of the equation modeling evolution
of the visco-elastic fluid pressure are found. Abstract results are confirmed by
numerical experiments.
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BBenenue

Heknaccuueckoe ypaBHeHME
(A= A)z; = oAz — |zfP 2z + f (1)

MoIeIupyeT 9BoJoNMI0 AaBieHus (z = z(s,t)) BA3KOYNpPYyroil XUAKOCTH, GUIBTPYIOIIEHCS B
nopucroii cpene [1]. [Mapamerpsl A, € Ry xapakTepu3yloT yNpyroctb M BSI3KOCTb KUIKOCTH,
[pUYEM SKCIEPUMEHTAJIbHO OBLIO OTMEYEHO, YTO OTPHUIATENbHBIE 3HAYEHHS MapaMeTpa A He
npotuBopedaT GusndyeckoMy cmbicay Mozeau [2]. CpoGomubiit uien f = f(s,t) coorBeTcTBYyET
BHEIIIHEW Harpy3ke. B 1ie1oM ypaBHEHWE MOKa3biBA€T 3aBUCUMOCThH JaBJIECHUS BS3KOYMNPYTroi
HeCXXMMaeMol XUAKOCTU (Hampumep, BblcOKoNMapacMHOBOTO copTa HedTH), (uabTpyouieiics
B TOPMCTOM ILIAcCTe, OT BHEIIHEW Harpy3ku (Hampumep, JaBJA€HMsS BOJbl, HarHeraeMol IO
CKBaXXMHaM B ILJIACT).
PaccMoTpuM HavaibHO-KpaeBYylO 3amavy

(A —A)(z(s,0) — zo(s)) =0, s € (2)

z(s,t) =0, (s,t) € 00 x (0,T) (3)

st ypasuenus (1) B mumuaape X (0,T), rae @ C R™ — orpanvdenHas o6JjacTh ¢ IpaHunel
0N xiacca C*°. Henokanbubie 3anaun gyist ypasrenus (1) wmsysanuce B [3] mpu A € R,.
Ilpu A € R zagaga (1) — (3) m3ywasmace B [4], B KoTOpO# mnokazaHo, uTo HpH Bcex A € R
ba30BRIM TIPOCTPAHCTBOM ypaBHeHHs (1) gBiserca mpocroe riaankoe Cl-MrOro06pasme. OHaKo
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OO0 oaHOII MOJeaH ONTHUMAJbHOIO YNpPABJEHHSA...

9TU pe3yJibTaThl He OYeHb YAOOHBI TMPU YUCJIEHHBIX pacyeTax, IMO3TOMY B AAHHOUW CTaTbe Mbl
BOCIIOJIb3YEMCSI MHBIM TOAXOJ0M, OCHOBaHHBIM Ha MeTtoae [anepkuHa - IletpoBa - Pasno.

B noaxomsmux GyHKinnoHanbHbIX mpocTtpaHcTBax X,%Q) samava (2), (3) ans ypaBHeHus (1)
penyuupyetrcst K 3agade Illoyontepa - Cumgopona

L(z(0) —z0) =0 (4)
JUIS TIOJYJIMHERHOTrO oIlepaTopHOro ypaBHeHUss CoOOJIEBCKOro THUIIA
Lz +M(z) = u. (5)
Hac MHTEPECYET ONITUMAJBbHOC YIIPAaBJICHUC
J(z,u) = min (6)

pemenuamu 3ana9u (4) — (6). 3xecy J(z,u) — HEKOTOPHIHA, CHENUATHLHBIM 00Pa30M HOCTPOEHHBIH,
dyuknuonan mrpada; ynpasnenue u € iUgg, e Uyg — HEKOTOpOE 3AMKHYTOE W BHILYKIIOE
MHOXECTBO B mpocrpanctee ympasiemumit i1 Takum o0pa3oM, ONTHMaJILHOE YIIPABJIEHHE
pemenusivu 3amagdu (1) — (3) HaeT BO3MOKHOCTH MUHMMH3UPOBATh IUTpPadHbIE CAHKIUH [IPH
no6brue HedyTH, BLIOPAB BHEIITHIOK HATPY3KY TaKUM 00pazoM, YToOB! OAAEPKUBATE HEOOXOIHMOE
JlaBJIeHMe XWUIKOCTH B IUiacre. JIMHelHas 3a7a4a ONTHMAJIBHOTO yupaBieHus (T. €. ONEPaToOp
M : X — %) juHeH W HemNpepHIBEH) pacCMaTpuBajack B MoHorpadwuu [5, mi. 7). Sazaga
ONTHUMAJILHOTO yTIpaBjieHus st ypasHenus OckonxoBa HemmuedHOM duibrpanun (1) — (3), (6)
BrepBBIe ObLTa paccMOTpeHa B [6].

CraTesa opranum3oBaHa CIeayomuM 06pa3om. B . 1 m1oka3aHO CyMIeCTBOBaHUE €AUHCTBEHHOTO
pemenus 3ajaau (4) s ypasuenus (5) meromom lasepkmua. C HCIOIB30BaHHEM WIEOIOTHA
[7], [8] naxomsirca mocrarodnwie ycnoeusi paspemmmoctd 3ajadu (4) — (6). Jdamee B m. 2 MBI
ceomuM 331a4y (2), (3) mns ypasmemms (1) x 3amave (4) s ypasuenms (5) m npuBOAHM
HeoOXOMMBIE YCJIOBUSL 9KCTpeMyMa Ajis 3amadn (4) — (6) B TepMHHAX CONIDSIKEHHOH 3aTa4u.
B n. 3 npeacTaBneHsl pe3ysibTaThl paboThl IPOrPAMM, BHIYHC/IAIOMAX ONTAMAJIBHOE YIIPaBJIECHNE
nist ypasaenus OCKOJIKOBa, HeIUHEWHOH (DUIBTpANuu B ciiydae n = 2,p = 2w p = 4.

1. 3amaya onTUMajJdbHOTO yOpaBJICHUS

Iycte H = (H;(,:)) — BemecrBeHHOe cenapabesbHOe TIHILOEPTOBO IIPOCTPAHCTBO

H ’ 1
OTOXIECTBJIEHHOE CO CBOMM CONpsiKeHHbIM; (8, B*) — nyanbHast (OTHOCHTENBHO ABOUCTBEHHOCTH
(-,-)) mapa pediekCuBHBIX 6aHAXOBBIX MPOCTPAHCTB, MPUYEM BJIOYKEHUST

B — H < B* (7)

IUTOTHBI ¥ HenpepwiBHEL. Ilycrs L € L{9B;B*) — nuneiliHbIi, CAMOCONPSKEHHDIH, HEOTPULATEHHO
OIpeiesIeHHBIH DPEAroIbMOB OIEPATOpP, Y€l OPTOHOPMAJIbHBEIH (B cMbIciie H) HabOp COGCTBEHHBIX
BeKTOPOB {k } o6pasyer 6asuc B npocrpancTee B. [Iycrs ganee M € CT(B; B*) — s-MOHOTOHHBI
(r. e. (M)(y)z,z) > 0, Vz,y € B\ {0}) u p-xospuurmemmii (r. e. (M(z),z) > Cymllz|' =
IM(z)|« < CM||z||P~! npu mexoropsix koHCcTamTax Chpr,CM € Ry u l,p € [2,+0),r € N u
Jrobom z € B, || - || 1 || - ||« — HOpMBI B mpocTpancTBe B u B* coorBeTcTBeHHO) omeparop [9].
Ilpexne Bcero craenaeM psaf 3aMedaHHR OTHOCUTENHHO TepMmuHosormu. OTMETHM, YTO IS
raaakux omeparopoB M : B — B* U3 CHIBHON MOHOTOHHOCTH CJIEIYET S-MOHOTOHHOCTB, a U3
$-MOHOTOHHOCTH — CTPOrad MOHOTOHHOCTH. [lasee omeparop M : B — B* Ha3’0BEM CUALHO
KO3PUUTNUESHBIM, ECTIA
L (M(u+0),0)

= 400 Vu € B.
Il 00 vl
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H.A. ManakoBa

OueBUAHO, YTO CUJIBHO KOJ3PLMUTUBHBIA omeparop Ko3puuTuBeH. OKaszbiBaeTcsl, 4YTO U3 p-
KO3PUUTUBHOCTU CIEAYyeT CUJIbHASI KOPUUTUBHOCTh. JloKa3aTeabCcTBa 3TUX (PAaKTOB MOXHO HaWTH
B [9].

PaccmoTpum 3amauy Illoyonrepa - CumopoBa

L(z(0) — zp) =0 (8)
O HOHYHHHCﬁHOFO YpaBHEHUA Co0OosieBCKOro THIa
Lz+M(z)=f. )

B Buxy camocompsizkeHHOCTH M (bpearosasmoBoctu oneparopa L oroxgecrsuM B D ker L =
coker L C B*. OueBuano, B* = coker L @ im L. O603na4um depe3 ) mpoekTop BoJb coker L Ha
im L u cresmaeM JomyiieHue

(I — Q)f ue zasucur ort € (0,T). (10)

Torpa ecim x = z(t),t € [0,T] — pewenne ypapuenus (9), TO OHO ¢ HEOOXOAUMOCTBIO JIEXKHUT BO
MHOXKECTBE

o — { {zeB:(I-Q)M(z)=(I-Q)f}, ecma kerL # {0};
B B, ecm kerL={0}.

Cucrema {pf} cobcTBeHHBIX BEKTOPOB omeparopa L ToraibHa B 9B, MOITOMY HOCTPOMM
rajIepKUHCKYE NpUOJIKeHns pemenus 3ana4un (8), (9) B Buge

m
z™(t) = Zak(t)cpk, m > dimker L,
k=1

rie koahbunuenTsl af = ag(t), k = 1,..., m, onpemensiorcs pelmeHneM CIeAyomen 3a0a9u:

<Lx;n,90k) + <M(£L‘m),(pk) = <f7 (pk>a (n)
(wm(o) — To, ‘Pk) =0, k=1,..,m. (12)
Vpapnenus  (11) npencTaBiasior  coGoif  BLIDOXKJEHHYI0  CHCTeMY  OOBIKHOBEHHBIX

maddepenmanpubix ypapaenuii. Ilycrs B™ = span{yi, ¥2, ..., ¥m}, Tm € Ry, Tpy = Tru(z0).

Jlemma 1. [9] IIpu awbwz zo € B u m > dimker L cywecmeyem eduncmesenmoe peuwerue
z™ € CT(0,Tp; B™) 3adawu (11), (12).

Teopema 1. [9] Ilpu awbwzx o € B, T € Ry, f € Ly(0,T;B*) maxuz, wmo svnoaneno (10),
cywecmeyem eduncmeennoe pewenue T € Loo(0, T; coim L) N Ly(0, T;9M) sadavwu (8), (9).

®ukcupyem T € R... Tlocrpoum mpocrpancrso U = {u € Lg(0,T;B*) : (I - Q)u(t) =0, t €
(0,7)}, p~' + ¢! = 1, u onpenenum B mpocTpancTBe if 3AMKHYTOE M BBHITYKJIO€ MHOXKECTBO igg.
Paccmorpum 3aaay onTamanssoro yupasnenud (4) — (6), rae dbyHKIHOHA CPOMMOCTY 33/13€TCSI

dopmyoit
1 ’ N r
Iew = / lo(®) - za(®)fy dt + / (@)% dt, (13
0 0

zq = z4(t) — XKejlaeMoe COCTOSIHHE.

Omnpegaestenue 1. Ilapy (Z,4) € Lo (0, T; coim L) N Ly (0, T; 90) x U4 HABBIBAIOT peuseruem
sadawu (4) — (6), ecm J(Z,4) = infyey, J(z,u), u (&,4) yxoBIETBOpsSeT yYPaBHEHHIO
L & 4+ M(z) = u; BEKTOp U HA3BIBAIOT ONMUMAALHUM Ynpasaenuem B 3anade (4) — (6).

Teopema 2. [6] IIpu aobuz zg € B,T € Ry cywecmsyem pewenue 3adavu (4), (5), (13).
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OO0 omHOI MOIeJu OINTUMAaJbHOTO yYInpaBJACHMUAI...

2. YpaBHeHue OcCKOJIKOBa

Peayuupyem 3agagy (1) — (3) x 3agmaue (4), (5). das sroro mosoxum B =W21, H = Ls (Bce
$yHKUHOHATBHBIE IPOCTPAHCTBA ONIpeZesieHbl Ha obsactu ). 3aMeruM, 9TO B CHIY TEOPEMBI

0
snoxenus: Cobosesa W, L, nenpepuisro mpu n > 3 u 2 < p < 4/(n — 2) + 2. [onoxum
npocrpascTso B* = Wy ! Omneparops: L u M onpenemnm dopmynamu:

(Lz,y) = / (Azy + VzVy)ds,
Q

-2
(Mz,y) = /(aVa:Vy+ |z|P~*zy)ds,
Q
rie z,y € B,(,-) — ckansproe mpomssenenme B L?. (3ameTmm, 9TO BCIOLY BHIOIHAETCH
comraiieHue DAHMTEHHA O CyMMHPOBAHUM IO MOBTOpsIONMMCs uHAekcam). O6o3HavuuM 4Uepe3

{A\x} mocnenoBaTenbHOCTL COGCTBEHHBIX 3HAYEHMH OAHOPOAHOM 3ana4u Jupuxiie ajia onepaTopa
Jlamnaca —A B obacru €2, 3aHyMepOBaHHOE TO HEYOBIBAHMIO C YU€TOM HUX KPATHOCTH.

Jlemma 2. [6] (i) Ilpu ecex A > —)\; onepamop L camoconpasicen, @Ppedzosomos
U HEOMPUYAMEALHO onpedeseh, NPuvem OpmMoHopMasvhoe cemelicmeo {pr} ezo Pynxyul
momaavho 6 npocmparcmee B.

(43) Hpueceza € Ry, n > 3,2 <p<4/(n—2)+2 onepamop M € C1(B;B*) s-monomonen
U P-KOIPUUINUBGEH.

HOCTpOI/IM MHOXKECTBO

_ B, A> —Ap;
= { {‘7" €%B: (M(iﬂ),(pl) = (y,(;Ol)}a A= -

W3 teopembl 1 1 1eMMBI 2 BBITEKAET

Teopema 3. [6] IIycms A > -, a € Ry un >3,2<p<4/(n—2)+2, moada npu 406wz
2o € B, T € Ry, f € Ly(0,T;B*) maxuz, wmo ewnoaneno (10), cywecmeyem eduncmeenroe
pewenue £ € Loo(0,T;coim L) N Ly (0, T; M) sadawu (1) - (3).

HepelimeM K paCCMOTPEHHIO 33/a4l ONTHMAJBHOrO yIpapjieHHda 1s ypasHenus OCKOJIKOBa,
HesmHelHOR duabrpanun. B mummagpe Q = Q x (0,7) 3amaauM GyHKIMOHAT KaueCcTBa

T T
_ 1 2 N 2
J(@,u) = 5 / o =zallor di+3 / el 2 gy 2 (14)
0 0

u BribepeM Ugg C Lo(0, T3 Wy 1) — 3aMKHYTO€, BBIITYKJIO€ MHOXKECTBO, /IS JIEMEHTOB KOTOPOTO
puimosieno (I — Q)u(t) = 0. U3 Teopemel 2 1 TeopeMbl 3 HENOCPEACTBEHHO BHITEKAET

Teopema 4. [6] Hycmo A > -, c € Ry, n >3, 2<p<4/(n—2)+2 mozda cywecmsyem
onmumanvroe ynpasaernue 6 sadaxe (1) — (38), (14).

IlpuBenem Temeps HEOOGXOXMMBIE YC/IOBHSI, KOTODHIM YJOBJIETBODSIET JII000€ OHNTHMAJIbHOE
yIpasJjieHue u pereHusMd 3aaa4au (1) — (3).

Teopema 5. [6] Iycmv A > —A1a € Ry, n>3,2<p<4/(n—2)+2, ecau u — onmumassroe
ynpasaenue 3adavwyu (14), mo cyuwecmeyem sexmop y € Loo(0,T;coim L) N Ly(0,T;B) maxoti,
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umo
(A= A)z; — oAz + |z|P %z = u,

(=2 + Ay — aAy + (p — D|zlP %y = (—A)(z(u) — 2a), (5,%) € Q,
z(s,t) = y(s,t) =0, (s,t) € 02 x (0,7T),
(A= A)(z(s,0) — zo(s)) =0, (A + A)y(s,T) =0, s € Q,

/(y + N(=A)"Y(w))(v — u)dsdt > 0V € Uyg.
Q

3. Ilpunoxenue

PaccmoTtpuM ypaBHeHHe OCKOJKOBA HEJMHEMHON (UAbTpauy Opu 1 = 2

(A = A)zy(s1,82,t) = aAz(s1, s2,t)—

lz(s1, 32,t)|”_2m(31, s9,t) + u(sy, 82,1). (15)

Bamaaum obnacts Q = {(s1,52) : 0 < 51 < 1,0 < 39 < w}. PaccMoTpuM HAYANBHO-KPAEBYIO
30089y

(A — A)(z(s1, 82,0) — zo(s1,82)) =0, (s1,82) € (16)

z(s1,82,t) =0, (81, 892,t) € 9N x (0,T) (17)

nis ypaBHeHus (15). PemieHue HavanbHO-KpaeBoi 3amaum (15) - (17) Oymem ucKaTb B BUIE
raJlepKMHCKON CYMMBbI

m m
x™(s1,82,t) = Z kal(t)tpkl, m > dimker(\ — A), (18)
=1 k=1

rze {@r} — MHOXECTBO BCex pemeHmit KpaeBo# 3a/[a4u Ha COOCTBEHHBIE 3HAYEHUS
(A — A)z(s1,82) =0, (s1,52) €

z(0, 82) = z(m, 89) = z(s1,0) = z(s1,7) = 0.

Xopomo w3BECTHO, YTO 9Ta CIEKTpaJbHAs 3a/ada Da3pemmMma JJid CIeTHOro Habopa
COBCTBEHHBIX |MCeT Mgy, npuwdem byukmuu {@g} 06pasyioT OpTOHOPMATLHYIO C BecoMm 4m~ 2
cucreMy yukmit

n nw
1, =14,k =7;
—2 . _ ’ ) 75
4m //<Pkl<Pijd81ds2 =< Pri, Piy >= { 0,144,k #j.
00
Jlerko momcamTaTh, 9T0 Qp = @xi(81, 82) = sin(ksy) sin(ls2), a Ay = —k? — 2. B cuny Teopemsr 3

Jist TOTO, 9T00bI CYIECTBOBAJIO €JUHCTBEHHOE pemenne 3axauu (15) — (17), reobxoxumo, 9To6BI
A> -2

Bce Bhrumcnenunst npousBogwiuch B BerauciauTenbHo# cpege Maple 9.0. Jasi Toro, 4Tobsl
OBLIN BBIIOJIHEHB! YCIOBHSI TEOpeMbl 4, BO3bMEeM, HampuMmep, m = 2, p = 2, A = —2,a =
3, u u(sy,s2,t) = u(t)sin(2sy)sin(2sq), urober (I — Q)u(s1,s2,t) = 0, t € (0,T). Toraa,
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OO0 oagHOW MOAENM OINTUMAJIbHOIO yMNpaBJICHUS...

yMHOXHUB CKajIapHO (15) ma dbymkmum gy, | = k£ = 1..2, nonyuuM cucTeMy OOHIKHOBEHHBIX

nuddepeHImabHBIX yPaBHEHHH

z11(t) =0,
3 91 (t) + 10291 (¢) = 0, (19)
3210 (t) — 8.’1712(t) =0,
6 Zoo (t) + z22(t) = u(t).

IMocrpoum dynxrmonan crommoctn (14), ang sroro 3amamumM, Haupumep, 2z4(s1,s2) =

sin(sy) + sin(sg) u moayaum

T nx
Iaw =5 [ [ [1or,2,0) - zatsr, o))+
000

((z(s1, 82, t) — za(s1, 52))%,) 1ds1dsodt+

T

T
/// [u(s1, 52, t)(—A) tu(sy, s, t)]|dsidsodt =
000

/ [ (8) + 2nay 1) + S (a(e) + oy )+

N =

1 1
3™ 222, () + 7% + 357 Zu(t)?]dt. (20)
Bamerum, uro (—A)~1(sin(ks;) sin(lsy)) = kT+lf sin(ks;) sin(ls2).
JI71st HaXOXK IeHNd ONTHMAJIBHOTO yupansienus 3anaqd (19), (20) ¢ yeaosusamu T = 1, 211(0) =
0, £21(0) = 2, 212(0) = 2, 292(0) = 2, u(0) = 0, u(T) = 1 (nna oupenenennocrn) Gbia
pa3pafoTaHa HporpaMMa, KOTOpasi, ONUpasACh Ha MeTo/ PHTIa, MINET ONTHMAJbHOE YIIPaBJICHHe

B BHJIE
u(t,N) : (¢, N)»——)u(O)—i—( (T +chsm

Hnsa sapaau (15) — (17), (20) upu N = 4 nomyuum
u(sy, s2,t) = [t — 7, 695362486 sin(nt) — 3, 674132956 sin(2mt)—

2,940115757 sin(3nt) — 1,904765651 sin(4nt)] sin(2s1) sin(2s2).

IIpuBeneM HeOOXOTIMOE YCIIOBHE CYLIECTBOBAHUS ONITHMAJILHOTO YIIPABIEHUs IPU M = 2, p =
4, A = —2,0 = 3, u u(sy, 82,t) = u(t)sin(2s;)sin(2sz). YmuoxkuB cxanspro (15) Ha pyHKIEMA
wrt, k=1.2, 1 =1..2, mony4um cucremy OOBIKHOBEHHBIX Hu(PDEPEHITUANLHBIX YPaBHEHUN

( 211 (t)(2%,(t) + 5521( ) + 29321(75)9512( )z22(t) + 1523, (£)+
“$11(t)$22(t) =
3 21 (1) + goa1(t)(23,(t) + $11(t)) + 2$11(t)$12(t)$22(t) + 155, (8)+
4 21'21( )$12(t) + gm'21 (t) (21)
3 21 (t) + 8$12(t)($22(t) + xll(t)) + 2.’1711(t).’£21 (t)mzz(t) -+ 16.’1712(t)+
. ile(t)ﬁzl(t) 99312( ) =0,
6 22 (t) + gaa(t) (235 (t) + 23, (1)) + 3211 (8)212(t) 721 (2) + Fda(t)+
i$22(t)$11(t) = u(t).
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ITocTpoum comnpskeHHYy0 3agady K 3agaude (15) - (17) npu p = 4 1 noay4um

(= + A)yi(s1, 82, ) — aAy(s1, 82, ) + 35%(s1, 52, 1)y(s1, 52, t)

= (_A)(w(sh 327t) - zd(sl752)), (sla 527t) € Qa (22)
y(s,t) =0, (s1,82,t) € 0N x (0,T),
()‘ - A)y(37T) =0, (31, 32) €N (23)

YMHOXKEB craygpHO (22) Ha dynkumm @k, k = 1.2, | = 1..2, nosyunm cucremy OGHIKHOBEHHBIX
InddbepeHIuaIbHBIX YPABHEHTI

6 11 () + y11(8)(eda(8) + 25, (2)) + 3 (@r2(t)maa(B)ym (£)+
z21(t)T12(t)y22(t) + 221 (E)222(B)y12(2) + 211 (8) 22 () y22(8))+
$711(8) (221 (W)y21 (t) + z12(H)112(2)) +

Hah By ®) + Jyn (t)ady(r) = 2trulin,
18 921 (¢) + Jata (t)ya1 (t) + Gy (1) (231 (2) + 23, (2))+
2(z12(t)z11(B)y22(t) + z12(t)z22 (B)y11 () +
z11(t)z22 () y12(t) + 21 (t)$12(t)y12 )+
) %w21(t)(?611(t)y11(t) + 222(8)y22 () + By (8)23, (t) = 5zaa (1), (24)
18 Y1 (t) + 223, (y12(t) + Fy12(t) (23, (2) + 23, (2))+
2 (w1 (t)z11 (B)y22(8) + 221 (B)T12(t)yn () +
z11(t) @22 ()y21(t) + 221 (B) 222 (H) 11 (£)) +
1212(8) (@11 (W)yn1 (8) + 222 ()2 (2)) + Fyr2(D)ady(t) = 5z12(2),
30 Y22 (t) + 322, (t)y2a(t) + Juz(t) (a2, () + 22, (8))+
2 (@11 (t)ma1 (D)y12(2) + 211 (D) w22 (B)y11 () +
mll(t)fﬂlz(t)ym(t) + zo1(t)z12(t)y11 () +
| $222() (12(D)y12(t) + Ta1 (D)ya1 (1)) + Fyaa(t)zdy(t) = 8aa(t).

ITo reopeme 5, ecim u(s1,sq2,t) = u(t)sin(2s;)sin(2s2) — omTmmanbHOE ympasienue, TO
permterust cucreM (21), (24) ZOMKHBI YAOBIETBOPATH CJAEAYIOMIEMY YCIOBHIO

P

T
[l557* w2 0) = u(®yo(e) + 7922(0) (0(0) — u(e)lde > 0
0

Vo(sy, s2,t) = v(t) sin(2s1) sin(2s2) € Uyq.

3ameuanue 1. Ilpu momormu makera Maple cmcreMbl OOBLIKHOBEHHBIX IuGDPEPEHITAATBHBIX
ypasuennit (21), (24) mpu ycmosum z11(0) = 291,221(0) = 29;,712(0) = 295, 722(0) =
295, 311(T) = 0,922(T) = 0,911 (T) = 0,12(T) = 0 paspemumbr THCIEHHO.

Aemop evipaxcaem 604buyI0 61Ga200APHOCMb CEOEMY HAYYHOMY DPYKO800Umenio, npog.
I'A. Ceupudioky 3a naodomeopHsie OUCKYCCUU.
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