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SAJAYA C HEJIOKAJIBHBIMUN MHTEI'PAJIBHBIMI YCJIOBUAMU
I POOJA JJId YPABHEHUA B YACTHBIX ITPOU3BOJJIHBIX
HYETBEPTOI'O IIOPAIKA

AHHOTAIINA

B crarpe paccMorpena HeOKaIbHAS 33J1a9a C MHTEIPAJIHHBIME YCJIOBUSIMHU JIJIsi OJJTHOMEPHOI'O YPaBHEHUS
qerBepToro mopsiaka. OCOOEHHOCTBIO ITOH 3a/aun SABJISIOTCS HeJIOKAJbHBbIE WHTErpajbHbe yCaoBus 1 poja,
sA/Ipa KOTOPBIX 3aBUCAT HE TOJBKO OT MPOCTPAHCTBEHHON IIE€PEMEHHOI, HO W OT mepeMeHHON Bpemenu. s
JI0Ka3aTeIbCTBA Pa3PelINMOCTH 3a/la4y IIPEJJIO?KEH MeTO/I, ITO3BOJIMBIINI IIPEO/I0JIETh TPYAHOCTH, CBA3AHHDLIE
CO CTPYKTYPOil HEJIOKAJbHBIX YCJIOBHUI, M IOJYYUTH AllPUOPHBIE OIEHKU PEIeHWs, Ha KOTOPBIX Oa3upyercs
JI0Ka3aTeJbCTBO KaK €JMHCTBEHHOCTHU, TaK W CYIIECTBOBAHUS PEIIeHUs IOCTABJIEHHON 3a/1a4u.
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BBenenune

B macrogimee Bpems 3aJ1a9M € HEJIOKAJIBHBIMU YCJIOBHSIMHU JJIS YPABHEHMIT C YACTHBIMU POU3BOHBIME
NPOJIO/ZKAIOT — NIPUBJIEKATh BHEMAHHE HCCaepoBareneil. HTepec K 3TOMy Kiaccy 3a1ad  OGOCHOBAH
HEOOXOMMOCTBIO  HOCTPOGHHS ~MATEMATHICCKHX — MOJEJEH, OTBEYAIOMUX —HOTPEOHOCTAM — COBPEMEHHOIO
ecrectBosHanust |1; 2|. Bekope mocie Beixoma crareit [3; 4], IOMOXKHMBIIMX HAYAIO CHCTEMATHIECKIM
UCC/IEIOBAHNSAM HEJOKAJLHBIX 3aJad ¢ MHTErPAJLHBIME  YCJIOBUAMHE, TNOABHJICA DA paboT, B KOTOPBIX B
TOM WJIM MHOM Ka9eCTBE IPHCYTCTBYIOT HEJOKAJIbHBIE HHTETPAJIBHBIC YCJIOBHS: JMOO BMECTO TPAHMIHBIX
[6-16], ymbo B KadecTBe ycsoBuil Iepeolpeleienus B obpaTHbIX 3agadax [17; 18]. B Gosbmmuncrse u3
YIOMSIHYTBIX paboT M3y9UeHBl 3aJa49u It apabOaNIeCKnX U IUIepOOINUecKuX yPaBHEHHI BTOPOTO HOPSIKA.
K nacrosieMy BpeMeHH NOABHJINCH CTATbH, B KOTOPBIX HCC/IEIAYIOTCS HEJIOKAJIbHBIC 3349y Ul yDABHEHUI
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nopsijika Beiie sroporo. Ormernm crarbio [19], B KOTOPO paccMOTpeHa HEJIOKAJIbHAsI 3a/a4a, JJIs yPaBHEeHHs]
YeTBEPTOrO TMOPSJIKa U, KPOME TOr0, MMEETCS 3HAYUTE/JbHBIA CIHUCOK JimTepaTypbl. VcciieioBanust MOKa3aJIn,
9TO KJIACCHIECKNE METOMBI OOOCHOBAHUS Pa3PEIIIMOCTHA HAYAILHO-KPAEBBIX 3aJ1a9 HE MOTYT OBITH MPUMEHEHDI
6e3 CyIIecTBeHHBIX MOAUMUKAIMHA, €CM BMECTO KDPAEBbIX WM HAYAJIbHBIX YCJIOBUN (MJIM HEKOTODBIX W3
HUX) 33J@Hbl HeJOKaJbHble yciaoBud. OCHOBHOE cOjep:KaHue CTaTbU IIPeJCTaBserT COOOM JIEeMOHCTPAIUIO
IIPEJIJIOYKEHHOTO HAMU METO/Ia, KOTOPBIi MO3BOJIMJI JIOKA3aTh CYIIECTBOBAHHME €JIMHCTBEHHOI'O PEIIeHUs 3a/lavu
C HEJIOKAJIbHBIMU MHTEI'PAJILHBIMU yCJaoBUAMU | poma, sdapa KOTOPBIX 3aBUCAT KaK OT I, TaK W OT ¢, JJjisd
YPaBHEHUSI Je€TBEPTOro mopsiika. Jloka3aresbCcTBO Ga3upyercsi Ha MOJYYEHHBIX B pabOTe alpUOPHBIX OIEHKAX.

1. IlocraHoBKa 3aja4n

PaccMoTpuM ypasHeHue
ue — (a(x, t)ug) e — (0(@)upte) o + c(z, )u = f(x,t) (1.1)

B obmactu Qr = (0,1) x (0,7), npemnomnarasi, 910 KO3(DbUIMEHTH ypPaBHEHUsI W €ro npaBasl 9acTh —
nocrarouno riajkue dynxmun, a(r,t) = ag > 0 B Qr, b(z) = by > 0, U HOCTABUM TSI HETO CJIeLyIOILYT0
3a71a9y.

Bagaua 1. Haiitu B Qp pemenue ypasuenus (1.1), yuoBieTBopsioiiee yCJIOBUAM:

u(,0) = ¢(@), w(z,0) = p(x), (1.2)

/l Koo, Oz, t)da = hi(t), i =1,2. (1.3)
0

Oynkipn f(x,t), Ki(z,t), hi(t), p(r), ¥(r) 3ama0pl B COOTBETCTBYIOMNX OOIACTAX M JOCTATOYHO IVIAJIKH
rtam. Humke Mbl npuseseM derkue TpeGoBaHUA M yCa0oBusd Ha 9T (QYHKIMH. Byjgem Takzke NIpeIIojararb
BBIIOJHEHHBIME YCJIOBHSI COIVIACOBAHUS

l ! !
/ K;(x,0)p(x)dx = h;(0), / Ki(x,0)(x)dx + / Kit(z,0)p(x)dz = h(0). (1.4)
0 0 0

YesoBue (1.3) orHOCHTCH K HEJIOKAJIBHBIM UHTEIPAJLHBIM YCJIOBUSM HepBoro poga. Mssecrno [20; 21],
YTO WHTErpajbHbIE YCIOBHUS IIEPBOIO POJ@ HPUBOAAT K 3HAYUTEJBHBIM TPYIHOCTSM P OOOCHOBAHUHI
pa3penmmMmocTn 3a/ia4, 0TYaCTU aHaJIO'MYHBbIX TeM, YTO BO3HUKAIOT IIPpU DPeEIIeHMU HNHTEerpaJibHBbIX ypaBHeHI/Iﬁ
IIEPBOTO POJIA.

Wurerpanbable yCaoBUs, COJIEPKAINME W BHEUHTETIPAJbHBIE CJIaraeMble, B KOTOPBIX MPUCYTCTBYIOT CJIEJIbI
MCKOMOTO peIeHnsT W €ro TPOM3BOJHON MO HOpPMaaW K TpaHUIle, HA3BIBAIOT YCJIOBHSMHU BTOPOTO POJIA.
st wccoeoBanusl HEJIOKAJIBHBIX  33Jad € HMHTErPAJbHBIMUA - YCJIOBHSAMU BTOPOIO POJA, COJAEPKAIIAMU
IPOU3BOJIHbIE 10 IPOCTPAHCTBEHHOW TepeMeHHoif, pa3paboTan 33OOEKTUBHBIN METOJ, TO3BOJIATIONIIIT
06oCcHOBaTh paspemmMocTb 3azaun B npocrpaHcree CoGosepa [20; 21]. Tlpu ero peasmsaiym yuaercs
HCITO/Tb30BATh MHOTHE CTaHIAPTHBIE MPUEMbI BBIBOJIA AIIPUOPHBIX OIEHOK, HA KOTOPBIX B OCHOBHOM 0Oa3upyeTcs
JOKA3aTeIbCTBO KAaK €IMHCTBEHHOCTH, TAK W CYIECTBOBAHWS peEIleHus. B ciiydae OIHOI MPOCTPAHCTBEHHOM
IIePEMEHHOI TPYIHOCTb, KOTOPYIO JIOCTABJSIET MHTErPAJbHOE YCJIOBHE IIEPBOIO POJA, MOXKHO JIETKO 000iTh
¢ momompio mpumema [20], mosBosstomero mepeiitm ot ycnosus Buma (1.3) K ycoBmIO, comepIiKamemy
IIPOU3BOJIHYIO TI0 HAIPABJIECHUIO HOPMAJIH.

MpbI ucroJib3yeM 3/1eCh MOAMMDUIIMPOBAHHYIO BEPCHIO TOIO IIPUEMa U IIPEO0JIeeM Ha IIyTH €ro pearm3aliun
U JPYIyI0 TPYAHOCTb, CBA3aHHYIO C TeM, 9TO B Halmell crarbe, B OTaudue, Haupumep, or [l14], saupa
MHTErpajJbHBIX YCJIOBHUII 3aBUCAT KaK OT &, TakK U OT t.

2. OcHoBHOIi pe3yJbTaT

Byﬂel\/l Hpe,HHOJIaFaTb, 9TO BBIIIOJIHAKOTCA CﬂeﬂyIOHII/Ie yC.HOBI/Iﬂ:
a,az,ar,¢ € C(Qr), be CI[O,Z], e WQI(O»l)a ¥ € Ly(0,1),
f€Ly(Qr), hi € C*0,T)], K; € C*(Qr), Kitzz € C(Qr),
A = Ki(0,t)Ka(l,t) — K1 (I, 1) K2(0,t) # 0.

Mbl J0KazKeM CyIIeCTBOBAHUE €IUHCTBEHHOrO OGOOIIEHHOIO pPEIIeHUsl IOCTABJICHHON 3a1aun 1, ompemesenue
KOTOpPOTrO OyJIeT JAHO HUZKE, B HECKOJBKO ITAIOB II0 CJEIYIONEi cxeme.

1. Tlokaxkem, uro ycsoBus mepsoro poga (1.3) SKBUBaJIEHTHBI DU BBIIOJIHEHUU YCJIOBHH COIVIACOBAHUS
(1.4) wHTErpaJIbHBIM YCJIOBHSIM BTOPOIO POJIA.
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2. Beesem mnoHsiTe ODOOINEHHOIO peIleHus 3aJ@dd C HeJOKAJbHBIM YCJIOBUEM BTOPOIO POJA, KOTOPYIO
OyJeM Ha3bIBaTh 3ajada 2.

3. JokakeM €IMHCTBEHHOCTH OOOOINEHHOTO PEINeHus 3aJadn 2.

4. JlokarykeM CyIIeCTBOBaHIE OOOOIIEHHOTO PENIeHUs 3aa4n 2.

5. CdopmysnupyeM B TepMuHAX 3a1adid 1 yCJIOBHS CYIIECTBOBAHUS €€ €JINHCTBEHHOIO ODOBIEHHOTO
peleHus.

[Ipuctynum K peaju3aluy HAIIEro ILaHA.

DKBHUBAJEHTHOCTh HEJIOKAJIbHbBIX yC.TIOBI/Iﬁ

JIlemma. Ecmu w(xz,t) — pemenne 3amaum 1, BBINOJHSIOTCH yeaoBug coryacoBanust (1.4) um jyia Beex
te[0,T]
A =Kq(0,t)Ko(l,t) — K1(1,t)K2(0,t) # 0, (K(z,t)b(x)), = —K;(z,t),

To ycmosus (1.3) SKBUBAJEHTHBI WHTETPATBHBIM YCJIOBHSM BTOPOTO DPOJA BUIA
a(0,t)u,(0,t) = My (u) + g1(¢),
a(l,t)ug (I, t) = Ma(u) + go(t).

3aecs M;(u) upezncraBisior coboii COOTHONIEHUs, COJEpKallue UCKOMOoe perneHue u(z,t), ero cieipl Ha T =
= 0, x = [, uHTerpajbl OT HCKOMOI'O peIICHHs, HO HE COJepKAT IIPOU3BOJIHBIX 110 IIPOCTPAHCTBEHHOI
nepeMeHHoi, ¢;(t) BbIpaxKaloTCs Yepe3 u3BecTHble (MyHKIuU. Mbl CO3HATEJBLHO HE BBIIUCHIBAEM Cpa3y
upegcrasienus M;(u), u He TOJBKO MO IPUYUHE HMX IPOMO3JIKOCTH. B Ipolecce I0KA3aTeIbCTBA JIEMMbI
MBI IIPOJEMOHCTPUPYEM HX BBIBOI, YKAXKEM BO3MOXKHBIC BAPHUAHTLI, OOOCHYEM CHEJAHHBIA BBIOOD M OOCYIM
JajibHeiinee obobeHune.

HokazareascrBo. Ilycrs u(x,t) — pemenne 3agaam 1.

Juddepennupys paserncrso (1.3) 1mo ¢ ABaXKIbl, MOJLYIUM

! I I
/ Ki(z, t)ug(x, t)de + 2/ Kit(z, t)uy(x, t)de + / K (z, t)u(z, t)dz = b (t). (2.1)
0 0 0

Tax Kak 1o Hpenosokenuto u(x,t) yuosiaersopger ypasaenuio (1.3), To
gt = (auw)l =+ (butta:)a: —cu+ f

IMoxcraBus 310 paBeHCTBO B (2.1), MBI TIOJdy9YaeM BO3MOXKHOCTH HPOUHTETPUPOBATH CJATAEMOE, COJEpPIKAIIee
BTODBIE IPOU3BOJHBIE OT MCKOMOIO DPEIICHUsI, Y9TO U ciejaeM. B pesyiabrare nosaydum uz (2.1):

Kl (lv t)a(l7 t)uz(la t) - Kl (Oa t)a(o )um(o t) + Kl(l t)b(l)utta:(l7t)_
—K1(0,6)b(0) e (0,8) — Kio(1, t)a(l, yu(l, t) + K12(0,£)a(0, )u(0, t)+
+K1,(0,8)b(0)us (0,8) — Kq5(1, 6)0(Duee (L, )+

l
+/ [(Klma)m — ch + 2K1tt]u(x, t)d$+
0

—|—4/ Ky (z, t)ug(z, t)doe = 2R (t / Ky(z,t) f(z,t)d, (2.2)

Ko (L, t)a(l, ua (1, 1) — Ka(0, )a(0, )ug (0, 8) + Ko(l, £)b(1) g (l, ) —
_K2(07 t)b(o)utta:(oa t) - K?I(l7 t)a(l? t) (l t) + K2w( ’t)a’(ov t)u<07 t)+
+K9,(0,8)b(0)us (0,t) — Kou (1, 6)b(Duge (L, 1)+

1
+/ [(Kogza), — Koc+ 2Kop|u(x, t)dax+
0

—|—2/ Koi(z, t)us(z, t)de = 2h5 (t / Ko(x,t) f(z,t)dx. (2.3)

Paccmorpum pasencrsa (2.2) u (2.3) kak cucremy ypasHeHuil orHOCHTeabHO a(0,t)uy(0,1) + b, (0,1),
a(l,t)uy (1, t) + bus, (I, t) u, yaursBas ycioBue
A =K(0,t)Ka(l,t) — K1(1,t)K2(0,t) # 0, pemam ee. ITomyuanm
a(0, £)ug (0,t) + by (0,8) = ag1 (£)u(0,t) + ara(t)u(l, t) + Br1(t)uw (0, )+

l 1
+812(t)us (1, %) —|—/O Hl(x7t)u(x,7)dx+/0 Py (z, t)urdz + g1 (t), (2.4)
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a(l, )ug (1, ) + buges (1, 1) = o1 (£)u(0,t) + o (t)u(l, t) + Bor (t)ug (0, 1)+

l l
+ B2 (t)un (1, t) + Hy(x, t)u(x, 7)dx + / Py(x, t)ugde + g1(t), (2.5)
0 0

rjie Mbl 00O3HAYMJIN

o (f) = K1.(0,t)Ko(l,t) ; KM(O’t)Kl(l’t)a(O,t),

Koo (LK1 (I, 1) — Ko (1, t)Ks(1, 1)

A a(l,t),

le(o t)KQ(O t) AKQx(Ovt)Kl(Ovt) a(O,t),

Ko, (1, t) K1 (0, t)AKlz(l7t)K2(0’t)a(l,t),

Klz(o t)K2(l t) K2w(07t)K1(l7t)
A

512( ) KZz(l t)Kl(l t) AKlz(lat)KQ(lvt) b(l),

521( ) Klz(o t)KQ(O t) AKZw(Ovt)Kl(Oﬂt) b(O),

Ko, (1,4)K1(0,¢) — Klw(l’t)K2(07t)b(l)

A ,
) — Kz, t)e(z, t) + 2K 144 (x, t),
e — Ka(z, t)c(z, t) + 2Kou(x, 1),
Ky(z,t)Ky(1,t) — f(g(x,t)Kl(l,t)

)

a12<t)

921 (t)

922 (t)

611( ) b<0)’

Bas(t) =

K1($at)K2(Ovt) — Ky(x, ) Ky (0, 1)
A b
2K1t($,t)K2(l,t) — th(l‘,t)Kl(l,t)
A )
Klt(l‘7t)K2(0,t) — th(l‘7t)K1(O,t)
A )

AR AN

HQ(CL',t) =

Pl(l‘,t) =

Pg(l‘,t) =2

qi(t) =
1
- /0 [y (2, 1)Ko (1, 1) — Ko, ) (L D] (. )]

92(8) = x [0 F2(0,2) ~ B2 (0,0) -

A
l
- [ i@ 0Ka(0.1) = Koo 010,01z )]

ITycts tenepb u(x,t) — pemenne ypashenusi (1.1), ymosmersopsitomee yeaosusim (1.2), (2.4), (2.5),
U BBINOJIHSIIOTCsI ycstoBusi coryacopanusi (1.4). Samernm, uro ecsm BbnosHsirorest (2.4), (2.5), TO BBIIOIHSIFOTCS
n (2.2), (2.3), u3 koropeix u nosjydensl (2.4), (2.5). Ymuoxus (1.1) ma K;(z,t) u npouHTErpHpoBaB
MOJTy9eHHble  paBeHCTBa TO mpoMexkyTKy (0,1) mocie 3/eMeHTapHBIX, HO T'POMO3IKAX MNPEOOpa3OBAHUIA,
B KOTOPBbIX yureHbl (2.2), (2.3), UpuXOAuM K DABEHCTBAM

s / K;(x,t)u(z, t)dx — hi(t)] = 0. (2.6)

Mur HOJIYINJIN JBa YPaBHEHUd BTOPOI'O IOPAJKa OTHOCUTEJIBHO (byHKLLI/IIU/I

fol Ki(z,t)u(z,t)de — h;(t), i =1,2. B cuty Hauanbubix JgaHHbix (1.2) n ycnosuit cornmacoBanns (1.4) mmeem

/ K 0)u(, 0)d — hu(0) = 0.
0

!
i/ Ki(z, t)u(x, t)dz|i—o — h;(0) = 0,
at J,
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OTKyJIa
1

/ Kz, tyu(w, )dz — hi(t) = 0
0

KaK pelleHue ofHopoaHoil 3amaun Komm. D10 o3nauaer, 9To BbinoaHAoTca yeaosug (1.3) u jaemma Jokazana

YTBepK/eHue JI0KA3aHHOl JIEMMBbI JIa€T BO3MOXKHOCTH BMECTO 3aJa4i 1 ¢ HeJIOKaJbHbIMU ycjoBusamu (1.3)
u3ydarsb 3ajady ¢ ycuaoBusamu (2.4), (2.5), Koropble cojepzKar IPOU3BOIHbBIE 110 IPOCTPAHCTBEHHOI IIePEeMEeHHOI].
VIMeHHO MX NPHUCYTCTBHE B HEJIOKAJBLHOM YCJIOBHU IO3BOJIUT HOJIYYUTH OLEHKM, ¢ HOMOIIBIO KOTOPBIX MBI U
JIOKAZKEM OJIHO3HAYHYIO Pa3peIIuMOCTh 3ajaqu. JleficTBuTebHo, g 000CHOBAHUS PA3PEIIUMOCTU 3329 C
HEJIOKAJLHBIMA YCJIOBASIME BHJIA

P+ [ K ptyutyt)dy = he. ). € 00
Q

paspaboTaH u He pa3 npumeHe sbdexTupHbIl MeTos [23; 9; 21]. OHaKO B HaleM ciyuae BCe He Tak MIPOCTO,
TaK KaK B [PaBbIX dacTax pasencTs (2.4), (2.5) mpucyTeTBYIOT CjIebl IPOU3BOIHBIX BTOPOrO MOPsKa 110 i,
9TO CYMIECTBEHHO OTINYIAET CATYAIlMIO OT TOI, KOTOpas MMEET MECTO B OTMEYEHHBIX CTAThAX. MBI TOKayKeM,
9TO 9TO HE MPENATCTBYET 0OOCHOBAHUIO PA3PEITMMOCTH YIIOMAHYTHIM METOOM, €CJIM MPEIIPUHITH HEKOTOPHIE
MEepBHI.

Bo uzbexkanune rpoMo3IKHX BbIPaXKEeHUH BBeJeM O0O3HAYMEHUS

Bi(u) = a1 (H)u(0,t) + a2 (t)u(l, t) + B11(t)uw(0,t) + Bro(t)ue(l, 1)+
—l—/l Hy(x, t)u(x, 7)dx + /l Py (x, t)ude,

Ba(u) = ag1 (H)u(0,t) + aga(t)u(l, t) + Bar (t)us (0, 1) + Bao(t)uw(l, )+

I I
+/ Hg(x,t)u(x,r)dw—i—/ Po(x, t)usde.
0 0

VuaurhiBag MJOKA3aHHOE B JieMMe 1 yTBepxKieHne 00 SKBUBAJIEHTHOCTH HEJIOKAJIbHBIX YCJIOBUU, IMepeiieM K
3a/lade C HEeJOKAJIbHBIMUA MHTErPAJIbHBIMUA YCJIOBUAMHU BTOPOI'O PO/

a(0, t)u (0,1) + bug,(0,t) = By (u) + g1(1),

a(l, (1, £) + busea(l, £) = Ba(u) + ga (L), (2.7)

Bagaua 2. Haiitu B Qp pemenue ypasuenusi (1.1), ymosserBopsiomee yciaosusam (1.2) u (2.7).
BBesieM monaTHe perienus 3aga9m 2.

Crnenyst ussecTHOl cxeme [25] m npemnosarast, ato u(z,t) sIBJIsIETCsI KJIACCHYIECKHM DeIleHneM 3aJadd 2,
PaccMOTPUM PaBEHCTBO

/OT /Ol(utt — (aug)z — (Dutre)x + cu)v(z, t)dzdt = /OT /Ol [z, ty(z, t)dzdt,

e v(x,t) gocrarouno rmagkas dynknus u v(z,T) = 0.
IIpeobpazoBaB 3TO PaBEHCTBO, WHTETPUPYS IO TACTAM, MTOJIYIAM

T !
/ / (—uvp + augvy — bugvyy + cuv)dadt+
0 0
T
+ / 0(0, 8)[a(0, )1 (0, £) + b(0)tugea (0, £)]dt—
0

T T 1
- /O ol 8)[all, s (1, ) + b uses (1, £)]dt = /0 /0 Fodadt.

YunrbiBast Telepb yCJIOBUA (27), 3alluiieM II0JIy9YeHHOE PaBEHCTBO TakK:

T
/ / (—usvr + aUzVr — bugUes + cuv)dadt+
o Jo

T T
+/O v(O,t)Bl(u)dt—/O o(l, £) By () dt —

:/OT/Ol fvdxdt—|—/0TU(0,t)gl(t)dt+/OTU(l,t)g2(t)~
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O6o3naunM
W(Qr) = {u(z,t) :u € Wy (Qr), us € La(Qr)};
W(Qr) = {v(z,t) :v € W(Qr), v(z,T)=0}.
Hameit 1mesbio  sBigeTcs I0KA3aTeNbCTBO PAa3pEHIMMOCTH 3ajadu 2 B 1upocrpancrse W (Qr), mosromy
IIOJIyYEHHOE BBIIIE PABEHCTBO IIOKA HE MOXKET CJIY?KUTH OCHOBON OIPEIEICHHS PEIICHUS B 3TOM IIPOCTPAHCTBE,

TaK KaK COJEPKUT CJIEJBI IIPOU3BO/IHBIX BTOPOIO U TPETHErO MOPSIKOB. UTOOBI IIPEOJIOJIETH ITO 3ATPYIHEHUE,
peobpa3yeM ciiaraeMble, COJIEPIKAINe STU MPOU3BOHBIC, WHTEIPUPYS 10 YACTIM, B

/v(O,t)Bl(u)dt, / v(l,t)Ba(u)dt.
0 0

IIpuBegem Tu BBIKJIAJIKA JIsT TIEPBOTO CJIATAEMOTO:
T

T T
/ v(0, t)ugn (0, t)B11dt = —/ ve(0,8)u (0, ) Br1dt —/ v(0,t)u (0,¢) 811 (t)dt,
0 0 0

T T T
/ (0, 8)tge (1, £) Bradt — — / 00, £)ute (1, 1) Bradt — / 0(0, e (1, 1) Bl (£)dt,
0 0 0

B pesynbrare caesannbix mpeodpa3oBaHUl TOJIYyIUM

T
/ v(0,t) By (u)dt =
0
T
= /0 v(0,t)[on1u(0,t) + arau(l, ) — B11ue(0,t) — Bloue(l, t)]dt—
T
_ /0 0 (0,)[Bus (£)1us (0, ) + Broua(l, )] dt+

4 /0 0(0, )] /0 Hy (2, yul, t)da + /0 P, s, £)dadt. (2.8)

COBepLHeHHO aHaJIOTUYHO HO.quI/IM
T
/ o(l, ) By (w)dt —
0
T
= / U(lat)[a21u(07t) + Oézzu(lvt) - /Bélut(oat) - 5§2Ut(lvt)]dt—
0
T
— [ o) Bar (€ 0,6) + ol )i+
0

T 1 1
+/0 v(l,t)[/o Hg(ac,t)u(x,t)dx—i—/o Py (z, t)us(x, t)dx]dt. (2.9)

Onpegnenenne. Pemennem sajaun 2 Gyjem HasbiBaTh QyHKmmio u € W(Q7), yIOBIETBOPSIONLYIO YCIOBUIO
u(x,0) =0 u ToxKIAECTBY

T T T
/ / (—upvr + aUgpVy — by + cuv)dadt + / v(0,t) By (u)dt — / v(l,t)Ba(u)dt =
o Jo 0 0

T pl T T
:/0 /Ofvdxdt—/o v(O,t)g1(t)dt+/0 v(l,t)g2(t)dt (2.10)

nist mo6oit v € W(Qr), a Bropoit u Tperuii mHTerpassl B geBoi wactu (2.10) mommmaiorcst B cmbicie (2.8)
un (2.9).
Teopema 1.

Ecan B
a,az,a;,c € C(Qr), aij,€ CH0,T], Bi; € C?0,T], 4,5 =1,2,

Hi»PhPia: S L2(Ovl) Vt € [OaT]a i € LZ(OvT)a
Biz+ B21 =0, B11€ — 2B12&n — Baan® > 0,

TO CYIECTBYET €JIMHCTBEHHOE OOOOIIEHHOE peIrleHne 3aa9u 2.
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Jloka3zaTesibCTBO.

ITokazkem, dTO CymiecTByeT He 06ojiee OJHOrO pelreHus 3ajaqu 2. IIpeanosoKmM, 9TO 3TO HE Tak.
Torna dyukuusa w(z,t) = uy(x,t) — ug(z,t), Pa3sHOCTDb IPEANOIAraeMbIX PA3JIMYHBIX pelleHuii 3amadum 2,
yaossersopsier yeaosuio u(x,0) =0 u ToxKiecrBy

/ / (—uvp + augvy, — bug, vy, + cuv)dadt+
0

+/O v(O,t)Bl(u)dt—/O o(l,t) By (w)dt = 0. (2.11)

Boibepem dyuknuio v(x,t) B (2.11) caenyiommm o6pazom:

<t <
o, t) = Tfu(:c,n)dm 0<t<T,
0, 7<t<T.
ITpeo6pasyem (2.11) ¢ BbiOpanHOit dyHKIWelH, yunTbBas, 4ro v:(x,t) = u(x,t), v(x,7) = 0. Haunem c
HMHTETPHPOBAHNS HEPBLIX ABYX CJArAaeMBIX II0J 3HAKOM HHTErPaJia CJeBa U IIOJLY<HM

;/l[uQ(x 7) 4 b(x)u (z, 1) 4+ a(z,0)v3(z,0)] dx—/ /cuvdwdt—

J/ /atv d:cdt+/ (O,t)Bl(u)dt/OTv(l,t)u)Bg(u)dt. (2.12)

Ha nepBblil B3IIsi/] OUeBHJIEH CJIEIYIONMI IMar B J0KAa3aTeJbCTBE — CJeJaTh ONEHKY mpapoii gactn (2.12).
Ho cpasy sro cuesarb Hejb3s, Tak Kak COOTHOIIeHUs! Bj;(u) comepKar cjiefbl MCKOMOIO PEIeHUs, 9TO
IIOKa He II03BOJISIET IIOJIYYUTh IOJIE3HYIO OIEHKY B Hy:KHOM mpoctpancTBe. [losTomy cremaem HeKOTOpPBIE
peobpa3oBaHusl B [IPOIECCE OLEHKH [paBoil dacTu pasencrsa (2.12). 3ammiiemM UX [HOCTENEHHO ¥ HOAPOGHO,
YUUTBIBasl BBEJIEHHBbIE 00O3HAYEHUS.

Paccmorpum mpaeble wactu (2.8), (2.9) u npoBeseM HEKOTOPBIE BBIUMCIEHUS C yUETOM I[PEJICTABIEHHUSI
BuIOpanuoii dyukuu v(x,t).

I = /0 a1 (t)v(0,t)u(0, t)dt = _%/0 oy, (H)v?(0,t)dt — %a11(0)v2(0,0);
112 —/ 0412’()(0 t)vt(l t)d
Ty = — / By ()01 (0, £y (0, £)dt — / B2 (1) (0,0t — B (7 (0,7);

Li=— / Bua(£)or (0, s (1, £)dt;
0

Ly = — / " 0(0, (0, 0)8% (1)t = / " 420,08} ()t + / " 0(0, u(0, )8 (1)t
o == [ 000wt 0f0d = [ 0,00t 0500 + [ 00,00 0550

117:/(:11(0,75)/0[ Pu(a, s (2, t)ddt = / 0,4) / Pu(a, tu(a, t)dudi—

/ / Py (x, t)u(z, t)dadt;

Iy :_/0 0121U(lat)(t)u(0»t)dt—/0 aglv(O,t)vt(l,t)dt—i—/o ay (B)u(l,t)v(0, t)dt+
+a21(0)v(0,0)v(l, 0);

T 1 /7 1
Ia == [ am@o(ltult, )it = 5 [ apu()dt + Saaa(0)0(10)
0 0

Lps = / Bo (£)ur (1, s (0, ) dt / 8L, () vn(l e (0, £)dt — / Bo1 ()00, )ua (1, t)dt+
+Bo1(T)u(l, 7)u(0, 7);
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124—/ Bao(t)ve (1, t)ug (1, t)d :—f/ Bhou®(1,t)dt + ﬂzz( Yu?(1,7);
Igg,z/o v(l, t)ug (0,1) By (t)dt = —/0 u(O,t)u(l,t)ﬂél(t)dt—A o(l, t)u(0,t) B3, (t)dt;
o = [ ot )80t = = [ 20,0800 [ o0 s50

T l T l
Iy = —/ v(l,t)/ Pg(x,t)ut(x,t)d:rdt:/ vt(l,t)/ Py(z,t)u(x, t)dedt+
0 0 0 0

T l
+/ v(l,t) / Poyu(x, t)dadt.
0 0

PesysbrarTsl clieJaHHbIX IPe00Pa30BaHuil HyKHO HoACTaBuTh B (2.12), HO MbI He GyJieM 9TO JeIaTh B sIBHOM
BUJIe, & BOCIIOJIb3YEMCsI BBEJICHHBIMEU ODO3HAYCHWSIMU U 3aMETHM, 9TO TakK Kak 10 ycjaoBuio (1o + P21 = 0, TO

Lu+1Ias = [ B4 (t)u(0,t)u(l, t)dt — Bar (T)u(0, 7)u(l, 7), a Tak kax B11£+2B126n— Pagn? = 0, T0 U3 pasencrsa
(2.12) BBITEKAET HEpPaBEHCTBO

/Ol[u2(x,7)+bu (z,7) + a(z,0)v? 2|/ / cuvdmdt|+/ / lag|v2dedt+

+/ |a’11\(t)v2(07t)dt+2|/ a’12v(0,t)v(l7t)dt|+/ |y |02 (1, 1) dt+-
0 0 0
+]a11](0)v%(0,0) 4 2|1 (0)v(0,0)v(1, 0)] + |aga|v?(1,0)+
+ (LBl .0d+2 [ gu.0ut.0d + [ 18000+
0

+2|/Tv(0,t)u(0,t) ()dt|+2|/ (0, £)u(l, £)81, (£)dt|+

+2|/ (1, t)u(0,t) dt|+2|/ (1, )u(l, t)Boy (t)dt|+
+2|/ (0,4) / Pu(x, t)ulz, t)dmdt|—|—2|/ (0, /lPlt(x Pu(z, t)dedt|+
+2\/0 u(l, 1) /Ol Pg(:z:,t)u(x,t)dxdt|+2|/0 v(l,t)/o Py (2, t)u(w, £)dadt] +
+2|/OTv(o,t) /Ol Hl(:c,t)u(x,t)dmdﬂ+2|/0Tv(l,t) /Ol Hoa (e, (i, ) dadt |+

+9| /0 " amo(0, Oull, t)dt]. (2.13)

Tenepsb y»ke JIerKO BBIBECTH HYXKHYIO OreHKy. [ljist sroro mam monaobsitcsi mHepaBerncTBa Komm, Komwm —
Bynskosckoro, mepaBeHcTBa

I I
w?(&,t) < QIOfwi(%t)dx +2 bwa(%t)dac,

) Lo Lo, (2.14)
w?(&;,t) < e [wi(x, t)da + c(e) [ w?(x,t)dx,
0 0
61 = 07 62 = lu w e WQI(QT)7
KOTOpBIE BBIBOJSATCS Tak ke, kKak u B ([25] (6.24, c. 77), a TakyKe HEPABEHCTBO
v*(x,1) gT/ w?(z,t)dt, vt e[0,T], (2.15)
0

KOTOPOE CJIelyeT U3 IMpeJCTaBjennus BoIOpaHHoil Boime (ynkuuu v(x,t).
VceiioBusi TeOpEMBbI TapaHTUPYIOT CYIIECTBOBAHUE TAKUX IOJIOXKHUTEIBHBIX UUCET g, a1, Co, Do, b1, K, 0, ITO

a(x,t) = ag, b(x) > by, max |a(z,t),ar(x,t)] < a1, max|e(x,t)| < co,
Qr Qr

ma’x‘alj( )7 Blj(t) aij(t)v Bz/j(t) ﬂz]( )| b17 Z?] = 1727

[0,77]

l
max/ H(z,t)dx < k, max/ P(z,t,7)dr <o, i=1,2.
[0,7] Qr Jo
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Y4auThIBasl BBITUCAHHBIE OIPAHIYEHNS U IIPUMEHSS K CJIaraeMbIM, COJIEPKAIIIM IIPOU3BE/IEHNsI, HEPABEHCTBA
Komu n Komm — BynsikoBckoro, nosyunm u3 (2.13), npuHmmasi Takke BO BHUMaHue ycjosue (2.15),
HEPABEHCTBO

l T l
/ [u?(z,7) + agvi(z,0) + bou(x, 7)]dzr < Cy / / [u? + v? + vZ]dxdt+
0 o Jo

+Cy /OT[uQ(O,t) + u2(l,t) + U2(07t) + 1)2(17t)]dt + 03[,02(07 0) + 1)2(170)]7 (2.16)

rine Cp, Cy, C3 BbIpaxKaroTCcs 4Yepe3 OlpejesIeHHble BbIIIe YUCIa ag, a1, Co, by, b1, K, O 3JIeMEHTapHBIM
00pa30M, KOTOpbIE M3-3a OOJIBIIOrO KOJMYECTBA CJIAraeMbIX CJMNIKOM I'POMO3JIKH, U Mbl HX HE IPUBOIMM.

Temepb OIEHMM cJIaraeMble MPABO UACTU TIOCJETHEr0 HEPABEHCTBA, cojeprKaime ciaeapl dbyHknun v(x,t)
Ha OOKOBBIX I'DAHMIAX, IIPUMEHUB JJIsl 3TOro HepaseHcTBa (2.14) u (2.15).

/ 2l// (z,t)dzdt + — // (z,t)dzdt <
21// (z,t)dzdt + 7'// (z, t)dzdt;

/ 21// (x,t)dxdt + ~ // (z,t)dxdt <
21// (x,t)dxdt + T// (x,t)dxdt;

v%(0,0) < /0 v (z,0)dx + c(e )/0 v (x,0)dz <

l T pl
< 6/ v2(x,0)dx + c(s)'r/ / u?(z,t)dx
0 0o Jo

l l
v%(1,0) < 5/ v (z,0)dx + c(a)/ v*(x,0)dr <
0 0

l T rl
<5/ Ui(m,O)dx—i—c(s)T/ /uQ(as,t)dx
0 o Jo
T T rl 2 T rl
/ uQ(O,t)dt<2l/ /ui(m,t)dmdt—i—f/ /uQ(x,t)dxdt,
0
/ 21/ / (x,t)dxdt + — / / (x,t)dxdt.
0

C yderoMm 10JyueHHBIX HepaBeHCTB u3 (2.16) ciemyer

l
/O [u?(x,T) + agv?(x,0) + bou(z, 7)]dz <

T l l
< c/ / [W? +u2 + vi]dzdt + 2036/ v2(x,0)dz, (2.17)
0 0 0

rie C Boeipaxkaercst depes Cp,Cy, Cs, 1, 7. Boibepem € Tak, a1obnl ag—2C3¢ > 0, MOJOKUB JiJIsi ONPEIETeHHOCTH
£ = 4(17037 U TIepeHeceM TocenHuN mHTerpasa B (2.15) B JeBy YacTh HepaBeHCTBa. Torma

l T l
/ [u? (2, T) + %vi(m, 0) + bou?(x, 7)]dx < C’/ / [u? + v? + u?]dxdt.
0

[locetHee TIPENATCTBHE Ha IMyTH K HY¥KHOH omeHke B Buae v2(x,0) mpeomomeeM, BBems dbyHKIHIO w(x,t) =
= fo uz (z,m)dn. N3 npencrapaenust dbysxmmu v(z,t) caemyer

vg(x,t) = / g (z,m)dn = w(x,t) —w(x, 1), ve(z,0) =w(x, ).

Torma, mpumenns Hepaserctso Komm s onenkn (w(z,t) — w(x,7))?, momyamm

l
/ [uz(xﬂ') + ajowQ(x,T) + boui(x,T)]dx <
0
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T l l
< 20/ / [u? + u? + w?]dxdt + QCT/ w?(x, 7)dz.
o Jo 0

[Tonb3ysich MPou3BOJIOM, BbIOepeM T Tak, 4ToObl v = 4 —2C'T > 0, nepeHecem IocC/e/lHee caraeMoe MpaBoit
YaCTU HEPABEHCTBA B JIEBYIO €r0 YaCThb U IMOJYYUM HEPABEHCTBO

l T l
mo/ [w?(z,7) +w?(z,7) +u2(z,7))dx < 20/ / [u? + w? + u?]dxdt,
0 o Jo
rae mo = min{l,v,bo}, cupasemmusoe g Beex 7 € [0, £%], u3 Koroporo B cmiry Jemmbl I'pomyosia [24]
cietyer
1
mo/ [w?(z,7) +w?(z,7) + ui(z,7)]dr <0,
0

orkyna u(x,t) =0 B [0, {&]. Creays mpomnemype, onucannoit B [25] (c. 212), moxaxem, uro u(x,t) =0 u B

[1&, 5], u, npojo/Kas 3TOT Tporece, Ha Bcem npomexyTre [0, 7.

DTO U 03HAYAET, YTO NPEJNOJOKEHAE O CYIECTBOBAHUM JIBYX DA3JMIHBIX DENICHUH 3a/aqu 2 HEBEPHO, H,
crasio ObITh, €JIMHCTBEHHOCTH DEINEHNS JOKA3AHA.
[IpucTynnM K JIOKA3aTebCTBY CYLIECTBOBAHMS DEINEHNs, [UIf Ier0 BOCIONb3yeMcs MeTonoM [amepkuna.
ycrs {wy(z)} — npoussosbnas cucrema dbynximit uz C2[0,1], mmeiino nesasucumas u nosmaa B8 Wy (0,1).
Bysiem uckaTh NpuOJIMIKEHHDBIE DENICHUs 3aJIa4u 2 B BUJIE
m
u(z,t) =Y emr(t)wi () (2.18)
k=1

u3 COOTHOIINEHUM

1
/ (uitw; + aulw) + bulf,wh + cu™w;)dx + w; (0) By (u™) — w; (1) Ba(u) =
0

1
= /0 Jwidr — w;(0)Fy(t) + w; () Fa(t),  cmr(0) = ¢, (0) =0, (2.19)

rae
Bl (U) = ozll(t)u(O, t) + Oém(t)lt(l, t) + ﬁn(t)utt(o, t) + ﬁlQ(t)utt(l, t)+

l !
+/0 Hy(z,)u(z, 7)dx + /0 Py (z, t)ude,
By (u) = a1 (t)u(0,t) + coo(t)u(l, t) + Ba1 (£)uw (0,1) + Boa(t)uw (1, 1)+

l l
+/ Hg(x,t)u(x,r)dx—l—/ Py(z, t)usde.
0 0

IMoxcrasus (2.18) B (2.19), yoexmaemcsa B ToM, uro (2.19) npejcrasisier coboil cucremy nnddepeHIanIbHbIX
YPABHEHHIT OTHOCUTEJIBHO Cpyp(t). eficTBurensho, moxcranoska (2.18) B (2.19) maer

l m l
/ (uffw; + aulw) + bujfwh + cu™w;)dr = Z e (1) (/ wpw;dr+
0 k=1 0

+B11w; (0)wy (0) + Brow; (0)w (1) — Barw;(1)wr(0) — ,622wi(l)wk(l)>+

—l—Zcﬁc(t)(wi(O) P (@) — i) | Pg(x7t)wk(x)dm)+

m i

+ Z ck(t) (/ [aw]wy, + cw;wi]dz + a11w; (0)w (0) + ar2w; (0)wy (1) —
k=1 0

70&21101'(1)10]4 (O) - aggwi(l)wk(l)+

l !
+wi(0)/0 (Hy + Py)wy(z)dx — wi(l)/o (Hy + Pg)wk(x)dm) =

!
= /0 Jwidz — w;(0)Fy(t) + w; (1) Fa(t).

Brens odeBmmmoe obozHavdeHme, MOJIYyIUM

Z Aikcg(t) + Dikcé(t) + dikck(t) = Gi(t), Ck(O) = C;C(O) =0.
k=1
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Ota 3amada Komm ojgHO3HAYHO paspernma, JleiicTBuTeNbHO, MaTpuiia Ko3MOUIMEHTOB UPH  CTaPIINX
[IPOU3BOJIHBIX HEBBIPOXKJIEHHAs B CHJly JiMHeiiHO# HesaucumocT byHkuuit w;(x) u ycaosuit Sz + B21 = 0
n (1162 + 2B126n — Boan? = 0. YeiaoBus TeopeMbl TapaHTHPYIOT OrPAHHUCHHOCTL KO(MQUIIHEHTOB W IPABOIl
YacTU ypaBHEHUIA.

Takmm 00pazom, TOC/IEIOBATEILHOCTD PUOJINKEHHBIX DPEIIeHnil 33829 2 MOCTPOEHA.

Ha criemyromenm srame JIOKa3aTeIbCTBA CYIIECTBOBAHUST PEIIEHUsT BBIBEJIEM AlPUOPHYIO OneHKy. [ljist aroro
YMHOXKHUM Kaxkjoe u3 coorHomenunii (2.19) ma cowo ¢, (t), npocymmmupyem mo i or 1 g0 m, a 3arem
upounTerpupyem 1o t € (0,7). Iomyaum

l
/ /(u?}ut + auy uly 4+ bulyuly  cu™ug")dedi+
0

_|_

hc\

’LL all(t)u(O, t) + 12 (t)u(l, t) + ﬂll(t)utt (07 t) + ﬁlgutt (l, t)]dt—
uy" (1, 1) [ar (£)uw(0,t) + aoa(t)u(l, t) + Bar (£)uee (0, ) + Basuse (1, t)]dt+

l
+ [ w0, t H1 (z,t)u™(x, t)der/ Py(x, t)uf (z,t) dx)dt
0 0

T l
— [ u(l, t H2 x, t)u™(z, t)dac+/ Py(z, t)uy* (z,t) dx)dt:
0 0

:/0 /Ofu;”d:cdt/oT Fl(t)u;”((),t)dt+/07 Fy(t)u™(1,t)dt.

Jlsisi BBIBOZIA OIGHKH IPUMEHHM B OCHOBHOM Ty K€ TEXHUKY, UTO U IPU JIOKA3ATEJIHCTBE €IMHCTBEHHOCTH
pertieHnst, oOpaTHB BHUMAHWE JIUIIb HA HEKOTOPBIE ETAJIU.
IIepBoe ciraraemoe mpeoOpasyercsi CTAHIAPTHBIM 00OPA30M C IIOMOINBIO0 WHTETPUPOBAHUSA IO YACTIM

T rl
/ / (upjuy + aulully + buly,uly + cu™uy")dedt =
0o Jo

l
= 5 [ 1 )R + ol (@) + by . 7) o+

s
+/ / cu u;"d:ﬂdtff/ / ar(u™)?dxdt.
o Jo

Paccmorpum  citetytomue  ciaraeMble M 3aMETHM, YTO B HEKOTODBIX U3 HHUX I[0J[ 3HAKOM HHTErpaJa
COJZIEP2KATCS CJIEIBI MTPOM3BOIHBIX BTOPOIO TOPSIKA HCKOMOI'O DEeIleHus M0 ¢, YTO He MO3BOJUT ODOUTHUCH
HepasercTsoM Komm it BBIBOJA oneHku B npoctpanctee Wi (Qr). IlosTomy ciemaem  HeGOJbIIBIE
upeobpa30BaHus, WHTErpUpys 1O dacTaM u yduarbiBas, udro u(x,0) = 0. Ilocse BblmosHEeHUs STHX
3JIEMEHTAPHBIX peodpa3oBaHuii U y4urs ycyioBue f[1s + f21 = 0, mosyanm

[ T )+ ) 4 bl Pl =

:—2/ /cu ul"dxdt—k/ /at )2dzdt+

+Hona (1) (w™(0,7))% = 2021 (T)u™ (0, T)u" (I, 7) — aza (u™ (1, 7)%)]

—[Bra(7) (ug” (O,T)) — 2851 (T)uf" (0, 7)ug (I, 7) — Baa (uf (1, 7))+
+ [ [ (u™(0,1))% — 20k, u™ (0, )u™ (1, t)dt — by (u™ (1, t))?]|dt+

T

(811 (uf" (0, £))* — 285y (0, t)uy" (1, t)dt — Baa (ui (I, £))?]dt—

+
S— —

—2A (alg(t) - agl(t))uzn(o,t)um(l,t)dt—l—
1
—|—2/0 uy” (0, t H1 (z,t)u™(x, t)da:+/0 Py (z,t)uf* (z, t)dx )dt—

2/0u (1,1) /ngt) (xtdm+/P2xt)ut(:Et)d)dt+
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T l T T
+ /O /0 Fulrdzdt — /O Fu (a0, £)dt + /0 Fy(t)u (I, t)dt. (2.20)

Tenepb BBIBEIEM OIEHKY, IPUMEHSIST TY YK€ TEXHWKY, UTO W IPU JIOKA3ATEIHCTBE €JNHCTBEHHOCTH PEIIEHNS:
ucrnosnbsyem HepasencrBa Komm, Komm — Bywnsikosekoro u Hepasencrsa (2.14), (2.15). Toayunm us (2.20)
HEPaBEHCTBO

1
/0 [, 7)? + (2, 7)? + (o, 7)) Pde <

T l
<C4/0 /()[(um) + (uf)* + (ul')” + (uly)°])dzedt+

+C5 (1 1a@r) + 10 + 1P2lL00m)s

Ipubasus k obenm gacraM nepasenctso (u™(z,7))? < 7 [ (u(x,t))?dt, KoTOPOE BHITEKACT M3 HPE/CTABICHNS
u™(x,T) = fOT u*(x,t)dt, rme Mpr yamam, aro v (z,0) = 0, nomayunm

l
/O [(w™ (2, 7))? + (" (2, 7)) + (W (2, 7)) + (ufi(z, 7))*|dz <

T l
<C / / (™) + ()2 + (um)? + (w2t +

+C5(1f 117502 + 1P, 0.0 + 11 F2l1Z0.)5
[IPUMEHUB K KOTOPOMY JieMMy ['poHyosia, a 3areM npouHTerpuposas no 7 € [0, 7], nosydnM Hy>KHYIO OIEHKY

u™lw(or) <5, (2.21)

rae S we 3aBucuT OoT m. CyIecTBOBAHIE TOW MaXKOPUPYIOINIEH MOCTOSTHHOM 00ECIIeUeHO YCIOBUSIMU TEOPEMBI.
Baaromaps (2.21) u3 noctpoenHoil mocienosareabrocT U (2, ) MOXKHO BBIOPATDH MOJIIOCIIET0BATEILHOCTS,
cnabo cxongntyiocs 8 W (Qr) u pasnomepno 1o t € [0,T] B La(0,1). 3a BblIeIeHHOl TIO/IIOCTIEI0BATEIBHOCTHIO
COXpaHUM IIpeXKHee 00O3HadUeHHe. YKa3aHHbIE CXOMMOCTH ODECIeYNBAIOT BBIIOJHEHNE HAYAJbLHOTO YCJIOBUS
u(z,0) =0 u cupaseymBocTh ToXxIAecTBa (2.10), 9To JOKa3bIBaeTCs Tak ke, Kak u B [25] (c. 215).
Teopema 1 TOJTHOCTBIO JIOKa3aHA.
Bepremcst k 3amade 1 u, onmpasich Ha JieMMy, IO €e pelreHneM Oy/leM MOHHMAThH ODODIIEHHOE perreHne
zamaan 2. [Tosromy HaM OCTAIOCH TOJNBKO CHOPMYJIUPOBATH YCJIOBUSI PA3PENIIMOCTH B TepMHUHAX 3ajadu 1.
Teopema 2. IlycTb BBITOTHEHBI YCIOBUS

a,ap,c € C(Qr), be CH0,T], b0)=0b(l), f€ La(Qr),
K € C*Qr), i=1,2, A=K (0,t)Kx(l,t) — K2(0,t)K;(I,t) # 0,
Koo(L) K (1,t) — K12 (1, ) Ko (1, 1) + K1,(0,1) K2(0,t) — K,(0,£)K1(0,1) = 0,
[K12(0,t)Ka(l,t) — Koy (0,8) Ky (1, 1)]€% — 2[K1.(0,8) K2(0,t) — K2.(0,£) K1 (0,)]én
— Ko, (1, ) K1(0,t) — K1,(1,t) K2(0,t)]n* > 0.

Torma cymecTByeT emmHCTBEHHOE OOODOIEHHOE perreHue 3agadn 1.

BreiBoib1

B crarpe mpestoxken m peasm30BaH METOJ JI0KA3aTE/IHCTBA CYIECTBOBAHUA €INHCTBEHHOTO OOOOIEHHOTO
pelieHns  3aJa4d  C HEJOKAJbHBIMHU YCJIOBHSMH IIE€PBOI'O pPOJA JUId yPaBHEHUS YETBEPTOIO IOPSIKA.
[Tosydensr ycioBUSI Ha BXOJHBIE JAHHBIE, O0OECIEUYMBAONINE OJHO3HAYHYIO PA3PENINMOCTh I[TOCTABJIEHHOMN
3aJ1a4un, INpeJCcTaBJIeHHbBIE B TeopeMme 2.
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A PROBLEM WITH NONLOCAL INTEGRAL 1ST KIND CONDITIONS
FOR 4TH ORDER PARTIAL DIFFERENTIAL EQUATION

ABSTRACT

In this article, we consider a nonlocal problem with integral conditions for one-dimensional 4th order
partial differential equation. A distinguishing feature of this problem is the presence of integral conditions
of the 1st kind. Moreover, the kernels of these conditions depend on both spatial and time variables. We
suggest a new approach which enables to overcome the difficulties arising from the form of nonlocal conditions
and derive a priori estimates. Obtained estimates play a significant role when we prove the existence and
uniqueness of the solution to the problem.

Key words: 4th-order partial differential equation; nonlocal problem; integral conditions of 1st and
2nd kind; generalized solution; Sobolev space; a priori estimates.
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