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H. M. Mpouax

3AIAYA BE3 NMOYATKOBMX YMOB ANnA HENIHINHOIO
YNbTPANAPABOIYHOIO PIBHAHHA 3 BUPOIXKEHHAM

Pozeasnymo amiwany 3a0auy 04 HeATHITUHO20 8uP0o0HenHozo YabmpanapabosivHo-
20 pleHAHHA OpY2020 Nopadky. [Jocaidxieno iCHY8AHHA Y3a2aAbHEHUX PO38’3Ki8 Yi-
€1 3a0aui 8 00Medcenill 00.aacmi, @ MAKOHC CAAOKUX PO38’3Ki8 (Y ceHcl epanHuyl no-
caifosrocmeni) 3a0aul 6e3 nNOUAMKOBUX YMO8 04 YbO2O PIBHAHHI.

1. Beryn. YV wniif mpani posrssHyTo 3MimnaHi 3amadi Aja yJsbTpamnapabostiy-
HOT'O PIBHAHHA JPYTOro IOPAJKY, AKEe MICTUTb BUPOIKEHHA. 3HaliIeHO YMOBH,
3a AKX iCHye po3B’A30K 3MillIaHoi 3a7jadi JyiA 1IbOro piBHAHHA Ta yMOBU cJab-
KO0l po3B’A3HOCTI 3a7ja4i 6e3 IOYaTKOBUX YMOB JJIi BKA3aHOTO piBHAHHA. IloHAT-
TA CUJIBHOTO Ta CcJabKOro po3B’sA3Ky 3a/adi 6e3 INoYaTKOBUMX YMOB BBEIEHO II0-
nibHoO, AK y mpari [17], Aka cTocyeThbCsA TinepOoJiYHMX OIlepaTopiB.

3ayBasKMMO, 110 3a7adi NJA PiBHAHb yJbTpanapabosivHOro TUILy BUHMKA-
I0Th IIPY JIMOBIpHICHOMY OIMCyBaHHI nporeciB audysii 3 iHepli€o, B eKoHOMILT],
dinancax oo [3, 15, 16, 18]. IInTanusa npo pos3s’As3HicTb 3amaui Ko ta moby-
IOBY (PyHIAMEHTaJbHOI cucTeMu pPo3B’A3KIB AJA yJIbTpanapabosivyHMX pPiBHAHDb
poaraanamuck y [3—6, 15, 16, 18—20], a po3B’aA3HicTh 3MimaHMxX 3amad i 3ajay
6e3 mouaTkoBMxX ymMoB — y [1, 8, 9, 12—14, 21]. Ha Biaminy Bixm npams [1, 8, 9], xe
JOCJII)KEHO ICHYBaHHA Ta €QUHICTb PO3B’A3KIB KpaloBUX 3a5lad NJIA PiBHAHL 3
MOHOTOHHOIO T'OJIOBHOIO YaCTMHOIO, y IIiif IIpalfi MOCJiMKEeHO iCHyBaHHA PO3B’A3-
KiB piBHAHHA 3 OIepPaTOPOM B TOJIOBHIV YaCTUHI, AKMI HE € MOHOTOHHMM.

2. 3ajada 3 MOYATKOBOI yMoBomw. Hexait Q@ — R" — oOmesxeHa 00JacTb 3
Memeo 0Q; y, <+, D=Qx(0,y)), G=(0y))x(0T); Q =Dx(-o0,T),

QOJ‘:DX(O’T)’ O<T<+OO; QO,rzDX(()’T)’ TG(O’TL D‘r:QO,Tm{tzt};
0Q c C?, =y =0 x(0,y) x(0,T), Ty = Q% (0,y,) x (—0,T).

B obnacTi @, PO3TIgHEMO 3MilIaHy 3a7a4uy

u, =My, = (e @y, O)luf P u, ), = fx,y,1), (1)
i=1

u(@,yy,) =0,  (x,)eQx(0,T), ul =0, (2)

u(@,y,0) = uy(x,y). (3)

CrocoBro koedimienTis a;(x,y,t), ¢ =1,...,n, Ta Ax,y,t) pieHaHHA (1)
MIPUIIYCKATUMEMO BUKOHAHHA YMOB:
(A) a,€ L*(Qp), a,(x,y,t) 2 a,> 0 maitxe gua Beix (x,y,t) € @, 1 =1,...,n;
(L) 1 eC@p), L, € L”(Q) maibxe ana Beix (x,y,t) € Qy;
P) 2<p<+m.
Bynemo posryiamgaTyt Taki IpocTopu:
VVl(QO,T) = {v(x,y,t) v E LZ(QO’T), v, € Lp(QO’T), i=1,...,n, v| = 0},

Zo, 7

W(Qy 1) = {v(x,y,t) 1 v € LP(Q 1), v, € LX(Q 1), || P v e L*(0,T;H (D)),
vl =0, v(@y,t) =0, (x,t)eQx(0,T)},

Zo, 7
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Teepmennsa. Hexaii S = {v: |v|(p_2)/2 v e HY(D), v|2 =0, v(x,y,,t) =0,
T

0,

n 1/
(x,t) e Qx (0,T)} i Ppynryia M(v) = (j2|v|p_2 (vxi)zdxdy) '
D=1
Too01:

(1) Ppynryia M(v) >0 na S i M) = |A|M(v) das dosiavrozo uucaa heR';
(#1) suxonyromucs exaadenns S < L(D), e 2<s<p;
(412) mmoocuna {v:v e S, M(v) <1} sidnocno komnaxmua ¢ L’ (D).
JoBeneHHaa 3ayBaxumo, mo M(v) >0 i
n 1/p
M(\v) = (mp [ 2w (vx_)zdxdy) = A\ M(v).

D i=1

p-2)/2

Toxnanemo B(v) = || v. Hexait {v,,}, _ €S. Toni B(v,,) oOmesxena

def
B {v:veH (D), v|Z =0, v(x,yy,t) = 0, (x,t) € Qx(0,T)} = W,(D). Ipocrip
0,T

W,(D) < LY(D) mpu qg2iln_+11)

(abo q¢ — moBisnbHEe CKiHYeHHE YMCJIO TP N = 1).
3BincK OTpUMyeEMO, 10

1/q
( j(|vm |(p_2)/2 vm)qudy) =

D

< 0.

= ( ,[l”m |pq/2 dx dy)l/q = ( ,va |pq/2 dx dy)(Z/pq)A(p/Z)
D D

Tomy v, € LPY?*(D) i, xpim ToOTrO, v,, —> U cJaabKo B LPY?(D). Ockinbkyu BKIA-

nenna W, (Q) c LZ(Q) € KoMmmakTHuM, B(v) € S, To 3a Teopemoro 5.1 [11, c. 70]

B(v,,) = ( cuibHO B LZ(D) i maiske Bcrogu. Ockinmbky A — B(A) — MOHOTOHHE,

TO V,, —> B(x) maiiske Beronm, a, omske, i B LPY?(D). Tomy B~l(y) = v. Omxe,

v,, = vV cyaabko B LPY?(D) i maiike BCIOAN.

3rizgHo 3 Teopemoro €roposa nJa Bcix ¢ > (0 icHye Taka MHOkuHa E — D,
mo mesE < ¢ i3biskuicte v,, — v piBHOMipra B D\ E. Tozi nna 2 <s< pq/2

.”Um -v| dxdy = j|vm -’ dxedy + j |v,, —v| dxdy. 4)
D E D\E

OcCKiJbKM

2s/(pq)
j|vm—v|sdxdy£('|.|vm—v|pQ/2dxdy) gt f
E E

me 0= %, To 3 (4) BUILIMBAE, IO .”Um -v|*dxdy < e. Tomy v,, = v CUIBHO
D

B L’(D), me s < % Bubepemo s < p. Toxi TBepIsKeHHs NOBemeHO. O

3ayeadicenns. Ha mincraBi TBepmKkeHHA 1 OTPUMYyeEMO, II0 BMKOHYIOTBHCSA
Bci ymoBu Teopemu 12.1 3 [11] npo 3aminy mpocTopy.

O3znauenns 1. Y3azanvrenum poss’askom 3anadi (1)—(3) HazBeMO (PYHKIIIIO
ueW(@r), u, € Vl*(Q[),T) , AKa JJIA NOBiNbHOI QyHKHil v € W (Q, ;) 3a10BOJb-

HdA€E PiBHICTB
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O'—n’ﬂ

dt+ j [— k(x,y,t)uyv+
Q.

+ Zai(x, y,t)|u|p_2 Uy Uy — f(x,y,t)v} dxdydt =0 (5)

i=1
i mouarkoBy ymoBy (3). Tyt (-,-) — cranapHMit JOOYTOK B Vl*(QO,T)'
JoBenemo icCHyYBaHHA y3araJibHEHOro Po3B’A3Ky 3amadi (1)—(3).
Teopema 1. Hexaii suxonytomuscs ymosu (A), (L), (P), xpim moeo, f, fy €

e Q) @y € L(Qr), gy, € LAD), f(a,yy,t) =0 dan (x,t) € @x(0,T).
To0i ichye y3azaavHenuli po3s’sa3ok 3adaui (1)—(3).

JToBepnenna Hexait {¢ }e-; — OpToroHasbHa 6asza mpocropy Hg(Q),
OPTOHOPMOBAHA B LX(Q), me (pk — BJacHi (pyHKUii 3amaqi ((pk,v)HT(Q) =vk((pk,v) ,
0
u| 20 =0, AKI BiANOBINaOTh BJIACHMM 3HAYEHHAM V, , 1 Taki, 10 3 BKJIIOYEHH:A
2

o9 e LP(Q). Ona Toro mob Ile BKJIaJeHHA BUKO-
Ox 0x

L]

o e H;(Q) Bunmmsae, 1110

2
HyBaJIOCA, MOYKHa BuOpatu r = (%2)% + 2. Toxmi aji(;pxj € H[()(p_z)/2>("/p>(£2).

251 2 2
Hexait y™ =cosMy m>1, A, -0 +...+a—2. IMosuaunmo {*™

2y, ’ ax‘
1 n
= {(pk(x)\vm(y)}f,mzl- OueBnpHO, 1O, OCKLIBKM @™ € LP(0,y,;Hy (), TO

}k,mzl =

o
o é"x e LP(0,y,; LP(Q).

N

Posraauemo ¢pysKIii uN(x,y,t)z Z c,lc\g(t)(pk’s(x,y), N =12,..., &e c,lc\g(t)
k,s=1
€ PO3B’A3KOM 3amadi

J.|:uN(pks—7\4(.’L‘,y,t) N ks+za (x,9,1) |uN|P uN(p};S}dxdy=

D i=1

j fa,y, 0" dady (6)
ep(0) = upy, ks e {1 N}, (7

N
N N k. .
up (x,y)= D U@ (@y), lim fug g |
k=1 N—>w
3a Tteopemoro Kaparteomopi [7, c. 54] icHye a6COJI}OTHO HelepepBHUIT Ha
[0,74], Ty < T, poss’saiBok 3anadi (6), (7). 3 OIIiHOK, oflep:KaHMX HIMIKUE, BUILIM-
BaTuMme, o T, = T. BBegemo nosHaveHHs
A= esssup|k (x,y, )|, al = maxesssup|a1y(x v, )|.
Qo1 ¢ Qo
Homuozkmmo (6) Ha c,lc\g(t)e_m, me crama o =AM +2, migcymyemo 3a s ik,
npoiHTerpyemo 3a t 1o mpoMmizkky [0,7]:

j [uiVuN —k(x,y,t)u;VuN +iai(x,y,t)|uN|p_2(uN_ )2 —

Ty
QO,r i=1

- f(x,y,t)uN}e_mdxdy dt=0. (8)



IlepeTBOpMMO Ta OLIHMMO KOYKHMII JOJAHOK OTPMMAHOI PiBHOCTI:
I = J. uluNe “daxdydt = % J. (W) e “daxdy -
DT
1 o _
-5 J. (uév)zdxdy 5 J. (wV)Pe “dxdydt,

Dy Qo

~
I}

g = — j Az, y,t)u;VuNe_“‘dxdydt =%
QO,r

O — A

j Ala,0,1) | uN|2 e “dxdt +
o

+ %QJ. ky(x, Y, t)|uN|2 e “daxdydt,
0,7t

Iy = j iai(x,y,t)|uN|p_2|u£’i |2e'°”dxdydt >
Qo,rizl

i=1

24— j i N|p 22 u™), Ve “drdydt,
p Q. ‘

2
I, = J.f(x,y,t)uNe_“tdxdydt S% [|f(x,y,t)|2+|uN| }e_mdxdydt.
QO,r QO,r
3Bigcu Ta 3 (8) OnepsKUMO HEPIBHICTD

j (w)?e “dady + jjk(x 0,t)(u™)*e  “dxdt +
D

T

0Q
ji[ N|pZ)/2 N)xijze‘“‘dxdydts
0

i=1

< j [F+0! +1-0)™)]e “dxdydt+ [ (uy)*dxdy. (9)
Q¢ Dy
Bpaxyemo Bubip o. Toxi 3 (9) BunsmBae oriHka

j @V )e “daxdy + jjk(x, 0,t)(u™)*e  “dxdt +
D 00

T

+ .[ { N|p o N)xl_)2+|uN|1e'°“dxdydts

_M{ [ 1fF dedydt + j(uo)zdxdy}, te(0,T], (10)

Qo,r Dy

y AKiit ctasna M, He 3anesxkutb Big N .

Ockiabku (cosmy) =— ®._ COS (2m—1)ny e © _((2m_1)ny)2
2Yo vy " 2Yy ’ m 2y, ’

N . . .
To gomHO:xuMO (6) HA €}, (t)®,, , HiICyMyeMO 3a S, M, IPOIHTEIPYeEMO 3a t Bif

N
: N
0 mo t Ta 3aMiHMMO 3Ha4YE€HHA Z ck’m(t)o)m(pk’m(x,y) 3 TIOIIepeqHbOTO BMUPA3y
k,m=1

Ha —uy MaTtumemo
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b= -
j [— y+k(x y,t)uy yy+2a (x, y,t)|uN| Nl ley} tdac dy dt =

QO,r
= - j f(x,y,t)u;\’ye_“tdxdydt. (11)
QO,r
IlepeTBOpPMMO Ta OLIIHMMO KOXKHMII 3 JTOMIAHKIB Ili€l piBHOCTi OKpEMO:
I, = J.u “tdxdydt— I(u Ye “dxdy- 3 I(uoy) dxdy +
QO T 1: DO
+% J. (uév)ze_“tdxdydt,
QO,r
1 T
I, = j Ma, y, tu,, u;\’ye"“tdx dydt = E.” A, 0, t)(uév)ze_“tdx dt —
Q- 00
—% J. Ay (2, Y, t)(uév)ze_“tdxdydt,
QOT
p- _
=— j Za(x y,t)|uN| U, xyy e “dxdydt =
Qo,rl’l

n —
- | [Z(ai(x,y,t))y|ulv|p fulul s

Q) < i=1

+(p - I)Za (, y,t)|uN|p y) }e"“tdxdydt >

i=1

1 n -
- ] [(ao(p—n-a_f)zlwﬂp Fd ) -
0,7 =
_g_;zn]uﬂp'z (uﬁ’l_)z}e_“‘dxdydt ,
i=1
Iy = J.f(x, y,t)uévye"“tdxdydtz—% J. Huﬂz+|fy(x,y,t)|2}e‘°”dxdydt.

QO,r QO,r
3 piBHocTi (11) Ha migcTaBi OIiHOK iHTerpaJis I, — I, OTpMMaeMO HepiBHICTb

j(u Ye “dady+ j(2a0(p 1)- a18)2| N|p )Ze_“tdxdydtﬁ
1: QOT
< j [|fy| +(k1+1—oc)(u2’)2)e"°”dxdydt+
QOT
+ j(uoy) olacoly+28 j Z|uN|P (u ) e “dadydt. (12)
Dy Q=1

Bpaxyemo Buraan o i 3acrocyemo (10). Matumemo oIiHKy

{j(u )dxdy+ j Z|uN|p 2 xy) dxdydt + j(u )dxdydt}
Qo QOr

st[ [ (|4, +I£)dac dyde +

Q1
+ [ l(ugy)* + (uo)z]dxdy}, te(0,T], (13)
D

y AKiit crasna M, He 3anmesxkuts Big N .
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OcKiJbKMN

NE-2/2 py ) b2
[ ("] u'), dxdydt— j |u”| ( jdxdydtg
Qo QOT
2 z;
S% J. xi|uN|P—2 J.(ugy)zdidxdydt <
Q1
—_(meSQ [ Sl @ dedydt <o,

QOTZ 1

N|(P-2)/2 N 9
me wp = (w(@), Ty, 1,685 1,00 X, 1, 2,))z 5 TO (|u | u )y e L'(Q 1) -

Hexait P, — OpTOroHaJbHMII IPOEKTOP B L*(D) =a {(pl’l, N’N}:

n
PNuiv =Py (k(x, Y, t)uév + Z(ai(x,y, t)|uN|p_2 uﬁ’l )rl + f(x, y,t)) €

i1
€ LZ(QO,T) + V[ (Qr) € V] (@ 1)- (14)

Ileit omeparop € obmeskenum y mpoctopax L(L*(D);L*(D)), L(V;(D);V; (D)),
[,(V1 (D); V, (D)) .

Baysaskumo, o mpoctip Vi'(Q, ) Gamaxosmit, u, € V' (@) i V(@)=
= IP(G;H"(Q)).

Ockinbkn (|uN|(p_2)/2 uN)xl_ € LZ(QO’T), TO

|uN|(p_2)/2 u" e I’ (Q 1), I |uN|p dxdydt < o,
Qo1

a TomMy ul e Lp(QO’T). 3 ominok (10), (13), (14) BunmBaiThL Taki 30iskHOCTI me-

.. . . . . N+y®
Akoi mgnocaizosHocTi mocaigosrocTi {u” },_; (3a AKoI 30epesxkeMo Te K came
TIO3HAYEHHS):

u’ > u  *-cmabro s L*((0,T); L*(D)),

u’ > u  cmabro B LP(Q, 1),

| N|(p_2)/2 u" > y caabko B L2(0,T;S),
— u, *-cmabxo B L*((0,T);I*(D)),

“2‘:2

- u, crmabko s Vi (Q)r). (15)

Toknmanemo S ={v:|v|P /% ve H\(D), v|Z =0, v(x,y,,t) =0, (x,t)eQx(0,T)},
0,T

1/p
M(v) (j2|v|p 2( dxdy) . Togi, srizuo 3 TBepmsxenuam, M(v)=0 Ha S,
D=1

M(\w) = |A|M(v) mna posimemoro wumena A € R' Ta, sokpema, S c LP(D)c
ch'(O,yO;H"T(Q)), mHOckMHA {v:v €S, M(v) <1} BiZHOCHO KOMIIAKTHA B

LP(D). EKpim Toro, I[M(u ]pdt—jIZ|v|p2(v *dedydt<C ta u, e
0D t=1

e V(@) Lp’(G;H_T(Q)). Togi 3a Teopemoro 12.1 3 [11]
u > u  cuabHO B LP(Q) ) 1 matixe BCrOmL (16)

12



Hexait v € LP(G;H{ (€)). Ouirumo yHKI{ioHaN

a(uN,v) = _F j |uN|p_2quvdxdy <
Q1
< ﬁ ‘ |uN |P‘2 u “LP'(Q 5 || Av "LP(QO,T) <
< C" u" "1;0—1@ ) I U"LP(G;Hg(Q))'
Toxi a(w,v) = (9@, 0), 2e |9, 0y < C[w" 5, ) Omre g™ 05-

merxxena B LP(G;H{ (Q)), u" — u cumbro B LP(Q, ;) i maibke Beromm. Togi sa

nemoo 1.3 3 [11] g(u™) — g(u) cmabro B LP(G;H](Q)). Ockimpru u" obme-

sKeHa Ha S 1 BUKOHyeTbcsA 30ikHicTb (16), TO 3a jJemoro 1.3 3 [11]
(p-2)/2 -
|| Puy |u|P™2/2 9 cnabro B L*(Q) ),

(|uN|(p_2)/2 ul), - (JulP2? u),, ~ ciabko B LX(Qr)- (17)

3 (16) Burumsae, mo u" — u cnabro 8 W*(0,y,; L*((0;T) x Q). Toxi ue
e C(0,y,; L*((0,T) x Q)), ulax,y,,t) € L2((0,T)x Q) i
lim k(x,y,t)uévvdxdydtz j k(x,y,t)uyvdxdydt

N—>o©
Q(),T QO,T

A qoBimbEnx v € W(Q, p) . IIpoinTerpysaBmm 1f0 PiBHICTE YaCTMHAaMM Ta BU-
KOPHUCTaBIIM ofepskaHi 30ixxHOCTi, 3HaxXozmmo, 1o u(x,y,,t) = 0. AHajnoriuso
nosoguMo, 1o u(x,y,0) = uy(x,y).
Ilokaskemo, 1m0 u — po3B’aA30k 3azadi (1)—(3). 3 (6) oTpuMaeMo piBHICTH
L -2
I[u?v”O—xuz%ouﬁvNO+§Z%tny¢ﬂuNP . ”ﬂdxdydt—
QO,T i=1

j f(x,y,t)vNdedydt, (18)
Q1

AKa BUKOHYETbCA AJIA Beix v = Z 2z sk(x,y), sko e C([0,T]).
s,k=1

3 o [ Ng1®
ayBaKuMo, mo MuokyHA (ynruii {u”}y | BuraAmy

Zz Fxy), me {0y},

s,k=1
O3HaYeHa Ha IOYaTKy JOBENEeHHA, € IIiabHOo B W, (Q, ;). Kpim Toro,

j iai(x, y,t)|uN|p_2 uﬁ’ivz_odxdydt =

Qr i=1

= | 5= 2Zﬁ(xy,|uﬂpzw u), [ [P oo dy di

1
Q.1

n
p-2 N,
- j Zai(x,y,t)|u| uxivxl_odxdydt.
QO,T i=1
Y rtoroskuocTi (18) mepeiimemMo A0 rpaHuili 3a BUOPAHONI BUILE ITOCJIiTOBHICTIO.
13



OTpumaemo piBHICTB
T

j(ut,v>dt+ j [ky(x,y,t)uyv+
0 Q1

S N

+ Zai(x7y7t)|u|p_2 uxlvx0j|dx dy dt =
i=1
= j flx,y,t)vdxdydt, (19)
Q1

AKa € MPaBUJIBHOI0 [ Beix v € W(Q, ). Teopemy noeezneno. ¢

3. 3agaua 0e3 mouaTkoBux ymoB. Hexaii Temep obsacTb € HeoOMe)KeHOIO
3a gacoBoio 3MiHHOW. ITosHaunmo ii Qp = Qx(0,y,) x (—o;T]. Posraaxatumemo

npocTopu
Wioe @r) ={v:v e W(Q, 1) mna goeimsroro t; < T},

Wi 10e(@r) = {v:ive W,(Q, r) Ana pOBiNbHOTO t < T},
Vy10e(@p) = {v: v e L*(t,, T;H) N LP(Q, 1) Ana mosimbmoro ¢ < T}.
Hexait H = L*(0,y,;H(Q)).
O3nauenns 2. PyHKIliIO U, AKA B IPOCTOPL VZ,loc(éT) NC((-»;T];H) € rpa-
HyIero mociosroCT doyHKmi {u” Y., Tarux, 1o Aad KoKHOTO k € N dyHK-
i uk e W(Qtl’T) 3aJI0BOJIBHAE PiBHAHHA

iy

J.<uf,v>dt + j [— k(x,y,t)u’ycv +

4 Qtl 12}

P 1_ 1 iai(xa yat)|uk |p_2 uk(—A)Uj| d.’l‘,‘dydt =
i=1

= j 1*(x,y,t)vda dy dt (20)

Qtl 2

+

mus KooxHoro v € L2(0,T; H), suppv Csupp uk, i goBinmbHMX t;, t, € (—,T), ne

nocmizosricts {f*}7_, s6iraerbes y mpoctopi Lll’(;c ((—oo,T];Lp’(D)) 1o QyHKHii f
Ha3BEMO CAAOKUM PO38’s3Kom 3adaui Oe3 moyaTkoBux ymoB (1), (2).

Teopema 2. Hexai suxonyromscs ymosu meopemu 1 045 K0K#CHOL 0Omedrce-
HoT nidobaacmi obaacmi Qp, a,(x,y,t) = a;(y,t). Todi icnye caadkull pos3s 30K
3adaui (1), (2).

Nosenennas Posraamemo mocrmimosnicts dymnkmin {f*}r_,, 36ixuy

no f y mpocropi LP ((—o0,T};LP (D)), maxux, mo f~, f§ € L (-0, TELX(D)) i

fk(x,yo,t) = (0 pia Bcix HaTypasabHUX k. BBenmemo pyHKIliIO

£,y DED), (2,Y,t) € Qs
0, (xx,y,t) € Qr_y,
1, t>T-k+1,
0, t<T-Fk

— f y npocropi LP ((—oo, T, IP (D)) mpu k — .

loc

F* (x,y,t) ={

me £eCHR), 0<Et)<1, &t)= { k e N. 3asnaunmo, mo F¥ —

Posrsisinemo B obnacti Qp_j p 3ajady A piBHAHHA (1) 3 KpajoBuMu yMmo-
Bamu (2) i 3 mouaTkoBoio ymoeow u(x,y,T —k)=0.
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Y Teopemi 1 nmoBezieHO iCHyBaHHA PO3B’A3KY u” wiei samaui. IIpomoBsxkmmo
KOKHY 3 (PYHKIII u” HyJeM B o0nacTe Qg_; i 30eperxemo nia Hei Te came mo-
3HaveHHA. O4eBUIHO, 1110 (PYHKIIIA uk 3aJI0BOJIbHSAE PiBHICTH

ty n
I(uf,v>dt + j [— M, y,t)ulycv+Z:ai(y,t)|uk|p_2 u’;l_vxl_ }dxdydt =
a1 @ty ty =1
= j Fk(x,y,t)vdxdydt (21)
Qtl 2
JIJIA BCIX ¥ € WMOC(@T), SuUppv C supp uk, t, <t, <T.Taka » PiBHICTb BUKO-

k,m k m

HyeTbea aua Qysrmii u™. Toxi pisauna u =u" —u" 3aJ0BOJILHATUME PiB-

HICTB

t
f(uf’m,v>dt + j [— A, y,t)u’yc’mv + iai(y,t)(|uk|p_2 uﬁl —
i-1

o1 Q1 1o
-2
~|um|® u;"_)vx}dxdydt =

= j (F¥(x,y,t) - F™(x,y,t))vdx dy dt (22)
Qtlvtz
JJIA BCIX v € WMOC(@T), SUpp v € supp uk’m, t, <t, <T.
Bubepemo dynrnio 0,(t), t € R [2, c. 24], Taky, mo 0, € CH(R), 0,(t) =0
Ha R, 0<6,(t)<1; 0,(t) =0, axmo t e (—o,-1], 6,(t) = exp{-1/(t +1)}, axmo
te(-1,-1/2], 0,(t) > exp{-2}, axmo t e (-1/2,0), 0,(t) =1, axmuo t € [0,+x).

3asHaunmo, mo sup 6, (1)0,“(t) < C, ne 0<ax <1, C — craja, AKa 3aJIEKNUTH
R
TIJIBKYU Bifg 2.
t—-t
ITosraunmo 6(t) = 6, (Tl)’ 4 > 0. 3ayBasKMMmo, 1110 CKaJAPHUI JOOYTOK B

H Bu3HA4Ya€TbCA CIiBBiJHOIIEHHAM
Yo

(wv)y = [ (u,(-A,) " v)dy,
0

e (—Ax)_lvzfa — po3B’A30K 3ajmavi —A O=v, v=0 Ha 0Q (OTIKeE, D € H[l)(Q)),

a (u,(-A,) )= j u(-A,)vdx — cranaprmit nobyrox misk H'(Q) i H}(Q). Jlo-
Q

Benemo (hyHmamenTambHicTs mocainosrocri {u*}r |y mpocropax C((-w,T]H),
Vz,loc(éT)- Bubepemo B piBHOCTI (22) dyHKLIO ¥ = (- Ax)_luk’me(t)e_‘“, t, -9

ra ( BigmosinHo 3amicTh t; i t,, Ae { — HOBiJIbHEe UMCIO 3 MPOMIKKY [t),t,].
MaTtumemo

j [(uf’m,uk’me(t))H - (k(x,y,t)uZ’m,uk’me(t))H}e"m dt +

1 = k|P~2 K
+ 1 j [Zai(y,t)(|u| U -
b Q i=1

t1-6,C

—|um |p_2 um)uk’me(t)}e_m dxdydt =
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= [ ((F*@y,0) - F™(2,y,0),u""00)ye * dt.  (23)
1-6,8)

Bubepemo T -k <t, -8, T-m<t, —3. Toni F¥ —~F™ =0 mpu telt, - t,].
IlepeTBOpMMO Ta OLIIHMMO KOYKHMII JOJAHOK PiBHOCTI (23):

11 = j (uic’m’uk,m )He(t)e—at dt = || xs ||; ol _
(t,-8,6)
L] R ewe et de e & [ | e e,
t;-8,8) (4,-5,0)
L= [ My tuy™-A) " "0e” ™ dedydt >
@y -5.¢
8 _% [ ||; 0(t)e” " dt +
(11 -8,0)
| M0 0u "o, et e o ded,
(t,-8,0) Q

ne A = esssup|k (x, y,t)|
Qr

BpaxyBapiu, 110 ” ulm ”H < " ulm ||L2(D)’ OZIEP3KYEMO OIIHKY

I, E% j || wm ||; 0'(t)e dt <

d
== ,[ | [P o(t)e dac dy dt + C,[5,8,] P2,
P Qey-5.C
ne 8, >0, C, = C/(n,p). BpaxoByoun ymoBy (A), MaTUMEMO

E j Za (y,1) [|uk| uk - |um|p_2 um]uk’me(t)e_“t dxdydt >
Qzl -5t

| Z| ko P o(t)e™ " da dy dt .

>
b- 1 i=1

Qu-sc
Ilicoa nux nepeTBOpeHb OTPUMAEMO HEPIBHICTb

%"uk”“ ||;e_§°‘+ [ [a@0,tpub™ (A ) ubme o) dar dt +
(t

1-8,0)Q
2 -5
o[ (Al e (S St
(t-8,6) p p
x [ JuR P e dedydt < (88, ], (24)
Q(tl-SC)

Bubepemo 9, —( )p Hexait ¢ >0 — pgoBisnbHe (pikcoBaHe UMCIIO.

Bubepemo & Takum, 1100 mpaBa udacTuHA HepiBHOCTi (24) OyJsa MmeHIa Bim €.
. . . . . kYoo
Toxi nus foBinbHOrO (ikcoBaroro t;, t; < T mocainosricts {u"};_ € dynga-

MeHTasbHOO y npocropax C([t,,T;H) Tra Vo (@, 1), L

loc

(=00, T;H 1 (0Q)).
3Bimcn omepsxkyemo 36iKHOCTI
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u* >u B C((-,T;H), W ou B V(@)
3a 0o3HAYEHHAM 2, U € CJaOdKuM po3B’aA3KoM 3amaui (1), (2).
Teopemy moBeneHo. ¢
Teopema 3. Hexail suxonyromucsa ymosu (A), (L), (P) 6 obracmi Q. Todi
3adaua (1), (2) He modce mamu 6iavuLe 00H020 CAAOK020 PO38’A3KY.
I osepnenna Hexai icuye nBa cnabki poss’siskm u; i u, sagaui (1),
(2). 3a ozHaueHHAM cJAOKOr0 PO3B’A3KY iCHYIOTH IIOCJIiJTOBHOCTI {u;f}le, (=
=1,2, axi s6iraloTbCa IO u, y IPOCTOPI VZ,loc(éT) NC((—o,T];H) mpu k — .
Topi ix pisHuUIA uk = uf - ug 3aJI0BOJIBHAE PiBHICTH
4
j <uf,uke_°”9(t)>dt + j M, y,t)uku’; + ky(ac,y,t)(uk)2 +
;-8 Q5.

1 a kP2 & kP2 I k
+p_12ai(y,t)[|ul| Uy —|u2| uz](—A)u -
i

—(fF(x,y,t) - fzk(x,y,t))uk}e(t)e_“‘ dedydt =0. (25)
AmnaJioriyHo, AK 3 (24), oTpuMy€eEMO PiBHICTB

ke s [ [u@00ut-a,) ube 0w dx de +
(t,-8,0)Q

+-j[@-%ﬂwfawm+
(t,-8,8)

—51 ) 1)j| k|P -at
+|—+ -= u| 6(t)e ™ drdydt <
( 1 J. | | (t) Y

Qiy-5.0)
<C 88,7+ [ (ff - P 0)e ' dardydt . (26)
Qu-s¢
Hexait t, — nosinbHe ikcoBaHe 3 MPOMLKKY (—,T) i t; <t,. 3a Hepis-
HICTIO TPUKYTHUKA

S PO PRt PSS N A PO
”f2 h P (Qy5.) fy fU“(Qtl_M) h fU“(Qtl_M)

2/(131 -2)

3adikcyemo € >0 Ta Bubepemo & 3 ymoBu C,[33;] < /8. Ockinbkn

koskHa 3 mocinosrocteit {ff e ,, ¢ =1,2, e 36ixmnomo no Gyuruii f y mpocro-

o

pi L, ((—oo,T);Lp’(D)), TO icHye Take HaTypasbHe k,(g), 1m0 s Beix k >k,

2/p’
1 1lra, o <3(5) =22

Toxi 3 (26) oTpumyeMoO, 1110 ” u’; - uf < €. OcKinbKu

"C([to T1H)
k

<[us - # s -] +
C(lto. T1H) C(ltg THH)

||u2 - U ”C([tO,T];H)

#ur -
C([to, THH)

i |uf "c T :
ifju, —u —0, (=12, upu k — oo, TO icHye Take HaTypaJibHe k, >
” ¢ Clie(ty,T1:H) ’ = k ’ 1

> k,, mo ana Beix k >k, BUKOHyeTbCA OLiHKA | u, < 3¢. Ockiznb-

=y ey oy
K t, i € JOBiNBHI, TO U, = U, MaiizKe BCIOAN B Q.

Teopemy moBeneHo. ¢
17



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

18

HocuigskeHHa yacTKOBO minTpumani rpantom HAH Ykpainm gy MoIoaux BUEHUX
(Homep pepoxkpeectpanii 0107U007278) Ta rpantom Ilpesmmenta Yrpainm njsa
OiITPUMKM HAYKOBUX NOCJiIKeHb MoJsoaux BueHux (Posnopamxenusa IlpesumenTta
Yrpaiun Big 26.06.08 Ne 207 /2008-pm, nakaz MOH six 17.07.08 Neo 660).

Bapabaw I'. M., Jlagpentox C. II., [Ipoyax H. II. MimaHza 3azada Ajd HamiBJIiHIfTHOTO
yabTpamnapabosiynoro pieuanaa // Mart. metomn ta diz.-mex. moada. — 2002. — 45,
No 4. — C. 27— 34.

Boxanao H. M. O 3amaye 6e3 Ha4aJbHBIX YCJIOBMII AJIA HEKOTOPBIX KJIACCOB HEJIMHEl-
HBbIX Napabosyyeckux ypaBHenuit // Tp. cemmnuapa um. V. I'. IlerpoBckoro. — Mock-
Ba: Mzg-Bo Mock. yH-Ta. — 1989. — Beim. 14. — C. 3—44.

T'enues T. I'. O6 yabTpamapabonmyecknx ypaBHenuax // Hoka. AH CCCP. — 1963. —
151, Ne 2. — C. 265—268.

T'opodeyxuii B. B., Kumaprox M. B. Crabunmaarysa pelternit 3agaun Komm nya oxn-
HOTO KJlacca BBIPOMKJAIOMMXCA Hapabosiecknx ypaBHEHUII B IIpOCTpaHCTBax 0600-
meHHbIX pyHKIM // Henuuelinble rpannynele 3agaun. — 1993, — Beim. 5. — C. 31-36.
Hponsv B. C., Isacuwen C. [I. BractuBocTi (pyHIaMeHTaJIbHUX PO3B’A3KIB i TeopeMn
equHOCTI po3B’aA3KiB 3amaui Komi 1A omHOro kisacy yJsbTpanapaboJivHuX piBHAHB
// YEp. Mat. )KypH. — 1998. — 50, Ne 11. — C. 1482—1496.

Neacuwen C. ., dudeavmarn C. [[. O6 mHTErpaJbHOM IIPEACTABJIECHUN PEIIeHN

BBIPOYKIEHHBIX ypaBHeHui tuma Kosmoroposa c 2b -n1apabosI4ecKoil 4acTbio II0
OCHOBHOJI rpynne nepeMeHHbIX // Hudepen:. ypasaenua — 2000. — 36, Ne 5. —
C. 647—-655.

Koddunemon 3. A., Jlesurcon H. Teopusa oObIKHOBEHHBIX NudppepeHIalbHbIX ypaB-
HeHuit. — Mocksa: VI3n-Bo mHOCTp. JINT., 1958. — 474 c.

Jaspentrox C. II., ITpoyax H. II. 3agaua Pyp’e nna yuabTpanapabosivHOro piBHAHHA
// Henuueituble rpannunbie 3agaun. — 2002. — Bem. 12. — C. 128—139.

Jlaspenrox C. II., [Ipoyax H. II. Mimaza 3amada [Ja HeJiHiHOTO yJabTpamnapabosid-
HOTO DIiBHAHHA, fKe y3araJbHIOE pPiBHAHHA nudysii 3 inmepriieio// YKp. MaT. KypH.
2006. — 58, Ne 9. — C. 1192—1210.

Jaodvuncenckas O. A. KpaeBrle 3amaun maTeMatndeckoil ¢pmaukn. — Mocksa: Hayxka,
1973. — 407 c.

Jluonc sK.-JI. HekoTopble METONbI peIlleHns HeJMHENHBIX KpaeBhIX 3aza4d. — MocKBa:
Mup, 1972. — 587 c.

Opaosa C. A. O nepBoif KpaeBoit 3aade AJA IPsAMO M 00paTHO yJbTparnapabonandec-
kKoro ypaBuenus // Cub. mat. sxypH. — 1990. — 31, Ne 6. — C. 211—-215.

ITpoyax H. II. Mimana 3ajada s HeJliHIHOrO yJsbTpanapabosidyHoro piBHAHHA //
Hayxk. Bicu. UepHiB. yH-Ty. Cep. Matematuka. — 2002. — Bum. 134. — C. 97—-103.
Tepcenos C. A. O kpaeBBIX 3aZjauax JAJA OJHOTO Kjacca yJbTpanapaboiniecKnx ypaB-
HeHMiI u nx npuioskenus // Mar. ¢6. — 1987. — 133(175). — Ne 4 (8). — C. 539—555.
Eidelman S. D., Ivasyshen S. D., Kochubei A. N. Analytic methods in the theory of
differential and pseudo-differential equations of parabolic type. — Basel: Birkhdu-
ser, 2004. — 390 p. — (Ser. Operator Theory: Adv. and Appl. — Vol. 152.)

Lanconelli E., Pascucci A., Polidoro S. Linear and nonlinear ultraparabolic equa-
tions of Kolmogorov type arising in diffusion theory and in finance // Nonlinear
problems in mathematical physics and related topics II. (In honour of Prof. O. A.
Ladyzhenskaya.) — New York: Kluwer Acad. Publ. (Int. Math. Ser., N.Y. 2). — 2002.
— P. 243—-265.

Lax P. D., Phillips R. S. Local boundary conditions for dissipative symmetric linear
differential operators // Comm. Pure and Appl. Math. — 1960. — 13. — P. 427—-455.
Polidoro S. On the regularity of solutions to a nonlinear ultraparabolic equation
arising in mathematical finance // Nonlinear Analysis. — 2001. — 47. — P. 491-502.
Ragusa M. A. On weak solutions of ultraparabolic equations // Nonlinear Analysis.
— 2001. — 47. — P. 503—511.

Schonbek M. E., Suli E. Decay of the total variation and Hardy norms of solutions
to parabolic conservation laws // Nonlinear Analysis. — 2001. — 45. — P. 515—528.
Suvorov S. G. Nonlinear ultraparabolic equations in general domains // Hennsneii-
Hble TpaHu4Hble 3a7aun. — 1997. — Bem. 7. — C. 180—188.



3AIAYA BE3 HAYATbHbIX YCITOBUM ONA HENUHEWHOIO
YIIbTPANAPABOJIMYECKOIO YPABHEHUA C BbIPOXOEHUEM

Paccmompena camewarnas 3adaua 04 HeAUHEUHO020 8bLPOHCOEHHO20 Yavmpanapabdoiu-
YecKozo YpasHeHusi 8mopozo mnopsadxa. Mcecaedosanwvl cywecmeosarue u eduHcmeeH-
HOCMb 0000UeHHBLE PeweHUll 3a0auu 8 02PaHUUeHHOU obaacmu, a maxdice caadvlr pe-
wenull (8 cmvlcae npedeaa nocaedosamenvHocmu) 3adauu 6e3 HAUAALHBLL YCAO0BUL 045
mMmaxKozo YypasHeHUs.

PROBLEM WITHOUT INITIAL CONDITIONS FOR NONLINEAR ULTRAPARABOLIC
EQUATION WITH DEGENERATION

The mixed problem for nonlinear degenerated ultraparabolic equation of the second
order is considered. The existence and uniqueness of generalized solution in a bounded
domain for the problem is investigated. Weak solvability (in the sense of sequences) for
the problem without initial conditions for this equation is obtained.

Tu-T npuks. mpobseM MexaHIKM i MaTeMaTUK OpnepsraHo
im. f. C. IligcTpuraua HAH VYxkpaiun, JIbBiB 18.04.07
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