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1. BBEAEHHME

B nocnenHue necaTuieTus 00JIbIIOE BHUMaHUE YAEISIOCh MpobiieMe HaXOXASHUSI HEOOXOIMMBIX
YCJI0BUIA pa3pelliMMOCTU YPAaBHEHU U HEPABEHCTB PA3IMYHbBIX TUTIOB B YACTHBIX MPOU3BOAHBIX. MHO-
rrue aBTOPbI UCCEN0BaIN MPOOJIEMY YCIOBU JJOKATbHOU 1 M100aIbHOM pa3peinMOCTH HEJTMHENHBIX
nuddepeHIMaIbHBIX YpaBHEHUI, HepaBeHCTB U ux cucteMm. Ceituac ucciegoBaTed MHTEPECYIOTCS
OLIEHKOI1 YC/IOBUIA CyIlIECTBOBaHMSI Y TIOBEIEHUS pELIeHUI 151 pa3IMYHbIX KJIACCOB ypaBHEHUN U He-
PaBEHCTB B YACTHBIX MPOU3BOAHBIX B COOTBETCTBYIOIINX (DyHKIIMOHAIBHBIX TTpocTpaHcTBax. Hampu-
Mep, 00JIbIIIOE 3HAaYEHUE MpUaaeTcs MpodiieMe CylIeCTBOBAHUS U pa3pylleHUs pelieHui napadbonuye-
CKMX YPaBHEHUI U HEPABEHCTB B YACTHBIX IIPOU3BOIHBIX C CUHTYJISIPHBIMU KO3 (DUILIMEHTaMU WJIN Ha-
YaJIbHBIMU JAHHBIMU B COOTBETCTBYIOIIUX (DYHKIIMOHATBbHBIX KJaccax.

[Mosry4eHO MHOTO MMOHEPCKUX PE3YJIbTATOB 00 OTCYTCTBUH JIOKAJIBHBIX Y INIO0AJILHBIX PEIICHMI 3a-
naa Komwm nnst nudpdepeHManbHBIX ypaBHEHUI WM HEPABEHCTB NMapadoJIMueCKOro TUlia 6e3 moTeH-
LIHMaIbHOTO WwieHa (cM. [1—6] (armnTudeckye uin rmapadondyeckne ypaBHeHUs 6€3 CUHTYJISIPHBIX TTe-
PEMEHHBIX KO3 (PUILIMEHTOB) 1 CChUIKM TaM ). M cciienoBaHUs JIOKAJILHOM pa3pelIMMOCTH KBa3MJIMHE -
HBIX ITapaboJIMIeCKNX YpaBHEHWI 1 HEPABEHCTB C ITOTEHIIMAIBHBIMU YJIEHAMHW MOXKHO HaTh B [7—10].
YTo KacaeTcst HeJIOKaIbHBIX 3a1a4, B [11] paccMOTpeHBI HEKOTOPHIE BBIPOKICHHEIC MapadoInyecKe
HepaBEHCTBA C TOKAJILHBIMU U HEJIOKAJbHBIMU HEJIMHEHOCTSIMM, IPpUYEM ObLIO JOKA3aHO OTCYTCTBUE
MIOOATBHBIX HETPUBUAJIBHBIX PEIIeHUIA MeTOIOM TTpOoOHBIX pyHkumii. [TosmHee B [12] ObI10 MOKa3aHO
OTCYTCTBUE INIOOATBLHOTO CJIA00TO PELIeHUS IS OMHOPOIHBIX KBa3WJIMHEHBIX TTapaboIndYeCcKUX Hepa-
BEHCTB IIpY HAJIMYMU CUHTYJISIPHOTO IOTEHIMAaAa U HEJIOKAJIbHOTO UCTOYHMKA. OTHAKO YCIIOBUS OT-
CYTCTBUSI PEILICHUI IIPY HAJIUIMM IIOTEHIIMAalIa M BECOBOTO MCTOYHMKA HE paCCMaTPUBAJIMCh IJIsI TTOJIY-
JIMHEWHBIX MapaboJIMYeCKX HEPABEHCTB Y CUCTEM BBICOKOTO TTOPSIIKA.

B HacToseii pabote Mbl 0000111aeM pe3yabTaThl [ 12] Ha mapaboimyeckre HEpaBeHCTBA U CUCTEMBbI
BBICOKOTO ITOpSIIKa, MOAUMULIMPYS YCIOBUS Ha UCTOYHUMK, Y MOJyYaeM YCJIOBUSI OTCYTCTBMS pellieHU i
MIpU HAJIMYWU CUHTYJISIPHOTO ITOTEHIIMAIA U HEJIOKAJIbHOT'O BECOBOTO UCTOYHUKA. MBI MCITOIb3yeM Me-
TOI IIPOOHBIX hyHKLMit (cMm. [1], [2], [4], [13]), 4TOOBI onpenenuTsb BIUSHUAE CUHTYJISIPHOTO IMOTEHIIA -
J1a, BeCOBOIT (hyHKILIMM M HEJTOKAJILHOIO MCTOYHMKA Ha OTCYTCTBME HEOTPUILIATEIbHOTO HETPUBUATILHO-
Io IJI00aJIbHOTO CJIA00TO pEeIIeHMS.

B pasn. 2 MbI OKa3bIBaeM OTCYTCTBUE PEIICHUM /I pacCMaTpUBaeMOTo HEpaBEeHCTBA, a B pa3. 3 —
JIJISI CUCTEMBI TAKMX HEPaBEHCTB.

DPa6ora BbmonteHa npu noaaepxke [IporpaMmel cTpaTernyeckoro akanemuieckoro qunepcrsa PYIH.
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2. CUHT'VIIAPHOE IMTAPABOJIMYECKOE HEPABEHCTBO
PaccmoTpum HepaBeHCTBO BHAIa

du/ot = Au—vV(u! + x* u*

Bl/q(x)uu;, xe RY x(0,),

u(x,/) 20, xeR"x(0,0), (2.1)
u(x,0) = uy(x), xe€ R,
rae
ke N, min{g,s,r,o}>0, qg(s+r)>qg+rs>q, 2.2)
HavyaibHast GYHKUMSA Uy(x) HEOTpULATEIbHA U JIOKAIBHO MHTETpUpyeMa, V' (x) — MoJIOXKUTENbHBII CUH-
TYJISIPHBIN TTOTEHIINA, YIOBICTBOPSIONINIT o1leHKe V' (x) ~ |x|7°, o > 0, a f(x) — NoJoXUTENbHAs BECO-
Basi (DyHKIMSI, CUHTYJISIDHASI B Havyajle KOOPIWHAT, T.e. B(x) > c|x|_l, X € RN\{O} C HEKOTOpbIM ¢ > 0 n
le R,.
Onpenenenne 1. HeorputiatenbHas GyHKIUSA u(x, ) Ha3bIBACTCS C1A0bIM peuieHuemM HeAuHeliHo20 Hepa-

gerncmea (2.1), ecnn u(x,1) € L, (R" x (0,0)) Takosa, uto V' (x)u,|x|" u* B'/q(x)u”r e L,.(R" x(0,)), u
q

COOTHOILICHUE

IRINIxI

BBIIOJIHSIETCS 1S 110001 TPOOHOH PyHKLUU @ € Cg FIRY x(0,):R +)-
Teopema 1. [Tycmo evinoansomes ycaogus (2.2). Ecau o > Ir/q u npednoaoscum, umo
< M, (2.4)
g(qg+r—s)—r
mo 3adaua (2.1) He umeem HeMPUBUANbHOZO 2100ANbHOCO CAAO020 PeUIeHUS..

Joka3zarenbcTBo. [TycTh u(x, ) — cnaboe pereHre HepaBeHCTBa (2.1), a ¢ — HeoTpULATENbHAS TPOO-
Hast pyHKuMs. Toraa mo onpeaeaeHuIo c1adoro peeHus uMeeM

[

Tenepb olieHMM MpaByIO YacTh HEpaBEHCTBA (2.5). HpMMeHsIsI HEpPaBEHCTBO F €1paepa K IepBoOMY
cjlaraeMoMYy B IpaBoii yacTtu (2.5), mojyaum

/M r/(qh) s
u (—;_t dx < [[RJ; | us(pde (R_[/B(x)uq(pde {J‘B'ﬂ”‘ (x)|x| 7».

RY RY
Buosb npuMeHssa HepaBeHcTBa [€nbpnepa u FOHra, numeem

It

‘/"(x)u“ dxdr + j Uy (X)P(x, 0)ddx < j J' ( 99 4 uA (p)dxdz+j j Vixu'edxd:  (2.3)

‘/"(x)uu dxdt + j o (p0x,0)cx < [ [ fSBaxar + J' j A gfaxar + j J' V(xu'gdxdt. (2.5)
RY

2\, 1/hy
o (p . dx} . (2.6)

—rhy

oo /M r/(gh)
—dxdt < |x[* us(pdx] ( B(x)uq(pa'x} [ B™ (x) |x| xl
ot -([ [RIN RJ; I

RN

A /%,
—‘ oM dx] dt <

1/
A M/
—‘f‘ ot de dr| < (2.7)

VM| o

1/q(x)uH; dxdt} J‘[ '[ B 'ﬂ“ (x) |x| m

< (IRJ; |x|(X u'o

< o -k 2
Si !RL x| u'e 1/“(x)uH; dxdt + C, ! (UJNBTM(X)M%% o™ de .
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e

M=s+r>1, h=—296%0 5y L1
q(s+r)—(q+r) ¥ A

Hcnonb3ys paccyKIeHus, aHaJIOTUYHBIE paCCMOTPEHUIO IIepBOro WieHa B (2.5), Ko BTOpOMY U Tpe-
ThbeMY WICHaM, TTOJTyINM

1/ r/(gh) -rhy ah, N =) 1/h
ju|Ak(p|dx < { j ER us(pdx] ( j B(x)uq(pdx} [ j B ol [ g™ dx] . (2.8)
RY RY RY RY

BHoBb nipumeHsst HepaBeHcTBa [énpaepa n FOHTa, nmeem

- - /A r/qh i, . Lk 1/
JIu‘Aﬂp‘ dxdt < J(I |x|a uS(pdx} {I B(x)uq(pdx} [IBM‘ (x)|x|T. ‘Ak(p‘ ’ (0} M a’x} dt <
ORN RrY

0 \Rr" RY

1/ - Vi = —ohy 2, 22 /s "
\B "(x)u“qudtJ IUB% )% ‘Ak(p‘ oh dx} dt

0\ rY

IN

2.9)

< [TJ. |x[* u'e
ORY

it oo -\, - M/,
s iJRIN X" u’e ‘Bl/q(x)uH; dxdt + CzIL J' B (x| X%M AF (p{hz 0" dxj i

0 0\ rY
rac
M=s+r>1, A, = gs+r) oy Ly 1
g(s+r)—(g+r) A M

AHaJIOTMYHO TPeTUii WieH B MpaBoit yacTu (2.5) cTaHOBUTCS

00 —rhy Ay hs/hs

B “Cou| dxdr +Cif| | B ol B x| @ @10)
0l Y

T J:VV(x)uq(pdx < ‘l‘]:R-[V Ix* u'e

OR

rae

7\‘3=S+r>1’ 7\‘4=“H—_r>1 L:l_i

q s—q AL As
Torna us (2.5)—(2.10) caenyet
o« = =M ok A, R h/ha
j j " u'e \B” q(x)uH; dxdt + 4 j U (X)(x, 0)dx < 4C, j [ j B™ (o) 2 aa—‘t‘" 0" de dt +
U RY 0\ R"

2.11
Ay A3/ ( )

- —rh, A M/ o0 —rhy A3
+4G|| | Bq_’i(x)|x|% Ik (p;‘ a’x} dr+4G,[| [B™ (x)|x|(‘° Thogta| ar
RY R’y

0 0

Teneps onoxum R > 0 v BBeZeM NpoOHbIe GYHKIMU BUIA O(X,1) = Qg(Xx,1) = @, (t/Re) (0N (|x|2 /Rz)
c0>1.3nmech @, — bynkuus knacca C; (R;R, ) Takasi, uro

1, 0<s<1,

2.12
0, s=2. ( )

0y(s) = {

Jlasiee otieHnM rpaByio yacth (2.11). PaccMoTpuM 3aMeHy repeMeHHBIX BuIa x = RE, 1 = Ret, Toraa

XKYPHAJT BBIYMCIIUTEIbHON MATEMATUKU U MATEMATUYECKOW ®U3UKU  Tom 63 Ne 6 2023
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oo —rhy A ) M/ 2 rihy o, Ay 2 ik
I J.qu‘ (x)|x| i —(‘)‘ oM dx dt=RY‘J.[ I ISP e a«p‘ o" d&} dr,
0 ot 1\ I<El<y2 It

n, o)A
=0+ N -0\, + 2 22|,
wen ( P RS sz

(RN

< =y 2 H/he 2 ri\, ok, A 2 e
j ( j B™M () n ‘A q>{ ‘ol dx] dt = R" j ( j < Ak(p‘ ot dé} dr,
0\ ¥

ey, = 0+ (N 2k, + 1 0‘7“2)5-

g M 7\'2’
N Y A A3/ 5 " Ay A/
I jB G (x)|X|[ j de dt = RY3I I |§|[ J)‘ﬁ'q;w 7~3d<ﬂ7 dr,
0l pY

I\ 12

I“I[C’Y3=9+[N ( x)?\q rl}7:4]77t3.
3 4

Torma u3 (2.11)—(2.15) noayaum
oRY

+4C2RY2.?( j |§|Z—;f‘ax—kf

1\ 1<iElV2

1/ r 2 rih, oy
“Cou dxar + 4 j Uy (X)O(x, 0)dx < 4C,R" j j E[n
! R 1 \1ggl<y2

S ) A VA

1| 12

Teneps BrIOEpEM @, TAK, YTO

2 R
&_O‘_Xz 0 P

J. j [ % [ (p dg dt < co,

(A= J1

2 iy axz gy Yo
J{ E[en 2 |A (p‘ ot d&} dt < oo,
[ANE=

A VA

J% j |§|[ ° —jx4+ o ©RdE dt < oo,

1<gjV2

Torma u3 HepaBeHcTBa (2.16) caenyer, 4ToO
o
[ ] 1du
oRYN

¢ HekotopbiMu C/, C;, C; > 0 ¥ NOJOXUTETbHBIM TTAPAMETPOM R.

1/ q(x)uH; dxdt + 4 j U (X)p(x, 0)dx < ic,.*RYf
RN i=1

3aTeM MBI BBIOMpaeM O Tak, 4To
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M/,
R dé} dt+4C;R" j j |§|[ ¢ ‘)“* nQUdE | dt

(2.13)

(2.14)

(2.15)

—7»2 M/
8_(Tp (0] d&} dt+

(2.16)

(2.17)
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L Uy R

gk A
o[ [or e ]
A g [ Ay

Taxoii BEIOOp gaeT ciemymolee o01ee 3HaueHre 9KCIIOHEHTHI R B cooTHoIneHnu (2.17):

y= 1 Kr(q—l)"'CI(S—CI)jN +(r_l_(xj_0:|. (2.19)
s+r—gq q q

Tenepb paccMOTPUM cJIEAYIONIME 1BA Cyvasi 1J1s 3HAYSHU T .

(2.18)

Coyyaii 1: y < 0.

OueBUIHO, 4YTO IIpaBas yacTh (2.17) cTpeMuTcs K HyJIIO, €clii R — oo. TakuM 00pa3oM, yTBepKIe-
Hue TeopeMsl 1 nokazano ms y < 0.

Caywaii 2: y = 0.
B stoM ciiyuae u3 (2.13)—(2.15) umeeMm

oo —rhy M/h
I[ JB"}”' (x)|x| xl (9‘ [0) )” de dt = ¢, (2.20)
0

oo — A M/
J[IB[’”‘ ) " ‘A (p‘ oM dx} dt = c,, (2.21)
0\ g™
- g I A3/
f IB"“ (x)|x|[ e odx | dr=c, (2.22)
0| pY

rae

5

2 2y \M/A
rih, oy a(p k, J _ —0
¢ = |q7»1 M T, ecau Y=Y =
1 \Iskl<v2

0, ecmm 7, <O0.

2 rih, O\, A h K/
¢, = j[ J. IS Ak(p{ oM d&,} dt, ecu y=1v,=0,
1 1<)y
0, ecmmum 7, <0.

, RNYY
¢ = .[ J. |§|[ }‘” o ¢ dE dt, ecniu  y=1v; =0,
1| 1gE)<v2
0, ecmm v;<0.
Torma cootHomeHue (2.17) mpuHUMaeT BUL,
I J- x* u I/q(x)uHr dxdt + 4 I uy(x)9(x,0)dx < c. (2.23)
q
oRN RY
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[lepeiinsa K npeneny mpu R — oo, IOIyIUM

J‘I |x|0L u
oRN

Teneps BepHeMcs K HepaBeHCTBY (2.5). ITpuMeHsist HepaBeHCTBO [ €nbaepa, u3 cooTHoleHus (2.5)
TOJIyIUM

B q(x)uHr dxdt < c. (2.24)
q

oo

R

oY

00
ot

B” q(x)u”; dxdt + j 1y (X)p(x, 0)dx < T j u|% dxd + T j u|a* o dxar +
RY ORY ORM

/M
B “Cou dxdr |+ (2.25)

2R°

+ TJV(x)uq(pdxdt < J. '[ X"’

oRN R® RP<xP<2R?

IR 1/ 2R
1/A o s/ r 1/ o s |/ r
+ ¢ j I X" u'e ‘B (x)u” dxdt + ¢ j j |x|* u (p”B (x)u“ dxdt
q q

R® RP<xP<2R? R® RP<xP<2R?

1/

Onnaxko B cuiy (2.24) 1 aOCOTIOTHOM CXOAMMOCTH MHTETpaia UMeeM

2R°
J‘ J‘ |x|a u

R® RP<xP<2R?

B q(x)u”’ dxdt — 0 (2.26)
q

npu R — . Ilepeiins K npeney npu R — o B (2.25), moaydum

J‘J‘ |x|a u’
oRYy

Takum obpaszom, ¥ = 0 I1.B. ¥ B 3TOM cjiydae. DTO 3aBeplIaeT J0Ka3aTeIbCTBO TEOPEMHI 1.

B "(x)uH; dxdt = 0.

3. CUCTEMBbI CUHT'VJIAPHBIX ITAPABOJIMYECKNX HEPABEHCTB

PaCCMOTpI/IM CUCTEMY Hapa60.TII/I‘-ICCKI/IX HEPaAaBC€HCTB B A

ou/ot = Au —Vi(xy® + ™

B Cou . xe RY x(0,0),

v /ot = A%y —V,(x)u® + |x|°‘2 v

By (x|
u(x,0)=0, v(x,)=20, xeR"x(0,),

u(x,0) = uy(x), v(x,0)=vy(x), xeR",

-
1, xeRYx(0,0),
q

(3.1)

roe

klskZ € N’ min{qlaQ29S19s2(X'lsa23rl’r2} > Oa qZ(’i + Sl) > (QZ + ’i)s
$>q, an+ts)>@+n), s>da B 2™, Byx) >l (3.2)
xe RY\{0}, V() ~ 5™, Whx) ~ ™

IUTST HEKOTOphIX ¢ > 0, 6,,6, > 0 u [, € R,, uy(x) v v(x) — HeoTpUIIaTeTbHBIE JIOKAJbHO MHTETPUPYE-
MBbIe (DYHKIITAH.
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Onpenenenune 2. [Tapa HeoTpuuaTeabHbIX GyHKUU (u(x,7),v(x,1)) Ha3BIBACTCS C1A0bIM peleHuem
cucmembl HeauHelinbix Hepageencme (3.1), eciu u(x,t), v(x,t) € LIIOC(RN x (0,0)) TakoBbI, uTo V;(x)v",

.
Voo™, |x* u” B}/qz(x)uul X[ v® Bl/ql(x)v e L,.(R" x(0,00)) 1 coOTHOIIEHUST
42

T j x| us‘(pHB}/qz(x)uH; dxdt + [ up(x)p(x, 0)dx <
" R (3.3)

—]i I (u%—(tp + uAk‘(p) dxdt + ]j I Vi (x)v"odxdt,
0RY

oRy

‘Blz/q‘(x)vu dxdt + [ vo(x)p(x,0)dx <
R (3.4)

[

T j( a(p+vAk2(p)dxdt j j (X" pdxdt
oRN; N

OR

BBITIOJTHSIOTCA UT TIO00¥ MTpoOHON PyHKLIMY @ € CO2 k 1([RN x(0,00);R.), tme k = max(k, k,).
Teopema 2. [Iycmo ycaoeus (3.2), o, > hn/q, u 0, > Lr/q, evinoanarwomes. I[lpednosodxcum, umo

def
Y = maxy, <0, ede
i=1,...,

[9:(r1 + ) = (g, + DN — g,0 + by — g,

= 5
@+ 5 —1)
v, = (N +6—2k)g,s, + (N + 6 —2k)gyri + (4 — N)r — (o, + N)g, —9,
¢+ 5 —1)
L= (N+6-0y)s+ O+ — Gy _(9_0‘1)42’
K+s8—q (3.5)
_ [4:(r + ) = (@ + )N — 10 + hr, — 0,4,
! qi(r, + 5, — 1) ’
s = (N +6-2k)q15, + (N +6 —2ky)qi, + (b — N)r, — (0, + N)g, — ’
qi(r, + 5, = 1)
= (N+0-0)s, +(0+1, —0c)r,—(0—-0,)
Kht+s—q

¢ Hexomopbim napamempom © > 1. Toeda 3adaua (3.1) He umeem HempusuasbHo20 2100AAbHO20 C1AO020
peuleHus.

Hoka3arensctBo. I[lycTh mapa dyHkumii (u,v) — cinaboe pelieHue cucteMbl HepaBeHCTB (3.1), a
(0 — HeoTpULaTeNIbHAas T1ajKasi TpoOHasi GYHKIIMS, TOTAA IO ONPeeIeHNIO c1aboro pelieHnsi U3BecT-
HO, UTO

j x| us‘(pHB:/ ‘h(x)uH: dxdt + I U (X)P(x, 0)dx <

“JJ0

XKYPHAJT BBIYMCIIUTEIbHON MATEMATUKU U MATEMATUYECKOW ®U3UKU  Tom 63 Ne 6 2023
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j j I v QlIBY (o[ dxdr + j Vo (X)0(x, 0)dx <
o R (3.7)

< !RE[V i + .(.).HJ;V‘AICZ([)

Terepb olieHMM ITpaBylo YacTh HepaBeHcTBa (3.6). [IpuMensist HepaBeHCcTBO [E€nbaepa K mepBoMy
cjaraeMoMy B IpaBoit yacTu (3.6), ToayIum

Ay
j u
N

/M 1/ (@M) -1\, /),
09 1 < [ ™ utdx || [ BiCou®dx j B (o) ‘a@‘ ohdx| . (38
R Jf RY RY

CHoBa npuMeHsisl HepaBeHcTBa [ €nbaepa u FOHra, ipunem K

/M 1/(@hr)
v < [ { J I us‘wdxj { | B'(x)”qzde U
ke

RY

dxdt + j j V(X pdxdt.
oRN

*’17~2

7»1

A\ 1/A;
a“" o" dx] dt <
/%

V2V , A A/
" dxdt} j{jﬁml SIS a‘o‘ 0" de dt
Ub]

i -\, —on, Ay Ay 1/
Ve Gou| dxdr+ G| B (o n a—(p‘ ohdx | dr,
9 AN at

IA

3.9)

1/
1 qz(x)u

< [IR'[V |x[* uo

o

LT (o s
<yl [

e
M=s+r>1, A= 0 + 1) > 1, i,zl—i.
@ (s + 1) —(q + 1) A A

IIprMeHsIsI aHAIOTUYHBIE PACCYXKIECHUS KO BTOPOMY U TPETHEMY CaraeMbIM (3.6), ITOIyauM

1/M 11/(g:M) — A, 1/Ay
j uAh g ax < [ j ER us‘(pdx} ( J' Bl(x)uqzdx] ( j B (o) |x \A"‘q){ oh dx} . (3.10)
R R R

CnoBa npuMeHss1 HepaBeHcTBa ['€npaepa u FOnra B (3.10), mpumem K

" N 0 -y Ay M/
IRI Akl(p‘dxdtsi.([RJ; I B (e)u :2dxdt+C2'([ [IB"“(x)|x| S gkl o dx] dr (3.11)

o w —_— W \HI/H
[ [ eovigdar < j j el v B e j[ | [3“1: (x)|x|( ) cpt‘dx] dr, (3.12)
RV

oRN 0
Tae

285y, =225 Loy L
q S — 4 L W

KoM6unupyst cootHourenus (3.6) u (3.9)—(3.12), nmoayuum

g
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W=

/ qz(x)uH: dxdt + _[ uy(x)(x, 0)dx — —IJ X[ v2e By (x)VH;2 dxdt <

RY
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M/hy o " A M/hy
‘P‘ (p“ dx} dt+C2J.[J.[3"27”(x)|x| M ‘Ak‘(p‘ oh dx] dt+ (3.13)
0\RrY

oo iy
<G J.[ _[ B () |x| .
0\ v

R

B ity W W/
+Gf { [Bs 0 |x|( e “lde dt.
0l pY

AHaJIOTUYHO, TIPUMEHSISI TaKHEe K& PacCyXIeHus, Kak B (3.6), MoJyduM CJeaylolmre TpU OLEeHKU
cJlaraeMbIX IpaBoii yacTu cooTHouneHus (3.7):

a(p‘dxdt < III ™ v

1/41 (X)V

= [y
a‘p‘ ) Hs dx] dt, (3.14)
t

[ { [ B o

e

QI(S2+r2) >1 Lzl 1

q(s; +n)—(q +1) ’ M; M3

WL=s+n>1, W=

I/QI(X)V

oo oo —Hy H3/My
I I V|Ak2(p|dth J‘ J‘ Ocz Sz dth + CSI[ I B%Hx (x)|x| —O0oly Akz(pu4 © 13 de dt, (315)
oRy oRyz 0

U oR"

o - oo iy e VA
[ [ V2o paxar < j j el By o] dxdt + € [ { [ B‘h”x} (x)|x|( o cpxldx} d, (3.16)

rae

}\‘3=S1—"'r1>1’ 7\’4=m>1’ L'zl_i
9, S|~ 4, A A

Kom6unupys coornomenus (3.7) u (3.14)—(3.16), monyuum

1
sl s

B " (o dedr + RIN Vo()pCx, 0)dx — i!Rj I Bl o avar <

- U3 /My - il . 1y 3/M4
a<p‘ “‘de df+CstB"‘“* () x| " <p{”“<p“3de dt+ (3.17)

0

- g Ay A3/ ks
+Gf { [ B (x)|x|[ g (p}“de dr.
CxuageiBas (3.13) ¢ (3.17) u ynipoiasi, 6ynemM UMeThb

e

) -\, M/
+4 j vo(X)9(x, 0)dx < 4C, j [ j B (o) x —‘ cp”l dx} dt +

RN

23] 52

B o

By (x)v”r2 dxdt + 4 I Vo (X)Q(x, 0)dx +
qi N
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o -1\, A Ai/2 o " Ay As/hy
+4C2I[fB"2”‘(X)|X| o [A (p”‘dx} dt+4C3j[ [ Bq2*3(x)|x|( o ]x“(p%de di+  (3.18)

0\ rY 0l rY

1y U3/ Uy
‘D‘ % dx dt +
0

—rll, -y H3/My " ™ Wi /s
+ 46| [ [ B ol a o] o* dxj dr +4C,[ {jﬁ‘ﬂ”l oo jz(p”'lde dt.

oo “hily
+4C, j ( B (o)x| e
RN

0

3arem, B cuty (2.12) v 3aMeHbI TIepeMeHHbIX X = RE, f = R%t Ha (3.18), umeem

J R u
oRY
iy oclkz

+4 j vo(x)Q(x, 0)dx < 4C,R" j ( j (<P
T\1sglsV2

l/qz(x)u 0 52

1/571 "2
X))V
() .

Vo (X)0(x, 0)dx +
" M/A
—‘ o d&} dt+

2 e Xy A/ 3 ) A A3/ Ay

1Ay O4Ay (1iAy

+ 4C,R" j [ j Ean 5 [A 0P dE | du+4CR? j j €[ ["2* )M MdE_,J di+ (3.19)
1\ 1<V 1<fEj<V2

—_

P , W, W3/l 2 ; —iy U3/l

Py, L, 4 — Pl Ol —

+ 4C4RY4J.[ J' | |;;34 5134 ?)_(p (pp3 d& dt + 4C5RY5J. J' | |;Lz4 ;34 Akzq){Mz@ s M3 d&] dt+
1 g2 K 1<g<v2

—_

1{ 12

) e . W Wi/l
+4C,R" J { J | quzulz {_ ‘T?J“ 2 " }dé] dr.

Beibepem ¢ Tak, uyTo

Ay M/2y
a*"‘ (p“ng dt < oo,

2 /1"17¥2_0¢17¥2
j J. ol M
[ANEI
A,

2 hiiky oy, A T ik
j{ | en A" o daJ dt <o
1 \1g]

5 A A3/

hiky o .
j I [SpE ("%]”“ oM dE dt < oo,
1

1<jEl<2

2

hilly_Olly
I J. | a3 W3
[ANE=V5)

2 Cu o \Ma/Ma

bl Oy Ky M4 E
J. J. |4IH3 us |A (P{ 0] d& dT < oo,
1

1<E)<2

u4 H’3/].L4
o 0" d&} dt < o,
0T
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2 H-Z H}/Hz

[| [ el gia] ar<w

1| 1<)y

Torna u3 HepaBeHcTBa (3.19) cnemyer, 4TO

[ opion

Ll 6.

" dxdt + j j I vsz(p”[.’)lz/q‘(x)v '

%] 91
oRN

Vo (20)@(x, 0)dx +

ot [N on,+ 112 m}m iy a,xz)xl
+4 j Vo(X)P(x,0)dx < C/R R oy wh b
y (3.20)

9+[N (02+a1]x +’|1|7~4J7¥3 o4 [N_eu4+rzlzu4_oczu4ju_'3 9+[N_2k2u4+lezu4 0‘2”4}”_'3
+CIR 3 A3 g +C R als M3 Mg +C5*R al3 M3 H4+

0+ [N —2Ugh, #1122
R

9+[N—[61+%juz+m)ﬁ 6
* * X
+ CGR W QM2 < ZCI RY,

¢ HekotopeiMu C; >0, i=1,...,6. Eciu BbimoiHeHo 060e M3 HepaBeHCTB (3.3), T.e. eciu
Y= max v, <0, uMeeM aBa ciiydasl.
=1,

Cayyaii 1: 7 < 0.
Ilepexons K npeneiy pu R — oo B (3.20), noayuum

[
oRN

Takum o6pasoM, u = 0 uv = 0 .B. BR" X (0,0).

0 5

3.21)

1/q i
xX)u
By o

1/q 2
X))V
B on]

Cayyvaii 2: y = 0.
Torna cootHoieHue (3.20) mpuHUMAET BUL

IRJ:V |x|0t1 ”S](pHBi/qz(x)u :2 dxdt + IR_[V |x|°‘2 Vsz(pHB;/ql (X)W : ddt + 4[&'; Vo (X)0(x, 0)dx +

(3.22)
+4 j Vo ()0(x, 0)dlx + 4 j Vo (2)0(x, 0)dlx + 4 j Vo(0)9(x, 0)dx < c.
RrY RY RY

Ilepexons K mpeneny mipu R — o B (3.22), TOIy9uM

[
oRY;

Tenepb BepHeMcst K HepaBeHcTBaM (3.6) 1 (3.7). [Ipumensist HepaBeHcTBO [€nbaepa, moayuynm

B}/‘h(x)u: dxdt + I j I v Blz/q‘(x)v: r<e. (3.23)
2 ORN 1

j j x| us‘q)“B]/qz(x)uH dxdt + j U (X)P(x, 0)dlx < i + j j ‘Ak‘(p{dxdt

- /M
+ j j V,(x)W " odxdt < (c}/ Moyl “) j j x| us‘(pHB}/ qz(x)u“;'z dxdt| + (3.24)
Ry

R® R <xf<2R?
1/

2R
" b
+ M I J. |x[* VSZ(pHBIZ/ o (x)v” dxdt |,
q

R® RP<xP<2R?
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j j Fls vsz(pHBI/q‘(x)v‘ dxdt + J-Vo(x)(p(x 0)dx <

Pacar + j j A%} dxar +

1/
M ' Ib.
+ j j V,(x)u®pdxdt < (cj/ B el “3) j j I vSZ(pHB‘z/ “oow| dxdr |+ (3.25)
ORN R® RP<xP<2R? “
2R 1/A;
M Ul
+ o/t J- J‘ |x|* us'(pHB:/qz(x)uH] dxdt
92
R® R°<xP<2R?
OnHako B cuiy (3.23) 1 aOCOMIOTHOI CXONMMOCTHU MHTErpajia
Ul b
J.J‘ |x[* u® Bi/“ (x)u| %y gy (x)VH “dxdt = ¢
) 9
oRN
nMeeM
2R 2R°
2
| “ou ddt + j j X v BY ew|| dxdt = 0 (3.26)
q
R® RP<xP<2R? R® RP<xP<2R? l
npu R — oo,

Ilepexons x mpeneny ripu R — oo B (3.24) u (3.25), noaydum

Hll“‘ “

N
Takum ob6pazom, u =0 u v =0 1m.B. B R" X (0,00) U B 3TOM ciiyyae. DTO 3aBepllaeT 10Ka3aTeIbCTBO
TeOpEMBI 2.

V‘h(x)u ]/QI(X)V =.

dxdt + J‘J. |x[* v®

3ameyanne. MOXHO TaKKe BbI6paTb 9, KakK IMOKa3aHO BbIIIC B 10Ka3aTCJIbCTBE TCOPEMbI 1, " IMoJIy-
YUTb JOCTATOYHOC YCIIOBHUEC TCOPEMBI 2.

B 3akmmioueHue aBTOp BBEIpaXaeT 6jaromapHocTh EBreHmio [anaxoBy 3a ITOCTAaHOBKY 3adavyd, pyKo-
BOJICTBO U MOJIE3HOE OOCYXXIEHUE PE3yJIbTaTOB PaOOThI B XO/I¢ MIOATOTOBKU 3TOM CTaThMU.
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