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OB O/THOU KPAEBOW 3AJTAYE
TJI TICEBJOTUIIEPBOJINYECKOT O
YPABHEHII A
B. B. IllemeroBa

PaccmarpuBaercs cvenranHas KpaeBas 3a7ada B YeTBEPTH MTPOCTPAHCTBA
JIJTsT OJTHOTO TICEBIOTUNEPOONIECKOTO yPABHEHU. Y KA3bIBAIOTCS YCJIOBUS
Ha TPaByI0 YacTh YpaBHEHUS, TPU KOTOPHIX KpaeBad 3aJada pa3perinma B
cODOJIEBCKUX TIPOCTPAHCTBAX C IKCIIOHEHITNAILHBIM BECOM.

Kmoueswvie carosa u (hpasol: IceBIOrnmepodOInIeckoe ypaBHeHNe, CMETTTAHHAST
KpaeBast 33/1a1a, aHU30TPOITHOE COHOJIEBCKOE MPOCTPAHCTBO.

§ 1. BBegenune u mocTaHOBKA 3ada4n

B paboTe paccMaTpuBaeTcs MCeBIOTHIEpOOIIUecKoe YpaBHeHne B YeTBep-
i npocrpancrsa R = {t > 0,2/ € R* ! z, > 0}

(I — A)D2u+ A% = f(t,x). (1)

rine A — omeparop Jlammaca mo mpocTpaHCTBEHHBIM IePeMeHHBIM T. D9TO ypaB-
HEHNe SABJdeTCd YpaBHEHWEM, He pa3penieHHbIM OTHOCUTEJIBLHO CTapiiei mpo-
M3BOHON 1O Bpemenu. YpapHenust Bujga (1) Ha3bIBAIOT ypaBHEHHSIMEH CODO-
JIEBCKOTO THIA, MOCKOIbKY nMeHHO paborsr C.JI. CoboseBa [9] mocayuan Ha-
JaJ0M CHCTEMATHUEeCKOTO M3YUeHHs TaKWX ypaBHeHHit. B ciaydae oaHoil mpo-
CTPAHCTBEHHHON NepeMeHHOl ypaBHeHue (1) BOZHUKAET TIPU MOJETUPOBAHUN
KPYTHJIBHBIX Kosiebauuii ynpyrux crepxueil [4,5]. B mureparype takoe ypas-
HEHUe Ha3bIBAIOT ypaBHeHueM Bjacosa.

B monorpadun (8] Griia BBegeHa KaaccuduKaIys JHHEHHBIX yDaBHEHHUI,
He pa3pelreHHbIX OTHOCUTEIBHO CTapIIeil TpOUu3BOIHOM

-1

Lo(D,)Du+ Y Liy(D.)Dbu = f(t,),

k=0

rie Lo(D,) — KBa3uma ummnTuaeckuii oneparop. B qacTrocTr, G BBEIEH KTace
CeBIOrUIepooInIecKuX AuddepeHnaIbHbIX YpaBHeHNH W 19 HUX OBLIA
n3ydeHa 3agada Komu. DT ucciaemoBaHus OBLIH MPOIOTKEHBI B paboTax

I/ICCJ'[G,HOB&HI/IH BBITIOJTHEHBI B paMKaX TOCYyAapPCTBEHHOTO 3aJaHUA I/IHCTI/ITyTa MaTEeMaTUKN
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[7,10,11,14,15]. Teopun KpaeBbIx 3ajad JJisl MCEBIOTUIEPOOJNIECKUX YDaB-
HeHuil moKa He cymiecTByer. Ha cerojHsImnuil JIeHb ecTh psiji pe3y/IbTaToB 10
KOHKDETHBIM MOCTAHOBKAM 3aa4 (cM., Hampumep, [2,3,13]).

B pabore paccMaTpuBaeTcs CIeayiomas HadalbHO-KpaeBas 3a1ada

(I — A)DXu+ A%u= f(t,z), 2= (z',2,) 2 €R" 2,>0, t>0,
u|t:0 = Oa Dtu|t:0 = 07 (2)
U“ll?n:O = 07 Dinu‘anO = 07

Gy/IeT JoKa3aHa OJHO3HAYHASL PA3PEITMMOCTh 33,129l B AHU30TPOIHOM BECOBOM
2.4
coGosesckom npocrpancree Wy (R

§ 2. Ilony4dennble pe3yabTaThl

[ycre G C R™™ ur = (r,...,r), r € N. Huzke upusejem onpe/ee-
HIe aHU30TPOIHOIO COGO/IEBCKOro npocrpancrea W' (G) (moxpobHee MOKHO
o3HaKOMHTRCS B [1,12]).

Ounpenenenne 1. Oyuxuus u(t, r) TPUHAIIEKAT AHU3OTPOIHOMY COOO-
JIEBCKOMY TPOCTPAHCTBY Wzl’r(G), €CJTH CYMIECTBYIOT OOOOIIEHHBIE TTPOU3BOJI-
uste D DSu(t, z), a = (ay, ..., qp) B obnacrn G npn

%, ol oy,
l r

u D2 D%u(t, ) € Ly(G). Hopma B Wo™(G) umeer Buz

lu(t, ), W (@)l = D IDPDiult,x), Lo(G)).

oo /l+|al/r<1

Onpenenenne 2. Oyuxiusa u(t,r) TPUHAITEKAT COOOJTEBCKOMY IIPOC-
lr —At
TPAHCTBY WM(G) C KCIOHEHIHATBHBIM BecoM e '*, v > 0, ecimu (byHKIHA

e u(t, x) npumaaesxnt npocrpanctsy Wyt (G). Hopya B Wy (G) nveer sig
17 - l7
lu(t, z), W (G = lle " u(t, ), Wy (G)]].
B cnyuae eciu [ = 0 HOpMa B cODOJIEBCKOM TMPOCTPAHCTBE W; ;‘(G) nMeeT BUT

lu(t, ), W (Gl = Y IIDSult, ), La(G)].

|laf<r

B npocrpancrse WQZS(G) HOpMAa 33J1a€TCS CIeYIOIMNIM 00pa3oM

lu(t, ), Wyl (@) = Y 1D u(t, ), La(G)l-

ap<l
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Teopema 1. Cymecrsyer vy > 0, uro st moboii f(t,z) € W (R"H)

v > 79, Takoii, aro f(t, SL’)|t —o = 0, 3agaga (2) omHO3HATHO paspermiva B
npocrpanctse dynkmuit Wy (RTY') taxnx, aro DID2 u(t,x) € Lo, (R,
i=1,...,n, n 14 peLHeHI/IH u(t, x) BBIIOJTHEHA OICHKA:

lu(t, ), Wo (RED |+ D I1DED3 ult, ), Loy (R

* < ()| f(t.2), WEO (R

e koHcranta ¢(7yy) He 3aBucut ot f(t,x).

Teopema 2. Cymecrsyer vy > 0, uro st moboii f(t,z) € W; (R,
v > 7, Takoii, aro f(t,z)|,,—0 = 0, 3amada (2) ogHO3HATHO pa3pennMa B
npocrpanctse dynkmuit Wy (RY') taxmnx, aro DID2 u(t,x) € Lo, (R,
i=1,...,n, u qaa pemenns u(t,x) COIpaBeITHBA ONEHKA:

lu(t, ), Wo (RED |+ D I1DED; ult, ), Loy (R

7 )|t ), WL R

e koHcranta ¢(7yy) He 3aBucur ot f(t,x).
JI1sl TOKa3aTeIbCTBA TeOPeM BOCIOJIb3yeMes 06001Imenoit Teopemoit [Tamm—
Bunepa [6, 8.
[Iycre dbynxmma w(7, ) axa moutn Beex x € R’ mpumagmexnr EQ(C%’;),
(C+ = {T € C: Rer > v}, To ectn
) mns moutn Beex x € R dbynxmus w(r, x) — anamrudeckas B CT;

sup//|w in+ o, z)|* drdn < oo.

o>y
R R%

BregeM B laHHOM TTPOCTPAHCTBE HOPMY

sup //|w(i'r]+a,x)\2d:cdn
o>y

R RY

1/2

B manbHeiimeM mosydeHHOE THHEHHOE HOPMUPOBAHHOE MPOCTPAHCTBO OyIeM
oGosmauarh Ly(CH xR} ). Pacemorpum muoxecrso dbyukuuit w(7, o', ), npu-
HAJITeKAIIX TIPH MOYTH Beex (2, 1,) € R mpoctpanctsy Lo(CH x RY), nma
KOTOPBIX CHPABEIINBO

sup// / lin + o|?*|w(in + o, &, x,)|* d€' dx, dny < 00, ay <1,

o>y
R R4 Rn—1
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sup// / (14| Jw(in + o,€, 2,) > d€’ dx, dny < oo,

o>y
R Ry Rn—1

sup// / |D;nw(in+o,§',xn)|2d§’dxndn<oo,

o>y
R R+ Rn—1
rae w(in + 0,&,x,) — gacrnanoe npeobpazosanme Pypre 1m0 ' DyHKIMN
w(in + o, z,).
Bregém na uém HOpMY

l
sup | // / [in + o** i (in + 0, 2)[* d' dan dn

o>
7 | ap=0 R Ry Rn-1

1/2

1/2

4 / / / (L4 €R) (i + 0, €', )| A€ i
R R, Rn-1
1/27]

+ ///\D;nu}(in+a,£',xn)\2d£'dazndn

R Ry Rn—1!

[TostygenHoe JInHeliHOE HOPMUPOBAHHOE TTPOCTPAHCTBO Oy1eM 0003HaYAThH CUM-
x0T~ n
soom Wy' (CT x RY ).
Teopema. ( O6o6mennast reopema [Ianmu—Bunepa.) HaTerpaabHbii omepa-
" l
top Jlamraca £ orobpazkaeT MpOCTPAHCTBO (hYHKITHI H3 WQ’Q(R:‘LT) TaKWXx,
qT1T0

Dfuly—g =0, k=0,---,1—1,
HA VVQl’r(nyr x R") B3anMHO 0JHO3HAYHO H B3aHMHO HEIPEPBIBHO.
§ 3. /lokazareqbCTBa TeOpPeEM

st mokazaTesbCTBA PA3PENTIMOCTH PACCMOTPHUM BCITIOMOTATEIBHYIO Kpae-
BYIO 3aJ1a4y B IOJIYIPOCTPAHCTBE ¢ mapamMerpaMu &' € R lurte (CI/L, Y > Yo,
st mubdbepeHnuaTEHOTO YPABHEHUS, KOTOpas MOTYYaeTCsd MOcjie TpUMeHe-
uug oneparopa Pypbe Mo mepeMeHHBIM ' U omeparopa Jlammaca 1mo ¢ K pac-
cMaTpuBaemoii 3agate (2)

Dy v — (r*+2['P)D; v+ (7 + P+ [€]Y)v = F(7,6,20), 20 >0
'U|xn:0 = Oa

D3, vlz,=0 =0, (3)

sup |v| < oo,
Tn>0
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rie F(7,&, x,) — npeobpasopanne Pyphe 10 nepeMeHHbIM 2’ 1 Mpeobpa3oBa-

uue Jlamtaca o nepemennoii ¢ byukunn f(t, 2, x,). Jaapueiinas neib cocro-

UT B TOM, 4TOOBI TMOKA3aTh, YTO 3aja4a (3) UMeeT eJIMHCTBEHHOE pelleHue B

cobomenckom mpocrpancree W5 (Ry) ¢ mapamerpamu £ € R* ™ u 7 € CF.
[IpejcTaBuM perienue Kpaesoii 3a1aun (3) B BUjE

(1, & x,) = vo(7, & 1) + 01 (7, ), (4)
31ech vg(T,&’, x,) — OrpaHWYeHHOe pellieHre ypaBHEeHHsI
L(7,i¢', Dy Jvg = F(7,& 2,), &€ €R™ 1 2, >0, (5)
L(r,i¢', Dy,) = Dy, — (7" + 2[') D}, + (7 + |7 + €],
v1(7, &', x,) ABISIETCST pelleHneM 3a1a49u

L(7,i&', Dy, )y =0, x, >0,

(%1 |xn:o = _'U0|xn:07

Dgnvl|xn:0 = _D22:n,l}0|$n:07 (6)
sup |vy| < oo.
Tn>0

O6o3nadnm depe3 A (7,&) u Ay (7,€’) KOpHI XapaKTepUCTUIECKOTO YpaBHe-
s L(7,i€', \) = 0, jexamue B Jjesoii nosymiockoct, \{ (7,&) u A (7, ¢)
KODHH XapaKTepucruieckoro ypasuenns L(7,i', \) = 0, jexamine B mpaBoit
oy mIockocTr. OrpaHudeHHOe pellleHre ypaBHeHUs (5) MOXKHO 3alucaTh B
Bujie (cM., Hampumep, [8, . 1]):

In

w7 €y ) = / (1€ 20 — $)F(r,€, 5) ds

0

+o00
- / J (1,8 2, — 8)F(7,¢, 8) ds, (7)
3716Ch
1 e
J_ "ap) = — [ ————d),
(7.8 20) = 55 / L(r, i€, \)
1 e
J "ay) = —— | ————d\,
Hm &) = -5 L(r, i€, \)
Ly
n ' — KOHTYp B KOMILTEKCHOl TLTOCKOCTH, OXBATHIBAIOIINiT KOpHE A{ (T, &)

i
Ay (7,¢'), Ty — koutyp, oxBaThiBatonumii kopun ypasuenns A (1,&") u A\J (1, ¢').
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TTaiee, 4ToObI He TleperpyskKaTh 3allich BBeJeM obosHauenue A\ n A, 1 = 1,2,
Bmecto A/ (1,&") m A (7, €') coorBercTBenHO.
Buas Buj dyukmuu vo(7, &', x,), penenne Kpaesoit 3agauu (6) uMeer Bu

+00 +o0

vi(7, &, ) / G_ATJC"_/\TSF(T, §:5) ds / B_A;xn_AJSF(Ta ¢, s) ds
T n) = - :
s 27 (A2 = (A9)?) 205 ()2 = (A9)?)

0 0

Jlemma 1. CymectByer v > 0 Takoe, 9TO IpH T € (Cj/L n& € R qra
KopHeii xapakrepucrideckoro ypasaeanst L(1,i'; ) = 0 u3 (5) nmeer mecro:

A_;|><7—7 é‘/) = _A;(T7 é-I)’ j = 17 27
A+ () =20+ 7% (A () = [¢] + €7 + 7~

Jlokazamesvemeo. XapakTepucTniaeckoe ypapaenne ms anddepennnain-
Horo oneparopa L(T,i&’, D,, ) MOXKHO 3anucaTh B BH/IE

L(r i€, 0) = M = (7 + 2€P)0 + (7 + P + €1 =0 (8)
Kopuu ypaBuenusi
p= (T 2P+ (PSP ) =0,
MOZKHO 3aITHCATh CJIEIYIONIM 00pa3oM

7_2 2

T 4
=€+ 51+ VI=2), uzz\g’\2+5(1—\/1—z), ==

T

Torna npu Rer = o > «y taxkoii, uro |z| < 1 Gyzer cnpaBeinBo aCHMITOTHYE-
CKOE PA3JIOKEHUe

1
M:K?+¥—1+OG;O=KV+#+OGL1%w+m, (9)

1
Mo = |€/|2 + 1 + O (W) s Rer — . (10)
T
KopHu xapakTeprncTndeckoro ypasHerust (8) nmMeroT Buj

N = VL A = Vi A = Vi A = i

Jlemma 2. CymecrByer koncranra ¢ > (0 takast, aro npu 11 € R uw Rer =
o>~ >0, T =041, AMeeT MecTO OIeHKa

[ReAT[|Af] = co (|7] +[€']). (11)
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Jlokasamenvemeo. ONeHKa Ha CUMBOJI TICEBIOTUTIEPOOJITIECKOTO OMEPATO-
pa L(r,1£,i,) nmeer Buj

|L(7, €', i&)| = co(|r] +1€'] + &)1 + & + €' (12)

nimn "
co

|L(7,48' i&a)| = — (171 + 1617 + [€a*) (1 + &5 + [€'). (13)

7l

C moKa3aTes bCTBOM MOXKHO O3HAKOMHTHCA B [8, ri. 2|. C mpyroii cTopoHbI
|L(T,i&',1€,)| MOXKHO TIpeCTABATEL B BUIE

|L(7,4€',i6n)| = li&n — A[| - i€ — AL |- [i6 — A |- i€ — Ayl (14)
[ycrs &, = Im\], Toraa
[ReAT ||ilmAT — A7 |[|dlmAT — AJ [[ilmA] — A |.

[TockobKy
imAY — A7 < [ImAT| 4+ [Ar | < 2[A]]

iImAf = AF |- fiTmAf =] = |ImAf)? + D] < A7+ (maf)?,
TOr/IA
IReA] [[iImAT — A7 [[ilmA — AJ [[ilmA — \S |
2
< 2ReXf AL (M) + (maf)?) . (15)
O6patnmes k (12) u (14), 3amenus &, ua Im\], nveem
IReAT|[iImAT — AT |[iImAT — AJ|[iImAT — A5 |
> o(1+ €7 + MmA7 ) (7] + [€'] + [TmAT ). (16)
13 (15) u (16) moaywaem
2ReXF AT (|A5]” + (mAT)?)
> o(1+ €7 + MmAy ) (7] + [€'] + [TmA ), (17)
TeM CaMbIM MPUXOAUM K Tpebyemomy HepapeHcTBY (11). Ormernwm ermé oy
OTEHKY

co

[ReAT[IAT] =

(71> +1€'P7) - (18)

7l
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Jljst ee JloKa3zaTe/IbeTha Hy:KHO obparuthes K (13), mooxus &, = ImA] .
Jlemma 3. IIpu Rer = 0 > v > 1 cupasegimBa oneHka

ReA| >0, ReAf > /[¢]2+ 1.

Jloxazamenvcmeo. YUUTHIBas aCUMITOTHYECKOe pazyiokenue fi; = (A])?
(9) m mcnosb3yst BHIpaKeHne

2(ReA])” = [A{* + Re(A)?,

MIPpUXOaIUM K

2(ReA])? = /(02 + [¢2 — 2+ O(1))2 + 40?2 + (0 + |¢']* — n* + O(1)),

npu Rer — oo. [osydeHnoe BBIpaskeHHe NPUHUMAET 3HadeHne OOJbIIe 2072,
ybemMest B 3TOM

V(@2 + [ =2 + O(1))? + 4o 2 o — €] + 1 = O(1),

eci TpaBoe BbIpaykKeHHe OTPUIATEIbHOe, TO OLEHKAa BepHa, OJHAKO HYKHO
pacemotpets ciaydait o2 — |€']2 +n% — O(1) > 0 umn

o 2 €] = n* + O(1), (19)
nanee oOpaTuMCsT K BBIPAYKEHUIO
(0 + €] = n* + O0(1))* +4o’n* — (0* = [P+ n* = O(1))*.
[Tocse anredbpandeckux npeobpa3oBaHUil MTPUXOIUM K
40*(|E'] =’ + O(1)) + 4o,
MOJIyYeHHOE BBIPAZKEHNE MOYKHO YMEHbIINTh, UCTIOIB3Ysl OleHKy (19), Torma
A(IE* = n* + O(1))* + 4oy,

TaknuM 00pa30M, YKa3aHHOe BhIpayKeHne MPUHUMAET HEeOTPUIATeIbHbIE 3HAUYe-
mne. Crenosarenvro, (ReA)? > o2 u mpuxoanm K TpebGyemoii omenke. [Iis
KOPHs A\ OlleHKa sBISeTCs CIeJCTBHEM aCHMITOTHUeCKOro passoxenus (10).
Jlemma 4. Ilycrs ¢yukmnus f(t, ) yaoBaeTBopsieT yCJI0OBHIM T€OpeMbI 1.
CymecrByer Yo > 0 Takoe, uro npu Rer > 7y cripaBeaiuBbl OIleHKH:

€07, &' @), La(Ry)|| < el | F(7,€ 2n), La(R)[, k=0,1,2,

1€ 00(7, €' n), LaR)|| < el 7P F(7, € 2a), La(RA), b =3,4,
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HDljnvo(ﬂ ¢ xn), LyR)| < clr|HF(T, &, 2), La(RL) ||, k=1,2,
1D, vo(r, € @), La(RD)|| < clr[* 2| F(7,€', 20), La(RL)I|, k= 3,4,
1€ D2, vo(r, €, 20), La(Ry) || < clrllIF (7€, ,), La(Ro)],

¢ korcranToii ¢ > 0, ne 3apucsmmneii or F(1,&, x,).

Jlokazamenvemeo. [ponomkum dyukmuo F(1,£ x,) npu z, < 0 Hy1ewm,
COXpaHUB 0DO3HAUEHUE s TPoaoKeHHoH dyHKIun. Vcnonb3ya OyHKIHO
Xesucaiina 0(x,), byuknuo vy(7, &, z,) w3 dopmynsr (7) MOXKHO 3amucaTh B
BUIE

vo(7, & xy,) = / (J (1,8, 2, — 8)0(x, — 8)F(7,E, 5)

R

T (€ — $)0(—a + $)F(7.€5)) ds — / Glr & an — 5)E(r. €, 5) ds.
R

C yuerom dhopmyssl ipeobpaszopannst Oyphe CBEPTKH TOJIYyIaEM

HUO (T7 517 .T}n), L2 (Ri) H = / eiignznG(T7 517 .I’n) d.l’nF<T, g/u §n>7 L2 (R> )

R

371eCh F(T, ¢, &,) — npeobpasosanue Pypoe byuxmuu F(71,¢ z,). [pumenssa
TeopeMy O BBIYeTaX, HETPYIHO IOJIYIHTH (DOPMYILY, IPOBOIA AIrebpandecKue
npeoGpasoBanus (M. [8, rir. 4])

1

—t€nTn ! —
f e Gtn s in = s

R

B cuity oleHKY Ha CUMBOJT TICEBIOTHIEPOOTIHIecKOro onepaTopa (13) moxyuaem

1k k
|§| + |€n| < C|T‘71

T e e | k=0,1,2
L(r,iei&)) = 1,2,
S + 6 €1 + €] €716
Lo gie)l = o0 ig i = o) =

U3 31X HEpaBEeHCTB MOJIydYaeM HEOOXOIUMBIE OIEHKH.
JIlemma 5. I[lycrs yukmnus f(t, ) yaoBaeTBopsieT yCJIOBHSIM TEODEMBI 2.
CymiectByer vy > 0 Takoe, 9T0 Ipu T € (Cj/L a7y > 7o CIpaBEeIJIABBI OICHKH:

1Dz, v0(7,&' 2n), La(Ry )| < el 7| F(7,€ wn), La(RS), k=0,1,2,

1€ vo(r, €', 20), La(Re)|| < | F(7,€,20), La(R )|, & =1,2,3,



201 B. B. Illememosa

1Dz, vo(7, €, 20), La(Ry )| < el F(7,€', 7)), La(R )],

1Dz, vo(7. &' 2n), La(Ry)|| < €| (7, &' 2n), Wy (R4,

1€ vo(7, €, 20), La(R )| < el F(7, €, 20), Wo (R,
l1g'"1* D3, vo(7, €, 20), La(R) | < el (7, €', 20), Wy (R,

¢ KoHCTaHTOIi ¢ > 0, He 3aBucsmeii or F(1,£ x,).

Joxazamenvcmeo. JlokazaTebCcTBO B OCHOBHOM TIOBTOPSIET TPEJIBIIYIIHE
PacCCyKICHUA. OTMeTI/IM OTJINYaIoIneCd MOMEHTHI. ’H.HH TOTO qTO6bI MMOJIYYUTh
rpebyemste onenku Ha |'|[*vg(7, &', x,), Dy vo(T,& x,) m D2 €' Pvg(T, &, 2y)
BMecTo oneHKH (13) Bocmosb3yemcs oneHkoit (12).

[Tepeiinem k paccmorpenuto bynkunu vq (7, &', x,), ee MOXKHO mpeobpazo-
BaTh K BUAY

, B Mgz, 4+ 5) e CETY(z, 4 5) ,
ol e ) = / (m(uf)? —9) (- <A;>2)> e

= /Q(T, ¢ —x, —s)F(1,¢,s)ds. (20)

Bnecy dyukuua F(7,&' x,) npn x, < 0 HyIb, COXpAaHUM ODO3HAUEHUE s
IPOIOJIZKEHHON (DYHKITUN.

Jlemma 6. Ilycrs ¢pyakmus f(t, x) ymosmerBopsier yciaoBusm Teopemsr 1.
CymecrByer vy > 0 Takoe, 9To Ipu 7 € (Cj/L 7y > 7Yy CIPaBETHBBI OTIeHKH:

€ oL (7,6 an), La(Ry)| < el | IF(7,€ wn), La(R)], k=0,1,2,

g o1 (7, €', ), Lo < el r[*PIF (7, €, 20), La(Ry)I, k= 3,4,

1Dz, v1(7, €, 2n), La(Ry)|| < el | THIF(7, € 20), La(R), k= 1,2,

1Dz, v1(7, &', 20), Lo )| < el " 1F (7, €, 20), La(Ry)|, k= 3,4,
€' D3, v1(7,€' 2n), La(Ro) || < el [ F(7,€, 2m), La(R )],

¢ KoHCTaHTOIi ¢ > 0, He 3aBucsmeii or F(1,£ x,).
Joxasamenavcmeo. C yaerom dopmyrasr nmpeobpasosanust Oypbe cBepTKH
oIy 9aeM

[v1(7, €' 20), La(RY)|| = / e Q(r, €, 1) dan F(7, €, 6), La(R)|

R
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sneck F(1,€,€,) — wactuunoe npeobpasosanne Dyphe M0 NEpeMEHHOM I,
byukmun F(1,&, x,). YaureiBas onpenenenne byukuun Q(7, &', x,) n3 (20),
IPUXOIAM K

(A2)? —iAg & — (A))? +iM[ &
QAIL)\;(()‘;F)Q - (A;)z) ()‘;r - Zgn)()‘;r - an)

/e_ignan(Ta 6/7 xn) dxn =

R
Hcnmomb3ysa HepaBeHCTBO MUHKOBCKOTO, TTOTyIaeM

(A2)? —iAg&n — (AD)* + A,

fortr € BB = 3T (TP~ e PO — 800 — 26

- / p(T7 5/7 én)
ignﬁ(T7 £I7 én)
T on e —ienr —e)

[ockombky |\ —i&,| > ReA] u |\ —i&,| > Re);, Gyaem nvetn

F(T7 5’7 gn) L (R)

), La(RL)|| <
”U1<7-7§7'T )7 2( Jr)H — 2)\1")\;]16)\1’_1%8)\;—’ ?

F(Tv é‘/’gn)
. Lo(R
22505 (AF + A ReAf 2(R)

F(r,¢.&)
Ly(R)| .
22F (AT + A )Redf ReAS’ 2(R)

+

+ (21)

Yuaureisas onenky (11) u Jlemmy 3, nveem

g o1 (7, €', ), La(R)| < clr] ™

F(r, €6, LQ(R)H . k=012
[punumasg Bo BauManue (21), (18), Jlemmy 3, mosyunm

16101 (. €' ), La(®o)|| < el 2| P76 60), La(®)| & = 3,4
Jlng noxasareabCTBa OIEHOK Ha, D’;nvl(T, &', x,) paccMoTpuUM IpOOH

(=AD)PAD)? =i (= A))"E — (AT)2(=A3)F +iAT (=A3)"E,
AT (AN)2 = (A2 (A —i&n) (A5 — i&n) '

(22)
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Torna npu k = 1,2 ¢ ydgerom Jlemmbl 2 cipaBejijinBa OIEHKA,

(2= KA AT A = AT+ (1= k)igaAT AT NS — AT

< C‘T|71.

[Ipu k = 3 onenka na (22) ¢ yuerom (11) mpeacraBuma B BHe

(AfA3)?

ATAS &n
QAIL)‘;()‘;F - an)O\; - an)

]

(A)?
NP 1 A ReAT

&n
20 — &) (A3 — i&n)

[Ipu k = 4 onenka ua (22) ¢ yuerom (18) u Jlemmsr 1 umeer BuI

< <c.

"

' (AA5)? _ L GAA DA + (M)
AAT AT =) (A = i) ATAS (A 4+ A2) (AT — i) (A — i)

A2 (A3)? (A2 + (A5)?
A ReAT A\g ReAy A Re)T
YauThIBast MOTyYeHHbBIE OMEHKH Ha Ipo0b u3 (22), mosydaem TpeGyeMbie OmeH-
KH:

+ co|T| < 7. (23)

”Dl;nvl(Tv fl,l’n),Lg(R+)|’ < C|T‘71”F(T7 élvxn)7L2(R+)”7 k= 1727

IDE vi(1, € 2,), La(Ry)|| < e|r[F 3| F(7, € @), Lo(RL) |, & = 3,4.
JIns Toro, 9ToObI YOEIUTHCA B MOCTETHEM HEPABEHCTBE M3 YTBEPZKICHUS JIeM-
MBI, JOCTaATOYHO PaCCMOTPETH
IEPEATAT (A3 — AT)
2ATAT (A)2 = (M)A (AT — &) (A — i&,)

€AY
A (AT +AD) (A —i&n)

>~ 01

€AY
A ReAReAS
I/I3 BCEro BBIINIE U3JI02KEHHOT'O MMOJIYYEHBI BCE€ YKa3aHHbIE HEPpaBEHCTBA.

JIemma 7. Ilycre ¢pyakmus f(t, x) ymosmerBopsier yciaoBusm Teopembr 2.
CymecrByer vy > 0 Takoe, 9To Ipu 7 € (Cj/L 7y > 7Yy CIPaBETHBBI OTIeHKH:

< 6 < c|7]|.

loi(7, €', ), LaR )+ 181 01 (7, €', @), La(Ry )|+ Dy, 017, @), Lo (R )|

<c|r|TWF(r, €&, x), La(Ry) |, k=1,2,
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1Dz, 01(7, 6" ), LR + 1€ 017, 6" ), Lo(Ry) |
< d|F(r,¢, zn), La(R1)],
€' 01 (7, 2), La(R )| < ell|E'|F (7, 20), La(R)
1Dz, v1(7, €', 20), LaR )| < el (7, €, 2), Wy (R4,
IDZ, 1€ P01 (7, 2n), La(Ro )| < €lll€|F (7, €', 2n), La(Ry) ),

¢ KoHCTaHTOI ¢ > 0, He 3aBucsmmeii or F(7,& ;).

Jloxasamenvecmeo. JoKa3aTeIbCTBO BO MHOTOM HOBTOPSAT IMPEIbIIyIIHE Pac-
CYZKJICHHsI, TOSTOMY OCTAHOBHMCSI HA PACCMOTPEHUH HEKOTOPBIX OTIMYUTEIb-
HbIX o1eHoK. Pacemorpum dynkumio Dy vi(7,&, x,) n nposesem ouenky (23)
nHave:

ATAS G2+ AT+ (A)?)
200 —i&) (A3 —i&n) 200 + A — i) (A — i)
A3 A3 i8] AL il
20Ay =&l 20A] —i&l[As — &l 2A] — ial|As —i&n|
A2 N AT AT
TonT +|(f)2§| 7 S 2|++|§n|%
2007 +F A || AT —i&al| A — i€ T 2ReA; 2ReA; ReA]
p el 16l e P
2ReN;  2Red]  T"'2ReAiRed!  T"'2(ReA)2ReA|

Yuaureiast Jlemmy 3, npeacrasienus: (9) u (10), momyaum

AT i (D)2 + AT + ()2
’2(A1+ ) 16 200+ AOF —ie) O — gy | = LT I&D:

Pacemorpum €'Yy (7, €, x,), necnonbsya (21) u (12), moayuaem

l

Haunee nepeitnem k |§'[2D2 vy (1,&, x,), aust sToro Bocnosb3yemcs (22) npu
k = 2, Torya

& )2F (T, €, &)
Lo(R
2A\TReA] 2(R)

C
S_
o

€'1F (7, €, &), Lg(R)H _

€'

/12
€% 3
~  |Re)\

2(M7 +A) (AT = i) (A — i)

< ¢,

TaKuUM 00pa30M MOJTyUYeHBbl BCe HEOOXOIUMBIE OIEHKH.
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Jokasameavemeo meopemo, 1. Pacemorpum dyukmuo v(T, &', x,), 3anan-
uyto opmyoii (4). U3 onpenenenust byuxumii vo(1, &, ), v1(1, &, ), GyHK-
mas v(7, &, x,) AaBagerca amamuTmdeckoit mpn 7 € CF. Obosmaumm ee 06-
patHoe mpeoGpasoBanue Jlammaca —®Pypwe no (7,2') wepes u(t,z’, x,). Cre-
noBaTesbHO, B cuty JlemMm 4 m 6 um obobOmenHoit Teopembl [Ianmm —Bunepa
u(t, o', z,) € W; f(R’_ﬁl), IPHU 9TOM CYHIECTBYIOT OOOOIEHHBIC IMPOM3BOIHBIE

. 1
DD} u(t,x), j = 1,...,n, DiD; u(t,x) € Ly, (RYL) mpm o > 70, w Bmos-
HSCTCS OICHKA,

lult, @), Was RN + D 1DFD ult, x), La(RY)|| < ell £ (¢, x), Wy (R,

Jj=1

rae ¢ > 0 — koHcTanTa, He 3aBucsmast ot f(t, ', x,). 3 (4)—(7), (20) BoiTe-
Kaet, 910 u(t, ', x,) ABIAETCa peleHneM Kpaesoii 3agaun (2).

[TokazkeM eIMHCTBEHHOCTD. JIIg 3TOro HeoOXOAUMO yOEIUTHCI, YTO OTHO-
poaHas 3a1ada (2) uMeeT TOJBKO TPUBUATIBHOE PEIeHHe B KJIACCE I/VQ2 f(R’jf).
[Ipeamomoxum, aro u(t,x) u3 W22 f(R’ff), v > 7o, ABISETCS pEIIeHneM 3a-
naan (2) ¢ npasoit wacteio f(t,2) = 0. CienoBaresbHo, ee mpeobpasoBaHue
Jlannaca —@ypbe no (¢, 2') npeacrapiasier coboil perenne KpaeBoii 3a1a9m

Dy v = (7 + 2 P) Do+ (7 + [P+ [€])v = 0, @ >0,
U|J:n:0 =0,
2 24
sup |v| < oo.
Tn>0
B cuny Toro, uro ko3ddunuenTs B ypaBHEHUHN HE 3aBUCIAT OT I, TOTJA MPU
Rer > v > 7, & € R* Y, dynxuma v(r, &, x,) npunammesxur WF(R,) s
aob6bix k > 0. ITockobky Kpaesast 3a1ada (24) yaosierBopsier ycaoBuio Jlo-
matuacKoro, To v(7, &', x,) = 0. CrenoBarensho, u(t, r) = 0 mouYTH BCIOY.
Teopema 1 moka3zaHa.
Teopema 2 jnoka3biBaeTCs aHAJOTHYHO, 3aMeHsist JeMMmy 4 u jieMmy 6 Ha
JIEeMMY D W JIleMMy 7.
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