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HEKOTOPblE CBOftCTBA I1POCTPAHCTB COEOJIEBA, 
CBÄ3AHHBIX C ILAPAEOJIHHECKHMH YPABHEHHÄMH 

1. BBegeHHe 
B [ l ] HsyieHO aa^aiy Konm ä j i h napaCojimiecKoro onepaTopa 

* = i t - I H 
]a I < 2 m 

rae 

X = I x ^ , . . . , x^)} a = ( a 1 f . . . , a |ac| = a 1 + . . . + <xQ 

b rHJibóepTOBOM n p o c T p a H C T B e a f r , s onpeaeJ ieHHHM cjnê yiomHM 
06pa30M 

* r , 8 i R n + 1 J = { u e S ' ( H n + 1 ) : 2 e L l 0 C ( R n + 1 ) ; 

/ Q 2 r l £ , r ) q 2 s ( Ç ) | Û ( Ç , r j | 2 dfdT = lull l t 3 < o o 
Rn+1 

r j e 

k 1 

Q ( f t r ) = { r 2 + q4m(<;)} m ; q ( j ; = O + | Ç | 2 > * 
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2 T . K o w a l s k i 

u(f,r) = ( 2jt) J e u(x,t)dxdt 
,0+1 

< X , ? > - X , , . . . + x n f Q . 

* i e p e 3 S ' ( R n + ^ ) 0 3 H a q a e M n p o c i p a H O T B O o Ö o Ö m e H H H x <fyHKn;Hft 

M e A J i e H H o r o p o c i a . 

I I p o c T p a H C T B O Ti1'3 Ö o j i e e c j i o x h o <ieM n p o c i p a H C T B O 3t 8 

f u e S ( R n ) : u £ L ; o c ( R n ) 5 / q 2 8 ( f ) | fi( | 2 d * = | u | * < e 

R Q 

B H a c T O ü a j e f t p a ö o i e H 3 y i a i D T C H B J i o x e H H a X T ' B b n p o c T p a H -

c t b o Cl orpaHHqeHHHX $yHKi;ÖHß Kjiacca Cp (TeopeMa 2.1), 
CJieÄH 3THX (JjyHKipiÄ H HX HenpepHBHOCTB (TeopeMH 3 . 1 h 3 . 2 ) , 

CK)pi>6KTHBH0CTB COOTBeTCTBy»mHX OTOÖpaxeHHÖ (TeopeMH 4 . 1 H 

4 . 2 ) . 

2 . B a o g e H H e X T , a 

B C P B B e ^ e M H O p i t y 

M C P = X Z L ( x 8 H e R ^ 1 l D t rfW.tll . 
B 3 + i « k p u ' t ) e R 1 * 1 

T e o p e M a 2 . 1 . E c . n n r > m ( l + 2 p i ) h r + s > m ( l + 2 p , ) + 

+ , T o r ^ a 

M c E < c M r , 8 

# r » S ( R n + 1 ) C c P ( R n + 1 ) 

^ 0 K u 3 a T e j i i . C T B 0 . I l y c T B u e C ~ ( R n + 1 ) . H c -

n o j n . 3 y f l H e p a B e H C T B O K o m H - E y H H K O B C K O r o n o j i y q a e M 
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CboHctbq npocipaHCTB CoÖojieBa 
n+1 

Djnau(x,t)|2 < (2ir) 2 J |$r|T| J û(f,r) d^dr < 

< ( 2 , r ( n + 1 ) J i ^ )q2S( t , 2 
J . Q2rif.r)a2s(t) J 

Hmerpaji ctohihhä cjieBa moxho CBecth k BH^y 

r iti2«dt r i<?i2J 
J (l+,ç,2Jr-H9-m(1+2JJ J ( 1 2,r/2« ' 
H R 1 

IlepBHfl HHTerpaj cxo^htch Kor^a r+s-m(l+2j) - | <x | > . 
BTOpoft Koraa r > m(l+2J)t 

Tenepi bhäho, m o 

sup |:dJ Dau(x,t;| < C r f S Ba||r>a 

(x,t)eRn+1 

H cjieflOBaiejibHO 

(2.1) lui < C | u | r § 8 . 
B 

noTOMy WTO c~(R q + 1) njiOTHO B # r ' s ( R n + 1 ) (cm. [l]) HueeM 

V u « ) 3 u k e C~(R n + 1) TaKoe UTO |u 0-u k| r > g — 0. 

H3 0Q8HKH (2.1) cjieayei m o u^ iyHaaiieHTajibHaH nocjiejOBa-
T6JIBUOCTB B CP(R n + 1; , HO npOCTpSHCTBO ,Cjj(Rn+1) nO^HO H 
nooTOMy cymecTByeT b C^(R n + 1; TaKoe v m o |v-u, I rj 0. 

I KI r^ * —» o«. 
1 B 

0TJcy.na cjieflyeT uto u^ — v b S"(R n + 1) h tbkhm 06pa30M 
= tf. TeopeMa £OKa3aHa 
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4 T . K o w a l s k i 

3 . T e o p e i m o c a e j a x 

fljiji j i k C o t o rnjibÖepTOBa npoc ipaHCTBa £ o6o3Ha«iHM l e p e a 

C ( R 1 ; E ) KHOxecTFO HenpepHBHHx, orpammeHHtnc iyHKqftHft 

f : ï P — E . npocTpaHCTBO C ( R 1 } E) CHaÖflUM HOpMOft 

1 = sup J CP ( A ) I v . 
C(R } E ) X6R1 y ' e 

T e o p e M a 3 . 1 . Ecjpi u e # r , s ( R n + 1 ) , t e R 1 h 

r > 2 m ( ^ + j ), Tor f la 

DJ u ( ' , t ) € C ( R 1 | Ä r + s _ ® ' 2 m J ( R n ; j . 

^ O K a 3 a T e j i f c C T B O . I l y c T t h e C ° ° ( R Û + ^ ) . H c -

nojib3yíomaH o6paTHHM npe06pa30BaHHeM ®ypne h HepaBeHCTBOM 

KomH-ByHHKOBCKoro nojiy*iaeM 

| ¿ ( * , t ) | 2 < - J j J Q 2 r ( í , r ) | u ( f , r ) | 2 d r f d r 

^ J-, Q 2 r ( f , f ) 
R 1 R 1 

npH l e u 

f = 1 f dy 
J Q ( f , r ) ( 1 + I 0 2 j r " m 4 ( l + P 2 ) r / 2 m 

R R ' 

h bhaho , wto 3TOT H H i e r p a j i cxoflHTCH K o r ^ a r > m. nojiywaeM 

HepaBeHCTBO 

( H | Ç l 2 ) r " i n | û ( ^ t ) | 2 < c J Q 2 r ( $ , r ) | u ( £ , r ) | 2 d r 

R 1 

H3 KOTOporo c j i e a y e i , i t o 

l - C , t ) « 2
r + g _ m < c ! u | 2

r t 3 . 

JlerKO ^ 0 K a 3 a T b , wto 

| D t u | r , s < C l M r + 2 m J , s ' 
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Cboöcteb npocTpaHCTB CoÖojieBa 5 

OTKyaa wjifl i > m+2mj nojiyyaeM 

N ^ ' . ^ l r « - » - ^ < C K , s V u e < - ( R n + 1 ) . 

II s njiOTHOCTH C~(R n + 1^ B 3Í r ' 3 (. R n + 1 ) cjie^yeT, MTO oßjiacTi 

3Ha^eHnñ D ^ u ( * , t ) npKHa^JiexHT npocTpaHCTBy ^f r + s ~ m ~ 2 m J (Rn), 
jOKaxeM Tenept HenpepHBHOCTb (cm. [3], TeopeMa 4.2). 

30 3 Me m CHOBa a t C " ( R n + 1 J h oi^shhm D^lUÇ , t + t A t } - D j j û ( £ , t ) 

nojiynaeM 

J Q 2 r(i ,r)q 2 sCÇ) a I û(Ç,r)|2 dçdr 

R n 

R n + 1 

rse nocpe^ciBOM a mh 0Ó03HaiHM HHTerpaji 

ïiât(i+|ç|2)IB9.1|92j f | eiatu+isi ~r 
J , [ 7 ^ 7 2 5 d<? 
R 1 

IIpHMeHHH TeopeMy J leöera no j iy iHM 

¡DjuC,t + A t ; - D Í u C f t ) | r + g _ m _ 2 m J ^ — 0 . 

H3BecTH0 yace, ito cynjecTByeT C ~ ( R n + 1 ) 3 u^ — g - » - uQ e 5 f r ' 8 ( R n + 1 ) 

h ito D^u^C'jt) HenpepHBHO no t. H3 oijeHKH (3.1) cjie^yeii 
m to nocjieaOBaTejibHOCTBlD^u^í * ,t ) tynaaMeHiajibHa. IIpocTpaHCTBO 

j -m-2mj ̂ n 0 J I H 0 ) 3aieM cynecTByei 

lim D^u. C , t ) = v C f t ) € # r + 8 " m - 2 m ; 5 ( R n } . 

5VHK0HH v'v*,t) HenpepuBHa no t KaK npeaeji paBHOMepHO c x o -

i^meß nocvie^OBaTejibHOCTH HenpepuBHHX <tyHKijnM. IÎ3 
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lV ('' *J " Di Uk (' •) |r+s-m-2mj k 0 

cje^yei, wto D ^ u k — v b S'(Rn+1) ho u ^ — u q b S' (R n + 1) 
H nooTOMy D^u0 = v. TeopeMa .noKaaaHa. 

T e o p e m a 3.2. Ecjih u E ¿ , r , 8(R n + 1), x q e R
1, 

r+s>j+J, s > j + l i o w DjaC,i Q,')£C(H
1;l r , s"' )'i(R n)) 

rae D = D* . n 
J J O K a a a T e J i B C T B O . AHaJiorHiHO KaK b TeopeMe 2 

i m uec"(R n + 1) nojiyqaeM HepaBeHCTBO 

¡¿(',*a,')l
2< £ J fiii.rJ 2df / 

H 1 R 1 q ( « 

HHTerpaji CTOHmHft cnpaBa mojcho cbbcth k BH^y 

1 „ o 2-r-s 

r,ne U'|2 = + ••• + 1* n p H *16M 3 T 0 T H H T e r p a j I c x ° ä h t c ä 

KOrja r + s > g. IlpH dtom ycjiOBHH noaiyiaeM HepaBeHCTBO 

(.) | ü ( \ v - ) |
2 H ? | 2 > r + " 4 < o r t S J q2(r+s)(0|u(i.r)|2df 

B cjiyiae KOi\na r < 0 HcnojiiayeM HepaBeHCTBO 

npH ieM b Q h q^ Hei apryueHia 
TaKHM 0Öpa30M nojiy^HM HepaBeHCTBO 
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CßOftcTBa npocTpaHCTB CoÔojieBa 

HHTerpHpyfl OTO HepaBeHCiBO no H f nojiyiaeM oi;eHKy 

< » » ) , < C r p B | u | r . 
r t a ~2 

JlerKC AOKa3biBaeTca, i t o 

^ K ' I r . s * C M r , 3 + r 

OiKy.ua c j i e i y e T , ITO 

( 3 . 2 ) | D Ü u i ' ' V > l r q . 1 < * H r , s ' 
r » s - j - o 

B cj iyuae Kor^a r > 0 H s > ^ B H E P A B S H C T B E ( * • ) BO3MBM 

r = 0 H NOTOM yMKOXHM e r o Ha HepaBSHCTBO 

Q 2 r ( f , r ) < Q 2 r ( f , r ) . 

nojiyiHM uepaBeHCTBO H3 K o i o p o r o c a e a y e i ( » * ) • Zcno j i t sy j i ( * • » » ) 

nojxyiHM TO*e ( 3 . 2 ) . 3a Te i i D¿ u( ' , x Q , • ; e X 1 ' S " J R n ) . 

ßonaxeM H6npepHBHOcTt• AHonorHiKO KBK B Teopewe 2 ¿ ra 

u € C ~ ( R q + 1 ) nojiyiHU oijeiacy 

/ Q 2 R ( X) q f - 2 « J " 1 ( OI D¿ú( • , x û + 4 x n , • ; -DJÛ ( • , x n , • ; 1 2 d* d r < 

R 
< 

J Q 2 r ( Ç , r ) q 2 s ( ç ; a I û t Ç, r ; I 2 d Ç d f , 

Rn+1 

r i e a o6o3HaiaeT HHTerpaji 

lûx 2 ) 1 / 2 0 f 
R ' 

6 " ' - i r 0 ^ - d 0 . 

H3 TeopeiiH JIe6era c j i e ^ y e i , WTO ¿ ra r+s > , s > 

H u e C™"( R 0 4 ^ ) e c T b 
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IID̂UC N - , 1 AX r+ s — j -^ 

ÜMefl B BĤ Y coOTBSTCTyByiomyio uacTb flOKaaaTeJitCTBa Teope.MH 2 
MH 3aKJiio<iaeM, ITO TeopeMa 3 ÄOxa3aHa« 

3 A M E I I A H H E 3 . 1 . MOXHO Jienco .NOKASAIB, M O ZJIH 

u e #
r ' s ( R n + 1 ) H r+c > j+1 HO s < j + 1 

a-j-— r 
D^u(*,xQ,*) £ *

 2 ' (Rn;. 

4. TeopeMH o cropteKipiH 

T e o p e M a 4.1. Ecmi a^ {X) e # r + s - 2 m j (Rn; H r>m+2mk 

•ror.ua cymecTByeT u € <5?
r , s(R n + 1) TAKOE, MTO 

D ^ U ( X , O ) = 8 J ( X ) , j = 0 , 1 k , k < . 

^ O K A S A I E A B C T B O . AHAJIORNIHO KAN B PAÖOTE 

[2] (Theorem 2.5.7) ÜOJIOXHM 

k . 

;J = o 

r^e 9(t) € C~(R1)} 9 = 1 B OKpecTHOCTM 0. JlerKO HcnpaBJi«eM, 

I T O 

D|[u(x,o) = a^(x). 

ECJIH MH Hcnoab3yeM OMSBHflHOe HepaBeHCTBO 

/ k \ 2 k 

(Chi) <cChl2 
\j=0 / j = 0 

MOKHO jien<o nojiynHTB oi;eHKy 
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C B O t t c T B a n p o c T p s H C T B C o ß o j i e B a 

l U l r , s < C C l a d l r + 3 - m - 2 i n d 

i'O 

x o T o p a a 3 a K a H i H B a e T i O K a 3 a i e J i b C T B O . 

3 a m e m a h h e 4 . 1 . O i o C p a s e H H e u — - 1 D¿u( ' , o ) } 
1 t J o < j < f s E 

: i3 # r ' 3 ( R n + 1 ) B ^ r + s - m - 2 m j ( R n ; c k , P M k t h b h o . 
r t a - j - 1 / 2 

T e o p e m a 4 . 2 . E c j i h a ^ l x ' , t ) e 3 t ( R J , 
r + 9 > k + g- u 3 > k + j T O r A a c y r ç e c T B y e T u £ X r ' s( R n + 1 ) 

T a K o e , * ¡ t o 

, o , t ; = a j U ' , t J j = o , 1 k , k < r + s - g - k < s - l . 

^ 0 : - : a 3 a T e j i B C T B 0 . [ IOJIOXHM, WTO 

a ^ x j ^ 
, x n , r ; = ( j i x n q 1 c (• V , r ) — f r -

j = o 

r - . e ç ( t ) e C ~ l R 1 j h Ç = 1 b ok p e c t h o c t h 0 » 
H 3 J i 0 r H t i H 0 K 8 K b T e o p e M e 4 . 1 , mo:sho n o ^ y u K T b o q e H K y 

k 

•i = n 1 J r> J = 0 

h o npH .lOKaaaTejibCTBe d t o K oueHKH Haao paccMOTpeib jiBa c j i y w a n , 
Kor.ua r > 0 h x o r j a r < 0. OyeBHjno npH d t o m , m o 

% L ) ¿ u U ' » o 11 j = a ^ U " ,t). 

T e o p e . M a z o n a s a H a . 
3 a ; . ; e i i a H H e 4 . 2 . O T O Ö p a a e H H e u — j D ^ u ( x , o , t ) } 

^ i s ~ j " î t t n J 
H 3 ¿ ¡ f r , S (H n + 1 J B X * CMpteKTHBHO Korjia 0 < J < r + 3 - i -

1 ¿ 
H O < .1 < . 
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