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TeopeMbl BJIOJKEHHsI PA3HOCTHBIX BECOBBIX MpocTpaHcTB w, (v). 11

Cratbg sBII€TCA BTOPOU YacThlO CTaThU «TeopeMbl BIOXKECHUS PA3HOCTHBIX BECOBBIX IIPOCTPAHCTBY, IIOCBS-
IIEHHON HCCIIEI0BAaHMIO BIIOXKEHHH Pa3HOCTHBIX aHAIOrOB BECOBBIX MpocTpaHcTB CoboseBa w[z)(u) byHk-

Uil ¢ KOHEUHOU HOpMOH ‘

yiw, (U)H = H y<2’H + Ho” ? yH . B paboTe mpoiomKaroTCs HCCICI0BAHMS BIOKEHUI
p p

2 o
w;(v) B [ (u). BuacTHOCTH, OJTyHeH sl HEOGXOMMBIX YCTIOBHH BIIOKEHHUS.

Knrouesvie cnosa: pa3sHOCTHOE BECOBOE IIPOCTPAHCTBO, BECOBOE NpocTpaHcTBO Co00sIeBa, BIOKEHHUS.

Hacrosimas paGoTa MOCBAIICHA HM3YYCHHMIO BJIOKCHHH PA3HOCTHBIX BECOBBIX. MPOCTPAHCTE W’ (V)

B IPOCTPAHCTBO MOCIICIOBATEIBHOCTEH /, ( u) (1< p<g<o). o nanHoii TEMATHKE M3BECTHBI paboTHI [1-9].

0
[TpuBenem 3nech HEOOXOAUMBIE HAM OTIPEICIICHHsI U3 MIEPBOI yacTh pabothl. [Tycth L = (U j) _, —He-
=

OoTpuLaTCJIbHasd YUCI0Bad MOCICA0BATCIIBHOCTL, YAOBJIICTBOPAIOIAA YCIIOBHUIO HEBBIPOXKICHHOCTHU

D, >0(k=12,.).
j=k

0
Hepes /, (u) (u ; 20) o6o3HauaeTcs NPOCTPAHCTBO MOCIIENOBATENBHOCTEN ) = ( Y, )/=1 C KOHEYHOU HOpMOH

. 1/q
"y”zq(u): Z”jb’j 9] ,1<g<oo.
Jj=0
O0603HaYnM Yepe3 A pa3HOCTHEIHN orepaTop
Ay:{Ay/}j:1’ij =y/'+1 _yj (]:1,2)

2 0
Omepatop A” Ha y = { y j}/:1 3a/1aJTuM PaBECHCTBOM

A2J/j TV Y T A Ay (1 = 0)

BecoBoe pasHoCTHOE HPOCTPaHCTBO W), (V) (1< p <o) menoif rIagKocTH m =2 ONpelensiercs Kak

MMPOCTPAHCTBO BCEX HOCJICI[OBaTeJIBHOCTeﬁ y= (yj) . TaKHUX, 4YTO HOpMa

o0
j:
w 1/p

()~ 2(18%, 1701y, 1) <o (3,=0).

J=1

Iy

0
Janee MBI CTPOMM XapaKTEPUCTUYECKYIO MOCIEAOBATEIBbHOCTh {k:} . IMycts n,k>0 — nensle.
.

0
HYCTI: Rn r = MHOXKECTBO HOCHe,I[OBaTeHLHOCTeﬁ r= {Fj} . (S lw, IJI KOTOPBIX
> j=

n+k »

2| =t

Jj=n
ITomoxum, 91O

1/
n+k p

S, (n.k)= inf Z‘rj‘p L,

reRn,k J=n
ITo onpenenenuto

K=k (v)= sup{k kS (n,k)sl}, eciu v, Sl’p': p

0, ecauv, >1, p-1
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* 1/
JUist Beex 1 amcno k, >0. D10 oueBnmHo npu v, > 1. Ecmn v, <1, 10 S, (n,0)=v.” <1, orxyna cie-

IyeT k: >0.

(n=

0
Bynem roBoputh, 4TO NMOCIENOBATENBHOCT L = {L) j} _, JlonycTuma (1 macars veIl ), ecu k, <oo
=

1,2,..).
Psn npumepos nan B yactu 1.
2 X

b

Ilycts X, Y — mpocTpaHCTBa C MOJIyHOPMaMH 5Y) || COOTBETCTBEHHO. byziem roBoputs, 4ro X

BIOKeHO B ¥ (3ammch X — V), ecnmu X ecTh moampocTpaHcTBo Y, a omeparop (Bioxkenusi) E:Ex=x

OrpaHHYEH Kak oneparop u3 X B Y.

©

JIEJIOBATEIIEHOCTE ) =1V, Ha3bIBaeTCs] (GUHUTHOM, €CITH CYIIECTBYIOT IICIIBI m TaKue,
TlocnenoBarensHOC j§ ., HasbIBaeTc Ol, ecau CyIIeCTBYIOT Henble 1 <m < h Takue
=

uro y; =0 mpu j<m, j>h. OG03Ha4MM 4€pe3 [, TMPOCTPAHCTBO BCEX (DMHUTHBIX TOCIIETOBATEIBLHOCTEN.

2
Ouesnno, ato [, < w; (v).

PaccMoTpuM BBeieHHYIO B yacTh | JaHHOMN paOOThI LETOYHCICHHYIO ()YHKIIHIO

Ilycts 4

n+k Ve
A, (nk)=(k+1)"" (Zuj} 1<g <.
Jj=n

(n)= 4, (n,k;), k, =k, (v). Beenem Benmauny 4, = max{Bl*,B;}, e

. 1/q -~ -1/p
B =sup {4, (n);k, 21}, B; =sup (Zlu] [ZIUJ ik, =0r.
Jj=n

5

L, U

n>1 n>1 j=n

[Tpu 3TOM yUUTBIBaEM, YTO TI0 ONPEACICHUIO Sup & = —oo. 3aMeTHM, 4TO

TO

1/q

* *
Teopema 1.Ilycts 1< p,q <o mmyerb ¢ =sup, Kk, <oo. Eciii uMeeT MecTo BIOKEHUE

w (U)—)lq (u), (1)

p

Ay <2 (1+c)

. 2
‘E w, (U) — lq (u)“
Hoxazamenvcmso. I1o ycnoBuro Teopemsl cymiectsyer K >0, Takas, 4To JUIsi BCEX ) € wﬁ ( U)

AQ)

mSK,y;éO. 2)

©

Bozpmem y={yj}j:1, rae

0, ecnnj%Qfl: n,n+k: ;
v, = Loaad 3)
1, ecmu jeQ,.

1. Ecu k, =1, T0

84

Azyn :ynﬂ _2yn +yr171 :_1’
AzynH :yn+2 _2yn+l +yn :_1
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Hanee 3ameTumM, 4To npu k: >1 cnpaBeIuBbI OIIEHKU

n+k* 1p n+k* vp n+k vp
n A+ n 1+1/
J=n J=n
n+k n+k n+k* 1p
NSV AV l+1/p " p
<(k?) (kn+1£ J k) (ks +1)£ 7 ] - )
Jj=n Jj=n
me(en)(k) " s(nk) <6 (¢

W3 mepaBencTBa (2) 1 O1IeHOK (4) nMeeM:

nik q y v K4
“y;lq(u)u {;” il } i {]Z_;uj |l|q} i {j;uj}
R IC NPT, =
{Z(Az)’j " +v; |y, ”)} {Z(Fll +u, |1 )} {2+;oj}

Jj=n

n+l Vq
u
> 2—1/[7 L — 2—1/[; (402 )71 (C* n 1)*1 A* (n) 2 l/pc3 1 (C* +1)*1 A* (n)
2" + ¢ (c* + 1) " -

[MocneaHee HEpaBEHCTBO BEpHO Vi >1 3HAYUT,

K>HHy “_ l/pc;1(0*+1) B S P - (c +1) A;
u
e oyy’l ((ujl‘u‘zup M) 4 )
VIS #0117,

2. Paccmotpum ciyvaii &k, > 1. Torna
A =Yt 20, + Y =L
A Y1 P2 =2+, =L
ANyi=y,, =2y +y,=0i=n+1,.,n+k, —2;
Ay =-1;

4 - 2yn+k; _1 + yerZ +1

=1.

-1 K
n+ n n+ n

AzynJrk* - yn+k*+1 B 2y .t y

*
n+k n+k _1
n n

CHoBa u3/HepaBeHCTRA (2) U OLIEHOK, aHATIOTUYHBIX (4), TTOTyYHM:

n+k* Ve n+k* Ve
]
P A R { U

'W2 0] ik Ve ke \p
IIAG ;
> (1%, 17 +v, 13, 17) > (1+v))

Jj=n
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n+k Ve
>V {]Znuj} > 27'n2MrA L (n) _olp, (C +1) A (n)
- 1/p — v,u .
( ) [;Hk J (c —i—1)+c4 (c +1)

v,

[Tocnennee HepaBEHCTBO BepHo Vn>1, 3Ha4uT,

” >27"P ¢ (c +1) supA.

(o) ()220 (1)

v,u

Kz2r—F
H

|£:w2 (0) > 1, ()] 22775 (¢ +1) " 4. ©)
3. Paccmotpum Teneps ciyuaii k, = 0. Toraa

Azyn = yn+1 _Zyn +ynfl = _1'
U3 HepaBencTBa (2) CleAyOT OIIEHKN

G [iu]q >21/pM
[y, (0)] {2(1 +Uj)}l/p (ZIU J/p

Jj=n

9

T.C.
-1/ * —1/ *
K>2""B, 22" 4,,
OTKyza

|E:w2 (0) = L ()22 (1+¢7) 4. ©
Teneps u3 (5)~7) nnsa y = { y j}; , OIIpPeNeICHHON paBeHCTBaMH (3), UMeeM

).

Ag£c721/p(1+c*) E:w

Teopema noxaszaHa.

Crneocmsue. IlycTb U={Uj};, e v, >1 (j=1,2,...). Torxa:

0
a) ecnu u = {u j} _ € [, ,~To.mMeeT MecTo Broxenue (1);
-

0) eciu umeet MecTo Bioxerue (1), To

1/q -1/p
. n+l n+l
d=supl| S | (S| Lo
n>1 j=n j=n

Joxasamenvcmeo. Tlo onpenenennio umeeM k. =0 (n=1,2,...). Otkyza

* /g
n+kn
A, (n)=(k, +1)”"[qu — ",

W3 ycnosus a) cinenyer sup <oo, T.e. Ui Bcex n =1 cymecrByer ¢ >0, takas, 4ro u, < c. Toraa

n>1 n
SUP@]AU,u (n) =4 <o, HerpynHo y6enuThes, YTO TEM CaMbIM BBITIOTHEHBI BCE YCIIOBHS U3 TEOpEMBI | yac-

T | paboTsl mst Boxenus (1). Ycnosue 0) J0Ka3bIBacT OLIEHKA
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n+l Va
[Zu J n+l Vg
4y = B, =sup—~——2—<2" 1/”sup(Z:u J <cK <o,
n>1 n+l n>1 j=n
j=n

Teopema 2. Ilycte 1< p<g <o, unycTh o < liminf,_.L, = > 0. CrpaBeINBbI YTBEPKICHHUS:
a) eciu
U = limsupu. ¢ < oo,

n—0
TO crpaBeauBo BioxkeHue (1);
0) ecnu cnipaBeanuBo BioxkeHue (1), To U < oo,

Jokazamenscmeo. a) lonoxkum b, = inf ;.,0;. Ilo onpenenennto o = lim, .5, = sup,. b, ¥ cymecTByer
n, € N Takoe, 4o v, >b, > 27'o, mns Beex j>n>n,. OTkysa nomydaem, uto O, = 267w, >1 11s Beex

e ma * Y
n>n,. Toraa no onpezenenuio k, =k, (0)=0 mns Beex n > n, u, cnenoBarensHo, Al (n)=u,” wis Beex

n > n,. Bennuuna

n>1 I<n<n, nzng

® * 1/q
A;, =supA;, (n)= max{maxA (n),supit, }< o0, (8)
ecn U = suannOu,l/ # <oo. lanee B yactu | nanHOi pabOTHI JOKA3aHO, YTO

HE:wf] (0)—>1, (u)HScA;u. )

U3 (9), ouenku

1/p
0 o Zfla
= E AZ . P 271 E 0 . \ P >
{fl AT ajzloj % } - 1+2710(,‘

" " 1/p
{510 Y-
Jj=1 Jj=1

y;w; ()]

u (8) cnemyet, 4ToO

Iz (o) B = ® swp 2L (u)H
y:{yj}j: 207" H
i & A0

o [§+1J“E:Wi(6)—>lq(u)“s

T ol

2 * -1 *
S| —+1|e4;, =a (2 + OL)CAM < oo,
o
0) Kak # B 1. a) monoskum, uto O, =20 'v, (n=1,2,...). U3 ycnoBus o < liminf .0, =a >0 momry-
gaeM, 49T0 CYIIECTBYeT 71, € N TaKoe, 410 v, > 27'o nsBCex j>n>n, u O, >1, k, =0, 115 Beex n>n,.

W3 BnoxxeHus w; (v)—>1 ; (u) n ouenku

“E:wf, (U)—)lq (u)” = sup

y-{yj}/_l;to\
-1
raoe y= (1 + Z’IOL) , CIICAYET, YTO CYIICCTBYET n, € N TaKOEC, YTO JUII BCCX n > n,

A ()<l @), (<

3 (0) =1, ()] <oo.

Tenepr 0cTanock 3aMETUTh, YTO
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limsupA;u (n) = limsupu.! =U < cHE : wf, (U) —>1, (u)”

n—0 n—>0

Teopema nokaszana.
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JLK Kycaunosa, A.b.OcnianoBa

wf, (v) aliBIPBIMIBIK CAJIMAKTBI KEHICTIKTEp/IiH eHri3y Teopemasapsl. 11

Maxana COGONEBTHIH MIEKTENTEH HOPMAIBI “y; w;(o)“:“y(z)Hp +Ho” » pr w? (V) canMakTel GyHKumSIAp

KeHICTIKTEepiHiH albIPHIMIBIK AHAJOTTAPHIHBIH CHTI3YJICPIH 3epTTEyre apHAFaH «ANBIPBIMIBIK CATMAKThI
KeHicTiKTepIin enrisy Teopemanapb» MakalaHbiH eKinmi Gexniri Goubm Tabbutabl. w? (L) Kenictirin £, (u)
KEHICTIriHe eHri3y OOMbBIHIIA 3epTTEYJIep. XKalIFaCThIPbUIFAH, OHBIH ILIIHAE OChI CHIi3yHiH OipHeIIe KaKeTTi
IIAPTTaphl ANBIHFAH.

L.K.Kussainova, A.B.Ospanova

Embedding theorems of wf, (u) difference weighted spaces. 11

This work is the second part of the paper «Embedding theorems of difference weighted spaces» devoted to
research of embeddings of difference analogues of weighted Sobolev spaces wf)(o) with the finite norm

"y;w; (U)H 2 "y(z)Hp + HU”ppr. In the work further researches of embeddings of w’ (v) into /, (u) are given.

In‘particular, some necessary embedding conditions are obtained.
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I'padbl, opOoMTHI KOTOPBIX cOAepKAT He DoJiee YeM TPH BEPLINHBI

B cratee paccMOTpeH ycOBepIIEHCTBOBaHHbIN alroput™ Busunra-Haszapua u nzyueHa npuMEHUMOCTb 3TOrO
HOJIMHOMUAJIEHOTO aJrOpUTMa JUIs Pa30UeHHs BEPIIMH OOBIKHOBEHHBIX rpadoB Ha opOuThl. C 3TOM 11ebo
OTIPE/IENICHBI ¥ -CTPOTO MOAOOHBIE, CTPOTO MOJOOHBIE BEPLIMHBI 1 MHOXKECTBA BEPILINH M M3YyUEHBI UX CBOM-
crBa. OTMeueHo, uTo Jrobast opbura rpada MOIHOCTHIO BXOJUT B/OJHH M3 KJIACCOB CTPOTO HOMOOHBIX Bep-
muH. C Ipyroil CTOpOHEI, TOKa3aHO, YTO €CJIM KJIACCHl CTPOTOro MOAOOHS cOCTOAT He Ooiee deM U3 TpEX
BEPILUH, TO 3TU KIACChl U €CTh OPOUTEHIL.

Kniouesvie cnosa: rpynnbsl aBTOMOP(HU3MOB, OPOUTBI, OJMHOMUAIBHBIN aITOPUTM, MHICKCHUPOBAHHBIH 10-
TIOJTHEHHBIH CIIUCOK CMEXHOCTH, 7 -CTPOT0 MOA0OHbIE BEPIINHBL, CTPOro MOJ100HBIE MHOXKECTBA.

Bseoenue

Bynem paccmatpuBate mpocteie Tpadgsl G €0 MHOKecTBOM BepwinH ¥ ((G) W MHOXeCTBOM pebep
E(G) [1]. B aT0li cTaThe UCTIONL3YIOTCS ONpEelcHNs U 0003HaueHus u3 [1].

B pabote B. I'. Busunra [2] onpeaensiercst pazouenue BepiuuH rpada Ha k -monoOHbIE, a 3aTeM HO-
N0OHBIC BEpIINHBL. TaM ke ONMMCHIBACTCS MOMMHOMHAIBHBIN alrOPUTM, POU3BOAAIINI 3TO pa3dueHune, Ko-
TOpOE OCHOBAaHO Ha aHAJIM3€E CITHUCKAa CMEKHOCTH BepIInH. B pe3ysnbraTe KaXkAblil Kilacc MOI00Usl COCTOUT U3
HECKOJIbKUX OPOHUT TPyIIbl aBToMOpdr3MOB rpada, HO B 00ILIEM ciTyyae Kiacchl HOA0OHs He COBMANAIOT C
opOutamu. B "acTHOCTH, Takoe pasOMeHHe OTHOCHUT BCE BEPIIMHBI PETYISAPHBIX IrpadoB K OJHOMY Kiaccy
moo6ust. MeI st 1r000T0 enoro k >0 onpeaenuM BHadaie k -CTporoe mofo0ue BEPIIHH, 3aTeM HX CTPO-
roe nogooue. Pa3OueHus, 3a1aBaeMble STUMHU SKBUBAJCHTHOCTSMH, SIBJISIIOTCS 0OJIee MEJIKUMU, YeM pa3oue-
HUS Ha k -10100HBIE U TIOAOOHBIE BEPIIUHBI 13 paboThl [2]. OHU MO3BOJSIOT B HEKOTOPBIX CIIy4YasiX BBITOJ-
HUTh pa30MeHUe BepHIMH Ha OpPOUTHI Jaxe Yy PeryisipHbIX rpadoB. Mbl MoKa3bplBacM, 4TO Kaxaash opouTa
rpada ComepKHTCsE B KAKOM-TO KJlacce cTpororo noxodus. OgHaKo 1Moka HEeM3BECTHO, AaET JM ONHUCHIBae-
MBI HWKE TOJIMHOMUAIBHBIA alrOpUTM TOYHOE pa3dueHue Ha opOWTHl B oOmieM ciydae. Tem He MeHee
yZa10Cch 0Ka3arh, 4To Uil TpadoB, Y KOTOPHIX KJIACCHl CTPOrOro moaolusi coaepkaTt He Oonee TpEX Bep-
[1VH, 9TH KJIACCHI U €CTh OPOUTHI. DTO 3aMETHO YITyUIllaeT pe3yibTaT u3 [2].

1. Cmpoeoe nooobue eepuun epagha
[MoamHuOXkecTBO Beex BepiuH rpadga G, CMEKHBIX C BEPUIMHON Vv, Ha3bIBACTCs OKPY)KEHUEM BEPIIMHbBI
v rpadpa G u obo3Hauaercss N(v).

TTOJMHOKECTBO BCeX BepinH rpada G, CMeXHBIX ¢ BEPUIMHOH v, B rpade G, IOMOIHUTEIBHOM K
rpady G, Oynem Ha3bIBaTh aHMUOKpYdceHuem BepiiHbl v Tpada G u o6o3HauaTh AN (V).

Jlis BepIivH vV U X BBeleM 0003HaueHwUs Jis nepeceuenus: oxpysceruti N(v,x) = N(v) N N(x) u ne-
peceuenus aumuokpyiceruti AN (v,x) = AN (v) N AN(x).

BBoauMbie HIKE TEPMUHBI H KOHCTPYKIMH TIPOHJUTIOCTPUPYEM Ha Tpade u3 npumepa 1.
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