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B. ©. VIBAHOB

Ob OIHOM OBOBIIIEHNN HEPABEHCTBA BOPA

Annorauus. ycrs p € (1,2, n > 1, S C R" a I'(S,p) —
MHOXKeCTBO Beex Tex dyukuuit, y(t) € LP(R™), nocurens mpe-
obpazoBanus Pypbe KOTOPBLIX JexuT B S. B padore mosyyenn
YCJIOBUSI BBITIOJIHEHUSI HEPABEHCTBA

1
H 7)dT|| < CH’Y(T)“LP(RTL)’

”.E(; HLOO(R'n)

rpe t = (t1,t2,...,tn) € R", By = {7 |7 = (11,72,...,m7) € R",
7; € [0,t;], ecm t; > 0m 75 € (¢;,0], ecmn t; < 0, 1 < 5 <
< n}, y(r) € I'(S,p) u xoncranra C ne 3asucur or (7). Taxxe
PACCMOTPEHBI HEKOTOPLIE YCIIOBUSA BLITIOJHEHUS HEPABEHCTBA Ha
HEeTPUBHAIBHBIX NomaMuOXkecTBax I'(S,p) B ciyuasix, Korja OHO
ne BbInosiHsieTcst Ha BceM I'(S, p).

Kurouesble caoBa: wepacercmaeo Bopa.

2010 Mathematical Subject Classification: 26D99.

Bsenenue

Mycts A > 0 u P(A) — MHOXeCTBO BCEBO3MOXKHBIX KOHEUHBIX TPHIO-
HOMETPUIECKHX CYMM BHJIA:

p(t) = Z P,

m=1

nokazare i Oypbe KOTOPBIX VAOBIETBOPAIOT YCIOBHIO

mm | X ] 2 A
1<m<
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B ampenbckom nHomepe xypuana (1] 3a 1935 X. Bop aHoncuposasn,
a TO3JHee B TOM ke Tojy omybsmkosas B [2| anst rakux cymm p(t) goxa-
3aTeNIbCTBO HEPABEHCTBA, HA3BAHHOIO BrocsencTsun ([4] u ap.) HepaBeH-
cTBOM Bopa:

p(8)] < 55 1dp(t)/dtl oy, P(E) € P(A).

Hanee ZK.@apap [3] o606 10 HepaBeHCTBO Ha caydail f(t) -
HEIPEPBIBHBIX, [IEPUOANYECCKUX, & 1103Ke — B [4] — PaBHOMEDHBIX HOUTH
nepuoguaeckux Gyaxuuit (T.e. mouTH nepuoamyeckunx dyukuuit Bopa).
B 1937r. B. M. Jlesuran [5| ycunun pesynsrar Pasapa, pacipoCcTpaHUB
HEPAaBEHCTBO Ha HoJiee MIMPOKUA Kiace MYHKIHUHA, MPOU3BOIHBIE KOTOPBIX
OrPAHMUYEHbl, U3MEPUMBI U YAOBJIETBOPSIOT HEKOTOPOMY JIOIIOJTHUTENILHO-
My orpanudenuio. B 1954 r. JI. Xepmawngep [6] 06obmmn pesyasrar Jle-
surana. Cornacuo [6], BMecTo JONONHUTEIHLHOTO OrpaHnderns Jlesnrana
JOCTATOYHO MOTPEHOBATE, YTOOBI HOCUTEND ITpeodpasoBarus Pypbe DyHK-
uun f(t) He comepxkan uaTepsas (—A, A).

Brocnencrsuu obobuienne HepaBeHCTBa Bopa Ipoao/Kaiocs pasHbl-
My aBropamu: [7-10|; dakTudgeckn oauH U3 BADHAHTOB 00001IEHUs HEPa-
sercTBa Bopa conepxuresi B pabore [11]; cBoe 10Ka3aTE/ILCTBO JJIst TTOYTH
IEPUO/IMHUECKOrO CIyUast, HO 0e3 TOYHON OIEHKY KOHCTAHTHI JAHOo B [12].

B macrosieit crarbe, B OTAMYME OT PAOOT NEPEIUCTEHHBIX BbIIIE aB-
TOPOB, HEPABEHCTBO Bopa B dopme OLEHKM MHTErpaia oT MYHKIUA te-
pe3 HOPMY camoit 3To#t (DYHKIUH PACIPOCTPAHEHO Ha HEKOTOPBIE KJIACChI
byuxrmit uz LP(R™), n > 1, p € (1,2], u npu 5TOM TOYKH HOCUTEJSI IPE0s-
pazopanus Oypbe GyHKINNI U3 ITUX KJIACCOB MOTYT UMETh HYJEeBble KOOD-
JuHATHL. Takoro pojla HEPaBeHCTBO, HO TOJILKO JJIsi (DYHKIIUN, HOCUTEH
npeobpasoBanug Pypbe KOTOPBIX OTJAENEHBI OT HYJIs, CYIIECTBEHHBIM 00-
PA30M HCIOJL30BAJIOCH aBTOPOM [pU 1 = 1 JUIst OCTPOEHUsT 4aCcTOTHOTO
KPUTEPUST OPPAHUIEHHOCTH U 118 IKOCTH B cMbIcjie Dperite 1o rapaMerpan
pelIennit cucTeM OOBIKHOBEHHBIX JUHEHHBIX AuddepeHIuanbHbIX yPaBHe-
Huit [13,14].

[Iyctep > 1,n > 1,5 C R"ul'(S,p) — MHOXKECTBO BCeX TeX MOyHKIHUI
~v(t) € LP(R™), nocuresns npeobpasosannsg Pypbe KOTOPBIX JIEKUT B S.

7

Hnsa xaxgoro t = (ty,ta,...,t,) € R™ 06o3nadnm
Ey={7|7r= (77,0, ) € R™, 75 € [0,44], ecmn t; > 0, u 7; € (¢4,0],

ecam t; < 0,1 < j <n}.



06 osnroM obobITeHny HepapencTBa bopa 23

B HACTOAILEH pa6OTe YCTAHABJIMNBAIOTCA YCJIOBUA BBUIOJIHCHUA HEPa-
BCHCTBA

| / v(r)dr | < Oyl ogany, (0.1)
LEL |Loo(Rn)

rie y(t) npunagnexur I'(S, p) wmm, ecnu (0.1) He BLINONHAETCH Ha BCEM
['(S,p), To — crenuaibHO MOCTPOEHHOMY HETPUBMAJIBHOMY HOIMHOKECTBY
mmoxkectsa I'(S, p), a koucranta C e 3apucut oT Bbibopa y(7) u3 I'(S, p)
HJIM, COOTBETCTBEHHO, €r0 MOAMHOMKECTBA.

Ecmu p € (1,2], To, COryIaCHO OCHOBHOMY YTBEDXKJICHIIO HACTOSILEH
paboThI, cojepKameMycst B Teopeme 2.1, JIs BBIMOJHEHHsI HEPABEHCTBA
(0.1) moCTATOYHO IPU HEKOTOPBIX JOMOJHATEIbHBIX 1PETONOMXKEHITX OT-

HOCUTEJILHO S, 9T00BI (DyHKILS

I\" [, |
K(St)=|— Uy:t) — - d
$.0=(g7) [ | 1] 5| -tstrs

Rn

YA0BJIETBODAJA YCJTOBUIO
K(S,t) € LI(R™), (0.2)

rjie ]% + % =1y = (y1,y2,--.,Yn) U Es(y) — XapaxTepuCTHHECKAS
byuxmus Muoxkectsa S. Ecnu xe p = 2, 1o (Treopema 2.2) npu Tex xke
OPENONOYKeHUsTX OTHOCHTENBHO S yemosue (0.2) aBisieTcst HeOOXOIUMBIM
1 gocraTodHbIM It BeinonHerus (0.1). B cayuae, xoraa (0.2) #e BbI-
nonHsiercst, B npoctpancTse I'(S, p) moxno (reopensr 3.0-3.2) BLLIenuTh
HETPUBHAJIbHBIE OJIMHOMXKeCTBa, Ha KOTOPbIX (0.1) BBINOJHAETCS ¢ KOH-
crantoit C, ve 3aBucsimeit ot Gyuxnun y(7), BBIODAHHON U3 COOTBETCTBRY-
OUIETO NoAMHOYKecTBa. OTmerun, 9To ecn p = 1, To HepaeHcTBo (0.1),
OUYEBUIHO, BLINOJHACTCA Npwt aodom S C R™.

Pabota cocront us BBeJenug u Tpex naparpados. IlepBblit HOCUT BCl1O-
MoraTenbHbI xapakTep. On HaguHaeTcs ¢ BeIOOpa DOPMBI 3AITUCH 1DE-
obpazosanust Pypwe u CBOAKU (C yIETOM BBEJEHHBIX 0003HAYEHUIT) DAl
N3BECTHBIX TeopeM 1 ¢dopmys. Hanee moxasniaroTcs JienMbl 1.0-1.2, xa-
paKTepU3yIOIIHe cTpoenne MuoxecTsa S C R”, y10BIETBOPAIONIETO HEKO-
Topony (onpesenenne 1.1) yemosuio (V).
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Bo Bropom naparpade noxasbisaerca (teopema 2.0)

9TO ecliu p &€
€ (1,2], To ycaosue

b

sup ||K<S?t77—)”LQ(R”) < 00, (03)
teRn

rge ~+ — =1

P q
1 T . i 1 _ e“‘iy'mt7n
K8t r) = <_> /ez(yﬁ) H S | Bl )il
27 . Y
Rn m=1
v = (y1,Y2, -, Yn), t = (t1,to,...,ty), ABAAETCA DOCTATOUHBLIM JJIsSI BbI-

nonuenust (0.1) npu mobom (1) € T'(S, p); ecim xe p = 2, To — HEOO-
XOAMMBIM U JIOCTATOYHBLIM. Jlajiee JOKa3bIBAETCH YINOMUHABIIASCSA BbIIIE
reopema 2.1 u ycranasnusaercs (caencrsue 2.1.1), wro npu n = 1 ¥ BbI-
nonaennu (0.2) CyIIECTBYIOT BCEBO3MOXKHBIE HECODCTBEHHBIE WHTEIPAJIBI
or dyukmuit v(r) € T'(S,p). Cornacuo teopeme 2.2, ycaosue (0.2) npn
p = 2 ABJIFETCH HEOOXOAUMDLIM M JOCTATOUHBIM s Bbinosnenus (0.1)
nput y(7) € I'(S,p). Ecou p =2 un =1, 1o, no caexcrauio 2.2.1, MHOXKE-
creo I'(S, 2), na koropom Boiiosasiercs (0.2), IeJuKoM cocTouT us PyHK-
Ui, /19 KOTOPBIX CYIIECTBYIOT BCEBO3MOMXKHbIC HECOOCTBEHHbBIE HHTEIPAa-
Jibl. 3aBepiuaeT BTOpoit naparpad reopema 2.3, B KOTOPOH yTBEDIK IALTCA,
a10, ect S C R™ oTaeseHo or Kaxka0i u3 n KOOPAUHATHBLIX UIIEPILI0C-
KOCTel Ha paccTosiHue £, > 0, 1 < m < 1 cOOTBETCTBEHHO, TO

1

+

1
= =1,
)

| | C
. 22 b
{:/WW{\ S v e,

rae Coo > 0 me 3aBucur or y(7) € I'(S, p). DTO HepaBEHCTBO, IPE/ICTAB-
Jgronee coboit npu n = 1 upsimoe obobiieHre HepapencrBa bopa (3ame-
qaHue 2.2), HCIO0JIL30BAIOCH ABTOPOM B paborax [13, 14].

[ycre S € R™ nponsBoabHoe MEHOXKECTBO, SNE # @, rae F — obbe1u-
HEHME KOODAMHATHBLIX THIIEPIIOCKOCTEN, I 1€ BLITIOJHAIOTCA TOCTATOYHEIE
yeaosus, cdhopmynnposaHubie B Teopenax 2.0-2.1, rTorga HEpaBeHCTBO
(0.1) MOKeT He BHUTONHATLCS, HApUMED 13-3a Hajndusa B 1'(S, p) dysk-
Uif ¢ HeorpaHMUeHHbIMI nHTerpanaMu. B reopemax 3.0-3.2 us tpernero
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n/2
YT 2Ry = (%) WY @) L2 (rn)-

[Hocrpounm aBe BeriomoraresbHble MyHKIUU. Bbibepenm pou3BOJIbHOE
§ > 0u obozuaunm gepes w(d, t) Takyo dyuknuo, npeobpasosanne Pypne
KOTODOW UMeeT BUL:

. 1 .
O(0,y) = 53 & _5/2.5/20(Y) * &(=572,6/21(Y). (1.2)

rie € (y) — xapakrepucrudeckast Gyuxuus Muoxecrsa M C R'. Torna,

corsacHo (1.2):
/@(& y)dy =1,
RY
)
o(6.4) = {ﬁw—— yl), upu ly| <, L3}
0, opu |y| > 4.

IIycrs a,b € RY, a < b u aucio 6 > 0 crons Mayno, 9To a + 6 < b — 6.
O6oznaunm uvepes Q[a, b], d,t) Taxyo byuxuuo, npeobpasosanne Pyppe
KOTOPOI MMeeT BUL:

(0,81, 6,9) = £a(y) * 20, 1). (1.4)
Torna R
0<Q[a, b,0,y) <1
Qla,bl,0,y) =1, ye [a+5 b— ¢
Q(la,b),0.t) € LP(RY), npu yuobom p > 1

Termepsb paccMOTPUM HEKOTODbIE yTBEP:KAeHUs O Muokecrse S C R™
npu n > 1, napamerpe p > 1 u muoxkectse (S, p), ABISTIONINMCST HOPMU-
POBAHHBIM TOIIPOCTPAHCTBOM HpocTpancrsa LP(R™).

Onpenenenue 1.1. Byuem roBoputb, 9ro maoxkecrso S € R™, n > 1,
S # @ ynopaersopser ycaosuio (N), ecin nasi kaxjaoi Touku yo € S
MOXKHO YKa3aTh TaKyr QyHKOuIo vYo(7) € I'(S,p), 410 Yo € Supp Jo(y)
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Takum 0bpaszom, ecnu S ynosaersopsier yeaosuio (N), o I'(S. p) # .
fleno, aro dyuxuus Yo(t) n3 onpegenenus (1.1) He MOXKET PABHATHCHA
HY/IO JIJ1s OYTH Beex t € R™, Tak KaK B NPOTUBHOM ciydae Yo(y) = 0
mia y € R™. Ho torma supp Jo(y) = &, n ycaosue yg € supp Yo(y)
He BbIIOJIHSIETCS.

IIpumep 1.1. Eciu S € R™ orkpbIiTO, S # &, TO OHO YAOBJIETBOPSIET
yeaouio (V).

HeitcTBATENBHO, s 11000i ToUkH Yo = (Yo1, Y02, - - - Yon) € S B Ka-
yecTBe Yo (t) MOXKHO B34Th (DYHKIIUIO

()O(t) = (p(t17t’2'. e -,tn) - H Q([yok - 257 Yok + 25],6, tk),
=l

nockombKy ¢(t) € LP(R™) upu JuoboM p > 1 u upm § > 0 mocTaToOuHO
MaJIoM Yo € supp Yoly) C S.

Jlemma 1.0. IIyctb p > 1, n > 1, S C R" — npou3BOJIbHOE MHOXECTBO,
yaopaersopgromtee yeaosuio (N), u aias moboi gyakunu y(1) € I'(S,p)
sormosisercst (0.1). Torpa S # R™.

HokazarenscrBo. Ilycrs p > 1, n > 1 1, BOIPEKH YTBEPXKACHMIO JIEM-
mbl, S = R™. PaceMoTpuM BCIOMOraTeIbHY IO (DyHKIIUIO

n .9
sin” 7y 5, i
o) =[] = e P(@EY) =T(R".p),
k=1

rae 7 = (71,72, ..., 7). supp Jo(y) = {wly = Wr. 2. .-, ¥n)s lyk] < 2,
1<k <n} C R" Tax xax ||7(t)||rr(rn) < +o0 u

( [nrar

on

— 00,

2 | E e B
H SN Tk

k=1

5l f
|
| h

0

npu min |t;| — 400, To HeBO3MOKHO yKazaTh koHcraury C, obecrneqn-
1<k<n@ :

BaIOLLYIO BeITosiHenye Hepasercrsa (0.1). O

[Iycts a = (a1,a9,...,an), b = (by,ba,....bp), ar < by, 1 <k <nn

7
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Bribepem nIpou3BOIbHBIN BeKTOP ¢ = (61,09, ..., 0k ) C HOJOKUTCIBHEI-
MU, HO CTOJIb MAJIBIMH KOOPAUMHATAMU, YTO af + 0 < by — 0, 1 < k < n,
1 00603HAYUM

Q(Ma,b],6,t) = [ Qlax, be), 6k, tx),

k=1

Jlemma 1.1. Ilycren > 1, € = (€1,€0,...,E,) — OPOU3BOJLHBII BEKTOD
¢ MOJIOKUTEBLHBIMUE KoopauHaTamu, 1 < p < 2, y(t) € LP(R™), u yog €
€ supp y(y) — npousBosabHas Touka. loraa

mes, {(Iyo — €, yo + €]) N supp ¥(y)} > 0.

HoxkaszarenbcrBo. JonycTuM BOIPEKM YTBEPKICHUIO JIEMMbBI, 9TO Cy-
IeCTBYET BEKTOP € = (€1,€0,...,Ey), A KOTOPOTO

mesn{(I{yo — €, yo +€]) N supp (y)} = 0.

2 1
Pacentorpum dyskmumio h(t) = (¢ ( [yo ——& Yo+ = 3 } '3 at) ;
2 27 1 . |
Tak xax [ IT |y — 3 € Yo -+ 3€|°3% L(R™), To h(t) € LP(R™)
M'/
~ 11
cieyosarensto, h(y) € LY(R™), — + — = 1.
P g

Haitnem supp h(y) ITo nocrpoenuto dyuxkiuun h(t) u onpenesesuto
Q(TI la,b],d,t):

supp h(y) € {Hlyo — €, yo + €]} N supp 5(y),

TAK YTO B CHJIY MCXOLHOTO IPEANONOKEH s mes, supp h(y) = 0.

ITycrs S(R™) — npocTpancrBo 0CHOBHBIX dhyaKumil [15, ¢. 73], 1. e. 11po-
CTPAHCTBO OecKoHedHO JuddepeHunpyeMsrx MyHKIUNR, ObICTPO yOLIBaIO-
mux Ha Geckoneunoctu. st moboi ocosuoi dbyukuuu () € S(R™)
FIN@EMT:



06 oxHoM obobuenrn HepapeHcTBa bopa 29

Caeposarensro, h(t) = 0 ans u.s. ¢ € R". Ho rorxa h(y) = 0 u
supp h(y) = @, T.e. yo & supp h(y), 9TO TPOTHBOPEUUT YCIOBUIO JEM-
Mbl. O

Jlemma 1.2. ITycrs p € (1,2], n > 1, S # @, S C R™ uamepumo u yuos-
sersopsier yeaosuio (N). Torma mes,S > 0.

HokazarenbcTBo. BribepeMm mpou3BosibHyO TOUKY Yo € S. B cuny yeno-
Bust (IV), jJisi 3TOM TOYKH Yg € S MOXKHO yKasaThb MyHKIUIO Yo(7) €
€ T'(S,p) makyro, aro yg € supp Yo(y) € S. Breibepem mpou3BOJILHBIRA
BeKTOp € € R™ ¢ monoxkuTensubiMu KoopauuaTamu. Torma 1o sgemme 1.1:
mesp, S > mes, {(I[yo — €, yo +¢]) NS} > mes, {(Mfyo — ¢, yo + &) N
Nsupp Yo(y)} > 0. O

Samevanne 1.1. YuurbiBas pe3yabrar jgeMMbl 1.2, B JajbHEHIIENM NDH
pPacCMOTPEHHH U3MEPUMBIX MHOXKECTB S, yaopaersopsouux yeaosmno (N),
MBI OyIeM JJONOJHUTEILHO NPEIIIoJarark, 470 mes,S > 0.

§2. Ycaosus soinoanenus (0.1) mpu v(t) € I'(S, p)

[ycten > 1,5 C R, mes,S > 0ur1 € R™. Tak kak 0o ONpeaeaeHnio

1N\" [ . 1 _ o Wktk
K(S,t,7) = <§.> / i) [ f }&( )dy
m k=1 i

vae y = (Y1,Y2, ..., Yn) B t = (t1,t2, ..., ty), TO, CONTACHO ODOZHAMEHUSIN
u3 naparpada 1:

s - 1 — e~ Witk

k=1

s . B. y € R™. Jlerko BusieTh, 410 Ipu KaxkKIoMm t € R™ u r € (1, 400)
yaxmust K(S.t,:) € L"(R™), n, ecnu 7 € (1,2], T0 B cniy Teopenmbl
Xaycnopda — FOura dyukuus K(S,t,-) € LT'/(R”)., rne v’ =r/(r—1) €
€ [2, +00).

st kaxxmoit roukn t = (tq,t2,. .., tn) € R™ Oyaem obo3HAYATH Hepe3
n(t) anciio ee OTpUUATEIHLABIX KOOpAUHAT. Torga B COOTBETCTBUN C ONpe-
JesedueM MHOXkecTBa By nas mobol dyuxunu y(t) € LP(R™) nomydae:
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Jlemma 2.0. Ilycre p € (1,2], n > 1, S C R™ umes,S > 0. Torza upu
kax<jqoM t € R™ mmeer MecTo paBeHCTBO

(—1)™®) / 7 = /K (r)dr, ~(r) € I'(S,p). (2.1)

HokazarenbcrBo. Tak kak p € (1,2], To [17, ¢. 128] ana moboit GyHk-
muu y(t) € T'(S,p) C LP(R™) cymecTByer

. 1 1
i) = [ ndr e LY, 542 =1
p g
Rn
u
L Y (T) =T, R)llr(rmy =0,
rie
1\" (y.7)
R Ay)e" T dy.
v(r, R) = <2ﬂ> / V(y)e Y
lyll<R
[Mycrs t = (t1,t2,...,tn) € R™ — npousBoJibHAS TOYKA, HE HMEIO-

mas HyJeBbix KoopauHaT. CjenaB B Ciydae HEOOXOIUMOCTH 3aMeHY I1e-
PEMEHHBIX, MOXKHO 0€3 Orpa’uyeHnsi OOIIHOCTH MOJaraTh, 4T0 t,, > 0,
m = 1,2,...,n. Beibepem npousdsoasuoe € > 0 n O6OSH&‘H/IM yepes Ry
TAKOE YUCI0, ITO

Iv(7) = v(7, Ro)llr(rny < e
Torna

/W(T)dT: /“/(T'/ Ro)dr + /‘[“/(T) — (7, Ro)]dr.

E: E, E,

PaccmorpuM Kaskjioe cjaaraeMoe U3 IpaBoil 9acTH 3TOr0 PaBeHCTBA.
nieen:

/[7 (7, Ro)ld7| < \v(7) = (7, Ro)l| r(mny - {mesn B}
iLt

4t

] T . ”
/A/(T’RO)dT / (27) / Fy)e v dy| dr =
F 0 / .
Iy

B lyll < Ro
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1\" "
— [ = 2y i(y,7) —=
(2ﬂ> / A(y) /6 dr | dy

”y‘;SRO t
1 T L] elymtm _ 1
= .= A R N |
() |/ Ay){I_Il = } v
llyll<Ro e

rie y = (Y1, Y2, - Yn)-
[Mepexoaa K npeaeny npu Ry — +00, IOy YUM:

o=

B, R”

n

et¥ymtm _ 1|
s
Ym

m=1
Tax kax supp Y(y) C S ans moboit dyuknun v(7) € I'(S, p), 10

[ = (%) | DI im—y‘—l} s () (v)dy =

E: Bn LmEL

() /|1

Rn m=1

= ( ! )n /Mﬁ’(y)dy, (2.9}
B

e~ Wmtm — ]

- iym

} Es(y) - Y(y)dy =

27

OTKyZa B cuiry TeopeMbl [lnanurepess u cileyeT yTBep»K/ICHUE JIEeMMBbI:

(3.) [FGrmiwa - [FEED
s

O6o3nauun yepes

C(S,p) = sup . e 3. (2.3)
~(T)ET(S.p) H'\/(T)HLP(R”)
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HAMMEHbINYIO 13 koucTanr C, mpu KoTopo# miast joboro v(1) € I'(S, p)
BoITosiHsieTcs HepasercTso (0.1).

Teopema 2.0. Ilycts p € (1,2], n > 1, S C R” u mes,S > 0. Torza:
1) ecinr BentosHeno ycaosne (0.3):

sup K (S, 7)llgo(rn) < +00, =+ = =1,
teR™ p g
TO crpapeannBo HepaseHcTso (0.1):
“ [
| v(r)dr| < C(S,p) Wl zeamy, () €T(S,p),

e
C(S,p) < sup |K(S,t,7)||lLa(rn):
teRn

2) ecim xe p = 2, to yeaosue (0.3):

sup [|[K(S,t,7)||p2(rn) < 400
[ZER“

ABJIACTCHA H€O6XO£[HNII)1M " JIOCTaTOYHbLIM JJIS BBIIIOJIHEHHS HEPaBCHCTBAa

(0.1):
, / ol dT

C(S,2) lv(T)lr2crmy, (1) € T(S, p),
{—
rje

C(S,2) = sup [|K(S,t, )| L2(an)-
teER™

Hoxazarenscrro. 1) Ecin seinonneno (0.3), To npu xaxiom t € R™ .

'/ dT\ < | K(St, )HL‘I(R”) ' :|”/(T>||Lp(m)-,
|2,
OTKY/JIa CJICYET TTePBOe yTBEPK AeHNE Teopembl, nockoanky C(S, p) — Han-

MEHDLIUad KOHCTAHTA MPU OLUEHKE MOY/IHI MHTEerpaaa uepe3 HOPMY IO HUH-
TerpabHoil QyHKIMN.
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2) Ilycts p = 2 u Buinosneno Hepasencrso (0.1) ¢ xoneranroit C =

=(C(S,2):
/ i

B, l

|

< C(8,2) vl L2 ry-

Torya o Tepeme Ilnanmepens

I 1 n/2
[rmar|  <eso)(5) 6w

ks Lo (R™)

Ho, cormacuo (2.2),

(~1)m® /#(ﬂdr:(%) / R(5.t,0) 4(w)dy

N

s moboit dyuxuun 4(y) € L2(S). CrenosarennsHo,

(L) |7

n/2 N .
IEK(S,t, )l p2gny = <%) H[((S.,t,)HLz(S)

2
e < C(5,2),

a TaK Kak

u xoncranra C(S,2) 0o onpeneseHn0 MIHIMA/IbHAS, TO

sup ||[K(S,t,7)|r2(rn) = C(S,2).
teRn

Teopema jpokazana. [

IIpoaoIzKMM PACCMOTPEHNE JOCTATOYHBIX YCJIOBUH BBUTOTHEHMS Hepa-
percrBa (0.1). Ilycrs € = (e1,€9,...,€,) — DPOU3BOILHBINA BEKTOP C MTOJIO-

YKUTEJbHBINT KOOp mHaTaMu 1 Q(e U {yly = (y1.v2,- -, Yn)s Y| <
k=1
< er}. Muoxecrso Q(g) npeacrasisier coboi 3aMKHYTYIO OKPECTHOCTb
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n

CUCTEMbI KOOD/IMHATHBIX MHIEPILIOCKOCTEN F' = U {yly = (y1,92, - Yn)s

k=il
Y = O}.
Tax kax p € (1,2}, ro

{H .i} £s(y) € IP(R™\ Q(¢))

m=1 tYm

1, CJIeIOBATENbHO.,

(%) / oi.) {H yi} £s(y)dy € LY(R™).

. = tYm,
R™\Q(e) sl

[To onpenenenmio, ycnosne (0.2) Gy/en DOHMMATL B TOM CMbICTE, YTO
cymecrsyer dyuxuust K(S,7) € LI(R™), a5 KOTOPOi

I . I
‘;K(S,ﬂ—(%r) / e"'(y’”[ﬂl Z.yl,m}ﬁs(y)dy

m=

| R™M\Q(¢) Il La(Rn)

lim
|;i"‘—+0

Teopema 2.1. Ilycrb n > 1,t € R", S C R", mes,S > 0up € (1,2].
Torna, ecaun Bomosnsiercs ycaosue (0.2):

. 1
K(S,7) e LYR"), 4= =1,

q

TO A uHTerpaJa or juoboi ¢pyuaxmuu y(7) € I'(S, p) nmeer mMecto paseH-
CTBO:

(—1)"<t>/~,f(T)dT = / K(S,7)y(r)dr—

E. R™
n
=3[R tdrdr
a=11'¥n

+ % / e b et e

a,b=15,
a<b 1t
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(-0 [KER = h 7 ), (2.4)
R'TL
rie 7 = (71,72,....7Tn), t = (t1,t2,...,t,) M BBIIOJHAECTCI HEPABEH-
creo (0.1)
| I
|[rar| <06 I
npu
C(S,p) < 2"|K(S, )| La(rn)- (2:5)

Bameyaunue 2.1. Scno, yro (0.2) BblmoaHSIETCH, €CAN

tYm

{H .i} £s(y) € LP(R™).

m=1

HJokazarenbcrBo Teopemsnr 2.1 Ilycrs p € (1,2, v(7) € T'(S.p), t =
= (t1,t2,...,t,) — OPOU3BOJIBHASA TOUKA, € = (€1,€2,...,E,) — OPOU3-
BOJILHBIH BEKTOD € MOJOMKATEBHBIME KOOPAUHATAMU U Y = (Y1, Y2, - - -+ Yn)-
Coruracno (2.1):

(—1>ﬂ/(t)/'\/(’r)d7' = /E@,t;T)'y(T)dT:
R

E,
I\" [ . n 1 — e~tykt
- 9 ’Z(flj,T) ————— =3 1 d' d T
[ (%) /e {H o }és(y) y pdr

R Rn k=1

: 1 7 - . ) n Y e i —_
= [03 () ime [ e‘w”{ﬂ-—;ﬁ—}ss(y)dy i,
e RU\Q(e) =t
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rae B cuaty (0.2):

1 b ) . 1 == e_“ﬂctk
li i 1(y,7) I I - - dy =
'Is}llgo (27r> / ‘ { 1Yk } Ssy)ds

R"\Q(e) k=1
= lim L ' / elv:m) ﬁi Es(y)dy—
leli=o0 | \ 27 : oy Wk |
R™\Q(e) o
7 n n — 4 4
1 i 1 e~ Wala
Sz) [ oo |1 | s
a=1 n n' A_l/]“yk Zya
R™\Q(¢) k£a

: 1 ' , " 1 | e~ iWata ity
CS(AY ] e | T
27 Loy W] e 1Yo

,b:l n
e R™\Q(e) ko ab
1\" " e Wklk
bt (= [ = i(y.7) dy p =
+(-1) <27r> / h_l o s(y)dy
R™Q(e) i

+(=1)"K(S, 71 —t1,. .., Tn — tn). (2.7)

IMpu mo6oMm t € R™ kaxkj0e ciaraemoe, CToslee B npasoil qactu (2.7),
nprHaexut L1 R™). [Tosromy B paserctne (2.6) MOXKHO 11€PEHTH K CyM-
ME MHTErpasios, uto u gaet (2.4). Uz (2.4) nosyuaen:

H / dT)' < 2K (S, )l ey IV oy,
’Jt L“-C(R")

u rorna us (2.3), ouesnano, ciexyer (2.5). O
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Caencrue 2.1.1. IIycts n = 1, S C R, mesS > 0, p € (1,2] u
BeimoJiastercs yeqaosue (0.2). Torna js o6oit dyuxnun y(1) € T'(S,p) :

+0oC — o0

D [ =- [ awar (2.8)
0 0
| o0 l
l I
2) ' / y(r)dr| < WK (S, m)llpsrry - V(7)) || Le(rr), (2.9)
0 |
IIPHYEM €CjIH P = 2, TO OIIEHKA
| o0 |
[ A S IES Dl Ol (220)
| 0 |

TOYHA.

HokazareascTo. 1) BoiGepenm nponssosibayto dyukumio y(7) € T'(S, p).
IIpu n =1 u3 (2.4) nomxyvaem:

+oo t
[ rvar = i [atryar -
0 0

= lim_ /K(S, ) y(r)dT — /mﬂ/(ﬂdr
1 R
IToxazxen, 9o
[ ’
lim ,/m’\/(T)dTi =},

Heicreureibuo, ajist aboro € > 0 Moxku0 ykazars Takue 1, tg > 0, yro:
W e < s i—"
’ QHI{(b.T)"Lp(Rl)

unpu t >ty

T
, £\ 49 i
B8, 7~ sy = / |K(S, 7 —t)|%dr < <2> T
-7 '
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Torna
| ’ 7.‘

L K(S,7—1) ’“/(T)dT. = / + / K (S, 7 —t)vy(r)dr| <
1 | I\ [— |
S NE(S, 7 = ) pary 1V Lo rr\[-7,2)) T+
+ K (S, 7 = )llzaf—r.7) V() Lr 2y < €

CrnenoBarenbHO,

+00
!’}’(T)dTZ/I((S;T)’Y(T)dT

R]

Anajsiorunaso paccMaTpHuBaeTCda 1 BTOpOﬁ MHTerpaJl

(=1) / i = / BB (i,
0 R
Taxum obpason,
+o0 —00
v(1T)dT = (—1) v(T)dT = | K(S,7)~(7)dT. (2.11)
/ [ow=]

2) Hepasencrso (2.9) ouesnauniv obpasom ciaemyer w3 (0.2) u (2.11).
ITokaxkem, 4o 1ipu p = 2 omenka (2.10) Trounasi. B cuny (0.2) gas jro-
6oit pynxknuu y(7) € I'(S,2) Beimonugercss zepasencrso (0.1),
corsracuo (2.11),

MTO3TOMY,

| =F 50 ‘
/I{(S.,T)’y(l’)dT = /’\/(T)d’f‘ < C(S,2) |1v(™)| L2 (rrys
ki 1o |
rae
|l | i _
| [RE D0 = | [ RS0 |- [RES 0y
]'?1 { 1 S i
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154
Ol = Z= 30 sy = = 3@l

nockosbKy supp Y(y) C S.
CuiesioBarensho, aas moboit dyuxum 3(y) € L2(S) Bbmonmsiercs
HEePaBEeHCTBO:

/ K(S,y) &(y)dyl < V2 C(8,2) |14()ll 2(s)-
()

Tak kak oleHkKa

I

/R’(S-,y)@(y)dy <K (S.9)llz2es) 13@) [l 2(s)

s |

TOYHAS, TO

1K (S, y)|lL2gs) < V21 C(8S,2),

OTKYIa

V2r || K(S,7)| 2(rry £ V21 C(S.2).
Koucranra C(S,2) B nepasencrse (0.1) Mmuanmanbias, nosromy u3 (2.9):
C(S/ 2) < f[I((‘Si,T)”L"’(Rl)-
Taxum obpasonm, C(S,2) = [|K(S,7)||12(r1), n ouenka (2.10) asaserca
To4uHOM. O

[Tpexx e geM mepexoauThb K Teopeme 2.3, PacCMOTPUM OJHO BCIIOMOIa-
TeJbHOE YTBEPXKJIEHUE.

JlemMma 2.1. IIyctbn > 1, S C R™, mes,S > 0 up = 2, roraa
| K 1 | |
\\K(S,T)“LQ(Rn) < = sup 'K(S,t,T)llLZ(sz).

27’2./ teRn

HokazarenbcrBo. Tax kax

|n

[]

k=1

i l 12 n
1 — e "Wktk om 1—[ 1 — cosyrti
| & e
YL k1 y};
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3

= L5 30 1] | ket

7]
k=1 %k =1 //:;1 Yk Ya
U@
n 72 T
‘ 1 | cosyatsy €OSYply CcOS Yit
w30 | &) e oty ¢ gy ] soomin
a,b=1 R yk Ya Yo k=1 yk
a<b Lk#ab
TO JIJIst JIIOGOr0 BEKTOPaA p = (P1, 02, -+ Pr) C HOJOMKHUTEIBHBIMU KOOD IU-
HATAMM UMeeM:
"
1
2" / [I | sy =
k=1 Jk
R™\Q(p)
1 — e~ Wktk
/ HT Es(y)dy + F(p,t),
RM\Q(p) |
rjie
n = 1| cosYata
Fipt) =2 Z H = | ——— Eglg)dy~
a=1 b= yk; ya
R™\Q(p) k% a
" 1| cosyate COSUBLp
— Z Il | 2= — 7 &swdy+
R™"\Q(p) )
a<b k #a,b
' t
$ ..ok (=1)P= 1R / {H i ‘} Es(y)dy, (2.12)
RP\Q(p) "
OTKY/Ia
Y n 1
2" / (H —2—> Es(y)dy <
=1 Y
RNQ(p) M
n{ — e—iunt |
< [IT175 | esty+ 1701 =
. LYk
fin =1
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= |R(5,1,1) ;(Rn) +1F(p,1)].
Hns t = (ty,t2,...,1,) obozHaunM m(t) = lg}cign [tx]. Imeem
m Ry,  <sw|Rsen|,
m(t)—+oo | lL2(Rn) = tern | L2(R™)

TTokarxem, gTo
lim  F(p,t)=0.

m(t)—-+o0

Paccenvorpunm niepsoe cnaraeMoe u3 11epBO CYMMbl, CTOAILEH B TPABOH

gactu (2.12):
- ' T 1 cosyity
2 11 —p tswdy
1

4B
. Ld o2
Rm\Q(p) R=27F
PyHKINA
{H j} Es(y) € LYR™\ Q(p)).
1 Yk
CneoBaTenabHo,
lim / cos Y1ty ﬁ E Es(y)dy = 0.
1 —+o0 & et yz R

R™\Q(p)

AHaIOrMYHO YCTAHABIMBAETCSI, YTO BCE CJlaracMble U3 IIPAaBOH 4acTU
(2.12) crpemsites K mymnto npu m(t) — —+oo. CrenosarenbHo, JIsT J11000T0
e > 0 MOXKHO yKazarh Takoe mg = mo(p,e) > 0, uro opu m(t) > mg
OYIIET BBITOJHATLCS HEPABEHCTBO

o / {Hyiz}ss<y>dysﬂf?<5w>

—1 Yk
RM\Q(p) =T

12
P e
R™)

I Ls

OTKYy/Ia CJe/yeT, 9To jjist J000ro Bextopa p € R ¢ MOJOXKUTENLHLIMU
KOODJAUHATAME MMEET MECTO OLIEHKa

/ {H H €s(y)dy < an sup
Ik

Le R
RMQ(p) !

7 ”
K(S,t,y)|

|L2(Rn) ’
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Taxum ob6pazom,

- 2 71
IRS.»)| , = lim / 7 o=
‘ ( y)l.Lz(R”) [|pll—0 ; I___[ 1%} B
RM\Q(p) =
Lo |B(s.,9)
_<_ - SU 7t7, ] ’
- teRPil ) L2(Bm)

OTKYJa B CHJIy Teopembl [LitaHiuepesns u cjieyeT yTBepK aeHue jJeMmbl. O

Teopema 2.2. IIyctro n > 1, t € R*, S C R", mes,S > 0 np = 2.
Yenosue (0.2)
K(S,7) € L*(R™)

SIBJIACTCS HEOOXOIMMBIM H JOCTATOYHBIM JJ15 BbIIOJTHEeHUS paBeHcTBa (2.4):

(0 [(ryar = [ BB 2(r)ar-

E. R™

Fn
e T = (71,72, .., Tn), t = (t1,to, ..., 1,), u HepasercTna (0.1):
L] |
[ A(ryar | SOl ) ETED)
Iz, | S
TG

C(S8,2) <2M||K(S,1)|[r2(rn)-
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HokazarenbcrBo. Heobxomnmocts. Coracuo reopeme 2.0, yeaosue (0.3)

sup ”K—(Svth)HLQ(R"") < +00
teR'n

apasgerca HeobxoauMbIM a5t BoinosHenus (0.1). Ho ecou Benonneno (0.3),
TO 110 Jiemme 2.1 Beiosasiercst u ycaosue (0.2):

K (S, t)||L2(rny < +00,

SIBJIAIOIIEECS] B COOTBETCTBHM C TE€OPEMOil 2.1 AOCTATOYHBIM [ BBIIOJ-
Henug (2.4) u (2.5).
HocrarouHocTs ciaenyer us Teopemsl 2.1. O

Caencreue 2.2.1. Ilyctrbn = 1, S C R', mesS > 0 u p = 2. Torxa,
ecan a1 moboit pyuxuu y(1) € T(S, p) Boinosnsiercst nepasercrso (0.1)

:/ y(r)dr|
0

< C(S,2) [|Iv(T)| 2 (r)-

Lco(Rl)

rie C(S,2) ne sapucur or y(1) € T'(S, p), 10 anst kaxknoii pyrxmun (T) €
€ I'(S,p) umeer mecro u pasercrso (2.8):

+00 —oo

okazarenbcTBo. B cumy reopembl 2.2, aJisi BBIIOJHEHNA HEPaBEHCT-
Ba (0.1) npu p = 2 u nwoboit Gyuxima y(7) € I'(S, p) HEOOXOMMO 1 J0C-
TarouHo BeIoaHerne (0.2)

K(S,7) € L*(RY.

Ho ecnu Beimosaeno (0.2), To, corsacHo caeAcTBuio 2.1.1, BeIIOIHACTCSA
u (2.8). O

Torga:

11
1) K(S,7) € LI(R™), =+ = =1;
poq
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2) ana marerpana or Jiobon ¢yukumu y(T) € I'(S,p) nmeer mecro
npescrapaenne (2.4);
3) BBIIOJIHACTCSI HEPABEHCTBO

|

|

rae Caa > 0 me sasucur or y(1) € I'(S, p).

|
Cao
[ ryar < s o, (213)
E. "

HoxkaszareascrBo. 1) Mo yenosuto Teopemsr 2.3

i

1
e tYm

£s(y) € LP(R"\ Q(e)) C LY (R™),

M, CJIeJIOBATEJILHO, CYLIECTBYET

K(S,t) = (%)n /ei(y") {ﬁ Z—j—} Es(y)dy € LY(R™),

R‘n_ m=1 m

Ipu 3TOM 110 Teopeme Xaycaopda—Hura:
n |
1
— | &s(y) ‘
{U zym} <

1/p 1/p

K (S, t)|| Lacrmy < Hp

n

p

1 . 1

I1 ooy =g 11 / -y -
RQ(e) |M=1 il m=1."

w | T 1 1 \"/P
_— n/p ey = = = e
52| 11 (p=1)/e (p— 1>
n/p [ n
9 1

S Hp
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2) B ety (2.14) u reopemur 2.1, s moboit dbynknuu (1) € T'(S, p)
HMeeT MeCTO npejcrasieHue (2.4).
3) Hepasencrso (2.13) cnenyer uz (2.5) u (2.14):

}( ’ n/p " ' ,
'If W(T)dﬂ: < 2"Hp (pzl) I:Hmzl 511/21} (Dl Lrrmy- ©
' m

Sameuanue 2.2. Hepasercrso (2.13) MOXXHO pacCMaTpPHBATE B KAYECTBE
npsivoro obobrienns HepaseHcTBa Bopa, casbiaromero L (RY) nopmy
uHTerpasia OT (PYHKUHAN H HOPMY caMOi (DyHKIHH, IPH YCAOBHH OT/E/T€H-
HOCTH CITEKTPa (PYHKLHHA OT HYJIS.

§3. Cayuait, korna SNF +# @

[Iycts p € (1,2}, n > 1, S C R™ mes,S > 0 — IpoN3BOIBLHOE
MHOKECTBO, YIOB/eTBOpsiomee yciaosuio (N), SN EF # &, u ne BLINOJ-
HSIOTCA JIOCTATOUHbIE YCJI0BUsl, chOpMyIMpoBanubie B Teopemax 2.0-2.1.
B stom coryuae nepasencTso (0.1) MOXKeT He BBINOIHATHCS, HAIPUMED U3-
38 HEOIPAHMYEHHOCTH MHTErpajoB OT HEKOTOpbix dyrkuui u3 I'(S,p).
Onnaxo B I'(S, p) Bcerma MOXKHO BbLIESNTH (Teopema 3.0) HOPMHPOBAH-
noe mognpocrpanctso ['(Sy,p) # @, So N F = &, mes,So > 0, So C S,
So # S, ma xoropom seinosusiercst (0.1). Taxxke cyniectsyer (Teopema 3.1)
o MHOKeCTBO '3y C T'(S, p), dyHKIIMN U3 KOTOPOTrO yA0BJIETBOPAIOT HEpa-
sercty (0.1)

| [umar| < Colatr angn

WE !|LL\’J(R7L)

rae Cs; > 0 me 3aBucut or u(f) € I's;. Muoxkecrso 'y He aBisercs mnoj-
npocrpancrsom I'(S, p), Ho (Teopema 3.2), ecom p(t) € I'sy, ro (0.1) Bor-
TOJIHAETCS U IIPH HEKOTOPBIX MaJIbIX BO3MYIIEHIAX (DyHKUnU 4(t); Kpone
TOroO

U supp 1(y) =S,
M(Uerzﬂ

Teopema 3.0. Ilycro p € (1,2),n > 1,t € R", S C R", mes, S > 0—
IPOM3BOJIBLHOE MHOXKECTBO, yiaonaersopstouice ycaosuio (N). Torna cy-
niecTByer MHOxKecTBo So C S, rarke ygoacrsopsiomee yeaosuio (N) u
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raxoe, yro So N F = @, u gana moboii ¢yuxumnm v(1) € T(Sy,p) BbLTON-
Hstercst mepasencrso (0.1):

/«/(T)dT}}

[y

< C(So, ) 17Tl e (mmys

\LOO(R’IL)
rie xoncranra C(Sp, p) > 0 me zapucnr or (1) € T'(So, p).

HokazarenbcrBo. Ilycts yo = (Yo1, %02, --->Yon) € S, yo € F — upo-

M3BOMbHAA TOuKa. B cuny yenosus (N) cymectsyer dyHkiust po(t) €

€ I'(S,p) rakasi, 9ro yo € supp flo(y) € S. Boibepem Kakoii-1160 Bek-

Top & = (d1,02,...,0,) C MOJOKUTETLHBIMI KOODJMHATAMU ¥ CTOIH Ma-

10l HOpMO#t, 4T0 MHOXKecTBO L[yo — 30, yo + 3d] = {y|y = W1..--,Yn),

Yom — 36m < Ym < Yom + 30m, 1 < m < n} ue nepecexaercst ¢ F.
Obo3naamm

Y0(t) = po(t) * Q(I{yo — 29, yo + 26),6,t), So = supp Yo (y),
rue (§1):
Q<H[UO - 25 Yo + 25 O f H Q yOm - 5m-, Yom + 25m]; 5m,;tm):

t= (tl tQ . 7n)

Torpa So = supp fo(y) N (yo — 36, yo + 3d]) C S u ynaueno
or xaxyoil uz 1 < m < n KOOPAMHATHBIX T'HUIEPILVIOCKOCTEH Ha pac-
CTOsiHME He MeHee 4deM 30, COOTBETCTBEHHO. A Tak kxak B cuiay (1.5)
Q([yo — 26, yo + 26],6,t) € L*(R™), To v (t) € LP(R™).

Iokaskem, 4To ||’\/O(t)HL'p (rey > 0. M3 (1.5) nomydsaem, 4To Q([yo—

—26, yo + 25 .0, y H Q yOm — 20m, Yom + 26m]76m-/ym) = 1, ecom

m=1

y = (41, ,¥n) € yo — 5, yo + ). Tax xax Fo(y) = fo(y) - ATy~
—20, yo+26],0,y), 10 50 (y) = fo(y) sty € Myo—0, yo+9]. ITo menmme 1.1,

mesy {(I[yo — 8, yo + 0]) N supp fo(y)} > 0

1, creoBaTesibHo, ||o(y)|| po(rny > 0. Ho Torna B cumy HepapencTsa Xayc-
aopda — FOura monywaen, uto [[5o(t)| rezny > 0.

ITpu sTont Sy yaoBserBopsieT yeaosuio (INV), NOCKONBLKY /| Isl JTI000MH
TouKH Y1 € So C S MOxHO yrazarh Qyaxuuo vi(t) € 1'(Sp,p) Takyro,
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970 ¥ € supp Y1(y). B xavecrBe Taxoit dymximm i (t) MOXKHO B3ATH,
Hanpumep, OYHKIHO Yo(t).

Ilo Teopenme 2.3, pjis dpyukuwmii, HocuTe u npeodpaszopanuii Pypbe Ko-
TOPBIX JIEXKAT B Sp, BbINoJHsIeTCst Hepasercrso (0.1). O

PaccMoTpyuM HEKOTOPBIE BCIIOMOIATE/IbHbBIE YTBEPIKJAEHUST 1 [TOCTPOE-
aust. Llycre S € R™, mes,S > 0 — NpOU3BOJIBLHOE MHOMXKECTBO, YIOBJIE-
TBOpsiiomee yeaosuio (N). O6oznaunm vepes k31 (y): R™ — R dbyunxuuo,
YJIOBJIETBOPSAIOILY IO YCJIOBUSM:

1) ks1(y) € L=(R"); (3.1)

2) ka1(y) >0, ye&R™\F; (3.2)

n

3){II~L}€AM-%?@>ELWRU; (3.3)

m=1 7"

4) nnst moboit dysximn at) € T'(S, p)
{ka1(y) a(y)} "(t) € LP(R"). (3.4)

IIpumep 3.1. Ecmm S C R™, mes,S > 0 ynoBieTBOpgeT yCIOBUIO

{ H i} Es(y) € LP(R™), 10 B KauecTBe k31 (y) MOXHO B35Th k31 (Y) = a.

o Ym
Npumep 3.2. Ilyers p € (1,2], S € R' u mes,S > 0. Oynkuus
2

Y
G) = 14

K byaximu ks (y).
YenoBusi (3.1)-(3.3), oueBuHO, BbINOJHSIOTCH. IIpoBepuM BeIIOIHE-

?

rue (3.4). das moboit dyuxnmu «(t) € T(S, p), cortacuo (1.1), unmeen:

yaosnersopsier yeiaosusim (3.1)—(3.4), npexbsiBasieMbin

6w a0 = {15 aw} 0 ={a0) - 125 a6) ] 0 -
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Cre10BaTelibHoO,
; N N 1 L
”{G(y) O{(y)} (t,l Lp(Rl) = Oé(y) = 5 O((f) X € I[" | S
|LP(R1)
< E —IIM )
S 91+ 5 € | e lle(r)-
L (RY)

Jlemma 3.1. ITycre n > 1, S € R"™, mes,S > 0, p € (1,2] u Qpyuruus

7

k31(y) yaosnersopsier ycnopusm (3.1)~(3.4). Toraa, ecnm aft) € I'(S,p),
To supp &(y) = supp [ks1(y) &(y)].

Hoka3zarenbcTBo. O4YeBUIHO, ITO
supp [ks1(y) &(y)] C supp k31 (y) N supp &(y) € supp &(y).

HOKEL}KGM./ YTO CIIpaBeAJIMBO U O6paTHO€I

supp &(y) € supp [ka1(y) a(y)].

Ilycrs, HAPOTHB, CyHIECTBYET TOYKA Yo € Supp &(y), HO

yo & supp [k31(y) &(y)].

Torpa cymectByer V(yg) — OKPECTHOCTHL TOUKH Yo, HE [IE€PECEKAIOILASICS
¢ supp [ka1(y) &(y)], B koTopoit jyia 1x000it Geckorewno guddepenuupye-
Mot pyuxkuun P(y) ¢ Hocuresem B V (yg) OyaeT BBIIOJHSITHCS PABEHCTBO

/ s () G0 By = / e () ol s = 0.

Rn V(yo)

Ho roraa, kax cieayer u3 [15, ¢. 75|, ka1(y) &(y) = 0 nast 0.8, y €
€ V(yp), 970 HEBO3MOXKHO, Tak Kak &(y) He siBasercs QyHKIue, paBHO
Hymo, st 1L.B. Y € V(yo), a ka1 (y) >0 sy € F, y € S.

[Mony«vennoe MPOTHBOPEYHE TOKA3BIBAET, YTO

supp &(y) S supp [ks1(y) &(y)],
OTKY/Ja 1 CJIC/LYCT YTBEPXKACHUE JeMMbl. [
O6o3HATUM f(S p) ={B6)|B(r) e T(S,p)} u &: f(Sp) —T(8,p)—

OTOOPAYKEHNE, 3aIABACNOE CJACLYIONIUM 00Pa30OM:

4(y) = ka1 (y) (), Aly) € T(S.p).
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Jlemma 3.2. Ilycrs p € (1,2, n > 1, S € R", mes,S > 0 — mpons-
BOJTbHOE MHOXKECTBO, yaoBaersopsiomee yeaopnio (N), n gyuknus ks (y)
yaosaersopsier (3.1)—(3.4). Torma @ # 0.

HokazarenbcTrBo. Tak kak S # @ n yjposaersopser yceaosuio (N), To

I(S,p) # 2.

Mycrs «(t) € T'(S, p), rorpa B cuny gevmbr 1.1 mes,, supp &(y) > 0 u,
cneaosarensuo, ||&(y)|lparny > 0.

B cuny memwmbr 3.1

mesy, supp ka1 (y) &(y)| = mes, supp a(y) > 0,
nosromy || k31 (y) &(y)||Le(rny > 0. Ho Torzma
lks1(y) 6(y) |l a(rn)

l&(W)liLarm)
OTKyﬂ;a 151 CﬂeﬂyeT yTBepH(ILeHHe JeMMDbBI. O

1] >

Buibepem kakoe-nubo uncno mgy € (0, ||®]])) u 06oznaunm
a1 = T'a1(S,p. ka1 (y), mar) = {u(®) | u(t) € T(S,p), Aly) = ka1 (y) Ay),
AE) € T(S.0), 1B lzegrm > mar|A@)llzscam} € T(S,p).

C reoMeTpu4eckoil TOUKM 3peHust 31 — 3T0 MHOXKECTBO, IOCTPOEHHOE
CITE LY IOIUIM 00PAa30oM.
Hycrs g € [2,400) u p > 0. Oboznadum yepes:
1) By(p) = (M) | A(®) € LIR™), |N@)llzs(any < p} map pamsyca p > 0
B ipocrtpancree LI(R™);
2) Sq(p) = {Aw) | AMy) € LUR"), [A(y)]
p > 0 B npocrpancree LI(R™).
Orobparkenue ®1: LI(R™) — LI(R™), 3agaBaenvoe GOPMYJIOH

La(rn) = py chepy pamuyca

D1 Ay) = ka1(y) Es(W)A(y),  A(y) € LYU(R"),

nepesonut wap B, (1) B nexoropoe muoxecTBO 1.5, (1).
Ecin, nanpumep,
k() > a> 1, (3.5)
To $1B,(1) comepxur BHyrpu ceba map By(a) pagmyca a. Ho ycmo-
Bue (3.5) He Bcerga Buinonusiercsd. Hanpumep, ecmu n =1, 0 € S n

1
/ | dy = +OO?
Y|P
S
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TO st BeIIOHeHHs (3.3) Heo6X0aUMO, YTOObBI

lim kg1 (y) = 0. (3.6)
y—0
Crnenyromuit npumep 3.3 noxassiBaer, yto ecqiu n = 1, p € (1,2],

0 € S u BbmosHEeHO (3.6), TO HONb MOYKET IPHHALTEHKATH 3aAMBIKAHHIO
MHO)ecTBa Py {Sq(l) N f(S, p)} :

2
IIpumep 3.3. Ilycts p € (1,2], n = 1, ks1(y) = g y By =
1492
1 1
= [smr: 2] ) = 2m@m + 195y m =12, ~ 4o =1
#S=|]) Sm.
m=1
Torna npum =1,2...:
lém@llLarry =1 u ks (y) G (9) Lagrry = 0.
IIposepun 3To. Nmeem
1/2m 1/q
fGn @l ={ [ 2meme gy =1,
1/(2m+1)
1/2m ‘ 5 " L/a
1k31(y) Gm ()| Lo(rry = [2m(2m + 1)]*/4 / '] +y2] dy %
1/(2m+1) '

2
1
<|=—] —0
2m
opM m — +00.
B cuny onpeeseHust uncaa may, 00 Kpaiineil Mepe, 9acTh MHOXKECTBA
~ [o]
©{S,(1) NT(S,p)} Gyner pacnonaraTbcst BHe OTKPBLITOrO 1uapa By (msi)

pajnyca mgzy. Taxum obpasom, I'sy = {f(y) | u(t) € a1} — 310 MHOKE-
CTBO JIydeil, IPOXOALIMX YEPE3 YacTh 00pa3a cdepb!

({8, NT(S,)}) \ By (man).
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Teopema 3.1. Ilycro n > 1, p € (1,2], S € R™, mes,S > 0 —
[IPOU3BOJIEHOE MHOXKECTBO, yJoBjaersopsiouiee ycaouio (N), ¢yrkmnms
ks1(y) ymosaersopsier ycaosusim (3.1)—(3.4), ms1 € (0, ||®]]) u T's1 =
= I'51(S,p, k31(y), m31). Torma must moboit pyrknuu (1(t) € I'sy BbLITON-
usercsi Hepaserctso (0.1):

| / w(r)dr

Iy

|
< Cay [|(7)]l e (rmy s

L>(R")
rige korcranra Csq > 0 me 3aucut or u(t) € I'sy.

Hokazarenscrso. Ilyers A(t) € T(S,p), IA%)! La (rmy # 0. Obosua-

am pu(t) = {kai(y) A(y)} (). B cumy (3.4) p(t) € LP(R™). Has xamoro
t = (t1,ta,...,tn) UMeEM:

en“i/Mﬂw:(gﬁn/{fi5¥§fi}mm@:

E, Bn m=1

=(§Jn/{11€%%fi}mmwxw@,' (37)

gr M=l
re n(t) — YHCIO OTPUIATENHBIX KoopauHaT Touk t u [i(y) = ka1 (y) My)-

Ipennoxxenue 3.1.1. Ilpu c¢jenannbiX Bbll€ MPEIIOJOXKEHUSIX CIIPa-
BEJIJIMBA OL[CHKA:

[ { }k31(y);\ ! Cs1 uu(y)| q(Rn “5‘( )”}J/Q?Rﬂ)
R m= 1 |
rae
12 1 ~
Ca1 = /[H T‘E} Es(Wksi(y)dy o Aly) = ka1 (y) A(y)-
k m|
Rn m=1
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HokazarenbcTBo npeaitoxkenus 3.1.1. Bocnonb3yenmcs HepaBeHCTBOM
Tenbaepa juist Tpex noxaszaresneit 19, ¢. 232]:

/a(y)b(y)C(y)idySIla(y)HLu y 1o 2oy lle@) | w (Y.
D
1 1 1

rae D wamepunvo n — + — + — =1, w,v,w > 0. Obo3uaduM:
v w

a(y):{H : }58()1/p( ), u=np,

m=1 |ylm !

b( )_Ik-ﬁ( ) ){1/(1» U:C]Q./
cy) =AWV, w=pq.

n

Tax kak supp A(y) C S, 10 {H ?L} ka1(y) A(y) = {H 1 }x

m=1 <" m= 1y7n
xEs(y)ks1(y) My) u, na ocHoBaHnu HepaseHcTBa [ebiepa JJjIsi TPex Io-
Kasareseil, nojgyvacm:

=]

! : n
/ {H L} ka1 (y) A(y)dy| <
R‘L
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[Ipepnoxenue 3.1.1 noxkazano. O

CaenoBaresnbho, u3 (3.7) momy«aen:

l]/u(r)dT < <%> {ﬁ i} §s(y)k31(y)’i .
B\

m=1 """ ‘le(Rn)

) 1/p
A 9(R"™
Wil { A <

1Al v
| La(R)
S CS ! H) : I //L(T) P n T~7s ~n__ 5 (38)
R L R N oy s
i n 7 1 ‘!
rae Cg1p = <;> {H ;} €s(y) k31(y) u H, — KoHCTaHTa
m=1 m ~ Lp(Rn)

u3 HepasencTsa Xaycnopda ~ HOnra. Tak xaxk m3z; € (0, [|@]]), To mas jro-
6ott dyuxunu p(t) € I'sq, He sBIIsIIOMENACS PABHO HYJIIO I1pU 1. B. t € R,

~

u3 onpenesnenus '3y caenyer, uro fi(y) = ks1(y) A(y),

| k31 (y) 5‘(9)‘

T |
iu(y”‘Lq(Rn) — I

> may | My)

L9(R™) ULa(ry

Cuenosarensbno, u3 (3.8) nomygaem, 4ro s ar0boit dyukuun pu(t) € Tsy:

' 1
/M(T)dT < Cann - Hy - —7 ()| Lo (rny,
map

IE
OTKYIa
I |)
‘/ H(T)de < Cgy hﬂ(T)HLrJ(Rn)./ w(7) € sy,
H,
rjae C31 = 1]/]9 Cz11. O
Ms]

3amevanue 3.1. Fcur

“Ii}@@ewmw

m=1 Ym
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T0, mosarast B ycaoBuu Teopembr 3.1 k3 (y) = 1, noayuaem, Kax caei-
cTBHE, YTBEp>KAeHust TeopeMm 2.1 u 2.3 0 cyijecTBOBaHHH KOHCTaHT, JiJIs

KOTOPBIX BbloiHsieTcs: HepaseHcTso (0.1), mpr 3TOM, CODVIACHO IPUMEDY
3.1, T3 =T(S,p).

Bameuanue 3.2. Kax BHIHO H3 JOKa3aTeabCcTBa TeopeMbl 3.1, ecin
3(y) = ko () 3) 1 130 | agrey > M [Aw)
B (0.1) — crporoe.

, TO HepaBEHCTBO
L9(R™)

Teopema 3.2. IIycrs p € (1,2, n > 1, S C R", mes,S > 0 —
[IPOU3BOJILHOE MHOXeCTBO, yiaopjersopsomee ycaosuo (N), yHKIHs
k31(y) Taxosa, 4ro Bomosansirorest (3.1)—(3.4); ms1 € (0,||®]) u T3 =
= I'31(S,p, k31(y), m31). Torga:

1) ecJIn A(f) = P(Sp)? /J'(t) = {]‘J31(y) S‘(y)}~(t) "

o A 1
(Wl pacrny > ma1 |A@) | Le(rny, p + i i, (3.9)

to cymecrByer € = £(A\) > 0 takoe, yro ajs 6o dyrxiumn £(t) €
e T(S.p), IE@®)||Le(rny < € BEIIOAHSIFOTCS YC/IOBHSA:

u(1) +n(7) € Tan, (3.10)

< Caallu(7) + 00l e (rry. (3.11)

Lo°(R™)

rae C3y > 0 — xoHcranTa U3 Teopembl 3.1;

2) S= |J suppaély).

a(T)els

HdoxkazarenbcrBo. 1) IlycTh BhIMOHEHBI yCa0BUsT Teopembl 3.2, A(t) €
e I'(S, p) yuosaersopser (3.9) u

1 " L
O<e< A (IW(U)HLQ(R") - m31u>‘(y)HLq(R“)> /(W31 ()| foo (rry +m31).
P
(3.12)
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Buibepen npoussoseroe &(t) € I'(S,p) raxoe, uro [|£(t)|zr(rn) < €.
Torna [[§(Y)l| La(rn) < eHp,

P +&6),, ., s P60
ms |A@) + €W,y S 01 RO FEmsE (313

n, ecn 1(7) = {k31(y) £(y)} (), 10 Ay) = ka1 (y) E(y),
la(y) +nllLacrmy 2 2@ lLacrry = 19 W) Lo (rR) >

> |2l zarny = k31 (W)l (g - € - Hp. (3.14)
Cnenosarensto, B cuy (3.12), (3,13) u (3.14)

7

14(y) + D) lLa(rny — m31||;\(y) + é(y)”[ﬂ(R") &

> ()l pacrry — m31||;\(y)HLq(R") — eH, (|ks1(y)|l Lo (rny +m31) > 0,

OTKyJa B cuy onpejesnenust I's; caenyer (3.10). Hepaserncrro (3.11) cie-
ayer u3 (3.10) u 3amevanus 3.2.
2) Tlycrb BONPEKH YTBEPXKJEHUIO TEOPEMB! CYIIECTBYET TOYKA Yo € S
Takasi, 9To
wé |J suppaly). (3.15)
a(r)€l's

Boibepem npousoibayio dyukuuio A(t) €T(S, p), aist koropoit u(t) =

= {kgl(y)j\(y)} (t) € I'sy. B cuny (3.15) yo € supp i(y). Cornacuo
yenosuto (N), cymecrsyer dyukuus o(t) € T'(S,p), mas koTopoit yg €
€ supp fo(y) Bribepem cTois Manbie ay,as > 0, ay # ag, aro u(t)+
+a1mo(t), p(t) + azno(t) € Isa.

O6ozuaunm 1o(t) = {]{231(y) éo(y)} ~(t). Wz nemmbr 1.1 ciresryer, 910

Yo € supp fo(y)-
Torja, cornacuo (3.15),

yo & supp {a(y) + arfo(y)},  yo & supp {a(y) + azfio(y)},

r.e. dyaxuypn (y) + a1mo(y) u f4(y) + azfo(y) TOXKAECTBEHHO PABHBI Hy-
JIO B HEKOTOPOH MAJIO OKPEeCTHOCTH TOYKM Y. HO TOrja ux pasHoCTb,
T.e. dyuxuus (a1 — ag)fo(y) TOXKIECTBEHHO PAaBHA HYJIO B 3TOI OKPeCT-
HOCTH TOYKH Yo M, CJIEIOBATENLHO, Yo & supp To(y).
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