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B . (J). M BAHO B 

DB O,IJ;HOM OBOBIll,EHMM HEPABEHCTBA BOPA 

AHHoTau,IUI. TIY CT b P E (1,2], n 2: 1, 5 ~ u: H r ts,p) ­
.i'dH O:tKeC T B O ncex 'rex cPY H K IJ;YIH , i (t ) E LP(R n 

) , HO C11TeJIb npe­
06pa30BamI5I cDYPb e K OT OpbIX JIe:tK11T B 5 . B patio're nOJIY"IeHbI 

yCJIOBI1T1 BbITIOJIH eH11 T1 H epaBe H CT B a 

IJ7(T)dT S C !b(T)IILe(Rn ) , 

~t L = (R" ) 

r (J,e t = (t1 , t2, . . . , t n ) E H"; E; = {T IT = (Tr , T2, . . . ,Tn ) E H"; 
Tj E [O, t ] ], eC JI11 t j 2: 011 Tj E (t j , 0 ], e CJUr t j < 0, 1 ~ j ~ 

~ n}, i (T ) E [(5,p ) 11 K OH CTaHTa C I-I e 3 aB YIC11T 0'1' i (T). Taroxe 
paCCI\oIOTp eHbI nex o'ropsre y c .nOB 11T1 Bb ITI OJIH e I-II1 T1 HepaBeHCTI3a a a 

H8'rpHB11aJIbHbIX nO,II,IVIH O:tKeCTBaX f (5 , p) B CJIy cIa5.l X, KOr,II,a OHO 

He B b ITIOJIHTleTC5.l n a ecexr f (5 ,p). 

KJlID"-IeBbIe CJl O B a : uepaeencm eo B opa. 
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B an pem.cxoxr noxrepe )KYPHa.na [1] 3 0.. 1935 r . X . Bop aHOHC11p OBa.JI, 

a rr03,II,Hee B TOI'v1 »ce roziy onyfinnxoaa,n B [2] ,I1,J15I T aKHX CYlvI!VI p(t ) ,II,OKa­

3aT eJIbCTBO Hepa B e H CTBa, naaeaa aoro Brroc .ne,II,CTBHI1 ([4111 ,II,p.) nepasen­
CT B OlVl Bopa: 

1f 
Ip(t )1< ~\ Ildp(t )j dt IIL00(Rl) ' p(t) E P (A). 

~ j 

,D,a.rree )l{. CDo..Bap [3] 0 6 06I1.l,I1.n 3 '1'0 I-IepaBe HCTBO n a CJI Y LIo..H f (t ) ­
rren pep t.r a m.tx , rrep110,II,I1LICCK11X , a n03)Ke - B [4] - p aBI-IOM e pHbIX rrO <ITH 

n ep HO,II,w r e CK 11X cPYHK lJ)1H ( '1'. e . n OLIT11 n e p HO,II,W l e CK I1X cPYHKIJ,11H B o p a ) . 

B 193 7 r. B . M. JIe I3I1TaH [5] YCI1.JII1JI pe3 YJIb T o..T <Do..B a p o.., pacnpocrpan na 
H epa BeHCTBO I-Ia 60JIee W HPOK11H K JIaCC cPY HI<U,11H, np0113BO,II,Hb l e K OTOpblX 

orpaaavem.t , 113MepI1lVlbI 11 y,II,OBJIeT BOp 5IlOT H eKOTopOMY ,II,OrrOJII-II1TeJIbHO­

Ivly Orp o..H I1q e I-II1lO . B 1954 r . JI . X epIVlaI-I,II,e p [6] 0606I1.l,11JI p e 3 YJIbTaT J 1e ­

BI1 TaHa. C o r .JIa CHO [6], B lvI 8 CT O ,II,OrrOJI H I1Te.nLHo r o OrpaI-IW r eHI15I JIe B I1T a H a 

,II,OCTaT OQHO nOTpe60Ba Tb , QT06bl H OCI1TeJIb npe06pa 3 0 B o..H115I <DYPbe cPYH K­

u,ml f (t ) He CO,II,ep )KaJI 11HTepBa.JI (- 1\,A). 
B rrOCJIe ,II,CT BHH 06 06 Il~eHI1e nepaaencrna Bopa rrpO,II,OJI)Ka JI OCb pas m,r­

IvI I1 aa r op axia : [7-101; qmKT11QeCK H O,II,I1H H 3 Bo..p11anT OB 060 6 Il.1,e H115I Hepa ­

BenCTBa Bopa CO,II,e p )KI1T C5I B pario-re [11]; caoe ,Il,o Ka3 a T e Jl bCTBO ,II,JI5I n OQT11 

rr e pI10,Il,IFI8CKoro CJIy LIa 5I, no 6 e3 T OLIHOn ouenxn KO H CTo..HTbl .nano B [12] . 
B H o..CT05II1.l,eH cr a'rt.e, B OT.nH Q11e 0 '1' p o..60 T rrepeQI1C.JIeHHbIX BbIIIle an­

TOpOB , Hepa BeHCTBO Bopa B cPopMe OIJ,e HKH I1H T erpo..JIa OT cPYHI<IJ,H 11 "lle­

pes I-IOP M Y c a M OH 3TOH cPY HKIJ,HH pacnpocrpaneao I-Io.. nexor ops te K .na CCbI 

cPYH KIJ,11H 113 LP(Rn) , n ~ 1, P E (1, 2]' 11 rrpn 3TOM T OQK I1 HO CH TeJI5I rrpeoo­
pa30Bo..H115I CDypbe cPYI-IKIJ,HH H3 3 T 11X K.JIa CCOI3 M o r Y T 11MeTb nynensie K OOp ­

,II,ln -raT b I. Taxoro pozra HepaBeHCTBO , HO T O.J1 b K O ,II,.JI5I cP YHKI~I1rl , HOC11T 8JI11 

npe06pa30B o..HH5I <DY P b e KOTOpbI X OT,II,CJICllbI 0 '1' HY.J1 5I, CYI1.l,CCTBeI-IHbII\I 06­

p a 30M I1Crr OJIL 30Bo..n OCL o..I3T OpOM rrp a ri = 1 ,II,JI5I nOCTp OeHH 5I LIo..CTO TI-IOro 

K p 11Tep I15I Orpo..IIHQeI-lIIOCTH II r n a ,II,KOCT H B cxn.rcn e CDpeille rr o napasrerpaxr 

p ClIIeHHH CH CT e M 06bIKHOBeHI-IbIX m U-Iei:'JI-IbIX ,Il,I1cPcPc peHIJ,Ha.J1bH bI X ypaune­
f-II1H [13 ,14] . 

D YCTb P > 1, ti ~ 1, S <;;: Rn 11 r (S,p) --- M I-IO)Ke CTBO s c e x T e x cPY I-IK IJ,11H 

i ,(t ) E LP(Rn) , HOCI-IT en b n p e0 6 p 330 B3H I15I <DY P b e K OT Op LI X .JIe )KI1T B S . 
,D,.JI5I K o..)K,II,OrO t = (t I , t2,"" tn ) E Rn 0 603I Ia.LII1M 

E; = {T I T = (TI , T2 , . .. , Tn) E R", T j E [0, tj ], eCn I1 tj ~ 0, 11 Tj E (t j , 0], 

ecrnr t j < 0, 1 :::; j < n}. 

B nacTC 

B CI1 CTBCl 

I';~e ~( (t) 11 

f (5 , p). TC 

l\ 111 0 )K C'-C'r! 

l1.aH, COO'I 

E CJlH 

pa60T b1, 

(U .1) i ~OC 

11 OCI-lTe.JII 

1 
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cPYHKl 
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nonn: 
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crair 
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) ~ X.Bop aHoHcHpoBan, 

H TaKI1X CYMJ\!I p(t) ~OKa­
'EMM ([4] 11 .np.) I-IepaBeH­

t) E P(A). 

eTBO aa c.JIyqai1 f (t) ­
- paBI-IOMepI-IbIX IIO'-IT11 

CCKI1X cPYHKIl,Hi1 Bopa). 

DaBapa, pacnpOCTpaI-II1B 

npoM3BO,L\Hble KOTOpbIX 

'Op OM y ,n:ononHHTenbHO­

o06lIJ,I1n pe3y.JIbTaT Jle­
Jr p afI J1Ll eH I15I fleBI-naHa 

'i1.30 Ba HI15I cDYPbe cPYHK-

npO)J,omKaJIOCb pa3HbI­

HTOB 0606II1,eHI15I nepa­

n a Ten b CT BO ,n:.n5I nOQTI1 

OHCTa I-IT bI ,L\al-IO B 11 2]. 
'CQI1c.n eHI-IbI X Bblme an­

'p an a 0'1' Q)'yHKIl,1111 -re­

aa f-IeKOTopble KnaCCbI 

:OQK I1 HOCI1Ten5I npeo6­

f MMeTb I-IyneBble KOOp­

}I cPYI-IKIJ)1M, HOOITeJ1I1 

151, cyIIJ,ecTBeIIHbIM 06­

)CTpOeI-II15I 'raCTOTHoro 

[l p ew e no napalvleTpaM 

peHUI1anbHblx ypaBI-Ie­

1'80 scex rex cPym~lI,I1M 

KOTOp b IX JIe)KJ1T B 5. 
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B I-IaCT05IIIJ,eM pario're YCTaI-IaBJ1I1BaKlTC5I yCJIOB115I BbIITOJIBeH115I Bepa­

BeHCTBa 

(0.1) 

r)J,e i(t) npl1f-Iall,ne/K11T r(5,p) 11JI11, eC.JI11 (0.1) He BbIITOnH5IeTC5i r-ra BCei\I 

f(5, p), TO - cnelI,11a,JIbHO nocrpoeunotay BeTp11B11a.JIbHOMY nOp,MBO/KeCTBY 

MI-IO>KeCTBa r (5, p), a KOI-ICTaI-ITa 0 He 3aD11C11T 0'1' BbI60pa i (T) 113 f(5, p) 
nrm, cooraercrneaao, era nOp,MBO/KeCTBa. 

ECJI11 p E (1,2]' TO, cornacno OCBOBI-IOMy YTBep/Kp,eH11Kl I-IaCT05IIIJ,ei1 

pa60TbI, co.nepacamevyca B TeopeMe 2.1, ,.'l,JI 5I BbIITOnHeI-II15I HepaBeI-ICTBa 

(0.1) p,OCTaTOqBO ripn I-IeKOTOpbIX p,OrrOnH11TenbHbIX npe,lI,nO.JIO/KeH115IX 0'1'­

HOCI1TenbBO 5, '-IT06bI ¢yI-IKlI,115I 

( l )nj. [n 11
K(5, t) = 2n n» ei(y,t) JI iYm -~s(y)dy 

y)J,ODneTBOp5I.JIa ycnoamo 

(0.2) 

1 1 
r)J,e + = 1, y = (Yl: Y2,· .. ,Yn) H ~s(Y) - xapax-repacrn-recrcaa 

p q 
cPYHKIl,115I MI-IO/KeCTBa 5. Ecrru /Ke p = 2, TO (TeopeMa 2.2) npn 'rex /KC 

npezmonoxcennax OTHOCHTeJIbHO 5 yC.JIOB11e (0.2) 5IB.JI5IeTC5J: Heo6xop,11MbIM 

11 ,n:OCTaTOQI-IbIM p,.JI5I BbIITO.JIHeHH5I (0.1). B crty-rae, KOr)J,a (0.2) He BbI­

nOJIIUIeTC5I, B npOCTpaHCTBe r(5,p) MO/KHO (TeopeMbI :3.0- 3.2) Bblp,en11Tb 

HeTpHBI1aJlbHble nOp,MHO/KeCTBa, I-ra KOTOpbIX (0.1) BbII10.JIH5IeTC5I C KOI-I­

CTaHTOM 0, He 3aB11C5J:IIJ,eI1 0'1' Q)yHKIl,HI1 i(T), BbI6paI-IHOM H3 COOTDeTcTBy­

IOII1,CTO nop,MHO>KeCTDa. OTMeT11i\I, '-ITO ecrm p = 1, TO HepaBeI-ICTBO (0.1), 
O'-IeB11p,HO, BbIITO.JII-I5IeTC5I rtpn m060i\I 5 ~ tc-. 

Pa60Ta COCTOYIT 113 BBep,eI-I115I 11Tpex naparpacpos. I1epBbIM HOCI1T Bcno­

i\IOraTCWbI-Ibli;j xapaxrep. OH Ha'-IHI-raeTC5I C BbI60pa ¢OPMbI 3aITI1CH npc­

06pa30BaHI15I CDypbe H CBOp,K11 (C y-reroi« BDC)J,CHI-IbIX 0603I-raQeHI1I1) p5I)J,a 

I13BeCTUbIX 'reopexi 11 ¢OpMy.JI. ,rca.JIee p,0I<a3bIBaKlTC3 JICMMbI 1.0-1.2, xa­

paKTepI13yKlIlI,I1e CTpOCI-IHC MI-IO/KeCTBa 5 ~ H'", yp,OD.JIeTBOp5IIOUjero HeKO­

TOpOi\IY (orrperrenenne 1.1) YCJIOBI1IO (N). 



24 0 6 OAROM o6iB. CP. H B aROB 

B o BTOp OM naparpadie ,n,oKa3bIBaeTC5:I ( reo peu a 2.0 ), '-IT O eCJ1l1 p E 
E (1, 2]; TO Y CJIOBHe 

sup IIK (S, t ,T )IILG (Rn ) < + 00, (0.3) 
t ERn 

1 1 
r,n,e - + - = I , 

p q 

K (S , t ;T) = (~ ) n / ei(y ,T) [IT 1 - ~-iYm tm ] ~s ( y)dy, 
2n . ~Y rn 

R " m=l 

Y = (Yl' Y2 , · . . , Yn), t = (tL t2,' .. , tn ), 5:IB.JJ 5:IeTC5:I ,n,OCTaT O'-I H b I M AJI5:I B b1­

nOJIHeHH5I (0.1) npn JIl060 M ')'(T) E r (s,p ); eCJIH »ce p = 2, '1'0 - - He06­

XOAHMb1M 11 A OCT aTOLIH b IM. ,l(aJIee A OKa 3 b IBaeTC51 yno xra naa uiaaca ai.nne 
r eopeua 2.1 H Y CTaHaBJ1l1BaeTC5:I (c.neAcT BHe 2.1.1 ) , '-ITO npn n = 1 H Bb1­

nO.nHeHH11 (0. 2) CY lIJ,e CTBY 10T B c e B03lVlO>KHble necoticr s enasre HHT e rpaJI b1 

0'1' cPYHKIJ,HH ')'(T) E r (s,p ). Cornacno Teo peMe 2.2, YCJIOBI-Ie (0.2) npu 
p = 2 5IBJI5:IeTC5:I He o 6 x OA I1lV1b liVI H A OCT a T OLlHbIlvI ,LI}I5:I BhlflOJIHer-HU I (0.1) 
npn ')' (T) E r (s,p ). E CJIH p = 2 H n = 1, T O, rro CJIeA CTBHIO 2.2.1 , lVIHO>Ke­

CT BO r (s,2) , n a KOTO P OIVI BbIIIOJIH5Ie T C5:I (0.2) , IJ,eJII1KOM COCTOI1T H3 cPYHK­

IJ,Hl1 , )])151 KOTOPbIX CY llJ,eC T ByIoT BceB03 MO>KHb1e H e c 06c T BCHHble H HTerpa­

.JIbT. 3 aBeprna e T n r o p ojt n apa rparp TeopeMa 2.3, B x o ropon yTBep )KAaeTC 5:I , 

'-I T O, e CJIH S c R" OTA eJIeH O 0 '1' K a /l{ Aoti 113 n KOOp,n,I1l-IaTHh1X r nnepn.noc­

K OCT eH H a paCCT05Ume Em > 0, 1 ::::; rri ::::; n COOT BeTCTBeHH O, T O 

n aparpacP a Pi \ 

TOphIX H eTPII \ 

c:o x p a H 5:IeT C71 

D Olvl11MO n
I 

psie APy rHe 11
\ 

is lIaCTOmll,el i 

'1'11 11 rJIa,II,KO\ 

ll,l1aJIhHbIX Yli 
I 

pOel-lBOr O a B') 

§l. HeJ 

D YCTb n 
npe06pa 30Ba 

HO , c JI e fl,Y5I [1 

O Gp aT HC 

T a K vl c JIe ,a,y: 

cor J13CHO [1 

flYCT b 

cyW,CCT ByE 

KOHCT aHTJ 

r zie C22 > a H e 3 a BH CI1T 0'1' ')' (T) E r (S,p ). 8'1'0 HepaBeHCTBO, npezic r aa­

.nsnouree c060 i1 npa n = 1 npaxio e 0 6 0 611I,eHI1e n epas encra a Bopa (aaue­

LIaHHe 2.2) , H CIIOJI b30Ba JIOCb as'rop oxi B paoo'rax [13,141. 
G CJUI I1YCT b S ~ R" n p OH 3BOJI b H Oe IIlHO>Ke CTBO , SnF =1= 0 , rzt e F --- 06'bC,n,H­

E L2 (Rn ~ HCH He Koop,n,vIH a TI-I b1X I'HDep rrJIOCKOCTeH, VI n e B blfl O JIflmOT C ~I A OCTaTO'-fHh1C 

YC JIOBI15:I, c q)OP ll IYJIHPOBClHH b le B T eOpe IlIaX 2.0--2.1, -r orzia Hepa Bc H c T BO 

(0 .1) i\! O>KeT He BbIl10JIH5:ITbC5:I , I Iarr p I'IlIICp H3-3 a Ha.JIW-II15:I B r (S,p) cPyaK­

l \HJ1: C Hcorpamr '-WHH b1MH HHT Crpa JI aIlJH . B 'reope xrax 3.0-3 .2 113 .rp e-n.e ro 

1 1
-+-=1.
P q . 
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T,n 
11 

}lCBO , 
/ &(y){3(y) dy = (27ft / o{r ) [3(T)dT, 

II y.Jl!O I 
R n R n ;V 151 u 

II C BbIIl 

ilPI1M 
yC.JIOBHITOCTPOH1VI )l,Be BCnOMOraTeJIbHble cPYHKIl,11I1. BbI6epet-/1 npOH3BOJIbHOe 

)J,ei °> 0 11 0603HaqmVI -repes W(O, t ) 'raxyio cPYHKIl,11ID , np eoop aaonanae eP YPbe 
' ICCT B(:~ KO T Op Oi1 H1VleeT Bl1)l,: 

w(o, y) = ; 2 ~ [ - 8/ 2, 8/ 2 J ( Y ) * ~[- 8/ 2 , 8 /2J (Y) ' (1.2) 

rzte ~M (y) - xapaKTep I1CT I1QeCKa7l cPYHK Il,I1 7! lVIHO:>Ke CTBa M ~ R I . Torna , 
llOCKO.!1 

COrJIaCHO (1.2): 
M<lJlO l\! 

/ w(o,y)dy = 1, 
Jl eMM 

R l 
y ; (013,:[( 

B b fl1() } 
npn Iyl < 0, (1.3) 

,lJ,OK 8 npa Iyl > 0. 
:\!bl , ,~ 

ITY CTb a,b E R I , a < b 11 QI1CJIO 0 > 0 CT OJI b MaJIO , QTO a + 6 < b - o. 
060 3Ha'-U1M -repes O([a, b], 6, t ) TaK y IO cPyHIUI,I1ID , npeotip asonanne cDYPbe 

K OTOpOi1 I1Mee T BI1,I1,: 

O([a,b], 6",y) = ~[a,b] (Y ) *w (o, y) . (1.4) 

'Io rna 

O ~O([a ,b], 6" ,y ) ~l }
 
O([a, b], 0, y) = 0, y tj. (a - 0, b + 0) (1.5)
 
o([a, b], 6", y) = 1, Y E [a + 6", b - 0]
 
O([u ,b], o, t ) E L P(R I ) , npn JIl0 6 0l'vI P 2:: 1
 

Ten epi, paCCf-,IOTpI1M ne xor opsre yTBep:>K)l,eH I17l 0 M H O>f<:eCTBe 5 ~ R" npi 

npn ri 2:: 1, rrapasrerpe P > 1 11 M H O:>K8CTBe f (S,p), 5l.BJUU OIlJ;Hl\IC51 I-IOPf-,'!I1­

POB<1HH bIM n O/J,IIpo cTpaHCTBO!VI rrpOCTpaBCTBa LP(Rn) . 

O rrp ezie.neu u e 1.1. By)~ e!lf rotsopu n. , »rto M Ho/KCCT130 5 ~ R '\ n 2:: 1, 11\ 
5 =I=- 0 yjI,OB.J1CTB OP5TCT YCJIOB l1W (N), ec.TIIJ J~JI 5T Ka)KjI,oi i 1'OL1K11 Yo E 5 
MO){{ HO YKfJ.3aTb T8.KYJD ejJyHKL(1:lIO fO (T) E I'( 5 ,p ) , '-{TO Yo E S71.p p :Yo (y) . 
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1~ ( T )dT,
 

. BbI6 epe rVI rrpOH3BOJIbHo e 

0, npe0 6pa 30Ba r-Ille <PY P b e 

(1.2 ) 

lJl ~ 5, 
(1.3) vi>5. 

\ LaJIO, qTO a + 0 < b - O. 
n p e0 6 p a 3 0 Ba m l e <PYPb e 

Y)· (1.4) 

5) } (1.5) 'J 
Ir p 2: 1 

.° ~1HO)l(eC TB e S ~ R" 
. 5IB JI5IIOU~I I 1\JC5I HOpl'vIH­
?n). 

c er BO S ~ u-, ti 2:: 1, 
Ia)f(;,:\oi:j TOlf K y/ Yo E S 
' ITO Yo E S1Lpp io (y) . 

T a KH M 06pa30M , eCJII1 S y,lJ,OBJIeTBO p 5IeT yCJIOBH IO (N ), TO f (S ,p) t=- 0 . 

}lCliO, cI T O cPYI-Il<IJ,H5I I'o(t) H3 o n pezieneu n s (1.1) He I'vIO)KeT p a BH5IT b C5I 

HyJIIO ,II,JI5I n o cIT I1 ncex tE Rn , TaK KaK B npOTI1BI-IOi\I CJIy'1ae 1'0 (y) = 0 
,lI,J15I Y E R" ; H o TOr,II,a supp 1'0 (y) 0, 11 yCJIOBHe Yo E supp io (y) 
He BbIlIOJIH 5Ie TC5I. 

Ilpuxrep 1.1. E CJIII S ~ R" OTKpbITO, S t=- 0 , TO OI-IO yn oan ernopn er 
YCJIOBlIlO (N) . 
~et1 c TBI1T e JI bH O , ,II,JI 5I JI I06 0 ti T O'1 K H Yo = (Y01 , Y02, . . . , YOn) E S B xa­

-recrne 1'0 (t) M O)I< HO B35IT b cPY H K IJ,I1IO 

n 

cp(t ) = CP (t l' t2, " " tn) = II n ([YOk - 20, Yak + 20], 0, tk), 
k=l 

nOCKOJTbKY cp(t) E LP(R n) npu Jl I06 0 tvl p 2:: 1 1'1 npn 0 > 0 ,lJ,OCTaTO'1HO 

i\I a nOM Yo E supp 1'0 (y) c S. 

.ITe M M a 1.0. llY CTb P 2:: 1, n 2:: 1, S ~ Rn - rr p0113BOJIb HO e MHO)KeCTBO , 

YA OB.TIeTBOp 5IIOllI,e e yCJIOBHIO (N) , J.f ,IJ,JI5I .TII0 6 0H cjJYHK IlJ1H I'(T) E f (S,p) 
BbIIIOJIH 5IeTC5f (0.1) . T o r ,IJ,a S t=- tc-. 

,I!;oKa3aTeJIbCTBO. n Y CT h p > 1, ti 2:: 1 11, nonpexn y T Bep)K,lJ,eH I1 IO JIervI­

MbI , S = H": P accuorpmr acnoxeora'rern.nyro CP Y H K IJ,HIO 

r ,n,e T = (Tl ' T2 , " " Tk), supp 1'o(V) = {y IY = (VI: Y2 , · · · , Yn), Im,1< 2. 
1 ~ Ie < n} c u" . T a K KaK Ih(t)IILP(Rn) < + 00 H 

npn min Itk I ---+ , TO HeB03J'vIO)KHO YKa3aTb KOHCTaHTY C, ofiecne-m ­
r<k<n 

narouiyio Bh IfIOJI I-ICmIe I-IepaBCHCTBa (0.1). 0 

l1YCTh a = (al ; a2; " " an) , b = (br , 62 , ... , bn ) , ak < bk' 1 ~ l: ::; ti H 

II [a,b]= {y IV = (YI: Y2, · · · dJn), ak ::; Yk ::; bk' 1 ::; k ::; n} . 
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BbI6epeM rrp0I13BO JIbHbli:I s ex-rep 8 = (81,82 , . " , 15 k ) C rJOJIO:tKHTeJIbHbI­

]l.IH , HO CT OJIb M aITb IlVl H KOOp,II,l1H a TaMI1, '-ITO ak + 15k < bk - 8k, 1 :::; k :::; ti; 

H 060 3 Ha'-IHrvl 
n 

D (n [a, b], 8, t) = IT D([ak, bk], 15k, t lJ, 
k = l 

rne t = (t I , t 2,"" tn ) . 

JIeMMa 1.1. IIYCT b n ;:::: 1, E = (E 1, E2 , .. . , En) - rrpOH3 BOJTbHbIl1 B eKTOp 

C rrOJTQ)KI1TeJIbHbIMI1 KOop;J,I1UaTaMH, 1 < p :::; 2, i(t) E LP(R n), H Yo E 
E SUPP :Y(y) - rrpm:r3 BOJTbHi:15I TOTfKa. TOI;n;a 

tn es., {(n[yO- E, Yo + E]) n SUPP :y(y)} > O. 

,lJ;oKa3aTeJIbCTBO . ~O n YC TlIiVI s cnpexn yTBep.IK,II,eI-IHIO JIelvllv l b I, '-IT O cy­

w,eCTByeT B eK TOp E = ( E1 , E2, ... , En) , ,II,.IT 51 K OTOpOrO 

m esn{ (n[y O- E, Yo + EDn SUPP 'Hy )} = o. 

PaCCMOTpl1M cPYliKlJ,HIO h(t) = i(t)*D (n [YO- ~ E , Yo+ ~ c],~ z,t ) . 

L1(Rn 
TaK K a K D (n [YO - ~ E, Yo + ~ E] , ~ E , t) E ) , T O h(t ) E LP(Rn) 

11 , 

~ 1 1 
CJ1e,II,OBaTeJI b H O, h(y) E Lq(Rn), - + - = 1. 

P q 
Hai:I,II,eld SUPP h(y). ITo nOCTpOeHI1IO cPYHKlJ,HH h(t) 11 onp e,II,eJIeHHIO 

O(n[a , b], 8, t ): 

SUPP h.(y) ~ {n[yO - E, Yo + E]} n SUPP :y(y), 

T aK '-ITO B ClIJ1Y lICXO,II,HOrO rrpe,II,nOJIO.IK eHI151 m es., supp j,(y) = O. 
ITYCTb S(Rn) - npOCTpa H C'l' B O OCH OB I-lb I X cPYHKlJ,HB [15, c. 73], T . e . lIPO­

CTp a H CT BO 6 e CKOHe '-IHO ,II,H cPcPe p e H lJ,lIpye ll lbl x cPYHKIJ,I1ti: , 6 blCT PO y6bIBaIO­

U~l1X na 6 e CKOHe'-IHOCTI1 . ~JI5:! JII06 0 B OCH OBHOB cPYHKlJ,HI1 <p(T) E S(Rn) 

/ h(t )<p (t )dt = (2~) n / h(y)<j;(y)dy = 

R" Rn 

(_l )n / h(y)<j;(y)dy = O. 
271 
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SUP'P h(y) : 
]l.l h !. 0 

TIeMMa 1.' 
.JW T H Op 5fCT 

'uo K a 3 a T e 

BI1H (N ) , ' 
E f (8 ,p) 
nCKTOP c E 

'rlICSnS 2: 
n supp ~'() ( 

3 aM e~laH 

p accMoTIX 
1\11>1 6y,npl 

§2. ~ 

TIYCT b 

rne y = 
IT J n a p a ! 

AJI5I n. I: 

cPyHKlJ,l 

X ayc)~C 

E l2,+ 
LL.! !: 

n (t) '-11 

AC ,1l(~ lI1 

0 



29 B . (j) . I1BaHoB 06 0AHON! o606I1J,eFiJfI1 HepaBeHCTBa Bopa 

.. ' Ok) c rrOJIO)KMTeJIbHbI_ 

'k < Uk - Ok, 1 $ k $ n. 

np0I13BOJlbHbIM B eKTOp 

iY(t) E LP(Rn) 
, II Yo E 

lJ) }> O. 

tCHl1IO JTC M M b l , (ITO cy­
o 

v)} =0. 

~ E, Yo + ~ c].~ c.t)
oJ 3 ' 3 ' . 

in), TO h(t) E LP(Rn) 

h(t) 11 orrpe)];en eHI1l0 

D ~I (Y) , 

op h(y) = O. 
/1 [15, c. 73] , T. e . npo­

1M, 6hICTPO y6bH3alO­

{[J:BI1 cp(T) E S (R n) 

1)= 

CnefJ,OBaTeJJbHO, h(t) = 0 fJ,JUI n . B . tERn. Ho 'rorzia h(y) =0 11 

supp j,(y) = 0, T . e . Yo f/. supp h(y) , LITO npOT11BOpe1:lI1T Y CJJOBI110 JIeM ­

MbI. 0 

.TIeMMa 1.2. ITY CTb p E (1,2], ri 2:: 1, S i= 0 , S c Rn H3Mep11Mo 11 YAOB­

JIeTBOp 5Ie l' yCJIOB HIO (N ). Toriu: mes.iS > O. 

,lJ,oKa3aTeJIbCTBO. BbI6epervr np0113BOJIbHY10 T O"'-I K y Yo E S . B cu.ny yCJIO­

BH5I (N ), fJ,JI 5I 31'011 TOLIK11 Yo E S rvIO/KHO Y Ka3aTb cPYHKIJ,HlO 'Yo(T) E 

E I'( S,p) TaKylO , LITO Yo E supp :YO(y) ~ S. Db16epervl np0113 BOJlbHbII1 

BeK T Op cERn C nOJIO/K11T eJJbHbIl'vm KOOpfJ,I-IHaTaM11 . Torzra n o JIelvl Me 1.1: 
mesnS 2:: m es n { (I1 [yo - e , Yo + cDn S} 2:: m esn{(TI[yo - e, Yo + ED n 
n s'Upp :Yo(y )} > 0.0 

3aMeq aHH:e 1.1. Y'{HTbIBa5I pe3YJIbTaT JIeMMbI 1.2, B jI,aJIb Hei1W ellJ tipt« 

paCCMO TpeHIIH H3MepHMblx MHO/KeCTB S, y jI,OBJIeTBOp5IIOI1J,HX YC.JIOBYIIO (N) , 
MbI 6YAeM A OfIO.JIH H Te. JIb H O ttpeunonernr», '{TO mes.iS > O. 

§2. YCJIOBIUI BblrrOJIHeHliI5I (0.1) npn f (t) E r (S,p) 

ITY CT b n 2:: 1, S C RrI , mesnS > 011 T E Rn. TaK KaK ITO OITpe)J.eJIel-UHO 

rne Y = (Yl ' Y2, .. ·, Yn) 11 t = (tT; t2 ," " t n ) , T O, cor-nacno 0603Ha "'-1eH115I l\I 

113 naparparpa 1: 

[IT 1 - e-iYktk] ~s (y)1((S , t, y) = 
k =1 ~Yk 

fJ,JI5I IT. B. Y ERn. Jlerxo B 11fJ,eTb , '-ITO rrpn Ka/KAOl\I t ERn 11 T' E (1, + XJ] 
cPYHKI.I;H51 K(S, t , ') E V '(Rn ) , H , eCJII1 T' E (1, 2]' TO B cx.ny TeOpel\lb1 

Xaycnoprpa - lOHra cPYHKIJ,I-I5I K (S , t , ·) E V _I(Rn), rfJ,e r' = r / (r - 1) E 

E [2, + (0 ). 
)J,.n51 Ka/K;1,oj1 TO"'-1Kl1 t = (i I, i 2, .. . , tnJ E R" 6 Y;1,e rvI 0603HC1.LIC1Tb LIepe3 

n(t) -mc.no e e OTpHIJ,a T e.J1 bHb1X K OOp1-I,I1HaT. Torna B COOTBeTCTBHI1 C OITpe­

)J,e .Jl eH I1e M rvIHO/KeCTBa E, ;1,.J1 51 JII06011 q)yHKIJ,BI1 ,(i ) E L P(R n ) n ony raexi : 

t ] t; 

(_ 1)n(t)'/ o",/ (T )(17 = ./ . . . .1 o",/ (T1; . . . , Tn )dTl '" dTn · 

E t 0 0 
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J1eMMa 2.0. ITY CT b P E (1, 2], n ;:: 1, S c IC~ Ii rnes nS > O. Torn o. t i p » 

K a)J(AOM tE Rn MMeeT MeCTO paBeHCTBo 

(_ l )n(t) 1, (T)dT = 1K (S, t , T) r(T)dT, r(T) E f (S,p) . (2.1) 

e. Rn 

,II;oKa 3aTe JIbCTBO. TaK KaK p E (1,2], TO [17, c . 128] ,II,mI JIID60Il cPYHK­


1I,11H , (t ) E f (S,p) c LP(Rn) CYU1,8CTBy eT l' ;~eu =
 

1	 
TIer 

i(Y) = e-i(y ,T)r(T)dT E Lq(R n ) ,	 -
1 + -1 = 1
 
P q


Rn 

Tal 
rne 

, (T, R) = (2~)n 1 i(y)ei(y,T) dy. 

lIyll $ R 

ITY CT b t = (t 1, t 2, . . . , t n ) E R" ~ npOH3 BOJIbHa51 T Oq Ka, H e H !v!eIO­

IlIa51 HyJI e BbIX KOOp ,II,I1.Har. C ,II,e.n aB B crty-rae H e 06x o ,II,HMOCTl!I saxreay ne­
p e lVleHHblX, MO>K H O 6 e3 OrpalmqeJ-II15l: 0 6 UJ:H OCT11 norrarart. , q T O tm > 0, 
rn = 1,2 , . .. , n , Bbl6epeI\1 npouasorn-uoe c > °11 0603H aqmVl q epe 3 R o 
'raxoe Q11c.no, '-ITO 

Torna 

1 r(T)dT = 1,(T, Ro)dT + 1 [1 (T) ­ r (T, Ro)]dT, 
O'1'Ky , 

e, e, e, 

P a CCIVIOTp:mVI Ka:tK ,n,o e 

!1M e eM : 

cnaraexroe 113 npa B0I1 LIaCTII 3'1'0 1'0 paBeHCTBa . 

o 

'/ [I(T) - r (T,Ro )]dT < Ih (T) - r(T, Ro)liL"(Rn) ' {m esnEd 1/q 

e . 
H 
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H mes S > a 'T'
L11 . .L or,lJ,a IIpH 

,(T) E q s,p). (?- .1) 

1 1 
-+ - ==1 
p q 

) == 0, 

lbHasr TOtma, He 111\<leIO­

iXOlJ,I11\ fQCTI1 3 a 1lI ClJ.Y ti e­

[ IOJ !~raTb , '-ITO t > O.m 
[! 0 0 03Ha '-IHM 'repea R ' o 

:;TU 3TOfO paBeHCTBa. 

rne Y = (Yl, Y2, · .. ,Yn )'
 
Ilepexozrs K npezieny npn Ro ---l + 00, nOJIyY:J11'vI:
 

T a K KaK supp i (y ) ~ S ,1J,JI 5I J1l06o ti cPy HKU,H J1 "((T) E r (S ,p) , TO 

= Un)"1 [t1l - i":i~m- 1]~s(y) · ?(y) rJy = 

= ( 2~) n JK (S, t , y) i( y)dy , (2.2) 
RTI 

o TKy,1J,a B CHJIy 'reoper-n.r Tlnanur epe.na H c.neziyer yTBep:>K,lJ,eHl·re JIeMr"fbI : 

l ) n ;. ~ ;. ( 271 I« S , t ,Y) i (y )dy = J{(S',t, T) 'I' (T)dT. 

e» n» 

o 

0 6 0 3Ha'-IH l\I -repes 

(2.3) O( S,p) = Sli p 
, ( r )E["(S.p) 
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2) n YCT b 
Hal1J.\ile H b lIlY IO 113 KOHCTaHT C, n pn KO T Op OM ~JI 51 .mofioro ,(T) E r (5,p) 

= C (5 ,2) : 
BbIl10 JII-I 51 eT C51 a epaa euc ruo (0.1). 

Teopexra 2.0. Tlycn. P E (1, 2], n ~ 1, 5 c R n II m esn5 > O. T OF)J,eL: 

1) ec.JIH BbIIIO.JIHeI-IO YC JIOBffe (0.3): 

1 1
s u p III< (5, t ,T)IILq(Rn) < +00, -+-=1.P q ,tERn TOf,rr,a DO 

T O CrrpaBeA .JIMB O n epe eencreo (0.1): 

J \\i, (T)dT :; C( 5 ,p) Ih (T)IILP(Rn), , (T) E r (5 ,p ),
 

e, L=(Rn)
 Ho, cornaCHl 

FAe 

C(5,p):; sup IIK (5 , t, T) IILq(Rn ); 
tERn 

2) e CJIIf nee p = 2, TO yc.JIOBH e (0.3): 

An51 JIlo60Hsu p IIK (5, t ;T)IIU (Rn) < +00 
i en» 

5IBJI5IeT C5l H e 0 6 xOAHMbiM H A OCTaT O'-IHb I M jJ,JI5I e u nonnen nsi I-Iepa Bel-ICT Ba 

(0.1): 

Jl r(T)dT :; C(5,2 ) Ih (T)IIU (Rn), , (T) E q5, p) , 

e, L= (Rn) 

r;ll;e 
Fl KOI-ICTaH'

C(5, 2) = su p 111((5, t ;T)II L2(Rn) .
 
i en »
 

;:(OK a3aT€JIhCT BO. 1) E CJIl1 BblrIOJII-IeHO (0.3) , T O TIpl1 Im )K)J,Ol\I t ERn: 
Teopc 

11po,rr,c 
ReH CTBa ( 

)KI1Tenb H 

J, (T)dT :; 11 1((5, t , ·)IILQ(Rn ) · lh (T)II LP(Rn) , 
Et 

o -rxyzta c.nenyer n epnoe Y Tnep)KAeH I1e 'reopexn-i, TIOCKO JIbK Y C(5 ,p) .- H a n ­

l\ I e HhIlJa51 KO HCTal:ITa n p n O L~eHKe MO~YJUI mrr er-pa.na -repes HOpM y f IO).111H­

Tel'p a Jlbl:l o t i q)YH KJ ~11H. 



}f JIID6 o r o I(T) E r (s,p) 

?n 
11 tnes.,S > O. TOr,iI,a: 

1 
-+- = l.) q , 

o 

) . 

/J oKy C(5,p) - Ha l1­

ICp e3 HOpMY n O;l,HH­

I
 
I
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2) TIY CT b P = 2 H Bb ITIO .n H eHO n epaaencrso (0.1) C KO HCTaHT o ti C = 
=C( 5, 2) : 

/ , (T)dT < C (5 , 2) Ib(T) lI p (H' )' 

e, L = (R n) 

Torzta n o 'reperae TIJIaHlU e p eJl 51 

1 ) n/2 
<C (5 , 2) ( 27f lI i (Y) llp (H")' 

H o , COrJlaCHO (2.2), 

(_ 1)n(t) / 1 (T)dT = ( ;7f) n/ K (5 , t, Y) i (y )dy 

E t Rn 

)J)J5l mo60t'I cPY HKfJ)1I1 i(Y) E L 2 (5) . Gne)J,oBaT CJlbHO, 

1 ) n/2 
- Ili?(S,i , ·)11 < C (5, 2),( 27f P (S ) 

a TaK K a K 

H KO HCTaHTa C(5 , 2) n o onpezre.nenmo MHH I1MaJfhH a51, TO 

sup 11 [( (5 , t. ,T ) II L2 (Rn ) = C(5 , 2). 
tER n 

Teopexr a )J,OK a3aI·Ia. 0 

TIP O)J,OJI)KH M p a c CM OT p CI-IJ1C )J,OCT aTOY HbIX YC JIOB I1I1 BbIITOJJI·JelIlUI nepa­
BeHCTBa (0.1). fIYCT b E = (El ' E2 , . . . , En ) - npoa asorn.nsrri B 8 K T Op C n OJl O­

n. 

/KHTeJlbH b I I\JI1 KOOp)J,l1H a T a rvl H H Q(E) = U{ y IY = (y r, Y2, · · . ,Yn), !Ykl :::; 
k =1 

:::; Ed . :M I-Io/K 8 CT RO Q (E) n pencraan s er C060r1 3 a l\ I K HY T Y IO OK p e Cl'H OCT b 
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n + (­
cnc'rexn.r K OOp ,LI,HHaTHbIX rnnepnn ocxocrea F = U{y IY = (YI ,Y2, . . . , Yn), 

k =1 

Yk = O} . rAe T = (TI l T2, 

TaK K a K p E (1, 2], TO CTBO (0.1): 

[IT ~] ~s (Y ) E LP(R n \ Q (c)) 
2Ym 

m =1 IIi 
11, CJIe,LI,OBaTeJIbHO, 

rrpH 

(~ ) n I ei(y ,T ) [IT 1 ]~s (y )dy ELq(R n ) . 
2n . 2Ym
 

R n \ Q(£) m =l
 

ITo on pezre.nenmo, Y CJIOB l1e (0.2 ) 6 Y,LI,el\l 110 H I1M a T b B T 01'l CMbICJI e, 'ITO 

cyruecrayer q)yHKIJ.H 51 ]( (5, T) E Lq(Rn), ,LI,JI 51 KO TOpOti 

= o. 
,nOK(13 aT e Jl b ~ 

= (t1 ;t 2 ' '' ' ; ~ 
BOJI b H bl t:i BeKIIT eoper-ra 2.1. IIY CT b ti ~ 1, i e tc-, 5 C R 7\ rnes n 5 > 0 H P E (1, 2]. 
COI'JI a CHO (2. T o r JI,a , eCJII1 BbIlIOJIH51eTCH yCJIOBHe (0.2): 

1 1 
- + - =1.
P q . 

TO )1,JIH u n rerpene 01' JIW60r1 CP'yHKr{J.1H , (T) E r(5, p) H M e eT jH e CT O p e e en­

CTB O: 

( _ l)n(t ) J, (T )dT = J]( (5, T) , (T )dT­

e. R n
 

-t JK (8, . . . , t; - ta , · · · ) , (T)dT+
 
a =IR " 

+ t J]( (5, ... , Ta - ta , .. . ,Tb - tb, . .. ),(T )dT + .. . + 
a ,b= I H n
 
a <b
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!JM CMb ICH 8, qTO 

iy = O. 

() 11 P E (1,2 ]. 

n MeCTO pesen: 

.. .+
 

+ (_l)n ./ K (S , T1 - 1;1 , " " Tn - tn) , (T)dT, (2.4) 
Rn 

rAe T = (T1,T2, . . . ,Tn), t = (t l,t2, ... , tnJ Ii BblnOJIJ-I5IeTC5I J-Iep aBeJ-I­

CTBO (0.1): 

./ ' (T)dT < C(S,p) IIi (T)II LP(Rn) 

E ( Loo (Rn) 

npI1 

(2.5) 

3aMeqaHI1e 2.1. }lCIJO, YTO (0.2) BbIITOJIH5IeTC5I, eCJIIi 

,l:(oKa3aTeJIbCTBO TeopeMbI 2.1 I1 YCTb p E (1,2], I (T) E r(S,p) , t = 

= (t I l t2 )" " tn) - np0I13BOflbH a5I TOqKa, E = (El, E2 , ' " ,En) - npOIB­

BOflbHblti B e K T Op C n OflO)lUITe flbHbIMI1 KOOp,LJ,I1HaTaMH 11 Y = (Y1) Y2, . .. , Yn) . 
Cornacno (2.1): 

(_ l )n(t)'/ "Y(T)dT = ./ K(S,t,T) , (T)dT = 

e, n» 
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IT -1]= lim - n , ~s (y)dy -
11 0: 11 - 0 27f [ lYk {(.. J k= l Rn \ Q(€) 

n 1 

IT iYk 
k = 1 
k # a 

n 
1 e -iYbtb 

Z:: e i (y ,T ) /I - - . . ~s (y ) dy++ ~ ( 2~ ) n j' IT
 lYb l Y k 
k = 1a, b = 1 R "\Q(€ ) 

k # a ,b a < b 

n 

= K (S,T) - 2:= K (S, ... 1 Ta - t a, · · .)+ 
a= l 

n 

+ 2:= K (S, ... ,Ta - t« . .. . , T b - t b , ... ) + ... + 
a , b = 1
 

a < b
 

(2.7) 

TIPI1 m 06oi\! t E Rn I<:a>K,rr,oc crrar aesroe, CT05I1IJ,ec B n p a B011 "'-laCT II (2,7), 
Dp Ima,rr,:Ie>K II T Lq(Rn). TI 0 3 T Oi\Jy B p a S 8 I-ICT B8 (2.6) MO>KHO nep errru K CyM­

1\[ 8 HHTCrpanOB , <ITO I1 ,rr,aeT (2.4) . 113 (2.4) 110 Jl y '-mCl\I : 

JI( T)dT ::; 2nIIK (S,t )IILG(R'n ) IIr(T)IILP (Rn)1 

E , L '= ( R n ) 

11 TO r,ll,a I13 (2.3), 0'- IC BI1,rr,HO, CJIC;W CT (2.5). 0 

CJIe,n;CTBI1e 

B b lIIO.JTI-l5Ie TC/[ 

+00 

1) / I ( 
o 

ttp n -iet« 

±oo 

2) / I 
o 

eCJIII J 

,lJ,oKa3aTen b 

l1P II n = 1 >13 

= Ii 
l --4 

TIOKa )J:<e ~J
 

)J,6 iCTB I1TC:l b I 

II DpI1 t > to 

IIK (S T ­
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C JIe,n;CTBMe 2.1.1. Ilyct» t i = 1, 5 C R 1 , tties 5 > 0, P E (1,2] II 

B bIDOJIH H e TCH yCJIO BIle (0.2) . T Or A a /l,.JI5I .JII060H cPYIIKIl,l1H , (T) E f(5,p): 
+.x- - 00 

~ )dy = 
1) J, (T)dT = - J, (T)dT,	 (2.8) 

o	 0 

±oo 

dy-	 2) J, (T)dT :::; IIK (5,T)II LQ(RI ) ·lh (T) llu' (Rl ), (2.9) 
o 

rrpW-IeIVI ec.JIH p = 2, TO Ou;eI-IKa 

±oo
·(y)dy+ J, (T)dT < IIK (5,T)II U (Rl ) · lh (T)IIU (Rl ) (2.10) 

o 

TOlfHCL5I. 

- i YiJ l.b )J;OKa3aTeJIbCTBO. 1) B bI6 epe lvl rr p OH 3 B OJIb H Y ro cPYI-IKI~HIO ,(T) E T'( 5, p). 
-. -~s (y)dy+ 
IYiJ	 I1p H n = 1 113 (2.4) no.ny-raexr: 

+ 00	 t 

j., (T)dT = lim j , (T)dT = 
t ->+ oo 

;(y)dy} ~	 o 0 

.+ 
lim j'K (5 ,T - t ) rY(T)dT = O. 

ItI + 00 
Rl 

(2.7) 
,II,ei1cTBHTe.nhHO, ,D,JI5I .nioooro E > 0 MO)f( BO YKa3 3Tb T3KHC T , to > 0, LiTO: 

lOti cracTH (2.7), 
EII CpeI1Tl1 K CyIl l ­

1I , (T) IILP(Rl \ [-T,Tj) < 211T«S,T ) IILP (Rl ) ' 

H I1pH t > to 
" (1f" ) . 
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To rzia 

< ITOCKO,1lJ 

CJIeJ! 
Ij J« (S ,T - t )-r(T)dT ~ { j + J }I« S,T - t ) , (T)dT 

kl RJ\ [- 1',1'] - 1' ' I 

nepasen 

::; II K (S,T - t ) IILq(Rl ) Ih(T ) IILP(RJ \[ -1',Tj)+ I 
+ III«S,T - t ) IIL q[- 1',1' l l h(T ) I ILP (J~l ) < E. 

C JIe,II,OBaTeJIbHO , 

+ 00 T aK 

j , (T)dT = j I« S,T) ' (T)dT. 

o Rl 

AHa JI Or l1'-I H O p a CCM a TpHBa e T C51 11 aropoa mrr erpan 

T O"IHa 5L - 00 

(- 1) j , (T)dT = j I«S,T) ,(T)dT. 

o Rl 

TaKHM 0 6pa 301VI, 

KOHC'Iar 
+ 00 - 00 

j ,(T)dT = (- 1) j , (T)dT = j I«S,T) , (T)dT. (2.11) 

o 0 Rl 'Iaxn 
T O"IHoit2) Hepaaea cr no (2.9) O'-l.e BH,II,H b BvI 06pa30l\! cnenyer H3 (0.2) H (2.11) . 

IIOK a )Ke l\ l , '-ITO IIplI P = 2 orrenxa (2. 10) T O'-IHa 5I. B ClIJIY (0.2) ,Ll,JI51 JIIO­ Ilpez 
6 0 fi cj)yHK .o:H H "Y(T) E n S, 2) BhII10JIH51e TC 51 nepas ea cr no (0.1), II03TO l'vlY , T eJIbHOe 
COI 'JIaCHO (2.11), 

JIelVl1vra 
±oo 

j I« S,T) , (T)dT j , (T)dT < C(S, 2) Ih(T) II U (RJ), 
RI o 

rne 

j I« S,T) , (T)dT 2~ / K (S,y) i(y) dy 2~ / K(S,,lj) i (y )dy 
I'll R I s 
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~,.(T)d T < 

(2.11 ) 

(0.2) Ii (2. 11). 
0. 2) ,LJ,Jl51 JIlO­

.1 ), 110 31'0 1\IY, 

S', y) i (y)dy 

06 O,ll,HOM o606IJ~eHJ1J1 HepaBeHCTBa B opa 

11 

Ih'(T)/IU (Rl ) = ~ lI i(Y) IIU (Rl ) = ~ lI i(Y) Il L2 ( S) ' 

rrOCKOJIbKY supp i (Y) ~ S. 
C JI e fj,OsaTeJIb I IO, fj,JIH JIlo6oii cPYH K IJ,HH i (Y) E £2 (S) BblfIOJIH5IeT Crl 

HepaB e HCTBO: 

/ K (S,Y) i (Y)dY < J2;C(S,2 ) lIi (y)IIU (S)' 
s 

T a K KaK OIJ,eHK a 

/ K (S,y ) i( y)dy < IIK (S,Y)II U (S) 1I1'(Y)IIU (S) 
S 

OTKYfj,a 

J2; II K (S,T )II L2(Rl ) < J2; C( S,2). 

K OH c TaHT a C (S, 2) B nepascncr ne (0.1) ]'vIl1HH1VIaJI b H a H, rro::>TOIVIY H 3 (2.9): 

T a K H M o6pa30M , C(S,2 ) = 1I l« S,T)llu (Rl ), 11 OIJ,eHKa (2.10) HBJIHeTCrl 

TO LJ:HOii. 0 

Ilpexcne LJ:eM nepexoznrn, K .reopeue 2.3 , p a CClvI OTPI1 M Ofj, HO SC110l\lOr a ­

T e JIbHOe YTsep>Kfj, eHHe . 

1 
II K (S,T)lIu (Ji " ) :::; 2 !2 s u p IIK (S, t. ,T)II U (R" )' n (:ER n 

,I(oKa3aT€JIbCTBO . Tax K a K 

n . L 2 n 
~ -t )j k k 1 eelSY tn - rr - ,: = 2n k k 

k =1 'LY", k =1 Yk 
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= 2n n - Ln ln COS Y a t o. + IT ~ IT ~ j
{ k =l y~ 0.= 1	 k=l y~ y~
 

k #-o.
 

~ ln ~j .	 (_COS Yo.to. COS Yb tb )n nCOS Yktk }+ L ') 2 ') + ...+ 1 2 ' 
o.,b=l k =l Y"k Y o. Y[; k = l Yk
 
a c.b k #-a ,b
 

TO )J,.IT 51 .nrofio ro BeKTOpa P = (P1 ' P2 ,· ··, Pn) C n O.IT O/K Wr e .IT b H b Il'vIl1 KOOp)J,lI ­

Ha T a M H HrvreelvI: 

n
2 J [IT y12 ] ~s ( y ) dy = 

Rn\Q(p ) k = l k 

2 

J IT 1 - ~- iY l.-t k ~s( y)dy + F (p, t ), 
k = l ZYk 

R" \Q (p) 

rzie 

n n 1 C J COS Yo. t a ( )d 
2

11 L - -2- E,S Y Y­F (p,t ) = J rr y2 Yo,
k = 1 ka= l Rn\ Q (p) 
k #- a 

+ ... + (- I t - 1211 J. [nIT COS ~dk ] (2 .12) 
. );; -1 Yk 

rrn\Q(p ) ­

11 
1 At

IT y 2 (2.12)
k = 1 k: 

k #- a ,b E > C 
6y,rr,eT 

OT KY;J 

KOOp,r 

( s(y)dy + jF (p, t) 1= 
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,lJ,JI5I t = 

= 

(t I , t2,"" 

II R(S,t, .)11
2 

. + IF(p , t)j . 
P (R " ) 

tnJ 0603Ha'-IHM m.(t) = I~~~ n Itkl· I11'vlee l'vl 

os Yk t k } 

Y 
2 , 
k 

h11l1I1 xoopznr­

lim II R(S,t,Y)11
2 

~ sup II R(S,t,Y)11 
2 

. 
m( t) ---+ vu L2( R") i en» p(Rn ) 

ITo K a >KeM , LfTO 

lim F (p, t) = O. 
m (t )---+ oo 

P accxro'rpm« ne psoe cnaraexioe 113 

LfaCT l1 (2.12) : 
nep s oii CY l\'LM b l , cr oa uien B npasoji 

CD y HKIl,IU I 

[ 

C JI e,JJ,o BaTCJlbHO , 

[ n 1]lim j. COSy1t I IT 2 ~ 8( y )dy = O.
h --- += YkkR " \ Q (p) ~ = I 

AHaJIOI'W-lHO y CTaHaBJlHSaCTC 5I, LfT O s ee c.na rae xn.re H 3 npason q a CTH;)dy+ 
(2 .12 ) CT PC l\'15IT C5J K Hy JlIO npn m(t ) -) +00 . Cn eno aarensno, ,n,JI 5I .nroooro 
E > 0 xroxcno YKa3aTb 'raxoe mo = mo(p, E) > 0, LfTO rrpn m (t ) > rno 
6 y ,n,e T BbIDOJIH5ITb C5I Hcp<weH CTB O 

(2.12) 

OTKYfl,a C JIPr·.~YCT, '-ITO fl,JI 5I .mo tior o SeKTOpa p E R" C n OJIO>KH Te.ITbHbIl\ I11 

I<00p(~l1 Ha.Tal\HI Hl\1eCT M CCT O OIl,eHKa 

[ n 1] 1 ~ 2j' IT 2 ~'s(y )dy ~ - , sup II [((S,t ,Y) ll ~ .v: 2n tER" L - (R " ) 
Rn \ Q (p ) k = J " 

ri 1]11 Y~
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,LJ,oKa3a'lTaKI1M o 6pa 3 01vI , 

2 

K(S,Y)11 = lim I [rrn ,12 ] ~s (y )dy S;II p( R n) II pll----> O . y
k=l kR n \ Q(p ) 5TBJI5Ie TC51 

T O n o J1ek 

s; ~ sup II R(S, t ;y) 11

2 

,
2n i en» L 2(Rn ) 

OTKYA a B CI1JI Y 'reoper-u.r ITJI a HWepem I Ii CJIe,IJ,yeT Y TBep /KAeHI1e JIeMl\ l b I. 0 
51 BJ15I ]{)ine 

Teopexra 2.2. ITYCTb n 2: I, tERn , S c R"; m esnS > 0 H P = 2. H eHl15I (2.\ 
Yc.JIOBHe (0.2) ,IJ,oCTa 

j 
CJle ,n;CT B, 

HBJTHeTCR Heo6xo)1,HM bIM II )1,OCTaTOtwbIM / l,JTH BbIllOJTHeHIIH p aBeHCT B a (2.4) : e CJTH AJIH I 

(_ I) n(i) j ,(T)dT = j K (S ,T ) , (T)dT­

e, n» 

-t j K(S, . . . ,Ta - t a, ·· .) , (T )dT+ I')1,e 0 (5.2 
a= l Rn E f (S, p) 

+ K (S , .. . ,Ta - ta , .. . ,Tb - tb," .) ,(T)dT + .. .+t j 
a, b= lRn
 
a <b
 

,II,o Ka3aT+ (_ 1)n jK(S ,T] - t1 , . .. , Tn - t n ) , (T)dT, 
aa (0.1) IJ 

Rn 
TaTOLIHO I 

Ho ec. 
YI (2. 8) . [ 

Teopexra 
I'Ae 

BeKTOp C 

T OI')l.a: 

1) K ( 



< 

n e J]e~ I M bI. 0 

o II P = 2. 

HeHCTB8 (2.4): 

...+ 

0.1): 

qs,p) . 
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,l],oKa3aTeJIb CTB O . H e o 6 x o,lJ,H M OCT b. Cornacuo T e o p e lVle 2.0, yc.nOBHC (0.3) 

su p II [{ (5, t, T)IIL2(R"' ) < +00 
tERn 

gBJHl eTC5J. He o 6 x o ,lJ,I1MbI M ,lJ,JJ51 BbHIOJIHel-lI1g (0.1). H o CCJIY! BbIITOJI HeHO (0.3), 
T O rI O JIelVIlVl e 2.1 B bIITOJIH51eTC.5-1 H YCJIOB I1e (0.2): 

5lB JI g lO llI,eeC51 B COOTBeT CTB H H C T e o p e M o t"I 2.1 ,lJ,OCTaT O' lHbIM ,lJ,JI 5J. BbIIT OJI­

HeH I15J. (2.4) I1 (2.5). 
)::(o cTaTO'-lHOCTb CJIe,II,yeT 113 T e o p e rvl b l 2.1. 0 

CJIe.rr,c T BMe 2.2.1. IIYCTb n = 1, 5 C R1, m es 5 > 0 H P = 2. To r,n;a, 
eCJ1H iin» JIFo6ol[ ePYHKI1;JJH /, (T ) E T' (5,p ) BblllOJIH5IeTC5I nepeeencreo (0.1) 

t

.I /,( T) dT :::; C (5, 2) Ih (T)IIL2(Rl )1 

o L = (R l ) 

r ,n;eC(5,2) He 38.BJ1CHT OT/,(T ) E q 5 , p ) , TO AJI5I Ka)K,n;oi1 ePYHKll,HJ1 /,(T) E 

E f (5 ,p) nueei MeCTO Ii p a B eH CT B O (2.8): 

+ - co


.I /, (T )dT = - / /, (T) dT.
 

o 0 

,l],o K a3aTe JIb CT B O . B CI1JIY Teo pervl b J 2.2, ,lJ,JI .5-1 Bb IIT OJI HeH I15J. I-IcpaBeHCT­

sa (0.1) npn P = 2 11 JIIo6oti <PY H K IJ,I1H /,(T) E f (5,p) Hco6x01J,H l\10 H ,lJ,OC­

T8TOYHO BbIITOJIHCHVIe (0.2) 

H o eCJIl1 BblI10JIH e HO (0.2), T O, COI'JI a CI-:IO CJI e,lJ,CT BH IO 2.1.1 , BbHIOJIHgeT C51 

VI (2.8). 0 

Teopexra 2.3. IIYCTb ri ~ 1, 5 c R" 1 m esn5 > 0, C = (cl . · .. , En) 

BCKTOp C llO.J10)K[1Te.nbHbIII'!I1 KOOPAHI-IaT8NI[1, 5 n Q(c) = 0 u P E (1,2] . 
Tor,n;a: 
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I 
2) E2) J1JIH n n r er p eiui OT JIIo6oti cPYHKIl,MH ,(T) E r (S,p) HMeeT MeCTO . I 

I1lvleel ~tipen creenenne (2.4) ; 
3) H3) B bIIIOJIH 5IeTC5I H ep a B eHCT B O 

(2.13) 

L OO (Rn ) 

3 aMeq
r zre C22 > 0 H e 3 aBH CHT OT , (T) E I' (S,p) . I 

rrpHMO 

~OKa3aTeJIbCTBO. 1) ITo Y CJIO B H10 T eopervrbl 2.3 HII Tc r p l
I 

HOCTI! 

n yc 
H , C.JIe ,D,OB a Te.JIbI-IO , cymecr nyer 

MH O:tKe C1 

H 7J IOTC51 

B 3TmJ 

s a neor 
O )J,HaKO 

rrpn 3TOTv! ITO Teo p e Me Xaycno pcpa- Kinra : H o e n on 

So :/= S. 
H ~ j HO)K 

B e HcTBy 

~ u; { j' IT -}:- P dy}' /P= H 
F 

{2n IT +J=~d:Ym }lIP 
~ Ym . Ym 

Rn\Q (E) m = l m =l Ern 

rne G :J j 

nl p [IT np ocr p. 
=u, 2 "(P!l)IP] (rJ ~ 1) n ip = 

n OJU:!5IE' 
m = l E n ! t-

T o r o 

2 ) ni p [ 17 1 l 
(2.14) 

= u; ( p _ 1 II c;1Q J. 
Tcop er 
rrp 0J13B 

LIl,eCTBy 
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ffJiJeeT M eCTO 

(2.13) 

< 
'1'." ) 

(2.14)
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2) B CHJIy (2.14) H TeopeMb I 2.1, JVI5I JIID 6 0 H. cPY H K i W I1 ,(7) E r (S ,p) 
Hlvl eeT tvle CT O npe.ncra nrren u e (2.4) . 

3) Hepaaencr ao (2.13) crreziye'r YI3 (2.5) H (2.14) : 

3aMe't.IaHMe 2.2. Hepeeencreo (2.13) M O)f(J-IQ p aCCM aTpJ1Ba Tb B xa-recrse 
rrp5IMOr O 0 606 w,eJ-IJ15I H epaBeH CTBa B opa , CB5I3b I Ba IOw,ero L= (R1 ) HOpM'y 

unr e rpene 0 1' cj) 'yH K IJ,HJ1 H H OpMy caIvIO M cPyHKIJ,HJ1 , np« y CJIOBHJi OTJl.e .JTeH­

HO CTH cttetcrpe cPYHKIJ,HH 01' HyJT5I . 

§3. CJIy-qaH, xorna S n F 1'= 0 

ITY CT b P E (1, 2]' n 2 1, S S;;; tc-, mesnS > 0 - npOVl3 B OJl bHOe 

M HOfKecT Bo , y,n:oBJIeTBOp 5HDIll,ee y CJIO BHIO (N ), S n F =I=- 0 , YI H e BbInOJI­

H5IID T C5I ,n:o CT a T O"-II-I b l e y CJIOB H5I , crpopuymrpoaamn.re B TeOpe l\Jax 2.0--2.1. 
B dTOM CJIy'1ae Hepa BeHCT BO (0.1) MO/KeT H e BbrnOJIH5ITbC5I, n anpnxrep H 3­

a a H eOI'pa HW·leHHO CTYI HHT eI'pa JIOB 0 1' H eKOTopbIX cPYHKIJ,I1H H3 r (S, p). 
O ,lJ,Ha KO B r (S ,p) scerna M OfKH O BbI ,n:eJIHT b (TeopeMa 3.0) I-IOp l\lH p OB a H­

Hoe no,n:npOCTpaHCTBO f (So, p) =I=- 0 , S o n F = 0 , m esnSo > 0, So C S , 
So =I=- S , n a KOTOpOM BbrnOJUI ~1 eTC5I (0.1) . T a K /Ke cyrue c r nyer (reopeva 3.1) 
H MHO/Ke CTBO f 31 C qs,p), cPY HKIJ,HH H3 K OTOp OI'O y ,n:OBJl eT BOp5IIDT nepa­

BeHcT B y (0.1) 

I',n:e C31 > 0 H e 3 a SYICHT 01' IL(t) E f :31 . IvIHO){( eCTSO Cn H e 5IB JI 5IeTCI1 n o n ­

rrpoc'rpanc'ruoxi f (S ,p), H O (reop exia 3.2) , e CJI YI fL (t ) E r 31; TO (0.1) BbI­

rr OJIH 5Ie TC5I H npn nexoropsrx xrain,rx B 03l\·Iym.eHf15IX cPYHKIJ,yfH IL(t); x poxre 

Toro 

U supp il (y ) = S. 
f.L (L)E [ 31 

Teopexra 3.0. llY CT b P E (1, 2]' n 2 1, t e ic' , S S;;; tc- , 771eSn S > 0 -­
npOH3 BOJlbHOe MHO)KeCTBO , 'y/J,OJ3JIe'm Op 5IIO lIl,Ce y C.JTOBI1IO (N) . TOT'/J,a cy­
IJ~e CTI3yeT JUHO /KeCTBO So C S , TClIO K C YA OB JI CT J30pHIOUl,ee yCJIOB HIO (N ) H 
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"'-ITO Yl E t
TaKOe, '-:I T O 50 n F = 0 , 11 AJI5I JIJ060J1 cjJY liKIJ,I1H 'Y (T) E f (50,p) Bb1I10JI ­

nanpu uep, 
H5I e TC5I Iiep8BeliCTB O (0.1): 

ITo TeOr 

T Op bIX J1e)\< 

/ 'Y (T)dT < C(50, p ) Ib(T)IILP(Rn), P a CC1\·IO 

e, L OO ( R n ) H I151 . ITYCTJ 
T Bo p 5UOlll,e( 

r A e K OH CT8H T 8 C (50 , p ) > 0 H e 3 8 B H CHT 0 1' {' ( T ) E f(50 ,p). y)J.OBJleTBO 

,LI;oKa3aTeJIbCTBo. ITY CT b Yo = (YOl ' Y02 ,· .. ,Yon) E 5, Yo rf- F - rr p o­
1) k31 (y 

113 Bonb Ha51 T O'-1Ka . B cu .ny ycnOBl1 51 (N ) cyutecr ayer <PY HKI1,l151 /),0 (t) E 

E f (5 ,p) TaK a 51 , 'ITO Yo E supp flo(Y ) ~ 5. B bI6 epe i'd KaKo t'l - n11 60 B e K ­ 2) k31 (1 
TOp 0 = (01,02, . . . ,On) C rrOJTO>K l1TeJTb HbHvIl1 K OOp )J.lmaT alVIl1 11 CTOJTb »ra­

.Do t i I-W p l'vIOH, "'-IT O iVI!-IO:IKe CTBO IT [Yo - 30, Yo + 30] = {y IY = (Yl, . . . ,Yn), 
YOm - 30m ::; Ym ::; YOm + 30m , 1 ::; m ::; n} H e nepecexaer cs C F. 3) {i 

060 3Ha "'-IIHvI 

4) ,D,JI51'YO( t) = /Jo(t ) * O(I1[yO - 20, Yo + 201, 0, t ), 50 = SUPP io(Y) , 

rzie (§1): 

O(I1[yo - 20, Yo + 201, 0, t ) = II
n 

O(I1[Yom - 20m , YOm + 20m1, Om, tm), 
TI pHMep 

m=1 
n 1t = (t r, t2 , . .. , tm ) . 

Tor-n a 50 = SUPP flo(Y ) n (I1[yo - 30, Yo + 30]) C 5 11 y)J.aJIe HO { lI Ym 
0 1' Ka)K )J.o ti 113 1 ::; m ::; n K OOp)J.HT-IaT HbIX r-arrepn.nocxocr en na pac­
CTO}lHl1 e H e 1\'1 eI-I e e "'-leM 30m COOT B e T CTBe H HO. A T a K KaK B ca.ny (1.5) TIpul1ep 
O(IT[yO- 20, Yo + 201, 0, t ) E L1(Rn ), T O 'YO (t) E LP(R YI

) . 

G(y) := 
ITo Ka:IKe 1\T, LIT O 1if'0(t ) IILP (W') > O. 113 (1.5) rr OJTy LIa eM , LIT O D(I1[yo­

- 20, Yo + 201, 0, y) 

Y = (Yl , " " ])n ) E 

n 

= II O([Yom. - 20m , YOm + 20m ]' Om, YrnJ = 1, e CJII1 

?n = l 

IT[ yo ­ 0, yo + 0]. T a K K a K i o(Y ) = fj,o(Y) . D(I1[yo-

K c]) yH KIJ,J 

'YCJ10II 

nue (3.4) 

- 20, yo+20], 0, y ), TO ;;/O(Y) = fj,O(Y) !-\JT51 Y E I1[ yo- o, YO+O]. ITo neMM e 1.1, {G(y) 

m esn {(I1 [yO­ 0, Yo + 0]) n supp flo(Y) } > 0 

11 , cne;-\O BaTeJl b H O, II ~o (Y ) II L q(R n ) > O. H o T Or ).1,8 B CIWY nepaneacra a Xay c ­

;r,op ¢ a - IDnm rro.ny-raeu, "'-I T O lI i o(t) II T, p(Rn ) > O. 
ITP l1 31'0 1\ 1 50 Y)J.OBJlCT BOp}leT Y CJIOBl110 (N ), nOCKo nbKY ,:r,: I }l m 0 60ti 

TO'lKl1 Yl E 50 C 5 1\!O)J'CH O Y K8.3aTb q)Y HKI1,HIO {'l (t) E 1.' (50, ])) TaK Y IO, 
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q so, p) BbTnOJ[­

Yo (j. F - rrpo­

~ 'III{ll,I15l !J..O (t ) E 

<lKoi:'r-nI16o BeK­

;'[ 11 11 CTOn b xra­

'j = (Yl, .. . ,Yn), 
-rcs C F. 

UPP i o(y), 

S I1 Y,Ll,a.J1eHO 

<ocrei:'r na pac­
!< B C[[J1Y (1.5) 

~ 

, LITO rl( n [yo -

Ym) = 1, eCJ1l1 

nO.rreil I J\fe 1.1, 

HeHCTBa Xayc-

Y ,UJI5l' mo6o i:'r 
So,p) Ta K.YIO, 

06 OAHON! 0606U1,eHI1I1 HepaBeHCTBa Bop a 

9TO Yl E supp i l (y) . B KaQeCTB8 TaKoti: cPYHKll,I1I1 1 1(t) l\IO.lKHO B35ITb, 

nanpnxsep , cPYHKll,I1IO 1 0(t). 
ITo 'reo pexte 2.3, ,Il,JI 5I cPYHKll,I1i:t, HOCI1TeJII1 npe06pa30BaHI1M <PYPbe KO­

TOpbIX .JIe .lKa T B So, Bb ITI OJI H 5l'eT C5I Hepa BeHCTBO (0.1). 0 

P a c cMoTpVIM nexoropsre sc nonorarensnsre Y'rBep.lK,Ll,eHI15I 11 nocrpoe­
I-IVI5I. ITY CT b S ~ Rl" , mesnS > 0 - npOH3 BO.JIbHOe MHO.lKeCTBO, y,Il,OBJle­

TBOp5I IO U~ee YCJIOBHfO (N). 0 6 0 3 Ha L II1 M -tep ea k3 1 (y) : R" ~ R 1 cPYHKll,HIO, 

Y,Il,OBJI eTBOp5IIOWYIO Y C.JIOB I15IM : 

1) k3 1 (y) E L co (R n ) ; (3.1) 

2) k3 1 (y) > 0, Y E tc: \ F ; (3.2) 

3) {IT ~ } ~s(y) . k~(P(y) E LP(R n 
) ; (3.3) 

m = l Y m 

4) ,Il,JI5I .m o 6 o ii cPYHKll,I1I1 Q'(t) E r (S,p) 

(3.4) 

IIpI1Mep 3.1. E C.JIVI S c R n, m esnS > 0 Y,Il,OBJIeTBOp5IeT yCJIOBHIO 

{IT ~ } ~s (y) E LP(R n 
) , TO B xase c'r ae k3 1 (y) MO..lKHO B35ITb k3 1 (y) = a . 

m =l Ym 

IIpI1Mep 3.2. ITY CT b P E (1,2], S ~ R 1 
I1 m esnS > O. <PY H K ll, VI 5I 

y2
G(y ) = 2 Y,Il,OBJIeT BOp 5Ie T YCJIOBH5iM (3.1)-(3.4) , npe,Il,'b5IB,JI5ieMb]jVI 

l +y 
K cPYHKll,HH k3 1 (y) . 

YCJIOBI15I (3.1)-(3.3), 0geBI1,Il,HO, BbUIOJIH5IIOTC5I . ITp o B e p H M BbITIOJIHe­

HBe (3.4). ,lI.JI5I .JIIo6oi:t q) y B K ll,H I1 Q'(t) E r(S,p), COr Jl a CHO (1.1), I1l\Wel\I: 

{G( y) &(y)} -(t ) = { y 2 2 &(y)}-(t ) = { &(y ) - 1 1 2 &( y) } -(t) = 
l + y + y 

1t l= Q'(t ) - ~ Je i y t, 1 2 &(y)dy = Q' (t) - ~ Q'(t) * e- . 
27T 1 + Y 2 

Rl 
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~j 

Grre,n:OBaTeJIbHO, JJelVI, 

BOJIb! 

Y~OB,II{G(y) &(y) f(t ) llvJ(Rl ) = Ila (y) - ~ a (t) *e-ll;lll < 
I LP (R l) ,L:(oKI 

r (S, 
< {1 + II~ e-ll ll ' } · lla (t) liLp(Rl) . n 

2 L l (Rl ) I 
CJIel~: 

BJ1eMMa 3.1. I IyCT b ri 2: 1, 5 ~ Rn , m e s n 5 > 0, P E (1, 2] 11 cPYHKIJ,M5'I 

k31 (y) y,lI,OBJIeT BOp HeT YC.rr OBMH1VI (3.1)-(3.4). T OT,lI,a , eCJIJ1 a( t) E q 5,p), 
TO siipp &(y) = supp [k3 1 (y ) &(y) ]. 

n 03T( 

supp [k3 1 (y ) &(y)] ~ supp k3 1 (y ) n siipp &(y) ~ supp &(y) . 

ITOI<a)Ke!\,I , 'no crrp ane.ana so H otiparn oe: 
OTKY 

supp &( y) ~ supp [k3 I( y) &(y )]. B 

IT y CTb, n anpo'r as , cy uiecr ny er TOq Ka Yo E supp &(y), HO 

Yo tt supp [k31 (y) &(y)]. 

Torna cy w,eCTBy eT V (Yo) - OKpeCTHOCTb TOcIKI1 Yo, He rrep eCeKaIOw;a 5IC5I c 
C siipp [k3 I(y) &( y) ], B KOTOpoi1 ,ll,JIa m o60M 6e CKOHeqHO ,n:l1cP cP epeI-I IJ,I1p ye­ CJle,ll 

MOti: q) y m<IJ,HI1 C:P (y) C HOCI1TeJIelvl B V (Yo) 6 y,n:eT BbITIOJIH5ITb C5I p aaeucrso r 

j [k j [k
1) B 

3 1 (Y) &(Y)]CP (Y)dY = 3 1 (y ) &(y )]cp (y )dy = 0. B IIp 

2) 5 
n» V(Yo ) 

p> 
H o .ror na, KaK c.neziye'r 113 [1 5, c . 75 ], k 31 (y ) &(y) = 0 IJ,JI5I n . B. y E ( 

E V (Yo), QTO HeB03IVI O)KHO, Ta K Ka K &(y) He 5I BJI5IeTC5I cPy HKIJ,Hel1, p as uon 

nyrno, ,n:JI5I n . B. y E V (yo), a k31 (y ) > O ,n:JI5I Y tt F, y E 5. 
Ilony -reuuoo rrpOTYlI30p eQ11e noxaasraaer, QTO rrepe 

I 
supp &(y) ~ supp [k3 1(y) &(y)], 

orxyz;a 11 CJlC,TWCT yTBep)K,ll,CHI1C JTelVl MbI. 0 TO i 

0 6 0 31fac1l1T1 1 r (5,p) = {S(y) IP' (T) E q s.,p) } 11 CD: r (5,p) ~ r(5,p) - BI1e 

oTo6pa/I<eHI1C, san ana exroe CJIe)J,yID w,I1M 06pa30 TlI: 

CD i (y) = k31 (y) i(y), i(Y) E r (5, p). 
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< 
," (RI ) 

.2] Ii cjJYHKIJ,I15I 

!l(t ) E qs,p), 

Ij} &(y). 

x ccxaiow,a51C5I 

!)(pepeHIJ,I1pye­

,C5I p3BeHCTBO 

= O. 

;VI5I n. B. y E 

IJIreti, paBl-roti 

) ~, r(S,p) -

JIeMMa 3.2. IIYCTb p E (1,2], ti .:::: 1, S ~ R"; mesnS > 0 - tipons­

BOJIbI-We MHO)f(eCTBO, YAOBJIeTBOp5UOIIJ,ee yC.JIOBHID (N), H cPYHKll,I15I k3 1 (y) 
YAOBJIeTBOp5IeT (3.1)-(3.4). Torne. <.P #- O. 

,l];oKa3aTeJIhCTBo. TaK KaK S #- 0 11 y)J,oB.J1eTBOp5IeT ycnonmo (N), TO 

f(S,p) #- 0. 

TIYCTb a(t) E f(S,p), TOI'/J,a B CI1.JIY JIetvIMbI 1.1 mes., supp a(y) > 011, 

C.JI8,lJ,oBaTe.JIbHO, Ila(y)IILq(Rn) > o. 
B Cl1.JIy .JIer-.UvlbI 3.1 

mes.; supp [k3 d y ) a(y)] = mes.; supp a(y) > 0, 

rr03ToMY Ilk3 d y ) a (y)IILq(Rn) > O. Ho Tor)J,a 

11<1> 11> I l k3 ~1 ~( ~liY ) I I L q ( Rn ) > 0, 
a Y Lq(Rn) 

o'rxyzia 11 CJIe)J,yeT y'rnepxczienue .JIeMMbI. D 

BbI6epeM KaKOe-JI1160 LI11C.JIO m31 E (0, 11<.p11)) 11 0603I-IaLI11M 

f 31 = f 3dS,p, k 3 d Y), m31) = {M(t) IM(t) E f(S,p), fl(y) = k 3 d y) \(y), 

>.(t) E f(S,p), IIfl(y)IILq(Rn)':::: m31 11\(y) IILq(Rn)} ~ r (S , p). 

C reOlvleTp11LIecK0l1 TO'-IK11 3peH115I F31 ._- 3TO MHO:>KeCTBO, rrOCTpoeHI-IOe 

c.ne,rr,yIDIlI,l1M 06pa30M. 

TIYCTb q E [2, +(0) 11 P > O. 0603I-raLImvI -repes: 
1) Bq(p) = {>.(y) I >.(y) E Lq(Rn), 11>'(y)IILQ(Rn) < p} wap pazmyca p > 0 

B npocrpancrne Ls (Rn); 
2) s,(p) = {>.(y) I>.(y) E t» (Rn), II>.(y) II UI (Rn) = p} crpepy parrnyca 
p > 0 B rrpOCTpaHCTBe Lq(Rn). 

OT06pa:>KeHl1e <.PI: Lq(Rn) "'" Lq(R rJ1 3a)J,aBaellwe ¢OpMyJlOM 

rrepeBO)J,11T wap B q(l) B nerco'ropoe MHO:>KeCTBO <.PIBq ( l ) . 
ECJIH, uarrpaxtep, 

k:31 (y) .:::: a > I, (3.5) 

TO <I> l Bq(l ) cO)J,ep:>KI1T any'rpn ce65I wap Bq(a) pannyca a. H o yCJIO­

sne (3.5) He scerzra BbIIlOJIH5IeTC5I. Hanpnxrep, eC.JI11 ti = 1, 0 E S 11 
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T O An5I BbIrIOJTHef-IH5I (3.3) H e06xOA l1lVIO, "t-IT0 6 b I 
I 

Teo ~ 

npoYJ 
1lim k3 1 (y) = o. (3.6) k31(y y ---> O -- r3I 

C n eAYIOU.j)111 npnxiep 3.3 n OK a3b IB3 eT, "'-I T O eCJUI ti = 1, P E (1, 2], H5IeTI 
I 

o E S 11 BblI10JTH e H O (3.6), T O H OJlb MQ)KeT npI-IH a A.JTe)K3 T b 3aM b l Ka HI1IO I 
M HO:>KeCTB3 1>1 { Sq(l) n 1'(S,p)}. I 

y2 
If.pn xre p 3.3. I1Y CT b p E (1, 2], n = 1, k3 1 (y) = 1 + y2' Sm = 

_[ 1 1] . ( )_ [ (2 )]l / q . ( ) _ 1 _ rzre K- 2m+ 1 ) 2m , a m y - 2m m + 1 (s y ) m - 1, 2 . . . , p+ q1 - 1 
n 

H S = U Sm . 
"tIMi\ ! i 

In=l 

Torzia npn m = 1, 2 . . . : t =(I 

I1p o Be p H M 3TO. I1M eelvl 

112m } 1/ q 

lI &m(y ) II LQ(Rl ) = / 2m (2m + l )dy = 1, 
{ 

1/ (2m + 1) 
rne n 

rIpe, 

Be,lvn 

n p l1 m ---7 + CXJ . rAe 

B c u rty o n peneneaus "'-II1CJr3 m 31, no KpatrHef'I Mepe, Q3CT b !'vlHQ)Ke CT B 3 
~ 0 

<D {Sq(l ) n f (S,p)} 6y;r,eT pacnonarar i.cs B He o'rxpsrr oro urapa is ; (m31) 

p anuy c a m 31 ' T a K I1I\[ 0 6 p a30Iv1 , 1'31 = {/i (y ) I f-L (t ) E I'a i } - 3TO MHO:>Ke­

CT BO n yQei1, n pOXOA5U Il,H X -repea LIaCTb oopaaa CcPe P b T 

c 
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(3,6) 

, P E (1, 2], 
> 3aM bI KaI-UnO 

y2 
, 8m = + y 2 , 

1 1 
. , - +-= 1 . p q 

'b lIIHO>K8CT Ba 
o 

'lopa Bq (m3 1 ) 

- 3TO M I-IO/Ke ­

06 OAHOM o606ru;eI-IHH HepaBeHCTBa Bopa 

Teopexra 3.1. Ilycn- ti ~ 1, p E (1,2]' 5 s: R"; m esnS > 0 - ­
rrpOIi3BOJlbHOe MHQ)KeCTBO, YAOBJIeTBOp 5I [{)w,ee Y CJIOBI1ID (N), cPYHKIJ,H5I 

k3 1 (y) y)J,OBJIeTBOp5IeT YCJIOBH5INI (3.1)-(3.4), m 31 E (0, 11 <1> 11 ) Ii f 3 1 = 
= f 3 1 (S,P,k3 1 (y),m~H) ' TorAa )J,JI5I JI[{)6oiI cPYHKIJ,I1I1. f-L (t) E f 3 1 BbIITOJI­

H5ICTC5I HepaBc HcTBO (0.1): 

./ f-L(T)dT <C3 1 IIf-L(T ) IILP(Rn), 

e, Loo(Rn) 

r )J,e KOHCTaHT8 C31 > °H e 3 8.BH CH T OT f-L (t ) E f 3 1 , 

~OKa3aTeJlbCTBO. IIY CT b A(t) E f (S,p) , II~( y) IIL q (Rn ) =f 0. 0603Ha ­

'U Il'vI f-L(t) = {k 31(y) ~(y)r(t). B CI1JIY (3.4) f-L (t) E LP(Rn). ~JI 51 Ka)KAOlO 

t = (t 1 , t2," ' , tn) IUvIeeIl'r : 

1 ) n ./ { n . i y t 1 } 
= 27r n» 11, e n; l;~ - k3 J (Y) ~(y)d y, (3.7)( 

rAe n( t) - "UlCJIO oTpMu;aT8JIbHbIX KooPAI1HaT T OQK I1 t Ii ft(y) = k31 (y) ~(y) . 

Flpeztnoxcermc 3.1.1. Tlin« C)J,CJIaHHbiX Bb ULIC ITpeAITOJIO/KeHH5IX crrpa­

B eA JIHB8 OIJ,eHKa : 
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,I(oKa3aTeJIbCTBO npe,n:JIO)KeHI151 3.1.1. Bocnonssyevca nepaaenc'rnor« Ilpenno» 
Fern.ztepa ,Il,JI5I 'rpex noxaaar enen 119, c. 232] : Cnen 

Jla(y) b(y) c(y)1dy S Ila(y)IILU(D) Ilb(y)IILV(D) Ilc(y) IILW(D), 
D 

1 1 1 
rrie D 113 M e p HII'IO 11	 - + - + - = I , 'U , V , W > O. 0 6 0 3I-JaLJTIIvI: 

'U v W 

_{n I}	 )" l i p a(y) - m=l IYm l ~ S(y 11, 31 (y), 'U = p,
 

b(y) = 1k:31(y) ~(y) 11 / q , V = q2,
 

C(y) = 1 ~ (yW lp , w = pq. 

{ n I}	 { n I}TaK K a K supp ~(y) < 5, TO rr - k:3d y) ~ ( y ) = rr - X	 113 nepal 

m =l Ym m =l Ym 6ot'r cPYf 
X~S(y)k3dy ) ~(y) 11 , n a OCI-JOBaHI111 H ep a B eH CT Ba feJIb,Il,ep a ,Il,JI5I T peX rr o ­ 113 oIIPeJ 
K a3aTe.TIei1, nony -raexr: 

1{Dl y:J k31 (y) ~(y) dy < 

S1{[iLLI] I;s(Y) ki{P(y)} {lk31 (y) ~ (yfq} x 

OTKY,Il,a 

x { 1 ~ (yfJ}y S {j [ll, IY~ Ip] I;s(y) k31 (y)dy fP x 

x {j Ik (y ) ~ (y ) l q dy } 1/q' . {j 1 ~ (y) l q dY} sf pq
31 

[IT ~ l ~ s( y )	 ' II tL ( Y ) I I~~(Rn) 1 1 ~ ( Y )II ~(Rn ) .
k:31(;y) 
n l=1 y	 LP( Rn ) 
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H HepaB eHCTBOM I1pe,JJ,JlO/I<eHl1 e 3.1.1 ~OKa3aHO . 0 

CJI e~OB aTe.Jl b H O , 113 (3.7) no.ny-raexi : 

x 

lIM: 

n = { 11 -I} 
x 

m = l Ym 
;)H ,lJ,JI5I rpex fIO-

(3.8) 

CJIe~OBaTeJIbHO , 113 (3.8) nonyxaev , <ITO ,JJ;JI 5f JIJ060M cPY HKlI)1 H f-L(t) E f 3 1 : 

/l/q}x 

ly} 1/" x 

j pq 

= 
Hp 

r )J,e C3 1 = ----v;; C3 11 . 0 
1'n3 1 

3aMe t ·IaHI1e 3.1. E CJIH 

oTKy~a 

VI'(r)dr 

L = ( R." ) 
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TO , ttonerest B YCJ10BIfH Teo peMbI 3.1 k31(y) = 1, ttcny neei«, K a K CJ1eA ­	 Bb16epc 
cTBHe, yTBep>KAeHIiH 'reo p e t« 2.1 H 2.3 0 CYIIl,eCTBOBaIIHIf KOHCTar-rr, AJIH	 Ilt(y T Ol',D,a 

KOTOp bIX B b IITOJIHH e T C5I H ep aBeH CTBO (0.1), ttpi: 31'0111, COrJ1aCHO rrpHM epy 

3.1, r 3 1 = r (s ,p ). 

3aMeqaHMe 3.2 . K aK BHAHO H 3 AOKa3aTe,JIbCTBa v e o pem« 3.1, eCJIH 

i (y ) = k 3d y) ~ (y ) H lI i (Y) II Lq( R n ) > m31 11 ~ ( y )1 1 ' TO 1-lepaB eHCTBO 
L q(Rn ) 

B (0.1) - cxporoe. 
II , 

Teoperaa 3.2 . ITY CT b P E (1, 2]' ti 2: 1, S ~ R" , mesnS > 0 ­
rrpOlJ3B0J1bI-IOe MHO>KeCTBO, YAOBJI eTBopmoILr,ee yCJIOBHlO (N) , cPYHK L(H5I 

k31(y) Ta.KOBa, 'ITO Bb IITOJIHHlOTCH (3. 1)-(3.4) ; m31 E (o,II<D ID H r 3 1 =
 

= r 31(S,p, k31(y), rn31). TorAa:
 
1) eCJIH 'x (t ) E r (s ,p ), /.L (t ) = {k31(y ) ~ (y ) r (t) II
 

1 1 
- + -= l. (3.9) 
P q , 

OTKylIa B C 

TO cy zaecr ayer E = c(,x) > 0 -reno e , LIT O AJ1 H J11060M cPYHKI.l}IH ~ (t ) E ,D,yeT H3 (3 
E q s ,p), 1 1 ~ ( t ) I I L P ( Rn ) < E BbIITOJIHHlOT C51 YCJ10BH H: 2) n yc' 

TaKa5I , '{TO 
(3.10)	 I 

I 

BbI6ep! 

{ k31(Y.,I/ [/,(T)+ ~( T)]dT < C3111"(T) +~(T ) IIJ" ' (Rn ) (3.11) 
y CJIOB HIO~t L'x' (R n )	 , I 
E supp ~o 

+ al '1]0(r), rzre C31 > 0 - «oncxeure H 3 veopeuis 3.1; 
0603Hl 

I

2)	 s = u supp &(y ). Yo E supp 
ct(T ) E[' 31 T Ol',D,a : 

,LJp Ka3aTeJIbCTBo . 1) ITYCT b BbInOJI HeH bI yCJIOBH5I T eopeMbI 3.2, 'x (t ) E	 Yo 
I

E q s ,p) y,LI,OBJIeT BOp 51 eT (3.9) 11 
T. e. q) y HI< 

]ITO B He l<l 

0 < E < I~ ( IIP,(Y)!I LQ(R" ) - rn31 11 ~ ( Y ) I I L Q ( R " ) ) / (llk31(y)IIJJCX) (l?1l )+ m'3d · T. e. ck)'IIK 
)J 

HOCTH TO' (3.12) 
I 
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cleM , K8K CJIej1,­

KOHCT8HT, j1,JI5I 

incno rrpI1Mepy 

lC,\JbI 3.1 J eC.TIII 

" 0 HepaBeHCTBO 

ncsnS > 0 ­
(N), cPYHKI1,H~I 

L II <]) /I).Mf 31 = 

=1, (3.9) 

CjJyITKL(IiM ~ (t) E 

(3.10) 

0: 

(3.11) 

W~ [ bI 3.2, A(t) E 

lllLOC (R" ) +m:31 ). 

(3.12) 

BbI6epei\I npOH3BOJIbHOe ~(t) E qs,p) TaKoe, LITO 11 ~ ( t ) II LP ( Rn ) < E . 

TOI',n;a 1 1 ~ (y ) I I L q ( Rn ) < EHp , 

(3.13) 

H, eCJUl 7](T) = {k 31(y)~(y)r(T), TO i;(y) = k31 (Y)~ (Y) , 

IIJt(y) + i; (y)IILq (Rn) 2:: II Jt (y) II Lq(Rn) - 11i;(y )I!LQ(Rn ) > 

> IIMy)IILQ (Rn) -l lk31(y)I ILXJ(Rn) . E ' Hp . (:3.14) 

C JIe,n;OBaTe JIbHO, B CUJIY (3.12), (3,13) I1 (3.14) 

IIJt (y) + i;(y)IIU1 (Rn) - m3d l~(y) + ~(Y) II LQ (R n) > 

> II Jt (y) II LQ(Rn) - m31 11~(Y)IIL Q (Rn ) - EHp (1 1k31(y)I IU-'''(Rn) + m31) > 0, 

o'rxyzra B CI1JIY onpeneneans I'31 cneztyer (3.10) . Hepaseacrno (3.11) CJIe­

,n;yeT H3 (3 .10) H 3aMeLIaI-Il15I 3.2 . 
2) I1Y CT b aonpexn yTBep)K,n;emno T eopeMbI cyniecrnyer TO l.J.Ka Yo E S 

T aKa51 , t{TO 

Yo rt U supp &(y). (3.15) 
O:( T) E L'31 

BbI6epervI npOH3BOJIbI-IyIO cPyHKIJJ:UO A(t) E f (S, p), ,n;JI51 xoroport j.1 (t ) = 

{k31(y ) ~ (y)} -(t ) E f 31· B CB .JIy (3.15) Yo rt supp My) · COrJI aCHO 

yC.JIOBH IO (N), cyuiecr nyer cPYI-[Kll,I151 ~o (t ) E I' (S,p), ,n;JI51 KO TOp011 Yo E 

E supp ~o(Y) ' B bI6 e p e M CT O.JIb IVlaJIble 0,1 ,0,2 > 0, 0,1 #- 0,2, L[T O j.1(t)+ 
+o,1170(t), j.1(t) + a2Tlo(t) E f 31. 

0603H8crl1!Vl7]0(t) = {k31(Y)~0(Y)} -(t ). .vb JI eMMbI 1.1 cnezryer , LITO 

Yo E supp i;o (Y )· 
Torzia , COrJI8C[-IO (3.15) , 

Yo rt supp {My) + 0,1 i;o (y)}, Yo rt su/pp {My) + 0,2 '00(y)}, 

T . e . q)yHKII,I1I1 Jt (y) + O,1170(y) H Jt(y) + a2iJo(Y) To/K,n;eCTBeHHO p 8BHbI HY­

JTIQ B nexoropoir MaJIOI1 OKpeCTHOCTH TOLIKH Yo. H o TOI',n;a I1X pa3HOCTb , 

T. e . q)y[-IKU,I151 (0,1 - 0,2 )i;o(y) TO)K,n;8CTBeHHO p asaa nymo B 3 '1'011 oxpecr­
HOCTJ1 TOYKH Yo 11, C.Jle fl,oBaTeJIbHO, Yo rt SUPP 170 (y). 
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