OIITUMAJIBIIOE BOCCTAIIOBJIEIINE
B IITIOCTIIAIICTBAX XAIIANW U IIEIN'MAIIA
ITA EAAIINYIIOM IIAIIE A3 C*

K.FO. Ocunenko

1. OCHOBHBHEOHpeAeﬂeHHHIIHOCTaHOBKa3aAaqH

[Iyers X Y — aubennsie npocTpancTBa. [laceMoTpuM 3agady ONTHMAIBHOTO BOC-
CTAHOBJEHNs 3HaveHnn JunHenHoro ¢yuknuonata L: X — C Ha HEKOTOPOM MHOXKeCTBE
W C X mo sHaveHUsM Ha 5>TOM MHOXKecTBe JuHenHoro omepatopa I: X — Y, masbiBae-
MOT'0 HTH(OPMAIMOHHBIM omepaTopoM. [loepewnocmsbio onmumatbHo2o 80CCMAROBAEHUA
Ha30BeM BEINIHHY

e(L,I,W) :=inf sup |[Lf — T(If)|, (1)
T few
rae HIKHAA TpaHb OepeTcsa Mo BCeBO3MOXKHBIM oTobpaxkenuam 1:Y — C. Orobpaxe-
uue Ty, Ha KOTOPOM JOCTUTAeTCA HIKHAA CpaHb B (1), 6yneM Ha3bIBATB ONMUMALLHbLM
memodom 6occmanoeaenus pyaxknuorana L. Iliement fo € W, naa xoToporo

[Lf = To(If)| = e(L, I, W),

HA30BEM 9KCMPEMAALHIM daemenmom. [loapOOHBIC CBEICHNA O PA3INTIHBIX TOCTAHOBKAX
3a4a BOCCTAHOBJEHIS MOKHO HAUTH B 0030PHLIX cTaThax [1], [2] u monorpadmsx [3], [4].

Eciu W — Boimykiaoe u ypasHoewerntoe (T.e. t €W = Ae € WV |\|=1) mHOXKE-
CTBO, TO IMEET MECTO DABEHCTBO

e(L.I,W) = sup |Lf|. (2)
few
Tf=0

[TaBercTBO (2) IPU PA3INIHBIX OUPAHNTIEHIIX JOKA3BIBAJIOCH MEOrIMI aBTopamu. Coor-
BETCTBYIOIIUE CCBLIKN MOKHO HAUTHU B paboTe [5], rae moryden Hanbomee obIul pe3yabTaT
B 5TOM HAaIlPABJIEHUN.

[Iyecrs B — epuanmunem map 8 C" u S — ero rpanunmna:

B:i={z=(21,...,2,) €C" : |2 2:Z|Zk|2<1}, S:={zeC":|z|=1}.
k=1

IIpocmpanemeom Xapdu H,(B) (H,) HasblBaeTCcA MHOKECTBO IOIOMOPQHEIX B B QyHK-
U, YAOBJIETBOPIONIIX YCIOBIIO

0<r<1

1/p
1fll, = sup ( [ 1= do<z>) <o, 1<p<ool
S
1l = sup [f()] < 00, p = oo,
z€EB

1



rae ¢ — BEpOATHOCTHas OopeleBcKkas Mepa, NHBapUaHTHas OTHOCUTETHHO BpAIleHHI.
Hna Gyskuun us H, cyLecTBYIOT MOYTH BCIOAY IPaHUYHBIE 3HATEHN, IPUHA IJIeKAIIILe
L,(S,0) (em. [6, ctp.95]). Tem cameim mpocrpancTBo H, MOXKHO paccMaTpHBATh Kak
JNHENHOe MoAIpocTparcTBo L, (S, o).

IIpocmpancmeom Ilepemana A,(B) (A,) HasbBaeTCsa MHOKECTBO MOIOMOP(MHLIX B B
(PYHKITUI, ¥ IOBJIETBOPIONUIIX YCIOBIIO

1/p
1, = ( / If(Z)Ipdv(Z)> <o, 1<p< oo,
B

rae v — uepa Jlebera 8 C" = R?", mopmuposannas Tak, ato v(B) = 1. Ilpu p = oo
Ao = Hy,. Ecau BosHUKaeT HEOOXOAUMOCTH OTMETUTE Pa3MEPHOCTD, OyaeM nucaTb B,
Sn, Op WIA V.

[1s1 TuHEMHOT 0 HOPMUPOBAHHOTO ITpocTpancTBa X depes BX 6ymem obosHaaTh 3aM-
KHYTBII € IUHIIHBIN IIap:

BX ={zeX: |z <1},

[IycTb a — myabmuunderc, T.e. yIOPAIOIEHHBIN HaOOP HEOTPUIATETBHEIX EIbIX THCET
aj, 1 <j<n a=(ay,...,ap). Horomxmu
D4 [ a Da — Dal Dan —
P =D Doy ali=ar 4+ o
~J

B pabore paccmaTpuBaeTea 3agatua ONTUMATEHOTO BOCCTAHOBICHNUA 3HATCHUA (PyHK-
muu f € BH, mmm BA, B Touke a € B mno snadeHmaMm cregos ¢yuxiun D®f. |o| =
0,...,r — 1, Ha HekoTopoMm MHOKecTBe A C B. Tem cambiM msyvaeTcs 3agada BOCCTAHO-
BIeHNA JuHenHOro dyHKImNoHata Lf = f(a) no sHaveHmsAM HHGOPMALNOHHOTO OLIEPATOPa

r—1

If =I4f = {Df\ } 40

BeanauHy morpenrHocT ONTUMAILHOTO BOCCTaHOBICHN Oy 1eM 0603HaIaTh B 3TOM CIytae
wepes e (a, I, BX,), rae X, = H, nau A,.

NccerenoBanue 3a1a¥ ONTHMATLHOTO BOCCTAHOBICHIA FOIOMOP(HBIX (DYHKITAI MHOTTX
IepEMEHHBIX OBLTO HadaTo B paboTe [7], rae usydamacs caydan r = 0.

2. IlpeaBapuTe/lbHBIE CBEAEHUA

[ycTs  — mogmuoxkectBo C™, (1 — HeoTpumaTeabHaI Mepa Ha ) 1 X, — Kakoe-1u60
noanpocTpatcTBo Ly (€2, ). Hacemorpum sagaay (1) goas X = X, u W = BX,,.

TEOPEMA 1. Ilycmo g € X, ¢ # 0 w Ig = 0. Ilpednoaoscum, wmo das nexomopozo
aunetnoeo onepamopa To:Y — C npu scex f € X, svinoaneno pasencmeo

o / gg() P2 f(z) du(z), 1< p< oo,

Q

/ TN () dulz),  p=oo

Q

Lf —To(If) =



ede o € C, p € Li(Q,u) u ecau p =1, mo |g(z)] = 1 noumu eciody na Q. Toeda Ty —
onmumasbnoil memod soccmanosaenus, go = g/||gll, — axempemasvruas Gynryus u
lalllgllp™, 1< p<oo,

el p=co.

E(L,I,BX,) = |Lg| = { (3)

JOKA3ATEJILCTBO. Ilpu 1 < p < oo mo HepaBeHcTBY [enbnepa nmeem

BE(L,I.BX,) < sup |Lf —To(If)| < lalllgllp~"
feBX,

IIpu p = 0o aHAIOrUIHAS OLIEHKA JaeT
E(L,1,BX,) < |l¢ll-
[Mas arob6oro MeToaa T copaBeanBO HEPABEHCTBO
[Lgo — T(0)] + |L(—g0) — T(0)| = 2|Lgol.
Orcrona, yaursBas (2), morydaeMm

lelllgly™", 1<p <o,

E(L,I,BX,) > |Lgo| = { ol e
1, — .

TeopeMa JOKa3aHa.

Teopema 1 B TOU mIn WHOU CTeeHN OOIHOCTH AOKasblBadack B paborax [8]-[10]. Ile-
CMOTPS Ha CBOK IPOCTOTY OHA ABIACTCA AOBOIBHO >(PPEKTUBHBIM CIOCOHGOM IOCTPOCHU
OITHMAIBHBIX METOIOB BOCCTAHOBICHIA.

HoxaxkeM pag BCIOMOTATEIBHBIX YTBEPKACHNAN, KACAIOIINXCA BECOBBIX BOCIPOU3BO-
JAIIX sAep 41 IpocTpascTs H,.

Oyers u € C, |u| < 1u p> 1. Homoxum

T(n+k+p/2
Qn(p,u) = kZ:O Fik )2 —pl—/l))Uk (4)
st z = (21,...,2n) € C" u 1 <k <n moroxnm
zp = (%1, Zn—k,0,...,0), ZZ2:Z—Z;€,
(z,w) := ;kak, z,w e C", sk(z,w) := %7
Kp(z,w) = (2, W) ®u(rp; sk(z,w))

(n = DL = (z,wp))+re/2
Ormermm, 910 $5(z,w) = sp(w,z) u Kpp(z,w) = Kpp(w, 2).
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IIPEANONKEHUE 1. IIpu ecez 1 < p < 0o das awbot gywsyuu f € H, v 6cex 2 € B
CNPa6edauso pasencmeo
r—1 1
Fo) = Y 5 (D) (e = / K (2, 0) F(10) | wn |02 do(w). (5)
J=0 ' S
JOKABATEILCTBO. IlockoapKy HOIMHOMEL IIOTHEL B H),, TO JOCTATOYHO JOKA3aTh,
ITO PaBeHCTBO (D) BhImoIHeHO A4 GyHKIUN Buga f(z) = g(z")z", m =0,1,... , rge g(z')
— MOINHOM, 3aBUCSALMN OT HEePEMEHHBIX 21, ...,2n—1 (2’ = (21,...,2n—1)). UHTerpar B
(5) MoxHO cBecTH K uHTerpary mo B,_1 (eum. [6, cTp.24])

/ K (z,w0)g (w0 ) w™ [w,|" P~ do(w)

S
_ 1 / (1 — |w'?) =22 g(w") vy (w')
= (n — 1)! (1 _ <Z/7w/>)n—|—r’p/2
A et k—k —1iké
X ) ZZEszlei(m_”)e Z Ll Ak +rp/2) 20,¢ do
2 P D(k+rp/241) (1= (2, w))*
0, m <,
=19 27 / K (2, wg(w")dvp_q1(w'), m>r,
Bn—l
ruie
T 1— |w'?)°
IX’S(Z/,U)/) - (TL —I_ S) ( |U) | ) S:=m _I_ r(p _ 2)/2

L(n)L(s + 1) (1 = (', w'))mte’
UsBecTHO, ¥TO IIpH Beex s > —1 agpo K, (z',w') aBasercs BocmponssogaummM 11 QyHK-
it 13 Hoo(Br—1) [6, cTp.129], a cregoBaTensro, n A1a noansoMa ¢. Taxkum o6pasom,

0 m < r
K, N, m " r(p—2) d — ’ ’
S/ Coa (2, w)g ! i oa 02 dofw) = 4 1

Jlerko y6eanrsces, 9To JeBas 9acTh (D) paBHa TOMY Xke BeIpaxeHuio. [Ipenmroxenne goxa-
3aHO.

m
noy MZT,

s a € C aepes P, 0603HaIUM OpTOTOHAIBLHYIO IpoeKInio C” Ha TOATIPOCTPaHCTBO,

(z,a)
0
Pa = <a7a> a7 a # b
0, a=0.
I[IPEANTOKEHUE 2. IIpu 6cez 1 < p < 0o das awbot gywsyuu f € H, v 6cex 2 € B
CNPasedauso pasencmeo
r—1
1 .
fE) =) 5d'f), = / K i (2,w) ()| Py w| 072 dor(w),
%k

!
—5J-
1=0 s

IIOPOK ACHHOE BEKTOPOM d:

8 Komopom dz = zy..



JOKABATEILCTBO. Ilpu 2z} = 0 yrBepxaerne TeopeMsl odeBuso. Ilynem cunrars,
uaro z; # 0. Us mpennoxenus 1 caegyer, uro npu Beex ¢ € H, u v € B nMeer MecTo
PaBEHCTBO

o)=Y g = [ Kool doty), 8

j=0 J! E

rge dv = v{. Ilycrs U — Hexoropas yHuTapHas Marpura nopsagka n u f € H,. Ilomoxnm
g(v) = f(U'v). Torga g € H,. Ipuvenss pasercTso (6), morydaem

r—1
AU 0) = 30 50y = [ Ko U )l 0 ), (7)
i 1 %

rae dz = U}, pu sagansom z € B Takom, uto 2 # 0, paccmorpum matpuiy U,

IMEIOINYIO BILI

1
0
1
U= , (8)
0 C
rae C — yHOTapHas MATPULA DOPAAKA k, MePEBOAAMIAL BEKTOD (Zn—k41, - - - 2 ) B BEKTOD
(0,...,0,]z/]). Homoxus v = Uz, y = Uw B (7) 1 BOCIOIBb30BABIINCH NHBAPUAHTHOCTHIO

MepPEBL 0 OTHOCUTEIBHO YHUTAPHBIX IpeobpasoBaHuil, 6y aeM mMeTs 1t dz = z))

r—1

F&) =30 mdif|, = [ Boa(U2 ) ()02 o).

j=0 J! “

Nmeem

(U2)1, (Uw)r) = (21, (Uw)y) = (2, Uw) = Uz, Uw) = (21, w0) = (2, w}),

K (Uw),, = (Uz)n(Uw), = Uz, Uw) = ((Uz)1, (Uw)i) = (z,w) — (2}, wy) = (21, wy).
Orcona
s1(Uz,Uw) = sp(z,w), Kn(Uz,Uw) = K;(z,w),

" "
|(Uw)n| — |<Zk7wk>|

T = |PZ]/{/U)|

[Tpenmoxennme moxkasaHo.



3. OnTumMajbHOE BOCCTAHOBJIEHHE B npocTrpaHncTBax Xap,qn

[TeTpyano ybeaurses (HampuMep, o UHAYKIUK), 9T0 411 GyHknun P, (p,u), ompe-
JETEeHHON PAaBeHCTBOM (4), CIpaBelInBO COOTHOIIEHIE

Bulpo) = E -0 Qu ) )
rae
= (DR -1y
Q"<p’“>‘;k+p/2< C)
Tlomoxum

An(p) :=min{ |u| : Qn(p,u) =0}.
B pa6ore [7] 6bL10 moxasaso, uTo npu Beex 1 < p< oo gt 1l <n <5 A,(p) > 1, a upu
a060M n > 6 cymecTBYIOT p > 1, 11 KOTOPBIX A, (p) < 1. O6osHawmM depes
B

A2 (p)

7

Apik(p) = {Z €B: + |z < 1}, Api(o0) := B.

OuesBupgno, uro npu A,(p) > 1 Auk(p) = B. B uacrrocTn, mpu Beex 1 < p < oo u
1<n<5 Au(p) = B.

TEOPEMA 2. IIyemvs 1 < p< oo uA=A; ={z€B:zp_441=... =2z, =0},
1 <k <n. Jan scex a € Api(rp) memod

r—1
_ Lo (o
XN () Y S <X<P 2>/P(z)f(z)>‘ . 1<p<oo,
o 7- z=a
fla) =

) r—ll ; fZ
SR =) IE A

!
k

ede dz=aj, a

__ Palrpysi(z,0))
&) = T = (z, ay

ABAACTINCA ONIMUMAADHBIM J\/LemOaO.M BOCCMAHOBAECHUA HA KAACCE BHP no UHQﬁOpMG,’U,’U/U, ng .
,ZZJLJZ NoZPeUWHOCTU ONMUMAABHO20 B8O0CCTMAHOBACHUSA UMEETTE MECITNO PABEHCMNBO

P(a)|af]m, 1< p< oo,

e(a, I}, ,BH)) = ( |aj _)” p =00

V1= lag?
Ipu a € Api(rp) \ Ar sxcmpemanvuasn Gywryus umeem 6ud
XTHP(a)|a | TP (2) (2 a))", 1< p < oo,

0l2) = (W—w (z.a) ) p=cc.

okl 1= (z,4})
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[TOKABATENBCTBO. [lna a € A yTBepz& JeHIE TeOpeMbl JIerKo IposepaeTca. 1Lymem
canTaTh, 94To |aj| # 0. Hycrs 1 < p < co. Hockoapky

af
sup i (2, w)| = =k (10)

:€B VI=lap?

To ipu @ € A,i(rp) mommroM Q,(rp, sk (z,a)) He obpamaercsa B myab mpu w € B. Tem
caMBbIM 13 paBeHcTBa (9) crenyer, 9To Y — obpartumMan GyHkimsa u3 Ho, a cle1oBaTelsHo,
X°(2) € Hy mas aoboro s € R. [Momoxum

g(z) =P (2)(za))", v = TP (a) a0
Nmeem
Tg(2) P~ = XX DIP()all, 2l )P = Kop(a, 2]y @217 () (e 2) T2,

CleqoBaTebHO, YINTHBaA mpeqoxerne 2 u To, aro X P~D/Pf ¢ H, moryuaem mis
aobon dyuknun f € H,

. / () g(=)P~? F(=) do(2)

S

X PIa) [ Kol O 0) Py ) do )
S

1 .
= f(a) — X(z—p)/p(a) Z ,—’d] <X(p—2)/p(2)f(z)> ‘ . (11)
— - z=aj
7=0
rge dz = aj]. OueBuaHo, uro mpu Beex w € Ay (D%g)(w) =0, |a| =0,...,r — 1. Taxuum

o6pasoM, yeaosus Teopemsl 1 mpu 1 < p < oo Bemoarensl. Ocraercs amimb HalTu ||g| o, .
[Monoxus B (11) f=g, moxynmm

Yl = g(a).
Orcona
g, = x"/?(a)lai]".
[MaccmoTpuM Temepsb caIydal p = 00, KOTOPBIA CBeIeM K OJHOMEDHOU 3ajade BOC-

craoprenus. llyers f € Hoo mw b € B. Homoxum p(u) := f(by,...,bn—1,4/1 — [0 |*u).
OueBupuo ¢ € BHo(B1). WUs paborsr [8] (cm. Takxe [11], rae pemena 6omee obuias
3aJada BOCCTAHOBJICHNUA B OJHOMEDHOM CIydae) modydaeM mpu Beex [€| < 1

|
—

T

() =) e P(0)] < 1",

J

I
o

rae



S EL O }(””
SEFICEN R (R0l [

Nneem
S, L~ Ea—le®) plu) U7V & plu) \V
270 = [<1—Eu><£—u>huzo ~ D ];]'(1_@)‘

Cnenas samery v = /1 — [b]|2u, qaa € = by (1 — |04 ]?)™"/? noxy-aem

r—1 r—1 :
bl, ; f(2)
(J) (1—1b npj
3 et by g ( )
]:0 ] 0.]’ 1_<Z7b> ‘z:b'l
r—1
1 (2) >
(1—|b By QA v ,
) Z]' ( (z,0) /]

J=0

rae dz = b!!. Taxum obpazom, g1 Beex b € B umeem

=0

m Y
T AV B
peamonoxum, uro a € B\ Aj. Ilaccmorpum marpumy U sBuga (8), B xoropon C

~— YHOTapHasg MaTpula IOpAAKa k, HepeBoAAmas BEKTOP (Gp—_k41,-..,0n) B BEKTOP
(0,...,0,]a}]). Toraa, noroxus b = Ua, aaa pyuxmun f(U~'z) 6ynem umeTs

‘f(a) (1 [Ud?) ; S (%) .

fla) = (1 —lal*) 2_: j_lldj (%)

rge dz = a}. Tem cambIM

< ( |ak )
T AW a P

— ot
‘w—ak

a, I’y ,BH.,
( Ak7 ) ( 1 _ |ak|2>
C mpyron croponsl, B cuty (10) dpyaxims
V1—lai[? (z,d]
QO(Z) — k k
|af, (z,a})
npuHadtexuT Kiaccy BHo, u mpu Bcex w € Ap  (D%po)(w) = 0, |o] = =1

CremoBaTenbHO, 13 paBeHCTBA (2) BBITEKAET, UTO

a// T
e(a7]:2k7BHoo) = fesgg |f(a)| 2 |go(a)| = <|7k> .
I, f=0

TeopeMa JOKa3aHa.



[ocxonbky BequynHa e(a, I ,BH p) COBIIATAET ¢ pelleHneM SKCTPEMATLHON 33 1at

sup | f(a)]

feBH,
I f=0
(em. (2)), tompu k = nu A, = {0} Mb1 moaygaem caegyiomee o6obmenne demmsel [Bapira.

CAEACTBUE 1. Ilpu eécex 1 < p < o0 dasn a € B maxuz, wmo |a] < A\,(rp), umeem
MECTNO PABEHCTMEO

1/p
ol [T+ e/ ()i
su a = a
A e el ey rp/zkzok+rp/z “
(D" £)(0)=0, [a]<r—1
(12)

Cayaanm p = oo 6€3yCJIOBHO TaKiKe BHITEKAET U3 TEOPEMBI 2, HO MaJIO HHTEPECEH, TaK
KaK He OTINIAaeTCsa OT OJHOMEPHOTO cIyyas (mpasas dacThb B (12) pasHa |a|”).
OrmeTnM, 9TO pelneHne MoCTaBIeHHON 3a a1 BOCCTAHOBICHHUA MTOMYTIeHO Ipu 1 > 6
auinb B obaactu Ayi(rp) (kak 6s110 orMedero, mpu 1 < n < 5 A,i(rp) = B naa Beex
1 <p < o). Jaa sermausst A\, (p), Bxogamen B onpegenerne obaact Ayi(rp), B pabore
[7] 6BL1a TOMYIeHA OIEHKA
p+2
p+2n '

/\n(p) >

TeMm caMbIM MOKHO YKa3aThb obaacTb IIpOCTOTrO BIAA

2
rp + 2n
(m) i | + |ai | < 1, (13)

KoTopas adexuT B Ayi(rp). Kpome Toro, us (13) Buaso, uro mmra mobon Touxku o € B
MOZKHO BOCIIOIB30BATbCA ONTUMATLHBIM METOJOM BOCCTAHOBJICHNUSA, IOMYyTIeHHLIM B TEO-
peme 2, eci BLIOPATE I' JOCTATOTHO OOJIBIIIIM.

OcTaHOBIMCA HECKOABKO TOAPOOHEe Ha caydae p = 2. [Ipu gokasaTeabcTBe TeOpeMbl
2 ycaoBue a € A,k (rp) ICHOIB30BAIOCH I OGPATHMOCTH X, ITO, B CBOIO OUYepelb, HEOO-
XOMUMO OBLIO A4A Toro, 4Tobel Gyuknmn Y2/ u xP~2/P npunagtexarn mpocTpaHcTBy
H... llpu p = 2 mocreaHee ycaoBue BBEITIOTHEHO Ipu Beex a € B. OnHaxo B aToM cIydae
JETKO TOTYYIATh ONTUMATBHBII METO BOCCTAHOBICHUA HemocpeacTserHo. OcTaHoBUMCA
Ha 3ajave ONTUMAIbLHOTO BOCCTAaHOBICHUA 3HadeHna [ € BH; B Touke a MO 3HAYEHUAM
TH(MOPMAITIOHHOT'O OIepaTopa

rmf { }|a| { Dajf)(o)};n:p

rae [o/| =r, j =1,...,m. [lra myasrumagexca @ = (aq, ..., 0y ) TOJOKIM

al == aq! - ay!, a® :=aft---apt, a€C™.



[TPEANOXKEHUE 3. Ilpu ecex a € B memod

1 1 :
J J
flaym Y =(DF)(0)a® + > — (D f)(0)a® (14)
ol oﬂ’
|| <r—1 j=1
ABASAECTNCA ONMUMAALHBIM MEMOJOM 60CCMmanosaenus Ha kaacce BHo no umdopmayuu
L. das noepewrnocmu onmumaibro2o 80CCMAHOBAEHUL UMEEM MECTNO PABEHCMEO

1/2
r—1 /

. n—l_.] 2 = (n—l—r 1) 207
e(a, Iy, BHy) = (1—|a| Z la|* — Zm| | . (15)

i=1

M

JOKABATEABCTBO. Ilomoxum

— —1)! < — 1) igi
Frm(zra) = (1— (= Z”*'a' coge -y AT = D igar

(n —1)la! n—l'oﬂ’
J=1

IIpu arobom a - B krm - Hz. B CILIY BOCIIPOU3BOIAIIEIO CBOUCTBA, A a Komm, ero
’
Pa3JIOKECHUA

(1= (za)™" = > %z“aa (16)

I OPpTOTOHAJBHOCTU MOHOMOB

/ZQEﬁ do(z) = (n—1)la! 5
5 (n+lal=1)1"
(cm. [6, cTp.25], [12, cTp.557]), momydaem

Rzl f(2)do() = (@) = Y (D" F)(0)a” — Y

S || <r—1 ) j=1
s pasnoxenus (16) Bugso, uTo gast g(z) := kpp (2, a) BBIIOTHEHBI paBEHCTBA
a _ _ I B
Dg‘ZZO—O, laj=1,....r—=1, a=a’, j=1,....m

Taxkum obpasom, dpyHKIua ¢(z) ygosrersopsaer yeaoBuwaMm Teopemsl 1 mpu p = 2. Caego-
BaTeIbHO, PACCMATPUBAEMBIN METO BOCCTAHOBIEHNS ONMTUMAIEH, &

e(a, Im, BHy) = g(a)|gl|,-
Hoxacrasuas B (17) f = g, nomyaaem
gla) = ||gll

Tem caMbIM

e(a, Iym, BHy) = \/g(a).
st Toro 9To6s moryunTs Gopmyay (15), ocraeTces 3aMeTUTh, UTO
It 2j
S 2y = s
ol
la|=y4

[Tpenmoxennme moxkasaHo.
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Caenysn Hynuny [6, ctp.41] 6ygem HaspiBaTh adPUHHBIM TOAMHOKECTBOM B mepe-
ceveHne Ipou3BoabHOTO adpduuHoro mogmuoxectsa n3 C" ¢ mapom B. [lacemorpum B
KadecTBe MHOKecTBa A mpomsBorbHoe adduutoe moamuoxecTBo B. Iles orpanmuenus
OBIUHOCTY MOKHO CUNTATh, ITO A mMmeeT Bug

A={2€EB: Zp_kt1 = Cnektls--+r2n = Cn }, (18)
rae ¢ = (0,...,0,¢p—kt1,...,¢n) € B, 1 <k < n, rak xax am06oe adPuHHOE TOAMHOKE-
c¢TBO B ¢ mOMOIIBI0 YHITAPHOTO IPeodPas3sOBaHUA MOKET OBITH IIepeBeIeHO B MHOKECTBO
Buga (18).

[Monoxum

¢—P.z— /1 —|c]*(z — P.2)
1—{(z,¢) '

Orobpaxenne p, aBasercs aBToMopdusmoM mapa ([6, crp.34]). Nomoxum

Ank(p; €) := @e(Ank(p))-

TEOPEMA 3. IIyems 1 < p < oo u A onpedeaeno pasencmsom (18). Toeda das scex
a € Api(rp,c) memod

1= 1c? N o
(1—<a,c>> xe M ae)

N L [T =)
2 d[ T (o)

pe(2) =

] ; 1<p<oo,
|2=(a0),

b p:OO}

—la 2 r_li J M
(1—|ac| )Z Tk {(1_<Z7ac>)}‘22(aC);f

2) = q)n(rpvsk(zaac))
Xel2) : (n — 1)1 — (2, (ac)t))rtre/2’

ABAACTINCA ONINMUMAAD HOIM J\/LemO&OM BOCCMAHOBACHUA HA KAACCE BHP no UHQﬁOpMG,’U,’U/U, Ig

,ZZJLJZ noapewnocmu oNMUMAAbHO20 BOCCTMAHOBAECHUA UMEECTT, MECTTILO paeencmeo
(1 — [e[?)n/r
11— (a, c)2n/p
e(av 127 BHP) -
( [(ac)y]

-1 = 00.
= |<ac>z|2> P

Ipu a € Api(rp,c) \ A sxempemanvuan Gywryus umeem 6ud

XM ac)(ac)i]”, 1< p < oe,

(L= [e)" /7 e (pel=))pel2). (ac)f)" N
" e N VTP TR T
golz) = r
(F—Kacmz (¢el2). (ac)i) S
(ac)il 1= {pel2). (ac)i) )~ |



TTOKABATEJILCTBO. IIpexae Bcero oTMETHM PAJ CBOUCTB aBTOMOPQUIMA (., KOTO-
pele HaMm moTpebyioTes (cum. [6, crp.34, 161]). meror MecTO caeayionie paBeHCTBa

¢clpe(z)) =2, z€B, (19)
(1—[ef)d = (=, w))
1 —{pe(2), pe(w)) = , 2z,w € B. 20
(pe(2), pe(w)) 1= (2 )= (c,0) € (20)
OmnepaTop s
1 —e|?)™/?P
T = G o)
ABIAETCA M30MeTpHen npocTparcTBa Hy, T.e. mpu Beex f € Hy, ||Tf|a, = ||f|H,-

Oyers 1 < p < oo. B enny (19) mveem

ac = ¢c(a) € pe(Ank(rp, ¢)) = Ank(rp).
[TacemoTpum npousBoasHyto dyukuuto f € BH,. Torga g :=Tf € BH,. I3 Teopems! 2

IOTyIaeM
r—1
1 .
glac) =2 P(a) Y~ <X<cp—2>/p(2)g(2)>‘ | Selae I BH) - (21)
— - z=(a.);,
7=0
(3mecw u gamee dz = (a.)}). s (19) u (20)

e S o (LR B ) oL
S i s B P T NN [0 A e
Taxkum o6pasoM, yMHOKasA 0be dacTn HepaBeHcTBa (21) Ha
(1 Jeiy
1= (Pl

OyIeM nMeTh

L e N7 oy S L [ X (eel2)
‘f(a)— (m) y )/ (Gc)Z'_ld [ (1= (z,¢))2n/p ‘Z:(a .

=07
(1 —[e*)"/»
= 1= (a, )P/
[Merpyano ybeautsbes, uro ¢ (A) = Ag, a cregoBaTenbro, ¢.(Ar) = A. B cury npous-

e(ac,fgk,BHp).

BOJIBHOCTU (PYHKIUN [ HOIyTIaeM

1 — 2\n/p
e(a, I, BH,) < (1 = Je[)

=~ |1 _ <G,C>|2n/p e(aC7IAk7BHP)'

[TacemoTpum GYHKIIIO

fo(z) = xa VP (ac) (ac){ 17N P (2)(=, (ac i)
SIBJIAIOITYIOCA SKCTpeMaJIbHOIU/I B 3ada'e 006 OINTUMAaJIBLHOM BOCCTAHOBIECHUN B TOYKE a. IIO

nnopmaruu Iy, . Horoxum go := T fo. Toraa go € BHy, I'ygo = 0, u, ciegoaTersso,

r (1 — |c|2)n/p r
e(a,I'y, BH,) > |go(a)| = TS EREIERE e(ac, Iy, , BH)).

HpI/I P = OO0 OOKa3aTeJbCTBO IIPOBOANUTCA I1IO TOIL K€ CXEMe. TeopeMa JOKa3aHa.
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4. OnTuMajbHOE BOCCTAHOBJIEHUE B npocTrpaHncTBax HepFMaHa

[TacemoTpuM Temepb aHATOTUYHYIO 3a4ady BOCCTAHOBIEHUA B mpocTpaHcTBax [lepr-
MaHa, & IMEHHO, 3aJa<dy OINTHMAJIbLHOIO BOCCTAHOBICHUA 3HavueHUA QyHKIuu f € BA,,
1 <p < oo, B TOuKe @ € B mo uadopmannn I, rge A onpegeneno pasercTsoM (18) past
c=1(0,...,0,¢pokt1,-..,¢n) € B, 1 <k <n. Msr orparnuusaemcs caydaem 1 < p < oo,
TakK KaK As = Hoo.

Beeneum caegyrouine o603HATEHUS:

Ani(p) { cp. il +|’|<1}
nk(P) =4 2 U TARY z )

/\1214-1(?) ‘
Ank(pv C) = @C(Ank(p))

TEOPEMA 4. Iyemov 1 < p < oco. Tozda npu scex a € &nk(rp, ¢) memod

fa ~ <1_7|c|2>2(n+1)/195<v(02—p)/p(ac)§ ,i’df [i(cp—z)/p(z)f(cpc(z))] |
‘z:(ac);f

1 —{a,c) = (1 —(z,¢))2(ntD)/p

"

ede a. = p.(a), dz = (a.)y, a

N D11 (rp, sp(z,a.
Xe(z) = nl(1 _—ZZE (Z;c)2§)n+1?|—)rp/27

ABAACTINCA ONIMUMAADHBIM J\/LemOaO.M BOCCMAHOBACHUA HA KAACCE BAP no UHQﬁOpMG,’U,’U/U, 1—2
,ZZJLJZ NoZPeUWHOCTU ONMUMAABHO20 B8O0CCTMAHOBACHUSA UMEETTE MECITNO PABEHCMNBO

r (1 - |c|2)(n—|—1)/p ~ r
(L0 BA) = g, gy ekl

IIpu a € &nk(rp, ¢) \ A sxempemanvras Gywryus umeem ud

(L= JeP) D/ R (pe(2))(pe(2)s ()

go(z) = - (22)
(1 —(z,¢))2(ntD)/p Xi/ﬁ(ac”(ac)mr
[TOKABATEJNBCTBO. Ompeneanm onepaTop NpoaoaxkeHnsa F paBeHCTBOM
(Eg)(z0,2) :=g(2),
roe z € By, a (20,2) € Bpy1. HUssectrno ([6, cTp.135]), uro E — aunHenHas msoMe-
rpus npocrparcTBa A,(By) B Hy(Bp41), T.e. upu Beex g € Ay,(By,) Eg € Hy(Bny1)
u ||lglla,8,) = IE9llu,(B,..)- Tepes e:C" — C"t! 6ynem o6o3HATATE TPOJOIKEHIIE,
ompenenenHoe pasercTBoM ez = (0,z). IlacemoTpmM 3amatdy onTEMAIBHOTO BOCCTAHO-

BleHNs 3HadeHus GyHKimun u3 BH,(Byy1) B Touke ea no uudopmarnun I],. s aerko
IPOBEPSIEMBIX COOTHOUIEHNN

elpe(2)) = peclez).  e(Dur(p)) € Dusailp)
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u Toro, ITo ¢ € A,uk(rp, ¢), nMeem

ca € e(Auk(rp, ) = e(pe(Ani(rp))
= 9960<€(£nk(rp))> C ‘PeC(An-l-l,k(rp)) = An-l-l,k(rpv ec).

Hycrs g — npoussoabras Gyukuust us BA,(B,). Torga Eg € BH,(By,+1). IIpumensas
TeopeMy 3, TOSyTaeM

(Eg)(ea) = Tol4Eg| < e(ea, I 4, BHy(Bny1)),

raoe Juepes TO 0003HaIeH AJIsI KPATKOCTHU COOTBeTCTByIOU_H/II/UI MeETOd BOCCTAHOBJCHIIA. B
CITYy TOrO, ITO A JI60r0 MyJdbTHHHAeKca o = (ag,...,Qp), J0601 QyHKIIn [ €
Ay(B,)uze€B,

D(Ef)),. = D).,

ez

IIocCaeIHEE HEPABECHCTBO MOXKHO 3alllICaTh B BIJC

‘f(a) _ (ﬂ)zmﬂ)/p %(cz—p)/p(ac) § 1 47 [XV(CP_Z)/]D(Z)JC(%(Z))]
| =),

I (a0) 21 | (= (el

(1-— |c|2)("+1)/p ) .
= L= (@, )Pt (ac)l(ac)il",

rge dz = (a.)y. Takum obpasowm,

1" BA.) < (1 — |c|2)(n—|—1)/p ~1/ "nr
(T8 Bdr) S g prmpy el

C mpyrou croponsl, Gyuknus Egy a1t go, onpeaereHHon paBeHcTBOM (22), coBIa-
oaeT ¢ SKCTpeMaabHOU (PYHKITNEN B 3alatde ONTIMAIbHOI'O BOCCTAHOBICHUA B TOIKE €4 Ha
xnacce BH,(Bp+1) no nadopuarmm I 4. Caenosarersuo, |golla,(B,) = [[Egollu, B
1. Kpowme Toro, I;go = 0. Tem campim

n-|—1) =

(1= Jef?)t0ir

T _ 1/ "nr
(0 T Bdp) = loolell = g gy (el il

TeopeMa JOKa3aHa.

Awmamornyano cregcreuio 1 norydaeM ciaenymoiree obobienne demMbl HlBapa qas mpo-
crpancTs lleprmana.

CAEACTBUE 2. IIpu ecex 1 < p < 0o dasn a € B makuz, umo |a| < Ap41(rp), umeem
MECTNO PABEHCTMEO

sup | f(a)|
fEBA,
(D* H(0)=0,|a|<r—1

I RS R S (PR v
(T JaP 07 [T+ UT(rp/2) 2 Tt rp/2 \ '

=0

HpI/IBe,ZIeM TAaKXKe€ aHaJOT' IIPEIOJOXKEHIIA 3.
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[IPEANOKEHUE 4. Ipu 6cex a € B memod (14) asasemes onmumaibnoim memodom
goccmanosaenus na kaacce BAy no ungopmayuy Iy, . Aas noepewsnocmu onmumassbrozo
BOCCMAHOBAECHUL UMEET, MECTNO DAEEHCTNE0

1/2
r—1 /

! < ! i
e(a, Irm, BAy) = o Z (n—l-]).|a|2y _ Z Mmza |

(1 —|al?)n+? = n!y! nlaj!

J=1

[Ipu n = 1, mOAB3YACH JIETKO IPOBEPAEMBIMEI PABEHCTBAMI

S Loy = (9 )
Zj!g (0) (r=1)! (u—z) ’

7=0 B

FU=1(0) = (=1)"7 (1 — |¢[*) {(1 —e@) (f:;)} - ,

‘t:c

CIIpaBeIUBBIMI A JTIOOBIX (PYHKIUN ¢ U F, TOJOMOP(pHBIX B OKPECTHOCTH HYJA, U3
TeopeMel 4 MOKHO MOIYINTh
CHEACTBUE 3. Iyems 1 < p < oo, I'f := {f(c),...,fTV(e)}, ¢ € By. Ipu scex

a € By memod

(r=1)

fla) =

Y

(a—c)'(1—af*)>~**r 1 [(1—Eﬂﬂ4w@—%nxﬂf@q
(1 - Ea)r—l-lw(]?—?)/]?(a) (7“ — 1)! (t _ a)(l _ 5t)2_4/1’

rp c—a c—t
t)yi=14+— 11—
w(®) +2< 1—ca1—zt>’

ABAACTINCA ONIMNMUMAADHHBIM Mem000M BOCCMAHOBAECHUA HA KAACCE BAP(Bl) no UHQﬁOpMG,’U,’U/U,
Icr ,ZZJLJL NoZPeUWHOCTU ONMUMAABHO20 B8O0CCTMAHOBACHUSA UMEETTE MECITNO PABEHCMNBO

‘t:c

2de

c—a T wl/p(a)

(L~ a2yl

e(a,I],BA,(B1)) =

yTc

1 —"¢a

YTBepXK JeHne CJAeACTBUA 3 IPYTUM CIOCO60M (0CTaBasiCh B PAMKaX OJHOMEPHOTO CIy-
was) OBLIO JoKasaHo B paboTe [§].
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