OIITUMAJIbHOE BOCCTAHOBJIEHUE B
ITPOCTPAHCTBAX XAP/I1 1 BEPITMAHA HA
EAVMNHNYHOM IITAPE U3 C”

K. 0. OCUIIEHKO

1. OCHOBHBIE OIIPEJEJIEHUSA 1 ITIOCTAHOBKA 3AJAYHN

[Iycte X wm Y — Jmueiinsle mpocrpancTBa. PaccMorpum 3ajgady
ONTUMAJILHOTO BOCCTAHOB/IEHUST 3HAYEHUH JUHEHHOTO (DyHKIIMOHAIA
L: X — C na mekoropom mHO)kectBe W C X 10 3HAUEHUSIM HA STOM
MHOZKeCTBe JinHeiiHoro omneparopa [: X — Y, HassiBaeMoro nadopma-
IHAOHHBIM o1epaTopoM. IlozpeuHocmobio onmumasvbHo20 60CCMAH08AE-
HUA HA30BEM BEJIMIUHY

(1) e(L,I,W) :=inf sup |Lf —T(If)],

T few

e HUZKHSAS IPaHb OePeTcd M0 BCEBO3MOXKHBIM 0ToOpazkenusam T: Y —
C. Orobpaxenue Ty, HA KOTOPOM JOCTUIACTCs HUKHssE Ipadb B (1),
Oy/JleM Ha3blBATh ONMUMAALHBLM MEMOJOM B0CCTNAHOBACHUA DYHKITH-
onaJsta L. Daement fo € W, amst KoToporo

’Lf - T0<]f)| = 6(L7Iv W)7

HA30BEM 9KCMPEMasvHuiM dsemermom. Tlonpobrbie cBegenus o pas-
JIMYHBIX [IOCTAHOBKAX 33189 BOCCTAHOBJIEHUS MOYKHO HAiiTH B 0030p-
HBIX cTaThsX [1], [2] u monorpadusx 3], [4].

Ecau W — Bbimykiaoe u ypaBHOBemenHoe (r.e. z € W = Ar €
W V|A| = 1) MHOXKECTBO, TO HMEET MECTO PABEHCTBO

(2) e(L,I,W) = sup |Lf].
few
1f=0
PaBeHcTBO (2) IpH pa3JIHYHBIX OIPAHAYEHUSX JTOKA3BIBAJIOCH MHOTUMHU
aropamu. COOTBETCTBYIONIHE CCBLIKH MOYKHO HailTh B pabore [5], rie
noJiyder HauboJsiee oOIU pe3y/bTaT B 3TOM HAIIPaABJICHUN.
[lycte B — epuanuansiii map 8 C" u S — ero rpanunmna:

B={oztmec b= Yl <1,
k=1
S:={zeC":|z]=1}.
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Ipocmparemeom Xapdu Hy(B) (Hp) Ha3bIBAETCS MHOXKECTBO TOJIO-
MOpGHBIX B B GYHKINIA, yIOBJIETBOPSIONIUX YCIOBUIO

0<r<1

1/p
1l = sup ( / \f(w)!”da(z)) coo 1<p<oo
S
1l = sup | F(2)] < 00, p = 0,
2EB

IJle 0 — BEpPOATHOCTHAs OOpeJieBCKasl Mepa, NMHBAPUAHTHAS OTHOCHU-
TeabHo Bpamennit. g gynxknumit w3 H, cymecTBYIOT TOYTH BCIOTY
rpaHUYHbIe 3HAUeHUs, npuHa iexkantue L,(S, o) (em. [6, cTp. 95]). Tem
caMbIM HPOCTPaHCTBO [, MOXKHO paccMaTpuBaThb KakK JHHefHoe Hoj-
npocrpancTBo Ly (S, o).

Ipocmpanemeom Bepemana Ay(B) (A,) Ha3bIBaeTCS MHOKECTBO 0O~
J0MOpGHLIX B B GYyHKINH, yI0BIETBOPIONINX YCIOBUIO

1/p
T ( / |f(2)|pdV(Z>> <00, 1<p<oo,

rje v — mepa Jleera B C" = R?", nopmupopannag Tak, uro v(B) = 1.
I[Ipu p = o0 As = Hy. Ecim Bo3HEKaeT HeOOXOTUMOCTH OTMETUTH
pa3sMepHOCTDb, OylaeM nucathb B, S,, 0, WIH V.

JIns muHetHOrO0 HOPMHUPOBAHHOTO MpocTpancTBa X depe3s BX Oymem
0003Ha4YaTh 3aMKHYTBIIl €JIMHUYHbIN HIap:

BX ={ze X :|z|| <1},

[Iycts o — myavmuunderc, T.e. yIopsiI0YeHHbI HAOOP HEOTPUIIATETH-

HBIX IeJBIX ducet o, 1 < j <n:a = (o,...,q,). [lomoxmm
D — 9 D% .— D™ Don o
J =g =DM ...D ol i=a1+ ...+ ap.
Zj

B pabore paccmarpuBaercst 3ajiada ONTHMAaJIbHOIO BOCCTAHOBJICHUSI
suavennd ¢ysknun f € BH, nau BA, B Touke a € B 10 3Ha4YeHHAM
cienos byukuuit D*f, |a| = 0,...,7 — 1, HA HEKOTOPOM MHOYKECTBe
A C B. Tem cambiM m3ydaercs 3ajada BOCCTAHOBJIEHUS JIMTHEHHOTO
dyuknuonana Lf = f(a) mo 3HauennsaM nHOOPMAIMOHHOTO OTIEPATOpPa

r—1

If =I0f = {D"fla} 0o

Beluuuny IOrpemHocTH ONTHMAIBHOTO BOCCTAHOBICHUA OymaeM 060-
T —
3HAYATh B 9TOM ciIydae depes e (a,lly, BX,), rae X, = H, uan A,.
NcenepoBanne 3a1a49 ONTUMAJIBHOIO BOCCTAHOBICHUS FOJIOMOPQHBIX
dbyHKIHIT MHOTHX TIepeMeHHBIX ObLITO HadaTo B pabore [7], rae u3ydascs
caydait r = 0.
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2. TIPEJABAPUTEJIbHKIE CBEIEHNS

[lycts Q — moamuoxkectBo C", u — HeorpumarenbHasg Mepa Ha ) u

X, — Kakoe-1u00 moaunpocTpancTso L, (€2, 11). Pacemorpum 3amady (1)
g X =X, n W = BX,,.

Teopema 1. Ilycmv g € X, g # 0 u Ig = 0. IIpednonoscum, wmo
oaa wexomopozo aunetinozo onepamopa Ty: Y — C npu scex f € X,
BHINOAHEHO PABEHCMEO0

o [P dutz), 1<p <.
Lf —-Ty(If)= e
/Q dDe()f () du(z),  p=oo,

edeac€C, o Li(Qpu) uecru p=1, mo |g(z)| = 1 noumu eciody na
Q. Tozda Ty — onmumanvrvii memod eoccmanosaenus, go = g/gll,
— SKCMPEMANOLHAL PYHKUUA U
olllglpt, 1<p< oo,
(3) E(L,I,BX,)=|Lgo| = gl
lells p = o0

Zoxazamenvcmeo. 1lpu 1 < p < 0o Mo HepaBeHCTBY l'enibiepa nMeem

E(L,I,BX,) < sup |Lf—Ty(If)| < |allglln™".
feBX,

[Ipu p = oo aHAJOrMYHAS OIEHKA AT
E(L, 1, BX;,) < el
s srroboro meroja 1 cripaBeInBO HEPABEHCTBO
[Lgo — T(0)] + [L(—g0) — T(0)] = 2|Lgo.
Orcrona, yanrsiBast (2), mosydaem

lelllgly™, 1<p<oo,

E(L,1,BX,) > |Lg| = {H<p|!1 o

Teopema jmokasaHa. O

Teopema 1 B TOit M WHOI cTernmeHn OOIIHOCTHU JOKa3bIBAJIACh B Pa-
6orax [8]-[10]. HecmoTpss Ha ¢BOIO MPOCTOTY OHA SABJISAETCS JTOBOJIBHHO
3P PEeKTUBHBIM CIIOCOOOM TOCTPOEHHUsI ONTUMAJIBLHBIX METO/IOB BOCCTAa-
HOBJICHUSI.

JlokazkeM psi BCIOMOIaTeIbHBIX YTBEPXKICHNH, KACAIOIMINXCSI BECO-
BBIX BOCHPOM3BOJAIINX sJep /g HpocTpancTs H,.

[ycrs u € C, |u| < 1 u p > 1. [onoxum

=Ltk +p/2) 4
4) nlp:u) '_kzzo Tk+p/2+1)"
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Hna z=(z1,...,2,) € C" n 1 < k < n nosoxum
2= (21, s 20k, 0,...,0), 2 :=2— 2,
(zw>’:ZzE zoweC", sp(z,w) = e wi)
) . — kWk, <, ) k 1—<Z wk>

<Z7 w@’"@n(rp, Sk(za w))
(n— D1 — (2, wp)) o

Kop(z,w) =

Ormernm, 9o (2, w) = sp(w, 2) u Kp(z,w) = Kpp(w, 2).
IIpennoxkenne 1. [pu scex 1 < p < oo das mobol pynxyuu f € H,
u 6cex z € B cnpasedauso paseHcmeo

1"11

= J!

(DLf) (21)2) = /Krl z,w) f(w)|w,|"®? do(w).

J

Jlokasamenvemeo. 1lockonbKy HOTMHOMBI IIOTHEL B [, TO mocra-
TOYHO JIOKA3aTh, 9TO PABEHCTBO (5) BBINOJHEHO i DYHKIHUIT BHIA
f(z) = g(z)z", m = 0,1,..., tme g(2') — nmosuuoM, 3aBucsInii oT
HEePEMEHHBIX 21, ..., 251 (2/ = (21,...,2,—1)). UHTerpan B (5) MOKHO
CBeCTH K MHTerpasiy no B, 1 (cm. [6, cTp. 24])

L/IQNAUOMWUw?WmW””dUWO
S
1 /’(LWMWWWMWM%ﬂw)
anl

(n—1)! (1 — (2, w'))n o2
1 /ﬂ rw;wziei(m—r)g i F(n +k+ Tp/2) kake—zk;e »
k=0

C(k+rp/24+1) (1 — (2, w'))k
0, m<r,
[ K@) d ),
Bn1
r7ie

L'(n+s) (1—|uw')?)®
C(n)T(s+1) (1 — (z/, w))nts’

sBectHOo, uTo nipn Beex s > —1 aapo K (2, w') samisiercst Bocrpons-
BogstuM it by skl u3 Hoo(B,_1) [6, cTp. 129], a crenoBaresbHo,
U Jig nojuHOMa ¢. Takum obpasom,

/Kmawmwmmwm””“m:{a " mer
S

Ky (2 w') =

s:=m+r(p—2)/2.

g(Hzr, m>r.

Jlerko yGeauThbest, 9To JieBast 9acTh (5) paBHA TOMY K€ BBIDAKEHUIO.
[Tpetoxkenne J10Ka3aHO. O
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Hns a € C" uepes P,z 0603Ha49nM OPTOroHAJBHYIO Tpoeknuio z € C"
Ha MOANPOCTPAHCTBO, MOPOKICHHOE BEKTOPOM (i

(z,a)
P,z := < (a, a>a’ a#0,
0, a = 0.

IIpennoxkenne 2. lpu scex 1 < p < oo das amoboti pynxyuu f € H,
u ecexr z € B cnpaeed/Lueo PAGEHCMEO

T—

f(z) =

j

/K,k 2, w) f ()| Py 2 dor(uw),

8 Komopom dz = zj..

Zoxaszamenvcmso. HpI/I 2y = 0 yTBepzK/ieHHe TeopeMbl 04eBUIHO. By-
JeM CUUTaTh, 4T0 2; # 0. VI3 mpeoxkenns 1 ciejgyer, 4ToO mpH BCex
g € H, n v € B uMeeT MeCTO PaBeHCTBO

r 1

© 0=y / Ko (0, 9)g@) a2 do (y),

90‘7'

rie dv = vf. Illycts U — HeKOTOpast yHUTApHAST MATPHUIA HOPSIKA
nu f € Hy, Ionoxum g(v) = f(U 'v). Torna g € H,. Ilpumenss
paBencTBO (6), mOTyIaeM

r—1

(7) F(U ') — Z

Jj= 0

Ty = [ Fa s Ol doly)

rae dz = U~y Tlpn 3agannom 2z € B takom, 9To 2, # 0, paccMoTpumM
marpuity U, I/IMeIOH_[yIO BUT

1
0
1
(8) U= 7
0 C
rne C — yHWTapHad MATPHIA NODPAAKa k, HDepeBoadinas BEKTOP
(Zn—k+1, - -+, 2n) B BekTOD (0,...,0,|2¢]). LHomoxkus v = Uz, y = Uw

B (7) ¥ BOCIOJBH30BABIIMCH WHBAPHAHTHOCTHIO MEPBI 0 OTHOCHTEIBHO
VHUTapHBIX TpeobpasoBanuii, 6ymem uMerh st dz = 2

- /sKm(UZU Uw) f(w)|(Uw),|"~2 do(w).
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Nmeem
(U2)1, (Uw))) = (21, (Uw)}) = (2, Uw) = (Uz,, Uw) = (2, w)

- <z,’€,w§€>,

|1 (Uw),, = (U2)a(Uw), = (Uz, Uw) = ((U2);, (Uw)y)

= <Zv w) - <Z;€, w;€> <Zk7 wk>

Otrcrona
s1(Uz, Uw) = si(z,w), KUz, Uw)= Kx(z,w),
" "
|(Uw)n| _ |<Zk7wk:>‘ _ |P2”w|.
1 k
[Tpetoxkenne 10Ka3aHO. O

3. OIITUMAJIBHOE BOCCTAHOBJIEHUE B [IPOCTPAHCTBAX XAPIU

HerpynHo y6eauThes (HampuMep, M0 HHIYKIMA), 9T0 ji/isg DyHKIHA
D, (p, u), onpesieeHHON paBeHCTBOM (4), CIIpaBeInBO COOTHOIIEHHEe

) Balp) = S EE -0,
rae
n—1 n—1
o :;kﬂ)/?( >Uk
[TonoxkuMm

An(p) :=min{ [u] : Qu(p,u) =0}.
B pabore 7] 65110 goKa3amo, uto mpu Beex 1 <p < oo gig 1 <n <5
An(p) > 1, a mpu m06om n > 6 cymecrByior p > 1, a8 KOTOPBIX
An(p) < 1. O603HaqHM qepes

|21
A% (p)
OueBugno, uto upu A\,(p) > 1 Apx(p) = B. B gacrHocru, npu Beex
1<p<oouml<n<5 Aulp) =B.

Aur(p) = {Z €B: + |zl < 1}, Ayk(o0) == B.

Teopema 2. [lyemv 1 <p<oocuA=A,:={z€B:z, jy1=...=
z2n =0}, 1 <k <n. s scex a € Api(rp) memod

K Z A8 PEIE) . 1S <o,
fla) = T—l
i J() _
(1_|a|2)j:0 K (1—<z,a>)]za;’ e
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ede dz =ay, a
y(z) = D, (rp, si(z,a))
(= DL = (2, ap))mrre/2
ABAACTNCA ONMUMAALHBM MEMOIOM B0CCMAHOBAEHUA Ha Kiacce BH,

no ungopmavuu I}y . Jlas noepewnocmu onmumaibnozo 60cCmanos-
AEHUA UMEET, MECMO PABEHCMEBO

X (a)lagl”, 1<p< oo,
e(a, Iy, , BH,) = ! "
———, p=o0.
V1= la
IIpu a € Ak (rp) \ Ag sxempemanvran Gynruui umeem 6ud
X VP(a)|ai| TP () (2 a))", 1< p < oo,

90() = <W—\aw (2 a) ) p

okl 1= (2 a)

= Q.

Jloxazamenvcemeo. g a € Ap yTBep2KIeHUEe TEOPEMBI JIETKO ITPOBe-
"
pstetcst. Byaem caurats, uto |af| # 0. Ilyers 1 < p < oo. [lockoabKy

|ay
10 sup |sg(z,w)| = ,
(10) sup su(z.v)] = e

o ipn a € A, (rp) mommroM Q, (7, Sk(z,a)) He obpaimaercsa B HyJIb
upn w € B. Tem cambim u3 pasencrsa (9) caejyer, 9To Y — obpaTumMas
dbyukus w3z Hy,, a ciaepoBarenbHo, x°(z) € Hy, aist oboro s € R.
[Tosioxkum

9(2) = () (2, d), = CPP(a) |l D),
Nmeem
9(2)|g(2) P72 = x(2) X2 (2)(a}, 2)" [{a}, 2) 7P~
= K,x(a, Z)X(pr)/p<Z)’<a/k/’ Z>‘T(p72).

Cile0BaTeIbHO, YUUTHIBAs Hpeiozkenne 2 u 1o, uro YP~2/Pf ¢ H,,
nostydaeM JJid Jro0o#t dynkuuu f € H),

1) 4 / T@D9(2) P2 f(2) do(z)

2 Pr(q) / K0, )X P2/ (2) ()| Pay 202 do(2)
r—1

= J(a) = XFP(a) 3l (P () f(2)

|Z—(l
=0 " .

rae dz = aj. OueBmano, 4ro mpu Beex w € A, (DY) (w) = 0,
la| = 0,...,r—1. Takum o6pa3zom, ycaosust Teopembl 1 ipu 1 < p < o0
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shinoanensl. Ocraercs jmmb maiitn ||g||g,. omoxus B (11) f=g, mo-
JIy IuM
Y9l = g(a)-
Orcrona
lgllzz, = x"""(a)lay]".

PaccemorpuMm Teneps caydait p = 00, KOTOPBIN CBe/ieM K OJTHOMEPHOI
3ajiave BoccraHopnenus. [lyers f € Ho, u b € B. Ilosoxum ¢(u) :=
f(b1,. .o by1,y/1 — |} |?u). OueBuano ¢ € BH(B;). 3 pabors [8]
(em. makxke [11], Tie pemnena Gosee o0mias 3aja4a BOCCTAHOBJICHUS B
OJIHOMEDHOM CJIydae) moJydaeM npu Beex |£] < 1

#©) - L o0 <ler

Tae

- 57“(1—|f|2>{ 1 ]““j‘”

R AGEEEE (CE NIl [,
meem
PP el 50 N ORI
20 =5 [l

r—1 .; u ()
=065 (8,

Crenas sameny v = /1 — |0} |2u, a1 € = b, (1 — |6}]?) /2 monyuaem

b f(2)
¢ (0) = (1= [b]*) Y Fiitd (1— <z,b>>}z:ba

1
j=0 =0 7"

w1 o flz
= (1= 3 5 (%)\b

r—

<

Jj=0

rae dz = bl). Taxum obpasom, ujist Beex b € B umeem

‘f(b) Sa-p Y %dj <%> o=t

J=0

(Y
V1=
[Ipemmonoxum, aro a € B\ Ay. Pacemorpum marpuny U Buga (8), B

koTopoit C' — yHuTapHasg MaTpuIa MOpsAaKa k, MEePEeBOAAIAsd BEKTOD
(@n—k+1,---,a,) BBexTOD (0,...,0,|a}|). Torga, nonoxus b = Ua, nis
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bynkmuu f(U'2) 6ynem nmers

’f() (1—|Uaf) lel (ﬁ)p:wa)a

- ’f(a) -(1- W) 3 il (%) =

]

<l )
V1= |ag)?

riae dz = aj. Tem cambim

T |a’k
ot =)

C mpyroii ctoponst, B cuay (10) dyukmus

() — (W [P (=) )

okl 1= {za)
npuHa UTeKuT Kiaaccy BH., u npu Beex w € A (D%p)(w) = 0,
la| =0,...,r — 1. CaenoBaresbHo, U3 paBeHCTBA (2) BBITEKAET, 4TO

apl Y
e(a, Iy ,BH,) = su a)| > a)l = —=———1 .
( Ag ) fGBBoo |f( )| |gO( )‘ (\/W

T —
I, f=0
Teopema jmokasaHa. O

T
[TockosibKy BenmunHa e(a, I BH,) coBuaJaer ¢ pelieHueM SKCTpe-
MAaJIbHOM 3aJ1a49u

sup |f(a)]
fEBH,
I, f=0
(em. (2)), To ipu k = n u A, = {0} MbI morydaem ciaeyiomiee 0606~
menue JiemMMbl IIBapia.

CaencrBue 1. [lpu ecex 1 < p < 00 das a € B marux, wmo |a| <
An(rp), umeem mecmo pasercmeo

(12) sup |f(a)]

feBH,
(D £)(0)=0, o <r—1

1/
_ |a’|r n+7np/2 Z ( 1>|a|2k ’
(L= [aP)" | T(n)T(rp/2) 2= b+ rp/2 |

Cuydaii p = 0o 6e3yCJI0BHO TaK:Ke BBITEKAET U3 TeOPEMBI 2, HO MAJIO
MHTEPECeH, TaK KaK He OTJIMYAETCS OT OJHOMEPHOrO Ciaydas (mpapas
vacTh B (12) pasna |a|”).

OTMmeTum, 9TO penieHue MOCTaBICHHON 3a/1a91 BOCCTAHOBJICHHS 110~
JydeHo npu n > 6 gaumb B o6nacti A,k (rp) (Kak ObLIO OTMEYEHO, TpH
1 <n <5 Aulrp) = B g seex 1 < p < 00). st BeTwauHb!
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An(p), BXOmsieit B onpenesnenne obaactu A, (rp), B pabore |7| Golia
II0JIy YeHa, OIIeHKA

p+2
An > -
(p)_p—|—2n

Tem cambiM MOXKHO yKa3aTh 00JIACTH TTPOCTOTO BUJIA

rp+2n\°
(13) (5 tok 4l <1

KoTopast JiesKUT B A (1p). Kpome Toro, u3 (13) BumHo, 9To mst J060ii
TOYKH ¢ € B MOXKHO BOCIIOJIb30BATHCS ONTUMAJIHHBIM METOIOM BOC-
CTAHOBJIEHNsI, TTOJIYI€HHBIM B TeopeMe 2, €CJu BBIOPATH T JOCTATOTHO
OOJIBIIIIM.

OcranoBuMcd HECKOJIBKO 10oJpobHee Ha caydae p = 2. [Ipu mokaza-
TeJIBCTBE TeOpeMbl 2 yeaoBue a € A,k (7rp) HCIOIB30BATOCH /Uit 00pa-
THMOCTH X, UTO,B CBOIO OYepeib, HEOOXOIUMO OBLIO IS TOr0, YTOOBI
dbyukmun /P u xP~2/P npunamneskaniu npoctpanctsy Hoo. pu p = 2
[OCJIe/THEE YCJIOBHE BBIOTHEHO pH Beex a € B. OHaKO B 3TOM CJ1ydae
JIETKO TIOJTyYUTh ONTHMAJIbHBINH METOJ BOCCTAHOBJIEHUST HEITOCPE ICTBEH-
Ho. OcTaHOBUMCS HA 3a/1a4€e ONTUMATBHOTO BOCCTAHOB/IEHUST 3HATEHU ST
f € BH5 B TOUKe @ 10 3HAYEHUAM WH(OPMAIHOHHOTO OMEPaTOpa

L f = {(D°N)(O0)}, L U{(D” O},

e [of| = r, j = 1,...,m. JTna myasrunngekca o = (aq,...,qy,)
HOJIOZKAM

al:=o!. . o), a®:=a" . ay, aeC".

Ilpennoxxkenune 3. Ilpu scex a € B memod

1) @ Y SO0+ Y (D )

lo|<r—1 j=1
ABAACMCA ONMUMAADHHM MEMOIOM B0CCTMAHOBAEHUA HA KAQCCE BHQ

no unpopmauuts L. s nozpeuwsnocmu onmumasvHo2o 60CCMaH06-
AEHUA UMEETN, MECTNO PAEEHCMEO

(15) e(a, lm, BHs)

r—1
B n—l—] Dl (n4+r—1"1 5.
- (1—\ay Z a ;(n—l)!oﬂ! ™1

)5
i !

1/2
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Joxazameavemeso. Tlomoxkum

[Ipu mw0bom a € B k,,, € Hy. B cu1y BOCIPOU3BOISIIETO CBOMCTBA
sjipa Koiiu, ero pasjioxenus

(16) 1 (eay =3 ot =Dl oz

—Dla!
ot (n—1)la!

n OPpTOTOHAJILHOCTU MOHOMOB
0, a7,
/20‘3’8 do(z) = (n—1)la!
S

(n+la] = 1) a=p
(em. 6, cTp. 25], [12, cTp. 557]), moaydaem

(17 [ Falmaf (@) = fla) = 3 (0" HO)"
laj<r—1
=3 o)
13 paznoxenust (16) Bugno, aro mist g(z) := kppn(2,a) BblIONHEHBI

pPaBEHCTBA
Dag‘ 0:0, la|=1,...,7r—=1, a=d, j=1,...,m.
z=
Takum o6paszoM, GyHKIUA ¢(z) YAOBIETBOPSIET YCIOBUIM TeOPeMbI 1

upu p = 2. CienoBareibHO, PACCMATPUBAEMBIIT METOJI BOCCTAHOBJICHU ST
ONTUMAJIEH, &

6(@7 Irma BHQ) = g(a)HgHI_né
[oncrasngas B (17) f = g, nonyuaem
g(a) = llgll%,.
Tem cambim
e(a, Iym, BHy) = \/g(a).
g Toro arobbl osryanth Gopmyiay (15), octaercsa 3aMeTuThb, 4T0
.]‘ o} 1
> L] =
al
o] =3

[Tpetoxkenne J10Ka3aHO. O
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Caenyst Pyauny [6, crp. 41| 6ynem nazsiBarh abGUHHBIM TOIMHO-
JKeCcTBOM B mepecedenue mpou3BOJIHLHOTO apOUHHOTO MTOIMHOKECTBA
u3 C" ¢ mapom B. PaccmoTpuM B KadecTBe MHOXKeCTBA A IPOU3BOJIb-
Hoe adduHHOE OAMHOXKeCTBO B. be3 orpanuvuenus 0OITHOCTA MOYKHO
CYATATh, YTO A UMeeT BUI

(18) A={2€B: 2y ki1 ="Cokils--y%n =Cn},

rme ¢ = (0,...,0,¢p—p11,---,¢n) € B, 1 < k < n, tak KaK m06oe
adduHHOE TOAMHOXKECTBO B ¢ MOMOIIHIO YHUTAPHOTO Tpeodpa30BaHNA
MOZKeT OBITh [IePEBEJCHO B MHOKeCTBO Buja (18).

[ToJstoxxum

¢c—P.z—+/1—|c|*(z — P.2)
1—<Z,C> ‘

Orobpazkenne . sBiasgerca apromopdusmom tmapa ([6, crp. 34]). Tlo-
JIOZKHAM

900(2) =

Api(p; €) = 0e(Ank(p)).

Teopema 3. [Tyemv 1 < p < oo u A onpedesero pasencmeom (18).
Toeda dna scex a € Apy(rp, c) memod

1 — |c|2 2n/p
( ng p)/p(ac)

Se [xﬁp U (2) ()

] , 1 <p<oo,
|2=(ac),

fla) =~ — ;! (1= {z, )i
ri~ 1 [ flee(2)) =
\(1 | >; 7 {m] e

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

o D, (rp, si(z,ac.))
X2 = DIz, ()

ABAACTNCA ONMUMANDHBM METMOJOM 60CCTNAHOBACHUA Ha Kaacce BH,
no ungopmavuu I'y. [as noepewnocmu onmumasbHoz20 80CCMaH06.AE-
HUA UMEEM MECMO PABEHCTMEO

1l
w1 By - 1 (@AP7 (@)@, 1<p< oo,
e(a, I, _
e (a.)!]

L—1(a)i? )
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IIpu a € Ay (rp, ¢) \ A akempemanvuas Gynkyus umeem ud

, 1< p<oo,

(1= e X (pu(2)) (pe(2), (@)
g { U@ el
90(2) S ACIENCE )
(@)l 1= (pe(2), (@)

T

Joxazameavemeo. Tlpexae Bcero oTMeTuM psiji CBOWCTB aBTOMOPhU3-
Ma ., KOTOpble HaM moTpedytores (em. [6, cTp. 34, 161]). metor MecTo
CIIEIYIONHAE PABEHCTBA

(19) pelpel2)) =2, z€B,

@)1= (el = i gy

z,w € B.

Onepartop

€

(1)@ = =, gy #e2)

ABjdeTcd u3oMeTpHueil npocrpaHcTBa Hp, T.e. npu Beex f € H

1T f 1, = 1N,
[Iycts 1 < p < 00. B cuny (19) mveem

ac = pc(a) € p(Ank(rp, ) = An(rp).

Pacemorpum npoussoapnyto dyukmuio f € BH,. Torna g := Tf €
BH,. 113 TeopeMbl 2 noaydaem
(21)

g(ac) 2 p)/p Z dJ p 2)/p( ) (z))} < e(ac,fgk,BHp)

Z:(ac)k
(3mech u manee dz = (a.)}). Uz (19) u (20)

e B (1— |e])/» )
(1= {ac, c>)2”/1’f(a) T (1= (p.(a), ¢C(o)>)2n/pf( )

(oo
~ ey 1

g(a.) =

Takum o6pazom, yMHOXKast 00e dacTu HepaBeHCTBa (21) Ha

e
11— (a,c)>/»’
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Oy/ieM mMeTh
L= 1el N gy
- () e
r—1 (-2)/p
L [ c (Z)f(soc(Z))]
|2=(ac;

(1 - <Zv C>)2n/p

(1 — |ef*)™?

~ We(ac, [:‘k’ BHp)

Herpynuo yoemurbes, aro ¢ (A) = Ay, a crenoBarensho, ¢ (Ay) = A.
B cuny npousBosibHOCTH byHKIME [ MOIydaem

1 — 2\n/p
e(a, I, BH,) < (1= ")

< W@(ac, [Ak’ BHp)

Paccmorpum dyHnkimio

fo(z) = xc VP (ac)l(ac)il " x2P(2) (=, (ac)i)",

SIBJIAIONIYIOCSA 9KCTPEeMAJIbHONW B 3ajade 006 ONTUMAJIBHOM BOCCTAHOB-
JIEHUH B TOYKE @, IO HHMOPMAIUN I}, . Honoxnm go := T fo. Torna
go € BH,, I'ygo = 0, u, ciegoBare/ibHo,

(1= |e)rs

e(CL’I;bBHp) > |go(a)| = 11— (a C>|2n/p

(s
e(ac, I, , BHp).
[Ipu p = 00 JOKa3aTEILCTBO MPOBOAUTCH IO TOH )Ke cxeme. Teopema
JIOKa3aHa. O

4. OIITUMAJIBHOE BOCCTAHOBJIEHUE B I[IPOCTPAHCTBAX
BEPIMAHA

PaccMmoTpuM Ternepb aHAJOTHIHYIO 33a9y BOCCTAHOBJIEHUS B MPO-
cTpaHcTBaxX beprmana, a mMeHHO, 33729y ONTHMAJIBHOTO BOCCTAHOB-
jgennd 3Hadenus byukmun f € BA, 1 < p < oo, B Touke a € B
no uadopmanun I, rae A onpemeneno pasenctom (18) miasg ¢ =
(0,...,0,Chps1,---,Cn) € B, 1 <k <n. Mbl orpannauBaemMcst cyda-
em 1 < p < oo, tak kKak Ay = Ho.

Beenem cireyroniue 0003HaYCHAS:

Aui(p) i={2€3¢2|2i+\22\2<1},
)‘n+1(p)

Ank(p; €) = pe(Ank(p))-
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Teopema 4. ITycms 1 < p < 00. Toeda npu scex a € ﬁnk(rp, ¢) memod

a2 N\ 2(nt1)/p
f~ () e

1—(a,c
Rs 14 R VIC <>>]
(- |2=(ac)

Y

< >)2 (n4+1)/p )
k
ede a. = p.(a), dz = (a.)y, a

( ) CI)TH—l(rp: Sk(zvac))
Xel2) = S = (e (o)) oo
ABAACTNCA ONMUMANADBHBIM Memodom 60CCTNAHOBAEHUA HA KAAQCCE BAP

no ungopmavuu 1'y. Jas noepewnocmu onmumasbHo20 80CCMaH06.AE-
HUA UMEEM MECMO PABEHCTMEO

(CL I BA ) ( |C| )n+1)/ ""l/p( )‘(a )//lr
A 11— (a, c)|?(+1) )/p Xe c/kl -

Ilpu a € &nk(rp, ¢) \ A sxecmpemarvran Pynryus umeem 6ud

(1— [P 2P (0o(2)) pe(2), (ac))”
(1 _ (z, C>)2(n+1)/p )Zi/p(ac)\(ac)’é‘r )

Zokxazamenvcmeo. OlpenesuM orepaTop IpoIoszKeHus F paBencrsom

(Eg)(20, 2) := 9(2),

rie z € By, a (20,2) € Byyr. Ussecrno ([6, crp. 135]), uro E — sn-
Hefinasg m3oMerpust npocrpanctsa A,(B,) B H,(By41), T.e. Ipu Bcex

g € AB.) Bg € Hy(Buw) n llgllays,y = 1Bl 5,0 Tepes
e: C* — C"! 6ynem 0003HAYATH HPOJIOJZKEHHE, ONpeJeJeHHOe Pa-

BercTBoM ez = (0, z). PaccmoTpuM 3324y ONTHMAIBHOIO BOCCTAHOB-

nenns 3uadenust yuxunn u3 BH,(B, 1) B Touke ea o uudOpManinn
o4 113 1erko mpoBepsaeMBbIX COOTHOIIIEHUIT

e(pe(2)) = Peclez), e(znk(m) C Zn—i—l,k:(p)

u TOro, 4ro a € A,k (rp, ¢), umeem

ea € e(ﬁnk(rp, c)) = e(gpc(ﬁnk(rp)))
= 9060(6(£nk(rp))) C ec(Ans1x(rp)) =

)
[lycte g — upoussoibnas dyukmua uz BA,(B,). Torma Eg €
BH,(By,+1). llpumenss Teopemy 3, nosydaem

((Eg)(ea) = TollaEg| < e(ea, I24, BHy(Bpi1)),

(22)  go(z) =

Ay i (rp, ec).

rie depe3 T obo3HaueH /I KPATKOCTH COOTBETCTBYOIIUI METO/I BOC-
craHOBJIeHUs. B cmiry Toro, 4ro s Jr000r0 MYyJAbTHHHIEKCA @ =
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(g, ..., ), moboit Gyukiun f € A,(B,) u z € B,
Da(Ef)}ez = D).

nocjgaeanee HepaBEHCTBO MOXKHO 3allUCaTb B BUOE

a2 N 2(nt1)/p
ro- (1) e

e [»’é“”p(z)f(soc(z))]
| =(ac),

| _ 2(n+1
23 = e

(1 — >0l _ )
S perr e (el (@il

rae dz = (a.)y. Takmm obpazom,

r (1 B |C|2)(Tl+1)/p ~1/p "r
(ool BA) < [ el

C napyroit cropousr, ¢gyuknus Fgy aast gy, ONpeeeHHONl paBeH-
crBoM (22), coBHajaer ¢ KCTpeMasbHOll GyHKIHeHd B 3a1ade ONTH-
MAaJIbHOTO BOCCTAHOBJIEHHS B TOUKe ea Ha Kiacce BH,(B,y1) 10 uH-
dopmanun I7,. Crepoparensno, ||golla,s,) = £l m,(B..r) = 1. Kpo-
Me toro, I gy = 0. Tem cambiM

r (1 _ ‘C‘2>(n+1)/p ~1/p "r
6(a7IA7BAp) > |g0(a)| = ‘1 _ <CL C>‘2(n+1)/pX (ac)|(ac)k| .

TeopeMma, mokazana. Ul

Amnastornuno ciegcrsuio 1 nosydaem ciepyiomiee 0000IeHre JeMMbl
[ITBapma ang npocrpancTs beprmana.

CaencrBue 2. [Ipu ecex 1 < p < 00 dasa a € B makuz, wmo |a| <
Ant1(Tp), umeem mecmo pasencmeo

sup | f(a)|
fEBA,
(D2 £)(0)=0, [a]<r—1

_ ja|" D(n+1+7rp/2) <~ (=1)* (n>|a|2k] 1/p'

(1~ [aP)0% | T(n+ DE(rp/2) 2k + rp/2 \k

[IpuBeneM Takzke aHAJOT MPEJIOKEHU 3.

IIpennoxxenune 4. Ilpu scex a € B memod (14) asasemecsa onmu-
MANDHOLM METMOOOM B0CCMAH0BAEHUA Ha Kaacce BAs no ungpopmayuu
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an. ,ZZJI,ﬂ nozpewrocmu onmumasbHozo 60CCIMAHOBAEHUA UMEETTL ME-
CMo paseHCcmeo

e<a7 Irm7 BA2>

r—1 . m 1/2
1 (n+7) o (n+1)! 9
(1 = |af?)rt _Z nlj! o _Z nlad! ™|
7=0 7j=1
[Ipu n = 1, moAB3yACH JIETKO TPOBEPsAeMbIMH PaBEHCTBAME
r—1 r (r—1)
L oyt - (9L)
19 (0)u (r—1!'\u—=z2 ’
=0 J: : ‘7;20
c—1 (r—1)
FOD(0) = (=1)" M1 = |ef’) (1 —et) 2 F - :
1—¢ct ‘t:C

CHpaBeJIMBLIME JIj1s JI0ObIX (pynknuit g u F'; ronoMopdHbIX B OKpecT-
HOCTHU HYJIS, U3 TEOPEMbl 4 MOYKHO MOy YUTH

Caencteme 3. [Tycmv 1 < p < oo, I'f :={f(c),..., f" ()}, c €
By. Ilpu scex a € By memod

(a—c)"(I—laf*)* 7 1

(1 —Ca)tlw®=2/p(a) (r —1)!

9 {(1 - Et)r“w(p‘”/”(t)f(t)] .
(t—a)(1 —at)>/»

fla) =

Y
’t:c

c—a c—t
w(t):—l—i—%(l—c - )

l—cal—czct
ABAACTNCA  ONMUMAALHUM  MEMOJOM  60CCMAHOBACHUA HA  KAGCCE
BA,(B1) no ungopmayuu I7. JTas noepewsnocmu onmumassHozo 60c-
CMANHOBACHUA UMEECTL MECTNO PAEEHCTNEO
r wl/p(a)
(1= Jo )

YrBepKAeHHe CJIEACTBUS 3 APYIHM CIOCO00M (OCTaBasiCh B PAMKAX

OZHOMEPHOTO ciydast) ObLIo JoKazaHo B pabore (8.

c—a

)T

emrB@wm:)

1 —"¢a
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