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AHHOTALIUA

[Iycrs Hol(B,) obo3HadaeT MPOCTPAHCTBO BCEX TOJIOMOPMHBIX (DYHKIWHA B €JIUHUIHOM
mape B, u3 C", n > 1. lna g € Hol(B,,) n rosomopdHoro orobpazkenust ¢ : B, — B,
nonoxkum CYf = g - (f o) npu f € Hol(B,). B pabore oxapakTepusoBaHbl Te ¢ U ¢, JJid
KoTOpbX (Y ABJIAETCS OrPaHMIEHHBIM (MM KOMIAKTHBIM) OMEPATOPOM U3 MPOCTPAHCTBA
pocra A~¢(B,) wm A?(B,), 8 > 0, B BecoBoe nmpocTpancTso Beprmana AP (B,,), 0 <
p < 00, @ > —1. Takke 1MoJIy9eHbl HEKOTOpPbIE OOODIIEHUsT 3TOTO PE3yJIbTaTa U UCCIIeI0BAHbBI
POJICTBEHHBIE MHTETIPAIBHBIE OLEPATOPDI.

Pabora nognepxana rpanrom PODU No. 08-01-00358-a u PoHIOM COIEHCTBUS OTEIECTBEHHON HAYKE.
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1. BBEJIEHUE

[Iycts n € N u nyers Hol(B,,) 0b03Ha"9aeT MpOCTPAHCTBO BCEX TOJOMOPMHBIX (DYHKIIUIT
B eauananoM mape B, = {z € C" : |z| < 1}. B nacrosmeii pabore paccMaTpHUBaIOTCS
HECKOJIBKO KJIacCOB JInHeHHbIX oneparopoB 1T : X — Y tne X C Hol(B,) n Y C Hol(B,)
npu m,n € N.

ITpoctpanctso X. Ilpemnonaraerca, aro X = A %(B,), 3 > 0, nm X = A~1°¢(B,). Ilpu
£ > 0 npocrpancrso pocra A~?(B,) cocrour u3 tex dbyuxuuit f € Hol(B,), 119 KOTOPBIX

1fll-5 = sup ()1 = |2])? < co.

Ilo onpese/iennio TpocTpancTBo Jorapudmudeckoro pocra A~1°8(B,) cocrour u3 dynkmii
f € Hol(B,,), Takux 4To

/()]

fll=10g = sup < 00.
7 llroe = 250 Toute/ (1 21)
[pocrpancrea A~?(B,) u A~'°¢(B,,) ¢ nopmamu ||-||_5 and || || 1og aBISIIOTCH GanaxoBbIMK.

Ormernm, uro g seex 3 > 0 umeem AP (B,) D A7°8(B,) > B(B,), rae B(B,) obozua-
“aeT KJIaCCHIecKoe IPoCcTpancTBo Bioxa B mape. Ha camom siesie, naTepec K IpoCTPAHCTBY
A71°8(B,)) Bo MHOrOM 00bsICHSIETCS €r0 TeCHbIMU CBA3siMU ¢ npocTpatcTsoM B(B,). Pazmo-

obpasnble cBoiicTBa ipocTpancTsa biioxa B(B,,) cobpabl, HapuMep, B TiaBe 3 MOHOTpad Ui
[12].

IIpocTpancTBo Y. Ilpemnosnaraercs, uro Y sBisieTcss BECOBBIM IPOCTpaHCTBOM Beprmana
_ p

i ero obobmenneM. [Tpu 0 < p < 0o m a > —1 BecoBoe npocrpancTBo Beprmana AP (B,,)

cocront u3 rex byskmit f € Hol(B,,), 17 KOTOPbIX

1 = [ PG =127 o) < .

rJe vy, 0603HaYaeT HOPMUPOBAHHYIO Mepy Jlebera Ha eaunuanom mape B,,. Ecm 1 < p < oo,
to AP (B,,) aBasgerca 6aHaxoBbIM pocTpancTBoM; ecain 0 < p < 1, To mpocrpatcrso AP (B,,)
SABJIAETCs TOJHBIM oTHOCHTEIBHO MeTpukn d(f, g) = ||f — gl -

(o3

Becossie oneparopsr komnosuruu. [lycrs m,n € N, g € Hol(B,,) uuycrs ¢ : B,, — B,
ABJIAeTCs TosioMopdubIM oTobpazkennem. Oneparop CF Hol(B,) — Hol(B,,) 3amaercs

dopmyoit
(C2)(2) = 9(2)f((2), =z € Bun.

Bajiata 3aKI09aeTCsI B ONMMCAHUNA TeX § U (P, JIJIT KOTOPBIX OIepaTop C’g orobpazkaer X B
Y. IHTeHCUBHO MCC/IE0BAINCH JIBA YaCTHBIX Coydas JJaHHON 3a/ladu.



3

Cayuat m = n. Oneparop C? : Hol(B,) — Hol(B,) Ha3biBaeTCa BECOBBIM ONEPATOPOM
komnosunuu. Oneparop CY obosnataercs cumposoM Cy, ecm g = 1. €, Ha3BIBaETCA Olle-
paropom KoMmiosumnuu. Pa3znooOpa3Hble ¢BOICTBa OIepPaTOPOB KOMIIO3UIINH B IIape COOPaHbI
B MoHorpadun [4]. Cayuait m = n = 1 meranbHO ucciaenyercs B Monorpadun [9]. Oneparop
CY obosnauaercs cumposiom My, ecin ¢(z) = z. M, Ha3bIBAETCS OIEPATOPOM YMHOZKEHHSL.

Caywat n = 1. Kak n Bbuue, oneparop €Y obosnadaercs cumposioM Cy, ecin g = 1. Cre-
JIYIOIINN 9BPUCTUYIECKUN TIPUHIAI MOTHBUPYET uccieaoBanus mpu n = 1 uw m > 2. [lycrs
orepatop C, 0TOOpazKaeT IOCTATOYHO IIpokoe mpocrpanctso X C Hol(B;) B “xopormee”
npocrpancteo Y C Hol(B,,). Ilpeanonoxum, aro rpanndnoe mosejnenne Gynknnn f € X
ABjdgeTcd BecbMa HeperynapueiM. Tak xak C,f Hacmemyer cpoiictBa dyHKImH f, TO Tpa-
HraHoe noseenne Gynknun Cy, f aBiIdercd, B OUPeJeTeHHOM CMBICTIe, HePEeryIaPHBIM, XOT
C,f IpHHANIEKHUT XOPOIIEMY IPOCTPAHCTBY Y. AxepH [1| peann3oBas H3/I07KEHHYIO BBIIIIE
cxemy qis X = B(B;) n Y = BMOA(B,,); cM. Takxke (8], rje UpuBeIeHbl JgabHeIne
pe3ysbTaThl U CChLIKK. Jlerko o6bsicHUTEL BhIGOP mpocTpancTa Bioxa B(B;) B kKauecte X.
eiicTBUTEIBHO, XOPOIIIO U3BECTHO, YTO TPOCTPAHCTBO B(B1) comep:kuT QyHKIMU, KOTOPBIE
HE UMEIOT KOHEYHBIX PaJINAIbHBIX IPEJIETIOB.

Onepartopsl uaterpupoBanus. s g € Hol(B,,) nomaoxum

(J,f)(2) :/0 f(tz)% dt, f € Hol(B,), z € By,

rie

SIBJISIETCS PaIUAJIBLHON Tpon3BoAHON pyHKINN g. OTMETUM, UTO
9]
Rg(z) =Y kgr(z), z€ By,
k=0

ecmn g(z) = Y 1oo09k(2), 2 € B,, sBIA€ICS OXHOPOIHBIM DPa3iIokKeHHeM (BYHKIHH § €
Hol(B,,).

Nneem J, : Hol(B,) — Hol(B,). Kak u Bouue, qia ganusix X,Y C Hol(B,,) 3a1a-
qa 3aK/II0YAeTCd B HAXOXKJEHUM Beex dyHkumit g € Hol(B,,), 11 KOTOpLIX omepatop .J,
orobpaxaer X B Y. Eciiu n = 1, To numeem

(Jof)(z) = /OZ f(w)g (w)dw, f € Hol(B), z € By.

[TosTomy J, mHOI/Ia HA3BIBAIOT 0OOOIIEHHBIM omepaTopoM esapo. Areman (2| paccmarpu-
BaeT pas/MyHble cBolicTBa oneparopa J, npu n = 1. [lna n > 2 onepaTop MHTEIrPUPOBAHUA
J, BBest Xy [7]. Ormernm, aro omeparop .J;, TecHO CBsI3al ¢ omepaTropoM yMHOKeHHsT My, .
B revenue mnocieHUX JIeT HECKOJILKO aBTOPOB HCCiIeA0Ban olepaTop J, Ha IpocTpaHCTBaxX
tuna beprmana u nmpoctpaHcTBax THia bioxa.
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Opranusamnuu cratbu. B §2 chopmysmpoBana ocHOBHas JieMMa JaHHO# crarbu. st pac-
cmarpuBaeMbix X 1 Y B §3 oxapakTepu3oBaHbl OTOOParXKEHUs § U @, JJId KOTOPBIX BECOBOI
oneparop komnozunun C¥ @ X — Y dpjigercda orpaHMYeHHBIM UM KOMIAKTHBIM. OTMe-
THM, 9TO B HEJIaBHell craThe [6] MOIydeH COOTBETCTBYIONIMH OJHOMEPHBIN pe3yibTar s
X =A"B)uY = A2(By), 0 < p < 00, a > —1. Cresuu [10, Teopema 5.2] cchopmy-
JMpoBa JacTuaHbIi pesynabrar, ecm n € N, X = A™%(B,), 3> 0,u Y = H(p,q;w)(B,)
(ompesiesierne npocrpanctsa H(p, ¢;w)(B,) nano B §3). B Hacrosmeit pabore cOOTBETCTBY-
0IIast 3a/1a49a PeIieHa MOJTHOCThIO (CM. ciefcTBue 3.4).

st pacemarpuBaembix X u Y B §4 oxapakrepuzoBanbl dyukiwu g € Hol(B,,), s Ko-
TOPBIX omeparop unrerpuposanus J; : X — Y sB/IAeTCA OrpAHUYEHHBIM HJIH KOMIAKTHBIM.
B cratbe |6] mokazanm cooTercTByfommit pesyabTar aaa X = AT8(B)) uw Y = AP(B),
0 <p<oo,a>—1. B zakmoantenbaoMm §5 coOpaHbl HEKOTOPBIE PE3YIBTATHI O TOJIOMOPd-
HBIX mpocTpancTBax Coboesa.

2. OCHOBHASI JIEMMA

Crestytoriast jemMMa OyaeT KII0YeBbIM HHCTPYMEHTOM IIPHU U3y9YeHNH OIepaTOpoB Ha, IIPO-
CTpaHCTBaX PoOCTa.

Jlemma 2.1 ([5]). ITyemo n € N. Tozda cywecmeyem namypanvroe wucao L = L(n), makoe
YO UMENM MECTNO CACOYULUE YMBEPHCOEHUA.
1. ITyemw B > 0. Toeda cywecmeyrom dymwuyuu fo € A~P(B,), 0 < £ < L, maxue wmo

(2.1) Z |fe(2)| > ﬁ, z € B,.

2. Cywecmeyrom dynxyuu hy € A~1°¢(B,), 0 < £ < L, makxue wmo

€
2.2 he(2)] >1 B,.
(22) Zu | Zlog 1 s

3. BECOBBIE OIIEPATOPBI KOMITO3UIINU

3.1. Oneparopst u3 X B Y. Ilycte Y(B,,) — JuHelHOe MPOCTPAHCTBO, COCTOSIINEE W3
dbyukmwit f : B, — C. Bynem ropoputh, uro Y (B,,) sBJsleTcsl PENIETKOl, eCIi NMeeT MeCTO
cJeLyroniee CBOMCTBO:
ecn F € Y(Bp) u |f(2)] < |F(2)| s Beex z € By, 10 f € Y(By,).
Host perierku Y (By,) nonoxum Ya(By,) = V(Bp) [\ Hol(B,,). BecoBoe mpocrpancTso
Beprmana A2 (Bp,), 0 < p < 00, @ > —1, gBisiercs YaCTHBIM CJIyIaeM MTPOCTPAHCTBA

Ya(Bn). HeiictBurensro, AP (B,,) = Ya(Bn) mia Y(By,) = LP(B,,, (1 — |2])* dvm(2)).

IIpensioxkenune 3.1. [lyems g € Hol(B,,) u nyemsv ¢ : B, — B,, asasemcs 2040Mmopdrvim
omobpasicenuem. IIpednonoorcum, umo Y(By,) asasemes pewemrod.
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1. Ilyemw 8 > 0. Onepamop C4 omobpasicaem A~°(B,) 6 Ya(By,) mozda u momvko mozda,
Ko20a

l9(2)|
(1 = le(2)])?

2. Onepamop CY omobpasicaem npocmpancmeo A718(B,) 6 Ya(B,,) mozda u moavko
mozda, xoz2da

(3.1) € V(Bn).

1
19(2)1log -

Hoxasamenvcmeo. peanonoxnm, aro > 0 n oneparop CY orobpazaeT IPOCTPAHCTBO
A=P(B,) 8 Ya(B,,). Badukcupyem uncno L = L(n) u bynxmmn f, € A~(B,), cymecTByto-
mue B cuty Jiemmbl 2.1. [lpumenss nepasenctso (2.1), mveem

L

L
(1_“0 <> lg(@)lIfele Z (CLf)(2)|, 2 € B,
/=

(=0

Tak kak Y(B,,) ABIgeTCA PEIeTKoil, To moaydaeM (3.1).
st iokazarebeTBa 0OPATHON MMILIMKAIIUK PEJIIOJOXKIM, YTO BBIIOJHEHO CBOWCTBO

(3.1). Ecom f € A7%(B,,), To
(CLNE] < N ll=slg(IQ = ()7 € V(Bun).

Crnenosarensno, CYf € Va(By,). HokazareancrBo dactu 1 3aBeprieno. /lokazaTeaneTBo

qacTu 2 anajormdno. JleficTBuTenbHO, Bocombayemcs dyrkmmamu hy € A78(B,), cyme-
CTBYIOIIUMHE B CHJIY JIeMMBI 2.1, ¥ TIpDUMEHUM HepaBeHCTBO (2.2). 0

3.2. KommakTHbIe ortepaTopbl. Ham norpebyercs ciieyoriuit Kpurepuit KOMIIaKTHOCTH,
pasyimaHble MOAUMUKAIITI KOTOPOI'O XOPOIIO U3BECTHHI.

Jlemma 3.2 (cp. c [11, nemma 3.7]). Hyems X = AP (B,), 3 > 0, uau X = A~°%(B,)
u nycmv Y — 8eKmoproe npocmparcmaen, COCMOAWEE U3 20A0MOPPHT GyHKUUT 6 wape
B,,. IIpednoarootcum, wmo Y A6AA€MCA MEMPUUECKUM MPOCTPAHCNEOM € UHBAPUAHMHOT
omuocumenvro cosuza mempurot. Pacemompum aunetinod onepamop T : X — Y. Toeda
UMEEM, MECTNO CACOYOULAA UMNAUKAUUSA.

IIpednonootcum, wmo nocaedosamesvrocmo {Th;} crodumea x nymo 6 mempure npo-
cmpancmea Y das 0600 ozpanuennot 6 X nocaedosamenvrocmu {h;}, maxod wmo h; — 0
PABHOMEPHO HA KOMNAKMHLLT NooMHodcecmeax wapa By,. Tozda T — xomnaxmmwii onepa-
mop.

3.2.1. 'Y aeasaemca eecosvim npocmparcmeom bepemara.

CaencrBue 3.3. I[Iycmov g € Hol(B,,) u nyemov ¢ : B, — B, Asaiemcs 2010MOpPHHoiM
omobpasicenuem. IIpednonrosicum, wmo 0 < p < oo u a > —1.



1. Ilyemo 3 > 0. Onepamop CY omobpascaem A°(B,) 6 A?(B,,) mozda u moavko
mozda, xozda CY : A™F(B,) — AP(B,,) AGAACMCA KOMNAKMNOLM ONEPAMOPOM 0200 U
moavko moeda, ko020a

< Q.

(3.2) / 19(2)|P(1 — |2])* dvi(2)

(1=l (2)])7
2. Onepamop C4 omobpasicaem A~'8(B,) 6 A%(B,,) moeda u moavko mozda, xozda CY :
A718(B,)) — AP(B,,) A6AACMCA KOMNAKMHBLM ONEPAMOPOM T0204 U TOALKO Mmo2da, K020a

/m l9(2)[” <log m)p (1 —|2))® dvp(z) < 0.

Jlokasamenvcmeso. Ilycts umeer mecto (3.2). OrMeTnM, 9TO MPEINOIOKEHHAS JTEMMBI 3.2
— g — p . .
somosenst 1 T = Cd u Y = Ab(By,). Urak, uyers [|h;]|—s < K u h; — 0 pasnomepno
Ha KOMIIAKTHBIX [OJMHOYKECTBAX Iapa B,.
Badurcupyem & > 0. Ecau ancio ¢ € [0, 1) Haxomures g0cTaToqHO GJU3KO K 1, TO

/ (C2h) (2)P(1 — |2)® dvm(2)
{z€Bm: |p(2)|>t}

|9(2)[P(1 — |2])* dvim (2)
{z€Bm: |p(z)|>t} (1 - |90(Z)|)6p

<K

<e/2

B cuy (3.2). Taxk xak h; — 0 paBHOMEPHO Ha KOMIIAKTHBIX [OJMHOKECTBAX IIapa B, To
uMeeM

/ ((CEh;) () P(L = |2])* dvm(2) < /2,
{2€Bm: [o(2)|St}

ecau umjieke j gocrarouno seuk. Cregosarensno, ||CEh;%, < e mna seex nocrarodno
Gosprmmx j. Taxmm obpasom, nemma 3.2 rapanTupyet, 4to CJ aBjfeTcs KOMIAKTHBIM Olepa-
topom u3s A~?(B,) B AP(B,). B custy upeoxenust 3.1 j10Ka3aTe/IbCcTBO YacTH 1 3aBepIICHO.
JlokaszarebcTBO YacTi 2 aHAJOTUYHO, TI09TOMY OHO GYJIET OIYIIEHO. O

3.2.2. Y asasemcea npocmpancmeom co cmewarnoti Hopmot. llomoxkurenbHast HellpepbIBHAS
dbyuxima w wa waTepsase [0, 1) Ha3BIBAETCS HOPMAJBHOM, €CIH CYIIECTBYIOT YUCIa S U t,
0 < s < t, Takne uro w(r)(l — r)~* yosBaer B okpecrnoctn Toukn 1 n w(r)(l —r)~*
npu r — 1—; w(r)(1 — r)~" Bospacraer B okpectroctn Touku 1 u w(r)(l —r)™" — oo upu
r—1—.

[Iycts 0, 0bo3HAUaeT HOpMUpPOBaHHYIO Mepy Jlebera Ha chepe 0B,,. Ecmu 0 < p,q < oo n
W SIBJISIETCsI HOPMAJIBHOI (DYHKIIHE, TO IPOCTPAHCTBO €O cMerannoit Hopmoit H (p, q; w)(Byy,)
cocrout u3 tex dyukuuiif € Hol(B,,), 1jisi KOTOPBIX

— 0

T / M2 (f.r)(r)(1— ) dr < oo,
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rie Mq (f,r) f(’)Bm

BECOBBIM TIpocTpancTBoM Beprmana AP (B,,), ecm w(r) = (1 — r)@*V/P npn o > —1. Ecom
p = min{p,q} > 1, To H(p,q;w)(B,,) — 6anaxoBo mpocrpancTBo; ecim 0 < p < 1, 1o
npocrpancrBo H(p, q;w)(B,,) sBisiercs mojHbIM oTHOCHTEbHO Merpuku d(f,g) = ||f —

(r{)|?don(¢), 0 < r < 1. Ormernm, aro H (p, p;w)(By,) aBisercs

gl% g
st naabHERX cChlIOK chOpMyIHpyeM cieyioiiee obo0IeHue ciaeacTsus 3.3.

CaencrBue 3.4. I[Tycmov g € Hol(B,,) u nyemov ¢ : B, — B, A6aiemcs 2010MOpHHbM
omobpasicenuem. IIpednonosicum, wmo 0 < p,q < 00 U W — HOPMAALHAA PYHKUUA.

1. ITyemw 3 > 0. Onepamop CY omobpasicaem A=P(B,) 6 H(p, q;w)(B,,) moeda u moavko
moeda, xozda CY : A~P(By) — H(p,q;w)(Bm) AGAACMCA KOMNAKIMHOLM ONEPATMOPOM MO20a
U MOoALKO moezda, K020a

[ ([ 6555) oo

2. Onepamop C9 omobpasicaem A~'*8(B,,) ¢ H(p, ¢;w)(Bm) mozda u moavko mozda, xo0zda

CY . A78(B,) — H(p,q;w)(Bpm) ACGAACMCA KOMNAKIMNOLM ONEPAMOPOM MO20A U MONMKO
mozda, xozda

/01 ([)Bm lg(r¢)|* (log my dam(()> P (1 =) dr < oo.

st mokazarenbeTBa choOpPMYINPOBAHHOTO CJIEJICTBUS JJOCTATOYHO IIOBTOPUTD JIOKA3ATE/Ih-
ctBO ciaencrBus 3.3. OTMeTuM TakzKe, 4TO CJAEJACTBHE 3.4 MMEET MeCTO i OoJiee 0bIux
BeCOB, YeM HOpMaJibHble. Hakowner, niepBas 4acTb cjencTBus 3.4 3aKpbiBaeT MPOOET MEXKTY
JIOCTATOYHBIM YCJIOBUEM U HEOOXOIUMBIM yCJIOBHEM, npuBeeHHbIME B |10, Teopema 5.2].

I

4. OIIEPATOPBI MTHTEI'PUPOBAHUSA U OITEPATOPHI YMHOYKEHIA

= /0 f(tz) 'Rgit

HeHOCpe,ILCTBeHHbIe BbIIMCJICHUA ITOKAa3bIBalOT, 9YTO

(4.1) (RJyf)(2) = f(2)Rg(2), =€ By,
st Beex f,g € Hol(B,) (em. [7]). Ormerum takke, uro (J,f)(0) = 0 mis Beex f,g €
Hol(B,,). Ham norpebyercst cieyromiast JJeMMa.

HarmomuaunMm, 9aTo

2 g, f € Hol(B,), z € B,.

JIlemma 4.1 (|7, Teopema 2|). I[Ipednosootcum, wmo 0 < p,q < 00, PYHKUUA W ACAAECTNCA
nopmarvnots u h € H(p, q;w)(B,). Toeda

1 »
Cil[hllp.g < [R(0)] + (/ MR, r)w?(r)(1 = T)p_ldr) < Col Allp.ge;
0

2de xoncmarnmo, Cy u Cy ne 3asucam om gynxuyuu h.
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Teopema 4.2. [Ipednonooicum, wmo 0 < p,q < 00, PYHKUUA W ABAAEMCA HOPMAALHOU U

g € Hol(B,).

1. ITycmov B > 0. Tozda caedyrowyue c601UCMEA IKEUBAACHINHDL.
(i) Onepamop J, omobpascaem A=P(B,) ¢ H(p, q;w)(B,).
(i)

1
/0 ME(Rg, r)w’(r)(1 — r)P=PP=1 dr < .

(iii) Onepamop J, : A™P(B,) — H(p,q;w)(B,) Acasemca xomnaxmmvim.

Ecauw(r)(1—r)"" aeasemes nopmanvnoti gynxyueti, mo yeaosus (i)-(iii) sxeusaisenmmp
Kaotcdomy u3 CAOYOWUT c60TUCMS.

(iv) Onepamop M, omobpasicaem A=P(B,) ¢ H(p,q;w)(By,).
(v)
1
—Bp—1
/0 M2 (g, r)w?(r) (1 —r) P dr < cc.

(vi) Onepamop M, : A=P(B,) — H(p,q;w)(B,) A6Afemca KoMNAKMHOLM.

2. Caedyrougue c60lCmBEa IKGUBAAEHMHDL.

(i) Onepamop J, omobpasicaem A~'8(B,) 6 H(p,q;w)(By).
(i)

[ Marar) (s -

P

) (1—7r)Ptdr < .

—r

(iii) Onepamop J, : A71°8(B,) — H(p,q;w)(B,) A6asemcs KoMnaxmmim.
(iv) Onepamop M, omobpasicaem A~1°8(B,) ¢ H(p, q;w)(By).

(v)

[ Moy (styros -

-7

)p (1—7)"tdr < .

(vi) Onepamop M, : A='°8(B,) — H(p, q;w)(B,) A6A8€MCA KOMNAKMHBIM.

Jloxazamenvcmeo. Yacrs 2. Ilycers Bormosneno (i). Jlemma 4.1 rapanTupyer, 9To omepaTop
R.J, orobpaxaer A~8(B,) B H(p,q; (1 — r)w(r))(B,). Cnenoarensno, B cuty (4.1) ome-
parop ymuoxennst My, orobpazkaer A~'°¢(B,) B npocrpauncrso H(p,q; (1 — r)w(r))(B,).
Takum obpaszom, (ii) mmeer mecto B cuity cienctsus 3.4. Urak, (ii) caemyer us (i).

[Hamnee, mycrs Bomosnreno (ii). [Ipexnomoxnm, aro ||h;|| -0 < K u h; — 0 paBHOMEpPHO
Ha KOMIIAKTHBIX TIOJIMHOYKECTBaX mapa Bi,.



Badurcupyem ¢ > 0. Ecam aucio ¢t € [0, 1) pacosokeHo g0cTaToqHO OJU3KO K 1, TO

p

/t | ( /a " |hj(7’C)|q|Rg(7’C)|qdan(g)) ") — Pyl dr

< K/tl ME(Rg, r) (w(r) log - ‘ )p (1—r)P'dr

- T
<e/2

B cuny (ii). Tak xax h; — 0 paBHOMEPHO Ha KOMIAKTHBIX HOJMHOXKECTBax mapa B, To
0Ty IaeM

P

¢ q
[ (] meoriraroras©) s =rp-tar <2
0 0Bn
ecm nHJEKC § gocratodno Beauk. Cremosaresnsio, B cuity (4.1) nmeem
1
/0 ME(RIghj, )P (r) (L —r)P~tdr < e

Jytst Beex Jocrarodno 6ospmux j. Hamomuuwm, aro (J,h;)(0) = 0, mosromy
1555 llp.qio — 0 1pH j — 00

B cuity jemmbl 4.1. [Tpumensst memmy 3.2, nmosmydaem (iii). Urak, (iii) cremyer uz (ii). Bes-
yesoBHO, (1) cremyer u3 (iii). Urak, ceoitcrsa (i)—(iil) SKBUBATIEHTHBL.

CaoiicrBa (iv)—(vi) 95KBUBAJIECHTHBI B CHJIY CaeJACTBUS 3.4.

[IposepuM sKBUBasieHTHOCTH cBoitcTB (ii) u (v). Ilycth s m ¢ — umcsa u3 onpejeseHus
HOpMaJIbHOM dyHKIMN w. UMeem

w(r)log(e/(1—r)) _ w(r) o2
07 _(1_T)s.(1—r)/log1_r

Tak xak dynkmusa (1 — 7)%2log(e/(1 — r)) ybbIBaeT B OKPECTHOCTH TOYKH 1, TO (hyHK-
s (1 — 7)~%/%w(r)log(e/(1 — r)) y6wBaeT B okpectrocTn Toukn 1. Haxomer, dynkmms
(1—r)"*w(r)log(e/(1—r)) Bospacraer B okpectroctu Touku 1 u (1—7)fw(r)log(e/(1-r)) —
oo upu r — 1—. Takum obpazom, byukrms w(r)log(e/(1 —r)) aBaserca nopmaabHoii. Ciie-
JoBaresibHO, cBoiicTBa (ii) u (V) skBuBajeHTHBI B cuity jeMMbl 4.1. VTak, jgokazaTeabeTBo
gacTu 2 3aBepiieHo. Jl0Ka3aTeabCTBO 9acTH 1 aHAJOIHIHO (CM. TaKKe JTO0Ka3aTeIbCTBO TEO-
pembl 5.4). O

—0 mpur —1—.

5. JJAJIbHEWIINE PE3VJIBTATHI

5.1. BecoBble onepaTopbl KOMIIO3UIIAY U MPOCTpaHcTBa Xapau. Hamomuunm, 9ro oy,
obo3HavaeT HOpMHUPOBaHHYIO Mepy Jlebera na cdepe 0B,,. [Ipn 0 < p < 00 MpOCTPAHCTBO
Xapmu HP(B,,) cocrour u3 dyuknuii f € Hol(B,,), Takux 4ro

1l = sup /83 O dom(C) < oo

0<r<1
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[Tonoxxum
() ={re s s [ 100Po () <oof.
0<r<1 JOB,,
Torpa V?(B,,) asusercs pemerkoit u HP(B,,) = V4 (B,,). Takum obpasom, npesiozkenue 3.1
BJIEUET CJIeJYIOIIee yTBepIKICHHe.

CaencrBue 5.1. I[Tycmo g € Hol(B,,) u nyemov ¢ : B, — B, Asaiemcs 2000Mop@HHovim
omobpasicenuem. IIpednonrosicum, wmo 0 < p < o0.
1. IIyemo 3 > 0. Onepamop C?% omobpasicaem A=P(B,) 6 HP(B,,) mozda u moavko mozda,

Ko020a
/ l9(rQ)[P dom(¢)
o8, (1= e(rQ)])or

2. Onepamop CY omobpasicaem A~'%(B,,) ¢ H?(B,,) mozda u moavko mozda, xozda

P e g
(5.1) “p/ l9(ro)l (bgl—w(rcn) dom () < co.

Ormernm, uro npu n = 1 u g = 1 Kson 8] ncrosnbayer yenosue (5.1) st onpeesienus
runepbosmIeckoro nmpocrpancTsa Xapaun oHP(B,,). B pabore [8| npuseens pasHoobpasHbie
CBOWCTBA, KOTOPBIE PABHOCHIBHBI yestoBuio (5.1) mpun=1u g = 1.

sup < 00.

o<r<1

CaencrBue 5.2. IIycmv g € Hol(B,) v 0 < p < oo. Toeda onepamop ymnoosrcenus M,
omobpastcaem A~'°%5(B,) uau A P(B,), 3 >0, ¢ HP(B,) 6 mom u moavko 6 mom cayae,
xo2da g = 0.

Joxazamenvcmeo. Tax xak A71°8(B,) C A™?(B,) ana Beex B > 0, TO TPEJTIONOKAM, TTO
oneparop M, orobpaxaer A~'°¢(B,) B HP(B,). Cieacreue 5.1 rapantupyer, 4to

sop (lox =) [ a0 () < .

0<r<1
Tax xax [, |g9(r¢)[P do,(¢) aBserca Bospacraomeii dynkmueit or 7, To g = 0. Ocraercs
sameruts, 910 M, f = 0 ays Becex f € Hol(B,,), ecm g = 0. O

5.2. Oneparopbl HHTErPUPOBaHUSA U rojjoMopdHbIe mpoctpancTBa CoboseBa. [Ipo-
crpancrBo Xapau—Cobosesa HY (B,,), 0 < p < 00, 3a1a€TCs1 PABEHCTBOM

HY(B,) = {f € Hol(B,) : Rf € H(B,)}.

CaenctBue 5.3. IIycmo g € Hol(B,,) u 0 < p < co. Tozda onepamop unmezpuposanua J,
omobpasicaem A~'¢(B,,) uau A P(B,), 3 >0, ¢ HY(B,) 6 mom u moavko 6 mom cayuae,
k0204, § ABAACTNCA KOHCMAHMOT.

Joxasameavcmeo. Ilycrs oneparop J, orobpaxaer A~'¢(B,) 8 HY(B,,). Torna B cuny (4.1)
oneparop ymHoxenust Mr, orobpaxaer A~1°8(B,,) B H?(B,,). Takum o6pazom, ciiecreue 5.1
rapantupyet, 9To Rg = 0. [losToMy ¢ saBsieTcs KoncTanToit. /g 3aBepIinenus 1oKka3aTe/b-
crBa 3aMeTuM, 410 J,f = 0 mst Beex f € Hol(B,,), ecu g ABJIsieTCsT KOHCTAHTOIL. O
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IIpocrpancrso Beprmana-Cobonesa AL | (B,), 0 < p < oo, a > —1, cocront us (ynxmit
f € Hol(B,,), Takux 4To

1f 1Lz, =[SO+ RS Lag, < oo

Harnommmm, uto B cuty lemmet 4.1 npocrpanctso Af | (B,) coBIajaeT ¢ BecoBbIM IIPOCTPaH-
crsom Beprmana A%, (B,) upu a > p — 1. Ormernm takxe, uro Af((B,) coBuagaer ¢
npocrpancrsoM Xapmu H2(B,,) (cu., nampumep, [3], rae npusegens! JaabHeiimme geTan).

Teopema 5.4. IIpednonostcum, wmo g € Hol(B,), 0 <p < oo ua > —1.
1. Iyemw 3 > 0. Onepamop J, omobpascaem AP (By) e AL |(B,) mozda u monvko

mozda, xozda J, : AP(B,) — AL (B,) A6AA€MCA KOMNAKMHOLM ONEPAMOPOM M020a U
moAvko mozda, K020a

(5.2) / R(IP(L = [2])2 dvn(2) < 0.

B wacmmnocmu, ecau Bp > a+1, mo onepamop J, omobpasicaem A~P(B,,) 6 A 1 (By) mozda
U MoAvKo moezda, k0206 § ABAAEMCA KOHCTMAHMOU.
2. Onepamop J, omobpascaem A~'5(B,) to A? (B,) moeda u moavko mozda, xozda

J, : A78(B,) — AP | (B,) A6AAemCA KOMNAKMIBLM ONEPATROPOM M020a U MOALKO Mo20a,
Ko20da

/n Rg(2)[P(1 — |2]) (log - _eM)p dvp(2) < 0.

Hoxazamemcmeo. Jacrs 1. Ilycrs oneparop J, orobpaxaer A~%(B,) B Al (B,). Torxa
B cuity (4.1) oneparop ymuoxenuss My, orobpaxaer A~7(B,) B AP (B,). CienoBarenbho,
(5.2) mMeeT MeCTO B CHILy CJICACTBHUA 3.3.

[Hamnee, npemmomnoxuM, ato Beimosteno (5.2). Ilycrs ||hj||-s < K u h; — 0 paBHOMEpHO
Ha KOMIIAKTHBIX TIOJMHOYKECTBAX mapa Bi,.

Badurcupyem & > 0. Ecau ancio t € [0, 1) Haxomures goctaTodno 6JU3KO K 1, TO

/{EB : 21>t} ‘(Rjghj)(z)‘p(l = [2))" dva(2)
- / 175 (2)["Rg(2)[P(1 — |2])® din(2)
{z€8n: |2|>t}

<K [Rg(2)P(1 = |2])*= dvy(2)

{z€Bn: |z|>t}

<e/2
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B cuty (4.1) u (5.2). Tak xax h; — 0 paBHOMEPHO Ha KOMIIAKTHDLIX IIOJMHOMKECTBAX IIapa
B,,, To umeem

/ (RI,h) (2)P(L — [2])* dvn(2)
{2€Bn: |2|<t}

-/ () PIRG()F(1 ~ 2])* don(2)
{z€Bn: |z|<t}
< e/2,
ecm UHJEKC j gocrarodno Beauk. Ormernm, aro J,h,(0) = 0, crenoBaressHo,
’|Jghj||€x§_’h1 <e€

JUIsl BCEX J0CTaToqHO Gostbimux j. Takum obpasom, jgemma 3.2 rapaHTupyer, 9ro J, — KOM-
naxTHbIi oneparop uz A~P(B,) B AL |(B,).
Haxomern, ecam Boimosmeno yeiaosue (5.2), To

o /01 /é;Bn IRg(rQ) P do, (¢) r*" (1 — r)* =P dr

= [ IRgIP(1 = o) i (2) < .

n

Tak xak [, |Rg(r¢)[P don(C) apnsercs Bospacraomeit dbymximeit ot 7, To U3 HepaBEHCTBA
a—fFp < —1 cnenyer, aro Rg = 0 u g aBasercsa koncranToii. Mtax, mokazaresbecTBo yactu 1
3aBepireHo. JlokaszareabcTBO 9acTu 2 aHAJOTHIHO. O

CIUCOK JIMTEPATYPHI

1. P. Ahern, On the behavior near a torus of functions holomorphic in the ball, Pacific J. Math. 107 (1983),
no. 2, 267-278.

2. A. Aleman, A class of integral operators on spaces of analytic functions, Topics in complex analysis and
operator theory, Univ. Mdlaga, Mdlaga, 2007, pp. 3-30.

3. F. Beatrous and J. Burbea, Holomorphic Sobolev spaces on the ball, Dissertationes Math. (Rozprawy
Mat.) 276 (1989), 60pp.

4. C. C. Cowen and B. D. MacCluer, Composition operators on spaces of analytic functions, Studies in
Advanced Mathematics, CRC Press, Boca Raton, FL, 1995.

5. E. C. dybuos, Mepv: Baora—Kapaecona u noauromv, Aaexcandposa—Poirsa—Botimawuxa, IIOMU, npe-
upuaT (2008), no. 14.

6. D. Girela, J. A. Peldez, F. Pérez-Gonzélez, and J. Réttyé, Carleson measures for the Bloch space, preprint
(2007).

7. Z. Hu, Extended Cesaro operators on mized norm spaces, Proc. Amer. Math. Soc. 131 (2003), no. 7,
2171-2179.

8. E. G. Kwon, Hyperbolic mean growth of bounded holomorphic functions in the ball, Trans. Amer. Math.
Soc. 355 (2003), no. 3, 1269-1294.

9. J. H. Shapiro, Composition operators and classical function theory, Universitext: Tracts in Mathematics,
Springer-Verlag, New York, 1993.



13

10. S. Stevi¢, Weighted composition operators between mived norm spaces and HZ° spaces in the unit ball,
J. Inequal. Appl. (2007), Art. ID 28629, 9pp.
11. M. Tjani, Compact composition operators on Besov spaces, Trans. Amer. Math. Soc. 355 (2003), no. 11,

4683-4698.
12. K. Zhu, Spaces of holomorphic functions in the unit ball, Graduate Texts in Mathematics, vol. 226,
Springer-Verlag, New York, 2005.

E-mail address: dubtsov@pdmi.ras.ru



