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1 M#
� ω ��$�, � ω̂(z) =

∫ 1

|z| ω(s)ds �% doubling ��: ω̂(r) ≤ Cω̂( 1+r
2 ), &�'
�$

� ω �( D̂ �. �)�, �� ω(r) ��*�+�� (r, 1) �������, �

ω(r) �
∫ 1

r
ω(s)ds
1 − r

, 0 ≤ r < 1,

����$� ω ∈ D̂ ����, �� ω ∈ R.

� H (D) �� ,! D = {z ∈ C : |z| < 1} ���"�#$�.  ( 0 < p <∞ ! D �"

#%��# ω, $- Lpω �&. Lebesgue %��#�'(:

‖f‖p
Lp

ω
:=

∫
D

|f(z)|pω(z)dA(z) < +∞,

') dA(z) = dxdy
π � D �/�%� Lebesgue *�&'. ( f � D ��"�#+, �����

Bergman $� Apω, ,� Lpω �)0$�, f + Apω ���#�� ‖f‖p. -*.Æ/, Apα Æ0�

$� (1− |z|2)α +� Bergman $� [10, 11].  (1
�$� ω, A2
ω ���#23�+ D �,0

-�)123, Hilbert $� A2
ω � L2

ω �)0$�, 4.. L2
ω / A2

ω �/0 Bergman 52 Pω:

Pω(f)(z) =
∫

D

f(ζ)Bωz (ζ)ω(ζ)dA(ζ), (1.1)

') Bωz � A2
ω �361.

4 ω ��$�4+ [0, 1) �%�, ( 0 < p <∞ +, + Apω- �#/, 257+ Apω 6�38
� [3, 8], 4 {zm/‖zm‖2}∞m=0 � A2

ω �/04, &
Bωz (ξ) =

∞∑
m=0

(ξz)m

‖zm‖2
2

.

45,  ( D 66$7 z, Bωz (·) + D ��"4.8. ��99 (1.1) 7, ��:0 Pω %7;8
/ Lpω, 1 ≤ p <∞.  ( D ��/ Borel &' μ, 9 μ ::� Toeplitz :0

Tμ(f)(z) =
∫

D

f(ζ)Bωz (ζ)dμ(ζ).

��;�:0 Id : Apω → Lpμ �.8�, ��� μ � Apω �� p-Carleson &', �<+*# C, <

= &.� f ∈ Apω, . ( ∫
D

|f(z)|pdμ(z)
) 1

p

≤ C‖f‖p.

� X �=.�# ‖ · ‖ � Banach $�, L (X) � X �&..8:0>?�-@, K (X) �

X �&.,:0>?�-@, K (X) � L (X) �0-. A$ T ∈ L (X), :0 T �B;�#$
-�:

‖T‖e = inf{‖T −K‖ : K ∈ K (X)},
>< f ∈ X, �� L (X) )�)?.8:0 {Tn}, ( n→ ∞ + ‖(Tn − T )f‖ → 0, ��� {Tn}
@:0;A23/ T , �= Tn → T (SOT) (CB [1, 6]). /*DC4BE�7�>FGD [1].

?N 1.1 �� 1)
 T ∈ L (X) !1)? {Bn} ⊂ L (X) �% Bn → 0 (SOT) !

B∗
n → 0 (SOT), H.7/?E: >< ε > 0 <+)
 n, <=

‖T +Bn‖ ≤ ε+ max(‖T‖, ‖T‖e + ‖Bn‖),
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&� Banach $� X �%4BE�7.

1979 K, Axler �L [1] APM)B6?NBC7,:0�QR, O+AP lp �%4BE�
7, S�( p 	= 2 + Lp E�%4BE�7. 2013 K, B [4] PTM� ,!+� Bergman $�

A2
α �", Toeplitz :0 Tf (f ∈ L∞) B;�#�(Q/NRD
, Toeplitz :0>?-@�
ST. BBUE4BE�7, APM��� Bergman $� Apω �", Toeplitz :0 Tμ B;�
#�(Q/, Toeplitz :0-@�ST, Q6 1 < p <∞, μ � p-Carleson &'. U�)�, 5S

T%7ERD
, Toeplitz :0PT.

BB6, VW C Æ0F&VW�XXRF�/*#, 41YPY#GZZ>O. A$�[


X A ! B, ��<+/*# C, �% A ≤ CB, &�� A � B, �� A � B � A, &� A ! B �

�. �"\]^_, B6[ 2, 3 \HVW Apω I] 1 < p <∞ �.Æ.

2 Ap
ω JOKLMNO
� β(z, ξ) = 1

2 log( 1+|ϕz(ξ)|
1−|ϕz(ξ)| ) � D �� Bergman 'X, Q6 ϕz(ξ) = ξ−z

1−zξ .  >< z ∈ D !

`# r > 0, D(z, r) = {w ∈ D : β(z, w) < r} Æ07 z �6P r �^�� Bergman ,!.

�#$��_R:0 M $-� Mgf = gf , Q6 g �)
 Lebesgue %&�#. � E ⊂ D

�)
%&-, � χE �-@ E �\Q�#.  ( S > 0, ab` χD(0,S) ! MχS �abR�
χS ! MS . O+� NS = Id −MS , ') Id �;�:0.

PS 2.1 � ω ∈ R, 1 < p < ∞. )
0- E ⊂ Apω �> ,�(4c( (&. ε > 0

<+N
`# S > 0, <=

sup
f∈E

∫
D\D(0,S)

|f(z)|pω(z)dA(z) < ε. (2.1)

QT � E �> ,�. -dB [5, $c 3.8] U E �d'.8�. 'e^_,  &. ε > 0,

<+.D
�# f1, f2, . . . , fn ∈ E �%
min

j=1,2,...,n

∫
D

|f(z) − fj(z)|pω(z)dA(z) <
ε

2
, ∀f ∈ E.

 (5+� ε <+N
 S > 0,

max
j=1,2,...,n

∫
D\D(0,S)

|fj(z)|pω(z)dA(z) <
ε

2
.

(� ∫
D\D(0,S)

|f(z)|pω(z)dA(z)

< 2p
( ∫

D\D(0,S)

|f(z) − fj(z)|pω(z)dA(z) +
∫

D\D(0,S)

|fj(z)|pω(z)dA(z)
)

< 2pε.

'VeW_M (2.1).

eX, � E �% (2.1). 9B [5, $c 3.8] U, ��fW_ E �Y?,�, eÆ_ E �> 
,�. g$ ε = 1, ��<+ S1 �%∫

D\D(0,S1)

|f(z)|pω(z)dA(z) < 1.
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� Mp
p (f, r) :=

∫
|ξ|=1

|f(rξ)|pdξ. 4 Mp
p (f, r) �F(XX r �fZ+�, �� (&. f ∈ E,.∫

D

|f(z)|pω(z)dA(z) =
∫
D(0,S1)

|f(z)|pω(z)dA(z) +
∫

D\D(0,S1)

|f(z)|pω(z)dA(z)

≤ CMp
p (f, S1) +

∫
D\D(0,S1)

|f(z)|pω(z)dA(z)

≤ C

∫
D(0,S1+1)\D(0,S1)

|f(z)|pω(z)dA(z)+
∫

D\D(0,S1)

|f(z)|pω(z)dA(z)

≤ C

∫
D\D(0,S1)

|f(z)|pω(z)dA(z) ≤ C,

')*# C HF S1 ! ω >F. �� E + Apω 6.8.

h {gk} ⊂ E, {gk} �/�[, <+N
0? {gkj} !�"�# g �%
lim
j→∞

gkj (z) = g(z), z ∈ D.

�7+ D �><,0-�)1?E, 459 Fatou \c! (2.1) %U,  >< ε > 0, <+`#
S > 0 �% ∫

D\D(0,S)

|g(z)|pω(z)dA(z) ≤ ε.

( j %g�+,

‖gkj − g‖pp =
∫
D(0,S)

|gkj (z) − g(z)|pω(z)dA(z) +
∫

D\D(0,S)

|gkj (z) − g(z)|pω(z)dA(z)

≤
∫
D(0,S)

|gkj (z) − g(z)|pω(z)dA(z)

+ 2p
( ∫

D\D(0,S)

|g(z)|pω(z)dA(z) +
∫

D\D(0,S)

|gkj (z)|pω(z)dA(z)
)

≤ (2p+1 + 1)ε.

'eW_-@ E �Y?,�, \cW_dh.

PS 2.2 � ω ∈ R. � t �6$/#, ��

sup
ζ∈D(0,t)

|Bωz (ζ)ω(ζ)| � C.

QT 4�
Bωz (ζ) =

∞∑
n=0

(ζz̄)n

‖zn‖2
2

, ∀ z, ζ ∈ D.

9B [7, \c 6] U
sup

ζ∈D(0,t)

|Bωz (ζ)ω(ζ)| ≤ sup
ζ∈D(0,t)

ω(ζ)
∞∑
n=0

|ζ|n
‖zn‖2

2

� sup
ζ∈D(0,t)

ω(ζ)
ω(ζ)(1 − |ζ|)2 ≤ C.

Wh.

PS 2.3 � ω ∈ R, 4 Pt :0$-�:

Ptf(z) =
∫
D(0,t)

f(ζ)Bωz (ζ)ω(ζ)dA(ζ), z ∈ D,
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') t > 0�></#. � 1 ≤ p <∞,�� Pt � Lpω(D(0, t))/ Apω �,:0,Q6 Lpω(D(0, t))

� Lebesgue $�.

QT i\cH]^W_ {Ptf : ‖f‖Lp
ω(D(0,t)) < 1} �> ,��%. 9\c 2.1, Æ_∫

D\D(0,S)

∣∣Ptf(z)
∣∣pω(z)dA(z) → 0.

i`�, 9\c 2.2,  >< f ∈ Lpω(D(0, t)) �% ‖f‖Lp
ω(D(0,t)) ≤ 1, ab.∣∣Ptf(z)

∣∣ ≤
∫
D(0,t)

∣∣Bωz (ζ)f(ζ)ω(ζ)
∣∣dA(ζ)

≤ ‖f‖L1(D(0,t)) sup
ζ∈D(0,t)

∣∣Bωz (ζ)ω(ζ)
∣∣

≤ C sup
ζ∈D(0,t)

∣∣Bωz (ζ)ω(ζ)
∣∣ ≤ C,

')*# C HF ω, p, t >F. 45, ( S → +∞ +,∫
D\D(0,S)

∣∣Ptf(z)
∣∣pω(z)dA(z) � C

∫
D\D(0,S)

w(z)dA(z) → 0.

Wh.

PS 2.4 � {Bn} ⊂ L (Apω). � Bn → 0 (SOT), B∗
n → 0 (SOT),��,  6$� S > 0,.

lim
n→∞ sup

‖f‖p≤1

‖MSBnf‖p = 0.

QT � q � p�j_I],� 1
p + 1

q = 1. 9B [9,jW 7],�U (Apω)∗ � Aqω. 4� Bn → 0

(SOT), B∗
n → 0 (SOT), ��9 Banach–Steinhaus $c%U, <+*# c0 �%:

‖Bn‖Ap
ω→Ap

ω
< c0, ‖B∗

n‖Aq
ω→Aq

ω
< c0, n = 1, 2, . . . . (2.2)

`
‖MSBnf‖p = sup

g∈Lq
ω, ‖g‖q=1

|〈MSBnf, g〉| . (2.3)

4�
|〈MSBnf, g〉| = |〈Bnf,MSg〉| = |〈Bnf, PMSg〉| = |〈f,B∗

nPMSg〉|
≤ ‖f‖p‖B∗

nPMSg‖q = ‖f‖p‖B∗
nPSMSg‖q,

4

‖MSg‖Lq
ω(D(0,S)) ≤ C‖MSg‖q ≤ C‖g‖q ,

k@ (2.3) =/

‖MSBnf‖p ≤ C‖f‖p sup
g∈Lq

ω,‖g‖q≤1

‖B∗
nPS(MSg)‖q ≤ C‖f‖p sup

‖g‖L
q
ω(D(0,S))≤1

‖B∗
nPSg‖q. (2.4)

9\c 2.3, {PSg : ‖g‖Lq
ω(D(0,S)) < 1} �> ,�.

(�, >< ε > 0, <+)
.D�#>?�-@ {h1, . . . , hN} ⊂ Aqω, 4�% {h1, . . . , hN}
� Aqω �#/ {PSg : ‖g‖Lq

ω(D(0,S)) < 1} � ε/2c0- k, ( g gXX+ Lqω(D(0, S)) �� l)

+, <+ j0, 1 ≤ j0 ≤ N , �%
‖PSg − hj0‖q <

ε

2c0
.
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m)Q*, 3YUEl� B∗
n → 0 (SOT), 'Æ_( n %g�+,

‖B∗
nhj‖q <

ε

2
, j = 1, . . . , N.

45, ( n→ ∞ +,

‖B∗
nPSg‖q ≤ ‖B∗

n(PSg − hj0)‖q + ‖B∗
nhj0‖q ≤ ‖B∗

n‖Aq
ω→Aq

ω
‖PSg − hj0‖q + ‖B∗

nhj0‖q
≤ ‖B∗

n‖Aq
ω→Aq

ω
· ε

2c0
+
ε

2
< ε.

k@�7! (2.4) =/kW. \cWh.

PS 2.5 � T ∈ L (Apω), ��

lim sup
S→∞

‖NST‖Ap
ω→Lp

ω
≤ ‖T‖e.

QT � K � Apω ��,:0. 9\c 2.1 %U( S → ∞ +, .
‖NSK‖Ap

ω→Ap
ω

= sup
‖f‖p=1

‖NSKf‖pp = sup
‖f‖p=1

∫
D\D(0,S)

|Kf(z)|p ω(z)dA(z) → 0.

9 T ∈ L (Apω), ab=/

‖T −K‖Ap
ω→Ap

ω
≥ ‖NS(T −K)‖Ap

ω→Lp
ω
≥ ‖NST‖Ap

ω→Lp
ω
− ‖NSK‖Ap

ω→Lp
ω
.

'Æ_
|NST‖Ap

ω→Lp
ω
≤ ‖NSK‖Ap

ω→Lp
ω

+ ‖T −K‖Ap
ω→Ap

ω
. (2.5)

��, 9E�7 (2.5) ! K �><;=/kW. \cWh.

PS 2.6 � T ∈ L (Apω), 4 {fn} + Apω �n23/ 0. ��

lim
n→∞ ‖MSTfn‖p = 0

 >< S > 0 ?E.

QT 4� {fn} n23/ 0 4 T + Apω �.8, op Tfn n23/( 0. 1 < p < ∞, )
mn, Tfn + Apω �n23/ 0, (4c( ‖Tfn‖p .84><,0- E ⊂ D � Tfn(z) )12
3/ 0. 'eW_M\c.

o/qAPB\a^$cpQjW, ,�q=BBa^k��Fr�b. i$c�W_sE
MB [1, $c 2] ��rsc.

?S 2.7 ( 1 < p <∞ +, Apω �%4BE�7.

QT � T ∈ L (Apω), {Bn} ⊂ L (Apω) �%
Bn → 0 (SOT), B∗

n → 0 (SOT).

h αn = max{‖T‖Ap
ω→Ap

ω
, ‖T‖e + ‖Bn‖Ap

ω→Ap
ω
}. e��� Apω E�%4BE�7, ��<+"#

`# ε !)?� $X {fn} ⊂ Apω �%
‖(T +Bn)fn‖p > ε+ αn. (2.6)

4�
0 ≤ αn ≤ ‖T‖Ap

ω→Ap
ω

+ ‖T‖e + c0 <∞,

�� (6$� δ > 0 ab.
(αn + δ)[(1 + 2δ)p + 2δp]

1
p + 4δ < αn + ε (2.7)
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 &."#d# n = 1, 2, . . . H?E.

9 Banach–Alaoglu $c [4] %U, Apω(ϕ) $�)� l Bp �n,�, 'V%7e/)?n
23��#? {fn}. Et)m;, abl� {fn} n23/ f ∈ Bp, 4h hn = fn − f . �� hn

n23/ 0. (�
‖(T +Bn)fn‖p = ‖(MS +NS)(T +Bn)fn‖p = ‖MS(T +Bn)fn +NS(T +Bn)fn‖p

≤ ‖MSThn‖p + ‖MSBnfn‖p + ‖NSTf‖p
+ ‖NSBnf‖p + ‖MSTf +NS(T +Bn)hn‖p. (2.8)

uv, AP/*w�;f:

(1) ‖MSThn‖p < δ,  t��� n ?E, '�99\c 2.6 ! hn n23/ 0.

(2) ‖MSBnfn‖p < δ,  6$� δ ! S ?E, '�99\c 2.4 ! n t��.

(3) ‖NSTf‖p < δ,  N
t��� S ?E.

(4) ‖NSBnf‖p < δ, '�4� ‖NSBnf‖p < ‖Bnf‖p ! Bn → 0 (SOT),

��

‖(T +Bn)fn‖p ≤ ‖MSTf +NS(T +Bn)hn‖p + 4δ. (2.9)

4� MSTf ! NS(T +An)hn � Apω 6E>0�$X, (�ab.
‖MSTf+NS(T+Bn)hn‖pp = ‖MSTf‖pp + ‖NS(T +Bn)hn‖pp

≤ ‖T‖p
Ap

ω→Ap
ω
‖f‖pp+(‖NST‖Ap

ω→Lp
ω
+‖Bn‖Ap

ω→Ap
ω
)p‖hn‖pp

≤ αpn‖f‖pp + (‖T‖e + δ + ‖Bn‖Ap
ω→Ap

ω
)p‖hn‖pp

≤ (αn + δ)p(‖f‖pp + ‖hn‖pp). (2.10)

g9 hn n23/ 0,  (t��� n . ‖MShn‖ < δ. 'eÆ_
‖f‖pp + ‖hn‖pp = ‖MSf‖pp + ‖MShn‖pp + ‖NSf‖pp + ‖NShn‖pp

≤ ‖MSf‖pp + ‖NShn‖pp + 2δp

= ‖MSf +NShn‖pp + 2δp

= ‖f −NSf + hn −MShn‖pp + 2δp

≤ (‖fn‖p + ‖NSf‖p + ‖MShn‖p)p + 2δp

≤ (1 + 2δ)p + 2δp. (2.11)

k@ (2.10) ! (2.11), =/

‖MSTf +NS(T +Bn)hn‖pp ≤ (αn + δ)p[(1 + 2δ)p + 2δp]. (2.12)

(�, -d (2.8), (2.9) ! (2.12), ab=/

‖(T +Bn)fn‖p ≤ (αn + δ)[(1 + 2δ)p + 2δp]
1
p + 4δ (2.13)

 t��� n ?E. -d (2.13) ! (2.7), 'F (2.6) xu. l�E?E, $cWh.

-d$c 2.7 %7=//*jW, W_QRFB [1, $c 1] �W_�r.
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hi 2.8 � T ∈ L (Apω) \ K (Apω), {Tn} ⊂ K (Apω) �)?,:0�% Tn → T (SOT) !

T ∗
n → T ∗ (SOT).��<+)?"#`# {an},<=

∑∞
n=1an = 1, K=

∑∞
n=1anTn ∈ K (Apω), 4

‖T −K‖Ap
ω→Ap

ω
= ‖T‖e.

3 Ap
ω j Toeplitz kRlLmno
abUv, >< z ∈ D ! r > 0, A$ D �/ Borel &' μ, D(z, r) � μ ��� μ̂r ��

μ(D(z,r))
ω(D(z,r)) , ') ω(D(z, r)) =

∫
D(z,r)

ω(ς)dA(ς).

PS 3.1 � 1 < p <∞, ��<+*# C �%
|f(z)|p ≤ C

ω(D(z, 1))

∫
D(z,1)

|f(ς)|pω(ς)dA(ς).

QT 9B [8, \c 2.5] �=. Wh.

/*�\c 3.2 �B [7, $c 1].

PS 3.2 � μ ≥ 0 � D ��)
/ Borel &'. �� Toeplitz :0 Tμ + Apω �.8, (

4c( μ�)
 p-Carleson &'; Tμ � Apω ��,:0(4c( μ�)
pt� p-Carleson &

'. �)�, ( μ � p-Carleson &'+,

‖Tμ‖ � sup
z∈D

μ̂r(z)

 N)
 (wq><) 6$ r > 0 ?E.

� N �/d#-@. A$ D �/ Borel &' μ �% p-Carleson ;f,  ( m ∈ N $-
μn(E) = μ(E ∩D(0, n)).  &. z, z /∈ D(0, n− 1), ab.

μn(D(z, 1)) = 0.

(�,  >< n ∈ N, Tμn + Apω ��,�.

PS 3.3 � μ �)
 p-Carleson &', ��<+N
*# C > 0,  &. f ∈ H(D) !

n ∈ N, ?E ∫
D\D(0,n)

|f(z)|pdμ(z) ≤ C

∫
D\D(0,n−1)

|f(z)|pω(ς)μ̂1(z)dA(z).

QT 4���� ω ∈ R, 9Br [7, (2.2) 7] Æ_ ω(D(z, 1)) � ω(D(ς, 1)), ')���*
#H! ω >F. 9\c 3.1 %=∫

D\D(0,n)

|f(z)|dμ(z) ≤ C

∫
D\D(0,n)

1
ω(D(z, 1))

∫
D(z,1)

|f(ς)|ω(ς)dA(ς)dμ(z)

≤ C

∫
D\D(0,n)

1
ω(D(z, 1))

dμ(z)
∫

D

|f(ς)χD(z,1)|ω(ς)dA(ς)

� C

∫
D\D(0,n−1)

1
ω(D(ς, 1))

|f(ς)|ω(ς)dA(ς)
∫

D

χD(ς,1)dμ(z)

≤ C

∫
D\D(0,n−1)

|f(ς)|ω(ς)μ̂1(ς)dA(ς).

'eW_M\c.
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?S 3.4 � 1 < p < ∞. / Borel &' μ �% p-Carleson ;f, 4 Tμ � Apω �",�

Toeplitz :0. ��, + Apω �<+Ry2
EO�, Toeplitz :0 Tφ, �%
‖Tμ − Tφ‖Ap

ω→Ap
ω

= ‖Tμ‖e.
QT uvW_ Tμn 7@:0;A23/ Tμ. �5, $-xs�t;:0 T :

Tf(z) =
∫

D

|Bωz (ς)| |f(ς)|ω(ς)dA(ς).

 ( ω ∈ R, B [9, $c 5] Æ_ T : Lpω → Lpω �.8�. 'e^_, ( 1 < p <∞ +, .
‖T‖Lp

ω→Lp
ω
< +∞. (3.1)

>< f ∈ Apω, 97 (3.1) !\c 3.3, ( n→ ∞ +, ab.
‖(Tμn − Tμ)f‖pp =

∫
D

∣∣∣∣
∫

D\D(0,n)

Bωz (ς)f(z)dμ(z)
∣∣∣∣pω(ς)dA(ς)

≤ C

∫
D

( ∫
D\D(0,n)

|Bωz (ς)f(z)|dμ(z)
)p
ω(ς)dA(ς)

≤ C

∫
D

( ∫
D\D(0,n−1)

|Bωz (ς)f(z)|ω(z) |̂μ|1(z)dA(z)
)p
ω(ς)dA(ς)

≤ C‖ |̂μ|1‖p∞
∫

D

( ∫
D\D(0,n−1)

|Bωz (ς)f(z)|ω(z)dA(z)
)p
ω(ς)dA(ς)

= C‖ |̂μ|1‖p∞
∫

D

( ∫
D

|Bωz (ς)f(z)χD\D(0,n−1)(z)|ω(z)dA(z)
)p
ω(ς)dA(ς)

= ‖ |̂μ|1‖p∞‖TMχD\D(0,n−1) |f | ‖pp,
≤ C‖ |̂μ|1‖p∞‖MχD\D(0,n−1) |f | ‖pp,
= C‖ |̂μ|1‖p∞

∫
D\D(0,n−1)

|f(z)|pω(z)dA(z) → 0.

4� μ �)
 Borel &', �*E�7Æ_ Tμn → Tμ (SOT). μn �uy+ D ��,�, (�
Apω � Tμn �,�. Apω

∗ � Aqω, 'ezvwW
T ∗
μn

→ T ∗
μ (SOT).

 (><"#`#? {an} 4�% ∑∞
n=1 an = 1, abzW_ ∑∞

n=1 anTμn 7:0�#2
34{Dgp� Apω ��, Toeplitz :0. i`�, 9 Tμn → Tμ (SOT) !)1.8xc=/
{‖Tμn‖} �.8�. ��( k → ∞ +,

∞∑
n=k

an‖Tμn‖ ≤ C

∞∑
n=k

an → 0.

'Æ_ K =
∑∞

n=1 anTμn 7:0�#234�,�. (�
∞∑
n=1

an‖Tμn‖Ap
ω→Ap

ω
≤ C‖ |̂μ|r‖∞

∞∑
n=1

an = C‖ |̂μ|r‖∞ <∞.

`4�+:0�#/
lim
N→∞

N∑
n=1

anTμn = lim
M→∞

T∑ M
n=1 anμn

= T∑∞
n=1 anμn

.
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h ψ1 =
∑∞

n=1 anμn. abUv Tψ1 =
∑∞
n=1 anTμn � Apω �)
,� Toeplitz:0.9jW 2.8,

=/

‖Tμ − Tψ1‖Ap
ω→Ap

ω
= ‖Tμ‖e.

U�)�, %7{P Tμn − Tψ1 → Tμ − Tψ1(SOT), (Tμn − Tψ1)
∗ → (Tμ − Tψ1)

∗(SOT). O+,

Tμ − Tψ1 	= 0, '�4� Tμ �",�. 9 L (Apω) �)
 Banach $�, 6$ O �@:0;A/
Tμ−Tψ1 �|}y,Q)|E|} 0. -d~~.D5, (&.� n,ab%7� Tμn −Tψ1 ∈ O.

9jW 2.8, <+)?"#`# {bn} �% ∑∞
n=1 bn = 1 !

‖(Tμ − Tψ1) −K‖Ap
ω→Ap

ω
= ‖Tμ − Tψ1‖e = ‖Tμ‖e,

') K =
∑∞
n=1 bn(Tμn − Tψ1) = (

∑∞
n=1 bnTμn) − Tψ1 . (�

Tψ2 := Tψ1 +K =
∞∑
n=1

bnTμn

z��� Tμ �)?,:0. 4 K � {Tμ − Tψ1} ⊂ O �)
RD�|{@, =/ K 	= 0. (�
Tψ1 	= Tψ2 .  ( s ∈ [0, 1], $- ψ = sψ1 + (1 − s)ψ2. 'V, abe.RD
 Toeplitz :0 Tψ

�%
‖Tμ − Tψ‖Ap

ω→Ap
ω

= ‖Tμ‖e.
$c 3.4 Wh.
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