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1 ,-
� Δ ������ Ĉ = C ∪ {∞} ���., Δ∗ = Ĉ \ Δ � Δ �Æ, S1 = ∂Δ = ∂Δ∗

���./. � H (Δ) ���. Δ ���������.

� p ∈ (0,+∞), ���� f ∈ H (Δ) �0
‖f‖p

Hp
= sup

0<r<1

1
2π

∫ 2π

0

|f(reiθ)|pdθ <∞,

1��� f �2 Hardy �� Hp(Δ).

� I � S1 �3�, I ������ |I| = 1
2π

∫
I
|dζ|.

� fI = 1
|I|

∫
I
f(ζ) |dζ|

2π , f ∈ H(Δ) � f 4 I ���. � s ∈ (0, 1], 1�� Morrey ��

L 2,s(Δ) � f ∈ H2(Δ) ��0 �
sup
I⊂S1

1
|I|s

∫
I

|f(ζ) − fI |2 |dζ|2π
<∞

������. ! 5!", f ∈ L 2,s(Δ) ��0
lim
|I|→0

1
|I|s

∫
I

|f(ζ) − fI |2 |dζ|2π
= 0,

1"������# Morrey ��, �� L 2,s
0 (Δ). # s = 1 $, �� Morrey �� L 2,s(Δ) $

�%& BMOA ��, ' L 2,s
0 (Δ) $� VMOA.

(2 S1 �%63� I, )Æ&4 Δ 7 Δ∗ � Carleson *'+,�

SΔ(I)= {z=reiθ : 1−|I| < r ≤ 1, eiθ ∈ I} 7 SΔ∗(I)= {z=reiθ : 1 ≤ r < 1+|I|, eiθ ∈ I}.
� D = Δ - Δ∗, � λ � D �8 Borel ./, ! λ �0 �

‖λ‖C,s = sup
I⊂S1

λ(SD(I))
|I|s <∞,

1� λ � D � s-Carleson ./,  5!", ! ‖λ‖C,s <∞ ��0
lim
|I|→0

λ(SD(I))
|I|s = 0,

1� λ � D �# Carleson ./. ��012, 9 S(I) 7 S∗(I) +,3( SΔ(I) 7 SΔ∗(I).

Δ � s-Carleson ./:�)45*6 [25].

;< 1.1 � λ � Δ �8 Borel ./. λ � Δ � s-Carleson ./#�7#

Mλ = sup
ζ∈Δ

∫∫
Δ

(
1 − |ζ|2
|1 − ζ̄w|2

)s

dλ(w) <∞,

λ � Δ �# s-Carleson ./#�7# Mλ <∞ �

lim
|ζ|→1−

∫∫
Δ

(
1 − |ζ|2
|1 − ζ̄w|2

)s

dλ(w) = 0.

Wu 8 Xie 4+ [24] =>,-:

;< 1.2 � s ∈ (0, 1], f ∈ H (Δ), 1 f ∈ L 2,s(Δ) (- L 2,s
0 (Δ)) #�7# |f ′(z)|2(1 −

|z|2)dxdy � Δ � s-Carleson ./ (-# s-Carleson ./).
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�� Morrey ��@A12B@CD�3E Liu + [13] B4F5+6.

� f 7 Δ��A��,(2H (Δ)3�� X,89B9+ [10]:G,�� log f ′ ∈ X,

1� Ω = f(Δ) � X C. DH, (2I;�� X ⊂ H (Δ), 5<=E@C- log f ′ ∈ X 7 f

 Schwarz J�F�K>. G? f  Schwarz J��� Sf (z), )Æ�):

Sf (z) = N ′
f (z) − 1

2
N2

f (z), Nf (z) = (log f ′)′(z) =
f ′′(z)
f ′(z)

.

1991 @, Astala 8 Zinsmeister [1] ABC9 f  Schwarz J�*6- BMOAC, DL, Pau

7 Peláez [15] M+ [1] =D�ENO- Qp ��FG. ' Pérez-González 8 Rättyä4+ [16]

=( Dirichlet C8 VMOA C>,-HKD�. DH Zorboska [28] @C-@5P Besov IC,

Zhou [27] 15J- X = QK FG.

'(2 X ��� Morrey��, Wang8 Xiao4+ [21]=H@C- log f ′ �2�� Morrey

��7 f  Schwarz J�F�K>, Q>,-�)D�.

;< 1.3 � s ∈ (0, 1), f � Δ ��A��.

(1) ! log f ′ ∈ L 2,s(Δ) (- L 2,s
0 (Δ)), 1 log f ′ ∈ B, � |Sf (z)|2(1 − |z|2)3dxdy 7 Δ �

s-Carleson ./ (-# s-Carleson ./);

(2) ! log f ′ ∈ B0, � |Sf (z)|2(1 − |z|2)3dxdy 7 Δ � s-Carleson ./ (-# s-Carleson

./), 1 log f ′ ∈ L 2,s(Δ) (- L 2,s
0 (Δ)).

G? B � Bloch ��, )Æ�
B =

{
f : f ∈ H (Δ), ‖f‖B = sup

z∈Δ
|f ′(z)|(1 − |z|2) <∞

}
,

'# Bloch space B0 1)Æ�
B0 =

{
f : f ∈ H (Δ) : lim

|z|→1−
|f ′(z)|(1 − |z|2) = 0

}
.

R+I()K 1.3 S (2) Æ+, MC9LTGJMKN!UD�, VO�� Morrey �

�C@APQ*6,G<D�;$K -89(Morrey��KNLBLTGJMKNK�.

�RQR+MND�, W)SXTLTGJMKN5<�0B)Æ [11, 19].

� h 7��./ S1 OOUYV;W. 89� h 7L(�, ��Z4 C(h), X[(%6
S1 �3� I ⊂ S1 (|I| ≤ 1

2 ) : |h(I∗)| ≤ C(h)|h(I)| �O, G? I∗ 77 I :H;=\' 2 ]

�/2 I �. � f � Δ ��A��, 4^_ ∂f(Δ) 7 Ĉ �5 Jordan YZ. g 7 Δ∗

O Ĉ \ f(Δ) � Riemann JM. 1 h = f−1 ◦ g : S1 → S1 � S1 5`O;W. 89� h 7(

P2 f TGQ�, Q� h 7L(�#�7# f 3LLTGR[OS`���.

(2��./ S1 �L(�;W h, Hu 8 Shen [11] B\-�)a��
φh(ζ, z) =

1
2πi

∫
S1

h(w)
(1 − ζw)2(1 − zh(w))

dw, (ζ, z) ∈ Δ × Δ.

� f � Δ ��A��, f "] Grunsky a)Æ�
U(f, ζ, z) =

f ′(ζ)f ′(z)
[f(ζ) − f(z)]2

− 1
(ζ − z)2

, (ζ, z) ∈ Δ × Δ.
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�

φh(z) =
( 1
π

∫∫
Δ

|φh(ζ, z)|2 dξdη
)2

, z ∈ Δ,

U(f, z) =
(

1
π

∫∫
Δ

|U(f, ζ, z)|2 dξdη
) 1

2

, z ∈ Δ.

L)$7R+MND�.

;< 1.4 � 0 < s < 1, f � Δ �:_�A��, h = f−1 ◦ g �(PL(�TGQ�.

! log f ′ ∈ B0, 1�)RQHb45:

(1) log f ′ ∈ L 2,s(Δ) (- L 2,s
0 (Δ)).

(2) |Sf (z)|2(1 − |z|2)3dxdy 7 Δ � s-Carleson ./ (-# s-Carleson ./).

(3) f 3LR[�S`����5`LTGJM, �4�^T μ �0 |μ(z)|2
|z|2−1 dxdy 7 Δ∗ �

 s-Carleson ./ (-# s-Carleson ./).

(4) U2(f, z)(1 − |z|2) dxdy 7 Δ � s-Carleson ./ (-# s-Carleson ./).

(5) φ2
h(z̄)(1 − |z|2) dxdy 7 Δ � s-Carleson ./ (-# s-Carleson ./).

L), 89M9 C 3(_`8c�, �&4I;�U3`�I;V.

2 WX,Y
�>,MND�, aN5<BK. M9O+ [2] =>,�)D�.

Z< 2.1 � f �Δ�:_�A��, ∂f(Δ)7��� C1 JordanYZ� log f ′ ∈ B0,

1 f 3LR[OS`����, �Z4c� R > 1 X[4�^T μ �0
|μ(z)| =

1
2

∣∣∣∣Sf

(
1
z̄

)∣∣∣∣
(

1 − 1
|z|2

)2

, 1 < |z| < R.

Hu 8 Shen 4+ [11] =dB\-�)a��
ψh(ζ, z) =

1
2πi

∫
S1

h(w)
(ζ − w)2(1 − zh(w))

dw, (ζ, z) ∈ Δ × Δ.

b9;$)Æ-�)c`d3
T−

h ψ(ζ) =
1
π

∫∫
Δ

φh(ζ, z̄)ψ(z) dxdy, ψ ∈ A 2, ζ ∈ Δ,

T+
h ψ(ζ) =

1
π

∫∫
Δ

ψh(ζ, z̄)ψ(z) dxdy, ψ ∈ A 2, ζ ∈ Δ,

G? A 2 7 Δ �e:�)1f�� Hilbert ��:

〈φ,ψ〉 =
1
π

∫∫
Δ

φ(w)ψ(w)dudv, ‖φ‖ = 〈φ, φ〉 1
2 <∞.

+ [11] >,- T−
h 8 T+

h 7 A 2 �c`:_d3. DL, Shen 8 Wei 4+ [19] =>,-:

Z< 2.2 � f � Δ ��A��, h = f−1 ◦ g �(PL(�TGQ�, 1:
U(f, z) ≤ φh(z̄) ≤ ‖T+

h ‖U(f, z), z ∈ Δ.

Z< 2.3 � f � Δ ��A��, h = f−1 ◦ g �(PL(�TGQ�, υ 7 h−1 R[
O Δ 1LTeJM�^T, 1:

(1 − |z|2)2
36

|Sf (z)|2 ≤ U2(f, z) ≤ φ2
h(z̄) ≤ 1

π

∫∫
Δ

|υ(w)|2
1 − |υ(w)|2

1
|1 − z̄w|4 dudv.
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DL89daN�)BK (E [26]).

Z< 2.4 � α > −1, γ, β > 0, γ + β − α > 2. ! β < α+ 2 < γ, 1:∫∫
Δ

(1 − |w|2)α

|1 − zw̄|γ |1 − ζw̄|β dudv ≤ C

(1 − |z|2)γ−α−2|1 − ζz̄|β .

3 [Y 1.4 \]^
897g��Morrey��L 2,s(Δ)>,)K 1.4,#Morrey��L 2,s

0 (Δ)>,f�gh.

AB_6O (1)⇔(2) `a)K 1.3 hi. BK 2.2 :, (4)⇔(5), 'BK 2.3 bj (5)⇒(2),

ckda>, (2)⇒(3) 8 (3)⇒(5) $3.

AB>, (2)⇒(3). � |Sf (z)|2(1 − |z|2)3dxdy 7 Δ � s-Carleson ./, e log f ′ ∈ B0,

aBK 2.1, 1 f 3LR[OS`����, �Z4c� R ∈ (1, 2) X[4�^T μ �0

|μ(z)| =
1
2

∣∣∣∣Sf

(
1
z̄

)∣∣∣∣
(

1 − 1
|z|2

)2

, 1 < |z| < R.

27
|μ(z)|2
|z|2 − 1

=
|Sf ( 1

z̄ )|2(|z|2 − 1)3

4|z|8 ≤
∣∣∣∣Sf

(
1
z̄

)∣∣∣∣2(|z|2 − 1)3, 1 < |z| < R. (3.1)

a |Sf (z)|2(1 − |z|2)3dxdy 7 Δ � s-Carleson ./, fE |Sf ( 1
z̄ )|2(|z|2 − 1)3dxdy � Δ∗

� s-Carleson ./, l'a (3.1) IimO |μ(z)|2
|z|2−1 dxdy 7 Δ∗ � s-Carleson ./.

4n>, (3)⇒(5). � f � Δ �:_�A��, � f 3LR[OS`���, 4�^T μ

�0 |μ(z)|2
|z|2−1 dxdy 7 Δ∗ � s-Carleson ./. )�:, |μ( 1

z̄ )|2
1−|z|2 dxdy � Δ � s-Carleson ./.

a2 |μ(z)|2
|z|2−1 dxdy 7 Δ∗ � s-Carleson ./, AB(2 I ⊂ S1 � |I| > 1

2 , :
1

|I|s
∫∫

S(I)

|μ( 1
z̄ )|2

1 − |z|2 dxdy ≤ 2
∫∫

{z∈S(I):|z|< 1
2}

|μ( 1
z̄ )|2

1 − |z|2 dxdy

+ 2
∫∫

{z∈S(I):|z|≥ 1
2}

|μ( 1
z̄ )|2

1 − |z|2 dxdy

≤ C + 2
∫∫

S∗(S1)

|μ(z)|2
|z|2 − 1

1
|z|2 dxdy ≤ C.

89g5J |I| ≤ 1
2 �. � J 77 I :H;=\, |J | = 2|I| �. 27, ! z ∈ S(I), 1

1
z̄ ∈ S∗(J), �:

1
|I|s

∫∫
S(I)

|μ( 1
z̄ )|2

1 − |z|2 dxdy ≤ 2
|J |s

∫∫
S∗(J)

|μ(z)|2
|z|2 − 1

1
|z|2 dxdy

≤ 2
|J |s

∫∫
S∗(J)

|μ(z)|2
|z|2 − 1

dxdy ≤ C.

G6jh |μ( 1
z̄ )|2

1−|z|2 dxdy � Δ � s-Carleson ./.

kL_6O h = f−1 ◦ g, 1 f̃ = g−1 ◦ f |Δ∗ 7L h−1 �^_, Δ∗ OOULTGJM, �

4 Δ∗ � f̃ 7 f e:H;�^T μ. 27 f̂ = j ◦ f̃ ◦ j|Δ, j(z) = 1
z̄ 7L h−1 �^_, Δ OO
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ULTGJM, � f̂ �^T v �0 |υ(z)| = |μ( 1
z̄ )|. ck |υ(z)|2

1−|z|2 dxdy � Δ � s-Carleson

./. 27aBK 2.3, :
sup
ζ∈Δ

∫∫
Δ

(
1 − |ζ|2
|1 − ζ̄w|2

)s

φ2
h(w̄)(1 − |w|2)dudv

≤ 1
π

sup
ζ∈Δ

∫∫
Δ

(
1 − |ζ|2
|1 − ζ̄w|2

)s

(1 − |w|2)dudv
∫∫

Δ

|υ(z)|2
1 − |υ(z)|2

1
|1 − zw̄|4 dxdy

≤ C sup
ζ∈Δ

∫∫
Δ

(
1 − |ζ|2
|1 − ζ̄z|2

)s |υ(z)|2
1 − |z|2 dxdy

∫∫
Δ

(1 − |w|2)|1 − ζz̄|2s(1 − |z|2)
|1 − ζw̄|2s|1 − zw̄|4 dudv.

i9BK 2.4 (� α = 1, β = 2s, γ = 4), 1:
sup
ζ∈Δ

∫∫
Δ

(
1 − |ζ|2
|1 − ζ̄w|2

)s

φ2
h(w̄)(1 − |w|2)dudv ≤ C sup

ζ∈Δ

∫∫
Δ

(
1 − |ζ|2
|1 − ζ̄z|2

)s |υ(z)|2
1 − |z|2 dxdy.

ck, a |υ(z)|2
1−|z|2 dxdy � Δ � s-Carleson ./B)K 1.1 89j φ2

h(z̄)(1−|z|2) dxdy 7 Δ

� s-Carleson ./. )K 1.4 >o.

k 3.1 4L�>,=,89a (3)⇒(5)B (5)⇒(2)Ei (3)⇒(2). ' (3) ⇒ (5)7 (5) ⇒ (2)

pll2BK 2.3. L)89hi (3)⇒(2) IllBK 2.3 5`mW>,.

89d>, (3)⇒(2) =mB s-Carleson ./Æ+, mB# s-Carleson ./Æ+3gh

>,. )�, 894q� s ∈ (0, 1], f 4 Δ ��A �)>, (3)⇒(2).

)�>, (3)⇒(2). � f � Δ ��A��, &3LR[OS`����, �4�^T μ

�0 |μ(z)|2
|z|2−1 dxdy 7 Δ∗ � s-Carleson ./. n f̄ = τ ◦ f , G? τ(z) = 1

f ′(0) [z − f(0)], 1
f̄(0) = 0, f̄ ′(0) = 1. gn f̂ = ς ◦ f̄ ◦ ς, G? ς(z) = 1

z , 1IimO f̂ 4 C \Δ ��A, �4op
n ∞ r:�)+�q

f̂(z) = z +
b1
z

+ · · · .

� f̂ 4 Δ ��^T� μf̂ (z), 1mWsd2f[O |μ(z)| = |μf̂ ( 1
z )|, z ∈ Δ∗ \ {∞}. )�

o> |μ
f̂
(z)|2

1−|z|2 dxdy 7 Δ � s-Carleson ./. AB, (2 I ⊂ S1, � |I| > 1
3 , :

1
|I|s

∫∫
S(I)

|μf̂ (z)|2
1 − |z|2 dxdy ≤ 3

∫∫
{z∈S(I):|z|≤ 3

4}

|μf̂ (z)|2
1 − |z|2 dxdy

+ 3
∫∫

{z∈S(I):|z|> 3
4}

|μf̂ (z)|2
1 − |z|2 dxdy

≤ C + 12 sup
I′⊂S1,|I′|= 1

4

1
|I ′|s

∫∫
S(I′)

|μf̂ (z)|2
1 − |z|2 dxdy.

ck, p)da5J |I| ≤ 1
3 FG. � eiθ � I =\, n J �=\7 e−iθ, |J | = 2|I| 

�, ! z ∈ S(I), 1 1
z ∈ S∗(J), 27
1
|I|s

∫∫
S(I)

|μf̂ (z)|2
1 − |z|2 dxdy ≤ 2

|J |s
∫∫

S∗(J)

|μf̂ ( 1
z )|2

|z|2 − 1
1

|z|2 dxdy

≤ 2
|J |s

∫∫
S∗(J)

|μ(z)|2
|z|2 − 1

dxdy.
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27a |μ(z)|2
|z|2−1 dxdy 7 Δ∗ � s-Carleson ./j

|μf̂ (z)|2
1 − |z|2 dxdy

7 Δ � s-Carleson ./. W)S89B>, |Sf̂ (z)|2(|z|2 − 1)3dxdy 7 Δ∗ � s-Carleson .

/. i9 Astala 7 Zinsmeister 4+ [1] =VOK2 Schwarz J�5`I4q, :
|Sf̂ (z)|2(|z|2 − 1)3 ≤ C(|z|2 − 1)

∫∫
Δ

|μf̂ (ζ)|2
|ζ − z|4 dξdη, z ∈ Δ∗ \ {∞}.

27, (2 S1 �3� I, :∫∫
S∗(I)

|Sf̂ (z)|2(|z|2 − 1)3 dxdy ≤ C

∫∫
S∗(I)

(|z|2 − 1)
∫∫

Δ

( ∫∫
Δ

|μf̂ (ζ)|2
|ζ − z|4 dξdη

)
dxdy. (3.2)

)�tsf+

Int :=
∫∫

S∗(I)

(|z|2 − 1)
( ∫∫

Δ

|μf̂ (ζ)|2
|ζ − z|4 dξdη

)
dxdy. (3.3)

L)9 aI 3(7 I :H;=\, '��� I  a ]�. 89M Int +�cÆ+ rts:

Int =
∫∫

S∗(I)

(|z|2 − 1)
( ∫∫

S(2I)

|μf̂ (ζ)|2
|ζ − z|4 dξdη

)
dxdy

+
∫∫

S∗(I)

(|z|2 − 1)
(∫∫

Δ\S(2I)

|μf̂ (ζ)|2
|ζ − z|4 dξdη

)
dxdy

= Int1 + Int2. (3.4)

89Bts Int1. # ζ ∈ S(2I) $, :∫∫
S∗(I)

|z|2 − 1
|ζ − z|4 dxdy ≤ C

∫ |I|

0

∫ 1+|I|

1

r(r2 − 1)drdθ
[(r − |ζ|)2 + θ2]2

≤ C

∫ |I|

0

∫ |I|

0

ududv

[(u+ 1 − |ζ|)2 + v2]2

≤ C

∫ |I|

0

∫ |I|

0

ududv

(u+ v + 1 − |ζ|)4 ≤ C

1 − |ζ|2 .

27
Int1 ≤ C

∫∫
S(2I)

|μf̂ (ζ)|2
( ∫∫

S∗(I)

|z|2 − 1
|ζ − z|4 dxdy

)
dξdη ≤ C

∫∫
S(2I)

|μf̂ (ζ)|2
1 − |ζ|2 dξdη.

l'a |μ
f̂
(ζ)|2

1−|ζ|2 dξdη 7 Δ � s-Carleson ./j
Int1 ≤ C|I|s. (3.5)

W)Sts Int2. 899 zI 3(� I =\, 1# ζ ∈ Δ \ S(2I) $, (%6 z ∈ S∗(I) :
|ζ − z| ≥ C|ζ − zI |. 27

Int2 ≤ C

∫∫
S∗(I)

(|z|2 − 1)
( ∫∫

Δ\S(2I)

|μf̂ (ζ)|2
|ζ − zI |4 dξdη

)
dxdy

≤ C|I|
∫ 1+|I|

1

r(r2 − 1)dr
∫∫

Δ\S(2I)

|μf̂ (ζ)|2
|ζ − zI |4 dξdη

≤ C|I|3
∫∫

Δ\S(2I)

|μf̂ (ζ)|2
|ζ − zI |4 dξdη.
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� N 7X[ 2n|I| ≥ 1�OD#8S�. � 2NI = S1, S(2NI) = Δ. (2 n ∈ [1, N−1],

ζ ∈ S(2n+1I) \ S(2nI), 89:
|ζ − zI | ≥ C(1 − |ζ|2) B |ζ − zI | ≥ C(2n|I|).

ck
|ζ − zI |4 ≥ C(1 − |ζ|2)(2n|I|)3, ζ ∈ S(2n+1I) \ S(2nI).

27

Int2 ≤ C|I|3
N−1∑
n=1

∫∫
S(2n+1I)\S(2nI)

|μf̂ (ζ)|2
|ζ − zI |4 dξdη

≤ C|I|3
N−1∑
n=1

1
(2n|I|)3

∫∫
S(2n+1I)\S(2nI)

|μf̂ (ζ)|2
1 − |ζ|2 dξdη

= C
N−1∑
n=1

1
(2n)3

∫∫
S(2n+1I)\S(2nI)

|μf̂ (ζ)|2
1 − |ζ|2 dξdη.

a2 |μ
f̂
(ζ)|2

1−|ζ|2 dξdη 7 Δ � s-Carleson ./, l'

Int2 ≤ C

N−1∑
n=1

1
(2n)3

∫∫
S(2n+1I)

|μf̂ (ζ)|2
1 − |ζ|2 dξdη ≤ C

N−1∑
n=1

(2n+1|I|)s

(2n)3

≤ C|I|s
∞∑

n=1

1
(2n)3−s

≤ C|I|s. (3.6)

27a (3.2)–(3.6) j |Sf̂ (z)|2(|z|2 − 1)3dxdy 7 Δ∗ � s-Carleson ./. 89g>,
|Sf (z)|2(1 − |z|2)3dxdy 7 Δ � s-Carleson ./, 4>,st7��o>

|μf̂ (z)|2
1 − |z|2 dxdy

7 Δ � s-Carleson ./gh.

AB_6O(2 Δ �%6�A�� f : (E+ [14] - [17])

sup
z∈Δ

|Sf (z)|(1 − |z|2)2 ≤ 6.

27, (2 I ⊂ S1, � |I| > 1
3 , :

1
|I|s

∫∫
S(I)

|Sf (z)|2(1 − |z|2)3dxdy ≤ 3
∫∫

{z∈S(I):|z|≤ 3
4}

|Sf (z)|2(1 − |z|2)3dxdy

+ 3
∫∫

{z∈S(I):|z|> 3
4}

|Sf (z)|2(1 − |z|2)3dxdy

≤ 108
∫∫

{z∈S(I):|z|≤ 3
4}

(1 − |z|2)−1dxdy

+ 3
∫∫

{z∈S(I):|z|> 3
4}

|Sf (z)|2(1 − |z|2)3dxdy

≤ C + 12 sup
I′⊂S1,|I′|= 1

4

1
|I ′|s

∫∫
S(I′)

|Sf (z)|2(1 − |z|2)3dxdy.
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89g5J |I| ≤ 1
3 �. � eiθ � I =\, n J �=\7 e−iθ, |J | = 2|I| �, 1

1
|I|s

∫∫
S(I)

|Sf (z)|2(1 − |z|2)3dxdy ≤ 2
|J |s

∫∫
S∗(J)

∣∣∣∣Sf

(
1
z

)∣∣∣∣
2(

1 − 1
|z|2

)3 1
|z|4 dxdy

≤ 2
|J |s

∫∫
S∗(J)

∣∣∣∣Sf

(
1
z

)∣∣∣∣2 1
|z|8 (|z|2 − 1)3dxdy.

a Schwarz J�uqsdG1, 89:
|Sf̂ (z)| =

∣∣∣∣Sf

(
1
z

)∣∣∣∣ 1
|z|4 , z ∈ Δ∗ \ {∞},

27
1
|I|s

∫∫
S(I)

|Sf (z)|2(1 − |z|2)3dxdy ≤ 2
|J |s

∫∫
S∗(J)

|Sf̂ (z)|2(|z|2 − 1)3dxdy.

ck, a |Sf̂ (z)|2(|z|2 − 1)3dxdy 7 Δ∗ � s-Carleson ./j |Sf (z)|2(1−|z|2)3dxdy 7 Δ

� s-Carleson ./. (3)⇒(2) >o.

kq 3.2 L�>,EN-+ [1] =HKD�. ;$, 89G?uQvr>,3s�;
gwx>,vvw�7+6F5.

4 tuv\wx
y: Teichmüller �� T )Æ����� log f ′ ����, G? f � Δ �3LTGR[

OS`����A��. zy: Teichmüller �� BMO KN (E+ [1], [19]) BR+>,D
�{x, 89B\ Morrey–Teichmüller ��y|. � 0 < s ≤ 1, Morrey–Teichmüller ��

Tm,s )Æ����� log f ′ ����, G? log f ′ ∈ T , � f �^T μ �0
|μ(z)|2
|z|2 − 1

dxdy

7 Δ∗ � s-Carleson ./. # s = 1, Tm,s $� BMOA–Teichmüller ��.

a2 BMOA–Teichmüller ��KN4z8+�=yNP9 (E+ [5, 8, 12, 18]), DH,

BMOA–Teichmüller ��[O-N{'>}@C [1, 4, 6, 7, 19, 20, 22, 23]. Morrey–Teichmüller �

� Tm,ss� BMOA–Teichmüller��EN,89OkNw Tm,s7|HZ4 BMOA–Teichmüller

��KNghD�. Æ� Morrey–Teichmüller �� Tm,s "~)L./, L(�;W7|;

BMOA–Teichmüller ��5zZ4}~1b*6.

DLL Morrey–Teichmüller �� Tm,s �)5`�RD�D�R+, &7+ [1, )K 1] E

N. � 0 < s ≤ 1, (2 I ⊂ S1, Δ ��A�� f , Bishop 7 Jones 4+ [3, 105 {] =>,-∫∫
S(I)

|Nf (z)|2(1 − |z|2)dxdy ≤ C|I| + C

∫∫
S(I)

|Sf (z)|2(1 − |z|2)3dxdy,

27
1
|I|s

∫∫
S(I)

|Nf (z)|2(1 − |z|2)dxdy ≤ C +
C

|I|s
∫∫

S(I)

|Sf (z)|2(1 − |z|2)3dxdy. (4.1)

! log f ′ ∈ Tm,s, 1aL� (3)⇒(2) >,j |Sf (z)|2(1 − |z|2)3dxdy 7 Δ � s-Carleson

./, 27aq (4.1) B)K 1.2 j log f ′ ∈ L 2,s(Δ). ck:
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;< 4.1 � 0 < s ≤ 1, Morrey–Teichmüller �� Tm,s � L 2,s(Δ) 5`3�.
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