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�¥«ìî áâ âì¨ ï¢«ï¥âáï à¥è¥­¨¥ á¬¥è ­­ëå ªà ¥¢ëå § ¤ ç ¢ ¯®«ã¯®«®á¥ ¤«ï ãà ¢­¥­¨ï
í««¨¯â¨ç¥áª®£® â¨¯ . � ª¨¥ § ¤ ç¨ ¨¬¥îâ ¯à¨«®¦¥­¨ï ¯à¨ à¥è¥­¨¨ ®¡à â­ëå § ¤ ç â¥®à¨¨
ä¨«ìâà æ¨¨ [1] ¢ ­¥®¤­®à®¤­®¬ £àã­â¥ ¡¥áª®­¥ç­®© £«ã¡¨­ë, â. ª. ®¡à §®¬ ®¡« áâ¨ ä¨«ìâà -
æ¨¨ ¢ ¯«®áª®áâ¨ ª®¬¯«¥ªá­®£® ¯®â¥­æ¨ «  ®¡ëç­® ï¢«ï¥âáï ¯®«ã¯®«®á ,   á ¬ ª®¬¯«¥ªá­ë©
¯®â¥­æ¨ « ¨ äã­ªæ¨ï, ¥¬ã ®¡à â­ ï, ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨ï¬ í««¨¯â¨ç¥áª®£® â¨¯ . � áá¬ -
âà¨¢ îâáï à §«¨ç­ë¥ ãá«®¢¨ï ­  ¯®¢¥¤¥­¨¥ à¥è¥­¨ï ¢ ®ªà¥áâ­®áâ¨ ¡¥áª®­¥ç­®áâ¨.

�¥è¥­¨¥ á¬¥è ­­®© § ¤ ç¨ á ®¯à¥¤¥«¥­­ë¬ ¯®¢¥¤¥­¨¥¬ ­  ¡¥áª®­¥ç­®áâ¨ ¤«ï ãà ¢­¥­¨ï
í««¨¯â¨ç¥áª®£® â¨¯  ¡ë«® ¯®«ãç¥­® ¢ [2]. � ¤ ­­®© áâ âì¥ ®á« ¡«¥­ë ®£à ­¨ç¥­¨ï ­  ¯à®áâà ­-
áâ¢®, ª®â®à®¬ã ¯à¨­ ¤«¥¦ â ¯à®¨§¢®¤­ë¥ ¨áª®¬ëå äã­ªæ¨© ¢ [2], ¨ à áá¬®âà¥­ë ­®¢ë¥ ¢ à¨ ­-
âë ¯®¢¥¤¥­¨ï à¥è¥­¨ï ¢ ®ªà¥áâ­®áâ¨ ¡¥áª®­¥ç­®áâ¨. � ª ¦¥, ª ª ¨ ¢ [2], ¨á¯®«ì§ã¥âáï ¡ ­ å®¢®
¯à®áâà ­áâ¢® eLp(D), p � 1, | ¯®¤¯à®áâà ­áâ¢® ¯à®áâà ­áâ¢  Lp(D), á®áâ®ïé¥¥ ¨§ äã­ªæ¨© t(w),
ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î

sup
A>0

�
(1 +A)

� Z Z
w2D; Imw<�A

jt(w)jpd�w

�1=p�
� ktkeLp <1:

�ä®à¬ã«¨àã¥¬ ¯¥à¢ãî ¨§ à¥è ¥¬ëå § ¤ ç.

� ¤ ç  1. �à¥¡ã¥âáï ­ ©â¨ ¢ ¯®«ã¯®«®á¥ D = fw : jRewj < a, Imw < 0g äã­ªæ¨î g(w),
­¥¯à¥àë¢­ãî ¢ D, á «®ª «ì­® ¨­â¥£à¨àã¥¬ë¬¨ ¯à®¨§¢®¤­ë¬¨ ¨ ­¥¯à¥àë¢­® ¯à®¤®«¦¨¬ãî ¢
â®çª¨ £à ­¨æë @D, ¥á«¨

g0w = �(w)g0w + h(w); w 2 D; (1)(
Re g(w)jw=u2(�a;a) = 
(u);
Im g(w)jw=�a+iv; v2(�1;0) = 0:

(2)

� ¨á¯®«ì§®¢ ­¨¥¬ ¢¢¥¤¥­­®£® ¯à®áâà ­áâ¢  ¤®ª §ë¢ ¥âáï

�¥®à¥¬  1. � ¤ ç  1 ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ ¢ ª« áá¥ ­¥¯à¥àë¢­ëå ¢ D äã­ªæ¨© á «®-
ª «ì­® ¨­â¥£à¨àã¥¬ë¬¨ ®¡®¡é¥­­ë¬¨ ¯à®¨§¢®¤­ë¬¨, ­¥¯à¥àë¢­® ¯à®¤®«¦¨¬ëå ¢ â®çª¨ £à -

­¨æë @D, ¥á«¨

(u) 2 H�[�a; a], 1 � � > 1=2, h(w) 2 Lp0(D)

T eL1(D), p0 2 (2; (1 � �)�1), sup
w2D

vrai j�(w)j �

�0 < 1, �(w) 2 eLq0(D), q0 = p0(p0 � 1)�1 ¨ (�0 + k�keLq0 )B(p0) < 1, £¤¥

B(p) = sup
�
C(p)41=p; 21+2=p��1a1=p�2(�2=2 + 4=9)(p � 1)�1=p +

+4��1
�
4(�2=2 + 4=9)p + �2p21�2pa�1

Z 1

�=4

[sh�2 t+ t�2]pdt
�1=p�

; (3)

C(p) =

(
C(p�2)=p; 2 � p � ep;
 (p); p � ep;
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 (p) = �2

2
[(p=(p � 1))2=p � 1]�1, ep | ¥¤¨­áâ¢¥­­ë© ­  ¨­â¥à¢ «¥ (2;+1) ª®à¥­ì ãà ¢­¥­¨ï

2 (p) ln (p) = p(p� 2) 0(p), C =  (ep)ep=(ep�2).
�®ª § â¥«ìáâ¢®. � ª ¨ ¢ [2], à áá¬®âà¨¬ á­ ç «  à¥è¥­¨¥ § ¤ ç¨ (1), (2) ¯à¨ ãá«®¢¨¨, çâ®

�(w) � 0, h(w) � 0, w 2 D. � íâ®¬ á«ãç ¥

g(w) � �0(w) = �
1
4ai

Z a

�a


(�)
�
tg
�(� + w)

4a
+ ctg

�(� � w)
4a

�
d�: (4)

�¥âàã¤­® ¯à®¢¥à¨âì, çâ®

Re�0(u) = 
(u); Im�0(�a+ iv) = 0; v 2 (�1; 0):

�ç¥¢¨¤­®, �0(w) ¨¬¥¥â ª®­¥ç­ë© ¯à¥¤¥« ¯à¨ w !1 ¨ ¢ ª®­¥ç­ëå â®çª å, ®â«¨ç­ëå ®â w = �a,
­  £à ­¨æ¥. � â®çª å ¦¥ w = �a, á®£« á­® á¢®©áâ¢ ¬ ¨­â¥£à «  â¨¯  �®è¨, �0(w) ¬®¦¥â
¤®¯ãáª âì «®£ à¨ä¬¨ç¥áª¨¥ ®á®¡¥­­®áâ¨ ([3], á. 75). �®ª ¦¥¬, çâ® ¢ ¤¥©áâ¢¨â¥«ì­®áâ¨ �0(w)
¨¬¥¥â ª®­¥ç­ë© ¯à¥¤¥« â ª¦¥ ¨ ¢ â®çª å �a.

� áá¬®âà¨¬ ¢ D äã­ªæ¨î

�0(w) = i(
(a)� 
(�a)) exp
�
� i

�w

2a

�
=2 + (
(a) + 
(�a))=2:

�ç¥¢¨¤­®, �0(w) |  ­ «¨â¨ç¥áª ï ¢ D ¨ ­¥¯à¥àë¢­ ï ¤® £à ­¨æëD äã­ªæ¨ï, ®â®¡à ¦ îé ï D
­  ¯®«ãªàã£ ¨ ã¤®¢«¥â¢®àïîé ï á®®â­®è¥­¨ï¬ �0(�a) = 
(�a), �0(a) = 
(a), Im �0(�a+ iv) = 0,
v 2 (�1; 0). � ¬¥â¨¬, çâ® Re �0(u) 2 C1[�a; a]. �ç¥¢¨¤­®,

�1(w) = �0(w) �
1
4ai

Z a

�a
[
(�)�Re �0(�)]

�
tg
�(� + w)

4a
+ ctg

�(� � w)
4a

�
d�; w 2 D;

ã¤®¢«¥â¢®àï¥â ªà ¥¢ë¬ ãá«®¢¨ï¬ (2) ¨ �1(w) ¨¬¥¥â ª®­¥ç­ë© ¯à¥¤¥« ¯à¨ w !1.
�®ª ¦¥¬, çâ® §­ ç¥­¨ï �1(�a) ª®­¥ç­ë. �à¥¤áâ ¢¨¬ ¨­â¥£à « ¢ ¢ëà ¦¥­¨¨ �1(w) ª ª ¨­â¥-

£à « ¯® «ï¯ã­®¢áª®¬ã ¯à®áâ®¬ã § ¬ª­ãâ®¬ã ª®­âãàã �, «¥¦ é¥¬ã ¢ ¯®«ã¯«®áª®áâ¨ Imw � 0 ¨
¨¬¥îé¥¬ã ®¡éãî ç áâì á ¢¥é¥áâ¢¥­­®© ®áìî | ®âà¥§®ª [�a; a], ¯à¨ç¥¬ â®çª¨ � n [�a; a] «¥¦ â
­¨¦¥ ¢¥é¥áâ¢¥­­®© ®á¨, á ­ã«¥¢®© ¯«®â­®áâìî ­  � n [�a; a], â. ¥.

�1(w) = �0(w)�
1
4ai

Z
�

e
(�)� tg �(� + w)
4a

+ ctg
�(� � w)

4a

�
d�;

£¤¥

e
 =

(

(�)�Re �0(�); � 2 [�a; a];
0; � 2 � n [�a; a]:

�ç¥¢¨¤­®, e
(�) 2 H�(�). �®«ãç¥­­ë© ¨­â¥£à « â¨¯  �®è¨ á £�¥«ì¤¥à®¢®© ¯«®â­®áâìî |  ­ «¨-
â¨ç¥áª ï äã­ªæ¨ï ¢ ª®­¥ç­®© ®¡« áâ¨ D� á £à ­¨æ¥© �, ­¥¯à¥àë¢­® ¯à®¤®«¦¨¬ ï ­  �, ¢ â®¬
ç¨á«¥ ¨ ¢ â®çª¨ w = �a.

�­ «¨â¨ç¥áª ï ¢ D äã­ªæ¨ï e�(w) = �1(w)��0(w) ¨¬¥¥â ­ã«¥¢ë¥ ªà ¥¢ë¥ ãá«®¢¨ï ¢¨¤  (2)
¨ ¬®¦¥â ¨¬¥âì ¢ â®çª å w = �a «®£ à¨ä¬¨ç¥áª¨¥ ®á®¡¥­­®áâ¨. � ª¨¬ ®¡à §®¬, £à ­¨æ  e�(D)
à á¯®«®¦¥­  ­  ®áïå ª®®à¤¨­ â, ­® ¢ ®¡à § å â®ç¥ª w = �a ¡ã¤¥â ®¡à §®¢ë¢ âì ¯àï¬ë¥ ã£«ë,
â®«ìª® ¥á«¨ §­ ç¥­¨ï e�(�a) ª®­¥ç­ë. � íâ®¬ á«ãç ¥ ®¡« áâì e�(D), «¥¦ é ï ¢ ª®­¥ç­®© ç áâ¨
¯«®áª®áâ¨, ï¢«ï¥âáï ¢ëà®¦¤¥­­®©, â. ¥. e�(w) � 0 ¨«¨ �0(w) � �1(w), w 2 D. �âáî¤  á«¥¤ã¥â
­¥¯à¥àë¢­ ï ¯à®¤®«¦¨¬®áâì �0(w) ¢ â®çª¨ �a. � ª ª ª � 00(w) ®£à ­¨ç¥­  ¢ D, e
(�) £�¥«ì¤¥à®¢ 
á ¯®ª § â¥«¥¬ �, �0(u + iv) � L0 + L1 exp �v

4a
¯à¨ v ! �1, â® �00(w) � � 01(w) 2 Lp(D)

T
L1(D)

8p 2 (2; (1 � �)�1) á®£« á­® ([3], á. 69) ¨ ¡« £®¤ àï â®¬ã, çâ®

�00(u+ iv) '
�ev�i�u=(2a)

2a2

Z a

�a

(�) sin

��

2a
d� ¯à¨ v � v0 < 0:
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� ¬¥â¨¬, çâ® ¢ [2] ¡ë«® ¡®«¥¥ ¦¥áâª®¥ ®£à ­¨ç¥­¨¥ ­  p0, ®¡ãá«®¢«¥­­®¥ ¬¥­¥¥ ã¤ ç­ë¬ ¢ë¡®à®¬
¢á¯®¬®£ â¥«ì­®© äã­ªæ¨¨ �0(w).

�¥è¥­¨¥ § ¤ ç¨ (1), (2) ¢ ®¡é¥¬ á«ãç ¥ ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥

g(w) = �0(w) + eT [!](w); (5)

£¤¥ �0(w) ¨§ (3),   ®¯¥à â®à

eT [!] = �
1
4a

Z Z
D

!(�)
�
ctg

�(� � w)
4a

+ tg
�(� + w)

4a

�
d�� +

+
1
4a

Z Z
D

!(�)
�
tg
�(� + w)

4a
+ ctg

�(� � w)
4a

�
d�� ;

çâ® «¥£ª® ¯à®¢¥à¨âì, ã¤®¢«¥â¢®àï¥â ­ã«¥¢ë¬ ªà ¥¢ë¬ ãá«®¢¨ï¬ ¢¨¤  (2) ¯à¨ «î¡®© ¯«®â­®áâ¨
!(�), � 2 D.

�á¯®«ì§ãï ¯à¥¤áâ ¢«¥­¨¥

eT [!] = �
1
4a

Z Z
eD	[!(�)] ctg �(� � w)

4a
d�� ;

£¤¥ eD = f� 2 C : jRe � j < 2ag,

	[!(�)] =

8>>>>>>><>>>>>>>:

!(�); � 2 D;

�!(2a� � ); Im � < 0;Re � 2 (a; 2a);

�!(�2a� �); Im � < 0;Re � 2 (�2a;�a);

�	[!(�)]; Im � > 0;Re � 2 (�2a; 2a);

ª ª ¨ ¢ [2], ­¥âàã¤­® ¯®ª § âì, çâ® äã­ªæ¨ï f(w) = eT [!](w) £�¥«ì¤¥à®¢  á ¯®ª § â¥«¥¬ 1� 2=p ¨
®£à ­¨ç¥­  ¢ D, ¥á«¨ !(�) 2 Lp(D)

T
L1(D) 8p > 2.

� ª¨¬ ®¡à §®¬, ¯à¥¤áâ ¢«¥­¨¥ g(w) ¢ ¢¨¤¥ (5) ­¥ ¢ë¢®¤¨â ¨§ ­ã¦­®£® ª« áá  ­¥¯à¥àë¢­ëå
¢¯«®âì ¤® £à ­¨æë D äã­ªæ¨©. �¥¯¥àì ¤«ï â®£® çâ®¡ë äã­ªæ¨ï g(w) ¡ë«  à¥è¥­¨¥¬ ãà ¢­¥­¨ï
(1), ¯®âà¥¡ã¥¬, çâ®¡ë !(�) ¡ë«  à¥è¥­¨¥¬ ãà ¢­¥­¨ï

! = �(w) eS[!] + �(w)�00(w) + h(w); (6)

£¤¥ ¨­â¥£à « eS[!] = �
�

16a2

Z Z
eD	[!(�)] sin�2 �(� � w)

4a
d��

¯®­¨¬ ¥âáï ¢ á¬ëá«¥ £« ¢­®£® §­ ç¥­¨ï ¨ ï¢«ï¥âáï ®¡®¡é¥­­®© ¯à®¨§¢®¤­®© äã­ªæ¨¨ f(w) =eT [!](w) ¯® w.
�¥¬ ¦¥ ¬¥â®¤®¬, ª®â®àë© ¯à¨¬¥­ï«áï ¢ [2] ¤«ï ¯®¤®¡­®£® ®¯¥à â®à  ¯à¨ a = 1=2, ¬®¦-

­® ¯®ª § âì, çâ® ®¯¥à â®à e�[!] � �(w) eS[!], à áá¬ âà¨¢ ¥¬ë© ­  ¯à®áâà ­áâ¢¥ Lp(D)
T eL1(D)

8p > 2 á ­®à¬®© k!k
Lp\eL1

= k!kLp + k!keL1
, ¯¥à¥¢®¤¨â íâ® ¯à®áâà ­áâ¢® ¢ á¥¡ï. �¡®§­ ç ï

t(w) = e�[!](w), ¨¬¥¥¬
ktk

Lp0\eL1
� (�0 + k�keLq0 )B(p0)k!kLp0\eL1

; ke�k � (�0 + k�keLq0 )B(p0);
£¤¥ B(p0) â® ¦¥, çâ® ¨ ¢ (3). �®£« á­® â¥®à¥¬¥ ®¡ ®¡à â­®¬ ®¯¥à â®à¥, ¥á«¨

(�0 + k�keLq0 )B(p0) < 1 ¨ (��00 + h) 2 Lp0(D)
\ eL1(D);

â® ãà ¢­¥­¨¥ (6) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥

! =
1X
k=0

e�k[��00 + h] (7)
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¢ ¯à®áâà ­áâ¢¥ Lp0(D)
T eL1(D).

� ¬¥â¨¬, çâ® ��00 2 Lp0(D), â. ª.Z Z
D

j��00j
p0d�w � �p00

Z Z
D

j�00j
p0d�w:

�à®¬¥ â®£®, ��00 2 eL1(D), â. ª.

sup
A�0

�
(1 +A)

Z Z
w2D:Imw<�A

j��00jd�w

�
�

� sup
A�0

�
(1 +A)

� Z Z
w2D:Imw<�A

j�jqd�w

�1=q� Z Z
D
j�00j

pd�w

�1=p�
= k�keLq0 k�00kLp0 :

�â ª, ¥á«¨ (�0+ k�keLq0 )B(p0) < 1, â® à¥è¥­¨¥ ãà ¢­¥­¨ï (6), ­ ©¤¥­­®¥ ¯® ä®à¬ã«¥ (7), ã¤®¢«¥-
â¢®àï¥â ­¥à ¢¥­áâ¢ã

k!k
Lp0\eL1

� k��00 + hk
Lp0\eL1

[1� (�0 + k�keLq0 )B(p0)]�1:
� ª¨¬ ®¡à §®¬, à¥è¥­¨¥ ¯®áâ ¢«¥­­®© § ¤ ç¨ (5) á ¯«®â­®áâìî ®¯¥à â®à  eT , ­ ©¤¥­­®© ¯®

ä®à¬ã«¥ (7), ¯®áâà®¥­®. �®ª ¦¥¬, çâ® § ¤ ç  1 ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥, ¥á«¨ sup
w2D

vrai j�(w)j �

�0 < 1. �ãáâì g(w) ¨ g1(w) | ¤¢  à¥è¥­¨ï íâ®© § ¤ ç¨. �®£¤  g0(w) = g(w) � g1(w) ï¢«ï¥âáï
à¥è¥­¨¥¬ ãà ¢­¥­¨ï

g00w = �(w)g00w; w 2 D; (8)(
Re g0(w)jw=u2(�a;a) = 0;
Im g0(w)jw=�a+iv; v2(�1;0) = 0;

(9)

¯à¨ç¥¬ g0(w) ­¥¯à¥àë¢­  ¢ D ¨ ­¥¯à¥àë¢­® ¯à®¤®«¦¨¬  ¢ â®çª¨ £à ­¨æë @D. �®£« á­® (8)
¨ ®£à ­¨ç¥­¨î ­  �0 äã­ªæ¨ï g0(w) ®áãé¥áâ¢«ï¥â ®â®¡à ¦¥­¨¥, á®åà ­ïîé¥¥ ®¡« áâì,   ¨§
ªà ¥¢ëå ãá«®¢¨© (9) á«¥¤ã¥â, çâ® £à ­¨æ  g0(D) à á¯®«®¦¥­  ­  ®áïå ª®®à¤¨­ â. �á«¥¤áâ¢¨¥
®£à ­¨ç¥­­®áâ¨ ®¡« áâì g0(D) ¢ëà®¦¤¥­­ ï, ¨, §­ ç¨â, g0(w) � 0.

�à¨¬¥­¨¬ ¯®«ãç¥­­®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ á¬¥è ­­®© § ¤ ç¨ ¢ á«ãç ¥, ª®£¤  à¥è¥­¨¥
­¥®£à ­¨ç¥­­® ¢ ®ªà¥áâ­®áâ¨ ¡¥áª®­¥ç­® ã¤ «¥­­®© â®çª¨, ­® § ¤ ¥âáï ¥£® ¯®¢¥¤¥­¨¥.

�à¨ à¥è¥­¨¨ ®¡à â­ëå § ¤ ç ä¨«ìâà æ¨¨ ¢ ¡¥áª®­¥ç­®¬ á«®¥ á § ¤ ­­®© áª®à®áâìî ­  ­¥-
¨§¢¥áâ­®¬ ª®­âãà¥ [1] ¨á¯®«ì§ã¥âáï äã­ªæ¨ï g = ln dz

dw
, £¤¥ z(w) | ¨áª®¬ ï äã­ªæ¨ï, ®â®¡à -

¦ îé ï ¯®«ã¯®«®áã ¢ ¯«®áª®áâ¨ ª®¬¯«¥ªá­®£® ¯®â¥­æ¨ «  ­  ®¡« áâì ä¨«ìâà æ¨¨. � á«ãç ¥
­¥®¤­®à®¤­®£® £àã­â  äã­ªæ¨ï g(w) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î ¢¨¤  (1) ¨ ¨¬¥¥â ­  ¢¥àâ¨ª «ì­ëå
ª®¬¯®­¥­â å £à ­¨æë ¯®«ã¯®«®áë ¯®áâ®ï­­ë¥ §­ ç¥­¨ï ¬­¨¬®© ç áâ¨. �®íâ®¬ã ¯à¥¤áâ ¢«ï¥â
¨­â¥à¥á

� ¤ ç  2. �à¥¡ã¥âáï ­ ©â¨ ¢ ¯®«ã¯®«®á¥ D = fw : jRewj < a, Imw < 0g äã­ªæ¨î g(w),
­¥¯à¥àë¢­ãî ¢ D, á «®ª «ì­® ¨­â¥£à¨àã¥¬ë¬¨ ¯à®¨§¢®¤­ë¬¨ ¨ ­¥¯à¥àë¢­® ¯à®¤®«¦¨¬ãî ¢
ª®­¥ç­ë¥ â®çª¨ £à ­¨æë @D, jg(w)��i w

2a
j = o(jwj) ¯à¨ w !1, ¥á«¨ ã¤®¢«¥â¢®àïîâáï ãà ¢­¥­¨ï

(1) ¨ ãá«®¢¨ï (
Re g(w)jw=u2(�a;a) = 
(u);
Im g(w)jw=�a+iv; v2(�1;0) = ��=2:

(10)

�¥®à¥¬  2. � ¤ ç  2 ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ ¢ ª« áá¥ ­¥¯à¥àë¢­ëå ¢ D äã­ªæ¨© á

«®ª «ì­® ¨­â¥£à¨àã¥¬ë¬¨ ®¡®¡é¥­­ë¬¨ ¯à®¨§¢®¤­ë¬¨, ­¥¯à¥àë¢­® ¯à®¤®«¦¨¬ëå ¢ ª®­¥ç­ë¥
â®çª¨ £à ­¨æë @D, jg(w) � �i w

2a
j = o(jwj) ¯à¨ w ! 1, ¥á«¨ 
(u) 2 H�[�a; a], 1 � � > 1=2,

h(w) 2 Lp0(D)
T eL1(D), p0 2 (2; (1 � �)�1), sup

w2D
vrai j�(w)j � �0 < 1, �(w) 2 eLq0(D)T eL1(D),

q0 = p0(p0 � 1)�1 ¨ (�0 + k�keLq0 )B(p0) < 1, £¤¥ B(p) ¨§ (3).

80



�®ª § â¥«ìáâ¢®. � ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ ¯ã­ªâ¥, à áá¬®âà¨¬ á­ ç «  à¥è¥­¨¥ § ¤ ç¨ 2 ¯à¨
ãá«®¢¨¨, çâ® �(w) � 0, h(w) � 0, w 2 D. � íâ®¬ á«ãç ¥ g(w) � �1(w), £¤¥ á ãç¥â®¬ (4)

�1(w) = i
�w

2a
+�0(w); (11)

¯à¨ç¥¬ ªà ¥¢ë¥ ãá«®¢¨ï (10) ¨ ¯®¢¥¤¥­¨¥ ¢ ¡¥áª®­¥ç­®áâ¨ ¢ë¯®«­¥­ë. � ¬¥â¨¬, çâ® äã­ªæ¨ï

�01(u + iv) ï¢«ï¥âáï ®£à ­¨ç¥­­®© ¯à¨ v � v0 < 0, �01(w) 2 Lp(
8

D), £¤¥
8

D | «î¡ ï ª®­¥ç­ ï
¯®¤®¡« áâì ¯®«ã¯®«®áë D, p 2 (2; (1 � �)�1).

� ®¡é¥¬ á«ãç ¥ à¥è¥­¨¥ § ¤ ç¨ 2 ¨é¥¬ ¢ ¢¨¤¥ g(w) = �1(w) + eT [!](w), £¤¥ ®¯¥à â®à eT
¨§ ¯à¥¤ë¤ãé¥£® ¯ã­ªâ , �1 ¨§ (11). � ª ¯à¥¤áâ ¢«¥­­ ï äã­ªæ¨ï g(w) ¡ã¤¥â ã¤®¢«¥â¢®àïâì
ªà ¥¢ë¬ ãá«®¢¨ï¬ ¨ ¯®¢¥¤¥­¨î ¢ ®ªà¥áâ­®áâ¨ ¡¥áª®­¥ç­®áâ¨, ¨, §­ ç¨â, ï¢«ï¥âáï à¥è¥­¨¥¬
§ ¤ ç¨, ¥á«¨ ¯«®â­®áâì ®¯¥à â®à  !(w) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î

! = �(w) eS[!] + �(w)�01(w) + h(w): (12)

� á®®â¢¥âáâ¢¨¨ á ¤®ª § ­­ë¬ ¢ëè¥ âà¥¡ã¥âáï ¯®ª § âì, çâ® (��01+h) 2 Lp0(D)
T eL1(D), ¨ â®£¤ 

ãà ¢­¥­¨¥ (12) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥

! =
1X
k=0

e�k[��01 + h] (13)

¢ ¯à®áâà ­áâ¢¥ Lp0(D)
T eL1(D).

�à¥¦¤¥ ¢á¥£®, § ¬¥â¨¬, çâ® � 2 Lp0(D), â. ª.Z Z
D
j�(w)jp0d�w �

Z Z
D
j�(w)jd�w � k�keL1

:

�¡¥¤¨¬áï, çâ® ��01 2 Lp0(D). �¥©áâ¢¨â¥«ì­®,Z Z
D

j��01j
p0d�w =

Z Z
DM

j��01j
p0d�w +

Z Z
DnDM

j��01j
p0d�w �

� �p00 k�
0
1k

p0
Lp0 (DM ) + sup

DnDM

j�01j
p0k�kp0Lp0 ;

£¤¥ DM = fw 2 D j Imw > �Mg. �à®¬¥ â®£®, ��01 2 eL1(D), â. ª.

sup
A�0

�
(1 +A)

Z Z
w2D:Imw<�A

j��01jd�w

�
�

� maxf2(�0k�
0
1kL1(D1) + k�kL1(DnD1) sup

w2DnD1

j�01(w)j); sup
w2D:Imw<�1

j�00(w)jk�keL1
g:

�â ª, ¥á«¨ (�0 + k�keLq0 )B(p0) < 1, â® à¥è¥­¨¥ ãà ¢­¥­¨ï (12) ¢ á¨«ã (13) ã¤®¢«¥â¢®àï¥â ­¥à -
¢¥­áâ¢ã

k!k
Lp0\eL1

� k��01 + hk
Lp0\eL1

[1� (�0 + k�keLq0 )B(p0)]�1:
� ª¨¬ ®¡à §®¬, à¥è¥­¨¥ § ¤ ç¨ 2 ¢ ¢¨¤¥ (12), £¤¥ ! ¨§ (13), ¯®áâà®¥­®. �®ª ¦¥¬, çâ® § ¤ ç  2

¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥, ¥á«¨ sup
w2D

vrai j�(w)j � �0 < 1, �(u + iv) ! 0 ¯à¨ v ! �1 ¤«ï ¯. ¢.

u 2 [�a; a].
�ãáâì g(w) ¨ g1(w) | ¤¢  à¥è¥­¨ï íâ®© § ¤ ç¨. �®£¤  g0(w) = g(w) � g1(w) ï¢«ï¥âáï à¥-

è¥­¨¥¬ ãà ¢­¥­¨ï (8) á ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨ (9), ¯à¨ç¥¬ g0(w) ­¥¯à¥àë¢­  ¢ D ¨ ­¥¯à¥àë¢­®
¯à®¤®«¦¨¬  ¢ ª®­¥ç­ë¥ â®çª¨ £à ­¨æë @D ¨ jg0(w)j = o(jwj) ¯à¨ w !1. �®£« á­® (8) ¨ ®£à -
­¨ç¥­¨î ­  �0 äã­ªæ¨ï g0(w) ®áãé¥áâ¢«ï¥â ®â®¡à ¦¥­¨¥, á®åà ­ïîé¥¥ ®¡« áâì,   ¨§ ªà ¥¢ëå
ãá«®¢¨© (9) á«¥¤ã¥â, çâ® £à ­¨æ  g0(D) à á¯®«®¦¥­  ­  ®áïå ª®®à¤¨­ â. �á«¨ ¯à¥¤¯®«®¦¨âì,
çâ® jg0(1)j < 1, â® g0(w) < 1, w 2 D, â. ¥. ®¡« áâì g0(D) ¢ëà®¦¤¥­­ ï, ¨, á«¥¤®¢ â¥«ì­®,
g0(w) � 0.
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�à¥¤¯®«®¦¨¬ g0(1) = 1. � áá¬®âà¨¬ ®¡à § ®âà¥§ª  
N = fw : Imw = �N , Rew 2 [�a; a]g
¯à¨ ¤®áâ â®ç­® ¡®«ìè®¬ N > 0, g0(
N) | ªà¨¢ ï, á®¥¤¨­ïîé ï ¤¢¥ â®çª¨ ­  ®á¨  ¡áæ¨áá
¨ ¢¬¥áâ¥ á «ãç ¬¨, ¨áå®¤ïé¨¬¨ ¨§ íâ®© â®çª¨, ®¡à §ãîé ï £à ­¨æã ®¡à §  ®¡« áâ¨ fw 2 D :
Imw < �Ng. �à¨ ¤¢¨¦¥­¨¨ w ¯® 
N ®â (a;�N=2) ¤® (�a;�N=2) â®çª  g0(w) ¤¢¨¦¥âáï ¯® ªà¨¢®©
g0(
N) ®â ®¤­®© â®çª¨ ¢¥é¥áâ¢¥­­®© ®á¨ ¤® ¤àã£®©. �ç¨âë¢ ï, çâ® ®¡à § ®¡« áâ¨ D(�iN=2; N=2)

á®¤¥à¦¨â ­  £à ­¨æ¥ 0, ¯®«ãç¨¬
��� R

N

d arg g0(w)
��� = �n, n 2 N . �«¥¤®¢ â¥«ì­®, ¢ á®®â¢¥âáâ¢¨¨ á

ãá«®¢¨¥¬ ­  ¯®¢¥¤¥­¨¥ �(w) ¯à¨ w ! 1 ¨¬¥¥¬ jg0(w)jw2
N � CemN , m > 0, ¯à¨ N ! 1, çâ®
¯à®â¨¢®à¥ç¨â ®£à ­¨ç¥­¨î jg0(w)j = o(jwj) ¯à¨ w !1.

�à¨ à¥è¥­¨¨ ®¡à â­ëå § ¤ ç ä¨«ìâà æ¨¨ ¢ ¡¥áª®­¥ç­®¬ á«®¥ á £à ­¨æ ¬¨ ¡ì¥ä®¢, à á-
¯®«®¦¥­­ë¬¨ ­  ®¤­®© ¢ëá®â¥, ¯à¨ § ¤ ­¨¨ í¯îàë ä¨«ìâà æ¨®­­®£® ¤ ¢«¥­¨ï [1] ¢ á«ãç ¥
­¥®¤­®à®¤­®£® £àã­â  äã­ªæ¨ï g = z(w), ®â®¡à ¦ îé ï ¯®«ã¯®«®áã ¢ ¯«®áª®áâ¨ ª®¬¯«¥ªá­®£®
¯®â¥­æ¨ «  ­  ®¡« áâì ä¨«ìâà æ¨¨, ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î ¢¨¤  (1) ¨ ªà ¥¢®¬ã ãá«®¢¨î
¢¨¤  (2). �®íâ®¬ã ä®à¬ã«¨àã¥âáï

� ¤ ç  3. �à¥¡ã¥âáï ­ ©â¨ ¢ ¯®«ã¯®«®á¥ D = fw : jRewj < a, Imw < 0g äã­ªæ¨î g(w),
­¥¯à¥àë¢­ãî ¢ D, á «®ª «ì­® ¨­â¥£à¨àã¥¬ë¬¨ ¯à®¨§¢®¤­ë¬¨ ¨ ­¥¯à¥àë¢­® ¯à®¤®«¦¨¬ãî ¢
ª®­¥ç­ë¥ â®çª¨ £à ­¨æë @D, ln jg(w)� iB exp(�i w

2a
)j = o(jwj) ¯à¨ w !1 ¨ ¯à¨ § ¤ ­­®¬ B 2 R,

¥á«¨ ã¤®¢«¥â¢®àïîâáï (1), (2).

�¥®à¥¬  3. � ¤ ç  3 ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ ¢ ª« áá¥ ­¥¯à¥àë¢­ëå ¢ D äã­ªæ¨© á
«®ª «ì­® ¨­â¥£à¨àã¥¬ë¬¨ ®¡®¡é¥­­ë¬¨ ¯à®¨§¢®¤­ë¬¨, ­¥¯à¥àë¢­® ¯à®¤®«¦¨¬ëå ¢ ª®­¥ç­ë¥
â®çª¨ £à ­¨æë @D, ln jg(w) � iB exp(�i w

2a
)j = o(jwj) ¯à¨ w ! 1 ¨ ¯à¨ § ¤ ­­®¬ B 2 R, ¥á«¨


(u) 2 H�[�a; a], 1 � � > 1=2, h(w) 2 Lp0(D)
T eL1(D), p0 2 (2; (1��)�1), sup

w2D
vrai j�(w)j � �0 < 1,

�(w) 2 eLq0(D), q0 = p0(p0 � 1)�1, �(w) exp �iw
2a

2 eL1(D) ¨ (�0 + k�keLq0 )B(p0) < 1, £¤¥ B(p) ¨§ (3).

�®ª § â¥«ìáâ¢®. � ª ¨ ¯à¨ à¥è¥­¨¨ ¯à¥¤ë¤ãé¨å § ¤ ç, à áá¬®âà¨¬ á­ ç «  à¥è¥­¨¥ § -
¤ ç¨ 3 ¯à¨ ãá«®¢¨¨, çâ® �(w) � 0, h(w) � 0, w 2 D. � íâ®¬ á«ãç ¥ g(w) � �2(w), £¤¥ á ãç¥â®¬
(4)

�2(w) = 2iB cos
�w

2a
+�0(w): (14)

�ç¥¢¨¤­®, çâ® ªà ¥¢ë¥ ãá«®¢¨ï ¨ ¯®¢¥¤¥­¨¥ ¢ ¡¥áª®­¥ç­®áâ¨ ¢ë¯®«­ïîâáï. � ¬¥â¨¬, çâ® äã­ª-

æ¨ï �02(u+ iv) ã¦¥ ­¥ ¡ã¤¥â ®£à ­¨ç¥­­®© ¯à¨ v !1, �02(w) 2 Lp(
8

D), £¤¥
8

D | «î¡ ï ª®­¥ç­ ï
¯®¤®¡« áâì ¯®«ã¯®«®áë D, p 2 (2; (1 � �)�1).

� ®¡é¥¬ á«ãç ¥ à¥è¥­¨¥ § ¤ ç¨ 3 ¨é¥¬ ¢ ¢¨¤¥

g(w) = �2(w) + eT [!](w); (15)

£¤¥ �2(w) ¨§ (14),   ®¯¥à â®à eT | â®â ¦¥, çâ® ¡ë« ¨á¯®«ì§®¢ ­ ¯à¨ à¥è¥­¨¨ ¯¥à¢ëå ¤¢ãå
§ ¤ ç. � ª ¯à¥¤áâ ¢«¥­­ ï äã­ªæ¨ï g(w) ¡ã¤¥â ã¤®¢«¥â¢®àïâì ªà ¥¢ë¬ ãá«®¢¨ï¬ ¨ ¯®¢¥¤¥­¨î
¢ ®ªà¥áâ­®áâ¨ ¡¥áª®­¥ç­®áâ¨, ¨, §­ ç¨â, ¡ã¤¥â à¥è¥­¨¥¬ § ¤ ç¨, ¥á«¨ ¯«®â­®áâì ®¯¥à â®à  !(w)
¡ã¤¥â ã¤®¢«¥â¢®àïâì ãà ¢­¥­¨î

! = �(w) eS[!] + �(w)�02(w) + h(w): (16)

� á®®â¢¥âáâ¢¨¨ á ¤®ª § ­­ë¬ ¢ëè¥ âà¥¡ã¥âáï ¯®ª § âì, çâ® (��02+h) 2 Lp0(D)
T eL1(D), ¨ â®£¤ 

ãà ¢­¥­¨¥ (16) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥

! =
1X
k=0

e�k[��02 + h] (17)

¢ ¯à®áâà ­áâ¢¥ Lp0(D)
T eL1(D).
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�®ª ¦¥¬, çâ® m(w) � �(w) exp �iw
2a

2 Lp(D) 8p > 1. �¥©áâ¢¨â¥«ì­®, ¨§ ãá«®¢¨ï ­  m(w)
á«¥¤ã¥â, çâ® 9M > 0 : jm(w)j < 1 ¤«ï ¯. ¢. w 2 D, Imw < �M , â. ¥. ¤«ï ¯. ¢. w 2 D n DM .
�«¥¤®¢ â¥«ì­®, ¤«ï p > 1Z Z

D

jm(w)jpd�w �M2a�p0 exp
�Mp

2a
+
Z Z

D

jm(w)jd�w �

�M2a�p0 exp
�Mp

2a
+




�(w) exp �iw2a





eL1(D)

:

�«ï w 2 D n D1 ¨¬¥¥¬ �(w)�02(w) = �(w) exp �iw
2a
r(w), r(w) ®£à ­¨ç¥­  ¢ D n D1, �(w)�02(w) 2

Lp0(D1), D1 = fw 2 D j Imw > �1g. �¡¥¤¨¬áï, çâ® ��02 2 Lp0(D). �¥©áâ¢¨â¥«ì­®,Z Z
D

j��02j
p0d�w =

Z Z
D1

j��02j
p0d�w +

Z Z
DnD1

j��02j
p0d�w �

� �p00 k�
0
2k

p0
Lp0 (D1)

+ sup
DnD1

jr(w)jp0km(w)kp0Lp0 :

�à®¬¥ â®£®, ��02 2 eL1(D), â. ª.

sup
A�0

�
(1 +A)

Z Z
w2D:Imw<�A

j��02jd�w

�
� 2(�0k�02kL1(D1) + sup

DnD1

jr(w)j km(w)keL1 (D)
):

�â ª, ¥á«¨ (�0 + k�keLq0 )B(p0) < 1, â® à¥è¥­¨¥ ãà ¢­¥­¨ï (16), ­ ©¤¥­­®¥ ¯® ä®à¬ã«¥ (17),
ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ã

k!k
Lp0\eL1

� k��02 + hk
Lp0\eL1

[1� (�0 + k�keLq0 )B(p0)]�1:
�¥è¥­¨¥ § ¤ ç¨ 3 (15) á ¯«®â­®áâìî ! ¨§ (17) ¯®áâà®¥­®.
�¤¨­áâ¢¥­­®áâì à¥è¥­¨ï § ¤ ç¨ 3 ¤®ª §ë¢ ¥âáï ¤®á«®¢­ë¬ ¯®¢â®à¥­¨¥¬ ¤®ª § â¥«ìáâ¢ 

¥¤¨­áâ¢¥­­®áâ¨ à¥è¥­¨ï § ¤ ç¨ 2 á § ¬¥­®© ¯®¢¥¤¥­¨ï jg0(w)j = o(jwj) ¯à¨ w ! 1 ¢ § ¤ ç¥ 2
­  ¯®¢¥¤¥­¨¥ jg0(w)j = exp o(jwj) ¢ § ¤ ç¥ 3.
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