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�®«ìèãî à®«ì ¢ à¥è¥¨¨ ®¡à â®© ªà ¥¢®© § ¤ ç¨ ¯® ¯ à ¬¥âàã s [1] ¨£à ¥â ¨§¢¥áâë©
ª®âãà Lw = fw = u(s) + iv(s); s 2 [0; l]g | ¯à®áâ ï § ¬ªãâ ï ªà¨¢ ï. � ¯à®æ¥áá¥ à¥è¥¨ï § -
¤ ç¨ «¨¡® ¨á¯®«ì§ã¥âáï ®â®¡à ¦¥¨¥ ®¡« áâ¨ Dw, ®£à ¨ç¥®© ª®âãà®¬ Lw,   ª ®¨ç¥áªãî
®¡« áâì | ¥¤¨¨çë© ªàã£ [1], «¨¡® á®®â¢¥âáâ¢ãîé ï § ¤ ç �¢ àæ  à¥è ¥âáï ¥¯®áà¥¤áâ¢¥®
¢ ®¡« áâ¨ Dw, çâ® ¯à¨¢®¤¨â ª à¥è¥¨î ¨â¥£à «ì®£® ãà ¢¥¨ï �à¥¤£®«ì¬  [2]. �  áâ®ïé¥©
à ¡®â¥ £à ¨çë¥ ¤ ë¥ u(s)+ iv(s) ®¡à â®© ªà ¥¢®© § ¤ ç¨ § ¤ îâáï ª ª áã¯¥à¯®§¨æ¨ï ª®¬-
¯«¥ªá®§ ç®© äãªæ¨¨ ew(�) = eu(�) + iev(�), 0 � � � �k, § ¤ îé¥© ¯à®áâ®© § ¬ªãâë© ª®âãà
Lw á ¯®¬®éìî ¥áâ¥áâ¢¥®£® ¯ à ¬¥âà  �, ¨ äãªæ¨¨ ¯¥à¥¯ à ¬¥âà¨§ æ¨¨ � = �(s), s 2 [0; l].
�à¥¤¯®« £ ¥âáï, çâ® ª®âãà Lw | ªà¨¢ ï �ï¯ã®¢ , â. ¥. j ew0(�)j = 1, arg ew0(�) 2 H�[0; �k],  
�(s) | ¬®®â® ï äãªæ¨ï. � ¤ ç  á¢®¤¨âáï ª à¥è¥¨î ¨â¥£à «ì®£® ãà ¢¥¨ï. �à ¢¥¨¥
à §à¥è¨¬® ¢ á«ãç ¥, ª®£¤  �0(s) 2 L1+"[0; l], [�0(s)]�1 2 L�[0; l], "; � > 0. �®«ãç¥® ¤®áâ â®ç®¥
ãá«®¢¨¥ ¯à®áâ®âë ¨áª®¬®£® ª®âãà  Lz, ¥ á¢ï§ ®¥ á® ¢á¯®¬®£ â¥«ìë¬ ®â®¡à ¦¥¨¥¬ ¨§¢¥áâ-
®© ®¡« áâ¨   ¥¤¨¨çë© ªàã£, ¯®íâ®¬ã â ª®¥ ãá«®¢¨¥ ï¢«ï¥âáï à¥§ã«ìâ â®¬ ¢ à ¬ª å á¨«ì®©
¯à®¡«¥¬ë ®¤®«¨áâ®áâ¨ [3]. � ¤àã£®© áâ®à®ë, ¯¥à¥¯ à ¬¥âà¨§ æ¨î ¨§¢¥áâ®£® ª®âãà  ¤«ï
¯®«ãç¥¨ï ®¢®£® ¯à®áâ®£® ª®âãà  ¬®¦® à áá¬ âà¨¢ âì ª ª ®¤®«¨áâ®¥ ¨§¬¥¥¨¥ ®¤®«¨áâ-
®£® à¥è¥¨ï ®¡à â®© ªà ¥¢®© § ¤ ç¨ [4]. � ¤ ®© áâ âì¥ ¯®«ãç¥® ¤®áâ â®ç®¥ ãá«®¢¨¥ ¯®çâ¨
¢ë¯ãª«®áâ¨ [5] ¨áª®¬®£® ª®âãà  Lz ¢ á«ãç ¥ ¢ë¯ãª«®áâ¨ ¨§¢¥áâ®£® ª®âãà  Lw. � ¥¥ ¤®áâ -
â®çë¥ ãá«®¢¨ï ¯®çâ¨ ¢ë¯ãª«®áâ¨ à¥è¥¨ï § ¤ ç¨ ¡ë«¨ ¯®«ãç¥ë ¢ à ¬ª å á« ¡®© ¯à®¡«¥¬ë
®¤®«¨áâ®áâ¨ [6]{[11].

1. � áá¬®âà¨¬ ¯à®áâ¥©è¨© á«ãç © ¯¥à¥¯ à ¬¥âà¨§ æ¨¨ �(s) = s. �â¥£à «ì®¥ ãà ¢¥¨¥
¤«ï äãªæ¨¨ q(�) = Im ln z0(w)jw2Lw ¨¬¥¥â ¢¨¤ [2]

q = T [q]�R[p]; (1)

£¤¥

T [q] �
1
�

Z �k

0
q(�)[arg[ ew(�)� ew(�)]]0�d�; (2)

R[p] �
1
�

Z �k

0

p(�)[ln j ew(�)� ew(�)j]0�d�; (3)

p(�) = ln s0(�):

� ¤ ®¬ á«ãç ¥ p(�) � 0, á«¥¤®¢ â¥«ì®, ¢ ãà ¢¥¨¨ (1) ¡ã¤¥â ®âáãâáâ¢®¢ âì á¢®¡®¤ë© ç«¥
R[p]. �®¦¥áâ¢® à¥è¥¨© ãà ¢¥¨ï (1): q(�) � �, � 2 R [2]. �«¥¤®¢ â¥«ì®, z(w) = ei�w + C,
C 2 C, g(z) = (z � C)e�i�. �áâ¥áâ¢¥®, çâ® ¨áª®¬ë© ª®âãà Lz, ¯®«ãç îé¨©áï ¨§ ¯à®áâ®£®
ª®âãà  Lw á¤¢¨£®¬ ¨ ¯®¢®à®â®¬, ¡ã¤¥â â ª¦¥ ¯à®áâ®© ªà¨¢®©.

2. �á«¨ �0(s) 2 H[0; l], § ¤ ç  á¢®¤¨âáï ª à¥è¥¨î ¨â¥£à «ì®£® ãà ¢¥¨ï (1) ¢ ¯à®áâà -
áâ¢¥ H�, � = minf�; g. �¥è¥¨¥ ¢ íâ®¬ ª« áá¥ ¨áá«¥¤®¢ ® ¢ [2], â ¬ ¦¥ ¯à¨¢¥¤¥® ¤®áâ â®ç®¥
ãá«®¢¨¥ ¯à®áâ®âë | ¯®çâ¨ ¢ë¯ãª«®áâ¨ | ¨áª®¬®£® ª®âãà .
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3. � áá¬®âà¨¬ ¯®¤à®¡¥¥ á«ãç © ¡®«¥¥ á« ¡ëå ®£à ¨ç¥¨©   �0(s). � ¬¥â¨¬, çâ® ¯®«ãç¨âì
¤®áâ â®ç®¥ ãá«®¢¨¥ ¯®çâ¨ ¢ë¯ãª«®áâ¨ ¨áª®¬®£® ª®âãà  Lz ¯à¨ ¢ë¯ãª«®¬ ª®âãà¥ Lw ¬®¦®
â®«ìª® ¯à¨ ãá«®¢¨¨, çâ®

q(�) = arg
dz

dw

���
w2Lw

| ®£à ¨ç¥ ï ¢¥«¨ç¨ . �®£« á® [2] ¢ á«ãç ¥, ª®£¤ 

�0(s) 2 L1+"[0; �k]; [�0(s)]�1 2 L�[0; �k]; "; � > 0;

ãà ¢¥¨¥ (1) ¨¬¥¥â à¥è¥¨¥ q(�) 2 L� [0; �k] 8� > 1. �«ï â®£® çâ®¡ë ¯®«ãç¨âì ®£à ¨ç¥ãî
äãªæ¨î q(�) , ¤®áâ â®ç® ®¡¥á¯¥ç¨âì ®£à ¨ç¥®áâì äãªæ¨¨ f(�) = R[p] (3).

�¥©áâ¢¨â¥«ì®, ¥á«¨

arg ew0(�) 2 H�[0; �k]; � 2 (0; 1];���� ew(�1)� ew(�2)
�1 � �2

���� � m > 0; j�1 � �2j �
�k
2
;

â® á®£« á® [2] ï¤à® ®¯¥à â®à  T (2) | äãªæ¨ï K(�; �) � farg[ ew(�) � ew(�)]g0� ¨¬¥¥â ®æ¥ªã
jK(�; �)j � Dj� ��j��1, £¤¥ D � [kev0kCkeu0kH�

+ keu0kCkv0kH�
]m�2. �ç¨âë¢ ï â®, çâ® ¯à¨ § ¤ ëå

ãá«®¢¨ïå ãà ¢¥¨¥ (1) ¨¬¥¥â à¥è¥¨¥ ¢ ¯à®áâà áâ¢¥ L� 8� > 1, ¯®«ãç¨¬

sup jq(�)j �
1
�
kqkLr=(r�1)

�
max
�

Z �k

0
jK(�; �)jrd�

�1=r
+ sup jf(�)j;

£¤¥ 1 < r < 1
1��

. �«¥¤®¢ â¥«ì®, ¢ ¤ ®¬ á«ãç ¥ äãªæ¨ï q(�) ®£à ¨ç¥ .
�¡¥á¯¥ç¨âì ®£à ¨ç¥®áâì äãªæ¨¨ f(�) ¬®¦® «¨èì, ¥á«¨ ¯«®â®áâì p(�) ®¯¥à â®à  R (3)

| ¥¯à¥àë¢ ï äãªæ¨ï, ¢ ¯à®â¨¢®¬ á«ãç ¥ f(�) ¡ã¤¥â ¨¬¥âì «®£ à¨ä¬¨ç¥áªãî ®á®¡¥®áâì
ª ª ¬¨¬ ï ç áâì ¨â¥£à «  â¨¯  �®è¨ á à §àë¢®© ¢¥é¥áâ¢¥®© ¯«®â®áâìî.

�â ª, ¯à¥¤¯®«®¦¨¬, çâ®

arg[ ew(�)� ew(�)] = arg[ei2��=�k � ei2��=�k ] +
1X
j=0

jX
n=0

anj

�
cos

2�
�k
(�j + �n) +

+ cos
2�
�k
(�n+ �j)

�
+ bnj

�
sin

2�
�k
(�j + �n) + sin

2�
�k
(�n+ �j)

�
; (4)

¯à¨ç¥¬

1X
j=0

jX
n=0

(janj j+ jbnj j)(j + n) � b <
1
2
; (5)

1X
j=0

jX
n=0

(janj j+ jbnj j) � c <
1
�
: (6)

�ãáâì äãªæ¨ï �(s), s 2 [0; l], â ª ï, çâ® 0 < m1 � �0(s) �M1, ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

j�0(s1)� �0(s2)j �
C

j ln js1�s2j

l
jp
; p > 1; js1 � s2j � l=2: (7)

�®£« á® [2] á®®â¢¥âáâ¢ãîé¥¥ ãà ¢¥¨¥ (1) ¢ íâ®¬ á«ãç ¥ à §à¥è¨¬® ¢ ¯à®áâà áâ¢¥ L� [0; �k]
8� > 1. � ©¤¥¬ ®£à ¨ç¥¨ï   ¢¢¥¤¥ë¥ ¯ à ¬¥âàë, ¤®áâ â®çë¥ ¤«ï â®£®, çâ®¡ë ¨áª®¬ë©
ª®âãà Lz ¡ë« ¯®çâ¨ ¢ë¯ãª«ë¬. �ë¢®¤ ãá«®¢¨ï ¯®çâ¨ ¢ë¯ãª«®áâ¨ à §®¡ì¥¬   íâ ¯ë.

a) �®ª ¦¥¬, çâ® ãá«®¢¨¥ (5) ®¡¥á¯¥ç¨¢ ¥â ¢ë¯ãª«®áâì ª®âãà  Lw. � á®®â¢¥âáâ¢¨¨ á (4)
¨¬¥¥¬

arg ew0(�) =
�

2
+
2�
�k

� + 2
1X
j=0

jX
n=0

anj cos
2�
�k

�(j + n) + bnj sin
2�
�k

�(j + n):
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�«¥¤®¢ â¥«ì®,

(arg ew0(�))0 =
2�
�k

+
4�
�k

1X
j=0

jX
n=0

(j + n)
�
� anj sin

2�
�k

�(j + n) + bnj cos
2�
�k

�(j + n)
�
�

�
2�
�k

�
4�
�k

1X
j=0

jX
n=0

(j + n)(janj j+ jbnj j) �
2�
�k
(1� 2b) > 0

á®£« á® (5).
�¤¥áì ¦¥ § ¬¥â¨¬, çâ® arg ew0(�) 2 H1[0; �k], â. ¥. � = 1.
¡) � ©¤¥¬ â¥¯¥àì ç¨á«® m > 0 â ª®¥, çâ®���� ew(�1)� ew(�2)

�1 � �2

���� � m; j�1 � �2j �
�k
2
:

� ¬¥â¨¬, çâ® ¯à¨¢¥¤¥®¥ ¥à ¢¥áâ¢®, ¥áâ¥áâ¢¥®¥ ¤«ï ¯à®áâëå ªà¨¢ëå, ¯à¨¬¥ï«®áì à ¥¥
¢ à ¡®â å �.�.� ¢à¥âì¥¢  ( ¯à., [12]).

�¬¥¥¬

ew(�1)� ew(�2) =
Z �1

�2

ei arg ew0(t)dt =
Z �1

�2

exp
�
i

�
�

2
+
2�
�k

t+ �0(t)
��

dt;

£¤¥

�0(�) = 2
1X
j=0

jX
n=0

anj cos
2�
�k

�(j + n) + bnj sin
2�
�k

�(j + n):

�«¥¤®¢ â¥«ì®,

ew(�1)� ew(�2) = i

Z �1

�2

exp(i2�t=�k)dt+ i

Z �1

�2

exp(i2�t=�k)[exp(i�0(t))� 1]dt =

=
i�k
�

exp[i�(�1 + �2)=�k] sin
�(�1 � �2)

�k
+ i

Z �1

�2

exp(i2�t=�k)[exp(i�0(t))� 1]dt:

�¥®¬¥âà¨ç¥áª¨ ®ç¥¢¨¤®, çâ® j exp(ia)� 1j � jaj, ¨, § ç¨â,

j ew(�1)� ew(�2)j �
�����k�

����
���� sin �

�k
(�1 � �2)

�����max
t
j�0(t)j j�1 � �2j �

�
2
�
� 2c

�
j�1 � �2j;

£¤¥ c ¨§ (6). � ª¨¬ ®¡à §®¬, m = 2
�
� 2c.

¢) �®ª ¦¥¬, çâ® ¯à¨ j�1 � �2j � lm1=2 ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢®���� ln ds

d�

����
�1

� ln
ds

d�

����
�2

���� � C1

j ln j�1��2j

�k
jp
;

£¤¥

C1 =
Cj ln lm1=(2�k)jp

m1(ln 2)p
: (8)

�ãáâì j�1 � �2j � lm1=2, â®£¤ 

js(�1)� s(�2)j �
j�1 � �2j

min�0(s)
� l=2:

�«¥¤®¢ â¥«ì®,���� ln ds

d�

����
�1

� ln
ds

d�

����
�2

���� =
���� ln d�ds

����
s(�1)

� ln
d�

ds

����
s(�2)

���� � 1
min�0(s)

����d�ds
����
s(�1)

�
d�

ds

����
s(�2)

���� �
�

C

j ln(js(�1)� s(�2)jl�1)jpm1

=
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=
C

m1j ln[s0(�0)j�1 � �2j=l]jp
�

C

m1

j ln j�1 � �2j=�k + ln�k=l � lnmin
s

�0(s)j�p =

=
C

m1

����1 + ln�k=l � lnmin�0(s)
ln j�1 � �2j=�k

����
�p���� ln j�1 � �2j

�k

����
�p

�

�
C

m1

����1 + ln�k=l � lnmin�0(s)
ln[lm1(2�k)�1]

����
�p���� ln j�1 � �2j

�k

����
�p

=
C1

j ln j�1��2j

�k
jp
;

£¤¥ C1 ¨§ (8).
£) � ©¤¥¬ ®æ¥ªã ¤«ï f(�) = R[p] (3). � ¬¥â¨¬, çâ®

f(�) = ln
ds

d�
Re

1
�

Z
Lw

d ew(�)ew(�)� ew(�) + Re
1
�

Z
Lw

ln ds
d�
j� � ln ds

d�
j�ew(�)� ew(�) d ew(�) =
= Re

1
�

Z
Lw

ln ds
d�
j� � ln ds

d�
j�ew(�)� ew(�) d ew(�):

�«¥¤®¢ â¥«ì®,

jf(�)j �
1
�

� Z
j���j�lm1=2

���� ln
ds
d�
j� � ln ds

d�
j�ew(�)� ew(�)
����d� +

Z
lm1=2<j���j��k=2

���� ln
ds
d�
j� � ln ds

d�
j�ew(�)� ew(�)
����d�

�
�

�
1
�

�
C1

m

Z
j���j�lm1=2

d�

j� � �j j ln j���j
�k

jp
+
4max j ln d�

ds
j

m
(ln�k=2� ln lm1=2)

�
�M;

£¤¥

M =
1

1� �c

�
C1

p� 1

���� ln lm1

2�k

����
1�p

+ 2 lnM1 ln
�k
lm1

�
: (9)

¤) � ©¤¥¬ ®æ¥ªã ¤«ï jq(�)j, £¤¥ q(�) = arg dz
dw
jw=ew(�) | à¥è¥¨¥ ãà ¢¥¨ï (1). � ª ª ª à¥è¥-

¨¥ íâ®£® ãà ¢¥¨ï  å®¤¨âáï á â®ç®áâìî ¤® ¯®áâ®ï®£® á« £ ¥¬®£®, ¯®¤¡¥à¥¬ íâ® á« £ ¥¬®¥
â ª, çâ®¡ë ¢ë¯®«ï«®áì á®®â®è¥¨¥ Z �k

0

q(�)d� = 0:

�®£¤ 

q(�) =
1
�

Z �k

0

q(�)
�
farg[ ew(�)� ew(�)]g0� � �

�k

�
d� � f(�);

¨, § ç¨â,

sup jq(�)j �
1
�
sup jq(�)j sup

Z �k

0

����farg[ ew(�)� ew(�)]g0� � �

�k

����d� + sup jf(�)j: (10)

�®£« á® ãá«®¢¨î (5)

����farg[ ew(�)� ew(�)]g0� � �

�k

���� � 2�
�k

����
1X
j=0

jX
n=0

anj

�
� sin

2�
�k
(�j + �n)j �

� sin
2�
�k
(�n+ �j)n

�
+ bnj

�
cos

2�
�k
(�j + �n)j + cos

2�
�k
(�n+ �j)n

����� �
�
2�
�k

1X
j=0

jX
n=0

(janj j+ jbnj j)(j + n) �
2�b
�k

:
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�«¥¤®¢ â¥«ì®,
1
�
sup

Z �k

0

����farg[ ew(�)� ew(�)]g0� � �

�k

����d� � 2b < 1:

� ª¨¬ ®¡à §®¬, á®£« á® (10) sup jq(�)j(1 � 2b) � sup jf(�)j, â. ¥. jq(�)j � M
1�2b

, £¤¥ M ¨§ (9).
�«¥¤®¢ â¥«ì®, ¥á«¨M ¨ b ¬ «ë  áâ®«ìª®, çâ® M=(1�2b) < �=2, â® ¡« £®¤ àï ¢ë¯ãª«®áâ¨

ª®âãà  Lw ¯®«ãç¨¬

�arg
dz

d�

���
Lw

= �arg
dz

dw

���
Lw

+�arg
dw

d�

���
Lw

> ��;

çâ® ®¡¥á¯¥ç¨¢ ¥â ¯®çâ¨ ¢ë¯ãª«®áâì,   § ç¨â, ¯à®áâ®âã ¨áª®¬®£® ª®âãà  Lz. � ª¨¬ ®¡à §®¬,
¤®ª §  

�¥®à¥¬ . �ãáâì ¨áå®¤ ï äãªæ¨ï ¯à¨ ¯®áâ ®¢ª¥ ®¡à â®© ªà ¥¢®© § ¤ ç¨ ¯® ¯ à ¬¥-

âàã s § ¤   ¢ ¢¨¤¥ w(s) = ew(�(s)), £¤¥ j ew0(�)j � 1, ¢ë¯®«ïîâáï ®£à ¨ç¥¨ï (4){(6); �(s)
| ¬®®â® ï äãªæ¨ï, ã¤®¢«¥â¢®àïîé ï ¥à ¢¥áâ¢ã (7) ¨ ®£à ¨ç¥¨ï¬ 0 < m1 � �0(s) �
M1 < 1. �á«¨ ¯à¨ íâ®¬ M < �(1 � 2b)=2, £¤¥ M ¨§ (9), C1 ¨§ (8), b ¨ c ¨§ (5) ¨ (6) á®®â-
¢¥âáâ¢¥®, â® ¯®áâ ®¢ª  â ª®© § ¤ ç¨ ï¢«ï¥âáï ª®àà¥ªâ®©, â. ª. ¨áª®¬ë© ª®âãà ¡ã¤¥â

¯à®áâë¬ (¯®çâ¨ ¢ë¯ãª«ë¬).

�®«ãç¥®¥ ¤®áâ â®ç®¥ ãá«®¢¨¥ ¯®çâ¨ ¢ë¯ãª«®áâ¨ à¥è¥¨ï ¢ãâà¥¥© ®¡à â®© ªà ¥¢®©
§ ¤ ç¨ ¯® ¯ à ¬¥âàã s ¬®¦® ¡ë«® ¡ë áà ¢¨âì á ¤®áâ â®çë¬ ãá«®¢¨¥¬ ®¤®«¨áâ®áâ¨ à¥è¥-
¨ï â®© ¦¥ § ¤ ç¨, ¯à¨¢¥¤¥ë¬ ¢ ([13], á. 163), £¤¥  ©¤¥® ®£à ¨ç¥¨¥, á¢ï§ë¢ îé¥¥ ®â®è¥-
¨¥ max �0(s)=min�0(s) á ¤¢ã¬ï £¥®¬¥âà¨ç¥áª¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨ ¨§¢¥áâ®© ®¡« áâ¨ Dw. �
á®¦ «¥¨î, ®¯à¥¤¥«¥¨¥ ª®áâ âë (B) ¤«ï ¢â®à®© å à ªâ¥à¨áâ¨ª¨ ¢ á«ãç ¥ ¯à®¨§¢®«ì®© ¢ë-
¯ãª«®© ®¡« áâ¨ | á ¬  ¯® á¥¡¥ ¥¯à®áâ ï § ¤ ç . �®âï ¥á®¬¥ë¬ ¯à¥¨¬ãé¥áâ¢®¬ ¤®áâ â®ç-
®£® ãá«®¢¨ï ¨§ [13] ï¢«ï¥âáï âà¥¡®¢ ¨¥ â®«ìª® ¥¯à¥àë¢®áâ¨ �0(s) ¨ ®âáãâáâ¢¨¥ ®£à ¨ç¥¨ï
â¨¯  (7).

4. �á«®¢¨¥ (7) ¨§ ¯à¥¤ë¤ãé¥£® ¯ãªâ  ¬®¦¥â ¡ëâì § ¬¥¥® ¯®¤®¡ë¬ ¥à ¢¥áâ¢®¬ á ¤àã£¨¬
¬®¤ã«¥¬ ¥¯à¥àë¢®áâ¨. �â ª, ¯ãáâì ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© (4){(6)   äãªæ¨î �(s)  «®¦¥-
ë ®£à ¨ç¥¨ï 0 < m1 � �0(s) �M1 <1 ¨ á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® j�0(s1)��0(s2)j � !(s1�s2),

£¤¥ ¥¯à¥àë¢ ï äãªæ¨ï !(t) â ª®¢ , çâ® !(0) = 0,
�R
0

!(t)
t
dt < 1, � > 0. � íâ®¬ á«ãç ¥ â ª¦¥

¬®¦® ®¡¥á¯¥ç¨âì ¯®çâ¨ ¢ë¯ãª«®áâì ¨áª®¬®£® ª®âãà  Lz ¤«ï ¥ª®â®àëå ¬®¤ã«¥© ¥¯à¥àë¢®-
áâ¨ !(t). �à¨ íâ®¬ ¬¥ï¥âáï â®«ìª® ®æ¥ª  M ¤«ï sup jf(�)j. � ª ª ª

jf(�)j �
1
�

� Z
�(��)������(�)

���� ln
ds
d�
j� � ln ds

d�
j�ew(�)� ew(�)
����d� +

+
Z

�(�)<�����(l=2); �(�l=2)����<�(��)

���� ln
ds
d�
j� � ln ds

d�
j�ew(�)� ew(�)
����d�

�
=

=
1
�

�
2
Z �

0

j ln�0(�)� ln�0(s)j
mm1j� � sj

M1d� + 4
M1j lnM1j

mm1

ln
l

2�

�
�

�
2M1

�mm1

�
1
m1

Z �

0

!(t)
t

dt+ 2j lnM1j j ln(l=(2�))j
�
;

â® §  M ¬®¦® ¢§ïâì ¢¥«¨ç¨ã

M1

(1� �c)m1

inf
�>0

�
1
m1

Z �

0

!(t)
t

dt+ 2j lnM1j j ln(l=(2�))j
�
:

� á«ãç ¥, ¥á«¨ M < �(1�2b)

2
, ®¯ïâì ¯®«ãç¨¬ ¯à®áâ®© | ¯®çâ¨ ¢ë¯ãª«ë© | ª®âãà.

� ª ç¥áâ¢¥ ¯à¨¬¥à , ¡®«¥¥ ã¤®¡®£® ¤«ï ¯à¨¬¥¥¨ï ¤®áâ â®ç®£® ãá«®¢¨ï ®¤®«¨áâ®áâ¨,
¬®¦¥â ¡ëâì ¯à¨¢¥¤¥®
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�«¥¤áâ¢¨¥ ([14]). �ãáâì ew(�) = eu(�) + iev(�), 0 � � � �k, | ãà ¢¥¨¥ § ¬ªãâ®© ªà¨¢®©, �
| ¥áâ¥áâ¢¥ë© ¯ à ¬¥âà, ¯à¨ç¥¬

max
0��;���k

j�(5)
�����j

�5k
�144

� d <
1
�
;

£¤¥ �(�; �) � arg[ ew(�)� ew(�)] � arg[exp(2�i�=�k)� exp(2�i�=�k)].
�á«¨ � = �(s), 0 � s � l, | ¬®®â® ï äãªæ¨ï, ã¤®¢«¥â¢®àïîé ï ãá«®¢ï¬ 0 < m1 �

�0(s) �M1 <1, j�0(s1)� �0(s2)j � !(s1 � s2), £¤¥

!(0) = 0;
Z �

0

!(t)
t

dt <1; � > 0;

¯à¨ç¥¬

inf
0<���k=2

�
1
m1

Z �

0

!(t)
t

dt+ 2j lnM1j j ln(l=(2�))j
�
<

�(1� 2d)(1 � �d)m1

2M1

;

â® § ¢¨á¨¬®áâì w(s) � ew(�(s)) ¯à¥¤áâ ¢«ï¥â á®¡®© ¨áå®¤ë¥ ¤ ë¥, ¯à¨ ª®â®àëå à¥è¥¨¥ á®-
®â¢¥âáâ¢ãîé¥© ¢ãâà¥¥© ®¡à â®© ªà ¥¢®© § ¤ ç¨ ¯® ¯ à ¬¥âàã s ¡ã¤¥â ®¤®«¨áâë¬ (¯®çâ¨
¢ë¯ãª«ë¬).

�®ª § â¥«ìáâ¢®. �á«¨

�(�; �) =
1X
j=0

jX
n=0

anj

�
cos

2�
�k
(�j + �n) + cos

2�
�k
(�n+ �j)

�
+

+ bnj

�
sin

2�
�k
(�j + �n) + sin

2�
�k
(�n+ �j)

�
;

ª ª ¢ (4), ¨ ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢®

1X
j=0

jX
n=0

(janj j+ jbnj j)(j + n) � b <
1
�
; (11)

â® ãá«®¢¨ï (5), (6) â¥®à¥¬ë á¯à ¢¥¤«¨¢ë. �¡¥á¯¥ç¨¬ ¢ë¯®«¥¨¥ ¥à ¢¥áâ¢  (11), ®æ¥¨¢ ï
ª®íää¨æ¨¥âë à §«®¦¥¨ï �0�(�; �). �¬¥¥¬

anj(j + n) = �
1

��k

Z �k

0

Z �k

0

�0�(�; �)
�
sin

2�
�k
(�j + �n) + sin

2�
�k
(�n+ �j)

�
d� d�;

bnj(j + n) =
1

��k

Z �k

0

Z �k

0
�0�(�; �)

�
cos

2�
�k
(�j + �n) + cos

2�
�k
(�n+ �j)

�
d� d�:

�á«¨ ¢ ¢ëà ¦¥¨ïå ¤«ï anj(j +n), bnj(j+n) ¯à®¢¥áâ¨ ¨â¥£à¨à®¢ ¨ï ¯® ç áâï¬ | ¤¢ ¦¤ë ¯®
ª ¦¤®¬ã ¨§ ¯¥à¥¬¥ëå, â® ¯®«ãç¨¬

janj(j + n)j =
���� �3k
24�5j2n2

Z �k

0

Z �k

0

�(5)
�����(�; �)

�
sin

2�
�k
(�j + �n) + sin

2�
�k
(�n+ �j)

�
d� d�

����;
jbnj(j + n)j =

���� �3k
24�5j2n2

Z �k

0

Z �k

0

�(5)
�����(�; �)

�
cos

2�
�k
(�j + �n) + cos

2�
�k
(�n+ �j)

�
d�d�

����:
�«¥¤®¢ â¥«ì®,

1X
j=0

jX
n=0

(janj j+ jbnj j)(j + n) �
4�5k
24�5

max
0��;���k

j�(5)
�����(�; �)j

1X
j=1

j�2
1X
n=1

n�2 = d;

£¤¥ d ¨§ ãá«®¢¨ï â¥®à¥¬ë. � ª¨¬ ®¡à §®¬, ¥à ¢¥áâ¢® (11) ¢ë¯®«ï¥âáï, á«¥¤®¢ â¥«ì®, ¯®çâ¨
¢ë¯ãª«®áâì à¥è¥¨ï á®®â¢¥âáâ¢ãîé¥© ®¡à â®© ªà ¥¢®© § ¤ ç¨ ®¡¥á¯¥ç¥  ¢ á¨«ã ®æ¥ª¨ ¨§
à §¤¥«  4, £¤¥ ®¡¥ ª®áâ âë b ¨ c á®¢¯ ¤ îâ á d.
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