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1. �« ááë �¨£¬ã¤  ¨ ¨å á¢®©áâ¢ . �ãáâì C2� | ¯à®áâà áâ¢® ¥¯à¥àë¢ëå 2�-¯¥à¨®¤¨ç¥á-
ª¨å äãªæ¨© á ®à¬®©

k'kC2�
= max

s
j'(s)j � k'k1; ' 2 C2�:

�¥¯à¥àë¢ ï 2�-¯¥à¨®¤¨ç¥áª ï äãªæ¨ï '(�) ¯à¨ ¤«¥¦¨â ª« ááã �¨£¬ã¤  ( ¯à., [1]) á ¯®-
ª § â¥«¥¬ 0 < � � 2, ¥á«¨ ¢ë¯®«¥® ãá«®¢¨¥ Z(';�) <1, £¤¥

Z(';�) = sup
h>0

k'(s+ h)� 2'(s) + '(s� h)k1
h�

:

�ã¤¥¬ ®¡®§ ç âì íâ®â ª« áá ç¥à¥§ Z� (0 < � � 2).
� á«¥¤ãîé¨å â¥®à¥¬ å ãáâ  ¢«¨¢ îâáï á¢®©áâ¢  ¢¢¥¤¥®£® ª« áá  äãªæ¨©.

�¥®à¥¬  1. �« áá �¨£¬ã¤  Z� (0 < � � 2) ï¢«ï¥âáï ¡  å®¢ë¬ ¯à®áâà áâ¢®¬ ®â®á¨-

â¥«ì® ®à¬ë

k'kZ� = k'k1 + Z(';�):

�¥®à¥¬  2. �à®áâà áâ¢® �¨£¬ã¤  Z� (0 < � � 2) ¥á¥¯ à ¡¥«ì®.

�¢¥¤¥¬ â ª¦¥ ª« ááW rZ� (0 < � � 2, r � 0 æ¥«®¥) ¥¯à¥àë¢ëå 2�-¯¥à¨®¤¨ç¥áª¨å äãªæ¨©,
¨¬¥îé¨å r-î ¯à®¨§¢®¤ãî ¨§ ª« áá  �¨£¬ã¤  Z� (0 < � � 2). �®ª § â¥«ìáâ¢® ¯®«®âë ¨
¥á¥¯ à ¡¥«ì®áâ¨ ¯à®áâà áâ¢  W rZ� ®â®á¨â¥«ì® ®à¬ë

kxkW rZ� =
rX

k=0

kx(k)kZ�

¢ëâ¥ª ¥â ¨§ â¥®à¥¬ 1 ¨ 2.

2. �«¥¬¥âë â¥®à¨¨ ¯à¨¡«¨¦¥¨© ¢ ¯à®áâà áâ¢ å �¨£¬ã¤ . �ãáâì ¤ «¥¥ �n | ®¯¥à â®à
�ãàì¥, áâ ¢ïé¨© ¢ á®®â¢¥âáâ¢¨¥ ª ¦¤®© äãªæ¨¨ '(�) n-© ®âà¥§®ª ¥¥ àï¤  �ãàì¥ ¯® âà¨£®®-
¬¥âà¨ç¥áª®© á¨áâ¥¬¥

�n' = �n('; s) =
nX

k=�n

cke
iks;

£¤¥ ck = ck(') = 1
2�

2�R
0

'(�)e�ik�d� (k = �n; n) | ª®íää¨æ¨¥âë �ãàì¥ äãªæ¨¨ '(�). �®£¤ 

¨§¢¥áâ  ®æ¥ª  ®à¬ë íâ®£® ®¯¥à â®à  k�nk1 = O(lnn).
�ãáâì Ln;! | ®¯¥à â®à, ª®â®àë© ª ¦¤®© äãªæ¨¨ '(s) 2 C2� áâ ¢¨â ¢ á®®â¢¥âáâ¢¨¥ ¥¥ âà¨-

£®®¬¥âà¨ç¥áª¨© ¨â¥à¯®«ïæ¨®ë© ¯®«¨®¬ � £à ¦  áâ¥¯¥¨ n = [N=2]

Ln;!' � Ln;!('; s) =
2
N

NX
k=1

'(sk)�n(s� sk); ' 2 C2�; L2
n;! = Ln;!; (1)
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£¤¥ ( ¯à., [2]) �n(t) = Dn(t), N = 2n+1, | ®¡ëç®¥ ï¤à® �¨à¨å«¥ n-£® ¯®àï¤ª ; �n(t) = D�
n(t),

N = 2n, | ¬®¤¨ä¨æ¨à®¢ ®¥ ï¤à® �¨à¨å«¥ â®£® ¦¥ ¯®àï¤ª ,

sk =
2�k
N

+
!

N
; 1 � k � N; 0 � ! � �: (2)

�«¥¤ãîé¨¥ â¥®à¥¬  ¨ ¥¥ á«¥¤áâ¢¨¥ ãáâ  ¢«¨¢ îâ  ¯¯à®ªá¨¬ â¨¢ë¥ á¢®©áâ¢  ®¯¥à â®à®¢
�ãàì¥ ¨ � £à ¦  ¢ ¯à®áâà áâ¢ å �¨£¬ã¤ .

�¥®à¥¬  3. �ãáâì ' 2 W rZ� (0 < � � 2, r � 0 æ¥«®¥), 0 < � � 2. �®£¤  ¤«ï «î¡®£®

 âãà «ì®£® n ¯à¨ Pn, à ¢®¬ �n ¨«¨ Ln;!, ¨¬¥îâ ¬¥áâ® ®æ¥ª¨

k'� Pn'kZ� = Z('(r); �) �O
�

lnn
nr+���

�
(r + � > �);

k'� Pn'kW 1Z� = Z('(r); �) �O
�

lnn
nr+��1��

�
(r + �� 1 > �):

�«¥¤áâ¢¨¥. �«ï «î¡®£®  âãà «ì®£® n ¯à¨ Pn, à ¢®¬ �n ¨«¨ Ln;!, ¨¬¥îâ ¬¥áâ® ®æ¥ª¨

kPnkZ�!Z� = O(lnn);

kPnkW 1Z�!W 1Z� = O(lnn):

3. �« ¡® á¨£ã«ïà®¥ ¨â¥£à «ì®¥ ãà ¢¥¨¥ á «®£ à¨ä¬¨ç¥áª¨¬ ï¤à®¬ ¨ ¯à¨¡«¨¦¥ë¥

¬¥â®¤ë à¥è¥¨ï. � ¯à®æ¥áá¥ à¥è¥¨ï àï¤  â¥®à¥â¨ç¥áª¨å ¨ ¯à¨ª« ¤ëå § ¤ ç ¢®§¨ª ¥â á« -
¡® á¨£ã«ïà®¥ ¨â¥£à «ì®¥ ãà ¢¥¨¥ (á. á. ¨. ã.) á «®£ à¨ä¬¨ç¥áª¨¬ ï¤à®¬ ¢ £« ¢®© ç áâ¨
¨â¥£à «ì®£® ®¯¥à â®à  ¢¨¤ 

Ax � �
1
2�

Z 2�

0

ln
���� sin s� �

2

����x(�)d� + 1
2�

Z 2�

0

h(s; �)x(�)d� = y(s); (3)

§¤¥áì h(s; �), y(s) | ¨§¢¥áâë¥ ¥¯à¥àë¢ë¥ 2�-¯¥à¨®¤¨ç¥áª¨¥ äãªæ¨¨ ¯® ª ¦¤®© ¨§ ¯¥à¥¬¥-
ëå, x(�) |¨áª®¬ ï äãªæ¨ï, á« ¡® á¨£ã«ïàë© ¨â¥£à « ¯®¨¬ ¥âáï ª ª ¥á®¡áâ¢¥ë©.

� ¤ ç  à¥è¥¨ï ãà ¢¥¨ï (3) ï¢«ï¥âáï ¥ª®àà¥ªâ®© [2], çâ® á¢ï§ ® á ¯®«®© ¥¯à¥àë¢-
®áâìî á« ¡® á¨£ã«ïà®£® ¨â¥£à «ì®£® ®¯¥à â®à  S : X ! X,

Sx � �
1
2�

Z 2�

0
ln
���� sin s� �

2

����x(�)d�; x 2 X;

¨ ¢ëâ¥ª îé¥© ®âáî¤  ¯®«®© ¥¯à¥àë¢®áâìî ®¯¥à â®à  A : X ! X, Ax � Sx+Rx,

Rx �
1
2�

Z 2�

0

h(s; �)x(�)d�: (4)

�â® ®§ ç ¥â, çâ® ®¡à âë© ®¯¥à â®à A�1 : X ! X ¢ á«ãç ¥ ¥£® áãé¥áâ¢®¢ ¨ï ¥®£à ¨ç¥.
� ¤ ®© à ¡®â¥ ¡ã¤¥¬ á«¥¤®¢ âì ¬¥â®¤¨ª¥ ( ¯à., [1], [2]), ¯®§¢®«ïîé¥© à áá¬ âà¨¢ âì ¯®-

áâ ¢«¥ãî § ¤ çã ª ª ª®àà¥ªâãî. �  ®á®¢     á®®â¢¥âáâ¢ãîé¥¬ ¢ë¡®à¥ ¯à®áâà áâ¢ 
¯à ¢ëå ç áâ¥© (¡ã¤¥¬ ®¡®§ ç âì ¥£® ç¥à¥§ Y ) ¨ ¨áª®¬ëå í«¥¬¥â®¢ (á®£« á® ¯à¥¤ë¤ãé¨¬
®¡®§ ç¥¨ï¬ | ç¥à¥§ X). �à¨ íâ®¬ ®¯¥à â®àë S ¨ A à áá¬ âà¨¢ îâáï ª ª ®¯¥à â®àë ¨§ X ¢
Y , £¤¥ X 6= Y . �à¨ ¯®¤å®¤ïé¥¬ ¢ë¡®à¥ Y ¢ § ¢¨á¨¬®áâ¨ ®â ¤ ®£® ¯à®áâà áâ¢  X (¨«¨ ¦¥
 ®¡®à®â) ¨ ãá«®¢¨© à¥è ¥¬®© § ¤ ç¨ ¨áå®¤®¥ ãà ¢¥¨¥ ¬®¦¥â ¡ëâì ¯à¨¢¥¤¥® ª ãà ¢¥¨î
¢â®à®£® à®¤ , ¨ â®£¤  § ¤ ç  à¥è¥¨ï ãà ¢¥¨ï (3) ¡ã¤¥â ¯®áâ ¢«¥  ª®àà¥ªâ® [2].

� ãç¥â®¬ áª § ®£® ¢ ª ç¥áâ¢¥ ¨áå®¤®£® ¯à®áâà áâ¢  X à áá¬®âà¨¬ ¯à®áâà áâ¢® �¨£-
¬ã¤  Z � Z1, ®¯à¥¤¥«¥®¥ ¢ëè¥,   ¢ ª ç¥áâ¢¥ ¯à®áâà áâ¢  ¯à ¢ëå ç áâ¥© | ¯à®áâà áâ¢®
Y = W 1Z. �¡®á®¢ ¨¥ ª®àà¥ªâ®áâ¨ § ¤ ç¨ à¥è¥¨ï ãà ¢¥¨ï (3) ¢ ®¯à¥¤¥«¥ëå â ª¨¬
®¡à §®¬ ¯à®áâà áâ¢ å ®¯¨à ¥âáï   á«¥¤ãîé¨¥ ¨§¢¥áâë¥ ãâ¢¥à¦¤¥¨ï.

75



�¥¬¬ . �¨£ã«ïàë© ®¯¥à â®à I : Z ! Z,

I' = I('; s) =
1
2�

Z 2�

0
ctg

� � s

2
'(�)d�; ' 2 X;

ï¢«ï¥âáï ®£à ¨ç¥ë¬.

�«¥¤áâ¢¨¥. �«ï â®£® çâ®¡ë äãªæ¨ï ' ¯à¨ ¤«¥¦ «  ¯à®áâà áâ¢ã Z, ¥®¡å®¤¨¬® ¨ ¤®-
áâ â®ç®, çâ®¡ë ¢ë¯®«ï«®áì ¢ª«îç¥¨¥ I' 2 Z.

�§ ä®à¬ã«ë ¤«ï ®¯à¥¤¥«¥¨ï ®¡à â®£® ®¯¥à â®à  ( ¯à., [2])

S�1(y; s) = �2I(y0; s) +
1

2� ln 2

Z 2�

0

y(s)ds; y 2 Y;

á ãç¥â®¬ «¥¬¬ë ¨ ¥¥ á«¥¤áâ¢¨ï á«¥¤ã¥â

�¥®à¥¬  4. �« ¡® á¨£ã«ïàë© ¨â¥£à «ìë© ®¯¥à â®à S : Z ! W 1Z ¥¯à¥àë¢® ®¡à -

â¨¬.

�§ â¥®à¥¬ë 4 ¢ á¨«ã ¨§¢¥áâëå à¥§ã«ìâ â®¢ ( ¯à., [3]) ¤«ï ®¯¥à â®àëå ãà ¢¥¨©, ¯à¨¢®-
¤ïé¨åáï ª ãà ¢¥¨ï¬ ¢â®à®£® à®¤  ¢ ¡  å®¢ëå ¯à®áâà áâ¢ å, á«¥¤ã¥â

�¥®à¥¬  5. �ãáâì ï¤à® h(s; �) â ª®¢®, çâ® ®¯¥à â®à R : Z ! W 1Z ¢¯®«¥ ¥¯à¥àë¢¥.

�á«¨ ®¤®à®¤®¥ ãà ¢¥¨¥, á®®â¢¥âáâ¢ãîé¥¥ ãà ¢¥¨î (3), ¨¬¥¥â â®«ìª® ã«¥¢®¥ à¥è¥¨¥,

â® ®¯¥à â®à A : Z !W 1Z ¥¯à¥àë¢® ®¡à â¨¬.

�¨¦¥   ®á®¢ ¨¨ ¨§«®¦¥ëå à¥§ã«ìâ â®¢ ¯à¥¤« £ ¥âáï â¥®à¥â¨ç¥áª®¥ ®¡®á®¢ ¨¥ ¨§-
¢¥áâëå ¢ëç¨á«¨â¥«ìëå áå¥¬ ¯àï¬ëå ¬¥â®¤®¢ à¥è¥¨ï ãà ¢¥¨ï (3) ¢ ¯ à¥ ¯à®áâà áâ¢ �¨£-
¬ã¤ . �ã¤¥¬ áç¨â âì, çâ® (3) ®¤®§ ç® à §à¥è¨¬® ¢ ¯à®áâà áâ¢¥ X = Z ¯à¨ «î¡®© ¯à ¢®©
ç áâ¨ y 2 Y =W 1Z.

�ãáâì Hn | ¬®¦¥áâ¢® ¢á¥å âà¨£®®¬¥âà¨ç¥áª¨å ¯®«¨®¬®¢ ¯®àï¤ª  ¥ ¢ëè¥ n. �¥à¥§
Xn � X ¨ Yn � Y ®¡®§ ç¨¬ ¬®¦¥áâ¢® Hn,  ¤¥«¥®¥ ®à¬ ¬¨ ¯à®áâà áâ¢ X ¨ Y á®®â¢¥â-
áâ¢¥®. �¥à¥§ En(')X , En(')Y , En(')1 ¡ã¤¥¬ ®¡®§ ç âì  ¨«ãçè¨¥ ¯à¨¡«¨¦¥¨ï äãªæ¨¨
'(s) í«¥¬¥â ¬¨ ¨§ Hn ¢ ¯à®áâà áâ¢ å X, Y ¨ C2�.

�à¨¡«¨¦¥®¥ à¥è¥¨¥ á. á. ¨. ã. (3) ®¯à¥¤¥«¨¬ ª ª â®ç®¥ à¥è¥¨¥ ®¯¥à â®à®£® ãà ¢¥¨ï
[1], [2]

Anxn � Snxn +Rnxn = yn (xn 2 Xn; yn 2 Yn); (5)

£¤¥ ®¯¥à â®àë Sn; Rn : Xn ! Yn ¨ í«¥¬¥âë yn 2 Yn | ¥ª®â®àë¥  ¯¯à®ªá¨¬ æ¨¨ á®®â¢¥âáâ¢¥®
®¯¥à â®à®¢ S;R : X ! Y ¨ ¯à ¢®© ç áâ¨ y 2 Y ãà ¢¥¨ï (3).

3.1. �¥â®¤ � «�¥àª¨ . �«¥¤ãï ([2], x 2, £«. I), ¯à¨¢¥¤¥¬ ¢ëç¨á«¨â¥«ìãî áå¥¬ã ¬¥â®¤  � «�¥à-
ª¨  ¤«ï ¨áå®¤®£® ãà ¢¥¨ï. �à¨¡«¨¦¥®¥ à¥è¥¨¥ ¡ã¤¥¬ ¨áª âì ª ª âà¨£®®¬¥âà¨ç¥áª¨©
¯®«¨®¬ áâ¥¯¥¨ n ¢¨¤ 

xn(�) =
nX

k=�n

�ke
ik� ; (6)

¥¨§¢¥áâë¥ ª®íää¨æ¨¥âë ª®â®à®£® ®¯à¥¤¥«¨¬ ¨§ á«¥¤ãîé¥© á¨áâ¥¬ë «¨¥©ëå  «£¥¡à ¨ç¥-
áª¨å ãà ¢¥¨© (����):

�jcj(g) +
nX

k=�n

hjk�k = cj(y); j = �n; n;

£¤¥ g(�) = ln j sin �

2
j, hjk = cj('k), 'k(s) = R(eik� ; s), ®¯¥à â®à R ®¯à¥¤¥«¥ ¢ (4).

� ®¯¥à â®à®¬ ¢¨¤¥ ���� ¬¥â®¤  � «�¥àª¨  ¨¬¥¥â ¢¨¤

Anxn � �nAxn = �ny (xn 2 Xn; �ny 2 Yn): (7)
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�á¯®«ì§ãï á¢®©áâ¢  ®¯¥à â®à®¢ S : Xn ! Yn ¨ �n : Y ! Yn, § ¯¨è¥¬ (7) ¢ íª¢¨¢ «¥â®© ä®à¬¥

Anxn � Sxn +�nRxn = �ny (xn 2 Xn; �ny 2 Yn):

�ª®à®áâì áå®¤¨¬®áâ¨ ¬¥â®¤  � «�¥àª¨  ¢ ¯à®áâà áâ¢¥ �¨£¬ã¤  ãáâ  ¢«¨¢ ¥â

�¥®à¥¬  6. �ãáâì ï¤à® h(s; �) â ª®¢®, çâ® ®¯¥à â®à R : Z ! W 1Z ¢¯®«¥ ¥¯à¥àë¢¥,  

â®ç®¥ à¥è¥¨¥ ¨áå®¤®£® á. á. ¨. ã. x� ¯à¨ ¤«¥¦¨â Z� (1 < � � 2). �®£¤  ¬¥â®¤ � «�¥àª¨ 

áå®¤¨âáï á® áª®à®áâìî

kx� � x�nkZ = O

�
lnn
n��1

�
:

3.2.�¥â®¤ ª®««®ª æ¨©. � ¤¨¬ â¥®à¥â¨ç¥áª®¥ ®¡®á®¢ ¨¥ ¤¢ãå ¢ëç¨á«¨â¥«ìëå áå¥¬ ¬¥â®¤ 
ª®««®ª æ¨©. �à¨¡«¨¦¥®¥ à¥è¥¨¥ ãà ¢¥¨ï (3) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ âà¨£®®¬¥âà¨ç¥áª®£®
¯®«¨®¬ , ¨á¯®«ì§ãï ®¤® ¨§ á«¥¤ãîé¨å íª¢¨¢ «¥âëå ¯à¥¤áâ ¢«¥¨©:

xn(�) =
nX

k=�n

�ke
ik� =

2
2n+ 1

nX
k=�n

xn(sk)Dn(s� sk);

£¤¥ ã§«ë fskgk=�n;n ®¯à¥¤¥«¥ë ¢ (2). �®£¤  ¥¨§¢¥áâë¥ f�kgk=�n;n ¨ fxn(sk)gk=�n;n ®¯à¥¤¥«¨¬
á®®â¢¥âáâ¢¥® ¨§ ���� [2]

nX
k=�n

fck(g)eiksj + hjkg�k = y(sj); j = �n; n;

1
2n+ 1

nX
k=�n

xn(sk)
�
ln 2 +

nX
m=1

1
m
cosm(sj � sk) + 2ehjk

�
= y(sj); j = �n; n;

£¤¥ g(�) = ln j sin �

2
j; hjk = 1

2�

2�R
0

h(sj ; �)eik�d�; ehjk = 1
2�

2�R
0

h(sj ; �)Dn(s� sk)d�.

� ¦¤ ï ¨§ ¯à¨¢¥¤¥ëå ¢ëè¥ ���� ¬¥â®¤  ª®««®ª æ¨© ¢ ®¯¥à â®à®¬ ¢¨¤¥ ¬®¦¥â ¡ëâì
¯à¥¤áâ ¢«¥  [2] á ¯®¬®éìî ãà ¢¥¨ï

Anxn � Ln;!Axn = Ln;!y (xn 2 Xn; Ln;!y 2 Yn);

ª®â®à®¥ ¢ á¨«ã á¢®©áâ¢ ®¯¥à â®à®¢ S : Xn ! Yn ¨ Ln;! : Y ! Yn íª¢¨¢ «¥â® ãà ¢¥¨î

Anxn � Sxn + Ln;!Rxn = Ln;!y (xn 2 Xn; Ln;! 2 Yn):

�¥®à¥¬  7. �ãáâì ï¤à® h(s; �) â ª®¢®, çâ® ®¯¥à â®à R : Z ! W 1Z ¢¯®«¥ ¥¯à¥àë¢¥,  

â®ç®¥ à¥è¥¨¥ ¨áå®¤®£® á. á. ¨. ã. x� ¯à¨ ¤«¥¦¨â Z� (1 < � � 2). �®£¤  ¬¥â®¤ ª®««®ª æ¨©
áå®¤¨âáï á® áª®à®áâìî

kx� � x�nkZ = O

�
lnn
n��1

�
:

3.3. �¥â®¤ ¢ëà®¦¤¥ëå ï¤¥à. �«¥¤ãï [2], à¥£ã«ïà®¥ ï¤à® h(s; �) ¢ á.á.¨.ã. (3) § ¬¥¨¬
 ¯¯à®ªá¨¬¨àãîé¨¬ ¢ëà®¦¤¥ë¬ ï¤à®¬

hN(s; �) =
NX
k=1

ak(s)bk(�); N 2 N;

£¤¥ fakgk=1;N �W 1Z ¨ fbkgk=1;N � C2� | ¥ª®â®àë¥ á¨áâ¥¬ë äãªæ¨©, å®âï ¡ë ®¤  ¨§ ª®â®àëå
«¨¥©® ¥§ ¢¨á¨¬ . �®£¤  ¯®«ãç¨¬ ãà ¢¥¨¥ ¬¥â®¤  ¢ëà®¦¤¥ëå ï¤¥à

ANx � Sx+RNx = y (x 2 Z; y 2W 1Z); (8)

RNx � �hNx; �' =
1
2�

Z 2�

0
'(�)d�:
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�¥è¥¨¥ ãà ¢¥¨ï (8) ¢ á«ãç ¥ ¥£® áãé¥áâ¢®¢ ¨ï ¡ã¤¥¬ ®¯à¥¤¥«ïâì ¯® ä®à¬ã«¥

x�N(s) = S�1(y; s)�
NX
k=1

��kS
�1(ak; s); (9)

£¤¥ f��kgk=1;N | à¥è¥¨¥ á¨áâ¥¬ë «¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©

�j +
NX
k=1

ajk�k = yj; j = 1; N; (10)

ajk =
Z 2�

0

S�1(ak; s)bj(s)ds; yj =
Z 2�

0

y(s)bj(s)ds:

�«¥¤ãîé ï â¥®à¥¬  ãáâ  ¢«¨¢ ¥â áå®¤¨¬®áâì íâ®© áå¥¬ë ¤«ï ¥ª®â®à®£®  ¯¯à®ªá¨¬¨àãî-
é¥£® ï¤à  hN(s; �),   ¥¥ á«¥¤áâ¢¨ï ¤ îâ ®æ¥ª¨ áå®¤¨¬®áâ¨ ¬¥â®¤  ¢ á«ãç ¥ ª®ªà¥â®£® ¢ë¡®à 
hN(s; �).

�¥®à¥¬  8. �ãáâì h0s(s; �) 2 Z ¯® ¯¥à¥¬¥®© s à ¢®¬¥à® ®â®á¨â¥«ì® �, a0k(s) 2 Z,
k = 1; N , ¨

"N � kh� hNkW 1Z
C2�
! 0 (N !1);

£¤¥ k'kW 1Z
C2�
= max

s;�
j'(s; �)j+ sup

s;�;h>0

j'(s+h;�)�2'(s;�)+'(s�h;�)
h

. �®£¤  ¯à¨ ¢á¥å N , å®âï ¡ë ¤®áâ -

â®ç® ¡®«ìè¨å, á¨áâ¥¬  (10) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ f��kgk=1;N ¨ ¯à¨¡«¨¦¥ë¥ à¥è¥¨ï

(9) áå®¤ïâáï ª â®ç®¬ã à¥è¥¨î x�(s) á® áª®à®áâìî

kx� � x�NkX = O("N ):

�«¥¤áâ¢¨¥ 1. �ãáâì h(s; �) ¥¯à¥àë¢  ¯® ¯¥à¥¬¥®© � ¨ h0s(s; �) 2 W rZ� (r + � > 1) ¯®
¯¥à¥¬¥®© s à ¢®¬¥à® ®â®á¨â¥«ì® �; hN = Lsn;!h ¨«¨ hN = �s

nh. �®£¤  ¯à¨ ¢á¥å N , å®âï
¡ë ¤®áâ â®ç® ¡®«ìè¨å, á¨áâ¥¬  (10) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ f��kgk=1;N ¨ ¯à¨¡«¨¦¥ë¥
à¥è¥¨ï (9) áå®¤ïâáï ª â®ç®¬ã à¥è¥¨î x�(s) á® áª®à®áâìî

kx� � x�NkZ = O

�
lnn

nr+��1

�
:

�«¥¤áâ¢¨¥ 2. �ãáâì h0s(s; �) 2 Z ¯® ¯¥à¥¬¥®© s ¨ h(s; �) 2 W rZ� ¯® ¯¥à¥¬¥®© � à ¢-
®¬¥à® ®â®á¨â¥«ì® s; hN = L�n;!h ¨«¨ hN = ��

nh. �®£¤  ¯à¨ ¢á¥å N , å®âï ¡ë ¤®áâ â®ç®
¡®«ìè¨å, á¨áâ¥¬  (10) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ f��kgk=1;N ¨ ¯à¨¡«¨¦¥ë¥ à¥è¥¨ï (9) áå®-
¤ïâáï ª â®ç®¬ã à¥è¥¨î x�(s) á® áª®à®áâìî

kx� � x�NkZ = O

�
lnn
nr+�

�
:

�«¥¤áâ¢¨¥ 3. �ãáâì h(s; �) 2 W rZ� ¯® ¯¥à¥¬¥®© � à ¢®¬¥à® ®â®á¨â¥«ì® s ¨
h0s(s; �) 2 W rZ� (r + � > 1) ¯® ¯¥à¥¬¥®© s à ¢®¬¥à® ®â®á¨â¥«ì® �; hN = Lsn;!(L

�
n;!h)

¨«¨ hN = �s
n(�

�
nh). �®£¤  ¯à¨ ¢á¥å N , å®âï ¡ë ¤®áâ â®ç® ¡®«ìè¨å, á¨áâ¥¬  (10) ¨¬¥¥â ¥¤¨-

áâ¢¥®¥ à¥è¥¨¥ f��kgk=1;N ¨ ¯à¨¡«¨¦¥ë¥ à¥è¥¨ï (9) áå®¤ïâáï ª â®ç®¬ã à¥è¥¨î x�(s) á®
áª®à®áâìî

kx� � x�NkZ = O

�
lnn

nr+��1

�
:

3.4. �¥â®¤ ¬¥å ¨ç¥áª¨å ª¢ ¤à âãà. �à¨¡«¨¦¥®¥ à¥è¥¨¥ á. á. ¨. ã. (3) ¡ã¤¥¬ ¨áª âì ¢
¢¨¤¥ âà¨£®®¬¥âà¨ç¥áª®£® ¯®«¨®¬  (6). �¥¨§¢¥áâë¥ ª®íää¨æ¨¥âë f�kgk=�n;n ®¯à¥¤¥«¨¬ ª ª
à¥è¥¨¥ ���� ( ¯à., [4])

nX
k=�n

�k

�
ck(g)eiksj +

1
N

nX
l=�n

h(sj ; sl)eiksl
�
= y(sj); j = 1; N; N = 2n+ 1: (11)
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�¡®§ ç¨¬ ç¥à¥§ L�n;! âà¨£®®¬¥âà¨ç¥áª¨© ®¯¥à â®à � £à ¦  Ln;!, ®¯à¥¤¥«¥ë© ä®à¬ã-
«®© (1), ª®â®àë© ¯à¨¬¥¥ ¯® ¯¥à¥¬¥®© �. �®£¤  ���� (11) ¬¥â®¤  ¬¥å ¨ç¥áª¨å ª¢ ¤à âãà
íª¢¨¢ «¥â  [2] ®¯¥à â®à®¬ã ãà ¢¥¨î (5), £¤¥

Snxn = Ln;!Sxn = Sxn; yn = Ln;!y; Rnxn = Ln;![�L�n;!(hxn)]:

�«¥¤®¢ â¥«ì®, ãà ¢¥¨¥ (5) á¢®¤¨âáï ª

Anxn � Sxn + Ln;!(�L�n;!(hxn)) = Ln;!y (xn 2 Xn; Ln;!y 2 Yn): (12)

�¥®à¥¬  9. �ãáâì ï¤à® h(s; �) 2W r+1Z� ¯® ª ¦¤®© ¯¥à¥¬¥®© à ¢®¬¥à® ®â®á¨â¥«ì®

¤àã£®© ¨ ¯à ¢ ï ç áâì y(s) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã W r+1Z�, 0 < � � 1, r � 0. �®£¤  ¯à¨
¢á¥å n � n0 ãà ¢¥¨¥ (12) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ x�n(�), ª®â®à®¥ áå®¤¨âáï ª â®ç®¬ã

à¥è¥¨î x�(�) á. á. ¨. ã. (3) á® áª®à®áâìî

kx� � x�nkZ = O

�
lnn

nr+��1

�
; r + � > 1:

�¨â¥à âãà 
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