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1. �ãáâì L2 = L2([0; 1]; x2p+1) | ¯à®áâà ­áâ¢® áã¬¬¨àã¥¬ëå á ª¢ ¤à â®¬ äã­ªæ¨© f : [0; 1]!
R á ¢¥á®¬ x2p+1, p > � 1

2
, ¨ ­®à¬®©

kfk =
sZ 1

0

x2p+1f 2(x)dx:

�§¢¥áâ­® ([1], á. 355), çâ® á¨áâ¥¬  äã­ªæ¨©

jp(�nx) =
2p�(p+ 1)=p(�nx)

(�nx)p
; n = 1; 2; : : : ;

£¤¥ =p(u) { äã­ªæ¨ï �¥áá¥«ï ¯¥à¢®£® à®¤  ¯®àï¤ª  p,   �1; �2; : : : | § ­ã¬¥à®¢ ­­ë¥ ¢ ¯®àï¤ª¥
¢®§à áâ ­¨ï ¯®«®¦¨â¥«ì­ë¥ ª®à­¨ ãà ¢­¥­¨ï =p(u) = 0, ï¢«ï¥âáï ¯®«­®© ®àâ®£®­ «ì­®© á¨áâ¥-
¬®© ¢ ¯à®áâà ­áâ¢¥ L2. �¡®§­ ç¨¬ ç¥à¥§ En(f) = inf

Pn
kf �Pnk ­ ¨«ãçè¥¥ ¯à¨¡«¨¦¥­¨¥ äã­ªæ¨¨

f 2 L2 ¯®«¨­®¬ ¬¨ ¢¨¤ 

Pn(x) =
n�1X
i=1

aijp(�ix):

� ¯®¬­¨¬, çâ® n-¯®¯¥à¥ç­¨ª®¬ �®«¬®£®à®¢  ¬­®¦¥áâ¢  M � L2 ­ §ë¢ ¥âáï ¢¥«¨ç¨­ 

dn(M) = dn(M ;L2) = inf
Fn�L2

�
sup
f2M

f inf
g2Fn

kf � gkg	;
£¤¥ ¯®á«¥¤­¨© à § â®ç­ ï ­¨¦­ïï £à ­ì ¡¥à¥âáï ¯® ¢á¥¬ ¯®¤¯à®áâà ­áâ¢ ¬ Fn � L2 à §¬¥à­®áâ¨
n 2 N ([2], á. 186).

� ¯à®áâà ­áâ¢¥ L2 à áá¬®âà¨¬ ®¯¥à â®à ãáà¥¤­¥­¨ï

Th(f) = Th(f ;x) =
�(p+ 1)

�( 1
2
)�(p+ 1

2
)

Z �

0

f(
p
x2 + h2 � 2xh cos t ) sin2p t dt; 0 � h � 1:

�â¬¥â¨¬ á«¥¤ãîé¨¥ ¥£® á¢®©áâ¢  [3]:
1) Th(f) | «¨­¥©­ë© ®¯¥à â®à,
2) Th(jp(�x)) = jp(�h)jp(�x),
3) T0(f) = T0(f ;x) = f(x),
4) kTh(f)� fk ! 0, h! 0,
5) äã­ªæ¨ï u(x; h) = Th(f ;x), x; h 2 [0; 1], ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ �®è¨

@2u

@x2
+
2p+ 1
x

@u

@x
=

@2u

@h2
+
2p+ 1
h

@u

@h
;

u(x; 0) = f(x);
@u

@h

����
h=0

= 0;

£¤¥ f(x) | «î¡ ï ¤¢ ¦¤ë ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬ ï äã­ªæ¨ï ­  ®âà¥§ª¥ [0; 1].
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�¯à¥¤¥«¨¬ â¥¯¥àì à §­®áâ¨ ¯¥à¢®£® ¨ ¢ëáè¨å ¯®àï¤ª®¢, ª ª ¨ ¢ ª« áá¨ç¥áª®¬ á«ãç ¥, á«¥-
¤ãîé¨¬ ®¡à §®¬:

�h(f ;x) = Th(f ;x)� f(x) = (Th �E)f(x);

�k
h(f ;x) = �h(�

k�1
h (f ;x);x) = (Th �E)kf(x) =

kX
i=0

(�1)k�i
 
k

i

!
T i
h(f ;x);

£¤¥ T 0
h (f ;x) = f(x), T i

h(f ;x) = Th(T
i�1
h (f ;x);x), i = 1; 2; : : : ; k; k = 1; 2; : : : , E | ¥¤¨­¨ç­ë©

®¯¥à â®à ¢ ¯à®áâà ­áâ¢¥ L2.
�¥«¨ç¨­ã 
k(f ; �) = sup

0<h��
k�k

h(f ;x)k ¡ã¤¥¬ ­ §ë¢ âì ®¡®¡é¥­­ë¬ ¬®¤ã«¥¬ ­¥¯à¥àë¢­®áâ¨

k-¯®àï¤ª  äã­ªæ¨¨ f 2 L2. �¢¥¤¥¬ ®¡®§­ ç¥­¨ï:

D =
d2

dx2
+
2p+ 1
x

d

dx

| ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à ¢â®à®£® ¯®àï¤ª , W r;k
' (D), r = 0; 1; : : : ; k = 1; 2; : : : , | ª« áá

äã­ªæ¨© f 2 L2, ¨¬¥îé¨å ­  ®âà¥§ª¥ [0; 1] ®¡®¡é¥­­ë¥ ¯à®¨§¢®¤­ë¥ ([4], á. 168) f (s)(x), s =
0; 1; : : : ; 2r, ¯à¨­ ¤«¥¦ é¨¥ ¯à®áâà ­áâ¢ã L2, ¤«ï ª®â®àëå


k(D
rf ; �) = O['(�)];

£¤¥ '(t) | § ¤ ­­ ï ¬®­®â®­­® ¢®§à áâ îé ï ­¥¯à¥àë¢­ ï äã­ªæ¨ï ­  [0;+1), ¯à¨ç¥¬
'(0) = 0. �à®¬¥ â®£®, §¤¥áì ¨ ­¨¦¥ D0f = f , Drf = D(Dr�1(f)), r = 1; 2; : : : � ª®­¥æ, ç¥à¥§ !(t)
®¡®§­ ç¨¬ ¬®¤ã«ì ­¥¯à¥àë¢­®áâ¨, â. ¥. äã­ªæ¨î, § ¤ ­­ãî ­  [0;+1) ¨ ã¤®¢«¥â¢®àïîéãî â ¬
ãá«®¢¨ï¬

1) lim
t!0

!(t) = !(0) = 0,

2) 0 � !(t2)� !(t1) � !(t2 � t1), t1 � t2.

2. �ãáâì f 2 L2. �ï¤ f(x) �
1P
i=1

bi(f)jp(�ix), £¤¥

bi(f) =
1

kjp(�i;x)k2
Z 1

0

x2p+1f(x)jp(�ix)dx;

¡ã¤¥¬ ­ §ë¢ âì àï¤®¬ �ãàì¥-�¥áá¥«ï äã­ªæ¨¨ f 2 L2.

�¡®§­ ç¨¬ En(f) =

s
1P
i=n

a2i (f), £¤¥ a
2
i (f) = kjp(�ix)k2b2i (f). �§¢¥áâ­®, çâ® kfk =

s
1P
i=1

a2i (f).

�«ï äã­ªæ¨¨ �¥áá¥«ï =p(u) á¯à ¢¥¤«¨¢ë ®æ¥­ª¨ ([1], á. 355)

=p(u) =

r
2
�u

�
cos

�
u� p�

2
� �

4

�
+O

�
1
u

��
; u! +1; (1)

=p(u) =
up

2p�(p+ 1)
[1 +O(u2)]; u! 0: (2)

�§ (1) ¢ëâ¥ª ¥â  á¨¬¯â®â¨ç¥áª ï ®æ¥­ª  ¤«ï ­ã«¥© �n äã­ªæ¨¨ =p(u)

�n = �n+O(1): (3)

�§ (1), (2) ¨ ¨§ ®¯à¥¤¥«¥­¨ï äã­ªæ¨¨ jp(u) á«¥¤ã¥â

j1� jp(u)j � c1; u � 1; (4)

j1� jp(u)j � c2u
2; 0 � u � 1; (5)

j
p
�nx=p(�nx)j � c3: (6)
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�¤¥áì ¨ ¢áî¤ã ­¨¦¥ c1; c2; : : : | ­¥ª®â®àë¥ ä¨ªá¨à®¢ ­­ë¥ ¯®«®¦¨â¥«ì­ë¥ ¯®áâ®ï­­ë¥, § ¢¨-
áïé¨¥, ¡ëâì ¬®¦¥â, â®«ìª® ®â p ¨ k.

�à®¬¥ â®£®, äã­ªæ¨¨ jp(�nx) ã¤®¢«¥â¢®àïîâ ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î ¢â®à®£® ¯®-
àï¤ª  ([5], á. 321) Dy = �2ny ¨ jp(0) = 1, j0p(0) = 0. �¬­®¦ ï ®¡¥ ç áâ¨ ¯®á«¥¤­¥£® ãà ¢­¥­¨ï ­ 
x2p+1, ¯®«ãç¨¬

d

dx

�
x2p+1

d

dx
jp(�nx)

�
+ �2nx

2p+1jp(�nx) = 0: (7)

�§¢¥áâ­ë ¤¢  ãâ¢¥à¦¤¥­¨ï.

�à¥¤«®¦¥­¨¥ A1 [3]. �ãáâì f 2 L2. �á«¨ f(x) =
1P
i=1

bi(f)jp(�ix), â®

Th(f ;x) =
1X
i=1

jp(�ih)bi(f)jp(�ix);

¯à¨ç¥¬ áå®¤¨¬®áâì àï¤®¢ á¯à ¢  ¯®­¨¬ ¥âáï ¢ á¬ëá«¥ ¯à®áâà ­áâ¢  L2.

�à¥¤«®¦¥­¨¥ A2 ([6], á. 51). �ãáâì A : L2 ! L2 | á ¬®á®¯àï¦¥­­ë© ¢¯®«­¥ ­¥¯à¥àë¢­ë©

®¯¥à â®à, j�1j � j�2j � � � � | ¥£® ®â«¨ç­ë¥ ®â ­ã«ï á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï, à á¯®«®¦¥­­ë¥

¢ ¯®àï¤ª¥ ­¥¢®§à áâ ­¨ï ¨å  ¡á®«îâ­ëå ¢¥«¨ç¨­, ¯à¨ç¥¬ ¢ ­ ¯¨á ­­®© æ¥¯®çª¥ ­¥à ¢¥­áâ¢

ª ¦¤®¥ á®¡áâ¢¥­­®¥ ç¨á«® ¯®¢â®àï¥âáï áâ®«ìª® à §, ª ª®¢  ¥£® ªà â­®áâì. �®£¤  dn(M ;L2) =
j�n+1j, £¤¥ M = fg 2 L2 : g = Af; f 2 L2; kfk � 1g.

�¥¬¬ . �á«¨ f 2W r;k
' (D), â®

bi(f) = (�1)r 1
�2ri

bi(Drf):

�®ª § â¥«ìáâ¢®. �¬­®¦¨¢ (7) ­  f(x) ¨ ¨­â¥£à¨àãï ¯®«ãç¥­­®¥ à ¢¥­áâ¢® ¤¢ ¦¤ë ¯® ç -
áâï¬, ¯®«ãç¨¬Z 1

0

x2p+1f(x)jp(�ix)dx = � 1
�2i

Z 1

0

f(x)
d

dx

�
x2p+1

d

dx
jp(�ix)

�
dx =

= � 1
�2i

Z 1

0

f(x)d
�
x2p+1

d

dx
jp(�ix)

�
=

= � 1
�2i
f(x)x2p+1

d

dx
jp(�ix)

���1
0
+

1
�2i

Z 1

0

�
x2p+1

d

dx
jp(�ix)

�
d

dx
f(x)dx =

=
1
�2i

Z 1

0

x2p+1
d

dx
f(x)djp(�ix) =

=
1
�2i
x2p+1

d

dx
f(x)jp(�ix)

���1
0
� 1
�2i

Z 1

0

jp(�ix)d
�
x2p+1

d

dx
f(x)

�
=

= � 1
�2i

Z 1

0

jp(�ix)
�
x2p+1

d2

dx2
f(x) + (2p+ 1)x2p

d

dx
f(x)

�
dx =

= � 1
�2i

Z 1

0

x2p+1
�
d2

dx2
f(x) +

2p+ 1
x

d

dx
f(x)

�
jp(�ix)dx = � 1

�2i

Z 1

0

x2p+1Df(x)jp(�ix)dx:

�âáî¤  á«¥¤ã¥â bi(f) = � 1
�2
i

bi(Df).

� ¬¥ç ­¨¥. �§ â®«ìª® çâ® ¤®ª § ­­®© «¥¬¬ë ¨ ¨§ ¯à¥¤«®¦¥­¨ï A1, ¯®«ì§ãïáì à ¢¥­áâ¢®¬
� àá¥¢ «ï ¨ ä®à¬ã«®© ¡¨­®¬  �ìîâ®­ , «¥£ª® ¯®ª § âì, çâ® ¥á«¨ f 2W r;k

' (D), â®

k�k
h(D

rf)k2 =
1X
i=1

[1� jp(�ih)]
2k�4ri a

2
i (f):
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�¥®à¥¬  1. �á«¨ '(t) = t�, � > 0, â® En(f) = O(n�2r��) () f 2 W r;k
' (D), r = 0; 1; : : : ;

k = 1; 2; : : : ; 0 < � < 2k.

�®ª § â¥«ìáâ¢®. �®áâ â®ç­®áâì. �ãáâì f 2 W r;k
' (D). � á¨«ã ­¥à ¢¥­áâ¢  ��¥«ì¤¥à  ¯à¨

k = 1; 2; : : : ¨¬¥¥¬

E2
n(f)�

1X
i=n

jp(�ih)a
2
i (f) =

1X
j=n

[1� jp(�ih)]a
2
i (f) =

1X
i=1

jai(f)j2� 1

k jai(f)j 1k [1� jp(�ih)] �

�
� 1X

i=n

a2i (f)
� 2k�1

2k
� 1X

i=n

[1�jp(�ih)]2ka2i (f)
� 1

2k

� c4(E2
n(f))

2k�1

2k

�
n�4r

1X
i=n

[1�jp(�ih)]2k�4ri a
2
i (f)

� 1

2k

:

� ¯®á«¥¤­¥¬ ­¥à ¢¥­áâ¢¥ ¢®á¯®«ì§®¢ «¨áì â¥¬, çâ® �n � n (á¬. (3)). �® ¢ á¨«ã § ¬¥ç ­¨ï ª
«¥¬¬¥

1X
i=n

[1� jp(�ih)]2k�4ri a
2
i (f) � k�k

h(D
rf)k2:

�®íâ®¬ã ¨§ ¯à¥¤ë¤ãé¥£® ­¥à ¢¥­áâ¢  á«¥¤ã¥â

E2
n(f) � c4(E2

n(f))
2k�1

2k n�
2r

k k�k
h(D

rf)k 1

k +
1X
i=n

jp(�ih)a2i (f):

�âáî¤ , ¯®«ì§ãïáì ®¯à¥¤¥«¥­¨¥¬ äã­ªæ¨¨ jp(x) ¨ ­¥à ¢¥­áâ¢®¬ (6), ¨¬¥¥¬

E2
n(f) � c5(E

2
n(f))

2k�1

2k n�
2r

k '
1

k (h) + 2p�(p+ 1)
1X
i=n

p
�ih=p(�ih)

(�ih)p+
1

2

a2i (f) �

� c5(E
2
n(f))

2k�1

2k n�
2r

k '
1

k (h) + c6(�nh)
�p� 1

2

1X
i=n

a2i (f):

�®«®¦¨¬ ¢ ¯®á«¥¤­¥¬ ­¥à ¢¥­áâ¢¥ h = c��1n , £¤¥ c > 0 | ¯à®¨§¢®«ì­ ï ¯®áâ®ï­­ ï, ¢ë¡®à
ª®â®à®© ­¨¦¥ ãª ¦¥¬. �®£¤ 

E2
n(f) � c5(E

2
n(f))

2k�1

2k n�
2r

k '
1

k

�
c

�n

�
+ c6c

�p� 1

2

1X
i=n

a2i (f)

¨«¨

(1� c6c
�p� 1

2 )E2
n(f) � c5(E

2
n(f))

2k�1

2k n�
2r

k '
1

k

�
c

�n

�
:

�ë¡¥à¥¬ â¥¯¥àì c â ª, çâ®¡ë 1� c6c
�p� 1

2 � 1
2
. �®£¤  ¨§ ¯®á«¥¤­¥£® ­¥à ¢¥­áâ¢  á«¥¤ã¥â

En(f) � c7n
�2r'

�
c

�n

�
: (8)

�áâ ¥âáï § ¬¥â¨âì, çâ® ¯® ãá«®¢¨î â¥®à¥¬ë '(t) = t� ,   �n � n. �«¥¤®¢ â¥«ì­®, En(f) =
O(n�2r��).

�¥®¡å®¤¨¬®áâì. �ãáâì En(f) = O(n�2r��), 0 < � < 2k, â. ¥.
1P
i=n

a2i (f) � c8n
�4r�2� . �®ª ¦¥¬,

çâ® f 2W r;k
' (D). �ç¥¢¨¤­®, àï¤, ¯®«ãç¥­­ë© ¯®á«¥ r-ªà â­®£® ¯à¨¬¥­¥­¨ï ®¯¥à â®à  D ª àï¤ã

1X
i=1

ai(f)jp(�ix);

¨¬¥¥â ¢¨¤

(�1)r
1X
i=1

ai(f)�2ri jp(�ix):
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�¥£ª® ¯®ª § âì, çâ® ®­ áå®¤¨âáï ¢ ¯à®áâà ­áâ¢¥ L2 ¨ ¯®íâ®¬ã ¡ã¤¥â á«ã¦¨âì àï¤®¬ �ãàì¥{
�¥áá¥«ï äã­ªæ¨¨ Drf 2 L2. � «¥¥ ¨¬¥¥¬

k�k
h(f ;x)k2 =

1X
i=1

a2i (f)�
4r
i [1� jp(�ih)]

2k:

� §®¡ì¥¬ ¯®á«¥¤­îî áã¬¬ã ­  ¤¢  á« £ ¥¬ëå ¯® áå¥¬¥

1X
i=1

=
n�1X
i=1

+
1X
i=n

=
X

1
+
X

2
;

£¤¥ n = [h�1], ¨ ®æ¥­¨¬ ª ¦¤®¥ á« £ ¥¬®¥ ¢ ®â¤¥«ì­®áâ¨. � ¯®¬­¨¬, çâ® �n � n. �¬¥¥¬ (á¬. (4),
(5))

X
2

=
1X
i=n

a2i (f)�
4r
i [1� jp(�ih)]2k � c9

1X
i=n

a2i (f)i
4r =

= c9

�
n4r

1X
i=n

a2i (f) +
1X
i=n

[(i+ 1)4r � i4r]
1X

s=i+1

a2s(f)
�
�

� c10

�
n4r

1X
i=n

a2i (f) +
1X
i=n

i4r�1
1X

s=i+1

a2s(f)
�
�

� c11

�
n4rn�4r�2� +

1X
i=1

i4r�1i�4r�2�
�
� c12n

�2� � c13h
2� ;

â. ¥.
P

2 � c13h
2� . �æ¥­¨¬ â¥¯¥àì

P
1 =

n�1P
i=1

a2i (f)�
4r
i [1� jp(�ih)]2k. � á¨«ã ­¥à ¢¥­áâ¢  (7) ¨¬¥¥¬

X
1
� c14h

4k
n�1X
i=1

a2i (f)�
4r+4k
i � c15h

4k
nX
i=1

a2i (f)i
4r+4k:

� «¥¥,

nX
i=1

a2i (f)i
4r+4k =

nX
i=1

� nX
s=i

a2s(f)�
nX

s=i+1

a2s(f)
�
i4r+4k �

�
nX
i=1

[i4r+4k � (i� 1)4r+4k]
nX
s=i

a2s(f) � c16

nX
i=1

i4r+4k�1
nX
s=i

a2s(f) �

� c17

nX
i=1

i4r+4k�1i�4r�2� = c17

nX
i=1

i4k�2��1 � c18n
4k�2� � c19h

�4k+2� :

�«¥¤®¢ â¥«ì­®,
P

1 � c20h
2� . �¡ê¥¤¨­ïï ¯®«ãç¥­­ë¥ ®æ¥­ª¨ ¤«ï

P
1 ¨ ¤«ï

P
2, ¨¬¥¥¬

k�k
h(D

rf)k2 � c21h
2� :

�âáî¤  á«¥¤ã¥â, çâ® f 2W r;k
' .

�¥®à¥¬  2. �á«¨ '(t) = !(tk), â® dn(W r;k
' (D);L2) � n�2r!(n�k), r = 0; 1; 2; : : : ; k = 1; 2; : : : ;

n = 1; 2; : : :

�®ª § â¥«ìáâ¢®. �ãáâì f 2W r;k
' (D). �§ ãá«®¢¨© â¥®à¥¬ë ¨ ­¥à ¢¥­áâ¢  (8) á«¥¤ã¥â ­¥à -

¢¥­áâ¢®

dn(W
r;k
' (D);L2) � c22n

�2r!(n�k): (9)
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�¯à¥¤¥«¨¬ ®¯¥à â®à A : L2 ! L2 á«¥¤ãîé¨¬ ®¡à §®¬:

g(x) = Af(x) =
1X
i=1

bi(f)�ijp(�ix);

£¤¥, ª ª ¨ ¢ëè¥, bi(f), i = 1; 2; : : : , | ª®íää¨æ¨¥­âë �ãàì¥{�¥áá¥«ï äã­ªæ¨¨ f 2 L2,  
�i = 1

i2r
!(1=ik), i = 1; 2; : : : �ç¥¢¨¤­®, çâ® A | á ¬®á®¯àï¦¥­­ë© ®¯¥à â®à ¢ ¯à®áâà ­áâ¢¥ L2,

ç¨á«  �i ï¢«ïîâáï ¥£® á®¡áâ¢¥­­ë¬¨ §­ ç¥­¨ï¬¨,   jp(�ix) | oâ¢¥ç îé¨¬¨ ¨¬ á®¡áâ¢¥­­ë¬¨
äã­ªæ¨ï¬¨.

� áá¬®âà¨¬ ¬­®¦¥áâ¢® M = fg 2 L2 : g = Af; f 2 L2; kfk � 1g. � á¨«ã ¯à¥¤«®¦¥­¨ï A2

¨¬¥¥¬

dn(M ; l2) � n�2r!(n�k): (10)

�®ª ¦¥¬, çâ®M �W r;k
' (D). �ãáâì g 2M . � ááã¦¤ ï ª ª ¨ ¢ëè¥, ¯®«ãç¨¬ ¢ª«îç¥­¨¥Drg 2 L2

¨ ­¥à ¢¥­áâ¢®

k�k
h(D

rf)k2 =
1X
i=1

[1� jp(�ih)]2k�4ri �
2
ia

2
i (f) � c23

1X
i=1

[1� jp(�ih)]2k!2

�
1
ik

�
a2i (f):

�­®¢ì ¯®« £ ï n = [h�1], à §®¡ì¥¬ ¯®á«¥¤­îî áã¬¬ã ­  ¤¢  á« £ ¥¬ëå ¯® áå¥¬¥

1X
i=1

=
n�1X
i=1

+
1X
i=n

=
X

1
+
X

2

¨ ®æ¥­¨¬ ª ¦¤®¥ á« £ ¥¬®¥ ¢ ®â¤¥«ì­®áâ¨. �¬¥¥¬

X
2
=

1X
i=n

[1� jp(�ih)]2k!2

�
1
ik

�
a2i (f) � c24

1X
i=n

!2

�
1
ik

�
a2i (f) �

� c24!
2(n�k)

1X
i=n

a2i (f) � c24!
2(n�k) � c24!

2(hk);

â. ¥.
P

2 � c25!
2(h�1). � áá¬®âà¨¬

P
1 =

n�1P
i=1

[1 � jp(�ih)]2k!2
�
1
ik

�
a2i (f). � ª ª ª (á¬. (5))

j1� jp(�ih)j � c2�
2
ih

2 ¨ !(t2)

t2
� 2!(t1)

t1
, t1 � t2, â®

X
1
� c26h

4k
nX
i=1

i4k!2

�
1
ik

�
a2i (f) = c27h

4k
nX
i=1

�
!(i�k)
i�k

�2
i2ka2i (f) �

� c28h
4kh�2kn2k!2(hk)

nX
i=1

a2i (f) � c29!
2(hk);

â. ¥. X
1
� c29!

2(hk):

�¡ê¥¤¨­ïï ®æ¥­ª¨ ¤«ï
P

1 ¨
P

2, ¯®«ãç¨¬ k�k
h(D

rg)k2 � c30!
2(hk),   íâ® ®§­ ç ¥â, çâ® g 2

W r;k
' (D).

� ª¨¬ ®¡à §®¬, M �W r;k
� (D). �âáî¤  ¨ ¨§ (10)

dn(W r;k
' (D);L2) � c31n

�2r!(n�k);

çâ® ¢¬¥áâ¥ á (9) § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢®.
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