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�¢¥¤¥­¨¥

� àï¤¥ â¥®à¥â¨ç¥áª¨å ¨ ¯à¨ª« ¤­ëå § ¤ ç (á¬., ­ ¯à., [1]{[3] ¨ ¡¨¡«¨®£à ä¨î ª ­¨¬) ¢áâà¥-
ç îâáï ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï ¢¨¤ 

A' � '(t) +
Z 1

�1
h(t; �)'(�)d� +

Z 1

�1
g(t; �)'0(�)d� = f(t); �1 6 t 6 1; (0.1)

£¤¥ h(t; �), g(t; �) ¨ f(t) | ¨§¢¥áâ­ë¥ ­¥¯à¥àë¢­ë¥ äã­ªæ¨¨ ¢ á¢®¨å ®¡« áâïå ®¯à¥¤¥«¥­¨ï,  
'(s) | ¨áª®¬ ï äã­ªæ¨ï.

�®£« á­® ¯à¥¤«®¦¥­­®© ¢ [2], [3] ª« áá¨ä¨ª æ¨¨, ãà ¢­¥­¨¥ (0.1) ®â­®á¨âáï, ª ª ¯à ¢¨«®, ª
ª« ááã ­¥ª®àà¥ªâ­® ¯®áâ ¢«¥­­ëå § ¤ ç [4]{[6]. �¤­ ª® ¯®¤å®¤ïé¨© ¢ë¡®à [1]{[3] ¯à®áâà ­áâ¢ 
F = ffg ¯à ¢ëå ç áâ¥© ¨ § ¢¨áïé¨© ®â ­¥£® ¢ë¡®à ¯à®áâà ­áâ¢  � = f'g ¨áª®¬ëå í«¥¬¥­â®¢
¯®§¢®«ïîâ § ¤ çã à¥è¥­¨ï ãà ¢­¥­¨ï (0.1) ¯®áâ ¢¨âì ª®àà¥ªâ­®.

� ª ç¥áâ¢¥ â ª¨å ¯à®áâà ­áâ¢ ­¨¦¥ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¢¥á®¢®¥ ¯à®áâà ­áâ¢® �®¡®«¥¢ 

F = � =W 1
2 (
p
1� t2; [�1; 1]) �W 1

2 (�); �(t) = (1� t2)1=2; (0.2)

á ­®à¬®©

kfkW 1
2
(�) = kf(t)kL2(��1) + kf 0(t)kL2(�); f 2W 1

2 (�); ��1(t) = (1� t2)�1=2; (0.3)

£¤¥ L2(q) = L2(q(t); [�1; 1]) | ¢¥á®¢®¥ ¯à®áâà ­áâ¢® �¥¡¥£  á ­®à¬®©

k�kL2(q) =
�Z 1

�1
q(t)j�(t)j2dt

�1=2
; � 2 L2(q); (0.4)

  q(t) = �(t) ¨«¨ ��1(t). �à¨ ¨áá«¥¤®¢ ­¨¨ ¬¥â®¤  ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢ ¡ã¤¥¬ ¯®«ì§®¢ âìáï
â ª¦¥ áª «ïà­ë¬ ¯à®¨§¢¥¤¥­¨¥¬

(f; g) =
Z 1

�1

f(t)g(t)p
1� t2

dt+
Z 1

�1

p
1� t2f 0(t)g0(t)dt (f; g 2W 1

2 (�)) (0.5)

¨ ¯®à®¦¤ ¥¬®© ¨¬ ­®à¬®©

kf(t)kW 1
2
(�) =

�kf(t)k2L2(��1) + kf 0(t)k2L2(�)
	1=2

; f 2W 1
2 (�); (0.6)

íª¢¨¢ «¥­â­®© ­®à¬¥ (0.3). �à®¬¥ â®£®, ¡ã¤¥¬ ¯®«ì§®¢ âìáï ¯à®áâà ­áâ¢®¬

F = � = C1[�1; 1] � C1 (0.7)

¢á¥å ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬ëå ­  [�1; 1] äã­ªæ¨© á ­®à¬®©

k kC1 = k (t)kC + k 0(t)kC ;  2 C1; (0.8)

£¤¥ C = C[�1; 1] | ¯à®áâà ­áâ¢® ­¥¯à¥àë¢­ëå ­  [�1; 1] äã­ªæ¨© á ®¡ëç­®© ­®à¬®©.
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�à¨ â ª®¬ ¢ë¡®à¥ ®á­®¢­ëå ¯à®áâà ­áâ¢ ­¨¦¥ ¯à¥¤« £ îâáï ¨ ¨áá«¥¤ãîâáï ®¯â¨¬ «ì­ë¥
[7]{[9] ¯® ¯®àï¤ªã ¯à¨¡«¨¦¥­­ë¥ ¬¥â®¤ë à¥è¥­¨ï ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (0.1).

�â¬¥â¨¬ â ª¦¥, çâ® ­¥ª®â®àë¥ à¥§ã«ìâ âë à ¡®âë  ­®­á¨à®¢ ­ë ¢ § ¬¥âª¥ [10].

1. �á­®¢­ë¥ à¥§ã«ìâ âë

�à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (0.1) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥  «£¥¡à ¨ç¥áª®£® ¬­®£®ç«¥­ 

'n(t) =
nX
k=0

�kt
k =

nX
k=0

�kTk(t) =
nX
k=0


klk(t); n 2 N; (1.1)

£¤¥ Tk(t) = cos k arccos t,   lk(t) | äã­¤ ¬¥­â «ì­ë¥ ¬­®£®ç«¥­ë � £à ­¦  ¯® ­¥ª®â®à®© á¨-
áâ¥¬¥ ¨§ n + 1 ã§«®¢ á¥£¬¥­â  [�1; 1]. �¥¨§¢¥áâ­ë¥ ª®íää¨æ¨¥­âë �0; : : : ; �n (  á«¥¤®¢ â¥«ì­®,
�0; : : : ; �n ¨ 
0; : : : ; 
n) ¡ã¤¥¬ ­ å®¤¨âì ¯à¨ ¬¨­¨¬ «ì­®áâ¨ ­¥¢ï§ª¨

rn(t) = f(t)�A('n; t); �1 6 t 6 1; (1.2)

¢ ®¯à¥¤¥«¥­­®¬ á¬ëá«¥, çâ�® ¯à¨¢®¤¨â ª á¨áâ¥¬¥ «¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© (����)
¤«ï ­¨å.

� á«ãç ¥ ¬¥â®¤  ª®««®ª æ¨¨ ã¯®¬ï­ãâ ï ���� ¨¬¥¥â ¢¨¤ á®®â¢¥âáâ¢¥­­®

nX
k=0

�kA(t
k; tj) = f(tj); j = 0; n; (1.3)

nX
k=0

�kA(Tk; tj) = f(tj); j = 0; n; (1.4)


j +
nX
k=0


kB(lk; tj) = f(tj); j = 0; n; (1.5)

£¤¥ B = A�E,   tk = tk;n (k = 0; n) | ­¥ª®â®àë¥ ã§«ë ¨§ [�1; 1].
�â¬¥â¨¬, çâ® ���� (1.3), (1.4) ¨ (1.5) íª¢¨¢ «¥­â­ë ¢¢¨¤ã ¢¯®«­¥ ®¯à¥¤¥«¥­­®© íª¢¨¢ -

«¥­â­®áâ¨ ¬­®£®ç«¥­®¢ ¨§ (1.1) ¯à¨ á®®â¢¥âáâ¢ãîé¨å á®®â­®è¥­¨ïå ¬¥¦¤ã ­ ¡®à ¬¨ ç¨á¥«
�0; : : : ; �n; �0; : : : ; �n ¨ 
0; : : : ; 
n.

�á«¨ ­¥¢ï§ª  (1.2) ¬¨­¨¬¨§¨àã¥âáï ¬¥â®¤ ¬¨ ¬®¬¥­â®¢ ¨ � «�¥àª¨­ , â® ¯à¨å®¤¨¬ ª ����
¢¨¤ 

nX
k=0

�kc
T
j (At

k) = cTj (f); j = 0; n; (1.6)

nX
k=0

�kc
T
j (ATk) = cTj (f); j = 0; n; (1.7)

nX
k=0


kc
T
j (Alk) = cTj (f); j = 0; n; (1.8)

£¤¥

cTj (y) =
2
�

Z 1

�1

y(t)Tj(t)dtp
1� t2

; y 2 L(�1; 1);

| ª®íää¨æ¨¥­âë �ãàì¥ ¯® ¯®«¨­®¬ ¬ �¥¡ëè¥¢  I à®¤ .
�á­®, çâ® ���� (1.6), (1.7) ¨ (1.8) ¯®¯ à­® íª¢¨¢ «¥­â­ë ¢® ¢¯®«­¥ ®¯à¥¤¥«¥­­®¬ á¬ëá«¥.
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�á«¨ ¦¥ ­¥¢ï§ª  (1.2) ¬¨­¨¬¨§¨àã¥âáï ¯® ¬¥â®¤ã ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢, â® ¤«ï ®¯à¥¤¥«¥­¨ï
ª®íää¨æ¨¥­â®¢ ¬­®£®ç«¥­®¢ (1.1) ¯®«ãç ¥¬ ���� á®®â¢¥âáâ¢¥­­®

nX
k=0

�k(At
k; Atj) = (f;Atj); j = 0; n; (1.9)

nX
k=0

�k(ATk; ATj) = (f;ATj); j = 0; n; (1.10)

nX
k=0


k(Alk; Alj) = (f;Alj); j = 0; n; (1.11)

£¤¥ (f; g) | ®¯à¥¤¥«¥­­®¥ á®£« á­® (0.5) áª «ïà­®¥ ¯à®¨§¢¥¤¥­¨¥ äã­ªæ¨© f(t); g(t) 2 W 1
2 (�) ¢

¯à®áâà ­áâ¢¥ (0.2).
�¥£ª® ¯®ª § âì, çâ® ���� (1.9), (1.10) ¨ (1.11) ¯®¯ à­® íª¢¨¢ «¥­â­ë.
�«ï ¢ëç¨á«¨â¥«ì­ëå áå¥¬ ¬¥â®¤  ª®««®ª æ¨¨ (0.1), (1.1){(1.5) ¨ ¬¥â®¤®¢ ¬®¬¥­â®¢ ¨

� «�¥àª¨­  (0.1), (1.1), (1.2), (1.6){(1.8) á¯à ¢¥¤«¨¢ 

�¥®à¥¬  1. �ãáâì ¢ë¯®«­¥­ë á«¥¤ãîé¨¥ ãá«®¢¨ï :

 ) ï¤à  h(t; �) ¨ g(t; �) â ª®¢ë, çâ® ®¯¥à â®à B : W 1
2 (�)! W 1

2 (�),

B('; t) �
Z 1

�1

h(t; �)'(�)d� +
Z 1

�1

g(t; �)'0(�)d�; (1.12)

¢¯®«­¥ ­¥¯à¥àë¢¥­;
¡) ã§«ë ®¯à¥¤¥«¥­ë ¯® «î¡®© ¨§ ä®à¬ã«

�) tj = cos
j�

n
; j = 0; n; �) tj = cos

2j + 1
2n+ 2

�; j = 0; n; (1.13)

¢) ãà ¢­¥­¨¥ (0:1) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ '� 2 W 1
2 (�) ¯à¨ «î¡®© ¯à ¢®© ç áâ¨

f 2W 1
2 (�).

�®£¤  ¯à¨ ¢á¥å n 2 N, ­ ç¨­ ï á ­¥ª®â®à®£® n0 2 N, á¨áâ¥¬ë ãà ¢­¥­¨© (1:3){(1:5) ¬¥â®¤ 
ª®««®ª æ¨¨ ¨ á¨áâ¥¬ë ãà ¢­¥­¨© (1:6){(1:8) ¬¥â®¤®¢ ¬®¬¥­â®¢ ¨ � «�¥àª¨­  ®¤­®§­ ç­® à §à¥-
è¨¬ë ¯à¨ «î¡ëå ¯à ¢ëå ç áâïå. �à¨¡«¨¦¥­­ë¥ à¥è¥­¨ï (1:1) áå®¤ïâáï ª â®ç­®¬ã à¥è¥­¨î
'�(t) ¢ ¯à®áâà ­áâ¢¥ W 1

2 (�) á® áª®à®áâìî, ®¯à¥¤¥«ï¥¬®© ­¥à ¢¥­áâ¢ ¬¨

En�1('
�0)L2(�) 6 En('

�)W 1
2
(�) 6 k'� � 'nkW 1

2
(�) = OfEn('�)W 1

2
(�)g = OfEn�1('�0)L2(�)g: (1.14)

�¤¥áì ¨ ¤ «¥¥

En(')W 1
2
(�) = inf

Q2Hn
k'�QkW 1

2
(�); ' 2W 1

2 (�);

En�1(f)L2(�) = inf
Q2Hn�1

kf �QkL2(�); f 2 L2(�);

£¤¥ H m | ¬­®¦¥áâ¢® ¢á¥å  «£¥¡à ¨ç¥áª¨å ¬­®£®ç«¥­®¢ áâ¥¯¥­¨ ­¥ ¢ëè¥ m (m+ 1 2 N).
�«ï ¢ëç¨á«¨â¥«ì­®© áå¥¬ë ¬¥â®¤  ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢ (0.1), (1.1), (1.2), (1.9){(1.11) á¯à -

¢¥¤«¨¢ 

�¥®à¥¬  2. �ãáâì äã­ªæ¨¨ h(t; �) ¨ g(t; �) â ª®¢ë, çâ® ®¯¥à â®à A : W 1
2 (�) ! W 1

2 (�)
­¥¯à¥àë¢­® ®¡à â¨¬. �®£¤  ª ¦¤ ï ¨§ á¨áâ¥¬ ãà ¢­¥­¨© (1:9), (1:10) ¨ (1:11) ®¤­®§­ ç­® à §-
à¥è¨¬  ¯à¨ «î¡ëå n 2 N ¨ «î¡ëå ¯à ¢ëå ç áâïå. �à¨¡«¨¦¥­­ë¥ à¥è¥­¨ï (1:1) áå®¤ïâáï ª

â®ç­®¬ã à¥è¥­¨î '�(t) ¢ ¯à®áâà ­áâ¢¥ W 1
2 (�), ¯à¨ íâ®¬ ¤«ï «î¡ëå n 2 N á¯à ¢¥¤«¨¢ë ®æ¥­ª¨

En('�)W 1
2
(�) 6 k'� � 'nkW 1

2
(�) 6 �(A)En('�)W 1

2
(�); (1.15)

£¤¥ �(A) | ç¨á«® ®¡ãá«®¢«¥­­®áâ¨ ®¯¥à â®à  A : W 1
2 (�)!W 1

2 (�).
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� á«¥¤ãîé¥© â¥®à¥¬¥ à¥è ¥âáï § ¤ ç  ®¯â¨¬¨§ æ¨¨ [7]{[9] ª« áá  ¢á¥¢®§¬®¦­ëå ¯®«¨­®¬¨-
 «ì­ëå (¢ â®¬ ç¨á«¥ ª ª ¯à®¥ªæ¨®­­ëå, â ª ¨ ¯àï¬ëå) ¬¥â®¤®¢ à¥è¥­¨ï ãà ¢­¥­¨ï (0.1).

�¥®à¥¬  3. � ãá«®¢¨ïå â¥®à¥¬ë 1 ¬¥â®¤ ª®««®ª æ¨¨ (0:1), (1:1), (1:3){(1:5), (1:13) ¨ ¬¥â®-
¤ë � «�¥àª¨­  ¨ ¬®¬¥­â®¢ (0:1), (1:1), (1:6){(1:8),   ¢ ãá«®¢¨ïå â¥®à¥¬ë 2 ¬¥â®¤ ­ ¨¬¥­ìè¨å
ª¢ ¤à â®¢ (0:1), (1:1), (1:9){(1:11) ®¯â¨¬ «ì­ë ¯® ¯®àï¤ªã áà¥¤¨ ¢á¥¢®§¬®¦­ëå ¯®«¨­®¬¨ «ì-

­ëå ¬¥â®¤®¢ à¥è¥­¨ï ãà ¢­¥­¨ï (0:1), ¯®§¢®«ïîé¨å ¯®áâà®¨âì ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ ¢ ¢¨¤¥

¬­®£®ç«¥­  (1:1).

2. �®ª § â¥«ìáâ¢  â¥®à¥¬

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 1. � ãá«®¢¨ïå  ) ¨ ¢) â¥®à¥¬ë ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢-
­¥­¨¥ (0.1) ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥ íª¢¨¢ «¥­â­®£® ¥¬ã ®¯¥à â®à­®£® ãà ¢­¥­¨ï

A' � '+B' = f ('; f 2W 1
2 (�)); (2.1)

£¤¥ ¢ á¨«ã â¥®à¨¨ �¨áá {� ã¤¥à  [11] A = E + B ¥áâì ­¥¯à¥àë¢­® ®¡à â¨¬ë© ®¯¥à â®à ¢
¯à®áâà ­áâ¢¥ �®¡®«¥¢  W 1

2 (�):

kA�1kW 1
2
(�)!W 1

2
(�) = k(E +B)�1kW 1

2
(�)!W 1

2
(�) 6 const <1: (2.2)

�®«®¦¨¬ �n = H n \W 1
2 (�) ¨ ¢¢¥¤¥¬ ®¯¥à â®à ¯à®¥ªâ¨à®¢ ­¨ï Pn : W 1

2 (�)! �n � W 1
2 (�) ¯®

ä®à¬ã«¥

Pn( ; t) =
nX
j=0

 (tj)lj(t) � Ln( ; t);  2 C[�1; 1]; (2.3)

£¤¥ ã§«ë ®¯à¥¤¥«¥­ë ¢ (1.13). �®£¤  ª ¦¤ ï ¨§ ���� (1.3){(1.5) ¬¥â®¤  ª®««®ª æ¨¨ íª¢¨¢ -
«¥­â­  ®¯¥à â®à­®¬ã ãà ¢­¥­¨î

An'n � 'n + PnB'n = Pnf ('n; Pnf 2 �n): (2.4)

� à ¡®â å ([12], £«. 1, x 4; [13], ¯. 2; [14]) ¯®ª § ­®, çâ® ®¯¥à â®àë � £à ­¦  Pn : W 1
2 (�) !

W 1
2 (�) á¨«ì­® áå®¤ïâáï ª ¥¤¨­¨ç­®¬ã ®¯¥à â®àã E ¯à®áâà ­áâ¢ W 1

2 (�), â®ç­¥¥, ¤«ï «î¡®© äã­ª-
æ¨¨ ' 2W 1

2 (�) ¯à¨ «î¡ëå n 2 N á¯à ¢¥¤«¨¢ë ­¥à ¢¥­áâ¢ 

k'� Pn'kW 1
2
(�) 6

�
�

2
+

2p
3

�
En(')W 1

2
(�); (2.5)

£¤¥

En(')W 1
2
(�) = En(')L2(1=�) +En�1('

0)L2(�); n 2 N: (2.6)

� á¨«ã (2.3), (2.5) ¨ (2.6) ¯à ¢ë¥ ç áâ¨ ãà ¢­¥­¨© (2.1) ¨ (2.4) ¡«¨§ª¨ ¢ â®¬ á¬ëá«¥, çâ®

�n � kf � PnfkW 1
2
(�) 6

�
�

2
+

2p
3

�
fEn(f)L2(1=�) +En�1(f

0)L2(�)g ! 0; n!1: (2.7)

�®ª ¦¥¬ ¡«¨§®áâì ®¯¥à â®à®¢ A : W 1
2 (�) ! W 1

2 (�) ¨ An : �n ! �n � W 1
2 (�): �§ (2.1),

(2.4){(2.6) ¤«ï «î¡®£® í«¥¬¥­â  'n 2 �n; 'n 6= 0, ­ å®¤¨¬

kA'n �An'nkW 1
2
(�) = kB'n � PnB'nkW 1

2
(�) = k'nkW 1

2
(�)kB n � PnB nkW 1

2
(�) 6

6 k'nkW 1
2
(�) sup

 n2�n
k nk=1

kB n � PnB nk 6 k'nkW 1
2
(�) sup

z2BS(0;1)

kz � PnzkW 1
2
(�) � "0nk'nkW 1

2
(�); (2.8)
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£¤¥  n = 'n=k'nkW 1
2
(�),   S(0; 1) | ¥¤¨­¨ç­ë© è à ¯à®áâà ­áâ¢  W 1

2 (�) á æ¥­âà®¬ ¢ ­ã«¥¢®© â®ç-
ª¥ � 2W 1

2 (�). � á¨«ã ãá«®¢¨ï  ) â¥®à¥¬ë ¬­®¦¥áâ¢® BS(0; 1) ï¢«ï¥âáï ª®¬¯ ªâ­ë¬ ¢ ¯à®áâà ­-
áâ¢¥ W 1

2 (�),   â®£¤  ¨§ á®®â­®è¥­¨© (2.5), (2.6) ¨ ¨§ â¥®à¥¬ë �¥«ìä ­¤  (­ ¯à., [11], á. 274{276)
¯®«ãç¨¬

"0n = sup
z2BS(0;1)

kz � PnzkW 1
2
(�) ! 0; n!1: (2.9)

�§ ä®à¬ã« (2.8) ¨ (2.9) ­ å®¤¨¬

"n � kA�Ank�n!W 1
2
(�) 6 kB � PnBkW 1

2
(�)!W 1

2
(�) 6 "0n ! 0; n!1: (2.10)

� á¨«ã á®®â­®è¥­¨© (2.2), (2.7) ¨ (2.10) ¤«ï ãà ¢­¥­¨© (2.1) ¨ (2.4) ¢ë¯®«­¥­ë ¢á¥ ãá«®¢¨ï
â¥®à¥¬ë 7 ([7], £«. I), ®âªã¤  á«¥¤ã¥â, çâ® ¤«ï ¢á¥å n 2 N â ª¨å, çâ®

qn = kA�1k"n < 1; (2.11)

®¯¥à â®à­®¥ ãà ¢­¥­¨¥ (2.4),   á«¥¤®¢ â¥«ì­®, ª ¦¤ ï ¨§ á¨áâ¥¬ ãà ¢­¥­¨© (1.3){(1.5) ®¤­®-
§­ ç­® à §à¥è¨¬ë,   ¯à¨¡«¨¦¥­­ë¥ à¥è¥­¨ï 'n = A�1n Pnf , ®¯à¥¤¥«ï¥¬ë¥ ¯® ä®à¬ã«¥ (1.1),
áå®¤ïâáï ª à¥è¥­¨î '� 2W 1

2 (�) ãà ¢­¥­¨ï (0.1) á® áª®à®áâìî

k'� � 'nkW 1
2
(�) = Of"n + �ng: (2.12)

�®£¤  ¢ á¨«ã â¥®à¥¬ë 6, ¥¥ á«¥¤áâ¢¨ï ¨ â¥®à¥¬ë 14 ([7], £«. I) ¤«ï ¯®£à¥è­®áâ¨ ¯à¨¡«¨¦¥­­®£®
à¥è¥­¨ï (1.1) á¯à ¢¥¤«¨¢ë â®¦¤¥áâ¢ 

'� � 'n = (E �A�1n PnA)('
� � 'n) = (E �A�1n PnB)('

� � Pn'
�); (2.13)

£¤¥ 'n | ¯à®¨§¢®«ì­ë© í«¥¬¥­â ¨§ �n �W 1
2 (�).

�§ á®®â­®è¥­¨© (2.1){(2.13) á«¥¤ã¥â, çâ® à áá¬ âà¨¢ ¥¬ë© ¢ à ¡®â¥ ¢ à¨ ­â ¬¥â®¤  ª®««®-
ª æ¨¨ áå®¤¨âáï á® áª®à®áâìî

k'� � 'nkW 1
2
(�) = OfEn('�)W 1

2
(�)g: (2.14)

�®áª®«ìªã ([12], £«. I, x 4; [13], ¯. 2) ¤«ï «î¡®© äã­ªæ¨¨ f 2W 1
2 (�)

En(f)W 1
2
(�) = En(f)L2(1=�) +En�1(f 0)L2(�) 6

6
1

n+ 1
En�1(f

0)L2(�) +En�1(f
0)L2(�) 6

3
2
En�1(f

0)L2(�); n 2 N; (2.15)

â® ¨§ (2.14) á«¥¤ãîâ ¢¥àå­¨¥ ¨§ ®æ¥­®ª (1.13) ¢ á«ãç ¥ ¬¥â®¤  ª®««®ª æ¨¨.
� ª ª ª ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ 'n 2 �n, â® ¢ á¨«ã (2.6) á¯à ¢¥¤«¨¢ë ­¥à ¢¥­áâ¢ 

k'� � 'nkW 1
2
(�) > En('

�)W 1
2
(�) > En�1('

�0)L2(�): (2.16)

�§ á®®â­®è¥­¨© (2.14){(2.16) á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 1 ¤«ï ¬¥â®¤  ª®««®ª æ¨¨. �®-
ª ¦¥¬ â¥¯¥àì ¥£® á¯à ¢¥¤«¨¢®áâì ¤«ï ¬¥â®¤®¢ ¬®¬¥­â®¢ ¨ � «�¥àª¨­ . � íâ®¬ á«ãç ¥ ®¯¥à â®à
¯à®¥ªâ¨à®¢ ­¨ï Pn : W 1

2 (�)! �n �W 1
2 (�) ¢¢¥¤¥¬ ¯® ä®à¬ã«¥

Pn( ; t) =
cT0 ( )
2

+
nX
k=1

cTk ( )Tk(t) � STn ( ; t);  2W 1
2 (�); (2.17)

£¤¥ ª®íää¨æ¨¥­âë �ãàì¥{�¥¡ëè¥¢  cTk ( ) ®¯à¥¤¥«¥­ë ¢ à §¤¥«¥ 1. �«¥¤ãï ([12], £«. 1, x 4; [13],
¯. 2), á ¯®¬®éìî (2.17) «¥£ª® ¯®ª § âì, çâ® ¤«ï «î¡®© äã­ªæ¨¨  2W 1

2 (�)

k � Pn kW 1
2
(�) = k � STn kL2(1=�) +





 ddt [ (t) � STn ( (�); t)]





L2(�)

= k (t) � Stn( ; t)kL2(1=�) +

+




d (t)dt

� SUn�1

�
d (�)
d�

; t
�





L2(�)

= En( )L2(1=�) +En�1( 0)L2(�) = En( )W 1
2
(�); (2.18)
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£¤¥

SUn�1(f ; t) =
nX
k=1

cUk�1(f)Uk�1(t); f 2 L2(�); �1 6 t 6 1;

cUk�1(f) =
2
�

Z 1

�1

p
1� t2f(t)Uk�1(t)dt; Uk�1(t) =

sink arccos tp
1� t2

:

� á¨«ã (2.17) ¨ (2.18) ¤ «¥¥ ¤®ª § â¥«ìáâ¢® ¢¥¤¥âáï ¯® áå¥¬¥ ®¡®á­®¢ ­¨ï ¬¥â®¤  ª®««®ª æ¨¨.
�®«¥¥ â®£®, §¤¥áì ®æ¥­ªã ¯®£à¥è­®áâ¨ ¬¥â®¤®¢ ¬®¬¥­â®¢ ¨ � «�¥àª¨­  ¬®¦­® ­¥áª®«ìª® ãâ®ç-
­¨âì,   ¨¬¥­­®, ¢ ãá«®¢¨ïå ¤®ª §ë¢ ¥¬®© â¥®à¥¬ë ¨§ ®¤­®£® à¥§ã«ìâ â  �.�.�®£®«î¡®¢  ¨
�.�.�®«ìáª®£® (­ ¯à., [15], áá. 201, 212) á«¥¤ã¥â

(1� �n)k'� � Pn'
�kW 1

2
(�) 6 k'� � 'nkW 1

2
(�) 6 (1 + �n)k'� � Pn'

�kW 1
2
(�); (2.19)

£¤¥ �n ! 0 ¯à¨ n ! 1. �®íâ®¬ã ¢ á¨«ã (2.6), (2.15), (2.18), (2.19) ¤«ï ¬¥â®¤®¢ ¬®¬¥­â®¢ ¨
� «�¥àª¨­  ¨¬¥¥¬

k'� � 'nkW 1
2
(�) � k'� � Pn'

�kW 1
2
(�) = En('

�)W 1
2
(�) � En�1('

�0)L2(�); n!1: � (2.20)

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 2 ¡ã¤¥¬ ¢¥áâ¨, á«¥¤ãï ([16], £«. 10, x 83; [7], £«. 1, x 6). �®áª®«ìªã
á¨áâ¥¬ë äã­ªæ¨© ftkg10 ¨ fTk(t)g10 «¨­¥©­® ­¥§ ¢¨á¨¬ë, â® ¢ á¨«ã ãá«®¢¨ï â¥®à¥¬ë «¨­¥©­®
­¥§ ¢¨á¨¬ë¬¨ ï¢«ïîâáï â ª¦¥ á¨áâ¥¬ë äã­ªæ¨© fA(tk; t)g10 ¨ fA(Tk; t)g10 . �å ®¯à¥¤¥«¨â¥«¨
�à ¬ , á®¢¯ ¤ îé¨¥ á ®¯à¥¤¥«¨â¥«ï¬¨ ���� (1.9) ¨ (1.10), ®â«¨ç­ë ®â ­ã«ï ¯à¨ «î¡ëå n 2 N.
�®íâ®¬ã ���� (1.9) ¨ (1.10) ¨¬¥îâ ¥¤¨­áâ¢¥­­ë¥ à¥è¥­¨ï á®®â¢¥âáâ¢¥­­® �0; : : : ; �n ¨ �0; : : : ; �n
¯à¨ «î¡ëå n 2 N ¨ ¯à¨ «î¡ëå ¯à ¢ëå ç áâïå. �®£¤  ¤«ï ¯à¨¡«¨¦¥­­®£® à¥è¥­¨ï (1.1) á¯à -
¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

kf �A'nkW 1
2
(�) 6 kf �A'nkW 1

2
(�); n 2 N; (2.21)

£¤¥ 'n 2 �n | ¬­®£®ç«¥­ ­ ¨«ãçè¥£® ¯à¨¡«¨¦¥­¨ï ¤«ï äã­ªæ¨¨ '�(t) ¢ ¯à®áâà ­áâ¢¥ W 1
2 (�).

�®áª®«ìªã f � A'� ¨ ®¯¥à â®à A : W 1
2 (�) ! W 1

2 (�) ­¥¯à¥àë¢­® ®¡à â¨¬, â® ¨§ (2.21) ­ å®¤¨¬
­¥à ¢¥­áâ¢ 

k'� � 'nkW 1
2
(�)

kA�1kW 1
2
(�)!W 1

2
(�)

6 kAkW 1
2
(�)!W 1

2
(�)En('

�)W 1
2
(�); n 2 N: (2.22)

�§ (2.22) á ãç¥â®¬ 'n 2 H n á«¥¤ãîâ ®æ¥­ª¨ (1.15).
� á«ãç ¥ ���� (1.9) ¨ (1.10) â¥®à¥¬  ¤®ª § ­ . �«ï ¥¥ ¤®ª § â¥«ìáâ¢  ¢ á«ãç ¥ ���� (1.11)

¤®áâ â®ç­® ¯®ª § âì «¨­¥©­ãî ­¥§ ¢¨á¨¬®áâì á¨áâ¥¬ë äã­ªæ¨© flk = lkn(t)gnk=0 ¯à¨ «î¡ëå
n 2 N, çâ® «¥£ª® ¤¥« ¥âáï ¬¥â®¤®¬ ®â ¯à®â¨¢­®£®. �

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 3. �¡®§­ ç¨¬ ç¥à¥§ Mn = fmng ¬­®¦¥áâ¢® ¢á¥¢®§¬®¦­ëå ¯à¨-
¡«¨¦¥­­ëå ¬¥â®¤®¢ à¥è¥­¨ï ãà ¢­¥­¨ï (0.1), ¯®§¢®«ïîé¨å ¯®áâà®¨âì ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥
¢ ¢¨¤¥ ¬­®£®ç«¥­  (1.1). �®£¤  ¢ á¨«ã 'n 2 �n ¨ (2.6) ¨¬¥¥¬ [7]{[9]

Vn � inf
mn2Mn

k'� � 'nkW 1
2
(�) > inf

'n2Hn
k'� � 'nkW 1

2
(�) = En('

�)W 1
2
(�) =

= En('
�)L2(��1) +En�1('

�0)L2(�) > En�1('
�0)L2(�): (2.23)

� ¤àã£®© áâ®à®­ë, ¤«ï ¯à¨¡«¨¦¥­­ëå à¥è¥­¨© (1.1), ¯®áâà®¥­­ëå à áá¬®âà¥­­ë¬¨ ¢ëè¥ ¬¥-
â®¤ ¬¨ ª®««®ª æ¨¨, ¬®¬¥­â®¢, � «�¥àª¨­  ¨ ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢, á®£« á­® ®æ¥­ª ¬ (1.14) ¨
(1.15) ¨¬¥¥¬

Vn 6 k'� � 'nkW 1
2
(�) = OfEn('�)W 1

2
(�)g = OfEn('�0)L2(�)g: (2.24)

�§ ­¥à ¢¥­áâ¢ (2.23) ¨ (2.24) á ãç¥â®¬ à¥§ã«ìâ â®¢ ¯® ®¯â¨¬¨§ æ¨¨ ¢ëç¨á«¨â¥«ì­ëå ¬¥â®¤®¢
[7]{[9] á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 3. �®«¥¥ â®£®, ª ª ¢¨¤­® ¨§ (2.20), (2.23) ¨ (2.24), ¯à¨
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¢ë¯®«­¥­¨¨ ãá«®¢¨©  ) ¨ ¢) â¥®à¥¬ë 1 à áá¬®âà¥­­ë¥ ¢ëè¥ ¬¥â®¤ë ¬®¬¥­â®¢ ¨ � «�¥àª¨­ 
¡ã¤ãâ  á¨¬¯â®â¨ç¥áª¨ ®¯â¨¬ «ì­ë¬¨ ¢ ãª § ­­®¬ ¢ëè¥ á¬ëá«¥.

3. �¥ª®â®àë¥ § ¬¥ç ­¨ï ¨ ¤®¯®«­¥­¨ï

3.1. �â¢¥à¦¤¥­¨ï,  ­ «®£¨ç­ë¥ â¥®à¥¬ ¬ 1{3, á¯à ¢¥¤«¨¢ë â ª¦¥ ¤«ï ®¡é¥£® ¯à®¥ªæ¨®­­®£®
¬¥â®¤  ¢¨¤  (2.4), ¯®à®¦¤ ¥¬®£® ¯®«¨­®¬¨ «ì­ë¬¨ ¯à®¥ªæ¨®­­ë¬¨ ®¯¥à â®à ¬¨ Pn :W 1

2 (�)!
�n �W 1

2 (�), ®£à ­¨ç¥­­ë¬¨ ¯® ­®à¬¥ ¢ á®¢®ªã¯­®áâ¨. � ç áâ­®áâ¨, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  4. � ãá«®¢¨ïå  ) ¨ ¢) â¥®à¥¬ë 1 ®¡é¨© ¯®«¨­®¬¨ «ì­ë© ¯à®¥ªæ¨®­­ë© ¬¥â®¤

à¥è¥­¨ï ãà ¢­¥­¨ï (0:1)

A�n'
�
n � '�n + P �

nB'
�
n = P �

nf ('�n; P
�
nf 2 �n) (3.1)

á «¨­¥©­ë¬ ®¯¥à â®à®¬ P �
n :W 1

2 (�)! �n �W 1
2 (�), ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨ï¬

(P �
n )

2 = P �
n ; n 2 N; kP �

nkW 1
2
(�)!W 1

2
(�) = O(1); n!1; (3.2)

ï¢«ï¥âáï ®¯â¨¬ «ì­ë¬ ¯® ¯®àï¤ªã ¢ ãª § ­­®¬ ¢ëè¥ á¬ëá«¥, ¯à¨ç¥¬

En�1('�
0

)L2(�) 6 En('�)W 1
2
(�) 6 Vn 6 k'� � '�nkW 1

2
(�) = OfEn('�)W 1

2
(�)g =

= OfEn�1('�0)L2(�)g; '�n = (A�n)
�1P �

nf 2 H n : (3.3)

�®ª § â¥«ìáâ¢®. � á¨«ã á®®â­®è¥­¨© (3.2) ¨ (2.17), (2.18) ¤«ï «î¡®© äã­ªæ¨¨ f(t) 2W 1
2 (�)

¯®á«¥¤®¢ â¥«ì­® ­ å®¤¨¬

��n � kf � P �
nfkW 1

2
(�) = k(E � P �

n)(f � STn f)kW 1
2
(�) 6

6 2kP �
nkW 1

2
(�)!W 1

2
(�)kf � STn fkW 1

2
(�) 6Mkf � STn fkW 1

2
(�) =

=MEn(f)W 1
2
(�) 6 2MEn�1(f 0)L2(�); n 2 N; (3.4)

£¤¥ M | ¯®«®¦¨â¥«ì­ ï ¯®áâ®ï­­ ï, ­¥ § ¢¨áïé ï ®â n 2 N ¨ f 2W 1
2 (�).

� ¯®¬®éìî á®®â­®è¥­¨© (3.2), (3.4) ¯®  ­ «®£¨¨ á (2.8){(2.10) ­ å®¤¨¬

"0n � kA�A�nk�n!W 1
2
(�) 6 kB � P �

nBkW 1
2
(�)!W 1

2
(�) = e"�n ! 0; n!1: (3.5)

�« £®¤ àï á®®â­®è¥­¨ï¬ (3.4) ¨ (3.5), ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 1, ãáâ ­ ¢«¨¢ ¥¬,
çâ®  ¯¯à®ªá¨¬¨àãîé¨¥ ãà ¢­¥­¨ï (3.1) ®¤­®§­ ç­® à §à¥è¨¬ë å®âï ¡ë ¯à¨ ¢á¥å ¤®áâ â®ç­®
¡®«ìè¨å n 2 N,   ¨å à¥è¥­¨ï '�n = (A�n)

�1P �
nf áå®¤ïâáï ª â®ç­®¬ã à¥è¥­¨î '� 2 W 1

2 (�) á®
áª®à®áâìî

k'� � '�nkW 1
2
(�) = OfEn('�)W 1

2
(�)g = OfEn�1('�0)L2(�)g: (3.6)

� ¤àã£®© áâ®à®­ë, ¢ á¨«ã '�n 2 H n �W 1
2 (�) ¨¬¥¥¬

k'� � '�nkW 1
2
(�) > Vn > En('

�)W 1
2
(�) > En�1('

�0)L2(�): (3.7)

�§ ®æ¥­®ª (3.6), (3.7) ¯®«ãç ¥¬ ­¥à ¢¥­áâ¢  (3.3),   ¨§ ­¨å ¢ á¨«ã [7]{[9] | ãâ¢¥à¦¤¥­¨¥
â¥®à¥¬ë 4.

3.2. � â¥®à¥¬ å 1{4 áãé¥áâ¢¥­­ë¬ ®¡à §®¬ ¨á¯®«ì§®¢ ­® âà¥¡®¢ ­¨¥ ¯®«­®© ­¥¯à¥àë¢­®-
áâ¨ ®¯à¥¤¥«¥­­®£® ¢ (1.12) ®¯¥à â®à  B ¢ ¯à®áâà ­áâ¢¥ W 1

2 (�). �«ï íâ®£® ¤®áâ â®ç­®, çâ®¡ë
¢ë¯®«­ï«¨áì ãá«®¢¨ï

Z 1

�1

Z 1

�1

s
1� � 2

1� t2
jh(t; �)j2dt d� <1;

Z 1

�1

Z 1

�1

jg(t; �)j2p
(1� t2)(1� � 2)

dt d� <1;

Z 1

�1

Z 1

�1

q
(1� t2)(1� � 2)

����@h(t; �)@t

����2dt d� <1;

Z 1

�1

Z 1

�1

s
1� t2

1� � 2

����@g(t; �)@t

����2dt d� <1:
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�¤­ ª® á«¥¤ã¥â ®â¬¥â¨âì, çâ® à¥§ã«ìâ âë,  ­ «®£¨ç­ë¥ â¥®à¥¬ ¬ 1{4, á¯à ¢¥¤«¨¢ë â ª¦¥
¯à¨ ®âáãâáâ¢¨¨ ¯®«­®© ­¥¯à¥àë¢­®áâ¨ ®¯¥à â®à  B :W 1

2 (�)!W 1
2 (�); ­ ¯à¨¬¥à, ¨¬¥¥â ¬¥áâ®

�¥®à¥¬  5. �ãáâì áãé¥áâ¢ã¥â ¯®áâ®ï­­ ï q > 0 â ª ï, çâ® ¢ ¯à®áâà ­áâ¢¥ W 1
2 (�) ¢ë-

¯®«­ïîâáï ­¥à ¢¥­áâ¢  kPnkkBk 6 q < 1. �®£¤  á¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥­¨ï :

 ) ãà ¢­¥­¨¥ (0:1) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ '� 2 W 1
2 (�) ¯à¨ «î¡®© ¯à ¢®© ç áâ¨ f 2

W 1
2 (�), ¯à¨ç¥¬

k'�k 6 kfk
1� q

;

¡) ¯à¨ «î¡ëå n 2 N ���� à áá¬®âà¥­­ëå ¢ëè¥ ¬¥â®¤®¢ ª®««®ª æ¨¨, ¬®¬¥­â®¢, � «�¥àª¨­ 

¨ ®¡é¥£® ¯à®¥ªæ¨®­­®£® ¬¥â®¤  (3:1) ¯à¨ Pn = P �
n ®¤­®§­ ç­® à §à¥è¨¬ë ¯à¨ «î¡ëå ¯à -

¢ëå ç áâïå, ¯à¨ç¥¬

k'nk 6 kPnfk
1� q

; n 2 N;

¢) ¯à¨¡«¨¦¥­­ë¥ à¥è¥­¨ï (1:1) áå®¤ïâáï ª â®ç­®¬ã à¥è¥­¨î '� 2 W 1
2 (�) á® áª®à®áâìî,

®¯à¥¤¥«ï¥¬®© ­¥à ¢¥­áâ¢ ¬¨

k'� � Pn'
�k

1 + q
6 k'� � 'nk 6 k'� � Pn'

�k
1� q

; n 2 N;

En('
�) 6 k'� � 'nk 6 2kPnk

1� q
En('

�); n 2 N;

£¤¥ ¢áî¤ã k � k = k � kW 1
2
(�), En('�) = En('�)W 1

2
(�),   kPnk = kPnkW 1

2
(�)!W 1

2
(�) = O(1), n ! 1; ¢

ç áâ­®áâ¨, kPnk = 1, n 2 N, ¤«ï ¬¥â®¤®¢ ¬®¬¥­â®¢ ¨ � «�¥àª¨­ .

3.3. �ëè¥ à¥è¥­  § ¤ ç  ®¯â¨¬¨§ æ¨¨ ¯®«¨­®¬¨ «ì­ëå ¬¥â®¤®¢ à¥è¥­¨ï ä¨ªá¨à®¢ ­­®£®

ãà ¢­¥­¨ï (0.1). �®«ãç¥­­ë¥ ¯à¨ íâ®¬ ãâ¢¥à¦¤¥­¨ï ¯¥à¥­®áïâáï [7]{[9] ­  ª« áá ãà ¢­¥­¨© (0.1),
¥á«¨ ª« áá �� = f'�g �W 1

2 (�) ¨áª®¬ëå äã­ªæ¨© ®¡à §ã¥â æ¥­âà «ì­®-á¨¬¬¥âà¨ç¥áª¨© ª®¬¯ ªâ
¢ ¯à®áâà ­áâ¢¥ �®¡®«¥¢  W 1

2 (�).

3.4. �â¢¥à¦¤¥­¨ï,  ­ «®£¨ç­ë¥ â¥®à¥¬ ¬ 1 ¨ 2, á¯à ¢¥¤«¨¢ë â ª¦¥ ¤«ï ¯à®áâà ­áâ¢ (0.7)
á ­®à¬®© (0.8); ­ ¯à¨¬¥à, ¥á«¨ äã­ªæ¨¨

f(t) 2W r+1H�[�1; 1] ¨ h(t; �); g(t; �) 2W r+1H�[�1; 1] � C[�1; 1] (r + 1 2 N; 0 < � 6 1);

â® ãª § ­­ë¥ ¢ëè¥ ¢ à¨ ­âë ¬¥â®¤  ª®««®ª æ¨¨ áå®¤ïâáï ¢ ¯à®áâà ­áâ¢¥ C1[�1; 1] á® áª®à®áâìî1)

k'� � 'nkC1 = O

�
lnn
nr+�

�
:

�¤­ ª® ­¨ ®¤­® ¨§ ãâ¢¥à¦¤¥­¨© â¥®à¥¬ë 3 ¢ íâ®¬ á«ãç ¥ ­¥ ¨¬¥¥â ¬¥áâ , â. ¥. ãª § ­­ë¥ ¢ëè¥
¯®«¨­®¬¨ «ì­ë¥ ¬¥â®¤ë ­¥ ï¢«ïîâáï ®¯â¨¬ «ì­ë¬¨ ¤ ¦¥ ¯® ¯®àï¤ªã.

3.5. �¥§ã«ìâ âë,  ­ «®£¨ç­ë¥ ¯à¨¢¥¤¥­­ë¬ ¢ à §¤¥« å 1 ¨ 2, á¯à ¢¥¤«¨¢ë â ª¦¥ ¤«ï á¯« ©-
­®¢ëå ¯à®¥ªæ¨®­­ëå ¬¥â®¤®¢. �ãáâì W 1

2 =W 1
2 [1; [�1; 1]] á «î¡®© ¨§ ­®à¬ (0.3), (0.6) ¯à¨ �(t) � 1

¨«¨ ¦¥ á íª¢¨¢ «¥­â­®© ¨¬ ­®à¬®©

k'kW 1
2
= k'(t)kC + k'0(t)kL2 ; ' 2W 1

2 ; (3.8)

£¤¥ L2 = L2(�1; 1) á ®¡ëç­®© ­®à¬®© (0.4) ¯à¨ q(t) � 1. �¡®§­ ç¨¬ ç¥à¥§ �n = f'ng � W 1
2

¬­®¦¥áâ¢® ¢á¥å á¯« ©­®¢ ¯¥à¢®© áâ¥¯¥­¨ á ã§« ¬¨

tk = �1 + 2k
n
; k = 0; n; n 2 N: (3.9)

1) �â® ãâ¢¥à¦¤¥­¨¥ ¬®¦¥â ¡ëâì ¤®ª § ­® ¨ á ¬®áâ®ïâ¥«ì­®, ¨ ª ª á«¥¤áâ¢¨¥ â¥®à¥¬ë 1, á ¨á¯®«ì§®-
¢ ­¨¥¬ ¯à¥¤«®¦¥­­®£® ¢ [17] á¯®á®¡  ¤®ª § â¥«ìáâ¢ .
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�¯¥à â®à ¯à®¥ªâ¨à®¢ ­¨ï Pn :W 1
2 ! �n �W 1

2 ¢¢¥¤¥¬ ¯® ä®à¬ã«¥

Pn(f ; t) =
nX
k=0

f(tk)sk(t); f 2W 1
2 ; n 2 N; (3.10)

£¤¥ sk(t) = skn(t) | äã­¤ ¬¥­â «ì­ë¥ á¯« ©­ë ¯¥à¢®© áâ¥¯¥­¨ ¯® á¨áâ¥¬¥ ã§«®¢ (3.9):

sk(t) =

8>>>><>>>>:
0 ¯à¨ t 6 tk�1;
t�tk�1
tk�tk�1

¯à¨ tk�1 6 t 6 tk;
tk+1�t

tk+1�tk
¯à¨ tk 6 t 6 tk+1;

0 ¯à¨ t > tk+1;

¯à¨ç¥¬ ¯à¨ k = 0 ¨ k = n ¯à¥­¥¡à¥£ ¥¬ á®®â¢¥âáâ¢¥­­® ¯¥à¢ë¬¨ ¤¢ã¬ï ¨ ¯®á«¥¤­¨¬¨ ¤¢ã¬ï §¢¥-
­ìï¬¨ äã­ªæ¨© s0(t) ¨ sn(t). �®£¤ , ª ª ¨§¢¥áâ­® (­ ¯à., [12], á. 26{31), á¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥
á®®â­®è¥­¨ï:

P 2
n = Pn; 1 6 kPnkW 1

2
!W 1

2
6 1 + �n; n 2 N; (3.11)

£¤¥

�n =

8>><>>:
0 ¤«ï ­®à¬ë (3.8);

O
�
1
n

�
¤«ï ­®à¬ë (0.3);

O(1) ¤«ï ­®à¬ë (0.6):

�à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (0.1) ¨é¥¬ ¢ ¢¨¤¥ á¯« ©­ 

'n(t) =
nX
k=0

�ksk(t); n 2 N; (3.12)

ª®íää¨æ¨¥­âë ª®â®à®£® ¡ã¤¥¬ ®¯à¥¤¥«ïâì
 ) ¯® ¬¥â®¤ã á¯« ©­-ª®««®ª æ¨¨ ¨§ ����

�j +
nX
k=0

�kB(sk; tj) = f(tj); j = 0; n; (3.13)

¡) ¯® á¯« ©­-¬¥â®¤ã � «�¥àª¨­  ¨§ ����

nX
k=0

�k(Ask; sj)L2 = (f; sj)L2 ; j = 0; n; (3.14)

¢) ¯® á¯« ©­-¬¥â®¤ã ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢ ¨§ ����

nX
k=0

�k(Ask; Asj)W 1
2
= (f;Asj)W 1

2
; j = 0; n; (3.15)

£¤¥ (f; g)L2 ¨ (f; g)W 1
2
| áª «ïà­ë¥ ¯à®¨§¢¥¤¥­¨ï äã­ªæ¨© f(t) ¨ g(t) ¢ ¯à®áâà ­áâ¢ å á®®â¢¥â-

áâ¢¥­­® L2 ¨ W 1
2 .

� á¨«ã (3.8){(3.11) ¤«ï ¢ëç¨á«¨â¥«ì­ëå áå¥¬ (0.1), (3.12){(3.15) á¯à ¢¥¤«¨¢ë ãâ¢¥à¦¤¥­¨ï,
 ­ «®£¨ç­ë¥ ¯à¨¢¥¤¥­­ë¬ ¢ â¥®à¥¬ å 1{5.

3.6. �á«¨ áãé¥áâ¢ã¥â ¯à®¨§¢®¤­ ï @g(t;�)
@�

2 C[�1; 1]2, â® ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥-
­¨¥ (0.1) íª¢¨¢ «¥­â­® â ª ­ §ë¢ ¥¬®¬ã ­ £àã¦¥­­®¬ã ¨­â¥£à «ì­®¬ã ãà ¢­¥­¨î

A' � '(t) +
Z 1

�1

�
h(t; �) � @g(t; �)

@�

�
'(�)d� + g(t; 1)'(1) � g(t;�1)'(�1) = f(t); �1 6 t 6 1:

(3.16)
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� íâ®¬ á«ãç ¥ ¤«ï ¨áá«¥¤®¢ ­¨ï ãà ¢­¥­¨ï (3.16),   á«¥¤®¢ â¥«ì­®, ¨ ãà ¢­¥­¨ï (0.1), ¯à®é¥
¢á¥£® ¯®«ì§®¢ âìáï ¯à®áâà ­áâ¢ ¬¨ � = F = C[�1; 1] ¨ ãáâ ­®¢«¥­­ë¬¨ ¢ ([7], £«. 4; [18]) à¥§ã«ì-
â â ¬¨ ¯® ®¯â¨¬¨§ æ¨¨ ¯à¨¡«¨¦¥­­ëå ¬¥â®¤®¢ à¥è¥­¨ï à¥£ã«ïà­ëå ¨­â¥£à «ì­ëå ãà ¢­¥­¨©
¢ ¯à®áâà ­áâ¢¥ ­¥¯à¥àë¢­ëå äã­ªæ¨©.
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