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�¢¥¤¥­¨¥. � àï¤¥ ¯à¨ª« ¤­ëå § ¤ ç (á¬., ­ ¯à., [1]{[6]) ¢áâà¥ç ¥âáï á¨­£ã«ïà­®¥ ¨­â¥£à®-
¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥

A' � '0(t) + a(t)'(t) +
b(t)
�

Z 1

�1

'(�)d�
� � t

= f(t); �1 < t < 1; (0.1)

¯à¨ ­ ç «ì­®¬ ãá«®¢¨¨

'(�1) = 0; (0.2)

£¤¥ a(t), b(t) ¨ f(t) | ¤ ­­ë¥ äã­ªæ¨¨, a '(t) | ¨áª®¬ ï äã­ªæ¨ï.
�®áª®«ìªã § ¤ ç  (0.1){(0.2), ª ª ¯à ¢¨«®, â®ç­® ­¥ à¥è ¥âáï, â® ¤«ï ¥¥ à¥è¥­¨ï à §à ¡®â -

­ë ¨ ¯à¨¬¥­ïîâáï à §«¨ç­ë¥ ¯à¨¡«¨¦¥­­ë¥ ¬¥â®¤ë (®¡§®à â ª¨å ¬¥â®¤®¢ ¬®¦­® ­ ©â¨, ­ ¯à.,
¢ [3]{[7]).

�¨¦¥, á«¥¤ãï [4], [8], ¤«ï § ¤ ç¨ (0.1){(0.2) ¯à¨¢®¤¨¬ à §«¨ç­ë¥ ¢ëç¨á«¨â¥«ì­ë¥ áå¥¬ë àï¤ 
¯®«¨­®¬¨ «ì­ëå ¯à®¥ªæ¨®­­ëå ¬¥â®¤®¢ ¨ ¯à¥¤« £ ¥¬ ¨å â¥®à¥â¨ç¥áª®¥ ®¡®á­®¢ ­¨¥ ¢ á¬ëá«¥
®¡é¥© â¥®à¨¨ ¯à¨¡«¨¦¥­­ëå ¬¥â®¤®¢ äã­ªæ¨®­ «ì­®£®  ­ «¨§  (á¬., ­ ¯à., [9], £«. 14; [5], £«. 1).

�ãáâì L2 = L2[�1; 1] | «¥¡¥£®¢® ¯à®áâà ­áâ¢® ª¢ ¤à â¨ç­®-áã¬¬¨àã¥¬ëå ­  [�1; 1] äã­ªæ¨©
á® áª «ïà­ë¬ ¯à®¨§¢¥¤¥­¨¥¬ ¨ ­®à¬®© á®®â¢¥âáâ¢¥­­®

(f; g) =
Z +1

�1
f(t)g(t)dt; f; g 2 L2;

kfkL2
=
�Z +1

�1
jf(t)j2dt

�1=2
; f 2 L2:

�¥à¥§ C = C[�1; 1] ¡ã¤¥¬ ®¡®§­ ç âì ¯à®áâà ­áâ¢® ¢á¥å ­¥¯à¥àë¢­ëå ­  [�1; 1] äã­ªæ¨© á
­®à¬®©

kfkC = max
�1�t�1

jf(t)j; f 2 C:
�®«®¦¨¬

W 1

2
[�1; 1] = f' 2 C : '(�1) = 0; 9'0(t) 2 L2g �W 1

2

á ­®à¬®©

k'kW 1

2
=
�Z +1

�1

j'0(t)j2dt
�1=2

; ' 2W 1

2 :

1. �¥â®¤ë ¬®¬¥­â®¢ ¨ � «�¥àª¨­ . �ãáâì äã­ªæ¨¨ a(t), b(t) ¨ f(t) 2 L2. �à¨¡«¨¦¥­­®¥
à¥è¥­¨¥ § ¤ ç¨ (0.1){(0.2) ¨é¥¬ ¢ ¢¨¤¥ ¬­®£®ç«¥­®¢

'n(t) =
nX
k=0

�kt
k =

nX
k=1

�k(Qk(t)�Qk(�1)); n 2 N; (1.1)
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£¤¥ �k, �j (k = 0; n; j = 1; n) | ­¥ª®â®àë¥ ª®íää¨æ¨¥­âë,  

Qk(t) =
dk

dtk
(1� t2)k

| ®àâ®£®­ «ì­ë¥ ¬­®£®ç«¥­ë �¥¦ ­¤à  ­  áâ ­¤ àâ­®¬ á¥£¬¥­â¥ [�1; 1]. �¥¨§¢¥áâ­ë¥ ª®íä-
ä¨æ¨¥­âë ¡ã¤¥¬ ®¯à¥¤¥«ïâì ¨§ «î¡®© ¨§ á¨áâ¥¬ «¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© (����)

nX
k=0

�k(At
k; tj) = (f; tj); j = 0; n� 1;

nX
k=0

(�1)k�k = 0; (1.2)

nX
k=0

�k(At
k; Qj) = (f;Qj); j = 0; n� 1;

nX
k=0

(�1)k�k = 0; (1.3)

nX
k=1

�k(A eQk; Qj) = (f;Qj); j = 0; n� 1; (1.4)

nX
k=1

�k(A eQk; t
j) = (f; tj); j = 0; n� 1; (1.5)

£¤¥ eQk(t) = Qk(t)�Qk(�1).
�â¬¥â¨¬, çâ® ¢ á¨«ã á¢®©áâ¢ ®àâ®£®­ «ì­ëå ¬­®£®ç«¥­®¢ á¨áâ¥¬ë (1.2){(1.5) ï¢«ïîâáï íª¢¨-

¢ «¥­â­ë¬¨.

�¥®à¥¬  1. �ãáâì ¢ë¯®«­ïîâáï ãá«®¢¨ï

�) a(t); b(t) 2 C, f(t) 2 L2;
�) § ¤ ç  (0:1){(0:2) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ '� 2W 1

2
¯à¨ «î¡®© ¯à ¢®© ç áâ¨ f 2 L2:

�®£¤  ¯à¨ ¢á¥å n 2 N, ­ ç¨­ ï á ­¥ª®â®à®£®, «î¡ ï ¨§ ���� (1:2){(1:5) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥

à¥è¥­¨¥. �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 � k'� � 'nkW 1

2

= OfEn�1('�0)L2g;
£¤¥ En�1(g)L2 | ­ ¨«ãçè¥¥ ¯à¨¡«¨¦¥­¨¥ äã­ªæ¨¨ g 2 L2  «£¥¡à ¨ç¥áª¨¬¨ ¬­®£®ç«¥­ ¬¨ áâ¥-

¯¥­¨ ­¥ ¢ëè¥ n� 1 ¢ ¬¥âà¨ª¥ ¯à®áâà ­áâ¢  L2.

�®ª § â¥«ìáâ¢®. � ¤ çã (0.1){(0.2) § ¯¨è¥¬ ¢ ¢¨¤¥ íª¢¨¢ «¥­â­®£® ¥© «¨­¥©­®£® ®¯¥à â®à-
­®£® ãà ¢­¥­¨ï

A' � G'+ T' = f; ' 2W 1

2
; f 2 L2; (1.6)

£¤¥

G('; t) = '0(t); T ('; t) = a(t)'(t) + b(t)S('; t); (1.7)

¯à¨ç¥¬ á¨­£ã«ïà­ë© ¨­â¥£à «

S('; t) =
1
�

Z +1

�1

'(�)d�
� � t

; �1 � t < 1; ' 2W 1

2 ; (1.8)

¯®­¨¬ ¥âáï ¢ á¬ëá«¥ £« ¢­®£® §­ ç¥­¨ï ¯® �®è¨{�¥¡¥£ã ([10], [11]).
�á­®, çâ® ®¯¥à â®à G : W 1

2 ! L2 ­¥¯à¥àë¢­® ®¡à â¨¬ ¨

kGkW 1

2
!L2 = kG�1kL2!W 1

2
= 1: (1.9)

� á¨«ã ãá«®¢¨ï �) â¥®à¥¬ë ¨§ «¥¬¬ë 3 à ¡®âë [8] á«¥¤ã¥â, çâ® ®¯¥à â®à T :W 1
2
! L2 ï¢«ï¥âáï

¢¯®«­¥ ­¥¯à¥àë¢­ë¬. �âáî¤  ¨ ¨§ ãá«®¢¨ï �) â¥®à¥¬ë «¥£ª® ¢ë¢®¤¨âáï [9], çâ® ®¯¥à â®à A :
W 1

2
! L2 ­¥¯à¥àë¢­® ®¡à â¨¬ ¨

kAkW 1

2
!L2

� c0 <1; kA�1kL2!W 1

2

� c1 <1; (1.10)
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£¤¥ c0 ¨ c1 | ¯®«®¦¨â¥«ì­ë¥ ¯®áâ®ï­­ë¥.
�¡®§­ ç¨¬ ç¥à¥§ Yn ¬­®¦¥áâ¢® ¢á¥å  «£¥¡à ¨ç¥áª¨å ¬­®£®ç«¥­®¢ áâ¥¯¥­¨ ­¥ ¢ëè¥ n � 1 á

L2-­®à¬®©,   ç¥à¥§ Xn | ¬­®¦¥áâ¢® ¢á¥å ¬­®£®ç«¥­®¢ ¢¨¤  (1.1) á ­®à¬®©W 1
2 . �¢¥¤¥¬ ®¯¥à â®à

¯à®¥ªâ¨à®¢ ­¨ï Pn : L2 ! Yn ¯® ä®à¬ã«¥

Pn(f ; t) =
n�1X
k=0

(f;Qk)Qk(t); f 2 L2; n 2 N: (1.11)

�®£¤  «î¡ ï ¨§ ���� (1.2){(1.5) íª¢¨¢ «¥­â­  «¨­¥©­®¬ã ®¯¥à â®à­®¬ã ãà ¢­¥­¨î

An'n � PnA'n = Pnf; 'n 2 Xn; Pnf 2 Yn: (1.12)

�®à®è® ¨§¢¥áâ­®, çâ®

kPnkY!Y = 1; P 2

n = Pn; n 2 N: (1.13)

�®íâ®¬ã ãà ¢­¥­¨¥ (1.12) íª¢¨¢ «¥­â­® ãà ¢­¥­¨î

An'n � G'n + PnT'n = Pn; 'n 2 Xn; Pnf 2 Yn: (1.14)

�®ª ¦¥¬, çâ® ãà ¢­¥­¨ï (1.6) ¨ (1.14) ¡«¨§ª¨ ¢ á¬ëá«¥ ([9], £«. 14; [5], £«. 1). � á¨«ã (1.11) ¨
(1.13) ¤«ï ¯à ¢ëå ç áâ¥© ãà ¢­¥­¨© (1.6) ¨ (1.14) ¨¬¥¥¬

�n � kf � PnfkL2 = En�1(f)L2 ! 0; n!1: (1.15)

�«ï «î¡®© 'n 2 Xn, 'n 6= 0, ¨§ (1.11){(1.15) ¯®á«¥¤®¢ â¥«ì­® ­ å®¤¨¬

kA'n �An'nkL2
= kT'n � PnT'nkL2

= k'nkL2kT n � PnT nkL2 �
� k'nkL2

En�1(T n)L2 � k'nkL2
sup
 n2Xn

k nkW1

2

=1

En�1(T n)L2 �

� k'nkL2 sup
 2W 1

2

k k
W1

2

=1

En�1(T )L2 � k'nkL2 e"n;  n � 'n

k'nk ;

£¤¥ ¢ á¨«ã ¯®«­®© ­¥¯à¥àë¢­®áâ¨ ®¯¥à â®à  T : W 1
2
! L2 ¨¬¥¥¬

e"n = sup
 2W 1

2

k k
W1

2

=1

En�1(T )L2 ! 0; n!1:

�®íâ®¬ã

"n � kA�AnkXn!Y = kA� PnAkXn!Y � e"n ! 0; n!1: (1.16)

�¥¯¥àì ¢ á¨«ã (1.9), (1.10), (1.15), (1.16) ¨§ â¥®à¥¬ 6, 7 ¨ 14 ([5], £«. 1) á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥
â¥®à¥¬ë.

2. �¥â®¤ ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢. �à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ § ¤ ç¨ (0.1){(0.2) ¨é¥¬ ¢ ¢¨¤¥
¬­®£®ç«¥­®¢ (1.1),   ¨å ª®íää¨æ¨¥­âë �k, k = 1; n, ¨ �j , j = 1; n, ®¯à¥¤¥«ï¥¬ ¨§ ���� á®®â¢¥â-
áâ¢¥­­®

nX
k=0

�k(At
k; Atj) = (f;Atj); j = 0; n; (2.1)

nX
k=1

�k(A eQk; A eQj) = (f;A eQj); j = 1; n: (2.2)

�¥âàã¤­® ¢¨¤¥âì, çâ® á¨áâ¥¬ë (2.1) ¨ (2.2) íª¢¨¢ «¥­â­ë ¯à¨ «î¡ëå n 2 N.
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�¥®à¥¬  2. � ãá«®¢¨ïå â¥®à¥¬ë 1 ª ¦¤ ï ¨§ ���� (2:1), (2:2) ®¤­®§­ ç­® à §à¥è¨¬  ¯à¨
«î¡ëå n 2 N ¨ ¯à¨¡«¨¦¥­­ë¥ à¥è¥­¨ï (1:1) áå®¤ïâáï ¢ ¯à®áâà ­áâ¢¥ W 1

2 á® áª®à®áâìî, ®¯à¥-

¤¥«ï¥¬®© ­¥à ¢¥­áâ¢ ¬¨

En�1('
�0

)L2 � k'� � 'nkW 1

2
= OfEn�1('�0)L2g:

�®ª § â¥«ìáâ¢® ¡ã¤¥¬ ¢¥áâ¨, á«¥¤ãï à¥§ã«ìâ â ¬ ([12]; [7], c. 27{28) ¯® ¬¥â®¤ã ­ ¨¬¥­ìè¨å
ª¢ ¤à â®¢. �§¢¥áâ­®, çâ® «î¡ ï ¨§ á¨áâ¥¬ äã­ªæ¨© ftkg1

0
, fQk(t)g10 , f eQk(t)g11 «¨­¥©­® ­¥§ ¢¨-

á¨¬  ¨ ¯®«­  ª ª ¢ ¯à®áâà ­áâ¢¥ L2, â ª ¨ ¢ ¯à®áâà ­áâ¢¥W 1
2 . �®áª®«ìªã ®¯¥à â®à A :W 1

2 ! L2
­¥¯à¥àë¢­® ®¡à â¨¬, â® á¨áâ¥¬ë äã­ªæ¨© fAtkg1

0
, fA eQk(t)g11 â ª¦¥ «¨­¥©­® ­¥§ ¢¨á¨¬ë. �®-

íâ®¬ã ¨å ®¯à¥¤¥«¨â¥«¨ �à ¬¬ , á®¢¯ ¤ îé¨¥ á ®¯à¥¤¥«¨â¥«ï¬¨ ���� (2.1), (2.2), ®â«¨ç­ë ®â
­ã«ï ¯à¨ «î¡ëå n 2 N, ®âáî¤  ¨ á«¥¤ã¥â ¯¥à¢®¥ ¨§ ãâ¢¥à¦¤¥­¨© â¥®à¥¬ë.

�«ï ¤®ª § â¥«ìáâ¢  ¢â®à®£® ãâ¢¥à¦¤¥­¨ï § ¬¥â¨¬, çâ® ¤«ï «î¡®£® e'n 2 Xn ¨¬¥¥¬

kf �A'nkL2 � kf �A e'nkL2 ; (2.3)

£¤¥ 'n | ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ § ¤ ç¨ (0.1){(0.2), ¯®áâà®¥­­®¥ ¬¥â®¤®¬ ­ ¨¬¥­ìè¨å ª¢ ¤à -
â®¢. � ª ª ª f � A'�, â® ¨§ ­¥à ¢¥­áâ¢ (1.10) ¨ (2.3) ­ å®¤¨¬

k'� � 'nkW 1

2

kA�1kL2!W 1

2

� kA('� � 'n)kL2 � kAkW 1

2
!L2k'� � e'nkW 1

2

:

�®íâ®¬ã

k'� � 'nkW 1

2

� �(A)k'� � e'nkW 1

2

; (2.4)

£¤¥ �(A) = kAkW 1

2
!L2

kA�1kL2!W 1

2

| ç¨á«® ®¡ãá«®¢«¥­­®áâ¨ ®¯¥à â®à  A : W 1
2
! L2. �ë¡¥à¥¬

¯à®¨§¢®«ì­ë© í«¥¬¥­â e'n 2 Xn â ª, çâ®¡ë e'0n(t) 2 Yn ¡ë« ¬­®£®ç«¥­®¬ ­ ¨«ãçè¥£® áà¥¤­¥ª¢ -
¤à â¨ç¥áª®£® ¯à¨¡«¨¦¥­¨ï äã­ªæ¨¨ '�

0

(t) 2 L2. �®íâ®¬ã ¨§ (2.4) ­ å®¤¨¬
En�1('

�0

)L2 � k'� � 'nkW 1

2

� �(A)En�1('
�0)L2 : �

3. �¥â®¤ ª®««®ª æ¨¨. �ãáâì äã­ªæ¨¨ a(t), b(t) ¨ f(t) 2 C. �à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ § ¤ ç¨
(0.1){(0.2) ¨é¥¬ ¢ ¢¨¤¥ «î¡®£® ¨§ ¬­®£®ç«¥­®¢ (1.1),   ¨å ª®íää¨æ¨¥­âë ¡ã¤¥¬ ®¯à¥¤¥«ïâì ¨§
���� á®®â¢¥âáâ¢¥­­®

nX
k=0

�kA(tk; tj) = f(tj); j = 1; n;
nX
k=0

(�1)k�k = 0; (3.1)

nX
k=1

�kA( eQk; tj) = f(tj); j = 1; n; (3.2)

£¤¥ tk = tk;n (k = 1; n; n 2 N) | ­¥ª®â®àë¥ ã§«ë ¨§ á¥£¬¥­â  [�1; 1].
� ¬¥â¨¬, çâ® á¨áâ¥¬ë ¬¥â®¤  ª®««®ª æ¨¨ (3.1) ¨ (3.2) íª¢¨¢ «¥­â­ë.

�¥®à¥¬  3. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï

�) äã­ªæ¨¨ a(t); f(t) 2 C,   äã­ªæ¨ï b(t) 2 H� (0 < � � 1), b(+1) = 0;
�) ã§«ë ª®««®ª æ¨¨ ï¢«ïîâáï ª®à­ï¬¨ ¬­®£®ç«¥­  �¥¦ ­¤à  Qn(t) = dn

dtn
(1� t2)n;


) § ¤ ç  (0:1){(0:2) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ '� 2W 1
2 ¯à¨ «î¡®© f 2 L2:

�®£¤  ª ¦¤ ï ¨§ ���� (3:1), (3:2) ®¤­®§­ ç­® à §à¥è¨¬  å®âï ¡ë ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å

n 2 N ¨ ¯à¨¡«¨¦¥­­ë¥ à¥è¥­¨ï (1:1) áå®¤ïâáï ¢ ¯à®áâà ­áâ¢¥ W 1
2
á® áª®à®áâìî

k'� � 'nkW 1

2

= OfEn�1('�0)Cg;
£¤¥ En�1(g)C | ­ ¨«ãçè¥¥ à ¢­®¬¥à­®¥ ¯à¨¡«¨¦¥­¨¥ äã­ªæ¨¨ g 2 C[�1; 1]  «£¥¡à ¨ç¥áª¨¬¨
¬­®£®ç«¥­ ¬¨ áâ¥¯¥­¨ ­¥ ¢ëè¥ n� 1.
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�®ª § â¥«ìáâ¢®. �¢¥¤¥¬ ®¯¥à â®à ¯à®¥ªâ¨à®¢ ­¨ï Ln : L2 ! Yn ¯® ä®à¬ã«¥

Ln(g; t) =
nX
j=1

g(tj)
Qn(t)

(t� tj)Q0n(tj)
; g 2 C; (3.3)

£¤¥ t1; t2; : : : ; tn | ã§«ë � ãáá . �§¢¥áâ­®, çâ® Ln | «¨­¥©­ë© ®¯¥à â®à ¨

L2n = Ln : L2 ! Yn; kLnkC!L2 �
p
2; n = 1; 2; : : : ; (3.4)

®¤­ ª® ¯®  ­ «®£¨¨ á «¥¬¬®© 6 ([5], £«. 3) ¬®¦­® ¤®ª § âì, çâ®

kLnkL2!L2 =1; n = 1; 2; : : : (3.5)

�®íâ®¬ã

�n � kf �LnfkL2
� 2

p
2En�1(f)C < 3En�1(f)C ; f 2 C: (3.6)

�î¡ ï ¨§ ���� (3.1), (3.2) íª¢¨¢ «¥­â­  ®¯¥à â®à­®¬ã ãà ¢­¥­¨î

An'n � G'n + LnT'n = Lnf; 'n 2 Xn; Lnf 2 Yn; (3.7)

£¤¥ ¯®¤¯à®áâà ­áâ¢  Xn �W 1
2
¨ Yn � L2 ®¯à¥¤¥«¥­ë ¢ ¯. 1. � á¨«ã «¥¬¬ë 2 à ¡®âë [8] ¨ ãá«®¢¨ï

�) ®¯¥à â®à T :W 1
2
! C ¢¯®«­¥ ­¥¯à¥àë¢¥­. �®íâ®¬ã ¢ á¨«ã (3.3){(3.7) ¨ (1.6){(1.10) ¤«ï «î¡®£®

'n 2 Xn, 'n 6= 0, ¯®á«¥¤®¢ â¥«ì­® ­ å®¤¨¬

kA'n �An'nkL2
= kT'n �LnT'nkL2

= k'nkL2kT n �LnT nkL2 �
� k'nkW 1

2

3En�1(T n)C � 3k'nkW 1

2

sup
 n2Xn

k nkW1

2

�1

En�1(T n)C �

� 3k'nkW 1

2

sup
 2W 1

2

k k
W1

2

�1

En�1(T )C � ee"nk'nkW 1

2

;  n =
'n

k'nkW 1

2

; (3.8)

£¤¥

ee"n � sup
 2W 1

2

k k
W1

2

�1

En�1(T')C ! 0; n!1: (3.9)

�§ (3.8) ¨ (3.9) á«¥¤ã¥â, çâ® ®¯¥à â®àë A � G+ T :W 1
2 ! L2 ¨ An � G+ LnT : Xn ! L2 ¡«¨§ª¨

¢ â®¬ á¬ëá«¥, çâ®

"n � kA�AnkXn!L2 � ee"n ! 0; n!1: (3.10)

� ª¨¬ ®¡à §®¬, ¢ á¨«ã (1.9), (1.10) ¨ (3.6), (3.10) ¤«ï ãà ¢­¥­¨© (1.6) ¨ (3.7) ¢ë¯®«­¥­ë ãá«®-
¢¨ï â¥®à¥¬ë 7 ([5], £«. 1), ¨§ ª®â®à®© á«¥¤ã¥â, çâ® ®¯¥à â®àë An : Xn ! Yn, n � n0, ­¥¯à¥àë¢­®
®¡à â¨¬ë,   ®¡à â­ë¥ ®¯¥à â®àë ®£à ­¨ç¥­ë ¯® ­®à¬¥ ¢ á®¢®ªã¯­®áâ¨, ¯à¨ç¥¬

kA�1n kYn!Xn � c3 = O(1); n!1; (3.11)

k'� � 'nkW 1

2

= kA�1f �A�1n LnfkW 1

2

= O("n + �n) = O(ee"n + �n)!1; n!1: (3.12)

�à®¬¥ â®£®, ¢ á¨«ã (1.9), (1.10), (3.6), (3.11), (3.12) ¨ ¯®«­®© ­¥¯à¥àë¢­®áâ¨ ®¯¥à â®à  T : W 1
2 !

C ¨§ â¥®à¥¬ 6 ¨ 14 ([5], £«. 1) ­ å®¤¨¬

k'� � 'nkW 1

2

= k(E �A�1n LnT )G�1(G'� �LnG'�)kW 1

2

�
� kE �A�1n LnTkW 1

2
!W 1

2

kG�1kL2!W 1

2

kG'� �LnG'�kL2 �
� f1 + kA�1n kYn!XnkLnkC!L2kTkW 1

2
!Cg3En�1(G'�)C �
� 3(1 + 2C3kTkW 1

2
!C)En�1(G'

�)C : (3.13)
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�®áª®«ìªã ¢ á¨«ã ãá«®¢¨© �) ¨ 
)

G'� � '�
0

(t) � f(t)� T ('�; t) 2 C;
â® ¢ á¨«ã ¯¥à¢®© â¥®à¥¬ë �¦¥ªá®­  [13], [14] ¨¬¥¥¬

En�1(G'�)C = En�1('�
0

)C � 3!(G'�;
1
n
)! 0; n!1: (3.14)

�®íâ®¬ã ¨§ (3.11){(3.14) á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 3.

�«¥¤áâ¢¨¥. �á«¨ ­¥¯à¥àë¢­ë¥ äã­ªæ¨¨ a(t), b(t) ¨ f(t) â ª®¢ë, çâ® '�
0

(t) 2 W r[�1; 1],
r 2 N, â® ¢ ãá«®¢¨ïå â¥®à¥¬ë 3 ¬¥â®¤ ª®««®ª æ¨¨ áå®¤¨âáï á® áª®à®áâìî

k'� � 'nkW 1

2

= O

�
1
nr

�
; r 2 N:

� ¬¥â¨¬, çâ® ¢ á¨«ã ¨§¢¥áâ­ëå à¥§ã«ìâ â®¢ [13], [14] â¥®à¨¨ ¯à¨¡«¨¦¥­¨ï äã­ªæ¨© ãâ¢¥à-
¦¤¥­¨ï,  ­ «®£¨ç­ë¥ íâ®¬ã á«¥¤áâ¢¨î, ¬®£ãâ ¡ëâì ¯®«ãç¥­ë â ª¦¥ ¤«ï ¨áá«¥¤®¢ ­­ëå ¢ëè¥
¯®«¨­®¬¨ «ì­ëå ¬¥â®¤®¢.
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