
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

2003 ���������� ò 7 (494)

��� 517.98

�.�.�������, �.�. ����������

���������������� ������������ ������ �������
�������� ����������� ��������� ������� ���� �

��������� ������������

1. � áá¬ âà¨¢ ¥âáï ®¯¥à â®à­®¥ ãà ¢­¥­¨¥

Ax = f; x 2 X; (1.1)

£¤¥ A | «¨­¥©­ë© ¢¯®«­¥ ­¥¯à¥àë¢­ë© ®¯¥à â®à, ¤¥©áâ¢ãîé¨© ¨§ ¡ ­ å®¢  ¯à®áâà ­áâ¢  X
¢ X. �à¥¤¯®« £ ¥¬, çâ® ãà ¢­¥­¨¥ (1.1) ¨¬¥¥â à¥è¥­¨¥ x�, ­¥ ®¡ï§ â¥«ì­® ¥¤¨­áâ¢¥­­®¥. � á¨«ã
¯®«­®© ­¥¯à¥àë¢­®áâ¨ ®¯¥à â®à  A § ¤ ç  (1.1) ®â­®á¨âáï ª ª« ááã ­¥ª®àà¥ªâ­ëå [1]{[3]. �ãáâì
¢¬¥áâ® â®ç­®£® ®¯¥à â®à  A ¨ ¯à ¢®© ç áâ¨ f ¢ (1.1) ¨§¢¥áâ­ë ¨å ¯à¨¡«¨¦¥­¨ï Ah 2 L(X) ¨
f� 2 X â ª¨¥, çâ®

kAh �AkL(X) � h; kf� � fkX � �: (1.2)

�¤¥áì ¨ ¤ «¥¥ ç¥à¥§ k � kX ®¡®§­ ç ¥âáï ­®à¬  í«¥¬¥­â  ¢ ¯à®áâà ­áâ¢¥ X, L(X) | ¯à®áâà ­-
áâ¢® «¨­¥©­ëå ­¥¯à¥àë¢­ëå ®¯¥à â®à®¢, ¤¥©áâ¢ãîé¨å ¨§ X ¢ X. �¡®§­ ç¨¬ ç¥à¥§ X�(A; f)
¬­®¦¥áâ¢® à¥è¥­¨© ãà ¢­¥­¨ï (1.1). � ª®­â¥ªáâ¥ â¥®à¨¨ ­¥ª®àà¥ªâ­ëå § ¤ ç à §à ¡®âª  ¬¥â®-
¤®¢ ¯à¨¡«¨¦¥­­®£® à¥è¥­¨ï ãà ¢­¥­¨ï (1.1) ¢ ãá«®¢¨ïå ¯®£à¥è­®áâ¥© á¢®¤¨âáï ª ¯®áâà®¥­¨î
à¥£ã«ïà¨§ãîé¨å  «£®à¨â¬®¢ ¤«ï § ¤ ç¨ (1.1). � ¯®¬­¨¬ (á¬. [1]{[3]), çâ® à¥£ã«ïà¨§ãîé¨¬  «-
£®à¨â¬®¬ ¤«ï ãà ¢­¥­¨ï (1.1) ­ §ë¢ ¥âáï â ª®¥ § ¢¨áïé¥¥ ®â ¯ à ¬¥âà®¢ h; � � 0 ®â®¡à ¦¥-
­¨¥ Rh� : L(X) � X ! X, çâ® ¤«ï «î¡ëå ­ ç «ì­ëå ¤ ­­ëå (A; f) 2 L(X) �X â ª¨å, çâ®
X�(A; f) 6= ;, ¢ë¯®«­ï¥âáï

9x� 2 X�(A; f) : lim
h;�!0

sup
kAh�AkL(X)�h

kf��fkX��

kRh�(Ah; f�)� x�kX = 0: (1.3)

�®£« á­® (1.3) í«¥¬¥­â xh� = Rh�(Ah; f�) ¬®¦¥â ¡ëâì ¢§ïâ ¢ ª ç¥áâ¢¥ ¯à¨¡«¨¦¥­­®£® à¥è¥­¨ï
ãà ¢­¥­¨ï (1.1), ®â¢¥ç îé¥£® ¯à¨¡«¨¦¥­­ë¬ ¨áå®¤­ë¬ ¤ ­­ë¬ (Ah; f�).

� [4] (á¬. â ª¦¥ [3]) ¤«ï á«ãç ï � = 0 ¢¢¥¤¥­ ¨ ¨áá«¥¤®¢ ­ ª« áá ¬¥â®¤®¢  ¯¯à®ªá¨¬ æ¨¨
à¥è¥­¨ï ãà ¢­¥­¨ï (1.1)

x� = (E ��(A;�)A)� +�(A;�)f; � 2 (0; �0]; (1.4)

£¤¥ E | ¥¤¨­¨ç­ë© ®¯¥à â®à, � | ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨, í«¥¬¥­â � 2 X ¨£à ¥â à®«ì ­ -
ç «ì­®£® ¯à¨¡«¨¦¥­¨ï ª ¨áª®¬®¬ã à¥è¥­¨î x�. �à¥¤¯®« £ ¥âáï, çâ® ¯®à®¦¤ îé ï äã­ªæ¨ï
�(�; �), � 2 C; � 2 (0; �0],  ­ «¨â¨ç­  ¯® � ¢ ®âªpëâ®© ®ªà¥áâ­®áâ¨ D � C á¯¥ªâà  �(A)
®¯¥à â®à  A. �ã¤¥¬ ®¡®§­ ç âì ç¥à¥§ R(�;A) = (�E �A)�1 ¨ �(A) = C n �(A) à¥§®«ì¢¥­âã ¨
à¥§®«ì¢¥­â­®¥ ¬­®¦¥áâ¢® A á®®â¢¥âáâ¢¥­­®. �ãáâì äã­ªæ¨ï '(�)  ­ «¨â¨ç­  ¯® � ¢ ®¡« áâ¨
D, � | ¯®«®¦¨â¥«ì­® ®à¨¥­â¨à®¢ ­­ë© § ¬ª­ãâë© ª®­âãà, «¥¦ é¨© ¢ ®¡« áâ¨ D ¨ c®¤¥à-
¦ é¨© ¢­ãâà¨ á¯¥ªâà �(A). � ¯®¬­¨¬, çâ® äã­ªæ¨ï '(A) ®¯¥à â®à  A 2 L(X) ¢ ¡ ­ å®¢®¬
¯à®áâà ­áâ¢¥ X ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© �¨áá {� ­ä®à¤  ([5], c.455)

'(A) =
1
2�i

Z
�
'(�)R(�;A)d�: (1.5)
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�®âà¥¡­®áâ¨ ¯à ªâ¨ç¥áª®© à¥ «¨§ æ¨¨ ¬¥â®¤®¢  ¯¯à®ªá¨¬ æ¨¨ x�, ¯®«ãç ¥¬ëå ¢ à ¬ª å
áå¥¬ë (1.4), ¤¨ªâãîâ ­¥®¡å®¤¨¬®áâì à §à ¡®âª¨ ¨å  ­ «®£®¢, ®¯¥à¨àãîé¨å á ª®­¥ç­®¬¥à­ë¬¨
 ¯¯à®ªá¨¬ æ¨ï¬¨ ¯à®áâà ­áâ¢  X ¨ ®¯¥à â®à  A. � àï¤ã á íâ¨¬  ªâã «ì­  § ¤ ç  ¯®áâà®¥-
­¨ï ­  ¡ §¥ ª®­¥ç­®¬¥à­ëå ¢ à¨ ­â®¢ áå¥¬ë (1.4) à¥£ã«ïà¨§ãîé¨å  «£®à¨â¬®¢ ¤«ï à¥è¥­¨ï
ãà ¢­¥­¨© (1.1) ¢ ãá«®¢¨ïå ¯®£à¥è­®áâ¥© ¢ ¨áå®¤­ëå ¤ ­­ëå (A; f).

� ä¨ªá¨àã¥¬ á¥¬¥©áâ¢  ª®­¥ç­®¬¥à­ëå ¯®¤¯à®áâà ­áâ¢ fNlg ¨ fMmg ¨§ X. �ãáâì Pl, Qm |
¯à®¥ªâ®àë (¢ ®¡é¥¬ áãç ¥ ­¥®àâ®£®­ «ì­ë¥) ­  ¯®¤¯à®áâà ­áâ¢  Nl,Mm á®®â¢¥âáâ¢¥­­®. � ª¨¬
®¡à §®¬, ¨¬¥îâ ¬¥áâ® á®®â­®è¥­¨ï

P 2
l = Pl; Q2

m = Qm; Nl = Im(Pl); Mm = Im(Qm);

£¤¥ Im(A) ¥áâì ®¡à § ®¯¥à â®à  A. �à®¬¥ â®£®, ¯à¥¤¯®« £ ¥âáï, çâ® á¥¬¥©áâ¢  fNlg, fMmg ¯«®â-
­ë ¢ ¯à®áâà ­áâ¢¥ X, â ª çâ®

lim
l!1

k(E � Pl)xkX = 0; lim
m!1

k(E �Qm)xkX = 0 8x 2 X:

� á¨«ã â¥®à¥¬ë � ­ å {�â¥©­£ ã§  ([6], c. 129) ¯à®¥ªâ®àë Pl, Qm à ¢­®¬¥à­® ®£à ­¨ç¥­ë ¯®
­®à¬¥, â. ¥.

sup
l

kPlkL(X) <1; sup
m
kQmkL(X) <1: (1.6)

�¡®§­ ç¨¬ ç¥à¥§ C1; C2 ¢¥àå­¨¥ £à ­¨, áâ®ïé¨¥ ¢ «¥¢ëå ç áâïå ­¥à ¢¥­áâ¢ (1.6). � á¨«ã ¯®«­®©
­¥¯à¥àë¢­®áâ¨ ®¯¥à â®à  A ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢® lim

m!1
k(E �Qm)AkL(X) = 0 (á¬. [7], c. 202).

�â¬¥â¨¬, çâ® ¥á«¨ ¨áå®¤­®¥ ¯à®áâà ­áâ¢® X à¥ä«¥ªá¨¢­®, â® ­ àï¤ã á íâ¨¬ à ¢¥­áâ¢®¬ § ç -
áâãî á¯à ¢¥¤«¨¢® á®®â­®è¥­¨¥ lim

l!1
kA(E � Pl)kL(X) = 0 (á¬. [7], á. 203). �® ¬­®£¨å á«ãç ïå á

¨á¯®«ì§®¢ ­¨¥¬ à¥§ã«ìâ â®¢ â¥®à¨¨ ¯à¨¡«¨¦¥­¨© (á¬., ­ ¯à., [8], [9]) ¯®á«¥¤­¨¥ á®®â­®è¥­¨ï
ã¤ ¥âáï ãâ®ç­¨âì, ãª § ¢ â ª¨¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ f�lg, f!mg, çâ®

kA(E � Pl)kL(X) � C3�l; k(E �Qm)AkL(X) � C4!m; (1.7)

lim
l!1

�l = lim
m!1

!m = 0;

£¤¥ ¯®áâ®ï­­ë¥ C3; C4; : : : ­¥ § ¢¨áïâ ®â l, m. �ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¯®á«¥¤®¢ â¥«ì­®áâ¨ f�lg,
f!mg, ã¤®¢«¥â¢®àïîé¨¥ (1.7), § ä¨ªá¨à®¢ ­ë.

� ¤ ­­®© áâ âì¥ à áá¬ âà¨¢ ¥âáï á«¥¤ãîé¨© ª« áá ¬¥â®¤®¢ ª®­¥ç­®¬¥à­®©  ¯¯à®ªá¨¬ æ¨¨
à¥è¥­¨ï ãà ¢­¥­¨ï (1.1) ¢ ãá«®¢¨ïå ¯à¨¡«¨¦¥­­ëå ¤ ­­ëå:

xh��lm = (E ��(QmAhPl; �)QmAhPl)� +�(QmAhPl; �)Qmf�: (1.8)

� ª ¡ã¤¥â ¯®ª § ­® ­¨¦¥, à¥ «¨§ æ¨ï áå¥¬ë (1.8) ¢ â¨¯¨ç­ëå á«ãç ïå á¢®¤¨âáï ª à¥è¥­¨î
ª®­¥ç­ëå á¨áâ¥¬ «¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å «¨¡® ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©. � £àã¯¯¥ ¬¥-
â®¤®¢ (1.8) ¯à¨å®¤¨¬, à¥£ã«ïà¨§ãï á®£« á­® (1.4) ãà ¢­¥­¨¥

(QmAhPl)x = Qmf�; x 2 Nl;

ï¢«ïîé¥¥áï ª®­¥ç­®¬¥à­®©  ¯¯à®ªá¨¬ æ¨¥© ãà ¢­¥­¨ï (1.1) ¯® áå¥¬¥ �¥âà®¢ {� «�¥àª¨­  ([7],
c. 190; [10], c. 46).

� (1.8) ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨ � = �(h; �) ¨ ­®¬¥à  ¨á¯®«ì§ã¥¬ëå ¯®¤¯à®áâà ­áâ¢ l =
l(h; �), m = m(h; �) á«¥¤ã¥â á®£« á®¢ âì á ¯®£à¥è­®áâï¬¨ h, � â ª, çâ®¡ë à ¢­®¬¥à­® ®â­®á¨-
â¥«ì­® ¢ë¡®à  ¯à¨¡«¨¦¥­¨© Ah, f� ¢ à ¬ª å ãá«®¢¨© (1.2) ¢ë¯®«­ï«®áì à¥£ã«ïà¨§ æ¨®­­®¥
á®®â­®è¥­¨¥ (1.3):

lim
h;�!0

kxh��lm � x�kX = 0:

� íâ®¬ á«ãç ¥ ®â®¡à ¦¥­¨¥ Rh� : L(X) �X ! X, £¤¥ Rh�(Ah; f�) = xh��lm, ®¯à¥¤¥«ï¥â à¥£ã«ïà¨-
§ãîé¨©  «£®à¨â¬ ¤«ï § ¤ ç¨ (1.1).
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2. �â®ç­¨¬ ª« áá à áá¬ âà¨¢ ¥¬ëå ¤ «¥¥ ãà ¢­¥­¨© (1.1) ¨ ¯®à®¦¤ îé¨å äã­ªæ¨© �(�; �).
�­ «®£¨ç­® [3], [4], [11] ¯à¥¤¯®« £ ¥¬, çâ® ®¯¥à â®à A ¢ (1.1) ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¥¬ã ãá«®-
¢¨î á¥ªâ®à¨ «ì­®áâ¨.

�á«®¢¨¥ 1. �«ï ­¥ª®â®àëå '0 2 (0; �), C5 > 0 ¢ë¯®«­ï¥âáï ¢ª«îç¥­¨¥

�(A) � K('0); K('0) = f� 2 C : j arg �j < '0g [ f0g (2.1)

¨ ®æ¥­ª 

kR(�;A)kL(X) �
C5

j�j
8� 2 C nK('0): (2.2)

�¥ª®â®àë¥ ª« ááë ®¯¥à â®à®¢ A 2 L(X), ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î 1, ¯à¨¢¥¤¥­ë ¢ [11].
� ä¨ªá¨àã¥¬ ¢¥«¨ç¨­ã R0 > kAkL(X). �¥âàã¤­® ¢¨¤¥âì, çâ® �(A) � K(R0; '0), £¤¥

K(R0; '0) = K('0) \ S(R0); S(�) = f� 2 C : j�j � �g:

�à®¬¥ â®£®, ®æ¥­ª  (2.2) á á®®â¢¥âáâ¢ãîé¥© ¯®áâ®ï­­®© C5 ¢ë¯®«­ï¥âáï ¯à¨ § ¬¥­¥ ª®­ãá 
K('0) ­  á¥ªâ®à K(R0; '0).

�å®¤¨¬®áâì ¯à¨¡«¨¦¥­¨© (1.8) ¡ã¤¥¬ ¨áá«¥¤®¢ âì ¢ ¯à¥¤¯®«®¦¥­¨¨ ¯à¨¡«¨¦¥­­®© ¨áâ®ª®-
¯à¥¤áâ ¢¨¬®áâ¨ ­ ç «ì­®© ­¥¢ï§ª¨

x� � � = Apv + w; v; w 2 X; p > 0; kwkX � �: (2.3)

�¤¥áì ¤«ï ®¯¥à â®à  A, ã¤®¢«¥â¢®àïîé¥£® ãá«®¢¨î 1, ¨ ­ âãà «ì­®£® ¯®ª § â¥«ï p áâ¥¯¥­ì Ap

®¯à¥¤¥«ï¥âáï áâ ­¤ àâ­ë¬ ®¡à §®¬: Ap = A � : : : �A. � á«ãç ¥ p 2 (0; 1), á«¥¤ãï ([12], á. 156; [13]),
¯®« £ ¥¬

Ap =
sin�p
�

Z 1

0

tp�1(tE +A)�1Adt: (2.4)

� á¨«ã ®æ¥­ª¨ (2.2) ¨­â¥£à « ¢ ¯à ¢®© ç áâ¨ (2.4) áå®¤¨âáï  ¡á®«îâ­® ¨ ¯à¥¤áâ ¢«ï¥â ®¯¥à â®à
Ap 2 L(X). � ª®­¥æ, ¤«ï ¯à®¨§¢®«ì­®£® p 2 (n; n+ 1) ¨ ­ âãà «ì­®£® n ¯à¨­¨¬ ¥¬

Ap = Ap�nAn � AnAp�n: (2.5)

�¥¬¬  1 ([12], c. 155). �ãáâì ®¯¥à â®à A ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1. �®£¤  ¤«ï «î¡®£®
� 2 (0; 1) ¨¬¥¥â ¬¥áâ® ®æ¥­ª 

kA�
" �A�kL(X) � C6"

� 8" > 0;

£¤¥ A" = A+ "E ¨ ¯®áâ®ï­­ ï C6 = C6(�) ­¥ § ¢¨á¨â ®â ".

� ¤®¯®«­¥­¨¥ ª ãá«®¢¨î 1 ¡ã¤¥¬ ¯à¥¤¯®« £ âì ¢ë¯®«­¥­­ë¬ á«¥¤ãîé¥¥

�á«®¢¨¥ 2. �«ï «î¡®£® � 2 (0; �0] ¯®à®¦¤ îé ï äã­ªæ¨ï �(�; �)  ­ «¨â¨ç­  ¯® � ­ 
®âªàëâ®¬ ¬­®¦¥áâ¢¥ D� � C â ª®¬, çâ®

K�(R0; d0; '0) � D�; (2.6)

£¤¥ K�(R0; d0; '0) = K(R0; '0) [ S(d0�); d0 2 (0; 1) | ä¨ªá¨à®¢ ­­ ï ¯®áâ®ï­­ ï.

�¡®§­ ç¨¬ ç¥à¥§ 
� £à ­¨æã ¬­®¦¥áâ¢  K�(R0; d0; '0). � ä¨ªá¨àã¥¬ ¯®«®¦¨â¥«ì­® ®à¨¥­-
â¨à®¢ ­­ë© ª®­âãà �� � D� â ª, çâ®¡ë �� á®¤¥à¦ « ¢­ãâà¨ ª®­âãà 
� ¨ ­¥ á®¤¥à¦ « â®çªã
� = �d1� á ­¥ª®â®àë¬ d1 > d0. �®£« á­® (2.1), (2.6) ®¯¥à â®à �(A;�) ¢ (1.4) ¬®¦¥â ¡ëâì ¯à¥¤-
áâ ¢«¥­ ¢ ¢¨¤¥

�(A;�) =
1
2�i

Z
��

�(�; �)R(�;A)d�; � 2 (0; �0]: (2.7)

3. �¥à¥©¤¥¬ ª ¨áá«¥¤®¢ ­¨î áå®¤¨¬®áâ¨ ¯à¨¡«¨¦¥­¨© (1.8). �­ ç «¥ ¯®ª ¦¥¬, çâ® ¯à¨ ¤®-
áâ â®ç­® ¡®«ìè¨å l, m ¨ ¤®áâ â®ç­® ¬ «®¬ h > 0 äã­ªæ¨ï �(QmAhPl; �) ®¯¥à â®à  QmAhPl
­ àï¤ã á �(A; �) ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥­  ¯® ä®à¬ã«¥ (2.7).
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�¥¬¬  2. �ãáâì ®¯¥à â®à A ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1 ¨ ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢®

C7(h+ �l + !m)
d0�

� !; (3.1)

£¤¥ C7 = C5maxfC1C2; C2C3; C4g; ! 2 (0; 1) | ä¨ªá¨à®¢ ­­ ï ¯®áâ®ï­­ ï. �®£¤  ¯®áâà®¥­­ë©
ãª § ­­ë¬ ¢ëè¥ á¯®á®¡®¬ ª®­âãà �� ®å¢ âë¢ ¥â á¯¥ªâà �(QmAhPl), ¯®íâ®¬ã ¤«ï ®¯¥à â®à 
�(QmAhPl; �) á¯à ¢¥¤«¨¢® ¯à¥¤áâ ¢«¥­¨¥ (2:7) á § ¬¥­®© A ­  QmAhPl.

�®ª § â¥«ìáâ¢®. �«ï «î¡®£® � 2 CnintK�(R0; d0; '0) ¯® ¯®áâà®¥­¨î ¬­®¦¥áâ¢ K�(R0; d0; '0)
¨¬¥¥¬ j�j � d0�. �á¯®«ì§ãï (1.2), (1.6), (1.7), (2.2), ¯®«ãç ¥¬

k(QmAhPl �A)R(�;A)kL(X) �

�
C5

j�j

�
k(E �Qm)AkL(X) + C1C2kAh �AkL(X) + C2kA(E � Pl)kL(X)

�
�

C7(h+ �l + !m)
d0�

� ! < 1:
(3.2)

�«¥¤®¢ â¥«ì­®, ¢ á¨«ã â¥®à¥¬ë ¨§ ([6], á. 141) � 2 �(QmAhPl). � ª¨¬ ®¡à §®¬, ª®­âãà �� á®¤¥à-
¦¨â ¢­ãâà¨ ¢á¥ â®çª¨ á¯¥ªâà  �(QmAhPl).

�á«®¢¨¥ (3.1) ¢áî¤ã ¢ ¤ «ì­¥©è¥¬ ¯à¥¤¯®« £ ¥âáï ¢ë¯®«­¥­­ë¬. �§ (1.8) ¨ (2.3) á«¥¤ã¥â

xh��lm � x� = �(E ��(QmAhPl; �)QmAhPl)(x
� � �)��(QmAhPl; �)Qm(AhPlx

� � f�) =

= ��(QmAhPl; �)Qm[(Ah �A)Plx
� + (f � f�)�A(E � Pl)x

�]�

� (E ��(QmAhPl; �)QmAhPl)(A
pv + w): (3.3)

�¡®§­ ç¨¬ ç¥à¥§ n = [p] ¨ � = p � n æ¥«ãî ¨ ¤à®¡­ãî ç áâ¨ p á®®â¢¥âáâ¢¥­­®. �®£« á­® (2.5)
Ap = AnA� . �§ (3.3) á ãç¥â®¬ (1.2), (1.6), (1.7), (2.3) ¯®«ãç ¥¬ ®æ¥­ªã

kxh��lm � x�kX � C8k�(QmAhPl; �)kL(X)(h+ � + �l) +

+ k(E ��(QmAhPl; �)QmAhPl)ApvkX + kE ��(QmAhPl; �)QmAhPlkL(X)�: (3.4)

�æ¥­¨¬ ¯® ®â¤¥«ì­®áâ¨ ª ¦¤®¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ ­¥à ¢¥­áâ¢  (3.4). � á¨«ã «¥¬¬ë 2
¨¬¥¥¬

k�(QmAhPl; �)kL(X) �
1
2�

Z
��

j�(�; �)j kR(�;QmAhPl)kL(X)jd�j 8� 2 (0; �0]: (3.5)

�®p¬ã, áâ®ïéãî ¯®¤ §­ ª®¬ ¨­â¥£p «  ¢ (3.5), ®æ¥­¨¬, ¨á¯®«ì§ãï á®®â­®è¥­¨ï (2.2), (3.2) ¨
¯à¥¤«®¦¥­¨¥ 2 ¨§ [14] («¥¬¬  5.2 ¨§ [15]):

kR(�;QmAhPl)kL(X) � kR(�;A)kL(X)

1X
k=o

k(QmAhPl �A)R(�;A)kkL(X) �

�
C5

j�j(1 � !)
8� 2 ��; 8� 2 (0; �0]: (3.6)

�§ (3.5), (3.6) á«¥¤ã¥â

k�(QmAhPl; �)kL(X) �
C5

2�(1 � !)

Z
��

j�(�; �)j
j�j

jd�j 8� 2 (0; �0]: (3.7)

� á¢ï§¨ á ¯®«ãç¥­­®© ®æ¥­ª®© ¢¢¥¤¥¬ á«¥¤ãîé¥¥ ¤®¯®«­¨â¥«ì­®¥ ãá«®¢¨¥ ­  ¯®à®¦¤ îéãî
äã­ªæ¨î �(�; �).

�á«®¢¨¥ 3. �«ï ¢á¥å � 2 (0; �0] ¨¬¥¥â ¬¥áâ® ®æ¥­ª Z
��

j�(�; �)j
j�j

jd�j �
C9

�
:
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�ç¨âë¢ ï ãá«®¢¨¥ 3, ¨§ (3.7) ¯®«ãç ¥¬

k�(QmAhPl; �)kL(X) �
C10

�
8� 2 (0; �0]: (3.8)

�«ï ¢â®à®£® á« £ ¥¬®£® ¢ (3.4) á¯p ¢¥¤«¨¢  ®æ¥­ª 

k(E ��(QmAhPl; �)QmAhPl)ApvkX � k(E ��(A;�)A)ApvkX +

+ k(�(A;�)A ��(QmAhPl; �)QmAhPl)ApvkX : (3.9)

�ã¤¥¬ ¯à¥¤¯®« £ âì ¢ë¯®«­¥­­ë¬

�á«®¢¨¥ 4. �«ï ¢á¥å s 2 [0; p] ¨¬¥¥â ¬¥áâ® ®æ¥­ª Z
��

j1��(�; �)�j j�js�1jd�j � C11�
s 8� 2 (0; �0]; (3.10)

£¤¥ C11 = C11(p).

�®«®¦¨¬ " = d1�. �®áª®«ìªã á®£« á­® áª § ­­®¬ã ¢ ª®­æ¥ ¯. 2 ª®­âãà �� ­¥ ¯à®å®¤¨â ç¥à¥§
â®çªã � = �" ¨ ­¥ á®¤¥à¦¨â ¥¥ ¢­ãâà¨, ¨§ (2.2), (3.10) ­  ®á­®¢ ­¨¨ (1.5) ¨ «¥¬¬ë 1 ¯®«ãç ¥¬

k(E ��(A;�)A)ApvkX � k(E ��(A;�)A)An(A+ "E)�vkX +

+ k(E ��(A;�)A)An((A+ "E)� �A�)vkX �

�
1
2�
kvkX

Z
��

j1��(�; �)�j j�jnj�+ "j
�
kR(�;A)kL(X)jd�j+

+
C6

2�
"�kvk

X

Z
��

j1��(�; �)�j j�jnkR(�;A)k
L(X)jd�j �

� C12kvkX

�Z
��

j1��(�; �)�j(j�jp�1 + "� j�j
n�1)jd�j+

+ "�
Z
��

j1��(�; �)�jj�jn�1jd�j
�
� C13kvkX�

p: (3.11)

� «¥¥ ­ å®¤¨¬

k(�(A;�)A ��(QmAhPl; �)QmAhPl)A
pvkX �

� k(�(A;�)A ��(QmAhPl; �)QmAhPl)A
n(A+ "E)�vkX +

+ k(�(A;�)A ��(QmAhPl; �)QmAhPl)An((A+ "E)� �A�)vkX : (3.12)

�æ¥­¨¬ ¯¥à¢®¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ ­¥à ¢¥­câ¢  (3.12). �  ®á­®¢ ­¨¨ (1.5) ¨ «¥¬¬ë 2 ¨¬¥¥¬

k(�(A;�)A ��(QmAhPl; �)QmAhPl)A
n(A+ "E)�vkX �

�
1
2�
kvkX

Z
��

j1��(�; �)�j k(R(�;A) �R(�;QmAhPl))A
n(A+ "E)�kL(X)jd�j: (3.13)

�á¯®«ì§ãï (1.2), (1.6), (1.7), (2.2), (3.2) ¨ ¯à¥¤«®¦¥­¨¥ 2 ¨§ [14] (á¬. â ª¦¥ «¥¬¬ã 5.2 ¨§ [15]),
¯®«ãç ¥¬

k(R(�;A) �R(�;QmAhPl))A
n(A+ "E)�k

L(X) �

�






1X
k=1

(R(�;A)(QmAhPl �A))kR(�;A)An(A+ "E)�





L(X)

�

�
C14(h+ �l + !m)

(1� !)j�j
kR(�;A)AnkL(X) 8� 2 ��; 8� 2 (0; �0]:
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� ¬¥â¨¬, çâ® ¤«ï «î¡®£® ®¯¥à â®à  A 2 L(X) ¨ ­ âãà «ì­®£® n = [p] ¨¬¥¥â ¬¥áâ® ®æ¥­ª 

kR(�;A)AnkL(X) � C15gp(j�j); gp(t) =

(
t�1; [p] = 0;
1; [p] > 0;

p > 0:

� á¨«ã ¯®á«¥¤­¥£® ­¥à ¢¥­áâ¢  ¨§ (3.10) (¯à¨ s = 0) ¨ (3.13) á«¥¤ã¥â

k(�(QmAhPl; �)QmAhPl ��(A;�)A)An(A+ "E)�vkX �

� C16kvkXgp(�)(h + �l + !m) 8� 2 (0; �0]: (3.14)

� ãç¥â®¬ (1.2), (1.6), (1.7), (3.2), ãá«®¢¨ï 4 ¨ «¥¬¬ë 1 ¢â®à®¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ (3.12)
®æ¥­¨¬ á«¥¤ãîé¨¬ ®¡à §®¬:

k(�(QmAhPl; �)QmAhPl ��(A;�)A)An((A+ "E)� �A�)vkL(X) �

� C17kvkX�
�

Z
��

j1��(�; �)�jk(R(�;A) �R(�;QmAhPl))A
n((A+ "E)� �A�)kL(X)jd�j �

� C17kvkX�
�

Z
��

j1��(�; �)�j






1X
k=1

(R(�;A)(QmAhPl �A))kR(�;A)An((A+ "E)� �A�)





L(X)

jd�j �

� C18kvkXgp(�)�
�(h+ �l + !m): (3.15)

�®£« á­® (3.6), (3.10) (¯à¨ s = 0) ¤«ï âà¥âì¥£® á« £ ¥¬®£® ¢ (3.4) ¨¬¥¥¬

kE ��(QmAhPl; �)QmAhPlkL(X) � C19 8� 2 (0; �0]: (3.16)

�¡ê¥¤¨­ïï (3.4), (3.8), (3.9), (3.11), (3.12), (3.14){(3.16), ®ª®­ç â¥«ì­® ¯à¨å®¤¨¬ ª ®æ¥­ª¥

kxh��lm � x�kX � C20

�
h+ � + �l

�
+ kvkX (�

p + gp(�)(h + �l + !m)) + �
�
: (3.17)

� ª¨¬ ®¡à §®¬, ¤®ª § ­ 

�¥®à¥¬ . �ãáâì ¢ë¯®«­ïîâáï ãá«®¢¨ï 1{ 4 ¨ ¤«ï ­¥ª®â®à®£® x� 2 X�(A; f) ­ ç «ì­ ï ­¥-
¢ï§ª  x� � � ®¡« ¤ ¥â ¨áâ®ª®®¡à §­ë¬ ¯à¥¤áâ ¢«¥­¨¥¬ (2:3). �à¥¤¯®«®¦¨¬, çâ® ¯ à ¬¥âà
à¥£ã«ïà¨§ æ¨¨ � = �(h; �) ¨ ­®¬¥à  l = l(h; �), m = m(h; �) á®£« á®¢ ­ë á ¯®£à¥è­®áâï¬¨ h, �
â ª, çâ® ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢® (3:1) ¨, ªà®¬¥ â®£®,

lim
h;�!0

l(h; �) = lim
h;�!0

m(h; �) =1;

�(h; �) 2 (0; �0]; lim
h;�!0

�(h; �) = lim
h;�!0

h+ � + �l(h;�)
�(h; �)

= 0:

�®£¤  ¤«ï ãª § ­­®£® x� ¨¬¥¥â ¬¥áâ® ®æ¥­ª  (3:17) ¨

lim
h;�!0

kxh��lm � x�kX � C20�: (3.18)

�¥à ¢¥­áâ¢® (3.18) ¯®ª §ë¢ ¥â, çâ® ¯à¨ � = 0, â. ¥. ¢ á«ãç ¥ x� � � 2 Im(Ap), ®â®¡à ¦¥­¨¥
Rh�(Ah; f�) = xh��lm ®¯à¥¤¥«ï¥â à¥£ã«ïà¨§ãîé¨©  «£®à¨â¬ ¤«ï § ¤ ç¨ (1.1). � ®¡é¥¬ á«ãç ¥ á®-
£« á­® (3.18) ¯à¨¡«¨¦¥­¨¥ xh��lm  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ¯à¨ h; � ! 0 ¯® ®â­®è¥­¨î ª ¬ «ë¬
¢ à¨ æ¨ï¬ ¨áâ®ª®®¡à §­®£® ¯à¥¤áâ ¢«¥­¨ï x� � � 2 Im(Ap), ¬¥à®© ª®â®àëå á«ã¦¨â ¢¥«¨ç¨­ 
� � 0.

� ¬¥â¨¬, çâ® ãá«®¢¨¥ á¥ªâ®à¨ «ì­®áâ¨ ¢ â¥®à¥¬¥ ­ « £ ¥âáï â®«ìª® ­  â®ç­ë© ®¯¥à â®à A,
®â  ¯¯à®ªá¨¬ æ¨¨ Ah âà¥¡ã¥âáï «¨èì ¡«¨§®áâì ª A ¢ á¬ëá«¥ ­¥à ¢¥­áâ¢  (1.2). �â¬¥â¨¬ â ª¦¥,
çâ® ¢ ¯à®æ¥áá¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë ª®­¥ç­®¬¥à­®áâì ¯®¤¯à®áâà ­áâ¢ Nl ¨ Mm ä ªâ¨ç¥áª¨
­¥ ¨á¯®«ì§®¢ « áì, ¯®íâ®¬ã ¥¥ à¥§ã«ìâ â ®áâ ¥âáï ¢ á¨«¥ ¨ ¢ á«ãç ïå Pl = E «¨¡® Qm = E,
ª®â®àë¥ ä®à¬ «ì­® á®®â¢¥âáâ¢ãîâ ¢ë¡®àã l = l(h; �) = 1 «¨¡® m = m(h; �) = 1. � íâ¨å
á«ãç ïå ®æ¥­ª¨ (1.7)  ¢â®¬ â¨ç¥áª¨ ¢ë¯®«­ïîâáï á �l = 0 ¨ !m = 0 á®®â¢¥âáâ¢¥­­®.
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4. � áá¬®âà¨¬ ­¥áª®«ìª® ¯à¨¬¥à®¢ à¥ «¨§ æ¨¨ ¬¥â®¤®¢ (1.8), ®â¢¥ç îé¨å ­¥ª®â®àë¬ ç áâ®
¨á¯®«ì§ã¥¬ë¬ á¥¬¥©áâ¢ ¬ ¯®à®¦¤ îé¨å äã­ªæ¨© �(�; �). �¥¯®áà¥¤áâ¢¥­­® ¯à®¢¥àï¥âáï, çâ®
¢á¥ à áá¬ âà¨¢ ¥¬ë¥ ­¨¦¥ äã­ªæ¨¨ �(�; �) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ 2, 3.

�à¨¬¥à 1. � áá¬®âà¨¬ äã­ªæ¨î

�(�; �) = (�+ �)�1;

¨§¢¥áâ­ãî ¢ â¥®à¨¨ «¨­¥©­ëå ­¥ª®àà¥ªâ­ëå § ¤ ç ¢ ª ç¥áâ¢¥ ¯®à®¦¤ îé¥© äã­ªæ¨¨ ¬¥â®¤ 
�.�.� ¢à¥­âì¥¢  ([16], á. 19). �®£« á­® (1.8) ­ å®¦¤¥­¨¥ ¯à¨¡«¨¦¥­¨ï xh��lm á¢®¤¨âáï ª à¥è¥­¨î
ãà ¢­¥­¨ï

(�E +QmAhPl)(x
h�
�lm � �) = Qm(f� �AhPl�): (4.1)

�§ (4.1) á«¥¤ã¥â, çâ® xh��lm � � 2 Mm. �«ï ®¯à¥¤¥«¥­­®áâ¨ ¯à¨¬¥¬ dimMm = m, ¨ ¯ãáâì feigmi=1
| ¡ §¨á ¯®¤¯à®áâà ­áâ¢  Mm, â ª çâ®

xh��lm = � +
mX
i=1

ciei: (4.2)

� ª¨¬ ®¡à §®¬, ­ å®¦¤¥­¨¥ xh��lm á¢®¤¨âáï ª ¢ëç¨á«¥­¨î ª®íää¨æ¨¥­â®¢ ci, i = 1; : : : ;m, ¢ (4.2).
�¡®§­ ç¨¬ ç¥p¥§ I ¥¤¨­¨ç­ãî m�m-¬ âà¨æã ¨ ¯®«®¦¨¬ c = (ci)mi=1, D = (dij)mi;j=1, b = (bi)mi=1,
£¤¥

QmAhPlei =
mX
j=1

djiej ; Qm(f� �AhPl�) =
mX
i=1

biei: (4.3)

�á¯®«ì§ãï ¢¢¥¤¥­­ë¥ ®¡®§­ ç¥­¨ï, ¨§ (4.1), (4.2) ¯à¨å®¤¨¬ ª á¨áâ¥¬¥ «¨­¥©­ëå ãà ¢­¥­¨© (�I+
D)c = b ®â­®á¨â¥«ì­® ­¥¨§¢¥áâ­ëå ª®íää¨æ¨¥­â®¢ ci, i = 1; : : : ;m. �§ «¥¬¬ë 2 á«¥¤ã¥â, çâ® ¯à¨
¢ë¯®«­¥­¨¨ (3.1) ¯®«ãç¥­­ ï á¨áâ¥¬  ­¥®á®¡ ï.

� áá¬ âà¨¢ ¥¬ ï ¢ íâ®¬ ¯à¨¬¥à¥ ¯®à®¦¤ îé ï äã­ªæ¨ï ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 4 ¯à¨ ¢á¥å
p 2 (0; 1].

�à¨¬¥à 2. �ã­ªæ¨ï

�(�; �) =
1
�

�
1�

�
�

�+ �

�N�
; N = 2; 3; : : : ;

¨§¢¥áâ­  ª ª ¯®à®¦¤ îé ï äã­ªæ¨ï ¨â¥à¨à®¢ ­­®£® ¬¥â®¤  �.�.� ¢à¥­âì¥¢  ([16], á. 19). �
¤ ­­®¬ á«ãç ¥ áå¥¬  (1.8) ¤®¯ãáª ¥â á«¥¤ãîéãî à¥ «¨§ æ¨î: xh��lm = xh�;N�lm ; £¤¥ í«¥¬¥­âë ¯®-
á«¥¤®¢ â¥«ì­®áâ¨ fxh�;k�lmg

N
k=0 ¢ëç¨á«ïîâáï ¨â¥à æ¨®­­®:

xh�;0�lm = �; (�E +QmAhPl)(x
h�;k
�lm � xh�;k�1�lm ) = Qm(f� �AhPlx

h�;k�1
�ml ); k = 1; : : : ; N: (4.4)

�­ «®£¨ç­® (4.2) ¯à¨¬¥¬

xh�;k�lm = � +
mX
i=1

c(k)i ei (4.5)

¨ ®¡®§­ ç¨¬ c(k) = (c(k)i )mi=1. �§ (4.4), (4.5) ¯®«ãç ¥¬ à¥ªãàà¥­â­ãî áå¥¬ã ¤«ï ®¯à¥¤¥«¥­¨ï ¢¥ª-
â®à  c(N)

c(0) = 0; (�I +D)c(k) = b+ �c(k�1); k = 1; : : : ; N: (4.6)

� ¤ ­­®¬ á«ãç ¥ à¥ «¨§ æ¨ï áå¥¬ë (1.8) á¢®¤¨âáï ª ¯®á«¥¤®¢ â¥«ì­®¬ã à¥è¥­¨î N ­¥®á®¡ëå
á¨áâ¥¬ «¨­¥©­ëå ãà ¢­¥­¨© (4.6). �¥¯®áà¥¤áâ¢¥­­® ¯à®¢¥àï¥âáï, çâ® ãá«®¢¨¥ 4 ¢ ¤ ­­®¬ á«ãç ¥
¢ë¯®«­ï¥âáï ¤«ï ¢á¥å p 2 (0; N ].
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�à¨¬¥à 3. �ã­ªæ¨ï

�(�; �) =

(
��1(1� e�

�

� ); � 6= 0;
��1; � = 0

ï¢«ï¥âáï ¯®à®¦¤ îé¥© ¤«ï ¬¥â®¤  ãáâ ­®¢«¥­¨ï ([16], á. 27). �à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ xh��lm, ®¯à¥-
¤¥«ï¥¬®¥ (1.8), ¨¬¥¥â ¢¨¤ xh��lm = u(��1), £¤¥ X-§­ ç­ ï äã­ªæ¨ï u = u(t) ï¢«ï¥âáï à¥è¥­¨¥¬
§ ¤ ç¨ �®è¨

du

dt
+QmAhPlu = Qmf�;

u(0) = �:
(4.7)

�¥è¥­¨¥ § ¤ ç¨ (4.7) ¨é¥¬ ¢ ¢¨¤¥

u(t) = � +
mX
i=1

ci(t)ei; ci(0) = 0; i = 1; : : : ;m:

�®¤áâ ¢¨¢ ¯®á«¥¤­¥¥ ¢ëà ¦¥­¨¥ ¢ (4.7), ¯®«ãç¨¬ ª®­¥ç­®¬¥à­ãî § ¤ çã �®è¨ ¤«ï ®âëáª ­¨ï
ª®íää¨æ¨¥­â®¢ ci(t), i = 1; : : : ;m,

dc

dt
+Dc(t) = b;

c(0) = 0;

£¤¥ c(t) = (ci(t))mi=1, ¬ âà¨æ  D ¨ ¢¥ªâ®à b ®¯à¥¤¥«¥­ë ¢ (4.3). �¥¯®áà¥¤áâ¢¥­­® ¯à®¢¥àï¥âáï, çâ®
à áá¬ âà¨¢ ¥¬ ï ¢ íâ®¬ ¯à¨¬¥à¥ ¯®à®¦¤ îé ï äã­ªæ¨ï ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 4 ¯à¨ ¢á¥å
p 2 (0;1).

�à¨¬¥à 4. �ã­ªæ¨ï

�(�; �) =

(
��1

�
1� (1� ��)

1
�

�
; � 6= 0;

���1; � = 0

¢ ¯à¨¬¥­¥­¨¨ ª «¨­¥©­ë¬ ®¯¥à â®à­ë¬ ãà ¢­¥­¨ï¬ ¯®à®¦¤ ¥â ¯à®áâ¥©è¨© ï¢­ë© ¨â¥à æ¨®­-
­ë© ¯à®æ¥áá ([16], á. 24). � ¤ ­­®¬ á«ãç ¥ ¢ (1.8) ¯®« £ ¥¬ � = 1; 1

2
; : : : ; 1

n
; : : : �®§¬®¦­  á«¥¤ã-

îé ï à¥ «¨§ æ¨ï áå¥¬ë (1.8) á íâ®© ¯®à®¦¤ îé¥© äã­ªæ¨¥©: xh��lm = xh�;n�lm , £¤¥

xh�;0�lm = �; xh�;k�lm = xh�;k�1�lm � �Qm(AhPlx
h�;k�1
�lm � f�); k = 1; : : : ; n: (4.8)

�ã¤¥¬ ¨áª âì í«¥¬¥­âë xh�;k�lm, k = 0; : : : ; n, ¢ ¢¨¤¥ (4.5). �«ï ¢ëç¨á«¥­¨ï ª®íää¨æ¨¥­â®¢ c
(n)
i ,

i = 1; : : : ;m, ¯®«ãç ¥âáï à¥ªãàà¥­â­ ï áå¥¬ 

c(0) = 0; c(k) = (I � �D)c(k�1) + �b; k = 1; : : : ; n:

�¤¥áì c(k) = (c(k)i )mi=1, k = 1; : : : ; n. � áá¬ âà¨¢ ¥¬ ï ¯®à®¦¤ îé ï äã­ªæ¨ï ã¤®¢«¥â¢®àï¥â ãá«®-
¢¨î 4 ¯à¨ ¢á¥å p 2 (0;1).

�à®æ¥¤ãàë (4.1), (4.4), (4.7), (4.8) ¥áâ¥áâ¢¥­­ë¬ ®¡à §®¬ ã¯à®é îâáï ¢ á«ãç ¥ Pl = E. �¥-
 «¨§ æ¨ï íâ¨å ¯à®æ¥¤ãà ¯à¨ â ª®¬ ¢ë¡®à¥ ¯à®¥ªâ®à®¢ Pl ¯®-¯à¥¦­¥¬ã á¢®¤¨âáï ª à¥è¥­¨î
á¨áâ¥¬ «¨­¥©­ëå ãà ¢­¥­¨© «¨¡® ª à¥è¥­¨î § ¤ ç �®è¨ ¤«ï «¨­¥©­®© á¨áâ¥¬ë á ¯®áâ®ï­­ë¬¨
ª®íää¨æ¨¥­â ¬¨.

5. � § ª«îç¥­¨¥ ª®­ªà¥â¨§¨àã¥¬ ¢¨¤ ¯®á«¥¤®¢ â¥«ì­®áâ¥© f�lg, f!mg ¯à¨¬¥­¨â¥«ì­® ª ¨­-
â¥£à «ì­®¬ã ãà ¢­¥­¨î

(Ax)(t) �
Z 2�

0
K(t; s)x(s)ds = f(t); t 2 [0; 2�]; (5.1)
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á ®¯¥à â®à®¬ A : Lr(0; 2�) ! Lr(0; 2�), r 2 (1;1), ¨ ª®¬¯«¥ªá­ë¬ ¯p®áâp ­áâ¢®¬ Lr(0; 2�).
�à¥¤¯®« £ ¥âáï, çâ® ï¤à® K(t; s) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ K, dK

ds
; dK
dt
2 C([0; 2�]� [0; 2�]). �ãáâì

ck(x) =
1
2�

Z 2�

0

x(s)e�iksds; k = 0;�1;�2; : : : ;

| ª®íää¨æ¨¥­âë à §«®¦¥­¨ï äã­ªæ¨¨ x = x(t) ¢ àï¤ �ãàì¥. �ë¡¥à¥¬ ¢ ª ç¥áâ¢¥ Pl ¨ Qm

¯à®¥ªâ®àë �ãàì¥

(Qmx)(t) = (Pmx)(t) =
X
jkj�m

ck(x)e
ikt; t 2 [0; 2�]; m = 0; 1; : : :

�á¯®«ì§ãï á«¥¤áâ¢¨¥ 2 ¨§ ([8], á. 137), ¯®«ãç ¥¬

k(E �Qm)AkL(Lr) �

� C21 sup
kxkLr�1

�
sup

0<h�m�1

Z 2�

0

����
Z 2�

0

�
K(t+ h; s)�K(t; s)

�
x(s)ds

����
r

dt

� 1
r

� C22(m+ 1)�1:

�¤¥áì ¤«ï ªà âª®áâ¨ ®¡®§­ ç¥­® Lr = Lr(0; 2�). � á¨«ã «¥¬¬ë ¨§ ([17], á. 164) ¨¬¥¥¬

kA(E � Pl)kL(Lr) = sup
kxkLr�1






Z 2�

0

K(t; s)x(s)ds� 2�
X
jkj�l

ck(x)c�k(K(�; t))





Lr

� C23(l + 1)�1:

� ª¨¬ ®¡à §®¬, ¢ (1.7) ¢ ¤ ­­®¬ á«ãç ¥ ¬®¦­® ¯®«®¦¨âì �l = (l + 1)�1, !m = (m+ 1)�1.
�â®ç­¨¬ ¢¨¤ ¯®á«¥¤®¢ â¥«ì­®áâ¨ f!mg ¢ á«ãç ¥, ª®£¤  ¢ ¨­â¥£à «ì­®¬ ãà ¢­¥­¨¨ (5.1)

®¯¥à â®à A : C[0; 2�] ! C[0; 2�], Pl = E, ¯à®¥ªâ®à Qm á®®â¢¥âáâ¢ã¥â «¨­¥©­®© á¯« ©­-
a¯¯p®ªá¨¬ æ¨¨ ([18], c. 41) ¨ ¨¬¥¥â ¢¨¤

(Qmx)(t) =
mX
k=0

ck(x)ek(t); t 2 [0; 2�]; m = 2; 3; : : :

�¤¥áì ck(x) = x(tk), tk = 2�k=m, k = 0; 1; : : : ;m, ­¥¯à¥àë¢­ë¥ ­  [0; 2�] ¨ «¨­¥©­ë¥ ­  [tk; tk+1],
k = 0; : : : ;m� 1, äã­ªæ¨¨ ek(t), t 2 [0; 2�], k = 0; : : : ;m, ®¯p¥¤¥«ïîâáï p ¢¥­áâ¢ ¬¨

e0(t0) = 1; e0(t1) = 0; em(tm) = 1; em(tm�1) = 0;

ek(tk) = 1; ek(tk�1) = ek(tk+1) = 0;

¯à¨ç¥¬ äã­ªæ¨¨ e0(t), em(t), ek(t) ­ã«¥¢ë¥ ¢­¥ ®âà¥§ª®¢ [t0; t1], [tm�1; tm], [tk�1; tk+1],
k = 1; : : : ;m� 1, á®®â¢¥âáâ¢¥­­®. �á¯®«ì§ãï â¥®à¥¬ã 2.1 ¨§ ([18], á. 44), ¯®«ãç ¥¬

k(E �Qm)AkL(C) �

� C24 sup
kxkC�1

max
0�t;t+h�2�

0<h�2��m�1

����
Z 2�

0

�
K(t+ h; s)�K(t; s)

�
x(s)ds

���� � C25m
�1;m = 2; 3; : : : ;

£¤¥ C = C[0; 2�]. � ª¨¬ ®¡à §®¬, ¢ (1.7) ¬®¦­® ¢ë¡à âì !m = m�1.
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