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1. �¢¥¤¥­¨¥

�¡ê¥ªâ®¬ ¨§ãç¥­¨ï ¢ ¤ ­­®© à ¡®â¥ ï¢«ïîâáï «¨­¥©­ë¥ ®¯¥à â®à­ë¥ ãà ¢­¥­¨ï

Ax = f; x 2 X: (1.1)

�¤¥áì X | ª®¬¯«¥ªá­®¥ ¡ ­ å®¢® ¯à®áâà ­áâ¢® á ­®à¬®© k � k, A 2 L(X), f 2 X; L(X) |
¯à®áâà ­áâ¢® «¨­¥©­ëå ­¥¯à¥àë¢­ëå ®¯¥à â®à®¢, ¤¥©áâ¢ãîé¨å ¨§ X ¢ X. �à¥¤¯®« £ ¥âáï, çâ®
ãà ¢­¥­¨¥ (1.1) ¨¬¥¥â à¥è¥­¨¥ x�, ª®â®à®¥ ¬®¦¥â ­¥ ¡ëâì ¥¤¨­áâ¢¥­­ë¬. � â® ¦¥ ¢à¥¬ï áãé¥-
áâ¢®¢ ­¨¥ ¨ ­¥¯à¥àë¢­®áâì ®¡à â­®£® ®¯¥à â®à  A�1 ­¥ ¯à¥¤¯®« £ ¥âáï, â¥¬ á ¬ë¬ ¨áå®¤­ ï
§ ¤ ç  (1.1) ®â­®á¨âáï ª ª« ááã ­¥ª®àà¥ªâ­ëå [1]{[3]. �®à®è® ¨§¢¥áâ­®, çâ® ãáâ®©ç¨¢ ï  ¯¯à®ª-
á¨¬ æ¨ï à¥è¥­¨© ¯®¤®¡­ëå § ¤ ç âà¥¡ã¥â ¯à¨¢«¥ç¥­¨ï ¬¥â®¤®¢ à¥£ã«ïà¨§ æ¨¨, á¯¥æ¨ «ì­ë¬
®¡à §®¬ ãç¨âë¢ îé¨å ¢®§¬®¦­ãî ­¥®£à ­¨ç¥­­®áâì ®¯¥à â®à  A�1. � ¨¡®«¥¥ § ¢¥àè¥­­ë© ¢¨¤
â¥®à¨ï â ª¨å ¬¥â®¤®¢ ¨¬¥¥â ¢ á«ãç ¥, ª®£¤  ¯à®áâà ­áâ¢® X ï¢«ï¥âáï £¨«ì¡¥àâ®¢ë¬,   ®¯¥à â®à
A | á ¬®á®¯àï¦¥­­ë¬. �®«ìè¨­áâ¢® ¨§¢¥áâ­ëå ¯à®æ¥¤ãà à¥£ã«ïà¨§ æ¨¨ (1.1) ¢ íâ®¬ á«ãç ¥
¢ª« ¤ë¢ ¥âáï ¢ ®¡éãî áå¥¬ã, ¯à¥¤«®¦¥­­ãî ¢ [4] ¨ à §¢¨âãî ¢ [3], [5]. �ç¨â ï ¤«ï ¯à®áâ®âë
®¯¥à â®à ¨ ¯à ¢ãî ç áâì ¢ (1.1) ¨§¢¥áâ­ë¬¨ ¡¥§ ¯®£à¥è­®áâ¥©, § ¯¨è¥¬ íâã áå¥¬ã ¢ ¢¨¤¥

x� = (E � �(A;�)A)� + �(A;�)f: (1.2)

�¤¥áì E | ¥¤¨­¨ç­ë© ®¯¥à â®à, � | ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨, � 2 (0; �0]; í«¥¬¥­â � 2 X ¨¬¥¥â
á¬ëá« ­ ç «ì­®£® ¯à¨¡«¨¦¥­¨ï ª ¨áª®¬®¬ã à¥è¥­¨î x�. � ([3], £«. 2, x 1; [4]; [5], £«. 2, x 5) ãáâ -
­ ¢«¨¢ ¥âáï, çâ® ¯à¨ ­¥¦¥áâª¨å ¯à¥¤¯®«®¦¥­¨ïå ®â­®á¨â¥«ì­® ¯®à®¦¤ îé¨å äã­ªæ¨© �(�; �),
� 2 R, � 2 (0; �0], á¯à ¢¥¤«¨¢® à ¢¥­áâ¢® lim

�!0
kx��x�k = 0. � àï¤ã á ®à¨£¨­ «ì­®© áå¥¬®© (1.2)

¯®¤à®¡­® ¨áá«¥¤®¢ ­ë ¥¥ ¬®¤¨ä¨ª æ¨¨ ­  á«ãç © ãà ¢­¥­¨© ¢¨¤  (1.1) á ­¥á ¬®á®¯àï¦¥­­ë¬¨
®£à ­¨ç¥­­ë¬¨ ®¯¥à â®à ¬¨ A : X ! Y ¨ £¨«ì¡¥àâ®¢ë¬¨ X, Y ,   â ª¦¥ ¢ à¨ ­âë, á®¢¬¥é î-
é¨¥ ¯à®æ¥¤ãàã (1.2) á ª®­¥ç­®¬¥à­®©  ¯¯à®ªá¨¬ æ¨¥© ¯à®áâà ­áâ¢ X, Y ([3], [5], [6]). �«îç¥¢ãî
à®«ì ¯à¨ ¨áá«¥¤®¢ ­¨¨ áª®à®áâ¨ áå®¤¨¬®áâ¨ ¯à®æ¥¤ãà ¢¨¤  (1.2) ¨£à ¥â ãá«®¢¨¥ ¨áâ®ª®¯à¥¤áâ -
¢¨¬®áâ¨ ­ ç «ì­®© ­¥¢ï§ª¨

x� � � = Apv; v 2 X; p > 0: (1.3)

�à¨ ¤®¯®«­¨â¥«ì­®¬ ¯à¥¤¯®«®¦¥­¨¨ (1.3) ¢ ([3], £«. 2, x 2; [4]; [5], £«. 2, x 5) ¤«ï ¬¥â®¤®¢ (1.2)
ãáâ ­®¢«¥­  ®æ¥­ª  áª®à®áâ¨ áå®¤¨¬®áâ¨

kx� � x�k � c0�
p 8� 2 (0; �0]: (1.4)

�¤¥áì ¨ ¤ «¥¥ c0; c1; : : : |  ¡á®«îâ­ë¥ ¯®«®¦¨â¥«ì­ë¥ ª®­áâ ­âë. �à¨¬¥ç â¥«ì­®, çâ® ¢ £¨«ì-
¡¥àâ®¢®¬ á«ãç ¥ âà¥¡®¢ ­¨¥ ¨áâ®ª®¯à¥¤áâ ¢¨¬®áâ¨ (1.3) ­¥ â®«ìª® ¤®áâ â®ç­® ¤«ï ¢ë¯®«­¥­¨ï
®æ¥­®ª (1.4), ­® ¨ ¢¥áì¬  ¡«¨§ª® ª ­¥®¡å®¤¨¬®¬ã ¨ ¢ àï¤¥ á«ãç ¥¢ á®¢¯ ¤ ¥â á ­¨¬ ([7], á. 80{83;
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[8], á. 133{143). �¬¥­­®, ¨§ (1.4) á«¥¤ã¥â, çâ® ­¥¢ï§ª  x��� ¤®¯ãáª ¥â ¯à¥¤áâ ¢«¥­¨¥ (1.3) á § ¬¥-
­®© p ­  ¯®ª § â¥«ì p� q, áª®«ì ã£®¤­® ¡«¨§ª¨© ª p, á á®®â¢¥âáâ¢ãîé¨¬ í«¥¬¥­â®¬ v = vq 2 X,
q 2 (0; q0], ¯à¨ç¥¬ ¢ ®¡é¥¬ á«ãç ¥ ­¥«ì§ï ¯®«®¦¨âì q = 0. � ª¨¬ ®¡à §®¬, ¯®«­®¥ ¨áá«¥¤®¢ ­¨¥
ãá«®¢¨©, ­¥®¡å®¤¨¬ëå ¨ ¤®áâ â®ç­ëå ¤«ï ¢ë¯®«­¥­¨ï áâ¥¯¥­­®© ®æ¥­ª¨ (1.4), ¤ ¦¥ ¯à¨ ­ âã-
à «ì­®¬ p, ¯à¥¤¯®« £ ¥â à áá¬®âà¥­¨¥ ¯à¥¤áâ ¢«¥­¨© (1.3) á ­¥æ¥«ë¬¨ ¯®ª § â¥«ï¬¨. �®íâ®¬ã
¢ ¤ ­­®© à ¡®â¥ ¢ (1.3) á á ¬®£® ­ ç «  ¤®¯ãáª îâáï «î¡ë¥ §­ ç¥­¨ï p > 0. � ­ ¨¡®«¥¥ ¢ ¦­®¬
á ¯à ªâ¨ç¥áª®© â®çª¨ §à¥­¨ï á«ãç ¥, ª®£¤  ¯à®áâà ­áâ¢® X ï¢«ï¥âáï äã­ªæ¨®­ «ì­ë¬ (L2,Wm

2

¨ â. ¯.),   ®¯¥à â®à A | ¨­â¥£à «ì­ë¬ á £« ¤ª¨¬ ï¤à®¬, ãá«®¢¨¥ (1.3) ®§­ ç ¥â ¯®¢ëè¥­­ãî
£« ¤ª®áâì ­ ç «ì­®© ­¥¢ï§ª¨ x��� (¨áª®¬®£® à¥è¥­¨ï x� ¯à¨ � = 0) ¯® áà ¢­¥­¨î á £« ¤ª®áâìî,
¯à¥¤¯¨áë¢ ¥¬®© ¨áå®¤­ë¬ ¯à®áâà ­áâ¢®¬ X. � ç áâ­®¬ á«ãç ¥, ª®£¤  A ¥áâì ®¯¥à â®à �à¨­ 
í««¨¯â¨ç¥áª®£® ¤¨ää¥à¥­æ¨ «ì­®£® ®¯¥à â®à  ¢ X = L2, ¯à¥¤áâ ¢«¥­¨¥ (1.3) ¢«¥ç¥â ¢ª«îç¥­¨¥
x� � � 2 Cr á ¯®ª § â¥«¥¬ r, ¯à®¯®àæ¨®­ «ì­ë¬ p ([9], á. 454). �¤¥áì Cr | ¯à®áâà ­áâ¢® äã­ª-
æ¨©, ®¡« ¤ îé¨å á®®â¢¥âáâ¢ãîé¨¬ ç¨á«®¬ ­¥¯à¥àë¢­ëå ¯à®¨§¢®¤­ëå. �â¬¥â¨¬, çâ® äã­ªæ¨¨
®â ®¯¥à â®à®¢ ¢ (1.2), (1.3) ¢ á«ãç ¥ £¨«ì¡¥àâ®¢  ¯à®áâà ­áâ¢  X âà ¤¨æ¨®­­® ®¯à¥¤¥«ïîâáï
¯à¨ ¯®¬®é¨ á¯¥ªâà «ì­®£® à §«®¦¥­¨ï ®¯¥à â®à  A ([10], c.294). �  íâ®¬ ¯ãâ¨ ®¯¥à â®à �(A;�)
¬®¦¥â ¡ëâì ä®à¬ «ì­® ®¯à¥¤¥«¥­ ¤«ï ¢¥áì¬  è¨à®ª®£® ª« áá  äã­ªæ¨© �(�; �). �®áâ â®ç­®
¯®âà¥¡®¢ âì, ­ ¯à¨¬¥à, çâ®¡ë �(�; �) ª ª äã­ªæ¨ï á¯¥ªâà «ì­®£® ¯ à ¬¥âà  � ¡ë«  ¨§¬¥à¨¬ 
¯® �®à¥«î ¯à¨ ª ¦¤®¬ � 2 (0; �0]. � ç áâ­®áâ¨, áâ¥¯¥­¨ Ap 2 L(X) ¢ (1.3) ¨¬¥îâ á¬ëá« ¤«ï
¢á¥å ¢¥é¥áâ¢¥­­ëå §­ ç¥­¨© p > 0. � «¨ç¨¥ ¤«ï á ¬®á®¯àï¦¥­­ëå ®¯¥à â®à®¢ ¢ £¨«ì¡¥àâ®¢®¬
¯à®áâà ­áâ¢¥ à §¢¨â®£® ®¯¥à â®à­®£® ¨áç¨á«¥­¨ï, ®á­®¢ ­­®£® ­  á¯¥ªâà «ì­®¬ à §«®¦¥­¨¨,
ï¢«ï¥âáï à¥è îé¨¬ ¯à¨ ¯®«ãç¥­¨¨ ¢ëè¥ã¯®¬ï­ãâëå à¥§ã«ìâ â®¢. �¥¯®áà¥¤áâ¢¥­­ë© ¨å ¯¥à¥-
­®á ­  á«ãç © ¡ ­ å®¢  ¯à®áâà ­áâ¢  § âàã¤­ï¥âáï £« ¢­ë¬ ®¡à §®¬ ®âáãâáâ¢¨¥¬ ã¤®¡­®£®  ­ -
«®£  á¯¥ªâà «ì­®£® à §«®¦¥­¨ï ¨ á®®â¢¥âáâ¢ãîé¥£® ®¯¥à â®à­®£® ¨áç¨á«¥­¨ï ¤«ï ¤®áâ â®ç­®
è¨à®ª®£® ª« áá  ®¯¥à â®à®¢ A 2 L(X). �®«­ ï  ­ «®£¨ï á £¨«ì¡¥àâ®¢ë¬ á«ãç ¥¬ ¨¬¥¥âáï «¨èì
¤«ï á¯¥ªâà «ì­ëå ®¯¥à â®à®¢ áª «ïà­®£® â¨¯  ¢ ¡ ­ å®¢®¬ ¯à®áâà ­áâ¢¥ ([11], £«. XV{XVIII),
­® ¯à®¢¥àª  ¯à¨­ ¤«¥¦­®áâ¨ ª íâ®¬ã ª« ááã ¤ ¦¥ ¯à®áâ¥©è¨å ¨­â¥£à «ì­ëå ®¯¥à â®à®¢ ç -
áâ® áâ «ª¨¢ ¥âáï á ¯à¨­æ¨¯¨ «ì­ë¬¨ â¥®à¥â¨ç¥áª¨¬¨ âàã¤­®áâï¬¨. � ¨¡®«¥¥ ¯®¤å®¤ïé¨¬ ¤«ï
­ è¨å æ¥«¥© ¢ à¨ ­â®¬ ®¯¥à â®à­®£® ¨áç¨á«¥­¨ï ¯à¥¤áâ ¢«ï¥âáï ¨áç¨á«¥­¨¥ �¨áá {� ­ä®à¤ ,
¯®§¢®«ïîé¥¥ ®¯à¥¤¥«¨âì äã­ªæ¨î ®¯¥à â®à  ¢ ¢¨¤¥ ¨­â¥£à «  �®å­¥à  ([10], á. 455)

'(A) =
1
2�i

Z
�
'(�)R(�;A)d�; (1.5)

£¤¥ R(�;A) = (�E � A)�1 | à¥§®«ì¢¥­â  ®¯¥à â®à  A, � | ¯®«®¦¨â¥«ì­® ®à¨¥­â¨à®¢ ­­ë©
ª®­âãà ­  ª®¬¯«¥ªá­®© ¯«®áª®áâ¨ C , ®å¢ âë¢ îé¨© á¯¥ªâà �(A) ®¯¥à â®à  A. �à¨ íâ®¬ ­¥®¡-
å®¤¨¬®, çâ®¡ë äã­ªæ¨ï '(�) ¡ë«   ­ «¨â¨ç­  ¢ ­¥ª®â®à®© ®âªàëâ®© ®ªà¥áâ­®áâ¨ D á¯¥ªâà 
�(A),   ª®­âãà � «¥¦ « ¢ D. �à¨ â ª®¬ ®¯à¥¤¥«¥­¨¨ ®¯¥à â®à  �(A;�) ¯à®æ¥áá (1.2) ¡ë« ¢¯¥à¢ë¥
¢¢¥¤¥­ ¨ ¨áá«¥¤®¢ ­ ¢ [12]. �áâ ­®¢«¥­®, çâ® ¯à¨ ¢ë¯®«­¥­¨¨ ¯®¤å®¤ïé¨å ãá«®¢¨© ­  ®¯¥à â®à
A ¨ ­ «¨ç¨¨ ¯à¥¤áâ ¢«¥­¨ï (1.3) á ¯®ª § â¥«¥¬ p = 1 ¯à¨¡«¨¦¥­¨ï x� áå®¤ïâáï ¢ X ¯à¨ �! 0
ª à¥è¥­¨î x� ãà ¢­¥­¨ï (1.1), ãç áâ¢ãîé¥¬ã ¢ (1.3). � ¬ ¦¥ à áá¬®âà¥­ á«ãç © ¯à¨¡«¨¦¥­-
­®£® § ¤ ­¨ï ¯à ¢®© ç áâ¨ ¢ ãà ¢­¥­¨¨ (1.1) (á¬. â ª¦¥ [3], á. 50{54). �«¥¤ã¥â ®â¬¥â¨âì, çâ®
áã¦¥­¨¥ ¯® áà ¢­¥­¨î á £¨«ì¡¥àâ®¢ë¬ á«ãç ¥¬ ª« áá  ¤®¯ãáâ¨¬ëå ¯®à®¦¤ îé¨å äã­ªæ¨©
�(�; �) ä ªâ¨ç¥áª¨ ­¥ ¯à¨¢®¤¨â ª ã¬¥­ìè¥­¨î ®¡é­®áâ¨ ¯®áâà®¥­¨©, ¯®áª®«ìªã ­ ¨¡®«¥¥ à á-
¯à®áâà ­¥­­ë¥ ¢ ¢ëç¨á«¨â¥«ì­®© ¯à ªâ¨ª¥ áå¥¬ë (1.2) ¯®à®¦¤ îâáï ¨¬¥­­®  ­ «¨â¨ç¥áª¨¬¨
(¢ ­ã¦­®© ç áâ¨ C ) äã­ªæ¨ï¬¨ �(�; �).

�¥«ìî ¤ ­­®© à ¡®âë ï¢«ï¥âáï ¯à®¤®«¦¥­¨¥ ¨áá«¥¤®¢ ­¨ï áå¥¬ë à¥£ã«ïà¨§ æ¨¨ (1.2), (1.5)
¢ á«ãç ¥ ¡ ­ å®¢  ¯à®áâà ­áâ¢  X ¨ ¯®«ãç¥­¨¥ ¤«ï íâ®£® á«ãç ï  ­ «®£®¢ ã¯®¬ï­ãâëå ¢ëè¥ à¥-
§ã«ìâ â®¢ £¨«ì¡¥àâ®¢®© â¥®à¨¨. � ¬¥ç¥­­ ï ¯à®£à ¬¬  ¢ª«îç ¥â ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¯®«ãç¥­¨¥
®æ¥­®ª áª®à®áâ¨ áå®¤¨¬®áâ¨  ¯¯à®ªá¨¬ æ¨© x� ª x� ¤«ï ¯à®¨§¢®«ì­ëå ¯®ª § â¥«¥© ¨áâ®ª®¯à¥¤-
áâ ¢¨¬®áâ¨ p > 0,   â ª¦¥ ®¡®á­®¢ ­¨¥ à¥£ã«ïà¨§ãîé¨å á¢®©áâ¢ à áá¬ âà¨¢ ¥¬®© áå¥¬ë ¯à¨
­ «¨ç¨¨ ¯®£à¥è­®áâ¥© ª ª ¢ ¯à ¢®© ç áâ¨, â ª ¨ ¢ ®¯¥à â®à¥ ãà ¢­¥­¨ï (1.1). �á­®¢­ ï âàã¤-
­®áâì §¤¥áì á¢ï§ ­  á â¥¬, çâ® áâ¥¯¥­ì Ap ¢ (1.3) ¢ á«ãç ¥ ­¥æ¥«®£® ¯®ª § â¥«ï p ­¥ ¬®¦¥â ¡ëâì
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®¯à¥¤¥«¥­  ­¥¯®áà¥¤áâ¢¥­­® ¯® ä®à¬ã«¥ (1.5) ¢¢¨¤ã ­¥ ­ «¨â¨ç­®áâ¨ äã­ªæ¨¨ �p ¢ ®ªà¥áâ­®áâ¨
­ã«ï.

�âàãªâãà  à ¡®âë á«¥¤ãîé ï. � x 2 ¯à¨¢®¤ïâáï ­¥®¡å®¤¨¬ë¥ ¢á¯®¬®£ â¥«ì­ë¥ á¢¥¤¥­¨ï ¨
¨áá«¥¤ã¥âáï áå®¤¨¬®áâì ¬¥â®¤  (1.2) ¢ ¡ ­ å®¢®¬ ¯à®áâà ­áâ¢¥ ¢ ãá«®¢¨ïå ®âáãâáâ¢¨ï ¯®£à¥è­®-
áâ¥© ¢ ¤ ­­ëå (A; f). �áâ ­ ¢«¨¢ ¥âáï, çâ® ¯à¨ ­ «¨ç¨¨ ¨áâ®ª®®¡à §­®£® ¯à¥¤áâ ¢«¥­¨ï (1.3) á
¯à®¨§¢®«ì­ë¬ p > 0 á¯à ¢¥¤«¨¢  ®æ¥­ª  (1.4). � x 3 ­  ®á­®¢¥ áå¥¬ë (1.2) áâà®¨âáï ¨ ®¡®á­®¢ë¢ -
¥âáï à¥£ã«ïà¨§ãîé¨©  «£®à¨â¬ ¤«ï § ¤ ç¨ (1.1) ¯à¨ ­ «¨ç¨¨ ¯®£à¥è­®áâ¥© ¢ ¨áå®¤­ëå ¤ ­­ëå
(A; f). �à®¬¥ â®£®, à áá¬ âà¨¢ ¥âáï ¢®§¬®¦­®áâì ¯à¨¡«¨¦¥­­®£® ¢ë¯®«­¥­¨ï (1.3). �®ª §ë-
¢ ¥âáï, çâ® ¡¥§ ª ª¨å ¡ë â® ­¨ ¡ë«® ãá«®¢¨© ¨áâ®ª®¯à¥¤áâ ¢¨¬®áâ¨ ¨¬¥¥â ¬¥áâ® áå®¤¨¬®áâì
¯à¨¡«¨¦¥­¨© x� ª à¥è¥­¨î. �®¯à®á ¬, á¢ï§ ­­ë¬ á ­¥®¡å®¤¨¬®áâìî ãá«®¢¨ï (1.3) ¤«ï ®æ¥­®ª
(1.4) ¢ á«ãç ¥ ¡ ­ å®¢  ¯à®áâà ­áâ¢  X, ¯®á¢ïé¥­  ¢â®à ï ç áâì à ¡®âë.

2. �æ¥­ª  áª®à®áâ¨ áå®¤¨¬®áâ¨ ¢ á«ãç ¥ â®ç­ëå ¤ ­­ëå

�áî¤ã ¢ íâ®© à ¡®â¥  ­ «®£¨ç­® ([3], c. 51; [12]) ¤«ï ®¯¥à â®à®¢ A 2 L(X) ¢ë¯®«­ï¥âáï

�á«®¢¨¥ A. �«ï ­¥ª®â®à®£® '0 2 (0; �) á¯à ¢¥¤«¨¢ë ¢ª«îç¥­¨¥

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

¨ ®æ¥­ª 

kR(�;A)kL(X) �
c1

j�j
8� 2 C nK('0): (2.2)

� ä¨ªá¨àã¥¬ ª®­áâ ­âã R0>kAkL(X). �¥âàã¤­® ¢¨¤¥âì, çâ® �(A)�K(R0; '0), £¤¥ K(R0; '0) =
K('0) \ S(R0), S(r) = f� 2 C : j�j � rg. �à®¬¥ â®£®, ¨¬¥¥â ¬¥áâ®  ­ «®£¨ç­ ï (2.2) ®æ¥­ª  á
§ ¬¥­®© ª®­ãá  K('0) ­  á¥ªâ®à K(R0; '0). �¤¥áì ¨ ¤ «¥¥ ¤«ï ®¯¥à â®à  B 2 L(X) ®¡®§­ ç ¥¬

kBkL(X) = maxfkBxk : x 2 X; kxk = 1g:

�à¨¢¥¤¥¬ ­¥®¡å®¤¨¬ë¥ ¤«ï ¤ «ì­¥©è¥£® á¢¥¤¥­¨ï ¨§ â¥®à¨¨ áâ¥¯¥­¥© «¨­¥©­ëå ®¯¥à â®à®¢.
�«ï ­ âãà «ì­®£® ¯®ª § â¥«ï p áâ¥¯¥­ìAp ®¯à¥¤¥«ï¥âáï áâ ­¤ àâ­ë¬ ®¡à §®¬, â. ¥.Ap = A�: : :�A
(p à §). �«ï ®¯¥à â®à  A, ã¤®¢«¥â¢®àïîé¥£® ãá«®¢¨î A, ¨ ¯à®¨§¢®«ì­®£® ­¥æ¥«®£® p > 0, á«¥¤ãï
([13]; [14], á. 156), ¤ ¤¨¬

�¯à¥¤¥«¥­¨¥. �«ï «î¡®£® � 2 (0; 1)

A�
,
sin��
�

Z 1

0

t��1(tE +A)�1Adt: (2.3)

�«ï ¯à®¨§¢®«ì­®£® p > 0 ¨ æ¥«®£® ­¥®âà¨æ â¥«ì­®£® n, n < p < n+ 1, ¯®« £ ¥¬

Ap
, Ap�nAn � AnAp�n:

� á¨«ã ®æ¥­ª¨ (2.2) ¨­â¥£à « ¢ ¯à ¢®© ç áâ¨ (2.3), ¯®­¨¬ ¥¬ë© ¢ á¬ëá«¥ �®å­¥à , áå®¤¨âáï
¨ ¯à¥¤áâ ¢«ï¥â ®¯¥à â®à A� 2 L(X).

� àï¤ã á ¨áå®¤­ë¬ ®¯¥à â®à®¬ A ¢¢¥¤¥¬ à¥£ã«ïà¨§®¢ ­­ë© ®¯¥à â®à A" = A+"E. �¥âàã¤­®
¢¨¤¥âì, çâ® ¯à¨ " > 0 áâ¥¯¥­ì Ap

", p > 0, ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥­  á®£« á­® (1.5), ¥á«¨ ¢ ª ç¥áâ¢¥
� ¢ë¡à âì ª®­âãà, ®å¢ âë¢ îé¨© á¯¥ªâà �(A") = f� + " : � 2 �(A)g, ­® ­¥ á®¤¥à¦ é¨© â®çª¨
� = 0. �¨¦¥ ¯®âà¥¡ã¥âáï ¨§¢¥áâ­®¥

�à¥¤«®¦¥­¨¥ 1 ([14], á. 155). �ãáâì ®¯¥à â®à A ã¤®¢«¥â¢®àï¥â ãá«®¢¨î A. �®£¤  ¤«ï «î-
¡®£® � 2 (0; 1) ¨¬¥¥â ¬¥áâ® ®æ¥­ª 

kA�
" �A�kL(X) � c2"

� 8" > 0; (2.4)

£¤¥ ¯®áâ®ï­­ ï c2 § ¢¨á¨â ®â �.
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�¥à¥å®¤ï ª ¨áá«¥¤®¢ ­¨î áå®¤¨¬®áâ¨ ¯à®æ¥áá  (1.2), ª®­ªà¥â¨§¨àã¥¬ ª« áá ¯®à®¦¤ îé¨å
äã­ªæ¨© �(�; �). �ã¤¥¬ ¯à¥¤¯®« £ âì ¢ë¯®«­¥­­ë¬

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

K�(R0; d0; '0) � D�; (2.5)

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

� ¤ «ì­¥©è¥¬ ¯® ¬¥à¥ ­¥®¡å®¤¨¬®áâ¨ ¡ã¤ãâ ­ « £ âìáï ¤®¯®«­¨â¥«ì­ë¥ ãá«®¢¨ï ­  äã­ª-
æ¨¨ �(�; �). �¡®§­ ç¨¬ ç¥à¥§ 
� £à ­¨æã ¬­®¦¥áâ¢  K�(R0; d0; '0). � ª á«¥¤ã¥â ¨§ (2.1), (2.5),
®¯¥à â®à �(A;�) ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥­ ¯® ä®à¬ã«¥ (1.5) á '(�) = �(�; �), ¥á«¨ ¢ ª ç¥áâ¢¥ ª®­-
âãà  � ¢ë¡à âì ¯à®¨§¢®«ì­ë© ª®­âãà �� â ª®©, çâ® �� � D� ¨ 
� ­ å®¤¨âáï ¢­ãâà¨ �� ¯à¨
¯®«®¦¨â¥«ì­®© ®à¨¥­â æ¨¨ ®¡®¨å ª®­âãà®¢. � ª¨¬ ®¡à §®¬, ¢áî¤ã ­¨¦¥

�(A;�) =
1
2�i

Z
��

�(�; �)R(�;A)d�; � 2 (0; �0]; (2.6)

£¤¥ ª®­âãà �� ¢ë¡à ­ ãª § ­­ë¬ â®«ìª® çâ® á¯®á®¡®¬.
�à¥¤¯®« £ ï ¢ë¯®«­¥­­ë¬ ¨áâ®ª®®¡à §­®¥ ¯à¥¤áâ ¢«¥­¨¥ (1.3) á ¯à®¨§¢®«ì­ë¬ ¯®ª § â¥«¥¬

p > 0, ­  ®á­®¢ ­¨¨ (1.2) § ¯¨è¥¬

x� � x� = (E � �(A;�)A)(� � x�) = �(E��(A;�)A)A
pv: (2.7)

�¡®§­ ç¨¬ ç¥à¥§ n = [p] ¨ � = p� n á®®â¢¥âáâ¢¥­­® æ¥«ãî ¨ ¤à®¡­ãî ç áâ¨ p. � á¨«ã ¤ ­­®£®
¢ëè¥ ®¯à¥¤¥«¥­¨ï Ap = AnA� . �®£« á­® (2.7) ¤«ï «î¡®£® " > 0 ¢ë¯®«­ï¥âáï

kx� � x�k � k(E��(A;�)A)A
n(A+ "E)�vk+ k(E � �(A;�)A)An[(A+ "E)� �A� ]vk: (2.8)

�ë¡¥à¥¬ " = d1�, £¤¥ ª®­áâ ­â  d1 > d0, ¨ ®æ¥­¨¬ ¯® ®â¤¥«ì­®áâ¨ á« £ ¥¬ë¥ ¢ ¯à ¢®© ç áâ¨
­¥à ¢¥­áâ¢  (2.8). �¥ ®£à ­¨ç¨¢ ï ®¡é­®áâ¨, ¬®¦­® áç¨â âì, çâ® ª®­âãà �� ­¥ á®¤¥à¦¨â ¢­ãâà¨
â®çª¨ � = �d1�. �  ®á­®¢ ­¨¨ ä®à¬ã«ë (1.5) ¨¬¥¥¬

k(E � �(A;�)A)An(A+ "E)�vk �
1
2�
kvk

Z
��

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

� c3kvk
Z
��

j1� �(�; �)�j(j�jp�1 + �� j�jn�1)jd�j: (2.9)

� ãç¥â®¬ ¯®«ãç¥­­®© ®æ¥­ª¨ ¢¢¥¤¥¬ ­  ¯®à®¦¤ îé¨¥ äã­ªæ¨¨ �(�; �) ¤®¯®«­¨â¥«ì­®

�á«®¢¨¥ C. �«ï «î¡®£® � 2 (0; �0] ¯à¨ ¢á¥å s 2 [0; p] ¨¬¥¥â ¬¥áâ® ®æ¥­ª Z
��

j1� �(�; �)�j j�js�1jd�j � c4�
s: (2.10)

�ç¨â ï ¢ë¯®«­¥­­ë¬ ãá«®¢¨¥ �, ¨§ (2.9) ¨ á®®â­®è¥­¨ï j�j � d0� 8� 2 �� ®ª®­ç â¥«ì­®
­ å®¤¨¬

k(E � �(A;�)A)An(A+ "E)�vk � c5kvk�
p; � 2 (0; �0]: (2.11)

�«ï ¢â®à®£® á« £ ¥¬®£® ¢ ¯à ¢®© ç áâ¨ (2.8) ­  ®á­®¢ ­¨¨ (2.2), (2.4) ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢®

k(E � �(A;�)A)An[(A+ "E)� �A� ]vk � c2kvk"
�k(E � �(A;�)A)AnkL(X) �

�
c2

2�
kvk"�

Z
��

j1� �(�; �)�j j�jnkR(�;A)kL(X)jd�j � c6kvk�
p; � 2 (0; �0]: (2.12)

�¡ê¥¤¨­ïï ®æ¥­ª¨ (2.8), (2.11), (2.12), § ª«îç ¥¬, çâ®

kx� � x�k � c7kvk�
p; � 2 (0; �0]: (2.13)

�¥¬ á ¬ë¬ ¤®ª § ­ 
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�¥®à¥¬  1. �ãáâì ¢ë¯®«­ïîâáï ãá«®¢¨ï A{C ¨ ¨¬¥¥â ¬¥áâ® ¨áâ®ª®®¡à §­®¥ ¯à¥¤áâ -

¢«¥­¨¥ ­ ç «ì­®© ­¥¢ï§ª¨ (1:3). �®£¤  ¤«ï ¢ëà ¡ âë¢ ¥¬ëå á®£« á­® (1:2) ¯à¨¡«¨¦¥­¨© x� ¨

à¥è¥­¨ï x�, ãç áâ¢ãîé¥£® ¢ (1:3), á¯à ¢¥¤«¨¢  ®æ¥­ª  (2:13).

� ¬¥ç ­¨¥ 1. �§ â¥®à¥¬ë 1 á«¥¤ã¥â, çâ® ¥á«¨ áãé¥áâ¢ã¥â í«¥¬¥­â x�, ï¢«ïîé¨©áï à¥è¥­¨-
¥¬ ãà ¢­¥­¨ï (1.1) ¨ ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨î (1.3), â® íâ®â í«¥¬¥­â ®¯à¥¤¥«ï¥âáï ®¤­®§­ ç­®.

3. �¥£ã«ïà¨§ãîé¨©  «£®à¨â¬

�¡à â¨¬áï ª á«ãç î, ª®£¤  ¨áå®¤­ë¥ ¤ ­­ë¥ ¢ ãà ¢­¥­¨¨ (1.1) ¨§¢¥áâ­ë á ¯®£à¥è­®áâìî.
�ã¤¥¬ áç¨â âì, çâ® ¢¬¥áâ® ®¯¥à â®à  A ¨ ¯à ¢®© ç áâ¨ f ¤®áâã¯­ë ¨å ¯à¨¡«¨¦¥­¨ï Ah 2 L(X)
¨ f� 2 X â ª¨¥, çâ®

kAh �AkL(X) � h; kf� � fk � �: (3.1)

�æ¥­ª¨ ¯®£à¥è­®áâ¥© h, � ¢ (3.1) ¯à¥¤¯®« £ îâáï ¨§¢¥áâ­ë¬¨. �¡®§­ ç¨¬ ç¥à¥§ X�(A; f) ¬­®-
¦¥áâ¢® à¥è¥­¨© ãà ¢­¥­¨ï (1.1). � ¯®¬­¨¬ [1]{[3], çâ® à¥£ã«ïà¨§ãîé¨¬  «£®à¨â¬®¬ ¤«ï (1.1)
­ §ë¢ ¥âáï â ª®¥ ®â®¡à ¦¥­¨¥ Rh� : L(X) � X ! X, çâ® ¤«ï «î¡ëå (A; f) : X�(A; f) 6= ;
¢ë¯®«­ï¥âáï

9x� 2 X�(A; f) : lim
h;�!0

sup
Ah2L(X); f�2X

kAh�AkL(X)�h; kf��fk��

kRh�(Ah; f�)� x�k = 0: (3.2)

�®£« á­® (3.2) 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¬ ¤ ­­ë¬ (Ah; f�). � á®®â¢¥âáâ¢¨¨ á (1.2) ®¯à¥¤¥«¨¬
¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ (1.1) á«¥¤ãîé¨¬ ®¡à §®¬:

xh�� = (E � �(Ah; �)Ah)� + �(Ah; �)f�: (3.3)

�¤¥áì ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨ � = �(h; �) á«¥¤ã¥â á®£« á®¢ âì á ¯®£à¥è­®áâï¬¨ h, �. �¥«ìî
¤ «ì­¥©è¨å à ááã¦¤¥­¨© ï¢«ï¥âáï ­ å®¦¤¥­¨¥ ãá«®¢¨© ­  ¯®à®¦¤ îé¨¥ äã­ªæ¨¨ �(�; �), ®¡¥á-
¯¥ç¨¢ îé¨å ¢ë¯®«­¥­¨¥ à¥£ã«ïà¨§ æ¨®­­®£® á¢®©áâ¢  (3.2) ¤«ï  «£®à¨â¬ 

Rh�(Ah; f�) = xh��(h;�): (3.4)

�­ ç «¥ ã¡¥¤¨¬áï, çâ® ¯à¨ ¤®áâ â®ç­® ¬ «®¬ h > 0 äã­ªæ¨ï �(Ah; �) ®¯¥à â®à  Ah ¬®¦¥â
¡ëâì ®¯à¥¤¥«¥­  á®£« á­® (2.6). �ã¤¥¬ ®¡®§­ ç âì ç¥à¥§ �(A) = C n �(A) à¥§®«ì¢¥­â­®¥ ¬­®¦¥-
áâ¢® ®¯¥à â®à  A. �§¢¥áâ­®

�à¥¤«®¦¥­¨¥ 2 ([14], c. 185; [15], c. 141). �ãáâì � 2 �(A), A 2 L(X) ¨ B 2 L(X).
1) �à¥¤¯®«®¦¨¬, çâ® kBR(�;A)kL(X) < 1. �®£¤  � 2 �(A+B) ¨ á¯à ¢¥¤«¨¢® ¯à¥¤áâ ¢«¥­¨¥

R(�;A+B) = R(�;A)
1X
k=0

(BR(�;A))k: (3.5)

2) �ãáâì kR(�;A)BkL(X) < 1. �®£¤  � 2 �(A+B) ¨

R(�;A+B) =
1X
k=0

(R(�;A)B)kR(�;A): (3.6)

�ï¤ë ¢ (3:5) ¨ (3:6)  ¡á®«îâ­® áå®¤ïâáï ¢ ­®à¬¥ ¯à®áâà ­áâ¢  L(X).

�¥¬¬ . �ãáâì ¢ë¯®«­ï¥âáï ãá«®¢¨¥

c1h

d0�
� !; (3.7)

£¤¥ ¯®áâ®ï­­ ï ! 2 (0; 1). �®£¤  ª®­âãà �� ®å¢ âë¢ ¥â á¯¥ªâà �(Ah), â ª çâ® ¤«ï �(Ah; �)
á¯à ¢¥¤«¨¢® ¯à¥¤áâ ¢«¥­¨¥ (2:6).
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�®ª § â¥«ìáâ¢®. �«ï «î¡®£® � 2 C n intK�(R0; d0; '0) ¯® ¯®áâà®¥­¨î K�(R0; d0; '0) ¨¬¥¥¬
j�j � d0�. �®« £ ï ¢ «¥¬¬¥ B = Ah �A, á ¨á¯®«ì§®¢ ­¨¥¬ (3.1) ¨ (3.7) ¯®«ãç ¥¬

kBR(�;A)kL(X) �
c1h

j�j
�

c1h

d0�
� ! < 1:

� ª¨¬ ®¡à §®¬, � 2 �(Ah), â. e. ª®­âãà �� á®¤¥à¦¨â ¢­ãâà¨ ¢á¥ â®çª¨ á¯¥ªâà  �(Ah).

�áî¤ã ¢ ¤ «ì­¥©è¥¬ ãá«®¢¨¥ (3.7) áç¨â ¥¬ ¢ë¯®«­¥­­ë¬.
�à¥¤¯®« £ ï ¢ë¯®«­¥­­ë¬ ãá«®¢¨¥ ¨áâ®ª®¯à¥¤áâ ¢¨¬®áâ¨ (1.3), ®æ¥­¨¬ ¢¥«¨ç¨­ã kxh�� �x�k.

�¬¥¥¬

xh�� � x� = (E � �(Ah; �)Ah)(� � x�) + �(Ah; �)[(f� � f) + (A�Ah)x�]: (3.8)

�®£« á­® (3.1), (3.8) á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

kxh�� � x�k � k�(Ah; �)kL(X)(� + kx�kh) + k(E � �(Ah; �)Ah)Apvk: (3.9)

�æ¥­¨¬ ¯® ®â¤¥«ì­®áâ¨ á« £ ¥¬ë¥ ¢ ¯à ¢®© ç áâ¨ (3.9).
� ¬¥â¨¬, çâ® ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨ï (3.7) ¢ á¨«ã (3.1), (3.5) ¯®«ãç¨¬

kR(�;Ah)kL(X) � kR(�;A)kL(X)

1X
k=0

k(Ah �A)R(�;A)kkL(X) �
c1

(1� !)j�j
8� 2 ��; � 2 (0; �0]:

�§ (2.6) á«¥¤ã¥â

k�(Ah; �)kL(X) �
1
2�

Z
��

j�(�; �)j kR(�;Ah)kL(X)jd�j � c8

Z
��

j�(�; �)j
j�j

jd�j; � 2 (0; �0]: (3.10)

� ¤®¯®«­¥­¨¥ ª ãá«®¢¨ï¬ B, C ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¤«ï ¯®à®¦¤ îé¨å äã­ªæ¨© �(�; �)
¢ë¯®«­ï¥âáï

�á«®¢¨¥ D. �«ï «î¡®£® � 2 (0; �0] ¨¬¥¥â ¬¥áâ® ®æ¥­ª Z
��

j�(�; �)j
j�j

jd�j �
c9

�
:

�§ (3.10) á ãç¥â®¬ ãá«®¢¨ï D ¯®«ãç ¥¬

k�(Ah; �)kL(X) �
c10

�
; � 2 (0; �0]: (3.11)

�«ï ¢â®à®£® á« £ ¥¬®£® ¢ (3.9) ¨¬¥¥¬ ®æ¥­ªã

k(E � �(Ah; �)Ah)Apvk � k(E � �(A;�)A)Apvk+ k(�(Ah; �)Ah � �(A;�)A)Apvk: (3.12)

�­ «®£¨ç­® ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 1 á ¨á¯®«ì§®¢ ­¨¥¬ (2.10) ãáâ ­ ¢«¨¢ ¥âáï ­¥à ¢¥­áâ¢®

k(E � �(A;�)A)Apvk � c11kvk�
p; � 2 (0; �0]: (3.13)

� ª ¨ ¢ëè¥, ¯®«®¦¨¬ n = [p], � = p� n, " = d2�, d2 > 0. �¬¥¥¬

k(�(Ah; �)Ah � �(A;�)A)Apvk � k(�(Ah; �)Ah � �(A;�)A)An(A+ "E)�vk+

+ k(�(Ah; �)Ah � �(A;�)A)An[(A+ "E)� �A� ]vk: (3.14)

�«ï ¯¥à¢®£® á« £ ¥¬®£® ¢ ¯à ¢®© ç áâ¨ (3.14) ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢®

k(�(Ah; �)Ah � �(A;�)A)An(A+ "E)�vk �

�
1
2�
kvk

Z
��

j1� �(�; �)�j k(R(�;A) �R(�;Ah))An(A+ "E)�kL(X)jd�j:
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�  ®á­®¢ ­¨¨ ¯à¥¤«®¦¥­¨ï 2 (á¬. (3.6)) á ãç¥â®¬ (3.7) ¯®«ãç ¥¬

k(R(�;A) �R(�;Ah))A
n(A+ "E)�kL(X) �

�
1X
k=1

(kR(�;A)kL(X)h)
kkR(�;A)AnkL(X)k(A+ "E)�kL(X) �

�
c12h

(1� !)j�j
kR(�;A)AnkL(X) 8� 2 ��; � 2 (0; �0]:

� á¨«ã â®¦¤¥áâ¢  R(�;A)A = �E + �R(�;A) ¢¥«¨ç¨­  kR(�;A)AnkL(X) ¤®¯ãáª ¥â ®æ¥­ªã

kR(�;A)AnkL(X) � c13gp(j�j); gp(t) =

(
t�1; [p] = 0;

1; [p] > 0;
t > 0:

�®íâ®¬ã

k(�(Ah; �)Ah � �(A;�)A)An(A+ "E)�vk � c14kvkgp(�)h; � 2 (0; �0]: (3.15)

�«ï ¢â®à®£® á« £ ¥¬®£® ¢ (3.14) á ãç¥â®¬ ãá«®¢¨ï C ¨ ¯à¥¤«®¦¥­¨ï 2  ­ «®£¨ç­® ¯®«ãç ¥¬

k(�(Ah; �)Ah � �(A;�)A)An[(A+ "E)� �A� ]vk �

� c15kvk�
�

Z
��

j1� �(�; �)�j k(R(�;A) �R(�;Ah))A
nkL(X)jd�j � c16kvkgp(�)�

�h: (3.16)

�¡ê¥¤¨­ïï ®æ¥­ª¨ (3.9), (3.11){(3.16), ®ª®­ç â¥«ì­® ­ å®¤¨¬

kxh�� � x�k � c17

�
h+ �

�
+ (gp(�)h+ �p)kvk

�
: (3.17)

�¥¯®áà¥¤áâ¢¥­­ë¬ á«¥¤áâ¢¨¥¬ ¯à®¢¥¤¥­­ëå à ááã¦¤¥­¨© ï¢«ï¥âáï

�¥®à¥¬  2. �ãáâì ¢ë¯®«­ïîâáï ãá«®¢¨ï A{D, ¨ ­ ç «ì­ ï ­¥¢ï§ª  x� � � ®¡« ¤ ¥â ¨áâ®-

ª®®¡à §­ë¬ ¯à¥¤áâ ¢«¥­¨¥¬ (1:3). �à¥¤¯®«®¦¨¬, çâ® ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨ � = �(h; �)
á®£« á®¢ ­ á ¯®£à¥è­®áâï¬¨ h, � â ª, çâ® ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢® (3:7) ¨, ªà®¬¥ â®£®,

� 2 (0; �0]; lim
h;�!0

� = lim
h;�!0

h+�

�
= 0: (3.18)

�®£¤  á®®â­®è¥­¨ï (3:3), (3:4) ®¯à¥¤¥«ïîâ à¥£ã«ïà¨§ãîé¨©  «£®à¨â¬ ¤«ï § ¤ ç¨ (1:1), ¨ ¨¬¥¥â
¬¥áâ® ®æ¥­ª  (3:17).

� § ª«îç¥­¨¥ íâ®£® ¯ à £à ä  ªà âª® ®¡áã¤¨¬ ¢®§¬®¦­®áâ¨ ®á« ¡«¥­¨ï ãá«®¢¨ï (1.3), ¯à¥¤-
áâ ¢«ïîé¥£®áï ­ àï¤ã á ãá«®¢¨¥¬ A ­ ¨¡®«¥¥ ®£à ­¨ç¨â¥«ì­ë¬ áà¥¤¨ ¯à¥¤¯®«®¦¥­¨© ¤®ª § ­-
­ëå ¢ëè¥ â¥®à¥¬. �ã¤¥¬ áç¨â âì, çâ® ¤«ï § ¤ ­­®£® ¯à¨¡«¨¦¥­­®£® ®¯¥à â®à  Ah ¨ ­¥ª®â®à®£®
­ âãà «ì­®£® p ã¤ «®áì ¯®¤®¡à âì â ª®© í«¥¬¥­â vh 2 X, çâ®

x� � � = A
p
hvh + wh; kwhk � �: (3.19)

�¤¥áì ¢¥«¨ç¨­  � ¨¬¥¥â á¬ëá« ¯®£à¥è­®áâ¨ ¨áâ®ª®®¡à §­®£® ¯à¥¤áâ ¢«¥­¨ï ­¥¢ï§ª¨ x�� � ¯à¨
¯®¬®é¨ ¨¬¥îé¥£®áï ¢ ­ è¥¬ à á¯®àï¦¥­¨¨ ®¯¥à â®à  Ah. �à¥¤¯®«®¦¨¬, çâ® � ¬ «  ­ àï¤ã
á h, �. �§ (3.3) á«¥¤ã¥â ­¥à ¢¥­áâ¢®

kxh�� � x�k � c18k�(Ah; �)kL(X)(h+ �) + k(E � �(Ah; �)Ah)A
p
hvhk+ kE � �(Ah; �)AhkL(X)�:

�âáî¤  ¯® ¨§«®¦¥­­®© ¢ëè¥ áå¥¬¥ ¯®«ãç ¥âáï ®æ¥­ª 

kxh�� � x�k � c19

�
h+ �

�
+ �pkvhk+�

�
: (3.20)

�¥¬ á ¬ë¬ ¤®ª § ­ 
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�¥®à¥¬  3. �ãáâì ¢ë¯®«­ïîâáï ãá«®¢¨ï A{D, ­ ç «ì­ ï ­¥¢ï§ª  x� � � ¯à¥¤áâ ¢¨¬  ¢

¢¨¤¥ (3:19) á ­ âãà «ì­ë¬ ¯®ª § â¥«¥¬ p, ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨ � = �(h; �) á®£« á®¢ ­ á

¯®£à¥è­®áâï¬¨ h, � â ª, çâ® � 2 (0; �0] ¨ ¢ë¯®«­ï¥âáï (3:7). �®£¤  ¨¬¥¥â ¬¥áâ® ®æ¥­ª 

(3:20).

�«¥¤áâ¢¨¥. �ãáâì ¢ë¯®«­ïîâáï ãá«®¢¨ï â¥®à¥¬ë 3, á®®â­®è¥­¨ï (3.18) ¨, ªà®¬¥ â®£®,
sup
h

kvhk <1. �®£¤ 

lim
h;�!0

kxh�� � x�k � c19�: (3.21)

�¥à ¢¥­áâ¢® (3.21) ®§­ ç ¥â ãáâ®©ç¨¢®áâì à¥£ã«ïà¨§ãîé¥£®  «£®à¨â¬  (3.3), (3.4) ª ¯®£à¥è-
­®áâï¬ ¢ ¨áâ®ª®®¡à §­®¬ ¯à¥¤áâ ¢«¥­¨¨ (1.3).

� ª ç¥áâ¢¥ ¤àã£®£® ¯à¨«®¦¥­¨ï â¥®à¥¬ë 3 ¨áá«¥¤ã¥¬ áå®¤¨¬®áâì ¯à¨¡«¨¦¥­¨© xh�� , ®¯à¥¤¥-
«ï¥¬ëå (3.3), ­¥ ¤¥« ï ­¨ª ª¨å ¯à¥¤¯®«®¦¥­¨© ®â­®á¨â¥«ì­® ¨áâ®ª®¯à¥¤áâ ¢¨¬®áâ¨ ­ ç «ì­®©
­¥¢ï§ª¨. �ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® X | à¥ä«¥ªá¨¢­®¥ ¯à®áâà ­áâ¢®. �®£« á­® ([16], c. 637) ¯à¨
¢ë¯®«­¥­¨¨ ãá«®¢¨ï A ¯à®áâà ­áâ¢® X à §« £ ¥âáï ¢ ¯àï¬ãî áã¬¬ã X = R(A)�N(A), £¤¥ R(A)
¨ N(A) ®¡®§­ ç îâ á®®â¢¥âáâ¢¥­­® ®¡à § ¨ ï¤à® ®¯¥à â®à  A. � ª¨¬ ®¡à §®¬, «î¡®© í«¥¬¥­â
x 2 X ®¤­®§­ ç­® ¯à¥¤áâ ¢�̈¬ ¢ ¢¨¤¥ x = y+ z, £¤¥ y 2 R(A), z 2 N(A). �®á«¥¤­¥¥ ®§­ ç ¥â, çâ®
¤«ï «î¡®£® � 2 X ­ ©¤¥âáï ¥¤¨­áâ¢¥­­ë© í«¥¬¥­â x� 2 X�(A; f), ¤«ï ª®â®à®£® x� � � 2 R(A).
�«¥¤®¢ â¥«ì­®, ¤«ï ¯à®¨§¢®«ì­® ¬ «®£® " > 0 ¬®¦­® ¢ë¡à âì â ª¨¥ v" ¨ w", çâ® x��� = Av"+w",
kw"k � ". �®« £ ï ¢ (3.20) � = hkv"k+ ", p = 1, § ª«îç ¥¬, çâ®

kxh�� � x�k � c19

�
h+ �

�
+ (�+ h)kv"k+ "

�
:

�«¥¤®¢ â¥«ì­®, ¯à¨ ¢ë¯®«­¥­¨¨ (3.18) á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢® lim
h;�!0

kxh�� � x�k � c19". �âáî¤ 

¢¢¨¤ã ¯à®¨§¢®«ì­®© ¬ «®áâ¨ " > 0 ¢ëâ¥ª ¥â

�¥®à¥¬  4. �ãáâì X | à¥ä«¥ªá¨¢­®¥ ¡ ­ å®¢® ¯à®áâà ­áâ¢®, ¢ë¯®«­ïîâáï ãá«®¢¨ï A,
B, D, (3.7), (3.18) ¨ (2:10) á s = 1. �®£¤  ¤«ï ®¯à¥¤¥«ï¥¬ëå á®£« á­® (3:3) ¯à¨¡«¨¦¥­¨© xh�� ¨

í«¥¬¥­â  x� 2 X�(A; f) â ª®£®, çâ® x� � � 2 R(A), ¨¬¥¥â ¬¥áâ® á®®â­®è¥­¨¥ (3:2).

�¢â®à ¯à¨§­ â¥«¥­ ¯à®ä. �.�. � ªãè¨­áª®¬ã §  ¯®«¥§­ë¥ ®¡áã¦¤¥­¨ï à¥§ã«ìâ â®¢ ¤ ­­®©
à ¡®âë.
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