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1. �¥®¡å®¤¨¬®áâì ãá«®¢¨ï ¨áâ®ª®¯à¥¤áâ ¢¨¬®áâ¨

� ¤ ®© à ¡®â¥, ¯à®¤®«¦ îé¥© [1], à áá¬®âà¨¬ ¢®¯à®á ® ¥®¡å®¤¨¬®áâ¨ ¨áâ®ª®®¡à §®£®
¯à¥¤áâ ¢«¥¨ï  ç «ì®© ¥¢ï§ª¨ ¤«ï áâ¥¯¥®© ®æ¥ª¨ áª®à®áâ¨ áå®¤¨¬®áâ¨ ¬¥â®¤®¢  ¯¯à®ª-
á¨¬ æ¨¨ à¥è¥¨© «¨¥©ëå ¥ª®àà¥ªâëå ãà ¢¥¨©

Ax = f; x 2 X: (1.1)

�¤¥áì, ª ª ¨ à ¥¥, 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¬  ¢ L(X)
¢¢®¤¨âáï áâ ¤ àâë¬ ®¡à §®¬ ¨ ®¡®§ ç ¥âáï ç¥à¥§ k � kL(X). �ãé¥áâ¢®¢ ¨¥ ¨ ¥¯à¥àë¢®áâì
®¡à â®£® ®¯¥à â®à  A�1 ¥ ¯à¥¤¯®« £ ¥âáï, çâ® ¨ ¤¥« ¥â ãà ¢¥¨¥ (1.1) ¥ª®àà¥ªâë¬. �
¤ ®© áâ âì¥ ¤«ï ¯à®áâ®âë ¡ã¤¥¬ áç¨â âì, çâ® ¨áå®¤ë¥ ¤ ë¥ (A; f) ¢ (1.1) ¨§¢¥áâë ¡¥§
¯®£à¥è®áâ¥©. �¥çì ¨¤¥â ® ª« áá¥ ¬¥â®¤®¢

x� = (E � �(A;�)A)� + �(A;�)f; � 2 (0; �0]; (1.2)

¢ à ¬ª å ª®â®à®£® ª®ªà¥âë¥ ¯à®æ¥¤ãàë ®¯à¥¤¥«ïîâáï ¢ë¡®à®¬ ¯®à®¦¤ îé¨å ª®¬¯«¥ªá®-
§ çëå äãªæ¨© �(�; �), � 2 C , � 2 (0; �0]. �¤¥áì E | ¥¤¨¨çë© ®¯¥à â®à, � | ¯ à ¬¥âà
à¥£ã«ïà¨§ æ¨¨, � 2 X | ä¨ªá¨à®¢ ë© í«¥¬¥â, á«ã¦ é¨©  ç «ìë¬ ¯à¨¡«¨¦¥¨¥¬ ª ¨á-
ª®¬®¬ã à¥è¥¨î x�. �à¥¤¯®« £ ¥âáï, çâ® ¬®¦¥áâ¢® à¥è¥¨© (1.1) ¥¯ãáâ®. �ãªæ¨ï �(A;�)
®¯¥à â®à  A ¢ (1.2) ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© �¨áá {� ä®à¤ 

'(A) =
1
2�i

Z
�

'(�)R(�;A)d�; (1.3)

£¤¥ R(�;A) = (�E � A)�1 o¡®§ ç ¥â à¥§®«ì¢¥âã ®¯¥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 ¨ æ¥«¨ª®¬
«¥¦ é¨© ¢ ®¡« áâ¨   «¨â¨ç®áâ¨ äãªæ¨¨ '(�).

� ¯®¬¨¬ ®á®¢ë¥ ãá«®¢¨ï   ®¯¥à â®à A ¨ ¯®à®¦¤ îé¨¥ äãªæ¨¨ �(�; �), ¯à¨ ª®â®àëå ¢
[1] ¨áá«¥¤®¢ «¨áì  ¯¯à®ªá¨¬ â¨¢ë¥ á¢®©áâ¢  áå¥¬ë (1.2) ¯® ®â®è¥¨î ª ¨áª®¬®¬ã à¥è¥¨î
x�.

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

�(A) � K('0); K('0) = f� 2 C : j arg �j � '0g (1.4)

¨ ®æ¥ª 

kR(�;A)kL(X) � c0
j�j 8� 2 C nK('0): (1.5)
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�¤¥áì ¨ ¤ «¥¥ c0; c1; : : : | ¯®«®¦¨â¥«ìë¥  ¡á®«îâë¥ ª®áâ âë, ã¬¥à æ¨ï ª®â®àëå ¥§ -
¢¨á¨¬  ®â [1].

�¡®§ ç¨¬ S(r) = f� 2 C : j�j � rg, K(r; '0) = K('0) \ S(r). � á¨«ã (1.4) ¯à¨ «î¡®¬
R0 > kAkL(X) ¨¬¥¥¬ �(A) � K(R0; '0). � ä¨ªá¨àã¥¬ íâã ª®áâ âã R0.

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

K�(R0; d0; '0) � D�;

£¤¥ K�(R0; d0; '0) = K(R0; '0) [ S(d0�), d0 | ä¨ªá¨à®¢  ï ª®áâ â , d0 2 (0; 1).
�à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© A, B ¨ ¤®¯®«¨â¥«ì®£® ãá«®¢¨ï C [1] ãáâ ®¢«¥®, çâ® ¯à¨  «¨ç¨¨

¨áâ®ª®®¡à §®£® ¯à¥¤áâ ¢«¥¨ï  ç «ì®© ¥¢ï§ª¨

x� � � = Apv; v 2 X; p > 0; (1.6)

¨¬¥¥â ¬¥áâ® ¯à¥¤¥«ì®¥ á®®â®è¥¨¥ lim
�!0

kx��x�k = 0 ¨ á¯à ¢¥¤«¨¢  ®æ¥ª  áª®à®áâ¨ áå®¤¨¬®-
áâ¨

kx� � x�k � l�p 8� 2 (0; �0]; (1.7)

£¤¥ l = c1kvk. �® ¯®¢®¤ã ®¯à¥¤¥«¥¨ï áâ¥¯¥¨ Ap ¤«ï ¥æ¥«ëå ¯®ª § â¥«¥© p á¬. [1] ¨ ãª § ë¥
â ¬ ááë«ª¨.

� ¤ ®© à ¡®â¥ ¯®ª ¦¥¬, çâ® ¯à¥¤áâ ¢«¥¨¥ (1.6), ¤®áâ â®ç®¥ ¤«ï ¢ë¯®«¥¨ï ®æ¥ª¨
(1.7), ¡«¨§ª® ª ¥®¡å®¤¨¬®¬ã. � á«ãç ¥ £¨«ì¡¥àâ®¢  ¯à®áâà áâ¢  X ¨ á ¬®á®¯àï¦¥®£® ®¯¥-
à â®à  A� = A   «®£¨çë¥ à¥§ã«ìâ âë ¡ë«¨ ãáâ ®¢«¥ë à ¥¥ ¢ ([2], á. 80{83; [3], á. 136{140).
�á®¢ë¬ à¥§ã«ìâ â®¬ áâ âì¨ ï¢«ï¥âáï ãâ¢¥à¦¤¥¨¥ ® â®¬, çâ® ¯à¨ ¢ë¯®«¥¨¨ àï¤  ¤®¯®«¨-
â¥«ìëå ãá«®¢¨©   ¯®à®¦¤ îé¨¥ äãªæ¨¨ á«¥¤áâ¢¨¥¬ ®æ¥ª¨ (1.7) ï¢«ï¥âáï ¯à¥¤áâ ¢«¥¨¥

x� � � = Ap�qvq; vq 2 X; (1.8)

á¯à ¢¥¤«¨¢®¥ ¤«ï ¢á¥å ¤®áâ â®ç® ¬ «ëå q 2 (0; q0]. �â¬¥â¨¬, çâ® ¢¥«¨ç¨  q ¢ (1.8) ¥ ¬®-
¦¥â ¡ëâì ¢ ®¡é¥¬ á«ãç ¥ § ¬¥¥  ã«¥¬; á®®â¢¥âáâ¢ãîé¨¥ ª®âà¯à¨¬¥àë ¨§¢¥áâë ã¦¥ ¤«ï
á ¬®á®¯àï¦¥ëå ®¯¥à â®à®¢ ¢ £¨«ì¡¥àâ®¢®¬ ¯à®áâà áâ¢¥ ([3], á. 138).

�®¤£®â®¢¨â¥«ìë¬ à ááã¦¤¥¨ï¬, ¥®¡å®¤¨¬ë¬ ¤«ï ¤®ª § â¥«ìáâ¢  áä®à¬ã«¨à®¢ ®£®
¢ëè¥ ®á®¢®£® à¥§ã«ìâ â , ¯®á¢ïé¥  ®áâ ¢è ïáï ç áâì  áâ®ïé¥£® ¯ à £à ä  ¨ ¢¥áì x 2. �
x 3 ¯à¨¢®¤¨âáï ä®à¬ã«¨à®¢ª  â¥®à¥¬ë ¨ § ¢¥àè ¥âáï ¥¥ ¤®ª § â¥«ìáâ¢®. � x 4 à áá¬ âà¨¢ îâáï
¯à¨¬¥àë ¯à®æ¥¤ãà ¢¨¤  (1.2), ª ª®â®àë¬ ¯à¨¬¥¨¬ë à¥§ã«ìâ âë [1] ¨  áâ®ïé¥© à ¡®âë.

� ¤ «ì¥©è¥¬ ¡ã¤¥â ã¤®¡® áç¨â âì, çâ® ¯®à®¦¤ îé¨¥ äãªæ¨¨ �(�; �) ®¯à¥¤¥«¥ë ¤«ï
¢á¥å ¯®«®¦¨â¥«ìëå § ç¥¨© ¯ à ¬¥âà  à¥£ã«ïà¨§ æ¨¨, â ª çâ® � 2 (0;1). �®®â¢¥âáâ¢¥®
¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ãá«®¢¨¥ B ¢ë¯®«ï¥âáï ¤«ï ¢á¥å § ç¥¨© � 2 (0;1) c K�(R0; d0; '0) =
K(R0; '0) [ S(minfR0; d0�g). �®«ãç¥ãî ¬®¤¨ä¨ª æ¨î ãá«®¢¨ï B  §®¢¥¬ ãá«®¢¨¥¬ B0. �¡®-
§ ç¨¬ ç¥à¥§ � £à ¨æã ¬®¦¥áâ¢  K�(R0; d0; '0). �á«®¢¨¥ B0 ®§ ç ¥â, çâ® ®¯¥à â®à

�(A;�) =
1
2�i

Z
�

�(�; �)R(�;A)d� (1.9)

®¯à¥¤¥«¥ ¯à¨ «î¡®¬ � 2 (0;1). �§ (1.2) ¨ (1.9) á ãç¥â®¬ à ¢¥áâ¢  Ax� = f á«¥¤ã¥â ¯à¥¤áâ -
¢«¥¨¥

x� � x� =
1
2�i

Z
�

(1� �(�; �)�)R(�;A)(� � x�)d�: (1.10)

�ã¤¥¬ áç¨â âì â ª¦¥ ¢ë¯®«¥ë¬¨ á«¥¤ãîé¨¥ â¥å¨ç¥áª¨¥ ãá«®¢¨ï C0, E.
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�á«®¢¨¥ C0. �à¨ ¢á¥å r 2 (0; r0] ¨¬¥¥â ¬¥áâ® ®æ¥ª 

sup
�2[�0;1)

�
��r

Z
�

j1� �(�; �)�j
j�j jd�j

�
<1: (1.11)

�¥à ¢¥áâ¢® (1.11) | íâ® ®á« ¡«¥ë© ¢ à¨ â ãá«®¢¨ï C ¨§ [1], ¯®«ãç îé¨©áï ¯à¨ s = 0,
® ¢ ®â«¨ç¨¥ ®â ¥£® à á¯à®áâà ïîé¨©áï   § ç¥¨ï � 2 [�0;1). �¡®§ ç¨¬

D(R0; d0; '0) = f(�; �) : � 2 K�(R0; d0; '0); � 2 (0;1)g:
�á«®¢¨¥ E. �ãªæ¨ï �(� + "; �) ¥¯à¥àë¢  ¯® �, �   ¬®¦¥áâ¢¥ D(R0; d0; '0) ¤«ï ¢á¥å

" 2 [0; "0], "0 > 0.
� å®¤¥ ¤ «ì¥©è¨å à ááã¦¤¥¨©   äãªæ¨¨ �(�; �) ¡ã¤ãâ  «®¦¥ë ¨ ¤àã£¨¥ ®£à ¨ç¥¨ï.

2. �à¥¤¢ à¨â¥«ìë¥ ®æ¥ª¨

�à¥¤¯®«®¦¨¬, çâ® ¤«ï ¥ª®â®à®© ª®áâ âë l > 0 ¨¬¥¥â ¬¥áâ® ®æ¥ª  (1.7).
�§ ãá«®¢¨ï E á ãç¥â®¬ ¯à¥¤áâ ¢«¥¨ï (1.9) á«¥¤ã¥â, çâ® í«¥¬¥â x� ¥¯à¥àë¢® § ¢¨á¨â ®â

� 2 (0;1). �à®¬¥ â®£®, ¢ á¨«ã (1.5), (1.7), (1.10) ¨ (1.11) ¤«ï ¢á¥å q, 0 < q < minf 2
3
p; 2r0g,

á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®Z 1

0

��p�1+qkx� � x�kd� =
Z �0

0

��p�1+qkx� � x�kd� +
Z 1

�0

��p�1+qkx� � x�kd� �

� l

Z �0

0
��1+qd�+

c0
2�
kx� � �k

Z 1

�0

��p�1+ 3
2 q

�
��q=2

Z
�

j1� �(�; �)�j
j�j jd�j

�
d� = {(q) <1: (2.1)

�®á«¥¤¥¥ ®§ ç ¥â, çâ® ®¯à¥¤¥«¥ í«¥¬¥â

wq =
Z 1

0

��p�1+q(x� � x�)d�; (2.2)

£¤¥ wq 2 X ¨ ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ ¯®¨¬ ¥âáï ¢ á¬ëá«¥ �®å¥à  ([4], á. 94).
� ¬¥â¨¬ ¯«  ¤ «ì¥©è¨å à ááã¦¤¥¨©. � àï¤ã á ®¯¥à â®à®¬ A à áá¬®âà¨¬ ¥£® à¥£ã«ïà¨-

§ æ¨î A" = A+ "E, " > 0, ¨ ¢¢¥¤¥¬ (¯®ª  ä®à¬ «ì®) í«¥¬¥â

u(")q =
Z 1

0

��p�1+q(�(A;�)A � �(A"; �)A")(� � x�)d�: (2.3)

�¡¥¤¨¢è¨áì ¢ áå®¤¨¬®áâ¨ ¨â¥£à «  (2.3) ¨ ãáâ ®¢¨¢ ¢¥àåîî ®æ¥ªã ¤«ï ku(")q k, â¥¬ á ¬ë¬
¤®ª ¦¥¬ áå®¤¨¬®áâì ¨â¥£à « Z 1

0

��p�1+q(E � �(A"; �)A")(� � x�)d� = u(")q + wq , w(")
q (2.4)

á ®æ¥ª®© ®à¬ë kw(")
q � wqk = ku(")q k. �  § ¢¥àè îé¥¬ íâ ¯¥ ¯àï¬ë¬ ¢ëç¨á«¥¨¥¬ ¯®ª ¦¥¬,

çâ® ¤«ï ¥ª®â®à®© ¥ã«¥¢®© ª®áâ âë �(p; q) á¯à ¢¥¤«¨¢® à ¢¥áâ¢®

Ap�q
" w(")

q = �(p; q)(x� � �):

� ¤àã£®© áâ®à®ë, á ¨á¯®«ì§®¢ ¨¥¬ ã¯®¬ïãâ®© ®æ¥ª¨ ãáâ ®¢¨¬, çâ® Ap�q
" w(")

q = Ap�qwq ¤«ï
áª®«ì ã£®¤® ¬ «ëå " = "n ! 0. �âáî¤  ¡ã¤¥â ¥¯®áà¥¤áâ¢¥® á«¥¤®¢ âì âà¥¡ã¥¬®¥ ¯à¥¤áâ -
¢«¥¨¥ (1.8).

� ¤ «ì¥©è¥¬ ¡ã¤¥¬ ¯à¥¤¯®« £ âì ¢ë¯®«¥ë¬

�á«®¢¨¥ F. �«ï ¢á¥å � 2 (0;1) ¨¬¥¥â ¬¥áâ® á®®â®è¥¨¥ 1��(�; �)� 6= 0 8� 2 K�(R0; d0; '0).
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�®£« á® â¥®à¥¬¥ ®¡ ®â®¡à ¦¥¨¨ á¯¥ªâà  ([4], á. 220) ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï F ®¯¥à â®à
E � �(A;�)A ¥¯à¥àë¢® ®¡à â¨¬ ¤«ï ¢á¥å � 2 (0;1). C ãç¥â®¬ íâ®£® § ¯¨è¥¬

u(")q =
Z 1

0
��p�1+q (A;�; ")(E � �(A;�)A)(� � x�)d�: (2.5)

�¤¥áì ®¡®§ ç¥®

 (�;�; ") =
�(�; �)� � �(�+ "; �)(� + ")

1� �(�; �)�
: (2.6)

� á¨«ã ãá«®¢¨© E, F ¯à¨ «î¡®¬ " 2 (0; "0] äãªæ¨ï  (�;�; ") ¥¯à¥àë¢  ¯® �, �   ¬®¦¥áâ¢¥
D(R0; d0; '0). �«¥¤®¢ â¥«ì®, ®¯¥à â®à  (A;�; ") ¥¯à¥àë¢® § ¢¨á¨â ®â � ¯à¨ � 2 (0;1) ¢
á¬ëá«¥ ®à¬ë L(X). �«ï ¤®ª § â¥«ìáâ¢  áå®¤¨¬®áâ¨ ¨â¥£à «  �®å¥à  ¢ (2.5) ¤®áâ â®ç®
ãáâ ®¢¨âì áå®¤¨¬®áâì ¨â¥£à «  ¢ ¯à ¢®© ç áâ¨ ¥à ¢¥áâ¢ Z 1

0
��p�1+qk (A;�; ")(E � �(A;�)A)(� � x�)kd� �

�
Z 1

0

��p�1+qk (A;�; ")kL(X)kx� � x�kd�: (2.7)

�§ (1.5) ¨ (1.9) á«¥¤ã¥â, çâ®

k (A;�; ")kL(X) � 1
2�

Z
�

j (�;�; ")j kR(�;A)kL(X) jd�j � c2

Z
�

j (�;�; ")j
j�j jd�j: (2.8)

�®¯®«¨¬ à ¥¥ ¢¢¥¤¥ë¥ ¯à¥¤¯®«®¦¥¨ï ®â®á¨â¥«ì® ¯®à®¦¤ îé¨å äãªæ¨© �(�; �) á«¥-
¤ãîé¨¬ ãá«®¢¨¥¬.

�á«®¢¨¥ G. � ©¤ãâáï â ª¨¥ "1 2 (0; "0] ¨ s0 > 0, çâ® ¯à¨ ¢á¥å " 2 (0; "1] ¤«ï äãªæ¨¨ (2.6)
¨¬¥¥â ¬¥áâ® ®æ¥ª  Z

�

j (�;�; ")j
j�j jd�j �M(�; ") 8� > 0: (2.9)

�à¨ íâ®¬

sup
�2(0;�0]

�
�s

Z "1

0

M(�; ")
"

d"

�
+ sup

�2[�0;1)

�
��s

Z "1

0

M(�; ")
"

d"

�
<1; (2.10)

sup
�2(0;�0]

(�sM(�; ")) + sup
�2[�0;1)

(��sM(�; ")) <1

¤«ï «î¡®£® s 2 (0; s0].

� ¬¥ç ¨¥ 1. �á«®¢¨¥ G ¢ë¯®«ï¥âáï,  ¯à¨¬¥à, ¥á«¨

M(�; ") +
Z "1

0

M(�; ")
"

d" � c3(j ln�ja + 1); a > 0 8� 2 (0;1):

�§ ®æ¥®ª (2.1), (2.7){(2.10) áà §ã á«¥¤ã¥â áå®¤¨¬®áâì ¨â¥£à «  ¢ (2.5) á ¯à®¨§¢®«ìë¬
" 2 (0; "1]. � ª¨¬ ®¡à §®¬, ¯à¨ «î¡®¬ " 2 (0; "1] ¨â¥£à « (2.4) ®¯à¥¤¥«ï¥â í«¥¬¥â w(")

q 2 X. � 
®á®¢ ¨¨ (2.9) á ¨á¯®«ì§®¢ ¨¥¬ â¥®à¥¬ë �ã¡¨¨ ([5], á. 317) ¯®«ãç ¥¬

Z "1

0

kw(")
q � wqk
"

d" �
Z �0

0

��p�1+ q

2 kx� � x�k
�
�q=2

Z "1

0

M(�; ")
"

d"

�
d�+

+
Z 1

�0

��p�1+ 3
2 qkx� � x�k

�
��q=2

Z "1

0

M(�; ")
"

d"

�
d�; 0 < q < minf 2

3
p; 2s0g:
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�âáî¤  á ãç¥â®¬ (2.1) ¨ (2.10) ¢ëâ¥ª ¥â ®æ¥ª 

Z "1

0

kw(")
q � wqk
"

d" � c4

�
{

�
q

2

�
+ {

�
3q
2

��
<1: (2.11)

�¥à ¢¥áâ¢® (2.11) ®§ ç ¥â, çâ®  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì f"ng, "n > 0, "n ! 0, çâ®
lim
n!1

kw("n)
q �wqk = 0. �¥©áâ¢¨â¥«ì®, ¯à¥¤¯®«®¦¨¢ ¯à®â¨¢®¥, ¤«ï ¥ª®â®à®£® !0 > 0 ¬ë ¨¬¥«¨

¡ë kw(")
q � wqk � !0 8" 2 (0; "2], "2 � "1, â ª çâ®

Z "1

0

kw(")
q � wqk
"

d" �
Z "2

0

!0

"
d" =1

¢®¯à¥ª¨ (2.11).
�ç¨â ï ¢¥«¨ç¨ã q ¢ (2.1) ¤®áâ â®ç® ¬ «®©, § ä¨ªá¨àã¥¬ â ª®¥  âãà «ì®¥ m, çâ® m <

p� q < m+ 1. � á®®â¢¥âáâ¢¨¨ á ¤ ë¬ ¢ [1] ®¯à¥¤¥«¥¨¥¬ § ¯¨è¥¬ ¯à¥¤áâ ¢«¥¨¥

Ap�q
" =

(�1)m sin�(p� q)
�

Z 1

0

tp�q�m�1(tE +A")�1Am+1
" dt:

� ª¨¬ ®¡à §®¬, á®£« á® (2.4) ¨¬¥¥¬

Ap�q
" w(")

q =
(�1)m sin�(p� q)

�

Z 1

0

Z 1

0

tp�q�m�1��p�1+q �
� (tE +A")�1Am+1

" (E � �(A"; �)A")(� � x�)d� dt: (2.12)

�«ï â®£® çâ®¡ë § ¯¨á âì ¨â¥£à «ì®¥ ¯à¥¤áâ ¢«¥¨¥ (1.3) ¤«ï ®¯¥à â®à  �(A"; t; �), �(�; t; �) =
(t+ �)�1�m+1(1� �(�; �)�), ¢ë¡epe¬ ¢ ª ç¥áâ¢¥ � ª®âãà

�(") = � "
2
[ �R0

[ �+
( "2 ;R0)

[ ��( "2 ;R0)
;

£¤¥

�r = f� 2 C : j arg �j � '0; j�j = rg;
��(r1;r2) = f� 2 C : arg � = �'0; r1 � j�j � r2g; r; r1; r2 > 0:

�¥âàã¤® ¢¨¤¥âì, çâ® �(") ®å¢ âë¢ ¥â �(A") = f�+" : � 2 �(A)g ¨ ¯à¨ ¢á¥å t, � 2 (0;1) æ¥«¨ª®¬
«¥¦¨â ¢ ®¡« áâ¨   «¨â¨ç®áâ¨ ¯® � äãªæ¨¨ �(�; t; �). �®£« á® (1.3) ¨ (2.12) á¯à ¢¥¤«¨¢®
¯à¥¤áâ ¢«¥¨¥

Ap�q
" w(")

q = �(p; q)
Z 1

0

Z 1

0

Z
�(")

��p�1+qtp�q�m�1(t+ �)�1�m+1(1� �(�; �)�) �
�R(�;A")(� � x�)d� d� dt; (2.13)

£¤¥ �(p; q) = (�1)m sin�(p�q)

2�2i
. �«ï ®¡®á®¢ ¨ï ¢®§¬®¦®áâ¨ ¯¥à¥áâ ®¢ª¨ ¨â¥£à «®¢ ¢ (2.13) ([6],

c. 354) ¯®ª ¦¥¬, çâ®

J ,

Z
�(")

�Z 1

0

Z 1

0

��p�1+qtp�q�m�1jt+ �j�1j�jm+1j1� �(�; �)�j �

� kR(�;A")(� � x�)kd� dt
�
jd�j <1: (2.14)

�®áª®«ìªã ¤«ï ª ¦¤®£® ä¨ªá¨à®¢ ®£® " 2 (0; "1] ¢ë¯®«ï¥âáï

sup
�2�(")

kR(�;A")(� � x�)k = C(") <1;
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â® ¨¬¥¥â ¬¥áâ® ®æ¥ª 

J � C(")
Z
�(")

j�jm+1

�Z 1

0

��p�1+q j1� �(�; �)�jd�
��Z 1

0

tp�q�m�1jt+ �j�1dt

�
jd�j: (2.15)

�ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® äãªæ¨¨ �(�; �) ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¥¬ã ãá«®¢¨î.

�á«®¢¨¥ H. �ãªæ¨ï g(�) = 1� �(�; ��)� ¥ § ¢¨á¨â ®â � ¯à¨ � 2 K('0)nf0g ¨   «¨â¨ç   
®âªàëâ®¬ ¬®¦¥áâ¢¥ � � K('0) n f0g. �à¨ íâ®¬ ¤«ï ¥ª®â®à®© ª®áâ âë t0 > 0 ¢ë¯®«ï¥âáïZ 1

0
��p�1+tjg(ei'�)jd� � N(p; t) <1 8t 2 (0; t0]; j'j � '0: (2.16)

�à®¬¥ â®£®, ¤«ï ãª § ëå § ç¥¨© t á¯à ¢¥¤«¨¢ë á®®â®è¥¨ï

lim
r!0

r�p�1+t

Z
�r

jg(�)j jd�j = 0; lim
R!1

R�p�1+t

Z
�R

jg(�)j jd�j = 0: (2.17)

� áá¬®âà¨¬ ¯® ®â¤¥«ì®áâ¨ ¢ãâà¥¨¥ ¨â¥£à «ë ¢ (2.15). � ¨á¯®«ì§®¢ ¨¥¬ § ¬¥ � =
j�j� = �e�i arg �� , t = j�j� ¨ ¥à ¢¥áâ¢  (2.16) ®æ¥¨¬ ã¯®¬ïãâë¥ ¨â¥£à «ë á«¥¤ãîé¨¬ ®¡à -
§®¬: Z 1

0

��p�1+qj1� �(�; �)�jd� = j�j�p+q
Z 1

0

��p�1+qjg(e�i arg ��)jd� � N(p; q)j�j�p+q ;
(2.18)Z 1

0

tp�q�m�1jt+ �j�1dt = j�jp�q�m�1

Z 1

0

�p�q�m�1j� + j�j�1�j�1d� �
� L(p; q)j�jp�q�m�1 8� 2 �("): (2.19)

�¤¥áì L(p; q) | ¯®«®¦¨â¥«ì ï ¯®áâ®ï ï, ¥ § ¢¨áïé ï ®â �, 0 < q < minf 2
3
p; 2r0; 2s0; t0g.

�®®â®è¥¨¥ (2.14) ¢ëâ¥ª ¥â ¥¯®áà¥¤áâ¢¥® ¨§ (2.15), (2.18), (2.19). �«¥¤®¢ â¥«ì®, ¢ (2.13)
¢®§¬®¦® ¨§¬¥¥¨¥ ¯®àï¤ª  ¨â¥£à¨à®¢ ¨ï. �¬¥¥¬

Ap�q
" w(")

q = �(p; q)
Z
�(")

�m+1

�Z 1

0

��p�1+q(1� �(�; �)�)d�
�
�

�
�Z 1

0

tp�q�m�1(t+ �)�1dt

�
R(�;A")(� � x�)d�; " 2 (0; "1]: (2.20)

�®«®¦¨¢ � = ��, ¯à¥¤áâ ¢¨¬ ¯¥à¢ë© ¨§ ¢ãâà¥¨å ¨â¥£à «®¢ ¢ (2.20) ¢ ¢¨¤¥Z 1

0

��p�1+q(1� �(�; �)�)d� = ��p+q
Z
�(�)

��p�1+qg(�)d�; (2.21)

£¤¥ �(z) = f� 2 C : � = tz; t � 0g, z 2 C ; ç¥à¥§ � ®¡®§ ç ¥âáï ª®¬¯«¥ªá®¥ á®¯àï¦¥¨¥ ¤«ï �, ¨
¨â¥£à¨à®¢ ¨¥ ¯® �(�) ¢¥¤¥âáï ¢  ¯à ¢«¥¨¨ ®â � = 0 ª � =1. �®ª ¦¥¬, çâ® ¢¥«¨ç¨  G(p; q)
¨â¥£à «  ¢ ¯à ¢®© ç áâ¨ (2.21) ¥ § ¢¨á¨â ®â � 2 �("). �á«¨ �; � 2 �(") â ª®¢ë, çâ® arg � = arg �,
� 6= �, â® �(�) = �(�), ¨ ¨â¥£à «ë ¯® «ãç ¬ �(�) ¨ �(�) á®¢¯ ¤ îâ. �ãáâì â¥¯¥àì �; � 2 �(") ¨
arg � < arg �. �ë¡¥à¥¬ ¯®«®¦¨â¥«ì® ®à¨¥â¨à®¢ ë© ª®âãà

�(r;R)(�; �) = �r(�; �) [ �R(�; �) [ �(r;R)(�) [ �(r;R)(�);

�r(�1; �2) = f� 2 C : j�j = r; arg �1 � arg � � arg �2g;
£¤¥ 0 < r < R,

�(r1;r2)(z) = f� 2 C : arg � = arg z; r1 � j�j � r2g:
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� á¨«ã   «¨â¨ç®áâ¨ äãªæ¨¨ g(�)   K('0) n f0g � �(r;R)(�; �) ¢ë¯®«ï¥âáïZ
�(r;R)(�;�)

��p�1+qg(�)d� =
Z

�r(�;�)

��p�1+qg(�)d� +
Z

�R(�;�)

+
Z

�(r;R)(�)

+
Z

�(r;R)(�)

= 0:

�¥à¥å®¤ï §¤¥áì ª ¯à¥¤¥«ã ¯à¨ r! 0, R!1 ¨ ¨á¯®«ì§ãï á®®â®è¥¨ï (2.17), ¯®«ãç ¥¬Z
�(�)

��p�1+qg(�)d� =
Z
�(�)

��p�1+qg(�)d�;

�(�) = �(0;1)(�); �(�) = �(0;1)(�):

� «®£¨ç® ¤«ï ¢â®à®£® ¢ãâà¥¥£® ¨â¥£à «  ¢ (2.20)  å®¤¨¬Z 1

0

tp�q�m�1(t+ �)�1dt = �p�q�m�1

Z
�(�)

�p�q�m�1(1 + �)�1d�; (2.22)

¯à¨ç¥¬ ¢¥«¨ç¨  T (p; q) ¨â¥£à «  ¢ ¯à ¢®© ç áâ¨ ¥ § ¢¨á¨â ®â � 2 �("). �¡ê¥¤¨ïï à ¢¥áâ¢ 
(2.20){(2.22), ¤«ï «î¡®£® " 2 (0; "1] ®ª®ç â¥«ì® ¯®«ãç ¥¬

Ap�q
" w(")

q = �(p; q)G(p; q)T (p; q)
Z
�(")

R(�;A")(� � x�)d� = �(p; q)(x� � �): (2.23)

�¥à¥©¤¥¬ ª § ¢¥àè îé¥¬ã íâ ¯ã à ááã¦¤¥¨©.

3. �á®¢ ï â¥®à¥¬ 

�á®¢ë¬ à¥§ã«ìâ â®¬ ¤ ®© à ¡®âë ï¢«ï¥âáï

�¥®à¥¬ . �ãáâì ¤«ï ¢ëà ¡ âë¢ ¥¬ëå á®£« á® (1:2) ¯à¨¡«¨¦¥¨© x� ¨¬¥¥â ¬¥áâ® ®æ¥ª 

(1:7). �à¥¤¯®«®¦¨¬, çâ® ¢ë¯®«ïîâáï ãá«®¢¨ï A, B0, C0, �{�. �®£¤  ¤«ï ¢á¥å ¤®áâ â®ç®

¬ «ëå q 2 (0; q0]  ç «ì ï ¥¢ï§ª  x� � � ¤®¯ãáª ¥â ¨áâ®ª®®¡à §®¥ ¯à¥¤áâ ¢«¥¨¥ x� � � =
Ap�qvq, vq 2 X.

�®ª § â¥«ìáâ¢®. �®ª ¦¥¬, çâ® ¯à¨ ¢ë¯®«¥¨¨ á¤¥« ëå ¯à¥¤¯®«®¦¥¨© Ap�q
"n

w("n)
q =

Ap�qwq, £¤¥ í«e¬eâ wq ®¯à¥¤¥«¥ ¢ (2.2), fw("n)
q g | ¢ë¤¥«¥ ï ¢ x 2 ¯®á«¥¤®¢ â¥«ì®áâì,

lim
n!1

kw("n)
q �wqk = 0, lim

n!1
"n = 0. �®« £ ¥¬ � = p� q�m, â ª çâ® p� q = m+ �, � 2 (0; 1). �¬¥¥â

¬¥áâo ®æ¥ª 

kAp�q
"n

w("n)
q �Ap�qwqk = kAm+�

"n
w("n)
q �Am+�wqk �
� kAm+�

"n
�Am+�kL(X)kw("n)

q k+ kAm+�kL(X)kw("n)
q � wqk: (3.1)

�¤¥áì

kAm+�
"n

�Am+�kL(X) � kAm
"n
�AmkL(X)kA�kL(X) + kA"nkmL(X)kA�

"n
�A�kL(X): (3.2)

�¥âàã¤® ¯®«ãç¨âì ®æ¥ªã

kAm
" �AmkL(X) � c5" 8" 2 (0; "1]: (3.3)

�à®¬¥ â®£®, á®£« á® ¯à¥¤«®¦¥¨î 1 ¨§ [1]

kA�
" �A�kL(X) � c6"

� 8" 2 (0; "1]: (3.4)

�®áâ âë c5, c6 ¢ (3.3), (3.4) § ¢¨áïâ «¨èì ®â A, p, q. �§ (3.1){(3.4) á«¥¤ã¥â, çâ®

lim
n!1

kAp�q
"n

w("n)
q �Ap�qwqk = 0: (3.5)
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�®áª®«ìªã á®£« á® (2.23) í«¥¬¥â Ap�q
" w(")

q ¥ § ¢¨á¨â ®â ", â® á®®â®è¥¨¥ (3.5) ¤ ¥â Ap�qwq =
�(p; q)(x� � �). C«¥¤®¢ â¥«ì®, ¤«ï vq = �(p; q)�1wq ¢ë¯®«ï¥âáï à ¢¥áâ¢®

Ap�qvq = x� � �: �

� § ª«îç¥¨¥ à áá¬®âà¨¬ ¥ª®â®àë¥ ¯à¨¬¥àë ¯à®æ¥¤ãà ¢¨¤  (1.2), ª ª®â®àë¬ ¯à¨¬¥¨¬ë
¯®«ãç¥ë¥ ¢ëè¥ à¥§ã«ìâ âë.

4. �à¨¬¥àë ¬¥â®¤®¢ à¥£ã«ïà¨§ æ¨¨

� íâ®¬ ¯ à £à ä¥ ¢ªà âæ¥ ®áâ ®¢¨¬áï   ¥ª®â®àëå ¯à¨¬¥à å ¯®à®¦¤ îé¨å äãªæ¨©
�(�; �), ã¤®¢«¥â¢®àïîé¨å áä®à¬ã«¨à®¢ ë¬ ¢ëè¥ ãá«®¢¨ï¬ B{D, �0, C0, E{H. �¤®¢à¥¬¥-
® ª®ªà¥â¨§¨àã¥¬ ¢¨¤ ¯®«ãç îé¨åáï ¯à®æ¥¤ãà (1.2).

�à¨¬¥à 1. �ãªæ¨ï
�(�; �) = (�+ �)�1; � 2 (0; �0];

¯®à®¦¤ ¥â ¢ à¨ â ¬¥â®¤  �.�.� ¢à¥âì¥¢ 

(A+ �E)(x� � �) = f �A�: (4.1)

� à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ãá«®¢¨¥ B ¢ë¯®«¥® á D� = C n f��g. �à¨ ¯à®¢¥àª¥ ãá«®¢¨© C, D
¢ ª ç¥áâ¢¥ ª®âãà  �� ã¤®¡® ¢ë¡¨à âì ([7], á. 53)

�� = f� 2 C : j�+ �j = (1� d0)�g [ f� 2 C : j�j = R0g: (4.2)

�«¥¬¥â àë¥ ¢ëç¨á«¥¨ï ¯®ª §ë¢ îâ, çâ® ¥à ¢¥áâ¢® (2.10) ¨§ [1] ¨¬¥¥â ¬¥áâ® ¯à¨ ¢á¥å p 2
(0; 1]; ãá«®¢¨ï D, B0, C0, E{H â ª¦¥ ¢ë¯®«ïîâáï.

O¡®¡é¥¨¥¬ à áá¬®âà¥®£® ¯à¨¬¥à  ï¢«ï¥âáï

�à¨¬¥à 2. � ä¨ªá¨àã¥¬  âãà «ì®¥ N . �ãªæ¨ï

�(�; �) =
1
�

�
1�

�
�

�+ �

�N�
; � 2 (0; �0];

¯®à®¦¤ ¥â ¢ à¨ â ¨â¥à¨à®¢ ®£® ¬¥â®¤  �.�.� ¢à¥âì¥¢ : x� = x(N)
� , £¤¥ x(0)� = �,

(A+ �E)x(k+1)
� = �x(k)� + f; k = 0; 1; : : : ; N � 1: (4.3)

� ¤ ®¬ á«ãç ¥, ª ª ¨ ¢ ¯à¨¬¥à¥ 1, D� = C n f��g. �ë¡¨à ï ª®âãà �� ¢ á®®â¢¥âáâ¢¨¨ á
(4.2) ¨ ¯à®¢®¤ï ¥á«®¦ë¥ ¢ëª« ¤ª¨, ã¡¥¦¤ ¥¬áï, çâ® ãá«®¢¨ï C, D ¢ë¯®«ïîâáï ¤«ï «î¡®£®
p 2 (0; N ]. �ë¯®«¥¨¥ ãá«®¢¨© B0, C0, E{H ¯à®¢¥àï¥âáï ¥¯®áà¥¤áâ¢¥®.

�â¬¥â¨¬, çâ® ¯à®æ¥¤ãàë (4.1) ¨ (4.3) ®¡« ¤ îâ á¢®©áâ¢®¬ \ áëé¥¨ï" ¢ â®¬ á¬ëá«¥, çâ®
¢¥«¨ç¨  p ¢ ®æ¥ª¥ áª®à®áâ¨ áå®¤¨¬®áâ¨ (1.7) ¥ ¬®¦¥â ¯à¨¨¬ âì § ç¥¨©, ¡®«ìè¨å ¥¤¨¨æë
¨ N á®®â¢¥âáâ¢¥®, ¤ ¦¥ ¥á«¨ ¯®ª § â¥«ì ¢ ¨áâ®ª®®¡à §®¬ ¯à¥¤áâ ¢«¥¨¨ (1.6) áª®«ì ã£®¤®
¡®«ìè®©. �«¥¤ãîé¨¥ ¯à¨¬¥àë ¯®à®¦¤ îé¨å äãªæ¨© á¢®¡®¤ë ®â íâ®£® ¥¤®áâ âª .

�à¨¬¥à 3. �ãªæ¨ï

�(�; �) =

(
1
�
(1� e��=�); � 6= 0;

1
�
; � = 0;

(4.4)

¯®à®¦¤ ¥â ¢ à¨ â ¬¥â®¤  ãáâ ®¢«¥¨ï ([7], c. 53): x� = u(��1), £¤¥ äãªæ¨ï u = u(t) ï¢«ï¥âáï
à¥è¥¨¥¬ § ¤ ç¨ �®è¨ ¤«ï ®¯¥à â®à®£® ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï

du(t)
dt

+Au(t) = f; u(0) = �: (4.5)
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�¥âàã¤® ¯à®¢¥à¨âì, çâ® äãªæ¨ï (4.4)   «¨â¨ç  ¢® ¢á¥© ª®¬¯«¥ªá®© ¯«®áª®áâ¨ C . � à á-
á¬ âà¨¢ ¥¬®¬ á«ãç ¥ ã¤®¡® ¯®«®¦¨âì �� = �. � ááã¦¤¥¨ï,   «®£¨çë¥ ([7], á. 51{53), ¯®-
ª §ë¢ îâ, çâ® ¥á«¨ ãá«®¢¨¥ A ¢ë¯®«ï¥âáï á '0 2 (0; �

2
), â® ãá«®¢¨¥ C ¨¬¥¥â ¬¥áâ® ¤«ï «î¡®£®

p > 0. �®á«¥¤¥¥ ®§ ç ¥â, çâ® ¯à®æ¥áá (4.5) á¢®¡®¤¥ ®â  áëé¥¨ï. �á«®¢¨ï D, B0, C0, E{H ¯à¨
íâ®¬ â ª¦¥ ¢ë¯®«ïîâáï.

� ¬¥ç ¨¥ 2. �® ¢á¥å ¢ëè¥¯à¨¢¥¤¥ëå ¯à¨¬¥à å ãá«®¢¨¥ G ¢ë¯®«ï¥âáï á ª®áâ â®©
M(�; "), ¤«ï ª®â®à®© á¯à ¢¥¤«¨¢  ®æ¥ª  ¨§ § ¬¥ç ¨ï 1.

�à¨¬¥à 4. �¯à¥¤¥«¨¬ äãªæ¨î

�(�; �) =

(
1
�
[1� (1� �0�)1=�]; � 6= 0;

�0=�; � = 0;
(4.6)

£¤¥ �0 | ¯®«®¦¨â¥«ì ï ª®áâ â , ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨ � ¯à¨¨¬ ¥â § ç¥¨ï 1; 1
2
; :::; 1

N
; :::

�¥¯®áà¥¤áâ¢¥® ¯à®¢¥àï¥âáï, çâ® ¯à¨ íâ¨å § ç¥¨ïå � äãªæ¨ï (4.6)   «¨â¨ç  ¢áî¤ã ¢ C .
�à¥¤¯®«®¦¨¬, çâ® ãá«®¢¨¥ A ¢ë¯®«ï¥âáï ¯à¨ ¥ª®â®à®¬ '0 2 (0; �

4
), ¨, ªà®¬¥ â®£®, �0 <

kAk�1
L(X)

p
2 cos 2'0. � ª ç¥áâ¢¥ ��, ª ª ¨ ¢ ¯à¨¬¥à¥ 3, ¢ë¡¥à¥¬ �� = �. � «®£¨ç® ([7], á. 51{52)

ã¡¥¦¤ ¥¬áï, çâ® äãªæ¨ï (4.6) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ C, D ¯à¨ «î¡®¬ p > 0. � ¤ ®¬ á«ãç ¥
áå¥¬  (1.2) ¬®¦¥â ¡ëâì à¥ «¨§®¢   á«¥¤ãîé¨¬ ®¡à §®¬: ¥á«¨ � = 1

N
, â® ¯®« £ ¥¬ x� = x(N),

£¤¥ x(0) = �,

x(k+1) = x(k) � �0(Ax(k) � f); k = 0; 1; : : : ; N � 1: (4.7)

�®«ãç¥ë© ¯à®æ¥áá â ª¦¥ á¢®¡®¤¥ ®â  áëé¥¨ï. � ª¨¬ ®¡à §®¬, ª ¬¥â®¤ã (4.7) ¯à¨¬¥¨¬ë
¢á¥ à¥§ã«ìâ âë ¨§ [1]. �¥à¥®á ãâ¢¥à¦¤¥¨ï â¥®à¥¬ë 1   äãªæ¨î (4.7) âà¥¡ã¥â ¤®¯®«¨â¥«ì-
®£® ¨áá«¥¤®¢ ¨ï.

� § ª«îç¥¨¥ ®â¬¥â¨¬, çâ® ãá«®¢¨î A ã¤®¢«¥â¢®àï¥â ª ¦¤ë© ¨§ á«¥¤ãîé¨å ª« áá®¢ ®¯¥-
à â®à®¢ A 2 L(X).

1) � ¬®á®¯àï¦¥ë¥ ¥®âà¨æ â¥«ìë¥ ®¯¥à â®àë A� = A � 0 ¢ £¨«ì¡¥àâ®¢®¬ ¯à®áâà áâ¢¥
X. � íâ®¬ á«ãç ¥ ¬®¦® ¯®«®¦¨âì c0 = 1, '0 | «î¡®¥ ¨§ ¨â¥à¢ «  (0; �).

2) �ªªà¥â¨¢ë¥ ®¯¥à â®àë ¢ £¨«ì¡¥àâ®¢®¬ ¯à®áâà áâ¢¥, â. ¥. ®¯¥à â®àë, ã¤®¢«¥â¢®àïîé¨¥
ãá«®¢¨î ([8], á. 350)

Re (Ax; x) � 0 8x 2 X:
� íâ®¬ á«ãç ¥ '0 | «î¡®¥ ¨§ (�

2
; �).

3) �¯¥ªâà «ìë¥ ®¯¥à â®àë áª «ïà®£® â¨¯  ¢ ¡  å®¢®¬ ¯à®áâà áâ¢¥, á¯¥ªâà ª®â®àëå
¯à¨ ¤«¥¦¨â K( 0),  0 2 (0; �) ([9], á. 41). �¤¥áì '0 | «î¡®¥ ¨§ ( 0; �).

4) �¯¥à â®àë A ¢ ¡  å®¢®¬ ¯à®áâà áâ¢¥ X â ª¨¥, çâ® �(A) � K( 0),  0 2 (0; �), ¨ ¨¬¥¥â
¬¥áâ® ®æ¥ª 

kR(�t; A)kL(X) � c7
t

8t > 0:

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