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� à ¡®â¥ ¤«ï à¥è¥¨ï § ¤ ç¨ á¢ï§ ®£® ¯á¥¢¤®®¡à é¥¨ï ¯®áâà®¥ë ¤¢ã¯ à ¬¥âà¨ç¥áª¨¥
ï¢ë¥ ¨ ¥ï¢ë¥ ¨â¥à æ¨®ë¥ ¬¥â®¤ë. � á«ãç ¥ áãé¥áâ¢¥®© ¥ª®àà¥ªâ®áâ¨ § ¤ ç¨ ¨áá«¥-
¤®¢ a áå®¤¨¬®áâì ¬¥â®¤®¢ ¯à¨ ¢®§¬ãé¥ëå ¢å®¤ëå ¤ ëå,   â ª¦¥ ãáâ ®¢«¥  ®æ¥ª 
¯®£à¥è®áâ¨ ¨ ¯à¨¢¥¤¥ ¢ à¨ â  ¯à¨®à®£® ¢ë¡®à  ¯ à ¬¥âà®¢ à¥£ã«ïà¨§ æ¨¨.

1. �¢¥¤¥¨¥

� áá¬®âà¨¬ á«¥¤ãîéãî § ¤ çã:  ©â¨ í«¥¬¥â x� 2 X, ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨ï¬

x� 2 X1 = Argmin
X
kAx� yk2; x� 2 X2 = Argmin

X1

kBx� zk2: (1.1)

�«¥¬¥â x�  §ë¢ ¥âáï á¢ï§ ë¬ ¯á¥¢¤®à¥è¥¨¥¬ ãà ¢¥¨ï

Ax = y; (1.2)

  á¢ï§ ®¥ ¯á¥¢¤®à¥è¥¨¥ ¬¨¨¬ «ì®© ®à¬ë  §ë¢ ¥âáï ®à¬ «ìë¬ ¨ ®¡®§ ç ¥âáï ç¥-
à¥§ x�.

� ¤ ç   å®¦¤¥¨ï ¯á¥¢¤®à¥è¥¨ï x�, ã¤®¢«¥â¢®àïîé¥£® ¤®¯®«¨â¥«ì®¬ã ãá«®¢¨î

Bx = z; (1.3)

®¡®¡é îé ï ª« áá¨ç¥áªãî § ¤ çã ¯á¥¢¤®®¡à é¥¨ï, ¢¯¥à¢ë¥ ¯®áâ ¢«¥  ¢ [1].
�à¨ ®âáãâáâ¢¨¨ á¢ï§¥© (B = 0, z = 0) x� | ¯á¥¢¤®à¥è¥¨¥ ãà ¢¥¨ï (1.2). �« áá¨ç¥áª ï

§ ¤ ç  ¯á¥¢¤®®¡à é¥¨ï á®áâ®¨â ¢  å®¦¤¥¨¨ ®à¬ «ì®£® ¯á¥¢¤®à¥è¥¨ï, â. ¥. ¯á¥¢¤®à¥è¥¨ï
¬¨¨¬ «ì®© ®à¬ë. �«ï à¥è¥¨ï íâ®© § ¤ ç¨ ¢ [2] ¯à¥¤«®¦¥ ¬¥â®¤ à¥£ã«ïà¨§ æ¨¨. �«ï
¨§ãç ¥¬®© § ¤ ç¨ (1.1) ¬¥â®¤ à¥£ã«ïà¨§ æ¨¨ �.�.�®à®§®¢  ¯à¨¬¥¨¬ ¯à¨ á«¥¤ãîé¥¬ ãá«®¢¨¨
¤®¯®«¨â¥«ì®áâ¨ ®¯¥à â®à®¢ A, B:

9 > 0 â ª®¥, çâ® kAxk2 + kBxk2 � 2kxk2 8x 2 X;

çâ® ¢ â¥à¬¨ å á®áâ ¢®£® ®¯¥à â®à  � =
�
A
B

�
®§ ç ¥â § ¬ªãâ®áâì ¥£® ®¡à §  ¨ âà¨¢¨ «ì®áâì

ï¤à .
�¥â®¤ à¥£ã«ïà¨§ æ¨¨ ¢ëç¨á«¥¨ï ®à¬ «ì®£® á¢ï§ ®£® ¯á¥¢¤®à¥è¥¨ï, ¯à¨¬¥¨¬ë© ¡¥§

ª ª¨å-«¨¡® ®£à ¨ç¥¨© â¨¯  § ¬ªãâ®áâ¨ ®¡à §®¢ ¨«¨ âà¨¢¨ «ì®áâ¨ ï¤¥à ª ª á ¬¨å ®¯¥à â®-
à®¢, â ª ¨ á®áâ ¢®£® ®¯¥à â®à  �, ¯à¥¤«®¦¥ ¢ [3], [4] (á¬. â ª¦¥ [5]). � ¤ ®© à ¡®â¥   ¡ §¥
íâ®£® ®¡é¥£® ¬¥â®¤  ¯®áâà®¥ë ï¢ë¥ ¨ ¥ï¢ë¥ ¨â¥à æ¨®ë¥ áå¥¬ë à¥£ã«ïà¨§ æ¨¨ § ¤ ç¨
(1.1). �à¨ íâ®¬ ¯à¥¤¯®« £ ¥âáï, çâ® ¢¬¥áâ® â®çëå ¤ ëå ¨§¢¥áâë ¯à¨¡«¨¦¥ë¥ ¤ ë¥ ¨
ãà®¢¨ ¨å ¯®£à¥è®áâ¥©:

kAt �Ak � t; kBh �Bk � h;

ky� � yk � �; kz� � zk � �:
(1.4)
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�â¥à æ¨®ë¥ ä®à¬ã«ë ã¤®¡® § ¯¨á âì á ¯®¬®éìî á®áâ ¢®£® ®¯¥à â®à  e�r ¨ ¢¥ªâ®à  egr:
e�r = � Atp

rBh

�
: X ! Y � Z; egr = � y�p

rz�

�
2 Y � Z;

£¤¥ Y �Z | ¤¥ª àâ®¢® ¯à®¨§¢¥¤¥¨¥ £¨«ì¡¥àâ®¢ëå ¯à®áâà áâ¢. �à¨ íâ®¬ e�1 ¡ã¤¥¬ ¯¨á âì ¡¥§
¨¤¥ªá , ¢ ¥¢®§¬ãé¥®¬ á«ãç ¥ á®áâ ¢®© ®¯¥à â®à ¡ã¤¥¬ ®¡®§ ç âì ¡¥§ ¢®«ë. �®§¬ãé¥ ï
ï¢ ï ¨â¥à æ¨® ï áå¥¬  ¨¬¥¥â ¢¨¤

ex0;r = x0; exn;r = exn�1;r � �e��r(e�rexn�1;r � egr); n = 1; 2; : : : ; 0 < r � 1; 0 < � � 1=ke�k2; (1.5)
  ¥ï¢ ï |

�exn;r + e��re�rexn;r = �exn�1;r + e��regr; n = 1; 2; : : : ; r > 0; � = const > 0: (1.6)

�â¬¥â¨¬, çâ® ¤«ï ª« áá¨ç¥áª®© § ¤ ç¨ ¯á¥¢¤®®¡à é¥¨ï íâ¨ ¬¥â®¤ë ¯¥à¥å®¤ïâ ¢ ¬¥â®¤ë (2.3),
(2.4) ¨§ ([6], á. 24).

2. � § ¤ ç¥ á¢ï§ ®£® ¯á¥¢¤®®¡à é¥¨ï

�à¨¢¥¤¥¬ ¨§¢¥áâë¥ ä ªâë ( ¯à., [4], [5]), ª á îé¨¥áï áãé¥áâ¢®¢ ¨ï ¨ å à ªâ¥à¨§ æ¨¨
á¢ï§ ëå ¯á¥¢¤®à¥è¥¨©.

�«ï íâ®£® ¢¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§ ç¥¨ï: P , Q | ®àâ®¯à®¥ªâ®àë á®®â¢¥âáâ¢¥®   ï¤à®
N(A) ®¯¥à â®à  A ¨   ¯¥à¥á¥ç¥¨¥ ï¤¥à N(A) \N(B) ®¯¥à â®à®¢ A ¨ B ¨, ª ª ®¡ëç®, P? =
I � P , Q? = I � Q. �ç¥¢¨¤®, N(�) = N(A) \ N(B). �à®¬¥ â®£®, ¯á¥¢¤®®¡à âë¥ ®¯¥à â®àë ª
á®®â¢¥âáâ¢ãîé¨¬ ®¯¥à â®à ¬ ¡ã¤¥¬ ®¡®§ ç âì § ª®¬ \+".

�§ (1.1) ¢¨¤®, çâ® áãé¥áâ¢®¢ ¨¥ á¢ï§ ®£® ¯á¥¢¤®à¥è¥¨ï à ¢®á¨«ì® ¥¯ãáâ®â¥ ¬®-
¦¥áâ¢ X1 ¨ X2. �â®  ª« ¤ë¢ ¥â á«¥¤ãîé¨¥ ãá«®¢¨ï   ¯à ¢ë¥ ç áâ¨ ãà ¢¥¨© (1.2), (1.3):

y 2 D(A+) = R(A)�N(A�); z �BA+y 2 D((BP )+) = R(BP )�N(PB�):

�à¨ ¢ë¯®«¥¨¨ íâ¨å ãá«®¢¨© ¤®ª §ë¢ ¥âáï, çâ® ¢ ¬®¦¥áâ¢¥ ¢á¥å á¢ï§ ëå ¯á¥¢¤®à¥è¥-
¨© X2 áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ë© í«¥¬¥â ¬¨¨¬ «ì®© ®à¬ë x� 2 N(�)? ¨ «î¡®¥ á¢ï§ ®¥
¯á¥¢¤®à¥è¥¨¥ x� ¨¬¥¥â ¢¨¤ x� = x�+Qh, h 2 X. �âáî¤  ¤«ï «î¡®£® x0 2 X ¨ä¨¬ã¬ kx0�x�k
¤®áâ¨£ ¥âáï   í«¥¬¥â¥

x� = x� +Qx0; (2.1)

¨ à ááâ®ï¨¥

�(x0;X2) = inf
x�
kx0 � x�k = kQ?x0 � x�k2 + inf

h
kQ(x0 � h)k2:

�àã£¨¬¨ á«®¢ ¬¨, ¡«¨¦ ©è¥¥ ª x0 á¢ï§ ®¥ ¯á¥¢¤®à¥è¥¨¥ x� ®¯à¥¤¥«ï¥âáï à ¢¥áâ¢®¬ (2.1)
¨ å à ªâ¥à¨§ã¥âáï á®®â®è¥¨¥¬

x0 � x� 2 N(�)?: (2.2)

�§ (1.1) â ª¦¥ á«¥¤ã¥â, çâ® x� | â®çª  ¡¥§ãá«®¢®£® ¬¨¨¬ã¬  äãªæ¨® «  kAx � yk2
¨ ãá«®¢®£® ¬¨¨¬ã¬  äãªæ¨® «  kBx � zk2, çâ® à ¢®á¨«ì® â®¬ã, çâ® x� ã¤®¢«¥â¢®àï¥â
à ¢¥áâ¢ ¬

A�(Ax� � y) = 0; PB�(Bx� � z) = 0: (2.3)
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3. �à¥¤¢ à¨â¥«ìë¥ ®æ¥ª¨

� ª ¨ ¢ ([6], áá. 25, 26), à áá¬®âà¨¬ á«¥¤ãîé¨¥ ¯®à®¦¤ îé¨¥ á¨áâ¥¬ë äãªæ¨©:

fn(�) = �
n�1X
i=0

(1� ��)i; (3.1)

fn;�(�) =
1
�

n�1X
i=0

(�(� + �)�1)i+1: (3.2)

�¥«ì ¤ ®© à ¡®âë | ¯®«ãç¨âì ®æ¥ª¨ ¤«ï ¥ª®â®àëå ®¯¥à â®à®¢, ¢ ª®â®àëå ãç áâ¢ãîâ ®¯¥-
à â®àë fn(e��re�r) ¨ fn;�(e��re�r). �«ï íâ®£® ¢¢¥¤¥¬ ®¡®§ ç¥¨ï S = I��e��re�r, S� = �(�I+ e��re�r)�1.
� á¨«ã ¯à¥¤¯®«®¦¥¨ï 0 < r � 1 ¨¬¥¥¬ ke�rk � ke�k,   ¯®â®¬ã

0 < � � 1

ke�k2 � 1

ke�rk2 :
�âáî¤  á«¥¤ã¥â, çâ® á ¬®á®¯àï¦¥ë© ®¯¥à â®à S ã¤®¢«¥â¢®àï¥â á®®â®è¥¨ï¬

S � 0; kSk � 1: (3.3)

�§ (3.3) á ãç¥â®¬ â®£®, çâ® fn(e��re�r) = �
n�1P
i=0

Si, «¥£ª® ¯®«ãç¨âì á«¥¤ãîé¨¥ ®æ¥ª¨:

fn(e��re�r) � 0; kfn(e��re�r)k � �n; (3.4)

Sk � Sn = Sk(I � Sn�k) = Ske��re�rfn�k(e��re�r) � 0 8k = 0; 1; : : : ; n� 1:

�¥¯¥àì ¨¬¥¥¬

I � e��re�rfn(e��re�r) = Sn � Sn�1 =
1
n

n�1X
i=0

Sn�1 � 1
n

n�1X
i=0

Si =
1
�n

fn(e��re�r);
¨ § ç¨â,

k(I � e��re�rfn(e��re�r))xk � 1p
�n
kf 1

2

n (e��re�r)xk: (3.5)

�®«ãç¨¬ ¥é¥ ¤¢¥ ®æ¥ª¨, ¥á«¨ à áá¬®âà¨¬ ®¯¥à â®à K = f
1

2

n (e��re�r)e��r. �®£¤ , ®ç¥¢¨¤®,
0 � KK� = e��re�rfn(e��re�r) = I � Sn � I, ¨ á«¥¤®¢ â¥«ì®,

kf 1

2

n (e��re�r)e��rk � 1; kfn(e��re�r)e��rk � p�n: (3.6)

� «®£¨ç® (3.3) ¤«ï ®¯¥à â®à  S� ¨¬¥¥¬

S� � 0; kS�k � 1; (3.7)

®âªã¤ , ¤®á«®¢® ¯®¢â®àïï ¯à¥¤ë¤ãé¨¥ à ááã¦¤¥¨ï, ¯®«ãç¨¬

kfn;�(e��re�r)k � n

�
; kf 1

2

n;�(e��re�r)k � rn

�
; (3.8)

k(I � e��re�rfn;�(e��re�r))xk � r�

n
kf 1

2

n;�(e��re�r)xk; (3.9)

kf 1

2

n;�(e��re�r)e��rk � 1; kfn;�(e��re�r)e��rk � rn

�
: (3.10)
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4. �áá«¥¤®¢ ¨¥ ï¢®£® ¬¥â®¤ 

� ¯®¬®éìî ¯®à®¦¤ îé¥© á¨áâ¥¬ë äãªæ¨© (3.1) ¯à¨¡«¨¦¥¨¥ (1.5) ¬®¦® ¢ëà §¨âì ç¥à¥§
 ç «ì®¥ ¯à¨¡«¨¦¥¨¥

exn;r = Arnx0 + fn(e��re�r)e��regr; Arn = I � e��re�rfn(e��re�r): (4.1)

�¥¬¬  1. �«ï «î¡®£® x 2 N(�)?

Arnx! 0 (4.2)

¯à¨ n!1, t; h! 0.

�®ª § â¥«ìáâ¢®. � á¨«ã ¯à¨æ¨¯  à ¢®¬¥à®© ®£à ¨ç¥®áâ¨ ( ¯à., [7], á. 98) ¤®áâ â®ç-
® ãáâ ®¢¨âì ®£à ¨ç¥®áâì á¥¬¥©áâ¢  ®¯¥à â®à®¢ ¨§ (4.2) ¨ ¯®ª § âì, çâ® (4.2) ¨¬¥¥â ¬¥áâ®
  ¯«®â®¬ ¢ N(�)? ¬®¦¥áâ¢¥. �§ ®¯à¥¤¥«¥¨ï ¯®à®¦¤ îé¥© á¨áâ¥¬ë äãªæ¨© (3.1) á«¥¤ã¥â
1� �fn(�) = (1� ��)n. �®íâ®¬ã, ¯®«ì§ãïáì ®¡®§ ç¥¨¥¬ S = I � �e��re�r ¨ ®æ¥ª®© (3.3), ¨¬¥¥¬

kArnk � kSnk � 1;

¨ à ¢®¬¥à ï ®£à ¨ç¥®áâì á¥¬¥©áâ¢  ®¯¥à â®à®¢ ¯à®¢¥à¥ . �ç¥¢¨¤®, N(�r) = N(�) 8r.
�®íâ®¬ã R(��r) = N(�)?. � ª¨¬ ®¡à §®¬, ¯«®âë¬ ¢ N(�)? ¬®¦¥áâ¢®¬ ï¢«ï¥âáï R(��r) ¯à¨
«î¡®¬ r. �ãáâì x 2 R(��r), r ä¨ªá¨à®¢ ®. �®£¤  9g 2 Y � Z â ª ï, çâ® x = ��rg, ¨

Arn��rg = Arn
e��rg +Arn(��r � e��r)g:

�®¤áâ ¢«ïï ¯¥à¢ãî ®æ¥ªã (3.6) ¢ (3.5), ¯®«ãç ¥¬

kArn
e��rgk � 1p

�n
kgk: (4.3)

�§ (3.5) á ãç¥â®¬ ®æ¥ª¨ (3.4) ¨¬¥¥¬

kArn(��r � e��r)gk � k(��r � e��r)gk; (4.4)

¨ § ç¨â, ¢ á¨«ã ãá«®¢¨©  ¯¯à®ªá¨¬ æ¨¨ (1.4) ¯à ¢ ï ç áâì ¢ (4.4) áâà¥¬¨âáï ª ã«î ¯à¨ t; h! 0.
� ª¨¬ ®¡à §®¬, ¯à¥¤¥«ì®¥ á®®â®è¥¨¥ (4.2)   ¯«®â®¬ ¢ N(�)? ¬®¦¥áâ¢¥ á«¥¤ã¥â ¨§ (4.3)
¨ (4.4).

�¥¬¬  2. �«ï «î¡®£® x 2 D(A�+)

kfn(e��re�r)P?xk � (�nt+
p
�n)kA�+xk: (4.5)

�®ª § â¥«ìáâ¢®. �«ï x 2 D(A�+) ¨¬¥¥¬

P?x = A�A�+x = (A� �A�t )A
�+x+ e��r �A�+x0

�
:

�®íâ®¬ã

fn(e��re�r)P?x = fn(e��re�r)(A� �A�t )A
�+x+ fn(e��re�r)e��r �A�+x0

�
:

�æ¥¨¢ ï ¯® ®à¬¥ íâ® à ¢¥áâ¢® á ¯®¬®éìî (3.4), (3.6) ¨ (1.4), ¯®«ãç¨¬ (4.5).

�¥®à¥¬  1. �ãáâì § ¤ ç  á¢ï§ ®£® ¯á¥¢¤®®¡à é¥¨ï à §à¥è¨¬  ¨ ¢ë¯®«¥® ãá«®¢¨¥

B�(Bx� � z) 2 D(A�+): (4.6)

�á«¨ ¢ ¢®§¬ãé¥®¬ ï¢®¬ ¨â¥à æ¨®®¬ ¬¥â®¤¥ (1:5) ¯ à ¬¥âàë n = n(�; �), r = r(�; �),
£¤¥ � = �(t; �), � = �(h; �), ¢ë¡à âì â ª¨¬¨, çâ®

n!1; r ! 0; r
p
n! 0; n(� 2 + t)! 0;

p
n(�2 + h)! 0 (4.7)
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¯à¨ � ! 0, � ! 0, â®

exn;r ! x� ¯à¨ � ! 0; � ! 0; (4.8)

£¤¥ x� | ¡«¨¦ ©è¥¥ ª x0 á¢ï§ ®¥ ¯á¥¢¤®à¥è¥¨¥ ãà ¢¥¨ï (1:2).
�á«¨  ç «ì ï ¯®£à¥è®áâì ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥

x0 � x� = A�u; (4.9)

â® á¯à ¢¥¤«¨¢  ®æ¥ª  ¯®£à¥è®áâ¨

kexn;r � x�k �
�

1p
�n

+ t

�
kuk+p�n[(t+prh)kx�k+ � +

p
r�] +

+ �n(tkPN(A�)yk+ rhkBx� � zk) + r(�nt+
p
�n)kA�+B�(Bx� � z)k: (4.10)

�®ª § â¥«ìáâ¢®. �«ï ¯®£à¥è®áâ¨ ¯à¨¡«¨¦¥¨ï (4.1) ¨¬¥¥¬ à ¢¥áâ¢®

exn;r � x� = Arn(x0 � x�) + fn(e��re�r)e��r(egr � e�rx�): (4.11)

�®£« á® (2.2) ¨ «¥¬¬¥ 1 ¯¥à¢®¥ á« £ ¥¬®¥ ¢ (4.11) áâà¥¬¨âáï ª ã«î ¯à¨ n!1. �à¥®¡à §ã¥¬
¢ëà ¦¥¨¥ e��r(egr � e�rx�) = A�t (y� �Atx�) + rB�h(z� �Bhx�). �á¯®«ì§ãï à ¢¥áâ¢  (2.3), ¨¬¥¥¬

A�t (y� �Atx�) = (A� �A�t )(Ax� � y) +A�t ((A�At)x� + (y� � y));

B�h(z� �Bhx�) = (B� �B�h)(Bx� � z) +B�h((B �Bh)x� + (z� � z)) + P?B�(z �Bx�):

�«¥¤®¢ â¥«ì®, ¢â®à®¥ á« £ ¥¬®¥ ¢ (4.11)

fn(e��re�r)e��r(egr � e��rx�) = fn(e��re�r)e��r � (A�At)x� + (y� � y)p
r(B �Bh)x� +

p
r(z� � z)

�
+

+fn(e��re�r)(A� �A�t )(Ax� � y) + rfn(e��re�r)(B� �B�h)(Bx� � z) + rfn(e��re�r)P?B�(z �Bx�):

�á¯®«ì§ãï ®æ¥ª¨ (1.4), (3.4), (3.6), (4.5) ¨ ãç¨âë¢ ï, çâ® Ax� � y = PN(A�)y, ¯®«ãç ¥¬

kfn(e��re�r)e��r(egr � e�rx�)k � p�n((t+prh)kx�k+ � +
p
r�) +

+ �n(tkPN(A�)yk+ rhkBx� � zk) + r(�nt+
p
�n)kA�+B�(Bx� � z)k: (4.12)

� ç¨â, ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© (4.7) ¢â®à®¥ á« £ ¥¬®¥ ¢ (4.11) áâà¥¬¨âáï ª ã«î, ¨ (4.8) ¤®-
ª § ®.

�ãáâì  ç «ì®© ¯®£à¥è®áâìî ï¢«ï¥âáï (4.9). �®£¤  ¥¥ ¬®¦® § ¯¨á âì ¢ ¢¨¤¥

x0 � x� = ��r

�
u
0

�
. �®¤áâ ¢«ïï ¢ ®æ¥ª¨ (4.3) ¨ (4.4) g =

�
u
0

�
, ¯®«ãç¨¬

kArn(x0 � x�)k �
�

1p
�n

+ t

�
kuk: (4.13)

�¥¯¥àì ®æ¥ª  ¯®£à¥è®áâ¨ (4.10) ¢ëâ¥ª ¥â ¨§ (4.12) ¨ (4.13).

� ¬¥ç ¨¥. �á«¨ ¯ à ¬¥âàë n ¨ r ¢ë¡¨à âì ¨§ ãá«®¢¨ï nr ! 0, â® ãà®¢¨ ¢®§¬ãé¥¨©
¤®¯®«¨â¥«ì®£® ãà ¢¥¨ï (1.3) ¬®¦® ¥ á®£« á®¢ë¢ âì á ¯ à ¬¥âà ¬¨. �®£¤  (4.7) ¯à¨¬¥â
¢¨¤ n!1, r ! 0, nr! 0, n(� 2 + t)! 0.
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5. �áá«¥¤®¢ ¨¥ ¥ï¢®£® ¨â¥à æ¨®®£® ¬¥â®¤ 

�¥à¥§  ç «ì®¥ ¯à¨¡«¨¦¥¨¥ ¯®á«¥¤®¢ â¥«ì®áâì (1.6) ¢ëà ¦ ¥âáï ¢ ¢¨¤¥

exn;r = Arn;�x0 + fn;�(e��re�r)e��regr; Arn;� = I � e��re�rfn;�(e��re�r); (5.1)

£¤¥ fn;�(�) | äãªæ¨ï, ®¯à¥¤¥«¥ ï ¢ (3.2).
�¯à ¢¥¤«¨¢    «®£¨ç ï «¥¬¬¥ 1

�¥¬¬  3. �«ï «î¡®£® x 2 N(�)?

Arn;�x! 0 (5.2)

¯à¨ n!1, t; h! 0.

�£à ¨ç¥®áâì á¥¬¥©áâ¢  (5.2) á«¥¤ã¥â ¨§ à ¢¥áâ¢  Arn;� = Sn
� , £¤¥ S� = �(�I + e��re�r)�1, ¨

¢â®à®© ®æ¥ª¨ (3.7).
�¥à ¢¥áâ¢ 

kArn;�
e��rgk � r�

n
kgk; (5.3)

kArn;�(�
�

r � e��r)gk � k(��r � e��r)gk (5.4)

á«¥¤ãîâ ¨§ (3.9)   «®£¨ç® (4.3) ¨ (4.4) á ãç¥â®¬ ¢â®à®© ®æ¥ª¨ (3.8) ¨ ¯¥à¢®© ®æ¥ª¨ (3.10)
á®®â¢¥âáâ¢¥®.

� «®£¨ç® «¥¬¬¥ 2 ¤®ª §ë¢ ¥âáï

�¥¬¬  4. �«ï «î¡®£® x 2 D(A�+)

kfn;�(e��re�r)P?xk � �rn

�
+
n

�
t

�
kA�+xk: (5.5)

�«ï íâ®£® ¨á¯®«ì§ãîâáï ®æ¥ª¨ (3.8) ¨ (3.10).
�®£à¥è®áâì ¯à¨¡«¨¦¥¨ï (5.1) ¨¬¥¥â ¢¨¤

exn;r � x� = Arn;�(x0 � x�) + fn;�(e��re�r)e��r(egr � e�rx�):
�å®¤¨¬®áâì exn;r ! x� ¯à¨ � ! 0, � ! 0 ¨ ¢ë¯®«¥¨¨ ãá«®¢¨© (4.7) ¨¬¥¥â ¬¥áâ® á®£« á®
«¥¬¬¥ 3 ¨ ®æ¥ª¥,   «®£¨ç®© (4.12). �à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï (4.9) á ¨á¯®«ì§®¢ ¨¥¬ (5.3){
(5.5) ¤®ª §ë¢ ¥âáï ®æ¥ª  ¯®£à¥è®áâ¨:

kexn;r � x�k �
�r

�

n
+ t

�
kuk +

r
n

�
[(t+

p
rh)kx�k+ � +

p
r�] +

+
n

�
(tkPN(A�)yk+ rhkBx� � zk) + r

�r
n

�
+
n

�
t

�
kA�+B�(Bx� � z)k: (5.6)

� ª¨¬ ®¡à §®¬, ¤«ï ¥ï¢®£® ¨â¥à æ¨®®£® ¬¥â®¤  á¯à ¢¥¤«¨¢  â¥®à¥¬  1, ¢ ª®â®à®© ®æ¥ªã
¯®£à¥è®áâ¨ (4.10) á«¥¤ã¥â § ¬¥¨âì   (5.6).
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6. � ¢ë¡®à¥ ¯ à ¬¥âà®¢ à¥£ã«ïà¨§ æ¨¨

�æ¥ª¨ (4.10) ¨ (5.6) ¯®§¢®«ïîâ ¢ëáª § âì ¯à¨æ¨¯  ¯à¨®à®£® ¢ë¡®à  ¯ à ¬¥âà®¢ à¥£ã«ï-
à¨§ æ¨¨.

�¢¥¤¥¬ ®¡®§ ç¥¨¥

� =

(
��1;

�
(6.1)

¨ § ¯¨è¥¬ ®æ¥ª¨ (4.10) ¨ (5.6) ¢ ¢¨¤¥

kexn;r � x�k �
p
�kukn� 1

2 +
1p
�
[(tkx�k+ �) +

p
r(hkx�k+ �) + rkA�+B�(Bx� � z)k]n 1

2 +

+
1
�
[tkPN(A�)yk+ r(hkBx� � zk+ tkA�+B�(Bx� � z)k)]n + tkuk: (6.2)

�¥®à¥¬  2. �ãáâì § ¤ ç  á¢ï§ ®£® ¯á¥¢¤®®¡à é¥¨ï à §à¥è¨¬  ¨ ¢ë¯®«¥® ãá«®¢¨¥

(4:6).
�á«¨ ¢ ¢®§¬ãé¥ëå ¬¥â®¤ å (1:5) ¨ (1:6) ¯ à ¬¥âàë ¢ë¡à âì â ª¨¬¨, çâ®

n!1; r ! 0; nr! 0; n(� 2 + t)! 0 (6.3)

¯à¨ � = �(t; �)! 0, � = �(h; �) ! 0, â®

exn;r ! x� ¯à¨ � ! 0; � ! 0; (6.4)

£¤¥ x� | ¡«¨¦ ©è¥¥ ª x0 á¢ï§ ®¥ ¯á¥¢¤®à¥è¥¨¥ ãà ¢¥¨ï (1:2)
�á«¨  ç «ì ï ¯®£à¥è®áâì ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥ (4:9), â® ¯à¨ ¢ë¡®à¥ ¯ à ¬¥âà®¢

n = int(�
2

3 (� + t)�
2

3 ); r = (� + t)
4

3 ; (6.5)

£¤¥  = kuk=(2kPN(A�)yk),   � ®¯à¥¤¥«¥® ¢ (6:1), â® ¨¬¥¥â ¬¥áâ®  á¨¬¯â®â¨ç¥áª ï ®æ¥ª 

¯®£à¥è®áâ¨

lim
�!0; �!0

kexn;r � x�k
(� + t)

1

3

� kuk� 1

3 + 
2

3 kPN(A�)yk: (6.6)

�®ª § â¥«ìáâ¢®. �à¨ ¢ë¡®à¥ ¯ à ¬¥âà®¢ ¢ ¢¨¤¥ (6.5) «¥£ª® ¢¨¤¥âì, çâ® ¢ë¯®«ïîâáï ¯à¥-
¤¥«ìë¥ á®®â®è¥¨ï (6.3), ¨ § ç¨â, ¨¬¥¥â ¬¥áâ® áå®¤¨¬®áâì (6.4).

� à ¬¥âà n ¢ (6.5) ¢ë¡¨à ¥âáï ¨§ ãá«®¢¨ï ¬¨¨¬¨§ æ¨¨ áã¬¬ë ¯¥à¢®£® ¨ âà¥âì¥£® ç«¥®¢
®æ¥ª¨ (6.2). � à ¬¥âà r ¢ë¡à  ¨§ ãá«®¢¨ï

p
r(� + t)�

1

3 = (� + t)
1

3 . �®£¤  ¢â®à®¥ á« £ ¥¬®¥
¢ (6.2) | ¡¥áª®¥ç® ¬ « ï ¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª , ç¥¬ (� + t)

1

3 . �®íâ®¬ã  á¨¬¯â®â¨ç¥áª ï
®æ¥ª  (6.6) ¢ëâ¥ª ¥â ¨§ (6.2).

�â¬¥â¨¬, çâ® â¥®à¥¬  2 ¤®ª §   ¯à¨ á ¬®¬ ®¡é¥¬ ¯à¥¤¯®«®¦¥¨¨ ®â®á¨â¥«ì® à §à¥è¨-
¬®áâ¨ § ¤ ç¨ (1.1),   ¨¬¥®, à §à¥è¨¬®áâ¨ ãà ¢¥¨ï (1.2): y 2 D(A+), ¨ ç¥ PR(A)y 2 R(A).

�á«¨ ¯à¥¤¯®«®¦¨âì, çâ®
y 2 R(A);

â® PN(A�)y = 0, ¨ ®æ¥ª  (6.2) ¯à¨¬¥â ¢¨¤

kexn;r � x�k �
p
�kukn� 1

2 +
1p
�
[(tkx�k+ �) +

p
r(hkx�k+ �) +

+ rkA�+B�(Bx� � z)k]n 1

2 +
r

�
(hkBx� � zk+ tkA�+B�(Bx� � z)k)n+ tkuk: (6.7)

�®£¤  ãá«®¢¨ï (6.3) § ¬¥ïâáï  

n!1; r ! 0; nr! 0;
p
n(� + t)! 0
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¯à¨ � ! 0, � ! 0.
� à ¬¥âà n  ©¤¥¬ ¨§ ãá«®¢¨ï ¬¨¨¬ã¬  áã¬¬ë ¯¥à¢®£® ¨ ¢â®à®£® ç«¥®¢ ¢ (6.7),   r | ¨§

ãá«®¢¨ï
p
r(� + tc)�1 = const, â. ¥.

n = int(�kuk(� + tc)�1); r = (� + tc)2;

£¤¥ c � kx�k. � íâ¨¬¨ ¯ à ¬¥âà ¬¨  á¨¬¯â®â¨ç¥áª ï ®æ¥ª  ¯à¨¬¥â ¢¨¤

lim
�!0; �!0

kexn;r � x�k
(� + tá)

1

2

� 2kuk 1

2 :

� § ª«îç¥¨¥ ®â¬¥â¨¬, çâ® á«¥¤áâ¢¨ï ¨§ ¯®«ãç¥ëå à¥§ã«ìâ â®¢ ¤«ï á«ãç ï B = 0; z = 0
á®£« áãîâáï á á®®â¢¥âáâ¢ãîé¨¬¨ à¥§ã«ìâ â ¬¨ ¨§ â¥®à¥¬ 2.3 ¨ 2.4 ¨§ ([6], áá. 99, 100).
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