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1. �¢¥¤¥­¨¥

�â âìï ¯®á¢ïé¥­  ¨áá«¥¤®¢ ­¨î áå®¤¨¬®áâ¨ ¨â¥à æ¨®­­®£® ¬¥â®¤  à¥è¥­¨ï ¢ à¨ æ¨®­­ëå
­¥à ¢¥­áâ¢ ¢â®à®£® à®¤ . � áá¬ âà¨¢ îâáï § ¤ ç¨ á ®¡à â­® á¨«ì­® ¬®­®â®­­ë¬¨ [1], ª®íàæ¨-
â¨¢­ë¬¨ ¨, ¢®®¡é¥ £®¢®àï, ­¥¯®â¥­æ¨ «ì­ë¬¨ ®¯¥à â®à ¬¨ ¨ ¢ë¯ãª«ë¬¨ ­¥¤¨ää¥à¥­æ¨àã¥-
¬ë¬¨ äã­ªæ¨®­ « ¬¨ ¢ £¨«ì¡¥àâ®¢ëå ¯à®áâà ­áâ¢ å. � ª¨¥ § ¤ ç¨ ¢®§­¨ª îâ ¯à¨ ¬ â¥¬ â¨-
ç¥áª®¬ ¬®¤¥«¨à®¢ ­¨¨ ­¥«¨­¥©­ëå ¯à®æ¥áá®¢, ¯à¨¢®¤ïé¥¬ ª ¤¨ää¥à¥­æ¨ «ì­ë¬ ®¯¥à â®à ¬
á ¢ëà®¦¤¥­¨¥¬. �®áâ ­®¢ª ¬ ¨ ¯à¨¡«¨¦¥­­ë¬ ¬¥â®¤ ¬ à¥è¥­¨ï ¯®¤®¡­ëå § ¤ ç ¯®á¢ïé¥­ 
®¡è¨à­ ï «¨â¥à âãà  (­ ¯à., [2]{[7]).

�â¥à æ¨®­­ë© ¬¥â®¤, ¨áá«¥¤ã¥¬ë© ¢ ¤ ­­®© áâ âì¥, ®áãé¥áâ¢«ï¥â ¤¥ª®¬¯®§¨æ¨î (à áé¥¯«¥-
­¨¥) ¨áå®¤­®© § ¤ ç¨ ¨ ­ §¢ ­ ¯®«ãï¢­ë¬, ¯®áª®«ìªã ­¥ âà¥¡ã¥â ®¡à é¥­¨ï ®¯¥à â®à , ä¨£ã-
à¨àãîé¥£® ¢ ¢ à¨ æ¨®­­®¬ ­¥à ¢¥­áâ¢¥. �«¨§ª¨¥ ¬¥â®¤ë ¤¥ª®¬¯®§¨æ¨¨, ®á­®¢ ­­ë¥ ­  â¥®à¨¨
¤¢®©áâ¢¥­­®áâ¨, ¨áá«¥¤®¢ ­ë ¢ [8], [9], ­®, ¢ ®â«¨ç¨¥ ®â ¨§ãç ¥¬®£® §¤¥áì, ¨á¯®«ì§ãîâ ®¯¥à -
â®à ¨§ à¥è ¥¬®© § ¤ ç¨ ­  ¢¥àå­¥¬ á«®¥ ¨â¥à æ¨®­­®© ¯à®æ¥¤ãàë. �«ï à¥è¥­¨ï ¢ à¨ æ¨®­­ëå
­¥à ¢¥­áâ¢ á ¯®â¥­æ¨ «ì­ë¬ ®¯¥à â®à®¬ ¨â¥à æ¨®­­ë© ¬¥â®¤, à¥ «¨§ãîé¨© ¯®¨áª á¥¤«®¢®©
â®çª¨ à áè¨à¥­­®£® « £à ­¦¨ ­  ¨  ­ «®£¨ç­ë© ¨áá«¥¤ã¥¬®¬ã ¢ ¤ ­­®© áâ âì¥, ¨§ãç «áï ¢
[10], [11].

2. �®áâ ­®¢ª  § ¤ ç¨ ¨ ®¯¨á ­¨¥ ¨â¥à æ¨®­­®£® ¯à®æ¥áá 

�ãáâì V , H | £¨«ì¡¥àâ®¢ë ¯à®áâà ­áâ¢  á® áª «ïà­ë¬¨ ¯à®¨§¢¥¤¥­¨ï¬¨ (�; �)V , (�; �)H á®®â-
¢¥âáâ¢¥­­®, ®â®¦¤¥áâ¢«¥­­ë¥ á® á¢®¨¬¨ á®¯àï¦¥­­ë¬¨.

� áá¬ âà¨¢ ¥âáï § ¤ ç 

(Au; � � u)V +G(��)�G(�u) + F (�)� F (u) � (f; � � u)V 8� 2 V; (1)

£¤¥ � : V ! H | «¨­¥©­ë© ­¥¯à¥àë¢­ë© ®¯¥à â®à, F : V ! R1, G : H ! R1 | á®¡áâ¢¥­­ë¥,
¢ë¯ãª«ë¥, á« ¡® ¯®«ã­¥¯à¥àë¢­ë¥ á­¨§ã äã­ªæ¨®­ «ë, f | í«¥¬¥­â ¯à®áâà ­áâ¢  V , ®¯¥à -
â®à A : V ! V ¬®­®â®­­ë©, ¤¥¬¨­¥¯à¥àë¢­ë© ¨ ª®íàæ¨â¨¢­ë©. �§ íâ¨å ãá«®¢¨© ¢ëâ¥ª ¥â
áãé¥áâ¢®¢ ­¨¥ à¥è¥­¨ï ¢ à¨ æ¨®­­®£® ­¥à ¢¥­áâ¢  (1) ([4], á. 49).

�à¥¤¯®« £ ¥¬, çâ® ¤«ï äã­ªæ¨®­ «®¢ F ¨ G � � 2 �0(V ) ¢ë¯®«­¥­® ãá«®¢¨¥ ª¢ «¨ä¨ª æ¨¨
([4], á. 35)

9y� 2 �(domF ) \ domG : lim
y!y�

G(y) = G(y�); (2)

  ®¯¥à â®à ��� : V ! V ï¢«ï¥âáï ¨§®¬®àä¨§¬®¬

v = ���v 8v 2 V; (3)

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(¯à®¥ªâë òò04-01-00821, 03-01-00380) ¨ ª®­ªãàá­®£® æ¥­âà  äã­¤ ¬¥­â «ì­®£® ¥áâ¥áâ¢®§­ ­¨ï �¨­¨-
áâ¥àáâ¢  ®¡à §®¢ ­¨ï ¨ ­ ãª¨ �®áá¨©áª®© �¥¤¥à æ¨¨ (¯à®¥ªâ òE02-1.0-189).
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£¤¥ �� : H ! V ®¯à¥¤¥«¥­ á«¥¤ãîé¨¬ ®¡à §®¬:

(��y; �)V = (y;��)H 8y 2 H; 8� 2 V: (4)

�§ (3) ¨ (4) á«¥¤ã¥â à ¢¥­áâ¢®

(�u;��)H = (u; �)V 8u; � 2 V: (5)

� áá¬®âà¨¬ â¥¯¥àì á«¥¤ãîé¨© ¨â¥à æ¨®­­ë© ¯à®æ¥áá. �ãáâì u(0) 2 V , y(0) 2 H ¨ �(0) 2 H
| ¯à®¨§¢®«ì­ë¥ í«¥¬¥­âë. �­ ï y(k), �(k), k � 0, ®¯à¥¤¥«¨¬ u(k+1) ª ª à¥è¥­¨¥ ¢ à¨ æ¨®­­®£®
­¥à ¢¥­áâ¢ �

u(k+1) � u(k)

�
; � � u(k+1)

�
V

+ F (�) � F (u(k+1)) �

� (f �Au(k) � ���(k) � r(u(k) � ��y(k)); � � u(k+1))V 8� 2 V: (6)

� â¥¬ ­ å®¤¨¬ y(k+1), à¥è ï § ¤ çã

r(y(k+1); z � y(k+1))H +G(z)�G(y(k+1)) � (r�u(k+1) + �(k); z � y(k+1))H 8z 2 H: (7)

�®« £ ¥¬, ­ ª®­¥æ,

�(k+1) = �(k) + r(�u(k+1) � y(k+1)): (8)

�«ï ¨áá«¥¤®¢ ­¨ï áå®¤¨¬®áâ¨ ®¯¨á ­­®£® ¨â¥à æ¨®­­®£® ¯à®æ¥áá  ¯¥à¥ä®à¬ã«¨àã¥¬ ¥£® á
¨á¯®«ì§®¢ ­¨¥¬ ®¯¥à â®à  ¯¥à¥å®¤ .

�ãáâì Y | £¨«ì¡¥àâ®¢® ¯à®áâà ­áâ¢®, ®â®¦¤¥áâ¢«¥­­®¥ á® á¢®¨¬ á®¯àï¦¥­­ë¬, t > 0 | ¯®-
«®¦¨â¥«ì­ ï ª®­áâ ­â , g 2 Y |¯à®¨§¢®«ì­ë© í«¥¬¥­â, ' : Y ! R1 | ¢ë¯ãª«ë©, á®¡áâ¢¥­­ë©,
¯®«ã­¥¯à¥àë¢­ë© á­¨§ã äã­ªæ¨®­ «. �®£¤  ¢ à¨ æ¨®­­®¥ ­¥à ¢¥­áâ¢®

(y; z � y)Y + t('(z) � '(y)) � (g; z � y)Y 8z 2 Y (9)

¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥. �¯à¥¤¥«¨¬ ®¯¥à â®à J t@' = (I + t@')�1 : Y ! Y (à¥§®«ì¢¥­âã
áã¡¤¨ää¥à¥­æ¨ «  @' : Y ! 2Y ). �®£¤  (9) íª¢¨¢ «¥­â­® à ¢¥­áâ¢ã

y = J t@'(g): (10)

�¯¥à â®à J t@' ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ã ¦¥áâª®© ­¥à áâï£¨¢ ¥¬®áâ¨ ([9], á. 285, ¯à¥¤«®¦¥-
­¨¥ 2.1)

kJ t@'(y)� J t@'(z)k
2
Y � (J t@'(y)� J t@'(z); y � z)Y : (11)

�¢¥¤¥¬ £¨«ì¡¥àâ®¢® ¯à®áâà ­áâ¢® Q = V �H �H. �«ï í«¥¬¥­â®¢ q ¨§ íâ®£® ¯à®áâà ­áâ¢ 
¡ã¤¥¬ ¨á¯®«ì§®¢ âì ®¡®§­ ç¥­¨ï q = (q1; q2; q3) = (u; y; �). �¯à¥¤¥«¨¬ ®¯¥à â®à T : Q ! Q,
Tq = (bq1; bq2; bq3) á«¥¤ãîé¨¬ ®¡à §®¬:

bq1 = J�@F (q1 � �(Aq1 � f +��q3 + r(q1 � ��q2))); (12)

bq2 = J
1=r
@G (�bq1 + r�1q3); (13)

bq3 = q3 + r(�bq1 � bq2): (14)

�ç¥¢¨¤­®, ¨â¥à æ¨®­­ë© ¯à®æ¥áá (6){(8) ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥ q(k+1) = Tq(k), q(k) =
(u(k); y(k);�(k)), k = 0; 1; 2 : : : , â. ¥. T | ®¯¥à â®à ¯¥à¥å®¤  íâ®£® ¨â¥à æ¨®­­®£® ¯à®æ¥áá .

�¥®à¥¬  1. �â®¡à ¦¥­¨¥ T ¨¬¥¥â å®âï ¡ë ®¤­ã ­¥¯®¤¢¨¦­ãî â®çªã q = (q1; q2; q3), ¯à¨
íâ®¬ ¯¥à¢ ï ª®¬¯®­¥­â  «î¡®© ­¥¯®¤¢¨¦­®© â®çª¨ q1 | íâ® à¥è¥­¨¥ § ¤ ç¨ (1), ¢â®à ï ¨

âà¥âìï ª®¬¯®­¥­âë ­¥¯®¤¢¨¦­®© â®çª¨ q2 ¨ q3 á¢ï§ ­ë á ¯¥à¢®© ª®¬¯®­¥­â®© á®®â­®è¥­¨ï-

¬¨ q2 = �q1, q3 2 @G(�q1). � ®¡®à®â, ¥á«¨ u | ª ª®¥-«¨¡® à¥è¥­¨¥ § ¤ ç¨ (1), â® áãé¥áâ¢ã¥â
â ª®© í«¥¬¥­â � 2 @G(�u), çâ® q = (u;�u; �) | ­¥¯®¤¢¨¦­ ï â®çª  ®¯¥à â®à  T .
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�®ª § â¥«ìáâ¢®. �ãáâì (q1; q2; q3) | ­¥¯®¤¢¨¦­ ï â®çª  ®¯¥à â®à  T , â. ¥.

q1 = J�@F (q1 � � [Aq1 � f +��q3 + r(q1 � ��q2)]); (15)

q2 = J
1=r
@G (�q1 + r�1q3); (16)

q3 = q3 + r[�q1 � q2]: (17)

�§ (17) ¯®«ãç ¥¬ à ¢¥­áâ¢®

q2 = �q1; (18)

¨§ ª®â®à®£® á ãç¥â®¬ (3) á«¥¤ã¥â

q1 � ��q2 = ��(�q1 � q2) = 0: (19)

� «¥¥, à á¯¨áë¢ ï á®®â­®è¥­¨¥ (16), ¨¬¥¥¬

(q2; z � q2)H + r�1(G(z)�G(q2)) � (�q1 + r�1q3; z � q2)H 8z 2 H: (20)

�¬­®¦ ï íâ® ­¥à ¢¥­áâ¢® ­  r ¨ ãç¨âë¢ ï (18), ¯®«ãç ¥¬

G(z)�G(�q1) � (q3; z � �q1)H 8z 2 H: (21)

� ª¨¬ ®¡à §®¬, q3 2 @G(�q1). �§ à ¢¥­áâ¢  (15) á ãç¥â®¬ (19) ¨¬¥¥¬

(q1; � � q1)V + �(F (�) � F (q1)) � (q1 � � [Aq1 � f +��q3]; � � q1)V 8� 2 V: (22)

� §¤¥«¨¢ íâ® ­¥à ¢¥­áâ¢® ­  � , ¯®«ãç¨¬

F (�)� F (q1) � (f �Aq1 � ��q3; � � q1)V 8� 2 V: (23)

� ­¥à ¢¥­áâ¢¥ (21) ¯®«®¦¨¬ z = �� ¨ á«®¦¨¬ ¥£® á (23), ¯®á«¥ ç¥£® ¢ á¨«ã à ¢¥­áâ¢ 
(��q3; � � q1)V = (q3;�(� � q1))H ¯®«ãç¨¬

G(��)�G(�q1) + F (�) � F (q1) � (f �Aq1; � � q1)V 8� 2 V;

â. ¥. q1 | à¥è¥­¨¥ § ¤ ç¨ (1).
� ®¡®à®â, ¯ãáâì u| à¥è¥­¨¥ § ¤ ç¨ (1), çâ® íª¢¨¢ «¥­â­® ¢ª«îç¥­¨î f�Au 2 @(G��+F )(u).
�§ ãá«®¢¨ï (2), ¯à¥¤«®¦¥­¨© 5.6 ¨ 5.7 ([4], á. 35{36) ¯®«ãç ¥¬ á«¥¤ãîé¨¥ à ¢¥­áâ¢ :

@(G � �+ F )(u) = @(G � �)(u) + @F (u); (24)

@(G � �)(u) = ��@G(�u): (25)

� á¨«ã (24) ­ ©¤ãâáï â ª¨¥ í«¥¬¥­âë v 2 @F (u) ¨ w 2 @(G � �)(u), çâ® ¢ë¯®«­¥­® à ¢¥­áâ¢®
f � Au = v + w,   (25) ®§­ ç ¥â áãé¥áâ¢®¢ ­¨¥ í«¥¬¥­â  � 2 @G(�u), ¤«ï ª®â®à®£® ¢ë¯®«­¥­®
á®®â­®è¥­¨¥ w = ���. � ª¨¬ ®¡à §®¬, ¢ë¯®«­¥­ë ¢ à¨ æ¨®­­ë¥ ­¥à ¢¥­áâ¢ 

G(z)�G(�u) � (�; z � �u)H 8z 2 H; (26)

F (�)� F (u) � (f �Au� w; � � u)V = (f �Au� ���; � � u)V 8� 2 V: (27)

�®«®¦¨¬ â¥¯¥àì q1 = u, q2 = �u, q3 = � ¨ ¤®ª ¦¥¬, çâ® q = (q1; q2; q3) | ­¥¯®¤¢¨¦­ ï â®çª 
®â®¡à ¦¥­¨ï T ,   ¨¬¥­­®, ãáâ ­®¢¨¬ à ¢¥­áâ¢  (15){(17).

�¥¯®áà¥¤áâ¢¥­­® ¨§ ®¯à¥¤¥«¥­¨ï q á«¥¤ãîâ (18) ¨ (17). �¥à ¢¥­áâ¢® (26) ¢ ­®¢ëå ®¡®§­ ç¥-
­¨ïå á®¢¯ ¤ ¥â á (21). � §¤¥«¨¬ ¥£® ­  r, á ãç¥â®¬ (18) ¯¥à¥¯¨è¥¬ ¢ ¢¨¤¥ (20), çâ® ®§­ ç ¥â
á¯à ¢¥¤«¨¢®áâì (16). �¥à ¢¥­áâ¢® (27) ¢ ­®¢ëå ®¡®§­ ç¥­¨ïå á®¢¯ ¤ ¥â á (23). �¬­®¦¨¬ ¥£® ­ 
� , ª ®¡¥¨¬ ç áâï¬ ¯à¨¡ ¢¨¬ á« £ ¥¬®¥ (q1; �� q1)V , â®£¤  ¯®«ãç¨¬ (22). �§ ¢ à¨ æ¨®­­®£® ­¥à -
¢¥­áâ¢  (22) á ãç¥â®¬ (19) ¯®«ãç ¥¬ (15). � ª¨¬ ®¡à §®¬, q | ­¥¯®¤¢¨¦­ ï â®çª  ®¯¥à â®à  T .

�§ áãé¥áâ¢®¢ ­¨ï à¥è¥­¨ï § ¤ ç¨ (1) ¨ ¢ëè¥¤®ª § ­­®© á¢ï§¨ íâ®£® à¥è¥­¨ï á ­¥¯®¤¢¨¦­®©
â®çª®© ®¯¥à â®à  T ¢ëâ¥ª ¥â áãé¥áâ¢®¢ ­¨¥ íâ®© â®çª¨.
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� á¨«ã â¥®à¥¬ë 1 ¨áá«¥¤®¢ ­¨¥ áå®¤¨¬®áâ¨ ¨â¥à æ¨®­­®£® ¯à®æ¥áá  (6){(8) ¬®¦­® á¢¥áâ¨ ª
¨áá«¥¤®¢ ­¨î áå®¤¨¬®áâ¨ ¬¥â®¤  ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨© ¤«ï ­ å®¦¤¥­¨ï ­¥¯®¤¢¨¦-
­®© â®çª¨ ®¯¥à â®à  T .

3. �áá«¥¤®¢ ­¨¥ áå®¤¨¬®áâ¨ ¨â¥à æ¨®­­®£® ¯à®æ¥áá 

c ®¡à â­® á¨«ì­® ¬®­®â®­­ë¬ ®¯¥à â®à®¬

� áá¬®âà¨¬ á«ãç ©, ª®£¤  ®¯¥à â®à A ®¡à â­® á¨«ì­® ¬®­®â®­­ë©, â. ¥. [1]

(Au�Av; u� v)V � �kAu�Avk2V ; � > 0; 8u; v 2 V: (28)

�ã¤¥¬ áç¨â âì, çâ® � ¨ r á¢ï§ ­ë á®®â­®è¥­¨¥¬ �r < 1. �¢¥¤¥¬ £¨«ì¡¥àâ®¢® ¯à®áâà ­-
áâ¢® Q = V � H � H á® áª «ïà­ë¬ ¯à®¨§¢¥¤¥­¨¥¬ (�; �)Q = a1(�; �)V + a2(�; �)H + a3(�; �)H , £¤¥
a1 = (1� �r)=(2�), a2 = r=2, a3 = 1=(2r).

�¥®à¥¬  2. �ãáâì ¢ë¯®«­¥­® ãá«®¢¨¥ (28) ¨ ­¥à ¢¥­áâ¢®

� <
2�

2�r + 1
: (29)

�®£¤  ®¯¥à â®à T ï¢«ï¥âáï ­¥à áâï£¨¢ îé¨¬.

�®«¥¥ â®£®, ¤«ï q = (q1; q2; q3), p = (p1; p2; p3) 2 Q (¤ «¥¥ ¨á¯®«ì§ãîâáï ®¡®§­ ç¥­¨ï

Tq = (bq1; bq2; bq3), Tp = (bp1; bp2; bp3)) á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®
kTq � Tpk2Q + �(Aq1 �Ap1; q1 � p1)V +

r

2
k(q2 � �bq1)� (p2 � �bp2)k2H +

+
1

2�(1� �r)
k(1� �r)((q1 � bq1)� (p1 � bp1))� �(Aq1 �Ap1)k

2
V � kq � pk2Q; (30)

£¤¥ � = 1� �=[2�(1 � �r)] .

�®ª § â¥«ìáâ¢®. � ¬¥â¨¬ ¯à¥¤¢ à¨â¥«ì­®, çâ® ¢ á¨«ã (29) ¢ë¯®«­¥­ë ­¥à ¢¥­áâ¢  �r < 1
¨ � > 0,   §­ ç¨â, ¨§ (30) ¨ (28) ¡ã¤¥â á«¥¤®¢ âì ­¥à áâï£¨¢ ¥¬®áâì ®¯¥à â®à  T .

�®ª ¦¥¬ ­¥à ¢¥­áâ¢® (30). �¥à¥¯¨è¥¬ (12) ¢ ¢¨¤¥

bq1 = J�@F ((1� �r)q1 � �Aq1 + �f � � [��q3 � r��q2]) = J�@F (Sq1 � � [��q3 � r��q2]);

£¤¥ ®¯¥à â®à S : V ! V ®¯à¥¤¥«ï¥âáï á®®â­®è¥­¨¥¬ S� = (1� �r)�� �A� + �f . �á¯®«ì§ãï (28),
¯®«ãç ¥¬

kSq1 � Sp1k
2
V = (1� �r)2kq1 � p1k

2
V � 2�(1 � �r)(Aq1 �Ap1; q1 � p1)V + � 2kAq1 �Ap1k

2
V �

� (1� �r)2kq1 � p1k
2
V � �

�
2� �

2r� + 1
�

�
(Aq1 �Ap1; q1 � p1)V : (31)

� «¥¥, ¨á¯®«ì§ãï (12) ¨ (11), ¨¬¥¥¬

kbq1 � bp1k2V � (bq1 � bp1; (Sq1 � Sp1)� � [��(q3 � p3)� r��(q2 � p2)])V =

= (bq1 � bp1; Sq1 � Sp1)V � �(bq1 � bp1;��(q3 � p3)� r��(q2 � p2))V : (32)

�«ï ¯à®¨§¢®«ì­®£® ç¨á«  " á¯à ¢¥¤«¨¢® à ¢¥­áâ¢®

1
2"
ka� "bk2V =

1
2"
(kak2V � 2"(a; b)V + "2kbk2V ) =

1
2"
kak2V � (a; b)V +

"

2
kbk2V

¨, â ª¨¬ ®¡à §®¬, ¯®«ãç ¥¬

(a; b)V =
1
2"
kak2V �

1
2"
ka� "bk2V +

"

2
kbk2V : (33)
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�á¯®«ì§ãï íâ® à ¢¥­áâ¢® á a = Sq1 � Sp1, b = bq1 � bp1, ¯à¥®¡à §ã¥¬ (32)

kbq1 � bp1k2V � 1
2"
kSq1 � Sp1k

2
V +

"

2
kbq1 � bp1k2V �

�
1
2"
k(Sq1 � Sp1)� "(bq1 � bp1)k2V � �(��(q3 � p3)� r��(q2 � p2); bq1 � bp1)V :

�âáî¤  (¯®á«¥ ¤¥«¥­¨ï ­  �) á ãç¥â®¬ (31)

1
2"�

kSq1 � Sp1 � "(bq1 � bp1)k2V +
2� "

2�
kbq1 � bp1k2V �

�
1
2"�

kSq1 � Sp1k
2
V � (��(q3 � p3)� r��(q2 � p2); bq1 � bp1)V �

�
(1� �r)2

2"�
kq1 � p1k

2
V �

1
2"

�
2� 2�r �

�

�

�
(Aq1 �Ap1; q1 � p1)V �

� (��(q3 � p3)� r��(q2 � p2); bq1 � bp1)V :
�ë¡¨à ï " = 1� �r ¨ ãç¨âë¢ ï ®¯à¥¤¥«¥­¨¥ ®¯¥à â®à  S, ¯®«ãç¨¬

1
2(1� �r)�

k(1 � �r)((q1 � bq1)� (p1 � bp1))� �(Aq1 �Ap1)k2V +
1 + �r

2�
kbq1 � bp1k2V �

�
1� �r

2�
kq1 � p1k

2
V � �(Aq1 �Ap1; q1 � p1)V � (��(q3 � p3)� r��(q2 � p2); bq1 � bp1)V =

=
1� �r

2�
kq1 � p1k

2
V � �(Aq1 �Ap1; q1 � p1)V � (q3 � p3;�(bq1 � bp1))H + r(q2 � p2;�(bq1 � bp1))H :

(34)

�®á¯®«ì§ã¥¬áï à ¢¥­áâ¢®¬ (33) ¯à¨ a = q2 � p2, b = �(bq1 � bp1), " = 1 ¨ ¯à¥®¡à §ã¥¬ (34) ª
á«¥¤ãîé¥¬ã ¢¨¤ã:

1
2(1� �r)�

k(1 � �r)((q1 � bq1)� (p1 � bp1))� �(Aq1 �Ap1)k2V +

+
r

2
k(q2 � �bq1)� (p2 � �bp1)k2H + �(Aq1 �Ap1; q1 � p1)V +

1 + �r

2�
kbq1 � bp1k2V �

�
1� �r

2�
kq1 � p1k

2
V � (q3 � p3;�(bq1 � bp1))H +

r

2
kq2 � p2k

2
H +

r

2
k�(bq1 � bp1)k2H : (35)

� «¥¥, ¨§ (13) á ãç¥â®¬ ­¥à ¢¥­áâ¢  (11) ¨¬¥¥¬

kbq2 � bp2k2H � (�bq1 + r�1q3 � �bp1 � r�1p3; bq2 � bp2)H ;
®âªã¤ , ¯®á«¥ ã¬­®¦¥­¨ï ­  r, ¯®«ãç ¥¬

rkbq2 � bp2k2H � r(�(bq1 � bp1); bq2 � bp2)H + (q3 � p3; bq2 � bp2)H : (36)

�§ (14) á«¥¤ã¥â á®®â­®è¥­¨¥

kbq3 � bp3k2H = kq3 � p3k
2
H + 2r(q3 � p3;�(bq1 � bp1))H �

� 2r(q3 � p3; bq2 � bp2)H + r2k�(bq1 � bp1)� (bq2 � bp2)k2H ;
¨§ ª®â®à®£® ¢ëâ¥ª ¥â

1
2r
kbq3 � bp3k2H =

1
2r
kq3 � p3k

2
H + (q3 � p3;�(bq1 � bp1))H � (q3 � p3; bq2 � bp2)H +

+
r

2
k�(bq1 � bp1)k2H � r(�(bq1 � bp1); bq2 � bp2)H +

r

2
kbq2 � bp2k2H : (37)

�ª« ¤ë¢ ï á®®â­®è¥­¨ï (35){(37) ¨ ãç¨âë¢ ï â®, çâ® ¢ á¨«ã (5) k�(bq1 � bp1)kH = kbq1 � bp1kV ,
¯®«ãç ¥¬ ­¥à ¢¥­áâ¢® (30).
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�á­®¢­ë¬ à¥§ã«ìâ â®¬ ¤ ­­®© à ¡®âë ï¢«ï¥âáï

�¥®à¥¬  3. �ãáâì ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (29), ¨â¥à æ¨®­­ ï ¯®á«¥¤®¢ â¥«ì­®áâì fq(k)g1k=0
¯®áâà®¥­a á®£« á­® ¯à ¢¨«ã q(k+1) = Tq(k), q(0) 2 Q | ¯à®¨§¢®«ì­® § ¤ ­­ë© í«¥¬¥­â. �®£¤ 

íâ  ¯®á«¥¤®¢ â¥«ì­®áâì áå®¤¨âáï á« ¡® ¢ Q ¯à¨ k ! +1, ¥¥ ¯à¥¤¥« q� ï¢«ï¥âáï ­¥¯®¤¢¨¦­®©

â®çª®© ®¯¥à â®à  T , ¨ á¯à ¢¥¤«¨¢ë à ¢¥­áâ¢ 

lim
k!+1

ky(k) � �u(k)kH = 0; (38)

lim
k!+1

kq(k+1) � q(k)kQ = 0: (39)

�®ª § â¥«ìáâ¢®. �®á¯®«ì§ã¥¬áï ­¥à ¢¥­áâ¢®¬ (30), ¯®«®¦¨¢ ¢ ­¥¬ q = q(k) ¨ áç¨â ï p ­¥-
¯®¤¢¨¦­®© â®çª®© ®¯¥à â®à  T (¯® â¥®à¥¬¥ 1 áãé¥áâ¢ã¥â å®âï ¡ë ®¤­  â ª ï â®çª ). �ç¨âë¢ ï,
çâ® ¯® ®¯à¥¤¥«¥­¨î ¨â¥à æ¨®­­®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ Tq(k) = q(k+1),   ¤«ï ­¥¯®¤¢¨¦­®© â®çª¨
á®£« á­® â¥®à¥¬¥ 1 ¢ë¯®«­¥­ë à ¢¥­áâ¢  p2 � �bp1 = p2 � �p1 = 0, p1 � bp1 = 0, ¯®«ãç ¥¬

kq(k+1) � pk2Q + �(Au(k) �Ap1; u
(k) � p1)V +

r

2
ky(k) � �u(k+1)k2H +

+
1

2�(1� �r)
k(1� �r)(u(k) � u(k+1))� �(Au(k) �Ap1)k

2
V � kq(k) � pk2Q: (40)

�§ ­¥à ¢¥­áâ¢  (40) á«¥¤ã¥â, çâ® ç¨á«®¢ ï ¯®á«¥¤®¢ â¥«ì­®áâì fkq(k) � pk2Qg
1

k=0 ­¥ ¢®§à áâ ¥â, ¨
¯®íâ®¬ã ¨¬¥¥â ª®­¥ç­ë© ¯à¥¤¥«

lim
k!+1

kq(k) � pk2Q = �p: (41)

�­ ç¨â, ¢ë¯®«­¥­ë á®®â­®è¥­¨ï

lim
k!+1

(Au(k) �Ap1; u
(k) � p1)V = 0; (42)

lim
k!+1

k(1� �r)(u(k) � u(k+1))� �(Au(k) �Ap1)kV = 0; (43)

lim
k!+1

ky(k) � �u(k+1)kH = 0: (44)

�á¯®«ì§ãï (42) ¨ (28), ¯®«ãç ¥¬

lim
k!+1

kAu(k) �Ap1kV = 0: (45)

�§ (43) ¨ (45) á«¥¤ã¥â

lim
k!+1

ku(k) � u(k+1)kV = 0: (46)

� «¥¥, ¨á¯®«ì§ãï (44), (46), (5) ¨ ­¥à ¢¥­áâ¢®

ky(k) � �u(k)kH � ky(k) � �u(k+1)kH + k�(u(k) � u(k+1))kH ;

¯®«ãç ¥¬ á®®â­®è¥­¨¥ (38), ¨§ ª®â®à®£® á ãç¥â®¬ ãá«®¢¨ï (46) ¨ à ¢¥­áâ¢  y(k) � y(k+1) =
(y(k) � �u(k)) + (�u(k) � �u(k+1)) + (�u(k+1) � y(k+1)) á«¥¤ã¥â

lim
k!+1

ky(k) � y(k+1)kH = 0: (47)

� ª®­¥æ, ¨á¯®«ì§ãï (14) ¨ (38), ¨¬¥¥¬

lim
k!+1

k�(k+1) � �(k)kH = r lim
k!+1

k�u(k) � y(k)kH = 0: (48)

� ¢¥­áâ¢  (46){(48) ®§­ ç îâ, çâ® ¢ë¯®«­¥­® ãá«®¢¨¥ (39).
�¢¥¤¥¬ ¬­®¦¥áâ¢® K = fq 2 Q : kq � pkQ � d = kq(0) � pkQg, ï¢«ïîé¥¥áï, ®ç¥¢¨¤­®, ¢ë¯ã-

ª«ë¬, § ¬ª­ãâë¬ ¨ ®£à ­¨ç¥­­ë¬. �¯¥à â®à T ¢ á¨«ã â¥®à¥¬ë 2 ï¢«ï¥âáï ­¥à áâï£¨¢ îé¨¬,  
á«¥¤®¢ â¥«ì­®, ¯¥à¥¢®¤¨â ¬­®¦¥áâ¢® K ¢ á¥¡ï, ¯®áª®«ìªã kTq�pkQ = kTq�TpkQ � kq�pkQ � d
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¤«ï ¢á¥å q 2 K. �®íâ®¬ã ¨â¥à æ¨®­­ ï ¯®á«¥¤®¢ â¥«ì­®áâì fq(k)g1k=0 á®¤¥à¦¨âáï ¢ ¬­®¦¥áâ¢¥
K ¨, â ª¨¬ ®¡à §®¬, ®£à ­¨ç¥­ . �«¥¤®¢ â¥«ì­®, ã ­¥¥ áãé¥áâ¢ãîâ á« ¡® ¯à¥¤¥«ì­ë¥ â®çª¨.
�ãáâì q� = (u�; y�; ��) | ®¤­  ¨§ ­¨å, â. ¥. áãé¥áâ¢ã¥â â ª ï ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì fq(km)g1m=0,
çâ®

q(km) * q� ¯à¨ m! +1: (49)

�®ª ¦¥¬, çâ® q� | ­¥¯®¤¢¨¦­ ï â®çª  ®¯¥à â®à  T .
� á¨«ã á®®â­®è¥­¨© (45), (49) ¨ ¬®­®â®­­®áâ¨ ®¯¥à â®à  A

(A� �Ap1; � � u�)V = lim
m!+1

(A� �Au(km); � � u(km))V � 0 8� 2 V: (50)

�§ (28) ¢ëâ¥ª ¥â «¨¯è¨æ-­¥¯à¥àë¢­®áâì ®¯¥à â®à  A. �® â®£¤  ¨§ (50) á«¥¤ã¥â à ¢¥­áâ¢®
Au� = Ap1 ¢ á¨«ã «¥¬¬ë 18.1 ([12], á. 257).

� «¥¥, ¯®áª®«ìªã, á ®¤­®© áâ®à®­ë, ¨§ (49) á«¥¤ã¥â á« ¡ ï áå®¤¨¬®áâì ¯®á«¥¤®¢ â¥«ì­®áâ¨
f(�u(km) � y(km))g1m=0 ª (�u

� � y�),   á ¤àã£®©, ¢ á¨«ã (38) íâ®â ¯à¥¤¥« à ¢¥­ ­ã«î, ¯®«ãç ¥¬

y� = �u�; (51)

®âªã¤ 

�� = �� + r(�u� � y�): (52)

�á¯®«ì§ãï (3), ¯®«ãç¨¬ ku(k) � ��y(k)kV = k��(�u(k) � y(k))kV . �®£¤  ¨§ (38) á«¥¤ã¥â

lim
k!+1

ku(k) � ��y(k)kV = 0: (53)

�¥¯¥àì, ¢¢®¤ï ®¡®§­ ç¥­¨¥ t(k) = ��1(u(k+1) � u(k)) +Au(k) � f + r(u(k) � ��y(k)) ¨ áª« ¤ë¢ ï
­¥à ¢¥­áâ¢  (6) ¨ (7), ¯®«ãç ¥¬

(t(k); � � u(k+1))V + F (�)� F (u(k+1)) + (���(k); � � u(k+1))V + r(y(k+1) � �u(k); z � y(k+1))H +

+G(z)�G(y(k+1))� (�(k); z � y(k+1))H � 0 8� 2 V; 8z 2 H: (54)

�á¯®«ì§ãï à ¢¥­áâ¢® (51), ¨¬¥¥¬

(���(k); ��u(k+1))V � (�
(k); z�y(k+1))H = (���(k); ��u�)V � (�

(k); z�y�)H+(�
(k); y(k+1)��u(k+1))H :

� ãç¥â®¬ ¯®á«¥¤­¥£® à ¢¥­áâ¢  ¯à¥®¡à §ã¥¬ (54) ª ¢¨¤ã

(t(k); � � u(k+1))V + F (�) + (���(k); � � u�)V + (y(k+1) � �u(k); r(z � y(k+1)) + �(k))H +

+G(z)� (�(k); z � y�)H � F (u(k+1)) +G(y(k+1)) 8� 2 V; 8z 2 H: (55)

�§ ãá«®¢¨© (39) ¨ (49) ¢ëâ¥ª ¥â, çâ® q(km+1) * q� ¯à¨ m ! +1, ¨, ãç¨âë¢ ï á« ¡ãî ¯®«ã-
­¥¯à¥àë¢­®áâì á­¨§ã äã­ªæ¨®­ «®¢ G ¨ F , ¯®«ãç ¥¬

lim inf
m!+1

G(q(km+1)
2 ) � G(y�); lim inf

m!+1
F (q(km+1)

1 ) � F (u�):

�à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ â ª¦¥ (53), (45) ¨ (39), ¨¬¥¥¬

lim
m!+1

(t(km); u(km+1))V = (Au� � f; u�)V ;

lim
m!+1

(y(km+1) � �u(km); r(z � y(km+1)) + �(km))H = 0:

� ­¥à ¢¥­áâ¢¥ (55) ¤«ï k = km, ä¨ªá¨à®¢ ­­ëå � 2 V , z 2 H ¯¥à¥©¤¥¬ ª ­¨¦­¥¬ã ¯à¥¤¥«ã ¯à¨
m! +1, ¢ à¥§ã«ìâ â¥ ¯®«ãç¨¬

(Au� � f; � � u�)V + F (�) + (����; � � u�)V +

+G(z)� (��; z � y�)H � F (u�) +G(y�) 8� 2 V; 8z 2 H: (56)

67



�®« £ ï ¢ (56) z = y�, ¨¬¥¥¬ F (�) � F (u�) + (Au� � f + ����; � � u�)V � 0. �â® ­¥à ¢¥­áâ¢® á
ãç¥â®¬ (51) ¯à¥®¡à §ã¥¬ ª ¢¨¤ã

(��1(u� � u�); � � u�)V + F (�) � F (u�) + (Au� � f +���� + r(u� � ��y�); � � u�)V � 0;

çâ® íª¢¨¢ «¥­â­® à ¢¥­áâ¢ã

u� = J�@F (u
� � � [Au� � f +���� + r(u� � ��y�)]): (57)

� «¥¥, ¨§ (56) ¯à¨ � = u� ¯®«ãç¨¬ ­¥à ¢¥­áâ¢® G(z) � G(y�) � (��; z � y�)H � 0, ¨§ ª®â®à®£®,
¨á¯®«ì§ãï (51), ¨¬¥¥¬

G(z)�G(y�)� (�� � r(y� � �u�); z � y�)H � 0 8z 2 H;

¨, â ª¨¬ ®¡à §®¬,

y� = J
1=r
@G (�u

� + r�1��): (58)

� ¢¥­áâ¢  (57), (58), (52) ®§­ ç îâ, çâ® Tq� = q�.
�®ª ¦¥¬ â¥¯¥àì, çâ® ¢á¥ á« ¡® ¯à¥¤¥«ì­ë¥ â®çª¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fq(k)g1k=0 á®¢¯ ¤ îâ,

®âªã¤  ¨ ¡ã¤¥â á«¥¤®¢ âì á« ¡ ï áå®¤¨¬®áâì ¢á¥© ¨â¥à æ¨®­­®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ ª ­¥ª®â®à®©
­¥¯®¤¢¨¦­®© â®çª¥ ®¯¥à â®à  T .

�ãáâì p�, q� | ¤¢¥ á« ¡® ¯à¥¤¥«ì­ë¥ â®çª¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fq(k)g1k=0, â. ¥. áãé¥áâ¢ãîâ
¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¨ fq(nk)g1k=0, fq

(mk)g1k=0 , á« ¡® áå®¤ïé¨¥áï ¢ Q ª p� ¨ q� á®®â¢¥âáâ¢¥­­® ¯à¨
k ! +1. �§ ¢ëè¥¤®ª § ­­®£® á«¥¤ã¥â, çâ® í«¥¬¥­âë p� ¨ q� ï¢«ïîâáï ­¥¯®¤¢¨¦­ë¬¨ â®çª ¬¨
®¯¥à â®à  T , á«¥¤®¢ â¥«ì­®, ¤«ï ¢á¥© ¯®á«¥¤®¢ â¥«ì­®áâ¨ fq(k)g1k=0 á¯à ¢¥¤«¨¢ë á®®â­®è¥­¨ï
(41) á p = p� ¨ p = q�, â. ¥. lim

k!+1
kq(k) � p�k2Q = �p� , lim

k!+1
kq(k) � q�k2Q = �q� .

�â¨ á®®â­®è¥­¨ï á¯à ¢¥¤«¨¢ë ¨ ¤«ï «î¡®© ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨
fq(k)g1k=0, ¢ ç áâ­®áâ¨, ¤«ï ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¥© fq

(nk)g1k=0, fq
(mk)g1k=0

lim
k!+1

kqmk�p�k2Q = lim
k!+1

kqnk�p�k2Q = �p� ; lim
k!+1

kqmk�q�k2Q = lim
k!+1

kqnk�q�k2Q = �q� : (59)

�«¥¤ãï â¥¯¥àì [13], [14], à áá¬®âà¨¬ ç¨á«®¢ãî ¯®á«¥¤®¢ â¥«ì­®áâì

e(k) = kq(nk) � q�k2Q � kq(nk) � p�k2Q + kq(mk) � p�k2Q � kq(mk) � q�k2Q; k = 0; 1; 2; : : :

�§ (59) ¨¬¥¥¬ lim
k!+1

e(k) = 0. � ¤àã£®© áâ®à®­ë, ¯à¨ ¯®¬®é¨ ­¥¯®áà¥¤áâ¢¥­­ëå ¢ëç¨á«¥­¨©

­¥âàã¤­® ¯à®¢¥à¨âì, çâ® e(k) = 2(q(nk) � q(mk); p� � q�)Q, á«¥¤®¢ â¥«ì­®, ¢ á¨«ã á« ¡®© áå®¤¨¬®áâ¨
¢Q ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¥© fq(nk)g1k=0, fq

(mk)g1k=0 ª p
� ¨ q� á®®â¢¥âáâ¢¥­­® ¯à¨ k ! +1 ¯®«ãç ¥¬

lim
k!+1

e(k) = 2(p� � q�; p� � q�)Q = 2kp� � q�k2Q:

� ª¨¬ ®¡à §®¬, kp� � q�kQ = 0, â. ¥. p� = q�.

� ¬¥ç ­¨¥. �ãáâì u, v | à¥è¥­¨ï § ¤ ç¨ (1), â®£¤  ¢ë¯®«­¥­ë ­¥à ¢¥­áâ¢ 

(Au; v � u)V +G(�v)�G(�u) + F (v)� F (u) � (f; v � u)V ;

(Av; u � v)V +G(�u)�G(�v) + F (u)� F (v) � (f; u� v)V :

�ª« ¤ë¢ ï íâ¨ ­¥à ¢¥­áâ¢ , ¯®«ãç¨¬ (Av � Au; v � u)V � 0, ¨ ãç¨âë¢ ï (28), ¨¬¥¥¬ Av = Au.
� ª¨¬ ®¡à §®¬, ¥áâ¥áâ¢¥­­ë¬ ï¢«ï¥âáï â®, çâ®, ¢§ï¢ ¢ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 3 ¯à®¨§¢®«ì­ãî
­¥¯®¤¢¨¦­ãî â®çªã p, ¯®«ãç¨«¨ à ¢¥­áâ¢® Au� = Ap1 ¤«ï ¯à¥¤¥«ì­®© â®çª¨ q� ¨â¥à æ¨®­­®©
¯®á«¥¤®¢ â¥«ì­®áâ¨.
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4. �áá«¥¤®¢ ­¨¥ áå®¤¨¬®áâ¨ ¨â¥à æ¨®­­®£® ¯à®æ¥áá 

c á¨«ì­® ¬®­®â®­­ë¬ ®¯¥à â®à®¬

�ã¤¥¬ áç¨â âì â¥¯¥àì, çâ® ®¯¥à â®à A á¨«ì­® ¬®­®â®­¥­ ¨ «¨¯è¨æ-­¥¯à¥àë¢¥­

(Au�Av; u � v)V � �ku� vk2V ; � > 0; 8u; v 2 V; (60)

kAu�AvkV � Lku� vkV ; L > 0; 8u; v 2 V: (61)

�¥®à¥¬  4. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï (60), (61) ¨ ­¥à ¢¥­áâ¢®

� <
2�

2�r + L2
: (62)

�®£¤  ®¯¥à â®à T ï¢«ï¥âáï ­¥à áâï£¨¢ îé¨¬. �®«¥¥ â®£®, ¤«ï q = (q1; q2; q3); p = (p1; p2; p3) 2 Q
á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

kTq � Tpk2Q + �kq1 � p1k
2
V +

r

2
k(q2 � �bq1)� (p2 � �bp1)k2H +

+
1

2(1� �r)�
k(1� �r)((q1 � bq1)� (p1 � bp1))� �(Aq1 �Ap1)k

2
V � kq � pk2Q; (63)

£¤¥ � = 1� �L2=[2�(1 � �r)].

�®ª § â¥«ìáâ¢®. � ¬¥â¨¬ ¯à¥¤¢ à¨â¥«ì­®, çâ® ¢ á¨«ã ãá«®¢¨ï (62) ¢ë¯®«­¥­ë ­¥à ¢¥­-
áâ¢  �r < 1 ¨ � > 0 ¨, â ª¨¬ ®¡à §®¬, ®¯¥à â®à T ï¢«ï¥âáï ­¥à áâï£¨¢ îé¨¬. �«ï ®¯¥à â®à  S,
S� = (1� �r)�� �A� + �f , ¢¢¥¤¥­­®£® ¢ â¥®à¥¬¥ 2, ¨á¯®«ì§ãï (60) ¨ (61), ¯®«ãç ¥¬ ­¥à ¢¥­áâ¢®

kSp1 � Sq1k
2
V = (1� �r)2kp1 � q1k

2
V � 2�(1 � �r)(Ap1 �Aq1; p1 � q1)V + � 2kAp1 �Aq1k

2
V �

� (1� �r)2kp1 � q1k
2
V � �(2�� �(2r�+ L2))kp1 � q1k

2
V :

�«¥¤ãï ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 2, ¢¬¥áâ® (34) ¨¬¥¥¬

1
2(1� �r)�

k(1 � �r)((q1 � bq1)� (p1 � bp1))� �(Aq1 �Ap1)k2V +
1 + �r

2�
kbq1 � bp1k2V �

�
1� �r

2�
kq1 � p1k

2
V � �kq1 � p1k

2
V � (q3 � p3;�(bq1 � bp1))H + r(q2 � p2;�(bq1 � bp1))H ;

£¤¥ � = 1� �L2=[2�(1 � �r)]. �«¥¤ãï ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 2, ¯®«ãç¨¬ ­¥à ¢¥­áâ¢® (63).

� ¬¥â¨¬, çâ® ¨§ (60) (á¬. § ¬¥ç ­¨¥) ¢ëâ¥ª ¥â ¥¤¨­áâ¢¥­­®áâì à¥è¥­¨ï ¢ à¨ æ¨®­­®£® ­¥-
à ¢¥­áâ¢  (1).

�¥®à¥¬  5. �ãáâì ®¯¥à â®à A ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ (60), (61) ¨ ¢ë¯®«­¥­® ­¥à ¢¥­-

áâ¢® (62), â®£¤  ¢ë¯®«­¥­ë (38), (39) ¨ à ¢¥­áâ¢ 

lim
k!+1

kq
(k)
1 � ukV = 0; lim

k!+1
kq

(k)
2 � �ukH = 0; (64)

£¤¥ u { à¥è¥­¨¥ § ¤ ç¨ (1).

�®ª § â¥«ìáâ¢®. �§ ­¥à ¢¥­áâ¢  (63), ¯®«®¦¨¢ ¢ ­¥¬ q = q(k) ¨ áç¨â ï p ­¥¯®¤¢¨¦­®©
â®çª®© ®¯¥à â®à  T , ¨¬¥¥¬

kq(k+1) � pk2Q + �kq(k)1 � p1k
2
V +

r

2
kq(k)2 � �q(k+1)1 k2H +

+
1

2(1� �r)�
k(1� �r)(q(k)1 � u(k+1))� �(Aq(k)1 �Ap1)k2V � kq(k) � pk2Q:

�§ íâ®£® ­¥à ¢¥­áâ¢  ¯®«ãç ¥¬, çâ® ¢ë¯®«­¥­ë (43), (44) ¨

lim
k!+1

kq
(k)
1 � p1kV = 0: (65)
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�§ (65) ¨ (61) ¨¬¥¥¬ (45), ¨, á«¥¤ãï ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 3, ¯®«ãç ¥¬ (38), (39). �®áª®«ìªã
§ ¤ ç  (1) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ u, â® ¢ á¨«ã â¥®à¥¬ë 1 ¢ë¯®«­¥­ë à ¢¥­áâ¢  p1 = u,
p2 = �u, ¨ ¨§ (65), (38) ¯®«ãç ¥¬ á¨«ì­ãî áå®¤¨¬®áâì (64).
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