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� áâ âì¥  ¢â®à  [1] ¡ë«  ®¯à¥¤¥«¥­  ª®­áâàãªæ¨ï ¤¨áªà¥â­®£® ¯à®áâà ­áâ¢  Kn á ®¡ê¥¬-
­ë¬ äã­¤ ¬¥­â «ì­ë¬ í«¥¬¥­â®¬ ¨ ¯®áâà®¥­ë ¤¨áªà¥â­ë¥  ­ «®£¨ ª« áá¨ç¥áª¨å ¤¨ää¥à¥­-
æ¨ «ì­ëå ®¯¥à â®à®¢. � ­ áâ®ïé¥© áâ âì¥, ï¢«ïîé¥©áï ¯à®¤®«¦¥­¨¥¬ [1], ¢¢®¤¨âáï ¯®­ïâ¨¥
ª ­®­¨ç¥áª®© á¨áâ¥¬ë ¡ §¨á®¢ ¢ ¯®«­®¬ ª®¬¯«¥ªá¥ ¢¥ªâ®à­ëå ¯à®áâà ­áâ¢ [1] ­ ¤ Kn ¨ ¤ ¥âáï
 «£®à¨â¬ ¥¥ ¯®áâà®¥­¨ï. �áá«¥¤ãîâáï «¨­¥©­ë¥ ãà ¢­¥­¨ï, á®¤¥à¦ é¨¥ ¢¢¥¤¥­­ë¥ ¢ [1] ¤¨á-
ªà¥â­ë¥ ®¯¥à â®àë. � ­® ¯®«­®¥ ¨áá«¥¤®¢ ­¨¥ â ª¨å ãà ¢­¥­¨©, ¯®«ãç¥­ë ¨å ®¡é¨¥ à¥è¥­¨ï,
ª®â®àë¥ § ¯¨áë¢ îâáï ¢ ª ­®­¨ç¥áª®© á¨áâ¥¬¥ ¡ §¨á®¢.

1. �âáãâáâ¢¨¥ (ª®)£®¬®«®£¨© ¯à¨ £«®¡ «ì­®¬ ®¯¨á ­¨¨ Kn

�¨áªà¥â­®¥ ¯à®áâà ­áâ¢® Kn (n = 1; 2; 3) ¯à¨ «®ª «ì­®¬ ®¯¨á ­¨¨ ¯®áà¥¤áâ¢®¬ ª®®à¤¨­ â¨-
§ æ¨¨ [1] á®áâ®¨â ¨§ áç¥â­®£® ç¨á«  áâàãªâãà¨à®¢ ­­ëå \¥¤¨­¨æ" ¯à®áâà ­áâ¢  f

n
e�gN | äã­-

¤ ¬¥­â «ì­ëå ®¡ê¥¬­ëå í«¥¬¥­â®¢-ïç¥¥ª ¯à®áâà ­áâ¢ . �à¨ íâ®¬ ¢ ª ç¥áâ¢¥ ¨áå®¤­®£® ¯à¥¤-
¯®«®¦¥­¨ï ¡ë«® ¯à¨­ïâ® ãá«®¢¨¥, çâ® ¯à¨ áâ¨à ­¨¨ £à ­¥©, à¥¡¥à ¨ ã§«®¢ ¢ Kn ¯®«ãç ¥â-
áï ¥¢ª«¨¤®¢® ¯à®áâà ­áâ¢® En, â. ¥. â¥«® jKnj £¥®¬¥âà¨ç¥áª®£® ª®¬¯«¥ªá  Kn á®¢¯ ¤ ¥â á En:
jKnj = En. �®£¤  ¯à¨ n = 3 ¢®§¬®¦­ë ¯ïâì â¨¯®¢ ¯à®áâà ­áâ¢K3 ¯® ç¨á«ã à §«¨ç­ëå â¨¯®¢ ïç¥-
¥ª ¯à®áâà ­áâ¢  | ¯ à ««¥«®í¤à®¢ �.�.�¥¤®à®¢ . �®®â¢¥âáâ¢ãîé¨¥ ¤ã «ì­ë¥ ¯à®áâà ­áâ¢ K�

3

á®áâ ¢«ïîâáï ¨§ áâ¥à¥®í¤à®¢ �.�.�¥«®­¥ [1]. � à  ¯à®áâà ­áâ¢ Kn ¨ K�

n ®¡à §ãîâ ¥¤¨­®¥ ¤¨á-
ªà¥â­®¥ ¯à®áâà ­áâ¢®, ª®â®à®¥ ¡ã¤¥â ®¡®§­ ç âìáï ¤ «¥¥ ª ª K n = (Kn;K

�

n) ¯à¨ íâ®¬ K��

n = Kn.
�à¨ £«®¡ «ì­®¬ ®¯¨á ­¨¨ ¢¢®¤¨âáï ¯®­ïâ¨¥ K-®¡« áâ¨ [1], á®áâ®ïé¥© ¨§ ª®­¥ç­®£® ç¨á«  ïç¥-
¥ª ¯à®áâà ­áâ¢  Kn: K = f

n
e�gm. � ç áâ­®áâ¨, ¢ ª ç¥áâ¢¥ K-®¡« áâ¨ ¬®¦¥â ¡ëâì ¯à¨­ïâ  m-ï

à¥£ã«ïà­ ï ®ªà¥áâ­®áâì ­¥ª®â®à®© ¢ë¤¥«¥­­®© ïç¥©ª¨: K = Om(�). �áï ®áâ «ì­ ï ç áâì Kn

®¡êï¢«ï¥âáï ®¤­®© ¢­¥è­¥© ïç¥©ª®©
n
e0 = Kn nK. �¥¬ á ¬ë¬ ¯à®áâà ­áâ¢® Kn ¯à¥¤áâ ¢«ï¥âáï ¢

¢¨¤¥ ª®­¥ç­®£® £¥®¬¥âà¨ç¥áª®£® ª®¬¯«¥ªá Kn =
n
e0[K. � ¯à®áâà ­áâ¢ã Kn ¯à¨á®¥¤¨­ïîâáï ¥é¥

¤¢¥ ªà ©­¨¥ ïç¥©ª¨; ®¤­  ïç¥©ª  à §¬¥à­®áâ¨ (-1):
�1
e1 � " á ãá«®¢¨¥¬ @

0
e� = ", @" = 0 ¤«ï ¢áïª®£®

­ã«ì¬¥à­®£® í«¥¬¥­â 
0
e� ¨ ®¤­  ïç¥©ª  à §¬¥à­®áâ¨ (n + 1):

n+1
e1 � E á ãá«®¢¨ï¬¨ @E =

P n
e� ¨

@ � @E = 0. �®®â¢¥âáâ¢ãîé¨¥ ïç¥©ª¨ ¨­¤ãæ¨àãîâáï �-®â®¡à ¦¥­¨¥¬ [1] ¨ ¢ K�

n : "! E
� , E ! "�.

�á«¨ jKnj = En, â® ¡ã¤¥â ¢ë¯®«­ïâìáï ãá«®¢¨¥ @ � @E = @
P n
e� =

P
@
n
e� = 0, ¯®áª®«ìªã ¢ íâ®¬

á«ãç ¥ ¢ ¯®á«¥¤­îî áã¬¬ã ª ¦¤ë© (n� 1)-í«¥¬¥­â ¢å®¤¨â ¤¢ ¦¤ë á ¯à®â¨¢®¯®«®¦­ë¬¨ §­ -
ª ¬¨. �à¥¤¯®« £ ¥âáï ¤ «¥¥, çâ® ¤«ï à áá¬ âà¨¢ ¥¬ëå Kn íâ® ãá«®¢¨¥ ¢ë¯®«­ï¥âáï. �® â®£¤ 
Kn =

n
e0 [ K ¯® á¢®¨¬ â®¯®«®£¨ç¥áª¨¬ á¢®©áâ¢ ¬ áâ ­®¢¨âáï n-¬¥à­®© áä¥à®©. �«¥¤®¢ â¥«ì­®,

¢á¥ ç¨á«  �¥ââ¨ ª®¬¯«¥ªá  Kn, ªà®¬¥ n-¬¥à­®£® ¨ ­ã«ì¬¥à­®£®, à ¢­ë ­ã«î ([5], á. 84). �¢¥¤¥-
­¨¥ ªà ©­¨å í«¥¬¥­â®¢ " ¨ E ãáâà ­ï¥â £®¬®«®£¨¨ ¨ ­  ª®­æ å ¯®«­®© ¤¨ £à ¬¬ë ª®¬¯«¥ªá 
(¤¨ £à. ò1 ¢ [1]).

�â ª, ¢ ¯®«­®¬ ª®¬¯«¥ªá¥ E [Kn [" � K n ¨, á®®â¢¥âáâ¢¥­­®, ¢ ¤ã «ì­®¬ ª®¬¯«¥ªá¥ "�[K�

n[
E
� � K

�

n (ª®)£®¬®«®£¨¨ ®âáãâáâ¢ãîâ ¨, á«¥¤®¢ â¥«ì­®, ¢áïª¨© (ª®)æ¨ª« ï¢«ï¥âáï (ª®)£à ­¨æ¥©.
�â¬¥â¨¬, çâ® ¢áïª ï ïç¥©ª  ¯à®áâà ­áâ¢  D n = (K n ;K

�

n) á¢ï§ ­  ­¥ â®«ìª® á® á¢®¥© ¯¥à¢®©
®ªà¥áâ­®áâìî ¯®áà¥¤áâ¢®¬ ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥© ¯à¨ p = 0; 1; : : : ; n, ­® ¨ á¢ï§ ­  á ¯®«­ë¬
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ª®¬¯«¥ªá®¬ ç¥à¥§ ªà ©­¨¥ í«¥¬¥­âë E , " ("�, E� ) ¯à¨ p = �1; n + 1. �«¥¤®¢ â¥«ì­®, ¢áïªãî
ïç¥©ªã ¯à®áâà ­áâ¢  ¬®¦­® à áá¬ âà¨¢ âì ª ª áâàãªâãà¨à®¢ ­­®¥ ®¡à §®¢ ­¨¥ ¢¨¤ 

(E j
n
e� j

n�1
e � � � j

0
ej") 2 K n ; ("�j

0
e�� j

1
e�j � � � j

n
e�jE �) 2 K

�

n : (1.1)

� «¥¥ ¡ã¤ãâ à áá¬ âà¨¢ âìáï ®¯à¥¤¥«¥­­ë¥ â ª¨¬ ®¡à §®¬ ¯®«­ë¥ £¥®¬¥âà¨ç¥áª¨¥ ª®¬¯«¥ª-
áë, ¢ ª®â®àëå ®âáãâáâ¢ãîâ (ª®)£®¬®«®£¨¨. �á«¥¤áâ¢¨¥ ª®­¥ç­®áâ¨ ®­¨ ¯®«­®áâìî å à ªâ¥à¨§ã-
îâáï ¬ âà¨æ ¬¨ ¨­æ¨¤¥­â­®áâ¥© C(p), p = 0; 1; : : : ; n; n + 1, ª®â®àë¥ ¢å®¤ïâ ¢® ¢á¥ ®¯¥à â®àë,
®¯à¥¤¥«¥­­ë¥ ¢ ¯®«­®¬ ª®¬¯«¥ªá¥ C(D n) = (C(K n ); C(K �

n)). �«ï ã¯à®é¥­¨ï ®¯¨á ­¨ï íâ¨å ®¯¥-
à â®à®¢ ¢ C(D n) ¡ã¤¥¬ áâà®¨âì á¯¥æ¨ «ì­ãî á¨áâ¥¬ã ¡ §¨á®¢, ¢ ª®â®à®© ¬ âà¨æë ¯à¨®¡à¥âãâ
¯à®áâ¥©è¨© ¢¨¤.

2. �à¥®¡à §®¢ ­¨ï ¡ §¨á®¢ ¨ ãá«®¢¨ï á®¯àï¦¥­¨ï ¢ ª®¬¯«¥ªá¥ C(D n)

�à¥¤¢ à¨â¥«ì­® ¨áá«¥¤ã¥¬ á¢ï§¨ ¬¥¦¤ã ®¡é¨¬¨ ä®à¬ã« ¬¨ ¯à¥®¡à §®¢ ­¨© ¡ §¨á®¢ ¢¥ª-
â®à­ëå ¯à®áâà ­áâ¢, ¢å®¤ïé¨å ¢ ª®¬¯«¥ªá C(D n). � íâ¨ ä®à¬ã«ë ¡ã¤ãâ ¯à¨¢­¥á¥­ë ­¥ª®â®àë¥
®â«¨ç¨ï ®â ®¡é¥¯à¨­ïâëå ¢ «¨­¥©­®©  «£¥¡à¥ á®£« è¥­¨©, ª á îé¨åáï ãá«®¢¨© á®¯àï¦¥­¨ï
¡ §¨á®¢ ¢ ¯ à å (Cp; C�

p ). �â¨ ®â«¨ç¨ï ¯®ï¢«ïîâáï ¯® ­¥®¡å®¤¨¬®áâ¨ ¤«ï á®£« á®¢ ­¨ï ãá«®-
¢¨© á®¯àï¦¥­¨ï á® á¯¥æ¨ä¨ª®© ¯à¥¤« £ ¥¬®© ª ­®­¨ç¥áª®© á¨áâ¥¬ë ¡ §¨á®¢ ¢® ¢á¥¬ ª®¬¯«¥ªá¥
C(D n ).

� ¨áå®¤­®© á¨áâ¥¬¥ ¡ §¨á®¢ ¢ Cp(K n) ¢ ª ç¥áâ¢¥ ¡ §¨á­ëå í«¥¬¥­â®¢ ¡ë«¨ ¯à¨­ïâë ¯à®­ã-
¬¥à®¢ ­­ë¥ ¢ ­¥ª®â®à®¬ ¯®àï¤ª¥ p-í«¥¬¥­âë f

p
e�g�p ¤«ï ª ¦¤®£® §­ ç¥­¨ï p = �1; 0; : : : ; n; n+1.

�®®â¢¥âáâ¢ãîé¨¥ ¡ §¨á­ë¥ í«¥¬¥­âë fe
p

�g�p ¢ C
�

p(K n ) ®¯à¥¤¥«ï«¨áì áâ ­¤ àâ­ë¬¨ ãá«®¢¨ï¬¨
á®¯àï¦¥­¨ï �

e
p

i;
p
ej

�
= �ij �

�
e
p
;
p
e

�
= 1�p��p ; (2.1)

£¤¥ ¡ §¨áë ¯à¥¤áâ ¢«¥­ë ¢ ¬ âà¨ç­®© § ¯¨á¨
p
e = (

p
e1 : : :

p
e�p) ¢ C

p(K n); e
p

tr = (e
p

1 : : : e
p

�p) ¢ C�

p(K n ):

�®à¬ã«ë ¤¥©áâ¢¨ï (ª®)£à ­¨ç­ëå ®¯¥à â®à®¢ ­  ¡ §¨á­ë¥ í«¥¬¥­âë § ¯¨áë¢ îâáï â®£¤  ç¥à¥§
¬ âà¨æë ¨­æ¨¤¥­â­®áâ¥© ¢ ¢¨¤¥

p

@
p
e =

p�1
e C(p); @

p
e
p
= C(p+ 1) e

p+1
;

C(p) =
�
e

p�1
;
p

@
p
e

�
=
�
@
p�1

e
p�1

;
p
e

�
:

(2.2)

�à¥®¡à §®¢ ­¨ï ¡ §¨á®¢ ¢® ¢á¥¬ ª®¬¯«¥ªá¥ (C(K n); C�(K n )) § ¯¨è¥¬ ä®à¬ã« ¬¨
p
e!

p
e0 =

p
eP (p); e

p
! e

p

0 = Q(p)e
p

(2.3)

¨ à áá¬®âà¨¬ ãá«®¢¨¥ á®¯àï¦¥­¨ï ­®¢ëå ¡ §¨á®¢�
e
p

0;
p
e0
�
= Q(p)

�
e
p
;
p
e

�
P (p) = Q(p)p(p); (2.4)

£¤¥ ¯®á«¥¤­¥¥ à ¢¥­áâ¢® á«¥¤ã¥â ¨§ (2.1).
�¡ëç­® ¢ «¨­¥©­®©  «£¥¡à¥ ¯à¥¤¯®« £ ¥âáï, çâ® ¨ ¤«ï ­®¢ëå ¡ §¨á®¢ ¢ë¯®«­ï¥âáï áâ ­¤ àâ-

­®¥ ãá«®¢¨¥ á®¯àï¦¥­¨ï ¢¨¤  (2.1)�
e
p

0;
p
e0
�
= 1�p��p =) Q(p)P (p) = 1 � Q(p) = P�1(p); (2.5)

ª®â®à®¥ ­ ª« ¤ë¢ ¥â ¢ ­ è¥¬ á«ãç ¥ ¦¥áâª¨¥ £¥®¬¥âà¨ç¥áª¨¥ ãá«®¢¨ï ­  ¢ë¡®à ­®¢ëå ¡ §¨á®¢
¢ C�(K n) �= C(K �

n). �¤¥áì ¬ë ®âª §ë¢ ¥¬áï ®â ãá«®¢¨© á®¯àï¦¥­¨ï ¢¨¤  (2.5) ¨ ¡ã¤¥¬ ¯®ª 
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¯à¥¤¯®« £ âì â®«ìª® ãá«®¢¨¥ ­¥¢ëà®¦¤¥­­®áâ¨ ¬ âà¨æ ¯à¥®¡à §®¢ ­¨© ¡ §¨á®¢ P (p) ¨ Q(p) ¢
ä®à¬ã« å (2.3).

�á«®¢¨ï á®¯àï¦¥­¨ï ¢ ­®¢ëå ¡ §¨á å ¡ã¤¥¬ § ¯¨áë¢ âì ¢ ¢¨¤¥�
e
p

0;
p
e0
�
= S0(p) � Q(p)P (p); (2.6)

£¤¥ ¢ ®â«¨ç¨¥ ®â (2.5) ­¥®¡ï§ â¥«ì­®, çâ®¡ë S0(p) = 1. �® ¢ ®âáãâáâ¢¨¥ ãá«®¢¨© ¢¨¤  (2.5)
­¥ª®â®àë¥ ä®à¬ã«ë ¢ ­®¢ëå ¡ §¨á å ¡ã¤ãâ ®â«¨ç âìáï ®â âà ¤¨æ¨®­­ëå, ­ ¯à¨¬¥à, ¢ëà ¦¥­¨¥
¤«ï á¢¥àâª¨ p-¢¥ªâ®à  ¨ p-ª®¢¥ªâ®à  (¤¨áªà¥â­®£® ¨­â¥£à «  ¢ ­ è¥¬ á«ãç ¥, á¬. [1]) ¡ã¤¥â
á®¤¥à¦ âì ¢ ­®¢ëå ¡ §¨á å ¬ âà¨æã á®¯àï¦¥­¨ï S0(p):�

w
p
;
p
v

�
=W

p
V p =W

p

0S0(p)
p

V 0:

�áâ ­®¢¨¬ ä®à¬ã«ë ¯à¥®¡à §®¢ ­¨ï ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥©, ¯à¥¤¯®« £ ï, çâ® ¨ ¢ ­®¢ëå
¡ §¨á å ä®à¬ã«ë ¤¥©áâ¢¨ï (ª®)£à ­¨ç­ëå ®¯¥à â®à®¢ § ¯¨áë¢ îâáï â®ç­® ¢ â ª®© ¦¥ ä®à¬¥
(2.2), ª ª ¨ ¢ ¨áå®¤­®© á¨áâ¥¬¥ ¡ §¨á®¢,

p

@
p
e0 =

p�1

e0 C 0(p); @
p
e
p

0 = C 0(p+ 1) e0
p+1

; (2.7)

  £à ­¨ç­ë¥ ¨ ª®£à ­¨ç­ë¥ ®¯¥à â®àë á¢ï§ ­ë áâ ­¤ àâ­ë¬ à ¢¥­áâ¢®¬�
e0
p�1

;
p

@
p
e0
�
=
�
@
p�1

e0
p�1

;
p
e0
�
: (2.8)

�§ (2.2), (2.3) ¨ (2.7) á«¥¤ãîâ á®®â­®è¥­¨ï, ®¯à¥¤¥«ïîé¨¥ ä®à¬ã«ë ¯à¥®¡à §®¢ ­¨ï ¬ âà¨æ
¨­æ¨¤¥­â­®áâ¥©,

P (p� 1)C 0(p) = C(p)P (p); C 0(p)Q(p) = Q(p� 1)C(p);

C 0(p) = P�1(p� 1)C(p)P (p) = Q(p� 1)C(p)Q�1(p);
(2.9)

ãá«®¢¨ï á®¢¬¥áâ­®áâ¨ ª®â®àëå § ¯¨èãâáï ¢ ¢¨¤¥

C(p)R0(p) = R0(p� 1)C(p); R0(p) � P (p)Q(p);

C 0(p)S0(p) = S0(p� 1)C 0(p); S0(p) � Q(p)P (p):
(2.10)

�®á«¥¤­¥¥ à ¢¥­áâ¢® à ¢­®á¨«ì­® (2.8) ¢á«¥¤áâ¢¨¥ ãá«®¢¨ï á®¯àï¦¥­¨ï (2.6).
�à¨ § ¤ ­­ëå ®£à ­¨ç¥­¨ïå ­  ¢¨¤ ¬ âà¨æë C 0(p) ¢ (2.7) à ¢¥­áâ¢  (2.9) ¨ (2.10) ¤ îâ

ãá«®¢¨ï ­  ¬ âà¨æë ¯à¥®¡à §®¢ ­¨ï ¡ §¨á®¢ ¢ (2.3) ¨ â¥¬ á ¬ë¬ ­  ¬ âà¨æë á®¯àï¦¥­¨ï (2.6).

� ¬¥ç ­¨¥ 1. �â¬¥ç¥­­ãî ¢ëè¥ ¢®§¬®¦­®áâì ¯à®¨§¢®«ì­®£® ¢ë¡®à  ãá«®¢¨© á®¯àï¦¥­¨ï
¡ §¨á®¢ ¢ ¯ à å (Cp; C�

p ) ¬®¦­® ¢­¥áâ¨ ¢ ®¯à¥¤¥«¥­¨¥ ¢ á ¬®¬ ­ ç «¥ ¢ ª ç¥áâ¢¥ ¨áå®¤­ëå
ãá«®¢¨© �

e
p
;
p
e

�
= S(p) = (sij(p))�p��p ; à ­£S(p) = �p: (2.11)

�®£¤  ä®à¬ã«ë ¤¥©áâ¢¨ï (ª®)£à ­¨ç­ëå ®¯¥à â®à®¢ á«¥¤ã¥â § ¯¨áë¢ âì ¢ ¢¨¤¥

p

@
p
e =

p�1
e C(p); @

p
e
p
= C(p+ 1) e

p+1
; (2.12)

£¤¥

C(p) = S(p� 1)C(p)S�1(p) �
�
@
p�1

e
p�1

;
p
e

�
=
�
e

p�1
;
p

@
p
e

�
: (2.13)
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�à¨ § ¬¥­¥ ¡ §¨á®¢ ¯® ä®à¬ã« ¬ (2.3) ¢ ­®¢ëå ¡ §¨á å�
e
p

0;
p
e0
�
= S0(p) = Q(p)S(p)P (p);

p

@
p
e0 =

p�1

e0 C 0(p); @
p
e
p

0 = C
0

(p+ 1) e0
p+1

;

P (p� 1)C 0(p) = C(p)P (p); C
0

(p)Q(p) = Q(p� 1)C
0

(p);

S0(p� 1)C 0(p) = C
0

(p)S0(p):

(2.14)

�à®¨§¢®« ¢ ¢ë¡®à¥ ãá«®¢¨© á®¯àï¦¥­¨© ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­ «¨¡® ä®à¬ «ì­® ¤«ï ­¥ª®-
â®àëå ã¯à®é¥­¨©, «¨¡® ¢ ¯à¨«®¦¥­¨ïå ¤«ï ®¯¨á ­¨ï ¯¥à¥¬¥é¥­¨© ïç¥¥ª ¢ Kn á ¢ëå®¤®¬ ¢ K�

n ¨
®¡à â­® (\¬¥àæ îé¥¥" ¤¢¨¦¥­¨¥): ¨­ ç¥ £®¢®àï, ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­ ª ª á¯®á®¡ ®¯¨á ­¨ï
á¢®©áâ¢ ª¨ª¨­¥¬ë ¨ à¥­®¢ æ¨¨ ¤¢¨¦¥­¨ï ¢ ¤¨áªà¥â­®¬ ¯à®áâà ­áâ¢¥ ([2], á. 89{121; [3], á. 14{59;
[4], á. 39{41).

3. �¯à¥¤¥«¥­¨¥ ª ­®­¨ç¥áª®© á¨áâ¥¬ë ¡ §¨á®¢

�â ¨áå®¤­®© á¨áâ¥¬ë ¡ §¨á®¢ (���), ¯¥à¥©¤¥¬ ª ­®¢®© á¨áâ¥¬¥ ¡ §¨á®¢, ¢ë¤¥«ïï ¯®¤¯à®-
áâà ­áâ¢  (ª®)æ¨ª«®¢{(ª®)£à ­¨æ B ¨  (ª®)æ¨ª«¨ç¥áª¨å í«¥¬¥­â®¢ X. �§ ®¯à¥¤¥«¥­¨© ¯®¤¯à®-
áâà ­áâ¢ ¡ã¤ãâ ­¥¯®áà¥¤áâ¢¥­­® ®¯à¥¤¥«ïâìáï ¨ ¨å à §¬¥à­®áâ¨.

� ®âáãâáâ¢¨¥ £®¬®«®£¨© ¢ ª®¬¯«¥ªá¥ C(K n )

Bp =
p+1

@ Cp+1(K n ) = Ker
p

@;

Bp = f
p
v j

p
v =

p+1

@
p+1
u g � f

p

V j
p

V = C(p+ 1)
p+1

U g=)dimBp = à ­£C(p+ 1) � rp+1;

Bp = f
p
v j

p

@
p
v = 0g � f

p

V j C(p)
p

V = 0g =)dimBp = dimCp � à ­£C(p) =

= �p � rp = rp+1;

Xp = Cp=Bp =) dimXp = dimCp � dimBp = rp:

� ª®¬¯«¥ªá¥ C�(K n)
Bp = @

p�1
C�

p�1(K n) = Ker@
p
;

Bp = fw
p
j w
p
= @

p�1
u
p�1
g � fW

p
j W

p
= U

p�1
C(p)g=)dimBp = à ­£C(p) � rp;

Bp = fw
p
j @
p
w
p
= 0g � fW

p
jW

p
C(p+ 1) = 0g =)dimBp = �p � rp+1 = rp;

Xp = C�

p=Bp =) dimXp = dimC�

p � dimBp = rp+1:

� ¯¨è¥¬ á®®â¢¥âáâ¢ãîé¨¥ à §«®¦¥­¨ï ¤«ï Cp(K n) ¨ C�

p (K n), ãª §ë¢ ï ¢ ªàã£«ëå áª®¡ª å
à §¬¥à­®áâ¨ ¯®¤¯à®áâà ­áâ¢,

Cp(K n) = Bp

(rp+1)
�Xp

(rp)
; C�

p (K n) = X(rp+1)
p �B(rp)

p ;

�p = rp + rp+1:
(3.1)

�¡®§­ ç¨¬ á®®â¢¥âáâ¢ãîé¨¬¨ ¬ «ë¬¨ ¡ãª¢ ¬¨ ¡ §¨á­ë¥ í«¥¬¥­âë ¢ë¤¥«¥­­ëå ¯®¤¯à®-
áâà ­áâ¢ ¨ § ¯¨è¥¬ ­®¢ë¥ ¡ §¨áë fe0 � estg, à §¡¨¢ ï ¨å ­  ¡«®ª¨ ¢ ¬ âà¨ç­®© § ¯¨á¨,

p
e!

p
est = (

p

b(rp+1)
p
x(rp)); e

p
! e

p
st =

 
x
p

(rp+1)

b
p

(rp)

!
;

p

@
p

b = 0;
p

@
p
x =

p�1

b ; @
p
x
p
= b

p+1
; @

p
b
p
= 0:

(3.2)
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� ªàã£«ëå áª®¡ª å ãª § ­ë à §¬¥àë ¬ âà¨æ-áâà®ª ¨ áâ®«¡æ®¢.
� ª®© ¢ë¡®à ¡ §¨á®¢ ãáâ ­ ¢«¨¢ ¥â ª¢ §¨¤¨ £®­ «ì­ë©(ª ­®­¨ç¥áª¨©) ¢¨¤ ¬ âà¨æ ¨­æ¨-

¤¥­â­®áâ¥© ([5], á. 87{94; [6], á. 27; [7], á. 178; [8], á. 190{196; [9], á. 141{144).
�âàãªâãà  ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥© ¢ ­®¢®© á¨áâ¥¬¥ ¡ §¨á®¢ ®¯à¥¤¥«ï¥âáï ­¥¯®áà¥¤áâ¢¥­­®

¨§ ä®à¬ã« ¤¥©áâ¢¨ï (ª®)£à ­¨ç­ëå ®¯¥à â®à®¢ ­  ¡ §¨á­ë¥ í«¥¬¥­âë

p

@
p
est =

p�1
estCst(p); @

p
e
p
st = Cst(p+ 1)est

p+1
: (3.3)

� ¯¨áë¢ ï íâ¨ à ¢¥­áâ¢  ¢ à §¢¥à­ãâ®¬ ¢¨¤¥ á®£« á­® ®¯à¥¤¥«¥­¨ï¬ (3.2), ¯®«ãç ¥¬, çâ® ¬ -
âà¨æë Cst(p) ¨ Cst(p) á®¢¯ ¤ îâ ¨ ¨¬¥îâ ¢¨¤

Cst(p)
�p�1��p

= Cst(p) =
�
0rp�rp+1 1rp�rp
0rp�1�rp+1 0rp�1�rp

�
; (3.4)

£¤¥ 1rp�rp | ¥¤¨­¨ç­ ï ¬ âà¨æ  ãª § ­­®£® à §¬¥à .
�®¦¤¥áâ¢® Cst(p)Cst(p+ 1) = 0 áâ ­®¢¨âáï âà¨¢¨ «ì­ë¬.
�â¬¥â¨¬, çâ® á®¢¯ ¤¥­¨¥ ¬ âà¨æ Cst(p) ¨ Cst(p) ¢ (3.3) ®¡ãá«®¢«¥­®, ¢ ç áâ­®áâ¨, ¢ë¡à ­­ë¬

à á¯®«®¦¥­¨¥¬ ¢ë¤¥«¥­­ëå í«¥¬¥­â®¢ ¢ ¬ âà¨ç­ëå § ¯¨áïå (3.2) (ª®)¡ §¨á®¢ ¢ ­®¢®© á¨áâ¥¬¥
¡ §¨á®¢.

�§ ãà ¢­¥­¨ï á¢ï§¨ (ª®)£à ­¨ç­ëå ®¯¥à â®à®¢�
@
p�1

est
p�1

;
p
est

��
est
p�1

;
p

@
p
est

�

¯®«ãç ¥¬ �
b
p
;
p

b

�
= 0;

�
b
p
;
p
x

�
=
�
x
p�1

;
p�1

b

�
:

�«¥¤®¢ â¥«ì­®, Bp ? Bp. �§ íâ®£® ãá«®¢¨ï ®àâ®£®­ «ì­®áâ¨ ¨ â¥®à¥¬ë ®¡ ®àâ®£®­ «ì­®áâ¨

([10], á. 53) á«¥¤ã¥â, çâ® Xp ? Xp, â. ¥.
�
x
p
;
p
x

�
= 0. � âà¨æë á®¯àï¦¥­¨© ¢ ­®¢®© á¨áâ¥¬¥ ¡ §¨á®¢

§ ¯¨èãâáï ¢ ¢¨¤¥

Sst(p) =
�
e
p
st;

p
est

�
=
�
B(p+ 1) 0

0 B(p)

�
; (3.5)

£¤¥

B(p) =
�
b
p

(rp);
p
x(rp)

�
=
�
x
p�1

(rp);
p�1

b (rp)

�
; à ­£B(p)

rp�rp

= rp:

�â ª, ¨¬¥¥¬ à §«®¦¥­¨ï

Cp = Bp

(rp+1)
�Xp

(rp)
; C�

p = X(rp+1)
p �B(rp)

p

á ãá«®¢¨ï¬¨

Bp ? Bp; Xp ? Xp;

Bp =
p+1

@ Xp+1;
p

@Bp = 0; Bp = @
p�1

Xp�1; @
p
Bp = 0:

(3.6)

¨ á á®®â¢¥âáâ¢ãîé¨¬¨ ¨§®¬®àä¨§¬ ¬¨ ¯® à ¢¥­áâ¢ã à §¬¥à­®áâ¥©.

�¯à¥¤¥«¥­¨¥ 1. �¨áâ¥¬ã ¡ §¨á®¢ ¨ ª®¡ §¨á®¢ f
p
est; e

p
stgn+3, ®¯à¥¤¥«¥­­ãî ãá«®¢¨ï¬¨ (3.2),

(3.5) ¨ (3.6), ¡ã¤¥¬ ­ §ë¢ âì ª ­®­¨ç¥áª®© á¨áâ¥¬®© ¡ §¨á®¢ (���) ¢ ¯®«­®¬ ª®¬¯«¥ªá¥ C(D n).
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�®à¬ã«ë ¤¥©áâ¢¨ï (ª®)£à ­¨ç­ëå ®¯¥à â®à®¢ ¢ ��� § ¯¨áë¢ îâáï â ª ¦¥, ª ª ¨ ¢ ¨áå®¤­®©
á¨áâ¥¬¥ (ª®)¡ §¨á®¢,

p

@
p
est =

p�1
estCst(p); @

p
e
p
st = Cst(p+ 1)est

p+1
; (3.7)

£¤¥ ¬ âà¨æë Cst(p) ¨¬¥îâ ª ­®­¨ç¥áª¨© ¢¨¤ (3.4).

4. �®áâà®¥­¨¥ ª ­®­¨ç¥áª®© á¨áâ¥¬ë ¡ §¨á®¢ (���)

�§ ®¯à¥¤¥«¥­¨© á«¥¤ã¥â, çâ® ��� ¢ Cp(K n) ¬®¦­® ¯®áâà®¨âì ¯®á«¥¤®¢ â¥«ì­®© ¯à®æ¥¤ãà®©
á«¥¢ -­ ¯à ¢® ¯® ¤¨ £à ¬¬¥ ò1 ¢ [1], ­ ç¨­ ï á Cn+1(K n ) = Xn+1

(1) = fEg1 , Bn+1 = 0, ®¯à¥¤¥«ïï

­  ª ¦¤®¬ è £¥ Bp�1 =
p

@Xp ¨ ¢ë¤¥«ïï ¯®¤¯à®áâà ­áâ¢® Xp�1 ®¡ëç­ë¬¨ áà¥¤áâ¢ ¬¨ «¨­¥©­®©
 «£¥¡àë. �­ «®£¨ç­®, ��� ¢ C�

p(K n ) ¬®¦­® áâà®¨âì á¯à ¢ -­ «¥¢®, ­ ç¨­ ï á C�

�1 = X
(1)
�1 =

f"g1, B�1 = 0 ¨ ¯®«ì§ãïáì ä®à¬ã«®© Bp+1 = @
p
Xp. �® ¬®¦­® ®áãé¥áâ¢«ïâì ¯¥à¥å®¤ ®â ���

ª ��� ¯® ¥¤¨­ë¬ ä®à¬ã« ¬ ¯à¥®¡à §®¢ ­¨© ¡ §¨á®¢ (2.3) á ¬ âà¨æ ¬¨ ¯¥à¥å®¤  P (p) ¨ Q(p),
ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨ï¬ (2.9) ¨ (2.10). �«ï íâ®£® ­ã¦­® ¯®áâà®¨âì ï¢­ë© ¢¨¤ íâ¨å ¬ âà¨æ.

�«ï § ¯¨á¨ ä®à¬ã« ¯à¥®¡à §®¢ ­¨ï ¡ §¨á®¢ ¯à¥¤¢ à¨â¥«ì­® ¯à®¨§¢¥¤¥¬ à §¡¨¥­¨¥ ­  ¡«®ª¨
¬ âà¨ç­ë¥ § ¯¨á¨ ¡ §¨á­ëå í«¥¬¥­â®¢ ¢ ���:

p
e = (

p
e1 : : :

p
e�p) = (

p
e1(rp+1)

p
e2(rp)); e

p
=

0
BBB@
e
p

1

...
e
p

�p

1
CCCA =

0
@ep(rp+1)1

e
p

(rp)
2

1
A ;

Cp =
1

Cp

(rp+1)
�

2

Cp

(rp)
; C�

p = C
1

�(rp+1)
p � C

2

�(rp)
p ; (4.1)

�
e
p
;
p
e

�
= 1 �

8>><
>>:

�
e
p
1;

p
e1
�
= 1rp+1�rp+1 ;

�
e
p
2;

p
e2
�
= 1rp�rp ;�

e
p
1;

p
e2
�
= 0 � C

1

�

p ?
2

Cp;

�
e
p
2;

p
e1
�
= 0 � C

2

�

p ?
1

Cp:

�®®â¢¥âáâ¢ãîé¥¥ à §¡¨¥­¨¥ ­  ¡«®ª¨ ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥©, á®£« á®¢ ­­®¥ á ä®à¬ã« ¬¨ ¤¥©-
áâ¢¨ï (ª®)£à ­¨ç­ëå ®¯¥à â®à®¢ (2.2), ¨¬¥¥â ¢¨¤

C(p)
�p�1��p

=
�
C1(p)

�p�1�rp+1

C2(p)
�p�1�rp

�
=

0
B@
C1(p)
rp��p

C2(p)
rp�1��p

1
CA =

0
B@

C1
1 (p)

rp�rp+1

C1
2 (p)

rp�rp

C2
1 (p)

rp�1�rp+1

C2
2 (p)

rp�1�rp

1
CA : (4.2)

�«®ç­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¬ âà¨æ ¯¥à¥å®¤  ®â ��� ª ���, á®£« á®¢ ­­®¥ á à §¡¨¥­¨¥¬ (3.2) ¢
���, (4.1) ¢ ��� ¨ ä®à¬ã« ¬¨ ¯à¥®¡à §®¢ ­¨© (2.3):

1)
p
e!

p
est =

p
eP (p) � (

p

b
p
x) = (

p
e1

p
e2)P (p);

P (p)
�p��p

=
�
Pb(p)
�p�rp+1

Px(p)
�p�rp

�
=

0
B@

P 1
b (p)

rp+1�rp+1

P 1
x (p)

rp+1�rp

P 2
b (p)

rp�rp+1

P 2
x (p)

rp�rp

1
CA ; (4.3)

p

b =
p
ePb(p);

p
x =

p
ePx(p);
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2) e
p
! e

p
st = Q(p)e

p
�
�x
p

b
p

�
= Q(p)

�e
p

1

e
p

2

�
;

Q(p)
�p��p

=

0
B@
Qx(p)
rp+1��p

Qb(p)
rp��p

1
CA =

0
B@

Qx
1(p)

rp+1�rp+1

Qx
2(p)

rp+1�rp

Qb
1(p)

rp�rp+1

Qb
2(p)

rp�rp

1
CA ; (4.4)

x
p
= Qx(p)e

p
; b

p
= Qb(p)e

p
:

� á¯¨áë¢ ï ¢á¥ ãá«®¢¨ï (2.9), (2.10), á¢ï§ë¢ îé¨¥ ¬ âà¨æë P (p) ¨ Q(p) á ¬ âà¨æ ¬¨ ¨­æ¨¤¥­â-
­®áâ¥© ¢ ��� ¨ ���, ¯®«ãç ¥¬

Pb(p) = C(p+ 1)Px(p+ 1); Qb(p) = Qx(p� 1)C(p);

Qx(p)Px(p) = 0:
(4.5)

�à¨ íâ®¬

B(p) = Qx(p� 1)C(p)Px(p):

�àã£¨å ãá«®¢¨© ­  P ¨ Q ­¥â.
�áâ ¥âáï ãâ®ç­¨âì ¢¨¤ ¬ âà¨æ Px(p) ¨ Qx(p). � ¯¨áë¢ ï á®®â­®è¥­¨¥ (4.4) ¯® ¨å ¡«®ç­ë¬

à §¡¨¥­¨ï¬ ¢ (4.1) ¨ (4.2), ¯®«ãç ¥¬ ãá«®¢¨¥

Qx
1(p)P

1
x (p) +Qx

2(p)P
2
x (p) = 0:

�¥¯¥àì ­ ¤® ¢ë¡à âì ¬ âà¨æë, ¢å®¤ïé¨¥ ¢ íâ® ãá«®¢¨¥, ¨¬¥ï ¢ ¢¨¤ã, çâ® à ­£Px(p) = à ­£Qx(p�
1) = rp. �à®áâ¥©è¨© ¢ë¡®à â ª®¢

P 2
x (p) = 1rp�rp ; Qx

1(p) = 1rp+1�rp+1 ; P 1
x (p) = 0; Qx

2(p) = 0: (4.6)

�®£¤ 

Pb(p) = C2(p+ 1); Qb(p) = C1(p); B(p) = C1
1 (p);

¨ ¬ âà¨æë ¯¥à¥å®¤  P (p) ¨ Q(p) ®¯à¥¤¥«ïîâáï ¯®«­®áâìî. �¬¥­­®

P (p)
�p��p

0
@C2(p+ 1)

�p�rp+1

������
0

rp+1�rp

1
rp�rp

1
A ; Q(p)

�p��p

=

0
B@ 1

rp+1�rp+1
0

rp+1�rp

C1(p)
rp��p

1
CA ; (4.7)

P�1(p) = S�1
st (p)Q(p); Q�1(p) = P (p)S�1

st (p); (4.8)

£¤¥ C2(p + 1) | ¯®á«¥¤­¨¥ rp+1 áâ®«¡æ®¢ ¬ âà¨æë C(p + 1), C1(p) | ¯¥à¢ë¥ rp áâà®ª ¬ âà¨æë
C(p). �¥à¥á¥ç¥­¨¥¬ ¬ âà¨æ C2(p) ¨ C1(p) ï¢«ï¥âáï ¯®¤¬ âà¨æ  C1

2(p) = B(p).
�«£®à¨â¬ ¯®áâà®¥­¨ï ��� ®ª §ë¢ ¥âáï ¢¥áì¬  ¯à®áâë¬. �¨¤ ¬ âà¨æ P (p) ¨ Q(p) ¯® (4.6),

®¡ãá«®¢«¥­­ë© ¢ë¡®à®¬ (4.5), ®§­ ç ¥â, çâ®

p

b =
p
eC2(p+ 1);

p
x =

p
e2;

b
p
= C1(p)e

p
; x

p
= e

p
1:

(4.9)

�â ª, ¤®ª § ­®

�à¥¤«®¦¥­¨¥ 1. � ¯®«­®¬ ª®¬¯«¥ªá¥ (C(K n ); C�(K n)) áãé¥áâ¢ã¥â á®£« á®¢ ­­ ï ¯® ä®à-

¬ã« ¬ ¤¥©áâ¢¨ï (3.7) ª ­®­¨ç¥áª ï á¨áâ¥¬  ¡ §¨á®¢ (3.2) á ¬ âà¨æ¥© ¨­æ¨¤¥­â­®áâ¥© ¢¨¤ 

(3.3) ¨ á  «£®à¨â¬®¬ ¯®áâà®¥­¨ï ¯® ä®à¬ã« ¬ (4.9).
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� ¬¥ç ­¨¥ 2. � âà¨æë á®¯àï¦¥­¨© ¡ §¨á®¢ ��� ¢ C(K n) ¨ á®®â¢¥âáâ¢ãîé¨å ª®¡ §¨á®¢ ¢
C�(K )n) ¨¬¥îâ áãé¥áâ¢¥­­® ­¥¤¨ £®­ «ì­ë© ¢¨¤

Sst(p) =
�
B(p+ 1) 0

0 B(p)

�
; S�1

st =
�
B�1(p+ 1) 0

0 B�1(p)

�
; (4.10)

B(p) = C1
2(p):

�¯¨è¥¬ ��� ¢ ª®¬¯«¥ªá¥ C(K �

n), ï¢«ïîé¨¬áï £¥®¬¥âà¨ç¥áª®© à¥ «¨§ æ¨¥© ª®¬¯«¥ªá 
C�(K n) (á¬. [1]). �â  ��� ¨­¤ãæ¨àã¥âáï ¨§ ��� ¢ C�(K n) ¨ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¥© áå¥¬®©
¯¥à¥å®¤ :

K n ! K
�

n =) C�(K n )! C(K �

n); C�

p(K n) �= Cn�p(K �

n);

e
p

�=
n�p

e� = e
p

tr �
p
e� = etr

n�p
;

w
p

�=
n�p

w� = e
p

trW
p

tr =
n�p

e�
n�p

W � �
p
w� =

p
e�

p

W �;
p

W � =W tr

n�p
;

@
p
e
p
= C(p+ 1) e

p+1
=)

p

@�
p
e� =

p�1

e� C�(p); C�(p) = Ctr(n� p+ 1):

�§ íâ¨å ä®à¬ã« á«¥¤ã¥â, çâ®

Cp(K �

n) = X�p

(rn�p+1)
�B�p

(rn�p)
;

p
e�st = (

p
x�(rn�p+1)

p

b�(rn�p)) = etrst
n�p

;

e
p
stQ(p)e

p
=)

p
e�st =

p
e�D�(p); P �(p) = Qtr(n� p):

� ¬¥ç ­¨¥ 3. �®à¬ã«ë (4.8) ãáâ ­ ¢«¨¢ îâ £¥®¬¥âà¨ç¥áªãî ¨­â¥à¯à¥â æ¨î í«¥¬¥­â®¢
��� ¢ C(K n) ¨ C(K �) ¯® ®â­®è¥­¨î ª í«¥¬¥­â ¬ ¨áå®¤­®© á¨áâ¥¬ë ¡ §¨á®¢.

5. �¢®©áâ¢  ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥©

�à¨ ¯®áâà®¥­¨¨ ��� ¯®¯ãâ­® ¡ë«® ¯®«ãç¥­® á«¥¤ãîé¥¥ á¢®©áâ¢® ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥©,
ª®â®à®¥ áä®à¬ã«¨àã¥¬ ª ª

�à¥¤«®¦¥­¨¥ 2. �áïª¨© ¬¨­®à ¯®àï¤ª  rp = à ­£C(p) ¬ âà¨æë C(p) ¢ ¨áå®¤­®© á¨áâ¥¬¥
¡ §¨á®¢ ï¢«ï¥âáï ­¥¢ëà®¦¤¥­­ë¬.

� à áá¬®âà¥­­®¬ à áé¥¯«¥­¨¨ ¬ âà¨æë C(p) ­  ¡«®ª¨ ¡ë« ¢ë¤¥«¥­ ®¤¨­ ¨§ â ª¨å ¬¨­®à®¢
C1

2(p) ¢ ª ç¥áâ¢¥ ®á­®¢­®£®. �â®â ¬¨­®à à á¯®« £ ¥âáï ¢ ¯à ¢®¬ ¢¥àå­¥¬ ã£«ã ¬ âà¨æë C(p).

�à¨ íâ®¬ à ¢¥­áâ¢® C1
2(p) =

�
b
p
;
p
x

�
=
�
x
p�1

;
p�1

b

�
= B(p) á®®â¢¥âáâ¢ã¥â ¢ë¡®àã ¡ §¨á®¢ ¢ Xp ¨ Xp

¨, á®®â¢¥âáâ¢¥­­®, ¢ Bp ¨ Bp â ª, ª ª íâ® ¡ë«® ®áãé¥áâ¢«¥­® ¢  «£®à¨â¬¥ ¯®áâà®¥­¨ï ���.
� ª ¢¨¤­® ¨§ ®ª®­ç â¥«ì­ëå ä®à¬ã« ¤«ï ¬ âà¨æ ¯à¥®¡à §®¢ ­¨© P (p) ¨ Q(p) ®â ��� ª

���, ¨á¯®«ì§ãîâáï â®«ìª® â¥ ¡«®ª¨ ¬ âà¨æë C(p), ª®â®àë¥ à á¯®«®¦¥­ë ¢ ¯¥à¢ëå rp ¥¥ áâà®-
ª å ¨ rp+1 ¯®á«¥¤­¨å áâ®«¡æ å. �ª §ë¢ ¥âáï, ¤«ï ®áâ «ì­ëå ¡«®ª®¢ ¬®¦­® ¯®«ãç¨âì ï¢­ë¥
¢ëà ¦¥­¨ï ç¥à¥§ íâ¨ ¡«®ª¨, ¨á¯®«ì§ãï â®¦¤¥áâ¢  C(p)C(p+ 1) = 0.

� á¯¨áë¢ ï íâ® â®¦¤¥áâ¢® ¤«ï à áé¥¯«¥­¨ï (4.2) ¬ âà¨æë C(p), ¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â-
­®è¥­¨ï ¬¥¦¤ã ¡«®ª ¬¨ ¤¢ãå á¬¥¦­ëå ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥©:

C1
1 (p)C

1
1 (p+ 1) +B(p)C2

1 (p+ 1) = 0;

C1
1 (p)B(p+ 1) +B(p)C2

2 (p+ 1) = 0;

C2
1 (p)C

1
1 (p+ 1) + C2

2 (p)C
2
1 (p+ 1) = 0;

C2
1 (p)B(p+ 1) + C2

2 (p)C
2
2 (p+ 1) = 0:

(5.1)
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�â®à®¥ ¨§ íâ¨å à ¢¥­áâ¢ ¯à¥¤áâ ¢¨¬ ¢ âà¥å à §«¨ç­ëå ¢¨¤ å:

B�1(p)C1
1 (p) = �C2

2 (p+ 1)B�1(p+ 1);

C1
1 (p) = �B(p)C2

2 (p+ 1)B�1(p+ 1);

C2
2 (p+ 1) = �B�1(p)C1

1 (p)B(p+ 1):

(5.2)

�§ ç¥â¢¥àâ®£® à ¢¥­áâ¢  (5.1) á«¥¤ã¥â

C2
1 (p) = �C2

2(p)C
2
2 (p+ 1)B�1(p+ 1):

�á¯®«ì§ãï ¯¥à¢®¥ à ¢¥­áâ¢® ¨§ (5.2), ¯®«ãç ¥¬

C2
1 (p) = C2

2(p)B
�1(p)C1

1 (p): (5.3)

�â® à ¢¥­áâ¢® ¢ëà ¦ ¥â ­¥®¡å®¤¨¬®¥ ¨ ¤®áâ â®ç­®¥ ãá«®¢¨¥ â®£®, çâ® à ­£C(p) = à ­£B(p) =
= rp ([11], c. 61{62).

�¥à¢®¥ ¨ âà¥âì¥ à ¢¥­áâ¢  ¢ (5.1) ï¢«ïîâáï á«¥¤áâ¢¨ï¬¨ ¯®«ãç¥­­ëå (5.2) ¨ (5.3), ª®â®àë¥,
áâ «® ¡ëâì, ¨áç¥à¯ë¢ îâ á®¤¥à¦ ­¨¥ à áá¬ âà¨¢ ¥¬®£® â®¦¤¥áâ¢ . �¥à¢®¥ ¨§ ­¨å, (5.2), ãáâ -
­ ¢«¨¢ ¥â ®áâ â®ç­ãî á¢ï§ì ¬¥¦¤ã á¬¥¦­ë¬¨ ¬ âà¨æ ¬¨ ¨­æ¨¤¥­â­®áâ¥©, ¢â®à®¥, (5.3), ¤ ¥â
¨áª®¬®¥ ¢ëà ¦¥­¨¥ «¥¢®£® ­¨¦­¥£® ¡«®ª  ç¥à¥§ ®áâ «ì­ë¥.

� ª¨¬ ®¡à §®¬, â®¦¤¥áâ¢  @ � @ = 0 � C(p)C(p + 1) = 0 ¢ ¡«®ç­®¬ ¯à¥¤áâ ¢«¥­¨¨ ¬ âà¨æ
¨­æ¨¤¥­â­®áâ¥© (4.2) á ®¡®§­ ç¥­¨¥¬ B(p) � C1

2 (p) à ¢­®á¨«ì­ë á¨áâ¥¬¥ à ¢¥­áâ¢, ª®â®àãî
¬®¦­® § ¯¨á âì «¨¡® ¢ ¢¨¤¥ (

C2
1(p) = C2

2 (p)B
�1(p)C1

1 (p);

C2
2(p) = �B�1(p� 1)C1

1 (p� 1)B(p);
(5.4)

«¨¡® (
C1

1(p) = �B(p)C2
2 (p+ 1)B�1(p+ 1);

C2
1(p) = C2

2 (p)B
�1(p)C1

1 (p);
(5.5)

ª®â®àë¥ ãáâ ­ ¢«¨¢ îâ ï¢­ãî § ¢¨á¨¬®áâì «¨¡® ¯¥à¢ëå rp+1 áâ®«¡æ®¢ ¬ âà¨æë C(p) ç¥à¥§
¯®á«¥¤­¨¥ rp áâ®«¡æ®¢, ¢å®¤ïé¨å ¢ B(p), «¨¡® ¯®á«¥¤­¨å rp�1 ¥¥ áâà®ª ç¥à¥§ ¯¥à¢ë¥ rp áâà®ª.
�â® ãâ¢¥à¦¤¥­¨¥ ®â­®á¨âáï ª® ¢á¥© ¯®á«¥¤®¢ â¥«ì­®áâ¨ ¬ âà¨æ C(p), à áá¬ âà¨¢ ¥¬®© «¨¡® ¢
¯®àï¤ª¥ ¢®§à áâ ­¨ï §­ ç¥­¨© p, «¨¡® ¢ ¯®àï¤ª¥ ¨å ã¡ë¢ ­¨ï. � â ª ª ª ªà ©­¨¥ ¬ âà¨æë C(0)
¨ C(n+ 1) ¨§¢¥áâ­ë, â® ¯®«ãç ¥¬

�à¥¤«®¦¥­¨¥ 3. � ¯®á«¥¤®¢ â¥«ì­®áâ¨ ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥©

fC(p) j p = 0; 1; : : : ; n; n+ 1g

ª ¦¤ ï ¬ âà¨æ  ¨­æ¨¤¥­â­®áâ¥© ®¤­®§­ ç­® ®¯à¥¤¥«ï¥âáï § ¤ ­¨¥¬ «¨¡® ¯¥à¢ëå rp ¥¥ áâà®ª,
«¨¡® ¯®á«¥¤­¨å rp áâ®«¡æ®¢. �áâ «ì­ë¥ ®¯à¥¤¥«ïîâáï ç¥à¥§ ­¨å ¯® ä®à¬ã« ¬ (5.4) ¨«¨ (5.5).

�¬¥áâ® ¯¥à¢ëå ¨«¨ ¯®á«¥¤­¨å áâà®ª ¨«¨ áâ®«¡æ®¢ ¬®¦­® ¢ë¡à âì â ª®¥ ¦¥ ª®«¨ç¥áâ¢® ¯à®-
¨§¢®«ì­ëå áâà®ª ¨«¨ áâ®«¡æ®¢ | ­ ç «ì­ ï ­ã¬¥à æ¨ï p-í«¥¬¥­â®¢ ¬®¦¥â ¡ëâì ãáâ ­®¢«¥­ 
¯à®¨§¢®«ì­®; ­ã¬¥à æ¨ï ®¯à¥¤¥«ï¥âáï  «£®à¨â¬®¬ ¯®áâà®¥­¨ï K n .

� «¥¥ ¯à¨ ®¡à é¥­¨¨ @- ¨ �-¤¨ää¥à¥­æ¨à®¢ ­¨© ¯®­ ¤®¡ïâáï ¢ëà ¦¥­¨ï ¤«ï ¯á¥¢¤®®¡à â-
­ëå ¬ âà¨æ ®â ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥©. �¢­®¥ ¢ëà ¦¥­¨¥ ¤«ï ¯á¥¢¤®®¡à â­®© ¬ âà¨æë ¬®¦­®
­ ©â¨, ¥á«¨ ¨§¢¥áâ­® áª¥«¥â­®¥ à §«®¦¥­¨¥ ¨áå®¤­®© ¬ âà¨æë ([11], áá. 193, 196{197; [12], áá. 32,
63{64). �ª¥«¥â­®¥ à §«®¦¥­¨¥ ¤«ï ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥© á à §¡¨¥­¨¥¬ ­  ¡«®ª¨ à §¬¥à  2�2
¯® ä®à¬ã«¥ (4.2) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ (¨á¯®«ì§ã¥âáï à ¢¥­áâ¢® (5.3))

C(p) =
�
C1

1 B
C2

1 C2
1

�
=

 
B

C2
2

!
(B�1C1

1 j 1) =

 
1

C2
1B�1

!
(C1

1B): (5.6)
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�á¯®«ì§ãï «î¡®¥ ¨§ íâ¨å ¤¢ãå áª¥«¥â­ëå à §«®¦¥­¨©, ¬®¦­® ¢ë¯¨á âì ï¢­ë¥ ¢ëà ¦¥­¨ï
¤«ï ¯á¥¢¤®®¡à â­®© ¬ âà¨æë ®â C(p) ¯® ä®à¬ã« ¬, ¯à¨¢¥¤¥­­ë¬ ¢ [11] ¨«¨ [12].

6. �¡à é¥­¨¥ @-®¯¥à â®à®¢

�¯à¥¤¥«¥­¨¥ 2. @-ãà ¢­¥­¨ï¬¨ ¢ ª®¬¯«¥ªá¥ C(D n) ¡ã¤¥¬ ­ §ë¢ âì ãà ¢­¥­¨ï ¢¨¤ 

@v = f; (6.1)

£¤¥ f | § ¤ ­­®¥ (ª®)¢¥ªâ®à­®¥ ¯®«¥, v | ¨áª®¬ë© (ª®)¢¥ªâ®à.

�áá«¥¤ã¥¬ ãá«®¢¨ï á®¢¬¥áâ­®áâ¨ (à §à¥è¨¬®áâ¨) â ª¨å ãà ¢­¥­¨©, ¯®áâà®¥­¨¥ ®¡é¥£® à¥-
è¥­¨ï (®¡à é¥­¨¥ ®¯¥à â®à  @), ¯à®¨§¢®« ¢ ®¡é¥¬ à¥è¥­¨¨.

�§ â®¦¤¥áâ¢ @�@ á«¥¤ã¥â ­¥®¡å®¤¨¬®¥ ãá«®¢¨¥ á®¢¬¥áâ­®áâ¨ ¢¨¤  @f = 0 ¨ ­ «¨ç¨¥ ¯à®¨§¢®-
«  ¢ à¥è¥­¨¨ v ! v0 = v+ @u, £¤¥ u| ¯à®¨§¢®«ì­ë© (ª®)¢¥ªâ®à á®®â¢¥âáâ¢ãîé¥© à §¬¥à­®áâ¨.

�®«¥¥ â®ç­®, ãà ¢­¥­¨ï (6.1) à á¯ ¤ îâáï ­  ¤¢  â¨¯ :
1) ¢ ª®¬¯«¥ªá¥ C(K n)

p

@
p�1

f á ãá«®¢¨ï¬¨
p�1

@
p�1

f = 0;
p
v !

p
v0 =

p
v +

p+1

@
p+1
u ; (6.2)

2) ¢ ª®¬¯«¥ªá¥ C�(K n)

@
p
w
p
= f

p+1
á ãá«®¢¨ï¬¨ @

p+1
f
p+1

= 0; w
p
! w

p

0 = w
p
+ @

p�1
u
p�1

: (6.3)

� ª®®à¤¨­ â å ãà ¢­¥­¨ï (6.2), (6.3) § ¯¨èãâáï á®®â¢¥âáâ¢¥­­® ª ª ãà ¢­¥­¨ï
1)

C(p)
�p�1��p

p

V
�p�1

=
p�1

F
�p�1�1

; à ­£C(p) = rp; (6.4)

2)

1��p

W
p

�p��p+1

C(p+ 1) =
1��p+1

F
p

; à ­£C(p+ 1) = rp+1: (6.5)

� ª¨¬ ®¡à §®¬, ¨¬¥¥¬ ¤¥«® á á¨áâ¥¬ ¬¨ «¨­¥©­ëå ãà ¢­¥­¨©, ¯ à ¬¥âàë ª®â®àëå ¤ ­ë
¢ § ¯¨áïå à §¬¥à­®áâ¥© ¢å®¤ïé¨å ¢ ­¨å ¬ âà¨æ. �á®¡¥­­®áâ¨ á¨áâ¥¬ ãà ¢­¥­¨© (6.4) ¨ (6.5)
®¡ãá« ¢«¨¢ îâáï á¯¥æ¨ä¨ª®© ¬ âà¨æ ¨­æ¨¤¥­â­®áâ¥©.

�®¯®áâ ¢¨¬ à áá¬ âà¨¢ ¥¬ë¥ á¨áâ¥¬ë ãà ¢­¥­¨© á ®¡ëç­ë¬¨ á¨áâ¥¬ ¬¨ «¨­¥©­ëå ãà ¢-
­¥­¨© Ax = b, £¤¥ ¬ âà¨æã A ¡ã¤¥¬ à áá¬ âà¨¢ âì ª ª ¬ âà¨æã á®®â¢¥âáâ¢ãîé¥£® «¨­¥©­®£®
®â®¡à ¦¥­¨ï A. �®£« á­® âà¥âì¥© â¥®à¥¬¥ �à¥¤£®«ì¬  ­¥®¡å®¤¨¬®¥ ¨ ¤®áâ â®ç­®¥ ãá«®¢¨¥ á®-
¢¬¥áâ­®áâ¨ íâ®© á¨áâ¥¬ë ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¢ ¢¨¤¥ ãá«®¢¨ï b 2 ImA ? KerA�. �à®¨§¢®«
¢ ®¡é¥¬ à¥è¥­¨¨, § ¤ ¢ ¥¬ë© ª ª ®¡é¥¥ à¥è¥­¨¥ á®®â¢¥âáâ¢ãîé¥© ®¤­®à®¤­®© á¨áâ¥¬ë, ¬®-
¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­ ª ª ¢¥ªâ®à, ¯à¨­ ¤«¥¦ é¨© KerA. �á«¨ ¨§¢¥áâ­  ¯á¥¢¤®®¡à â­ ï ª A
¬ âà¨æ  A+, â® ¢ á«ãç ¥ á®¢¬¥áâ­®áâ¨ ®¡é¥¥ à¥è¥­¨¥ ¬®¦¥â ¡ëâì § ¯¨á ­® ¢ ¢¨¤¥ ([10], á. 199)

x = A+b+ (1�A+A)C: (6.6)

�âáãâáâ¢¨¥ (ª®)£®¬®«®£¨© ã¯à®é ¥â ¨áá«¥¤®¢ ­¨¥ ¨§ãç ¥¬ëå @-ãà ¢­¥­¨©.

�à¥¤«®¦¥­¨¥ 4. �«ï ãà ¢­¥­¨ï @v = f ãá«®¢¨¥ @f = 0 ï¢«ï¥âáï ­¥®¡å®¤¨¬ë¬ ¨ ¤®áâ -

â®ç­ë¬ ãá«®¢¨¥¬ á®¢¬¥áâ­®áâ¨. �à®¨§¢®« ¢ ®¡é¥¬ à¥è¥­¨¨ ®¯à¥¤¥«ï¥âáï ¯à¥®¡à §®¢ ­¨¥¬

ª «¨¡à®¢ª¨ v ! v0 = v+@u, £¤¥ u | ¯à®¨§¢®«ì­ë© (ª®)¢¥ªâ®à á®®â¢¥âáâ¢ãîé¥© à §¬¥à­®áâ¨.
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�®ª § â¥«ìáâ¢® ®á­®¢ ­® ­  ¯à¨¬¥­¥­¨¨ â¥®à¥¬ë �à¥¤£®«ì¬  ® á®¢¬¥áâ­®áâ¨ á¨áâ¥¬ë «¨-

­¥©­ëå ãà ¢­¥­¨© ([10], á. 56; [11], á. 12). �«ï ãà ¢­¥­¨ï
p

@
p
v =

p�1

f ¨§ â®¦¤¥áâ¢  @ � @ = 0 ¨¬¥¥¬

­¥®¡å®¤¨¬®¥ ãá«®¢¨¥ á®¢¬¥áâ­®áâ¨
p�1

@
p�1

f = 0. �â® ®§­ ç ¥â, çâ®
p�1

f 2 Ker
p�1

@ = Bp�1. �®áª®«ì-

ªã (
p

@)� = @
p�1

, â® á®¯àï¦¥­­ë¬ ®¤­®à®¤­ë¬ ãà ¢­¥­¨¥¬ ¤«ï à áá¬ âà¨¢ ¥¬®£® ãà ¢­¥­¨ï ¡ã¤¥â

@
p�1

w
p�1

= 0, á«¥¤®¢ â¥«ì­®, w
p�1

2 Ker @
p�1

= Bp�1. �§ ãá«®¢¨ï ®àâ®£®­ «ì­®áâ¨ (3.6) á«¥¤ã¥â, çâ®

¤«ï ¢áïª®£® à¥è¥­¨ï w
p�1

á®¯àï¦¥­­®£® ãà ¢­¥­¨ï ¨¬¥¥¬ w
p�1

?
p�1

f , â. ¥.
�
w
p�1

;
p�1

f

�
= 0. �®£« á-

­® âà¥âì¥© â¥®à¥¬¥ �à¥¤£®«ì¬  íâ® ®§­ ç ¥â, çâ® ãá«®¢¨¥ @f = 0 ï¢«ï¥âáï ¨ ¤®áâ â®ç­ë¬. �§

¤®ª § â¥«ìáâ¢  ¢ë¢®¤¨¬ ¨ ãª § ­­ë© ¯à®¨§¢®« ¢ ®¡é¥¬ à¥è¥­¨¨
p
v !

p
v0 =

p
v +

p+1

@
p+1
u .

�­ «®£¨ç­® ¤®ª §ë¢ ¥âáï , çâ® ãá«®¢¨¥ @
p+1

f
p+1

= 0 ¤«ï ãà ¢­¥­¨ï @
p
w
p
= f

p+1
ï¢«ï¥âáï â ª¦¥

¨ ¤®áâ â®ç­ë¬ ãá«®¢¨¥¬ á®¢¬¥áâ­®áâ¨ ¨ ¯à®¨§¢®« ¢ ®¡é¥¬ à¥è¥­¨¨ ®¯à¥¤¥«ï¥âáï ª ª w
p
! w

p

0 =

w
p
+ @

p�1
u
p�1

.

�§ áª § ­­®£® ïá­®, çâ® ¦¥« â¥«ì­® áâà®¨âì à¥è¥­¨ï @-ãà ¢­¥­¨© ¢ ���, ¢ ª®â®à®© ï¢­®
¢ë¤¥«¥­ë ¨ ®¯¨á ­ë ¯®¤¯à®áâà ­áâ¢  B ¨ X,   ¬ âà¨æë ¨­æ¨¤¥­â­®áâ¥© ¨¬¥îâ ¯à®áâ¥©è¨©
¢¨¤ (3.4). �® ­ ©¤¥­­®¬ã à¥è¥­¨î ¢ ��� ¬®¦­® ¯®«ãç¨âì à¥è¥­¨¥ ¨ ¢ ��� ¯® á®®â¢¥âáâ¢ãî-
é¨¬ ä®à¬ã« ¬ ¯à¥®¡à §®¢ ­¨© ª®®à¤¨­ â (ª®)¢¥ªâ®à®¢. �«ï § ¯¨á¨ íâ¨å ä®à¬ã« ¯à®¨§¢¥¤¥¬
á®®â¢¥âáâ¢ãîé¨¥ à §¡¨¥­¨ï ­  ¡«®ª¨ ¢ ¬ âà¨ç­ëå § ¯¨áïå ª®®à¤¨­ â (ª®)¢¥ªâ®à®¢ ¢ ��� ¨
��� á®£« á­® à §¡¨¥­¨ï¬ ¡ §¨á­ëå í«¥¬¥­â®¢ ¯® ä®à¬ã« ¬ (3.2) ¨ (4.1)

p
v =

p
e
p

V =
p
e1

p

V 1 +
p
e2

p

V 2 =
p
est

p

V st =
p

b
p

V b +
p
x

p

V x;

w
p
=W

p
e
p
=W

p

1e
p
1 +W

p

2e
p
2 =Wst

p
est
p
=W

p

xx
p
+W

p

bb
p
:

(6.7)

�®à¬ã«ë ¯à¥®¡à §®¢ ­¨© ª®®à¤¨­ â (ª®)¢¥ªâ®à®¢

p

V = P (p)
p

V st; W
p
=Wst

p
Q(p)

§ ¯¨è¥¬ ¢ à §¢¥à­ãâ®¬ ¢¨¤¥

p

V b = B�1(p+ 1)
p

V 1; W
p

x =W
p

1 �W
p

2B�1(p)C1
1 (p);

p

V x = �C2
2(p+ 1)B�1(p+ 1)

p

V 1 +
p

V 2; W
p

b =W
p

2B�1(p):
(6.8)

�®áâà®¨¬ ®¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (6.2) ¢ ���

p

@
p
v =

p�1

f � Cst(p)
p

V st =
p�1

Fst (6.9)

á ãá«®¢¨¥¬
p�1

@
p�1

Fst = 0 �
p�1

Fst 2 B
p�1 =)

p�1

Fx = 0 ¨ á ¯à®¨§¢®«®¬

p

V st !
p

V 0

st =
p

V st �
p+1

@
p+1

Ust: (6.10)

�§ ä®à¬ã« (3.4), (4.7), (4.8), (6.8) ¨ (6.9) ¯®«ãç ¥¬ ®¡é¥¥ à¥è¥­¨¥

p

V (rp)
x =

p�1

F
(rp)
b ;

p

V
(rp+1)
b =

p

C
(rp+1)
b :

� ãç¥â®¬ ¯à®¨§¢®«  (6.10) ®¡é¥¥ à¥è¥­¨¥ § ¯¨è¥âáï ¢ ¢¨¤¥

p

V x =
p�1

F
(rp)
b ;

p

V
(rp+1)
b =

p+1

U (rp+1)
x +

p

C
(rp+1)
b �

p

C 0(rp+1)
b : (6.11)
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�â ª, à¥è¥­¨¥ ãà ¢­¥­¨ï (6.9) ®¯à¥¤¥«ï¥âáï § ¤ ­¨¥¬ ¢­¥è­¥£® ¯®«ï
p�1

f ¢ ¯®¤¯à®áâà ­áâ¢¥

B�1, á®¤¥à¦¨â ¯à®¨§¢®«
p

C 0(rp+1)
b ¨§ rp+1 = �p � rp ¯®áâ®ï­­ëå. �â®â ¯à®¨§¢®« ¨áª«îç ¥âáï

§ ¤ ­¨¥¬ ­ ç «ì­ëå §­ ç¥­¨©
p

V b «¨¡® ¢ ¯®¤¯à®áâà ­áâ¢¥ Bp (â¥¬ á ¬ë¬ ®¯à¥¤¥«ï¥âáï
p

C 0

b),
«¨¡®, ª ª ¢¨¤­® ¨§ áâàãªâãàë à¥è¥­¨ï (6.11), ­ ç «ì­ë¥ ãá«®¢¨ï ¬®¦­® § ¤ âì ¨ ¢ Xp+1 ¨«¨
à á¯à¥¤¥«¨âì ¨å, á¬®âàï ¯® ®¡áâ®ïâ¥«ìáâ¢ ¬, ¯® Xp+1 ¨ Bp. �¥è¥­¨¥ (6.11) ¬®¦­® ¯à¥¤áâ ¢¨âì
¢ ¬ âà¨ç­®© § ¯¨á¨

p

V = C+
st(p)

p�1

Fst + [1� C+
st(p)Cst(p)]

p
p

Cst; (6.12)

£¤¥ ¬ âà¨æ 

C+
st(p) =

�
0rp+1�rp 0rp+1�rp�1
1rp�rp 0rp�rp�1

�

ï¢«ï¥âáï ¯á¥¢¤®®¡à â­®© ¬ âà¨æ¥© ¤«ï ¬ âà¨æë Cst(p).
�, ­ ª®­¥æ, ¢¢®¤ï à áè¨à¥­­ë¥ ¬ âà¨æë

M(p) = (C+
st(p) j 1� C+

st(p)Cst(p));
p

E =

 p�1

Fst
p

Cst

!
;

à¥è¥­¨¥ § ¯¨è¥¬ ¢ ¢¨¤¥

p

V st =M(p)
p

E; (6.13)

£¤¥ ¬ âà¨æã M(p) ¬®¦­® à áá¬ âà¨¢ âì ª ª ¬ âà¨æã ®¡à é¥­¨ï ®¯¥à â®à 
p

@.
�­ «®£¨ç­® áâà®¨âáï ®¡é¥¥ à¥è¥­¨¥ ¨ ¤«ï ãà ¢­¥­¨ï @

p
w
p
= f

p+1
. �¯ãáª ï ¯à®¬¥¦ãâ®ç­ë¥

§ ¯¨á¨, ¯à¨¢¥¤¥¬ ®ª®­ç â¥«ì­ë© à¥§ã«ìâ â: à¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï ¢ ��� § ¯¨è¥âáï ¢ ¢¨¤¥

W
p

x
(rp+1)

= F
p+1

b
(rp+1)

; W
p

b
(rp)

= U
p�1

x
(rp)

+ C
p

b
(rp)

� C
p

0b
(rp)

¨«¨

W
p
st = F

p+1
stC

+
st(p+ 1) +C

p
st[1� C+

st(p+ 1)Cst(p+ 1)]: (6.14)

�¢¥¤¥¬ à áè¨à¥­­ë¥ ¬ âà¨æë

N(p+ 1) =
�

C+
st(p+ 1)

1� C+
st(p+ 1)Cst(p+ 1)

�
; E

p
= ( F

p+1
st C

p
st):

�®£¤ 
W
p
st = E

p
N(p+ 1);

£¤¥ N(p+ 1) | ¬ âà¨æ  ®¡à é¥­¨ï ®¯¥à â®à  @
p
.

�®áâà®¥­­ë¥ ®¡é¨¥ à¥è¥­¨ï @-ãà ¢­¥­¨© ¬®¦­® § ¯¨á âì ¢ ¨áå®¤­®© á¨áâ¥¬¥ ¡ §¨á®¢
f
p
e; e

p
gn+3, § ¬¥­ïï ª®®à¤¨­ âë (ª®)¢¥ªâ®à®¢ ¢ ��� ¨å ª®®à¤¨­ â ¬¨ ¢ ��� ¯® ä®à¬ã« ¬ ¯à¥-

®¡à §®¢ ­¨© (6.8). �®áª®«ìªã ¨§¢¥áâ­ë ï¢­ë¥ ¢ëà ¦¥­¨ï (5.4) ¤«ï áª¥«¥â­®£® à §«®¦¥­¨ï ¬ -
âà¨æ C(p) ¢ ��� ¨, á«¥¤®¢ â¥«ì­®, ï¢­ë¬ ®¡à §®¬ ¬®¦­® § ¯¨á âì ¯á¥¢¤®®¡à â­ë¥ ¬ âà¨æë
C+(p), â® ¬®¦­® ¡ë«® ¡ë ¢ á ¬®¬ ­ ç «¥ § ¯¨á âì ï¢­ë¥ à¥è¥­¨ï @-ãà ¢­¥­¨© ¢ ��� ¢ ä®à¬¥
(6.12) ¨«¨ (6.14) (á¬. ä®à¬ã«ã (6.6)) ¡¥§ §­ çª®¢ \st". �® ¯à¨ íâ®¬ ­¥®¡å®¤¨¬® ¤®¯®«­¨â¥«ì-
­® ª íâ¨¬ à¥è¥­¨ï¬ ¯à¨á®¥¤¨­ïâì ãá«®¢¨ï á®¢¬¥áâ­®áâ¨ ¢¨¤  f 2 B. �® â. ª. ¯®¤¯à®áâà ­áâ¢ 
B ¢ ��� ï¢­® ­¥ ¢ë¤¥«¥­ë, ¯à¨è«®áì ¡ë § ¤ ¢ âì íâ® ãá«®¢¨¥ ¤®¯®«­¨â¥«ì­ë¬ ãà ¢­¥­¨¥¬.
�®§­¨ª«¨ ¡ë â ª¦¥ § âàã¤­¥­¨ï á § ¤ ­¨¥¬ ­ ç «ì­ëå ãá«®¢¨©.

�áá«¥¤®¢ ­¨¥ @-, �- ¨ �-ãà ¢­¥­¨© ¡ã¤¥â ¯à®¤®«¦¥­® ¢ á«¥¤ãîé¥© ¯ã¡«¨ª æ¨¨.
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