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� ­ áâ®ïé¥¥ ¢à¥¬ï ¤®áâ â®ç­® ¡®«ìè®¥ ª®«¨ç¥áâ¢® à ¡®â ¯®á¢ïé¥­® ¨áá«¥¤®¢ ­¨î £¥®¬¥-
âà¨¨ ¯®çâ¨ ª®­â ªâ­ëå ¬¥âà¨ç¥áª¨å ¬­®£®®¡à §¨© (AC-¬­®£®®¡à §¨©). AC-¬­®£®®¡à §¨ï, á­ ¡-
¦¥­­ë¥ ¤®¯®«­¨â¥«ì­ë¬¨ áâàãªâãà ¬¨, ï¢«ïîâáï ®¤­¨¬ ¨§ ­ ¨¡®«¥¥ á®¤¥à¦ â¥«ì­ëå ®¡ê¥ªâ®¢
¤¨ää¥à¥­æ¨ «ì­®-£¥®¬¥âà¨ç¥áª¨å ¨áá«¥¤®¢ ­¨©. � ª, ­ ¯à¨¬¥à, AC-¬­®£®®¡à §¨¥, á­ ¡¦¥­-
­®¥ ­®à¬ «ì­®© áâàãªâãà®© ª¨««¨­£®¢  â¨¯  (CNK-¬­®£®®¡à §¨¥), ®¡®¡é ¥â á á ª¨¥¢®, ª¢ -
§¨á á ª¨¥¢®, ª®á¨¬¯«¥ªâ¨ç¥áª®¥ ¨ â®ç­¥©è¥ ª®á¨¬¯«¥ªâ¨ç¥áª®¥ ¬­®£®®¡à §¨ï. �§ãç¥­¨¥ CNK-
¬­®£®®¡à §¨© ®á®¡¥­­® ¨­â¥à¥á­® ¢ á«ãç ¥, ª®£¤  ®­¨ ï¢«ïîâáï «®ª «ì­® ª®­ä®à¬­® ¯®çâ¨
ª®­â ªâ­ë¬¨ ¬¥âà¨ç¥áª¨¬¨ ¬­®£®®¡à §¨ï¬¨ á § ¬ª­ãâ®© äã­¤ ¬¥­â «ì­®© 2-ä®à¬®© (LCc-
¬­®£®®¡à §¨ï). � íâ®¬ á«ãç ¥ ¬ë ¯®«ãç ¥¬ ª®­â ªâ­ë©  ­ «®£ «®ª «ì­® ª®­ä®à¬­®-ª¥«¥à®¢ëå
¬­®£®®¡à §¨© (­ ¯à., [1]{[4]), ­ å®¤ïé¨å ¢ ¦­ë¥ ¯à¨«®¦¥­¨ï ¢ á®¢à¥¬¥­­®© ¬ â¥¬ â¨ç¥áª®©
ä¨§¨ª¥ [5].

� ¤ ­­®© à ¡®â¥ ¨áá«¥¤ãîâáï á¢®©áâ¢  ¨­¢®«îâ¨¢­®£® à á¯à¥¤¥«¥­¨ï, á®¤¥à¦ é¥£®áï ¢ �-
à á¯à¥¤¥«¥­¨¨ LCc-¬­®£®®¡à §¨ï. �®­ïâ¨¥ �-à á¯à¥¤¥«¥­¨ï (ª¥«¥à®¢  à á¯à¥¤¥«¥­¨ï) ¤«ï «®-
ª «ì­® ª®­ä®à¬­®-ª¥«¥à®¢ëå ¬­®£®®¡à §¨© ¡ë«® ¢¢¥¤¥­® ¢ à ¡®â¥ �ªãâë [6]. � áá¬ âà¨¢ ï
¨­¢®«îâ¨¢­®¥ à á¯à¥¤¥«¥­¨¥, á®¤¥à¦ é¥¥áï ¢ ª¥«¥à®¢®¬ à á¯à¥¤¥«¥­¨¨ ¯à¨ ãá«®¢¨¨ ª®¢ à¨-
 ­â­®£® ¯®áâ®ï­áâ¢  ä®à¬ë �¨ íâ®£® ¬­®£®®¡à §¨ï (â. ¥. ª®£¤  ¬­®£®®¡à §¨¥ ï¢«ï¥âáï ®¡®¡-
é¥­­ë¬ ¬­®£®®¡à §¨¥¬ �®¯ä  [7]), ®­ ãáâ ­®¢¨«, çâ® 1) ¬ ªá¨¬ «ì­ ï à §¬¥à­®áâì â ª®£® à á-
¯à¥¤¥«¥­¨ï ¯à¨ ãá«®¢¨¨ ¥£®  ­â¨¨­¢ à¨ ­â­®áâ¨ à ¢­  m� 1 (m | ª®¬¯«¥ªá­ ï à §¬¥à­®áâì
¬­®£®®¡à §¨ï), 2) ª ¦¤®¥ ¨­¢®«îâ¨¢­®¥ à á¯à¥¤¥«¥­¨¥, á®¤¥à¦ é¥¥áï ¢ ª¥«¥à®¢®¬ à á¯à¥¤¥-
«¥­¨¨,  ­â¨¨­¢ à¨ ­â­®. �®§¤­¥¥ íâ  ¯à®¡«¥¬  ¤«ï ¬­®£®®¡à §¨© � ©á¬ ­ {�à¥ï ¨§ãç « áì
�.�.�¨¯ª®¢®©. �«ï íâ¨å ¬­®£®®¡à §¨© ¡ë«® ¯®«ãç¥­® ®¡®¡é¥­¨¥ ¯®á«¥¤­¥£® ¨§ ¢ëè¥¯¥à¥-
ç¨á«¥­­ëå à¥§ã«ìâ â®¢ �ªãâë. �¥®à¥¬ , ¤®ª § â¥«ìáâ¢® ª®â®à®© ¯à¨¢®¤¨âáï ¢ ¤ ­­®© à ¡®â¥,
ï¢«ï¥âáï ª®­â ªâ­ë¬  ­ «®£®¬ ¨ ®¡®¡é¥­¨¥¬ à¥§ã«ìâ â®¢ �ªãâë ¨ �.�.�¨¯ª®¢®©. �à®¬¥ â®£®,
¢ á«ãç ¥ ª®¢ à¨ ­â­®£® ¯®áâ®ï­áâ¢  ä®à¬ë �¨ LCc-¬­®£®®¡à §¨ï ¤®ª § ­®, çâ® «î¡®¥ ¨­¢®«î-
â¨¢­®¥ à á¯à¥¤¥«¥­¨¥, á®¤¥à¦ é¥¥áï ¢ �-à á¯à¥¤¥«¥­¨¨ LCc-¬­®£®®¡à §¨ï,  ­â¨¨­¢ à¨ ­â­®.

�ãáâì M | £« ¤ª®¥ ¬­®£®®¡à §¨¥, á­ ¡¦¥­­®¥ AC-áâàãªâãà®©, â. ¥. á®¢®ªã¯­®áâìî
f�; �;�; g = h ; ig â¥­§®à­ëå ¯®«¥© ­  M , £¤¥ � | ¢¥ªâ®à, � | ª®¢¥ªâ®à, � | í­¤®¬®àä¨§¬
¬®¤ã«ï X(M) £« ¤ª¨å ¢¥ªâ®à­ëå ¯®«¥© ­  M , g | à¨¬ ­®¢  ¬¥âà¨ª , á¢ï§ ­­ëå á®®â­®è¥­¨-
ï¬¨

�(�) = 1; �(�) = 0; �2 = �id+ � 
 �; � � � = 0;

h�X;�Y i = hX;Y i � �(X)�(Y ); X; Y 2 X(M):

�ãáâì r | à¨¬ ­®¢  á¢ï§­®áâì ­  M , d | ®¯¥à â®à ¢­¥è­¥£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï, �
| ®¯¥à â®à ª®¤¨ää¥à¥­æ¨à®¢ ­¨ï, C1(M) |  «£¥¡à  £« ¤ª¨å äã­ªæ¨© ¬­®£®®¡à §¨ï M ,

(X;Y ) = hX;�Y i | äã­¤ ¬¥­â «ì­ ï 2-ä®à¬  áâàãªâãàë, � = 1

n�1
�
 � � { ä®à¬  �¨. �

¤ «ì­¥©è¥¬ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ä®à¬  � ­¥ ®¡à é ¥âáï ¢ ­ã«ì ­¨ ¢ ®¤­®© â®çª¥ ¬­®-
£®®¡à §¨ï. �­®£®®¡à §¨¥, ¤®¯ãáª îé¥¥ AC-áâàãªâãàã, ­ §ë¢ ¥âáï AC-¬­®£®®¡à §¨¥¬. �®à®è®
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¨§¢¥áâ­® [8], çâ® AC-¬­®£®®¡à §¨¥ ­¥ç¥â­®¬¥à­® ¨ ®à¨¥­â¨àã¥¬®. � C1(M)-¬®¤ã«¥ X(M) â -
ª®£® ¬­®£®®¡à §¨ï ¢­ãâà¥­­¨¬ ®¡à §®¬ ®¯à¥¤¥«¥­ë ¤¢  ¢§ ¨¬­® ¤®¯®«­¨â¥«ì­ëå ¯à®¥ªâ®à 
m = � 
 �, l = id�� 
 �: �ãáâì Imm =M, Im l = L, â®£¤  X(M) =M� L.

� ¤ ­¨¥ AC-áâàãªâãàë ­  (2n + 1)-¬¥à­®¬ ¬­®£®®¡à §¨¨ M à ¢­®á¨«ì­® § ¤ ­¨î ­  M

G-áâàãªâãàë á® áâàãªâãà­®© £àã¯¯®© U(n)� f1g. �«¥¬¥­â ¬¨ â®â «ì­®£® ¯à®áâà ­áâ¢  íâ®© G-
áâàãªâãàë ï¢«ïîâáï ª®¬¯«¥ªá­ë¥ à¥¯¥àë (â ª ­ §ë¢ ¥¬ë¥, A-à¥¯¥àë) ¬­®£®®¡à §¨ï M ¢¨¤ 
fp; "0; "1; : : : ; "n; "1̂; "2̂; : : : ; "n̂g [9]. �â¨ à¥¯¥àë å à ªâ¥à¨§ãîâáï â¥¬, çâ® ¬ âà¨æë â¥­§®à®¢ � ¨ g

¢ ­¨å ¨¬¥îâ á®®â¢¥âáâ¢¥­­® ¢¨¤

(�i
j) =

0
@0 0 0
0

p�1In 0
0 0 �p�1In

1
A ; (gij) =

0
@1 0 0
0 0 In
0 In 0

1
A ;

£¤¥ In | ¥¤¨­¨ç­ ï ¬ âà¨æ  ¯®àï¤ª  n.
�ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¨­¤¥ªáë i; j; k; : : : = 0; : : : ; 2n;   ¨­¤¥ªáë a; b; c; : : : = 1; : : : ; n: �®«®-

¦¨¬ ba = a+n: � ¯®¬­¨¬ [10], çâ® AC-áâàãªâãà  ­ §ë¢ ¥âáï ­®à¬ «ì­®©, ¥á«¨ 2N + d�
 � = 0,
£¤¥ N(X;Y ) = 1

4
f�2[X;Y ]+ [�X;�Y ]��[X;�Y ]��[�X;Y ]g| â¥­§®à �¥©¥­å¥©á  áâàãªâãà­®£®

®¯¥à â®à  �. �®à¬ «ì­ ï AC-áâàãªâãà  á ª¨««¨­£®¢ë¬ áâàãªâãà­ë¬ ª®¢¥ªâ®à®¬ ­ §ë¢ ¥âáï
­®à¬ «ì­®© áâàãªâãà®© ª¨««¨­£®¢  â¨¯ .

�¨««¨­£®¢®áâì áâàãªâãà­®£® ª®¢¥ªâ®à  ®§­ ç ¥â, çâ® ¢¥à­® â®¦¤¥áâ¢®

rX(�)Y +rY (�)X = 0; X; Y 2 X(M):

� ¯¨áë¢ ï â®¦¤¥áâ¢ , å à ªâ¥à¨§ãîé¨¥ CNK-áâàãªâãàã ­  ¯à®áâà ­áâ¢¥ ¯à¨á®¥¤¨­¥­­®©
G-áâàãªâãàë, ­¥âàã¤­® ¯®«ãç¨âì ¯¥à¢ãî £àã¯¯ã áâàãªâãà­ëå ãà ¢­¥­¨© CNK-¬­®£®®¡à §¨ï
[11]

d!0 = 2B b
a !

a ^ !b;

d!a = !a
b ^ !b +Bab

c!
c ^ !b �B a

b !
b ^ !0;

d!a = �!b
a ^ !b +B c

ab!
b ^ !c +B b

a !b ^ !0;

£¤¥ f!i
jg | ª®¬¯®­¥­âë ä®à¬ë à¨¬ ­®¢®© á¢ï§­®áâ¨ ¬¥âà¨ª¨ g, f!ig | ª®¬¯®­¥­âë ä®à¬ë

á¬¥é¥­¨ï. �à¨ íâ®¬

B b
a = �p�1�0

a;b̂
=
p�1�â

0;b̂
; B c

ab = �
p�1
2

�â
b;ĉ ; Bab

c = �
p�1
2

�a

b̂;c
: (1)

�®®â­®è¥­¨ï (1) ¯à¥¤áâ ¢«ïîâ á®¡®© á¨áâ¥¬ë äã­ªæ¨© ­  ¯à®áâà ­áâ¢¥ ¯à¨á®¥¤¨­¥­­®© G-
áâàãªâãàë, á«ã¦ é¨¥ ª®¬¯®­¥­â ¬¨ á®®â¢¥âáâ¢ãîé¨å áâàãªâãà­ëå â¥­§®à®¢.

�¯à¥¤¥«¥­¨¥ 1 ([12]). �à¥®¡à §®¢ ­¨¥ f�; �;�; gg �! fe���; e��;�; e2�gg, £¤¥ � 2 C1(M),
­ §ë¢ ¥âáï ª®­ä®à¬­ë¬ ¯à¥®¡à §®¢ ­¨¥¬ AC-áâàãªâãàë.

�¯à¥¤¥«¥­¨¥ 2. CNK-¬­®£®®¡à §¨¥ M ­ §®¢¥¬ «®ª «ì­® ª®­ä®à¬­ë¬ AC-¬­®£®®¡à §¨¥¬

á § ¬ª­ãâ®© äã­¤ ¬¥­â «ì­®© 2-ä®à¬®© 
, ¨«¨ LCc-¬­®£®®¡à §¨¥¬, ¥á«¨ ¤«ï ¢áïª®© â®çª¨
p 2M ­ ©¤ãâáï ®ªà¥áâ­®áâì Up �M ¨ äã­ªæ¨ï � 2 C1(Up) â ª¨¥, çâ® fUp; e

��� jUp , e�� jUp , �,
e2�g jUpg | AC-¬­®£®®¡à §¨¥ á § ¬ª­ãâ®© äã­¤ ¬¥­â «ì­®© 2-ä®à¬®© 
.

� ª ¨ ¢ á«ãç ¥ «®ª «ì­® ª®­ä®à¬­®-ª¥«¥à®¢ëå ¬­®£®®¡à §¨©, «¥£ª® ¯®ª § âì, çâ® CNK-
¬­®£®®¡à §¨¥ M ï¢«ï¥âáï LCc-¬­®£®®¡à §¨¥¬ â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  d
=� ^ 
, d�=0,
�(�) = 0: �à¨ íâ®¬ ¢ëà ¦¥­¨ï ¤«ï â¥­§®à®¢ Bab

c ¨ B c
ab ¨¬¥îâ ¢¨¤ Bab

c = �[a�b]c , B
c

ab = �[b�
c
a];

£¤¥ f�a; �a; �0g | ª®¬¯®­¥­âë ä®à¬ë �¨ � ¢ A-à¥¯¥à¥, ª¢ ¤à â­ë¥ áª®¡ª¨ ®§­ ç îâ ®¯¥à -
æ¨î  «ìâ¥à­¨à®¢ ­¨ï ®¡ê¥ªâ  ¯® § ª«îç¥­­ë¬ ¢ ­¨å ¨­¤¥ªá ¬. �¥ªâ®à 
, ¤ã «ì­ë© ä®à¬¥ �,
­ §ë¢ ¥âáï ¢¥ªâ®à®¬ �¨, â. ¥. �(X) = h
;Xi:

15



� áá¬®âà¨¬ «¨­¥©­ë© ®¯¥à â®à B = r�; ª®¬¯®­¥­â ¬¨ ª®â®à®£® ï¢«ïîâáï ª®¬¯®­¥­âë
f�i;kg ª®¢ à¨ ­â­®© ¯à®¨§¢®¤­®© áâàãªâãà­®£® ¢¥ªâ®à . � âà¨æ  ®¯¥à â®à  B ¢ A-à¥¯¥à¥ ¨¬¥¥â
¢¨¤ [10]

(Bi
j) =

0
@0 0 0
0 B b

a 0
0 0 �B a

b

1
A :

�¥âàã¤­® ¯®ª § âì, çâ® ¢ A-à¥¯¥à¥ ª®¬¯®­¥­âë ¢¥ªâ®à  rY (�)X ¨¬¥îâ ¢¨¤

(rY (�)X)
a = �a(�Y )bXb � �b(�Y )aXb �B a

c (�Y )
c�(X);

(rY (�)X)a = �a(�Y )bX
b � �b(�Y )aX

b +B c
a (�Y )c�(X); (2)

(rY (�)X)
0 = B b

c Xb(�Y )
c �B c

b X
b(�Y )c = hB(�Y );Xi:

�á¯®«ì§ãï á®®â­®è¥­¨ï (2), ­ å®¤¨¬

hrY (�)X;Zi = (rY (�)X)
aZa + (rY (�)X)aZ

a + (rY (�)X)
0Z0 =

= (�a(�Y )bXbZa + �a(�Y )bX
bZa)� (�b(�Y )aXbZa + �b(�Y )aX

bZa)�
� hB(�Y ); Zi�(X) + hB(�Y );Xi�(Z): (3)

�¥¬¬ . �¯à ¢¥¤«¨¢® â®¦¤¥áâ¢®

�a(�Y )bXbZa + �a(�Y )bXbZa =
1
2
f�(Z)h�Y;Xi ��(�Z)h�Y;�Xig:

�®ª § â¥«ìáâ¢®. �®á¯®«ì§ã¥¬áï á®®â­®è¥­¨ï¬¨ �aZa = �(�Z), �aZ
a = �(�Z); £¤¥ � =

1
2
(id�p�1�), � = 1

2
(id+

p�1�) | ¢§ ¨¬­® ¤®¯®«­¨â¥«ì­ë¥ ¯à®¥ªâ®àë, ®¯à¥¤¥«¥­­ë¥ ¢ à áá«®-
¥­¨¨ LC = L
 C [8]. �¬¥¥¬

�a(�Y )bXbZa + �a(�Y )bX
bZa = �(�Z)�bc(�Y )

cXb +�(�Z)�cb(�Y )cX
b =

=
1
2
f�(Z +

p�1�Z)gb̂c(�Y )cXb +�(Z �p�1�Z)gĉb(�Y )cXbg =

=
1
2
f�(Z)(gb̂c(�Y )cXb + gĉb(�Y )cX

b)�p�1�(�Z)(�gb̂c(�Y )cXb +

+ gĉb(�Y )cX
b)g = 1

2
f�(Z)h�Y;Xi ��(�Z)(gb̂c(�Y )

c
p�1Xb + gĉb(�Y )c

p�1Xb)g:

� ãç¥â®¬ á®®â­®è¥­¨© �p�1Xb = (�X)b,
p�1Xb = (�X)b ¯®á«¥¤­¥¥ à ¢¥­áâ¢® ¯à¨¬¥â ¢¨¤

�a(�Y )bXbZa + �a(�Y )bXbZa = 1
2
f�(Z)h�Y;Xi ��(�Z)h�Y;�Xig.

� á¨«ã ¤®ª § ­­®© «¥¬¬ë ¢ëà ¦¥­¨¥ (3) § ¯¨è¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:

hrY (�)X;Zi = 1
2
f�(Z)hX;�Y i ��(�Z)h�X;�Y i�(X)hZ;�Y i+

+�(�X)h�Y;�Zig � �(X)hB(�Y ); Zi+ �(Z)hB(�Y ); Xi:
�§ ®¯à¥¤¥«¥­¨ï ¢¥ªâ®à  �¨ 
 ¨ ãá«®¢¨ï �0 = �(�) = 0 ¯®«ãç ¥¬

hrY (�)X;Zi = 1
2
fhX;�Y ih
; Zi � h�X;�Y ih
;�Zi ��(X)h�Y;Zi+

+�(�X)h�Y;�Zig � �(X)hB(�Y ); Zi+ hB(�Y );Xih�; Zi: (4)

�¥£ª® ¯®ª § âì, çâ® äã­¤ ¬¥­â «ì­ ï 2-ä®à¬  
(X;Y ) ª®á®á¨¬¬¥âà¨ç­ ,   §­ ç¨â, ¢ ç áâ-
­®áâ¨, 
(X;X) = 0 ¤«ï «î¡®£® X 2 X(M): � ãç¥â®¬ íâ®£® § ¬¥ç ­¨ï ¢ëà ¦¥­¨¥ (4) ¡ã¤¥â ¨¬¥âì
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¢¨¤

hrY (�)X;Zi = 1
2
fhX;�Y ih
; Zi + h�X;�Y ih�
; Zi ��(X)h�Y;Zi �

��(�X)h�2Y;Zig � �(X)hB(�Y ); Zi+ hB(�Y ); Xih�; Zi:
� á¨«ã ­¥¢ëà®¦¤¥­­®áâ¨ à¨¬ ­®¢®© ¬¥âà¨ª¨ ¨ ®¯à¥¤¥«¥­¨ï äã­¤ ¬¥­â «ì­®© 2-ä®à¬ë 
 ¯®-
«ãç¨¬

rY (�)X =
1
2
f
(X;Y )
 + h�X;�Y i�
 ��(X)�Y ��(�X)�2Y g �

� �(X)B(�Y ) + hB(�Y );Xi�: (5)

�¯à¥¤¥«¥­¨¥ 3. � á¯à¥¤¥«¥­¨¥ D ­  AC-¬­®£®®¡à §¨¨M ­ §ë¢ ¥âáï  ­â¨¨­¢ à¨ ­â­ë¬,
¥á«¨ ¨§ â®£®, çâ® X 2 D, á«¥¤ã¥â �X 2 D?; â. ¥. �D � D?:

�¯à¥¤¥«¥­¨¥ 4. �-à á¯à¥¤¥«¥­¨¥¬ ­  AC-¬­®£®®¡à §¨¨ ­ §ë¢ ¥âáï à á¯à¥¤¥«¥­¨¥, § ¤ ¢ -
¥¬®¥ á¨áâ¥¬®© �ä ää  �(X) = 0, 	(X) = 0, X 2 X(M); £¤¥ 	(X) = �(�X):

�¥®à¥¬ . �­¢®«îâ¨¢­®¥ à á¯à¥¤¥«¥­¨¥ D, á®¤¥à¦ é¥¥áï ¢ �-à á¯à¥¤¥«¥­¨¨ ¯à®¨§¢®«ì­®£®

LCc-¬­®£®®®¡à §¨ï,  ­â¨¨­¢ à¨ ­â­® â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  á¯à ¢¥¤«¨¢® â®¦¤¥áâ¢®

rX(�)�Y = rY (�)�X (X;Y 2 D):
�®ª § â¥«ìáâ¢®. �ãáâì D | ­¥ª®â®à®¥ ¨­¢®«îâ¨¢­®¥ à á¯à¥¤¥«¥­¨¥, á®¤¥à¦ é¥¥áï ¢ �-

à á¯à¥¤¥«¥­¨¨ ¯à®¨§¢®«ì­®£® LCc-¬­®£®®®¡à §¨ï. � á¨«ã ®¯à¥¤¥«¥­¨ï 4 ¨ ¨­¢®«îâ¨¢­®áâ¨ à á-
¯à¥¤¥«¥­¨ï D ¨¬¥¥¬

8X;Y 2 D ) �(X) = 0; 	(X) = 0; d�(X;Y ) = 0; d	(X;Y ) = 0:

�  ¬­®£®®¡à §¨¨ ä¨ªá¨à®¢ ­  à¨¬ ­®¢  á¢ï§­®áâì, ¯®íâ®¬ã ¤«ï ä®à¬ë 	 á¯à ¢¥¤«¨¢  ä®à¬ã« 
d	(X;Y ) = 1

2
(rX(	)Y �rY (	)X): �® ®¯à¥¤¥«¥­¨î 	(X) = �(�X); á«¥¤®¢ â¥«ì­®, rY (	)X =

rY (�)(�X) + �(rY (�)X): � ãç¥â®¬ íâ®£® á®®â­®è¥­¨ï ¨ â®¦¤¥áâ¢  (5) ­ ©¤¥¬

d	(X;Y ) = rX(�)�Y �rY (�)�X � k�k2
(X;Y ) +

+
1
2
f	(Y )�(X)�	(X)�(Y )g � �(Y )�(B(�X)) + �(X)�(B(�Y ));

£¤¥ k�k2 = �(
) = h
; 
i, X;Y 2 D: � á¨«ã ¨­¢®«îâ¨¢­®áâ¨ à á¯à¥¤¥«¥­¨ï D ¨ ®¯à¥¤¥«¥­¨ï
�-à á¯à¥¤¥«¥­¨ï ¨§ ¯à¥¤ë¤ãé¥£® à ¢¥­áâ¢  ¯®«ãç ¥¬

rX(�)�Y �rY (�)�X = k�k2
(X;Y ); X; Y 2 D: (6)

�â ª, ¥á«¨ à á¯à¥¤¥«¥­¨¥D, á®¤¥à¦ é¥¥áï ¢ �-à á¯à¥¤¥«¥­¨¨, ¨­¢®«îâ¨¢­®, â® á¯à ¢¥¤«¨¢®
à ¢¥­áâ¢® (6).

�ãáâì â¥¯¥àì à á¯à¥¤¥«¥­¨¥ D  ­â¨¨­¢ à¨ ­â­®. � á¨«ã ®¯à¥¤¥«¥­¨ï 3 ¨¬¥¥¬ hX;�Xi = 0
¤«ï «î¡ëå X;Y 2 D, â. ¥. 
(X;Y ) = 0, á«¥¤®¢ â¥«ì­®, à ¢¥­áâ¢® (6) ¯à¨¬¥â ¢¨¤

rX(�)�Y = rY (�)�X; X; Y 2 D: (7)

�¡à â­®, ¯ãáâì ¢ë¯®«­ï¥âáï (7), â®£¤  ¨§ á®®â­®è¥­¨ï (6) ¨¬¥¥¬ 
(X;Y ) = 0, á«¥¤®¢ â¥«ì­®,
hX;�Y i = 0, X;Y 2 D, ¨, â ª¨¬ ®¡à §®¬, D  ­â¨¨­¢ à¨ ­â­®.

�«¥¤áâ¢¨¥. �­¢®«îâ¨¢­®¥ à á¯à¥¤¥«¥­¨¥, á®¤¥à¦ é¥¥áï ¢ �-à á¯à¥¤¥«¥­¨¨ LCc-¬­®£®®¡-
à §¨ï ¯à¨ ãá«®¢¨¨ ª®¢ à¨ ­â­®£® ¯®áâ®ï­áâ¢  ä®à¬ë �¨ ¢ à¨¬ ­®¢®© á¢ï§­®áâ¨,  ­â¨¨­¢ à¨-
 ­â­®.

� ª¨¥ áâàãªâãàë ¢®§­¨ª îâ, ­ ¯à¨¬¥à, ­  ¢¯®«­¥ £¥®¤¥§¨ç¥áª¨å ¯®¤¬­®£®®¡à §¨ïå ®¡®¡-
é¥­­ëå ¬­®£®®¡à §¨© �®¯ä  [7].
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