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�¢¥¤¥¨¥. � ¡®â  [1] ï¢¨« áì ¥áâ¥áâ¢¥ë¬ ¯à®¤®«¦¥¨¥¬ ¢ ¨áá«¥¤®¢ ¨¨ ®á®¢ëå ¯à®-
¡«¥¬ â¥®à¨¨ £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨© ¯á¥¢¤®à¨¬ ®¢ëå ¯à®áâà áâ¢. �¢®¥  ç «® â¥®à¨ï
¡¥à¥â ¢ ª®æ¥ XIX ¢. ¢ âàã¤ å �.�¥¢¨-�¨¢¨â , �.�®¬ á , �. �¥©«ï. � â¥å ¯®à ¬®£¨¥ ¨áá«¥¤®-
¢ â¥«¨ ®¡à é «¨áì ª íâ®© ¯à®¡«¥¬ â¨ª¥, ¨§ãç ï £¥®¤¥§¨ç¥áª¨¥ ®â®¡à ¦¥¨ï ¯á¥¢¤®à¨¬ ®¢ëå
¬®£®®¡à §¨©,  ¤¥«¥ëå ¤®¯®«¨â¥«ì®© áâàãªâãà®©. �¥®à¨ï  ¯®«ï« áì ®¢ë¬ á®¤¥à¦ -
¨¥¬. � ª, ¢ á¥à¥¤¨¥ XX ¢. �íáâ«¥©ª®¬ ¨ �® ¡ë«® ¤®ª § ®, çâ® ª¥«¥à®¢ë ¬®£®®¡à §¨ï ¥
¤®¯ãáª îâ ¥âà¨¢¨ «ìëå £¥®¤¥§¨ç¥áª¨å ¯à¥®¡à §®¢ ¨©, á®åà ïîé¨å ª®¬¯«¥ªáãî áâàãª-
âãàã. �  á¥£®¤ïè¨© ¤¥ì ¯®«ãç¥ ª®â ªâë©   «®£ íâ¨å à¥§ã«ìâ â®¢. � ç áâ®áâ¨, ¢ à -
¡®â¥ ([1], á. 215) ¢¢®¤¨âáï ¯®ïâ¨¥ ª®â ªâ®-£¥®¤¥§¨ç¥áª®£® ¯à¥®¡à §®¢ ¨ï ¯®çâ¨ ª®â ªâ®©
¬¥âà¨ç¥áª®© áâàãªâãàë ª ª £¥®¤¥§¨ç¥áª®£® ¯à¥®¡à §®¢ ¨ï, á®åà ïîé¥£® ¯®çâ¨ ª®â ªâãî
áâàãªâãàã. � ¬ ¦¥ à §à ¡®â   ¯¯ à â, á ¯®¬®éìî ª®â®à®£®  ¢â®àë ¤®ª §ë¢ îâ, çâ® ª®á¨¬-
¯«¥ªâ¨ç¥áª¨¥ ¨ á á ª¨¥¢ë áâàãªâãàë,   â ª¦¥ áâàãªâãàë �¥¬®æã ¥ ¤®¯ãáª îâ ¥âà¨¢¨ «ì-
ëå ª®â ªâ®-£¥®¤¥§¨ç¥áª¨å ¯à¥®¡à §®¢ ¨© ¬¥âà¨ª¨.

� ¯®¬®éìî à¥§ã«ìâ â®¢ ãª § ®£® ¢ëè¥ ¨áá«¥¤®¢ ¨ï, ¢ ¤ ®© à ¡®â¥ ¤®ª §ë¢ ¥âáï, çâ®
ª¢ §¨-á á ª¨¥¢ë áâàãªâãàë ¥ ¤®¯ãáª îâ ¥âà¨¢¨ «ìëå ª®â ªâ®-£¥®¤¥§¨ç¥áª¨å ¯à¥®¡à §®-
¢ ¨© ¬¥âà¨ª¨, çâ®, ¢ á¢®î ®ç¥à¥¤ì, ®¡®¡é ¥â à¥§ã«ìâ âë [1]. � ¬¨ â ª¦¥ ¤®ª § ®, çâ® à¥£ã«ïà-
ë¥ «®ª «ì® ª®ä®à¬® ª¢ §¨-á á ª¨¥¢ë áâàãªâãàë, ¤®¯ãáª îé¨¥ ¥âà¨¢¨ «ìë¥ ª®â ªâ®-
£¥®¤¥§¨ç¥áª¨¥ ¯à¥®¡à §®¢ ¨ï ¬¥âà¨ª¨, ®à¬ «ìë.

1. �à¥¤¢ à¨â¥«ìë¥ ¯®ïâ¨ï. �ãáâìM | (2n+1)-¬¥à®¥ £« ¤ª®¥ ¬®£®®¡à §¨¥, X(M) |
¬®¤ã«ì £« ¤ª¨å ¢¥ªâ®àëå ¯®«¥©   M . � ¯®¬¨¬ ([2], á. 446), çâ® ¯®çâ¨ ª®â ªâ®© áâàãª-

âãà®©   ¬®£®®¡à §¨¨ M  §ë¢ ¥âáï âà®©ª  (�; �;�) â¥§®àëå ¯®«¥©   íâ®¬ ¬®£®®¡à §¨¨,
£¤¥ �| ¤¨ää¥à¥æ¨ «ì ï 1-ä®à¬ ,  §ë¢ ¥¬ ï ª®â ªâ®© ä®à¬®© áâàãªâãàë; �| ¢¥ªâ®à®¥
¯®«¥,  §ë¢ ¥¬®¥ å à ªâ¥à¨áâ¨ç¥áª¨¬; � | ¯®«¥ â¥§®à  â¨¯  (1; 1),  §ë¢ ¥¬®¥ áâàãªâãàë¬
í¤®¬®àä¨§¬®¬ ¬®¤ã«ï X(M). �à¨ íâ®¬

1) �(�) = 1; 2) � � � = 0; 3) �(�) = 0; 4) �2 = � id+� 
 �: (1)

�á«¨, ªà®¬¥ â®£®,   M ä¨ªá¨à®¢   à¨¬ ®¢  áâàãªâãà  g = h�; �i â ª ï, çâ® h�X;�Y i =
hX;Y i � �(X)�(Y ), X;Y;2 X(M), â® ç¥â¢¥àª  (�; �;�; g)  §ë¢ ¥âáï ¯®çâ¨ ª®â ªâ®© ¬¥âà¨-
ç¥áª®© (ª®à®ç¥, AC-) áâàãªâãà®©. �¥§®à 
(X;Y ) = hX;�Y i ª®á®á¨¬¬¥âà¨ç¥ ¨  §ë¢ ¥âáï
äã¤ ¬¥â «ì®© ä®à¬®© AC-áâàãªâãàë. �®£®®¡à §¨¥,   ª®â®à®¬ ä¨ªá¨à®¢   ¯®çâ¨ ª®-
â ªâ ï ¬¥âà¨ç¥áª ï áâàãªâãà ,  §ë¢ ¥âáï ¯®çâ¨ ª®â ªâë¬ ¬¥âà¨ç¥áª¨¬ ¬®£®®¡à §¨¥¬.

AC-áâàãªâãà   §ë¢ ¥âáï ª®â ªâ®© ¬¥âà¨ç¥áª®©, ¥á«¨ d�(X;Y ) = hX;�Y i. AC-áâàãª-
âãà   §ë¢ ¥âáï ®à¬ «ì®©, ¥á«¨ â¥§®à �¥©¥å¥©á  ¥¥ áâàãªâãà®£® í¤®¬®àä¨§¬  ã¤®¢«¥-
â¢®àï¥â â®¦¤¥áâ¢ã 2N� + d� 
 � = 0, £¤¥

N�(X;Y ) =
1
4
([�X;�Y ] + �2[X;Y ]� �[�X;Y ]� �[X;�Y ]):

� á ª¨¥¢®© áâàãªâãà®©  §ë¢ ¥âáï ®à¬ «ì ï ª®â ªâ ï ¬¥âà¨ç¥áª ï áâàãªâãà . �¢ §¨-
á á ª¨¥¢®© (ª®à®ç¥, QS-) áâàãªâãà®©  §ë¢ ¥âáï ®à¬ «ì ï ¯®çâ¨ ª®â ªâ ï ¬¥âà¨ç¥áª ï
áâàãªâãà  á § ¬ªãâ®© äã¤ ¬¥â «ì®© ä®à¬®©.
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� C1(M)-¬®¤ã«¥ X(M) £« ¤ª¨å ¢¥ªâ®àëå ¯®«¥©   AC-¬®£®®¡à §¨¨ ¢ãâà¥¨¬ ®¡à §®¬
®¯à¥¤¥«¥ë ¤¢  ¢§ ¨¬® ¤®¯®«¨â¥«ìëå ¯à®¥ªâ®à  I = ��2 ¨ m = � 
 � = id+�2   à á¯à¥-
¤¥«¥¨ï L = Im� = ker � ¨ M = ker� à §¬¥à®áâ¥© 2n ¨ 1 á®®â¢¥âáâ¢¥®, ¯à¨ç¥¬ X = L �M,
L \M = f0g.

�¯à¥¤¥«¥¨¥ 1 ([1], á. 209). �¨ää¥®¬®àä¨§¬ ' :M !M à¨¬ ®¢  ¬®£®®¡à §¨ï (M; g)  
à¨¬ ®¢® ¬®£®®¡à §¨¥ (M; g)  §ë¢ ¥âáï £¥®¤¥§¨ç¥áª¨¬ ®â®¡à ¦¥¨¥¬, ¥á«¨ «î¡ãî £¥®¤¥§¨ç¥-
áªãî ¬®£®®¡à §¨ï (M; g) ® ¯¥à¥¢®¤¨â ¢ £¥®¤¥§¨ç¥áªãî ¬®£®®¡à §¨ï (M; g). �á«¨ M =M , â®
£¥®¤¥§¨ç¥áª®¥ ®â®¡à ¦¥¨¥ '  §ë¢ ¥âáï £¥®¤¥§¨ç¥áª¨¬ ¯à¥®¡à §®¢ ¨¥¬ ¬®£®®¡à §¨ï (M; g).
�¥à¥å®¤ ®â à¨¬ ®¢®© ¬¥âà¨ª¨ g ª à¨¬ ®¢®© ¬¥âà¨ª¥ eg = '�g, ¢®§¨ª îé¥©   ¬®£®®¡à §¨¨
M ¯à¨ £¥®¤¥§¨ç¥áª®¬ ¯à¥®¡à §®¢ ¨¨ ',  §ë¢ ¥âáï £¥®¤¥§¨ç¥áª¨¬ ¯à¥®¡à §®¢ ¨¥¬ ¬¥âà¨ª¨

g, ¥á«¨ ¬¥âà¨ª¨ g ¨ eg ¨¬¥îâ ®¡é¨¥ £¥®¤¥§¨ç¥áª¨¥.
�¥®¤¥§¨ç¥áª®¥ ¯à¥®¡à §®¢ ¨¥ g ! eg ¬¥âà¨ª¨ g AC-áâàãªâãàë (�; �;�; g)  §ë¢ ¥âáï

ª®â ªâ®- (ª®à®ç¥, c-) £¥®¤¥§¨ç¥áª¨¬ ¯à¥®¡à §®¢ ¨¥¬, ¥á«¨ (�; �;�; eg) | AC-áâàãªâãà .
�§¢¥áâ® ([3], á. 72), çâ® ¥á«¨ r ¨ er | à¨¬ ®¢ë á¢ï§®áâ¨ ¬¥âà¨ª g ¨ eg á®®â¢¥âáâ¢¥®, â®

â¥§®à T  ää¨®© ¤¥ä®à¬ æ¨¨ ®â á¢ï§®áâ¨ r ª á¢ï§®áâ¨ er ¯à¨ c-£¥®¤¥§¨ç¥áª®¬ ¯à¥®¡à §®-
¢ ¨¨ ¨¬¥¥â ¢¨¤

T (X;Y ) � erXY �rXY = 	(X)Y +	(Y )X; X; Y 2 X(M);

£¤¥ 	 | â®ç ï 1-ä®à¬   M ,  §ë¢ ¥¬ ï ä®à¬®© £¥®¤¥§¨ç¥áª®£® ¨áª ¦¥¨ï; ¢¥ªâ®à �, ¤ã «ì-
ë© ä®à¬¥ 	,  §ë¢ ¥âáï ¢¥ªâ®à®¬ £¥®¤¥§¨ç¥áª®£® ¨áª ¦¥¨ï. �®íâ®¬ã

erX(�)Y = erX(�Y )� � � erXY = rX(�Y ) + T (X;�Y )� � � rXY � � � T (X;Y ) =

= rX(�)Y + T (X;�Y )� � � T (X;Y ) = rX(�)Y +	(�Y )X �	(Y )�X:

� ª¨¬ ®¡à §®¬, ª®¢ à¨ â ï ¯à®¨§¢®¤ ï í¤®¬®àä¨§¬  � AC-áâàãªâãàë ¢ á¢ï§®áâ¨ er ¯à¨
c-£¥®¤¥§¨ç¥áª®¬ ¯à¥®¡à §®¢ ¨¨ ¨¬¥¥â ¢¨¤

erX(�)Y = rX(�)Y +	(�Y )X �	(Y )�X; X; Y 2 X(M): (2)

�¯à¥¤¥«¥¨¥ 2 ([1], á. 210). �¥®¤¥§¨ç¥áª®¥ ¯à¥®¡à §®¢ ¨¥ ¬¥âà¨ª¨  §ë¢ ¥âáï âà¨¢¨ «ì-

ë¬, ¥á«¨ ®® ¨¬¥¥â ã«¥¢ãî ä®à¬ã £¥®¤¥§¨ç¥áª®£® ¨áª ¦¥¨ï, â. ¥. 	 = 0.

�®¤ïâ¨¥ ¨¤¥ªá  ã ¬¥âà¨ª¨ g á ¯®¬®éìî ¬¥âà¨ª¨ eg ¤ ¥â í¤®¬®àä¨§¬ h ¬®¤ã«ï X(M),
ª®â®àë©  §ë¢ ¥âáï ®¯¥à â®à®¬ £¥®¤¥§¨ç¥áª®© ¤¥ä®à¬ æ¨¨ ¨ § ¤ ¥âáï â®¦¤¥áâ¢®¬

g(X;Y ) = eg(X;hY ); X; Y 2 X(M): (3)

� á¨«ã á¨¬¬¥âà¨¨ ¬¥âà¨ç¥áª®£® â¥§®à  g ®¯¥à â®à h á ¬®á®¯àï¦¥, â. ¥. ¢ë¯®«ï¥âáï á¢®©áâ¢®

eg(hX; Y ) = eg(X;hY ); X; Y 2 X(M): (4)

2. �®â ªâ®-£¥®¤¥§¨ç¥áª¨¥ ¯à¥®¡à §®¢ ¨ï ¬¥âà¨ª¨ ª¢ §¨-á á ª¨¥¢ëå ¬®£®-
®¡à §¨©. � ¯®¬¨¬ ([1], á. 216), çâ® å à ªâ¥à¨áâ¨ç¥áª¨© ¢¥ªâ®à � AC-áâàãªâãàë ï¢«ï¥âáï
á®¡áâ¢¥ë¬ ¢¥ªâ®à®¬ ®¯¥à â®à  h £¥®¤¥§¨ç¥áª®© ¤¥ä®à¬ æ¨¨ á á®¡áâ¢¥ë¬ § ç¥¨¥¬ 1, â. ¥.

h(�) = �: (5)

�®à®è® ¨§¢¥áâ® ([2], á. 461), çâ® AC-áâàãªâãà  (�; �;�; g)   ¬®£®®¡à §¨¨ M á á ª¨¥-
¢  â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤    ¥© ¢ë¯®«ï¥âáï â®¦¤¥áâ¢® rX(�)Y = hX;Y i� � �(Y )X
(X;Y 2 X(M)). �à®¢®¤ï   «®£¨çë¥ à ááã¦¤¥¨ï ¤«ï ª¢ §¨-á á ª¨¥¢ëå áâàãªâãà, ¥âàã¤-
® ã¡¥¤¨âìáï, çâ® AC-áâàãªâãà  (�; �;�; g)   ¬®£®®¡à §¨¨ M ª¢ §¨-á á ª¨¥¢  â®£¤  ¨ â®«ìª®
â®£¤ , ª®£¤    ¥© ¢ë¯®«ï¥âáï â®¦¤¥áâ¢®

rX(�)Y = h eCX;Y i� � �(Y ) eCX; X; Y 2 X(M); (6)
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£¤¥ eC(X) = r�X� | á ¬®á®¯àï¦¥ë© í¤®¬®àä¨§¬ ¬®¤ã«ï X(M), ª®â®àë© ª®¬¬ãâ¨àã¥â á®
áâàãªâãàë¬ í¤®¬®àä¨§¬®¬ � ¨  ã«¨àã¥â å à ªâ¥à¨áâ¨ç¥áª¨© ¢¥ªâ®à �, â. ¥. ¢ë¯®«ïîâáï
á¢®©áâ¢ 

1) h eCX;Y i = hX; eCY i; 2) eC � � = � � eC; 3) eC(�) = 0: (7)

�§¢¥áâ® â ª¦¥ ([2], á. 451), çâ®   AC-¬®£®®¡à §¨¨ ¢ãâà¥¨¬ ®¡à §®¬ ®¯à¥¤¥«¥ë è¥áâì
â¥§®à®¢,  §ë¢ ¥¬ëå áâàãªâãàë¬¨ â¥§®à ¬¨ AC-áâàãªâãàë. � ¨å á®¤¥à¦¨âáï ®á®¢ ï
¨ä®à¬ æ¨ï ® á®®â¢¥âáâ¢ãîé¨å ª« áá å AC-áâàãªâãà. � ï¢®¬ ¢¨¤¥ íâ¨ â¥§®àë ¯®«ãç¥ë,
 ¯à¨¬¥à, ¢ à ¡®â¥ [1]. � ç áâ®áâ¨, ¯¥à¢ë© áâàãªâãàë© â¥§®à ¨¬¥¥â ¢¨¤

B(X;Y ) = �
1
8
f� � r�2Y (�)(�2X) + � � r�Y (�)(�X) +

+ �2 � r�Y (�)(�2X)� �2 � r�2Y (�)(�X)g:

� íâ®¬ ¦¥ ¨áá«¥¤®¢ ¨¨ ¯®ª § ®, çâ® ¥á«¨ ¯®¤¢¥à£ãâì ¬¥âà¨ªã g AC-áâàãªâãàë (�; �;�; g)
c-£¥®¤¥§¨ç¥áª®¬ã ¯à¥®¡à §®¢ ¨î, â® ¯¥à¢ë© áâàãªâãàë© â¥§®à eB(X;Y ) ¯à¥®¡à §®¢ ®© AC-
áâàãªâãàë (�; �;�; eg) ¡ã¤¥â ¨¬¥âì ¢¨¤

eB(X;Y ) = B(X;Y )�
1
2
	(�X)�Y �

1
2
	(�2X)�2Y; X; Y 2 X(M): (8)

AC-áâàãªâãàë á à ¢ë¬ ã«î ¯¥à¢ë¬ â¥§®à®¬  §ë¢ îâ áâàãªâãà ¬¨ ª¢ §¨ª¥«¥à®¢  â¨¯ 
([1], á. 217). � ¬¥â¨¬, çâ® áî¤  ¡ã¤ãâ ®â®á¨âìáï ¨ ª¢ §¨-á á ª¨¥¢ë áâàãªâãàë, â. ª. ¤«ï ¨å
¤®ª § ® ([2], á. 466), çâ® B(X;Y ) = 0.

�¥®à¥¬  1 ([1], á. 217). C-£¥®¤¥§¨ç¥áª¨¥ ¯à¥®¡à §®¢ ¨ï ¬¥âà¨ª¨ ¯¥à¥¢®¤ïâ AC-áâàãªâãàã
ª¢ §¨ª¥«¥à®¢  â¨¯  ¢ AC-áâàãªâãàã ª¢ §¨ª¥«¥à®¢  â¨¯ .

�®ª § â¥«ìáâ¢®. �ãáâì M | AC-¬®£®®¡à §¨¥ ª¢ §¨ª¥«¥à®¢  â¨¯ . �«ï ¥£® ¯® ®¯à¥¤¥-
«¥¨î B(X;Y ) = 0. �®¤¢¥à£¥¬ ¥£® ¬¥âà¨ªã c-£¥®¤¥§¨ç¥áª®¬ã ¯à¥®¡à §®¢ ¨î. �®£« á® (8),
¤«ï ¯à¥®¡à §®¢ ®© áâàãªâãàë

eB(X;Y ) = �
1
2
	(�X)�Y �

1
2
	(�2X)�2Y; X; Y 2 X(M): (9)

�§¢¥áâ® ([2], á. 451), çâ® â¥§®à B(X;Y ) ®¡« ¤ ¥â á¢®©áâ¢®¬

hB(X;Y ); Zi+ hY;B(X;Z)i = 0:

�®¤áâ ¢«ïï áî¤  (9), ¨¬¥¥¬

	(�X)h�Y;Zi+	(�2X)h�2Y;Zi+	(�X)hY;�Zi+	(�2X)hY;�2Zi = 0:

� ãç¥â®¬ â®£®, çâ®

hX;�Y i = h�X;�2Y i+ �(X)�(�Y ) = h�X;�2Y i =

= �h�X;Y i+ h�X; �(Y )�i = �h�X;Y i; X; Y 2 X(M); (10)

¯®«ãç¨¬ 2	(�2X)h�2Y;Zi = 0. � á¨«ã ¥¢ëà®¦¤¥®áâ¨ ¬¥âà¨ª¨ 	(�2X)�2Y = 0,   § ç¨â,
	(�2X) = 0. � ãç¥â®¬ (14)

	(X) = 	(�)�(X); X 2 X(M): (11)

� ç áâ®áâ¨, á ãç¥â®¬ (13) 	�� = 0, ¢ á¨«ã ç¥£® â®¦¤¥áâ¢® (2)   AC-áâàãªâãà å ª¢ §¨ª¥«¥à®¢ 
â¨¯  ¯à¨¨¬ ¥â ¢¨¤

erX(�)Y = rX(�)Y �	(Y )�X; X; Y 2 X(M); (12)

  â®¦¤¥áâ¢® (9) | ¢¨¤ eB(X;Y ) = 0.
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�¥¯¥àì ¯à¨áâã¯¨¬ ¥¯®áà¥¤áâ¢¥® ª ¯à¥®¡à §®¢ ¨î ¬¥âà¨ª¨ ª¢ §¨-á á ª¨¥¢  ¬®£®®¡à -
§¨ï. �®¢ à¨ â® ¤¨ää¥à¥æ¨àãï â®¦¤¥áâ¢® eg(�Y;Z) + eg(Y;�Z) = 0 ([2], á. 447), ¯®«ãç¨¬, çâ®
¤«ï AC-¬®£®®¡à §¨© á¯à ¢¥¤«¨¢®

eg( erX(�)Y;Z) + eg(Y; erX(�)Z) = 0: (13)

� ¬¥â¨¬, çâ® á ãç¥â®¬ (6) â®¦¤¥áâ¢® (12) § ¯¨è¥âáï ¢ ¢¨¤¥

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

�®¤áâ ¢«ïï ¯®«ãç¥®¥ ¢ëà ¦¥¨¥ ¢ (13), á ãç¥â®¬ ¡¨«¨¥©®áâ¨ ¬¥âà¨ª¨ ¯®«ãç¨¬

h eCX;Y ieg(�; Z)� �(Y )eg( eCX;Z)�	(Y )eg(�X;Z) +
+ h eCX;Zieg(Y; �)� �(Z)eg(Y; eCX)�	(Z)eg(Y;�X) = 0:

�«¨ á ãç¥â®¬ (3), (71) ¨ (10)

eg( eChY;X)�(Z) � �(Y )eg( eCZ;X) + 	(Y )eg(�Z;X) +
+ eg( eChZ;X)�(Y )� �(Z)eg( eCY;X) + 	(Z)eg(�Y;X) = 0;

£¤¥ h| ®¯¥à â®à £¥®¤¥§¨ç¥áª®© ¤¥ä®à¬ æ¨¨ ®â ¬¥âà¨ª¨ eg ª ¬¥âà¨ª¥ g. � á¨«ã ¥¢ëà®¦¤¥®áâ¨
¬¥âà¨ª¨ eg ¨¬¥¥¬

eCh(Y )�(Z)� �(Y ) eCZ +	(Y )�(Z) + eCh(Z)�(Y )� �(Z) eCY +	(Z)�(Y ) = 0; Y; Z 2 X(M):

�®«®¦¨¢ §¤¥áì Z = �, á®£« á® (11;3), (5) ¨ (73) ¯®«ãç¨¬ eCh(Y ) = eC(Y )�	(�)�(Y ).

�¥¬¬ . �¯¥à â®à £¥®¤¥§¨ç¥áª®© ¤¥ä®à¬ æ¨¨ c-£¥®¤¥§¨ç¥áª®£® ¯à¥®¡à §®¢ ¨ï ¬¥âà¨ª¨ QS-

áâàãªâãàë ª®¬¬ãâ¨àã¥â á í¤®¬®àä¨§¬®¬ eC íâ®© áâàãªâãàë.

�®ª § â¥«ìáâ¢®. � ãç¥â®¬ (4) ¨ (71)

g( eChX; Y ) = g(hX; eCY ) = g(X;h eCY ) = eg(X; eCY ) = eg( eCX;Y ) = g( eCX; hY ) = g(h eCX;Y ):
�âáî¤  ¢ á¨«ã ¥¢ëà®¦¤¥®áâ¨ ¬¥âà¨ª¨

eC � h = h � eC: � (14)

� ãç¥â®¬ «¥¬¬ë â®¦¤¥áâ¢® eCh(Y ) = eC(Y ) � 	(�)�(Y ) ¯à¨¨¬ ¥â ¢¨¤ h eC(Y ) = eC(Y ) �
	(�)�(Y ). �¬®¦¨¬ ®¡¥ ç áâ¨ íâ®£® à ¢¥áâ¢  áª «ïà®   Z:

hh eC(Y ); Zi = h eC(Y ); Zi �	(�)h�(Y ); Zi: (15)

� á¨«ã (4), (71) ¨ (14) ¨¬¥¥¬ hY; h eC(Z)i = hY; eC(Z)i � 	(�)hY;�(Z)i. �¥à¥®¡®§ ç¨¢ Y $ Z, á
ãç¥â®¬ (4) ¨ (71)

hh eC(Y ); Zi = h eC(Y ); Zi �	(�)h�(Y ); Zi:

�ëç¨â ï ¨§ ¯®á«¥¤¥£® à ¢¥áâ¢  ¯®ç«¥® à ¢¥áâ¢® (15), ¯®«ãç ¥¬

	(�)h�(Y ); Zi = 0:

�âáî¤  á ãç¥â®¬ ¥¢ëà®¦¤¥®áâ¨ ¬¥âà¨ª¨ á«¥¤ã¥â 	(�)�(Y ) = 0. � ç áâ®áâ¨, ¥á«¨ Y 2 L |
¥ã«¥¢®© ¢¥ªâ®à, â® 	(�) = 0 ¨ ¢ á¨«ã (11) 	(X) = 	(�)�(X) = 0 8X 2 X(M), â. ¥. 	 = 0.
�®ª §  

�¥®à¥¬  2. �¢ §¨-á á ª¨¥¢ë áâàãªâãàë ¥ ¤®¯ãáª îâ ¥âà¨¢¨ «ìëå ª®â ªâ®-£¥®¤¥-
§¨ç¥áª¨å ¯à¥®¡à §®¢ ¨© ¬¥âà¨ª¨.
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3. �®â ªâ®-£¥®¤¥§¨ç¥áª¨¥ ¯à¥®¡à §®¢ ¨ï ¬¥âà¨ª¨ «®ª «ì® ª®ä®à¬® ª¢ §¨-
á á ª¨¥¢ëå ¬®£®®¡à §¨©. � ¯®¬¨¬ ([4], á. 26), çâ® AC-¬®£®®¡à §¨¥ M á AC-áâàãªâãà®©
S = (�; �;�; g)  §ë¢ ¥âáï «®ª «ì® ª®ä®à¬® ª¢ §¨-á á ª¨¥¢ë¬ (ª®à®ç¥, lcQS-) ¬®£®®¡à §¨-
¥¬, ¥á«¨ ¢ ¥ª®â®à®© ®ªà¥áâ®áâ¨ U ª ¦¤®© â®çª¨ ¨§M áãé¥áâ¢ã¥â ª®ä®à¬®¥ ¯à¥®¡à §®¢ ¨¥
¬¥âà¨ª¨ g, ¯¥à¥¢®¤ïé¥¥ áâàãªâãàã S ¢ ª¢ §¨-á á ª¨¥¢ã áâàãªâãàã bS = (b�; b�;�; bg), £¤¥

1) b� = e���jU ; 2) b� = e��jU ; 3) bg = e�2�gjU ;

� 2 C1(U) | «®ª «ì® ®¯à¥¤¥«¥ ï £« ¤ª ï äãªæ¨ï   ¬®£®®¡à §¨¨ M ,  §ë¢ ¥¬ ï ®¯à¥-
¤¥«ïîé¥© äãªæ¨¥© ª®ä®à¬®£® ¯à¥®¡à §®¢ ¨ï. �¥á«®¦® ¯®ª § âì, çâ® ¥¥ ¢¥è¨© ¤¨ää¥-
à¥æ¨ « d� ª®àà¥ªâ® ®¯à¥¤¥«ï¥â § ¬ªãâãî £«®¡ «ìãî 1-ä®à¬ã �   M , áã¦¥¨¥ ª®â®à®©
  U á®¢¯ ¤ ¥â á d�.

�â ª, ¯ãáâì â¥¯¥àì S = (�; �;�; g) | lcQS-áâàãªâãà    ¬®£®®¡à §¨¨ M , bS = (b�; b�;�; bg) |
á®®â¢¥âáâ¢ãîé ï ª¢ §¨-á á ª¨¥¢  áâàãªâãà , «®ª «ì® ®¯à¥¤¥«¥ ï   íâ®¬ ¬®£®®¡à §¨¨, r
¨ br| à¨¬ ®¢ë á¢ï§®áâ¨ ¬¥âà¨ª g ¨ bg á®®â¢¥âáâ¢¥®. �§¢¥áâ® ([2], á. 352), çâ® ¯à¨ ª®ä®à¬-
®¬ ¯à¥®¡à §®¢ ¨¨ ¬¥âà¨ª¨ g â¥§®à T  ää¨®© ¤¥ä®à¬ æ¨¨ ®â á¢ï§®áâ¨ r ª á¢ï§®áâ¨ br
¨¬¥¥â ¢¨¤ T (X;Y ) = hX;Y i�] � �(X)Y � �(Y )X, £¤¥ X;Y 2 X(M), � = d�, �] = grad� |
¢¥ªâ®à, ¤ã «ìë© ä®à¬¥ d�. � ãç¥â®¬ íâ®£®,   «®£¨ç® ¢ë¢®¤ã â®¦¤¥áâ¢  (2), ¯®«ãç ¥¬, çâ®
ª®¢ à¨ â ï ¯à®¨§¢®¤ ï í¤®¬®àä¨§¬  � AC-áâàãªâãàë ¢ á¢ï§®áâ¨ br ¯à¨ ª®ä®à¬®¬
¯à¥®¡à §®¢ ¨¨ ¨¬¥¥â ¢¨¤

brX(�)Y = rX(�)Y + �(�Y )X � �(Y )�X + hX;Y i��] � hX;�Y i�]; X; Y 2 X(M): (16)

� ¤àã£®© áâ®à®ë, á®£« á® (6) ¤«ï QS-áâàãªâãà ¢¥à® â®¦¤¥áâ¢®

brX(�)Y = bg( eCX;Y )b� � b�(Y ) eCX:
�âáî¤  ¤«ï lcQS-áâàãªâãà ¯®«ãç ¥¬

brX(�)Y = e�2�he�CX;Y ie�� � e���(Y )e�CX = hCX;Y i� � �(Y )CX;

£¤¥ C = e�� eC. �à ¢¨¢ ï á (16), ¯à¨å®¤¨¬ ª ¢ë¢®¤ã, çâ® lcQS-¬®£®®¡à §¨ï ®¯à¥¤¥«ïîâáï
â®¦¤¥áâ¢®¬

rX(�)Y = �(�Y )X � �(Y )�X + hX;Y i��] �

� hX;�Y i�] + hCX;Y i� � �(Y )CX; X; Y 2 X(M):

�®¤¢¥à£¥¬ ¬¥âà¨ªã lcQS-¬®£®®¡à §¨ï c-£¥®¤¥§¨ç¥áª®¬ã ¯à¥®¡à §®¢ ¨î. � ãç¥â®¬ (2) ª®-
¢ à¨ â ï ¯à®¨§¢®¤ ï í¤®¬®àä¨§¬  � lcQS-áâàãªâãàë ¢ á¢ï§®áâ¨ er ¯à¨ c-£¥®¤¥§¨ç¥áª®¬
¯à¥®¡à §®¢ ¨¨ ¡ã¤¥â ¨¬¥âì ¢¨¤

erX(�)Y = rX(�)Y +	(�Y;X)�	(Y )�X =

= �(�Y )X � �(Y )�X + hX;Y i��] � hX;�Y i�] +

+ hCX;Y i� � �(Y )CX +	(�Y )X �	(Y )�X; X; Y 2 X(M):

�®¤áâ ¢¨¢ ¢ (13), á ãç¥â®¬ ¡¨«¨¥©®áâ¨ ¬¥âà¨ª¨ ¯®«ãç¨¬

� hX;�Y ieg(�]; Z) + hX;Y ieg(��]; Z)� �(Y )eg(�X;Z) + �(�Y )eg(X;Z) +
+ hCX;Y i�(Z)� �(Y )eg(CX;Z) + 	(�Y )eg(X;Z) �	(Y )eg(�X;Z)�

� hX;�Zieg(Y; �]) + hX;Zieg(Y;��])� �(Z)eg(Y;�X) + �(�Z)eg(Y;X) +
+ hCX;Zi�(Y )� �(Z)eg(Y;CX) + 	(�Z)eg(Y;X)�	(Z)eg(Y;�X) = 0

¨«¨ á ãç¥â®¬ (3)

� eg(X;h�Y )eg(�]Z) + eg(X;hY )eg(��]; Z)� �(Y )eg(�X;Z) +
+ �(�Y )eg(X;Z) + eg(CX; hY )�(Z) � �(Y )eg(CX;Z) + 	(�Y )eg(X;Z)�
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�	(Y )eg(�X;Z)� eg(X;h�Z)eg(Y; �]) + eg(X;hZ)eg(Y;��])�
� �(Z)eg(Y;�X) + �(�Z)eg(Y;X) + eg(CX; hZ)�(Y )�

� �(Z)eg(Y;CX) + 	(�Z)eg(Y;X)�	(Z)eg(Y;�X) = 0:

� «¥¥, ãç¨âë¢ ï (4), (71) ¨ (13),   â ª¦¥ ¥¢ëà®¦¤¥®áâì ¬¥âà¨ª¨, ¯®«ãç ¥¬

� h�(Y )eg(�]; Z) + hY eg(��]; Z) + �(Y )�Z + �(�Y )Z +

+ ChY �(Z)� �(Y )CZ +	(�Y )Z +	(Y )�Z �

� h�(Z)eg(Y; �]) + hZeg(Y;��]) + �(Z)�Y + �(�Z)Y +

+ ChZ�(Y )� �(Z)CY +	(�Z)Y +	(Z)�Y = 0:

�®«®¦¨¢ §¤¥áì Z = �, á ãç¥â®¬ (11;3), (5) ¨ (73) ¯à¨å®¤¨¬ ª â®¦¤¥áâ¢ã

ChY � CY +	(�)�Y +	(�Y )� � �(�])h�(Y ) + �(�Y )� + �(�)�Y + eg(Y;��])� = 0;

ª®â®à®¥ á ãç¥â®¬

eg(Y;��]) = �eg(�Y; �]) = �eg(�Y; grad�) = �d�(�Y ) = ��(�Y )

§ ¯¨è¥âáï ¢ ¢¨¤¥ ChY �CY +	(�)�Y +	(�Y )���(�])h�Y +�(�)�Y = 0. � ª ª ª L\M = f0g,
â® ¯®á«¥¤¥¥ à ¢¥áâ¢® à ¢®á¨«ì® á«¥¤ãîé¨¬ ¤¢ã¬:

1) ChY � CY +	(�)�Y � �(�])h�Y + �(�)�Y = 0;

2) 	(�Y )� = 0: (17)

�§ (172) á«¥¤ã¥â, çâ® ¤«ï lcQS-¬®£®®¡à §¨© ¢¥à® â®¦¤¥áâ¢® 	(�Y ) = 0 8Y 2 X(M). � ª¨¬
®¡à §®¬, á¯à ¢¥¤«¨¢®

�à¥¤«®¦¥¨¥ 1. �«ï lcQS-áâàãªâãà ¢¥à® â®¦¤¥áâ¢® 	 � � = 0.

� «¥¥, ã¬®¦¨¢ ®¡¥ ç áâ¨ â®¦¤¥áâ¢  (171) áª «ïà®   Z, ¯®«ãç¨¬

hhCY;Zi � hCY;Zi+	(�)h�Y;Zi � �(�])hh�Y;Zi+ �(�)h�Y;Zi = 0 (18)

¨«¨ á ãç¥â®¬ (4), (72) ¨ (10)

hhCZ; Y i � hCZ; Y i �	(�)h�Z; Y i+ �(�])hh�Z; Y i � �(�)h�Z; Y i = 0:

�¥à¥®¡®§ ç¨¢ ¢ ¯®á«¥¤¥¬ à ¢¥áâ¢¥ Y $ Z ¨ ¢ëç¨â ï ¨§ ¥£® ¯®ç«¥® à ¢¥áâ¢® (18), ¯®-
«ãç ¥¬ 	(�)h�Y;Zi � �(�])hh�Y;Zi + �(�)h�Y;Zi = 0 ¨«¨ á ãç¥â®¬ ¥¢ëà®¦¤¥®áâ¨ ¬¥âà¨ª¨
	(�)�Y � �(�])h�Y + �(�)�Y = 0. � ª ª ª �(�]) = h�; �i = h�; �i = hgrad�; �i = d�(�) = �(�), â®
¯à¨å®¤¨¬ ª â®¦¤¥áâ¢ã �(�)h�Y = 	(�)�Y + �(�)�Y .

� áá¬®âà¨¬ ®âªàëâ®¥ ¯®¤¬®£®®¡à §¨¥ ¬®£®®¡à §¨ï M , ¢ ª ¦¤®© â®çª¥ ª®â®à®£® �(�) 6= 0,
¨  §®¢¥¬ ¥£® à¥£ã«ïàë¬ ¯®¤¬®£®®¡à §¨¥¬ ¬®£®®¡à §¨ï M . � á¨«ã à¥£ã«ïà®áâ¨ ®¯à¥¤¥«¥ 
äãªæ¨ï 1

�(�)
. �¡®§ ç¨¬ 1

�(�)
= u, 	(�) = v. �®£¤  ¯®á«¥¤¥¥ â®¦¤¥áâ¢® ¯à¨¬¥â ¢¨¤ h � �(Y ) =

uv(�)Y +�Y ¨«¨ h � (��2)Y = (uv + 1)(��2)Y . �®áª®«ìªã I = ��2 ¨ m = � 
 �, â®

h(Y ) = hI(Y ) + hm(Y ) = (uv + 1)(��2)Y + �(Y )� =

= uv(��2)Y + Y � �(Y )� + �(Y )� = uv(��2)Y + Y

¨«¨ h = id�uv(�2).
� ãç¥â®¬ ¯®á«¥¤¥£® á®®â®è¥¨ï ¨ â®¦¤¥áâ¢  (3) ¯®«ãç ¥¬ g(X;Y ) = eg(X;Y )+feg(�X;�Y )

¨«¨

g(X;Y ) = (1 + f)eg(X;Y )� f�(X)�(Y ); (19)

£¤¥ f = uv, X;Y 2 X(M).
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�ëç¨á«¨¬ ¢ ï¢®¬ ¢¨¤¥ â¥§®à  ää¨®© ¤¥ä®à¬ æ¨¨ T (X;Y ) = erXY �rXY ®â á¢ï§®áâ¨
r ª á¢ï§®áâ¨ er. �«ï íâ®£®, ¯à¨¬¥¨¢ ª ®¡¥¨¬ ç áâï¬ â®¦¤¥áâ¢  (19) ®¯¥à â®à rZ , ¯®«ãç¨¬

(1 + f)feg(T (Z;X); Y ) + eg(X;T (Z; Y ))g = �eg(X;Y )df(X) +
+ �(X)�(Y )df(Z) + f � rZ(�)(X)�(Y ) + f � �(X)rZ(�)(Y ): (20)

�à¥¤«®¦¥¨¥ 2. Ha lcQS-¬®£®®¡à §¨¨ á¯à ¢¥¤«¨¢® â®¦¤¥áâ¢®

rX(�)(Y ) = hCX;�Y i+ hX;Y i�(�])� �(Y )�(X):

�®ª § â¥«ìáâ¢®.�à¨¬¥¨¬ ®¯¥à â®à erX ª â®¦¤¥áâ¢ã �2 = � id+e�
e�, ¯®«ãç¨¬ erX(�)(�Y )+
�( erX(�)(Y )) = erX(e�)Y � e� + e�(Y ) erX

e� ¨«¨ á ãç¥â®¬ (6) ¨ (13)

eg( eCX;�Y )e� � e�(�Y ) eCX � e�(Y ) eC(�X) = erX(e�)Y � e� + e�(Y ) erX
e�:

�®áª®«ìªã h erX
e�; e�i = 1

2
X(he�; e�i), ¨¬¥¥¬ erX

e� 2 L. � ª¨¬ ®¡à §®¬, erX(e�)Y = eg( eCX;�Y ) ¨«¨
erX(e�)Y = e��hCX;�Y i: (21)

� ¤àã£®© áâ®à®ë,

erX(e�)Y = erX(e�(Y ))� e� � erXY =

= X(e���(Y ))� e���(rXY + T (X;Y )) =

= e��f�d�(X)�(Y ) +rX(�(Y ))� �(rXY )� �(T (X;Y ))g =

= e��f�d�(X)�(Y ) +rX(�)Y � �(T (X;Y ))g:

�à ¢¨¢ ï á (21) ¨ ãç¨âë¢ ï, çâ® ¯à¨ ª®ä®à¬®¬ ¯à¥®¡à §®¢ ¨¨ ¬¥âà¨ª¨ g â¥§®à T  ää¨-
®© ¤¥ä®à¬ æ¨¨ ®â á¢ï§®áâ¨ r ª á¢ï§®áâ¨ br ¨¬¥¥â ¢¨¤ T (X;Y ) = hX;Y i�]��(X)Y ��(Y )X,
¯®«ãç ¥¬

rX(�)Y = hCX;�Y i+ �(X)�(Y ) + �(T (X;Y )) =

= hCX;�Y i+ �(X)�(Y ) + hX;Y i�(�])� �(X)�(Y )� �(Y )�(X):

� ª¨¬ ®¡à §®¬,   lcQS-¬®£®®¡à §¨¨ ¢¥à® â®¦¤¥áâ¢®

rX(�)(Y ) = hCX;�Y i+ hX;Y i�(�])� �(Y )�(X): �

� ãç¥â®¬ ¯à¥¤«®¦¥¨ï 2 â®¦¤¥áâ¢® (20) ¯à¨¨¬ ¥â ¢¨¤

(1 + f)feg(T (Z;X); Y ) + eg(X;T (Z; Y ))g = �eg(�X;�Y )df(Z) +
+ fhCZ;�Xi�(Y ) + fhZ;Xi�(�])�(Y )� f�(x)�(Z)�(Y ) +

+ f�(X)hCZ;�Y i+ f�(X)hZ; Y i�(�])� f�(X)�(Y )�(Z):

�¢ ¦¤ë ¯à®¨§¢®¤ï æ¨ª«¨ç¥áªãî ¯¥à¥áâ ®¢ªã  à£ã¬¥â®¢,   § â¥¬ ¯®ç«¥® áª« ¤ë¢ ï ¯¥à¢ë¥
¤¢  â®¦¤¥áâ¢  ¨ ¢ëç¨â ï âà¥âì¥, ¯®«ãç ¥¬

2(1 + f)eg(T (Z;X); Y ) = eg(�2X;Y )df(Z) + eg(�2Z; Y )df(X) +

+ eg(�X;�Z)hgrad(f); Y i+ 2fhX;Zi�(�])eg(�; Y ) + 2f(1 + f)eg(CZ;�Y )�(X) +
+ 2f(1 + f)eg(CX;�Y )�(Z)� 2f�(X)�(Z)d�(Y ):

�âáî¤  á ãç¥â®¬ ¥¢ëà®¦¤¥®áâ¨ ¬¥âà¨ª¨ ¯®«ãç ¥¬

2(1 + f)T (Z;X) = df(Z)�2X + df(X)�2Z + eg(�X;�Z) grad(f) + 2fhX;Zi�(�])� �

� 2f(1 + f)C(�Z)�(X)� 2f(1 + f)C(�X)�(Z)� 2f � grad(�)�(X)�(Z):

� ç áâ®áâ¨,
(1 + f)T (�; �) = 2fh�; �i�(�])� � 2f � grad(�):
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�ç¨âë¢ ï, çâ® f = uv, u = 1
�(�)

, v = 	(�), ¨¬¥¥¬�
1 +

	(�)
�(�)

�
T (�; �) = 2

	(�)
�(�)

h�; �i�(�)� � 2
	(�)
�(�)

�];

T (�; �) =
2	(�)� � 2	(�)

�(�)
�]

1 + 	(�)

�(�)

: (22)

�à¨ íâ®¬, ¯®áª®«ìªã ¯¥à¥å®¤ ®â ¬¥âà¨ª¨ g ª ¬¥âà¨ª¥ eg ï¢«ï¥âáï £¥®¤¥§¨ç¥áª¨¬ ¯à¥®¡à §®¢ ¨-
¥¬, T (X;Y ) = 	(X)Y +	(Y )X,   § ç¨â, T (�; �) = 2	(�)�. �à ¢¨¢ ï á (22), ¯®«ãç ¥¬

2	(�)� � 2	(�)
�(�)

�]

1 + 	(�)

�(�)

= 2	(�)�;

®âªã¤  á«¥¤ã¥â, çâ® «¨¡® 	(�) = 0, «¨¡® �] = �	(�)�. � ¯¥à¢®¬ á«ãç ¥ ¢ ¢¨¤ã (11) 	(X) =
	(�) = �(X) = 0 8X 2 X(M), â. ¥. 	 = 0,   § ç¨â, à¥£ã«ïàë¥ lcQS-áâàãªâãàë ¥ ¤®¯ãá-
ª îâ ¥âà¨¢¨ «ìëå c-£¥®¤¥§¨ç¥áª¨å ¯à¥®¡à §®¢ ¨© ¬¥âà¨ª¨. �® ¢â®à®¬ á«ãç ¥ ¢¥ªâ®à �]

ª®««¨¥ à¥ ¢¥ªâ®àã �. � ª ¨§¢¥áâ® ([5], á. 859), íâ® á®®â®è¥¨¥ ï¢«ï¥âáï å à ªâ¥à¨áâ¨ç¥-
áª¨¬ á¢®©áâ¢®¬ ®à¬ «ìëå lcQS-áâàãªâãà. � ª¨¬ ®¡à §®¬, à¥£ã«ïà ï lcQS-áâàãªâãà  ¨«¨
¥ ¤®¯ãáª ¥â ¥âà¨¢¨ «ìëå c-£¥®¤¥§¨ç¥áª¨å ¯à¥®¡à §®¢ ¨© ¬¥âà¨ª¨ ¨«¨, ¥á«¨ ¤®¯ãáª ¥â, â®
ï¢«ï¥âáï ®à¬ «ì®©. � ç áâ®áâ¨, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  3. �¥£ã«ïàë¥ lcQS-áâàãªâãàë, ¤®¯ãáª îé¨¥ ¥âà¨¢¨ «ìë¥ c-£¥®¤¥§¨ç¥áª¨¥ ¯à¥-
®¡à §®¢ ¨ï ¬¥âà¨ª¨, ®à¬ «ìë.

� ¬¥ç ¨¥. �¡à â®¥, ¢®®¡é¥ £®¢®àï, ¥ ¢¥à®. � ¯à¨¬¥à, ¢ ([1], á. 119) ¤®ª § ®, çâ® áâàãª-
âãàë �¥¬®æã, ¡ã¤ãç¨ ®à¬ «ìë¬¨, ¥ ¤®¯ãáª îâ ¥âà¨¢¨ «ìëå c-£¥®¤¥§¨ç¥áª¨å ¯à¥®¡à §®-
¢ ¨© ¬¥âà¨ª¨.
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