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�ã¤¥¬ áç¨â âì £à áá¬ ­®¢® à áá«®¥­¨¥ Gl(M) á­ ¡¦¥­­ë¬ á¢ï§­®áâìî �¥¢¨-�¨¢¨â  ®â­®á¨-
â¥«ì­® à¨¬ ­®¢®© ¬¥âà¨ª¨ eg,  áá®æ¨¨à®¢ ­­®© á à¨¬ ­®¢®© ¬¥âà¨ª®© g ¡ §ëM ¨ ª ­®­¨ç¥áª®©
¬¥âà¨ª®© £à áá¬ ­¨ ­  [1]. � íâ®© ç áâ¨ áâ âì¨ à¥è ¥âáï § ¤ ç  ãáâ ­®¢«¥­¨ï á¢ï§¨ ¬¥¦¤ã
£¥®¬¥âà¨¥© Gl(M) ¨ £¥®¬¥âà¨¥© ¡ §ëM . � ¯¥à¢®© ç áâ¨ áâ âì¨ ­  Gl(M) ¡ë«  ¯®áâà®¥­  á¨áâ¥-
¬  ®¡à §ãîé¨å ¢¥ªâ®à­ëå ¯®«¥© ¢¨¤  eSv ¨ eY h ¨ ãáâ ­®¢«¥­ àï¤ á¢®©áâ¢ íâ¨å ¯®«¥©, ª®â®àë¥
¡ã¤ãâ ¯®áâ®ï­­® ¨á¯®«ì§®¢ âìáï ¢ x 3. � â¥®à¥¬¥ 3.1 ¯®«ãç¥­ë ãà ¢­¥­¨ï �'�¥©«  [2], ¯à¨ç¥¬
¨­¢ à¨ ­â A ¨ ¥£® ª®¢ à¨ ­â­ë¥ ¯à®¨§¢®¤­ë¥ ¢ëç¨á«¥­ë «¨èì ç¥à¥§ £¥®¬¥âà¨ç¥áª¨¥ å à ªâ¥-
à¨áâ¨ª¨ ¡ §ë. �­ «®£¨ç­ë¥ § ¤ ç¨ ¤«ï ª á â¥«ì­®£®, áä¥à¨ç¥áª®£® ¨ ­®à¬ «ì­®£® à áá«®¥­¨©,
  â ª¦¥ à áá«®¥­¨ï à¥¯¥à®¢ ¡ë«¨ à¥è¥­ë à ­¥¥ ¢ à ¡®â å à §«¨ç­ëå  ¢â®à®¢. � ®¡§®à å [3], [4]
¨¬¥¥âáï ¤®áâ â®ç­® ¯®¤à®¡­®¥ ®á¢¥é¥­¨¥ ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢.

3. �¥®¬¥âà¨ï £à áá¬ ­®¢  à áá«®¥­¨ï

� íâ®¬ ¯ à £à ä¥ ¡ã¤ãâ ¯®«ãç¥­ë ä®à¬ã«ë, ¢ëà ¦ îé¨¥ â ª¨¥ £¥®¬¥âà¨ç¥áª¨¥ ®¡ê¥ªâë
£à áá¬ ­®¢  à áá«®¥­¨ï, ª ª ª®¢ à¨ ­â­®¥ ¤¨ää¥à¥­æ¨à®¢ ­¨¥ er, ¯à¥®¡à §®¢ ­¨¥ ªà¨¢¨§­ë
eR(�; �) ¨ á¥ªæ¨®­­ ï ªà¨¢¨§­  fK ç¥à¥§  ­ «®£¨ç­ë¥ £¥®¬¥âà¨ç¥áª¨¥ ®¡ê¥ªâë r, R(�; �), K ¨
rR ¡ §®¢®£® à¨¬ ­®¢®£® ¬­®£®®¡à §¨ï M ¨ £¥®¬¥âà¨î áâ ­¤ àâ­®£® á«®ï £à áá¬ ­¨ ­  Gl

n.
�á«®¢¨¬áï ¢ ¤ «ì­¥©è¥¬ ®¡®§­ ç âì ç¥à¥§ Q, S, P ¨ T ª®á®á¨¬¬¥âà¨ç¥áª¨¥ â¥­§®à­ë¥ ¯®«ï,  
ç¥à¥§ X, Y , Z ¨ U | ¢¥ªâ®à­ë¥ ¯®«ï ­  M .

�¥¬¬  3.1. � â®çª¥ � ¨§ Gl(M) ¨¬¥îâ ¬¥áâ® ¢ëà ¦¥­¨ï

 ) er
eQv

eSv = � ^[fQg; jSj]v = � ^[fQg; S]v; ¡) er
eQv

eY h = �
1
4
^(�(fQg)Y )h;

¢) er
eXh

eSv = �
1
4
^(�(fSg)X)h + (̂rXS)

v; £) er
eXh

eY h = ^(rXY )
h �

1
2
^�(X ^ Y )v;

£¤¥ ¢­¥è­ïï ¨ ¢­ãâà¥­­ïï ª®¬¯®­¥­âë â¥­§®à®¢ ¢ëç¨á«ïîâáï ®â­®á¨â¥«ì­® ¯®¤¯à®áâà ­-
áâ¢  �.

�®ª § â¥«ìáâ¢®. �®áª®«ìªã ª®¢ à¨ ­â­ãî ¯à®¨§¢®¤­ãî ¢ «î¡®¬ à¨¬ ­®¢®¬ ¬­®£®®¡à -
§¨¨ M æ¥«¨ª®¬ ®¯à¥¤¥«ï¥â ãà ¢­¥­¨¥

2g(rXY;Z) = Xg(Y;Z) + Y g(X;Z) � Zg(X;Y )� g(X; [Y;Z]) � g(Y; [X;Z]) + g(Z; [X;Y ]); (48)

â® ¯à®¤¥« ¥¬ á«¥¤ãîé¨¥ ¢ëç¨á«¥­¨ï.
 ) �§ ä®à¬ã«ë (48) ¤«ï à¨¬ ­®¢®£® ¬­®£®®¡à §¨ï Gl(M) ¯®«ãç¨¬

2eg( er
eQv

eSv; eXh) = � eXh
eg( eQv; eSv)� eg( eSv; [ eQv; eXh])� eg( eQv; [ eSv; eXh]); (49)

â. ª. £®à¨§®­â «ì­ë¥ ¨ ¢¥àâ¨ª «ì­ë¥ ¢¥ªâ®àë ®àâ®£®­ «ì­ë ¬¥¦¤ã á®¡®© ¨ ¢ë¯®«­ï¥âáï â®¦¤¥-
áâ¢®  ) «¥¬¬ë 2.6. � ¯®¬­¨¬, çâ® äã­ªæ¨ï f ­ §ë¢ ¥âáï ¡ §¨á­®© ®â­®á¨â¥«ì­® áã¡¬¥àá¨¨ RH ,

1)�à®¤®«¦¥­¨¥, ç. I á¬. ¢ \�§¢¥áâ¨ï ¢ã§®¢. � â¥¬ â¨ª ". { 1997. { ò9. { C. 57{70.
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¥á«¨ áãé¥áâ¢ã¥â äã­ªæ¨ï h ­  ¡ §®¢®¬ ¬­®£®®¡à §¨¨, ¤«ï ª®â®à®© f ï¢«ï¥âáï ¯®«­ë¬ ¯à®®¡à -
§®¬, â. ¥. R�Hh = f . �ç¥¢¨¤­®, ¥á«¨ ¢¥ªâ®à­®¥ ¯®«¥ F ï¢«ï¥âáï RH -á¢ï§­ë¬ á ¢¥ªâ®à­ë¬ ¯®«¥¬
H ­  ¡ §®¢®¬ ¬­®£®®¡à §¨¨, â® Ff = Hh. � ­ è¥¬ á«ãç ¥ äã­ªæ¨ï � 1

2
Trf!(Qv)gV1f!(S

v)gV1
ï¢«ï¥âáï ¡ §¨á­®© ®â­®á¨â¥«ì­® RH | à¨¬ ­®¢®© áã¡¬¥àá¨¨ O(M) ­  Gl(M), ¯à¨ç¥¬ ï¢«ï¥â-
áï ¯®«­ë¬ ¯à®®¡à §®¬ äã­ªæ¨¨ eg( eQv; eSv). �â® á«¥¤ã¥â ¨§ ®¯à¥¤¥«¥­¨ï 2.1, á¢®©áâ¢ ®¯¥à â®à 
á«¥¤  ¨ «¥¬¬ë 2.8. �®á¯®«ì§®¢ ¢è¨áì íâ¨¬ ä ªâ®¬, ¯à®¢¥¤¥¬ ¤ «ì­¥©è¨¥ ¢ëç¨á«¥­¨ï.

eXh
eg( eQv; eSv) = �

1
2
XhTrf!(Qv)gV1f!(S

v)gV1 =

= �
1
2
Tr(fXh!(Qv)gV1 � f!(S

v)gV1 + f!(Qv)gV1 � fX
h!(Sv)gV1):

�ç¥¢¨¤­®, ¤¨ää¥à¥­æ¨à®¢ ­¨¥ Xh ¬®¦­® ¯à®­®á¨âì ç¥à¥§ ¢§ïâ¨¥ ¢­¥è­¥© ª®¬¯®­¥­âë ®â­®á¨-
â¥«ì­® ¯®¤¯à®áâà ­áâ¢  V1 ¢ Rn . �à¨¬¥­ïï ä®à¬ã«ã (34) ¨ «¥¬¬ã 2.7, ¯à¥®¡à §ã¥¬ ¯®á«¥¤­¥¥
à ¢¥­áâ¢®

eXh
eg( eQv; eSv) = �

1
2
Tr(f!((rXQ)

v)gV1f!(S
v)gV1 + f!(Qv)gV1f!((rXS)

v)gV1) =

= �
1
2
Tr(frXQgfSg+ fQgfrXSg) = eg(^(rXQ)

v; eSv) + eg( eQv; (̂rXS)
v):

�®¤áâ ¢«ïï íâ® ¢ëà ¦¥­¨¥ ¢ ä®à¬ã«ã (49) ¨ áà ¢­¨¢ ï á ä®à¬ã«®© ¡) «¥¬¬ë 2.6, ¯®«ãç¨¬

2eg( er
eQv

eSv; eXh) = �eg(^(rXQ)v; eSv)� eg( eQv;^(rXS)v)� eg( eSv; [ eQv; eXh])� eg( eQv; [ eSv; eXh]) = 0;

¨«¨ ¢ â¥à¬¨­ å ¤¨ää¥à¥­æ¨à®¢ ­¨ï �¨ ¢¤®«ì ¢¥ªâ®à­®£® ¯®«ï

(L
eXh
eg)( eQv; eSv) = 0: (50)

� ¢¥­áâ¢® ­ã«î ¢ëà ¦¥­¨ï eg( er
eQv

eSv; eXh) ¨¬¥¥â ¬¥áâ® ¤«ï «î¡ëå ¢¥ªâ®à­ëå ¯®«¥© Xh,  

íâ® ®§­ ç ¥â, çâ® ã ª®¢ à¨ ­â­®© ¯à®¨§¢®¤­®© er
eQv

eSv ®âáãâáâ¢ã¥â £®à¨§®­â «ì­ ï á®áâ ¢«ï-

îé ï. � ©¤¥¬ ¥¥ ¢¥àâ¨ª «ì­ãî á®áâ ¢«ïîéãî. �§ «¥¬¬ë 2.3 (35) ­ ©¤¥¬ Qvg(Sv; T v) =
�g([Q;S]v; T v) � g(T v; [Q;T ]v). �à ¢­¨¢ ï ¯®á«¥¤­îî ä®à¬ã«ã á ¯.  ) «¥¬¬ë 2.4, ¯à¥¤áâ ¢¨¬
¥¥ ¢ ¢¨¤¥ (LQvg)(Sv; T v) = 0. � ª ã¦¥ ®â¬¥ç «®áì, äã­ªæ¨ï g(Sv; T v) ¡ §¨á­ ï ­  O(M) ®â-

­®á¨â¥«ì­® RH ¨ ¯® ®¯à¥¤¥«¥­¨î 2.2 ¢¥ªâ®à­®¥ ¯®«¥ Qv RH-á¢ï§­® á ¢¥ªâ®à­ë¬ ¯®«¥¬ eQv ­ 
£à áá¬ ­®¢®¬ à áá«®¥­¨¨. �®íâ®¬ã

eQv
eg( eSv; eT v) = �eg([̂Q;S]v; eT v)� eg( eSv; [̂Q;T ]v) (51)

¨ ¯® «¥¬¬¥ 2.6  ) ¯®«ãç ¥¬

(L
eQv
eg)( eSv; eT v) = 0: (52)

�®£¤  ¨§ ä®à¬ã«ë (48) ¤«ï Gl(M) ¯®«ãç¨¬

2eg( er
eQv

eSv; eT v) = �eg([̂Q;S]v; eT v)� eg([̂Q;T ]v; eSv)� eg([̂S; T ]v; eQv): (53)

�à¨¬¥­¨¢ «¥¬¬ã 2.7, ¯à¥¤«®¦¥­¨ï 1.6, 1.2 ¢), 1.5 ¡), 1.4 ¨ á«¥¤áâ¢¨ï 1.4, 1.5 ¨ 1.6, ¯à¥®¡à §ã¥¬
¯®á«¥¤­¥¥ à ¢¥­áâ¢®

2eg( er
eQv

eSv; eT v) = �
1
2
(g(f[Q;S]g; fTg) + g(f[Q;T ]g; fSg) +

+ g(f[S; T ]g; fQg)) = �
1
2
(g(f[Q;S]g; T ) + g([Q;T ]; fSg) + g([S; T ]; fQg)) =

= �
1
2
(g(f[Q;S]g; T ) � g([Q; fSg]; T ) � g([S; fQg]; T )) = �

1
2
(g([jQj; fSg]; T ) +
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+ g([fQg; jSj]; T ) � g([Q; fSg]; T ) � g([S; fQg]; T )) = �g([fQg; jSj]; T ) =

= �g(f[fQg; jSj]g; fTg) = �2eg( ^[fQg; jSj]v; eT v):

�â ª, ¯à¨è«¨ ª à ¢¥­áâ¢ã

eg�( er
eQv

eSv; eT v) = �eg( ^[fQg; jSj]v�; eT
v
�);

¨¬¥îé¥¬ã, ¯® áãâ¨, á¬ëá« «¨èì ¢ ®¤­®© â®çª¥ � ¨§ Gl(M), ¯®áª®«ìªã [fQg; jSj] ï¢«ï¥âáï â¥­-
§®à®¬ ¢ â®çª¥ x (� � TxM), ­® ­¥ â¥­§®à­ë¬ ¯®«¥¬ ­  M . �â® à ¢¥­áâ¢® ¨ ä®à¬ã«  (50)
¢«¥ªãâ §  á®¡®© á¯à ¢¥¤«¨¢®áâì ¯¥à¢®£® à ¢¥­áâ¢  ¢ëà ¦¥­¨ï  ) íâ®© «¥¬¬ë. �â®à®¥ à ¢¥­áâ¢®
¯.  ) ¬®¦¥â ¡ëâì áà §ã ¯®«ãç¥­® ¯à¨¬¥­¥­¨¥¬ ª ¤®ª § ­­®¬ã ¯¥à¢®¬ã à ¢¥­áâ¢ã íâ®£® ¯ã­ªâ 
á«¥¤áâ¢¨ï 2.2, ¯à¥¤«®¦¥­¨ï 1.5 ¡) ¨ á«¥¤áâ¢¨ï 1.6.

¡) �¥âà¨ç­®áâì à¨¬ ­®¢®© á¢ï§­®áâ¨ ­  Gl(M) ¨ ¢¥àâ¨ª «ì­®áâì ª®¢ à¨ ­â­®© ¯à®¨§¢®¤­®©
er
eQv

eSv, ¤®ª § ­­ ï ¢ ¯.  ), ¢«¥ªãâ £®à¨§®­â «ì­®áâì ª®¢ à¨ ­â­®© ¯à®¨§¢®¤­®© er
eQv

eY h. �ëç¨-
á«¨¬ ¥¥ £®à¨§®­â «ì­ãî á®áâ ¢«ïîéãî, ¢®á¯®«ì§®¢ ¢è¨áì ä®à¬ã«®© (48) ¤«ïGl(M) ¨ «¥¬¬ ¬¨
2.6, 2.7.

2eg( er
eQv

eY h; eZh) = eQv
eg(eY h; eZh)� eg( eQv; [eY h; eZh])�

�eg(eY h; [ eQv; eZh]) + eg( eZh; [ eQv; eY h]) = eQv
eg(eY h; eZh) + eg( eQv; R̂(Y;Z)v)�

�eg(eY h;^(rQZ)
v) + eg( eZh;^(rQY )

v) = eQv
eg(eY h; eZh) +

+eg( eQv; R̂(Y;Z)v) = eQvg(Y;Z) + eg( eQv; R̂(Y;Z)v) =) � � �

�¥à¢®¥ ¨§ ¤¢ãå ¯®«ãç¥­­ëå á« £ ¥¬ëå à ¢­® ­ã«î ¢ á¨«ã ¡ §¨á­®áâ¨ äã­ªæ¨¨ g(Y;Z),   ¢â®à®¥
á ¯®¬®éìî ¯à¥¤«®¦¥­¨ï 1.3  ) ¬®¦­® ¯à¥®¡à §®¢ âì, ¨ â¥¯¥àì ¯. ¡) á«¥¤ã¥â ¨§ «¥¬¬ë 2.7 (45)

=) � � � =
1
2
g(fQg; �(Y ^ Z)) = �

1
2
g(�(fQg)Y;Z):

¢) � ¢¥­áâ¢® ¢) | ®ç¥¢¨¤­®¥ á«¥¤áâ¢¨¥ ä®à¬ã«ë ¡) íâ®© «¥¬¬ë, ä®à¬ã«ë ¡) «¥¬¬ë 2.6 ¨
®âáãâáâ¢¨ï ªàãç¥­¨ï ã à¨¬ ­®¢®© á¢ï§­®áâ¨ er. �¥©áâ¢¨â¥«ì­®,

er
eXh

eSv = er
eSv
eXh + [ eXh; eSv] = �

1
4
^(�(fSg)X)h + (̂rXS)

v:

£) �«ï £®à¨§®­â «ì­®© á®áâ ¢«ïîé¥© ¨áª®¬®© ª®¢ à¨ ­â­®© ¯à®¨§¢®¤­®© ¨§ ä®à¬ã«ë (48)
¨ «¥¬¬ 2.6 ¨ 2.7 ¨¬¥¥¬ ãà ¢­¥­¨¥

2eg( er
eXh

eY h; eZh) = 2g(rXY;Z) = 2eg(^(rXY )
h; eZh);

â. ª. äã­ªæ¨¨ â¨¯  eg( eXh; eY h) ï¢«ïîâáï ¡ §¨á­ë¬¨ ®â­®á¨â¥«ì­® áã¡¬¥àá¨¨ �E : Gl(M) �!
M ¨ á«ã¦ â ¯®«­ë¬ ¯à®®¡à §®¬ äã­ªæ¨© g(X;Y ). � ª¨¬ ®¡à §®¬, ­ ©¤¥­  £®à¨§®­â «ì­ ï

á®áâ ¢«ïîé ï H er
eXh

eY h = ^(rXY )h. �¥àâ¨ª «ì­ãî á®áâ ¢«ïîéãî ­ ©¤¥¬ ¯ãâ¥¬  ­ «®£¨ç­ëå
¢ëç¨á«¥­¨©

2eg( er
eXh

eY h; eT v) = eg( eT v; [ eXh; eY h]) = �eg( eT v; ^(�(X ^ Y ))v):

�¡ê¥¤¨­¨¢ à¥§ã«ìâ âë ¢ëç¨á«¥­¨© £®à¨§®­â «ì­®© ¨ ¢¥àâ¨ª «ì­®© ª®¬¯®­¥­â, ¯®«ãç¨¬ ¤®ª -
§ë¢ ¥¬®¥ à ¢¥­áâ¢®.

�«¥¤áâ¢¨¥ 3.1. � £à áá¬ ­®¢®¬ à áá«®¥­¨¨ Gl(M) ¢¥àâ¨ª «ì­ë¥ á«®¨ ï¢«ïîâáï ¢¯®«­¥
£¥®¤¥§¨ç¥áª¨¬¨ ¯®¤¬­®£®®¡à §¨ï¬¨, ¨§®¬¥âà¨ç­ë¬¨ £à áá¬ ­¨ ­ã.

�®ª § â¥«ìáâ¢®. �®â ä ªâ, çâ® ¢¥àâ¨ª «ì­ë¥ á«®¨ ¢ Gl(M) ï¢«ïîâáï ¢¯®«­¥ £¥®¤¥§¨ç¥-
áª¨¬¨ ¯®¤¬­®£®®¡à §¨ï¬¨, ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â ¨§ ä®à¬ã«ë  ) «¥¬¬ë 3.1, â. ª. ®­  á¢¨¤¥-
â¥«ìáâ¢ã¥â ® à ¢¥­áâ¢¥ ­ã«î ¢â®à®© ®á­®¢­®© ä®à¬ë ¤«ï ¢¥àâ¨ª «ì­ëå á«®¥¢. �§®¬¥âà¨ç­ë
®­¨ £à áá¬ ­¨ ­ã ¯® ®¯à¥¤¥«¥­¨î ¬¥âà¨ª¨ ¢ £à áá¬ ­®¢®¬ à áá«®¥­¨¨.
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�§ à ¢¥­áâ¢  (50) ¢ëâ¥ª ¥â

�«¥¤áâ¢¨¥ 3.2. �¥àâ¨ª «ì­ë¥ «¨äâë ª®á®á¨¬¬¥âà¨ç¥áª¨å â¥­§®à®¢ ï¢«ïîâáï ¢¥àâ¨ª «ì-
­ë¬¨ ¯®«ï¬¨ �¨««¨­£  ¢ ª ¦¤®¬ ¢¥àâ¨ª «ì­®¬ á«®¥.

�à¨¬¥¬ á«¥¤ãîé¨¥ á®£« è¥­¨ï ®¡ ®¡®§­ ç¥­¨ïå. �¥ªâ®à­®¥ ¯®«¥ ­  Gl(M) ¢¨¤ , ¯®¤®¡­®£®
^[fQg; S]v ¨«¨ ^(�(fQg)Y )h, ¯®«ãç ¥âáï â ª. �â® ¢¥àâ¨ª «ì­ë© ¨«¨ £®à¨§®­â «ì­ë© «¨äâ â¥­§®à 
[fQgK ; S] ¨«¨ ¢¥ªâ®à  �(fQgK)Y , ®¯à¥¤¥«¥­­ëå ­  ¬­®¦¥áâ¢¥ â®ç¥ª x 2M , ¢ â®çªã K 2 Gl(M),
K � TxM . �â¬¥â¨¬, çâ® ­¨ [fQg; S], ­¨ �(fQg)Y ­¥ ï¢«ïîâáï ¯®«ï¬¨ ­ M , â. ª. § ¢¨áïâ ®â K. �
íâ®£® ¬®¬¥­â  ¨ ¤® ª®­æ  áâ âì¨ ¢á¥ «¨äâë, ¢¥àâ¨ª «ì­ë© ¨ £®à¨§®­â «ì­ë©, ®áãé¥áâ¢«ïîâáï,
¥á«¨ ­¥ ®£®¢®à¥­® ¨­®¥, ¢ £à áá¬ ­®¢® à áá«®¥­¨¥ ¨ ¢®«­  á¢¥àåã, ª ª ¯à ¢¨«®, ¡ã¤¥â ®¯ãáª âì-
áï. �á«¨ f | ­¥ª®â®à ï äã­ªæ¨ï ­  Gl(M), â® ç¥à¥§ V gr f ¡ã¤¥â ®¡®§­ ç âìáï ¢¥àâ¨ª «ì­ ï
á®áâ ¢«ïîé ï £à ¤¨¥­â  äã­ªæ¨¨ f ­  Gl(M).

�¥¬¬  3.2. �¬¥îâ ¬¥áâ® à ¢¥­áâ¢ 

erTv(�(fSg)Y )h = (�([jSj � fSg; fTg])Y )h �
1
4
(�(fTg)�(fSg)Y )h; (54)

erZh(�(fSg)Y )h = (rZ(�(fSg)Y )h �
1
2
(�(Z ^ �(fSg)Y )v; (55)

erY hV gr eg(Qv; Sv) =
1
4
(�([jQj; fSg] � [fQg; jSj])Y )h � (rY ([jQj; fSg] � [fQg; jSj]))v; (56)

£¤¥ ¢ëà ¦¥­¨ï rY �(fQg)Z ¨ rY ([jQj; fSg]) ®¯à¥¤¥«ïîâáï ä®à¬ã« ¬¨ (58) ¨ (59) á®®â¢¥âáâ¢¥­-
­®.

�®ª § â¥«ìáâ¢®.�«ï ã¤®¡áâ¢  § ¯¨á¨ ®¡®§­ ç¨¬ £®à¨§®­â «ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥ (�(fSg)Y )h

ç¥à¥§ F . �à¨ íâ®¬ �� jK F = �(fSgK)Y | ¢¥ªâ®à ¢ â®çª¥ �(K) ¬­®£®®¡à §¨ï M . � ª ª ª á¢ï§-
­®áâì �¥¢¨-�¥¢¨â  er ­  Gl(M) ¡¥§ ªàãç¥­¨ï, â® erFT

v � erT vF = [F; T v]. �âáî¤ ,   â ª¦¥ ¨§
¬¥âà¨ç­®áâ¨ á¢ï§­®áâ¨ er, ®àâ®£®­ «ì­®áâ¨ £®à¨§®­â «ì­ëå ¨ ¢¥àâ¨ª «ì­ëå ¯®¤¯à®áâà ­áâ¢,
«¥¬¬ë 3.1 ¨ á«¥¤áâ¢¨ï 3.1 ¯®«ãç¨¬

eg([F; T v]; Qv) = eg( erFT
v; Qv)� eg( erTvF;Q

v) =

= eg( erFT
v; Qv) + eg(F; erT vQ

v)� T veg(F;Qv) = eg((rFT )v; Qv):

�­ «®£¨ç­® ­ ©¤¥¬ £®à¨§®­â «ì­ãî á®áâ ¢«ïîéãî áª®¡ª¨ �¨

eg([F; T v]; Xh) = eg( erFT
v;Xh)� eg( erTvF;X

h) = eg( erFT
v;Xh) + eg(F; erT vX

h)� T veg(F;Xh): (57)

�à¥âì¥ á« £ ¥¬®¥ ¢ íâ®© áã¬¬¥ ¯à¥®¡à §ã¥¬ á ¯®¬®éìî «¥¬¬ 2.7 ¨ ¯à¥¤«®¦¥­¨© 1.2 ¡), 1.3  ) ¨
1.6 á«¥¤ãîé¨¬ ®¡à §®¬

� T veg(F;Xh) = �T vg(�(fSg)Y;X) = �T vg(�(fSg);X ^ Y ) =

= �T vg(fSg; f�(X ^ Y g) = �2T veg((�(X ^ Y ))v; Sv) =

= 2eg([fTg; j�(X ^ Y )j]v; Sv) + 2eg([fTg; jSj]v; (�(X ^ Y ))v):

�®á«¥¤­¥¥ à ¢¥­áâ¢® ¯®«ãç¥­® á ¯®¬®éìî ¬¥âà¨ç­®áâ¨ á¢ï§­®áâ¨ er ¨ «¥¬¬ë 3.1  ). �à¨¬¥­ïï
ª ­¥¬ã ¯®á«¥¤®¢ â¥«ì­® «¥¬¬ã 2.7 (46), ¯à¥¤«®¦¥­¨ï 1.6, 1.2 ¡), ¢) ¨ 1.3  ),   â ª¦¥ á«¥¤áâ¢¨¥
1.6, ¯®«ãç¨¬

� T veg(F;Xh) = g([fTg; j�(X ^ Y )j]; fSg) + g(f[fTg; jSj]g; �(X ^ Y )) =

= g(�(f[fTg; jSj]g)Y;X) + g([fTg; j�(X ^ Y )j]; fSg) = g(�([fTg; jSj])Y;X) �

� g([fTg; fSg]; �(X ^ Y )) = g(�([fTg; jSj])Y;X) � g(�([fTg; fSg])Y;X) =

= eg((�([fSg � jSj; fTg])Y )h;Xh):
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�â®à®¥ á« £ ¥¬®¥ ¨§ ä®à¬ã«ë (57) ¤«ï £®à¨§®­â «ì­®© ª®¬¯®­¥­âë áª®¡ª¨ �¨ ¤®¯ãáª ¥â ¯à¥-
®¡à §®¢ ­¨¥ á ¯®á«¥¤®¢ â¥«ì­ë¬ ¨á¯®«ì§®¢ ­¨¥¬ «¥¬¬ 3.1 ¡) ¨ 2.7, ®¯à¥¤¥«¥­¨ï ¢¥ªâ®à­®£®
¯®«ï F ,   â ª¦¥ ª®á®á¨¬¬¥âà¨ç­®áâ¨ â¥­§®à  �(fTg)

eg(F; erT vX
h) = �

1
4
eg(F; (�(fTg)X)h) =

1
4
g(�(fTg)�(fSg)Y;X) =

1
4
eg((�(fTg)�(fSg)Y )h;Xh):

�®¤áâ ¢«ïï ¯®«ãç¥­­ë¥ à ¢¥­áâ¢  ¢ ä®à¬ã«ã (57) ¤«ï ¢ëç¨á«¥­¨ï £®à¨§®­â «ì­®© á®áâ ¢«ï-
îé¥© áª®¡ª¨ �¨ ¨ ¯®«ì§ãïáì «¥¬¬®© 3.1 ¢), ¯à¨¬¥­¥­¨¥ ª®â®à®© ¤®¯ãáâ¨¬® ¢ ¤ ­­®¬ á«ãç ¥,
â. ª. ª®¢ à¨ ­â­ ï ¯à®¨§¢®¤­ ï § ¢¨á¨â ®â §­ ç¥­¨ï ¯®«ï, ¯® ª®â®à®¬ã ®áãé¥áâ¢«ï¥âáï ¤¨ää¥-
à¥­æ¨à®¢ ­¨¥, â®«ìª® ¢ â®çª¥, ¡ã¤¥¬ ¨¬¥âì

eg([F; T v]; Xh) = eg( erFT
v; Xh) +

1
4
eg((�(fTg)�(fSg)Y )h;Xh) +

+ eg((�([fSg � jSj; fTg]Y )h;Xh) = eg((�([fSg � jSj; fTg]Y )h;Xh):

�¡ê¥¤¨­ïï à¥§ã«ìâ âë ¢ëç¨á«¥­¨© ¢¥àâ¨ª «ì­®© ¨ £®à¨§®­â «ì­®© ª®¬¯®­¥­â áª®¡ª¨ �¨, ¯®-
«ãç¨¬

[F; T v]� = �([fSg � jSj; fTg])Y )h + (rFT )
v:

�®£¤  ¨§ ®âáãâáâ¢¨ï ªàãç¥­¨ï ã er ¯®á«¥ ¯à¨¬¥­¥­¨ï «¥¬¬ë 3.1 ¢), ¯®«ãç ¥¬ ¤®ª §ë¢ ¥¬®¥
à ¢¥­áâ¢® (54).

�®ª ¦¥¬ ä®à¬ã«ã (55). �«ï íâ®£® ­ ©¤¥¬ ¢¥àâ¨ª «ì­ãî ª®¬¯®­¥­âã ¨­â¥à¥áãîé¥© ­ á ª®-
¢ à¨ ­â­®© ¯à®¨§¢®¤­®© á ¨á¯®«ì§®¢ ­¨¥¬ à¥§ã«ìâ â®¢ x x 1, 2,   â ª¦¥ «¥¬¬ë 3.1 ¨ ®¯à¥¤¥«¥­¨ï
¢¥ªâ®à­®£® ¯®«ï F

eg( erZhF;Q
v) = Zh

eg(F;Qv)� eg(F; erZhQ
v) =

1
4
eg(F; (�(fQg)Z)h) =

=
1
4
g(�(fQg)�(fSg)Y ^ Z) =

1
4
g(fQg; f�(�(fSg))Y ^ Zg) =

1
2
eg(Qv; (�(�(fSg)Y ^ Z))v):

�®¤®¡­ë¬ ®¡à §®¬ ¢ëç¨á«¨¬ â¥¯¥àì £®à¨§®­â «ì­ãî ª®¬¯®­¥­âã

eg( erZhF;X
h) = Zh

eg(F;Xh)� eg(F; erZhX
h) =

= Zhg(��F;X)� g(��F;rZX) = Zhg(�(fSg);X ^ Y )�

� g(�(fSg);rZX ^ Y ) = Zhg(fSg; �(X ^ Y ))� g(fSg; �(rZX ^ Y )) =

= 2Zh
eg(Sv; �(X ^ Y )v)� 2eg(Sv; �(rZX ^ Y )v) = 2eg( erZhS

v; �(X ^ Y )v) +

+ 2eg(Sv; erZh�(X ^ Y )v)� 2eg(Sv; (�(rZX ^ Y ))v) =) � � �

� ª ª ª rZ�(X ^ Y ) = (rZ�)(X ^ Y ) + �(rZX ^ Y ) + �(X ^ rZY ) ¨ rZ� | á ¬®á®¯àï¦¥­­ë©
®¯¥à â®à ­  ¯à®áâà ­áâ¢¥ ¡¨¢¥ªâ®à®¢, â® ¯®á«¥¤­¥¥ à ¢¥­áâ¢® ¬®¦­® ¯à®¤®«¦¨âì

=) � � � = g(frZSg; �(X ^ Y )) + g(fSg;rZ�(X ^ Y ))� g(fSg; �(rZX ^ Y )) =

= g(frZSg; �(X ^ Y )) + g(fSg; (rZ�)(X ^ Y ) + �(X ^rZY )) =

= g(�(frZSg);X ^ Y ) + g((rZ�)(fSg);X ^ Y ) +

+ g(�(fSg);X ^rZY ) = g(�(frZSg)Y;X) + g((rZ�)(fSg)Y;X) +

+ g(�(fSg)rZY;X) = eg((rZ�(fSg)Y )
h;Xh):

�®áª®«ìªã �(fSg)Y ­¥ ï¢«ï¥âáï ¢¥ªâ®à­ë¬ ¯®«¥¬ ­  ¡ §®¢®¬ ¬­®£®®¡à §¨¨ (â. ª. ¯à¨áãâáâ¢ã¥â
f�g), â® à ¢¥­áâ¢®

(rZ�(fSg)Y )� = (rZ�)(fSg�)Y + �(frZSg)�Y + �(fSg)rZY; (58)
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¨á¯®«ì§®¢ ­­®¥ ¢ ¯®á«¥¤­¥¬ ¢ëà ¦¥­¨¨, ­ã¦­® ¯®­¨¬ âì, ª ª, å®âï ¨ ¥áâ¥áâ¢¥­­®¥, ­® ®¯à¥¤¥-
«¥­¨¥. �ç¨âë¢ ï ¢ëà ¦¥­¨ï ¤«ï ¢¥àâ¨ª «ì­®© ¨ £®à¨§®­â «ì­®© ª®¬¯®­¥­â, ¯®«ãç¨¬ à ¢¥­áâ¢®
(55).

�®ª ¦¥¬ ¯®á«¥¤­¥¥ à ¢¥­áâ¢® (56) «¥¬¬ë. �¡®§­ ç¨¬W = V gr eg(Qv; Sv). �®á¯®«ì§®¢ ¢è¨áì
¬¥âà¨ç­®áâìî à¨¬ ­®¢®© á¢ï§­®áâ¨ er, ®¯à¥¤¥«¥­¨¥¬ £à ¤¨¥­â  ¨ «¥¬¬ ¬¨ 2.6 ¡) ¨ 3.1  ), ¢),
¯®«ãç¨¬

eg( erY hW;T v) = Y h
eg(W;T v)� eg(W; erY hT v) = Y h

eg(W;T v)� eg(W; (rY T )
v) =

= Y hT veg(Qv; Sv)� (rY T )
v
eg(Qv; Sv) = Y hT veg(Qv; Sv)� [Y h; T v]eg(Qv; Sv) =

= T v(eg( erY hQv; Sv) + eg(Qv; erY hSv)) = eg( erTv(rYQ)v; Sv) + eg((rYQ)v;

erTvS
v) + eg( erTvQ

v; (rY S)
v) + eg(Qv; erT v(rY S)

v) = �eg([fTg;rYQ]
v; Sv)�

� eg((rYQ)
v; [fTg; S]v)� eg([fTg; Q]v; (rY S)

v)� eg(Qv; [fTg;rY S]
v):

�®âï â¥­§®à [jQjK ; fSgK ] ­  M ¢ â®çª¥ x ¯à¨ªà¥¯«¥­¨ï ¯®¤¯à®áâà ­áâ¢  K ¨ ®¯à¥¤¥«¥­ ¯à¨
ª ¦¤®¬ K, ®¤­ ª® íâ® ¢ëà ¦¥­¨¥ ­¥ ï¢«ï¥âáï â¥­§®à­ë¬ ¯®«¥¬ ­  M . �áâ¥áâ¢¥­­® ®¤­ ª®
¯®«®¦¨âì ¯® ®¯à¥¤¥«¥­¨î

(rY [jQj; fSg])� = [jrYQj�; fSg�] + [jQj�; frY Sg�]: (59)

�á¯®«ì§ãï ¯®«ãç¥­­®¥ ¢ëè¥ ¨ à¥§ã«ìâ âë x x 1, 2, ¯®á«¥ ¯à¥®¡à §®¢ ­¨ï ­ ©¤¥¬

eg( erY hW;T v) = �
1
2
(�g(fTg; [fSg; jrY Qj])� g([frYQg; jSj]; fTg) �

� g(fTg; [frY Sg; jQj]) � g([fQg; jrY Sj]; fTg)) =
1
2
g(rY ([fSg; jQj] + [fQg; jSj]); fTg):

�â® ¢ëà ¦¥­¨¥ ¤®ª §ë¢ ¥â ¢ë¯®«­¥­¨¥ à ¢¥­áâ¢  (56) ¯® ¢¥àâ¨ª «ì­®© ª®¬¯®­¥­â¥ ¨ ®áâ ¥âáï
¤®ª § âì ¥£® ¯® £®à¨§®­â «ì­®© ª®¬¯®­¥­â¥. �®á«¥¤®¢ â¥«ì­® ¯à¨¬¥­ïï ¬¥âà¨ç­®áâì á¢ï§­®-
áâ¨, «¥¬¬ã 3.1 £), ®¯à¥¤¥«¥­¨¥ £à ¤¨¥­â  äã­ªæ¨¨ ­  à¨¬ ­®¢®¬ ¬­®£®®¡à §¨¨, «¥¬¬ã 3.1  ) ¨
à¥§ã«ìâ âë x x 1, 2, ¯®«ãç¨¬ æ¥¯®çªã à ¢¥­áâ¢

eg( erY hW;Xh) =
1
2
eg(W;�(Y ^X)v) =

1
2
�(Y ^X)veg(Qv; Sv) =

= �
1
2
(eg([f�(Y ^X)g; Q]v; Sv) + eg(Qv; [f�(Y ^X)g; S]v)) =

= �
1
4
(g([f�(Y ^X)g; jQj]; fSg) + g(fQg; [f�(Y ^X)g; jSj])) =

=
1
4
(g(f�(Y ^X)g; [fSg; jQj]) + g([fQg; jSj]; f�(Y ^X)g)) =

= �
1
4
g(�([fSg; jQj] + [fQg; jSj])Y;X) =

1
4
eg((�([jQj; fSg] � [fQg; jSj])Y )h;Xh):

�â ª, ä®à¬ã«  (56) ¨ «¥¬¬  3.2 ¤®ª § ­ë.

�«¥¤ãîé¥¥ ¯à¥¤«®¦¥­¨¥ ¯®«­®áâìî ®¯à¥¤¥«ï¥â ªà¨¢¨§­ã ¢ £à áá¬ ­®¢®¬ à áá«®¥­¨¨, â. ª.
¢¥àâ¨ª «ì­ë¥ ¨ £®à¨§®­â «ì­ë¥ «¨äâë ®¯à¥¤¥«ïîâ á¨áâ¥¬ã ®¡à §ãîé¨å ¢¥ªâ®à®¢ ¢ ª ¦¤®©
â®çª¥ £à áá¬ ­®¢  à áá«®¥­¨ï.

�¥®à¥¬  3.1. �«ï ªà¨¢¨§­ë eR £à áá¬ ­®¢  à áá«®¥­¨ï, ¢ëç¨á«¥­­®© ¢ â®çª¥ � ¨§ Gl(M),
¨¬¥îâ ¬¥áâ® à ¢¥­áâ¢ 

 ) eR(Qv; Sv)T v =� [[fQg; fSg]; fTg]v;

¡) eR(Qv; Sv)Zh =�
1
2
(�([fQg; fSg])Z)h +

1
16
([�(fQg); �(fSg)]Z)h;
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¢) eR(Qv; Y h)Sv =�
1
4
(�([fQg; fSg])Y )h +

1
16
(�(fQg); �(fSg)Y )h;

£) eR(Xh; Y h)Zh =(R(X;Y )Z)h �
1
8
(�(f�(Z ^ Y )g)X � �(f�(Z ^X)g)Y )h �

�
1
4
(�(f�(X ^ Y )g)Z)h +

1
2
(rZR)(X;Y )

v;

¤) eR(Qv; Y h)Zh =
1
4
((rY �)(fQg)Z)

h +
1
2
[fQg; �(Y ^ Z)]v �

1
8
(�(Y ^ �(fQg)Z))v;

¥) eR(Xh; Y h)Qv =�
1
4
((rX�)(fQg)Y � (rY �)(fQg)X)

h �

�
1
8
(�([X ^ Y; �(fQg)]))v + [j�(X ^ Y )j; fQg]v:

�®ª § â¥«ìáâ¢®. �¥­§®à ªà¨¢¨§­ë ®¯à¥¤¥«ï¥âáï ç¥à¥§ ª®¢ à¨ ­â­ãî ¯à®¨§¢®¤­ãî ¯® ä®à-
¬ã«¥

R(X;Y )Z = rXrYZ �rYrXZ �r[X;Y ]Z: (60)

 ) �®à¬ã«  (53) á ãç¥â®¬ ä®à¬ã«ë (51) § ¯¨è¥âáï ¢ ¢¨¤¥ 2eg( erQvSv; T v) = �eg([Q;S]v; T v)�
T veg(Qv; Sv) ¨«¨, ãç¨âë¢ ï ¢¯®«­¥ £¥®¤¥§¨ç­®áâì ¢¥àâ¨ª «ì­ëå á«®¥¢, ¨¬¥¥¬

erQvSv = �
1
2
([Q;S]v + V gr eg(Qv; Sv)): (61)

�®«ì§ãïáì ¬¥âà¨ç­®áâìî á¢ï§­®áâ¨ er, ®¯à¥¤¥«¥­¨¥¬ £à ¤¨¥­â  ¨ «¥¬¬®© 3.1  ), ¯à®¤¥« ¥¬
¯à¥®¡à §®¢ ­¨ï

eg( erT vV gr eg(Qv; Sv); P v) = T vP v
eg(Qv; Sv)� ( erT vP

v)eg(Qv; Sv) =

= T vP v
eg(Qv; Sv) + [fTg; jP j]veg(Qv; Sv):

�à®¤®«¦¨¬ íâ® à ¢¥­áâ¢®, ¯à¨¬¥­¨¢ ª ¯¥à¢®¬ã á« £ ¥¬®¬ã ä®à¬ã«ã (51) ¤¢ ¦¤ë,   ª® ¢â®à®¬ã
| ®¤¨­ à §,   â ª¦¥ ­¥®¤­®ªà â­® ¨á¯®«ì§ã¥¬ «¥¬¬ã 2.7 (46), ¯à¥¤«®¦¥­¨ï 1.2 ¢) ¨ 1.6.

eg( erT vV gr eg(Qv; Sv); P v) = �T v(eg([P;Q]v; Sv) + eg(Qv; [P; S]v)�

� eg(Sv; [[fTg; jP j]; Q]v)� eg(Qv; [[fTg; jP j]; S]v) =

= eg([T; [P;Q]]v; Sv) + eg([P;Q]v; [T; S]v) + eg([T;Q]v; [P; S]v) +

+ eg(Qv; [T; [P; S]]v)�
1
2
g([[fTg; jP j]; jQj]; fSg) �

1
2
g(fQg; [[fTg; jP j]; jSj]) =

= �
1
2
(g([P;Q]; [T; fSg]) + g(P; [f[T; S]g; Q]) + g([f[T;Q]g; S]; P ) �

� g([[T; fQg]; S]; P ) + g(jP j; [fTg; [fSg; jQj]] + [fTg; [fQg; jSj]]) =

=
1
2
g(P; [[T; fSg]; Q] � [f[T; S]g; Q] � [f[T;Q]g; S] + [[T; fQg]; S]) �

�
1
2
g(jP j; [fTg; [fSg; jQj] + [fQg; jSj]]) = �

1
2
g(fPg; [[fTg; jSj]; jQj]) +

+
1
2
g(fPg; [[fTg; fSg]; fQg] + [[fTg; fQg]; fSg] � [[fTg; jQj]; jSj] :

�à¨ ¯®«ãç¥­¨¨ ¯®á«¥¤­¥£® à ¢¥­áâ¢  ¯à¨¬¥­ï«®áì á«¥¤áâ¢¨¥ 1.5, ¯à¥¤«®¦¥­¨¥ 1.5 ¨ â®¦¤¥áâ¢®
�ª®¡¨. �¥à¢®¥ ¨§ ­¨¦¥á«¥¤ãîé¨å à ¢¥­áâ¢ ®á­®¢ ­® ­  ¢ëà ¦¥­¨¨, § ¯¨á ­­®¬ ¢ëè¥, ¨ ­  â®¬,
çâ® ¢¥àâ¨ª «ì­ë¥ á«®¨ ¢¯®«­¥ £¥®¤¥§¨ç¥áª¨¥. �â®à®¥ à ¢¥­áâ¢® á«¥¤ã¥â ¨§ ¯¥à¢®£®, ä®à¬ã«ë
(61) ¨ «¥¬¬ë 3.1  )

erTvV gr eg(Qv; Sv) = [[fTg; fSg]; fQg]v + [[fTg; fQg]; fSg]v � [[fTg; jSj]; jQj]v � [[fTg; jQj]; jSj]v;
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erTv
erQvSv =

1
2
[fTg; j[Q;S]j]v +

1
2
[[fTg; jSj]; jQj]v +

1
2
[f[fTg; jQj]g; jSj]v �

�
1
2
[[fTg; fSg]; fQg]v �

1
2
[[fTg; fQg]; fSg]v:

�à¨¬¥­ïï ¯®á«¥¤­îî ¨§ ¯®«ãç¥­­ëå ä®à¬ã« ¨ «¥¬¬ã 2.6  ) ¢ ¢ëà ¦¥­¨¨ (60), ¯®á«¥ ¯à¨¢¥¤¥­¨ï
¯®¤®¡­ëå § ¯¨è¥¬

eR(T v; Qv)Sv =
1
2
[fTg; j[Q;S]j]v �

1
2
[fQg; j[T; S]j]v � [[fTg; fQg]; fSg]v +

+
1
2
[[fTg; jQj]; jSj]v � [[fQg; jT j]; jSj]v � [f[T;Q]g; jSj]v:

�®á«¥ ¯à¨¬¥­¥­¨ï ¯à¥¤«®¦¥­¨ï 1.5 ¯à¨å®¤¨¬ ª ¤®ª §ë¢ ¥¬®¬ã à ¢¥­áâ¢ã  ).
¡) �§ «¥¬¬ 3.1, 3.2 (54) ¨ 2.6  ) ¯®«ãç ¥¬ ¤¢  à ¢¥­áâ¢ 

erQv
erSvZ

h = �
1
4
(�([jSj � fSg; fQg])Z)h +

1
16
(�(fQg)�(fSg)Z)h;

er[Qv;Sv ]Z
h = � er[Q;S]vZ

h =
1
4
(�(f[Q;S]g)Z)h:

�® ä®à¬ã«¥ (60) ¢ëç¨á«¨¬ â¥¯¥àì

eR(Qv; Sv)Zh = �
1
4
(�([jSj � fSg; fQg] � [jQj � fQg; fSg] + f[Q;S]g)Z)h +

+
1
16
([�(fQg); �(fSg)]Z)h:

�®á«¥ ¯à¨¬¥­¥­¨ï ¯à¥¤«®¦¥­¨ï 1.5 ¡) ¯®«ãç¨¬ ¯à ¢ãî ç áâì à ¢¥­áâ¢  ¡).
¢) �à¨¬¥­ïï ¯®á«¥¤®¢ â¥«ì­® «¥¬¬ë 3.1 ¢), 3.2 (54) ¨ á­®¢  3.1  ), ¯®«ãç¨¬

erQv
erY hSv = erQv(�

1
4
(�(fSg)Y )h + (rY S)

v) =

= �
1
4
(�([jSj � fSg; fQg])Y )h +

1
16
(�(fQg)�(fSg)Y )h � [fQg; jrY Sj]

v: (62)

�®à¬ã«ë (51) ¨ (53) ¯à¨¢®¤ïâ ª à ¢¥­áâ¢ã 2eg( erQvSv; T v) = �eg([Q;S]v; T v) � T veg(Qv; Sv),  
¯®á«¥¤­¥¥ à ¢¥­áâ¢® á ãç¥â®¬ á«¥¤áâ¢¨ï 3.1 íª¢¨¢ «¥­â­® â®¬ã, çâ® erQvSv = �([Q;S]v +
V gr eg(Qv; Sv))=2. �§ ¯®á«¥¤­¥© ä®à¬ã«ë,   â ª¦¥ ¨§ «¥¬¬ 3.1 ¢) ¨ 3.2 (56) á«¥¤ã¥â

erY h
erQvSv =

1
8
(�(f[Q;S]g)Y )h �

1
2
(rY [Q;S])

v �

�
1
8
(�([jQj; fSg] � [fQg; jSj])Y )h +

1
2
(rY ([jQj; fSg] � [fQg; jSj]))v: (63)

�à¨¬¥­ïï ¦¥ «¥¬¬ë 2.6 ¡) ¨ 3.1  ), ­ ©¤¥¬

er[Qv;Y h]S
v = � er(rY Q)vS

v = [frYQg; jSj]
v: (64)

�®¤áâ ¢«ïï ¢ ¢ëà ¦¥­¨¥ ¤«ï ªà¨¢¨§­ë (60) ä®à¬ã«ë (62), (63), (64), ¯à®¢¥¤¥¬ ¢ëç¨á«¥­¨ï á
¯à¨¬¥­¥­¨¥¬ ¯à¥¤«®¦¥­¨© 1.3 £), 1.5 ¡), 2.3 ¨ à ¢¥­áâ¢  (59). �®£¤  ¯®«ãç¨¬

eR(Qv; Y h)Sv = (�[fQg; jrY Sj] +
1
2
([frYQg; jSj] + [jrYQj; fSg] +

+ [fQg; jrY Sj] + [jQj; frY Sg])�
1
2
([jrYQj; fSg] + [jQj; frY Sg]�

� [frYQg; jSj] � [fQg; jrY Sj]) � [frYQg; jSj])
v +
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+ (�(�
1
4
[jSj; fQg] +

1
4
[fSg; fQg] �

1
8
[fQg; jSj] �

1
8
[fQg; jSj])Y )h +

+
1
16
(�(fQg)�(fSg)Y )h = �

1
4
(�([fQg; fSg])Y )h +

1
16
(�(fQg)�(fSg)Y )h

¨ à ¢¥­áâ¢® (¢) ¤®ª § ­®.
£) �§ «¥¬¬ë 3.1 £), ¢)

erXh
erY hZh = erXh(rY Z)

h �
1
2
(�(Y ^ Z)v) = (rXrYZ)

h �

�
1
2
(R(X;rY Z))

v +
1
8
(�(f�(Y ^ Z)g)X)h �

1
2
(rX�(Y ^ Z))v; (65)

  â ª¦¥ ¨§ «¥¬¬ë 2.6 ¢) ¨ «¥¬¬ë 3.1 £), ¡) ¯®«ãç¨¬

er[Xh;Y h]Z
h = (r[X;Y ]Z)

h �
1
2
(R([X;Y ]; Z))v +

1
4
(�(f�(X ^ Y )g)Z)h: (66)

�à¨¬¥­ïï (65) ¨ (66) ¤«ï ¢ëç¨á«¥­¨ï ªà¨¢¨§­ë ¯® ä®à¬ã«¥ (60), ¡ã¤¥¬ ¨¬¥âì

eR(Xh; Y h)Zh = (R(X;Y )Z)h �
1
8
(�(f�(Z ^ Y )g)X � �(f�(Z ^X)g)Y )h �

�
1
4
(�(f�(X ^ Y )g)Z)h +

1
2
(R(Y;rXZ)�R(X;rY Z) + (rYR)(X;Z))v +

+ (R(rYX;Z) +R(X;rY Z)� (rXR)(Y;Z)�R(rXY;Z)�R(Y;rXZ))
v � (R([X;Y ]; Z))v:

� ¯®á«¥¤­¥¬ ¢ëà ¦¥­¨¨ ªà®¬¥ â®£®, çâ® ¯à®¨§¢¥¤¥­  ¯¥à¥£àã¯¯¨à®¢ª  á« £ ¥¬ëå ¨§ (65) ¨ (66),
ª®¢ à¨ ­â­® ¯à®¤¨ää¥à¥­æ¨à®¢ ­ë ¯®á«¥¤­¨¥ á« £ ¥¬ë¥ ¨§ (65) ¨  ­ «®£¨ç­®¥ á« £ ¥¬®¥ ¨§
� erY h

erXhZh. � ª ª ª à¨¬ ­®¢  á¢ï§­®áâì ­¥ ¨¬¥¥â ªàãç¥­¨ï, â® ¯®á«¥ ¯à¨¢¥¤¥­¨ï ¯®¤®¡­ëå ¢
¯®á«¥¤­¥¬ à ¢¥­áâ¢¥ ¨ ¯à¨¬¥­¥­¨ï ¢â®à®£® â®¦¤¥áâ¢  �ìï­ª¨ ª ¡ §®¢®¬ã ¬­®£®®¡à §¨î ¯à¨å®-
¤¨¬ ª ¤®ª §ë¢ ¥¬®¬ã ¢ëà ¦¥­¨î £).

¤) �®âï ¯®á«¥¤­¨¥ ¤¢  ¢ëà ¦¥­¨ï ¬®¦­® ­¥¯®áà¥¤áâ¢¥­­® ¢ëç¨á«¨âì á ¨á¯®«ì§®¢ ­¨¥¬
«¥¬¬ 2.6, 3.1 ¨ 3.2  ­ «®£¨ç­® â®¬ã, ª ª íâ® ¡ë«® á¤¥« ­® ¤«ï ¢ëà ¦¥­¨©  ){£), ®¤­ ª® ¯à®é¥
¯®«ãç¨âì ¨å ª ª á«¥¤áâ¢¨ï  «£¥¡à ¨ç¥áª¨å á¢®©áâ¢ â¥­§®à  ªà¨¢¨§­ë eR. �¥àâ¨ª «ì­ ï ª®¬¯®-
­¥­â  ¢ ¤) ®¯à¥¤¥«ï¥âáï à ¢¥­áâ¢®¬ eg( eR(Qv; Y h)Zh; Sv) = �eg( eR(Qv; Y h)Sv; Zh) ¨ ¢ëà ¦¥­¨¥¬
¢), ¨§ ª®¨å á«¥¤ã¥â, çâ®

eg( eR(Qv; Y h)Zh; Sv) =
1
4
eg((�([fQg; fSg])Y )h; Zh)�

1
16
eg((�(fQg)�(fSg)Y )h; Zh) =

=
1
4
g(�([fQg; fSg]; Z ^ Y )) +

1
16
g(�(fSg)Y; �(fQg)Z) =

=
1
4
g([fQg; fSg]; �(Z ^ Y )) +

1
16
g(�(fSg); �(fQg)Z ^ Y ) =

= �
1
4
g(fSg; [fQg; �(Z ^ Y )]) +

1
16
g(fSg; �(�(fQg)Z ^ Y )) =

= eg(�
1
2
[fQg; �(Z ^ Y )]v +

1
8
(�(�(fQg)Z ^ Y ))v; Sv):

�®á«¥¤­¥¥ ¢ëà ¦¥­¨¥, ¯®«ãç¥­­®¥ ¯à¥®¡à §®¢ ­¨¥¬, ®á­®¢ ­­ë¬ ­  à¥§ã«ìâ â å ¯¥à¢ëå ¤¢ãå
¯ à £à ä®¢, ®¯à¥¤¥«ï¥â ¢¥àâ¨ª «ì­ãî á®áâ ¢«ïîéãî ¢ à ¢¥­áâ¢¥ ¤). � ©¤¥¬ £®à¨§®­â «ì­ãî
á®áâ ¢«ïîéãî ¤«ï eR(Qv; Y h)Zh. � ª ª ª

eg( eR(Qv; Y h)Zh; Xh) = eg( eR(Xh; Zh)Y h; Qv) =
1
2
eg(((rYR)(X;Z))

v; Qv) =

=
1
4
g((rYR)(X;Z); fQg) =

1
4
g(X ^ Z; (rY �)(fQg)) =

1
4
g((rY �)(fQg)Z;X)
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(§¤¥áì ¨á¯®«ì§®¢ ­® à ¢¥­áâ¢® £), «¥¬¬  2.7 (46), ¯à¥¤«®¦¥­¨¥ 1.3 ¡) ¨ ¯à¥¤«®¦¥­¨¥ 1.2 ¡)), â®
¯®á«¥¤­¥¥ ¢ëà ¦¥­¨¥ á®¢¬¥áâ­® á ¢ëç¨á«¥­­®© ¢ëè¥ ¢¥àâ¨ª «ì­®© á®áâ ¢«ïîé¥© ¨ ¤®ª §ë¢ ¥â
à ¢¥­áâ¢® ¤).

¥) �®ª ¦¥¬ ¯®á«¥¤­¥¥ à ¢¥­áâ¢®. �  ®á­®¢ ­¨¨ ã¦¥ ¤®ª § ­­®£® ¯. £), à¥§ã«ìâ â®¢ x x 1, 2 ¨
¢â®à®£® â®¦¤¥áâ¢  �ìï­ª¨ ¯®«ãç¨¬

eg( eR(Xh; Y h)Qv; Zh) = �eg( eR(Xh; Y h)Zh; Qv) = �
1
2
eg(((rZR)(X;Y ))v; Qv) =

= �
1
4
g((rZR)(X;Y ); fQg) =

1
4
g((rXR)(Y;Z) + (rYR)(Z;X); fQg) =

=
1
4
g(Y ^ Z; (rX�)(fQg)) +

1
4
g(Z ^X; (rY �)(fQg)) =

= �
1
4
g((rX�)(fQg)Y;Z) +

1
4
g((rY �)(fQg)X;Z):

�«ï ®¯à¥¤¥«¥­¨ï ¦¥ ¢¥àâ¨ª «ì­®© á®áâ ¢«ïîé¥© ¢ëç¨á«¨¬

eg( eR(Xh; Y h)Qv; Sv) = eg( eR(Qv; Sv)Xh; Y h) =

= �
1
2
eg((�([fQg; fSg])X)h; Y h) +

1
16
eg(([�(fQg); �(fSg)]X)h; Y h) =

=
1
2
g(�([fQg; fSg]);X ^ Y )�

1
16
g([�(fQg); �(fSg)];X ^ Y ) =

=
1
2
g(�(X ^ Y ); [fQg; fSg]) +

1
16
g([�(fQg);X ^ Y ]; �(fSg)) =

= �
1
2
g([fQg; �(X ^ Y )]; fSg) +

1
16
g(�([�(fQg);X ^ Y ]); fSg) =

= �eg([fQg; �(X ^ Y )]v; Sv) +
1
8
eg((�([�(fQg);X ^ Y ]))v; Sv):

� ¯®«ãç¥­¨¨ ¯®á«¥¤­¥£® ¢ëà ¦¥­¨ï ¯à¨¬¥­ï«¨áì:  «£¥¡à ¨ç¥áª®¥ á¢®©áâ¢® eR, ã¦¥ ¤®ª § ­­®¥
¢ëà ¦¥­¨¥ ¯. ¡), «¥¬¬  2.7 (48), (50), ¯à¥¤«®¦¥­¨ï 1.2 ¡), ¢) ¨ 1.3  ). �§ ¢ëà ¦¥­¨©, ¯®«ã-
ç¥­­ëå ¤«ï £®à¨§®­â «ì­®© ¨ ¢¥àâ¨ª «ì­®© á®áâ ¢«ïîé¨å, á ãç¥â®¬ á«¥¤áâ¢¨ï 1.6 ¯à¨¤¥¬ ª
à ¢¥­áâ¢ã ¥).

� ¬¥ç ­¨¥. �®à¬ã«  ¯.  ) ¥áâì ¯® áãâ¨ ¨§¢¥áâ­ ï ä®à¬ã«  ¤«ï ªà¨¢¨§­ë £à áá¬ ­¨ ­ , çâ®
¨ á«¥¤®¢ «® ®¦¨¤ âì, â ª ª ª à ­¥¥ ¡ë«® ¯®ª § ­®, çâ® ¢¥àâ¨ª «ì­ë¥ á«®¨ ï¢«ïîâáï ¢¯®«­¥
£¥®¤¥§¨ç¥áª¨¬¨ ¯®¤¬­®£®®¡à §¨ï¬¨.

�«¥¤áâ¢¨¥ 3.3. �ãáâì X, Y | ¢¥ªâ®àë,   Q, S | ª®á®á¨¬¬¥âà¨ç¥áª¨¥ â¥­§®àë ¢ â®çª¥ x
¬­®£®®¡à §¨ï M . �®£¤  ¤«ï á¥ªæ¨®­­®© ªà¨¢¨§­ë Gl(M) ¢ â®çª¥ � ­ ¤ x ¨¬¥îâ ¬¥áâ® ¢ëà -
¦¥­¨ï

 ) fK(Qv ^ Sv) = 2
k[fQg; fSg]k2

kfQgk2kfSgk2 � g(fQg; fSg)2
;

¡) fK(Qv ^ Y h) =
1
8
k�(fQg)Y k2

kY k2kfQgk2
;

¢) fK(Xh ^ Y h) = K(X ^ Y )�
3kf�(X ^ Y )gk2

8kXk2kY k2 � g(X;Y )2
:

� ¯à ¢ëå ç áâïå ¯à¨¢¥¤¥­­ëå à ¢¥­áâ¢ ¢á¥ ­®à¬ë ¡¥àãâáï ¤«ï ¬¥âà¨ª¨ g ¡ §®¢®£® ¬­®£®®¡à -
§¨ï M .

�®¦­® ¯®ª § âì, å®âï íâ® ¨ ¤®áâ â®ç­® £à®¬®§¤ª®, çâ® ä®à¬ã«ë, ¯®«ãç¥­­ë¥ ¢ â¥®à¥¬¥ 3.1
¯à¨ l = 1, â. ¥. ¢ á«ãç ¥ ¯à®¥ªâ¨¢­®£® à áá«®¥­¨ï, ¯¥à¥å®¤ïâ ¢  ­ «®£¨ç­ë¥ ä®à¬ã«ë ¨§ [5] ¤«ï
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¥áâ¥áâ¢¥­­®© «®ª «ì­®© ¨§®¬¥âà¨¨ áä¥à¨ç¥áª®£® à áá«®¥­¨ï ¢ ¯à®¥ªâ¨¢­®¥ ­ ¤ ®¤­¨¬ ¨ â¥¬ ¦¥
¡ §®¢ë¬ à¨¬ ­®¢ë¬ ¬­®£®®¡à §¨¥¬.
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