
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

2002 ���������� ò 11 (486)

��� 514.76

�.�. ����������

������� � ����� � �������� ������������� ��������

�� ��������� �������������

� à ¡®â¥ à áá¬ âà¨¢ ¥âáï â¥®à¥¬  ® è«ï¯¥, ¯®§¢®«ïîé ï ¯à®¨§¢®¤¨âì ¨§£¨¡ ­¨¥ ¯®¤à áá«®-
¥­¨ï ¢ £« ¢­®¬ G-à áá«®¥­¨¨ ­ ¤ ¤¨ää¥à¥­æ¨àã¥¬ë¬ ¬­®£®®¡à §¨¥¬. � «¥¥ á ¨á¯®«ì§®¢ ­¨¥¬
à ­¥¥ ¢¢¥¤¥­­®£®  ¢â®à®¬ ¯®­ïâ¨ï ¢â®à®£® äã­¤ ¬¥­â «ì­®£® â¥­§®à­®£® ¯®«ï G-áâàãªâãàë ­ 
à¨¬ ­®¢®¬ ¬­®£®®¡à §¨¨ ¨§ãç îâáï ¢®¯à®áë ª« áá¨ä¨ª æ¨¨ â ª¨å áâàãªâãà. �®«ãç¥­ë â¥®à¥-
¬  ®¡ \ «£¥¡à ¨§ æ¨¨" ¯à®¡«¥¬ë ª« áá¨ä¨ª æ¨¨,   â ª¦¥ ¯à¨¬¥à ¯®çâ¨ íà¬¨â®¢®© áâàãªâãàë,
¯à¨­ ¤«¥¦ é¥© à §­ë¬ ª« áá ¬ ¢ à §­ëå â®çª å ¬­®£®®¡à §¨ï.

1. �¥®à¥¬  ® è«ï¯¥ ¨ ¨§£¨¡ ­¨¥ ¯®¤à áá«®¥­¨ï ¢ £« ¢­®¬ G-à áá«®¥­¨¨

1�. �ãáâì M | á¢ï§­®¥ ¬­®£®®¡à §¨¥, P (M;G; �) | £« ¢­®¥ à áá«®¥­¨¥ ­ ¤ M . �  ¬­®£®-
®¡à §¨¨ M ¢®§ì¬¥¬ à¨¬ ­®¢ã ¬¥âà¨ªã g ¨ ¤«ï â®çª¨ p 2 M à áá¬®âà¨¬ £¥®¤¥§¨ç¥áª¨¥ è àë
B(p;R=2) � B(p;R) � U , £¤¥ U | «®ª «ì­ ï ª àâ  P (M;G; �). � ª¨¬ ®¡à §®¬, áãé¥áâ¢ã¥â
¤¨ää¥®¬®àä¨§¬  : ��1(U) ! U �G : u 7! (�(u); '(u)), £¤¥ ' : ��1(U) 7! G, '(ua) = '(u)a ¤«ï
¢á¥å u 2 ��1(U) ¨ a 2 G.

� «¥¥, ¥á«¨  �1 : U � G ! ��1(U) | ®¡à â­®¥ ®â®¡à ¦¥­¨¥, â®  �1jU � feg ®¯à¥¤¥«ï¥â
á¥ç¥­¨¥ s1 : U ! ��1(U). � áá¬®âà¨¬ á¥ç¥­¨¥ s2 : U ! ��1(U) â ª®¥, çâ® s1(p) = s2(p). �ãáâì
v : U ! G, x 7! v(x), | ®â®¡à ¦¥­¨¥, ®¯à¥¤¥«ï¥¬®¥ á®®â­®è¥­¨¥¬ '(s2(x)) = '(s1(x)v(x)). �á«¨
expp | íªá¯®­¥­æ¨ «ì­®¥ ®â®¡à ¦¥­¨¥ p¨¬ ­®¢®© á¢ï§­®áâ¨ r ¢ â®çª¥ p, â® ®â®¡à ¦¥­¨¥ exp�1p
®¯à¥¤¥«¥­® ­  B(p;R) ¨ ¬®¦­® ®¯à¥¤¥«¨âì á«¥¤ãîé¥¥ á¥ç¥­¨¥ s ­ ¤ U :

s(x) =

8>><
>>:
s1(x); x 2 U nB(p;R);

s2(x)
�
v
h
expp

�
2t�R
t

exp�1p (x)
�i��1

; x 2 B(p;R) nB(p;R=2);

s2(x); x 2 B(p;R=2);

(1)

£¤¥ exp�1p (x) = t�, k�k = 1. � à¥§ã«ìâ â¥ ¯®«ãç¥­ 

�¥®à¥¬  1 (® è«ï¯¥). �á«¨ s1, s2 | «®ª «ì­ë¥ á¥ç¥­¨ï £« ¢­®£® à áá«®¥­¨ï P (M;G; �) ¨
s1(p) = s2(p), â® áãé¥áâ¢ãîâ ¯®á«¥¤®¢ â¥«ì­®áâì ®ªà¥áâ­®áâ¥© U � B(p;R) � B(p;R=2) 3 p
¨ «®ª «ì­®¥ á¥ç¥­¨¥ s : U ! P (M;G; �) â ª¨¥, çâ® s = s1 ­  U n B(p;R) ¨ s = s2 ­  B(p;R=2).
� ª®¥ á¥ç¥­¨¥ ¬®¦¥â § ¤ ¢ âìáï, ­ ¯à¨¬¥à, ä®à¬ã«®© (1).

� «¥¥, ¯ãáâì P 0(M;G0; �) | à¥¤ãæ¨à®¢ ­­®¥ ¯®¤à áá«®¥­¨¥ à áá«®¥­¨ï P (M;G; �), fU�g |
®âªàëâ®¥ ¯®ªàëâ¨¥ ­  M á ¬­®¦¥áâ¢®¬ äã­ªæ¨© ¯¥à¥å®¤   ��, ¯à¨­¨¬ îé¨å §­ ç¥­¨ï ¨§ G0,
  U 3 p | ®¤­  ¨§ ®ªà¥áâ­®áâ¥© íâ®£® ¯®ªàëâ¨ï.

� áá¬®âà¨¬ ¬­®£®®¡à §¨¥ M 0 =M nB(p;R) á á®®â¢¥âáâ¢ãîé¨¬ ®âªàëâë¬ ¯®ªàëâ¨¥¬ fU 0
�g,

U 0
� = U� n B(p;R) ¨ äã­ªæ¨ï¬¨ ¯¥à¥å®¤   0

�� =  ��jM 0 , â®£¤  ®âªàëâ®¥ ¯®ªàëâ¨¥ fU 0
�;Ug á

äã­ªæ¨ï¬¨ ¯¥à¥å®¤   0
�� ¨ á¥ç¥­¨¥¬ s ­ ¤ U , ®¯à¥¤¥«¥­­ë¬ ä®à¬ã«®© (1), § ¤ ¥â ­¥ª®â®à®¥

­®¢®¥ ¯®¤à áá«®¥­¨¥ à áá«®¥­¨ï P (M;G; �). � ª¨¬ ®¡à §®¬, ¯®«ãç¥­ 

�¥®à¥¬  2. �ãáâì P 0(M;G0; �) | à¥¤ãæ¨à®¢ ­­®¥ ¯®¤à áá«®¥­¨¥ à áá«®¥­¨ï P (M;G; �),
fU�g | ®âªàëâ®¥ ¯®ªàëâ¨¥ ­  M , s� : U� ! P 0(M;G0; �) | á®®â¢¥âáâ¢ãîé¨¥ á¥ç¥­¨ï,

p 2 U1 ¨ s1(p) = s2(p), £¤¥ s2 : U1 ! P (M;G; �) | ­¥ª®â®à®¥ á¥ç¥­¨¥. �®£¤  áãé¥áâ¢ã¥â â ª®¥
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¯®¤à áá«®¥­¨¥ P 0(M;G0; �) à áá«®¥­¨ï P (M;G; �), çâ® á¥ç¥­¨¥ s : U1 ! ��1(U1), ®¯à¥¤¥«ï¥¬®¥
ä®à¬ã«®© (1), ï¢«ï¥âáï á¥ç¥­¨¥¬ ¯®¤à áá«®¥­¨ï P 0(M;G0; �).

�¯à¥¤¥«¥­¨¥ 1. �®¤à áá«®¥­¨¥ P 0(M;G0; �) ¡ã¤¥¬ ­ §ë¢ âì ¨§£¨¡ ­¨¥¬ ¢ P (M;G; �) ¯®¤-
à áá«®¥­¨ï P 0(M;G0; �) ¯® ä®à¬ã«¥ (1) ¢ â®çª¥ p.

2�. � ¯®¬­¨¬, çâ® á¢ï§­®áâì � ¢ à áá«®¥­¨¨ P (M;G; �) | íâ® á®¯®áâ ¢«¥­¨¥ ¯®¤¯à®áâà ­-
áâ¢  Qu ¨§ Tu(P ) ª ¦¤®© â®çª¥ u 2 P â ª®¥, çâ®

(a) Tu(P ) = Gu�Qu, £¤¥ Gu | ¯®¤¯à®áâà ­áâ¢® ¨§ Tu(P ), ª á â¥«ì­®¥ ª á«®î, ¯à®å®¤ïé¥¬ã
ç¥à¥§ u;

(b) Qua = (Ra)�Qu, u 2 P , a 2 G, Rau = ua;
(c) Qu § ¢¨á¨â ¤¨ää¥à¥­æ¨àã¥¬® ®â u.

�¥®à¥¬  3. �ãáâì ¤«ï ­¥ª®â®à®£® u0 2 P (M;G; �) § ¤ ­® ­¥ª®â®à®¥ ¯®¤¯à®áâà ­áâ¢® Qu0

¨§ Tu0(P ) â ª®¥, çâ® Tu0(P ) = Gu0 � Qu0 ¨ P 0(M;G0; �) | à¥¤ãæ¨à®¢ ­­®¥ ¯®¤à áá«®¥­¨¥ à á-
á«®¥­¨ï P (M;G; �). �®£¤  áãé¥áâ¢ãîâ ¯®¤à áá«®¥­¨¥ P 0(M;G0; �) ¨ á¢ï§­®áâì � ¢ à áá«®¥­¨¨

P (M;G; �) â ª¨¥, çâ®
1) á¢ï§­®áâì � ¢ P à¥¤ãæ¨àã¥¬  ª á¢ï§­®áâ¨ �0 ¢ P 0,

2) Qu0 ¥áâì £®à¨§®­â «ì­®¥ ¯®¤¯à®áâà ­áâ¢® ¢ Tu0(P ) á¢ï§­®áâ¨ �.

�®ª § â¥«ìáâ¢®. �ãáâì p = �(u0), â®£¤  ¤«ï «î¡®£® u = u0a 2 ��1(p) ®¯à¥¤¥«¨¬ Qu =
(Ra)�Qu0 . �á«¨ U 3 p | «®ª «ì­ ï ª àâ  ¯®¤à áá«®¥­¨ï P 0(M;G0; �) á á®®â¢¥âáâ¢ãîé¨¬ á¥-
ç¥­¨¥¬ s1 : U ! ��1(U), s1(p) = u1, â® ��1(U) ¤¨ää¥®¬®àä­® U � G, ¨, ¢ë¡à ¢ à¨¬ ­®¢ë
¬¥âà¨ª¨ ­  U ¨ G á®®â¢¥âáâ¢¥­­®, ¬®¦­® ¢¢¥áâ¨ à¨¬ ­®¢ã ¬¥âà¨ªã ¯àï¬®£® ¯à®¨§¢¥¤¥­¨ï eg
­  ��1(U), áç¨â ï ¤¨ää¥®¬®àä¨§¬  �1 ¨§®¬¥âà¨¥©. �§ï¢ £¥®¤¥§¨ç¥áª¨© è à B(u1) = gexpu1(V ),
£¤¥ V � Tu1(P ), ¬®¦­® ®¯à¥¤¥«¨âì ¯®¤¬­®£®®¡à §¨¥ gexpu1(V \ Qu1) ¢ B(u1) â ª®¥, çâ® � ¥áâì
¤¨ää¥®¬®àä¨§¬ ­  gexpu1(V \ Qu1) ¨ ª á â¥«ì­®¥ ¯®¤¯à®áâà ­áâ¢® ª íâ®¬ã ¯®¤¬­®£®®¡à §¨î
¢ â®çª¥ u1 á®¢¯ ¤ ¥â á Qu1 . � ª¨¬ ®¡à §®¬, ®¯à¥¤¥«ï¥âáï á¥ç¥­¨¥ s2 : B(p;R) ! P (M;G; �),
x 7! ��1(x) \gexpu1(V \Qu1), £¤¥ B(p;R) = �(B(u1)).

�á¯®«ì§ãï â¥®à¥¬ã 2, ¯®áâà®¨¬ ¯® ä®à¬ã«¥ (1) ¨§£¨¡ ­¨¥ P 0(M;G0; �) ¯®¤à áá«®¥­¨ï
P 0(M;G0; �). � «¥¥, ¤«ï ª ¦¤®£® u = s2(x), x 2 B(p;R=2), ®¯à¥¤¥«¨¬ £®à¨§®­â «ì­®¥ ¯®¤¯à®-
áâà ­áâ¢® Qu ª ª ª á â¥«ì­®¥ ¯à®áâà ­áâ¢® ª ¯®¤¬­®£®®¡à §¨î s2(B(p;R=2)),   ¢ ®áâ «ì­ëå
â®çª å ¨§ ��1(B(p;R=2)) ®¯à¥¤¥«¨¬ £®à¨§®­â «ì­®¥ ¯®¤¯à®áâà ­áâ¢®, ¨áå®¤ï ¨§ ¯à ¢®© ¨­¢ à¨-
 ­â­®áâ¨. � ª¨¬ ®¡à §®¬, ¯®«ãç¨«¨ £« ¢­®¥ à áá«®¥­¨¥ P 0(M;G0; �) ¨ á¢ï§­®áâì �0 ¢ à áá«®¥­¨¨
P 0(M;G0; �), ®¯à¥¤¥«¥­­ãî ­ ¤ B(p;R=2). �®£¤  íâ  á¢ï§­®áâì ¬®¦¥â ¡ëâì ¯à®¤®«¦¥­  ¤® á¢ï§-
­®áâ¨ ¢ P 0(M;G0; �) ­ ¤M , ¥á«¨M ¯ à ª®¬¯ ªâ­® [1], ¨ ¨§ ¯à ¢®© ¨­¢ à¨ ­â­®áâ¨, ¤® á¢ï§­®áâ¨
� ¢ P (M;G; �) ­ ¤ M . �®à¨§®­â «ì­®¥ ¯®¤¯à®áâà ­áâ¢® ¢ Tu0(P ) á¢ï§­®áâ¨ � á®¢¯ ¤ ¥â á Qu0

¯® ¯®áâà®¥­¨î.

2. �à®¡«¥¬ë ª« áá¨ä¨ª æ¨¨ G-áâàãªâãà ­  à¨¬ ­®¢ëå ¬­®£®®¡à §¨ïå

1�. �ãáâì L(M) | à áá«®¥­¨¥ «¨­¥©­ëå à¥¯¥à®¢ ­ ¤ ¬­®£®®¡à §¨¥¬M , P (G) |G-áâàãªâãà 
­ ¤ M , ¤®¯ãáª îé ï à¥¤ãªæ¨î ª ¬ ªá¨¬ «ì­®© ª®¬¯ ªâ­®© ¯®¤£àã¯¯¥ H £àã¯¯ë G, H =
G \ O(n). � áè¨àïï P (H) ¤® £àã¯¯ë O(n), ¯®«ãç¨¬ ¯®¤à áá«®¥­¨¥ ®àâ®­®à¬ «ì­ëå à¥¯¥à®¢
O(M), ®¯à¥¤¥«ïîé¥¥ á¯¥æ¨ «ì­ãî à¨¬ ­®¢ã ¬¥âà¨ªã g = h; i áâàãªâãàë P (G) [2]. �«ï  «£¥¡à
�¨ o, h £àã¯¯ �¨ O(n) ¨ H ¨¬¥¥¬ o = h�m, £¤¥ m | ®àâ®£®­ «ì­®¥ ¤®¯®«­¥­¨¥ ®â­®á¨â¥«ì­®
ä®à¬ë �¨««¨­£ , ad(H)m = m ¨§ ¡¨¨­¢ à¨ ­â­®áâ¨ ä®à¬ë �¨««¨­£ . �á«¨ ! | o-§­ ç­ ï
ä®à¬  à¨¬ ­®¢®© á¢ï§­®áâ¨ ¢ O(M), â® ! = !jh ®¯à¥¤¥«ï¥â ­¥ª®â®àãî á¢ï§­®áâì ¢ P (H). �¢ï§-
­®áâ¨ !, ! ¬®£ãâ ¡ëâì à áè¨à¥­ë ¤® «¨­¥©­ëå á¢ï§­®áâ¥© á á®®â¢¥âáâ¢ãîé¨¬¨ ª®¢ à¨ ­â­ë¬¨
¯à®¨§¢®¤­ë¬¨ r, r.

�¯à¥¤¥«¥­¨¥ 2 ([3]). �¥­§®à­®¥ ¯®«¥ h = r � r ­ §ë¢ ¥âáï ¢â®àë¬ äã­¤ ¬¥­â «ì­ë¬
â¥­§®à­ë¬ ¯®«¥¬ áâàãªâãàë (P (G); g); á¢ï§­®áâì r ­ §ë¢ ¥âáï ª ­®­¨ç¥áª®© á¢ï§­®áâìî; ¯ à 
(P (G); g) ­ §ë¢ ¥âáï ª¢ §¨®¤­®à®¤­®© áâàãªâãà®©, ¥á«¨ rh = 0 ­  M .
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�â¬¥â¨¬, çâ® ¯®­ïâ¨¥ ª¢ §¨®¤­®à®¤­®áâ¨ à áá¬ âà¨¢ «®áì ¢ [4].
�ãáâì eg | ¯à®¨§¢®«ì­ ï à¨¬ ­®¢  ¬¥âà¨ª  ­  ¬­®¦¥áâ¢¥ M , X;Y 2 X(M). �«¥¤ãîé¨¥

¯à¨¬¥àë ¬®¦­® ­ ©â¨ ¢ [2]:
1) (P; g), P 2 = I, g(X;Y ) = eg(X;Y ) + eg(PX;PY ), rXY = 1

2
(rXY + PrXPY ),

2) (J; g), J2 = �I, g(X;Y ) = eg(X;Y ) + eg(JX; JY ), rXY = 1

2
(rXY � JrXJY ),

3) (F; g), F 3 + F = 0, rXY = rXY � 1

2
FrXFY +rXF

2Y + F 2rXY + 3

2
F 2rXF

2Y ,

4) (S; g), Sk = I, g(X;Y ) =
k�1P
j=0

eg(SjX;SjY ), rXY = 1

k

k�1P
j=0

SjrXS
k�jY .

�«¥¤ãîé¨¥ ¯à¨¬¥àë ¯à¨¢®¤ïâáï ¢¯¥à¢ë¥:
5) (P1; P2; g), P 2

1
= P 2

2
= I, P1P2 = �P2P1 = J , g(X;Y ) = eg(X;Y )+eg(P1X;P1Y )+eg(P2X;P2Y )+eg(JX; JY ), rXY = 1

4
(rXY + P1rXP1Y + P2rXP2Y � JrXJY ),

6) (J1; J2; g), J2

1
= J2

2
= �I, J1J2 = �J2J1 = J3, g(X;Y ) = eg(X;Y )+eg(J1X;J1Y )+eg(J2X;J2Y )+eg(J3X; J3Y ), rXY = 1

4
(rXY � J1rXJ1Y � J2rXJ2Y � J3rXJ3Y ).

2�. � ¯®¬­¨¬, çâ® ¤«ï ª ¦¤®£® � 2 Rn ¨ u 2 L(M) áãé¥áâ¢ã¥â ¥¤¨­áâ¢¥­­ë© ¢¥ªâ®à (B(�))u
¢ Qu â ª®©, çâ® �((B(�))u) = u(�). B(�) ­ §ë¢ ¥âáï áâ ­¤ àâ­ë¬ £®à¨§®­â «ì­ë¬ ¢¥ªâ®à­ë¬
¯®«¥¬, á®®â¢¥âáâ¢ãîé¨¬ � 2 Rn. �á«¨ A� |äã­¤ ¬¥­â «ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥, á®®â¢¥âáâ¢ãîé¥¥
A 2 o, â® ­  O(M) ®¯à¥¤¥«ï¥âáï à¨¬ ­®¢  ¬¥âà¨ª  gr:

gr(B(�); B(�)) = h�; �i, �; � 2 Rn;
gr(A�

1
; A�

2
) = � tr(A1A2), A1; A2 2 o;

gr(B(�); A�) = 0, � 2 Rn, A 2 o.
�ãáâì Q = Ker!, Q = Ker!. � áá¬®âà¨¬ à á¯à¥¤¥«¥­¨ï V h = fA� : A 2 hg, V m = fA� :

A 2 mg. �®£¤  ®ç¥¢¨¤­®, çâ® V m?V h ¨ TuP (H) \ Vu = V h
u , £¤¥ u 2 P (H), Vu | ª á â¥«ì­®¥

¯à®áâà ­áâ¢® ª á«®î ¢ O(M).

�à¥¤«®¦¥­¨¥. �®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ Qu = Ker! ª ­®­¨ç¥áª®© á¢ï§­®áâ¨ áâàãª-

âãàë (P (H); g) ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥

u! Qu = Tu(P (H)) \ V
h?

u = Tu(P (H)) \ (V
m
u �Qu); u 2 P (H):

�®ª § â¥«ìáâ¢®. � ª ª ª !(Qu) � m, â® !(Qu) = 0, Tu(P (H)) = V h
u � Qu, á«¥¤®¢ â¥«ì­®,

dimQu = n ¨ Qu = Ker!.

�«ï ­¥ª®â®à®£® u0 2 O(M), �(u0) = p, à áá¬®âà¨¬ ¯à®¨§¢®«ì­®¥ ¯®¤¯à®áâà ­áâ¢® Qu0
à §-

¬¥à­®áâ¨ n ¨§ V h
u � Qu0 â ª®¥, çâ® Qu0

\ V m
u0

= 0. �®£¤  Tu0(O(M)) = Vu0 � Qu0
¨ ¯® â¥®à¥¬¥ 3

áãé¥áâ¢ãîâ â ª ï áâàãªâãà  P 0(H) ¨ á¢ï§­®áâì �0 ¢ P 0(H), çâ® Qu0
¥áâì £®à¨§®­â «ì­®¥ ¯®¤¯à®-

áâà ­áâ¢® ¢ Tu0(P ) á¢ï§­®áâ¨ �
0. �ãáâì � | ª ­®­¨ç¥áª ï á¢ï§­®áâì áâàãªâãàë P 0(H) ¨§ ®¯à¥¤¥-

«¥­¨ï 1. �® ¤®ª § ­­®¬ã ¢ëè¥ ¯à¥¤«®¦¥­¨î Qu0
ï¢«ï¥âáï £®à¨§®­â «ì­ë¬ ¯®¤¯à®áâà ­áâ¢®¬

á¢ï§­®áâ¨ � ¢ Tu0(P ).
� «¥¥, ¯ãáâì ' 2 Hom(Rn;m) ¨ �1; : : : ; �n 2 Rn | ¡ §¨á­ë¥ ¢¥ªâ®àë, Vi = ('(�i))�u0+(B(�i))u0 .

�®£¤  ®¯à¥¤¥«ï¥âáï «¨­¥©­ ï ®¡®«®çª  Qu0
= [V1; : : : ; Vn] â ª ï, çâ® Tu0(O(M)) = Vu0 � Qu0

.
�¡à â­®, ¤«ï â ª®£® ¯®¤¯à®áâà ­áâ¢  Qu0

«¨­¥©­®¥ ®â®¡à ¦¥­¨¥ ' ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©
' = !u0 � B, £¤¥ (B(�))u0 | ¥¤¨­áâ¢¥­­ë© ¢¥ªâ®à ¢ Qu0

â ª®©, çâ® �(B(�)u0) = u0(�).
� ª¨¬ ®¡à §®¬, ¨§ ¢ëè¥áª § ­­®£® á«¥¤ã¥â

�¥®à¥¬  4. �ãáâì ­  ¬­®£®®¡à §¨¨ M áãé¥áâ¢ã¥â áâàãªâãà  P (H), H � O(n), p 2 M ,

¨ fP (H)g | ¬­®¦¥áâ¢® ¢á¥¢®§¬®¦­ëå H-áâàãªâãà ¢ à áá«®¥­¨¨ O(M), ª®â®à®¥ ¯®«ãç¥­®
à áè¨à¥­¨¥¬ H ¤® O(n). �®£¤  ¬­®¦¥áâ¢® £®à¨§®­â «ì­ëå à á¯à¥¤¥«¥­¨© ¢ â®çª¥ p ª ­®-

­¨ç¥áª¨å á¢ï§­®áâ¥© íâ¨å H-áâàãªâãà ­ å®¤¨âáï ¢® ¢§ ¨¬­® ®¤­®§­ ç­®¬ á®®â¢¥âáâ¢¨¨ á

Hom(Rn;m).

�«ï â®çª¨ p = �(u0) à áá¬®âà¨¬ T = Tp(M), X;Y;Z 2 T , h = r � r, � = ! � !, £¤¥ !
| ä®à¬  á¢ï§­®áâ¨,   r | ª®¢ à¨ ­â­ ï ¯à®¨§¢®¤­ ï ª ­®­¨ç¥áª®© á¢ï§­®áâ¨ H-áâàãªâãàë
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P (H), ¨¬¥îé¥© ¢ u0 £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ Qu0
. �®£¤  hXY = u0�(B(�))u

�1
0 Y , £¤¥ u0� =

X [5]. � ª ª ª u0 : Rn ! T ¥áâì ¨§®¬¥âà¨ï, â®

hXY Z = hhXY;Zi = hu0�(B(�))u�10
Y;Zi = h�!(B(�))u�1

0
Y; u�1

0
Zi = �h!(B(�))�; vi = h!(B(�))�; vi;

£¤¥ u0� = Y , u0v = Z.
�«ï ¬­®¦¥áâ¢  fP (H)g ¢á¥¢®§¬®¦­ëå H-áâàãªâãà ¢ à áá«®¥­¨¨ O(M) à áá¬®âà¨¬ ¯®¤¬­®-

¦¥áâ¢® T(T ) ¢
3

�T �, á®áâ®ïé¥¥ ¨§ ¢á¥å â¥­§®à®¢ hp, £¤¥ h | ¢â®à®¥ äã­¤ ¬¥­â «ì­®¥ â¥­§®à­®¥
¯®«¥ P (H). �¯à¥¤¥«ï¥âáï ¢§ ¨¬­® ®¤­®§­ ç­®¥ á®®â¢¥âáâ¢¨¥

� : T(T )! Hom(Rn;m); hp 7! ' = !u0 � B = �!u0 � B

(hp ¨ !u0 ®¯à¥¤¥«ïîâ ¤àã£ ¤àã£  ¢§ ¨¬­® ®¤­®§­ ç­®).
�¥âàã¤­® ã¡¥¤¨âìáï, çâ® ®â®¡à ¦¥­¨¥ � «¨­¥©­®, ¨ ¬ë ¨¬¥¥¬ «¨­¥©­ë© ¨§®¬®àä¨§¬ ¬¥¦¤ã

T(T ) ¨ Hom(Rn;m).

3�. �¨¬ ­®¢  ¬¥âà¨ª  g ¯à¥¢à é ¥â ¯à®áâà ­áâ¢® T = Tp(M) ¢ ¥¢ª«¨¤®¢® ¯à®áâà ­áâ¢®.
�á«¨ E1; : : : ; En | ¯à®¨§¢®«ì­ë© ®àâ®­®à¬ «ì­ë© ¡ §¨á T , â® T(T ) ï¢«ï¥âáï ¥¢ª«¨¤®¢ë¬ ¯à®-
áâà ­áâ¢®¬ ®â­®á¨â¥«ì­® á«¥¤ãîé¥£® áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï:

hh; h0i =
X
i;j;k

hEiEjEk
� h0EiEjEk

; h; h0 2 T(T ):

�áâ¥áâ¢¥­­®¥ ¤¥©áâ¢¨¥ £àã¯¯ë H ­  T ¨­¤ãæ¨àã¥â ¤¥©áâ¢¨¥ íâ®© £àã¯¯ë ­  T(T ) ¯® ä®à¬ã«¥

(ah)XY Z = ha�1Xa�1Y a�1Z ; X; Y; Z 2 T; a 2 H:

�ãáâì T(T ) = �
�2A

T� | à §«®¦¥­¨¥ ¯à®áâà ­áâ¢  T(T ) ­  ¨­¢ à¨ ­â­ë¥ ¨ ­¥¯à¨¢®¤¨¬ë¥

ª®¬¯®­¥­âë ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï £àã¯¯ë H. � ¬¥â¨¬, çâ® ¨§®¬®àä¨§¬ � ¨­¤ãæ¨àã¥â áª «ïà-
­®¥ ¯à®¨§¢¥¤¥­¨¥ ­  Hom(Rn;m).

�¥®à¥¬  5. �§®¬®àä¨§¬ � ®áãé¥áâ¢«ï¥â ¢§ ¨¬­® ®¤­®§­ ç­®¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã

fT�g�2A ¨ ¬­®¦¥áâ¢®¬ ¢á¥å ¨­¢ à¨ ­â­ëå ¨ ­¥¯à¨¢®¤¨¬ëå ª®¬¯®­¥­â ¯à®áâà ­áâ¢ 

Hom(Rn;m) ®â­®á¨â¥«ì­® á«¥¤ãîé¥£® ¤¥©áâ¢¨ï £àã¯¯ë H:

H �Hom(Rn;m)! Hom(Rn;m); ' 7! a'; (a')� = ad(a)'(a�1�); a 2 H; � 2 Rn: (2)

�®ª § â¥«ìáâ¢®. � ª ª ª hXY Z ­¥ § ¢¨á¨â ®â ¢ë¡®à  à¥¯¥à  u 2 O(M), â® h!u(B(�))�; vi =
h!ua(B(a�1�))a�1�; a�1vi, £¤¥ u� = X, u� = Y , uv = Z.

(ah)XY Z = ha�1Xa�1Y a�1Z = �h!u(B(a
�1�))u�1a�1Y; u�1a�1Zi = �h!u(B(a

�1�))a�1�; a�1vi =

= �h!ua�1(B(�))�; vi = �h!ua�1(Ra�1

�
Ra�B(�))�; vi = �had(a)!u(B(a�1�))�; vi:

�á«¨ �(hp) = ', â® �(ahp) = a' = a�(hp), £¤¥ a' ®¯à¥¤¥«ï¥âáï ¨§ (2). �¥©áâ¢¨¥ £àã¯-
¯ë H ­  Hom(Rn;m) ¤¥©áâ¢¨â¥«ì­® ®¯à¥¤¥«ï¥âáï ¨§ (2), â. ª. ad(H)m = m ¨ ((ab)')� =
ad(ab)'(b�1a�1�) = ad(a) ad(b)'(b�1a�1�) = ad(a)((b')a�1�) = (a(b'))�. � ª ª ª �(ahp) = a�(hp),
â® � ï¢«ï¥âáï ¨§®¬®àä¨§¬®¬ Hom(Rn;m) ¨ T(T ) ª ª H-¯à®áâà ­áâ¢ ¨ ¤ ¥â ¢§ ¨¬­® ®¤­®§­ ç-
­®¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã fT�g�2A ¨ ­¥¯à¨¢®¤¨¬ë¬¨ ª®¬¯®­¥­â ¬¨ Hom(Rn;m).

4�. �â¬¥â¨¬, çâ® ¢¢¥¤¥­­oe  ¢â®à®¬ â¥­§®à­®e ¯®«e h ¯à¨¬¥­ï«®áì ¢ [2] ª ¯à®¡«¥¬ ¬ ª« á-
á¨ä¨ª æ¨¨ áâàãªâãà ­  à¨¬ ­®¢ëå ¬­®£®®¡à §¨ïå. � ç áâ­®áâ¨, ¢ â¥à¬¨­ å ¯®«ï h ¢ [2] ¡ë« 
¯®«ãç¥­  ª« áá¨ä¨ª æ¨ï ¯®çâ¨ íà¬¨â®¢ëå áâàãªâãà (H = U(n), ¢á¥£® 16 ª« áá®¢), ¨§®¬®àä-
­ ï ª« áá¨ä¨ª æ¨¨ ¢ [6],   â ª¦¥ ª« áá¨ä¨ª æ¨ï ¯®çâ¨ ª®­â ªâ­ëå ¬¥âà¨ç¥áª¨å áâàãªâãà
(H = U(n)� 1, ¢á¥£® 212 ª« áá®¢), ¨§®¬®àä­ ï ª« áá¨ä¨ª æ¨¨ ¢ [7], [8].

�­ «®£¨ç­ë¬ ®¡à §®¬, á ¯®¬®éìî ¯®«ï h ¬®¦¥â ¡ëâì ¯¥à¥¯¨á ­  ¨ ª« áá¨ä¨ª æ¨ï ¨§ [9].
�á¥ ¯¥à¥ç¨á«¥­­ë¥ ª« áá¨ä¨ª æ¨¨ ä ªâ¨ç¥áª¨ ¯à®¢®¤ïâáï ¨­ä¨­¨â¥§¨¬ «ì­® (¢ â®çª¥ p 2M).
�áâ¥áâ¢¥­­® ¤ âì á«¥¤ãîé¥¥
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�¯à¥¤¥«¥­¨¥ 3. �ã¤¥¬ £®¢®à¨âì, çâ® áâàãªâãà  (P (H); g) ¯à¨­ ¤«¥¦¨â ª« ááã T�, � 2 A,
­  M , ¥á«¨ hp 2 T�(Tp(M)) ¤«ï ¢á¥å p 2M .

�á«¨ â¥­§®à hp 2 T�(T ), p = �(u0), â® ¥¤¨­áâ¢¥­­ë¬ ®¡à §®¬ ¯®«ãç¨¬ £®¬®¬®àä¨§¬ ' =
�(hp), ª®â®àë© ®¯à¥¤¥«ï¥â ¯®¤¯à®áâà ­áâ¢® Qu0

� V m
u0
�Qu0 â ª®¥, çâ® Tu0(O(M)) = Vu0 �Qu0

.
�§ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 4 ¢¨¤­®, çâ® áãé¥áâ¢ã¥â áâàãªâãà  P 0(H) � O(M) â ª ï, çâ® Qu0

|
£®à¨§®­â «ì­®¥ ¯®¤¯à®áâà ­áâ¢® ¥¥ ª ­®­¨ç¥áª®© á¢ï§­®áâ¨ �, â. ¥. hp ï¢«ï¥âáï ¢â®àë¬ äã­¤ -
¬¥­â «ì­ë¬ â¥­§®à®¬ áâàãªâãàë (P 0(H); g) ¢ â®çª¥ p. �¥àï ¢ à §«¨ç­ëå â®çª å p1; : : : ; ps â¥­§®-
àë hp1 ; : : : ; hps , ¯à¨­ ¤«¥¦ é¨¥ à §«¨ç­ë¬ ª« áá ¬ T�, � 2 A, ¨, ¯à®¢®¤ï ¨§£¨¡ ­¨¥ áâàãªâãàë
P (H) ¢ O(M) ¢ ª ¦¤®© ¨§ ãª § ­­ëå â®ç¥ª, ¯®«ãç¨¬ H-áâàãªâãàã P (H) ­  M , ¤«ï ª®â®à®©
¢â®à®¥ äã­¤ ¬¥­â «ì­®¥ â¥­§®à­®¥ ¯®«¥ h ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ h(pi) = hpi , i = 1; : : : ; s.
� ç áâ­®áâ¨, ¤«ï ¯®çâ¨ íà¬¨â®¢®© áâàãªâãàë (J; g), J2 = �I, H = U(n) ­  ¬­®£®®¡à §¨¨ M
¬®¦­® ¢ë¡à âì 16 â®ç¥ª ¨ ¯®çâ¨ íà¬¨â®¢ã áâàãªâãàã (J; g) â ª, çâ® hpi 2 Ti, i = 0; 1; : : : ; 15,
£¤¥ h | ¢â®à®¥ äã­¤ ¬¥­â «ì­®¥ ¯®«¥ ¯ àë (J; g) (á¬. ¯à¨¬¥à 2). �â® §­ ç¨â, çâ® áâàãªâãà 
(J; g) ¡ã¤¥â ªí«¥à®¢®© ¢ p0, ¯à¨¡«¨¦¥­­® (nearly)-ªí«¥à®¢®© ¢ p1, ¯®çâ¨ (almost)-ªí«¥à®¢®© ¢ p2,
¨­â¥£à¨àã¥¬®© ¢ p6 ¨ â.¤.

� ª¨¬ ®¡à §®¬, ¯à¨­ ¤«¥¦­®áâì áâàãªâãàë ª ®¯à¥¤¥«¥­­®¬ã ª« ááã ¢ ®¡é¥¬ á«ãç ¥ ­¥
á®åà ­ï¥âáï.

�¥®à¥¬  6 ([2]). �ãáâì ¯®çâ¨ ª®­â ªâ­ ï ¬¥âà¨ç¥áª ï áâàãªâãà  (¯®çâ¨ íà¬¨â®¢ 

áâàãªâãà ) ­  ¬­®¦¥áâ¢¥ M ï¢«ï¥âáï ª¢ §¨®¤­®à®¤­®© áâàãªâãà®© (rh = 0), ¯à¨­ ¤«¥¦ -

é¥© ª« ááã T� ¤«ï ­¥ª®â®à®© â®çª¨ p 2 M . �®£¤  íâ  áâàãªâãà  ¡ã¤¥â ¨§ ª« áá  T� ¤«ï

ª ¦¤®© â®çª¨ ¬­®£®®¡à §¨ï M .

�à®¡«¥¬ . �áâ ¥âáï «¨ íâ  â¥®à¥¬  á¯à ¢¥¤«¨¢®© ¢ ®¡é¥¬ á«ãç ¥ ¤«ï áâàãªâãàë (P (H); g)
­  ¬­®¦¥áâ¢¥ M , H � O(n)?
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