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1 tvuw

O x/y/z/{/|/}/~/�/���/�/�/��� k x/�/� p �/�/�/�/�/���/� p x/��/� �/O��/�/���/� O = k �/�/�/`��/�/�/� [1], �/� O- �/�/�/� O- �/ /x/�¡/¢¤£4¥
O- �/` w G x/¦/§/� ¡/¨ `

Fong ©/�/� [2] ª4«/¬/­/¦/§/�/�/®/�/¯/°/±�² G x p- ³/´ ¨ ��µ/¶/¦/·¸/¹ ³/º OG- �/�/»/¼/½/�/�/¦/§ Hall p′- ¾ ¨ H �/�/�/¿/À/�/`��/° G x p-Á/Â �/���/x/�/� [3] ª Green
¹ ³/º/Ã � �/Ä/Å/Æ/Ç/��È/É Hall p′- ¾ ¨ �/¶/�¹ ³/º/�/�/¿/À/�/Ê/Ë ¹ ³/º/`Ë/È/Ì G

¹ x p-
Á/Â/Í � Fong Ã � �/Î2Ï4Ð/Ñ ¹/Ò/Ó O�È/É/� Hall p′- ¾¨ � ¹ ³�º�����¿�À�� ¹�Ô�Õ x ¹ ³�º���`�¦�§ £ Ë�Ö�×���Ø�Ù�Ú�x�±�Û�Ü ÍÝ

Hall p′- ¾ ¨ � ¹ ³/º/�/�/¿/À/�/Þ/x ¹ ³/º/�¤ß
Isaacs[4] à π- ³/º ¨/á Fong �/¯/°/Æ/â/ã/­/¦/ä/�/�/å/�/æ/��È/É/©/ç/��/�/å/�/æ/è/«/¬/­/é/ê/Ø/Ù/Ú/�/¦/§/ë/º Ô/ì/í/î `¶ï� OG- �ï� O-

£ �ïðï�ï�ïxï¦ï§ G- �ï�ïO��ï§ G- �ï�ïéï�ïñ ¨ ³òôó Ãô�ô§ô�ô� ¡ôõôö ¿ôÀ ö òô÷ �ôøô�ôÄôùôºô´ ( úô�ô� [5, 6]). Fottner ù
Külshammer[7]

á
Fong ��¯�°�Æ�â�ã�­ G- ��������æ���û�É à Ø�Ù�Ú�«�¬�­�¦§/ë/º/�/ü ¹/Ô/ì � í/î `
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©/�/� [1] ª����/ã/���/�/�/� [7] �/Ç Fong Ù/Ú/� G- �/�/�/æ Í����� ! · ¸ ��ñ ¨ ��"�Ü���ä���æ�³ ò$#$% ©$&�¼ ¨$' �����$(�Ä$)��$*$+�Ù�Ú$,ª `�-�È������ [1]
 $! ¨

G
' ¦�§���� A ��¶��$.$/$) (crossed product) B =

⊕
x∈G Ax̂, 0�1�2/¾ ¨ D(B), Î2Ï4­/± �/° G x p- ³/´ ¨ � µ Hall p′- ¾ ¨ H ã

G � #$%$3 ¸ ¿�À�½$2�¾ ¨ D(BH )( 4 ª BH =
⊕

x∈H Ax̂) ã$2�¾ ¨ D(B) �$5�/ð/��È/É�6/Ð�7�8�9/­/�/§$5/��ð D(BH ) → D(B) �/�/ð�:/`���;�7/��è�<¯/Ç/x/�/� [1] �/¯/°/�/Ä/Å/Æ/Ç/`���&�=�>�?�@/³/ú/è�A�B�C/��D�> 1.E�F
A ² G x p- ³/´ ¨ � B =

⊕
x∈G Ax̂ x�.$/�)/� H x G � Hall p′-¾ ¨ ��µ

(1) à B �/¶/�/¦/§/ñ α, G/� α
⋂

BH 6= ∅.
(2) à BH �/¦/§/ñ β, H/© B �/ñ α

#�%
β �/ë ì/í/î � à ¶/� Hall p′- ¾¨

H ′, .�I β
⋂

BH′ ª4�/¶/��J/© BH′ ª�K/x/��L Á�M J/`N Æ/Ç/�/�/Ç/�/æ/�
(1) ¶ï¦ï· ¸ï¹ ³ïº B- � V �ï»ï¼ï¦ï§ï¿ïÀï� IndG

H(U), 4 ª U xï¦ï§
BH - �/`

(2) · ¸/¹ ³/º BH - � U �/¿/À/� IndG
H(U) Ê/Ë ¹ ³/º/�/ë ì/í/î x/± à

G �/¶/� Hall p′- ¾ ¨ H ′ ù/¶/��O�P U = IndH
H∩H′ (W ) � BH∩H′ - � W , ¿/À/�

IndH′

H∩H′ (W )
¹ ³/º/`�/� á N ¯/°/Æ/â/ã/¦�Q/� ¨ º�R/�/�/`S�T

1
w

O x/y/z/{/|/}/~/�/���/�/�/��� k x/�/� p �/�/�/�/�/` w
G x/� ¡ p- ³/´ ¨ O w A =

⊕
x∈G Ax x/¦/§ G- º�R/� O- �/�/`�"/Ü

(1) à AG �/¶/¦/ñ α, H/© G �/¦/§ Hall p′- ¾ ¨ H , O�P α
⋂

AH 6= ∅.
(2) à G �/¦/§ Hall p′- ¾ ¨ H ù AH �/¦/§/ñ β, H/© AG �/ñ α

#�%
β �ë ì/í/î x/± à ¶/� Hall p′- ¾ ¨ H ′, .�I β

⋂
AH′ ª4�/¶/��J/© AH′ ª�K/x/�

L Á�M J/`U
1 ��§$&�¼�º$R�������¯�° ' &�¼$.$/$)���¯�°��$V$W ¹ �$,�X�x���/� (1) ª4� Hall p′- ¾ ¨ H

¹ x/¶/�/�/���/Ð/Ñ ' α ��&/`�Y/�/��Z p = 3, [
G = S3 x 3 R à�\ ¨ ��Z Hall p′- ¾ ¨ H = {1, t = (12)}; [ A x/��]/¦/§ G- º
R/�/�/±��/� 1- º�^ A1 = k È t- º�^ At = kt̂, 42ª t̂2 = 1, �/��4/ç/º�^/ /�
0; "/Ü H ′ = {1, t′ = (13)} K/x Hall p′- ¾ ¨ ��ü/x/Ã � 1 �/¯/Ç (1) à H ′ V/Ë¹�_�`�a `
2 bdcdedfdg

��A�h�i�j Ô/ì ��D�>�ù�k��$l�m�O Õ Î2Ï ¦�§ à Ã ��n$o ��&$p�0 � �½�¦�§�º$R���� ª »$q�¬�¦�§$.r/$)�� N$s$t n £ ��� [8], u$v$&�����x����
[9] w/¬/��&/¼/º�R/�/�/�/Ù/Ú/`w

p, O, k, G G������$B$C$x w `���� ª � O- ��� A ��� O- �� �x�� ¡
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¢ � £4¥ O- �/O o ã A �/¾/�/� Í/¹/Ô x��4¾/�/�/O�� A∗ D ¥ A ��x/�/³��
J/» ` ����� ¨ `���

1
w

A xV¦V§ O- �V�V��� J(A) D A � Jacobson ��kV` �V� A �V¦V§ñ α x�� A �V��L Á�M JV� A∗- �����V` �V���V�V� A/J(A) x��V�V�V�VÄVùV�� Ñ�é�x k é$�$��������Ä�ù������ k x���������` ¥ Á$M J$w$ ��$¡$l�¯�Ç
( úV�V� [6] §3), A/J(A) ���V�V�VÄVù�¢V¦V¦ à +/¼ A �VñV` ² A/J(A) = Mn(k)x����/�/�/��µ A ��£/¦/¦/§/ñ/��¤ \ A x/��£/¦/ñ/�/�/`

O- ��� A \ � G- º$R�����² A ��¦$¥ ¥ G �$J � x å$>�� O- ¾�� Ax,

O�P A =
⊕

x∈G Ax É à ¶/� x, y ∈ G � AxAy ⊆ Axy, 42ª4� O- ¾/� Ax
\ �/º

R/�/�/� x- º�¦/`¨§/¦�Q�7/� à ¶/� S ⊆ G, D AS =
⊕

s∈S As, \ �/º�R/�/� A� S- º�¦/O4�/° H x G �/¾ ¨ �4µ AH x A ���4¾/�/�/È/É/x H- º�R/�/�/O��;/�/� AG = A, 1- º�¦ A1 x��4¾/�/� [10].¦V§ G- º�R O- �V� A \ �Vy�© G- º�RV�V� �V° à ¶V� x, y ∈ G � AxAy =

Axy. -/¦�ª/� G- º�R/�/� A \ �/¦/§�.�/�)/���/° ∀x ∈ G, H/© x̂ ∈ Ax

⋂
A∗,

O�P Ax = A1x̂; -VÈV� ² x̂ŷ = x̂y à xV� x, y ∈ G
`�a � µ�.�/�) A =

⊕
x∈G A1x̂

\ ��(/Ä�)/`U
2
w

A x/¦/§ O- �/�/`�&/¼/¾/�/�/����k ò è�k/� � Ñ�«�¬�0��/±
(1)
w

B x A �/¦/§��4¾/�/�/`��/� J(O)A ⊆ J(A) É J(O)B ⊆ J(B), È
B̄ = B/J(O)B x k- ��� Ā = A/J(O)A �­� ¾�������x ò B

⋂
J(A) ⊆ J(B).

-�È�����° A = B + J(A), µ B 5���ð 3 ¸ ã����$����� A/J(A) ����ð$:�x
B

⋂
J(A); x ò B �/ñ/¦/¦ à +/ã A �/ñ/��O�P B ��®/§/ñ β

#�% © à +/� A�/ñ α ,2ª ( ¯/�/³�°�±/�/� [6]§2).
(2)
w

f x A �r² ÂïÁrM JïO�[ B = fAf � A �ï¦ï§r³r1ï¾ï�ï�ï��µ
B

⋂
J(A) = J(B)( ú/�/� [6] 1.17 A�´�v/�/� [11] µ 1 ¶/� 8.4 A ); à A �/¶/�/¦§/ñ α, .�I α

⋂
B �/°�²�·�¤ Ô x B �/¦/§/ñ/�QÈ/É B �/¶/�/ñ/³/� N�¸ P/�

B é/�/ñ�,�¹/��&�º�K�» N�¼ æ/© A é�½�¾�¿/`U
3
w

A =
⊕

x∈G Ax x O éï�ï¦ï§ G- ºrRï�ï�ï` A � � t I \ �
G- ºrR � t ���ï° I =

⊕
x∈G Ix, 4 ª Ix = I

⋂
Ax. à �r]ï� � t I , Àï�ï�

A/I =
⊕

x∈G Ax/Ix K/x G- º�R/�/�/` �/¦/§�Á�l/¯/Ç ( ú/�/� [8] 0 � 7)
o ±

(1) º�R/�/� A � 1- º�¦ A1 ����k J(A1)
#�% © A ����k J(A) ,2ª4� ¥

J(A1) × ` � A � � t AJ(A1)A xV¦V§Vº�R � t ��Â�ÀV�V� A = A/AJ(A1)A x
G- º�R k- �/�/���/� 1- º�¦ A1 = A1/J(A1) x�(��/�/`¥ N�Ã P/¬�Ä/¦�Á�l/¯/Ç/±

(2) ² N x G ��Å�Æ/¾ ¨ ��µ/�/� A ³ ò »�À ¨ Ḡ = G/N º�R/�/± A =
⊕

ḡ∈Ḡ Bḡ, ��� Bḡ = ANg =
⊕

x∈Ng Ax, 4 ª Ng D$Ç$È$I�`��$;$7�� J(B1̄) =

J(AN ) ⊆ J(A).� N ��h � ��¬ ANg1
ANg2

⊆ ANg1g2
, ü���Ð�Ñ�� Ã$É$Ê$¸ P�O�Ë$u�� “ �
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;�7 ” "/¦/¯/Ç/µ/½/�/�/´/�/¯/Ç (1) Ä/Å�P/¬/`è�</x�Ë/ø/Î2Ï4Ã � Í��/ì ��&�p�0 � ±Ì�T
1
w

A x G- º�R/�/�/�W�/� 1- º�¦ A1 ��£/¦/ñ/�Wµ�H/© G �/¾ ¨
G0 ù A �/º�R � t J ⊆ J(A), O�P A � G0- º�¦ AG0

x ¨ G0 © A1 é/�/¦/§
.�/�)/��É A = AG0

+ J .U�Í �/�/Æ/Ç/��Î/é�±/¬/±�À/�/�
Ā = A/J =

⊕

x∈G

Āx =
⊕

y∈G0

Āy ;

Ï �/� �/ì x 6∈G0 ¤/� Āx = 0, x ò Ā ³/�/� ¨ G0 © Ā1 é/��.�/�)/`ÌrT
1 ÐrÑ ¥ � 3(1), �ïºrR � t I = AJ(A1)A ⊆ J(A), Àï�ï� Ā =

A/(AJ(A1)A) x/¦/§ G- º�R/� k- �/�/`��/� A1 ��£/¦/ñ/È k x/�/�/�/�/� 1-º�¦ Ā1 xV¦V§����V�V�V± Ā1 = Mn(k), � N ¥ �V� [5] ÒVÚ 2.1, P Ā = Ā1

⊗
k C,

42ª C = CĀ(Ā1) x Ā1 © Ā ª4�2ª�Ó�Ô/¾/��µ
C =

⊕

x∈G

CĀx

(Ā1) =
⊕

x∈G

Cx

x G- º�R/�/�/���/� x- º�¦ Cx = CĀx

(Ā1), ½/È
Ā = Ā1

⊗

k

( ⊕

x∈G

Cx

)
=

⊕

x∈G

(
Ā1

⊗

k

Cx

)
.

��;�7/� C � 1- º�¦/�
C1 = CĀ1

(Ā1) = Z
(
Mn(k)

)
∼= k.¥ ��� [8] 0 � 9, H�© G ��¾ ¨ G0, O$P C = CG0

+ CG−G0
É CG0

x G0 ©
C1 = k é/�/¦/§�.�/�)/��È CG−G0

x/¦/§ Á/Â � t ���/È CG0
x G0 © k é/�¦/§/�/è/�/æ/��Õ/¯ ¨ �/�/±

CG0
=

⊕

x∈G0

C1 · ¯̂x =
⊕

x∈G0

k¯̂x,

42ª ¯̂x x/³���J/È/É ¯̂x¯̂y = λx,y
¯̂xy à�Ö λx,y ∈ k∗, µ

Ā =
⊕

x∈G0

(
Ā1

⊗

k

k¯̂x
)

+
⊕

y∈G−G0

(
A1

⊗

k

Cy

)

= ĀG0
+ ĀG−G0

,

x ò
ĀG0

=
⊕

x∈G0

(
Ā1

⊗

k

k¯̂x
)

=
⊕

x∈G0

Ā1
¯̂x

x G0 © Ā1 é/��.�/�)/��È
ĀG−G0

=
⊕

y∈G−G0

(
Ā1

⊗

k

Cy

)
= Ā1CG−G0

x/¦/§ Á/Â � t �4½/È #�% ©���k�,2ª4` à ®/§ x ∈ G0, [ x̂ ∈ Ax x ¯̂x © Ax ª�/¦/§�L�×/O��/�/�/ð A → Ā ��: I = AJ(A1)A
#�% ©���k J(A) ª4��x ò ®
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§ x̂ ∈ Ax x/³��/�/��¼/x
AG0

=
⊕

x∈G0

Ax =
⊕

x∈G0

A1x̂

x ¨ G0 © A1 é��$.$/$)�`�Ø$u���� J D Ā � Á�Â � t ĀG−G0
© A ª �$©$L

×/` �/�/ã I = AJ(A1)A ⊆ J(A), ¤�P/¬ J x A � G- º�R � t È/É #�% ©���k
J(A) ª4��É AG−G0

⊆ J , x ò A = AG0
+ J . ��¤/x/��0 � x ì Î2Ï4�/¯/Ç/`½�Ù/©�Ú�Û4ã/Ã � 1 ��Ü w û/Î2Ï�Ý/Ã � `Þ h/Î2Ï4Ã � 1 �/Ç�ß (1).

w
α x A = AG �/¦/§/ñ/O�Ë/ø�«�à/¬ G �/¦§ Hall p′- ¾ ¨ H , O�P α

⋂
AH 6= ∅. © A1 ª�Z/¦/§/y�©�Å�./�/��L Á�M J/º/´

1 = f1 + · · ·+ ft,
Õ © A ª á ��á�â/�/y�©�Å�./�/��L Á�M J/º/´/�ã¤/³ ò P/ã

A1 ª4�/��L Á�M J f ù i ∈ α 5�ä fi = i = if . [ B = fAf , µ B x A ��³�1/¾�/�/� ��K/x G- º�R/�/�/�/� ü/x/�/� 1- º�¦ B1 ��£/¦/ñ/� È/É i = fif ∈ B;¥ � 2(2) P�l α′ = α
⋂

B x B �/¦/§/ñ/` Õ ¦�R�0��/� 2(2), ¤�l�å ��� Î2Ï�H©/¦/§ Hall p′- ¾ ¨ H , O�P α′
⋂

BH 6= ∅.¥ 0 � 1, H/© G �/¾ ¨ G0, O�P B = BG0
+ J , 42ª BG0

x�.$/�)/È J x¦/§ #�% ©���k J(B) ª4�/º�R � t `Q½/� 2(1), ¤�P�l α′′ = α′
⋂

BG0
x BG0

�¦/§/ñ/O��/� G0 Ê/Ë/x p- ³/´/�/��³ ò 0��/Æ/Ç A, P/ã ¨ G0 �/¦/§ Hall p′-¾ ¨ H0, O�P α′′
⋂

BH0
6= ∅. Z ¨ G �/¦/§ #�% H0 � Hall p′- ¾ ¨ H , ¤/�

α′
⋂

BH ⊇ α′′
⋂

BH0
6= ∅.

Ù/©/Ê�½�¾/Ã � 1 ��Ü w � n Î2Ï4Ã � �/Ç�ß (2). Ç�ß (2) � Ô/ì�æ V/Ë/xà �/`�è�</Î2Ï4ë/º æ ` w H x ¨ G �/¦/§ Hall p′- ¾ ¨ È β x AH �/¦/§/ñ/���5�ä/Ã � ª (2) � í/î `W�/Î2Ï (2) �/¯/Ç/� ��� �/¬�H/© j ∈ β, �/© AG = Aª4Ê/Ë/x/��L/�/`ç��è/¼/é�</�/Î2Ï4� º�é�ª n�ê ãìë �/` Þ h/�çH/© A1 �/�
L Á�M J f ù j ∈ β, 5�ä fj = j = jf , [ B = fAf , µ B x A � G- º�R/��³�1¾/�/�/��ü/x B � 1- º�¦ B1 ��£/¦/ñ/��È β′ = β

⋂
BH x BH �/ñ/� ¥ � 2(2)Ã$í Î�±�º$R���� B ù BH ��ñ β′ Ê�Ë$5$ä�Ã � ª (2) � í�î O Õ ¦$R$0$���

2(2),
��� �/¬�H/© j ∈ β′, �/© BG ª4Ê/Ë/x/��L Á�M J/`
4�R/���/é�</¦�]/��0���0 � 1, P/ã G �/¦/§/¾ ¨ G0, O�P B = BG0

+ J ,

42ª BG0
x�.�/�)/È J x #�% ©���k J(B) ª4�/º�R � t `ã�/� J x B � G- º

R � t ��î J =
⊕

x∈G Jx, 42ª Jx = J
⋂

Bx, x ò BH = BH∩G0
+ JH , �/� JH

D J � H- º�¦/� Õ ¥ � 2(1), JH = BH

⋂
J ⊆ J(BH), î

BH = BH∩G0
+ JH , JH ⊆ J(BH) .Ê ¥ � 2(1), β′

⋂
BH∩G0

x BH∩G0
�/¦/§/ñ/��� N ³ ò Z j ∈ β′

⋂
BH∩G0

. Z G0�V¦V§ #�% H ∩G0 � Hall p′- ¾ ¨ H0,
Õ Z G �V¦V§ #�% H0 � Hall p′- ¾ ¨ H1,

¤�� j ∈ β′
⋂

BH1
, µ j © BH1

ª x��$L Á$M J�`�È BH0
⊆ BH1

, x ò j © BH0ªçK�x��$L���`�����ã BH0
⊆ BG0

, è$< í Î G0- º$R���� BG0
ù BH0

���$L
www.scichina.com
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Á�M J j Ê/Ë�5�ä/Ã � 1 ª (2) � í/î ±Q² H ′

0 x G0 � Hall p′- ¾ ¨ �QÈ j ∈ BH′

0
,

[ H ′ x G � #�% H ′

0 � Hall p′- ¾ ¨ ��µ j ∈ BH′

0
⊆ BH′ , ½/È j © BH′ ª4x/�

L/�/O�ü/x/���/�/ã BH′∩G0
= BH′

0
, �/�/é�</¦�]/�

BH′ = BH′

0
+ JH′ , JH′ ⊆ J(BH′) ;¥ � 2(1), l$å j © BH′

0
ª Þ�x��$L���`�¼�x�³ ò á Æ�Ç A ��¼ G0- º$R����

BG0
, PVã BH0

�V��L Á�M J j © BG0
ªWÊVËVxV��LV�V`ïØ�uV�ï�V� B = BG0

+JÉ J ⊆ J(B),
¥ � 2(1) ¤/³�ß�ð j ∈ β′ © B ª4Ê/Ë/x/��L Á�M J/`�Î�ñ/`

ò�óõô�ö�÷�ø�ù�ú
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