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Leibniz -^V8Z& Bloch 6x� [1] G
"�0T��s D- -^�d� Loday 6x� [2],[3] G���d+ Lie -^q;4 Leibniz q;Tk"�>QP4�2 F N4-^ g �s

Leibniz -^�J g N'�Qa�$Q [−,−]: g× g → g, 'S [x, [y, z]] = [[x, y], z]− [[x, z], y],

∀x, y, z ∈ g. �2	"J�kZE?�4�>Q6W�6r+�:4 Jacobi6W�!% Lie -^Z'SE?�4 Leibniz -^�? Leibniz -^4��*A^>ZY+q;zl4
"���5x� [2]–[6] 6�?+h4{V�$4�
{\��5x� [7]–[9] 6�{+4UXZS"�KtJ�-^4 Leibniz -^4qV���0{+
"4ZN^2N4 Leibniz -^�
1  Yb
 1.1 �Q Leibniz -^ g Z�Q��Æs�N0< ��Q�k�

[−,−] : g × g −→ g'S Leibniz 6W
[x, [y, z]] = [[x, y], z] − [[x, z], y], ∀x, y, z ∈ g. (1.1)�F�' [x, [y, y]] = 0 a [x, [y, z]] + [x, [z, y]] = 0.&>Q< D2�G�Q Lie -^Z�Q Leibniz -^�YUN� Lie -^Z Leibniz -^4�QM-^�b
 1.2 R g Z�Q Leibniz -^�PÆs I ⊂ g �s g 4W ()) ���I\ ∀a ∈ I a

x ∈ g, ' [x, a] ∈ I([a, x] ∈ I). I\ I pZW��*Z)���� I Z g 4a����b
 1.3 ? Leibniz -^ g, {+< �04�����{fwv: 2005-09-15; k|wv: 2006-07-06il�u: P_\�vOM (06ZR14049); P_yp,��(j��



678 _ � � � 0 8 % 27�
(a) C1

g = g, Cn+1
g = [Cn

g, g], n > 0, �F' · · ·Cn
g ⊂ · · · ⊂ C2

g ⊂ C1
g;

(b) · · ·Dn
g ⊂ · · · ⊂ D1

g, ;G D1
g = g, Dn+1

g = [Dn
g, Dn

g],��Q Leibniz -^ g Z-�4�I\)6B^ n > 0 V3 Cn
g = 0; g Z�|4�I\)6B^ m > 0 V3 Dm

g = 0; V	4 n, m L��s-�&^a�|&^�� 6N04< 1.3G�ND8b g#OZ)-�4�6x� [7]G�Ayupov a OmirovC1� Leibniz -^4)-�a-�Z�F4��F�?g'4 n > 0, Dn
g ⊂ Cn

g, !%-� Leibniz -^�Z�|4�
2 x� Leibniz ^}`doR gZ Leibniz-^�6 g4t^s 14���g'�Qi�� x,& (1.1)W�3 [x, x] = 0.6t^s 2 4���Ct Lie -^4L��'x� [10] G�1�CtJ Lie -^4 Leibniz -^4L��� Loday |��'�04{\ [3].�q 2.1 R g sJ Lie -^4 Leibniz -^� dimg = 2, 9 g E'�H�qV4��

(i) [e1, e2] = e1;

(ii) [e2, e2] = e1. ;G {e1, e2} s g 4�Ui�>i��4;-�k�s 0.6 g 4t^s 3 4���Kt Lie -^4L���?#���5x� [10]; ?+KtJ
Lie -^4 Leibniz -^4L��{+�0j$�JgKD�J Lie -^4 Leibniz -^'�:� N�b>�Z/4�h�`�Q&h47H3S 4J�4����!%{+n℄h4��4t^aM-^�j$Kt Leibniz -^4qV��s�℄�4tz�{+?G�4 x ∈ g, 
"W!fP Lx : g −→ g, Lx(y) = [x, y], y ∈ g. Lx Z�Q��f�% x̄ �XM-^43e�R g ZKtJ Lie -^4 Leibniz -^� I ⊂ g Z g 4J7D���QF� I Z g 4�QP-^� g/I Z g 4M-^�&+ dimI 6 2, g� g/I Z�Q�thCt Leibniz M-^�'B{+��~L=0�t4{\a"� 2.1 �j$ g 4qV��
2.1 dimI = 1J dimI = 1, 9 g/I ZCt Leibniz M-^�R ē1, ē2 Z g/I 4�Ui� e3 s I 4i�9)6 e1, e2 V3 e1, e2, e3 Z g 4�Ui�J
g/I wf�l [ēi, ēj] = 0̄, i, j = 1, 2. R

Le1
(e1, e2, e3) = (e1, e2, e3)





0 0 0
0 0 0

k31 k32 k33



 ,

Le2
(e1, e2, e3) = (e1, e2, e3)





0 0 0
0 0 0
l31 l32 l33



 ,

Le3
(e1, e2, e3) = (e1, e2, e3)





0 0 0
0 0 0

m31 m32 0



 ,;G k3j , l3j , m3j ∈ C, j = 1, 2, 3.



4: v<K	Lu Leibniz ._5M� 679&i34RH5�'S (1.1), '














































































k33k31 = 0,
k32k33 + k32m31 − k31m32 = 0,
k33l31 + k31m32 − k32m31 = 0,
k31l33 = 0,
k2
33 + k33m31 = 0,

l33l32 = 0,
l233 + l33m32 = 0,
l31l33 + l31m32 − l32m31 = 0,
k32l33 + l32m31 − l31m32 = 0,
l32k33 = 0,
l33k33 + k33m32 = 0,
k33l33 + l33m31 = 0.

(2.1)

�0L��j$�
1). J Le3

= 0, l m31 = m32 = 0, & (2.1) W�' l33 = 0, k33 = 0, > k31, k32, l31, l32 ∈ C.'B Le1
, Le2

, Le3
4�AL�s

Le1
:





0 0 0
0 0 0

k31 k32 0



 , Le2
:





0 0 0
0 0 0
l31 l32 0



 , Le3
: 0. (2.2)&+
" g J Lie -^�!%{+'�04���

(1) l32 6= 0, k31 = k32 = l31 = 0. & (2.2) W��k[9s� [e2, e2] = l32e3, i34;-�ks 0. ! l32e3 Xs�4 e3, ' [e2, e2] = e3, i34;-�ks 0.

(2) l31 6= 0, k31 = k32 = l32 = 0. & (2.2) W�k[9s� [e2, e1] = l31e3. q�{+'
[e2, e1] = e3, i34;-�ks 0.

(3) l31 6= 0, l32 6= 0, k31 = k32 = 0. & (2.2) W�' [e2, e1] = l31e3, [e2, e2] = l32e3. !
e2√
l32

−
√

l32
l31

e1 = e′2,

√
l32

l31
e1 = e′1, e3 = e′3.�F� e′1, e

′
2, e

′
3 �}Y�Xs g 4�U�4i�s�H��{+HÆh+os e1, e2, e3, !%' [e2, e1] = e3, i3;-�ks 0. �F�>/ (2) 4��qV�

(4) k32 6= 0, k31 = l31 = l32 = 0. & (2.2) W�' [e1, e2] = k32e3, i3;-�ks 0. !
k32e3 = e3, e1 = e2, e2 = e1, 9�2	">/ (2) 4��qV�

(5) k32 6= 0, l32 6= 0, k31 = l31 = 0. & (2.2) W�' [e1, e2] = k32e3, [e2, e2] = l32e3. !
e2 −

l32k32

e 1
= e1,

l32
k32

e1 = e2, l32e3 = e3.9�2f">/ (2) 4��qV�
(6) k32 6= 0, l31 6= 0, k31 = l32 = 0, > k32 + l31 6= 0. ' [e1, e2] = k32e3, [e2, e1] = l31e3. !

l31
k32

e1 − e2 = e2, e1 + e2 = e1, k32e3 = e3,
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[e1, e1] = (

l31
k32

+ 1)e3, [e1, e2] = (
l231
k2
32

− 1)e3, [e2, e2] = (− l31
k32

− l231
k2
32

)e3,i3;-�ks 0. �2f"�h�*/�04 (9) qV��*/�04 (11) Zq�H�
(7) k32 6= 0, l31 6= 0, l32 6= 0, k31 = 0. ' [e1, e2] = k32e3, [e2, e1] = l31e3, [e2, e2] = l32e3.!

l32e1 − l31e2√
−k32l31

= e1, e2 = e2, l32e3 = e3,�2nfh/�04 (9) qVh=/ (11) Zq�H�
(8) k31 6= 0, k32 = l31 = l32 = 0. ' [e1, e1] = k31e3, i34;-�ks��1�8�>/

(1) 4��qV�
(9) k31 6= 0, l32 6= 0, k32 = l31 = 0. ' [e1, e1] = k31e3, [e2, e2] = l32e3. !

e1√
k31

= e1,
e2√
l32

= e2, e3 = e3,{+' [e1, e1] = e3, [e2, e2] = e3, i34;-�ks��
(10) k31 6= 0, l31 6= 0, l32 = k32 = 0. ' [e1, e1] = k31e3, [e2, e1] = l31e3. i34;-�ks��1�8>/ (5) qV�
(11) k31 6= 0, l31 6= 0, l32 6= 0, k32 = 0. ' [e1, e1] = k31e3, [e2, e1] = l31e3, [e2, e2] = l32e3.n℄i4$���f�' [e1, e1] = e3, [e2, e1] = l31√

l32k31

e3, [e2, e2] = e3, i34;-�ks��
(12) k31 6= 0, k32 6= 0, l31 = l32 = 0. ' [e1, e1] = k31e3, [e1, e2] = k32e3. 1�4�>/ (3)4��qV�
(13) k31 6= 0, k32 6= 0, l32 6= 0, l31 = 0. ' [e1, e1] = k31e3, [e1, e2] = k32e3, [e2, e2] = l32e3.�F>/ (11) Zq�H�
(14) k31 6= 0, k32 6= 0, l31 6= 0, l32 = 0. ' [e1, e1] = k31e3, [e1, e2] = k32e3, [e2, e1] = l31e3.n℄ e1 / e2 #f��F>/ (7) Zq�H�
(15) k31 6= 0, k32 6= 0, l31 6= 0, l32 6= 0. ' [e1, e1] = k31e3, [e1, e2] = k32e3, [e2, e1] =

l31e3, [e2, e2] = l32e3. n℄i4$���f�'
[e1, e1] = e3, [e1, e2] = e3, [e2, e1] =

l31
k32

e3, [e2, e2] =
k31l32
k2
32

e3.o l31
k32

= k, k31l32
k2

32

= l, 9 k, l 6= 0. ! ke1 − e2 = e2, e1 = e1, e3 = e3, �2f"�4�k[9s
[e1, e1] = e3, [e1, e2] = (k − 1)e3, [e2, e2] = (l − k)e3, i34;-�ks��J k = l = 1, 1�8>H��/ (1) qV�J k = l 6= 1, �2f"/ (2) qV�J
l 6= k, k = 1, l 6= 1, �2f">H��/ (9) ZqV�J l 6= k, k 6= 1, �2f"%T/ (11) Zq�H�RbN04j$�{+'�04{\��q 2.2 g sKtJ Lie -^4 Leibniz -^� e1, e2, e3 Z g 4�Ui� I ⊂ g s g 4�t���> g/I wf�J Le3

= 0, �qVB��'�0HJ Lie -^4Kt Leibniz -^ g:

(i). [e2, e2] = e3. (ii). [e2, e1] = e3. (iii). [e1, e1] = e3, [e2, e2] = e3.

(iv). [e1, e1] = e3, [e2, e1] = ke3, [e2, e2] = e3, k 6= 0.



4: v<K	Lu Leibniz ._5M� 681;Gw�"4i3�ks���t E�C1>H�qV�qR (i) / (ii) qV�9)6��$Q ϕ: (i)−→ (ii) V3 ϕ(ej) =
∑3

i=1 kijei, G�B<
j, kij �Cs 0, > det | kij |3 6= 0, i, j = 1, 2, 3. & (i) G4 [e2, e2] = e3, ' [ϕ(e2), ϕ(e2)] =

k22k12e3 = ϕ(e3) =
∑3

i=1 ki3ei, 3 k13 = 0, k23 = 0, k22k12 = k33. q�' k22k11 = 0, k21k12 =

0, k21k11 = 0. >/ det|kij |3 6= 0 )��X (i) / (ii) �qV��d�C;-����qV� 2

2). J Le3
6= 0, {+LKH���

(I). m31 6= 0, m32 6= 0; (II). m31 = 0, m32 6= 0; (III). m31 6= 0, m32 = 0.j$I��
(I). m31 6= 0, m32 6= 0

(i). k33 = 0. & (2.1) W�'
l33 = 0, k32 =

k31m32

m31
, l32 =

l31m32

m31
, k31, l31 ∈ C.'B Le1

, Le2
, Le3

4�AL�s
Le1

:





0 0 0
0 0 0

k31
k31m32

m31

0



 , Le2
:





0 0 0
0 0 0

l31
l31m32

m31

0



 , Le3
:





0 0 0
0 0 0

m31 m32 0



 . (2.3)&%�3�0mH�k[9�
(a) k31 = l31 = 0. & (2.3) W'� [e3, e1] = m31e3,[e3, e2] = m32e3, i34;-�ks 0.!

e1

m31
− e2

m32
= e1,

e2

m32
= e2, e3 = e3,' [e3, e2] = e3, i34;-�ks 0.

(b) l31 6= 0, k31 = 0. & (2.3) W'�
[e2, e1] = l31e3, [e2, e2] =

l31m32

m31
e3, [e3, e1] = m31e3, [e3, e2] = m32e3i34;-�ks 0. !

− e1

m31
+

e2

m32
− l31

m31m32
e3 = e1,

e1

m31
= e2,

l31
m31m32

e3 = e3,�2�C�4 e1, e2, e3 �}Y�Xs�U�4i�'B' [e3, e2] = e3, i34;-�ks���F>/ (a) qV�
(c) k31 6= 0, l31 = 0. '

[e1, e1] = k31e3, [e1, e2] =
k31m32

m31
, [e3, e1] = m31e3, [e3, e2] = m32e3.!

e1

m31
− e2

m32
− k31

m2
31

e3 = e1,
e2

m32
= e2, e3 = e3
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(d) k31 6= 0, l31 6= 0. '

[e1, e1] = k31e3, [e1, e2] =
k31m32

m31
e3, [e2, e1] = l31e3, [e2, e2] =

l31m32

m31
e3,

[e3, e1] = m31e3, [e3, e2] = m32e3.!
e1

m31
− e2

m32
= e1,

e2

m32
= e2, e3 = e3,'

[e1, e2] = (k − l)e3, [e2, e2] = le3, [e3, e2] = e3,;G k = k31

m2

31

6= 0, l = l31
m31m32

6= 0. J k − l = 0, {+! e2 − le3 = e2, le3 = e3, e1 = e1, '
[e3, e2] = e3, i34;-�ks 0. >/ (a) qV�J k − l 6= 0, !

e2 −
l

k − l
e1 = e2,

l

k − l
e1 − le3 = e1, le3 = e3.n℄nf�' [e3, e2] = e3, / (a) qV�

(ii). k33 6= 0. & (2.1) W�' l32 = 0, k31 = 0, l33 = −m32, l31 = −k32, k33 = −m31, 'B
Le1

:





0 0 0
0 0 0
0 k32 k33



 , Le2
:





0 0 0
0 0 0

−k32 0 −m32



 , Le3
:





0 0 0
0 0 0

−k33 m32 0



 .�F>Z�Q Lie -^��.
"�
(II). m31 = 0, m32 6= 0. & (2.1) W�'































k33 = 0,
k31 = 0,
l33l32 = 0,
l233 + l33m32 = 0,
l31l33 + l31m32 = 0,
k32l33 − l31m32 = 0.

(2.4)

(i). l33 = 0. & (2.4) W�' l31 = 0, l32, k32 ∈ C, 'B
Le1

:





0 0 0
0 0 0
0 k32 0



 , Le2
:





0 0 0
0 0 0
0 l32 0



 , Le3
:





0 0 0
0 0 0
0 m32 0



 .q=�dj$�>�?#4H�k�℄i4�f��es [e3, e2] = e3, i34;-�k�s
0.

(ii). l33 6= 0. & (2.4) W�' l33 = −m32, l32 = 0, l31 = −k32, 'B
Le1

:





0 0 0
0 0 0
0 k32 0



 , Le2
:





0 0 0
0 0 0

−k32 0 −m32



 , Le3
:





0 0 0
0 0 0
0 m32 0



 .
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"�
(III). m31 6= 0, m32 = 0. & (2.1) W�'































l33 = 0,
l32 = 0,

k33k31 = 0,
k32k33 + k32m31 = 0,
k33l31 − k32m31 = 0,
k2
33 + k33m31 = 0.

(2.5)

(i). k33 = 0. & (2.5) W�' k32 = 0, k31, l31 ∈ C, 'B
Le1

:





0 0 0
0 0 0

k31 0 0



 , Le2
:





0 0 0
0 0 0
l31 0 0



 , Le3
:





0 0 0
0 0 0

m31 0 0



 .>�?#4H�k[9n℄#f e1, e2 ��6��l m31 = 0, m32 6= 0 �4��;1?#�>�����"�
(ii). k33 6= 0. & (2.5) W�' k31 = 0, k33 = −m31, l31 = −k32, 'B

Le1
:





0 0 0
0 0 0
0 k32 k33



 , Le2
:





0 0 0
0 0 0

−k32 0 0



 , Le3
:





0 0 0
0 0 0

−k33 0 0



 .�F>Z Lie -^��.
"�RbN04j$�'�04{\��q 2.3 g sKtJ Lie -^4 Leibniz -^� e1, e2, e3 Z g 4�Ui� I ⊂ g s g 4�t���> g/I wf�J Le3
6= 0, �qVB��E'�HJ Lie -^4Kt Leibniz -^�

[e3, e2] = e3, i34;-�k�s 0.?Ct Leibniz M-^ g/I 4;h����d4j$anf�{+'�04"� 2.4–2.6.�q 2.4 J g/I ZCtJwf Lie -^�l [ē1, ē2] = ē2, 9�qVB��KtJ Lie -^4 Leibniz -^ g 'KH�
(i). [e1, e1] = e3, [e1, e2] = e2, [e2, e1] = −e2.

(ii). [e1, e2] = e2, [e2, e1] = −e2, [e3, e1] = ke3.

(iii). [e1, e2] = e2, [e2, e1] = −e2, [e2, e2] = e3, [e3, e1] = −2e3.;G {e1, e2, e3} s g 4i�g'i3;-�k�s�� k 6= 0.�q 2.5 J g/I ZCtJ Lie -^4 Leibniz -^�&"� 2.1, J�ks [ē1, ē2] = ē1, i3;-�ks��9�qVB��KtJ Lie -^4 Leibniz -^ g 'KH�
(i). [e1, e2] = e1, [e3, e2] = e3.

(ii). [e1, e2] = e1, [e2, e2] = e3.

(iii). [e1, e2] = e1 + e3, [e3, e2] = ke3 = 1
k
e3.;G {e1, e2, e3} s g 4i�g'i3;-�k�s�� k 6= 0.�q 2.6 J g/I ZCtJ Lie -^4 Leibniz -^�&"� 2.1,J�ks [ē2, ē2] = ē1, i3;-�ks��9�qVB��KtJ Lie -^4 Leibniz -^ g E'�H�

(i). [e1, e2] = e3, [e2, e2] = e1, ;G {e1, e2, e3} s g 4i�g'i3;-�k�s��



684 _ � � � 0 8 % 27�� "� 2.4 − 2.6 4C1���d"� 2.2 C1�
2.2 dimI = 2s��/a 2.1 4j$IN��I��R g E`Ct���R e1, e2 s I 4�Ui� ē3 s
g/I 4�Ui�9)6 e3 ∈ g, V3 {e1, e2, e3} s g 4�Ui��0<Ct4{\L��j$�

1). I wf�l [ei, ej] = 0, i, j = 1, 2.R
Le1

(e1, e2, e3) = (e1, e2, e3)





0 0 k13

0 0 k23

0 0 0



 ,

Le2
(e1, e2, e3) = (e1, e2, e3)





0 0 l13
0 0 l23
0 0 0



 ,

Le3
(e1, e2, e3) = (e1, e2, e3)





m11 m12 m13

m21 m22 m23

0 0 0



 .&i34RH5�'S (1.1), '




























m13m11 + m23m12 = 0,
m13m21 + m23m22 = 0,
m2

11 + m21m12 + m11k13 + m21l13 = 0,
m11m21 + m21m22 + m11k23 + m21l23 = 0,
m12k23 − m21l13 = 0,
k13m21 + k23m22 − m11k23 − m21l23 = 0,
m12m11 + m22m12 + m12k23 + m22l13 = 0,
m12m21 + m2

22 + m12k23 + m22l23 = 0,
l13m11 + l23m12 − m12k13 − m22l13 = 0.

(2.6)

�L m21 = 0 a m21 6= 0 �H���q=0�dj$nf>
"1 g �`�t���'�q 2.7 J gE`Ct�� I > I wf�9�qVB��>�E'�HKtJ Lie-^4
Leibniz -^ g: [e2, e3] = e1 + e2, [e1, e3] = ke2. ;G {e1, e2, e3} s g 4�Ui�>i34;-�k�s 0, k 6= 0.

2). I sJwf Lie -^�l [e1, e2] = e2, [e2, e1] = −e2, [e1, e1] = 0, [e2, e2] = 0. R
Le1

(e1, e2, e3) = (e1, e2, e3)





0 0 k13

0 1 k23

0 0 0



 ,

Le2
(e1, e2, e3) = (e1, e2, e3)





0 0 l13
−1 0 l23
0 0 0



 ,

Le3
(e1, e2, e3) = (e1, e2, e3)





m11 m12 m13

m21 m22 m23

0 0 0



 .



4: v<K	Lu Leibniz ._5M� 685& e1, e3, e1; e2, e3, e2; e1, e2, e3; e1, e3, e2; e2, e3, e1 L�'S (1.1), {+'






















k23 = −m21,
l13 = −m12,
l13 = k13 = 0,
l23 = −m22,
m11 = 0.

(2.7)&+ g J Lie -^�!%& (2.7) �A [e3, e3] 6= 0, l m13, m23 �Cs 0. �H0�& e3, e3, e1; e3, e3, e2 L�'S (1.1), ' m23 = 0, m13 = 0, )��X>H���)6'Smu4 g.

3). I sCtJ Lie-^4 Leibniz-^��ks [e1 , e2] = e1, [e1, e1] = [e2, e2] = [e2, e1] = 0.R
Le1

(e1, e2, e3) = (e1, e2, e3)





0 1 k13

0 0 k23

0 0 0



 ,

Le2
(e1, e2, e3) = (e1, e2, e3)





0 0 l13
0 0 l23
0 0 0



 ,

Le3
(e1, e2, e3) = (e1, e2, e3)





m11 m12 m13

m21 m22 m23

0 0 0



 .& e1, e1, e3 'S (1.1), ' k23 = 0. & g �`�t���'B�A m21 6= 0, B �H0�&
e1, e3, e1 'S (1.1), ' m21 = 0. )��X>H���)6'Smu4 g.

4). I sCtJ Lie-^4 Leibniz-^��ks [e2 , e2] = e1, [e1, e1] = [e1, e2] = [e2, e1] = 0.R
Le1

(e1, e2, e3) = (e1, e2, e3)





0 0 k13

0 0 k23

0 0 0



 ,

Le2
(e1, e2, e3) = (e1, e2, e3)





0 1 l13
0 0 l23
0 0 0



 ,

Le3
(e1, e2, e3) = (e1, e2, e3)





m11 m12 m13

m21 m22 m23

0 0 0



 .& e3, e2, e2 'S (1.1), ' m11 = m21 = 0, 'B& g �`�t���' k23 6= 0. B �H0�& e1, e2, e3 'S (1.1), ' k23 = 0, )��RN�{+'�04{\��q 2.8 R g ZKtJ Lie -^4 Leibniz -^�J g E`Ct����`�t���0Ct��sJwf4 Lie -^hJ Lie -^4 Leibniz -^T�9�)6'Smu4 Leibniz -^ g.&=04"� 2.2 − 2.8, {+'�04<��bq 2.1 G�QKtJ Lie -^4 Leibniz -^ g, �qV+�04�H�
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dimI = 1.

(1) [e2, e2] = e3.

(2) [e2, e1] = e3.

(3) [e1, e1] = e3, [e2, e2] = e3.

(4) [e1, e1] = e3, [e2, e1] = ke3, [e2, e2] = e3.

(5) [e3, e2] = e3.

(6) [e1, e1] = e3, [e1, e2] = e2, [e2, e1] = −e2.

(7) [e1, e2] = e2, [e2, e1] = −e2, [e3, e1] = ke3.

(8) [e1, e2] = e2, [e2, e1] = −e2, [e2, e2] = e3, [e3, e1] = −2e3.

(9) [e1, e2] = e1, [e3, e2] = e3.

(10) [e1, e2] = e1, [e2, e2] = e3.

(11) [e1, e2] = e1 + e3, [e3, e2] = ke3.

(12) [e1, e2] = e3, [e2, e2] = e1.

dimI = 2, g E`Ct��
(13) [e2, e3] = e1 + e2, [e1, e3] = ke2.;G {e1, e2, e3} s g 4�Ui�>i��4;-�k�s 0, k 6= 0.>��{+�31�g'KtJ Lie-^4 Leibniz-^4�qV4��h�� 9Q Leibniz-^a 4 Q Leibniz -^4�t�^(��r 2.1 ?g'J Lie -^4 Leibniz -^ g, 0 dimg 6 3 T�Z�|4�\m��
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Classification of 3-Dimensional Leibniz Algebras

JIANG Qi-fen
(Department of Mathematics, Shanghai Jiao Tong University, Shanghai 200240, China )

Abstract: Leibniz algebras are noncommutative generalizations of Lie algebras. In this paper, all
3-dimensional Leibniz algebras are determined up to isomorphism.

Key words: Leibniz algebras; nilpotency; solvability; ideal.


