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{a, b, c} = −{b, a, c}, (2.2)

[[a, b], c] + [[b, c], a] + [[c, a], b] + {a, b, c}+ {b, c, a}+ {c, a, b} = 0, (2.3)

{[a, b], c, s}+ {[b, c], a, s}+ {[c, a], b, s} = 0, (2.4)

{a, b, [s, t]} = [{a, b, s}, t] + [s, {a, b, t}], (2.5)

{a, b, {s, t,m}} = {{a, b, s}, t,m}+ {s, {a, b, t},m}+ {s, t, {a, b,m}}, (2.6)2� (L, [·, ·], {·, ·, ·}) s Lie-Yamaguti (X.

Lie-Yamaguti (X0kb ψ : (L, [·, ·], {·, ·, ·}) → (L′, [·, ·]′, {·, ·, ·}′) Q}Æ#F�5 G ψ([a, b]) = [ψ(a), ψ(b)]′, ψ({a, b, c}) = {ψ(a), ψ(b), ψ(c)}′, ∀a, b, c ∈ L.U� 2.2 [12] G (L, [·, ·], {·, ·, ·}) s Lie-Yamaguti (X, V s��Æu. >X}Æ#F ρ : L→ gl(V ) ZZ}Æ#F θ : ∧2L→ gl(V ), 9<� x, y, z, s, t ∈ L  Gz�2N:

θ([x, y], z)− θ(x, z)ρ(y) + θ(y, z)ρ(x) = 0, (2.7)

D(x, y)ρ(z)− ρ(z)D(x, y)− ρ({x, y, z}) = 0, (2.8)

θ(x, [y, z])− ρ(y)θ(x, z) + ρ(z)θ(x, y) = 0, (2.9)

θ(s, t)D(x, y) −D(x, y)θ(s, t) + θ({x, y, s}, t) + θ(s, {x, y, t}) = 0, (2.10)

θ(x, {y, z, s})− θ(z, s)θ(x, y) + θ(y, s)θ(x, z) −D(y, z)θ(x, s) = 0, (2.11)2: D(x, y) = θ(y, x) − θ(x, y) − ρ[x, y] + ρ(x)ρ(y) − ρ(y)ρ(x), 2� (V ; ρ, θ) Q L 0�M�O. #L, V ��s L- &.%2N (2.7)–(2.11) �/z"2N
D([x, y], z) +D([y, z], x) +D([z, x], y) = 0. (2.12)G (L, [·, ·], {·, ·, ·}) s Lie-Yamaguti (X. >X9(N7 a1, a2 ∈ L, 7�}Æ#F

ad : L→ gl(L) ZZ}Æ#F R : ∧2L→ gl(L) s
ad(a1)(a3) := [a1, a3], R(a1, a2)(a3) := {a3, a1, a2}, ∀a3 ∈ L,2 (ad,R) Q L 1DHD0�M�O. #p L(a1, a2) = R(a2, a1) − R(a1, a2) + [ad(a1),

ad(a2)] −ad([a1, a2]), %2N (2.3), L(a1, a2)(a3) = {a1, a2, a3}. #L, (L; ad,R) �s L 0�^�O.U� 2.3 G (L, [·, ·], {·, ·, ·}) s Lie-Yamaguti (X, �7� L 0BÆu C(L) s
C(L) := {x ∈ L | [x, y] = 0, {x, y, z} = 0, ∀y, z ∈ L}.2� C(L) Q L 0:
.U� 2.4 G (L, [·, ·], {·, ·, ·})Z (L′, [·, ·]′, {·, ·, ·}′)s�M Lie-Yamaguti(X, (L′; ρ, θ)Q L 0�O. >X9<� x, y, z ∈ L, u, v, w ∈ L′, &

ρ(x)u, θ(x, y)u ∈ C(L), (2.13)
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ρ(x)[u, v]′ = 0, ρ(x){u, v, w}′ = 0, θ(x, y)[u, v]′ = 0, θ(x, y){u, v, w}′ = 0, (2.14)2 (ρ, θ) �s L 1 L′ 0�MJ$, ns (L,L′; ρ, θ).%2N (2.13) Z (2.14) �/
D(x, y)u ∈ C(L), D(x, y)[u, v]′ = 0, D(x, y){u, v, w}′ = 0. (2.15)dl 2.1 G ρ : L → gl(L′), θ : L ⊗ L → gl(L′) s Lie-Yamaguti (X (L, [·, ·],

{·, ·, ·}) 1��M Lie-Yamaguti (X (L′, [·, ·]′, {·, ·, ·}′) 0�MJ$. 2 L ⋉ L′ := (L ⊕

L′, [·, ·]⋉, {·, ·, ·}⋉) Q Lie-Yamaguti (X, 2:9<� a, b, c ∈ L, u, v, w ∈ L′, 0\ [·, ·]⋉,

{·, ·, ·}⋉ 7�>z:

[a+ u, b+ v]⋉ : = [a, b] + ρ(a)v − ρ(b)u+ [u, v]′, (2.16)

{a+ u, b+ v, c+ w}⋉ : = {a, b, c}+D(a, b)w + θ(b, c)u − θ(a, c)v + {u, v, w}′. (2.17)

Lie-Yamaguti (X L ⋉ L′ �s Lie-Yamaguti (X L ) Lie-Yamaguti (X L′ S(J$
(ρ, θ) 0�7g.U� 2.5 G (ρ, θ)s Lie-Yamaguti(X (L, [·, ·], {·, ·, ·})1 Lie-Yamaguti(X (L′, [·, ·]′,

{·, ·, ·}′) 0�MJ$. >X}Æ#F H : L→ L′, 9<�0 x, y, z ∈ L  G
H [x, y] = ρ(x)(Hy)− ρ(y)(Hx) + [Hx,Hy]′, (2.18)

H{x, y, z} = D(x, y)(Hz) + θ(y, z)(Hx)− θ(x, z)(Hy) + {Hx,Hy,Hz}′, (2.19)2� H sS(J$ (ρ, θ) 0~9qC\B. ���, (L, [·, ·], {·, ·, ·}, H) �s~9qC Lie-

Yamaguti (X, vns (L,H).� 2.1 (i) >X L 1 L′ 0J$ ρ = 0, θ = 0, 2 L - L′ 0~9qC\B H Q L -
L′ 0 Lie-Yamaguti (Xkb.

(ii) L - L 0S(�^J$ (ad,R) 0~9qC\BQ 1 9qC\B. �wt [3–4].dl 2.2 G (ρ, θ) s (L, [·, ·], {·, ·, ·}) 1 (L′, [·, ·]′, {·, ·, ·}′) 0�MJ$, 2}Æ#F
H Q L - L′ 0~9qC\B+5�+ φH : L→ L⋉L′, x 7→ x+Hx Q Lie-Yamaguti (Xkb.� 9<� x, y, z ∈ L, v!&

φH [x, y] = [x, y] +H [x, y],

[φH(x), φH (y)]⋉ = [x, y] + ρ(x)(Hy) − ρ(y)(Hx) + [Hx,Hy]′,

φH{x, y, z} = {x, y, z}+H{x, y, z},

{φH(x), φH(y), φH(z)}⋉ = {x, y, z}+D(x, y)(Hz) + θ(y, z)(Hx)

− θ(x, z)(Hy) + {Hx,Hy,Hz}′.�#, H Q L - L′ 0~9qC\B+5�+ φH s L - L⋉ L′ 0 Lie-Yamaguti (Xk



42 Y � , 	 A h 45 �b. 5Æ.}Æ#F H 0n����` Lie-Yamaguti (XD0~9qC\B.pb 2.1 G (ρ, θ) s (L, [·, ·], {·, ·, ·}) 1 (L′, [·, ·]′, {·, ·, ·}′) 0�MJ$, 2}Æ#F
H : L → L′ Q~9qC\B+5�+#F H 0n� Gr(H) := {x+Hx | x ∈ L} Q�7g Lie-Yamaguti (X L⋉ L′ 0B(X.� %%g 2.2, Gr(H) = im(φH). �#, ~���. 5Æ.U� 2.6 G (ρ, θ)Q Lie-Yamaguti(X (L, [·, ·], {·, ·, ·})1 Lie-Yamaguti(X (L′, [·, ·]′,

{·, ·, ·}′) 0�MJ$, T : L′ → L Q}Æ#F. >X9<� λ ∈ K, u, v, w ∈ L′, T  Gz�2N:

[Tu, T v] = T (ρ(Tu)v − ρ(Tv)u+ λ[u, v]′),

{Tu, T v, Tw} = T (D(Tu, T v)w+ θ(Tv, Tw)u− θ(Tu, Tw)v + λ{u, v, w}′),2� T Q L′ - L 0S(J$ (ρ, θ) 0 λ 9~9��\B.dl 2.3 G (ρ, θ) s (L, [·, ·], {·, ·, ·}) 1 (L′, [·, ·]′, {·, ·, ·}′) 0�MJ$. 2�*}Æ#F H : L → L′ Q~9qC\B+5�+ H−1 : L′ → L QS(J$ (ρ, θ) 0�* 1 9~9��\B.� G H : L→ L′ Q�*~9qC\B, 29<� u, v, w ∈ L′, v!&
[H−1u,H−1v] = H−1(H [H−1u,H−1v])

= H−1(ρ(H−1u)v − ρ(H−1v)u + [u, v]′),

{H−1u,H−1v,H−1w} = H−1(H{H−1u,H−1v,H−1w})

= H−1(D(H−1u,H−1v)w + θ(H−1v,H−1w)u

− θ(H−1u,H−1w)v + {u, v, w}′).�#, H−1 : L′ → L QS(J$ (ρ, θ) 0 1 9~9��\B.�6, >X H−1 : L′ → L Q�* 1 9~9��\B, 9<� x, y, z ∈ L, 2&1
u, v, w ∈ L′, M/ x = H−1(u), y = H−1(v), z = H−1(w), %<&

H [x, y] = H [H−1(u), H−1(v)] = H(H−1(ρ(H−1(u))(v) − ρ(H−1(v))(u) + [u, v]′))

= ρ(x)(Hy)− ρ(y)(Hx) + [Hx,Hy]′,

H{x, y, z} = H{H−1u,H−1v,H−1w})

= H(H−1(D(H−1u,H−1v)w + θ(H−1v,H−1w)u

− θ(H−1u,H−1w)v + {u, v, w}′))

= D(x, y)(Hz) + θ(y, z)(Hx)− θ(x, z)(Hy) + {Hx,Hy,Hz}′.�#, H Q~9qC\B. 5Æ.



1 1 e u Lie-Yamaguti )Y1�:rD℄C 43U� 2.7 G H1 Z H2 Q Lie-Yamaguti (X (L, [·, ·], {·, ·, ·}) - Lie-Yamaguti (X
(L′, [·, ·]′, {·, ·, ·}′) S(J$ (ρ, θ) 0�M~9qC\B. >X&1 Lie-Yamaguti (XDkb ψ : L→ L Z ψ′ : L′ → L′, M/ (9<� x, y ∈ L, u ∈ L′)

ψ′(H1x) =H2(ψ(x)), (2.20)

ψ′(ρ(x)u) =ρ(ψ(x))ψ′(u), (2.21)

ψ′(θ(x, y)u) =θ(ψ(x), ψ(x))ψ′(u), (2.22)2��9 (ψ, ψ′) Q~9qC\B H1 - H2 0kb. d�4, >X ψ Z ψ′ 8Q�*0, 2��9 (ψ, ψ′) Q~9qC\B H1 - H2 0kQ.%2N (2.22) �/: ψ′(D(x, y)u) = D(ψ(x), ψ(x))ψ′(u).dl 2.4 G H Q (L, [·, ·], {·, ·, ·}) - (L′, [·, ·]′, {·, ·, ·}′) S(J$ (ρ, θ) 0~9qC\B. >X ψ ∈ End(L) Z ψ′ ∈ End(L′) s Lie-Yamaguti (XDkb5 ψ′ �*, M/2N
(2.21)–(2.22) ��, 2 ψ′−1 ◦H ◦ ψ Q L - L′ S(J$ (ρ, θ) 0~9qC\B.� 9<� x, y, z ∈ L, %2N (2.21)–(2.22), &

(ψ′−1 ◦H ◦ ψ)[x, y]

= ψ′−1(H [ψ(x), ψ(y)])

= ψ′−1(ρ(ψ(x))(H(ψ(y))) − ρ(ψ(y))(H(ψ(x))) + [H(ψ(x)), H(ψ(y))]′)

= ρ(x)(ψ′−1 ◦H ◦ ψ(y))− ρ(y)(ψ−1 ◦H ◦ ψ(x)) + [ψ−1 ◦H ◦ ψ(x), ψ−1 ◦H ◦ ψ(y)]′),

(ψ′−1 ◦H ◦ ψ){x, y, z}

= ψ′−1(H{ψ(x), ψ(y), ψ(z)})

= ψ′−1(D(ψ(x), ψ(y))(H(ψ(z))) + θ(ψ(y), ψ(z))(H(ψ(x))) − θ(ψ(x), ψ(z))(H(ψ(y)))

+ {H(ψ(x)), H(ψ(y)), H(ψ(z))}′)

= D(x, y)(ψ′−1 ◦H ◦ ψ(z)) + θ(y, z)(ψ′−1 ◦H ◦ ψ(x)) − θ(x, z)(ψ′−1 ◦H ◦ ψ(y))

+ {ψ′−1 ◦H ◦ ψ(x), ψ′−1 ◦H ◦ ψ(y), ψ′−1 ◦H ◦ ψ(z)}′).�#, ψ′−1 ◦H ◦ ψ Q~9qC\B. 5Æ.

§3 Lie-Yamaguti QhfyWrZj
SfnTS{dR Lie-Yamaguti (X0Dk5�� [12]. G (V ; ρ, θ) s Lie-Yamaguti (X
(L, [·, ·], {·, ·, ·}) 0�O. n+ 1- D�Æu Cn+1

LY (L, V ) 7�s:+ n > 1, Cn+1
LY (L, V ) = Hom(

n︷ ︸︸ ︷
∧2L⊗ · · · ⊗ ∧2L, V )×Hom(

n︷ ︸︸ ︷
∧2L⊗ · · · ⊗ ∧2L⊗L, V );+ n = 0, C1

LY(L, V ) = Hom(L, V ).



44 Y � , 	 A h 45 �+ n > 1L,9<� (f, g) ∈ Cn+1
LY (L, V ), Ki = xi∧yi ∈ ∧2L, (i = 1, 2, · · · , n+1), z ∈ L,D�-\B δ = (δI , δII) : Cn+1

LY (L, V ) → Cn+2
LY (L, V ), (f, g) 7→ (δI(f, g), δII(f, g)) s:

δI(f, g)(K1, · · · ,Kn+1)

= (−1)n(ρ(xn+1)g(K1, · · · ,Kn, yn+1)− ρ(yn+1)g(K1, · · · ,Kn, xn+1)

− g(K1, · · · ,Kn, [xn+1, yn+1])) +

n∑

k=1

(−1)k+1D(Kk)f(K1, · · · , K̂k, · · · ,Kn+1)

+
∑

16k<l6n+1

(−1)kf(K1, · · · , K̂k, · · · , {xk, yk, xl} ∧ yl + xl ∧ {xk, yk, yl}, · · · ,Kn+1),

δII(f, g)(K1, · · · ,Kn+1, z)

= (−1)n(θ(yn+1, z)g(K1, · · · ,Kn, xn+1)− θ(xn+1, z)g(K1, · · · ,Kn, yn+1))

+

n+1∑

k=1

(−1)k+1D(Kk)g(K1, · · · , K̂k, · · · ,Kn+1, z)

+
∑

16k<l6n+1

(−1)kg(K1, · · · , K̂k, · · · , {xk, yk, xl} ∧ yl + xl ∧ {xk, yk, yl}, · · · ,Kn+1, z)

+

n+1∑

k=1

(−1)kg(K1, · · · , K̂k, · · · ,Kn+1, {xk, yk, z}),2:EŶ�Oz"0F'
B!.+ n = 0 L, 9<� f ∈ C1
LY(L, V ), D�-\B δ = (δI , δII) : C1

LY(L, V ) →

C2
LY(L, V ), f 7→ (δI(f), δII(f)) s

δI(f)(x, y) =ρ(x)f(y)− ρ(y)f(x)− f([x, y]),

δII(f)(x, y, z) =D(x, y)f(z) + θ(y, z)f(x)− θ(x, z)f(y)− f({x, y, z}),

Yamaguti[12] �5# δ ◦ δ = 0. �#, (C•

LY(L, V ) =
∞⊕

n=0
Cn+1

LY (L, V ), δ) sD�F�.�a 3.1 G H Q (L, [·, ·], {·, ·, ·}) - (L′, [·, ·]′, {·, ·, ·}′) S(J$ (ρ, θ) 0~9qC\B. 7� ρH : L→ gl(L′) Z θH : ∧2L→ gl(L′) s
ρH(x)u :=ρ(x)u+ [Hx, u]′,

θH(x, y)u :=θ(x, y)u+ {u,Hx,Hy}′, ∀x, y ∈ L, u ∈ L′,2 (L′; ρH , θH) Q L 0�M�O.� S{, 9<� x, y, z, s, t ∈ L, u ∈ L′, 7|l\, & DH(x, y)u = θH(y, x)u −

θH(x, y)u + [ρH(x), ρH(y)]u − ρH [x, y]u = D(x, y)u + {Hx,Hy, u}′. ���%2N (2.1)–

(2.19), v!&
(θH([x, y], z)− θH(x, z)ρH(y) + θH(y, z)ρH(x))u

= θ([x, y], z)u+ {u,H [x, y], Hz}′ − θ(x, z)ρ(y)u − {ρ(y)u,Hx,Hz}′ − θ(x, z)[Hy, u]′
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− {[Hy, u]′, Hx,Hz}′ + θ(y, z)ρ(x)u+ {ρ(x)u,Hy,Hz}′

+ θ(y, z)[Hx, u]′ + {[Hx, u]′, Hy,Hz}′

= 0,

(DH(x, y)ρH(z)− ρH(z)DH(x, y) − ρH({x, y, z}))u

= D(x, y)ρ(z)u+ {Hx,Hy, ρ(z)u}′ +D(x, y)[Hz, u]′ + {Hx,Hy, [Hz, u]′}′

− ρ(z)D(x, y)u− [Hz,D(x, y)u]′ − ρ(z){Hx,Hy, u}′ − [Hz, {Hx,Hy, u}′]′

− ρ({x, y, z})u− [H{x, y, z}, u]′

= 0,

(θH(x, [y, z])− ρH(y)θH(x, z) + ρH(z)θH(x, y))u

= θ(x, [y, z])u+ {u,Hx,H [y, z]}′ − ρ(y)θ(x, z)u − [Hy, θ(x, z)u]′ − ρ(y){u,Hx,Hz}′

− [Hy, {u,Hx,Hz}′]′ + ρ(z)θ(x, y)u+ [Hz, θ(x, y)u]′

+ ρ(z){u,Hx,Hy}′ + [Hz, {u,Hx,Hy}′]′

= 0,

(θH(s, t)DH(x, y)−DH(x, y)θH(s, t) + θH({x, y, s}, t) + θH(s, {x, y, t}))u

= θ(s, t)D(x, y)u + {D(x, y)u,Hs,Ht}′ + θ(s, t){Hx,Hy, u}′

+ {{Hx,Hy, u}′, Hs,Ht}′ −D(x, y)θ(s, t)u − {Hx,Hy, θ(s, t)u}′

−D(x, y){u,Hs,Ht}′ − {Hx,Hy, {u,Hs,Ht}′}′ + θ({x, y, s}, t)u

+ {u,H{x, y, s}, Ht}′ + θ(s, {x, y, t}))u+ {u,Hs,H{x, y, t}}′

= 0,

(θH(x, {y, z, s})− θH(z, s)θH(x, y) + θH(y, s)θH(x, z)−DH(y, z)θH(x, s))u

= θ(x, {y, z, s})u+ {u,Hx,H{y, z, s}}′ − θ(z, s)θ(x, y)u− {θ(x, y)u,Hz,Hs}′

− θ(z, s){u,Hx,Hy}′ − {{u,Hx,Hy}′, Hz,Hs}′ + θ(y, s)θ(x, z)u

+ {θ(x, z)u,Hy,Hs}′ + θ(y, s){u,Hx,Hz}′ + {{u,Hx,Hz}′, Hy,Hs}′

−D(y, z)θ(x, s)u− {Hy,Hz, θ(x, s)u}′ −D(y, z){u,Hx,Hs}′

− {Hy,Hz, {u,Hx,Hs}′}′

= 0.�#, (L′; ρH , θH) Q L 0�O. 5Æ.z"N� Lie-Yamaguti (XD~9qC\B0Dk5.G δH = (δIH , δ
II
H ) : Cn+1

LY (L,L′) → Cn+2
LY (L,L′), (f, g) 7→ (δIH(f, g), δIIH (f, g)) Q Lie-

Yamaguti (X (L, [·, ·], {·, ·, ·}) 0D�-\B, 2yX8D (L′; ρH , θH). �h4, + n > 1



46 Y � , 	 A h 45 �L, 9<� (f, g) ∈ Cn+1
LY (L,L′), Ki = xi ∧ yi ∈ ∧2L, (i = 1, 2, · · · , n+ 1), z ∈ L,

δIH(f, g)(K1, · · · ,Kn+1)

= (−1)n(ρ(xn+1)g(K1, · · · ,Kn, yn+1) + [Hxn+1, g(K1, · · · ,Kn, yn+1)]
′

− ρ(yn+1)g(K1, · · · ,Kn, xn+1)− [Hyn+1, g(K1, · · · ,Kn, xn+1)]
′

− g(K1, · · · ,Kn, [xn+1, yn+1])) +

n∑

k=1

(−1)k+1(D(Kk)f(K1, · · · , K̂k, · · · ,Kn+1)

+ {Hxk, Hyk, f(K1, · · · , K̂k, · · · ,Kn+1)}
′)

+
∑

16k<l6n+1

(−1)kf(K1, · · · , K̂k, · · · , {xk, yk, xl} ∧ yl + xl ∧ {xk, yk, yl}, · · · ,Kn+1),

δIIH (f, g)(K1, · · · ,Kn+1, z)

= (−1)n(θ(yn+1, z)g(K1, · · · ,Kn, xn+1) + {g(K1, · · · ,Kn, xn+1), Hyn+1, Hz}
′

− θ(xn+1, z)g(K1, · · · ,Kn, yn+1)− {g(K1, · · · ,Kn, yn+1), Hxn+1, Hz}
′)

+

n+1∑

k=1

(−1)k+1(D(Kk)g(K1, · · · , K̂k, · · · ,Kn+1, z)

+ {Hxk, Hyk, g(K1, · · · , K̂k · · · ,Kn+1, z)}
′)

+
∑

16k<l6n+1

(−1)kg(K1, · · · , K̂k, · · · , {xk, yk, xl} ∧ yl + xl ∧ {xk, yk, yl}, · · · ,Kn+1, z)

+

n+1∑

k=1

(−1)kg(K1, · · · , K̂k, · · · ,Kn+1, {xk, yk, z}).+ n = 0 L, 9<� f ∈ C1
LY(L,L

′), D�-\B δH = (δIH , δ
II
H ) : C1

LY(L,L
′) →

C2
LY(L,L

′), f 7→ (δIH(f), δIIH (f)) s
δIH(f)(x, y) = ρ(x)f(y) + [Hx, f(y)]′ − ρ(y)f(x) − [Hy, f(x)]′ − f([x, y]),

δIIH (f)(x, y, z) = D(x, y)f(z) + {Hx,Hy, f(z)}′ + θ(y, z)f(x)

+ {f(x), Hy,Hz}′ − θ(x, z)f(y)− {f(y), Hx,Hz}′ − f({x, y, z}).7� ℘ : ∧2L→ C1
LY(L,L

′) s
℘(K)c = θ(b, c)(Ha)− θ(a, c)(Hb) + {Ha,Hb,Hc}′, ∀K = a ∧ b ∈ ∧2L, c ∈ L.Ua 3.1 G H Q (L, [·, ·], {·, ·, ·}) - (L′, [·, ·]′, {·, ·, ·}′) S(J$ (ρ, θ) 0~9qC\B. 2 δH(℘(K)) = 0, j ∧2L

℘
−→ C1

LY(L,L
′)

δH−→ C2
LY(L,L

′) F\s�#F.� 9<� x, y, z ∈ L, %2N (2.1)–(2.19), v!&
δIH(℘(K))(x, y)

= ρ(x)℘(K)(y) + [Hx,℘(K)(y)]′ − ρ(y)℘(K)(x) − [Hy, ℘(K)(x)]′ − ℘(K)([x, y])

= ρ(x)(θ(b, y)(Ha)− θ(a, y)(Hb) + {Ha,Hb,Hy}′)
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+ [Hx, θ(b, y)(Ha)− θ(a, y)(Hb) + {Ha,Hb,Hy}′]′

− ρ(y)(θ(b, x)(Ha) − θ(a, x)(Hb) + {Ha,Hb,Hx}′)

− [Hy, θ(b, x)(Ha)− θ(a, x)(Hb) + {Ha,Hb,Hx}′]′

− θ(b, [x, y])(Ha) + θ(a, [x, y])(Hb)− {Ha,Hb,H [x, y]}′

= 0,

δIIH (℘(K))(x, y, z)

= D(x, y)℘(K)(z) + {Hx,Hy, ℘(K)(z)}′ + θ(y, z)℘(K)(x) + {℘(K)(x), Hy,Hz}′

− θ(x, z)℘(K)(y)− {℘(K)(y), Hx,Hz}′ − ℘(K)({x, y, z})

= D(x, y)(θ(b, z)(Ha) − θ(a, z)(Hb) + {Ha,Hb,Hz}′)

+ {Hx,Hy, θ(b, z)(Ha)− θ(a, z)(Hb) + {Ha,Hb,Hz}′}′

+ θ(y, z)(θ(b, x)(Ha) − θ(a, x)(Hb) + {Ha,Hb,Hx}′)

+ {θ(b, x)(Ha)− θ(a, x)(Hb) + {Ha,Hb,Hx}′, Hy,Hz}′

− θ(x, z)(θ(b, y)(Ha) − θ(a, y)(Hb) + {Ha,Hb,Hy}′)

− {θ(b, y)(Ha)− θ(a, y)(Hb) + {Ha,Hb,Hy}′, Hx,Hz}′

− θ(b, {x, y, z})(Ha) + θ(a, {x, y, z})(Hb)− {Ha,Hb,H{x, y, z}}′

= 0.�#, δH(℘(K)) = 0. 5Æ.G H Q (L, [·, ·], {·, ·, ·}) - (L′, [·, ·]′, {·, ·, ·}′) S(J$ (ρ, θ) 0~9qC\B. 7�~9qC\B H 0 p- D�Æus: + p > 1 L, Cp
H(L,L

′) := Cp
LY(L,L

′); + p = 0 L,

C0
H(L,L

′) := ∧2L, δH = ℘. 2 (
∞⊕
p=0

Cp
H(L,L

′), δH) QD�F�. + p > 1, 9"0 p- D��Æu) p- D�-ÆuC�n� Zp
H(L,L

′) ) Bp
H(L,L

′). p- Dk5:7�s Hp
H(L,L

′) =
Z

p

H
(L,L′)

B
p

H
(L,L′)

, �s Lie-Yamaguti (XD~9qC\B H 0Dk5, 2yX8D L′.�}H^, v!5#~9qC\B6u0kb',�9"0Dk5:6u0kb. G
H Z H ′ Q Lie-Yamaguti (X (L, [·, ·], {·, ·, ·}) - Lie-Yamaguti (X (L′, [·, ·]′, {·, ·, ·}′) S(J$ (ρ, θ) 0�M~9qC\B, (ψ, ψ′) Q H - H ′ 0kb5 ψ �*. 9<� (f, g) ∈

Cn+1
H (L,L′), 7�}Æ#F Φ = (ΦI ,ΦII) : Cn+1

H (L,L′) → Cn+1
H′ (L,L′), (f, g) 7→ (ΦIf,ΦIIg)s

(ΦIf)(K1, · · · ,Kn) = ψ′(f(ψ−1(x1) ∧ ψ
−1(y1), · · · , ψ

−1(xn) ∧ ψ
−1(yn))),

(ΦIIg)(K1, · · · ,Kn, z) = ψ′(g(ψ−1(x1) ∧ ψ
−1(y1), · · · , ψ

−1(xn) ∧ ψ
−1(yn), ψ

−1(z))),2: Ki = xi ∧ yi ∈ ∧2L, i = 1, 2, · · · , n+ 1, z ∈ L.



48 Y � , 	 A h 45 �Ua 3.2 D"7�0}Æ#F ΦQF� (
∞⊕
p=1

Cn
H(L,L

′), δH)-F� (
∞⊕
p=1

Cn
H′(L, L′), δH′)0D�#F, j Φ ◦ δH = δH′ ◦ Φ. 
�6, z"0n��z


Cn+1
H (L,L′)

δH
//

Φ

��

Cn+2
H (L,L′)

Φ

��

Cn+1
H′ (L,L′)

δH′

// Cn+2
H′ (L,L′).�#, Φ ',�9"0Dk5:6u0kb Φ∗ : Hn
H(L,L

′) → Hn
H′(L,L′).� 9<� (f, g) ∈ Cn+1

H (L,L′), %2N (2.20)–(2.22), v!&
δ
I

H′(ΦI
f,ΦII

g)(K1, · · · ,Kn+1)

=(−1)n
(
ρ(xn+1)(Φ

II
g)(K1, · · · ,Kn, yn+1) + [H ′

xn+1, (Φ
II
g)(K1, · · · ,Kn, yn+1)]

′

− ρ(yn+1)(Φ
II
g)(K1, · · · ,Kn, xn+1)− [H ′

yn+1, (Φ
II
g)(K1, · · · , Kn, xn+1)]

′

− (ΦII
g)(K1, · · · ,Kn, [xn+1, yn+1])

)
+

n∑

k=1

(−1)k+1(D(Kk)(Φ
I
f)(K1, · · · , K̂k, · · · ,Kn+1)

+ {H ′

xk,H
′

yk, (Φ
I
f)(K1, · · · , K̂k, · · · ,Kn+1)}

′)

+
∑

16k<l6n+1

(−1)k(ΦI
f)(K1, · · · , K̂k, · · · , {xk, yk, xl} ∧ yl + xl ∧ {xk, yk, yl}, · · · ,Kn+1),

=(−1)n(ρ(xn+1)ψ
′(g(ψ−1(x1) ∧ ψ

−1(y1), · · · , ψ
−1(xn) ∧ ψ

−1(yn), ψ
−1(yn+1)))

+ [H ′

xn+1, ψ
′(g(ψ−1(x1) ∧ ψ

−1(y1), · · · , ψ
−1(xn) ∧ ψ

−1(yn), ψ
−1(yn+1)))]

′

− ρ(yn+1)ψ
′(g(ψ−1(x1) ∧ ψ

−1(y1), · · · , ψ
−1(xn) ∧ ψ

−1(yn), ψ
−1(xn+1)))

− [H ′

yn+1, ψ
′(g(ψ−1(x1) ∧ ψ

−1(y1), · · · , ψ
−1(xn) ∧ ψ

−1(yn), ψ
−1(xn+1)))]

′

− ψ
′(g(ψ−1(x1) ∧ ψ

−1(y1), · · · , ψ
−1(xn) ∧ ψ

−1(yn), ψ
−1([xn+1, yn+1])))

+
n∑

k=1

(−1)k+1(D(Kk)ψ
′(f(ψ−1(x1) ∧ ψ

−1(y1),· · · , ̂ψ−1(xk) ∧ ̂ψ−1(yk),· · · , ψ
−1(xn+1) ∧ ψ

−1(yn+1)))

+ {H ′

xk,H
′

yk, ψ
′(f(ψ−1(x1) ∧ ψ

−1(y1), · · · , ̂ψ−1(xk) ∧ ̂ψ−1(yk), · · · , ψ
−1(xn+1) ∧ ψ

−1(yn+1)))}
′)

+
∑

16k<l6n+1

(−1)kψ′(f(ψ−1(x1) ∧ ψ
−1(y1), · · · , ̂ψ−1(xk) ∧ ̂ψ−1(yk), · · · , ψ

−1{xk, yk, xl} ∧ ψ
−1(yl)

+ ψ
−1(xl) ∧ ψ

−1{xk, yk, yl}, · · · , ψ
−1(xn+1) ∧ ψ

−1(yn+1)))

=ψ′(δIH(f, g)(ψ−1(x1) ∧ ψ
−1(y1), · · · , ψ

−1(xn+1) ∧ ψ
−1(yn+1)))

=ΦI(δIH(f, g)(K1, · · · ,Kn+1)),

δ
II

H′(ΦI
f,ΦII

g)(K1, · · · ,Kn+1, z)

=(−1)n(θ(yn+1, z)(Φ
II
g)(K1, · · · , Kn, xn+1) + {(ΦII

g)(K1, · · · ,Kn, xn+1),H
′

yn+1,H
′

z}′

− θ(xn+1, z)(Φ
II
g)(K1, · · · ,Kn, yn+1)− {(ΦII

g)(K1, · · · ,Kn, yn+1),H
′

xn+1,H
′

z}′)

+

n+1∑

k=1

(−1)k+1(D(Kk)(Φ
II
g)(K1, · · · , K̂k, · · · ,Kn+1, z)

+ {H ′

xk,H
′

yk, (Φ
II
g)(K1, · · · , K̂k, · · · ,Kn+1, z)}

′)
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+
∑

16k<l6n+1

(−1)k(ΦII
g)(K1, · · · , K̂k, · · · , {xk, yk, xl} ∧ yl + xl ∧ {xk, yk, yl}, · · · ,Kn+1, z)

+

n+1∑

k=1

(−1)k(ΦII
g)(K1, · · · , K̂k, · · · ,Kn+1, {xk, yk, z})

=(−1)n(θ(yn+1, z)ψ
′(g(ψ−1(x1) ∧ ψ

−1(y1), · · · , ψ
−1(xn) ∧ ψ

−1(yn), ψ
−1(xn+1)))

+ {ψ′(g(ψ−1(x1) ∧ ψ
−1(y1), · · · , ψ

−1(xn) ∧ ψ
−1(yn), ψ

−1(xn+1))),H
′

yn+1,H
′

z}′

− θ(xn+1, z)ψ
′(g(ψ−1(x1) ∧ ψ

−1(y1), · · · , ψ
−1(xn) ∧ ψ

−1(yn), ψ
−1(yn+1)))

− {ψ′(g(ψ−1(x1) ∧ ψ
−1(y1), · · · , ψ

−1(xn) ∧ ψ
−1(yn), ψ

−1(yn+1))),H
′

xn+1,H
′

z}′)

+
n+1∑

k=1

(−1)k+1(D(Kk)ψ
′(g(ψ−1(x1) ∧ ψ

−1(y1), · · · , ̂ψ−1(xk) ∧ ̂ψ−1(yk), · · · ,

ψ
−1(xn+1) ∧ ψ

−1(yn+1), ψ
−1(z)))

+ {H ′

xk,H
′

yk, ψ
′(g(ψ−1(x1) ∧ ψ

−1(y1),· · ·, ̂ψ−1(xk) ∧ ̂ψ−1(yk), · · · ,

ψ
−1(xn+1) ∧ ψ

−1(yn+1), ψ
−1(z)))}′)

+
∑

16k<l6n+1

(−1)kψ′(g(ψ−1(x1) ∧ ψ
−1(y1), · · · , ̂ψ−1(xk) ∧ ̂ψ−1(yk), · · · , ψ

−1{xk, yk, xl} ∧ ψ
−1(yl)

+ ψ
−1(xl) ∧ ψ

−1{xk, yk, yl}, · · · , ψ
−1(xn+1) ∧ ψ

−1(yn+1), ψ
−1(z)))

+

n+1∑

k=1

(−1)kψ′(g(ψ−1(x1) ∧ ψ
−1(y1),· · ·, ̂ψ−1(xk)

∧ ̂ψ−1(yk),· · ·, ψ
−1(xn+1) ∧ ψ

−1(yn+1), ψ
−1({xk, yk, z})))

=ψ′(δIIH (f, g)(ψ−1(x1) ∧ ψ
−1(y1), · · · , ψ

−1(xn+1) ∧ ψ
−1(yn+1), ψ

−1(z)))

=ΦII(δIIH (f, g)(K1, · · · , Kn+1, z)).�#, Φ ◦ δH = δH′ ◦ Φ. ���, Φ ',�9"0Dk5:6u0kb Φ∗ : Hn
H(L,L

′) →

Hn
H′(L,L′). 5Æ.

§4 Lie-Yamaguti QhfyWrZj
Suez|LG (L, [·, ·], {·, ·, ·}) Q K D0 Lie-Yamaguti (X, K[t] Q*�� t 0;�Nb, 2
K[t]/(t2) ⊗ L Q K[t]/(t2)- &. ���, K[t]/(t2) ⊗ L Q K[t]/(t2) D0 Lie-Yamaguti (X,2 Lie-Yamaguti (X~Qs

[f(t)x, g(t)y] = f(t)g(t)[x, y], {f(t)x, g(t)y, h(t)z} = f(t)g(t)h(t){x, y, z},2: f(t), g(t), h(t) ∈ K[t]/(t2), x, y, z ∈ L.U� 4.1 G H Q (L, [·, ·], {·, ·, ·}) - (L′, [·, ·]′, {·, ·, ·}′) S(J$ (ρ, θ) 0~9qC\B, ℑ : L→ L′ s}Æ#F. >X Ht = H + tℑ mod (t2) �Q~9qC\B, 2� ℑ J�~9qC\B H 0�Mw6���.



50 Y � , 	 A h 45 �dl 4.1 >X ℑ J�~9qC\B H 0�Mw6���, 2 ℑ Q~9qC\B H0�M 1- D��.� rG Ht = H + tℑ Q~9qC\B, 29<� x, y, z ∈ L, v!&
Ht[x, y] = ρ(x)(Hty)− ρ(y)(Htx) + [Htx,Hty]

′,

Ht{x, y, z} = D(x, y)(Htz) + θ(y, z)(Htx)− θ(x, z)(Hty) + {Htx,Hty,Htz}
′.
{DW2N�� t1 0yX, &

ℑ[x, y] = ρ(x)(ℑy)− ρ(y)(ℑx) + [Hx,ℑy]′ + [ℑx,Hy]′,

ℑ{x, y, z} = D(x, y)(ℑz) + θ(y, z)(ℑx)− θ(x, z)(ℑy) + {ℑx,Hy,Hz}′ + {Hx,ℑy,Hz}′

+ {Hx,Hy,ℑz}′.�#, δH(ℑ) = (δIH(ℑ), δIIH (ℑ)) = 0, j δH(ℑ) = 0. 5Æ.U� 4.2 G H Q (L, [·, ·], {·, ·, ·}) - (L′, [·, ·]′, {·, ·, ·}′) S(J$ (ρ, θ) 0~9qC\B, H1
t = H + tℑ1 Z H2

t = H + tℑ2 Q H 0�M*�Xw6���. >X&1
K = a∧ b ∈ L∧L, M/ (IdL + tL(K), IdL′ + tD(K)) Q H1

t - H2
t 0kb, 2� H1

t ) H2
t2s.d�4, >X&1 K = a ∧ b ∈ L ∧ L, M/ (IdL + tL(K), IdL′ + tD(K)) Q Ht - H0kb, 2� Ht Q/?0.Ua 4.1 >X�M*�Xw6��� H1

t = H + tℑ1, H
2
t = H + tℑ2 Q2s0, 2

ℑ1 ) ℑ2 1 H1
H(L,L

′) :V(k�MDk5�.� G (IdL + tL(K), IdL′ + tD(K)) Q H1
t - H2

t 0kb, %2N (2.20), �/
(IdL′ + tD(K))(H + tℑ1)c = (H + tℑ2)(IdL + tL(K))(c), ∀c ∈ L.
{D"2N�� t1 0yXi%2N (2.19), &

(ℑ1 −ℑ2)(c) = θ(b, c)(Ha)− θ(a, c)(Hb) + {Ha,Hb,Hc}′.�#, (ℑ1 − ℑ2)(c) = ℘(K)c, j ℑ1(c) − ℑ2(c) = δH(K)(c) ∈ B1
H(L,L

′). j5 ℑ1 ) ℑ2 1
H1

H(L,L
′) :V(k�MDk5�. 5Æ.�{ K�)$0I?p9GC�t9�`f�0�U�wZx�.N � _ � s � v
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