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1 tr?\XLD�/ Klein-Gordon-Zakharov[CG�XT7	
utt −△u+ u = −nu, t > 0, x ∈ R2, (1.1)

nt + ∇ · V = 0, t > 0, x ∈ R2, (1.2)

Vt + ▽n+ ▽|u|2 = 0, t > 0, x ∈ R2, (1.3)
{

u(0, x) = u0(x), ut(0, x) = u1(x), x ∈ R2,

n(0, x) = n0(x), V (0, x) = v0(x), x ∈ R2,
(1.4)x/ u = u(t, x) �ypM%i(�T�)� n = n(t, x) �ypM%�(�T�)�

V = V (t, x) �ypM%�(�T�)�[C (1.1)–(1.3) f%VnrHJ9�Æ/GjV 
J9� G
��� [1−3]. �HJ9WK/�Q}GjV�LGLQrlJGK^t9/�q1IiG Zakharov 
,y7d)2wG�� 2,4−6]. Q�LD�/G
Klein-Gordon-Zakharov[CGt9�z	Vyht� [5−9]. y
e�Ozawa, Tsutaya�
Tsutsumi[7] N� Shatah[10] /�4G_)k�
\t9VKlein-Gordon-Zakharov[CG�XT7�$hV>0(.gg��k[C8�HyG":1��~> t→ ∞���h":1&5I��;�1�Tsutaya[6] �>W=$�$�UN�"� SobolevD��$hV
Klein-Gordon-Zakharov[Cg0(":1G8�m��~l4VQ0(G#�mw��Xy
e�Ozawa, Tsutaya� Tsutsumi[5] $hV Klein-Gordon-Zakharov[C/���GjV 
J9� 4�-OG"�(�Vk[CG�XT7�D� H1(R2)×L2(R2)×�P 2008 q 1 � 2 � A�
∗ }�:�AqÆ2 (10771151, 10726034), +3��qA�Æ2 (07ZQ026-009) 85el�
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L2(R2)×L2(R2)/{���G:$�Km�N��h.~�xoT#���kQ/1d	DB Klein-Gordon-Zakharov[C�oTD�/g0(":1G8�Hym�Gan �
Zhang[8] N�6gG�g4^$hV Klein-Gordon-Zakharov [C<�3G6 G8�m��N� Pagne
 Sattinger[11] /G�7
\
 Levine[12] /G�
\�$hVk6 G"RKm�?5�Ohta
 Todorova[13] t9VXL��LD�/ Klein-Gordon-Zakharov[C6 1G"RKm�5F� Zhang � Gan[3] $hV�L Klein-Gordon-Zakharov[C�XT7":18�Gyp?�=$� Guo � Yuan[14] N�0NGRn
\�6gG_vx���b	�X0(.ggG��℄�DBVXL Klein-Gordon-Zakharov [C
0(T7":|�1G8�m�Hym��Q�Vd(��yI+'}+�g
\Ft9 Klein-Gordon-Zakharov [CG�XT7 (1.1)–(1.4)G1�u�":8�G?�=$�"_�Vdw�yI+'}+�gT7�?22Gyhm,���(2��BKlein-Gordon-Zakharov[C (1.1)–(1.3). ?�t9��XT7 (1.1)–(1.4) �+[℄G+'"�[k�VdDBV�XT7 (1.1)–(1.4)G1�u�":8�G?�=$��~�:V ” >0(JTg���XT7 (1.1)–(1.4)G":18� ” �pT7�JV ���Q� ∫

· dx �� ∫

R2 · dx, ~��℄��	
(A1): 8�yp�(�T�) g(t, x) �D gt(t, x) = V (t, x).

2 XGbyCQnfN� Ozawa, Tsutaya � Tsutsumi[5] 
 Guo � Yuan[14] /G*d�BDB�XT7
(1.1)–(1.4) �oTD�/G:$�Km��`g 2.1 �} (u0, u1, n0, v0) ∈ H1(R2)×L2(R2)×L2(R2)×L2(R2), �XT7 (1.1)–

(1.4)8�ypHy1 (u, ut, n, V ) ∈ C([0, Tmax);H
1(R2)×L2(R2)×L2(R2)×L2(R2)), ~_<oT#�

E(u, ut, n, V ) = E(u0, u1, n0, v0), (2.1)x/�
E(u, ut, n, V ) =

∫

R2

|ut|
2 dx+

∫

R2

|∇u|2 dx+

∫

R2

|u|2 dx+
1

2

∫

R2

|n|2 dx

+
1

2

∫

R2

|V |2 dx+

∫

R2

n|u|2 dx. (2.2)Q� (φ, ψ, ϕ) ∈ H1(R2) × L2(R2) × L2(R2), VdK~�℄G`��[k�
J(φ, ψ, ϕ) :=

∫

|∇φ|2 dx+

∫

|φ|2 dx+
1

2

∫

|ψ|2 dx+

∫

ψ|φ|2 dx, (2.3)

K(φ, ψ, ϕ) := 2

∫

|φ|2 dx+

∫

|ψ|2 dx+ 2

∫

ψ|φ|2 dx, (2.4)

I(φ, ψ, ϕ) := 2

∫

|∇φ|2 dx+

∫

ψ|φ|2 dx, (2.5)

R(φ, ψ, ϕ) := 2

∫

|φ|2 dx+ 2

∫

|∇φ|2 dx+

∫

|ψ|2 dx+ 3

∫

ψ|φ|2 dx, (2.6)

N :=
{

(φ, ψ, ϕ) ∈ H1(R2) × L2(R2) × L2(R2),K(φ, ψ, ϕ) = 0, (φ, ψ) 6= (0, 0)
}

,
(2.7)

M :=
{

(φ, ψ, ϕ) ∈ H1(R2) × L2(R2) × L2(R2),K(φ, ψ, ϕ) < 0, I(φ, ψ, ϕ) = 0
}

.
(2.8)



182 � � & o o Æ 31=s; Sobolev z�KK���`���KG���VdB{DBu^ 2.1 M �ypdD��� � Gan� Zhang[8] %�8� (φ, ψ, ϕ) ∈ H1(R2)×L2(R2)×L2(R2)~ (φ, ψ) 6= (0, 0)�D
2

∫

|∇φ|2 dx+ 2

∫

|φ|2 dx+

∫

|ψ|2 dx+ 3

∫

ψ|φ|2 dx = 0, (2.9)~ (φ, ψ, ϕ) ��℄[CGyp1	










−△φ+ φ = −ψφ,

∇ · ϕ = 0,

−∇ψ = ∇|φ|2.

(2.10)Y φβ(x) = φ(x/β), ψβ(x) = ψ(x/β) � ϕβ(x) = ϕ(x/β), ��BD
(dJ(φβ , ψβ, ϕβ))/(dβ)|β=1 = 0,�

2

∫

|φ|2 dx+

∫

|ψ|2 dx+ 2

∫

ψ|φ|2 dx = K(φ, ψ) = 0,�� K(φ, ψ, ϕ) = 0. y� (2.9) BD I(φ, ψ, ϕ) = 0. a�N� K(φ, ψ, ϕ) = 0 �
I(φ, ψ, ϕ) = 0,~ (φ, ψ, ϕ) ∈ H1(R2)×L2(R2)×L2(R2), (φ, ψ) 6= (0, 0),Y φλ(x) = λφ(λx),

ψλ(x) = λ2ψ(λx) � ϕλ(x) = λ2ϕ(λx), ��	 (φλ, ψλ, ϕλ) ∈ H1(R2) × L2(R2) × L2(R2),

(φλ, ψλ) 6= (0, 0) ~8� λ > 1 �D
K(φλ, ψλ, ϕλ) = 2

∫

|φ|2 dx+ λ2

∫

|ψ|2 dx+ 2λ2

∫

ψ|φ|2 dx < 0,�
I(φλ, ψλ, ϕλ) = 2λ2

∫

|∇φ|2 dx+ λ2

∫

ψ|φ|2 dx = 0.�� (φλ, ψλ, ϕλ) ∈M , �K 2.1 D$�a�K~Sp}+�gT7J
dN := inf

(φ,ψ,ϕ)∈N
J(φ, ψ, ϕ), (2.11)

d∗ := inf
(φ,ψ,ϕ)∈B

J(φ, ψ, ϕ), (2.12)x/ B =
{

(φ, ψ, ϕ) ∈ H1(R2) × L2(R2) × L2(R2), R(φ, ψ, ϕ) = 0, (φ, ψ) 6= (0, 0)
}

, ��K~yp+'}+�gT7J
dM := inf

(φ,ψ,ϕ)∈M
J(φ, ψ, ϕ). (2.13)N� Shatah[10], Gan � Zhang[8] � Zhang[15] /G
\BD dN > 0, d∗ > 0, dM > 0. ÆY

d := min {dM , dN , d
∗}, (2.14)
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S :=

{

(φ, ψ, ϕ) ∈ H1(R2) × L2(R2) × L2(R2), J(φ, ψ, ϕ) < d,

K(φ, ψ, ϕ) < 0, I(φ, ψ, ϕ) < 0, (φ, ψ) 6= (0, 0)
}

.y�℄.^+P�u^ 2.2 S �ypdD[k�� ��K 2.1G$hB%�8� (φ, ψ, ϕ) ∈ H1(R2)×L2(R2)×L2(R2), (φ, ψ) 6= (0, 0)�D K(φ, ψ, ϕ) = 0 � I(φ, ψ, ϕ) = 0. s; (2.3)–(2.5) %�8� β > 1 �D
K(βφ, βψ, βϕ) = 2β2

∫

|φ|2 dx+ β2

∫

|ψ|2 dx+ 2β3

∫

ψ|φ|2 dx < 0,

I(βφ, βψ, βϕ) = 2β2

∫

|∇φ|2 dx+ β3

∫

ψ|φ|2 dx < 0,

J(βφ, βψ, βϕ) = β2

∫

|∇φ|2 dx+ β2

∫

|φ|2 dx+
β2

2

∫

|ψ|2 dx+ β3

∫

ψ|φ|2 dx < d.�� (βφ, βψ, βϕ) ∈ S ~ S �ypdD[k�u^ 2.3 �~ E(u0, u1, n0, v0) < d, ma S ���XT7 (1.1)-(1.4) �+[℄G"�[k�� Y (u0, n0, v0) ∈ S, � J(u0, n0, v0) < d, K(u0, n0, v0) < 0, I(u0, n0, v0) < 0 ~
(u0, n0) 6= (0, 0). �i7 2.1%�8� (u(t, x), ut(t, x), n(t, x), V (t, x)) ∈ H1(R2)×L2(R2)×

L2(R2) × L2(R2) �D (u(t, x), n(t, x), V (t, x)) ��XT7 (1.1)–(1.4) � [0, T ) (T J?<8���) �Gyp1�� (2.1), (2.2) � (2.3) %
J(u, n, V ) < E(u, ut, n, V ) = E(u0, u1, n0, v0) < d. (2.15)Vd"_�℄$\$hQ ∀ t ∈ [0, T ), K(u(t), n(t), V (t)) < 0. �~8�kp t �D

K(u(t), n(t), V (t)) ≥ 0, ma� K(u(t), n(t), V (t)) GRnm%��8� t1 ∈ (0, T ) �D
K(u(t1), n(t1), V (t1)) = 0. ���( J(u(t1), n(t1), V (t1))b+B K(u(t1), n(t1), V (t1)) = 0� (u(t1), n(t1)) 6= (0, 0) ��� (2.7) � (2.14) BD J(u(t1), n(t1), V (t1)) ≥ dN ≥ d, 5

(2.15) `R�yQ ∀t ∈ [0, T ) N+P K(u(t), n(t), V (t)) < 0.?��℄$\$hQ ∀ t ∈ [0, T ), I(u(t), n(t), V (t)) < 0. �~8�kp t �D
I(u(t), n(t), V (t)) ≥ 0, ma� K(u(t), n(t), V (t)) GRnm%��8� t2 ∈ (0, T ) �D
I(u(t2), n(t2), V (t2)) = 0. 
� K(u(t2), n(t2), V (t2)) < 0, y (u(t2), n(t2), V (t2)) ∈ M .�5� (2.13) � (2.14) BD J(u(t2), n(t2), V (t2)) ≥ dM ≥ d, 5
 (2.15) `R�yQ
∀ t ∈ [0, T ) N+P I(u(t), n(t), V (t)) < 0.��eG4^B%�Q ∀ t ∈ [0, T ), (u(t), n(t), V (t)) ∈ S. y�K 2.3 D$�I,��K 2.3 G$hBDu^ 2.4 Y E(u0, u1, n0, v0) < d. ÆK~

S+ :=
{

(φ, ψ, ϕ) ∈ H1(R2) × L2(R2) × L2(R2), J(φ, ψ, ϕ) < d,K(φ, ψ, ϕ) < 0,

I(φ, ψ, ϕ) > 0, R(φ, ψ, ϕ) > 0, (φ, ψ) 6= (0, 0)
}

,

S− :=
{

(φ, ψ, ϕ) ∈ H1(R2) × L2(R2) × L2(R2), J(φ, ψ, ϕ) < d, K(φ, ψ, ϕ) < 0,

I(φ, ψ, ϕ) > 0, R(φ, ψ, ϕ) < 0, (φ, ψ) 6= (0, 0)
}

,

K+ :=
{

(φ, ψ, ϕ) ∈ H1(R2) × L2(R2) × L2(R2), J(φ, ψ, ϕ) < d, K(φ, ψ, ϕ) > 0
}

∪
{

(φ, ψ) = (0, 0)
}

,



184 � � & o o Æ 31=� S, S+, S− � K+ ���XT7 (1.1)–(1.4) �+[℄G"�[k�� S, S+, S−, K+ GK~� (2.11)–(2.14), VdBD�℄.^	u^ 2.5

{

(φ, ψ, ϕ) ∈ H1(R2) × L2(R2) × L2(R2), J(φ, ψ, ϕ) < d
}

= S ∪ S+ ∪ S− ∪K+.

3 [BaTxhJvK�UiW�,�Vd(t9 Klein-Gordon-Zakharov [CG�XT7 (1.1)–(1.4) G1�u�":8�G?�.g=$�"_BDM^ 3.1 Y (u0, u1, n0, v0) ∈ H1(R2)×L2(R2)×L2(R2)×L2(R2)~_< E(u0, u1, n0,

v0) < d. �~ (u0, n0, v0) ∈ S ∪ S−, ma�XT7 (1.1)–(1.4)G1 (u(t, x), n(t, x), V (t, x))�	b��n�u�� �J (u0, n0, v0) ∈ S ∪ S−, y��K 2.3 ��K 2.4 BD� t ∈ [0, T ) ��
(u(t, x), n(t, x), V (t, x)) ∈ S ∪ S−. ��

K(u, n, V ) < 0, R(u, n, V ) < 0, J(u, n, V ) < d. (3.1)Y
F (t) = 2

∫

|u|2 dx+

∫

|g|2 dx, (3.2)�
F ′(t) =

∫

[2(utu
∗ + uu∗t ) + 2ggt] dx, (3.3)�L u∗ �� u GiuA�~

F ′′(t) =4

∫

|ut|
2 dx+ 4Re

∫

uttu
∗ dx+ 2

∫

|gt|
2 dx+ 2

∫

ggtt dx

=4

∫

|ut|
2 dx+ 2

∫

|V |2 dx− 4

∫

|u|2 dx− 4

∫

|∇u|2 dx

− 4

∫

n|u|2 dx+ 2

∫

g(−∇n−∇|u|2) dx

=2
(

2

∫

|ut|
2 dx+

∫

|V |2 dx
)

− 2K(u, n, V ) − 2I(u, n, V ). (3.4)s; (3.1) � (3.4) BD Q�} t ∈ [0, T ), F ′′(t) > 0. (3.5)
s; (2.1), (2.2) � (3.4) BD
F ′′(t) =5

(

2

∫

|ut|
2 dx+

∫

|V |2 dx
)

+ 2

∫

|u|2 dx+ 2

∫

|∇u|2 dx

+

∫

|n|2 dx− 6E(u0, u1, n0, v0). (3.6)� (3.5) %� F (t) � t GD�)���Æ8�kp t1 �D F ′(t)|t=t1 > 0, ma�8���&n�Q�} t > t1, F (t) �4&��G�y 2
∫

|u|2 dx+ 2
∫

|∇u|2 dx +
∫

|n|2 dx −
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6E(u0, u1, n0, v0)(?0�J#�~.�(
-J#���> t.g<��� (3.1)� (3.6)BD
F ′′(t) ≥ 5(2

∫

|ut|
2 dx+

∫

|V |2 dx). (3.7)s; (3.2), (3.3) � (3.7), N� Hölder "H�BD
F (t)F ′′(t) ≥5

(

2

∫

|u|2 dx+

∫

|g|2 dx
)(

2

∫

|ut|
2 dx+

∫

|V |2 dx
)

=5(4

∫

|u∗|2 dx

∫

|ut|
2 dx+ 2

∫

|u|2 dx

∫

|V |2 dx.

+ 2

∫

|ut|
2 dx

∫

|g|2 dx+

∫

|g|2 dx

∫

|V |2 dx
)

≥5
(

4
(

∫

|u∗ut| dx
)2

+ 2
(

∫

|uV | dx
)2

+ 2
(

∫

|utg| dx
)2

+
(

∫

|gV | dx
)2)

≥
5

4
(F ′(t))2. (3.8)�J

(

F−
1

4 (t)
)′′

= −
1

4
F−

9

4 (t)
(

F (t)F ′′(t) −
5

4
(F ′(t))2

)

,� (3.8) BD (F−
1

4 (t))′′ ≤ 0. �5�Q.g<G t, F−
1

4 (t) ��G��5B%8�	b�� T ∗ �D
lim
t→T∗

F−
1

4 (t) = 0,�
lim
t→T∗

F (t) = 0.y8� T <∞ �D lim
t→T

(
∫

|u|2 dx+
∫

|∇u|2 dx+
∫

|g|2 dx) = ∞. ℄eVd�℄$\$h�℄.^FG+KK 3.1 G$h�Z_ 3.1 8�kp t �D F ′(t) > 0.� ��Q�} t,
F ′(t) ≤ 0. (3.9)���� F (t) > 0 ~ F (t) � t GD�)�> t→ ∞ �� F (t) ���yp	bG�djG�b L. ��K 2.3 ��K 2.4, VdBPu L > 0. 0{�> t→ ∞ �BD

F (t) → L > 0, F ′(t) → 0, F ′′(t) → 0.��� (3.4) BD
lim
t→∞

2
(

2

∫

|ut|
2 dx+

∫

|V |2 dx
)

= 0, (3.10)~> (u(t, x), n(t, x), V (t, x)) ∈ S ��
lim
t→∞

K(u, n, V ) = 0, lim
t→∞

I(u, n, V ) = 0, (3.11)> (u(t, x), n(t, x), V (t, x)) ∈ S− ��
lim
t→∞

R(u, n, V ) = 0. (3.12)



186 � � & o o Æ 31=℄eVdgS1�k�n.^ 3.1 G$h�dq 1 (u(t, x), n(t, x), V (t, x)) ∈ S.Q�}zKG t > 0, Y uλ(x) = u(x/λ), nλ(x) = n(x/λ)� Vλ(x) = V (x/λ), � (2.4)� (2.5) %�
K(uλ, nλ, Vλ) = 2λ2

∫

|u|2 dx+ λ2

∫

|n|2 dx+ 2λ2

∫

n|u|2 dx, (3.13)

I(uλ, nλ, Vλ) = 2

∫

|∇u|2 dx+ λ2

∫

n|u|2 dx. (3.14)� I(u, n, V ) < 0, � (3.14) %�8� λ∗ ∈ (0, 1) �D I(uλ∗ , nλ∗ , Vλ∗) = 0 ~> λ ∈ (λ∗, 1)�� I(uλ, nλ, Vλ) < 0. Q λ ∈ [λ∗, 1], �J K(u, n, V ) < 0, K(uλ, nλ, Vλ) < 0, 0{
I(uλ∗ , nλ∗ , Vλ∗) = 0 ~ K(uλ∗ , nλ∗ , Vλ∗) < 0. 
s; (2.11) � (2.14) BDB

J(uλ∗ , nλ∗ , Vλ∗) ≥ dM ≥ d. (3.15)Xy
e�� K(uλ∗ , nλ∗ , Vλ∗) < 0 BD
J(u, n, V ) − J(uλ∗ , nλ∗ , Vλ∗) =

∫

|∇u|2 dx+

∫

|u|2 dx+
1

2

∫

|n|2 dx

+

∫

n|u|2 dx−
(

∫

|∇u|2 dx+ λ∗2
∫

|u|2 dx
)

−
(1

2
λ∗2

∫

|n|2 dx+ λ∗2
∫

n|u|2 dx

=

∫

|u|2 dx− λ∗2
∫

|u|2 dx+
1

2

∫

|n|2 dx

−
1

2
λ∗2

∫

|n|2 dx+

∫

n|u|2 dx− λ∗2
∫

n|u|2 dx

=

∫

|u|2 dx+
1

2

∫

|n|2 dx+

∫

n|u|2 dx−
1

2
K(uλ∗ , nλ∗ , Vλ∗)

≥

∫

|u|2 dx+
1

2

∫

|n|2 dx+

∫

n|u|2 dx

=
1

2
K(u, n, V ). (3.16)�5�� (2.11), (2.13), (2.14), (3.11) � (3.16) BD�> t→ ∞ ��

J(u, n, V ) ≥ J(uλ∗ , nλ∗ , Vλ∗) ≥ d,5
 J(u, n, V ) < d `R�dq 2 (u(t, x), n(t, x), V (t, x)) ∈ S−. Q�}zKG t > 0, �J R(u, n, V ) < 0, 0{8� 0 < µ < 1 �D R(µu, µn, µV ) = 0. 5F�Vd	|DB
J(u, n, V ) − J(µu, µn, µV ) ≥

1

2
R(u, n, V ). (3.17)� (2.12), (2.14), (3.12) � (3.17), VdB{DB

J(u, n, V ) ≥ J(µu, µn, µV ) ≥ d∗ ≥ d,
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 J(u, n, V ) < d `R���k 1 ��k 2 G$h%��� (3.9) "+P�y.^ 3.1 +P����KK 3.1D$�℄eVdr2 Klein-Gordon-Zakharov [CG�XT7 (1.1)–(1.4) ":18�Gyp.g=$�M^ 3.2 Y (u0, u1, n0, v0) ∈ H1(R2)×L2(R2)×L2(R2)×L2(R2)~_< E(u0, u1, n0,

v0) < d. �~ (u0, n0, v0) ∈ S+∪K+,ma�XT7 (1.1)–(1.4)G1 (u(t, x), n(t, x), V (t, x))� t ∈ [0,∞) �":8��� Vd(gS#F$h�pKK�E} 1 Y (u0, n0, v0) ∈ K+,��K 2.4BD�Q ∀ t ∈ [0, T )	 (u(t, x), n(t, x), V (t, x))

∈ K+, ��	 (1) (u, v) = (0, 0) 
� (2) J(u, n, V ) < d, K(u, n, V ) > 0. > (u, v) =

(0, 0) ��KK.^`�+P�> (2) +P��� J(u, n, V ) < d � K(u, n, V ) > 0 BD
(u, n) 6= (0, 0) ~

∫

|∇u|2 dx < d. (3.18)�J K(u, n, V ) > 0, 0{ ∫

n|u|2 dx	S1�k	 i)
∫

n|u|2 dx ≥ 0 � ii)
∫

n|u|2 dx < 0.> i)
∫

n|u|2 dx ≥ 0 ��� J(u, n, V ) < d BD
∫

|u|2 dx+

∫

|n|2 dx < d. (3.19)> ii)
∫

n|u|2 dx < 0 ��BY uα(x) = αu(x), nα(x) = αn(x) � Vα(x) = αV (x), ��
K(u, n, V ) > 0 ��78� α∗ > 1 �D

K(uα∗ , nα∗ , Vα∗) = 2α∗2
∫

|u|2 dx+ α∗2
∫

|n|2 dx+ 2α∗3
∫

n|u|2 dx = 0, (3.20)~
J(uα∗ , nα∗ , Vα∗) = α∗2

∫

|∇u|2 dx. (3.21)s; (3.20) � (3.21) BD (uα∗ , nα∗ , Vα∗) ∈ N ~
J(uα∗ , nα∗ , Vα∗) ≥ dN ≥ d > J(u, n, V ). (3.22)�� J(u, n, V ) − J(uα∗ , nα∗ , Vα∗) < 0, �

∫

|∇u|2 dx+

∫

|u|2 dx+
1

2

∫

|n|2 dx+

∫

n|u|2 dx− α∗2
∫

|∇u|2 dx < 0. (3.23)
� (3.20) BE%
∫

n|u|2 dx = −
1

α∗

∫

(

|u|2 +
1

2
|n|2

)

dx. (3.24)N� (3.23) � (3.24) BD
(

1 −
1

α∗

)

∫

(

|u|2 +
1

2
|n|2

)

dx <
(

α∗2 − 1
)

∫

|∇u|2 dx. (3.25)



188 � � & o o Æ 31=�5� (3.18), (3.19), (3.25) �x α∗ > 1 ��7
∫

|∇u|2 dx+

∫

|u|2 dx+

∫

|n|2 dx < C,x/ C ��"�G#))��5��i7 2.1BD� (u, n, V ) � t ∈ [0,∞) �":8��E} 2 Y (u0, n0, V0) ∈ S+,��K 2.4%�Q ∀ t ∈ [0, T )BD (u(t, x), n(t, x), V (t, x)) ∈

S+, � J(u, n, V ) < d, K(u, n, V ) < 0, I(u, n, V ) > 0 ~ R(u, n, V ) > 0. ���
2

∫

|∇u|2 dx+ 2

∫

|u|2 dx+

∫

|n|2 dx+ 3

∫

n|u|2 dx > 0. (3.26)
� J(u, n, V ) < d � (3.23) BD
1

3

∫

|∇u|2 dx+
1

3

∫

|u|2 dx+
1

6

∫

|n|2 dx ≤ J(u, n) < d. (3.27)yi7 2.1 ��7 (u, n, V ) � t ∈ [0,∞) �":8���5�N�#3 1 �#3 2 G4^�KK 3.2 D$�N�KK 3.1, KK 3.2 ��K 2.5 BDB Klein-Gordon-Zakharov [C1�uGyp.g�w=$�M^ 3.3 Y (u0, n0, u1, v0) ∈ H1(R2)×L2(R2)×L2(R2)×L2(R2)~_< E(u0, n0, u1,

v0) < d, ��XT7 (1.1)–(1.4) G1�	b��n�u>~3> (u0, n0, v0) ∈ S ∪ S−.5F�N�KK 3.2, VdBDB Klein-Gordon-Zakharov[CG�XT7 (1.1)–(1.4)":18�GXyp.g=$�l_ 3.1 Æ (u0, n0, u1, v0) ∈ H1(R2) × L2(R2) × L2(R2) × L2(R2) _<
‖u0‖

2
H1(R2) + ‖u1‖

2
L2(R2) +

1

2
‖n0‖

2
L2(R2) +

1

2
‖v0‖

2
L2(R2) < d, (3.28)ma�XT7 (1.1)–(1.4) G1� t ∈ [0,∞) �":8��� � (3.28) BD J(u0, n0, v0) < d ~ E(u0, n0, u1, v0) < d. 5F�VdBPu

K(u0, n0, v0) > 0. h��8� 0 < λ ≤ 1�DK(λu0, λn0, λv0) = 0,�5% J(λu0, λn0, λv0)
≥ d.Xy
e�� (3.28) BD

‖λu0‖
2
H1(R2) + ‖u1‖

2
L2(R2) +

1

2
‖λn0‖

2
L2(R2) +

1

2
‖v0‖

2
L2(R2)

=λ2‖u0‖
2
H1(R2) + ‖u1‖

2
L2(R2) +

1

2
λ2‖n0‖

2
L2(R2) +

1

2
‖v0‖

2
L2(R2)

<‖u0‖
2
H1(R2) +

1

2
‖n0‖

2
L2(R2) + ‖u1‖

2
L2(R2) +

1

2
‖v0‖

2
L2(R2) < d.�5% J(λu0, λn0, λv0) < d, 5
 J(λu0, λn0, λv0) ≥ d `R��5	 (u0, n0, v0) ∈ K+.��KK 3.2 B%E^ 3.1 G.^+P�F \ m p
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A Cross-Constrained Variational Method
in the Klein-Gordon-Zakharov System

GAN Zaihui

(College of Mathematics and Software Science, Sichuan Normal University, Chengdu 610068)

(E-mail: ganzaihui2008cn@yahoo.com.cn)

Abstract In this paper, we present a cross-constrained variational approach to study
the global solutions of the Klein-Gordon-Zakharov system in two space dimensions. By
constructing a type of cross constrained variational problem and establishing so-called cross-
invariant manifolds of the evolution flow, we first derive a sharp threshold of global existence
and blowup, then we answer the question that how small the initial data are for the global
solutions to exist.
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sharp threshold; global existence; blowup
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