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1 gh
�Æ����� Schrödinger-KdV ������{

iεt + εxx − bnε + iγε = g1(x, t),

nt + βnxxxx + μnxxx + αnnx + νn +
1
2
|ε|2x = g2(x, t).

(1.1)

��	�: 2005-02-10; 
�	�: 2005-09-15

	��: 
�����	���� (10271084);������	����
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��, t ≥ τ , x ∈ Ω. ������ Ω ⊂ R ������� ∂Ω. ε(x, τ) = ετ , n(x, τ) = nτ . �
x ∈ ∂Ω �, ε(x, t) = 0 � n(x, t) = 0. b, γ, β, μ, ν > 0 ���. Cb(Ω×R,R) ��� Ω ×R ��

�� R ���� �����. g1(x, t), g2(x, t) ∈ Cb(Ω × R,R). �� (1.1)  !" Langmuir
�!#"$�#�$%&��%&���''�!�(('��#�$%�))*+ [1, 2].

����� (1.1), �,'- g1, g2 �.*-/+�, 01 (1.1) ����,��- Hamil-
tonian 01 [3, 4]. .2!, � β = 0, ν = 0 �, "#/$0�3 [5] � Tsutsumi [6] 41"�2%
5)3. Albert � Pava [4] 41"��,�&45�56. 6'�,'- g1, g2 �.*-(/+
�, 01 (1.1) ���)75�(- 788*'01, �59-:+*9;,:�-;*+�
*'<=/. '.��,'-<>���?=,�5���>*'<=/2/@?@AB" [7, 8],
C�AB" [7−9], 05AD [8, 10] �BC05AD [8, 10] DE. F2�(, �,'-������
1, �*'<=/9Æ23/-;. ��24'E�FG, 5�<67GH, 9�����788
*'018I�(Æ�56. J;, ?@AB"H�(I��(Æ5 ('���788*'01
�?@AB"��?@(Æ5)[11, 12].

�Æ41��� (1.1) �,'- g1(x, t), g2(x, t) �9:JK (almost periodic) �!JK
(quasi–periodic) LK���MNL�*'<=/. M% Haraus [11], Chepyzhov � Vishik [12] �

)3�;, %��L4<��O"=GDE���*'01, 2>"01 (1.1) �2NAB"�
?�5&�� Hausdorff 8�@A.

2 lOmn
P H = L2(Ω), Hm = {u : u, ∂iu ∈ H, i = 0, 1, . . . ,m}, V = H1

0 (Ω). �#�P�B�CD
/ ∀ u ∈ H, ‖u‖ := (u, u)1/2 = {∫

Ω
|u|2dx}1/2 � ∀u ∈ Hm, ‖u‖Hm = ‖∂mu‖. F,, % ‖ · ‖L∞

�� L∞(Ω) �B�. Q E := H ×V � F := E ×T m, �� T m �� m 8E. /"QFRS, �
Æ% C ��T�R���.

So 2.1[12] PX��24U#V>. W<�= {Uσ(t, τ)} : X→X G/ X��H�, ;I

(1) Uσ(t, s)Uσ(s, τ) = Uσ(t, τ), ∀ t ≥ s ≥ τ, ∀ τ ∈ R;

(2) Uσ(τ, τ) = I (identity), ∀ τ ∈ R,
�� σ ∈ Σ. �� Σ := {T (h)σ(x, t) = σ(x, t + h), ∀h ∈ R} = �(σ) ⊂ Cb(R,X). � G/ σ �X.

So 2.2[12] H� {Uσ(t, τ)}, σ ∈ ΣJ� σ ∈ Σ�2N��,;I�YT��� B ∈ B(X),
� ⋃

σ∈Σ

⋃
τ∈R

⋃
t≥τ Uσ(t, τ)B ∈ B(X) K,, �� B(X) �� X ��T�������.

So 2.3[12] ��H� {Uσ(t, τ)}, σ ∈ Σ,�� B0 J� σ ∈ Σ�2NAZ�,;I�YT�
τ ∈ R�YT��� B ∈ B(X),2%?� T = T (t, B) ≥ τ ,[2

⋃
σ∈Σ Uσ(t, τ)B ∈ B0, ∀ t ≥ T .

So 2.4[12] ��H� {Uσ(t, τ)}, σ ∈ Σ, �� P J� σ ∈ Σ �2NAB�, ;I

lim
t→+∞ sup

σ∈Σ
dist
Σ

(Uσ(t, τ)B,P ) = 0, ∀ τ ∈ R, B ∈ B(X).

24��\�2NAZ��H�LG/2N\. 24��\�2NAB��H�LG/2
N]B\ [12]. U6, 242N\�H�V�W�2N]B\�. MX, (2%K,.

So 2.5[12] 24N� AΣ ⊂ X J� σ ∈ Σ �H� {Uσ(t, τ)}, σ ∈ Σ �2NAB", ;I
(1) ^J� σ ∈ Σ 2NAB (AB5);
(2) ^LOP� {Uσ(t, τ)}, σ ∈ Σ �YT24J� σ ∈ Σ �AB� A′ �, Q AΣ ⊆ A′ (Y
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d5).
]a(Æ^b {T (s), s ≥ 0} $%� Σ �, [2 T (s)Σ = Σ, s ≥ 0 (_(Ec2%�Æ`^

b). .2!, a

UT (s)σ(t, τ) = Uσ(t + s, τ + s), ∀σ ∈ Σ, t ≥ τ, τ ∈ R, s ≥ 0. (2.1)

��eaQL, 2NAB"�adfgbce/^bO" {S(t)} �AB". �� {S(t)} L
hi$%� X × Σ � [12], <>

S(t)(u, σ) = (Uσ(t, 0)u, T (t)σ), t ≥ 0, (u, σ) ∈ X × Σ. (2.2)

pq 2.1[12] a {Uσ(t, τ)}, σ ∈ Σ �$%� X ��H�, �J� σ ∈ Σ �2N]B\�
(X × Σ,X)- � . Σ �\�deV>. {T (t)} �$%� Σ �<> (2.1) �� (Æ^b. fg,
#P�H� {Uσ(t, τ)}, σ ∈ Σ, $%� X × Σ ��^bO" {S(t)} �\�AB" A. _�<>
S(t)A = A, ∀ t ≥ τ . '�

(1) Π1A = A1 = AΣ �H� {Uσ(t, τ)}, σ ∈ Σ J� σ ∈ Σ �2NAB";

(2) Π2A = A2 = Σ.
��, Π1 � X × Σ → X �jh, Π2 � X × Σ → Σ �jh.

3 rstguklvw
pq 3.1 a g1(t) = g1(·, t), g2(t) = g2(·, t) ∈ Cb(R,H), � ετ , nτ ∈ H, m�� (1.1) ?�

n2�5 (ε, n) ∈ Cb([τ,+∞), H × V ) ∩ L2((τ, T ), H × V ), ∀T ≥ τ .
.B)% Faedo–Galerkin �; [7] op, .ijpk.

pq 3.2 a gi, g
′
i ∈ Cb(R,H) (i = 1, 2),fg?��� C,[2 ‖ε‖L∞ , ‖n‖L∞ , ‖∇n‖L∞ ≤

C, t > τ. .2!, ?�24 T (τ, ετ , nτ , b, γ, β, μ, ν), [2�YT� t0 ≥ T , 2%?� C, [2
‖ε‖, ‖n‖, ‖∇n‖ ≤ C, t > t0.

xy % ε (-�� ε �fq) g&�� (1.1) h2l, _� Ω � C, M% Green il, 6
j�rk, I@ Young (�l-2 d

dt‖ε‖2 ≤ −γ‖ε‖2 + 1
γ ‖g1‖2. @ Gronwall (�l

‖ε‖2 ≤ ‖ε(τ)‖2e−γ(t−τ) +
‖g1‖2

γ2
(1 − e−γ(t−τ)).

G., �YT� t1 > τ , ?� ρ1 > 0, [2� t ≥ t1 �, ‖ε(t)‖ ≤ ρ1, l� ‖ε‖L∞ < C K,. ;I
��EH���mk, �

‖∇ε‖2 = −Re (g1, ε) − b(nε, ε). (3.1)

% n !�� (1.1) hml� H �$n , M% Green il$Young (�l� (3.1) l

1
2

d

dt
‖n‖2 +

ν

4
‖n‖2 +

(
λ − C

ν

)
‖∇ε‖2 ≤ 1

ν
‖g2‖2 + C + λC‖g1‖ =: C.

�� λ � Young (�l�Tno�0�G". �2�� λ > 0, [2 λ − C
ν > 0, m�

d

dt
‖n‖2 ≤ −ν

2
‖n‖2 + C.

G., I@ Gronwall (�l, �YT� t2 > t1, ?� ρ2 > 0, [2 ‖n(t)‖ ≤ ρ2, t ≥ t2, Q�
‖n‖L∞ < C.



1306 � � � � i j k 49�

% −Δn !�� (1.1) ��hml� H �$n 
1
2

d

dt
‖∇n‖2 + β‖∇Δn‖2 + α(n∇n,−Δn) + ν‖∇n‖2 +

1
2
(|ε|2x,−Δn) = (g2,−Δn).

M% Green il� Schwartz (�l

α(n∇n,−Δn) =
α

2
(∇n2,−Δn) =

α

2
(n2,∇Δn) ≤ α

2
‖n‖L∞‖n‖ ‖∇Δn‖

�
1
2
(|ε|2x,−Δn) =

1
2
(∇(εε),−Δn) =

1
2
(εε,∇Δn) ≤ 1

2
‖ε‖L∞‖ε‖ ‖∇Δn‖.

I@ Schwartz (�l� Gagliardo–Nirenberg (�l

(g2,−Δn) ≤ ‖g2‖ ‖Δn‖ ≤ ‖g2‖ ‖n‖1/3‖∇Δn‖2/3.

G., @ Young (�l d
dt‖∇n‖2 ≤ −2ν‖∇n‖2 + C. Yj, @ Gronwall (�l, e3K,.

pq 3.3[7] (2N Gronwall B)) a g, h, y �%s� [t0,+∞) ��R�@k- ��. y′

W<>� [t0,+∞) �@k- , _� dy
dt ≤ gy + h, ∀ t ≥ t0. V�∫ t+r

t

g(s)ds ≤ a1,

∫ t+r

t

h(s)ds ≤ a2,

∫ t+r

t

y(s)ds ≤ a3, ∀ t ≥ t0.

�� r, a1, a2, a3 o�R���, fg2%� y(t + r) ≤ (a3
r + a2)ea1 , ∀ t ≥ t0.

pq 3.4 ]a gi, g
′
i ∈ Cb(R,H) (i = 1, 2), fg2%?��� C � t∗ ≥ τ , [2 ‖∇ε‖,

‖Δn‖ ≤ C, t > t∗. �� t∗ ÆÆtp� τ, ετ , nτ , b, γ, β, μ, ν.
xy � (3.1) J��> t 5 t > t+1  C, 2∫ t+1

t

‖∇ε(θ)‖2dθ ≤ ρ1‖g1‖ + bρ2Cρ1 := C. (3.2)

% Δε!�� (1.1)�h2l� H �$n , 6jM% Green il$Young (�l� Gagliardo–
Nirenberg (�l, !B) 3.2 �pkqC-2

d

dt
‖∇ε‖2 ≤ γ‖∇ε‖2 + C. (3.3)

u ∫ t+1

t
γdθ ≤ γ,

∫ t+1

t
Cdθ ≤ C, @B) 3.3, Yj� ‖∇ε(t)‖ ≤ C, ∀ t ≥ t3 + 1 := t4.

% Δ2n !�� (1.1) �hml� H �$n , 6jM% Green il$Young (�l�
Gagliardo–Nirenberg (�l, !B) 3.2 �pkqC-2

d

dt
‖Δn‖2 ≤ ν‖Δn‖2 + C. (3.4)

�pkB) 3.2 �, J��� (1.1) �hml@A ‖n‖2, ;I(pq β‖Δn‖2, 2

d

dt
‖n‖2 + 2β‖Δn‖2 ≤ −ν

2
‖n‖2 + C. (3.5)

� (3.5) J��> t 5 t > t+1  C, � ∫ t+1

t
‖Δn‖2dθ ≤ C. u ∫ t+1

t
νdθ ≤ ν,

∫ t+1

t
Cdθ ≤ C,

e�B) 3.3, b� ‖Δn(t)‖ ≤ C, ∀ t ≥ t4 + 1 := t5. e3K,.
a (ε(t), n(t)) ��� (1.1) ��r�?=�5, Uσ(t, τ) : H × V → H × V , Uσ(t, τ) :

(ετ , nτ ) → (ε(t), n(t)), ∀ t ≥ τ, τ ∈ R. _]a�� (1.1) �,'- g1(t), g2(t) <>9:JK?
= (almost periodic), ��� H.
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��, ��;L Cauchy fg{
∂ty(t) = Λy + f(y) + g(x, t) ≡ Ag(t)(y), g ∈ Σ = �(g) ⊂ Cb(R,H),
y|t=τ = yτ .

(3.6)

��
y(t) = (ε(t), n(t))T , Λ =

(
iΔ − γI 0

0 −βΔ2 − μ∇Δ − νI

)
,

f(y) =
(
− ibε,−αn∇n − 1

2
|ε|2x

)T

� g(x, t) = (−ig1(x, t), g2(x, t))T .

U6, �T�� g ∈ Σ, fg (3.6) �n25 y(t) <>B) 3.2 �B) 3.4. G., #P�
(3.6) $%� H × V ��H� {Ug(t, τ)}, g ∈ Σ ?�. ��stV> Σ / �(g). @r(�]a
�, Σ = �(g) ⊂⊂ Cb(R,H).

pq 3.5 H� {Ug(t, τ)}, g ∈ Σ J� g ∈ Σ 2N��, 2N\� (E × Σ, E)- � .
xy @B) 3.2, H� {Ug(t, τ)}, g ∈ Σ J� g ∈ Σ 2N��. '���

B0 = {(ε, n) ∈ E : ‖ε‖H , ‖n‖H1 ≤ C}
J� g ∈ Σ 2NAZ. u@B) 3.4, ��

B1 = {(ε, n) ∈ H1 × H2 : ‖ε‖H1 , ‖n‖H2 ≤ C}
J� g ∈ Σ W2NAZ. G., B1 � E �v\. T&, H� {Ug(t, τ)}, g ∈ Σ 2N\.

a u1 = (ε1, n1)T � u2 = (ε2, n2)T ��� (1.1) CD<>r�?= u1τ = (ε1τ , n1τ )T �

u2τ = (ε2τ , n2τ )T �5. #P�u�st��CD/ g̃1 = (−ig11, g21)T � g̃2 = (−ig12, g22)T .
Q w(t) = (w1, w2)T = u1(t)−u2(t) = Ug̃1(t, τ)u1τ −Ug̃2(t, τ)u2τ � q = (q1, q2)T = g̃1−g̃2 =

(−ig11 + ig12, g21 − g22)T , [<>{
∂tw1 = iΔw1 − ibn1w1 − ibε2w2 − γw1 + q1,

∂tw2 = −βΔ2w2 − μ∇Δw2 − αn1∇w2 − αw2∇n2 − 1
2
∇(ε1w1) − 1

2
∇(w1ε2) + q2.

(3.7)

% w1 ! (3.7) l��h2l� H �$n , M% Green il, 6j�mk, 2

1
2

d

dt
‖w1‖2 ≤ −γ‖w1‖2 + b‖ε2‖L∞‖w2‖ ‖w1‖ + ‖q1‖ ‖w1‖. (3.8)

% −Δw2 ! (3.7) �hml� H �$n , M% Green il$Young (�l� Gagliardo–
Nirenberg (�l, �

1
2

d

dt
‖∇w2‖2 ≤ −β

2
‖∇Δw2‖2 + C‖∇w2‖2 + C‖w2‖2 + C‖w1‖2 + C‖q‖3/2‖w2‖1/2. (3.9)

P (3.8) ! (3.9) l#v_M% Young (�l�������\st%)wH1 ↪→ H �\

�, l
d

dt
(‖w1‖2 + ‖∇w2‖2) ≤ C(‖w1‖2 + ‖∇w2‖2) + C‖q1‖2 + C‖q2‖2.

I@ Gronwall (�l, o2
‖w‖2 = ‖w1‖2 + ‖∇w2‖2 ≤ [‖w(τ)‖2 + C(‖q1‖2 + ‖q2‖2)(t − τ)]eC(t−τ)

= [‖u1(τ) − u2(τ)‖2 + C(‖ − ig11 + ig12‖2 + ‖g21 − g22‖2)(t − τ)]eC(t−τ),

le3K,.



1308 � � � � i j k 49�

a S(t) �@ (2.2) u%, $%� E × Σ ��^b.

Sq 3.1 a g(x, t) /9:JK (almost periodic) ��, mH� {Ug(t, τ)}, g ∈ Σ J�
g ∈ Σ �2NAB" AΣ.

xy @B) 3.5 w, H� {Ug(t, τ)}, g ∈ Σ <>B) 2.1 �T�?=. G., ^b S(t) �
E × Σ ��\�AB" A. '�, Π1A = A1 = AΣ �H� {Uσ(t, τ)}, σ ∈ Σ J� σ ∈ Σ �2N
AB". �� Π1 � X × Σ → X �jh.

Sq 3.2 a g(x, t) /!JK (quasi–periodic) ��, mH� {Ug(t, τ)}, g ∈ Σ J� g ∈ Σ
�2NAB" AΣ.

.%)�pkx?qC%) 3.1.

4 rstgukHausdorff z{
L(@A���01 (1.1) �,'-/!JK (quasi–periodic) ��?=����2NAB

"� Hausdorff 8����. ','-/!JK (quasi–periodic) ������01�stV>
� m 8E T m[12]. ��� Ω ⊂⊂ R �, ����� Schrödinger-KdV ���01 (3.6), ��

g(x, t) = G(x,�(t)); �(t) = [αt + �0] = (αt + �0)(mod 2π)m,
α = (α1, α2, . . . , αk) ∈ Rm, �0 ∈ T m.

(4.1)

��
G(x,�)∈C(H,T m), G�j (x,�) ∈ C(H,T m), �=(�1,�2, . . . ,�m), G(x,�1,�2, . . . ,�m).

J�v4Æw �j (j=1, 2, . . . ,m) �JK/ 2π �JK��, fg01 (3.6)�x�;L��01{
∂y = Λy + f(y) + G(x,�), ∂� = α,
y|t=0 = y0, �|t=0 = �0, y0 ∈ E, �0 ∈ T m.

(4.2)

y;LQiDl
∂ϕ = M(ϕ), ϕ|t=0 = ϕ0, ϕ = (y,�) ∈ F, ϕ0 = (y0,�0) ∈ F, (4.3)

��, M(ϕ) = (A(u,�), α), F ;r(T%s.

@�^bO" {S(t)}((S(t)ϕ0 = ϕ(t)) �AB" A (A ⊂⊂ E × T m) �!yC. G., S′(t,
ϕ0)z0 = z(t) <>Lx Fréchet yC��

∂tz = M ′(ϕ)z =

⎛
⎜⎝

iΔu − ibnu − γu − ibεv − iG′
1(x,�)χ

−1
2
∇(εu + uε) − βΔ2v − μ∇Δv − αv∇n − νv + G′

2(x,�)χ
0

⎞
⎟⎠ , (4.4)

�� z(t) = (u(t), v(t), χ) ∈ F := E × T m := H × V × T m, z0 = (u0, v0, χ0) ∈ F .

Sq 4.1 a,'- g(x, t) /!JK (quasi–periodic) ��, fg��� Schrödinger-KdV
���01 (3.6) �2NAB" AΣ � Hausdorff 8�<>

dim AΣ ≤ m + K,

��, K Ætp� m,n,C, gi (i = 1, 2).
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xy yz
(∂tz, z) = (M ′(ϕ)z, z)

= (iΔu − ibnu − γu − ibεv − iG′
1(x,�)χ, u)H

+
(
− 1

2
∇(εu + uε) − βΔ2v − μ∇Δv − αv∇n − νv + G′

2(x,�)χ, v
)

H1

≤ −i‖∇u‖2 + bC‖u‖2 − γ‖u‖2 + bC‖v‖‖u‖ + ‖g1‖‖χ‖‖u‖
+

β

2
‖∇Δv‖2 +

C2

2β
‖u‖2 − β‖∇Δv‖2 + αC‖v‖‖Δv‖

+ αC‖∇v‖‖Δv‖ − ν‖∇v‖2 + ‖g2‖||χ‖‖Δv‖
≤ −i‖∇u‖2 + C‖u‖2 + C‖v‖2 − β

2
‖∇Δv‖2 + C‖Δv‖2

+ C‖∇v‖2 + C(‖g1‖2 + ‖g2‖2)‖χ‖2

:= M1(u, v, χ)T := (L1u, u) + (L2v, v) + (L3χ, χ).

��, L1u = iΔu + Cu, L2v = β
2 Δ3v + CΔ2v − CΔv + Cv, L3χ = C(‖g1‖2 + ‖g2‖2)χ, _�

‖gi‖ = sup
�∈T m

‖G′
i�(·,�)‖ = sup

�∈T m

( m∑
j=1

‖G′
i�j

(·,�)‖2

)1/2

.

Q
M1 =

(
L 0
0 L3

)
, �� L =

(
L1 0
0 L2

)
.

uG/ �0 ∈ A �, |�| ����, lO" L �fq���#7z. G., -a M1 �{{|w
Ψ(1)

i = (Φi, 0)T , Ψ(2)
i = (0, ηi)T , ��O" L � H ��{{|w {Φi} R| (LΦi = λiΦi, Φi ∈

H, λi → −∞, i → ∞). {ηj} (j = 1, 2, . . . ,m) �O" L3 � T m ��R|{{|w (L3ηj = ιηj).
]% d }z, a M1 � d 4Yz{{�~x;L

λd−m ≤ · · · ≤ λl ≤ ι ≤ · · · ≤ ι ≤ λl−1 ≤ · · · ≤ λ1, (4.5)

_aO" L1, L2 �{{|wCD/ ξj , ζj. G.
Tr F ′(ϕ(τ)) ◦ Qm(τ) = Re Tr F ′(ε(τ)) ◦ Qm(τ) + TrF ′(n(τ)) ◦ Qm(τ) + TrF ′(�(τ)) ◦ Qm(τ)

= Re
d−m∑
j=1

(F ′(ε(τ))ξj , ξj) +
d−m∑
j=1

(F ′(n(τ))ζj , ζj) +
d−m∑
j=1

(F ′(�(τ))ηj , ηj)

≤ C
d−m∑
j=1

‖ξj‖2
H − β

2

d−m∑
j=1

‖Δζj‖2
H1 + C

d−m∑
j=1

‖∇ζj‖2
H1 + C

d−m∑
j=1

‖ζj‖2
H1

+ C

d−m∑
j=1

‖ζj‖2
H + C(‖g1‖2 + ‖g2‖2)

m∑
j=1

‖ηj‖2.

u@ Ω ��, lst H3(Ω) ↪→ H2(Ω) \. G.?� C, [2 ‖Δv‖H ≤ C‖∇Δv‖H . .2
!, ‖∇ζj‖H1 ≤ C‖Δζj‖H1 . '� ‖∇v‖H ≥ ℘

1/2
1 ‖v‖H , �� {℘j} �\O" −Δ �{{�<

> ℘1 ≤ ℘2 ≤ · · · ≤ ℘j ≤ · · ·; ℘j → +∞, � j → ∞. ��� ‖v‖2 ≤ ℘−1
1 ‖∇v‖2, T&
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‖ζj‖2
H ≤ ℘−1

1 ‖∇ζj ||2H = ℘−1
1 ‖ζj‖2

H1 . ��
TrF ′(ϕ(τ)) ◦ Qm(τ)

≤ C

d−m∑
j=1

‖ξj‖2
H − β

4

d−m∑
j=1

‖Δζj‖2
H1 + C

d−m∑
j=1

‖ζj‖2
H1 + C(‖g1‖2 + ‖g2‖2)

m∑
j=1

‖ηj‖2 + C.

@ Lieb–Thirring (�l [7], �
d−m∑
j=1

‖Δζj‖2
H1 ≥ 1

|Ω| 4
n

C(d − m)1+
4
n := C(d − m)1+

4
n ,

d−m∑
j=1

‖ξj‖2
H = d − m,

d−m∑
j=1

‖ζj‖2
H1 = d − m,

m∑
j=1

‖ηj‖2 = d − m.

G. TrF ′(ϕ(τ)) ◦ Qm(τ) ≤ −C(d − m)1+
4
n + C(d − m) + C(‖g1‖2 + ‖g2‖2)m + C, l2>

q̃d ≡ lim
T→+∞

inf sup
ϕ0∈A

( 1
T

∫ T

0

Tr F ′(ϕ(τ)) ◦ Qm(τ)ds
)

≤ −C(d − m)1+
4
n + C(d − m) + C(‖g1‖2 + ‖g1‖2)m + C.

��;L���{ X̃,

−CX̃1+ 4
n + CX̃ + C(‖g1‖2 + ‖g2‖2)m + C = 0. (4.6)

U6, ;I d > m + X̃, fg q̃d < 0. '�, �P�� (4.6), 2%?�Ætp m,n,C, gi (i = 1, 2)
� K, <> X̃ ≤ K. �� q̃d ≤ 0, d − m > k. G. dim AΣ ≤ dimA ≤ m + K.

| 1 {D|, ;I n = 4, fg (4.6) 9�J� d−m �m}�-l. ;I d−m z��R
{, d − m >

C+
√

C2+4C(C(‖g1‖2+||g2‖2)m+C)

2C . uQ [C+
√

C2+4C(C(‖g1‖2+‖g2‖2)m+C)

2C ] := K. fg,
dim A ≤ K + m. �� [x] ��~ x }�z�Yd~�.
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