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%

"
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;

$即

!

%

<

$

#

&

o

"

6

7

o
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o

;

$

当
5&5$

*

"

时$解不

等式
!

%

<

$

#
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%

"

6

;

$得
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*

"

G

时

!

%X$

#

&

o

"

6

7

o

"
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7

o

;

!
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#

!!

由式!
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#和式!

;!

#$取
$

XA2K

*

;

G

$

*

"

5 6

G

$由

算子范数的定义可知$式!

>

#成立
$

综上$据引理
;

和引理
"

即知引理
!

成立
$

#

!

孤波解轨道稳定的一般性结论

首先将方程!

;

#化为
P2A'7,.&

系统

5&

9

5$

R

aZ!

!

&

9

#
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卷
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a

R

#

#

A

!

;

X1

#

X

;

:

:

;

-

/
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*

+

;

$
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#

"

#

A

"

!

Z

!

&

9

#
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8

H

"

&

S

-

"

!

&

!
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-

!

G

&
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G

5A

!

;G

#

!

Z!

!

&

9

#

R
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!

&

#
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!

"
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#

R

X"X

-

"

&

"

X

-

!

&

!

X

/

0

*

+
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!

;=

#

!!

设在空间
UX]

;

!

H

#

mF

"

!

H

#上有内积

!

&

9

;

$

&

9

"

#

R

8

H

!

&

;

&

"

S"

;

"

"

S"

;A

"

"A

#

5A

$

1

&

9

;

$

&

9

"

3

U

!

;O

#

!!

U

的对偶空间为
U

2

X ]

<;

!

H

#

m]

<;

!

H

#

$U

与
U

2间存在自然同构
!

%

U

-

U

2

$定义为8

!&

9

;

$

&

9

"

9

X

!

&

9

;

$

&

9

"

#$其中$84$49表示
U

与
U

2之间的

配对

8

&

9

;

$

&

9

"

9

R

8

H

!

&

;

&

"

S"

;

"

"

#

5A

!

;F

#

!!

由式!

;O

#和式!

;F

#可知$

!X

; :

: ;<

! #

1

$

可验

证
a

为反对称算子$即8

a&

9

$

7

9

9

X<

8

&

9

$

a7

9

9

$

设
O

是
U

上具有单参数的酉算子群$定义为

O

!

#

#

&

9

!

4

#

R

&

9

!

4

X

#

#$

1

#

3

H&

9

!

#

#

3

U

显然

O!

!

:

#

R

X

#

#

A

:

:

X

#

#

/

0

*

+A

!!

由
O!

!

:

#

Xa2

$可以推出
2X

1

<; :

! #

: <;

$

所

以$可以定义

Q

!

&

9

#

R

;

"

8

2&

9

$

&

9

9

R

;

"

8

1X
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:

X

-

! #

;

&

! #

"

$

&

! #

"

9

R

!

;

"

8

&
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X

&

X

! #

"

$

&

! #

"

9

R

;

"

8

H

!

&

AA

&

X

&

"

X"

"

#

5A

!

;E

#

易知

Q

!

!

&

9

#

R

Q

!

!

&

#

Q

!

!

"
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#

R

&
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X

&

X

! #

"

Q

"

!

&

9

#

R

2

R

1X
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:

X

! #

;

!!

方程!

;

#的孤波解式!
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#&式!

=

#可表为

2

'

%?

R

.

%?

!

A

X

?$

#

/

%?

!

A

X

?$

! #

#

R

O

!

?$

#

2

'

%

!

A

#$

%

R

;

$

"

式中$

.

;

!

A

#$

.

"

!

A

#分别由式!

GC

#&式!

=C

#给出
$

现

考虑孤立波解
O

!

?$

#

2

'

%

!

A

#的轨道稳定性
$

为不重

复$取定
2

'

?

!

A

#为
2

'

;

!

A

#和
2

'

"

!

A

#之一
$

验证
O

!

?$

#

2

'

?

!

A

#满足
[*'772B'+@012,21@0,*2D++

提出的轨道稳

定性理论(

;:<;;

)的条件
$

首先$由引理
!

可知$方程!

;

#的初值问题存在

唯一解$且易证由式!

;G

#&式!

;E

#定义的
Z

!

&

9

#&

Q

!

&

9

#分别满足

Z

!

&

9

!

$
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R
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&
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&
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!

$

##

R

Q

!

&

9

!

:
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R

Q

!

&

9

:

#

!!

其次$可证引理
G$

引理
$

!2

'

?

是方程!

;

#的有界态解$且满足
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!

2

'

?

#

<?

Q

!

!

2

'

?

#

X:$
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!

将
2

'

?
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.

?
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代入方程!

;

#$可得

!!

.

?

&
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/
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&

R

!

/

?

S

-

"

.

"

?

S

-

!

.

!

?

#

)

*

+

&

!

;>

#

!!

对式!

;>

#两边积分$得

.

?

R

?

/

?

S

5

;

X

?

.

?

&&

S

?

.

?

R

!

/
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/
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;

$

5

"
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$
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.
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&

/

?
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.
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+
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'
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/
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?
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'
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!

2
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?

#
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!

2

'
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#
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成立
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现考虑算子
]

?

$并进行谱分析
$
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]

?

%

U

-

U

2 定义为
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#

<

?

Q
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&
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/
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+
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'
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/
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&
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&
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&
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&
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&
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/
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&
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&
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&
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&
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&
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;

&
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?
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自共轭算子$即
]

?

X ]

2

?

$

同时意味着
!

<;

]

?

在
U

上为有界自共轭算子$

]

?
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]

?

<
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$
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]
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.
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9

$

M

9

9
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@
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@
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:
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?
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@
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"
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#

$

因此$空间
U

可分解为直和
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中$

[

为
]

?

的核空间$

*

为一个有限维空间$

P

为

一个闭子空间
$

现定义
L

!

?
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H

-

H

为
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#
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!
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#
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'
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?
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!

?

9
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'

?
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2

'
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#
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Q

!
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'
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#

!!

于是$由引理
!

$

=

$以及对
]

?

的谱分析$可得

关于广义对称正则长波方程!

;

#孤波解轨道稳定的

一般性结论
$

定理
"

!

设
?

4

;

$

-

!

4

:

$

2

'

?
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$
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