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Ĉ &

C

"

C

&̂

!

%

C

]

"

C

"

"

C

'

C

*

C

#
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Ĉ &

C

"

"

C

&̂

!

%

"

C

%

)

C

].

!

'

"

C

\"

$那么有!

'

C

#

*

C

]%

"

C

%

\

.

!

#
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Ĉ &

C

"

C

&̂

!

%

C

%

!

"

C

%

C

#
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'

C

%
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$

'

C

%

C

# %

$且令
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C

表示斑块
C

的向量场$则有
%
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C

%
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C
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"
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Ĉ &

C

"

C

&̂
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%
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%
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%

!
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C

^

'

C

'

C

%
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/

0
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矩阵
$

#

C

%
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C

%
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C

#
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C

%
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C
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$

#

C

%
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$

#

C

%
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$

#

C

%
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$

#

C

%

!C

$

#

C
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的形式表示(其中!
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%
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%
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$

$

#

C

%

!!
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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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+

#

@

C

$
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@

#

%
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#

@

C

$

@

!
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#
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<

表示关于这
个范数的
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度量(通过直接计算得
<

#

$

#

C

%

%

\:+

N

#

A

#
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%

C

$

A

#

C
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A

#
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%
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#
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C

%
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%

^
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%
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A

#

C
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#

C

%

!C

^<

C

#

$

#

C

%
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%$这里
$

#

C

%

C!

和
$

#

C

%

!C

是由
0

C

范数诱导的矩阵范数$且
<

C

表示相对于
0

C

范数的
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Ĉ &

C

"

C

&̂

!

%

C

%

]

#

.

C

.̂

!

%

\

'

/

C

'

C

].

C

$

A

#

C

%

!

\

'

C

%

C

'

C

#

*

C

]%

C

%

^
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/
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由系统#

#

%中第
#

个方程得%

/

C

%

C
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C

^

'

C

'

C

#

*

C

]%

C

%

%

C

$代入上式得!
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%
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#
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$
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B
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\
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#
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.
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A
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%
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/

C

'
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%
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C
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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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'

C

#

#
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#

'

C

#

"
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#

#

B

C

!

(于是$当
#
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%在第一个斑块是全局渐近稳定的(

010

!

斑块
0

动力学分析
情形

C

$当
!

C"

#

C

时$斑块
C

无病平衡点
/

"

C

\

#

"

"

C

$

"

$

"

%是全局渐近稳定的$因此$当
#
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时$对于斑块
!

可
得如下极限系统!
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(
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'
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通过计算$系统#

G

%有唯一的无病平衡点
/
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\

$
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.

C
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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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!槡 (

定理
4

!

!

C"

#

C

$

!
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#

C

时$系统#

G

%的无病平衡点
/

"

!

全局渐近稳定*

!

C"

#

C

$

!
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$

C

时$系统#

G

%存在唯一
的地方病平衡点

/

!

\

#

"

!

$

'

!

$

%

!

%且是全局渐近稳定的(

证明
!

情形
C

$由于系统#

G

%与系统#

#

%具有完全相同的结构$关于平衡点稳定性的证明与定理
C

以及定理
(

相同$此处省去(

情形
!

$当
!
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$

C
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C

地方病平衡点
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"
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如下极限系统!
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(
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从生物的角度$研究系统#

C"

%正平衡点的唯一性具有重要意义$如果它存在$应该满足以下代数方程!
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'
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'

!

$

E

C

\]

"

!

.

#

'

!

*

!

].

#

!

!

'

!

].

#

&

#

'

!

$ .̂

!

!

&

#

)

!

].

#

&

(

!

!

'

!

*

!

]

#

'

'

"

C

.

#

&

#

'

!

$

E

!

\

"

!

$

'

!

*

!

].

#

!

!

)

!

].

#

&

#

)

!

$^

#

'

'

"

C

'

!

!

!

^

#

'

'

"

C

&

#

'

!

$]

#

'

'

"

C

&

#

)

!

.

#

^

#

'

'

"

C

&

(

!

!

'

!

*

!

$

E

#

\

#

'

'

"

C

!

!

)

!

^

#

'

'

"

C

&

#

)

!

$

(

这里
$\$

!

^

#

"

"

"

C

^

#

'

'

"

C

(由于
E

"

$

"

$

E

#

$

"

$由笛卡尔符号规则$如果满足以下
#

个条件中的任何一个$式
#

C!

%有两个正实根或没有正实根!
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C"

%的正平衡点存在还必须满足!

"

!

\

$

!

^

#

"

"

"

C

^

#

'

'

"

C

].

#

'

!

!

!

$

"

(

定理
5

!

当
!

C"

$

C

时$如果系统#
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证明
!

系统在
/

"

!

处的雅可比矩阵为!

#

"

!

\

]

!

!

]

"

!

%

"

!

#
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Ĉ &

#

"

"

!

&̂

(

%

"

!

%

!

& '

#

)

!

^

'

!

'

"

!

%

.̂

#

#

)

!

^

'

!

'

"

!

%

]

'

!

#

*

!

]%

"

!

%

"

!

"

"

!

#
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Ĉ &

#

"

!

%

#
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Ĉ &

#

"

!

&̂

(

%

!

%

!

]

#

.

#

)̂

!

^

'

!

'

!

%

&

'

/

0

(

定义
%

!

\J4&

2

C

$

'

!

%

!

$

'

!

%

!

# %

$且令
?

!

表示斑块
!

的向量场$则有
%

!?

!

%

]C

!

\J4&

2

"

$

'

/

!

'

!

]

%

/

!

%

!

$

'

/

!

'

!

]

%

/

!

%

!

# %

$且!

%

!

#

&

!

'

!

%

]C

!

\

C"C

第
#

期
!!!!!!!!

桑
!

瑞%等)具有
I9JJ4-

2

;*-K@9L-

2

9.4:

发生率的双斑块裂谷热病毒模型研究



].

#

]

!

!

]

"

!

%

!

#
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Ĉ &

(

%

!

%

#

Ĉ &

#

"

!

&̂

(

%

!

%

!

$

$

#

!

%

C!

\

%

!

'

!

"

!

"

!

#
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结论
本文考虑了一类具有斑块迁移的
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模型$采用分斑块讨论的方法分析了
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个斑块疾病的阈值动力学(

最终得到只要
!

C"

$

C

$该疾病在所有
!

个斑块中持续生存*如果
!

C"

#

C

且
!

!"

$

C

$则该疾病在斑块
C

中灭绝$但
在斑块

!

中持续生存*如果
!

C"

#

C

且
!

!"

#

C

$则该疾病在
!

个斑块中灭绝$

/

"

全局渐近稳定(同时$数值模拟
验证了结论的正确性(本文的研究加强了

O>S>

在空间传播上的认识(

参考文献!

&

C

'

%0%BMMW50%

$

LOAOL5

$

IAdMW<@L

$

9;&.DO4/;>&..9

'

/989,84,+:4-J+=9:/9;&.J964:94-<

N

,&

2

+9K@&Q.9

'

,&;:;1,*+

2

1

J4,9=;

N

.&=9-;&.4-/9=;4*-

&

)

'

D<=49-=9LJ8&-=9:

$

!"CH

$

(

#

C!

%!

9&&+GHC!D

&

!

'

LMIW)O

$

IAdMW<@ L

$

eLMVWO<L e

$

9;&.D59+;,*

N

14.&-J 6&=,*

N

1&

2

94-/.+Z4-;*;19=9-;,&.-9,8*+::

'

:;96&,9

4-/.&66&;*,

'

=*6

N

*-9-;:*/.9;1&.O4/;>&..9

'

/989,9-=9

N

1&.4;4:4-,&;:

&

)

'

Df.*<f&;1*

2

9-:

$

!"CG

$

C$

#

R

%!

CK!RD

&

#

'

eLMVWO<L e

$

g7)LeL % O

$

LMIW)O

$

9;&.D>&:=+.&,

N

9,69&b4.4;

'

4-;19b,&4-4:&.&;9

N

&;1*

2

9-4=989-;J+,4-

2

O4/;

>&..9

'

/989,84,+:9-=9

N

1&.4;4:4-,&;:

&

)

'

D>4,*.*

2'

$

!"CG

$

$!R

!

CE#KCEGD

&

(

'

5BWM<W5<<

$

LM>LOWh)

$

IB0A7V@)

$

9;&.DO4/;>&..9

'

/989,K9

N

4J964*.*

2

4=&.+

N

J&;9&-J,4:[*/4-;,*J+=;4*-4-;*W+,*

N

9

&

)

'

DWS<L)*+,-&.

$

!"!"

$

CH

#

#

%!

9"R"(CD

&

$

'

dA7<<A7SP

$

<7IBOA<%

$

@W55WVBWOWT

$

9;&.DO4/;>&..9

'

/989,A+;b,9&[

$

%&

'

*;;9

$

S,&-=9

$

!"CH]!"CG

&

)

'

DW69,

2

4-

2

B-/9=;4*+:@4:9&:9:

$

!"!"

$

!R

#

(

%!

ERGKEE!D

&

R

'

Ad%L5<)

$

eB0PTWO<<0POW7Of)

$

>L5gW7MW5M

$

9;&.DO4/;>&..9

'

/989,84,+:;&,

2

9;:;196&;9,-&.K/*9;&.4-;9,/&=9

4-*84-9&-J1+6&-

N

.&=9-;&:

&

)

'

Df.*<59

2

.9=;9JV,*

N

4=&.@4:9&:9:

$

!"!"

$

C(

#

C

%!

CKCHD

&

E

'

MB5VPB07%g)

$

@L>BW<ST

$

gLBOAL

$

9;&.DO4/;>&..9

'

/989,84,+:

#

/&64.

'

I+-

'

&84,4J&9

$

2

9-+:F>BGHI)+JK=

%

DB:*.&;4*-:

/,*6@4

N

;9,&=*..9=;9JJ+,4-

2

&-4-;9,K9

N

4Y**;4=

N

9,4*J4-g9-

'

&

&

)

'

DW

N

4J964*.*

2'

&-JB-/9=;4*-

$

CGH$

$

G$

#

C

%!

CGEK!"GD

&

H

'

e*,.JP9&.;1A,

2

&-4Y&;4*-DO4/;>&..9

'

/989,

&

WI

"

AM

'

D

#

!"CHK"!KCG

%&

!"!CKCCKC"

'

D1;;

N

!""

QQQDQ1*D4-;

"

69J4&=9-;,9

"

/&=;:199;:

"

/:!"E

"

9-

"

D

&

G

'

TLSSP @

$

PLOVMWd @ %

$

MWLPd

$

5 fDL-9

N

4J964*.*

2

4=&.6*J9.*/O4/;>&..9

'

S989,

&

)

'

DW.9=;,*-4=)*+,-&.*/

@4//9,9-;4&.W

3

+&;4*-:

$

!""E

$

CC$

!

CKC!D

&

C"

'

%fW<PW<0

$

PLLOBA P

$

V0P7W50PW)%DL 6&;196&;4=&.6*J9.*/O4/;>&..9

'

/989,Q4;11+6&-1*:;

&

)

'

DL=;&

I4*;19*,9;4=&

$

!"CC

$

$G

!

!#CK!$"D

&

CC

'

TLA@

$

O7L5<

$

0A<5WO0

$

9;&.D%*J9.4-

2

;19:

N

&;4&.:

N

,9&J*/O4/;>&..9

'

/989,4-W

2'N

;

&

)

'

DI+..9;4-*/%&;196&;4=&.

I4*.*

2'

$

!"C#

$

E$

!

$!#K$(!D

&

C!

'

LP%W@L

$

LMBd

$

WM@7%LL

$

9;&.D7-4

3

+9*+;b,9&[*/O4/;>&..9

'

/989,4-<+J&-

$

!"CG

&

)

'

DW69,

2

4-

2

B-/9=;4*+:@4:9&:9:

$

!"!"

$

!R

#

C!

%!

#"#"D

&

C#

'

)LB5<

$

OA0PLB05

$

%LPW<PeLOB0

$

9;&.D014[+-

2

+-

'

&&-J0A>B@KCG4-I,&Y4.

!

;19J&-

2

9,*/*89,.&

NN

4-

2

=,4:9:

&

)

'

D

)*+,-&.*/%9J4=&.>4,*.*

2'

$

!"!C

$

G#

#

E

%!

("G"D

&

C(

'

PLOLfL5P

$

OdL5 %

$

dAPL5I

$

9;&.D0A>B@KCG&-JJ9-

2

+9

!

J*+b.9

N

+-=19:/*,J9-

2

+99-J964==*+-;,49:4-L:4&

&

)

'

D

O9849Q:4-%9J4=&.>4,*.*

2'

$

!"!C

$

#C

#

!

%!

9!CRCD

&

C$

'

<BW@5WO%)

$

gOLW%WO)@

$

%WdWO%)

$

9;&.DL==9::;*

N

,46&,

'

19&.;1=&,9J+,4-

2

.*=[J*Q-69&:+,9:/*,0A>B@KCG4-

,+,&.<*+;1L/,4=&

!

&.*-

2

4;+J4-&.=*1*,;:;+J

'

&

)

'

D%9JOZ48

!

;19

N

,9

N

,4-;:9,89,/*,19&.;1:=49-=9:

$

!"!"D

&

CR

'

09-;9,/*,B-/9=;4*+:@4:9&:9O9:9&,=1&-Jf*.4=

'

#

0B@OLf

%

DO4/;>&..9

'

S989,*+;b,9&[,9

N

*,;9J4-g9-

'

&

&

WI

"

AM

'

D

#

!"!CK

"CK!R

%&

!"!CKCCKC"

'

D1;;

N

:

!""

QQQD=4J,&

N

D+6-D9J+

"

-9Q:K

N

9,:

N

9=;489

"

!"!C

"

"C

"

-9Q:K:=&-K

F

&-K!RK!"!CD

&

CE

'

OA<W<DO4/;>&..9

'

S989,4-W&:;9,-g9-

'

&

&

WI

"

AM

'

D

#

!"!CK"!KCH

%&

!"!CKCCKC"

'

D1;;

N

:

!""

QQQD*+;b,9&[*b:9,8&;*,

'

D*,

2

"

*+;b,9&[;1+,:J&

'

KC

"

!

"

CE

"

!"!C

"

,4/;K8&..9

'

K/989,K4-K9&:;9,-K[9-

'

&D

&

CH

'

MB7 e

$

<75S)

$

VA5T d T

$

9;&.DO4/;>&..9

'

/989,84,+:46

N

*,;9J4-;*014-&/,*6 L-

2

*.&

&

)

'

DV19M&-=9;B-/9=;4*+:

@4:9&:9:

$

!"CR

$

CR

#

CC

%!

C!!RKC!!RD

&

CG

'

<PAfWOW

$

fWVWO<0)

$

@L>BW<STDV19:

N

,9&J*/O4/;>&..9

'

/989,&-J&

NN

,*&=19:;*4;:=*-;,*.

&

)

'

DI+..ePA

$

CGH!

$

R"

!

!GGK#"(D

&

!"

'

IW@@B5TVA5)D%+;+&.4-;9,/9,9-89b9;Q99-

N

&,&:4;49:*,

N

,9J&;*,&-J4;:9//9=;*-:9&,=14-

2

9//4=49-=

'

&

)

'

DV19)*+,-&.*/

("C

重庆师范大学学报!自然科学版"

!

1;;

N

:

)**

=

3

-+

F

D=

3

-+D9J+D=-

!!!!!!!!!!!

第
("

卷



L-46&.W=*.*

2'

$

CGE$

$

((

#

C

%!

##CK#("D

&

!C

'

@WL5TWMB<@

$

TAM@<VWB5O

$

A5WBMMOD%*J9./*,;,*

N

14=4-;9,&=;4*-

&

)

'

DW=*.*

2'

$

CGE$

$

$R

#

(

%!

HHCKHG!D

&

!!

'

>L5@W5@OBW<<0PWf

$

eLV%A7TP)DO9

N

,*J+=;4*--+6b9,:&-J:+bK;1,9:1*.J9-J964=9

3

+4.4b,4&/*,=*6

N

&,;69-;&.

6*J9.:*/J4:9&:9;,&-:64::4*-

&

)

'

D%&;196&;4=&.I4*:=49-=9:

$

!""!

$

CH"

!

!GK(HD

&

!#

'

ML<LMMW)fDV19:;&b4.4;

'

*/J

'

-&64=&.:

'

:;96:

&

%

'

Df14.&J9.

N

14&

!

<*=49;

'

/*,B-J+:;,4&.&-JL

NN

.49J%&;196&;4=:

$

CGERD

&

!(

'

MB% d

$

%7M@Ae5Wd)<DL

2

9*69;,4=&

NN

,*&=1;*

2

.*b&.K:;&b4.4;

'N

,*b.96:

&

)

'

D<BL%)*+,-&.*-%&;196&;4=&.L-&.

'

:4:

$

CGGR

$

!E

!

C"E"KC"H#D

&

!$

'

MB% d

$

%7M@Ae5Wd)<DA-OL <64;1

0

:&+;*-*6*+:=*-89,

2

9-89;19*,96

&

)

'

DV19O*=[

'

%*+-;&4-)*+,-&.*/

%&;196&;4=:

$

CGG$

$

!$

#

C

%!

#R$K#EGD

+7G()H8'B?/$>'I8,,"

@

C"J"<I$<E-K(#",G$'?!"##$%

&

'(%)*"+%

&

",$-L%B$#"%B"

<L5TO+4

$

e7 P&*

$

hPL5TM*-

2

#

0*..9

2

9*/%&;196&;4=:&-J<

'

:;96<=49-=9:

$

X4-

F

4&-

2

7-489,:4;

'

$

7,+6

3

4X4-

F

4&-

2

H#""(R

$

014-&

%

+9-'<8B'

!&

HE<

;

(-"-

'

B-*,J9,;*:;+J

'

;1946

N

&=;*/

N

*

N

+.&;4*-64

2

,&;4*-*-;19:

N

,9&J*/;19O4/;>&..9

'

/989,J4:9&:9

$

&;Q*K

N

&;=1

O4/;>&..9

'

/989,84,+: 6*J9.4:

N

,*

N

*:9Jb&:9J*-;19I9JJ4-

2

;*-K@9L-

2

9.4:4-=4J9-=9/+-=;4*-D

&

K"'?(#-

'

I

'

=*-:;,+=;4-

2

M

'

&

N

+-*8/+-=;4*-&-J&

NN

.

'

4-

2

M&<&..94-8&,4&-=9

N

,4-=4

N

.9

$

;19

2

.*b&.&:

'

6

N

;*;4=:;&b4.4;

'

*/;19J4:9&:9K/,999

3

+4.4b,4+6*/;19

:

'

:;964:

N

,*89JDO*+;1K1+,Q4;=,4;9,4*-&-J

2

9*69;,4=69;1*J&,9+:9J;*

N

,*89;19:;&b4.4;

'

*/;19

N

*:4;4899

3

+4.4b,4+6&-J;19

N

*:4;4899

3

+4.4b,4+6*/;19:

'

:;964:

2

.*b&.&:

'

6

N

;*;4=:;&b.9D

&

/"-E,'-

'

V19b&:4=,9

2

9-9,&;4*--+6b9,!

C"

&-J!

!"

*/;19;Q*

N

&;=19:4:

2

*;

$

9:;&b.4:19J;19;1,9:1*.J=,4;9,4&/*,.*=&.&-J

2

.*b&.&:

'

6

N

;*;4=:;&b4.4;

'

*/;199

3

+4.4b,4+6&-J;19;19*,9;4=&.,9:+.;:

Q9,989,4/49Jb

'

-+69,4=&.:46+.&;4*-D

&

M(%B,E-$(%-

'

B-;Q*

N

&;=19:

$

;19J4:9&:94:9Z;4-=;4/!

C"

#

C

$

!

!"

#

C

$

Q14.94;4:+-4/*,6

N

9,:4:;9-;4/!

C"

$

CD

N"

@

G(<#-

!

O4/;>&..9

'

/989,

*

I9JJ4-

2

;*-K@9L-

2

9.4:/+-=;4*-&.,9:

N

*-:9

*

N

&;=1 6*J9.

*

b&:4=,9

N

,*J+=;4*--+6b9,

*

;1,9:1*.J

J

'

-&64=:

"责任编辑
!

黄
!

颖#

$"C

>*.?("5*?#

!!!!!

)*+,-&.*/01*-

23

4-

2

5*,6&.7-489,:4;

'

!

5&;+,&.<=49-=9

"

!

1;;

N

:

)**

=

3

-+

F

D=

3

-+D9J+D=-


