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ïÄ
�a�í��5XÚ. |^�í��59åÄåÆnØ, ?Ø
�í��5r½ÑÑXÚ��Ý!§Ý

Ú�Ý¤÷v���5�A - *ÑXÚ, 2|^�©�§ Lyapunov ­½5nØ, ��
�í��5�A - *ÑXÚ

3þ!½�)��S��6). ��dXÚ���ëê�Cz, ��
�í��5r½ÑÑXÚk'�Ônþ�k

S - ÃS - kSG��=zL§, l
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1 Ú ó

�í��5ÄåL§Ú��59åL§®²
¤����í�ÆïÄ��c÷+� [1]. 8c, é
�í��59åÆ�ïÄ, Ì�´��A^nØÔ
n¥�²ï�9åÆ�(Ø, ù�nØÌ�´¢�
¿ºÝ?Ø�ÔnÚzÆy�, Ä�þ��Ä�í
XÚ��X�­�ÔnA� [2−5]. 
�í��59
åÄåXÚ´d�í�ì/¤�/¥ºÝ÷*X
Ú, §�ÑÑL§´ë6Å5�A, ¿�É­å|
�/¥=Ä Coriolis å�ÄåÏf99å�(��
9åÏf¤��.

/-í½°-í�p�^�, þ�9���5Ä
åL§Ú��59åL§. í�ý�Úýÿ¯K,

Ò´���íXÚ�­½5¯K, 3���mãS,

¤?�½*ÿ���é­½��íG�Ò´��
59åÆ¤ïÄ�9åÆ���k|��kS(
�. í�ý�ÚýÿÌ�´'%��kS(�G�
=���­½�G�l
q�)#�kS(��
G�, ù�´��59åÆ¤ïÄ�9åXÚ�­
½5¯K, �)�íXÚ�=., íÿ�âCÚ)
��¸Ø�_��'z�. ¤±`, ��59åÄ
åÆ­½5�©Û�{�íÿ�ý�Úýÿ±9
�Uí½�íÿ�<óK�m8
�«#g´Ú
#�{.

��5ìCnØÚ�{8c3Æâ.´��
�©9��ïÄ�¡ [6−10], NõÆö�
�þó
� [11−16]. ·��?Ø
�a�©�§>�¯K!
�A*Ñ¯K!Û�ÄÀÂ�)!��5�Å)
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� [11−18]. �©´A^��59åÄåÆ�©Û�
{, 5?Ø���ír½ÑÑe��A-*ÑXÚ)
�,
½þ!½55�.

2 �ír½ÑÑXÚ��A-*Ñ�§

d�íÄåÆG��§!ëY5�§!Äþ
Åð�§!§Ý²ï�§ÚYð²ï�§�, �±
ïá�í��5r½ÑÑXÚ��Ý!§ÝÚ�
ÝXÚ. ù�XÚ��ÑXe��5�A-*ÑXÚ
���/ª [1]:

∂Y1

∂t
=

3∑
j=1

∂

∂xj
K1

∂Y1

∂xj
+ f1(Y1, Y2, Y3, µ1, µ2, µ3),

(1)

∂Y2

∂t
=

3∑
j=1

∂

∂xj
K2

∂Y2

∂xj
+ f2(Y1, Y2, Y3, µ1, µ2, µ3),

(2)

∂Y3

∂t
=

3∑
j=1

∂

∂xj
K3

∂Y3

∂xj
+ f3(Y1, Y2, Y3, µ1, µ2, µ3),

(3)

Ù¥ Yi(i = 1, 2, 3) ©OL«�íº�!§ÝÚ�
Ý, §£ã
ü NÈ¥1 i |©�§Ý; Ki ´1 i

|©�§Ý Yi �ë6ÑxXê, �©�
{üå
�, �§��~ê, �þãXÚ (1)—(4) �ª�m
à�1��´ë6ÑÑ�, §L«ë6Ñx�L
§; fi ´£ãü NÈ1 i |©�§Ý Yi ÏLz
Æ�A
�)½�Ñ¤Úå�oCzÇ, §´L
«NX¥�|©§Ý� {Yi} 9Äå^����ë
ê µi(i = 1, 2, 3) �¼ê. µi(i = 1, 2, 3) ��´�N
NX¤É�����§Ý9£ãNX l9åÆ
²ï�§Ý. Ïd fi ¢SþÒ´�A-*ÑL§�
r½
. w,, XÚ (1) ´g£�XÚ. ·�b�:

(H1)Ý




∂f1
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∂f1
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∂f1

∂x3

∂f2
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∂f2

∂x2

∂f2

∂x3

∂f3

∂x1

∂f3

∂x2

∂f3

∂x3


´÷��.

(H2) lim
‖x‖→0

‖f‖
‖x‖ = 0, Ù ¥ x = (x1, x2, x3), f =

(f1, f2, f3), ‖x‖ = (x2
1 + x2

2 + x2
3)

1/2, ‖f‖ = (f2
1 +

f2
2 + f2

3 )1/2.

Äk�ÄXÚ (1)—(3) ��|��mCþÃ'
�þ!½�) (Y10, Y20, Y30). d (1)—(3) ª�

f1(Y10, Y20, Y30, µ1, µ2, µ3) = 0, (4)

f2(Y10, Y20, Y30, µ1, µ2, µ3) = 0, (5)

f3(Y10, Y20, Y30, µ1, µ2, µ3) = 0. (6)

2db� (H1), XÚ (4)—(6) �3�|þ!½�
) (Y10, Y20, Y30).

3 �A-*ÑXÚ��6)

� X Ú (1)—(3) � � | ' u ½ �
) (Y10, Y20, Y30) ��6)�

Yi = Yi0 +
∞∑

j=1

Yijε
j , i = 1, 2, 3, (7)

Ù¥ ε ���<ó�ëê. ò (7) ª�\ (1)—(3)

ª, U ε Ðm��5�, Ü¿ ε Óg��, ¿�Ä�
½�) (Y10, Y20, Y30) ÷vXÚ (4)—(6), Kd ε1 �
Xê��

∂Y11

∂t
= K1

3∑
j=1

[
∂2Y11

∂x2
j

+ f1Yj (Y10, Y20, Y30,

µ1, µ2, µ2)Yj1] , (8)

∂Y21

∂t
= K2

3∑
j=1

[
∂2Y21

∂x2
j

+ f2Yj (Y10, Y20, Y30,

µ1, µ2, µ2)Yj2] , (9)

∂Y31

∂t
= K3

3∑
j=1

[
∂2Y31

∂x2
j

+ f3Yj (Y10, Y20, Y30,

µ1, µ2, µ2)Yj3] . (10)

�
¦)�5�©XÚ�), � Yi1(i = 1, 2, 3)

� Fourier C��

Ȳi1 =
∫ ∞

−∞

∫ ∞

−∞

∫ ∞

−∞
Yi1(x1, x2, x3)

× exp[(−i(λ1x1 + λ2x2 + λ3x3)],

dx1dx2dx3, i = 1, 2, 3. (11)

ò (8)—(10) �ªüà?1 Fourier C�, d Fourier

C�5�k

dȲ11

dt
=

3∑
j=1

[−K1λ
2
j Ȳ11
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+ f1Yj (Y10, Y20, Y30, µ1, µ2, µ3)Ȳj1], (12)

dȲ21

dt
=

3∑
j=1

[−K2λ
2
j Ȳ21

+ f2Yj (Y10, Y20, Y30, µ1, µ2, µ3)Ȳj2], (13)

dȲ31

dt
=

3∑
j=1

[−K3λ
2
j Ȳ31

+ f3Yj (Y10, Y20, Y30, µ1, µ2, µ3)Ȳj3]. (14)

�5�©XÚ (12)—(14) �A��§�

∣∣∣∣∣∣∣∣∣∣∣∣∣

(f1Y1)0 − K1

3∑
j=1

λ2
j − ω (f1Y2)0 (f1Y3)0

(f2Y1)0 (f2Y1)0 − K2

3∑
j=1

λ2
j − ω (f2Y3)0

(f3Y1)0 (f3Y2)0 (f3Y3)0 − K3

3∑
j=1

λ2
j − ω

∣∣∣∣∣∣∣∣∣∣∣∣∣
= 0, (15)

Ù¥

(fiYj )0 = fiYj (Y10, Y20, Y30, µ1, µ2, µ3),

i, j = 1, 2, 3.

Ï�A��§ (15) ´��ê ω ng�ê�§, ¤
±�±^Ð��{5�� (7) ª�n�A�� ω =

ωj (λ1, λ2, λ3, µ1, µ2, µ3) (j = 1, 2, 3), ÙA���

(�3dlÑ. �dÓ�, ·�BU���5�©
XÚ (12)—(14) �n�A) (ȳ1, ȳ2, ȳ3) �

ȳi(λ1, λ2, λ3, µ1, µ2, µ3, t)

= Cij exp[ωj(λ1, λ2, λ3, µ1, µ2, µ3)t],

i, j = 1, 2, 3, (16)

Ù¥ C1j , C2j , Cj3 (j = 1, 2, 3) ��p'é�~ê:

C2j = −

∣∣∣∣∣∣∣∣∣
(f2Y1)0 (f2Y3)0

(f3Y1)0 ωj + K3

3∑
k=1

λ2
k + (f2Y1)0

∣∣∣∣∣∣∣∣∣
∆j

C1j ,

C3j = −

∣∣∣∣∣∣∣∣
ωj + K3

3∑
k=1

λ2
k + (f2Y1)0 (f2Y1)0

(f3Y1)0 (f3Y3)0

∣∣∣∣∣∣∣∣
∆j

C1j , (17)

Ù¥

∆j =

∣∣∣∣∣∣∣∣∣∣
ωj + K3

3∑
k=1

λ2
k + (f2Y1)0 (f2Y3)0

(f3Y1)0 ωj + K3

3∑
k=1

λ2
k + (f2Y1)0

∣∣∣∣∣∣∣∣∣∣
.

Ï d � 5 � © X Ú (12)—(14) � � | Ï
) (Ȳ1, Ȳ2, Ȳ3) �

Ȳi =
3∑

j=1

Cij

× exp[ωj(λ1, λ2, λ3, µ1, µ2, µ3)t], (18)

Ù¥ C1j �?¿~ê, 
 C2j , C3j d (17) ªL«.

2 d (18) ª ¦ Ñ é A ¼ ê � Fourier _

C �, � � � 5 � © X Ú (12)—(14) � � | Ï
) (Y1, Y2, Y3):

Yi(x1, x2, x3, µ1, µ2, µ3)

=
1

(2π)3

3∑
j=1

Cij

∫ ∞

−∞

∫ ∞

−∞

∫ ∞

−∞

× exp
[
ωj(λ1, λ2, λ3, µ1, µ2, µ3)t

140202-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 140202

+
3∑

k=1

λkxk

]
dλ1dλ2dλ3, i, j = 1, 2, 3.

u´, |^�©XÚ Lyapunov ­½5nØ, 3
b� (H1), (H2) e, �í��5r½ÑÑ�A-

*ÑXÚ (1)—(3) 3þ!½�) (Y10, Y20, Y30) �
�S��|�6) (Ỹ1, Ỹ2, Ỹ3) ��í6� Ỹ1, §
Ý Ỹ2, �Ý Ỹ3 �

Ỹi(x1, x2, x3, µ1, µ2, µ3)

= Yi0 +
ε

(2π)3

3∑
j=1

Cij

×
∫ ∞

−∞

∫ ∞

−∞

∫ ∞

−∞

× exp
[
ωj(λ1, λ2, λ3, µ1, µ2, µ3)t

+
3∑

k=1

λkxk

]
dλ1dλ2dλ3

+O(ε2), i, j = 1, 2, 3, 0 < ε ¿ 1. (19)

4 �6)�­½5��?Ø

·���, �íÄåÆ£ã
�a�A-*ÑX
Ú, §´�a�Ô.�§. d �©�§nØ, �Ô
.�§3�½�^�e�34��nÚ�A�Ð
©!>.^�e�3���­½). d	, äk�
�5r½ÑÑXÚ�2ÂUþ�34�)�^�
´Äå²ï^�, §´ Newton åÚë6Å5å9
Äþ²6Ñx�²ï; 9å²ï^�, §´Yð�
Cd9º�9Ë�\9, =�ý9\9Úë69Ñ
x9²6Ñx�²ï±9Yð²ï^�, §´Yð
�CE¤�YðO\½�ÑÚë6Å5Yð9²
6YðÑx�²ï. Ïd��m3þã²ï�^�
e, 2ÂUþ3ð½Uþ­¡S�f�mS�3�
��4��; 
3ð½�Uþ­¡	�f�mS�
3���4��. ù
4�G¹��½Ò´�©�
§)�­½5¯K. §´ý�Úýÿ�íXÚG¹
�'�.

d�©XÚ Lyapunov ­½5nØ, �í��
5r½ÑÑ�A-*ÑXÚ (1)—(3) )�­½5�
�^Cq�{5¢y. Ïd, dþ!����A-*
ÑXÚ (1)—(3) ��6) (19) Òw��©­�.

du�ír½ÑÑ�A-*ÑXÚ (1)—(3) �
r½ÑÑ�äk��ëê µi(i = 1, 2, 3), 2d�
A-*ÑXÚ)éëê�ëY�65, ¤±��
ëê µi(i = 1, 2, 3) �Cz, dm©�þ!½�
) (Y10, Y20, Y30) �­½G�ëY/Cz�,��
.� µc

i �, d (19) û½��6)ªuÃ¡, 2�â
�©�§­½5nØ, ù��í��5r½ÑÑ�
A-*ÑXÚ (1)—(3) 3½�)�C��6)Òd
kS�­½�=z�ìCØ­½). ¿��â��
ëê µi(i = 1, 2, 3) �ØÓCzG�ªu�.� µc

i ,


¬¦Ø­½)Ñy�«ØÓÃS�5G, $�¬
Ñy©�!·b�E,�y�. qÏ��í��5
r½ÑÑXÚ3Cz�L§¥, XÚ�dUòØä
/º�Ñ5, ±�XÚ)q�£ìC­½�.

Ï��±ÏL�6)���ëê�Cz, ¦½
�)�C«�S��6)lkS�ÃS2�£k
S�L§, ù�·�ïÄ�í��5r½ÑÑXÚ
Jø
ïÄå», l
U�O(/ý�ÚýÿÛÜ
�í��5XÚ�5Æ, ¦<�9@�¡�í/³
�u), ¿U9�/æ�k���, ~�/³�5
���. ?
Ï"Ur�)/³�ÛÜ�í��5
XÚ�dU=z�k|u<a²Lï��#U
.

5 ( Ø

1) �í��5r½ÑÑXÚ£ã�´��E
,�g,y��ÛÜXÚ, §ÊH/u)3­.Û
Ü�mãÚÛÜ«�. ~X°-í�f3»��²�
«�S¤Úu���Zì¯�, 3À�²�ÚÜ�
Ü�«�S¤Úu�Ôº!9òº, 3Ü�²�«
�S¤Úu��º±9/-í�f3·IÜ�ÜÚ
ÜHÜ/«�¤Úu�â��ÚØÓ§Ý�Y!
Â/. ù
y��u)î­/K�<a�)·ÚE
¤²Lþ�ã���. Ïd, �í��5r½ÑÑ
XÚ�u)L§´�8Æâ.­:'5�é�.

2) |^�í��59åÄåÆnØïÄ�í
��5r½ÑÑXÚ´�«k���{, §k�/
�Ñ
L�|^üX�¢�¿êâ�[ïÄ�5
�Øv.

3) �í��59åÄåÆnØ���5�©
�§­½5nØ���', §�±ò�í��5r
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½ÑÑXÚ=z��A��A-*ÑXÚ5ïÄ.

4) d�©XÚ Lyapounov nØ, 3�½�^�
e, é�í��5�A-*ÑXÚ�¦), �±^C
q��{5��. �©Ò´|^ù��å»5��
�AXÚ3½�)NC��6), ,�|^XÚ�
��ëê5û½Ù�.G�, ����XÚdkS

�ìC­½G�=z�ÃS�Ø­½G�, ��2
=�kS�­½G�.

5) ÏLéXÚ�kS-ÃS-kS�=zL§�
ïÄ, �é�í��5r½ÑÑXÚ��'!:?
1ý�Úýÿ�í�'�Ônþ�½þ!½55
�. ùÒ´8c·��ïÄ8I.
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Abstract

A class of nonlinear system is studied. Firstly, the reaction-diffusion system with speed, temperature and humidity for a

atmospheric nonlinear force dissipative system is discussed using the atmospheric nonlinear theory of thermodynamics and dynam-

ics. Secondly, the small disturbed solution of atmospheric nonlinear reaction-diffusion system in the neighborhood of homogeneous

steady state solution is obtained from the Lyapunov stability theory. Finally, from the variations of the control parameters for transgenic

processes, the states of ordered-unordered-ordered processes of atmospheric nonlinear reaction-diffusion system are found. Thus the

corresponding local atmospheric nonlinear force dissipative system can be predicated and calculated.
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