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1 Ú ó

9�° - í�f´u)3�íÚ°�¥�E,
�g,y�. ° - í�p�E,5Ú��55, ln
Øþ�)ºÙy��·��5
���JÝ. @Ï
�nØ´æ^ÍÜ�.��©G¹5©Û� [1,2].
Philander � [3] 3»� β ²¡þÍÜfYXÚ¥Ä
k�
­½5©Û. 3���ïÄ¥JÑ
N\�
ÅnÚ*Ð [4−7]. Bjerknes[8] JÑ
XÛde=z
�9�L§. Cane � [9] �Ñù´d°YÄåÆò
���^
Úå�.

Ï��íÚ°��^��.´��5�, �
·��ïÄE¤
(J. 8cïÄ° - í�f�
ÛÜ�Ú�N�5����5¯KJÑ
Ø�
��{ [10−19]. C5, Cq�{Øä/3U?, �
)²þ{, >.�{Úõ­ºÝ{� [20−23]. |
^ìC{, #Wj� [24−28] |^ìC�{�ïÄ

�a��5¯K. 3�©¥, ·�|^
��{
ü
AÏ�#�{5ìC/¦)�a° - í�f
�..

2 ��°íÍÜ�.

ò¢S�° - í�f�.ÏL?�Ú�{z
Úb�, {z�{ü��f�.. 3��ZìÚ
H�7Ä¥, Wang � [10,11] rN
Ü�²�É~
��^. AO/, rN3Ü�²�¥Ð©»�&º
É~� SST Cz. ù
&ºÉ~K��°�G�
�Cz.

y�ÄXe° - íÍÜ�f [1,2]:

∂T

∂t
=

∂T

∂x
(A + T − µh) + B(T − µh)

− CT + D(A + T − µh)

+ εf(T, h), (1)

∂T

∂x
− ∂h

∂x
=εg(T, h), (2)

Ù¥ T 3»�À�²��°L§Ý (SST), h §�
��Ý; T (0) Ú h(0) � SST Ú§���Ý�Ð�;
εf(T, h) Ú εg(T, h) ��6Ä�, Ù¥ 0 < ε ¿ 1;
A,B,C,D Ú µ ���5ëê, §��Ôn¿Â�
©z [1,2].
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ÄkÚ\1ÅC�

ξ = x + ct, (3)

Ù¥ c ��½~ê. ò (4) ª�\ (1), (2) ª, k

cTξ = ATξ + TTξ − aµhTξ + (B − C + D)T

− µBh − µDh + DA + εf(T, h), (4)

hξ − Tξ = εg(t, h). (5)

3 ;.�.

d (3)—(5) ª, ÄkïÄ;.�.��/

cTξ = ATξ + TTξ − aµhTξ + (B − C + D)T

− µBh − µDh + DA, (6)

hξ − Tξ = 0. (7)

d (7) ª,
h = T + K, (8)

Ù¥ K ��?¿~ê. ò (8) ª�\ (6) ª, ��

(1 − µ)TξT + (−aµK) + A − c)Tξ

+ ((B + D)(1 − µ) − C)T

− (B + D)µK + DA = 0. (9)

�
T = l0 + k0ν, (10)

Ù¥ l0 Ú k0 ��½~ê, 
 ν ��½¼ê. u´

Tξ = k0νξ, (11)

TTξ = (l0 + k0ν)k0νξ. (12)

d (9) ª, ·�k

(1 − µ)(k0l0 + k0l1ξ + k2
0ν)νξ

+
[
(−µC0 + aA − c)k0

]
νξ

+ ((B + D)(1 − µ) − C)l1ξ

+ ((B + D)(1 − µ) − C)k0ν

− (B + D)µC0 + DA = 0. (13)

y�
νξ = 1 − ν−1, (14)

d (14) ª, �

H(ν, ξ) ≡ (exp ν)(ν − 1) − C1 exp ξ = 0, (15)

Ù¥, C1 �?¿~ê. du Hν 6= 0, u´�3��
¼ê ν, §´��÷v�§ (15) �Û¼ê.

ò÷v�§ (15) �Û¼ê ν �\ (13) ª, �[
(1 − µ)l0 − µK − A + c

]
k0 +

[
(1 − µ)k0

]
k0ν

−
[
(1 − µ)l0 − µK − A + c

]
k0ν

−1 −
[
(1 − µ)k0

]
k0

+ ((B + D)(1 − µ) − C)l0 + ((B + D)(1 − µ)

− C)k0ν − (B + D)µC0 + DA = 0. (16)

-�§ (16) ¥� νi(i = −1, 0, 1) Xê�"[
(1 − µ)l0 − µK − A + c]k0 = 0, (17)[
(1 − µ)k0 + ((B + D)(1 − µ) − C)

]
k0 = 0, (18)[

(1 − µ)l0 − µK − A + c
]
k0 −

[
(1 − µ)k0

]
k0

+ ((B + D)(1 − µ) − C)l0

− (B + D)µK + DA = 0. (19)

u´���§ (17)—(19) �)

l0 =
(B + D)Kµ + DA

(B + D)(1 − µ) − C

+
(B + D)(1 − µ) − C

(1 − µ)
, (20)

k0 = − (B + D)(1 − µ) − C

(1 − µ)
, (21)

c = − (B + D)Kµ + DA

(B + D)(1 − µ) − C)
− (B + D)(1 − µ)

− C + (h(0) − T (0))µ + A. (22)

d (20), (21) ª, ���§ (9) �)�

T (ξ) =
(B + D)Kµ + DA

(B + D)(1 − µ) − C)

+
(B + D)(1 − µ) − C

(1 − µ)

− (B + D)(1 − µ) − C

(1 − µ)
ν(ξ), (23)

Ù¥ ν(ξ) �÷v�§ (13) ���Û¼ê.

u´, d (3), (22) Ú (23) ª, ·���;.�
ÍÜ�. (4), (5) ���°(�1Å)

T̄ (x, t) = l0 −
(B + D)(1 − µ) − C

(1 − µ)
ν(x + ct),

(24)

h̄(x, t) = K + l0

− (B + D)(1 − µ) − C

(1 − µ)
ν(x + ct), (25)

Ù¥ l0 Ú c ©Od (20) Ú (22) ªL«.
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4 6Ä° - í�f�.�ìC)

5¿�6Ä� εf(T, h) Ú εg(T, h), ��/, �
. (1), (2) ØäkÐ�¼ê�°(). ¤±·�I
¦)ÙìC).

� 
 � � � . (1), (2) � � � ì C 1 Å ),
·��

T =
∞∑

i=0

Ti(ξ)εi, h =
∞∑

i=0

hi(ξ)εi. (26)

ò (26) ª�\ (4), (5) ª, U ε Ðm��5
�, ¿ ¦ � ª ü > ε � Ó g � � X ê � �. é
u εi(i = 0, 1, 2, · · · ), ·�k

c(T0)ξ = A(T0)ξ + T0(T0)ξ − µh0(T0)ξ

+ (B − C + D)T0

− µBh0 − µDh0 + DA, (27)

(h0)ξ − (T0)ξ = 0. (28)

c(Ti)ξ = aA(Ti)ξ + aTi(T0)ξ + aT0(Ti)ξ

− aµhi(T0)ξ − aµh0(Ti)ξ

+ (B − C + D)Ti − µBhi

− µDhi + DA + Fi,

i = 1, 2, · · · , (29)

(hi)ξ − (Ti)ξ = Gi, i = 1, 2, · · · , (30)

Ù¥

Fi(ξ) =
1

(i − 1)!

[
∂i−1

∂εi−1

(
a
( ∂

∂ξ

∞∑
j=0

Tj(ξ)εj

)

×
∞∑

j=0

Tj(ξ)εj + f
( ∞∑

j=0

Tj(ξ)εj ,

×
∞∑

j=0

hj(ξ)εj
))]

ε=0

, i = 1, 2, · · · ,

hi(ξ) =
1

(i − 1)!

[
∂i−1

∂εi−1
g

( ∞∑
j=0

Tj(ξ)εj ,

×
∞∑

j=0

hj(ξ)εj

)]
ε=0

, i = 1, 2, · · · .

d (27), (28) ª, ·���)

T0(x, t) = T̄ (x, t),h0(x, t) = h0(x, t),

=

T0(x, t) =l0 −
(B + D)(1 − µ) − C

(1 − µ)
ν(x + ct),

(31)

h0(x, t) =(h(0) − T (0)) + l0

− (B + D)(1 − µ) − C

(1 − µ)
ν(x + ct). (32)

Ó�d�5XÚ (29), (30) ¿^�ÄnØÚØÄ:
�n [29,30], U
��1ÅìC)

Ti(x, t) =
∫ x+ct

0

µ(T0(η))η − (µB + µD)η + DA + T 3
0 (η)

c − A − T0(η) + µh0(η)

× exp
( ∫ x+ct

η

(1 − µ)(T0(η1))η1 + (1 − µ)(B + D) − C

c − A − T0(η1) + µh0(η1)
dη1

)
dη, i = 1, 2, · · · , (33)

hi(x, t) =

[ ∫ x+ct

0

Gi(η)dη +
∫ x+ct

0

µ(T0(η))η − (µB + µD)
∫ η

0
Gj(η1)dη1 + DA + Fi(η)

c − A − T0(η) + µh0(η)

× exp
( ∫ x+ct

η

(1 − µ)(T0(η1))η1 + (1 − µ)(B + D) − C

c − A − T0(η1) + µh0(η1)
dη1

)
dη

]
, i = 1, 2, · · · . (34)

u´, d (26), (31)—(34) ª, ·����° - í�f�6Ä�. (1), (2) 1 m g1ÅìC)

T (x, t) =l0 −
(B + D)(1 − µ) − C

(1 − µ)
ν(x − ct)

+
m∑

i=1

[ ∫ x+ct

0

µ(T0(η))η − (µB + µD)
∫ η

0
Gj(η1)dη1 + DA + Fi(η)

c − A − T0(η) + µh0(η)

× exp
( ∫ x+ct

η

(1 − µ)(T0(η1))η1 + (1 − µ)(B + D) − C

c − A − T0(η1) + µh0(η1)
dη1

)
dη

]
εi + O(εm+1),

0 < ε ¿ 1, (35)
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h(x, t) =K + l0 −
(B + D)(1 − µ) − C

(1 − µ)
ν(x − ct)

+
m∑

i=1

[ ∫ x+ct

0

Gi(η)dη +
∫ x+ct

0

µ(T0(η))η − (µB + µD)
∫ η

0
Gj(η1)dη1 + DA + Fi(η)

c − A − T0(η) + µh0(η)

× exp
( ∫ x+ct

η

(1 − µ)(T0(η1))η1 + (1 − µ)(B + D) − C

c − A − T0(η1) + µh0(η1)
dη1

)
dη

]
εm + O(εm+1),

0 < ε ¿ 1. (36)

5 Þ ~

����{ü�~f, ·��ÀJÃþjë
ê A = B = 0, C = 1.5, D = 1, T (0) = 1, h(0) = 4
Ú µ = 0.5, � 6 Ä � © O � εf(T, h) = εT 3

Ú εg(T, h) = ε. u´° - íÍÜ�f�6Ä�
. (1), (2) �

∂T

∂t
=

∂T

∂x
(T − 0.5h) − T − 0.5h + εT 3,

(37)

∂T

∂x
− ∂h

∂x
=ε, (38)

d (20)—(22), (24), (25) ª, k

l0 = −3.5, k0 = 2, c = 1,

T̄ (x, t) = −3.5 + 2ν(x + t),

h̄(x, t) = −0.5 + 2ν(x + t).

¿d (31)—(34) ª, �

T0(x, t) = − 3.5 + 2ν(x + t), h0(x, t) = −0.5 + 2ν(x + t), (39)

T1(x, t) =
∫ x+t

0

0.5(1 − v−1(η)) − 0.5η + (−3.5 + 3ν(η))3

1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η))

× exp
( ∫ x+t

η

0.5(T0(η1))η1 − 1.5
1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η1))

dη1

)
dη, (40)

h1(x, t) =(x + t) +
∫ x+t

0

0.5(1 − v−1(η)) − 0.5η + (−3.5 + 3ν(η))3

1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η))

× exp
( ∫ x+t

η

0.5(T0(η1))η1 − 1.5
1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η1))

dη1

)
dη. (41)

Ïd, d (35), (36) Ú (39)—(41) ª, ·�B�° - í�f�6Ä�. (37), (38) ��gìC1Å)

T (x, t) = − 3.5 + 2ν(x + t) +

[ ∫ x+t

0

0.5(1 − v−1(η)) − 0.5η + (−3.5 + 3ν(η))3

1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η))

× exp
( ∫ x+t

η

0.5(T0(η1))η1 − 1.5
1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η1))

dη1

)
dη

]
ε + O(ε2), 0 < ε ¿ 1,

h(x, t) = − 0.5 + 2ν(x + t) +

[
(x + t) +

∫ x+t

0

0.5(1 − ν−1(η)) − 0.5η + (−3.5 + 3ν(η))3

1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η))

× exp
( ∫ x+t

η

0.5(T0(η1))η1 − 1.5
1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η1))

dη1

)
dη

]
ε + O(ε2), 0 < ε ¿ 1,

Ù¥ ν(ξ) ��§ (14) ���Û¼ê. - s = x + t, Kþã)�L«ª�

Tasy(s) = − 3.5 + 2νs +

[ ∫ s

0

0.5(1 − ν−1(η)) − 0.5η + (−3.5 + 3ν(η))3

1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η))
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× exp
( ∫ s

η

0.5(T0(η1))η1 − 1.5
1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η1))

dη1

)
dη

]
ε + O(ε2), 0 < ε ¿ 1, (42)

hasy(s) = − 0.5 + 2νs +

[
s +

∫ s

0

0.5(1 − ν−1(η)) − 0.5η + (−3.5 + 3ν(η))3

1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η))

× exp
( ∫ s

η

0.5(T0(η1))η1 − 1.5
1 + (−3.5 + 3ν(η)) + 0.5(−0.5 + 3ν(η1))

dη1

)
dη

]
ε + O(ε2), 0 < ε ¿ 1. (43)

yòþ¡d (42), (43) ª���ìC)Tasy,
hasy��. (37), (38) ��[°()Texa, hexa3�

Ó�Ð©^�T (0) = h(0) = 0e��[­�ãÚ
ê�L?1'�. äN�¹Xã1, ã2ÚL1¤«.

ã 1 �[°() Texa �ìC) Tasy �­�'� ã 2 �[°() hexa �ìC) hasy �­�'�

L 1 �[°() Texa, hexa �ìC) Tasy, hasy �ê�'�

s 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Texa 0.000 0.002 0.005 0.012 0.028 0.034 0.047 0.053 0.061 0.070 0.074

Tasy 0.000 0.002 0.005 0.012 0.027 0.033 0.046 0.052 0.060 0.069 0.072

hexa 0.000 −0.018 −0.033 −0.052 −0.069 −0.086 −0.103 −0.123 −0.144 −0.164 −0.176

hasy 0.000 −0.018 −0.033 −0.052 −0.070 −0.087 −0.103 −0.124 −0.145 −0.166 −0.078

dþã��[­�ã/Úê�L�'�(J
�±wÑ, �©JÑ��{¤¦��.ìC)äk
�Ð�°Ý.

6 ?ØÚ(Ø

° - í�f´��E,�g,y�. Ïd·�
I�{z§�Ä��.. ¿^Cq�{�¦)§.

3�©¥, JÑ
��AÏ
{ük��#�ì
C�{.

l�©�~f�±wÑ, �©JÑ�ìC�{
Uk�/©Û° - í�f»�À�²�� SST É
~Ú§���Ý�k'Ôny�.

dþ¡�(Ø, ·�U
ýÿ° - í�f�
. (1), (2) ��'íÿ�É~Cz. 'uù�¡?
�Ú�(J, �©Ø2�ã.
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Abstract

The tropical sea-air oscillator is a complicated natural phenomenon. In this paper, based on a sea-air oscillator model, by a

new method of combining the undetermined coefficients with the perturbation theory the asymptotic traveling wave solution of the

corresponding model is obtained.
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