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1 Ú ó

Cc5, �º�5�/³�5�î­, Ïdé
�º�ïÄ���´í�.�9��K�� [1−17].
¯¤±�, �º�/¤^���Ò´�kÐ©6
Ä, X9�ËÜ�!ÀºÅ� [18]. Agee[1] @Ïï
Ä
ÔºSAlËÜ��lÑ5�uÐ�Ôº�
L§. Wang Ú Magnusdottir[2] �5�ïÄ
ËÜ
�ä��ò�)4Ü9�µ^�¯K, �Ñù
µ
^k�Ü©�±uÐ¤��º. �,, ù
6Ä¥
��o�k�Ü©U
uÐ¤��º, §�üC�
�º�ÔnÅ�´�o, 8cE,Ø´é�Ù, �
�?�ÚïÄ. Kieu Ú Zhang[3,4] @�lËÜ�Ñ
5�µ^�¤±UuÐ��º, �ËÜ��ÙØä
Jød3µÝk'. �,, ËÜ�¤Jø�Uþk
�, §�´µ^uÐ�	Ï, µ^g��uÐAT
åû½5�^. l¥(�ãÚ�ä©Ûw, Nõ$
�µ^¥�3©á��ì½¥ºÝÅÄ, µ^UÄ
uÐ¤��º, �ûuù
¥ºÝÅÄ´ÄuÐ¿
�8Ü|¤�4�� [18]. *ÿL², �º/¤c

�Ð©µ^Ì�Ñy3é6�$�, ��º�Ñy
3 1—1.5 km NC, Ïd, µ^Ø=äkY²�C,
�äkR��C. oÂÕ [11] Q²ïÄL$�Y²
�Céu1�a^�Ø­½ (CISK) �K�, �Ñí
^5�C�¦ CISK O�ÇO�. ¦�5q|^�
é¡�I, ïÄL�º¥�R��Cé CISK Å�
�K�¯K, uyR��CK��º�ÄåÆ£Ä
�Ý [12]. ±c�ïÄó���
éõ�U�¤J,
�´'uÎ�Ie�$�µ^éu CISK Å�u
ÐÚ£Ä�K�¯K8c�?Ø�é�, E,��
UY�\ïÄ, Ï�ù�¯Kéu)º�º/¤�
Ð©^�äk­��¿Â. Ïd, �©ò�â9�
í^uÐc$�µ^�(�A:, ïÄ§é CISK
Å�K�¯K, Áã?�Ú&Ï9�í^uÐC
z�ÔnÅn, �Jp9�í^ý�UåJøn
Ø�â.
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= − 1
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, (1)
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,
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∂z∗
, (3)

(
∂
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+

V̄θ

r∗
∂
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)
θ∗e + v∗r

∂θ̄e

∂r∗
+ N̂2w∗ =

θ̄e

T̄ cp
Q,

(4)

∂(r∗v∗r )
r∗∂r∗

+
∂v∗

θ

r∗∂θ
+

∂w∗

∂z∗
= 0, (5)

ùp,

(v∗θ , v∗
r , w∗, θ∗e ) ≡ ρ̄

(
v′θ, v

′
r, w

′,
g

θ0
θ′e

)
,

N̂2 =
g

θ̄e

∂θ̄e

∂z∗
. Ä�G�÷v:

−fV̄θ −
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θ

r∗
= −1

ρ̄

∂p̄

∂r∗
, (6)

θ∗e ��� §, Ù¦þ�í�þ�~^ÎÒ, ∗ L
«kþjþ.

b½µ^¥%NC6NCq�fN$Ä, �{
üå�, �Ä�6©Ù� [14]

V̄θ = Ω∗(r∗, z∗)r∗, (7)

ù p Ω∗ � f N � � Ý, � r∗ � � C þ, ¿ b
½ Ä � 6 � p Ý ¥ � 5 © Ù (= � Ñ � � �
ê). - Ω0 = V0/r0, ¿� (v∗r , v∗

θ) = V0(vr, vθ);
r∗ = r0r; t∗ = Ω0t; z∗ = D0z, w∗ = (V0D0/r0)w;

θ∗e =
V 2

0

D0
θe; V̄θ = V0V̄ ; f = f∗ r0

V0
; N2 =

g

θ̄e

∂θ̄e

∂z
=

D0N̂
2; Ω∗ = Ω0Ω. V0 �^=fN>�����

Ý, r0 �fN^=�», D0 �R�ºÝ. �\�
§ (1)—(5), � [14]:(
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Ù ¥ S =
D2

0

V 2
0

N̂2 = F−1N2 � � u p � Ö ê,

ù p F =
V 2

0

D0
; ζ =

∂

r∂r
rvθ − ∂vr

r∂θ
� 6 Ä µ

Ý, ζ0 = f + 2Ω (z) � Ä � | µ Ý; cp � ½ Ø
' 9, T̄ � ² þ § Ý, Q L « � ý 9 \ 9 � 9

þ; M2 = ζ0
∂ζ0

∂z
; ∇3 = ε2∇2 +
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, ε =
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,
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.

�{üå�, ·�3ùp�ü��ª, b½Ð
©µ^Ì�Ñy3$� [13], �Þ�ºNCº�
�� [13], ÚÙ¦ïÄ��, �eI “1” éAue
��í, eI “3” éAþ��í, eI “e” éAM
�ù�º, eI “2” éA¥�, K�âb�·�
� Ω3 = Ω2 ≈ 0, Ω1 ≈ 1

2
Ωe. �âb�, ¥��Ø

5é� [13], Ïd��
∂T̄2

∂r
≈ 0, =

∂Ω2

∂z
≈ 0; Ù¥

é6v(\9æ^ CISK Å�, =�:

Q =
µL

2∆
(q̄s3 − q̄s1)

(
w2 +

1
2
we

)
, (11)
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1
2
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)
. (12)

Ó � · � 3 ù p Ø � Ä ­ å S Å, =
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(
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+ Ω(z)

∂
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)
∇3w ≈ 0, ù�, ü��ªÃ

þj�§��
∂ζ3
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− f

−w2

∆
= 0, (13)(
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+ Ω1

∂
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ζ1 − f1

w2 − we
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2w1 + r
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= 0, (14)

∂

∂t

(fζ3 − f1ζ1

∆

)
+ (S2 − µH)∇2w2

=
1
2
µH∇2we, (15)

we = Kζe, (16)

Ω1 �$�µ^6���Ý, Ω1z �Ä�6��Ý3
$�éA��C, f1 = f + 2Ω1, ∆ �þe��m�
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pÝ�, ¿b½ ζe = λζ1, λ 6 1. ùÒ´�©�?
Ø��ª, Ì�^uïÄ$�fµ^¥ CISK Å�
Ø­½uÐÚDÂ¯K.

3 ­½ÝÚ��Ý

�
?ØÅÄÐ©���­½5ÚDÂA5,
�Ð©)�

(ζ1, ζ3, w2) = (ζ̂1, ζ̂3, ŵ2) e i(lr+mθ+σt), (17)

ùp ζ̂1, ζ̂3, ŵ2 þÀ� r ��C¼ê, l �»�Åê,
m ���Åê. ò (17) ª�\ (13)—(15) ª, �Ñ
þI, �[

iσ + iΩ1m + f1
K

∆
+ Ωz1λK
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2
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+
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1 +
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2
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w2 = 0, (18)[
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µHK
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f1
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×
(
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r2
+

il
r
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w2 = 0. (19)

Ïd���CÅ��ªÑ'X:

σ = −i
α2β1 − α1β2

β2 − α2
, (20)

Ù¥,

α1 =iΩ1m + f1
K

∆
+ Ωz1λK

(
1 +

irl
2

)
;

α2 = − f1

∆
+ Ωz1

(
1 +

ilr
2

)
;

β1 =
∆λ

2f1
µHK

(
− l2 − m2

r2
+

il
r

)
;

β2 =
f2

f1∆
− ∆

f1
(S2 − µH)

(
− l2 − m2

r2
+

il
r

)
.

Ù¥®� w1 ≈ 1
2

(w2 + we). ÏL (20) ª�±?Ø
ÅÄ�­½5ÚDÂA5.

3¤ïÄ�¯K��S, ��»�ºÝ r0 =
100 km; D0 = 10 km; ∆ = 0.45, H = 1.1,
λ = 1; f∗ = 0.370 × 10−4 s−1; N̂2 = 10−4 s−1;
V0 = 100 m/s. ù� Ω0 = 10−3 s−1.

ã 1 ´ØÓ�C^�e, ­½ÝÚ��Ý�Å
ê�Cz­�. ùp�±w�, $�µ^��6�
R��C���é­½ÝkX²w�K�, R��
C��, ÅÄ�Ø­½, =¦´�f�$�µ^, §

�)�R��C��±¦ÅÄ�Ø­½5O\é
õ�. 'X3 r = 300 km ?, e�»�Åê l = 1,
Ωe = 0 �, O�� σ = 4.7 × 10−6 s−1, e �O��
m� 2.5 d (59 h), 
�� Ωe = 0.04 � (��u.�
�»� 300 km �µ^>����º�� 12 m/s),
O�� σ = 5.7 × 10−5 s−1, e �O��m� 4.8 h,
O�Ç´vkµ^�� 12 �. ��$�µ^é
u CISK ÅÄØ­½5�r?�^´�~��, »
�Åê���, O�Ç��. Ïd, $�µ^�±\
r CISK Å��Ø­½�^, ù�N�±)º��
o�ºõu)3$�í^5µ^¥��Ï��.

ã 1 3 r = 300 km ?ÅÄ�O�Ç�»�Åê l Ú$
�Ä�6��Ý�'X, � m = 1, K = 0.025, µ = 0.8

l 

1 642 53 7

3.0

1.0

0

径
向
相
速
度
和
群
速
度

/
m
Ss

-
1

相速度
群速度

Ωe=0

Ωe=0.04

2.0

-2.0

-1.0

ã 2 3 r = 300 km ?ÅÄ���Ý!+�Ý�»�Å
êÚ$�Ä�6��Ý�'X, � m = 1, µ = 0.8

ã 2 Úã 3 ´3 r = 300 km ?ÅÄ���
Ý!+�Ý�»�ÅêÚ$�Ä�6��Ý�'
X. lã 2 Úã 3 �±w���k¿g�y�: $
�µ^��6�R��C��3, �¦§p¡�Å
Ä���ÝØ�", �»�Åê���, ��Ý�
K, 6Ä�SDÂ. ù�¯KoÂÕQ²ïÄL, Ø
L¦?Ø�´R��Céu�º�N£Ä�K�,
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�©ïÄ�(Ø´R��C�±¦$�µ^¥
ÅÄ�¥%DÂ. ùéuUþ�µ^¥%8¥, �
¦µ^�uÐäk­�¿Â.

,	, ÅÄ�+�Ý�´�¥%DÂ� (X
ã 3), Ïd, ù�ÅÄ�Uþ¬�¥%8à. ¤±
`, $�µ^Ø=¦ CISK Ø­½\r, �äk®8
Uþ��^, l
r¦µ^é¯�µ^¥%uÐ.
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ã 3 3 r = 300 km ?ÅÄ���Ý!+�Ý�»�Å
êÚ$�Ä�6��Ý�'X, � m = 0, µ = 0.8

4 ê�O�(J

duªÇ�§¥¹k�» r, Ïd, ¤��(Ø
�·ÜuÐ©6Ä, �X�m�O\, 6Ä��Ì
¬u)Cz. Ïd, �?�ÚïÄÅÄ��müC
L§, �±é (13)—(16) ª¦ê�È©, ò�§|�
¤±e/ª:(

∂

∂t
+ Ω1 im

)
ζ1 − f1

w2 − we

∆

+ Ωz1

(
w1 + λKζ1 + r

∂w2

2∂r
+ r

∂we

2∂r

)
= 0, (21)

(S2 − µH)
∂2w2

∂r2
+

[
(S2 − µH) +

f1r
2Ωz1

2

]∂w2

r∂r

+
[
f1Ωz1 − (f2

1 + f2)/∆ − (S2 − µH)
m2

r2

]
w2

= − f1Ω1 imζ1 − f2
1

λK

∆
ζ1

− f1Ωz1λK

(
ζ1 +

r

2
∂ζ1

∂r

)
+

λµHK

2
∇2ζ1. (22)

k|^Ð�, ÏL�§ (20) )Ñ ζ1, 2d (21) ^J
`{)Ñ w2, O��, »���� 400 ��:, ¤�
�ëê��c©.

ã 4 �N
µ^¥ÅÄ�Ì��m�üC. d
ã 4 �±wÑ, Ð©��, 6Ä�Ìé�, �X�m
�í£, 6ÄÅìO�, ¿��SDÂ. ù�(Ø�

c¡)Û©Û�(J´���.
dã 5 ��±wÑ, µ^¥�ü�uÐ¥�6

Äp^¿��¥%DÂ. ��5`, �´�Cµ^
¥%, Ä�|R�Cz�� (�ë�ã 8), ÅÄ�¥
%�C�Ü¿��Ý��¯. �X�»© [17] Q�
Ñ�@�, �ºuÐÐÏ, kæ�$Ø�¥%�C,
ùü�6Ä�Ù�pªC�u�½ºÝ�, ¬��
uÐ, ¤��º. ��Ä�6�"�, ÅÄuÐéú,
Ø^=�Ø�¥%DÂ (ãÑ).
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ã 4 µ^¥ÅÄ��m t �üC, � m = 0, µ = 0.8,
Ωe = 0.04
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ã 5 6Ä�¥%DÂÚuÐL§, � m = 2, µ = 0.8,
Ωe = 0.028

ã 6(a) �ØÓëê^�e, ÅÄ�Ì3Ð©�
�Ú 36 h ���»�©Ù. dã 6 �±wÑ: �$
���Ý���, ÅÄOÌ���, 
�ÅÄ�¥
%£Ä�ål���; Ð©��ÅÄéu4��
´é¡�, � 36 h �, ÅÄC�Øé¡, äkUþ
�SªÑ; ,	, �\9Xê���, ÅÄ�OÌ
rÝ���, �ÅÄ�S�£Äål���. ùÒ
`², $�Ä�6�R��CÚÅÄ� CISK Å�
�Ó�^, ´�¦ÅÄ×�uÐÚ�¥%DÂ�
­�Ïf.
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ã 6 ØÓëê^�e, ÅÄ�Ì3Ð©��Ú 36 h ��
�»�©Ù, ¢��Ð� (a) m = 0, µ = 0.8 ��$�Ø
Ó��Ý; (b) m = 0, Ωe = 0.04 ��ØÓ\9ëê

5 �ºðÞ (2005 c 09 Ò�º) /¤
c�9�$µ¢~

�
�ynØïÄ(J�¢^5Ú�Æ5, ·
�|^{II[�¸ý�¥%/{II[�íïÄ
¥% (NCEP/NCAR) �2©Ûêâéõ�9�$
�í^?1
�ä©Û, uyµ^�Ä�º|µ
Ý��R��C (Ω1z ½ ζ̄1z) �nØ©Û���
C, �Ù¥�¥ºÝ6Ä(¢�¥%� ¿�Ü
¿uÐ. ã 7 ´d NCEP/NCAR �2©Ûêâ�
�� 2005 c 09 Ò�ºðÞuÐ¤��º�c 7
� 28 F 12 ��§Ý|¿¡ã. l¿¡ãw, º|
�²�º©þÌ�8¥3 500 hPa ±e, H�º©
þÑ3 900 hPa ?���, �º©þ3 500 hPa ?®
²�", Hº©þ� 400 hPa ?�", c©éuÄ�
6|�b��¢SÄ��Î. dã��±wÑ, f

$Ø��Ø5Ør, AO´ 500 hPa pÝþ, �§¡
Ä�þ¥Y²©Ù. ���º/¤�Ð©6ÄÄ�
þäk�Ø5, ù
��nØ©Û�b�^�Ä�
��.

ã 7 ÷ 5◦N BLðÞÑyc�9�$Ø (2005 c 7 � 28
F 12 �) �¿¡ã ¢�Ú:�©O�Hº©þÚ�º
©þ���, J���§�

ã 8 ´ðÞuÐ� 700 hPa þ6Ä�µÝ«�
�m�üC. 2005 c 7 � 28 F 12 �, «�¥Ü�
�µ^, µ^ÀÜk�fµ, Ä�µÝ| (= 2Ω1z)
R�Cz²w, �nØïÄ¤�ëê�C. 28 F 12
���� 29 F 00 �, ÀÜµÄuÐ, üµp^¿
��C. du¥%NCR��C��, ¤± 29 F 12
�, üµ¥%é¯Ü¿ (ãÑ).

dd��, $��f�µ^(¢äk¦�6Ä
Or¿��¥%®8��^, ¢SG¹�Ð/<y

nØ©Û(J.

6 ( Ø

�ºõu)39�ËÜ�ÚÀºÅ�9�6
Ä¥, ù
9�6Ä3$�äk²w�R��C.
�©ÏL?ØªÇ�§±9ê�O��{, ïÄ

$�fµ^¥ CISK Å�uÐ¯K. (JL²: $
�µ^�±\r CISK �Ø­½�^, ¦ CISK Å
Ä�¯uÐ; $�µ^6�R��C�±¦ÅÄ¤
�£Ä5ÅÄ¿��¥%DÂ, +�Ý���¥%,
l
�±¦ÅÄUþ�¥%ªÑ, r¦¥%NCÅ
Ä�×�uÐ. d±þ(Ø��, 9�$�fµ^
S¥ºÝÅÄN´uÐ, duÅÄ�¥%�DÂ,
�éN´8Ü¿�|¤�4��, ��uÐ¤��
º. Ïd, ïÄ(Jéu�º/¤ÐÏ�ý�äk
�½��Æ¿ÂÚ¢S¿Â.
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ã 8 ðÞuÐ¤9�$Ø� 700 mb 6Ä�µÝ«��m�üC ¢����� 500 hPa � 900 hPa µÝ��
� ζ̄500 − ζ̄900, ùp�w«K�, ü � 10−4 s−1
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Abstract
The cyclone disturbance in tropical lower atmosphere is the necessary condition of typhoon forming. Satellite cloud imagery and

diagnostic analysis both show that the convection represents separate cloud cluster or mesoscale systems in the disturbance. Whether

these disturbances can become the typhoon depends on the strength of the convection heating in the mesoscale systems and close degree

of the cloud area. This paper deals with the development and mobile of wave driven by conditional instability of second kind (CISK)

mechanism through discussing frequency equation and using numerical method. The results show that the mesoscale CISK wave can

occur in the tropics weak cyclone. Vertical shear of basic vortex circulation can significantly strengthen unstable effect of this wave to

make fluctuation quickly develop. Vertical shear of basic vortex circulation can also make the wave move toward the center of basic

vortex circulation and its group velocity points to the center too. The numerical calculation and the examples show that the disturbance

will develop rapidly and move towards the center too.

Keywords: typhoon, conditional instability of second kind, unstable wave, tropical vortex
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