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ê��ª´ïÄX�Så>Ú>Ö(���óä. �©ò Takahashi (1978) Ú Saunders (1991) ü«Ì6
�aAå>Å�\\�#���¥ºÝ�ª RAMS(Version 6.0), ïá
��«��í - >ÍÜ¥ºÝX���
ª, âdéu)u�®��gX�L§Äg�>c�>Ö(�ÚY¤Ôâfå>�¹?1
�¤õ��[. (
JL², Takahashi (1978) Ú Saunders (1991) �Y�[�X�>Ö(�3>|��ÂBK��þ¥yn45A�,
� Takahashi Ú Saunders �Y�[�X�>Ö(�üCL§k�½��É, Takahashi �Y�>Ö(�lå>��>
Ñ´n45A�, Saunders �Y�>Ö(�l�ó45üC�n45. d	, ü«�Y��[(JþL²�%´X�
�$���>Ö1N, àÜÔÚF´p��Ì�>Ö1N, F�>Ö¥%©Ù/��X���o>Ö©Ù/��q.

'�c: �aAå>ëêz�Y, RAMS V6.0, n45, �ó45

PACS: 92.60.Pw, 21.10.Ft

1 Ú ó

ê��ª´ïÄX�Så>Ú>Ö(��
�óä. 20 V 70 c�, Takahashi[1] �@|^�
���ª�[
X��S�>(�, ���X�X
�¢�¿å>Á� [2,3] 9�Å½í¥B�*ÿ [4]

�mÐ, <�@£��aAå>´�S�Ì�å>
Å�. �âfm3�p-E�, du-E.¡�L
¡A5Ú)��Ý�ØÓ, ��âfm¬�)>Ö
=£. 8c, 'u�aAå>Å�kü«Ì��*
:, �«*:@�=£�>Ö�ûu�§Ú��Y
¹þ [2], ,�«*:K@�=£�>Ö�k��
�Y¹þk' [3].

NõÆö|^ê��ªïÄ
���aAå
>Å�. Helsdon Ú Farley[5], Ziegler � [6], ó;ø
� [7] ïá
��È�å>�ª, ?Ø
X��¥
âfm-E��aAå>Å�éX�ð>(�/
¤��^, uy�aAå>�Ç�6u��Y¹þ
Ú�=§Ý�À�. Helsdon � [8] 3�)ÄåÚ

�ÔnL§�ü�X��å>�ª (SEM) ¥é'
©Û
ü«�aAå>Å�, ïÄL²X��S�
>Ö(���´n45½ó45(�. Rawlins[9]

�@òn�È�é6�ª��aAå>Å�Í
Ü, �ÑX�m�å>=£�>Ö´ 10 × 10−15—
65× 10−15 C. Mansell � [10] 3n�� SEM �ª¥
Ú\
�aAå>Å�, ÏLé�gõüNX��
��[L², ØÓ�å>Å��U¬�)ØÓ��
>Ö(�. �S²� [11]!HÂ_� [12] ò�aA
å>Å�Ú\n�rº�Äå - >ÍÜê��ª
¥, é'©Û
ØÓ�>ëêz�Y¤�)��>
Ö(��É, �ÑX���aY¤Ôâf©Ù�ü
C9�A�6|^�´û½�m>Ö(�!?
û½�>A��'�Ï�.

g,.X���å>L§Ú>Ö©Ù¬É�
�íÄå!9åÚe=¡^���K�, ¿�>
Ö¬�Xí6�üCÑy²6Ú*Ñ, Ïïá�
í - >ÍÜ�ªU3�½§Ýþ�NX�S�>Ö
üCL§. du«��í�ª RAMS é�ÔnL
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§k�Ð�£ã, Ïd, Altaratz � [13] Q3 RAMS
V4.3 ¥Ú\
 Takahashi[2] Ú Saunders[3] ü«�a
Aå>Å�, ïá
 RAMS V4.3->ÍÜ�ª, ¿
éu)u/¥°�ÁGX�?1
�[ïÄ, �
Ñ Takahashi �aAå>Å�¥y�´n45>Ö
(�,  Saunders �aAå>Å�´�ó45>Ö
(�. 4Á_ [14] |^ RAMS V4.3->ÍÜ�ªé
u)u�®��grX�?1
�¤õ��[. ,
, RAMS V4.3 ïáu 2000 c, ��Lu�Î, 8
c®²��#� RAMS V6.0 ¤=�. RAMS V6.0
�ª�éuÎ��?1
�þ�U?, ²w/Jp

�[5U, "�s [15] |^ØÓ��� RAMS �
ªéäk�E,//�«�?1�[, é'(JL
² RAMS V6.0 ����[�J�Î��k
é�
Uõ, ÏdÄu�#��� RAMS V6.0 ïá�í -
>ÍÜ�ª´k7��. �©òé#ïá� RAMS
(Version 6.0)->ÍÜ�ª?10�, ¿|^T�ª
éu)u�®gG��gX�L§?1�[, ,�
u��ª��[(J, l���\/ïÄX�ð
>¹ÄJøk��óä.

2 RAMS V6.0->ÍÜ�ª�ïá

2.1 RAMS V6.0 ���ªªª���000���

«��í RAMS �ª´{I�Û.õ²á�
Æ3 1986 c(Ü 3 ��'�ª (CSU �/¥ºÝ�
ª!6N·å���ªÚ°ºº�ª) uÐå5�
äkõ^å�«��í�[XÚ, �ªÄ��§|
�n�!�·å!Reynolds ²þ��©�§. 1988
c#��� RAMS �ª�), ��ÅìuÐ�
#, 2000 c Version4.3 ïá, ���#� Version4.4
Ú Version5.0, 2006 c RAMS V6.0 ïá. Version6.0
�éuÎ��5`k
é��U?: 3§S�
è�¡¤k�êâa.^ F90 ½Â, A^
 Mod-
ule Ú��, O\
�è©��êþ; ¤kÖ\ÚÑ
Ñêâ�ª� HDF5, !�
�þ��m; æ^#
� FDDA Óz*ÿ]��Y, ¿3ëê��¥�À
Ú?1��; #O
 E-eps, E-l g���Y, Kain-
Fritsch È�ëêz�Y, Recycle Ð©z�Y, Yð
ÚevÔ�Óz�Y, È��=�Y, Urban canopy
ëêz�Y, æ^º¡�¬ LEAF3, #O NDVI ^
uO��¡È�ê!��CXÝ!���ìÇ!
��o÷Ý, ¿!�
�þO�Å� (Úg RAMS
V6.0 ^rÃþ). RAMS V6.0 ��ÔnL§æ^Ì

©Ù (³ê¼ê), Ì��)�%!�%!X¬!È
¬!F!àÜÔÚ�Ô«Y¤Ôâf, �«âf�
=zL§Ì��)�%ÚX¬�Øz!Yð��
uÚÈ(!X�âf�Kz!,uÚvu!�«
âfm�-E±9g)X¬Å�� [16].

2.2 ååå>>>ëëëêêêzzz���YYY

Y¤Ôâf��»!ßÝ!üá"�Ý!�
§!��Y¹þ´K�âf-Eå>�Ì�Ï�,
�§!��Y¹þ�qÉ��¸Ï��K�. �
©òå>ëêz�YÚ\ RAMS V6.0 ��Ôn
L§, ¿��í�Äå!9åL§�'é, 3�ª
¥nÜ�ÄX�Sé6!>D�!âf*ÑÚë
6*Ñ�L§Úå�>Ö�)ÚÑx. duX�
ð>Úå�>|é¯ü$, ��q¬é¯¡E, �
�å>Ú�>L§�E, [17−21], Ïd�©6��
�ÄX��Äg�>c�å>L§, òü«Ì�
��aAå>Å� Takahashi[2](±e{¡ TAK78)
Ú Saunders[3](±e{¡ S91) ëêz�Y� RAMS
V6.0 ÍÜ.

|^²þá��Cq, ��ü«âf-E�>
Ö�Ý=£Ç�

dρg

dt
=

π

4

∫ ∫
(Dg + Di)2|Vg − Vi |

Egini(Di)ng(Dg)δQdDi dDg, (1)

Ù¥, ρg ´,aâf¤Ö�>Ö�Ý, Dg Ú Di L
«ØÓâf��», Vg Ú Vi �LØÓâf�"�
Ý, n(D) ´âf�êßÝ, Egi ´-EXê. δQ ´
z�âfzg-E�=£�>Ö, Ù��ûuäN
��aAå>ëêz�Y. ü«�YXe.

�Y 1 �â Takahashi[2] �¢�(J, âfzg
-E=£�>Öþ´§ÝÚ��Y¹þ�¼ê, X
©z [2] ã 8 ¤«. I��Ñ�´, Takahashi[22] é
zg-E=£�>ÖþO\
?�Ïf (�ââf
�»Ú"�ÝO�), 'XªXe:

α = 5
(Di

D0

)2

|Vg − Vi |/V0 (2)

Ù¥ Di ´âf��», Vg Ú Vi �LØÓâf�
"�Ý, D0 Ú V0 ½� 100 µm Ú 8 m·s−1. α �þ
�´ 10.

�Y 2 ´�â Saunders[3] ÄkJÑ�k��
�Y¹þ�Vg

δQ = BDa
i |Vg − Vi |bδq, (3)
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Ù¥ Di ´âf��», Vg Ú Vi ´âf�"�Ý,
Xê B, a, b ´~� (�©z [13] �L 1), δq ´k�
��Y¹þÚ§Ý�¼ê (�©z [13] �L 2 Ú
ã 1).

2.3 >>>|||���OOO���

�
÷v>Ön��m�©ÙA�, z���
�>³òU\Ù{��:��z, �ª¥A^IO
�Ô:k��©Cq�{. O���:>³ Φ(I
þ) � Poisson �§Xe:

∇2Φ = −ρ

ε
, (4)

Ù¥ ρ ´��:þo��m>Ö�Ý, ε ´�í0
>~ê (8.859 ×10−12 N−1·m−2·C2).

,�>| E d>³O�¤�:

E = −∇Φ. (5)

��S>|rÝ��,�K��, Òk�U�
)ð>. �pÝ�O\, �í�Ý~�, �A�ü 
ålS>f-EÚå�UþÑ�Çü$, Ï�±
>fU¤I�|r��. |rÂBK��¼êL�
ª�

Einit(z) = ±167ρair(z), (6)

Ù¥ ρair(z) Ú Einit(z) ©O´ Z pÝþ�í�
�Ý (ü : g·m−3) Ú|r (ü  kV·m−1) ÂBK
� [23].

2.4 ���ªªª���������

2010 c 6 � 16 F 18:40—22:40(�®�m, e
Ó) �®u)
�g�r�X�L§, �©±ù
gX�L§�~, A^ïá� RAMS V6.0->Í
Ü�ª�[Ägð>u)cX��¥�å>Ú
> Ö © Ù � ¹. d u & � ê â z U = k 00 �
Ú 20 � (�®�) ü��g, dg�[Ò±�®
Õ 2010 c 6 � 16 F 20:00 �&�]��Ð©
| ( http://weather.uwyo.edu/upperair/sounding.html),
æ^�9�6Ä{, 6Ä�»� 1200 m, ��6Ä
 §� 4 ◦C. �ªY²�:©EÇ� 200 m, �:ê
� 300× 300, R����� 30 � (�� 0—15 km),
e=¡é^º¡�¬ LEAF3, Ë�ëêz�YÀ
^ Chen �Y, ë6ëêzÀ^ Mellor-Yamada �
Y,�ÔnL§�Ä�%!�%!X¬!È¬!à
ÜÔ!F!�Ô«Y¤Ôâf, ¢�L§b��%

ßÝ� 500 m−3, ^uýÿÙ{âf�·Ü'Úê
ßÝ. �ª�[�mã� 1 h, Ú�� 2 s.

ã 1 (a) ¢SX�£Å; (b) �[X�£Å� X-Z ¿¡ (ü
 :dBZ)

3 �[(JÚ?Ø

3.1 ������÷÷÷***AAA���

ã 1 �Ñ
¥I�Æ��íÔnïÄ¤ X

ÅãV4zX�&ÿ�¢SX�£ÅÚ�ªÈ
© 30 min ��X�£Å. dã 1(a) ��, ¢ÿ�N
pÝ3 14 km �m, Éº��K�, �N��ý�
�, r£Å�N u 10—40 km Y²��, �NS
Ü©ÙXü�r£Å¥%, ¥%rÝ�� 60 dBZ.
dã 1(b) ��, �[��º!�N°Ý�¢S*ÿ
�ÎÜ, �N��ý��, ,	�[��NSÜ�
©ÙXü�r£Å«�, ©O u 15—35 km Y²
��, ��£ÅrÝ�� 55 dBZ, '¢ÿ� �, `
²�ªéùgX�L§äkûÐ��[Uå.

3.2 XXX������SSSooo>>>ÖÖÖ©©©ÙÙÙ

�ªÈ©m©��/��âfÅì/¤, ¿
lX���¥%m©�p-E�)>Ö=£, �
�>|K��u)ð>. ã 2 ´>|��ÂB
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K�c X-Z ¿¡ØÓ45>Ö«>Ö�Ý¥%
éA�þ?Ú¤3pÝ��m�©Ù. dã��,
TAK78 �Y�[�X��å>��>��mm�
� 17 min, S91 �Y��mm�� 15 min.

du·IéX��S>|(��*ÿ��, �
©ò�[(J�Ù¦�'�&ÿ9�[(Jé',

±u�T�ªÚëêz�Y�·^5. Dye � [4] Q
3*ÿ¢�¥ÿþÑX�å>��>��mm�
� 13 min, Tzur Ú Levin[24] �[ïÄL²X�å>
�Äg�>��mm�� 15 min, Norville � [25] �
�[(JL²�mm�� 17 min. Ïd�©�[�
X��å>�Äg�>��mm�´�&�.

ã 2 >|��ÂBK�cØÓ45>Ö«>Ö�Ý¥%�pÝ (H)(÷ Y = 25 km � X-Z ¿¡) ��m (T ) �©Ù �%Î
Ò�L�>Ö«, ¢%ÎÒ�LK>Ö«, ØÓ�ÎÒ�L>Ö�Ý (ü : nC/m3) ØÓ�þ?; (a)TAK78 �Y; (b)S91 �Y

dã 2(a) ��, TAK78 å>ëêz�Y�[
�X��>Ö(�lå>�Äg�>���L
§þ¥yn45A�. �ªÈ© 10 min �, Y¤
Ôâfmu)>Ö=£, �d�=£�>Öé�,
þ�Ú¥��>Ö�Ýþ?� 10−9 nC/m3, $�
�þ?=� 10−13 nC/m3; 1 11 min X��þ�
Ú¥��>Ö�Ýþ?� 10−6 nC/m3, $�þ?
� 10−10 nC/m3; �1 12 min >Ö�Ý¥%�p
ÝO\, þ?O\� 10−3 nC/m3; ��>Öþ?
ØäO\, �1 15 min þ�Ú¥��>Ö�Ýþ

?O\� 10−1 nC/m3, $��þ?� 10−3 nC/m3;
1 16 Ú 17 min X���K>Ö«Ñy
ü�
¥%, 1 18 Ú 19 min ��>Ö(�üC¤ 3 �
¥%, ¿�3 19 min ØÓ>Ö«�>Ö�Ýþ
?þ�� 10−1 nC/m3; �1 20—22 min >Ö�Ý
¥%pÝ2gO\, þ��>Ö«Ñy
ü�¥
%, 1 23 min þ��>Ö«Ñy
 3 �¥%, �
1 24 min ��>Ö�q¡E¤ 3 �¥%; ���
1 27 min >|��K��, þ��>Ö«�¥%p
ÝO\� 8 km �m, �$���>Ö«¥%�þ
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?O\� 10 nC/m3. é'��L§�>Ö�Ý¥%
���, 3>|��ÂBK�����>Ö�Ý�
���, TAK78 �Y�[�dgX��å>«�Ì
� u 4—9 km �m.

dã 2(b) ��, A^ S91 ëêz�Y�[�
> Ö ( � 3 1 10—16 min ¥ y � ó 4 5 A �,
1 17—25 min �n45A�. � TAK78 �Y�
Ó, �ªÈ©1 10 min �X��m©å>, >Ö
þ?� 10−9 nC/m3; ��>Ö�Ý�þ?ØäO
\, ¥%¤?�pÝ�3O\, �1 15 min $��
>Ö«Ñyü�¥%, 1 16 min >Ö�Ý�þ?
� 10−1 nC/m3, 1 17 min >Ö(�üC�n45A
�, þ��>Ö«¥%�pÝ� 8 km; �1 20 min
þ��>Ö«Ñyü�¥%, þ?� 10 nC/m3;
1 22!23 min þ��>Ö«Ú¥mK>Ö«þÑ
yü�¥%, 1 24 min þ��>Ö«kü�¥%,
�1 25 min >|��ÂBK���¥%����
��. S91 �Y�[�dgX��å>«�Ì� 
u 4—9 km �m.

ã 3 �Ñ
>|��ÂBK��ü«�aA
å>ëêz�Y¤��âfo>Ö�Ý� X-Z ¿
¡. dã 3(a) ��, È© 27 min � TAK78 �Y�

�S>|��
ÂBK� (ãÑ), /¤
é²w�
± −15 ◦C�¥%�n45>Ö(�, Ù>Ö¥%
�©O� 0.88, −0.9, 1.0 nC/m3, e���>Ö«
��uþ��K>ÖÚ�>Ö«�. ã 3(b) L²,
È© 25 min � S91 �Y��S>|��
ÂBK
� (ãÑ), /¤
± −20 ◦C �¥%�n45>Ö
(�, >Ö¥%�©O� 1.8, −1.7, 0.7 nC/m3(�e
��>Ö«3 3 km �eþ?��, ã¥vw«Ñ).
3>|��ÂBK��, ü«�YÑ��
n45
>Ö(�. ¢SX��>Ö(�l{ü�ó45!
�ó45�n45±9�E,�>Ö(�Ñ´�
3�, ��þ�*ÿL²X���>Ö(�±n4
5A��Ì, Stolzenburg � [26] ©Û
 50 �ØÓ
«a�X�, uy3é6XÚ¥X��ÊH¥yn
45>Ö(�; ë¥,� [27] é¥I[�/«p�
��güNX��?1
B�&ÿ, �Ñ¥ISº
p�/«X��S�3n45>Ö(�; Krehbiel
� [28] ÏL*ÿ��
n�Ì>Ö«��>Ö(
�, ÌK>Ö« u¥m� 5—6 km pÝ?, þ�
K�þÜ��>Ö«. Nõ*ÿ(J [4,29] Ñy¢

�S�ù«>Ö©Ù.

ã 3 >|��ÂBK���âfo>Ö�Ý (ü : nC/ m3) ÷ Y = 25 km � X-Z R�¿¡ (a)TAK78 ëêz�Y; (b)S91
ëêz�Y

nþ��, �©ïá� RAMS V6.0->ÍÜ�
ª TAK78 �Y�[�>Ö(�lå>��>¥n
45>Ö(�, S91 �Y�[�>Ö(�kl�ó
45�n45>Ö(�üC�L§, ü«�Y3>
|��K���>Ö(�þ´n45A�. ,	,
ü«�Y�[�>Ö(�üCA�Ú�>Ö�©
Ù/Gk�½��É, ù´Ï��öæ^ØÓ�¢
�^�, ¿�|^ØÓ�Ïf5éâf-E¤=£

�>Ö?1ëêz, TAK78 �Y|^��Y¹þ,
 S91 �Y�Ä�´k���Y¹þ, ù´�öä
k�½�É��Ï. =¦�þ�*ÿ�y
X��
¥�n45>Ö(�, ��ó45(��´�3�,
ù3Ù¦�ª¥�kaq(�. ~X Mansell � [30]

|^ØÓ�Yé�gõüNX����[(JL
², S91 �Y�Ð�)�´�45�>Ö(�, �
�Ñy�~45�>Ö(�; Mansell � [10] 3n�

059202-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 5 (2012) 059202

� SEM �ª¥Ú\
 S91 �Y, �[(JL²Ù
�)�>Ö(�d�Ð��45ÅìC�ó45
½n45; Williams[31] �ÑX���>Ö(���
�@�´ó45 (3 −10 ◦C—25 ◦C k��ÌK>
Ö«, 3Ùþk���>Ö«) ½n45 (3 0 ◦C
NC�k�����>Ö«). Ïd�, TAK78 �
YÚ S91 �Y�[�>Ö(�üCA�k�½�
�É, �éJ`Û«�Y�(½�Ø. ,	, �©|
^ü«�Y�[�>Ö�Ý3Äg�>��þ?
� 0.1—10 nC/m3. é'± �ïÄ, Marshall � [30]

ÏL*ÿ�Ñ>Ö�Ý��3 0.2—13 nC/m3 �m,
Stolzenburg � [26] ïÄ
é6«�¥�>Ö(�,
L²¤ÙX�¥�>Ö�Ý u 0.5—3 nC/m3. Ï
dT�ª�[�>Ö�Ýþ?´Ün�.

3.3 ���ÔÔÔnnnLLL§§§ééé>>>ÖÖÖ©©©ÙÙÙ���KKK���

du>|é�ÔnL§�K�3�SÑyr
>|�ãâå�^, �ªÌ��[�Ð©å>�Ä
g�>�ã,��ÄY¤Ôâfå>éX���Ô
nL§��". ã 4 �Ñ
�aY¤Ôâf���
·Ü'!��·Ü'¤3�pÝ±9��R��
Ý3È© 30 min S��m�Cz. dã��, >.

��9�\ì
é6�uÐ, 3È©1 3 min ��
Y (�%) m©/¤, Ì� u�.Ü 2 km �m; �
Xþ,í6�\r, �õ���Y���
 4 km
�þ, 31 9 min �þ��Y3 5 km �pÝu)
È(, /¤
X¬, Ü©X¬�Xí6þ,UYO
�, r?
���). ;�X1 10 min 3 6 km �
m/¤È¬, ��È¬�LeY��>��Le
Y3È¬�L¡v(, 1 11 min 3 6 km �m�)
F, Ó�X¬ÚÈ¬�O�L§r?
àÜÔ�/
¤. �Xþ,í6�O\, �õ�Yð�Ñx�p
�, X��¥�F!àÜÔ!��êþ×�O�,
F�O��Ý�¯, X¬ÚÈ¬O��ú, ù´d
u�þYð3þ,í6��^e��
�p�p
�, r?
FÚ��/¤. 31 19 min F�·Ü'
� 2.44 g/kg, ��m©�ú/~�, Ü©F�Ù{
Y¤Ôâf��p�^r?
àÜÔ�±YO�,
�!�%�¹þ31 20 min �E,±YO�, X
¬ÚÈ¬�ú~�. lã 4(b) ��, 1 17 min ��
Xü��Ñy, �%��·Ü'¤3�pÝÅì~
�, ��Xé6�Or, �þ�àÜÔÚF���

X���þ�. Ïd, X��p��>Ö1NÌ
�´FÚàÜÔ, ¥�Ì�´X¬ÚÈ¬, $�Ì
�´�Ú�%.

ã 4 �aY¤Ôâf� (a) ��·Ü', (b) ��·Ü'¤3pÝÚ (c) ��R��Ý��m�Cz
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ã 5 |^ TAK78 �YÈ© 27 min ��Y¤Ôâf>Ö�Ý (ü : nC/m3) ÷ Y = 25 km � X-Z R�¿¡ (a) �%; (b) X
¬; (c) È¬; (d) �; (e) àÜÔ; (f) F

ã 5 �Ñ
>|��ÂBK�� TAK78 �Y
�[��Y¤Ôâf>Ö�Ý� X-Z R�¿¡.
�±wÑ, 3 0 ◦C �e�%m�-EÚ(Ü¦ 
uX��e���%�þ
�þ��>Ö. l©Ù
/�5w, �%´X��$�Ì���>Ö1N,
¥%�>Ö�Ý� 0.6 nC/m3, �ÚF´�>Ö�
Ì�1N, àÜÔÚÈ¬´K>Ö�Ì�1N. X
¬!È¬!àÜÔ!F���¥%þ u 5—6 km
m, ����¥% u 3—4 km m, (Üã 4 ©Û
�Ï��, X¬ÚÈ¬Ì� u 6 km �m�pÝ,
�Ì� u 6 km ±e, àÜÔÚF u 6 km ±
þ, Ïd3 5—6 km m�þ�X¬!È¬ÚF!à
ÜÔ�p-Eu)>Ö=£, 3 6 km pÝ±þ

Ì�´àÜÔÚF�m��p�^, �ö 3 9 km
�m©Ok���¥%. �g��þE¤
Ù
��¥% uX��$�, �´�gL§�þ,
í6�r, 3 27 min ��� 30 m/s ±þ, k�þ
��d����
 10 km �pÝ. �©�[�(
JL²FÌ���>Ö, ù�©z [13] ��[(
Jk�½��É. Takahashi[2] ¢�L²���Y
¹þ� 1—2 g/m3, §Ý�u −10 ◦C �, FN´�
�>Ö, �u −10 ◦C ���Y¹þ��½���,
��>Ö. ,	, F3X��$��>Öþ?��.
Mansell � [10] ©ÛL², �XX��?�ÚuÐ,
���üYÑy, þ,�Ý~f, F��>Ö�«
�ò uX��¥eÜ, ÏdT�Y�[�(J�
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¯¢´�Î�. é'ã 3 ��wÑ, F��>Ö¥
%�X��o>Ö(��¥% ���éA, F�

>Ö©Ù/G�àÜÔ�q.

ã 6 |^ S91 �YÈ© 25 min ��âf>Ö�Ý (ü : nC/m3) ÷ Y = 25 km � X-Z R�¿¡ (a) �%; (b) X¬; (c) È
¬; (d) �; (e) àÜÔ; (f) F

ã 6 ´ S91 �Y3>|��ÂBK����
Y¤Ôâf>Ö�Ý� X-Z R�¿¡. E,�
wÑ, X��$���%��>Ö, �>Öþ?�
� (� 10−2 nC/m3), ��âf (X¬!È¬!à
ÜÔ!F) �m-E�å>Çép, X¬!È¬
´K>Ö�Ì�1N, �3-EL§¥��>Ö.
� TAK78 �YØÓ�´, T�Y�[�àÜÔÚ
F�>Ö©Ù/�¥n45A�, ¿�/ª��,
3 −10 ◦C �e, F��>, X¬ÚàÜÔ�K>,
3 −10 ◦C � −20 ◦C �mF�K>Ö, d�à

ÜÔ��>Ö, 3X���p�Fq�þ
�>.
��T�Y�[�àÜÔÚF3ØÓ§Ý�m�
p-E¤=£�>Ö�¹ØÓ, FÚàÜÔ�>Ö
©Ù/�L²�öu)>Ö=£�VÇ��. é'
ã 3 �wÑ, F�©Ù/�ÚX��o>Ö�©Ù
/��q. T�Y3 25 min �>|��ÂBK�,
ù����R�þ,í6� 28 m/s,  TAK78 �Y
3��� 27 min >|��ÂBK�, d����R
�þ,í6®Jp� 32 m/s. Ïd S91 �Y�[�
��âf¤�)�>ÖpÝ� TAK78 �Y�, ù
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´duþ,í6��^.

4 (ØÚ?Ø

�©ò TAK78 Ú S91 ü«Ì���aAå>
Å�\\�#��«��í�ª RAMS V6.0, ï
á
���í - >ÍÜ¥ºÝX���ª, ¿â
déu)u�®��gX�Äg�>c�>Ö(
�ÚY¤Ôâfå>�¹?1
�[. (JL²,
�[�X��/��¢ÿéA�Ð, TAK78 �Y
Ú S91 �Y�[�X��å>��>��mm�
©O� 17 min Ú 15 min, >Ö�Ý�þ?� 10−1—
10 nC/m3, ùÑ�¢S�Î. TAK78 �Y�[�>
Ö(�lå>��>¥n45>Ö(�, S91 �Y
�[�>Ö(�kl�ó45�n45>Ö(�
üC�L§, ü«�Y3>|��ÂBK���>
Ö(�þ´n45A�.

X��$�Ì�´�Ú�%, ¥�Ì�´X¬
ÚÈ¬, p��>Ö1NÌ�´FÚàÜÔ, �Ú
�%±��>�Ì, X¬ÚÈ¬±�K>�Ì, F
ÚàÜÔmN´u)>Ö=£, F��>Ö¥%�
X��o>Ö(��¥% ���éA. TAK78 �
YÚ S91 �Y©O3 25 min Ú 27 min ��>|Â
BK�, 27 min �R�þ,�Ý� 25 min ���,
duR��Ý�K�, TAK78 �Y�Y¤Ôâf
� S91 �YU���p�pÝ.

nÜþã, �©ïá� RAMS V6.0->ÍÜ�
ªUéX���©Ù/�?1
�Ð��[, �
[�X��pÝÚ°Ý�¢S*ÿ'�ÎÜ (c
<|^Î���[�(J��¢SX�£Å?1
é' [13,14]), äk�½�`�5, ��I�?�Ú
é�[�>Ö©Ù(�?1u�. ,, 8cIS
éX��>Ö(��B�*ÿ¢�mÐ��~�,
1965 c�K� [33] 3H®?1LX��S�>|
&�ÿþ, duX��S&�JÝ�, é&�¤D
aì�¦p, d� 40 {c·I��vk¤õ�X
��S>|&�. �� 2008 cë¥,� [27] ��

�� GPS �r>|&�XÚ, 3[�²ø/«?1

X��S�>|&�¢�, ¤õ*ÿ�
¥IS
ºp�/«�n45>Ö(�. du"�X��>
Ö(��¢ÿ]�, ·IÆö3C 30 c5==´
ÏLX�/¡>|�ü [34] ±9�/ð¥Ú�>Ö
½  [35] �Ããé¥ISºÜ©/«�X��

>Ö(�?1íä, íä�==´X��S4��
��>Ö«�, ØUÐy��X��¥�>Ö©Ù.
du"�X��>(��*ÿ, �©éT�ª�u
�==´�Ù¦�'�&ÿ (I	mÐ��ÅB�
&ÿ!IS3p�/«mÐ��'*ÿ�) 9�[
(J?1é'. é'(JL², T�ª�[�n4
5>Ö(�´X��~��>Ö(�, äk�½�
Ün5, �´X��>(�E,, k�r�/�Ú
íÿA�, ØÓ«��X�äk�½��É5, ¿
�X��¬É�¸ëþ!é6rÝ±9�ºÝ�
µ|�K�. Ïd�©��[(J�I�(Ü±�
�B�*ÿ]�éT�ª��[�J�?�Ú�
��, ±U?Ù�[5U.

�©=�Ä
Ì6�ü«�aAå>Å�, 
ùü«Å�ÄuØÓ¢�¿�(J. TAK78 �Y [2]

´òX¬ÚLe%3�úNq�>�c©O�u
ØÓ��¿¥,  S91 �Y [3] KòX¬ÚLe%
�uÓ��¿¥, ù«�É¬wÍ/K�Á�(J.
¿�ü«�Y�Ä�Ïf�ØÓ, TAK78 �Y3ë
êzL§�Ä��Y¹þ,  S91 �Y�Äk��
�Y¹þ, lE¤ü«�Y�[�>Ö(JüC
A�Ú�>Ö©Ù/Gk�½��É, ù3õ«ê
��ª¥Ñ��
aq�(J [8,10,12−14,23,30]. Ï
d, 3¢�¿¥2yý¢�·Ü����´U?�
aAå>Å��'�¯K, ù�¡�ïÄ��]
�û, k�ÏL¢�!*ÿÚê��ª�(Üé
�aAå>Å�?1U?. �©Äuü«�aAå
>Å��[�>Ö(�3å>ÐÏ�ã�É²w,
3å>�Ï�ãþ��
n45A�, ¿�3
Äg�>�>Ö(��OØ�. c<|^ RAMS
V4.3 Ú\ü«�Y��[(J�O�� [13,14], Ø
|u�«X�>Ö�ý¢(�.

X��¥�Yð^�!9å|!Äå|Ú�
ÔnL§´K�å>��Ïf, #�� RAMS U
?
�ªéþã�Ïf��[, lU�ý¢/2
yX��u)L§, ù��ªU�Ð/�[X��
�>Ö(��e
j¢�Ä:. �ª��[(Je
U�B�*ÿ]�é', KU?�Úu�ÚU?�
aAå>�Y�Ônëê, lU4�/íÄ¥º
Ý - >ÍÜ�ª��õ, ÏdA�©À¿¦¯m
Ð3·Iõ/«�X�B�&ÿ. d	, X��S
�å>k�U´õ«Å�E,�Ó�^�nÜ(
J, ¤±�A3�ª¥\\�õ�å>Å�, ¿�
Ä�«Å��m��p'X.
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Evaluation of noninductive charging mechanisms and
simulation of charge characteristic structure in the

early thunderstorm based on RAMS V6.0∗
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Abstract
A new regional thunderstorm model, coupled with two primary non-inductive electrification mechanisms, namely Takahashi

(1978) and Saunders (1991) schemes, is developed based on the newest version of RAMS V6.0. Based on the simulation on a thunder-
storm in its early stage which occurred in Beijing, the results show that the total charge distribution is tripolar in both schemes when the
electric field reaches breakdown value. The results are in agreement with some observations and results of other model. However, the
evolution processes and shapes of cloud charge distribution in the two schemes are different. The result of Takahashi’s (1978) scheme
produces a tripolar charge distribution in the cloud before the first lightning. The Saunders’ (1991) scheme produces a transform from
inverted dipole distribution to tripolar charge distribution. This is because they used different experimental conditions: different factors
lead to different results. The results from both schemes show that the positive charge carrier at a low level of thunderstorm is rain
droplet, the aggregates and graupels are located in high level of thunderstorm, and the charge center distribution of graupels is similar
to the distribution of total charge in thunderstorm cloud.

Keywords: non-inductive charging mechanism, RAMS V6.0, tripolar charge structure, inverted dipole charge
structure
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