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ÄuÜõ�l³�»�*ÿÕ3 2006 c 3 �� 2011 c 6 �ÏmP¹�C/�í>|êâ, ©ÛïÄ
T/
«C/�U�í>|í��AÚ�mCzA�. í��A©Û(Jw«, T/«C/�U�í>|�n�í�ë
þ (�íØr!§ÝÚ�é�Ý) ���mCzª³Ä���, ¿k²w�G!�A. ÁSG, �í>|rÝ�NY
²�é�$, �� 0.14 kV/m; g¢G, >|rÝY²�é�p,� 0.18 kV/m �m. C/�U�í>|rÝ��í§
Ým��5�'5�r, [Ü�'Xê�� 0.89; ��íØrÚ�é�Ým��5�'5�é�f, [Ü�'Xê
�g� 0.43 Ú 0.53. Fp�©Û(JL²: �U�í>|�mCzÉ��F±Ï!���F±Ï9Ùn!og�Å
©þN��^, N�rÝ�g~f. Üõ/«C/�U�í>|FCzA�¥�º{ü., =V¸V�. Ì!g¸�
©OÑy3xUÚ�m, Ì¸�Ñy�@�ÏG!ØÓÑk�É, g¸�Ñy�@�ÏG!ØÓ�É�é��.

'�c: �U�í>|, í��A,��F±ÏN�

PACS: 52.80.Mg, 92.60.Pw

1 Ú ó

g 18 ­V"Ï±5, c<é�í>ëþ�A
�ÚCz5Æ?1
±YïÄ. 19 ­V 20 c�, p
D�>l��uymé
�í>ÆïÄ�p�u
Ð��, �<�ïÄ�¥>´�m
B$�� [1],

é�¥>´ù�Vg�üzå�
�'­���
^. �í>ëþØ
É�»�Ë�!��b	�Ë
�Ú�¥X�¹Ä�Ï�K�	, ���/íÿ!
�¸k��'X [2−4]. �U�í>|´­���
í>ëþ��, §´�í>l�Ú�¥>´XÚ
�Ó�^�(J [5]. Ïd, �U�í>|í��A
Ú�mCzïÄéuÝº�¥X>¹Ä!Û/í
ÿ!�¸!�íÀ/�&EÚ�í>A�äk­
�¿Â.

�U^�e, >l��/Lm�>³���
� 300 kV, >|��d>l�ç���/¡. lp
 $, >|rÝ�gOr, 3/LNC�� 200 V/m

�m [6]. 3�í>|�^e, �>�íâf�½�
£ÄØä/�Ñ>U. �¥X�¹ÄÈ\�>U±
�>/ª6�>l�,�±
­½��í>l�>
 Ú�U�í>|rÝ. Ïd, �í>l�> ´
û½�U�í>|�mCz�Ì�Ï��� [7]. /
LNC�U�í>|�É/�5Û/CzÅnN
��^, T�^Ì�´ÏLÛ/�¸Úí��Ï�
UC�í>�ÇÚ�UÎN>{, m�/N��U
�í>|rÝ. cÏïÄL², /LNC�U�í
>|FCzA�Ì�Ly� 3 «a.: °�4/
. (ü¸ü�)!�º{ü. (V¸V�) Ú�ºE
,. (õ¸õ�)[7,8]. ùn«a.��U�í>|
FCzA�É�¥5ÊHCzÅnN�§Ý�g
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~f. ��, É/�5Û/CzÅnN��^Åì
Or [9].

3/LNCÿþ��í>|Ø�;�/É�
/�¸Ï� (X�ííM�!/LË�9Ùû)
Ô) “À/”, �íé6Úë6´�í>|/Lÿþ
�,� “À/
”[10]. Ïd, ØBu3�¸À/î­
«�?1�í>|�¥5ÊHCzÅnïÄ. �ó
�, °�!4/´�í>|ÿþÚïÄ��Z|¤.

�´, 3°�4/?1�í>|ÿþ�3ÃõØ|
Ï�, X¤ìS�!�oÚêâæ8�. �õp�
/«�Ì�/�A:´°op!��b	�Ú�
»�Ë�r!Fì�m�!<a¹Ä�é��Ú
�íÀ/�ê$. ù��UÕþ�/�^�Buÿ
þÚïÄC/�U�í>|. T/«�í>|FC
z¥�º{ü., Ù�¥5ÊHCzÅnN�§Ý
ru/�5Û/CzÅn.

8c, IS'u�U�í>|í��AÚ�m
CzïÄ�é��. ÜÂ�� [11] u 1998 cé�
õp�ÀÜ/«�í>A�?1
�'ïÄ, �Ñ

 1996 c 8 � 31 FÚ 9 � 1 F/LNC�U�
í>|FCz­�, éÙCzª³�
{ü©Û.

ù«á�A½�/�*ÿ(J¿ØUO(/�N
T/«�U�í>|FCz�ÊHA�. MR� [9]

u 2009 cæ^ÚOòU�{éÜõ/«�U�í
>|FCzA�?1
ÚOïÄ, {�/©Û
�
�m��S�í�é�Ý��í>|rÝm�'
é5. �´, vké§��m�3��5�''X
��[?Ø. é�U�í>|FCz�G!�Aï
Ä�Ø
�\.

�©ÄuÜõ�l³*ÿÕu 2006 c 3 �
� 2011 c 6 �ÏmP¹��í>|êâ, Äké
�í>|êâ?1 “î�” çÀ, J�Ñ�U^�
e��í>|S�. �X, ©Û
T/«C/�U
�í>|���mCz,?ØÙG!�A. ��, é
�U�í>|rÝ�T/«ÓÏP¹�n�í�
ëþ (�íØr!¿	§ÝÚ�í�é�Ý) m�
�'5�{�©Û, ­:?Ø
§��m��5�
'5, �Ñ�5[Ü(J. ,�, æ^ Lomb-Scargle

Fp�C�éT/«C/�U�í>|�mS�
?1ªÌ©Û, Ïé±ÏN�&Ò. d�, A^ÚO
±ÏòU{é�í>|S�?1F±ÏòU, �Ñ
FCz­�Úõ©þ�u­�[Ü(J, ­:©Û

?Ø
�U�í>|FCzA�. ��, ?Ø
�
U�í>|FCzA��G!�A.

2 �¥�í>´�.

Wilson u 1920 cJÑ
�¥�í>´�Ôn
�., Xã 1 ¤« [10]. >l�ÚD�5�í´ë�
�U«�Ú6ÄUí«��í>|�Ý�, �>â
fÏL6ÄUí (XX�¹Ä) �°Ä>66�>
l�, ,�²�U�í>|�£�/, /¤�¥�
í>´XÚ.

ã 1 �¥�í>´�.

�U�í>|´�¥�í>´�­�|¤Ü
©, ÙFCzL§�±Cq/w¤O·�L§, Ù
�éCz½ÂXe [11]:

1
E

dE

dt
=

1
V

dV

dt
− 1

λ

dλ

dt
− 1

R

dR

dt
,

Ù¥ λ,R,E �g��U�í>�Ç, ÎN>{Ú
�í>|. dþª��, �U�í>|�éCz�
ûu>l�> �éCz, =�¥5ÊHCz. �
¥X�¹Ä!�»Ë�Ú��¹Ä (X��b	�
Ë�) �´���í>l�>³�Ì�Ï�. /L
NC�U�í>|rÝ�éCz��ûu�UÎ
N>{Ú�ío>�Ç�éCz, =/�5Û/C
z. G!!Û/í��¸�´���UÎN>{Ú
�ío>�Ç�Ì�Ï�. Ïd, C/�U�í>
|FCz´�¥5ÊHCzÚ/�5Û/CzÅ
nnÜ�^�(J [11,12].

3 êâ?nÚ©Û�{

Üõ�l³IS�»�*ÿÕ©ïuþ�­
V 80 c�, 2000 c¥IÚ¿�|3*ÿÕS�
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ªÜ�ï� ARGO ¢�. �
iÿT¢�$1�
¸ÚG¹, 3ÕSSC
�¸iÿXÚ, P¹¢�
�eNC�íØr P /mbar (1 bar = 105 Pa)!¿S
	§Ý T /◦C!�í�é�Ý RH/% �í�ëþ.

2005 c., qSC
��.Ò� EFM-100 ��í
>|&ÿ¤, ��z 15 s P¹�gNC��í>
|rÝ E, °Ý� 1 V/m, ÿþ��� –10 kV/m—

10 kV/m. ��í>|rÝ�u 10 kV/m �, gÄ
�P¹� +10 kV/m ½ –10 kV/m. du�©ïÄ�
�U�í>|rÝ��uT&ÿ¤K�, Ïdù�
Û�5é�©ïÄvkK�. 3X�Ïm, �í>
|rÝ��Ñ�U^��ê�, ½öÎÒ�K [13].

º!�!�ÚÈ�í�Ï��¬î­/K���
í>|ÿþ(J [14]. �uþã�Ï, 3ïÄ�U
�í>|í��AÚ�mCzA�c, I�é¢�
êâ?1î�çÀ, l¥]ÀÑ “ÎÜ�U^�”

��í>|êâ, Ì�l±eA��¡ (¿U^S)

é “ØÎÚ”^��êâ�±GØ:

1) Ä k, GØ r Ý � � Ñ �U^� (�
u 1.0 kV/m ½ ö � u 0 kV/m) ê � � � í >
|êâ [14];

2) �X, ±���ü , éþ��u 0.3 kV/m

����êâ�±GØ [14];

3) ��, ±���ü , é¢�Õ«º��
u 6 m/s, �þCX�LU� 10%����êâ�
±GØ [15,16];

4) ,�, ±U�ü , é�!ÈÚX��Uí

��Uêâ�±GØ [14];

5) ��, ±U�ü , é®²k��9±þê
â�GØ��Uêâ�±GØ.

æ^þãIOÚ^Sé 2006 c 3 �� 2011

c 6 �P¹��í>|êâ?1�¡u�ÚçÀ,

J�Ñ “ÎÜ�U^�” ��í>|êâ. ÚOO
�, “ÎÜ�U^�” �êâÓo¢�êâ (45480 h)

� 41.556%,ÚO©Ù(JXã 2(b)¤«.

²Lþã?n���U�í>|S�3�m
þ©ÙØþ!, æ^ Lomb-Scargle Fp�C�éÙ
?1ªÌ©Û. T�{Ø=Uk�/l��S�¥
J�Ñf±Ï&Ò, ��±�½§Ý/~f��S
�Øþ!5�)�Jb&Ò. d	, T�{�U�
OS�¥�3��ªÇ&ÒJ´VÇÚwÍ5 [17].

²L Lomb-Scargle Fp�C�, �OÑ�±ÏN�
&Ò�ªÇ�, æ^ÚO±ÏòU{éT�mS�
�±ÏòU, ��TªÇ&Ò3��±ÏS��m
©Ù. ,�?1­�[Ü, �OÙÌÝÚ� .

4 (J�?Ø

4.1 ���ííí>>>|||ííí������AAA

�

)Ú©Ûí��¸ëþé�U�í>
|rÝ�mCzN��^, ò¢�Õ«ÓÏP¹�
�í�¸ëþ (�íØr!¿	§ÝÚ�í�é�
Ý) ��U�í>|rÝ���mCz?1é'©
Û, (JXã 2 ¤«.

ã 2 /LNC�U�í>|rÝ�n�í�ëþ��mCz­�
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�í>|rÝ�n�í�ëþ���mCz
ª³Ä���, =�í§Ý!ØrÚ�Ý�p�,

�í>|rÝ��é�p, ��½,. ÁG, �í>
|rÝ²þY²�$; gG, �U�í>|rÝ�
���.�
��Ù/�N�U�í>|�n�í
�ëþm��''X,ã 3 �Ñ
§�m�{ü'
é­�Ú�5[Ü(J.

C/�U�í>|�n�í�ëþ¥��5
�''X, =�í§Ý!�í�é�ÝÚ�íØ
rO\�, �í>|rÝ��AOr. Ù¥�í§
Ý��í>|rÝm��5�'5�Ð, [ÜÝ
�� 0.89. �í�é�ÝÚ�íØr��í>|
m��5�'5�é�f, [ÜXê©O� 0.53

Ú 0.43. í�ëþzü Czé�í>|rÝ�
UCþ�Ø¦�Ó, �í§Ý!ØrÚ�í�é
�Ýzü CzÚå��í>|rÝUCþ�g

� 0.0012 kV/m, 0.0064 kV/m Ú 0.0004 kV/m. (Ü
n�í�ëþ�Cz��, �±uy�í§Ý´K
��í>|rÝ/�5Û/CzÅn�Ì�í�
Ï�. �í�é�ÝÚ�íØré�í>|rÝC
z�k�½K�, K�§Ý�é��.

n�í�ëþÏLØÓÅn, ØÓ§Ý/K�
�U�í>|rÝ. �í§Ý��û½�m�íé
6�Ý, NXk�>âf��í�D�6ÄUC�
íD�>6 j, m�/K��U�í>|rÝ. �í
§Ý,p, �íé6\¯, �íD�>6Or, �U
�í>|rÝO\, =�í§Ý��U�í>|¥
��5'X. �í�é�ÝÚ�íØré�U�í
>|rÝK��é�f. �í�é�Ý��, �u
�^Úå�m�>Ö�õ, �í>|rÝ�� [7].

�íØr�U´ÏL�m�íâfßÝK��í
ÎN>{ R m�K��U�í>|.

ã 3 �U�í>|rÝ�n�í�ëþm�{ü'éã

4.2 ���UUU���ííí>>>|||���mmmCCCzzz

ã 4(a) Ú (b) ©O�Ñ
 2006 c 3 �� 2011

c 6 �Ïm�U�í>|rÝ��mCz9ÙÚ
O©Ù(J.ã 4(c) Ú (d) ´ü�A½��FÏm
�FCz­�.

lã 4(a) � ± w �, �U� í > | ä k ²
w � G ! � A. Á G, � í > | r Ý � $, þ �
��� 0.12 kV/m; gG, >|rÝ�p, þ��
� 0.20 kV/m �m. ù�(J�pd��*ÿÕ

�*ÿ(J�� [7]. ã 4(b) w«�´²LçÀ
��C/�U�í>|ÚO©Ù(J, Cz��
3 0—0.3 kV/m �m, þ��� 0.158 kV/m, TÚO
©Ù´���Ð���©Ù.ã 4(b) Ú (d) w«�
´ 2009 c 10 � 16 FÚ 2006 c 3 � 26 FüU�
FCz­�. Ø
²þY²k²w�É	, FCz
ª³�ÑkØÓ. ù«á�A½�/��U�í>
|�mCzA�¿ØUéÐ/�NÙ�¥5ÊH
Cz.

�U�í>|ÚO©Ù(J´���Ð��
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�©Ù,� Lomb-Scargle Fp�C�A^u�U�
í>|S�ªÌ©ÛJø
7��Ä:. ã 5 �Ñ

 2006 c 3 �� 2011 c 6 �Ïm, �þ!�U�
í>|�mS�� Lomb-Scargle Fp�C�õÇ
Ì(J.

Lomb-Scargle Fp�C�õÇÌ¥wÍ5�
p�±ÏN�&Ò�&D'�� 0.05. 3±Ï
� u c þ ? � $ ª ? k é õ & D ' � p � &
Ò, ù 
 $ ª & Ò � . ´ � ± Ï N � & Ò � ´

Jb&Ò, I�È\�þêâ��\©Û. 3ª
Ç f = 1.0, 2.0, 3.0, 4.0 days/cycle ?ÑkwÍ5�
p�N�&Ò, Ù&D'�g~�. ªÇ f = 1.0

day/cycle �ªÇ&ÒéA�U�í>|���F
±ÏN�, ªÇ f = 2.0, 3.0, 4.0days/cycle �N�&
Ò´Ù�!n!og�Å©þ. �pg�Å©þ�
~�f. ÐÚ(½, d�U�í>|S�¥�3ª
Ç f = 1.0, 2.0, 3.0, 4.0days/cycle �o�±ÏN�
&Ò.

ã 4 �U�í>|�mCzÚÚO©Ù(J

ã 4(c) Ú (d) �Ñ
Üõ�l³/«/LN
C�U�í>|rÝ3ü���FS��mC
z­�, §�ØUéÐ/�NT/«�U�í>
|�ÊHCzÅn. �
¦�U/�ØÛ/�¸
Úá�6ÄK�, é�U�í>|S��F±Ï
òU, (JXã 6 ¤«. òU¥�²þL§��
~f
á�ó,56ÄÚÙ¦�F±Ï&Ò�
�z. ±ÏòU´±±Ï T �ü éS���
m?1òU, ªÇ f = 1.0, 2.0, 3.0, 4.0 days/cycle

&Ò�±Ï T ¥��ê'X. Ïd, 3òUL§
¥, ± Ï � � � & Ò é � � ± Ï ò U ( J k �
z (X f = 2.0, 3.0, 4.0 days/cycle ±Ï&ÒéFò
U(Jk�z), =�U�í>|F±ÏòU(J¥

¹kÙ�g�Å©þ. é�U�í>|FCz­�
?1�u­�[Ü�, O\
Ù�!n!oÚÊg
�Å©þ, [ÜëêXL 1 ¤«. ��F±ÏÚ�
g�Å©þ´N��U�í>|rÝFCzA�
�Ì�©þ. ��F±ÏN�Ì�´/¥g=Úå
�(J, ¼��O��
��F±Ï��g�Å©
þN�, =���F±ÏN�. n!og�Å©þ
�UéAXÛ/í��¸Úå�Û/5CzÅn
Ú��S���þ!5�^. �pg�Å©þ�~
�f, X 5 g�Å©þN�ÌÝ� 0.1 V/m þ?, '
T¢��í>|¤&ÿ°Ý (1 V/m) $��þ?.

ã 6(a)��U�í>|FCzA�9Ù�u
­�[Ü(J, [Ü�§Xã¥¤«, J��[Ü
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ã 5 �U�í>| Lomb-Scargle Fp�C�õÇÌ

L 1 �U�í>|FCz­���u­�[Ü(J

f /(days/cycle) 1.0 2.0 3.0 4.0 5.0

A/(kV/m) –0.0096 0.0080 0.003 –0.0028 0.0006

ϕ/h 4.06 1.85 7.15 1.20 3.80

(J 95%��&«m. [Ü(Jw«: ¤k�U
�í>|rÝÑá3 95%��&«mS. [ÜX
ê R = 0.995, þ��Ø���©�� V/m þ?.

Ø�NA�:	,ã 6(b) w«�[Üí�rÝ�u
T¢��í>|¤�&ÿ°Ý (1 V/m).

ã 6 �U�í>|��F±ÏCz(J

lã 6 �±w�,Üõ�l³/«C/�U�
í>|FCz¥�º{ü., =V¸V�. 3�/
�m@� 7 ��m, >|rÝÑy1��Å� (Ì
�), rÝ� 0.145 kV/m. ,�, 3¥Ì 11 ��m×
������ (Ì¸), rÝ�� 0.175 kV/m. ��,

�úeü, 3�m 20 ��m��1��Å� (gÅ
�). �X, �²­/Cz, u1�F'� 3 ���1
��Å¸ (gÅ¸). ��, 3gF'� 7 :�m�
�e��Ì�.

ÚOòU¥�²þL§ò/�5Û/CzÅ
n��~f, =�U�íÎN>{Ú�í>�Çé
�U�í>|rÝK��é�f. Ïd, ã 6 w«
��U�í>|FCzÌ��N�¥5ÊHCz
A�, ���3�½�/�5Û/CzÅn©þ.

@���,å, �X��b	Ë�rÝOr, �í
>|rÝl�$�×�O�, �C�Ì���¸�,

dL§¥í§,p�\�
�í>|rÝO�.Ì
�,��b	�Ë�m©~f, �í>|~�;Ó�
�í§Ý±Yþ, (3Üõ/«, ¿	§Ý��3
eÌ 16 ����� [9]) ~�
�í>|rÝ�e
ü�Ý. Ïd, d�ã�í>|rÝeüL§Ø9
c�ãþ,×�. �X, ��b	�Ë�±Yeü
Ú�í§Ý�£á�Ó\�
�í>|eü, 3 20

��m���$. d�,��b	�Ë�A��",

��¡duí§±Yeü, �í>|rÝeü; ,
��¡, NX3�í�Dþ��>âf�X�í�
D3�m�È, �íÎN>{Ú>�Ç~�, �í
>|rÝ�ú£,, 3gF'� 3 ��m��gÅ
¸. ��, �í§ÝUYeü (3Üõ/«, ¿	§
Ý��3'� 7 ����$ [9]), �U�í>|e
ü, 3gF'� 7 :�m��e��±Ï�Ì�.

lã 2 Úã 3 ��, í��¸��í>|k�
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½���5�', =�íØr!§ÝÚ�Ý�p�,

�í>|rÝY²��é�r. G!Cz��û½

�í�ëþ²þY², Ïd, �U�í>|rÝ
FCzA�äkG!�A.�
©ÛG!5Czé
C/�U�í>|FCzK�,·�©G!é�U
�í>|S�?1F±ÏòU. o�G!�F±Ï
òU9Ùõ©þ�u­�[Ü(JXã 7 ¤«.

�U�í>|rÝFCzA�ÏG!
É. Á
SG, �U�í>|rÝY²�é�$ (0.14 kV/m);

g¢G, �í>|rÝY² (0.18 kV/m) ²wpu
ÁSüG. �ÁSG�', g¢G�FCzA��
éE,, ùÌ���/íÿA����<a¹Ä5
Æk'. ÁSG,Üõ/«Uí�~»e, “<a¹
Ä” ��, �íÀ/�ê$; g¢G, “<a¹Ä” �
éª�, �íÀ/�é�­. ØÓG!, �í>|r
ÝFCz�Ì¸ÚÌ�ÏG!CzÑkØÓ. Ì�
Ñy�m�@�´gG, ��3@� 6 �, Ñy�
��´ÁG, 3@� 8 ��m, ùÌ�dG!5C
z����,å@�ØÓÚå�; Ì¸Ñy@��
Ì�Ä���, g¸Úg�Ñy�mÏG!ØÓ�
É��.

ã 5 �Ñ�ªÌw«: 3ªÇ f = 1.0, 2.0,

3.0, 4.0 days/cycle ? � 3 w Í 5 � p � ª Ç &
Ò. ã 8 � Ñ 
 o � ª Ç N C � � [ ª Ì (
�. 3 ª Ç f = 1.0 day/cycle Ì ¸ m > (f =

1.0027 days/cycle ?) �3wÍ5�p�g¸, T
ªÇTÐ�uð(F±ÏN�&ÒªÇ. �g�Å

©þüý (f = 2.0 ± 0.0027 days/cycle) ��3ü�
wÍ5��g¸, n!og�Å©þüýg¸�w
Í5�~�f.

XJ¹D��þ!��S�¥�3ªÇ� f0

�±ÏN�&Ò, Ìª&Ò�S����ªÇm�
�p�^�U¬��ªÇ f0 NC (f ′ ?) Ñyg
4�Ì¸, ù
g4�¸3�½I�¥�U¬k�
p�wÍ5 [18], ÏdØU==ÏLõÇ��Úw
Í55�äT��S�¥´Ä�3ªÇ� f ′ �±
ÏN�&Ò.�
EOTg¸´Jb&Ò�´ªÇ
� f ′ �±Ï&Ò, lS�¥Ø�ªÇ� f0 �±Ï
&Ò�, ­#O�ÙõÇÌ. XJ f ′ ?��34�
Ì¸, Ò�±ÏLÙwÍ5ÚJ´VÇ�äTS�
¥´Ä�3ªÇ� f ′ �±Ï&Ò. XJ f ′ ?�g
4�Ì¸��, @oTg¸�U´Jb&Ò, ��
U´ªÇ¥�3TªÇ&Ò, �Ù&D'�f. é
u¹kõ�±ÏN�&Ò���S�, �±­E¦
^þã�{. l�U�í>|S�¥�g�ØX
L 1 ¤«�o�±Ï&Ò�, Lomb-Scargle Fp�
C�õÇÌXþãJ�¤«.

�Øo�Ìª±Ï&Ò�, Ìª?�4�w
Í5Ì¸Ø�3, ÙNCg4�¸�A���. Ï
d, =U(½TS�¥�3��F±ÏN�&ÒÚ
�!n!og�Å©þ. f = 1.0027days/cycle �ð
(F±ÏN�&ÒÚ f = 2.0± 0.0027days/cycle �
±ÏN�&Ò�3�Ä, I�È\��þêâ��
�\ïÄ.

ã 7 �U�í>|rÝFCzA��G!�A
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ã 8 ��F!���FÚn!og�Å©þªÇNC, �U�í>|rÝ Lomb-Scargle õÇÌ, J���ØÌª&Ò��õ
ÇÌ

5 ( Ø

|^Üõ�l³�»�*ÿÕP¹��í>
|rÝêâ, ïÄ
Üõ/«C/�U�í>|r
Ýí��AÚ�mCz, ­:?Ø
�U�í>|
FCzA�9Ùí�ÚG!�A, ��Xe(Ø:

1. C/�U�í>|rÝ��mCzk²
w � G ! � A. Á S G, > | r Ý Y ² � $, �
� 0.14 kV/m; g¢G, >|rÝY²²w�p, r
Ý� 0.18 kV/m �m.

2. Üõ/«C/�U�í>|�n�í�ë
þ¥��5�''X. ��í§Ým��5�'5
�Ð, [ÜÝ� 0.89; ��í�é�ÝÚØrm�
�'5�é�f, [ÜXê©O� 0.53 Ú 0.43.

3. �U�í>|ÉwÍ5�p���F±Ï
9Ù�!n!og�Å©þN��^, N�ÌÝ�
g~f, �pg�Å©þwÍ5�~$.

4. Üõ/«C/�U�í>|rÝFCz¥
�º{ü., =V¸V�. Ì�ÚÌ¸�gÑy3

'� 7 :Ú¥Ì 11 :�m; g¸Úg�Ñy3�
m 20 �Ú�� 3 ��m. ¸!�Ñy�äN�m
ÏG!
É.

�U� í > | r Ý � F p � ©Û( J w
«: 3 ª Ç f = 1.0day/cycle � Ì ¸ m > (f =

1.0027days/cycle) �3wÍ5�p�g¸. �g
�Å©þüý (f = 2.0 ± 0.0027days/cycle) kü�
wÍ5�p��?g¸. Ì¸&ÒªÇ�g¸&Ò
ªÇ���TÐ�uð(F±ÏªÇ���F±
ÏªÇm���. ù´|Ü? �´�U�í>|r
ÝS�¥�5Ò�3TªÇ��f±ÏN�&Ò?

I�È\��þêâ���\ïÄ.

du¢�êâÚOþk�, �©vU©Ûc±
ÏÚ��¹Ä±ÏN�é�U�í>|�mCz
K�, ùò´e�Úó�­:.

�öa�Üõ�l³�»�*ÿÕ¤kÜ�¤


��Ï.

[1] Marcz F, Harrison R G 2003 Annales Geophysical 21 2193

[2] Zhao Y, Qie X Sh, Kong X Zh, Zhang T, Yang J, Feng G L, Zhang

Q L, Wang D F 2009 Acta Phys. Sin. 58 6616 (in Chinese) [ë�,

2DÖ, ���, Ü2é, ÜÕ, 
·, ¾?å, ÜÙ�, �À�

2009ÔnÆ� 58 6616]

[3] Wu M L, Xu J Y, Ma R P 2006 Acta Phys. Sin. 55 5006 (in Chi-

nese) [Ç²�, MM�, êa² 2006ÔnÆ� 55 5006]

[4] Bering III E A, Arthur A F, Benbrook J R 2007 Bull. Am. Meteor.

175203-8



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 17 (2012) 175203

Soc. 88 223

[5] Bering E A, Few A A, Benbrook J R 1998 Physics Today 51 24

[6] Israelssona S, Tammetb H 2001 Journal of Atmospheric and Solar-

Terrestrial Physics 63 1693

[7] Latha R 2003 Earth Planets Space 55 677

[8] Chen W M 2006 Lei Dian Xue Yuan Li (2nd Ed.) (Beijing: Meteo-

rology Press) p56–68 (in Chinese) [�¡¬ 2006 X>Æ�n, 1
�� (�®: í�ÆÑ��) 1 56—68 �]

[9] Xu B, Zhang Y, Jia H Y, Chen T L, Yuan A F, Meng X R 2009

Plateau Meteorology 28 314 (in Chinese) [MR, ÜL, _��, �
U¸, �O�, ��T 2009 p�í� 28 314]

[10] Hoppel W A 1967 J. Atm. Terrest. Phys. 29 709

[11] Zhang Y J, Ge Zh M, Cheng ZH P, Meng Q 1998 Plateau Meteo-

rology 17 135 (in Chinese) [ÜÂ�, �� , �¤¬, �� 1998

p�í� 17 135]

[12] Wilson C T R 1920 Phil. Trans. A 221 73

[13] Minamoto Y 2008 Tech. Rep. Kakioka Magn. Observatory 5 11

[14] Minamoto Y, Kadokura A 2011 Polar Science 5 1

[15] Kleimenova N G, Kozyreva O V, Kubicki M, Michnowski S 2010

Geomagn. Aeron. 50 48

[16] Guha A, De B K, Gurubaran S, De S S, Jeeva K 2010 Journal of

Earth System Science 119 221

[17] Glynn E F, Chen J, Mushegian A R 2006 Bioinformatics 22 310

[18] Xu B,Yang T, Tan B H, Chen Y 2011 Nuclear Electronics & De-

tection Technolog 31 702 (in Chinese) [MR, 
7, �u, �Ã
2011 Ø>fÆ�&ÿEâ 31 702]

175203-9



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 17 (2012) 175203

The study of meteorological effects and time
variations of the fair weather atmospheric
electric field near ground in YBJ, Tibet∗

Xu Bin† He Hua Yang Xiao-Yan Bie Ye-Guang Lü Qing-Hua

( College of Science, Hubei University of Technology, Wuhan 430068, China )

( Received 21 November 2011; revised manuscript received 17 February 2012 )

Abstract

Based on the fair weather atmospheric electric field recorded by YBJ Cosmic Ray Station located at the YBJ High Altitude Cosmic

Ray Laboratory (90◦ 31′50′′ E, 30◦ 06′38′′ N, 4300 m a.s.l., 606 g/cm2), Tibet, China, its meteorological effects and time variations

are studied. The analysis in this paper is to look into how the factors like atmospheric pressure, temperature and relative humidity in

the presence of the meteorological factors in four seasons govern the fair weather atmospheric electric field at the site of measurement.

The results of meteorological effects show that there is a strong positive correlation between the fair weather atmospheric electric field

and temperature, while a moderate positive correlation is seen between the fair weather atmospheric electric field and the atmospheric

pressure, also the relative humidity. The long-term variations of the fair weather atmospheric electric field are affected by seasons. The

mean value is higher in summer and fall, but lower in winter and spring. The daily variation of the fair weather atmospheric electric field

is modulated by solar diurnal, semi-solar diurnal, and its third and fourth harmonic component. The higher the harmonic frequency, the

lower the modulate amplitude is. The daily variation curves show bimodal variation with evening peak and sunrise peak. Two minima

can also be seen in early morning and evening. Sunrise peak value is highest during summer and fall, but lowest in spring and winter

morning. Sunrise peak occurs at around noon, and evening peak is modulated by the season effects.

Keywords: fair weather atmospheric electric field, meteorological effects, solar diurnal modulation

PACS: 52.80.Mg, 92.60.Pw
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