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y H j o 4 � . � d O � z � = z � 1950 � � Wild � McCready [1]
• z U � " T W 4 ? O

� � & ] % � R � � h � & ] % , D � z L T + � D 1  
 � m t � � j D i h m F F 9 ~

h 3 ?  J - $ � � ] % , D � { B � � D = � & ] % , D � " T $ � z � � �

[2]
� M / N

u � � 3 � R ? � � 4 . a 0 � K • ; V � � R 5 F � K = X e � = � & ] % , D T * 0 � �

� z . ( T d O �

20 w C 60 � � 7 � � H j { X j k M T = S � � & ] % � R � � D i X � H X � k M T

= S � R � � � & < F , D � ~ h 3 s  J - k @ � r _ c y

[3]
� 1961 � Tanaka [4]

h 1� 3

GHz � 9 � � � � R � } D i D / } J R � j � � , D (1965 � Kundu [5]
= x C D � � ) �

1977� 1978 � � Dr•oge [6]
h 1.4 GHz � Slottje [7]

h 2.65 GHz P � R � D / } g � k M B =

i � w � J Y \ ] � ? , D H j � � M � . � � 3 � R ? � � J < m M � G•udel � Benz [8]

(1988) � Allart � H

[9] (1990) � Bruggmann � H

[10] (1990) P T D h 0.3� 1 � 4� 8 � 6� 8.5

GHz � ; � � 9 W = ] % < F , D m � D � R � � z � + � D / } # � � , D $ � � 1990 �

� � � Z | y � 2005-02-07 � � a | y � 2005-05-27
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� � � � " 4 ? � � D t p H j � R � D K = X e � < F , D x S �E � q = ) T $ m � ]

/ � z �

A n y � T = S � � " � z � # � w C y 1994 � Isliker � Benz [11]
h 1� 3 GHz � 9 >

c D � = � � � � � " � R 5 F � Az � m � D X B ] / � < F , D T $ � � � � H j D i D

� ? , D r _ c y � � q D # � r _ c y � � " � z ] 9 � 2001 � � Ji�ri�cka � H

[12]
h =

1992� 2000 � & M 0.8� 2.0 GHz � 9 � R � � < F , D m � � " T W k � D i D � ? � � ,

D 	 � 6 r _ c y � � j D i K Isliker � Benz Q 1994 � ! o � < F , D T $ 6 v J 
 H �

� * ! T � j � � R c � D � Q y � j d I k D < F , D �" 	 � � A z T $ � D � U � R

� � < F , D R p � � & * / m � D 4 X � D i � } $ � � 
 , Z Q - /  \ ] 0 � � p �

� 0 O � R � jT = S � " 4 + � D � B j k M T = S � j � S T = S � j J z 4 � < F ,

D � ~ � H j � q D j T = S � � " � z � 2004 � � Fu � H

[13;14]
> c � 	 	 D & I � �

� & � � ] % � " 4 (SBRS) p 4 � � � R 5 F � D i D / } � � , D 	 � � k M v 7 � r

_ c y � t o D < F ] % , D 6 ) r _ c y � � " 	 � /  � � T $ � - k i � D / } # �

, D T $ � \ ] 0 � � A � � z ` � �

2 � � V > T � � $  |

} . ) ) i [ k & h ; � � 9 = < F ] % , D � � R � � z w C � > B ; � � 9 W � �

" 3 
 v 
 � � H E o < F , D � � " 	 � 6 ) : " � d � � Q v k & = < F ] % , D � �

� � R � 7 P 	 I k [4� 7] �

k & = Q < F ] % , D 6 ) r _ c y � � R � K Q � R 4 . k M T = S � � S T = S X

� � � D 
 � R � ?  , D 	 � � r _ c y � 
 J 
 � � � T = ) _ ` � 1988 � � G•udel �

Benz [8]
= 1979� 1983 � & M h 0.3� 1 GHz � 9 � , D m � D � z � } } , D � ~ K Q v � '

w � IKARUS � " 4 � R � �

[15]
� ) � � O T � ~ � R r 4 � k M T = S B 0.1 s � � S T

= S B 3 MHz � u ~ � " 	 � � G•udel � Benz U } } , D x S T ` D 4  ) ) $ � � $ 
 �

, D � ^ / � k c ; � " � J Y � � Q J - $ � M � 
 � " ) � t � � j � o } . � 
 * � !

j T = S ( I ) y k M T = S ) � h m � 1990 � � Allart � H

[9]
� Bruggmann � H

[10]
P T

D = h 4� 8 � 6� 8.5 GHz ; � � 9 W � R � � < F ] % , D m � D � z � v � D < F blips �

J Y � � 1 c y � � � � , D T $ � � �

k & = < F , D � T $ � z � � 4 X M � B 
 � y Isliker � Benz [11]
Q 1994 � � � z �

� j � � ~ � : Q v � ' w 8 % w � \ � Phoenix � " 4 h 1989� 1993 � & M � � R � } .

y H j • z 0 H j T = S � " 4 = 1� 3 GHz � 9 m � � � R

[16]
� ) � � O T � ~ � � R r

4 B � k M T = S 40 � 50 ms , 100 ms � � * � � � 1 � 3 MHz , 10 MHz � } R k &

Enome � Orwig [17]
� � � R � c � / � � u ~ A P � � " 3 E . Q A z � � " � Isliker �

Benz [11]
= � R � � < F , D t o D / p h � k X B ] / � $ � v � � ) � 4 X " ) � # �

� , D T $ M q � 
 � , D � q � J Y \ ] � k c ; � " � ^ / �

(1) q � 
 � , D

q � 
 � , D 2 - ; B g � k M 7 � R � � � � � B = i MHz � , D � � p q � 
 � ,
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D � # � g � k M { Q 0.3 s � }  , D v Y ` A o i � E 6 � ? 8 � c } p , D A y K / }

� � � S p p � � p , D y ` � }  c y 2 _ B � > � � N 3 1 � t �

4 1 � r � � � - E ? (1989-11-19) [11]

(2) q � J Y \ ]

k & � � � R � p M H H � J Y \ ] � � v � g � k M { = ms � = s � I / 7 k M

, D � B h Isliker � Benz � T $ v � � � � U g � k M B = i ms � q � J Y _ B J Y \

]

[18]
� q � J Y \ ] y /  v Y h < F � 9 o i � , D � � � / } � A M k h t o � S

� � � F c y � 3 2 B / � A q � J Y \ ] �

4 2 � 0 � B r � K Z ] ^ (1990-06-24) [11]

(3) k c ; � "

� � g � k M h 1 � = i w � M � ; � " \ ] 2 _ B k c ; � " � � . y /  v Y h <

F � 9 o i � , D � • M ?  	 � � Y � � * Y � S � h / } I x � . 2 _ B � � � � � / @

B | � q � (< 0:1 GHz) � � � (> 0:1 GHz) k c ; � " D f � 4 S � � p -

[11]
� / } k

c ; � " � g � k M � \ 
 � � � q � M / } l g � k M X 7 
 � � � � ( 3 3 y / p 1 7 ) �
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4 3 � 8 l N � � � l d < � # (1992-09-12) [11]

(4) ^ /

� � � S p p E 6 � � � Q 100 MHz � / ] G ^ l 2 _ B ^ / � ) � � p ^ l � g � k

M * Y � 7 � # � 8 � c � } } ^ l 5 x M n 0.1� 1 s � � j � 9 	 4 / A 
 � , D v � + �

E 6 • M X j � � � S � � � ( 3 4 y / p 1 7 ) �

4 4 � _ 0 (1993-01-07) [11]

3 � $ � t a e { � � $  |

20 w C 90 � � 7 � � � 3 � & ] % � R a 0 T = S � m / M ! j � H j h k & < F ] %

, D � R � . s W D i D / } v _ � � c y � = Q X � 6 v � R � � / } , D . + � D v ?

� _ ` � [ �

1993 � � Ji�ri�cka � H

[19]
= 1992-09-05� 1992-09-07& M h 0.1� 4.2 GHz � 9 � R � � �

� , D m � D � z � g & M � � & * / 1 D o F � Ji�ri�cka � H x � R � 51 p , � x S � 
 �
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7 6 $ 
 � � � , D y } 9 k & � ) ) , D i z � Ji�ri�cka � H D i � � ? � � � � , D B c

� S � 1 ( { j � w � � � 1 ) � h 1� 4.2 GHz � 9 � � � S B � 1�� 4 GHz/s � h 1� 4.2 GHz

� 9 � j � K ? . M / } � � S � 1 ( { � � w j � � 1 ) � , D � ) � � S B 1� 4 GHz/s �

2001 � � Karlick�y � H

[20]
= 2000-07-10� 2000-07-14& M h 0.8� 7.6 GHz � 9 � R � �

< F , D m � D � z � } z � � � � R K Q 	 	 D & I � � � & � � ] % � " 4 SBRS [14]
�

b � � Ond�rejov ] % � " 4 � C ; ` � Karlick�y � H * � , D � " 3 D i D � 1 ^ / c y �

� M � Z M � � 1 � F c y � q � J Y � 1 T 	 � ?  , D 	 � � & R - D � 1 ^ / c y �

� � % & 7 6 � Z ] % Z � u W �E i � D } } , D M � � ] �

} / k & = � & < F ] % , D T $ � z 4 X M � B 
 � w C � � � 2001 � Ji�ri�cka

� H

[12]
= 1992� 2000 � & M h 0.8� 2.0 GHz � 9 � R � � < F ] % , D 6 ) r _ c y � �

z � } } , D y K b � � Ond�rejov ] % � " 4 � R E A P � � )k M T = S � � S T = S T

D B 0.1 s � 5 MHz � h 1992-06-01� 2000-06-30& M x � R � 681 p ] % x S �\ k M � �

R 2 # D X e � < F , D � ~ � ) � ' � � ? � � , D $ � � 1 N � 1 ^ / c y � � 7 M c y

7 6 � Z M c y � /  � $ � � �

3.1 � � L D V � �

(1) � 1 ^ / c y

• M ( a � � # � S � 1 � ^ / 2 _ B � 1 ^ / c y � � y h = ^ / � z � d � D i �

/ $ i T # � � " ) � , D 	 � � 1999 � � Kliem � H

[21]
= 1992-10-05UT09-25� � 1 ^ /

c y m � D � z � g c y � � " 3 N 3 5 � t � � h 0.6� 2 GHz � 9 W ( � D / p w � � ( a

� 1 � ; � " � Kliem � H J B � } p � 1 ^ / c y K 1 % & � 5 7 F 
 x S V f � B } } F


 x S P K / p � j 4 % N � � � / � u " 8 V f � } p u " 8 � u � � " ` 	 ` � � E �

� � � - k � \ � � u � P 
 � D / p J < o \ � � ( 7 5 6 � B D 	 g } / � � � Kliem

� H & t o D / p / � u " 8 � C D u N # / 7 � (MHD) P ~ � h } p � � � I c � ] %

� R [ t D , � � � ( 7 5 6 	 ` � _ ` �

4 5 � � 2 _ 0 d z (1992-10-05) [21]
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Ji�ri�cka � H

[12]
� z D i � � 1 ^ / c y * Y h , � ^ l p � n q ] 9 2 � R � � ) � �

S � A � � � A { � T D B +80 MHz/s � � 67 MHz/s �E 6 � ? � (47%) B c � S � 1 �

Z � (13%) B � � S � 1 � g c � � � S y : " � ( 3 6 y / p 1 7 ) �

4 6 � � 2 _ 0 d z (1998-08-18) [12]

(2) � 7 M c y

}  r _ c y 7 0 { G � R � � � � y Ji�ri�cka � H

[12]
D i � / $ � � , D 	 � � ) �

� y � S : " � 
 � } } : " B M � � ( � S o � ) . M c � ( � S P { ) � u ~ � " 3 W � 	

� � 2 • ~ B � � 7 M � � y / $ i T � Q � r _ c y � N 3 7 � t �

4 7 � � 8 N d z (1999-08-17) [12]

(3) � Z M c y

� Z M c y . Z � � � 1 � � � y / } D ] n � } } D ] n 5 x M p 
 � Q � ) g / - �

( � Ji�ri�cka � H

[12]
� D i D / $ ) F h e D W � � Z M c y � p = Q v # � Z M c y ( N 3

8(a)) � } $ � Z M c y o i = S X Z � ) � � y D ] n � � B � ? � n M � S M n � { ( N 3

8(b)) � Ji�ri�cka � H U ) - ; B � Z M c y � /  � $ � � E D i � j w � M � Z M x S � 17% �
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4 8 �  [ N d z

[12]

(a) w $ ! \ O f | (1998-05-02) � (b) + H j g F Y � ! \ O f | (1998-11-23) 


3.2 � D V d �

q D = , D � " T $ � z � Ji�ri�cka � H

[12]
& U � R � � < F , D R ) � / } � & * /

m � D = | � 4 X � h , D \ ] 0 � � T * � d � * V � z W < � D / - m t �

(1) * � R GOES (Geostationary Operational Environmental Satellite) � ~ 4 X � D i �

? � < F ] % , D = B Q C : X ] n , � � ) X > y M � X : , � � B � ( T P Z � 7 6

B : , � = B � ] % \ ] 3 4 � P S (X ] n , � { 3 � S T B X � M � C � B : ) �

(2) * � R GOES P X ] n \ ] 4 � � o i � k M m � = | � D i � ? � < F ] % , D

y h P X ] n , � 4 � � ( , � F 4 � ) � 0 2 � R � � � } _ � 7 c Y o � � S h 1 GHz 7

W � , D � ? = B Q P X ] n , � 4 � � � 0 � , � ^ l p �

(3) * � R Potsdam-Tremsdorf & I � � R � � m F 
 � , D ( 5 7 � ) m � $ 4 � D i •

3 � � ^ l � � � , D � q � 
 � , D � 
 � Z Q p - � \ ] 0 � || j 
 5 7 � V f � \ ] �

4 � l V > T � � $  |

A p = � � � 3 � R ? � � m / M h m � T = S � J z 4 v j � ] % � " 4 o i D � ) �

4 X # � � 0 � . � � y � 	 � � & � � ] % / � � " 4 (SBRS) [14]
� SBRS y  / p h <
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F � 9 � � � � S K ? 	 � R E A P � & ] % , D � / � � " 4 � ) � R � S K ? B 0.7� 7.6

GHz � K 0.7� 1.5 � 1.1� 2.06 � 2.6� 3.8 � 4.5� 7.5 � 5.2� 7.6 GHz 5 p 7 � " 4 @ ` � k M

T = S T D B 5 � 5 � 8 � 5 � 5 ms � � S T = S T D B 1.37 � 4 � 10 � 10 � 20 MHz �

= Q / } � - � 9 � SBRS � k M T = S & 
 � � 1 ms B O � B 1 t o D SBRS R ) � / }

# � � & ] % � " 4 � R K ? � T = S � = 4 �{ B 1 � Q SBRS � � R � 9 v � � k M T

= S v j � } = Q < F ] % , D � R � � z 2 i T M = � � Q SBRS � s _ i [ � - @ N G

P Q I k [14,22� 25] �

K 1 � [ � � S � � � M } T w x � � v H h

[14]

� % 5 � T � U L @ m O W ? U K { 5

/MHz /ms

Phoenix 100� 4000 100

Ond�rejov 800 � 4500 100

BSS 1) 200� 2500 10� 1000

SBRS 700� 7600 1� 10 2%S�
2)

/ � 1) BSS 9 BSS-Brazilian Solar Spectroscope � 2) S� ( C u �

x � ( _ ' ^ _ � O C p 5 


. Q SBRS + � � � B j T = S � j J z 4 � < F , D � ~ � H j � R � D � ? v ` e

� , D 	 � � / N u h v _ < � c y W = 6 
 � , D $ � m � T W � M / N u J < D i / }

� � , D 	 � � - k � j T = S � j J z 4 � � R . 4 � � } m D = s  , D \ ] 0 � � T *

� d � * V � z � 2004 � � Fu � H

[13]
> c D 20 w C 90 � � � & � 2003 � � T $ � z

w C �E ! o D /  � � < F ] % , D � T $ � } . Q j * � / } # � � � � � , D 	 � �

i [ j T = S � " � z � A � m t �

4.1 � � L D V � �

(1) < F 
 � , D � 
 � , D =


 � , D y � M � & ] % \ ] � � z A 5 � � 	 r � A n y h m F � D i �

[26]
� Isliker

� Benz [11] (1994) U < F � $ 
 � � c y _ B $ 
 � , D � � � � � z D i � < F � � }  �


 � 1 c y M � ? R m F J - � � � � Fu � H

[13] (2004) | ? U ) T $ B < F 
 � , D ( N

3 9 � t ) � � � � S � 1 S � ? � y � � � B 6 ) ) 5 � h 40 MHz/s � 22 GHz/s � h / p

t - � � S * � W � � � g � k M { { Q 30 ms � � Q 200 ms J � � � S K ? { = i MHz �

� Q 1 GHz [27� 31]
� � & < F 
 � , D C B K r � U j 
 % 7 � � @ � 6 v ? , D � M � . �

1997 � � Fu � H h = 1994-01-05 1� 2 GHz � 9 � R � � / p < F , D x S m � T W k �

D i D /  • M A p J - � S � 1 S T 	 � < F 
 � , D � E U ) _ B < F 
 � , D = � } p

, D h � " 3 W B i o A p � S � 1 T 	 ( � � S T D B � 0:31 GHz/s � +0 :325 GHz/s) � h

A p T 	 M M / p T h � S � E 6 A p � S � 1 T 	 � � q � S � M & M / p � � S i m � �

h } p i m � � S K ? 	 f M 
 � , D o i

[32]
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Progress of Solar Radio Microwave Bursts and Fine Structure s

LI Shu-hao1;2, WANG Shu-juan2, ZHONG Xiao-chun1

(1. Department of Physics, Science College, Southwest Jiaot ong University, Chengdu 610031, China; 2. National

Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China )

Abstract: The complicated radio spectrum detected in solar radio bursts contain a lot of impor-

tant information on their source regions including physical environment and emission mechanisms.

The emission of the microwave bursts is in higher frequency range (GHz) and often came from the

magnetic reconnection region in lower corona. Especially,because of their morphologic features of

short duration, rapid frequency drift, complicated types and so on, the microwave �ne structures

could bring out rich information on the source regions such as the complicated con�guration of

magnetic reconnection, the movement of energetic particle, etc. In this paper, three main stages

of researches on the solar microwave bursts and the �ne structures are reviewed. The main burst

types, the mechanism researches and the observational instrument for each stage are summarized.

The future proposals are discussed as well.

Key words: astrophysics; microwave burst; review; solar 
are; emission mechanism


