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(1. X�V,���,�℄V,^�b3 610031 � 2. �

�℄�
E)L��/q 100012)����'^&=G-E��4-E[:�U+%y7℄^1��'�#*�\	*℄^�:Yk�+Z ;�Lsv#9:�J*z=G-E�s`dz�h�lN8�;#��dzaf��8IF#9eaf�vXdz�k�680�����	=�E�'=G^&-EU%�{�
3 q**^:�j\Eh0^:�#*-E%��U+1��{7qC��Sb1��WEn0N�{�Ox	_ g P�'$U+��=G-E�=���'- �℄^1���Ys`�P182.2+4 ��� 	ÆJ�t�A

1 ����#CBR�&,��3H�&*/o4p��℄%\℄�Ho3iz��&℄%,D/yHjo4�.�dO�z�=z� 1950 Æ� Wild � McCready [1] �zU�"TW4?O��&℄%�R��h�&℄%,D�zLT+�D1 �mt��jDihmFF9~h3? J-$��℄%,D�{B��D=�&℄%,D�"T$�z��� [2] �M/Nu��3�R?��4.a0�K�;V��R5F�K=Xe�=�&℄%,DT*0���z.(TdO�
20 wC 60Æ�7��Hj{XjkMT=S��&℄%�R��DiX�HX�kMT=S�R���&<F,D�~h3s J-k��r_y [3] � 1961Æ Tanaka [4] h 1∼3

GHz �9����R�}DiD/}JR�j��,D (1965 Æ Kundu [5] =xCD��) �
1977∼1978Æ� Dröge [6] h 1.4 GHz � Slottje [7] h 2.65 GHz P�R�D/}g�kMB=i�w�JY\℄�?,DHj��M�.��3�R?��J<mM� Güdel � Benz [8]

(1988) � Allart �H [9] (1990) � Bruggmann�H [10] (1990) PTDh 0.3∼1 � 4∼8 � 6∼8.5

GHz �;��9W=℄%<F,Dm�D�R��z�+�D/}#��,D$�� 1990Æ�� �Z|y�2005-02-07 � �a|y�2005-05-27l�u�
E<E
�/k6-u� (10333030 � 10225313) �
E 973 6-u� (G2000078403)



� 332 �������'�J���n�u������� 23 ������"4?��DtpHj�R�DK=Xe�<F,DxS�E�q=)T$m�℄/�z�Any�T=S��"�z�#�wCy 1994 Æ Isliker � Benz [11] h 1∼3 GHz �9>D�=�����"�R5F�Az�m�DXB℄/�<F,DT$����HjDiD�?,Dr_y��qD#�r_y��"�z℄9� 2001 Æ� Jĭric̆ka �H [12] h=
1992∼2000 Æ&M 0.8∼2.0 GHz �9�R��<F,Dm��"TWk�DiD�?��,D	�6r_y��jDiK Isliker � Benz Q 1994 Æ!o�<F,DT$6vJ
H��*!T�j��R�D�Qy�jdIkD<F,D�"	��AzT$�D�U�R��<F,DRp��&*/m�D4X�Di�}$��
,ZQ-/ \℄0��pÆ�0O�R�jT=S�"4+�D�BjkMT=S�j�ST=S�jJz4�<F,D�~�Hj�qDjT=S��"�z� 2004 Æ� Fu �H [13,14] >�		D&I���&��℄%�"4 (SBRS) p 4 Æ��R5F�DiD/}��,D	��kMv7�r_y�toD<F℄%,D6)r_y��"	�/ ��T$�-ki�D/}#�,DT$�\℄0��A��z`��
2 ��V>T��$ |}.))i[k&h;��9=<F℄%,D��R��zwC�>B;��9W��"3
v��HEo<F,D��"	�6):"�d��Qvk&=<F℄%,D����R�7P	Ik [4∼7] �k&=Q<F℄%,D6)r_y��R�KQ�R4.kMT=S��ST=SX���D
�R�? ,D	��r_y�
J
���T=)_`� 1988 Æ� Güdel �
Benz [8] = 1979∼1983Æ&Mh 0.3∼1 GHz �9�,Dm�D�z�}},D�~KQv�'w� IKARUS �"4�R�� [15] �)��OT�~�Rr4�kMT=SB 0.1 s ��ST=SB 3 MHz �u~�"	��Güdel � Benz U}},DxST`D 4  ))$��$�,D�^/�k;�"�JY��QJ-$�M�
�")�t��j�o}.�
*�!jT=S (I)ykMT=S) �hm� 1990 Æ� Allart �H [9] � Bruggmann �H [10] PTD=h 4∼8�6∼8.5 GHz ;��9W�R��<F℄%,Dm�D�z�v�D<F blips �JY��1y����,DT$���k&=<F,D�T$�z��4XM�B�y Isliker � Benz [11] Q 1994Æ��z��j��~�:Qv�'w8%w�\� Phoenix �"4h 1989∼1993Æ&M��R�}.yHj�z0HjT=S�"4= 1∼3 GHz �9m���R [16] �)��OT�~��Rr4B�kMT=S 40 � 50 ms , 100 ms ��*��� 1 � 3 MHz , 10 MHz �}Rk&
Enome � Orwig [17] ���R��/��u~AP��"3E.QAz��"� Isliker �
Benz [11] =�R��<F,DtoD/ph�kXB℄/�$�v��)�4X")�#��,DT$Mq��,D�q�JY\℄�k;�"�^/�

(1) q��,Dq��,D2-;Bg�kM7�R�����B=i MHz �,D��pq��,



� 4 ' -�����'^&=G-E7*s`dz�{nu 333�D�#�g�kM{Q 0.3 s �} ,DvY`Aoi�E6�?8�}p,DAyK/}���Spp��p,Dy`�} y2_B�>��N3 1 �t�

4 1 �r�Æ�-E? (1989-11-19) [11]

(2) q�JY\℄k&���R�pMHH�JY\℄��v�g�kM{= ms �= s �I/7kM,D�Bh Isliker � Benz �T$v����Ug�kMB=i ms �q�JY_BJY\℄ [18] �q�JY\℄y/ vYh<F�9oi�,D���/}�AMkhto�S���Fy�3 2 B/�Aq�JY\℄�

4 2 �0�Br�KZ℄^ (1990-06-24) [11]

(3) k;�"��g�kMh 1 �=iw�M�;�"\℄2_Bk;�"��.y/ vYh<F�9oi�,D��M? 	��Y��*Y�S�h/}Ix�.2_B�����/�B|�q� (< 0.1 GHz) ��� (> 0.1 GHz) k;�"Df�4S��p- [11] �/}k;�"�g�kM�\
���q�M/}lg�kMX7
���� (3 3y/p17)�
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4 3 �8lN���ld<�# (1992-09-12) [11]

(4) ^/���SppE6���Q 100 MHz �/℄G^l2_B^/�)��p^l�g�kM*Y�7�#�8��}}^l5xMn 0.1∼1 s ��j�9	4/A�,Dv�+�E6�MXj���S��� (3 4 y/p17) �

4 4 �_0 (1993-01-07) [11]

3 �$�tae{��$ |
20 wC 90Æ�7���3�&℄%�Ra0T=S�m/M!j�Hjhk&<F℄%,D�R�.sWDiD/}v_��y�=QX�6v�R��/},D.+�Dv?�_`�[�
1993Æ� Jĭric̆ka �H [19] = 1992-09-05∼1992-09-07&Mh 0.1∼4.2 GHz �9�R����,Dm�D�z�g&M��&*/1DoF� Jĭric̆ka �Hx�R� 51 p,�xS��



� 4 ' -�����'^&=G-E7*s`dz�{nu 335�76$���,Dy}9k&�)),Diz� Jĭric̆ka �HDi��?����,DB�S�1 ({j�w���1) �h 1∼4.2 GHz �9���SB −1∼−4 GHz/s�h 1∼4.2 GHz�9�j�K?.M/}��S�1 ({��wj��1) �,D�)��SB 1∼4 GHz/s �
2001 Æ� Karlický �H [20] = 2000-07-10∼2000-07-14&Mh 0.8∼7.6 GHz �9�R��<F,Dm�D�z�}z����RKQ		D&I���&��℄%�"4 SBRS [14] �bÆ� Ondr̆ejov ℄%�"4�C;`�Karlický�H*�,D�"3DiD�1^/y��M�ZM��1�Fy�q�JY�1T	�? ,D	��&R-D�1^/y���%&76�Z℄%Z�uW�Ei�D}},DM��℄�}/k&=�&<F℄%,DT$�z4XM�B�wC��� 2001 Æ Jĭric̆ka�H [12] = 1992∼2000 Æ&Mh 0.8∼2.0 GHz �9�R��<F℄%,D6)r_y��z�}},DyKbÆ� Ondr̆ejov ℄%�"4�REAP��)kMT=S��ST=STDB 0.1 s � 5 MHz �h 1992-06-01∼2000-06-30&Mx�R� 681 p℄%xS�\kM��R2#DXe�<F,D�~�)�'��?��,D$��1N�1^/y��7My76�ZMy�/ �$���

3.1 ��LDV��
(1) �1^/y�M(a��#�S�1�^/2_B�1^/y��yh=^/�z�d�Di�/$iT#��")�,D	��1999 Æ�Kliem �H [21] = 1992-10-05UT09-25��1^/ym�D�z�gy��"3N3 5 �t��h 0.6∼2 GHz�9W(�D/pw��(a�1�;�"�Kliem �HJB�}p�1^/yK1%&�57FxSVf�B}}FxSPK/p�j4%N���/�u"8Vf�}pu"8�u��"`	`��E����-k�\��u�P�D/pJ<o\��(756�BD	g}/��� Kliem�H&toD/p/�u"8�CDuN#/7� (MHD) P~�h}p���I�℄%�R[tD,���(756	`�_`�

4 5 ��2_0dz (1992-10-05) [21]
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Jĭric̆ka �H [12] �zDi��1^/y*Yh,�^lp�nq℄92�R��)��S�A�Æ�A{ÆTDB +80 MHz/s � −67 MHz/s �E6�?� (47%) B�S�1�Z� (13%) B��S�1�g���Sy:"� (3 6 y/p17) �

4 6 ��2_0dz (1998-08-18) [12]

(2) �7My} r_y70{G�R����y Jĭric̆ka �H [12] Di�/$��,D	��)��y�S:"��}}:"BM�� (�So�) .M� (�SP{) �u~�"3W�	��2�~B��7M��y/$iT�Q�r_y�N3 7 �t�

4 7 ��8Ndz (1999-08-17) [12]

(3) �ZMy�ZMy.Z���1���y/}D℄n�}}D℄n5xMp
�Q�)g/-�(� Jĭric̆ka �H [12] �DiD/$)FheDW��ZMy�p=Qv#�ZMy (N3
8(a)) �}$�ZMyoi=SXZ�)��yD℄n��B�?�nM�SMn�{ (N3
8(b))�Jĭric̆ka�HU)-;B�ZMy�/ �$��EDi�jw�M�ZMxS� 17% �



� 4 ' -�����'^&=G-E7*s`dz�{nu 337�

4 8 � [Ndz [12]

(a) w$!\Of| (1998-05-02) � (b) +HjgFY�!\Of| (1998-11-23) 

3.2 �DVd�qD=,D�"T$�z� Jĭric̆ka �H [12] &U�R��<F,DR)�/}�&*/m�D=|�4X�h,D\℄0��T*�d�*V�zW<�D/-mt�

(1) *�R GOES (Geostationary Operational Environmental Satellite) �~4X�Di�?�<F℄%,D=BQ C : X ℄n,��)X>y M � X :,��B�(TPZ�76
B :,�=B�℄%\℄34�PS (X ℄n,�{3�STB X � M � C � B :) �

(2) *�R GOES P X ℄n\℄4�Æoi�kMm�=|�Di�?�<F℄%,DyhP X ℄n,�4�Æ (,�F4�) �02�R���}_�7Yo��Sh 1 GHz 7W�,D�?=BQP X ℄n,�4�Æ�0�,�^lp�
(3) *�R Potsdam-Tremsdorf &I��R��mF�,D (57�) m�$4�Di�3��^l���,D�q��,D�
�ZQp-�\℄0� ——j
57�Vf�\℄�

4 �lV>T��$ |Ap=Æ��3�R?��m/Mhm�T=S�Jz4vj�℄%�"4oiD�)�4X#��0�.��y�	��&��℄%/��"4 (SBRS) [14] � SBRS y /ph<



� 338 �������'�J���n�u������� 23 ��F�9����SK?	�REAP�&℄%,D�/��"4�)�R�SK?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 p7�"4�`�kMT=STDB 5 � 5 � 8 � 5 � 5 ms ��ST=STDB 1.37 � 4 � 10 � 10 � 20 MHz �=Q/}�-�9� SBRS �kMT=S&
�� 1 ms BO�B 1 toD SBRS R)�/}#��&℄%�"4�RK?�T=S�=4�{B 1 �Q SBRS ��R�9v��kMT=Svj�}=Q<F℄%,D�R��z2iTM=��Q SBRS �s_i[�-�NGPQIk [14,22∼25] � K 1 �[��S���M}Twx��vHh [14]�%5 �T�UL� mOW?U K{5
/MHz /ms

Phoenix 100∼4000 100

Ondr̆ejov 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⊙ (Cu�x�(_'^_�OCp5
.Q SBRS +���BjT=S�jJz4�<F,D�~�Hj�R�D�?v`e�,D	��/Nuhv_<�yW=6
�,D$�m�TW�M/NuJ<Di/}��,D	��-k�jT=S�jJz4��R.4��}mD=s ,D\℄0��T*�d�*V�z� 2004 Æ� Fu �H [13] >D 20 wC 90 Æ��&� 2003 Æ�T$�zwC�E!oD/ ��<F℄%,D�T$�}.Qj*�/}#�����,D	��i[jT=S�"�z�A�mt�

4.1 ��LDV��
(1) <F�,D��,D=�,Dy�M�&℄%\℄��zA5��	r�AnyhmF�Di� [26] � Isliker� Benz [11] (1994) U<F�$
��y_B$�,D�����zDi�<F��} ��1yM�?RmFJ-���� Fu �H [13] (2004) |?U)T$B<F�,D (N3 9 �t) ����S�1S�?�y���B6))5�h 40 MHz/s � 22 GHz/s �h/pt-��S*�W���g�kM{{Q 30 ms ��Q 200 ms J���SK?{=i MHz ��Q 1 GHz [27∼31] ��&<F�,DCBKr�Uj
%7����6v?,D�M�.�
1997Æ�Fu�Hh= 1994-01-05 1∼2 GHz�9�R��/p<F,DxSm�TWk�DiD/ �MApJ-�S�1ST	�<F�,D�EU)_B<F�,D=�}p,Dh�"3WBioAp�S�1T	 (��STDB −0.31 GHz/s � +0.325 GHz/s) �hApT	MM/pTh�S�E6Ap�S�1T	��q�S�M&M/p��Sim��h}pim��SK?	fM�,Doi [32] � 1998 Æ� Huang �H [33] �o�/p��B 4.5�qQTL
}����}p,DpB�%7�
"�}p%7��
y2/pj4B 107 m �34B 10−4 V/m �%WF� 2000 Æ� Ning �H [43] �z~��hg,D�"89T� β ≈ 0.01 (β Bt�&�(7#�4��8/#F/�7Ru�7�4Æ) �E8<



� 4 ' -�����'^&=G-E7*s`dz�{nu 339�%7�(�"89T��4B 1.07 × 103 km/s �)�7�&,��T*�d�A")�P"y
B|Q�F9T�-H [34] �z�<F�,D=�Th�S=g�W�P"M"):; [13] �

4 9 �=GÆ�-E [13]

(a) 2.6∼3.8 GHz �;� (b) 5.2∼7.6 GHz �;

(2) <F M �� N �,D<F M �� N �,Dy<F�,D��$��>�S�1��j��"3 M , N��>B2_B M �, N �,D�R!*�<F�,Dp4�<F M �� N �,D)�Q�?��j�17TDN3 10 �3 11 �t�
2000Æ�Ning �H [35] +�D 1999-05-03h 2.6∼3.8 GHz�9�R��<F M�,D�E!oD/p���JBx,DyK$u7nb/76H℄�%7�\℄Vf� (}p%7�An�
	`Q/p� – DCIM (TmF^/) �,D��(756) �M�
y N �,D�%7�H℄CH�P/3z�
2001 Æ�Wang �H [31] +�D 1999-11-27h 5.2∼7.6 GHz �9�R��<F M �� N�,D�JB�j�
ymF,TmF U (, N) �,Dh<F�9�!�hT*3�W�
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4 10 M � - E (1999-11-27) [31]

4 11 N � - E (1999-11-27) [31]

> Q u � ? u f p � H ] C H 7 6 u � , O f p | e F 5 N  � � U ] C H �

(3) < F � w : J Y \ ] � J Y \ ] =

� & ] % J Y \ ] � � � y � g � k M R Y 7 � � S � � R Y q � j � � � h � S � k M

W R � � Wang [36] (2003) + � D / p t Q 5.2� 7.6 GHz � < F J Y \ ] x S � ) P B B � J

Y � � 99 p � g p J Y � g � k M { Q 10 ms � � � � S 5.87 GHz � g p J Y � � � � �

24.5 MHz � y � � � S � 0.4% � Wang � H

[37] (2002) & = 1998-04-15h 2.6� 3.8 GHz 	 �

< F J Y \ ] x S m � D s _ � T W �

$ 
 Q < F  � , D = � U • M A p J - � S � 1 S T 	 � < F � w : J Y \ ] _ B <

F � w : J Y \ ] = � 2002 � � Liu � H

[38]
+ � D }  J Y \ ] � ) � S � 1 T 	 � � �

S T D B � 21 GHz/s � +56 GHz/s � A p T 	 � T h � S B 2900 MHz � B � � � 4 � � S

c F " 	 : " � R < F  � , D = J - � y � < F � w : J Y \ ] = A p T 	 � � q � S �

M J ~ h � � S i m � �



� 4 ' -�����'^&=G-E7*s`dz�{nu 341�
(4) �1^/yAp� Kliem �H [21] (2000) � Karlický �H [20] (2001) +�D/ (a��1^/y�E���Cy/�u"8�����1^/y��#(a�1	`Q�p"89T��(756wWb/��(7#o4X��/pH��Wang�H [39] (2001)�Liu�H [40](2003)�

Tan �H [41] (2004) H SBRS �R�D�?v�_`�x$y�Di)��S*Yh −3

MHz/s � −60 MHz/s BO [39,40] �3 12 htD)�/��1^/y�_`�

4 12 ��2_0dz�`a (2003-10-26) [41]

(5) <F��k&�zB|��� (8k;�") �g�kMB 1 �=iw�Y��*Y�S�NB

4 13 �=G � (1998-06-12) [42]



� 342 �������'�J���n�u������� 23 ��o4Jj [11] �Bh 2001Æ�Wang �H [42] = 1998-06-12h 2.6∼3.8 GHz �9�R��/p<F��xS (N3 13) m��z�Di�}p���g�kMRY7 (�^ 300 ms) ���4RYj (100%RCP �RCP 8 Right Circular Polarization)�NBo4.RYj (1000 sfu � sfu8 solar flux unit) ���4q (p=��^ 5%)�"��RYj�.Q}}�R���Wang �HJB<F���\℄0���
y�(7#\℄,^m\℄�BJy)�-MF\℄�
4.2 ��Ln
i\RbGQ�KQ�&<F℄%�"4T=S�Jz4�!j�Hjh=<F,D6)r_y�T$�z�J<+�/}v_���[��3�z�dO�ApHjP!oD��P" —— <Fr_yM.3y`�V℄�N�~h��e�yne�

4 14 �*GifEX� [Ndz (2002-04-21) [14]

4 15 �L���x;KZ℄^za�^s`dz [13]



� 4 ' -�����'^&=G-E7*s`dz�{nu 343�3 14 �3 15 TDhtD SBRS �R��/p)FheDyW��ZMy�6/p'��?<F�w:JY\℄�℄r_y�}p℄r_y��<F�w:JY\℄�g�kM (5 ms , 8 ms) R SBRS �kMT=Sp���0�Hj=Q}}r_y�<F�w:JY\℄6v!oD;>J-�\℄0��JB<Fr_y�y`~hA �
� (1)MA r_y�)�/ K<F�w:JY\℄y`�BM/ Jy� (2)�M�r_y2K<F�w:JY\℄y`��yKQ�iM�Ra0T=S�Jz4�m���?�<F�w:JY\℄fM2Di [13] �
5 ����X7Wi[D=�&℄%<F,D6)r_yT$�z� 3 p))℄9mt��7�K 2 ���}T�MEWezo�j℄SYs& �  � 	 } ++Ll>H��.F ∆t _>W�� ∆f > 400 MHz w[+HNA!ubf| [11]>H��.F ∆f

∆t
_ 40 MHz/s∼20 GHz/s � �Mt;m�'9��A��(�� [11∼13, 30∼32]

f _>j MHz � > 1 GHz �.F>� U �.F� M �.F�
N �.F��&��Nm9�0
spj�JG�Mt;m�'9��bgd1`1 ∆f ≥ 200 MHz �`mC�C `m�OOoC 0.1∼1 s ��N2& [11∼13]�%mO > 10 s �	r`mQ (Æ�pjjF_Æf-Z~ÆfC�r&� ��(��3`1f|��y<2&(`1��&��3`1f| �N�b��%�U�3�� �{1�w$:A-��)9% [12,13,20,21,%��UC<C>j MHz/s 7d1�A��S CME :^p5 39∼41]L[^_ ∆t _>j ms �����s� �j�Hf|�[+Hj��=�% [11∼13,18,37,38]m���jm – �U��NS Y�'FjN&�>H��.F>��Æ >HL[^_>gFf| ∆f

∆t
_ 100 MHz/s ��R$b �Nr������U�N~pjj [12,13]pj�.FC Z~Æf��SnH�.&.F �K.!\O (�� 6y�ON�R�*i�)� Nw$!\O�+HjgFf|Y� [12∼14,41]�3�) ^_o !\O�SnH�.&.F �K.�4��`m ∆f > 200 MHz �`mC�C [12]�%mO ≤ 10 s �	r`mQC�Kr.>H!� S}�.<��1�29{ ∆t �!<�)9%^_-`n^_ [11,13,42]_ 1 �>jy�T�� 9O �U�Æ�y-dy<$�: jW�R�m��6_�S[2E [12]
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Progress of Solar Radio Microwave Bursts and Fine Structures

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

(1. Department of Physics, Science College, Southwest Jiaotong 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 fine structures

could bring out rich information on the source regions such as the complicated configuration of

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

of researches on the solar microwave bursts and the fine 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 flare; emission mechanism


