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ØÓpÝ§äkØÓ�ÔnA5§�,§��m��Uk,«éX"F�X ���:!LÞ

«�u¯�!Blinker�¹ÄÌ�u)3F�½Ú¥−F�LÞ«S§k�Ü©�����u

)3��p��í¥"

�©òÌ�nãé��$��í¥�DVù¿�Ú�����ºÝ¹Äy��ÔnA

5Ú�)Å��ïÄ?Ð"ùp¤`���$��íÌ�´�1¥ÚÚ¥§ØLdu���

�±u)3���í�ØÓpÝ§�
²(å�§ùpÌ�0�u)3Ú¥�¥����§

½N�¡��/Ú¥���0"�´§�©�0�
�Ú¥���k'�3ØÓÅã(X�>!

b	Ú X ���)�*ÿ(J"12ÙÚ13Ù©OQãDVù¿�Ú���§±9�§�k

'�¹Ä"14Ù�Ñ?ØÚÐ""�u�V^§du8c*ÿ���§Ø��[0�"

2 DVù¿�

DVù¿�´Ì�u)31¥S��!�3�m�á�O�¯�§�@dDVù31917

cuy"§�~u)3çf«±�"�,k�3x1*ÿ¥Uw�DVù¿�§�du§�

�ëYu�éf§Ï~�3Ú¥Ì�£~XHα 6 563 ÅÌ�¤�Ê?*ÿ�"d�§§�Ly

��:G(�"§�1Ì�Ì�A�´3 HαÌ��%A�vku�§=3�ÊþUw��

	÷��u�§�°�ò�� 10∼15 Å§Ï
Q�¡�/�L0
[8]
"ã 1�ÑDVù¿�3Hα

Ú 1 600 Å?�/�
[9]
"ã 2�Ñ��;.�¥�rÝDVù¿��HαÚ Ca II 8 542 ÅÌ�

Ó+
[10]
"Cc5§�Ãup©EÇ�¤�Ú1Ì*ÿ§éDVù¿��ÔnA5Ú�)Å�

k
��\�
)"e¡©OÒ§����!/�!Æ·!Ì�A�!̂ |Ú�Ý|!Uþ�

O§±9�)Å�����[�0�"

ã 1 (a)DVù¿�3 Hα-1.3 Å¶(b) 1 600 Å?�/�
[9]

.
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ã 2 ;.�¥�rÝDVù¿�� Hα (þ�ã)Ú Ca II 8 542 Å(e�ã)Ì�Ó+
(a)¢��DVù¿�(EB)�Ì�Ó+§J�Ú:J�©O��w·�í(Q)ÚDVù¿�NC?(N)�Ì�Ó+¶(b) EB-Q�Ó

+¶(c) EB-N�Ó+
[10]
"

2.1 DVù¿����!Æ·9ÙÌ�A�

1968c Severny
[11]
*ÿ�DVù¿��²þ±Y�m� 15∼20 min" 1973c ROYÚ

Leparskas
[12]
|^©EÇ� 0.3d� LyotVò� HαÈ1ì*ÿ©Û
 178�DVù¿�§u

y3 Hα−2 ÅÅã§ uF%NC�DVù¿�²þ±Y�m� 13 min§ uF¡>��D

Vù¿�²þ±Y�m� 11 min"1982c Kurokawa�<
[13]
¦^F�®Ñ�ÆU©�Ã�

º��"�º�*ÿ]�§©Û
 174�DVù¿�§uyÙ¥�õê�.��ý�(�§

�Ù²þ�Ý� 1.1d§3Hα−1.2 ÅÅã�²þ±Y�m� 12 min"2000c¤Á�<
[9]
¦^

{I�=�U©�(BBSO)Ú TRACE¥(�p�m©EÇ�êâ�[ïÄ
 75�DVù¿

�3 Hα−1.3 ÅÚ 1 600 Å�1C­�§��Ù±Y�m� 10∼20 min"2002c Georgoulis�

<
[14]
©Ûí¥�1���å
&ÿC�(Flare Genesis Experiment)�*ÿ]�§��DVù¿

�õ�ý�(�§²þ��� 1.1d×1.8d§²þÆ·� 10∼14 min§¿�éõ¬3Ó� �

­EÑy"2007c Pariat�<
[15]
©Û SOHO/MDI ^ã9 TRACE 195 ÅÚ 1 600 Åã�§±9

{¿éÜï�� 90 cmý���"�º THEMIS�]�§���DVù¿�õ�ý�(�§

�3 Ca II�Ê²þ��� 1.4d×2.0d"2008c Matsumoto�<
[16]
|^FÑ(Hinode)¥(þ

�» 50 cm���"�º�p©EÇCaII H�ã�§*ÿ�DVù¿��3æ�¦(�§�

)��÷X^¥5����� 0.7d×0.5d�.���Ø§Ú��*ÿL§¥�ÝÄ��±

­½�*Ñ�'§Ù��� 1.2d×1.8d"2010c Hashimoto�<
[17]
|^FÑ¥(�p©EÇ

CaII Hã�]�ïÄ
 4�DVù¿�§�uy§�d�
°[�g?(�|¤§Ù²þp
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î'� 2.7"¦��d*ÿ(J�Ñ3DVù¿�¥§̂ ­é�±±Y/!mä/u)"

DVù¿�Ì��wÍ�A�´3Hα�Ú¥Ì���%A�vku�§
3üÊ�3

�r�Øé¡�u�(�ã2)"Hα��õÊV°Ý��� 3 Å§�Ì�rÝ3Å�ål�%

1 Å�m�����"ù²(/`²§DVù¿�Ì�u)31¥�§3Ú¥��U�k�f

�\9"1970c KovalÚ Severny
[18]
ÄguyDVù¿�Ì��7ÊØé¡5§¿@�ù´

dÚ¥u�Ô��þ,$Ä½öDVù¿�þ�áÂÔ��eü$Ä¤��"�¤�<
[10]
ï

Ä
 THEMIS*ÿ�� 13�DVù¿�§uyk
DVù¿��Ú¥Ì�¥�ÑyùÊØ

é¡5"

2.2 DVù¿��^|Ú�Ý|A�

éuDVù¿���Ý|®kéõ*ÿïÄ"3DVù¿�NC²~�±*ÿ�Ú¥Ô

�þ,$Ä!HαÀL!V42y^6±9£Ä�^|(��"1968c Severny
[11]
3DVù¿

��í¥*ÿ� 1∼3 km/s�þ,6"1982c Kurokawa�<
[13]
uyDVù¿��Ú¥þ,6

k'§Ù�Ý��� 6∼8 km/s",��¡§2002c Georgoulis�<
[14]
ÏLÚOïÄuy�L

80%�DVù¿�Ï~�1¥��eü6��§Ù�Ý��� 0.1∼0.4 km/s"2006c�¤�

<
[10]
|^ THEMIS"�º3 2002c 9� 5F*ÿ��;.DVù¿�HαÚ Ca II 8 542 ÅÌ

��1ÌÓ+§��éur!¥�Úf�DVù¿�§À��Ý©O� 2.2§1Ú0.5 km/s"

2008cMatsumoto�<
[16]
ÏL©1Ãã��DVù¿��1¥�Ý|§uyÙ1¥²þ�Ý

� 0.2 km/s§���e�$Ä¶Ú¥²þ�Ý� 1 ∼ 3 km/s§��þ�$Ä"¦��uy1¥

��Ý�Cz­��Hα�Ê�1C­�äkéÐ��m�'5"

ã 3 2002c9�5FTHEMIS"�º*ÿ��EB �(�i)Úp�^|���©Ù(a)Ú�Ý|©Ù(b)
[10]

DVù¿���u)3^62y«Ú�r^|�3�«�§ÏdïÄ§��^|�'

Xéun)§��/¤Å��~­�"3±c��
ïÄ¥§<�uy�
DVù¿�¬3

�
^|(��>.Ñy§~X3^¥5�NC
[12, 19]
§32y^6NC

[15, 20]
§½ö3£Ä�^

|(�NC
[21]
"2000c¤Á�<

[9]
uy3çfÚ^¥5�NC±9��â(��>�§D

Vù¿��u)Ç¬O\§� Hα7Ê�rÝCzÓ 1 600 Å�1C­�äk�Ð�'5�



4Ï Ü±§�µ��$��íS��ºÝ¹Ä 3614Ï Ü±§�µ��$��íS��ºÝ¹Ä 3614Ï Ü±§�µ��$��íS��ºÝ¹Ä 361

DVù¿��õ uV4^|«�§
Ù¦DVù¿�K u^¥5�9ÙNC"2002c

Georgoulis�<
[14]
JÑDVù¿���uÑy3$Ú¥��^©�¡½O©.�þ"2007

c Pariat�<
[15]
*ÿ��13�DVù¿�¥k 9�Ñ up�^|�¥5�NC"2008c

Watanabe�<
[22]
|^®Ñ�ÆU©�¥þ^ãÚ HαÅãé��^62y«�p©EÇ*

ÿ§uy¤k*ÿ��DVù¿�Ñ uR�^|rÝ�mFÝ��«�§�3d«�S^

|�Y²ÚR�©þÑ�3ÅÄ"�¤�<Ø
*ÿ�DVù¿� HαÚ Ca II 8 542 ÅÌ�

�1ÌÓ+	§�*ÿ��
 Fe I 6 302.5 Å��d÷�d1Ì"duØÓÌ��1Ì*ÿ´

Ó�?1�§Ïd�±��DVù¿���Ý|!̂ |Ú�Ý|§§���m �´î��

�éA�"ã 3�ÑDVù¿�3ü�^|Ú�Ý|¥�©Ù"dã��§õêDVù¿�

Ñy3^¥5�NC§�§�Ó�þ½�e�Ô�$Ä�éX"

éuDVù¿��Ù¦¹Ä�'X�k�
ïÄ"1972c VorpahlÚ Pope
[23]
uyDV

ù¿�3 3 840 Å��¸���m'3 Hα−0.9 Å��¸���m@ 3.5 min" 1984c Kitai

Ú Muller
[24]
��DVù¿��1��:±91��â3�mþ��§�uyDVù¿�

3 Hα−0.75 Å�rÝO\�1�(�3 4 083 ÅëYÌþ�rÝO\�3f�'"2008c

Matsumoto�<
[16]
uyDVù¿��HαÀL�'"

2.3 DVù¿���í�.ÚUþ�O

2006c�¤�<
[10]
|^ THEMIS�p©EÇ HαÚ Ca II 8 542 ÅÌ�Ó+�*ÿ]�§

ÏL�ÛÜ9Ä²ï�nØO�§Äg��
ØÓrÝ�DVù¿��9Ú�9�í�²�

�."ã 4�Ñé;.�¥�rÝDVù¿�����í�²��."��é'§ã¥��

Ñ
��w·�í��²��.(VALC)
[25]
Ú�¤�<

[26]
���Ì��í�.(PLAGE)"�¤

�<�(JL²§DVù¿�Ì�u)31¥þ�ÚÚ¥e�§§ÝO\� 600∼1 300 K"

ã 4 ;.�¥�rÝDVù¿�(EB)Ú���(MF)��í�²��.
[10]
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�±æ^ØÓ��{5�ODVù¿��Uþ§(J��DVù¿��Uþ��

31018
∼ 1020 J���

[10, 14, 27–29]
"�O(��{´|^�²��í�.§¿(Ü�Ý|�ÿþ§

�©O�ODVù¿��Ë���UþÚÄU"3DVù¿��uL§¥Uþ��Ì�dË

�Ú9D��)"du3$Ú¥�¥§ÝFÝ��§�±�Ñ9D��Uþ��"Ïd§D

Vù¿�Ì��Uþ��Å�´Ë��e"ù�§|^O�����í�²��.§Ò�æ

^[�+Ú�¤
[30]
Jø��²�úªO�ÑÀË����Uþ"�â�í�²��.�Ñ

��ÝÚ*ÿ����Ý§Ò���ÄU§Ï
Ò�±�OÑDVù¿��oUþ"�¤�

<
[10]
æ^ù��{�OÑDVù¿��oUþ� 1019

∼ 5×1020 J"

2.4 DVù¿��nØ)º

DVù¿��,®�uy
Czc§�y3<�E,Ø�ÙÙA�Ì��/¤9Ù>u

Å�"3*ÿ�Ä:þ§JÑ
Nõ�."1968c SevernyJÑ
[11]
§36Ä0�¥äk�Ý

FÝ�*ÑØß²��±�)DVù¿�"1974c Pikel’ner�Ñ
[31]
§XJDVù¿�´d

^­é>u�§@o^å��«��/§ÝU
��F��§Ý�"l#�*ÿ5w(~X©

z [10])§ù�§Ý´�p
"1983c Kitai �Ñ
[32]
§3$Ú¥��§Ýþ,Ú�ÝFÝO\

U
)ºDVù¿��Ì��°"Diver�<
[33]
K@�DVù¿�´d Kelvin-HelmholtzØ

­½5���e��Ø­½5>u"1998c Hénoux�<
[29]
JÑ
'uDVù¿���9�

.§@��LGÌ��)��Ï´pUâfñÂ$Ú¥�"1999c Litvinenko|^�©Û

)y²
[34]
§$��í�^­é3§Ý4�«�k�§Ïd§DVù¿��±d^­é�)"

2000c¤Á�<
[9]
uy§�
DVù¿���)�^­ék'§�,�
 uü4^|«�

>.�DVù¿��UdÙ¦Å�>u"

8c<��ÊH�É��.´1¥þ�½$Ú¥��^­é�. (ë�©z [9]§[14]§

[16]§[28]§[29]§[34−37]�)"2001c�+��<
[38]
?1
��^6NÄåÆ�[§¿�Ä


$��í¥�©­��Ë�Ú>l��^"C5§M¡ÿ�<
[69]
?1
 2.5�^6Nê�

�[§��Ä
­å��^"¦��(JL²§1¥½Ú¥$��^­éU
)ºDVù¿

��Ì�A�§�)§ÝOr!Æ·ÚHαÌ�A��"2002c Georgoulis�<
[14]
JÑDV

ù¿��^­é�."¦�@�§du1¥þ��45�^(���$Ä�@Ø§½�éV

4^(��� §�¦��^å��C
�)^­é¶½#�^62y�®k�^ÐX(�

^|�m�)^­é§ÑU�)DVù¿�"ã 5´¦��Ñ�kÏã"2004c Pariat�

<
[36]
ÏLÿÀ©Ûuy§DVù¿�Úá�«(Bald patch)ÏL�±Ï5ÅÄ�.�^6+�

péX§�ÅÄ�Å��uParkerØ­½5�K�"ù�uy¦¦�JÑ
^6+k{2y

�.§=DVù¿�´dParkerØ­½5-u�ÅÄ^6+k{2y�Ly"2007c Isobe

�<
[37]
|^��^6NÄåÆ�[y²ù��.�U´�(�"2008cWatanabe�<

[22]
Ï

L*ÿ^62y«�^|�.��m�üz§uy�
DVù¿� u2y^6+�vÜ§

k
 uΩ��ºÜ½ü4^|«�§Ïdvk]�(dip)�.�DVù¿�>uÅ�E,k

�§ù?�Ú*Ð
Pariat�<�ó�"Matsumoto�<
[16]
��âFÑ¥(*ÿ��DVù

¿��æ�¦(�ã�§JÑ
���\°[�^­é�.§Ù¥ý�G��Ø´d^­é
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���\9íN¤�)"ã 6´¦��Ñ�kÏã"

ã 5 DVù¿��^­é�.kÏã
[14]

ã 6 äkæ�¦(��DVù¿��^­é�.kÏã
[16]

3 ���

3.1 ����/�!��!Æ·9ÙË�

���§Ï~��¡�æ��§́ �«ºÝ��±Y�má�O�y�"XJO�u)

3Ú¥−F�LÞ«½F�¥§Ly�EUV½X��Ë��Or§K~¡�EUV�:½X��

�:"XJù«O�Ì�u)3Ú¥¥§K�¡��/Ú¥���0§�k���*ÿ�§�

�k EUVÚ/½ X ��ÑkO��y�§d�<�~Ú¡�����"ùp=­:0�Ú¥

���9���'�Ù¦Åã�Ë�"

'u����ïÄ®²±Y
A�c (�ë�©z [39−41]§[43])"����ºÝ���

A��¦��� 20d§±Y�m� 10∼30 min§����Uþ'���� 3∼6�þ?§��
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1019
∼ 1022 J§�����rfk'

[42]
"�f�����Uþ$�ÚDVù¿��Uþ��"

éuÚ¥¥k²wO�����5`§Ù��1Ì�²wA�´Ú¥Ì��%?�3f�u

�§Ïd HαÌ�¤��~�ïÄ�Ì�"ã 7�Ñ��;.�����HαÚCa II 8542Å

Ì�Ó+
[43]
"Nõ<é3ØÓÅãkË�O������L�\�*ÿÚïÄ"

ã 7 ;.���� Hα (þ�ã)Ú Ca II 8 542 Å(e�ã)Ì�Ó+
(a,c)¢�����(MF)�Ì�Ó+§J��w·�í(Q)�Ì�Ó+¶(b,d) MF-Q�Ó+

[43]
"

1984c Lin �<
[44]
¦^í¥�1�p©EÇ¤ì�*ÿ� 25�±Y�mA¦�A�¦

�MX�����§Ù¥�õÑk��^ X ���u��§�´�3A�¯�¥*ÿ�Hα

?ku�§¿�k�>�u"¦���1fUÌ�Ì�ê� 4*6§�)ªÇ�Uþ©Ù�Ì

�ê�� −1"1987cPorter�<
[45]
|^ SMM¥(�êâuy§±Y�m���b	 EUV

�:3 CIV ��u��^X�����Ó��)"2002c RHESSI¥(Äg¼�
���

�MX��ã�
[46, 47]
"

1993c§TsunetaÚ Lemen
[48]
y²§Lin�< 1984c*ÿ�����MX���rÝC

z� GOES¥(�^X����mOr�Cz�3éX§¿@�ù´MX�����3^X

��Åã�éAÔ"1994c Shimizu�<
[49]
*ÿ����3^X��Åã�3õ«/�§¦

��õê´õ�½ü�(�§�k�
´:
"1995c§Shimizu
[50]
|^ Yohkoh/SXT�*

ÿ§�����^X���� 5 000∼40 000 km§�° 2 000∼7 000 km§±Y�m 2∼7 min§3

*ÿ��áÏO�L§¥Uþ� 1018
∼ 1022 J§�Uþ©Ù�^ü��Ì©Ù[Ü§3�u

1020 J�Uþ��S§Ì�ê� 1.5∼1.6§dd��d���¤Jø�Uþ'¹Ä«F�\

9¤IUþ��$ 5�þ?"Ïd�I�Uþ�p�¹Ä5)º¹Ä«F�\9"2001c

Berghmans�<
[51]
'� Yohkoh/SXT§SOHO/EITÚ TRACE�*ÿ]�§uy�r� EUV

�:´^ X ������éAÔ"2004c Liu �<
[41]
|^ BBSO� HαÚ GOES¥(�]
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�±9 RHESSI 3∼5 keV�ã�§'�
 12�����]�§uy¤k����ÑU3^ X

��!M X ��Ú HαÅã*ÿ�"�´§<�w,ØUÏ"3ØÓÅãoUÓ�*ÿ�u

�§ù3é�§Ýþdz�����\9^�û½"2004c¤Á�<
[52]
©Û RHESSI�M

X ��]�Ú OVSA��>]�§�©Û
 760����"¦��ÚOL²§����ê8

���¹Äk'§k
¹Ä«¬�)�õ����¶�� 40%����3�u10 keVþk

M X ��Ë�§3 10 GHzNCk�Å�>Ë�"ùL²
�����9A5"RHESSI*ÿ

�MX��éA�1fUÌ�ê�4.5∼7§�ÅÌ�ê��2.5§�����ØÓ"ùL²ù


����)�õpUþ�!�)�>�>f"2008cChriste�<
[53]
éRHESSI*ÿ��25 705

� GOES C?±e� X �����?1ÚOïÄ§uy¤k����Ñ�)3¹Ä«§�

§�z��²þ�)Ç���¹Ä±Cz§l��¹Ä�Ï� 90�C���¹Äw·Ï�

5�"¦������� X ���¸�OêÇUªÇ�©Ù�^�ÆÌL«§Ì�ê��

1.50∼1.58"

Cc5§�
<é����9Ú�9A5?1
�\�ïÄ"®ïÄ
�����9A

53�ÅË�
[60–62]
ÚM X ��Ë�
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Physic Property and Theoretical Explanation of the Small-Scale

Activities: Ellerman Bombs and Microflares in the Solar Lower

Atmosphere

ZHANG Ping1,2, FANG Cheng1,2
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omy and Astrophysics, Ministry of Education, Nanjing 210093, China)

Abstract: Owe to high-resolution observations made in both space-born and ground-based tele-
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scopes, solar small-scale activities (SSAs), such as Ellerman bombs (EBs)and microflares (MFs),

have recently become hot topics in solar physics. Because the relatively simple structures of SSAs

are easy to study, but their physical mechanisms are more or less similar to major and complicated

eruptions, such as major flares and coronal mass ejections, and so on, the study of SSAs will help to

understand the physical nature of the major eruptions. Moreover, some studies also show that SSAs

might contribute to some extent the heating of the solar atmosphere, which is still a puzzling problem

in solar physics.

In this paper we present a review on the study of SSAs which mainly appear in the solar lower

atmosphere, the photosphere and chromosphere. We focus on EBs and chromospheric MFs, although

part of them could sometimes have emission in EUV, X-ray and radio wavebands. The study progress

and the observational results of SSAs, including their configurations, sizes, lifetimes, spectra, veloc-

ities, magnetic fields, atmospheric models and the energy estimation etc., have been presented in

details. The corresponding physical mechanisms and theoretical modellings have been described as

well. In particular, magnetic reconnection in the solar lower atmosphere as a common and well-

accepted mechanism for both EBs and chromospheric MFs has been described. The difference of

triggering mechanisms between EBs and chromospheric MFs isthat the reconnection occurs in the

photosphere for the former, while in the chromosphere for the later.

The direction of the future study has been discussed. We point out that the joint high-resolution

observations in different wavebands are essentially important for understanding the physics and

mechanism of SSAs. The theoretical modeling and numerical simulation should be compared with

observations in details. Why and how a lower resistivity, which is necessary for the triggering of

magnetic reconnection, could exist in the solar lower atmosphere is another important problem for

understanding the magnetic reconnection.

Key words: solar physics; small scale activities; Ellerman bomb; microflare


