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1 �Æ��l52%>. 30 Zy�>1U9�8Hg�,8{�>/�$sYU����}Nm�[Z�℄f�n&�>�oL8F�>�A�>byff6s2�KhA�>Kh�V��ht��(!Y��)>�/�gZ��>/�$s�y[N�sI��>��v���7v��R;�v��f�v�V�k D68�W��� (k,�Vv�W���ZDoLX>7;�<k��aIRwJ<�: [1∼5]) ~UVv�	��vv���N)V;��0�Nuv�	��oÆmtA		y^y[v[�'��DA [6] ��T1��Zy[v�℄1����2)%}q,4oh��℄s2A��		N�2l>		��%4VZ�(�mtm2����7v���7v��mt;���y����W� 106 K ���~Ue82�>b�&D#�s2�85u*[I8�*wRf�y����Q�
104

∼106 K �	�!�y ��I	�$W�����|�	��	���jX`a�F7 [7] s2�LHW�*7;e�d9~U?A��		�R')A��s2�9u [8] �
Harra-Murnion �� [9] ~yh>��7�Z�$s,8	��g=/{A��℄f?�4F�'6Z�b�9��	��/��℄0�AU5��℄���7�Z�2ry ���>�?���2�T�s?��88FVF���	��s?��/��℄�s*����&�>/�f:�vI(�?m2	�iu�oLPh��2IR�$k���R5�n0)#bm2�����7v����� C�?;�2004-03-17 � W&?;�2005-01-25 � H^�



� 216 �������x���b�Y�?������� 23 l�Nu>�/�mt/$�v$s [10] �/��x585Kh�'��℄�F�ER5Ayf�J�Z�n0�(� 2 � 3 E;7zQ*>���(R}�y�IR 4 E;shm2'u`�a��$'u��a��/�Kh 5 E;8#bm2>��/��℄$s�\�n�>�/��_��v�oL��24A�b�{YU�9�?F
k�℄��AOyf�O*f�
2 ���SR
2.1 ����Æ�nXV�rW���>��h�>�oLmt#b2� X ,= (1∼100 Å) � EUV

(100∼1500 Å)E;9,��b�_U�?��n�oLK�m����a(�4U�Q/�8 1 �>��mtoL�n$oLoX���O
NDoLKxZDoL80\o�k��B�|S [11] )sgoL[o�g=�,,,℄���3Æ [12] �� 1 � �7$�d[℄<( �GV� U qN�p > # p � Kt!;
/Å\E TRACE 1) 171,195,284,1216, �Yy6=5- (1′′) �<>#GT [13]

1550,1600 8.5′ × 8.5′

EIT/SOHO 2) 171,195,284,304 ��BE�<>#�y6=5- 2.5′ [14]

SXT/Yohkoh 3) 3∼60 ��qN3�FY�|�Y� 2 MK, [15]|>#�y6=5- 2.5′′th CDS(NIS)/SOHO 4) 310∼380, 517∼633 thI%wr���<�&�z�� [16]�jeUG)Æz_
SUMER/SOHO 5) 660∼1600, < 660 � CDS �X [17]p� 1) TRACE ( Transition Region And Coronal Explorer; 2) EIT ( Extreme ultraviolet Imaging

Telescope; 3) SXT ( Soft X-ray Telescope; 4) CDS(NIS) ( Coronal Diagnostic Spectrometer &�
Normal Incidence Spectrometer; 5) SUMER ( Solar Ultraviolet Measurements of Emitted Radiation 	

2.2 �Q2DÆ�>��'�JSb���;�m��;B�htd9A/�Kh�=a&h��Kh���aoLw�|���{Nu&�>����;B?�oL�n���Kx�b?� (<8 2) �yL�E&�n(1�k�4/re`�� Aschwanden � Nitta [23] Ve{="� SXT s2���h$s� Martens �� [24] � Schmelz [25] Ve;="�.sav�+4/L���?^
� � 2 �7$N����4� p ��=C =,50 Kt!;
SXT _Y�:2 /tbw�- [10, 18]

TRACE 	� /tbw�- [19, 20]

EIT 	� /tbw�- [21]

CDS nG?��5GpA	� �=..�=C [12, 22]
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2.3 ��3XFb>��oÆy^y�;�9��T	H"�Reale �� [26] h�y[�AbP>��9�y^,8��9��-r�~�q;℄	N[�3��Winebarger�� [27] �� TRACE�oLmth� 4 [��		y^,8��-2 284 � 195 � 171 Å="e8�?�="oL��>�LH?�{Y)�*[I8�8u�*w�2N[y^b��*�Vr�(#`?3kb�gKhwV�e8I�3Æ�E2�bs2yL��a�'��xr��aIRXWh (>���aIRQ*< 3 J)  Spadaro �� [28] �Kx8F/�v�?�>����aoÆw��b?��/�v��vg�e803X�		y^ [28,29] �%�[Z� Muller �� [30,31] m2�r	����?����x5a����		y^�9I�r~�q;VS�:�/�|S,8/�7W?���oÆy^w?��7WDv8�w�u�d�rj�C|:I7W8��oÆ℄8eyfji3Æ�|P7W
�M!PU88��oÆ3�/0&B�
3 ����{�KT9SsU�W��oL%�<℄�>/��x5�85Kh�?VroLbTG��XVI��W�2�k�4/iuDk� (1) �oL�}h30y�V<�/�|S� (2)?��n�'u`�a���aIR� (3)�IRKx�oLKxXW+D� (4) }h+DKx�/�|S�NY�oL�G�&oL8HXWND�>�_U℄erb�IRby�30k�#V�
#V��rKh�
�>bqfof+�I (
 β {V) FL�9,%_e��>�oSKh�>����;�Kh�mo�=�'`'��V�lNm�m8��>�IR2x5%nAy���~U30�A&Y��IA!��U*�Vr2oÆy^b?3�
3.1 �9U��2A 3 [4^;9�`�K����K��$V�K�4^���'u`�a4^X[&&85�`}$Z��"�

∂
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∂
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) κ0 ��l}0S�sa"�E,`6CwI� Rosner�� [32] O)%�[W��t� ER �2��u�sa��y ��#|%OwJ<�: [1] �4^ (1)∼(3)b�kCX�~U{V2�'����
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d�302�����[ Bradshaw� Mason [33] ;��>
;�$K�D~S{V2k�E,C8��
d��Ys*2TFf{t�k� /&ND��		87�y����4^ (1)∼(3) b��QS� n � V � p � T �1{/rj4^ p = 2nkT :4^A/gw�����N�F��IR�N;����'u`�aN����Y�'u`�a��'u��aN�����'u��a����;��8=uE�N� n(s) 	E�
n(s, t) �
3.2 ��BJ+"�,J+>��d;}=y��d�vq�1P}=Y)�2#|OFA��s*#|K,�'�y^&�>��B�#|O�k�UUI�[W4/� Antiochos �� [34] � Spadaro �� [28] 2k�#|O�E,`68�k30�sa"��|#|;�u� 6 × 1011 cm−3 ���
� 29500 K 8g?1+[E,`6�#|��2 29500∼30000 K T3Æ�w℄a}�[WAI� Gan �� [1] �E,`6_pd<�2+[4/%y �Z�;wl>I�{C�V<�
4 ����1�Mj
4.1 �5I.3X#�)>k�'u`�ad���~U2yL�����'oL�FL���y�?�e8h(�NIo'�oL,8>�#�s2�LH�VÆÆtv�kE,		85�l}		85�b�5ih��>�s2y[�K��^/�$;yk/�4<A#��'?℄853Æ���pur2Am2>�/�C�x5;B�

Rosner �� [32] � RTV IRA5i�IRb�_��y[�9��>�An+/����IRKx�oLXW+D9���nG� RTV �7�+Fy�+U��'�JS�l+���30 p(s) �USP�7�+mtC��!� (L = 10∼100 Mm) ���
(T = 2∼10 MK) �� Serio �� [35] Jq�/�|SMZ EH = E0 exp(−s/sH) V<�9�/�7W sH ��/�#b2~�O[;y& RTV �7�+XW��u��[>�� TRACE oLSh8F� 3 fN�oLKx?V�_�� RTV IR�ND [19,36] � (1) 2���>E;m����;BA[W���� (2) �&�#��n+/�y^���fv`W� (3) ��fv7WWu'u`�a7W� 4 &�N�oLKxVFn+/�U����Aschwanden �� [36] & 500['u`�a� (kb��a�r 4∼300 Mm /�7Wr 1∼300 Mm) XW;+;y� 41 [ TRACE oL���XW+D,82F 41 [�b	� EUV �?V�n+/��Y�)zF�~�/�k/�7W� (17 ± 6) Mm /�|SV< EH = E0 exp(−s/sH) �2n+/��7n+/�{}2&�y[�XW'u`�aIY (<� 1)w�,87n+/�aG�%PN�oLKxFy��ku82��;B%��&�n+/�~�/������;Ba�d�%�~�O[�;�wF79W�rV�d��r7n+/�[to�a(�V�r):)�%4�l}`6:I��q��
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� 1 �o,0�JS�8o,0�JS�,E [19]��p-2�LU���9p-2�LU��'Z3=:����<���m~(&^X��y6=C

4.2 �5I�3X#�)>O��: [19,36] bVe EUV ��fv7W�8Vu�'u`�a7W� 4 &FVFFL��wV?k�'u`�ad�)2��aoÆy^b�f7W$s�2;�Kh%`�aN�oL�ss2�v?G� Winebarger �� [37] & 67 ["v��� X ,=�XW�+;+,8�&n+/�IRV)	���;�`W!)����;�`
X�' 28% ��w�`�aIRND�



� 220 �������x���b�Y�?������� 23 l�249�foL��a��`�aIR�G80\��n�#D�=s*2T��d1��Q�tu� 0.1 DN/s b[t��I,,��r� 2 wreXt����W�
2 MK �VI� 400 Mm k�`�ad���gw' SXT lL��Xt����W�
0.9 MK �VI� 100 Mm k�`�ad���gw' TRACE lL��	)V��8?�'lL� [37] �

� 2 TRACE � SXT $E�>%���WA�a�bO���--� [37]

�[oL7= [26] �':27v�}=2o����w�U83Æ�%�>�b��yL?#��'�m�.������FL8HVFFL�?k�`�ad�rj0\�'u��aNXWk���8w8F>��/�A?#��[t�℄853Æ�Ys*X��'u��a��/�V<f�ts*kx5Kh�ts*k85Kh�x5Khm2�'u`�a��W85Kh�>��/��℄;x�n�{��Nu/��℄&/
�k85Kh~UA30y��|SV<� Spadaro �� [28] I�� 3000 s T/�|SO63ÆV<Warren �� [38] I��!C4|SV<ww`hoL�IR�+D��N85Kh [39] �����v��/��℄re�!44<�℄�/�4< [40] �F�Q* Reale �� [26,39] 2000 Z�y[�R�$℄9?��
Reale ��CP� 1998 Z 6 ) 26 � 13:01∼15:25 UT 2 AR8253 oL���9��mty^�P�V 100 Mm �hq8AnTAZ 60◦ �dJ4r~�9� 10 min 	y[.�s��Cur%1~�5m 7 min 	2Q1~��s�y[�Cuq;e8-)℄s�[CuF��.�N[�9����	N[�';Z*[dW���oÆ�15���9�y^b��3Æmt��[oL�yA��1�n���?&Y�+A~�������&+℄85r 10 A� 3 �J4s*#�/�{V2p}=2Ce�$�x5�\�F�h�m22� 3f4<y?s*��/�V<mt}hA��;B�?&YX�
(1) ~�/����oL�%~�}A+Q~��;yJ4e89��.���Cu2%~�b�s*%~���'D6��\�Kx7=e8���?&YX�oL�1m)������1)?A/�$b2�\�$D6�\wV��QEo�b�
(2) n+/��pks*n+/��mtN�A��+[oL&&YoÆ�`
^��Kx8F`
^�;?vm�$�\�Q����~�R5�
(3) ?&Y/��2 (1) � (2) m2�g%�e�$�\2QEo�%j
~�' 30

Mm �Fy/�4<}u�Vt+u�f4<a/G�oL{A��yLP�[tr85oÆ%XW�N�



� 3 j B����ir���?� UidY? 221��9,oLKx�+IR (3) ���`I�)[t&85KhXW�N�����aW���t}>�b'`a�[;��A
 (u� TRACE DV���B�2�) �I��4/f�rWm;H"�/�v�����/�y2 100 s T#`��℄	� 300 s T�VS�:�PIR�$,t+IR (3) a�v FA����av�l}Cu��
yuK,rW;�)℄	�VS�:A���k		�QO	�IR��;BaG[oL?9�2oL�g%~y?������aIR�℄9>�/��x5�85Kh�py^b0\o���;B��$D6�\R5�n0;?y[�x���Dv��\���$D6�\���et*�K2�
4.3 ��RM9U℄soL�nx5;4,�?$rWoL��>��_F77=ea�^1�KhXe�Nu;4,�W� TRACE �;4V���)�(�E:�(5� (multithread) IR�ND�noL8H�

Reale� Peres [41] ��(5�IRIY�y[ 50 MmV�>���;B (TRACE�oLKx<�: [20]) �930�A� 6 [.p�����15��Z8y5�'n+/�yk�?��'u`�ad�rj�15���W��2 0.8∼5 MK R53Æ8y[15�n?��{�x�FL15��Zy[Nu;+8��vE;℄8e�oL�G���X`�℄	 Aschwanden �� [36] ��FyIRIY� 41 [�� TRACE oLKxX��!���IYH�oL�G��A9& Reale � Peres �IRXW�ZQ�8[15�n+/�Q�?n+/��	����oLa��G�Kx;PF>�/�A?n+��\�z����aIR2�����;B%+`�aIR�Kxt}{A2��85oÆ%}�s2$s�k		87t+�2MyoL="�LHI�(�b� Warren�� [42,38] �(5�IR���'u��a�%�9`7�y0���aIR�N308y15��/�}qj,�Z� TRACE �oL�	���oLo92		87%a��G�Kx�
5 ����1� _Nuf6��>�/�m��s|2O&'x�&'.�{Ar24~yo�lNY>�WOvq�V���~"�/�>��7��2��>���*:lN85��JD`h&'.��z5~U�>��/��℄;���� DC (T'�') IR� AC (B'�') IR� DC IR�Y)fIRPIRbs|�s|2O&'.�Z�D5>�~�k℄��0�.�:�oS�{�V'fXoSb98��4siR	D6e��~y℄fQÆ.�,4�oh��AC IR�Y=IRPIRbs|2O℄8zZ�jiX.�r)2�>�OR4℄f℄s� MHD=F%l<~y=�~"�/�>���xzo3=V2�>bR4d�A/�>��yfwV4<�aU<�4<A�*:=�gJ.H������%�3=/��#|b�h��#|^,'wA>�/��wV4<�



� 222 �������x���b�Y�?������� 23 l�n��>/��℄!�kb�>�/��℄�_�v��ePb�� Narain �
Ulmschneider [43,44] �b�� Ulmschneider �� [45] 1991 Ze��O�$ Gomez [46] �
Beaufume [47] � Zirker [48] �Mandrini �� [49] �b��Nu�7�
�Oyf�O*f�℄/�>��Mandrini�� [49] &℄f>�/��℄XW�eP9`hoSv��/�,$��a�R5�7�n0,8 DC IR�&� AC IRa/G�oL?9�Nm>�/��℄�y[�K4/A&My/��℄XWSUIY�����V�;B!�x5�85;B�	�k��>�y���aIRV�K�4^b�/�C1+DIRKx�oLKx�℄$p/�4<AD�K�&kb�'�JSXW�J��
Walsh � Glasgaard [50] �o'2S (flux braiding) IR�$yTM��|yE;�hE� 5.1 � 5.2 Jb�vE;IR�
5.1 �:\�9U%>. 80 Zy Parker [51] re�Pv�/��>�o����~��℄�.�:�>�b�o�=xF?�^VZy[[I��'aoh�2FL�'ak,4VZy[[I�V�D6?=�/�>����Ff�℄ Cargill [52] �hEre����>��Pv�IR�U�Ve�A\r&℄fvIv���+h,8Pv���v��,4qS%%(�vv��$,qS{Pv�Ff/�4<&N[�>!�\`��/�;?b; [53] � Benz [54] �~y&
�>\`��Pv�h,8F�I�V�D6?=br�V�WAb[}V���;R7*�

Cargill � Klimchuk [55] ~yPv�IR�ND Yohkoh SXT oL�����>��29�IRb�s��(5�IR��FL.p���a����15��y[I�V�$, (Pv�) 4</�)ZPv�2x5�85%℄�;B;ykV�w2y�2�T℄�3Æ�~yIR�oL+D,8I�I�|b�y (f < 0.1)w�ND�� (T > 4 MK)�oL)&�(	y��� (T ≈ 2 MK) ��|b�y�Pv�IR�?Vh8oL�����,,�;B�%�2pIR�g%Cargill [56] +[�yLsg=;�oLXW�+D,8(f��~�g=/{nXe�oLU�pre�R4FyKx�*[wV"��tNmFL6'�[t&8y15��yLa�^
�'u��aIY�
5.2 MHD L�9U�[*Zhqy ���>oL�y[mtKxA2b��oLa��85Kh%FL� �88e℄f℄s���aoX�U59�8H;yFy~��wVk^Xe8��oL;4V� [57] �F8Fhq��OvqwVk���rjPrj2?�a��'�rjAV;�n����ND>�/��Uv MHD ���D�2�_�~�y����m�F%l<:��8yE;�oS�Z�S�'�;k�mHrj�|mHJF~kv7=XoÆq;MHD��,4�R	!{2��b�oV��Vg�De*ysrva�q3�Ia�T�VZW�KhÆ��'�W�FL^1Kh�,>��rW=� DC �'�~"K,�

Li � Habbal [58] h�������*:=/��29�IRb30y �g=b_UoL��7�.��>���*:=R4��:�=�,r
qFW}[=�
y�_/ZgJ�`y�=a~"�/�>��~y�'u�a4^��*:V�4^
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Milano �� [59] 2IY�~�&'.�830s|�Z�S℄,�=SAy[{L�xg (=+g) �2����rj2�� MHD IY9,8 DC IRDR� AC IR&>�/�a�K{Aa
x�K20\t?�2a�wu�s|Z�S�g%�
Gomez �� [60] � MHD IY8>8�>��N���ay^�~�.�_y*[jq	MHD ��g,4�℄8e{="=+gV<~",w�V�`6,�y[�IYy^b����7�+wgA��/�,�'�JS5�n08F}u�V DC IRt+

AC IRaG�oL�%�;�V�D6�U8X Gomez ���Ve���'��D�
Parker �Pv��DR5;?A?y[d9�wND�
"?=�℄��/&rSUIYb���~"?=XW�+�sw���V�D6?=�y[=+g;BgVSv'
1.5 FyKx�v���+Kx�"��
6 �J��M(�mtQ*�hq���>�/��hX>�\�2p4A�_��v��oL��2h{�Ak�dD�NH"7�y[f6�w�K2�&�yoL&H?��E���/�Khwv?�����H& 1992 Z 10 ) 3 �� SXT Sh Priest �� [10,18]��An+/�Aschwanden [61] 8[WzF�~�/�) Reale [62] ~y�'�;B�Y�,8/�$������s2�>/�4Aws2M
�?�oL�n���>���1�F7?�2p�g%�E,		�l}		��&htXw?����k�&/�|SKxw�R4�B��[�hX>8F~y{="�n (� SXT) ���/�|SÆÆzF�n+/����/� [10,18] )~y;="�n (� TRACE) R4�/�|SzF�~�/� [19,36] �Fy$s�`$wV2�E=4F%���k�?|� Schmelz �� [12] ~yL�E=4F��;,,�|S,8mE=4F���;B;?��{A2�(�Bb�30���;B��p&�{="�n�V~y=+4/�����wVs2y�$s[tr�n(1�oL�����;B�4/�NmF[$s��8�[K�?�oL�n�Kx���a�G9���;B�|�ws2?��R���?�/�Kh�wVX� Schmieder �� [63] ��� X ,=��"v���/�4<wVg?��9~y&y[���XWx1h,8 SXT ��V�D6kzF����n+/�) TRACE ��/�wV���~�>��/��℄$s�k/�Khys�[troL��2%XWa�2��h�2oL%[tXWyL��L��u!/�,�x5/�7W�/�℄85�3Æ�s|$k2O�Z��D�� 2006 Z Solar B �,,��:>�/�he%y[NfHK�kb� XRT (X ,=�%b 1′′ ;4,) � EIS ("v�ZDsg�) �:�>��oLSh��a/>M�^
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Several Progresses in the Study of Active Region Loops

FENG Li, GAN Wei-qun

(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Coronal heating is an important problem in solar physics. With the development of

highly qualified instruments, such as TRACE, SOHO and Yohkoh, more and more observational

data about coronal loops have been obtained. The coronal loops’ heating, being an important

ingredient of coronal heating, has been paid more and more attentions recently. Still, there are

many problems unresolved. In this paper, after the general overview on the latest progress in both

observations and modeling of coronal loops, we emphatically discuss the heating structures and

mechanisms of coronal loops based on the 1D model. The prospects of the subject are presented

as well.
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