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1 ����wl|p"����{~�BO6��f���jGl|sp�!�3 2.5×104
∼1.0×106 KO6�"I�3j{��{z�B�!�z?��.�C))E`���,3p"��!�z?�6>5�7z�Cs+ TV!)�3<\"t�>�ha�l|p"���j�H [27] �\pV5V�r��=�\�:~l|sp);^o�>II`gTEU�)X^l|spgLI`�rzq
jf�fF3G�l|p"�9>G�T9y�Æ`�>II`�,G�TgLz��sxI`;N>r.��# [71] �YV��Q~6�66zjf>0-�fFYG3G�l|p"�G�TZ.�Q��o���sx�# [1] ���p"���l|�Isp QIspO6�4Æ�Bz��l|C�T!s+���7,"\�BT�#��j)l|p"��rGLql|-�(# T`�|w —— �B4Æzl|Cn'�e=�($� 2 >BO'l|p"��r�<� 3 >lIx"O'l|p"��I`%�� 9�41�2008-03-17 � I�41�2008-06-15 'E/�n3vyn�QpfGO (40336053, 40874090, 40574064)



� 2 �������z�%�l�V�9������� 27 p�fFrF� 4 >O'p"�V^I`z<L��JZz-�LJ�9I~($����:U_*��a0� 5 >)���r7Iu\#�4t�*T7D�
2 r$��te�>l|�q
jfkD(+SG�=#Lp"����Zm��=)p"�ra��:G �p/)�>z<erl|q
jf�T�m�9U�����Y�l|m� 5 770 K��Q3D!���xE)!�BT)��s+ 5 000 Å �<O��jts��hf�Z#�ul|�z<jE)��,�3q
� 1 000 Å b�hfE);&#s+ 105 &�B��n�q
<'z	fF~t� �76fF��Bz<jE)C)U�/)��9wz	K)n�DfF�,3p"�!�7�AL��s_E�KGb3jf�)q
z"q
<' (��� 100∼1200 Å �"q
 (EUV) <'� 1200∼2 000 Å �)q
 (FUV) <') ��j��fFVk>0l|�q
jf�l|-�k2z	)p"��I`z-�a[U_/�#L�

1946 V�<m�ssr8{L (NRL) /� V2 �>Nk��#l|�q
jf��~# 20 D1 60 Vw4i��=�\z	��"w��S2����Dq
jf�)BRq
jf�!>0t���:�{�A�p"�z�Bu[`��f���3 20 D1k�5Vw��V�q
z)q
jf�':~ Yz�>\�)l|spU_Y4/�6X�fF�3B�6i�� NRL rZ��q13 Skylab~6="� S082-B"q
jf� [3] fF~p"�G�>r.�[6I`~S��p"��E)66/1�`�.���NRL rZ�Q>0-jf�)a HRTS[4−6] '+kq1��>"z Spacelab2<e"�/<#p"�#/E? (Explosive events) �n3��,�BRfF�VG���s�3PT6i�)�p"��Ixko��:��G�?�[1]���Q��o��sx�p"��Ix�HG�u� SOHO(Solar and Heliospheric

Observatory) <e�fF� SOHO <e"q1� Tq
jf�)p"��rn~#�s�	����j=G�BD(jf� CDS (Coronal Diagnostic Spectrometer) [7] zl|q
E)F!� SUMER (Solar Ultraviolet Measurements of Emitted Radiation) [8,9] ���B T�o 12 V��fFVk��=)l|p"��#Y4�D/��#L� SUMER z	u[ FUV/EUV <'Q~6 (1
′′

) �66 (1 s) zjf>0- (�y)) 0.044 Å/pixel �.y)) 0.022 Å/pixel) �r��l|�#�f�/����z�j��f� (℄S!�l
104 K ~ 2×103 K) ��IT�DzS�B��H� SUMER F!+d�_��[�r~
1∼2 km/s � SUMER �fFz	)l|"f+I`U_��sx?��!�zA��jfkD(�l,MW)/13�{�A�p"���B	A��(�-�pV�r�WR��"r� SUMER f�':5 [10] �l\��A>�'_3��p"��r�

CDS z	fFl|sp\"q
<'f��zfFf�<O5�� 150∼800 Å ��p)r�f�t� /��fF�z	�~l|sp\�s�!��?��*��X3��*TDF�~6>0- *F�66>0-�z	r�Bzp"��[6I`��� CDS fF�f�!�5��)E��z	�p�6)+�f�U_fF�rE�!�5���srF�



� 1 j ~������m}q#��Ja!sb 3��� TRACE (Transition Region and Coronal Explorer)  YU����#AL�q
<'��H�LG#p"�z�Bm�t%�66�.z"l[6�I`� TRACE �ML� 8.5′×8.5′ �C{��D�5>O��z	u[q
<'Q~6>0- (zr 0.5
′′

/pixel)zQ66>0- (zr 1 s) ��H��o� 4 T���>5)�"q
<'� 171, 195, 284 Å �zq
<' 1 200∼1 700 Å[11] ��j� TRACE z	u[l|3D 6.0×103
∼1.0×107 K !�5�l|spiA5���H��p=Pl|uiQ�� TRACE �oz	�Vlwl|3DiA�#S�+�o<L I`�/8pV����#/��B"��K1 z�Æ4~Q�Ckx℄o66��`.��

3 �r$��Kb'hHtH
3.1 ���2�>,$�3)l|sp��f�\�p"�B�{�A �B>St�3BI�#�l|sp�-�ra/1#`s�.�l� 1 z<�j{��{z�B�!�z?�.C))E`��,p"�	3<\Y	>�ha�!�3&&*5\��5�S-l 25 000 K 	2~
106 K �?�6l 1010cm−3 �CW 108cm−3 �n!�"2�spE)jf�x�\a�x�uE).S#A�E�,&sgVEQ�Q�����sE)�&8��j{?�Es�gLQ~j{px�Z�,3E2"�p"��gL	4p��Zpx�/��l,�FspI`�����Æ}�BR3j{z�{	A)q�sp�!�z?�I`>`��-�pV�.�`�# [27] �

� 1 �Y_m}tq�" – � dR �/Æ9B|dB�74C#!|A! [27]p"��I`U<\℄��{�Æ4~Q [12] �3<�p"�f�E)t��H\�7"I`�BRp"�Æ4~Q1?��D�'��Gj{Q>�~Q,NI"v-�Io��jÆ4~Q�)�nj{gL�#\b�Æ4~Q�Xo3�{ �BO6�p"�(o7s [13,76] �3Gp"�Gl|gLI`o`�8��#��Æ4~Q�g�!'�A��g



� 4 �������z�%�l�V�9������� 27 p��66��Æ4~Q�PI�Æ4~Q�PIsO3 20∼50 h [14,15] �p"�f��E)�\��A>'R�Æ4S��lsO3 2.0×107
∼3.0×107 m O6 [16] �� 2 ;B#Æ4~Q3p"�	A (Si II) �\A (C IV) z�A (Ne VIII) �>�℄o�z	u~Æ4~Qlp"�	A~�A>(�8��F�� 2�;B#tgL p"�f�E)7t�A> ()�Æ4~Q) 3�Y"�)�e4�z	/< �(~�;Nw [69] �

� 2 �?6^T�q#�
B�℄B��B��[gA Si II � C IV � Ne VIII �F*u ��
&zJhMu �! Si II u �UA [69]3)l|�&,fF\�"q
f�3�D
E)t��sb �D,(�n�z	��GNf��E)'g3�Q��&,fF/<��R>�℄S!��p"�f��E)'z	��s+C��Q�" [27] �3�DfF\�y��"q
fF+1
�f�E)Q���p)f�t� >�Q�"�
	gLU_Ce>0�z	�~Ce4VQ��.����sCe4V)��Q�z	Y℄��Gp"�f��E)Q� [69] ��B^71z	�~+�p"�f�3���D�#�E)Q���Y�rIo3G�℄S!�>��f�lE)Q�z	Y℄C��l,U��L8#>�!����sxz	_n�p"�\���Q� [71,72,77] �T�g��G�+�L
	VI��:�fS�*�z��)��t:v�gL�℄��g`��gL�℄�+�L
	+1�w``8/�gL�℄�
3.2 ���2��L�)LBF43 1976 V� Doschek �� [17] h�p Skylab "� S082B �o/<�℄S�p"��f�m�G;���rF���`�zr 15 km/s ��� HRTS(High Resolution Telescope

and Spectrograph) �fFU��L8#B�Io� Dere �� [59] /<�℄S�p"�\A�f� C IV (1 548 Å z 1 550 Å) 3B�zX^�>5n3`r 2 km/s z 10 km/s ����i=�/<�n3����73B�\g<�)�)3X^�\�s�3B��� 26% ��7G����,3X^��V� 7% ��7G�� [59] �������`rs+GX^�� &��Y�r/<�>5℄S�p"�\Az�A�f� O IV z Ne VIII 3���g��XA�n3Qr 30 km/s ��� [30,72] �



� 1 j ~������m}q#��Ja!sb 5�U� SOHO 6w��=�\
��℄S�p"�\;N��!�5�S�f�rn3G;w)�Wg����B[Gp"�m�4�a�*�� Peter [57,58] z Xia �� [81−84]D6r#p"�f��`r+d�_�f�℄S!��.rF�/<3X^��℄S��{z�p"��f���`r� 2∼5 km/s �n!��74���,�,;e�3 2×105 K ��r~�s (`rzr 10 km/s) �!�274����Tt�b�C��3
5×105 K O����.����℄S�Qp"�z��B�f� Ne VIII z Mg X h;B\���rF [58,81] �Qp"�f� Ne VIII ℄S�Æ4gL��{I�Bo`�8�p"��A�b�p"�f����b�.����e=�#�YV�3l|Cn'�r\<�;N`���Y��=/<3B�\� Ne VIII B�f�;B\s^��� [2,57,60,61,77] �9wE)t�,���,s [82] �Hassler �� [2] �p)E Ne VIII +d��"s^�� �{Æ4~Q��H�/<s� Ne VIII ���#\3Æ4~Q�,N"�l,Nk�pSGfFFB#l|Cn'�Æ4~Q�,N� Tu �� [68,70] 6U��/< Ne VIII �s����# �pgL
	+S``\��g+��YC(~�l,FB#l|Cn'�g+�I`�
3.3 ���2�:�7#p"�3(["G�o��fF/<p"�\n3s!Z.<L�l\�`��,G�!\- (Blinkers) �#/E? (Explosive Events) �� / Q�� (Micro/Nano Flares) ��B"� (Coronal Bright Points) �Ckx (Spicules) �!\-�8G� SOHO/CDS qF~�p"�f� (�l3 O IV 554 Å z O V 630 Å) t�;e7"<L [41,49] �l�Z�Xo� 8

′′

×8
′′

, PI� 3∼110 min �N>?3Æ4~Q��`rt��Æ4~Qt�� 1.8 &�+d�`�� −10∼25 km/s 9	����!\-+ Et�y"gLC�4 [42] �#/E?	v�WI��sx\)�rF��j�'R�WI(* (bi-directional jets) � lC�4�+d�`�Qr 50∼200 km/s � i��-=`�z)U [39] �#/E?�4G� HRTS �o/<��lXo+� 2
′′

∼ 5
′′ �`rPI+� 60 s [5] �r3G�#/E?��>/13EtgLb�,yI�/13���~gL"a��# [18] �#/E?3�Bzl|C�[!`�\zTn~`����zG)l|sp�4Æ9>;e�9>SG�� / Q��z��G����e���\N'p"�f�gfF~�� / Q��>Tn3�p"���n3��B\�� / Q���T!�)O������zG/1�_-	)Q����� [52,54] �Ns�kSN��^*_�f��1?�{�V^X��� / Q��hG�B4Æ�e=�_ [52] �zG��� / Q���X�O�Ns�fF�+1�I�>0\lmx�I`zzpV��j�r� / Q��3�B4ÆpV\�����x�fF[��U��uQ��B"�GOX� (30

′′

∼40
′′

) �/13 X )�z"q
<'�i�7"<L�lPI3
5∼40 h [20], �/13Qp"�z��B [80] �"��E)GQ��o���6�U<\ai� 7∼64 min �E|rF [79,88,89] �TRACE �SUMER �CDS ��oQ~6z66>0-�fF3G�"��z W"gL�C��� (�W"g*I<�g)N) S?Ce [21,22] ��-r3G��>O���B"��VI<�g�!gK1�,�>O.� X )�"� 



� 6 �������z�%�l�V�9������� 27 p�gLCN�e�"��+d�_�3p"�	A��Az��B�)EO�,3p"�\A�t���z��rzQp 10 km/s [78] �l℄S�p"��A�f� Ne VIII u�"�b)������O����)l|C�^>'��z	
. [82] �r/<3�B"�3B�zX^�\�3<C℄�9+>� [64] �)�^Z.<LG3�D,()E��fF~�Ckx�CkxTv�-[zT!)�{�p"�z�B�T!z[!`��`����Ckx�℄SzN3pV'��G-[zT!3�{z�BO6R/�pV�CkxGl�{v-~�B��^)*k�I`�<k�D 1%∼2% �D �3Q�)3��+�)*`�3 25 km/s ���lO��
5 000∼15 000 km ��*�~ 2 000 km �PI 1∼10 min �Ckx7%3j{O"� r\� (�{�A) �Ckx-[~rl�A���9I�{�3��93p"�N3 [81] �Ckx�4G�� Hα f�3�D,(fF~��3 UV/EUV <'�p"�f��z	d1�fF~��D Hα fFz SUMER % TRACE �"q
&,fF�/<�Ckx\�6n3ai+� 5 min �E| [48,84,85] �[GCkx�K1zT j{� P JE|�e�3"���6�z	fF~-8�YO�lZCkx�lZCkxBTHi�[G��R�3q
<'fF�Ckx�	 � Hα fF�CkxC�5�<3��BEsEK0�CkxI`R�lZCkx�z	3 EUV f�fF~��z	3 Hα f�fF~�lZCkxzTG�*T)EO (��Qp 30 000 km) �Ckx~S� [84] �
4 �r$���2L\
4.1 ���2�>,$�.G3p"��gL�Zn��sx�/���j�gL��℄�hq�#p"��I`�
Gabriel [24] u\#�Tp"�Æ4I`�JZ�3BTJZ\�j{Q>��)*/�Bg�gLi?3Q>�~Q�,N"�,g�gLt:�I"v-�p"��E)�A�'�l�{zp"�Æ4\I"v-�g+�I`�NJZ5,Æ}xg���7R/U�Æ4�3Æ4\W�}*!Q�,.�3 2 × 105 K )��Q�	7o`;O�BTJZ-a�p"�E)�3 105 K 	" fF)E(~�zG3 105 K 	7 fF>G [25] �z+0�}�NJZG�=l�0"LJp"�I`g7\����5+V��Dowdy�� [26] g�~fF�j{gLÆ4 (��Q>�~Q,N) \n3�+m�W"ra�[6gLI`�B}Xi=u\#�T�V�p"�I`�H�3BTI`\�Æ4gLV��A>Gt:�-I�B��BA>'R�Æ�p"��l!���B�Æ}��W�)�A>Æ4S�gL6G���X�>Qp 10 Mm �Og��BROg�X�z!�VÆ�j=GÆ�p"���~SA>���BRg��� �BGSÆ���jl\�px>�G��B}�T!�4Æ��,GSA4Æ��B�JZ{H# GabrielJZ����zG	�~Og�*e�S3�4Æ'�B�I`�H�~#fF"�LG�� Xia �� [83] �� SUMER �Q>0-fF�/<℄℄g��E)I`Gp"�E)��rF�i=�/<X�3 2

′′

∼ 10
′′ �I`3Æ4\nf�℄S!��74,7s�LG



� 1 j ~������m}q#��Ja!sb 7�Æ4gLI`3Q��8��Y�Xk SUMER �fF� Peter [29] u\#�TV�p"�I`JZ (<� 3) �NI`!vX^l|sp�IxI`��t�l|p"��XkBTI`�l�{\A~* Mm Q��g�Æ4\�gLI`G�����B+��XAzOg���X�C{�/1�-�pVC��3Æ4S��I";�!<<}��"~ 5 Mm ����B+�t��?�z� Æ4��Og���_n�~ 10 Mm ����B+�<k#IT�B�5��g��B+�un��J>+�4Æ�Z�℄� l|CC�4�+���4Æ�l|Cu[T!�,sg��� T|A�>)R4Æ}X-[*��3sg���O"�>��#�t:�+��?9�~3�n�~*Tl| bb.�r.�NI`���r�G�+�kgI`.zTGl|Cn'��#��zTVGsX�g��XA�BTf���~#+V��GQ�

� 3 �q#�Ja [29]_jO
����Rh2��Ns�fF�o$�fF~p"���(I`y%�i=BB^I`y%IH��>0�[6I` (UFS, unresolved fine structures) [31−34] � UFS  �{z�B>C�G�i=��V�U��uQqF�o�66z~6>0-�DTfF\B^�(I`y%�B�CE�9;:�������n;kqF�o>0-�uQ�x�/<�RV�I`z<L��jX�:1}�<3gTr~�>0-hT>0\p"����(I`�
4.2 ���2�L�)LBF�A+&8jf�fF~�+d�_�4�#-[�*��)�℄S�p"�\A�f�d1n3���<L�	%p"��A/<���<L��+^JZ)lU_LJ�N<��Z��7*^�

(1) 	Ckx�℄A)I�B���sx*3Æ	���7*Ip"��5Sp"�f�d1\<�� [35] ���Ckx-[GÆ���j+1'℄S�p"��A�!�EQ�f�fF~�Cheng [36] u\�Ckx!<JZ���MW#BTf��3BTJZ\�j{T!�8ZAJ:K1!<�3I";�pV\k294Æ#p"�z�{��sx�!<4)�5S-[�7*�5Sp"�f�����,,�,+�fFLk3G�Ckx3�D"



� 8 �������z�%�l�V�9������� 27 p�Gl6>?��B��B��0u[#[��fF�`�
(2) g� T|A>)R4Æ}X�1<L [28,38,43] �BRJZ�p3g� T|A44q`>)R�Æ!R��K1xg��4�a-[*��Mariska [28] A��JZz	-ag�\f��E)z+d�_��lIo;B�p"�f� C IV z O IV ���>5z	r~

8 km/s z 5 km/s � fFCG�zG��℄S�p"�\A�f� O V 	K1# 18 km/s����B fFGC����j�B�JZ fF�[
)���n��
(3)g��AQ��J:�A>T!K1<��<�xg�I7; [37] �3 Hansteen [37]�JZ\�g��A/1Q���}X<�I7;��pp"�K1������A>G�<�g$\��s/� f�E).O6�
~��K1��)�A> <p�/�p"�&6a/��e��,NJZgT�~���sO)O�fFT�3���kr\�

Hansteen �� [56] ��w,I7;93�{4)�g*x<�Bki=�~p"�\A�f� C IV z	K1 7.5 km/s ����B fF(~ [58,81] �,p"��A�f� Mg IX 6K1 15 km/s ����)s�B�f�3fF\'/<���T�
(4) /13Æ4~Qb�gL`�z	3p"�\AK1���3p"��AK1��� Tu �� [68,70] ���p"��AKGg+�I`o`I�B�8��#��Gt:g�� Æ4\���Og�GaD �s��7��,{�?~I6����K1gL`��l,}Xx+�I"�*��	%C��I7�-[*��s�}Xp"��Af���� [2,65] �)�l|C-[�[�*����6}Xp"�\A\<d1�-[7_�l,K1���He �� [74] �p��VTJU�l�0"L8#N�Zz	K1 fFCG~��� ����,℄S�p"��A�f�g;B\����9>�� l|Cn'C�4��Y� He �� [73] z Tian �� [75] �p>0"q
�E)z+d�_��9I~gL
	+S�/<3X^��p"��A���YzTGIg�[�-[�X3�j^LJ��xVTJU�{L�Ns�V^LJp"���z��<L��Z�3>('u\�,"U�*^��Z)��JZ�3>(/8��=+19y�[(M^�ZK
��>K
��zTV^�Z)�p"�f�+d�_��K1��^>�z3>��l|sp�?7���i�sp�`>��?�M^�Zn}���,3)
��?7�6�)
�^�Zn}���

4.3 ���2:�7#��5!Prp"�Z.<L)��Lp"�I`z�B4Æ�m�`����jGp"�r\��T`�|w�)�p"�Z.E?�K1�Z��=u\#+^LJ�/8#f+JZ�7D)l\���Z>5U_O'�)�p"��!\-� Harrison �� [49] ��G�Æ4gLI` VI<�g�!O6�gL`�K1��Doyle�� [42] U�����VIg*3 &(n3�g��O6/1gL`���3V℄S�g��"A�EQ!�z7A�E�!��:��%`���j �O6�℄S�T!�(I�3xg���Æ}���7�BT!�(I�I";�j�pITp"�g��66z CDS z SUMER jf��hj66 (fF >66) C)U�BC{�3hj66S�fSI"�7I"�p"����s?�7s#��jz	fF~p"�f�E)�7t�_jO
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Structure and Characteristics of the Solar Transition Region
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Abstract: The solar transition region, in which above the photosphere the temperature increases

rapidly and the density drops dramatically, is a rather inhomogeneous and dynamic layer between

the chromosphere and corona. The transition region is believed to play an important role in the

origin of the solar wind and in coronal heating. The most prominent feature in the transition

region is the network structure, which is the upward extension of the supergranular boundary

above the photosphere and manifests itself as bright lanes on the radiance images of FUV/EUV

lines. It is believed that the network fluxes consist of two components: the magnetic funnel, either

open into the corona and guiding the solar wind or being simply the leg of a large coronal loop,

and low-lying flux ropes in the rest of the network. Most of the FUV/EUV emission lines formed

in the middle transition region show a predominant red shift, which can be caused by the return of

spicule materials, siphon flows driven by asymmetric heating through loops, nano-flares and the

resulting downward propagating waves, or downward flows after magnetic reconnection between

open field lines and closed loops at the upper transition region in the network. While for lines

formed in the upper transition region and lower corona, a net blue shift is found, which is believed

to be associated with the nascent solar wind outflow. Lots of transient phenomena are found in the

transition region, including blinkers, explosive events, micro/nano flares, coronal bright points,

and spicules. Blinkers are transient brightenings with a life time of 3–110 minutes and caused

by a process which can lead to the increase of density or filling factor of the transition region.

Explosive events correspond to outflows (at the order of 100 km/s) in magnetic reconnection.

Micro/nano flares are believed to play a very important role in heating the corona. Coronal

bright points are local heating phenomena occurring in the transition region and lower corona,

the related powering could be due to magnetic cancelation, separator reconnection, or current

sheet induced by photospheric horizontal motions. Spicules are rapidly evolving jet-like structures

extending from the chromosphere upward into the corona and, according to the new observational

evidence of Hinode and TRACE, may be driven by both wave and magnetic reconnection in the

chromosphere.
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