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1 ����z��� 1∼100 Å (��W�*+ 0.124∼12.4 keV) �+H X UL7��	?.��*� XULP`�?t��*d�%P`��x58t/�L��~?(7�n"U8<D�./%B`$ —— Bu�"(v0`$n>n�U�7�n"U9�h_vx�B�P��8℄�N$0r�e�?� 20 hp 60 � 70 �.�Æ?C.a+u�:=5)n8x�?lhZ�8�J����~8x�?n���J��~H X UL�?�I+�~8x�?no�ÆI<��x�<�[C�NISU�xD�R�~H X UL�?n�J�8xms^nhD�bl?JYZ[�4D4�v	E(v0n8xX!�8x�$nu#�&FlB�o��xK<���lH X UL�?*8x�$nn9MS��
2 ��J X WNBAp�Mi q�p3q�J�~H X UL"U�?u�#C��?NIS�?UJ�b#�~H X UL�? (C�NIS)(2"n?C.aR��FFk�~�?N (OSO)�^��8`}l (Skylab)�P78-1.a��~d`��; (Solar Maximum Mission, SMM) �℄
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GOES (Geostationary Operational Environmental Satellites)�^.a�Coronas-IN Coronas-F.a� RHESSI (The Reuven Ramaty High Energy Solar Spectroscopic Imager) .aÆgj�\8n Solar-B.ar�Cx��R?�?msN��N#2f�?1nN#�o��HnH X UL�?(2"�ÆYD�l��~H X UL�?no����1n�1NII�
2.1 � +���~H X ULnC��?u�fj? 25 ÅÆCn�7��"(iGU�?
��/gnKh�����:C/��C���e�?�*qGnFk�~�?N (Orbiting Solar Obser-

vatories, OSOs) r.aNnx�:C/��C��P(�[ P78-1 .a.b�nx�:C/��C��?msN#Zo`*� [1] �S�lh�Ln,
)�NP
)�%�Y5^l�LkBN��I-
�
(1) P78-1 .aqG( 1979 � 2 6 24 B�UZ P78-1 .a [2] �Nx=#H X UL:C/������ X UL[(ox#N�CBu���jH X UL��" SOLFLEX (Solar Flare X-rays) N

SOLEX (Solar X-rays)U<�ÆI�(T5�? 1.82∼1.97 Å � 2.98∼3.07 Å � 3.14∼3.24 ÅN
8.26∼8.53 Å 4 0Hb��?��nH X UL"U���/g_h 10−4 Å �ST5�? 3∼10

ÅN 7∼25 Å7���?��NBu���/g_ 10−3 Å �U�����6lJh�o�n�?II� P78-1 .a�?lR�`���n a/�+ (20∼25)×106 K �f��rK��/�3+ 2 × 106 K ^��|�t�`( 1012 cm−3 �Y%�Y$l��N\Pn#���5._ 300 km/s �5+\`ZY^Y#rK��nN\:��
(2) �~d`��; (SMM) .aqÆQ�( 1980� 2 6�UZ SMM .a [3] �Nx=# 7 0�#�yru#��g�P?HW��j�AH XUL�� (soft X-Ray Polychromator, XRP) [4] �XRP "�x����

(Flat Crystal Spectrometer, FCS) N4x���� (Bent Crystal Spectrometer, BCS) Um��:I�
�n5�7��3+ 1.44∼22.4 ÅN 1.76∼3.23 Å � 1.44∼22.4 Å7��nr��UL" H N/�jx`( 7 ([ O h Fe) nJLK��?/�_h 1.5∼50 MK ^5'C[�)�

! 1 SMM O BCS A�io�MG� [1],\Gg-TÆ"U�K\�a


Æy�FCS )#>7�%+NP
�.n8x�/g�	� 1.44∼22.4 Å�I 7 0�b�p0�b
��0��{Ux��?^�Jlz 7 0{U�xLz10�b7��U�5lh 7 OC� �FI9Lz� 7 0�b�3
���7G�D5Æ�^^l 7 OmD+ 7′ × 7′ ���/g+ 14′′ n�~'<dMS� BCS Æ.��/g�?-( 1.76∼3.23

Å�no��L�"({Ux+4x�9g�lz�
BCS n^x�/g!( 1 s �

SMM [ 1980 � 2 6\8h 1989 � 12 69n�;4Z 21s�~ �N 22s �nN\��^lZ`Wd#san�℄� Antonucci r? [5,6]" BCS�?hnBx���LF
 ( 1)�$�R��oQPrK��[zÆ._ 300∼400
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km/sn��VN:��[Æ\`ZM0Y�~b�XRP �H��oQP�x�L>�HJ>:���I>��"U��>>�5$�R9in�>#���3[ 160 km/s �h 60 km/sÆC [1] �[ Fe XXV LN Ca XIX Ll^���`�� (X �M k��) n/� a�33+
2 × 107 K N (3∼6)×106 K �U℄NZ�/��~b [1] �

(3) ℄
 (Hinotori) .a
1981 � 2 6B'�UZ�?�~��n Hinotori .a [7] ��5�7�u�+ X UL7���=n 7 0�#j#H X UL���� (Soft X-ray Crystal Spectrometer, SOX) [8] �*

XRPP~�SOX "U0��9�n��ÆI�5�7��3+ 1.72∼1.95 ÅN 1.83∼1.89 Å ���/g._ 2.5 mÅN 0.15 mÅ �̂ x�/g? 7∼10 s_x�? 1.72∼1.95 Åj# Kα L (1.94

Å) N�\.|KÆ Fe L�? 1.83∼1.89 Å_x#
V	rK���f!o���n Fe L�"( SOX )#d.n��/g�5Æ
U\�L�e�F�Bn�?� SOXN XRP n�?/MP~��?^��P���Y SOX ���?hZ��rK���LnF
N�>��If> [1] ���jn Kα �ULu�" X ULn�C&QbhC[�FI#|�w�|��|�5C[�<�}r?�C&QbhNn Kα L"U� Tanaka r? [8] P� SOX n�℄�lhZ}r(�C&Qbh'uNn"|��|C[n Kα L"U�\`Z��oQPj\?.�|�d�" SOX n Fe XXV L$�Rn��/� a* SMM nIJ~�3+ 2.5× 107 K �Æ" SOX n Fe XXVI L$�Rn/� aFF.( Fe XXV Ln/��3+ 3.5× 107 K �{}�/��rK��j\?H>�W [8,9] �
(4) Coronas-F .am|N77HQ���3? 1994 � 3 6 2 BN 2001 � 7 6 31 B�UZ��^n

Coronas-I N Coronas-F �~�?.a� Coronas-F .an1n�1ju#�~Wg��~Fx-U���N[�29M�	^=Z[U|h γ UL7��?�~n�
�#��jH XUL��?�* SMM .aNn XRP P~�"�x���� Diogeness [10] N4x����
Resik [11] ÆI�

Diogeness �9tn 4 <��^l Ca XIX (2.96∼3.21 ÅN 3.14∼3.39 Å) � S XV (4.98∼

5.37 Å) �Si XIII (6.11∼6.73 Å) rJ He K�n�L��8x�/gN^x�/g�3+ 5′′ N
0.1∼10 s �%�	Y#�05�? 2∼4 keV N 4∼8 keV nC�o� Diogeness na|��t��#[�? GOES M1kÆNn���Æ~C.aNn BCS?�?.( GOES M2k��^&Z N��Y Diogeness k�(�?`$�i��	nLzZo5Æ.��v?W�L7GN��I-
� Plocieniak r? [12] P� Diogeness �℄�<Z 2001 � 8 6 25 Bn�0
GOES X5.3 k`���lR��N\PnrK��mV��_ 100∼200 km/s��;9��LlRn�� aj#9��e��n|UkB�FP~� Siarkowski r? [13] P� Diogeness�℄�<Z������J�Q S XV LlR?��d`PrK��/�+ 15 MK �?��y|P+ 9 MK��sbR��0/�9��Q9��L (Ca XIX L�S XVLN Si XIV L)�U℄NZ���/~b� Resik 5�^�? 1.1∼6.1 Å�nr��L�U\�L"/�jx?
13∼30_xnK����Resikn^x�/g+ 10∼20 s �u�u#9�Bu:jn.���g��^xn-U�
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(�~H X ULC��?�"9��Ln,
)�NP
)�(�>3(/�9Mx(�5lh|�/� T �"UW EM �|�t� ne N.�ÆIg|KÆr9M`?�"�Ln�>f>5$�RrK��n#����"�Ln��I-
5$�i_n�-:�����Y�H X ULC��?
([�29M���bhN���Rnnu#)#o����
2.2 ��:���~H X ULIS�?��=�iGU�d�� CCD ��?#�[=?.a�8`}l (Skylab) .�`(?C.an�~H X ULIS�?#Z��n�J�

(1) �8`}l (Skylab) .aB? 1971 � 9 6\8nFk�0
 OSO-7 F
�~�eJt�/g (3 20′′) nH X ULIS�?�H X ULIS�?n�01ef�Jj 1973 � 5 6qG�Unx�0=?8x�0
 Skylab � Skylab N�℄bn�7m(2"ÆQ (ATM) �A 9 m�~�?�#��j#�~H X ULIS(2" (X-ray Telescope ��#,M+ S-056) [14] N5�? 3∼60 ÅnH X ULC�QP(2" (X-ray Spectrographic Telescope ��#,M+ S-054) [15] �
S-056 =��9xrz4xn6� – I biUd"x�?mDj_ (Ct'�) 5_h 2′′ �%n��/g�?mD+1�"(��x
�r��n�Q��/g#�C��Z0mDn�-�/g+ 5′′ � S-056 nmD3+ 38′ �	?,C��NIS���(# 6 0hC���j 5 0�rhC�5�?H X UL7��%+n7G�*j 6∼22 ÅN 27∼49 Å �P�U 5 09�hC��e�?5Æ�|=�BurK��n/�N"UW [16] �Y%�Y#�05�C7�nhC��(H X ULS?BxNn�-� S-056 n�Æ�*._ 107 �5Æ[� Bu�?h`���^x�/g_h{Wk� S-054 nZoN S-056 `'P��j?Cejr�ZCG�

! 2 Skylab O S-056 �ToCvR� [18]6�-Tw/je3w�P X XOY{


Skylab d?�?Nu#�~%B`$�?�#[5�n 200 ) d O� S-056 �SZ 2 &�O�~H X ULQ�� S-054 �^lZ`W�~H X ULC�Q��	s9�?h 100 �Z�~9i�UHWÆgBuNB�:n-U�5�H?H X ULSjBurK��n`':j"�)nX_8ÆIn��Z��J
[�2N��n`W�?lhZ��JLjH XULX_8n|U [17] �5�HZu� ( 
2) �Q�~!n�?�℄���;\`u�j.��~!n0��^Y�HZ�(�b�:nBu X ULXz ( 2) �2RZXznt��/��^1NP�r9M>W [19] �

(2) ~C (Yohkoh) .a
1991 � 8 6B'Nq��Q��UZ�~�?.a Yohkoh �	=#H X ULIS(2" (Soft X-ray Telescope, SXT) [20] �Mk Skylab N S-056 nI6Zo� SXT =�6� – I biGU"x�� 5 0hC�ÆIhC�k�%+n5�7G+ 3∼60 Å ��J9�n�C^x



� 3 � /2�s���I X VMA��K 231�N9�hC�nm6� SXT 5^l 107 n�Æ�*�* S-056 P(� SXT n�`*�j�
CCD ����IS�?#�U2	bDZa[n�?~d� SXT �?~d#'<ISN8BxISUm��^x�/g�3+{N�lWk�?1IS~dC�'5
 CCD S.=6 1 × 1 � 2 × 2 � 4 × 4 n9�ÆQ�d��3
� 2.45′′ � 4.91′′ � 9.81′′ n��/g�'<ISnmD+ 2.6′∼10.5′ �8BxISD5_ 42′ �+Zu#��$�^n=�|-� SXTY#�0^x�/g._ 0.5 s n�pIS~d�

Yohkoh .a:elRI6�� SXT �#R�#san�H�(F�	(Æ'n�? (F
S-056) 4,=vFeZBun�Æ:N-U��?hZ*Bu9i�U (CME) P?nH XULSjn-� (dimming) HW [21] ( 3) ��?hZ��Xnv?} (Cusp) : ( 4) �[Æ#Rv℄NZ��$�nWoS~b [22] ��?hZH X ULXn S } (Sigmoid) �4
( 4) �{*Ægn� (shrinkage) [23] rHW�+u#BuWDn-U�7Z�?	(�Q� X UL�?��H��n� X UL#0-(H X ULXnX~NU0zU�

! 3 Yohkoh O SXT �To CME %�TdJo ! 4 Yohkoh O SXT �To S ~5IXCv.�IX [21] (1997-04-07T13-28-42) �h CME %)"�K 1997-04-07T17-40-40 _q"U}7 �TdJow�~Æ; (&D��1997
1997-04-07T13-28-42 _q"Umj
 -04-07T17-40-40) [24]

(3) GOES-12 .aqG( 2001 � 7 6�UZ GOES-12 .a�	{#H X ULIS� (Soft X-ray Imager,

SXI) [25] ��(8x�$nt?N,!�SXI nZo`'NNNuH XULIS(2"P~�=�6� – I biUd"x� 6 0h7�n�5�7G�*+ 6∼60 Å ���/g+ 5′′ �mD`3+ 42.7′ �* SXT 9�� SXI ? CCD _(rGZ)�k���H X ULzU+5�C�>�
n#+Cn CCD � SXI u�9�(�~9Mnu#��Y9g�#R.n��/gN^x�/g�	Æp�l�#8BxSn��9x	v
Bu�e`^�?� Sx(
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(8x�$nt?N,!j�F#Pn�?(�~H X UL�?N8x�$u#n9MS��?x 3 �yr�R�
(4) Solar-B .aB�q��Q�n�0�?.a Solar-B [26] ,o( 2005�.\8�	j Yohkoh (Solar-A)nSk�=#5�C / aWWD(2" (Optical Telescope / Vector Magnetograph, SOT) � XUL(2" (X-ray Telescope, XRT) �d�%ISC�� (EUV Imaging Spectrometer, EIS) ��j XRT ?��ZoNN S-056 Æg SXT RP~�e?msN#ZR`*��	=�*�Zn6� – I biUd"x�hC�kn�5�7Gj 2∼60 Å ���/g._ 1′′ �mD+

35.2′ ��3?
BurK��/�N"UWn�|N�XRTn�|�*N���( S-056�
SXT . [27] � Solar-B.a�+Bur>�Bu:N-U�WoSro��~9M4�nu#�74#san�?�℄�P
(C��?�IS�?�<2R4`��4}ZnI�	5Æ(�,=v�?hBu: (uX�Xzr) n-U�[Æ#P(u#�~[�ÆgBuWDn��r�%�?r/`$NCn��~C�P�9�hC�lhndW5Æ�|=�BurK��n/�N"UW���D�H X ULIS�??8x�$u#j�>H�o����
3 ��J X WNBAA:z�&w%Pp� `<�n8x�$=�0(Bu��YD�(./BunH X UL"U
8x�$u##�o����)��H?ÆCl0�x�

(1) ��j�~N�?hn�&;��_nHW_��	�!n|W"UNQ�"UE)
v0WBN`$B#o��Q���n$�N�~WD[�t*P?�fC0N#^$WdE)_#{*:�^�H X ULX�EXN*-} [28] ��Y��JH X ULS�t?�~WDn-U�[Æ5,!��n$��
(2) CME9�*`P�:n$�\?t*n9MS� [29] �Æ+Y��!�s�fnvW=���~[�2N8H XULXnEXN S}�4&A+j CME$�n�mES [30] �f`WBu9i�US�H X ULS_�%Sj�RH-�HW��Y�H X ULS5Æ,!Nt? CME n$��
(3) u�j`P�nBu.�WD2+�[F(x�bR�u�j.��~!n0�5-fv��~�z��Y	5�! 27 d s�nvW[��?H X ULSO�u�KH+P
�n2+��H XULSTkvt?u��5Æ[u�n-U#[v,!0(u�nvW[��
(4) �~��n|W"Uu�fj? X UL7��Æ X ULE)��Wv0|KBn[F}Æ�[Æ�!8L|�sr�xn>P�u#2}�H X ULdWN�~i�dWt*P?�`i�dWn�~.�Q�i� (Solor Energetic Particles, SEP) ��* X k��PS��i�dW�YnD* M k��PS� [31] �?��nu#j�" GOES .a��n��H X ULk3�J�(Cn�J4+o���Y�H X UL"UdWn�?�)#℄�o�n���
(5) �~"UdWn-U
v0|KBNNBjf`$#R)n�Q��~[�2n-g
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4�:v,!�~"UdWR#�w�~(Nu0f��~H X UL�?��D�I+8x�$u#nFE�;� GOES-12N5G,o( 2010�\8n!8}M.a���wH XULIS�?D,!Nt?8x�$�
4 �Z����+�~87��?n�0o�ÆI<��H X UL�?�6lZh�#san�?II�	+u#��Xj��$�-g�M0Y�~b��0\?nX}_8}Bu:g�9M>W�BuWD-U�Bur>NBu[�r�~9M�D�7Zo�n�?�℄�?�l�n8x�$u#j��~H X UL�?I+(b+�m959Qnu#o��P�	5Æt?N,!���CMEr�~*_[��5Æt?u��[�2r*8x�$t*P?nHW����B�[GUmsnB1Iq� CCD�?#?S.YP℄�`X^�xn�JÆg.amsn�;��~H X UL"U�?*��G�0I^n����'46�
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Progress in Solar Soft X-Ray Observation

QIU Ke-ping, TANG Yu-hua, XU Ao-ao

(Department of Astronomy, Nanjing University, Nanjing 210093, China)

Abstract: Observation of solar X-ray radiation plays a very important role in solar physics. It can

serve for the study of coronal structure, magnetic field, activities etc. Getting spectra and images are

the two main ways of solar X-ray observation, and their developments (associated with spacecrafts) and

important scientific findings are presented. In addition, solar X-ray observation can be used to monitor

and forecast space weather. The physical backgrounds of its application in space weather study are

discussed.

Key words: astrophysics; soft X-rays; review; Sun; observation; space weather


