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³À »ÈÐ

ÄºÅÒ 8̈��â
s� ���/BN0A$í
_� �̧1lx���\� %ò
�¾Ó�̀¦ p��2;����H ��z�́�Ér s�p� ú̧� ·ú��9��� �,�s�t�ëß	כ ½̈�̂&h�Ü¼

�Ð ���/BN0A$í
_� �̧1lx���s� µ1ÏÒqt
�%i��̀¦ �â
Äº, s��¦̀�	כ ÄºÅÒ 8̈��â
\� _�ô�Ç %ò
�¾Ós����¦ ÅÒ�©�
�l���H ~1�

t� ·ú§��. s���H 0A$í
_� �̧1lx��� 7£x�©�s� ���ª�½+É ÷�rëß� ��m���, �̧1lx��� 7£x�©��̀¦ F��&³
���H ��s	כ ��_� Ô�¦

��0px
�l� M:ë�Hs���. s� ���½̈\�"f��H s��Qô�Ç 0A$í
_� �̧1lx����̀¦ :�x>�&h�Ü¼�Ð ì�r$3�
�#� #Q*�ô�Ç �â
Äº\�

0A$í
_� �̧1lx���s� µ1ÏÒqt½+É SX�Ò�¦s� Z�}��t���Ht� ¹1Ô�¦�� 
�%i���. :£¤y� ú́§�Ér q�6 xs� �è9 &÷¹כ �Ö̧6 x�̧

�� Z�}�Ér t�½̈ &ñ
t� C��̧ 0A$í
_� �̧1lx��� �â
�¾Ó�̀¦ ì�r$3��<ÊÜ¼�Ð+� 0A$í
 î�r6 x��\�>� Ä»6 xô�Ç &ñ
�Ð\�¦ ]j

/BN
��¦�� 
�%i���. Satellite News Digest��\�"f ]j/BN
���H 1997�̧�ÂÒ'� 2008�̧���t�_� 0A$í
 �̧1lx���

��«Ñ\�¦ ì�r$3�
�%i���HX<, ì�r$3� ���õ� t�½̈ &ñ
t� C��̧ ���/BN0A$í
�Ér Kp t�Ãºü<��H 	�H �©��'a�'a>�\�¦ ��t�t�

·ú§��¤Ü¼ 9, 4�§õ� ���̀¦\� Õªo��¦ ��&ñ
ÂÒ'� Dh#4� r�çß�@/\� �̧1lx���s� µ1ÏÒqt½+É SX�Ò�¦s� Z�}6£§�̀¦ ·ú� Ãº e��

%3���. ¢̧ô�Ç t�½̈ &ñ
t� C��̧\�"f_� �¦\��-t� �����_� x9��̧�� Z�}��|9�Ãº2�¤ 0A$í
_� �̧1lx���s� ú́§s� µ1Ï

ÒqtÙþ¡��HX<, s��Qô�Ç �â
�¾Ó�Ér I��ª� �Ö̧1lx �FG@/l�{9� M: �Ð����H �FG�èl� {9� M: �8 ú̧� ����z�¤��.

Abstract

While it is well known that space environment can produce spacecraft anomaly, defin-

ing space environment effects for each anomalies is difficult. This is caused by the fact

that spacecraft anomaly shows various symptoms and reproducing it is impossible. In

this study, we try to find the conditions of when spacecraft failures happen more fre-

quently and give satellite operators useful information. Especially, our study focuses

on the geosynchronous satellites which cost is high and required high reliability. We

used satellite anomaly data given by Satellite News Digest which is internet newspa-

per providing space industry news. In our analysis, 88 anomaly cases occurred from

1997 to 2008 shows bad corelation with Kp index. Satellite malfunctions were likely

to happen in spring and fall and in local time from midnight to dawn. In addition,

we found the probability of anomaly increase when high energy electron flux is high.

This is more clearly appeared in solar minimum than maximum period
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1. "e Â]Ø

�¦�̧ ��� 36,000km_� t�½̈ &ñ
t� C��̧\���H ��� 360#� >h_� 0A$í
[þts� î�r6 x÷&�¦ e����. s�[þt @/ÂÒì�r�Ér

�¦��_� :�x��� 0A$í
[þt�Ð �&³@/ ���r\�¦ ¹¡§f��s���H ×�æ¹כô�Ç :�x��� x9� ~½Ó5Åx \O�Áº\�¦ {��{©�
��¦ e����. Äºo�����

�̧ 1995�̧� ÁºÏãÎ�o 1 ñ 0A$í
�̀¦ µ1Ï��ô�Ç s�A�, ÁºÏãÎ�o 2 ñ, 3 ñü< �&³F� ÁºÏãÎ�o 5 ñ 0A$í
�̀¦ (ÅÒ) KT\�"f

î�r6 x ×�æ\� e��Ü¼ 9, ?/�̧� :�x���K��ª�l��©�0A$í
�̀¦ µ1Ï��½+É \V&ñ
Ü¼�Ð e����H 1px, &ñ
t�C��̧\�"f î�r6 x÷&��H 0A$í


_� Õüw���� Zþt#Q±ú� ���}©�s���.

s��Qô�Ç t�½̈ &ñ
t� C��̧ 0A$í
s� #Q*�ô�Ç �\���¹כ _�K�"f|	� �̧1lx����̀¦ {9�Ü¼&� �¦Ä» e��Áº\�¦ Ãº'��
�t�

3lwô�Ç�����,��6 x��{9��©�\�"f	�Hx�K�\�¦{9��̀¦Ãºe����.@/³ð&h����\V�� 1994�̧�µ1ÏÒqtô�ÇH�����_�:�x���0A$í


ANIK E1õ� ANIK E2_� �̧1lx���s���(Baker 1998). s� M: ¿º 0A$í
_� �̧F'p)3� ��̀(Momentum Wheel)s�

&ñ
�©�&h���� 1lx����̀¦ 
�t� 3lw
����"f îß�_����� t�½̈\�¦ �¾Ó
�t� 3lwK� &ñ
�©�&h���� :�x���s� s�ÀÒ#Q t�t� 3lwÙþ¡��.

s� ��|	�Ü¼�Ð 10ëß�"î
s� �Å���H 0A$í
 ~½Ó5Åx TV r�'õA��[þts� 	�H Ô�¦¼#��̀¦ ���%3�Ü¼ 9, t�%i� ���ë�H l���_� ���5Åxs�

0py#Q&���¦, Ãº ú́§�Ér ����o ��6 x��[þts� x�K�\�¦ {9�%3���. ¢̧ô�Ç 0A$í
�̀¦ 4�¤½̈
���HX< þj�è 5��;ëß�Ô�¦ s��©�s� �è

,>����HX¿¹כ Õª!3�\��̧ Ô�¦½̈
��¦ 0A$í
�Ér \V�©� Ãº"î
�Ð�� �s̀��� À1Ïo� �@%i�½+É Ãºµ1Ú\� \O�%3���.

ANIK E1õ� ANIK E2 0A$í
�Ér t�½̈ &ñ
t� C��̧\�"f �¦\��-t� �����[þts� 0A$í
�̀¦ @/���r�v���H ��\	כ

_�K� ë�H]j\�¦ ��l�ô�Ç �Ü¼�Ð	כ óøÍZ>�÷&%3���(Baker et al. 1994). �¦\��-t� �������H 0A$í
_� ü@#4��̀¦ ~1�>�

ÈÒõ�
�#� 0A$í
 ?/ÂÒ\�¦ @/���r�(������ í�Hçß�&h�s� ~½Ó����̀¦ :�x
�#� 0A$í
 ÂÒ¾¡§�̀¦ ��õ�
���H �Ü¼�Ð	כ ·ú��94R

e����(Garrett & Whittlesey 2000, Wrenn 1995, Wrenn & Sims 1996). ô�Ç¼#�, Baker(2000)��H Ä»XO�_�

:�x��� 0A$í
��� MARECS-A_� �̧1lx���s� �¦\��-t� �����_� 7£x��ü< �'aº��s� e��6£§�̀¦ �Ð%i���. Farthing et

al.(1982)��H NOAA GOES 0A$í
\�"f µ1ÏÒqtô�Ç �̧1lx���(False Command)�̀¦ ì�r$3�
�%i���HX<, s��Qô�Ç �̧1lx

���s� t���l� �Ö̧1lxõ� �'aº��s� e��Ü¼ 9, :£¤y� 0A$í
_� @/��� �&³�©�õ� �'aº��s� e�����¦ K®o��. �¦\��-t� ����� ü@

\��̧ 0A$í
_� �̧1lx����̀¦ Ä»µ1Ï
���H #��Q �þts]���¹כ �>rF�
�t�ëß�, �̧��H 0A$í
 ���¦\� @/ô�Ç "é¶��� ½©"î
s� s�

ÀÒ#Qt�t���H 3lw
��¦ e����H z�́&ñ
s���. Wilkinson(1994)�Ér NOAA 0A$í
[þt_� �̧1lx���\� @/ô�Ç ��«Ñ\�¦ Ãº|9�


�#� s��Qô�Ç 0A$í
_� �̧1lx���õ� I��ª� �Ö̧1lxõ�_� �'a>�$í
�̀¦ ���½̈
�%i�Ü¼ 9, Vampola(1994)��H 0A$í
 �̧1lx���

�̀¦ ì�r$3�
���H ~½ÓZO��:r�̀¦ ]jr�
�l��̧ 
�%i���.

t�½̈&ñ
t�C��̧0A$í
[þt_�{9�r�&h����<�Ê�Ér%ò
½̈&h�������¦��H{9�ìøÍ��6 x��[þt_��'ad��s�÷&l�M:ë�H\����

�:r\�7áx7áx�Ð�̧ ÷&��HX<,ÄºÅÒ�'aº��#��Ql���[þt�̀¦ �̧��"f]j/BN
���H Satellite News Digest1)\���H 1993�̧�

ÂÒ'� �Ð�̧�)a 0A$í
 ���¦\� @/ô�Ç ��«Ñ\�¦ �̧�� Z�~�¦ e����. #�l�"f ]j/BN
���H :�x>���«Ñ\�¦ �Ð���, 2008�̧�\�

ëß� 8úx 9|	�_� &ñ
t�C��̧ 0A$í
_� �̧1lx���s� �Ð�¦÷&%3���HX<, s� ×�æ 2|	��Ér 0A$í
_� 1lx���s� %ò
½̈&h�Ü¼�Ð &ñ
t�
�

��H total loss\� K�{©�
�%i���. s� �7Hë�H\�"f��H Satellite News Digest��\�"f ]j/BN
���H 0A$í
 �̧1lx��� :�x>�

��«Ñ\�¦ ���½ÓÜ¼�Ð #Q*�ô�Ç �̧|	�\�"f 0A$í
s� �̧1lx����̀¦ {9�Ü¼v���Ht� ì�r$3�
�%i���. l��>r_� �7Hë�H[þt�Ér #��Q

C��̧\�¦ î�r6 x
���H 0A$í
_� �̧1lx����̀¦ :�x>�&h�Ü¼�Ð ì�r$3�
����� ô�Ç l��'a\�"f î�r6 x
���H 0A$í
 ��«Ñëß��̀¦ ��

6 x
�#� ÄºÅÒ 8̈��â
\� @/ô�Ç %ò
�¾Ó�̀¦ ì�r$3�
��¦�� 
�%i���(\V, Farthing et al. 1982, Wilkinson1994, Iucci

et al. 2006). Õª�Q�� s� �7Hë�H\�"f��H t�½̈ &ñ
t� C��̧ 0A$í
_� �̧1lx��� ��«Ñëß��̀¦ ì�r$3�
�%i�Ü¼ 9, #��Q ��

��\�"f î�r6 x÷&��H ���ª�ô�Ç 0A$í
_� �̧���\� @/ô�Ç ì�r$3��̀¦ Ãº'��
�%i���. ¢̧ô�Ç ����:r\� �Ð�̧|̈c &ñ
�̧_� q��§&h�

1)http://www.sat-index.co.uk
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ÕªaË> 1. t�½̈ &ñ
t� C��̧ 0A$í
 �̧1lx���_� 7£x�©�Z>� ì�r�í.

u�"î
&h���� 0A$í
_� �̧1lx���\� @/ô�Ç ì�r$3�ëß��̀¦ Ãº'��
�%i���. s�\�¦ :�xK� t�½̈ &ñ
t� C��̧ 0A$í
 î�r6 x��[þt\�>�

Ä»6 xô�Ç &ñ
�Ð\�¦ ]j/BN
���H �¦̀�	כ 3lq&h�Ü¼�Ð 
�%i���.

2. U���XNËU� �ày¢ �üVRË ~¾�ÒÞXcl ��z»

Satellite News Digest��\�"f ]j/BN
���H 0A$í
���¦ ��«Ñ��H t�½̈ &ñ
t� C��̧ 0A$í
\� @/ô�Ç ��÷	כrëß� ��m�

��, $�C��̧ 0A$í
\� @/ô�Ç ��«Ñ��t� �í�<Ê
��¦ e����. t�½̈ &ñ
t� C��̧ 0A$í
õ� $�C��̧ 0A$í
�Ér C��̧ 	�s���

ß¼l� M:ë�H\� �̧1lx��� µ1ÏÒqt "é¶���s� ��\�¦ �Ü¼�Ð	כ Òqty��
�%i���. ����"f Äºo���H t�½̈ &ñ
t� C��̧ 0A$í
\� @/

K�"fëß� :�x>�&h���� ì�r$3��̀¦ Ãº'��
�%i���HX<, 1997�̧�ÂÒ'� 2008�̧���t� 8úx 88|	�_� 0A$í
 ���¦�� �Ð�¦÷&%3���.

Óüt�:r s� l�çß� 1lxîß� �s̀��� ú́§�Ér 0A$í
 ���¦�� µ1ÏÒqt
�%i��̀¦ �Ü¼�Ð	כ ÆÒ8£¤÷&t�ëß�, 0A$í
 ���¦�� �â
p�
�����,

�Ðîß��̀¦ 
̈½¹כ���H ç�H�� 3lq&h�_� 0A$í
{9� �â
Äº, s��Qô�Ç ���¦\� @/ô�Ç �Ð�¦�� /BN>h÷&t� ·ú§��H��.

8úx 88|	�_� 0A$í
 ���¦\�¦ 7£x�©� Z>��Ð ì�rÀÓK� �Ð��� ÕªaË> 1õ� °ú ��. I��ª� ���t�\�¦ �í�<Êô�Ç ���§4�ÂÒ ë�H]j��

25%, ��[j ]j#Q ë�H]j�� 16%, Onboard Computer\�¦ �í�<Êô�Ç ����� ]j#QÂÒ ë�H]j�� 22%\�¦ 	�t�ô�Ç��. s�

�	כ ü@ G'p"f�� I��ª� ���t�óøÍ ���>hÂÒ ë�H]j 1px l��� ë�H]j�� 22%, :£¤Z>�y� ���/åL÷&t� ·ú§�� ë�H]j\�¦ ·ú� Ãº \O�

��H �â
Äº�� 15%\� ²ú�Ùþ¡��.

3. Kp U��¤;c 6��X¢ �üVRË8ý ~¾�ÒÞXcl ÄZØ�º

·ú¡\�"f ���/åLô�Ç ANIK E1õ� ANIK E2_� �â
Äº%�!3�, t�½̈ &ñ
t�C��̧ 0A$í
�Ér ÄºÅÒ 8̈��â
\� _�K� �̧1lx

����̀¦ {9�Ü¼~�́ Ãº e����. ÄºÅÒ 8̈��â
�̀¦ &ñ
_�
���H #��Q ¹�èכ ��î�rX<, ���©� {9�ìøÍ&h�Ü¼�Ð ��6 x|̈c Ãº e����H �	כ

s� Kp t�Ãºs���. Kp t�Ãº��H �FGt�~½Ó ��l��©�_� ����o\�¦ t�Ãº�o ô�Ç �Ü¼�Ð	כ ÄºÅÒ /BNçß�õ� t�½̈ü< �������)a

��l��©��̀¦ ���� âìØÔ��H ���ÀÓ_� [jl�\�¦ �����·p��. Kp t�Ãº��H 1ÂÒ'� 91px/åLÜ¼�Ð ì�rÀÓ÷&��HX<, Kp t�Ãº

�� ß¼��� ÄºÅÒ ;�¤Û�æs� µ1ÏÒqtÙþ¡���¦ 
��¦, s�ü< �'aº���)a #��Q ���¦�� �Ð�¦÷&�¦ e����. ����"f Kp t�Ãº��

9þt M: ���/BN0A$í
\� p�u���H ÄºÅÒ 8̈��â
 %ò
�¾Ó�̧ &�|9� �¦����s	כ Òqty��
�l� /'Äº��, ÕªaË> 2\�"f �����·p �	כ

õ� °ú s� 0A$í
_� �̧1lx���õ� Kp t�Ãº��H Ìº§Â	ô�Ç �©��'a�'a>�\�¦ �Ðs��¦ e��t���H ·ú§��. ÕªaË> 2��H 0A$í
_� �̧1lx
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ÕªaË> 2. Kp t�Ãº\� @/ô�Ç t�½̈ &ñ
l� C��̧ 0A$í
_� �̧1lx��� ì�r�í.

���õ� Kp t�Ãº_� �©��'a�'a>�\�¦ ·ú����Ðl� 0AK� 0A$í
_� �̧1lx���s� µ1ÏÒqtô�Ç ±ú�_� ·ú¡_� 3{9�, +'_� 2{9� ×�æ Kp

t�Ãº�� ���©� 	�H °ú̀�כ¦ 2[
�#� 0A$í
_� �̧1lx��� µ1ÏÒqt �rÃº\�¦ �����·p ÕªaË>s���. #�l�"f 0A$í
_� �̧1lx��� µ1Ï

Òqt 2{9� +'_� Kp t�Ãº\�¦ �¦�9ô�Ç ��Ér	כ ��f�� "î
SX�
�>� µ1ß)�t�t���H ·ú§��¤t�ëß�, ÄºÅÒ ;�¤Û�æs� µ1ÏÒqt
�l� ��

�Ð ��� 0A$í
_� �̧1lx���s� ú́§s� �Ð�¦÷&�¦ e��l� M:ë�Hs���. s� ÕªaË>\�"f ·ú� Ãº e��1pws� Kp t�Ãº�� 4&ñ
�̧ {9�

M: 0A$í
 x�K��� ���©� (����. Õª�Q�� s��Qô�Ç ���õ��� ���Ð Kp t�Ãºü< ���/BN0A$í
 �̧1lx��� ��s�_� ����'a$í
�̀¦

[O�"î
K� ÅÒ��H ��Ér	כ ��m���. �=��
���� Kp t�Ãº�� 4��� ±ú�s� ���©� ú́§����� s� ±ú� 0A$í
s� �̧1lx����̀¦ {9�Ü¼���

S��Ãº�� ú́§����H ��Ér	כ {©����ô�Ç ���õ�s�l� M:ë�Hs���. ����"f Äºo���H Áº���0A�Ð ±ú��̀¦ Y�J��"f 0A$í
_� �̧1lx���

s� µ1ÏÒqtô�Ç ±ú�õ� °ú s� q��§K� �Ð��¤��. ���õ���H 0A$í
 �̧1lx���s� µ1ÏÒqtô�Ç ±ú�s���, Áº���0A�Ð ���×þ�ô�Ç ±ú�s���

Kp t�Ãºì�r�í��H ß¼>� ��ØÔt� ·ú§����H �.���s	כ ÕªaË> 2_� ���õ�\�¦ ì�r$3��<Ê\� e��#Q y©��̧
��¦ z�·�Ér ��Ér	כ s�

�Qô�Ç ���õ��� Kp t�Ãºü< 0A$í
 �̧1lx���õ�_� ����'a$í
�̀¦ ¢-a���y� C�]j
���H ��Ér	כ ��m�t�ëß�, &h�#Q�̧ 0A$í
 î�r

6 x��_� {9��©�\�"f �:r�����, Kp t�Ãº ÷�rëß� ��m��� 0A$í
\� %ò
�¾Ó�̀¦ ×�¦ Ãº e����H #��Q ��t� ÄºÅÒ 8̈��â
�̀¦ �<Ê

a� �¦�9
�#� 0A$í
�̀¦ î�r6 x½+É ��¹כ��9 e������H �.���s	כ

4. XNËU��ày¢ �üVRË ~¾�ÒÞXcl8ý 4�±nÇXìÄ S���mXìÄ �ìÅ×D

·ú¡\�"f ���/åL
�%i�1pws� 0A$í
_� �̧1lx����Ér Kp t�Ãº�Ð ³ð�&³÷&��H ÄºÅÒ ;�¤Û�æõ���H 	�H ����'a$í
�̀¦ �Ðs�t�

·ú§��H �Ü¼�Ð	כ ����z�¤��. Kp t�Ãº��H �FGt�%i�Ü¼�Ð âìØÔ��H ���ÀÓ\�¦ t�Ãº�o ô�Ç �Ü¼�Ð	כ 0A$í
\� %ò
�¾Ó�̀¦ p�u�

l� #Q�9î�r $�\��-t� {9���(<10 keV)\� _�ô�Ç l�#��̧�� ß¼l� M:ë�H\� Kp t�Ãºü< 0A$í
_� �̧1lx��� ��s�\�

��H f��]X�&h���� ����'a$í
s� &h��̀¦ Ãº e����. Õª�Q�� s��Qô�Ç ����:rs� ÄºÅÒ 8̈��â
\� _�ô�Ç 0A$í
�̂ �̧1lx��� %ò
�¾Ó ��

�̂\�¦ C�]j
���H ��Ér	כ ��m���. ÄºÅÒ 8̈��â
�Ér Kp t�Ãº ü@\� #��Q ���Ér ¹�è[þt�Ðכ ³ð�&³÷& 9 s��Qô�Ç ÄºÅÒ 8̈�

�â
 �_¹�è[þtכ 4�¤ú̧�ô�Ç �©� ñ ���6 x\� _�K� ���/BN0A$í
 �̧1lx����̀¦ ì�r$3�
���H ��s	כ 
¹כ��9��� Vampola(1994).

ÕªaË> 3�Ér >�]X�\� ���Ér 0A$í
 �̧1lx��� µ1ÏÒqt S��Ãº\�¦ �����·p��. #�l�"f 4�§�Ér 3�Z4, 4�Z4, 5�Z4�Ð, #�2£§�Ér

6�Z4, 7�Z4, 8�Z4�Ð, ���̀¦�Ér 9�Z4, 10�Z4, 11�Z4�Ð, ��Ö�¦�Ér 12�Z4, 1�Z4, 2�Z4�Ð &ñ
_�
��¦ 0A$í
_� �̧1lx��� �â
�¾Ó$í


�̀¦ ì�r$3�
�%i���. s� ÕªaË>\�"f ·ú� Ãº e��1pws� 0A$í
�Ér 4�§õ� ���̀¦\� #�2£§õ� ��Ö�¦\� q�K� ��� 2C� &ñ
�̧ �̧1lx
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ÕªaË> 3. >�]X�\� ���Ér 0A$í
_� �̧1lx��� ì�r�í.

ÕªaË> 4. t�%i�r�(Lacal Time)\� @/ô�Ç t�½̈ &ñ
t� C��̧ 0A$í
_� �̧1lx��� µ1ÏÒqt ì�r�í.

��� µ1ÏÒqtS��Ãº�� 7£x��
���H �¦̀�	כ ·ú� Ãº e����. y��y��_� 0A$í
 �̧1lx��� 7£x�©��Ér >�]X�\� 	�H �©��'as� \O���H �Ü¼�Ð	כ

����z�¤��HX<, s���Ér	כ y�� 7£x�©�\� @/ô�Ç X<s�'��� ��f�� Ø�æì�ry� SX��Ð÷&t� 3lw ô�Ç ���õ�{9� Ãº e����. q�5pwô�Ç ���

õ��� ���Ér 0A$í
_� �̧1lx��� µ1ÏÒqt ì�r$3�\�"f�̧ �Ð�¦�� �)a &h�s� e��Ü¼ 9, '��$í
çß� ��l��©� ~½Ó�¾Óõ� t�½̈ �����

»¡¤õ�_� y���̧\� _�K� >�]X�&h� ����o�� µ1ÏÒqt½+É Ãº e�����¦ ÆÒ&ñ
÷&��, ��f�� &ñ
SX�ô�Ç s�Ä»��H ·ú��9t�t� ·ú§�¦

e����(Wrenn et al. 2002).

ô�Ç¼#� ÕªaË> 4��H t�%i� r�(Local Time)\� @/ô�Ç 0A$í
 �̧1lx��� ì�r�í\�¦ ����?/�¦ e����. 0A$í
s� �̧1lx���

�̀¦ {9�Ü¼��� r�çß� &ñ
�Ð��H �̧��H 0A$í
\� @/K� ]j/BN÷&t� ·ú§��¤l� M:ë�H\� #�l�"f��H r�çß�\� @/ô�Ç &ñ
�Ð\�¦ ��

���½+É Ãº e����H 27>h 0A$í
\� @/K�"fëß� ì�r$3��̀¦ Ãº'��
�%i���. ÕªaË> 4\�"f �����·p ��õ	כ °ú s� ~ÃÐ 9r�\�"f

��gË> 9r� ��s�\� 19>h_� 0A$í
s� �̧1lx����̀¦ {9�Ü¼��� ìøÍ��� ±ú� r�çß� 1lxîß�\���H éß�t� 8>h_� 0A$í
s� �̧1lx���

�̀¦ {9�Ü¼��� �Ü¼�Ð	כ �Ð�¦÷&%3���. s�XO�>� ~ÃÐ r�çß� 1lxîß� 0A$í
s� �̧1lx����̀¦ {9�Ü¼~�́ SX�Ò�¦s� Z�}�Ér ��Ér	כ 0A$í


_� @/��� �&³�©�õ� �'aº��s� e����H �Ü¼�Ð	כ Òqty���)a��. s�XO�>� Òqty��
���H ��H����H Bodeau et al.(1989)s� Ä»XO�
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ÕªaË> 5. �¦\��-t�(2MeV)�����_�e�¦!3�Û¼��Z�}�̀¦M:(> 1000cm−2s−1sr−1), ×�æçß�(1000cm−2s−1sr−1\����5ge���̀¦

M:), ±ú��̀¦ M:(< 1000cm−2s−1sr−1) 0A$í
_� �̧1lx��� µ1ÏÒqt ����̧.

_� MARECS 0A$í
�̀¦ s�6 x
�#� t�½̈ &ñ
t� C��̧ 0A$í
_� @/����&³�©��̀¦ �'a¹1Ï
�%i���HX<, ÕªaË> 4\�"fü< °ú 

s� ~ÃÐ r�çß� 1lxîß�\� 0A$í
_� @/��� �&³�©�s� ú́§s� ����z���̀¦ �'a¹1Ï½+É Ãº e��%3�l� M:ë�Hs���. Õª�Q�� 0A$í
_� �̧

1lx���s� �= >�]X�&h� <�Ê�Ér t�%i� r� _��>r$í
�̀¦ °ú���Ht� ��f�� ì�r"î

�t���H ·ú§��. éß�t� s�XO�>� >�]X�s��� t�%i�

r�\� _��>r
���H ��Ér	כ ���/BN0A$í
 ]j�̧ õ�&ñ
s��� î�r6 x ×�æ\� µ1ÏÒqtô�Ç ��|ÃÐ_� z�́Ãº\� _�ô�Ç �s���l��Ð����H	כ

ÄºÅÒ8̈��â
_� ����oü< U�·�Ér ����'a�̀¦ ��t��¦ e������H �¦̀�	כ ���r�
���H �Ü¼�Ð	כ Òqty���)a��. s�\� @/ô�Ç ���½̈��

Vampola(1994)�� Iucci et al.(2006) 1px\� @/ô�Ç ���'��÷&%3�t�ëß�, ��f�� "î
SX�ô�Ç ����:r\� s��Ér ��Ér	כ ��m���.

·ú¡Ü¼�Ð 0A$í
_� ÄºÅÒ8̈��â
 ��«Ñ ì�r$3�õ� °ú �Ér ÆÒ��&h���� ì�r$3�s� 
¹כ��9���.

5. w�;c�.U� �¹Å��Ñ÷ �üVRË ~¾�ÒÞXcl Vêså¾Ë å¾Ë4�

0A$í
_�@/����&³�©��Ér³ð���@/���(Surface Charging)õ�?/ÂÒ@/���(Internal Charging)Ü¼�Ð��¾º#QÒqt

y��½+É Ãº e����. ³ð��� @/��� �&³�©��Ér q��§&h� \��-t��� ±ú��Ér {9���[þts� 0A$í
 ³ð���_� ÂÒ�̧�̂ Óüt|9�\� ²ú���·¡­

#Q 0A$í
�̀¦ @/��� r���� Êê °ú���l� ~½Ó����̀¦ {9�Ü¼v����"f 0A$í
 ÂÒ¾¡§�̀¦ ��õ�
���H �&³�©��̀¦ {9�(���¦, ?/ÂÒ @/���

�Ér q��§&h� Z�}�Ér \��-t�\�¦ °ú���H �����[þts� 0A$í
 ü@#4��̀¦ Ýü��¦ ?/ÂÒ�Ð gË>ÈÒ
�#� ÂÒ�̧�̂ Óüt�̂\� Áú¢%i�����

~½Ó����̀¦ {9�Ü¼v����"f 0A$í
_� ÂÒ¾¡§�̀¦ ��õ�
���H �&³�©��̀¦ ú́�ô�Ç��. ³ð��� @/����Ér 0A$í
_� I��ª� ���t� óøÍ °ú �Ér

ü@ÂÒ\� �̧Ø�¦�)a ÂÒ¾¡§\� 0Aa�?&h�s��¦, ?/ÂÒ @/����Ér ?/ÂÒ_� ]j#Q (��ÉÓ'� 1px ����� ÂÒ¾¡§\� 0Aa�?&h�s���. t�

½̈ &ñ
t� C��̧ 0A$í
_� �â
Äº, Ãº Ñþ� V��t� ~1�>� 0A$í
s� @/���|̈c Ãº e����H �Ü¼�Ð	כ ·ú��94R e����.

?/ÂÒ @/��� �&³�©�_� �â
Äº, �¦\��-t� �����_� ì�r�íü< f��]X�&h���� �'aº��s� e���̀¦ �Ü¼�Ð	כ Òqty��÷&��HX<, s��Q

ô�Ç �'a>�\�¦ ·ú����Ðl� 0AK� �¦\��-t� ������� Z�}�Ér e�¦!3�Û¼\�¦ Ä»t�
��¦ e���̀¦ M: 0A$í
s� �̧1lx����̀¦ {9�Ü¼���

S��Ãº\�¦ ÕªaË> 5\� ����?/%3���. #�l�"f �¦\��-t� �������H 2MeV s��©�÷&��H \��-t�\�¦ °ú���H ������Ð &ñ
_�
�

%i�Ü¼ 9,y��0A$í
[þts� �̧1lx����̀¦{9�Ü¼���0Au�\�"f_������x9��̧\�¦·ú�Ãº\O�l�M:ë�H\�p�²DG_�l��©�0A$í
���

GOES0A$í
\�"f�'a8£¤ô�ÇX<s�'�\�¦s�6 x
�#�y��0A$í
\�@/ô�Ç�����x9��̧\�¦Ä»ÆÒ
�%i���.ÕªaË> 5\�"f0A$í
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_� �̧1lx���s�µ1ÏÒqtô�Ç±ú�, GOES0A$í
\�"f�'a8£¤ô�Ç 2MeVs��©���������_�e�¦!3�Û¼�� 1000cm−2s−1sr−1 s�

�©��̀¦Ä»t�
��¦e��Ü¼��� High,Õªs�
�\�¦Ä»t�
��¦e��Ü¼��� Low,s�l�ï�r�̀¦��s�\�¿º�¦���
����Middles�

���¦ &ñ
_�
�%i���. Äº��� s� ÕªaË>\�"f 1997�̧�ÂÒ'� 2008�̧� ��t� 0A$í
_� �̧1lx��� µ1ÏÒqt S��Ãº��H ß¼>� ��7


t� ·ú§��H �Ü¼�Ð	כ ����z�¤��HX<, s���Ér	כ I��ª�_� �Ö̧1lxs� �FG@/l���� 2000�̧��â
s��� �FG�èl���� 2008�̧�s��� 0A

$í
_� �̧1lx��� S��Ãº��H ß¼>� ��ØÔt� ·ú§����H �¦̀�	כ _�p�ô�Ç��. Õª���X< 1998�̧��̀¦ ]jü@
��¦ I��ª� �Ö̧1lx �FG�è

l��Ð °ú�Ãº2�¤ �¦\��-t� ����� x9��̧�� Z�}�Ér ±ú� 0A$í
s� �̧1lx����̀¦ {9�Ü¼v���H S��Ãº�� 7£x���<Ê�̀¦ ·ú� Ãº e����.

I��ª� �Ö̧1lx �FG@/l�{9� M:��H CME(Corona Mass Ejection)ü< °ú �Ér I��ª�_� �Ö̧1lx\� _�K� t�½̈ ��l�

�Ý¶ ��l��©�\� ú́§�Ér ����o\�¦ ÅÒ>� ÷&��HX<, s��Qô�Ç ����o\� _�K� t�½̈ ��l��Ý¶\� �íS\��)a �¦\��-t� ����� [þt

�Ér ~1�>� t�½̈ @/l��Ý¶Ü¼�Ð gË>ÈÒ
����� ��l��Ý¶ �â
>���� µ1ÚÜ¼�Ð »1ÏØ�¦½+É Ãº e����. ìøÍ���, I��ª� �Ö̧1lx �FG�èl�

{9� M:��H I��ª�\�"f ÅÒl�&h�Ü¼�Ð µ1ÏÒqt
���H �¦5Åq I��ª�Û�æ\� _�K� t�½̈ ��l��©�\� �íS\��)a �����[þts� ��5Åq÷&

 9, ��l��Ý¶�Ér îß�&ñ
�)a �©�I�\�¦ Ä»l�
�l� M:ë�H\� �¦\��-t� ����� e�¦!3�Û¼�� Z�}�Ér l�çß�s� U�́��(Kataoka &

Miyoshi, 2006). ����"f �¦\��-t� �����\� @/ô�Ç 0A$í
�̂ %ò
�¾Ó�̧ I��ª� �Ö̧1lx �FG�èl�{9� M: �̧y��9 7£x��½+É

�Ü¼�Ð	כ Òqty���)a��. s���\	כ _�K� ÕªaË> 5\�"f �����·p ��õ	כ °ú s� I��ª� �Ö̧1lx �FG�èl� {9� M: �¦\��-t� �����

\� _�ô�Ç 0A$í
 �̧1lx��� S��Ãº�� 7£x�� 
���H �Ü¼�Ð	כ s�K��)a��. &h�#Q�̧ ÕªaË> 5\�¦ :�xK� ì�r"î
y� ·ú� Ãº e����H �	כ

�Ér I��ª� �Ö̧1lx �FG�èl� {9� M: �¦\��-t� ������� 0A$í
�̂ �̧1lx���\� %ò
�¾Ó�̀¦ p�}9� SX�Ò�¦s� Z�}����H �.���s	כ

6. ~¿Wdl õmÍ +sÇÂ]Ø

s��©�\�"f t�½̈ &ñ
t� C��̧ 0A$í
õ� ÄºÅÒ 8̈��â
õ�_� �'a>�\� @/K� ·ú����Ð��¤��. t�½̈ &ñ
t� C��̧ 0A$í
�Ér

@/ÂÒì�r �¦��s��¦ ô�Ç��� �¦�©��̀¦ {9�Ü¼v���� ú́§�Ér x�K�\�¦ {9�y�l��̧ ô�Ç��. Õª�Q�� 0A$í
 �̧1lx��� "é¶����̀¦ &ñ
SX�


�>� ì�r$3�
��¦ �����
���H ��Ér	כ &h�#Q�̧ �&³ r�&h�\�"f��H B�Äº #Q§>���. Õª�QÙ¼�Ð 0A$í
 î�r6 x����H �½Ó�©� [j

d��ô�Ç ÅÒ_�\�¦ l�Ö�¦{9� ��¹כ��9 e����HX<, s� ���½̈ ���õ���H 0A$í
 î�r6 x��\�>� Y>� ��t� Ä»6 xô�Ç &ñ
�Ð\�¦ ]j/BNK�

×�¦ �Ü¼�Ð	כ Òqty���)a��. Õª��Ér	כ 4�§õ� ���̀¦, ~ÃÐ r�çß� 1lxîß�\�, Õªo��¦ t�½̈ &ñ
t� C��̧_� �¦\��-t� �����_�

e�¦!3�Û¼�� 7£x��Ùþ¡�̀¦ �â
Äº(&h�#Q�̧ I��ª��Ö̧1lx �FG�èl�{9� M:), 0A$í
_� �̧1lx��� µ1ÏÒqt ��0px$í
s� Z�}����H ��s	כ

��. s��Qô�Ç r�çß�@/\� 0A$í
 î�r6 x��[þts� 0A$í
 î�r6 x\� �Ð�� [jd��ô�Ç ÅÒ_�\�¦ l�Ö�¦�������� 0A$í
_� îß�&ñ
&h����

î�r6 x\� �̧¹¡§s� |̈c ����s	כ Òqty���)a��.

Pcp��8ý òk>: s� �7Hë�H�Ér ô�Ç²DG��;ë�H���½̈"é¶_� “ÄºÅÒ8̈��â
\V�ÐG'p'�½̈»¡¤��\O�”_� t�"é¶Ü¼�Ð Ãº'��÷&%3�6£§.
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