
脳神経系研究開発チーム成果報告



119

 
(ISLiM) 2011 (2011.12.21-22)

 

1 

 
 

 
 
 

 
 

  
 
 
 
 
 
 
 
 

 
      

 
 
1986  3    
1988  3   
1988  3  
1997  3  
1997  4  
2001  4  
2007  7  
2008  10  
 

 
 

 
 



120

!
"#$%&'( )*++!")*++,+),)+-))(

!

)!

�*�R�X�_�o�*�Z�f�æ����$9&»&}�é�±�Ž�£!��n"Ú�
�•�� !
!

#y
W�� �>!
�4
�
•.�%š$|�G#‡$å4?"’�J�`�#�\�S !

(Ö$9&»&}#‡$å4?"’�4�o�S ! �4�o�S�]�o�3 !

!

+,! !

(Ö$9&»&}�ê�” �/°�n"Ú�é
��æ�±�Ž�n"Ú�
�t%½�Ò
�Ú�P�â $!ã�å!¢�n�*�,�9�S�â�½���•�ù�Ú�”1®
µ
�6�n�½�6�Æ��&¦(©�”�Á0��”5Ô2•�”(Ö�K
Õ�”�X
Õ4ø
�Å�æ)K��!¢�n�é4Ï���é
��â�±�Ž�£!��n"Ú�Ç�t%½
�Ð�����Ú�ü�”���|"›�æ��4Ï���
�å�Ô/å-„5��*�,�9
�S�â�½���•(Ö$9&»&}�é�±�Ž�£!��ê�”
Q�ß�é!ã�å��
�(�o�™�
�,�ß�}�|�æ�"�Î�Ô���Î�ã�Ç�â�È���•%Y	û
�ê�”�R�]$}�Æ��$}�é�(�o�™�
�,�Ü�”��1ñ�Æ���é�I

��Ý�×�æ�n�à�È��1ñ�ó�é�Û�È�Æ�Ì9Ô1‡
G9Õ�
�s�É
�Ô���Ý�×1‡
G���µ1Š$Ÿ�â�½���• %Y
Q�ê�”�½�Æ���(�”
�ã�ã�¿�Þ�Ú43�¿�(�o�™�
�,�Ü�”!c�º�æ���=�Ò�á�”
�Ý�×1‡
G���µ)D
Õ�
��
{�Ð�Ö��1¡��9Ô�G(�9Õ1Š$Ÿ
�â�½���•�è(*�ê�”$9&»�Á0��_�L�^�â�é5��Ç!¢!��G
"›�å û/N9Ô$9&»"’�+�ã�Ø�é
µ��9Õ�Ç�T���f�J�_�o
�W�â�½���”�ß(*�ê�”$9&»"’�+�é�ú�å���Õ$9&»&¦(©
�]�é�����f�ÿ2B&›�”���ˆ
Õ�å�ä�é�½�6�Ç�T���f�J
�_�o�W�ã�å���•(Ö$9&»&}�é�±�Ž�£!��n"Ú�ê�”�Ø�é
4Ï���Ï�ã�é�Ï(»�é�c û�â�ê!�.��Ô���Î�ã�Ç�Î5

�â�½���”�Æ�ß�”�Ø�é1¡���Ï(»�ê�ñ�æ(Ö�
�ã���ù�Ê
 �!�
�!Ç�é�(�o�™9Ô�Ô�å�
�Ü�s�(4F9Õ�æ�Å�¿�á�s
 û�Ð�����•�Ò�Ú�Ç�Þ�á�”�I
��Æ���´
��ù�â�
�ß�å
�¿�Û�Ý�×1‡
G���µ�é�s�(4F�â�é�c û�”�ù�Ú�”�s!c
�º�æ�Å�¿�á��"›�Ý�×�æ�Ð���Ô�Î�ã�â1¡��1Š$Ÿ�

�c û�Ô����-Ð�Ç�½���•
•
��é�Î�ã�Æ���”(Ö�K
Õ�_
�L�^�â�é�I�´
����µ�”�Å���î�Ø�é�G(��
�*�R�X�_
�o�*�Z�f�é�2�o�%�6�;�ã�Ò�”�Ø�é�Ú�ü�é�t�‘-Ð&›
�â�½��$9&»&¦(©�Å���î$9&»�Á0��é#‡$å9Ô$9&»&¦(©
�*�R�X�_�o�*�Z�f�”$9&»�Á0��*�R�X�_�o�*�Z�f9Õ
�

�-��Ò�á�s�É�Ò�á�¿���•�è(*�æ�ß�¿�á�” ��
�X�
/å�Ã��&¦(©�Æ���å���E�;�é(Ö�K
Õ�é�*�R�X
�_�o�*�Z�f�ê�”�,�o�D�o�&�f�G�X�o�2�Ÿ
i� �â�½
�Þ�á�ý�Î5
�â�½���é�â�”�»/N�
4¢���ý�é�ã�Ò�”�ö

C6��é-Þ-á&}�ã�u(Ä��
G �9Ô $�æ�ø+û9Õ�é�&-á&}
�
�»/N�ã�Ò�á�I�´
��æ�
�Ú���Á0��K
Õ�é�*�R�X
�_�o�*�Z�f#‡$å�
�s�É�Ò�á�¿��9Ô-Þ-á&}�*�R�X�_
�o�*�Z�f�”�ø+û�&-á&}�*�R�X�_�o�*�Z�f9Õ �•

�� �¬�æ"’/÷�Ò�Ú(Ö$9&»&}#‡$å4?"’�4�o
�S�â�ê�”#y
W9Ô
i�"�”!�#‡9Õ�Ç$9&»&¦(©�*�R�X�_
�o�*�Z�f�”�Ó
W�” 9Ô!�#‡9Õ�Ç$9&»�Á0�
�*�R�X�_�o�*�Z�f�”9%!°9Ô�ò�"9Õ �”)S
W9Ô!�#‡9Õ�”
3�/19Ô��'=$|�G�Û-��"9Õ�Ç-Þ-á&}�*�R�X�_�o�*�Z

�f�”$9�R9Ô�ò�"9Õ�Ç�ø+û�&-á&}�*�R�X�_�o�*�Z�f
�

%���°�Ô���Î�ã�ã�Ò�á�” 
Õ�Ù�â�,�2�o�;�Ò
�Ú�• �� �¬�Æ���ê�”$9&»&¦(©�*�R�X�_�o�*
�Z�f�æ4‹�"�é�Ò�¹9Ô û�÷�”�ò�"
š$|#‡9Õ�

��Ã�Ú


Õ�Ù�æ�å�Þ�á�¿���• �ù�Ú�” �ê
�� �¬�����<���7 �æ0©
�´�Ò�Ú�Ú�ü�” û�÷�ê�”�ã [�é�Ö4Ù
¯
�
Õ�Ù�â#‡$å
4?"’�
-��Þ�á�¿���•

),! !

),+! !

#y
W9Ô
i�"�”!�#‡9Õ9æ"’1•�¼�é$9&»&¦(©9Ô���Ã�ë
3Y
Õ&¦(©9Õ�ê�”	û�}�å�m�þ�â�½�Þ�á�ý�”	û�Ä�é0²
&•�ã-„�™�é�¸ A$í/à�Æ���å�� $�ý"›�å�»���
 ª
�ç9Ô�B�H�»�‘9Õ�Ô���•�Ø�é0²&•�ê�•�'�æ�����™�T
�o�;�^�ý�é43�Ð�æ
¿�î9Ô0²&•
¿439Õ �”�Î�é$9&»&¦
(©�
-×�ß�Ì�´�Ô�Î�ã�â�Á0�&¿'"�Ô���•$9&»&¦(©�é
�»���ê�”&›�6�ã�Ò�á�é $�H�
�ÿ�ü���é�ú�å���Õ�Á
0��é�n$��ã�ý�å���Ú�ü�”(Ö$9&»&}�é�±�Ž�£!��é�n
"Ú�ã�å���•�ß�ù���”$9&»&¦(©�Ç�¿�Æ�æ�Ø�é�»���

 ª�ç�Ô���é�Æ�
#n���Î�ã�ê�”(Ö�Ç�¿�Æ�æ�±�Ž�£!�
�é�}�|�
 ª�ç�Ô���é�Æ�
#n���Î�ã�æ�ß�å�Ç���•�Î
�é�<�#�Q�é
��â�”$9&»&¦(©�é�»���»�‘�*�R�X�_�o
�*�Z�f�é#‡$å�
-��Þ�á�¿�� "./0&&1!23!45,1!

1!)*+*6!74/8&1!23!45,1! 1!
)*++( �•$9&»&¦(©�é�»���ê���"�4�f�ÿ�4�X�o�I�]
�f�å�ä�é&¦(©6ý�p�æ�����•&¦(©6ý�p�
�Ù�î�Ô���é
�ê6ý�p&}�½�6�æ�����*�#�=�^�â�½���•�ù�Ú�”�*�#
�=�^
µ1•�Ç-��
�����•�
-Ù�o�Ô���é�ê&¦(©)��â
�½���• �½�6�*�#�=�^�” &¦(©6ý�p9Ô
%�æ���"�4�f&}9Õ�”
&¦(©)��Æ���å���Q�^�4�H���+�6�"�,�â�½��$9&»
&¦(©�»���»�‘�é�*�R�X�_�o�*�Z�f�
-��Á�Ú�ü�é
�J�\�6�;�H���o�S 7290/'/0:;/<&3 �
4?"’�Ò�á�¿
���• û�÷�é�ã�Î���” ) �4�0&¦(©�é�*�R�X�_�o�*�Z
�f�Ç��(»�â�½���”�Ø�Î�â�ê�”�½�6�*�#�=�^�ê
û��
���”&}�é ) �4�0�&�f�D�o�;�T�f�;1-
Ã�æ�����”��
�"�4�f'"&ý�ê�”'"&ý�Ï�ã�é2€�'�n(Õ2€�'�n�½���n
� �V�6�G�f�#�å�ä�Ç5V	û�}�P���0�f1Š$Ÿ�æ�Ò�Ú
�Ç�Á�ã�Ò�Ú#Õ ¸�*�R�X�_�o�*�Z�f�æ�����”�ù�Ú�”
&¦(©)��ê�”���"�4�f'"&ý�Æ���é�\�4���6�;��
��




121

!
"#$%&'( )*++!")*++,+),)+-))(

!

)!

!ª�¿�Ú���@�^�!�o'-�z�:�æ����.�%š�
-��Þ�á�¿
���•���"�4�f'"&ý�æ����6Ÿ
G�Ð����*² A
’/÷�é)D
�Æ&µ'q
{�”
{�G/Û�H�å�ä�é�*�R�X�_�o�*�Z�f�
�s
 û�Ò�Ú "./01213!45!16,3! 3!)*++(�•
�ù�Ú�” �Î�é�J�\�6�;�H���o�S�ê�” 7#88 
��â�ê '9#
�æ���� :+;) �&��
��É�”
i
��â�ê '9#-<=40'9!
>?@A&B�æ���� CDE�&��
��É�ù�â1•�‘�Ò�á�¿���•��
�"�4�f2€�'�é#Õ ¸�*�R�X�_�o�*�Z�f�Ç
��É
{�é
�O�;�^�@�6�"�â�½���” F*,;+"C+)( �æ�ã�ä�ù�Þ�á
�¿���é�â�”���^�'�]�-�S�é�w���
-��¿�ß�ß�”&¦(©
�é
��4�0�»���
-��Þ�á�¿���• !

�Ò�¹9Ô�ò�"
š$|#‡9Õ9æG-8466�ê�»���
�­�Ô��$9&»
&¦(©�æ�ß�¿�á�”5��Ç!¢!��G
û���ã&¦(©�]�½�6
û��
�
�+�(�æ.�%š�â�È���*�R�X�_�o�2�â�½���•�Î���ù
�â�é G-8466�ê&¦(©�é�»����
{�æ�»���â�È�å�Æ�Þ
�Ú�é�â�” .4HA/'/A=>/I&5 �ã�é4F�â�»����
{�”�ê
�²)�5�
Ï�ÿ�&�f�D�o�;�T�f�;�]�½�6�Ú�2�å�ä�

� R � ­ � â � È � � � Ú � ü � é � : � o � 2 
 d � µ � » � |
0458JK-04HA/0�
-Ù�o�Ò�Ú�•�ù�Ú�” G-8466�é '9#

{�
1t�ü�” ;;L 
•
��é
��É
{ ¸�
1•�‘�Ò�Ú�• �ù�Ú�”
�½�6�_�L�^�é#Õ ¸"›
û���
/°2‚
Þ!ª�ã�æ�Ò�Ú�Ç
�¿9Ô&8�6�™�Ç�u4¢�"�æ�å���B4¢�æ�Å�¿�á9Õ
é�’�æ
�s�É�Ô��.�%š�»�:� 
4?"’�Ò�Ú "#M>&21N13! 45! 16,3!

3!)*+*( �• !

!

),)! !

J&4OP1009ÔQH46&M>!74O41AM>!84054A9Õ9æ$9&»�Á0�
�é�"-Ù�¨�*�R�X�_�o�*�Z�f�
��(»�ã�Ô���0�H�;
������!c�º .R$S".RHA16!$&PH615&/0!S//6(�
4?"’
�Ò�á�¿���• .R$S �ê
%�æ�P$9&»&¦(©9Ô�»���
�­�Ò
�å�¿$9&»&¦(©9Õ�Æ���å���Á0��é�*�R�X�_�o�*�Z�f
�
�ç�ç�ã�Ò�á�¿���Ç�”�»���é�½��&¦(©�ý�»����(»
�â�½���•$9&»�é�Á0��]�±�Ž
µ1•�ê$9&»"’�+�æ�����•
"’�+�Ï�ã�æ�Ø�é���L�f�;�±�Ž�
�K&¦(©�æ
µ1•�Ô
�����L�f�;6Ÿ
G�Ç�|�ê�”�\#Õ�â�½���ý�é�é
2 ¸�Ç
�¡�¿�• .R$S �â�ê�” �(4F0²�
	û�o�é4F4Ò�æ
™�¾���”
�Ø�é4F4Ò�]�â�ê
M�ù�æ�n�à�È&¦(©�Ï�ã�æ$Í�½�

-��Þ�Ú
��â�”4F4Ò�]�â"’!¢�Ò�Ú"’�+�
�K&¦(©�æ
µ
�Ã�”"’�+�æ�ß�¿�á�ê�(4F�
�Ð�Æ�é�÷�Þ�á�&&¦(©�é
$Í�½�é�•�Â�
-��Á�ã�¿�Á�(4F6Ÿ
G�3�é���J�`�o
�4�
�ã���Î�ã�â�”
2 ¸�é)Ÿ�¿.�%š�
-��Þ�á�¿���•
�Î�é4Ù�æ���^�Q�f�H���^�2�å�ä�é&V�2�é)Ÿ�¿
M
�ù�:�
!ª�¿���Î�ã�â&V�2�
#Õ�;�Ô�� "964OO4A3! 45!
16,3! 3!)**;T!U10HOM>2&03!45!16,3!

3!)*+*( �•$9&»�Á0��*
�R�X�_�o�*�Z�f�é5
�Ò�Ð�ê�”
Ú!�"›�æ�ê�K&¦(©4F
�Ç�’&ï�Ò�ç���Ú�ü�”$è4F�ê�²�H�å�ä
��É
{�â�È��
�á�Ç�Æ���Ç�Ë�å�¿�Î�ã�â�½���•�Ò�Æ�Ò�”�Î���ù�â
�æ.R$S �ê�”
i�é
��â�” VW+*E�X�é&¦(©�” VW+*+*

�X�é�*�=�J�,�Æ���å���Â�"�Á0��é�*�R�X�_�o�*
�Z�f�
�s�É�Ò�Ú�• V*D)* �A�o�<�ù�â�é >?@A&B
��É
�s-]�Ç�â�È�á�Å���” F*,;*"+EVX:( �é�,�;�`�f�#
�,�$�o�^�
�ç�á�¿���•�Î�é�Á0��â�é�G(��*�R�X�_
�o�*�Z�f�
-��Þ�Ú�ã�Î���” +EVX: �&���
!ª�¿�á�”
+ $}�é!¢ ��(4F�
 :; $}�ö�ä�â�*�R�X�_�o�*�Z�f
�â�È�á�¿���• �Î���ê QH46&M>�.�f�2�o�é Y6H4!Z404!
9"Q[ZR.R( �����ý V �Z$Ÿ�27�1f�â�½���• .R$S
�Ç"á�0�Ô�é�ê�”(Ö�K
Õ�_�L�^�é�Á0��é�*�R�X�_�o
�*�Z�f�â�½���• û�÷�”���^�'�]�-�S�é�w���
1t�ü
�á�Å���”�&�R�X�>�$�o�*�Z�f�é�O�;�^�@�6�".��–
�æ�����” +* X �X�é&¦(©�Æ���å���"-Ù�¨�Á0��é�*�R
�X�_�o�*�Z�f�
"á�¡�ã�Ò�á�¿���•�ù�Ú�” .R$S �æ
�Å�¿�á1ñ
Ï�ê�²"›�æ1ƒ�¿�(�o�™�â
Þ!ª�Ô��$9&»
�C6< �/°�é
2���
�����I���”�<�o�D�R�f�æ�����(
4F�Å�½�G(��Ç��(»�â�½���Î�ã�
$��Ò�Ú "9/5\10O3!
45!16,3! 3!)*++(�• !

�Ó
W9Ô!�#‡9Õ9æ�"(Ö�Â"¹/°�â-×������ $�ý"›�å4Ï
���t1g�Ç$9&»�t
G�ã�ä�é���Á�å4P�%�
�,�ß�é�Æ�”
�¿�Æ�å���±�Ž�£!��
�s û�Ò�á�¿���Æ�
�ÿ���Æ�æ
�Ô���Î�ã�
"á�0�Ò�á�”$9&»�Á0��*�R�X�_�o�*�Z�f
�é#‡$å�
-��Þ�á�¿���•-Þ-á2•�â�ê�”��!Ç�Æ���ç��
����)��"�å-Þ-á�±�Ž�Æ���”-Þ2•�]�æ�½���H"á�Ô�ô
�È�±�Ž�æ�v�P�
�°�á�”�Ø���
2€�P"›�æ�£!��Ò�á�¿
��9Ô-Þ-á"›�H�ç9Õ�•5��Ç!¢!��G"›�n.��ì�G"›#n-×
�æ�n�à�Ê.f&¦�å�@�6�;�b�o�"�
�,�ß-Þ-á"¹/°�é
���t1g�ê�²�Á0��U�:�^�
 .R$S 
��æ�t%½�Ò�”-Þ-á
"›�H�ç�Ç-Þ-á"¹/°���é
G���æ
��Ã���Ç5À�
�*�R
�X�_�o�*�Z�f�æ������.��Ò�Ú�• Y/55/P-H= "›�å-Þ
-á�±�Ž�ã S/=-B/N0 "›�å�H�ç�I
��Ç�ê�²�Á0��]�â

Þ!ª�Ò�½�Á�Î�ã�
$��Ò�”-Þ-á"›�H�ç�Ç"¹/°���é-Þ
-á�£!��æ���Ú�Ô�Î
��

M�ù�Ò�Ú "]1^15OHP13! 45!
16,3! 3!
)*++( �•�ù�Ú�”�ê�²�Á0��é�™�
�Ç�ÿ�Ò�”-Þ-á2•�]
�é�ê�²5Ô�^�
�������s�æ�c û�Ô���*�R�X�_�o�*
�Z�f�
-��Þ�Ú&¿���”$è4F"›�H�ç�ã $�ý�æ�n�à�Ê�H
�ç�æ�����”$9&»&¦(©��%u�é��.ž
2���Ç�”�o�H"›�Æ
�ß�o2‚"›�æ)Ÿ�Ê.‘�ÿ�Ð�����Î�ã�Ç�
�Æ�Þ�Ú�• !

!

),V! !

9%!°9Ô�ò�"9Õ9æ�Î���ù�â�æ�”�"(Ö"¹/°�é3Y
Õ&¦(©
�
�»/N�ã�Ò�á�”���^�*���S�*�#�=�^4P1j�½�6�
�=
�û.f&¦�G(� "$=&24! S&P&0^! J4=40B405! 961O5&M&5?T!
$SJ9( �U�:�^�
�t%½�Ò�”�ù�Ú�”���^�*���S�é
�
�
�y�é�½�6�

����ã�Ò�Ú%ò&›
{�U�:�^�
�t%½�Ò�”�Ø
���
!ª�¿�á�”���2�Q�+�V�"�*�é-Þ+��æ�Å�Ì���Ç�0
1¬�ï�H�Ï�t�é ª�ç�
�*�R�X�_�o�*�Z�f�æ�����ÿ
� � � Æ � æ � Ò � Ú"U/0B13! 45! 16,3!

3! )*++(�•�Î�é%ò�� $SJ9 �U�:�^�




122

 
(ISLiM) 2011 (2011.12.21-22)

 

3 

NEST �é�J�\�#���f�ã�Ò�á�s-]�Ò�”
i
��â
G�Ê��
�Á�æ�Ò�Ú�•  

)S
W9Ô!�#‡9Õ9æ�E�;�é-Þ-á&}�ê�”#��6�G&}�”'�)��”
-Þ-á"¹/°�”(Ö�� (#� ÿ1‡
G6Ÿ
G1ñ)�å�ä�â�t�‘�Ð��
����4Ï��-„5�&}�â�½���”�Ø�é�Ï(»�é!�.��æ�ê�”�t
�‘-Ð&›�é�U�:�^
{�ã�ã�ý�æ�”�Ø�����
&Ô�'�Ò�Ú�"
-Ù�¨�*�R�X�_�o�*�Z�f�Ç��-Ð�â�½���•�Î���ù�â�æ�”
.�%š�Ï!c�º�æ���=�Ö�Õ�U�:�^�é�t%½�ÿ&Ô�'�Ç��
( » � å � U � : � ^ 4 ? " ’ � R � ­ � J � \ � 6 � ; � H � � � o � S ! c � º
(PLATO)�é4?"’ (Kannon, et al., , 
2011)�
1t�ü�”�ù�Ú�”�U�:�^&¿�'�æ!ª�¿���R�­�:
�o�2�H���o�Q�6�;�å���î�æ�Ø�é�Ñ!ª�p�Á�\���I
�\�]�
 RICC 
��â MPI 
G
Þ��(»�å���Á�æ�s-]�
1t
�ü�Ú�•-Þ-á&}�
�t�‘�Ô���&�t�‘-Ð&›�U�:�^�é
��É
�s-]�é A�+�ê
•
��é���Á�â�½���• (1)#� ÿ1‡
G&}�ê�”
�&�f�3�"�2�f�,�L�o�,�é&¦(©�U�:�^�ã�Ò�á.%1@
�Ò�” �
Õ�H-Þ�(�æ!¢�Ó���ø�Ê#� ÿ1‡
G�å���î�æ-Þ
2•
��é �
Õ�

û�¿"›�æ�R�Ã���F1f#� ÿ1‡
G�é!¢
�‘�
��(»�ã�Ò�Ú (Inagaki, et al., , 
2011)9ÔRICC 
��â 30 
��É�
�s û9Õ �• (2)#��6�G&}
�ê�”#� ÿ�» A�é $�H�”#S�9&}�é $�H�å�ä�é#n-×�

1J
��Ò�á�t%½�
1t�ü�” 1000x1000 �é'�)��Ý�é!¢�‘
�
��(»�ã�Ò�Ú9Ô 400 
��É�
�s û9Õ �• (3)'�)��ê�”-Þ
&¦(©�”�Ó��&¦(©�”
ú�B&¦(©�”�å���î�æ$9&»%µ&¦(©
�Æ���t�‘�Ð���á�¿���•-Þ&¦(©�æ�ß�¿�á�”&‚ 3600

��X�é&¦(©�Æ���t�‘�Ð�����U�:�^�é�t%½�
-��¿�”
�Ø�é�Á�Ü 250 
��X�é3Y
Õ&¦(©�æ���� Cone Mosaic
�ã�m�ë���� L �3�” M �3�” S �3�é-Þ&¦(©2)'Î�æ����
��%u�
�c û�Ò�Ú�• 1024 
��É
G
Þ (�,�;�`�f�#�,�$
�o�^�é =0.87)�
#Õ.z�Ò�Ú�•  �ù�Ú�”  �Î���ù�â�æ4?
"’�Ò�Ú�R�­�:�o�2�H���o�Q�6�;�å���î�æ�Ø�é�Ñ
!ª�p�Á�\���I�\�] PLATONIC �
!ª�¿�á�” #� ÿ1‡
G
�U�:�^�”#��6�G�U�:�^�”'�)�-Þ&¦(©�U�:�^ (Cone 
Mosaic)�å���î�æ
G�È#n-á�æ4P�Ô��-Þ-á"¹/°�U�:
�^�é&Ô�'�
1t�ü�”)D�|!¹�Ý�”3r-Þ!¹�Ý�
!ª�¿�Ú�*
�R�X�_�o�*�Z�f�
 RICC 
��â
��É�s�É�Ô���Î�ã�æ
�‘
��Ò�Ú�•  

3�/19Ô��'=$|�G�Û-��"�”
i�"�”!�#‡9Õ 9æ-Þ-á&}�é
�´
��
�!��#� ÿ1‡
G&}�”�Ô�å�
�Ü�”'�)�9Ù
�
�9Ù
#� ÿ1‡
G�Ù�î&}�é�U�:�^�
 NEST 
��æ�s-]�Ò�Ú�•
 $�æ
�
��ê��4Ï���Æ���‘���,�D���f� �f�#�>�X
�o�`�f�é�Á0��U�:�^�ã�Ò�á�s-]�Ò�Ú�•'�)��I
��æ
�n�à�È�(�6���o�<#� ÿ1‡
G�Ç.ƒ"’�Ð����4Ù�æ�”
�

��Á0��é�&���â�ê $�ý"›�å�($è4F�D�2�o�f�Ç�»
�‘�Ð�����•���Ã�ë�”�(�^�é$9&»!¢!��G�s6Î�æ����
�ë�”
�
��é�´
��

��Ã��
�4F���é�C�o�,�;&¦(©�ê�”
�L�^�3�é"’�+�D�2�o�f�
�,�Ü�”�Ó���â�ê�t
G�é�(
$è4F"›�å���›�Ç!¢�Ó���Î�ã�Ç�½�Æ�Þ�á�¿���Ç�”�*
�R�X�_�o�*�Z�f�ê�Î�����
)Ÿ�Ê�c û�Ò�Ø�é�Â�Ú
�å�Ï(»"›�å�ç�g
ƒ�Ì�

��Ã�Ú�•�ù�Ú�”
�
��æ����

6Ÿ
G�Ð����#� ÿ1‡
G�ê�”�(�6���o�<-ú�2�æ�»�Ò�á
�G�o�"1f�2�ê $�ý"›�å5V'"�»���o�I�
�¬�Ê�Ç�”�Î
�é�H/°�ý�*�R�X�_�o�*�Z�f�æ����)Ÿ�Ê�c û�â�È
�Ú�•�Î�����é�‘���ê.°�¥�é$Â
��â�½���•�*�R�X�_
�o�2�ê û�÷ RICC 
��â
��É
G
Þ�Ò�á�¿���Ç�”
y�ß

i
��â
G
Þ#Õ.z�
-��Á�•  
 
2.4  
$9�R9Ô�ò�"9Õ9æ���U�:�^!¢ ��â�½�������&���
�»
/N�æ105$Ÿ�2�é$9&»&¦(©�Æ���å��(Ö�K
Õ�_�L�^�é
�&-á�±�Ž�£!��”�Ô�å�
�Ü�”(Ö�æ�Å�Ì���I
�9Ô
l�¿
���ˆ9Õ�Æ���´
�9Ô
l�¿�.�•&•-�
G9Õ�ù�â�é�±�Ž�£
!��é�s�(4F�*�R�X�_�o�*�Z�f�
"á�0�Ò�á�¿���•�Î
���ù�â�é�‘���ê
•
��é���Á�â�½���• (1)�����&��$9
&»�:�o�2�L�o�,�é�›�»�
1t�ü�” &‚1600�X�é$9&»&¦
(©�é
��4�0�»���n!¢!��:�o�2�
�Ñ!ª��(»�æ�Ò�Ú
(Kazawa, et al., , 2008)�• (2)�&-á
&}	û�4
����â�½��.�-ú*²�” 
l�¿�.�•&•�é1‡
G�D�2
�o�f�
!¢�‘�Ô���¥�ý*² (LAL-VPC)�
�ß�å�Ë�&-á
&}
�
Ï
����æ�ß�¿�á�”&¦(©�_�L�^�â�t1g�ã�Ï(»
�é.����
-��Þ�Ú (Namiki and Kanzaki, 

, 2011; etc.)�•�¥�ý*²�ó�é�I
�&¦
(©�é�&-á��%u�ê	û1Š"›�â�½���”�À���é�&-á�±�Ž
�
&Ô�'�Ô���Î�ã�å�ä�Ç�½�Æ�Þ�Ú�• (3)5�
Ï�Å���î
5��y�"�\�f�J�s6Î�æ�����”.�-ú*²�Æ��
�
Ï
���
�ó�é�´
�$9&»�ÿ�¥�ý*²�
�t�‘�Ô��$9&»&¦(©�æ�Å
�¿�á5��y�H�I�æ�»�Ô���,�D���""’�+�å�ä�æ4P�Ô
�� $�H�±�Ž�
�ç�Ú�• (4)�¥�ý*²�Á0��
�t�‘�Ô��$9
&»&¦(©�é)�5�
Ï�:�o�2�ã�»���:�o�2�Æ��&¦(©�

�½6��Ò(Iwano, et al., 

, 2010)�”������%u�D�»�

Þ�‘�Ò�Ú�• (4) 
(Ö�» A�æ�»�Ò�á	û$³�é�����2
Þ�

��Ã���Î�ã�â
�����&���é�Ÿ�¡�0(Ö� �

Þ�‘�Ò�Ú�•�:�o�2�L�o
�,�é$9&»&¦(©�
�¡�0(Ö�3�¡&}�æ�Q�6�G�f�#�Ô��
�J�`�&�;�^�
#Õ%��Ò�Ú�•�ù�Ú�” $9&»&¦(©�é
��4�0
�»���Æ��$9&»�»���

2 ¸���Ê���ç�Ô���0�H�;��
� � � � � 
4?"’ �Ò�Ú�• (5) �J� \ �6�; �H�� �o�S�â�½��
NEURON�æ�����¥�ý*²�Á0��é�*�R�X�_�o�*�Z�f
�
-��Þ�Ú�•
i
��æ$–���
-��¿�” OpenMP
{�” SIMD

 { � å � ä � 4 � X � o � > � f � # � 
 1 t � ü � ” � A � o � < � ½ � Ú � �
6GFlops�é
±
Õ�H(»�
�s û�Ò�Ú�•	û&¦(©�é�*�R�X
�_�o�*�Z�f�
-„�™�&���æ�½
��Ô���»�:�
&µ�ú�'
�
�Ö���ã�”�™
¢�&�f�D�o�;�T�f�;�é&¦(©�æ�»�Ò�á
�]���^�2���S.�%š�Ç��(»�â�½���• û�÷�”�¨�" 3�˜
104&¦(©�” 104�&�f�D�o�;�T�f�;�é�Á0��*�R�X�_�o
�*�Z�f�Ç��(»�ã�å�Þ�á�¿���•�¨�"
��É�&���™�ê
49152�”�,�;�`�f�#�,�$�o�^�ê�é =0.95(49152)�ã
)Ÿ�b�â�½���• (6)
±	û&¦(©�é $�H�
�s�™�o1®
µ"›��
�^�'�]�-�S�æ����&¦(©5�
Ï.%3s�Æ���•�o�Ô���»
�:�
4?"’�Ò�”�*�R�X�_�o�2
��æ�s-]�Ò�Ú�•  



123

 
(ISLiM) 2011 (2011.12.21-22)

 

4 

2.5  

�Ä#‡$å�æ4P�
���Ö4Ù�G-��¾475�.y�•0¿.°�¥�é
�™�ê�” 2008 ��9Ô 10 �¬�Æ�� 12 �¬9Õ�ê 5 
™�” 2009
���ê 8 
™�” 2010 ���ê 9 
™�” 2011 ��
•4 �ê 23 
™
�ã5Å.ž�â�½���•�Ø�é	û1ñ�ê�” Nature Cell Biology, 
Molecular Systems Biology, Nature Neuroscience, 
Neuron, Journal of Neuroscience, PNAS �å�ä�½2•
�

•-+�Ô��	û�y5�.y�æ�•0¿�Ð���Ú�”�½���¿�ê�•0¿

M�o�â�½���•�Î�����ê�*�,�9�S!¢ ��G#‡$å�”�"-Ù
�¨�:�o�2.����å�ä�æ�����ý�é9Ô�¿�
����.�%š$9&»
$|�G�æ4P�Ô���ý�é9Õ�ý�½���”�Â�Û
i�é�*�R�X�_�o
�*�Z�f�Ç
%�ã�å���ý�é�â�ê�å�¿�Ç�”�Ä�J�`�+���"
�;�æ4P�
���T�f�C�o�é�G-��t
G�é�_�L�^�é7��Ð
�
$��Ò�á�¿���•�ù�Ú�”�J�`�+���"�;�¼4F�]�â�”4P
�%#‡$å(*�Å���î�G!¢�é��/¨�ê�”$·�B�é CNS2011 
poster award �å�ä 10 
™�”�T�:�����æ����
��Í��
���Ú�é�ê�”$9�R�#�^�o�J�é
l�¿�•#n�`�O�6�;�å�ä
14 
™�â�½���•�Î�é���Á�æ�”#‡$å�t
G�Å���î�����;
�]�o�4�t
G�ê)Ÿ�b�â�½���•  
 

3.  
3.1  

$9&»&¦(©�æ�Å�Ì���Q�^�4�H���+�6�"�,9Ô6ý�p&}�”
&¦(©)��”&¦(©�]�½�6�é
û�����”9Õ�
&Ô�'"›�æ�*�R
� X � _ � o � * � Z � f � Ô � � � Ú � ü � é � J � \ � 6 � ; � H � � � o � S
NeuroMorphoKit �æ�����”$9&»
¿43�é�Ç�0�ÿ�o�H
�æ4P�Ô���H���\�T�f�;�L�o�,�é
��4�0�*�R�X�_
�o�*�Z�f�
�s-��Ô���• 
i
��â�é 10000 �&��
��É�

"á�¡�ã�Ô���•
�-��Ò�á�”)�5�
Ï�Å���î�½�6�é
û��
���”�é.�%š�
��(»�ã�Ò�”��-Þ
{�å�ä�&$³���f�2�o
�H�� �o� , � 
 �»�Ã� � A-Cell �é MPI 
 { � 
1t �ü�”
NeuroMorphKit �ã�é�B���I�]�6�<�s-��
1•�‘�Ô���•  
 
3.2  

NEST �é�&�R�X�>�$�o�*�Z�f�O�;�^�@�6�"�æ�ß
�¿�á���^�'�]�-�S�é�w)Ÿ�
1t�ü�”
�!Ç�¨7��Ó�0�ã
�å���” 108 �X�é&¦(©�” 1012 �*�=�J�,�Æ���å���Á0�
�*�R�X�_�o�*�Z�f�
-��Á�Î�ã�â�”(Ö�K
Õ�_�L�^�é
�Á0�
G���é�c û�
"á�0�Ô�• NEST �æ����-„�™���\
�S�U�:�^�*�R�X�_�o�*�Z�f�
�s�É�Ò�” $�ý�H�ç�ã
$è4F�H�ç�é1‘�¿�é.‘�ÿ�
.\�ú���•�ù�Ú�”5��Ç�*�=
�J�,�
((�&�Ò�Ú
��É.�%š�Û-��
 NEST �æ�s-]�Ò�”
�Ø���
!ª�¿�á�\�6�;1‡
G2•�ê�²�Á0��U�:�^�
�t
%½�Ô���•  
 
3.3  

-Þ-á&}�é�I
�1ñ�æ"ç�°�Ô��#��6�G9Ù�Ë�¼-Þ-á

&}�æ4P�Ô��&Ô�'�*�R�X�_�o�*�Z�f!c�º VSM �æ�»
�Ò�á�”(Ö�é�±�Ž�£!��é�s�(4F�H�
((�&�Ò�Ú
��É
{
�
1t�ü�” RICC 
��â7�
��É�s-��Ô���ã�ã�ý�æ�”
i
�ó�é�s-]�ó�ã�÷4?�Ô���•
i
��â�ê 2000 �&��
��É

•
��
"á�0�Ô�•�ù�Ú�” VSM �
!ª�¿�á�”3r-Þ û/N�é
�U�:�^�æ�n�à�Ê�Ï�t.��ÿ�
"á�0�Ô�•-Þ-á&}�´
�1ñ
�æ"ç�°�Ô��
�
�9Ù#� ÿ1‡
G&}�æ�ß�¿�á�ê�”�`�O�6
�;�é��
G���T�\�
!ª�¿�á�Ý�×���=�é#� ÿ1‡
G�Ù
�î�é�c û�
"á�0�Ô�•�ß(*�æ�ß�¿�á�” NEST �s-]�æ
�����s�(4F�ã�+$Ÿ�2�é
G
Þ�(4F�é1•�‘�
"á�0�Ô�•  
 
3.4  

.f&¦�å!¢ ��G�s6Î�æ�n�à�È�ø+û�é�&-á&}$9&»
�Á0��Å���î&¦(©�æ4P�Ô���:�o�2�L�o�,
{�ã�Ø��
�æ�n�à�¿�Ú�*�R�X�_�o�2 IOSSIM �é4?"’�
&î&ï�Ô
���•�Ý�×1‡
G���µ9Ù
l�¿�Ý�×�I
��Æ���”�¥�ý*²�é
�±�Ž�£!��
1b�Ó�á�”
l�¿�.�•&•-�
G�é�´
��ù�â9Ù
�é�*�R�X�_�o�*�Z�f�
�”
i
��â7�
��É�s�É�Ô���•

����Á0� (LAL-VPC)�é�"-Ù�¨�Q�^�4�&�f�D�o�;�T
�f�;�U�:�^�æ�ß�¿�á�ê�” 
i
��â 60000 �&��
��É$Ÿ
�2�æ�����s�(4F.�%š�
1•�‘�Ô���•�s�(4F
G
Þ�Ð�Ö
�Ú�ø+û(Ö�*�R�X�_�o�*�Z�f�
$–
G�`�O�6�;�ý�Ò
�Ê�ê!¢!��s6Î�ã�]���^�2���S�â1b�>�Ò�á!¢
Õ�ÿ
�*�R�X�_�o�*�Z�f�å�ä�é4F�â�§0»�
-��Á�•  

 
3.5  

(Ö$9&»&}#‡$å4?"’�4�o�S�é#‡$å�ê�”43�¼"›�æ�ê�”
(Ö$9&»&}�æ�Å�Ì��"’1•4Ú�‚�é�Ï�(�é.��ÿ�”�¨1¡�å
�G(�9Ô�Ž(’9Õ1Š$Ÿ�é.3.��”(Ö�
�¨�Ò�Ú#n"›�±�Ž�£
!��:�C���,�é4?"’�å�ä�é$ 
³�n!¥�:��!ª�”�ù�Ú�”
�I�_���f�Q�*�f���f�2�o�H���o�,�é7�&V&¦
{�å
�ä�é
š"n��!ª�æ/x ‚�Ô���Î�ã�
"á�0�Ò�á�¿���•�7
&(�â�ê�”(Ö$9&»&}�*�R�X�_�o�*�Z�f#‡$å�ê�Î���ù
�â�,�D�&�f4?"’�ã/÷
��ú�
�¥�Ã�á"’�÷�Ò�á�È�Ú�•
 û�÷�”�7�º�â�ê Human Brain Project �ã�¿�Á�T��
�(�����f�,�é
G�È�Ç�½���Ç�”�Î�Î�â�ý�,�D�&�f4?
"’�Ç2€-Ð�ã�Ð���á�¿���•�
���
���ê û�(�P�â
�!Ç
�¨7��H(»�é�,�D�&�f�

ö!ª�Ô���Î�ã�Ç�â�È���é
�â�”�Ø�é�T�]�6�;�
�¨�"4¢
h���Ô���Î�ã�â�”(Ö$9
&»&}�é�T���>�-�S�æ�ß�¿�á�”�n$�"›�å#n-×�é$Í�ú

��Í�Æ����!ª�æ�÷4?�Ò�á�¿�Ê��-Ð�Ç�½���•  

�å�Å�”
i�ê û�÷4?"’
��â�½���”
M$Â
��é�™�<�ê
 û A�é�o�â�½���•
i
��é�H(»�æ4P�Ò�á�ê
i1f�&�f
�G�X�o�2
i�é.\6Î�Ñ!ª�Å���î $�Î1‡!ª�æ�����•
RICC 
��é�H(»�æ4P�Ò�á�ê!�
{�G#‡$å�²�±�Ž�n"Ú
�.�f�2�o�é PC �"�\�,�2 RICC �æ�����•
i
��é�s
-]�æ�ß�¿�á�ê ISLiM 7��2
{�4�o�S�é�•
��å�(�P�o
�;�ý�ç�Ú�•4P�%�&
Ï�æ�õ.â!³�Ò
��Í���•  

 



124

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

⬻
⚄
⤒
⣔
◊
✲
㛤
Ⓨ
䝏
䞊
䝮
䠖
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛻

䜘
䜚
⚄
⤒
⣔
䛾
᝟
ሗ
ฎ
⌮
ᇶ
┙
䜢
᥈
䜛

ி
㒔
኱
Ꮫ
኱
Ꮫ
㝔
᝟
ሗ
Ꮫ
◊
✲
⛉

⌮
໬
Ꮫ
◊
✲
ᡤ
ḟ
ୡ
௦
ィ
⟬
⛉
Ꮫ
◊
✲
㛤
Ⓨ
䝥
䝻
䜾
䝷
䝮

▼
஭
ಙ

*

⬻
⚄
⤒
⣔
䝏
䞊
䝮
䛾
┠
ᶆ

⬻
⚄
⤒
⣔
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛷
ゎ
᫂
䛩
䜉
䛝
⏕
࿨
ᶵ
⬟

䞉
䝇
䜿
䞊
䝹
䜢
ᑠ
䛥
䛟
䛧
䛯
ᒁ
ᡤ
ᅇ
㊰
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

䞉
௬
᝿
ⓗ
䛻
タ
ᐃ
䛧
䛯
ධ
ฟ
ຊ
䛻
䛴
䛔
䛶
⬻
⚄
⤒
⣔
䛾
ື
ែ
䜢
෌
⌧

ഏ
ɭ
ˊ
ǹ
ȸ
ȑ
ȸ
ǳ
ȳ
Ȕ
ȥ
ȸ
ǿ
ư
Ꮿ
ᅕ
ኺ
ኒ
Ʒ
Ȫ
Ǣ
ȫ
Ƴ
Ƿ
ȟ
ȥ
Ȭ
ȸ
Ƿ
ȧ
ȳ
ƕ
И
Ǌ
Ư
ӧ
Ꮱ
ƴ

�ï�
U

�º
�’�

´�
±

�¬
�¯�

‡�
Ë

�û
�r�

³�
Þ

�á
�¸�

t	4
�%

�ü
�¸

�¢
�÷

�~
�ü

�¸
�£

�±
���

|�¢
�˜�

Ö
�£

�°
�‹�

Ô

�,
�z

�Ì�
f�·

�:�
Ó

�ù
�ñ

�8
�+

�°
	4

�%
�Û

�ü
�¸

�-
���

t�:
�Ó

�±
�•

�•
�:�

Ó
�ù

�ñ
�8

�+
�°

���
|

�»
�Ç

�°

��

m
�Ê

�ù
�8

���
8�

ó�
3�

��%
�8

�ÿ
�°

�¸
䞉
ᐇ
㝿
䛾
⬻
䛾
」
㞧
ᗘ
䜢
෌
⌧
䛷
䛝
䜛
䝸
䜰
䝹
䛺
ᒁ
ᡤ
ᅇ
㊰
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

䞉
⬻
⚄
⤒
⣔
䛾
ᐇ
㝿
䛾
ධ
ฟ
ຊ
㛵
ಀ
䜢
෌
⌧
䛩
䜛
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

ḟ
ୡ
௦
䝇
䝟
䝁
䞁
䛻
䜘
䜛
⬻
⚄
⤒
⣔
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛾
ල
య
ⓗ
䛺
䝍
䞊
䝀
䝑
䝖

�,
�ï�

U
�º

�’�
·��

�œ
�Ž

�³
	4

�%
�ü

�¸
�¥

�î�
·�«

�;�
•�

"
�~

�U
�º

�¬
�Ø

�±
�…

	Ñ
�U

�º
�Å

�Â
�•

�-
�ï�

¼
�ó

�,�
��+

�°
�·	

4�
%

�ü
�¸

�Þ
�¨�

·�•
�"

�~
�ï

�è
�b

�c
�K

�…
�~

�’
�±

�Ä
�•

�Ï
�{

�~
�’

�•

᪻
⹸
⬻
䠄
⣙

*)
.)

))
䝙
䝳
䞊
䝻
䞁
䠅

඲
⥙
⭷
䠄
⣙

*.
))

).
))

)
䝙
䝳
䞊
䝻
䞁
䠅

ᒁ
ᡤ
ᅇ
㊰

⚄
⤒
⣽
⬊
䛾
ᙧ
ែ
ᙧ
ᡂ

⚄
⤒
䝬
䝹
䝏
䝣
䜱
䝆
䜽
䝇
䝅
䝭
䝳
䝺
䞊
䝍

!"
#$

%
&

%
$'

(%
)*

+

⚄
⤒
⣽
⬊
䛾
ᙧ
ែ
ኚ
໬
䚸
☜
⋡
཯
ᛂ
䜢
ໟ
ྵ
䛧
䛯
䝬

䝹
䝏
䝣
䜱
䝆
䜽
䝇
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䝋
䝣
䝖
䜴
䜵
䜰

ᒁ
ᡤ
ᅇ
㊰
䝅
䝭
䝳
䝺
䞊
䝍

>
ú>

ñ>
ÿ?

�

኱
⬻
⓶
㉁
ᒁ
ᡤ
⚄
⤒
ᅇ
㊰
䛾
ά
ື
䜢
෌
⌧
䛩
䜛
䝅
䝭
䝳
䝺
䞊
䝍

⬻
⚄
⤒
⣔
䛾
᝟
ሗ
ฎ
⌮
༢
఩
䛷
䛒
䜛
⚄
⤒
⣽
⬊
䛸
ᒁ
ᡤ
ᅇ
㊰
䛾
ᙺ
๭
䛸
䛭
䛾
ኚ
໬
䛾

䝯
䜹
䝙
䝈
䝮
䜢
⌮
ㄽ
ⓗ
䛻
ゎ
᫂

⚄
⤒
⣽
⬊
䛾
ᙧ
ែ
ᙧ
ᡂ
ᶵ
ᵓ
䛾
ゎ
᫂
䛿
䚸
෌
⏕
་
⒪
䛺
䛹
䛻
ᣦ
㔪
䜢
୚
䛘
䚸
ᒁ
ᡤ
ᅇ
㊰
䛾
ື
ែ
ゎ
᫂
䛿
䝤
䝺
䜲

䞁
䝬
䝅
䞁
䜲
䞁
䝍
䞊
䝣
䜵
䞊
䝇
䜔
㠀
౵
く
⬻
ά
ື
ィ
 
䛾
⢭
⦓
໬
䛺
䛹
䜈
䛾
Ἴ
ཬ
ຠ
ᯝ
䛜
䛒
䜛

኱
⬻
⓶
㉁
ᒁ
ᡤ
⚄
⤒
ᅇ
㊰

䞉
⣙

䛾
㡿
ᇦ
䛻

ಶ
䛾
⣽
⬊
䛸
䠍
䠌
䠕
ಶ
䛾
䝅
䝘
䝥
䝇
⤖
ྜ
䛜

䛒
䜚
䚸
኱
⬻
⓶
㉁
䛻
䛚
䛡
䜛
᝟
ሗ
ฎ
⌮
䛾
༢
఩
䛸
⪃
䛘
䜙
䜜
䛶
䛔
䜛

䠄
䝁
䝷
䝮
ᵓ
㐀
䠅

䞉
እ
⏺
䛛
䜙
䛾
่
⃭
䛻
ᛂ
䛨
䛶
䚸
᝟
ሗ
ฎ
⌮
ᵝ
ᘧ
䜢
ኚ
໬
䛥
䛫
䜛

䞉
⚄
⤒
⣽
⬊
䛾
ά
ື
䛿
ᙧ
ែ
䛻
౫
Ꮡ
䛩
䜛

䞉
Ⓨ
㐩
ᮇ
䛻
䛚
䛔
䛶
䚸
ศ
Ꮚ
䝛
䝑
䝖
䝽
䞊
䜽
䛻
ไ
ᚚ
䛥
䜜
䛶
ᙧ
ែ
䜢
⋓

ᚓ
䛧
䚸
䜎
䛯
䚸
㐲
㝸
䛾
⣽
⬊
㛫
䛻
䛚
䛔
䛶
䜒
㐺
ษ
䛺
⤖
⥺
ᵓ
㐀
䜢
⋓
ᚓ

䛩
䜛
䠄
䝟
䝍
䞊
䞁
ᙧ
ᡂ
䠅

Ἴ
ཬ
ຠ
ᯝ

ᮇ
ᚅ
䛥
䜜
䜛
ᡂ
ᯝ

ᙺ
๭
䛾
ゎ
᫂
䛻
ᚲ
せ
䛺
䝋
䝣
䝖
䜴
䜵
䜰

⚄
⤒
⣽
⬊
䛸
ᒁ
ᡤ
⚄
⤒
ᅇ
㊰
䛾
ᙺ
๭
䛾
ゎ
᫂

↓
⬨
᳝
ື
≀
Ⴅ
ぬ
⣔

ᶵ
ᵓ
䛾
ゎ
᫂
䛻
ᚲ
せ
䛺
䝋
䝣
䝖
䜴
䜵
䜰

Ἴ
ཬ
ຠ
ᯝ

ଝ
ᖓ
Ꮿ
Ƿ
ȟ
ȥ
Ȭ
ȸ
ǿ
+1
55
+
/

᪻
⹸
Ⴅ
ぬ
⣔
⚄
⤒
ᅇ
㊰
䛻
䛚
䛔
䛶
䚸

ឤ
ぬ
ཷ
ᐜ
䛛
䜙
⾜
ື
Ⓨ
⌧
䛻
⮳
䜛
⤒

㊰
඲
య
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛜
ྍ
⬟

䛺
䝅
䝭
䝳
䝺
䞊
䝍

ᮇ
ᚅ
䛥
䜜
䜛
ᡂ
ᯝ

2
.#
6
1

⬻
䛾
኱
つ
ᶍ
ᩘ
⌮
䝰
䝕

䝹
䜢
ᵓ
⠏
䛩
䜛
䛯
䜑
䛾

ඹ
᭷
䝥
䝷
䝑
䝖
䝣
䜷
䞊
䝮

P
GV
%
&(
�
0+

䝬
䝹
䝏
䝺
䝧
䝹
䚸
䝬
䝹

䝏
䝣
䜱
䝆
䝑
䜽
䝇
䛻
䜟
䛯

䜛
」
ᩘ
䛾
ᩘ
⌮
䝰
䝕
䝹

䜢
⤖
ྜ
䛩
䜛
䛯
䜑
䛾
ᨭ

᥼
䝷
䜲
䝤
䝷
䝸

%
QP
E
KG
T
IG

」
ᩘ
䛾
ᩘ
⌮
䝰
䝕
䝹
䜢

ඹ
᭷
䚸
᳨
⣴
䚸
⟶
⌮
䛩
䜛

䜲
䞁
䝣
䜷
䝬
䝔
䜱
䜽
䝇
䝒
䞊

䝹

↓
⬨
᳝
ື
≀
䛾
Ⴅ
ぬ
᝟
ሗ
ฎ
⌮
䛸
䜋
ங
㢮
䛾
ど
ぬ
᝟
ሗ
ฎ
⌮
䛾
⬻
඲
య
䛻
䜟
䛯
䜛

⚄
⤒
ᇶ
┙
䜢
⌮
ㄽ
ⓗ
䛻
ゎ
᫂

ᐇ
⎔
ቃ
䛻
䛚
䛡
䜛
⬻
䛾
่
⃭
㐠
ື
ኚ
᥮
ᶵ
ᵓ
䠄↓
⬨
᳝
ື
≀
Ⴅ
ぬ
⣔
䠅䚸
䛚
䜘
䜃
⎔
ቃ
䛻
㐺
ᛂ
䛧
䛺
䛜
䜙
⬻
ෆ
᝟

ሗ
ฎ
⌮
ᇶ
┙
䜢
ኚ
໬
䛥
䜜
䜛
⬻
䛾
㐺
ᛂ
ᶵ
ᵓ

!䜋
ங
㢮
ど
ぬ
⣔
䠅䛾
䝯
䜹
䝙
䝈
䝮
䛜
ゎ
᫂
䛥
䜜
䜜
䜀
䚸
᪂
䛧
䛔
⬻

ᆺ
䝕
䝞
䜲
䝇
䜔
䝻
䝪
䝑
䝖
⬻
䛾
タ
ィ
ཎ
⌮
䛾
㛤
Ⓨ
䛺
䛹
䛻
Ἴ
ཬ
ຠ
ᯝ
䛜
䛒
䜛

䜋
ங
㢮
ど
ぬ
⣔

䞉
䜋
ங
㢮
䛾
่
⃭
㐠
ື
ኚ
᥮
䛻
䛚
䛔
䛶
䚸
ど
ぬ
⣔
䛜
᭱
䜒
䝕
䞊
䝍
䛜

ከ
䛟
䚸
◊
✲
ᑐ
㇟
䛸
䛧
䛶
䜒
㔜
せ

䞉
⎔
ቃ
䛻
ᛂ
䛨
䛶
䚸

#/
0
ẚ
䜢
㧗
䜑
䜛
䜘
䛖
䛻
Ꮫ
⩦
䠄
▱
ぬ
Ꮫ
⩦
䠅

䞉
⬻
䛾
ᶵ
⬟
㞀
ᐖ
䛜
䛒
䜜
䜀
䚸
ど
ぬ
⣔
䛻
⑕
≧
䛜
ฟ
䜛
䛣
䛸
䛜
ከ
䛔

䞉
୓
ಶ
⛬
ᗘ
䛾
⣽
⬊
䛛
䜙
䛺
䜛
ᅇ
㊰
䛻
䜘
䛳
䛶
䚸
่
⃭
䠄
ໝ
䛔
䠅䛛
䜙

㐠
ື
䠄
ໝ
䛔
※
᥈
⣴
⾜
ື
䠅䛾
ኚ
᥮
䜢
⾜
䛖
䠄
䝬
䜲
䜽
䝻
⬻
䠅

䞉
㥆
䜜
䛺
䛹
୍
✀
䛾
Ꮫ
⩦
⬟
ຊ
䛜
䛒
䜛

ど
ぬ
⣔
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛾
䛯
䜑
䛾
ඹ
᭷
䝥
䝷
䝑
䝖
䝣
䜷
䞊
䝮

↓
⬨
᳝
ື
≀
Ⴅ
ぬ
⣔
䛸
䜋
ங
㢮
ど
ぬ
⣔
䛾
ᶵ
ᵓ
䛾
ゎ
᫂

�t
�q�

k



125

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

䖩
⚄
⤒
⣽
⬊
䛾
ᙧ
ែ
䠄
䜰
䜽
䝏
䞁
⣔
䠅
䛾
䛯
䜑
䛾
䝬
䝹
䝏
䝣
䜱
䝆
䝑
䜽
䝇
䝅
䝭
䝳
䝺
䞊
䝍

!"
#$

%
$

&
'("

#)
$&

'*+
,-

-&
'!.

/0
$1

'!.
23

"0
%

+
&

'
45

67
8&

'4
9:

:

䖩
ி
ୖ
䛷
䛾
䝝
䜲
䝤
䝸
䝑
䝗
୪
ิ
ᐇ
⿦
䛾
ື
స
☜
ㄆ
䚸

䛚
䜘
䜃
䝣
䜱
䝷
䝯
䞁
䝖
ィ
⟬
䛾
୪
ิ
໬
᪉
ἲ
䛾
ᨵ
ၿ

䖩
ⴥ
≧
௬
㊊
䛾
⮬
ᕫ
⤌
⧊
໬
䚸

⣽
⬊
㉮
ᛶ
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䖩
ᣑ
ᙇ
䝰
䝕
䝹
䛾
ヨ
స

;1
23

,4
53

6
!7

89
:+&

;"
'+

䖩
௒
ᚋ
䛾
ᒎ
㛤

>
Ý䠊
䜰
䜽
䝏
䞁
䜻
䝛
䝔
䜱
䜽
䝇
䛾
䜰
䝸
䝂
䝸
䝈
䝮
䜢
ᨵ
ၿ
䛧
䚸
ி
ୖ
䛷

>
Ý

>
Ü

>
Ü

>
Ü

>
Ü

䝁
䜰
୪
ิ
⛬
ᗘ
䛾
኱
つ
ᶍ
㧗
୪
ิ
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䜢
㐩
ᡂ

>
Þ䠊
᭤
䛜
䜛
䜰
䜽
䝏
䞁
䝰
䝕
䝹
䜢

>
ú?

�?
!?

�?
�>

ù?
�?

�?
�?

�?
�>

÷
?�

? 
䛻
⤌
䜏
㎸
䜏
䚸
䜎
䛯
୕
ḟ
ඖ
໬
䜢
㐩
ᡂ

>
ß䠊
ୖ
グ
䛻
䜘
䜚
䚸
⣒
≧
௬
㊊
䛾
୕
ḟ
ඖ
ື
స
䜢
ྵ
䜣
䛰
ᡂ
㛗
෇
㗹
䛾
ື
ⓗ
䛺
໙
㓄
᳨
▱
䚸
᪉
ྥ
㌿
᥮
䛻
䛴
䛔
䛶
䛾
㧗
୪
ิ
䝅
䝭
䝳

䝺
䞊
䝅
䝵
䞁
䜢
ᐇ
᪋
䚸
䜲
䝯
䞊
䝆
䞁
䜾
䝕
䞊
䝍
䛾
෌
⌧
䜢
ᅗ
䜛

>
à>

Ì
䠊

>
ú?

�?
!?

�?
�>

ù?
�?

�?
�?

�?
�>

÷
?�

? 
>

Ù>
í>

Ù>
ï?

�?
�?

�
㐃
ᦠ
䛻
䜘
䜚
䚸
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
⤖
ᯝ
䛾
ྍ
ど
໬
䛸
䜲
䞁
䝍
䞊
䝣
䜵
䞊
䝇
䜢
ᐇ
⌧

䝣
䜱
䝷
䝯
䞁
䝖
䛾
᭤
䛢
䞉
⤖
᮰
䛾
ᑟ
ධ

୕
ḟ
ඖ
໬

⣽
⬊
㉮
ᛶ
䛾
෌
⌧

!
"

㒊
ศ
✵
㛫
ศ
๭
䞉
䝜
䞊
䝗
ከ
㔜
໬
䛻
䜘

䜛
䝣
䜱
䝷
䝯
䞁
䝖
ィ
⟬
䛾
ຠ
⋡
໬

ி
䛷
䛾
ᛶ
⬟
ホ
౯

⚄
⤒
ᙧ
ែ
ᙧ
ᡂ
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

,!
"#

$
%

&
%

$
'(

%
)*

+
'

<
9=

>
?@

A
B

C
D

+
9C

D
+

E
F

G
H

=
:%

IH
+

A
7+

J
-

&
A

@
K

LA
8A

?%
=

98
+=

L9
C

?H
+

A
7+

=
H

88
M

+%
M

+=
@

%
:%

=
98

+7
A

@
+

:L
H

%
@

+
7B

C
=

:%
A

C
M

,
M

:@
B

=
:B

@
98

+
K

89
M

:%
=

%
:N

+
A

7+
M

K
%

C
H

M
.+

=
9C

=
H

@
+

%
C

I9
M

%
A

C
+!

%
C

I9
D

A
K

A
D

%
9'

.+
H

:=
,

O
H

98
%

P
H

+=
A

Q
K

B
:9

:%
A

C
+

7A
@

+
3R

-
JK

K
@

A
9=

L
O

H
A

@
?9

C
%

P
9:

%
A

C
+A

7+
S

-9
=

:%
C

+
9M

+
9+

D
H

:H
@

Q
%

C
9C

:+
A

7+
=

H
88

B
89

@
+Q

A
@

K
LA

8A
?N

M
%

Q
B

89
:H

D
+

F
N

+
0H

B
@

A
&

A
@

K
LA

T
%

:
O

H
98

%
P

9:
%

A
C

+A
7+

Q
A

@
K

LA
8A

?%
=

98
+=

L9
C

?H
+

F
N

+
9D

D
%

:%
A

C
+

9C
D

+
D

H
8H

:%
A

C
+A

7+
=

A
Q

K
9@

:Q
H

C
:M

M
%

Q
B

89
:H

D
+

F
N

+
J

-U
H

88
V

W
=

L9
C

?%
C

?+
M

%
Q

B
89

:%
A

C
+D

9:
9+

F
H

:X
H

H
C

+
0H

B
@

A
&

A
@

K
LA

T
%

:
9C

D
+

J-U
H

88
O

H
M

B
8:

M
U

A
C

M
:@

B
=

:%
A

C
+

A
7+C

H
:U

R
S-

C
H

B
@

A
C

+
7A

@
+

D
9:

9+
H

W
=

L9
C

?H
#%

Q
B

89
:%

A
C

+A
7+

Q
A

@
K

LA
8A

?%
=

98
+=

L9
C

?H
+

F
N

+
J

-U
H

88
+B

M
%

C
?+

C
H

:U
R

S-
C

H
B

@
A

C
@

H
9=

:%
A

C
-D

%
77

B
M

%
A

C
:@

9C
M

Q
%

M
M

%
A

C
+A

7+
Y

Q

&
-.

/'0
$0

11
"1

*2
0+

*%
3/

%
4/

567
"1

18
99

:
Z

8:
%

Q
9:

H
+

?A
98

+
A

7+
:L

%
M

+
K

@
A

G
H

=
:

;9
@

98
8H

8%
P

9:
%

A
C

+9
C

D
+

[;
-

O
H

98
%

P
9:

%
A

C
+A

7+
K

9@
98

8H
8+

=
A

Q
K

B
:9

:%
A

C
+

A
7+

M
:A

=
L9

M
:%

=
+M

%
Q

B
89

:%
A

C
+X

%
:L

A
B

:+
9C

N
+

=
A

Q
K

9@
:Q

H
C

:9
8%

P
9:

%
A

C

!"
#

$
%

&
%

$
'(

%
)*

+
65

67
"1

1䛻
䜘
䜛

;<
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

#:
H

K
R

H
M

=
@

%
K

:%
A

C
0H

:X
A

@
>

+
:N

K
H

0H
B

@
A

C
M#

N
C

9K
M

H
M#

:9
:B

M
+0

A
I()

**

*
@

H
D

B
=

H
D

+K
@

%
Q

9:
H

+
I%

M
B

98
+=

A
@

:H
W

!3
(+

9@
H

9M
.+

H
9=

L+
*+

8A
=

98
+Q

%
=

@
A

=
%

@
=

B
%

:'

@
9C

D
A

Q
+9

:+
Q

%
=

@
A

+9
C

D
+

Q
9=

@
A

+M
=

98
H3w
*)

\
3w

*)
*)

:H
=

LC
%

=
98

8N
+

9=
L%

H
IH

D
+A

C
+TA
C

+
(]

,+
JB

?+
()

**

(
@

H
D

B
=

H
D

+K
@

%
Q

9:
H

+
I%

M
B

98
+=

A
@

:H
W

+
@

H
M

K
H

=
:%

C
?+

@
H

89
:%

IH
+

M
%

P
H

+A
7+

9@
H

9M
+!

3(
'

M
K

9:
%

98
8N

+
A

@
?9

C
%

P
H

D
+9

:+
Q

%
=

@
A

+M
=

98
H

*)
]

*)
*(

-
:H

=
L,

+K
A

M
M

%
F

8H
+

X
%

:L
+

=
B

@
@

H
C

:+
=

A
D

H
,+

-
:H

M
:M

+%
C

+
K

@
A

?@
H

M
M

3
LB

Q
9C

+F
@

9%
C

+Q
A

D
H

8+
!9

K
K

@
A

W
,+

*)
)+

9@
H

9M
'M

K
9:

%
98

8N
+

A
@

?9
C

%
P

H
DQ

9W
+

*)*
*

Q
9W

+
*)*

5

'$
"=

"3
+

">
/

?"
@

/A
A

3>
B

/A
C

D
C

?B
%

D
H

D
+F

N
+

C
H

B
@

A
M

=
%

H
C

:%
7%

=
?A

98
+

:A
+=

A
Q

F
%

C
H

+
Q

%
=

@
A

M
=

A
K

%
=

+
9C

D
+Q

9=
@

A
M

=
A

K
%

=
+

M
:@

B
=

:B
@

H
+

E
F

'"G
+

">
/$

"=
#1

+
=

H
#:

H
K

+*
^+

%
C

IH
M

:%
?9

:%
A

C
+A

7+
@

H
D

B
=

H
D

+
I%

M
B

98
+=

A
@

:H
W

+
Q

A
D

H
8+

C
A

X
+

K
A

M
M

%
F

8H
+A

C
+

T
=L

9@
9=

:H
@

%
P

9:
%

A
C

+A
7+

M
:9

:%
A

C
9@

N
+M

:9
:H

+!
@

9:
H

M
.+

%
@

@
H

?B
89

@
%

:N
'

=
A

Q
K

9@
%

M
A

C
+A

7+
8A

X
-7

@
H

_B
H

C
=

N
+V

V
`+

9C
D

+$
S

;+
:A

+
H

W
K

H
@

%
Q

H
C

:M

#:
H

K
+(

^+
Q

A
D

H
8M

+
X

%
:L

+
=

8A
M

H
D

+7
B

C
=

:%
A

C
98

+
=

%
@

=
B

%
:M

=9
K

9F
%

8%
:N

+:
A

+M
%

Q
B

89
:H

+7
B

88
+M

=
98

H
+Q

A
D

H
8+

A
7+

9+
7B

C
=

:%
A

C
98

+B
C

%
:+

9:
+

Q
%

=
@

A
M

=
A

K
%

=
+@

H
M

A
8B

:%
A

C

#:
H

K
+3

^+7
B

88
+

LB
Q

9C
+

F
@

9%
C

+
M

%
Q

B
89

:%
A

C
9M

M
H

M
M

Q
H

C
:+

A
7+

=
9K

9F
%

8%
:N

+:
A

+M
%

Q
B

89
:H

+7
B

88
+M

=
98

H
+F

@
9%

C
+Q

A
D

H
8

ᒁ
ᡤ
ᅇ
㊰
䝅
䝭
䝳
䝺
䞊
䝍

!0
V

#
a

'

,D
I/J

#3
+

*K
"/

*K
'$

%
L"

K
"3

+
=

M
K

H
H

D
B

K
+

),
2+

b+
*\

3]
c+

=
A

@
H

M
(M

@
$*

>
/&
-.

/N
/

O
'"3

&
-

=
A

D
H

!M
%

Q
B

89
:%

A
C

+9
C

D
+

X
%

@
%

C
?'

9=
L%

H
IH

D
+K

L9
M

H
+

""
"+

A
C

+
T

,P
I/!

"F
+

/K
*1

"=
+

%
3"

H
/!

K
0F

Q
D

CR
//

+(
"%

$M
/%

4/
K

"K
%

$M
/#

=
0S

"

Q
H

Q
A

@
N

+
=

A
C

M
B

Q
K

:%
A

C
+

A
C

+
T

+
X

%
:L

+
5

=
A

@
H

M
+

!M
A

8%
D

+
D

9@
>

+
?@

9N
+

=
B

@
IH'

,A
I/&

"K
%

$M
/*

K
'$

%
L"

K
"3

+
=

M
:A

@
9?

H
+

A
7+

C
H

B
@

A
C

M
+

9C
D

+
M

N
C

9K
M

H
M

+
H

Q
K

8A
N

%
C

?+
=

'0
$=

"/
$"

'$
"=

"3
+

0+
*%

3=
HC

9F
8H

M
+H

77
%

=
%

H
C

:+
D

%
M

:@
%

F
B

:%
A

C
+

A
C

+
&

*)
>

+
=

A
@

H
M

3+
:%

Q
H

M
+

89
@

?H
@

+
C

H
:X

A
@

>
+

:L
9C

+
+

A
C

+
dZ

`V
0V

+
%

C
+

M
9Q

H
+

:%
Q

H

���
���

���
S

�U
�R

�G
�X

�F
�W

�L
�R

�Q
���

Q
�H

�W
�Z

�R
�U

�N
���

��Â
���

�
T

*+
M

H
=

A
C

D
+

F
%

A
8A

?%
=

98
+:

%
Q

H
*\

3]
c+

=
A

@
H

M
5+

Q
%

C
B

:H
M

+
X

%
@

%
C

?+
*+

Q
%

C
B

:H
+

M
%

Q
B

89
:%

A
C

+:
%

Q
H

0
V

#
a
䛾

T
ୖ
䛷
䛾
ᛶ
⬟

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+



126

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

�íᲣ
ޖ
ನ
ᡯ
Ǜ
ǋ
ƭ
ᙻ
ᙾ
᣼
ޅ
৑
ׅ
ែ
Ʒ
ನ
ሰ

�îᲣ
Ʀ
Ǖ
Ǜ
ဇ
ƍ
ƨ
ᙻ
ᙾ
ႎ
ද
ॖ
Ʒ
Წ
ǫ
ȩ
Ƞ
Ȣ
ȇ
ȫ

���
]�v

�Ì�
��P

�P
���

Œ
���

š�
���

�o
�X

���
ì�ð

�d
�Z

�}
�u

�•
�}

�v
���

��š
���

��o
�X

���
ì�î

ᚐ
а
ܱ
᬴
ȇ
ȸ
ǿ

ᩓ
ൢ
ဃ
ྸ
ܱ
᬴
ȇ
ȸ
ǿ

�ô
�ì�

U
�ì�

ì�ì
���

>
�/�

&
�r�v

���
µ�

Œ
�}

�v
�•

���
Ç

���W
�}

�š
�i�

��v
�•

���
v�

�����
�]�

��•
�u

���
v�

v

Ū
ʻ
Ǉ
ư
ƴ
Ј
ஹ
ƨ
Ɯ
Ʊ

�4
�G

�[�
P

�Q
�N

�F
�U

���
G

�V
���

C
�N

���
��


���
���

���
�

ƴ
Ǒ
ǔ
ද

ॖ
Ʒ
ܱ
᬴
Ǜ
ϐ
ྵ
Ƣ
ǔ
Ȣ
ȇ
ȫ

Ხ
ޖ
ׅ
ែ
ƴ
Ǒ
ǔ
እ
ଔ
ƍ
ද
ॖ
Ʒ
Џ
Ǔ
ஆ
Ƒ
Ǜ
ʖ
ᚕ

�t�
��P

���
š�

•�
µ�

u�
�

�U
���W

�}
�š

�i�
��v

�•
�U

�����
]��

�•
�u

���
v�

v���
v�

����&
�µ

�l�
��]�~

�î�
ì�í

�í�
•

�ïᲣ
ᢃ
ѣ
᣼
ޅ
৑
ׅ
ែ
Ȣ
ȇ
ȫ
҄
Ʒ

ƨ
Ǌ
Ʒ
ȇ
ȸ
ǿ
ᚐ
ௌ

Ū
���

�
Ჟ
ˌ
ɥ
Ʒ
ᢃ
ѣ
᣼
ȋ
ȥ
ȸ
ȭ
ȳ
ƕ
Ŵ
᡿
ƍ
Ǭ
ȳ
Ȟ
ඬ

�
�
���
Ѹ
���

�
�*

�\�
�ᢃ
ѣ
แ
ͳ

��Ʊ
ᡮ
ƍ
Ǭ
ȳ
Ȟ
ඬ

�
�
���

���
���

���
�

�*
�\�

�ᢃ
ѣ
ܱ
ᘍ

��ƴ
ӷ
஖
Ơ
Ư
ႆ
້

Ū
ෙ
ᬔ

�
�
%

�Q
�N

�I�
K

�P
�G

�V
���

C
�N

���
���

�0
�C

�V
�W

�T
�G

���
���

���
���

Ʊ
ٻ
Ꮿ
ႝ
ឋ

ޅ
৑
ׅ
ែ
Ʒ
ᚘ
ም
Ҿ
ྸ
Ʒ
σ
ᡫ
ࣱ
Ǜ
ᅆ
Ր

O
8M

[8
D

;B
88

᡿
ƍ
Ǭ
ȳ
Ȟ
ඬ

ᡮ
ƍ
Ǭ
ȳ
Ȟ
ඬ

ᢃ
ѣ
แ
ͳ

ᢃ
ѣ
ܱ
ᘍ

ᅇ
㊰
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛻
䜘
䜛

኱
⬻
⓶
㉁
᝟
ሗ
ฎ
⌮
䛾
ゎ
᫂

!U
&

R
0

'

඲
ど
ぬ
⣔
䜢
ᵓ
ᡂ
䛩
䜛
ྛ
䝃
䝤
䝅
䝇
䝔
䝮
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

䝰
䝕
䝹
⤫
ྜ
⎔
ቃ
䛾
ᵓ
⠏

!;$
Ja

E
'

඲
ど
ぬ
⣔
䝰
䝕
䝹
䛾
ᵓ
⠏

ど
ぬ
⣔
䝃
䝤
䝰
䝕
䝹
䛾
ᵓ
⠏

ど
ぬ
⣔
䜢
ᵓ
ᡂ
䛩
䜛
ྛ
䝃
䝤
䝅
䝇
䝔
䝮
䝺
䝧
䝹
䛷
䛾
ど
ぬ
ᶵ
⬟
ゎ
ᯒ

ゝ
ㄒ
䜔
䝅
䝇
䝔
䝮
䛻
䜘
䜙
䛺
䛔
䝰
䝕
䝹
⤫
ྜ
䝷
䜲
䝤
䝷
䝸
䛸
ᐇ
⾜

J?
H

C
:

⤫
ྜ

⤫
ྜ

඲
ど
ぬ
⣔
䝰
䝕
䝹
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛻
䜘

䜛
ໟ
ᣓ
ⓗ
䛺
ど
ぬ
ᶵ
⬟
ゎ
ᯒ

䝸
䜰
䝸
䝇
䝔
䜱
䝑
䜽
䛺
⥙
⭷
ീ

Y
*᪉
ྥ
㑅
ᢥ
⣽
⬊
䛾
ᛂ
⟅

U
A

C
H&

A
M

9%
=䛾
ᛂ
⟅

⬻
ᖿ
䝛
䝑
䝖
䝽
䞊
䜽
䛾
ᛂ
⟅
䛸
║
⌫
㐠
ື

!&
%

=
@

A
M

9=
=

9D
H

'

*#
$<

$%
-.2

'$
1=

&
'!.

/0
$1

'!.
23

"0
%

+
&

'4
9:

:

඲
ど
ぬ
⣔
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

!Y
#

&
'

>
Ý䠊
኱
つ
ᶍ
ど
ぬ
⣔
䝰
䝕
䝹
䛿
䚸
ど
ぬ
⣔
䜢
ᵓ
ᡂ
䛩
䜛
䝃
䝤
䝅
䝇
䝔
䝮

䝰
䝕
䝹
䜢

>
ü>

ø
>

í?
�>

û
ୖ
䛷
⤫
ྜ
䛧
䛶
ᵓ
⠏

>
Þ䠊
⤫
ྜ
䛿
䚸

>
ù>

ü>
õ>

Û
?�

?�
? 

>
ï>

ð>
ò

䛾
ඹ
᭷
䝣
䜷
䞊
䝬
䝑
䝖
䛻
䜘
䜚
ᐇ
⌧

>
ß䠊
⤫
ྜ
䛧
䛯
䝰
䝕
䝹
䛿

>
í?

�?
�?

�?
 

䛻
䜘
䜚
䚸
ධ
ฟ
ຊ
䛺
䛹
䛾
⟶
⌮
䛾
䜒
䛸

䛻
ᐇ
⾜
䛥
䜜
䜛
䚹

඲
ど
ぬ
⣔
䝰
䝕
䝹
䛿
䚸
䛭
䜜
䜢
ᵓ
ᡂ
䛩
䜛
ྛ
㒊
఩
䛾
ヲ
⣽
䝰

䝕
䝹
䛾
⤫
ྜ
䛻
䜘
䜛
ᵓ
⠏
䜢
┠
ᣦ
䛩
䛣
䛸
䛛
䜙
䚸
䛭
䜜
䛻
ᚲ

せ
䛺
䝥
䝻
䜾
䝷
䝮
ゝ
ㄒ
䛻
౫
Ꮡ
䛧
䛺
䛔
䝰
䝕
䝹
⤫
ྜ
⎔
ቃ

!;
$J

aE
'䜢
ᵓ
⠏ ;$

Ja
E
䛻
䜘
䜛
䝰
䝕
䝹
⤫
ྜ
౛

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
౛

!║
⌫
㐠
ື

-║
ග
Ꮫ

-⡆
᫆
⥙
⭷
䝰
䝕
䝹

'

�7 �7 �7 �7 �7

*3
+

"S
$0

+
"

3)
୪
ิ

c)
)
୪
ิ

*)
(c
୪
ิ

*)
(c
୪
ิ

ど
ぬ
⣔
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛾
䛯
䜑
䛾
ඹ
᭷
䝥
䝷
䝑
䝖
䝣
䜷
䞊
䝮
䠖
;$

Ja
E

>
$#

#"
#

.2
'$

1=
&

'!.
/0

$1
'!.

23
"0

%
+

&
'4

9:
:

ど
ぬ
Ꮫ
⩦
⣔
䠄
㯮
⏣
䠅

ศ
Ꮚ

>
ÿ?

�>
ð>

ü
䝰
䝕
䝹
䛻
䜘
䜛
ど
ぬ
⣔
ᶵ
⬟
⋓
ᚓ

ᐇ
㦂

ศ
Ꮚ

#a
R

;
䝰
䝕
䝹

!E
U

V
䛷
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

�)
�U

�R
�H

�P
�N

�H
�	�

��'
�D

�Q
���

��1
�D

�W
�X

�U
�H

���
���

���
���

���
���

���
�

�8
�U

�D
�N

�X
�E

�R
�H

�W
���

D
�O

���
���

�-
�1

�6
���

���
���

���
���

���
��

䛣
䜜
䜎
䛷
䛻
䛷
䛝
䛯
䛣
䛸
䠖

䕕
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

䠍
䠊
䜸
䝍
䝬
䝆
䝱
䜽
䝅
䛾
ど
ぬ
⣔
⚄
⤒
䝛
䝑
䝖

䝽
䞊
䜽
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

䠎
䠊
ศ
Ꮚ

#a
R

;
䝰
䝕
䝹
䛾

0V
#a
䜈
䛾
⛣
᳜

䕕
䝃
䜲
䜶
䞁
䝇

᪉
ྥ
㑅
ᢥ
ᛶ
⋓
ᚓ
䝯
䜹
䝙
䝈
䝮
䜢
ゎ
᫂
䟿

e+
[A

C
D

9+
()

**
.+

d0
#+

3*
.+

K
*5

*\
+

f

䝥
䝻
䝆
䜵
䜽
䝖
⤊
஢
䜎
䛷
䛻
䛷
䛝
䛭
䛖
䛺
䛣
䛸
䠖

䕕
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

့
ங
ື
≀
䛾
ど
ぬ
⣔
䛾
䝃
䝫
䞊
䝖
䠃

௚
䝅
䝭
䝳
䝺
䞊
䝍
䛸
䛾
㐃
ᦠ

䕕
䝃
䜲
䜶
䞁
䝇

ศ
Ꮚ

#a
R

;
䝅
䝇
䝔
䝮
䝰
䝕
䝹
㛤
Ⓨ

ᑠ
⬻

$a
R
䛾

#:
A

=
L9

M
:%

=
+
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁



127

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

║
⌫
㐠
ື
⣔
䠄
㖡
㇂
䠅

䛣
䜜
䜎
䛷
䛻
䛷
䛝
䛯
䛣
䛸

⥙
⭷
䠉
ୖ
ୣ
䠉
║
⌫
㐠
ື
ไ
ᚚ
䝹
䞊
䝥
䛾
䝇
䝟
䜲
䜻
䞁

䜾
䝙
䝳
䞊
䝻
䞁
䝰
䝕
䝹
䜢

0V
#a
ୖ
䛷
ᐇ
⿦

║
⌫
㐠
ື
䛻
䛴
䛔
䛶
⾜
ື
䝺
䝧
䝹
䚸
⚄
⤒
ά
ື
䝺
䝧
䝹

䛷
ᛶ
㉁
䛾
෌
⌧
䛻
ᡂ
ຌ
䠄
ㄽ
ᩥ
ᢞ
✏
୰
䠅

⚄
⤒
ά
ື
䠖
䝃
䝹
䛾
䝞
䞊
䝇
䝖
⣽
⬊
䛾
ά
ື
䠄ྑ
䠅䜢
䝰

䝕
䝹
䛿
Ⰻ
䛟
෌
⌧
䛷
䛝
䜛
䠄
ᕥ
䠅

⾜
ື
䠖
䝃
䝑
䜹
䞊
䝗
䛾
ゅ
ᗘ
䛻
ᑐ
䛧
䛶
䚸
㏿
ᗘ
䝢
䞊
䜽
䛿

㠀
⥺
ᙧ
䛸
䛺
䜚
䠄
ྑ
䠅
䚸
㐠
ື
᫬
㛫
䛿
⥺
ᙧ
䛸
䛺
䜛
䠄
ᕥ
䠅

⌧
㇟
䜢
෌
⌧

ୖ
ୣ
ෆ
⚄
⤒
⣽
⬊
䛾
ά
ື

䝥
䝻
䝆
䜵
䜽
䝖
⤊
஢
䜎
䛷
䛾
ィ
⏬

⥙
⭷
䜈
䛾
ど
ぬ
่
⃭
ධ
ຊ
䛻

䜘
䜚
㥑
ື
䛥
䜜
䜛
䝃
䝑
䜹
䞊
䝗
䛾

䝸
䜰
䝹
䝍
䜲
䝮
䝅
䝭
䝳
䝺
䞊
䝅
䝵

䞁
䜢
䚸

O
"U

U
䛸

Ja
O
䠄
ி
㒔
䠅
䛻

䛒
䜛
䝠
䝳
䞊
䝬
䝜
䜲
䝗
䝻
䝪
䝑
䝖
䜢

᥋
⥆
䛧
䛶
ᐇ
᪋

ி
ୖ
䛷
䛾
ᐇ
⿦

䜹
䜲
䝁
䜺
䛾
⬻
䚹
⣙

D
C୓
ಶ
䛾
䝙
䝳
䞊
䝻
䞁
䛛
䜙
䛺
䜚
䚸

⣙
D୓
ಶ
䛜
Ⴅ
ぬ
⣔
䛻
㛵
୚
䛩
䜛
䚹

!"
##

>
í>

ú
䠄
ゐ
ゅ
⚄
⤒
䠅

>
ü>

ï䠄
๓
኱
⬻
䠅

>
í>

ø䠄ゐ
ゅ
ⴥ
䠅

D
/K

K

⬻
䜢
ᵓ
ᡂ
䛩
䜛
ᶵ
⬟
⣲
Ꮚ
䛷
䛒
䜛
䝙
䝳
䞊
䝻
䞁
䠄
ᕥ
䠅
䛸

ᶵ
⬟
༢
఩
䛷
䛒
䜛
䝙
䝳
䞊
䝻
䝢
䝹
䠄ྑ
䠅
䚹

ศ
ᯒ
䠄
ᐇ
㦂
䠅

⤫
ྜ
䠄
䝰
䝕
䝹
໬
䠅

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

༢
୍
䝙
䝳
䞊
䝻
䞁
䛛
䜙
⚄
⤒
䝛
䝑
䝖
䝽
䞊
䜽
䛾
෌
ᵓ
⠏

⬻
ෆ
䜈
䛾
Ⴅ
ぬ
ධ
ຊ
䛛
䜙
⾜
ື
ฟ
ຊ
䜎
䛷
䛾
⤒
㊰

༢
୍
䝙
䝳
䞊
䝻
䞁
ά
ື
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

⚄
⤒
䝛
䝑
䝖
䝽
䞊
䜽
ά
ື
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

┠
ᶆ
䠖
䝰
䝕
䝹
⏕
≀
䛷
䛒
䜛
䜹
䜲
䝁
䜺
䛾
⬻
䜢
ᑐ
㇟
䛸
䛧
䚸
Ⴅ
ぬ
ධ
ຊ
䛛
䜙
⾜
ື
ฟ
ຊ
䛻
⮳
䜛
⚄
⤒
䝛
䝑
䝖

䝽
䞊
䜽
䜢
䝙
䝳
䞊
䝻
䞁
䝺
䝧
䝹
䛾
ヲ
⣽
䝰
䝕
䝹
䛸
䛧
䛶
ᵓ
⠏
䛧
䚸
ᐇ
㦂
䛸
ẚ
㍑
䛧
䛺
䛜
䜙
⬻
ᶵ
⬟
䜢
ண
 
䛧
䚸

⌮
ゎ
䛩
䜛
䛯
䜑
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䜢
䛚
䛣
䛺
䛖

↓
⬨
᳝
ື
≀
Ⴅ
ぬ
⣔
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

>
Ô>
õ

>
û

>
ÿ

>
ÿ

>
õ

>
ù

>
Õ

䝬
䝹
䝏
䝁
䞁
䝟
䞊
䝖
䝯
䞁
䝖
䝰
䝕
䝹
➼
౯
ᅇ
㊰
᪉
⛬
ᘧ

㟁
఩
౫
Ꮡ
ᛶ
䜲
䜸
䞁
䝏
䝱
䝛
䝹
䛾
䝁
䞁
䝎
䜽
䝍
䞁
䝇

ᶆ
‽
⬻
స
ᡂ

䝬
䝑
䝢
䞁
䜾

䝙
䝳
䞊
䝻
䞁
ά
ື
䛾

⣽
⬊
ෆ
グ
㘓

ᙧ
ែ
ᢳ
ฟ

䝅
䝘
䝥
䝇
⤖
ྜ

ᙉ
ᗘ
᥎
ᐃ

ᶆ
‽
⬻
ᗙ
ᶆ
⣔
䛷
䛾
Ⴅ
ぬ
䞉

⾜
ື
⚄
⤒
⣔
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

䝅
䝘
䝇
⤖
ྜ
ྍ
⬟
ᛶ
䛾
᥎
ᐃ

䝙
䝳
䞊
䝻
䞁
ᙧ
ែ

⚄
⤒
䝛
䝑
䝖
䝽
䞊
䜽
䛾
ᵓ
⠏

䝬
䝹
䝏
䝁
䞁
䝟
䞊
䝖
䝯
䞁
䝖
䝰
䝕
䝹

༢
୍
䝙
䝳
䞊
䝻
䞁
ά
ື
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

>
õ>

û>
ÿ>

ÿ>
õ>

ù
䠖
ᇶ
♏
᪉
⛬
ᘧ
䛸
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛾
ᵓ
⠏

䝋
䝣
䝖
䜴
䜵
䜰
䛾
㐩
ᡂ
≧
ἣ

J.
77
ୖ
䛾
㐩
ᡂ

୪
ิ
䠄
䝁
䜰
䠅
ᩘ

ி
ୖ
䛾
㐩
ᡂ
୪

ิ
䠄
䝁
䜰
䠅
ᩘ

ி
ୖ
䛾
䝇
䝖
䝻

䞁
䜾
䝇
䜿
䞊
䝹

䠄
 
ᐃ
䝁
䜰
ᩘ
䠅

䝋
䝣
䝖
䜴
䜵
䜰
䛾
᭱

኱
䝇
䜿
䞊
䝹

⚄
⤒
⣽
⬊

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

0H
B

@
A

&
A

@
K

LA
T

%
:c)

2\
54

\
),

2*
!5

*(
'

[N
F

@
%

D
䜰
䜽
䝏
䞁
⥺
⥔
ᩘ

5,
2㽢

*)
5

ᒁ
ᡤ
ᅇ
㊰

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

0V
#a

])
))

3)
4(

)
),

2)
!*

\3
]c

'
[N

F
@

%
D

⣽
⬊
ᩘ

3㽢
*)

\

䝅
䝘
䝥
䝇
ᩘ

3㽢
*)

*)

඲
ど
ぬ
⣔

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

Y
#&

(c
\)

+
!X

LA
8H

+
M

N
M

:H
Q

+
*)

(c
'

0J
),

]4
+!

O
"U

U
+

+
*)

(c
'

&
;"

ど
⣽
⬊
䠄
㗹
య
䠅
ᩘ

*,
5
㽢

*)
\

᪻
⹸
Ⴅ
ぬ
⣔

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

"E
##

"&

]*
2(

c2
*5

(
),

25
!c

2*
5(

'
[N

F
@

%
D

䝁
䞁
䝟
䞊
䝖
䝯
䞁
䝖

ᩘ
*)

c

⣽
⬊
ᩘ

3㽢
*)

c

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+



128

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

Ꮫ
⾡
ⓗ
ᡂ
ᯝ

A
C

C
R䠄

O
G

+
W

X
IA

C
C

9
A

C
D

C
A

C
D

D

⚄
⤒
⣽
⬊

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

*
*

3
4

ᒁ
ᡤ
ᅇ
㊰

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

)
c

5
4

඲
ど
ぬ
⣔

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

*
)

)
c

᪻
⹸
Ⴅ
ぬ
⣔

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

3
3

*
5

ᅜ
㝿
Ꮫ
⾡
ᑓ
㛛
㞧
ㄅ
ᥖ
㍕
ㄽ
ᩥ
䠄
ண
ᐃ
䜢
ྵ
䜐
䠅
௳
ᩘ

ㄽ
ᩥ
ᥖ
㍕
䝝
䜲
䝷
䜲
䝖
䠄
䝝
䜲
䜲
䞁
䝟
䜽
䝖
䝆
䝱
䞊
䝘
䝹
ᥖ
㍕
䠅

0%
M

L%
N

9Q
9

.+
H

:+
98

,+
!(

)*
*'

,+!0
+

#$
"/

7"
11

/Y
*%

1%
S

M.+
*3

!\'
,

aA
@

%
N

9Q
9

.+
H

:+
98

,+
!(

)*
)',

+&
%

1"
G

#1
0$

/U
M

=
+

"K
=

/Y
*%

1%
S

M
.+

\!3
2c

',
"M

A
Q

B
@

9
.+

H
:+

98
,+

!(
))

2'
,+!0

+
#$

"/
!"

#$
%

=
G

*"
3G

"
.+

*(
,

$%
C

D
H

C
.+

H
:+

98
,+

!(
)*

*'
,+

!"
#$

%
3

.+
D

A
%

^*
),

*)
*\

/G
,C

H
B

@
A

C
,(

)*
*,

**
,)

)\
,

[A
C

D
9.

+
H

:+
98

,+
!(

)*
*'

,+Z
%

#$
30

1/
%

4/
!"

#$
%

=
G

*"
3G

"
.+

3*
!c

',
aA

@
%

%
.+

H
:+

98
,+

!(
)*

*'
,+

-$
%

G
""

>
*3

S
=

/%
4/

!0
+

*%
30

1/
5G

0>
"K

M
/%

4/
U

G
*"

3G
"/

[U
5.+
*)

]!c
c'

,

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

◊
✲
ᡂ
ᯝ
䛾
䜰
䜴
䝖
䝸
䞊
䝏

ᅜ
㝿
఍
㆟
ᣍ
ᚅ
ㅮ
₇

䞉
"M

L%
%

.+
#,

+
!(

)*
*'

,+
&

A
D

H
8%

C
?+

9C
D

+M
%

Q
B

89
:%

A
C

M
+A

7+
C

H
B

@
A

C
98

+Q
A

@
K

LA
8A

?N
,+

!"
#$

%
&

'(%
$)

*+
&

,-
./0

01
23

!4
52

4%
'6

$"
--

,

䞉
T

9C
P

9>
%.+

O
,+

!(
)*

)',
+

<
@

9%
C

+
Q

H
=

L9
C

%
M

Q
M

+7
A

@
+:

LH
+?

H
C

H
@

9:
%

A
C

+A
7+

9D
9K

:%
IH

+
F

H
L9

I%
A

@
,

!"
#$

%
&

'(%
$)

*+
&

,-
./0

/1
23

!4
52

4%
'6

$"
--

,

ཷ
㈹ 䞉"
C

9?
9>

%
.+

T
,.+

g+
Z

M
B

%,+
#,

+
!(

)*
*'

,+
Y

%
M

B
98

%
P

9:
%

A
C

+9
C

D
+9

C
98

N
M

%
M

+A
7+

K
H

@
%

K
LH

@
98

+D
@

%
7:

+%
88

B
M

%
A

C
,

./
+

7
8'

'#
*9

24
%

):
#+

*+
&

%
'*

92
!"

#$
%

-,
&

"',
"2

;"
"+

&
'6

2<
4!

=
./0

0>
.+

;A
M

:H
@

+J
X

9@
D

,
䞉
a9

>
9M

L%
Q

9.
+d

,+
!(

)*
)',

+U
A

C
M

:@
B

=
:%

A
C

+A
7+

:L
H

+<
@

9%
C

-&
9=

L%
C

H
+[

N
F

@
%

D
+

#N
M

:H
Q

+
:A

+J
C

98
N

P
H

+
JD

9K
:%

IH
+

<
H

L9
I%

A
@

+
A

7+
#%

8>
X

A
@

Q
+

&
A

:L
,+

./0
/2

3?
??

@
A

=
B

23
'+

"$
'*

+
&

%
'*

92
4%

'("
$"

',"
2%

'2
3'

+
"9

9&
6"

'+
2A

%
C

%
+

-2
*'

D
2

=
E

-+
")

-
.+

"V
V

V
+

O
A

F
A

:%
=

M
+9

C
D

+J
B

:A
Q

9:
%

A
C

+#
A

=
%

H
:N

+
d9

K
9C

+U
L9

K
:H

@
+

hA
B

C
?+

JX
9@

D
,

䞉
஬
༑
ᔒ
₶

,+
!(

))
2'

,+
ฟ
ຊ
㑅
ᢥ
䜢
⾜
䛖
኱
⬻
ᇶ
ᗏ
᰾
䝰
䝕
䝹
䛾

`;
Z
䛻
䜘
䜛
䝸
䜰
䝹
䝍
䜲
䝮
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

,᪥
ᮏ
⚄
⤒

ᅇ
㊰
Ꮫ
఍

.+ዡ
ບ
㈹

,
௚

.+඲
D

C௳

䝯
䝕
䜱
䜰

䞉
䝔
䝺
䝡
ᮾ
ி

.+䝽
䞊
䝹
䝗
䝡
䝆
䝛
䝇
䝃
䝔
䝷
䜲
䝖

,+
!(

))
2'

,+
䛂
㦫
␗
䛾
⬟
ຊ
⹸
䛛
䜙
Ꮫ
䜆
ඛ
➃
ᢏ
⾡
䛃

䞉
JS

;
㏻
ಙ

.+
JS

;<
<

+
0H

X
M

,+
!(

))
2'

,+
䛂
᪥
ᮏ
䛾
䝟
䜲
䜸
䝙
䜰
䛜
ษ
䜚
㛤
䛟
᪻
⹸
䝻
䝪
䝑
䝖
䛾
㛤
Ⓨ
䛃

䞉
0[

T
ᩍ
⫱

.+䝃
䜲
䜶
䞁
䝇

iV
O

E
,+

!(
))

2'
,+
䛂
ᛕ
ຊ
䛜
౑
䛘
䜛
䟿
䠛
⬻
䛸
ᶵ
Ე
䜢
䛴
䛺
䛠
᪂
ᢏ
䛃

䞉
᪥
⤒
᪂
⪺

,+
!(

)*
)',

+
䛂
᪻
⹸
䝟
䝽
䞊

.+ᮍ
᮶
䜢
ኚ
䛘
䜛
䠛
᪂
⣲
ᮦ
䜔
⸆
䚸
ໝ
䛔
᥈
▱
䝻
䝪
䛃

ᮾ
ி
᪂
⪺

.+୰
᪥
᪂
⪺

.+ㄞ
኎
᪂
⪺
௚

.
඲

D
P௳

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖

ᚤ
ᑠ
⟶

<
!5

ᴟ
ᛶ
ᙧ
ᡂ
䠖

ඛ
➃
䛻
䜰
䜽
䝏
䞁
䚸
䝅
䝱
䝣
䝖
䛻
ᚤ
ᑠ
⟶
䛜
ᒁ
ᅾ

D
o
tt
i  
e
t.
  a
l,
  J
  N
e
u
r
o
s
c
i,
  1
9
8
8

ᙧ
ែ
Ⓨ
⏕
䛻
䛿
⣙
䠍
㐌
㛫
䛛
䛛
䜛
䚹

ᶞ
≧
✺
㉳
䞉
䝅
䝘
䝥
䝇
ᙧ
ᡂ
䠖

ᶞ
≧
✺
㉳
䛻
ᚤ
ᑠ
⟶
䚸
䝅
䝘
䝥
䝇
䛻
䜰
䜽
䝏
䞁
䛜
ᒁ
ᅾ

⚄
⤒
⣽
⬊
䛾
Ⓨ
⏕
㐣
⛬
䛻
䛚
䛡
䜛
⣽
⬊
㦵
᱁

L:
:K

^/
/F

%
A

8A
?N

,B
=

M
D

,H
D

B
/8

9F
M

/L
98

K
9%

C
/%

Q
9?

H
M

,L
:Q

8

⣽
⬊
㦵
᱁
䛜
⣽
⬊
ᙧ
ែ
䜢
ᙧ
స
䜛
㐣
⛬
䜢
᫂
䜙
䛛
䛻
䛧
䛯
䛔

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+
*2

䇵
⣽
⬊
እ
䝅
䜾
䝘
䝹
䜢
᝟
ሗ
ฎ
⌮

䇵
㦵
᱁
⣔
䜢
ไ
ᚚ

䇵
䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖
䞉
ᚤ
ᑠ
⟶

䇵
ᶵ
Ე
ⓗ
䛻
⭷
䜢
ᨭ
ᣢ

So
ng
,  e
t.  
al
.,  
N
at
  C
el
l  B
io
l,  
20
01

$%
&

'(
-­F
R
ET
  im
ag
in
g  
in
  fi
br
ob
la
st
  

b
y
  M
a
ts
u
d
a
  l
a
b

⣽
⬊
䛾
ᙧ
ែ
ᙧ
ᡂ
䛻
䛚
䛡
䜛
䝬
䝹
䝏
䝣
䜱
䝆
䝑
䜽
䝇

䡚
䝅
䜾
䝘
䝹
ఏ
㐩

>
Û㦵
᱁

>
Û⭷
䡚

��
⣽
⬊
㦵
᱁
䛾
෌
⦅
䛻
౫
Ꮡ
䛧
䛶
䚸
ᰂ
㌾
䛻
ኚ
໬

��
⣽
⬊
ෆ
໬
Ꮫ
཯
ᛂ
䛾
ቃ
⏺
᮲
௳

䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖

ᚤ
ᑠ
⟶

⣽
⬊
⭷
┤
ୗ
䛻
ከ
䛟
Ꮡ
ᅾ

୰
ᚰ
య
䛛
䜙
ᨺ
ᑕ
≧
䛻
Ꮡ
ᅾ

䜰
䜽
䝏
䞁
㔜
ྜ
㜼
ᐖ
๣

G
er
is
ch
,  
e
t.
  a
l,
  B
io
p
h
y
s
J
,  
20
04

by
  D
r.  
K
ao
ru
  K
at
oh

`@
A

X
:L

+=
A

C
H

+9
:+9W

A
C

98
+:

%
K

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

ྛ
せ
⣲
䜢
⤫
ྜ
䛧
䛶
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛩
䜛
ᚲ
せ
䛜
䛒
䜛

()



129

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

⣽
⬊
ෆ
䝅
䜾
䝘
䝹
ఏ
㐩
䛿
䚸
஧
ḟ
ඖ

᱁
Ꮚ
໬
䛥
䜜
䛯
✵
㛫
䛷
໬
Ꮫ
཯
ᛂ
ᣑ

ᩓ
ィ
⟬
䜢
⾜
䛖
䚹

䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖
䛿
⥺
ศ
䛷
⾲
⌧
䚸

䝁
䞁
䝟
䞊
䝖
䝯
䞁
䝖
䛻
Ꮡ
ᅾ
䛩
䜛
ྛ
✀

ศ
Ꮚ
䛾
⃰
ᗘ
䛻
ᛂ
䛨
䛶
☜
⋡
ⓗ
䛻
㔜

ྜ
䞉
⬺
㔜
ྜ
䚸
䜻
䝱
䝑
䝢
䞁
䜾
䚸
ศ
ᒱ
䜢

ྵ
䜐
䜲
䝧
䞁
䝖
䜢
⏕
ᡂ
䛩
䜛
䚹

⣽
⬊
⭷
䛿
⭷
䝜
䞊
䝗
䜢
㡬
Ⅼ
䛸
䛧
䛯
䝫

䝸
䝂
䞁
䛷
⾲
⌧
䚸
䜶
䝛
䝹
䜼
䞊
᭱
㐺
໬

䛻
䜘
䜚
ᙧ
ែ
䜢
ồ
䜑
䜛
䚹>
ú?

�?
!?

�?
�>

ù?
�?

�?
�?

�?
�>

÷
?�

? 
䛾
ᴫ
せ
䞉
䜰
䝥
䝻
䞊
䝏

ఁ
ങ

उ
े
ल
ખ
ૢ

੎
়

��൓
੎
়
ؚ
य़
ক
ॵ
আ
থ
ॢ
ؚ

ী
ว
॑
அ
ि

੎
়

��൓
੎
়
ؚ
य़
ক
ॵ
আ
থ
ॢ
ؚ

ী
ว
प
े
ॊ

॔
ॡ
ॳ
থ
ྐ
೐
भ
ಌ
ৗ

಍
ཝ
Ⴭ
ঀ
ش
ॻ

॔
ॡ
ॳ
থ
ই
ॕ
ছ
ও
থ
ॺ
ഩ
ਙ
ؚ
਀
એ
୑
ৡ
ؚ

৬
஋
ഩ
ਙ
ؚ
਀
એ
஋
ഩ
ਙ
प
ঢ়
घ
ॊ
ग़
ॿ
ঝ

ॠ
ش
भ
ਈ
৵
৲

ィ
⟬
ෆ
ᐜ

᭱
ᛴ
㝆
ୗ
ἲ

>
þ?

!?
�?

�?
�

>
Ù>
÷

?!
? 

? 
?


ἲ

⭷
䜶
䝛
䝹
䜼
䞊
᭱
㐺
໬
䚸
䜰
䜽
䝏
䞁

䝣
䜱
䝷
䝯
䞁
䝖
䛾
䜻
䝛
䝔
䜱
䜽
䝇
ィ
⟬

>
û?

�?
�?

�>
ù>

ü
>

Ø
>

Ì>
ù>

ü>
õ

䛻
䜘
䜛
䝝
䜲
䝤
䝸
䝑

䝗
୪
ิ
໬

>
ï>

Û
>

ï>
×

>
×

>
ù>

ü>
õ>

Ø
>

Ì
>

û?
�?

�?
�>

ù>
ü

>
Ø

>
Ì>

ó>
ÿ>

ø
>

Ø
>

Ì
>

ú?
�?

 >
ï>

ð>
ò

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+
(*

��
��

��
��

2

2
{
}

,
�w

�
�

�
�

�w
i

i

i
r
e
a
c

j
a
c
ti
n

i

d
C

C
=
D

f
C

f
C

d
t

)
*

⛣
ື
ቃ
⏺
᮲
௳

⣽
⬊
⭷
ቃ
⏺
䛜
⛣
ື
䛩
䜛
䛸
䚸

䝁
䞁
䝟
䞊
䝖
䝯
䞁
䝖
䜢
㏣
ຍ
䞉
๐
㝖
䛩
䜛
䚹

㉁
㔞
ಖ
Ꮡ
๎

䝪
䜽
䝉
䝹
䛜
๐
㝖
䛥
䜜
䜛
䛸
䚸
ศ
Ꮚ
䜢
㏆
᥋
䝁
䞁
䝟
䞊

䝖
䝯
䞁
䝖
䛻
ศ
㓄
䚹

᪂
䛯
䛷
䛝
䛯
䝪
䜽
䝉
䝹
䛻
䛚
䛡
䜛
ศ
Ꮚ
⃰
ᗘ
䛿
䝊
䝻
䚹

⭷
䛜
㔜
䛺
䛳
䛶
䛔
䜛
䝁
䞁
䝟
䞊
䝖
䝯
䞁
䝖
䛻
䛿

ཷ
ᐜ
య
䛜
Ꮡ
ᅾ
䛩
䜛
䚹ィ
⟬
䝰
䝕
䝹
䠖
⣽
⬊
ෆ
䝅
䜾
䝘
䝹
ఏ
㐩

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+
((

य़
ক
ॵ
আ
থ
ॢ

Ⴭ
ຘ
ਡ

ખ
ૢ
ఁ
ങ
௺ী
ว

੎
়

൓
੎
়

॔
ॡ
ॳ
থ

ই
ॕ
ছ
ও
থ
ॺ

䜰
䜽
䝏
䞁
䜻
䝛
䝔
䜱
䜽
䝇
䛿
☜
⋡
ⓗ
䛻
䝃
䞁
䝥
䝸
䞁
䜾

䜰
䜽
䝏
䞁
䝰
䝜
䝬
䞊
ศ
Ꮚ
䛾
⃰
ᗘ
䛻
ẚ
౛
䛧
䛯
☜
⋡
䛷
㔜
ྜ

J@
K

(/
3䛾
⃰
ᗘ
䛻
ẚ
౛
䛧
䛯
☜
⋡
䛷
ศ
ᒱ

ィ
⟬
䝰
䝕
䝹
䠖
䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+
(3

�ó
�¢

�í
�_

�-
�Æ

�,
�¿

R
:  ᭤
⋡
༙
ᚄ

䜶
䝛
䝹
䜼
䞊
䝰
䝕
䝹
䛷
グ
㏙
䚹

ẖ
䝇
䝔
䝑
䝥
䛻
䜶
䝛
䝹
䜼
䞊
䛜
᭱
ᑠ
䛻
䛺
䜛
䜘
䛖
䛻
䚸

⣽
⬊
⭷
䛾
㡬
Ⅼ
఩
⨨
䜢
᭦
᪂
䚹

‽
ᐃ
ᖖ
≧
ែ
䜢
௬
ᐃ

��
��2

�D
�

 
�

�
v
o
lu
m
e

v
o
lu
m
e

o
E

V
V

��
��2

�D
�

 
�

�
s
u
r
fa
c
e

s
u
r
fa
c
e

o
E

S
S

2

1 (
)

�D
�w

�:

� 
�³ C
e
ll

b
e
n
d
in
g

b
e
n
d
in
g

E
d
s

R
s

��
�•

�¢
�í

�_
�-

�Æ
�,

�¿

�¬
�Ø

��
�í

�V
�ä

�¦
�Æ

�´
�æ

�ô
��

��
�E

�'
�õ

�;
�3

�E
��

�í
�Ç

�¾
�º

�«
�Æ

�´
�æ

2
-­

3
2

4
ta
n

�O
�T

� 
�'

�¦
B

F
a
c
ti
n

i

i
i

i

k
T

E
x

ィ
⟬
䝰
䝕
䝹
䠖
⣽
⬊
⭷

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+
(c



130

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

⌧
ᅾ
䜎
䛷
䛾
◊
✲
㛤
Ⓨ
ᡂ
ᯝ
䛾
䜎
䛸
䜑

(5

⣽
⬊
㦵
᱁
⣔
䜢
ไ
ᚚ
䛩
䜛
⣽
⬊
ෆ
཯
ᛂ
ᣑ
ᩓ
䚸
䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖
䛾
㔜
ྜ
⬺
㔜
ྜ
཯
ᛂ
䚸

⣽
⬊
⭷
ኚ
໬
䛾
䝎
䜲
䝘
䝭
䜽
䝇
䜢
⤫
ྜ
䛧
䛯
䚸
䝝
䜲
䝤
䝸
䝑
䝗
䝅
䝭
䝳
䝺
䞊
䝍

!"
#$

%
&

%
$'

(%
)*

+
䜢
㛤
Ⓨ

*,
*)

)
୓
䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖
䚸
஧
ḟ
ඖ

()
)W

()
)
䝁
䞁
䝟
䞊
䝖
䝯
䞁
䝖
䚸
⭷
䝜
䞊
䝗
ᩘ

*)
)

つ
ᶍ
䛾
⣽
⬊
ᙧ
ែ
ኚ
໬
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䜢
ᐇ
⌧

(,
ᮏ
䝅
䝭
䝳
䝺
䞊
䝍
䜢
⏝
䛔
䛶
ⴥ
≧
௬
㊊
䛾
⮬
ᕫ
⤌
⧊
໬
䚸
⣽
⬊
⛣
ື
䛚
䜘
䜃
ᾐ
₶
䛻
䛚
䛡

䜛
⣽
⬊
䛾
ᙧ
ែ
ኚ
໬
䜢
෌
⌧

![A
C

D
9.

+0
A

C
9>

9.
+9

C
D

+"
M

L%
%

.+
!./

0$
1'

!.2
3"

0%
+

.+
()

**
'

3,
኱
つ
ᶍ
୪
ิ
⎔
ቃ
䠄
ி
䚸

O
"U

U
䛺
䛹
䠅
䛷
䛾
ື
స
䜢
ᐇ
⌧

c,
⭷
㟁
఩
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
ᶵ
⬟
䜢
ᣢ
䛴
⚄
⤒
⣽
⬊
䝅
䝭
䝳
䝺
䞊
䝍

J
-U

H
88

+
䠄
ᮾ
ி
኱
Ꮫ
䞉

ᕷ
ᕝ
୍
ᑑ
ᩍ
ᤵ
䛻
䜘
䜛
㛤
Ⓨ
䠅䛸
䛾
㐃
ᦠ
ື
స
䛾
䛯
䜑
䛾
䝕
䞊
䝍
஺
᥮
䝣
䜷
䞊
䝬
䝑
䝖

䠄
0H

:U
R

S
-C

H
B

@
A

C
䠅
䜢
⟇
ᐃ

5,
䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖
ィ
⟬
䛾
୪
ิ
໬
ἲ
䜢
ᨵ
ၿ

\,
䜘
䜚
⏕
≀
Ꮫ
ⓗ
䛻
䝸
䜰
䝸
䝇
䝔
䜱
䝑
䜽
䛺
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛾
䛯
䜑
䛾
䝰
䝕
䝹
ᣑ
ᙇ
䜢
ᐇ
᪋

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

⣽
⬊
䛾
୍
ḟ
ඖ
䞉
஧
ḟ
ඖ
䛾
ᒁ
ᡤ
ᵓ
㐀
䛾
䜏
䜢
ᢅ
䛳
䛶
䛔
䜛
䚹

䜰
䜽
䝏
䞁
䛿
┤
⥺
䛷
⾲
⌧
䚹
䠄
⣙

*)
))
ᮏ
䠅

ඛ
⾜
◊
✲

஧
ḟ
ඖ
⣽
⬊
඲
య
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䛻
ᡂ
ຌ
䚹

䜰
䜽
䝏
䞁
䛿
┤
⥺
䛷
⾲
⌧
䚹
䠄
ࠥ
⣙

*)
)
୓
ᮏ
䠅

ᡃ
䚻
䛾
⌧
≧

㛤
Ⓨ
୰ ୕
ḟ
ඖ
䜈
䛾
ᣑ
ᙇ
䚹

䝣
䜱
䝷
䝯
䞁
䝖
䛾
᭤
䛢
䞉
䝸
䞁
䜹
䞊
䝍
䞁
䝟
䜽
㉁

A
ti
lg
a
n
,  
e
t.
  a
l.
,  
B
io
p
h
y
  J
,  
2
0
0
5

S
c
h
a
u
s
,  
e
t.
  a
l.
,  
P
N
A
S
,  
2
0
0
7

H
u
b
e
r,
  e
t.
  a
l.
,  
B
io
p
h
y
  J
,  
2
0
0
8

௒
ᚋ
䛾
ᒎ
㛤

᥋
╔
ᅉ
Ꮚ

䝰
䞊
䝍
䞊
䝍
䞁
䝟
䜽
㉁

ඛ
⾜
◊
✲
䛸
䛾
ẚ
㍑

(\

B
la
n
c
h
o
in
,  
e
t.
  a
l,
  B
io
p
h
y
  J
,  
2
0
0
5

B
e
a
r,
  e
t.
  a
l,
  C
e
ll
,  
2
0
0
2

S
c
h
a
fe
r,
  e
t.
  a
l,
  J
  C
e
ll
  B
io
l,
  1
9
9
6

ά
ᛶ
ᆺ

5$
'A

\;

ά
ᛶ
ᆺ

7-

䞊
䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖

䖃
䜻
䝱
䝑
䝢
䞁
䜾
䝍
䞁
䝟
䜽
㉁

J@
K

(/
3䛿
⭷
㏆
ഐ
䛷
ά
ᛶ
໬
䚹

䜻
䝱
䝑
䝢
䞁
䜾
䝍
䞁
䝟
䜽
㉁
䛿

⭷
㏆
ഐ
䛷
୙
ά
ᛶ
໬
䚹

⭷
㏆
ഐ
䛷
䛾
䜏
䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖
䛾
䝛
䝑
䝖
䝽
䞊
䜽
䛜
ᙧ
ᡂ

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
஦
౛

D
W

/
ⴥ
≧
௬
㊊
䛾
⮬
ᕫ
⤌
⧊
໬

A
W

/
ᾐ
₶
ᛶ
⛣
ື

ㄏ
ᘬ
ศ
Ꮚ
⃰
ᗘ

ㄏ
ᘬ
ศ
Ꮚ
䛿
ཷ
ᐜ
య
䜢
ά
ᛶ
໬
䚹

ά
ᛶ
ᆺ
ཷ
ᐜ
య
䛿

J@
K

(/
3䜢
ά
ᛶ
໬
䚹

⣽
⬊
እ
䝬
䝖
䝸
䝑
䜽
䝇
䜔
௚
䛾
⣽
⬊

䜢
᝿
ᐃ
䛧
䛯
㞀
ᐖ
≀
䜢
タ
⨨
䚹

⭷
㡬
Ⅼ
䛜
㞀
ᐖ
≀
䛸
㔜
䛺
䜙
䛺
䛔
䜘
䛖
䚸
ᣊ

᮰
᮲
௳
䛒
䜚
䛾
᭱
㐺
໬
䚹

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+
(4

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

㐩
ᡂ
஦
㡯

5*
(
䝁
䜰
䜎
䛷
䛾
㏿
ᗘ
ྥ
ୖ
䜢
☜
ㄆ
䠄
䝖
䝷
䜲
䜰
䝹
ᯟ
䛷

䛾
฼
⏝
䠅

඲
య
䛾
୪
ิ
໬
⋡
䛿

23
,4

53
6

䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖
᭦
᪂
䛜
䝪
䝖
䝹
䝛
䝑
䜽
䛸

䛺
䛳
䛶
䛔
䜛

ᐇ
⾜
ຠ
⋡
䛿
⌧
ᅾ
䛾
䛸
䛣
䜝
ప
䛔

!@
H

98
/%

D
H

98
+

%
C

+
S

$E
;#

'+
%

M
+

j+
*6

+

;1
23

,4
53

6
!7

89
:+&

;"
'+

;1
](

,)
\2

6

;1
23

,c
]2

6

;1
22

,4
(2

6

;1
22

,4
4(

6

;1
2]

,3
44

6

;1
43

,4
3\

6

;1
23

,\*
46

;1
2(

,4
)4

6

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
タ
ᐃ

䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖
䛾
ึ
ᮇ
ᩘ

k+
*)

5

M
Q

98
8^

+*
c4

c5
\

Q
%

D
D

8H
^+

(2
c2

*(
89

@
?H

^+
cc

(3
\]

ึ
ᮇ
⭷
䝜
䞊
䝗
ᩘ

c)
*(

))
䝭
䝸
⛊
䛾
䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁
䠄
⏕
≀
Ꮫ
ⓗ
᫬

㛫
䠅

ᡂ
ᯝ

>
æ

>
Ì

ி
䛷
䛾
୪
ิ
ィ
⟬
䛾
ᐇ
⌧

(]



131

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

ᐇ
᪋
୰
䠖
䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖
ィ
⟬
䛾
୪
ิ
໬
ἲ

(2

*,
䝣
䜱
䝷
䝯
䞁
䝖
༢
఩
䛷
䝕
䞊
䝍
䜢
ィ
⟬
䝜
䞊
䝗
䜈
ศ
ᩓ
䚹

(,
ྛ
䝜
䞊
䝗
䛷
ྛ
䝣
䜱
䝷
䝯
䞁
䝖
䛾
᭦
᪂
ィ
⟬
䠄
㔜
ྜ
䚸
⬺
㔜
ྜ
䚸

ศ
ᒱ
䚸
䜻
䝱
䝑
䝢
䞁
䜾
䠅
䜢
ᐇ
᪋
䠄
䝣
䜱
䝷
䝯
䞁
䝖
䛾
Ꮡ
ᅾ
䛩
䜛

✵
㛫
඲
య
䛷
䛾
ฎ
⌮
䠅
䚹

䝣
䜱
䝷
䝯
䞁
䝖
䛾
᭦
᪂
䠄
㔜
ྜ
䚸
⬺
㔜
ྜ
䚸
ศ
ᒱ
䚸
䜻
䝱
䝑

䝢
䞁
䜾
䠅
䜲
䝧
䞁
䝖
䛷
ྛ
✀
ศ
Ꮚ
䛾
⃰
ᗘ
䜢
⟶
⌮
䛩
䜛
䝹
䞊

䝖
䝜
䞊
䝗
䜈
䛾
䜰
䜽
䝉
䝇
䛜
㞟
୰
䛩
䜛
䚹

䜸
䝸
䝆
䝘
䝹

A
B

ᨵ
ၿ
∧
䠄
**
᭶

3)
᪥
⌧
ᅾ

.+ᐇ
⿦
⋡

]๭
䠅

*,
཯
ᛂ
ᣑ
ᩓ
ィ
⟬
⏝
䛾
஧
ḟ
ඖ
䝪
䜽
䝉
䝹
༢
఩
䛷
䝣
䜱
䝷
䝯
䞁
䝖
䛾
᩿

∦
䛾
䝕
䞊
䝍
䜢
ィ
⟬
䝜
䞊
䝗
䜈
ศ
ᩓ
䚹

(,
ྛ
䝜
䞊
䝗
䛷
ྛ
䝪
䜽
䝉
䝹
䛾
⃰
ᗘ
᝟
ሗ
䜢
⏝
䛔
䛶
ྛ
䝣
䜱
䝷
䝯
䞁
䝖
䛾

᭦
᪂
ィ
⟬
䜢
ᐇ
᪋
䠄
䝪
䜽
䝉
䝹
䝻
䞊
䜹
䝹
䛺
ฎ
⌮
䠅
䚹

䝣
䜱
䝷
䝯
䞁
䝖
䛒
䛯
䜚
䛾
ฎ
⌮
䛿
⌮
ㄽ
ୖ
ศ
๭
ᩘ
䛰
䛡
㧗
㏿
໬
䚹

3,
ྛ
✀
ศ
Ꮚ
䛾
⃰
ᗘ
᝟
ሗ
䜢
」
ᩘ
䛾
୰
㛫
䝜
䞊
䝗
䜢
௓
䛧
䛶
ྠ
ᮇ
䠄
୰

㛫
䝜
䞊
䝗
ᩘ
䛿
せ
䝏
䝳
䞊
䝙
䞁
䜾
䠅
䚹
㏻
ಙ
䝪
䝖
䝹
䝛
䝑
䜽
䛾
ゎ
ᾘ
䚹

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+

ᐇ
᪋
୰
䠖
⣒
≧
௬
㊊
⮬
ᕫ
⤌
⧊
໬

3)

䝞
䝛
䝛
䝑
䝖
䝽
䞊
䜽
䝰
䝕
䝹
䛻

䜘
䜛
䝣
䜱
䝷
䝯
䞁
䝖
䚸
ศ
Ꮚ
㛫
䛾

䝎
䜲
䝘
䝭
䜽
䝇
䜢
ᑟ
ධ

⣒
≧
௬
㊊
䛻
ぢ
䜙
䜜
䜛
䜰
䜽
䝏

䞁
䛾
⧄
⥔
᮰
໬
䜢
෌
⌧

䜰
䜽
䝏
䞁
䝣
䜱
䝷
䝯
䞁
䝖

䝸
䞁
䜹
䞊
䝍
䞁
䝟
䜽
㉁

,?
0=

G
*3

I
ศ
ᒱ

,5
$'

A
\;I

㻔㼇
㻭
㼞㼜
㻞㻛
㻟㼉
㻩
㻝㻞
㻚㻡
㼚
㻹
㻕㼍
㼚
㼐
㼔
㼕㼓
㼔
㻔㼇
㻭
㼞㼜
㻞㻛
㻟㼉
㻩
㻝㻜
㻜
㼚
㻹
㻕㼕
㼚
㼕㼠
㼕㼍
㼘
㻭
㼞㼜
㻞㻛

㻟
㼏㼛
㼚
㼠㼑
㼚
㼠㼟
㻘
㼞㼑
㼟㼜
㼑㼏
㼠㼕
㼢㼑
㼘㼥
㻚
㻵㼚
㼎
㼛㼠
㼔
㼏㼍
㼟㼑
㼟
㼇㼒
㼍㼟
㼏㼕
㼚
㼉
㼢㼍
㼞㼕
㼑㼟
㼕㼚
㼠㼔
㼑
㼟㼍
㼙
㼑

㼙
㼍㼚
㼚
㼑㼞
㻚
㻵㼚
㼕㼠
㼕㼍
㼘㼘㼥
㻘
㼍㼠
㼍
㼢㼑
㼞㼥
㼘㼛
㼣
㼇㼒
㼍㼟
㼏㼕
㼚
㼉
㼛㼒
㻟
㼚
㻹
㻔㻲
㼕㼓
㼟㻚
㻞㼍
㼍㼚
㼐
㻞㼑
㻕㻘

㼍㼏
㼠㼕
㼚
㼛㼞
㼓㼍
㼚
㼕㼦
㼍㼠
㼕㼛
㼚
㼕㼟
㼒㼡
㼘㼘㼥
㼐
㼛㼙
㼕㼚
㼍㼠
㼑㼐
㼎
㼥
㻭
㼞㼜
㻞㻛
㻟
㼏㼛
㼙
㼜
㼘㼑
㼤
㼍㼏
㼠㼕
㼢㼕
㼠㼥
㻧

㼐
㼕㼒
㼒㼡
㼟㼑
㼍㼟
㼠㼑
㼞㼟
㼍㼞
㼑
㼒㼛
㼞㼙
㼑㼐
㻘
㼣
㼔
㼛㼟
㼑
㼚
㼡
㼙
㼎
㼑㼞
㼕㼚
㼏㼞
㼑㼍
㼟㼑
㼟
㼣
㼕㼠
㼔
㼠㼔
㼑
㼕㼚
㼕㼠
㼕㼍
㼘

㼇㻭
㼞㼜
㻞㻛
㻟㼉
㻚
㼀
㼔
㼑㼟
㼑
㼍㼟
㼠㼑
㼞㼟
㼍㼞
㼑
㼟㼙
㼍㼘
㼘㼑
㼞
㼍㼚
㼐
㼠㼔
㼑㼕
㼞
㼎
㼞㼍
㼚
㼏㼔
㼑㼐
㼍㼏
㼠㼕
㼚
㼏㼛
㼞㼑
㼟

㼍㼞
㼑
㼐
㼑㼚
㼟㼑
㼞
㻔㻲
㼕㼓
㻚
㻞㼑
㻕
㼏㼛
㼙
㼜
㼍㼞
㼑㼐
㼠㼛
㼠㼔
㼛㼟
㼑
㼒㼛
㼞㼙
㼑㼐
㼍㼠
㼠㼔
㼑
㼘㼛
㼣
㼑㼞
㼇㻭
㼞㼜
㻞㻛

㻟㼉
㻔㻲
㼕㼓
㻚
㻞㼍
㻕㻚
㻵㼚
㼏㼞
㼑㼍
㼟㼕
㼚
㼓
㼠㼔
㼑
㼏㼛
㼚
㼏㼑
㼚
㼠㼞
㼍㼠
㼕㼛
㼚
㼛㼒
㼒㼍
㼟㼏
㼕㼚
㼠㼛
㻢
㼚
㻹
㻔㼎
㼘㼡
㼑

㼍㼞
㼞㼛
㼣
㻕
㼕㼚
㼐
㼡
㼏㼑
㼐
㼍
㼠㼞
㼍㼚
㼟㼕
㼠㼕
㼛㼚
㼒㼞
㼛㼙
㼍㼟
㼠㼑
㼞㼟
㼠㼛
㼟㼠
㼍㼞
㼟
㼣
㼔
㼑㼚
㼇㻭
㼞㼜
㻞㻛

㻟㼉
㻩
㻝㻞
㻚㻡
㼚
㻹
㻔㻲
㼕㼓
㻚
㻞㼎
㻧
㻲
㼕㼓
㼟㻚
㻿
㻝㼍
㼍㼚
㼐
㻿
㻝㼎
㼟㼔
㼛㼣
㼠㼔
㼍㼠
㼠㼔
㼑
㼠㼞
㼍㼚
㼟㼕
㼠㼕
㼛㼚

㼛㼏
㼏㼡
㼞㼟
㼎
㼑㼠
㼣
㼑㼑
㼚
㻡
㼚
㻹
㼍㼚
㼐
㻢
㼚
㻹
㼛㼒
㼒㼍
㼟㼏
㼕㼚
㻕㻚
㻻
㼚
㼠㼔
㼑
㼛㼠
㼔
㼑㼞
㼔
㼍㼚
㼐
㻘

㻢
㼚
㻹
㼒㼍
㼟㼏
㼕㼚
㼕㼟
㼚
㼛㼠
㼟㼡
㼒㼒
㼕㼏
㼕㼑
㼚
㼠
㼠㼛
㼕㼚
㼐
㼡
㼏㼑
㼎
㼡
㼚
㼐
㼘㼑
㼒㼛
㼞㼙
㼍㼠
㼕㼛
㼚
㼕㼚
㼠㼔
㼑

㼇㻭
㼞㼜
㻞㻛
㻟㼉
㻩
㻝㻜
㻜
㼚
㻹
㼟㼥
㼟㼠
㼑㼙
㻔㻲
㼕㼓
㻚
㻞㼒
㻕㻚
㻵㼚
㼠㼔
㼕㼟
㼘㼍
㼠㼠
㼑㼞
㼏㼍
㼟㼑
㻘
㼙
㼛㼞
㼑
㼒㼍
㼟㼏
㼕㼚

㻔㻣
㼚
㻹
㻕
㼕㼟
㼞㼑
㼝
㼡
㼕㼞
㼑㼐
㼠㼛
㼚
㼡
㼏㼘
㼑㼍
㼠㼑
㼎
㼡
㼚
㼐
㼘㼑
㼟
㼒㼞
㼛㼙
㼠㼔
㼑
㼎
㼞㼍
㼚
㼏㼔
㼑㼐
㼚
㼑㼠
㼣
㼛㼞
㼗

㼏㼛
㼞㼑
㻔㼟
㼑㼑
㼍㼘
㼟㼛
㻲
㼕㼓
㼟㻚
㻿
㻝㼏
㼍㼚
㼐
㻿
㻝㼐
㻕㻚

㻲
㼡
㼞㼠
㼔
㼑㼞
㼍㼐
㼐
㼕㼠
㼕㼛
㼚
㼛㼒
㼒㼍
㼟㼏
㼕㼚
㼕㼚
㼐
㼡
㼏㼑
㼟
㼠㼔
㼑
㼒㼛
㼞㼙
㼍㼠
㼕㼛
㼚
㼛㼒
㼍㼐
㼐
㼕㼠
㼕㼛
㼚
㼍㼘

㼍㼚
㼐
㼘㼛
㼚
㼓㼑
㼞
㼎
㼡
㼚
㼐
㼘㼑
㼟㻘
㼞㼑
㼟㼡
㼘㼠
㼕㼚
㼓
㼕㼚
㼠㼔
㼑
㼍㼜
㼜
㼑㼍
㼞㼍
㼚
㼏㼑
㼛㼒
㼒㼡
㼘㼘㼥
㼐
㼑㼢
㼑㼘
㼛㼜
㼑㼐

㼟㼠
㼍㼞
㼟㻘
㼍㼟
㼟㼔
㼛㼣
㼚
㼕㼚
㻲
㼕㼓
㼟㻚
㻞㼏
㼍㼚
㼐
㻞㼓
㻚
㼀
㼔
㼑
㼠㼛
㼠㼍
㼘
㼚
㼡
㼙
㼎
㼑㼞
㼛㼒
㼎
㼡
㼚
㼐
㼘㼑
㼟

㼚
㼡
㼏㼘
㼑㼍
㼠㼑
㼐
㼜
㼑㼞
㼟㼠
㼍㼞
㼕㼚
㼠㼔
㼑
㼘㼛
㼣
㼇㻭
㼞㼜
㻞㻛
㻟㼉
㻔㻝
㻞㻚
㻡
㼚
㻹
㻕
㼏㼍
㼟㼑
㼍㼜
㼜
㼑㼍
㼞㼟
㼠㼛

㼎
㼑
㼘㼍
㼞㼓
㼑㼞
㼠㼔
㼍㼚
㼕㼚
㼠㼔
㼑
㼔
㼕㼓
㼔
㼇㻭
㼞㼜
㻞㻛
㻟㼉
㻔㻝
㻜㻜
㼚
㻹
㻕
㼏㼍
㼟㼑
㻚
㻹
㼛㼞
㼑㼛
㼢㼑
㼞㻘
㼠㼔
㼑

㼎
㼡
㼚
㼐
㼘㼑
㼟
㼕㼚
㼠㼔
㼑
㼘㼛
㼣
㼇㻭
㼞㼜
㻞㻛
㻟㼉
㼟㼥
㼟㼠
㼑㼙
㼘㼛
㼛㼗
㼎
㼛㼠
㼔
㼠㼔
㼕㼏
㼗㼑
㼞
㻔㼕㻚
㼑㻚
㻘
㼠㼔
㼑㼥

㼏㼛
㼙
㼜
㼞㼕
㼟㼑
㼍
㼘㼍
㼞㼓
㼑㼞
㼚
㼡
㼙
㼎
㼑㼞
㼛㼒
㼍㼏
㼠㼕
㼚
㼒㼕
㼘㼍
㼙
㼑㼚
㼠㼟
㻕
㼍㼚
㼐
㼘㼛
㼚
㼓㼑
㼞㻚
㻯
㼘㼑
㼍㼞
㼘㼥

㻲
㼕㼓
㼡
㼞㼑
㻝
㻚
㻼
㼔
㼍
㼟㼑
㼠㼞
㼍
㼚
㼟㼕
㼠㼕
㼛
㼚
㼍
㼟
㼍
㼒㼡
㼚
㼏㼠
㼕㼛
㼚
㼛
㼒
㼒㼍
㼟㼏
㼕㼚
㼏㼛
㼚
㼏㼑
㼚
㼠㼞
㼍
㼠㼕
㼛
㼚
㻚
㻯
㼛
㼚
㼐
㼕㼠
㼕㼛
㼚
㼟
㼍㼞
㼑
㻣
㼙
㻹
㻳
㻙㼍
㼏㼠
㼕㼚
㻘
㻢
㻚㻞
㻡
㼚
㻹
㻭
㼞㼜
㻞
㻛㻟
㻘
㼍㼚
㼐
㻝
㻞
㻚㻡
㼚
㻹
㻳
㻿㼀
㻙㼂
㻯
㻭
㻚
㻲㼍
㼟㼏
㼕㼚

㼏㼛
㼚
㼏㼑
㼚
㼠㼞
㼍㼠
㼕㼛
㼚
㼕㼟
㻦㻔
㼍㻕
㻟
㼚
㻹
㻘㻔
㼎
㻕
㻠
㼚
㻹
㻘㻔
㼏㻕
㻡
㼚
㻹
㻘㻔
㼐
㻕
㻣
㼚
㻹
㻘㻔
㼑㻕
㻡
㻜
㼚
㻹
㻘㻔
㼒㻕
㻞
㻜
㻜
㼚
㻹
㻘㻔
㼓
㻕
㻡
㻜
㻜
㼚
㻹
㻘㼍
㼚
㼐
㻔㼔
㻕
㻟
㼙
㻹
㻚㻭
㼠
㼢㼑
㼞㼥
㼘㼛
㼣
㼏㼛
㼚
㼏㼑
㼚
㼠㼞
㼍㼠
㼕㼛
㼚
㼟
㼛
㼒
㼒㼍
㼟㼏
㼕㼚
㼍㼟
㼠㼑
㼞㼟
㼍㼞
㼑

㼒㼛
㼞㼙
㼑㼐
㻚㼀
㼞㼍
㼚
㼟㼕
㼠㼕
㼛
㼚
㼠㼛
㼟㼠
㼍㼞
㻙㼘
㼕㼗
㼑
㼟㼠
㼞㼡
㼏㼠
㼡
㼞㼑
㼟
㼛
㼏㼏
㼡
㼞㼟
㼍㼎
㼛
㼢㼑
㼍
㼒㼍
㼟㼏
㼕㼚
㼏㼛
㼚
㼏㼑
㼚
㼠㼞
㼍㼠
㼕㼛
㼚
㼛
㼒
㻠
㼚
㻹
㻔㼎
㻕㻚
㼀㼔
㼑
㼐
㼑㼚
㼟㼕
㼠㼥
㼍㼚
㼐
㼠㼔
㼑
㼘㼑
㼚
㼓
㼠㼔
㼛
㼒
㼠㼔
㼑
㼎
㼡
㼚
㼐
㼘㼑
㼟
㼑㼙
㼍㼚
㼍㼠
㼕㼚
㼓
㼒㼞
㼛
㼙

㼠㼔
㼑
㼟㼠
㼍㼞
㼏㼛
㼞㼑
㼕㼚
㼏㼞
㼑㼍
㼟㼑
㼣
㼕㼠
㼔
㼒㼍
㼟㼏
㼕㼚
㼏㼛
㼚
㼏㼑
㼚
㼠㼞
㼍㼠
㼕㼛
㼚
㻔㼎
䇵㼒
㻕㻚
㻭
㼎
㼛
㼢㼑
㼍
㼏㼑
㼞㼠
㼍㼕
㼚
㼒㼍
㼟㼏
㼕㼚
㼏㼛
㼚
㼏㼑
㼚
㼠㼞
㼍㼠
㼕㼛
㼚
㼛
㼒
㻜
㻚㻡
㼙
㻹
㻔㼓
㻕
㼠㼔
㼑
㼟㼕
㼦㼑
㼍㼚
㼐
㼠㼔
㼑
㼚
㼡
㼙
㼎
㼑㼞
㼛
㼒
㼟㼠
㼍㼞
㼟
㼐
㼑㼏
㼞㼑
㼍㼟
㼑㼟
㻧

㼠㼔
㼑
㼟㼠
㼍㼞
㼟
㼏㼛
㼑㼤
㼕㼟
㼠
㼣
㼕㼠
㼔
㼍㼚
㼑㼚
㼠㼍
㼚
㼓
㼘㼑
㼐
㼚
㼑㼠
㼣
㼛
㼞㼗
㼛
㼒
㼍㼏
㼠㼕
㼚
㻛㼒
㼍㼟
㼏㼕
㼚
㼎
㼡
㼚
㼐
㼘㼑
㼟㻘
㼟㼑
㼑㼚
㼕㼚
㼠㼔
㼑
㼕㼙
㼍㼓
㼑
㼎
㼍㼏
㼗㼓
㼞㼛
㼡
㼚
㼐
㻚㻭
㼠
㻟
㼙
㻹
㼟㼠
㼍㼞
㼟
㼐
㼛
㼚
㼛
㼠
㼒㼛
㼞㼙
㼍㼚
㼥㼙
㼛
㼞㼑
㻧㼠
㼔
㼑
㼟㼥
㼟㼠
㼑㼙
㼕㼟

㼏㼛
㼙
㼜
㼛
㼟㼑
㼐
㼟㼛
㼘㼑
㼘㼥
㼛
㼒
㼑㼚
㼠㼍
㼚
㼓
㼘㼑
㼐
㼚
㼑㼠
㼣
㼛
㼞㼗
㼛
㼒
㼍㼏
㼠㼕
㼚
㼎
㼡
㼚
㼐
㼘㼑
㼟
㻔㼔
㻕㻚
㻮
㼍㼞
㼕㼟
㻝
㻜
㼙
㼙
㻚

㼐
㼛
㼕㻦㻝
㻜
㻚㻝
㻟
㻣
㻝
㻛㼖
㼛
㼡
㼞㼚
㼍㼘
㻚㼜
㼛
㼚
㼑
㻚㻜
㻜
㻜
㻟
㻞
㻥
㻣
㻚㼓
㻜
㻜
㻝

㻲
㼕㼓
㼡
㼞㼑
㻞
㻚
㼀
㼞㼍
㼚
㼟㼕
㼠㼕
㼛
㼚
㼒㼞
㼛
㼙
㼍
㼟㼠
㼑
㼞
㼠㼛
㼟㼠
㼍
㼞㻙
㼘㼕
㼗
㼑
㼠㼛
㼚
㼑
㼠㼣
㼛
㼞㼗
㼟㼠
㼞㼡
㼏㼠
㼡
㼞㼑
㼟
㼕㼚
㼐
㼡
㼏㼑
㼐
㼎
㼥
㼒㼍
㼟㼏
㼕㼚
㼐
㼑
㼜
㼑
㼚
㼐
㼟
㼛
㼚
㻭
㼞㼜
㻞
㻛㻟
㼏㼛
㼚
㼏㼑
㼚
㼠㼞
㼍
㼠㼕
㼛
㼚
㻚
㻯
㼛
㼚
㼐
㼕㼠
㼕㼛
㼚
㼟
㼍㼞
㼑㻦

㻣
㼙
㻹
㻳
㻙㼍
㼏㼠
㼕㼚
㻘㼡
㼜
㼜
㼑㼞
㼘㼕㼚
㼑
㻔㼍
䇵㼐
㻕
㻝
㻞
㻚㻡
㼚
㻹
㻭
㼞㼜
㻞
㻛㻟
㼏㼛
㼙
㼜
㼘㼑
㼤㻘
㼍㼚
㼐
㻞
㻡
㼚
㻹
㻳
㻿㼀
㻙㼂
㻯
㻭
㼍㼚
㼐
㼎
㼛
㼠㼠
㼛
㼙
㼘㼕㼚
㼑
㻔㼑
䇵㼔
㻕
㻝
㻜
㻜
㼚
㻹
㻭
㼞㼜
㻞
㻛㻟
㻘㼍
㼚
㼐
㻞
㻜
㻜
㼚
㻹
㻳
㻿㼀
㻙㼂
㻯
㻭
㻚㼀
㼞㼍
㼚
㼟㼕
㼠㼕
㼛
㼚

㼒㼞
㼛
㼙
㼍㼟
㼠㼑
㼞
㼠㼛
㼟㼠
㼍㼞
㼟
㼍㼚
㼐
㼒㼞
㼛
㼙
㼟㼠
㼍㼞
㼟
㼠㼛
㼚
㼑㼠
㼣
㼛
㼞㼗
㻦
㼛
㼏㼏
㼡
㼞㼟
㼎
㼑㼠
㼣
㼑㼑
㼚
㻟
㼠㼛
㻢
㼚
㻹
㼍㼚
㼐
㼎
㼑㼠
㼣
㼑㼑
㼚
㻜
㻚㻞
㼠㼛
㻟
㼙
㻹
㼍㼠
㻝
㻞
㻚㻡
㼚
㻹
㼇㻭
㼞㼜
㻞
㻛㻟
㼉
㻔㼎
㼘㼡
㼑
㼍㼚
㼐
㼞㼑
㼐
㼍㼞
㼞㼛
㼣
㼟㻘

㼞㼑
㼟㼜
㼑㼏
㼠㼕
㼢㼑
㼘㼥
㻕㻚
㻭
㼠
㻝
㻜
㻜
㼚
㻹
㼇㻭
㼞㼜
㻞
㻛㻟
㼉
㼛
㼚
㼘㼥
㼠㼔
㼑
㼠㼞
㼍㼚
㼟㼕
㼠㼕
㼛
㼚
㼒㼞
㼛
㼙
㼍㼟
㼠㼑
㼞
㼠㼛
㼟㼠
㼍㼞
㼕㼟
㼢㼕
㼟㼕
㼎
㼘㼑
㻧
㼠㼞
㼍㼚
㼟㼕
㼠㼕
㼛
㼚
㼠㼛
㼍
㼚
㼑㼠
㼣
㼛
㼞㼗
㼟㼠
㼞㼡
㼏㼠
㼡
㼞㼑
㼕㼟
㼚
㼛
㼠
㼢㼕
㼟㼕
㼎
㼘㼑
㼕㼚
㼠㼔
㼑㼟
㼑
㼒㼍
㼟㼏
㼕㼚

㼏㼛
㼚
㼏㼑
㼚
㼠㼞
㼍㼠
㼕㼛
㼚
㼞㼍
㼚
㼓
㼑㼟
㻚
㻮
㼍㼞
㼟
㼍㼞
㼑
㻝
㻜
㼙
㼙
㻔㼍
䇵㼔
㻕㻚

㼐
㼛
㼕㻦㻝
㻜
㻚㻝
㻟
㻣
㻝
㻛㼖
㼛
㼡
㼞㼚
㼍㼘
㻚㼜
㼛
㼚
㼑
㻚㻜
㻜
㻜
㻟
㻞
㻥
㻣
㻚㼓
㻜
㻜
㻞

㻭
㼞㼜
㻞
㻛㻟
㻺
㼑㼠
㼣
㼛
㼞㼗
㻯
㼛
㼚
㼠㼞
㼛
㼘
㻮
㼡
㼚
㼐
㼘㼑
㼟

㻼
㻸㼛
㻿
㻻
㻺
㻱
㼨
㼣
㼣
㼣
㻚㼜
㼘㼛
㼟㼛
㼚
㼑㻚
㼛
㼞㼓

㻟
㻿㼑
㼜
㼠㼑
㼙
㼎
㼑㼞
㻞
㻜
㻜
㻤
㼨
㼂
㼛
㼘㼡
㼙
㼑
㻟
㼨
㻵㼟
㼟㼡
㼑
㻥
㼨
㼑㻟
㻞
㻥
㻣

䝅
䝭
䝳
䝺
䞊
䝅
䝵
䞁

ᐇ
㦂

�~�]
�v

���
À

�]�
š�

Œ
�}

�•

䜻
䝛
䝔
䜱
䜽
䝇

䝰
䝕
䝹

ㅰ
㎡

ி
䛿
⌧
ᅾ
㛤
Ⓨ
୰
䛷
䛒
䜚
䚸
䝇
䝷
䜲
䝗
୰
䛾
ᩘ
Ꮠ
䛿
⌧
≧
䛾
್
䛷

䛒
䜛
䚹

ி
ୖ
䛾
ᛶ
⬟
䛻
㛵
䛧
䛶
䛿
ி
㏿
䝁
䞁
䝢
䝳
䞊
䝍
ி
䛾
ヨ
㦂
฼
⏝
䚸

䛚
䜘
䜃
≉
ู
㐠
⏝
䛻
䜘
䜛
䚹

O
"U

Uୖ
䛾
ᛶ
⬟
䛻
㛵
䛧
䛶
䛿
⌮
໬

Ꮫ
◊
✲
ᡤ
᝟
ሗ
ᇶ
┙
䝉
䞁
䝍
䞊
䛾

;U
䜽
䝷
䝇
䝍

O
"U

U
!O

"T
V

0+
"C

:H
?@

9:
H

D
+

U
8B

M
:H

@
+

A
7+

U
8B

M
:H

@
M

'
䜢
౑
⏝
䛧
䛯
䚹
㛤
Ⓨ
䛚
䜘
䜃

㐠
⏝
䛻
䛒
䛯
䜛
㛵
ಀ
ྛ
఩
䛻
ឤ
ㅰ
⏦
䛧
ୖ
䛢
䜛
䚹
ி
ୖ
䛾
ᐇ
⿦

䛻
䛴
䛔
䛶
䛿

"#
$%

&㧗
ᗘ
໬
䝏
䞊
䝮
䛾
ᙉ
ຊ
䛺
䝃
䝫
䞊
䝖
䜒
ᚓ
䛯
䚹

ឤ
ㅰ
⏦
䛧
ୖ
䛢
䜛
䚹

"#
$%

&ᡂ
ᯝ
ሗ
࿌
఍

()
**

+
3*



133

 
�I���!�N�.�#�_�+�
���������
�������������������S�X�l�Q (ISLiM)�<�E�0�-�" 2011 (2011.12.21-22) 

 

 1 

 
�� �2�d�F���'�e�Y���?��  

� � � ��2�b�6�=�T�^�/�h���H�a ��  
 
 

�J�� �� �D�G 
�I���!�e�Y�U�4�S�X�l�Q�����	����  

�b�T�^�[ �S�X�l�Q�
����   

 
 

      
 
�Q�c�`�]�  

 
1985 �9 3 �C��  �B�W�P�2�4�M�8�4�S�X�U�K�M�4�*�:�O�K�M�4�5�@  
��   �\�Z�3�M�g�S�X�)�1�f�V �%��  
2001 �9 4 �C��  �L�7�2�4 �� �8�4�j �� �;�0�i�$�8�4�U �� �A�>  
2004 �9 10 �C�� �M�(�4�S�X�= �� �b�/�h�H�a�M�g�S�X�
���� �� �
������������  
2010 �9 6 �C��  �, �� �
���� �
������������  
 
 
 

 
�S�X�&�k  
 

�e�Y�g�R�T�^�U�4  



134

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

�"
�U�U�

F�O
�U�J�

P�O

�4
�F�

O�T
�P�

S�Z
��

�*�O
�Q�

V�U

�-�
���

��

�-�
�

�-�
�

�-�
�

ᄢ
ⷙ
ᮨ
ਗ
೉
⸘
▚
䈪
ត
䉎
ᄢ
⣖
ዪ
ᚲ
␹
⚻
࿁
〝
䈱
ᯏ
⢻

ℂ
ൻ
ቇ
⎇
ⓥ
ᚲ

ᰴ
਎
ઍ
⸘
▚
⑼
ቇ
⎇
ⓥ
㐿
⊒
䊒
䊨
䉫
䊤
䊛

⣖
␹
⚻
♽
⎇
ⓥ
䉼
䊷
䊛

(ℂ
⎇
⣖
䉶
䊮
䉺
䊷
䇮
䉲
䊆
䉝
䉼
䊷
䊛
䊥
䊷
䉻
䇮
ᷓ
੗
᦮
᮸
)

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
1

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
2

⢛
᥊
䊶
⋡
⊛

�s
⢛
᥊

⣖
ᯏ
⢻
䉕
↢
䉂
಴
䈜
␹
⚻
࿁
〝
䊜
䉦
䊆
䉵
䊛
䉕
⸃
᣿
䈜
䉎
䈖
䈫
䈏
䇮
⣖
⎇
ⓥ
䈱
਎
⇇
⊛
ầ
ᵹ
䈮
䈭
䈦
䈩
᧪
䈧

䈧
䈅
䉎
䇯
䈠
䈱
䉋
䈉
䈭
⎇
ⓥ
䈱
ᣂ
䈚
䈇
ᚻ
Ბ
䈫
䈚
䈩
䇮
ᄢ
ⷙ
ᮨ
ਗ
೉
䉲
䊚
䊠
䊧
䊷
䉲
䊢
䊮
䈏
䇮
ᒝ
ജ
䈭
ᚻ
ᴺ
䉕

ਈ
䈋
䉎
น
⢻
ᕈ
䈮
ᵈ
⋡
䈘
䉏
䈩
䈇
䉎
䇯

଀
䋺

H
um

an
 B

ra
in

 P
ro

je
ct

 (E
U
䈱

13
⎇
ⓥ
ᯏ
㑐
䈏
ㅪ
៤

)

�s
⋡
⊛

ᄢ
ⷙ
ᮨ
␹
⚻
࿁
〝
䈱
ਗ
೉
䉲
䊚
䊠
䊧
䊷
䉲
䊢
䊮
ᛛ
ⴚ
䉕
㐿
⊒
䈚
䇮
䈠
䉏
䉕
↪
䈇
䈩
㔤
㐳
㘃
䈱
⣖
䈪
․
䈮
⊒
㆐
䈚

䈩
䈇
䉎
ᄢ
⣖
⊹
⾰

6ጀ
ዪ
ᚲ
࿁
〝
䈱
䊝
䊂
䊦
䉕
᭴
▽
䈚
䇮
䈠
䈱
⸘
▚
ේ
ℂ
䈮
ㄼ
䉎
䋮

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 

᭎
ⷐ
䊶
䉝
䊒
䊨
䊷
䉼

�s
⎇
ⓥ
㐿
⊒
䉮
䊷
䊄
䈱
᭎
ⷐ

10
8
୘
⒟
ᐲ
䈱
䊆
䊠
䊷
䊨
䊮
䈫

10
11
୘
⒟
ᐲ
䈱
䉲
䊅
䊒
䉴
䈎
䉌
ᒻ
ᚑ
䈘
䉏
䉎
␹
⚻
࿁
〝
䈱
ਗ
೉
䉲
䊚
䊠

䊧
䊷
䉲
䊢
䊮
䉕
ታ
ⴕ
䈪
䈐
䉎
䉲
䊚
䊠
䊧
䊷
䉺

(N
E

ur
al

S
im

ul
at

io
n 

T
ec

hn
ol

og
y:

 N
E

S
T

)䉕
㐿
⊒
䈜
䉎
䇯

1
⑽
㑆
䈱
↢
‛
ቇ
⊛
䉲
䉴
䊁
䊛
䈱
᜼
േ
䉕
䇮

1ಽ
㑆
⒟
ᐲ
䈱
‛
ℂ
ᤨ
㑆
䈪
⸘
▚
䈪
䈐
䉎
䉮
䊷
䊄
䉕
㐿
⊒
䈜
䉎
䇯

䉁
䈢

N
E

S
T
䉕
↪
䈇
䈩
ᄢ
⣖
⊹
⾰
ዪ
ᚲ
࿁
〝
䋨
䉦
䊤
䊛
䋩
䈱
䉲
䊚
䊠
䊧
䊷
䉲
䊢
䊮
䊝
䊂
䊦
䉕
᭴
▽
䈜
䉎
䇯

�s
䉝
䊒
䊨
䊷
䉼

ᦨ
ᣂ
䈱
⸃
೬
ቇ
⊛
⎇
ⓥ
䊶
㔚
᳇
↢
ℂ
ቇ
ታ
㛎
䈱
⍮
⷗
䉕
ข
䉍
౉
䉏
䈩
䇮
ዪ
ᚲ
␹
⚻
࿁
〝
䈱
᭴
ㅧ
䉕
᳿
ቯ

䈜
䉎
䇯
ᒻ
ᘒ
᭴
ㅧ
䉕
ᜬ
䈢
䈭
䈇
䊆
䊠
䊷
䊨
䊮
䊝
䊂
䊦
䉕
ណ
↪
䈚
䇮
䉲
䊅
䊒
䉴
䈮
䈧
䈇
䈩
䈲
ච
ಽ
䈭
ᢙ
䈫
น
႟

ᕈ
䉕
⏕
଻
䈜
䉎
䇯
᭴
▽
䈚
䈢
䊝
䊂
䊦
䉕
⣖
ᯏ
⢻
䈱
⺑
᣿
䈮
ㆡ
↪
䈚
䇮
⑼
ቇ
⊛
᦭
ല
ᕈ
䉕
ᬌ
⸽
䈜
䉎
䇯

3
IS

Li
M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
4

⃻
࿷
䉁
䈪
䈱
⎇
ⓥ
㐿
⊒
ᚑ
ᨐ

䊷
䉴
䉬
䊷
䊥
䊮
䉫
ᕈ
⢻
䊷

A
ug

, 2
01

1

3×
10

6 ୘
䊆
䊠
䊷
䊨
䊮

Ყ
セ
䈱
䈢
䉄
䇮

Ju
el

ic
h 
⸘
▚
䉶
䊮
䉺
䊷
䈱

B
lu

e 
G

en
e 
䉕
૶
↪
䋨
10

6 ୘
䊆
䊠
䊷
䊨
䊮
䋩

໧
㗴

:

࿁
〝
䉲
䊚
䊠
䊧
䊷
䉲
䊢
䊮
䉋
䉍
㈩
✢
䈮

5୚
ᤨ
㑆
䉕
ⷐ
䈜
䉎
䋮

੍
ᗐ
䉋
䉍

4୚
ᄢ
䈐
䈇
䊜
䊝
䊥
䊷
⽶
⩄
䋮
࿁
〝
䊂
䊷
䉺
䈱

䊐
䉜
䉟
䊦
᭴
ㅧ
䈏
⇹
䈪
䈅
䉎
䈖
䈫
䈮
⿠
࿃
䋮

�Ÿ
㜞
ᐲ
ൻ
䉼
䊷
䊛
䋨
⥭
ᧄ
⎇
ⓥ
ຬ
䋩
䈫
໧
㗴
⸃
᳿
䈮
ข
䉍

⚵
䉖
䈪
䈇
䉎
䇯



135

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
5

⃻
࿷
䉁
䈪
䈱
⎇
ⓥ
㐿
⊒
ᚑ
ᨐ

䊷
N

E
S

T䈱
䉟
䊮
䊐
䊤
᭴
ㅧ
䈱
ᡷ
ༀ
䊷

�¨
�Â

�Ù
�Ê

�Ð
7ÿ

�ä
�´

�Ê
�˜

�–
7ÿ

M
�å

�/+
¶�

0�
2�

M
�n

�K
�ì

+
¶+

©
7ÿ

�QC
P

U
h"

�J
�ì.

.i*
�N

O
ß

&
—

�:�
I�'

�n
�¨

�Â
�Ù

�Ê
�Ð

.•
�/-

ç)
·�:

�M
�2

�M
�n

�ä
JÃ

P
i�å

��
O

ß
&

—
Z

Û
$¦

�Q
�^

�K
�v

�L
�Q

\�O
¯�

R
�ì

�¨
�Â

�Ù
�Ê

�Ð
.•

�Q
O

ß
&

—
3T

*À
�u

)¶
P

½
�<

�n
�6

�K
�N

�k
�m

�ì
_/

V
��u

V
æ

�:�
2a

Œ
@

ª�
J�

0�
B

�ä
..P

i�å

�”
�§

�´
�–

O
ß

&
—

�/h
ß

G
Û

�u
?	

�d
�n

E
E

?P
�N

+
˜%

¥�
R

�M
�'

10
00

 n
eu

ro
ns

 p
er

 p
ro

ce
ss

ᡷ
ༀ
೨

ᡷ
ༀ
ᓟ

䉲
䊅
䊒
䉴
䈱
⽶
⩄

䊆
䊠
䊷
䊨
䊮
䈱
⽶
⩄

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
6

⸘
▚
੐
଀

䊷
ⷞ
ⷡ
ᵈ
ᗧ
䈱
䉲
䊚
䊠
䊧
䊷
䉲
䊢
䊮
䊷

ฃ
ኈ
㊁

“W
H

E
R

E
” p

at
hw

ay

“W
H

AT
” p

at
hw

ay

?

䃂
ⷞ
ⷡ
㊁
䋨
V

2/
V

4)
䈱
⚦
⢩
䈮
䈲
䇮
ⷞ
㊁
ౝ
䈱
ᜂ
ᒰ

㗔
ၞ
䋨
ฃ
ኈ
㊁
䋩
䈏
䈅
䉎

䃂
ฦ
⚦
⢩
䈗
䈫
䈮
ᅢ
䈐
䈭
ೝ
ỗ
䈱
ᣇ
ะ
䈏
䈅
䉎

䃂
ᵈ
ᗧ
䉕
ะ
䈔
䉎
䈖
䈫
䈪
⚦
⢩
䈱
ᔕ
╵
䈏
ᄌ
ൻ
䈜
䉎

(R
ey
no

ld
s  
et
  a
l.,
  1
99

9)

⸘
▚
੐
଀
1

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
7

!"
#$

#"
"#

%

&
'(

)*
"#

$#
""

#%
䃂
ᵈ
ᗧ
䉋
䉎
ⷞ
ⷡ
␹
⚻
⚦
⢩
䈱
ᔕ
╵
ᄌ
ൻ
䈱

䉲
䊚
䊠
䊧
䊷
䉲
䊢
䊮

+
!',

-.
(/

01
02

3#
/4

.(
(5

06
78

89
0

:3
(;

#<
<

#"
0#

,0
.=

>
07

?@
A

'4
/'(

0#
,0

.=
>

07
6

B
'((

#C
,3

D
3,

E
F

=
#C

,'"
'*E

/3
'=

'<
E

G
75

77
70

H
IJ

)(
#K

"'(
/

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
8

ׅ
ែ
Ȣ
ȇ
ȫ
Ტ

�-
���

���
Ღ

�-
��Უ
Ƹ
Ŵ
ܱ
᬴
ư
ᙸ
ǒ
Ǖ

ǔ
ද
ॖ
Ʒ
ј
ௐ
Ǜ
Ǒ
Ƙ
ϐ
ྵ
Ƣ
ǔ

��

Ȣ
ȇ
ȫ
Ƹ

�-
��ƴ
᧙

Ơ
Ư
Ŵ
ီ
Ƴ
ǔ
ኽ

ௐ
Ǜ
ʖ
ᚕ

��



136

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
9

E
xc

-E
xc

E
xc

-In
h

⸘
▚
੐
଀

��

䊷
ⓨ
㑆
ᵈ
ᗧ
䈫
․
ᓽ
ᵈ
ᗧ
䈱
䉲
䊚
䊠
䊧
䊷
䉲
䊢
䊮
䊷

W
ag

at
su

m
a,

 P
ot

ja
ns

, S
ak

ai
, D

ie
sm

an
n,

 F
uk

ai

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
10

․
ᓽ
ᵈ
ᗧ

ⓨ
㑆
ᵈ
ᗧ

ታ
㛎

䉲
䊚
䊠
䊧
䊷
䉲
䊢
䊮

(M
ar

tin
ez

-T
ru

jil
lo

 &
 T

re
ue

, 2
00

4;
 L

in
g,

 L
iu

 &
 C

ar
ra

sc
o,

 2
00

9)

(M
cA

da
m

s 
&

 M
au

ns
el

l, 
19

99
; L

in
g,

 L
iu

 &
 C

ar
ra

sc
o,

 2
00

9)

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 

䊒
䊨
䉳
䉢
䉪
䊃
⚳
ੌ
ᤨ
䈱
㆐
ᚑ
⋡
ᮡ

1.
N

E
S

T
䉲
䊚
䊠
䊧
䊷
䉺

10
8 ୘
䈱
䊆
䊠
䊷
䊨
䊮
䈫

10
12
୘
䈱
䉲
䊅
䊒
䉴

1.
10

9
th

e 
ne

xt
 fr

on
tie

r
ᧄ
⸘
↹
ౝ
䈪
䈱
㆐
ᚑ
䈲
㔍
䈚
䈇
䋮

11

S
te

p
D

es
cr

ip
tio

n
N

et
w

or
k 

ty
pe

N
eu

ro
n

s
S

yn
ap

se
s

S
ta

tu
s 

N
ov

 2
01

1

1
re

du
ce

d 
pr

im
at

e 
vi

su
al

 c
or

te
x

(3
2 

ar
ea

s,
 e

ac
h 

1 
lo

ca
l m

ic
ro

ci
rc

ui
t)

ra
nd

om
 a

t m
ic

ro
 

an
d 

m
ac

ro
 s

ca
le

3�
u1

06
3�

u1
01

0
te

ch
ni

ca
lly

 a
ch

ie
ve

d 
on

 K
 o

n 
28

. A
ug

 2
01

1

2
re

du
ce

d 
pr

im
at

e 
vi

su
al

 c
or

te
x 

re
sp

ec
tin

g 
re

la
tiv

e 
si

ze
 o

f a
re

as
 (3

2)
sp

at
ia

lly
 

or
ga

ni
ze

d 
at

 
m

ic
ro

 s
ca

le

10
8

10
12

-t
ec

h.
 p

os
si

bl
e 

w
ith

 c
ur

re
nt

 
co

de
. 

-t
es

ts
 in

 p
ro

gr
es

s

3
hu

m
an

 b
ra

in
 m

od
el

 (a
pp

ro
x.

 1
00

 
ar

ea
s)

sp
at

ia
lly

 
or

ga
ni

ze
d

m
ax

 
10

11
m

ax
 1

01
5

↢
‛
ቇ
⊛
ઃ
ട
ଔ
୯
䈱
ઃ
ਈ

–
䉲
䊅
䊒
䉴
น
႟
ᕈ
䋨
ቇ
⠌
⢻
ജ
䋩
䈱
ታ
ⵝ

–
㔚
᳇
⊛
䉲
䊅
䊒
䉴
䉕
ਗ
೉
⸘
▚
䈜
䉎
䉝
䊦
䉯
䊥
䉵
䊛
䈱
㐿
⊒

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
12

䈬
䈤
䉌
䉅
⣖
ᯏ
⢻
䈱
ℂ
⸃
䈱
䈢
䉄
䈮
䇮
㊀
ⷐ
䈣
䈫
⠨
䈋
䉌
䉏
䈩
䈇
䉎
䋮



137

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

䉴
䊌
䉟
䉪
ᤨ
㑆
ଐ
ሽ
䈱
น
႟
ᕈ

�	�
4�

5�
%

�1
�
�

�
䈱
ታ
ⵝ

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
13

P
ot

ja
ns

, M
or

ris
on

, D
ie

sm
an

n 
(2

01
0)

t p
re

t p
os

t

B
i a

nd
 P

oo
 (1

99
8)

 
t i

s p
re

d s
yn

ne
ur

on
 i

ne
ur

on
 j

d=
s p

re
+d

sy
n-

t i

ne
ur

on
 i

ne
ur

on
 j

s p
os

t

s p
re

po
st

pr
e

t
t

t
�

'
�

 
�

�

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
14

ᛥ
೙
⚦
⢩
㑆
䈱
㔚
᳇
⊛
䉲
䊅
䊒
䉴

Ig
ar

as
hi

, D
ie

sm
an

n,
 F

uk
ai

ൻ
ቇ
⊛
䉲
䊅
䊒
䉴
䈫
㔚
᳇
䉲
䊅
䊒
䉴
䈏
౒
ሽ

ല
₸
⊛
䈭
䉲
䊚
䊠
䊧
䊷
䉲
䊢
䊮
䈏
࿎
㔍

㔚
᳇
䉲
䊅
䊒
䉴
䈎
䉌
ᵹ
౉
䈚
䈢
㔚
ᵹ
䈱
ㆊ
෰
䋨
ޯ

1m
s䋩
䈱
ᐔ
ဋ
୯

䉕
↪
䈇
䇮
ᧂ
᧪
䈱
㔚
૏
ᄌ
ൻ
䉕
੍
ᗐ

N
E

S
T 

= 
ev

en
t-d

riv
en

 s
im

ul
at

or

t

V
i

V
j

_

t+
d s

yn

䉴
䊌
䉟
䉪
⊒
↢

In
h 

1

In
h 

2

t

ㆊ
෰

ᧂ
᧪
੍
ᗐ

N
o

✢
ᒻ
ㄭ
ૃ
䈚
䈩
䊂
䊷
䉺
ォ
ㅍ

䉴
䊌
䉟
䉪
䉦
䊷
䊈
䊦
㑐
ᢙ

V

V

ㅢ
ା
⽶
⩄
䉕
ᛥ
䈋
䈭
䈏
䉌
⸘
▚
ല
₸
䉕
⏕
଻
䈚
䈢
䈇

IS
Li

M
ᚑ
ᨐ
ႎ
๔
ળ

20
11

 
16

੖
ච
፲
Ả
䋨
ᰴ
਎
ઍ
⸘
▚
⑼
ቇ

/
㔚
᳇
䉲
䊅
䊒
䉴
䈍
䉋
䈶

N
E

S
T
ታ
ⵝ
䋩

ඨ
↰
㜞
ผ
䋨
ᰴ
਎
ઍ
⸘
▚
⑼
ቇ

/
ዪ
ᚲ
࿁
〝
ታ
㛎
䊂
䊷
䉺
෼
㓸
䋩

ᚒ
ᆄ
િ
ᒾ
䋨
ቇ
ᝄ

P
D

/
ⷞ
ⷡ
ᵈ
ᗧ
䈱
ዪ
ᚲ
࿁
〝
䊝
䊂
䊦
䋩

M
ar

ka
s

D
ie

sm
an

n

To
bi

as
 C

 P
ot

ja
ns

M
or

itz
 H

el
ia

s

G
en

 M
as

um
ot

o

N
E

S
T

⻢
ㄉ

౒
ห
⎇
ⓥ
⠪

�s
੩
䈲
⃻
࿷
㐿
⊒
ਛ
䈪
䈅
䉍
䇮
䉴
䊤
䉟
䊄
ਛ
䈱
ᢙ
ሼ
䈲
⃻
⁁
䈱
୯
䈪
䈅
䉎
䇯

�s
੩
਄
䈱
ᕈ
⢻
䈮
㑐
䈚
䈩
䈲
੩
䉮
䊮
䊏
䊠
䊷
䉺
䈱
⹜
㛎
೑
↪
䇮
䈍
䉋
䈶
․
೎
ㆇ
↪
䈮
䉋

䉎
䇯
㐿
⊒
䈍
䉋
䈶
ㆇ
↪
䈮
䈅
䈢
䉎
㑐
ଥ
ฦ
૏
䈮
ᗵ
⻢
↳
䈚
਄
䈕
䉎
䇯
䈫
䈒
䈮
੩
਄
䈱

ታ
ⵝ
䈮
䈧
䈇
䈩
䈲
䇮

IS
Li

M
㜞
ᐲ
ൻ
䉼
䊷
䊛
䈱
ද
ജ
ή
䈒
䈚
䈩
䈲
࿎
㔍
䈪
䈅
䈦
䈢
䇯
ᗵ

⻢
↳
䈚
਄
䈕
䉎
䇯

㟁
Ẽ
䝅
䝘
䝥
䝇
䛷
⤖
ྜ
䛧
䛯
㻞
㻜
ಶ
䛾
ᢚ
ไ
⣽
⬊

䌦
㏻
ᖖ
䛾
᪉
ἲ
䛸
ᥦ
᱌
᪉
ἲ
䛾
ẚ
㍑
䌦

!"
#$

%
!#

$
&

'()
*+

(,
-

.

!$ /)00

㉥
1*㏻
ᖖ
ᡭ
ἲ

⥳
䠖
ᥦ
᱌
ᡭ
ἲ

!"
"#

!"
2#

&
'()

*+
(,

-

/)00 .!$

%
!%

$
.

!$

%
!$

$
&

'()
*+

(,
-

㠀
ྠ
ᮇ
≧
ែ

ྠ
ᮇ
≧
ែ



139

!
"#$%&'( )*++!")*++,+),)+-))(

!

+!

!
. !

!
!
!

!
!

!
!

!
!

!
!
+/01 ! 2 ! !
+//+ ! 3 ! ! !
+//+ ! / ! ! !
+//4 !+* ! ! !
+//2 !+* ! 567 ! !
+/// !++ ! 8$6!97:$6! ! !
)**4 ! ; ! 567 ! ! !
)**2 ! 2 ! ! ! ! !
)**1 ! 2 ! ! !
)*+* ! 2 ! ! ! !
)*++ ! 3 ! !
)*++ !++ ! ! ! !

!



140

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

IS
Li

M
�K

�`
�1

�*
�


20
11

  

�µ
�¶

�Ù�
ˆ�

}�
Å

���
—

�÷
�8

�Y
�Ë

�Ú
���

%
�)

�-
�1

���
*�

/��
�û

�é
�ê

�ò
��

�o
�¢

�•
�6

�N
�°

�4
�6

�Í�
4�

6
��

���
Ç

�4
�6

��
�~

� �
6�

‹�
‘�M

��
�È

�½
�À

�p
��

1 
IS

Li
M

�K
�`

�1
�*

�

20

11
  

�¦�
Z

�0
�‡

�†
��

�/
�¦�

Z
 

–
�©

�Œ
�œ

�—
�÷

�k
�¨

�ô
�í�

÷
�(

���
,�÷

�5
�B

�H
�ø

�Û
�J

�¶
�Å

���
,�1

�"
���

ù�
��ê

�ò
�ú

�õ
�á

�ô
��

�ã
�þ

�õ
�á

�Ü
 ��

�/
�‡

�†
 

–
�©

�Œ
�œ

�—
�÷

�3
�Î�

=
�(

���
,��

���
/��

-�Å
���

—
�ô

�•
�&

�ì�
��ç

�ô
�ö

�ý
�ÿ

�Û
�í�

÷
�k

�¨
���

·�X
�ê

�Û
�h

�Ý
�õ

�]�
��÷

�ü
�ô

�ó
�÷

�Ï�
9�

…
�•

�÷
�k

�g
�ô

�í�
÷

�T
�-

�÷
�W

�”
�÷

�Q
�™

���
¯�

â
�Ü

 
�/

���
��†

�:�
¾

�6
�µ

�¶
–�

ˆ�
}�

Å
���

—
 

–
�Å

���
��E

�ö
�Ì�

ê�
ò�

3�
å�

÷
�8

�Ò
�†

�Š
�³

�÷
�­

�•
�ä

�à
��

�Ü
 

2 

vi
su

al
 c

or
te

x
pa

rie
ta

l c
or

te
x

F
E

F
/S

E
F

pr
ef

ro
nt

al
 

co
rt

ex

re
tin

a
su

pe
rio

r 
co

lli
cu

lu
s

br
ai

ns
te

m
 

ey
e-

ba
ll 

m
us

cl
es

vi
su

al
 

w
or

ld

th
al

am
us

ba
sa

l g
an

gl
ia

ce
re

be
llu

m
 

IS
Li

M
�K

�`
�1

�*
�


20
11

  

�f�
²�

0�
��"

�.�
1�

���

�/
�‹

�‘�
Ê

�…
�÷

�f�
²

 

Ð
�ˆ

�}
Ð�

 �ª
�6

�~
�‹

�¬
���

��,
�1

�"
 

Ð
� �

ª
Ð�

���
�2

�µ
�®

�3
�•

�&
�6

�^
�4

�Ó
�•

���
,�1

�"
 

Ð
���

�
Ð�

ˆ�
}�

Å
���

—
�ô

���
���

�&
�ž

�&
�6

�o
�¢

�0
���

4�
È

�½
���

,�1
�"

 

�/
���

"�
.�1

��
 

Ð
� �

ª�
Œ

�œ
�.�

Á
�(

���
,�6

�¬
���

��,
�1

�"
�ó

�Ê
�…

���
÷

�(
���

,��
K

�ö
�Ž

�c
 

Ð
� �

ª
Ð�

���
�•

�&
�(

���
,�6

���
��"

���
%

�2
�H

�(
���

,�÷
�£

�˜
� 

 

Ð
���

��Œ
�œ

�.�
Á

�(
���

,�6
N

E
S

T
�ö

�ý
���

V
�î�

õ�
g�

–
 

Ð
�ˆ

�}
�Å

���
ô�

���
���

&
�ž

�&
�6

M
U

S
IC

�ö
�ý

���
3�

ü�
��,

�ž
�&

�ô
�.�

#�
���

�R
�Ÿ

�8
�Ò

 

3 
IS

Li
M

�K
�`

�1
�*

�

20

11
  

�‹
�‘�

Ê
�…

�K
�`

�6
���

��Œ
�œ

�.�
Á

�(
���

,��

�/
�ç

���
ù�

ó�
÷

�·�
��6

�0
�•

�~
�6

�†
�Š

�³
 

Ð
� �

ª�
ã�

þ�
µ�

¶�
���

���
$�

æ
�Û

�©
�>

�÷
�ˆ

�}
�Å

��
�Œ

�œ
�b

�ö
���

���
�Â

��
 

Ð
���

���
�1

���
2�

‰
�Y

�†
�õ

�µ
�¡

�Ž
���

3�
÷

���
a

 
Ð

���
1�


��
���

��¤
�ö

�G
�ë

�î�
4�

m
���

$�
��"

�g
�Ä

 

�/
�\�

·�n
�÷

�,�
Ñ

 
Ð

���
���

�1
���

÷
�Y

�Ë
���

��1
�/�

ø
 

�á
�ã

�ö
�C

�K
�è

���
��÷

�ã
�7

 
Ð

�Œ
�œ

�s
���

÷
�’�

Ë
�†

�õ
�?

�ä
�ÿ

 
�|�

¾
�÷

�I�
+

�ø
���

ã�
7

 

4 



141

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

IS
Li

M
�K

�`
�1

�*
�


20
11

  

�‹
�‘�

Ê
�…

�K
�`

�6
���

��Œ
�œ

�.�
Á

�(
���

,�g
�–

��

�/
�·�

��6
���

1�
��ö

�0
�ñ

�å
�.�

Á
�g

�Ä
 

5 

�/
�•

�~
�6

���
1�

��ö
�0

�ñ
�å

���
��"

���
•�

&
�÷

�S
�7

 

�/
�¯

���
��1

���
ö�

0�
ñ�

å�
���

�r
�C

�÷
�8

�|
 

IS
Li

M
�K

�`
�1

�*
�


20
11

  

�‹
�‘�

Ê
�…

�K
�`

�6
���

��Œ
�œ

�.�
Á

�(
���

,��
�%

�)
�-

�1
���

*�
/��

�/
�˜

10
0,

00
0�

��)
�1

�.�
/�÷

���
%

�)
�-

�1
���

*�
/

 

6 

�/
���

���
�1

���
÷

�z
�F

 (m
ai

n 
se

qu
en

ce
) �

���
�|

 
–

�Å
���

Y
�Ë

�ô
� �

1�

�Ã

�A
 

�/
�Œ

�œ
�s

���
÷

���
|�ô

�I�
+

�ñ
�æ

 
–

bu
ild

-u
p�

=
�6

���
���

���
��


�÷
�Y

�’�
Ë

�•
��

 
–

�t�
=

�O
���

š�
§�

6�
���

���
1�

��÷
�›

��
 

�/
�¼

�U
�P

�•
�u

 

IS
Li

M
�K

�`
�1

�*
�


20
11

  

�‹
�‘�

Ê
�…

�K
�`

�6
�Ö

�Ø
�×

�Õ
�Ô

�ö
�ý

���
(�

��,
�ž

�&
��

�/
M

U
lti

-S
im

ul
at

io
n 

C
oo

rd
in

at
or

 

Ð
IN

C
F

�ö
�ý

���
Ê

�…
�Û

���
���

���
ö�

"�
�

 
�/

�
�
+

���
���

�ó
�÷

�3
�(

���
,�ž

�&
 

Ð
�µ

�¶
���

�
Ð

 ��
��

�©
�>

�ˆ
�}

�Å
���

—
 

7 
IS

Li
M

�K
�`

�1
�*

�

20

11
  

�
�
D

�÷
�‹

�‘�
Ê

�…
�»

�Ñ
�6

�.�
#�

���
�ˆ

�}
�Å

���
8�

Ò
��

�/
�2

�x
�3

�8
�Y

�Ë
���

%
�)

�-
�1

���
*�

/
 

–
�.�

#�
���

�	�
'�+

�ã
�þ

�÷
�‚�

���
��

 
–

� �
ª

�Û
���

�
�Û

�©
�>

�Œ
�œ

�.�
Á

�÷
�8

�Y
�Ë

���
%

�)
�-

�1
���

*�
/

 
–

�.�
#�

���
�ˆ

�}
�Å

���
ö�

ý�
���

��
 

–
���

���
�R

�Ÿ
�÷

���
��-

���
ø

�Ë
�l�

†�
õ�

���
�ö

�ý
�ÿ

�)
�#

 
�/

�‡
�i

 
–

�|�
8�

†�
õ�

µ�
¶�

���
�ö

�:�
ì��

�G
�“

���
��/

���
+

�
�
���

�!�
ö�

Q
�™

 
–

�	�
ô�

÷
�«

�y
�õ

���
%

�)
���

��1
���

*�
/�ö

�ý
���

d�
¹

 
–

�Ð
���

/�¸
�•

�¿
�w

�÷
�[�

€�
H

�÷
�8

�¹
 

�/
�x

���
{�

q
 

–
�£

�;�
(�

��,
�÷

R
IC

C
���

ó�
÷

�8
�Y

�Ë
���

%
�)

�-
�1

���
*�

/
 

–
R

IC
C

�ô
A

TR
�÷

�É
�,�

1�
"�

R
�Ÿ

 

8 



142

�4
�
•!¢�n
Õ&Ô�'�*�R�X�_�o�*�Z�f�0�H�;�������é#‡$å4?"’ !"#$%&'�‘���Ž�T
³ ()**+!()**,*(,(*-(('

IS
Li

M
�K

�`
�1

�*
�


20
11

  

�"
�.�

���
�
�

��›
���

Y
�÷

�Æ
�K

�‡
�i�

�

�/
���

���
�/�

��ô
�ê

�ò
 

Ð
�Œ

�œ
�•

�~
�6

�¥
�ô

�÷
���

'��
�e

�ö
�ý

���
(�

��,
�÷

�d
�¹

 
Ð

�(
���

,��
���

÷
�%

�µ
� �

ô�
·�_

�ö
�ý

���
µ�

¶�
ˆ�

}�
Å

���
—

�÷
�V

�î�
õ�

~
�·�

ô�
��º

�÷
���

K
 

�/
���

���
�/�

8�
±

�ô
�ê

�ò
 

Ð
K

���
ó�

÷
N

E
S

T
, M

U
S

IC
�ö

�ý
���

4�
´�

j�ž
�&

���
%

�)
�-

�1
���

*�
/

 
Ð

K
�ô

A
T

R
�.�

#�
���

���
ð�

õ�
á�

ï�8
�Y

�Ë
���

%
�)

�-
�1

���
*�

/
 

�/
�›

���
D

�÷
�<

�Ê
�ô

�ê
�ò

 
Ð

H
P

C
I�L

�ƒ
�»

�Ñ
�5

�Þ
���

v�
!�„

�ö
�(

�æ
�î�

Î�=
�ž

�&
���

%
�)

�-
�1

���
*�

/
�ß 

�4
�©

�0
�@

�b
�0

�;�
©

�(
���

,�ô
�÷

�ž
�&

��

9 



143

 
(ISLiM) 2011 (2011.12.21-22)
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1986 3  
1987 1  
1991 7  
2003 4  
2004 4  
2006 4   
 

 
1996  9 -1999  8 21  
2003 4 - Adjunct Professor  
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