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ð�§
Ù
f�Æ���Ù�ç�æ�‡��
ð�§
Ù
f�Æ���Ù�ç�æ�‡��
ð�§
Ù
f�Æ���Ù�ç�æ�‡��
ð�§
Ù
f�Æ���Ù�ç�æ�‡

�	!s�¾�����	!s�¾�����	!s�¾�����	!s�¾���� !{���³!†!•�ó�ó!{���³!†!•�ó�ó!{���³!†!•�ó�ó!{���³!†!•�ó�ó
"K"K"K"K�á�ó�á�ó�á�ó�á�ó "L!†!Z!·!¹�û!s�¾��"L!†!Z!·!¹�û!s�¾��"L!†!Z!·!¹�û!s�¾��"L!†!Z!·!¹�û!s�¾��
��!š!™!º�Ò�Ö![��!š!™!º�Ò�Ö![��!š!™!º�Ò�Ö![��!š!™!º�Ò�Ö![
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�>/%�œ$Î7ÁFþFçFßG�II --- '¨�M�a�æ$Î7Á!T ---

E•E•E•E• !T�°F÷4�)F$×Fû�>/%�œ�o�ÂG"��#'!T�°F÷4�)F$×Fû�>/%�œ�o�ÂG"��#'!T�°F÷4�)F$×Fû�>/%�œ�o�ÂG"��#'!T�°F÷4�)F$×Fû�>/%�œ�o�ÂG"��#' ; D+T� 4He(3.52MeV)+n(14.06MeV)
#Õ�BFåG�Fï#Õ�BFåG�Fï#Õ�BFåG�Fï#Õ�BFåG�Fï4He(GfGxG4GnGfGxG4GnGfGxG4GnGfGxG4Gn)Fþ4 �·G6G[GyG<GŠF÷!T�°GeGwGHGlG"9× �Fû)T�âF¹Fþ4 �·G6G[GyG<GŠF÷!T�°GeGwGHGlG"9× �Fû)T�âF¹Fþ4 �·G6G[GyG<GŠF÷!T�°GeGwGHGlG"9× �Fû)T�âF¹Fþ4 �·G6G[GyG<GŠF÷!T�°GeGwGHGlG"9× �Fû)T�âF¹

E•E•E•E• #Õ�BFåG�Fï#Õ�BFåG�Fï#Õ�BFåG�Fï#Õ�BFåG�Fïn(�p�ö�Ê�p�ö�Ê�p�ö�Ê�p�ö�Ê )Fþ4 �·G6G[GyG<GŠG"�ö3ÿFþ4 �·G6G[GyG<GŠG"�ö3ÿFþ4 �·G6G[GyG<GŠG"�ö3ÿFþ4 �·G6G[GyG<GŠG"�ö3ÿ(!Õ�ì!Õ�ì!Õ�ì!Õ�ì )FçF¸
í�7�¦FçF¸
í�7�¦FçF¸
í�7�¦FçF¸
í�7�¦ (�È'¼�È'¼�È'¼�È'¼)G"�•G"�•G"�•G"�•
 �F¹!Õ�º�n�þF¸GMGŠGaG•G"�ÓFçFö$Î7ÁF¹ �F¹!Õ�º�n�þF¸GMGŠGaG•G"�ÓFçFö$Î7ÁF¹ �F¹!Õ�º�n�þF¸GMGŠGaG•G"�ÓFçFö$Î7ÁF¹ �F¹!Õ�º�n�þF¸GMGŠGaG•G"�ÓFçFö$Î7ÁF¹

E•E•E•E• !Þ�qFþFÖFñ!Þ�qFþFÖFñ!Þ�qFþFÖFñ!Þ�qFþFÖFñT(GVGxGOG4GnGVGxGOG4GnGVGxGOG4GnGVGxGOG4Gn)FÿFÿFÿFÿLi(GxGOG4GnGxGOG4GnGxGOG4GnGxGOG4Gn)Fû�p�ö�ÊG"!·�UFçF¸�>�š�nFûG�G�#Õ�BFû�p�ö�ÊG"!·�UFçF¸�>�š�nFûG�G�#Õ�BFû�p�ö�ÊG"!·�UFçF¸�>�š�nFûG�G�#Õ�BFû�p�ö�ÊG"!·�UFçF¸�>�š�nFûG�G�#Õ�B
�p�ö�ÊFþ!Õ�ìF¸GVGxGOG4GnFþ#Õ�BFþFïG�FûFÂGdGwG•G?GQGVFÃG"0¿*(F¹�p�ö�ÊFþ!Õ�ìF¸GVGxGOG4GnFþ#Õ�BFþFïG�FûFÂGdGwG•G?GQGVFÃG"0¿*(F¹�p�ö�ÊFþ!Õ�ìF¸GVGxGOG4GnFþ#Õ�BFþFïG�FûFÂGdGwG•G?GQGVFÃG"0¿*(F¹�p�ö�ÊFþ!Õ�ìF¸GVGxGOG4GnFþ#Õ�BFþFïG�FûFÂGdGwG•G?GQGVFÃG"0¿*(F¹

�±FÝFú6ä$Î0[(òFÿF¸�±FÝFú6ä$Î0[(òFÿF¸�±FÝFú6ä$Î0[(òFÿF¸�±FÝFú6ä$Î0[(òFÿF¸
!T�°FøFÂGdGwG•G?GQGVFÃ!T�°FøFÂGdGwG•G?GQGVFÃ!T�°FøFÂGdGwG•G?GQGVFÃ!T�°FøFÂGdGwG•G?GQGVFÃ

E•E•E•E• !T�°!T�°!T�°!T�° ; 4�)F$×Fû�>/%�œ�o�Â4�)F$×Fû�>/%�œ�o�Â4�)F$×Fû�>/%�œ�o�Â4�)F$×Fû�>/%�œ�o�Â
G"��#'FéG�FøFãG�F¹G"��#'FéG�FøFãG�F¹G"��#'FéG�FøFãG�F¹G"��#'FéG�FøFãG�F¹

E•E•E•E• FÂGdGwG•G?GQGVFÃFÂGdGwG•G?GQGVFÃFÂGdGwG•G?GQGVFÃFÂGdGwG•G?GQGVFÃ; n(�p�ö�Ê�p�ö�Ê�p�ö�Ê�p�ö�Ê )FþFþFþFþ
!Õ�ìF¸!Õ�ìF¸!Õ�ìF¸!Õ�ìF¸ LiFÛG��>�š�nFûG�G�FÛG��>�š�nFûG�G�FÛG��>�š�nFûG�G�FÛG��>�š�nFûG�G�TG"G"G"G"
#Õ�BFéG�FøFãG�F¹#Õ�BFéG�FøFãG�F¹#Õ�BFéG�FøFãG�F¹#Õ�BFéG�FøFãG�F¹
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�è�
�+�î�8

�>/%�œ�o�ÂFþFïG�FûFÿF¸�N�Ê�>� �>/%�œ�o�ÂFþFïG�FûFÿF¸�N�Ê�>� �>/%�œ�o�ÂFþFïG�FûFÿF¸�N�Ê�>� �>/%�œ�o�ÂFþFïG�FûFÿF¸�N�Ê�>� 
�ˆG"/ª':FåFëG��²0[�wF¹�ˆG"/ª':FåFëG��²0[�wF¹�ˆG"/ª':FåFëG��²0[�wF¹�ˆG"/ª':FåFëG��²0[�wF¹
(1) �N�Ê�>Fø7Á�ÊG"G�G�G�G�FûFéG�F¹�N�Ê�>Fø7Á�ÊG"G�G�G�G�FûFéG�F¹�N�Ê�>Fø7Á�ÊG"G�G�G�G�FûFéG�F¹�N�Ê�>Fø7Á�ÊG"G�G�G�G�FûFéG�F¹
=> GeGwGHGl"g�ÂGeGwGHGl"g�ÂGeGwGHGl"g�ÂGeGwGHGl"g�ÂFûFéG�F¹FûFéG�F¹FûFéG�F¹FûFéG�F¹
(2) �>�ŠFÜ
>FßG�Fù�N�Ê�>G"�K3ÆF¹�>�ŠFÜ
>FßG�Fù�N�Ê�>G"�K3ÆF¹�>�ŠFÜ
>FßG�Fù�N�Ê�>G"�K3ÆF¹�>�ŠFÜ
>FßG�Fù�N�Ê�>G"�K3ÆF¹
=> 9×3ÿF÷/ª':9×3ÿF÷/ª':9×3ÿF÷/ª':9×3ÿF÷/ª': F¹F¹F¹F¹

" !T�°!T�°!T�°!T�° " Fþ6ä$ÎFþ6ä$ÎFþ6ä$ÎFþ6ä$Î
" !T�°!T�°!T�°!T�° " FÿF¸8Õ/œ�µG�+¬�·34FÿF¸8Õ/œ�µG�+¬�·34FÿF¸8Õ/œ�µG�+¬�·34FÿF¸8Õ/œ�µG�+¬�·34
F÷�[FØG�FøG6G•GFG•Fû�P�ÂF÷�[FØG�FøG6G•GFG•Fû�P�ÂF÷�[FØG�FøG6G•GFG•Fû�P�ÂF÷�[FØG�FøG6G•GFG•Fû�P�Â

!T�°!T�°!T�°!T�° ; 4�)F$×Fû�>/%�œ�o�Â4�)F$×Fû�>/%�œ�o�Â4�)F$×Fû�>/%�œ�o�Â4�)F$×Fû�>/%�œ�o�Â
G"��#'FéG�FøFãG�F¹G"��#'FéG�FøFãG�F¹G"��#'FéG�FøFãG�F¹G"��#'FéG�FøFãG�F¹

+

+

3ÿ�ØG"�VFâG�3ÿ�ØG"�VFâG�3ÿ�ØG"�VFâG�3ÿ�ØG"�VFâG�=> 9× �9× �9× �9× � FûFéG�FûFéG�FûFéG�FûFéG�

7Á&"�Š(�o$Î�Š )

�>�Š�>�Š�>�Š�>�Š (�,�Š�,�Š�,�Š�,�Š )
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���)�ú��
�¾�����±�S���•���)���)�´�³�¬�¯�•�Ô

�¾�����¾�����¾�����¾����

�S���S���S���S��

���)�ú���±�¸�¹���)�ú���±�¸�¹���)�ú���±�¸�¹���)�ú���±�¸�¹

�L��

�L��

�Í�ó
�¾���Í�����•�½�ó� �¯�•�Ô


é�ó
�¾���Í�����•�/���´�ƒ�c�¢�Ô


b�ó
�¾���Í�����•�™� �˜�ƒ�c�¢�Ô

 ��ØG"�VFâG�Fø9×3ÿ�ì ��ØG"�VFâG�Fø9×3ÿ�ì ��ØG"�VFâG�Fø9×3ÿ�ì ��ØG"�VFâG�Fø9×3ÿ�ì
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" !T�°!T�°!T�°!T�° " Fþ6ä$ÎFþ6ä$ÎFþ6ä$ÎFþ6ä$Î II

)��í$×Fú�>/%�œ!TFþ
!T�°GeGwGHGl�²�ó

9× �H�5
h�ØH�50keVH��è�V
9×�&�ØH�200
™(1014)cm-3�è�V
6×FÔ6â3¸G��ì6ëH�H
&Ê�è�V

% �æFë!!
F÷FÝG�FðFá9×FÔ ��ØFø�&�Ø
FþGeGwGHGlFþ#Õ�B!!

# 7Á&"�ŠFû3ëG�FóFöF¸�N�Ê�>� 7Á&"�ŠFû3ëG�FóFöF¸�N�Ê�>� 7Á&"�ŠFû3ëG�FóFöF¸�N�Ê�>� 7Á&"�ŠFû3ëG�FóFöF¸�N�Ê�>� 
�ˆG"2x9×3ÿF÷/ª':FåFëG��ˆG"2x9×3ÿF÷/ª':FåFëG��ˆG"2x9×3ÿF÷/ª':FåFëG��ˆG"2x9×3ÿF÷/ª':FåFëG�

=> �N�Ê�>G"0��N�Ê�>G"0��N�Ê�>G"0��N�Ê�>G"0� (GeGwGHGl"g�ÂGeGwGHGl"g�ÂGeGwGHGl"g�ÂGeGwGHGl"g�Â)
FûFçF¸9×3ÿFûFçF¸9×3ÿFûFçF¸9×3ÿFûFçF¸9×3ÿ(9× �9× �9× �9× � )F÷4 �·F÷4 �·F÷4 �·F÷4 �·

# �"�)�ì6ë�\FïG�Fû�¨FßFþG6G[�"�)�ì6ë�\FïG�Fû�¨FßFþG6G[�"�)�ì6ë�\FïG�Fû�¨FßFþG6G[�"�)�ì6ë�\FïG�Fû�¨FßFþG6G[
GyG<GŠG"�vG���FéFïG�Fû�¨�XGyG<GŠG"�vG���FéFïG�Fû�¨�XGyG<GŠG"�vG���FéFïG�Fû�¨�XGyG<GŠG"�vG���FéFïG�Fû�¨�X
Fþ(•�ÊFÜ8–)¾Fû/ª':FåFëG�Fþ(•�ÊFÜ8–)¾Fû/ª':FåFëG�Fþ(•�ÊFÜ8–)¾Fû/ª':FåFëG�Fþ(•�ÊFÜ8–)¾Fû/ª':FåFëG�

=> (•�ÊFþ�&�ØG"9×G�(•�ÊFþ�&�ØG"9×G�(•�ÊFþ�&�ØG"9×G�(•�ÊFþ�&�ØG"9×G�(9×�&�Ø9×�&�Ø9×�&�Ø9×�&�Ø)F¸FF̧¸F¸
�>/%�œ�o�ÂFÜ2sFãG��ì6ëG�G��>/%�œ�o�ÂFÜ2sFãG��ì6ëG�G��>/%�œ�o�ÂFÜ2sFãG��ì6ëG�G��>/%�œ�o�ÂFÜ2sFãG��ì6ëG�G�
6×FßF¸3ÆFßFû�ƒFåFëG�6×FßF¸3ÆFßFû�ƒFåFëG�6×FßF¸3ÆFßFû�ƒFåFëG�6×FßF¸3ÆFßFû�ƒFåFëG�(6×FÔ6â6×FÔ6â6×FÔ6â6×FÔ6â
Fè3¸G��ì6ëFè3¸G��ì6ëFè3¸G��ì6ëFè3¸G��ì6ë)

9× �9×�&�ØFþGeGwGHGlG"9× �9×�&�ØFþGeGwGHGlG"9× �9×�&�ØFþGeGwGHGlG"9× �9×�&�ØFþGeGwGHGlG"
6×FÔ�ì6ë3ÆFßFû�ƒFåFëG�6×FÔ�ì6ë3ÆFßFû�ƒFåFëG�6×FÔ�ì6ë3ÆFßFû�ƒFåFëG�6×FÔ�ì6ë3ÆFßFû�ƒFåFëG�

=> !Õ!Õ!Õ!Õ(GeGwGHGlGeGwGHGlGeGwGHGlGeGwGHGl)�>/%�œ�>/%�œ�>/%�œ�>/%�œ
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GeGwGHGlG"6âFè3¸G�G�FûFÿ>ë

�v�Î�E�G�v�Î�E�G�v�Î�E�G�v�Î�E�G���������I���E�O���������I���E�O���������I���E�O���������I���E�O ��������

�v�Î� �G�v�Î� �G�v�Î� �G�v�Î� �G�� �������«�¯�ª�ª�b�G�«�¯�ª�ª�b�G�«�¯�ª�ª�b�G�«�¯�ª�ª�b�G
���•� �G���•� �G���•� �G���•� �G�� �������°�ª�ª�ª�°�ª�ª�ª�°�ª�ª�ª�°�ª�ª�ª�é �é�é�é

f�¥�·���á�ó�Ò�Ö
f�¥�·���á�ó�Ò�Ö
f�¥�·���á�ó�Ò�Ö
f�¥�·���á�ó�Ò�Ö
�����������������•�0�Ë���‘�Ó�š�Ô�•�0�Ë���‘�Ó�š�Ô�•�0�Ë���‘�Ó�š�Ô�•�0�Ë���‘�Ó�š�Ô

�û
f�¥�±�d�û
f�¥�û
f�¥�±�d�û
f�¥�û
f�¥�±�d�û
f�¥�û
f�¥�±�d�û
f�¥
�·���á�ó�Ò�Ö�·�&�ó�·���á�ó�Ò�Ö�·�&�ó�·���á�ó�Ò�Ö�·�&�ó�·���á�ó�Ò�Ö�·�&�ó

,´7Á(•�ÊFþGwGŠGlGŠ4 �·

�…�VF÷FÿF¸�…�VF÷FÿF¸�…�VF÷FÿF¸�…�VF÷FÿF¸
&"��FûG�G�&"��FûG�G�&"��FûG�G�&"��FûG�G�" 6â3¸G����þ6â3¸G����þ6â3¸G����þ6â3¸G����þ " G"�<#ÝG"�<#ÝG"�<#ÝG"�<#Ý

)��í$×Fú�>/%�œ!TFþ
!T�°GeGwGHGl�²�ó

9× �H�5
h�ØH�50keVH��è�V
9×�&�ØH�200
™(1014)cm-3�è�V
6×FÔ6â3¸G��ì6ëH�H
&Ê�è�V
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�,�&�´�Ñ�Ô���)�ú���·�Í�¡�B
�Ê

�i��!{�\!•!•!s!~�i��!{�\!•!•!s!~�i��!{�\!•!•!s!~�i��!{�\!•!•!s!~
!ý"�!à"�!ý"�!à"�!ý"�!à"�!ý"�!à"�

�Ì�Ÿ!Ù!Ê"��Ì�Ÿ!Ù!Ê"��Ì�Ÿ!Ù!Ê"��Ì�Ÿ!Ù!Ê"�
"K�S�,�ý"L"K�S�,�ý"L"K�S�,�ý"L"K�S�,�ý"L

�,�I�ô�,�I�ô�,�I�ô�,�I�ô

"�"�"��,�&

�µ�S�i��!ž!Z�r�â!•�Ì�Ÿ!Ù!Ê"�
�Ä�H!–�Ÿ  �"�"�"�  �!•!·!u!š�Ò�g
!„!»!•�Í!‡�B!°!¸!»!º!{!Z �_�¿
!•�i��!ž�\!•!•!†!­!u

!î"�"�!ß�,�&

�â!{�ï!s!·!u!š!Z��!•!•
�â�^"K!î"�"�!ß"L !š!†!•
!³!»!Ÿ!·!s"F
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!T�°Fþ�z�m!T�°Fþ�z�m!T�°Fþ�z�m!T�°Fþ�z�m

�>/%�œ�o�ÂG")E)F$×Fû)T�âFåFëG��µ+�G"�wFéG�FãFø�>/%�œ�o�ÂG")E)F$×Fû)T�âFåFëG��µ+�G"�wFéG�FãFø�>/%�œ�o�ÂG")E)F$×Fû)T�âFåFëG��µ+�G"�wFéG�FãFø�>/%�œ�o�ÂG")E)F$×Fû)T�âFåFëG��µ+�G"�wFéG�FãFø

!T�°�ö+��¥�VFþ1"8Ÿ!T�°�ö+��¥�VFþ1"8Ÿ!T�°�ö+��¥�VFþ1"8Ÿ!T�°�ö+��¥�VFþ1"8Ÿ

�>/%�œ�o�ÂG"FÂ)E)F$×FÃFû)T�âFåFëG��Ù)�G��>/%�œ�o�ÂG"FÂ)E)F$×FÃFû)T�âFåFëG��Ù)�G��>/%�œ�o�ÂG"FÂ)E)F$×FÃFû)T�âFåFëG��Ù)�G��>/%�œ�o�ÂG"FÂ)E)F$×FÃFû)T�âFåFëG��Ù)�G�

�>/%�œ�o�ÂF÷#Õ�BFåG�FïG6G[GyG<GŠG"�QFóFöF¸�>/%�œ�o�ÂFÜ�>/%�œ�o�ÂF÷#Õ�BFåG�FïG6G[GyG<GŠG"�QFóFöF¸�>/%�œ�o�ÂFÜ�>/%�œ�o�ÂF÷#Õ�BFåG�FïG6G[GyG<GŠG"�QFóFöF¸�>/%�œ�o�ÂFÜ�>/%�œ�o�ÂF÷#Õ�BFåG�FïG6G[GyG<GŠG"�QFóFöF¸�>/%�œ�o�ÂFÜ
)E)F$×Fû)T�âF÷FÝG�G�FÖFû9× �9×�&�ØGeGwGHGl"g�ÂG")T�âFé)E)F$×Fû)T�âF÷FÝG�G�FÖFû9× �9×�&�ØGeGwGHGl"g�ÂG")T�âFé)E)F$×Fû)T�âF÷FÝG�G�FÖFû9× �9×�&�ØGeGwGHGl"g�ÂG")T�âFé)E)F$×Fû)T�âF÷FÝG�G�FÖFû9× �9×�&�ØGeGwGHGl"g�ÂG")T�âFé
G�H�!Þ�qGeGwGHGlG"�•!ÕFçFúFÔFøF¸�C#úFÛG�!ÕFÜ3èFâG�H�F¹G�H�!Þ�qGeGwGHGlG"�•!ÕFçFúFÔFøF¸�C#úFÛG�!ÕFÜ3èFâG�H�F¹G�H�!Þ�qGeGwGHGlG"�•!ÕFçFúFÔFøF¸�C#úFÛG�!ÕFÜ3èFâG�H�F¹G�H�!Þ�qGeGwGHGlG"�•!ÕFçFúFÔFøF¸�C#úFÛG�!ÕFÜ3èFâG�H�F¹

!Þ�q

�>/%�œ
G6G[GyG<GŠ

$Î7Á
�•!Õ

�•!Õ

3æ7Á

�o�Â

!T�°
!ÕFþ�†�»

!ÕFþ�†�»
!ÕFþ�†�»
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&"��Fþ���þ&"��Fþ���þ&"��Fþ���þ&"��Fþ���þ

!T�°GeGwGHGl!T�°GeGwGHGl!T�°GeGwGHGl!T�°GeGwGHGl
(!Þ�q!Þ�q!Þ�q!Þ�q )
!Õ$Î#Õ!Õ$Î#Õ!Õ$Î#Õ!Õ$Î#Õ

�>/%�œ!T�>/%�œ!T�>/%�œ!T�>/%�œ!T(�•�'�W�•�'�W�•�'�W�•�'�W )

!ÕF¸GeGwGHGl�†�»!ÕF¸GeGwGHGl�†�»!ÕF¸GeGwGHGl�†�»!ÕF¸GeGwGHGl�†�»

!ÕF¸GeGwGHGl�†�»5�!ÕF¸GeGwGHGl�†�»5�!ÕF¸GeGwGHGl�†�»5�!ÕF¸GeGwGHGl�†�»5�
~ !T�°Fþ/²8�'�!T�°Fþ/²8�'�!T�°Fþ/²8�'�!T�°Fþ/²8�'� x�†�»"á�†�»"á�†�»"á�†�»"á

�>/%�œFûG�G�$Î!Õ�>/%�œFûG�G�$Î!Õ�>/%�œFûG�G�$Î!Õ�>/%�œFûG�G�$Î!Õ
= !T�°Fþ�/'�!T�°Fþ�/'�!T�°Fþ�/'�!T�°Fþ�/'� x(GeGwGHGl ��ØG‰�&�ØGeGwGHGl ��ØG‰�&�ØGeGwGHGl ��ØG‰�&�ØGeGwGHGl ��ØG‰�&�Ø)2<

�ƒ >Ô>Ô>Ô>Ô�±���„�±���„�±���„�±���„ >Õ?$>Ô>Õ?$>Ô>Õ?$>Ô>Õ?$>Ô�`���„�`���„�`���„�`���„ >Õ>Õ>Õ>Õ>Ý>Ý>Ý>Ý

GeGwGHGlFþ6âFè3¸G�/æ*(G"�±FÝFßFéG�G�F¸�†GeGwGHGlFþ6âFè3¸G�/æ*(G"�±FÝFßFéG�G�F¸�†GeGwGHGlFþ6âFè3¸G�/æ*(G"�±FÝFßFéG�G�F¸�†GeGwGHGlFþ6âFè3¸G�/æ*(G"�±FÝFßFéG�G�F¸�†
�»"áFÜ#'"gFþG�G�F÷G�F¸�>/%�œ�o�ÂFþ�â)F�»"áFÜ#'"gFþG�G�F÷G�F¸�>/%�œ�o�ÂFþ�â)F�»"áFÜ#'"gFþG�G�F÷G�F¸�>/%�œ�o�ÂFþ�â)F�»"áFÜ#'"gFþG�G�F÷G�F¸�>/%�œ�o�ÂFþ�â)F
�²�óFÜFùFãFÛF÷ 6FïFåG�G�F¹�²�óFÜFùFãFÛF÷ 6FïFåG�G�F¹�²�óFÜFùFãFÛF÷ 6FïFåG�G�F¹�²�óFÜFùFãFÛF÷ 6FïFåG�G�F¹

�±FÝFéFÞG�Fø��0¿GAGGGVFÜ9×FßFúG�F¸'g�…���d�±FÝFéFÞG�Fø��0¿GAGGGVFÜ9×FßFúG�F¸'g�…���d�±FÝFéFÞG�Fø��0¿GAGGGVFÜ9×FßFúG�F¸'g�…���d�±FÝFéFÞG�Fø��0¿GAGGGVFÜ9×FßFúG�F¸'g�…���d
G��D7HFåG�G�G��D7HFåG�G�G��D7HFåG�G�G��D7HFåG�G�=> 
2x���_GAG2GyFþ9×�ö+��ìF¸GeGwGHGl���þFþ�52x���_GAG2GyFþ9×�ö+��ìF¸GeGwGHGl���þFþ�52x���_GAG2GyFþ9×�ö+��ìF¸GeGwGHGl���þFþ�52x���_GAG2GyFþ9×�ö+��ìF¸GeGwGHGl���þFþ�5
,�FûG�G�F¸!Õ�†�»"áFþ�`FåFÔ!T�°GeGwGHGlFþ,�FûG�G�F¸!Õ�†�»"áFþ�`FåFÔ!T�°GeGwGHGlFþ,�FûG�G�F¸!Õ�†�»"áFþ�`FåFÔ!T�°GeGwGHGlFþ,�FûG�G�F¸!Õ�†�»"áFþ�`FåFÔ!T�°GeGwGHGlFþ
6ä$Î6ä$Î6ä$Î6ä$Î

�ƒ >Ô>Ô>Ô>Ô�±���„�±���„�±���„�±���„ >Õ?$>Ô>Õ?$>Ô>Õ?$>Ô>Õ?$>Ô�`���„�`���„�`���„�`���„ >Õ>Õ>Õ>Õ>Þ>Þ>Þ>Þ

!T�°�ö+��¥�VFþ1"8Ÿ!T�°�ö+��¥�VFþ1"8Ÿ!T�°�ö+��¥�VFþ1"8Ÿ!T�°�ö+��¥�VFþ1"8Ÿ >Ô>õ>õ>Õ>Ô>õ>õ>Õ>Ô>õ>õ>Õ>Ô>õ>õ>Õ
�>/%�œ�o�ÂFþ�â)F�²�ó�>/%�œ�o�ÂFþ�â)F�²�ó�>/%�œ�o�ÂFþ�â)F�²�ó�>/%�œ�o�ÂFþ�â)F�²�ó (,¨FÔ�ì��,¨FÔ�ì��,¨FÔ�ì��,¨FÔ�ì�� )

#'�~Fþ%±0bF÷FÿF¸GVG9GlG=�ºF÷F¸&"��#'�~Fþ%±0bF÷FÿF¸GVG9GlG=�ºF÷F¸&"��#'�~Fþ%±0bF÷FÿF¸GVG9GlG=�ºF÷F¸&"��#'�~Fþ%±0bF÷FÿF¸GVG9GlG=�ºF÷F¸&"��8TF¸�±���„F¸�±���„F¸�±���„F¸�±���„ ~7.3m, 
�`���„�`���„�`���„�`���„ ~2.1mFþFÂ!T�°GeGwGHGlFÃFÜ�²0[FþFÂ!T�°GeGwGHGlFÃFÜ�²0[FþFÂ!T�°GeGwGHGlFÃFÜ�²0[FþFÂ!T�°GeGwGHGlFÃFÜ�²0[

=> !Õ���Š!Õ���Š!Õ���Š!Õ���Š ~1.3GW
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�>/%�œ%Ê'2FÿFùFãG�F÷4
G#F÷FÔG�FþFÛ�>/%�œ%Ê'2FÿFùFãG�F÷4
G#F÷FÔG�FþFÛ�>/%�œ%Ê'2FÿFùFãG�F÷4
G#F÷FÔG�FþFÛ�>/%�œ%Ê'2FÿFùFãG�F÷4
G#F÷FÔG�FþFÛ?

�Ð�Î�)�;���0�Ï�†�É�­�½�í�¥�æ��
�ý�0���ù�Â�Ê�†�.���µ�Ñ�í���<�ô�‡
�º���Ž�Å���á�ó�Ð�µ�Ñ�í�<�º�´
�1�4�Ð �F�g�r�c�p�M�¸�S�G�í�k�¨�v�‡

>õ?�>ñ>þ>Ô>õ?�>ñ>þ>Ô>õ?�>ñ>þ>Ô>õ?�>ñ>þ>Ô�\7•� �Š�\7•� �Š�\7•� �Š�\7•� �Š >Û>Þ>Ü>Þ>Ü?*>Õ>Û>Þ>Ü>Þ>Ü?*>Õ>Û>Þ>Ü>Þ>Ü?*>Õ>Û>Þ>Ü>Þ>Ü?*>Õ
�±���„�±���„�±���„�±���„ >â>Ú>Þ?�>Û>â>Ú>Þ?�>Û>â>Ú>Þ?�>Û>â>Ú>Þ?�>Û�`���„�`���„�`���„�`���„ >Þ?�>Þ?�>Þ?�>Þ?�
&"��&"��&"��&"�� >á>Ú>ß>á>Ú>ß>á>Ú>ß>á>Ú>ßGTGGGwGTGGGwGTGGGwGTGGGw>Ô>á>ß>Ü>Ü>Ô>á>ß>Ü>Ü>Ô>á>ß>Ü>Ü>Ô>á>ß>Ü>ÜG:G4GGG:G4GGG:G4GGG:G4GG>Õ>Õ>Õ>Õ
��0¿G‰4 3?2���0¿G‰4 3?2���0¿G‰4 3?2���0¿G‰4 3?2�?*>Ý>Ü>Ü?*>Ý>Ü>Ü?*>Ý>Ü>Ü?*>Ý>Ü>Ü
hGtGŠG{
hGtGŠG{
hGtGŠG{
hGtGŠG{

>ö?�>ö?�>ö?�>ö?�>Ù>Ù>Ù>Ù>â>Ü>Ô>â>Ü>Ô>â>Ü>Ô>â>Ü>Ô�¥�•�¥�•�¥�•�¥�• >Õ>Õ>Õ>Õ'¼'¼'¼'¼
>ß>Ú>Ý?�>Û>Ý>Ú>Ý?�>Ø>Ì>à>ß>Ú>Ý?�>Û>Ý>Ú>Ý?�>Ø>Ì>à>ß>Ú>Ý?�>Û>Ý>Ú>Ý?�>Ø>Ì>à>ß>Ú>Ý?�>Û>Ý>Ú>Ý?�>Ø>Ì>àGTGGGwGTGGGwGTGGGwGTGGGw
��0¿2���0¿2���0¿2���0¿2� >ê>Þ>ê>Þ>ê>Þ>ê>Þ��
h
Ç��
h
Ç��
h
Ç��
h
Ç

>ü>ø?�>Ô>ü>ø?�>Ô>ü>ø?�>Ô>ü>ø?�>Ô(•(•(•(•>Õ>Õ>Õ>Õ'¼'¼'¼'¼
>Ý>Ú>ß?�>Û>Ü>Ú>à?�>Ø>Ì>ß>Ú>á>Ý>Ú>ß?�>Û>Ü>Ú>à?�>Ø>Ì>ß>Ú>á>Ý>Ú>ß?�>Û>Ü>Ú>à?�>Ø>Ì>ß>Ú>á>Ý>Ú>ß?�>Û>Ü>Ú>à?�>Ø>Ì>ß>Ú>áGTGGGwGTGGGwGTGGGwGTGGGw

�1�4�:�W�É�k�¨�Ã�ƒ���Æ�†�þ�Ç�É�–���§�Ï�r�‡
�Ï�†�˜���É�y�É�É�‡�˜�„�É�È�–�„
�Ï�†�˜���É�1�
�É
•�-�–�Ó�É�È�–�„

+ 	è���Ž
�É�J�°

�Ï�†�É
�È�–�„

�W� 

�W�E�G
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&"��6âFè3¸G��‰�'Fþ�z0[H��‰�'&"��6âFè3¸G��‰�'Fþ�z0[H��‰�'&"��6âFè3¸G��‰�'Fþ�z0[H��‰�'&"��6âFè3¸G��‰�'Fþ�z0[H��‰�'

!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ

���*�ë�+
þ�x���*�ë�+
þ�x���*�ë�+
þ�x���*�ë�+
þ�x
GkG{G2GNGyGAG2GyGkG{G2GNGyGAG2GyGkG{G2GNGyGAG2GyGkG{G2GNGyGAG2Gy

GfGxG9GyGAG2GyGfGxG9GyGAG2GyGfGxG9GyGAG2GyGfGxG9GyGAG2Gy GeGwGHGlGeGwGHGlGeGwGHGlGeGwGHGl

���ë���ï
þ�x���ë���ï
þ�x���ë���ï
þ�x���ë���ï
þ�x

7Á�v7Á�v7Á�v7Á�v

GkG{G2GNGyGAG2GyGkG{G2GNGyGAG2GyGkG{G2GNGyGAG2GyGkG{G2GNGyGAG2Gy

GVG{G2GNGyGAG2GyGVG{G2GNGyGAG2GyGVG{G2GNGyGAG2GyGVG{G2GNGyGAG2Gy GeGwGHGlGeGwGHGlGeGwGHGlGeGwGHGl

�¥4ŠGAG2GyFþG�FûG�G�&"�����þ
G"�S(�F¹

�S4�FÜ0
7§F¹�±���„ /�`���„G"
�`FåFßF÷FÝFúFÔF¹

� � FèGeGwGHGl�/'�F÷G�/æ*(Fþ
�`�º�ìFÜ7´FçFÔF¹!T�°Fþ�ö+��¥
�V�ØFþ0[�ÓFÜ9×FÔF¹

�¥4ŠGAG2GyFøGeGwGHGl�pFþGVGŠ
GwGG�‰�¥Fþ7Á�vFûG�G�&"����
�þG"�S(�F¹

&"�����þFþ���–)T�âFÜ7´Fç
FÔF¹&"�����þFÜ�oG�G�FéFÔF¹

=> 5�0[Fú6ä$Î1"8Ÿ

LHD( �>/%�œ%Ê�>/%�œ%Ê�>/%�œ%Ê�>/%�œ%Ê)

�\7•!Õ�>/%�œ!T�\7•!Õ�>/%�œ!T�\7•!Õ�>/%�œ!T�\7•!Õ�>/%�œ!T
(ITER/�Ö�Ö�Ö�Ö)
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GVG9GlG=�‰�'FûFÚFáG�!T�°�ö+��¥�VGVG9GlG=�‰�'FûFÚFáG�!T�°�ö+��¥�VGVG9GlG=�‰�'FûFÚFáG�!T�°�ö+��¥�VGVG9GlG=�‰�'FûFÚFáG�!T�°�ö+��¥�VFþFþFþFþ1"8Ÿ1"8Ÿ1"8Ÿ1"8Ÿ >Ô>õ>Õ>Ô>õ>Õ>Ô>õ>Õ>Ô>õ>Õ

+¬$Î7Á�v+¬$Î7Á�v+¬$Î7Á�v+¬$Î7Á�v('2��Fþ7Á�v9Q�·�2'2��Fþ7Á�v9Q�·�2'2��Fþ7Á�v9Q�·�2'2��Fþ7Á�v9Q�·�2 )
�Y�’�M&"���pF÷GeGwGHGl�}�ŠFûG��Y�’�M�öFÜ
FÒG�FøF¸7Á�vFÜ�vG�G�F¹�N#.$×Fû
²7Á�v9Q�·Fÿ
�Y�•+� ;�}�Š�(�x�D�š'¼FûG�G�9Q�·�m�œFþ�¥
�VFÜ��#Ý�ìFþ6=

!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ

6ä$Î�pFþ7Á�v9Q�·�‰�'
(� "á�ì [�`FåFÔ�ž
°7Á�ŠF÷�±
FÝFú9Q�·7Á�vG"�“G�]FÜ6=)

G8GŠGmGQG=7Á�v9Q�·(� "á$×Fú9Q�·�‰�' ; ���–�<#Ý�Y�• )
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!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ!T�g�'FûG�G�!T�°�ö+��¥�VFþ1"8ŸFþ4*FÔ >Ô>õ>õ>Õ>Ô>õ>õ>Õ>Ô>õ>õ>Õ>Ô>õ>õ>Õ

GfGxG9GyGfGxG9GyGfGxG9GyGfGxG9Gy
2000�º�æ�º�æ�º�æ�º�æ

JT-60 
�±���„ 3m, �`���„ 1.3m
GeGwGHGl�/'�100m3

LHD 
�±���„ 3.7m, �`���„ 0.64m
GeGwGHGl�/'�30m3

!T�°�ö+�F÷F¸GfGxG9Gy
�‰�'FÿGVG9GlG=�‰�'FûG�
Fð3ãFÔFôFÔFöFÔFúFÔF¹
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2x���_GAG2GyFþ6ä$Î1"8Ÿ2x���_GAG2GyFþ6ä$Î1"8Ÿ2x���_GAG2GyFþ6ä$Î1"8Ÿ2x���_GAG2GyFþ6ä$Î1"8Ÿ

H�H�m

40m

~H�H�m

6×FÔGAG2GyF¸�d"áFÜ�±FÝFÔGAG2Gy
=> �sFÝ)z"I�öF¸�•/¡Fþ�¥�V

GAG2GyFþ�±FÝFåF¸&"���I�ØFÿF¸
ITERFø�W�¶Fþ$Î7Á!TFþ�j;�`
=> 9×�p�ö�Ê�°�WF¸�:�U)z�W
F÷Fþ�ö+��Ž�ì75�F

GVG9GlG=�‰�'GfGxG9Gy�‰�'
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1950 1960 1970 1980 1990 2000 2010

C-Stellarator 
(1961)  L.Spitzer              
U-bent, Helical 
windings Medium-size Stellarators

W7-A Low shear 
and magnetic well

Reduction of 
PS current
(1981)

Heliotron-J

Quasi-isodynamic 
with simple helical 

winding

W7-X (2014-)
Quasi-isodynamic

Heliac(1982)

TJ-II, H-1, TU-Heliac

Figure 8
Stellarator  L.Spitzer
figure 8 shape axis L=1 High beta

Stellarator

Heliotron-D
Helical winding 

High shear
Built in divertor

Heliotron-E

High or Medium 
shear

Large Helical Device (LHD)

Optimized Heliotron (1998)

Stellarator 
Concept (1951)

Heliotron 
Concept (1958)

K. Uo

���������	
���

����������������������
	
���
���
�� ���

Helias(1986)
Modular

Coil System
(1972)

Quasi-symmetric, 
Quasi-isodynamic

CHS 

ATF
Planar 
axis

Spatial 
axis

HSXHSX

W7-AS

Modular coils

Simple coils

L.Spitzer
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�±���„ 0.45m
�¹�’�`���„ 0.04m

&"���I�Ø 1T

GfGxG8GVG{G•DM

1975

�±���„ 2.2m
�¹�’�`���„ 0.2m

&"���I�Ø 2T

GfGxG8GVG{G•E

1980

�±���„ 1.085m
�`���„ 0.1m

&"���I�Ø 0.3T

GfGxG8GVG{G•D

1970

GfGxG8GVG{G•C

1965

�¹�’�±���„ 0.47m
�`���„ 0.075m
&"���I�Ø 0.6T

GfGxG8GVG{G•B

1960

GfGxG8GVG{G•A

1959

����
�>/%�œ&É�Û�>/%�œ&É�Û�>/%�œ&É�Û�>/%�œ&É�Û

%Ê'2�d%Ê'2�d%Ê'2�d%Ê'2�d
��� /æ*(

�Ñ�G�Ñ�G�Ñ�G�Ñ�G

����

GfGxG8GVG{G•H&


›4
�+�Õ
›4
�+�Õ
›4
�+�Õ
›4
�+�Õ

GkG{G2GNGyHaGfGxG8GVG{G•GkG{G2GNGyHaGfGxG8GVG{G•GkG{G2GNGyHaGfGxG8GVG{G•GkG{G2GNGyHaGfGxG8GVG{G• GfGxG9GyHaGfGxG8GVG{G•GfGxG9GyHaGfGxG8GVG{G•GfGxG9GyHaGfGxG8GVG{G•GfGxG9GyHaGfGxG8GVG{G•

keV(íGeGwGHGl
Fþ��0É
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�{�ù�*�<�ý�=�:�W�w�›�—�“�x�{�ù�*�<�ý�=�:�W�w�›�—�“�x�{�ù�*�<�ý�=�:�W�w�›�—�“�x�{�ù�*�<�ý�=�:�W�w�›�—�“�x

GeGwGHGl%?'5���þ
Æ4ŠGeGwGHGl%?'5���þ
Æ4ŠGeGwGHGl%?'5���þ
Æ4ŠGeGwGHGl%?'5���þ
Æ4Š

GeGwGHGl�•!Õ/æ*(GeGwGHGl�•!Õ/æ*(GeGwGHGl�•!Õ/æ*(GeGwGHGl�•!Õ/æ*(
�p�ö(•�Ê
°�U�•!Õ/æ*(�p�ö(•�Ê
°�U�•!Õ/æ*(�p�ö(•�Ê
°�U�•!Õ/æ*(�p�ö(•�Ê
°�U�•!Õ/æ*(H� H�H�H�NBIH�H�H�H� ~30MW    
G2G8G•GCG2G=G{GVG{G•�Ø�<�X�•�•!Õ/æ*(H�G2G8G•GCG2G=G{GVG{G•�Ø�<�X�•�•!Õ/æ*(H�G2G8G•GCG2G=G{GVG{G•�Ø�<�X�•�•!Õ/æ*(H�G2G8G•GCG2G=G{GVG{G•�Ø�<�X�•�•!Õ/æ*(H�ICHH�H�H�H� ~3MW   
7Á�ÊGCG2G=G{GVG{G•
¹;��•!Õ/æ*(H�7Á�ÊGCG2G=G{GVG{G•
¹;��•!Õ/æ*(H�7Á�ÊGCG2G=G{GVG{G•
¹;��•!Õ/æ*(H�7Á�ÊGCG2G=G{GVG{G•
¹;��•!Õ/æ*(H�ECHH�H�H�H� ~2MW

ECH

NBI

NBI

ICH

�W!„"K"�"�!î�¿!Á��!¯"L�W!„"K"�"�!î�¿!Á��!¯"L�W!„"K"�"�!î�¿!Á��!¯"L�W!„"K"�"�!î�¿!Á��!¯"L  +   # _ +   # _ +   # _ +   # _

�:�W�s�²�:�W�s�²�:�W�s�²�:�W�s�²  # %   ' _ # %   ' _ # %   ' _ # %   ' _

�:�W�û�ý�:�W�û�ý�:�W�û�ý�:�W�û�ý  # ' " " f a ` # ' " " f a ` # ' " " f a ` # ' " " f a `

�ì�²�¿�û�ý�ì�²�¿�û�ý�ì�²�¿�û�ý�ì�²�¿�û�ý �  � � �– $ ( + $ ( + $ ( + $ ( + a a a a 5 � 5 � 5 � 5 �  * ' " f a ` * ' " f a ` * ' " f a ` * ' " f a `

���¢�,�&!Î!ó"�!Ô"����¢�,�&!Î!ó"�!Ô"����¢�,�&!Î!ó"�!Ô"����¢�,�&!Î!ó"�!Ô"�  # 9 < # 9 < # 9 < # 9 <

!Ù!Ê"��L�ú�}�G!Ù!Ê"��L�ú�}�G!Ù!Ê"��L�ú�}�G!Ù!Ê"��L�ú�}�G  $ _ _ $ _ _ $ _ _ $ _ _�Ì�f�Ì�f�Ì�f�Ì�f

H
H�H�H��ºH
H�H�H��ºH
H�H�H��ºH
H�H�H��º
��0¿6ä����0¿6ä����0¿6ä����0¿6ä��

H
H�H�H��ºH��vH
H�H�H��ºH��vH
H�H�H��ºH��vH
H�H�H��ºH��v
��9‚6ä����9‚6ä����9‚6ä����9‚6ä��
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2x���_GfGxG9GyGAG2Gy2x���_GfGxG9GyGAG2Gy2x���_GfGxG9GyGAG2Gy2x���_GfGxG9GyGAG2Gy
%$�„(ÙH
H
%$�„(ÙH
H
%$�„(ÙH
H
%$�„(ÙH
H
?�?�?�?� ���� (­�Ø(­�Ø(­�Ø(­�Ø >Þ?�?�>Þ?�?�>Þ?�?�>Þ?�?�

>à>á>Ü>à>á>Ü>à>á>Ü>à>á>Ü�G2x���_)zG"�sFÔFïGAG2Gy�G2x���_)zG"�sFÔFïGAG2Gy�G2x���_)zG"�sFÔFïGAG2Gy�G2x���_)zG"�sFÔFïGAG2Gy
>Ý>Ý>Ý>Ý�•Fþ)zFþ0¿*((­�ØFÿ�•Fþ)zFþ0¿*((­�ØFÿ�•Fþ)zFþ0¿*((­�ØFÿ�•Fþ)zFþ0¿*((­�ØFÿ>â>Ü>â>Ü>â>Ü>â>ÜGmG=G{G•GmG=G{G•GmG=G{G•GmG=G{G•

�±FÝFßFÛFô(­)“Fú�±FÝFßFÛFô(­)“Fú�±FÝFßFÛFô(­)“Fú�±FÝFßFÛFô(­)“FúLHD
GfGxG9GyH�GfGxG9GyH�GfGxG9GyH�GfGxG9GyH�FýFèG�FïFýFèG�FïFýFèG�FïFýFèG�FïH�GAG2GyFþH�GAG2GyFþH�GAG2GyFþH�GAG2GyFþ
&"��FûG�G�GeGwGHGlG"6âFè3¸&"��FûG�G�GeGwGHGlG"6âFè3¸&"��FûG�G�GeGwGHGlG"6âFè3¸&"��FûG�G�GeGwGHGlG"6âFè3¸
G�G�G�G�G�G�G�G��CFÜ�\"‚+¬FþG0G2GUG0�CFÜ�\"‚+¬FþG0G2GUG0�CFÜ�\"‚+¬FþG0G2GUG0�CFÜ�\"‚+¬FþG0G2GUG0FûFûFûFû
�öFõFß�‰�'�öFõFß�‰�'�öFõFß�‰�'�öFõFß�‰�'

�ó��Fú���–4 3?Fû"I6×�ó��Fú���–4 3?Fû"I6×�ó��Fú���–4 3?Fû"I6×�ó��Fú���–4 3?Fû"I6×

>Þ>â

GfGxG8GVG{G•%Ê'2H�GfGxG8GVG{G•%Ê'2H�GfGxG8GVG{G•%Ê'2H�GfGxG8GVG{G•%Ê'2H�>ø>ô>ð>ø>ô>ð>ø>ô>ð>ø>ô>ð��0¿Fþ�]�Ê��0¿Fþ�]�Ê��0¿Fþ�]�Ê��0¿Fþ�]�Ê
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�±�ºGfGxG9Gy/æ*(H�Large Helical Device: LHDH�

LHDFþ% �†
�>/%�œ!TFûF÷FÝG�7HG�3ÆFÔF¸9× �9×�&�ØGeGwGHGlG"#Õ�BFçF¸FíG�G"F÷
FÝG�FðFá6×Fß)T�âFéG�FãFøFûG�G�F¸�>/%�œ!TF÷2sFãG�#'1ßG"9×FÔ(­�Ø
F÷�£ �FéG�FþFû�²0[Fú%±0bG"�“G�FãFø

>Ï>Ì>Ì>Ï>Ì>Ì>Ï>Ì>Ì>Ï>Ì>Ì#”"g&"��6âFè3¸G��º#”"g&"��6âFè3¸G��º#”"g&"��6âFè3¸G��º#”"g&"��6âFè3¸G��º
�>/%�œ��9‚/æ*(�>/%�œ��9‚/æ*(�>/%�œ��9‚/æ*(�>/%�œ��9‚/æ*(

2x���_GAG2GyFûG�G�&"��#Õ�B2x���_GAG2GyFûG�G�&"��#Õ�B2x���_GAG2GyFûG�G�&"��#Õ�B2x���_GAG2GyFûG�G�&"��#Õ�B

>Ï>Ì>Ì>Ï>Ì>Ì>Ï>Ì>Ì>Ï>Ì>Ì�a#ú�q�±FþGfGxG9Gy�º/æ*(�a#ú�q�±FþGfGxG9Gy�º/æ*(�a#ú�q�±FþGfGxG9Gy�º/æ*(�a#ú�q�±FþGfGxG9Gy�º/æ*(
GeGwGHGl�z���„H�GeGwGHGl�z���„H�GeGwGHGl�z���„H�GeGwGHGl�z���„H�>ß>Ú>à>Þ>ß>Ú>à>Þ>ß>Ú>à>Þ>ß>Ú>à>Þ>Ù>Ù>Ù>Ù>à>Ú>Ý?�>à>Ú>Ý?�>à>Ú>Ý?�>à>Ú>Ý?�
GeGwGHGl�`���„H�GeGwGHGl�`���„H�GeGwGHGl�`���„H�GeGwGHGl�`���„H�>Ü>Ú>â?�>Ü>Ú>â?�>Ü>Ú>â?�>Ü>Ú>â?�
GeGwGHGl�/'�H�GeGwGHGl�/'�H�GeGwGHGl�/'�H�GeGwGHGl�/'�H�>ß>Ü?�>ß>Ü?�>ß>Ü?�>ß>Ü?�>ß>ß>ß>ß

&"���I�ØH�&"���I�ØH�&"���I�ØH�&"���I�ØH�>ß>ß>ß>ßGTGGGwGTGGGwGTGGGwGTGGGw
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Structure and magnetic surfaces of LHD

Cryostat

Magnetic Surface

Supporting
Structure

Helical Coil

Poloidal Coil

Plasma

Vacuum Vessel

Heliotron configuration of 
l=2/m=10 field period

All superconducting coil system
Coil major radius 3.9 m
Plasma major radius  3.42-4.1 m
Plasma minor radius  0.6 m
Plasma volume           30 m 3

Toroidal field strength 3 T

Ergodic Layer

Divertor Line
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/æ*(�Z
�Fþ4
�ŽFøGeGwGHGlG_GwGoGŠGM8•�æFþ�Ñ�±/æ*(�Z
�Fþ4
�ŽFøGeGwGHGlG_GwGoGŠGM8•�æFþ�Ñ�±/æ*(�Z
�Fþ4
�ŽFøGeGwGHGlG_GwGoGŠGM8•�æFþ�Ñ�±/æ*(�Z
�Fþ4
�ŽFøGeGwGHGlG_GwGoGŠGM8•�æFþ�Ñ�±

��9‚6ä�� 1998�º ,

LHDFþ4)�BG_GwGoGŠGM
�/'��¹�’GgGŠGM�Í 5.1%, �?4)�&�Ø (�p�° ) 1.2x1021m-3, 
G2G8G• ��Ø5.6keV, 7Á�Ê ��Ø 20keV
�:7Á�â)F�ì6ë (Ù1�ì6ëH�
°�Š�•!ÕG6G[GyG<GŠ1.1GJ

GCGdG=GŠGy6ä��

�M4Š6âGNG2G^GŠGM�ì

�¶%$H*H�H%�_
°

77GHz�_
°

/æ*(�•/¡FøFçFöFþ�Q�I/æ*(�•/¡FøFçFöFþ�Q�I/æ*(�•/¡FøFçFöFþ�Q�I/æ*(�•/¡FøFçFöFþ�Q�I GeGwGHGl�ö+�Fþ4
�LGeGwGHGl�ö+�Fþ4
�LGeGwGHGl�ö+�Fþ4
�LGeGwGHGl�ö+�Fþ4
�L
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LHDFþ3z3æ"I�ö

�˜�v3z3æFþ"@#.�µ�S
Fþ0Ž�ÂFøFøG�FûF¸��9‚
Fû�öFõFß����9‚�'G"�S
(�FçF¸FíG�G"�QFóFö�W
�¶Fþ�>/%�œGeGwGHGlG"
�£0b

64.028.284.061.054.0
04 ~ RaBPnISS

-t

6.028.06.06.0~ RaBPnGB
-t

GfGxG9Gy�º��9‚/æ*(FûG�G�6â
Fè3¸G��ì6ëFþ����9‚�N
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GfGxG9Gy�º�>/%�œ!TFþ6×�dF¸%·�dGfGxG9Gy�º�>/%�œ!TFþ6×�dF¸%·�dGfGxG9Gy�º�>/%�œ!TFþ6×�dF¸%·�dGfGxG9Gy�º�>/%�œ!TFþ6×�dF¸%·�d
-------- GVG9GlG=�ºFû�š3QFçFöGVG9GlG=�ºFû�š3QFçFöGVG9GlG=�ºFû�š3QFçFöGVG9GlG=�ºFû�š3QFçFö--------

!T�°GeGwGHGlFþ6×�ì6ë)T�âFÜ���Æ!T�°GeGwGHGlFþ6×�ì6ë)T�âFÜ���Æ!T�°GeGwGHGlFþ6×�ì6ë)T�âFÜ���Æ!T�°GeGwGHGlFþ6×�ì6ë)T�âFÜ���Æ
%Ú�o$×GeGwGHGl�˜ [#'1ß%Ú�o$×GeGwGHGl�˜ [#'1ß%Ú�o$×GeGwGHGl�˜ [#'1ß%Ú�o$×GeGwGHGl�˜ [#'1ß(disruption) FÜ2sFãG�FúFÔFÜ2sFãG�FúFÔFÜ2sFãG�FúFÔFÜ2sFãG�FúFÔ
9×�&�Ø4 3?FÜ�“�–9×�&�Ø4 3?FÜ�“�–9×�&�Ø4 3?FÜ�“�–9×�&�Ø4 3?FÜ�“�–
9×�ö+�GeGwGHGlFþ6×�ì6ë)T�âFÜ���Æ9×�ö+�GeGwGHGlFþ6×�ì6ë)T�âFÜ���Æ9×�ö+�GeGwGHGlFþ6×�ì6ë)T�âFÜ���Æ9×�ö+�GeGwGHGlFþ6×�ì6ë)T�âFÜ���Æ

9× �4 3?FÜ�Y�“�–9× �4 3?FÜ�Y�“�–9× �4 3?FÜ�Y�“�–9× �4 3?FÜ�Y�“�–
/æ*(�S4�FÜ0
7§/æ*(�S4�FÜ0
7§/æ*(�S4�FÜ0
7§/æ*(�S4�FÜ0
7§ => /æ*(��0¿Fþ�‡6ëF¸GAGGGV�±/æ*(��0¿Fþ�‡6ëF¸GAGGGV�±/æ*(��0¿Fþ�‡6ëF¸GAGGGV�±/æ*(��0¿Fþ�‡6ëF¸GAGGGV�±
6âFè3¸G��ö+�FÜ�aFç�ŽG�6âFè3¸G��ö+�FÜ�aFç�ŽG�6âFè3¸G��ö+�FÜ�aFç�ŽG�6âFè3¸G��ö+�FÜ�aFç�ŽG�
(&"���S4�Fþ0
7§�öFÜ�MFôFþ�N�I&"���S4�Fþ0
7§�öFÜ�MFôFþ�N�I&"���S4�Fþ0
7§�öFÜ�MFôFþ�N�I&"���S4�Fþ0
7§�öFÜ�MFôFþ�N�I )
=> !T�°Fþ�±�º�ì!T�°Fþ�±�º�ì!T�°Fþ�±�º�ì!T�°Fþ�±�º�ì
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GgGŠGM�ÍGgGŠGM�ÍGgGŠGM�ÍGgGŠGM�ÍH�
GeGwGHGlFþ�}�Š

6âFè3¸G�&"��Fþ�}�Š

)��í$×�>/%�œ!TFþ�æ�†H�GgGŠGM�ÍH�H�G"4)�B)��í$×�>/%�œ!TFþ�æ�†H�GgGŠGM�ÍH�H�G"4)�B)��í$×�>/%�œ!TFþ�æ�†H�GgGŠGM�ÍH�H�G"4)�B)��í$×�>/%�œ!TFþ�æ�†H�GgGŠGM�ÍH�H�G"4)�B
4.5%�è�VFþ9×GgGŠGMGeGwGHGlG"���–Fû)T�â�è�VFþ9×GgGŠGMGeGwGHGlG"���–Fû)T�â�è�VFþ9×GgGŠGMGeGwGHGlG"���–Fû)T�â�è�VFþ9×GgGŠGMGeGwGHGlG"���–Fû)T�â

GVG9GlG=�ºG�G�9×GgGŠGM"g�ÂFþ6×�ì6ë)T�âFÜ�“�–GVG9GlG=�ºG�G�9×GgGŠGM"g�ÂFþ6×�ì6ë)T�âFÜ�“�–GVG9GlG=�ºG�G�9×GgGŠGM"g�ÂFþ6×�ì6ë)T�âFÜ�“�–GVG9GlG=�ºG�G�9×GgGŠGM"g�ÂFþ6×�ì6ë)T�âFÜ�“�–

b
[%

]

t duration/t E

TokamakFþ�Í

tduration>90%>80 t E

9×GgGŠGM"g�ÂFþ�â)F�ì6ëG"
0d��FéG�G�Fþ
# GfGxG9Gy;

�•!Õ�â)FF¸(•�Ê�â)F�ì6ë
# GVG9GlG=;

7Á�v)†�ô�ì6ë

�•!Õ
(•�Ê/õ)%
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Æ4Š�Ñ�S7€�hG"�âFô9×�&�ØH�9×�}�Š�:7ÁFþ4)�B
Æ4Š�Ñ�S7€�hG"�âFô9×�&�ØH�9×�}�Š�:7ÁFþ4)�B
Æ4Š�Ñ�S7€�hG"�âFô9×�&�ØH�9×�}�Š�:7ÁFþ4)�B
Æ4Š�Ñ�S7€�hG"�âFô9×�&�ØH�9×�}�Š�:7ÁFþ4)�B
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™�¶��
™�¶��
™�¶��
™�¶ /cc�è�V�è�V�è�V�è�V

�q�±GeGwGHGl�}�Š1.5�¼�}

� 7Á�v9Q�·G�GUG1GGGwGeGEGuG•FÜFÒG�GVG9Gl
G=F÷Fÿ�ôFçFö�?4)F÷FÝFúFÔ8•�æ

� �‚FçFÔ2x9×�&�Ø!T�°GeGwGHGlFþGEGXGxG8

� ���–F¸�ó��F¸�*FÔ ��ØF÷Fþ4 3?

� �d�Û0[�óG"�WFâF¸��#'FÜG�G����Æ
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2 0.50.25( /( ))Sudo
en PB a R=

LHD: w. IDB
LHD: w/o IDB

9×�&�Ø4 3?Fþ:)�Š9×�&�Ø4 3?Fþ:)�Š9×�&�Ø4 3?Fþ:)�Š9×�&�Ø4 3?Fþ:)�Š
� 9×FÔ�>/%�œ���Š
� 6âFè3¸G�"I�öFþ�w� �<#Ý
� �hG�Fþ!Õ2�,´Fþ�*�öFûG�G�!TFþ�d�Û�²�óFÜ)†FßFúG�

04 0.54ISS
E ent µ

M.Greenwald,PPCF (2002)

2/G pn J I ak p= =

LHD@2.5 T
ne(0) = 1.0´ 1021m-3

= 4.4 ´ 1020m-3
en

LHD(GfGxG9Gy�ºGfGxG9Gy�ºGfGxG9Gy�ºGfGxG9Gy�º)FÿGVG9GlG=�ºG�G�9×�&�Ø4 3?FÜ�“�–FÿGVG9GlG=�ºG�G�9×�&�Ø4 3?FÜ�“�–FÿGVG9GlG=�ºG�G�9×�&�Ø4 3?FÜ�“�–FÿGVG9GlG=�ºG�G�9×�&�Ø4 3?FÜ�“�–
�&�Ø4 3?7H#úFþ)�9‚�N�&�Ø4 3?7H#úFþ)�9‚�N�&�Ø4 3?7H#úFþ)�9‚�N�&�Ø4 3?7H#úFþ)�9‚�N

(GVG9GlG=GVG9GlG=GVG9GlG=GVG9GlG=)
�&�Ø4 3?7H#úFþ)�9‚�N�&�Ø4 3?7H#úFþ)�9‚�N�&�Ø4 3?7H#úFþ)�9‚�N�&�Ø4 3?7H#úFþ)�9‚�N (GfGxG9GyGfGxG9GyGfGxG9GyGfGxG9Gy)
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0 10 20 30
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Pellet (w/o IDB)
Pellet (w. IDB)
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p 
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ne (1019 m-3)
_

Rax=3.75m
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�p�ö�Ê0£ �GEGGGTGn�p�ö�Ê0£ �GEGGGTGn�p�ö�Ê0£ �GEGGGTGn�p�ö�Ê0£ �GEGGGTGn

�p�ö(•�ÊGaGŠGn�P�¥�h�54��p�ö(•�ÊGaGŠGn�P�¥�h�54��p�ö(•�ÊGaGŠGn�P�¥�h�54��p�ö(•�ÊGaGŠGn�P�¥�h�54�

�›�—�“�œ�ó�›�—�“�œ�ó�›�—�“�œ�ó�›�—�“�œ�ó

GNG2G^GŠGMGNG2G^GŠGMGNG2G^GŠGMGNG2G^GŠGM
6â�S4��ì6â�S4��ì6â�S4��ì6â�S4��ì

>ú>î>õ>ú>î>õ>ú>î>õ>ú>î>õ�54��54��54��54�

GVGxGOG4Gn7V�d/æ*(GVGxGOG4Gn7V�d/æ*(GVGxGOG4Gn7V�d/æ*(GVGxGOG4Gn7V�d/æ*(

GpGYGMGŠG‰
°3å'ö#.GpGYGMGŠG‰
°3å'ö#.GpGYGMGŠG‰
°3å'ö#.GpGYGMGŠG‰
°3å'ö#.
GEGGGTGnGEGGGTGnGEGGGTGnGEGGGTGn

�:�U)z0£ �G‰�ó
²%�0i�:�U)z0£ �G‰�ó
²%�0i�:�U)z0£ �G‰�ó
²%�0i�:�U)z0£ �G‰�ó
²%�0i
GEGGGTGnGEGGGTGnGEGGGTGnGEGGGTGn

�<
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�º�Ø 2011 2012 2013 2014

��9‚GCG2G=Gy 15 16 17 18

NBI
�K)zH�2�G2G8G•H� 16 MW �

�¶%$H��GG2G8G•H�13 MW � � 18 MW

ECH
G_GyGG 3.7MW 4.5MW � 6 MW

���– 0.5MW 0.8MW � 1 MW

ICH
G_GyGG 2 MW 3 MW � 6 MW

���– 1 MW 1.5 MW � 3 MW

6â�S4�
GNG2G^GŠGM

6â�S4� 2/10 8/10 � 10/10

G=GwG2G8GkG•Ge0/10 1/10 � 10/10

�X�º
ÆFû�X�º
ÆFû�X�º
ÆFû�X�º
ÆFû
�q9×�ö+��ìG"FÿFÛG��q9×�ö+��ìG"FÿFÛG��q9×�ö+��ìG"FÿFÛG��q9×�ö+��ìG"FÿFÛG�

1. �•!Õ7Á�ŠFþ�Q�I
2. 6â�S4�GNG2G^GŠGM�Z
�
3. 5��È(ò��9‚
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GfGxG9GyGNG2G^GŠGMFþ6â�S4��ìGfGxG9GyGNG2G^GŠGMFþ6â�S4��ìGfGxG9GyGNG2G^GŠGMFþ6â�S4��ìGfGxG9GyGNG2G^GŠGMFþ6â�S4��ì

6äFÔFïGNG2G^GŠGM6äFÔFïGNG2G^GŠGM6äFÔFïGNG2G^GŠGM6äFÔFïGNG2G^GŠGM 6âFèFïGNG2G^GŠGM6âFèFïGNG2G^GŠGM6âFèFïGNG2G^GŠGM6âFèFïGNG2G^GŠGM

GeGwGHGlGeGwGHGlGeGwGHGlGeGwGHGl

G:GGG:GGG:GGG:GG

GeGwGHGlGeGwGHGlGeGwGHGlGeGwGHGl

GkG•GeF÷�<�¼GkG•GeF÷�<�¼GkG•GeF÷�<�¼GkG•GeF÷�<�¼

G:GGFÜGeGwGHGlG:GGFÜGeGwGHGlG:GGFÜGeGwGHGlG:GGFÜGeGwGHGl
G"
íG�FéG"
íG�FéG"
íG�FéG"
íG�Fé

G:GGFÿGeGwGHGlG:GGFÿGeGwGHGlG:GGFÿGeGwGHGlG:GGFÿGeGwGHGl
Fû�`G�FúFÔFû�`G�FúFÔFû�`G�FúFÔFû�`G�FúFÔ

!Þ�qFÚG�G��Y(ç"@(•�Ê�<�¼FûG�G��Ø3¶GeGwGHGl�D�š!Þ�qFÚG�G��Y(ç"@(•�Ê�<�¼FûG�G��Ø3¶GeGwGHGl�D�š!Þ�qFÚG�G��Y(ç"@(•�Ê�<�¼FûG�G��Ø3¶GeGwGHGl�D�š!Þ�qFÚG�G��Y(ç"@(•�Ê�<�¼FûG�G��Ø3¶GeGwGHGl�D�š
���� G:GGFûG�G�GeGwGHGl
í�7Fþ3M�öF¸�Y(ç"@Fþ�<7VG:GGFûG�G�GeGwGHGl
í�7Fþ3M�öF¸�Y(ç"@Fþ�<7VG:GGFûG�G�GeGwGHGl
í�7Fþ3M�öF¸�Y(ç"@Fþ�<7VG:GGFûG�G�GeGwGHGl
í�7Fþ3M�öF¸�Y(ç"@Fþ�<7V���� GeGwGHGl�ö+�Fþ�¥�VGeGwGHGl�ö+�Fþ�¥�VGeGwGHGl�ö+�Fþ�¥�VGeGwGHGl�ö+�Fþ�¥�V

GNG2G^GŠGM!ÕG‰(•�Ê2�,´Fþ3M�öGNG2G^GŠGM!ÕG‰(•�Ê2�,´Fþ3M�öGNG2G^GŠGM!ÕG‰(•�Ê2�,´Fþ3M�öGNG2G^GŠGM!ÕG‰(•�Ê2�,´Fþ3M�ö
���� 9×�•!Õ
°�Š6×�ì6ë�:7ÁFþ4)�B9×�•!Õ
°�Š6×�ì6ë�:7ÁFþ4)�B9×�•!Õ
°�Š6×�ì6ë�:7ÁFþ4)�B9×�•!Õ
°�Š6×�ì6ë�:7ÁFþ4)�B ���� GfGxG9Gy!TGNG2G^GŠGM0¿0£GfGxG9Gy!TGNG2G^GŠGM0¿0£GfGxG9Gy!TGNG2G^GŠGM0¿0£GfGxG9Gy!TGNG2G^GŠGM0¿0£

G‰G‰G‰G‰ G^GQGcGy�S4�Fø�<�¼/æ*(G^GQGcGy�S4�Fø�<�¼/æ*(G^GQGcGy�S4�Fø�<�¼/æ*(G^GQGcGy�S4�Fø�<�¼/æ*(
G"
�FØFï6â�S4�GfGxG9GyG"
�FØFï6â�S4�GfGxG9GyG"
�FØFï6â�S4�GfGxG9GyG"
�FØFï6â�S4�GfGxG9Gy
GNG2G^GŠGMGNG2G^GŠGMGNG2G^GŠGMGNG2G^GŠGM
B»B»B»B»9×�•!Õ
°�Š�lG�6×�ì6ë9×�•!Õ
°�Š�lG�6×�ì6ë9×�•!Õ
°�Š�lG�6×�ì6ë9×�•!Õ
°�Š�lG�6×�ì6ë
�:7ÁFû�P�ÂFçFï+��·$×Fú�:7ÁFû�P�ÂFçFï+��·$×Fú�:7ÁFû�P�ÂFçFï+��·$×Fú�:7ÁFû�P�ÂFçFï+��·$×Fú
(•�Ê�D�š(•�Ê�D�š(•�Ê�D�š(•�Ê�D�š

G‰G‰G‰G‰ GVGŠGwGG
Æ
�GNG2G^GŠGMG"GVGŠGwGG
Æ
�GNG2G^GŠGMG"GVGŠGwGG
Æ
�GNG2G^GŠGMG"GVGŠGwGG
Æ
�GNG2G^GŠGMG"
6â�S4��ì6â�S4��ì6â�S4��ì6â�S4��ì

G‰G‰G‰G‰ �•7u$×Fú6â�S4��ìG"���‹�•7u$×Fú6â�S4��ìG"���‹�•7u$×Fú6â�S4��ìG"���‹�•7u$×Fú6â�S4��ìG"���‹
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0è9‚G^GQGcGy�S4�Fþ0¿*(

• GVG{G2GNGyGIG=GEGuG•1Fø9
Fû0è9‚$×FúG^GQGcGy�S
4�G"0¿*(FçFïF¹H�1FÿNBI
�P�¥8�G"
ÀFýG�H�

3�	 
Æ
�GNG2G^GŠGM
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LHD GNG2G^GŠGMFþ6â�S4��ì"g�#

>Þ>Ü>Ý>Ý>Þ>Ü>Ý>Ý>Þ>Ü>Ý>Ý>Þ>Ü>Ý>Ý�º�Ø�º�Ø�º�Ø�º�Ø '¨'¨'¨'¨>Ý>á>Ý>á>Ý>á>Ý>áGCG2G=Gy)
�¢�‹GCG2G=Gy)
�¢�‹GCG2G=Gy)
�¢�‹GCG2G=Gy)
�¢�‹
G‰G‰G‰G‰ GVG{G2GNGyGVG{G2GNGyGVG{G2GNGyGVG{G2GNGy>â>â>â>âGIG=GEGuG•Fû�<�¼/æ*(G"GIG=GEGuG•Fû�<�¼/æ*(G"GIG=GEGuG•Fû�<�¼/æ*(G"GIG=GEGuG•Fû�<�¼/æ*(G"


�FØG�6â�S4�GNG2G^GŠGMG"0¿*(
�FØG�6â�S4�GNG2G^GŠGMG"0¿*(
�FØG�6â�S4�GNG2G^GŠGMG"0¿*(
�FØG�6â�S4�GNG2G^GŠGMG"0¿*(

>Þ>Ü>Ý>Ü>Þ>Ü>Ý>Ü>Þ>Ü>Ý>Ü>Þ>Ü>Ý>Ü�º�Ø�º�Ø�º�Ø�º�Ø '¨'¨'¨'¨>Ý>à>Ý>à>Ý>à>Ý>àGCG2G=GyGCG2G=GyGCG2G=GyGCG2G=Gy
G‰G‰G‰G‰ GVG{G2GNGyGVG{G2GNGyGVG{G2GNGyGVG{G2GNGy>Þ>Þ>Þ>ÞGIG=GEGuG•FûG^GQGcGIG=GEGuG•FûG^GQGcGIG=GEGuG•FûG^GQGcGIG=GEGuG•FûG^GQGc

Gy�S4�GNG2G^GŠGMG"0¿*(Gy�S4�GNG2G^GŠGMG"0¿*(Gy�S4�GNG2G^GŠGMG"0¿*(Gy�S4�GNG2G^GŠGMG"0¿*(

>Þ>Ü>Ý>Þ>Þ>Ü>Ý>Þ>Þ>Ü>Ý>Þ>Þ>Ü>Ý>Þ�º�Ø�º�Ø�º�Ø�º�Ø '¨'¨'¨'¨>Ý>â>Ý>â>Ý>â>Ý>âGCG2G=GyGCG2G=GyGCG2G=GyGCG2G=Gy
G‰G‰G‰G‰ 6â�S4�GNG2G^GŠGMFûG�G�(•�Ê�D�š��9‚6ä��6â�S4�GNG2G^GŠGMFûG�G�(•�Ê�D�š��9‚6ä��6â�S4�GNG2G^GŠGMFûG�G�(•�Ê�D�š��9‚6ä��6â�S4�GNG2G^GŠGMFûG�G�(•�Ê�D�š��9‚6ä��
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G‰ G=GwG2G8GKGŠGeGEGuG•GkG•GeG"GWGŠ
Gn�WFû0¿*(
- 10m3/s at 0.1Pa H�1GIG=GEGuG•H�
- 3�™�S4�

20K-G=GwG2G8�¾%TG_G[Gy
80K-LN2GEGŠGyGW
�È
íGEGŠGyGW

G‰ �w�µ(Ô�¦�qFþ�<7V

G‰ GTGGGVGbGŠGGFûG�G�0è9‚


f�ì�+�8���8���)�ä�3�	


é�ó�·�¥�ì�²�÷�ç���-�3

�ï�)�ä�ê���
�+

6â�S4�GfGxG9GyGNG2G^GŠGM#Ý�<�¼/æ*(6â�S4�GfGxG9GyGNG2G^GŠGM#Ý�<�¼/æ*(6â�S4�GfGxG9GyGNG2G^GŠGM#Ý�<�¼/æ*(6â�S4�GfGxG9GyGNG2G^GŠGM#Ý�<�¼/æ*(
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G‰�p�ö(•�Ê3z3æ0£'ìFûG�G�0¿0£�è0¦G"���‹F¹
G‰�w7H0[(ò�20£'ìFûG�G�!Õ$×0£'ìG�� �ìFû���‹FçFöFÔG�F¹

6â�S4�GNG2G^GŠGM#Ý�<�¼/æ*(Fþ�è0¦6â�S4�GNG2G^GŠGM#Ý�<�¼/æ*(Fþ�è0¦6â�S4�GNG2G^GŠGM#Ý�<�¼/æ*(Fþ�è0¦6â�S4�GNG2G^GŠGM#Ý�<�¼/æ*(Fþ�è0¦
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>Þ>Ü>Ý>Ý>Þ>Ü>Ý>Ý>Þ>Ü>Ý>Ý>Þ>Ü>Ý>Ý�º�Ø�º�Ø�º�Ø�º�Ø '¨'¨'¨'¨>Ý>á>Ý>á>Ý>á>Ý>áGCG2G=Gy)
�¢�‹GCG2G=Gy)
�¢�‹GCG2G=Gy)
�¢�‹GCG2G=Gy)
�¢�‹
G‰G‰G‰G‰ GVG{G2GNGyGVG{G2GNGyGVG{G2GNGyGVG{G2GNGy>â>â>â>âGIG=GEGuG•Fû�<�¼/æ*(G"GIG=GEGuG•Fû�<�¼/æ*(G"GIG=GEGuG•Fû�<�¼/æ*(G"GIG=GEGuG•Fû�<�¼/æ*(G"


�FØG�6â�S4�GNG2G^GŠGMG"0¿*(
�FØG�6â�S4�GNG2G^GŠGMG"0¿*(
�FØG�6â�S4�GNG2G^GŠGMG"0¿*(
�FØG�6â�S4�GNG2G^GŠGMG"0¿*(

>Þ>Ü>Ý>Þ>Þ>Ü>Ý>Þ>Þ>Ü>Ý>Þ>Þ>Ü>Ý>Þ�º�Ø�è7F�º�Ø�è7F�º�Ø�è7F�º�Ø�è7F
G‰G‰G‰G‰ GVG{G2GNGyGVG{G2GNGyGVG{G2GNGyGVG{G2GNGy>Þ>Þ>Þ>ÞGIG=GEGuG•Fû�<�¼/æ*(G"
�FØGIG=GEGuG•Fû�<�¼/æ*(G"
�FØGIG=GEGuG•Fû�<�¼/æ*(G"
�FØGIG=GEGuG•Fû�<�¼/æ*(G"
�FØ

G�6â�S4�GNG2G^GŠGMG"0¿*(G�6â�S4�GNG2G^GŠGMG"0¿*(G�6â�S4�GNG2G^GŠGMG"0¿*(G�6â�S4�GNG2G^GŠGMG"0¿*(
G‰G‰G‰G‰ GVG{G2GNGyGVG{G2GNGyGVG{G2GNGyGVG{G2GNGy>Þ>Þ>Þ>ÞGIG=GEGuG•FþG^GQGcGy�S4�GNGIG=GEGuG•FþG^GQGcGy�S4�GNGIG=GEGuG•FþG^GQGcGy�S4�GNGIG=GEGuG•FþG^GQGcGy�S4�GN

G2G^GŠGM4ŠFû�<�¼/æ*(G"0¿*(G2G^GŠGM4ŠFû�<�¼/æ*(G"0¿*(G2G^GŠGM4ŠFû�<�¼/æ*(G"0¿*(G2G^GŠGM4ŠFû�<�¼/æ*(G"0¿*(

>Þ>Ü>Ý>Ü>Þ>Ü>Ý>Ü>Þ>Ü>Ý>Ü>Þ>Ü>Ý>Ü�º�Ø�º�Ø�º�Ø�º�Ø '¨'¨'¨'¨>Ý>à>Ý>à>Ý>à>Ý>àGCG2G=GyGCG2G=GyGCG2G=GyGCG2G=Gy
G‰G‰G‰G‰ GVG{G2GNGyGVG{G2GNGyGVG{G2GNGyGVG{G2GNGy>Þ>Þ>Þ>ÞGIG=GEGuG•FûG^GQGcGIG=GEGuG•FûG^GQGcGIG=GEGuG•FûG^GQGcGIG=GEGuG•FûG^GQGc

Gy�S4�GNG2G^GŠGMG"0¿*(Gy�S4�GNG2G^GŠGMG"0¿*(Gy�S4�GNG2G^GŠGMG"0¿*(Gy�S4�GNG2G^GŠGMG"0¿*(

>Þ>Ü>Ý>Þ>Þ>Ü>Ý>Þ>Þ>Ü>Ý>Þ>Þ>Ü>Ý>Þ�º�Ø�º�Ø�º�Ø�º�Ø '¨'¨'¨'¨>Ý>â>Ý>â>Ý>â>Ý>âGCG2G=GyGCG2G=GyGCG2G=GyGCG2G=Gy
G‰G‰G‰G‰ 6â�S4�GNG2G^GŠGMFûG�G�(•�Ê�D�š��9‚6ä��6â�S4�GNG2G^GŠGMFûG�G�(•�Ê�D�š��9‚6ä��6â�S4�GNG2G^GŠGMFûG�G�(•�Ê�D�š��9‚6ä��6â�S4�GNG2G^GŠGMFûG�G�(•�Ê�D�š��9‚6ä��

6â�S4�GfGxG9GyGNG2G^GŠGM�Z
�GGG?GFGsGŠGy6â�S4�GfGxG9GyGNG2G^GŠGM�Z
�GGG?GFGsGŠGy6â�S4�GfGxG9GyGNG2G^GŠGM�Z
�GGG?GFGsGŠGy6â�S4�GfGxG9GyGNG2G^GŠGM�Z
�GGG?GFGsGŠGy
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5.1225.01125.05.12 ~~ ----
ppb AaBTnnBTAat

211112 ~~ aBTBTaB
--t

125.125.11 ~~ aBTBTaGB
--t

( ) ( )tnVTkVnT >2

( ) ( ) 5.15.125.025.15.325.01222 ~ RaBTknRaBTnnTRakRanT ---->

( ) ( ) 25.21225.1222 ~ --> BTknaBTnTRakRanT

G^GXGX�º

GFGqG2G{GjGŠGn�º

( ) ( ) 25.4225.31222 ~ --> BkTaBTnnTRakRanT

GfGxG9Gy�‚�‚
¾�º

�>/%�œ���Š

> !Õ�†�»

GfGxG9GyFûFÚFáG��‚�‚
¾�Ñ�SGfGxG9GyFûFÚFáG��‚�‚
¾�Ñ�SGfGxG9GyFûFÚFáG��‚�‚
¾�Ñ�SGfGxG9GyFûFÚFáG��‚�‚
¾�Ñ�SIII

215.15.02 anTA hp
--» et n5.12225.31

1 ~ hp aABTn et n
-

( ) ( ) 235.02225.11222 ~ ---> aRTknaATnnTRakRanT p
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G2G8G• ��ØG2G8G• ��ØG2G8G• ��ØG2G8G• ��Ø8,000�S�Ø�S�Ø�S�Ø�S�Ø (7keV) Fþ4)�BFþ4)�BFþ4)�BFþ4)�B
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�‚FïFú+¬�k!l!FFû�¥FáFï�S$��‚FïFú+¬�k!l!FFû�¥FáFï�S$��‚FïFú+¬�k!l!FFû�¥FáFï�S$��‚FïFú+¬�k!l!FFû�¥FáFï�S$�

GfGxG9GyGfGxG9GyGfGxG9GyGfGxG9Gy
2000�º�æ�º�æ�º�æ�º�æ

+¬�k!l!FFû
�²0[FúGeGwGHGl�²�ó

9× �H�5
h�ØH�50keVH��è�V
9×�&�ØH�200
™(2x1014 )cm-3�è�V
6×FÔ6â3¸G��ì6ëH�H
&Ê�è�V

�‚FïFú+¬�k!l!FGEGXGxG8Fþ
�p ��ØG‰2x9×�&�Ø+¬�k!l!F
GEGXGxG8Fþ�•+��ö

�‘�¶Fþ+¬�k!l!FGEGXGxG8
9× �G‰9×�&�ØGEGXGxG8
(GVG9GlG=Fø� �])
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9×�&�Ø4 3?FþGEGXGxG8Fø�‚FïFú�Ž6ä9×�&�Ø4 3?FþGEGXGxG8Fø�‚FïFú�Ž6ä9×�&�Ø4 3?FþGEGXGxG8Fø�‚FïFú�Ž6ä9×�&�Ø4 3?FþGEGXGxG8Fø�‚FïFú�Ž6ä


Æ4Š�Ñ�S7€�hH�
Æ4Š�Ñ�S7€�hH�
Æ4Š�Ñ�S7€�hH�
Æ4Š�Ñ�S7€�hH�IDB)FøFÔFÖ�‚FçFÔ"@#.Fþ$Î0bFøFÔFÖ�‚FçFÔ"@#.Fþ$Î0bFøFÔFÖ�‚FçFÔ"@#.Fþ$Î0bFøFÔFÖ�‚FçFÔ"@#.Fþ$Î0b

(1) !l!FFþ�‚FçFÔGEGXGxG8H�9×�&�Ø!l!FH�!l!FFþ�‚FçFÔGEGXGxG8H�9×�&�Ø!l!FH�!l!FFþ�‚FçFÔGEGXGxG8H�9×�&�Ø!l!FH�!l!FFþ�‚FçFÔGEGXGxG8H�9×�&�Ø!l!FH�
(2) Q = 1G"% �æFçFï%Ê'2Fþ6ä��G"% �æFçFï%Ê'2Fþ6ä��G"% �æFçFï%Ê'2Fþ6ä��G"% �æFçFï%Ê'2Fþ6ä��

H�H�H�H�H�H�H�H� HIHIHIHI

B�B�B�B� 7Á�v9Q�·FÜ�²0[F÷F¸�Y�ó���öFûG�G�4 3?�&�Ø7H#ú7Á�v9Q�·FÜ�²0[F÷F¸�Y�ó���öFûG�G�4 3?�&�Ø7H#ú7Á�v9Q�·FÜ�²0[F÷F¸�Y�ó���öFûG�G�4 3?�&�Ø7H#ú7Á�v9Q�·FÜ�²0[F÷F¸�Y�ó���öFûG�G�4 3?�&�Ø7H#ú
FÜFÒG�GVG9GlG=F÷Fÿ�Y�•+�FúFÜFÒG�GVG9GlG=F÷Fÿ�Y�•+�FúFÜFÒG�GVG9GlG=F÷Fÿ�Y�•+�FúFÜFÒG�GVG9GlG=F÷Fÿ�Y�•+�Fú9×�&�Ø4 3?FÜ�•+�9×�&�Ø4 3?FÜ�•+�9×�&�Ø4 3?FÜ�•+�9×�&�Ø4 3?FÜ�•+�

B�B�B�B� 9×�&�Ø4 3?FÿGNG2G^GŠGM!Õ2�,´G�'¨�M�h�†*–FúFù9×�&�Ø4 3?FÿGNG2G^GŠGM!Õ2�,´G�'¨�M�h�†*–FúFù9×�&�Ø4 3?FÿGNG2G^GŠGM!Õ2�,´G�'¨�M�h�†*–FúFù9×�&�Ø4 3?FÿGNG2G^GŠGM!Õ2�,´G�'¨�M�h�†*–FúFù
FþFþFþFþ�d�Û0[�ÓG"�±FÝFß3M�ö�d�Û0[�ÓG"�±FÝFß3M�ö�d�Û0[�ÓG"�±FÝFß3M�ö�d�Û0[�ÓG"�±FÝFß3M�ö

B�B�B�B� #'�~FþH(H$H FÛG�!T�²�óG�Fþ#'�~FþH(H$H FÛG�!T�²�óG�Fþ#'�~FþH(H$H FÛG�!T�²�óG�Fþ#'�~FþH(H$H FÛG�!T�²�óG�FþGGGTGQGe�œG")°�`GGGTGQGe�œG")°�`GGGTGQGe�œG")°�`GGGTGQGe�œG")°�`

>ø>ô>ð>ø>ô>ð>ø>ô>ð>ø>ô>ð�ºGfGxG9Gy!T�ºGfGxG9Gy!T�ºGfGxG9Gy!T�ºGfGxG9Gy!T>ò>ò>ô>þ>ò>ò>ô>þ>ò>ò>ô>þ>ò>ò>ô>þ
7Á�¼���Š7Á�¼���Š7Á�¼���Š7Á�¼���Š >Ý>Ý>Ý>ÝH�H��SH�H��SH�H��SH�H��S?�?�?�?�?�?�?�?�
5�5�5�5�5�5�5�5� H��SH���GVG•H��SH���GVG•H��SH���GVG•H��SH���GVG•
�p�°&"���p�°&"���p�°&"���p�°&"�� H��SG:G4GGH��SG:G4GGH��SG:G4GGH��SG:G4GG
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�P�N�N�N �P�N�O�N �P�N�P�N �P�N�Q�N �P�N�R�N �P�N�S�N

�j�f�b�j�f�b�j�f�b�j�f�b�1�4�1�4�1�4�1�4
�	
f�¥�	
f�¥�	
f�¥�	
f�¥ �5�5�5�5�û
f�¥�1�4�û
f�¥�1�4�û
f�¥�1�4�û
f�¥�1�4

�›�—�“�w�*�<�ý�=�ù�x�›�—�“�w�*�<�ý�=�ù�x�›�—�“�w�*�<�ý�=�ù�x�›�—�“�w�*�<�ý�=�ù�x

�W�ñ�á�„�I�W���I�„�W�ñ�á�„�I�W���I�„�W�ñ�á�„�I�W���I�„�W�ñ�á�„�I�W���I�„

�*�<�ý�=�ù���á�ó�ú���=���J�Ð�É�1�µ�Æ�ü�¬�Á

��0¿��0¿��0¿��0¿ 4 3?4 3?4 3?4 3?���á�ó�†�S�1�°�Ð���á�ó�†�S�1�°�Ð���á�ó�†�S�1�°�Ð���á�ó�†�S�1�°�Ð

H�H��º�‹Fþ�>/%�œ$Î7ÁH�H��º�‹Fþ�>/%�œ$Î7ÁH�H��º�‹Fþ�>/%�œ$Î7ÁH�H��º�‹Fþ�>/%�œ$Î7Á
��0ÉG"% �æFé��0ÉG"% �æFé��0ÉG"% �æFé��0ÉG"% �æFé

�•�I�v�ñ���@�˜���w�˜�•�œ�˜�•�x�•�I�v�ñ���@�˜���w�˜�•�œ�˜�•�x�•�I�v�ñ���@�˜���w�˜�•�œ�˜�•�x�•�I�v�ñ���@�˜���w�˜�•�œ�˜�•�x

�Ð�¨�˜�I�†�S�I��
ð�A
;�Ð�¨�˜�I�†�S�I��
ð�A
;�Ð�¨�˜�I�†�S�I��
ð�A
;�Ð�¨�˜�I�†�S�I��
ð�A
;
�	�����2�Ï�†�	�����2�Ï�†�	�����2�Ï�†�	�����2�Ï�†

��0¿��0¿��0¿��0¿
H�GcGwG•GGH�H�GcGwG•GGH�H�GcGwG•GGH�H�GcGwG•GGH�

4 4 4 4 3?3?3?3?

H%H0H!H.H�GVG9GlG=�ºH�H%H0H!H.H�GVG9GlG=�ºH�H%H0H!H.H�GVG9GlG=�ºH�H%H0H!H.H�GVG9GlG=�ºH�

��9‚!T��9‚!T��9‚!T��9‚!T
3M�È(ò3M�È(ò3M�È(ò3M�È(ò� 5��È(ò5��È(ò5��È(ò5��È(ò � 5��È(òG‰H€H”H}HoH•4 3?5��È(òG‰H€H”H}HoH•4 3?5��È(òG‰H€H”H}HoH•4 3?5��È(òG‰H€H”H}HoH•4 3?

���–4 3?��0É���–4 3?��0É���–4 3?��0É���–4 3?��0É

��#'�•+���#'�•+���#'�•+���#'�•+�
�öFþ��0É�öFþ��0É�öFþ��0É�öFþ��0É

!T�¦�q6ä$Î!T�¦�q6ä$Î!T�¦�q6ä$Î!T�¦�q6ä$Î

!T�¦�q6ä$Î!T�¦�q6ä$Î!T�¦�q6ä$Î!T�¦�q6ä$Î

!Þ!•GeGwGHGlFþ%±0b!Þ!•GeGwGHGlFþ%±0b!Þ!•GeGwGHGlFþ%±0b!Þ!•GeGwGHGlFþ%±0b

Q=0.075

���–G‰!“7Á�vG‰9×�&�Ø���–G‰!“7Á�vG‰9×�&�Ø���–G‰!“7Á�vG‰9×�&�Ø���–G‰!“7Á�vG‰9×�&�Ø

H
H
H
H
Q

�›�—�“���7�J�3�<�ý�=�I�›�—�“���7�J�3�<�ý�=�I�›�—�“���7�J�3�<�ý�=�I�›�—�“���7�J�3�<�ý�=�I
�������I�<�ô�����J�������I�<�ô�����J�������I�<�ô�����J�������I�<�ô�����J

7u�™)+�œ"@#.G‰�d�ÛGpGUGy7u�™)+�œ"@#.G‰�d�ÛGpGUGy7u�™)+�œ"@#.G‰�d�ÛGpGUGy7u�™)+�œ"@#.G‰�d�ÛGpGUGy

���=�y��	è�����®�Ó���¨
Ç�����=�y��	è�����®�Ó���¨
Ç�����=�y��	è�����®�Ó���¨
Ç�����=�y��	è�����®�Ó���¨
Ç��

�*�<�ý�=�ù���á�ó�†�S�1�°�Ð�*�<�ý�=�ù���á�ó�†�S�1�°�Ð�*�<�ý�=�ù���á�ó�†�S�1�°�Ð�*�<�ý�=�ù���á�ó�†�S�1�°�Ð
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�>�(/ã!TFø�>/%�œ!TFþ4*FÔ�>�(/ã!TFø�>/%�œ!TFþ4*FÔ�>�(/ã!TFø�>/%�œ!TFþ4*FÔ�>�(/ã!TFø�>/%�œ!TFþ4*FÔ

�û
f�¥�û
f�¥�û
f�¥�û
f�¥
�d�û
f�¥�d�û
f�¥�d�û
f�¥�d�û
f�¥

�*�<�ø�2�*�<�ø�2�*�<�ø�2�*�<�ø�2

�>/%�œ$Î7Á

�>�(/ã$Î7Á (�¤�Ñ�b�N�Ê�Š )
G4GwG•F¸GeGyGVGYG4GnG4GwG•F¸GeGyGVGYG4GnG4GwG•F¸GeGyGVGYG4GnG4GwG•F¸GeGyGVGYG4Gn

�>/%�œ!TFÿG�G��ó
²�>/%�œ!TFÿG�G��ó
²�>/%�œ!TFÿG�G��ó
²�>/%�œ!TFÿG�G��ó
²
1. �>/%�œ!TFÿ�@2nFçFúFÔ�>/%�œ!TFÿ�@2nFçFúFÔ�>/%�œ!TFÿ�@2nFçFúFÔ�>/%�œ!TFÿ�@2nFçFúFÔ
�N�Ê�Š$Î7ÁFø4*FóFö!TFû!Þ�qG:GGG"/õ�N�Ê�Š$Î7ÁFø4*FóFö!TFû!Þ�qG:GGG"/õ�N�Ê�Š$Î7ÁFø4*FóFö!TFû!Þ�qG:GGG"/õ�N�Ê�Š$Î7ÁFø4*FóFö!TFû!Þ�qG:GGG"/õ
)%FçFúFÜG�$Î7ÁFéG�)%FçFúFÜG�$Î7ÁFéG�)%FçFúFÜG�$Î7ÁFéG�)%FçFúFÜG�$Î7ÁFéG�
2. 4 3?�‹Fþ�:�U�ö�ë� "@FÜ�aFú4 3?�‹Fþ�:�U�ö�ë� "@FÜ�aFú4 3?�‹Fþ�:�U�ö�ë� "@FÜ�aFú4 3?�‹Fþ�:�U�ö�ë� "@FÜ�aFú
FÔF¹'ö#.G����ÆF¹FÔF¹'ö#.G����ÆF¹FÔF¹'ö#.G����ÆF¹FÔF¹'ö#.G����ÆF¹
4 3?�‹FûFÔFêG�G��:�U�ö�ë� "@FÜ�gG�4 3?�‹FûFÔFêG�G��:�U�ö�ë� "@FÜ�gG�4 3?�‹FûFÔFêG�G��:�U�ö�ë� "@FÜ�gG�4 3?�‹FûFÔFêG�G��:�U�ö�ë� "@FÜ�gG�
FÜF¸0¿
�Fþ�:�U�ìFÜ�qG��e8ŸFúFþF÷H�5�FÜF¸0¿
�Fþ�:�U�ìFÜ�qG��e8ŸFúFþF÷H�5�FÜF¸0¿
�Fþ�:�U�ìFÜ�qG��e8ŸFúFþF÷H�5�FÜF¸0¿
�Fþ�:�U�ìFÜ�qG��e8ŸFúFþF÷H�5�
G��aFúFßF¸���ö�‡Fþ%·FÔG�FþFÜ�¨FßF¸'ö#.G��aFúFßF¸���ö�‡Fþ%·FÔG�FþFÜ�¨FßF¸'ö#.G��aFúFßF¸���ö�‡Fþ%·FÔG�FþFÜ�¨FßF¸'ö#.G��aFúFßF¸���ö�‡Fþ%·FÔG�FþFÜ�¨FßF¸'ö#.
FÜ�}�½$×Fû���ÆF¹FÜ�}�½$×Fû���ÆF¹FÜ�}�½$×Fû���ÆF¹FÜ�}�½$×Fû���ÆF¹

�>/%�œ!TFÿ�¹�ô$×�>/%�œ!TFÿ�¹�ô$×�>/%�œ!TFÿ�¹�ô$×�>/%�œ!TFÿ�¹�ô$×
3. !Þ�qF¸!JFÛG�!ÿ�NG"�8G�FþFÜ!Þ�qF¸!JFÛG�!ÿ�NG"�8G�FþFÜ!Þ�qF¸!JFÛG�!ÿ�NG"�8G�FþFÜ!Þ�qF¸!JFÛG�!ÿ�NG"�8G�FþFÜ
7´FçFÔ7´FçFÔ7´FçFÔ7´FçFÔ(!ÿ$ÎFçFúFÔ!ÿ$ÎFçFúFÔ!ÿ$ÎFçFúFÔ!ÿ$ÎFçFúFÔ)
�È(ò!ÿ�NFûFéG�FûFÿF¸�p�°Fû�N�Ê!ÿ�N�È(ò!ÿ�NFûFéG�FûFÿF¸�p�°Fû�N�Ê!ÿ�N�È(ò!ÿ�NFûFéG�FûFÿF¸�p�°Fû�N�Ê!ÿ�N�È(ò!ÿ�NFûFéG�FûFÿF¸�p�°Fû�N�Ê!ÿ�N
FÜ�²0[FÜ�²0[FÜ�²0[FÜ�²0[ => �>/%�œ!TFðFáF÷Fÿ!ÿ�NFÿ�8�>/%�œ!TFðFáF÷Fÿ!ÿ�NFÿ�8�>/%�œ!TFðFáF÷Fÿ!ÿ�NFÿ�8�>/%�œ!TFðFáF÷Fÿ!ÿ�NFÿ�8
G�FúFÔF¹G�FúFÔF¹G�FúFÔF¹G�FúFÔF¹
=> �>/%�œ!TFÿ��#'FÜ7´FçFÔ�>/%�œ!TFÿ��#'FÜ7´FçFÔ�>/%�œ!TFÿ��#'FÜ7´FçFÔ�>/%�œ!TFÿ��#'FÜ7´FçFÔ
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'ìGAGŠGWG�#.1=GpGUGyF÷Fÿ1��ÂFÜ7´FçFÔ#'1ßG��¨Fß0{ �FåG�FöFÔ
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