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�­ÈÏºm©²�Ò�}SÒ�Ò�Ë°}Ò²�mºËÓÓ©²��Ë²Óº�
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�ºSº®�°ºÏ�ÈË�°«�ÓÈ��Óº��ËºSË�Ò�Ë°}Ò®�ÏÈ�Ëã��ã«
SÈÏmÒ�Ò«�äÒ}Sº°Ò°�Ëä�Ò�°ºÏ�ÈÓÒ«�äÒ}SºSº­º�
�ºm��äÒ}SºäÈ	ÒÓ�Ò�äÒ}Sº°Ò°�Ëä�mºËÓÓº�º�ÓÈ�
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z }ºä¹ãË}°ÓÈ«��ËãËmÈ«�¹Sº�SÈääÈ��º°ÓºmÓº®�ÏÈ�
�È�Ë®�}º�ºSº®�«mã«Ë�°«�¹SºmË�ËÓÒË�¹SÒ}ãÈ�Ó©²
Ò°°ãË�ºmÈÓÒ®�¹º�SÈÏmÒ�Ò��ÓÈ��Óº��Ë²ÓÒ�Ë°}º®
Ò��Ë²Óºãº�Ò�Ë°}º®�­ÈÏ�äÒ}Sº°Ò°�ËäÓº®��Ë²ÓÒ�
}Ò�� °ºÏ�ÈÓÒ�� }ºä¹ºÓËÓ�Óº®� ­ÈÏ©� äÒ}Sº°Ò°�
�ËäÓº®��Ë²ÓÒ}Ò���Ïãºm�Ò�ÒÏ�ËãÒ®�mºËÓÓº�º�ÓÈ�
ÏÓÈ�ËÓÒ«�ÓÈ�ËË�º°ÓºmË��È��È}ÎË�SÈÏSÈ­º�}Ë�Óº�
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�ÈÓÒË�ÒÏ�ËãÒ®�lv��m�º­Ë°¹Ë�ËÓÒË�SÈÏSÈ­º�}Ò
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�Ëã
Ó©²�}ºÓ°�S�}�ÒmÓ©²��ºSÈ­º�º}�º­SÈÏ�ºm�{{�
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�¹º�SË­ã«Ëäº®��È��Ò}ºä�äº�Óº°�Ò�Û
ÓË�­ºãËË����ä}{����È��È}ÎË�º�ãÒ�È��Ò²°«�m©�
°º}º®�ÒÓÁºSäÈ�ÒmÓº°�
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°ã�ÎÈ�Ë�º�� äÒ}Sº­ºË¹SÒ¹È°ºm�� äÒ}Sº°Ò°�Ëä
°m«ÏÒ�Ò�ÓÈmÒ�È�ÒÒ�Ò �S����ÓÈ¹SÈmãËÓÓÈ«�ÓÈ�°��
�Ë°�mËÓÓºË�¹ºm©	ËÓÒË�ªÁÁË}�ÒmÓº°�Ò�­ºËm©²
�Ë®°�mÒ®��È°�Ë®�Ò�¹º�SÈÏ�ËãËÓÒ®�m�ÓÈ°ËãËÓÓ©²
¹�Ó}�È²��È��È}ÎË�m��°ãºmÒ«²��ºSÓº�ãË°Ò°�º®�äË�
°�Óº°�Ò�

� °ºÏ�ÈÓÒË�°�¹SÒäËÓËÓÒËä�ÒÏ�ËãÒ®�äÒ}Sº°Ò°�Ëäº�
�Ë²ÓÒ}Ò��ÒÓ�ËããË}��Èã
Ó©²��}ºÓ°�S�}�Ò®�º­SÈÏ�
�ºm�{{���¹ãÈÓËSºm�ãË�È�Ëã
Ó©²�È¹¹ÈSÈ�ºm��}ºS�
¹�°ºm�ÓÈ�mº�Ó©²�}ºSÈ­ãË®�Ò�¹º�mº�Ó©²�ãº�º}��
¹ºÏmºã«��Ò²�ÏÓÈ�Ò�Ëã
Óº�¹ºm©°Ò�
�Ò²��Ë²ÓÒ�
�Ë°}ÒË��ÈªSº�ÒÓÈäÒ�Ë°}ÒË���Ò�Sº�ÒÓÈäÒ�Ë°}ÒË�
²ÈSÈ}�ËSÒ°�Ò}Ò�

� °ºÏ�ÈÓÒË� ÓÈ� ­ÈÏË� äÒ}Sº�È��Ò}ºm� SÈÏãÒ�Óº�º
ÁÒÏÒ�Ë°}º�º�¹SÒÓ�Ò¹È��Ë®°�mÒ«�SÈ°¹SË�ËãËÓ�
Ó©²�°Ò°�Ëä��Ë²ÓÒ�Ë°}º®��ÒÈ�Óº°�Ò}Ò��}SÒ�Ò�Ë�
°}Ò²���°��º�}Ò�ÏSËÓÒ«�ÓÈ�ËÎÓº°�Ó©²�²ÈSÈ}�ËSÒ�
°�Ò}���Ïãºm�Ò�°Ò°�Ëä�mººS�ÎËÓÒ«�Ò�mºËÓÓº®��Ë²�
ÓÒ}Ò��¹ºÏmºã«��Ò²�¹ËSË®�Ò�}�Óºmº®�°�SÈ�Ë�ÒÒ
ª}°¹ã�È�È�ÒÒ�{{��¹º�°º°�º«ÓÒ�����º�º­Ë°¹Ë�Ò�
¹Sº�ãËÓÒË� SË°�S°È� �°Sº}ºm� °ã�Î­©�� º­SÈÏ�ºm
�}ºä¹ãË}°ºm��°Ò°�Ëä��Ò��}È}�°ãË�°�mÒË��°ÓÒÎË�
ÓÒË�ª}°¹ã�È�È�ÒºÓÓ©²�SÈ°²º�ºm�

{�ÓÈ°�º«�ËË�mSËä«�m�lÒÓº­ºSºÓ©�3º°°ÒÒ�SÈÏ�
mËSÓ���}ºä¹ãË}°�SÈ­º��¹º�°ºÏ�ÈÓÒ��äÒ}Sº°Ò°�Ëä
mºËÓÓº�º�ÓÈÏÓÈ�ËÓÒ«���SÒ�ª�ºä�m�}È�Ë°�mË�º­�Ë}�
�ºm� Ò°°ãË�ºmÈÓÒ®� SÈ°°äÈ�SÒmÈ��°«� }È}� }ºä¹º�
ÓËÓ�ÓÈ«�­ÈÏÈ���Ïã©�Ò�ÒÏ�ËãÒ«�lv���ã«�º­SÈÏ�ºm
mººS�ÎËÓÒ«�Ò�mºËÓÓº®��Ë²ÓÒ}Ò���È}�Ò�äÒ}Sº°Ò°�Ë�
ä©� mºËÓÓº�º� ÓÈÏÓÈ�ËÓÒ«�� 3ËÏ�ã
�È�©� º��Ëã
Ó©²
Ò°°ãË�ºmÈÓÒ®�¹SÒmË�ËÓ©�ÓÈ�SÒ°���Û���°ä���Ë�mËS�
����°�ºSºÓ��º­ãºÎ}Ò��

sËº­²º�Òäº��È}ÎË�º�äË�Ò�
����º�SÈ­º�©�m�º­�
ãÈ°�Ò�äÒ}Sº°Ò°�ËäÓº®��Ë²ÓÒ}Ò�ÒäË���º�SºäÓ��
°º�ÒÈã
Óº�ª}ºÓºäÒ�Ë°}���ÏÓÈ�Òäº°�
��w�º�¹SËÎ�
�Ë�m°Ë�º�º­�°ãºmãÒmÈË�°«�S«�ºä�¹SËÒä��Ë°�m��Ë²�
ÓÒ�Ë°}Ò²� °Ò°�Ëä�� ¹º°�SºËÓÓ©²� ¹º�äË²È�SºÓÓºä�
¹SÒÓ�Ò¹���ÓÈ�ËÎÓº°�
��äÒÓÒÈ��SÓº°�
��È�È¹�Òm�
Óº°�
��ÒÓ�ËããË}��Èã
Óº°�
�

�ÎË�m�ÓÈ°�º«�ËË�mSËä«�äÒ}Sº°Ò°�ËäÓÈ«��Ë²ÓÒ�
}È�ÓÈ	ãÈ�	ÒSº}ºË�¹SÒäËÓËÓÒË�m�SÈÏãÒ�Ó©²�º­ãÈ°�
�«²�ª}ºÓºäÒ}Ò��º��Èm�ºäº­ÒãË°�SºËÓÒ«��Á�Ó}�Òº�

3Ò°�����lÒ}¯º°Ò°�ËäÓÈ«��Ë²ÓÒ}È�mºËÓÓº�º�ÓÈÏÓÈ�ËÓÒ«
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�¡¢¨ÂÀÍÎÂ� �� ���¬ÀËÜÖÅÂ�¯��¯�� ��¬ÈÊSÎÑÈÑÒÅÌÍÀß�ÒÅÕÍÈÊÀ�x�ÎÑÍÎÂÀ�ÍÀÓ×ÍÎ�ÒÅÕÍÈ×ÅÑÊÎÉ�SÅÂÎËÞÖÈÈ�Â�ÂÎÅÍÍÎÌ�ÄÅËÅ

ÓÈã
Ó©Ë�°Ò°�Ëä©�­ËÏº¹È°Óº°�Ò�Èm�º�SÈÓ°¹ºS�Ó©²
°SË�°�m�� �º� º�SÈ°ãË®� °�SºÒ�Ëã
°�mÈ� Ò� ÎÒãÒ�Óº�
}ºää�ÓÈã
Óº�º�²ºÏ«®°�mÈ��SÈ°¹SË�ËãËÓÓ©Ë�°Ò°�Ë�
ä©�}ºÓ�Sºã«�¹º�ËS
��Ë¹ãÈ��°Ë®°äº�È��Ò}Ò�Á�Ó�È�
äËÓ�È� Ò �S��� {ºÏäºÎÓ©Ë� ¹ËS°¹Ë}�ÒmÓ©Ë� º­ãÈ°�Ò
¹SÒäËÓËÓÒ«� äÒ}Sº°Ò°�ËäÓº®� �Ë²ÓÒ}Ò� �SÈÎ�ÈÓ�
°}º�º��mºËÓÓº�º�Ò�°¹Ë�ÒÈã
Óº�º�ÓÈÏÓÈ�ËÓÒ«�¹SË��
°�ÈmãËÓ©�m��È­ã����

{�ÓÈ°�º«�ËË�mSËä«�Ò°°ãË�ºmÈÓÒ«�m�º­ãÈ°�Ò�°ºÏ�
�ÈÓÒ«�lv��¹Sºmº�«�°«�¹º�ÏÈ}ÈÏÈä�lÒÓÒ°�ËS°�mÈ
¹Sºä©	ãËÓÓº°�Ò�Ò�ªÓËS�Ë�Ò}Ò�3º°°Ò®°}º®�nË�Ë�
SÈ�ÒÒ��lÒÓÒ°�ËS°�mÈ� º­SÈÏºmÈÓÒ«� Ò� ÓÈ�}Ò� 3º°�
°Ò®°}º®� nË�ËSÈ�ÒÒ�� nË�ËSÈã
Óº�º� È�ËÓ�°�mÈ� ¹º
¹Sºä©	ãËÓÓº°�Ò��zSºäË��º�º��¹º��ÈÓÓº®��ËäÈ�Ò}Ë
SËÈãÒÏ���°«�¹SºË}�©�m�3º°°Ò®°}º®�È}È�ËäÒÒ�ÓÈ�}
Ò�3º°°Ò®°}ºä�ÁºÓ�Ë� �Ë²Óºãº�Ò�Ë°}º�º�SÈÏmÒ�Ò«�
|°ÓºmÓ©Ë��È�©�SÈÏmÒ�Ò«�äÒ}Sº°Ò°�ËäÓº®��Ë²ÓÒ}Ò
m�3º°°Ò®°}º®�nË�ËSÈ�ÒÒ�¹SÒmË�ËÓ©�m��È­ã����

sÈÒ­ºãËË�ÏÓÈ�Òä©Ë�SÈ­º�©�m�º­ãÈ°�Ò�°ºÏ�ÈÓÒ«
lv��º°��Ë°�mã«��°«�m�SÈä}È²�
z nË�ËSÈã
Óº®��ËãËmº®�¹Sº�SÈää©��sÈ�ÒºÓÈã
�
ÓÈ«��Ë²Óºãº�Ò�Ë°}È«�­ÈÏÈ�������Û������º�©��

z nË�ËSÈã
Óº®��ËãËmº®�¹Sº�SÈää©��j°°ãË�ºmÈÓÒ«
Ò� SÈÏSÈ­º�}Ò� ¹º� ¹SÒºSÒ�Ë�Ó©ä� ÓÈ¹SÈmãËÓÒ«ä
SÈÏmÒ�Ò«�ÓÈ�}Ò�Ò��Ë²ÓÒ}Ò�������Û������º�©��

z ÓÈ��Óº��Ë²ÓÒ�Ë°}º®�¹Sº�SÈää©�lÒÓº­SÈÏºmÈ�
ÓÒ«� 3º°°ÒÒ� �sÈ��Ó©Ë� Ò°°ãË�ºmÈÓÒ«� m©°	Ë®
	}ºã©�¹º�¹SÒºSÒ�Ë�Ó©ä�ÓÈ¹SÈmãËÓÒ«ä�SÈÏmÒ�
�Ò«�ÓÈ�}Ò�Ò��Ë²ÓÒ}Ò��

z Ò°°ãË�ºmÈÓÒ®��m©¹ºãÓ«Ëä©²�¹º��SÈÓ�Èä�äËÎ���
ÓÈSº�Óº®�ºS�ÈÓÒÏÈ�ÒÒ�1(;86��ºS�ÈÓ�pmSº¹Ë®�
°}º®�zºäÒ°°ÒÒ��
��Ò�©mÈ«�m©°º}���ÏÈÒÓ�ËSË°ºmÈÓÓº°�
�SÈÏãÒ��

Ó©²�ÁË�ËSÈã
Ó©²�ºS�ÈÓºm�Ò°¹ºãÓÒ�Ëã
Óº®�mãÈ°�Ò
m� ¹SºmË�ËÓÒÒ� SÈ­º�� m� º­ãÈ°�Ò� äÒ}Sº°Ò°�ËäÓº®
�Ë²ÓÒ}Ò��È��È}ÎË�­ºã
	ºË��Ò°ãº�¹Sº�SÈää��m©¹ºã�

�È­ãÒ�È��

|­ãÈ°�Ò�¹SÒäËÓËÓÒ«�äÒ}Sº°Ò°�ËäÓº®��Ë²ÓÒ}Ò��SÈÎ�ÈÓ°}º�º��mºËÓÓº�º�Ò�°¹Ë�ÒÈã	Óº�º�ÓÈÏÓÈ�ËÓÒ«

sÈ¹SÈmãËÓÒ«�SÈÏSÈ­º�º}
sÈÏÓÈ�ËÓÒË

�SÈÎ�ÈÓ°}ºË {ºËÓÓºË��°¹Ë�ÒÈã
ÓºË

zºä¹ºÓËÓ�©�Ò��Ïã©�äÒ}SºäË²ÈÓÒ}Ò��äÒ}Sºº¹�ºäË�
²ÈÓÒ�Ë°}Ò²�Ò�äÒ}SºªãË}�SºäË²ÈÓÒ�Ë°}Ò²
°Ò°�Ëä

lÒÓÒÈ��SÓÈ«��¹SÈmã«ËäÈ«�ªãËäËÓ�ÓÈ«�­ÈÏÈ

lÒÓÒÈ��¯Ó©Ë��¹¯Èmã«Ëä©Ë�}ºÓ�ËÓ°È�º¯©��̄ ËÏÒ°�º¯©��ÏË¯}ÈãÈ��äº��ã«�º¯©��
ªãËäËÓ�©�äÒ}¯º¹¯Òmº�ºm��äÒ}¯º��¯­ÒÓ©��äÒ}¯º�mÒ�È�ËãÒ��äÒ}¯º�ËÓË¯È�º�
¯©��º¹�ºäË²ÈÓÒ�Ë°}ÒË�ÒÓ�Ë�¯Èã
Ó©Ë�°²Ëä©��äÒ}¯ºäË²ÈÓÒ�Ë°}ÒË��°�¯º®°�mÈ�
ªÓË¯�ºº­Ë°¹Ë�ËÓÒ«

�SÈÎ�ÈÓ°}ºË�¹SÒ­ºSº°�SºËÓÒË v¹Ë�ÒÈã
ÓºË�¹SÒ­ºSº°�SºËÓÒË

lÒ}Sº°Ò°�Ëä©�°m«ÏÒ��°ãËÎËÓÒ«��ÓÈmÒ�È�ÒÒ�
ºSÒËÓ�È�ÒÒ�Ò��¹SÈmãËÓÒ«��mÒÎËÓÒËä

lÒÓÒÈ��SÓ©Ë�°Ò°�Ëä©�°m«ÏÒ��°ãËÎËÓÒ«��ÓÈmÒ�È�ÒÒ��ºSÒËÓ�È�ÒÒ�Ò��¹SÈm�
ãËÓÒ«��mÒÎËÓÒËä

vÒ°�Ëä©�ºSÒËÓ�È�ÒÒ�ÓÈ�­ÈÏË�äÒ}SºäË²ÈÓÒ�Ë°}Ò²��È��Ò}ºm��È}°ËãËSºäË��
S©��äÒ}Sº�ÒSº°}º¹©���È��Ò}Ò���ãºmº®�°}ºSº°�Ò���°Ò°�Ëä©��¹SÈmãËÓÒ«��mÒ�
ÎËÓÒËä�°�Ò°¹ºã
ÏºmÈÓÒËä�äÒ}SºäË²ÈÓÒ�Ë°}Ò²��°�Sº®°�m��°ºmäË�ËÓÓ©Ë�°º�
°¹��ÓÒ}ºm©äÒ���|skvv��*36��°Ò°�ËäÈäÒ�ÓÈmÒ�È�ÒÒ��äº��ãÒ�}ºÓ�Sºã«�
¹ºãºÎËÓÒ«�ÈÓ�ËÓÓ©²�ÁÈÏÒSºmÈÓÓ©²�SË	Ë�º}��°Ò°�Ëä©�}È�È¹�ã
�ÒSºmÈÓÒ«��
º¹�Ò}º�äÒ}SºäË²ÈÓÒ�Ë°}ÒË�°Ò°�Ëä©�°ãËÎËÓÒ«�Ò��S�

km�ºäº­Òã
Ó©®��ÈmÒÈ�ÒºÓÓ©®
Ò�ÎËãËÏÓº�ºSºÎÓ©®��SÈÓ°¹ºS�

|­SÈÏ�©��}ºä¹ãË}°©��°Ò°�Ëä©��
{{���°SË�°�mÈ��¹SÈmãËÓÒ«�Ò�°m«ÏÒ��
°SË�°�mÈ�­ºËmº�º���Ë²ÓÒ�Ë°}º�º�Ò�
�©ãºmº�º�º­Ë°¹Ë�ËÓÒ«

3È°¹SË�ËãËÓÓ©Ë�äÒ}Sº°Ò°�Ëä©�°­ºSÈ��ÈÓÓ©²��
¹SÒËäÈ��º­SÈ­º�}Ò�Ò�¹ËSË�È�Ò�ÒÓÁºSäÈ�ÒÒ

vÒ°�Ëä©�º²SÈÓ©�Ò�ÓÈ­ã��ËÓÒ«��°Ò°�Ë�
ä©�ª}ºãº�Ò�Ë°}º�º�äºÓÒ�ºSÒÓ�È��°Ò°�
�Ëä©�ÎÒãÒ�Óº�}ºää�ÓÈã
Óº�º�²ºÏ«®�
°�mÈ���°�Sº®°�mÈ��¹SÈmãËÓÒ«�¹º�º}ÈäÒ�
ÎÒ�}º°�Ò�Ò��ÈÏÈ��ã«�ÈmÒÈ��Ò�}ºSÈ­ãË�
°�SºËÓÒ«

3ÈÏmË�©mÈ�Ëã
Óº�°Ò�ÓÈãÒÏÈ�ÒºÓ�
Ó©Ë�°SË�°�mÈ�Ò��Ë²ÓÒ}È

lÒ}SºSº­º�º�Ë²�
ÓÒ�Ë°}ÒË�Ò�äÒ}SºSÈÏäËS�
Ó©Ë�°Ò°�Ëä©�mºËÓÓº�º�
ÓÈÏÓÈ�ËÓÒ«

�Ë²Óºãº�Ò�Ë°}ÒË
äÒ}Sº°Ò°�Ëä©

lÒÓÒÈ��SÓ©Ë�ÈÓÈãÒ�Ò}º��ÒÈ�Óº°�Ò�Ë°}ÒË��Ò¹©�Ò�äÒ}Sº²ÒäÒ�Ë°}ÒË
SËÈ}�ºS©

rÒº�Ë²Óºãº�Ò«��äË�Ò�ÒÓÈ��ÓËÁ�Ë²Ò�
äÒ«��¹Ò�ËmÈ«�¹Sºä©	ãËÓÓº°�


{ºËÓÓÈ«�äË�Ò�ÒÓÈ��°SË�°�mÈ�3tr�
ÏÈ�Ò�©��°SË�°�mÈ�º­ÓÈS�ÎËÓÒ«�Ò�
��ÒãÒÏÈ�ÒÒ�SÈ�ÒºÈ}�ÒmÓ©²���º}�
°Ò�Ó©²��mÏS©mºº¹È°Ó©²�mË�Ë°�m�Ò�
äÈ�ËSÒÈãºm

lÒ}SºÒÓ°�S�äËÓ�

lÒ}SºäÈÓÒ¹�ã«�ºS©��äÒ}Sº�Ë²Óºãº�Ò�Ë°}ÒË��°�Sº®°�mÈ

lË�Ò�ÒÓÈ��äÒ}¯º­Òºãº�Ò«��
äÒ}¯ºªãË}�¯ºÓÒ}È

{ºËÓÓÈ«�äË�Ò�ÒÓÈ

lÒÓÒÈ��SÓ©Ë�Sº­º�º�
�Ë²ÓÒ�Ë°}ÒË�°Ò°�Ëä©

lÒ}SºSº­º�©��ã«��ÒÈ�Óº°�Ò}Ò��äË�Ò�
�ÒÓÈ��«�ËSÓÈ«�ªÓËS�Ë�Ò}È��²ÒäÒ�Ë°}È«�
¹Sºä©	ãËÓÓº°�


lÒ}SºSº­º�©��ã«�m©¹ºãÓËÓÒ«�ÏÈ�
�È��­ºËmº�º���Ë²ÓÒ�Ë°}º�º�Ò��©ãº�
mº�º�º­Ë°¹Ë�ËÓÒ«
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Ó«Ëä©²��º°��ÈS°�mËÓÓ©äÒ�ÏÈ}ÈÏ�Ò}ÈäÒ�¹º��ÈÓÓº®
�ËäÈ�Ò}Ë��ä©�°�Ò�ÈËä����º�mÈÎÓ©ä�È°¹Ë}�ºä��°�
¹Ë	Óº®�SËÈãÒÏÈ�ÒÒ�ÏÈ�È��¹Sºmº�Òä©²�SÈ­º��«mã«�
Ë�°«�äËÎmË�ºä°�mËÓÓÈ«�}ººS�ÒÓÈ�Ò«�¹Sºmº�Òä©²
Ò°°ãË�ºmÈÓÒ®�� �SÒ� ª�ºä� m©­ºS� Ò� º­º°ÓºmÈÓÒË
¹SÒºSÒ�Ë�Ó©²�ÓÈ¹SÈmãËÓÒ®�SÈ­º���È��È}ÎË�ÁºSäÒ�
SºmÈÓÒË�¹SË�ãºÎËÓÒ®�m��º°��ÈS°�mËÓÓ©Ë�º­ºSºÓ�
Ó©Ë�ÏÈ}ÈÏ©�ÓËº­²º�Òäº�º°��Ë°�mã«�
�°���Ë�ºä�SË�
Ï�ã
�È�ºm��¹ºã��ËÓÓ©²�¹SÒ�m©¹ºãÓËÓÒÒ�º�äË�ËÓ�
Ó©²�m©	Ë�¹Sº�SÈää�

{�ÏÈ}ã��ËÓÒË�²º�Ëãº°
�­©�º�äË�Ò�
����º��°¹Ë	�
ÓºË�¹SºmË�ËÓÒË�SÈ­º��m�º­ãÈ°�Ò�SÈÏmÒ�Ò«�äÒ}Sº�

°Ò°�ËäÓº®� �Ë²ÓÒ}Ò� mº� äÓº�ºä� º¹SË�ËãÒ�� º­ãÒ}
°Ò°�Ëä©� mººS�ÎËÓÒ«� {ººS�ÎËÓÓ©²� °Òã� 3º°°Ò®�
°}º®�nË�ËSÈ�ÒÒ�m�;;,�mË}Ë�

v¹Ò°º}�ãÒ�ËSÈ��S©

�� {ËSÓËS� {� i��� lÈã	�Ëm� �� ���� vÈ�Sºm� k� s���  È¹ã©�
�ÒÓ �� k��vÒÓËS�Ë�Ò}È�äÒÓÒÈ��SÒÏÈ�ÒÒ��äÒ}SºªãË}�SºÓÒ}È�
äÒ}Sº°Ò°�ËäÓÈ«� �Ë²ÓÒ}È�� ÓÈÓºªãË}�SºÓÒ}È� ���lÒ}Sº°Ò°�Ëä�
ÓÈ«��Ë²ÓÒ}È��������¢ ���v� ��Û���

�� rº�ÈSºm��� ����lÈã	�Ëm��� ���vº°�º«ÓÒË�Ò�¹ËS°¹Ë}�Òm©
SÈÏmÒ�Ò«� äÒ}SºªãË}�SºäË²ÈÓÒ�Ë°}Ò²� °Ò°�Ëä� ÏÈ� S�­ËÎºä� ��
lÒ}Sº°Ò°�ËäÓÈ«��Ë²ÓÒ}È��������¢ ���v� ��Û���

�È­ãÒ�È��

|°ÓºmÓ©Ë��È�©�SÈÏmÒ�Ò«�äÒ}Sº°Ò°�ËäÓº®��Ë²ÓÒ}Ò�m�3º°°Ò®°}º®�nË�ËSÈ�ÒÒ

�
º
�
©

3º°°Ò®°}È«�È}È�ËäÒ«�ÓÈ�}�
�3ks��

3º°°Ò®°}Ò®�nºÓ��Á�Ó�ÈäËÓ�
�Èã
Ó©²�Ò°°ãË�ºmÈÓÒ®��3nnj�

lÒÓÒ°�ËS°�mº�¹Sºä©	ãËÓÓº�
°�Ò�Ò�ªÓËS�Ë�Ò}Ò�3º°°Ò®°}º®
nË�ËSÈ�ÒÒ��lÒÓÒ°�ËS°�mº�º­º�
SºÓ©�3º°°Ò®°}º®�nË�ËSÈ�ÒÒ

lÒÓÒ°�ËS°�mº�ÓÈ�}Ò
Ò�º­SÈÏºmÈÓÒ«�3º°°Ò®°}º®�

nË�ËSÈ�ÒÒ

|­�Ë°�mËÓÓÈ«
¹º��ËSÎ}È�Û�Î�SÓÈã�
�lÒ}Sº°Ò°�ËäÓÈ«
�Ë²ÓÒ}È���lv��

���� Û

{��ËSË�ÓË�}SÒ�Ò�Ë°}Ò²��Ë²Óº�
ãº�Ò®�nË�ËSÈã
Óº�º��SºmÓ«�
¹º«mÒãº°
�ÓÈ¹SÈmãËÓÒË��lÒ}�
Sº°Ò°�ËäÓÈ«��Ë²ÓÒ}È�

Û Û

���� �SºË}�©�m�SÈä}È²�3nnj
3ÈÏSÈ­º�ÈÓ�¹SºË}��zºä¹ãË}°�
Óº®�¹Sº�SÈää©�lv�

Û Û

���� �SºË}�©�m�SÈä}È²�3nnj Û Û Û

����

lËÎ��ÓÈSº�Ó©®�°Òä¹ºÏÒ�ä�
�lÒ}SºSº­º�©��äÒ}SºäÈ	ÒÓ©�Ò�
äÒ}Sº°Ò°�Ëä©���j�l�3ks�
���lº°}mÈ

��mËSÎ�ËÓÈ�zºä¹ãË}°ÓÈ«�¹Sº�
�SÈääÈ�lv�

Û

{©	Ëã�¹ËSm©®�ÓºäËS�
Î�SÓÈãÈ��lv����ÒÓ�Ë}°�
������¹º�}È�Èãº��
�3º°¹Ë�È�Ò��

���� Û
|�}S©�º�ÁÒÓÈÓ°ÒSºmÈÓÒË�SÈ�
­º��m�SÈä}È²��|~�����

lËÎ��ÓÈSº�ÓÈ«�}ºÓÁËSËÓ�Ò«�
�vËÓ°ºS©�Ò�äÒ}Sº°Ò°�Ëä©���
v�­�w�������vÈÓ}���Ë�ËS�
­�S��
|�}S©�È�°¹Ë�ÒÈã
Óº°�
��lÒ}�
Sº°Ò°�ËäÓÈ«��Ë²ÓÒ}È��Û�������

|�}S©��°È®��Î�SÓÈãÈ�
�lv���m�jÓ�ËSÓË�
ZZZ�PLFURV\VWHPV�UX

����
lËÎ��ÓÈSº�ÓÈ«�}ºÓÁËSËÓ�Ò«�
�lÒ}Sº��Ò�ÓÈÓºªãË}�SºÓÒ}È���
n�jks�����lº°}mÈ

3º°°Ò®°}Òä�nºÓ�ºä��Ë²Óºãº�
�Ò�Ë°}º�º�SÈÏmÒ�Ò«�¹SºmË�ËÓ�
}ºÓ}�S°�m�Èm��°�ËÛ�Ë}È­SË�
�� ¹SºË}�È�

Û

vºÏ�ÈÓ�ªãË}�SºÓÓ©®�ÈS�
²Òm�Î�SÓÈãÈ��lv���ÏÈ�
����Û���������ÓÈ�ãÈÏËS�
Óºä��Ò°}Ë

����
lËÎ��ÓÈSº�Ó©®�°ËäÒÓÈS��$WR�
PLF�IRUFH�PLFURVFRSH���jnl�
3ks�����sÒÎÓÒ®�sºm�ºSº�

{��ËSË�ËÓ
�}SÒ�Ò�Ë°}Ò²��Ë²Óº�
ãº�Ò®�3º°°Ò®°}º®�nË�ËSÈ�ÒÒ�
�º�������º�È�m}ã��ËÓº�ÓÈ¹SÈm�
ãËÓÒË��lÒ}Sº°Ò°�ËäÓÈ«��Ë²ÓÒ�
}È���3kv��m�ÁËmSÈãËÛäÈS�Ë�
¹SºmË�ËÓ�}ºÓ}�S°��º}ºãº����
¹SºË}�ºm�

lÒÓº­SÈÏºmÈÓÒ«�3º°°ÒÒ�m�
äÈS�ËÛÈ¹SËãË�¹SºmËãº�}ºÓ�
}�S°��º}ºãº�����¹SºË}�ºm���
lËÎ��ÓÈSº�ÓÈ«�}ºÓÁËSËÓ�Ò«�
�k}��Èã
Ó©Ë�¹Sº­ãËä©��mËS�
�º�Ëã
Óº®�ªãË}�SºÓÒ}Ò�Ò�
äÒ}SºªãË}�SºÓÒ}Ò���3�������
�È�ÈÓSº���lËÎ��ÓÈSº�ÓÈ«�
}ºÓÁËSËÓ�Ò«��wãË}�SºÓÒ}È�Ò�
ÒÓÁºSäÈ�Ò}È��l�jw��������
~ËãËÓº�SÈ�

|�}S©�È�ÈÓ�ãÒ®°}È«�
mËS°Ò«�°È®�È�Î�SÓÈãÈ�
�lv���m�jÓ�ËSÓË��
ZZZ�PLFURV\VWHPV�UX��
3ÈÏäË�ËÓ�ªãË}�SºÓ�
Ó©®�ÈS²Òm�Î�SÓÈãÈ�
�lv���ÏÈ�����Û���������
ÓÈ�°È®��m�jÓ�ËSÓË���
vºÏ�ÈÓ�ªãË}�SºÓÓ©®�
ÈS²Òm�Î�SÓÈãÈ��lv���
ÏÈ�����Û���������ÓÈ�ãÈ�
ÏËSÓºä��Ò°}Ë

����

lËÎ��ÓÈSº�Ó©®�°ËäÒÓÈS��$WR�
PLF�IRUFH�PLFURVFRSH���jnl�
3ks�����sÒÎÓÒ®�sºm�ºSº���lËÎ�
��ÓÈSº�Ó©®�°Òä¹ºÏÒ�ä��lÒ}Sº�
Sº­º�©��äÒ}SºäÈ	ÒÓ©�Ò�äÒ}Sº�
°Ò°�Ëä©���j�l�3ks�����lº°}mÈ

Û
lÒÓº­SÈÏºmÈÓÒ«�3º°°ÒÒ�¹Sº�
mËãº�}ºÓ}�S°�ÓÈ�����Û���������
�º}ºãº�����¹SºË}�ºm�

Û

����

sÈ��ÓÈ«�°Ë°°Ò«��lÒ}SºªãË}�Sº�
äË²ÈÓÒ�Ë°}ÒË�°Ò°�Ëä©���Ë²Óºãº�
�Ò«��¹SÒäËÓËÓÒË���|j�{v�3ks��
���lº°}mÈ��lËÎ��ÓÈSº�Ó©®�°ËäÒ�
ÓÈS��$WRPLF�IRUFH�PLFURVFRSH���
jnl�3ks�����sÒÎÓÒ®�sºm�ºSº�

��mËSÎ�ËÓÈ�zºä¹ãË}°ÓÈ«��ËãË�
mÈ«�¹Sº�SÈääÈ�lv�

lËÎ��ÓÈSº�ÓÈ«�}ºÓÁËSËÓ�Ò«�
�k}��Èã
Ó©Ë�¹Sº­ãËä©��mËS�
�º�Ëã
Óº®�ªãË}�SºÓÒ}Ò�Ò�
äÒ}SºªãË}�SºÓÒ}Ò����3�������
�È�ÈÓSº�

lºãº�ËÎÓÈ«�	}ºãÈ�
�lÒ}Sº°Ò°�ËäÓÈ«��Ë²�
ÓÒ}ÈÛ�������¡sj�
j3�z��sjjl{v�
�3���Ò�Î�SÓÈã��lv��



ljzc|vjv�plskÐ��ptsjzk��¢��������� �

�¡¢¢ÀÑÈËÜÅÂ� �� �� ��¬ÈÊSÎÌÎÙÍÛÅ�ÏÎËÓÏSÎÂÎÄÍÈÊÎÂÛÅ�ÑÅÍÑÎSÛ�ÍÀ�ÒÎÍÊÈÕ�ÄÈÝËÅÊÒSÈ×ÅÑÊÈÕ�ÌÅÌÁSÀÍÀÕ

�iz�����������������������

k� k��{È°Òã	Ëm��}ÈÓ���ÁÒÏ��äÈ���ÓÈ�}��
3s¡ �z�S�È�ºm°}Ò®�jÓ°�Ò������
jÓ°�Ò��� äºãË}�ã«SÓº®�ÁÒÏÒ}Ò

¬¨ª3®¬®¹­»¥�
¯®«³¯3®¢®¤­¨ª®¢»¥�±¥­±®3»�
­ �²®­ª¨µ�¤¨½«¥ª²3¨·¥±ª¨µ�
¬¥¬¡3 ­ µ

{mË�ËÓÒË

r©°�SºË� SÈÏmÒ�ÒË� ¹Sºä©	ãËÓÓº°�Ò� Ò� �SÈÓ°�
¹ºS�È�¹SÒmËãº�m�¹º°ãË�ÓÒË��Ë°«�ÒãË�Ò«�}�SËÏ}ºä�
�mËãÒ�ËÓÒ�� °º�ËSÎÈÓÒ«� SÈÏãÒ�Ó©²� �ÈÏºm�ÏÈ�S«Ï�
ÓÒ�ËãË®�m�mºÏ��²Ë��z��Ò°ã��ª�Ò²� �ÈÏºm�º�Óº°«�°«
¹SËÎ�Ë� m°Ë�º� v|�� ��ãËmº�ºSº�©� �äË�ÈÓ�� ¹Sº¹ÈÓ�
¹ÈS©�­ËÓÏÒÓÈ���ÈääÒÈ}��º}°Ò�©�ÈÏº�È��ºÏºÓ�Ò �S�
|ÓÒ�¹SË�°�Èmã«���º¹È°Óº°�
�}È}�°�ª}ºãº�Ò�Ë°}º®
�º�}Ò�ÏSËÓÒ«���È}�Ò�°��º�}Ò�ÏSËÓÒ«�mºÏäºÎÓº°�Ò
m©ÏºmÈ��Ë²Óº�ËÓÓ©²�}È�È°�SºÁ��mÏS©mºm��¹ºÎÈSÈ�
äÈ°°ºm©²�º�SÈmãËÓÒ®�Ò��� ����

|�ÓÈ}º�SÈÏmÒ�ÒË�ÓÈ�}Ò�Ò�¹Sºä©	ãËÓÓº°�Ò�ÓÈ�
S«���°�¹º�ËÓ�ÒÈã
Ó©äÒ�º¹È°Óº°�«äÒ��ÈË���È}ÎË�Ò
Óºm©Ë�°SË�°�mÈ�ÏÈ�Ò�©�Ò�¹SË��¹SËÎ�ËÓÒ«�ÈmÈSÒ®
ÓÈ�¹SË�¹SÒ«�Ò«²��|�ÓÒä�ÒÏ��È}Ò²�°SË�°�m�«mã«���
°«�°ËÓ°ºS©����m°�mÒ�Ëã
Ó©Ë�}�äË�ÈÓ�����ÈSÓºä���È�
Ï��Ò��S��Òä��ºS��Òä�Ò��º}°Ò�Ó©ä��ÈÏÈä��{�¹º°ãË��
ÓËË�mSËä«�¹º«mÒãº°
�­ºã
	ºË��Ò°ãº��È}Ò²��È��Ò�
}ºm��rºã
	ÒÓ°�mº�ÒÏ�ÓÒ²�ÒäËË��ÏÓÈ�Ò�Ëã
Ó©Ë�SÈÏ�
äËS©�Ò�¹º�SË­ã«Ë���º°�È�º�Óº�m©°º}���äº�Óº°�

�ã«��º°�ÒÎËÓÒ«��Ëä¹ËSÈ��S��ÓËº­²º�Òä©²��ã«�º¹�
�ÒäÈã
Óº®� ��m°�mÒ�Ëã
Óº°�Ò� °ËÓ°ºSÈ�� �ºª�ºä�
mÈÎÓº®�ÏÈ�È�Ë®�SÈÏSÈ­º��Ò}ºm�°�Èãº�}ºÓ°�S�ÒSº�
mÈÓÒË�Ò�Ò°¹©�ÈÓÒË�°ËÓ°ºSºm��¹SÒ�º�Ó©²��ã«�¹SÒ�
äËÓËÓÒ«�m�¹ËSËÓº°Ó©²�Ò�}ÈSäÈÓÓ©²�¹SÒ­ºSÈ²��È
�È}ÎË�m�¹SÒ­ºSÈ²���ãÒ�Ëã
ÓºË�mSËä«�SÈ­º�È��Ò²
º��Èm�ºÓºäÓ©²�Ò°�º�ÓÒ}ºm�¹Ò�ÈÓÒ«�

jÏ��ËÓÒË� ¹��Ë®� �äËÓ
	ËÓÒ«� äº�Óº°�Ò�� ¹º�
�SË­ã«Ëäº®� ¹ºã�¹Sºmº�ÓÒ}ºm©äÒ� äË�Èããºº}°Ò��
Ó©äÒ�Ò��ËSäº}È�ÈãÒ�Ò�Ë°}ÒäÒ�°ËÓ°ºSÈäÒ��mË�Ë�°«�°
��������°ºmäË°�Óº�°º�S��ÓÒ}ÈäÒ�cs¡��z�S�È�ºm°}Ò®
jÓ°�Ò�����Ò�,VWLWXWR�7UHQWLQR�GL�&XOWXUD��j�ÈãÒ«��

�ºã�¹Sºmº�ÓÒ}ºm©Ë� �ÈÏº��m°�mÒ�Ëã
Ó©Ë� ªãË�
äËÓ�©��°ËÓ°ºS©��	ÒSº}º�Ò°¹ºã
Ï���°«��ã«�º¹SË�
�ËãËÓÒ«� }ºÓ�ËÓ�SÈ�Ò®� �ºS��Ò²� �ÈÏºm� m� mºÏ��²Ë�
�SÒÓ�Ò¹��Ë®°�mÒ«�ª�Ò²���m°�mÒ�Ëã
Ó©²�ªãËäËÓ�ºm
º°ÓºmÈÓ� ÓÈ� ÒÏäËÓËÓÒÒ� }ºÓ�ËÓ�SÈ�ÒÒ� Óº°Ò�ËãË®
�º}È��º­©�Óº�ªãË}�SºÓºm��Ò��°ãË�ºmÈ�Ëã
Óº��°ºº��
mË�°�m���Ëä�ÒÏäËÓËÓÒÒ�°º¹Sº�ÒmãËÓÒ«�äË�Èããº�
º}°Ò�Óº�º� ¹ºã�¹Sºmº�ÓÒ}È� ¹º�� �Ë®°�mÒËä� ²Ëäº�
°ºS­ÒSºmÈÓÓº�º��ºS��Ë�º��ÈÏÈ�

�ºã�¹Sºmº�ÓÒ}ºm©Ë���m°�mÒ�Ëã
Ó©Ë�ªãËäËÓ�©
�ã«��ºS��Ò²��ÈÏºm�º­©�Óº�SÈ­º�È���¹SÒ�°SÈmÓÒ�
�Ëã
Óº�m©°º}Ò²��Ëä¹ËSÈ��SÈ²��w�È��Ëä¹ËSÈ��SÈ�ÓË�
º�ÒÓÈ}ºmÈ��ã«�SÈÏãÒ�Ó©²��ÈÏºm�Û�º������Å&��mº�º�
Sº����º�����Å&��äË�ÈÓ���sËº­²º�Òäº°�
�ÓÈ�SËmÈ�°ËÓ�
°ºSÈ�¹SË�¹ºãÈ�ÈË��Ò°¹ºã
ÏºmÈÓÒË�ÓÈ�SËmÈ�Ëã
Ó©²
ªãËäËÓ�ºm��ã«�¹º��ËSÎÈÓÒ«�SÈ­º�Ë®��Ëä¹ËSÈ��S©�
|�ÓÈ}º�äÓº�ÒË�äÈ°°ºm©Ë�¹SÒäËÓËÓÒ«� �ÈÏº��m°��
mÒ�Ëã
Ó©²�ªãËäËÓ�ºm��ÓÈ¹SÒäËS��m�SÈ­º�È��Ò²�º�
­È�ÈSË®��ÈÏº°Ò�ÓÈãÒÏÈ�ºSÈ²�ÒãÒ�ÓÈÒ­ºãËË�ÒÓ�ËSË°�
Ó©²�°�}ºääËS�Ë°}º®��º�}Ò�ÏSËÓÒ«�¹ºÎÈSÓ©²��Ë�
�Ë}�ºSÈ²� >��� �@�� �SË­����äÒÓÒäÒÏÈ�ÒÒ�ÓÈ�SËmÈ��
�Ë®�äº�Óº°�Ò��yËãÈ�Ëã
Óº�� ��º­©� ¹Sº�ºãÎÒ�Ëã
�
Óº°�
�SÈ­º�©��È}Ò²��°�Sº®°�m�°�­È�ÈSË®Ó©ä�¹Ò�ÈÓÒ�
Ëä�°º°�Èmã«ãÈ�ÓË°}ºã
}º�ãË����È}È«�¹Sº�ºãÎÒ�Ëã
�
Óº°�
�ÓË�äºÎË��­©�
�¹ºã��ËÓÈ�¹SÒ�Ò°¹ºã
ÏºmÈÓÒÒ
�SÈ�Ò�ÒºÓÓ©²��ºÓ}º��ÒãÒ��ºã°�º¹ãËÓº�Ó©²�°ËÓ�
°ºSºm�>�@�

{�¹SË�mÈSÒ�Ëã
Ó©²�ª}°¹ËSÒäËÓ�È²�ä©�äÒÓÒäÒ�
ÏÒSºmÈãÒ�¹º�SË­ã«Ëä���äº�Óº°�
�äË�Èããºº}°Ò��
Ó©²� �ÈÏº��m°�mÒ�Ëã
Ó©²� ªãËäËÓ�ºm�� ÒÏ�º�ºmãËÓ�
Ó©²�¹º��ºã°�º¹ãËÓº�Óº®��Ë²Óºãº�ÒÒ��r©ãÒ�¹ºã��
�ËÓ©� äÒÓÒäÈã
Ó©Ë� �ËºäË�SÒ�Ë°}ÒË� �È­ÈSÒ�Ó©Ë
SÈÏäËS©��È�°ãË�ºmÈ�Ëã
Óº��Ò�äÒÓÒäÈã
ÓÈ«�¹º�SË­�
ã«ËäÈ«�äº�Óº°�
����º°�ÒÎÒä©Ë�°�Ò°¹ºã
ÏºmÈÓÒËä
º­©�Óº®� �ºã°�º¹ãËÓº�Óº®� �Ë²Óºãº�ÒÒ�� 3ÈÏäËS©
�Ò¹È� ��m°�mÒ�Ëã
Óº�º� ªãËäËÓ�È� °º°�Èmã«��� ¹SÒ�
­ãÒÏÒ�Ëã
Óº���� � ��� � �����ää��w�º�°ºº�mË�°�m��
Ë�� º¹�ÒäÈã
Óº®� äº�Óº°�Ò� ¹SÒ� �Ë�Ë}�ÒSºmÈÓÒÒ
äË�ÈÓÈ��SÈmÓº®�¹SÒ­ãÒÏÒ�Ëã
Óº�����ä{��>�@��{ÓË	�
ÓÒË� m©mº�©� �Ò¹È� ­©ãÒ� °�ËãÈÓ©� ÒÏ� ¹ãÈ�ÒÓºmº®
¹Sºmºãº}Ò��ÒÈäË�Sºä����ä}ä��°º�Ë�È��Ë®�m©°º�
}���°�º®}º°�
�¹SÒ�SÈ­º�Ë®��Ëä¹ËSÈ��SË�°ËÓ°ºSÈ�°º
°SÈmÓÒ�Ëã
Óº�ÓÒÏ}º®� �Ë¹ãº¹Sºmº�Óº°�
���{ÓË	�
ÓÒ®�mÒ��°ËÓ°ºSÈ��ÒÏ�º�ºmãËÓÓº�º�¹º��ºã°�º¹ãËÓº��
Óº®��Ë²Óºãº�ÒÒ��¹SË�°�ÈmãËÓ�ÓÈ�SÒ°����

iÈã
ÓË®	ËË��äËÓ
	ËÓÒË�¹º�SË­ã«Ëäº®�äº�Óº�
°�Ò�äºÎË��­©�
�¹ºã��ËÓº�¹SÒ�Ò°¹ºã
ÏºmÈÓÒÒ�}ºä�
­ÒÓÒSºmÈÓÓº®� �Ë²Óºãº�ÒÒ�� m}ã��È��Ë®� äÒ}Sº�
äÈ	ÒÓÓ©Ë� ª�È¹©� Ò� ÓÈÓË°ËÓÒË� �ºã°�º¹ãËÓº�Ó©²
��m°�mÒ�Ëã
Ó©²� °ãºËm� °ËÓ°ºSÈ�� lÒ}SºäÈ	ÒÓÓÈ«
�Ë²Óºãº�Ò«�m�ª�ºä�°ã��ÈË�¹SÒäËÓ«Ë�°«��ã«�ÒÏ�º�ºm�
ãËÓÒ«�ÓÈ�SËmÈ�Ëã
Ó©²�ªãËäËÓ�ºm�Ò��S��Ò²��È°�Ë®
�ÈÏºmº�º�°ËÓ°ºSÈ���SË­���Ò²�m©°º}º�º��ËºäË�SÒ�
�Ë°}º�º� SÈÏSË	ËÓÒ«�� �Ò¹Ò�Óº�º� �ã«� }SËäÓÒËmº®
äÒ}SºªãË}�SºÓÒ}Ò��w�È�äË�º�Ò}È�¹ºÏmºã«Ë���È}ÎË
°ËSÒ®Óº�¹SºÒÏmº�Ò�
���m°�mÒ�Ëã
Ó©Ë�ªãËäËÓ�©�°º

3È°°äº�SËÓ©�mÈSÒÈÓ�©��Ë²Óºãº�ÒÒ��}º�ºS©Ë�¹ºÏmº�
ã«���ÒÏ�º�ºmÒ�
�¹ºã�¹Sºmº�ÓÒ}ºm©Ë�Ò��ËSäº}È�ÈãÒ�Ò�
�Ë°}ÒË�°ËÓ°ºS©��ºS��Ò²�Ò��º}°Ò�Ó©²��ÈÏºm�°�äÒÓÒäÈã
�
Óº®�¹º�SË­ã«Ëäº®�äº�Óº°�
����Ò°�º��ºã°�º¹ãËÓº�ÓÈ«
�Ë²Óºãº�Ò«�� ÒÏ�º�ºmãËÓÒË� �ºÓ}Ò²� �ÒªãË}�SÒ�Ë°}Ò²
äËä­SÈÓ�ÓÈ�º°ÓºmË�º}°Ò�È�Èã�äÒÓÒ«��7$)��Ò�}ºä­ÒÓÈ�
�Ò«� �Ë²Óºãº�ÒÒ� }SËäÓÒËmº�º� äÒ}SºäÈ	ÒÓÒÓ�È� °� �ºã�
°�º¹ãËÓº�Ó©ä� ÓÈÓË°ËÓÒËä� �ÈÏº��m°�mÒ�Ëã
Ó©²� °ãºËm�
imÈ� ¹º°ãË�ÓÒ²� äË�º�È� ¹ºÏmºã«��� ¹ºã��Ò�
� °ËÓ°ºS©�
¹SÒäËÓÒä©Ë�m�}ÈSäÈÓÓ©²�¹SÒ­ºSÈ²�Ò�¹SÒ­ºSÈ²���ãÒ�Ëã
�
ÓºË�mSËä«�SÈ­º�È��Ò²�Èm�ºÓºäÓº�



ljzc|vjv�plskÐ��ptsjzk��¢���������

�¡¢

�

��½«¥¬¥­²»�­ ­®��¨�¬¨ª°®±¨±²¥¬­®©�²¥µ­¨ª¨� �

m°�SºËÓÓ©äÒ�ªãË}�SºÓÓ©äÒ�°²ËäÈäÒ���ºã°�º¹ãË�
Óº�Ó©Ë�äÈ�ËSÒÈã©��ã«� �ÈÏº��m°�mÒ�Ëã
Ó©²�°ãºËm
ÒäË��� º�ËmÒ�ÓºË�¹SËÒä��Ë°�mº�¹º� °SÈmÓËÓÒ�� °
�ºÓ}ÒäÒ�¹ãËÓ}ÈäÒ���È}�}È}�ºÓÒ��ºSÈÏ�º�­ºãËË���m�
°�mÒ�Ëã
Ó©�Ò�°�È­Òã
Ó©�

3ËÏ�ã	�È�©�Ò�º­°�Î�ËÓÒË

l©�SÈ°°äº�SËãÒ�mÈSÒÈÓ�©��Ë²Óºãº�ÒÒ��¹ºÏmº�
ã«��ÒË�ÒÏ�º�ºmÒ�
�¹ºã�¹Sºmº�ÓÒ}ºm©Ë�Ò��ËSäº�
}È�ÈãÒ�Ò�Ë°}ÒË� �ÈÏºm©Ë� °ËÓ°ºS©� °� äÒÓÒäÈã
Óº
mºÏäºÎÓº®�¹º�SË­ã«Ëäº®�äº�Óº°�
���3È°°äº�SË�
Ó©��mÈ�mºÏäºÎÓ©²�°¹º°º­È�ÒÏ�º�ºmãËÓÒ«�°ËÓ°ºSºm�
°�¹ºäº�
���ºã°�º¹ãËÓº�Óº®��Ë²Óºãº�ÒÒ�Ò��Ë²Óº�
ãº�ÒÒ�äÒ}SºäÈ	ÒÓÒÓ�È��iã«�º­ºÒ²�mÈSÒÈÓ�ºm�­©�
ãÒ�¹Sºäº�ËãÒSºmÈÓ©�¹Sº�Ë°°©��Ë¹ãºº­äËÓÈ��Ò¹È
äÒ}SºªãË}�SºÓÓº�º��ÈÏºmº�º�°ËÓ°ºSÈ�°�º}S�ÎÈ��
�Ë®�°SË�º®�

�ºã°�º¹ãËÓº�Ó©®� ¹ºã�¹Sºmº�ÓÒ}ºm©®� °ËÓ°ºS� Ò
°ËÓ°ºS�ÓÈ�äËä­SÈÓË�ÒÏ�$O�2����SÒ�º¹�ÒäÒÏÈ�ÒÒ��º�
¹ºãº�ÒÒ� ¹ºã�¹Sºmº�ÓÒ}ºmº�º� �ÈÏºmº�º� °ËÓ°ºSÈ�
ÒÏ�º�ºmãËÓÓº�º� ¹ºãÓº°�
�� ¹º� �ºã°�º¹ãËÓº�Óº®
�Ë²Óºãº�ÒÒ���ºãÎÓÈ�¹SÒÓÒäÈ�
°«�mº�mÓÒäÈÓÒË�m°«
°ºmº}�¹Óº°�
�°mº®°�m�äÈ�ËSÒÈãºm�Ò�mºÏäºÎÓº°�Ò
�ºã°�º¹ãËÓº�Óº®� �Ë²Óºãº�ÒÒ� ÒÏ�º�ºmãËÓÒ«� �Ò¹È
°ËÓ°ºSÈ��iã«�ÒÏ�º�ºmãËÓÒ«��Ò¹È�¹ºã�¹Sºmº�ÓÒ}º�
mº�º�°ËÓ°ºSÈ�Ò°¹ºã
ÏºmÈãÒ��ºã°�º¹ãËÓº�Ó©Ë�äÈ�Ë�
SÒÈã©�ÓÈ�º°ÓºmË��Òº}°Ò�È�S��ËÓÒ«�Ò�¹ãÈ�ÒÓ©��ÓÈ�
�SËmÈ�Ëã
���º}°Ò�È�ºãºmÈ��¹º�ãºÎ}È��Ò��Òº}°Ò�È�ºãº�
mÈ� ���m°�mÒ�Ëã
Ó©®� °ãº®��� iã«� äºÓ�ÈÎÈ� �Ò¹È� Ò°�
¹ºã
ÏºmÈãÒ�¹ãÈ�ÒÓºm©Ë�¹Sºmº�È��ÒÈäË�Sºä����ä}ä�
�SÒÓÒäÈãÒ� mº� mÓÒäÈÓÒË� äÒÓÒäÈã
Ó©Ë� SÈÏäËS©
ªãËäËÓ�ºm�}ºÓ°�S�}�ÒÒ��}º�ºS©Ë�äº����­©�
�ÒÏ�º�
�ºmãËÓ©� °� ¹ºäº�
�� �ºã°�º¹ãËÓº�Óº®� �Ë²Óºãº�
�ÒÒ��Û�º}ºãº�����ä}ä�

3È°�Ë���SË²äËSÓ©²��Ë¹ãºm©²�¹ºãË®�m�¹ºã�¹Sº�
mº�ÓÒ}ºmºä��ÈÏºmºä�°ËÓ°ºSË��ÒÏ�º�ºmãËÓÓºä�°�Ò°�
¹ºã
ÏºmÈÓÒËä��ºã°�º¹ãËÓº�Óº®��Ë²Óºãº�ÒÒ��¹Sº�

mº�ÒãÒ�°�¹ºäº�
��¹Sº�SÈää©�z|sp���SÈÏSÈ­º�
�ÈÓÓº®�m�s�|���ãÈ�ÈÓ��

3ËÏ�ã
�È�©�ª�Ò²�SÈ°�Ë�ºm�¹º}ÈÏÈãÒ����º�äÒÓÒ�
äÈã
ÓÈ«�äº�Óº°�
��¹º�SË­ã«ËäÈ«�°ËÓ°ºSºä���º°�
�Ò�ÈË�°«� ¹SÒ� Ò°¹ºã
ÏºmÈÓÒÒ� �Ò¹È� °� º�Óº	ËÓÒËä
�ãÒÓ©�}�	ÒSÒÓË�ÓË�äËÓËË���Ò�¹ãÈ�ÒÓºm©²�¹Sºmº�
�ºm� �m� }È�Ë°�mË� �º}º¹º�mº�ºm�� �ãÒÓº®� ÓË� äËÓËË
� ää��{�ª�ºä�°ã��ÈË�¹º�ËSÒ��Ë¹ãº�©�ÏÈ�°�Ë���Ë¹ãº�
¹Sºmº�Óº°�Ò�¹Sºmº�ºm�Ò�ÏÈ�°�Ë���Ë¹ãºº­äËÓÈ�°�º}�
S�ÎÈ��Òä�mºÏ��²ºä�º}ÈÏ©mÈ��°«�¹SÒäËSÓº�º�Ò�
ÓÈ}ºm©äÒ���SÒ�ª�ºä��Ë¹ãºmºË�¹ºãË�ÓÈ�¹ºmËS²Óº�
°�Ò��Ò¹È�m�º­ãÈ°�Ò�SÈ°¹ºãºÎËÓÒ«���m°�mÒ�Ëã
Óº�º
°ãº«�º}ÈÏ©mÈË�°«��º°�È�º�Óº�º�ÓºSº�Ó©ä��SÈÏãÒ�
�ÒË�m��Ëä¹ËSÈ��SË�m�º­ãÈ°�Ò�SÈ°¹ºãºÎËÓÒ«� �ÈÏº�
��m°�mÒ�Ëã
Óº�º�°ãº«�ÓË�¹SËm©	ÈË����Å&�

�SÒ� m©¹ºãÓËÓÒÒ� m°Ë²� ª�Ò²� �°ãºmÒ®� mºÏäºÎÓº
¹ºã��Ò�
��Ò¹©�°ËÓ°ºSºm��¹º�SË­ã«��ÒË�¹SÒ�����Å&
ÓË�­ºãËË�����ä{���sÈ�SÒ°����¹SË�°�ÈmãËÓ�mÓË	ÓÒ®
mÒ��°ËÓ°ºSÈ�m�}ºS¹�°Ë��|����È�ÓÈ�SÒ°����Û�SÈ°¹SË�
�ËãËÓÒË��Ëä¹ËSÈ��S�ÓÈ�Ë�º�¹ºmËS²Óº°�Ò�

iã«� �Èã
ÓË®	Ë�º� �äËÓ
	ËÓÒ«� äº�Óº°�Ò�� ¹º�
�SË­ã«Ëäº®� ¹ºã�¹Sºmº�ÓÒ}ºm©ä� °ËÓ°ºSºä�� ­©ãº
¹SË�ãºÎËÓº�Ò°¹ºã
ÏºmÈ�
�m�}È�Ë°�mË��Ë¹ãºÒÏºãÒ�
S���Ë�º�Ò�ÓË°��Ë�º�ªãËäËÓ�È�}ºÓ°�S�}�ÒÒ��ºÓ�
}����ÒªãË}�SÒ�Ë°}���äËä­SÈÓ��ÒÏ�º}°Ò�È�Èã�äÒ�
ÓÒ«�>����@��w�È�äËä­SÈÓÈ�ÓÈ}ãËÒmÈË�°«�°�¹ºäº�
�

°�Ë}ãÈ�ÓÈ�}ËSÈäÒ�Ë°}���¹ãÈ°�ÒÓ��°�º�mËS°�Ò«äÒ�
sÈ�¹ºmËS²Óº°�Ò�äËä­SÈÓ©�ÁºSäÒS�Ë�°«��ºÓ}º¹ãË�
Óº�Ó©®�ÓÈ�SËmÈ�Ëã
�Ò�ÓÈÓº°Ò�°«��ºã°�º¹ãËÓº�Ó©®
��m°�mÒ�Ëã
Ó©®�°ãº®���SËÒä��Ë°�mºä��È}º�º�°¹º�
°º­È�ÒÏ�º�ºmãËÓÒ«�°ËÓ°ºSºm�¹º�°SÈmÓËÓÒ��°�°ËÓ�
°ºSÈäÒ��ÒÏ�º�ºmãËÓÓ©äÒ�¹º��Ë²Óºãº�ÒÒ�}SËäÓÒË�
mº�º� äÒ}SºäÈ	ÒÓÒÓ�È�� }º�ºS©Ë� ­����� º¹Ò°ÈÓ©
ÓÒÎË��«mã«Ë�°«�¹Sº°�º�È�¹Sº�Ë°°È�Ò�mºÏäºÎÓº°�

¹SºÒÏmº�°�mÈ�°SË�ÓÒ²�¹º�º­�Ëä��¹ÈS�Ò®�¹SÒ­ºSºm
�m�¹SË�ËãÈ²�ÓË°}ºã
}Ò²�äÒããÒºÓºm�	��}�m��º���

{� SËÏ�ã
�È�Ë� º¹�ÒäÒÏÈ�ÒÒ� �Ë¹ãºm©²� ¹Sº�Ë°°ºm
­©ãÒ�m©­SÈÓ©�SÈÏäËS©�°ËÓ°ºSÈ�ÓÈ�º°ÓºmË�äËä­SÈÓ
ÒÏ�º}°Ò�È�Èã�äÒÓÒ«��iÒÈäË�S�äËä­SÈÓ©�°º°�Èmã«Ë�

3Ò°�����{ÓË�ÓÒ®�mÒ��¹ºã�¹Sºmº�ÓÒ}ºmº�º��ÈÏºmº�º�°ËÓ°ºSÈ��°äºÓ�
�ÒSºmÈÓÓº�º�m�}ºS¹�°Ë�72����iÒÈäË�S�}ºS¹�°È�SÈmËÓ����ää���ãÒÓÈ
�Ò¹È�º}ºãº���ää

3Ò°�����3È°¹SË�ËãËÓÒË��Ëä¹ËSÈ��S�ÓÈ
¹ºmËS²Óº°�Ò��Ò¹È�¹ºã�¹Sºmº�ÓÒ}ºmº�º
°ËÓ°ºSÈ�SÈÏäËSºä���� � ����ää��°ÓÈ­�
ÎËÓÓº�º�Ïºãº�©äÒ�¹Sºmºãº�Ó©äÒ�m©�
mº�ÈäÒ��ÒÈäË�Sºä����ä}ä��¡ÒÁSÈäÒ
º­ºÏÓÈ�ËÓ©�ÒÏº�ËSä©��
��Û�����Å&����Û����Å&����Û�����Å&�
� Û����Å&����Û����Å&���È�Û����Å&����Û
���Å&����Û����Å&



ljzc|vjv�plskÐ��ptsjzk��¢��������� �

�¡¢¢ÀÑÈËÜÅÂ� �� �� ��¬ÈÊSÎÌÎÙÍÛÅ�ÏÎËÓÏSÎÂÎÄÍÈÊÎÂÛÅ�ÑÅÍÑÎSÛ�ÍÀ�ÒÎÍÊÈÕ�ÄÈÝËÅÊÒSÈ×ÅÑÊÈÕ�ÌÅÌÁSÀÍÀÕ

��ää��SÈÏäËS��ºÓ}º¹ãËÓº�Óº�º�¹ãÈ�ÒÓºmº�º�ÓÈ�SË�
mÈ�Ëã«�Û���� � ����ä}ä���SÒ�ª�ºä�äº�Óº°�
��¹º�
�SË­ã«ËäÈ«� ¹SÒ­ºSºä� ¹SÒ� SÈ­º�Ë®� �Ëä¹ËSÈ��SË
��� Å&��SÈmÓÈ�¹SÒäËSÓº����ä{���È�¹º°�º«ÓÓÈ«�mSËäË�
ÓÒ�SÈÏº�SËmÈ��º�SÈ­º�Ë®��Ëä¹ËSÈ��S©�Û�º}ºãº����ä°�

kÓÈãÒÏ� ¹ºã��ËÓÓ©²� ª}°¹ËSÒäËÓ�Èã
Ó©²� �ÈÓ�
Ó©²�¹º��Ë¹ãºº­äËÓ��¹ºã�¹Sºmº�ÓÒ}ºmº�º��Ò¹È�ÓÈ
º°ÓºmË��ºÓ}º®�äËä­SÈÓ©�ÒÏ�º}°Ò�È�Èã�äÒÓÒ«�¹º�
}ÈÏÈã����º�äº�Óº°�
��SÈ°°ËÒmÈËäÈ«�ÏÈ�°�Ë���Ë¹ãº�
¹Sºmº�Óº°�Ò�äËä­SÈÓ©��°º°�Èmã«Ë��º}ºãº����ä{��

iã«� �ºÓ}º¹ãËÓº�Óº�º� ¹ãÈ�ÒÓºmº�º� ÓÈ�SËmÈ�Ëã«�
¹ºã��ËÓÓº�º� ÓÈ¹©ãËÓÒËä� ¹ãÈ�ÒÓ©� �ËSËÏ� äÈ°}�� Ò
ÒäË��Ë�º�	ÒSÒÓ���º}º¹Sºmº�«�Ò²��ºSºÎË}����ä}ä�
¹ºã��ËÓÈ� ��ºmãË�mºSÒ�Ëã
ÓÈ«� °�È­Òã
Óº°�
� ¹SÒ
����Å&��iSË®Á�°º¹Sº�ÒmãËÓÒ«�ÓÈ�SËmÈ�Ëã«�ÓË�¹SË�
m©	ÈË������m��º���sÈ�SÒ°����¹SË�°�ÈmãËÓ�mÓË	ÓÒ®
mÒ���Ò¹È��È�ÓÈ�SÒ°����Û�ª}°¹ËSÒäËÓ�Èã
Óº�¹ºã��
�ËÓÓÈ«� ÏÈmÒ°Òäº°�
� ¹º�SË­ã«Ëäº®� äº�Óº°�Ò� º�
SÈÏäËSÈ�ÓÈ�SËmÈ�Ëã«�

vËÓ°ºS©�ÓÈ�º°ÓºmË�}SËäÓÒËmº�º�äÒ}SºäÈ�ÒÓÒÓ�
�È�� iÈã
ÓË®	ËË� �äËÓ
	ËÓÒË� äº�Óº°�Ò�� ¹º�SË­�
ã«Ëäº®� °ËÓ°ºSºä�� mºÏäºÎÓº� ¹SÒ� Ò°¹ºã
ÏºmÈÓÒÒ
�Ë²Óºãº�ÒÒ� }SËäÓÒËmº�º� äÒ}SºäÈ	ÒÓÒÓ�È�� w�º
°m«ÏÈÓº�°��Ëä����º�º­È�º¹Ò°ÈÓÓ©²�m©	Ë�°¹º°º­È
ÒÏ�º�ºmãËÓÒ«�°ËÓ°ºSºm�ÓË�äº����º­Ë°¹Ë�Ò�
��äËÓ
�
	ËÓÒË� äº�Óº°�Ò� ÓÒÎË� ÓË}º�ºSº�º� ¹SË�ËãÈ�� iã«
�ºã°�º¹ãËÓº�Óº�º�°ËÓ°ºSÈ��È}º®�¹SË�Ëã�°º°�Èmã«Ë�
¹SÒäËSÓº� ���Û����ä{��Ò� °m«ÏÈÓ� °� SÈÏSË	ËÓÒËä
�Ë²Óºãº�ÒÒ��SÈÁÈSË�Óº®�¹Ë�È�Ò��iã«�äËä­SÈÓ�ÓÈ
º°ÓºmË�º}°Ò�È�Èã�äÒÓÒ«�äÒÓÒäÈã
ÓÈ«�äº�Óº°�

°ËÓ°ºSÈ��¹ºã��ÈËäÈ«�¹SÒ�Ë�º�ÓË¹SËS©mÓºä�ÓÈ�SËmË
�º�����Å&��°º°�Èmã«Ë��º}ºãº����ä{���Ò�ËË��Èã
ÓË®�
	ËË�¹ºÓÒÎËÓÒË�º�SÈÓÒ�ÒmÈË�°«�°SÈmÓÒ�Ëã
Óº�m©�
°º}º®��Ë¹ãº¹Sºmº�Óº°�
��º}°Ò�È�Èã�äÒÓÒ«�

{äË°�Ë� °� �Ëä�� ÒÏmË°�Óº�� ��º� �ºÓ}º¹ãËÓº�Ó©Ë
¹ºã�¹Sºmº�ÓÒ}ºm©Ë� äË�Èããºº}°Ò�Ó©Ë� ��m°�mÒ�
�Ëã
Ó©Ë�°ãºÒ�º­ãÈ�È���äËÓ
	Ë®�°�È­Òã
Óº°�
��Ò
��m°�mÒ�Ëã
Óº°�
��¹º�°SÈmÓËÓÒ��°�ÓÈÓº�Ò°¹ËS°�
Ó©äÒ�°ãº«äÒ��ÓÈÓË°ËÓÓ©äÒ�°�¹ºäº�
���Ë²Óºãº�
�ÒÒ��ºã°�©²�¹ãËÓº}�

�ºª�ºä��ä©�Ò°¹ºã
ÏºmÈãÒ�}ºä­ÒÓÈ�Ò���Ë²Óº�
ãº�ÒÒ� }SËäÓÒËmº�º� äÒ}SºäÈ	ÒÓÒÓ�È�� ¹SÒäËÓÒ�
ä����ã«�ÒÏ�º�ºmãËÓÒ«�ÓË°��Ë®��ÒªãË}�SÒ�Ë°}º®
äËä­SÈÓ©�Ò�¹ãÈ�ÒÓºmº�º�ÓÈ�SËmÈ�Ëã«��°��ºã°�º¹ãË�
Óº�Óº®� �Ë²Óºãº�ÒË®� ÓÈÓË°ËÓÒ«� �ÈÏº��m°�mÒ�Ëã
�
Ó©²�°ãºËm�ÒÏ�ÓÈÓº�Ò°¹ËS°Óº�º�äË�Èããºº}°Ò�Óº�º
¹ºã�¹Sºmº�ÓÒ}È�>����@�

sÈ�º°ÓºmÈÓÒÒ�SËÏ�ã
�È�ºm��¹ºã��ËÓÓ©²��ã«��ºã�
°�º¹ãËÓº�Ó©²�°ËÓ°ºSºm��­©ã�°�ËãÈÓ�m©mº��º��ºä�
��º���m°�mÒ�Ëã
Ó©®�ªãËäËÓ��ÓÈ��ºÓ}º®��ÒªãË}�SÒ�
�Ë°}º®�äËä­SÈÓË��ºãÎËÓ�­©�
�mºÏäºÎÓº�äËÓ
	Ë�º
SÈÏäËSÈ��m��º�mSËä«�}È}�°ÈäÈ�äËä­SÈÓÈ��ã«�ÓÈÒã���
	Ë®� �Ë¹ãºÒÏºã«�ÒÒ� ÓÈ�SË�º�º� ��m°�mÒ�Ëã
Óº�º
°ãº«��ºãÎÓÈ�ÒäË�
�­ºã
	���¹ãº�È�
��w�È��º¹ºãº�
�Ò«�­©ãÈ�ÏÈãºÎËÓÈ�m�SÈ°�Ë���}º�ºS©®�¹Sºmº�Òã°«�°
Ò°¹ºã
ÏºmÈÓÒËä�¹È}Ë�È�¹Sº�SÈää�,6(�62/,',6�

3ËÏ�ã
�È�� SÈ°�Ë�È�� ¹SË�°�ÈmãËÓÓ©®� ÓÈ� SÒ°�� ��
¹º}ÈÏ©mÈË�����º�¹SÒ�ÁÒ}°ÒSºmÈÓÓºä�SÈÏäËSË�ÓÈ�
�SËmÈ�Ëã«��ã«�¹ºã��ËÓÒ«�ÓÈÒäËÓ
	Ë®�äº�Óº°�Ò�

3Ò°�����{ÓË�ÓÒ®�mÒ��¹ºã�¹Sºmº�ÓÒ}ºmº�º��Ò¹È�ÓÈ�º°ÓºmË��ÒªãË}�
�SÒ�Ë°}º®�äËä­SÈÓ©�ÒÏ�º}°Ò�È�Èã
äÒÓÒ«

3Ò°�����lº�Óº°�	��¹º�SË­ã«ËäÈ«�°ËÓ°ºSºä��}È}�Á�Ó}�Ò«�º�Óº�
�ËÓÒ«�SÈÏäËSÈ�äËä­SÈÓ©�}�SÈÏäËS��ÓÈ�SËmÈ�Ëã«��3ÈÏäËS�ÓÈ�SË�
mÈ�Ëã«���� � ����ä}ä���Ëä¹ËSÈ��SÈ�����z��|}S�ÎÈ
�È«�°SË�È�Û
mºÏ��²

3Ò°�����~ÈmÒ°Òäº°�	�äº�Óº°�Ò��¹º�SË­ã«Ëäº®�°ËÓ°ºSºä��º��SÈÏ�
äËSÈ�ÓÈ�SËmÈ�Ëã«��iÒÈäË�S�äËä­SÈÓ©���ää��SÈÏäËS�ÓÈ�SËmÈ�Ëã«�

��Û���� � ����ä}ä�������ää������Û���� � �����ä}ä�������ää���

� Û���� � ����ä}ä�������ää������Û���� � ����ä}ä�������ää���
ÏÓÈ�ËÓÒË�5�5�  ����°ºº�mË�°�m�Ë���Ëä¹ËSÈ��SË�����Å&
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¹º�SË­ã«Ëäº®�°ËÓ°ºSºä��º�Óº	ËÓÒË�SÈÏäËSÈ�äËä�
­SÈÓ©�}�SÈÏäËS����m°�mÒ�Ëã
Óº�º�°ãº«��ºãÎÓº�°º�
°�Èmã«�
�ÓË�äËÓËË�����lËä­SÈÓÈ�¹SË�°�Èmã«Ë��°º�
­º®� äÓº�º°ãº®Ó��� }ºÓ°�S�}�Ò��� °º°�º«���� ÒÏ
°ãºËm� m� º¹SË�ËãËÓÓº®� ¹º°ãË�ºmÈ�Ëã
Óº°�Ò�� °ãº®
º}°Ò�È�}SËäÓÒ«��ºã�ÒÓº®�����Óä��/3&9'���w|v��
°ãº®�°�Ë²ÒºäË�SÒ�Ë°}º�º�ÓÒ�SÒ�È�}SËäÓÒ«��&9'��
ÓËãË�ÒSºmÈÓÓ©®�º}°Ò��}SËäÓÒ«��ºã�ÒÓº®����Óä�
ãË�ÒSºmÈÓÓºË� Áº°ÁºSºä� ­ºSº°ÒãÒ}È�ÓºË� °�Ë}ãº
�ºã�ÒÓº®�����Óä�Ò�Ë�Ë�º�ÒÓ�°ãº®�ÓËãË�ÒSºmÈÓÓº�
�º�º}°Ò�È�}SËäÓÒ«��ºã�ÒÓº®����Óä�

|­SÈÏ�©� �Ò¹ºm� ¹ºã�¹Sºmº�ÓÒ}ºm©²� °ËÓ°ºSºm
­©ãÒ�ÒÏ�º�ºmãËÓ©�m�°ºº�mË�°�mÒÒ�°�SËÏ�ã
�È�ÈäÒ�SÈ°�
�Ë�È��{ÓË	ÓÒ®�mÒ��¹SÒ­ºSÈ�¹SË�°�ÈmãËÓ�ÓÈ�SÒ°�����sÈ

¹ºmËS²Óº°�Ò�äËä­SÈÓ©�­©ãÒ�°ÁºSäÒSºmÈÓ©�¹ãÈ�
�ÒÓºm©Ë�ÓÈ�SËmÈ�ËãÒ��r©ãÈ�SÈÏSÈ­º�ÈÓÈ�äË�º�Ò}È
ÓÈÓË°ËÓÒ«� ¹ãÈ�ÒÓ©�� ¹ºÏmºãÒm	È«� ¹ºã��Ò�
� °�È�
­Òã
Ó©Ë�²ÈSÈ}�ËSÒ°�Ò}Ò�¹SÒ��Ëä¹ËSÈ��SË��º�����Å&�
w�È�äË�º�Ò}È�°º°�ºÒ��m��ºä����º�m�}È�Ë°�mË�È��ËÏÒ�
ºÓÓº�º�¹º�°ãº«�¹ËSmºÓÈ�Èã
Óº�ÓÈÓº°Ò�°«�È�Ë�Òã�
È�Ë�ºÓÈ��¹ãÈ�ÒÓ©��}º�ºS©®�¹SÒ�SÈÏãºÎËÓÒÒ�º­SÈ�
Ï�Ë��°ãº®�¹ãÈ�ÒÓ©��²ÒäÒ�Ë°}Ò�°m«ÏÈÓÓ©®�°�äÈ�Ë�
SÒÈãºä�¹º�ãºÎ}Ò�

3ËÏ�ã
�È�©� ª}°¹ËSÒäËÓ�È� ¹SË�°�ÈmãËÓ©� ÓÈ
SÒ°�� �� Ò� ��� �SÒ� SÈÏäËSË� ÓÈ�SËmÈ�Ëã«�� SÈmÓºä
��� � ����ä}ä��SÈÏäËS�äËä­SÈÓ©��º­Ë°¹Ë�ÒmÈ��Ò®
º¹�ÒäÈã
Ó��� äº�Óº°�
� °ËÓ°ºSÈ�� SÈmËÓ� � � �� ää�
iÈã
ÓË®	ËË��mËãÒ�ËÓÒË�SÈÏäËSÈ�äËä­SÈÓ©�ÓË�Ë�
ãË°ºº­SÈÏÓº���È}�}È}�ËË�¹Sº�Óº°�
��äËÓ
	ÈË�°«��È
�Ë¹ãºm©Ë�²ÈSÈ}�ËSÒ°�Ò}Ò�ÓË��ã��	È��°«�

3ËÏ�ã
�È�©��¹ºã��ËÓÓ©Ë�¹SÒ�º¹�ÒäÒÏÈ�ÒÒ��Ë¹ãº�
m©²� ²ÈSÈ}�ËSÒ°�Ò}� �ºÓ}Ò²� �ÒªãË}�SÒ�Ë°}Ò²� äËä�
­SÈÓ�ÓÈ�º°ÓºmË�º}°Ò�È�ÓÒ�SÒ�È�}SËäÓÒ«��­©ãÒ�Ò°�
¹ºã
ÏºmÈÓ©� �ã«� ÒÏ�º�ºmãËÓÒ«� ¹Sº�º�Ò¹ºm� ¹ºã��
¹Sºmº�ÓÒ}ºm©²� °ËÓ°ºSºm� äË�ÈÓÈ�� w}°¹ËSÒäËÓ�
¹º��mËS�Òã�SËÏ�ã
�È�©�SÈ°�Ë�È��vËÓ°ºS�°�ÓÈ�SËmÈ�
�ËãËä�SÈÏäËSºä���� � ����ä}ä�m�äÈ}°Òä�äË���m°��
mÒ�Ëã
Óº°�Ò�}�äË�ÈÓ��¹º�SË­ã«Ë��¹SÒ�ÓË¹SËS©m�
Óºä�ÓÈ�SËmË�º}ºãº����ä{����SÒ�ª�ºä�¹º°�º«ÓÓÈ«
mSËäËÓÒ�ÓÈ�SËmÈ���m°�mÒ�Ëã
Óº�º�ªãËäËÓ�È��º�SÈ�
­º�Ë®��Ëä¹ËSÈ��S©�°º°�Èmã«Ë��º}ºãº����ä°��w�º�ºÏ�
ÓÈ�ÈË��� ��º� ¹SÒ� Ò°¹ºã
ÏºmÈÓÒÒ� Òä¹�ã
°Óº�º� ÓÈ�
�SËmÈ�°ËÓ°ºSÈ�°º�°}mÈÎÓº°�
�����äºÎË��­©�
�¹º�
ã��ËÓÈ�°SË�Ó««�äº�Óº°�
�º}ºãº�����ä{���w�º��ËãÈË�
�È}ÒË�°ËÓ°ºS©�}ºÓ}�SËÓ�º°¹º°º­Ó©äÒ�¹º�°SÈmÓË�
ÓÒ��°�Áº�ºªãË}�SºÓÓ©äÒ��È��Ò}ÈäÒ��©äÈ��¹SÒ�
äËÓ«Ëä©äÒ�m�¹Sº�Òmº¹ºÎÈSÓ©²�°Ò°�ËäÈ²�

 �m°�mÒ�Ëã
Óº°�
�°ËÓ°ºSÈ�}�äË�ÈÓ��¹SÒ�Ò°¹ºã
�
ÏºmÈÓÒÒ�ÓÈÓº�Ò°¹ËS°Óº�º� �ºã°�º¹ãËÓº�Óº�º���m�

3Ò°�����{ÓË�ÓÒ®�mÒ��¹ºã�¹Sºmº�ÓÒ}ºmº�º�°ËÓ°ºSÈ�ÓÈ�äËä­SÈÓË�ÒÏ
º}°Ò�È�ÓÒ�SÒ�È� }SËäÓÒ«�� vËÓ°ºS� °äºÓ�ÒSºmÈÓ� m� ¹ãÈ°�Ò}ºmºä
}ºS¹�°Ë

3Ò°�����lº�Óº°�	�ÓÈ�SËmÈ�Ëã«�°ËÓ°ºSÈ�}È}�Á�Ó}�Ò«��Ëä¹ËSÈ��S©
°ËÓ°ºSÈ��ã«�ÓÈ�SËmÈ�ËãË®�SÈÏãÒ�Óº�º�SÈÏäËSÈ��3ÈÏäËS�äËä­SÈÓ©
� � ��ä}ä��3ÈÏäËS�ÓÈ�SËmÈ�Ëã«��ä}ä�
��Û���� � �������Û���� � �������Û���� � �������Û����� � ����

3Ò°�����lº�Óº°�	�ÓÈ�SËmÈ�Ëã«�°ËÓ°ºSÈ�}È}�Á�Ó}�Ò«��Ëä¹ËSÈ��S©
°ËÓ°ºSÈ��ã«�äËä­SÈÓ� SÈÏãÒ�Óº�º� SÈÏäËSÈ��3ÈÏäËS� ÓÈ�SËmÈ�Ëã«
��� � ����ä}ä��¯ÈÏäËS�äËä­SÈÓ©�
��Û�� � ��ää����Û�� � ��ää�
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°�mÒ�Ëã
Óº�º� äÈ�ËSÒÈãÈ� º}ÈÏÈãÈ°
� �È}º®� ÎË�� }È}
Ò ��°ËÓ°ºSºm��ÒÏ�º�ºmãËÓÓ©²�äË�º�ºä��SÈÁÈSË�Óº®
¹Ë�È�Ò���Sº�Óº°�
�äËä­SÈÓ�º}ÈÏÈãÈ°
��º°�È�º�Óº®
�ã«� ÓÈÓË°ËÓÒ«� �ºã°�º¹ãËÓº�Ó©²� ��m°�mÒ�Ëã
Ó©²
äÈ�ËSÒÈãºm�

iÒº}°Ò��ºãºmÈ��¹SË�ÓÈÏÓÈ�ËÓÓ©®��ã«�¹ºã��Ë�
ÓÒ«��ºã°�º¹ãËÓº�Ó©²���m°�mÒ�Ëã
Ó©²�°ãºËm��­©ã
°ÒÓ�ËÏÒSºmÈÓ� °� Ò°¹ºã
ÏºmÈÓÒËä� äË�º�Ò}Ò�� º¹Ò�
°ÈÓÓº®�m�SÈ­º�Ë�>�@��j°²º�Ó©ä�mË�Ë°�mºä�°ã�ÎÒã
SÈ°�mºS� °�ã
ÁÈ�È� ºãºmÈ��{©­ºSºä�S+�SÈ°�mºSÈ� m
¹Sº�Ë°°Ë�º°ÈÎ�ËÓÒ«�äºÎÓº��º­Ò�
°«��º�º����º��Ò�
º}°Ò�� ºãºmÈ� º­SÈÏ�Ë�°«� ÓË¹º°SË�°�mËÓÓº� m� mÒ�Ë
äËã}º�Ò°¹ËS°Óº�º� ¹ºSº	}È�� ��Ëã
ÓÈ«� ¹ºmËS²�
Óº°�
�ª�º�º�¹ºSº	}È�°º°�Èmã«Ë��º}ºãº����ä�������º
°ºº�mË�°�m�Ë��SÈÏäËS���È°�Ò��º}ºãº����Óä���ºã��
�ËÓÓ©®� �È}Òä�º­SÈÏºä�¹ºSº	º}��Òº}°Ò�È� ºãºmÈ
¹Sº}ÈãÒmÈã°«�¹SÒ�����Å&�� �m°�mÒ�Ëã
Ó©®�äÈ�ËSÒ�
Èã��¹SË�ÓÈÏÓÈ�ËÓÓ©®��ã«�¹SÒ�º�ºmãËÓÒ«�ÓË°ËãË}�
�ÒmÓ©²�°ËÓ°ºSºm���ãËmº�ºSº�ºm��}º�ºS©®�Ò°¹ºã
�
ÏºmÈã°«�m�ª}°¹ËSÒäËÓ�È²��º¹Ò°ÈÓÓ©²�m�ÓÈ°�º«�Ë®
°�È�
Ë���º�ºmÒã°«�ÓÈ�º°ÓºmË�ª�º�º�¹ºSº	}È��Òº}�
°Ò�È�ºãºmÈ��iã«�ª�º�º�}�mº�Óº®�°�°¹ËÓÏÒÒ�¹ºSº	}È
6Q2���º­Èmã«ãÒ�²ãºSÒ��¹ÈããÈ�Ò«��|Ó�mº°°�ÈÓÈmãÒ�
mÈã°«�ä�SÈm
ÒÓº}Ò°ã©ä�ÓÈ�SÒËä��¹SÒ�Ëä��È°�Ò�©
�Òº}°Ò�È�ºãºmÈ�°ã�ÎÒãÒ��ËÓ�SÈäÒ�ÏÈSº�©	Ëº­�
SÈÏºmÈÓÒ«��È°�Ò��äË�ÈããÒ�Ë°}º�º�¹ÈããÈ�Ò«���º�
°ãË� ª�º�º� º­SÈÏºmÈm	Ò®°«�¹ºSº	º}�� ãË�ÒSºmÈÓ�
Ó©®�¹ÈããÈ�ÒËä����È�Ëã
Óº�¹Sºä©mÈãÒ��Ò°�ÒããÒ�
SºmÈÓÓº®�mº�º®��º�Ò°�ËÏÓºmËÓÒ«�SËÈ}�ÒÒ�ÓÈ�ÒºÓ©
²ãºSÈ���ºã��ËÓÓ©®�äÈ�ËSÒÈã�¹Sº°�	ÒmÈãÒ�Ò�Ò°�
¹ºã
ÏºmÈãÒ��ã«�¹SÒ�º�ºmãËÓÒ«��ÈÏº��m°�mÒ�Ëã
Ó©²
¹È°��

�ÈÏº��m°�mÒ�Ëã
Ó©®� ¹ºSº	º}�� SÈ°°äº�SËÓÓ©®
m�ÓÈ°�º«�Ë®�SÈ­º�Ë��°º�ËSÎÒ������mË°��¹ÈããÈ�Ò«�
w�º��¹ºSº	º}�°äË	ÒmÈãÒ�°�ºS�ÈÓÒ�Ë°}Òä�Óº°Ò�Ë�
ãËä� �ã«� �º�º�� ��º­©� ¹SÒ�È�
� ¹È°�Ë� ��º­Ó��� �ã«
�SÈÁÈSË�Óº®�¹Ë�È�Ò�m«Ï}º°�
��{�}È�Ë°�mË�ºS�ÈÓÒ�
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�Ò°°Ò¹È�ÒmÓ©Ë� ¹º�ËSÒ�� ��º� ¹ºÏmºã«Ë�� �¹SÈmã«�

	ÒSÒÓº®� ÏÈ¹SË�ËÓÓ©²� ÏºÓ�m�ÓÈÓº�Ë�ËSº°�S�}���
SÈ²��Ò��ËãÈË��mºÏäºÎÓ©ä�°ºÏ�ÈÓÒË�°Èä©²�m©°º}º�
°}ºSº°�Ó©²�Ò�m©°º}º�È°�º�Ó©²�ÒÏ�m°Ë²�ÒÏmË°�Ó©²
�mËS�º�Ëã
Ó©²�¹SÒ­ºSºm�°�SË}ºS�Ó©ä��°ÒãËÓÒËä�
äÒÓÒäÈã
Ó©äÒ�	�äÈäÒ���ã«�¹SÒËäÓ©²��°�Sº®°�m�
Ò�äÈ}°ÒäÈã
Óº®�m©²º�Óº®�äº�Óº°�
��Ò�z�i���ã«
¹ËSË�È��Ò²��°�Sº®°�m��

nÒÏÒ}È�ÓÈÓº�Ë�ËSº°�S�}��S�Û�º°ÓºmÈ��ÓÒ}Èã
�
Ó©²�²ÈSÈ}�ËSÒ°�Ò}�¹SÒ­ºSºm�ÓÈ�Ò²�º°ÓºmË��zmÈÓ�
�ºmº�SÈÏäËSÓ©Ë� ªÁÁË}�©�� º­�°ãºmãËÓÓ©Ë� ÓÈÓº�
äË�Sºm©äÒ��ºã�ÒÓÈäÒ�°ãºËm�m��SÈÓÏÒ°�ºSÓ©²��Ë�
�ËSº°�S�}��SÈ²� >�@�� º¹SË�Ëã«��� ²ÈSÈ}�ËSÒ°�Ò}Ò
¹SÒ­ºSºm�ÓÈ�Ò²�º°ÓºmË��w�º�º�}S©ãº��ÓÒ}Èã
Ó��

mºÏäºÎÓº°�
� ¹º°SË�°�mºä� mÈ¯
Ò¯ºmÈÓÒ«� �ºã�Ò�
Óº®�Ò °º°�Èmºä�¹SÒ­ºSÓº�º�}ÈÓÈãÈ��¹SÈmã«�
�Ë�º
º°ÓºmÓ©äÒ�²ÈSÈ}�ËSÒ°�Ò}ÈäÒ�

z ªÁÁË}�ÒmÓº®�	ÒSÒÓº®�ÏÈ¹SË�ËÓÓº®�ÏºÓ©�Ò�°º�
º�mË�°�mËÓÓº�¹ºSº�ºm©ä�ÓÈ¹S«ÎËÓÒËä��ã«���ÈS�
Óº®� ÒºÓÒÏÈ�ÒÒ� ªãË}�SºÓºm� Ò� ¹Sº­ÒmÓ©ä� ÓÈ�
¹S«ÎËÓÒËä��SÈÓÏÒ°�ºSÈ�

z ªãË}�SºÓÓº®�¹ãº�Óº°�
���¹º�mÒÎÓº°�
��Ò��SË®�
Áºmº®�°}ºSº°�
��ÓÈ°©�ËÓÒ«��È��È}ÎË��Ëä¹ËSÈ�
��Sº®�ªãË}�SºÓÓº�º��ÈÏÈ�7ªã�

{�°mº��º�ËSË�
��ª�º�¹ºÏmºãÒãº��¹SÈmã«Ëäº�ÏÈ�
�ÈmÈ�
�ÏÓÈ�ËÓÒ«�SÈ­º�Ò²��º}ºm���È°�º�Ó©Ë�²ÈSÈ}�
�ËSÒ°�Ò}Ò�� �°ÒãËÓÒË�� 	�äºm©Ë� ²ÈSÈ}�ËSÒ°�Ò}Ò�
m©²º�Ó���äº�Óº°�
��z�i�Ò��� ��

{�º�ãÒ�ÒË�º���ã�­º}º�º�Á�Ó�ÈäËÓ�Èã
Óº�º�¹º�
Ò°}È��°º°SË�º�º�ËÓÓº�º�ÓÈ�ªãË}�SºÓÓ©²�°Ò°�ËäÈ²
äÈãº®�¹ãº�Óº°�Ò�¹SÒ�ÓÒÏ}Ò²��Ëä¹ËSÈ��SÈ²�m�°ãÈ�
­©²�ªãË}�SÒ�Ë°}Ò²�¹ºã«²��}º��È�SÈÏ©�S©mÈ��°«��È}ÒË
�ÓÒ}Èã
Ó©Ë�«mãËÓÒ«��}È}�mÒ�ÓËSºm°}È«�}SÒ°�ÈããÒ�
ÏÈ�Ò«�ªãË}�SºÓÓº�º��ÈÏÈ�Ò �S���ÁÒÏÒ}È��SÈÓÏÒ°�ºS�
Ó©²�ÓÈÓº�Ë�ËSº°�S�}��S� ­ÈÏÒS�Ë�°«�ÓÈ� ªãË}�SºÓ�
Ó©²� °Ò°�ËäÈ²� °� m©°º}º®� ¹ãº�Óº°�
�� Óº°Ò�ËãË®�
�� Ë��}º��È�ÏÈ¹ºãÓËÓº�ÓË°}ºã
}º�ªãË}�SºÓÓ©²�¹º��
ÏºÓ�ÒãÒ��SºmÓË®��¹SÒ�}ºäÓÈ�Ó©²�Ò�­ºãËË�m©°º}Ò²
�Ëä¹ËSÈ��SÈ²��Ò�Ò²�¹ºmË�ËÓÒÒ�m�°Òã
Ó©²�ªãË}�SÒ�
�Ë°}Ò²�¹ºã«²��m¹ãº�
��º���ÈSÓº®�ÒºÓÒÏÈ�ÒÒ����º�
°}ºã
}��²ÈSÈ}�ËSÓÈ«�ªÓËS�Ò«�SÈÏäËSÓº�º�}mÈÓ�ºmÈ�
ÓÒ«�Ï�Ë°
�¹ºS«�}È�����äª{���� Ë��°��Ë°�mËÓÓº�­ºã
	Ë�
�Ëä�ªÓËS�Ò«��°ºº�mË�°�m���È«�}ºäÓÈ�Óº®��Ëä¹Ë�
SÈ��SË� .7}ºäÓ  ��� äª{�� ªÁÁË}�©� SÈÏäËSÓº�º
}mÈÓ�ºmÈÓÒ«�¹Sº«mã«��°«� ¹SÒ� SËÈã
Ó©²� SÈ­º�Ò²
�°ãºmÒ«²�Á�Ó}�ÒºÓÒSºmÈÓÒ«�¹SÒ­ºSºm�

sÈÓº�Ë�ËSº°�S�}��SÓÈ«�ªãË}�SºÓÒ}È�Û�¹ËSmÈ«
¹SÒ­ºSÓÈ«�ªãË}�SºÓÓÈ«�ÓÈÓº�Ë²Óºãº�Ò«��|­�Ë�Ò�
ÓËÓÒË� ÁÒÏÒ}Ò� Ò� �Ë²Óºãº�ÒÒ� ÓÈÓº�Ë�ËSº°�S�}��S
° �Ë²Óºãº�ÒË®�ÒÏ�º�ºmãËÓÒ«�¹SÒ­ºSºm�ÓÈ�Ò²�º°ÓºmË
Ò� ¹SÒmËãº� }� °ºÏ�ÈÓÒ�� ÓÈÓº�Ë�ËSº°�S�}��SÓº®
ªãË}�SºÓÒ}Ò�� �°¹Ë	ÓºË� ¹SÒäËÓËÓÒË� Ï�Ë°
� ¹º�
°ãË�ÓÒ²� �º°�ÒÎËÓÒ®� ªãË}�SºÓÓº®� ãÒ�º�SÈÁÒÒ
�ã«�ÁºSäÒSºmÈÓÒ«��SÈÓÏÒ°�ºSºm�°��ãÒÓº®�ÏÈ�mºSÈ
�º�/Ï  ��������Óä���� Ë��äËÓ
	Ë®���Ëä��Ë­Sº®ãËm�
°}È«� �ãÒÓÈ� mºãÓ©� ªãË}�SºÓÈ�� ¹ºÏmºã«Ë�� º�ÓË°�Ò
ª����Ë²Óºãº�Ò���¹ËSmº®�°SË�Ò��S��Ò²��SÈÓÏÒ°�ºS�
Ó©²��Ë²Óºãº�Ò®��}�ÓÈÓº�Ë²Óºãº�ÒÒ�

wãËäËÓ�ÓÈ«�­ÈÏÈ�ÓÈÓº�Ë�ËSº°�S�}��SÓ©²�äºÓº�
ãÒ�Ó©²�ÒÓ�Ë�SÈã
Ó©²�°²Ëä��ljv��

z �ÓÒ¹ºã«SÓ©Ë�¹ºãËm©Ë��SÈÓÏÒ°�ºS©�°�ªãË}�SºÓ�
Ó©ä��ÈÏºä�m©°º}º®�¹º�mÒÎÓº°�Ò���� Ë��+(07
�+LJK�(OHFWURQ�0RELOLW\�7UDQVLVWRU��

z �Ë�ËSº­Ò¹ºã«SÓ©Ë��SÈÓÏÒ°�ºS©�

z ��ÓÓËã
Óº�SËÏºÓÈÓ°Ó©Ë�¹SÒ­ºS©�ÓÈ�}mÈÓ�ºm©²
«äÈ²��º­ãÈ�È��ÒË�ÓÈS«���°�SË}ºS�Ó©ä�­©°�Sº�

3È°°äÈ�SÒmÈ��°«�mº¹Sº°©�ÓÈ��Óº�º�Ò��Ë²Óºãº�Ò�Ë�
°}º�º�ÏÈ�ËãÈ�m�º­ãÈ°�Ò�ÁÒÏÒ}Ò�Ò��Ë²Óºãº�ÒÒ�ÓÈÓº�Ë�Ë�
Sº°�S�}��S� Ò� ¹ËS°¹Ë}�Òm� SÈÏmÒ�Ò«� �Ë²Óºãº�ÒÒ� ÒÏ�º�
�ºmãËÓÒ«�¹SÒ­ºSºm�ÓÈ�Ò²�º°ÓºmË�Û��Ë�ËSº°�S�}��SÓ©²
�SÈÓÏÒ°�ºSºm�

� ­®²¥µ­®«®£¨¨�¨�§®­¤®¢ ¿�¬¨ª°®±ª®¯¨¿
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�Ë®°�mÒËä�� �ÓÒ}Èã
Ó©äÒ� Á�Ó}�ÒºÓÈã
Ó©äÒ
mºÏäºÎÓº°�«äÒ�

z �Ë�ËSº°�S�}��SÓ©Ë� �SÈÓÏÒ°�ºS©� ÓÈ� }mÈÓ�ºm©²
�º�}È²�
vºÏ�ÈÓÓ©®�m�¹º°ãË�ÓÒË��Ë°«�ÒãË�Ò«�ÓÈ��Ó©®�Ò

�Ë²Óºãº�Ò�Ë°}Ò®�ÏÈ�Ëã�¹º�ÁÒÏÒ}Ë�Ò��Ë²Óºãº�ÒÒ�ÓÈ�
Óº�Ë�ËSº°�S�}��S� Ò� ¹º� �Ë²Óºãº�ÒÒ� ÒÏ�º�ºmãËÓÒ«
¹SÒ­ºSºm�ÓÈ�Ò²�º°ÓºmË��Èã�äº�Ó©®�Òä¹�ã
°�°�SË�
äÒ�Ëã
Óºä��¹Sºä©	ãËÓÓºä�� º°mºËÓÒ�� ª�º®�Óº�
mË®	Ë®��Ë²Óºãº�ÒÒ��¹º}È��}�°ºÎÈãËÓÒ���ÏÈ�S�­Ë�
Îºä��|­�Ëä�äÒSºm©²� ËÎË�º�Ó©²�¹Sº�ÈÎ�� �ºã
}º
°ÈäÒ²� �Ë�ËSº°�S�}��SÓ©²� �SÈÓÏÒ°�ºSºm� Ò� ljv�
�ÎË�¹SÒ­ãÒÏÒã°«�}��Û��äãS���ºãã���ËÎË�º�Óº��mË�
ãÒ�ÒmÈ«°
�­ºãËË��Ëä�ÓÈ��������º�m°Ëä�¹Sº�ÓºÏÈä
S©Óº}�ª�Ò²�ÒÏ�ËãÒ®�ÓÈ�­ãÒÎÈ®	ÒË���Û���ãË���Ò
�ÈãËË��­��Ë��º°�ÈmÈ�
°«�ÓÈÒ­ºãËË�¹SÒmãË}È�Ëã
Ó©ä
�ã«�ÒÓmË°�Ò�Ò®�
z�ÓÈ°�º«�Ëä��mSËäËÓÒ�ÓÈãÈÎËÓº�äÈ°°ºmºË�¹Sº�

ÒÏmº�°�mº��Ë�ËSº°�S�}��S�ÓÈ�¹ãÈ°�ÒÓÈ²��ÒÈäË�Sºä
�º�����ää���Ë�ËSº°�S�}��SÓ©²��SÈÓÏÒ°�ºSºm�ljv
�ã«�°ãË����Ò²�¹SÒäËÓËÓÒ®�
z °º�ºmÈ«� °m«Ï
�� °Ë®�È°� ª�º� �ÒÁSºmÈ«� °º�ºmÈ«
°m«Ï
����º�¹º}ºãËÓÒ«�Û�ÓÈÒ­ºãËË�äÈ°°ºmÈ«�º­�
ãÈ°�
�¹SÒäËÓËÓÒ«�ª�º®��Ë²Óºãº�ÒÒ��ºÓÈ�ÏÈÓÒäÈ�
Ë��º}ºãº��������Ë�ËSº°�S�}��SÓº�º��S©Ó}È���Ë�
�ËSº�SÈÓÏÒ°�ºS©� °º�ËSÎÈ�°«� ¹º��Ò� m� }ÈÎ�ºä�
m©¹�°}ÈËäºä�m�äÒSË��°º�ºmºä��ËãËÁºÓË��

z ÏÈÓÒäÈ��È«�º}ºãº������S©Ó}È�­©°�Sº¹¯º�¯Ë°�
°Ò¯���È«�m©°º}º°}ºSº°�ÓÈ«�mºãº}ºÓÓº�º¹�Ò�
�Ë°}È«� °m«Ï
�� }º�ºSÈ«�Ò°¹ºã
Ï�Ë�� �Ë�ËSº°�S�}�
��SÓ©Ë� ljv� äÒããÒäË�Sºmº�º� �ÒÈ¹ÈÏºÓÈ� ÓÈ
�È°�º�©��º�������Ò�m©	Ë��mË���°«�SÈÏSÈ­º�}Ò
¹SÒ­ºSºm�ÓÈ��È°�º�©��º���������Ò�m©	Ë�

z �È}� ÓÈÏ©mÈËäÈ«� ¹º�SË­Ò�Ëã
°}È«� ªãË}�SºÓÒ}È�
°m«ÏÈÓÓÈ«�°��ÒÁSºm©ä��{���È°�º�©�º������º���Û
���������Ë®�¹SÒÓÈ�ãËÎÒ��º}ºãº������S©Ó}È�

z �Ë�ËSº°�S�}��SÓ©Ë�ljv�ÓÈ��È°�º�©������������
�ã«�Èm�ºäº­Òã
Ó©²�ÈÓ�Ò°�ºã}ÓºmÒ�Ëã
Ó©²�SÈ�
�ÈSºm�

z v{ �ljv��ã«�°¹��ÓÒ}ºmº®�°m«ÏÒ�ÓÈ��È°�º�©��º
�������

z ­Ë°¹Sºmº�ÓÈ«� °m«Ï
�	ÒSº}º¹ºãº°Óº�º��º°��¹È
ÓÈ��È°�º�©��º�������������Ò�m©	Ë���º�}ÈÛ�º�}È�
�º�}ÈÛäÓº�º� �º�Ë}�� °� ¹SË�º°�ÈmãËÓÒËä� �°ã��
ä�ã
�ÒäË�ÒÈ��¹ËSË�È�Ò�°ãºÎÓ©²�ÒÏº­SÈÎËÓÒ®�
mÒ�Ëº}ºÓÁËSËÓ�Ò®�� �Ò°�ÈÓ�ÒºÓÓºË� º­��ËÓÒË�
m©°º}º°}ºSº°�Óº®�jÓ�ËSÓË��Ò��� ����Û�¹ËS°¹Ë}�
�ÒmÓÈ«�º­ãÈ°�
�¹SÒäËÓËÓÒ«��Ë�ËSº°�S�}��SÓº®
v{ �ªãË}�SºÓÒ}Ò�

z mºËÓÓÈ«�ªãË}�SºÓÒ}È��}º�ºSº®�¹SÒÓÈ�ãËÎÒ���Û
����S©Ó}È��ª�º��m�º°ÓºmÓºä��­ºS�ºm©Ë�Ò�ÓÈÏËä�
Ó©Ë�SÈ�Òºãº}È�ºS©�ÓÈ�È}�ÒmÓ©²�ÁÈÏÒSºmÈÓÓ©²
ÈÓ�ËÓÓ©²�SË	Ë�}È²��knk3��;��ÒÈ¹ÈÏºÓÈ���� Ë��ÓÈ
�È°�º���º}ºãº����������ã«�mË�ËÓÒ«�SÈÏmË�}Ò��º­�
ÓÈS�ÎËÓÒ«� �ËãË®�� ÓÈmË�ËÓÒ«� Ò� °º¹SºmºÎ�ËÓÒ«
SÈ}Ë���È��È}ÎË��ã«�SÈ�ÒºªãË}�SºÓÓº®�­ºS
­©�

{�3º°°ÒÒ�°ºmSËäËÓÓº®�¹¯ºä©	ãËÓÓº®��Ë�ËSº�
°�S�}��SÓº®��Ë²Óºãº�ÒÒ�¹º}È�ÓË���ÓÒ�m��È°�Ò�äÈ°�
°ºmº�º� ¹SºÒÏmº�°�mÈ� ÓÈÓº�Ë�ËSº°�S�}��S�� ÓÒ� m
�È°�Ò� ¹SºÒÏmº�°�mÈ� �Ë�ËSº�SÈÓÏÒ°�ºSºm�� ÓÒ� �Ëä
­ºãËË�äÒ}Sº°²Ëä��v}mºÏÓº�º���ÓÒÁÒ�ÒSºmÈÓÓº�º
Ò�ãÒ�ËÓÏÒSºmÈÓÓº�º�v{ �vk�3��È}ÎË�ÓË���zºä�
äËS�Ë°}Ò®�S©Óº}�m�°�SÈÓË�ÓË�°ÁºSäÒSºmÈÓ��Ò��º�
äÒÓÒS�Ë��º­ºSºÓÓ©®��º°ÏÈ}ÈÏ���� Ë��°Ò��È�Ò«�­ãÒÏ�
}È�}��ºä�����º�­©ãº�ÏÈ�S�­ËÎºä�m������²��º�È²���Ë�
}��ËË�ÁÒÓÈÓ°ÒSºmÈÓÒË�¹ºãÓº°�
��SÈ°²º��Ë�°«�ÓÈ
sj|z3��Ò�ÓËº­²º�Òäº�º�º­ÓºmãËÓÒ«��Ë²Óºãº�Ò�
�Ë°}º®�­ÈÏ©�ÓË�¹SºÒ°²º�Ò���ÎË�m��Ë�ËÓÒË����ãË��

�Ëä� ÓË� äËÓËË�� ¹Sºä©	ãËÓÓ©Ë� ¹SË�¹SÒ«�Ò«
ÒäË���º�SÈ­º�ÈÓÓ���ÒÓÁSÈ°�S�}��S��Ò�äÓº�ºãË��
ÓÒ®�º¹©��¹º�m©¹ºãÓËÓÒ��|z3�Ò�ºS�ÈÓÒÏÈ�ÒÒ�¹Sº�
ÒÏmº�°�mÈ��jäË��°«��Ë²Óºãº�Ò�Ë°}ÒË�}ºS¹�°È��¹º��
�Ò��º�ºm©Ë��ÒãÒ��È}ÒË����º�äº����­©�
�­©°�Sº�¹º��
�º�ºmãËÓ©��ã«�¹SºmË�ËÓÒ«�sj|z3�Ò�SÈÏmËS�©mÈ�
ÓÒ«�¹SºÒÏmº�°�mÈ�

|�SÈ�Óº����º�m�¹º°ãË�ÓÒË��º�©�°Ò��È�Ò«�ÓÈ�Ò�
ÓÈË��äËÓ«�
°«�}�ã��	Ëä���{º�n�����j°�º}��ÓÈ�m©�
�ËãËÓÓ©Ë��SÈmÒ�Ëã
°�mºä�ÒÓmË°�Ò�ÒÒ�Ò�Ë��°ºÏ�È�
ÓÒË�°ºmSËäËÓÓº®�¹Sºä©	ãËÓÓº®��Ë²Óºãº�Ò�Ë°}º®
ãÒÓÒÒ�¹º�¹SºÒÏmº�°�m��v{ �äÒ}Sº°²Ëä�°�¹SºË}��
Ó©äÒ�ÓºSäÈäÒ��º�����ä}ä�Ò�º­�Ëäºä�m©¹�°}È��º
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²SÈÓÒ�
°«��ÈÏºº­SÈÏÓ©Ë�mË�Ë°�mÈ�¹º��º�SºäÓ©�
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3Ò°�����~È}S©�È«�ÓÈÓº�S�­}È

3Ò°�����{ãºÎËÓÓ©Ë�ÓÈÓº�S�­}Ò
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3Ò°�����sÈÓº�S�­}È�°�ÒÏ�Ò­ºä

3Ò°�����sÈÓº�Ë°�ËSËÓ}Ò
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SÈÏSÈ­º�ÈÓ©�äÈ}Ë�©�ÓÈÓºmË°ºm��ÓÈ�}º�ºS©²�äºÎÓº
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mºÏäºÎÓº°�
� ²SÈÓËÓÒ«� �ÈÏºm� �mº�ºSº�È�� ÈS�ºÓÈ�
}Ò°ãºSº�È��äË�ÈÓÈ�Ò �S��� mÓ��SÒ� ÏÈ}S©�©²�ÓÈÓº�
�S�­º}�°�SË}ºS�Ó©äÒ���Ëã
Ó©äÒ�²ÈSÈ}�ËSÒ°�Ò}È�
äÒ�>������@��{�­ãÒÎÈ®	ÒË��º�©�ºÎÒ�ÈË�°«�°ºÏ�ÈÓÒË

¹Sºä©	ãËÓÓ©²� º­SÈÏ�ºm� °mËS²�ºÓ}Ò²� �Ò°¹ãËËm
�ã«��ËãËmÒÏºSºm�Ò�}ºä¹
��ËSºm��{�­ÒºÓÈÓº�Ë²Óº�
ãº�Ò«²� Ò� äË�Ò�ÒÓË� mË���°«� SÈ­º�©� ¹º� °ºÏ�ÈÓÒ�
ÓÈÓºSº­º�ºm��°¹º°º­Ó©²�¹ËSËäË�È�
°«�¹º�}SºmË�
Óº°Ó©ä�°º°��Èä�Ò��º°�Èmã«�
�ãË}ÈS°�mÈ�ÓË¹º°SË��
°�mËÓÓº�}��SË­�Ëäºä��äË°�����ÎË�°Ë®�È°�°ËS�ÒÁÒ�
�ÒSºmÈÓ©� Ò� ¹º°��¹ÒãÒ� m� ¹Sº�ÈÎ�� äË�Ò�ÒÓ°}ÒË
¹SË¹ÈSÈ�©�� °º�ËSÎÈ�ÒË�Á�ããËSËÓ©��sËmºÏäºÎÓº
¹ËSË�Ò°ãÒ�
�m°Ë�mºÏäºÎÓ©Ë�º­ãÈ°�Ò�¹SÒäËÓËÓÒ«
ÓÈÓº�Ë²Óºãº�Ò®���Ëä�­ºãËË���º�Óºm©Ë�¹º«mã«��°«
¹SÈ}�Ò�Ë°}Ò�ËÎËäË°«�Óº�

sÈ�SÒ°����¹º}ÈÏÈÓ�ÓÈÓº�Òº���¹ºã��ËÓÓ©®�¹��Ëä
mmË�ËÓÒ«��Ò°ãº}È�ÒÒ�m�SË	Ë�}��ÓÈÓº�S�­}Ò��È�ÓÈ
SÒ°�����Û�¹ºãËm©Ë�ÓÈÓº�SÈÓÏÒ°�ºS©�°�}ÈÓÈãÈäÒ�ÒÏ
ÓÈÓº�S�­º}�

�SºS©m��°ºmËS	ËÓÓ©®�ÏÈ�¹º°ãË�ÓËË��Ë°«�ÒãË�
�ÒË� m� ÁÒÏÒ}Ë� ÓÈÓº°�S�}��S�� ¹ºÏmºã«Ë�� °�ËãÈ�

¹SË�¹ºãºÎËÓÒË����º�m�­ãÒÎÈ®	ËË��Ë°«�ÒãË�ÒË�º­�
ãÈ°�Ò�¹SÒãºÎËÓÒ«�äÒ}Sº}SÒº�ËÓÓº®��Ë²ÓÒ}Ò�äº�
����ÏÓÈ�Ò�Ëã
Óº�°�ÏÒ�
°«��iã«��º�º���º­©�ª�º�º�ÓË
°ã��Òãº°
�� ÓËº­²º�Òäº� ²ÈSÈ}�ËSÒ°�Ò}Ò� }SÒº�ËÓ�
Ó©²�°Ò°�Ëä�º²ãÈÎ�ËÓÒ«��zv|��äÈ}°ÒäÈã
Óº�¹SÒ�
­ãÒÏÒ�
�}�²ÈSÈ}�ËSÒ°�Ò}Èä�º²ãÈÎ�ÈËä©²�º­�Ë}�ºm�
zSºäË��º�º���È}º®�¹º�²º��¹ºÏmºãÒ��ÓË��ºã
}º�ÒÏ�
­ËÎÈ�
�°�ÎËÓÒ«�º­ãÈ°�Ë®�¹SÒäËÓËÓÒ«�äÒ}Sº}SÒº�
�ËÓÓº®��Ë²ÓÒ}Ò��Óº�Ò�SÈ°	ÒSÒ�
�Ò²�

p°ãÒ� SÈ°°äº�SË�
� °�SºËÓÒË� ÓÈÓº°�S�}��S� �°ä�
SÒ°���Û����Ò�}ºä¹ãË}°�Ò²�°mº®°�m���º�äºÎÓº��mÒ�
�Ë�
����º�ÒäËË�°«��º°�È�º�Ó©®�ÓÈ­ºS��ã«�°ºÏ�ÈÓÒ«
zv|�ÓÈÓºäË�Sºm©²�SÈÏäËSºm���È}ÒË�ÓÈÓºzv|�äº�
����­©�
�m°�SºËÓ©�m�ÓÈÓº�Òº�©��ÓÈÓº�SÈÓÏÒ°�ºS©
Ò��S��ÒË�ªãË}�SºÓÓ©Ë�¹SÒ­ºS©�°�ÓÈÓºäË�Sºm©äÒ
SÈÏäËSÈäÒ��rºãËË��º�º��ÓÈÓºzv|�äº����­©�
�ªãË�
äËÓ�ÈäÒ� ÓÈÓºªãË}�SºÓÓ©²� ¹SÒ­ºSºm�� ÓÈ¹SÒäËS�
¹ËSË²º�ºä�ÓÈÓº�Òº�ºm�ÒãÒ�}ÈÓÈãºä�¹ºãËm©²�ÓÈ�
Óº�SÈÓÏÒ°�ºSºm�

{� °ã��ÈË� ÓÈÓº�Òº�È� ÒãÒ� ÓÈÓº�SÈÓÏÒ°�ºSÈ� ÓÈ�
Óº�S�­}È�äºÎË��m©¹ºãÓ«�
�Á�Ó}�ÒÒ��Ë¹ãºº­äËÓ�
ÓÒ}È�ÓÈ�S�Ï}Ò�zv|��|°�ÈË�°«��ºã
}º��º°�SºÒ�
�º°�
�Èã
Ó©Ë�ªãËäËÓ�©�ÓÈÓºzv|�

3Ò°�����sÈÓº�Òº� 3Ò°�������ºãËm©Ë�ÓÈÓº�SÈÓÏÒ°�ºS©
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��º°�È�º�Ó©ä��ã«�º²�
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ä��¹ËSË�Ó���vãË�ºmÈ�Ëã
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z ¹º��º�ºm}Ò�SÈ­º�Ë�º��ÈÏÈ�
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º­�ËäË��ÓËº­²º�Òäºä��ã«�º­°�Î�ËÓÒ«�mº¹Sº°È�
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v¹Ò°º}�ãÒ�ËSÈ��S©

�� 0LWFKHO�3��&KHPLRVWPRWLF� FRXSOLQJ
LQ�R[LGDWLYH�DQG�SKRWRV\QWKHWLF�SK\VSKRUL\�

ODWLRQ� ��� %LRORJLFDO� 5HY�� ������ 9�� ���
3� ���Û����

�� 0XHOOHU�3���5XGLQ�'� 2���7LHQ�+� 7��
:HVFRWW�:� &��5HFRQVWUXFWLRQ�RI�FHOO�PHP�
EUDQH�VWUXFWXUH�LQ�YLWUR�DQG�LWV�WUDQVIRUPDWLRQ

LQWR�DQ�H[FLWDEOH�V\VWHP����1DWXUH��������9�
�����3� ���Û����

�� 0RQWDO�0��0HWKRGV�LQ�(Q]\PRORJ\�
9��������(GV��6� 3��&RORZLFN��1� 2��.DSODQ�

1HZ�<RUN��$FDGHPLF�3UHVV��������3� ����

�� 'H�/HYLH�5���6HLGDK�1� *���/DUNLQ�'�
7HWUDSKHQ\OERUDWH�DGVRUSWLRQ�RQWR�DQ�DUWLIL�

FLDO� XOWUDWKLQ� PHPEUDQH� ��� -�� (OHFWURDQDO�

&KHP���������9������3� ���Û����

�� 'H� /HYLH� 5��� 9XNDGLQ� '�� 'LSLFU�
\ODPLQH� WUDQVSRUW�DFURVV�DQ�XOWUDWKLQ�SKRV�

SKDWLG\OHWKDQRODPLQH�PHPEUDQH����-��(OHF�

WURDQDO��&KHP���������9������3� ��Û����

�� +DQDL� 7��� +D\GRQ� '� $��� 7D\ORU� -�
7KH� LQIOXHQFH� RI� OLSLG� FRPSRVLWLRQ� DQG� RI

VRPH�DGVRUEHG�SURWHLQV�RQ�WKH�FDSDFLWDQFH�RI

EODFN�K\GURFDUERQ�PHPEUDQHV����-��7KHRU�

%LRO���������9�����3� ����

�� 1LNROHOLV�'� 3���.UXOO�8� -��%LOD\HU�OL�
SLG�PHPEUDQHV�IRU�HOHFWURFKHPLFDO�VHQVLQJ���

(OHFWURDQDO\VLV��������9�����3� ���Û����

�� /LQGKROP�6HWKVRQ�%��(OHFWURFKHPLV�
WU\�DW�XOWUDWKLQ�RUJDQLF�ILOPV�DW�SODQDU�JROG

HOHFWURGHV� ��� /DQJPXLU�� ������ 9�� ���
3� ����Û�����

�� 7LHQ�+� 7���6DODPRQ�=��)RUPDWLRQ�RI
VHOI�DVVHPEOHG� OLSLG� ELOD\HUV� RQ� VROLG� VXE�

VWUDWHV����%LRHOHFWURFKHP��%LRHQHUJ��������9�

����3� ���Û����

��� 7HUUHWWD]�6���6WRUD�7���'XVFKO�&���9R�
JHO� +�� 3URWHLQ� ELQGLQJ� WR� VXSSRUWHG� OLSLG
PHPEUDQHV��LQYHVWLJDWLRQ�RI�WKH�FKROHUD�WR[�

LQ�JDQJOLRVLGH� LQWHUDFWLRQ� E\� VLPXOWDQHRXV

LPSHGDQFH�VSHFWURVFRS\�DQG�VXUIDFH�SODVPRQ

UHVRQDQFH� ��� /DQJPXLU�� ������ 9�� ��

3� ����Û�����

���1DNDVKLPD�1���<DPDJXFKL�<��$�/LSLG
ELOD\HU�HOHFWULFDO�GHYLFH��'UDPDWLF�GHFUHDVH

LQ� LPSHGDQFH�RI�D�HOHFWURGH�GHYLFH�FRDWHG

ZLWK� HOHFWURO\WH�GRSHG� OLSLG� ILOPV� LQ� DLU� �

-� (OHFWURDQDO�� &KHP�� ������ 9�� ����

3� ���Û����

���.DU\DNLQ�$� $���9DJLQ�0� <���&KR�
ED 0� $��� .O\DFKNR� 1� /�� 6HOI�$VVHPEOHG
$PSKLSKLOLF� %LOD\HUV� RI� 6XUIDFWDQW� %ULM���

RQ�*ROG�(OHFWURGHV����(OHFWURDQDO\VLV�������

9������3� ����Û�����

���0DFGRQDOG�-��5��,PSHGDQFH�VSHFWURV�
FRS\��1HZ�<RUN��:LOH\��������3� ����

���+DPHOLQ�$��0RGHUQ�$VSHFWV�RI�(OHF�
WURFKHPLVWU\�� 9�� ��� �� (GV�� %� (�� &RQZD\�

5� (��:KLWH��-��2�0��%RNULV��1HZ�<RUN��3OH�

QXP�3UHVV��������3� ��

��� ,QYLWVN\�'� 0���6LWGLNRY�5� $���.XUR�
FKNLQ� 9� (�� )ORZ�LQMHFWLRQ� DPSHURPHWULF
V\VWHP� IRU� HQ]\PH� LPPXQRDVVD\� ��� $QDO�
&KLP��$FWD��������9�������3� ��Û���

��� 6HWIRUG�6� -���9DQ�(V�5� 0���%ODQN�
ZDWH�<� -���.URJHU�6��5HFHSWRU�ELQGLQJ�SUR�
WHLQ�DPSHURPHWULF�DIILQLW\�VHQVRU�IRU�UDSLG

E�ODFWDP� TXDQWLILFDWLRQ� LQ� PLON� ��� $QDO�
&KLP��$FWD��������9�������3� ��Û���

��� &RUELVLHU�3���9DQ�'HU�/HOLH�'���%RU�
UHPDQV� %��� 3URYRRVW� $��� 'H� /RUHQ]R� 9��
%URZQ�1� /��� /OR\G� -� 5��� +REPDQ� -� /��
&VRUHJL� (��� -RKDQVVRQ� *��� 0DWWLDVVRQ� %�
:KROH�FHOO��DQG�SURWHLQ�EDVHG�ELRVHQVRUV�IRU

WKH�GHWHFWLRQ�RI� ELRYDLODEOH�KHDY\�PHWDO� LQ

HQYLURQPHQWDO�VDPSOHV����$QDO��&KLP��$FWD�
������9�������3� ���Û����

��� 7HVVLHU� /��� 6FKPLWW� 1��� :DWLHU� +��
%UXPDV�9���3DWDW�)��3RWHQWLDO�RI�WKH�WKLFN�
QHVV� VKHDU�PRGH�DFRXVWLF� LPXQRVHQVRUV� IRU

ELRORJLFDO�DQDO\VLV����$QDO��&KLP��$FWD�������
9�������3� ���Û����

��� &KULVWRSRXORV� 7� .�� 1XFOHLF� DFLG
DQDO\VLV� ��� $QDO�� &KLP�� ������ 9�� ���
3� ���5Û���5�

���:DQJ� -��� -LDQJ� 0��� 0XNKHUMHH� %�
)ORZ� GHWHFWLRQ� RI� QXFOHLF� DFLGV� DW� D� FRQ�

GXFWQJ�SRO\PHU�PRGLILHG�HOHFWURGH����$QDO�
&KLP��������9������3� ����Û�����

���+DVKLPRWR�.���,WR�.���,VKLPRUL�<��0L�
FURIDEULFDWHG�GLVSRVDEOH�'1$�VHQVRU�IRU�GH�

WHFWLRQ�RI�KHSDWLWLV�%�YLUXV�'1$����6HQV��$F�
WXDWRUV�%��������9������3� ���Û����

���*DUQLHU� )��� .RUUL�<RXVVRXIL� +��
6ULYDVWDYD�3���0DQGUDQG�%���'HODLU�7��7R�
ZDUG� LQWHOOLJHQW� SRO\PHUV�� '1$� VHQVRUV

EDVHG� RQ� ROLJRQXFOHRWLGH�IXQFWLRQDOL]HG

SRO\S\UUROHV����6\QWK��0HWDOV��������9������
3� ��Û���

��� %UHWW�&� 0��$���%UHWW�$� 0��2���6HU�
UDQR�6� +��3��$Q�(,6�VWXG\�RI�'1$�PRGL�
ILHG�HOHFWURGHV����(OHFWURFKLP��$FWD��������9�
����3� ����Û�����

��� %HUJJUHQ�&���6WOKDQGVNH�3���%UXQGHOO
-���-RKDQVVRQ�*��$�IHDVLELOLW\�VWXG\�RI�D�FD�
SDFLWLYH� ELRVHQVRU� IRU� GLUHFW� GHWHFWLRQ� RI

'1$�K\EULGL]DWLRQ����(OHFWURDQDO\VLV�������
9������3� ���Û����

��� %DUGHD� $��� 3DWROVN\� )��� 'DJDQ� $��
:LOOQHU�,��6HQVLQJ�DQG�DPSOLILFDWLRQ�RI�ROL�
JRQXFOHRWLGH�'1$�LQWHUDFWLRQV�E\�PHDQV�RI

LPSHGDQFH� VSHFWURVFRS\��D� URXWH� WR�D�7D\�

6DFKV�VHQVRU����&KHP��&RPPXQ��������9����
3� ��Û���

���0DUX\DPD�.���0RWRQDND�-���0LVKL�
PD�<���0DWVX]DNL�<���1DNDED\DVKL�,���1D�
NDED\DVKL� <��'HWHFWLRQ� RI� WDUJHW� '1$� E\
HOHFWURFKHPLFDO�PHWKRG� ��� 6HQV��$FWXDWRUV
%��������9��������3� �Û��

��� 3LXQQR�3� $��(���.UXOO�8� -���+XGVRQ
5� +��(���'DPKD�0� -���&RKHQ�+��&RQVL�
GHUDWLRQV� IRU� WKH� TXDQWLWDWLYH� WUDQVGXFWLRQ

RI� K\EULGL]DWLRQ� RI� LPPRELOL]HG� '1$� ��

$QDO��&KLP��$FWD�� ������9�� ����� 3� ���Û

����

���+DQDIL�%DJE\� '��� 3LXQQR� 3� $�� (��
:XVW�&� &���.UXOO�8� -��&RQFHQWUDWLRQV�GH�
SHQGHQFH�RI�D�WKLD]ROH�RUDQJH�GHULYDWLYH�WKDW

LV�XVHG�WR�GHWHUPLQH�QXFOHLF�DFLG�K\EULGL]D�

WLRQ�E\�DQ�RSWLFDO�ELRVHQVRU����$QDO��&KLP�
$FWD��������9�������3� ��Û���

���5LFNHUW� -��� *RSHO� :��� %HFN� :��
-XQJ *���+HLGXVFKND�3��$��PL[HG��VHOI�DV�
VHPEOHG�PRQROD\HU�IRU�DQ�LPSHGDQFH�LPPX�

QRVHQVRU� ��� %LRVHQV�� %LRHOHFWURQ�� �����

9� ����3� ���Û����

��� &KLDQJ� .� /��� .UXOO� 8� -��� 1LNROHOLV
'� 3�� (OOLSVRPHWULF� GHWHUPLQDWLRQ� RI� WKH
VWUXFWXUH� RI� VXUIDFH�VWDELOL]HG� ELOD\HU� OLSLG

PHPEUDQHV�RQ� VLOYHU�PHWDO� ���$QDO��&KLP�

$FWD��������9�������3� ��Û���

��� 9DJLQ�0� <���.DU\DNLQD�(� (���+LD�
QLN� 7��� .DU\DNLQ� $� $�� (OHFWURFKHPLFDO
WUDQVGXFHUV�EDVHG�RQ� VXUIDFWDQW�ELOD\HUV� IRU

WKH�GLUHFW�GHWHFWLRQ�RI�DIILQLW\�LQWHUDFWLRQV���

%LRVHQV��%LROHFWURQ��������9������3� ����Û

�����

���+LDQLN�7���6QHMGDUNRYD�0���6RNROL�
NRYD�/���0HV]DU�(���.ULYDQHN�5���7YDUR�
]HN 9���1RYRWQ\�,���:DQJ�-��,PPXQRVHQ�
VRUV�EDVHG�RQ� VXSSRUWHG� OLSLG�PHPEUDQHV�

SURWHLQ� ILOPV� DQG� OLSRVRPHV� PRG\ILHG� E\

DQWLERGLHV����6HQV��$FWXDWRUV�%��������9�����

3� ���Û����

���0LUVN\� 9� 0��� 5LHSO� 0��� :ROIEHLV
2� 6��&DSDFLWLYH�PRQLWRULQJ�RI�SURWHLQ�LP�
PRELOL]DWLRQ�DQG�DQWLJHQ�DQWLERG\�UHDFWLRQV

RQ�PRQRPROHFXODU� DON\OWKLRO� ILOPV�RQ� JROG

HOHFWURGHV� ��� %LRVHQV�� %LROHFWURQ�� �����

9� ����3� ���Û����

���0LUVN\�9� 0���0DVV�0���.UDXVH�&��
:ROIEHLV�2� 6��&DSDFLWLYH�DSSURDFK�WR�GHWHU�
PLQH�SKRVSKROLSDVH�$����DFWLYLW\�WRZDUG�DU�

WLILFLDO�DQG�QDWXUDO�VXEVWUDWHV����$QDO��&KLP�
������9������3� ����Û�����

��� 6DXP� $� *�� (��� &XPPLQJ� 5� +��
5RZHOO� )� -��8VH� RI� VXEVWUDWH� FRDWHG� HOHF�
WURGHV�DQG�$&�,PSHGDQFH�VSHFWURVFRS\�IRU

WKH�GHWHFWLRQ�RI�HQ]\PH�DFWLYLW\����%LRVHQV�
%LROHFWURQ��������9������3� ���Û����

���+LDQLN�7���3DVVHFKQLN�9� ,���6RNROL�
NRYD�/���6QHMGDUNRYD�0���6LYDN�%���)DMNXV�0��
,YDQRY�6� $���)UDQHN�0��$IILQLW\�ELRVHQVRUV
EDVHG�RQ� VROLG� VXSSRUWHG� OLSLG�PHPEUDQHV�

7KHLU�VWUXFWXUH��SK\VLFDO�SURSHUWLHV�DQG�G\�

QDPLFV����%LRHOHFWURFKHP��%LRHQHUJ��������
9������3� ��Û���
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,YDQRY�$� $���0DOWVHY�3� 3��0LFURV\VWHPV�7HFKQRORJ\�DV�D�%DVH�RI�
6FLHQWLILFDO�DQG�7HFKQLFDO�3URJUHVV�LQ�$UPV�'HYHORSPHQW �����������������

7KH�TXHVWLRQV�RI�WKH�GHYHORSPHQW�RI�QHZ�DUPV�RQ�WKH�EDVH�RI�PL�
FURV\VWHPV�WHFKQRORJ\�DUH�FRQVLGHUHG�

9DVLOLHY�$� $��9HU\�/RZ�3RZHU�6HPLFRQGXFWRU�6HQVRUV�%DVHG�RQ�7KLQ�
'LHOHFWULF�0HPEUDQHV �����������������������������������������������������������������

,Q�WKLV�SDSHU��GLIIHUHQW�YDULDQW�RI�VHQVRU�WHFKQRORJ\��ZKLFK�HQDEOH
WKH�PDQXIDFWXULQJ�RI�VHPLFRQGXFWRU�DQG�WKHUPRFDWDO\WLF�VHQVRUV�RI
FRPEXVWLEOH�DQG�WR[LF�JDVHV�ZLWK�PLQLPXP�SRZHU�FRQVXPSWLRQ�DUH
FRQVLGHUHG��7KHVH�DUH�WHFKQRORJLHV�RI�WKLFN�ILOPV��IDEULFDWLRQ�RI�WKLQ
GLHOHFWULF�PHPEUDQHV�EDVHG�RQ�DOXPLQXP�R[LGH��7$)�Û�7KLQ�$OX�
PLQD�0HPEUDQHV��DQG�D�FRPELQDWLRQ�RI�VLOLFRQ�PLFURPDFKLQLQJ�ZLWK
WKH�GHSRVLWLRQ�RI�WKLFN�ILOP�VHQVLQJ�OD\HUV��7ZR�ODVW�PHWKRGV�DOORZ�XV
WR� IDEULFDWH� VHQVRUV� DSSOLFDEOH� LQ� SRFNHW� DQG� DXWRQRPRXV� LQVWUX�
PHQWV�

0RNHURY�9� *��+HWHURVWUXFWXUH�(OHFWURQLFV�DQG�1HZ�3URVSHFWV�RI�1D�
QRHOHFWURQLFV ����������������������������������������������������������������������������

6WDWH�RI�WKH�DUW�DQG�WKH�IXWXUH�SURVSHFWV�RI�SK\VLFV�DQG�WHFKQRORJ\
RI�VHPLFRQGXFWRU�QDQRKHWHURVWUXFWXUH��DV�ZHOO�DV�QDQRWHFKQRORJ\�RI
GHYLFH�IDEULFDWLRQ�RI�WKHLU�EDVLV�DUH�GLVFXVVHG�

.DUDJXVRY�9� ,��1DQRFU\RJHQLF�7HFKQRORJLHV��������������������������������
7KH�H[LVWLQJ�PLFURFU\RJHQLF� V\VWHPV�PXFK�PRUH�H[FHHG�HOHF�

WURQLF�XQLWV�RI�FRROLQJ�LQ�GLPHQVLRQV�DQG�PDVV��7KH\�KDYH�OHVV�UH�
VRXUFHV�DQG�UHOLDELOLW\��7KH�PRGHUQ�OHYHO�DOORZV�WR�H[HFXWH�FU\RJHQLF
DQG�HOHFWURQLF�V\VWHPV�E\�WKH�XQLWHG�QDQRWHFKQRORJLHV��$V�D�UHVXOW�WKH
FU\RJHQLF�V\VWHPV�FDQ�EH�SODFHG�ZLWKLQ�HOHFWURQLF�GHYLFHV��IRU�H[DP�
SOH��VXFK�DV�FKLSV�

'UDJXQRY�9� 3��1RQOLQHDU�'\QDPLF�0RGHO�RI�(ODVWLF�(OHPHQW�
IRU�006 ������������������������������������������������������������������������������� ��

,Q�WKLV�DUWLFOH��D�VWXG\�QRQOLQHDU�YLEUDWLRQV�RI�FLUFXODU��VTXDUH��WUL�
DQ�JXODU�DQG�KH[DJRQDO�GLDSKUDJPV�ZLWK�D�FODPSHG�HGJHV�LV�SUHVHQW�
HG��7KH�DQDO\WLFDO�HTXDWLRQV�ZKLFK�KHOS�WR�VLPXODWH�EHKDYLRU�RI�HODVWLF
HOHPHQWV� IRU�PLFURPHFKDQLFDO� V\VWHPV�DUH�REWDLQHG��7KH�G\QDPLF
DQDORJXH�RI�WKH�YRQ�.DUPDQ�HTXDWLRQV�LV�XVHG�WR�HVWDEOLVK�WKH�JRY�
HUQLQJ�HTXDWLRQV��WDNLQJ�LQWR�DFFRXQW�WKH�VWUHWFKLQJ�RI�WKH�PLG�SODQH
RI�WKH�SODWH�

.XOLFKLQ�<X� 1���.DPHQHY�2� 7���3HWURY�<X� 6��/DWHUDO�
'HIRUPDWLRQ�$PSOLWXGH�'LVWULEXWLRQ�5HFRQVWUXFWLRQ�E\�'LVWULEXWHG�
)LEHU 2SWLF�0HDVXULQJ�1HWZRUN������������������������������������������������� ��

*HQHUDO�SULQFLSOHV�RI�GLVWULEXWHG�ILEHU�RSWLF�PHDVXULQJ�QHWZRUN
RUJDQL]DWLRQ�DUH�SUHVHQWHG��7KH�ILEHU�RSWLF�PHDVXULQJ�QHWZRUN�IRU�ODW�
HUDO�GHIRUPDWLRQ�DPSOLWXGH�GLVWULEXWLRQ�UHFRQVWUXFWLRQ�LV�SUHVHQWHG�
7KH�GLVWULEXWHG�ILEHU�RSWLF�PHDVXULQJ�OLQH�LV�SUHVHQWHG�

9DJLQ�0� <X���.DU\DNLQ�$� $��(OHFWURFKHPLFDO�6HQVRUV�IRU�'LUHFW�
'HWHFWLRQ�RI�$IILQLW\�,QWHUDFWLRQV�%DVHG�RQ�WKH�6HOI�$VVHPEOHG�/D\HUV�
RI 6XUIDFWDQW�0ROHFXOHV ��������������������������������������������������������������

7KH�RSSRUWXQLW\�IRU�WKH�PROHFXODU�ELOD\HU�IRUPDWLRQ�RQWR�WKH�VR�
OLG�VXSSRUW�LV�SURSRVHG�GXH�WR�WKH�VHOI�DVVHPEOLQJ�RI�WKH�QRQLRQLF�VXU�
IDFWDQW�%ULM����PROHFXOHV�RQ�WKH�JROG�VXUIDFH��7KH�REWDLQHG�PHP�
EUDQHV�ZHUH�VWXGLHG�E\�HOHFWURFKHPLFDO�LPSHGDQFH�VSHFWURVFRS\��7KH
VWUXFWXUHV�KDYH�XQLIRUP�VWUXFWXUH�DQG�FRQWDLQHG�RQO\�D�PLQRU�QXPEHU
RI�GHIHFWV��7KH�OD\HU�FDSDFLWDQFH�FDOFXODWHG�IURP�LPSHGDQFH�VSHFWUD
ZDV�FORVH�WR�WKH�FDSDFLWDQFH�RI�WKH�OLSLG�ELOD\HUV�ZKLFK�VHSDUDWHV�WKH
WZR�DTXHRXV�VROXWLRQV�RI�HOHFWURO\WH��LQGLFDWLQJ�WKDW�WKH�VHOI�DVVHP�
EOLQJ�RI�%ULM����UHVXOWHG�LQ�IRUPDWLRQ�RI�LWV�ELOD\HU�RQ�WKH�JROG�HOHF�
WURGH�VXUIDFH��7KH�XQLIRUP�ELOD\HUV�RI�%ULM����RQ�JROG�VXSSRUW�DUH�VWD�
EOH��LQ�FRQWUDVW�WR�OLSLGV��ZKLFK�SURYLGH�WKH�RSSRUWXQLW\�RI�WKHLU�DS�
SOLFDWLRQ� IRU� DQDO\WLFDO� SXUSRVHV�� 7KH� VLPSOH� PHWKRGV� IRU� WKH
SUHSDULQJ�RI�GLUHFW�DIILQLW\�VHQVRUV�EDVHG�RQ�GHYHORSHG�%ULM����ELOD�
\HUV�DUH�SURSRVHG��)RU�'1$�VHQVRU�ZH�SURSRVH�WR�LPPRELOL]H�ROL�
JRQXFOHRWLGH�RQ�WKH�VXUIDFWDQW�ELOD\HU�VXUIDFH�E\�VSRQWDQHRXV�LQILO�
WUDWLRQ�RI�K\GURFDUERQ�FKDLQ�ERXQG�WR�ROLJRQXFOHRWLGH�LQWR�WKH�K\�
GURSKRELF�UHJLRQ�RI�VXUIDFWDQW�ELOD\HU��7KH�DGVRUSWLRQ�RI�DQWLERGLHV
RQ�ELOD\HU�VXUIDFH�KDV�UHVXOWHG�LQ�LPPXQRVHQVRU�GHYHORSPHQW��7KH
GLUHFW�GHWHFWLRQ�RI�DIILQLW\�LQWHUDFWLRQV�LQ�ERWK�FDVHV�KDV�EHHQ�LQYHV�
WLJDWHG�E\�LPSHGDQFH�VSHFWURVFRS\��7KH�DGGLWLRQ�RI�FRPSOHPHQW�LQWR
WKH�'1$�VHQVRU�V\VWHP�OHG�WR�WKH�GHFUHDVH�RI�UHDO�SDUW�RI�WKH�LP�
SHGDQFH��$W�WKH�FRQWUDU\�WKH�DGGLWLRQ�RI�VSHFLILF�DQWLJHQ�LQWR�WKH�LP�
PXQRVHQVRU�V\VWHP�OHG�WR�WKH�LQFUHDVH�RI�UHDO�SDUW�RI�WKH�LPSHGDQFH�
7KH�REWDLQHG�UHVXOWV�DUH�SURPLVLQJ�IRU�WKH�GHYHORSPHQW�RI�LPSHGL�
PHWULF�DIILQLW\�VHQVRUV�IRU�FOLQLFDO�RU�HQYLURQPHQWDO�DSSOLFDWLRQV�

.R]ORY�9� $���7HUHQW\HY�'� $��&RUUHFWLRQ�RI�WKH�)UHTXHQF\�
5HVSRQVH�RI�DQ�0ROHFXODU�(OHFWURQLF�5RWDU\�$FFHOHURPHWHU�ZLWKLQ�
WKH ,QIUD�/RZ�)UHTXHQFLHV�5HJLRQ ������������������������������������������������

%\�PLQRU�YDULDWLRQ�RI�JHRPHWULFDO�SDUDPHWHUV�RI� WKH�HOHFWURGH
V\VWHP�WKH�SUDFWLFDO�SUREOHP�RI�UHFHSWLRQ�RI�WKH�IODW�IUHTXHQF\�UH�
VSRQVH�RI�DQ�PROHFXODU�HOHFWURQLF�DQJXODU�DFFHOHURPHWHU�LQ�D�ZLGH
IUHTXHQF\�UDQJH�DQG�ZLWK�WKH�SUHVHW�DFFXUDF\�LV�VROYHG�
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7KH�MRXUQDO�ERXJKW�VLQFH�QRYHPEHU������

(GLWRUãLQã&KLHI�3K��'��3HWU�3��0DOWVHY
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