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;(����� «mã«��°«� ¹Sº�SÈääÓº� �°�ÈÓÈmãÒmÈËä©Ë
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ÁÈ}��m©²º�È�ÒÏäËS«Ëäº®�mËãÒ�ÒÓ©�ÏÈ��°�ÈÓºmãËÓ�
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ÒÏäËÓ«�
�°ãË����ÒË�¹ÈSÈäË�S©�
z �°ÒãËÓÒË�°�SÈÏSË	ËÓÒËä����­Ò��
z °äË�ËÓÒË�°�SÈÏSË	ËÓÒËä���S�­º����­Ò��
z °äË�ËÓÒË�°�SÈÏSË	ËÓÒËä���º�Óº����­Ò��
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�ºS©ä�m}ã��ËÓ©��SÒ��°ÒãÒ�Ëã«�°�¹Sº�SÈääÒS�Ë�
ä©ä�}ºªÁÁÒ�ÒËÓ�ºä��°ÒãËÓÒ«��*'�Û*'����¹SÒ�
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Ó©äÒ�°²ËäÈäÒ�}ºä¹ËÓ°È�ÒÒ�°äË�ËÓÒ«��2))��Ò
2))� ����È}Òä�º­SÈÏºä��ª�º��ÈÓÈãº�ºm©®�¹Sº�Ë°°ºS
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SÈäË�Sºm���ÒÁSºmºË��¹SÈmãËÓÒË��È°�º�º®��Ò°}SË�
�ÒÏÈ�ÒÒ�Ò�}ºää��È�ÒË®�}ÈÓÈãºm��{°Ë�ª�º�¹ºÏmºã«Ë�
SËÈãÒÏºm©mÈ�
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­º�©�¹º���¹SÈmãËÓÒËä�äÒ}Sº}ºÓ�SºããËSÈ�
�ËSm©®��°ÒãÒ�Ëã
�Ò°¹ºã
Ï�Ë�°«��ã«��S�­º®��°�

�ÈÓºm}Ò��°ÒãËÓÒ«��m�ºSº®��°ÒãÒ�Ëã
�Û��ã«�­ºãËË
�º�Óº®�ÓÈ°�Sº®}Ò�}ºªÁÁÒ�ÒËÓ�È��°ÒãËÓÒ«�Ò��S��
­º®�}ºSSË}�ÒÒ�°äË�ËÓÒ«��È� �SË�Ò®��°ÒãÒ�Ëã
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�ã«�¹SË�ÒÏÒºÓÓº®�¹º�°�Sº®}Ò�}ºªÁÁÒ�ÒËÓ�È��°Ò�
ãËÓÒ«� Ò� �º�Óº®� }ºä¹ËÓ°È�ÒÒ� °äË�ËÓÒ«�� |�ËÓ

mÈÎÓº�ÓÈ°�Sº®}��}ºªÁÁÒ�ÒËÓ�È��°ÒãËÓÒ«�Ò�}ºä�
¹ËÓ°È�Ò�� °�mÒ�È� ¹Sºmº�Ò�
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°�ÒÓ���°ä��Ò�ÏÈÏºSË�����ää�Ëä}º°�
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¹Sº¹ºS�ÒºÓÈã
ÓºË�º�Óº	ËÓÒ��Ëä}º°�Ë®��¹ºª�ºä�
ÓËÒÏ­ËÎÓÈ�¹º°�º«ÓÓÈ«�°º°�Èmã«��È«�ÒÏ�ÏÈ�SÈÏ­È�
ãÈÓ°È� Ëä}º°�Ë®� }ºÓ�ËÓ°È�ºSÈ�� �SÒ� �È}Ò²� äÈã©²
Ëä}º°�«²�ª�º��SÈÏ­ÈãÈÓ°�äºÎË���º°�Ò�È�
���Û�����
zÈÏÈãº°
�­©��¹SË�ÒÏÒºÓÓ©Ë�ÒÏäËSËÓÒ«�¹SÒ��È}Ò²
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ÓËmºÏäºÎÓº��sº�mº��Ï�Ë°
�Ò�°}ÈÏ©mÈ��°«�¹SËÒä��
�Ë°�mÈ�º¹Ò°ÈÓÓ©²�m©	Ë�äÒ}Sº°²Ëä�
sÈ°�Sº®}º®�äÒ}Sº°²Ëä©�¹SËº­SÈÏºmÈ�Ëã«�}ºä�

¹ËÓ°ÒS�Ëä� °�mÒ�� �SºmÓ«� m�ÓÈ�Èã
Óº®� �º�}Ë� �¹SÒ
º�°��°�mÒÒ�°Ò�ÓÈãÈ���~È�Ëä��}ºSSË}�ÒS�«�¹ÈSÈäË�S
ÓÈ°�Sº®}Ò� �ãÒÓË®Óº°�
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�
Óº®�ãÒÓË®Óº°�Ò�Èä¹ãÒ���Óº®�²ÈSÈ}�ËSÒ°�Ò}Ò��È��
�Ò}È��j�¹º°ãË�m°Ë�º�ª�º�º�¹º°ãË�ºmÈ�Ëã
Ó©äÒ�ÓÈ�
°�Sº®}ÈäÒ��¹SÈmã«Ëä©²��°ÒãÒ�ËãË®�k¡��äÒ}Sº�
}ºÓ�SºããËSÈ��m�ºÓ«Ëä��°Ò�ÓÈã��È��Ò}È�m�È¹ËS��S�
���­Ò��­ËÏ�°�mÒ�È���Sº�Ë°°�ª�º��Û�Ò�ËSÈ�ÒºÓÓ©®�
Óº�SËÏ�ã
�È�©��ºmºS«��°ÈäÒ�ÏÈ�°Ë­«��äºÎÓº�¹ºã��
�Ò�
���Ò°�©²�����­Ò��¹SÒ�¹ºãº°Ë��È°�º��°Ò�ÓÈãÈ��º
��}���
{°�SºËÓÓºË�¹Sº�SÈääÓºË�º­Ë°¹Ë�ËÓÒË��È��Ò}È

SÈ­º�ÈË��m��SË²�SËÎÒäÈ²�
z ÓÈ�Èã
ÓÈ«� �°�ÈÓºm}È� Ò� äºÓÒ�ºSÓ©®� SËÎÒä� °

�ÒÈãº�ºä�¹º�56�����
z SËÎÒä�°ãËÎËÓÒ«�ÏÈ�°º­©�Ò«äÒ�Ò�ÁÒ}°È�Ò«�Ò²
m ªÓËS�ºÓËÏÈmÒ°Òäº®�¹Èä«�Ò�

z SËÎÒä�¹ËSË�È�Ò�ÓÈ}º¹ãËÓÓ©²��ÈÓÓ©²�
{� SËÎÒäË� °ãËÎËÓÒ«� �È��Ò}� ¹º�SË­ã«Ë�� m°Ë�º

���� äk�� �Sº�SÈää©� m°�SºËÓÓº�º� ¹Sº�SÈääÓº�º
º­Ë°¹Ë�ËÓÒ«��È��Ò}È�ÓÈ¹Ò°ÈÓ©�ÓÈ�«Ï©}Ë�&�Ò�º��
ãÈÎËÓ©�°�Ò°¹ºã
ÏºmÈÓÒËä�º­ºãº�}Ò�5,'(�ÁÒSä©
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Óº®� äÒ}Sº°²Ëä©� ¹SËº­SÈÏºmÈ�Ëã«� Ëä}º°�
ÛÓÈ�
¹S«ÎËÓÒË��äÒ}Sº}ºÓ�SºããËSÈ�°�SÈÏmÒ�©ä��¹SÈmãË�
ÓÒËä��SÈ}�ºä�¹SË�mÈSÒ�Ëã
Óº�º��°ÒãËÓÒ«�Ò�ªÓËS�
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�ÒÓ�ËããË}��Èã
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ã©ä�ªÓËS�º¹º�SË­ãËÓÒËä�Ò�äÈã©äÒ��È­ÈSÒ�Ó©äÒ
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z ¹ºã©®��ºÓ}º°�ËÓÓ©®�«}ºS
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°�m���ÒË�m�¹ºã
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°}ÒË��ËSSÈ°©�$J�¹Sº°�ÒSÈ��°«��º�°º�ËÓ�ÓÈÓºäË��
Sºm�� sÈ� ª�ºä� ÒÏº­SÈÎËÓÒÒ� �È}ÎË� äºÎÓº� mÒ�Ë�

SÈ°¹SË�ËãËÓÒË�º­SÈÏºmÈm	Ò²°«�º°�Sºm}ºm����Ë�­º�
ãËË�m©°º}º�SÈ°¹ºãºÎËÓÓ©Ë�º°�Sºm}Ò�ÒäË���äËÓ
�
	ÒË� SÈÏäËS©�� È� ­ºãËË� ÓÒÏ}º� SÈ°¹ºãºÎËÓÓ©Ë� Û
­óã
	ÒË���}ÈÏÈÓº�°�SËã}º®�����º�«mã«Ë�°«�SËÏ�ã
�

3Ò°�����v�l�ÒÏº­SÈÎËÓÒË�¹ºmËS²Óº°�Ò�*D1�������¹º°ãË���°�ª}°�
¹ºÏÒ�ÒÒ�m�¹º�º}Ë�$J�ÒÓ�ËÓ°ÒmÓº°�	
�����äºÓº°ãº®�°��È���ÓÒÎË
¹SÒmË�ËÓ� ¹SºÁÒã	� °}ÈÓÒSºmÈÓÒ«�� °Ó«�©®� m�ºã	� ãÒÓÒÒ� KÛK
�
v�l�ÒÏº­SÈÎËÓÒË��º®�ÎË�¹ºmËS²Óº°�Ò�¹º°ãË����°�ª}°¹ºÏÒ�ÒÒ���Ë�
äºÓ°�SÒS�
�ËË��m�äËSÓ©®�Sº°��¹ãËÓ}Ò��­���sÈ¹S«ÎËÓÒË�°äË�Ë�

ÓÒ«�8V  �����{����ÓÓËã	Ó©®��º}�,W  ����
Ü���k



ljzc|vjv�plskÐ��ptsjzk��¢�������� ��

�¡¢¡ÀÕÒÈÇÈÍ�3��§��È�ÄÐ�� ��±²¬�ÍÀ×ÀËÜÍÛÕ�ÑÒÀÄÈÉ�SÎÑÒÀ�ÏËÅÍÎÊ�$J�ÍÀ�ÏÎÂÅSÕÍÎÑÒÈ�&D1������

�È�ºä�º­SÈÏºmÈÓÒ«�ÓÈ�}SÈ«²�°��¹ËÓË®�²ºSº	º�ÒÏ�
mË°�Óº�º� ­ÈS
ËSÈ�bm�­Ëã«ÛwSãÒ²È� �6FKZRHEHOÛ
(KUOLFK����È°�º�ÓÈ­ã��ÈËäº�º�ÓÈ�}SÈ«²�°��¹ËÓË®�ÓÈ
¹ºmËS²Óº°�«²�­ãÈ�ºSº�Ó©²�äË�Èããºm���È}Ò²�}È}�$J
ÒãÒ�&X��Ò�}º�ºS©®�¹SË¹«�°�m�Ë���ÒÁÁ�ÏÒÒ�È�È�º�
äºm�°�mËS²ÓÒ²��ËSSÈ°�ÓÈ�ÓÒÎÓÒË�Ò��Ëä�°Èä©ä�mãÒ«�
Ë��ÓÈ�SËÎÒä�Sº°�È��ºÓ}Ò²�¹ãËÓº}�>������@�
�ºã��ËÓÓ©Ë�SËÏ�ã
�È�©��º}ÈÏ©mÈ������º��mËãÒ�

�ËÓÒË�ÒÓ�ËÓ°ÒmÓº°�Ò�¹º�º}È� º°ÈÎ�ÈËä©²� È�ºäºm
�È}ÎË� °¹º°º­°�m�Ë�� ¹º�ÈmãËÓÒ�� ¹ºmËS²Óº°�Óº®
�ÒÁÁ�ÏÒÒ�$J��zº��È�ÒÓ�ËÓ°ÒmÓº°�
�¹��}È�È�ºäºm
$J�mºÏSÈ°�ÈãÈ�º������äºÓº°ãº®�äÒÓ��º�����äºÓº�
°ãº®�°��¹ãº�Óº°�
�ÏÈSº�©	Ëº­SÈÏºmÈÓÒ«��mËãÒ�Ò�
mÈãÈ°
�ÓÈ��Û��¹ºS«�}È��{©°º}È«�¹ãº�Óº°�
�ÏÈSº�
�©	Ëº­SÈÏºmÈÓÒ«� ¹SÒmº�Ò�� }� º�ÓºSº�Óºä�� SÈ°�
¹SË�ËãËÓÒ��ÓÈÓº}ãÈ°�ËSºm�$J��}º�ºS©Ë�ÏÈ�Ëä�°º�
Ë�ÒÓ«��°«� Ò� º­SÈÏ���� ¹ãº°}��� ¹ãËÓ}��� p°ãÒ
º­Ë°¹Ë�Ò�
��º°�È�º�Óº�º�ÓºSº�Ó©®�¹��º}�È�ºäºm
$J��äºÎÓº��mËSËÓÓº�¹ºã��È�
�¹º°ãº®Ó©®���m�äËS�
Ó©®��Sº°��¹ãËÓº}��|�äË�Òä����º��È}º®�¹º�²º��ÓÈ�
äÓº�º�¹Sº�Ë�Ò�ª}ºÓºäÒ�ÓËË���Ëä�Ò°¹ºã
ÏºmÈÓÒË
ÓÒÏ}Ò²� �Ëä¹ËSÈ��S� Ò�� °ãË�ºmÈ�Ëã
Óº�� �Ë²ÓÒ�Ë°}Ò
­ºãËË��º°��¹ËÓ��l©�¹ºãÈ�ÈËä����º�ºÓ�äºÎË��­©�

Ò°¹ºã
ÏºmÈÓ� �ã«� ¹ºã��ËÓÒ«� SËÏ}Ò²� äËÎÁÈÏÓ©²
�SÈÓÒ��äË�ÈããÛ*D1�Ò�Ò°°ãË�ºmÈÓÒ«�ÁºSäÒSºmÈ�
ÓÒ«�­ÈS
ËSºm�bº��}Ò�
iÈãËË�­©ãº�Ò°°ãË�ºmÈÓº�mãÒ«ÓÒË�º�ÎÒ�È�ÓÈ�¹º�

mË�ËÓÒË�$J� ¹ãËÓº}�ÓÈ�*D1�¹º�ãºÎ}Ë��v� Sº°�ºä
�Ëä¹ËSÈ��S©�¹º�mÒÎÓº°�
�È�ºäºm�$J��mËãÒ�ÒmÈË��
°«���È}���º�¹º°ãË�º�ÎÒ�È�¹SÒ�����Å&�m�SËÏ�ã
�È�Ë
äÒ�SÈ�ÒÒ�ÓÈ­ã��ÈãÒ°
�°}º¹ãËÓÒ«�È�ºäºm�$J�m�mÒ�
�Ë�­ºã
	Ò²�º°�Sºm}ºm��ª�º�¹º��mËSÎ�Èãº°
��È}ÎË
ÓÈ­ã��ËÓÒËä�}ÈS�ÒÓ�irw|�m� mÒ�Ë� ¹SËS©mÒ°�©²
ãÒÓÒ®���lËÎ���ª�ÒäÒ�º°�Sºm}ÈäÒ�äºÎÓº�­©ãº�mÒ�
�Ë�
��ËSSÈ°©�ÓÈ��Ò°�º®�*D1�¹º�ãºÎ}Ë��º�ÓÈ}º�¹SÒ
ª�ºä���Èã«ãÒ°
�ÓË�m°Ë�È�ºä©�$J�Ò�ÓÈ�¹ºmËS²Óº°�Ò
º°�ÈmÈãº°
�ÓË}º�ºSºË�}ºãÒ�Ë°�mº�$J����º�¹º�äËSË
º�ÎÒ�È�¹SÒmº�Òãº�}�º­SÈÏºmÈÓÒ��S«�È�°mËS²°�S�}�
��S�Ò�ÁÈÏºm©²�¹ËSË²º�ºm�äËÎ���ÓÒäÒ��sÈ�SÒ°�����È
¹SÒmË�ËÓº� v�l�ÒÏº­SÈÎËÓÒË� °Ò°�Ëä©� $JÛ*D1
¹º°ãË�º�ÎÒ�È�¹SÒ�����Å&��¹ºmËS²Óº°�
�}º�ºSº®��­��
���Ò�m��Ëãºä�ÓË�¹ºS«�º�ËÓÓº®���ËäºÓ°�SÒS�Ë��ãº�
}Èã
Óº��¹ºS«�º�ËÓÓ©Ë���È°�}Ò��Ò�ä©�ÓÈÏmÈãÒ�ËË
¹ËSË²º�Óº®�ÁÈÏº®��3È�Ò}Èã
Ó©Ë�ÒÏäËÓËÓÒ«�ÓÈ­ã��
�ÈãÒ°
�¹º°ãË�º�ÎÒ�È�¹SÒ�����Å&��}º��È�mºÏÓÒ}ÈãÈ
°�S�}��SÈ�� � ����¹ºS«�º�ËÓÓÈ«�ÓÈ�È�ºäÓºä��SºmÓË
¹º�¹ãº�È�Ò�m°Ë®�­ºã
	º®��ËSSÈ°©�m�äÈ°	�È­Ë�ÓË�
°}ºã
}Ò²�°º�ËÓ�ÓÈÓºäË�Sºm��SÒ°�����­���3È°°�º«ÓÒË
äËÎ���­ãÒÎÈ®	ÒäÒ�ªãËäËÓ�ÈäÒ�°�S�}��S©�°º°�Èm�
ã«Ë������ ³ �����Óä�Ò�¹SÈ}�Ò�Ë°}Ò�°ºm¹È�ÈË��°º�ÏÓÈ�
�ËÓÒËä�¹º°�º«ÓÓº®�SË	Ë�}Ò�*D1�������Óä��~ÈäË�Òä�
��º�ÓÈ­ã��Èm	ÒË°«�SÈÓËË�ÁÈÏÈ�¹°Ëm�º�� � ��*D�� Ò
ÁÈÏÈ�°�º­�ËäÓº®�°�S�}��Sº®�� � ��ÓË�«mã«��°«�Ò°�
�ÒÓÓ©äÒ�ÁÈÏÈäÒ�� � ��>������@��|�°��°�mÒË��ËÁË}�ºm
ÓÈ�ÒÏº­SÈÎËÓÒÒ�¹ºmËS²Óº°�Ò�� � ���SÒ°�����­���ºmº�
SÒ��º�ËË�ªÓËS�Ë�Ò�Ë°}º®�°�È­Òã
Óº°�Ò��Ò��È}È«�¹º�

mËS²Óº°�
� äºÎË�� °ã�ÎÒ�
� Ò�ËÈã
Óº®� äº�Ëã
Óº®
°Ò°�Ëäº®��ã«�ÒÏ��ËÓÒ«�°mº®°�m�°Èäº®�¹ºmËS²Óº°�Ò
*D1�������
k�ºäÓÈ«�°�S�}��SÈ��È}º®�¹ºmËS²Óº°�Ò�°º�°�S�}�

��Sº®�� � ���ºãÎÓÈ�­©�
�¹Sº°�º®���¹ºS«�º�ËÓÓ©®
°ãº®�È�È�ºäºm�$J�°º�°�S�}��Sº®�� � ��äºÎË��­©�

SÈ°¹ºãºÎËÓ��ºã
}º�m��SË²�mºÏäºÎÓ©²�}ºÓÁÒ��SÈ�
�Ò«²����È°�}È²�*D���� Ë��7������È°�}È²�+��Ò�7���rºãËË
�º�º��m°ãË�°�mÒË�VS���Ò­SÒ�ÒÏÈ�ÒÒ�mÈãËÓ�Ó©²�ªãË}�
�SºÓºm�*D�äÈãºmËSº«�Óº� SÈ°¹ºãºÎËÓÒË� È�È�ºäºm
$J�°º�°�S�}��Sº®�� � ��ÓÈ���È°�}È²�+��Ò�7��ÒÏ�ÏÈ
ÓË°�È­Òã
Óº°�Ò��È}º®�}ººS�ÒÓÈ�ÒÒ��{äË°�Ë�°��Ëä
}ºÓÁÒ��SÈ�Ò«�°���È°�}ÈäÒ�7���äºÎË��²ºSº	º�º­��
«°ÓÒ�
� SÈ°¹ºãºÎËÓÒË�� ��Ë� °ãº®� È�È�ºäºm� $J� °º
°�S�}��Sº®�� � ��°m«ÏÈÓ�°�º­�ËäÓ©äÒ�È�ºäÈäÒ�*D�
ÓÈ°©�È«��È}Òä�º­SÈÏºä�m°Ë�º­ºSmÈÓÓ©Ë�°m«ÏÒ�ÓÈ
¹ºmËS²Óº°�Ò��SÒ°�����m��Ò��ËãÈ«�¹ºmËS²Óº°�
�ªÓËS�
�Ë�Ò�Ë°}Ò�°�È­Òã
Óº®�
�È}Òä�º­SÈÏºä��¹º}ÈÏÈÓº����º�¹SÒ�äÈã©²��P����

äºÓº°ãº®�äÒÓ��¹º�º}È²�È�ºäºm�$J�¹ãËÓ}Ò�SÈ°���
¹º�äË²ÈÓÒÏä��v�SÈÓ°}º�ºÛzSÈ°�ÈÓºmÈ��6WUDQVNLÛ
.UDVWDQRZ��� È� °� �mËãÒ�ËÓÒËä� °}ºSº°�Ò� ¹º}S©�Ò«
�O��äºÓº°ãº®�äÒÓ��ÓÈ­ã��ÈË�°«�¹º°ãº®Ó©®���� Ë�
�m�äËSÓ©®�� ª¹Ò�È}°ÒÈã
Ó©®� Sº°�� ¹º� äË²ÈÓÒÏä�
nSÈÓ}ÈÛmÈÓ� �ËS� lËSmË� �)UDQNÛYDQ� GHU� 0HUYH��
�È}ºË�¹ºmË�ËÓÒË�°m«Ï©mÈË�°«�ÓÈäÒ�°�¹º�ÈmãËÓÒËä
¹ºmËS²Óº°�Óº®��ÒÁÁ�ÏÒÒ�­ãÈ�º�ÈS«�mºÏSº°	Ë®�°}º�
Sº°�Ò�¹º�º}È�Ò�°º�ãÈ°�Ë�°«�°�SËÏ�ã
�È�ÈäÒ��¹ºã��ËÓ�
Ó©äÒ�ÓÈ�¹ºmËS²Óº°�«²�*D$V������Ò�6L������� � ��°
Ò°¹ºã
ÏºmÈÓÒËä��m�²°�È�Ò®Óº�º�äË�º�È�� m}ã��È��

3Ò°�����v�l�ÒÏº­SÈÎËÓÒ«�¹ºmËS²Óº°�Ò�°Ò°�Ëä©�$JÛ*D1�
È�Û�¹º°ãË�º�ÎÒ�È�¹SÒ�����Å&��º��Ë�ãÒmº�ÓÈ­ã��ÈË�°«��¹ËSË²º�ÓÈ«
ÁÈÏÈ����­�Û�¹º°ãË�º�ÎÒ�È�¹SÒ�����Å&��m�Û�°�S�}��SÓÈ«�äº�Ëã
�ÁÈ�
Ï©�� � �����Ë�m©°��¹È��ÒË�È�ºä©�$J�SÈ°¹ºãºÎËÓ©�ÓÈ���È°�}È²�7�



ljzc|vjv�plskÐ��ptsjzk��¢��������

�¡¢

��

��­ ­®²¥µ­®«®£¨¨�¨�§®­¤®¢ ¿�¬¨ª°®±ª®¯¨¿� �

�Ë�º�ÓÈÓË°ËÓÒË�$J�¹SÒ�ÓÒÏ}º®��∼����z���Ëä¹ËSÈ��SË
Ò�¹Sº�SËm��º�}ºäÓÈ�Óº®��Ëä¹ËSÈ��S©��{¹ËSm©Ë�ÓÈ�
­ã��ÈãÈ°
�È�ºäÓÈ«�°�S�}��SÈ�¹º}S©�º®�$J�ÓËSË�
}ºÓ°�S�ÒSºmÈÓÓº®�¹ºmËS²Óº°�Ò�*D1�������� � �
Ò�¹SË�ãºÎËÓÈ�ËË�°�S�}��SÓÈ«�äº�Ëã
�

v¹Ò°º}�ãÒ�ËSÈ��S©

�� $PEDFKHU�2� -��*URZWK�DQG�DSSOLFDWLRQV�RI�*URXS� ,,,�QL�
WULGHV����-��3K\V��'��$SSO��3K\V��������9������3� ����Û�����
�� <RXQJ�'� .���*XSWD�-� $���-RKQVWRQ�+DOSHULQ�(���(SVWHLQ�5��

.DWR�<���DQG�$ZVFKDORP�'� '��2SWLFDO��HOHFWULFDO�DQG�PDJQHWLF�PD�
QLSXODWLRQ�RI�VSLQV� LQ�VHPLFRQGXFWRUV����6HPLFRQG��6FL��7HFKQRO�
������9������1R ���3� ���Û����
�� bSË�ËS��� ����3Ë­ÈÓË��� ����~©}ºm�{� k���vÒ�ºSºm�{����

bÒSº}ºÏºÓÓ©Ë�¹ºã�¹Sºmº�ÓÒ}Ò��v�­���sÈ�}È������������°�
�� 6KHQ�-� .���6X�<� .���&KL�*� &���.RK�3� /���-RX�0� -���&KDQJ

&� 0���/LX�&� &���DQG�+XQJ�:� &��+LJK�WUDQVSDUHQF\�1L�$X�RKPLF
FRQWDFW�WR�S�W\SH�*D1����$SSO��3K\V��/HWW��������9������3� �����
�� /LX�4� =��DQG�/DX�6� 6��$�UHYLHZ�RI�WKH�PHWDO�*D1�FRQWDFW

WHFKQRORJ\����6ROLG�6WDWH�(OHFWURQLFV��������9������3� ���Û����
�� $GLYDUDKDQ�9���/XQHY�$���.KDQ�0� $���<DQJ�-���6LPLQ�*��

6KXU� 0� 6�� DQG� *DVND� 5�� 9HU\�ORZ�VSHFLILF�UHVLVWDQFH
3G�$J�$X�7L�$X�DOOR\HG�RKPLF�FRQWDFW�WR�S�*D1�IRU�KLJK�FXUUHQW
GHYLFHV����$SSO��3K\V��/HWW��������9������3� �����
�� 3LFR]]L�6���&RQWLQHQ]D�$���6DWWD�*���0DVVLGGD�6���DQG�)UHH�

PDQ�$� -��0HWDO�LQGXFHG�JDS�VWDWHV�DQG�6FKRWWN\�EDUULHU�KHLJKWV�DW
QRQUHDFWLYH� *D1�QREOH�PHWDO� LQWHUIDFHV� ��� 3K\V�� 5HY�� %�� �����
9� ���������Û������
�� ,P�+� -���'LQJ�<���3HO]�-� 3���+H\LQJ�%��DQG�6SHFN�-� 6�

&KDUDFWHUL]DWLRQ�RI�LQGLYLGXDO�WKUHDGLQJ�GLVORFDWLRQV�LQ�*D1�XVLQJ
EDOOLVWLF�HOHFWURQ�HPLVVLRQ�PLFURVFRS\����3K\V��5HY��/HWW��������9�����
3� ������Û�������
�� %DULQRY�$���*UHJRUDWWL�/���&DVDOLV�/���DQG�.LVNLQRYD�0��,Q�

WHUIDFLDO�UHDFWLRQV�DQG�6FKRWWN\�EDUULHU�SURSHUWLHV�RI�FRPSRVLWH�SDW�
WHUQHG�PHWDO�*D1�LQWHUIDFHV����-RXUQDO�RI�9DFXXP�6FLHQFH�	�7HFK�
QRORJ\�%��������9����������3� ����Û�����
��� rÈ²�ÒÏÒÓ� 3� ~��� vÈ}�SÈ®� ���� tÈ�Ò��äË� ����u�Ë� z��z�

k�ºäÓ©Ë� °�S�}��S©� ÓÈ� ¹ºmËS²Óº°�Ò� *D$V������� m©SÈ�ËÓÓº®
äË�º�ÈäÒ�äºãË}�ã«SÓº�ã��Ëmº®�ª¹Ò�È}°ÒÒ�����°¹Ë²Ò�ÁÒÏÒ�Ë�
°}Ò²�ÓÈ�}���ns�����������������¢ ����v� ����Û�����
��� 3HDUWRQ�6� -���=ROSHU� -� &���6KXO�5� -�� DQG�5HQ�)��*D1�

3URFHVVLQJ��GHIHFWV��DQG�GHYLFHV����-RXUQDO�RI�$SSOLHG�3K\VLFV�������
9������1 ���3� �Û���
��� rÈ²�ÒÏÒÓ�3� ~���u�Ë� ��z���u�Ë� ��y���tÈ°Ë�ÈmÈ�����vÈ�

}�SÈ®�����¡ºÓ��j� v�����3º°��m©°º}º}È�Ë°�mËÓÓ©²�¹ãËÓº}�*D1
ÓÈ�¹ºmËS²Óº°�Ò�}ÈS­Ò�È�}SËäÓÒ«����vmË�º�Òº�©�Ò�ãÈÏËS©�������
¢ �Û���v� ���
��� ;XH� 4��.��� ;XH� 4��=��� %DNKWL]LQ� 5� =��� +DVHJDZD� <��

7VRQJ�,� 6��7���6DNXUDL�7���DQG�2KQR�7��$WRPLVWLF�LQYHVWLJDWLRQ�RI
YDULRXV�*D1�������SKDVHV�RQ�WKH��+�6L&��������VXUIDFH����3K\V�
5HY��%��������9������3� �����Û������
���1RUWKUXS� -� (��� 1HXJHEDXHU� -��� )HHQVWUD� 5� 0��� DQG

6PLWK $� 5��6WUXFWXUH�RI�*D1��������7KH�ODWHUDOO\�FRQWUDFWHG�*D�EL�
OD\HU�PRGHO����3K\V��5HY��%��������9������3� ����Û�����
��� ;XH� 4��.��� ;XH� 4��=��� %DNKWL]LQ� 5� =��� +DVHJDZD� <��

7VRQJ�,� 6��7���6DNXUDL�7���DQG�2KQR�7��6WUXFWXUHV�RI�*D1�������
� � ���Ü� � ���DQG�Ü� � ��6XUIDFH�5HFRQVWUXFWLRQ����3K\VLFDO�5H�
YLHZ�/HWWHUV��������9������3� ����Û�����
��� 6PLWK� $� 5��� )HHQVWUD� 5� 0��� *UHYH� '� :��� 6KLQ� 0� 6��

6NRZURQVNL�0���1HXJHEDXHU�-���DQG�1RUWKUXS�-� (��5HFRQVWUXFWLRQV
RI�*D1����O��DQG��������VXUIDFHV��*D�ULFK�PHWDOOLF�VWUXFWXUHV����-�
9DF��6FL��7HFKQRO��%��������9������3� ����Û�����
��� *DYLROL�/���.LPEHUOLQ�.� 5���7ULQJLGHV�0� &���:HQGHONHQ�-� )��

DQG�=KDQJ�=� <��1RYHO�*URZWK�RI�$J�,VODQGV�RQ�6L�������3ODWHDXV
ZLWK�D�6LQJXODU�+HLJKW����3K\V��5HY��/HWW��������9������3� ���Û����
��� 7RVFK�6W��DQG�1HGGHUPH\HU�+��,QLWLDO�6WDJH�RI�$J�&RQGHQ�

VDWLRQ�RQ�6L������� � �����3K\V��5HY��/HWW��������9������3� ���Û����
��� 6PLWK�$� 5���&KDR�.� -���1LX�4���DQG�6KLK�&� .��)RUPDWLRQ

RI�DWRPLFDOO\�IODW�VLOYHU�ILOPV�RQ�*D$V�ZLWK�D��6LOYHU�0HDQ��TXDVL�SH�
ULRGLFLW\����6FLHQFH�������9�������3� ���Û����
��� (KUOLFK�*��DQG�+XGGD�)� *��$WRPLF�YLHZ�RI�VXUIDFH�VHOI�GLIIXVLRQ�

7XQJVWHQ�RQ�7XQJVWHQ����-��&KHP��3K\V��������9������3� ����Û�����
��� *LHVHQ�0���.RQHUW�*� 6�� ,��� DQG� ,EDFK�+��)DVW�'HFD\� RI

$GDWRP�,VODQGV�DQG�0RXQGV�RQ�&X�������$�1HZ�(IIHFWLYH�&KDQQHO
IRU� ,QWHUOD\HU� 0DVV� 7UDQVSRUW� ��� 3K\V�� 5HY�� /HWW�� ������ 9�� ���
3� ���Û����

�iz�������������

z� k��{ÈãÒËm��È}È���3ks�
nÒÏÒ}º��Ë²Óºãº�Ò�Ë°}Ò®�ÒÓ°�Ò����3ks��
�� ���rº�ÈSºm��}ÈÓ����Ë²Ó��ÓÈ�}���
�� ���lÈã	�Ëm����S��Ë²Ó��ÓÈ�}��¹SºÁ���
j� j���SºÒ�}Ò®��}ÈÓ����Ë²Ó��ÓÈ�}�
jÓ°�Ò����¹Sº­ãËäÓ©²�Ò°°ãË�ºmÈÓÒ®�kps�3n

ª¢ ­²®¢ ¿�²¥µ­®«®£¨¿�x�
­®¢»¥� ±¯¥ª²»�
­ ­®²¥µ­®«®£¨¨

|��ËºSÒÒ�}mÈÓ�ºm©²�°Ò°�Ëä�°m«ÏÒ��}SÒ¹�º�SÈÁÒÒ�

iS��Òä�mÈSÒÈÓ�ºä�Ò�ÒÓ�ËSË°Ó©ä�ÓÈ¹SÈmãËÓÒËä
SÈÏmÒ�Ò«�}mÈÓ�ºmº®��Ë²Óºãº�ÒÒ�Ò��Ë²ÓÒ}Ò�«mã«Ë�°«
°ºÏ�ÈÓÒË�}mÈÓ�ºm©²�°Ò°�Ëä�¹ËSË�È�Ò�ÒÓÁºSäÈ�ÒÒ�
{� º°ÓºmË� }mÈÓ�ºmº®� }SÒ¹�º�SÈÁÒÒ� ãËÎÒ�� ÓÈ�

­ã��ËÓÒË� ÏÈ� }mÈÓ�ºm©äÒ� °º°�º«ÓÒ«äÒ� Áº�ºÓºm�
}º�ºS©Ë�Ò°¹ºã
Ï���°«��ã«�¹ËSË�È�Ò�}È}�º�}S©�º®�
�È}�Ò�ÏÈ}S©�º®�ÒÓÁºSäÈ�ÒÒ��|�¹SÈmÒ�Ëã
�ÏÈ�ÈË�
ª�Ò�°º°�º«ÓÒ«��È�¹ºã��È�Ëã
�Ò²�SË�Ò°�SÒS�Ë����º�
°º°�º«ÓÒ«äÒ�Áº�ºÓºm�¹ºÓÒäÈË�°«�mÒ��Ò²�¹ºã«SÒ�
ÏÈ�ÒÒ��}º�ºSÈ«�äºÎË��­©�
�ºS�º�ºÓÈã
Óº®���ÒÈ�º�
ÓÈã
Óº®�ÒãÒ��ÒS}�ã«SÓº®�
�SÒ�ÓË°ÈÓ}�ÒºÓÒSºmÈÓÓºä� �º°��¹Ë� }� ¹ËSË�È�

mÈËäº®�ÒÓÁºSäÈ�ÒÒ�ÒÏäËÓ«Ë�°«�¹ºã«SÒÏÈ�Ò«�Áº�
�ºÓºm��°�¹ºäº�
��}º�ºS©²�º°��Ë°�mã«Ë�°«�¹ËSË�
�È�È�ÒÓÁºSäÈ�ÒÒ��w�º��ÁÈ}��º�ÓºÏÓÈ�Óº�º¹SË�Ë�
ã«Ë��¹ºã��È�Ëã
�ÒÓÁºSäÈ�ÒÒ�Ò��ËãÈË��m©mº��º�¹º�
¹©�}Ë�¹ËSË²mÈ�È�¹ËSË�ÈmÈËäº®�ÒÓÁºSäÈ�ÒÒ�
rÈÏºmº®�ÏÈ�È�Ë®�}SÒ¹�º�SÈÁÒÒ�«mã«Ë�°«�	ÒÁ�

SºmÈÓÒË� �ÈÓÓ©²� Ò� È��ËÓ�ÒÁÒ}È�Ò«� º�¹SÈmÒ�Ëã«�
w�º�ãË�}º�m©¹ºãÓÒ�
��Ë°ãÒ�}È}�º�¹SÈmÒ�Ëã
���È}�Ò
¹ºã��È�Ëã
� ÒäË��� ¹°Ëm�º°ã��È®Ó©Ë� ¹º°ãË�ºmÈ�
�Ëã
Óº°�Ò�­Ò���ÓÈÏ©mÈËä©Ë�}ã��ÈäÒ���ËSË��ÓÈ�È�
ãºä�º­äËÓÈ�}ÈÎ�©®�ÒÏ���È°�ÓÒ}ºm��ºãÎËÓ�¹ºã��
�Ò�
�}ã����¹SÒ�Ëä�ª���¹Sº�Ë��S��°ãË��Ë��m©¹ºã�
ÓÒ�
�°�ÓÈÒm©°	Òä��SºmÓËä�}ºÓÁÒ�ËÓ�ÒÈã
Óº°�Ò�
�È}���º­©�ÓÒ}È}È«��SË�
«�°�ºSºÓÈ�ÓË�äº�ãÈ�¹ºã��
�Ò�
��º°��¹��ÈÎË�}��È°�Ò�ª�º®�ÒÓÁºSäÈ�ÒÒ��~È�È�È
­ËÏº¹È°Óº®�¹ËSË°©ã}Ò�}ã��Ë®�äºÎË��­©�
�SË	ËÓÈ
°� ¹ºäº�
�� }mÈÓ�ºmº®� SÈ°°©ã}Ò� }ã��Ë®� 4.'
�4XDQWXP�.H\�'LVWULEXWLRQ���sÈ�ËÎÓº°�
�äË�º�È�ÏÒ�
Î�Ë�°«�ÓÈ�ÓËS�	Òäº°�Ò�ÏÈ}ºÓºm�}mÈÓ�ºmº®�äË²È�
ÓÒ}Ò��~ãº�ä©	ãËÓÓÒ}�ÓË�äºÎË��º�mË°�Ò��È°�
�°Ò��
ÓÈãÈ�°�¹ËSË�È��Ë®�ãÒÓÒÒ���È}�}È}�ÓËã
Ï«�¹º�ËãÒ�

ªãË}�SºäÈ�ÓÒ�Ó©®�}mÈÓ��ÓÈ��È°�Ò����­È«�¹º¹©�}È
Ïãº�ä©	ãËÓÓÒ}È� mäË	È�
°«� m� ¹Sº�Ë°°� ¹ËSË�È�Ò
m©ÏºmË��ÓË¹ºäËSÓº�m©°º}Ò®��SºmËÓ
�º	Ò­º}��v�Ë�
¹ËÓ
�ÓÈ�ËÎÓº°�Ò�m��ÈÓÓº®�äË�º�Ò}Ë�m©	Ë���Ëä�m
°ã��ÈË�¹SÒäËÓËÓÒ«�Èã�ºSÒ�äºm�°�¹ÈSÓ©äÒ�}ã��È�

3È°°äº�SËÓ©�º°ÓºmÓ©Ë�ÏÈS�­ËÎÓ©Ë�¹SºË}�©�m�º­�
ãÈ°�Ò�}mÈÓ�ºmº®��Ë²Óºãº�ÒÒ��}º�ºS©Ë�äºÎÓº�º�ËÓÒ�

}È}�Óºm©®�ª�È¹�SÈÏmÒ�Ò«�ÓÈÓº�Ë²Óºãº�ÒÒ��¹SÒmË�ËÓ©
ÓË}º�ºS©Ë��º°�ÒÎËÓÒ«�m�ª�º®�º­ãÈ°�Ò��È��È}ÎË�¹SÒ�
äËS©�SËÈãÒÏÈ�ÒÒ�}mÈÓ�ºmº®�}SÒ¹�º�SÈÁÒÒ�



ljzc|vjv�plskÐ��ptsjzk��¢�������� ��

�¡¢¢ÀËÈÅÂ�ª�� ��È�ÄÐ�� ��ªÂÀÍÒÎÂÀß�ÒÅÕÍÎËÎÃÈß�x�ÍÎÂÛÅ�ÀÑÏÅÊÒÛ�ÍÀÍÎÒÅÕÍÎËÎÃÈÈ

äÒ��ÓÈ¹SÒäËS��56$���~�Ë°
�}ã���äºÎË���ËÓËSÒSº�
mÈ�
°«�mº�mSËä«�¹ËSË�È�Ò�¹º�°ºmËS	ËÓÓº�º�}S©�º�
ä�� º¹�Ò�Ë°}ºä�� }ÈÓÈã���v}ºSº°�
� ¹ËSË�È�Ò� �ÈÓ�
Ó©²�¹SÒ�Ò°¹ºã
ÏºmÈÓÒÒ�ª�º®��Ë²Óºãº�ÒÒ�ÓË�m©°º�
}È�� Óº� �ã«� ¹ËSË�È�Ò� }ã��È� ºÓÈ� Ò� ÓË� Ó�ÎÓÈ���º
°��Ë°�m��}mÈÓ�ºmÈ«�}SÒ¹�º�SÈÁÒ«�äºÎË��ÏÈäËÓÒ�

°��Ë°�m���ÒË� Èã�ºSÒ�ä©�� }º�ºS©Ë� m� ÓÈ°�º«�ËË
mSËä«��È°�º�Ò°¹ºã
Ï���°«��ã«�¹ËSË°©ã}Ò�°Ë}SË��
Ó©²�}ã��Ë®�	ÒÁSºmÈÓÒ«�¹º�}ÈÓÈãÈä�°m«ÏÒ�
�ËSm©®� ¹Sº�º}ºã� }mÈÓ�ºmº®� }SÒ¹�º�SÈÁÒÒ

�{{���� ­©ã� ¹SË�ãºÎËÓ� Ò� º¹�­ãÒ}ºmÈÓ� m� ����� ��
b� rËÓÓË�ºä��&KDUOHV�+��%HQQHWW��Ò�y��rSÈ°°ÈS�ºä
�*LOOHV�%UDVVDUG��>�Û�@���ºÏ�ÓËË�Ò�Ë«�­©ãÈ�SÈÏmÒ�È
w}ËS�ºä��$UWXU�(NHUW��>�@�m���������{�º°ÓºmË�äË�º�È
}mÈÓ�ºmº®�}SÒ¹�º�SÈÁÒÒ�ãËÎÒ��ÓÈ­ã��ËÓÒË�}mÈÓ�
�ºm©²�°º°�º«ÓÒ®�Áº�ºÓºm��|�¹SÈmÒ�Ëã
�ÏÈ�ÈË��ª�Ò
°º°�º«ÓÒ«��È�¹ºã��È�Ëã
�Ò²�SË�Ò°�SÒS�Ë���~�Ë°
�Ò°�
¹ºã
Ï�Ë�°«� }mÈÓ�ºm©®� ¹SÒÓ�Ò¹� ÓËº¹SË�ËãËÓÓº�
°�Ò��}º��È��mË�}mÈÓ�ºm©Ë�mËãÒ�ÒÓ©�ÓË�äº����­©�

ÒÏäËSËÓ©� º�ÓºmSËäËÓÓº� °� �SË­�Ëäº®� �º�Óº°�
��
�SÒäËS�� Òãã�°�SÒS���Ò®� ¹Sº�º}ºã� }mÈÓ�ºmº®
}SÒ¹�º�SÈÁÒÒ� {{���� ¹SË�°�ÈmãËÓ� ÓÈ� SÒ°�� �� �°ä�
�SË�
�� °�ºSºÓ��º­ãºÎ}Ò����ºã«SÒÏÈ�Ò«�Áº�ºÓºm
äºÎË�� ­©�
� ºS�º�ºÓÈã
Óº®�� �ÒÈ�ºÓÈã
Óº®� ÒãÒ
�ÒS}�ã«SÓº®�� jÏäËSËÓÒË� º�Óº�º� mÒ�È� ¹ºã«SÒÏÈ�
�ÒÒ�SÈÓ�ºäÒÏ�Ë���S�����°º°�Èmã«�������È}Òä�º­�
SÈÏºä��Ë°ãÒ�º�¹SÈmÒ�Ëã
�Ò�¹ºã��È�Ëã
�ÓË��º�ºmºSÒ�
ãÒ°
�äËÎ���°º­º®��}È}º®�mÒ��¹ºã«SÒÏÈ�ÒÒ�­SÈ�
�ÏÈ
º°Óºm��� ¹ºã��È�Ëã
� äºÎË�� SÈÏS�	Ò�
� ¹º°ãÈÓÓ©®
º�¹SÈmÒ�ËãËä�°Ò�ÓÈã��ÓË�¹ºã��Òm�ÓÒ}È}º®�¹ºãËÏ�
Óº®�ÒÓÁºSäÈ�ÒÒ�
|�¹SÈmÒ�Ëã
� }º�ÒS�Ë�� º�¹SÈmã«Ëä©Ë� �ÈÓÓ©Ë�

ÏÈ�ÈmÈ«�º¹SË�ËãËÓÓ©Ë�}mÈÓ�ºm©Ë�°º°�º«ÓÒ«��¹ºã��
�È�Ëã
�SË�Ò°�SÒS�Ë��ª�Ò�°º°�º«ÓÒ«��~È�Ëä�¹ºã��È�
�Ëã
�Ò�º�¹SÈmÒ�Ëã
�°ºmäË°�Óº�º­°�Î�È���SËÏ�ã
�È�
�©�ÓÈ­ã��ËÓÒ®��{�}ºÓË�Óºä�Ò�º�Ë�°º�°}ºã
���º�Óº
m©°º}º®� �º°�ºmËSÓº°�
�� äºÎÓº� ­©�
� �mËSËÓÓ©ä�
��º�¹ËSË�ÈÓÓÈ«�Ò�¹SÒÓ«�È«�}º�ºm©Ë�¹º°ãË�ºmÈ�Ëã
�
Óº°�Ò��ºÎ�Ë°�mËÓÓ©��|­°�Î�ËÓÒË�SËÏ�ã
�È�ºm�}È°È�
Ë�°«�º	Ò­º}��mÓË°ËÓÓ©²�	�äÈäÒ�ÒãÒ�Ïãº�ä©	ãËÓ�
ÓÒ}ºä��Ò�ÓÒ�m�äÈãË®	Ë®�äËSË�ÓË�SÈ°}S©mÈË��°º�ËS�
ÎÒäº�º�¹ËSË�ÈÓÓº�º�°ºº­�ËÓÒ«��lºÎË��º­°�Î�È�
�
°«��Ë�Óº°�
�°ºº­�ËÓÒ«��Óº�ÓË�º��Ëã
Ó©Ë�­Ò�©���SÒ
¹ËSË�È�Ë��ÈÓÓ©²�}ºÓ�SºãÒS�Ë�°«�¹ºã«SÒÏÈ�Ò«�Áº�
�ºÓºm���ºã«SÒÏÈ�Ò«�äºÎË��­©�
�ºS�º�ºÓÈã
Óº®���º�
SÒÏºÓ�Èã
Óº®�ÒãÒ�mËS�Ò}Èã
Óº®����ÒS}�ã«SÓº®��ãË�
mº®�ÒãÒ�¹SÈmº®��Ò��ÒÈ�ºÓÈã
Óº®����Å�ÒãÒ����Å��
{� }È�Ë°�mË� Ò°�º�ÓÒ}È� °mË�È� äºÎË�� Ò°¹ºã
Ïº�

mÈ�
°«� °mË�ºÒÏã��È��Ò®� �Òº�� ÒãÒ� ãÈÏËS�� vmË�
ÁÒã
�S�Ë�°«��¹ºã«SÒÏ�Ë�°«�Ò�ÁºSäÒS�Ë�°«�m�mÒ�Ë�}º�
Sº�}Ò²�Òä¹�ã
°ºm�äÈãº®�ÒÓ�ËÓ°ÒmÓº°�Ò���ºã«SÒÏÈ�
�Ò«�}ÈÎ�º�º�Òä¹�ã
°È�äº��ãÒS�Ë�°«�º�¹SÈmÒ�ËãËä
¹SºÒÏmºã
Ó©ä�º­SÈÏºä�m�°ºº�mË�°�mÒÒ�°�º�ÓÒä�ÒÏ
�Ë�©SË²�¹ËSË�Ò°ãËÓÓ©²�°º°�º«ÓÒ®���ºSÒÏºÓ�Èã
ÓÈ«�
mËS�Ò}Èã
ÓÈ«��ãËmº��ÒãÒ�¹SÈmº�ÒS}�ã«SÓÈ«��
�ºã��È�Ëã
� ÒÏäËS«Ë�� ¹ºã«SÒÏÈ�Ò�� Áº�ºÓºm�

Ò°¹ºã
Ï�«�¹SºÒÏmºã
Ó���¹º°ãË�ºmÈ�Ëã
Óº°�
�­ÈÏº�

m©²�°º°�º«ÓÒ®��ºS�º�ºÓÈã
Ó���ÒãÒ��ÒS}�ã«SÓ����
�ºã��È�Ëã
�º�}S©�º�°ºº­�ÈË��º�¹SÈmÒ�Ëã���}È}��
¹º°ãË�ºmÈ�Ëã
Óº°�
�­ÈÏºm©²�°º°�º«ÓÒ®�ºÓ�Ò°¹ºã
�
ÏºmÈã��|�¹SÈmÒ�Ëã
�º�}S©�º��mË�ºäã«Ë��¹ºã��È�Ë�
ã«�º��ºä��}È}ÒË�­ÈÏºm©Ë�°º°�º«ÓÒ«�Ò°¹ºã
ÏºmÈÓ©
}ºSSË}�Óº��{°Ë�ÒÏäËSËÓÒ«��m©¹ºãÓËÓÓ©Ë�¹SÒ�°ºm�
¹È�È��Ò²�­ÈÏºm©²�°º°�º«ÓÒ«²��º�­SÈ°©mÈ��°«��jÏ�
äËSËÓÒ«�ÒÓ�ËS¹SË�ÒS���°«�°º�ãÈ°Óº��mºÒ�Óº®�°²Ë�
äË��ãËmº�ÒS}�ã«SÓÈ«�¹ºã«SÒÏÈ�Ò«�ÒãÒ��ºSÒÏºÓ�Èã
�
ÓÈ«�Û����¹SÈmº�ÒS}�ã«SÓÈ«�ÒãÒ�mËS�Ò}Èã
ÓÈ«�Û���
3ËÈãÒÏÈ�Ò«�¹Sº�º}ºãÈ�º°ãºÎÓ«Ë�°«�¹SÒ°��°�mÒËä
	�äÈ��}º�ºS©®�äºÎË��m©ÏmÈ�
�º	Ò­}Ò��{Óº°Òä©Ë
º	Ò­}Ò�äº����­©�
�º­ÓÈS�ÎËÓ©�Ò��°�SÈÓËÓ©�°�¹º�
äº�
��¹º�°�Ë�È��Ë�Óº°�Ò��¹SÒ�ª�ºä�º�ÒÓ�­Ò��ÒÏ�}È�
Î�º�º�­ãº}È�º�­SÈ°©mÈË�°«��b��rËÓÓË��>�@�m �������
¹SË�ãºÎÒã�°ãË����Ò®�¹Sº�º}ºã�
���|�¹SÈmÒ�Ëã
�Ò�¹ºã��È�Ëã
��º�ºmÈSÒmÈ��°«�º

¹SºÒÏmºã
Óº®�¹ËSË°�ÈÓºm}Ë�­Ò�ºm�m�°�Sº}È²����º­©
°�ËãÈ�
�¹ºãºÎËÓÒ«�º	Ò­º}�°ã��È®Ó©äÒ�
���v�Sº}Ò��Ëã«�°«�ÓÈ�­ãº}Ò�SÈÏäËSÈ�N��N�m©­Ò�

SÈË�°«��È}����º­©�mËSº«�Óº°�
�º	Ò­}Ò�m�­ãº}Ë�­©�
ãÈ�äÈãÈ��
���iã«�}ÈÎ�º�º�­ãº}È�º�¹SÈmÒ�Ëã
�Ò�¹ºã��È�Ëã


m©�Ò°ã«��� �Ë�Óº°�
� Ò� º�}S©�º� º¹ºmË�È��� �S��
�S��È� º� ¹ºã��ËÓÓ©²� SËÏ�ã
�È�È²�� �º°ãË�ÓÒ®� ­Ò�
}ÈÎ�º�º�­ãº}È���Èã«Ë�°«�
��� iã«� }ÈÎ�º�º� ­ãº}È�� ��Ë� �Ë�Óº°�
� º}ÈÏÈãÈ°


SÈÏÓº®��¹ºã��È�Ëã
�Ò�º�¹SÈmÒ�Ëã
�¹Sºmº�«��Ò�ËSÈ�
�ÒºÓÓ©®�¹ºÒ°}�Ò�Ò°¹SÈmãËÓÒË�ÓËmËSÓ©²�­Ò�ºm�
 �º­©� Ò°}ã��Ò�
� }SÈ�Ó©Ë� º	Ò­}Ò�� }º�ºS©Ë

äº���� ­©�
� ÓË� ÏÈäË�ËÓ©�� º¹ËSÈ�ÒÒ�¹�Ó}�ºm� �Û�
¹ºm�ºS«��°«��ã«�­ºã
	Ë�º�ÏÓÈ�ËÓÒ«�N�
iã«��º�º����º­©�º¹SË�ËãÒ�
��º°�ÈãÒ°
�ÒãÒ�ÓË�

ÓËº­ÓÈS�ÎËÓÓ©Ë�º	Ò­}Ò��¹ºã��È�Ëã
�Ò�º�¹SÈmÒ�
�Ëã
�¹ºm�ºS«���¹°Ëm�º°ã��È®Ó©Ë�¹SºmËS}Ò�
z ¹ºã��È�Ëã
�Ò�º�¹SÈmÒ�Ëã
�º�}S©�º�º­�«mã«���º
°ã��È®Óºä�¹ËSËäË	ÒmÈÓÒÒ�¹ºÏÒ�Ò®�¹ºãºmÒÓ©
­Ò��m�Ò²�°�Sº}È²�

z ¹ºã��È�Ëã
�Ò�º�¹SÈmÒ�Ëã
�º�}S©�º�°SÈmÓÒmÈ��
�Ë�Óº°�Ò�� Ë°ãÒ� °�Sº}Ò� º�ãÒ�È��°«�� �Ë�Óº°�Ò
�ºãÎÓ©�ÓË�°ºm¹È�È�
�°�mËSº«�Óº°�
������

z Ë°ãÒ�ÒäËË��äË°�º�º�ãÒ�ÒË��¹ºã��È�Ëã
�Ò�º�¹SÈ�
mÒ�Ëã
�Ò°¹ºã
Ï�����mºÒ�Ó©®�¹ºÒ°}�Ò���ÈãËÓÒË
ÓËmËSÓ©²�­Ò�ºm�

z Ë°ãÒ�º�ãÒ�Ò®�ÓË���¹º°ãË�P�Ò�ËSÈ�Ò®�¹ºã��È�Ëã

Ò�º�¹SÈmÒ�Ëã
�¹ºã��È���Ò�ËÓ�Ò�Ó©Ë�°�Sº}Ò�°
mËSº«�Óº°�
��º	Ò­}Ò��ÜP�
�Sº°�Ë®	È«�°²ËäÈ�SËÈãÒÏÈ�ÒÒ�º�ÓºÓÈ¹SÈmãËÓ�

Óº�º�}ÈÓÈãÈ�°�}mÈÓ�ºm©ä�	ÒÁSºmÈÓÒËä�¹º}ÈÏÈÓÈ
ÓÈ�SÒ°�����°ä���SË�
��°�ºSºÓ��º­ãºÎ}Ò����ËSË�È��
�È«� °�ºSºÓÈ� ÓÈ²º�Ò�°«� °ãËmÈ�� È� ¹SÒÓÒäÈ��È«� Û
°¹SÈmÈ�� Ð�Ë®}Ò��º}}Ëã
°È� �)�� 3RFNHOV�� °ã�ÎÈ�� �ã«
Òä¹�ã
°Óº®�mÈSÒÈ�ÒÒ�¹ºã«SÒÏÈ�ÒÒ�¹º�º}È�}mÈÓ�ºm
�Áº�ºÓºm��¹ËSË�È��Ò}ºä�Ò��ã«�ÈÓÈãÒÏÈ�Òä¹�ã
°ºm�¹º�
ã«SÒÏÈ�ÒÒ�¹SÒËäÓÒ}ºä���ËSË�È��Ò}�äºÎË��ÁºSäÒ�
SºmÈ�
�º�Óº�ÒÏ��Ë�©SË²�°º°�º«ÓÒ®�¹ºã«SÒÏÈ�ÒÒ����
�������Ò����Å���vº­°�mËÓÓº�¹ËSË�ÈmÈËä©Ë��ÈÓÓ©Ë�¹º�



ljzc|vjv�plskÐ��ptsjzk��¢��������

�¡¢

��

��­ ­®²¥µ­®«®£¨¨�¨�§®­¤®¢ ¿�¬¨ª°®±ª®¯¨¿� �

°��¹È���m�mÒ�Ë��¹SÈmã«��Ò²�°Ò�ÓÈãºm�ÓÈ�ª�Ò�«�Ë®}Ò�
{� }È�Ë°�mË� }ÈÓÈãÈ� ¹ËSË�È�Ò� �ÈÓÓ©²�äºÎË�� ¹SÒäË�
Ó«�
°«�º¹�Ò�Ë°}ºË�mºãº}Óº��{�}È�Ë°�mË�¹ËSmÒ�Óº�º
Ò°�º�ÓÒ}È�°mË�È�äºÎÓº�Ò°¹ºã
ÏºmÈ�
�Ò�ãÈÏËS�
sÈ�¹SÒÓÒäÈ��Ë®�°�ºSºÓË�¹º°ãË�«�Ë®}Ò��ÏÈ�mº�

SÈ���º}}Ëã
°È�°�ºÒ��}Èã
�Ò�ºmÈ«�¹SÒÏäÈ��}º�ºSÈ«
SÈ°�Ë¹ã«Ë��¹��º}�ÓÈ��mÈ�Áº�º�Ë�Ë}�ºSÈ��ÒÏäËS«��
�Ò²��mË�ºS�º�ºÓÈã
Ó©Ë�°º°�Èmã«��ÒË�¹ºã«SÒÏÈ�
�ÒÒ���SÒ�ÁºSäÒSºmÈÓÒÒ�¹ËSË�ÈmÈËä©²�Òä¹�ã
°ºm
}mÈÓ�ºm�¹SÒ²º�Ò�°«�SË	È�
�¹Sº­ãËä��Ò²�ÒÓ�ËÓ°Òm�
Óº°�Ò��p°ãÒ�}mÈÓ�ºm�m�Òä¹�ã
°Ë�������Ë°�
�mËSº«��
Óº°�
��º�º����º�����}mÈÓ�ºm�¹º�¹��Ò�­��Ë��º�mË�ËÓº
Ïãº�ä©	ãËÓÓÒ}ºä�ÓÈ�°mº®�¹SÒËäÓÒ}��kÓÈãÒÏÒS�«
¹ºÏ�ÓËË�º�}S©�©Ë�¹ËSË�ºmºS©�äËÎ���¹ËSË�È��Ë®
Ò� ¹SÒÓÒäÈ��Ë®� °�ºSºÓÈäÒ�� ºÓ� äºÎË�� ¹ºã��Ò�

Ó�ÎÓ���Ëä��ÒÓÁºSäÈ�Ò���{�Ò�ËÈãË��Ò°ãº�}mÈÓ�ºm
m�Òä¹�ã
°Ë��ºãÎÓº�­©�
� SÈmÓ©ä�Ë�ÒÓÒ�Ë�� ~�Ë°

ã�­È«�¹º¹©�}È�º�mº�È��È°�Ò�}mÈÓ�ºm�Ïãº�ä©	ãËÓ�
ÓÒ}ºä� ¹SÒmË�Ë�� }� °��Ë°�mËÓÓºä�� Sº°��� �Ò°ãÈ
º	Ò­º}���¹SÒÓÒäÈ��Ë®�°�ºSºÓ©��{�ª�ºä�°ã��ÈË
¹SÒÓ«�©Ë��ÈÓÓ©Ë��ºãÎÓ©�­©�
�º�­Sº	ËÓ©�Ò�¹º�
¹©�}È�¹ËSË�È�Ò�¹ºm�ºSËÓÈ��sº��ËãÈ«�}ÈÓÈã�­ºãËË
�°�º®�Òm©ä�}�¹ËSË²mÈ����ä©�°�Èã}ÒmÈËä°«�°�¹Sº�
­ãËäº®���ËäÓºmº�º��	�äÈ��m©�È�È�°Ò�ÓÈãÈ�m�º�°���
°�mÒÒ�Áº�ºÓºm�ÓÈ�m²º�Ë��¹SÒËäÓÒ}È���È}�}È}�ä©
m©Ó�Î�ËÓ©� ¹ºm©	È�
� Ë�º� ��m°�mÒ�Ëã
Óº°�
�� iã«
�º�º���º­©�º­Ë°¹Ë�Ò�
�ÓÈ�ËÎÓ����SÈÓ°¹ºS�ÒSºm}�
�ÈÓÓ©²��ãº�Ò�Ë°}ºä��Ó�ã��Ò�Ë�ÒÓÒ�Ë�äº����°ºº��
mË�°�mºmÈ�
�º¹SË�ËãËÓÓ©Ë�¹º°ãË�ºmÈ�Ëã
Óº°�Ò�°º�
°�º«ÓÒ®�� �º¹�°}È��ÒË� }ºSSË}�Ò�� º�ÒÓÈSÓ©²� Ò
�ÈÎË�}SÈ�Ó©²�º	Ò­º}�
iÈã
ÓË®	Ë�º��ã��	ËÓÒ«�ÓÈ�ËÎÓº°�Ò�}SÒ¹�º°Ò�

°�Ëä©� äºÎÓº� �º°�Ò�
�� Ò°¹ºã
Ï�«� ªÁÁË}�� (35
�(LQVWHLQÛ3RGROVN\Û5RVHQ��>�@��wÁÁË}��(35�mºÏÓÒ�
}ÈË���}º��È�°ÁËSÒ�Ë°}Ò�°ÒääË�SÒ�Ó©®�È�ºä�ÒÏã��
�ÈË���mÈ�Áº�ºÓÈ�m�¹Sº�Òmº¹ºãºÎÓ©²�ÓÈ¹SÈmãËÓÒ«²
}��m�ä�ÓÈ­ã��È�Ëã«ä��nº�ºÓ©�ÒÏã��È��°«�°�ÓËº¹�
SË�ËãËÓÓº®�¹ºã«SÒÏÈ�ÒË®��Óº�m�°Òã��°ÒääË�SÒÒ�Ò²
¹ºã«SÒÏÈ�ÒÒ� m°Ë��È� ¹Sº�Òmº¹ºãºÎÓ©�� {ÈÎÓº®
º°º­ËÓÓº°�
��ª�º�º�ªÁÁË}�È�«mã«Ë�°«��º����º�¹º�
ã«SÒÏÈ�Ò«�Áº�ºÓºm� °�ÈÓºmÒ�°«�ÒÏmË°�Óº®� �ºã
}º
¹º°ãË�ÒÏäËSËÓÒ«��sÈ�º°ÓºmË�(35�w}ËS��¹SË�ãºÎÒã
}SÒ¹�º°²Ëä�� �°²Ëä�� }mÈÓ�ºmº®� }SÒ¹�º�SÈÁÒÒ� ÓÈ
(35�¹ÈSÈ²���}º�ºSÈ«��ÈSÈÓ�ÒS�Ë��­ËÏº¹È°Óº°�
�¹Ë�
SË°©ã}Ò�Ò�²SÈÓËÓÒ«�}ã��È��|�¹SÈmÒ�Ëã
��ËÓËSÒS��
Ë��ÓË}º�ºSºË��Ò°ãº�(35�Áº�ºÓÓ©²�¹ÈS��|�ÒÓ�Áº�
�ºÓ�ÒÏ�}ÈÎ�º®�¹ÈS©�ºÓ�º°�Èmã«Ë���ã«�°Ë­«��m�ºSº®
¹º°©ãÈË��°mºËä��¹ÈS�ÓËS����SÒ�ª�ºä��Ë°ãÒ�ªÁÁË}�
�ÒmÓº°�
�SË�Ò°�SÈ�ÒÒ�­ãÒÏ}È�}�Ë�ÒÓÒ�Ë��¹SÒ�¹ºã��
�ËÓÒÒ�º�¹SÈmÒ�ËãËä�ÏÓÈ�ËÓÒ«�¹ºã«SÒÏÈ�ÒÒ����Ë�º
¹ÈS�ÓËS�ÏÈSË�Ò°�SÒS�Ë��ÏÓÈ�ËÓÒË���Ò�ÓÈº­ºSº���Ð°�
Óº����º��È}Òä�º­SÈÏºä�¹ÈS�ÓËS©�m°«}Ò®�SÈÏ��}º��È
�SË­�Ë�°«��äº����¹ºã��Ò�
�Ò�ËÓ�Ò�Ó©Ë�¹°Ëm�º°ã��
�È®Ó©Ë�}º�ºm©Ë�¹º°ãË�ºmÈ�Ëã
Óº°�Ò���SÈ}�Ò�Ë°}Ò
SËÈãÒÏÈ�Ò«��ÈÓÓº®�°²Ëä©�¹Sº­ãËäÈ�Ò�ÓÈ�m°ãË�°��
mÒË�ÓÒÏ}º®�ªÁÁË}�ÒmÓº°�Ò�SË�Ò°�SÈ�ÒÒ�Ò�ÒÏäËSË�
ÓÒ«�¹ºã«SÒÏÈ�ÒÒ�º�ÒÓº�Óº�º�Áº�ºÓÈ�

sËªÁÁË}�ÒmÓº°�
�SË�Ò°�SÈ�ÒÒ�«mã«Ë�°«�¹ãÈ�º®
ÏÈ�°Ë}SË�Óº°�
��vãË��Ë����Ò�©mÈ�
����º�¹SÒ�SÈ­º�Ë
m�º�ÓºÁº�ºÓÓºä�SËÎÒäË�mºÏÓÒ}È����Ò°�º�}mÈÓ�º�
m©Ë�ªÁÁË}�©���SÒ��ºSÒÏºÓ�Èã
Óº®�¹ºã«SÒÏÈ�ÒÒ�+
Ò� Ò°¹ºã
ÏºmÈÓÒÒ� mËS�Ò}Èã
Óº�º� ¹ºã«SÒÏÈ�ºSÈ� 9
SËÏ�ã
�È��º�ËmÒ�ËÓ�Û�Áº�ºÓ�ÓË�­��Ë��ÏÈSË�Ò°�SÒ�
SºmÈÓ���SÒ���Å�¹ºã«SÒÏÈ�ÒÒ�Áº�ºÓÈ�Ò�mËS�Ò}Èã
�
Óºä� ¹ºã«SÒÏÈ�ºSË� �9 �� mËSº«�Óº°�
� SË�Ò°�SÈ�ÒÒ
�� ���jäËÓÓº�ª�º�º­°�º«�Ëã
°�mº�Ò�Ò°¹ºã
Ï�Ë�°«�m
}mÈÓ�ºmº®�}SÒ¹�º�SÈÁÒÒ��3ËÏ�ã
�È�©�ÈÓÈãÒÏÈ�¹SÒ
¹ËSË�È�Ë��mºÒ�Ó©²�SÈÏS«�ºm�¹SË�°�ÈmãËÓ©�m��È­�
ãÒ�Ë�� ~�Ë°
� ¹SË�¹ºãÈ�ÈË�°«����º��ã«�¹ËSË�È��Ò}È
ãº�Ò�Ë°}ºä�� Ó�ã�� °ºº�mË�°�m�Ë�� ¹ºã«SÒÏÈ�Ò«� 9�
È Ë�ÒÓÒ�Ë�Û����Å���ã«�¹SÒÓÒäÈ��Ë®�°�ºSºÓ©�ãº�
�Ò�Ë°}ºä��Ó�ã��°ºº�mË�°�m�Ë��¹ºã«SÒÏÈ�Ò«�Û���Å�
È�Ë�ÒÓÒ�Ë�Û�+�

�ºÓ«�Óº����º�m�¹ËSmº®�Ò��Ë�mËS�º®�}ºãºÓ}Ë�¹º�
ã«SÒÏÈ�ÒÒ�¹ËSË�È�Ò�Ò�¹SÒËäÈ�ºS�º�ºÓÈã
Ó©�Ò�SË�
Ï�ã
�È�� �Ë�Ë}�ÒSºmÈÓÒ«� ­��Ë�� º�°��°�mºmÈ�
�� {º
m�ºSº®�Ò��SË�
Ë®�}ºãºÓ}È²�}º�©��mºÒ�Ó©²�SÈÏS«�
�ºm�°ºm¹È�È���Ò�¹ºã«SÒÏÈ�ÒÒ�ÓË�ºS�º�ºÓÈã
Ó©���º
ª�º®�¹SÒ�ÒÓË�°�mËSº«�Óº°�
�������äºÎË��­©�
�¹º�
ÏÒ�ÒmÓ©®�SËÏ�ã
�È��m�ã�­ºä�ÒÏ�ª�Ò²�°ã��ÈËm��Ò��È�
ÎË�m�º­ºÒ²���{��È­ãÒ�Ë�¹SË�¹ºãÈ�ÈË�°«����º��°¹Ë	�
ÓºË� �Ë�Ë}�ÒSºmÈÓÒË�Áº�ºÓÈ� ¹SºÒ°²º�Ò�� �ã«� °ã��
�È«��¹º}ÈÏÈÓÓº�º�m��SË�
Ë®�}ºãºÓ}Ë��jäËÓÓº�ª�º�
­Ò��°�ÈÓºmÒ�°«�¹ËSm©ä�­Ò�ºä�º­�Ë�º�°Ë}SË�Óº�º
}ã��È�¹ËSË�È��Ò}È�Ò�¹SÒËäÓÒ}È�
|�ÓºÁº�ºÓÓ©Ë� °º°�º«ÓÒ«� ¹ºã«SÒÏÈ�ÒÒ� ­ºãËË

��º­Ó©��ã«�¹ËSË�È�Ò��ÈÓÓ©²�ÓÈ�­ºã
	ÒË�SÈ°°�º«�
ÓÒ«�¹º�º¹�Ò�Ë°}Òä�}È­Ëã«ä�>�@���¹Sº�ËÓÓÈ«�°²ËäÈ
SËÈãÒÏÈ�ÒÒ�Èã�ºSÒ�äÈ�{���¹SË�°�ÈmãËÓÈ�ÓÈ�SÒ°���
�°ä���SË�
��°�ºSºÓ��º­ãºÎ}Ò��>�@�
{�Èã�ºSÒ�äË�{���¹SÒËäÓÒ}�Ò�¹ËSË�È��Ò}�°ºÏ�È�

��� °Ò°�Ëä��� ­ÈÏÒS�����°«� ÓÈ� ÒÓ�ËSÁËSºäË�SÈ²
lÈ²ÈÛ¡ËÓ�ËSÈ��|�¹SÈmÒ�Ëã
�º¹SË�Ëã«Ë����ã©�ÁÈ�
Ïºmº�º�°�mÒ�È��°ºº�mË�°�m���ÒË�ãº�Ò�Ë°}Òä�Ó�ã�
Ò�Ë�ÒÓÒ�Ë��Φ$  π�����È�¹SÒËäÓÒ}�ÏÈ�ÈË��°mºÒ�ÁÈ�
Ïºm©Ë�°�mÒ�Ò��ã«�ãº�Ò�Ë°}º�º�Ó�ã«��Φ%  �π����Ò
Ë�ÒÓÒ�©��Φ%  π���{��ÈÓÓºä�}ºÓ�Ë}°�Ë�ÒÏäËÓËÓÒË
ÁÈÏ©��π�°ºº�mË�°�m�Ë��ÒÏäËÓËÓÒ���ãÒÓ©�¹��Ò�ÓÈ
º�Ó���ãÒÓ��mºãÓ©�Ò°¹ºã
Ï�Ëäº�º�ÒÏã��ËÓÒ«�
tº�«� Áº�ºÓ©� mË���� °Ë­«� ¹SÒ� �Ë�Ë}�ÒSºmÈÓÒÒ

}È}� �È°�Ò�©�� ºÓÒ� SÈ°¹Sº°�SÈÓ«��°«� }È}� mºãÓ©�
{ËSº«�Óº°�
��º�º����º�Áº�ºÓ��¹º°ãÈÓÓ©®�º�¹SÈmÒ�
�ËãËä��­��Ë���Ë�Ë}�ÒSºmÈÓ�¹ºã��È�ËãËä�SÈmÓÈ

3'  FRV
� ���

Ò� ²ÈSÈ}�ËSÒÏ�Ë�� ÒÓ�ËSÁËSËÓ�Ò�� Èä¹ãÒ���� mºãÓ�
SÈ°¹Sº°�SÈÓ«��Ò²°«�¹º�mËS²ÓËä��Ò�ÓÒÎÓËä��¹��
�«ä� �°ä�� SÒ°�� ���� {ËSº«�Óº°�
� SË�Ò°�SÈ�ÒÒ� ­��Ë�

�ËSË�ÈmÈËä©®�­Ò� � � � �
�ºã«SÒÏÈ�Ò«�¹ËSË�È�Ò ���Å 9 ���Å 9
�ºã«SÒÏÈ�Ò«�¹SÒËäÈ Ü��Å Ü��Å + +
rÒ�©�}º�È�ÓÈ�¹SÒËäË � � � �
3ËÏ�ã
�È��¹SÒËäÈ Û Û � Û

Φ$ Φ%–

�
���������������� 

 



ljzc|vjv�plskÐ��ptsjzk��¢�������� ��

�¡¢¢ÀËÈÅÂ�ª�� ��È�ÄÐ�� ��ªÂÀÍÒÎÂÀß�ÒÅÕÍÎËÎÃÈß�x�ÍÎÂÛÅ�ÀÑÏÅÊÒÛ�ÍÀÍÎÒÅÕÍÎËÎÃÈÈ

mÈS
ÒSºmÈ�
°«�º��Ë�ÒÓÒ�©��¹SÒ�Ó�ãËmº®�SÈÏÓº°�Ò
ÁÈÏ���º�Ó�ã«��~�Ë°
�¹SË�¹ºãÈ�ÈË�°«����º�º�¹SÈmÒ�
�Ëã
� Ò� ¹ºã��È�Ëã
� Ò°¹ºã
Ï���� ÁÈÏºm©Ë� °�mÒ�Ò
�Φ$� Φ%�  ����π�����ã«�Ó�ãËm©²�­Ò��Ò��Φ$��Φ%�  
 �π���� π�� �ã«� Ë�ÒÓÒ�Ó©²� ­Ò�ºm� ��ã«� Èã�ºSÒ�äÈ
{{���Ò°¹ºã
Ï���°«��S��ÒË�¹SË�¹ºãºÎËÓÒ«��
iã«�SË�Ò°�SÈ�ÒÒ�º�ÒÓº�Ó©²�Áº�ºÓºm��¹ºäÒäº

nw���äº����Ò°¹ºã
ÏºmÈ�
°«��mËS�º�Ëã
Ó©Ë�ãÈmÒÓ�
Ó©Ë�Áº�º�Òº�©���ËSäÈÓÒËm©Ë�Ò�,Q*D$V���iã«�¹º�
ÓÒÎËÓÒ«��SºmÓ«�	�äÈ�Ò²�°ãË��Ë��º²ãÈÎ�È�
��wÁ�
ÁË}�ÒmÓº°�
�SË�Ò°�SÈ�ÒÒ�º�ÒÓº�Ó©²�Áº�ºÓºm�ãË�
ÎÒ��m��ÒÈ¹ÈÏºÓË�������������SÒ�ª�ºä�°ãË��Ë����Ò�
�©mÈ�
��È}ÎË��ºmºã
Óº�m©°º}ºË�¹º�ãº�ËÓÒË�°mË�È
º¹�Ò�Ë°}Òä� mºãº}Óºä� �∼���������� �r�}ä��� v²ËäÈ
ÒÓ�ËSÁËSºäË�SÈ� °� �m�ä«� mºãº}ÓÈäÒ� �º°�È�º�Óº
ÓË°�È­Òã
ÓÈ�m°ãË�°�mÒË�SÈÏÓ©²�°mº®°�m��SÈÓ°¹ºS��
Ó©²�mºãº}ºÓ�Ò�äºÎË���°¹Ë	Óº�SÈ­º�È�
��ºã
}º�¹SÒ
äÈã©²�SÈ°°�º«ÓÒ«²�����	Ò²�²ÈSÈ}�ËSÒ°�Ò}�äºÎÓº
�º°�Ò�
��ä�ã
�Ò¹ãË}°ÒS�«�º­È�¹��Ò�Áº�ºÓºm�m�º�Óº
mºãº}Óº��SÒ°�����°ä���Ë�mËS����°�ºSºÓ��º­ãºÎ}Ò��
{�ª�ºä�mÈSÒÈÓ�Ë�º�¹SÈmÒ�Ëã
�Ò�¹ºã��È�Ëã
�ÒäË�

���Ò�ËÓ�Ò�Ó©Ë�ÓËSÈmÓº¹ãË�Ó©Ë�ÒÓ�ËSÁËSºäË�S©
lÈ²ÈÛ¡ËÓ�ËSÈ��}SÈ°Ó©ä��mË�ºä�º�äË�ËÓ©�ÏËS}È�
ãÈ���3ÈÏÓº°�
�ÁÈÏ��ãÒÓÓº�º�Ò�}ºSº�}º�º�¹��Ë®�∆7
äÓº�º� ­ºã
	Ë� mSËäËÓÒ� }º�ËSËÓ�Óº°�Ò� °mË�ºmº�º
Ò°�º�ÓÒ}È�� �º� ª�º®� ¹SÒ�ÒÓË� ÒÓ�ËSÁËSËÓ�ÒÒ� m
¹SË�ËãÈ²� äÈã©²� ÒÓ�ËSÁËSºäË�Sºm� ÓË� ¹SºÒ°²º�Ò�
�r���sº�ÓÈ�m©²º�Ë�ÒÓ�ËSÁËSºäË�SÈ�¹ºã��È�Ëã«�ºÓÈ
mºÏäºÎÓÈ��{���{ËSº«�Óº°�
��º�º����º�Áº�ºÓÓ©Ë�Èä�
¹ãÒ���©� °ãºÎÈ�°«� ��ËÓ�SÈã
Ó©®� ¹Ò}� m©²º�Óº�º
°Ò�ÓÈãÈ�ÒÓ�ËSÁËSºäË�SÈ�{��SÈmÓÈ

3  >����FRV�Φ$�Ü�Φ%�@� ���

vãË��Ë��ÏÈäË�Ò�
����º�ª�È�Èä¹ãÒ���È�°Ò�ÓÈãÈ�m
� SÈÏÈ�äËÓ
	Ë���Ëä�m�°ã��ÈË��¹º}ÈÏÈÓÓºä�ÓÈ�SÒ°����
3ÈÏmË�mÒ�ËãÒ�¹��}È��¹ºã�¹SºÏSÈ�Ó©Ë�ÏËS}ÈãÈ��äº�
����­©�
�ÏÈäËÓËÓ©�ÓÈ�º¹�ºmºãº}ºÓÓ©Ë�º­�Ë�ÒÓÒ�
�ËãÒ��FRXSOHU����SÈ}�Ò�Ë°}ÒË�ÒÏäËSËÓÒ«��ã«��SÈÓ°�
¹ºS�Óº�º�}È­Ëã«��ãÒÓº®����}ä�¹º}ÈÏÈãÒ�ªÁÁË}�Òm�
Óº°�
� �ËÓËSÈ�ÒÒ� ­Ò�È� }ã��È� ÓÈ� �SºmÓË� ������Ü�

¹SÒ��È°�º�Ë�º	Ò­º}��%(5��º}ºãº�������>��@�

|�¹º°ãË�ÓÒ²��º°�ÒÎËÓÒ«²
m�º­ãÈ°�Ò�}mÈÓ�ºmº®�}SÒ¹�º�SÈÁÒÒ

{�,%0�¹Sº�ºãÎÈ��°«�Á�Ó�ÈäËÓ�Èã
Ó©Ë�Ò°°ãË�
�ºmÈÓÒ«�m�º­ãÈ°�Ò�}mÈÓ�ºm©²�m©�Ò°ãËÓÒ®��ÓÈ�È�©Ë
�S�¹¹º®�mº��ãÈmË�°� ÈSã
Ïºä�rËÓÓË��ºä��}º�ºS©®
m���������mäË°�Ë�°�yÒãËä�rSº°°ÈS�ºä�¹SË�ãºÎÒã
¹Sº°����°²Ëä��ÏÈ�Ò�ËÓÓº�º�}mÈÓ�ºmº�º�SÈ°¹SË�Ë�
ãËÓÒ«� }ã��Ë®�� v²ËäÈ� ¹ºã��ÒãÈ� ÒÏmË°�Óº°�
� ¹º�
ÓÈÏmÈÓÒËä��¹Sº�º}ºã�{{�����|�¹SÈ}�Ò�Ë°}Ò²��º°�
�ÒÎËÓÒ«²� ,%0� m� }mÈÓ�ºmº®� }SÒ¹�º�SÈÁÒÒ� m� ¹º�
°ãË�ÓÒË��º�©�ÒÏmË°�Óº�ÓËäÓº�ºË��ª�Ò�SÈ­º�©�mË�
���°«�­ËÏ�ÒÏãÒ	ÓË®�SË}ãÈä©�
|°º­ºË� äË°�º� ÏÈÓÒäÈË�� °ºÏ�ÈÓÓÈ«� ÓÈ� º°ÓºmË

yËÓËm°}º�º��ÓÒmËS°Ò�Ë�È�}ºä¹ÈÓÒ«�*$3��*URXS�RI
$SSOLHG�3KLVLFV��2SWLTXH��zºä¹ÈÓÒ«�°�ËmSº¹Ë®°}ÒäÒ

È}È�ËäÒ�Ë°}ÒäÒ�}ºSÓ«äÒ�°º²SÈÓ«Ë���SÈ�Ò�ÒÒ�ÓÈ�
��Ó©²�¹�­ãÒ}È�Ò®��|��ºä����º�}mÈÓ�ºmÈ«�}SÒ¹�º�
�SÈÁÒ«�m©²º�Ò��ÒÏ�ãÈ­ºSÈ�ºSÓº�º�°º°�º«ÓÒ«�äºÎ�
Óº�°��Ò�
�²º�«�­©�¹º�ºä�����º�m���������º�ÓË®�¹Ò	Ë�
Ò�­ÒÏÓË°�¹SË°°È��m��È°�Óº°�Ò��1HZ�<RUN�7LPHV���Ò
¹º¹�ã«SÓ©Ë� ÒÏ�ÈÓÒ«� �m� �ºä� �Ò°ãË�� 1DWLRQDO� *HR�
JUDSKLF����º��S�}ºmº�°�mºä�sÒ}ºãÈ°È��Ò°ÒÓÈ�*$3�
2SWLTXH� °ºmäË�ÈË�� �ËºSË�Ò�Ë°}ÒË� Ò°°ãË�ºmÈÓÒ«� °
¹SÈ}�Ò�Ë°}º®� �Ë«�Ëã
Óº°�
��� zºä¹ÈÓÒÒ� m¹ËSm©Ë
��Èãº°
�¹ËSË�È�
�}ã���ÓÈ�SÈ°°�º«ÓÒË����}ä�ÒÏ�yË�
ÓËm©� m� �ºÏÈÓÓ��� mº°¹ºã
ÏºmÈm	Ò°
� ¹º��Ò� ¹Sº�
ä©	ãËÓÓ©ä�º­SÈÏ�ºä�È¹¹ÈSÈ��S©�
w�º�� SË}ºS�� ­©ã� ¹º­Ò�� }ºä¹ÈÓÒË®�0LWVXELVKL

(OHFWULF��}º�ºSº®���Èãº°
�¹ËSË�È�
�}mÈÓ�ºm©®�}ã��

ÓÈ�SÈ°°�º«ÓÒË����}ä��°}ºSº°�Ò�Ë�Ë�º�ËÓ
�ÓËmËãÒ�
}Ò��m°Ë�º�����­Ò��°�
~È�Ëä�¹º«mÒãÒ°
�Ò�Óºm©Ë��º°�ÒÎËÓÒ«��|�Óº�ÒÏ

ÓÒ²�¹SÒÓÈ�ãËÎÒ�� ­SÒ�ÈÓ°}º®� �S�¹¹Ë�7RVKLED�5H�
VHDUFK�(XURSH��º��Ëä���ËÓ©Ë�°ºº­�ÒãÒ�ÓÈ�¹Sº	Ë��
	Ë®�m�rÈã�ÒäºSË��vbk���Û��Ò�Ó«��zºÓÁËSËÓ�ÒÒ
¹º�ãÈÏËSÈä�Ò�ªãË}�Sºº¹�Ò}Ë���7KH�&RQIHUHQFH�RQ�/D�
VHUV� DQG�(OHFWUR�2SWLFV�Û�&/(2��� {� ª}°¹ËSÒäËÓ�Ë
Ò°¹ºã
ÏºmÈãÈ°
� �Ë²ÓÒ}È� ¹ËSË�È�Ò� Ò� �Ë�Ë}�ÒSºmÈ�
ÓÒ«�Ë�ÒÓÒ�Ó©²�Áº�ºÓºm��sºm©®�SË}ºS���Èã
Óº°�Ò
��Èãº°
� ¹º°�ÈmÒ�
� ­ãÈ�º�ÈS«� Ò°¹ºã
ÏºmÈÓÒ�� �Ë�
�Ë}�ºSÈ�°�º�ËÓ
�ÓÒÏ}Òä��SºmÓËä�	�äºm��iË�Ë}�ºS
¹SË�°�Èmã«ã� °º­º®� äº��ã«�ÒºÓÓº�ãË�ÒSºmÈÓÓ©®
¹ºãËmº®��SÈÓÏÒ°�ºS�ÓÈ�º°ÓºmË�ÈS°ËÓÒ�È��ÈããÒ«�Ò
ÈS°ËÓÒ�È�Èã�äÒÓÒ«��ÈããÒ«��¹º�mËSÎËÓÓ©®��Ë®°��
mÒ��	�äºm�m�ÏÓÈ�Ò�Ëã
Óº�äËÓ
	Ë®�°�Ë¹ËÓÒ���Ëä
�S��ÒË�ÈÓÈãº�Ò�Ó©Ë��°�Sº®°�mÈ�
j°°ãË�ºmÈÓÒ«�m�º­ãÈ°�Ò�}mÈÓ�ºmº®�}SÒ¹�º�SÈ�

ÁÒÒ�mË���°«�Ò�m� ËmSº¹Ë®°}ºä�Ò°°ãË�ºmÈ�Ëã
°}ºä
�ËÓ�SË�7RVKLED�5HVHDUFK�(XURSH��SÈ°¹ºãºÎËÓÓºä�m
zËä­SÒ�ÎË�� |��È°�Ò� ºÓÒ� °¹ºÓ°ÒS���°«� ÈÓ�ãÒ®�
°}Òä�¹SÈmÒ�Ëã
°�mºä��m�ÓÒ²���È°�m����°º�S��ÓÒ}Ò
zËä­SÒ�Î°}º�º��ÓÒmËS°Ò�Ë�È�Ò�jä¹ËSÒÈã�}ºããË��
ÎÈ�m��ºÓ�ºÓË��vË®�È°�Òä���ÈË�°«�¹ËSË�ÈmÈ�
�Áº�ºÓ©
ÓÈ�SÈ°°�º«ÓÒË��º�����}ä��Ë°�
�ÓÈ�ËÎ�È����º��ËSËÏ��SÒ
�º�È�­�����m©¹��ËÓ©�}ºääËS�Ë°}ÒË�¹Sº��}�©�
�ËSm©äÒ�¹ºã
ÏºmÈ�Ëã«äÒ��È}Ò²�°Ò°�Ëä�°�ÈÓ��

­ÈÓ}Ò�Ò�¹SÈmÒ�Ëã
°�mËÓÓ©Ë�ºS�ÈÓÒÏÈ�ÒÒ��{�ºSº®
SËÏ�ã
�È��¹SËº�ºãËÓÒ«�����}ÒãºäË�Sºmº�º�S�­ËÎÈ
�Èã
Óº°�Ò� º¹�­ãÒ}ºmÈãÈ� «¹ºÓ°}È«� �°­ºSÓÈ«� }º�
äÈÓ�È��� {� �ÈÓÓºä� ª}°¹ËSÒäËÓ�Ë� Ò°¹ºã
ÏºmÈãÈ°

�È}ÎË� �Ë²ÓÒ}È� ¹ËSË�È�Ò� Ë�ÒÓÒ�Óº�º�Áº�ºÓÈ�� �Ë�
�Ë}�ÒSºmÈÓÒË�}º�ºSº�º�º°��Ë°�mã«ãº°
�¹º°SË�°��
mºä�ÒÓ�ËSÁËSËÓ�ÒÒ�
�º°ãË� ¹ËSË�È�Ò�Áº�ºÓÈ� ÓÈ� SÈ°°�º«ÓÒË� ­ºãËË

����}ä�Ë�º�mÒ�Òäº°�
�°º°�ÈmÒãÈ���������º�°ºº�mË��
°�m�Ë��ÓÈ�ËÎÓº°�Ò�}mÈÓ�ºmº®�}SÒ¹�º�SÈÁÒ�Ë°}º®
°Ò°�Ëä©�­ºãËË������
zºä¹ÈÓÒ«�0DJL4�7HFKQRORJLHV�­©ãÈ�º°ÓºmÈÓÈ�m

��������ÓÈ�°SË�°�mÈ�¹�ãÈ�}S�¹Ó©²�ÁÒÓÈÓ°ºm©²�ÒÓ�
°�Ò���ºm���ºäÒäº�°º­°�mËÓÓ©²�°º�S��ÓÒ}ºm�°�ÓË®
°º�S��ÓÒ�È���ÓÈ��Ó©Ë�SÈ­º�ÓÒ}Ò�ÒÏ��Ëãº�º�S«�È
�ÓÒmËS°Ò�Ë�ºm�vbk��zÈÓÈ�©��{ËãÒ}º­SÒ�ÈÓÒÒ�Ò

�
�
��



ljzc|vjv�plskÐ��ptsjzk��¢��������

�¡¢

��

��­ ­®²¥µ­®«®£¨¨�¨�§®­¤®¢ ¿�¬¨ª°®±ª®¯¨¿� �

�ËSäÈÓÒÒ��iº�¹º°ãË�ÓË�º�mSËäËÓÒ�mËãÈ�°}S©�ÓºË
°��Ë°�mºmÈÓÒË�Ò�ÏÈ«mÒãÈ�º�°Ë­Ë�¹º°ãË��º�º��}È}�°º�
�ãÈ�°Ë­«��º�ºmº®�}�º­�«mãËÓÒ���º�ºm«�Ë�º°«�}ºä�
äËS�Ë°}º�º� ¹Sº��}�È�� Óº� Ò� ¹º°ãË� ª�º�º� «°Óº�º
¹SË�°�ÈmãËÓÒ«�º�ÓËä�¹º}È�ÓË���{�}È�Ë°�mË�}º�ºmº�º
ÒäËÓÒ�°SË�°�mÈ��ã«�SÈ°¹SË�ËãËÓÒ«�}ã��Ë®��TXDQ�
WXP�NH\�GLVWULEXWLRQ��4.'��ÒÏ­SÈÓº�Òä«�¹ãËäËÓÒ�ÒÓ�
�Ë®�Ëm�ÓÈmÈ²º�Û�1DYDMR��jÏmË°�Óº����º�mº�mSËä«
{�ºSº®�äÒSºmº®�mº®Ó©�«Ï©}�ÓÈmÈ²º�Ò°¹ºã
ÏºmÈã°«
�ã«� ¹ËSË�È�Ò� º°º­º� °Ë}SË�Ó©²� °ºº­�ËÓÒ®�� ãÒ��
ÏÓÈm	Ò²� Ë�º� ÏÈ� ¹SË�ËãÈäÒ�vºË�ÒÓËÓÓ©²�b�È�ºm
¹º¹Sº°���ÓË�­©ãº��1DYDMR�°¹º°º­ËÓ�m�SËÈã
Óºä�mSË�
äËÓÒ��ËÓËSÒSºmÈ�
�Ò�SÈ°¹Sº°�SÈÓ«�
�}ã��Ò�°SË��
°�mÈäÒ�}mÈÓ�ºm©²��Ë²Óºãº�Ò®��ºÓ��ºãÎËÓ�º­Ë°¹Ë�
�ÒmÈ�
�ÏÈ�Ò���º��mÓ��SËÓÓÒ²�Ò�mÓË	ÓÒ²�Ïãº�ä©	�
ãËÓÓÒ}ºm���º�°ºº­�ËÓÒ«ä��1DYDMR�ÓÈ²º�Ò�°«�m�°º�
°�º«ÓÒÒ�­Ë�È��Ë°�ÒSºmÈÓÒ«�Ò�°�ÈÓË��}ºääËS�Ë°}Ò
�º°��¹Ó©ä�m�}ºÓ�Ë��º�È��{Ò�Ë�¹SËÏÒ�ËÓ�ºä�}ºä�
¹ÈÓÒÒ�0DJL4�«mã«Ë�°«�kãË}°Ë®��SÒÁºÓºm��ÓÈ	�°º�
º�Ë�Ë°�mËÓÓÒ}��ÏÈ�Ò�Òm	Ò®��º}�ºS°}����Ò°°ËS�È�
�Ò��m�vÈÓ}���Ë�ËS­�S�°}ºä��ÓÒmËS°Ò�Ë�Ë�m��������
�º°ãË�ÁºSä�ãÒSºm}Ò�}ºÓ�Ë¹�ÒÒ�}mÈÓ�ºmº®��Ë�

ãË¹ºS�È�ÒÒ� ºÓÈ� ­©ãÈ� SËÈãÒÏºmÈÓÈ� ª}°¹ËSÒäËÓ�
�Èã
Óº�m�����Û���������{�ª}°¹ËSÒäËÓ�È²�Óº°Ò�Ëã«�
äÒ��ËãË¹ºS�ÒS�Ëä©²�}�­Ò�ºm�«mã«ãÒ°
�Áº�ºÓ©�m
�ÏÈ¹��ÈÓÓ©²��Áº�ºÓÓ©²�¹ÈSÈ²��w�3�¹ÈS©���sË�º°�
�È�}ºä�ª�Ò²�ª}°¹ËSÒäËÓ�Èã
Ó©²�SÈ­º��­©ãÈ�ÓÒÏ}È«
mËSº«�Óº°�
��°¹Ë	Óº®��ËãË¹ºS�È�ÒÒ�Û�m°Ë�º������
3ÈÏSÈ­º�ÈÓÓ©Ë�m�����Û����������°ºmËS	ËÓ°�mºmÈÓ�
Ó©Ë�äË�º�Ò}Ò�¹ºÏmºãÒãÒ� �mËãÒ�Ò�
� mËSº«�Óº°�
�
Óº�ÏÈ�°�Ë��SËÏ}º�º��äËÓ
	ËÓÒ«�ªÁÁË}�ÒmÓº°�Ò�ÒÏ�
äËSËÓÒ®���º���Ü�����|°ÓºmÓÈ«�¹Sº­ãËäÈ�Ï�Ë°
�ÏÈ�
}ã��ÈË�°«�m��ºä����º��ã«�¹SºmË�ËÓÒ«�¹ºãÓº�º�ÒÏ�
äËSËÓÒ«�­Ëããºm°}º�º�°º°�º«ÓÒ«�Áº�ºÓºm��SË­�Ë�°«
ÓËãÒÓË®ÓÈ«�º¹�Ò}È��}º�ºSÈ«�Ò�¹SÒmº�Ò��}�ÓÒÏ}º®
ªÁÁË}�ÒmÓº°�Ò���º��È�}È}�ãÒÓË®ÓÈ«�º¹�Ò}È��º¹�°�
}ÈË�� ãÒ	
� ÓË¹ºãÓºË� ÒÏäËSËÓÒË�� °ãË�°�mÒËä��Ë�º
«mã«Ë�°«�äÈãËÓ
}È«�mËSº«�Óº°�
�¹SÈmÒã
Óº�º�º¹�
SË�ËãËÓÒ«�²ÈSÈ}�ËSÒ°�Ò}��ËãË¹ºS�ÒS�Ëäº�º�}�­Ò�
�È��|�ÓÒä�ÒÏ�m©²º�ºm�äº�ãÈ�­©�°�È�
��ËãË¹ºS�È�Ò«
ÓË�}�­Ò�ºm��º¹SË�ËãËÓÓ©²�m�}ºÓË�ÓºäËSÓºä��Òã
�
­ËS�ºmºä�¹Sº°�SÈÓ°�mË���È�ÓË¹SËS©mÓ©²�¹ËSËäËÓ�
Ó©²�� |�ÓÈ}º� ¹SÒ� ª�ºä� º�ËÓ
� �S��Óº� ÒÏ�º�ºmÒ�

äÈ}°ÒäÈã
Óº� ÏÈ¹��ÈÓÓ©Ë� °º°�º«ÓÒ«� �°ÎÈ�©Ë� °º�
°�º«ÓÒ«� °mË�ºm©²�¹��}ºm����È� m�º­Èmº}� °� Sº°�ºä
SÈ°°�º«ÓÒ«��ÓÈ�}º�ºSºË�º°��Ë°�mã«Ë�°«��ËãË¹ºS�È�
�Ò«��SËÏ}º�mºÏSÈ°�È���¹º�ËSÒ�
{���������	mË®�ÈS°}ÒäÒ��8QLYHUVLW\�RI�*HQHYD��Ò

�È�°}ÒäÒ��8QLYHUVLW\�RI�$DUKXV��ÁÒÏÒ}ÈäÒ�­©ãÈ�ª}°�
¹ËSÒäËÓ�Èã
Óº�SËÈãÒÏºmÈÓÈ��ËãË¹ºS�È�Ò«�}�­Ò�ºm
äËÎ����m�ä«�ãÈ­ºSÈ�ºSÒ«äÒ����ÈãËÓÓ©äÒ��S���º�
�S��È�ÓÈ����ä��SÒ°�����°ä���Ë�mËS����°�ºSºÓ��º­ãºÎ�
}Ò��� �SÒ� ª�ºä� Ò°¹ºã
ÏºmÈã°«� °�ÈÓ�ÈS�Ó©®� �ËãË�
}ºää�ÓÒ}È�ÒºÓÓ©®�}È­Ëã
���ãÒÓÈ�}º�ºSº�º� ��ã«
ÒäÒ�È�ÒÒ�­ºã
	º�º�SÈ°°�º«ÓÒ«�äËÎ���¹�Ó}�ÈäÒ�º��
¹SÈmãËÓÒ«�Ò��º°�Èm}Ò��°º°�Èmã«ãÈ���}ä��z�­Ò�©��ÏÈ�
}º�ÒSºmÈÓÓ©Ë�m�Áº�ºÓ©�°��ãÒÓº®�mºãÓ©���� ä}ä�
­©ãÒ��ËãË¹ºS�ÒSºmÈÓ©�ÓÈ�Áº�ºÓ©�°��ãÒÓº®�mºãÓ©

�����ä}ä��iã«�ª�º�º�Ò°¹ºã
ÏºmÈãÈ°
�ãÒÓË®ÓÈ«�º¹�
�Ò}È��Óº�m�º�ãÒ�ÒË�º��SÈÓÓÒ²�SÈ­º��}�­Ò�©�}º�Ò�
SºmÈãÒ°
�ÓË�m�¹ºã«SÒÏÈ�Ò��Áº�ºÓºm��È�m�°�¹ËS¹º�
ÏÒ�Ò���m�²��WLPH�ELQV���°º°�º«ÓÒ®�ÓÈ�°ÁËSË���ÈÓ�
}ÈSË�°�SÈÏãÒ�Ó©äÒ�}ºä¹ºÓËÓ�ÈäÒ�ªãË}�SÒ�Ë°}º�º
¹ºã«�m�Òä¹�ã
°Ë��
�È}º®� °¹º°º­� }º�ÒSºm}Ò� ¹ºÏmºã«Ë�� º°ãÈ­Ò�


mãÒ«ÓÒË�ªÁÁË}�ºm��Ë}º�ËSËÓ�ÒÒ�ÓÈ�°Ò�ÓÈã��¹ËSË�
�ÈmÈËä©®�¹º� º¹�Ò�Ë°}Òä� mºãº}ÓÈä��zSºäË� �º�º�
­©ãÒ� Ò°¹ºã
ÏºmÈÓ©� �mÈ� ÓËãÒÓË®Ó©²� }SÒ°�ÈããÈ�
ÓËº­²º�Òä©Ë��ã«�SËÈãÒÏÈ�ÒÒ�¹Sº�º}ºãºm�}mÈÓ�º�
mº®�°m«ÏÒ�äËÎ���SÈÏÓË°ËÓÓ©äÒ�m�¹Sº°�SÈÓ°�mË�Ò°�
�º�ÓÒ}ÈäÒ�Áº�ºÓÓ©²�¹ÈS�
{ËSº«�Óº°�
� �°¹Ë	Óº®� �ËãË¹ºS�È�ÒÒ� �ILGHOLW\��

º¹SË�ËãËÓÓÈ«�¹º°ãË�ÓÈ­ºSÈ�­ºã
	º®�°�È�Ò°�Ò}Ò�
°º°�ÈmÒãÈ������ ³ ����������º�ÓÈ�	Ë°�
�°�ÈÓ�ÈS�Ó©²
º�}ãºÓËÓÒ®�¹SËm©	ÈË��äÈ}°ÒäÈã
ÓºË��º°�ÒÎÒäºË
­ËÏ�ÏÈ¹��©mÈÓÒ«�ÏÓÈ�ËÓÒË����������SÒ�ª�ºä�º�äË�
�ÈË�°«����º�mËSº«�Óº°�Ó©®�²ÈSÈ}�ËS�ªÁÁË}�È�}mÈÓ�
�ºmº®��ËãË¹ºS�È�ÒÒ�ÓË�¹SË¹«�°�m�Ë��Ë�º�Ò°¹ºã
Ïº�
mÈÓÒ�� m� }mÈÓ�ºmº®�}SÒ¹�º�SÈÁÒÒ��ã«�SËÈãÒÏÈ�ÒÒ
�È}�ÓÈÏ©mÈËä©²��}mÈÓ�ºm©²�SËãË���w�º�¹ºÏmºãÒ���mË�
ãÒ�Ò�
��ãÒÓ��}ÈÓÈãÈ�°m«ÏÒ��º�°º�ËÓ�}ÒãºäË�Sºm�

|�}mÈÓ�ºmºä�}ºä¹	
�ËSË

sËº­²º�Òäº°�
�°ºÏ�ÈÓÒ«�}mÈÓ�ºm©²�}ºä¹
��Ë�
Sºm�m©ÏmÈÓÈ��Ëä����º�ºÓÒ�º­Ë°¹Ë�ÒmÈ���°ÓÒÎËÓÒË
ª}°¹ºÓËÓ�ÒÈã
Óº®� °ãºÎÓº°�Ò� SË	ËÓÒ«� S«�È� m©�
�Ò°ãÒ�Ëã
Ó©²�ÏÈ�È���º�¹ºãÒÓºäÒÈã
Óº®���vË}SË��
�È}º®�ªÁÁË}�ÒmÓº°�Ò�m��ºä����º�}mÈÓ�ºm©Ë�}ºä¹
�
��ËS©��¹º�°SÈmÓËÓÒ��°�}ãÈ°°Ò�Ë°}ÒäÒ�m©�Ò°ãÒ�
�Ëã
Ó©äÒ� °Ò°�ËäÈäÒ�� SË	È��� ÏÈ�È�Ò�¹SÒÓ�Ò¹Ò�
Èã
Óº��S��ÒäÒ�äË�º�ÈäÒ��°m«ÏÈÓÓ©äÒ�°�}mÈÓ�ºm©�
äÒ�°mº®°�mÈäÒ�ªãËäËÓ�ºm�}ºä¹
��ËSÈ��{�¹ËS°¹Ë}�
�ÒmË�}mÈÓ�ºm©Ë�}ºä¹
��ËS©�°äº����º­Ë°¹Ë�ÒmÈ�

°}È�}ºº­SÈÏÓºË��äËÓ
	ËÓÒË�mSËäËÓÒ�SË	ËÓÒ«�S«�
�È�°¹Ë�ÒÈã
Ó©²�°ãºÎÓ©²�ÏÈ�È����Ë	ÒÁSÒSºmÈÓÒË
�ÈÓÓ©²�¹SÒ�¹ËSË�È�Ë�ÏÈ}S©�º®�ÒÓÁºSäÈ�ÒÒ��º­SÈ�
­º�}È�SÈ�Òº�Ë²ÓÒ�Ë°}º®�ÒÓÁºSäÈ�ÒÒ�m�äÈ°	�È­Ë
SËÈã
Óº�º� mSËäËÓÒ� �ã«� SÈ�Òºãº}È�ÒºÓÓ©²� °�ÈÓ�
�Ò®�°ãËÎËÓÒ«�Ò�¹ºÒ°}È��ËãÒ�Ò��� ����
j°°ãË�ºmÈÓÒ«�m�º­ãÈ°�Ò�}mÈÓ�ºm©²�}ºä¹
��ËSºm

	ÒSº}º� SÈÏmËSÓ��©� ÏÈ� S�­ËÎºä�� Ð¹ºÓ°}È«� ÁÒSäÈ
�7RVKLED��¹ãÈÓÒS�Ë��}���������SÈÏSÈ­º�È�
�}mÈÓ�ºm©®
}ºä¹
��ËS��°º�ËSÎÈ�Ò®���������ªãËäËÓ�ºm��}�­Ò�
�ºm���w�º�¹ºÏmºãÒ��SËÈã
Óº�¹º}ÈÏÈ�
�¹SËÒä��Ë°�mÈ
}mÈÓ�ºmº�º�}ºä¹
��ËSÈ�¹º�º�Óº	ËÓÒ��}�}ãÈ°°Ò�
�Ë°}ºä��¹SÒ�SË	ËÓÒÒ�°¹Ë�ÒÈã
Ó©²�ÏÈ�È��
zmÈÓ�ºm©®� �m�²�SºmÓËm©®� ªãËäËÓ�� �}�­Ò��� m

º�ãÒ�ÒË�º��}ãÈ°°Ò�Ë°}º�º�­Ò�È�äºÎË��ÓÈ²º�Ò�
°«
ÓË��ºã
}º�m�}È}ºä��º�º�Óºä�ÒÏ��m�²�°º°�º«ÓÒ®��Óº
Ò�m�º­ºÒ²�°º°�º«ÓÒ«²�º�ÓºmSËäËÓÓº� �°�¹ËS¹ºÏÒ�
�Ò«�°º°�º«ÓÒ®���z�­Ò��«mã«Ë�°«�Óº°Ò�ËãËä�}mÈÓ�
�ºmº®� ÒÓÁºSäÈ�ÒÒ�� zº�ÒSºmÈÓÒË� ÒÓÁºSäÈ�ÒÒ
º°��Ë°�mã«Ë�°«� ¹º°ãË�ºmÈ�Ëã
Óº°�
�� °º°�º«ÓÒ®
º��Ëã
Ó©²�}�­Ò�ºm�
z�­Ò��Û�­ºãËË�º­�ËË�¹ºÓ«�ÒË���Ëä�­Ò���¹º°}ºã
}�

�º¹�°}ÈË��}º�ÒSºmÈ�
�­ºã
	ËË�}ºãÒ�Ë°�mº�ÒÓÁºSäÈ�



ljzc|vjv�plskÐ��ptsjzk��¢�������� ��

�¡¢¢ÀËÈÅÂ�ª�� ��È�ÄÐ�� ��ªÂÀÍÒÎÂÀß�ÒÅÕÍÎËÎÃÈß�x�ÍÎÂÛÅ�ÀÑÏÅÊÒÛ�ÍÀÍÎÒÅÕÍÎËÎÃÈÈ

�ÒÒ��È�°ºmº}�¹Óº°�Ò�}�­Ò�ºm����Ò�­ºãËË��°¹º°º­Ó©
º­SÈÏºmÈ�
� ÏÈ¹��ÈÓÓ©Ë� °�¹ËS¹ºÏÒ�ÒºÓÓ©Ë� °º°�º«�
ÓÒ«��ÓË�°��Ë°�m���ÒË�m�}ãÈ°°Ò�Ë°}ºä�}ºä¹
��ËSË�
~È¹��ÈÓÓ©Ë� °º°�º«ÓÒ«� º­ÓÈS�ÎÒmÈ��� }mÈÓ�º�

m©Ë�}ºSSËã«�ÒÒ�°º°�º«ÓÒ®�°º°�Èmã«��Ò²�°Ò°�Ëä
}mÈÓ�ºm©²�°�S�}��S���SÒ�Ò²�Ò°¹ºã
ÏºmÈÓÒÒ�¹º«m�
ã«Ë�°«�mºÏäºÎÓº°�
��ã«�¹ËSË�È�Ò���ËãË¹ºS�È�ÒÒ�
ÓËÒÏmË°�Óº�º�}mÈÓ�ºmº�º�°º°�º«ÓÒ«��m�²�SºmÓËmº®
°Ò°�Ëä©�º��º�¹SÈmÒ�Ëã«�$�}�¹ºã��È�Ëã��%�­ËÏ�SË�
Èã
Óº�º�¹ËSËäË�ËÓÒ«�°Èäº®�°Ò°�Ëä©�
ÐmãËÓÒ«�°�¹ËS¹ºÏÒ�ÒÒ�Ò�ÏÈ¹��©mÈÓÒ«�}mÈÓ�º�

m©²�°º°�º«ÓÒ®�Ò�SÈ���mÈÎÓ���Sºã
�m�}mÈÓ�ºm©²
}ºä¹
��ËSÈ²��|ÓÒ�«mã«��°«�º°Óºmº®�ºÎÒ�ÈËä©²
°}ºSº°�Ë®�}mÈÓ�ºm©²�m©�Ò°ãËÓÒ®��¹º°}ºã
}��¹º�
Ïmºã«���º­Ë°¹Ë�Ò�
�}mÈÓ�ºm©®�¹ÈSÈããËãÒÏä�º­SÈ�
­º�}Ò�ÒÓÁºSäÈ�ÒÒ�
iã«� SËÈãÒÏÈ�ÒÒ� }�­Ò�È� ¹SË�ãºÎËÓ��Ëã©®� S«�

°Èä©²� SÈÏÓºº­SÈÏÓ©²� ÁÒÏÒ�Ë°}Ò²� °Ò°�Ëä�� 3È°�
°äÈ�SÒmÈãÒ°
�ÒºÓ©�m�ªãË}�SºäÈ�ÓÒ�Ó©²�ãºm�	}È²�
«�ËSÓ©Ë�°¹ÒÓ©�m�äÈ�ÓÒ�Óºä�¹ºãË��}mÈÓ�ºm©Ë��º��
}Ò� °� ªãË}�SºÓÓ©äÒ�ºS­Ò�Èã
Ó©äÒ�Ò� °¹ÒÓºm©äÒ
°º°�º«ÓÒ«äÒ�� °mËS²¹Sºmº�ÓÒ}ºm©Ë� °�S�}��S©� Ò
ÓË}º�ºS©Ë��S��ÒË�°Ò°�Ëä©�
sËÏÈmÒ°Òäº�º��m©­SÈÓÓº�º�mÈSÒÈÓ�È�ÁÒÏÒ�Ë°}Ò²

°Ò°�Ëä�� ¹SË�ÓÈÏÓÈ�ËÓÓ©²� �ã«� °ºÏ�ÈÓÒ«� }mÈÓ�ºmº�º
}ºä¹
��ËSÈ�� ¹SËmº°²º�«�Ë�º� ¹º� °mºÒä� mºÏäºÎÓº�
°�«ä�ã�­º®�}ãÈ°°Ò�Ë°}Ò®�}ºä¹
��ËS��mº�m°Ë²�°ã��È�
«²��ºãÎÓ©�­©�
�m©¹ºãÓËÓ©�°ãË����ÒË��SË­ºmÈÓÒ«�
z m©�ËãËÓÒË�Ò�ÁÒ}°ÒSºmÈÓÒË�m�¹Sº°�SÈÓ°�mË�}��
­Ò�ºm�� ÓÈ� }º�ºS©Ë� äºÎÓº� m� ²º�Ë� m©�Ò°ãËÓÒ®
mºÏ�Ë®°�mºmÈ�
�� �¹SÈmã««�Ò²�ªmºã��ÒË®��Ò��È�
}Òä� º­SÈÏºä� SËÈãÒÏºm©mÈ�
� }mÈÓ�ºm©Ë� Èã�º�
SÒ�ä©�

z äÈ°	�È­ÒS�Ëäº°�
�}mÈÓ�ºmº�º�}ºä¹
��ËSÈ���mË�
ãÒ�ËÓÒË��Ò°ãÈ�}�­Ò�ºm��º�¹ºS«�}È������������

z ÏÈ�ÈÓÒË�}�­Ò�ºm�}mÈÓ�ºmº�º�SË�Ò°�SÈ�m�Ò°²º�ÓºË
°º°�º«ÓÒË� �¹Sº�Ë°°� ÒÓÒ�ÒÈãÒÏÈ�ÒÒ� SÈ­º�©
}mÈÓ�ºmº�º�}ºä¹
��ËSÈ��

z º­Ë°¹Ë�ËÓÒË�¹ºäË²º�°�º®�Òmº°�Ò�m©�Ò°ãÒ�Ëã
�
Ó©²�¹Sº�Ë°°ºm�Ò�äÈ}°ÒäÈã
ÓºË�¹º�ÈmãËÓÒË�ªÁ�
ÁË}�ºm��Ë}º�ËSËÓ�Óº°�Ò�}mÈÓ�ºm©²�°º°�º«ÓÒ®�
º­�°ãºmãËÓÓ©²� mÏÈÒäº�Ë®°�mÒËä� °Ò°�Ëä©� }��
­Ò�ºm�°�º}S�ÎÈ��Ë®�°SË�º®��|	Ò­}È�¹SÒ�m©�
¹ºãÓËÓÒÒ�º��Ëã
Óº®�}mÈÓ�ºmº®�º¹ËSÈ�ÒÒ��ºãÎ�
ÓÈ�­©�
�äËÓËË���Ü��

z ¹SºmË�ËÓÒË� ÒÏäËSËÓÒ«� °º°�º«ÓÒ®� }mÈÓ�ºmº®
°Ò°�Ëä©�ÓÈ�m©²º�Ë�°�m©°º}º®�ÓÈ�ËÎÓº°�
���ª�È
¹Sº­ãËäÈ�«mã«Ë�°«�º�Óº®�ÒÏ�°Èä©²��S��Ó©²�¹SÒ
°ºÏ�ÈÓÒÒ�}mÈÓ�ºmº�º�}ºä¹
��ËSÈ�
|�ÓÒä� ÒÏ� ÓÈÒ­ºãËË� ¹S«ä©²� °¹º°º­ºm�� ¹ºÏmº�

ã«��Ò²�m©¹ºãÓÒ�
��}ÈÏÈÓÓ©Ë��SË­ºmÈÓÒ«��«mã«Ë��
°«� ÏÈäºSÈÎÒmÈÓÒË� �Ë¹ãºmº�º� �mÒÎËÓÒ«� �È°�Ò��
¹SË�°�Èmã«��Ò²�}�­Ò�©��Ò�ÒÏºã«�Ò«�Ò²�º��äÈ}Sº�
°}º¹Ò�Ë°}º�º�º}S�ÎËÓÒ«��w�º�SËÈãÒÏ�Ë�°«�°�¹ºäº�
�
���È}�ÓÈÏ©mÈËä©²�°Òãºm©²�ãºm�	Ë}��ã«�ÒºÓºm
Ò�È�ºäºm�Ò�ãÈÏËSÓ©äÒ�äË�º�ÈäÒ�Ò²�º²ãÈÎ�ËÓÒ«�
�º°ãË�ÓÒË� ÒäË��� °mºË®��Ëã
�� mº°¹SË¹«�°�mºmÈ�
ÓÒË���­Ë�ÈÓÒ���ÒºÓºm�Ò�È�ºäºm�ÒÏ�ãºm�	}Ò�

iS��ÒäÒ�ÓÈÒ­ºãËË�Ë°�Ë°�mËÓÓ©äÒ�}ÈÓ�Ò�È�ÈäÒ
ÓÈ� Sºã
� }�­Ò�ºm� «mã«��°«� «�ËSÓ©Ë� °¹ÒÓ©�� �º�
°}ºã
}�� �S��Óº� º°��Ë°�mã«�
� ãº�Ò�Ë°}ÒË� º¹ËSÈ�
�ÒÒ��º­SÈ�È«°
�}�º��Ëã
Ó©ä�«�ËSÓ©ä�°¹ÒÓÈä��­©ã
Ò°¹ºã
ÏºmÈÓ�ÓÈÒ­ºãËË�¹Sº°�º®�¹º�²º���m�}º�ºSºä
ãº�Ò�Ë°}ÒË�º¹ËSÈ�ÒÒ�¹Sºmº�«�°«�ÓÈ��­ºã
	Òä�ÈÓ�
°Èä­ãËä�äºãË}�ã��°º�ËSÎÈ�Ò²�«�ËSÓ©Ë�°¹ÒÓ©���È�
}º®�¹º�²º��}�SËÈãÒÏÈ�ÒÒ�}mÈÓ�ºm©²�}ºä¹
��ËSºm
°º°�ºÒ��m�Ò°¹ºã
ÏºmÈÓÒÒ�ÓË¹ÈSÈäÈ�ÓÒ�Ó©²�ºS�ÈÓÒ�
�Ë°}Ò²�ÎÒ�}º°�Ë®��ÓÈ¹SÒäËS��SÈ°�mºSÈ�²ãºSºÁºSäÈ
��&+&/��m��Ë®�ËSÒSºmÈÓÓºä�È�Ë�ºÓË��&'���&2��
zÈ�Ë°�mËÓÓº�º�ãÒ�Ó©®�º��ÎÒ�}º°�Óº�º�}mÈÓ�º�

mº�º�}ºä¹
��ËSÈ��mËS�º�Ëã
Ó©®�}mÈÓ�ºm©®�}ºä¹
�
��ËS�äºÎË��°º�ËSÎÈ�
�¹SÈ}�Ò�Ë°}Ò�ÓËº�SÈÓÒ�ËÓÓºË
�Ò°ãº�«�ËSÓ©²�°¹ÒÓºm�Û�}�­Ò�ºm��|°Óºmº®�ª�º�º�mÈ�
SÒÈÓ�È�}mÈÓ�ºmº�º�}ºä¹
��ËSÈ�«mã«Ë�°«�}SËäÓÒËmÈ«
l|��°�S�}��SÈ����Ë�m��ºÓ}Ò®�°ãº®�m­ãÒÏÒ�¹ºmËS²�
Óº°�Ò� ÒÏº�º¹È� }SËäÓÒ«� ��6L� mÓË�SËÓ©� �ºÓºSÓ©Ë
È�ºä©�ÒÏº�º¹È�Áº°ÁºSÈ���3��ÏÈäË�È��ÒË�È�ºä©
}SËäÓÒ«�m��ÏãÈ²�}SÒ°�ÈããÒ�Ë°}º®�SË	Ë�}Ò��Ð�ËS�
Ó©Ë� °¹ÒÓ©� �ºÓºSÓ©²� È�ºäºm� m� SÈ°°äÈ�SÒmÈËäº®
}SËäÓÒËmº®�°�S�}��SË�¹SË�°�Èmã«��°«�Ò�ËÈã
Ó©�
äÒ�}ÈÓ�Ò�È�ÈäÒ��ã«�m©­ºSÈ�Ò²�m�}È�Ë°�mË�}�­Ò�ºm�
zmÈÓ�ºm©®�}ºä¹
��ËS��¹º°�SºËÓÓ©®�ÓÈ�}mÈÓ�

�ºm©²� �º�}È²�� ¹SË�°�Èmã«Ë�� °º­º®� Ò°}�°°�mËÓÓº
°ºÏ�ÈÓÓ©Ë� È�ºäº¹º�º­Ó©Ë� ÓÈÓº°�S�}��SÓ©Ë� ªãË�
äËÓ�©�°�}ºÓË�Ó©ä��Ò°ãºä��Ò°}SË�Ó©²�ªÓËS�Ë�Ò�
�Ë°}Ò²��SºmÓË®��m�}º�ºS©²�¹SºÒ°²º�Ò����ËSÎÈÓÒË
ªãË}�SºÓºm�mº�m°Ë²��SË²�ÒÏäËSËÓÒ«²�Ò�}mÈÓ�ºmÈÓÒË
ªãË}�SºÓÓ©²� °º°�º«ÓÒ®�� w�º� ��ËSÎÈÓÒË� º­©�Óº
�º°�Ò�ÈË�°«� m� ¹ºã�¹Sºmº�ÓÒ}ºm©²� �Ë�ËSº°�S�}���
SÈ²�°�¹ºäº�
��ªãË}�SÒ�Ë°}Ò²�ÏÈ�mºSºm�ÒãÒ��Ë²Óº�
ãº�ÒÒ��SÈmãËÓÒ«�m�º­ãÈ°�Ò�ªãË}�SºÓÓº�º��ÈÏÈ�
|­SÈ�ËÓÒË�}�°mËS²¹Sºmº�ÓÒ}ºm©ä�ªãËäËÓ�Èä�°

�Ëã
��Ò°¹ºã
ÏºmÈÓÒ«�Ò²�m�}È�Ë°�mË�}�­Ò�ºm�°m«ÏÈÓº
°�mºÏäºÎÓº°�
��°ºÏ�ÈÓÒ«�}mÈÓ�ºmº�º�}ºä¹
��ËSÈ�
�¹SÈmã«Ëäº�º��ºã
}º�ªãË}�SÒ�Ë°}ÒäÒ�Òä¹�ã
°ÈäÒ�
zSºäË��º�º��¹Sº«mãËÓÒË�}mÈÓ�ºm©²�°mº®°�m�m�°mËS²�
¹Sºmº�ÓÒ}ºm©²��°�Sº®°�mÈ²�¹ºÏmºã«Ë��°ºÏ�È�
�SË�
ÎÒä� }º�ËSËÓ�Óº®� }mÈÓ�ºmº®� �ÒÓÈäÒ}Ò�� }º�ºS©®
äºÎË��­©�
��º°�Ò�Ó���ÓÈ�äÈ}Sº°}º¹Ò�Ë°}Ò²�ªãË�
äËÓ�È²��ÓË��SË­���Ò²��ã«�°mºË�º�ÒÏ�º�ºmãËÓÒ«�m©�
°º}º�º�Óº®�ÓÈÓº�Ë²Óºãº�ÒÒ�
{�}mÈÓ�ºmºä�}ºä¹
��ËSË�ãº�Ò�Ë°}ÒË�º¹ËSÈ�ÒÒ

¹Sºmº�«�°«�m�°Ò°�ËäË�}�­Ò�ºm��|ÓÒ�SÈÏ­ÒmÈ��°«�ÓÈ
�Ò°}SË�Ó��� °ºmº}�¹Óº°�
� ¹º°ãË�ºmÈ�Ëã
Ó©²� mº
mSËäËÓÒ�­ÈÏÒ°Ó©²�º¹ËSÈ�Ò®��m©¹ºãÓ«Ëä©²�}mÈÓ�
�ºm©äÒ�mËÓ�Òã«äÒ��zÈÎ�©®�}mÈÓ�ºm©®�mËÓ�Òã
�ÏÈ
ÁÒ}°ÒSºmÈÓÓ©®� ¹SºäËÎ��º}� mSËäËÓÒ� m©¹ºãÓ«Ë�
¹SËº­SÈÏºmÈÓÒË�°�m©�ËãËÓÓ©äÒ�}�­Ò�ÈäÒ��|�ÓÒä
ÒÏ�º°ÓºmÓ©²��°ãºmÒ®��ã«�¹º°�SºËÓÒ«�}mÈÓ�ºmº�º
}ºä¹
��ËSÈ�«mã«Ë�°«�ÓÈãÒ�ÒË��ÓÒmËS°Èã
Óº�º�ÓÈ�
­ºSÈ�}mÈÓ�ºm©²�mËÓ�ÒãË®��°�¹ºäº�
��}º�ºS©²�äº�
ÎË��­©�
�m©¹ºãÓËÓº�ã�­ºË�¹SËº­SÈÏºmÈÓÒË�
{ãÒ«ÓÒË��SºmÓ«�	�äºm�ÓÈ�Á�Ó}�ÒºÓÒSºmÈÓÒË

}mÈÓ�ºmº�º� }ºä¹
��ËSÈ�� È� �È}ÎË� m©­ºS� mÈSÒÈÓ�ºm
}ºSSË}�ÒÒ�mºÏÓÒ}È��Ò²�m�Ë�º�SÈ­º�Ë�º	Ò­º}�º¹SË�
�Ëã«Ë�°«�°ãË����ÒäÒ��m�ä«�º°ÓºmÓ©äÒ�ÁÈ}�ºSÈäÒ�



ljzc|vjv�plskÐ��ptsjzk��¢��������

�¡¢

��

��­ ­®²¥µ­®«®£¨¨�¨�§®­¤®¢ ¿�¬¨ª°®±ª®¯¨¿� �

z °¹º°º­ºä�SËÈãÒÏÈ�ÒÒ�}mÈÓ�ºmº®�m©�Ò°ãÒ�Ëã
�
Óº®�°Ò°�Ëä©��¹º°�SºËÓÒËä�ËË�­ÈÏºm©²�ªãËäËÓ�
�ºm�Û�}�­Ò�ºm��

z °º�ËSÎÈÓÒËä�Èã�ºSÒ�äÈ��SËÈãÒÏ�Ëäº�º�m�}mÈÓ�
�ºmº®�m©�Ò°ãÒ�Ëã
Óº®�°Ò°�ËäË��ÓÈ­ºSºä�Ò�¹º�
°ãË�ºmÈ�Ëã
Óº°�
��mºÏ�Ë®°�mÒ®�ÓÈ�}�­Ò�©��
�ËSm©®�ÁÈ}�ºS�º¹SË�Ëã«Ë��°�Ë¹ËÓ
� ÏÈmÒ°Òäº�

°�Ò�Á�Ó}�ÒºÓÒSºmÈÓÒ«�}mÈÓ�ºmº�º�}ºä¹
��ËSÈ�º�
mÓË	ÓÒ²��°ãºmÒ®��È�m�ºSº®�º­Ë°¹Ë�ÒmÈË��SËÈãÒÏÈ�
�Ò��m©�Ò°ãÒ�Ëã
Óº®�°²Ëä©�m�}ºÓ}SË�Óº®�}mÈÓ�º�
mº®�°Ò°�ËäË�
zºÓ}SË�Ó©Ë�mÒ�©�Ò� �SË­�ËäÈ«�¹Sº�ºãÎÒ�Ëã
�

Óº°�
�Òä¹�ã
°Óº�º�mºÏ�Ë®°�mÒ«�ÓÈ�}�­Ò�©����m°��
mÒ�Ëã
Óº°�
� °Ò°�Ëä©�}� mÓË	ÓÒä� ªãË}�SºäÈ�ÓÒ��
Ó©ä�¹ºã«ä�Ò�äË²ÈÓÒÏä©�°�Ò�©mÈÓÒ«�ÒÓÁºSäÈ�ÒÒ
º¹SË�Ëã«��� mSËä«� m©�Ò°ãÒ�Ëã
Óº�º� ¹Sº�Ë°°È� m
}mÈÓ�ºmºä�}ºä¹
��ËSË�


 
 


3ÈÏSÈ­º�}Ò�m�º­ãÈ°�Ò�}mÈÓ�ºm©²��Ë²Óºãº�Ò®�ÓÈ�
²º�«�°«�ÓÈ�°�È�ÒÒ�Á�Ó�ÈäËÓ�Èã
Ó©²�Ò�¹ºÒ°}ºm©²
Ò°°ãË�ºmÈÓÒ®�äË�º�ºm�Ò²�SËÈãÒÏÈ�ÒÒ��Óº�ÒäË��°«
¹SÒäËS©�°ºÏ�ÈÓÒ«�°Ò°�Ëä�}mÈÓ�ºmº®�°m«ÏÒ�Ò�ÓÈ�
­ã��ÈË�°«��º�ºmÓº°�
�¹ËSË®�Ò�}�SËÈãÒÏÈ�ÒÒ�}ºä�
äËS�Ë°}Ò²� ¹SºË}�ºm��{�3º°°ÒÒ� �È}ÎË� ºÎÒmãËÓÓº
º­°�Î�ÈË�°«�ª�È�º­ãÈ°�
�Ò°°ãË�ºmÈÓÒ®�>������@��|��
ÓÒä� ÒÏ� �°}ºS«��Ò²� ªãËäËÓ�ºm� �ã«� SËÈãÒÏÈ�ÒÒ
¹SºË}�ºm�m�ª�º®�º­ãÈ°�Ò�«mã«Ë�°«�Ò°¹ºã
ÏºmÈÓÒË
ÓÈÓº�Ë²Óºãº�Ò®�Ò�ÓÈÓºäÈ�ËSÒÈãºm��È��È}ÎË�SÈÏSÈ�
­º�}È�äÒ}Sº��Ò�ÓÈÓº°Ò°�ËäÓº®��Ë²ÓÒ}Ò��ã«�}mÈÓ�
�ºm©²�°Ò°�Ëä�¹ËSË�È�Ò�ÒÓÁºSäÈ�ÒÒ�

v¹Ò°º}�ãÒ�ËSÈ��S©

�� %HQQHWW�&� +���%HVVHWWH�)���%UDVVDUG�*���6DOYDLO�/���6PROLQ�-�
([SHULPHQWDO�4XDQWXP�&U\SWRJUDSK\����-��RI�&U\SWRJUDSK\�������
1 ���$Q�H[FHOOHQW�GHVFULSWLRQ�RI�D�SURWRFRO�IRU�TXDQWXP�NH\�GLVWUL�
EXWLRQ��DORQJ�ZLWK�D�GHVFULSWLRQ�RI�WKH�ILUVW�ZRUNLQJ�V\VWHP�
�� %HQQHWW�&� +���%UDVVDUG�*���(NHUW�$��4XDQWXP�&U\SWRJUD�

SK\�� 6FLHQWLILF�$PHULFDQ�� ������ -XO\�� �ZZZ�VFLWHF�DXFNODQG�DF�Q]�
NLQJ�3UHSULQWV�ERRN�TXDQWFRV�DT�TFU\SW�KWP��
�� ZZZ�F\EHUEHDFK�QHW�aMGZ\HU�TXDQWXPBFU\SWR�TXDQWXP��KWP
�� ZZZ�FV�GDUWPRWK�HGX�MIRUG�FU\SWR�KWPO
�� (NHUW�$� .��4XDQWXP�&U\SWRJUDSK\�%DVHG�RQ�%HOO�V�7KHRUHP���

3K\V��5HY��/HWW��������1º�����3������
�� +RZDUG�7��4XDQWXP�&U\SWRJUDSK\��������ZZZ�FV�PDQ�DF�XN�

DLJ�VWDII�WRE\�ZULWLQJ�3&:�TFU\SW�KWP
�� %HQQHWW�&� +��4XDQWXP�&U\SWRJUDSK\�8VLQJ�$Q\�7ZR�1RQ�

2UWKRJRQDO�6WDWHV����3K\V��5HY��/HWW��������1 ����3� �����
�� )UDQVRQ�-� '���,OYHV�+��4XDQWXP�&U\SWRJUDSK\�8VLQJ�2SWLFDO

)LEHUV����$SSO��2SWLF��������1 ����3� �����
�� +XJKHV�5� -��HW�DO��4XDQWXP�FU\SWRJUDSK\�RYHU����NP�RI�LQ�

VWDOOHG�RSWLFDO�ILEHU��/RV�$ODPRV�UHSRUW�/$�85����������LQYLWHG�SD�
SHU�WR�DSSHDU�LQ�3URFHHGLQJ�RI��6HYHQWK�5RFKHVWHU�&RQIHUHQFH�RQ
&RKHUHQFH�DQG�4XDQWXP�2SWLFV���5RFKHVWHU��1<��-XQH������
��� %HQQHWW� &� +�� HW� DO�� *HQHUDOL]HG� SULYDF\� DPSOLILFDWLRQ� ��

,(((�7UDQV��,QI��7KHRU\��������1 ����3� �����
��� {ÈãÒËm�z� k���zº}ÒÓ�k��k��zmÈÓ�ºm©Ë�}ºä¹
��ËS©��ÓÈ�Ë�

Î�©�Ò�SËÈã
Óº°�
��jÎËm°}��sj¡��3Ë��ã«SÓÈ«�Ò�²Èº�Ò�Ë°}È«��Ò�
ÓÈäÒ}È�������������°�
��� .XURFKNLQ�9� /���5\DEWVHY�,� ,���1HL]YHVWQ\�,� *��4XDQWXP

NH\�GLVWULEXWLRQ�RQ�SRODUL]HG�VLQJOH�SKRWRQV����,QWHUQDWLRQDO�FRQIHU�
HQFH��0LFUR��DQG�QDQRHOHFWURQLFV�Û���������Û���2FWREHU�������
0RVFRZ�Û�=YHQLJRURG��5XVVLD��3� �Û���

�iz������

{� i��nSºãºm��}ÈÓ���ÁÒÏ��äÈ���ÓÈ�}��
p� {��~ÈmË�ËËm��
v� l���ÒäËÓºm��}ÈÓ���ÁÒÏ��äÈ���ÓÈ�}�
{� j��zºÓºm����S�ÁÒÏ��äÈ���ÓÈ�}�
jÓ°�Ò����º­�Ë®�ÁÒÏÒ}Ò�3ks

¬¨ª3®±ª®¯¨·¥±ª¨¥�±¢®©±²¢ �
²®­ª¨µ�¯«¥­®ª�­ �®±­®¢¥
1Lx&�­ ­®ª®¬¯®§¨²®¢

{mË�ËÓÒË

sË�ÈmÓº�­©ã�°ÒÓ�ËÏÒSºmÈÓ�Óºm©®��Ò¹�ÓÈÓº°��
S�}��SÒSºmÈÓÓ©²���ãËSº�Ó©²�äÈ�ËSÒÈãºm�Û��ºÓ�
}ÒË��¹ºS«�}È����Óä��ºã�ÒÓº®��¹ãËÓ}Ò�1LÛ&�ÓÈ�
Óº}ºä¹ºÏÒ�È��iÈÓÓ©®�äÈ�ËSÒÈã�­©ã�¹ºã��ËÓ�¹��
�Ëä�°ºmäË°�Óº�º�ÓÈ¹©ãËÓÒ«�ÓÒ}Ëã«�Ò��SÈÁÒ�È�ÓÈ
}SËäÓÒËm©Ë� ¹º�ãºÎ}Ò� °� ¹º°ãË����Òä� º�ÎÒ�ºä
º­SÈÏ�ºm�m�mÈ}��äË�¹SÒ��Ëä¹ËSÈ��SÈ²��º�����Å&�>�@�
j°°ãË�ºmÈÓÒ«�äÒ}Sº°�S�}��S©�¹ãËÓº}��m©¹ºãÓËÓ�
Ó©Ë� °� ¹ºäº�
�� ¹Sº°mË�ÒmÈ��Ë®� ªãË}�SºÓÓº®
äÒ}Sº°}º¹ÒÒ���wl��Ò��ÒÁSÈ}�ÒºÓÓº®��Ë²ÓÒ}Ò�
m©«mÒãÒ�äÈã©Ë��∼��Óä���È°�Ò�©�mË�Ë°�mÈ��SÈmÓº�
äËSÓº�SÈ°¹SË�ËãËÓÓ©Ë�m� �ËãË�¹ãËÓ}Ò���ºã��ËÓÓ©Ë
�ÈÓÓ©Ë�¹ºÏmºãÒãÒ� ÏÈ}ã��Ò�
����º� m� °ã��ÈË� º�ÎÒ�È
¹SÒ�����Å&�º­SÈÏ���°«�ÓÈÓº�È°�Ò�©�äÈ�ËSÒÈãÈ�1L�&�
È��mËãÒ�ËÓÒË��Ëä¹ËSÈ��S©�º�ÎÒ�È��º�����Å&�¹SÒmº�
�Ò��}�ÁºSäÒSºmÈÓÒ����ãËSº�Ó©²�ÓÈÓº}È¹°�ã��ÏÈ�
¹ºãÓËÓÓ©²�ÓÒ}ËãËä�

lË�º�ÈäÒ� °}ÈÓÒS���Ë®� ÏºÓ�ºmº®� äÒ}Sº°}º¹ÒÒ
�v~l��Ò°°ãË�ºmÈÓ©�ªãË}�SÒ�Ë°}ÒË�Ò�äÈ�ÓÒ�Ó©Ë�°mº®�
°�mÈ��ºÓ}Ò²���ºã�ÒÓº®�∼���Óä��¹ãËÓº}�1LÛ&�ÓÈÓº}ºä�
¹ºÏÒ�ºm���ãËÓ}Ò�­©ãÒ�ÒÏ�º�ºmãËÓ©�ÓÈ�}SËäÓÒËm©²�¹º��
ãºÎ}È²�¹��Ëä�°ºmäË°�Óº�º�ÓÈ¹©ãËÓÒ«�ÓÒ}Ëã«�Ò��SÈÁÒ�
�È� Ò� ¹º°ãË����Ë�º� º�ÎÒ�È� º­SÈÏ�ºm� m� mÈ}��äË� ¹SÒ
�Ëä¹ËSÈ��SË�����Å&����º�¹SÒmËãº�}�º­SÈÏºmÈÓÒ��ÏÈ¹ºã�
ÓËÓÓ©²�ÓÒ}ËãËä���ãËSº�Ó©²�ÓÈÓº}È¹°�ã��SÈÏäËSºä�∼��Óä��
SÈmÓºäËSÓº�SÈ°¹SË�ËãËÓÓ©²�m��ËãË�¹ãËÓ}Ò��zºä­ÒÓÒSº�
mÈÓÓÈ«�°}ÈÓÒS���È«���ÓÓËã
ÓÈ«�È�ºäÓº�°ÒãºmÈ«�äÒ}�
Sº°}º¹Ò«��v�l�kvl��¹ºã��ËÓÓ©²�¹ãËÓº}�­©ãÈ�º°��Ë�
°�mãËÓÈ�°�¹ºäº�
��¹SÒ­ºSÈ�6ROYHU�3����jÏäËSËÓÒ«�ãº�
}Èã
Óº�º�ªãË}�SÒ�Ë°}º�º�°º¹Sº�ÒmãËÓÒ«�º­SÈÏ�ºm�m©«mÒãº
¹ËSÒº�Ò�Ë°}���°�S�}��S���ªãËäËÓ�ÈSÓÈ«�«�Ë®}È�}º�ºSº®
°º°�º«ãÈ�ÒÏ�°ãÈ­º�¹Sºmº�«�Ë®��ËÓ�SÈã
Óº®�º­ãÈ°�Ò�Ò�m©�
°º}º�¹Sºmº�«�Ò²�m}ã��ËÓÒ®�SÈÏäËSºä����Û��Óä�¹º�ËË�¹Ë�
SÒÁËSÒÒ��Ð�Ë®}È�ÒäËãÈ��ÒÈäË�S�¹ºS«�}È���Óä��Ò�­©ãÈ
Ò�ËÓ�ÒÁÒ�ÒSºmÈÓÈ� ÓÈäÒ� }È}� ��ãËSº�ÓÈ«� ÓÈÓº}È¹°�ãÈ�
{ ²º�Ë�äÈ�ÓÒ�Óº�°Òãºmº®�äÒ}Sº°}º¹ÒÒ��lvl��­©ãº�ÏÈ�
SË�Ò°�SÒSºmÈÓº� ÁÈÏºmºË� ÒÏº­SÈÎËÓÒË� ¹ºmËS²Óº°�Ò
¹ãËÓ}Ò�m�mÒ�Ë�äÓºÎË°�mÈ�¹«�ËÓ�°�ãÈ�ËSÈã
Ó©äÒ�SÈÏ�
äËSÈäÒ����Û����ä}ä��²Èº�Ò�Ë°}Ò�SÈ°¹SË�ËãËÓÓ©²�¹º�¹º�
mËS²Óº°�Ò� º­SÈÏ�È��iÈÓÓ©®� ª}°¹ËSÒäËÓ�Èã
Ó©®� SËÏ�ã
�
�È��­©ã�¹ºã��ËÓ�mÓË�ÏÈmÒ°Òäº°�Ò�º��Ò°�ºSÒÒ�ÓÈäÈ�ÓÒ�
�ÒmÈÓÒ«���� Ë��º���º�º��­©ã�ãÒ�º­SÈÏË��¹SË�mÈSÒ�Ëã
Óº
ÓÈäÈ�ÓÒ�ËÓ�m�ÓÈ¹SÈmãËÓÒÒ�¹ÈSÈããËã
Óº�ÒãÒ�¹ËS¹ËÓ�Ò}��
ã«SÓº�¹ºmËS²Óº°�Ò�ÒãÒ�ÎË�­©ã�SÈÏäÈ�ÓÒ�ËÓ��{�SÈ­º�Ë
�È}ÎË� ¹SºÈÓÈãÒÏÒSºmÈÓº� mãÒ«ÓÒË� ªãË}�Sº�ÒÓÈäÒ�Ë�
°}Ò²�°Òã�ÓÈ��º�Óº°�
�lvl�ÒÏäËSËÓÒ®�



ljzc|vjv�plskÐ��ptsjzk��¢�������� ��

�¡¢´SÎËÎÂ�¢��¤��È�ÄÐ�� ��¬ÈÊSÎÑÊÎÏÈ×ÅÑÊÈÅ�ÑÂÎÉÑÒÂÀ�ÒÎÍÊÈÕ�ÏËÅÍÎÊ�ÍÀ�ÎÑÍÎÂÅ�1Lx&�ÍÀÍÎÊÎÌÏÎÇÈÒÎÂ

|­ÓÈS�ÎËÓÓ©®�ªÁÁË}��°ÈäººS�ÈÓÒÏÈ�ÒÒ�1LÛ&
ÓÈÓº}È¹°�ã� ¹SË�°�Èmã«Ë�� ­ºã
	º®� ÒÓ�ËSË°�� vº�
�ãÈ°Óº�SËÏ�ã
�È�Èä�äÈ}Sº°}º¹Ò�Ë°}Ò²�äÈ�ÓÒ�Ó©²
ÒÏäËSËÓÒ®��È}º�º�mË�Ë°�mÈ��}SÒmÈ«�ÓÈäÈ�ÓÒ�ËÓ�
Óº°�Ò�¹¯Ë�°�Èmã«Ë��°º­º®�¹Ë�ã���Ò°�ËSËÏÒ°È�°�}º�
ªS�Ò�ÒmÓº®� °Òãº®� º}ºãº� ��� w� °� ÓÈ°©�ËÓÒËä
∼��� �°�°ä�� m� äÈ�ÓÒ�Ó©²� ¹ºã«²� ∼������ w� >�@�
�SË�°�Èmã«Ë�°«� m¹ºãÓË� SËÏºÓÓ©ä� ¹SË�¹ºãºÎÒ�
�
��º�ÓÈ­ã��ÈËä©Ë�ÁËSSºäÈ�ÓÒ�Ó©Ë�°mº®°�mÈ�º­SÈÏ�
�ºm�°m«ÏÈÓ©�ÒäËÓÓº�°�ÓÈãÒ�ÒËä�m�¹ãËÓ}È²�äË�Èã�
ãÒ�Ë°}Ò²�ÓÒ}ËãËm©²�ÓÈÓº�È°�Ò��
sÈ°�º«�È«� SÈ­º�È� ¹º°m«�ËÓÈ� äÒ}Sº°}º¹Ò�Ë�

°}Òä�Ò°°ãË�ºmÈÓÒ«ä�ªãË}�SÒ�Ë°}Ò²�Ò�äÈ�ÓÒ�Ó©²
°mº®°�m�¹ãËÓº}��°º�ËSÎÈ�Ò²�1LÛ&�ÓÈÓº}È¹°�ã©�
äË�º�ÈäÒ� °}ÈÓÒS���Ë®� ÏºÓ�ºmº®� äÒ}Sº°}º¹ÒÒ
�v~l�� Û� °}ÈÓÒS���Ë®� ��ÓÓËã
Óº®� äÒ}Sº°}º�
¹ÒÒ�°¹Ë}�Sº°}º¹ÒÒ� �v�l�v�v�� Ò� äÈ�ÓÒ�Óº�°Ò�
ãºmº®�äÒ}Sº°}º¹ÒÒ��lvl���zSºäË��º�º��m�SÈ­º�Ë
ÏÈ�SÈ�ÒmÈË�°«� º�ÒÓ� ÒÏ� mÈÎÓ©²� È°¹Ë}�ºm� v~l�Û
mãÒ«ÓÒË�ªãË}�Sº�ÒÓÈäÒ�Ë°}Ò²�°Òã�ÓÈ��º�Óº°�
�ÒÏ�
äËSËÓÒ®�lvl�

lË�º�Ò}È�ª}°¹ËSÒäËÓ�È

w}°¹ËSÒäËÓ�©� ­©ãÒ� m©¹ºãÓËÓ©� ÓÈ� mºÏ��²Ë� °
¹ºäº�
��¹SÒ­ºSÈ�6ROYHU�3��� �¹SºÒÏmº�°�mº�s��
li������~ËãËÓº�SÈ����iã«�¹SºmË�ËÓÒ«�v�l�v�v
­©ãÒ�¹SÒäËÓËÓ©�mºã
ÁSÈäºm©Ë�ÏºÓ�©�°�SÈ�Ò�°ºä
ÏÈ}S��ãËÓÒ«� Ò�ã© P ��� Óä�� w}°¹ËSÒäËÓ�Èã
Ó©Ë
�ÈÓÓ©Ë��¹ºã��ËÓÓ©Ë�m�SËÏ�ã
�È�Ë�ãº}Èã
Ó©²�ÒÏäË�
SËÓÒ®� mºã
��Èä¹ËSÓ©²� ²ÈSÈ}�ËSÒ°�Ò}� �{kt�� m
�� � ����º�}È²�}È�SÈ�°}ÈÓÒSºmÈÓÒ«��­©ãÒ�Ò°¹ºã
�
ÏºmÈÓ©��ã«�¹º°�SºËÓÒ«�SÈ°¹SË�ËãËÓÒ®�°º¹Sº�Òm�
ãËÓÒ«�SÈ°�Ë}ÈÓÒ���º}È��v3���¹º��Ë°�ÒS�Ëäº®�¹º�
mËS²Óº°�Ò���ºã��ËÓÓ©Ë��È}Òä�º­SÈÏºä�ÒÏº­SÈÎË�
ÓÒ«�¹ºmËS²Óº°�Ò�¹SË�°�ÈmãËÓ©�m�mÒ�Ë��m�äËSÓ©²
}ÈS��v3���°Ó«�©²�¹SÒ�ÏÈ�ÈÓÓºä�ªãË}�SÒ�Ë°}ºä�ÓÈ�
¹S«ÎËÓÒÒ�äËÎ���ÏºÓ�ºä�Ò�º­SÈÏ�ºä�
�ËSË��¹SºmË�ËÓÒËä�äÈ�ÓÒ�Ó©²�ÒÏäËSËÓÒ®�º­SÈÏ�

�©�­©ãÒ�ÓÈäÈ�ÓÒ�ËÓ©�mº�mÓË	ÓËä�¹ºãË O �����w�
ÓÈ¹SÈmãËÓÓºä�ãÒ­º�¹ÈSÈããËã
Óº��ãÒ­º�ÓºSäÈã
Óº�}
¹ºmËS²Óº°�Ò�¹ãËÓ}Ò��ÒãÒ�­©ãÒ�SÈÏäÈ�ÓÒ�ËÓ©��iã«
¹ºã��ËÓÒ«� }ÈS��lvl� Ò°¹ºã
ÏºmÈã°«� �m�²¹Sº²º��
Ó©®�SËÎÒä�°}ÈÓÒSºmÈÓÒ«�}ÈÓ�ÒãËmËSÈ�°�}º­Èã
�º�
m©ä�¹º}S©�ÒËä��{º�mSËä«����º�¹Sº²º�È�º¹SË�Ëã«�
ãÈ°
��º¹º�SÈÁÒ«�¹ºmËS²Óº°�Ò�¹ãËÓ}Ò��{º���ä�¹Sº�
²º�Ë�}ÈÓ�ÒãËmËS�¹SÒ¹º�ÓÒäÈã°«�ÓÈ��¹ºmËS²Óº°�
�
ÓÈ�m©­SÈÓÓ���m©°º���∆=�Ò�°}ÈÓÒSºmÈã°«�m�ÓË}ºÓ�
�È}�Óºä� SËÎÒäË���SÒ� ª�ºä� ÒÓ�ËÓ°ÒmÓº°�
� ÓÈmË�
�ËÓÓ©²�¹ºãË®�m�ÏÈ�ÈÓÓº®��º�}Ë�}È�SÈ�°}ÈÓÒSºmÈ�
ÓÒ«�º¹SË�Ëã«ãÈ°
�¹º�ÁÈÏºmºä��°�mÒ���}ºãË­ÈÓÒ®
}ÈÓ�ÒãËmËSÈ�
|°��Ë°�mãËÓÈ� �È}ÎË� °}ÈÓÒS���È«� zËã
mÒÓ�

äÒ}Sº°}º¹Ò«��vzl��¹ãËÓº}�m���¹Sº²º�Óºä�SËÎÒ�
äË��v�ª�º®��Ëã
����®�Ò���®�¹Sº²º�©�­©ãÒ�m©¹ºã�
ÓËÓ©�m��°ãºmÒ«²��Ò�ËÓ�Ò�Ó©²��Ëä����º�¹SÒäËÓ«ãÒ°
�
°ºº�mË�°�mËÓÓº��m�º¹Ò°ÈÓÓ©²�m©	Ë���ä�Ò���ä�¹Sº²º�
�È²��È�mº�mSËä«����º�¹Sº²º�È�SË�Ò°�SÒSºmÈãÒ°
�°º­°��

mËÓÓº�°Ò�ÓÈã©�vzl��{��º¹ºãÓËÓÒË�m�ª�ºä�ÎË�SËÎÒ�
äË�­©ã�Ò°°ãË�ºmÈÓ�äÈ�ÓÒ�Ó©®�Óº°Ò�Ëã
�ÒÓÁºSäÈ�ÒÒ
�Ò¹È��KDUG�GLVN���zSºäË�äÈ�ÓÒ�Ó©²�}ÈÓ�ÒãËmËSºm�°�}º�
­Èã
�ºm©ä�¹º}S©�ÒËä��ã«�¹SºmË�ËÓÒ«�vzl�Ò°¹ºã
�
ÏºmÈãÒ°
�Ò�}ÈÓ�ÒãËmËS©�°�¹º}S©�ÒËä�ÒÏ�ÓËäÈ�ÓÒ��
Óº�º�äÈ�ËSÒÈãÈ�Û�¹ãÈ�ÒÓ©��vãË��Ë��º�äË�Ò�
����º
m°Ë� Ò°¹ºã
Ï�Ëä©Ë� m� ª}°¹ËSÒäËÓ�È²� }ÈÓ�ÒãËmËS©
­©ãÒ�m©­SÈÓ©�°�º�ÒÓÈ}ºm©äÒ�¹ÈSÈäË�SÈäÒ��}ºªÁ�
ÁÒ�ÒËÓ���¹S��º°�Ò�Û�����s�ä��SËÏºÓÈÓ°ÓÈ«��È°�º�
�È�Û�����}����SÈ�Ò�°�ÏÈ}S��ãËÓÒ«�Ò�ã© P ���Óä�

w}°¹ËSÒäËÓ�Èã	Ó©Ë�SËÏ�ã	�È�©�Ò�Ò²�º­°�Î�ËÓÒË

zÈS�º�SÈÁÒSºmÈÓÒË�¹ºmËS²Óº°�Ò�¹ãËÓº}�m�v�l�
jÏäËSËÓÒË� }ÈS�� SËã
ËÁÈ� ¹ºmËS²Óº°�Ò� ¹º}ÈÏÈãº
m©°��¹©�m©°º�º®��º����Óä�Ò�²ÈSÈ}�ËSÓ©äÒ�ãÈ�Ë�
SÈã
Ó©äÒ� SÈÏäËSÈäÒ� ¹ºS«�}È� �� Óä�� ²Èº�Ò�Ë°}Ò
SÈ°¹ºãºÎËÓÓ©Ë�ÓÈ�¹ºmËS²Óº°�Ò�º­SÈÏ�È��sÈ�SÒ°���
�°ä��m�ºS���°�ºSºÓ��º­ãºÎ}Ò��¹SÒmË�ËÓ©�°SÈmÓÒ�
�Ëã
Ó©Ë�}ÈS�©�SËã
ËÁÈ�¹ºmËS²Óº°�Ò��È��Ò�ªãË}�Sº�
¹Sºmº�Óº°�Ò� �­��� °Ó«�©Ë� m� }È�SË� °}ÈÓÒSºmÈÓÒ«
�� � ���Óä��Ï�Ë°
�Ò��ÈãËË���äËSÓ©Ë�ÒÏº­SÈÎËÓÒ«
¹SË�°�ÈmãËÓ©�m��°ËSº®��¹ÈãÒ�SË���Ëä�­ºã
	Ë�ÒÓ�
ÁºSäÈ�ÒºÓÓ©®�°Ò�ÓÈã���Ëä�m©	Ë�«S}º°�
�ÒÏº­SÈ�
ÎËÓÒ«���iã«�°SÈmÓËÓÒ«�ÓÈ�SÒ°�����m�¹º}ÈÏÈÓº�ÒÏº�
­SÈÎËÓÒË�¹ãËÓ}Ò��°Ó«�ºË�°�¹ºäº�
���wl�>�@��zÈ}
mÒ�Óº�ÓÈ�SÒ°�����SÈ°¹SË�ËãËÓÒË�ªãË}�Sº¹Sºmº�Óº�
°�Ò��¹ºã��ËÓÓºË�m�SËÏ�ã
�È�Ë�ÒÏäËSËÓÒ«�v3���ÒäË�
Ë��¹ËSÒº�Ò�Ë°}���°�S�}��S���ªãËäËÓ�ÈSÓÈ«�«�Ë®}È
}º�ºSº®� °º°�ºÒ��ÒÏ� °ãÈ­º�¹Sºmº�«�Ë®��ËÓ�SÈã
�
Óº®� �È°�Ò� Ò� ¹ËSÒÁËSÒ®Óº®� º­ãÈ°�Ò� SÈÏäËSÈäÒ
���Û��Óä��°º�ËSÎÈ�Ë®�°}º¹ãËÓÒË�m©°º}º¹Sºmº�«�
�Ò²� m}ã��ËÓÒ®��iÈÓÓ©Ë� ÒÏäËSËÓÒ®�{kt� °mÒ�Ë�
�Ëã
°�m�������º�ªãË}�Sº¹Sºmº�Óº°�
�ª�Ò²�m}ã��Ë�
ÓÒ®�°º°�Èmã«Ë����Û���Ók�{����º�ÓÈ�¹ºS«�º}�m©	Ë�
�Ëä�ªãË}�Sº¹Sºmº�Óº°�
��ËÓ�SÈ�«�Ë®}Ò�
p°ãÒ�°SÈmÓÒ�
��wl��Ò�v3��º­SÈÏ©�¹ºmËS²Óº�

°�Ò��äºÎÓº�º­ÓÈS�ÎÒ�
�º¹SË�ËãËÓÓºË�°²º�°�mº�äË�
Î���ÓÒäÒ��jÏº­SÈÎËÓÒË�¹ãËÓ}Ò�m��wl��ÈË��°SË��
ÓÒ®�SÈÏäËS�ÏÈ¹ºãÓËÓÓ©²�ÓÒ}ËãËä�ÓÈÓº}È¹°�ã�∼��Óä�
�È}º®�ÎË�²ÈSÈ}�ËSÓ©®�SÈÏäËS�ÒäËË��«�Ë®}È�°�S�}�
��S©� ¹ºmËS²Óº°�Ò�� ¹SË�°�ÈmãËÓÓº®� m� }ºÓ�SÈ°�Ë
v3���Ò�ª�º�¹ºÏmºã«Ë��Ò�ËÓ�ÒÁÒ�ÒSºmÈ�
��ÈÓÓ��
«�Ë®}��ÒäËÓÓº�}È}���ãËSº�Ó���ÓÈÓº}È¹°�ã���l©
¹ºãÈ�ÈËä����º�¹Sº«mãËÓÒË�ÓÈÓº°�S�}��S©�¹ãËÓº}
¹SÒ�ÒÏäËSËÓÒ«²�ãº}Èã
Ó©²�{kt�º­�°ãºmãËÓº�Ò°�
}ã��Ò�Ëã
Óº� m©°º}Òä� }ºÓ�SÈ°�ºä� v3��º­SÈÏºm
�ÈÓÓº�º� �Ò¹È� äÈ�ËSÒÈãºm�� lºÎÓº� ¹SË�¹ºãºÎÒ�

�mÈ�ÓÈÒ­ºãËË�mËSº«�Ó©²�äË²ÈÓÒÏäÈ�mºÏÓÒ}ÓºmËÓÒ«
�È}º�º�}ºÓ�SÈ°�È��{º�¹ËSm©²��¹º�¹ËSÒÁËSÒÒ�«�Ë®�
}Ò��m�º­ãÈ°�Ò�m}ã��ËÓÒ®��¹SºÒ°²º�Ò��SËÏ}ºË�mºÏ�
SÈ°�ÈÓÒË� �º}È� ÏÈ� °�Ë�� �ËºäË�SÒ�Ë°}º�º� ÁÈ}�ºSÈ
�°ÒãËÓÒ«�ªãË}�SÒ�Ë°}º�º�¹ºã«�Ò�ÒãÒ�¹ºÓÒÎËÓÓº�
�º�¹º�ËÓ�ÒÈã
Óº�º�­ÈS
ËSÈ�ªãË}�SºÓºm�ÓÈ�¹ºmËS²�
Óº°�Ò��SÈÁÒ�ºm©²�°ãºËm��SÈ°¹ºãºÎËÓÓ©²�ÓÈ� �SÈ�
ÓÒ�Ë�ÓÈÓº}È¹°�ã�Ò�ºSÒËÓ�ÒSºmÈÓÓ©²�ÓºSäÈã
Óº�}
¹ºmËS²Óº°�Ò�º­SÈÏ�È��{º�m�ºS©²��m¹ºãÓË�mËSº«�Óº�
��º�ÓÒ}Ëã
�m�¹SÒ¹ºmËS²Óº°�Ó©²�°ãº«²�¹ãËÓ}Ò��È°�



ljzc|vjv�plskÐ��ptsjzk��¢��������

�¡¢

��

��­ ­®²¥µ­®«®£¨¨�¨�§®­¤®¢ ¿�¬¨ª°®±ª®¯¨¿� �

�Ò�Óº� º}Ò°ãËÓ�� m°ãË�°�mÒË� �Ë�º� °º¹Sº�ÒmãËÓÒË
SÈ°�Ë}ÈÓÒ«��ËÓ�SÈã
Óº®��È°�Ò�«�Ë®}Ò�ÏÓÈ�Ò�Ëã
Óº
m©	Ë���Ëä�ÓÈ�ËË�¹ËSÒÁËSÒÒ�
3ËÏ�ã	�È�©�ÒÏäËSËÓÒ®�m�SËÎÒäË�lvl��{��ãÈm�

Óºä�SËÏ�ã
�È�©�äÈ�ÓÒ�Ó©²�ÒÏäËSËÓÒ®�äºÎÓº�°�ä�
äÒSºmÈ�
� °ãË����Òä� º­SÈÏºä�� iã«� �º�º� ��º­©
º­Ë°¹Ë�Ò�
� }ºSSË}�Ó©Ë� �°ãºmÒ«� }ÈS�º�SÈÁÒSºmÈ�
ÓÒ«�¹ºmËS²Óº°�Ò�¹ãËÓº}��m�¹Sº�Ë°°Ë�°}ÈÓÒSºmÈÓÒ«
ÓËº­²º�Òäº�¹º��ËSÎÒmÈ�
�ÏÈÏºS�∆=�äËÎ���äÈ�ÓÒ��
Ó©ä�ÏºÓ�ºä�Ò�¹ºmËS²Óº°�
��¹ãËÓ}Ò�ÓË�äËÓ
	Ò®�
�Ëä����Óä���}ÈÏÈÓÓºË�ÏÓÈ�ËÓÒË�¹º�°��Ë°�m��º¹SË�
�Ëã«Ë�� ÓÒÎÓÒ®� ¹SË�Ëã� ¹Sº°�SÈÓ°�mËÓÓº�º� SÈÏSË�
	ËÓÒ«�äÈ�ÓÒ�Ó©²��ºäËÓºm�m�ÓÈ	Ëä�°ã��ÈË��{ÓË�ÏÈ�
mÒ°Òäº°�Ò�º��Ò°�ºSÒÒ�ÓÈäÈ�ÓÒ�ÒmÈÓÒ«�­©ãÒ�ÏÈSË�
�Ò°�SÒSºmÈÓ©��¹«�ÓÒ°�©Ë��ÁÈÏºm©Ë�º­SÈÏ©�°�²ÈSÈ}�
�ËSÓ©ä�SÈÏäËSºä�¹«�ËÓ����Û����ä}ä��SÒ°�����}ÈS�È
°¹SÈmÈ��°ä��m�ºS���°�ºSºÓ��º­ãºÎ}Ò���{Ó��SÒ��È}º�º
�¹«�ÓÈ��lvl�m©«mÒãÈ�ÓËSË��ã«SÓºË�SÈ°¹SË�ËãËÓÒË
ÁÈÏºmº�º�°Ò�ÓÈãÈ����º�¹SºÒãã�°�SÒSºmÈÓº�ÓÈ�SÒ°���
�}ÈS�È�°¹SÈmÈ��°ä��m�ºS���°�ºSºÓ��º­ãºÎ}Ò��
vSÈmÓÒ�Ëã	Ó©®�ÈÓÈãÒÏ�SÈ°¹SË�ËãËÓÒ®�ÁÈÏºmº�º

°Ò�ÓÈãÈ� Ò� }ºÓ�È}�Óº®� SÈÏÓº°�Ò� ¹º�ËÓ�ÒÈãºm�� |°�
ÓºmÓÈ«�¹Sº­ãËäÈ�m�ÒÓ�ËS¹SË�È�ÒÒ��ÈÓÓ©²�lvl
°º°�ºÒ�� m� �ºä�� ÓÈ°}ºã
}º� ÓÈ­ã��ÈËä©Ë� ÁÈÏºm©Ë
º­SÈÏ©�º�SÈÎÈ���Ò°�ÒÓÓ���äÈ�ÓÒ�Ó���°�S�}��S�
Ò°°ãË��Ëä©²� º­SÈÏ�ºm�� iË®°�mÒ�Ëã
Óº�� äÓº�ÒË
ÁÈ}�ºS©�mãÒ«���ÓÈ��º�Óº°�
�SË�Ò°�SÈ�ÒÒ�°Ò�ÓÈ�
ãºm�lvl��Ò�ªãË}�Sº�ÒÓÈäÒ�Ë°}ÒË�°Òã©�m�Ò²��Ò°�
ãË��iã«�m©«°ÓËÓÒ«�ª�º�º�º­°�º«�Ëã
°�mÈ�­©ã�¹Sº�
mË�ËÓ�°SÈmÓÒ�Ëã
Ó©®�ÈÓÈãÒÏ�SÈ°¹SË�ËãËÓÒ®�}ºÓ�
�È}�Óº®�SÈÏÓº°�Ò�¹º�ËÓ�ÒÈãºm�ÏºÓ��Û�º­SÈÏË��Ò
ÁÈÏºmº�º�°�mÒ�È�}ºãË­ÈÓÒ®�}ÈÓ�ÒãËmËSÈ��¹ºã��ËÓ�
Ó©²� m� �SË²¹Sº²º�Óºä� SËÎÒäË� °}ÈÓÒSºmÈÓÒ«� ¹º�
mËS²Óº°�Ë®�}È}�1Û&�ÓÈÓº}ºä¹ºÏÒ�ºm���È}�Ò�äÈ��
ÓÒ�Óº�º� Óº°Ò�Ëã«� ÒÓÁºSäÈ�ÒÒ� �Ò¹È� �KDUG� GLVN��
r©ãº�º­ÓÈS�ÎËÓº����º�mº�m°Ë²�°ã��È«²�SÈ°¹SË�ËãË�
ÓÒË�}ºÓ�È}�Óº®�SÈÏÓº°�Ò�¹º�ËÓ�ÒÈãºm�¹º�¹ºmËS²�
Óº°�Ò�º­SÈÏ�ºm�ÒäËãº�¹«�ÓÒ°�©®�mÒ���{�°SË�ÓËä
SÈÏäËS�¹«�ÓÈ�°º°�Èmã«ã�¹ºS«�}È���ä}ä���SÒ�SË�Ò�
°�SÈ�ÒÒ�ÁÈÏºmº�º�°�mÒ�È�­©ãº�º�äË�ËÓº����º��Ë�
mÒÈ�Ò«�ÁÈÏºmº�º�°Ò�ÓÈãÈ�ÓË�ÏÈmÒ°ËãÈ�º���º�º��}È�
}º®��Ò¹�}ÈÓ�ÒãËmËSºm�Û�äÈ�ÓÒ�Ó©®��°�}º­Èã
�º�
m©ä�¹º}S©�ÒËä��ÒãÒ�ÓËäÈ�ÓÒ�Ó©®��°�¹ãÈ�ÒÓºm©ä
¹º}S©�ÒËä��Û�Ò°¹ºã
ÏºmÈã°«�m�¹Sº�Ë°°Ë�ÒÏäËSË�
ÓÒ®� �ÈÓÓº�º� º­SÈÏ�È�� w�º�� ª}°¹ËSÒäËÓ�Èã
Ó©®
ÁÈ}��� ÓË°ºäÓËÓÓº�� °mÒ�Ë�Ëã
°�m�Ë�� º� °��Ë°�mËÓ�
Óºä�mãÒ«ÓÒÒ�ªãË}�Sº�ÒÓÈäÒ�Ë°}Ò²�°Òã�ÓÈ�}ºãË­È�
ÓÒ«�}ÈÓ�ÒãËmËSÈ��{�¹SÒÓ�Ò¹Ë��mãÒ«ÓÒË�ª�Ò²�°Òã�ÓÈ
²º��lvl�äºÎÓº�º°ãÈ­Ò�
��Ë°ãÒ�¹SÒãºÎÒ�
�ªãË}�
�SÒ�Ë°}ºË�ÓÈ¹S«ÎËÓÒË�äËÎ���}ÈÓ�ÒãËmËSºä�Ò�º­�
SÈÏ�ºä�� SÈmÓºË� °SË�ÓËä�� ÏÓÈ�ËÓÒ�� }ºÓ�È}�Óº�º
¹º�ËÓ�ÒÈãÈ��ã«��Ë°�ÒS�Ëäº®�¹ãº�È�Ò��l©�º°��Ë�
°�mÒãÒ��È}���¹º¹©�}���Óº�ª�º�ÓË�¹SÒÓË°ãº�ÏÈäË��
Ó©²� �ã��	ËÓÒ®� m� SÈÏSË	ËÓÒÒ� ÁÈÏºm©²� º­SÈÏºm�
v º�Óº®�°�ºSºÓ©��¹ºã��ËÓÓ©®�SËÏ�ã
�È��¹º�}SË¹�
ã«Ë��ÓÈ	Ë��­ËÎ�ËÓÒË����º�m�º°ÓºmÓ©²��Ë�Èã«²�ÓÈ�
­ã��ÈËä©Ë� ÁÈÏºm©Ë� º­SÈÏ©� º�SÈÎÈ��� SËÈã
Ó��
äÈ�ÓÒ�Ó��� °�S�}��S��¹ãËÓº}��v��S��º®�°�ºSºÓ©�

ÓËã
Ï«�­©�
�¹ºãÓº°�
���mËSËÓÓ©ä�m��ºä����º��ºÓ�
}È«�äÈ�ÓÒ�ÓÈ«�°�S�}��SÈ�¹ãËÓº}�­©ãÈ�mº°¹SºÒÏmË�
�ËÓÈ� ­ËÏ� °��Ë°�mËÓÓ©²� Ò°}ÈÎËÓÒ®�� �È}Òä� º­SÈ�
Ïºä��ä©�¹SÒ²º�Òä�}�m©mº���º�ÓËº­²º�Òäº°�Ò�SÈÏ�
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SÒº�Ò�Ë°}��� °�S�}��S��� «�Ë®}È� }º�ºSº®� �ÒÈäË��
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¹SÒãºÎËÓÒ®��m}ã��È«�äË�Ò�ÒÓ°}ÒË��¹SË�°�Èmã«Ë�
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mÈSÒÈ�Ò«ä� ÒÏäËS«Ëäº�º� }ºªÁÁÒ�ÒËÓ�È� º�SÈÎË�
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¹SË�ËãËÓÒ«�}ºªÁÁÒ�ÒËÓ�È�º�SÈÎËÓÒ«�°ºÏ�ÈË��ÒÏº�
­SÈÎËÓÒË�¹º�¹ºmËS²Óº°�Ó©²�ÓËº�ÓºSº�Óº°�Ë®�
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mËS²Óº°�Óº®�°�S�}��S©��}ÈÓË®��ËãÈ��sÈ�SÒ°����¹SË��
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SÈÏÓ©²��}ÈÓË®�ÓÈÒ­ºãËË�m©SÈÎËÓ©��«mã«Ë�°«�ÓÈÒ�
­ºãËË�¹º�²º�«�Ë®��ã«�mÒÏ�ÈãÒÏÈ�ÒÒ�¹º�¹ºmËS²Óº�
°�Ó©²�ÓËº�ÓºSº�Óº°�Ë®��{�¹SË�°�ÈmãËÓÓ©²�ÓÒÎË
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°�S�}��S©�}ºªÁÁÒ�ÒËÓ��º�SÈÎËÓÒ«�ÒÏäËÓ«Ë�°«�m
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	Ò®�}ºÓ�
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�� v{ � °Ò°�Ëä©� ÓÈ� º°ÓºmË� ªãË}�SÒ�Ë°}Ò� äÈãº®
­ãÒÎÓË¹ºã
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�ÈÓÓ©Ë�°º²SÈÓ«ãÒ°
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.RVWVRY�(� *���%DJLQVN\�,� /���%XNKDQHWV�'� ,���.DVKHHY�(� /��
(OHFWURVWDWLF�PRWRU�IRU�+LJK�6SHHG�0LFURPHFKDQLFV�'HYLFHV �������������

7KH�LQYHVWLJDWLRQ�RI�D�SODQDU�VWHS�SHWDO�PLFURPRWRU�ZDV�FDUULHG
RXW�DLPHG�WR�LWV�SRVVLEOH�DSSOLFDWLRQV�LQ�KLJK�VSHHG�PLFURPHFKDQLFDO
GHYLFHV��PLFURVHFRQG�UDQJH���,W�ZDV�VKRZQ�WKDW�WKH�FKDUDFWHULVWLFV
UHDFKHG�IRU�WKLV�PRWRU��KLJK�VSHHG�DFWLRQ�Û�XS�WR�WHQV�PLFURVHFRQGV�
ORZ�FRQWURO�YROWDJHV�Û�WHQV�YROW��KLJK�VSDWLDO�UHVROXWLRQ�Û�WKH�VWHSV
XS�WR����QP�DOORZ�RQH�WR�DSSO\�WKHP�LQ�SUHFLVLRQ�PLFURPHFKDQLFDO
GHYLFHV��LQFOXGLQJ�SRVLWLRQHUV�
6NDORQ�$� ,��'HYHORSPHQW�3ULQFLSOHV�RI�&RQVWUXFWLRQ�0LFURPHFKDQLFDO�
6HQVRUV�RI�3LPDU\�,QIRUPDWLRQ�DQ�,QWHJUDO�%DODQFLQJ�
ZLWK�8VDJH�2SWRHOHFWURQLF�DQG�(OHFWURPDJQHWLF�(OHPHQWV������������������

7KH�SUREOHPV�RI�GHYHORSPHQW�QHZ�W\SH�PLFURPLQLDWXUH�DQG�PL�
FURPHFKDQLFDO� VHQVRUV�RI�SULPDU\� LQIRUPDWLRQ� �63,�� IRU�PHDVXUH�
PHQW�RI�PHFKDQLFDO�YDOXHV�DUH�HVWHHPHG��63,�DUH�ZRUN�LQ�D�G\QDPLF
EHKDYLRXU�DQG�FRQVWUXFWHG�RQ�WKH�EDVLV�RI�HOHFWURPHFKDQLFDO�V\VWHPV
RI�D�FRPSHQVDWRU\�W\SH��7KH�HQJLQHHULQJ�VROXWLRQV�PLUURU�WKH�FRQFHSW
RI�FRQVWUXFWLRQ�63,��ZRUNLQJ�LQ�D�PRGH�RI�VHOI�RVFLOODWLRQV��$�IHDWXUH
RI�WKHVH�VROXWLRQV�LV�XVDJH�QHZ�IRU�PLFURPHFKDQLFDO�DQG�PLFURPLQLD�
WXUH�63,�RI�RSWRHOHFWURQLF�DQG�HOHFWURPDJQHWLF�HOHPHQWV��7KH�SK\VLFDO
DQDORJV��VNHOHWRQ�GLDJUDPV�DQG�PDWKHPDWLFDO�PRGHOV�DUH�GHVLJQHG��7KH
GHVLJQ�WHFKQLTXHV�DQG�PDQXIDFWXULQJ�RI�HOHPHQWV�VHQVRUV�ZLWK�DOORZ�
DQFH�IRU�IHDWXUHV�RI�PDVWHU�VFKHGXOHV�DUH�UHYLHZHG��ZKLFK�RQH�ZLOO�EH
XVHG�DW�FUHDWLRQ�PLFURPHFKDQLFDO�DQG�PLFURPLQLDWXUH�63,�
6KDXWVXNRY�$� *���=DJLGXOLQ�<X� 6��7KH�0RGHOLQJ�RI�WKH�7UDQVLHQW�
(QKDQFHG�'LIIXVLRQ�3URFHVV�LQ�,RQ�,PSODQWHG�/D\HUV ������������������� ��

,Q�LRQ�LPSODQWHG�OD\HUV�XQGHU�SRVW�LPSODQWDWLRQ�DQQHDOLQJ�WKH
UHGLVWULEXWLRQ�RI�LQWURGXFHG�DGPL[WXUH�RFFXUV�DV�D�UHVXOW�RI�WUDQVLHQW
HQKDQFHG�GLIIXVLRQV��7('���7KH�WKHRUHWLFDO�PRGHO�RI�7('�IDFWRUV
KDV�EHHQ�SUHVHQWHG�RI�SULRU�LPSODQWDWLRQ�DGPL[WXUH�WDNLQJ�LQWR�DF�
FRXQW�XQHTXDO�GLVWULEXWLRQ�RI�UDGLDWLRQ�GHIHFWV�DQG�WKHLU�UHFRPELQD�
WLRQ�DFFRUGLQJ�WKH�WLPH�IRU�WKHUPDO�DQG�SKRWRQ�DQQHDOLQJ��7KH�PHWK�
RG�RI�FDOFXODWLRQ�RI�DGPL[WXUH�UHGLVWULEXWLRQ�KDV�EHHQ�SUHVHQWHG�LQ
WKH�FDVH�RI�FRRUGLQDWLRQ�WLPH�GHSHQGHQF\�RI�GLIIXVLRQ�IDFWRU��7KH
SURFHVV�7('�KDV�EHHQ�PRGXODWHG�E\�RI�WKH�H[DPSOH�RI�IRUPDWLRQ�RI
UHDO�DOOR\HG�OD\HUV��KDYLQJ�EHHQ�XVHG�LQ�WKH�SURGXFWLRQ�RI�HOHFWURQLF
WHFKQLTXHV�GHYLFHV��7KH�JRRG�DFFRUGDQFH�RI�DFFRXQWLQJ�DQG�H[SHUL�
PHQWDO�GDWD�KDV�EHHQ�VKRZQ�
$IDQDV�HY�$� 0���&KXHY�0� $���0HGYHGHY�3� *���3XVWRYRLW�9� ,��
2Q�/LPLWLQJ�5HVROXWLRQ�RI�$SRGL]HG�'LIIUDFWLRQ�)LOWHUV ������������������ ��

7KH�ZD\�RI�DEUXSW�HQKDQFHPHQW�RI�UHVROXWLRQ�RI�RSWLFDO�DQG�XO�
WUD�VRXQG�GLIIUDFWLRQ�ILOWHUV�LV�IRXQG��$�UHDOL]DWLRQ�RI�WKH�PHWKRG�LV
EDVHG�RQ�FKRRVLQJ�WKH�FRUUHVSRQGLQJ�DSRGL]LQJ�IXQFWLRQV��7KH�UHVXOWV
VXSSOLHV�ZLGH�SHUVSHFWLYHV�IRU�VXEVWDQWLDO�LQFUHDVLQJ�LQ�WKH�UHVROXWLRQ
RI�RSWLFDO�VSHFWURPHWHUV��LPSURYHPHQW�RI�FKDUDFWHULVWLFV�RI�PRELOH
GHYLFHV�DQG�GHQVHQHVV�RI�FRQQHFWLRQ�FKDQQHOV��DV�ZHOO�DV�WKH\�VKRXOG
EH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�SURJQRVWLFDWLRQ�RI�GHYHORSPHQWV�LQ�WKH
FRUUHVSRQGLQJ�WHFKQLFDO�ILHOGV�
6LQMXWLQ�6� $��7KH�,QWHOOHFWXDO�*HQHUDWRU�IRU�5HJLVWUDWLRQ�
RI�WKH�,QIUHTXHQW�(YHQWV ���������������������������������������������������������� ��

7KH�GLIIHUHQW�YDULDQWV�RI�WKH�JHQHUDWRUV�ZLWK�WKH�EXLOW�LQ�HOHFWURQ�
LFV�IRU�WKH�IL[LQJ�RI�WKH�LQIUHTXHQW�HYHQWV�Û�LPSXOVH�VSHHGLQJ�XS��LP�
SDFWV��DUH�FRQVLGHUHG�
%DNKWL]LQ�5� =���:X�.��+���;XH�4��=���;XH�4��.���1DJDR�7���
6DNXUDL�7��6FDQQLQJ�7XQQHOLQJ�0LFURVFRS\�6WXG\�RI�$J�)LOP�,QLWLDO�
6WDJHV�*URZWK�RQ�D�*D1�������6XUIDFH ���������������������������������������

$J�DGVRUSWLRQ�DQG�WKH�LQLWLDO�VWDJHV�RI�$J�ILOP�JURZWK�RQ�D�JDO�
OLXP�ULFK�*D1�������VXUIDFH�KDYH�EHHQ�VWXGLHG�XVLQJ�670�XQGHU�XO�
WUD�KLJK�YDFXXP�FRQGLWLRQ��,W�KDV�EHHQ�VKRZQ�D�GUDVWLF�FKDQJH�RI�WKH
$J�JURZWK�PRGH�RQ�WKH�EXON�WHUPLQDWHG�*D1�������VXUIDFH��IURP�D
6WUDQVNL�.UDVWDQRY�JURZWK�DW�ORZ�IOX[������0/�PLQ���WR�D�QRYHO�OD\�
HU�E\�OD\HU�JURZWK�DW�D�KLJKHU�IOX[����0/�VHF���%DVHG�RQ�WKLV�ILQGLQJ
ZH�VKRZ�D�QHZ�DSSURDFK�IRU�REWDLQLQJ�IODW�HSLWD[LDO�$J�ILOP�RQ�WKH
*D1�������VXUIDFH�DW�URRP�WHPSHUDWXUH��E\�DSSO\LQJ�KLJK�$J�IOX[
UDWH�WR�VXSSUHVV�WKH�DWRP�GLIIXVLRQ��:H�DOVR�UHSRUW�WKH�ILUVW�REVHUYD�
WLRQ� RI� D� QRYHO� XQUHFRQVWUXFWHG� $J�WHUPLQDWHG�*D1�������� � �
DQG�H[SODLQ�LWV�VWUXFWXUDO�PRGHO�
9DOLHY�.��$���%RFKDURY�/��-X���0DOWVHY�3��3���7URLWVN\�,��,��
4XDQWXP 7HFKQRORJ\�LV�WKH�1HZ�$VSHFWV�RI�1DQRWHFKQRORJ\ ������������

7KH�EDVLV�IRUHLJQ�SODQV�LQ�WKH�DUHD�RI�TXDQWXP�WHFKQRORJ\�ZKLFK
RQH�PD\�WR�HVWLPDWH�DV�WKH�QHZ�VWHS�RI�WKH�QDQRWHFKQRORJ\�GHYHORS�
PHQW�DUH�FRQVLGHUHG�DQG�VRPH�DFKLHYHPHQWV�LQ�WKLV�DUHD�UHGXFHG��DQG
DOVR�WKH�H[DPSOHV�RI�WKH�TXDQWXP�FU\SWRJUDSK\�DUH�GHVFULEHG�
)URORY�9� '���=DYHGHHY�(� 9���3LPHQRY�6� 0���.RQRY�9� ,��
0LFURVFRSLF�3URSHUWLHV�RI�7KLQ�)LOPV�RQ�WKH�%DVH�RI�1LÛ&�
QDQRFRPSRVLWHV �������������������������������������������������������������������������
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