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ÔÏÍËÇÐÑÚÔ ÑÄÎÊÍÒÐÑÍÈÖÇÁÚÔ ÐÑ¿ÊÄÈ�
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{ ÓÈ°�º«�ËË m¯Ëä« �Ë¹ãºm©äÒ ªãË}�¯º°�ÈÓ�Ò«äÒ
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m º�Ëä ËË º�ËäË� m©¯ÈÈ�©mÈËäºä m°ËäÒ �Ò¹ÈäÒ

ªãË}�¯º�ËÓË¯Ò¯�
�Ò² ¹¯Ë�¹¯Ò«�Ò® >�Ü�@� v �Ëã	


äÒÓÒäÒÏÈ�ÒÒ ��Ë¯È� ¹¯ÒÓº°Òäº�º º}¯�ÎÈ
�Ë®

°¯Ë�Ë ¯Èº�È
�ÒäÒ �wv �È �È}ÎË �w¡�� ¹¯Ë�

��°äÈ�¯ÒmÈË�°« Ò² ¹Ë¯Ëmº� ÓÈ ¯ËÎÒä©� ºË°¹Ë�

�ÒmÈ
�ÒË °ÓÒÎËÓÒË ¹¯Ò °ÎÒ�ÈÓÒÒ �º¹ãÒmÈ m©�
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ãË¯º�È Ò ÈÏº�È �&2� &2
�
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[
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¹¯ºÒ°²º�Ò� °º}¯È�ËÓÒË Ò°¹ºã	ÏºmÈÓÒ« m }È�Ë°�mË

�º¹ãÒmÈ ¹¯Ò¯º�Óº�º �ÈÏÈ Ò ¹Ë¯Ë²º� ÓÈ ¹¯ÒäËÓËÓÒË

ºãËË �Ë�Ëmº�º Ò �º°��¹Óº�º �mË¯�º�º �º¹ãÒmÈ Û
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ºË°¹Ë�È� Ò² ¹º�¯ËãËÓÒË ÓÈ °¯º}� m � ¯ÈÏÈ ¹¯Ë�

m©�È
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�È
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¹È�ÓÈ« pm¯º¹È�� ��� �%6� {ËãÒ}º¯Ò�ÈÓÒ«��
78��&'���� �$)125� n¯ÈÓ�Ò«�� ��&U0R���
�81,� j�ÈãÒ«�� 673$ �� �-,6� Ð¹ºÓÒ«�� °�ÈÓ�È¯�©
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�…�� � ¹¯Ò ãË�Ò¯ºmÈÓÒÒ äºãÒ�ËÓºä ¹¯ÒãÒÏÒ�
�Ëã	Óº �º �… ���� � Ò mmË�ËÓÒÒ �ºÈmº} ÓÒ}Ëã«�
mÈÓÈ�Ò«� �Ò�ÈÓÈ� ÓÒºÒ«� }ºÈã	�È� º¯È }È} m
º��Ëã	Óº°�Ò� �È} Ò m º¹¯Ë�ËãËÓÓ©² °º�Ë�ÈÓÒ«²
>�� ��@� |�ÓÈ}º ÓË m°Ë äÈ�Ë¯ÒÈã© ºãÈ�ÈãÒ ÓË�
º²º�Òäº® �Ë²Óºãº�Ò�Óº°�	
 ¹¯Ò ¹¯ºÒÏmº�°�mË Ò

������ �



��ºmãË�mº¯Ò�Ëã	Óº® °mÈ¯ÒmÈËäº°�	
� { ¯ËÏ�ã	�È�Ë
�º°�È�º�Óº �ºã�º �ºãËË �� ãË�� �¯ºmËÓ	 }¯Ò�Ò�
�Ë°}Ò² ¹È¯ÈäË�¯ºm ¹È¯È m ªÓË¯�ºãº}È² º°�ÈmÈã°«
¹¯È}�Ò�Ë°}Ò ÓËÒÏäËÓÓ©ä >�� �� ��@�

{ °Ë¯Ë�ÒÓË �����² ��� °¹Ë�ÒÈãÒ°�ÈäÒ sÈ�Òº�
ÓÈã	Óº® Ò°°ãË�ºmÈ�Ëã	°}º® ãÈº¯È�º¯ÒÒ m |}�
cÒ�ÎË �251/� Ò sº}°mÒãã°}º�º �ÓÒmË¯°Ò�Ë�È
��È�È �ËÓÓË°°Ò �vbk� ÓÈ ÈÏË ÒÏmË°�Óº® ° ���� ��
°�ÈãÒ �&UÜ�0R ©ãÈ °ºÏ�ÈÓÈ äº�ÒÁÒ�Ò¯ºmÈÓÓÈ«
°�Èã	 �Ò¹È �vUÜ�0RÜ1L91E1 �ººÏÓÈ�ÈËäÈ« ¹º
°�ÈÓ�È¯�� $670 }È} ��� �6$����� Ò c�� �6$�������
¹Ë¯mºÓÈ�Èã	Óº ¹¯Ë�ÓÈÏÓÈ�Èm�È«°« �ã« ÒÏ�º�ºmãË�
ÓÒ« }ºä¹ºÓËÓ�ºm º¹©�Óº�º ¯ËÈ}�º¯È�¯ÈÏäÓºÎÒ�Ëã«
mäË°�º m©°º}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ �Ò¹È ��� >�� ��Ü
��@� �¯Ë�¹ºãÈ�Èm�È«°« ¯Èº�È« �Ëä¹Ë¯È��¯È Û
�º ��� Åv� {¹º°ãË�°�mÒÒ ª�È °�Èã	 ©ãÈ Ò°°ãË�º�
mÈÓÈ äË�Èãã�¯�ÈäÒ m pm¯º¹Ë Ò Ð¹ºÓÒÒ Ò ¹¯ÒÏÓÈÓÈ
¹º�²º�«�Ë® �ã« ¯Èº�© m ªÓË¯�Ë�Ò�Ë°}Ò² ��ºã	Ó©²
ãº}È² �wv °º °mË¯²}¯Ò�Ò�Ë°}ÒäÒ ¹È¯ÈäË�¯ÈäÒ
¹È¯È Û ¹¯Ò 7  ���… ��� Åv >�� �@� jäËÓÓº °
ÓÈ�Èãºä mÓË�¯ËÓÒ« Óºmº® °�ÈãÒ �Ò¹È c�� °�Èã
mºÏäºÎÓ©ä ¹º��Ëä ¯Èº�Ò² ¹È¯ÈäË�¯ºm ¹È¯È m
ªÓË¯�Ë�Ò�Ë°}Ò² ãº}È² �wv m ¯ÈÏÓ©² °�¯ÈÓÈ² äÒ¯È
�¯Ò°� �� �� >�� ��� ��@�

{ ÓÈ°�º«�ËË m¯Ëä« º°ÓºmÓ©äÒ ¹¯ºÒÏmº�Ò�Ëã«äÒ
Ë°�ºmÓ©² �¯� ÒÏ °�ÈãÒ c������ «mã«
�°« 9DO�
ORXUHF	0DQQHVPDQQ 7XEHV m pm¯º¹Ë Ò 6XPLWRPR
3LSH	7XEH &R�� /WG� m Ð¹ºÓÒÒ >��@� vº�ãÈ°Óº ÓË�
äË�}ºä� °�ÈÓ�È¯�� 75' �äÈ�Ë¯ÒÈã ¢ ������� °�Èã	
3���7�� ººÏÓÈ�ÈË�°« }È} ;��&U0R91E�� >�� ��@�

�º ÁÒÏÒ�Ë°}Òä °mº®°�mÈä� º¹¯Ë�Ëã«
�Òä �Ë²�
Óºãº�Ò�Óº°�	 ¹¯Ò ¯Èº�Ë m °º°�ÈmË �Ïãºm �Ë¹ãº�
ªÓË¯�Ë�Ò�Ë°}º�º ºº¯��ºmÈÓÒ«� °�Èã	 c�� m©�º�Óº
º�ãÒ�ÈË�°« º� È�°�ËÓÒ�Ó©² äÈ�Ë¯ÒÈãºm >��� ��@�
zÈ} mÒ�Óº ÒÏ ¯Ò°� �� ¹º °¯ÈmÓËÓÒ
 °º °�Èã	

�c���/1 °�Èã	 c�� ¹¯Ò ÓÈ�¯ËmË �º �Ëä¹Ë¯È��¯
¯Èº�Ë�º �ÒÈ¹ÈÏºÓÈ ����…��� Åv� ÒäËË� ºãËË �Ëä
m � ¯ÈÏÈ äËÓ	�Ò® }ºªÁÁÒ�ÒËÓ� �Ë¯äÒ�Ë°}º�º ���
ãÒÓËÓÒ« Ò ¹¯ÒãÒÏÒ�Ëã	Óº m ��� ¯ÈÏÈ ºã	�Ò®

}ºªÁÁÒ�ÒËÓ� �Ë¹ãº¹¯ºmº�Óº°�Ò� w�º ºÏÓÈ�ÈË��
��º m �¯�Ó©² °Ò°�ËäÈ² Ò m �ºã°�º°�ËÓÓ©² °Ë}�
�Ò«²� ÒÏ�º�ºmãËÓÓ©² ÒÏ °�ÈãÒ �Ò¹È c��� ����
mºÏÓÒ}È�	 �º¯ÈÏ�º äËÓ	�ÒË mÓ��¯ËÓÓÒË �Ë¯äÒ�
�Ë°}ÒË ÓÈ¹¯«ÎËÓÒ« Ò �ËÁº¯äÈ�ÒÒ� w�º º°ºËÓÓº
mÈÎÓº �ã« �°ãºmÒ® �Ë¹ãº°äËÓ� ¹¯Ò }º�º¯©² m
°mÈ¯Ó©² �ÏãÈ² mºÏäºÎÓº ¯ÈÏmÒ�ÒË ¹ºm¯ËÎ�ËÓÒ®
ÒÏ�ÏÈ �Ë¯äÒ�Ë°}º® �°�Èãº°�Ò >��@�

�º °¯ÈmÓËÓÒ
 ° ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©äÒ °�È�
ã«äÒ ¹Ë¯ãÒ�Óº�º Ò Ë®ÓÒ�Óº�º }ãÈ°°È °�Èã	
c�� ÒäËË� ºãËË m©°º}�
 º}ÈãÒÓº°�º®}º°�	 Ò
ºã	��
 �ãÒ�Ëã	Ó�
 ¹¯º�Óº°�	 >��@� �¯Ò�Ëä
¹º �ãÒ�Ëã	Óº® ¹¯º�Óº°�Ò ºÓÈ ¹¯Ëmº°²º�Ò� �È}�
ÎË °�Èã	 t��vUlR9��� �;��� ° �� � vU� ²º�«
Ò ÒäËË� ãÒÏ}ÒË ° ÓË® �Ë¹ãºÁÒÏÒ�Ë°}ÒË °mº®°�mÈ
>��@� sÈ º°ÓºmÈÓÒÒ ª}°�¯È¹ºã«�ÒÒ ¯ËÏ�ã	�È�ºm
�ãÒ�Ëã	Ó©² Ò°¹©�ÈÓÒ® °�ÈãÒ c�� ¹¯Ò ¯Èº�Ò²
�Ëä¹Ë¯È��¯È² ËË �ãÒ�Ëã	ÓÈ« ¹¯º�Óº°�	 ÏÈ ¹Ë�
¯Òº� ��� � ¹¯Ò 7  ��� Åv º�ËÓÒmÈË�°« ¯ÈmÓº®
�� l�È >�� ��� ��@� w�º ÏÓÈ�ËÓÒË ¹¯Ëmº°²º�Ò�
�ãÒ�Ëã	Ó�
 ¹¯º�Óº°�	 °�ÈãÒ t�� ÓÈ �� Ò °�ÈãÒ
c�� �����&UÜ�0R� ÓÈ ��� � Ò ¹¯ÒãÒÏÒ�Ëã	Óº
¯ÈmÓÈ �ãÒ�Ëã	Óº® ¹¯º�Óº°�Ò È�°�ËÓÒ�Óº®
ÓË°�ÈÒãÒÏÒ¯ºmÈÓÓº® °�ÈãÒ �Ò¹È ��vU1L����

>�� ��@�
rãÈ�º�È¯« ºãËË m©°º}ºä� �¯ºmÓ
 �ãÒ�Ëã	Óº®

¹¯º�Óº°�Ò ¹¯ÒäËÓËÓÒË °�ÈãÒ �Ò¹È c�� mäË°�º ¯ÈÓËË
Ò°¹ºã	Ï�Ëä©² ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® Ò °�ÈãÒ
t�� ¹ºÏmºã«Ë� �äËÓ	�Ò�	 �ºã�ÒÓ© °�ËÓº} }ºä�
¹ºÓËÓ�ºm }º�Ëã	Ó©² �°�ÈÓºmº} �¯Ò°� ��� �Ëä ºË°�
¹Ë�ÒmÈË�°« ÏÓÈ�Ò�Ëã	ÓºË °ÓÒÎËÓÒË äË�ÈããºËä}º°�
�Ò� äÈ°°© }ºÓ°�¯�}�Ò® Ò ª}ºÓºäÒ« °¯Ë�°�m ¹¯Ò
Ò² ÒÏ�º�ºmãËÓÒÒ >�� ��� ��� ��@� �È}� ÓÈ¹¯ÒäË¯�
¹¯Ò ÏÈäËÓË Ë®ÓÒ�Óº® °�ÈãÒ c�� ÓÈ °�Èã	 c��
¹¯Ò ÒÏ�º�ºmãËÓÒÒ �¯º®ÓÒ}È� ¹¯Ë�ÓÈÏÓÈ�ËÓÓº�º �ã«
¯Èº�© ¹¯Ò �Ëä¹Ë¯È��¯Ë ��� Åv Ò �ÈmãËÓÒÒ
�� l�È� Ë�º äÈ°°È ©ãÈ �äËÓ	�ËÓÈ ÓÈ �� �� È
m °ã��ÈË �È}º® ÎË ÏÈäËÓ© ¹¯Ò ÒÏ�º�ºmãËÓÒÒ �¯��
Óº® °Ò°�Ëä© ��ã« �È}Ò² ÎË ¹È¯ÈäË�¯ºm ¹È¯È� �ã«
ªãË}�¯º°�ÈÓ�ÒÒ äº�Óº°�	
 ��� l{� ¯È°�Ë�ÓÈ«
ª}ºÓºäÒ« °¯Ë�°�m °º°�ÈmÒãÈ �� � >��@� ~ÈäËÓÈ °�È�
ãÒ t�� ÓÈ c�� ¹ºÏmºãÒãÈ �äËÓ	�Ò�	 äÈ°°� ÁÒ�ÒÓ�È
ÓÈ �� � >��@�

�È}Òä º¯ÈÏºä� ° ¯ÈÏ¯Èº�}º® °�ÈãÒ c�� ÓÈ�Ò�
ÓÈË�°« Óºm©® ª�È¹ m °ºÏ�ÈÓÒÒ °ºm¯ËäËÓÓº�º m©°º�
}ºªÁÁË}�ÒmÓº�º �Ë¹ãºªÓË¯�Ë�Ò�Ë°}º�º ºº¯��ºmÈ�
ÓÒ«� pË ÁÒÏÒ�Ë°}ÒË Ò Á�Ó}�ÒºÓÈã	Ó©Ë °mº®°�mÈ
²È¯È}�Ë¯ÒÏ�
�°« �º°�È�º�Óº ÓÒÏ}ÒäÒ �Ë¹ãºËä�
}º°�	
� }ºªÁÁÒ�ÒËÓ�ÈäÒ �Ë¹ãº¹¯ºmº�Óº°�Ò Ò �Ë¯�

cÒ°� �� tÈ¯È}�Ë¯ ÒÏäËÓËÓÒ« ¹È¯ÈäË�¯ºm ¹È¯È ÓÈ �wv Ð¹ºÓÒÒ
>��@

cÒ°� �� v¯ÈmÓËÓÒË ÁÒÏÒ�Ë°}Ò² °mº®°�m °�ÈãË® 3��� ;�� �° �� � &U��
3�� �����&UÜ�0R� ° ÁË¯¯Ò�Óº® ¯Ë�Ë�}º® Ò È�°�ËÓÒ�Óº® °�ÈãÒ
73���/1 >��� ��� ��@

� ������



äÒ�Ë°}º�º ¯È°�Ò¯ËÓÒ«� ��ºmãË�mº¯Ò�Ëã	Óº® �¹¯Ò�
äËÓÒ�Ëã	Óº } �°ãºmÒ«ä ¹¯ºÒÏmº�°�mÈ Ò ª}°¹ã�È�
�È�ÒÒ� �ãÒ�Ëã	Óº® ¹¯º�Óº°�	
� }º¯¯ºÏÒºÓÓº®
°�º®}º°�	
� ¹ãÈ°�Ò�Óº°�	
� °mÈ¯ÒmÈËäº°�	
� º¯È�
È�©mÈËäº°�	
 Ò ¹¯Ò�º�Óº°�	
 �ã« }ºÓ�¯ºã« °mÈ¯�
Ó©² °ºË�ÒÓËÓÒ® ° ¹ºäº�	
 ÓÈÒºãËË ¯È°¹�
¯º°�¯ÈÓËÓÓ©² �ã	�¯ÈÏm�}ºmº�º Ò äÈ�ÓÒ�Óº�¹º¯º��
}ºmº�º äË�º�ºm� È �È}ÎË ºãËË ÓÒÏ}º® ¹º °¯ÈmÓËÓÒ

° m©°º}ºãË�Ò¯ºmÈÓÓ©äÒ äÈ�Ë¯ÒÈãÈäÒ °�ºÒäº°�	

>��� ��� ��@� v�Èã	 c��� «mã««°	 ¹Ë¯m©ä äÈ�Ë¯ÒÈãºä
Óºmº�º ¹º}ºãËÓÒ« m �¯�¹¹Ë °�ÈãË® ° �…�� � &U�
°�ÈÓºmÒ�°« �º°�È�º�Óº ¯È°¹¯º°�¯ÈÓËÓÓº® �Ë¹ãº�°�
�º®�Òmº® °�Èã	
 m äÒ¯ºmº® ¹¯È}�Ò}Ë� z ÓÈ°�º«�
�Ëä� m¯ËäËÓÒ ÓÈ ËË º°ÓºmË °ºÏ�ÈÓ© ÓË°}ºã	}º
Óºm©² äº�ÒÁÒ}È�Ò® ° ºã	�Òä �¯ºmÓËä �ãÒ�Ëã	�
Óº® ¹¯º�Óº°�Ò �°�ÈãÒ �Ò¹È p���� 1)����� º �Ëä
��Ë� °}ÈÏÈÓº m °ãË��
�Ë® ¹�ãÒ}È�ÒÒ�

�� |ã	²ºm°}Ò® �� �Ë²Óºãº�ÒÒ �ã« �Ë¹ãºm©² ªãË}�¯º°�ÈÓ�Ò®
�� �ÈÏº��¯ÒÓÓ©Ë �Ë²Óºãº�ÒÒ� Û ����� Û ¢ �� Û
v� �Ü��

�� 1DNLFHQLYLF 1�� 5DLKL .� $Q DVVHVVPHQW RI WHFKQRORJLFDO
FKDQJH UHSRUW DFURVV VHOHFWHG HQHUJ\ VFHQDULRV �� 5HSRUW RI
,QWHUQ� LQVW� IRU DSSOLHG V\VWHPV DQDO\VLV� Û ����� Û 0D\�

�� �È°�È®�Ë¯ ��� v�ÈäÈ�Ëãº¹º�ãº° ���s� ��ºã	Ó©Ë ªãË}��
¯º°�ÈÓ�ÒÒ Û °ºm¯ËäËÓÓ©® �¯ºmËÓ	 �Ë²ÓÒ}Ò Ò ¹Ë¯°¹Ë}�Ò�
m© ¯ÈÏmÒ�Ò« ÓÈ ����ËË ��  Ë¯Ó� äË�Èãã©� Û ����� Û
¢ ��� Û v� ��Ü���

�� wÓË¯�Ë�Ò}È � j� �� bmË�� {� j� �ºã�ÈÓ°}Ò®� j� i�
r�}�¹�Ó Ò �¯� Û zÒËm � {Ò�È �}�� ����� Û ��� °�

�� w�}ÒÓ° �� �º¯«�º} Ò Ë°¹º¯«�º} m ¹¯Ò¯º�Ë� �Ë¯� ° ÈÓ�ã�
Û l�� lÒ¯� ����� Û ��� °�

�� 7KH VXFFHVV RI QHZ PDWHULDO �� 0DQQHVPDQQ 5RKU� 5HSULQW
IURP ½5HSRUW�� Û ,VVXH 6������ Û � ¯�

�� :HOGLQJ RQ QHZ W\SHV RI VWHHO IRU SRZHU SODQW FRQVWUXFWL�
RQ� :� $GDP� :� 0LVFKRN� *� :HOOQLW] HW DO� �� :HO�
GLQJ DQG FXWWLQJ� ZHOGLQJ FRQI� LQ %UHPHQ ���Ü��WK 6HSW��
������ Û %R⋅⋅KOHU :HOGLQJ� 6SHFLDO (GLWLRQ� ����� Û �� S�

�� &XUUHQW DQG IXWXUH XVH RI WKH �� &U 6WHHO ;�� &U0R91E ��
IRU SRZHU SODQW DSSOLFDWLRQV � :� $UQVZDOG� %� .HPSNHV�
*� :HOOPLW]� 0� =VFKDX �� 9*% .UDIWZHUNVWHFKQLN� 6HSD�
UDWH SULQW IURP (QJOLVK LVVXH� Û ����� Û ��� ¢ �� Û 3�
���Ü����

�� +HQQKRIIHU .�� -DNRERYD $� 3URSHUWLHV RI ZHOGHG MRLQWV LQ
�� &U FUHHS UHVLVWDQW VWHHO �� =YDUDQLH�6YDURYDQL �:HO�
GLQJ�� Û ����� Û ��� ¢ ��� Û 3� ���Ü����

��� =HPDQ 0�� %UR]GD -�� 3DVWHUQDN -� 2FHQD VSDZDOQRVFL VWDOL
+&0��$ SU]H]QDF]HQHM QD HOHPHQW\ NRWORZ HQHUJHW\F]Q\FK

SUDFXMÈFH SU]\ SDUDPHWUDFK QDGNU\W\F]Q\FK �� 3U]HJODG
6SDZDOQLFWZD� Û ����� Û ��� 1U��� Û 6� �Ü��

��� %HQGLFN :�� +DDUPDQQ .�� 5LFKWHU +� 'LH $QZHQGXQJ
DXVWHQLWLVKHU 5RKUZHUNVWRIIH LP .UDIWZHUNVEDX �� 9*%
.UDIWZHUNVWHFKQLFN� Û ����� Û ��� ¢ ��� Û 6� ����Ü
�����

��� 8VH RI 3�� LQ (XURSH DQG RYHUVHDV � :� %HQGLFN� .� 8O�
OPDQQ� .� +DUPDQQ� 0� =VFKDX �� $60( MRLQW LQWHUQ�
SRZHU JHQHUDWLRQ FRQI�� 3KRHQL[� $]� �Ü� 2FW�� ����� Û
$60(� ���,3*&�3:5���� ����� Û � S�

��� +DDUPDQQ .� 1HZ PDWHULDO JUDGHV IRU WXELQJ DQG SLSLQJ DV
UHSODFHPHQW RI 7�� DQG 3�� �� 3RZHU�*HQ��� Û $VLD�
0DQQHVPDQQ :RUNVKRS ��� 6HSW�� ����� 6LQJDSRUH� Û
0DQQHVPDQQ 5RKU� ����� Û �� S�

��� |¯�ÈÓÒÏÈ�Ò« �º¯ËÓÒ« m ÓÒÏ}ºªäÒ°°ÒºÓÓº® }ÈäË¯Ë °�º¯È�
ÓÒ« ��� k����v� � {� l�  Ë¹}ÒÓ� p� �� lÈ¯��}ºm�
{� {� z�¹¯Ò}� v� k� nË�º¯ºm �� �ÈÏº��¯ÒÓÓ©Ë �Ë²Óº�
ãº�ÒÒ� Û ����� Û ¢ �� Û v� ��Ü���

��� 6FKXEHUW -�� 8OULFKV .�� 6FKROOHU +� :HOGDELOLW\ RI KHWHUR�
JHQHRXV MRLQWV EHWZHHQ WKH FDVW VWHHO *;��&U0R:91E���
�� DQG ORZ DOOR\HG VWHHOV �� 6FKZHLVVHQ 	 6FKQHLGHQ� Û
����� Û ¢ �� Û 6� ���Ü����

��� �Ë¯äÈÓ v� j� wãË}�¯º���ºmÈ« °mÈ¯}È �Ë¹ãº�°�º®�Òm©²
°�ÈãË® ¹Ë¯ãÒ�Óº�º }ãÈ°°È� Û l�� lÈ��ÒÏ� ����� Û ��� °�

��� ~ËäÏÒÓ {� s�� n¯ËÓ}Ëã	 �� i� vmÈ¯Ó©Ë }ºÓ°�¯�}�ÒÒ ¹È�
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Óº°�Ò ÓÈ¹¯«ÎËÓÒ® ¹¯Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ

º¹¯Ë�Ëã«ãÒ ¹º m©¯ÈÎËÓÒ
 ���� ~ÓÈ�ËÓÒ« }ºªÁ�

ÁÒ�ÒËÓ�È ϑ  ���� Ò �ÈÓ�ËÓ°È ��ãÈ ÓÈ}ãºÓÈ Ò°�

²º�Óº® }¯Òmº® �°�Èãº°�Ò N  �� l�D ¹¯ÒÓÒäÈãÒ

¹º ¯ËÏ�ã	�È�Èä ª}°¹Ë¯ÒäËÓ�Èã	Ó©² Ò°°ãË�ºmÈÓÒ®

º°ÓºmÓº�º äÈ�Ë¯ÒÈãÈ� cËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ«

�Ò}ãÒ�Ë°}º® �¯Ë�ÒÓº°�º®}º°�Ò °mÈ¯Ó©² °ºË�ÒÓË�

ÓÒ® ¹¯Ò º�Óº� Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒ«² ¹¯Ë��

°�ÈmãËÓ© m mÒ�Ë �º�Ë} ÓÈ ¯Ò°� �� lË�ÒÈÓÓ©Ë ÏÓÈ�

�ËÓÒ« ª�Ò² �ÈÓÓ©² ¯È°¹ºãÈ�È
�°« ¹¯È}�Ò�Ë°}Ò ÓÈ

º�Óº® ¹¯«äº®� ��º ¹ºÏmºã«Ë� ÏÈäËÓÒ�	 Ò² º�Ë®

ãÒÓÒË® ¯Ë�¯Ë°°ÒÒ �°¹ãº�ÓÈ« ãÒÓÒ«�� tº¯º�ËË °ºm�

¹È�ËÓÒË °}º¯º°�Ë® �°�Èãº°�Óº�º ¯ÈÏ¯��ËÓÒ« ¹¯Ò

∆.  ∆.
�
¹º��mË¯Î�ÈË� mºÏäºÎÓº°�	 �ÈÓÓº�º äË�

�º�È º¹¯Ë�Ëã«�	 �Ò}ãÒ�Ë°}�
 �¯Ë�ÒÓº°�º®}º°�	

äÈ�Ë¯ÒÈãºm Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m �°ãºmÒ«² �m�²�

�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« ¹º }ÒÓË�Ò�Ë°}Òä �ÒÈ�¯Èä�

äÈä �°�Èãº°�Óº�º ¯ÈÏ¯��ËÓÒ«� º�mË�È
�Òä º�Óº�

�È°�º�Óºä� ÓÈ�¯�ÎËÓÒ
�

iã« º�ËÓ}Ò mãÒ«ÓÒ« È°ÒääË�¯ÒÒ �Ò}ãÈ ÓÈ °}º�

¯º°�	 ¯ÈÏmÒ�Ò« �°�Èãº°�Ó©² �¯Ë�ÒÓ m �°ãºmÒ«²

�m�²�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« Ò°°ãË�ºmÈÓÒ« m©¹ºã�

Ó«ãÒ ÓÈ ÈÓÈãº�Ò�Ó©² ¹º Áº¯äË Ò ¯ÈÏäË¯Èä º�

¯ÈÏ�È² ° �ËÓ�¯Èã	Óº® °}mºÏÓº® �¯Ë�ÒÓº® �¯Ò°� ���

Ò�ËÓ�Ò�Ó©² ¯ÈÓËË Ò°°ãË�ºmÈÓÓ©ä m �°ãºmÒ«² º��

Óº�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« >�@ Ò ÒÏ�º�ºmãËÓÓ©² ÒÏ

º°ÓºmÓº�º äË�ÈããÈ �º® ÎË °�ÈãÒ �σ�  ���� l�È��

|¯ÈÏ�© Ò°¹©�©mÈãÒ m �°ãºmÒ«² º°Ëmº�º �m�²�

�È°�º�Óº�º ä«�}º�º �Ò}ãÒ�Ë°}º�º ¯È°�«ÎËÓÒ« ° º��

Óº�ËÓÒËä Èä¹ãÒ��� ÓÈ¹¯«ÎËÓÒ® σ
D
�

⁄ σ
D
�

 ��� Ò

º�Óº�ËÓÒËä �È°�º� I��I�  ��� ¹¯Ò }ºªÁÁÒ�ÒËÓ�Ë

È°ÒääË�¯ÒÒ �Ò}ãÈ 5  � Ò ���� cÈÏäÈ² }ºªÁÁÒ�

�ÒËÓ�È ÒÓ�ËÓ°ÒmÓº°�Ò ÓÈ¹¯«ÎËÓÒ® ∆.
�
º¹¯Ë�Ëã«ãÒ

¹º ÒÏãºÎËÓÓº® m©�Ë äË�º�Ò}Ë ° Ò°¹ºã	ÏºmÈÓÒËä

m©¯ÈÎËÓÒ« ���� ~ÈmÒ°Òäº°�Ò GO�G1 Ü ∆.
�
m �°�

ãºmÒ«² �m�²�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« ¹¯Ò 5  � �����
Ò 5  ��� ����� ¹¯ÒmË�ËÓ© ÓÈ ¯Ò°� �� iã« °º�

¹º°�ÈmãËÓÒ«� �Èä ÓÈÓË°ËÓ© �È}ÎË��¯Ò²ºm©Ë ãÒÓÒÒ

����� Ò ����� ÏÈmÒ°Òäº°�Ë® GO�G1 Ü ∆.� ¹ºã��ËÓ�
Ó©² ¯ÈÓËË >�@ ¹¯Ò º�Óº�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ ÓÈ

ÈÓÈãº�Ò�Ó©² º¯ÈÏ�È² Ò �Ë² ÎË ÏÓÈ�ËÓÒ«² }ºªÁ�

ÁÒ�ÒËÓ�È È°ÒääË�¯ÒÒ �Ò}ãÈ� jÏ ¯Ò°�Ó}È mÒ�Óº�

��º }¯Òm©Ë ����� Ò ������ È �È}ÎË ����� Ò ������
¹ºã��ËÓÓ©Ë °ºº�mË�°�mËÓÓº m �°ãºmÒ«² º�Óº� Ò

�m�²�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« ¹¯Ò ÁÒ}°Ò¯ºmÈÓÓºä

ÏÓÈ�ËÓÒÒ }ºªÁÁÒ�ÒËÓ�È È°ÒääË�¯ÒÒ �Ò}ãÈ� ��ºm�

ãË�mº¯Ò�Ëã	Óº °ºm¹È�È
�� �¯Ò ¹Ë¯Ë²º�Ë º� 5  

 � �º 5  ��� °}º¯º°�	 ¯ÈÏmÒ�Ò« �°�Èãº°�Ó©²

�¯Ë�ÒÓ m º°ÓºmÓºä äË�ÈããË Ò°°ãË�ºmÈÓÓº® °�ÈãÒ

mºÏ¯È°�ÈË� m ����� ¯ÈÏÈ ¹¯Ò ººÒ² mÒ�È² ¹Ë¯ËäËÓÓº�º

ÓÈ�¯�ÎËÓÒ«�

iã« º�ËÓ}Ò mãÒ«ÓÒ« È°ÒääË�¯ÒÒ �Ò}ãÈ ÓÈ °}º�

¯º°�	 ¯ÈÏmÒ�Ò« �°�Èãº°�Ó©² �¯Ë�ÒÓ m äË�ÈããË �mÈ

°mÈ¯Ó©² °ºË�ÒÓËÓÒ® �°�Èãº°�Ó©Ë Ò°¹©�ÈÓÒ« m �°�

ãºmÒ«² �m�²�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« m©¹ºãÓ«ãÒ �È}�

ÎË ¹¯Ò ä«�}ºä ¯ËÎÒäË �Ò}ãÒ�Ë°}º�º ¯È°�«ÎËÓÒ«

° º�Óº�ËÓÒËä Èä¹ãÒ��� ÓÈ¹¯«ÎËÓÒ® σ
D
�

⁄ σ
D
�

 ���

Ò º�Óº�ËÓÒËä �È°�º� I��I�  ���� zºªÁÁÒ�ÒËÓ�

È°ÒääË�¯ÒÒ �Ò}ãÈ ¹¯ÒÓÒäÈãÒ ¯ÈmÓ©ä 5  � Ò

5  ���� iã« ÒÓÒ�ÒÒ¯ºmÈÓÒ« �°�Èãº°�Óº�º ¯ÈÏ�

¯��ËÓÒ« °mÈ¯Ó©² º¯ÈÏ�ºm �¯Ò°� �� ¹º äË�Èãã�

�mÈ ÓÈ�Èã	Ó©® ÓÈ�¯ËÏ ¯È°¹ºãÈ�ÈãÒ m Ë�º �ËÓ��

¯Èã	Óº® �È°�Ò� zÒÓË�Ò�Ë°}ÒË �ÒÈ�¯Èää© �°�Èãº°�

�Óº�º ¯ÈÏ¯��ËÓÒ« äË�ÈããÈ�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®

m©°º}º¹¯º�Óº® °�ÈãÒ ¹¯Ò º�Ó�ãËmºä Ò È°ÒääË��

¯Ò�Óºä �m�²�È°�º�Óºä º°Ëmºä ¯È°�«ÎËÓÒÒ ¹¯Ë�°�

cÒ°� �� zÒÓË�Ò�Ë°}ÒË �ÒÈ�¯Èää© �°�Èãº°�Óº�º ¯ÈÏ¯��ËÓÒ« m©�
°º}º¹¯º�Óº® °�ÈãÒ ¹¯Ò �m�²�È°�º�Óºä �I��I�  ��� Ò σ��σ�  
 ��� Û °¹ãº�Ó©Ë ãÒÓÒÒ� Ò º�Óº�È°�º�Óºä ���¯Ò²ºm©Ë� º°Ëmºä
¯È°�«ÎËÓÒÒ� ����� Ò ����� ¹¯Ò 5  �� ����� Ò ����� ¹¯Ò 5  ��� cÒ°� �� zÒÓË�Ò�Ë°}ÒË �ÒÈ�¯Èää© �°�Èãº°�Óº�º ¯ÈÏ¯��ËÓÒ« äË�

�ÈããÈ �mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m©°º}º¹¯º�Óº® °�ÈãÒ ¹¯Ò �m�²�
�È°�º�Óºä º°Ëmºä ¯È°�«ÎËÓÒÒ �I��I�  O��� σ��σ�  ����� � Û
5  �� � Û 5  ���

�� ������



�ÈmãËÓ© ÓÈ ¯Ò°� �� w�Ò �ÈÓÓ©Ë ¹º}ÈÏ©mÈ
�� ��º

¹¯Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ ¹ºm©�ËÓÒË }ºªÁ�

ÁÒ�ÒËÓ�È È°ÒääË�¯ÒÒ �Ò}ãÈ º� 5  � �º 5  

 ��� ¹¯Òmº�Ò� } �mËãÒ�ËÓÒ
 °}º¯º°�Ò ¯ÈÏmÒ�Ò«

�°�Èãº°�Ó©² �¯Ë�ÒÓ m äË�ÈããË �mÈ °�©}ºm©² °mÈ¯�

Ó©² °ºË�ÒÓËÓÒ® Ò°°ãË�ºmÈÓÓº® °�ÈãÒ ¹¯ÒäË¯Óº m

� ¯ÈÏÈ�

jÏ °º¹º°�ÈmãËÓÒ« }ÒÓË�Ò�Ë°}Ò² �ÒÈ�¯Èää

�¯Ò°� �� �� mÒ�Óº� ��º ¹¯Ò ÁÒ}°Ò¯ºmÈÓÓ©² ÏÓÈ�Ë�

ÓÒ«² }ºªÁÁÒ�ÒËÓ�È È°ÒääË�¯ÒÒ �Ò}ãÈ °}º¯º°�Ò �°�

�Èãº°�Óº�º ¯ÈÏ¯��ËÓÒ« ¹º º°ÓºmÓºä� äË�Èãã� Ò

äË�Èãã� �mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ¹¯È}�Ò�Ë°}Ò °º�

ÒÏäË¯Òä©� ²È¯È}�Ë¯ mãÒ«ÓÒ« È°ÒääË�¯ÒÒ �Ò}ãÈ ÓÈ

°}º¯º°�	 �°�Èãº°�Óº�º ¯ÈÏ¯��ËÓÒ« �ã« �}ÈÏÈÓÓ©²

ÏºÓ °mÈ¯Óº�º °ºË�ÒÓËÓÒ« Ò�ËÓ�Ò�ËÓ�

{©mº�©

�� v ¯º°�ºä }ºªÁÁÒ�ÒËÓ�È È°ÒääË�¯ÒÒ �Ò}ãÈ º�

5  � �º 5  ��� °}º¯º°�	 ¯ÈÏmÒ�Ò« �°�Èãº°�Ó©²

�¯Ë�ÒÓ m º°ÓºmÓºä äË�ÈããË Ò°°ãË�ºmÈÓÓº® °�ÈãÒ

¹ºm©�ÈË�°« m ����� ¯ÈÏÈ ¹¯Ò º�Óº� Ò �m�²�È°�º�Óºä

ÓÈ�¯�ÎËÓÒ«²�

�� �¯Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ ¹ºm©�ËÓÒË

}ºªÁÁÒ�ÒËÓ�È È°ÒääË�¯ÒÒ �Ò}ãÈ º� 5  � �º

5  ��� ¹¯Òmº�Ò� } �mËãÒ�ËÓÒ
 °}º¯º°�Ò ¯ÈÏmÒ�Ò«

�°�Èãº°�Ó©² �¯Ë�ÒÓ m äË�ÈããË �mÈ °�©}ºm©² °mÈ¯�

Ó©² °ºË�ÒÓËÓÒ® Ò°°ãË�ºmÈÓÓº® °�ÈãÒ ¹¯ÒäË¯Óº m

� ¯ÈÏÈ�

�� �¯Ò ÁÒ}°Ò¯ºmÈÓÓ©² ÏÓÈ�ËÓÒ«² }ºªÁÁÒ�Ò�

ËÓ�È È°ÒääË�¯ÒÒ �Ò}ãÈ °}º¯º°�Ò �°�Èãº°�Óº�º ¯ÈÏ�

¯��ËÓÒ« ¹º ãÒÓÒÒ °¹ãÈmãËÓÒ«� äË�Èãã� �mÈ °mÈ¯�

Ó©² °ºË�ÒÓËÓÒ® Ò º°ÓºmÓºä� äË�Èãã� °ºÒÏäË¯Òä©�

�� tÈ¯È}�Ë¯ mãÒ«ÓÒ« È°ÒääË�¯ÒÒ �Ò}ãÈ ÓÈ °}º�

¯º°�	 �°�Èãº°�Óº�º ¯ÈÏ¯��ËÓÒ« ¹¯È}�Ò�Ë°}Ò Ò�ËÓ�

�Ò�Ó©® �ã« ¯ÈÏãÒ�Ó©² ÏºÓ °mÈ¯Óº�º °ºË�ÒÓËÓÒ«

Ò º°ÓºmÓº�º äË�ÈããÈ� w�º ¹ºÏmºã«Ë� ° ¹ºäº�	


¹¯Ë�ãÈ�ÈËäº® äË�º�Ò}Ò º¹¯Ë�Ëã«�	 �Ò}ãÒ�Ë°}�


�¯Ë�ÒÓº°�º®}º°�	 äÈ�Ë¯ÒÈãºm Ò °mÈ¯Ó©² °ºË�ÒÓË�

ÓÒ® ¹¯Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ ¹º }ÒÓË�Ò�Ë°�

}Òä �ÒÈ�¯ÈääÈä� º�mË�È
�Òä º�Óº�È°�º�Óºä�

ÓÈ�¯�ÎËÓÒ
 ° °ºº�mË�°�m�
�Òä ÏÓÈ�ËÓÒËä }ºªÁ�

ÁÒ�ÒËÓ�È È°ÒääË�¯ÒÒ �Ò}ãÈ�

�� nº¯äÈÓ c�� zË¯ÓÒ {�� wÓ�ã c�  Ò°ãËÓÓ©Ë Ò°°ãË�ºmÈÓÒ«
¯È°¹¯º°�¯ÈÓËÓÒ« �¯Ë�ÒÓ m �Ò}ãÒ�Ë°}Ò ÓÈ�¯�ÎÈËä©² }ºÓ°�
�¯�}�Ò«² �� �¯� käË¯� º�mÈ ÒÓÎËÓË¯ºm�äË²ÈÓÒ}ºm� vË¯�
i� Û ����� Û ¢ �� Û v� �Ü���

�� ~ÈmÒ°Òäº°�	 °}º¯º°�Ò ¯ÈÏmÒ�Ò« �°�Èãº°�Ó©² �¯Ë�ÒÓ º�
È°ÒääË�¯ÒÒ �Ò}ãÈ � {� j� �¯�Á«}ºm� {� {� zÓ©�� �� ��
lÒ²ËËm Ò �¯� �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û
v� �Ü��

�� zºmÈã	��} {� v� ��Ë� mãÒ«ÓÒ« È°ÒääË�¯ÒÒ �Ò}ãÈ ÓÈ �Ò}�
ãÒ�Ë°}�
 �¯Ë�ÒÓº°�º®}º°�	 äÈ�Ë¯ÒÈãºm Ò °mÈ¯Ó©² °ºË�Ò�
ÓËÓÒ® �� �Èä ÎË� Û ����� Û ¢ �� Û v� �Ü��

�� �¯�Á«}ºm {� j�� zºmÈã	��} {� v� |¹¯Ë�ËãËÓÒË �ºã�ºmË��
Óº°�Ò ¹¯Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ� vºº�ËÓÒË ��
�¯Ë�ãÈ�ÈËäÈ« äË�º�Ò}È �� �¯ºã� ¹¯º�Óº°�Ò� Û �����
Û ¢ ��� Û v� ��Ü���

�� �¯º�ËÓ}º {� ��� vº°Óºm°}Ò® �� k� vº¹¯º�ÒmãËÓÒË �°�È�
ãº°�Ò äË�Èããºm Ò °¹ãÈmºm� v¹¯Èmº�ÓÒ}�  � �� Û zÒËm�
sÈ�}� ��ä}È� ����� Û ��� °�

,W LV HVWDEOLVKHG WKDW DW ELF\FOLF ORDGLQJ WKH LQFUHDVH LQ WKH FRHIILFLHQW RI F\FOLF DV\PPHWU\ IURP 5  � WR 5  ��� OHDGV WR

IDWLJXH FUDFN SURSDJDWLRQ UDWH LQFUHDVLQJ � WR � WLPHV LQ WKH EDVH PHWDO DQG XS WR � WLPHV LQ WKH ZHOG PHWDO RI EXWW MRLQWV

RQ KLJK� VWUHQJWK VWHHO �σ\ ≈ ���� 03D�� $ FDOFXODWLRQ PHWKRG LV SURSRVHG� DOORZLQJ GHWHUPLQDWLRQ RI F\FOLF FUDFN UHVLVWDQFH
RI VWUXFWXUDO PDWHULDOV DQG ZHOGHG MRLQWV XQGHU WKH FRQGLWLRQV RI ELF\FOLF ORDGLQJ E\ IDWLJXH IUDFWXUH GLDJUDPV� FRUUHVSRQGLQJ

WR VLQJOH�IUHTXHQF\ ORDGLQJ ZLWK D UHVSHFWLYH FRHIILFLHQW RI F\FOH DV\PPHWU\�

IhklmibeZ \ j_^Zdpbx ����������
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�Ë¯°�mº �º¯�ºmãÒ vbk� lÒÓÒ°�Ë¯°�mº ¯ÈÏmÒ�Ò«

��È�È |�È®º� }º¯¹º¯È�ÒÒ ½zÈ�Ë¯¹ÒããË¯�� ½wäË¯�

°ºÓ�� wvkr� ½iÎËÓË¯Èã ªãË}�¯Ò}�� ½,7:�� ½�ÒÓ�

}ºã	Ó ªãË}�¯Ò}�� ½�¯È�� Ò �Ò�ÓÒ�� ½�¯Ë®}°Ë¯

Ò �Ë¯äº�ÒÓ�� c«� ¹¯Ë�°�ÈmÒ�ËãË® ª�Ò² º¯�ÈÓÒÏÈ�

�Ò® Ò ÁÒ¯ä m²º�ÒãÒ m ¹º��º�ºmÒ�Ëã	Ó©® }ºäÒ�Ë��

}º�º¯©® ÓÈ ÏÈ}ã
�Ò�Ëã	Óºä ª�È¹Ë ¹¯ºÈÓÈãÒÏÒ�

¯ºmÈã °ºº�mË�°�mÒË ¯ËÏ�ã	�È�ºm ¹¯ºmË�ËÓÓ©² Ò°�

°ãË�ºmÈÓÒ® ¹º°�ÈmãËÓÓ©ä �Ëã«ä� w�Ò ¯ËÏ�ã	�È�©�

¹º äÓËÓÒ
 ÏÈÒÓ�Ë¯Ë°ºmÈÓÓ©² º¯�ÈÓÒÏÈ�Ò®� �º°��

�È¯°�mËÓÓ©² °�¯�}��¯ Ò º°ÓºmÓ©² Ò°¹ºãÓÒ�ËãË®

�$:6 Ò (:,�� °ãË��Ë� ¯È°°äÈ�¯ÒmÈ�	 }È} º°Óºm�

�ºã�º°¯º�Óº® ÓÈ�ÒºÓÈã	Óº® ¹¯º�¯Èää©� ÓÈ¹¯Èm�

ãËÓÓº® ÓÈ ¯È°�Ò¯ËÓÒË ¹¯ÒäËÓËÓÒ« ¹¯º�¯Ë°°ÒmÓ©²

�Ë²Óºãº�Ò® °mÈ¯}Ò m ¯º�°�mËÓÓ©² ¹¯º�Ë°°È² Ò �Èã	�

ÓË®�ËË ¹ºm©�ËÓÒË Ò² m}ãÈ�È m ¯º°� Ò �¹¯º�ÓËÓÒË

ª}ºÓºäÒ}Ò vbk� { �ÈÓÓº® ¹¯º�¯ÈääË ¹¯Ë�¹ºãÈ�

�ÈË�°« ¹¯Ë��°äº�¯Ë�	 °ãË��
�ÒË ÓÈ¹¯ÈmãËÓÒ«�

• ¯ÈÏmÒ�ÒË ºãËË �ã�º}º�º ¹ºÓÒäÈÓÒ« ª}ºÓº�

äÒ}Ò °mÈ¯}Ò� m}ã
�È« ¯ÈÏ¯Èº�}� äË�º�Ò} ¹ºãÓº®

������ ��



º�ËÓ}Ò ª}ºÓºäÒ�Ë°}Ò² È°¹Ë}�ºm °mÈ¯}Ò Ò ËË mãÒ�

«ÓÒ« ÓÈ ¯º°� ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò ¹¯ºÒÏmº�°�mÈ Ò

�ºÈmãËÓÓº® °�ºÒäº°�Ò�

• ¯ÈÏ¯Èº�}È ÓÈ�ÒºÓÈã	Óº�º °�ÈÓ�È¯�È ¹º º¹�

¯Ë�ËãËÓÒ
 ¹º}ÈÏÈ�Ëã« ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò °mÈ¯}Ò�

• �mËãÒ�ËÓÒË }ºãÒ�Ë°�mÈ °ºmäË°�Ó©² ¹¯ºË}�ºm

ÓÈ��Ó©² Ò°°ãË�ºmÈÓÒ® Ò �Ë²ÓÒ�Ë°}Ò² ¯ÈÏ¯Èº�º}�

ÓÈ¹¯ÈmãËÓÓ©² ÓÈ ¹ºm©�ËÓÒË ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò

°mÈ¯}Ò� m �ºä �Ò°ãË �¯ºmÓ« Èm�ºäÈ�ÒÏÈ�ÒÒ °mÈ�

¯º�Ó©² º¹Ë¯È�Ò® Ò º�ËäÈ Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓ©²

¹¯º�Ë°°ºm�

• }ºº¯�ÒÓÈ�Ò« ¯Èº� ¹º mÏÈÒäÓºä� ºäËÓ� º¹©�
�ºä Ò ÒÓÁº¯äÈ�ÒË® äËÎ�� ¯ÈÏãÒ�Ó©äÒ º�¯È°ã«äÒ

¹¯ºä©�ãËÓÓº°�Ò Ò ÁÒ¯äÈäÒ mÓ��¯Ò ª�Ò² º�¯È°ãË®

m ºãÈ°�Ò ¹¯ÒäËÓËÓÒ« m©°º}Ò² °mÈ¯º�Ó©² �Ë²Óº�

ãº�Ò® Ò ¹ºm©�ËÓÒ« Ò² ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò�

• ¯È°�Ò¯ËÓÒË mºÏäºÎÓº°�Ò ¹º��º�ºm}Ò m©°º�

}º}mÈãÒÁÒ�Ò¯ºmÈÓÓ©² ¯Èº�Ò² Ò °¹Ë�ÒÈãÒ°�ºm�

°mÈ¯�Ò}ºm� °ºmË¯�ËÓ°�mºmÈÓÒË °��Ë°�m�
�Ò² °Ò°�

�Ëä© º��ËÓÒ« Ò È��Ë°�È�ÒÒ °mÈ¯�Ò}ºm� È �È}ÎË

¹ºm©�ËÓÒË �¯ºmÓ« ¹¯ºÁË°°ÒºÓÈã	Óº® ¹Ë¯Ë¹º��º�

�ºm}Ò °mÈ¯�Ò}ºm m°Ë² }È�Ë�º¯Ò®�

• Áº¯äÒ¯ºmÈÓÒË °ºm¯ËäËÓÓ©² ¹¯º�¯Èää Ò°°ãË�

�ºmÈÓÒ® �}È} äËÎ�� ¹¯ÈmÒ�Ëã	°�mºä Ò ¹¯ºä©��

ãËÓÓº°�	
� �È} Ò äËÎ�� º��Ëã	Ó©äÒ º�¯È°ã«äÒ

¹¯ºä©�ãËÓÓº°�Ò�� ÓÈ¹¯ÈmãËÓÓ©² ÓÈ ¯È°�Ò¯ËÓÒË

¹¯ÒäËÓËÓÒ« äË²ÈÓÒÏÒ¯ºmÈÓÓ©²� Èm�ºäÈ�ÒÏÒ¯ºmÈÓ�

Ó©² Ò Óºm©² ¹¯º�¯Ë°°ÒmÓ©² ¹¯º�Ë°°ºm °mÈ¯}Ò�

�� ,UYLQJ %� 8�6� 1DY\ PDLQWDLQV KLJK LQWHUHVW LQ IXQGLQJ IRU
ZHOGLQJ UHVHDUFK� &RQVWUXFWLRQ DQG PDLQWHQDQFH ZHOGLQJ
SOD\ D SDJH SDUW LQ WKH 1DY\�V SODQV �� :HOGLQJ -� Û
����� Û ¢ �� Û c� ��Ü���

�� :HOGLQJ�V HFRQRPLF LPSDFW HVWDEOLVKHG �� ,ELG� Û �����
Û ��� ¢ �� Û 3� ��

�� :HOGLQJ�UHODWHG H[SHQGLWXUHV� LQYHVWPHQWV� DQG ¯URGXFWLYL�
W\ PHDVXUHPHQW LQ 8�6� PDQXIDFWXULQJ� FRQVWUXFWLRQ� DQG
PLQLQJ LQGXVWULHV� �5HS� $:6� (:,� ,QVLJKW�0$6� � 7KH
%XUHDX RI ([SRUW $GPLQLVWUDWLRQ 8�6� 'HSDUWPHQW RI &RP�
PHUFH� Û 6�O�� ����� Û �� S� �KWWS���ZZZ�DZV�RUJ��

�� (FRQRPLF LPSDFW DQG SURGXFWLYLW\ RI ZHOGLQJ� +HDY\ PDQX�
IDFWXULQJ LQGXVWULHV UHSRUW� �5HS� $:6� (:,� ,QVLJKW�0$6�
� 7KH %XUHDX RI ([SRUW $GPLQLVWUDWLRQ 8�6� 'HSDUWPHQW RI
&RPPHUFH� Û 6�O�� ����� Û �� S� �KWWS���ZZZ�DZV�RUJ��

�� :LQWHU ���� :RUOG RI :HOGLQJ� 3UREOHP 6WDWHPHQW� 7KHUH
DUH VLPSO\ WRR IHZ ZHOGHUV DQG ZHOGLQJ HQJLQHHUV WR PHHW
WKH FXUUHQW DQG IXWXUH QHHGV RI WKH 8QLWHG 6WDWHV 0DQXIDFWX�
ULQJ EDVH � +REDUW ,QVWLWXWH RI :HOGLQJ 7ËFKQRORJ\ ��
KWWS���ZZZ�ZHOGLQJ�RUJ�QHZVOHWWHUV�ZLQWHU�����SUREOHP�KWPO�

7KH SDSHU JLYHV LQIRUPDWLRQ RQ LQYHVWLJDWLRQ RI ZHOGLQJ FRQWULEXWLRQ WR 86 HFRQRP\� ,QYHVWLJDWLRQ UHVXOWV DOORZHG HYDOXDWLRQ
RI HFRQRPLF DVSHFWV RI DSSOLFDWLRQ RI WKH EDVLF SURFHVVHV WR SURGXFH SHUPDQHQW MRLQWV� LQFOXGLQJ IXVLRQ ZHOGLQJ� SUHVVXUH
ZHOGLQJ� EUD]LQJ DQG UHYHDOLQJ WKH VSHFLILF HFRQRPLF FRQWULEXWLRQ RI ZHOGLQJ LQWR LQGLYLGXDO LQGXVWULHV� QDPHO\ GHWHUPLQLQJ
WRWDO SURGXFWLRQ FRVWV UHODWHG WR ZHOGLQJ� LQ WKH SURGXFWLRQ RXWSXW RI D VSHFLILF LQGXVWU\�
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¨ Å¾ÀÃÎÖÃËÆÜ ÎÃ¾ÉÆÅ¾ÔÆÆ ÈÎÑÍËÌÁÌ ÊÃÄÂÑË¾ÎÌÂËÌÁÌ ÈÌËÐÎ¾ÈÐ¾ ÍÎÆÏÐÑÍÆÉ «ÌÀÌÈÎ¾Ê¾ÐÌÎÏÈÆÇ

Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚËÙÇ Å¾ÀÌÂ� ¯ ÌÐÍÎ¾ÀÈÌÇ Ë¾ ÂËÝÓ À ¾ÂÎÃÏ «ÆÄËÃÏÃÎÁÆËÏÈÌÁÌ ÊÃÐÆÅËÌ�ÊÃÐ¾ÉÉÑÎÁÆÕÃÏ�

ÈÌÁÌ Å¾ÀÌÂ¾ �®ÌÏÏÆÝ� ���ÐÌËËÌÁÌ ÊÃÓ¾ËÆÅÊ¾ ÍÌÂØÃÊ¾ Ö¾Á¾Ü×ÃÁÌ ÍÌÂ¾ Ë¾ÕÆË¾ÃÐÏÝ ÌÐÁÎÑÅÈ¾ ÏÌÀÎÃ�

ÊÃËËÌÁÌ ÊÃÐ¾ÉÉÑÎÁÆÕÃÏÈÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ ÂÉÝ ÊÌÂÃÎËÆÅ¾ÔÆÆ ÊÃÉÈÌÏÌÎÐËÌ�ÍÎÌÀÌÉÌÕËÌÁÌ ÏÐ¾Ë¾ ÛÐÌÁÌ

ÍÎÃÂÍÎÆÝÐÆÝ�

  ÎÃ¾ÉÆÅ¾ÔÆÜ ÏÂÃÉÈÆ� ÍÌÊÆÊÌ «¨ª¥� Ì¿ÑÏÉÌÀÆÀÖÃÁÌ ÏÀÌÜ ÎÌÉÚ ÍÎÌÃÈÐÆÎÌÀ¾ËÆÃÊ� ÆÅÁÌÐÌÀÉÃËÆÃÊ

ÆÍÌÏÐ¾ÀÈÌÇ Ì¿ÌÎÑÂÌÀ¾ËÆÝ Ë¾ÁÎÃÀ¾ÐÃÉÚËÌÇ ÍÃÕÆ��ÏÖ¾Á¾Ü×ÆÊÍÌÂÌÊ Å¾ÁÎÑÅÈÆ ÏÐ¾Ë¾ �À ÏÐÌÆÊÌÏÐËÌÊ

ÀÙÎ¾ÄÃËÆÆ Ì¿ØÃÊ Å¾È¾Å¾ ÏÌÏÐ¾ÀÉÝÃÐ ¿ÌÉÚÖÃ ÍÌÉÌÀÆËÙ Ì¿×ÃÇ ÔÃËÙ ÈÌËÐÎ¾ÈÐ¾�� ÍÎÆËÆÊ¾ÜÐ ÑÕ¾ÏÐÆÃ

ªÌÏÈÌÀÏÈÌÃ ¬�¬ �¦ËÏÐÆÐÑÐ �¯Ð¾ÉÚÍÎÌÃÈÐ�� ÍÌÂÁÌÐÌÀÆÀÖÆÇ Î¾¿ÌÕÆÇ ÍÎÌÃÈÐ ÍÃÕÆ� Æ ªÌÉÂ¾ÀÏÈÆÇ ÊÃ�

Ð¾ÉÉÑÎÁÆÕÃÏÈÆÇ Å¾ÀÌÂ �Á� ®Ù¿ËÆÔ¾�� Ì¿ÃÏÍÃÕÆÀ¾Ü×ÆÇ Î¾ÅÎ¾¿ÌÐÈÑ ÆËÄÆËÆÎÆËÁ¾ Ë¾ ÌÏËÌÀÃ Â¾ËËÙÓ ÛÈ�

ÏÍÉÑ¾Ð¾ÔÆÆ ¾Ë¾ÉÌÁÆÕËÌÇ ÍÃÕÆ� ¾ Ð¾ÈÄÃ ÍÌÏÐ¾ÀÈÑ ÒÑÐÃÎÌÀÈÆ Æ Á¾ÅÌÁÌÎÃÉÌÕËÌÇ ¾ÍÍ¾Î¾ÐÑÎÙ�

  ÏÌÌÐÀÃÐÏÐÀÆÆ Ï ÍÌÂÍÆÏ¾ËËÙÊ ÀÃÏËÌÇ ÍÎÌÖÉÌÁÌ ÁÌÂ¾ ÂÌÈÑÊÃËÐÌÊ ËÌÀÌÈÎ¾Ê¾ÐÌÎÔÙ� ÍÎÆ ÑÏÉÌÀÆÆ

ÕÃÐÈÌÁÌ ÀÙÍÌÉËÃËÆÝ Î¾¿ÌÕÃÁÌ ÁÎ¾ÒÆÈ¾ ÂÎÑÁÆÊÆ ÆÏÍÌÉËÆÐÃÉÝÊÆ Å¾È¾Å¾� ÀÅÝÉÆ Ë¾ ÏÃ¿Ý Ì¿ÝÅ¾ÐÃÉÚÏÐÀÌ

À ÐÃÕÃËÆÃ ÁÌÂ¾ ÆÅÁÌÐÌÀÆÐÚ Æ ÍÌÏÐ¾ÀÆÐÚ «¯ªª¥ ��� Ð Ì¿ÌÎÑÂÌÀ¾ËÆÝ� ÀÀÌÂ À ÏÐÎÌÇ ÈÌÐÌÎÌÁÌ ÏÌÀÊÃÏÐËÌ

Ï Ì¿ÌÎÑÂÌÀ¾ËÆÃÊ ÂÎÑÁÆÓ ÑÕ¾ÏÐËÆÈÌÀ ÈÌËÐÎ¾ÈÐ¾ ÍÌÅÀÌÉÆÐ ËÆÄËÃÏÃÎÁÆËÏÈÆÊ ÊÃÐ¾ÉÉÑÎÁ¾Ê ÑÀÃÉÆÕÆÐÚ

ÍÎÌÆÅÀÌÂÆÐÃÉÚËÌÏÐÚ ÏÐ¾Ë¾ À ÍÌÉÐÌÎ¾ Î¾Å¾�

¯ÐÎÌÆÐÃÉÚÏÐÀÌ ÑÍÌÊÝËÑÐÌÇ ÍÃÕÆ ÝÀÉÝÃÐÏÝ ÌÂËÆÊ ÆÅ À¾ÄËÙÓ ÛÐ¾ÍÌÀ ÊÌÂÃÎËÆÅ¾ÔÆÆ ÏÐ¾Ë¾ Æ ÍÎÆÅÀ¾ËÌ

Ì¿ÃÏÍÃÕÆÐÚ ËÃÅ¾ÀÆÏÆÊÑÜ ÂÀÑÓËÆÐÌÕËÑÜ ÍÎÌÈ¾ÐÈÑ Ï ÆÏÍÌÉÚÅÌÀ¾ËÆÃÊ ËÃÍÎÃÎÙÀËÌ�ÉÆÐÌÇ Å¾ÁÌÐÌÀÈÆ�

 ÀÌÂ À ÛÈÏÍÉÑ¾Ð¾ÔÆÜ ËÌÀÌÇ ÍÃÕÆ À ÏÌÀÌÈÑÍËÌÏÐÆ Ï ÏÑ×ÃÏÐÀÑÜ×ÆÊÆ Ë¾ÁÎÃÀ¾ÐÃÉÚËÙÊÆ ÍÃÕ¾ÊÆ � � Æ

� ÍÎÃÂÍÌÉ¾Á¾ÃÐ ÂÌÀÃÏÐÆ ÍÎÌÆÅÀÌÂÆÐÃÉÚËÌÏÐÚ ÏÐ¾Ë¾ ÂÌ ��� ÐÙÏ� Ð ÍÎÌÂÑÈÔÆÆ À ÁÌÂ� ¨ ÏÉÌÀÑ� «¨ª¥ ÀÅÝÉ

Ë¾ ÏÃ¿Ý Ì¿ÝÅ¾ÐÃÉÚÏÐÀ¾ ËÃ ÐÌÉÚÈÌ ÆÅÁÌÐÌÀÆÐÚ Æ ÌÐÁÎÑÅÆÐÚ Ì¿ÌÎÑÂÌÀ¾ËÆÃ À Ë¾ÅÀ¾ËËÙÇ ÏÎÌÈ� ËÌ Æ ÌÏÑ�

×ÃÏÐÀÉÝÐÚ ¾ÀÐÌÎÏÈÆÇ Ë¾ÂÅÌÎ ÍÎÆ ÊÌËÐ¾ÄÃ Æ ÍÑÏÈÌ�Ë¾É¾ÂÌÕËÙÓ Î¾¿ÌÐ¾Ó ÀÍÉÌÐÚ ÂÌ ÍÌÉËÌÁÌ ÀÀÌÂ¾ ÍÃÕÆ

À ÛÈÏÍÉÑ¾Ð¾ÔÆÜ�

«¾ÍÌÊËÆÊ� ÕÐÌ ÍÎ¾ÀÌ Ë¾ ÀÙÍÌÉËÃËÆÃ ÈÌËÐÎ¾ÈÐ¾ «¨ª¥ Å¾ÀÌÃÀ¾É À ÍÎÃÂÏÐ¾ÀÆÐÃÉÚËÌÊ ÊÃÄÂÑË¾ÎÌÂ�

ËÌÊ ÐÃËÂÃÎËÌÊ ¾ÑÈÔÆÌËÃ Ï ÑÕ¾ÏÐÆÃÊ ÆÐ¾ÉÚÝËÏÈÆÓ� ËÃÊÃÔÈÆÓ Æ ÂÎÑÁÆÓ Å¾ÎÑ¿ÃÄËÙÓ ÒÆÎÊ� ÀÈÉÜÕ¾Ý Ð¾�

ÈÆÃ ÆÅÀÃÏÐËÙÃ� È¾È �'DQLHOL� Æ /2,�
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c Û ¯��ÓÈ«� wl� Û °mÈ¯}È ° ªãË}�¯ºäÈ�ÓÒ�Ó©ä ¹Ë¯ËäË�ÒmÈÓÒËä� º°�Èã	Ó©Ë ººÏÓÈ�ËÓÒ« °ä� m �Ë}°�Ë

cÒ°� �� v¹º°º© °mÈ¯}Ò �Ò�ÈÓÈ �ÈmãËÓÒËä ËÏ ¹º�º�¯ËmÈ mÓË�ÓÒä

Ò°�º�ÓÒ}ºä �Ë¹ãÈ cÒ°� �� v¹º°º© °mÈ¯}Ò �Ò�ÈÓÈ �ÈmãËÓÒËä ° ¹º�º�¯Ëmºä äË�ÈããÈ
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sÈÒºãËË ¯È°¹¯º°�¯ÈÓËÓÓ©ä Ò �ÓÒmË¯°Èã	Ó©ä
°¹º°ººä °mÈ¯}Ò ¹ãÈmãËÓÒËä °¹ãÈmºm �Ò�ÈÓÈ «m�
ã«Ë�°« ���ºmÈ« °mÈ¯}È m ÒÓË¯�Ó©² �ÈÏÈ² �È¯�ºÓ
Ò �ËãÒ®� ÓË¹ãÈm«�Òä°« ªãË}�¯º�ºä �7,*�� }º�º¯È«
¹ºÏmºã«Ë� ¹ºã��Ò�	 °ºË�ÒÓËÓÒ« ÓÈ äË�ÈããË m �Ò�
¯º}ºä �ÒÈ¹ÈÏºÓË �ºã�ÒÓ ° m©°º}ÒäÒ ¹º}ÈÏÈ�Ëã«äÒ
äË²ÈÓÒ�Ë°}Ò² °mº®°�m� vmÈ¯}È äºÎË� m©¹ºãÓ«�	°«
ÓÈ mºÏ��²Ë °º °�¯�®Óº® ÏÈ�Ò�º®� È �È}ÎË m }ÈäË¯È²
° }ºÓ�¯ºãÒ¯�Ëäº® ÒÓË¯�Óº® È�äº°ÁË¯º®� iã« ÏÈ�
�Ò�© ÏºÓ© ¹Ë¯Ë�¯ËmÈ º°�©mÈ
�Ò² ��È°�}ºm °ºË�
�ÒÓËÓÒ« ¹¯Ò °mÈ¯}Ë �¯��È�©² }ºÓ°�¯�}�Ò® Ò }ºã	�
�Ëm©² ¹ºmº¯º�Ó©² Ò ÓË¹ºmº¯º�Ó©² °�©}ºm ¹¯Ò�
äËÓ«
�°« ÓÈ}Ò�Ó©Ë }ÈäË¯© äÈã©² ¯ÈÏäË¯ºm� iã«
°mÈ¯}Ò 7,* m }È�Ë°�mË ÓË¹ãÈm«�Ò²°« ªãË}�¯º�ºm
Ò°¹ºã	Ï�
� mºã	Á¯Èäºm©Ë ªãË}�¯º�© äÈ¯º} w{�
�:Ü/D
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Ò (:7K�:Ü7K2
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�¯Ò ¹ãÈÏäËÓÓº® °mÈ¯}Ë ãÒ°�ºm �ºã�ÒÓº® δ ≥
≥ �� ää Ò äÒ}¯º¹ãÈÏäËÓÓº® °mÈ¯}Ë ãÒ°�ºm ° δ ≤
≤ ��� ää Ò°¹ºã	Ï�
�°« �Ë ÎË °¹º°º© ÏÈ�Ò�©�
��º Ò ¹¯Ò °mÈ¯}Ë 7,*� {°Ë ºã	�ËË ¹¯ÒäËÓËÓÒË
m ¯ÈÏãÒ�Ó©² º�¯È°ã«² ¹¯ºä©�ãËÓÓº°�Ò �ã« °ºË�
�ÒÓËÓÒ« �Ò�ÈÓºm©² °¹ãÈmºm ÓÈ²º�«� ã��Ëm©Ë °¹º�
°º© °mÈ¯}Ò� v¯Ë�Ò ÓÒ² ÓÈÒºãËË �Ò¯º}ºË ¯È°�
¹¯º°�¯ÈÓËÓÒË ¹ºã��ÒãÈ ªãË}�¯ºÓÓº�ã��ËmÈ« °mÈ¯}È
�w�v� m mÈ}��äË� �ÈÏË¯ÓÈ« °mÈ¯}È ��v� �Ò�ÈÓºm©²
°¹ãÈmºm º°��Ë°�mã«Ë�°« ÓÈ mºÏ��²Ë m È¯�ºÓË Ò �ËãÒÒ�
ãÈ�º�È¯« �Ëä� äºÎË� ¹¯ÒäËÓ«�	°« �ã« °ºË�ÒÓËÓÒ«
ªãËäËÓ�ºm }¯�¹Óº�ÈÈ¯Ò�Ó©² }ºÓ°�¯�}�Ò®�

v¹º°º© °mÈ¯}Ò �Ò�ÈÓºm©² °¹ãÈmºm ¹ãÈm«�Òä°«
ªãË}�¯º�ºä m °¯Ë�Ë ÒÓË¯�Ó©² �ÈÏºm �0,*� Ò ¹º�
Ë°}Ò°ãº¯º�Ó©äÒ Áã
°ÈäÒ «mã«
�°« m©°º}º¹¯º�
ÒÏmº�Ò�Ëã	Ó©äÒ ¹¯º�Ë°°ÈäÒ� ºË°¹Ë�ÒmÈ
�ÒäÒ ÓË�
º²º�Òä©Ë °mº®°�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® Ò º�°���
°�mÒË m ÓÒ² ¹º¯� �¯Ë�ÒÓ Ò ÓË°¹ãÈmãËÓÒ®� wãË}�
�¯º�ãÈ}ºmº® °mÈ¯}º® �wbv� m©¹ºãÓ«
� °ºË�Ò�
ÓËÓÒË ÒÏ�ËãÒ® ºã	�º® �ºã�ÒÓ©�

v¯Ë�Ò °¹º°ººm °mÈ¯}Ò �Ò�ÈÓÈ �ÈmãËÓÒËä ËÏ
¹º�º�¯ËmÈ äË�ÈããÈ mÓË�ÓÒä Ò°�º�ÓÒ}ºä �Ë¹ãÈ
�¯Ò°� �� ¹º¹�ã«¯ÓÈ °mÈ¯}È mÏ¯©mºä� }º�º¯È« ¹¯Ò�
äËÓ«Ë�°« �ã« °ºË�ÒÓËÓÒ« m©°º}º¹¯º�Ó©² °¹ãÈmºm�
È �È}ÎË ¯ÈÏÓº¯º�Ó©² äË�Èããºm� jÏ °¹º°ººm °mÈ¯}Ò
�Ò�ÈÓÈ �ÈmãËÓÒËä ° ¹º�º�¯Ëmºä äË�ÈããÈ �¯Ò°� ��
ÓÈÒºãËË ¯È°¹¯º°�¯ÈÓËÓÈ }ºÓ�È}�ÓÈ« °mÈ¯}È�

z¯�¹ÓË®�Ë® m äÒ¯Ë °mÈ¯Óº® }ºÓ°�¯�}�ÒË® ÒÏ
�Ò�ÈÓ©² °¹ãÈmºm «mã«Ë�°« äÈãº��äÓ©® �«ÎËã©®
¯È}Ë�Ó©® }¯Ë®°Ë¯ °�¯È�Ë�Ò�Ë°}º�º ÓÈÏÓÈ�ËÓÒ«
��czvs� ¹¯ºË}�È ��� ��ÒÁ¯ ½k}�ãÈ�� ¹º }ãÈ°�
°ÒÁÒ}È�ÒÒ sk�| Û ½7\SKRRQ��� {°Ë�º ©ãº ¹º°�
�¯ºËÓº �Ë°�	 �º�ÓÈ �ÒmÒÏÒ«� }º¯ÈãË® ¹¯ºË}�È
���� º�ÒÓ ÒÏ }º�º¯©² ¹¯Ë�°�ÈmãËÓ ÓÈ ¯Ò°� �� �Ë¯�
m©® ÒÏ ÓÒ² ©ã °¹��ËÓ ÓÈ mº�� m °ËÓ�«¯Ë ���� ���
È ¹º°ãË�ÓÒ® m Ò
ãË ���� �� w�º °Èä©Ë }¯�¹Ó©Ë
¹º�mº�Ó©Ë }º¯ÈãÒ äÒ¯È�

{¹Ë�È�ã«
�ÒäÒ «mã«
�°« ²È¯È}�Ë¯Ò°�Ò}Ò
�czvs ¹¯ºË}�È ���� �ãÒÓÈ Û ����� ä� �Ò¯ÒÓÈ
Û ���� ä� Óº¯äÈã	ÓºË mº�ºÒÏäË�ËÓÒË Û ����� ä��
¹¯Ë�Ëã	ÓÈ« �ã�ÒÓÈ ¹º�¯�ÎËÓÒ« Û ��� ä� ¯Èº�È«
Û ��� ä� °}º¯º°�	 ÓÈ�mº�ÓÈ« Û �� �Ï�� ¹º�mº�ÓÈ«
Û �� �Ï�

zºÓ°�¯�}�Ò« �czvs ¹¯ºË}�È ��� m©¹ºãÓËÓÈ
¹º �Ò¹� ½}È�ÈäÈ¯ÈÓÈ�� �mÈ ¯ÈÏ�Ëã	Ó©² ¹¯º�Ó©²

}º¯¹�°È ��ÒÈäË�¯ }ÈÎ�º�º Û ��� ä� ¯È°¹ºãºÎËÓ©
¹È¯ÈããËã	Óº �¯�� �¯��� m �º¯ÒÏºÓ�Èã	Óº® ¹ãº°�
}º°�Ò� z¯ºäË �º�º� ÒäË
�°« �mË º��Ëã	Ó©Ë �Ë¯�
äË�Ò�Ó©Ë }È¹°�ã© Û �º¯¹Ë�Ó©® º�°Ë} Ò �°�È�
ÓºmãËÓÓ©® äËÎ�� �ãÈmÓ©äÒ }º¯¹�°ÈäÒ m �ÒÈäË��
¯Èã	Óº® ¹ãº°}º°�Ò äº��ã	 �¹¯ÈmãËÓÒ«� { ÓËä ÓÈ�
²º�Ò�°« �ËÓ�¯Èã	Ó©® ¹º°� Ò ¯ÈÏäË�ËÓÓ©® ÏÈ ÓÒä
º�°Ë} ¯È�Òº�Ë²ÓÒ�Ë°}º�º mºº¯�ÎËÓÒ«� cÈ}Ë�Ó©® º��
°Ë} ¯È°¹ºãºÎËÓ äËÎ�� ¹¯º�Ó©äÒ }º¯¹�°ÈäÒ m ¹Ë�
¯Ë�ÓË® �È°�Ò }º¯Èã«� |È }º¯¹�°È Ò }È¹°�ã©
º�°Ë}È °ºË�ÒÓËÓ© äËÎ�� °ºº® ¹Ë¯Ë²º�ÈäÒ� {°Ë�º
mº�ºÓË¹¯ºÓÒ�ÈËä©² º�°Ë}ºm ��� �¯º�Ó©Ë }º¯¹�°È�
�ËÓ�¯Èã	Ó©® ¹º°� Ò �º¯¹Ë�Ó©® º�°Ë} m©¹ºãÓËÓ©
ÒÏ �Ò�ÈÓºmº�º °¹ãÈmÈ� È ãË�}Ò® }º¯¹�° Û ÒÏ °�ÈãÒ
>��@� |°ÓºmÓÈ« �¯��Óº°�	 ¹¯Ò ÒÏ�º�ºmãËÓÒÒ }ºÓ�
°�¯�}�ÒÒ �È}Ò² �ÈÈ¯Ò�ºm ÏÈ}ã
�ÈãÈ°	 m ¯ÈÏ¯È�
º�}Ë �Ë²Óºãº�ÒÒ °mÈ¯}Ò �ãÒÓÓºäË¯Ó©² �mºm äË�
�ÈããÈ ºã	�Ò² �ºã�ÒÓ� ºË°¹Ë�ÒmÈ
�Ë® ÓÈ�ËÎÓ�

ÏÈ�Ò���mÈ Ò º°�©mÈ
�Ò² m ¹¯º�Ë°°Ë ¹¯ºÒÏmº�°�mÈ
��È°�}ºm �ã« ¹ºã��ËÓÒ« ÓËº²º�Òä©² °mº®°�m °mÈ¯�
Ó©² °ºË�ÒÓËÓÒ®�

j°¹ºã	ÏºmÈÓÒË �Ò�ÈÓÈ �ã« ÒÏ�º�ºmãËÓÒ« }º¯�
¹�°È ãº�}Ò ¹ºÏmºã«Ë� �äËÓ	�Ò�	 äÈ°°� }º¯¹�°È�
�mËãÒ�Ò�	 �ã�ÒÓ� ¹º�¯�ÎËÓÒ«� �äËÓ	�Ò�	 äÈ��
ÓÒ�ÓºË ¹ºãË� ��º �mËãÒ�ÒmÈË� ËË �ãÈmÓºË �È}�Ò�
�Ë°}ºË °mº®°�mº Û °}¯©�Óº°�	� z¯ºäË �º�º� °º}�
¯È�È
�°« ÏÈ�¯È�© ÓÈ °º�Ë¯ÎÈÓÒË ÓÈ¯�ÎÓº® Ò mÓ���
¯ËÓÓË® �È°�Ò }º¯¹�°È� v�ºÒäº°�	 �È}Ò² ¹º�mº�Ó©²
ãº�º} ÏÓÈ�Ò�Ëã	Óº m©�Ë� �Ëä °º °�Èã	Ó©ä }º¯�
¹�°ºä� �ºª�ºä� ºÓÒ m �Èã	ÓË®�Ëä ���� m©¹�°�
}È�	°« m Ë�ÒÓÒ�Ó©² º¯ÈÏ�È² Ò ¹¯Ë�ÓÈÏÓÈ�È�	°«

cÒ°� �� �«ÎËã©® ¯È}Ë�Ó©® }¯Ë®°Ë¯ °�¯È�Ë�Ò�Ë°}º�º ÓÈÏÓÈ�ËÓÒ«
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ãÒ�	 �ã« ¯Ë�ËÓÒ« °¹Ë�ÒÈã	Ó©² ÏÈ�È��
{ }È�Ë°�mË }º¯¹�°Óº�º äÈ�Ë¯ÒÈãÈ �Ò�ÈÓºm©Ë

°¹ãÈm© ���� Ò ����{ Ò°¹ºã	ÏºmÈãÒ �È}ÎË ¹¯Ò
°�¯ºÒ�Ëã	°�mË È�ºäÓ©² ¹º�mº�Ó©² ãº�º}�

¹¯ºË}� ��� Û ½�ãÈmÓÒ}� �¹º }ãÈ°°ÒÁÒ}È�ÒÒ
sk�| Û ½0LNH��� z���� ½zºä°ºäºãË��� ¯Èº�È«
�ã�ÒÓÈ ¹º�¯�ÎËÓÒ« Û ���� ä� ¹¯Ë�Ëã	ÓÈ« Û
���� ä� ¹ºãÓÈ« °}º¯º°�	 ¹º�mº�Óº�º ²º�È ���� �Ï��
Óº¯äÈã	ÓºË mº�ºÒÏäË�ËÓÒË Û ���� ä��

¹¯ºË}�© ��� Ò ���z Û ½�Ò¯È� � ¹º }ãÈ°°Ò�
ÁÒ}È�ÒÒ sk�| Û ½$OID��� ¯Èº�È« �ã�ÒÓÈ ¹º��
¯�ÎËÓÒ« Û ��� ä� ¹¯Ë�Ëã	ÓÈ« Û ��� ä� ¹ºãÓÈ«
°}º¯º°�	 ¹º�mº�Óº�º ²º�È Û �� �Ï�� Óº¯äÈã	ÓºË
mº�ºÒÏäË�ËÓÒË Û ���� ä� �¹º°�¯ºËÓº � �����

¹¯ºË}� ��� Û ½kÓ�È¯� �¹º }ãÈ°°ÒÁÒ}È�ÒÒ
sk�| Û ½3DSD��� ¹¯Ë�Ëã	ÓÈ« �ã�ÒÓÈ ¹º�¯�ÎË�
ÓÒ« Û ��� ä� ¹ºãÓÈ« °}º¯º°�	 ¹º�mº�Óº�º ²º�È
Û ��� � �Ï� ��È}È« °}º¯º°�	 Ò �º ÓÈ°�º«�Ë�º
m¯ËäËÓÒ «mã«Ë�°« È°ºã
�Ó©ä äÒ¯ºm©ä ¯Ë}º¯�ºä
�ã« ¹º�mº�Ó©² ãº�º}�� Óº¯äÈã	ÓºË mº�ºÒÏäË�ËÓÒË
Û ���� ä� �¹º°�¯ºËÓ º�ÒÓ È�ºäº²º���

¹¯ºË}� �����Û È�ºäÓÈ« �ã�º}ºmº�ÓÈ« °�ÈÓ�Ò«
¹Ë¯mº�º ¯ÈÓ�È kv��� Û Ò°°ãË�ºmÈ�Ëã	°}È« ¹º��
mº�ÓÈ« ãº�}È� ãÒ�ËÓÓÈ« mºº¯�ÎËÓÒ« �¹º }ãÈ°°Ò�
ÁÒ}È�ÒÒ sk�| Û ½1RUVXV����� }º¯¹�° m©¹ºãÓËÓ
ÒÏ �Ò�ÈÓºmº�º °¹ãÈmÈ Ò ¯È°°�Ò�ÈÓ ÓÈ �ã�ÒÓ� ¹º��
¯�ÎËÓÒ« ºãËË ���� ä� Óº¯äÈã	ÓºË mº�ºÒÏäË�ËÓÒË
Û ���� ä�� ¹ºãÓÈ« °}º¯º°�	 ¹º�mº�Óº�º ²º�È Û
�� �Ï� �°¹��ËÓÈ ÓÈ mº�� m Èm��°�Ë ���� ����

�¯º�Ó©Ë }º¯¹�°È �}ÈÏÈÓÓ©² ¹º�mº�Ó©² ãº�º}
¹¯Ë�°�Èmã«
� °ºº® ¹ºãÓº°�	
 °mÈ¯Ó©Ë ¹¯º°�¯ÈÓ�
°�mËÓÓ©Ë }ºÓ°�¯�}�ÒÒ ÒÏ �Ò�ÈÓºm©² °¹ãÈmºm ºã	�
�º® �ºã�ÒÓ©� �º°ãË°mÈ¯º�ÓÈ« �Ë¯äÒ�Ë°}È« º¯È�
º�}È �º°�È�º�Ó©Ë °mÈ¯º�Ó©Ë ÓÈ¹¯«ÎËÓÒ« �º°�Ò�

�È
� �� � σ
���
� �È}Ò² }ºÓ°�¯�}�Ò® ÓËmºÏäºÎÓÈ

ÒÏ�ÏÈ ºã	�Ò² �ÈÈ¯Ò�ºm Ò äÈ°°©� ~ÈäË�ãËÓÓºË
¯ÈÏ¯��ËÓÒË Ò }º¯¯ºÏÒºÓÓºË ¯È°�¯Ë°}ÒmÈÓÒË ÓÈ }º¯�
¹�°È² ÓË ÓÈã
�ÈãÒ°	 ãÈ�º�È¯« ¯È�ÒºÓÈã	Óºä�
}ºÓ°�¯�Ò¯ºmÈÓÒ
 Ò ¹¯ÈmÒã	Óºä� m©º¯� �Ë²Óº�
ãº�ÒÒ °mÈ¯}Ò� È �È}ÎË m©°º}Òä ¹º}ÈÏÈ�Ëã«ä ¹ãÈ°�
�Ò�Óº°�Ò }º¯¹�°Ó©² äÈ�Ë¯ÒÈãºm Ò }�ã	��¯Ë ¹¯º�
ÒÏmº�°�mÈ�

sÈ ¯Ò°� � ¹¯ÒmË�ËÓ mÓË�ÓÒ® mÒ� °ÈäºãË�È 65�
��k� ¹ãÈÓË¯ }º�º¯º�º ÒÏ�º�ºmãËÓ ÓÈ �� � ÒÏ �Ò�È�
Óºm©² °¹ãÈmºm� p�º ãË�Óº��Ë²ÓÒ�Ë°}ÒË �ÈÓÓ©Ë °ãË�
��
�ÒË� ¯ÈÏäÈ² }¯©ãÈ Û ����� ä� �ãÒÓÈ Û �����
ä� m©°º�È Û ���� ä� mÏãË�ÓÈ« äÈ°°È ÓºäÒÓÈã	ÓÈ«
Û ����� }�� äÈ}°ÒäÈã	ÓÈ« ����� }�� äÈ}°ÒäÈã	ÓºË
�Ò°ãº lÈ²È Û���� äÈ}°ÒäÈã	ÓÈ« °}º¯º°�	 ÓÈ m©�
°º�Ë ����� ä Û ���� }ä��� ¹¯È}�Ò�Ë°}Ò® ¹º�ºãº}
Û ����� ä� ¯È�Ò�° �Ë®°�mÒ« Û ���� }ä� ¹¯º�
�ºãÎÒ�Ëã	Óº°�	 ¹ºãË�È Û �� �� �¯ÒäËÓËÓÒË �Ò�ÈÓÈ
º�°ãºmãËÓº m©°º}Òä Èª¯º�ÒÓÈäÒ�Ë°}Òä ÓÈ�¯Ëmºä
°ÈäºãË�È ¹¯Ò �ãÒ�Ëã	Ó©² ¹ºãË�È² ÓÈ ºã	�º® °}º�
¯º°�Ò� jÏ�º�ºmãËÓº �� °ÈäºãË�È� sÈ ¯Ò°� � ¹¯ÒmË�ËÓ
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Û 0LDPL� $PHULFDQ :HOGLQJ 6RFLHW\� ����� Û ��� S�

��� sË¯ºmÓ©® {� l� i��ºmÈ« °mÈ¯}È m mÈ}��äË �Ò�ÈÓºm©²

°¹ãÈmºm �� �Ë²Óºãº�Ò« äÈ�ÒÓº°�¯ºËÓÒ«� Û ����� Û

¢ �� Û v� ��Ü���

��� 1G� <$* ODVHU ZHOGLQJ RI SXUH WLWDQLXP WR VWDLQOHVV VWHHO �

+� +� +LWRVKL� )� .HQLFKL� 2� .RQVDNX HW DO� �� 4XDUWHUO\

-� RI WKH -DSDQ :HOGLQJ 6RFLHW\� Û ����� Û ��� ¢ �� Û

3� ���Ü����

��� iÒÁÁ�ÏÒºÓÓÈ« °mÈ¯}È �Ò�ÈÓÈ Ò Ë�º °¹ãÈmºm � k� {� rºÓ�

�È¯	� {� {� �Ë�}ºm� �� v� zÒ¯ËËm� {� {� b�¯�¹ºm� Û

{º¯ºÓËÎ� jÏ��mº {º¯ºÓËÎ� �º°� �Ó��È� ����� Û ��� °�

��� 0HFKDQLFDO SURSHUWLHV RI IULFWLRQ ZHOGV LQ KLJK VWUHQJWK WL�

WDQLXP DOOR\V � $� :LVEH\� ,O� :DOOLV� +� 6� 8EKL HW DO�

�� 3URF� RI �WK :RUOG WLWDQLXP FRQI�� 6W� 3HWHUVEXUJ�

-XQH �Ü��� ����� Û 6W� 3HWHUVEXUJ� ����� Û 3� ����Ü�����

��� jã	ÒÓ {� p�� zºãË°ÓÒ}ºm k� j� �º�mº�Ó©Ë ãº�}Ò cº°°ÒÒ�
jãã
°�¯Ò¯� °¹¯Èm� Û l�� ||| ½jÏ��mº k°�¯Ëã	�� |||

½jÏ��mº kv��� ����� Û ��� °�

��� )RV]LQDWLRQ )OXJ]HXJH� Û /RQGRQ� $HURVSDFH SXEO�� /WG��

����� Û ��� S�

��� *RULQ 9� 9� 7LWDQLXP LQ WKH DUW RI WKH ;;, FHQWXU\ ��

3URF� RI �WK :RUOG WLWDQLXP FRQI�� 6W� 3HWHUVEXUJ� -XQH �Ü

��� ����� Û 6W��3HWHUVEXUJ� ����� Û 3� ����Ü�����

��� $SSOLFDWLRQ RI WLWDQLXP WR FRQVWUXFWLRQ� FLYLO HQJLQHHULQJ

DQG RFHDQ GHYHORSPHQW � .� .LPXUD� .� .LQRVKLWD� .� 7R�

NXQR HW DO� �� 1LSSRQ 6WHHO 7HFKQLFDO 5HSRUW ¢ ��� Û

����� Û ¢ �� Û 3� �Ü���

��� %ODVKFKXN 9� (� &RUURVLRQ RI WLWDQLXP DOOR\ ZHOGHG MRLQWV�

Û ����� Û 9RO� �� 3W� �� Û ��� S� Û �:HOGLQJ DQG 6XU�

IDFLQJ 5HY���

$GYDQWDJHV RI WLWDQLXP DQG LWV DOOR\V FRPSDUHG WR WKH FXUUHQWO\ DYDLODEOH WUDGLWLRQDO PDWHULDOV DUH GHPRQVWUDWHG� 3URFHVVHV
RI SURGXFLQJ WLWDQLXP DQG LWV DOOR\V XVHG LQ LQGXVWU\ DUH GHVFULEHG� DV ZHOO DV WKHLU ZHOGLQJ SURFHVVHV DQG DSSOLHG ZHOGLQJ
FRQVXPDEOHV� 7KH PRVW SURPLVLQJ DQG VLJQLILFDQW FDVHV RI DSSOLFDWLRQ RI WLWDQLXP DQG LWV DOOR\V DUH GHVFULEHG�

IhklmibeZ \ j_^Zdpbx �����������

\ hdhgqZl_evghf \ZjbZgl_ ����������

�������� ��	
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«ÌÀÌÈÎ¾Ê¾ÐÌÎÏÈÆÇ Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚËÙÇ Å¾ÀÌÂ Å¾ÀÃÎÖ¾ÃÐ ÀÙÍÌÉËÃËÆÃ ÏÀÌÆÓ Ì¿ÝÅ¾ÐÃÉÚÏÐÀ ÍÌ

ÑÕ¾ÏÐÆÜ À ÎÃ¾ÉÆÅ¾ÔÆÆ ÈÎÑÍËÌÁÌ ÊÃÄÂÑË¾ÎÌÂËÌÁÌ ÛËÃÎÁÃÐÆÕÃÏÈÌÁÌ ÍÎÌÃÈÐ¾� ¬ËÆ ¿ÙÉÆ ÌÍÎÃÂÃÉÃËÙ

ÈÌËÐÎ¾ÈÐÌÊ� Å¾ÈÉÜÕÃËËÙÊ ÀÃÏËÌÇ ÍÎÌÖÉÌÁÌ ÁÌÂ¾ Ï ËÃÊÃÔÈÌÇ ÒÆÎÊÌÇ �«ÌÎÂÃÈÏ�� ÈÌÐÌÎÙÇ ÍÎÃÂÑÏÊ¾Ð�

ÎÃÀ¾ÃÐ ÆÅÁÌÐÌÀÉÃËÆÃ ÑËÆÈ¾ÉÚËÙÓ ÎÌÐÌÎËÙÓ À¾ÉÌÀ ÂÉÝ ÐÎÆË¾ÂÔ¾ÐÆ ÀÃÐÎÌÀÙÓ ÛÉÃÈÐÎÌÏÐ¾ËÔÆÇ ÏÃÀÃÎËÌÇ

£ÀÎÌÍÙ�

¨ ÂÃÏÝÐÆ ÑÄÃ ÌÐÁÎÑÄÃËËÙÊ ÎÌÐÌÎËÙÊ À¾É¾Ê ÍÎÃÐÃËÅÆÇ Ñ Å¾È¾ÅÕÆÈ¾ ËÃ ¿ÙÉÌ� °ÎÆ ÍÌÏÉÃÂËÆÓ Ë¾ÓÌ�

ÂÝÐÏÝ À ÏÐ¾ÂÆÆ ÆÅÁÌÐÌÀÉÃËÆÝ Æ ¿ÑÂÑÐ ÍÌÏÐ¾ÀÉÃËÙ ÑÄÃ À ÍÃÎÀÌÊ ÈÀ¾ÎÐ¾ÉÃ ÐÃÈÑ×ÃÁÌ ÁÌÂ¾�   ÎÃ¾ÉÆÅ¾ÔÆÆ

ÍÎÌÃÈÐ¾� ÍÌÊÆÊÌ ËÃÊÃÔÈÌÇ ÒÆÎÊÙ Æ «¨ª¥� ÑÕ¾ÏÐÀÑÜÐ Ð¾ÈÄÃ ÆÅÀÃÏÐËÙÃ ÈÌÊÍ¾ËÆÆ «ÌÎÀÃÁÆÆ Æ ¢¾ËÆÆ�

¯¾ÊÙÇ ÏÃÀÃÎËÙÇ Í¾ÎÈ ÛËÃÎÁÆÆ ÀÃÐÎ¾ À ÊÆÎÃ ÏÌÅÂ¾ÃÐÏÝ Ë¾ ÏÃÀÃÎËÌÊ ÍÌ¿ÃÎÃÄÚÃ «ÌÎÀÃÁÆÆ� ÜÄËÃÃ

ÊÙÏ¾ «ÌÎÂÈ¾Í Æ ÝÀÉÝÃÐÏÝ Ë¾ÆÉÑÕÖÆÊ ÊÃÏÐÌÊ Ì¿Î¾ÅÌÀ¾ËÆÝ ÀÃÐÎ¾ À £ÀÎÌÍÃ� ÎÆ ÏÎÃÂËÃÇ ÏÈÌÎÌÏÐÆ

ÀÃÐÎ¾ ¿ÌÉÃÃ � Ê�Ï� Í¾ÎÈ ÛËÃÎÁÆÆ ÀÃÐÎ¾ �ÆÊÃÜÐÏÝ À ÀÆÂÑ ÀÃÐÎÌÛËÃÎÁÃÐÆÕÃÏÈÆÃ ÑÏÐ¾ËÌÀÈÆ� Ì¿×ÃÇ ÊÌ×�

ËÌÏÐÚÜ �� ª Ð ÏÊÌÄÃÐ ÀÙÎ¾¿¾ÐÙÀ¾ÐÚ ÂÌ ��� ¡ Ð⋅Õ ÛÉÃÈÐÎÌÛËÃÎÁÆÆ ÃÄÃÁÌÂËÌ�

�� ������
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{� Ð� z|s|spsz|� }ÈÓ�� �Ë²Ó� ÓÈ�} ��{� ½w}º�Ë²Óºãº�Ò«�� �� zÒËm�

®ÏÄÃÐÑ¿ÁÊÄÌÚ ÍÀÍÀØ¿ÝØÇÄ Ë¿ÑÄÏÇ¿ÊÚ Í ÏÞÃÄ ÉÍÌÐÑÏÒÉÑÍÏÐÉÇÔ Ï¿ÆÏ¿ÀÍÑÍÉ Á ÍÀÊ¿ÐÑÇ ÎÍÃÁÍÃÌÍÈ ÐÁ¿ÏÉÇ Ç ÏÄÆÉÇ�

ÁÚÎÍÊÌÄÌÌÚÔ Á §¼° ÇË� ¤��®¿ÑÍÌ¿ ¬�¬ ²ÉÏ¿ÇÌÚ Ð ���� Â� °ÃÄÊ¿Ì¿ ÎÍÎÚÑÉ¿ ÍÕÄÌÇÑÛ ÇÔ Ð ÎÍÆÇÕÇÇ ÎÍÊÛÆÍÁ¿ÑÄÊÞ�

K\_lehc iZfylb :� ?� :kgbkZ

b B� F� KZ\bqZ ihk\ysZ_lky

zã
� Ë m © Ë ° ã º m È � äº}¯È« °mÈ¯}È� ¹º¯º�}ºm©Ë ¹¯ºmºãº}Ò�

¹ºã�Èm�ºäÈ�� ¹º}¯©�©® ªãË}�¯º�� ªãË}�¯º}Ò°ãº¯º�ÓÈ« ¯ËÏ�

}È� ���ºmÈ« ¯ËÏ}È� ¹ãÈÏäËÓÓÈ« ¯ËÏ}È

{ ©m�Ëä vvvc Ò°°ãË�ºmÈÓÒ«äÒ Ò ¯ÈÏ¯Èº�}º®

ªãË}�¯º�Ó©² äÈ�Ë¯ÒÈãºm� �Ë²Óºãº�Ò® Ò ºº¯��º�

mÈÓÒ« �ã« ¹º�mº�Óº® °mÈ¯}Ò Ò ¯ËÏ}Ò ÏÈÓÒäÈãÒ°	

¯ÈÏãÒ�Ó©Ë º¯�ÈÓÒÏÈ�ÒÒ� °m«ÏÈÓÓ©Ë ¹¯«äº ÒãÒ }º°�

mËÓÓº ° m©¹ºãÓËÓÒËä ÈmÈ¯Ò®Óº�°¹È°È�Ëã	Ó©² Ò

¹º�mº�Óº��Ë²ÓÒ�Ë°}Ò² ¯Èº�� { }ºÓ�Ë �����² Û

ÓÈ�ÈãË �����² ��� ÓÈ °ÓÈÎËÓÒÒ �ºÒ°}ºmº�°¹È°È�

�Ëã	Óº® °ã�Î© ��vv� {ln vvvc ÓÈ²º�Òã°«

¯«� ªãË}�¯º�Ó©² äÈ�Ë¯ÒÈãºm Ò ºº¯��ºmÈÓÒ« �ã«

¹¯ºmË�ËÓÒ« ¹º�mº�Óº��Ë²ÓÒ�Ë°}Ò² ¯Èº�� ¹ºÏmºã«m�

�Ò² ¯Ë�È�	 º¹¯Ë�ËãËÓÓ©Ë ÏÈ�È�Ò� }º�º¯©Ë °m«ÏÈÓ©

° º}ÈÏÈÓÒËä ¹ºäº�Ò }º¯Èã«ä Ò °��Èä� ¹ºã��Òm�

�Òä ºËm©Ë Ò ÓÈmÒ�È�ÒºÓÓ©Ë ¹ºm¯ËÎ�ËÓÒ« >�Ü�@�

z ÓÒä äºÎÓº º�ÓË°�Ò�

Û ¹º}¯©�©Ë ªãË}�¯º�© äÈ¯}Ò w�v��� �ã«

¯��Óº® ���ºmº® °mÈ¯}Ò äÈãº��ãË¯º�Ò°�©² Ò ÓÒÏ�

}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® �m©¹�°}ÈãÒ°	 °Ë¯Ò®Óº º�

� �º �� ���º� ÓÈ �� {ºËÓÓºä ÏÈmº�Ë��

Û ¹º}¯©�©Ë ªãË}�¯º�© äÈ¯}Ò w�v�k �ã«

¯��Óº® ���ºmº® °mÈ¯}Ò }º¯¹�°Ó©² °�ÈãË® �Ò¹È

kz� |Ë°¹Ë�ÒmÈãÒ È�°�ËÓÒ�Ó�
 °�¯�}��¯� äË�

�ÈããÈ �mÈ �m©¹�°}ÈãÒ°	 äËã}º°Ë¯Ò®Óº ÓÈ ��

{ºËÓÓºä ÏÈmº�Ë��

Û ¹º}¯©�©Ë �¯��È�©Ë ªãË}�¯º�© äÈ¯}Ò

w�c�� �ã« ªãË}�¯º}Ò°ãº¯º�Óº® ¯ËÏ}Ò äÈãº��ãË�

¯º�Ò°�©² Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® �m©¹�°}È�

ãÒ°	 °Ë¯Ò®Óº º� � �º �� ���º� ÓÈ �� {ºËÓÓºä

ÏÈmº�Ë��

Û �Ë¯ÎÈ�ËãÒ �ã« °mÈ¯}Ò Ò ¯ËÏ}Ò ¹º� mº�º®

¹º}¯©�©äÒ ªãË}�¯º�ÈäÒ äÈ¯}Ò w�v�� Ò �Ë¯ÎÈ�ËãÒ

�ã« ªãË}�¯º}Ò°ãº¯º�Óº® ¯ËÏ}Ò ¹º� mº�º® äÈ¯}Ò

wzi����� �m©¹�°}ÈãÒ°	 °Ë¯Ò®Óº ÓÈ �� {ºËÓÓºä

ÏÈmº�Ë��

Û Èm�ºÓºäÓ©Ë Ò°�º�ÓÒ}Ò ¹Ò�ÈÓÒ« ���Ò ° ¹È�

�È
�Ë® mÓË�ÓË® mºã	��Èä¹Ë¯Óº® ²È¯È}�Ë¯Ò°�Ò}º®

Ò ¹ºm©�ËÓÓ©ä ÓÈ¹¯«ÎËÓÒËä ²ºãº°�º�º ²º�È äÈ¯}Ò

�kv�����9, �ã« °mÈ¯}Ò Ò ¯ËÏ}Ò ¹º� mº�º® ¹º}�

¯©�©äÒ Ò �¯��È�©äÒ ªãË}�¯º�ÈäÒ� È �È}ÎË ¹È�

ã�Ó©® Ò°�º�ÓÒ} ¹Ò�ÈÓÒ« kv�l���� ° ¹È�È
�Ë®

Ò ÎË°�}º® mÓË�ÓÒäÒ mºã	��Èä¹Ë¯Ó©äÒ ²È¯È}�Ë�

¯Ò°�Ò}ÈäÒ�

Û ¹ºã�Èm�ºäÈ� ��vc ����� �ã« äº}¯º® äË�

²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò Ò ¯ËÏ}Ò ¹º� mº�º® ¹¯º�

mºãº}º® °¹ãº�Óº�º °Ë�ËÓÒ« �¹¯º�Ëã �º°��È¯°�mËÓ�

Ó©Ë Ò°¹©�ÈÓÒ« Ò ¹¯ÒÓ«� �ã« Ò°¹ºã	ÏºmÈÓÒ« �vv

{ln� m°Ë�º m©¹��ËÓº � ¹ºã�Èm�ºäÈ�È��

{°Ëä ¹Ë¯Ë�Ò°ãËÓÓ©ä m©�Ë ºº¯��ºmÈÓÒËä� ÏÈ

Ò°}ã
�ËÓÒËä ¹ºã�Èm�ºäÈ�ºm ��vc ������ ©ãÒ

�}ºä¹ãË}�ºmÈÓ© mº�ºãÈÏÓ©Ë º�© Ò °¹È°È�Ëã	Ó©Ë

°��È� wãË}�¯º�Ó©Ë äÈ�Ë¯ÒÈã©� ²º�« Ò ºË°¹Ë�ÒmÈãÒ

ÓÒÏ}�
 ¹¯ºÒÏmº�Ò�Ëã	Óº°�	 Ò ÓË�º°�È�º�Ó©® �¯º�

mËÓ	 ¹¯º�Óº°�Ò Ò ¹ãÈ°�Ò�Óº°�Ò °mÈ¯Ó©² °ºË�ÒÓË�

ÓÒ®� ÓÈ �º� äºäËÓ� ¹ºÏmºã«ãÒ ¯Ë�È�	 �Ë}��ÒË

¹¯ºãËä© �vv {ln�

{ ���� �� ¯�}ºmº�°�mºä {ln vvvc ©ãº ¹¯Ò�

Ó«�º ¯Ë�ËÓÒË º ¹Ë¯Ë�È�Ë �È°�Ò �ËäÈ�Ò}Ò� °m«ÏÈÓÓº®

° ¯ÈÏ¯Èº�}º® Óºm©² �Ë²Óºãº�Ò®� ªãË}�¯º�Ó©² äÈ�

�Ë¯ÒÈãºm Ò ºº¯��ºmÈÓÒ« �ã« m©¹ºãÓËÓÒ« äË²È�

ÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò Ò ¯ËÏ}Ò ÓÈ ¯ÈÏãÒ�Ó©² �ã��

ÒÓÈ²� m jwv Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�
�¯�¹¹� °º�¯��ÓÒ}ºm mºÏ�ãÈmÒã j� l� vÈmÒ�� sÈ�

��ÓºË ¯�}ºmº�°�mº �Ëä© º°��Ë°�mã«ã ¹¯ºÁË°°º¯

k� p� k°ÓÒ°�

{ ���� �� �¯�¹¹º® °º�¯��ÓÒ}ºm ¹º� ¯�}ºmº��

°�mºä j� l� vÈmÒ�È ©ãÈ ¯ÈÏ¯Èº�ÈÓÈ °ÈäºÏÈ�

�Ò�ÓÈ« ¹º¯º�}ºmÈ« ¹¯ºmºãº}È ��v�ks� >�@� j°�

°ãË�ºmÈÓÒ«� ¹¯Ë��Ë°�m�
�ÒË ¯ÈÏ¯Èº�}Ë� ¹¯ºmº�

�ÒãÒ m °ãË��
�Ë® ¹º°ãË�ºmÈ�Ëã	Óº°�Ò�

Û m©¹ºãÓ«ãÒ ¹¯º�Ë°° °mÈ¯}Ò ¹¯ºmºãº}ÈäÒ

°¹ãº�Óº�º °Ë�ËÓÒ« ° ¯ÈÏãÒ�Óº® °Ò°�Ëäº® ãË�Ò¯º�

mÈÓÒ«� vmÈ¯}� ¹¯ºmº�ÒãÒ }È} ° ÏÈ�Ò�º® ÏºÓ© �º�

¯ËÓÒ« ���Ò �ÈÏºä� �È} Ò ËÏ ÓËË� �ºãºÎÒ�Ëã	Ó©²

¯ËÏ�ã	�È�ºm �º°�Ò�Ó��º ÓË ©ãº�

Û º�ËÓÒmÈãÒ mºÏäºÎÓº°�	 ÏÈ�Ò�© ¯ËÈ}�ÒºÓ�

Óº® ÏºÓ© ° Ò°¹ºã	ÏºmÈÓÒËä Áã
°ºm� ¯ÈÏ¯Èº�ÈÓÓ©²

�ã« °mÈ¯}Ò ÓÈ mºÏ��²Ë� r©ãÒ ¹ºã��ËÓ© ºÓÈ�Ë�

ÎÒmÈ
�ÒË ¯ËÏ�ã	�È�©�

jÏmË°�Óº� ��º ¹¯ÒäËÓËÓÒË Áã
°ºm ¹¯Ò °mÈ¯}Ë

°m«ÏÈÓº ° �Ëã©ä ¯«�ºä ¹¯ºãËä� { ¹Ë¯m�
 º�Ë¯Ë�	

Û m©¹ºãÓËÓÒË �mºm m ¹ºãºÎËÓÒ«²� º�ãÒ�Ó©² º�

ÓÒÎÓË�º� }º��È ÏÈ�¯��ÓÒ�Ëã	Óº ÏÈ�Ò�Ò�	 Áã
°ºä

¯ËÈ}�ÒºÓÓ�
 ÏºÓ�� �Ëä ºãËË m �°ãºmÒ«² °mÈ¯}Ò

¹º� mº�º®� ¹¯Ò ÓÈãÒ�ÒÒ mºãÓºmº�º mºÏ�Ë®°�mÒ«

Ò �Ë�ËÓÒ®�

j�Ë« º ¹¯ÒäËÓËÓÒÒ °ÈäºÏÈ�Ò�Óº® ¹º¯º�}ºmº®

¹¯ºmºãº}Ò �ã« °mÈ¯}Ò ¹º� mº�º® ¹¯ÒÓÈ�ãËÎÒ� È}È�

�ËäÒ}� r� p� �È�ºÓ�� |�ÓÈ}º Ò°¹ºã	ÏºmÈÓÒË °È�

äºÏÈ�Ò�Ó©² ¹º¯º�}ºm©² ¹¯ºmºãº}� ¯ÈÏ¯Èº�ÈÓ�

� {� Ð� zºÓºÓËÓ}º� ����

������ ��



Ó©² m �º� ¹Ë¯Òº� �ã« °mÈ¯}Ò ÓÈ mºÏ��²Ë� m ¹º��
mº�Ó©² �°ãºmÒ«² ¹ºãºÎÒ�Ëã	Ó©² ¯ËÏ�ã	�È�ºm ÓË
�Èãº�

�¯ºmË�ËÓÓ©Ë m jwv Òä� p� |� �È�ºÓÈ ãÈº�
¯È�º¯Ó©Ë Ò°°ãË�ºmÈÓÒ« ¹ºÏmºãÒãÒ ¯ÈÏ¯Èº�È�	
º¯Ò�ÒÓÈã	Ó©® °º°�Èm �Ò²�© ¹º¯º�}ºmº® ¹¯ºmº�
ãº}Ò Ò �Ë²Óºãº�Ò
 ËË ÒÏ�º�ºmãËÓÒ«� ºË°¹Ë�Òm��

�Ë¯äË�Ò�Óº°�	 ÏÈä}È� w�º �Èãº mºÏäºÎÓº°�	 ¯ÈÏ�
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mäºÓ�Ò¯ºmÈÓÓ©Ë m �¹ÒÓ�ËãÒ ¹Ë¯¹ËÓ�Ò}�ã«¯Óº } Ò² º°«ä� �È�
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� }ºÓË�
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¹Ë¯Ë²º�ÓÒ}ºä ° }ºÓ�°ºº¯ÈÏÓº® °äË°Ò�Ëã	Óº® }ÈäË¯º® Ò °�Ë¯�
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�ÒmÈÓÒ« �ÈÏºm� °ºº�È
�ÒË°« ° }ºÓ�°ºº¯ÈÏÓº® °äË°Ò�Ëã	Óº®
}ÈäË¯º® ¹Ë¯Ë²º�ÓÒ}È� �È�ËÓ� cn �������� j� j� zºã�¹ÈËm
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.LOOLQJ 5� | ¹¯Ò�ÒÓË ¯ÈÏ¯©mÈ }È¹Ëã	 ¹¯Ò °mÈ¯}Ë lk�
ÓËãË�Ò¯ºmÈÓÓ©² Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®� °� ���Ü����

=ZDW] 5� �¯ËºmÈÓÒ« } È��Ë°�È�ÒÒ ¹Ë¯°ºÓÈãÈ m °mÈ¯º�Óº®
�Ë²ÓÒ}Ë Ò ¹¯ÒäËÓ«
�ÒË°« äË�º�©� °� ���Ü����

�n¯ÈÓ�Ò«�� ����� Û 9RO� ���
¢ ���� �Á¯ÈÓ�� «Ï��

$UQDXG *� HW DO� sºm©Ë ºãÈ°�Ò ¹¯ÒäËÓËÓÒ« ªãË}�¯ºÓÓº�
ã��Ëmº® °mÈ¯}Ò ¹¯Ò ÒÏ�º�ºmãËÓÒÒ }¯�¹Óº�ÈÈ¯Ò�Ó©²
¹¯Ë�ÒÏÒºÓÓ©² ÒÏ�ËãÒ®� �¯ºä©�ãËÓÓ©Ë ¹Ë¯°¹Ë}�Òm©� °� �Ü��

%ULDQG )� HW DO� �Ò¯Ò�ÓÈ« ���ºmÈ«�ãÈÏË¯ÓÈ« °mÈ¯}È�
°� �Ü���

*DEULHO )� HW DO� v¯ÈmÓËÓÒË ��² äº�ËãË® Ò°�º�ÓÒ}ºm �Ë¹ãÈ
�ã« äº�ËãÒ¯ºmÈÓÒ« ¹¯º�Ë°°È °mÈ¯}Ò �j�� °� ��Ü���

v�È�Ò°�Ò�Ë°}ÒË �ÈÓÓ©Ë 6<0$3 Û Ò�º� ���� ��� °� ��Ü���
'LMROV 0� |�}¯©�ÒË °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓ©² �}ºã ¹º °mÈ¯}Ë

m �º�È¯ÒÓ�ÒÒ� |��Ë� {©°�Ë® �}ºã© ¹º °mÈ¯}Ë Ò ËË ¹¯ÒäË�
ÓËÓÒ
 Ò �}ºã© ¹º��º�ºm}Ò �Ë²ÓÒ}ºmÜ°mÈ¯�Ò}ºm� °� ��Ü���

�n¯ÈÓ�Ò«�� ����� Û 9RO� ���
¢ ����� �Á¯ÈÓ�� «Ï��

7UDQ 7LHQ 7� �Ë¯mºË ¹¯ºä©�ãËÓÓºË ¹¯ÒäËÓËÓÒË °ÈäºÈ�
�È¹�ÒmÓº�º ¹¯º�Ë°°È °mÈ¯}Ò lk� ° }ºÓ�¯ºãÒ¯�Ëä©äÒ }º�
¯º�}ÒäÒ ÏÈä©}ÈÓÒ«äÒ� vmÈ¯}È ° °ÈäºÈ�È¹�ÒmÓ©ä °ãËÎËÓÒËä
¹º °�©}� ºº�ºm �Ò¹ºã	Ó©² äÈ�ÓÒ�ºm� °� �Ü���

6LUH 6� HW DO� �ã���ËÓÒË ¯Èº�Ò² ¹È¯ÈäË�¯ºm °mÈ¯}Ò �j�
°¹ãÈmºm Èã
äÒÓÒ« Û °¹º°º )%7,* �)OX[�%RXQGHG 7,*��
°� ��Ü���

)RUWDLQ -� 0�� %RQQHIRLV %� cºã	 °º�Ë�ÈÓÒ« ¹¯ºmºãº}ÈÜ�ÈÏ
¹¯Ò °mÈ¯}Ë lj� °¹ãÈmºm ÓÈ º°ÓºmË ÓÒ}Ëã« Ò È�°�ËÓÒ�Ó©²
ÓË¯ÎÈmË
�Ò² °�ÈãË® ° Ò°¹ºã	ÏºmÈÓÒËä ¹¯Ò°È�º�Óº�º äË�ÈããÈ
ÓÈ º°ÓºmË ÓÒ}Ëã«� °� ��Ü���

 cÈÏ�Ëã ¹º��º�ºmãËÓ °º�¯��ÓÒ}ÈäÒ ÓÈ��Óº® ÒãÒº�Ë}Ò jwv Òä� p� |� �È�º�
ÓÈ� rºãËË ¹ºãÓº ÒãÒº�¯ÈÁÒ« ¹¯Ë�°�ÈmãËÓÈ m vÒ�ÓÈã	Óº® ÒÓÁº¯äÈ�ÒÒ �vj�

½vmÈ¯}È Ò ¯º�°�mËÓÓ©Ë �Ë²Óºãº�ÒÒ�� ÒÏ�ÈmÈËäº® m jwv Ò ¯È°¹¯º°�¯ÈÓ«Ëäº® ¹º ÏÈ�
«m}Èä �ÏÈ}ÈÏ ¹º �Ëã� ����� ���������� s�r jwv��

�� ������



%RQQHIRLV %� HW DO� vmÈ¯}È k��j� ÓË¯ÎÈmË
�Ò² m©°º}º�
ÈÏº�Ò°�©² °�ÈãË® Û m©°º}ºªÁÁË}�ÒmÓ©® °¹º°º ° �º�}Ò Ï¯ËÓÒ«
äË�ÈããÈ �mÈ� F� ��Ü���

v�È�Ò°�Ò�Ë°}ÒË �ÈÓÓ©Ë ÏÈ Óº«¯	 ���� ��� °� ��Ü���

�n¯ÈÓ�Ò«�� ����� Û 9RO� ���
¢ ��� �Á¯ÈÓ�� «Ï��

*XLOOHPDXG 5� HW DO� �¯ºË}�Ò¯ºmÈÓÒË Ò º¹�ÒäÒÏÈ�Ò« ãÒÓÒÒ
¯ËÓ��ËÓºm°}º�º }ºÓ�¯ºã« Û m}ãÈ� äº�ËãÒ¯ºmÈÓÒ«� °� �Ü���

%RXUDW &� vË¯ÒÒ ¯ËÓ��ËÓºm°}Ò² Ò°�º�ÓÒ}ºm Û ¯ÈÏmÒ�ÒË Ò
º�¯ÈÓÒ�ËÓÒ«� °� ��Ü���

0XQLHU %� cËÓ��ËÓºm°}ÒË �ËÁË}�º°}º¹© Û °ºm¯ËäËÓÓºË
°º°�º«ÓÒË Ò ÓºmÒÓ}Ò� °� ��Ü���

%HVQDUG (� �¯º�ÓºÏÒ¯ºmÈÓÒË �Ë²ÓÒ�Ë°}Ò² mºÏäºÎÓº°�Ë®
ºÓÈ¯�ÎËÓÒ« �ËÁË}�ºm ¹¯Ò }ºÓ�¯ºãË °mÈ¯Ó©² �mºm� °� ��Ü���

%OHWWQHU $�� *LEDX[ (� ¡ÒÁ¯ºm©Ë �ËÁË}�º°}º¹© Ò ¹ãËÓ}Ò
Û °¯ÈmÓËÓÒË �Ë²ÓÒ�Ë°}Ò² ²È¯È}�Ë¯Ò°�Ò} ¹¯Ò }ºÓ�¯ºãË °mÈ¯Ó©²
�mºm� °� ��Ü���

&KDXYHDX '�� %HVQDUG (� jÏäË¯ËÓÒË }º¯¯ºÏÒÒ ° ¹ºäº�	

Áº�º°�Òä�ãÒ¯�
�Ò² ª}¯ÈÓºm Û ºãÈ°�Ò ¹¯ºä©�ãËÓÓº�º
¹¯ÒäËÓËÓÒ«� °� ��Ü���

.DKORXQ &� iÒÁ¯È}�ºäË�¯Ò�Ë°}Ò® ÈÓÈãÒÏ º°�È�º�Ó©² ÓÈ�
¹¯«ÎËÓÒ® m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«² ÓËºã	�Ò² ¯ÈÏäË¯ºm�
F� ��Ü���

n¯ÈÓ�Ò«Û ¹Ë¯m©Ë º�ËÓ}Ò �Ë«�Ëã	Óº°�Ò m ºãÈ°�Ò °mÈ¯}Ò�
°ºË�ÒÓËÓÒ® Ò °ºº�mË�°�m�
�Ò² º�¯È°ãË® ¹¯ºÒÏmº�°�mÈ m ���� ���
°� ��Ü���

j°°ãË�ºmÈÓÒË °º°�º«ÓÒ« Ï¯ËÓÒ« Á¯ÈÓ��Ï°}Ò² °mÈ¯�Ò}ºm�
°� ��Ü���

�n¯ÈÓ�Ò«�� ����� Û 9RO� ���
¢ ��� �Á¯ÈÓ�� «Ï��

&DUERQHOO /� {ãÒ«ÓÒË m©º¯È ¹¯º�Ë°°È °mÈ¯}Ò ÓÈ °�º®}º°�	
} ¹Ò��ÒÓ�ºmº® }º¯¯ºÏÒÒ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ÒÏ ÓË¯ÎÈmË
�Ò²
°�ÈãË® �Ò¹È ��� /� °� �Ü���

6LELOD *� HW DO� w}°¹Ë¯ÒäËÓ�Èã	ÓºË Ò°°ãË�ºmÈÓÒË �º�Ë�Óº®
°mÈ¯}Ò Û ¹Ë¯m©Ë ÈÓÈãÒÏ© ÒÏäË¯ËÓÒ® �Ë¯äÒ�Ë°}º�º �Ò}ãÈ� m©�
¹ºãÓËÓÓ©² m ¹¯º�Ë°°Ë °mÈ¯}Ò� °� ��Ü���

3HWWHUVRQ *� v¯ÈmÓËÓÒË ¯ÈÏÓ©² äË�º�ºm ¯È°�Ë�È �°�Èãº°�Ò
°mÈ¯Óº�º }ºä¹ºÓËÓ�È� °� ��Ü���

zºÓ}�¯° °ºº¯�ÎËÓÒ® ÒÏ °�ÈãÒ ½3$/0$5(6 $&,(5 ������
°� ��Ü���

�c�ä©ÓÒ«�� ����� Û ;,,,�
¢ � �¯�ä�� ÈÓ�ã�� ÓËä� «Ï��

*RQFDOYHV 9�� 6DOHPD $� �Ò¯Ò�ÓÈ« ãÈÏË¯ÓÈ« °mÈ¯}È �j�
Û ¹¯º�¯ÈääÈ ¯È°�Ë�È °mÈ¯º�Ó©² ¹È¯ÈäË�¯ºm Ò �Ëä¹Ë¯È��¯©
¹¯Ë�mÈ¯Ò�Ëã	Óº�º ÓÈ�¯ËmÈ ãË�Ò¯ºmÈÓÓ©² °�ÈãË®� °� �Ü���

6RORPRQ *�� &LFLF '�� 'XPLWUX 9� {º°°�ÈÓºmÒ�Ëã	ÓÈ« ÓÈ�
¹ãÈm}È }ºÈã	�ºm©ä °¹ãÈmºä mËÓ�ÒãË® �ã« ÓËÁ�Ë²ÒäÒ�Ë°}º®
¹¯ºä©�ãËÓÓº°�Ò� °� ��Ü���

&DWDQD '� ,�� 0DFKHGRQ�3LVX '� ,� lº�ËãÒ¯ºmÈÓÒË ¹ºmË�
�ËÓÒ« ¹¯Ò ¯È°�«ÎËÓÒÒ �º�Ë�Ó©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� °� ��Ü���

6DYX ,� '� lº�ËãÒ¯ºmÈÓÒË º¹º¯Óº�º °Ò�ÓÈãÈ �ã« °Ò°�Ëä
�È��Ò}ºm ���Ò� Ò°¹ºã	Ï�Ëä©² ¹¯Ò °mÈ¯}Ë lj� �m�ä« ¹¯ºmº�
ãº}ÈäÒ� °� ��Ü��� ��Ü���

'LOWKH\ 8�� :RHVWH .� wãË}�¯ºÓÓº�ã��ËmÈ« °mÈ¯}È �ºã°�
�º°�ËÓÓ©² �¯� ºã	�º�º �ÒÈäË�¯È� °� ��Ü���

6FKUHLEHU )�� +RQHFN +� lºÒã	ÓÈ« ¯��ÓÈ« ¹ãÈÏäËÓÓº�
¹º¯º�}ºmÈ« ÓÈ¹ãÈm}È� °� ��Ü���

%DOWHU .� |¯Èº�}È ¹ºmË¯²Óº°�Ò ÓÈ¹ãÈm}º®� °� ��Ü���
6LWWH *� �º�Ë�ÓÈ« }ºÓ�È}�ÓÈ« ¹È®}È °�Èã	Ó©² ãÒ°�ºm

�ºã�ÒÓº® �º � ää� °� ��Ü���
6LPOHU +�� .ULQN 9�� /DXULVK )� w}ºÓºäÒ�ÓÈ«� ¹¯Ë�Ò�

ÏÒºÓÓÈ« m©°º}º}È�Ë°�mËÓÓÈ« ¯ËÏ}È� °� ��Ü���

�c�ä©ÓÒ«�� ����� Û ;,,,�
¢ � �¯�ä�� ÈÓ�ã�� ÓËä� «Ï��

5DWLX 0� '� HW DO� lË�º�Ò}È º¹¯Ë�ËãËÓÒ« äÈ}°ÒäÈã	Óº
�º¹�°�Òäº® °Ë®°äÒ�Ë°}º® ÓÈ�¯�Ï}Ò °mÈ¯Ó©² °�Èã	Ó©² ÁË¯ä�
¹º�mË¯ÎËÓÓ©² äÈãº�Ò}ãºmº® �°�Èãº°�Ò� °� �Ü���

3RWHQWH +� HW DO� vºË�ÒÓËÓÒË °¹Ë�ËÓÓº® }Ë¯ÈäÒ}Ò Ò °¹Ë�
�ËÓÓ©² äË�Èããºm� °� ��Ü���

%HUJPDQQ -� 3� HW DO� vmÈ¯}È ãË�}Ò² }ºÓ°�¯�}�Ò® �ÓÒmË¯�
°Èã	Ó©ä �Òº�Ó©ä ãÈÏË¯ºä� °� ��Ü���

5HFK *� HW DO� jÓ��}�ÒºÓÓÈ« �Ë¯äºº¯Èº�}È ¯Ëã	°ºm�
°� ��Ü���

�{ËãÒ}º¯Ò�ÈÓÒ«�� ����� Û ¢ ���
�ÈÓ�ã� «Ï��

sÈÏÈ� m ����ËË Û º°ÓºmÓÈ« °Ë¯�ÒÁÒ}È�Ò« ¹Ë¯°ºÓÈãÈ ¹º
ÓË¯ÈÏ¯��È
�Ëä� }ºÓ�¯ºã
� °� ��

3LQVRQ ,� � �º� º°ÓºmÈÓÒ« jÓ°�Ò���È ¹º °mÈ¯}Ë ¯Ëã	°ºm�
°� ��

&R]HQV 0� j°¹ºã	ÏºmÈÓÒË �°ãºmÓ©² ººÏÓÈ�ËÓÒ® �mºm ÓÈ
�Ë¯�ËÎÈ²� °� �Ü��

+RZOHWW -� �¯ºãËäÈ °ºãËÓº® mº�© º�Óº°Ò�Ëã	Óº º¯ÈÏº�
mÈÓÒ« �¯Ë�ÒÓ� °� ��

vË¯�ÒÁÒ}È�Ò« ÒÓ°¹Ë}�º¯ºm ¹º °mÈ¯}Ë� °� ��

�{ËãÒ}º¯Ò�ÈÓÒ«�� ����� Û
¢ ��� �ÈÓ�ã� «Ï��

�Ë²Óºãº�ÒÒ ¹º mºÏºÓºmã«Ëä©ä Ò°�º�ÓÒ}Èä ªÓË¯�ÒÒ m
r¯Ò�ÈÓ°}ºä ÒÓ°�Ò���Ë °mÈ¯}Ò� °� �Ü��

&R]HQV 0� ��ãºm©Ë °mÈ¯Ó©Ë °ºË�ÒÓËÓÒ« Û �Ë²Óº�
ãº�Ò�Óº°�	� °� �Ü��

�Ò¯Ò�ÓÈ« ãÈÏË¯Óº����ºmÈ« °mÈ¯}È ° È�È¹�ÒmÓ©ä �¹¯Èm�
ãËÓÒËä� °� ��

���º°ãÈmÒ«�� ����� Û /HW� ��� ¢ �
�°ãºmËÓ� «Ï��

0LWD 7� �¯ºãËä© �Ë²Óºãº�Ò® ���ºmº® °mÈ¯}Ò� °� �Ü���
=DEXNRYHF 0� HW DO� �Ë¯äÒ�ÓÈ« °mÈ¯}È ¯Ëã	°ºm� °� ��Ü���

��Ë¯äÈÓÒ«�� ����� Û
¢ � �ÈÓ�ã� «Ï��

=DK 0�� 8OULFK &� �ÈÏË¯ÓÈ« °mÈ¯}È� m©¹ºãÓ«ËäÈ« m }ºÓ�
�Ë®ÓË¯Ë� °� ���Ü����

��« }ºÓÁË¯ËÓ�Ò« ¹º �Ë²Óºãº�ÒÒ m©°º}º� Ò ÓÒÏ}º�Ëä¹Ë¯È�
��¯Óº® ¹È®}Ò� ¹¯º²º�«�È« m �Ë¯äÈÓ°}ºä º�Ë°�mË °mÈ¯�Ò}ºm
�'96�� |�Ë°�mº ¹º m©°º}º� Ò ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ë Û
¹º�¯ÈÏ�ËãËÓÒË '96� °� ���Ü����

.RKOHU *� HW DO� �¯ÒäËÓËÓÒË ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ò
m äÒ}¯º�Ë²ÓÒ}Ë� ��Ë Ò°¹ºã	Ï�Ë�°« °�Ë}ã«ÓÓ©® ¹¯Ò¹º®�
°� ���Ü����

)XVVHO 8� HW DO� j°¹ºã	ÏºmÈÓÒË �¯È�Ò�ÒºÓÓº® �Ë²Óºãº�ÒÒ
°mÈ¯}Ò �ã« ¹ºã��ËÓÒ« Óºm©² °ºË�ÒÓËÓÒ® m©°º}º�Ëä¹Ë¯È��¯Óº®
¹È®}º® m ¯ÈÏ�Ëã}�� °� ���Ü����

6DLGRY 5� 0� HW DO� �ºm©�ËÓÒË °mÈ¯ÒmÈËäº°�Ò
Èã
äÒÓÒËm©² °¹ãÈmºm ãÈ�º�È¯« Ò°¹ºã	ÏºmÈÓÒ
 Áã
°ºm�  � ��
nº¯äÈ �mÈ Ò ÓË¯ÈmÓºäË¯Óº°�Ò ¹ºmË¯²Óº°�Ò� °� ���Ü���� ���Ü
����

+DUW 3� +� 0� {ãÒ«ÓÒË äÒ}¯ºãË�Ò¯ºmÈÓÒ« mÈÓÈ�ÒËä ÓÈ
°mÈ¯ÒmÈËäº°�	 °�ÈãË®� °� ���Ü����

'DWWD 5� HW DO� nÒ��¯ÓÈ« °mÈ¯}È °¹ãÈmºm 0Q0R1L� ¹¯Ë��
ÓÈÏÓÈ�ËÓÓ©² �ã« º�Ë}�ºm �«ÎËãº�º äÈ�ÒÓº°�¯ºËÓÒ«� °� ���Ü
����

+DKQ 2�� 7DQ <� �¯ÒäËÓËÓÒË ÓË®¯ºÓÓº® °Ë�Ò �ã« ¹¯º��
ÓºÏÒ¯ºmÈÓÒ« ÓË°��Ò² ²È¯È}�Ë¯Ò°�Ò} }ãË¹ÈÓ©² °ºË�ÒÓËÓÒ® ¹º�
}mÈÏÒ°�È�Ò�Ë°}º® °�mÒ�È
�Ë® ÓÈ�¯�Ï}º® ¹¯Ò ¯È°�«ÎËÓÒÒ�
°� ���Ü����

�vbk�� ����� Û 9RO� ���
¢ � �ÈÓ�ã� «Ï��

vºm¯ËäËÓÓºË ºº¯��ºmÈÓÒË �ã« m©¯ÈmÓÒmÈÓÒ« Ò ÏÈÎÒäÈ
�¯�� °� ��Ü���

=KDQJ 6�%�� 6XQ '�� ;X 3� vmÈ¯}È }¯�¹Óº�ÈÈ¯Ò�Ó©²
°�Èã	Ó©² }ºÓ°�¯�}�Ò® ËÏ °ãËÎËÓÒ« ÏÈ °�©}ºä� °� ��Ü���

%XUJDUW '� 5� |°ÓºmÓ©Ë }¯Ò�Ë¯ÒÒ m©º¯È äÈÓÒ¹�ã«�º¯È�
°� ��Ü���

0LFKDHO =�� 6XWWRQ *� �¯ºË}�Ò¯ºmÈÓÒË äÈÓÒ¹�ã«�º¯ºm �ã«
¯ºº�º�Ë²ÓÒ}Ò� °� ��Ü���

&XOLVRQ $�� -RKQVHQ 0� 5� {©°�Èm}È ¹º °mÈ¯}Ë ���� ���
¹º°m«�ËÓÓÈ« ���ãË�Ò
 käË¯Ò}ÈÓ°}º�º °mÈ¯º�Óº�º º�Ë°�mÈ�
°� ��Ü���

������ ��



.DQJ 6� :�� .LP :� 6� z¯ÒmÈ« {ËããË¯È� ¹¯Ë�ãºÎËÓÓÈ«
�ã« °��º°�¯º�Ëã	Ó©² °mÈ¯Ó©² }ºÓ°�¯�}�Ò®� °� ���Ü����
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;mjgh_ jZa\blb_ L[bebkb \ dhgp_ ;,; ² gZqZe_ ;; \\� b

\hajhkrb_ ljZgkihjlgu_ ihlhdb \ua\Zeb gZklhyl_evgmx

g_h[oh^bfhklv k\yab f_`^m ijZ\h� b e_\h[_j_`ghc qZk�

lyfb ]hjh^Z� J_rblv wlm ijh[e_fm fh`gh [ueh iml_f

kljhbl_evkl\Z dZiblZevgh]h fhklZ q_j_a j� Dmjm gZ f_kl_

iZjhfghc i_j_ijZ\u� ijba\Zggh]h kh_^bgblv Z^fbgbkl�

jZlb\gh�^_eh\mx qZklv ]hjh^Z� kdhgp_gljbjh\Zggmx \ ah�

g_ lh]^Zrg_c ?j_\Zgkdhc iehsZ^b b ijhki_dlZ =heh\bgZ�

q_j_a ih^t_f PbpbZgh\Z �Pbpbr\beb�� k jZkiheh`_gguf

gZ \ukhdhf ieZlh :\eZ[Zjhf b <Zj^bkm[Zgb� Z lZd`_ k

kms_kl\mxsbfb lZf \h_ggufb dZaZjfZfb b Zjk_gZehf�

=hjh^kdb_ \eZklb L[bebkb h[ty\beb dhgdmjk gZ ijh_dl

dZiblZevgh]h fhklZ� Ih[_^bl_e_f [ue ijbagZg ijh_dl bg�

`_g_jZ ?\]_gby HkdZjh\bqZ IZlhgZ� Ih aZdZam Lbnebk�

kdhc ]hjh^kdhc mijZ\u ?� H� IZlhg \ ���� ]� jZajZ[hlZe

ijh_dl FmojZgkdh]h fhklZ� khhjm`_gb_ dhlhjh]h [ueh

aZ\_jr_gh \ ���� ]�� Z hk\ys_gb_ b hldjulb_ fhklZ khk�

lhyehkv � fZy ��� Zij_ey� wlh]h `_ ]h^Z�

FmojZgkdbc fhkl ij_^klZ\eye kh[hc f_lZeebq_kdmx

dhgkljmdpbx \ \b^_ j_r_lqZlhc Zjdb k i_j_f_gghc \u�

khlhc k_q_gby k aZly`dhc� J_r_lqZlhc [ueZ b [ZedZ aZ�

ly`db� dhlhjZy \ ijhe_l_ [ueZ ih^\_r_gZ d Zjd_ khk�

lZ\gufb ih^\_kdZfb� dj_klh\b^gufb \ ihi_j_qghf k_�

q_gbb� Fhkl bf_e jZkq_lguc ijhe_l �� f� rbjbgZ fhklZ

f_`^m i_jbeZfb �� f� ijh_a`Zy qZklv ² �� f�

Dhgkljmdpby fhklZ hdZaZeZkv m^Zqghc dZd k bg`_g_j�

ghc lhqdb aj_gby� lZd b k Zjobl_dlmjghc� Fhkl� g_kfhljy

gZ agZqbl_evgh_ m\_ebq_gb_ \j_f_gghc ih^\b`ghc gZ]�

jmadb �ly`_eu_ ]jmah\u_ Z\lhfh[beb \f_klh ]m`_\h]h

ljZgkihjlZ b ljZf\Zc \f_klh dhgdb�� [_a mkbe_gby wdk�

iemZlbjh\Zeky ^h ���� ]�� dh]^Z _]h aZf_gbeb gh\uf ba�aZ

g_^hklZlhqghc ijhimkdghc kihkh[ghklb b ]Z[ZjblZ ijh�

_a`_c qZklb�

FmojZgkdbc fhkl y\eyeky kZfuf [hevrbf ]hjh^kdbf

f_lZeebq_kdbf fhklhf� dhlhjuc [he__ ihem\_dZ gZ^_`gh

kem`be `bl_eyf ij_djZkgh]h L[bebkb� G_kfhljy gZ fhs�

gmx dhgkljmdpbx� hg hklZ\eye \i_qZle_gb_ e_]dh]h b

Z`mjgh]h khhjm`_gby� ijb^Z\Ze g_ih\lhjbfuc dhehjbl

]hjh^m b ^he]h_ \j_fy y\eyeky h^ghc ba _]h ^hklhijb�

f_qZl_evghkl_c�

Dmevlmjgh�[eZ]hl\hjbl_evguc b gZmqgh�ijhk\_lbl_ev�

kdbc khxa ©>g_ijª mdjZbgkdhc h[sbgu =jmabb \uklmibe

k bgbpbZlb\hc h kha^Zgbb f_fhjbZevghc ^hkdb Z\lhjm

ijh_dlZ FmojZgkdh]h fhklZ ² \u^Zxs_fmky bg`_g_jm

b mq_ghfm ?\]_gbx HkdZjh\bqm IZlhgm� dhlhjZy [ueZ

ih^^_j`ZgZ ijZ\bl_evkl\hf ]� L[bebkb�

F_fhjbZevgZy ^hkdZ [ueZ ba]hlh\e_gZ \ Nbabdh�l_o�

gheh]bq_kdhf bgklblml_ f_lZeeh\ b kieZ\h\ G:G MdjZb�

gu ih wkdbam om^h`gbdZ <� L� Fbr_ey� kdmevilhju ²

<� :� >_fvyg_gdh �[Zj_ev_n ?� H� IZlhgZ� b :� :� LZ�

jZkxd�

Lhj`_kl\_ggh_ hldjulb_ khklhyehkv �� hdly[jy ���� ]�

GZ p_j_fhgbb \uklmibe ihkhe MdjZbgu \ =jmabb G� F�

Kiuk� ij_^klZ\bl_eb mdjZbgkdhc h[sbgu� fwjbb ]� L[b�

ebkb b BgklblmlZ we_dljhk\Zjdb bf ?� H� IZlhgZ� <k_

\uklmiZxsb_ hlf_lbeb agZqbfhklv FmojZgkdh]h fhklZ

^ey jZa\blby wdhghfbdb b j_r_gby ljZgkihjlguo ijh[e_f

L[bebkb b ih^q_jdgmeb m\Z`_gb_ d iZfylb _]h Z\lhjZ ²

?\]_gby HkdZjh\bqZ IZlhgZ� \g_kr_]h g_hp_gbfuc \deZ^

\ jZa\blb_ fbjh\h]h fhklhkljh_gby b k\Zjdb�

:� <� ;Z[Z_\� dZg^� l_og� gZmd
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��±�� ghy[jy ���� ]� \ Fhk�

d\_ \ D<P ©Khdhevgbdbª

[ueZ ijh\_^_gZ ��y F_`^m�

gZjh^gZy ki_pbZebabjh\Zg�

gZy \uklZ\dZ h[hjm^h\Zgby�

l_ogheh]bc� fZl_jbZeh\�

bgkljmf_glh\� Zdk_kkmZjh\

b kj_^kl\ aZsblu hl \j_^�

guo ijhba\h^kl\_gguo

nZdlhjh\ ^ey \k_o \b^h\ k\Zjdb� j_adb� iZcdb� gZieZ\db b

gZg_k_gby ihdjulbc� H^gh\j_f_ggh k g_c b gZ l_o `_

iehsZ^yo ijhoh^beZ F_`^mgZjh^gZy ki_pbZebabjh\Zg�

gZy \uklZ\dZ ©Kh\j_f_ggu_ f_lh^u� l_ogheh]bb aZsblu

hl dhjjhabb b ijhfure_ggu_ f_lh^u g_jZajmrZxs_]h

dhgljheyª� Bo ijh\_^_gb_ [ueh hj]Zgbah\Zgh D<P ©Kh�

dhevgbdbª ijb kh^_ckl\bb dhfiZgbb ©Wek\Zjª b ih^^_j�

`d_ Fbgbkl_jkl\Z ijhfure_gghklb� gZmdb b l_ogheh]bc

JN� >_iZjlZf_glZ gZmdb b ijhfure_gghc iheblbdb ijZ�

\bl_evkl\Z Fhkd\u� ijZ\bl_evkl\Z Fhkdh\kdhc h[eZklb�

Jhkkbckdh]h gZmqgh�l_ogbq_kdh]h k\Zjhqgh]h h[s_kl\Z�

Fhkdh\kdhc f_`hljZke_\hc ZkkhpbZpbb ]eZ\guo k\Zjsb�

dh\�

Wdkihabpby \uklZ\db [ueZ jZa\_jgmlZ gZ iehsZ^b

k\ur_ � luk� d\� f b \dexqZeZ jy^ l_fZlbq_kdbo jZa^_eh\�

hl\_qZxsbo hkgh\guf gZijZ\e_gbyf kh\j_f_ggh]h k\Z�

jhqgh]h ijhba\h^kl\Z�

• h[hjm^h\Zgb_ b l_ogheh]bb ^ey we_dljh^m]h\hc k\Zj�
db f_lZeeh\ �jmqgZy� ihemZ\lhfZlbq_kdZy� Z\lhfZlbq_k�

dZy� jh[hlbabjh\ZggZy��

• h[hjm^h\Zgb_ b l_ogheh]bb ^ey ieZaf_gghc� eZa_j�

ghc� ]ZahieZf_gghc k\Zjdb� j_adb� gZieZ\db �jmqghc� f_�

oZgbabjh\Zgghc� jh[hlbabjh\Zgghc��

• h[hjm^h\Zgb_ b l_ogheh]bb ^ey k\Zjdb khijhlb\e_�

gb_f �dhglZdlghc k\Zjdb��

• h[hjm^h\Zgb_ b l_ogheh]bb ^ey k\Zjdb ieZklfZkk�

• h[hjm^h\Zgb_� fZl_jbZeu b l_ogheh]bb dhgljhey dZ�

q_kl\Z k\Zjguo kh_^bg_gbc b bkoh^guo fZl_jbZeh\�

• h[hjm^h\Zgb_ b l_ogheh]bb ijhba\h^kl\Z k\Zjhqguo
fZl_jbZeh\�

• h[hjm^h\Zgb_ b l_ogheh]bb ^ey iZcdb� fZl_jbZeu

^ey k\Zjdb� j_adb� gZieZ\db� gZiue_gby� iZcdb �we_dljh�

^u� ijh\hehdZ� ijbihb b ij���

• kj_^kl\Z b f_lh^u aZsblu hl \j_^guo ijhba\h^k�

l\_gguo nZdlhjh\ �jZ[hqZy h^_`^Z� kbkl_fu \_glbeypbb�

jZkibjZlhju b ij���

• bgkljmf_glu b ijbkihkh[e_gby ^ey k\Zjdb�

• we_dljhggZy we_f_glgZy [ZaZ b dhfie_dlmxsb_ ^ey

ijhba\h^kl\Z k\Zjhqgh]h h[hjm^h\Zgby�

• f_lh^u h[mq_gby b ih\ur_gby d\ZebnbdZpbb k\Z�

jhqgh]h i_jkhgZeZ� k_jlbnbdZpby�

• gZmqgu_ jZajZ[hldb b b^_b�

< \uklZ\d_ ijbgyeb mqZklb_ hdheh ��� wdkihg_glh\�

ij_^klZ\eyxsbo ij_^ijbylby� hj]ZgbaZpbb b nbjfu

Jhkkbb� MdjZbgu� ;_ehjmkkbb� BlZebb� =_jfZgbb b

R\_pbb� Kj_^b gbo ©:[bdhj ;bg�

p_evª� ©:e_dkZg^j Khdheh\ª�

©<_[_j Dh F_oZgbdkª� ©<_dlhjª�

©<we^bg] Weehckª� ©=ZahaZsblZ b

dhfnhjlª� ©=Zakljhck_j\bkª� =JIA�

©>`_lª� ©>xdhgª� ©Bgl_jl_oijb�

[hjª� ©BkdjZª� ©JZ^bkª� ©Dhffm�

gZjª� ©Dhj^ª� ©Ehkbghhkljh\kdbc

we_dljh^guc aZ\h^ª� ©FZ]gblh]hj�

kdbc FFAª� ©F_lhgª� ©Fmevlbi�

eZaª� ©=K�Dhfie_dlª� GBLB

©Ijh]j_kkª� ©Hjbhg =jbg_\Zª�

©IeZafZª� ©Jhkeh\ª� ©K\ZjdZª�

©Kbah^ª� ©L_ogbdhj^ª� ©MjZel_j�

fhk\Zjª b ^j�

Kj_^b fbjh\uo eb^_jh\ gZ \uk�

lZ\d_ [ueb ij_^klZ\e_gu (6$%

�R\_pby� b ©0HVVHUª �=_jfZgby��

MdjZbgZ gZ \uklZ\d_ [ueZ ij_^�

klZ\e_gZ GLD ©BWK bf� ?� H� IZ�

lhgZª� ©Ahglª� ©>hgf_lª� ©L_o�

fZrª� LF ©<_e^l_dª� ©WegZª� ©Kw�

efbª� Z lZd`_ ijhn_kkbhgZevgufb

`mjgZeZfb ©:\lhfZlbq_kdZy k\Zj�

dZª b ©K\Zjsbdª�

JZa\blb_ keh`guo l_ogheh]bq_k�

dbo ijhp_kkh\ \ k\Zjd_� \hijhku

\g_^j_gby gZ jhkkbckdbc jughd gh�

\uo l_ogheh]bc b kha^Zgb_ kh[k�

l\_ggh]h dhgdmj_glhkihkh[gh]h

k\Zjhqgh]h h[hjm^h\Zgby b fZl_jb�

Zeh\ gZreb k\h_ hljZ`_gb_ \ gZ�

kus_gghc bgnhjfZpbhggh�gZmq�

ghc ijh]jZff_ \uklZ\db� \dexqZx�

s_c ijh\_^_gb_ k_fbgZjh\ b dhg�

n_j_gpbc� ©I_j_^h\u_ k\Zjhqgu_

l_ogheh]bb� h[hjm^h\Zgb_ b fZl_�

jbZeu ^ey fZrbghkljh_gby �h[s_�

]h� Zlhfgh]h� Zwjhdhkfbq_kdh]h�

g_nl_obfbq_kdh]h� ljZgkihjlgh�

]h�ª� ©:\lhfZlbaZpby \ k\Zjhqghf

ijhba\h^kl\_ª� ©Fh^_jgbaZpby� j_�

dhgkljmdpby b j_fhgl h[hjm^h\Z�

gby obfbq_kdbo ijhba\h^kl\ª� ©I_�

j_^h\u_ k\Zjhqgu_ l_ogheh]bb�

h[hjm^h\Zgb_ b fZl_jbZeu ^ey

kljhbl_evkl\Z� dhffmgZevguo b

������ ��



]Zah\uo ohayckl\ b wdkiemZlZpby ljZgkihjlZª�

>ey ih\ur_gby ij_klb`Z ijhn_kkbb k\ZjsbdZ hj]Z�

gbaZlhju \uklZ\db ijh\_eb ijhn_kkbhgZevguc dhgdmjk

©Emqrbc k\Zjsbd Jhkkbb�����ª \ lj_o ghfbgZpbyo �jmq�

gZy ^m]h\Zy k\ZjdZ� jmqgZy Zj]hgh^m]h\Zy k\ZjdZ b f_�

oZgbabjh\ZggZy k\ZjdZ \ kj_^_ m]e_dbkeh]h ]ZaZ�� dhgdmjk

©Bg`_g_j�k\Zjsbd ]h^Zª �\i_j\u_�� Z lZd`_ dhgdmjk

©Fbkk K\ZjdZª� < dhgdmjkZo mqZkl\h\Zeb ij_^klZ\bl_eb

fgh]bo j_]bhgh\ Jhkkbb�

< p_ehf \uklZ\dZ ijhba\_eZ [eZ]hijbylgh_ \i_qZle_�

gb_� Ih fg_gbx Ij_ab^_glZ JGLKH H� B� Kl_deh\Z� k

dZ`^uf ]h^hf hgZ \k_ m\_j_gg__ ijbh[j_lZ_l klZlmk

]eZ\ghc gZpbhgZevghc ki_pbZebabjh\Zgghc \uklZ\db ih

k\Zjd_ b jh^kl\_gguf l_ogheh]byf \ Jhkkbb� RbjhdZy

j_deZfgZy dhfiZgby iha\hebeZ \uklZ\d_ ©Jhkk\ZjdZª h[�

jZlblv gZ k_[y \gbfZgb_ b h[_ki_qbeZ Zdlb\gmx ihk_sZ�

_fhklv�

<� G� Ebih^Z_\� ^�j l_og� gZmd
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=ZahieZf_gguc b we_dljh^m]h\hc kihkh[u h[jZ[hldb f_�

lZeeh\� aZjh^b\rb_ky \ dhgp_ ;,; klhe_lby� k_]h^gy y\�

eyxlky \ukhdhjZa\blufb gZijZ\e_gbyfb k\Zjhqghc l_o�

gbdb� ihemqb\rbfb rbjhdh_ ijhfure_ggh_ ijbf_g_�

gb_� Wlhfm kihkh[kl\h\Zeb kha^Zggu_ ihqlb h^gh\j_f_g�

gh b klZ\rb_ \ kdhjhf \j_f_gb ]heh\gufb dhhj^bgbjmx�

sbfb gZmqgh�bkke_^h\Zl_evkdbfb bgklblmlZfb� BWK bf�

?� H� IZlhgZ \ ]� Db_\_ ² ih we_dljhl_jfbq_kdbf ijh�

p_kkZf b \ p_ehf ih jZa\blbx k\Zjhqghc gZmdb b l_ogbdb

b <GBBZ\lh]_gfZr \ ]� Fhkd\_ ² ih ]Zahl_jfbq_kdbf

ijhp_kkZfb jZa\blbx Z\lh]_gghc l_ogbdb�

<GBBZ\lh]_gfZr �jZg__ <GBBZ\lh]_g� Z gug_ N=MI

©<GBBZ\lh]_grfZrª�� kha^Zgguc \ i_jbh^ \hcgu �\

n_\jZe_ ���� ]�� \ p_eyo jZa\blby hl_q_kl\_gghc Z\lh�

]_gghc l_ogbdb� jZajZ[hlZe b hj]Zgbah\Ze fZkkh\h_ ijh�

ba\h^kl\h ]ZahieZf_gguo ]hj_ehd ^ey j_adb� k\Zjdb� gZi�

eZ\db� iZcdb b aZdZedb� j_^mdlhjh\� f_lZeebaZpbhgguo

ZiiZjZlh\� jZaghh[jZaguo kj_^kl\ f_oZgbaZpbb� \ lhf

qbke_ ]Zahj_aZl_evguo fZrbg ^ey Z\lhfZlbabjh\Zgghc

nb]mjghc j_adb ebklh\h]h b ijhnbevgh]h ijhdZlZ� Z lZd�

`_ Zp_lbe_gh\uo ]_g_jZlhjh\ b ij� GZ ijhly`_gbb \k_]h

k\h_]h kms_kl\h\Zgby hg dhhj^bgbjm_l \k_ \b^u ]Zahi�

eZf_gghc �bklhjbq_kdb ©Z\lh]_gghcª� l_ogbdb b gug_�

ijb h]jZgbq_gguo nbgZgkh\uo \hafh`ghklyo� khojZgy_l wlm

hl\_lkl\_ggmx jhev dZd \ Jhkkbb� lZd b \ kljZgZo KG=�

< l_kghf khljm^gbq_kl\_ k aZ\h^Zfb� ki_pbZebabjm�

xsbfbky gZ ijhba\h^kl\_ Z\lh]_gghc l_ogbdb �;ZjgZmev�

kdbf ZiiZjZlmjgh�f_oZgbq_kdbf� H^_kkdbf :\lh]_gfZ�

r_f� Dbjh\hdZgkdbf :\lh]_gfZr_f b ^j��� <GBBZ\lh�

]_gfZr \uihegy_l \Z`gmx jZ[hlm ih \uimkdm ^ey wlbo

aZ\h^h\ i_j\hgZqZevghc dhgkljmdlhjkdhc� ghjfZlb\gh�

l_ogbq_kdhc ^hdmf_glZpbb� klZg^ZjlbaZpbb dhhj^bgZpbb

ghf_gdeZlmju b h[t_fh\ ijhba\h^kl\Z ]ZahieZf_ggh]h

h[hjm^h\Zgby� f_lh^h\ dhgljhey b hp_gdb dZq_kl\Z

mdZaZgguo \ur_ ba^_ebc�

;hevrZy aZkem]Z \ hj]ZgbaZpbb jZ[hlu bgklblmlZ ijb�

gZ^e_`bl _]h jmdh\h^bl_eyf ² ba\_klguf mq_guf� hk�

gh\Zl_ex b i_j\hfm _]h ^bj_dlhjm ^�jm l_og� gZmd ijhn�

:� G� RZrdh\m b ijh^he`Zl_eyf _]h ^_eZ ^bj_dlhjZf

dZg^� l_og� gZmd B� :� :glhih\m� ^�jm l_og� gZmd I� B�

Gbdbnhjh\m b aZf_klbl_eyf ^bj_dlhjh\ ^�jm l_og� gZmd

D� <� <Zkbev_\m� dZg^� l_og� gZmd =� D� Kmobgbgm�

<GBBZ\lh]_gfZr l_kgh khljm^gbqZ_l k jZaebqgufb

gZmqgh�bkke_^h\Zl_evkdbfb b mq_[gufb bgklblmlZfb

kljZgu� \ qZklghklb BWK bf� ?� H� IZlhgZ� ;eZ]h^Zjy

l\hjq_kdbf b ^jm`_kdbf k\yayf [ueb kha^Zgu lZdb_

ijh]j_kkb\gu_ ijhp_kku� dZd \ha^mrgh�ieZaf_ggZy j_adZ

b gZiue_gb_� Kh\f_klgh_ b ohjhrh kdhhj^bgbjh\Zggh_

mqZklb_ mq_guo h[hbo bgklblmlh\ \ khljm^gbq_kl\_ ih

ebgbb KW< b FBK kihkh[kl\h\Zeh \ukhdhfm mjh\gx Z\�

lhjbl_lZ dZd h[hbo bgklblmlh\� lZd b \k_c hl_q_kl\_gghc

k\Zjhqghc gZmdb b l_ogbdb�

Iha^jZ\ey_f dhee_dlb\ N=MI ©<GBBZ\lh]_gfZrª kh

keZ\guf x[be__f� <ujZ`Z_f m\_j_gghklv \ _]h ^Zevg_c�

rbo mki_oZo \ h[eZklb ]Zahl_jfbq_kdbo ijhp_kkh\ b gZ�

^_`^m gZ ijh^he`_gb_ b mdj_ie_gb_ l\hjq_kdbo k\ya_c

f_`^m gZrbfb bgklblmlZfb�

< fZjl_ bkihegbehkv �� e_l :gZlhebx

B\Zgh\bqm Q\_jldh� ^hdlhjm l_ogbq_k�

dbo gZmd� ]eZ\ghfm gZmqghfm khljm^gb�

dm BWK bf� ?� H� IZlhgZ G:G MdjZb�

gu� K fZy ���� ]� ^_yl_evghklv :� B�

Q\_jldh g_jZaju\gh k\yaZgZ k Bgklblm�

lhf we_dljhk\Zjdb� ]^_ hg ijhr_e imlv

hl dhgkljmdlhjZ ^h jmdh\h^bl_ey djmi�

gh]h D; bgklblmlZ� dhlhjuf [_kkf_ggh

jmdh\h^be ihqlb ljb^pZlv e_l� <ukhdb_

hj]ZgbaZlhjkdb_ kihkh[ghklb :� B� Q\_jldh kihkh[kl\h�

\Zeb kha^Zgbx dhee_dlb\Z� dhlhjuc [ue \_^msbf \ ijh�

_dlbjh\Zgbb b \g_^j_gbb kh\j_f_gghc hl_q_kl\_gghc

k\Zjhqghc l_ogbdb� A^_kv [ueZ kha^ZgZ mgbdZevgZy ZiiZ�

jZlmjZ ^ey jZaebqguo l_ogheh]bc Z\lhfZlbq_kdhc k\Zjdb�

we_dljhf_lZeemj]bq_kdh_ h[hjm^h\Zgb_� mklZgh\db ^ey

we_dljhggh�emq_\hc b ieZaf_gghc h[jZ[hldb f_lZeeZ� dh�

lhju_ ih k\hbf iZjZf_ljZf ij_\hkoh^beb aZjm[_`gu_

ZgZeh]b� IjZdlbq_kdmx ^_yl_evghklv :� B� Q\_jldh mk�

i_rgh khq_lZ_l k gZmqghc� y\eyykv Z\lhjhf hdheh q_lu�

j_okhl gZmqguo ljm^h\ b bah[j_l_gbc� K\hc [h]Zluc gZ�

mqguc b ijhba\h^kl\_gguc hiul hg i_j_^Z\Ze \ l_q_gb_

jy^Z e_l fheh^hfm ihdhe_gbx bg`_g_jh\� [m^mqb ijh�

n_kkhjhf k\Zjhqgh]h nZdmevl_lZ DIB� Fgh]h]jZggZy ^_�
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yl_evghklv :� B� Q\_jldh hlf_q_gZ =hkm^Zjkl\_gghc ij_�

fb_c MKKJ� a\Zgb_f ©AZkem`_gguc fZrbghkljhbl_ev

MKKJª� Ihq_lghc ]jZfhlhc Ij_ab^bmfZ <_jog_]h Kh\_lZ

MKKJ� hj^_ghf >jm`[u gZjh^h\� k_fvx ]hkm^Zjkl\_ggu�

fb f_^Zeyfb b lj_fy f_^Zeyfb <>GO�

< fZjl_ :gZlhebx >Zgbeh\bqm

Q_imjghfm� ^hdlhjm l_ogbq_k�

dbo gZmd� ijhn_kkhjm� ZdZ^_fb�

dm F_`^mgZjh^ghc bg`_g_jghc

ZdZ^_fbb� eZmj_Zlm =hkm^Zjkl�

\_gguo ij_fbc MKKJ b MdjZb�

gu� aZkem`_gghfm fZrbghkljh�

bl_ex MdjZbgu bkihegbehkv ��

e_l� K\hx ljm^h\mx ^_yl_ev�

ghklv hg gZqZe gZ @^Zgh\kdhf aZ�

\h^_ ly`_eh]h fZrbghkljh_gby

�@ALF� we_dljhk\Zjsbdhf \ dh�

l_evgh�k\Zjhqghf p_o_� K ���� ih ���� ]]� jZ[hlZ_l \ hl�

^_e_ ]eZ\gh]h k\ZjsbdZ bg`_g_jhf�l_ogheh]hf� klZjrbf

bg`_g_jhf� gZqZevgbdhf [xjh� aZ\_^mxsbf k_dlhjhf�

H^gh\j_f_ggh� [_a hlju\Z hl ijhba\h^kl\Z� \ ���� ]� aZ�

dhgqbe \_q_jg__ hl^_e_gb_ FZjbmihevkdh]h f_lZeemj]b�

q_kdh]h bgklblmlZ ih ki_pbZevghklb ©H[hjm^h\Zgb_ b

l_ogheh]by k\Zjhqgh]h ijhba\h^kl\Zª� Hkgh\gmx ijhba�

\h^kl\_ggmx ^_yl_evghklv :� >� Q_imjghc \hl m`_ fgh�

]b_ ]h^u m^Zqgh khq_lZ_l k k_jv_agufb gZmqgufb bkke_�

^h\Zgbyfb b jZajZ[hldZfb \ h[eZklb ki_pbZevghc we_dl�

jhf_lZeemj]bb b k\Zjdb� AZ \j_fy mq_[u �����±����� \ aZ�

hqghc ZkibjZglmj_ BWK bf� ?� H� IZlhgZ :gZlhebc >Zgb�

eh\bq ih^ jmdh\h^kl\hf gZmqgh]h jmdh\h^bl_ey ZdZ^_fb�

dZ G:G MdjZbgu ;� B�F_^h\ZjZ \uihegbe dhfie_dk wdk�

i_jbf_glZevgh�bkke_^h\Zl_evkdbo jZ[hl� iha\heb\rbo

\i_j\u_ \ hl_q_kl\_gghc b fbjh\hc ijZdlbd_ kha^Zlv

ijhfure_ggmx l_ogheh]bx ihemq_gby f_lh^hf we_dl�

jhreZdh\h]h eblvy �WRE� eblhk\Zjguo khkm^h\ \ukhdh�

]h ^Z\e_gby ba klZeb ��O��G��LR�E ^ey djbh]_gghc

l_ogbdb� dhlhjZy ijb _]h mqZklbb [ueZ \g_^j_gZ \ ijhba�

\h^kl\h gZ @ALF�

K ���� ih ���� ]]� :� >� Q_imjghc jZ[hlZ_l ^bj_d�

lhjhf =heh\gh]h ki_pbZebabjh\Zggh]h dhgkljmdlhjkdh�

l_ogheh]bq_kdh]h [xjh� Z k ���� ih ���� ]]� ² ^bj_d�

lhjhf =hkm^Zjkl\_ggh]h ]heh\gh]h ki_pbZebabjh\Zggh]h

dhgkljmdlhjkdh�l_ogheh]bq_kdh]h bgklblmlZ �=KDLB��

Wlhl i_jbh^ _]h ^_yl_evghklb k\yaZg k kha^Zgb_f ijbg�

pbibZevgh gh\uo l_ogheh]bq_kdbo ijhp_kkh\ ijhba\h^�

kl\Z� h[_ki_qb\Zxsbo ^h\_^_gb_ hl_q_kl\_gguo jZajZ[h�

lhd ^h fbjh\h]h mjh\gy� <h fgh]hf [eZ]h^Zjy wlbf jZa�

jZ[hldZf� \uiheg_gguf k mqZklb_f BWK bf� ?� H� IZ�

lhgZ� \_^msbo D; b GBB kljZgu� IH ©@^Zgh\ly`fZrª

\ wlb ]h^u aZgbfZ_l i_j_^h\u_ ihabpbb ih kha^Zgbx b

hk\h_gbx ijhba\h^kl\Z gZb[he__ i_jki_dlb\ghc fZrb�

ghkljhbl_evghc ijh^mdpbb� DjmighlhggZ`gu_ ]hjbahg�

lZevgu_ kebldb ^ey ihemq_gby ]_l_jh]_gghc [jhgb� aZ�

]hlh\db djmiguo ]_l_jh]_gguo rlZfih\� eblu_ keh`ghi�

jhnbevgu_ aZ]hlh\db ^ey lZgdh\uo [hjlh\� iheu_ WRE

aZ]hlh\db nZkhggh]h ijhnbey ^ey dZlZimevl Z\bZg_kmsbo

dj_ck_jh\� [Zrgb lZgdZ� hleblu_ k we_dljhreZdh\uf mi�

ehlg_gb_f� ba]hlh\e_ggu_ \i_j\u_ k\ZjghdZlZgu_ [Zrgb

lZgdZ ba ohjhrh k\Zjb\Z_fhc [jhg_\hc klZeb :DF�k\��

djmighlhggZ`guc iheuc keblhd :DF fZkkhc ��� l b

ba]hlh\e_gguc ba g_]h ljZgkihjlguc dhgl_cg_j ^ey i_�

j_\hadb hljZ[hlZggh]h y^_jgh]h lhieb\Z hl Zlhfguo

we_dljhklZgpbc gZ aZ\h^u j_]_g_jZpbb lhieb\Z b fgh]h_

^jm]h_ [ueh j_Zebah\Zgh [eZ]h^Zjy jZajZ[hlZgguf gZ aZ�

\h^_ gh\uf l_ogheh]bq_kdbf ijhp_kkZf b h[hjm^h\Zgbx�

g_ bf_\rbf ZgZeh]h\ \ fbjh\hc ijZdlbd_�

K ���� ]� :� >� Q_imjghc y\ey_lky ij_^k_^Zl_e_f

ijZ\e_gby H:H ©=KDLBª� K ghy[jy ���� ]� b ih gZk�

lhys__ \j_fy hg lZd`_ y\ey_lky \bp_�ij_ab^_glhf

H:H ©:ah\fZrª� ]eZ\guf bg`_g_jhf H:H ©FALFª�

:gZlhebc >Zgbeh\bq ² Z\lhj [he__ ��� gZmqguo

klZl_c� fhgh]jZnbc� mq_[guo ihkh[bc� Z\lhjkdbo k\b^_�

l_evkl\ b iZl_glh\�

Ijhba\h^kl\_ggh�gZmqgZy ^_yl_evghklv :� >� Q_imj�

gh]h hlf_q_gZ fgh]bfb gZ]jZ^Zfb� hj^_gZfb ©AZ aZkem�

]bª ��c kl_i_gb ������� ©AZ aZkem]bª ��c kl_i_gb �������

©AZ jha[m^h\m MdjZbguª bf� FboZbeZ =jmr_\kdh]h ��c

kl_i_gb ������� ©AZ fm`_kl\hª ������� hj^_ghf ;h]^ZgZ

Of_evgbpdh]h ������� f_^Zevx ©��� e_l Jhkkbckdhfm

nehlmª ������� x[be_cghc f_^Zevx FZjrZeZ @mdh\Z

�������

K\h_ ���e_lb_ :� >� Q_imjghc \klj_qZ_l \ jZkp\_l_

`bag_gguo kbe� iheguc wg_j]bb b l\hjq_kdbo ieZgh\�
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