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ÊÄÑ� ®ÏÍÂÏÄÐÐ Á ÜÑÍÈ ÍÀÊ¿ÐÑÇ ÐÑ¿Ê ÁÍÆËÍÅÌÚË ÀÊ¿ÂÍÃ¿ÏÞ Ï¿ÆÏ¿ÀÍÑÉÄ Ç ÎÏÇËÄÌÄÌÇÝ ÌÍÁÚÔ ÉÍËÎÊÄÉÐÌÍ�ÊÄÂÇÏÍÁ¿ÌÌÚÔ

ÑÄÎÊÍÒÐÑÍÈÖÇÁÚÔ ÐÑ¿ÊÄÈ Ð ÎÍÁÚ×ÄÌÌÚË ÐÍÃÄÏÅ¿ÌÇÄË ÔÏÍË¿� ®ÏÍ¿Ì¿ÊÇÆÇÏÍÁ¿ÌÍ ÁÊÇÞÌÇÄ ÊÄÂÇÏÍÁ¿ÌÇÞ Ì¿ Ó¿ÆÍÁÚÈ

ÐÍÐÑ¿Á� ÉÍÏÏÍÆÇÍÌÌÒÝ ÐÑÍÈÉÍÐÑÛ� ÎÏÍÕÄÐÐÚ ÎÏÇ ÐÑ¿ÏÄÌÇÇ� ÃÊÇÑÄÊÛÌÒÝ ÎÏÍÖÌÍÐÑÛ Ç ÐÁ¿ÏÇÁ¿ÄËÍÐÑÛ ÌÍÁÚÔ ÁÚÐÍÉÍ�

ÔÏÍËÇÐÑÚÔ ÑÄÎÊÍÒÐÑÍÈÖÇÁÚÔ ÐÑ¿ÊÄÈ�

zã
� Ë m © Ë ° ã º m È � �Ë¹ãºmÈ« ªÓË¯�Ë�Ò}È� z�i� °mË¯²}¯Ò�
�Ò�Ë°}ÒË ¹È¯ÈäË�¯© ¹È¯È� �Ë¹ãº�°�º®�Òm©Ë °�ÈãÒ� ãË�Ò¯º�

mÈÓÒË� �ãÒ�Ëã	ÓÈ« ¹¯º�Óº°�	� È�°�ËÓÒ�Ó©Ë °�ÈãÒ� °�Èã	 °

�� &U

{ ÓÈ°�º«�ËË m¯Ëä« �Ë¹ãºm©äÒ ªãË}�¯º°�ÈÓ�Ò«äÒ
��wv� ¹¯ºÒÏmº�Ò�°« ­ºã	�È« �ºã« ªãË}�¯ºªÓË¯�ÒÒ

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©­�

¯º°ºm m È�äº°ÁË¯� �ÈÏºº­¯ÈÏÓ©² °ºË�ÒÓËÓÒ® ���

ãË¯º�È Ò ÈÏº�È �&2� &2
�
Ò 12

[
�� z¯ºäË �º�º�

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

}ÈäËÓÓº�º Ò ­�¯º�º ��ã«� äÒ¯ºm©Ë ÏÈ¹È°© }º�º¯©²

º­Ë°¹Ë�È� Ò² ¹º�¯Ë­ãËÓÒË ÓÈ °¯º}� m � ¯ÈÏÈ ¹¯Ë�

m©�È
�Ò® °¯º} ¹º�¯Ë­ãËÓÒ« ÓËÁ�Ò Ò �ÈÏÈ >�� �@�

|�ÓÒä ÒÏ ªÁÁË}�ÒmÓ©² ÓÈ¹¯ÈmãËÓÒ® m ¯Ë�ËÓÒÒ

ª}ºãº�Ò�Ë°}º® ¹¯º­ãËä© «mã«Ë�°« °º}¯È�ËÓÒË }º�

ãÒ�Ë°�mÈ ¹º�¯Ë­ã«Ëäº�º �º¹ãÒmÈ m ¯È°�Ë�Ë ÓÈ Ë�Ò�

ÓÒ�� ¹¯ºÒÏmË�ËÓÓº® ªãË}�¯ºªÓË¯�ÒÒ� iã« ª�º�º °ºÏ�

�È
�°« °¹Ë�ÒÈã	Ó©Ë �Ë²Óºãº�ÒÒ ¹º��º�ºm}Ò ��ã«

Ò º­º¯��ºmÈÓÒË� º­Ë°¹Ë�ÒmÈ
�ÒË ÓÈÒ­ºãËË ¹ºãÓºË

°ÎÒ�ÈÓÒË �º¹ãÒmÓ©² Á¯È}�Ò®� �º¹}Ò� ¯È­º�È
�ÒË

ÓÈ ¹©ãË��ºã	Óºä �º¹ãÒmË� ° }Ò¹«�Òä �Ò¯}�ãÒ�

¯�
�Òä °ãºËä� ° }Ò¹«�Òä °ãºËä ° ¹ºm©�ËÓÓ©ä

�ÈmãËÓÒËä� }ºä­ÒÓÒ¯ºmÈÓÓ©Ë �°�ÈÓºm}Ò ° �ÈÏÒÁÒ�

}È�ÒË® ��ã«� m }º�º¯©² �È°�	 ��ã« ° ¹ºäº�	


¹Ò¯ºãÒÏÈ ¹Ë¯Ë¯È­È�©mÈË�°« m �º¯
�Ò® �ÈÏ� ÓÈ°©�

�ËÓÓ©® mºÏ��²ºä ÒãÒ }Ò°ãº¯º�ºä Ò °ÎÒ�ÈËä©®

m °¹Ë�ÒÈã	Óº® }ÈäË¯Ë� È º­¯ÈÏ�
�Ò®°« ¹¯Ò ª�ºä

}º}° Ò º°�Èm�È«°« �È°�	 ��ã« °ÎÒ�È
�°« ¹º �Ë²�

Óºãº�ÒÒ }Ò¹«�Ë�º °ãº« ° ¹ºm©�ËÓÓ©ä �ÈmãËÓÒËä

>�� �@� { ª�Ò² �°ãºmÒ«² °�¯È�Ë�Ò« ÓÈÒäËÓ	�Ë�º ��Ë¯�
­È ¹¯Ë��°äÈ�¯ÒmÈË� ¹ºm©�ËÓÒË �Ëä¹Ë¯È��¯© m �º¹}È²

Ò ¯È­º�Ò² º¯�ÈÓÈ² }º�Ëã	Ó©² È�¯Ë�È�ºm� ��º� }¯ºäË

°ÓÒÎËÓÒ« ªäÒ°°ÒÒ m¯Ë�Ó©² º}°Ò�ºm� °º¹¯ºmºÎ�ÈË�°«

�È}ÎË ¹ºm©�ËÓÒËä Ò² z�i �¯Ò°� �� >�� �Ü��@� w�º

°m«ÏÈÓº ° �º°�ÒÎËÓÒËä °mË¯²}¯Ò�Ò�Ë°}Ò² ¹È¯ÈäË�¯ºm

¹È¯È �7 ≤ ���…��� Åv� 3 ≤ ��… �� l�È� ¹º º��

Óº�ËÓÒ
 } ¹¯Ë�Ëã	Ó©ä ¹È¯ÈäË�¯Èä� �º¹�°}ÈËä©ä

m ¯ÈÓËË Ò°¹ºã	Ï�Ëä©² �°�ÈÓºm}È² �7 ≤ ��� Åv Ò

3  ��…�� l�È�� �È}º® ¹Ë¯Ë²º� ¹ºÏmºã«Ë� ¹º�

m©°Ò�	 z�i ªÓË¯�º�°�ÈÓºmº} �wv º� ��…�� �

�¯È°°�Ò�ÈÓÓ©² �ã« �°ãºmÒ®� 7 a ��� Åv� 3 ≤ � l�È�
�º a �� � >�Ü�@�

iã« ¹¯È}�Ò�Ë°}º® ¯ËÈãÒÏÈ�ÒÒ ¹¯Ë�ãÈ�ÈËä©²

�Ë²ÓÒ�Ë°}Ò² ¯Ë�ËÓÒ® ¹º�¯Ë­ºmÈã°« Óºm©® °mÈ¯Ò�

mÈËä©® }ºÓ°�¯�}�ÒºÓÓ©® äÈ�Ë¯ÒÈã� °¹º°º­Ó©®

�º°�È�º�Óº ªÁÁË}�ÒmÓº ¯È­º�È�	 m Óºm©² �°ãºmÒ«²

ª}°¹ã�È�È�ÒÒ� �º°ãË °ºÏ�ÈÓÒ« ¹Ë¯m©² �Ë¹ãº�°�º®�

�Òm©² °�ÈãË® ° °Ò°�Ëäº® ãË�Ò¯ºmÈÓÒ« )HÜ0R ��Ò¹È

��l� ��l�� ÓË�º°�È�}ºä }º�º¯©² ­©ãÈ °}ãºÓÓº°�	

} �¯ÈÁÒ�ÒÏÈ�ÒÒ ¹¯Ò �Ëä¹Ë¯È��¯È² m©�Ë ��� Åv

�°Ë�º�Ó« �È}ÒË °�ÈãÒ �ã« °mÈ¯Ó©² �Ë�ÈãË® ªÓË¯�

�Ë�Ò�Ë°}Ò² �°�ÈÓºmº} ÓË ¹¯ÒäËÓ«
�°«�� ­©ã ¯ÈÏ�

¯È­º�ÈÓ �Ëã©® ¯«� ¯ÈÏãÒ�Ó©² äÈ¯º} ÓÒÏ}º� Ò °¯Ë��

ÓËãË�Ò¯ºmÈÓÓ©² °�ÈãË® ÓÈ º°ÓºmË °Ò°�Ëä )HÜ&U�

)HÜ&UÜ0R ° �º­Èm}ÈäÒ mÈÓÈ�Ò«� ÓÒº­Ò«� ÓÒ}Ëã«

Ò �¯��Ò² ªãËäËÓ�ºm >��Ü��@� �È}ºË �°ãºÎÓËÓÒË

ãË�Ò¯ºmÈÓÒ« º­�°ãºmãÒmÈË� ¹ºm©�ËÓÒË �ãÒ�Ëã	Óº®

� {� �� v}�ã	°}Ò®� k� z� ¡È¯
}� ����

cÒ°� �� iÒÓÈäÒ}È ¯º°�È ªÁÁË}�ÒmÓº°�Ò Ò �äËÓ	�ËÓÒ« ¹º�¯Ë­�
ãËÓÒ« ��ºã	Óº�º �º¹ãÒmÈ ÓÈ ¹¯ÒäË¯Ë ªãË}�¯º°�ÈÓ�Ò®� °¹¯ºË}�Ò�
¯ºmÈÓÓ©² ÁÒ¯äº® 9.5 ��Ë¯äÈÓÒ«� >�� ��@� � Û ¹º�¯Ë­ãËÓÒË
�º¹ãÒmÈ� � Û z�i

������ �



¹¯º�Óº°�Ò °�ÈãË® Ò �mËãÒ�ÒmÈË� mË¯²ÓÒ® �Ëä¹Ë�
¯È��¯Ó©® ¹¯Ë�Ëã Ò² ª}°¹ã�È�È�ÒÒ� �È}� �Ë�ÈãÒ
ÒÏ ��ãË¯º�Ò°�©² °�ÈãË® �Ò¹È °�ÈãÒ ��� °�ÈãÒ ��
äº��� ¯È­º�È�	 ¹¯Ò �Ëä¹Ë¯È��¯Ë �º ��� Åv� ÒÏ °�ÈãÒ
��tl Û �º ���� ��tln� Û �º ��� Åv >��@�
|�ÓÈ}º �¹¯º�Ó«
�ÒË ªãËäËÓ�©� º°º­ËÓÓº ��ãË¯º��
�²���È
� °mÈ¯ÒmÈËäº°�	 �Ë¹ãº�°�º®�Òm©² °�ÈãË®�
¹ºª�ºä� �ã« °mÈ¯Ó©² }ºÓ°�¯�}�Ò® �° �Ëã	
 º­Ë°�
¹Ë�ËÓÒ« ��ºmãË�mº¯Ò�Ëã	Óº® °mÈ¯ÒmÈËäº°�Ò� ¯Ë}º�
äËÓ��Ë�°« ¹¯ÒäËÓ«�	 °�ÈãÒ ° º�Óº°Ò�Ëã	Óº ÓÒÏ}Òä
°º�Ë¯ÎÈÓÒËä ��ãË¯º�È Û �º ���…��� � >��@�

{ �È­ãÒ�Ë ¹¯Ë�°�ÈmãËÓ© äÈ¯}Ò º�Ë�Ë°�mËÓÓ©²
Ò ÏÈ¯�­ËÎÓ©² �Ë¹ãº�°�º®�Òm©² °�ÈãË®� ¹ºã��Òm�
�ÒË ÓÈÒ­ºã	�ËË ¹¯ÒÏÓÈÓÒË Ò ¯È°¹¯º°�¯ÈÓËÓÒË�
{Ò�Óº� ��º ª�Ò äÈ�Ë¯ÒÈã© º­Ë°¹Ë�ÒmÈ
� ¹¯Ò­ãÒ�
ÏÒ�Ëã	Óº º�ÒÓÈ}ºm©Ë �º¹�°�Òä©Ë ¯ËÎÒä© ª}°¹ã��
È�È�ÒÒ m©°º}º�Ëä¹Ë¯È��¯Ó©² �Ïãºm }º�Ëã	Ó©² �°�
�ÈÓºmº}� }º�º¯©Ë Ò º¹¯Ë�Ëã«
� �¯ºmËÓ	 }¯Ò�Ò�
�Ë°}Ò² ¹È¯ÈäË�¯ºm ¹È¯È� t¯ºäºäºãÒ­�ËÓºmÈÓÈ�Ò�
Ëm©Ë ¹Ë¯ãÒ�Ó©Ë °�ÈãÒ �Ò¹È ��t�l�n� ��t�ln
�Ò¯º}º Ò°¹ºã	Ï�
�°« m }º�Ëã	Ó©² È�¯Ë�È�È² m
°�¯ÈÓÈ² vs� Ò ÒäË
� ÏÈ¯�­ËÎÓ©Ë ÈÓÈãº�Ò �Ò¹È
°�ÈãÒ ����� �&U0R9�� ��0R9�� Ò ��&U0R9���
>�� ��� ��@� sÈ�ÒÓÈ« ° �����² ��� ÓÈÒ­ºã	�ËË ¯È°�
¹¯º°�¯ÈÓËÓÒË m äÒ¯Ë ¹ºã��ÒãÈ ­Ë®ÓÒ�ÓÈ« °�Èã	

����&UÜ�0R� mº�Ë��È« m äËÎ��ÓÈ¯º�Ó©® �(1�
Ò ÓÈ�ÒºÓÈã	Ó©Ë °�ÈÓ�È¯�© ¯«�È °�¯ÈÓ >��@ °º °ãË�
��
�ÒäÒ º­ºÏÓÈ�ËÓÒ«äÒ� ��&U0R� �� �(1� ~È�
¹È�ÓÈ« pm¯º¹È�� ��� �%6� {ËãÒ}º­¯Ò�ÈÓÒ«��
78��&'���� �$)125� n¯ÈÓ�Ò«�� ��&U0R���
�81,� j�ÈãÒ«�� 673$ �� �-,6� Ð¹ºÓÒ«�� °�ÈÓ�È¯�©
vbk Ò �Ë¯äÈÓÒÒ �}ÈÏÈÓ© m �È­ãÒ�Ë� { ~È¹È�Óº®
pm¯º¹Ë �m ¹Ë¯m�
 º�Ë¯Ë�	 �Ë¯äÈÓÒÒ� ° ÓÈ�ÈãÈ
�����² ��� mÏÈäËÓ °�ÈãÒ c�� ÓÈ�ÈãÒ ¹¯ÒäËÓ«�	
m©°º}ºãË�Ò¯ºmÈÓÓ�
 °�Èã	 äÈ¯�ËÓ°Ò�Óº�º }ãÈ°°È
ÒÏ �¯�¹¹© äÈ�Ë¯ÒÈãºm ° �� � &UÜt��&U0R9���
�t���� sË°äº�¯« ÓÈ ÓË°}ºã	}º ­ºã	�Ò® �¯ºmËÓ	
�ãÒ�Ëã	Óº® ¹¯º�Óº°�Ò °�ÈãÒ t��� ¹º °¯ÈmÓËÓÒ

°º °�Èã	
 c��� äÈ}°ÒäÈã	ÓÈ« �Ëä¹Ë¯È��¯È ËË ª}�
°¹ã�È�È�ÒÒ� }È} Ò � �¯��Ò² äÈ¯º} °�ÈãË®� º�¯È�
ÓÒ�ÒmÈË�°« a��� Åv�

v�Ò�ÈË�°«� ��º Á�Ó}�ÒºÓÈã	Ó©Ë mºÏäºÎÓº°�Ò

°�ÈãÒ ° ÁË¯¯Ò�Óº® α�¯Ë�Ë�}º®� �¹¯º�ÓËÓÓº® �º�
¹ºãÓÒ�Ëã	Ó©ä ãË�Ò¯ºmÈÓÒËä� Ò°�Ë¯¹©mÈ
�°« ¹¯Ò
7 ! ��� Åv �¯Ò°� ��� {©�Ë ª�º® �Ëä¹Ë¯È��¯©
­ºãËË ªÁÁË}�ÒmÓ©äÒ «mã«
�°« m©°º}ºãË�Ò¯ºmÈÓ�
Ó©Ë È�°�ËÓÒ�Ó©Ë °�ÈãÒ Ò °¹ãÈm© >��� ��@� |�ÓÈ}º
ÒÏ�º�ºmãËÓÒË �Ïãºm �Ë¹ãºªÓË¯�Ë�Ò�Ë°}º�º º­º¯��
�ºmÈÓÒ« ÒÏ È�°�ËÓÒ�Ó©² °�ÈãË® °º¹¯«ÎËÓº ° ¯«�ºä
¹¯º­ãËä� °m«ÏÈÓÓ©² ° Ò² ÁÒÏÒ�Ë°}ÒäÒ °mº®°�mÈäÒ
Ò °mÈ¯ÒmÈËäº°�	
 >��� ��@� { ¯È­º�Ë >��@ ÈÓÈãÒ�
ÏÒ¯�Ë�°« º¹©� �ãÒ�Ëã	Óº�º ¹¯ÒäËÓËÓÒ« È�°�ËÓÒ��
Ó©² °�ÈãË® �Ò¹ºm �c��� ���&Ü��&UÜ��1L�� 73���+
���&Ü��&UÜ��1LÜ�0R�� 73���/1 ���&Ü��&UÜ
��1LÜ�0RÜ1�� 73���+ ���&Ü��&UÜ��1LÜ7L��
73��� ���&Ü��&UÜ��1LÜ1E�� (VVKHWH ���� ���&Ü
��&UÜ��1LÜ�0QÜ0RÜ1EÜ9� Ò �¯� ¹¯Ò 7 ! ��� Åv
m °º°�ÈmË }ºÓ°�¯�}�Ò® ªÓË¯�Ë�Ò�Ë°}Ò² ­ãº}ºm� °ºÏ�
�ÈÓÓ©² m ÓÈ�ÈãË �����² ��� m {ËãÒ}º­¯Ò�ÈÓÒÒ�
�Ë¯äÈÓÒÒ� vbk� |�äË�ÈË�°«� ��º º�Óº® ÒÏ º°º�
­ËÓÓº°�Ë® È�°�ËÓÒ�Ó©² °�ÈãË® ¹º °¯ÈmÓËÓÒ
 °º
°�Èã«äÒ ° ÁË¯¯Ò�Óº® ¯Ë�Ë�}º® «mã«Ë�°« Ò² ­ºãËË
m©°º}È« �ËÁº¯äÈ�ÒºÓÓÈ« °¹º°º­Óº°�	 ¹¯Ò ­ºãËË
ÓÒÏ}Ò² ÓÈ¹¯«ÎËÓÒ«² ÒÏ�ÏÈ ­ºã	�Ë�º }ºãÒ�Ë°�mÈ

°Ò°�Ëä °}ºã	ÎËÓÒ« È�ºäºm m γ�¯Ë�Ë�}Ë ��� ÓÈ¹�
¯ÈmãËÓÒ® °}ºã	ÎËÓÒ«� >��� ��� ��@� �ºª�ºä� �ã«
º­Ë°¹Ë�ËÓÒ« m©°º}º® �ãÒ�Ëã	Óº® ¹¯º�Óº°�Ò È�°�
�ËÓÒ�Ó©² äÈ�Ë¯ÒÈãºm °Ò°�Ëä© )HÜ&UÜ1L ÓËº­²º�
�Òäº ãË�Ò¯ºmÈ�	 Ò² äºãÒ­�ËÓºä Ò mmº�Ò�	 ªÁ�
ÁË}�ÒmÓ©Ë }È¯­Ò�ºº­¯ÈÏ�
�ÒË ªãËäËÓ�© �ÓÒº­Ò®�
�Ò�ÈÓ� mÈÓÈ�Ò®�� È �È}ÎË ÈÏº� >��@� zÈ¯­Ò�ºº­�

¯ÈÏºmÈ�ËãÒ �Ò¹È �Ò�ÈÓÈ Ò
ÓÒº­Ò« ��È�Ë Ò°¹ºã	Ï�
� °�È�
ãÒ ° ÓÒº­ÒËä� ¹¯Ò º²ãÈÎ�ËÓÒÒ
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m ¯ÈÏãÒ�Ó©² °�¯ÈÓÈ²� cÈÏ¯È­º�}Ò �ãÒ m ÓÈ¹¯Èm�
ãËÓÒÒ �mËãÒ�ËÓÒ« °º�Ë¯ÎÈÓÒ« ²¯ºäÈ º� a� �º
�…�� � 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�
¯ºm©² Ò �ÈÏºm©² ��¯­ÒÓ� Û l�� lÈ��ÒÏ� ����� Û ��� °�

��� $60( %RLOHU DQG SUHVVXUH YHVVHO FRGH� 6HFWLRQ ,;� Û �����
��� (LQVDW] GHV 6WDKOHV ;�� &U0R91E � � LP 5ÈKPHQ YRQ $Q�

ODJHQHUWX⋅⋅FKWLJXQJHQ � %� +DKQ� 9� %DXPKRII� .� 3HWHUV�
0� =VFKDX �� 9*% .UDIWZHUNVWHFKQLN� Û ����� Û ���
¢ �� Û 6� ���Ü����

��� jÓ°�¯�}�Ò« ¹º ¯��Óº® ªãË}�¯º���ºmº® °mÈ¯}Ë �¯�­ ÒÏ ���
ãË¯º�Ò°�©² Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®� Û l�� |�¯ªÓË¯�
�º°�¯º®� ����� Û ��� °�

��� �Ë�¯ºm �� ��� ~ËäÏÒÓ {� s�� �ºÓ°Ë¯ºm°}Ò® n� �� vmÈ¯}È
ÎÈ¯º¹¯º�Ó©² ÓË¯ÎÈmË
�Ò² °�ÈãË®� Û l�� lÈ��ÒÏ� �����
Û ��� °�

��� väÒ� l� z� |°Óºm© ÁÒÏÒ}Ò äË�Èããºm� Û l�� lË�Èãã�¯�
�ÒÏ�È�� ����� Û ��� °�

��� tÈÓÒ}ºä­ c� �ãÈ°�Ò�Ë°}È« �ËÁº¯äÈ�Ò« äË�Èããºm� Û l��
0Ò¯� ����� Û ��� °�

��� -RVHIVVRQ %�� 1LOVVRQ -��2�� :LOVRQ $� 3KDVH WUDQVIRUPDWLRQ
LQ GXSOH[ VWDLQOHVV VWHHOV DQG UHODWLRQ EHWZHHQ FRQWLQXRXV
FRROLQJ DQG LVRWKHUPDO WUHDWPHQW �� &RQI� ½'XSOH[ 6WDLQ�
OHVV 6WHHOV����� ��Ü�� 2FW�� ����� %XDXQH� %XUJRJQH� Û
����� Û 9RO� �� Û 3� ��Ü���

��� *XWWPDQQ 0� ,QWHUPHGLDWH WHPSHUDWXUH DJLQJ RI GXSOH[ VWD�
LQOHVV VWHHOV �� ,ELG� Û 3� ��Ü���

��� 5HMDLPLD $�� 0HWDXHU *�� *XDQWRLV 0� 'HFRPSRVLWLRQ RI
GHOWD IHUULWH LQ D )HÜ��&UÜ�1LÜ�0RÜ����& GXSOH[ VWDLQOHVV
VWHHO� $ PRUSKRORJLFDO DQG VWUXFWXUDO VWXG\ �� ,ELG� Û
3� ���Ü����

��� .RXNDO -�� 6FKZDU] '� :HOGLQJ RI VWHHOV IRU SRZHU HQJLQHH�
ULQJ �� =YDUDQLH� Û ����� Û ¢ �� Û 3� �Ü��

��� ,UYLQJ %� :HOGLQJ RIIHUV XWLOLWLHV DQVZHU DERXW QHZ FKURPH�
PRO\ VWHHO �� :HOGLQJ -� Û ����� Û ��� ¢ �� Û 3� ��Ü���

��� ,UYLQJ %� $ SURPLVLQJ &UÜ0R VWHHO UHWXUQV WR DPHULFDQ VKR�
UHV �� :HOGLQJ -� Û ����� Û ��� ¢ ��� Û 3� ��Ü���

��� .DZDVDNL +�� 7R\RRND 7�� .LPXUD 0� +LJK SHUIRUPDQFH
WXEH DQG SLSH FRQWULEXWLQJ WR SUHVHUYDWLRQ RI WKH JOREDO HQ�
YLURQPHQW �� .DZDVDNL 6WHHO 7HFK� 5HS� Û ����� Û
¢ ��� Û 3� ��Ü����

��� %HOODQFD &K�� ,QILHOG -�� =VFKDX 0�� +DDUPDQQ .� ([SHUL�
HQFH ZLWK LQVWDOODWLRQ RI QHZ 3�� VHFRQGDU\ VXSHUKHDWHU RXW�
OHW KHDGHUV �� 5HSULQW IURP 393 Û YRO� ���� 6WUHVV FODVVL�
ILFDWLRQ� 5REXVW PHWKRGV DQG (OHYDWHG 7HPSHUDWXUH 'HVLJQ
� (GV &� %HFKWLY HW DO� Û $670� ����� %RRN 1 *������
Û 3� ��Ü���

��� =VFKDX 0�� 1LHGHUKRII .� &RQVWUXFWLRQ RI SLSLQJ V\VWHPV LQ
WKH QHZ VWHHO 3�� LQFOXGLQJ KRW LQGXFWLRQ EHQGV �� 9*%
.UDIWZHUNVWHFKQLN� Û ����� Û ��� ¢ �� Û 3� ���Ü����

��� %HUJTXLVW (��/� &RQVXPDEOHV DQG ZHOGLQJ PRGLILHG �&UÜ�0R
VWHHO �� 6YHWVDUHQ� Û ����� Û ��� ¢ �Ü�� Û 3� ��Ü���

)HDWXUHV DUH FRQVLGHUHG RI WHFKQLFDO �UH�HTXLSPHQW� RI SRZHU XQLWV RI WKHUPDO HOHFWULF SRZHU VWDWLRQV RYHU WKH ODVW �� \HDUV�

$GYDQFHV LQ WKLV ILHOG FDQ EH PDGH GXH WR GHYHORSPHQW DQG DSSOLFDWLRQ RI QHZ FRPSOH[�DOOR\HG KHDW�UHVLVWDQW VWHHOV ZLWK
KLJK FKURPLXP FRQWHQW� $OOR\LQJ LQIOXHQFH RQ WKH SKDVH FRPSRVLWLRQ� FRUURVLRQ UHVLVWDQFH� DJHLQJ SURFHVVHV� ORQJ�WHUP
VWUHQJWK DQG ZHOGDELOLW\ RI QHZ KLJK�FKURPLXP KHDW�UHVLVWDQW VWHHOV KDV EHHQ DQDO\]HG�

IhklmibeZ \ j_^Zdpbx ����������

cÒ°� �� �ºã�ÒÓ© °�ËÓº} ¹È¯º¹¯ºmº�ºm ÒÏ ¯ÈÏãÒ�Ó©² äÈ¯º} °�È�
ãË®� ¯È°°�Ò�ÈÓÓ©Ë �ã« ¹È¯È ° ¹È¯ÈäË�¯ÈäÒ� 7  ��� Åv� 3  
 �� l�È >��@

������ �



M>D �����������������

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

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

���	��	���	

 ã��}º¯� sks �}¯ÈÒÓ© �� l� �cj�|cpsz|� {� {� �|�|{z|� {� n� �ckrjs� }ÈÓ�Ò�È�© �Ë²Ó� ÓÈ�}�

{� k� z|v�js� ÒÓÎ� �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

²ÐÑ¿ÌÍÁÊÄÌÍ� ÖÑÍ ÐÌÇÅÄÌÇÄ ÉÇÐÊÍÏÍÃÌÍÂÍ ÎÍÑÄÌÕÇ¿Ê¿ ÐÁ¿ÏÍÖÌÍÂÍ ÓÊÝÐ¿ ÐÎÍÐÍÀÐÑÁÒÄÑ ÇÆËÄÌÄÌÇÝ ÐÍÃÄÏÅ¿ÌÇÞ

ÊÄÂÇÏÒÝØÇÔ ÜÊÄËÄÌÑÍÁ Á ÇÂÍÊÛÖ¿ÑÍË ÓÄÏÏÇÑÄ Ç ÐÌÇÅÄÌÇÝ Ï¿ÆËÄÏ¿ ÁÉÊÝÖÄÌÇÈ� ÍÀÏ¿ÆÒÝØÇÔÐÞ Á ÌÇÆÉÍÊÄÂÇÏÍÁ¿Ì�

ÌÍË ÁÚÐÍÉÍÎÏÍÖÌÍË ËÄÑ¿ÊÊÄ ×ÁÍÁ� ®ÏÇ ÇÐÎÍÊÛÆÍÁ¿ÌÇÇ ÓÊÝÐÍÁ Ð ÌÇÆÉÇË ÉÇÐÊÍÏÍÃÌÚË ÎÍÑÄÌÕÇ¿ÊÍË ÉÍËÎÊÄÉÐÌÍÄ

Ï¿ÐÉÇÐÊÄÌÇÄ ¿ÊÝËÇÌÇÄË Ç ÑÇÑ¿ÌÍË ÎÏÇÁÍÃÇÑ É ÐÌÇÅÄÌÇÝ ÐÍÃÄÏÅ¿ÌÇÞ ËÍÊÇÀÃÄÌ¿ Á ÇÂÍÊÛÖ¿ÑÍË ÓÄÏÏÇÑÄ Ç ÎÍÁÚ�

×ÄÌÇÝ ÐÑÍÈÉÍÐÑÇ ËÄÑ¿ÊÊ¿ ÐÁ¿ÏÌÚÔ ×ÁÍÁ ÎÏÍÑÇÁ ÔÏÒÎÉÍÂÍ Ï¿ÆÏÒ×ÄÌÇÞ�

zã
� Ë m © Ë ° ã º m È � ���ºmÈ« °mÈ¯}È� Áã
°©� }Ò°ãº¯º�Ó©®
¹º�ËÓ�ÒÈã� äË�Èãã �mÈ� äÒ}¯º°�¯�}��¯È� Ò�ºã	�È�©® ÁË¯�

¯Ò�� ÓËäË�ÈããÒ�Ë°}ÒË m}ã
�ËÓÒ«� È}�ÒmÓº°�	 ªãËäËÓ�ºm

�ºã��ËÓÒË �¯Ë­�Ëä©² ÁÒÏÒ}º�äË²ÈÓÒ�Ë°}Ò²

°mº®°�m äË�ÈããÈ �mºm ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®

�º°�Ò�ÈË�°« m º°ÓºmÓºä ­ãÈ�º�È¯« ¹¯Ò°��°�mÒ
 m

ÓÒ² ��ãË¯º�È Ò �º¹ºãÓÒ�Ëã	Óº�º mmË�ËÓÒ« �º­Èmº}

ãË�Ò¯�
�Ò² ªãËäËÓ�ºm� { �mÈ² ª�º�º �Ò¹È �}È�

ÏÈÓÓ©Ë °mº®°�mÈ º­Ë°¹Ë�ÒmÈ
�°« ÏÈ °�Ë� º­¯ÈÏº�

mÈÓÒ« ÁË¯¯Ò�Óº��ËäËÓ�Ò�Ó©² °�¯�}��¯ Ò °�¯�}��¯

¯È°¹È�È È�°�ËÓÒ�È �È m ¯«�Ë °ã��ÈËm Û äÈ¯�ËÓ°Ò�È�

m ¹¯ºäËÎ��º�Óº® º­ãÈ°�Ò� �ºm©�ËÓÒË �¯ºmÓ« ãË�

�Ò¯ºmÈÓÒ« �ã« ¹ºã��ËÓÒ« m©°º}Ò² ¹¯º�Óº°�Ó©²

°mº®°�m °ÓÒÎÈË� °�º®}º°�	 �È}º�º äË�ÈããÈ ¹¯º�Òm

º­¯ÈÏºmÈÓÒ« �¯Ë�ÒÓ�

{ ¹º°ãË�ÓÒË �º�© �ã« �ã���ËÓÒ« °mÈ¯ÒmÈËäº°�

�Ò Ò ¹ºm©�ËÓÒ« °�º®}º°�Ò ¹¯º�Òm º­¯ÈÏºmÈÓÒ« �¯Ë�

�ÒÓ ÓÈäË�ÒãÈ°	 �ËÓ�ËÓ�Ò« ¹¯ÒäËÓËÓÒ« m©°º}º¹¯º��

Ó©² ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® °º °mË¯²ÓÒÏ}Òä

�äËÓËË ���� äÈ°� �� °º�Ë¯ÎÈÓÒËä ��ãË¯º�È� zÈ} ÒÏ�

mË°�Óº� ��ãË¯º� «mã«Ë�°« º°ÓºmÓ©ä �¹¯º�ÓÒ�ËãËä

°�ÈãÒ� ¹ºª�ºä� �äËÓ	�ËÓÒË Ë�º äÈ°°ºmº® �ºãÒ °º¹�

¯ºmºÎ�ÈË�°« °ÓÒÎËÓÒËä ¹¯º�Óº°�Ó©² ²È¯È}�Ë¯Ò°�

�Ò} äË�ÈããÈ� iã« º­Ë°¹Ë�ËÓÒ« �¯Ë­�Ëäº�º �¯ºmÓ«

¹¯º�Óº°�Ò m �È}Ò² °�Èã«² �mËãÒ�ÒmÈ
� °º�Ë¯ÎÈÓÒË

ãË�Ò¯�
�Ò² ªãËäËÓ�ºm ° �Ëã	
 �¹¯º�ÓËÓÒ« °�¯�}�

��¯Ó©² °º°�Èmã«
�Ò² �mË¯�º�º ¯È°�mº¯È�

�¯º�Ë°° ãË�Ò¯ºmÈÓÒ« äË�ÈããÈ m º­�Ëä mÒ�Ë

äºÎÓº ¹¯Ë�°�ÈmÒ�	 ¯ËÈ}�ÒË®

[>0H@ + \>2@ ↔ >0H
[
2
\
@� ���

m °ºº�mË�°�mÒÒ ° }º�º¯º® m ÏÈmÒ°Òäº°�Ò º� °º�

�Ë¯ÎÈÓÒ« ãË�Ò¯�
�Ò² ªãËäËÓ�ºm m äË�ÈããË Ò }Ò°�

ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ Áã
°È mºÏäºÎÓº }È} ¹¯º�

�Ë}ÈÓÒË ¯ËÈ}�ÒÒ °¹¯ÈmÈ ÓÈãËmº� �È} Ò m º­¯È�Óºä

ÓÈ¹¯ÈmãËÓÒÒ� { ¯ËÏ�ã	�È�Ë ¹¯ºÒ°²º�Ò� ãÒ­º ãË�

�Ò¯ºmÈÓÒË �mË¯�º�º ¯È°�mº¯È� ãÒ­º º­¯ÈÏºmÈÓÒË ÓË�

äË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ® �s{��

{ ¯È­º�È² >�Ü�@� ¹º°m«�ËÓÓ©² Ò°°ãË�ºmÈÓÒ

mãÒ«ÓÒ« ¹¯º�Ë°°ºm ãË�Ò¯ºmÈÓÒ« ÓÈ �°ãºmÒ« Áº¯�

äÒ¯ºmÈÓÒ« °�¯�}��¯© ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®�

Èm�º¯© º�äË�È
� º°º­�
 ¯ºã	 �È}Ò² m©°º}ºÈ}�

�ÒmÓ©² ¯È°}Ò°ãÒ�ËãË®� }È} Èã
äÒÓÒ® Ò �Ò�ÈÓ�

«mã«
�Ò²°« º�Óºm¯ËäËÓÓº ãË�Ò¯�
�ÒäÒ ªãËäËÓ�

�ÈäÒ� �¯Ò ÒÏ��ËÓÒÒ mãÒ«ÓÒ« ª�Ò² ªãËäËÓ�ºm ÓÈ

°�¯�}��¯� äË�ÈããÈ °mÈ¯Ó©² �mºm º°ÓºmÓºË mÓÒ�

äÈÓÒË ��Ëã«ãÒ Èã
äÒÓÒ®� Ò �Ò�ÈÓ°º�Ë¯ÎÈ�Òä s{�

È ÒäËÓÓº� Ò² }ºãÒ�Ë°�m�� °º°�Èm�� ¯ÈÏäË¯Èä Ò ¹ãº��

Óº°�Ò ¯È°¹¯Ë�ËãËÓÒ«� �¯º­ãËä© mãÒ«ÓÒ« ãË�Ò¯º�

mÈÓÒ« �mË¯�º�º ¯È°�mº¯È Èã
äÒÓÒËä Ò �Ò�ÈÓºä

ÓÈ Áº¯äÒ¯ºmÈÓÒË º��Ëã	Ó©² °�¯�}��¯Ó©² °º°�Èm�

ã«
�Ò² �º °Ò² ¹º¯ º°�ÈmÈãÒ°	 ÓÈ m�º¯ºä ¹ãÈÓË�

jÏ��ËÓÒË º°º­ËÓÓº°�Ë® ãË�Ò¯ºmÈÓÒ« �mË¯�º�º

¯È°�mº¯È äË�ÈããÈ �mºm «mã«Ë�°« È}��Èã	Ó©ä� Óº

äÈãºÒ°°ãË�ºmÈÓÓ©ä mº¹¯º°ºä� j°°ãË�ºmÈÓÒ« m

ª�º® º­ãÈ°�Ò ¹ºÏmºã«� ¯È°�Ò¯Ò�	 ¹¯ÒäËÓËÓÒË �È�

}º�º ¹¯º�¯Ë°°ÒmÓº�º mÒ�È }ºÓ°�¯�}�ÒºÓÓ©² äÈ�Ë�

¯ÒÈãºm� }È} m©°º}º¹¯º�Ó©Ë ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©Ë

°�ÈãÒ� m �ºä �Ò°ãË ° �ã	�¯ÈÓÒÏ}Òä °º�Ë¯ÎÈÓÒËä

��ãË¯º�È�

¡Ëã	 ÓÈ°�º«�Ë® ¯È­º�© °º°�ºÒ� m ÒÏ��ËÓÒÒ mãÒ�

«ÓÒ« ¯È°}Ò°ãËÓÒ« °mÈ¯º�Óº® mÈÓÓ© Èã
äÒÓÒËä Ò

�Ò�ÈÓºä m ÏÈmÒ°Òäº°�Ò º� }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ

Áã
°È ÓÈ �¯ºmËÓ	 ãË�Ò¯ºmÈÓÒ« Ò °º�Ë¯ÎÈÓÒË º��

�Ëã	Ó©² °�¯�}��¯Ó©² °º°�Èmã«
�Ò² äË�ÈããÈ °mÈ¯�

Ó©² �mºm� È �È}ÎË ÓÈ äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ ÓÈ¹�

ãÈmãËÓÓº�º äË�ÈããÈ�

lË�º�Ò}È ¹¯ºmË�ËÓÒ« ª}°¹Ë¯ÒäËÓ�È� zÈ} �}È�
Ï©mÈãº°	 ¯ÈÓËË� ¹¯Ò ���ºm©² ¹¯º�Ë°°È² °mÈ¯}Ò

� �� l� �¯Ò�º¯ËÓ}º� {� {� �ºãºm}º� {� n� �¯È­ÒÓ� {� k� zº°�ÒÓ� ����

�È ­ ã Ò � È �� lÈ¯}Ò¯ºm}È �mºm Ò ²È¯È}�Ë¯Ò°�Ò}Ò °mÈ¯º��

Ó©² Áã
°ºm

�Ò¹ °mÈ¯º�Óº�
�º Áã
°È� �%,�

¢ �mÈ

lÈ°°ºmÈ« �ºã«
ãË�Ò¯�
�Ò² ªãËäËÓ�ºm�

�

zÒ°ãº¯º�Ó©®

¹º�ËÓ�ÒÈã

π|�
}iÎ�äºã	

$O 7L

%06 ��� $&

zÒ°ã©®
������

���� ��� Û Ü���

���� Û ���

���� ��� ���

%$% ��� '&
sË®�¯Èã	Ó©®

������

��� ��� Û Ü���

��� Û ���

��� ��� ���

%)% ��� '&

|°ÓºmÓº®

������

���� ��� Û Ü���

���� Û ���

���� ��� ���

� ������



m ÏÈmÒ°Òäº°�Ò º� }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ �ÈÏºmº®
ÁÈÏ© ãË�Ò¯�
�ÒË ªãËäËÓ�©� ¹Ë¯Ë²º�«�ÒË ÒÏ °mÈ�
¯º�Ó©² äÈ�Ë¯ÒÈãºm m äË�Èãã �mºm� ÓÈ²º�«�°« ãÒ­º
m °º°�ÈmË s{� ãÒ­º m �mË¯�ºä ¯È°�mº¯Ë� vãË�º�
mÈ�Ëã	Óº� ÒÏäËÓ«« }Ò°ãº¯º�Ó©® ¹º�ËÓ�ÒÈã Áã
°È
Ò Ë�º ãË�Ò¯�
��
 °¹º°º­Óº°�	� äºÎÓº �¹¯Èmã«�	
°º�Ë¯ÎÈÓÒËä º¹¯Ë�ËãËÓÓ©² °�¯�}��¯Ó©² °º°�Èm�
ã«
�Ò² m äË�ÈããË �mºm� ¹ºã��ËÓÓ©² ¹¯Ò °mÈ¯}Ë
¹º� Áã
°ºä�

iã« ¹¯ºmË�ËÓÒ« Ò°°ãË�ºmÈÓÒ® m©­¯ÈÓ© º­¯ÈÏ�
�© ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ äÓº�º¹¯º²º�Ó©² �mºm�
m©¹ºãÓËÓÓ©² °mÈ¯}º® ¹º� È�ãºäË¯Ò¯ºmÈÓÓ©äÒ
Áã
°ÈäÒ� ��º �Èãº mºÏäºÎÓº°�	 �¹¯Èmã«�	 }È}
}Ò°ãº¯º�Ó©ä ¹º�ËÓ�ÒÈãºä �ÈÏºmº® Ò �ãÈ}ºmº®
ÁÈÏ� �È} Ò ãË�Ò¯ºmÈÓÒËä äË�ÈããÈ �mºm� iã« ÒÏ��
�ËÓÒ« mãÒ«ÓÒ« ãË�Ò¯ºmÈÓÒ« �mË¯�º�º ¯È°�mº¯È ÓÈ
°º�Ë¯ÎÈÓÒË °�¯�}��¯Ó©² °º°�Èmã«
�Ò² m äË�Èã�
ãË �mºm m °º°�Èm Áã
°ºm mmº�ÒãÒ Èã
äÒÓÒ®
Ò�ÒãÒ ÁË¯¯º�Ò�ÈÓ ° äÈ°°ºmº® �ºãË® �Ò�ÈÓÈ �� ��

v�©}ºm©Ë °ºË�ÒÓËÓÒ«� °º­¯ÈÓÓ©Ë m °ºº�mË�°�
�mÒÒ ° �¯Ë­ºmÈÓÒ«äÒ pm¯º¹Ë®°}º�º °�ÈÓ�È¯�È
(1 ������ >�@� ¹ºã��ÈãÒ ÓÈ ÓÒÏ}ºãË�Ò¯ºmÈÓÓº®
°�ÈãÒ ��tvsi ��|v� �����Ü��� �ºã�ÒÓº® �� ää
¹¯Ò °mÈ¯}Ë ¹¯ºmºãº}º® vm���s���k �ÒÈäË�¯ºä
� ää� vmÈ¯}� m©¹ºãÓ«ãÒ ÓÈ ¹º°�º«ÓÓºä �º}Ë º­�
¯È�Óº® ¹ºã«¯Óº°�Ò ÓÈ °ãË��
�Ëä ¯ËÎÒäË� ,

°m
 

 ����±�� k� 8
�
 ���±�� {� Y

°m
 ���±���� ä���

T
°m

 �� }iÎ�°ä�
vmÈ¯}� º°��Ë°�mã«ãÒ ¹º� Áã
°ÈäÒ �¯Ë² �Ò¹ºm�

¯ÈÏãÒ�Èm�ÒäÒ°« äËÎ�� °º­º® ÒÓ�Ë}°ºä º°ÓºmÓº°�Ò

%,� }º�º¯©® ¯È°°�Ò�©mÈãÒ ¹º Áº¯ä�ãË ljv >�@�
zÒ°ãº¯º�Ó©® ¹º�ËÓ�ÒÈã Áã
°È º¹¯Ë�Ëã«ãÒ m °º�
º�mË�°�mÒÒ ° Áº¯ä�ãº® ÒÏ ¯È­º�© >�@

π
2

= 57OQ 3
2
�

>}iÎ�äºã	 2
�
@�

��Ë 5Û �ÓÒmË¯°Èã	ÓÈ« �ÈÏºmÈ« ¹º°�º«ÓÓÈ«� ¯ÈmÓÈ«

���� iÎ��äºã	⋅z�� 7 Û �Ëä¹Ë¯È��¯È ¯È°¹ãÈmÈ�
z� 3

2
�

Û ¹È¯�ÒÈã	ÓºË �ÈmãËÓÒË }Ò°ãº¯º�È ÓÈ�

¯È°¹ãÈmºä �ãÈ}È� ÒÏäË¯ËÓÓºË ¹º äË�º�Ò}Ë� ¹¯Ë��
ãºÎËÓÓº® m ¯È­º�Ë >�@�

�Ò¹ °mÈ¯º�Ó©² Áã
°ºm �m °ºº�mË�°�mÒÒ ° (1 �����
Ò² }Ò°ãº¯º�Ó©® ¹º�ËÓ�ÒÈã� È �È}ÎË °º�Ë¯ÎÈÓÒË Èã
�
äÒÓÒ« Ò �Ò�ÈÓÈ m Áã
°È² ¹¯ÒmË�ËÓ© m �È­ã� ��

|­¯ÈÏ�© �ã« äË�Èããº�¯ÈÁÒ�Ë°}Ò² Ò°°ãË�ºmÈ�
ÓÒ® m©¯ËÏÈãÒ ÒÏ ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� tÒäÒ�
�Ë°}Ò® °º°�Èm äË�ÈããÈ º¹¯Ë�Ëã«ãÒ äË�º�ºä °¹Ë}�
�¯Èã	Óº�º ÈÓÈãÒÏÈ ÓÈ �°�ÈÓºm}Ë %DLUG� º­º¯��º�
mÈÓÓº® }ºä¹	
�Ë¯ºä ,%0� iã« }ÈÎ�º�º º­¯ÈÏ�È
¹¯ºmº�ÒãÒ º� �¯Ë² �º ¹«�Ò º¹¯Ë�ËãËÓÒ®� �°¯Ë��
ÓËÓÓ©Ë ¯ËÏ�ã	�È�© ÈÓÈãÒÏÈ Ò °º°�Èm °mÈ¯º�Óº®
¹¯ºmºãº}Ò ¹¯ÒmË�ËÓ© m �È­ã� ��

{ ²º�Ë äË�Èããº�¯ÈÁÒ�Ë°}Ò² Ò°°ãË�ºmÈÓÒ® º¹�
¯Ë�Ëã«ãÒ �ºã
 º��Ëã	Ó©² °º°�Èmã«
�Ò² äÒ}¯º°�
�¯�}��¯© äË�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� °º�Ë¯ÎÈ�
ÓÒË ãË�Ò¯�
�Ò² ªãËäËÓ�ºm m �mË¯�ºä ¯È°�mº¯Ë�
ªãËäËÓ�Ó©® °º°�Èm Ò ¯È°¹¯Ë�ËãËÓÒË s{� lÒ}¯º°�
�¯�}��¯� äË�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® Ò°°ãË�ºmÈãÒ
äË�º�ÈäÒ º¹�Ò�Ë°}º® Ò ªãË}�¯ºÓÓº® äË�Èããº��
¯ÈÁÒÒ ° Ò°¹ºã	ÏºmÈÓÒËä °mË�ºmº�º äÒ}¯º°}º¹È

� È ­ ã Ò � È �� tÒäÒ�Ë°}Ò® °º°�Èm äË�ÈããÈ �mºm Ò °mÈ¯º�Óº® ¹¯ºmºãº}Ò �äÈ°� �� m Ò°°ãË�ºmÈÓÓ©² º­¯ÈÏ�È²

|­�Ë}� ÈÓÈãÒÏÈ & $O 6L 7L 1L 0Q 0R &U &X 6 3

vmÈ¯º�ÓÈ« ¹¯ºmºãº}È
����� ����� ���� ����� ���� ���� ���� ���� ���� ����� �����

lË�Èãã �mÈ

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

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

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

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

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

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

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

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

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

�È ­ ã Ò � È �� cÈ°¹¯Ë�ËãËÓÒË s{ �äÈ°� �� ¹º ¯ÈÏäË¯Èä m äË�ÈããË Ò°°ãË��Ëä©² �mºm

π|�
}iÎ�äºã	

cÈ°}Ò°�

ãÒ�Ëã	

cÈÏäË¯ s{� ä}ä 9s{
�

º­� �≤ ��� ��������� ��������� ��������� ��������� ��������� ��������� ��������� ���������

Ü��� $O ���� ���� ���� ���� ��� ��� ��� ��� ��� ����

7L ���� ���� ���� ��� ��� ��� ��� ��� ��� ����

$O � 7L ���� ���� ���� ���� ��� ��� ��� ��� ��� ����

Ü��� $O ���� ���� ���� ��� ��� ��� ��� ��� � ����

7L ���� ���� ���� ��� ��� ��� � � � ����

$O � 7L ���� ���� ���� ��� ���� ��� ��� ��� � ����

Ü��� $O ���� ���� ���� ��� ��� ��� � � � ����

7L ���� ���� ���� ��� ��� ��� ��� ��� � ����

$O � 7L ���� ���� ���� ��� ��� ��� ��� � � ����


 9
s{
Û º­�ËäÓÈ« �ºã« s{�

������ �



½1HRSKRW���� Ò ¯È°�¯ºmº�º ªãË}�¯ºÓÓº�º äÒ}¯º°�
}º¹È -60���� ÁÒ¯ä© ½-HRO�� º­º¯��ºmÈÓÓº�º ¹ãÈ�
�º® ÏÈ²mÈ�È ÒÏº­¯ÈÎËÓÒ® 0LFUR&DSWXUH �ã« ¹º°�
ãË��
�Ë® Ò² ¯Ë�Ò°�¯È�ÒÒ ÓÈ ª}¯ÈÓË }ºä¹	
�Ë¯È�
zºãÒ�Ë°�mËÓÓºË º¹¯Ë�ËãËÓÒË äÒ}¯º°�¯�}��¯Ó©²
°º°�Èmã«
�Ò² ¹¯ºmº�ÒãÒ m °ºº�mË�°�mÒÒ ° äË�º�
�Ò}º® ljv >�@� vº�Ë¯ÎÈÓÒË ãË�Ò¯�
�Ò² ªãË�
äËÓ�ºm m �mË¯�ºä ¯È°�mº¯Ë Ò ªãËäËÓ�Ó©® °º°�Èm
s{ º¹¯Ë�Ëã«ãÒ äÒ}¯º¯ËÓ��ËÓº°¹Ë}�¯Èã	Ó©ä ÈÓÈ�
ãÒÏºä ° ¹ºäº�	
 ªÓË¯�º�Ò°¹Ë¯°ÒºÓÓº�º °¹Ë}�¯º�
äË�¯È /LQN ������� ÁÒ¯ä© ½/LQN 6\VWHP� Ò mºã�
Óº�Ò°¹Ë¯°ÒºÓÓº�º °¹Ë}�¯ºäË�¯È ½2UWHF� ÁÒ¯ä©
½2UWHF��

lÒ}¯º°�¯�}��¯© äË�ÈããÈ Ò°°ãË�ºmÈÓÓ©² º­¯ÈÏ�
�ºm ¹¯ÒmË�ËÓ© ÓÈ ¯Ò°� ��

iÈÓÓ©Ë º ¯È°¹¯Ë�ËãËÓÒÒ s{ ¹º ¯ÈÏäË¯Èä Ò
°º�Ë¯ÎÈÓÒÒ ãË�Ò¯�
�Ò² ªãËäËÓ�ºm m s{ ¹¯ÒmË�
�ËÓ© m �È­ã� � Ò ��

cËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ®� { ²º�Ë äË�Èããº��
¯ÈÁÒ�Ë°}Ò² Ò°°ãË�ºmÈÓÒ® �°�ÈÓºmãËÓº� ��º m º­�
¯ÈÏ�È² äË�ÈããÈ �mºm ¹¯Ò°��°�m�
� °ãË��
�ÒË º°�
ÓºmÓ©Ë °�¯�}��¯Ó©Ë °º°�Èmã«
�ÒË� Ò�ºã	�È�©®
ÁË¯¯Ò� �jn�� ¹ºãÒ�ºÓÈã	Ó©® �Èããº�¯Òºäº¯Á�
Ó©®� ÁË¯¯Ò� ��n�� ÁË¯¯Ò� {Ò�äÈÓ��Ë��È �{n��
ÁË¯¯Ò� ° �¹º¯«�º�ËÓÓº® �n�{� Ò ° ÓË�¹º¯«�º�
�ËÓÓº® �ns�{� m�º¯º® ÁÈÏº®� È �È}ÎË äÈ¯�ËÓ�
°Ò�Óº�È�°�ËÓÒ�Óº�}È¯­Ò�ÓÈ« �lkz� ÁÈÏÈ� iÈÓÓ©Ë
º °º�Ë¯ÎÈÓÒÒ ª�Ò² °�¯�}��¯Ó©² °º°�Èmã«
�Ò² m

cÒ°� �� lÒ}¯º°�¯�}��¯© ������ äË�ÈããÈ �mºm ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² m©°º}º¹¯º�Ó©² °�ÈãË®

� È ­ã Ò � È �� lÈ°°ºmÈ« �ºã« ãË�Ò¯�
�Ò² ªãËäËÓ�ºm m s{� �

π|� }iÎ�äºã	 $O 7L 6L 0Q 0R

Ü��� ��� ��� ���� ���� ���

Ü��� ���� ��� ���� ���� ���

Ü��� ���� ��� ���� ���� ���

�¯ Ò ä Ë � È Ó Ò Ë � sÒ}Ëã	 m °º°�ÈmË s{ º�°��°�m�Ë��

�� ������



Ò°°ãË�ºmÈÓÓ©² º­¯ÈÏ�È² ��È­ã� �� °mÒ�Ë�Ëã	°�m�
�
º �ºä� ��º ÓÈÒ­ºãËË ÏÈäË�ÓºË mãÒ«ÓÒË ÓÈ °º�Ë¯�
ÎÈÓÒË º��Ëã	Ó©² °º°�Èmã«
�Ò² º}ÈÏ©mÈË� ãË�Ò�
¯ºmÈÓÒË äË�ÈããÈ �mºm Èã
äÒÓÒËä� zÈ} mÒ�Óº ÒÏ
¯Ò°� �� ¯È°}Ò°ãËÓÒË °mÈ¯º�Óº® mÈÓÓ© Èã
äÒÓÒËä
mÓË ÏÈmÒ°Òäº°�Ò º� }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ Áã
�
°È ¹¯Òmº�Ò� } º�¯ÈÓÒ�ËÓÒ
 º­�ËäÓº® �ºãÒ �n
m äË�ÈããË �mÈ� m �º ÎË m¯Ëä« m °ã��ÈË ¯È°}Ò°ãËÓÒ«
�Ò�ÈÓºä °º�Ë¯ÎÈÓÒË ª�º® °�¯�}��¯Óº® °º°�Èmã«�

�Ë® º¹¯Ë�Ëã«Ë�°« �ºã	}º �¯ºmÓËä π

|
�

zÈ} ¹º}ÈÏÈãÒ ¯ËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ® �°ä�
�È­ã� ��� ¹¯Ò ãË�Ò¯ºmÈÓÒÒ �Ë¯ËÏ Áã
°© }Ò°ãº�º Ò
ÓË®�¯Èã	Óº�º �Ò¹ºm °º�Ë¯ÎÈÓÒË Èã
äÒÓÒ« m äË�ÈããË
�mÈ ÒÏäËÓ«Ë�°« ÓËÏÓÈ�Ò�Ëã	Óº� { °ã��ÈË Ò°¹ºã	Ïº�

mÈÓÒ« Áã
°È º°ÓºmÓº�º �Ò¹È �π
|
 Ü��� }iÎ�äºã	�

äÈ°°ºmÈ« �ºã« Èã
äÒÓÒ« m ÓÈ¹ãÈmãËÓÓºä äË�ÈããË
�mËãÒ�ÒmÈË�°« ° ����� �º ����� �� vº�Ë¯ÎÈÓÒË �Ò�ÈÓÈ
m äË�ÈããË� ÓÈ¹ãÈmãËÓÓºä ¹º� m°ËäÒ Áã
°ÈäÒ m°Ë²
�Ò¹ºm� ¹¯ÒäË¯Óº º�ÒÓÈ}ºmº ������…����� ���

{ °ºº�mË�°�mÒÒ ° ÓÈäË�ËÓÓº® ¹¯º�¯Èääº® Ò°�
°ãË�ºmÈÓÒ®� ¹ºäÒäº º­�Ë�º ²ÒäÒ�Ë°}º�º °º°�ÈmÈ
äË�ÈããÈ º­¯ÈÏ�ºm� º¹¯Ë�Ëã«ãÒ �È}ÎË °º�Ë¯ÎÈÓÒË

ãË�Ò¯�
�Ò² ªãËäËÓ�ºm m º��Ëã	Ó©² °�¯�}��¯Ó©²
°º°�Èmã«
�Ò² Ò ªãËäËÓ�Ó©® °º°�Èm s{� sÈ º°�
ÓºmÈÓÒÒ �ÈÓÓ©² º­ 9

s{
m º­¯ÈÏ�È² ÓÈ¹ãÈmãËÓÓº�º

äË�ÈããÈ Ò ¯È°¹¯Ë�ËãËÓÒÒ s{ ¹º ¯ÈÏäË¯Èä �°ä�
�È­ã� �� äºÎÓº °�ËãÈ�	 m©mº�� ��º m Ò°°ãË�ºmÈÓ�
Ó©² º­¯ÈÏ�È² m º°ÓºmÓºä º­ÓÈ¯�ÎËÓ© s{ ¯ÈÏ�
äË¯ºä ���…��� ä}ä� vº°�Èm s{� ¹¯ÒmË�ËÓÓ©® m
�È­ã� �� °mÒ�Ë�Ëã	°�m�Ë� º �ºä� ��º Ò² º°Óºmº®
«mã«
�°« °ÒãÒ}È�© äÈ¯�ÈÓ�È� vº °ÓÒÎËÓÒËä }Ò°�
ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ Áã
°ºm m °º°�ÈmË s{ mºÏ�
¯È°�ÈË� °�ääÈ¯ÓºË °º�Ë¯ÎÈÓÒË Èã
äÒÓÒ« Ò ÓËÏ�
ÓÈ�Ò�Ëã	Óº �Ò�ÈÓÈ� �mËãÒ�ËÓÒË °º�Ë¯ÎÈÓÒ« Èã
�
äÒÓÒ« m ÓÈ¹ãÈmãËÓÓºä äË�ÈããË ¹¯Òmº�Ò� } mºÏ�
¯È°�ÈÓÒ
 Ë�º äÈ°°ºmº® �ºãÒ m s{ �¯Ò°� ���

{ãÒ«ÓÒË ÒÏäËÓËÓÒ« °º°�ÈmÈ s{ ÓÈ °�¯�}��¯�
ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ ¹º}ÈÏÈÓº ÓÈ ¯Ò°� �� {º
m°Ë² °ã��È«² ¹ºm©�ËÓÒË °º�Ë¯ÎÈÓÒ« Èã
äÒÓÒ«
m °º°�ÈmË s{ ¹¯Òmº�Ò� } °ÓÒÎËÓÒ
 }ºãÒ�Ë°�mÈ
�n Ò ¯º°�� jn m äË�ÈããË �mºm� iã« äË�ÈããÈ
�mºm� ¹ºã��ËÓÓ©² ¹¯Ò °mÈ¯}Ë ¹º� Áã
°ÈäÒ ° ­ºãËË
m©°º}ÒäÒ ÏÓÈ�ËÓÒ«äÒ }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ

�π
|
 Ü��� Ò Ü��� }iÎ�äºã	�� ª�Ò ÒÏäËÓËÓÒ« ÏÈ�

äË�ÓËË� �Ëä m °ã��ÈË °mÈ¯}Ò ¹º� Áã
°ÈäÒ ° ÓÒÏ}Òä

}Ò°ãº¯º�Ó©äÒ ¹º�ËÓ�ÒÈãºä �π
|
 Ü��� }iÎ�äºã	�

�¯Ò°� �� �È­ã� ���
iÈÓÓ©Ë º °º�Ë¯ÎÈÓÒÒ ãË�Ò¯�
�Ò² ªãËäËÓ�ºm

m º��Ëã	Ó©² °�¯�}��¯Ó©² °º°�Èmã«
�Ò² äË�ÈããÈ
Ò°°ãË�ºmÈÓÓ©² �mºm ¹¯ÒmË�ËÓ© m �È­ã� ��

�¯Ò ¹ºÓÒÎËÓÒÒ ÏÓÈ�ËÓÒ« }Ò°ãº¯º�Óº�º ¹º�ËÓ�
�ÒÈãÈ Áã
°ºm ¯È°}Ò°ãËÓÒË äË�ÈããÈ °mÈ¯Ó©² �mºm
Èã
äÒÓÒËä ¹¯Òmº�Ò� } °ÓÒÎËÓÒ
 °º�Ë¯ÎÈÓÒ«
}¯ËäÓÒ« m �n� jn� lkz�ÁÈÏË Ò �mËãÒ�ËÓÒ

°º�Ë¯ÎÈÓÒ« Èã
äÒÓÒ« m �n Ò jn� vãË��Ë� º��
äË�Ò�	 �È}ÎË °ÓÒÎËÓÒË °º�Ë¯ÎÈÓÒ« ÓÒ}Ëã« Ò äÈ¯�
�ÈÓ�È m �}ÈÏÈÓÓ©² °�¯�}��¯Ó©² °º°�Èmã«
�Ò²�
²È¯È}�Ë¯ÓºË �ã« º­¯ÈÏ�ºm äË�ÈããÈ �mºm� ¹ºã��

cÒ°� �� {ãÒ«ÓÒË °º�Ë¯ÎÈÓÒ« Èã
äÒÓÒ« �È� Ò �Ò�ÈÓÈ �­� m äË�ÈããË
�mÈ ÓÈ º­�ËäÓ�
 �ºã
 �n m Ë�º °�¯�}��¯Ë ¹¯Ò °mÈ¯}Ë ¹º�
Áã
°ÈäÒ ° ¯ÈÏãÒ�Ó©ä }Ò°ãº¯º�Ó©ä ¹º�ËÓ�ÒÈãºä� P Û π|  
 Ü���� OÛ Ü���� TÛ Ü��� }iÎ�äºã	� �ÒÁ¯© ¹¯Ò ÏÓÈ�}È²
Û ÓºäË¯È �mºm

cÒ°� �� {ãÒ«ÓÒË °º�Ë¯ÎÈÓÒ« Èã
äÒÓÒ« m äË�ÈããË �mºm ÓÈ Ë�º
°º�Ë¯ÎÈÓÒË m s{ �°ä� º­ºÏÓÈ�ËÓÒ« ¯Ò°� ��

� È ­ ã Ò � È �� |­�ËäÓÈ« �ºã« º°ÓºmÓ©² °�¯�}��¯Ó©² °º°�Èmã«
�Ò² ��� m äË�ÈããË Ò°°ãË�ºmÈÓÓ©² �mºm

¢ �mÈ �n {n jn n�{ ns�{ lkz�ÁÈÏÈ

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

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

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

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

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

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

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

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

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

������ ��



�ËÓÓ©² ¹¯Ò °mÈ¯}Ë ¹º� Áã
°ºä ° ÓÒÏ}Òä }Ò°ãº�

¯º�Ó©ä ¹º�ËÓ�ÒÈãºä �π
|
 Ü��� }iÎ�äºã	��

�¯Ò ¯È°}Ò°ãËÓÒÒ äË�ÈããÈ �mºm �Ò�ÈÓºä ¹º�
ÓÒÎËÓÒË }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ Áã
°ºm m©Ï©�
mÈË� �äËÓ	�ËÓÒË äÈ°°ºmº® �ºãÒ }¯ËäÓÒ« ¹¯Ò ¹¯È}�
�Ò�Ë°}Ò ¹ºãÓºä º�°��°�mÒÒ Èã
äÒÓÒ« m �n� jn
Ò lkz�ÁÈÏË� È �È}ÎË äÈ°°ºmº® �ºãÒ ÓÒ}Ëã« m
jn Ò lkz�ÁÈÏË� sÈ­ã
�ÈË�°« ¹ºm©�ËÓÒË °º�
�Ë¯ÎÈÓÒ« äÈ¯�ÈÓ�È m Ò°°ãË�ºmÈÓÓ©² °�¯�}��¯Ó©²
°º°�Èmã«
�Ò² m º­¯ÈÏ�È² äË�ÈããÈ� ¹ºã��ËÓÓ©²

¹¯Ò °mÈ¯}Ë ¹º� Áã
°ºä ÓË®�¯Èã	Óº�º �Ò¹È �π
|
 

 Ü��� }iÎ�äºã	�� È �È}ÎË �mËãÒ�ËÓÒË °º�Ë¯�
ÎÈÓÒ« äºãÒ­�ËÓÈ m lkz�ÁÈÏË ¹¯Ò °mÈ¯}Ë ¹º�

}Ò°ã©ä Áã
°ºä �π
|
 Ü��� }iÎ�äºã	��

cÈ°}Ò°ãËÓÒË °mÈ¯º�Óº® mÈÓÓ© º�Óºm¯ËäËÓÓº °
Èã
äÒÓÒËä Ò �Ò�ÈÓºä °º¹¯ºmºÎ�ÈË�°« °ÓÒÎËÓÒËä
äÈ°°ºmº® �ºãÒ }¯ËäÓÒ« Ò �mËãÒ�ËÓÒËä Èã
äÒÓÒ«
m �n Ò jn ¹¯Ò �äËÓ	�ËÓÒÒ }Ò°ãº¯º�Óº�º ¹º�
�ËÓ�ÒÈãÈ Áã
°ºm� iã« º­¯ÈÏ�ºm� ¹ºã��ËÓÓ©² ¹¯Ò
°mÈ¯}Ë ¹º� Áã
°ÈäÒ ÓË®�¯Èã	Óº�º �Ò¹È� ²È¯È}�
�Ë¯Ó©ä «mã«Ë�°« ¹ºm©�ËÓÓºË °º�Ë¯ÎÈÓÒË äÈ¯�ÈÓ�È
m �n� jn Ò lkz�ÁÈÏË� È m °ã��ÈË °mÈ¯}Ò ¹º�
Áã
°ºä º°ÓºmÓº�º �Ò¹È Û ¯ËÏ}ºË �mËãÒ�ËÓÒË äÈ°�
°ºmº® �ºãÒ äºãÒ­�ËÓÈ m lkz�ÁÈÏË Ò �äËÓ	�ËÓÒË
ËË m jn�

�ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© ¹ºÏmºã«
� °�ËãÈ�	 m©�
mº�� ��º °º °ÓÒÎËÓÒËä }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ

°mÈ¯º�Ó©² Áã
°ºm m º°ÓºmÓºä �mËãÒ�ÒmÈË�°« °º�
�Ë¯ÎÈÓÒË ãË�Ò¯�
�Ò² ªãËäËÓ�ºm �ÏÈ Ò°}ã
�ËÓÒËä
}¯ËäÓÒ«� m °�¯�}��¯Ó©² °º°�Èmã«
�Ò² �mË¯�º�º
¯È°�mº¯È ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� sÈ ª�º� ¹¯º�Ë°°
ÏÈäË�ÓºË mãÒ«ÓÒË º}ÈÏ©mÈË� �È}ÎË m©­º¯ °Ò°�Ëä©
¯È°}Ò°ãËÓÒ« °mÈ¯º�Óº® mÈÓÓ©�

kÓÈãÒÏ ¯ËÏ�ã	�È�ºm Ò°°ãË�ºmÈÓÒ® Ò Ò² º­�
°�Î�ËÓÒË� v�¯�}��¯È äË�ÈããÈ ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©²
�mºm jn º�ãÒ�ÈË�°« ÓÈÒ­ºãËË º¹�ÒäÈã	Ó©ä °º�
�Ë�ÈÓÒËä ¹º}ÈÏÈ�ËãË® ¹¯º�Óº°�Ò Ò m«Ï}º°�Ò� iã«
ã���Ë�º ¹ºÓÒäÈÓÒ« ¹¯º�Ë°°ºm� ¹¯ºÒ°²º�«�Ò² m
äË�ÈããË �mºm� �ËãË°ºº­¯ÈÏÓº ¯È°°äº�¯Ë�	 m º��Ëã	�
Óº°�Ò ¯ËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ« mãÒ«ÓÒ« }ºä¹ãË}�
°È ÁÈ}�º¯ºm� º�Óº°«�Ò²°« } s{� Ò ÈÓÈãÒÏÈ °º�
�Ë¯ÎÈÓÒ« ãË�Ò¯�
�Ò² ªãËäËÓ�ºm m º°ÓºmÓ©²
°�¯�}��¯Ó©² °º°�Èmã«
�Ò²�

{º¹¯º° º mãÒ«ÓÒÒ s{ ÓÈ °º�Ë¯ÎÈÓÒË jn m
°�¯�}��¯Ë äË�ÈããÈ °mÈ¯Ó©² �mºm ¹º°m«�ËÓº äÓº�
ÎË°�mº ¯È­º�� °¯Ë�Ò }º�º¯©² ²º�Ë�°« m©�ËãÒ�	
Á�Ó�ÈäËÓ�Èã	Ó©Ë Ò°°ãË�ºmÈÓÒ« >��Ü��@� km�º¯©
ª�Ò² ¯È­º� ¹¯Ò�ãÒ } °ãË��
�Ëä� m©mº��� ° �mË�
ãÒ�ËÓÒËä º­�ËäÓº® �ºãÒ s{ m äË�ÈããË �mºm °ÓÒ�
ÎÈË�°« °º�Ë¯ÎÈÓÒË m Ë�º °�¯�}��¯Ë jn� �ã« º­�
¯ÈÏºmÈÓÒ« ª�º® °�¯�}��¯Óº® °º°�Èmã«
�Ë® m äË�
�ÈããË °mÈ¯Ó©² �mºm ÓÈÒ­ºãËË ¹¯Ë�¹º��Ò�Ëã	Ó©äÒ
«mã«
�°« äËã}º�Ò°¹Ë¯°Ó©Ë m}ã
�ËÓÒ« �Ò¹È Èã
�
äº°ÒãÒ}È�ºm äÈ¯�ÈÓ�È� È �È}ÎË s{ ° ¹ºm©�ËÓÓ©ä

�È ­ ã Ò � È �� lÈ°°ºmÈ« �ºã« ãË�Ò¯�
�Ò² ªãËäËÓ�ºm ��� m
°�¯�}��¯Ó©² °º°�Èmã«
�Ò² äË�ÈããÈ �mºm

¢ �mÈ
|­�Ë}�

ÈÓÈãÒÏÈ
$O 6L 7L 1L 0Q 0R

���� �n � ����� ����� ����� ����� �

jn � ����� ����� ����� ����� �����

lkz � ����� ����� ����� ����� �����

���� �n � ����� ����� ����� ����� �����

jn � ����� ����� ����� ����� �����

lkz � ����� ����� ����� ����� �����

���� �n � ����� � ����� ����� �����

jn � ����� � ����� ����� �����

lkz � ����� ����� ����� ����� �����

��� �n � ����� ����� ����� ����� �����

jn ����� ����� ����� ����� ����� �����

lkz � ����� ����� ����� ����� �����

��� �n � ����� ����� ����� ����� �����

jn � ����� ����� ����� ����� �����

lkz � ����� ����� ����� ����� �����

��� �n ���� ����� � ����� ����� �����

jn ����� ����� ����� ����� ����� �����

lkz � ����� ����� ����� ����� �

���� �n ����� ����� � ����� ����� �����

jn ����� ����� ����� ����� ����� �����

lkz ����� ����� ����� ����� ����� �����

���� �n ����� ����� ����� ����� ����� �����

jn � ����� ����� ����� ����� �����

lkz � ����� ����� ����� ����� �����

���� �n ����� ����� � ����� ����� �����

jn ����� ����� ����� ����� ����� �����

lkz ����� ����� ����� ����� ����� �����

cÒ°� �� {ãÒ«ÓÒË °º�Ë¯ÎÈÓÒ« Èã
äÒÓÒ« m s{ ÓÈ º­�ËäÓ�
 �ºã

jn �È� Ò �n �­� m °�¯�}��¯Ë ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ �°ä� º­ºÏ�
ÓÈ�ËÓÒ« ÓÈ ¯Ò°� ��

cÒ°� �� {ãÒ«ÓÒË °º�Ë¯ÎÈÓÒ« }¯ËäÓÒ« m jn ÓÈ º­�ËäÓ�
 �ºã

jn m äË�ÈããË �mºm ¹¯Ò ¯ÈÏãÒ�Ó©² °Ò°�ËäÈ² ¯È°}Ò°ãËÓÒ« �°ä�
º­ºÏÓÈ�ËÓÒ« ÓÈ ¯Ò°� ��

�� ������



°º�Ë¯ÎÈÓÒËä �Ò�ÈÓÈ� zÈ} ¹º}ÈÏÈãÒ ¹ºã��ËÓÓ©Ë
¯ËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ®� m °ã��ÈË äË�ÈããÈ �mºm
° �ã	�¯ÈÓÒÏ}Òä °º�Ë¯ÎÈÓÒËä ��ãË¯º�È ÓÈ­ã
�È�
Ë�°« ÓË°}ºã	}º ÒÓÈ« ÏÈmÒ°Òäº°�	� �mËãÒ�ËÓÒË }Ò°�
ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ Áã
°ºm ¹¯Òmº�Ò� } ¯º°��
º­�ËäÓº® �ºãÒ s{ m äË�ÈããË °mÈ¯Ó©² �mºm �°ä�
�È­ã� ��� ¹¯Ò ª�ºä °º�Ë¯ÎÈÓÒË jn m Ò² °º°�ÈmË
²º�« Ò °ÓÒÎÈË�°«� Óº º°�ÈË�°« ÓÈ �º°�È�º�Óº m©�
°º}ºä �¯ºmÓË �°ä� �È­ã� ��� {¹ºãÓË mË¯º«�Óº� ��º
�È}ºË «mãËÓÒË °m«ÏÈÓº ° �¯ºmÓËä ãË�Ò¯ºmÈÓÒ« jn
m äË�ÈããË �mºm �ÈÓÓº�º �Ò¹È� zÈ} mÒ�Óº ÒÏ ¯Ò°� ��
m äË�ÈããË �mºm� ¹ºã��ËÓÓ©² ¹¯Ò °mÈ¯}Ë ¹º� Áã
�
°ÈäÒ ° °Ò°�Ëäº® ãË�Ò¯ºmÈÓÒ« Èã
äÒÓÒËä ÒãÒ �Ò�
�ÈÓºä� �äËÓ	�ËÓÒË °º�Ë¯ÎÈÓÒ« }¯ËäÓÒ« m jn
°º¹¯ºmºÎ�ÈË�°« �mËãÒ�ËÓÒËä äÈ°°ºmº® �ºãÒ ¹º°�
ãË�ÓË�º� È m °ã��ÈË Ò°¹ºã	ÏºmÈÓÒ« Áã
°ºm °Ò°�Ëä©
ãË�Ò¯ºmÈÓÒ« $O�7L º­�ËäÓÈ« �ºã« jn º°�ÈË�°«
¹¯È}�Ò�Ë°}Ò ÓÈ º�Óºä �¯ºmÓË ÓËÏÈmÒ°Òäº º� °�Ë�
¹ËÓÒ ãË�Ò¯ºmÈÓÒ« jn }¯ËäÓÒËä�

�È}ºË ÓËº�ÓºÏÓÈ�ÓºË mãÒ«ÓÒË �¯ºmÓ« ãË�Ò¯º�
mÈÓÒ« °�¯�}��¯Óº® °º°�Èmã«
�Ë® ÓÈ ËË °º�Ë¯ÎÈÓÒË
m äË�ÈããË �mºm º­©�Óº °m«Ï©mÈ
� ° ÒÏäËÓËÓÒËä
}ºº¯�ÒÓÈ� ²È¯È}�Ë¯Ò°�Ò�Ë°}Ò² �º�Ë} �Ëä¹Ë¯È��¯�

Óº�º ÒÓ�Ë¯mÈãÈ γ→α�¹¯Ëm¯È�ËÓÒ«�
jÏmË°�Óº >��@� ��º °�mÒ� ²È¯È}�Ë¯Ò°�Ò�Ë°}Ò²

�º�Ë} �Ëä¹Ë¯È��¯Óº�º ÒÓ�Ë¯mÈãÈ γ→α�¹¯Ëm¯È�ËÓÒ«
äºÎÓº ¹¯º°ãË�Ò�	� ¯È°°äº�¯Ëm ÒÏäËÓËÓÒ« ¯ÈÏäË¯ºm
¹Ë¯mÒ�Óº�º È�°�ËÓÒ�Óº�º ÏË¯ÓÈ� v ª�º® �Ëã	
 ÓÈäÒ
m©¹ºãÓËÓ© ª}°¹Ë¯ÒäËÓ�© ¹º º¹¯Ë�ËãËÓÒ
 °¯Ë�ÓË�º
¯ÈÏäË¯È ¹Ë¯mÒ�Ó©² È�°�ËÓÒ�Ó©² ÏË¯ËÓ� cËÏ�ã	�È�
�©� ¹¯Ë�°�ÈmãËÓÓ©Ë ÓÈ ¯Ò°� �� °mÒ�Ë�Ëã	°�m�
�
º �ºä� ��º ° �äËÓ	�ËÓÒËä }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ
Áã
°ºm ¹¯ºÒ°²º�Ò� �mËãÒ�ËÓÒË ¯ÈÏäË¯È ¹Ë¯mÒ��
Óº�º È�°�ËÓÒ�Óº�º ÏË¯ÓÈ m ÓÈ¹ãÈmãËÓÓºä äË�ÈããË�
iÈÓÓºË º­°�º«�Ëã	°�mº� ÓÈ ÓÈ� mÏ�ã«�� °m«ÏÈÓº
° ÒÏäËÓËÓÒËä º­�ËäÓº® �ºãÒ s{ �°ä� �È­ã� ��
Ò Ò² ¯È°¹¯Ë�ËãËÓÒ« m ¹¯Ë�ËãÈ² ¹Ë¯mÒ�Óº�º È�°�
�ËÓÒ�Óº�º ÏË¯ÓÈ�

{ °m«ÏÒ ° ª�Òä ­©ãÈ º¹¯Ë�ËãËÓÈ º­�ËäÓÈ« �ºã«
s{ mÓ��¯Ò Ò ¹º �¯ÈÓÒ�Ë ¹Ë¯mÒ�Óº�º È�°�ËÓÒ�Óº�º
ÏË¯ÓÈ� �ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© ¹¯Ë�°�ÈmãËÓ© m
�È­ã� �� jÏ ¹¯ÒmË�ËÓÓ©² m ÓË® �ÈÓÓ©² mÒ�Óº�
��º ÓÈÒ­ºãËË ªÁÁË}�ÒmÓº �º¯äºÏ«� ¯º°� ¹Ë¯mÒ�Óº�º
È�°�ËÓÒ�È äËã}º�Ò°¹Ë¯°Ó©Ë m}ã
�ËÓÒ«� ¯È°¹ºãº�
ÎËÓÓ©Ë ¹º Ë�º �¯ÈÓÒ�Èä� jÏ��ËÓÒË m}ã
�ËÓÒ® °¯Ë��
ÓË�º ¯ÈÏäË¯È ¹º}ÈÏÈãº� ��º ÓÈ Ò² �¯ÈÓÒ�Ë ¯È°¹º�
ãÈ�È
�°« m}ã
�ËÓÒ« ­ºãËË äËã}ÒË ����…��� ä}ä��
�Ëä m �ËãË ÏË¯ÓÈ ����… ��� ä}ä��

z¯ºäË �º�º� �°�ÈÓºmãËÓº� ��º º­�ËäÓÈ« �ºã«
s{ ¹º �¯ÈÓÒ�Ë ¹Ë¯mÒ�Óº�º È�°�ËÓÒ�Óº�º ÏË¯ÓÈ m©�
�Ë� �Ëä º­�ËäÓÈ« �ºã« mÓ��¯Ò ÏË¯ÓÈ� |�ËÓ}� ÓË�
¯ÈmÓºäË¯Óº°�Ò ¯È°¹¯Ë�ËãËÓÒ« s{ ¹¯Ë�ãºÎËÓº ¹¯º�
mº�Ò�	 >��@ ° ¹ºäº�	
 }ºªÁÁÒ�ÒËÓ�È )� ¹¯Ë�°�
�Èmã«
�Ë�º °º­º® º�Óº�ËÓÒË

)  9
�¯
��9

�¯
� 9

mÓ
��

��Ë 9
�¯
Ò 9

mÓ
Û º­�ËäÓÈ« �ºã« s{ °ºº�mË�°�mËÓÓº

¹º �¯ÈÓÒ�Èä Ò mÓ��¯Ò ¹Ë¯mÒ�Óº�º È�°�ËÓÒ�Óº�º
ÏË¯ÓÈ� º�ÓË°ËÓÓÈ« } Ë�ÒÓÒ�Ë ¹ãº�È�Ò�

zºªÁÁÒ�ÒËÓ� )� °m«ÏÈÓÓ©® ° Ò² ÓË¯ÈmÓºäË¯�
Ó©ä ¯È°¹¯Ë�ËãËÓÒËä� �ã« ­ºã	�ÒÓ°�mÈ Ò°°ãË�º�
mÈÓÓ©² �mºm °º°�ÈmÒã ���…���� �ºã��ËÓÓ©Ë ÓÈäÒ
ÏÓÈ�ËÓÒ« ) º}ÈÏÈãÒ°	 ÓË°}ºã	}º ÓÒÎË� �Ëä ¹¯Ë��

°�ÈmãËÓÓ©Ë m ¯È­º�Ë >��@ Û ���…���� cÈÏãÒ�ÒË
m ¯È°¹¯Ë�ËãËÓÒÒ s{ äËÎ�� �¯ÈÓÒ�Ë® Ò mÓ��¯ËÓ�
ÓÒäÒ º­ãÈ°�«äÒ ¹Ë¯mÒ�Óº�º È�°�ËÓÒ�Óº�º ÏË¯ÓÈ
°m«ÏÈÓº� ¹º�mÒ�Òäºä�� }È} ° ­ºãËË m©°º}Òä �Ë¹�
ãºmãºÎËÓÒËä ���� }iÎ�ää m ÓÈ�Ë® ¯È­º�Ë ¹¯º�Òm
��� }iÎ�ää Û m >��@�� �È} Ò ° ¯ÈÏãÒ�ÒËä m
º°ÓºmÓº°�Ò Ò°¹ºã	Ï�Ëä©² Áã
°ºm�

zÈ} Ò °ãË�ºmÈãº ºÎÒ�È�	� º­�ËäÓÈ« �ºã« s{
¹º �¯ÈÓÒ�Ë Ò mÓ��¯Ò ¹Ë¯mÒ�Óº�º È�°�ËÓÒ�Óº�º ÏË¯�
ÓÈ m©�Ë ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ }Ò°ãº�º Áã
°È ¹º
°¯ÈmÓËÓÒ
 ° ÓË®�¯Èã	Ó©ä Ò º°ÓºmÓ©ä Áã
°ºä
�°ä� �È­ã� ��� vº¹º°�Èmã«« �ÈÓÓ©Ë� ¹¯ÒmË�ËÓÓ©Ë
m �È­ã� � Ò ÓÈ ¯Ò°� �� äºÎÓº ¹¯Ò®�Ò } ÏÈ}ã
�ËÓÒ
�
��º m �Ëãºä ¹ºm©�ËÓÒË °º�Ë¯ÎÈÓÒ« s{ ÓÈ �¯ÈÓÒ�Ë
¹Ë¯mÒ�Óº�º È�°�ËÓÒ�Óº�º ÏË¯ÓÈ ¹º °¯ÈmÓËÓÒ
 °
Ò² °º�Ë¯ÎÈÓÒËä mº mÓ��¯ËÓÓËä º­�ËäË ¹¯Òmº�Ò�
} �äËÓ	�ËÓÒ
 ¯ÈÏäË¯È È�°�ËÓÒ�Óº�º ÏËÓÈ� �¯Ò
Ò°¹ºã	ÏºmÈÓÒÒ °ºmäË°�Óº�º ¯È°}Ò°ãËÓÒ« °mÈ¯º�Óº®
mÈÓÓ© Èã
äÒÓÒËä Ò �Ò�ÈÓºä °º�Ë¯ÎÈÓÒË m}ã
�
�ËÓÒ® mÓ��¯Ò È�°�ËÓÒ�Óº�º ÏË¯ÓÈ m©�Ë� �Ëä m °ã��
�ÈË Ò°¹ºã	ÏºmÈÓÒ« ª�Ò² ¯È°}Ò°ãÒ�ËãË® ¯ÈÏ�Ëã	Óº�
��º º­�«°Ó«Ë�°« ªÁÁË}�ºä }ºä¹ãË}°Óº�º ¯È°}Ò°�
ãËÓÒ« äË�ÈããÈ� w�º «mãËÓÒË ²º¯º�º ÒÏ��ËÓº Ò
�Ò¯º}º ¹¯ÒäËÓ«Ë�°« m �Ë¯Óº® äË�Èãã�¯�ÒÒ� �Ë¯�
äº�ÒÓÈäÒ�Ë°}ÒË ¯È°�Ë�© ¹º}ÈÏÈãÒ� ��º ¯ËÈ}�Ò«
¯È°}Ò°ãËÓÒ« ��� Ò�Ë� °ãËmÈ ÓÈ¹¯Èmº �º �Ë² ¹º¯�
¹º}È ÓË ÏÈ}ºÓ�Ò�°« º�ÒÓ ÒÏ ¯ËÈ�ËÓ�ºm m ãËmº®
�È°�Ò �¯ÈmÓËÓÒ« ÒãÒ ÓË ÓÈ°��¹Ò� ÓÈ°©�ËÓÒË ¯È°�

cÒ°� �� {ãÒ«ÓÒË }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ Áã
°ºm π| ÓÈ ¯ÈÏäË¯
¹Ë¯mÒ�Óº�º È�°�ËÓÒ�Óº�º ÏË¯ÓÈ G

�È ­ ã Ò � È �� zºãÒ�Ë°�mº s{ Ò Ò² �°¯Ë�ÓËÓÓ©® ¯ÈÏäË¯ m
äË�ÈããË �mºm

π|�
}iÎ�äºã	

cÈ°}Ò°�

ãÒ�Ëã	

|­�ËäÓÈ« �ºã«

s{ m

È�°�ËÓÒ�Óºä

ÏË¯ÓË� � )

v¯Ë�ÓÒ® ¯ÈÏäË¯

s{ m

È�°�ËÓÒ�Óºä

ÏË¯ÓË� ä}ä

¹º

�¯ÈÓÒ�Èä mÓ��¯Ò mÓ��¯Ò

¹º

�¯ÈÓÒ�Èä

Ü��� $O ����� ����� ����� ����� �����

7L ����� ����� ����� ����� �����

$O � 7L ����� ����� ����� ����� �����

Ü��� $O ����� ����� ����� ����� �����

7L ����� ����� ����� ����� �����

$O � 7L ����� ����� ����� ����� �����

Ü��� $O ����� ����� ����� ����� �����

7L ����� ����� ����� ����� �����

$O � 7L ����� ����� ����� ����� �����

������ ��



�mº¯È ¹¯º��}�ÈäÒ mÏÈÒäº�Ë®°�mÒ«� zºÓ°�ÈÓ�È ¯Èm�
ÓºmË°Ò« �È}º® ¯ËÈ}�ÒÒ º¹¯Ë�Ëã«Ë�°« ÒÏ m©¯ÈÎËÓÒ«

. =
D
0H

[
2

\

D
0H

[
D
2

\
� ���

��Ë D
0H

[
2

\

� D
0H

[ � D
2

\ Û È}�ÒmÓº°�	 m äË�ÈããË °º�

º�mË�°�mËÓÓº º}°Ò�È� ¯È°}Ò°ãÒ�Ëã« Ò }Ò°ãº¯º�È�
iã« ¯ËÈ}�Ò® ¯È°}Ò°ãËÓÒ« �¹¯Ò �°ãºmÒÒ z  

 FRQVW� °ÓÒÎËÓÒË È}�ÒmÓº°�Ò º}°Ò�È m äË�ÈããË
¹¯Òmº�Ò� } �äËÓ	�ËÓÒ
 °º�Ë¯ÎÈÓÒ« }Ò°ãº¯º�È
m ¯È°�mº¯Ë� { °ã��ÈË }ºä¹ãË}°Óº�º ¯È°}Ò°ãËÓÒ«
m °mÈ¯º�Óº® mÈÓÓË º­¯ÈÏ�
�°« º}°Ò�© °ãºÎÓº�º
°º°�ÈmÈ� ÒäË
�ÒË ­ºãËË ÓÒÏ}�
 È}�ÒmÓº°�	 m ¯È°�
¹ãÈmË ¹º °¯ÈmÓËÓÒ
 ° ½�Ò°�©äÒ� º}°Ò�ÈäÒ Èã
�
äÒÓÒ« ÒãÒ �Ò�ÈÓÈ� { ¯ËÏ�ã	�È�Ë m äË�ÈããË �mºm�
ãË�Ò¯ºmÈÓÓºä Èã
äÒÓÒËä Ò �Ò�ÈÓºä� ¹º °¯ÈmÓËÓÒ

° ãË�Ò¯ºmÈÓÓ©ä �ºã	}º Èã
äÒÓÒËä ÒãÒ �ºã	}º
�Ò�ÈÓºä� �äËÓ	�ÈË�°« º­�ËË °º�Ë¯ÎÈÓÒË s{ �°ä�
�È­ã� �� Ò ¹ºm©�ÈË�°« º­�ËäÓÈ« �ºã« s{ mÓ��¯Ò
È�°�ËÓÒ�Óº�º ÏË¯ÓÈ �°ä� �È­ã� ��� ��È°�ÒË m ¹¯º�
�Ë°°Ë ¯È°}Ò°ãËÓÒ« }¯ËäÓÒ«� }º�º¯©® ¹º°��¹ÈË� m
mÈÓÓ� ÒÏ °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm� °¹º°º­°�m�Ë� º­�
¯ÈÏºmÈÓÒ
 °ãºÎÓ©² Èã
äº°ÒãÒ}È�ºm� ÒäË
�Ò² º��
Óº°Ò�Ëã	Óº m©°º}�
 �Ëä¹Ë¯È��¯� ¹ãÈmãËÓÒ«� cÈ�

ÁÒÓÒ¯ºmÈÓÒË °mÈ¯º�Óº® mÈÓÓ© ¹º s{ º¹¯Ë�Ëã«Ë�°«
äËÎÁÈÏÓ©ä ÓÈ�«ÎËÓÒËä ÓÈ �¯ÈÓÒ�Ë s{Ü�ãÈ}�
lËÎÁÈÏÓºË ÓÈ�«ÎËÓÒË ÓÈ �¯ÈÓÒ�Ë s{Ü�ãÈ} �Ò¹È
º}°Ò�È Èã
äÒÓÒ« °º °�Èã	
 °º°�Èmã«Ë� º}ºãº
���� äs�ä� È �Ò¹È Èã
äº°ÒãÒ}È�È äÈ¯�ÈÓ�È Û
��� äs�ä >��@� ¹ºª�ºä� ¹¯Ò }ºä¹ãË}°Óºä ¯È°�
}Ò°ãËÓÒÒ m äË�ÈããË �mºm mºÏ¯È°�ÈË� È°°ÒäÒã«�Ò«
°ÒãÒ}È�Ó©² m}ã
�ËÓÒ® �ãÈ}ºä Ò °ÓÒÎÈË�°« Ò²
º�Óº°Ò�Ëã	ÓºË °º�Ë¯ÎÈÓÒË� { ¯ËÏ�ã	�È�Ë ÏÈäË�Óº
¹ºm©�ÈË�°« ¯ºã	 ­ºãËË ���º¹ãÈm}Ò² s{ �Ò¹È Èã
�
äº°ÒãÒ}È�ºm Ò º}°Ò�ºm �Ò�ÈÓÈ m Áº¯äÒ¯ºmÈÓÒÒ
m�º¯Ò�Óº® °�¯�}��¯© äË�ÈããÈ �mÈ�

jÏ ¯Ò°� � mÒ�Óº� ��º ¹¯Ò }ºä¹ãË}°Óºä ¯È°�
}Ò°ãËÓÒÒ °mÈ¯º�Óº® mÈÓÓ© °º�Ë¯ÎÈÓÒË jn m
°�¯�}��¯Ë äË�ÈããÈ �mºm m©�Ë� �Ëä m �m�² �¯��Ò²
mÈ¯ÒÈÓ�È²� �È}ÒË ÒÏäËÓËÓÒ«� ÓË°ºäÓËÓÓº� �ºãÎÓ©
°}ÈÏÈ�	°« ÓÈ �¯ºmÓË äË²ÈÓÒ�Ë°}Ò² °mº®°�m äË�ÈããÈ
�mºm� iã« ¹¯ºmË¯}Ò ª�º�º ¹¯Ë�¹ºãºÎËÓÒ« ­©ãÒ
ÒÏ�º�ºmãËÓ© º­¯ÈÏ�© Ò ¹¯ºmË�ËÓ© Ò°¹©�ÈÓÒ«� ¯Ë�
Ï�ã	�È�© }º�º¯©² ¹¯ÒmË�ËÓ© m �È­ã� ��

�¯Ò °º¹º°�ÈmãËÓÒÒ �ÈÓÓ©²� ¹¯ÒmË�ËÓÓ©² m �È­ã� �
Ò �� mÒ�Óº� ��º m °ã��ÈË ¯ÈÏ�Ëã	Óº�º ¯È°}Ò°ãËÓÒ«
Èã
äÒÓÒËä ÒãÒ �Ò�ÈÓºä ¹¯Ò ÓÒÏ}ºä }Ò°ãº¯º�Óºä

¹º�ËÓ�ÒÈãË Áã
°ºm �π
|
 Ü��� }iÎ�äºã	� ¹¯ºÒ°�

²º�Ò� mºÏ¯È°�ÈÓÒË �¯ºmÓ« ãË�Ò¯ºmÈÓÒ« jn äº�
ãÒ­�ËÓºä� ��º m©Ï©mÈË� �²���ËÓÒË m«Ï}º°�Ò Ò
¹ãÈ°�Ò�Óº°�Ò º­¯ÈÏ�ºm ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ�
�¯Ò °ºmäË°�Óºä ¯È°}Ò°ãËÓÒÒ Èã
äÒÓÒËä Ò �Ò�ÈÓºä
�¯ºmËÓ	 ãË�Ò¯ºmÈÓÒ« jn äºãÒ­�ËÓºä °ÓÒÎÈË�°«
° mºÏ¯È°�ÈÓÒËä º°ÓºmÓº°�Ò °mÈ¯º�Óº�º Áã
°È� ��º
°º¹¯ºmºÎ�ÈË�°« �mËãÒ�ËÓÒËä Ò°�ÒÓÓº�º ÓÈ¹¯«ÎË�
ÓÒ« ¯ÈÏ¯��ËÓÒ« 6N º­¯ÈÏ�ºm �¯Ò°� ��� }º�º¯ºË
²È¯È}�Ë¯ÒÏ�Ë� °�º®}º°�	 äË�ÈããÈ ¹¯º�Òm ²¯�¹}º�º
¯ÈÏ¯��ËÓÒ«� w�º äºÎÓº º­�«°ÓÒ�	 �Ëä� ��º ¹¯Ò
°ÓÒÎËÓÒÒ }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ Áã
°ºm mºÏ�

¯È°�ÈË� ÏÓÈ�ËÓÒË D
0H

[ m �¯ÈmÓËÓÒÒ ���� º¹Ò°©mÈ�


�Ëä }ºÓ°�ÈÓ�� ¯ÈmÓºmË°Ò« ¯ËÈ}�ÒÒ ¯È°}Ò°ãËÓÒ«
Ò °ºº�mË�°�mËÓÓº ¹ºm©�ÈË�°« °º�Ë¯ÎÈÓÒË ãË�Ò¯��

�Ò² ªãËäËÓ�ºm m �mË¯�ºä ¯È°�mº¯Ë� È �È}ÎË �mË�
ãÒ�ÒmÈË�°« }ºãÒ�Ë°�mº Ò �Ò°¹Ë¯°Óº°�	 s{ m }¯Ò°�
�ÈããÒÏ�
�Ëä°« äË�ÈããË� �¯Ò °mÈ¯}Ë ¹º� Áã
°ÈäÒ
m©°º}º® º°ÓºmÓº°�Ò ° ¯ÈÏ�Ëã	Ó©ä ¯È°}Ò°ãËÓÒËä
Èã
äÒÓÒËä ÒãÒ �Ò�ÈÓºä mºÏ¯È°�ÈÓÒË �¯ºmÓ« ãË�Ò�
¯ºmÈÓÒ« �mË¯�º�º ¯È°�mº¯È ¹¯Òmº�Ò� } �¯ËÏäË¯Óº
m©°º}ºä� �¹¯º�ÓËÓÒ
 °�¯�}��¯Ó©² °º°�Èmã«
�Ò²
Ò °ÓÒÎËÓÒ
 m°ãË�°�mÒË ª�º�º m«Ï}º°�Ò Ò ¹ãÈ°�Ò��
Óº°�Ò äË�ÈããÈ �mºm� { °ã��ÈË }ºä¹ãË}°Óº�º ¯È°�

� È ­ ã Ò � È �� lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äË�ÈããÈ °mÈ¯Ó©² �mºm

¢ �mÈ

{¯ËäËÓÓºË

°º¹¯º�ÒmãËÓÒË

¯ÈÏ¯��ËÓÒ
 σm�
l�È

�¯Ë�Ëã

�Ë}��Ë°�Ò σ��
l�È

|�Óº°Ò�Ëã	ÓºË

��ãÒÓËÓÒË δ�� �
|�Óº°Ò�Ëã	ÓºË

°�ÎËÓÒË ψ� �

j°�ÒÓÓºË

ÓÈ¹¯«ÎËÓÒË

¯ÈÏ¯��ËÓÒ« 6N�
l�È

��È¯ÓÈ« m«Ï}º°�	 ÈÓ� iÎ�°ä
�
�

¹¯Ò �Ëä¹Ë¯È��¯Ë�
º
v

Ü�� Ü��

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

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

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

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

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

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

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

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

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

cÒ°� �� {ãÒ«ÓÒË }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ Áã
°ºm π| Ò °Ò°�Ëä©
¯È°}Ò°ãËÓÒ« °mÈ¯º�Óº® mÈÓÓ© ÓÈ °º�Ë¯ÎÈÓÒË äºãÒ­�ËÓÈ m jn
�È� Ò Ò°�ÒÓÓºË ÓÈ¹¯«ÎËÓÒË ¯ÈÏ¯��ËÓÒ« äË�ÈããÈ �mºm 6N �­��
� Û Èã
äÒÓÒ® � �Ò�ÈÓ� � Û �Ò�ÈÓ� � Û Èã
äÒÓÒ®

�� ������



}Ò°ãËÓÒ« °mÈ¯º�Óº® mÈÓÓ© ÏÓÈ�ËÓÒ« D
2

\ �äËÓ	�È�


�°« Ò m äË�ÈããË º­¯ÈÏ�
�°« s{ °ãºÎÓº�º °º°�ÈmÈ�
jÏmË°�Óº� ��º ªãËäËÓ�©�°Ë�}ºº­¯ÈÏºmÈ�ËãÒ

�}¯ËäÓÒ®� mÈÓÈ�Ò®� äºãÒ­�ËÓ� mºã	Á¯Èä� ÒÓ�ËÓ�
°ÒmÓº ¯È°�mº¯«
�°« m º}°Ò�Ó©² ¯È°¹ãÈmÈ² >��@�
zÈ} mÒ�Óº ÒÏ �È­ã� �� ¹¯Ò }ºä¹ãË}°Óºä ¯È°}Ò°�
ãËÓÒÒ m äË�ÈããË �mºm º­¯ÈÏ�
�°« m º°ÓºmÓºä Èã
�
äº°ÒãÒ}È�©� �Ëä¹Ë¯È��¯È ¹ãÈmãËÓÒ« }º�º¯©²
°º°�Èmã«Ë� º}ºãº ���� Åv� m �º m¯Ëä« }È} ¹¯Ò ¯ÈÏ�
�Ëã	Óºä ¯È°}Ò°ãËÓÒÒ s{ ¹¯Ë�°�Èmã«
� °º­º® °Ò�
ãÒ}È�© äÈ¯�ÈÓ�È ° �Ëä¹Ë¯È��¯º® ¹ãÈmãËÓÒ«
���� Åv� p°ãÒ ���º¹ãÈm}ÒË m}ã
�ËÓÒ« äº��� ­©�	
��ÈãËÓ© m �ãÈ}ºm�
 ÁÈÏ� m ¯ËÏ�ã	�È�Ë ÒÓ�ËÓ°Òm�
Óº�º �Ò�¯º�ÒÓÈäÒ�Ë°}º�º ¹Ë¯ËäË�ÒmÈÓÒ« °mÈ¯º��
Óº® mÈÓÓ©� �º s{ �Ò¹È °ÒãÒ}È�ºm º­¯ÈÏ�
�°« m
�º® �Ëä¹Ë¯È��¯Óº® ÏºÓË mÈÓÓ©� }º�º¯È« ²È¯È}�Ë�
¯ÒÏ�Ë�°« äÒÓÒäÈã	Ó©ä ¹Ë¯ËäË�ÒmÈÓÒËä ¯È°¹ãÈmÈ�
sË}º�º¯©Ë ÒÏ ª�Ò² m}ã
�ËÓÒ® m©�Ëã«
�°« m }È�
�Ë°�mË }ºÓ�ËÓ°Ò¯ºmÈÓÓº® ÁÈÏ© ¹¯Ò �Ëä¹Ë¯È��¯Ë�
ÓÒÎË �Ëä¹Ë¯È��¯© }¯Ò°�ÈããÒÏÈ�ÒÒ äË�ÈããÈ� rãÈ�
�º�È¯« ª�ºä� ÁÈ}��� È �È}ÎË �ºä�� ��º ¯È°�mº¯Ò�
äº°�	 äºãÒ­�ËÓÈ m Èã
äº°ÒãÒ}È�È² m©�Ë� �Ëä m
°ÒãÒ}È�È² �°ä� �È­ã� � Ò ¯Ò°� ��� ¹¯Ò }ºä¹ãË}°Óºä
¯È°}Ò°ãËÓÒÒ °ÓÒÎÈË�°« �¯ºmËÓ	 ãË�Ò¯ºmÈÓÒ« äº�
ãÒ­�ËÓºä °�¯�}��¯Ó©² °º°�Èmã«
�Ò² �mË¯�º�º ¯È°�
�mº¯È� { ¯ËÏ�ã	�È�Ë ��ÈË�°« º­Ë°¹Ë�Ò�	 m©°º}Ò®
�¯ºmËÓ	 °�º®}º°�Ò ¹¯º�Òm ²¯�¹}º�º ¯ÈÏ¯��ËÓÒ« äË�
�ÈããÈ� ÓÈ¹ãÈmãËÓÓº�º ¹º� Áã
°ºä m©°º}º® º°Óºm�
Óº°�Ò�

{©mº�©

�� sÈ �°ãºmÒ« Áº¯äÒ¯ºmÈÓÒ« °�¯�}��¯© äË�ÈããÈ
°mÈ¯Ó©² �mºm ÏÈäË�ÓºË mãÒ«ÓÒË º}ÈÏ©mÈ
� }Ò°�
ãº¯º�Ó©® ¹º�ËÓ�ÒÈã °mÈ¯º�Óº�º äÈ�Ë¯ÒÈãÈ� È �È}�
ÎË m©­º¯ °Ò°�Ëä© ¯È°}Ò°ãËÓÒ« °mÈ¯º�Óº® mÈÓÓ©�

�� vÓÒÎËÓÒË }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ °mÈ¯º��
Ó©² Áã
°ºm º� Ü��� �º Ü��� }iÎ�äºã	 °¹º°º­�
°�m�Ë� ÒÏäËÓËÓÒ
 °º�Ë¯ÎÈÓÒ« äºãÒ­�ËÓÈ m jn
Ò °ÓÒÎËÓÒ
 ¯ÈÏäË¯È s{� º­¯ÈÏ�
�Ò²°« m äË�ÈããË
�mºm ° ���� �º ���� ��

�� vº�Ë¯ÎÈÓÒË s{� ¯È°¹ºãºÎËÓÓ©² ¹º �¯ÈÓÒ�
�Èä È�°�ËÓÒ�Óº�º ÏË¯ÓÈ� m©�Ë� È Ò² ¯ÈÏäË¯© äËÓ	�
�Ë� �Ëä � ¯È°¹ºãºÎËÓÓ©² m Ë�º mÓ��¯ËÓÓËä º­�ËäË
�°ä� �È­ã� ���

�� �ºm©�ËÓÒË °º�Ë¯ÎÈÓÒ« äËã}º�Ò°¹Ë¯°Ó©²
m}ã
�ËÓÒ® ¹º �¯ÈÓÒ�Èä ¹Ë¯mÒ�Óº�º È�°�ËÓÒ�Óº�º
ÏË¯ÓÈ �º¯äºÏÒ� Ò² ¯ÈÏmÒ�ÒË m ¹¯º�Ë°°Ë º²ãÈÎ�ËÓÒ«
äË�ÈããÈ�

�� �¯Ò Ò°¹ºã	ÏºmÈÓÒÒ Áã
°ºm ° ÓÒÏ}Òä }Ò°ãº�
¯º�Ó©ä ¹º�ËÓ�ÒÈãºä }ºä¹ãË}°ÓºË ¯È°}Ò°ãËÓÒË Èã
�
äÒÓÒËä Ò �Ò�ÈÓºä ¹¯Òmº�Ò� } °ÓÒÎËÓÒ
 °º�Ë¯ÎÈÓÒ«
äºãÒ­�ËÓÈ m jn Ò ¹ºm©�ËÓÒ
 °�º®}º°�Ò äË�ÈããÈ
°mÈ¯Ó©² �mºm ¹¯º�Òm ²¯�¹}º�º ¯ÈÏ¯��ËÓÒ«�

�� jÏäËÓ«« °Ò°�Ëä� ¯È°}Ò°ãËÓÒ« Ò º°ÓºmÓº°�	
Áã
°È� äºÎÓº �¹¯Èmã«�	 ¹¯º�Ë°°ÈäÒ Áº¯äÒ¯ºmÈ�
ÓÒ« º¹�ÒäÈã	Óº® °�¯�}��¯© �ã« ¹ºã��ËÓÒ« ÓÈÒ�
­ºãËË m©°º}Ò² ¹º}ÈÏÈ�ËãË® ¹¯º�Óº°�Ò Ò ¹ãÈ°�
�Ò�Óº°�Ò °mÈ¯Ó©² �mºm ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®
°º °mË¯²ÓÒÏ}Òä °º�Ë¯ÎÈÓÒËä ��ãË¯º�È� °�º®}Ò²
¹¯º�Òm ²¯�¹}º�º ¯ÈÏ¯��ËÓÒ«�

�� �ºmºãº�}Ò® i� Ð� kã
äÒÓÒ® m }ºÓ°�¯�}�ÒºÓÓº® °�ÈãÒ�
Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� �«}Ò�Ëm s� ��� �ãÒÓË¯ �� ��� �È¹}º v� j� �Ë�Ò¯�
�ÒË
°¹ãÈm© Ò °�ÈãÒ ° �Ò�ÈÓºä� Û l�� lË�Èãã�¯�Ò«� ����� Û
��� °�

�� /LDR )��&�� /LX 6� (IIHFW RI GHR[LGDWLRQ VHTXHQFH RQ FDUERQ
PDQJDQHVH VWHHO ZHOG PHWDO PLFURVWUXFWXUHV �� :HOGLQJ -�
Û ����� Û ¢ �� Û c� ��Ü����

�� | mãÒ«ÓÒÒ º}°Ò�Ó©² m}ã
�ËÓÒ® ÓÈ äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ
°�ÈãÒ ° ÓÒÏ}Òä °º�Ë¯ÎÈÓÒËä ��ãË¯º�È � j� r� ���ºm°}Ò®�
{� j� rºÓ�È¯��}� {� �� zº�}ÒÓ� {� k� zºã�ÈÓºm �� lË�
�ÈããºmË�ËÓÒË Ò �Ë¯ä� º­¯È­º�}È äË�Èããºm� Û ����� Û
¢ �� Û v� ��Ü���

�� p1 ������� 6FZHLβ]XVD⋅⋅W]H�3UX⋅⋅IXQJ ]XU (LQWHLOXQJ� Û 7HLO
�� 3UX⋅⋅IVWX⋅⋅FN ]XU (QWQDPH YRQ 6FZHLβJXWSUREHQ DQ 6WDKO�
1LFNHO XQG 1LFNHO�OHJLHUXQJHQ� Û km°�¯Ò«�

�� *XLGH WR WKH XVH RI ZLUHV DQG IOX[HV FODVVLILHG LQ ,,: 'RF�
;,,����Ü��� Û 6� O�� >����@� Û �� S� �,QWHUQ� ,QVW� RI :HO�
GLQJ� 'RF� ;,,�$����Ü����

�� zÈÏÈ�}ºm p� k� cÈ°�Ë�© ¹º �Ëº¯ÒÒ äË�Èãã�¯�Ò�Ë°}Ò² ¹¯º�
�Ë°°ºm� Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� |�ËÓ}È º}Ò°ãÒ�Ëã	Óº® °¹º°º­Óº°�Ò }Ë¯ÈäÒ�Ë°}Ò² Áã
°ºm
� j� z �º²º�Ó«� {� {� �ºãºm}º� i� l� z��ÓË¯Ëm� {� j�
bmÈ�}º �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û
v� ��Ü���

�� *XLGHOLQHV IRU WKH FODVVLILFDWLRQ RI IHUULWLF VWHHO ZHOG PHWDO PLF�
URVWUXFWXUDO FRQVWLWXHQWV XVLQJ WKH OLJKW PLFURVFRSH �� :HOGLQJ
LQ WKH :RUOG� Û ����� Û ��� ¢ ���� Û 3� ���Ü����

��� $EVRQ /� '� 1RQ�PHWDOOLF LQFOXVLRQV LQ IHUULWLF VWHHO ZHOG
PHWDOV� $ UHYLHZ� Û 6� O�� >����@� Û �� S� �,QWHUQ� ,QVW� RI
:HOGLQJ� 'RF� ,;�����Ü����

��� 0HWDOOXUJLH HW SURSULHWHV PHFDQLTXHV GX PHWDO IRQGX HQ VRX�
GDJH PXOWLSDVVH VRXV IOX[ G′DFLHU DX &Ü0Q PLFUR�DOOLH � /�
'HYLOOHUV� '� .DSODQ� $� 5LEHV� 3� 9� 5LERXG �� 0HPRLUHV
HW HWXGHV VFLHQWLILTXHV UHYXH GH PHWDOOXUJLH� Û ����� Û ���
¢ �� Û 3� ��Ü���

��� /LX 6�� 2OVRQ '� /� �KH UROH RI LQFOXVLRQV LQ FRQWUROOLQJ
+6/$ VWHHO ZHOG PLFURVWUXFWXUHV �� :HOGLQJ -� Û �����
Û ¢ �� Û 3� ���Ü����

��� k�ãÈ° �ãÈ}ºm � �º� ¯Ë�� j� v� z�ãÒ}ºmÈ� Û l�� lË�
�Èãã�¯�Ò«� ����� Û ��� °�

��� rº¯ºÓËÓ}ºm {� s�� p°ÒÓ |� k�� b�¯Ò�ÒÓ �� Ð� nÒÏÒ�Ë°�
}È« ²ÒäÒ« ¯È°¹ãÈmãËÓÓ©² �ãÈ}ºm� Û zÒËm� sÈ�}� ��ä}È�
����� Û v� ���Ü����

,W KDV EHHQ IRXQG WKDW GHFUHDVH LQ R[\JHQ SRWHQWLDO RI D ZHOGLQJ IOX[ OHDGV WR D FKDQJH LQ WKH FRQWHQW RI DOOR\LQJ HOHPHQWV

LQ DFLFXODU IHUULWH DQG GHFUHDVH LQ VL]H RI LQFOXVLRQV IRUPHG LQ D ORZ�DOOR\ KLJK�VWUHQJWK ZHOG PHWDO� :KHQ XVLQJ IOX[HV ZLWK
ORZ R[\JHQ SRWHQWLDO� FRPSOH[ GHR[LGDWLRQ ZLWK DOXPLQLXP DQG WLWDQLXP FDXVHV GHFUHDVH LQ WKH PRO\EGHQXP FRQWHQW RI
DFLFXODU IHUULWH DQG LQFUHDVH LQ EULWWOH IUDFWXUH UHVLVWDQFH RI WKH ZHOG PHWDO�

IhklmibeZ \ j_^Zdpbx �����������

\ hdhgqZl_evghf \ZjbZgl_ ����������

cÒ°� �� {ãÒ«ÓÒË }Ò°ãº¯º�Óº�º ¹º�ËÓ�ÒÈãÈ Áã
°È π| ÓÈ °º�Ë¯�
ÎÈÓÒË äºãÒ­�ËÓÈ m s{ �°ä� º­ºÏÓÈ�ËÓÒ« ¯Ò°� ��

������ ��



M>D �����������¶��

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

������
�������������

{� l� z��jz� }ÈÓ�� �Ë²Ó� ÓÈ�}� l� l� vk{j¡zjq� ��¯ �Ë²Ó� ÓÈ�}� i� �� s|{jz|{k� }ÈÓ�� �Ë²Ó� ÓÈ�}�

{� k� zckvs|upz|{k� ÒÓÎ� �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

®ÍÉ¿Æ¿ÌÍ� ÖÑÍ ÍÀÏ¿ÀÍÑÉ¿ ÐÁ¿ÏÌÚÔ ÐÍÄÃÇÌÄÌÇÈ ÐÑ¿ÊÇ ��´¢°� ÒÊÒÖ×¿ÄÑ ÓÍÏËÇÏÍÁ¿ÌÇÄ ËÄÑ¿ÊÊ¿ ×Á¿� ÇÆËÄÊÛÖ¿ÄÑ ÄÂÍ

ÐÑÏÒÉÑÒÏÒ� ÎÍÁÚ×¿ÄÑ ÒÃ¿ÏÌÒÝ ÁÞÆÉÍÐÑÛ ËÄÑ¿ÊÊ¿ ¦±¡ ÐÁ¿ÏÌÍÂÍ ÐÍÄÃÇÌÄÌÇÞ� ²ÐÑ¿ÌÍÁÊÄÌÍ� ÖÑÍ ÎÏÇ ¿ÏÂÍÌÍÃÒÂÍÁÍÈ ÍÀÏ¿�

ÀÍÑÉÄ ÐÁ¿ÏÌÍÂÍ ÐÍÄÃÇÌÄÌÇÞ ÐÏÄÃÌÄÒÂÊÄÏÍÃÇÐÑÍÈ ÊÄÂÇÏÍÁ¿ÌÌÍÈ ÐÑ¿ÊÇ Ì¿ ÒÖ¿ÐÑÉÄ ÎÄÏÄÂÏÄÁ¿ ¦±¡ ËÍÂÒÑ ÍÀÏ¿ÆÍÁÚÁ¿ÑÛÐÞ

ÁÚÃÄÊÄÌÇÞ «�©�Ó¿ÆÚ�

zã
� Ë m © Ë ° ã º m È � È¯�ºÓº���ºmÈ« º­¯È­º�}È� m©°º}º¹¯º��

ÓÈ« °�Èã	� °mÈ¯ÓºË °ºË�ÒÓËÓÒË� ÓÈ�¯Ëm� ¹º�¹ãÈmãËÓÒË� º²ãÈÎ�

�ËÓÒË� ÏÈ}Èã}È� °�¯�}��¯È� ��È¯ÓÈ« m«Ï}º°�	

iã« °mÈ¯Ó©² ÒÏ�ËãÒ® ° m©°º}ÒäÒ °ã�ÎË­Ó©äÒ

²È¯È}�Ë¯Ò°�Ò}ÈäÒ Ò ¹ºÓÒÎËÓÓº® äË�ÈããºËä}º°�	


¹¯ÒäËÓ«Ë�°« m©°º}º¹¯º�ÓÈ« °�Èã	 ÓË­ºã	�º® �ºã�

�ÒÓ©� �¯Ò Ò² ÒÏ�º�ºmãËÓÒÒ �Ò¯º}º Ò°¹ºã	Ï�Ë�°«

È¯�ºÓº���ºmÈ« °mÈ¯}È mºã	Á¯Èäºm©ä ªãË}�¯º�ºä
° È}�ÒmÒ¯�
�Òä Áã
°ºä �°mÈ¯}È k��,*�� w�º ¹ºÏ�

mºã«Ë� º�}ÈÏÈ�	°« º� ¯ÈÏ�Ëã}Ò }¯ºäº}� °ÓÒÏÒ�	

¯È°²º� ªãË}�¯ºªÓË¯�ÒÒ Ò °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm

Ò �äËÓ	�Ò�	 �Ë¹ãºmãºÎËÓÒË >�@� |�ÓÈ}º� m°ãË��

°�mÒË �äËÓ	�ËÓÒ« ¹º�ºÓÓº® ªÓË¯�ÒÒ� �mËãÒ�ÒmÈ�

Ë�°« °}º¯º°�	 º²ãÈÎ�ËÓÒ« °mÈ¯Ó©² °ºË�ÒÓËÓÒ® Ò

�°ÒãÒmÈË�°« ªÁÁË}� ÏÈ}Èã}Ò� ��º ¹¯Òmº�Ò� } °ÓÒ�

ÎËÓÒ
 ¹º}ÈÏÈ�ËãË® m«Ï}º°�Ò� ¹ãÈ°�Ò�Óº°�Ò Ò �¯Ë�

�ÒÓº°�º®}º°�Ò >�@� �ºª�ºä� Ò² ¹º�mË¯�È
� ¹Ë��

Óºä� º�¹�°}� °¯ÈÏ� ¹º°ãË °mÈ¯}Ò ÒãÒ °

äÒÓÒäÈã	Ó©ä ¹Ë¯Ë¯©mºä ¹º°ãË ÓËË� w�º �°ãºÎÓ«Ë�

�Ë²Óºãº�Ò�Ë°}Ò® ¹¯º�Ë°°� ¹ºm©�ÈË� �¯��º� Ò ªÓË¯�

�ºÏÈ�¯È�©� °ÓÒÎÈË� ¹¯ºÒÏmº�Ò�Ëã	Óº°�	� �¯Ë­�Ë�

Ò°¹ºã	ÏºmÈÓÒ« �º¯º�º°�º«�Ë�º ¹Ë�Óº�º º­º¯��º�

mÈÓÒ«� z¯ºäË �º�º� ¹Ë�Óº® º�¹�°} ÓË m°Ë��È º°��

�Ë°�mÒä� º°º­ËÓÓº ¹¯Ò ÒÏ�º�ºmãËÓÒÒ }¯�¹Óº�È­È�

¯Ò�Ó©² }ºÓ°�¯�}�Ò®�

�äËÓ	�Ò�	 ªÓË¯�Ë�Ò�Ë°}ÒË ÏÈ�¯È�© Ò ¹ºm©°Ò�	

ªÁÁË}�ÒmÓº°�	 �Ë²Óºãº�Ò�Ë°}º�º ¹¯º�Ë°°È äºÎÓº

¹��Ëä ¹¯ÒäËÓËÓÒ« äË°�Óº® È¯�ºÓº���ºmº® º­¯È�

­º�}Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® >�� �@� z¯ºäË �º�º�

ºÓÈ ¹ºm©�ÈË� ¹ãÈ°�Ò�Óº°�	� m«Ï}º°�	� °�º®}º°�	

} ÏÈäË�ãËÓÓºä� ¯ÈÏ¯��ËÓÒ
 °ºË�ÒÓËÓÒ« Ò� ��º

mÈÎÓº� äºÎË� m©¹ºãÓ«�	°« ° Ò°¹ºã	ÏºmÈÓÒËä �º�º

ÎË º­º¯��ºmÈÓÒ« Ò º°ÓÈ°�}Ò Ò ­ËÏ ¯È°}¯Ë¹ãËÓÒ«�

��º ¹ºÏmºã«Ë� ÒÏ­ËÎÈ�	 �ËÁº¯äÈ�ÒÒ ÒÏ�ËãÒ«�

k¯�ºÓº���ºmÈ« º­¯È­º�}È ­ËÏ ¹º�¹ãÈmãËÓÒ« äË�

�ÈããÈ m©Ï©mÈË� m ÏÈmÒ°Òäº°�Ò º� ¯ËÎÒäÈ ÏÈ}Èã}�

ÒãÒ º�¹�°} °mÈ¯Óº�º °ºË�ÒÓËÓÒ«� pË äºÎÓº ¹¯º�

mº�Ò�	 °º °}º¯º°�	
� mº äÓº�º ¯ÈÏ ¹¯Ëm©�È
�Ë®

°}º¯º°�	 °mÈ¯}Ò� �¯Ò ¹º�¹ãÈmãËÓÒÒ ¹¯º�¯Ëm äË�

�ÈããÈ �°ÒãÒmÈË�°«� }È�Ë°�mº °ºË�ÒÓËÓÒ« äºÎË�

�ã���È�	°«� º�ÓÈ}º ¹¯ºmË�ËÓÒË º­¯È­º�}Ò ° ­ºã	�

�º® °}º¯º°�	
 ÏÈ�¯��ÓËÓº ÒÏ�ÏÈ �²���ËÓÒ« Áº¯�

äÒ¯ºmÈÓÒ« �mÈ� ~È�È�Ë® ÓÈ°�º«�Ë® ¯È­º�© «mã«�

Ë�°« Ò°°ãË�ºmÈÓÒË Ò º¹¯Ë�ËãËÓÒË mºÏäºÎÓº°�Ò ÒÏ�

äËÓËÓÒ« Ò �ã���ËÓÒ« °�¯�}��¯© Ò °mº®°�m °mÈ¯Óº�º

°ºË�ÒÓËÓÒ« m©°º}º¹¯º�Óº® °�ÈãÒ m ÏÈmÒ°Òäº°�Ò

º� ¯ËÎÒäÈ È¯�ºÓº���ºmº® º­¯È­º�}Ò ° ¹º�¹ãÈm�

ãËÓÒËä �ã« �¹¯º�ËÓÒ« �Ë²Óºãº�Ò�Ë°}º�º ¹¯º�Ë°°È

ÒÏ�º�ºmãËÓÒ« ¹¯º��}�ÒÒ�

w}°¹Ë¯ÒäËÓ�© ¹¯ºmº�ÒãÒ ÓÈ °mÈ¯º�Óº® �°�È�

Óºm}Ë kcz�� ° m©¹¯«äÒ�ËãËä {v{������ {©°º�

}º¹¯º�ÓÈ« °¯Ë�ÓËãË�Ò¯ºmÈÓÓÈ« °�Èã	 ��t�vk �ºã�

�ÒÓº® �� È �È}ÎË � ää� ¹¯ºÒÏmº�ÒäÈ« Ò �º°�È�º�Óº

�Ò¯º}º ¹¯ÒäËÓ«ËäÈ« �ã« ÒÏ�º�ºmãËÓÒ« °mÈ¯Ó©²

}ºÓ°�¯�}�Ò® m �}¯ÈÒÓË Ò ÏÈ ¯�­ËÎºä� ¹º�mË¯�ÈãÈ°	

°mÈ¯}Ë k��,*� È °mÈ¯Ó©Ë °ºË�ÒÓËÓÒ« Û È¯�ºÓº�

���ºmº® º­¯È­º�}Ë ° ¹º�¹ãÈmãËÓÒËä� iã« ª�º�º

°º­Ò¯ÈãÒ °�©}Ò ­ËÏ °}º°È }¯ºäº} ° ¯È°°�º«ÓÒËä

�� ää äËÎ�� �Ë¹ãºº�mº�«�ÒäÒ ÏÈÎÒäÈäÒ� }¯ºä}Ò

¹º}¯©mÈãÒ È}�ÒmÒ¯�
�Òä Áã
°ºä {v��ª� °mÈ¯}�

m©¹ºãÓ«ãÒ ÓÈmË°� °º °}mºÏÓ©ä ¹¯º¹ãÈmãËÓÒËä ÓÈ

º­©�Ó©² �ã« ª�Ò² �ºã�ÒÓ ¯ËÎÒäÈ²� ,
°m
 ��� k�

8  � {� Y
°m
 �� ä�� Ò ,

°m
 ��� k� 8  �� {�

Y
°m
 � ä��� �º°ãË º°�©mÈÓÒ« Ò ��ÈãËÓÒ« �ãÈ}È

º� ¹Ë¯Ë¹ãÈmãËÓÓº�º È}�ÒmÒ¯�
�Ë�º Áã
°È °�©}Ò º­�

¯È­È�©mÈãÒ È¯�ºÓº���ºm©ä °¹º°º­ºä mºã	Á¯Èäºm©ä
ªãË}�¯º�ºä ° ¹¯º�ºã	Ó©ä ¹Ë¯ËäË�ËÓÒËä Ò ¹º¹Ë¯Ë��

Ó©äÒ }ºãË­ÈÓÒ«äÒ Èä¹ãÒ���º® �…� ää Ò �È°�º�º®

�…� °
Ü�

� cËÎÒä© È¯�ºÓº���ºmº® º­¯È­º�}Ò mÈ¯	Ò¯º�

mÈãÒ m ¹¯Ë�ËãÈ² ,
º­¯

 ��…��� k� 8
º­¯

 ��…�� {�

Y
º­¯

 ���…���� ä��� �Ë¯äÒ�Ë°}ÒË �Ò}ã© °mÈ¯}Ò

Ò º­¯È­º�}Ò ÏÈ¹Ò°©mÈãÒ ° ¹ºäº�	
 mºã	Á¯Èä¯Ë�

ÓÒ®Ümºã	Á¯Èä¯ËÓÒËmº® �Ë¯äº¹È¯© {c ���� �Ò�

ÈäË�¯ºä ���� ää Ò º°�Òããº�¯ÈÁÈ s����

lÈ}¯º� Ò äÒ}¯º°�¯�}��¯� Ò°°ãË�ºmÈãÒ ° ¹º�

äº�	
 äÒ}¯º°}º¹È ½1HRSKRW���� ¹¯Ò ���� ���� �����

����� ���� Ò �����}¯È�Óºä �mËãÒ�ËÓÒÒ ¹º°ãË �¯Èm�

ãËÓÒ« �ãÒÁºm m mº�Ó©² ¯È°�mº¯È² ÓÈ�°Ë¯Óº}Ò°�

ãº�º ÈääºÓÒ«� ¹Ò}¯È�È ÓÈ�¯Ò« Ò ¹Ò}¯ÒÓºmº® }Ò°�

ãº�©� lÒ}¯º�mË¯�º°�	 m ¹º¹Ë¯Ë�Óºä °Ë�ËÓÒÒ °mÈ¯�

Óº�º °ºË�ÒÓËÓÒ« º¹¯Ë�Ëã«ãÒ �mË¯�ºäË¯ºä ÁÒ¯ä©

/(&2 ¹¯Ò ÓÈ�¯�Ï}Ë �� Ò �� �� {©«mãËÓÒË Ò º¹�

¯Ë�ËãËÓÒË ¯ÈÏäË¯È ÏË¯ÓÈ m©¹ºãÓ«ãÒ ¹º �|v�

����Ü�� �v� vw{ ����Ü���� äË²ÈÓÒ�Ë°}ÒË Ò°¹©�

�ÈÓÒ« °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ¹¯ºmº�ÒãÒ ¹º �|v�

����Ü�� ÓÈ ¯ÈÏ¯©mÓ©² ¹ãº°}Ò²� ­ËÏ º­¯È�Óº�º �°Ò�

ãËÓÒ« º­¯ÈÏ�È² Ò ��È¯Ó©² º­¯ÈÏ�È² ° }¯��ã©ä

ÓÈ�¯ËÏºä� v�º®}º°�	 ~�{ } º­¯ÈÏºmÈÓÒ
 ²ºãº�Ó©²

�¯Ë�ÒÓ º�ËÓÒmÈãÒ ¹º ¹¯º�ºãÎÒ�Ëã	Óº°�Ò ÏÈäË��
� {� l� z�ãÒ}� l� l� vÈmÒ�}Ò®� i� �� sºmÒ}ºmÈ� {� k� z¯È°Óº�Ë}ºmÈ� ����

�� ������



ãËÓÓº�º ¯ÈÏ¯��ËÓÒ« ¹ãº°}º�º º­¯ÈÏ�È >�@ °Ë�ËÓÒËä
���� ää ¹º°ãË ¹¯ÒãºÎËÓÒ« ¯È°�«�ÒmÈ
�Ë® ÓÈ��

¯�Ï}Ò ÒÏ ¯È°�Ë�È σ  ���σ��� º°ÓºmÓº�º äË�ÈããÈ
�
{ �È­ã� � º­º­�ËÓ© º°ÓºmÓ©Ë �ÈÓÓ©Ë ¹º °mÈ¯}Ë

Ò È¯�ºÓº���ºmº® º­¯È­º�}Ë ° ¹º�¹ãÈmãËÓÒËä� °�¯�}�
��¯Ë Ò °mº®°�mÈä °ºË�ÒÓËÓÒ® °�ÈãÒ ��t�vk �ºã�
�ÒÓº® � ää�

|�Óº¹¯º²º�Ó©Ë k��,* °ºË�ÒÓËÓÒ« �ºã�ÒÓº®
� Ò � ää ²È¯È}�Ë¯ÒÏ�
�°« �mÈäÒ ÓË­ºã	�º® �Ò�
¯ÒÓ© ����… ��� Ò ���… ��� ää� ° }ºªÁÁÒ�ÒËÓ�ÈäÒ
Áº¯ä© °ºº�mË�°�mËÓÓº ���… ��� Ò ���…���� }º�º�
¯©Ë äº��� ÒäË�	 mº�Ó��º°�	 ° ãÒ�Ëmº® Ò m©¹�}ãº°�	
° º­¯È�Óº® °�º¯ºÓ© �¯Ò°� �� È�� �Ë¯mÒ�ÓÈ« °�¯�}�
��¯È äË�ÈããÈ �mÈ m ¹º¹Ë¯Ë�Óºä °Ë�ËÓÒÒ ¹¯Ë�°�
�ÈmãËÓÈ ¹¯ËÒä��Ë°�mËÓÓº °�ºã­�È�©äÒ� º¯ÒËÓ�Ò�
¯ºmÈÓÓ©äÒ º� ¹Ë¯ÒÁË¯ÒÒ } �ËÓ�¯�� Ò ¹º��Ò ¯ÈmÓº�
º°Ó©äÒ � ÏºÓ© °¹ãÈmãËÓÒ« �ËÓ�¯Ò�ÈäÒ� ¯ÈÏº¯Ò�
ËÓ�Ò¯ºmÈÓÓ©äÒ m �ËÓ�¯Ë �¯Ò°� �� È�� rË®ÓÒ�Óº�
äÈ¯�ËÓ°Ò�ÓÈ« °�¯�}��¯È äË�ÈããÈ °ºË�ÒÓËÓÒ« «m�
ã«Ë�°« }¯�¹Óº}¯Ò°�ÈããÒ�Ë°}º® �¯Ò°� ��� äÒ}¯º�
�mË¯�º°�	 s9 �mÈ Ò ��È°�}È ¹Ë¯Ë�¯ËmÈ ~�{ ÓÈ
°�ÈãÒ �ºã�ÒÓº® � ää °º°�Èmã«Ë� ����…���� Ò
����… ���� ��È� ÓÈ °�ÈãÒ �ºã�ÒÓº® � ää Û
����… ���� Ò ����… ���� ��È� �¯º�Óº°�	 °ºË�Ò�
ÓËÓÒ« ¹¯Ëm©�ÈË� ¹¯º�Óº°�	 º°ÓºmÓº�º äË�ÈããÈ�
º�ÓÈ}º }¯�¹ÓºÏË¯ÓÒ°�º°�	 äË�ÈããÈ º}ºãº�ºmÓº®
ÏºÓ© äºÎË� ­©�	 ¹¯Ò�ÒÓº® º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©²
�¯Ë�ÒÓ�

k¯�ºÓº���ºmÈ« º­¯È­º�}È °mÈ¯Ó©² °ºË�ÒÓËÓÒ®
�ºã�ÒÓº® � Ò � ää º°��Ë°�mã«Ë�°« ° ¹º�¹ãÈmãË�
ÓÒËä ��È°�}È �Ò¯ÒÓº® °ºº�mË�°�mËÓÓº ����� Ò

�…� ää� }º�º¯È« º¹¯Ë�Ëã«Ë�°« Èä¹ãÒ���º® ¹º�
¹Ë¯Ë�Ó©² }ºãË­ÈÓÒ® ªãË}�¯º�È� w�º� ��È°�º} ¹ºã�
Óº°�	
 ¹Ë¯Ë}¯©mÈË� Ò°²º�Ó©® �ºm �¯Ò°� ��� �ã��
­ÒÓÈ Ë�º �äËÓ	�ÈË�°« ° �mËãÒ�ËÓÒËä °}º¯º°�Ò� °ÓÒ�
ÎËÓÒËä �º}È Ò ¹º�ºÓÓº® ªÓË¯�ÒÒ º­¯È­º�}Ò �°ä�
�È­ã� ��� rãÈ�º�È¯« ¹º�¹ãÈmãËÓÒ
 �äËÓ	�ÈË�°«
�m¹ãº�	 �º �°�¯ÈÓËÓÒ«� mº�Ó��º°�	� °ºÏ�ÈË�°« �m�²�
°ãº®ÓºË °�¯ºËÓÒË �mÈ �°ä� ¯Ò°� �� ­�� �ã���ÈË�°«
Áº¯äÒ¯ºmÈÓÒË °ºË�ÒÓËÓÒ« ° ãÒ�Ëmº® °�º¯ºÓ©� �Ë¯�
mÒ�ÓÈ« °�¯�}��¯È äË�ÈããÈ �mÈ ÓÈ ��È°�}Ë ¹º�¹�

cÒ°� �� lÈ}¯º�ãÒÁ ¹º¹Ë¯Ë�Óº�º °Ë�ËÓÒ« k��,* °ºË�ÒÓËÓÒ« �º
�È� Ò ¹º°ãË �­� È¯�ºÓº���ºmº® º­¯È­º�}Ò ° ¹º�¹ãÈmãËÓÒËä

� È ­ ã Ò � È �� �È¯ÈäË�¯© È¯�ºÓº���ºmº® º­¯È­º�}Ò �°mÈ¯}Ò�� °�¯�}��¯È Ò °mº®°�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °�ÈãÒ ��t�vk
�ºã�ÒÓº® � ää

sºäË¯
º­¯È­º�}Ò

cËÎÒä º­¯È­º�}Ò �°mÈ¯}Ò� cÈÏäË¯ ��� ää v�¯�}��¯È

�º} ,� k
v}º¯º°�	
Y� ä��

�º�ºÓÓÈ«
ªÓË¯�Ò«
T�Y�
{�⋅��ä

�ã�­Ò�
ÓÈ K

bÒ¯Ò�
ÓÈ E

bºm ��È°�º} ¹Ë¯Ë�¯ËmÈ ~�{

�� mÓË ��
¹¯Ò

º­¯È­º�}Ë
¹¯Ò °mÈ¯}Ë

� ����� ���� ���� Û Û �rm!� rÓ� l� �rm!� rÓ� l� �rm!� rÓ� l� �rm!� rÓ� l�

� ��� �� ��� ��� ��� rm!� rÓ� l rm!� rÓ� l rm!� rÓ� lkzn rm!� rÓ� lkzn

� ��� �� �� ��� ��� rm!� rÓ� l rm� rÓ!� l rm� rÓ!� lkzn rm!� rÓ� lkzn

� ��� �� ��� ��� ��� rm!� rÓ� l rm� rÓ!� l rm� rÓ!� lkzn rm!� rÓ� lkzn

� �� � ��� ��� ��� rm!� l rm!� l rm!� lkzn rm!� lkzn

� ��� � ��� ��� ��� rm!� rÓ� l rm!� rÓ� l rm!� rÓ rm!� rÓ

�¯º�ºãÎËÓÒË �È­ã� �

sºäË¯
º­¯È­º�}Ò

lÒ}¯º�mË¯�º°�	 +9� ��È rÈãã ÏË¯ÓÈ ÓÈ ��È°�}Ë
¹Ë¯Ë�¯ËmÈ ~�{

��È¯ÓÈ« m«Ï}º°�	 ÈÓ� iÎ�°ä
�

bºm ��È°�º} ¹¯Ë�¯ËmÈ ~�{

�� mÓË �� ¹¯Ò º­¯È­º�}Ë ¹¯Ò °mÈ¯}Ë ¹¯Ò º­¯È­º�}Ë ¹¯Ò °mÈ¯}Ë �ºm ~�{

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

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

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

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

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

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

� ¯ Ò ä Ë � È Ó Ò Ë � rm� rÓ Û °ºº�mË�°�mËÓÓº mË¯²ÓÒ® Ò ÓÒÎÓÒ® ­Ë®ÓÒ�� l Û äÈ¯�ËÓ°Ò�� lkzn Û lkz�ÁÈÏÈ� �� Û ��È°�º}
¹º�¹ãÈmãËÓÒ«� ! Û ÏÓÈ} ¹¯Ëº­ãÈ�È
�Ë® °º°�Èmã«
�Ë®�


|�ËÓ}È �¯Ë�ÒÓº°�º®}º°�Ò ¹¯ºmº�ÒãÈ°	 °ºmäË°�Óº ° �� {�
r�¯°}Òä�

������ ��



ãÈmãËÓÒ« °�ÈÓºmÒ�°« äËã	�Ë� mÓË ª�º�º ��È°�}È º°�
�ÈË�°« ¹¯ËÎÓË® �¯Ò°� �� ­�� jÏäËã	�ËÓÒË }¯Ò°�
�ÈããÒ�ºm �ËÓ�¯Ò�Óº�º °�¯ºËÓÒ« °º¹¯ºmºÎ�ÈË�°« ÒÏ�

äËÓËÓÒËä Ò² Áº¯ä©� �äËÓ	�ËÓÒËä }ºãÒ�Ë°�mÈ Ò
¯ÈÏäË¯ºm ÏÈ¯º�©�Ë® º°Ë® m�º¯º�º ¹º¯«�}È� �°Ò�
ãËÓÒËä º¯ÒËÓ�È�ÒÒ } ãÒ�Ëmº® ¹ºmË¯²Óº°�Ò� {Ë¯�
�Ò}Èã	ÓÈ« °º°�Èmã«
�È« ÓÈ¹¯ÈmãËÓÓº°�Ò }¯Ò°�Èã�
ãÒ�ºm �mËãÒ�ÒmÈË�°« ° �äËÓ	�ËÓÒËä �ã�­ÒÓ© ¹º��
¹ãÈmãËÓÒ« Ò °ºº�mË�°�mËÓÓº ¹ºm©�ËÓÒËä }ºªÁÁÒ�

�ÒËÓ�È Áº¯ä© ¹¯º¹ãÈmãËÓÒ« ϕ  E�K º� ��� �º
��� ��º ÏÈmÒ°Ò� º� ¯ËÎÒäÈ º­¯È­º�}Ò�

vº�Ë¯ÎÈÓÒË ��ãË¯º�È� }¯ËäÓÒ«� äÈ¯�ÈÓ�È Ò ²¯º�
äÈ m äË�ÈããË� ¹º�mË¯�È
�Ëä°« �m�²}¯È�Óºä� ¯È°�
¹ãÈmãËÓÒ
 ¹¯Ò °mÈ¯}Ë Ò º­¯È­º�}Ë� m �Ëãºä ÓË
�äËÓ	�ÈË�°« ��È­ã� ��� z¯ºäË �º�º� º�äË�ÈË�°«
­ºãËË m©°º}È« }ºÓ�ËÓ�¯È�Ò« ª�Ò² ªãËäËÓ�ºm � ¹º�
mË¯²Óº°�Ò ¹º�¹ãÈmãËÓÓº�º�mÈ� �È} }È} Ò² mÓË�ÓËË
¹º°��¹ãËÓÒË m äË�ÈããÒ�Ë°}�
 mÈÓÓ� º�°��°�m�Ë��
ª�º äºÎÓº º­�«°ÓÒ�	 Ò² ¹Ë¯Ë¯È°¹¯Ë�ËãËÓÒËä ÓÈ
Á¯ºÓ�Ë }¯Ò°�ÈããÒÏÈ�ÒÒ Ò °}È¹ãÒmÈÓÒËä � ¹ºmË¯�
²Óº°�Ò� ��Ë äË�Èãã ÏÈ�mË¯�ËmÈË� m ¹º°ãË�Ó

 º�Ë�
¯Ë�	 �m ¹º¹Ë¯Ë�Óºä °Ë�ËÓÒÒ �mÈ�� �� Ë� ãÒ}mÈ�ÒË®
�Ò¹È ÏºÓÈã	Óº®� �È}ºË º­�«°ÓËÓÒË ¹º��mË¯Î�ÈË�°«
�Ëä� ��º äÈ}°ÒäÈã	ÓÈ« }¯È�Óº°�	 ¹ºm©�ËÓÒ« äÈ°�
°ºmº® �ºãÒ �}ÈÏÈÓÓ©² ªãËäËÓ�ºm � ¹ºmË¯²Óº°�Ò
�mÈ ¹º °¯ÈmÓËÓÒ
 ° º°ÓºmÓ©ä äË�Èããºä º�äË�ËÓÈ
¹º ��ãË¯º�� ��º ����� ° ÓÈÒ­ºã	�Òä }ºªÁÁÒ�
�ÒËÓ�ºä ãÒ}mÈ�ÒÒ ������� È äÒÓÒäÈã	ÓÈ« ������
Û ¹º äÈ¯�ÈÓ�� ° ÓÈÒäËÓ	�Òä }ºªÁÁÒ�ÒËÓ�ºä
ãÒ}mÈ�ÒÒ ������ >�@�

�¯Ò È¯�ºÓº���ºmº® º­¯È­º�}Ë ° ¹º�¹ãÈmãËÓÒËä
ÓÈ ¯ÈÏÓ©² ¯ËÎÒäÈ² ¹¯ºÒ°²º�Ò� }¯È�}ºm¯ËäËÓÓ©®
ÓÈ�¯Ëm äË�ÈããÈ �mÈ Ò ��È°�}È ¹Ë¯Ë�¯ËmÈ ~�{ ÏÈ�
mË�ºäº m©�Ë �Ëä¹Ë¯È��¯ ¹¯Ëm¯È�ËÓÒ« °�ÈãÒ
�¯Ò°� ��� ��º m °º�Ë�ÈÓÒÒ ° ¹�ã	°Ò¯�
�ÒäÒ º�
¹º¹Ë¯Ë�Ó©² }ºãË­ÈÓÒ® ªãË}�¯º�È mºÏ�Ë®°�mÒ«äÒ
���Ò °ºÏ�ÈË� ¹¯Ë�¹º°©ã}Ò �ã« ÒÏäËÓËÓÒ« °�¯�}�
��¯©� v}º¯º°�Ò º²ãÈÎ�ËÓÒ« �…�� Åv�°� ­ãÒÏ}ÒË
} °mÈ¯º�Ó©ä °}º¯º°�«ä º²ãÈÎ�ËÓÒ« m �ÒÈ¹ÈÏºÓË
�Ëä¹Ë¯È��¯ äÒÓÒäÈã	Óº® �°�º®�Òmº°�Ò º²ãÈÎ�È�

�Ë�º°« È�°�ËÓÒ�È ���…��� Åv� «mã«
�°« ÏÈ}È�
ãº�Ó©äÒ �ã« °�ÈãÒ ��t�vk >�� �@� {©�ËãËÓÒË
°}¯©�º® �Ë¹ãº�© ¹ãÈmãËÓÒ« Ò ¯È°°¯Ë�º�º�ËÓÓ©®
ÓÈ�¯Ëm ��ãÒÓËÓÓº®� ¹º¹Ë¯Ë�Óº }ºãË­ã
�Ë®°« ���
�º® ¹¯Òmº�Ò� } �ºä�� ��º ãÒ�ËmÈ« °�º¯ºÓÈ °ºË�
�ÒÓËÓÒ« º²ãÈÎ�ÈË�°« äË�ãËÓÓËË º­¯È�Óº® >�@�
lËÓËË ¹¯ÒËäãËä©Ë �ã« ÏÈ}Èã}Ò äË�ÈããÈ �Ë¹ãºm©Ë
�°ãºmÒ« ÓÈ ��È°�}Ë ¹º�¹ãÈmãËÓÒ« m }È}º®��º äË¯Ë
}ºä¹ËÓ°Ò¯�
�°« ¹ºm©�ËÓÓº® �°�º®�Òmº°�	
 º­�
¯ÈÏ�
�Ë�º°« ¹¯Ò Ë�º }¯Ò°�ÈããÒÏÈ�ÒÒ È�°�ËÓÒ�È�
­ãÈ�º�È¯« �Ëä� °�ãÈÎÒmÈË�°« ÓËº�Óº¯º�Óº°�	
°�¯�}��¯© Ò ÓË¯ÈmÓºäË¯Óº°�	 ¯È°¹¯Ë�ËãËÓÒ« �mË¯�
�º°�Ò äË�ÈããÈ ¹º m©°º�Ë °ºË�ÒÓËÓÒ«�

lÒ}¯º°�¯�}��¯È °ºË�ÒÓËÓÒ® �ºã�ÒÓº® � ää�
º­¯È­º�ÈÓÓ©² ÓÈ ¯ÈÏÓ©² ¯ËÎÒäÈ² ���º®� º°�ÈË�°«
¹º�º­Óº® ¹º°ãË°mÈ¯º�Óº®� Óº m ­ºã	�ÒÓ°�mË °ã��
�ÈËm ÒÏäËã	�ÈË�°«� {�mÈ² ÒÏäËÓ«Ë�°« °ºº�Óº�ËÓÒË

cÒ°� �� �Ë¯mÒ�ÓÈ« äÒ}¯º°�¯�}��¯È ����� äË�ÈããÈ �mÈ �º �È� Ò
¹º°ãË �­� È¯�ºÓº���ºmº® º­¯È­º�}Ò ° ¹º�¹ãÈmãËÓÒËä

cÒ°� �� lÒ}¯º°�¯�}��¯È ������ äË�ÈããÈ �mÈ �È� Ò ~�{ �­�
°ºË�ÒÓËÓÒ« �ºã�ÒÓº® � ää �º º­¯È­º�}Ò

cÒ°� �� {ÓË�ÓÒ® mÒ� ãÒ�Ëmº® ¹ºmË¯²Óº°�Ò °mÈ¯Óº�º °ºË�ÒÓË�
ÓÒ« �º ��� Ò ¹º°ãË ��� º­¯È­º�}Ò

�� ������



°�¯�}��¯Ó©² °º°�Èmã«
�Ò²� È m ­Ë®ÓÒ�Óº�äÈ¯�
�ËÓ°Ò�Óº® °�¯�}��¯Ë ÓÈ ��È°�}Ë ¹Ë¯Ë�¯ËmÈ ~�{
mºÏäºÎÓº ¹º«mãËÓÒË º}¯��ã©² m©�ËãËÓÒ® äÈ¯�ËÓ�
°Ò�Óº�È�°�ËÓÒ�Óº�}È¯­Ò�Óº® �lkz� ÁÈÏ©� �sÈãÒ�
�ÒË lkz�ÁÈÏ© º�äË�ÈË�°« m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«²
ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®� Óº �ºã}ºmÈÓÒË ËË mãÒ�
«ÓÒ« ÓÈ °mº®°�mÈ ÓËº�ÓºÏÓÈ�Óº >��Ü��@�� { ÏÈ�
mÒ°Òäº°�Ò º� ¯ËÎÒäÈ º­¯È­º�}Ò �mË¯�º°�	 °ºË�Ò�
ÓËÓÒ® m �Ëãºä °ÓÒÎÈË�°«� ��È¯ÓÈ« m«Ï}º°�	 ÒÏ�
äËÓ«Ë�°« m °ºº�mË�°�mÒÒ ° ¹ºã��ÈËäº® °�¯�}��¯º®
äË�ÈããÈ� ¹¯º�Óº°�	 º°�ÈË�°« ÓÈ �¯ºmÓË ÏÓÈ�ËÓÒ®
º°ÓºmÓº�º äË�ÈããÈ�

�¯Ò ,º­¯  ,°m Ò Yº­¯  Y°m ¹º�ºÓÓÈ« ªÓË¯�Ò«
º­¯È­º�}Ò mºÏ¯È°�ÈË� ¹¯ÒäË¯Óº ÓÈ �� � ¹º °¯Èm�
ÓËÓÒ
 °º °mÈ¯º�Óº® ÏÈ °�Ë� ¹ºm©�ËÓÓº�º ÓÈ¹¯«�
ÎËÓÒ« ÓÈ ��ãÒÓËÓÓº® ���Ë� sË°äº�¯« ÓÈ ª�º� mÓ���
¯ÒÏË¯ËÓÓÈ« °�¯�}��¯È °ºË�ÒÓËÓÒ« ÓÈ ��È°�}Ë ¹Ë�
¯Ë�¯ËmÈ ÒÏäËã	�ÈË�°« ¹¯Ò °º²¯ÈÓËÓÒÒ m �Ëãºä ÓË�
ÒÏäËÓÓ©ä ­ÈããÈ È�°�ËÓÒ�Óº�º ÏË¯ÓÈ� ��È¯ÓÈ« m«Ï�
}º°�	 �mÈ ÓË°}ºã	}º ¹ºm©�ÈË�°«� È m ~�{ ° ­Ë®�
ÓÒ�Óº�äÈ¯�ËÓ°Ò�Óº® °�¯�}��¯º® Ò ÏÓÈ�Ò�Ëã	Ó©ä
}ºãÒ�Ë°�mºä m©�ËãËÓÒ® lkz�ÁÈÏ© ÓÈ ��È°�}Ë ¹Ë�
¯Ë�¯ËmÈ ºÓÈ °ÓÒÎÈË�°«�

vÓÒÎËÓÒË ,º­¯ ¹¯Ò­ãÒÏÒ�Ëã	Óº �º ���,°m ¹¯Ò
ÓËÒÏäËÓÓº® ÒãÒ �äËÓ	�ËÓÓº® m ��� ¯ÈÏÈ °}º¯º°�Ò
¹¯º�ºã	Óº�º ¹Ë¯ËäË�ËÓÒ« ���Ò� }º��È ¹º�ºÓÓÈ«
ªÓË¯�Ò« º­¯È­º�}Ò °º°�Èmã«Ë� ���…��� °mÈ¯º�Óº®�
m©Ï©mÈË� ­ºã	�ËË ÒÏäËã	�ËÓÒË °�¯�}��¯© °ºË�Ò�

ÓËÓÒ«� �äËÓ	�ËÓÒË °ºº�Óº�ËÓÒ« mË¯�
²ÓË�º Ò ÓÒÎÓË�º ­Ë®ÓÒ�È Ò °��Ë°�mËÓ�
ÓºË �mËãÒ�ËÓÒË ��È¯Óº® m«Ï}º°�Ò äË�
�ÈããÈ �mÈ �¯Ò°� � Ò �È­ã� �� º­¯È­º�}È
¢ �� ��� �ºm©�ËÓÒË ��È¯Óº® m«Ï}º°�Ò
~�{ ÓÈ­ã
�ÈË�°« ¹¯Ò °}º¯º°�Ò º­¯È�
­º�}Ò m ���… ��� ¯ÈÏÈ ÓÒÎË °}º¯º°�Ò
°mÈ¯}Ò Ò �mËãÒ�ËÓÒÒ ÓÈ �� � ¹º�ºÓÓº®
ªÓË¯�ÒÒ� }º��È m ­Ë®ÓÒ�Óº® °�¯�}��¯Ë
m©«mã«Ë�°« ­ºã	�ºË }ºãÒ�Ë°�mº º}¯���
ã©² m©�ËãËÓÒ® lkz�ÁÈÏ© �¯Ò°� � Ò

�È­ã� �� º­¯È­º�}È ¢ �� ��� �¯Ò °ÓÒ�
ÎËÓÒÒ °}º¯º°�Ò º­¯È­º�}Ò ° ­ºã	�Òä �ÓÈ �� ��
�mËãÒ�ËÓÒËä ¹º�ºÓÓº® ªÓË¯�ÒÒ °º²¯ÈÓ«
�°« �¯��
­È«� }È} ¹º°ãË °mÈ¯}Ò� °�¯�}��¯È ­ËÏ lkz�ÁÈÏ©
m ~�{ Ò ÓÒÏ}È« ��È¯ÓÈ« m«Ï}º°�	 °ºË�ÒÓËÓÒ« ��È­ã�
�� º­¯È­º�}È ¢ ��� |­¯È�ÈË� mÓÒäÈÓÒË� ��º m©�
°º}È« ��È¯ÓÈ« m«Ï}º°�	 °ºË�ÒÓËÓÒ« ¹º ~�{ °m«ÏÈÓÈ
° ¹¯Ò°��°�mÒËä m©�ËãËÓÒ® lkz�ÁÈÏ© ÓÈ ��È°�}Ë
¹Ë¯Ë�¯ËmÈ� È ÓÒÏ}È« ��È¯ÓÈ« m«Ï}º°�	 º�äË�ËÓÈ
}È} ¹¯Ò ÓÈãÒ�ÒÒ� �È} Ò º�°��°�mÒÒ lkz�ÁÈÏ© m
°�¯�}��¯Ë� iã« ­ºãËË �Ë�}º�º º¹¯Ë�ËãËÓÒ« mãÒ«ÓÒ«
ª�º® ÁÈÏºmº® °º°�Èmã«
�Ë® ÓÈ °mº®°�mÈ °ºË�ÒÓËÓÒ«
Ó�ÎÓ© °¹Ë�ÒÈã	Ó©Ë Ò°°ãË�ºmÈÓÒ«�

�¯ºmË�ËÓÓ©Ë Ò°°ãË�ºmÈÓÒ« ¹º}ÈÏ©mÈ
�� ��º °
�º�}Ò Ï¯ËÓÒ« °�¯�}��¯© Ò ��È¯Óº® m«Ï}º°�Ò °º�
Ë�ÒÓËÓÒ® �ºã�ÒÓº® � ää º¹�ÒäÈã	Ó©ä ¯ËÎÒäºä
È¯�ºÓº���ºmº® º­¯È­º�}Ò ° ¹º�¹ãÈmãËÓÒËä «mã«�
Ë�°« �º�� ÓÈ }º�º¯ºä ¹¯Ë��°äº�¯ËÓº ¹¯º¹º¯�Òº�
ÓÈã	ÓºË °ÓÒÎËÓÒË �º}È Ò °}º¯º°�Ò º­¯È­º�}Ò m
��� ¯ÈÏÈ ¹¯Ò �mËãÒ�ËÓÒÒ ÓÈ ��…�� � ¹º�ºÓÓº®
ªÓË¯�ÒÒ ¹º °¯ÈmÓËÓÒ
 °º °mÈ¯º�Ó©äÒ� �¯ÒËäãËä©ä
äºÎÓº °�Ò�È�	 °ÓÒÎËÓÒË ,º­¯ ¹¯Ò °º²¯ÈÓËÓÒÒ Yº­¯  
 Y°m ÒãÒ °ºmäË°�ÓºË °ÓÒÎËÓÒË ,º­¯ Ò Yº­¯ m ���
¯ÈÏÈ ¹º °¯ÈmÓËÓÒ
 ° °ºº�mË�°�m�
�ÒäÒ ¹È¯ÈäË��
¯ÈäÒ °mÈ¯}Ò�

vºË�ÒÓËÓÒ« �ºã�ÒÓº® � ää� º­¯È­º�ÈÓÓ©Ë ÓÈ
äËÓ	�Ë® ¹º�ºÓÓº® ªÓË¯�ÒÒ� �Ëä ¹¯Ò °mÈ¯}Ë� ° º��
Óºm¯ËäËÓÓ©ä °ÓÒÎËÓÒËä ,º­¯ Ò Yº­¯ ÒãÒ �ºã	}º
,º­¯ �È}ÎË ¹¯Òº­¯Ë�È
� ­ºãËË m©°º}�
 ��È¯Ó�


cÒ°� �� �Ë¯äº�¯Èää© È¯�ºÓº���ºmº® º­¯È­º�}Ò ° ¹º�¹ãÈm�
ãËÓÒËä °ºË�ÒÓËÓÒ® �ºã�ÒÓº® � �È� Ò � �­� m� ää ¹¯Ò ,

º­¯
 

 ��� �È� ­� Ò ��� �m� k� Y
º­¯

 �� �È�� � �­� Ò ��� �m� ä��

� È ­ ã Ò � È �� tÒäÒ�Ë°}Ò® °º°�Èm äË�ÈããÈ �mÈ ÓÈ ��È°�}Ë ¹º�¹ãÈmãËÓÒ«
¹¯Ò È¯�ºÓº���ºmº® º­¯È­º�}Ë Ò º°ÓºmÓº�º äË�ÈããÈ

cÈ°°�º«ÓÒË º�
¹ºmË¯²Óº°�Ò �mÈ�

ää

cËÎÒä º­¯È­º�}Ò lÈ°°ºmÈ« �ºã« ªãËäËÓ�ºm� �

,� k Y� ä�� & 6L 0Q &U

����������� ��� � ���� ���� ���� ����

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

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

|°ÓºmÓº® äË�Èãã ����������� ���� ���� ����

������ ��



m«Ï}º°�	 ¹º ~�{ ��È­ã� ��� iº°�È�º�Óº ªÁÁË}�
�ÒmÓº® «mã«Ë�°« �m�²}¯È�ÓÈ« È¯�ºÓº���ºmÈ« º­�
¯È­º�}È ° ¹º�¹ãÈmãËÓÒËä °ºË�ÒÓËÓÒ« ¹¯Ò �äËÓ	�
�ËÓÒÒ ¹º�ºÓÓº® ªÓË¯�ÒÒ º� ¹Ë¯mº�º ¹¯º²º�È }º
m�º¯ºä��

lË°�ÓÈ« È¯�ºÓº���ºmÈ« º­¯È­º�}È ° ¹º�¹ãÈmãË�
ÓÒËä �ËãË°ºº­¯ÈÏÓÈ� Ë°ãÒ ÓËº­²º�Òäº �mËãÒ�Ò�	 m¯Ë�
ä« m©�Ë¯Î}Ò �º º�¹�°}È °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� �È}�
Ë°ãÒ ÓËº­¯È­º�ÈÓÓ©Ë °ºË�ÒÓËÓÒ« ¯ÈÏ¯��ÈãÒ°	 ¹º
º}ºãº�ºmÓº® ÏºÓË m �Ë�ËÓÒË �…�� äÒÓ ¹º°ãË ¹¯Ò�
ãºÎËÓÒ« ¯È°�«�ÒmÈ
�Ë® ÓÈ�¯�Ï}Ò� �º m ¯ËÏ�ã	�È�Ë
º­¯È­º�}Ò ÓÈ ¯ÈÏÓ©² ¯ËÎÒäÈ² ¹¯º�ºãÎÒ�Ëã	Óº°�	
ÏÈäË�ãËÓÓº�º ¯ÈÏ¯��ËÓÒ« �º°�Ò�ÈãÈ ��…��� äÒÓ
ÒãÒ ¯ÈÏ¯��ËÓÒË ÓË º�äË�Èãº°	 ­ºãËË °��º}� v¹º�
°º­°�m�« ¹ºm©�ËÓÒ
 °�º®}º°�Ò °ºË�ÒÓËÓÒ® }
º­¯ÈÏºmÈÓÒ
 ²ºãº�Ó©² �¯Ë�ÒÓ� �È}º® °¹º°º­ º­�
¯È­º�}Ò ¹ºÏmºã«Ë� �È°�Ò�Óº ÒãÒ ¹ºãÓº°�	
� m ÏÈ�
mÒ°Òäº°�Ò º� ¯ËÎÒäÈ� Ò°}ã
�Ò�	 ¹¯ºäËÎ��º�Ó©®
ÒãÒ ¹º°ãË��
�Ò® ¹Ë�Óº® º�¹�°}� cÈ°²º� ªãË}��
¯ºªÓË¯�ÒÒ ¹¯Ò ���ºmº® º­¯È­º�}Ë °º°�Èmã«Ë�

���…��� }{�⋅� ÓÈ äË�¯ �mÈ� �� Ë� ÓÈ ¹º¯«�º} äËÓ	�
�Ë� �Ëä ¹¯Ò ¹Ë�Óºä º�¹�°}Ë� ~È�¯È�© m¯ËäËÓÒ ÓÈ
¹º��º�ºm}� Ò m©¹ºãÓËÓÒË È¯�ºÓº���ºmº® º­¯È­º�}Ò
­ËÏ ¯È°}¯Ë¹ãËÓÒ« ¹º°ãË °mÈ¯}Ò Ò ÒÏäËÓËÓÒ« �Ë²�
Óºãº�Ò�Ë°}º�º º­º¯��ºmÈÓÒ« Ò º°ÓÈ°�}Ò ÓË ¹¯Ëm©�
�È
� �� äÒÓ� ��º Ò°}ã
�ÈË� �mËãÒ�ËÓÒË �ËÁº¯�
äÈ�ÒÒ äË�ÈããÈ�

{©mº�©

�� k¯�ºÓº���ºmÈ« º­¯È­º�}È ° ¹º�¹ãÈm�
ãËÓÒËä ¹¯Ò m©¹ºãÓËÓÒÒ ¹º¹Ë¯Ë�Ó©² }º�
ãË­ÈÓÒ® ªãË}�¯º�È °��Ë°�mËÓÓº �ã���È�
Ë� Áº¯äÒ¯ºmÈÓÒË °ºË�ÒÓËÓÒ« Ò ÒÏäËÓ«Ë�
Ë�º °�¯ºËÓÒË� { ÏÈmÒ°Òäº°�Ò º� ¯ËÎÒäÈ
º­¯È­º�}Ò ¹¯ºÒ°²º�Ò� ÒÏäËã	�ËÓÒË ¹Ë¯�
mÒ�Óº® °�¯�}��¯©� ÒÏäËÓËÓÒË Áº¯ä© Ò
­ºãËË °�¯º�È« ¹Ë¯Ëº¯ÒËÓ�È�Ò« } ãÒ�Ëmº®
¹ºmË¯²Óº°�Ò }¯Ò°�ÈããÒ�ºm ¯È°¹ãÈmã«m�
�Ë�º°« äË�ÈããÈ� ²ÒäÒ�Ë°}Ò® °º°�Èm }º�
�º¯º�º m º­�Ëä ÓË ÒÏäËÓ«Ë�°«� �ºm�º¯ÓÈ«
}¯È�}ºm¯ËäËÓÓÈ« È�°�ËÓÒÏÈ�Ò« m °º�Ë�
�ÈÓÒÒ ° ¹�ã	°Ò¯�
�Òä mºÏ�Ë®°�mÒËä
¹º¹Ë¯Ë�Óº }ºãË­ã
�Ë®°« ���Ò º­�°�
ãºmãÒmÈË� �È}ÎË ÒÏäËã	�ËÓÒË äÒ}¯º�
°�¯�}��¯© ÓË¯È°¹ãÈmã«Ëäº�º äË�ÈããÈ�
��º äºÎË� ÓË ¹¯ºÒ°²º�Ò�	 ¹¯Ò �¯ËÏäË¯�
Óºä �mËãÒ�ËÓÒÒ ¹º�ºÓÓº® ªÓË¯�ÒÒ º­¯È�
­º�}Ò� |²ãÈÎ�ËÓÒË º­¯È­È�©mÈËäº�º
°ºË�ÒÓËÓÒ« °º °}º¯º°�	
� ­ãÒÏ}º® } °}º�
¯º°�Ò º²ãÈÎ�ËÓÒ« ¹¯Ò °mÈ¯}Ë� º­Ë°�

¹Ë�ÒmÈË� ¹ºm�º¯Ó�
 ÏÈ}Èã}�� °º²¯ÈÓËÓÒË m©°º}Ò²
ÏÓÈ�ËÓÒ® �mË¯�º°�Ò ¹º�¹ãÈmãËÓÓº�º Ò È�°�
�ËÓÒÏÒ¯ºmÈÓÓº�º äË�Èããºm Ò ¹¯º�Óº°�Ò °ºË�ÒÓËÓÒ«�

�� �¯Ò º­¯È­º�}Ë °ºË�ÒÓËÓÒ® °¯Ë�ÓË��ãË�
¯º�Ò°�º® ãË�Ò¯ºmÈÓÓº® °�ÈãÒ �Ò¹È ��t�vk� m
ÏÈmÒ°Òäº°�Ò º� ¯ËÎÒäÈ äºÎË� º­¯ÈÏºm©mÈ�	°«
lkz�ÁÈÏÈ ÓÈ ��È°�}Ë ¹Ë¯Ë�¯ËmÈ ~�{ ° ­Ë®ÓÒ�Óº®
°�¯�}��¯º®� pË ÓÈãÒ�Ò« �È}ÎË äºÎÓº ºÎÒ�È�	 m
äÓº�º°ãº®Ó©² °ºË�ÒÓËÓÒ«² �È}º® °�ÈãÒ�

�� k¯�ºÓº���ºmÈ« º­¯È­º�}È ° ¹º�¹ãÈmãËÓÒËä
¹ºÏmºã«Ë� ¹ºm©°Ò�	 ��È¯Ó�
 m«Ï}º°�	 °ºË�ÒÓËÓÒ«
ÏÈ}ÈãÒmÈ
�Ë®°« °�ÈãÒ� lÈ}°ÒäÈã	ÓÈ« ªÁÁË}�Òm�
Óº°�	 �ã« °�ÈãÒ �ºã�ÒÓº® � ää �º°�Ò�ÈË�°« ¹¯Ò
°ºmäË°�Óºä °ÓÒÎËÓÒÒ m ���…��� ¯ÈÏÈ �º}È Ò °}º�
¯º°�Ò º­¯È­º�}Ò ¹º °¯ÈmÓËÓÒ
 °º °mÈ¯º�Ó©äÒ� �¯Ò�
ËäãËä©äÒ äº��� ­©�	 �¯��ÒË °ºº�Óº�ËÓÒ«
°ÓÒÎËÓÒ« ª�Ò² ¹È¯ÈäË�¯ºm ÒãÒ Ò² ¯ÈÏ�Ëã	ÓºË °ÓÒ�
ÎËÓÒË m ���…��� ¯ÈÏÈ� È �È}ÎË �m�²}¯È�ÓÈ« º­¯È­º�}È�
|ÓÈ ¹ºm©�ÈË� °�º®}º°�	 ~�{ m©°º}º¹¯º�Óº® °�ÈãÒ
} º­¯ÈÏºmÈÓÒ
 ²ºãº�Ó©² �¯Ë�ÒÓ�

�� vÈmÒ�}Ò® l� l�� z��ÓÒ¯ËÓ}º r� s�� |ãË®ÓÒ} |� j�

|°º­ËÓÓº°�Ò °mÈ¯}Ò °�ÈãË® mºã	Á¯Èäºm©ä ªãË}�¯º�ºä °
È}�ÒmÒ¯�
�ÒäÒ Áã
°ÈäÒ �k�,*�°mÈ¯}È� �� km�ºäÈ��
°mÈ¯}È� Û ����� Û ¢ ��� Û v� ��Ü���

�� vmÈ¯}È m äÈ�ÒÓº°�¯ºËÓÒÒ� v¹¯Èmº�ÓÒ}� { � �� � �º�
¯Ë�� k� j� k}�ãºmÈ� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û
�� �� Û ��� °�

�� k¯�ºÓº���ºmÈ« º­¯È­º�}È Û ¯ËÏË¯m °ÓÒÎËÓÒ« äË�ÈããºËä�
}º°�Ò °mÈ¯Ó©² }ºÓ°�¯�}�Ò® � k� p� k°ÓÒ°� �� k� jmÈ�ËÓ�
}º� j� t� n¯ËÓ}Ëã	� j� �� zº¯ËÓ	 �� km�ºäÈ�� °mÈ¯}È�
Û ����� Û ¢ �� Û v� ��Ü���

�� z�ãÒ} {� l�� vÈmÒ�}Ò® l� l� i��ºmÈ« º­¯È­º�}È °mÈ¯�
Ó©² °ºË�ÒÓËÓÒ® ÏÈ}ÈãÒmÈ
�Ò²°« °�ÈãË® �� |­º¯��ºmÈ�
ÓÒË Ò �Ë²Óºãº�ÒÒ �Ë¯äÒ�Ë°}º® º­¯È­º�}Ò äË�Èããºm Ò °¹ãÈ�
mºm m äÈ�ÒÓº°�¯ºËÓÒÒ� v­� iº}ã� ���º lËÎ��ÓÈ¯� °Òä¹�
Û tÈ¯	}ºm� tn�j� ����� Û  � �� Û v� ���Ü����

�� v�Ë¯ËÓ­º�ËÓ �� k�� r�¯°}Ò® �� {� lË�º� º�ËÓ}Ò °�º®�
}º°�Ò ~�{ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m©°º}º¹¯º�Ó©² °�ÈãË®
¹¯º�Òm º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ �� km�ºäÈ�� °mÈ¯�
}È� Û ����� Û ¢ �� Û v� �Ü��

�� zÈ�Ë°�mº °ãÒ�}È °¹º}º®Óº® °�ÈãÒ � l� j� zºãº°ºm�
k� j� v�¯º�ÈÓºm� �� i� väÒ¯Óºm� r� �� |²¯ÒäºmÒ�� Û
l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� �º¹ºm k� k�� �º¹ºmÈ �� p� jÏº�Ë¯äÒ�Ë°}ÒË Ò �Ë¯äº}ÒÓË�
�Ò�Ë°}ÒË �ÒÈ�¯Èää© ¯È°¹È�È ¹Ë¯Ëº²ãÈÎ�ËÓÓº�º È�°�ËÓÒ�È�
v¹¯Èmº�ÓÒ}� Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

cÒ°� �� lÒ}¯º°�¯�}��¯È �È� m Û ����� ­� � Û ����� äË�ÈããÈ ÓÈ ��È°�}Ë
¹º�¹ãÈmãËÓÒ« �È�� mÓË ��È°�}È ¹º�¹ãÈmãËÓÒ«�mÈ �­� Ò ÓÈ ¹¯ÒãË�È
�Ò² } ÓÒä
��È°�}È² ¹Ë¯Ë�¯ËmÈ ~�{ �m� �� ¹º°ãË º­¯È­º�}Ò °mÈ¯Óº�º °ºË�ÒÓËÓÒ« �ºã�ÒÓº®
� ää ¹¯Ò ,

º­¯
 ��� k Ò Yº­¯  �� ä��

� È ­ ã Ò � È �� {ãÒ«ÓÒË ¯ËÎÒäÈ È¯�ºÓº���ºmº® º­¯È­º�}Ò
�°mÈ¯}Ò� ÓÈ ��È¯Ó�
 m«Ï}º°�	 ÏºÓ© °¹ãÈmãËÓÒ® °ºË�ÒÓËÓÒ®
�ºã�ÒÓº® � ää

sºäË¯
º­¯È­º�}Ò

cËÎÒä º­¯È­º�}Ò �°mÈ¯}Ò�
È
Ó
� iÎ�°ä�

,� k Y� ä�� T�Y� {�⋅��ä

� ����� ����� ����� ������

� ��� ��� ��� ����

� ��� ��� ��� ����

�
 ���� ��� ���� ��� ���� ��� ����


 im�²}¯È�ÓºË ¹º�¹ãÈmãËÓÒË�

�� ������



�� bº¯�º¯ºm l� t�� rËãºm {� {� nÈÏºm©Ë ¹¯Ëm¯È�ËÓÒ« Ò
ÒÏäËÓËÓÒ« °mº®°�m °�ÈãÒ ¹¯Ò °mÈ¯}Ë� k�ãÈ°� Û l�� sÈ��
}È� ����� Û ��� °�

�� z�ãÒ} {� l�� vÈmÒ�}Ò® l� l�� r�¯°}Ò® �� {� |°º­ËÓÓº°�Ò
���ºmº® º­¯È­º�}Ò ÏÈ}ÈãÒmÈ
�Ò²°« °�ÈãË® ¯È°¹ãÈmãËÓÒËä
�� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� | °�¯�}��¯Ë m©°º}º¹¯º�Ó©² ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² �mºm �
k� l� lÈ}È¯È� {� n� �¯È­ÒÓ� k� {� iËÓÒ°ËÓ}º Ò �¯� ��
�Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� �¯ÒmÓ«} j�� lÈ���È n� lË�Èããº�¯ÈÁÒ�Ë°}ºË Ò°°ãË�ºmÈ�
ÓÒË äÈ¯�ËÓ°Ò�Óº�È�°�ËÓÒ�Óº® °º°�Èmã«
�Ë® �lkv� äË�Èã�
ãÈ ~�{ m©°º}º¹¯º�Ó©² ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® ��
�Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� �¯È­ÒÓ {� n�� �ºãºm}º {� {� sºmÒ}ºmÈ i� �� |°º­ËÓÓº°�
�Ò °�¯�}��¯© äË�ÈããÈ �mºm ¹¯Ò °mÈ¯}Ë ¹º� Áã
°ºä ¹�ã	�
°Ò¯�
�Ë® ���º® �� �Èä ÎË� Û ����� Û ¢ �� Û v� �Ü���

��� {ãÒ«ÓÒË Òä¹�ã	°Óº® º­¯È­º�}Ò äË�ÈããÒ�Ë°}º® mÈÓÓ© ���
�º® ¹Ë¯ËäËÓÓº® äº�Óº°�Ò ÓÈ Áº¯äÒ¯ºmÈÓÒË °�¯�}��¯©�
äº¯Áºãº�Ò
 Ò ¯È°¹¯Ë�ËãËÓÒË ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ®
¹¯Ò }¯Ò°�ÈããÒÏÈ�ÒÒ �mºm ÓÒÏ}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ �
j� z� �º²º�Ó«� {� n� �¯È­ÒÓ� {� {� �ºãºm}º Ò �¯� ��
vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ �� Û v� �Ü���

��� lË²ÈÓÒÏä Ò }ÒÓË�Ò}È ¯È°¹È�È È�°�ËÓÒ�È m ~�{ ÓÒÏ}ºãË�
�Ò¯ºmÈÓÓº® °�ÈãÒ ¹¯Ò °mÈ¯}Ë ¹º� Áã
°ºä ¹�ã	°Ò¯�
�Ë®
���º® � j� z� �º²º�Ó«� {� n� �¯È­ÒÓ� {� {� �ºãºm}º�
i� �� sºmÒ}ºmÈ �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��
Û v� �Ü���

��� �¯ÒmÓ«} j� vmÈ¯ÒmÈËäº°�	 °ºm¯ËäËÓÓ©² m©°º}º¹¯º�Ó©²
°�ÈãË®� v­� �¯��ºm ½vmÈ¯}È Ò ¯º�°�mËÓÓ©Ë �Ë²Óºãº�ÒÒ Û
m tt, mË}�� Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û
v� ��Ü���

,W LV VKRZQ WKDW SURFHVVLQJ RI ZHOGHG MRLQWV RQ ��.K*6$ VWHHO LPSURYHV ZHOG PHWDO IRUPDWLRQ� UHILQHV LWV VWUXFWXUH� SURGXFHV
KLJKHU LPSDFW WRXJKQHVV RI WKH +$= PHWDO LQ WKH ZHOGHG MRLQW� ,W LV HVWDEOLVKHG WKDW LQ DUJRQ�DUF WUHDWPHQW RI D ZHOGHG

MRLQW RQ PHGLXP�FDUERQ DOOR\HG VWHHO 0$&�SKDVH SUHFLSLWDWHV FDQ IRUP LQ WKH +$= RYHUKHDWHG UHJLRQ�

IhklmibeZ \ j_^Zdpbx ����������

³ÌÎÀ¾ÐÏÈÌÃ ÏÀ¾ÎÌÕËÌÃ Ì¿×ÃÏÐÀÌ ÍÎÌÀÌÂÆÐ ��Ü ªÃÄÂÑË¾ÎÌÂËÑÜ ÈÌËÒÃÎÃËÔÆÜ
�¯ �®¨�   ª¬®¯¨¦³ ±¯©¬ ¦½³�
�:HOGLQJ LQ 0DULWLPH (QJLQHHULQJ�

�Ü� Ò
Ó« ���� �� |°�¯ºm tmÈ¯� tº¯mÈ�Ò«

�������������� ��!���

� °mÈ¯ÒmÈËäº°�	 äÈ�Ë¯ÒÈãºm
� ¯È°²º��Ëä©Ë Ò ¹¯Ò°È�º�Ó©Ë äÈ�Ë¯ÒÈã©

�ã« °mÈ¯}Ò Ò ¯º�°�mËÓÓ©² ¹¯º�Ë°°ºm
� Èm�ºäÈ�ÒÏÈ�Ò« °mÈ¯}Ò
� °mÈ¯}È Ò ¯º�°�mËÓÓ©Ë ¹¯º�Ë°°©
� °mÈ¯º�ÓºË º­º¯��ºmÈÓÒË
� °��º°�¯ºÒ�Ëã	Ó©Ë �Ë²Óºãº�ÒÒ
� ¹º�mº�ÓÈ« °mÈ¯}È Ò �¯��ÒË ¹º�mº�Ó©Ë

�Ë²Óºãº�ÒÒ
� ¹º�mº�Ó©Ë �¯�­º¹¯ºmº�©
� ¯È°�Ë� Ò ¹¯ºË}�Ò¯ºmÈÓÒË °mÈ¯Ó©²

°ºË�ÒÓËÓÒ® m °��º°�¯ºËÓÒÒ Ò
°�¯ºÒ�Ëã	°�mË äº¯°}Ò² ¹ãÈ�Áº¯ä

� º­��ËÓÒË ¹Ë¯°ºÓÈãÈ
� �¯Ë­ºmÈÓÒ« } }È�Ë°�m� °mÈ¯Óº® ¹¯º��}�ÒÒ
� ½°�²ÒË� Ò ¹º�mº�Ó©Ë äË�º�© Ò°¹©�ÈÓÒ«

°mÈ¯Ó©² }ºÓ°�¯�}�Ò®

� äº¯°}È«� ¹º�mº�ÓÈ« Ò �ã�­º}ºmº�ÓÈ«
äË�Ò�ÒÓÈ

� }º¯¯ºÏÒ« Ò ÏÈ�Ò�È ¹ºmË¯²Óº°�Ë® m äº¯°}ºä
äÈ�ÒÓº°�¯ºËÓÒÒ

� ÒÏÓº° Ò ÒÏÓº°º°�º®}º°�	

ÐÏ©}Ò }ºÓÁË¯ËÓ�ÒÒ ²º¯mÈ�°}Ò® Ò ÈÓ�ãÒ®°}Ò®

k�¯Ë° º¯�}ºäÒ�Ë�È�
+5 ����� =DJUHE� ,� /XFLFD �� &URDWLD

3KRQH ���� ��������
3KRQH�)D[� ������������

H�PDLO� KGW]�FZV#IVE�KU KWWS���KGW]��IVE�KU

������ ��



M>D �������������������

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

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

{� j� zkrk¡zjq� }ÈÓ�� �Ë²Ó� ÓÈ�}� k� {� zkrk¡zjq� ÒÓÎ� �iºÓË�}È« �º°� äÈ�ÒÓº°�¯ºÒ�� È}È��� �� z¯ÈäÈ�º¯°}�

®ÍÉ¿Æ¿ÌÍ� ÖÑÍ ÎÏÇ ÉÍËÎÊÄÉÐÌÍË ËÍÃÇÓÇÕÇÏÍÁ¿ÌÇÇ ËÄÑ¿ÊÊ¿ ×Á¿ ÑÇÎ¿ ��´¢¬« ¿ÆÍÑÍË Ç Á¿Ì¿ÃÇÄË� ÐÍÁËÄÐÑÌÍ Ð

ÕÄÏÇÄË� ÒÃ¿ÄÑÐÞ ÎÍÊÒÖÇÑÛ Ì¿ÇÀÍÊÄÄ ÐÑ¿ÀÇÊÛÌÒÝ ÐÑÍÈÉÍÐÑÛ ÐÁ¿ÏÌÚÔ ÐÍÄÃÇÌÄÌÇÈ Ë¿ÏÑÄÌÐÇÑÌÍÈ ÐÑ¿ÊÇ ��´°¬�«�

ÎÏÍÑÇÁ ÍÀÏ¿ÆÍÁ¿ÌÇÞ ÔÍÊÍÃÌÚÔ ÑÏÄØÇÌ� ¼ÑÍËÒ ÐÎÍÐÍÀÐÑÁÒÄÑ ÀÊ¿ÂÍÎÏÇÞÑÌÍÄ ÇÆËÄÌÄÌÇÄ ÐÑÏÒÉÑÒÏÚ Ç ËÍÏÓÍÊÍÂÇÇ

ÌÄËÄÑ¿ÊÊÇÖÄÐÉÇÔ ÁÉÊÝÖÄÌÇÈ Á ËÄÑ¿ÊÊÄ ÆÍÌÚ ÐÎÊ¿ÁÊÄÌÇÞ ÐÍÄÃÇÌÄÌÇÈ�

zã
� Ë m © Ë ° ã º m È � m©°º}º¹¯º�Ó©Ë °�ÈãÒ� ÓÒÏ}ºãË�Ò¯ºmÈÓ�

Ó©Ë �m©� ²ºãº�Ó©Ë �¯Ë�ÒÓ©� ÏºÓÈ °¹ãÈmãËÓÒ«� äº�ÒÁÒ�Ò¯º�
mÈÓÒË� ÓÒ�¯Ò�©� ¹ºmË¯²Óº°�Óº�È}�ÒmÓ©Ë ªãËäËÓ�©� °ºº�Óº�

�ËÓÒË� Ò°°ãË�ºmÈÓÒ«

|�Óº® ÒÏ �ãÈmÓ©² ¹¯º­ãËä� mºÏÓÒ}È
�Ò² ¹¯Ò

°mÈ¯}Ë m©°º}º¹¯º�Ó©² °�ÈãË®� «mã«Ë�°« º¹È°Óº°�	

º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ m äË�ÈããË ~�{ °mÈ¯�

Ó©² °ºË�ÒÓËÓÒ® �º�}ºãºm�� vºm¯ËäËÓÓ©Ë ¹¯Ë�°�

�ÈmãËÓÒ« º äË²ÈÓÒÏäË ÏÈ¯ºÎ�ËÓÒ« Ò ¯ÈÏmÒ�Ò« º��

}ºãºm ¹ºÏmºã«
� ¯È°°äÈ�¯ÒmÈ�	 Ò² º­¯ÈÏºmÈÓÒË

}È} ¹¯º«mãËÓÒË ¹¯º�Ë°°È ²¯�¹}º�º ¯ÈÏ¯��ËÓÒ«�

°m«ÏÈÓÓº�º ° ¯ÈÏmÒ�ÒËä äËÎÏË¯ËÓÓº�º ¹¯º°}Èã	�

Ï©mÈÓÒ« Ò mÓ��¯ÒÏË¯ËÓÓº�º °�mÒ�ºº­¯ÈÏºmÈÓÒ« Ò

}ºÓ�¯ºãÒ¯�Ëäº�º ÓÈ}º¹ãËÓÒËä ¹ºm¯ËÎ�ÈËäº°�Ò mº

m¯ËäËÓÒ ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ� ¹¯º�Ë}È
�Ëä m �°�

ãºmÒ«² °ãºÎÓºÓÈ¹¯«ÎËÓÓº�º °º°�º«ÓÒ« m °ºº�mË��

°�mÒÒ ° mÒ�ºÒÏäËÓËÓÓº® äº�Ëã	
 ~ÒÓË¯ÈÜv�¯º >�Ü
�@� |°ÓºmÓº® ¹¯Ò�ÒÓº® º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©²

�¯Ë�ÒÓ «mã«Ë�°« ¹ºm©�ËÓÒË °º¹¯º�ÒmãËÓÒ« äË�

�ÈããÈ º}ºãº�ºmÓº® ÏºÓ© ¹ãÈ°�Ò�Ë°}Òä �ËÁº¯äÈ�

�Ò«ä >�� �@� �¯Ò ª�ºä m äË°�Ë º°�ÈÓºm}Ò ¹ºãº°©

°}ºã	ÎËÓÒ« º­¯ÈÏ�
�°« �È} ÓÈÏ©mÈËä©Ë ÏºÓ© ¹¯Ë��

¯ÈÏ¯��ËÓÒ« Û °}º¹ãËÓÒ« �Ò°ãº}È�Ò®� � mË¯�ÒÓ©

}º�º¯©² mºÏÓÒ}ÈË� ÏºÓÈ ãº}Èã	Ó©² ¯È°�«�ÒmÈ
�Ò²

ÓÈ¹¯«ÎËÓÒ®� ��º Ò °ºÏ�ÈË� �°ãºmÒ« �ã« ÏÈ¯ºÎ�ËÓÒ«

¯ÈÏ¯��ËÓÒ« m �ºãºmÓº® �È°�Ò °}º¹ãËÓÒ« >�@�

{ ¯«�Ë ¯È­º� >�� � Ò �¯�@ ¹º}ÈÏÈÓº� ��º º�ÓÒä

ÒÏ ¹Ë¯°¹Ë}�ÒmÓ©² ¹��Ë® ­º¯	­© ° º­¯ÈÏºmÈÓÒËä
�È}Ò² �¯Ë�ÒÓ äºÎË� °ã�ÎÒ�	 mmË�ËÓÒË m ÓÒÏ}º�

ãË�Ò¯ºmÈÓÓ©® ÓÈ¹ãÈmãËÓÓ©® äË�Èãã ªãËäËÓ�ºm� º­�

¯ÈÏ�
�Ò² �°�º®�Òm©Ë m©�ËãËÓÒ« äº�ÒÁÒ�Ò¯�
�

�Ë® ÁÈÏ© �m �È°�Óº°�Ò� ÓÒ�¯Ò�Óº®� m °º�Ë�ÈÓÒÒ

° ¹ºmË¯²Óº°�Óº�È}�ÒmÓ©äÒ ªãËäËÓ�ÈäÒ� ¡Ëã	
 ÓÈ°�

�º«�Ë® ¯È­º�© «mã«ãº°	 ÒÏ��ËÓÒË mãÒ«ÓÒ« ²È¯È}�

�Ë¯È äº�ÒÁÒ�Ò¯ºmÈÓÒ« ÓÈ °º¹¯º�Òmã«Ëäº°�	 º��

}ºãÈä�

j°°ãË�ºmÈãÒ °mÈ¯Ó©Ë °ºË�ÒÓËÓÒ« ° ÓÒÏ}ºãË�

�Ò¯ºmÈÓÓ©äÒ �mÈäÒ �Ò¹È ��t�sl� m©¹ºãÓËÓÓ©Ë

ÓÈ �Ë¯äÒ�Ë°}Ò �¹¯º�ÓËÓÓº® °�ÈãÒ äÈ¯�ËÓ°Ò�Óº�º

}ãÈ°°È ��tvs�lk� mË°	äÈ ��m°�mÒ�Ëã	Óº® } º­�

¯ÈÏºmÈÓÒ
 �¯Ë�ÒÓ m äË�ÈããË ~�{� vmÈ¯}� ¹¯º�

mº�ÒãÒ º¹©�Ó©äÒ ªãË}�¯º�ÈäÒ ° º°ÓºmÓ©ä ¹º}�

¯©�ÒËä� { }È�Ë°�mË äº�ÒÁÒ�Ò¯�
�Ò² �º­Èmº} m

ÓÈ¹ãÈmãËÓÓ©® äË�Èãã mmº�ÒãÒ �Ò�ÈÓ� Èã
äÒÓÒ®�

­º¯� �Ë¯Ò®� }Èã	�Ò®� mÈÓÈ�Ò® Ò ÈÏº�� {mË�ËÓÒË

äº�ÒÁÒ�Ò¯�
�Ò² ªãËäËÓ�ºm º°��Ë°�mã«ãº°	 �Ë¯ËÏ

ªãË}�¯º�ÓºË ¹º}¯©�ÒË� º°ÓºmÓºË ãË�Ò¯ºmÈÓÒË äË�

�ÈããÈ Û ° ¹ºäº�	
 ªãË}�¯º�Óº�º °�Ë¯ÎÓ«� {

�È­ã� � ¹¯ÒmË�ËÓ ¯«� mÈ¯ÒÈÓ�ºm Ò°¹ºã	Ï�Ëäº�º äº�

�ÒÁÒ�Ò¯ºmÈÓÒ«�

|¹¯Ë�ËãËÓÒË äË²ÈÓÒ�Ë°}Ò² °mº®°�m ÓÈ¹ãÈmãËÓ�

Óº�º äË�ÈããÈ m©¹ºãÓ«ãÒ m °ºº�mË�°�mÒÒ ° �¯Ë­º�

mÈÓÒ«äÒ �|v� ����Ü��� iã« Ò°¹©�ÈÓÒ® ÓÈ °�È�

�Ò�Ë°}ºË }¯È�}ºm¯ËäËÓÓºË ¯È°�«ÎËÓÒË Ò°¹ºã	Ïº�

mÈãÒ º­¯ÈÏ�© �mÈ¯ÒÈÓ� ¢ ��� m©¯ËÏÈÓÓ©Ë m ¹¯º�

�ºã	Óºä ÓÈ¹¯ÈmãËÓÒÒ ÒÏ äË�ÈããÈ �mºm °�©}ºm©²

°ºË�ÒÓËÓÒ® �ºã�ÒÓº® �� ää ° 9�º­¯ÈÏÓº® ¯ÈÏ�Ëã�

}º® }¯ºäº}� iã« Ò°¹©�ÈÓÒ« ��È¯Óº® m«Ï}º°�Ò Ò°�

¹ºã	ÏºmÈãÒ º­¯ÈÏ�© �mÈ¯ÒÈÓ� ¢ ��� m©¯ËÏÈÓÓ©Ë

¹º¹Ë¯Ë} °ºË�ÒÓËÓÒ«� ÓÈ�¯ËÏ m©¹ºãÓ«ãÒ ¹º äË�Èãã�

�mÈ� v�º®}º°�	 }ÈÎ�º�º mÈ¯ÒÈÓ�È ¹¯º�Òm ²ºãº�Ó©²

�¯Ë�ÒÓ º�ËÓÒmÈãÒ ¹º ¯ËÏ�ã	�È�Èä °mÈ¯}Ò ÓË äËÓËË

�…� ¹¯º­ �Ë}}ËÓ� vmÈ¯}� m°Ë² mÈ¯ÒÈÓ�ºm ¹¯º­
m©¹ºãÓ«ãÒ ªãË}�¯º�ÈäÒ �ÒÈäË�¯ºä � ää ÓÈ ¯ËÎÒäË

,
°m
 ���…��� k� 8

�
 ��…�� {� �¯Ò ª�ºä ÁÒ}�

°Ò¯ºmÈãÒ �ºã	}º �¯Ë�ÒÓ© m äË�ÈããË ~�{ Ò �¯Ë�

�ÒÓ© °äË�ÈÓÓº�º �Ò¹È� ¹¯º²º�«�ÒË �È°�Ò�Óº ¹º

�m�� { °ã��ÈË ¹ºã��ËÓÒ« ��ºmãË�mº¯Ò�Ëã	Óº® °�º®�

}º°�Ò ¹¯º�Òm �¯Ë�ÒÓ ¹º }È}ºä��ãÒ­º mÈ¯ÒÈÓ��

º�ËÓÒmÈãÒ °�È­Òã	Óº°�	 ¯ËÏ�ã	�È�ºm ¹¯Ò ¹ºm�º¯�

Ó©² Ò°¹©�ÈÓÒ«² ªãË}�¯º�ºm �ÈÓÓº�º mÈ¯ÒÈÓ�È�

iÈÓÓ©Ë ¹º äË²ÈÓÒ�Ë°}Òä °mº®°�mÈä Ò °�º®}º°�Ò

¹¯º�Òm �¯Ë�ÒÓ ¹¯ÒmË�ËÓ© m �È­ã� �� { ¯È­º�Ë

¹¯ÒmË�ËÓ© �ÈÓÓ©Ë ¹º ÓÈÒ­ºãËË º¹�ÒäÈã	Ó©ä �Ò¹Èä

äº�ÒÁÒ�Ò¯ºmÈÓÒ«� ¹ºã��ËÓÓ©ä ÓÈ º°ÓºmÈÓÒÒ ¹¯Ë��

mÈ¯Ò�Ëã	Ó©² ª}°¹Ë¯ÒäËÓ�Èã	Ó©² Ò°°ãË�ºmÈÓÒ®�

kÓÈãÒÏ ¹ºã��ËÓÓ©² ¯ËÏ�ã	�È�ºm ¹º}ÈÏ©mÈË��

��º ÏÈ °�Ë� º¹�ÒäÈã	Óº�º °º�Ë�ÈÓÒ« ¹ºmË¯²Óº°��

Óº�È}�ÒmÓ©² äº�ÒÁÒ�Ò¯�
�Ò² �º­Èmº} ��ÈË�°«

�º°�Ò�	 m¹ºãÓË ��ºmãË�mº¯Ò�Ëã	Óº®� Óº ÓË�º°�È�

�º�Óº °�È­Òã	Óº® °�º®}º°�Ò ¹¯º�Òm �¯Ë�ÒÓ �mÈ�

¯ÒÈÓ�© ¢ �� �� �� ¹¯Ò �º°�È�º�Óº m©°º}º® ¹¯º��

Óº°�Ò äË�ÈãÈ �mÈ� sÈ¹¯º�Òm� ¹ºm©�ËÓÒË °º�Ë¯�

ÎÈÓÒ« È}�ÒmÓ©² ÁÈÏºº­¯ÈÏ�
�Ò² ªãËäËÓ�ºm �ÓÈ¹�

¯ÒäË¯� ­º¯È Û mÈ¯ÒÈÓ�© ¢ � Ò �� �Ò�ÈÓÈ Û

mÈ¯ÒÈÓ� ¢ �� Èã
äÒÓÒ« Û mÈ¯ÒÈÓ� ¢ �� mË�Ë�

} °��Ë°�mËÓÓºä� °ÓÒÎËÓÒ
 °�º®}º°�Ò ¹¯º�Òm �¯Ë�

�ÒÓ�º�}ºãºm�

sÈÒ­ºãËË °�È­Òã	Ó©® ªÁÁË}� äº�ÒÁÒ�Ò¯ºmÈ�

ÓÒ« ÓÈ­ã
�ÈË�°« ¹¯Ò °ºmäË°�Óºä ãË�Ò¯ºmÈÓÒÒ�mºm

mÈÓÈ�ÒËä� ÈÏº�ºä Ò c~l �mÈ¯ÒÈÓ� ¢ ���� �¯Ò
� {� j� zÈ­È�}Ò®� k� {� zÈ­È�}Ò®� ����

�� ������



�È ­ ã Ò � È �� {È¯ÒÈÓ�© äº�ÒÁÒ�Ò¯ºmÈÓÒ« °mÈ¯Ó©² �mºm

¢
mÈ¯ÒÈÓ�È

�Ò¹
äº�ÒÁÒ�Ò¯ºmÈÓÒ«

cÈ°�Ë�Ó©® ²ÒäÒ�Ë°}Ò® °º°�Èm ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� �

& 0Q 6L &U 1L 0R 7L $O 9 1 % &H &D

� 7LÜ%Ü&HÜ&D ��� ��� ��� ���� ��� ��� ��� Û Û Û ����� ��� ����

� 7LÜ$OÜ%Ü&HÜ&D ��� ��� ��� ���� ��� ��� ��� �������� Û Û
�������������

���������� ����

�
$OÜ&HÜ&D

��� ��� ��� ���� ��� ��� Û ��� Û Û Û ��� ����

� ��� ��� ��� ���� ��� ��� Û ���� Û Û Û ���� Û

� 9Ü$OÜ&H ��� ��� ��� Û ��� ��� Û ���������� ����������� Û Û ���������� Û

� 9Ü7LÜ&H ��� ��� ��� Û ��� ��� ����������� Û ����������� Û Û ���������� Û

�
9Ü7LÜ%Ü&HÜ&D

��� ��� ��� Û ��� ��� ��� Û ���� Û ����� ���� ����

� ��� ��� ��� Û ��� ��� ���� Û ���� Û ����� ���� Û

� 9Ü1 ��� ��� ��� ��� ��� ��� Û Û ���� ����� Û Û Û

�� 9Ü1Ü&H ��� ��� ��� ��� ��� ��� Û Û ���� ����� Û ���������� Û

� È ­ ã Ò � È �� lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äË�ÈããÈ �mÈ Ò °�º®}º°�	 °ºË�ÒÓËÓÒ« ¹¯º�Òm �¯Ë�ÒÓ

¢ mÈ¯ÒÈÓ�È

lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äË�ÈããÈ �mÈ sÈãÒ�ÒË �¯Ë�ÒÓ m ¹¯º­Ë �Ë}}ËÓ
{¯Ëä« �º ¹º«mãËÓÒ« mÒÏ�Èã	Óº

ÓÈ­ã
�ÈËäº® �¯Ë�ÒÓ©�

ËË ²È¯È}�Ë¯σ���� l�È σm� l�È δ�� � ψ� �
.&8� iÎ�°ä

�

mÒÏ�Èã	Óº ¹º äÈ}¯º�ãÒÁÈä

���
º

v Ü��
º

v

� ��� ��� ���� ���� ��� ��
sË� p°�	

sÈ�¯©m ÓÈ �ãÒÁË� ­ºãËË � �
p°�	 Û

� ��������� ��������� ����������� ����������� �������� ������� �� Û
� �� ��� �� � �� �� äÒÓ�

�� äÒÓ Û °äË�ÈÓÓÈ«

� ��� ��� ���� ���� �� ��

� ¹¯º­© ÏÈmÈ¯ËÓº ­ËÏ �¯Ë�ÒÓ

p°�	
 Û rºãËË � �
� ��� �
� � �


� ��� ��� ���� ���� �� �� p°�	 Û ��� �� � �� � �

� ��������� ��������� ����������� ����������� ������� ������� �� Û � �� �� äÒÓ� �� äÒÓ

� ��������� ��������� ����������� ����������� ������� ������� p°�	 Û

� �� � �� ��� �� Û °äË�ÈÓÓÈ«�

� � Û °äË�ÈÓÓÈ«

� ��� ��� ���� ���� �� ��
sË� p°�	 sÈ�¯©m ÓÈ �ãÒÁË� �� �� � �
�

��� �

p°�	 Û

� ��� ��� ���� ���� ��� �� �� Û ��� �� � � Û °äË�ÈÓÓÈ«

� ��� ��� ���� ���� �� ��

� ¹¯º­© ÏÈmÈ¯ËÓº ­ËÏ �¯Ë�ÒÓ

sË�
 p°�	
sÈ�¯©m ÓÈ �ãÒÁË ­ºãËË �� �


p°�	
 Û

�� sË º¹¯Ë�Ëã«ãÒ°	

� ¹¯º­© ÏÈmÈ¯ËÓº ­ËÏ �¯Ë�ÒÓ

sË�
 sË� Û

�� p°�	 sÈ�¯©m ÓÈ �ãÒÁË



 cËÏ�ã	�È�© ¹ºm�º¯Ó©² Ò°¹©�ÈÓÒ® ªãË}�¯º�ºm�



ª�ºä �¯Ë�ÒÓ m ¹¯º­È² �Ë}}ËÓ ��ÈË�°« ÒÏ­ËÎÈ�	

Ò m °ã��ÈË ¹ºm�º¯Ó©² Ò°¹©�ÈÓÒ® ªãË}�¯º�ºm� {

�º ÎË m¯Ëä« ¹ºãºÎÒ�Ëã	ÓºË �Ë®°�mÒË äº�ÒÁÒ�Ò�

¯ºmÈÓÒ« ¹¯º«mã«Ë�°« �ºã	}º ¹¯Ò º¹¯Ë�ËãËÓÓºä °º�

º�Óº�ËÓÒÒ äº�ÒÁÒ�Ò¯�
�Ò² �º­Èmº}�

iã« º­�«°ÓËÓÒ« ¹ºã��ËÓÓ©² ¯ËÏ�ã	�È�ºm ¹¯º�

mË�ËÓº �Ë�Èã	ÓºË Ò°°ãË�ºmÈÓÒË °mÈ¯Ó©² °ºË�ÒÓË�

ÓÒ®� m©¹ºãÓËÓÓ©² ¯È°°äÈ�¯ÒmÈËä©äÒ mÈ¯ÒÈÓ�ÈäÒ

º¹©�Ó©² ªãË}�¯º�ºm� sÈ ¹Ë¯mºä ª�È¹Ë Ò°°ãË�ºmÈãÒ

º­¯ÈÏ�© ÒÏ º�Óº°ãº®Ó©² °ºË�ÒÓËÓÒ® °�ÈãÒ

��tvs�lk ¹º äË�º�Ò}Ë� º¹Ò°ÈÓÓº® m ¯È­º�È²

>�� �@� �¯Ò ª�ºä m º­¯ÈÏ�È²� º­¯È­º�ÈÓÓ©² ¹º

�Ë¯äÒ�Ë°}ºä� �Ò}ã�� ­ãÒÏ}ºä� } °mÈ¯º�Óºä� �ÓÈ��

¯Ëm �º �Ëä¹Ë¯È��¯© ���� Åv °º °}º¯º°�	

��� Åv�°� m©�Ë¯Î}È �� °� º²ãÈÎ�ËÓÒË °º °}º�

¯º°�	
 �… �� Åv�°�� ÓÈ­ã
�ÈãÒ ÒÏäËÓËÓÒË °�¯�}�

��¯© ��È°�}È }¯�¹Óº�º ÏË¯ÓÈ äË�ÈããÈ ~�{� �¯Ò

º²ãÈÎ�ËÓÒÒ �º �Ëä¹Ë¯È��¯© ��� Åv ÒÓÒ�ÒÒ¯ºmÈãÒ
¯ÈÏ¯��ËÓÒË º­¯ÈÏ�ºm ¹��Ëä Ò² ÏÈäË�ãËÓÓº�º ÓÈ�¯��

ÎËÓÒ« ¯È°�«�ÒmÈ
�Ë® ÓÈ�¯�Ï}º®� }º�º¯È« °ºÏ�ÈË� m

äË�ÈããË º­¯ÈÏ�È ÓÈ¹¯«ÎËÓÒ« º}ºãº ���…��� l�È�

zÈ} ¹º}ÈÏÈãÒ ÓÈ­ã
�ËÓÒ« ÏÈ ¯È°¹È�ºä È�°�Ë�

ÓÒ�È� m º­¯ÈÏ�È² ¹¯ºÒ°²º�Ò� ­Ë®ÓÒ�Óº�äÈ¯�ËÓ°Ò��

ÓºË ¹¯Ëm¯È�ËÓÒË �ÓÈ�Èãº ¹¯Ò ���…��� Åv� ° º­�
¯ÈÏºmÈÓÒËä ¹¯ËÒä��Ë°�mËÓÓº °äË°Ò ÓÒÎÓË�º ­Ë®�

ÓÒ�È Ò º�¹��ËÓÓº�º äÈ¯�ËÓ°Ò�È �°¯Ë�ÓÒ® ­Èãã ¹Ë¯�

mÒ�Óº�º È�°�ËÓÒ�Óº�º ÏË¯ÓÈ �…��� �È}È« °�¯�}�
��¯È� ¹º ÓË}º�º¯©ä �ÈÓÓ©ä >�� �� ��@� «mã«Ë�°«

¹¯Ë�¹º��Ò�Ëã	Óº® �ã« m©°º}º¹¯º�Óº�º äË�ÈããÈ

°mÈ¯Ó©² °ºË�ÒÓËÓÒ® ­ãÈ�º�È¯« °¯ÈmÓÒ�Ëã	Óº m©�

°º}º® ¹ãÈ°�Ò�Óº°�Ò Ò ��È¯Óº® m«Ï}º°�Ò�

{ �º ÎË m¯Ëä« ª}°¹Ë¯ÒäËÓ�© ¹º}ÈÏ©mÈ
�� ��º
¹¯Ò º�ËÓ	 ­ãÒÏ}ºä °ºº�mË�°�mÒÒ ¹È¯ÈäË�¯ºm ¹¯Ëm�
¯È�ËÓÒ« r

Ó
����… ��� Åv�� l

Ó
����… ��� Åv�� l

}

����… ��� Åv� °ºË�ÒÓËÓÒ« äº��� mË°	äÈ °��Ë°��

mËÓÓº º�ãÒ�È�	°« ¹º °�º®}º°�Ò ¹¯º�Òm º�}ºãºm

�ÓÈ¹¯ÒäË¯� mÈ¯ÒÈÓ�© ¢ � Ò ���� �È}Òä º­¯ÈÏºä�
ÒÏ��ËÓÒË º°º­ËÓÓº°�Ë® °�¯�}��¯© ��È°�}È }¯�¹Óº�º

ÏË¯ÓÈ ÓË ¹ºÏmºã«Ë� º�ÓºÏÓÈ�Óº º­�«°ÓÒ�	 ¹¯Ò�ÒÓ©

¯ÈÏãÒ�Óº® °º¹¯º�Òmã«Ëäº°�Ò º�}ºãÈä�

�º °º�Ë¯ÎÈÓÒ
 �ÒÁÁ�ÏÒºÓÓº�º mº�º¯º�È ¹¯º�

mº�ÒãÒ °º¹º°�ÈmãËÓÒË °}ãºÓÓº°�Ò °ºË�ÒÓËÓÒ® }

º�}ºãÈä m ÓÈ¹ãÈmãËÓÓºä äË�ÈããË� º¹¯Ë�Ëã«Ëäºä

° Ò°¹ºã	ÏºmÈÓÒËä �ãÒ�Ë¯ÒÓºmº® }È¯ÈÓ�È�Óº® ¹¯º�

­© >�@� cËÎÒä© °mÈ¯}Ò ¹¯ÒmË�ËÓ© m©�Ë� vº¹º°�

�ÈmãËÓÒË ÏÈäË¯ºm ¹º}ÈÏ©mÈË�� ��º ºÓº äÈãº º��

ãÒ�ÈË�°« Ò mº m°Ë² °ã��È«² º�Óº°Ò�Ëã	Óº ÓËmËãÒ}º

�ÓË ¹¯Ëm©�ÈË� ���… ��� äã���� � ÓÈ¹ãÈmãËÓÓº�º

äË�ÈããÈ�� ��Ò�©mÈ« °��Ë°�mËÓÓ©Ë ¯ÈÏãÒ�Ò« ¯È°�

°äÈ�¯ÒmÈËä©² mÈ¯ÒÈÓ�ºm ¹º °�º®}º°�Ò ¹¯º�Òm

�¯Ë�ÒÓ �ÓÈ¹¯ÒäË¯� >+@
�
a ���…���� �mÈ¯ÒÈÓ�

¢ ��� a���… ��� äã���� � �mÈ¯ÒÈÓ� ¢ ��� äºÎÓº
ÏÈ}ã
�Ò�	� ��º ¹¯Ò º�äË�ËÓÓ©² }ºÓ�ËÓ�

�¯È�Ò«² mº�º¯º�È �ÈÓÓ©® ÁÈ}�º¯� ¹º�

mÒ�Òäºä�� ÓË «mã«Ë�°« º¹¯Ë�Ëã«
�Òä m

º�Óº�ËÓÒÒ °�º®}º°�Ò ¹¯º�Òm �¯Ë�ÒÓ�º��

}ºãºm� º�ÓÈ}º ­ºãËË �º�Óº ÓÈ ª�º� mº¹¯º°

äºÎÓº º�mË�Ò�	 ãÒ�	 ¹º°ãË ÒÏ��ËÓÒ« }Ò�

ÓË�Ò}Ò m©�ËãËÓÒ« mº�º¯º�È m °mÈ¯Óºä

°ºË�ÒÓËÓÒÒ >�@�

v��Ë°�m�Ë� äÓËÓÒË >�� ��@� ��º mË°	äÈ

­ãÈ�º¹¯Ò«�Ó©Ë �°ãºmÒ« �ã« ÏÈ¯ºÎ�ËÓÒ«

²ºãº�Ó©² �¯Ë�ÒÓ °ºÏ�È
�°« ÓÈ º¹ãÈm�

ãËÓÓ©² �¯ÈÓÒ�È² ÏË¯ËÓ ��È°�}È äË�ÈããÈ

~�{� ¹¯Òä©}È
�Ë�º } º°ÓºmÓºä� äË�Èã�

ã� ��È} ÓÈÏ©mÈËä©® ��È°�º} ¹º�¹ãÈmãË�

ÓÒ«�� iË�Èã	Ó©® ÈÓÈãÒÏ ²È¯È}�Ë¯È äÓº�

�º�Ò°ãËÓÓ©² ¯ÈÏ¯��ËÓÒ® m º­¯ÈÏ�È² �Ë}�

}ËÓ ¹º}ÈÏ©mÈË�� ��º mº äÓº�Ò² °ã��È«²

�¯ÈË}�º¯Ò« ¯È°¹¯º°�¯ÈÓËÓÒ« ²ºãº�Ó©²

º}ºãº�ºmÓ©² �¯Ë�ÒÓ ¹Ë¯Ë°Ë}ÈË� ãÒÓÒ


°¹ãÈmãËÓÒ«� ¹¯º²º�Ò� ¹º �¯ÈÓÒ�Ë °¹ãÈm�

ãËÓÒ«� ãÒ­º m ÓË¹º°¯Ë�°�mËÓÓº® ­ãÒÏº°�Ò

º� ÓËË �¯Ò°� ��� w�º ¹ºÏmºã«Ë� ° ­ºã	�Òä

º°ÓºmÈÓÒËä ¹ºãÈ�È�	� ��º ��È°�º} °mÈ¯�

Óº�º °ºË�ÒÓËÓÒ«� Áº¯äÒ¯�
�Ò®°« m ¹¯º�

cÒ°� �� ��È°�}Ò ¯È°¹¯º°�¯ÈÓËÓÒ« ²ºãº�Óº® �¯Ë�ÒÓ© ¹º ÏºÓË
°¹ãÈmãËÓÒ« °mÈ¯Óº�º °ºË�ÒÓËÓÒ« °�ÈãÒ ��tvs�lk ° ÓÒÏ}ºãË�
�Ò¯ºmÈÓÓ©ä �mºä� ����� ÈÛ ÏºÓÈ °¹ãÈmãËÓÒ« °º °�º¯ºÓ© �mÈ�
­ Û °º °�º¯ºÓ© ��È°�}È ÓË¹ºãÓº�º ¯È°¹ãÈmãËÓÒ«

cÒ°� �� ~È¯ºÎ�ËÓÒË ¯ÈÏ¯��ËÓÒ« m ¹Ë¯Ë²º�Óº® ÏºÓË ÓÈ�¯�ÎÈËä©² º­¯ÈÏ�ºm�
����� È Û º�È�Ò ¯ÈÏ¯��ËÓÒ« ÓÈ ��È°�}Ë ÓË¹ºãÓº�º ¯È°¹ãÈmãËÓÒ«� ­ Û ÏÈ�
¯ºÎ�ËÓÒË Ò ¯È°¹¯º°�¯ÈÓËÓÒË �¯Ë�ÒÓ© ÓÈ �¯ÈÓÒ�Ë °¹ãÈmãËÓÒ«

�� ������



�Ë°°Ë }¯Ò°�ÈããÒÏÈ�ÒÒ °mÈ¯º�Óº® mÈÓÓ© ÓÈ º¹ãÈm�

ãËÓÓ©² ÏË¯ÓÈ² º°ÓºmÓº�º äË�ÈããÈ� äºÎË� °ã�ÎÒ�	

äË°�ºä ÏÈ¯ºÎ�ËÓÒ« ²ºãº�Ó©² º}ºãº�ºmÓ©² �¯Ë�

�ÒÓ� |­ ª�ºä �È}ÎË }º°mËÓÓº °mÒ�Ë�Ëã	°�m�Ë� ÓÈ­�

ã
�ËÓÒË ÏÈ ²º�ºä ÏÈäË�ãËÓÓº�º ¯ÈÏ¯��ËÓÒ« º­�

¯ÈÏ�ºm� º­¯È­º�ÈÓÓ©² ¹º �Ë¯äÒ�Ë°}ºä� �Ò}ã��

­ãÒÏ}ºä� } °mÈ¯º�Óºä�� nÒ}°Ò¯ºmÈÓÒË äºäËÓ�È

ÏÈ¯ºÎ�ËÓÒ« �¯Ë�ÒÓ m ÓÈ�¯�ÎËÓÓ©² º­¯ÈÏ�È² ¹ºÏ�

mºãÒãº m©«mÒ�	 ¹º«mãËÓÒË º�È�ºm ¯ÈÏ¯��ËÓÒ« ãÒ­º

ÏÈ¯ºÎ�ËÓÒË �¯Ë�ÒÓ ÓÈ ��È°�}Ë ÏºÓ© °¹ãÈmãËÓÒ«

�¯Ò°� ���
�ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© �È
� º°ÓºmÈÓÒË �ºmº�

¯Ò�	 º mºÏäºÎÓº°�Ò mãÒ«ÓÒ« äº�ÒÁÒ�Ò¯ºmÈÓÒ«

ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ ÓÈ °�º®}º°�	 °mÈ¯Óº�º °º�

Ë�ÒÓËÓÒ« ¹¯º�Òm º­¯ÈÏºmÈÓÒ« �¯Ë�ÒÓ�º�}ºãºm�

{ ¯«�Ë ¯È­º� >��� ��@ m©«mãËÓÈ ÏÈäË�ÓÈ« ¯ºã	

ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ® m äË²ÈÓÒÏäË º­¯ÈÏº�

mÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ ÓÈ ��È°�}Ë ÏºÓ© °¹ãÈm�

ãËÓÒ«� lË�Èããº�¯ÈÁÒ�Ë°}ÒË Ò°°ãË�ºmÈÓÒ« ¹º°ãË��

ÓË® ° ¹ºäº�	
 º¹�Ò�Ë°}º® Ò ªãË}�¯ºÓÓº® äÒ}�

¯º°}º¹ÒÒ ¹º}ÈÏ©mÈ
�� ��º ¹¯Ò º¹�ÒäÈã	Óºä äº�

�ÒÁÒ�Ò¯ºmÈÓÒÒ ¹¯Ëº­ãÈ�È
� ¯ÈmÓºäË¯Óº ¯È°¹¯Ë�

�ËãËÓÓ©Ë �ãº­�ã«¯Ó©Ë m}ã
�ËÓÒ« �¯Ò°� ��� {}ã
�

�ËÓÒ« ¯È°¹ºãÈ�È
�°« m º°ÓºmÓºä m �ËãË ÏË¯ÓÈ�

¹¯Ò�Ëä ÓÈ­ã
�ÈË�°« �mËãÒ�ËÓÒË }ºãÒ�Ë°�mÈ äËã}Ò²

m}ã
�ËÓÒ® �¯Ò°� �� È�� �º°ãË�ÓËË °ãË��Ë� �È}ÎË
ÒÏ ¹º�°�Ë�È }ºãÒ�Ë°�mÈ m}ã
�ËÓÒ® ° ¯È°¹¯Ë�ËãË�

ÓÒËä ¹º ¯ÈÏäË¯Èä� ¹¯ºmË�ËÓÓº�º ° ¹ºäº�	
 }º�

ãÒ�Ë°�mËÓÓº�º �ËãËmÒÏÒºÓÓº�º äÒ}¯º°}º¹È ½zmÈÓ�

�ÒäË������� { °ã��ÈË º�}ãºÓËÓÒ« º� º¹�ÒäÈã	Óº�º

äº�ÒÁÒ�Ò¯ºmÈÓÒ« ²È¯È}�Ë¯ ¯È°¹¯Ë�ËãËÓÒ« m}ã
�

�ËÓÒ® ÒÏäËÓ«Ë�°« Û ÏÈäË�Ó©Ë °}º¹ãËÓÒ« ÓÈ­ã
�

�È
�°« ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ� m}ã
�ËÓÒ« �}¯�¹Ó«
�°«

�¯Ò°� �� ­�� �º°ãË�ÓÒË «mã«
�°«� º�ËmÒ�Óº� }ºä�

¹ãË}°Ó©äÒ °ºË�ÒÓËÓÒ«äÒ äº�ÒÁÒ�Ò¯�
�Ò² �º­È�

mº} ° }Ò°ãº¯º�ºä� ÈÏº�ºä� ��ãË¯º�ºä Ò °Ë¯º®� zÈ}

ÒÏmË°�Óº� ¹¯Ò �º°�È�º�Óº m©°º}º® }ºÓ�ËÓ�¯È�ÒÒ

ÓÈ¹¯«ÎËÓÒ® m}ã
�ËÓÒ« äº��� «mã«�	°« º�È�ÈäÒ

ÏË¯Óº�¯ÈÓÒ�Óº�º ¹¯º°}Èã	Ï©mÈÓÒ« >�@� °¹º°º­°�m��


�Ë�º º­¯ÈÏºmÈÓÒ
 ÏÈ¯º�©�Ë® ²ºãº�Ó©² �¯Ë�ÒÓ

m �°ãºmÒ«² °mÈ¯º�Óº�º �Ë¯äº�ËÁº¯äÈ�ÒºÓÓº�º �Ò}�

ãÈ� tºãº�Ó©Ë �¯Ë�ÒÓ© äº��� ÏÈ¯ºÎ�È�	°« Ò º�

�º¯«�Ò² äÒ}¯ºÓÈ�¯©mºm� ¹¯º²º�«�Ò² ¹º °}º¹ãË�

ÓÒ«ä m}ã
�ËÓÒ® ÓË­ãÈ�º¹¯Ò«�Óº® Áº¯ä© �¯Ò°� ���

m©�Ëã«
�Ò²°« ÒÏ äÈ�º�Óº�º ¯È°�mº¯È m ¹¯º�Ë°°Ë

}¯Ò°�ÈããÒÏÈ�ÒÒ m ÏºÓË }ºÓ�È}�È ÎÒ�}º�º Ò �mË¯�

�º�º äË�ÈããÈ�

|�ÓÒä ÒÏ mºÏäºÎÓ©² º­�«°ÓËÓÒ® °�ºã	 ÏÈäË��

Óº�º mãÒ«ÓÒ« º¹�ÒäÈã	Óº�º äº�ÒÁÒ�Ò¯ºmÈÓÒ« ÓÈ

°�º®}º°�	 ¹¯º�Òm º­¯ÈÏºmÈÓÒ« º}ºãº�ºmÓ©² �¯Ë�

�ÒÓ äºÎË� �È}ÎË� ¹º�mÒ�Òäºä�� °ã�ÎÒ�	 º¹¯Ë�

�ËãËÓÓºË mºÏ�Ë®°�mÒË äº�ÒÁÒ�Ò¯�
�Ò² �º­Èmº}

ÓÈ °�¯�}��¯� äË�ÈããÈ Ò ²È¯È}�Ë¯ m}ã
�ËÓÒ® ÏºÓ©

°¹ãÈmãËÓÒ« Ò ¹¯Òä©}È
�Ë�º } ÓË® ��È°�}È ¹º��

¹ãÈmãËÓÒ«� �º°ãË�ÓËË� º�ËmÒ�Óº� º­�°ãºmãËÓº �ÒÁ�

Á�ÏÒË®� º°º­º ÒÓ�ËÓ°ÒmÓº ¹¯º�Ë}È
�Ë® ¹¯Ò }ºÓ�

�È}�Ë ¯È°¹ãÈmãËÓÓº�º äË�ÈããÈ mÈÓÓ© ° ��È°�}ºä

cÒ°� �� sËäË�ÈããÒ�Ë°}ÒË m}ã
�ËÓÒ« m ÏºÓË °¹ãÈmãËÓÒ« °mÈ¯Óº�º
°ºË�ÒÓËÓÒ« °�ÈãÒ ��tvs�lk ° äË�Èããºä �mÈ ��t�slkn �
�����

cÒ°� �� lÒ}¯º°�¯�}��¯È ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� ¹¯Òä©}È
�Ë�º
} ÏºÓË °¹ãÈmãËÓÒ«� ������ È Û ° äË�Èããºä �mÈ ��t�slkn �
­ Û ���sl�c� 

cÒ°� �� lÒ}¯º°�¯�}��¯È äË�ÈããÈ m ÏºÓË °¹ãÈmãËÓÒ« °�ÈãÒ ��tvs�lk ° ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©ä �mºä ° äÒ}¯º�¯Ë�ÒÓÈäÒ� �����

������ ��



¹º�¹ãÈmãËÓÒ«� �¯ºÓÒ}ÓºmËÓÒË ¹º �¯ÈÓÒ�Èä ¹º��

¹ãÈmã«Ëä©² ÏË¯ËÓ ¹ºmË¯²Óº°�Óº�È}�ÒmÓ©² ªãËäËÓ�

�ºm �ÓÈ¹¯ÒäË¯� �Ë¯Ò«� äºÎË� º­�°ãºmãÒmÈ�	 ÓÈ­�

ã
�ÈËäºË Ï�Ë°	 �äËÓ	�ËÓÒË ¯ÈÏäË¯È ÏË¯ÓÈ Ò °�Ë�

¹ËÓÒ �¯ÈmÒäº°�Ò �¯ÈÓÒ� ÏË¯ËÓ �¯Ò°� ��� z °ºÎÈ�

ãËÓÒ
� ÒÏ�ÏÈ °ãºÎÓº°�Ò �ÈÓÓ©² Ò°°ãË�ºmÈÓÒ®� ¹¯«�

äº�º ª}°¹Ë¯ÒäËÓ�Èã	Óº�º ¹º��mË¯Î�ËÓÒ« ª�º�º

ÁÈ}�È Èm�º¯© ÓË ÒäË
�� º�ÓÈ}º ÒäË
�°« �Ëº¯Ë�

�Ò�Ë°}ÒË ¹¯Ë�¹º°©ã}Ò �È}º�º mºÏ�Ë®°�mÒ« ­ãÈ�º�

�È¯« º°º­ËÓÓº°�«ä ¹ºmË�ËÓÒ« �Ë¯Ò« m °�Èã«²� w�Ò

º°º­ËÓÓº°�Ò °º°�º«� m °¹º°º­Óº°�Ò �Ë¯Ò« º­¯ÈÏº�

m©mÈ�	 �mË¯�©® ¯È°�mº¯ m ÎËãËÏË� È �È}ÎË m m©�

°º}º® ¹ºmË¯²Óº°�Óº® È}�ÒmÓº°�Ò Ò ¹¯ËÒä��Ë°��

mËÓÓº® °}ãºÓÓº°�Ò } È�°º¯­�ÒÒ È�ºäºm �Ë¯Ò« ¹º

°¯ÈmÓËÓÒ
 ° �¯��ÒäÒ ªãËäËÓ�ÈäÒ >��@�

�È}Òä º­¯ÈÏºä� ¹ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© Ò°°ãË�

�ºmÈÓÒ® °mÒ�Ë�Ëã	°�m�
� º °��Ë°�mËÓÓºä mãÒ«ÓÒÒ

äº�ÒÁÒ�Ò¯ºmÈÓÒ« ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ ÓÈ °�º®�

}º°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ÏÈ}ÈãÒmÈ
�Ò²°« °�ÈãË®

° ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©äÒ �mÈäÒ ¹¯º�Òm º­¯ÈÏºmÈÓÒ«

²ºãº�Ó©² º}ºãº�ºmÓ©² �¯Ë�ÒÓ� w�º ¹ºÏmºã«Ë� ¯Ë�

ÈãÒÏºmÈ�	 ÓÈ®�ËÓÓ©® °¹º°º­ ¹ºm©�ËÓÒ« °º¹¯º�Òm�

ã«Ëäº°�Ò º�}ºãÈä ¹¯Ò ¯ÈÏ¯È­º�}Ë °mÈ¯º�Ó©²

äÈ�Ë¯ÒÈãºm �ã« °mÈ¯}Ò m©°º}º¹¯º�Ó©² °�ÈãË®�

�� lÈ}È¯ºm w� �� tºãº�Ó©Ë �¯Ë�ÒÓ© ¹¯Ò °mÈ¯}Ë ãË�Ò¯ºmÈÓ�

Ó©² °�ÈãË®� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� zÈ°È�}ÒÓ r� v� lÒ}¯ºäË²ÈÓÒÏä º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©²
�¯Ë�ÒÓ ¹¯Ò °mÈ¯}Ë °¯Ë�ÓËãË�Ò¯ºmÈÓÓ©² °�ÈãË® �� vËäÒ�

ÓÈ¯ ¹º äË�Èãã�¯�Ò�Ë°}Òä �¯Ë­ºmÈÓÒ«ä ¹¯ºÒÏmº�Ò�ËãË® Ò

¹º�¯Ë­Ò�ËãË® } °mÈ¯ÒmÈËäº°�Ò °�ÈãË®� Û zÒËm� ��Ü��

°ËÓ��� ����� Û �� °�

�� �°ãºmÒ« º­¯ÈÏºmÈÓÒ« �¯Ë�ÒÓ ¹¯Ò °mÈ¯}Ë Ò �Ë¯äÒ�Ë°}º®

º­¯È­º�}Ë�  � �� | ¯ºãÒ ¹ºãÏ��Ë°�Ò m º­¯ÈÏºmÈÓÒÒ �¯Ë�ÒÓ

� {� s� ~ËäÏÒÓ� k� k�  ÒÎÒ}� k� k� �ÈÓÒÓ Ò �¯� ��

vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ��� Û v� �Ü��

�� v�Ë¯ËÓ­º�ËÓ �� k� sË}º�º¯©Ë ÁÈ}�º¯©� º¹¯Ë�Ëã«
�ÒË
°�º®}º°�	 äË�ÈããÈ ~�{ äÈ¯�ËÓ°Ò�Ó©² °�ÈãË® ¹¯º�Òm º­¯È�

ÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ �� km�ºäÈ�� °mÈ¯}È� Û �����

Û ¢ �� Û v� �Ü��

�� ~ºãº�º¯Ëm°}Ò® v� l� lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äË�Èããºm�

Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� v�¯�}��¯È Ò °mº®°�mÈ ÏºÓ© �Ë¯äÒ�Ë°}º�º mãÒ«ÓÒ« °mÈ¯�

Ó©² °ºË�ÒÓËÓÒ® m©°º}º¹¯º�Óº® °�ÈãÒ äÈ¯�ËÓ°Ò�Óº�º }ãÈ°�

°È � {� j� zÈ­È�}Ò®� {� {� �º��ÈË�}Ò®� i� �� sºmÒ}ºmÈ

Ò �¯� �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

�� zÈ­È�}Ò® k� {� sÒÏ}ºãË�Ò¯ºmÈÓÓ©Ë ªãË}�¯º�Ó©Ë äÈ�Ë¯ÒÈ�

ã© �ã« °mÈ¯}Ò ÏÈ}ÈãÒmÈ
�Ò²°« °�ÈãË® �� {Ë°�Ó� �¯ÒÈ�

Ïºm� �º°� �Ë²Ó� �Ó��È� Û lÈ¯Ò�¹ºã	� Û ����� Û {©¹� ��

Û v� ���Ü����

�� sºmÒ}ºmÈ i� �� {©°º}º�Ëä¹Ë¯È��¯ÓÈ« äË�Èããº�¯ÈÁÒ« °mÈ¯�

Ó©² °ºË�ÒÓËÓÒ®� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� {ÏÈÒäº°m«Ï	 äÒ}¯º°�¯�}��¯© ° ��È¯Óº® m«Ï}º°�	
 äË�Èã�

ãÈ �mÈ ÓÈ �¯�­Óº® ÓÒÏ}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ � i� �� sº�

mÒ}ºmÈ� �� �� rº�È�Ë}� v� �� lÈÓ�Ëã	­Ë¯� Ò �¯� �� km�

�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� �Ü��

��� �¯È­ÒÓ {� n�� iËÓÒ°ËÓ}º k� {� lË�ÈããºmË�ËÓÒË °mÈ¯}Ò

ÓÒÏ}º� Ò °¯Ë�ÓËãË�Ò¯ºmÈÓÓ©² °�ÈãË®� Û zÒËm� sÈ�}� ��ä�

}È� ����� Û ��� °�

��� v�º®}º°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °�ÈãÒ �Ò¹È ��t�l ¹¯º�

�Òm º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ m ÏºÓË °¹ãÈmãËÓÒ« ¹¯Ò

ãË�Ò¯ºmÈÓÒÒ äË�ÈããÈ �mÈ }Èã	�ÒËä � {� j� zÈ­È�}Ò®�

{� l� zÒ¯	«}ºm� {� {� �º��ÈË�}Ò® Ò �¯� �� km�ºäÈ��

°mÈ¯}È� Û ����� Û ¢ �� Û v� �Ü��

��� {ãÒ«ÓÒË °�ã	ÁÒ�Ó©² m}ã
�ËÓÒ® m ÏºÓË °¹ãÈmãËÓÒ« È�°�Ë�

ÓÒ�Ó©² �mºm ° ¹Ë¯ãÒ�Óº® °�Èã	
 ÓÈ °}ãºÓÓº°�	 °ºË�ÒÓË�

ÓÒ® } º­¯ÈÏºmÈÓÒ
 �¯Ë�ÒÓ�º�¯©mºm � {� l� zÒ¯	«}ºm�

�� j� �È¯ÁË°°º� {� {� �º��ÈË�}Ò® Ò �¯� �� �Èä ÎË� Û

����� Û ¢ ��� Û v� �Ü��

��� r¯È�Ó l� �� lÒ}¯ºãË�Ò¯ºmÈÓÒË °�ÈãÒ� Û zÒËm� sÈ�}�

��ä}È� ����� Û ��� °�

,W LV VKRZQ WKDW DW FRPSOH[ PRGLI\LQJ WKH ZHOG PHWDO RI ��.K*10 W\SH ZLWK QLWURJHQ DQG YDQDGLXP� WRJHWKHU ZLWK FHULXP�
LW LV SRVVLEOH WR DFKLHYH WKH PRVW VWDEOH FROG FUDFNLQJ UHVLVWDQFH RI ZHOGHG MRLQWV RQ PDUWHQVLWLF VWHHO ��.K61�0�� 7KLV LV

SURPRWHG E\ D IDYRXUDEOH FKDQJH RI WKH VWUXFWXUH DQG PRUSKRORJ\ RI QRQPHWDOOLF LQFOXVLRQV LQ WKH PHWDO RI WKH IXVLRQ

]RQH RI WKH MRLQWV�

IhklmibeZ \ j_^Zdpbx �����������

\ hdhgqZl_evghf \ZjbZgl_ ����������

cÒ°� �� �Ë¯mÒ�ÓÈ« äÒ}¯º°�¯�}��¯È äË�ÈããÈ ÏºÓ© °¹ãÈmãËÓÒ«
äË�ÈããÈ �mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� ����� È Û �mÈ �Ò¹È
��t�sl�n� ­ Û ��t�slkn � �����

�� ������



M>D �����������������

���������	���
������
�������

	
��
���	�������������
��������

	��

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

{� v� z|{k�e �z� }ÈÓ�� �Ë²Ó� ÓÈ�} �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

²ÐÑ¿ÌÍÁÊÄÌÍ� ÖÑÍ ÎÏÇ ÃÁÒÔÖ¿ÐÑÍÑÌÍË Ì¿ÂÏÒÅÄÌÇÇ ÎÍÁÚ×ÄÌÇÄ ÉÍÜÓÓÇÕÇÄÌÑ¿ ¿ÐÇËËÄÑÏÇÇ ÕÇÉÊ¿ ÍÑ 5  � ÃÍ 5  

 ��� ÎÏÇÁÍÃÇÑ É ÁÍÆÏ¿ÐÑ¿ÌÇÝ ÐÉÍÏÍÐÑÇ Ï¿ÆÁÇÑÇÞ ÒÐÑ¿ÊÍÐÑÌÚÔ ÑÏÄØÇÌ ÃÍ ����� Ï¿Æ Á ÍÐÌÍÁÌÍË ËÄÑ¿ÊÊÄ Ç ÃÍ � Ï¿Æ

Á ËÄÑ¿ÊÊÄ ×Á¿ ÐÑÚÉÍÁÚÔ ÐÁ¿ÏÌÚÔ ÐÍÄÃÇÌÄÌÇÈ ÁÚÐÍÉÍÎÏÍÖÌÍÈ �σ
Ñ

≈ ���� «®¿� ÐÑ¿ÊÇ� ®ÏÄÃÊÍÅÄÌ Ï¿ÐÖÄÑÌÚÈ ËÄÑÍÃ�

ÎÍÆÁÍÊÞÝØÇÈ ÍÎÏÄÃÄÊÞÑÛ ÕÇÉÊÇÖÄÐÉÒÝ ÑÏÄØÇÌÍÐÑÍÈÉÍÐÑÛ ÉÍÌÐÑÏÒÉÕÇÍÌÌÚÔ Ë¿ÑÄÏÇ¿ÊÍÁ Ç ÐÁ¿ÏÌÚÔ ÐÍÄÃÇÌÄÌÇÈ Á

ÒÐÊÍÁÇÞÔ ÃÁÒÔÖ¿ÐÑÍÑÌÍÂÍ Ì¿ÂÏÒÅÄÌÇÞ ÎÍ ÃÇ¿ÂÏ¿ËË¿Ë ÒÐÑ¿ÊÍÐÑÌÍÂÍ Ï¿ÆÏÒ×ÄÌÇÞ� ÍÑÁÄÖ¿ÝØÇË ÍÃÌÍÖ¿ÐÑÍÑÌÍËÒ Ì¿�

ÂÏÒÅÄÌÇÝ Ð ÐÍÍÑÁÄÑÐÑÁÒÝØÇË ÉÍÜÓÓÇÕÇÄÌÑÍË ¿ÐÇËËÄÑÏÇÇ ÕÇÉÊ¿�

zã
� Ë m © Ë ° ã º m È � �Ò}ãÒ�Ë°}È« �¯Ë�ÒÓº°�º®}º°�	� �m�²�

�È°�º�ÓºË ÓÈ�¯�ÎËÓÒË� È°ÒääË�¯Ò« �Ò}ãÈ� °�ÈãÒ� °mÈ¯Ó©Ë

°ºË�ÒÓËÓÒ«� ¯È°�Ë�

iã« ­ºã	�ÒÓ°�mÈ °mÈ¯Ó©² äË�Èããº}ºÓ°�¯�}�Ò® ²È�

¯È}�Ë¯Óº °ãºÎÓºË ÓÈ�¯�ÎËÓÒË� m©ÏmÈÓÓºË º�Óºm�

¯ËäËÓÓ©ä �Ë®°�mÒËä �m�² Ò ­ºãËË ¯ÈÏÓ©² ¹º Èä�

¹ãÒ���Ë Ò �È°�º�Ë ¹Ë¯ËäËÓÓ©² ÓÈ�¯�Ïº}� lÓº�º�

�Ò°ãËÓÓ©Ë ª}°¹Ë¯ÒäËÓ�Èã	Ó©Ë �ÈÓÓ©Ë ¹º}ÈÏ©mÈ�


�� ��º ÓÈãºÎËÓÒË �º¹ºãÓÒ�Ëã	Ó©² m©°º}º�È°�º��

Ó©² ÓÈ¹¯«ÎËÓÒ® º� mÒ­¯È�Ò® ÓÈ ¹Ë¯ËäËÓÓ©Ë ÓÈ¹�

¯«ÎËÓÒ« º� º°ÓºmÓº® �º­©�Óº ÓÒÏ}º�È°�º�Óº®�

ÓÈ�¯�Ï}Ò äºÎË� °��Ë°�mËÓÓº °ÓÒÎÈ�	 �Ò}ãÒ�Ë°}�


�ºã�ºmË�Óº°�	 äÈ�Ë¯ÒÈãºm Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ®

ÓÈ °�È�Ò«² mºÏÓÒ}ÓºmËÓÒ« Ò ¯ÈÏmÒ�Ò« �°�Èãº°�Ó©²

�¯Ë�ÒÓ� w�º º­�«°Ó«Ë�°« m º°ÓºmÓºä �mËãÒ�ËÓÒËä

¯ËÏ�ã	�Ò¯�
�Ë® Èä¹ãÒ���© ÓÈ¹¯«ÎËÓÒ® m°ãË�°�

�mÒË Èã�Ë­¯ÈÒ�Ë°}º�º °�ääÒ¯ºmÈÓÒ« º­ËÒ² ÓÈ�¯�Ïº}

Ò �º¹ºãÓÒ�Ëã	Ó©ä ¹ºm¯ËÎ�È
�Òä mºÏ�Ë®°�mÒËä

�Ò}ãÒ�Óº°�Ò m©°º}º�È°�º�Óº® °º°�Èmã«
�Ë®� �¯Ò

ª�ºä �Ò}ãÒ�Ë°}È« �ºã�ºmË�Óº°�	 °ºË�ÒÓËÓÒ® ÓÈ

°�È�ÒÒ ¯ÈÏmÒ�Ò« �°�Èãº°�Ó©² �¯Ë�ÒÓ ÏÈmÒ°Ò� ÓË

�ºã	}º º� °ºº�Óº�ËÓÒ® Èä¹ãÒ��� Ò �È°�º� �Ë®°�

�m�
�Ò² ÓÈ¹¯«ÎËÓÒ®� Óº Ò º� È°ÒääË�¯ÒÒ �Ò}ãÈ

ÓÈÒ­ºãËË ÓÒÏ}º�È°�º�Óº® °º°�Èmã«
�Ë® °¹Ë}�¯È�

lËÎ�� �Ëä °��Ë°�m�
�ÒË äË�º�Ò}Ò Ò ¯È°�Ë�Ó©Ë

ÏÈmÒ°Òäº°�Ò �ã« º�ËÓ}Ò �Ò}ãÒ�Ë°}º® �¯Ë�ÒÓº°�

�º®}º°�Ò ° ��Ë�ºä mãÒ«ÓÒ« È°ÒääË�¯ÒÒ �Ò}ãÈ ¹¯Ò�

äËÓÒä© �ºã	}º } ¹¯º°�ºä� �Ò}ãÒ�Ë°}ºä� ÓÈ�¯��

ÎËÓÒ
 >�Ü� Ò �¯�@�
cÈÓËË �ã« ��Ë�È È°ÒääË�¯ÒÒ �Ò}ãÈ ¹¯Ò º¹¯Ë�

�ËãËÓÒÒ °}º¯º°�Ò ¯ÈÏmÒ�Ò« �°�Èãº°�Ó©² �¯Ë�ÒÓ

m �°ãºmÒ«² º�Óº�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« m �¯ÈmÓËÓÒË

�È¯Ò°È mmº�ÒãÒ �º¹ºãÓÒ�Ëã	Ó©Ë ¹º¹¯Èmº�Ó©Ë

}ºªÁÁÒ�ÒËÓ�© >�@� �È}º® ¹º�²º� äºÎÓº ¹¯ÒäËÓÒ�	

Ò ¹¯Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ� º�ÓÈ}º� mºÏÓÒ�

}È
� º¹¯Ë�ËãËÓÓ©Ë �¯��Óº°�Ò� m©ÏmÈÓÓ©Ë ¹¯ËÎ�Ë

m°Ë�º �Ëä� ��º �ã« º¹¯Ë�ËãËÓÒ« }ºªÁÁÒ�ÒËÓ�È ÒÓ�

�ËÓ°ÒmÓº°�Ò ÓÈ¹¯«ÎËÓÒ® ¹¯Ò �m�²�È°�º�Óºä ÒãÒ

­ºãËË °ãºÎÓºä ÓÈ�¯�ÎËÓÒÒ ¯ÈÏäÈ² ÓÈ¹¯«ÎËÓÒ®

ÓËmºÏäºÎÓº º¹¯Ë�Ëã«�	 ¯ÈÏÓº°�	
 °�ääÈ¯Ó©² ÏÓÈ�

�ËÓÒ® äÈ}°ÒäÈã	Óº�º Ò äÒÓÒäÈã	Óº�º ÓÈ¹¯«ÎËÓÒ®

�Ò}ãÈ� cËÏ�ã	�È�ÈäÒ ª}°¹Ë¯ÒäËÓ�Èã	Ó©² Ò°°ãË�º�

mÈÓÒ® �º}ÈÏÈÓº� ��º ÏÓÈ�ËÓÒË �ºã�ºmË�Óº°�Ò� ¹º�

ã��ËÓÓºË ¹¯Ò º�Óº�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ ÓÈ �¯ºmÓË

ÓÈ¹¯«ÎËÓÒ®� ¯ÈmÓºä °�ääË Èä¹ãÒ��� °º°�Èmã«
�

�Ò² �m�²�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ«� äºÎË� °��Ë°��

mËÓÓº º�ãÒ�È�	°« º� ÏÓÈ�ËÓÒ« �ºã�ºmË�Óº°�Ò� º��

mË�È
�Ë�º �m�²�È°�º�Óºä� ÓÈ�¯�ÎËÓÒ
�

�¯Ò Ò°¹ºã	ÏºmÈÓÒÒ °��Ë°�m�
�Ë�º ¹º�²º�È

�ã« º�ËÓ}Ò �Ò}ãÒ�Ë°}º® �¯Ë�ÒÓº°�º®}º°�Ò äÈ�Ë�

¯ÒÈãºm Ò °ºË�ÒÓËÓÒ® ¹¯Ò �m�²�È°�º�Óºä ÓÈ�¯��

ÎËÓÒÒ �¯Ò°� �� Ë�º ÓËº­²º�Òäº ÏÈäËÓÒ�	 ª}mÒmÈ�

ãËÓ�Ó©ä ¹º ¹ºm¯ËÎ�È
�Ëä� �Ë®°�mÒ
 º�Óº�È°�

�º�Ó©ä ÓÈ�¯�ÎËÓÒËä� cË�ËÓÒË ª�º® ÏÈ�È�Ò äºÎË�

­©�	 ¯ËÈãÒÏºmÈÓº ÓÈ º°ÓºmË ¹ºã��ËÓÓº® ¯ÈÓËË ÏÈ�

mÒ°Òäº°�Ò >�@ �ã« º¹¯Ë�ËãËÓÒ« }ºªÁÁÒ�ÒËÓ�È °ÓÒ�

ÎËÓÒ« �ºã�ºmË�Óº°�Ò º� Èä¹ãÒ���Ó©² Ò �È°�º�Ó©²

º�Óº�ËÓÒ® °º°�Èmã«
�Ò² �m�²�È°�º�Óº�º ÓÈ�¯��

ÎËÓÒ« �º äºäËÓ�È mºÏÓÒ}ÓºmËÓÒ« �°�Èãº°�Ó©² �¯Ë�

�ÒÓ�

kÓÈãÒÏ ¯ËÏ�ã	�È�ºm Ò°°ãË�ºmÈÓÒ® °�ÈãË® Ò °mÈ¯�

Ó©² °ºË�ÒÓËÓÒ®� m©¹ºãÓËÓÓ©² m jwv Òä� p� |�

�È�ºÓÈ� ¹º}ÈÏÈã� ��º }¯Òm©Ë �°�Èãº°�Ò ¹¯Ò �m�²�

�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ ° ÁÒ}°Ò¯ºmÈÓÓ©äÒ º�Óº�

�ËÓÒ«äÒ �È°�º� Ò Èä¹ãÒ��� ÓÈ¹¯«ÎËÓÒ® ¯È°¹º�

ãÈ�È
�°« ª}mÒ�Ò°�ÈÓ�Óº Ò°²º�Óº® }¯Òmº® �°�Èãº°�

�Ò� º�mË�È
�Ë® º�Óº�È°�º�Óºä� ÓÈ�¯�ÎËÓÒ
� Ò

� {� v� zºmÈã	��}� ����

cÒ°� �� nº¯äÈ �Ò}ãÈ ÓÈ�¯�ÎËÓÒ«� σ
D
�

� σ
D
�

Û °ºº�mË�°�mËÓÓº Èä�
¹ãÒ���È ÓÒÏ}º� Ò m©°º}º�È°�º�Óº�º ÓÈ¹¯«ÎËÓÒ«� σ

D�°
Û °�ääÈ¯�

ÓÈ« Èä¹ãÒ���È ÓÈ¹¯«ÎËÓÒ®� σ
P
Û °¯Ë�ÓËË ÓÈ¹¯«ÎËÓÒË �Ò}ãÈ�

W Û m¯Ëä«

������ ��



°äË�ËÓ© m º­ãÈ°�	 äËÓ	�Ë® �ºã�ºmË�Óº°�Ò

�¯Ò°� ��� �°�ÈÓºmãËÓº� ��º �ã« È��Ò�ÒmÓº�º �m�²�

�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« ° º�Óº�ËÓÒËä �È°�º�

�I��I�� ≥ ��� }º��È mãÒ«ÓÒË °�mÒ�È ÁÈÏ äËÎ�� °º°�

�Èmã«
�ÒäÒ ÓË°��Ë°�mËÓÓº Ò Òä äºÎÓº ¹¯ËÓË­�

¯Ë�	� ÈÓÈãÒ�Ò�Ë°}ºË m©¯ÈÎËÓÒË }ºªÁÁÒ�ÒËÓ�È °ÓÒ�

ÎË� ÓÒ« �ºã�ºmË�Óº°�Ò  º¹¯Ë�Ëã«Ë�°« m©¯ÈÎËÓÒËä

  = 1� ⁄ 1� = (I
�

⁄ I
�
)ϑ σ

D
�

⁄ σ
D
�� ���

��Ë 1� Û �ºã�ºmË�Óº°�	 ¹¯Ò º�Óº�È°�º�Óºä ÓÈ��

¯�ÎËÓÒÒ ° Èä¹ãÒ���º® ÓÈ¹¯«ÎËÓÒ® σ
D
�

� 1� Û

�ºã�ºmË�Óº°�	 ¹¯Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ� º¹�

¯Ë�Ëã«ËäÈ« ¹º }ºãÒ�Ë°�m� �Ò}ãºm ÓÒÏ}º�È°�º�Óº®

°º°�Èmã«
�Ë® ° Èä¹ãÒ���º® σ
D
�

� I� Û �È°�º�È ÒÏ�

äËÓËÓÒ« ÓÈ�¯�Ï}Ò m �°ãºmÒ«² º�Óº�È°�º�Óº�º ÓÈ��

¯�ÎËÓÒ« Ò ÓÒÏ}º�È°�º�Óº® °º°�Èmã«
�Ë® ¹¯Ò �º�

¹ºãÓÒ�Ëã	Óºä ÓÈãºÎËÓÒÒ mÒ­¯È�Ò®� I�� σ
D
�

Û

°ºº�mË�°�mËÓÓº �È°�º�È Ò Èä¹ãÒ���È ÓÈ¹¯«ÎËÓÒ®

m©°º}º�È°�º�Óº® °º°�Èmã«
�Ë® �m�²�È°�º�Óº�º

ÓÈ�¯�ÎËÓÒ«� ϑ Û }ºªÁÁÒ�ÒËÓ�� ��Ò�©mÈ
�Ò®

mãÒ«ÓÒË äÈ�Ë¯ÒÈãÈ�

p°ãÒ m ¹¯ºÒÏmºã	Óº® �º�}Ë $ �¯Ò°� ��� °ºº��

mË�°�m�
�Ë® Èä¹ãÒ���Ë ÓÒÏ}º�È°�º�Ó©² ÓÈ¹¯«ÎË�

ÓÒ® σ
D
�
Q
�

� ÓÈ }¯Òmº® �°�Èãº°�Ò � m ¹ºã�ãº�È¯ÒÁ�

äÒ�Ë°}º® °Ò°�ËäË }ºº¯�ÒÓÈ� �º¹ºãÓÒ�Ëã	Óº ÓÈãº�

ÎÒ�	 m©°º}º�È°�º�ÓºË ÓÈ¹¯«ÎËÓÒË ° Èä¹ãÒ���º®

σ
D
�

� �º �ºã�ºmË�Óº°�	 OJ 1� °ÓÒÏÒ�°« �º ÏÓÈ�ËÓÒ«

OJ 1� m �º�}Ë {� w�º ª}mÒmÈãËÓ�Óº �mËãÒ�ËÓÒ


Èä¹ãÒ���© ÓÒÏ}º�È°�º�Ó©² ÓÈ¹¯«ÎËÓÒ® σ
D
�
Q
�

ÓÈ

σ
D
�
ª �º �¯ºmÓ« σ

D
�
Q
�

m �º�}Ë &� ~ÓÈ�ËÓÒË ª}mÒmÈ�

ãËÓ�Óº�º ÓÈ¹¯«ÎËÓÒ« σ
D
�
ª äºÎÓº º¹¯Ë�ËãÒ�	 ÒÏ

¹¯«äº��ºã	Óº�º �¯Ë��ºã	ÓÒ}È $%& m©¯ÈÎËÓÒËä

σ
D
�
ª  WJ α�OJ 1� Ü OJ 1��� ���

��Ë WJ α  �σ
D
�
Q
�

Ü σ
D
�
Q
�

���OJ 1� Ü OJ 1�� Û �ÈÓ�ËÓ°

��ãÈ ÓÈ}ãºÓÈ Ò°²º�Óº® }¯Òmº® �°�Èãº°�Ò } º°Ò

È­°�Ò°°� ÒäË
�Ò® ¯ÈÏäË¯Óº°�	 ÓÈ¹¯«ÎËÓÒ®�

|­ºÏÓÈ�Òm WJ α  N� °ºº�Óº�ËÓÒË ��� äºÎÓº

ÏÈ¹Ò°È�	 m mÒ�Ë σ
D
�
ª  N OJ�1��1��� ÒãÒ

σ
D
�
ª = N OJ  � ���

�º°ãË ¹º�°�ÈÓºm}Ò ÏÓÈ�ËÓÒ« OJ   ÒÏ ÏÈmÒ°Ò�

äº°�Ò ��� m m©¯ÈÎËÓÒË ��� Èä¹ãÒ���� ÓÒÏ}º�È°�

�º�Ó©² ÓÈ¹¯«ÎËÓÒ®� ª}mÒmÈãËÓ�Ó©² ¹º ¹ºm¯ËÎ�

�È
�Ëä� �Ë®°�mÒ
 Èä¹ãÒ���Ë ÓÈ}ãÈ�©mÈ
�Ò²°«

m©°º}º�È°�º�Ó©² ÓÈ¹¯«ÎËÓÒ®� äºÎÓº º¹¯Ë�ËãÒ�	

¹º Áº¯ä�ãË

σ
D
�
ª = N ϑ(σ

D
�

⁄ σ
D
�

)OJ(I� ⁄ I
�
)� ���

kä¹ãÒ���È ªÁÁË}�ÒmÓ©² ÓÈ¹¯«ÎËÓÒ® σ
D
�
ªÁ� ª}�

mÒmÈãËÓ�Ó©² ¹º ¹ºm¯ËÎ�È
�Ëä� �Ë®°�mÒ
 �m�²�

�È°�º�Óºä� ÓÈ�¯�ÎËÓÒ
 ° °º°�Èmã«
�ÒäÒ σ
D
�

Ò

σ
D
�

� º¹¯Ë�Ëã«Ë�°« m©¯ÈÎËÓÒËä σ
D
�
ªÁ  σ

D
�
Q
�

+ σ
D
�
ª�

ÒãÒ ¹º°ãË ¹º�°�ÈÓºm}Ò ÏÓÈ�ËÓÒ® ÒÏ ���

σ
D
�
ªÁ = σ

D
�
Q
�

+ N ϑ(σ
D
�

⁄ σ
D
�

) OJ (I
�

⁄ I
�
)� ���

cÈÏäÈ² }ºªÁÁÒ�ÒËÓ�È ÒÓ�ËÓ°ÒmÓº°�Ò ÓÈ¹¯«ÎË�

ÓÒ® ¹¯Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ ∆.
�
� }º��È

}¯ÒmÈ« �°�Èãº°�Ò ÒäËË� mÒ� ¹¯«äº® ãÒÓÒÒ m ¹º�

ã�ãº�È¯ÒÁäÒ�Ë°}º® °Ò°�ËäË }ºº¯�ÒÓÈ�� ¯ÈmËÓ

∆.
�

= �σ
D
�
ªÁ√π/ IN� ���

��Ë IN Û ¹º¹¯Èmº�ÓÈ« Á�Ó}�Ò«� v ��Ë�ºä ����

º¹�°�Òm ÒÓ�Ë}° Q� ¹¯Ò σ
D
�

�

∆.
�

= � >σ
D
�

+ Nϑ(σ
D
�

⁄ σ
D
�

)OJ(I� ⁄ I�)@ √π/ IN� ���

kä¹ãÒ���� ªÁÁË}�ÒmÓ©² ÓÈ¹¯«ÎËÓÒ® σ
D
�
ªÁ� ª}�

mÒmÈãËÓ�Ó©² ¹º ¹ºm¯ËÎ�È
�Ëä� �Ë®°�mÒ
 �m�²�

�È°�º�Óºä� ÓÈ�¯�ÎËÓÒ
 ° °º°�Èmã«
�ÒäÒ σ
D
�

Ò

σ
D
�

� äºÎÓº º¹¯Ë�ËãÒ�	 �È}ÎË Ò°²º�« ÒÏ ÈÓÈãÒ�Ò�

�Ë°}º® °m«ÏÒ ¹È¯ÈäË�¯ºm }¯Òmº® �°�Èãº°�Ò�

jÏmË°�Óº� ��º ¹¯Ò Óº¯äÈã	Óº® �Ëä¹Ë¯È��¯Ë Ò

º�°��°�mÒÒ }º¯¯ºÏÒºÓÓº® °¯Ë�© ãËmÈ« ÓÈ}ãºÓÓÈ«

mË�m	 }¯Òm©² �°�Èãº°�Ò ��ãË¯º�Ò°�©² °�ÈãË® m

¹ºã�ãº�È¯ÒÁäÒ�Ë°}Ò² }ºº¯�ÒÓÈ�È² ÒäËË� mÒ� ¹¯«�

äº® ãÒÓÒÒ Ò äºÎË� ­©�	 º¹Ò°ÈÓÈ �¯ÈmÓËÓÒËä >�@

σ
D
�
Q
�

Ü σ
D
�
Q
�

= N(OJ 1� Ü OJ 1�)� ���

��Ë N Û ¹È¯ÈäË�¯� ²È¯È}�Ë¯ÒÏ�
�Ò® ��ºã ÓÈ}ãºÓÈ

ãËmº® mË�mÒ }¯Òmº® �°�Èãº°�Ò } º°Ò È­°�Ò°° Ò

º¹¯Ë�Ëã«Ëä©® ¹º Áº¯ä�ãË

N = (σ
D
�
Q
�

Ü σ
D
�
Q
�

) ⁄ (OJ 1� Ü OJ 1�) = WJ α� ���

jÏ �¯ÈmÓËÓÒ« ��� ÓÈ²º�Òä

σ
D
�
Q
�

= σ
D
�
Q
�

+ NOJ (1� ⁄ 1�)� ����

zÈ} �ÎË º�äË�Èãº°	� ¹¯Ò ÓÈãºÎËÓÒÒ ÓÈ Ò°�

²º�Ó©Ë ÓÈ¹¯«ÎËÓÒ« σ
D
�
Q
�

�º¹ºãÓÒ�Ëã	Ó©²� ­ºãËË

m©°º}º�È°�º�Ó©² ÓÈ¹¯«ÎËÓÒ® σ
D
�

� �Ò}ãÒ�Ë°}È«

�ºã�ºmË�Óº°�	 °ÓÒÎÈË�°« �º ÏÓÈ�ËÓÒ« OJ 1�� ��º

°ºº�mË�°�m�Ë� �¯ºmÓ
 ªÁÁË}�ÒmÓ©² ÓÈ¹¯«ÎËÓÒ®

º�Óº�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« σ
D
�
ªÁ = σ

D
�
Q
�

� |�Óº�Ë�

ÓÒË �ºã�ºmË�Óº°�Ë® 1��1� ¹¯Ò ª�ºä º¹¯Ë�Ëã«Ë�°«

m °ºº�mË�°�mÒÒ ° m©¯ÈÎËÓÒËä ����

cÒ°� �� z¯Òm©Ë �°�Èãº°�Ò m ¹ºã�ãº�È¯ÒÁäÒ�Ë°}º® Ò ãº�È¯ÒÁ�
äÒ�Ë°}º® °Ò°�ËäÈ² }ºº¯�ÒÓÈ� m �°ãºmÒ«² º�Óº� ��� Ò �m�²�È°�
�º�Óº�º ��� ÓÈ�¯�ÎËÓÒ«

�� ������



v ��Ë�ºä ÒÏãºÎËÓÓº�º ÏÈmÒ°Òäº°�	 ���� äºÎÓº

¹¯Ë�°�ÈmÒ�	 m mÒ�Ë

σ
D
�
ªÁ = σ

D
�
Q
�

+ Nϑ(σ
D
�

⁄ σ
D
�

) OJ (I� ⁄ I�)� ����

�¯ÈmÓËÓÒË ���� ¹ºãÓº°�	
 °ºm¹È�ÈË� ° �¯Èm�

ÓËÓÒËä ���� È °ãË�ºmÈ�Ëã	Óº� ∆.
�
º¹¯Ë�Ëã«Ë�°«

�¯ÈmÓËÓÒËä ����

{ �Ë² °ã��È«²� }º��È ãËmÈ« ÓÈ}ãºÓÓÈ« mË�m	

}¯Òm©² �°�Èãº°�Ò ÒäËË� mÒ� ¹¯«äº® ãÒÓÒÒ m ãº�

�È¯ÒÁäÒ�Ë°}Ò² }ºº¯�ÒÓÈ�È²� ºÓÈ äºÎË� ­©�	 º¹Ò�

°ÈÓÈ °�Ë¹ËÓÓ©ä �¯ÈmÓËÓÒËä

σ
D

P1 = &� ����

��Ë σ
D
Û Èä¹ãÒ���È ¹Ë¯ËäËÓÓ©² ÓÈ¹¯«ÎËÓÒ®�1 Û

}ºãÒ�Ë°�mº �Ò}ãºm �º ¯ÈÏ¯��ËÓÒ«� P Ò & Û ¹È�

¯ÈäË�¯© }¯Òmº® �°�Èãº°�Ò�

{ º­ãÈ°�Ò º�¯ÈÓÒ�ËÓÓº® �ºã�ºmË�Óº°�Ò �¯Èm�

ÓËÓÒË ���� äºÎÓº ¹¯Ë�°�ÈmÒ�	 ¹º �m�ä �º�}Èä

ãËmº® ÓÈ}ãºÓÓº® mË�mÒ }¯Òmº® �°�Èãº°�Ò ° }ºº¯�

�ÒÓÈ�ÈäÒ �σ
D
�
Q
�

� 1�� Ò �σ
D
�
Q
�

� 1�� �¯ÈmÓËÓÒËä m

mÒ�Ë

σ
DQ

�

P 1� = σ
DQ

�

P 1
�
� ����

��Ë σ
D
�
Q
�

P
Ò σ

D
�
Q
�

P
Û ¹¯Ë�Ëã© º�¯ÈÓÒ�ËÓÓº® m©Óº°�

ãÒmº°�Ò� °ºº�mË�°�m�
�ÒË }ºãÒ�Ë°�m� �Ò}ãºm 1�

Ò 1�� P  OJ �1��1���OJ �σD
�
Q
�

⁄ σ
D
�
Q
�

� Û ¹º}È�

ÏÈ�Ëã	 ÓÈ}ãºÓÈ }¯Òmº® �°�Èãº°�Ò�

p°ãÒ m ¹¯ºÒÏmºã	Óº® �º�}Ë $ ãº�È¯ÒÁäÒ�Ë°}Ò²

}ºº¯�ÒÓÈ� �¯Ò°� ��� °ºº�mË�°�m�
�Ë® ÓÒÏ}º�È°�º��

Ó©ä ÓÈ¹¯«ÎËÓÒ«ä OJ σ
D
�
Q
�

ÓÈ Ò°²º�Óº® }¯Òmº® �°�

�Èãº°�Ò �� ÓÈãºÎÒ�	 m©°º}º�È°�º�ÓºË ÓÈ¹¯«ÎËÓÒË
OJ σ

D
�

� �º �ºã�ºmË�Óº°�	 OJ 1� °ÓÒÏÒ�°« �º ÏÓÈ�ËÓÒ«

OJ 1� m �º�}Ë %� w�º °ºº�mË�°�m�Ë� �mËãÒ�ËÓÒ


ÓÒÏ}º�È°�º�Ó©² ÓÈ¹¯«ÎËÓÒ® OJ σ
D
�
Q
�

�º �¯ºmÓ«

OJ σ
D
�
Q
�

m �º�}Ë &�

jÏ �¯ÈmÓËÓÒ« ���� °ãË��Ë�� ��º

σ
D
�
Q
�

P = σ
D
�
Q
�

P 1
�

⁄ 1��
����

v ��Ë�ºä ¹¯ÒÓ«�©² º­ºÏÓÈ�ËÓÒ® 1��1� Ò Ë�º

ÏÓÈ�ËÓÒ« ÒÏ �¯ÈmÓËÓÒ« ��� ¹ºã��Òä

σ
D
�
Q
�

P = σ
D
�
Q
�

P (I
�

⁄ I�)
ϑσ

D
�

⁄ σ
D
��

����

jÏ �¯ÈmÓËÓÒ« °ãË��Ë�� ��º Èä¹ãÒ���È ªÁÁË}�

�ÒmÓ©² ÓÈ¹¯«ÎËÓÒ® σ
D
�
ªÁ = σ

D
�
Q
�

� ª}mÒmÈãËÓ�Ó©² ¹º

¹ºm¯ËÎ�È
�Ëä� �Ë®°�mÒ
 �m�²�È°�º�Óºä� ÓÈ�¯��

ÎËÓÒ
 ° °º°�Èmã«
�ÒäÒ σ
D
�

Ò σ
D
�

� º¹¯Ë�Ëã«Ë�°«

m©¯ÈÎËÓÒËä

σ
D
�
ªÁ = σ

D
�
Q
�

(I� ⁄ I�)
ϑ σ

D
�

⁄ Pσ
D
��

����

�º°ãË ¹º�°�ÈÓºm}Ò ÏÓÈ�ËÓÒ« σ
D
�
ªÁ ÒÏ ���� m

���� Ò º¹�°�Òm ÒÓ�Ë}° Q� ¹¯Ò σ
D
�

� ¯ÈÏäÈ² }ºªÁ�

ÁÒ�ÒËÓ�È ÒÓ�ËÓ°ÒmÓº°�Ò ÓÈ¹¯«ÎËÓÒ® ¹¯Ò �m�²�

�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ �}º��È ãËmÈ« ÓÈ}ãºÓÓÈ«

mË�m	 }¯Òm©² �°�Èãº°�Ò ÒäËË� mÒ� ¹¯«äº® ãÒÓÒÒ

m ãº�È¯ÒÁäÒ�Ë°}Ò² }ºº¯�ÒÓÈ�È²� äºÎÓº ¹¯Ë�°�

�ÈmÒ�	 m mÒ�Ë

∆.
�

= �σ
D
�

(I� ⁄ I�)
ϑ σ

D
�

⁄ P σ
D
� √π/ I

N
� ����

�ºã��ËÓÓ©Ë ÏÈmÒ°Òäº°�Ò ��� Ò ���� ¹ºÏmºã«
�

º¹¯Ë�Ëã«�	 °}º¯º°�	 ¯ÈÏmÒ�Ò« �°�Èãº°�Ó©² �¯Ë�ÒÓ

m äÈ�Ë¯ÒÈãÈ² Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ«² ¹¯Ò �m�²�

�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ ¹º }ÒÓË�Ò�Ë°}Òä �ÒÈ�¯Èä�

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

�È°�º�Óºä� ÓÈ�¯�ÎËÓÒ
� |ÓÒ ¹¯Ë�ÓÈÏÓÈ�ËÓ© �ã«

Ò°¹ºã	ÏºmÈÓÒ« ¹¯Ò ¹º°�¯ºËÓÒÒ �ÒÈ�¯Èää� }º��È

ãËmÈ« ÓÈ}ãºÓÓÈ« mË�m	 }¯Òm©² �°�Èãº°�Ò ÒäËË�

mÒ� ¹¯«äº® ãÒÓÒÒ °ºº�mË�°�mËÓÓº m ¹ºã�ãº�È¯ÒÁ�

äÒ�Ë°}Ò² Ò ãº�È¯ÒÁäÒ�Ë°}Ò² }ºº¯�ÒÓÈ�È²�

v �Ëã	
 ª}°¹Ë¯ÒäËÓ�Èã	Óº® ¹¯ºmË¯}Ò ¹¯Ë�ãº�

ÎËÓÓº® äË�º�Ò}Ò º¹¯Ë�ËãËÓÒ« ¯ÈÏäÈ²È }ºªÁÁÒ�

�ÒËÓ�È ÒÓ�ËÓ°ÒmÓº°�Ò ÓÈ¹¯«ÎËÓÒ® ∆.
�
¹¯ÒäËÓÒ�Ëã	�

Óº } º�ËÓ}Ë �Ò}ãÒ�Ë°}º® �¯Ë�ÒÓº°�º®}º°�Ò °mÈ¯Ó©²

°ºË�ÒÓËÓÒ® m �°ãºmÒ«² �m�²�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ«�

­©ãÒ ¹¯ºmË�ËÓ© Ò°¹©�ÈÓÒ« ÓÈ �°�Èãº°�	 ¹ãº°}Ò²

}¯�¹ÓºäÈ°��È­Ó©² º­¯ÈÏ�ºm °º °�©}ºm©ä �mºä Ò

°Ó«�©äÒ m©¹�}ãº°�«äÒ �¯Ò°� ��� ÒÏ�º�ºmãËÓÓ©² ÒÏ

m©°º}º¹¯º�Óº® °�ÈãÒ �σ� ≈ ���� l�È�� iã« ÒÓÒ�

cÒ°� �� nº¯äÈ Ò ¯ÈÏäË¯© °mÈ¯Óº�º º­¯ÈÏ�È °º °Ó«�©äÒ m©¹�}�
ãº°�«äÒ �È� Ò ÓÈ�Èã	Óº�º ÓÈ�¯ËÏÈ °}mºÏÓº® �ËÓ�¯Èã	Óº® �¯Ë�Ò�
Ó© �­�

cÒ°� �� �°¯Ë�ÓËÓÓÈ« ÏÈmÒ°Òäº°�	 °}º¯º°�Ò ¯º°�È �°�Èãº°�Ó©²
�¯Ë�ÒÓ ¹º ãÒÓÒÒ °¹ãÈmãËÓÒ« °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m©°º}º¹¯º��
Óº® °�ÈãÒ º� ¯ÈÏäÈ²È }ºªÁÁÒ�ÒËÓ�È ÒÓ�ËÓ°ÒmÓº°�Ò ÓÈ¹¯«ÎËÓÒ®
¹¯Ò º�Ó�ãËmºä º�Óº� Ò �m�²�È°�º�Óºä �I��I�  ���� ÓÈ�¯�ÎËÓÒ«²
�°¹ãº�ÓÈ« ãÒÓÒ«�� �Û º�Óº�È°�º�ÓºË� �Û �m�²�È°�º�ÓºË ÓÈ��
¯�ÎËÓÒË σ��σ�  ���� � Û �m�²�È°�º�ÓºË ÓÈ�¯�ÎËÓÒË σ��σ�  
 ���

������ ��



�ÒÒ¯ºmÈÓÒ« �°�Èãº°�Óº�º ¯ÈÏ¯��ËÓÒ« º­¯ÈÏ�ºm m

äË�ÈããË ~�{ ÓÈ�Èã	Ó©® ÓÈ�¯ËÏ m mÒ�Ë �ËÓ�¯Èã	Óº®

°}mºÏÓº® �¯Ë�ÒÓ© ¯È°¹ºãÈ�ÈãÒ m�ºã	 ¹º ãÒÓÒÒ

°¹ãÈmãËÓÒ« �mÈ ° º°ÓºmÓ©ä äË�Èããºä� j°²º�Ó©Ë

ª}°¹Ë¯ÒäËÓ�Èã	Ó©Ë �ÈÓÓ©Ë ¹ºã��ÈãÒ ¹¯Ò ä«�}ºä

¯ËÎÒäË º�Óº� Ò �m�²�È°�º�Óº�º º°Ëmº�º ¯È°�«ÎË�

ÓÒ«� |�Óº�È°�º�ÓºË ÓÈ�¯�ÎËÓÒË Ò ÓÒÏ}º�È°�º�ÓÈ«

°º°�Èmã«
�È« �m�²�È°�º�Óº�º ÓÈ�¯�ÎËÓÒ« ÒäËãÒ

�¯Ë��ºã	Ó�
 Áº¯ä� �Ò}ãÈ ° }ºªÁÁÒ�ÒËÓ�ºä È°Òä�

äË�¯ÒÒ 5  � Ò ÒÏäËÓ«ãÒ°	 ° �È°�º�º® I�  ���� ���

�¯Ò �m�²�È°�º�Óºä ÓÈ�¯�ÎËÓÒÒ º�Óº�ËÓÒË �È°�º�

I��I� °º°�Èmã«ãº ���� È º�Óº�ËÓÒË Èä¹ãÒ��� ÓÈ¹�

¯«ÎËÓÒ® σ
D
�

⁄ σ
D
�

 ��� Ò ���� j°¹©�ÈÓÒ« m©¹ºãÓ«ãÒ

ÓÈ °Ë¯mº�Ò�¯ÈmãÒ�Ë°}º® äÈ�ÒÓË ½bËÓ} ���� }s��

�º¹ºãÓÒ�Ëã	Óº º­º¯��ºmÈÓÓº® ªãË}�¯ºÓÓº�º¹�Ò�

�Ë°}º® °Ò°�Ëäº®� º­Ë°¹Ë�ÒmÈ
�Ë® ­Ë°}ºÓ�È}�ÓºË

ÒÏäË¯ËÓÒË ãÒÓË®Ó©² ¯ÈÏäË¯ºm �¯Ë�ÒÓ ÓÈ ¹ºmË¯�

²Óº°�Ò º­¯ÈÏ�ºm m ÒÓ�Ë¯mÈãË ���…��� ää ° �º��

Óº°�	
 ���� ää� cÈÏäÈ² }ºªÁÁÒ�ÒËÓ�È ÒÓ�ËÓ°Òm�

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 ��� °�
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�Ë�}ºË äÈ�ÒÓº°�¯ºËÓÒË � ����� � ����� ���� � ����� ���� ����� ��� ���� ���
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¹Òãº�Óº�º Ò°°ãË�ºmÈÓÒ« ¹¯ºmËãº m ���� �� Ò°°ãË�

�ºmÈÓÒË Ò ÈÓÈãÒÏ ª}ºÓºäÒ�Ë°}º�º m}ãÈ�È °mÈ¯}Ò

m º�¯È°ã	 �«ÎËãº�º äÈ�ÒÓº°�¯ºËÓÒ« >�@� w�º ¹ºÏ�

mºãÒãº º�¯È­º�È�	 äË�º�Ò}� Ò°°ãË�ºmÈÓÒ«� m}ã
�

�È« ¹¯º�Ë��¯� ÈÓ}Ë�Óº�º º¹¯º°È Ò }ºä¹ãË}°Óº�º

ÈÓÈãÒÏÈ ¹ºã��ËÓÓ©² �ÈÓÓ©²� ÓÈ º°ÓºmË }º�º¯º®

m ����Ü���� ��� ¹¯ºmË�ËÓº Ò°°ãË�ºmÈÓÒË º°�Èã	Ó©²

º�¯È°ãË® ¹¯ºä©�ãËÓÓº°�Ò�

z º�¯È°ãÒ �«ÎËãº�º äÈ�ÒÓº°�¯ºËÓÒ« vbk º��

Óº°«� ¹¯ºÒÏmº�°�mËÓÓ©Ë °Ë}�º¯© ÒãÒ ¹º�º�¯È°ãÒ�

°m«ÏÈÓÓ©Ë ° ¹¯ºÒÏmº�°�mºä °ãË��
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¯��ºmÈÓÒ«� ­¯ºÓË�Ë²ÓÒ}Ò� ÏÈ¹È°Ó©² È�¯Ë�È�ºm Ò

�Ïãºm� �º¯Óº¯��Óº�º Ò °�¯ºÒ�Ëã	Óº® �Ë²ÓÒ}Ò� ªÓË¯�

�Ë�Ò�Ë°}º�º ���¯­ÒÓ©� �ËÓË¯È�º¯© Ò �¯��� °Ëã	�

°}º²ºÏ«®°�mËÓÓ©² äÈ�ÒÓ Ò º­º¯��ºmÈÓÒ«� ¹¯º�
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�
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ÒÏ �È­ã� �� ¯È°¹¯Ë�ËãËÓÒË �ºãÒ }È¹Ò�Èã	Ó©² mãº�
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�º�¯È°ãË® mË°	äÈ ÓË¯ÈmÓºäË¯ÓºË Û º� ��� �º ��� ��
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¹º��Ë¯ÎÒmÈ
� m©°º}Ò® �¯ºmËÓ	 }È¹Ò�Èã	Ó©² mãº�
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�¯º­ãËäÈ �ËÁÒ�Ò�È }È�¯ºm �ã« °mÈ¯º�Óº�º ¹¯º�

ÒÏmº�°�mÈ vbk� ¹º äÓËÓÒ
 jÓ°�Ò���È tº­È¯�È

�+REDUW ,QVWLWXWH RI:HOGLQJ 7HFKQRORJ\Û +,:���

�°���­ã«Ë�°« Ë�Ë º�ÓÒä ÁÈ}�º¯ºä Û ½°�È¯ËÓÒËä�

¯È­º�Ë® °Òã© >�@� sÈ ÓÈ�Èãº ���� �� °¯Ë�ÓÒ® mºÏ�

¯È°� }mÈãÒÁÒ�Ò¯ºmÈÓÓ©² ¯È­º�Ò² °º°�Èmã«ã ��

�º�È� È ª�º ÏÓÈ�Ò�� ��º m ­ãÒÎÈ®�ÒË �� ãË� ÁÈ}�

�Ò�Ë°}Ò ¹ºãºmÒÓÈ ÒÏ ÓÒ² äºÎË� �®�Ò ÓÈ ¹ËÓ°Ò
�

j°°ãË�ºmÈÓÒ« $:6 Ò +,:7 ¹º}ÈÏÈãÒ� ��º �ã«

¯Ë�ËÓÒ« �ÈÓÓº® ¹¯º­ãËä© Ë°�	 �mÈ ¹��Ò Û ¹º�

m©°Ò�	 ÒÓ�Ë¯Ë° } ¹¯ºÁË°°ÒÒ� °m«ÏÈÓÓº® °º °mÈ¯}º®

Ò ¯º�°�mËÓÓ©äÒ �Ë²Óºãº�Ò«äÒ� È �È}ÎË �°ºmË¯�

�ËÓ°�mºmÈ�	 ÓÈ�ÒºÓÈã	Ó�
 °Ò°�Ëä� º­��ËÓÒ« Ò

¹¯º�¯Èää� ¹ºm©�ËÓÒ« }mÈãÒÁÒ}È�ÒÒ ¯È­º�È
�Ò²

m �ÈÓÓº® °ÁË¯Ë� sË Ò°}ã
�ËÓº� ��º °ãºÎÒm�È«°«

°Ò��È�Ò« «mã«Ë�°« °ãË�°�mÒËä �º�º� ��º º�¯È°ã«ä

¹¯ºä©�ãËÓÓº�º ¹¯ºÒÏmº�°�mÈ m©�Ëã«
�°« ÓË�º°�

�È�º�Óº °¯Ë�°�m ÓÈ ¹¯ºÁË°°ÒºÓÈã	ÓºË º­��ËÓÒË Ò

¹º��º�ºm}� °mÈ¯º�Óº�º ¹Ë¯°ºÓÈãÈ �°ä� �È­ã� ���

|°ÓºmÓ©äÒ °¹ºÓ°º¯ÈäÒ ¯È°°äº�¯ËÓÓº�º ¹¯ºË}�È

m©°��¹ÈãÒ lÒÓÒ°�Ë¯°�mº º­º¯ºÓ© vbk� lÒÓÒ°�

�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\�

IhklmibeZ \ j_^Zdpbx ����������
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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,�

�� ������



M>D �������� �������

������������	�� ���
�����
��
�
��


{� p� r�ku�z� }ÈÓ�� �Ë²Ó� ÓÈ�} �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

®ÍÉ¿Æ¿ÌÍ ÎÏÄÇËÒØÄÐÑÁÍ ÑÇÑ¿Ì¿ Ç ÄÂÍ ÐÎÊ¿ÁÍÁ ÎÍ ÐÏ¿ÁÌÄÌÇÝ Ð ÐÒØÄÐÑÁÒÝØÇËÇ ÑÏ¿ÃÇÕÇÍÌÌÚËÇ Ë¿ÑÄÏÇ¿Ê¿ËÇ�

­ÎÇÐ¿ÌÚ ÐÎÍÐÍÀÚ ÎÏÍÇÆÁÍÃÐÑÁ¿ ÑÇÑ¿Ì¿ Ç ÄÂÍ ÐÎÊ¿ÁÍÁ� ÎÏÇËÄÌÞÄËÚÔ Á ÎÏÍËÚ×ÊÄÌÌÍÐÑÇ� ¿ Ñ¿ÉÅÄ ÐÎÍÐÍÀÚ ÇÔ ÐÁ¿ÏÉÇ
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��� Åv� ÓËº­²º�Òäº ��È�Ëã	Óº ÏÈ�Ò�È�	 º� mÏÈ�
Òäº�Ë®°�mÒ« ° mºÏ��²ºä� iã« ÏÈ�Ò�© Ò°¹ºã	Ï��

�°« �Ò°�©Ë È¯�ºÓ Ò �ËãÒ® ��|v� �����Ü�� Ò
(1���� ÒãÒ Ò² °äË°	� È �È}ÎË °¹Ë�ÒÈã	Ó©Ë ­Ë°�
}Ò°ãº¯º�Ó©Ë Áã
°©� vmÈ¯}È m mÈ}��äË �È}ÎË Ò°�
}ã
�ÈË� mºÏäºÎÓº°�	 mÏÈÒäº�Ë®°�mÒ« �Ò�ÈÓÈ ° �È�
ÏÈäÒ� �¯Ò °mÈ¯}Ë �ÈmãËÓÒËä �º¹�°}ÈË�°« º�°���
°�mÒË �º¹ºãÓÒ�Ëã	Óº® ÏÈ�Ò�©�

|­«ÏÈ�Ëã	Ó©ä �°ãºmÒËä ¹ºã��ËÓÒ« }È�Ë°�mËÓ�
Ó©² °ºË�ÒÓËÓÒ® «mã«Ë�°« ¯Ë��ãÒ¯ºmÈÓÒË äË²ÈÓÒ�
�Ë°}Ò² °mº®°�m Ò °�¯�}��¯© äË�ÈããÈ �mºm Ò ~�{
¹��Ëä m©­º¯È ¯È�ÒºÓÈã	Óº® �Ë²Óºãº�ÒÒ Ò ¯ËÎÒäºm
°mÈ¯}Ò� º­Ë°¹Ë�ÒmÈ
�Ò² ËË m©¹ºãÓËÓÒË ¹¯Ò äÒ�
ÓÒäÈã	Óº® ¹º�ºÓÓº® ªÓË¯�ÒÒ� zÈ�Ë°�mº °mÈ¯Ó©²
°ºË�ÒÓËÓÒ® mº äÓº�ºä º¹¯Ë�Ëã«Ë�°« �Ë²Óºãº�ÒË®
¹º��º�ºm}Ò }¯ºäº} ¹º� °mÈ¯}��

�¯Ò m©­º¯Ë °¹º°º­ºm °mÈ¯}Ò �Ò�ÈÓºm©² °¹ãÈmºm
Ò°²º�«� ÒÏ ÓËº­²º�Òäº°�Ò º­Ë°¹Ë�ËÓÒ« ÏÈ�Ò�© Ïº�
Ó© °mÈ¯}Ò Ò º°�©mÈ
�Ò² ��È°�}ºm °ºË�ÒÓËÓÒ« º�
mÏÈÒäº�Ë®°�mÒ« ° �ÈÏÈäÒ È�äº°ÁË¯©� È �È}ÎË ��Ë�È
º°º­ËÓÓº°�Ë® °ºË�ÒÓËÓÒ« äË�ÈããÈ äÈã©²� °¯Ë�ÓÒ²
Ò ­ºã	�Ò² �ºã�ÒÓ >��Ü��@�

cÒ°� �� v¹º°º­© °mÈ¯}Ò �Ò�ÈÓÈ ¹ãÈmãËÓÒËä� ¹¯ÒäËÓ«Ëä©Ë m ¹¯ºä©�ãËÓÓº°�Ò� kÛ Èm�ºäÈ�Ò�Ë°}È« °mÈ¯}È� lÛ äË²ÈÓÒÏÒ¯ºmÈÓÓÈ«�

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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�
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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°�	
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�� �Ë²Óºãº�Ò« ãË�}Ò² °¹ãÈmºm� Û ����� Û ¢ �� Û

v� ��Ü���

��� vmÈ¯ÒmÈËä©Ë °¹ãÈm© °Ò°�Ëä© 7LÜ$OÜ)HÜ1EÜ=U � {� s�

~Èä}ºm� {� n� �º¹ºã	°}Ò®� j� z� �Ë�¯Ò�ËÓ}º Ò �¯� ��

km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� )XMLL +�� 7DNDKDVKL .� 'HYHORSPHQW RI KLJK SHUIRUPDQFH

7LÜ)HÜ$O DOOR\ VHULHV �� 1LSSRQ 6WHHO 7HFKQLFDO 5HSRUW

¢ ��� Û ����� Û ¢ �� Û 3� ���Ü����

��� b�Èä¹ºm}È� °mÈ¯}È� ¹È®}È Ò �Ë¯äºº­¯È­º�}È �Ò�ÈÓÈ Ò Ë�º
°¹ãÈmºm m ÈmÒÈ°�¯ºËÓÒÒ � �º� ¯Ë�� k� �� r¯È��²ÒÓÈ� Û

l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

��� jÏ�º�ºmãËÓÒË Ò ª}°¹ã�È�È�Ò« º­º¯��ºmÈÓÒ« ÒÏ �Ò�ÈÓÈ �

�� l� bËãËÓ}ºm� {� p� rãÈ��}� c� z� lËãË²ºm Ò �¯� Û

zÒËm�� �Ë²Ó�}È� ����� Û ��� °�

��� lË�Èãã�¯�Ò« Ò �Ë²Óºãº�Ò« °mÈ¯}Ò �Ò�ÈÓÈ Ò Ë�º °¹ãÈmºm �
v� l� ��¯ËmÒ�� {� s� ~Èä}ºm� {� p� rãÈ��} Ò �¯� Û

zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

��� wãË}�¯ºÓÓº�ã��ËmÈ« °mÈ¯}È � |� z� sÈÏÈ¯ËÓ}º� k� k�

zÈ®�Èãºm� v� s� zºm­È°ËÓ}º Ò �¯� � �º�� ¯Ë�� r� p� �È�

�ºÓÈ� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

��� ��¯ËmÒ� v� l� v¹¯Èmº�ÓÒ} ¹º °mÈ¯}Ë �mË�Ó©² äË�Èããºm�

Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

��� =DPNRY 9� 1�� 3ULOXWVNLL 9� 3�� 6KHYHOHY $� '� 0HWDOOXUJ\

DQG WHFKQRORJ\ RI ZHOGLQJ WLWDQLXP DOOR\V� Û $PVWHUGDP�

����� Û 9RO� ��� 3W� �� Û �� ¯� Û �6RY� 7HFK� 5HY� &�

:HOG DQG 6XUI���

��� �ãÈÏäËÓÓÈ« °mÈ¯}È �Ò�ÈÓºm©² °¹ãÈmºm � {� p� rãÈ��}�

�� l� |Óº¹¯ÒËÓ}º� �� l� bËäãËÓ}ºm Ò �¯� �� km�ºäÈ��

°mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� $PHULFDQ :HOGLQJ 6RFLHW\� :HOGLQJ KDQGERRN� Û 9RO� ��

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�
äË°�Ò�	 ¹º¯º�}ºm�
 ¹¯ºmºãº}� m ¹º�¯�ÎÓºä �ÏãË
¹ºã�Èm�ºäÈ�È� ÏÈ¹ºãÓËÓÓº�º mº�º®� ��º �¹¯º°�Òãº
Ë�º }ºÓ°�¯�}�Ò
� |�¹ÈãÈ ÓËº­²º�Òäº°�	 m ¹º�È�Ë
�ÈÏÈ m ¹º�¯�ÎÓº® �ÏËã� �¯ºmºãº}È ¯��Òã�¯��Óº�
}Ò°ãº�º mÒ�È� ¹ºã��Òm�È« ÓÈÏmÈÓÒË ��v�ks��
º­Ë°¹Ë�ÒmÈãÈ °mÈ¯}� m ¹¯Ë°Óº® mº�Ë ÓÈ �ã�­ÒÓË
�º �� ä ¯«�È äÈãº��ãË¯º�Ò°�©² Ò ÓÒÏ}ºãË�Ò¯º�
mÈÓÓ©² °�ÈãË® >�� �@� �Ë²Óºãº�Ò« äº}¯º® äË²È�
ÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò ¹º� mº�º® °ÈäºÏÈ�Ò�Ó©äÒ
¹º¯º�}ºm©äÒ ¹¯ºmºãº}ÈäÒ ÓÈ äºäËÓ� °mºË® ¯ÈÏ�
¯È­º�}Ò ­©ãÈ �ÓÒ}Èã	ÓÈ Ò ÓË ÒäËãÈ ÈÓÈãº�ºm m
äÒ¯Ë�

iã« ¯ËÈãÒÏÈ�ÒÒ �Ë²Óºãº�Ò�Ë°}º�º ¹¯º�Ë°°È
|z�r jwv ¯ÈÏ¯È­º�Èãº �Ëã©® ¯«� ¹ºã�Èm�ºäÈ�
�ºm� �°�ÈÓºmº} �ã« º¯­Ò�Èã	Óº® °mÈ¯}Ò °�©}ºm©²
°ºË�ÒÓËÓÒ®� Èm�ºäÈ�Ò�Ë°}º® ¹¯ÒmÈ¯}Ò �¯�Ïº�
¹º��ËäÓ©² ¹¯º��ÒÓ� ¹º�¯�ÎÓ©² Ò°�º�ÓÒ}ºm ¹Ò�
�ÈÓÒ« ���Ò Ò �¯��Ò² �ÓÒ}Èã	Ó©² ÒÏ�ËãÒ®� z¯È�}ºË
º¹Ò°ÈÓÒË �È°�Ò ¯ÈÏ¯È­º�ÈÓÓº�º º­º¯��ºmÈÓÒ« ¹¯Ò�
mË�ËÓº m �È­ãÒ�Ë� sÈ ¯Ò°� �Ü� m¹Ë¯m©Ë ¹¯Ë�°�
�ÈmãËÓ© º°ÓºmÓ©Ë º­¯ÈÏ�© º­º¯��ºmÈÓÒ«� m©¹��
�ËÓÓ©Ë Ë�ÒÓÒ�Óº Ò °Ë¯Ò®Óº ÓÈ |¹©�Óºä ÏÈmº�Ë
°mÈ¯º�Óº�º º­º¯��ºmÈÓÒ« �|~v|� jwv�

zºÓ°�¯�}�º¯°}ÒË ¯ÈÏ¯È­º�}Ò �°ãºÎÓ«ãÒ°	 ¹º
äË¯Ë ¹ºã��ËÓÒ« º¹©�È ª}°¹ã�È�È�ÒÒ º��Ëã	Ó©²
º­¯ÈÏ�ºm ¹ºã�Èm�ºäÈ�ºm� rºã	�È« �È°�	 ¹¯ºË}�ºm
¯ÈÏ¯È­º�ÈÓÈ }ºÓ°�¯�}�º¯ÈäÒ |z�r jwv ¹º� ¯��
}ºmº�°�mºä {� p� �È�ºÓÈ� |°ÓºmÓ©Ë �°ÒãÒ« }ºÓ�
°�¯�}�º¯ºm ¹¯Ò ¯ÈÏ¯È­º�}Ë ¹ºã�Èm�ºäÈ�ºm ­©ãÒ
ÓÈ¹¯ÈmãËÓ© ÓÈ °ÓÒÎËÓÒË äÈ°°© ¹º�¯�ÎÓº�º �ÏãÈ
Ò ¹ºm©�ËÓÒË ÓÈ�ËÎÓº°�Ò ¯È­º�© ªãË}�¯Ò�Ë°}º®
°²Ëä©� �Ë¯m©ä ¹ºã�Èm�ºäÈ�ºä �ã« ¹º�mº�Óº® äË�
²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò� }º�º¯©® ¹¯º�Ëã �º°��È¯�
°�mËÓÓ©Ë Ò°¹©�ÈÓÒ« Ò ­©ã ¹¯ÒÓ«� ÓÈ °ÓÈ­ÎËÓÒË
�vv {ln� «mã«Ë�°« ¹ºã�Èm�ºäÈ� k���� �½sË¹��Ó
���� lÈ°°È ¹º�¯�ÎÓº�º �ÏãÈ ¹º� mº�º® ° ÏÈ¹È°ºä
¹º¯º�}ºmº® ¹¯ºmºãº}Ò m ª�ºä ¹¯ºË}�Ë �º°�Ò�ÈãÈ
�� }�� { ¹º°ãË�ÓÒ² ¹¯ºË}�È² ��b���� �b����
äÈ°°� ¹º�¯�ÎÓº�º �ÏãÈ ° ÏÈ¹È°ºä ¹º¯º�}ºmº® ¹¯º�
mºãº}Ò ¹º� mº�º® ��Èãº°	 °ÓÒÏÒ�	 �º � }�� È ªãË}�
�¯Ò�Ë°}È« °²ËäÈ º­Ë°¹Ë�ÒmÈãÈ ¯ÈmÓºäË¯Ó�
 ¹º�È��
ªãË}�¯º�Óº® ¹¯ºmºãº}Ò m ÏºÓ� �º¯ËÓÒ« ���Ò ÓË�
ÏÈmÒ°Òäº º� ÓÈ�¯�Ï}Ò� ¹¯Ò �ãÒÓË }È­Ëã« �Ë¹Ò �¹�
¯ÈmãËÓÒ« ��� ä� �ºã�Èm�ºäÈ� �b��� �È}ÎË ¹¯º�
�Ëã �º°��È¯°�mËÓÓ©Ë Ò°¹©�ÈÓÒ« Ò m ���� �� ­©ã
¹¯ÒÓ«� ÓÈ °ÓÈ­ÎËÓÒË �vv {ln�

zÈ} º�äË�Èãº°	 m©�Ë� mÈÎÓÈ« ¯ºã	 m ¹¯º�Ë°°Ë
äº}¯º® äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò ¹º� mº�º® º��
mº�Ò�°« ¹º¯º�}ºmº® ¹¯ºmºãº}Ë� |� �º�º� }È} º°��
�Ë°�mã«Ë�°« ÏÈ�Ò�È ¯ËÈ}�ÒºÓÓº® ÏºÓ©� }È}ºmÈ °Ò°�
�ËäÈ ãË�Ò¯ºmÈÓÒ« äË�ÈããÈ �mÈ� ÏÈmÒ°«� º°ÓºmÓ©Ë
¹º}ÈÏÈ�ËãÒ ¹¯º�Óº°�Ó©² Ò ¹ãÈ°�Ò�Ë°}Ò² °mº®°�m
°ºË�ÒÓËÓÒ®� cÈ­º�© ¹º �°ºmË¯�ËÓ°�mºmÈÓÒ
 °º°�
�ÈmÈ ¹º¯º�}ºmº® ¹¯ºmºãº}Ò ��v�ks� �ã« ¹ºã��
�ËÓÒ« ­ºãËË m©°º}Ò² äË²ÈÓÒ�Ë°}Ò² °mº®°�m °ºË�
�ÒÓËÓÒ® ¹¯ºmº�ÒãÒ°	 ° ���� �� { ¯ËÏ�ã	�È�Ë ¯ÈÏ�

¯È­º�ÈÓº °ËäË®°�mº ¹º¯º�}ºm©² ¹¯ºmºãº}� º­Ë°�
¹Ë�ÒmÈm�Ò² ¹ºã��ËÓÒË ¯ÈmÓº¹¯º�Ó©² °ºË�ÒÓËÓÒ®
¯«�È }º¯¹�°Ó©² Ò �¯�­Ó©² °�ÈãË® ÓÈ ¯ÈÏãÒ�Ó©²
�ã�­ÒÓÈ²� �º¯º�}ºmÈ« ¹¯ºmºãº}È ��v�ks� m©�
¹�°}ÈãÈ°	 °Ë¯Ò®Óº m �°ãºmÒ«² w}°¹Ë¯ÒäËÓ�Èã	Óº�º
¹¯ºÒÏmº�°�mÈ �w�� jwv�

�¯�¹¹º® °º�¯��ÓÒ}ºm ¹º� ¯�}ºmº�°�mºä k� k�
j�ÓÈ���ËÓ}º °ºÏ�ÈÓ© äÈ}Ë�Ó©Ë º­¯ÈÏ�© ¹º¯º��
}ºm©² ¹¯ºmºãº} ÓÈ ÓÒ}ËãËmº® º°ÓºmË� º­Ë°¹Ë�Ò�
mÈm�ÒË ¹ºã��ËÓÒË °�È­Òã	Óº È�°�ËÓÒ�Óº® °�¯�}�
��¯© äË�ÈããÈ �mÈ >�@� w�ÒäÒ ¹¯ºmºãº}ÈäÒ m ÒäÒ�
�È�ÒºÓÓ©² �°ãºmÒ«² �ã�­º}ºmº�Óº® }ÈäË¯© äº}�
¯©ä °¹º°º­ºä ¹ºã��ËÓ© °ºË�ÒÓËÓÒ« °�ÈãË® ÓÈ �ã��
­ÒÓÈ² �º ���� ä� È m ÓÈ��¯Ó©² Û ÏÈmÈ¯ËÓ ÓË�
¹ºmº¯º�Ó©® �¯�­Ó©® º­¯ÈÏË�� m©�Ë¯ÎÈm�Ò® Ò°�
¹©�È�Ëã	ÓºË �ÈmãËÓÒË ­ºãËË �� l�È�

z¯ºäË ¯È­º� ¹º ¯ÈÏ¯È­º�}Ë �Ë²Óºãº�Ò® Ò º­º�
¯��ºmÈÓÒ« �ã« äº}¯º® äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò�
°º�¯��ÓÒ}Ò jwv ÏÈÓÒäÈãÒ°	 º­��ËÓÒËä ª�ºä� �Ë²�
Óºãº�Ò�Ë°}ºä� ¹¯º�Ë°°� �¯ÈÎ�ÈÓ°}Ò² Ò mºËÓÓ©²
°¹Ë�ÒÈãÒ°�ºm� |­��ËÓÒË ¹¯ºmº�ÒãÒ }È} ° m©ËÏ�ºä
ÓÈ º­�Ë}�©� ¹º�ãËÎÈ�ÒË ¯ËäºÓ��� �È} Ò m �°ãºmÒ«²
ãÈ­º¯È�º¯ÒÒ ¹º�mº�Óº® °mÈ¯}Ò jwv�

lº}¯È« äË²ÈÓÒÏÒ¯ºmÈÓÓÈ« °mÈ¯}È °ÈäºÏÈ�Ò��
Ó©äÒ ¹º¯º�}ºm©äÒ ¹¯ºmºãº}ÈäÒ ­©ãÈ È�È¹�Ò¯º�
mÈÓÈ } �Ë²Óºãº�Ò«ä ¹¯ºmË�ËÓÒ« ¹º�mº�Óº��Ë²ÓÒ�
�Ë°}Ò² ¯È­º� m ­©m�Ëä vvvc� �È} }È} ¹ºÏmºã«ãÈ
m©¹ºãÓ«�	 ¯ËäºÓ�Ó©Ë ¯È­º�© m �°ãºmÒ«²� }º��È
ÓËmºÏäºÎÓº Ò°¹ºã	ÏºmÈ�	 �ã�­º}º°Ò�«�ÒË mº�º�
ãÈÏÓ©Ë °��È� v ¹ºäº�	
 ª�º® �Ë²Óºãº�ÒÒ Ò º­º�
¯��ºmÈÓÒ« m©¹ºãÓËÓ ­ºã	�º® º­�Ëä ¯È­º� ¹º ¯Ë�
äºÓ�� ¹º�mº�Ó©² ¹Ë¯Ë²º�ºm �ÈÏº� Ò ÓËÁ�Ë¹¯ºmº�ºm
�Ë¯ËÏ ¯Ë}Ò >�@� ¯ËäºÓ� }º¯È­ãË® Ò °��ºm� ¹ºã��
�Òm�Ò² ÈmÈ¯Ò®Ó©Ë Ò ÓÈmÒ�È�ÒºÓÓ©Ë ¹ºm¯ËÎ�ËÓÒ«
>��Ü��@� ¹¯Ò�Èã	Ó©² °ºº¯�ÎËÓÒ® Ò °�È�ÒºÓÈ¯Ó©²
º°ÓºmÈÓÒ® �º­©mÈ
�Ò² ¹ãÈ�Áº¯ä� cËäºÓ�Ó©Ë ¯È�
­º�© m©¹ºãÓ«ãÒ }È} m ãË�ÓËË� �È} Ò ÏÒäÓËË m¯Ëä«
°º ã	�È� �°¹Ë�Óºä� m©¹ºãÓËÓÒ
 ¯È­º� °¹º°º­�
°�mºmÈã m©°º}Ò® �¯ºmËÓ	 ¹º��º�ºm}Ò °¹Ë�ÒÈãÒ°�
�ºm� iã« m©¹ºãÓËÓÒ« ¯ËäºÓ�Ó©² ¯È­º� ÓÈ �¯��
­º¹¯ºmº�È²� }È} ¹¯ÈmÒãº� ¹¯ÒmãË}ÈãÒ °¹Ë�ÒÈãÒ°�
�ºm jwv�

|°ÓºmÓ©ä °¹º°º­ºä äº}¯º® °mÈ¯}Ò ¹º� mº�º®
ÏÈ ¯�­ËÎºä Ò �º }ºÓ�È �����² ��� m ­©m�Ëä vvvc
«mã«ãÈ°	 °mÈ¯}È ¹º}¯©�©äÒ ªãË}�¯º�ÈäÒ >��Ü��@�
w�º� °¹º°º­ ÒäËË� °mºÒ ¹ºãºÎÒ�Ëã	Ó©Ë Ò º�¯Ò�
�È�Ëã	Ó©Ë °�º¯ºÓ©� |Ó mº°�¯Ë­ºmÈÓ ¹º�¯Ë­Ò�ËãËä�
�È} }È} º­º¯��ºmÈÓÒË �ã« Ë�º ¯ËÈãÒÏÈ�ÒÒ ÓÈ�ËÎÓº�
äº­Òã	Óº� ÒäËË� äÈã�
 äÈ°°� Ò ¯ÈÏäË¯©� iã«
¹Ò�ÈÓÒ« ���Ò Ò°¹ºã	Ï�
� �Ò¯º}º ¯È°¹¯º°�¯ÈÓËÓ�
Ó©Ë ¹Ë¯Ë�mÒÎÓ©Ë °mÈ¯º�Ó©Ë È�¯Ë�È�© ° Èm�ºÓºä�
Ó©ä ¹¯Òmº�ºä� z º�¯Ò�È�Ëã	Ó©ä È°¹Ë}�Èä �Ë²�
Óºãº�ÒÒ äºÎÓº º�ÓË°�Ò ÓÒÏ}�
 ¹¯ºÒÏmº�Ò�Ëã	�
Óº°�	 ¹¯º�Ë°°È °mÈ¯}Ò� m©°º}ÒË �¯Ë­ºmÈÓÒ« } ¹º��
�º�ºm}Ë mº�ºãÈÏºmÜ°mÈ¯�Ò}ºm Ò ÏÓÈ�Ò�Ëã	Ó©® ¯ÈÏ�
­¯º° ¹º}ÈÏÈ�ËãË® äË²ÈÓÒ�Ë°}Ò² °mº®°�m °ºË�ÒÓË�
ÓÒ®� ÏÈmÒ°«�Ò² º� º­�Ë}�ÒmÓ©² Ò °�­�Ë}�ÒmÓ©²
ÁÈ}�º¯ºm� v ¹ºäº�	
 ª�º�º °¹º°º­È äºÎÓº m©�
¹ºãÓ«�	 ¯ËäºÓ�Ó©Ë ¯È­º�© ÓÈ °ºº¯�ÎËÓÒ«²� ��Ë
ÓË �¯Ë­�Ë�°« ¹¯ºmË�ËÓÒ« ­ºã	�º�º º­�ËäÈ °mÈ¯º��
Ó©² ¯È­º��

~È ¯�­ËÎºä �ã« äº}¯º® °mÈ¯}Ò ¹º� mº�º® äÈ�
ãº��ãË¯º�Ò°�©² Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® ÓÈ
¯ÈÏãÒ�Ó©² �ã�­ÒÓÈ² ¯ÈÏ¯È­º�ÈÓº ­ºã	�ºË }ºãÒ�

�� ������



�Ë°�mº ¹º}¯©�©² ªãË}�¯º�ºm >��Ü��@� �¯Ò Ò² Ò°�
¹ºã	ÏºmÈÓÒÒ º­Ë°¹Ë�ÒmÈ
�°« äË²ÈÓÒ�Ë°}ÒË °mº®°�
�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ÓÈ �¯ºmÓË }ãÈ°°È ½v��
ÒÏ¯Ë�}È ½{�� °¹Ë�ÒÁÒ}È�ÒÒ $:6 '���Ü��� >��@�

{ °m«ÏÒ ° �Ëä� ��º äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ °º�
Ë�ÒÓËÓÒ®� º­Ë°¹Ë�ÒmÈËä©Ë ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ
ªãË}�¯º�ºm w�v���� ­©ãÒ ÓÒÏ}ÒäÒ� È ÏÈ}�¹}Ò ªãË}�
�¯º�ºm ÏÈ ¯�­ËÎºä �ã« Ó�Î� {ln ÓË ¹¯ºmº�ÒãÒ°	�
°�Èã mº¹¯º° º ¯ÈÏ¯È­º�}Ë Óºm©² ªãË}�¯º�ºm ° �ã���
�ËÓÓ©äÒ °mÈ¯º�Óº��Ë²Óºãº�Ò�Ë°}ÒäÒ Ò äË²ÈÓÒ�Ë°�
}ÒäÒ °mº®°�mÈäÒ� �È}ÒË ¯È­º�© ­©ãÒ ÓÈ�È�© m
jwv m ���� �� |¹©� ¯È­º�� ¹ºã��ËÓÓ©® m ãÈ­º�
¯È�º¯ÒÒ ¹º�mº�Óº® °mÈ¯}Ò ¹¯Ò ¯ÈÏ¯È­º�}Ë °Èäº�
ÏÈ�Ò�Ó©² ¹º¯º�}ºm©² ¹¯ºmºãº}� ¹ºÏmºãÒã °ºÏ�È�	
º¯Ò�ÒÓÈã	Ó�
 �ÈÏº�ãÈ}ºm�
 }ºä¹ºÏÒ�Ò
 ¹º}¯©�
�Ò« Ò ¯ÈÏ¯È­º�È�	 Óºm©® ªãË}�¯º� �ã« äº}¯º®
°mÈ¯}Ò mº m°Ë² ¹¯º°�¯ÈÓ°�mËÓÓ©² ¹ºãºÎËÓÒ«²�
wãË}�¯º� w�v�ks� ÒäËË� ²º¯º�ÒË °mÈ¯º�Óº��Ë²�
Óºãº�Ò�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò Ò ¹¯Ë�ÓÈÏÓÈ�ËÓ �ã«
°mÈ¯}Ò ¹º� mº�º® ÓÈ �ã�­ÒÓË �º �� ä ¯«�È ��ãË�
¯º�Ò°�©² Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®� �¯Ò Ë�º
Ò°¹ºã	ÏºmÈÓÒÒ º­Ë°¹Ë�ÒmÈ
�°« äË²ÈÓÒ�Ë°}ÒË
°mº®°�mÈ äË�ÈããÈ �mÈ ÓÈ �¯ºmÓË °ºË�ÒÓËÓÒ®� m©�
¹ºãÓËÓÓ©² ÓÈ mºÏ��²Ë ªãË}�¯º�ÈäÒ �Ò¹È w��� z¯º�
äË °mÈ¯}Ò ¹º� mº�º®� ª�Ò ªãË}�¯º�© Ò°¹ºã	Ï�
�
¹¯Ò °mÈ¯}Ë ÓÈ mºÏ��²Ë äË�Èããº}ºÓ°�¯�}�Ò®� ÒäË�

�Ò² °ãº® mº�© ÓÈ ¹ºmË¯²Óº°�«²� ¹º�ãËÎÈ�Ò²
°ºË�ÒÓËÓÒ
� iã« }¯Ë¹ãËÓÒ« ªãË}�¯º�ºm Ò ¹Ë¯Ë�È�Ò
°mÈ¯º�Óº�º �º}È m jwv ¯ÈÏ¯È­º�ÈÓ Óºm©® �Ë¯�
ÎÈ�Ëã	 i�v�ks��

i��ºmÈ« ¯ËÏ}È ¹º� mº�º® ¹º}¯©�©äÒ ªãË}�¯º�
�ÈäÒ ÒäËË� °mºÒ ¹ºãºÎÒ�Ëã	Ó©Ë Ò º�¯Ò�È�Ëã	Ó©Ë
°�º¯ºÓ©� |ÓÈ mº°�¯Ë­ºmÈÓÈ m °ã��ÈË� Ë°ãÒ äË�Èã�
ãº}ºÓ°�¯�}�ÒÒ ÒÏ�º�ºmãËÓ© ÒÏ ÓË¯ÎÈmË
�Ò² °�È�
ãË®� ����ÓÈ ÒãÒ �mË�Ó©² äË�Èããºm� jÓº��È� ÒÏ�ÏÈ
º�°��°�mÒ« º­º¯��ºmÈÓÒ«� ���ºmÈ« ¯ËÏ}È ¹¯ÒäËÓ«�
ãÈ°	 Ò ¹¯Ò ¯ÈÏ�ËãËÓÒÒ äË�Èããº}ºÓ°�¯�}�Ò® ÒÏ °�È�
ãË® º­�Ë�º ÓÈÏÓÈ�ËÓÒ«� �¯º�Ë°° ¹º²ºÎ ÓÈ ¯��Ó�

¹º�mº�Ó�
 ���ºm�
 °mÈ¯}� äË�ÈããÒ�Ë°}Òä ªãË}�
�¯º�ºä� m©¹ºãÓ«
��
°« ¹¯Ò ¹ºm©�ËÓÓº® ¹ãº��
Óº°�Ò �º}È� |�ÓÈ}º ºÓ äÈãº¹¯ºÒÏmº�Ò�ËãËÓ ÒÏ�ÏÈ
­ºã	�Ò² ÏÈ�¯È� m¯ËäËÓÒ �ã« ¹¯º­ÒmÈÓÒ« äË�ÈããÈ
ÓÈ m°
 Ë�º �ºã�ÒÓ� m ÓÈ�Èã	Ó©® äºäËÓ� ¯ËÏ}Ò�
°Òã	Óº�º ¹Ë¯Ë�¯ËmÈ ªãË}�¯º�È� ��º m©Ï©mÈË� ¹º�
m©�ËÓÓ©® Ë�º ¯È°²º� Ò �È°��
 ÏÈäËÓ� m ¹¯º�Ë°°Ë
¯È­º�© >��@� iã« ¹¯º�Ë°°È ���ºmº® ¯ËÏ}Ò ¹¯ÒäË�
Ó«ãÒ°	 ªãË}�¯º�© w�v����

{ jwv ­©ãÒ ¹¯ºmË�ËÓ© ¯È­º�© ¹º ¹ºm©�ËÓÒ

¹¯º¯ËÏÈ
�Ë® °¹º°º­Óº°�Ò ªãË}�¯º�ºm ÏÈ °�Ë� ÒÏ�
äËÓËÓÒ« °º°�ÈmÈ ªãË}�¯º�Óº�º ¹º}¯©�Ò«� { ¯Ë�
Ï�ã	�È�Ë °ºÏ�ÈÓ ªãË}�¯º� w�c��� ÒäË
�Ò® ¹ºm©�
�ËÓÓ�
 ¹¯º¯ËÏÈ
��
 °¹º°º­Óº°�	 ¹¯Ò ¯ËÏ}Ë ¹º�
mº�º®� v Ë�º ¹ºäº�	
 äºÎÓº ¯ËÏÈ�	 äË�Èãã �ºã�
�ÒÓº® �º �� ää ÓÈ �ã�­ÒÓË �º �� ä m ¹¯Ë°Óº®
Ò äº¯°}º® mº�Ë mº m°Ë² ¹¯º°�¯ÈÓ°�mËÓÓ©² ¹ºãº�
ÎËÓÒ«²� v �mËãÒ�ËÓÒËä �ºã�ÒÓ© äË�ÈããÈ ¹¯º�
¯ËÏÈ
�È« °¹º°º­Óº°�	 ªãË}�¯º�ºm °ÓÒÎÈË�°«� sÈ�
Ò­ºã	�Ò® ªÁÁË}� �º°�Ò�ÈË�°« ¹¯Ò ¯ËÏ}Ë äË�ÈããÈ
�ºã�ÒÓº® �º � ää� }º��È ªãË}�¯º}Ò°ãº¯º�ÓÈ« ¯ËÏ}È
äÈãºªÁÁË}�ÒmÓÈ� iã« }¯Ë¹ãËÓÒ« Ò ¹Ë¯Ë�È�Ò °mÈ�
¯º�Óº�º �º}È ¹¯ÒäËÓ«
�°« �Ë ÎË �Ë¯ÎÈ�ËãÒ� ��º
Ò ¹¯Ò °mÈ¯}Ë ¹º� mº�º® �w�v����� Ò i�v�ks���

{ ¹¯º�Ë°°Ë ¯ÈÏ¯È­º�}Ò ¹º¯º�}ºm©² ¹¯ºmºãº}
�ã« äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò ¹º� mº�º® �°�ÈÓºm�

ãËÓº� ��º ¯«� }ºä¹ºÓËÓ�ºm� mmº�Òä©² m �Ò²���
°¹º°º­°�m�
� �mËãÒ�ËÓÒ
 �ã�­ÒÓ© ¹¯º¹ãÈmãËÓÒ«
º°ÓºmÓº�º äË�ÈããÈ� sÈ ­ÈÏË ¹¯ºmË�ËÓÓ©² Ò°°ãË�
�ºmÈÓÒ® ¯ÈÏ¯È­º�ÈÓ �Ë²Óºãº�Ò�Ë°}Ò® ¹¯º�Ë°° Ò ¹º�
¯º�}ºm©Ë ¹¯ºmºãº}Ò �ã« äË²ÈÓÒÏÒ¯ºmÈÓÓº® ¹º��
mº�Óº® ¯ËÏ}Ò °�ÈãË®� ����ÓÈ Ò �mË�Ó©² äË�Èããºm
>��Ü��@� �º¯º�}ºm©Ë ¹¯ºmºãº}Ò m©¹�°}ÈãÒ �ÒÈ�
äË�¯ºä ���…��� ää�

v ªÓË¯�Ë�Ò�Ë°}º® �º�}Ò Ï¯ËÓÒ« ¹¯º�Ë°° ¯ÈÏ�
�ËãÒ�Ëã	Óº® ¯ËÏ}Ò ¹º� mº�º® ¹º¯º�}ºm©äÒ ¹¯º�
mºãº}ÈäÒ �º°�È�º�Óº ��È�Ó©®� �È} }È} m äÈãºä
º­�ËäË m©�Ëã«Ë�°« ªÓË¯�Ò«� ª}mÒmÈãËÓ�ÓÈ« äº��
Óº°�Ò ��… �� }{�� lË�Èãã� ÓËÏÈmÒ°Òäº º� ²ÒäÒ�Ë°�
}º�º °º°�ÈmÈ� ¯È°¹ãÈmã«Ë�°« ���º®� ÒäË
�Ë® m �°�
ãºmÒ«² äº}¯º® °mÈ¯}Ò ¹º� mº�º® �Ëä¹Ë¯È��¯�
����… ����� Åv� �ÈÏºm©® ¹º�º}� º­¯ÈÏ�
�Ò®°« ÓÈ
�º¯�Ë ¹ãÈm«�Ë�º°« ªãË}�¯º�È� Ò �ÈmãËÓÒË ���Ò º­Ë°�
¹Ë�ÒmÈ
� ªmÈ}�È�Ò
 ¯È°¹ãÈmãËÓÓº�º äË�ÈããÈ ÒÏ ÏºÓ©
¯ËÏÈ� �¯º�Ë°° ¯ÈÏ�ËãÒ�Ëã	Óº® ���ºmº® ¯ËÏ}Ò ¹º�
¯º�}ºm©äÒ ¹¯ºmºãº}ÈäÒ äºÎÓº m©¹ºãÓ«�	 ÓÈ �ã��
­ÒÓË ­ºãËË ��� ä�

v �º�}Ò Ï¯ËÓÒ« ¹º�¯Ë­Ò�Ëã« ¹¯º�Ë°° �È}ÎË ­©ã
mº°�¯Ë­ºmÈÓ� �È} }È} º�¹È�ÈãÈ ÓËº­²º�Òäº°�	 m
¹¯Òº­¯Ë�ËÓÒÒ ¯ÈÏãÒ�Ó©² }ºä¹ãË}�ºm º­º¯��ºmÈ�
ÓÒ«� �º°�È�º�Óº ÒäË�	 ÓÈ mº�ºãÈÏÓºä ¹º°�� ÏÈ¹È°
¹º¯º�}ºmº® ¹¯ºmºãº}Ò �ã« ¯ËÏ}Ò� }º�º¯È« äºÎË�
­©�	 �°�ÈÓºmãËÓÈ m ¹ºã�Èm�ºäÈ� �ã« ¹º�mº�Óº®
°mÈ¯}Ò� z¯ºäË �º�º� º�¹È�ÈãÒ ¹¯º­ãËä©� °m«ÏÈÓÓ©Ë
° �º°�Èm}º® Ò ²¯ÈÓËÓÒËä ­ºã	�º�º º­�ËäÈ }Ò°�

ãº¯º�È� �¯Ò �ºã�ÒÓË äË�ÈããÈ ≤�� ää �ã« ¯ËÏ}Ò
äºÎÓº ­©ãº Ò°¹ºã	ÏºmÈ�	 Ò°�º�ÓÒ}Ò ¹Ò�ÈÓÒ« ���Ò
Ò º­º¯��ºmÈÓÒË� ¹¯ÒäËÓ«Ëä©Ë �ã« äË²ÈÓÒÏÒ¯ºmÈÓ�
Óº® °mÈ¯}Ò� �¯Ò Ò°¹ºã	ÏºmÈÓÒÒ °�ÈÓ�È¯�Óº�º }ºä�
¹ãË}�È º­º¯��ºmÈÓÒ« �ã« äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò
°}º¯º°�	 ¯ËÏ}Ò ¹º� mº�º® ¹º¯º�}ºm©äÒ ¹¯ºmº�
ãº}ÈäÒ ­ãÒÏ}È } ¹º}ÈÏÈ�Ëã«ä ªãË}�¯º}Ò°ãº¯º�Óº®
¹º�mº�Óº® ¯ËÏ}Ò >��@�

�¯ÒÓÒäÈ« mº mÓÒäÈÓÒË ¹ºãºÎÒ�Ëã	Ó©Ë È°¹Ë}�©
�Ë²Óºãº�ÒÒ äË²ÈÓÒÏÒ¯ºmÈÓÓº�º ¹¯º�Ë°°È ¯ËÏ}Ò ¹º�
mº�º® ¹º¯º�}ºm©äÒ ¹¯ºmºãº}ÈäÒ� ¯È­º�© m ª�ºä
ÓÈ¹¯ÈmãËÓÒÒ ­©ãÒ ¹¯º�ºãÎËÓ©� �º ÏÈ}ÈÏ� {ln
¯ÈÏ¯È­º�ÈÓ }ºä¹ãË}� º­º¯��ºmÈÓÒ«� m}ã
�Èm�Ò® ¹º�
ã�Èm�ºäÈ� k����� Ò °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓ©® ¹Èã�­Ó©®
Ò°�º�ÓÒ} ¹Ò�ÈÓÒ« ���Ò� j°¹ºã	ÏºmÈãÒ ¹º¯º�}ºm�

¹¯ºmºãº}� �ÒÈäË�¯ºä � ää� ,

¯
 ���� k� 8

�
 �� {�

{©�ËãËÓÒË �È}º® äº�Óº°�Ò m ãº}Èã	Óºä º­�ËäË
¹ºÏmºã«ãº ¯ËÏÈ�	 ã
­©Ë äË�Èãã© �ºã�ÒÓº® �º
�� ää� v ¹¯ÒäËÓËÓÒËä ª�º® �Ë²Óºãº�ÒÒ Ò }ºä¹ãË}�È
º­º¯��ºmÈÓÒ« º°��Ë°�mãËÓÈ m©¯ËÏ}È ÓÈ �ã�­ÒÓË
�� ä �Ë²Óºãº�Ò�Ë°}º�º º�mË¯°�Ò« m ¯ËÈ}�º¯Óºä º��
°Ë}Ë ¹º�mº�Óº® ãº�}Ò >��@�

iÈã	ÓË®�ËË ¯ÈÏmÒ�ÒË ª�º�º ÓÈ¹¯ÈmãËÓÒ« �ãº
¹º ¹��Ò �äËÓ	�ËÓÒ« äÈ°°© ¹º�¯�ÎÓº�º �ÏãÈ ¹º�
ã�Èm�ºäÈ�È� °ÓÒÎËÓÒ« �ÒÈäË�¯È ¹º¯º�}ºmº® ¹¯º�
mºãº}Ò Ò �äËÓ	�ËÓÒ« äº�Óº°�Ò� º�­Ò¯ÈËäº® Ò°�
�º�ÓÒ}ºä ¹Ò�ÈÓÒ« ���Ò� cÈÏ¯È­º�ÈÓ °¹Ë�ÒÈãÒÏÒ�
¯ºmÈÓÓ©® }ºä¹ãË}� º­º¯��ºmÈÓÒ« �ã« ¯ÈÏ�ËãÒ�Ëã	�
Óº® ¯ËÏ}Ò ¹º� mº�º®� zºÓ°�¯�}�Ò
 ¹ºã�Èm�ºäÈ�È�
¹ºã��Òm�Ë�º ÒÓ�Ë}° �b���� �¹¯º°�ÒãÒ� °ÓÒÏÒãÒ
äÈ°°� ¹º�¯�ÎÓº�º �ÏãÈ� �äËÓ	�ÒãÒ �ÒÈäË�¯ ¹¯º�
mºãº}Ò �º ��� ää Ò º�}ÈÏÈãÒ°	 º� ¯Ë��ãÒ¯ºmÈÓÒ«
°}º¯º°�Ò ËË ¹º�È�Ò� w�º ¹ºÏmºãÒãº Ò°¹ºã	ÏºmÈ�	
°�ÈÓ�È¯�Ó©Ë Ò°�º�ÓÒ}Ò ¹Ò�ÈÓÒ« äº�Óº°�	

��… �� }{�� º�ÓÈ}º ¹¯Ò ª�ºä ¹¯º�Ë°° ¹º�Ë¯«ã �ÓÒ�

������ ��



mË¯°Èã	Óº°�	� iã« äº}¯º® äË²ÈÓÒÏÒ¯ºmÈÓÓº® ¯ËÏ}Ò
°�ÈãË®� �mË�Ó©² äË�Èããºm Ò ����ÓÈ �ºã�ÒÓº® �º
�� ää m ¹¯Ë°Óº® Ò äº¯°}º® mº�Ë m©¹�°}ÈãÒ ¹º�

¯º�}ºm©Ë ¹¯ºmºãº}Ò äÈ¯º} ��c�ks�� ��c�ks��
��c�ks� Ò ��c�wz� �ÒÈäË�¯ºä ���… ��� ää�

zÒ°ãº¯º�Óº����ºmÈ« ¯ËÏ}È ¹º� mº�º® �¯�­�È�©ä
ªãË}�¯º�ºä Ò°¹ºã	Ï�Ë�°« �ã« ¯ÈÏ�ËãËÓÒ« °�Èã	Ó©²

|­º¯��ºmÈÓÒË �ã« ¹º�mº�Óº® °mÈ¯}Ò Ò ¯ËÏ}Ò� ¯ÈÏ¯È­º�ÈÓÓºË Ò m©¹��ËÓÓºË jwv Òä� p� |� �È�ºÓÈ

�º� sÈÏmÈÓÒË z¯È�}ºË º¹Ò°ÈÓÒË

���� k���� ½sË¹��Ó �� k¹¹È¯È�Ó©® �}ÈÁ ° ¹�°}º¯Ë��ãÒ¯�
�Ë® È¹¹È¯È��¯º® Ò }ºÓ�¯ºã	Ó©äÒ ¹¯Ò­º¯ÈäÒ ¯È°¹ºãºÎËÓ ÓÈ

¹ºmË¯²Óº°�Ò� �º�¯�ÎÓº® �ÏËã ÒÏ º¯�ÈÓÒ�Ë°}º�º °�Ë}ãÈ äÈ°°º® �� }� �ÈÏºÓÈ¹ºãÓËÓÓ©® �ÏÈ¹ºãÓ«ã°«

mºÏ��²ºä�� ~È¹È° ¹¯ºmºãº}Ò �� }�� ¯Ë��ãÒ¯ºmÈÓÒË °}º¯º°�Ò ¹º�È�Ò ¹ãÈmÓºË� �ãÒÓÈ �Ë¯ÎÈ�Ëã« � ä�

k¹¹È¯È�Ó©® �}ÈÁ Ò ¹º�¯�ÎÓº® �ÏËã °ºË�ÒÓËÓ© }È­ËãËä �Ë¹Ò �¹¯ÈmãËÓÒ« ���� ä�� °mÈ¯º�Ó©äÒ }È�

­Ëã«äÒ Ò �ãÈÓ�ºä ¹º�È�Ò mºÏ��²È� { °Ë¯Ò
 ÓË ¹º�Ëã

���� k���� ½sË¹��Ó �� k¹¹È¯È�Ó©® �}ÈÁ ° �È}ÒäÒ ÎË ¯È­º�ÒäÒ ²È¯È}�Ë¯Ò°�Ò}ÈäÒ� }È} Ò ½sË¹��Ó ��� �º�È
�Ò® äË²È�

ÓÒÏä º�}¯©�©® �ÓË� ÏÈ�Ò�Óº�º ­º}°È�� jÏ�ÏÈ ª�º�º ­ºã	�ÒË �º}Ò ��Ë�}Ò ° ¹ºmË¯²Óº°�Ò ¹¯ºmºãº}Ò Ò

¹º�È
�Ò² ¯ºãÒ}ºm ¹¯Ò °mÈ¯}Ë m °ºãËÓº® mº�Ë ��º ��� k�� {¹Ë¯m©Ë ¹¯ÒäËÓËÓ }ºä¹ËÓ°È�º¯ ÓÈ¯�ÎÓº�

�º �ÈmãËÓÒ« m mÒ�Ë ¯ËÏÒÓºmº® �ÈÏºÓÈ¹ºãÓËÓÓº® Ëä}º°�Ò� { °Ë¯Ò
 ÓË ¹º�Ëã

���� ½sË¹��Ó �� k¹¹È¯È�Ó©® �}ÈÁ º�Óº�Ò¹Ó©® ° ½sË¹��Ó ��� �º�¯�ÎÓº® �ÏËã ÏÈ}¯©�©® äË�ÈããÒ�Ë°}Ò®� ¹º}¯©�©®

ª¹º}°Ò�Óº® °äºãº® ° º­¯ËÏÒÓËÓÓº® mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�	
� imÒ�È�Ëã	 Ò ¯Ë��}�º¯ m äË�ÈããÒ�Ë°�

}ºä °�È}ÈÓË ÏÈ¹ºãÓËÓ© ÎÒ�}º°�	
 Ò ÒäËãÒ °Ò°�Ëä� }ºä¹ËÓ°È�ÒÒ �ÈmãËÓÒ«� {©¹��ËÓ äÈ}Ë�Ó©® º­�

¯ÈÏË�

���� k���� ½sË¹��Ó �� k¹¹È¯È�Ó©® �}ÈÁ m ­¯©Ï�ºÏÈ�Ò�Óºä Ò°¹ºãÓËÓÒÒ ° ¹�°}º¯Ë��ãÒ¯�
�Ë® È¹¹È¯È��¯º®� °²Ëäº®� º­Ë°�

¹Ë�ÒmÈ
�Ë® ¹ãÈmÓºË ¯Ë��ãÒ¯ºmÈÓÒË °}º¯º°�Ò ¹º�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò Ò ¹¯Ò­º¯ÈäÒ }ºÓ�¯ºã«�

�º�¯�ÎÓº® �ÏËã ÒÏ ¹ËÓºª¹º}°Ò�Óº® }ºä¹ºÏÒ�ÒÒ� cË��}�º¯ Ò �mÒ�È�Ëã	 ¯È°¹ºãºÎËÓ© m ¹ºãº°�Ò� º��

ãÒ�º® mÓ��¯Ò ¹º�¯�ÎÓº�º �ÏãÈ Ò ÏÈ¹ºãÓËÓÓº® ÎÒ�}º°�	
 �wv��� lÈ°°È °ÓÈ¯«ÎËÓÓº�º ¹¯ºmºãº}º®

¹º�¯�ÎÓº�º �ÏãÈ ¹º� mº�º® °º°�Èmã«ãÈ ��� ÓÈ mºÏ��²Ë Û �� }�� �º�¯�ÎÓº® �ÏËã ��º­ËÓ m ª}°¹ã�È�

�È�ÒÒ� cÈ­º�È« �ã�­ÒÓÈ �� ä� { ¹¯º�Ë°°Ë ¯È­º�© ÎÒ�}º°�	 ¹º¹È�ÈãÈ m ¹º¯© ¹ËÓºª¹º}°Ò�Óº® }ºä¹º�

ÏÒ�ÒÒ� ÓÈ°©�È« ¹º°ãË�Ó

� {Ó��¯Ò ¹ºãº°�Ò º­¯ÈÏºm©mÈãÒ°	 �ÈÏºm©Ë ¹�Ï©¯Ò� ~È °�Ë� ª�º�º ÓÈ¯�Î�

Ó©ä �ÈmãËÓÒËä ¹¯º�ÈmãÒmÈãº }ºä¹ËÓ°Ò¯�
��
 �ÒÈÁ¯È�ä�� {©¹��ËÓº �� ¹ºã�Èm�ºäÈ�ºm� {

�Èã	ÓË®�Ëä ¹º�¯�ÎÓº® �ÏËã k���� «mÒã°« ¹¯º�º�Ò¹ºä ¹¯ºË}�È ¹º�¯�ÎÓº�º �ÏãÈ ¹ºã�Èm�ºäÈ�È

�b���

���� k���� ½sË¹��Ó �� k¹¹È¯È�Ó©® �}ÈÁ ° ¹�°}º¯Ë��ãÒ¯�
�Ë® È¹¹È¯È��¯º®� °²Ëäº® ¹ãÈmÓº�º ¯Ë��ãÒ¯ºmÈÓÒ« °}º¯º°�Ò ¹º�

�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò Ò ¹¯Ò­º¯ÈäÒ }ºÓ�¯ºã«� �º�¯�ÎÓº® �ÏËã ¯ËÏÒÓºm©® ° äË�ÈããÒ�Ë°}ÒäÒ

�¹¯º�Ó«
�ÒäÒ ªãËäËÓ�ÈäÒ� ÏÈ¹ºãÓËÓÓ©® mº�º®� lÈ°°È m °ÓÈ¯«ÎËÓÓºä °º°�º«ÓÒÒ �� }�� imÒ�È�Ëã	 Ò

¯Ë��}�º¯ ¹ºäË�ËÓ© m äË�ÈããÒ�Ë°}Ò® }º¯¹�°� ÒäËm�Ò® °Ò°�Ëä� }ºä¹ËÓ°È�ÒÒ �ÈmãËÓÒ«� ~È¹È° °mÈ�

¯º�Óº® ¹¯ºmºãº}Ò � }�� �ãÒÓÈ �Ë¯ÎÈ�Ëã« � ä� iãÒÓÈ °mÈ¯º�Óº® �Ë¹Ò Ò �Ë¹Ò �¹¯ÈmãËÓÒ« ��� ä� j°�

¹©�È�Ëã	ÓºË �ÈmãËÓÒË ��� l�È� �¯º�Ëã �º°��È¯°�mËÓÓ©Ë Ò°¹©�ÈÓÒ« Ò ­©ã ¹¯ÒÓ«� ÓÈ °ÓÈ­ÎËÓÒË

�vv {ln� {©¹��ËÓº ­ºãËË ��� }ºä¹ãË}�ºm ¹ºã�Èm�ºäÈ�ºm

���� k���� k¹¹È¯È�Ó©® �}ÈÁ ° ¹�°}º¯Ë��ãÒ¯�
�Ë® È¹¹È¯È��¯º®� °²Ëäº® ¹ãÈmÓº�º ¯Ë��ãÒ¯ºmÈÓÒ« °}º¯º°�Ò ¹º�

�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò Ò ¹¯Ò­º¯ÈäÒ }ºÓ�¯ºã«� �º�¯�ÎÓº® �ÏËã ÈÓÈãº�Ò�ËÓ ¹¯ºË}�� k�����

iãÒÓÈ °mÈ¯º�Óº® �Ë¹Ò Ò }È­Ëã« �Ë¹Ò �¹¯ÈmãËÓÒ« �� ä� ¯È­º�È« �ã�­ÒÓÈ �� ä� {©¹�°}Èã°« ° ¯ÈÏãÒ��

Ó©äÒ äº�ÒÁÒ}È�Ò«äÒ ªãË}�¯Ò�Ë°}º® °²Ëä© �¹¯ÈmãËÓÒ« �mÒ�È�ËãËä� �º°ãË�ÓÒË äº�ËãÒ º°ÓÈ�ËÓ©

­ãº}ºä ÏÈ�Ò�© º� ¹Ë¯Ë�¯�Ïº} Ò }º¯º�}Ò² ÏÈä©}ÈÓÒ® m �Ë¹Ò �¹¯ÈmãËÓÒ«� cÈÏ¯È­º�ÈÓ �ã« Ó�Î� ÓÈ�

¯º�Óº�º ²ºÏ«®°�mÈ� {©¹��ËÓº ­ºãËË ��� }ºä¹ãË}�ºm ¹ºã�Èm�ºäÈ�ºm

���� k���� �°�ÈÓºm}È �ã« °mÈ¯}Ò ÓË¹ºmº¯º�Ó©² °�©}ºm �¯�­ m Èm�ºäÈ�Ò�Ë°}ºä ¯ËÎÒäË� �º�È
�Ò® �ÏËã º� ¹º�

ã�Èm�ºäÈ�È k����� k¹¹È¯È�Ó©® �}ÈÁ ° °Ò°�Ëäº® °ãËÎËÓÒ« ¹º °�©}� Ò ¯È°¹ºãºÎËÓÒ
 ªãË}�¯º�È m

¹¯º°�¯ÈÓ°�mË� {©¹��ËÓ äÈ}Ë�Ó©® º­¯ÈÏË�

���� k���� �ºã�Èm�ºäÈ� �ã« ¯ËÏ}Ò ¹º� mº�º® ¹º¯º�}ºmº® ¹¯ºmºãº}º® �ÒÈäË�¯ºä � ää ÓÈ �ã�­ÒÓË �º �� ä °ºm�

äË°�Óº ° ¹Èã�­Ó©ä Ò°�º�ÓÒ}ºä ¹Ò�ÈÓÒ«� cË��ãÒ¯ºmÈÓÒË °}º¯º°�Ò ¹º�È�Ò ¹º¯º�}ºmº® ¹¯ºmºãº}Ò

¹ãÈmÓºË� ~È¹È° ¹º¯º�}ºmº® ¹¯ºmºãº}Ò �� }�� �ãÒÓÈ �Ë¯ÎÈ�Ëã« � ä� {©¹��ËÓ äÈ}Ë�Ó©® º­¯ÈÏË�

���� k���� �°�ÈÓºm}È �ã« ¹¯ÒmÈ¯}Ò °��º¹º��ËäÓ©² ¹¯º��ÒÓ �m�²°�º¯ºÓÓÒäÒ äÓº�º¹¯º²º�Ó©äÒ �mÈäÒ m Èm�º�

äÈ�Ò�Ë°}ºä ¯ËÎÒäË� {©¹��ËÓ äÈ}Ë�Ó©® º­¯ÈÏË�� �°¹Ë�Óº ¹¯º�ãÒ ÓÈ��¯Ó©Ë Ò°¹©�ÈÓÒ« m �°ãºmÒ«²

 Ë¯Óº�º äº¯«

���� k���� ½v}È� �� �°�ÈÓºm}È �ã« ¹ãÈÏäËÓÓº����ºmº® ¯ËÏ}Ò ¹º� mº�º®� {©¹��ËÓº � �°�ÈÓºm}Ò

���� �b��� {� �ºã�Èm�ºäÈ� �ã« ¹º�mº�Óº® äË²ÈÓÒÏÒ¯ºmÈÓÓº® ¯ËÏ}Ò ¹º¯º�}ºmº® ¹¯ºmºãº}º®� k¹¹È¯È�Ó©® �}ÈÁ °

¹�°}º¯Ë��ãÒ¯�
�Ë® È¹¹È¯È��¯º® Ò ¹¯Ò­º¯ÈäÒ }ºÓ�¯ºã«� v}º¯º°�	 ¹º�È�Ò ¹º¯º�}ºmº® ¹¯ºmºãº}Ò

ÓË ¯Ë��ãÒ¯�Ë�°«� cË��}�º¯ Ò �mÒ�È�Ëã	 ¹ºäË�ËÓ© m äË�ÈããÒ�Ë°}Ò® }º¯¹�° ° °Ò°�Ëäº® }ºä¹ËÓ°È�ÒÒ

�ÈmãËÓÒ«� zº¯¹�° ¹º�¯�ÎÓº�º �ÏãÈ ÒÏ ¹ËÓºª¹º}°Ò�Óº® }ºä¹ºÏÒ�ÒÒ äÈ°°º® ¹º� mº�º® �� }�� ~È¹È°

¹º¯º�}ºmº® ¹¯ºmºãº}Ò �º �� }�� �ãÒÓÈ �Ë¯ÎÈ�Ëã« � ä� ¯È­º�È« �ã�­ÒÓÈ �� ä� {©¹��ËÓº �� }ºä¹�

ãË}�ºm

���� �b ��� {�
½�¯º�º}�

�ºã�Èm�ºäÈ� �ã« äº}¯º® äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò °ÈäºÏÈ�Ò�Ó©äÒ ¹º¯º�}ºm©äÒ ¹¯ºmºãº}ÈäÒ� k¹�

¹È¯È�Ó©® �}ÈÁ ­ãº�Óº�º �Ò¹È ° ¹�°}º¯Ë��ãÒ¯�
�Ë® È¹¹È¯È��¯º®� °Ò°�Ëäº® ¹ãÈmÓº® ¯Ë��ãÒ¯ºm}Ò

°}º¯º°�Ò ¹º�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò Ò ¹¯Ò­º¯ÈäÒ }ºÓ�¯ºã«� |°ÓÈ�ËÓ °Ò°�Ëäº® ÏÈ�Ò�© °²Ëä©

º� ¹Ë¯Ë�¯�Ïº} Ò }º¯º�}Ò² ÏÈä©}ÈÓÒ® m }È­ËãË �Ë¹Ò �¹¯ÈmãËÓÒ«� imÒ�È�Ëã	 äº�Óº°�	
 �� {� mäË°�Ë

° ¹ãÈÓË�È¯Ó©ä ¯Ë��}�º¯ºä ¹ºäË�ËÓ m äË�ÈããÒ�Ë°}Ò® }º¯¹�°� ÏÈ¹ºãÓËÓÓ©® ÎÒ�}º°�	
� �¯Ë��°äº��

¯ËÓÈ °Ò°�ËäÈ }ºä¹ËÓ°È�ÒÒ �ÈmãËÓÒ«� zº¯¹�° ¹º�¯�ÎÓº�º �ÏãÈ ÒÏ °ÁË¯º¹ãÈ°�È� lÈ°°È m mº�Ë � }�� ÏÈ�

¹È° ¹¯ºmºãº}Ò ÓÈ }È°°Ë�Ë �º � }�� �¯ÒÎÒäÓ©Ë ¯ºãÒ}Ò �Ë°�Ë¯ËÓ�È�º�º �Ò¹È� iãÒÓÈ �Ë¯ÎÈ�Ëã« °

¹ãÈ°�Ò}ºm©ä }ÈÓÈãºä � ä� j°¹©�È�Ëã	ÓºË �ÈmãËÓÒË ���� l�È� iãÒÓÈ }È­Ëã« �Ë¹Ò �¹¯ÈmãËÓÒ« ���

ä� �¯º�Ëã �º°��È¯°�mËÓÓ©Ë Ò°¹©�ÈÓÒ«� {©¹��ËÓº � }ºä¹ãË}�ºm ¹ºã�Èm�ºäÈ�È

���� �b��� {�
½�¯º�º}�

kÓÈãº� ¹ºã�Èm�ºäÈ�È �b���� cÈ­º�È« �ã�­ÒÓÈ �� ä� �ãÒÓÈ �Ë¹Ò �¹¯ÈmãËÓÒ« �� ä� cÈÏ¯È­º�ÈÓ �ã«

Ó�Î� ÓÈ¯º�Óº�º ²ºÏ«®°�mÈ� {©¹��ËÓº � }ºä¹ãË}�È ¹ºã�Èm�ºäÈ�È

�� ������



äË�Èããº}ºÓ°�¯�}�Ò® ­ºãËË �� ãË�� iã« ËË ¯ËÈãÒ�
ÏÈ�ÒÒ ¹¯ÒäËÓ«ãÒ �ºÓ}º¹º}¯©�©Ë �¯�­�È�©Ë ªãË}�
�¯º�© äÈ¯}Ò w�c��� j°¹ºã	ÏºmÈÓÒË ªãË}�¯º�ºm
w�c�� ÓË º­Ë°¹Ë�ÒmÈãº ÓËº­²º�Òäº® ¹¯ºÒÏmº�Ò�
�Ëã	Óº°�Ò �¯��È mº�ºãÈÏÈ ¹¯Ò m©¹ºãÓËÓÒÒ ¹º��
mº�Óº��Ë²ÓÒ�Ë°}Ò² ¯È­º�� { jwv ­©ãÒ ¹¯ºmË�ËÓ©
Ò°°ãË�ºmÈÓÒ« ¹º ¹ºm©�ËÓÒ
 ¹¯º¯ËÏÈ
�Ë® °¹º�
°º­Óº°�Ò ªãË}�¯º�ºm ÏÈ °�Ë� ÒÏäËÓËÓÒ« °º°�ÈmÈ
¹º}¯©�Ò«� { ¯ËÏ�ã	�È�Ë ¯ÈÏ¯È­º�ÈÓ Óºm©® �¯�­�
�È�©® ªãË}�¯º� ° ¹ºm©�ËÓÓ©äÒ ¯ËÎ��ÒäÒ ²È�
¯È}�Ë¯Ò°�Ò}ÈäÒ äÈ¯}Ò ksc���� j°¹ºã	Ï�« º�ÒÓ
�È}º® ªãË}�¯º�� º¹©�Ó©® mº�ºãÈÏ�¯ËÏ�Ò} º­Ë°¹Ë�
�ÒmÈË� ¯ÈÏ�ËãËÓÒË äË�Èããº}ºÓ°�¯�}�ÒÒ �ºã�ÒÓº®

�� ää ÓÈ �ãÒÓ� ��� ää� �º} ¯ËÏ}Ò ¹¯Ò Ò°¹ºã	�
ÏºmÈÓÒÒ ªãË}�¯º�È ksc��� ÓÈ ��…�� k ÓÒÎË� �Ëä
° ¹ºäº�	
 ªãË}�¯º�È w�c���

iã« }¯Ë¹ãËÓÒ« ªãË}�¯º�ºm� ¹Ë¯Ë�È�Ò ªãË}�¯Ò�
�Ë°}º�º �º}È º� Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ« } ªãË}�¯º��
Ò ¹º�È�Ë }Ò°ãº¯º�È m jwv ¯ÈÏ¯È­º�ÈÓ �ÓÒmË¯�
°Èã	Ó©® ªãË}�¯º�º�Ë¯ÎÈ�Ëã	 ¹ºm©�ËÓÓº® ÓÈ�ËÎ�
Óº°�Ò wzi�ks�� |Ó ¹¯Ë�ÓÈÏÓÈ�ËÓ }È} �ã« ªãË}�
�¯º�ºm �ÒÈäË�¯ºä � ää� Ò°¹ºã	Ï�Ëä©² ¹¯Ò }Ò°�
ãº¯º�Óº����ºmº® ¯ËÏ}Ë� �È} Ò �ã« ªãË}�¯º�ºm �Ò�
ÈäË�¯ºä �� ää� Ò°¹ºã	Ï�Ëä©² ¹¯Ò ª}Ïº�Ë¯äÒ�Ë°}º®
¯ËÏ}Ë�

�º ÏÈ}ÈÏ� {ln m jwv ¯ÈÏ¯È­º�ÈÓ© äÈ}Ë�Ó©Ë
º­¯ÈÏ�© ªãË}�¯º�ºm �ã« ¹º�mº�Óº® ª}Ïº�Ë¯äÒ�Ë°�
}º® ¯ËÏ}Ò� |ÓÒ ¹¯º�ãÒ ÓÈ��¯Ó©Ë Ò°¹©�ÈÓÒ« ÓÈ
 Ë¯Óºä Ò rÈã�Ò®°}ºä äº¯«²� �¯ºmË�ËÓ© �È}ÎË
}ºÓ°�¯�}�º¯°}ÒË ¯È­º�©� ¹ºÏmºãÒm�ÒË °}ºÓ°�¯��
Ò¯ºmÈ�	 º°ÓºmÓ©Ë ªãËäËÓ�© º­º¯��ºmÈÓÒ« �ã« °Ë�
¯Ò®Óº�º m©¹�°}È ª�Ò² ªãË}�¯º�ºm� �º°}ºã	}� °
���� �� ¯È­º�© ¹º ÏÈ}ÈÏÈä {ln vvvc ­©ãÒ ¹¯Ë}�
¯È�ËÓ©� º¯�ÈÓÒÏÈ�Ò« °Ë¯Ò®Óº�º ¹¯ºÒÏmº�°�mÈ ª�Ò²
ªãË}�¯º�ºm m jwv ÓË ¹¯ºmº�ÒãÈ°	� { ÓÈ°�º«�ËË
m¯Ëä« jwv m©¹�°}ÈË� ¹º� ÏÈ}ÈÏ m ãÈ­º¯È�º¯Ó©²
�°ãºmÒ«² ª}Ïº�Ë¯äÒ�Ë°}ÒË ªãË}�¯º�© äÈ¯}Ò ksc�
w���

�º� ¯�}ºmº�°�mºä È}È�ËäÒ}È z� z� t¯ËÓºmÈ
° ���� �� m jwv ¹¯ºmº�ÒãÒ ¯È­º�© ¹º ¯ÈÏ¯È­º�}Ë
�Ë²Óºãº�Ò�Ë°}º�º ¹¯º�Ë°°È ¯ÈÏ�ËãËÓÒ« äË�Èããº}ºÓ�
°�¯�}�Ò® ¹º� mº�º® ° Ò°¹ºã	ÏºmÈÓÒËä °ÎÈ�º® ¹ãÈÏ�
äËÓÓº® ���Ò >��@� { }È�Ë°�mË ¯È­º�Ë® ¹ãÈÏäºº­�
¯ÈÏ�
�Ë® °¯Ë�© ¹¯Ò ¹º�mº�Óº® ¯ËÏ}Ë Ò°¹ºã	Ïº�
mÈãÒ mºÏ��²� { |z�r jwv ¯ÈÏ¯È­º�ÈÓÈ �°�ÈÓºm}È
½v}È���l� Ò ½v}È���� �ã« mºÏ���Óº�¹ãÈÏäËÓÓº®

cÒ°� �� �ºã�Èm�ºäÈ� k���� ½sË¹��Ó ��

cÒ°� �� �ºã�Èm�ºäÈ� ½sË¹��Ó ��

cÒ°� �� �ºã�Èm�ºäÈ� k���� ½sË¹��Ó ��

cÒ°� �� �°�ÈÓºm}È �ã« ¹¯ÒmÈ¯}Ò °��º¹º��ËäÓ©² ¹¯º��ÒÓ k����

������ ��



¯ËÏ}Ò ¹º� mº�º® m äº¯°}Ò² �°ãºmÒ«²� �¯Ò °ºÏ�ÈÓÒÒ
�°�ÈÓºmº} ¯Ë�ËÓ ¯«� �Ë²ÓÒ�Ë°}Ò² ¹¯º­ãËä� °m«�
ÏÈÓÓ©² ° ÓËº­²º�Òäº°�	
 ÏÈ�Ò�© ¹ãÈÏäËÓÓº® ���Ò
º� mºÏ�Ë®°�mÒ« äº¯°}º® mº�©� º­Ë°¹Ë�ËÓÒ« ËË ¹º��
ÎÒ�È Ò �°�º®�Òmº�º �º¯ËÓÒ« ÓÈ �ã�­ÒÓË� Ò°}ã
�
�ËÓÒ« º¹È°Óº°�Ò ¹º¯ÈÎËÓÒ« mº�ºãÈÏÈ ªãË}�¯Ò�Ë°�
}Òä �º}ºä� �°�ÈÓºm}È °º°�º«ãÈ ÒÏ È¹¹È¯È�Óº�º
�}ÈÁÈ� ­ãº}È mº�º°ÓÈ­ÎËÓÒ« Ò º­Ë°¹Ë�ËÓÒ« mºÏ�
��²ºä� ¯��Óº�º ¹ãÈÏäËÓÓº�º ¯ËÏÈ}È ° ªãË}�¯º��
mº�ºmºÏ���Ó©äÒ }ºää�ÓÒ}È�Ò«äÒ Ò m	
�}Ò �ã«
°¹�°}È Ò ¹º��ËäÈ ¹ãÈÏäËÓÓº�º ¯ËÏÈ}È� �¹¯ÈmãËÓÒË
�°�ÈÓºm}Ò º°��Ë°�mã«ãº°	 ° ¹ºäº�	
 m©Óº°Óº�º
¹�ã	�È� }º�º¯©® ¯È°¹ºãÈ�Èã°« ÓË¹º°¯Ë�°�mËÓÓº �
äË°�È °¹�°}È mº�ºãÈÏÈ� |°ÓºmÓ©Ë ¹È¯ÈäË�¯© ¹¯º�
�Ë°°È �°�ÈÓÈmãÒmÈãÒ°	 Ò }ºÓ�¯ºãÒ¯ºmÈãÒ°	 ¹¯Ò�
­º¯ÈäÒ� ¯ÈÏäË�ËÓÓ©äÒ ÓÈ ¹Ë¯Ë�ÓË® ¹ÈÓËãÒ È¹�
¹È¯È�Óº�º �}ÈÁÈ�

lÈ}Ë�Ó©® º­¯ÈÏË� �°�ÈÓºm}Ò ½v}È���l� �ã«
mºÏ���Óº�¹ãÈÏäËÓÓº® ¯ËÏ}Ò ¹º� mº�º® m äº¯°}Ò²
�°ãºmÒ«² ¹¯º�Ëã �°¹Ë�Ó�
 È¹¯º­È�Ò
 ¹¯Ò ¹º���
ËäË �ÈÓ}Ë¯È ½�
�mÒ� vmº­º�È�� v Ò°¹ºã	ÏºmÈÓÒËä
ª�º® �°�ÈÓºm}Ò ­©ãº m©¹ºãÓËÓº ���� ¹º�� ä ¯ËÏÈ
äË�Èããº}ºÓ°�¯�}�Ò® ° �ºã�ÒÓº® °�ËÓ}Ò ��…�� ää�
{°Ë�º ­©ãº m©¹��ËÓº �mË �È}ÒË �°�ÈÓºm}Ò�

cÈ­º�©� ¹¯ºmË�ËÓÓ©Ë m jwv Òä� p� |� �È�ºÓÈ
sks �}¯ÈÒÓ© m º­ãÈ°�Ò äº}¯º® ¹º�mº�Óº® °mÈ¯}Ò
Ò ¯ËÏ}Ò� ¹ºÏmºãÒãÒ °ºÏ�È�	 º¯Ò�ÒÓÈã	Ó©Ë �Ë²Óº�
ãº�ÒÒ Ò º­º¯��ºmÈÓÒË �ã« ¹º�mº�Óº��Ë²ÓÒ�Ë°}Ò²
¯È­º�� ÓË ÒäË
�Ò² ÈÓÈãº�ºm ÏÈ ¯�­ËÎºä� ~Èãº�ºä
�°¹Ë²È ­©ãº �º� ��º ª�º ÓÈ¹¯ÈmãËÓÒË ÓÈ²º�Òãº°	
ÓÈ ¹º°�º«ÓÓºä }ºÓ�¯ºãË � r� p� �È�ºÓÈ� rãÈ�º�È¯«
ª�ºä� }ºÓ�ËÓ�¯Ò¯ºmÈãÈ°	 ÒÓ�ËããË}��Èã	ÓÈ« Ò äÈ�
�Ë¯ÒÈã	Óº��Ë²ÓÒ�Ë°}È« ­ÈÏÈ jwv� ¹¯ÒmãË}ÈãÒ°	
m©°º}º}ãÈ°°Ó©Ë °¹Ë�ÒÈãÒ°�©� mãÈ�Ëm�ÒË ÏÓÈÓÒ«�
äÒ m º­ãÈ°�Ò ¯ÈÏ¯È­º�}Ò ªãË}�¯º�Ó©² äÈ�Ë¯ÒÈãºm�
�Ë²Óºãº�Ò�Ë°}Ò² ¹¯º�Ë°°ºm °mÈ¯}Ò� }ºÓ°�¯�}�º¯°�
}ÒäÒ ÓÈm©}ÈäÒ Ò ÒäËm�ÒäÒ º¹©� ¯È­º�© ¹º� mº�
�º®� ~ÓÈ�Ò�Ëã	Ó©® m}ãÈ� m ÓÈ��Ó©Ë �º°�ÒÎËÓÒ«
ª�º�º ÓÈ¹¯ÈmãËÓÒ« mÓË°ËÓ ¹¯ºÁË°°º¯ºä k� p� k°�
ÓÒ°ºä�

�� kmÒãºm �� j� wãË}�¯º�© �ã« °mÈ¯}Ò Ò ¯ËÏ}Ò äË�ÈããÈ m mº�
�Ë �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ �� Û v� �Ü���

�� kmÒãºm �� j� j°°ãË�ºmÈÓÒË ¹¯º�Ë°°È ���ºmº® °mÈ¯}Ò ¹º�
mº�º® �� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

�� lÈ�È�ºm s� l� �º�mº�Ó©® ¯ËäºÓ� }º¯È­ãË® Ò °��ºm� Û
l�� {ºËÓÒÏ�È�� ����� Û ��� °�

�� lÈ�È�ºm s� l� �º�mº�ÓÈ« °mÈ¯}È Ò ¯ËÏ}È äË�Èããºm� Û
��� v��º°�¯ºËÓÒË� ����� Û ��� °�

�� vÈmÒ� j� l� �º�mº�ÓÈ« °mÈ¯}È ¹º¯º�}ºmº® ¹¯ºmºãº}º®
�� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û v� ���

�� vÈmÒ� j� l�� väºã«¯}º {� r�� zÈä©�Ëm l� k� �Ë²Óºãº�
�Ò« Ò º­º¯��ºmÈÓÒË �ã« ¹ºã�Èm�ºäÈ�Ò�Ë°}º® ¹º�mº�Óº®
°mÈ¯}Ò äË�Èããº}ºÓ°�¯�}�Ò® �� sËÁ�Ë¹¯ºä©°ãºmºË
°�¯�mº� Û ����� Û ¢ �� Û v� ��Ü���

�� �º¯º�}ºm©Ë ¹¯ºmºãº}Ò �ã« ���ºmº® °mÈ¯}Ò� zÈ�Èãº��
°¹¯Èmº�ÓÒ} � j� z� �º²º�Ó«� k� l� v�¹�Ëã	� {� s� bãË�
¹È}ºm Ò �¯� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� k°ÓÒ° k� p�� j�ÓÈ���ËÓ}º k� k�� i	«�ËÓ}º �� {� lË¯©
°ÓÒÎËÓÒ« °º�Ë¯ÎÈÓÒ« mº�º¯º�È m ÏºÓË �Ë¯äÒ�Ë°}º�º mãÒ«�
ÓÒ« ¹¯Ò äË²ÈÓÒÏÒ¯ºmÈÓÓº® ¹º�mº�Óº® °mÈ¯}Ë �� km�º�
äÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� �Ü��

�� zºÓºÓËÓ}º {� Ð�� c©­�ËÓ}ºm k� �� |¹©� äº}¯º® äË²ÈÓÒ�
ÏÒ¯ºmÈÓÓº® °mÈ¯}Ò °ÈäºÏÈ�Ò�Ó©äÒ ¹º¯º�}ºm©äÒ ¹¯ºmº�
ãº}ÈäÒ ¹¯Ò ¯ËäºÓ�Ë ¹º� mº�º® �ÈÏº� Ò ÓËÁ�Ë¹¯ºmº�ºm ��
�Èä ÎË� Û ����� Û ¢ �Ü��� Û v� ��Ü���

��� zºÓºÓËÓ}º {� Ð�� �¯Ò�È® �� l� lº}¯È« äË²ÈÓÒÏÒ¯ºmÈÓ�
ÓÈ« °mÈ¯}È ¹¯Ò ¯ËäºÓ�Ë }º¯¹�°ºm °��ºm �� lº¯� Áãº��
Û ����� Û ¢ ��Ü��� Û v� ��Ü���

��� zºÓºÓËÓ}º {� Ð�� �¯Ò�È® �� l�� vËäËÓ}ÒÓ {� j� �¯ÒäË�
ÓËÓÒË äº}¯º® äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò ¹¯Ò ¯ËäºÓ�Ë }º¯�
¹�°ºm °��ºm �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û
v� ��Ü���

��� zºÓºÓËÓ}º {� Ð�� �ºäÈ}ÒÓ s� s� �¯ÒäËÓËÓÒË ¹º�mº�Óº®
äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò °ÈäºÏÈ�Ò�Ó©äÒ ¹º¯º�}ºm©äÒ
¹¯ºmºãº}ÈäÒ ¹¯Ò ¯ËäºÓ�Ë °��ºm Ò �Ò�¯º�Ë²ÓÒ�Ë°}Ò² °º�
º¯�ÎËÓÒ® �� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� /LX 6�� 2OVRQ '�� ,EDUUD 6� (OHFWURGH IRUPXODWLRQ IRU XQ�
GHUZDWHU ZHOGLQJ �� 3URF� ,QWHUQ� FRQI� RQ XQGHUZDWHU
ZHOGLQJ �1HZ 2UOHDQV� ��Ü�� 0DUFK� ������ Û 0LDPL�
$:6� ����� Û 3� ��Ü����

��� *UDQWKDP -� 'HYHORSPHQW RI DQ XQGHUZDWHU 60$: HOHFWUR�
GH IRU LPSURYHG IDWLJXH VWUHQJWK LQ ZHW ZHOGHG MRLQWV ��
$EVWU� SDS� SUHVHQW� ��VW LQWHUQ� $:6 DQG VROGHU� FRQI�
�0LDPL� ��Ü�� $SU�� ������ Û 0LDPL� ����� Û 3� ����

��� :HVW 7� &�� 0LWFKHOO *� (YDOXDWLRQ RI FRPPHUFLDOO\ DYDL�
ODEOH ZHW ZHOGLQJ HOHFWURGHV IRU SRWHQWLDO UHSDLU RI 8�6�
1DY\ 6KLSV �� -� 6KLSV 3URGXFWLRQ� Û ����� Û ¢ �� Û
3� ���Ü����

��� 3HWW 0� :HW ZHOGLQJ�VLJQLILFDQW DGYDQFHV LQ TXDOLW\ ��
:HOGLQJ 0HW� )DEU� Û ����� Û ¢ �� Û 3� ��Ü���

��� $16,�$:6 '���� 6SHFLILFDWLRQ IRU XQGHUZDWHU ZHOGLQJ� Û
0LDPL� $:6� �����

��� iÈÓ�ËÓ}º l� p�� �È¹¹È k� {� �º�mº�ÓÈ« ¯ËÏ}È ����Ó©äÒ
ªãË}�¯º�ÈäÒ� �|­Ïº¯� �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ �� Û v� ��Ü���

��� iÈÓ�ËÓ}º l� p�� vÈmÒ� j�l�� sËÁË�ºm �� s� �º�mº�ÓÈ«
���ºmÈ« ¯ËÏ}È ¹º¯º�}ºmº® ¹¯ºmºãº}º® �� �Èä ÎË� Û
����� Û ¢ �� Û v� ��Ü���

��� iÈÓ�ËÓ}º l� p�� vÈmÒ� j� l�� sËÁË�ºm �� s� {ãÒ«ÓÒË
�Ò�¯º°�È�Ò�Ë°}º�º �ÈmãËÓÒ« ÓÈ �Ë²Óºãº�Ò�Ë°}ÒË ¹È¯ÈäË��
¯© ¹º�mº�Óº® ���ºmº® ¯ËÏ}Ò ¹º¯º�}ºmº® ¹¯ºmºãº}Ò ��
�Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� iÈÓ�ËÓ}º l� p�� sËÁË�ºm �� s� �º�mº�ÓÈ« ¯ËÏ}È ¹º¯º��
}ºmº® ¹¯ºmºãº}º® ° Ò°¹ºã	ÏºmÈÓÒËä °mÈ¯º�Óº�º ¹ºã�Èm�º�
äÈ�È �� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� vÈmÒ� j� l�� lÈ}°Òäºm v� �� �¯ÒäËÓËÓÒË äË²ÈÓÒÏÒ¯º�
mÈÓÓº® ¯ËÏ}Ò ¹¯Ò ¹º��ËäË ¹º�mº�Óº® ãº�}Ò �� �Èä ÎË�
Û ����� Û ¢ �� Û v� ��Ü���

��� i��}º i� k�� t¯ËÓºm z� z�� w°Ò­«Ó w� l�� rÈ²�ÒÈ¯ºm
i� �� �º�mº�ÓÈ« mºÏ���Óº�¹ãÈÏäËÓÓÈ« ¯ËÏ}È äË�Èããºm
�� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

*HQHUDOL]LQJ LQIRUPDWLRQ LV JLYHQ RQ D QXPEHU RI GHVLJQ GHYHORSPHQWV LQ WKH ILHOG RI XQGHUZDWHU ZHOGLQJ DQG FXWWLQJ
FRQGXFWHG DW 3:, VLQFH ����� $Q DWWHPSW KDV EHHQ PDGH WR HYDOXDWH WKHP IURP WKH XVHUsV YLHZSRLQW�

IhklmibeZ \ j_^Zdpbx ����������

cÒ°� �� �ºã�Èm�ºäÈ� �ã« ¹º�mº�Óº® °mÈ¯}Ò �b���

�� ������



M>D ���������������������

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

�� j� �pvz|{� ��¯ �Ë²Ó� ÓÈ�}� v� {� ��v�|{|q�� ÒÓÎ� �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

­ÃÌÇË ÇÆ Ó¿ÉÑÍÏÍÁ ÎÍÁÚ×ÄÌÇÞ ÎÏÍÎÊ¿ÁÊÞÝØÄÈ ÐÎÍÐÍÀÌÍÐÑÇ ÎÒÊÛÐÇÏÒÝØÄÈ ÃÒÂÇ ÞÁÊÞÄÑÐÞ ÐÍÂÊ¿ÐÍÁ¿ÌÌÍÐÑÛ Ö¿ÐÑÍÑÚ

ÇËÎÒÊÛÐÍÁ ÑÍÉ¿ Ð Ö¿ÐÑÍÑÍÈ ÐÍÀÐÑÁÄÌÌÚÔ ÐÁÍÀÍÃÌÚÔ ÉÍÊÄÀ¿ÌÇÈ ÐÁ¿ÏÍÖÌÍÈ Á¿ÌÌÚ� £ÊÞ Ì¿ÔÍÅÃÄÌÇÞ ÒÐÊÍÁÇÈ �ÏÄÆÍ�

Ì¿ÌÐ¿� ÁÍÆËÒØ¿ÝØÄÈ ÐÇÊÚ Ç ÐÍÀÐÑÁÄÌÌÚÔ ÉÍÊÄÀ¿ÌÇÈ Á¿ÌÌÚ ÇÆÂÍÑÍÁÊÄÌ ÎÏÇÀÍÏ� ÉÍÑÍÏÚÈ ÎÍÆÁÍÊÞÄÑ ÏÄÂÇÐÑÏÇÏÍÁ¿ÑÛ

Á ÎÏÍÕÄÐÐÄ ÐÁ¿ÏÉÇ ¿ËÎÊÇÑÒÃÒ Ç ÎÄÏÇÍÃ ÉÍÊÄÀ¿ÌÇÈ Ï¿ÐÎÊ¿Á¿ ËÄÑ¿ÊÊ¿�

zã
� Ë m © Ë ° ã º m È � ���ºmÈ« °mÈ¯}È� ¹�ã	°Ò¯�
�È« ���È�

°mÈ¯º�ÓÈ« mÈÓÓÈ� ¯Ë�Ò°�¯È�Ò« }ºãË­ÈÓÒ®� ¹¯Ò­º¯

|�ÓÒä ÒÏ °¹º°º­ºm ¹ºm©�ËÓÒ« �Ë²Óºãº�Ò�Ë°}Ò²

°mº®°�m °mÈ¯º�Óº® ���Ò «mã«Ë�°« ¹¯ÒäËÓËÓÒË ¹�ã	�

°Ò¯�
�Ë�º ¯ËÎÒäÈ ËË �º¯ËÓÒ«� ¹¯Ò }º�º¯ºä ÓÈ

�º} ���Ò ÓÈ}ãÈ�©mÈ
� Òä¹�ã	°© ÓÒÏ}º® �È°�º�©�

w�º ¹ºÏmºã«Ë� �mËãÒ�Ò�	 ËË ¹¯º¹ãÈmã«
��
 °¹º�

°º­Óº°�	 Ò� °ãË�ºmÈ�Ëã	Óº� ¹ºã��Ò�	 °mÈ¯Ó©Ë °º�

Ë�ÒÓËÓÒ« ° ­ºã	�Ë® �ã�­ÒÓº® ¹¯º¹ãÈmãËÓÒ«� �¯Ò

ª�ºä äÈ}°ÒäÈã	Ó©® ªÁÁË}� º� ¹¯ÒäËÓËÓÒ« ¹�ã	�

°Ò¯�
�Ë® ���Ò äºÎÓº ¹ºã��Ò�	 ¹¯Ò ÏÓÈ�ËÓÒ«²

}ºªÁÁÒ�ÒËÓ�È °ºº�mË�°�mÒ« �È°�º�© ÓÈãÈ�ÈËä©²

Òä¹�ã	°ºm �º}È �È°�º�Ë °º­°�mËÓÓ©² }ºãË­ÈÓÒ® °mÈ�

¯º�Óº® mÈÓÓ©� ­ãÒÏ}Ò² } Ë�ÒÓÒ�Ë >�@� }º��È ÓÈ­�

ã
�ÈË�°« «mãËÓÒË ½¯ËÏºÓÈÓ°È��

{ ÓÈ°�º«�ËË m¯Ëä« �ã« º�ËÓ}Ò �È°�º�© °º­°�

�mËÓÓ©² }ºãË­ÈÓÒ® °mÈ¯º�Óº® mÈÓÓ© Ò°¹ºã	Ï�
�

äº�Ëã	 ÓÈ�«Ó��º® äËä­¯ÈÓ© >�@� cÈ°°�Ò�ÈÓÓ©Ë °

ËË ¹ºäº�	
 ÏÓÈ�ËÓÒ« �È°�º�� ÓÈ¹¯ÒäË¯� �ã« °mÈ¯}Ò

¹º� Áã
°ºä ¹�ã	°Ò¯�
�Ë® ���º® ¹¯Ò ¯ÈÏÓ©² ÏÓÈ�

�ËÓÒ«² ¹º�ºÓÓº® ªÓË¯�ÒÒ� ÓÈ²º�«�°« m ¹¯Ë�ËãÈ²

�…�� �� >�@� |�ÓÈ}º ª�È äº�Ëã	 ÓË ¹ºÏmºã«Ë� °

�º°�È�º�Óº® �º�Óº°�	
 ÓÈ®�Ò ÓËº­²º�Òä©Ë �°ãºmÒ«

½¯ËÏºÓÈÓ°È��

jÏmË°�Óº� ��º mº m¯Ëä« °mÈ¯}Ò ÎÒ�}Ò® äË�Èãã

mÈÓÓ© °ºmË¯�ÈË� ¹Ë¯Òº�Ò�Ë°}ÒË m©Ó�Î�ËÓÓ©Ë }º�

ãË­ÈÓÒ« ¹º� �Ë®°�mÒËä ¹�ã	°Ò¯�
�Ë® °Òã© Ò °mº�

­º�Ó©Ë }ºãË­ÈÓÒ« ªãËäËÓ�ºm mÈÓÓ©� iã« ¯Ë�Ò°��

¯È�ÒÒ �È}Ò² }ºãË­ÈÓÒ® ¯È°¹ãÈmÈ mÈÓÓ© ÒÏ�º�ºmãËÓ

¹¯Ò­º¯� ¹ºÏmºã«
�Ò® ÒÏäË¯«�	 Èä¹ãÒ���© m©Ó�Î�

�ËÓÓ©² }ºãË­ÈÓÒ® Ò ¹º Ò² äÈ}°Òä�ä� ÓÈ²º�Ò�	

ÓËº­²º�Òä©Ë �°ãºmÒ« ½¯ËÏºÓÈÓ°È�� �¯ÒÓ�Ò¹ÒÈã	�

ÓÈ« ªãË}�¯Ò�Ë°}È« °²ËäÈ ¹¯Ò­º¯È ¹¯Ë�°�ÈmãËÓÈ ÓÈ

¯Ò°� �� { º°Óºm� Ë�º ¯È­º�© ¹ºãºÎËÓ ¹¯ÒÓ�Ò¹

¹¯Ëº­¯ÈÏºmÈÓÒ« äË²ÈÓÒ�Ë°}Ò² }ºãË­ÈÓÒ®� °ºmË¯�

�ÈËä©² ¯È°¹ãÈmºä� m ªãË}�¯Ò�Ë°}ÒË ° ¹ºäº�	


¹	ËÏºªÁÁË}�È�

vÒ�ÓÈã� °ÓÒäÈËä©® ° ��m°�mÒ�Ëã	Óº�º ¹	ËÏºª�

ãË}�¯Ò�Ë°}º�º ªãËäËÓ�È ��w�� �Ë¯ËÏ }ºÈ}°ÒÈã	Ó©®

� �� j� �Ë°}ºm� v� {� ��°�ºmº®�� ����

cÒ°� ���¯ÒÓ�Ò¹ÒÈã	ÓÈ« ªãË}�¯Ò�Ë°}È« °²ËäÈ ¹¯Ò�
­º¯È

������ ��



}È­Ëã	 �z� ¹º°��¹ÈË� ÓÈ º�ÒÓ ÒÏ }ÈÓÈãºm ­ãº}È

ÁÒã	�¯ºm �rn�� È ÏÈ�Ëä ÓÈ m²º� �°ÒãÒ�Ëã« �����
�º°ãË �°ÒãËÓÒ« °Ò�ÓÈã ¹º�ÈË�°« ÓÈ m²º� ÏÈ¹ºäÒ�

ÓÈ
�Ë�º ªãË}�¯ºÓÓº�º º°�Òããº�¯ÈÁÈ Ò ¯Ë�Ò°�¯Ò�

¯�Ë�°« ÓÈ Ë�º ª}¯ÈÓË� �¯Ò ÓËº­²º�Òäº°�Ò ºÓ äºÎË�

­©�	 °Áº�º�¯ÈÁÒ¯ºmÈÓ�

 �m°�mÒ�Ëã	Ó©® ¹	ËÏºªãË}�¯Ò�Ë°}Ò® ªãËäËÓ�

¹¯Ë�°�Èmã«Ë� °º­º® �Ò°} ÒÏ �Ò¯}ºÓÈ���Ò�ÈÓÈ�È

°mÒÓ�È� ¯È°¹ºãºÎËÓÓ©® mÓ��¯Ò �È��Ò}È �i�� iã«
¯Ë�Ò°�¯È�ÒÒ }ºãË­ÈÓÒ® mÈÓÓ© ºÓ ¹ºäË�ËÓ ÓÈ ¯È°�

°�º«ÓÒÒ �…�� °ä º� ÓËË Ò ��Ë¯ÎÒmÈË�°« äÈ�ÓÒ��

Ó©äÒ ¹¯Ò°º°}ÈäÒ ÓÈ ÁË¯¯ºäÈ�ÓÒ�Ó©² °mÈ¯ÒmÈËä©²

ÒÏ�ËãÒ«²�

�¯º�ºã	Ó©® ¯ÈÏ¯ËÏ �È��Ò}È ¹º}ÈÏÈÓ ÓÈ ¯Ò°� ��

{ ÓÒÎÓË® }ºã	�Ëmº® �È°�Ò Ë�º ÁË¯¯ºäÈ�ÓÒ�Óº�º

}º¯¹�°È ¯È°¹ºãºÎËÓÈ º­äº�}È ��� ¹Ò�ÈËäÈ« ¹º°�

�º«ÓÓ©ä �º}ºä º� Ò°�º�ÓÒ}È� °º°�º«�Ë�º ÒÏ �¯ÈÓ�

°Áº¯äÈ�º¯È �¯�� m©¹¯«äÒ�Ëã« {� Ò ÁÒã	�¯�
�Ë�º
}ºÓ�ËÓ°È�º¯È v� �°ä� ¯Ò°� ��� �¯Ò ¹º�È�Ë ÓÈ¹�

¯«ÎËÓÒ« ¹Ò�ÈÓÒ« äÈ�ÓÒ�ÓºË ¹ºãË ¹¯ÒÎÒäÈË� �È��

�Ò} } °mÈ¯ÒmÈËäºä� ÒÏ�ËãÒ
 Ò º­Ë°¹Ë�ÒmÈË� È}�°�

�Ò�Ë°}Ò® }ºÓ�È}� ° ÓÒä mºãÓºmº�È �� ÓÈ }º�º¯ºä

¯È°¹ºãºÎËÓ ¹	ËÏºªãË}�¯Ò�Ë°}Ò® ªãËäËÓ� �� vË®°�
äºäÈ°°È � º­Ë°¹Ë�ÒmÈË� ÓË¹º�mÒÎÓº°�	 Ë�º mË¯²ÓË®
º­}ãÈ�}Ò Ò ªãË}�¯Ò�Ë°}Ò® }ºÓ�È}� ° ÓË®� vÒ�ÓÈã�

°ÓÒäÈËä©® ° ª�º® º­}ãÈ�}Ò� ¹º�ÈË�°« ÓÈ ¯ÈÏ�Ëä

�� } }º�º¯ºä� ¹º�}ã
�ËÓ }ºÈ}°ÒÈã	Ó©® }È­Ëã	 z�
|¹Ë¯È�ÒºÓÓ©® �°ÒãÒ�Ëã	 ��� °º­¯ÈÓÓ©® ÓÈ

äÒ}¯º°²ËäË z����i�k� ¹¯Ò �}ÈÏÈÓÓ©² ÓÈ °²ËäË

ÏÓÈ�ËÓÒ«² m²º�Ó©² Ò m©²º�Ó©² °º¹¯º�ÒmãËÓÒ® m

�Ë¹«² º­¯È�Óº® °m«ÏÒ º­Ë°¹Ë�ÒmÈË� �⋅��� �°ÒãËÓÒË
°Ò�ÓÈãÈ� ¹º°��¹È
�Ë�º ÓÈ Ë�º m²º�� sÈ¹¯«ÎËÓÒË

¹Ò�ÈÓÒ« ÓÈ �°ÒãÒ�Ëã	 ¹º�ÈË�°« º� º��Ëã	Óº�º Ò°�

�º�ÓÒ}È ¹Ò�ÈÓÒ« �°ä� ¯Ò°� ��� °º°�º«�Ë�º ÒÏ �¯ÈÓ�

°Áº¯äÈ�º¯È �¯�� m©¹¯«äÒ�Ëã« {� Ò ÁÒã	�¯È v�Ü
5�Üv��

�¯Ò ÓÈãÈ�}Ë ¹¯Ò­º¯È �°�ÈÓºmãËÓº� ��º �È��Ò}�

¯È°¹ºãºÎËÓÓ©® ÓÈ ¹ãÈ°�ÒÓË� Ë�Ë �º ËË °mÈ¯}Ò

m©�ÈË� °Ò�ÓÈã º� ¯ÈÏãÒ�Ó©² äº�Ó©² Ò°�º�ÓÒ}ºm

¹ºäË²� ÓÈ²º�«�Ò²°« ÏÈ ¹¯Ë�ËãÈäÒ º­�Ë}�È Ò°°ãË�

�ºmÈÓÒ®� }º�º¯©äÒ �È�Ë m°Ë�º «mã«
�°« ¯È­º�È�


�ÒË ¯«�ºä ÒãÒ m °º°Ë�ÓÒ² ¹ºäË�ËÓÒ«² Ò°�º�ÓÒ}Ò

¹Ò�ÈÓÒ«� �¯ÈÓ°Áº¯äÈ�º¯©� ªãË}�¯º�mÒ�È�ËãÒ m©�

�«ÎÓº® mËÓ�Òã«�ÒÒ� v¹Ë}�¯ �È°�º� �È}Ò² ¹ºäË²

¹¯Ë¯©mÒ°�©® Ò m º°ÓºmÓºä ãËÎÒ� m �ÒÈ¹ÈÏºÓË

��… ��� ��� iã« Ò² º°ãÈ­ãËÓÒ« m °º°�Èm °²Ëä©

mmË�ËÓ ­ãº} ÁÒã	�¯ºm� }º�º¯©® °º�Ë¯ÎÒ� �È°�º��

Óº���m°�mÒ�Ëã	Ó©Ë ªãËäËÓ�© Û }ºÓ�ËÓ°È�º¯© Ò

}È���}Ò ÒÓ��}�ÒmÓº°�Ò� zÈÎ�©® ÒÏ m}ã
�ËÓÓ©²

¹Ë¯Ë}ã
�È�ËãËä ��� ªãËäËÓ� mäË°�Ë ° ¯ËÏÒ°�º¯ºä
5� ÓºäÒÓÈãºä �� }|ä º­¯ÈÏ�Ë� �ËãÒ�Ëã	 ÓÈ¹¯«�

ÎËÓÒ« °Ò�ÓÈãÈ� ¹º°��¹È
�Ë�º º� �È��Ò}È� sÈ °���

¹ËÓ«² ° � ¹º � m}ã
�È
�°« }ºÓ�ËÓ°È�º¯© Ëä}º°�	


��� ���� ���� ���� ���� ¹n� È ÓÈ °��¹ËÓ«² �Ü��

Û }È���}Ò ÒÓ��}�ÒmÓº°�Ò ¹º¯«�}È ���� ���� ����

���� ��� �Ó� }ºÓ°�¯�}�ÒmÓº ¹¯Ë�°�Èmã«
�ÒË °º­º®

º­äº�}Ò �¯ÈÓ°Áº¯äÈ�º¯È �k�����������

{°Ë ­ãº}Ò ¹¯Ò­º¯È� }¯ºäË �È��Ò}È� °º­¯ÈÓ©

m äË�ÈããÒ�Ë°}ºä }º¯¹�°Ë� }º�º¯©® ¹¯Ò ¹¯ºmË�ËÓÒÒ

ª}°¹Ë¯ÒäËÓ�ºm �ºãÎËÓ ­©�	 ÏÈÏËäãËÓ �ã« �°�¯È�

cÒ°� �� |°�Òããº�¯ÈääÈ }ºãË­ÈÓÒ® °mÈ¯º�Óº® mÈÓÓ© ¹¯Ò mºÏ�Ë®°�
�mÒÒ Ë�ÒÓÒ�Óº�º Òä¹�ã	°È �º}È

cÒ°� �� |°�Òããº�¯ÈääÈ }ºãË­ÈÓÒ® mÈÓÓ© ¹¯Ò °mÈ¯}Ë ¹�ã	°Ò¯��

�Ë® ���º®

cÒ°� �� v²ËäÈ °Ë�ËÓÒ« �È��Ò}È ¯Ë�Ò°�¯È�ÒÒ }ºãË­ÈÓÒ® °mÈ¯º��
Óº® mÈÓÓ©� � Û ¯ÈÏ�Ëä� � Û °�º¹º¯� � Û ÓÈ}ãÈ�}È� � Û ¹¯��
ÎÒÓÈ� � Û °Ë®°äºäÈ°°È� � Û ¹	ËÏºªãË}�¯Ò�Ë°}Ò® ªãËäËÓ�� � Û
mºãÓºmº�� � Û }º¯¹�°� � Û º¹º¯È� �� Û ��ÒÁ�� �� Û º­äº�}È

�� ������



ÓËÓÒ« m ÓËä ÓÈmº�º} º� mÓË�ÓÒ² ªãË}�¯Ò�Ë°}Ò²

Ò äÈ�ÓÒ�Ó©² ¹ºãË®�

�Ë¯Ë� }ÈÎ�©ä Ò°¹ºã	ÏºmÈÓÒËä ¹¯Ò­º¯È ÓËº­�

²º�Òäº ÒÏ��ËÓÒË ¹È¯ÈÏÒ�Ó©² ÓÒÏ}º�È°�º�Ó©² }º�

ãË­ÈÓÒ®� ¹º°��¹È
�Ò² ÓÈ m²º� �°ÒãÒ�Ëã« �Ë¯ËÏ

­ãº} ÁÒã	�¯ºm� iã« ª�º�º ¹º°ãË ¹º��º�ºm}Ò Ò

m}ã
�ËÓÒ« m°Ë² �°�¯º®°�m �ã« °mÈ¯}Ò �Ò°�º�ÓÒ}È

¹Ò�ÈÓÒ«� °Ò°�Ëä© mËÓ�Òã«�ÒÒ� ÓËº­²º�Òäº ° ¹º�

äº�	
 ¹Ë¯Ë}ã
�È�Ëã«� ¯È°¹ºãºÎËÓÓº�º m ­ãº}Ë

ÁÒã	�¯ºm� ÓÈ®�Ò �È}ºË Ë�º ¹ºãºÎËÓÒË� ¹¯Ò }º�º¯ºä

Èä¹ãÒ���© ¹ºäË²� ÓÈ­ã
�ÈËä©Ë ÓÈ ª}¯ÈÓË º°�Òã�

ãº�¯ÈÁÈ� ­���� äÒÓÒäÈã	Ó©äÒ�

{ ¹¯º�Ë°°Ë °mÈ¯}Ò ÓÈ­ã
�È
�°« ¹¯ÒÓ�Ò¹ÒÈã	Óº

�¯��ÒË }ºãË­ÈÓÒ«� º�ãÒ�È
�ÒË°« º� ¹ºäË² }È}

�È°�º�º®� �È} Ò Èä¹ãÒ���º®� Ò }º�º¯©Ë �ÎË °ãË��Ë�

º�Óº°Ò�	 } mÈÓÓË�

v ¹ºäº�	
 ÒÏ�º�ºmãËÓÓº�º ¹¯Ò­º¯È ¹ºã��ËÓ©

º°�Òããº�¯Èää© }ºãË­ÈÓÒ® °mÈ¯º�Óº® mÈÓÓ© ¹¯Ò

°mÈ¯}Ë ¹�ã	°Ò¯�
�Ë® ���º®� sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓÈ

º°�Òããº�¯ÈääÈ }ºãË­ÈÓÒ®� ¹ºã��ËÓÓÈ« ¹¯Ò mºÏ�Ë®°�

�mÒÒ ÓÈ mÈÓÓ� Ë�ÒÓÒ�Óº�º Òä¹�ã	°È �º}È �ãÒ�Ëã	�

Óº°�	
 � ° Ò ° äÈ}°ÒäÈã	Ó©ä ÏÓÈ�ËÓÒËä ��� k� {Ò��

Óº� ��º mº m¯Ëä« �Ë®°�mÒ« Òä¹�ã	°È �º}È ¯È°¹ãÈm�

ãËÓÓ©® äË�Èãã °ºÏ�ÈË� äË²ÈÓÒ�Ë°}Ò® Òä¹�ã	° �ãÒ�

�Ëã	Óº°�	
 º}ºãº ��� °� iã« �ÈÓÓº® º°�Òããº�¯Èää©

¯ÈÏmË¯�}È º°�Òããº�¯ÈÁÈ °º°�Èmã«ãÈ ��� °��Ëã��

��m°�mÒ�Ëã	Óº°�	 Û �� ä{��Ëã�� Ò°¹ºã	ÏºmÈã°«

ÁÒã	�¯ ¢ ��

�º ÓÈ®�ËÓÓºä� ¹Ë¯Òº�� °mº­º�Ó©² }ºãË­ÈÓÒ®

mÈÓÓ© τ ≈ ��� ° m©¹ºãÓËÓº ¹¯º¹ãÈmãËÓÒË º­¯ÈÏ�È

° ÓË¹¯Ë¯©mÓ©ä Òä¹�ã	°Ó©ä mºÏ�Ë®°�mÒËä ���Ò °

�Ëä ÎË ¹Ë¯Òº�ºä� �¯º�Ë°°© }ºãË­ÈÓÒ® mÈÓÓ© ÒÏº­�

¯ÈÎËÓ© ÓÈ º°�Òããº�¯ÈääË �¯Ò°� ��� }º�º¯È« °mÒ�Ë�

�Ëã	°�m�Ë� º­ ÒÏäËÓ«
�Ë®°« Èä¹ãÒ���Ë }ºãË­ÈÓÒ®

m°Ë® °mÈ¯º�Óº® mÈÓÓ© Ò ÒÏäËÓËÓÒÒ �È°�º�© }ºãË�

­ÈÓÒ® ËË ªãËäËÓ�ºm� ��º� m °mº
 º�Ë¯Ë�	� m©Ï©mÈË�

äË²ÈÓÒ�Ë°}ÒË }ºãË­ÈÓÒ« °mÈ¯ÒmÈËäº�º º­¯ÈÏ�È�

�º¹Ë¯Ë�Ó©Ë äÈ}¯º�ãÒÁ© ÓÈ¹ãÈmº}� ¹ºã��ËÓ�

Ó©² ¹¯Ò º�ÒÓÈ}ºmº® °¯Ë�ÓË® äº�Óº°�Ò ���Ò ­ËÏ

¹�ã	°È�Ò® �º}È Ò ° Ë�º ¹�ã	°È�Ò«äÒ� ¹¯ÒmË�ËÓ©

ÓÈ ¯Ò°� �� È Ò ­� { ¹º°ãË�ÓËä °ã��ÈË �ã�­ÒÓÈ ¹¯º¹�

ãÈmãËÓÒ« mºÏ¯º°ãÈ ­ºãËË� �Ëä ÓÈ �� �� w�º� ªÁÁË}�

äºÎÓº º­�«°ÓÒ�	 �ã���ËÓÒËä �Ë¹ãº¹Ë¯Ë�È�Ò º� ���

�Ò } °mÈ¯ÒmÈËäºä� º­¯ÈÏ�� m°ãË�°�mÒË �äËÓ	�ËÓÒ«

ÎÒ�}º® ¹¯º°ãº®}Ò ¹º� ���º®�

{©mº�©

�� cÈÏ¯È­º�ÈÓÓ©® ¹¯Ò­º¯ ¹ºÏmºã«Ë� ¯Ë�Ò°�¯Ò¯º�

mÈ�	 }ºãË­ÈÓÒ« °mÈ¯º�Óº® mÈÓÓ© ¹¯Ò ¯ÈÏãÒ�Ó©²

¯ËÎÒäÈ² °mÈ¯}Ò ¹�ã	°Ò¯�
�Ë® ���º®�

�� {ºÏ�Ë®°�mÒË ÓÈ °mÈ¯º�Ó�
 mÈÓÓ� Ë�ÒÓÒ�Óº�º

Òä¹�ã	°È �º}È �ÈË� mºÏäºÎÓº°�	 ÒÏ��È�	 ËË �ÒÓÈ�

äÒ�Ë°}ÒË °mº®°�mÈ ° �Ëã	
 º¹�ÒäÈã	Óº�º m©­º¯È

�È°�º�© °ãË�ºmÈÓÒ« Òä¹�ã	°ºm �º}È �ã« º­Ë°¹Ë�Ë�

ÓÒ« �°ãºmÒ® ½¯ËÏºÓÈÓ°È� mºÏä��È
�Ë® °Òã© Ò °º­�

°�mËÓÓ©² }ºãË­ÈÓÒ® mÈÓÓ©�

�� �º²º�Ó« j� z�� �ºãºm}º {� {�� bË®}º �� �� {ãÒ«ÓÒË ¯Ë�
ÎÒäºm °mÈ¯}Ò ¹º� Áã
°ºä ¹�ã	°Ò¯�
�Ë® ���º® ÓÈ �ã�­Ò�
Ó� ¹¯º¹ãÈmãËÓÒ« º°ÓºmÓº�º äË�ÈããÈ �� km�ºäÈ�� °mÈ¯}È�
Û ����� Û ¢ �� Û v� �Ü��

�� .RWHFNL '� -�� &KHHYHU '� /�� +RZGHQ '� *� 0HFKDQLVP RI
ULSSOH IRUPDWLRQ GXULQJ ZHOG VROLGLILFDWLRQ �� :HOGLQJ -�
Û ����� Û ¢ �� Û 3� ���Ü����

2QH RI WKH IDFWRUV LPSURYLQJ WKH SHQHWUDELOLW\ RI WKH SXOVHG DUF LV PDWFKLQJ RI WKH FXUUHQW SXOVH IUHTXHQF\ WR WKDW RI IUHH

QDWXUDO RVFLOODWLRQV RI WKH ZHOG SRRO� ,Q RUGHU WR ILQG WKH FRQGLWLRQV RI �UHVRQDQFH� RI WKH GLVWXUELQJ IRUFH DQG QDWXUDO
RVFLOODWLRQV RI WKH SRRO� DQ LQVWUXPHQW KDV EHHQ PDGH� ZKLFK DOORZV UHFRUGLQJ WKH DPSOLWXGH DQG SHULRG RI RVFLOODWLRQV RI
WKH PHWDO PHOW GXULQJ ZHOGLQJ�

IhklmibeZ \ j_^Zdpbx ����������

cÒ°� �� �º¹Ë¯Ë�Ó©Ë äÈ}¯º�ãÒÁ© �mºm� m©¹ºãÓËÓÓ©² °mÈ¯}º®
ÓÈ ¹º°�º«ÓÓºä �º}Ë �È� Ò ¹�ã	°Ò¯�
�Ë® ���º® �­�

������ ��



M>D �����������������

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

K�X�F:DKBFH<� dZg^� l_og� gZmd �Bg�l we_dljhk\Zjdb bf� ?�H� IZlhgZ G:G MdjZbgu�

§ÐÐÊÄÃÍÁ¿ÌÍ ÁÊÇÞÌÇÄ ÑÇÎ¿ Æ¿ÏÞÃ¿ ÁÆÏÚÁÖ¿ÑÚÔ ÁÄØÄÐÑÁ Ç ÐÎÍÐÍÀ¿ ÇÔ Ì¿ÊÍÅÄÌÇÞ ÎÏÇ ÎÏÄÃÁ¿ÏÇÑÄÊÛÌÍÈ ÒÃ¿ÏÌÍ�ÁÍÊ�

ÌÍÁÍÈ ÍÀÏ¿ÀÍÑÉÄ ÐÁ¿ÏÇÁ¿ÄËÚÔ ÉÏÍËÍÉ Ì¿ Î¿Ï¿ËÄÑÏÚ ¦±¡ ÐÍÄÃÇÌÄÌÇÈ ÐÑ¿ÊÇ ��¢�°� ÁÚÎÍÊÌÄÌÌÚÔ ÎÍÃ ÁÍÃÍÈ� ²Ð�

Ñ¿ÌÍÁÊÄÌ¿ ÁÍÆËÍÅÌÍÐÑÛ ÆÌ¿ÖÇÑÄÊÛÌÍÂÍ ÇÆËÄÊÛÖÄÌÇÞ ÆÄÏÄÌ Ì¿ ÒÖ¿ÐÑÉÄ ¦±¡� ÒËÄÌÛ×ÄÌÇÞ ÄÂÍ ×ÇÏÇÌÚ� ÊÍÉ¿ÊÇÆ¿ÕÇÇ

ÐÑÏÍÖÄÖÌÚÔ ÌÄËÄÑ¿ÊÊÇÖÄÐÉÇÔ ÁÉÊÝÖÄÌÇÈ� ®ÏÇËÄÌÄÌÇÄ ÎÏÄÃÁ¿ÏÇÑÄÊÛÌÍÈ ÍÀÏ¿ÀÍÑÉÇ ÉÏÍËÍÉ ÁÆÏÚÁÍË ÎÍÆÁÍÊÞÄÑ

ÐÌÇÆÇÑÛ ÏÇÐÉ ÍÀÏ¿ÆÍÁ¿ÌÇÞ ÔÍÊÍÃÌÚÔ ÑÏÄØÇÌ Á ËÄÑ¿ÊÊÄ ¦±¡�

zã
� Ë m © Ë ° ã º m È � ¹º�mº�ÓÈ« °mÈ¯}È� º­¯È­º�}È mÏ¯©mºä�

ÏºÓÈ �Ë¯äÒ�Ë°}º�º mãÒ«ÓÒ«� ²ºãº�Ó©Ë �¯Ë�ÒÓ©

�°}º¯ËÓÓºË º²ãÈÎ�ËÓÒË Ò mº�º¯º�ÓÈ« È�äº°ÁË¯È ¹È¯º�ÈÏºmº�º

¹�Ï©¯«� ²È¯È}�Ë¯Ó©Ë �ã« äº}¯º® ¹º�mº�Óº® °mÈ¯}Ò� �mËãÒ�Ò�

mÈ
� º¹È°Óº°�	 º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ m äË�ÈããË ~�{�

|°º­ËÓÓº º°�¯º ª�È ¹¯º­ãËäÈ °�ºÒ� ¹¯Ò °mÈ¯}Ë °�ÈãË® ��Ò¹È
����v�� °}ãºÓÓ©² } º­¯ÈÏºmÈÓÒ
 ÏÈ}Èãº�Ó©² °�¯�}��¯ Ò ÒäË�


�Ò² °�¯º�Ë�Ó©Ë °�ã	ÁÒ�Ó©Ë m}ã
�ËÓÒ«� { ª�ºä °ã��ÈË m­ãÒ�

ÏÒ ãÒÓÒÒ °¹ãÈmãËÓÒ« ÓÈ­ã
�ÈË�°« º­¯ÈÏºmÈÓÒË ²ºãº�Ó©² �¯Ë�

�ÒÓ ¹º �¯ÈÓÒ�Èä }¯�¹Ó©² ÏË¯ËÓ äÈ¯�ËÓ°Ò�È ÒãÒ ­Ë®ÓÒ�È� È

ÓÈãÒ�ÒË °�¯º�Ë�Ó©² °�ã	ÁÒ�Ó©² m}ã
�ËÓÒ®� ¯È°¹ºãºÎËÓÓ©²

¹º ÓÈ¹¯ÈmãËÓÒ
 ¹¯º}È�È� °¹º°º­°�m�Ë� Ò² ¯È°¹¯º°�¯ÈÓËÓÒ
 m

�ã�­	 äË�ÈããÈ ~�{� { º­©�Óº® ¹¯È}�Ò}Ë ª�È ¹¯º­ãËäÈ ¯Ë�ÈË�°«

° ¹ºäº�	
 °ºº�mË�°�m�
�Ë® �Ë¯äÒ�Ë°}º® º­¯È­º�}Ò� ��º ¹¯È}�Ò�

�Ë°}Ò ÓËmºÏäºÎÓº m �°ãºmÒ«² mº�Óº® °¯Ë�©� { ÓÈ�ÈãË �����² ���

m jwv Òä� p� |� �È�ºÓÈ �ã« �ã���ËÓÒ« °mº®°�m °mÈ¯Ó©² °ºË�

�ÒÓËÓÒ® ¹¯Ë�ãºÎËÓº Ò°¹ºã	ÏºmÈ�	 º­¯È­º�}� mÏ¯©mºä }¯ºäº}�

¹º��º�ºmãËÓÓ©² } °mÈ¯}Ë ¹ãÈmãËÓÒËä >�@� {ºÏÓÒ}È
�Ò® ¹¯Ò

mÏ¯©mË ÏÈ¯«�È mÏ¯©m�È�©² mË�Ë°�m �{{� Òä¹�ã	° �ÈmãËÓÒ«

¹¯Òmº�Ò� } mºÏ­�Î�ËÓÒ
 m äË�ÈããË ��È¯Óº® mºãÓ©� }º�º¯È«

m©Ï©mÈË� �¯º­ãËÓÒË ÏË¯ËÓ Ò ÓÈ¯��ËÓÒË °¹ãº�Óº°�Ò °�ã	ÁÒ��

Ó©² °�¯º�Ë}� �mËãÒ�ËÓÒË }ºÓ�ËÓ�¯È�ÒÒ �ËÁË}�ºm }¯Ò°�ÈããÒ�

�Ë°}º® ¯Ë�Ë�}Ò� �¯Ò ¹º°ãË��
�Ëä °mÈ¯º�Óºä ÓÈ�¯ËmË ª�º °ºÏ�

�ÈË� ­ãÈ�º¹¯Ò«�Ó©Ë �°ãºmÒ« �ã« mºÏÓÒ}ÓºmËÓÒ« ­ºã	�º�º

}ºãÒ�Ë°�mÈ �ËÓ�¯ºm ¹Ë¯Ë}¯Ò°�ÈããÒÏÈ�ÒÒ� cº°� ÏË¯ËÓ �º¯äºÏÒ��

°«� °�ÎÈ« �Ò¯ÒÓ� ÏºÓ© }¯�¹Óº�º ÏË¯ÓÈ m äË�ÈããË ~�{� �¯Ë��

°�Èmã«Ë� ÒÓ�Ë¯Ë° º�ËÓ}È mºÏäºÎÓº°�Ò Ò°¹ºã	ÏºmÈÓÒ« ¹¯Ë�mÈ�

¯Ò�Ëã	Óº�º ��È¯Óº�mºãÓºmº�º ÓÈ�¯�ÎËÓÒ« °mÈ¯ÒmÈËä©² }¯ºäº}

}È} ÒÓ°�¯�äËÓ�È �ã« °ÓÒÎËÓÒ« º¹È°Óº°�Ò º­¯ÈÏºmÈÓÒ« ²ºãº��

Ó©² �¯Ë�ÒÓ ¹¯Ò °mÈ¯}Ë ¹º� mº�º®�

|¹©�© ¹¯ºmº�ÒãÒ ÓÈ ¹ãÈ°�ÒÓÈ² ¯ÈÏäË¯ºä ���������� ää

ÒÏ °�ÈãÒ ����v� °º�Ë¯ÎÈ�Ë®� �� ����&� ����6L� ����0Q� �����3

Ò �����6 Ò ²È¯È}�Ë¯ÒÏ�
�Ë®°« m©°º}º® °}ãºÓÓº°�	
 } º­¯È�

ÏºmÈÓÒ
 ²ºãº�Ó©² �¯Ë�ÒÓ� iã« ¹¯Ë�mÈ¯Ò�Ëã	Óº® º­¯È­º�}Ò

¹¯ÒäËÓ«ãÒ {{ ° �ÈmãËÓÒËä ÓÈ Á¯ºÓ�Ë �Ë�ºÓÈ�ÒÒ ������ ��È�

{Ï¯©mÓºË ÓÈ�¯�ÎËÓÒË
 º°��Ë°�mã«ãÒ ¹º °²ËäË }º°©² ��È¯Ó©²

mºãÓ� mºÏ­�Î�ÈËä©² m äË�ÈããË �Ë�ºÓÈ�ÒºÓÓº® mºãÓº®� °}ºã	�

Ï«�Ë® ¹º ¹ºmË¯²Óº°�Ò� �º°ãË º­¯È­º�}Ò m ãÈ­º¯È�º¯Óºä ­È°�

°Ë®ÓË ÓÈ �ã�­ÒÓË � ä m©¹ºãÓ«ãÒ °mÈ¯}� ¹º¯º�}ºmº® ¹¯ºmºãº�

}º® ��v�ks� ÓÈ ¯ËÎÒäÈ²� ,°m  ��� k� 8�  �� {� Y°m  

 � ä��� ~È�Ëä ÒÏ º­¯ÈÏ�ºm ÒÏ�º�ÈmãÒmÈãÒ ¹º¹Ë¯Ë�Ó©Ë �ãÒÁ©

Ò ¹º�mË¯�ÈãÒ Ò² äË�Èããº�¯ÈÁÒ�Ë°}ºä� Ò°°ãË�ºmÈÓÒ
� cËÏ�ã	�

�È�© °¯ÈmÓÒmÈãÒ ° �ÈÓÓ©äÒ Ò°°ãË�ºmÈÓÒ® º­¯ÈÏ�ºm� m©¹ºãÓËÓ�

Ó©² ­ËÏ º­¯È­º�}Ò�

�Ë¯m�
 °Ë¯Ò
 º­¯ÈÏ�ºm ¹º�mË¯�ÈãÒ º­¯È­º�}Ë �Ó�¯ºm©ä

}ºÓ�È}�Ó©ä ÏÈ¯«�ºä �ibk����� �ãºÎËÓÓ©ä ¹º ¹Ë¯Òº�Ò�Ë°}º®

}¯Òmº®� �¯Ò ª�ºä °�¯ËäÒãÒ°	� ��º­© �Ò¯ÒÓÈ ÏºÓ©� º²mÈ�ËÓÓÈ«

ÏÈ¯«�ºä {{� äÈ}°ÒäÈã	Óº °ºm¹È�ÈãÈ ° ÏºÓº® �Ë®°�mÒ« º°�È�

�º�Ó©² ¯È°�«�ÒmÈ
�Ò² ÓÈ¹¯«ÎËÓÒ®� }º�º¯©Ë º­¯ÈÏºmÈãÒ°	 ­©

m �ÈÓÓºä °mÈ¯Óºä °ºË�ÒÓËÓÒÒ ¹¯Ò m©­¯ÈÓÓ©² ¯ËÎÒäÈ² °mÈ¯}Ò�

{º m�º¯º® °Ë¯ÒÒ º­¯ÈÏ�ºm Ò°¹ºã	ÏºmÈãÒ ¹ºãº°ºm©Ë ÏÈ¯«�©

¹ãÈ°�Ò�Ó©² {{ sj��� �° �ÈmãËÓÒËä ÓÈ Á¯ºÓ� �Ë�ºÓÈ�ÒÒ ����

��� Ò ��� ��È� Ò ªãÈ°�Ò� �Ò¹È {���������� �° �ÈmãËÓÒËä

�� ��È�� { º­ËÒ² °Ë¯Ò«² ÏÈ¯«� �}ãÈ�©mÈãÒ ÓÈ ãÒ�Ëm�
 Ò

º­¯È�Ó�
 ¹ºmË¯²Óº°�Ò ¹ãÈ°�ÒÓ� �È} ÓÈÏ©mÈËä©® ¹ãº°}Ò® °¹º°º­

ÓÈãºÎËÓÒ« ÏÈ¯«�È�

cËÏ�ã	�È�© äË�Èããº�¯ÈÁÒ�Ë°}º�º ÈÓÈãÒÏÈ ¹º}ÈÏ©mÈ
� ��È­�

ãÒ�È�� ��º ­ºãËË ÏÈäË�ÓºË °�ÎËÓÒË ��È°�}È }¯�¹Óº�º ÏË¯ÓÈ

~�{ ¹¯ºÒ°²º�Ò� ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ ¹ºãº°ºmº�º ÏÈ¯«�È ¹ãÈ°�

�Ò�Ó©² {{� º°º­ËÓÓº sj���� º�ÓÈ}º ÒÏ­ËÎÈ�	 º­¯ÈÏºmÈÓÒ«

²ºãº�Ó©² �¯Ë�ÒÓ ÓË ��Èãº°	 �¯Ò°� �� È�� ²º�« Ò² }ºãÒ�Ë°�mº
ÏÈäË�Óº �äËÓ	�Òãº°	 ¹º °¯ÈmÓËÓÒ
 ° ÓËº­¯È­º�ÈÓÓ©äÒ º­¯ÈÏ�

�ÈäÒ�

� v� �� lÈ}°Òäºm� ����


�º��º�ºm}È º­¯ÈÏ�ºm m©¹ºãÓËÓÈ ÒÓÎ� p� Ð� �º}�ÒÓº®� cÒ°� �� lÒ}¯º°�¯�}��¯È äË�ÈããÈ ~�{ °mÈ¯Óº�º °ºË�ÒÓËÓÒ« °�ÈãÒ ����v�
m©¹ºãÓËÓÓº�º ¹º� mº�º®� È Û º­¯È­º�}È ¹ãº°}Òä ¹ºãº°ºm©ä ÏÈ¯«�ºä
�ªãÈ°�Ò��� ­ Û º­¯È­º�}È º­�ËäÓ©ä ÏÈ¯«�ºä �sj����� ����

{ãÒ«ÓÒË �Ò¹È ÏÈ¯«�È {{ Ò °¹º°º­È Ò² ÓÈãºÎËÓÒ« ÓÈ �Ò¯Ò�
Ó� ��È°�}È }¯�¹Óº�º ÏË¯ÓÈ m äË�ÈããË ~�{

¢ ¹�¹ �Ò¹ ÏÈ¯«�È {{
v¹º°º­ ÓÈãºÎËÓÒ«

ÏÈ¯«�È
bÒ¯ÒÓÈ ��È°�}È

}¯�¹Óº�º ÏË¯ÓÈ� ä}ä

� rËÏ º­¯È­º�}Ò Û �����������

� ibk��� �ãº°}Ò® �����������

� wãÈ°�Ò� �� �����������

� sj��� �� �����������

� wãÈ°�Ò� |­�ËäÓ©® �����������

� sj��� �� ����������

�� ������



iã« �°ÒãËÓÒ« ªÁÁË}�È º­¯È­º�}Ò {{ m °ãË��
�Ë® °Ë¯ÒÒ
º­¯ÈÏ�ºm ÏÈ¯«� sj��� �}ãÈ�©mÈãÒ ÓË �ºã	}º ÓÈ ãÒ�Ëm�
 Ò
º­¯È�Ó�
� Óº Ò ÓÈ �º¯�Ëm�
 ¹ºmË¯²Óº°�	 °mÈ¯ÒmÈËä©² }¯ºäº}
>�@� �È} ÓÈÏ©mÈËä©® º­�ËäÓ©® °¹º°º­ ÓÈãºÎËÓÒ« ÏÈ¯«�È� rãÈ�
�º�È¯« �È}ºä� ¯È°¹ºãºÎËÓÒ
 } ¹º¹Ë¯Ë�Óº® �ËÁº¯äÈ�ÒÒ� mºÏ�
ÓÒ}È
�Ë® ¹º� �Ë®°�mÒËä m°�¯Ë�Ó©² mºãÓ º� ÏÈ¯«�È {{�
ÓÈ²º�«�Ë�º°« ÓÈ ãÒ�Ëmº® Ò º­¯È�Óº® ¹ãº°}º°�«²� �º­Èmã«Ë�°«
¹¯º�ºã	ÓÈ«� }º�º¯�
 º­�°ãºmãÒmÈË� ÏÈ¯«� {{ ÓÈ �º¯�Ëmº® ¹ãº°�
}º°�Ò� { ¹¯º�Ë°°Ë �m�²äË¯Óº�º ¹Ë¯ËäË�ËÓÒ« äË�ÈããÈ �º°�Ò�È�
Ë�°« ­ºã	�È« °�Ë¹ËÓ	 �ËÁº¯äÈ�ÒÒ� ¹¯Òmº�«�È« } Ë�Ë ­ºã	�Ëä�
ÒÏäËã	�ËÓÒ
 ÏË¯ËÓ m º­ãÈ°�Ò äË�ÈããÈ ~�{� ¹¯ÒãË�È
�Ë® }
ãÒÓÒÒ °¹ãÈmãËÓÒ« �°ä� �È­ãÒ���� �¯Ò ª�ºä ÓÈ¯��ÈË�°« �Ë}°��¯È
m äË�ÈããË� ��º ¹¯Òmº�Ò� } ¯ÈÏ¯��ËÓÒ
 Ò ãº}ÈãÒÏÈ�ÒÒ °�¯º�
�Ë�Ó©² ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ®� z¯ºäË �º�º� mºÏÓÒ}È
�ÒË
m º­¯È­º�ÈÓÓºä äË�ÈããË °ÎÒäÈ
�ÒË ÓÈ¹¯«ÎËÓÒ« >�@ ãÒ}mÒ�Ò�
¯�
� ­ãÈ�º¹¯Ò«�Ó©Ë �°ãºmÒ« �ã« �ÒÁÁ�ÏÒÒ mº�º¯º�È ÒÏ äË�

�ÈããÈ �mÈ m º}ºãº�ºmÓ�
 ÏºÓ�� vºmäË°�ÓºË mºÏ�Ë®°�mÒË ¹Ë�
¯Ë�Ò°ãËÓÓ©² ÁÈ}�º¯ºm m Ò�º�Ë ¹¯Ë¹«�°�m�Ë� º­¯ÈÏºmÈÓÒ
 ²º�
ãº�Ó©² �¯Ë�ÒÓ m äË�ÈããË ~�{ �¯Ò°� �� ­��

�� �ã���ËÓÒË °mº®°�m °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ¹��Ëä ¹¯Ë�mÈ¯Ò�
�Ëã	Óº® º­¯È­º�}Ò mÏ¯©mºä ¹º�ãËÎÈ�Ò² °mÈ¯}Ë }¯ºäº} �
{� �� �Ë���}ºm� p� Ð� �º}�ÒÓÈ� i� �� sºmÒ}ºmÈ� �� j�
nÈ�ËËÓ}º �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �Ü��� Û
v� ��Ü���

�� k� °� �������� lzj { �� z ������ v¹º°º­ ¹º��º�ºm}Ò }¯º�
äº} ¹º� °mÈ¯}� ¹ãÈmãËÓÒËä � {� �� �Ë���}ºm� j� l� vÈmÒ��
p� Ð� �º}�ÒÓÈ Ò �¯�� {©�ÈÓº ���������

�� ,QYHVWLJDWLRQ RI VWUHVVHG VWDWH RI ��*�6 VWHHO ZHOGHG MRLQWV LQ
ZHW XQGHUZDWHU ZHOGLQJ � 0� /� /REDQRY� 9� $� 3LYWRUDN�
6� 7� $QGUXVKFKHQNR HW DO� ��3URF� RI ,QWHUQ� FRQI� �+HOVLQNL�
�Ü� 6HSW�� ������ Û +HOVLQNL� ����� Û 3� ���Ü����

7KH LQIOXHQFH ZDV VWXGLHG RI WKH W\SH RI H[SORVLYH FKDUJHV DQG PHWKRG RI WKHLU DSSOLFDWLRQ DW SUHOLPLQDU\ VKRFN�ZDYH
WUHDWPHQW RI WKH HGJHV EHLQJ ZHOGHG RQ WKH SDUDPHWHUV RI WKH +$= RI ZHOGHG MRLQWV LQ ��*�6 VWHHO� PDGH XQGHU WKH ZDWHU�
3RVVLELOLW\ LV HVWDEOLVKHG RI D FRQVLGHUDEOH UHILQHPHQW RI WKH JUDLQ LQ WKH FRDUVH JUDLQ UHJLRQ� QDUURZLQJ RI WKH UHJLRQ�
ORFDOL]LQJ WKH OLQH QRQPHWDOLF LQFOXVLRQV� $SSOLFDWLRQ RI SUHWUHDWPHQW RI WKH HGJHV E\ H[SORVLRQ DOORZV UHGXFLQJ WKH ULVN
RI FROG FUDFNLQJ LQ WKH +$= PHWDO�

�º°��¹ÒãÈ m ¯Ë�È}�Ò
 ����������

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

jÓ°�Ò��� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks
�}¯ÈÒÓ©

�� i� iº­¯��ÒÓ �jwv� ÏÈ�Ò�Òã �� �Ë�
}È­¯« ���� �� �º}�º¯°}�
 �Ò°°Ë¯�È�Ò
 ÓÈ
�Ëä� ½vºÏ�ÈÓÒË �Ë²Óºãº�Ò�Ë°}Ò² ¹¯º�Ë°°ºm
¹¯Ë�ÒÏÒºÓÓº® °mÈ¯}Ò mÏ¯©mºä ªãËäËÓ�ºm äË�
�Èããº}ºÓ°�¯�}�Ò®��

iÒ°°Ë¯�È�ÒºÓÓÈ« ¯È­º�È ¹º°m«�ËÓÈ ÓÈ���
Óºä� º­º°ÓºmÈÓÒ
 Ò °ºÏ�ÈÓÒ
 ¹¯ºä©�ãËÓ�
Ó©² �Ë²Óºãº�Ò�Ë°}Ò² ¹¯º�Ë°°ºm ¹¯Ë�ÒÏÒºÓ�
Óº® °mÈ¯}Ò mÏ¯©mºä ��v{� ªãËäËÓ�ºm äË�Èã�
ãº}ºÓ°�¯�}�Ò® ÒÏ º�Óº� Ò ¯ÈÏÓº¯º�Ó©² äË�

�Èããºm� m �ºä �Ò°ãË ° ¯ËÏ}º ¯ÈÏãÒ�È
�ÒäÒ°« ÁÒÏÒ}º�
äË²ÈÓÒ�Ë°}ÒäÒ °mº®°�mÈäÒ� }º�º¯©Ë º­Ë°¹Ë�ÒmÈ
� ÏÈ�ÈÓÓ©Ë �Ë�
ºäË�¯Ò�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò Ò �¯Ë­�Ëä©Ë °ã�ÎË­Ó©Ë °mº®°�mÈ
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® ªãËäËÓ�ºm Ò }ºÓ°�¯�}�Ò® m �Ëãºä�

iÒ°°Ë¯�ÈÓ�ºä ¹¯ºmË�ËÓ© �Ë�Èã	Ó©Ë �Ëº¯Ë�Ò�Ë°}ÒË Ò ª}�
°¹Ë¯ÒäËÓ�Èã	Ó©Ë Ò°°ãË�ºmÈÓÒ« ¹º º¹�ÒäÒÏÈ�ÒÒ �°ãºmÒ® º­¯È�
ÏºmÈÓÒ« °ºË�ÒÓËÓÒ« äË�Èããºm m­ãÒÏÒ ÓÒÎÓË® �¯ÈÓÒ�© º­ãÈ°�Ò
°mÈ¯}Ò mÏ¯©mºä �v{�� jÏ��ËÓ© º°º­ËÓÓº°�Ò ¹¯º�Ë°°ºm
¹ãÈ}Ò¯ºmÈÓÒ« mÏ¯©mºä Ò �¹¯��º¹ãÈ°�Ò�Ë°}º�º �ËÁº¯äÒ�
¯ºmÈÓÒ« �ºÓ}º°�ËÓÓ©² º­ºãº�}ºm©² Ò �¯�­�È�©² �ãÒÓÓºäË¯�

Ó©²� È �È}ÎË °mÈ¯}Ò ½��È¯Óº® mºãÓº®� �v�{� �ºã°�ºãÒ°�ºm©²�
m �ºä �Ò°ãË äÓº�ºªãËäËÓ�Ó©²� äË�Èããº}ºÓ°�¯�}�Ò®� �¯Ë�ãº�
ÎËÓ© Ò È¹¯º­Ò¯ºmÈÓ© º¯Ò�ÒÓÈã	Ó©Ë °¹º°º­© °mÈ¯}Ò Ò
¹ãÈ}Ò¯ºmÈÓÒ« mÏ¯©mºä� È �È}ÎË º¹º¯Ó©Ë �°�¯º®°�mÈ� º­Ë°�
¹Ë�ÒmÈ
�ÒË ÏÈ�ÈÓÓ©Ë Ò�ÒãÒ �º¹�°�Òä©Ë º°�È�º�Ó©Ë �ËÁº¯�
äÈ�ÒÒ }ºÓ°�¯�}�Ò® Ò Ò² ªãËäËÓ�ºm� iº°�Ò�Ó��È« m ¯ËÏ�ã	�È�Ë
¹¯ÒäËÓËÓÒ« ¯ÈÏ¯È­º�ÈÓÓ©² °¹º°º­ºm �v{ mËãÒ�ÒÓÈ ��Ëã	Óº�º

¯È°²º�È mÏ¯©m�È�º�º mË�Ë°�mÈ °º°�Èmã«Ë� ≈ ��� ��°ä� ��º
¹¯ÒäË¯Óº ÓÈ ¹º¯«�º} ÓÒÎË� �Ëä ¹¯Ò º­©�Óº ¹¯ÒäËÓ«Ëä©² °²ËäÈ²
Ò ¯ËÎÒäÈ² v{�

cÈÏ¯È­º�ÈÓ© �Ë²Óºãº�Ò« �v{ �ã« ¯ËäºÓ�È �º¹ãÒmÓ©²
­È}ºm �ÓÒmË¯°Èã	Ó©² ¯È}Ë�Óº�}º°äÒ�Ë°}Ò² �¯ÈÓ°¹º¯�Ó©²
°Ò°�Ëä ½wÓË¯�Ò«�r�¯ÈÓ� Ò ½$ULDQH���� �Ë²Óºãº�Ò« �v{ �ã«
¹ãÈ}Ò¯ºmÈÓÒ« }ÈÓÈãÈ È¯�ÒããË¯Ò®°}Ò² °�mºãºm �Ò¹È zrk~ ÒÏÓº�
°º°�º®}Òä ¹º}¯©�ÒËä ÒÏ ²È°�Ëããº« ½v�� �Ë²Óºãº�Ò« v�{ �ã«
äºÓ�ÈÎÈ °�©}ºm �º}ºmË���Ò² Èã
äÒÓÒËm©² äÈ�Ò°�¯Èã	Ó©²
�ÒÓº¹¯ºmº�ºm� }ºä­ÒÓÒ¯ºmÈÓÓÈ« �Ë²Óºãº�Ò« �v{ Ò w�v ­ÒäË�
�ÈããÒ�Ë°}Ò² �$O � ÓË¯ÎÈmË
�È« °�Èã	� ÈÓº�º�Ë¯ÎÈ�ËãË® �ã«
ªãË}�¯ºãÒÏË¯ºm Èã
äÒÓÒ« Ò �¯� {°Ë ¯ÈÏ¯È­º�ÈÓÓ©Ë �Ë²Óºãº�ÒÒ
¹¯º�ãÒ ÓÈ��¯Ó©Ë Ò°¹©�ÈÓÒ« Ò ÓÈ�ãÒ �Ò¯º}ºË ¹¯ÒäËÓËÓÒË ÓÈ
¹¯Ë�¹¯Ò«�Ò«² Èª¯º}º°äÒ�Ë°}º�º }ºä¹ãË}°È� º­�Ë�º äÈ�ÒÓº°��
¯ºËÓÒ«� ªÓË¯�Ë�Ò}Ò� �mË�Óº® äË�Èãã�¯�ÒÒ m �}¯ÈÒÓË� m °�¯ÈÓÈ²
vs� Ò ÏÈ ¯�­ËÎºä�

M>D ���������������

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

�°�¯º®°�mº �ã« °mÈ¯}Ò� º�ãÒ�È
�ËË°« �Ëä� ��º m ÓË�º �º¹ºã�
ÓÒ�Ëã	Óº mmË�ËÓ �È��Ò} }º¯º�}Ò² ÏÈä©}ÈÓÒ®� ¯È­º�È
�Ò® m
ÁÈÏË ° ­ãº}ºä °¯ÈmÓËÓÒ« ÓÈ¹¯«ÎËÓÒ« ���Ò ° ÏÈ�È
�Òä ÓÈ¹�
¯«ÎËÓÒËä� ¹¯Ò�Ëä m²º� �È��Ò}È }º¯º�}Ò² ÏÈä©}ÈÓÒ® ¹º�}ã
�
�ËÓ }º m�º¯ºä� m©²º�� ­ãº}È °¯ÈmÓËÓÒ« ÓÈ¹¯«ÎËÓÒ« ���Ò °
ÏÈ�È
�Òä ÓÈ¹¯«ÎËÓÒËä� È m©²º� Û �Ë¯ËÏ �°ÒãÒ�Ëã	ÓºË �°��
¯º®°�mº } �º¹ºãÓÒ�Ëã	Óºä� m²º�� ­ãº}È Áº¯äÒ¯ºmÈÓÒ« �ãÒ�
�Ëã	Óº°�Ò Òä¹�ã	°È� �È�ËÓ� cn �������� k� n� zÓ«Ï	}ºm�
v� k� zÓ«Ï	}ºm� k� {� {Ë¯Ëm}ÒÓ ��ºä°}Ò® ¹ºãÒ�Ë²ÓÒ�Ë°}Ò®
�ÓÒmË¯°Ò�Ë�� >��@�

v­º¯º�Óº�°mÈ¯º�Ó©® m¯È�È�Ëã	�}ÈÓ�ºmÈ�Ëã	� º�ãÒ�È
�Ò®°«

�Ëä� ��º ¹º��Ò¹ÓÒ}Ò ¹Ë¯Ë�ÓË® Ò ÏÈ�ÓË® ­È­}Ò m©¹ºãÓËÓ© m
mÒ�Ë m��ãº}�º¯ÒËÓ�È�º¯ºm ° º�}¯©�©äÒ ¹¯º�ºã	Ó©äÒ ¹ÈÏÈäÒ�
m }º�º¯©Ë ° mºÏäºÎÓº°�	
 m©°mº­ºÎ�ËÓÒ« mmË�ËÓ© ��ÒÁ�©�
mäºÓ�Ò¯ºmÈÓÓ©Ë m �¹ÒÓ�ËãÒ ¹Ë¯¹ËÓ�Ò}�ã«¯Óº } Ò² º°«ä� �È�
�ËÓ� cn �������� s� s� sºmÒÓ	}ºm �|k| lº°}ºm°}Ò® ½~Èmº�
Òä� j� k� �Ò²È�ËmÈ�� >��@�

v¹º°º­ m©°º}º°}º¯º°�Óº® È¯�ºÓÓº����ºmº® ÓÈ¹ãÈm}Ò �ÒãÒÓ�
�¯Ò�Ë°}Ò² �Ë�ÈãË®� º�ãÒ�È
�Ò®°« �Ëä� ��º �º¯�� ¹¯Ò°È�}Ò
¹¯Ë�mÈ¯Ò�Ëã	Óº ¹¯Ò�È
� Áº¯ä� }ºÓ�°È ° ��ãºä ¹¯Ò mË¯�ÒÓË

�α� ¹¯Ò°È�}� º¯ÒËÓ�Ò¯�
� ¹¯º�ºã	Óº® º°	
 º�Óº°Ò�Ëã	Óº º°Ò

m¯È�ËÓÒ« �Ë�ÈãÒ ¹º� ��ãºä α  ��…��Å� °ºmäË�È« º­¯ÈÏ�
��

¹º°ãË�ÓË® ° º­¯ÈÏ�
�Ë® }ºÓ�°È ¹¯Ò°È�}Ò� Ò ¯ÈÏº�¯ËmÈ
� }ºÓË�
¹¯Ò°È�}Ò �º ¹ãÈ°�Ò�Ë°}º�º °º°�º«ÓÒ«� È ¹¯Ò°È�}� m¯È�È
� °
�°ãºmÒËä °ºm¹È�ËÓÒ« mË}�º¯È º}¯�ÎÓº® °}º¯º°�Ò º°ÓºmÈÓÒ«
}ºÓ�°È ¹º mËãÒ�ÒÓË Ò ÓÈ¹¯ÈmãËÓÒ
 ° mË}�º¯ºä º}¯�ÎÓº® °}º�


 �¯ÒmË�ËÓ© °mË�ËÓÒ« º ¹È�ËÓ�È²� º¹�­ãÒ}ºmÈÓÓ©² m ­
ããË�ËÓ«² cn ½jÏº­�
¯Ë�ËÓÒ«� �ºãËÏÓ©Ë äº�ËãÒ� ¢ ��� ���� �� �m }mÈ�¯È�Ó©² °}º­}È² �}ÈÏÈÓ ÓºäË¯
­
ããË�ËÓ«��

������ ��



¯º°�Ò º­¯ÈÏ�
�Ë® �Ë�ÈãÒ� ¹¯Ò�Ëä ãÒÓÒ
 �Ë®°�mÒ« mË}�º¯ºm
º}¯�ÎÓ©² °}º¯º°�Ë® ¹¯Ò°È�}Ò Ò �Ë�ÈãÒ m �º�}Ë Ò² °ºm¹È�ËÓÒ«
°ºmäË�È
� ° ¹ãº°}º°�	
� ¹Ë¯¹ËÓ�Ò}�ã«¯Óº® } º°Ò �Ë�ÈãÒ Ò
¹¯º²º�«��
 �Ë¯ËÏ º­¯ÈÏ�
��
 mºã	Á¯Èäºmº�º ªãË}�¯º�È °º
°�º¯ºÓ© ÓÈ¹ãÈmã«Ëäº�º °ãº«� �È�ËÓ� cn �������� sËäÈ��ããÈ
lÈ�¯È­ºm � Ëã«­ÒÓ°}Ò® �º°��È¯°�mËÓÓ©® È�¯ºÒÓÎËÓË¯Ó©®
�ÓÒmË¯°Ò�Ë�� >��@�

k¹¹È¯È� �ã« ªãË}�¯º���ºmº® °mÈ¯}Ò� °º�Ë¯ÎÈ�Ò® äÓºÎË°�mº
Ò°�º�ÓÒ}ºm ªãË}�¯º¹Ò�ÈÓÒ« �ã« º­Ë°¹Ë�ËÓÒ« °mÈ¯º�Óº�º ¹º°�È
¹º°�º«ÓÓ©ä �º}ºä ÏÈ�ÈÓÓº�º ÏÓÈ�ËÓÒ«� �¹¯Èmã«Ëä©ä ¯Ë��ãÒ�
¯�Ëä©ä °Ò�ÓÈãºä �¹¯ÈmãËÓÒ«� ¹¯Ò�Ëä °mÈ¯º�Ó©® ¹º°� ÒäËË�
m²º� �ã« m²º�Óº�º �º}È� m©²º� �ã« ¹º�È�Ò �º}È ���ºmº® °mÈ¯}Ò
äËÎ�� ªãË}�¯º�ºä Ò ÒÏ�ËãÒËä Ò �È��Ò} �º}È ���Ò� �¯ÒmË�ËÓ©
º�ãÒ�Ò�Ëã	Ó©Ë ¹¯ÒÏÓÈ}Ò È¹¹È¯È�È� �È�ËÓ� cn �������� wã�
ãÒº�� z� v�ÈmÈ ��ÒÓ}ºã	Ó �ãº­Èã� jÓ}�� vbk� >��@�

v¹º°º­ ¹ºã��ËÓÒ« ¹ãº°}Ò² ­ÒäË�ÈããÒ�Ë°}Ò² �Ò�ÈÓº°�Èã	Ó©²
ÏÈ�º�ºmº} °mÈ¯}º® mÏ¯©mºä� º�ãÒ�È
�Ò®°« �Ëä� ��º ¯È­º��

¹ºmË¯²Óº°�	 ÎË°�}º�º º°ÓºmÈÓÒ«� ÓÈ }º�º¯ºä �°�ÈÓÈmãÒmÈ
�
ÓË¹º�mÒÎÓ�
 ¹ãÈ°�ÒÓ�� m©¹ºãÓ«
� mº�Ó��º® m mÒ�Ë �È°�Ò �Ò�
ãÒÓ�¯È ° º°	
 °ÒääË�¯ÒÒ� ¹È¯ÈããËã	Óº® ÓÈ¹¯ÈmãËÓÒ
 �Ë�º�

ÓÈ�ÒÒ� ° ¯È�Ò�°ºä }¯ÒmÒÏÓ© 5 = (�� ÷ ��)>(K� ⁄ �) Ü K�@� ��Ë K�
Û �ºã�ÒÓÈ äË�ÈËäº® ¹ãÈ°�ÒÓ©� K� Û �ºã�ÒÓÈ ­ÒäË�ÈããÒ�Ë°�
}º® ÏÈ�º�ºm}Ò� ¹ºã��È
� }¯ÒmºãÒÓË®Ó�
 ÏÈ�º�ºm}� ¯È�Ò�°ºä�
¯ÈmÓ©ä ¯È�Ò�°� }¯ÒmÒÏÓ© ÎË°�}º�º º°ÓºmÈÓÒ«� }º�º¯�
 ÏÈ�Ëä
¹º�mË¯�È
� ¹ãÈ°�Ò�Ë°}ºä� �ËÁº¯äÒ¯ºmÈÓÒ
 �º ¹ºã��ËÓÒ«
¹ãº°}º® ÏÈ�º�ºm}Ò� �È�ËÓ� cn �������� �� �� �¯©}ºm� k� n�
�¯��ºm� {� s� k¯Ò°ºmÈ Ò �¯� �{ºã�º�¯È�°}Ò® ���� >��@�

v¹º°º­ ÓÈ¹ãÈm}Ò ¹º}¯©�Ò« ÓÈ �Ë�Èã	� m}ã
�È
�Ò® mºÏ­�Î�
�ËÓÒË m ÓÈ¹ãÈmã«Ëäº® �Ë�ÈãÒ m ¹¯º�Ë°°Ë ÓÈ¹ãÈm}Ò �ã	�¯ÈÏm��
}ºm©² }ºãË­ÈÓÒ®� º�ãÒ�È
�Ò®°« �Ëä� ��º ÓÈ¹ãÈm}� ¹¯ºÒÏmº�«�
m �ÏãË }ºãË­ÈÓÒ® �ã	�¯ÈÏm�}ºmº® °�º«�Ë® mºãÓ©� �È�ËÓ� cn
�������� �� l� �Èm¯ÒãºmÈ� |� j� jã	�ËÓ}º� �� p� �¯Ë}ÒÓ�
{� l� nÈ¯­Ë¯ ��¯Èã	°}Ò® ������j� >��@�

v¹º°º­ ���ºmº® °mÈ¯}Ò� º�ãÒ�È
�Ò®°« �Ëä� ��º �º¹ºãÓÒ�Ëã	Óº
¹¯ºÒÏmº�«� ÓÈãºÎËÓÒË ÓÈ ���� m©°º}º�È°�º�Óº�º ÓÒÏ}ºmºã	�
�Óº�º ÓÈ¹¯«ÎËÓÒ«� ÒÓÒ�ÒÒ¯�
� m ¹Ë¯ÒÁË¯Ò®Óº® ÏºÓË ���ºmº�º
¯ÈÏ¯«�È 6.,1�ªÁÁË}�� ¹¯Ò ª�ºä �Ò°ãº È}�ºm ÒºÓÒÏÈ�ÒÒ Ò ¯Ë�
}ºä­ÒÓÈ�ÒÒ ÓÈ }ÈÎ�©® ¯ÈÏ¯«� �äËÓ	�È
�� ° ¹º°ãË��
�Òä
¹ºÓÒÎËÓÒËä �Ëä¹Ë¯È��¯© m º­ãÈ°�Ò ¹¯º�Ë}ÈÓÒ« 6.,1�ªÁÁË}�È
Ò }ºÓ�¯È�Ò¯ºmÈÓÒËä ���Ò� �È�ËÓ� cn �������� v� l� r�¯�È}ºm
>��@�

v¹º°º­ ¹ºmË¯²Óº°�Óº�º äºÓ�ÈÎÈ ªãË}�¯ºÓÓ©² }ºä¹ºÓËÓ�ºm
�wz� ÓÈ ¹Ë�È�Óº® ¹ãÈ�Ë ����� º�ãÒ�È
�Ò®°« �Ëä� ��º ÏÈ�¯�Ï}�
wz m ÓÈ}º¹Ò�ËãÒ ¹¯ºÒÏmº�«� ° ��Ë�ºä ¯È°¹ºãºÎËÓÒ« Ò² m©mº�ºm
º�Óº°Ò�Ëã	Óº º¯ÒËÓ�È�ÒÒ }ºÓ�È}�Ó©² ¹ãº�È�º} ��� È ¹¯ÒmÈ¯�
}� m©mº�ºm wz } }ºÓ�È}�Ó©ä ¹ãº�È�}Èä �� º°��Ë°�mã«
�
�¯Ëä« °mÈ¯º�Ó©äÒ ªãË}�¯º�ÈäÒ� º­¯ÈÏ�
�ÒäÒ �mË ¹È¯© °�mºËÓ�
Ó©² ªãË}�¯º�ºm� ¯È°¹ºãºÎËÓÓ©² mº mÏÈÒäÓº ¹Ë¯¹ËÓ�Ò}�ã«¯Ó©²
¹ãº°}º°�«²� �È�ËÓ� cn �������� w� j� �ãÈmÒÓ°}Ò®� s� {�
�È¹Ò�Ëm� �� j� �ºã�­Ëm �cn¡ Û {sjj ª}°¹Ë¯ÒäËÓ�Èã	Óº®
ÁÒÏÒ}Ò� >��@�

�¯ºmºãº}È �ã« ÓÈ¹ãÈm}Ò °�Èã	ÓÈ« m©°º}º²¯ºäÒ°�È«� °º�Ë¯�
ÎÈ�È« m }È�Ë°�mË º°ÓºmÓ©² ãË�Ò¯�
�Ò² ªãËäËÓ�ºm ��ãË¯º��
²¯ºä� äÈ¯�ÈÓË� Ò }¯ËäÓÒ®� º�ãÒ�È
�È«°« �Ëä� ��º ºÓÈ °º�Ë¯�
ÎÒ� ªãËäËÓ�© m °ãË��
�Ëä °ºº�Óº�ËÓÒÒ� äÈ°� �� ����…����
��ãË¯º�È� ��…�� ²¯ºäÈ� ���…��� äÈ¯�ÈÓ�È� ���…��� }¯ËäÓÒ«�
�È�ËÓ� cn �������� k� j� iËäÒÓ� {� k� zº¯º�}ºm� j� i�
lÒ²È®ãºm Ò �¯� �||| ½zºä¹ºÏÒ��� >��@�

v¹º°º­ ÒÓ��}�ÒºÓÓº® ÓÈ¹ãÈm}Ò �ºÓ}º°�ËÓÓ©² ÒÏ�ËãÒ®� m}ã
�
�È
�Ò® ÓÈÓË°ËÓÒË �Ò²�© ÓÈ �¹¯º�Ó«Ëä�
 ¹ºmË¯²Óº°�	 ÒÏ�ËãÒ«
Ò ¯ÈÏäË�ËÓÒË Ë�º m ÒÓ��}�º¯Ë� º�ãÒ�È
�Ò®°« �Ëä� ��º ¹¯ºmº�«�
¹ºº�Ë¯Ë�Óº �m�²°�º¯ºÓÓ

 ÓÈ¹ãÈm}� ÒÏ�ËãÒ«� ¹¯Ò ª�ºä ¹Ë¯�
mºÓÈ�Èã	Óº ÓÈ¹ãÈmã«
� ¹Ë¯m�
 °�º¯ºÓ�� ¹º°ãË º²ãÈÎ�ËÓÒ« �}�
ãÈ�©mÈ
� ÒÏ�ËãÒË ª�º® °�º¯ºÓº® ÓÈ }ºä¹ºÏÒ�Ò
� °º°�º«��

ÒÏ �� � äÈ¯�ÈãÒ�È Ò � � ­º¯Óº® }Ò°ãº�©� ° Áº¯äÒ¯ºmÈÓÒËä
ÓÈ ¹Ë¯mº® °�º¯ºÓË m ¹¯º�Ë°°Ë ÓÈ¹ãÈm}Ò m�º¯º® °�º¯ºÓ© ÏÈ�Ò��
Óº® ¯�­È�}Ò m mÒ�Ë }º¯}Ò� �ºã�ÒÓº® ÓË äËÓËË º°ÓºmÓº�º äË�
�ÈããÈ� ÏÈ�Ëä º²ãÈÎ�È
� ÒÏ�ËãÒË ° º�°ãºËÓÒËä Ò ��ÈãËÓÒËä
}º¯}Ò� �È�ËÓ� cn �������� �� k� ~È®�ËÓ}º� {� {� zº°È¯Ëm�
°}Ò®� �� s� |�}ÒÓÈ �jÓÎËÓË¯Ó©® �ËÓ�¯ ½v¹ãÈm�� >��@�

�°�¯º®°�mº �ã« �ÈÏº¹ãÈäËÓÓº® º­¯È­º�}Ò äÈ�Ë¯ÒÈãºm� °º�
�Ë¯ÎÈ�ËË °�mºã ° }ÈÓÈãÈäÒ ¹º�mº�È �º¯
�Ë�º �ÈÏÈ� ¯ËÎ��Ë�º
}Ò°ãº¯º�È Ò }Ò°ãº¯º�È �ã« �º¯ËÓÒ«� °ºË�ÒÓËÓÓ©äÒ °ºº�mË�°�
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��� ��
����������
��
���

��Ë¯äÈÓÒ«�� ����� Û
¢ � �ÓËä�� ÈÓ�ã� «Ï��

6SHFN -� �ºm©�ËÓÓÈ« �Ò­}º°�	 ¹¯Ò ¯Ëã	ËÁÓº® °mÈ¯}Ë m
Èm�ºäº­ÒãË°�¯ºËÓÒÒ� °� ���Ü����

j°¹©�ÈÓÒË ÏÈ�Ò�© º� ãÈÏË¯Óº�º ÒÏã��ËÓÒ«� °� ���Ü����
cËäºÓ� äËã	ÓÒ�Óº�º }ºãË°È ÒÏäËã	�ËÓÒ« äÒÓË¯Èãºm�

°� ���Ü����
'LOWKH\ 8�� +LFKUL +� v�¯ºËÓÒË °Ò°�Ëä© }ºÓ�¯ºã« Ò ¯Ë���

ãÒ¯ºmÈÓÒ« �ã« }ºÓ�¯ºã« m äÈ°��È­Ë ¯ËÈã	Óº�º m¯ËäËÓÒ ¹¯Ò
°mÈ¯}Ë m °äË°Ò ÏÈ�Ò�Óº�º �ÈÏÈ ÓÈ º°ÓºmË ÓË®¯ºÁÈÏÒ�È¯²Ò�Ë}�
��¯©� °� ���� ���Ü����

sºmºË m °mÈ¯º�Óº® �Ë²ÓÒ}Ë m ���� ��� °� ����
��­ãÒ}È�ÒÒ ¹º°ãË�ÓË�º �º�È�
�� v}ãËÒmÈÓÒË� °� ����
���� (QOHLWXQJ� °� ����
����k��ËÏÒ« Ò º­¯È­º�}È ¹ºmË¯²Óº°�Ò� °� ����
���� zãËÒ� °� ���� ����
���� �¯º�Óº°�	� Ò°¹©�ÈÓÒË Ò ¯È°�Ë� }ãËËm©² °ºË�ÒÓËÓÒ®�

°� ���Ü����
���� |­¯È­º�}È Ò ¹¯ÒäËÓËÓÒË }ãË«� °� ���Ü����
1DVVHQVWHLQ .�� 6FKQLFN 7� sÈ¹¯ÈmãËÓÒË Ò Óºm©Ë äË�º�©

�Ë¯äÒ�Ë°}º�º ÓÈ¹©ãËÓÒ«� °� ���� ����
%HFNHUW 0� jÏ Ò°�º¯ÒÒ °mÈ¯}Ò� }ºmÈÓ©Ë Ò °mÈ¯Ó©Ë äË�Ò�

°� ���Ü����
+XSSHUW] 3� +� vmÈ¯}È m È¹¹È¯È�º°�¯ºËÓÒÒ Ò °º°��º°�¯º�

ËÓÒÒ �}ºÓÁË¯ËÓ�Ò« m l
Ó²ËÓË�� °� ���Ü����
:RKOIDUKUW +� zºäÒ°°Ò« ;,, ½{Ò­¯È�ÒºÓÓÈ« ¹¯º�Óº°�	

°mÈ¯Ó©² �Ë�ÈãË®�� °� ���Ü����

��Ë¯äÈÓÒ«�� ����� Û
¢ � �ÓËä�� ÈÓ�ã� «Ï��

6WHLQ 1� �¯Ë²äË¯Ó©® �º­�ËäÓ©®� }ºÓ�¯ºã	 °mÈ¯Óº�º �mÈ
º¹�Ò�Ë°}ÒäÒ �È��Ò}ÈäÒ� °� ���Ü����

cÈÏ¯È­º�ÈÓÈ ÓºmÈ« �Ë²ÓÒ}È º�Ò°�}Ò °º¹Ëã �ã« °mÈ¯}Ò m
ÏÈ�Ò�Ó©² �ÈÏÈ²� °� ���Ü����

zº¯º�}ºmºãÓºmºË ãÈÏË¯ÓºË ÒÏã��ËÓÒË� ¹ºã��ËÓÓºË ­ãÈ�º�
�È¯« ��mºËÓÒ
 �È°�º�©� °� ���Ü����

.OLPSHO $� �º¯º�}ºmÈ« ÓÈ¹ãÈm}È ÓÈ ãË�Ò¯ºmÈÓÓ©® ����Ó
°º °ÁË¯Ò�Ë°}Òä �¯ÈÁÒ�ºä� °� ���� ���Ü���� ���Ü����

%DFK )��:� HW DO� {©°º}º�Ëä¹Ë¯È��¯ÓÈ« ¹È®}È �º}Ò² �Ë�
�ÈãË® ÒÏ �Ò�ÈÓºm©² °¹ãÈmºm ° ¹È¯�ÒÈã	Ó©ä ÓÈ�¯Ëmºä� °� ����
���Ü����

0DWWKHV .��-�� $ODOXVV .� �¯ÒäËÓËÓÒË äË�º�ºm }ºÓË�Ó©²
ªãËäËÓ�ºm ¹¯Ò ÒÏ�º�ºmãËÓÒÒ äÈ°°ÒmÓ©² ÒÓ°�¯�äËÓ�ºm �ã« �º�
¯«�Ë® Áº¯äºm}Ò äË�º�ºä Áº¯äºº­¯ÈÏ�
�Ë® ÓÈ¹ãÈm}Ò� °� ���Ü
���� ���Ü����

.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� ��� ¢ �
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°ºÏ�ÈÓÒ« äº¯°}º® ÒÓÎËÓË¯Óº® �Ë²ÓÒ}Ò ;;, mË}È

sË}ã
�ºm j� l� �¯º­ãËä© ¯È­º�º°¹º°º­Óº°�Ò äÈ�Ë¯ÒÈãºm º°ÓºmÓº�º º­º¯��ºmÈÓÒ« kwv �}¯ÈÒÓ©

�È°Ò} l� j� lÈ�Ë¯ÒÈãºmË��Ë°}ÒË mº¹¯º°© ¹¯º­ãËä ¹ºm©�ËÓÒ« }È�Ë°�mÈ °�ÈãÒ �È�ÁÒã	�È �ã«
�Ëã	ÓºãÒ�©² }¯Ë°�ºmÒÓ Ò °Ë¯�Ë�ÓÒ}ºm °�¯Ëãº�Ó©² ¹Ë¯Ëmº�ºm ÎËãËÏÓº�º¯ºÎÓ©² äÈ�Ò°�¯ÈãË®

rÈ­È°}ÒÓ �� ~� ~È}ºÓºäË¯Óº°�Ò ÒÏäËÓËÓÒ« �Ë²Óºãº�Ò�Ë°}Ò² Ò ª}°¹ã�È�È�ÒºÓÓ©² °mº®°�m
}ºÓ°�¯�}�ÒºÓÓ©² Ò °¹Ë�ÒÈã	Ó©² °�ÈãË® ¹¯Ò ãË�Ò¯ºmÈÓÒÒ ÈÏº�ºä Ò mÈÓÈ�ÒËä

lÒã	äÈÓ �� {� {ãÒ«ÓÒË °}ÈÓ�Ò« ÓÈ °�¯�}��¯�� äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ Ò °º¹¯º�ÒmãËÓÒË }º¯¯ºÏÒÒ
°¹ãÈmºm Èã
äÒÓÒ«

jmÈ°Ò�ÒÓ |� l� |¹�ÒäÒÏÈ�Ò« äÒ}¯º°�¯�}��¯© Ò äË²ÈÓÒ�Ë°}Ò² °mº®°�m m©°º}º¹¯º�Ó©² �Ò�ÈÓºm©²
°¹ãÈmºm äË�º�ÈäÒ °}º¯º°�Óº® �Ë¯äºº­¯È­º�}Ò

~ËãËÓ°}Ò® {� n� z Ò°�º¯ÒÒ °�ÈÓºmãËÓÒ« Ò ¯ÈÏmÒ�Ò« È�ºäÓº�º äÈ�Ë¯ÒÈãºmË�ËÓÒ« m �}¯ÈÒÓË

�� ������
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n�sz¡´|sk�es´ lk�pc´k�j

v}º¯º²º� {� {�� cÈ��ã« k� {� sÈÓº°�¯�}��¯ÓÈ« }Ë¯ÈäÒ}È Ò ÓÈÓº}ºä¹ºÏÒ�©�
�º°�ÒÎËÓÒ« Ò ¹Ë¯°¹Ë}�Òm©

b¹È} k� �� sÈÓº°�¯�}��¯Ó©Ë ­Òº}Ë¯ÈäÒ�Ë°}ÒË äÈ�Ë¯ÒÈã©� ¹ºã��ËÓÒË�
°�¯�}��¯È� °mº®°�mÈ� ¹¯ÒäËÓËÓÒË

lºm�ÈÓ r� k� �¯È�ÒËÓ�Ó©Ë �Ë¯äº­È¯	Ë¯Ó©Ë ¹º}¯©�Ò«� ¹ºã��ÈËä©Ë
ªãË}�¯ºÓÓºã��Ëm©ä Ò°¹È¯ËÓÒËä

�ÒãÒ�° z� c�� �È°Ò} l� l� n�Ó}�ÒºÓÈã	Ó©Ë �¯È�ÒËÓ�Ó©Ë äÈ�Ë¯ÒÈã©�
¯ÈÏmÒ�ÒË Óºm©² äÈ�Ë¯ÒÈãºmË��Ë°}Ò² ¯Ë�ËÓÒ®

sºmÒ}ºm s� {�� ��¯}ËmÒ� {� ~� cÈÏmÒ�ÒË �Ë²Óºãº�ÒÒ °mË¯²�mË¯�©²
äÈ�Ë¯ÒÈãºm

kÓÈ�©��} �� j� zºä¹ºÏÒ�Ó©Ë �Ë¯äºªãË}�¯Ò�Ë°}ÒË äÈ�Ë¯ÒÈã©

�¯ÒÓËm r� {� sºm©Ë °�ÒÓ�Òãã«�ÒºÓÓ©Ë äÈ�Ë¯ÒÈã©� °mº®°�mÈ� ¹¯ÒäËÓËÓÒ« Ò
¹Ë¯°¹Ë}�Òm©

�ÓË°ÒÓ �� �� �ËÓ�ËÓ�ÒÒ ¯ÈÏmÒ�Ò« ÓËº}°Ò�Ó©² }Ë¯ÈäÒ�Ë°}Ò² äÈ�Ë¯ÒÈãºm ÓÈ
º°ÓºmË }È¯­Ò�È Ò ÓÒ�¯Ò�È }¯ËäÓÒ«

zº°�º¯Óºm k� �� v�¯�}��¯ÓÈ« �Ò�¯º�ÒÓÈäÒ}È ¹º¯Ò°�©² äË�ÈããÒ�Ë°}Ò²

äÈ�Ë¯ÒÈãºm

z�¯�
äºm k� {� nÒÏÒ�Ë°}ÒË ¹¯ÒÓ�Ò¹© °ÒÓ�ËÏÈ °mË¯²�mË¯�©² ÈãäÈÏº¹º�º­Ó©² ÁÈÏ

rºÓ�È¯ËÓ}º {� �� v¹Ë�ËÓ� �mË¯�� °¹ãÈmÒ Û mÒ°º}ºËÁË}�ÒmÓ� �Ó°�¯�äËÓ�Èã	Ó� �È }ºÓ°�¯�}��®Ó� äÈ�Ë¯�ÈãÒ

b�ã	ÎËÓ}º k� k� vÒÓ�ËÏ ÈãäÈÏÈ ÒÏ �¯ÈÁÒ�È m ¯º°�ºm©² °Ò°�ËäÈ²� °º�Ë¯ÎÈ�Ò² ÓË�¯È�Ò�ÒºÓÓ©Ë
¯È°�mº¯Ò�ËãÒ ��ãË¯º�È

zºmÈã	 �� s� k}}ºäº�È�ÒºÓÓ©Ë Ò ¯ËãÈ}°È�ÒºÓÓ©Ë ¹¯º�Ë°°© ¹¯Ò äÈ¯�ËÓ°Ò�Óºä ¹¯Ëm¯È�ËÓÒÒ m °¹ãÈmÈ² °
¹Èä«�	
 Áº¯ä©
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lk�pc´k�j ~ |v|r�j{jlj n´~j sjlj {�kv�j{|v�Ðlj

vËäÒÓºÎËÓ}º {� �� vº°�º«ÓÒË Ò ¹Ë¯°¹Ë}�Òm© Ò°°ãË�ºmÈÓÒ« ÓÈÓº¯ÈÏäË¯Ó©² äºãË}�ã«¯Ó©² ÈÓ°Èä­ãË®
�-�È�¯Ë�È�ºm�

sÈ�äºmË� k� �� j°¹ºã	ÏºmÈÓÒË ¹ºmË¯²Óº°�Ó©² ÁÈÏºm©² ¹Ë¯Ë²º�ºm �ã« �¹¯ÈmãËÓÒ« °Óº®°�mÈäÒ
¹ºmË¯²Óº°�Ë®

r¯º�ÒÓ l� v� �Ë¯°¹Ë}�ÒmÓ©Ë Áº�º¯ËÁ¯È}�ÒmÓ©Ë äÈ�Ë¯ÒÈã©

{ÈãÈ² l� Ð� �ºã�¹¯ºmº�ÓÒ}ºm©Ë ÓÈÓº°�¯�}��¯© �ã« ªãË}�¯ºÓÓ©² Ò º¹�ºªãË}�¯ºÓÓ©² �°�¯º®°�m

�ãÒÓ��} l� i� sÈÓº¯ÈÏäË¯Ó©Ë ªÁÁË}�© m Óºm©² ¹	ËÏº� Ò °Ë�ÓË�ºªãË}�¯Ò�Ë°}Ò² äÈ�Ë¯ÒÈãÈ² ªãË}�¯ºÓÓº®
�Ë²ÓÒ}Ò

rãºÓ°}Ò® j� {� �Ò¯ºªãË}�¯Ò�Ë°}ÒË äÈ�Ë¯ÒÈã© �ã« ÒÓÁ¯È}¯È°Óº® �Ë²ÓÒ}Ò

vmË�ÓÒ}ºm v� {� sÒÏ}º¯ÈÏäË¯Ó©Ë °�¯�}��¯© }¯ËäÓÒ«

lÈ}È¯È {� k� �º¯Ò°�Ò® }¯ËäÓÒ® Û Óºm©® Á�Ó}�ÒºÓÈã	Ó©® ÓÈÓº}¯Ò°�ÈããÒ�Ë°}Ò® äÈ�Ë¯ÒÈã

9, c|~i´�

ski´qs´v�e �k �c|�s|~�{kssÐ {�kv�j{|v�pq lk�pc´k�´{

�ÈÓÈ°
} {� {� lË²ÈÓ�}È ¯�®Ó�mÈÓÓ« äÈ�Ë¯�Èã�m Û ÓºmÒ® ÓÈ�}ºmÒ® ÓÈ¹¯«ä

�º­ÈÓºm �� l� �¯º­ãËä© º�ËÓ}Ò �Ë²ÓÒ�Ë°}º�º °º°�º«ÓÒ« Ò ¯Ë°�¯°È }ºÓ°�¯�}�Ò®

�¯º�ËÓ}º {� �� �¯º�Óº°�	 äÈ�Ë¯ÒÈãºm m ª}°�¯ËäÈã	Ó©² �°ãºmÒ«²

sÈÏÈ¯��} ~� �� sË¯�®Ó�mÓÒ® }ºÓ�¯ºã	 }ºÓ°�¯�}��®ÓÒ² äÈ�Ë¯�Èã�m� �º°«�ÓËÓÓ« L ¹Ë¯°¹Ë}�ÒmÒ

nÒ¯°�ºm v� k� |°º­ËÓÓº°�Ò �ËÁº¯äÈ�ÒÒ Ò ¯ÈÏ¯��ËÓÒ« äÒ}¯º� Ò ÓÈÓº}¯Ò°�ÈããÒ�Ë°}Ò² äÈ�Ë¯ÒÈãºm

kÓ�¯Ë®}�m |� �� iºm�ºm��Ó�°�	 äË�Èã��ÓÒ² äÈ�Ë¯�Èã�m � mº�ÓËmä�°ÓÒ² °Ë¯Ë�ºmÒ�È²

�º²ä�¯°	}Ò® {� ´� sºm� ¹��²º�Ò �º mÒm�ËÓÓ« }º¯ºÏ�®Óº� m�ºäÒ °�ÈãË® �È °¹ãÈm�m
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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
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]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

����� ���������� !"�#�� 	� 
�� $ �

=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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