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Èã
äÒÓÒËmÈ« äÈ�¯Ò�È� �¹¯º�ÓÒ�Ëã	� �È°�Ò�È� }È¯­Ò� }¯Ëä�

ÓÒ«� }È¯­Ò� Èã
äÒÓÒ«� ¯È°¹È�� °�¯�}��¯È� °º°�Èm� ¹¯º��

Óº°�	

v¯Ë�Ò °ºm¯ËäËÓÓ©² �Ò°¹Ë¯°Óº��¹¯º�ÓËÓÓ©² }ºä�

¹ºÏÒ�ÒºÓÓ©² äÈ�Ë¯ÒÈãºm �i�zl� ­ºã	�ºË ¯È°¹�

¯º°�¯ÈÓËÓÒË ¹ºã��È
� °¹ãÈm© Èã
äÒÓÒ«� È¯äÒ¯º�

mÈÓÓ©Ë m©°º}º¹¯º�Ó©äÒ }Ë¯ÈäÒ�Ë°}ÒäÒ �È°�Ò�ÈäÒ

6L& ° m©°º}º® ªÓË¯�ÒË® äËÎÈ�ºäÓ©² °m«ÏË®� |°º�

­ËÓÓº°�	
 ª�Ò² äÈ�Ë¯ÒÈãºm «mã«Ë�°« �º� ��º äÈ�¯Ò�

�È m ÓÒ² «mã«Ë�°« º°ÓºmÓ©ä ªãËäËÓ�ºä� ÓË°��Òä

ÓÈ�¯�Ï}�� È ¯ºã	 �¹¯º�Ó«
�Ë® ÁÈÏ© m º°ÓºmÓºä

°mº�Ò�°« } º­ãË��ËÓÒ
 Áº¯äÒ¯ºmÈÓÒ« �Ò°ãº}È�

�ÒºÓÓº® °�­°�¯�}��¯© m ¹¯º�Ë°°È² ¹ºã��ËÓÒ« °¹ãÈ�

mºm �ãÈmÓ©ä º­¯ÈÏºä ¹¯Ò �ËÁº¯äÈ�ÒÒ Ò �Ë¯äÒ�Ë°�

}º® º­¯È­º�}Ë� È �È}ÎË } °�È­ÒãÒÏÈ�ÒÒ ª�º®

°�­°�¯�}��¯© m �°ãºmÒ«² ª}°¹ã�È�È�ÒÒ� j°¹ºã	Ïº�

mÈÓÒË Èã
äÒÓÒ« }È} äÈ�¯Ò�Óº�º äÈ�Ë¯ÒÈãÈ º­�°�

ãºmãËÓº Ë�º �Ò¯º}Òä ¹¯ÒäËÓËÓÒËä m �Ë²ÓÒ}Ë� mºÏ�

äºÎÓº°�	
 ¯Ë��ãÒ¯ºmÈÓÒ« °mº®°�m Èã
äÒÓÒËm©²

°¹ãÈmºm �Ë¯äÒ�Ë°}º® º­¯È­º�}º®�

w�Ò i�zl ÒäË
� ¯«� ¹¯ËÒä��Ë°�m ¹º °¯ÈmÓË�

ÓÒ
 ° äÈ�¯Ò�Ë® >�� �@� ¹ºm©�ËÓÓ©Ë �ÓÈ ��… �� ��

¹¯º�Óº°�	 ¹¯Ò }ºäÓÈ�Óº® Ò °¯Ë�ÓÒ² ��º ��� Åv� ÏÓÈ�

�ËÓÒ«² �Ëä¹Ë¯È��¯©� ÎË°�}º°�	 �ÓÈ ��…��� ��� ÒÏ�
Óº°º°�º®}º°�	 �m �…� ¯ÈÏÈ�� ­ºãËË ÓÒÏ}Ò® �m �������
¯ÈÏÈ� �Ëä¹Ë¯È��¯Ó©® }ºªÁÁÒ�ÒËÓ� ãÒÓË®Óº�º ¯È°�

�Ò¯ËÓÒ« ��z�c�� �º °¯ÈmÓËÓÒ
 ° mºãº}ÓÒ°�©äÒ

}ºä¹ºÏÒ�ÒºÓÓ©äÒ äÈ�Ë¯ÒÈãÈäÒ �zl� i�zl º­�

ãÈ�È
� ÒÏº�¯º¹Óº°�	
 °mº®°�m� mºÏäºÎÓº°�	
 Ò°�

¹ºã	ÏºmÈÓÒ« �¯È�Ò�ÒºÓÓ©² mÒ�ºm º­¯È­º�}Ò �ÈmãË�

ÓÒËä �¹¯Ë°°ºmÈÓÒË� ¹¯º}È�}È� ��Èä¹ºm}È� �ã« ÒÏ�

�º�ºmãËÓÒ« ¹ºã�ÁÈ­¯Ò}È�ºm Ò ÒÏ�ËãÒ® ÒÏ ÓÒ²� ÏÓÈ�

�Ò�Ëã	Óº ­ºãËË ÓÒÏ}º® �m �… �� ¯ÈÏ� °�ºÒäº°�	
�
{ }È�Ë°�mË äÈ�¯Ò�Ó©² äÈ�Ë¯ÒÈãºm m i�zl ¹¯Ò�

äËÓ«
� °¹ãÈm© ki�� �ÈäË¯Ò}ÈÓ°}Ò® ÈÓÈãº� ������
kl�� ������� i�� ������� °¹ãÈm °Ò°�Ëä© $OÜ&XÜ
0J ������ Ò �¯� v¯Ë�ÓÒ® �¯ºmËÓ	 äË²ÈÓÒ�Ë°}Ò²

²È¯È}�Ë¯Ò°�Ò} �ã« i�zl ÓÈ º°ÓºmË Èã
äÒÓÒË�

m©² °¹ãÈmºm °ãË��
�Ò®� σm  ���… ��� l�È�
σ���  ���… ��� l�È� δ  �… � �� p  

 ��������� ��È� �z�c  ����⋅��Ü��¯È�Ü� >�Ü�@�
j°¹ºã	ÏºmÈÓÒË m }È�Ë°�mË �¹¯º�Ó«
�Ë® ÁÈÏ©

°�È­Òã	Óº�º ���º¹ãÈm}º�º °ºË�ÒÓËÓÒ« 6L&� ÓË mÏÈ�

Òäº�Ë®°�m�
�Ë�º È}�ÒmÓº ° äÈ�Ë¯ÒÈãºä äÈ�¯Ò�© Ò

ÓË ¯È°�mº¯«
�Òä°« m ÓËä m¹ãº�	 �º �Ëä¹Ë¯È��¯©

Ë�º ¹ãÈmãËÓÒ«� º­Ë°¹Ë�ÒmÈË� mºÏäºÎÓº°�	 °º²¯ÈÓË�

ÓÒ« äÒ}¯º�Ë�Ë¯º�ËÓÓº�º °�¯ºËÓÒ« Ò �Ò°ãº}È�ÒºÓ�

Óº® °�­°�¯�}��¯©� Áº¯äÒ¯�
�Ë®°« m ¹¯º�Ë°°Ë �Ë�

Áº¯äÈ�ÒÒ Ò �Ë¯äÒ�Ë°}º® º­¯È­º�}Ò� �º ¹¯Ë�¹ãÈ�

mÒã	Ó©² �Ëä¹Ë¯È��¯� w�º ¹ºÏmºã«Ë� °º²¯ÈÓÒ�	 �ãÒ�

�Ëã	Ó�
 ¯È­º�º°¹º°º­Óº°�	 }ºä¹ºÏÒ�È m¹ãº�	 �º

����…�����7¹ã Èã
äÒÓÒ«� �¯Ò ª�ºä ¯ÈÏäË¯ �È°�Ò�

6L& ¯ÈÏãÒ�Ó©®� Óº °¯Ë�ÓÒ® �ÒÈäË�¯ ãËÎÒ� º­©�Óº

m ¹¯Ë�ËãÈ² �…�� ä}ä�

vmº®°�mÈ }È¯­Ò�È }¯ËäÓÒ« }È} �¹¯º�ÓÒ�Ëã«�

zÈ¯­Ò� }¯ËäÓÒ« m m©°º}º�Ëä¹Ë¯È��¯Óº® º­ãÈ°�Ò

ÒäËË� �Ò¯º}Ò® °¹Ë}�¯ °mº®°�m� ÎÈ¯º�¹º¯Ó©²� ¹¯º�

�ÒmºÈ­¯ÈÏÒmÓ©²� ÈÓ�Ò}º¯¯ºÏÒºÓÓ©² Ò ¹¯º�Óº°��

Ó©² >�Ü�@� z¯Ò°�ÈããÒ�Ë°}ºË °�¯ºËÓÒË }È¯­Ò�È

}¯ËäÓÒ« �º°�È�º�Óº ¯ÈÏÓºº­¯ÈÏÓº� ºÓ ¹¯Ë�°�ÈmãËÓ�

¹¯È}�Ò�Ë°}Ò� ­Ë°}ºÓË�Ó©ä äÓº�ºº­¯ÈÏÒËä ¹ºãÒ�Ò�

¹ºm� º�ãÒ�È
�Ò²°« äËÎ�� °º­º® �Ò¹ºä °ÒääË�¯ÒÒ

¯Ë�Ë�}Ò Ò ¹È¯ÈäË�¯ÈäÒ ªãËäËÓ�È¯Óº® «�Ë®}Ò�

{°Ë Ë�º �Ò¹© ÒäË
� ­ÒÓÈ¯Ó©Ë �Ë�¯Èª�¯Ò�Ë°}ÒË

°�¯�}��¯©� j°�º�ÓÒ}ºä °�ºã	 °ãºÎÓº�º ¹ºãÒ�Ò�

¹ÒÏäÈ «mã«Ë�°« °mºËº­¯ÈÏÓ©® �Ò°ãº}È�ÒºÓÓ©®

äË²ÈÓÒÏä ��Ë¯ËÏ mÒÓ�ºm©Ë �Ò°ãº}È�ÒÒ� ¯º°�È äº�

Óº}¯Ò°�Èããºm�

sË°äº�¯« ÓÈ º­ÒãÒË ¹ºãÒ�Ò¹ºm }È¯­Ò�È }¯ËäÓÒ«
m }È�Ë°�mË �¹¯º�ÓÒ�Ëã«zlÒ°¹ºã	Ï�
� ÓÒ�ËmÒ�Ó©Ë

}¯Ò°�Èãã©6L&� °º�Ë¯ÎÈ�ÒË ÓË äËÓËË �� � º°ÓºmÓº®

ÁÈÏ© β�äº�ÒÁÒ}È�ÒÒ 6L&� Ò ¹¯ºä©�ãËÓÓ©Ë }ºä�

äË¯�Ë°}ÒË È­¯ÈÏÒmÓ©Ë ¹º¯º�}Ò }È¯­Ò�È }¯ËäÓÒ«�

ÏËãËÓº�º �α�6L&��

sÒ�ËmÒ�Ó©Ë }¯Ò°�Èãã© ÒäË
� Áº¯ä� Ò�ã �ÒÈ�

äË�¯ºä º� ������� Óä ° ��Ëã	Óº® ¹ºmË¯²Óº°�	


��… �� ��ä�
� }ºääË¯�Ë°}ÒË ¹º¯º�}Ò ÒäË
� ¹ãÈ°�

�ÒÓ�È��
 Áº¯ä� Ò �ÒÈäË�¯ �… �� ä}ä� bË¯º²ºmÈ�

�º°�	 �¯ÈÓË® ¹ºÏmºã«Ë� ¹¯Ë�¹ºãºÎÒ�	� ��º ¹º¯º�}Ò

«mã«
�°« ¹ºãÒ}¯Ò°�ÈããÒ�Ë°}ÒäÒ >�@�

zÈ¯­Ò� }¯ËäÓÒ« β�äº�ÒÁÒ}È�ÒÒ º­¯ÈÏ�Ë�°« ¹¯Ò

ÒÏ­©�}Ë }¯ËäÓÒ« m °¯Ë�Ë }¯Ò°�ÈããÒÏÈ�ÒÒ� ­ºã	�Ò²

°}º¯º°�«² º²ãÈÎ�ËÓÒ«� È�äº°ÁË¯Ë� ­º�È�º® ÈÏº�ºä�

Ò ¹ºm©�ËÓÓºä �ÈmãËÓÒÒ� �¯ÒäË°Ó©Ë ÁÈÏ©� �È}ÒË�

}È} �¯ÈÁÒ�� α�}¯Ò°�º­ÈãÒ�� 6L2�� )H[6L\� �mË¯�©®

¯È°�mº¯ }¯ËäÓÒ« m α�)H� )H&O[ Ò ¹¯º��}�© Ò² �Ò��

¯ºãÒÏÈ Ò º}Ò°ãËÓÒ«� È �È}ÎË ¹¯ÒäË°	 α�6L& º�¯Ò�

�È�Ëã	Óº mãÒ«
� ÓÈ äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ ÓÒ�Ë�
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mÒ�Ó©² }¯Ò°�Èããºm β�äº�ÒÁÒ}È�ÒÒ 6L&� |°º­º
m¯Ë�Óº® °ãË��Ë� °�Ò�È�	 ¹¯ÒäË°Ó�
 ÁÈÏ� �¯ÈÁÒ�È�
¹º°}ºã	}� ºÓÈ º­¯ÈÏ�Ë� º��Ëã	Ó©Ë �È°�Ò�© Ò }ºÓ�
�ãºäË¯È�©� È �È}ÎË ¹ãËÓº�Ó©Ë º­¯ÈÏºmÈÓÒ« ÓÈ ¹º�
mË¯²Óº°�Ò ÓÒ�ËmÒ�Ó©² }¯Ò°�Èããºm 6L&�

����ÒË ÏÈ¯�­ËÎÓ©Ë ¹¯ºÒÏmº�Ò�ËãÒ }È¯­Ò�È
}¯ËäÓÒ« º­Ë°¹Ë�ÒmÈ
� �Ò°�º�� ÓÒ�ËmÒ�Ó©² }¯Ò°�
�Èããºm ����… ���� � �äÈ°�� >��@� p�º äË²ÈÓÒ�Ë°}ÒË
²È¯È}�Ë¯Ò°�Ò}Ò °ãË��
�ÒË� σ¯È°�  �� ��È� p  
 ��� ��È� È äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ ÓÒ�ËmÒ�Ó©²
}¯Ò°�Èããºm 6L& ¹¯ºÒÏmº�°�mÈ °�¯ÈÓ vs� °ãË��
�
�ÒË� σ¯È°� ≥ �� ��È� p ≥ ��� ��È ¹¯Ò °º�Ë¯ÎÈÓÒÒ
º°ÓºmÓº® ÁÈÏ© ����…���� � �äÈ°���

|°ÓºmÓ©ä ÓË�º°�È�}ºä ÓÒ�ËmÒ�Ó©² }¯Ò°�Èããºm
}È¯­Ò�È }¯ËäÓÒ« «mã«Ë�°« m©°º}È« °�ºÒäº°�	� ��º
ÏÈ�¯��Ó«Ë� Ò² ¹¯ÒäËÓËÓÒË �ã« ¹¯ºÒÏmº�°�mÈ zl Ò
�Ò¯º}º�º mÓË�¯ËÓÒ« m ¹¯ºä©�ãËÓÓº°�	 >��Ü��@�

{ È­¯ÈÏÒmÓ©² ¹º¯º�}È² 6L&� ¹ºäÒäº º°ÓºmÓº®
ÁÈÏ© α�6L&� ¹¯Ò°��°�m�
� °mº­º�Ó©® }¯ËäÓÒ®� º}�
°Ò�© }¯ËäÓÒ«� }Èã	�Ò«� äÈ¯�ÈÓ�È� äÈ�ÓÒ«� Èã
äÒ�
ÓÒ«� ÎËãËÏÈ Ò ­ºãËË °ãºÎÓ©Ë º}°Ò�Ó©Ë °ºË�ÒÓËÓÒ«
>��@� tÒäÒ�Ë°}Ò® ÈÓÈãÒÏ ¹º¯º�}ºm 6L&� ¹¯ÒäËÓ«�
Ëä©² �ã« È¯äÒ¯ºmÈÓÒ« äÈ�¯Ò�©� ¹º}ÈÏÈã� ��º äËã�
}ÒË ¹º¯º�}Ò ° ­ºãËË ¯ÈÏmÒ�º® ¹ºmË¯²Óº°�	
 °º�Ë¯�
ÎÈ� ­ºã	�ËË }ºãÒ�Ë°�mº º}°Ò�ºm }Èã	�Ò« Ò äÈ�ÓÒ«�
|�ÓÈ}º� °��« ¹º º­�Ëä� °º�Ë¯ÎÈÓÒ
 }¯ËäÓÒ«� °º°�
�Èmã«
�ÒäÒ }º�º¯º�º «mã«
�°« }¯ËäÓÒ® ÒÏ 6L&�
º}°Ò�È 6L|�� °ÒãÒ}È�ºm Ò °mº­º�Óº�º }¯ËäÓÒ«�
}¯�¹Ó©Ë ¹º¯º�}Ò °Òã	ÓËË ÏÈ�¯«ÏÓËÓ© ¹¯ÒäË°«äÒ�
�Ëä äËã}ÒË�

iºã�ºË m¯Ëä« °�Ò�Èãº°	� ��º ¹¯ÒäËÓËÓÒË ¹¯º�
ä©�ãËÓÓ©² ¹º¯º�}ºm 6L& m }È�Ë°�mË �¹¯º�ÓÒ�Ëã«
�¯Ë­�Ë� ¹¯Ë�mÈ¯Ò�Ëã	Óº® º�Ò°�}Ò� ÓÈ¹¯ÈmãËÓÓº®
¹¯ËÎ�Ë m°Ë�º ÓÈ ��ÈãËÓÒË �¯ÈÁÒ�È Ò mãÈ�Ò m °m«ÏÒ
° mºÏäºÎÓº°�	
 ¯ËÈ}�ÒÒ ¹¯ÒäË°Óº�º �¯ÈÁÒ�È ° Èã
�
äÒÓÒËä m °mÈ¯º�Óº® mÈÓÓË Ò �ÈÎË m ¹¯º�Ë°°Ë ÒÏ�º�
�ºmãËÓÒ« zl� |�ÓÈ}º ¹¯ºmË�ËÓÓ©Ë ¹º°ãË ¹¯Ë�mÈ�
¯Ò�Ëã	Óº® º­¯È­º�}Ò ¹º¯º�}ºm m ¯È°�mº¯È² 1D2+
Ò +&O ªãË}�¯ºÓº�¯ÈÁÒ�Ë°}ÒË Ò°°ãË�ºmÈÓÒ« >�@ ÓË
¹º��mË¯Î�È
� ÓÈãÒ�Ò« °mº­º�Óº�º ��ãË¯º�È m Ò°�
²º�Ó©² ¹º¯º�}È²� iã« �ã���ËÓÒ« °äÈ�ÒmÈÓÒ« ¹º�
¯º�}ºm mºÏäºÎÓº �È}ÎË Ò² º}Ò°ãËÓÒË ÓÈ mºÏ��²Ë
¹¯Ò ÓÈ�¯ËmË �º �Ëä¹Ë¯È��¯© ���… ��� Åv m �Ë�ËÓÒË
���…� ��

zÈ¯­Ò� }¯ËäÓÒ«ÎÈ¯º�¹º¯ËÓ Ò ÎÈ¯º¹¯º�ËÓ� |­È
ª�Ò ¹º}ÈÏÈ�Ëã« m©°º}Ò �ã« 6L& ° äÒÓÒäÈã	Ó©ä °º�
�Ë¯ÎÈÓÒËä ÏÈ�¯«ÏÓ«
�Ò² ¹¯ÒäË°Ë®� Óº mº¹¯º° º
Ë�º ²ÒäÒ�Ë°}º® �°�º®�Òmº°�Ò �º °Ò² ¹º¯ ÓË ÒÏ��ËÓ
�º }ºÓ�È�

z °ºÎÈãËÓÒ
� ãÒ�Ë¯È��¯Ó©Ë �ÈÓÓ©Ë ¹º °mº®°�
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­ºã	�È« m«Ï}º°�	 °mÈ¯º�Óº® mÈÓÓ©� �� °ãºÎÓº°�	
}È�Ë°�mËÓÓº�º Áº¯äÒ¯ºmÈÓÒ« �mºm m°ãË�°�mÒË ¹ãº�
²º�º °äÈ�ÒmÈÓÒ« Èã
äÒÓÒËä ¹ºmË¯²Óº°�Ò �È°�Ò��
�� ¹º¯Ò°�º°�	 �mºm�

z¯ºäË �º�º� °��Ë°�m�Ë� Ë�Ë º�ÓÈ ¹¯º­ãËäÈ ¹¯Ò
°mÈ¯}Ë zl ° Ò°¹ºã	ÏºmÈÓÒËä ¹¯Ò°È�º�Óº® ¹¯ºmº�
ãº}Ò Û ª�º º�°��°�mÒË ¹Ë¯ËäË�ÒmÈÓÒ« º°ÓºmÓº�º
äÈ�Ë¯ÒÈãÈ Ò ¹¯Ò°È�}Ò� Ò }È} °ãË�°�mÒËÛ ¹ºÓÒÎËÓ�
ÓÈ« ¹¯º�Óº°�	 °mÈ¯Ó©² �mºm ¹º º�Óº�ËÓÒ
 } ¹¯º��
Óº°�Ò }ºä¹ºÏÒ�È�

�ºª�ºä� ¹¯º�Ë°°© °ºË�ÒÓËÓÒ« i�zl m �mË¯�ºä
°º°�º«ÓÒÒ º°º­ËÓÓº ªÁÁË}�ÒmÓ©� ¹º°}ºã	}� m ª�ºä
°ã��ÈË ÓË mºÏÓÒ}ÈË� ¹¯º­ãËä °Ë�¯Ë�È�ÒÒ �È°�Ò� ÒãÒ
m«Ï}º°�Ò ¯È°¹ãÈmÈ ÒÏ�ÏÈ °¯ÈmÓÒ�Ëã	Óº ÓÒÏ}Ò² �Ëä�
¹Ë¯È��¯ ¹¯º�Ë°°È�

iÒÁÁ�ÏÒºÓÓÈ« °mÈ¯}È� w�º� ¹¯ºä©�ãËÓÓ©®
°¹º°º­ °ºË�ÒÓËÓÒ« ¯ÈÏãÒ�Ó©² º�Óº¯º�Ó©² Ò ¯ÈÏÓº�
¯º�Ó©² äË�Èããºm Ò °¹ãÈmºm ²º¯º�º ÏÈ¯Ë}ºäËÓ�ºmÈã
°Ë­« Ò ¹¯Ò °mÈ¯}Ë zl >��Ü��@� �¯º�Ë°° °mÈ¯}Ò ¹¯º�
Ò°²º�Ò� ­ËÏ ¯È°¹ãÈmãËÓÒ« º°ÓºmÓº�º äË�ÈããÈ m ¯Ë�
Ï�ã	�È�Ë ÓÈ�¯ËmÈÒ °�ÈmãÒmÈÓÒ«°ºË�ÒÓ«Ëä©²�Ë�ÈãË®�

iã« �ÒÁÁ�ÏÒºÓÓº® °mÈ¯}Ò zl ²È¯È}�Ë¯Óº Ò°�
¹ºã	ÏºmÈÓÒË ¹¯ºäËÎ��º�Ó©² äË�Èããºm ÒãÒ °¹ãÈmºm
m mÒ�Ë ¹¯º°�Èmº} �Áºã	�Ò�� ¹º}¯©�Ò® Ò ¹º¯º�}È
äËÎ�� °ºË�ÒÓ«Ëä©äÒ �Ë�Èã«äÒ ÒãÒ ÓÈ º�Óº® ÒÏ °mÈ�
¯ÒmÈËä©² ¹ºmË¯²Óº°�Ë®� {ºÏäºÎÓº �È}ÎË ¹¯ÒäËÓË�
ÓÒË Áºã	� ° ÓÈÓË°ËÓÓ©äÒ ÓÈ ÓÒ² mÈ}��äÓ©ä ÒãÒ
�Ë¯äÒ�Ë°}Òä ÓÈ¹©ãËÓÒËä °ãº«äÒ �¯��Ò² äË�Èããºm
>��� ��@�
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�È«°«
¹¯Ò °mÈ¯}Ë ¹ºmË¯²Óº°�	 }ºÓ�È}�È �È°�Ò�ÈÜ�È°�Ò�È
º°ãÈ­ã«Ë� °ºË�ÒÓËÓÒË� v²ËäÈ�Ò�Ë°}ºË ÒÏº­¯ÈÎËÓÒË
°mÈ¯Ó©² °ºË�ÒÓËÓÒ®� ¹ºã��ËÓÓ©² ° Ò°¹ºã	ÏºmÈÓÒËä
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�Ë¯ÎÈÓÒËä �¹¯º�Ó«
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ÓÒ« °º°�ÈmÒã ���±��� È ¹¯Ò �Ë² ÎË �°ãºmÒ«² °mÈ¯}Ò�
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°mÈ¯Óº�º °ºË�ÒÓËÓÒ« ¹º °¯ÈmÓËÓÒ
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Ë�ÒÓËÓÒ®�

{ ¯È­º�Ë >��@ Ò°°ãË�ºmÈÓÈ �ÒÁÁ�ÏÒºÓÓÈ« °mÈ¯}È
ÓÈ²ãË°�º�Ó©² °ºË�ÒÓËÓÒ® ãÒ°�ºm �ºã�ÒÓº® � ää ÒÏ
Èã
äÒÓÒËmº�º °¹ãÈmÈ ����� È¯äÒ¯ºmÈÓÓº�º äºÓº}�
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���� °ãË��
�Ò®� �� äË�Ò ���� äÈ�ÓÒ« ���� }¯ËäÓÒ«

���� ÎËãËÏÈ ���� Èã
äÒÓÒ« Û º°�Èã	ÓºË� °¹ãÈmÈ
���� Û äË�Ò ���� äÈ�ÓÒ« ���� }¯ËäÓÒ« ����� ÎËãËÏÈ
����� ãÒ�Ò« ���� �Ò¯}ºÓÒ« ����� Èã
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mãÒ«ÓÒË �Ë¯äºº­¯È­º�}Ò ¹º°ãË °mÈ¯}Ò� m©�Ë¯Î}È
�…� � ¹¯Ò �Ëä¹Ë¯È��¯Ë ��� Åv� º²ãÈÎ�ËÓÒË m mº�Ë
°º ã	�ºä� ÓË}º�º¯©Ë º­¯ÈÏ�© ¹º�mË¯�ÈãÒ Ò°}�°�
°�mËÓÓºä� °�È¯ËÓÒ
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°ºË�ÒÓËÓÒ« ¹ºã��ËÓ äÈ}°ÒäÈã	Ó©® ¹¯Ë�Ëã ¹¯º�Óº°�
�Ò ÓÈ °¯ËÏ ��� l�È� �� Ë� �� � ª�º�º ÏÓÈ�ËÓÒ« �ã«
º°ÓºmÓº�º äË�ÈããÈ ¹¯Ò �Ë² ÎË �°ãºmÒ«² �Ë¯äºº­¯È�
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�Èmã«ãÈ �� �� �¯Ò °ÓÒÎËÓÒÒ �ÈmãËÓÒ« °ÎÈ�Ò« �º
��� l�È ¹¯Ë�Ëã ¹¯º�Óº°�Ò ÓÈ °¯ËÏ ¹È�ÈË� �º ��
l�È� Óº �ËÁº¯äÈ�Ò« º­¯ÈÏ�ºm ÓË ¹¯Ëm©�ÈË� �� ��
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°ãË��
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�
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Ó©² �°ãºmÒ«² °mÈ¯}Ò� iÒÁÁ�ÏÒ« ãÒ�Ò« m º°ÓºmÓº®
äË�Èãã ¹ºm©�ÈË� ¹¯º�Óº°�	 äÈ�¯Ò�© º°ÓºmÓº�º äË�
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{ ¯È­º�Ë >��@ ÒÏ��ËÓº mãÒ«ÓÒË ¹¯ºäËÎ��º�Ó©²
°ãºËm ÓÈ °mº®°�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® zl ���� �
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¹¯º°ãº®}º® Ò ­ËÏ ÓËË� p°ãÒ ¹¯º�Óº°�	 °ºË�ÒÓËÓÒ«
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ÎËãËÏÈ ����� äÈ¯�ÈÓ�È ����� �ÒÓ}È Ò �Ò�ÈÓÈ Û ¹º
����� È¯äÒ¯ºmÈÓÓº�º �È°�Ò�ÈäÒ 6L& m }ºãÒ�Ë°�mË
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��…�� Ò ��…�� l�È� °�Ë¹ËÓ	 º­ÎÈ�Ò« ��… ���
��…�� Ò ����… ���� �� rËÏ ¹¯º°�Èm}Ò mºÏäºÎÓº ¹º�
ã��ËÓÒË °ºË�ÒÓËÓÒ« ­ËÏ �Ë�}º m©¯ÈÎËÓÓº® �¯ÈÓÒ�©
¯ÈÏ�ËãÈ ¹¯Ò m¯ËäËÓÒ °mÈ¯}Ò � � Ò �ÈmãËÓÒÒ �º ��
l�È� �¯Ò Ò°¹ºã	ÏºmÈÓÒÒ Áºã	�Ò �W  � �� 3  ��
l�È� º­¯ÈÏ�Ë�°« °ºË�ÒÓËÓÒË °º °ãÈ­º ¯ÈÏãÒ�Òäº®
�¯ÈÓÒ�Ë® ¯ÈÏ�ËãÈ Ò ° �È°�Ò�ÈäÒ 6L& ÓÈ ËË ãÒÓÒÒ�
v�Ë¹ËÓ	 º­ÎÈ�Ò« ¹¯Ò ª�ºä �ºmºã	Óº mËãÒ}È ��� ���
{ °ã��ÈË ¹¯ÒäËÓËÓÒ« °Ë¯Ë­¯«Óº�º ¹º}¯©�Ò« }È�Ë°�
�mËÓÓºË °ºË�ÒÓËÓÒË �­ËÏ mÒ�Òäº® �¯ÈÓÒ�© ¯ÈÏ�ËãÈ�
º­¯ÈÏ�Ë�°« ¹¯Ò �ºã�ÒÓË ¹º}¯©�Ò« ��� ä}ä� m¯ËäËÓÒ
°mÈ¯}Ò � �� �°ÒãÒÒ °ÎÈ�Ò« �� l�È Ò °�Ë¹ËÓÒ º­ÎÈ�
�Ò« ���� �� iã« °ÓÒÎËÓÒ« °�Ë¹ËÓÒ º­ÎÈ�Ò« Èm�º¯©
¯Ë}ºäËÓ��
� ¹¯ºmº�Ò�	 Ë�º m �mÈ ª�È¹È� ¹º� �ÈmãË�
ÓÒËä Ò ­ËÏ ÓË�º� �º��È °mÈ¯}È äºÎË� ­©�	 º°��Ë°�
�mãËÓÈ ¹¯Ò °�Ë¹ËÓÒ º­ÎÈ�Ò« �� ��

{ ¯È­º�Ë >��@ ¹¯ºmË�ËÓ© ª}°¹Ë¯ÒäËÓ�© ¹º �ÒÁ�
Á�ÏÒºÓÓº® °mÈ¯}Ë zl ���� � �� � ÓÒ�ËmÒ�Ó©²
}¯Ò°�Èããºm 6L&� iã« ª}°¹Ë¯ÒäËÓ�ºm m©­¯ÈÓÈ }ºÓ°�
�¯�}�Ò« °�©}ºmº�º °ºË�ÒÓËÓÒ«� vºË�ÒÓ«Ëä©Ë ¹º�
mË¯²Óº°�Ò �ãÒÁºmÈãÒ È­¯ÈÏÒmÓº® ­�äÈ�º®� ÏÈ�Ëä
º�Ò�ÈãÒ Ò ¹¯º�¯Èmã«ãÒ �ã« ��ÈãËÓÒ« ¹ºmË¯²Óº°��
Ó©² ÏÈ�¯«ÏÓËÓÒ® Ò º}°Ò�Ó©² ¹ãËÓº}� iã« ¹ºã��Ë�
ÓÒ« ��ºmãË�mº¯Ò�Ëã	Óº�º °ºË�ÒÓËÓÒ« º­¯ÈÏ�© °ºË�
�ÒÓ«ãÒ ° ¹ºäº�	
 ¹¯ºäËÎ��º�Óº�º °ãº«Û Áºã	�Ò�
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 º­Ë°¹Ë�ËÓÒ« äÈ}°ÒäÈã	Óº® ¹¯º�Óº°�Ò Ò
²ÒäÒ�Ë°}º® º�Óº¯º�Óº°�Ò °ºË�ÒÓËÓÒ® Ò°¹ºã	ÏºmÈ�
ãÒ ¹¯º°�Èm}Ò ÒÏ ¯ÈÏãÒ�Ó©² äÈ�Ë¯ÒÈãºm� �È¯ÈäË�¯©
�ÒÁÁ�ÏÒºÓÓº® °mÈ¯}Ò ¹¯ÒmË�ËÓ© m �È­ã� �� �¯º�Ë°°
°ºË�ÒÓËÓÒ« º°��Ë°�mã«ãÒ m mÈ}��äË �����⋅��Ü� �È�
{°Ë °ºË�ÒÓËÓÒ« ° ¹¯º°�Èm}º® º�ãÒ�ÈãÒ°	 ²º¯º�Òä
}ºÓ�È}�ºä� ¹º�mÒÎÓº°�	 È�ºäºm ­©ãÈ �º°�È�º�Óº®
�ã« º­¯ÈÏºmÈÓÒ« �ÒÁÁ�ÏÒºÓÓº�º °ãº« ÒÏ äÈ�Ë¯ÒÈãÈ
Áºã	�Ò� ~ÈäË�ËÓº� ��º �ÒÁÁ�ÏÒºÓÓ©® °ãº® ÓÒ}Ëã«
�Ò¯Ë� �Ëä � ¹¯º°ãºË} ÒÏ �¯��Ò² äË�Èããºm� w�º
º­�«°Ó«Ë�°« ­ãÒÏ}ÒäÒ È�ºäÓ©äÒ ¯È�Ò�°ÈäÒ ÓÒ}Ëã«
Ò Èã
äÒÓÒ« �5$O  ����� 51L  ����� Óä�� �¯Ò º��
°��°�mÒÒ ¹¯ºäËÎ��º�Óº�º °ãº« m °ºË�ÒÓËÓÒÒ ÓÈ­�
ã
�Èãº°	 äÓºÎË°�mº ÓË°¹ãº�Óº°�Ë® m°ãË�°�mÒË �º�
�º� ��º ÓÒ�ËmÒ�Ó©Ë }¯Ò°�Èãã© ¹¯Ë¹«�°�m�
� �ÒÁ�
Á�ÏÒÒ Èã
äÒÓÒ«� �¯Ò ÓÈãÒ�ÒÒ ¹¯º°�Èmº} ÒÏ äË�Ò
}È�Ë°�mº ¹ºã��ËÓÓ©² °ºË�ÒÓËÓÒ® ��ºmãË�mº¯Ò�Ëã	�
ÓºË� ~ÈmÒ°Òäº°�	 ¹¯Ë�ËãÈ ¹¯º�Óº°�Ò °mÈ¯Ó©² °ºË�
�ÒÓËÓÒ® º� äÈ�Ë¯ÒÈãÈ ¹¯º°�Èm}Ò ¹º}ÈÏÈÓÈ ÓÈ ¯Ò°� ��
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¹Ë}�� ¹¯ÒäËÓËÓÒ« ¹¯º°ãºË} ¹¯Ò �ÒÁÁ�ÏÒºÓÓº®
°mÈ¯}Ë� |­©�Óº �ã« ¹ºã��ËÓÒ« m©°º}º® }º¯¯ºÏÒºÓ�
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¯È
� ° ­ãÒÏ}ÒäÒ ªãË}�¯º²ÒäÒ�Ë°}ÒäÒ °mº®°�mÈäÒ�
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ÓÈ¯Ó©® ªãË}�¯º�Ó©® ¹º�ËÓ�ÒÈã� ¹ºm©�ÈË�°« }º¯�
¯ºÏÒºÓÓÈ« °�º®}º°�	 °mÈ¯Óº�º °ºË�ÒÓËÓÒ« >��@� {
¯ËÏ�ã	�È�Ë mºÏ�Ë®°�mÒ« m©°º}º® �Ëä¹Ë¯È��¯© Ò �Èm�
ãËÓÒ« m ÏºÓË °mÈ¯}Ò ¯ÈÏmÒmÈ
�°« ¹¯º�Ë°°©� m©¯Èm�
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º­¯ÈÏ�ºä ÒÏ Èã
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�¯Ò Ò°¹©�ÈÓÒÒ ÓÈ ¯È°�«ÎËÓÒË °ºË�ÒÓËÓÒ® º­�
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­ºm °mÈ¯}Ò m �mË¯�º® ÁÈÏË �ÒÁÁ�ÏÒºÓÓÈ« °mÈ¯}È�
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,URQ DQG 6WHHO ,QVWLWXWH RI -DS� Û ����� Û ��� ¢ �� Û
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OLQJ $XWRPDWLRQ� ����� Û �� ¢ ��� Û 3� ��Ü���
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7KH SDSHU GHVFULEHV PRGHUQ PHWKRGV RI SURGXFLQJ GLVSHUVLRQ� VWUHQJWKHQHG DOXPLQLXP�EDVHG FRPSRVLWH PDWHULDOV� VWUHQJWKH�
QHG ZLWK VLOLFRQ FDUELGH SDUWLFOHV� 7KH PDLQ SK\VLFR�FKHPLFDO DQG PHFKDQLFDO FKDUDFWHULVWLFV RI WKHVH PDWHULDOV DUH JLYHQ� DQG
WKH FXUUHQW PHWKRGV RI MRLQLQJ GLVSHUVLRQ� VWUHQJWKHQHG DOXPLQLXP�EDVHG PDWHULDOV� DV ZHOO DV WKH SUREOHPV DULVLQJ LQ VROLG DQG
OLTXLG�SKDVH ZHOGLQJ RI WKHVH PDWHULDOV DUH FRQVLGHUHG LQ GHWDLO�
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