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 ¯Ò°� �Ü�� �È}� ÓÈ¹¯ÒäË¯�

ÓÈ ¯Ò°� � ¹º}ÈÏÈÓº ¯È°¹¯Ë�ËãËÓÒË ¹º ¯Èº�Ë® ¹º�

mË¯²Óº°�Ò }È�º�È �Ëä¹Ë¯È��¯©� ¹ãº�Óº°�Ò �º}È Ò

cÒ°� �� v¯Ë�ÓËË }È�º�ÓºË ¹È�ËÓÒË ¹º�ËÓ�ÒÈãÈ }È} Á�Ó}�Ò« �º}È
���Ò �ã« �¯��È�º�º �Ë¯äº}È�º�È �º°�Èã	Ó©Ë ¹È¯ÈäË�¯© ¯ËÎÒäÈ
¯Èº�© }È�º�È °ä� ¯Ò°� ��

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË �Ëä¹Ë¯È��¯© �È�� ¹ãº�Óº°�Ò ªãË}�¯Ò�Ë°�
}º�º �º}È �� Ò ¹ãº�Óº°�Ò �Ë¹ãºmº�º ¹º�º}È� mmº�Òäº�º ���º®
�m�� ¹º ¹ºmË¯²Óº°�Ò �¯��È�º�º �Ë¯äº}È�º�È� ¯Èº�È
�Ë�º ÓÈ
¯ÈÏãÒ�Óºä �º}Ë �*�  ��� ã�äÒÓ� 4

�

 � ÒãÒ ) � �� ää�� � Û
,  ���� � Û ���� � Û ��� k
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�Ë¹ãºm©² ¹º�º}ºm� mmº�Òä©² °ºº�mË�°�mËÓÓº ���

�º® Ò ãÈÏË¯Ó©ä ¹��}ºä� ¹¯Ò ¯ÈÏãÒ�Ó©² ÏÓÈ�ËÓÒ«²

äº�Óº°�Ò ¹º�ãº�ÈËäº�º }È�º�ºä ãÈÏË¯Óº�º ÒÏã��

�ËÓÒ« 4
}

ã
� º¹¯Ë�Ëã«Ëäº® }È} ÒÓ�Ë�¯Èã º� T

}

ã
¹º

mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò }È�º�È� �¯ºÒ°²º�«�Ò® °

�mËãÒ�ËÓÒËä ¯È°°�º«ÓÒ« ) ¯º°� 4
}

ã
�}¯ÒmÈ« � ÓÈ

¯Ò°� �� m©Ï©mÈË� ÓË}º�º¯ºË ¹ºm©�ËÓÒË �Ëä¹Ë¯È�

��¯© ¹ºmË¯²Óº°�Ò }È�º�È� º°ºËÓÓº ÏÈäË�ÓºË mÓ���

¯Ò Ë�º m©²º�Óº�º º�mË¯°�Ò« �¯Ò°� �� D�� �¯º«m�
ã«
�È«°« ¹¯Ò ª�ºä ÓËäºÓº�ºÓÓº°�	 ¯È°¹¯Ë�ËãËÓÒ«

�Ëä¹Ë¯È��¯©� È mäË°�Ë ° ÓË® M
}
Ò T

}

�
�¯Ò°� �� �

m�� ¹º �ãÒÓË m©²º�Óº�º }ÈÓÈãÈ }È�º�È °m«ÏÈÓÈ °

ÓËº�Óº¯º�Óº°�	
 ÓÈ�¯ËmÈ Ë�º ¹ºmË¯²Óº°�Ò ãÈÏË¯�

Ó©ä ÒÏã��ËÓÒËä �¯Ò°� �� ��� �°ÒãÒmÈ
�Ë®°« ° ¯º°�

�ºä ) �°¯� }¯Òm©Ë � Ò � ÓÈ ¯Ò°� �� ���

{ÈÎÓº® º°ºËÓÓº°�	
 }È�º�Ó©² ¹¯º�Ë°°ºm �ã«

¯È°°äÈ�¯ÒmÈËäº�º }È�º�È «mã«Ë�°« °ÓÒÎËÓÒË ¹ãº��

Óº°�Ò �Ë¹ãºmº�º ¹º�º}È� mmº�Òäº�º m }È�º� ���º®�

¹¯Ò �mËãÒ�ËÓÒÒ 4
}

ã
Ò ÓËÒÏäËÓÓºä �º}Ë �¯Ò°� �� m��

v¯Ë�Ó«« ¹ãº�Óº°�	 �Ë¹ãºmº�º ¹º�º}È ÓÈ }È�º�Ë

<T
}

�> ÒÏäËÓ«Ë�°« ¹¯Ò ª�ºä º� ���� �) � �� ää� �º

���� {��ää
�
�)  �� ää�� È 4

}

�
�äËÓ	�ÈË�°« �È}Òä

º¯ÈÏºä� ��º ¹ºãÓºË �Ë¹ãºmãºÎËÓÒË m }È�º�

4
}

WRW = 4
}

� + 4
}

ã + 4}
M
�mËãÒ�ÒmÈË�°« ° ¯º°�ºä ) mË°	�

äÈ ÓËÏÓÈ�Ò�Ëã	Óº �}¯ÒmÈ« � ÓÈ ¯Ò°� ��� ~�Ë°	 °ãË�
��Ë� º�äË�Ò�	� ��º äº�Óº°�	� m©�Ëã«
�È«°« m �ËãË

}È�º�È ÏÈ °�Ë� ¹¯º�Ë}ÈÓÒ« �º}È 4
}

M
� ÓË ¹¯Ëm©�ÈË�

�� � º� 4
}

WRW
�

 �º }È°ÈË�°« °¯Ë�ÓË® ¹ãº�Óº°�Ò �º}È ÓÈ }È�º�Ë�

�º� ¹º°}ºã	}� ¹ãº�È�	 }È�º�Óº® ¹¯Òm«Ï}Ò ¹¯Ò �mË�

ãÒ�ËÓÒÒ 4
}

ã
Ò ÓËÒÏäËÓÓºä �,  ��� k� �º}Ë ���Ò

ÓË°}ºã	}º �©mÈË�� °¯Ë�Ó«« ¹ãº�Óº°�	 �º}È �M
}
! mºÏ�

¯È°�ÈË� ° ���� �) � �� ää� �º ���� k�ää
�
�)  

 �� ää�� �¯Ò ª�ºä ºãÈ°�	 }È�º�Óº® ¹¯Òm«Ï}Ò

¯ÈÏ¯«�È °äË�ÈË�°« ° �º¯�È }È�º�È ÓÈ Ë�º mÓ���

¯ËÓÓ

� ºãËË ÓÈ�¯Ë��
 ¹ºmË¯²Óº°�	 �¯Ò°� �� ��
�È}ºË ÏÈ�ã�ãËÓÒË ¯ÈÏ¯«�È m º�mË¯°�ÒË }È�º�È °�È�

ÓºmÒ�°« mºÏäºÎÓ©ä ãÈ�º�È¯« ¹¯ºÒ°²º�«�Ëä�

Ï�Ë°	 ãº}Èã	Óºä� °ÓÒÎËÓÒ
 }È�º�Óº�º ¹È�ËÓÒ« ¹º�

�ËÓ�ÒÈãÈ �°ä�� ÓÈ¹¯ÒäË¯� ÏÈmÒ°Òäº°�	 °¯Ë�ÓË�º }È�

�º�Óº�º ¹È�ËÓÒ« º� ÏÓÈ�ËÓÒ® )� È ÏÓÈ�Ò�� Ò º�

4
}

ã
� ¹º}ÈÏÈÓÓº�º ÓÈ ¯Ò°� ��� w�º ¹¯Òmº�Ò� } °��

�Ë°�mËÓÓºä� ¯º°�� �º® �È°�Ò ¹ºãÓº�º �º}È ¯ÈÏ¯«�È�

}º�º¯È« �Ë�Ë� ÓÈ }È�º� m ¹¯Ë�ËãÈ² Ë�º m©²º�Óº�º

}ÈÓÈãÈ� �È}� ÓÈ¹¯ÒäË¯� ¹¯Ò ,  ��� k� 4�
 � }{��

)  �� ää �4
}

ã
 ��� {�� ª�È �È°�	 �º}È °º°�Èmã«Ë�

cÒ°� �� vº°�Èmã«
�ÒË ¹ºãÓº�º �Ë¹ãºmº�º ¹º�º}È� mmº�Òäº�º m
}È�º�� ¯Èº�È
�Ò® m ãÈÏË¯Óº����ºmºä ¯ËÎÒäË� }È} Á�Ó}�ÒÒ ¯È°�
°�º«ÓÒ« º� }È�º�È �º Áº}Èã	Óº® ¹ãº°}º°�Ò ãÈÏË¯Óº�º ¹��}È� �
Û 4}

�

� � Û 4}

ã

� � Û 4}

WRW

�º°�Èã	Ó©Ë ¹È¯ÈäË�¯© ¯ËÎÒäÈ ¯Èº�©
}È�º�È �Ë ÎË� ��º Ò ÓÈ ¯Ò°� ��

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË �Ëä¹Ë¯È��¯© �È�� ¹ãº�Óº°�Ò ªãË}�¯Ò�Ë°�
}º�º �º}È ��� ¹ãº�Óº°�Ò �Ë¹ãºmº�º ¹º�º}È� mmº�Òäº�º ���º® �m�
Ò ãÈÏË¯Ó©ä ¹��}ºä ���� ¹º ¹ºmË¯²Óº°�Ò �¯��È�º�º �Ë¯äº}È�º�È�
¹º�º�¯ËmÈËäº�º ãÈÏË¯Ó©ä ÒÏã��ËÓÒËä �,  ��� $� 4

�

 � }{��
*�  ��� ã�äÒÓ� ¹¯Ò ¯ÈÏãÒ�Óºä ¯È°°�º«ÓÒÒ º� °¯ËÏÈ }È�º�È �º
Áº}Èã	Óº® ¹ãº°}º°�Ò Ò°²º�Óº�º ãÈÏË¯Óº�º ¹��}È� �Û )  �� ää
�4}

ã

 ��� {��� �Û �� ää �4}

ã

 ��� {��� ��¯Ò²ºm©Ë }¯Òm©Ë Û
) � �� ää �4}

ã

 ��
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º}ºãº ��� k� È ¹ãº�Óº°�	 �º}È m ¹ãÈÏäË ÓÈ °¯ËÏË

m©²º�Óº�º º�mË¯°�Ò« }È�º�È �º°�Ò�ÈË� ¹¯ÒãÒÏÒ�

�Ëã	Óº ��� k�ää
�
� ��º ÏÓÈ�Ò�Ëã	Óº ºã	�Ë� �Ëä

ÓÈ ¹ºmË¯²Óº°�Ò }È�º�È� vãË�ºmÈ�Ëã	Óº� Ò°¹ºã	Ï�«

�º¹ºãÓÒ�Ëã	Ó©® ãÈÏË¯Ó©® ÓÈ�¯Ëm mÓ��¯ËÓÓË® ¹º�

mË¯²Óº°�Ò �¯��È�º�º �Ë¯äº}È�º�È� äºÎÓº ªÁÁË}�

�ÒmÓº �¹¯Èmã«�	 ¯È°¹¯Ë�ËãËÓÒËä ¹ãº�Óº°�Ò �º}È�

È ÏÓÈ�Ò�� Ò }ºÓ�ËÓ�¯È�ÒË® ªÓË¯�ÒÒ m ¹ãÈÏäË mãÒÏÒ

�È}º�º }È�º�È� w�º �ÈË� mºÏäºÎÓº°�	 °��Ë°�mËÓÓº

¹ºm©°Ò�	 ¹ãº�Óº°�	 ªÓË¯�ÒÒ� mmº�Òäº® ���º® m ÒÏ�

�ËãÒË� ÓË �ºã	}º ¹¯Ò ãÈÏË¯Óº�¹ãÈÏäËÓÓº® º¯Èº��

}Ë äÈ�Ë¯ÒÈãºm �ÏÈ °�Ë� Ò°¹ºã	ÏºmÈÓÒ« m }ºäÒÓÒ�

¯ºmÈÓÓºä ¹¯º�Ë°°Ë ¹ãÈÏäËÓÓº® ���Ò�� Óº Ò ¹¯Ò

}ºäÒÓÒ¯ºmÈÓÓº® ãÈÏË¯Óº����ºmº® °mÈ¯}Ë ° Ò°¹ºã	�

ÏºmÈÓÒËä }º¯º�}º® °mºº�Óº �º¯«�Ë® ���Ò ° ���

�º¹ãÈm}Òä �¯��È�©ä }È�º�ºä� ¹º�º�¯ËmÈËä©ä ãÈ�

ÏË¯Ó©ä ÒÏã��ËÓÒËä� { ¹º°ãË�ÓËä °ã��ÈË °ã��ÈË

¯ºã	 ¹ãÈÏäºÁº¯äÒ¯�
�Ë�º °º¹ãÈ ��Ë� Ò�¯È�	 m©�

²º�Óº® }ÈÓÈã �È}º�º }È�º�È�

{ �Ëãºä� ¯ËÏ�ã	�È�© �Ò°ãËÓÓº�º äº�ËãÒ¯ºmÈÓÒ«

}È�º�Ó©² «mãËÓÒ® �ã« �¯��È�º�º �Ë¯äº}È�º�È °mÒ�

�Ë�Ëã	°�m�
� º mºÏäºÎÓº°�Ò ¹ºm©�ËÓÒ« �Ëä¹Ë¯È�

��¯© ¹ºmË¯²Óº°�Ò }È�º�È Ò ¹ãº�Óº°�Ò �º}È m

ºãÈ°�Ò }È�º�Óº® ¹¯Òm«Ï}Ò ���Ò� ÒÏäËÓËÓÒ« ¹º�

ãºÎËÓÒ« ª�º® ºãÈ°�Ò Ò� }È} °ãË�°�mÒË m°Ë�º ª�º�º�

¹Ë¯Ë¯È°¹¯Ë�ËãËÓÒ« ¹ãº�Óº°�Ò �º}È m ¹¯Ò}È�º�Óº®

¹ãÈÏäË ÏÈ °�Ë� �º¹ºãÓÒ�Ëã	Óº�º ¯Ë��ãÒ¯�Ëäº�º ÓÈ��

¯ËmÈ ¯Èº�Ë® ¹ºmË¯²Óº°�Ò }È�º�È ¹¯º¹�°}ÈËä©ä �Ë�

¯ËÏ ÓË�º ãÈÏË¯Ó©ä ¹��}ºä� �ºã��ËÓÓ©Ë ¯È°�Ë�Ó©Ë

�ÈÓÓ©Ë ©ãÒ ¹ºãºÎËÓ© m º°Óºm� °ºÏ�ÈÓÒ« }ºÓ°�

�¯�}�ÒÒ }È�º�Óº�º �ÏãÈ ÒÓ�Ë�¯Ò¯ºmÈÓÓº�º ãÈÏË¯�

Óº����ºmº�º ¹ãÈÏäº�¯ºÓÈ �ã« ¹º¯º�}ºmº® ÓÈ¹ãÈm}Ò

>�@� w}°¹Ë¯ÒäËÓ�Èã	Ó©Ë Ò°°ãË�ºmÈÓÒ« ¯ÈÏ¯Èº�ÈÓ�

Óº�º ¹ãÈÏäº�¯ºÓÈ ¹º��mË¯�ÒãÒ ¯ËÏ�ã	�È�© äº�Ë�

ãÒ¯ºmÈÓÒ« }È�º�Ó©² ¹¯º�Ë°°ºm� È �È}ÎË ¹¯º�Ë�

äºÓ°�¯Ò¯ºmÈãÒ m©°º}�
 °�ÈÒã	Óº°�	 ¯Èº�© �¯��

�È�º�º �Ë¯äº}È�º�È� ¹º�º�¯ËmÈËäº�º ãÈÏË¯Ó©ä ÒÏ�

ã��ËÓÒËä� Ò º�°��°�mÒË ÏÈäË�Óº® ª¯ºÏÒÒ Ë�º

äÈ�Ë¯ÒÈãÈ ¹º°ãË ºãËË �Ëä mº°	äÒ�È°ºmº® ¯Èº�©

° äÓº�º}¯È�Ó©äÒ m}ã
�ËÓÒ«äÒ ���Ò�

�� /DVHU�$UF 'LVFKDUJH� 7KHRU\ DQG $SSOLFDWLRQV � 9� 6�
*YR]GHWVN\� ,� 9� .ULYWVXQ 0� ,� &KL]KHQNR� /� 0� <DUL�
QLFK �� :HOGLQJ DQG 6XUIDFLQJ 5HY�� +DUZRRG $FDG�
SXEO�� ����� Û ��� S�

�� �È�ºÓ r� p� vºmË¯�ËÓ°�mºmÈÓÒË °¹º°ººm °mÈ¯}Ò Û º�ÒÓ
ÒÏ ¹��Ë® ¹ºm©�ËÓÒ« }È�Ë°�mÈ Ò ª}ºÓºäÒ�Óº°�Ò °mÈ¯Ó©²
}ºÓ°�¯�}�Ò® �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û
v� �Ü���

�� z¯Òm��Ó j� {��  ÒÎËÓ}º l� j� |°Óºm© ¯È°�Ë�È ãÈÏË¯Óº�
���ºm©² ¹ãÈÏäº�¯ºÓºm �� �Èä ÎË� Û ����� Û ¢ �� Û
v� ��Ü���

�� �È�� ������� vbk� lzj
�
j �� z ������ ������ &RPEL�

QHG ODVHU DQG SODVPD DUF ZHOGLQJ WRUFK � ,� 6� '\NKQR�
,� 9� .ULYWVXQ� *� 1� ,JQDWFKHQNR� Û |¹�ã� ���������

�� vºä k� j�� z¯Òm��Ó j� {� �ÈÏË¯ � ¹ãÈÏäÈ� ¹ºÒ°} Óºm©²
mºÏäºÎÓº°�Ë® m ÓÈ¹ãÈm}Ë �� km�ºäÈ�� °mÈ¯}È� Û �����
Û ¢ ���Û v� ��Ü���

�� �¯ÒªãË}�¯º�Ó©Ë ¹¯º�Ë°°© m ���ºm©² ¯ÈÏ¯«�È² � l� n�
y�}ºm� s� �� zºÏãºm� k� {� ��°�º�È¯ºm Ò �¯� Û sºmº°Ò�
Ò¯°}� sÈ�}È� ����� Û ��� °�

�� z¯Òm��Ó j� {� lº�Ëã	 Ò°¹È¯ËÓÒ« äË�ÈããÈ ¹¯Ò ���ºmº®�
ãÈÏË¯Óº® Ò ãÈÏË¯Óº����ºmº® °mÈ¯}Ë �� km�ºäÈ�� °mÈ¯}È�
Û ����� Û ¢ �� Û v� �Ü���

�� i	
ãÒ �� �ÈÏË¯ÓÈ« �Ë²Óºãº�Ò« Ò ÈÓÈãÒÏ äÈ�Ë¯ÒÈãºm� Û
l�� lÒ¯� ����� Û ��� °�

�� nºäËÓ}º {� v� wäÒ°°ÒºÓÓ©Ë °mº®°�mÈ äÈ�Ë¯ÒÈãºm� v¹¯È�
mº�ÓÒ}� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

��� �ÈãÒ�© ÁÒÏÒ�Ë°}Ò² mËãÒ�ÒÓ� v¹¯Èmº�ÓÒ} � �º� ¯Ë��
j� z� zÒ}ºÒÓÈ� Û l�� k�ºäÒÏ�È�� ����� Û ���� °�

��� sº°}ºm l� l� |¹�Ò�Ë°}ÒË Ò äÈ�ÓÒ�ºº¹�Ò�Ë°}ÒË °mº®°�mÈ
äË�Èããºm� Û vmË¯�ãºm°}� �s¡ ks vvvc� ����� Û
��� °�

��� z��È�ËãÈ�ÏË v� v� |°Óºm© �Ëº¯ÒÒ �Ë¹ãººäËÓÈ� Û l��
k�ºäÒÏ�È�� ����� Û ��� °�

��� lº®ÎË° r� Ð�� sËä�ÒÓ°}Ò® {� k� z �Ëº¯ÒÒ ���Ò m©°º}º�º
�ÈmãËÓÒ« ÓÈ ���º¹ãÈm}ºä }È�º�Ë ,, �� y�¯Ó� �Ë²Ó� ÁÒÏÒ�
}Ò� Û ����� Û ��� ¢ ��� Û v� ����Ü�����

0RGHO RI FDWKRGH SURFHVVHV IRU WXEXODU WKHUPRFDWKRGH RI D ODVHU DUF SODVPDWURQ ZKLFK WDNHV LQWR DFFRXQW DQ DX[LOLDU\

KHDWLQJ RI WKH FDWKRGH ZRUNLQJ VXUIDFH E\ D SDVVLQJ ODVHU EHDP LV RIIHUHG� $ GHWDLOHG FRPSXWHU PRGHOOLQJ RI FDWKRGH
SURFHVVHV IRU WKH DERYH�PHQWLRQHG FDWKRGH ZDV PDGH� ,W LV VKRZQ WKDW WKH DX[LOLDU\ ODVHU KHDWLQJ FDQ SURYLGH HIIHFWLYH
FRQWURO RI WKH FDWKRGH SURFHVVHV� DQG� FRQVHTXHQWO\� FKDUDFWHULVWLFV RI SODVPD LQ WKH QHDU�FDWKRGH UHJLRQ� 7KH GHVLJQ RI

WKH FDWKRGH XQLW RI WKH ODVHU�DUF SODVPDWURQ IRU WKH SRZGHU VXUIDFLQJ ZDV EDVHG RQ WKH UHVXOWV� ([SHULPHQWDO LQYHVWLJDWLRQV
RI SODVPDWURQ GHPRQVWUDWHG KLJK VWDELOLW\ RI RSHUDWLRQ DQG KLJK VHUYLFH OLIH RI WKH GHVLJQHG WXEXODU HOHFWURGH�
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