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«mã«Ë� º°º©Ë �¯ËºmÈÓÒ« } ¹¯Ò¹º«ä� ��Ò�©mÈ«�
��º º�Ëä ¹¯ºÒÏmº�°�mÈ Ò ÓºäËÓ}ãÈ��¯È ÒÏ�ËãÒ®
ÒÏ ¯ÈÏÓº¯º�Ó©² äÈ�Ë¯ÒÈãºm �º°�È�º�Óº mËãÒ}Ò Ò
m �Èã	ÓË®�Ëä ���� mºÏ¯È°�È�	� ãº�Ò�Óº ¹¯Ë�¹º�
ãºÎÒ�	� ��º© ²È¯È}�Ë¯Ò°�Ò}È ¹¯Ò¹ºËm m}ã
�ÈãÈ
}ºªÁÁÒ�ÒËÓ� �Ë¹ãºmº�º ¯È°�Ò¯ËÓÒ« Ò äº��ã	 �¹�
¯��º°�Ò� z¯ºäË �º�º� ¯Ë�Ò�	 ª�� ¹¯ºãËä� äºÎÓº
¹��Ëä Ò°¹ºã	ÏºmÈÓÒ« m }È�Ë°�mË ¹¯ºäËÎ��º�Ó©²

½�ËÁº¯äÒ¯�
�Ò²°«� °ãºËm m©°º}º¹ãÈ°�Ò�Ó©² °Ë�
¯Ë¯«Ó©²� Ïºãº�©²� äË�Ó©² ¹¯Ò¹ºËm� ÏÈ¹ºãÓ«
�
�Ò² �Ò¯º}Ò® ÏÈÏº¯�
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�È« ¹¯ºäËÎ��º�ÓÈ« ¹¯º}ãÈ�}È�
¹ºÏmºã«
�È« �mËãÒ�Ò�	 ¹¯º�Óº°�	 °ºË�ÒÓËÓÒ« }Ë�
¯ÈäÒ�Ë°}º�º �Ò°}È �ÈÏºmº® ��¯ÒÓ© ° äË�ÈããÒ�
�Ë°}Òä mÈãºä� ¹¯Ë�ãºÎËÓÈ m jÓ°�Ò���Ë ¹¯ºãËä
äÈ�Ë¯ÒÈãºmË�ËÓÒ« Òä� j� s� n¯ÈÓ�ËmÒ�È� �È}È«
}ºÓ°�¯�}�Ò« ÓË �ºã	}º �mËãÒ�ÒmÈË� ¹ãº�È�	 ¹È®�
}Ò� Óº Ò ¯ÈmÓºäË¯Óº ¯È°¹¯Ë�Ëã«Ë� ÓÈ¹¯«ÎËÓÒ«�
mºÏÓÒ}È
�ÒË m ¹¯º�Ë°°Ë ¹È®}Ò >��@� v �Ëã	
 ºË°�
¹Ë�ËÓÒ« ¯ËãÈ}°È�ÒÒ ÓÈ¹¯«ÎËÓÒ®� mºÏÓÒ}È
�Ò² m
°m«ÏÒ ° ¯ÈÏãÒ�ÒËä }ºªÁÁÒ�ÒËÓ�ºm �Ë¯äÒ�Ë°}º�º
¯È°�Ò¯ËÓÒ«� ¹¯Ò ÒÏ�º�ºmãËÓÒÒ �mË¯�º°¹ãÈmÓ©²
ªãËäËÓ�ºm äË�Èããºº¯ÈÈ�©mÈ
�Ò² ÒÓ°�¯�äËÓ�ºm�
Ò°¹ºã	ÏºmÈãÒ ¹¯Ò¹ºÒ °Ò°�Ëä© äË�	ÜÓÒ}Ëã	ÜäÈ¯�
�ÈÓË�� ÒäË
�ÒË �º°�È�º�Ó�
 ¹ãÈ°�Ò�Óº°�	 >��@�

iã« °ÓÒÎËÓÒ« ÓÈ¹¯«ÎËÓÒ® ¯Ë}ºäËÓ��Ë�°« }ºÓ�
°�¯�Ò¯ºmÈ�	 ÒÏ�ËãÒ« ° �Ë�Èã«äÒ� �º¹�°}È
�ÒäÒ
�ËÁº¯äÈ�ÒÒ m äË°�È² ¹È®}Ò� ÏÈ °�Ë� ��ºÓËÓÒ« °�Ë�
Óº}� �ºÁ¯ºm Ò �� ¹� >��@� |�ÓÈ}º Ò°¹ºã	ÏºmÈ�	
¯Ë}ºäËÓ�È�ÒÒ� ¯ÈÏ¯Èº�ÈÓÓ©Ë �ã« äËã}Ò² ÒÏ�ËãÒ®
¯È�ÒºªãË}�¯ºÓÓº® �Ë²ÓÒ}Ò� �ã« }¯�¹Óº�ÈÈ¯Ò�Ó©²
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º�È
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¹º�mË¯�È«°	 ºã	�Òä ÓÈ�¯�Ï}Èä� �¯Ò¹ºÒ �ºãÎÓ©
ºË°¹Ë�ÒmÈ�	 mºÏäºÎÓº°�	 ÒÏ�º�ºmãËÓÒ« ¹È«Ó©²
}ºÓ°�¯�}�Ò® ÒÏ }ºä¹È}�Ó©² Ò ¹º¯Ò°�©² äÈ�Ë¯Ò�
Èãºm Ò ÓËäË�Èããºm ° ¯ÈÏãÒ�Ó©äÒ }ºªÁÁÒ�ÒËÓ�ÈäÒ
ãÒÓË®Óº�º ¯È°�Ò¯ËÓÒ«� {º äÓº�Ò² °ã��È«² º°Óºmº®
�È}Ò² ¹¯Ò¹ºËm °ã�ÎÈ� °¹ãÈm© °Ò°�Ëä© ÓÒ}Ëã	Ü
²¯ºäÜº¯Ü}¯ËäÓÒ®� jÓº��È m }È�Ë°�mË ���º¹ãÈm}Ò²
ÓÈ¹ºãÓÒ�ËãË® Ò°¹ºã	Ï�
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w�Ò ÓÈÒºãËË ���º¹ãÈm}ÒË m ¹¯Ò¯º�Ë äË�Èãã© Ò��
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ÁÈÏ Ò °ÓÒÎËÓÒ« �ÒÁÁ�ÏÒÒ ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ ¹¯Ò
m©°º}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ë ÓÒ}ËãËm©äÒ ¹¯Ò¹º«äÒ
ª�º® °Ò°�Ëä©� }¯ºäË mmË�ËÓÒ« m °º°�Èm ¹¯Ò¹º«
ãÈ�º¯º�Ó©² äË�Èããºm� ¹¯Ë�ãÈ�ÈË�°« °mË°�Ò } äÒ�
ÓÒä�ä� ¹È«Ëä©® ÏÈÏº¯ �ÓË ºãËË ��� ä}ä� >��@�

vãË��Ë� º�äË�Ò�	� ��º ¹¯Ò¹ºÒ ° ºã	�Òä }ºãÒ�
�Ë°�mºä º¯È Ò }¯ËäÓÒ« ª¯ºÏÒºÓÓº�È}�ÒmÓ© Ò ÓË
¹¯Ò�º�Ó© �ã« ¹È®}Ò �ºÓ}º°�ËÓÓ©² }ºÓ°�¯�}�Ò® �°º�
�ºm©Ë� ¯Ë�Ë��È�©Ë ¹ÈÓËãÒ� ¹ãÈ°�ÒÓ�È�º�¯Ë¯Ò°�©Ë
�Ë¹ãººäËÓÓÒ}Ò Ò �¯��� }º�º¯©Ë mº äÓº�ºä º¹¯Ë�
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{°Ë°º
ÏÓºä ÓÈ��Óº�Ò°°ãË�ºmÈ�Ëã	°}ºä ÒÓ°�Ò���Ë
ÈmÒÈ�ÒºÓÓ©² äÈ�Ë¯ÒÈãºm� jwv Òä� p� |� �È�ºÓÈ�
�Ë²ÓºäÈ�Ë Ò �¯��Ò² º¯�ÈÓÒÏÈ�Ò«² ¯ÈÏ¯Èº�ÈÓ© ¹¯Ò�
¹ºÒ ÓÈ º°ÓºmË ÓÒ}Ëã« ° äÈãº® ª¯ºÏÒºÓÓº® È}�Òm�
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 �ã« ¹È®}Ò ÓË¯ÎÈmË
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|°ºËÓÓº m©°º}ÒË �¯ËºmÈÓÒ« ¹¯Ë��«mã«
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�º°}ºã	}� m �º¹ãÒmË °º�Ë¯ÎÒ�°« °Ë¯È� �º m ¹¯º�Ë°°Ë
°�º¯ÈÓÒ« ÒÏ�ËãÒË ¹º�mË¯�ÈË�°« °�ã	ÁÒ�Óº® }º¯�
¯ºÏÒÒ� È º°ÓºmÓ©Ë ªãËäËÓ�©� Ò°¹ºã	Ï�Ëä©Ë m }È�
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�Ë°�mË �Ë¹¯Ë°°ÈÓ�ºm� °ÓÒÎÈ
� °�º®}º°�	 ¹¯º�Òm ª�º®
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{ ¹º°ãË�ÓÒË �Ë°«�ÒãË�Ò« m Èm�ºäºÒãË°�¯ºËÓÒÒ�
²ÒäÒ�Ë°}º® ¹¯ºä©�ãËÓÓº°�Ò� ¹¯ºä©�ãËÓÓºä Ò
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mÒãº� �ºã�ÒÓº® äËÓËË � ää� �¯Ò °mÈ¯}Ë }ºÓ°�
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¹È¯ËÓÒ« �º �Ëä¹Ë¯È��¯© ¹ãÈmãËÓÒ« �ÒÓ}È� �ºm�
�º¯ÓÈ« �Èã	mÈÓÒÏÈ�Ò« «mã«Ë�°« �º¯º�º°�º«�Òä
¹¯º�Ë°°ºä� È Ò°¹ºã	ÏºmÈÓÒË ÓÒÏ}º�Ëä¹Ë¯È��¯Ó©²
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Ò°¹È¯ËÓÒ«� ÓË ºË°¹Ë�ÒmÈË� �º°�È�º�Óº® ¹¯º�Óº°�Ò�
{ ÁÒ¯äË (6$% �bmË�Ò«� m }È�Ë°�mË ¹¯Ò¹º« ¹¯Ë��
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ãº¯º�È�� lË�ÓÈ« ¹¯Ò°È�º�ÓÈ« ¹¯ºmºãº}È Û ªãË}�
�¯º� ° �ºÈm}º® }¯ËäÓÒ« �� �� Ò äÈ¯�ÈÓ�È �� ��
ÒäËË� �Ëä¹Ë¯È��¯� ¹ãÈmãËÓÒ« ���… ���� Åv� È �Ëä�
¹Ë¯È��¯È ¹ãÈmãËÓÒ« �ÒÓ}ÈÛ ��� Åv� yÒ�}Ò® �ÒÓ}
º°�ÈË�°« ÓÈ ¹ºmË¯²Óº°�Ò °�ÈãÒ Ò ¯È°�mº¯«Ë�°« m
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ÏÈ�Ë}ÈË� m ¹È«Ëä©® ÏÈÏº¯ >��@�
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¹È®}Ë ãË�Ò¯ºmÈÓÓ©² °�ÈãË® mºÏÓÒ}È
� ¹¯ºãËä©
° m©¹È�ËÓÒËä }È¯Ò�ºm ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ� Ò ¯È°�
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ÏË¯ËÓ� º°ºËÓÓº ¹º� �Ë®°�mÒËä ÓÈ¹¯«ÎËÓÒ®� �¯Ò
m©º¯Ë ¹¯Ò¹º«� }¯ºäË º©�Ó©² }¯Ò�Ë¯ÒËm� ��Ò�
�©mÈ
�°« �°ãºmÒ« ¹¯Ë�mÈ¯Ò�Ëã	Óº® Ò ¹º°ãË��
�Ë®
�Ë¯äºº¯Èº�}Ò� �¯Ò ¹È®}Ë �º ÏÈ}Èã}Ò ÓËº²º�Òä©
���º¹ãÈm}ÒË ¹¯Ò¹ºÒ� ¹¯Ò ¹È®}Ë m©°º}º��ãË¯º�Ò°�
�©² °�ÈãË® Û �Ëä¹Ë¯È��¯È ÓÈ�¯ËmÈ �ºãÎÓÈ ©�	
ÓÒÎË �Ëä¹Ë¯È��¯© ÏÈ}Èã}Ò ÒãÒ �º°�È�º�Óº® �ã«
º�Óºm¯ËäËÓÓº® ÏÈ}Èã}Ò >��@�

{ ¹¯º�Ë°°Ë ª}°¹ã�È�È�ÒÒ ¹È«Ó©² ÒÏ�ËãÒ® mºÏ�
äºÎÓº m©�ËãËÓÒË �ÈÏºm ÒÏ °ºË�ÒÓËÓÒ®� w�º m ÓË�
}º�º¯©² °ã��È«² äºÎË� ¹¯ÒmË°�Ò } �²���ËÓÒ

ª}°¹ã�È�È�ÒºÓÓ©² °mº®°�m ÒÏ�ËãÒ«� |�ÒÓ ÒÏ °¹º�
°ººm ¹¯Ë�º�m¯È�ËÓÒ« º�¯Ò�È�Ëã	Óº�º ªÁÁË}�È
¹¯Ë�ãºÎËÓ ÁÒ¯äº® *UHHQ�RQH 7HF�� ÒÏ�º�ÈmãÒmÈ�

�Ë® ¹º�ãº�Ò�ËãÒ °ºãÓË�Ó©² }ºããË}�º¯ºm ÒÏ äË��
Ó©² �¯�º}� }º�º¯©Ë ¹¯Ò¹ÈÒmÈ
�°« } �Ë¹ãº¹¯ºmº��
Ó©ä ¹ãÈ°�ÒÓÈä ° ÓÈÓË°ËÓÓ©ä ¹º}¯©�ÒËä� �¯Ò ÓÈ��
¯ËmË °m©�Ë ��� Åv �¹¯Ò º�°��°�mÒÒ �Ò¯}�ã«�ÒÒ �Ë¹�
ãºÓº°Ò�Ëã«� ÒÏ ¹¯Ò¹º« ÒÓ�ËÓ°ÒmÓº m©�Ëã«
�°« �ÈÏ©�
¯ÈÏ¯��È
�ÒË ÈÓ�Òº�¯ÈÎÈ
�ËË ¹º}¯©�ÒË� nÒ¯äÈ
°ºmäË°�ÒãÈ mº m¯ËäËÓÒ ¹È®}� Ò �ã	�¯ÈÏm�}ºm�
 °mÈ¯�
}�� ��º ºË°¹Ë�Òãº m©�ËãËÓÒË �ÈÏºm Ò ¹È¯ºm ÒÏ ¹¯Ò¹º«
Ò ¹È°� m ¹¯º�Ë°°Ë ÒÏ�º�ºmãËÓÒ« >��@�

{º äÓº�Ò² ÒÏ�ËãÒ«² ¹È«Ó©Ë °ºË�ÒÓËÓÒ« �ºãÎÓ©
ºË°¹Ë�ÒmÈ�	 �Ë¯äË�Ò�Óº°�	� �¯Ò�º�Óº°�	 äÈ�Ë¯Ò�
Èãºm �ã« ¹È®}Ò ¹ãº°}Ò² }º¯¹�°ºm ÒÓ�Ë�¯Èã	Ó©²
äÒ}¯º°²Ëä ÒÏ�ËãÒ® ªãË}�¯ºÓÓº® ¹¯ºä©�ãËÓÓº°�Ò
¹¯ºmË¯«Ë�°« ¹º }º°mËÓÓ©ä ²È¯È}�Ë¯Ò°�Ò}Èä Û äË�
²ÈÓÒ�Ë°}º® ¹¯º�Óº°�Ò Ò �Ë¯äË�Ò�Óº°�Ò� |�ÓÈ}º
¹¯Ò ¹È®}Ë ¹ºÏºãº�ËÓÓ©² }º¯¹�°ºm ¹¯º�Óº°�	 �mºm
°Ò°�Ëä© Ïºãº�ºÜºãºmºÜ°mÒÓË� ¯ËÏ}º ¹È�ÈË� m ¯Ë�
Ï�ã	�È�Ë �Ë¯äÒ�Ë°}º�º °�È¯ËÓÒ«� ��º º�«°Ó«Ë�°«
º¯ÈÏºmÈÓÒËä ²¯�¹}Ò² ÒÓ�Ë¯äË�ÈããÒ�Ó©² ÁÈÏ� �º�
ª�ºä� m ¹º°ãË�ÓËË m¯Ëä« ÏÓÈ�Ò�Ëã	ÓºË mÓÒäÈÓÒË
��Ëã«Ë�°« ÁÒÏÒ�Ë°}ºä� äË�ÈããºmË�ËÓÒ
 ¹È«Ó©²
°ºË�ÒÓËÓÒ® �°�¯º®°�m äÒ}¯ºªãË}�¯ºÓÒ}Ò� m �È°��
Óº°�Ò� ÒÏ��ËÓÒ
 ¹¯º�Ë°°ºm ÓÈ �¯ÈÓÒ�Ë ¯ÈÏ�ËãÈ
½¹¯Ò¹º®Üº°ÓºmÓº® äË�Èãã� Ò Áº¯äÒ¯ºmÈÓÒ
 ÒÓ�
�Ë¯äË�ÈããÒ�ºm ÓÈ ª�º® �¯ÈÓÒ�Ë >��@� ~È�È�È ª}º�
ÓºäÒÒ �¯È�º�ËÓÓ©² äË�Èããºm� ¹º°�ÈmãËÓÓÈ« m }ºÓ�
�Ë �����² �º�ºm� ¯Ë�ÈãÈ°	 º�Óºm¯ËäËÓÓº ° ¹¯º�
ãËäº® äË²ÈÓÒ�Ë°}º® ¹¯º�Óº°�Ò Ò �Ë¯äË�Ò�Óº°�Ò
¹È®}Ò ÓÒ}ËãÒ¯ºmÈÓÓ©² }º¯¹�°ºm� { ¯ËÏ�ã	�È�Ë ¯ÈÏ�
¯Èº�ÈÓÈ °ÈäºÁã
°�
�È« ¹È°�È ÓÈ º°ÓºmË ºãº�
m«ÓÓº�°mÒÓ�ºmº�º ¹¯Ò¹º«� º¯ÈÏ�
�È« ° ÓÒ}ËãËä
ÓËÏÓÈ�Ò�Ëã	ÓºË }ºãÒ�Ë°�mº ÒÓ�Ë¯äË�ÈããÒ�ºm >��@�

zºãÒ�Ë°�mº ¹¯Ò¹º«� mmË�ËÓÓº�º m ¹È«ã	Ó©® ÏÈ�
Ïº¯� mº äÓº�Ò² °ã��È«² mãÒ«Ë� ÓÈ }È�Ë°�mº º�ÓÒ²
Ò �Ë² ÎË ¹È«Ó©² °ºË�ÒÓËÓÒ®� m©¹ºãÓ«Ëä©² ¹º
º�ÒÓÈ}ºmº® �Ë²Óºãº�ÒÒ >��@�

������ ��



{ }ºÓ�Ë tt m� mºÏ¯º°ãº mÓÒäÈÓÒË } ÓÈÓºäÈ�Ë�
¯ÒÈãÈä Û ¹ºãÒ}¯Ò°�ÈããÒ�Ë°}Òä äÈ�Ë¯ÒÈãÈä ° ¯ÈÏ�
äË¯ÈäÒ }¯Ò°�ÈããÒ�ºm �…�� Óä� { ¹Ë¯°¹Ë}�ÒmË ºÓÒ
äº��� ©�	 Ò°¹ºã	ÏºmÈÓ© m }È�Ë°�mË m©°º}º¹¯º�Óº�º
}ºÓ°�¯�}�ÒºÓÓº�º äÈ�Ë¯ÒÈãÈ� { lº°}ºm°}ºä ÒÓÎË�
ÓË¯Óº�ÁÒÏÒ�Ë°}ºä ÒÓ°�Ò���Ë ¹¯ºmË�ËÓ© °¯ÈmÓÒ�Ëã	�
Ó©Ë Ò°°ãË�ºmÈÓÒ« °mº®°�m °ºË�ÒÓËÓÒ® äË�Ò� °�ÈãÒ�
�Ò�ÈÓÈ� Ë¯ÒããÒËmº® ¯ºÓÏ©� ¹È«Ó©² ¹¯Ò¹º«äÒ °
¯ÈÏãÒ�Ó©äÒ °�¯�}��¯ÈäÒ� Ò �°�ÈÓºmãËÓº mãÒ«ÓÒË
ÓÈ °�¯�}��¯© Ò °mº®°�mÈ ¹È«Ó©² °ºË�ÒÓËÓÒ®� |�ÓÒä
ÒÏ °¹º°ººm ¹ºã��ËÓÒ« Èäº¯ÁÓ©² ÓÈÓºäÈ�Ë¯ÒÈãºm
«mã«Ë�°« °mË¯²©°�¯È« }¯Ò°�ÈããÒÏÈ�Ò«� �È®}È °
Ò°¹ºã	ÏºmÈÓÒËä ãËÓ� Èäº¯ÁÓº�º ¹¯Ò¹º« äÈãº®
�ºã�ÒÓ© �º}ºãº �� ä}ä� ºË°¹Ë�ÒãÈ m©°º}ºË }È�
�Ë°�mº °ºË�ÒÓËÓÒ® }ºÓ°�¯�}�Ò® �ã« È�ºäÓ©² ¯ËÈ}�
�º¯ºm >��@� vË¯Ë¯«Ó©Ë ¹¯Ò¹ºÒ ÒÏ �È°�Ò� ÓÈÓº¯ÈÏ�
äË¯ºm ��ÒÈäË�¯ m ¹¯Ë�ËãÈ² ��…�� Óä�� ¹¯Ë�ãº�
ÎËÓÓ©Ë ÁÒ¯äº® 5REHUW %RVK *PE+� ¹ºÏmºã«
� °ÓÒ�
ÏÒ�	 �Ëä¹Ë¯È��¯� ¹¯º�Ë°°È ¹È®}Ò >��@�

{ ¹º°ãË�ÓËË m¯Ëä« ¹¯ºãËäÈäÒ ª}°¹ã�È�È�ÒºÓ�
Óº® ÓÈ�ËÎÓº°�Ò ¹È«Ó©² °ºË�ÒÓËÓÒ® ÏÈÓÒäÈ
�°« ÓÈ�
��Óº�Ò°°ãË�ºmÈ�Ëã	°}ÒË Ò }ºÓ°�¯�}�º¯°}ÒË º¯�È�
ÓÒÏÈ�ÒÒ �È}Ò² º�¯È°ãË®� }È} ¯È}Ë�º°�¯ºËÓÒË Ò ªÓË¯�
�Ë�Ò}È� { s�| ½wÓË¯�ºäÈ�� {� �� vËäËÓºm©ä
¯ÈÏ¯Èº�ÈÓÈ äº�Ëã	 äË²ÈÓÒÏäÈ ¯ÈÏ¯��ËÓÒ® ÒäË�
�ÈããÒ�Ë°}Ò² }ºÓ°�¯�}�Ò® �°¹ãÈm w� ��� Ò °�Èã	
{sv��� ¹¯Ò m©°º}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ë Ò �°�È�
ÓºmãËÓº� ��º �¯Ë�ÒÓ© ÏÈ¯ºÎ�È
�°« m ¯ËÏ�ã	�È�Ë
¯È°�«�ÒmÈ
�Ò² ÓÈ¹¯«ÎËÓÒ® m äÈ�Ë¯ÒÈãÈ² ¹¯Ò ¹º�
�Ë¯Ë �ËÁº¯äÈ�ÒºÓÓº® °¹º°ºÓº°�Ò ¹º� mºÏ�Ë®°�mÒ�
Ëä ¯È°¹ãÈmÈ ¹¯Ò¹º«� �¯Ò�Ëä m ãº}Èã	Ó©² º�ËäÈ²
ÓÈ¹¯«ÎËÓÒ« äº��� ¹¯Ëm©�È�	 ¹¯Ë�Ëã ¹¯º�Óº°�Ò ¹È�
«Ëä©² äÈ�Ë¯ÒÈãºm� { ¹ºmË¯²Óº°�Óºä °ãºË ÏºÓ© °º�
Ë�ÒÓËÓÒ« ÓÈã
�ÈË�°« �mË¯�º¯È°�mº¯ÓºË ãË�Ò�
¯ºmÈÓÒË� Ò°}ÈÎËÓÒË }¯Ò°�ÈããÒ�Ë°}º® ¯Ë�Ë�}Ò�
�Ò°ãº}È�Ò« Ò °}º¹ãËÓÒË mº�º¯º�È >��@� ~È�È�È º
¯ÈÏmÒ�ÒÒ �¯Ë�ÒÓ© m ¹È«Óºä º�Óº¯º�Óºä äÈ�Ë¯Ò�
ÈãË� m }º�º¯ºä ÒÏäËÓ«Ë�°« }ºÓ�ËÓ�¯È�Ò« ãË�Ò¯��

�Ò² ªãËäËÓ�ºm� mÓË�¯«
�Ò²°« ÒÏ ¹¯Ò¹º« m
¹¯ÒãË�È
�Ò® } äË°�� ¹È®}Ò °ãº®� ¯Ë�ÈãÈ°	 ¹¯Ò�
äËÓÒ�Ëã	Óº } °mË¯²�mË¯�©ä äÈ�Ë¯ÒÈãÈä >��@�

{©mº�©

�� { �Ë�ËÓÒË �ãÒ�Ëã	Óº�º m¯ËäËÓÒ º°ÓºmÓ©äÒ }¯Ò�
�Ë¯Ò«äÒ �ã« m©º¯È ¹¯Ò¹ºËm ©ã �Ëä¹Ë¯È��¯Ó©®
ÒÓ�Ë¯mÈã ¹ãÈmãËÓÒ« Ò ¯«� �¯��Ò² ÁÒÏÒ�Ë°}Ò² ²È�
¯È}�Ë¯Ò°�Ò}� °äÈ�ÒmÈËäº°�	 ¹È«Ëä©² äÈ�Ë¯ÒÈãºm�
¹¯º�Óº°�	 Ò ¹¯�

�� v °Ë¯Ë�ÒÓ© tt m� ÓºäËÓ}ãÈ��¯È }ºÓ°�¯�}�
�ÒºÓÓ©² äÈ�Ë¯ÒÈãºm �ã« ¹¯ºÒÏmº�°�mÈ ÒÏ�ËãÒ® º��
mË�°�mËÓÓº�º ÓÈÏÓÈ�ËÓÒ« ¯È°�Ò¯«Ë�°«� m °m«ÏÒ °
�Ëä ¯ÈÏ¯ÈÈ�©mÈË�°« ÏÓÈ�Ò�Ëã	ÓºË }ºãÒ�Ë°�mº ¹¯Ò�
¹ºËm �ã« }È�Ë°�mËÓÓº�º °ºË�ÒÓËÓÒ« ¯ÈÏÓº¯º�Ó©²
äË�Èããºm� }Ë¯äË�ºm� }Ë¯ÈäÒ}Ò� ²ÒäÒ�Ë°}Ò È}�Òm�
Ó©²� ���º¹ãÈm}Ò² äË�Èããºm Ò �¯�

�� lÓº�º�Ò°ãËÓÓ©äÒ Ò°°ãË�ºmÈÓÒ«äÒ �°�ÈÓºm�
ãËÓº� ��º }ºãÒ�Ë°�mº �ËÁË}�ºm� mãÒ«
�Ò² ÓÈ ²È�
¯È}�Ë¯Ò°�Ò}Ò ¹¯º�Óº°�Ò� �Ë¯äË�Ò�Óº°�Ò Ò }º¯¯º�
ÏÒºÓÓº® °�º®}º°�Ò ¹È«Ó©² °ºË�ÒÓËÓÒ®� ÏÈmÒ°Ò� º�
¯«�È ÁÈ}�º¯ºm �¯ÈÏãÒ�Ò« ÁÒÏÒ�Ë°}Ò² °mº®°�m� º°º�
ËÓÓº°�Ë® }¯Ò°�ÈããÒÏÈ�ÒÒ� Ò �¯��� }º�º¯©Ë ÓËº�
²º�Òäº ��Ò�©mÈ�	 ¹¯Ò ¯ÈÏ¯Èº�}Ë °º°�Èmºm äÈ�Ë�
¯ÒÈãºm Ò �Ë²Óºãº�ÒÒ ¹È®}Ò�

�� sÈÒºãËË ¹Ë¯°¹Ë}�ÒmÓ©Ë ÓÈ¹¯ÈmãËÓÒ« ¹ºm©�
�ËÓÒ« }È�Ë°�mÈ ¹È®}Ò °ºË�ÒÓËÓÒ® °m«ÏÈÓ© ° Ò°}�
ã
�ËÓÒËä ÒÏ °º°�ÈmÈ ¹¯Ò¹ºËm mË�Ë°�m� º¯ÈÏ�
�Ò²
ÒÓ�Ë¯äË�ÈããÒ�© ° º°ÓºmÓ©ä äÈ�Ë¯ÒÈãºä� ¯ÈÏ¯Èº��
}º® ¹¯Ò¹ºËm� °º�Ë¯ÎÈ�Ò² äº�ÒÁÒ}È�º¯© Ò ÓÈÓº�È°�
�Ò�©� }ºÓ°�¯�Ò¯ºmÈÓÒËä ¹È«Ëä©² �Ë�ÈãË®� �Ïãºm Ò
ÒÏ�ËãÒ® ° ��Ë�ºä mºÏäºÎÓº® }ºä¹ËÓ°È�ÒÒ �ËÁº¯�
äÈ�Ò® Ò °ÓÒÎËÓÒ« ÓÈ¹¯«ÎËÓÒ® Ò �¯�

�� kãºm k� k�� iºã�ºm �� v�� �º¹ºm k� v� z mº¹¯º°� º ¹¯Ò�
¯º�Ë ¹¯º�Ë°°ºm °mÈ¯}Ò Ò ¹È®}Ò �� vmÈ¯º�� ¹¯�mº� Û
����� Û ¢ ��� Û v� ��Ü���

�� �È}Ë�ËäºÓ°}Ò® k� {�� t¯«¹ÒÓ {� p� �È«ÓÒË Ò ¹¯Ò¹ºÒ� Û
l�� lË�Èãã�¯�ÒÏ�È�� ����� Û ��� °�

�� z�ãÒ}ºm n� {�� �Ë²�ÒË¯ j� c� �mË¯�È« ¹È®}È� Û l�� �º�
°ªÓË¯�ºÒÏ�È�� ����� Û ��� °�

�� t¯ËÓºm z� z� vmÈ¯}È� ¯ËÏ}È Ò ¹È®}È äË�Èããºm� Û l�� lÈ�
�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� �Ë�¯�ÓÒÓ j� p�� �º�äÈÓºm v� s�� sÒ}ºãÈËm �� k� �È®�
}È äË�Èããºm� Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� vãºmÈ¯	�°¹¯Èmº�ÓÒ} ¹º °mÈ¯}Ë � �º� ¯Ë�� z� z� t¯ËÓºmÈ�
Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� v¹¯Èmº�ÓÒ} ¹º ¹È®}Ë � �º� ¯Ë�� v� s� �º�äÈÓºmÈ� j� p�
�Ë�¯�ÓÒÓÈ� {� �� n¯ºãºmÈ� Û l�� lÈ�ÒÓº°�¯ºËÓÒË�
����� Û ��� °�

�� �È�}º s� n�� �È�}º v� {� �È®}È äË�Èããºm� Û l�� lÈ�
�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� tº¯�Óºm {� n� �È®}È� �º°�ÒÎËÓÒ« Ò ¹Ë¯°¹Ë}�Òm© �� km�
�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û v� ��Ü���

��� cº°°º�ÒÓ°}Ò® k� k� sË}º�º¯©Ë ¹¯Ë�¹º°©ã}Ò } �Ëº¯ÒÒ º�
¯ÈÏºmÈÓÒ« ¹È«Ó©² °ºË�ÒÓËÓÒ® �� sºm©Ë �º°�ÒÎËÓÒ« m
ºãÈ°�Ò ¹È®}Ò� Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û
v� �Ü���

��� �¯ºË}�Ò¯ºmÈÓÒË �Ë²Óºãº�ÒÒ ¹È®}Ò äË�ÈããÒ�Ë°}Ò² ÒÏ�Ë�
ãÒ® � v� {� �È�}º� s� n� �È�}º� j� �� sÈ�È¹Ë�«Ó Ò �¯�
Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

��� �È�}º v� {�� �È�}º s� n� jÓÁº¯äÈ�ÒºÓÓÈ« äº�Ëã	 ¹¯º�
Ë}�Ò¯ºmÈÓÒ« �Ë²Óºãº�ÒÒ ¹È®}Ò �� vºm¯ËäËÓÓ©Ë äË�º�©
¹È®}Ò� Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û v� ��Ü���

��� rË¯ÏÒÓÈ k� j�� �È¹�ºm �� z� {ãÒ«ÓÒË �Ë²Óºãº�Ò�Ë°}Ò²
�°ãºmÒ® ¹È®}Ò ÓÈ ÓÈ�ËÎÓº°�	 ¹È«Ó©² �mºm ÓÒ}ËãÒ¯ºmÈÓ�
Ó©² }º¯¹�°ºm äÒ}¯º°²Ëä �� vºm¯ËäËÓÓ©Ë äË�º�© ¹È®}Ò�
Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� Û ����� Û v� ���Ü����

��� rË¯ÏÒÓÈ k� j�� �È¹�ºm �� z� {ãÒ«ÓÒË Áº°Áº¯È Ò }ºÈã	�
�È m ÓÒ}ËãËm©² ¹º}¯©�Ò«² ¹ãº°}Ò² }º¯¹�°ºm äÒ}¯º°²Ëä ÓÈ
}È�Ë°�mº �ã	�¯ÈÏm�}ºmº® °mÈ¯}Ò Ò �Ë¯äË�ÒÏÈ�ÒÒ ¹È®}º® ��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� {ãÒ«ÓÒË }ºÓ°�¯�}�ÒmÓ©² ¹È¯ÈäË�¯ºm ÓÈ �ºã�ºmË�Óº°�	
¹¯Ò �Ë¹ãº°äËÓÈ² ¹È«Ó©² °ºË�ÒÓËÓÒ® ªãË}�¯ºÓÓ©² }ºä¹º�
ÓËÓ�ºm � {� j� lÈ²ÓËÓ}º� s� j� �Òm�º¯È}� k� k� �¯È�Ëm�
�� {� vÈ�È®�È�ÓÈ« �� �Èä ÎË� Û ����� Û ¢ �� Û
v� ��Ü���

��� zº�Ëã	ÓÒ}ºm i� j� |¹�ÒäÒÏÈ�Ò« ºº¯��ºmÈÓÒ« �ã« �ÒÁ�
Á�ÏÒºÓÓ©² °¹º°ººm ¹È®}Ò Ò °mÈ¯}Ò �� vºm¯ËäËÓÓ©Ë äË�
�º�© ¹È®}Ò� Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û
v� ���Ü����

��� rËã«Ëm {� s� sÈ�ËÎÓº°�	 ¹È«Ó©² °ºË�ÒÓËÓÒ® �¯� ° �¯��
Ó©äÒ ¯Ë�Ë�}ÈäÒ� m©¹ºãÓËÓÓ©² m©°º}º�Ëä¹Ë¯È��¯Óº® ¹È®�
}º® �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û v� ��Ü���

��� zmÈ°ÓÒ�}Ò® {� {� sË}º�º¯©Ë mº¹¯º°© mÏÈÒäº�Ë®°�mÒ« ÎÒ��
}º® Ò �mË¯�º® ÁÈÏ ¹¯Ò ¹È®}Ë ÎÈ¯º¹¯º�Ó©² ÓÒ}ËãËm©² °¹ãÈ�
mºm �� ~� ÓÈ�}� ¹¯È�	 �il��� Û ����� Û ¢ �� Û
v� ���Ü����

��� lÈÓ}º �� �� �È®}È Ò ¹¯Ò¹ºÒ � �Ë¯� ° ÈÓ�ã� Û l�� lÈ�
�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

��� tã©Óºm {� {�� rº}°Ë¯ w� ��� �È°��²ºm r� k� cÈmÓºmË°ÒË
ÓÈ ¹Ë¯ÒäË�¯Ë ¹¯Ò °äÈ�ÒmÈÓÒÒ �mË¯�º® ¹ºmË¯²Óº°�Ò ¯È°¹�
ãÈmÈäÒ �� k��ËÏÒ« ¯È°¹ãÈmºm Ò ¹È®}È äÈ�Ë¯ÒÈãºm� Û
����� Û ¢ �� Û v� ��Ü���

��� �ã���ËÓÒË ¹È«Ëäº°�Ò ¹Ë�È�Ó©² ¹ãÈ� ¹��Ëä º¹ãÈmãËÓÒ«
�Èã	mÈÓÒ�Ë°}º�º ¹º}¯©�Ò« ã��Ò°�º® ªÓË¯�ÒË® }mÈ¯�Ëm©²
�Èãº�ËÓÓ©² ãÈä¹ ÓÈ}ÈãÒmÈÓÒ« � �� i� sÒ}ÒÁº¯ºm� l� j�
|¹È¯ÒÓ� v� k� nË�º¯ºm Ò �¯� �� vmÈ¯º�� ¹¯�mº� Û �����
Û ¢ ��� Û v� ��Ü���

��� z¯Òmº�Ë® {� {�� rËã	�Ëm k� s� �È®}È Ò °mÈ¯}È m ¹¯ºÒÏ�
mº�°�mË ¯È�ÒºªãË}�¯ºÓÓº® È¹¹È¯È��¯©� Û l�� wÓË¯�Ò«�
����� Û ��� °�

��� zº°�ÒÓÈ �� k��  È°�Ò}ºm v� l�� ��ÒÓ {� l� �È®}È
ÓÒºÒËmº�º °¹ãÈmÈ ° }º¯�Ó�ºmº® }Ë¯ÈäÒ}º® �� vmÈ¯º��
¹¯�mº� Û ����� Û ¢ ��� Û v� ��Ü���

�� ������



��� �ãÈ�}ºm k� v�� �º�mÒ�ÒÓÈ |� ���  Ë¯Óºm |� {� �È®}È �Ë�
�ÈãË® ªãË}�¯ºmÈ}��äÓ©² ¹¯Òº¯ºm� Û l�� wÓË¯�Ò«� �����
Û ��� °�

��� bÈ¹Ò¯º k� p�� �¯�Ï�ºm {� {�� �ºäÒãÒÓÈ j� s� {ãÒ«ÓÒË
äÒ}¯ºm©�ËãËÓÒ® ÎËãËÏÈ ÓÈ ²È¯È}�Ë¯ ¯ÈÏ¯��ËÓÒ« ãÈ��Ó�
Ó©² ¹È«Ó©² �mºm �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��
Û v� ��Ü���

��� 7\OHFRWH 5� )� �KH PHFKDQLFDO SURSHUWLHV RI FRSSHU EUD]HG
MRLQWV �� :HOGLQJ -� Û ����� Û ¢ �� Û 3� ���Ü����

��� +DZRUWK -� %�� +XPH�5RWKHU\ :� 7KH HIIHFW RI IRXU WUDQVL�
WLRQ PHWDOV RQ WKH α�β EUDVV W\SH RI HTXLOLEULXP �� 3KLO�
0DJ� Û ����� Û ¢ ���� Û 3� ���Ü����

��� �¯ÎÒäÈã	°}Ò® �� k�� jã	Ëm°}Ò® j� j� �Ë²Óºãº�Ò« Ò ºº¯��
�ºmÈÓÒË ¹È®}Ò� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

��� vºË�ÒÓËÓÒ« ãÒ°�ºm©² }ºä¹ºÏÒ�ÒºÓÓ©² äÈ�Ë¯ÒÈãºm ¯ÈÏÓº�
ÓÈ¹¯ÈmãËÓÓº�º È¯äÒ¯ºmÈÓÒ« ° Èã
äÒÓÒËmº® äÈ�¯Ò�Ë® �
{� n� tº¯�Óºm� j� v� i©²Óº� {� v� z���}�Ð�ËÓ}º Ò �¯�
�� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü��� ���

��� cÈÏ¯Èº�}È ÎÈ¯º¹¯º�Ó©² ¹¯Ò¹ºËm� ¯Èº�È
�Ò² m �°ãº�
mÒ«² °�ã	ÁÒ�Ó©² }º¯¯ºÏÒ® � {� n� zmÈ°ÓÒ�}Ò®� �� {�
p¯äºãÈËm� �� n� l«ã	ÓÒ�È �� �Èä ÎË� Û ����� Û ¢ ��
Û v� ��Ü���

��� n¯�äÒÓ p� j�� rÈÏÒã	°}Ò® v� {�� rËãË�}Ò® {� k� {©º¯
¹¯Ò¹º« Ò �Ë²Óºãº�ÒÒ ¹È®}Ò �Ë¯äº¹ãÒ� �� �Èä ÎË� Û
����� Û ¢ �� Û v� ��Ü���

��� {ãÒ«ÓÒË �ºã�ÒÓ© ÓÒ}ËãËmº�º ¹º}¯©�Ò« ¹ãº°}Ò² }º¯¹�°ºm
äÒ}¯º°²Ëä ÓÈ }È�Ë°�mº °mÈ¯Ó©² Ò ¹È«Ó©² °ºË�ÒÓËÓÒ® �
k� j� rË¯ÏÒÓÈ� �� z� lÈ¯�ËÓ
}� �� z� �È¹�ºm� �� i�
iË¯}È� �� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü��� ���

��� zÈ�Ë°�mº ¹º¯º�}ºm©² ¹¯Ò¹ºËm� ¹ºã��ËÓÓ©² ¯ÈÏãÒ�Ó©äÒ
°¹º°ºÈäÒ � i� k� i��}º� {� n� tº¯�Óºm� �� r� lÈãËm°�
}Ò® Ò �¯� �� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� cÈ�ÏÒËm°}Ò® {� s�� �È¯��Óºm �� n�� �}È�ËÓ}º �� �� {ãÒ�
«ÓÒË �Ò°¹Ë¯�Ò¯ºmÈÓÒ« ÓÈ¹ºãÓÒ�Ëã« ÒÏ ÎËãËÏÓº�º ¹º¯º�}È
äË�Ó©ä ¹¯Ò¹ºËä ÓÈ °mº®°�mÈ äË�ÈããÈ ¹È«Óº�º �mÈ ��
�Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� k��ËÏÒ« ¯È°¹ãÈmºm Ò ¹È®}È äÈ�Ë¯ÒÈãºm � �º� ¯Ë�� �� {�
sÈ®�Ò�È� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

��� {ãÒ«ÓÒË �ãÒ�Ëã	Óº°�Ò ²¯ÈÓËÓÒ« ¹º¯º�}ºº¯ÈÏÓº�º ¹¯Ò�
¹º« �lnv������ ÓÈ ¹¯º�Óº°�	 ¹È«Ó©² °ºË�ÒÓËÓÒ® �
v� {� �È�}º� k� k� cº°°º�ÒÓ°}Ò®� |� �� rºÓ�È¯��}�
k� s� �Ò°È¯Ëm �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û
v� ��Ü���

��� rË¯ÏÒÓÈ k� j�� iº¯ºÁËËmÈ w� s�� �ºã«}ºmÈ {� l� vº¯}È
Ò �Ë¯äË�ÒÏÈ�Ò« ¹È®}º® ÓÒ}ËãÒ¯ºmÈÓÓ©² }º¯¹�°ºm äÒ}¯º°�
²Ëä �� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� yÈ�}ËmÒ� k� l� cÈÏmÒ�ÒË �Ë²ÓÒ}Ò ¹È®}Ò� }ãÈ°°ÒÁÒ}È�Ò«
Ò º¹¯Ë�ËãËÓÒË ¹¯º�Ë°°ºm ¹È®}Ò �� ~� ÓÈ�}� ¹¯È�	 sÈ��
�Ó��� }º¯ÈãË���mÈÓÓ«� Û ����� Û ¢ �� Û v� ��Ü���

��� %HDO 5� (�� 6DSHUVWHLQ =� 3� 'HYHORSPHQW RI EUD]LQJ ILOOHU
PHWDOV IRU ]LUFDOOR\ �� :HOGLQJ -� Û ����� Û ¢ �� Û
3� ���VÜ���V�

��� iºã�ºm �� v�� sÒ}ÒÁº¯ºmÈ ~� {� �È®}È Óºm©² }ºÓ°�¯�}�
�ÒºÓÓ©² äÈ�Ë¯ÒÈãºm� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û
�� °�

���  �ãÈ¯Ò° k� k�� lÒ²È®ãºmÈ l� l�� iË¯È¯Ëä�Ò}Ë¯ �� k�
j°°ãË�ºmÈÓÒË ¹¯º�Ë°°È º¯ÈÏºmÈÓÒ« °ºË�ÒÓËÓÒ« �Ò¯}ºÓÒË�
mº�º °¹ãÈmÈ ° �Ò�ÈÓºm©ä ¹¯Ò ¹È®}Ë m mÈ}��äË �� km�º�
äÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û v� ��Ü���

��� vËm¯
}ºm |� s�� nË�º�ºm {� ��� Ð®}ÒÓ k� �� sºm©Ë
Èäº¯ÁÓ©Ë ¹¯Ò¹ºÒ �ã« ¹È®}Ò �Ò�ÈÓÈ Ò Ë�º °¹ãÈmºm ��
lÈ�� äËÎ��ÓÈ¯� ÓÈ�����Ë²Ó� }ºÓÁ� ½�È®}ÈÜ������ Û
�ºã	«��Ò� ��j� ����� Û �� °�

��� v}º¹ËÓ}º k� j�� lÈ²ÓËÓ}º {� j�� �Òm�º¯È} s� j� �¹¯��
�º¹ãÈ°�Ò�Ë°}ÒË �ËÁº¯äÈ�ÒÒ m äÓº�º°ãº®Ó©² ¹È«Ó©² °ºË�
�ÒÓËÓÒ«² ¹ºã�¹¯ºmº�ÓÒ}ºm©² ¹¯Òº¯ºm ¹¯Ò �Ò}ãÒ�Ë°}Ò²
�Ë¹ãº°äËÓÈ² �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û
v� ��Ü���

��� p¯äºãÈËm �� {�� �ÈÈ¯�}ÈmÈ k� {� �¯ÒäËÓËÓÒË w{l �ã«
¯Ë�ËÓÒ« ÏÈ�È� äË²ÈÓÒ}Ò ¹È«Ó©² �Ïãºm �� ~� ÓÈ�}�
¹¯È�	 �il��� Û ����� Û ¢ �� Û v� ��Ü���

��� lº°}ÈãËÓ}º v� k�� zº°�
} r� i�� sÈ®�Ò� �� {� �È«ÓºË
°ºË�ÒÓËÓÒË }Ë¯ÈäÒ�Ë°}º�º �Ò°}È �ÓÒ�¯Ò�È }¯ËäÓÒ«� ° äË�
�ÈããÒ�Ë°}Òä mÈãºä �� k��ËÏÒ« ¯È°¹ãÈmºm Ò ¹È®}È äÈ�Ë�
¯ÒÈãºm� Û ����� Û ¢ ��� Û v� ���Ü����

��� |¹©� °Ë¯Ò®Óº® ¹È®}Ò �mË¯�º°¹ãÈmÓº�º ÒÓ°�¯�äËÓ�È m
mÈ}��äÓ©² ¹Ë�È² � �� �� {ºã}� �� {� zºÓºmÈãËÓ}º� k� k�
lÒ²È®ãºm� �� {� sÈ®�Ò� �� �Èä ÎË� Û ����� Û ¢ ���
Û v� ���Ü����

��� �º¯º�}ºm©Ë ÎÈ¯º¹¯º�Ó©Ë ¹¯Ò¹ºÒ �ã« ÒÏ�º�ºmãËÓÒ« ¹È«�
Ó©² �Ïãºm ªÓË¯�Ë�Ò�Ë°}Ò² �°�ÈÓºmº} � �� v� z¯Òm��È�
l� l� v�²ºäãÒÓ� �� l� {º¯º¯	Ëm Ò �¯� �� km�ºäÈ��
°mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� /XJVKHLGHU (�� -DQVVHQ +�� +XPPV +� 1LFNHO�EDVH EUD]LQJ
VROGHUV� SRWHQWLDO DQG FKDOOHQJHV �� :HOGLQJ DQG &XWW� Û
����� Û ¢ �� Û 6� ���Ü����

��� k� °� ¢ ������� vvvc� �¯Ò¹º® �ã« ¹È®}Ò ÓË¯ÎÈmË
�Ò²
°�ÈãË® Ò ÓÒ}ËãËm©² °¹ãÈmºm � {� n� tº¯�Óºm� j� k� {ãÈ�
�ÒäÒ¯°}È«� l� l� i©²Óº� Û ~È«mã� ��������� sË ¹�ã�

��� tº¯�Óºm {� n�� z�ÎËã	 k� {�� v�¹¯�Ó |� i� �Ë²Óºãº�Ò«
ÒÏ�º�ºmãËÓÒ« Ò ¯Èº�º°¹º°ºÓº°�	 ¹È«Ó©² ¹ãÈ°�ÒÓ�È�©²
�Ë¹ãººäËÓÓÒ}ºm �� �ËÏ� �º}ã� ,, {°Ë°º
Ï� }ºÓÁ� ½�¯º�
ãËä© �Ë²Óºãº�ÒÒ °mÈ¯}Ò �Ë¹ãº�°�º®�Òm©² Ò ÎÈ¯º¹¯º�Ó©²
m©°º}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® Ò °¹ãÈmºm�� ��Ü�� °ËÓ���
�� sÒ}ºãÈËm� Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û
v� ��Ü���

��� tº¯�Óºm {� n�� {ãÈ�ÒäÒ¯°}È« j� k� sºm©® ¹º¯º�}ºm©®
¹¯Ò¹º® ÓÈ ÓÒ}Ëã	�äÈ¯�ÈÓ�Ëmº® º°ÓºmË �� �Èä ÎË� Û
v� ����

��� $UF EUD]LQJ RI KHDW UHVLVWDQW QLFNHO DOOR\V � 9� )� .KRUX�
QRY� 6� 9� 0DNV\PRYD� ,� 9� =YROLQVN\L� 0� 6� 6DPRNKLQ
�� ,%6&����� ½$GYDQFHG EUD]LQJ DQG VROGHULQJ WHFKQRORJL�
HV�� ,QWHUQ� EUD]LQJ DQG VROGHULQJ FRQI� SURF� �Ü� $SULO�
����� $OEXTXHUTXH� 1HZ 0H[LFR� $:6� $60 ,QWHUQDWLRQDO�
����� Û 3� �Ü��

��� 7KH XVH RI 1L�EDVH EUD]LQJ ILOOHU PHWDOV FRQWDLQLQJ =U DQG +I
ZLGHQV FDSDELOLW\ RI VXSHUDOOR\V EUD]LQJ �� ,ELG� Û
3� ���Ü����

��� tº¯�Óºm {� n� sË}º�º¯©Ë mº¹¯º°© ª¯ºÏÒÒ ÎÒ�}Òä ¹¯Ò�
¹ºËä ¹È«Ëäº�º äË�ÈããÈ �� v� ÓÈ��� �¯� ½�¯º�¯Ë°°ÒmÓ©Ë
äË�º�© m ¹È®}Ë�� Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� �����
Û v� �Ü���

��� k� °� �������� lzj� { �� z ������ �¯Ò¹º® �ã« ¹È®}Ò
ÓÒ}Ëã« � {� n� tº¯�Óºm� {� j� bmË�� {� n� �È¹�ÒÓ°}Ò®
Ò �¯� Û |¹�ã���������� r
ã� ¢ ���

��� cº²�Ë t�� zÈ�Ò} j�� �È°�ºã� c� jä¹�ã	°ÓÈ« ���ºmÈ«
¹È®}È m °¯Ë�Ë ÏÈ�Ò�Ó©² �ÈÏºm wvkr ãÒ°�ºm ° ÏÈ�Ò�Ó©ä
¹º}¯©�ÒËä �� 6YHWVDUHQ �vmÈ¯�Ò}�� Û ����� Û ¢ �� Û
v� ��Ü���

��� �Ë²Óºãº�Ò« ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® mÈ}��äÓº® ¹È®}Ò �Ïãºm
¯Ë�Ë��È�©² ÁÒ¯äËÓÓ©² }ºÓ°�¯�}�Ò® ÒÏ Èã
äÒÓÒËm©²
°¹ãÈmºm � n� {� tº¯�Óºm� {� n� �È¹�ÒÓ°}Ò®� {� j�
bmË�� {� n� b�ã©ä �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ �� Û v� ��Ü���

��� (SS %�UEDO� /|WHU�7UHIIHQ XQWHU $XVVFKOXVV GHU gIIHQWOLFK�
NHLW �� 6RQQH :LQG XQG :lUPH� Û ����� Û ¢ �� Û
6� ��Ü���

��� wãË}�¯ºÓÓº�ÏºÓ�ºm©Ë Ò°°ãË�ºmÈÓÒ« ¹È«Ó©² °ºË�ÒÓËÓÒ®
}º¯¹�°ºm ÒÓ�Ë�¯Èã	Ó©² äÒ}¯º°²Ëä � �� j� rÈ�ÈãÒÓ�
k� j� rË¯ÏÒÓÈ� {� {� �È¹ÒÎËÓ}º Ò �¯� �� km�ºäÈ�� °mÈ¯�
}È� Û ����� Û ¢ �� Û v� ��Ü���

��� �¯º�Óº°�	 °ºË�ÒÓËÓÒ« °¹ãÈmÈ ts��{�� ¹È«Óº�º m©°º}º�
�Ëä¹Ë¯È��¯Ó©äÒ ¹¯Ò¹º«äÒ � |� v� zÒ°ËãËm� r� �� �¯�Ï�
�Ëm� {� �� i�äÈÓ°}Ò®� �� v� ¡©ÒÓÈ �� �Èä ÎË� Û ¢ ��
Û v� ��Ü��� ���

��� lÈäË�ºmÈ �� ��� �ã
�Ëm k� s� j°°ãË�ºmÈÓÒË mºÏäºÎÓº°�
�Ò Ò°¹ºã	ÏºmÈÓÒ« ©°�¯ºÏÈ}ÈãËÓÓ©² �Ò°�ÈÓ�ÒºÓÒ¯�
�Ò²
¯Ë�Ë�º} �� v� ÓÈ��� �¯� ÓÈ��Óº® °Ë°°ÒÒ ljnj������
Û �� �� lºãË}�ã«¯Óº�°ËãË}�ÒmÓ©Ë Ò ÓËãÒÓË®Ó©Ë «mãËÓÒ«
Ò ¹¯º�Ë°°©� �ã	�¯È�Ò°¹Ë¯°Ó©Ë �ÓÈÓº�� äÈ�Ë¯ÒÈã©� Û l��
jÏ��mº ljnj� ����� Û v� ��Ü���

��� 3DW� *HUPDQ\ �������� 2 l�z
�
{ �� z ������ /RWH XQG

9HUIDKUHQ ]X LKUHU +HUVWHOOXQJ � :� *UXHQZDOG� (� 8UEDQ�
Û ~È«mã� ����������� |¹�ã� �����������

��� vËäËÓºm {� s� lº�Ëã	 äË²ÈÓÒÏäÈ ¯ÈÏ¯��ËÓÒ« äÈ�Ë¯ÒÈãºm
¹¯Ò ¹È®}Ë }ºÓ°�¯�}�ÒÒ �� �Ë²Óºãº�� äÈ�ÒÓº°�¯ºËÓÒ«�
Û ����� Û ¢ �� Û v� ��Ü���

��� cº°� �¯Ë�ÒÓ© mãÒÏÒ �¯ÈÓÒ�© ¯ÈÏ�ËãÈ ¯ÈÏÓº¯º�Ó©²
äÈ�Ë¯ÒÈãºm m �°ãºmÒ«² °ÎÈ�Ò« � �� �� v�ÈÁÈ}ºm� j� ��
�ºÈã	� k� �� zÓ«ÏËmÈ� k� j� �º¯�ÒËÓ}º �� nÒÏ� äËÏºäË�
²ÈÓÒ}È� Û ����� Û ¢ �� Û v� ��Ü���

7UHQGV LQ WKH GHYHORSPHQW RI EUD]LQJ DOOR\V� FULWHULD RI WKHLU VHOHFWLRQ WR SURGXFH WKH TXDOLW\ VLPLODU DQG GLVVLPLODU MRLQWV
RI SURGXFWV IRU GLIIHUHQW ILHOGV RI HQJLQHHULQJ KDYH EHHQ DQDO\]HG� (IIHFW RI KS\VLFDO SURSHUWLHV RI WKH EUD]LQJ DOOR\� VSHFLILFV
RI FU\VWDOOL]DWLRQ DQG RWKHU IDFWRUV� ZKLFK VKRXOG EH WDNHQ LQWR DFFRXQW LQ WKH GHYHORSPHQW RI EUD]LQJ WHFKQRORJLHV� RQ WKH
MRLQW TXDOLW\ LV VKRZQ� &KDOOHQJLQJ LQYHVWLJDWLRQV LQ WKH ILHOG RI EUD]LQJ RI FULWLFDO SURGXFWV DUH RXWOLQHG�
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