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�ÈÏË¯Ó©® Ò°�º�ÓÒ} ÓÈ�¯ËmÈ ¯È°Áº}�°Ò¯ºmÈÓ�
Ó©ä ã��ºä ��ºmãË�mº¯«Ë� ¹¯È}�Ò�Ë°}Ò m°Ëä �¯Ë�
ºmÈÓÒ«ä� ¹¯Ë��«mã«Ëä©ä } Ò°�º�ÓÒ}� ÓÈ�¯ËmÈ �ã«
�Ë¯äÒ�Ë°}º® ¹¯Èm}Ò �ºÓ}ºãÒ°�ºm©² }ºÓ°�¯�}�Ò®�

m©°º}º}ºÓ�ËÓ�¯Ò¯ºmÈÓÓ©® ÓÈ�¯Ëm� ¹¯º°�º�È ¯Ë���
ãÒ¯ºm}Ò Ò �¹¯ÈmãËÓÒ«� °�ÈÒã	Óº°�	 ²È¯È}�Ë¯Ò°�
�Ò}� ª}ºãº�Ò�Óº°�	� |°ÓºmÓº® ÓË�º°�È�º} Û m©�
°º}È« °�ºÒäº°�	� |�ÓÈ}º� ��Ò�©mÈ« °ºm¯ËäËÓÓ�

�ËÓ�ËÓ�Ò
 } ¯ËÏ}ºä� °ÓÒÎËÓÒ
 �ËÓ© ÓÈ ãÈÏË¯Ó©Ë
Ò°�º�ÓÒ}Ò� äºÎÓº º�ÓË°�Ò Ò² } ÓÈÒºãËË ¹Ë¯°�
¹Ë}�ÒmÓ©ä Ò°�º�ÓÒ}Èä ÓÈ�¯ËmÈ �ã« Èm�ºäÈ�ÒÏÈ�ÒÒ
¹¯º�Ë°°È �Ë¯äÒ�Ë°}º® ¹¯Èm}Ò�

vÒ°�ËäÈ }ºÓ�¯ºã« �ËÁº¯äÈ�Ò® }ºÓ°�¯�}�ÒÒ�
km�ºäÈ�ÒÏÈ�Ò« ¹¯º�Ë°°È �Ë¯äÒ�Ë°}º® ¹¯Èm}Ò �ºÓ�
}ºãÒ°�ºm©² }ºÓ°�¯�}�Ò® ¹º�¯ËºmÈãÈ °ºÏ�ÈÓÒ«
°Ò°�Ëä© º�ËÓ}Ò mËãÒ�ÒÓ© �ËÁº¯äÈ�Ò®� cÈÏ¯Èº�
�ÈÓÓÈ« °Ò°�ËäÈ ºË°¹Ë�ÒmÈË� ÒÏäË¯ËÓÒË �ËÁº¯äÈ�
�Ò® m ¹¯º�¯ÈääÓº ÏÈ�ÈmÈËä©² �º�}È²� ¯ÈmÓºäË¯Óº
¯È°¹ºãºÎËÓÓ©² ° º¹¯Ë�ËãËÓÓ©ä �È�ºä ¹º m°Ë®
¹ãº�È�Ò ãÒ°�È }ºÓ°�¯�}�ÒÒ� �¯Ò ª�ºä ¹º ¯ÈÏ¯È�
º�ÈÓÓºä� Èã�º¯Ò�ä� >�@ º°��Ë°�mã«Ë�°« ãº}ÈãÒ�
ÏÈ�Ò« �º�Ë} äÈ}°ÒäÈã	Ó©² �ËÁº¯äÈ�Ò®� ÒÏäË¯«�

�°« Ò ÁÒ}°Ò¯�
�°« m ¹Èä«�Ò ¯ºº�È }ºº¯�ÒÓÈ�©
ª�Ò² �º�Ë} Ò ÏÓÈ�ËÓÒ« °ÈäÒ² �ËÁº¯äÈ�Ò®� sÈ º°�
ÓºmË �ÈÓÓº® ÒÓÁº¯äÈ�ÒÒ �¹¯Èmã«
�È« ¹¯º�¯ÈääÈ
º¹¯Ë�Ëã«Ë� }ºãÒ�Ë°�mº Ò ¯È°¹ºãºÎËÓÒË ¹«�ËÓ ÓÈ��
¯ËmÈ� ÓËº²º�Òä©² �ã« �Ë¯äÒ�Ë°}º® ¹¯Èm}Ò �²�
�ÒÓºmÈ�º°�Ò� ãÒº ¹¯Ë}¯È�ÈË� ¹¯º�Ë°°� Ë°ãÒ �Ë�
Áº¯äÈ�ÒÒ }ºÓ°�¯�}�ÒÒ ÓÈ²º�«�°« m �º¹�°}Ë� {

cÒ°� �� j°�º�ÓÒ} ÒÓ��}�ÒºÓÓº�º ÓÈ�¯ËmÈ �º}ÈäÒ m©°º}º® �È°�
�º�© ° ÓÈ�¯ËmÈ
�Òä �°�¯º®°�mºä

cÒ°� �� lÒ}¯º¹ãÈÏäËÓÓ©® Ò°�º�ÓÒ} ÓÈ�¯ËmÈ l�j�� ° �º¯Ëã}º®
}º°mËÓÓº�º �Ë®°�mÒ«

cÒ°� �� km�ºäÈ�ÒÏÒ¯ºmÈÓÓ©® }ºä¹ãË}° �ã« �Ë¯äÒ�Ë°}º® ¹¯Èm}Ò
�ºÓ}ºãÒ°�ºm©² °mÈ¯Ó©² }ºÓ°�¯�}�Ò®

� ������



}È�Ë°�mË ÒÏäË¯Ò�Ëã	Óº�º ªãËäËÓ�È °Ò°�Ëä© }ºÓ��
¯ºã« Ò°¹ºã	ÏºmÈãÒ ¹º�ËÓ�ÒºäË�¯Ò�Ë°}Ò® �È��Ò}
ãÒÓË®Ó©² ¹Ë¯ËäË�ËÓÒ®� ºãÈ�È
�Ò® ��ºmãË�mº�

¯Ò�Ëã	Óº® �º�Óº°�	
 �± ��� ää� Ò ¹¯º°�º�º® º�
¯Èº�}Ò °Ò�ÓÈãÈ�

km�ºäÈ�ÒÏÒ¯ºmÈÓÓ©® }ºä¹ãË}°�sÈ º°ÓºmË ¯ÈÏ�
¯Èº�ÈÓÓ©² äÈ�ËäÈ�Ò�Ë°}Ò² äº�ËãË® °ºÏ�ÈÓ Èm�º�
äÈ�ÒÏÒ¯ºmÈÓÓ©® }ºä¹ãË}° �ã« �Ë¯äÒ�Ë°}º® ¹¯Èm}Ò
�ºÓ}ºãÒ°�ºm©² °mÈ¯Ó©² }ºÓ°�¯�}�Ò® �¯Ò°� ��� m}ã
�
�È
�Ò® äÈÓÒ¹�ã«�ÒºÓÓ©® ¯ºº� 30��� �380$
����� º°ÓÈ�ËÓÓ©® °Ò°�ËäÈäÒ }ºÓ�¯ºã« �ËÁº¯äÈ�Ò®
Ò �¹¯ÈmãËÓÒ« ¹¯º�Ë°°ºä ¹¯Èm}Ò� Ò äÒ}¯º¹ãÈÏäËÓ�
Ó©® Ò°�º�ÓÒ} ÓÈ�¯ËmÈ� iÈ��Ò} �ËÁº¯äÈ�Ò® Ò ¹ãÈÏ�
äº�¯ºÓ� m©¹ºãÓ«
�Ò® ¯ºã	 ÓÈ�¯ËmÈ
�Ë�º �°�¯º®°�
�mÈ� ¯ÈÏäË�ËÓ© ÓÈ ¯Èº�Ë® �ºãºm}Ë ¯ºº�È �È}Òä
º¯ÈÏºä� ��º© ¹Ë¯Ë²º� º� º¹Ë¯È�ÒÒ ÒÏäË¯ËÓÒ«
} º¹Ë¯È�ÒÒ ÓÈ�¯ËmÈ Ò� ÓÈºº¯º�� ¹¯ºÒ°²º�Òã m
¯ËÏ�ã	�È�Ë ¹¯º°�º�º ¹ºmº¯º�È �ºãºm}Ò� m©¹ºãÓ«�
Ëäº�º ¹º }ºäÈÓ�Ë ¯ºº�È� �¹¯Èmã«
�È« ¹¯º�¯ÈääÈ
äºÎË� ÓÈ²º�Ò�	°« m �¹¯Èmã«
�Ëä ãº}Ë ¯ºº�È
ãÒº m }ºä¹	
�Ë¯Ë� }º�º¯©® ÒäËË� ¹¯«ä�
 °m«Ï	
° °Ò°�Ëäº® �¹¯ÈmãËÓÒ« ¯ºº�ºä� �¯º�Ë°° Èm�ºäÈ�
�ÒÏÒ¯ºmÈÓÓº® ¹¯Èm}Ò ¹¯ºÒ°²º�Ò� °ãË��
�Òä º�
¯ÈÏºä� |¹Ë¯È�º¯ mmº�Ò� m }ºä¹	
�Ë¯ �ÈÓÓ©Ë º
äÈ�Ë¯ÒÈãË Ò �ºã�ÒÓË ãÒ°�È äË�ÈããÈ� ªÓË¯�Ë�Ò�Ë°�
}ÒË ¹È¯ÈäË�¯© Ò°�º�ÓÒ}È ÓÈ�¯ËmÈ Ò ¯ÈÏäË¯© ¹«�ÓÈ
ÓÈ�¯ËmÈ� zºä¹	
�Ë¯ º¹¯Ë�Ëã«Ë� º¹�ÒäÈã	Ó�
 ¹¯º�
�ºãÎÒ�Ëã	Óº°�	 ÓÈ�¯ËmÈ �¹¯Ò ÓËº²º�Òäº°�Ò äº���
©�	 ¯È°°�Ò�ÈÓ© º¹�ÒäÈã	Ó©Ë äº�Óº°�	 ÓÈ�¯ËmÈ
Ò ¯È�Ò�° ¹«�ÓÈ�� ~È�Ëä º¹Ë¯È�º¯ m ¯ËÎÒäË ½º��
�ËÓÒ«� ÁÒ}°Ò¯�Ë� m ¹Èä«�Ò ¯ºº�È }ºº¯�ÒÓÈ�©
�¯Ë² ��ãºm©² �º�Ë} ¹ºmË¯²Óº°�Ò ãÒ°�È� �ã« �º�º
��º© ÏÈ�È�	 �¯ÈÓÒ�© ºãÈ°�Ò �²�ÒÓºmÈ�º°�Ò Ò
�È} ÓÈÏ©mÈËä�
 Ó�ãËm�
 ¹ãº°}º°�	� º�Óº°Ò�Ëã	Óº

}º�º¯º® Ò ���� ¹¯ºÒÏmº�Ò�	°« ÒÏäË¯ËÓÒ« �ËÁº¯�
äÈ�Ò®� iÈãËË ¹¯º�Ë°° ¹¯Èm}Ò ¹¯ºÒ°²º�Ò� ¹ºã�
Óº°�	
 m Èm�ºäÈ�Ò�Ë°}ºä ¯ËÎÒäË� °ÓÈ�ÈãÈ ÒÏäË�
¯«
�°« �ËÁº¯äÈ�Ò« ãÒ°�È� ÏÈ�Ëä �ÈÓÓ©Ë ÒÏäË¯ËÓÒ®
º¯ÈÈ�©mÈ
�°«� ¹º°ãË �Ë�º ¹¯ºÒ°²º�Ò� ÓÈ�¯Ëm ÓË�
º²º�Òäº�º }ºãÒ�Ë°�mÈ ¹«�ËÓ m º¹¯Ë�ËãËÓÓ©² ¹¯º��
¯Èääº® äË°�È²� sË}º�º¯ºË ÏÈ�ÈÓÓºË m¯Ëä« ¯ºº�
Î�Ë� º°�©mÈÓÒ« }ºÓ°�¯�}�ÒÒ� ¹º°ãË �Ë�º ¹ºm�º¯«Ë�
ÒÏäË¯ËÓÒ« �ËÁº¯äÈ�Ò®� iÈÓÓ©Ë ÒÏäË¯ËÓÒ® º¯È�
È�©mÈ
�°« Ò ¹¯º�Ë°° ¹¯Èm}Ò ÏÈ}ÈÓ�ÒmÈË�°« �Ë°ãÒ
�ËÁº¯äÈ�ÒÒ }ºÓ°�¯�}�ÒÒ m �º¹�°}Ë�� ãÒº ¹ºm�
�º¯«Ë�°« ° ��Ë�ºä ¹º°ãË�ÓÒ² ÒÏäË¯ËÓÒ®�

cËÏ�ã	�È�© Ò°¹©�ÈÓÒ®� v ¹ºäº�	
 °ºÏ�ÈÓÓº�º
}ºä¹ãË}°È m ãÈº¯È�º¯Ó©² �°ãºmÒ«² ©ãÒ ¹¯ºmË�
�ËÓ© ª}°¹Ë¯ÒäËÓ�© ¹º Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº® �Ë¯äÒ�
�Ë°}º® ¹¯Èm}Ë �ºÓ}ºãÒ°�ºm©² }ºÓ°�¯�}�Ò® ÓÈ
äÈã©² º¯ÈÏ�È² ¯ÈÏäË¯ºä ������� ää� |¯ÈÏË�
¹ºã��ÈãÒ ¹¯ÒmÈ¯}º® ãÒ°�È �v� �� �ºã�ÒÓº® � ää
} ¯Èä}Ë ÒÏ ��ºã}È ����� ää� {ËãÒ�ÒÓ� �ËÁº¯äÈ�
�Ò® �²�ÒÓºmÈ�º°�Ò ¯Ë��ãÒ¯ºmÈãÒ ¹º�ºÓÓº® ªÓË¯�
�ÒË® ÒãÒ �ãÒÓº® °mÈ¯Ó©² �mºm� sÈ ¯Ò°� ��
¹¯ÒmË�ËÓ© ¯ËÏ�ã	�È�© ÒÏäË¯ËÓÒ® ¹¯º�Òºm �¯Ë²
°mÈ¯Ó©² º¯ÈÏ�ºm ��������� ää m �ËÓ�¯Èã	Óºä
¹º¹Ë¯Ë�Óºä °Ë�ËÓÒÒ �º Ò ¹º°ãË Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº®
�Ë¯äÒ�Ë°}º® ¹¯Èm}Ò� sÈ ¯Ò°� �� ¹º}ÈÏÈÓ °mÈ¯Óº®
º¯ÈÏË� ¢ � ° �ËÁº¯äÈ�ÒË® �²�ÒÓºmÈ�º°�Ò �º
¹¯Èm}Ò Ò ¹º°ãË� {ËãÒ�ÒÓÈ ¹¯º�ÒÈ ©ãÈ �äËÓ	�ËÓÈ
° � �º ��� ää� ��Ò�©mÈ« äÈã©Ë º�ÒË ¯ÈÏäË¯©
º¯ÈÏ�È� ª�º ²º¯º�Ò® ¯ËÏ�ã	�È�� vË¯Ò« ª}°¹Ë¯Ò�
äËÓ�ºm ¹º��mË¯�ÒãÈ ¹¯ÒÓ�Ò¹ÒÈã	Ó�
 mºÏäºÎÓº°�	
¹¯ÒäËÓËÓÒ« Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº® �Ë¯äÒ�Ë°}º®
¹¯Èm}Ò �ºÓ}ºãÒ°�ºm©² }ºÓ°�¯�}�Ò®� �¯ËÒä��Ë°�
�mÈ Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº® ¹¯Èm}Ò º�ËmÒ�Ó© Û ¹¯º�
�Ë°° ËÏ��È¯Ó©®� Ò°}ã
�ÈË� }mÈãÒÁÒ�Ò¯ºmÈÓÓ©®
¯��Óº® �¯��� ºË°¹Ë�ÒmÈË� m©°º}ºË }È�Ë°�mº ¹º�
mË¯²Óº°�Ò °mÈ¯Óº® }ºÓ°�¯�}�ÒÒ� ¹ºm©�ÈË� ¹¯ºÒÏ�
mº�Ò�Ëã	Óº°�	 m ¯ËÏ�ã	�È�Ë º¹�ÒäÒÏÈ�ÒÒ ¹¯º�Ë°°È
Ò mºÏäºÎÓº°�Ò �¹¯ÈmãËÓÒ« º�ÓÒä º¹Ë¯È�º¯ºä ÓË°�
}ºã	}Ò² }ºä¹ãË}°ºm� �ã���ÈË� ª}ºãº�Ò�Ë°}ÒË ¹º�
}ÈÏÈ�ËãÒ�

{©mº�©

�� {¹Ë¯m©Ë ¹º}ÈÏÈÓÈ mºÏäºÎÓº°�	 °ºÏ�ÈÓÒ« �Ë²�
Óºãº�ÒÒ Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº® �Ë¯äÒ�Ë°}º® ¹¯Èm}Ò
°mÈ¯Ó©² �ºÓ}ºãÒ°�ºm©² }ºÓ°�¯�}�Ò® ° �ËÁº¯äÈ�
�Ò«äÒ �²�ÒÓºmÈ�º°�Ò�

�� vºÏ�ÈÓ Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓ©® }ºä¹ãË}° �ã« �Ë¯�
äÒ�Ë°}º® ¹¯Èm}Ò °mÈ¯Ó©² �ºÓ}ºãÒ°�ºm©² }ºÓ°�¯�}�
�Ò® ÓÈ º°ÓºmË äÈ�ËäÈ�Ò�Ë°}º�º äº�ËãÒ¯ºmÈÓÒ«� äÈ�
ÓÒ¹�ã«�ÒºÓÓº�º ¯ºº�È� °Ò°�Ëä© ÒÏäË¯ËÓÒ« �ËÁº¯�
äÈ�Ò® Ò äÒ}¯º¹ãÈÏäËÓÓº�º Ò°�º�ÓÒ}È ÓÈ�¯ËmÈ�

�� �¯º�Ë°° Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº® �Ë¯äÒ�Ë°}º®
¹¯Èm}Ò ¹ºÏmºã«Ë� Ò°}ã
�Ò�	 }mÈãÒÁÒ�Ò¯ºmÈÓÓ©®
¯��Óº® �¯��� ºË°¹Ë�ÒmÈË� m©°º}ºË }È�Ë°�mº ¹º�
mË¯²Óº°�Ò ãÒ°�È °mÈ¯Óº® }ºÓ°�¯�}�ÒÒ� ¹ºm©�ÈË�
¹¯ºÒÏmº�Ò�Ëã	Óº°�	 ¹¯º�Ë°°È� �ã���ÈË� ª}ºãº�Ò�
�Ë°}ÒË ¹º}ÈÏÈ�ËãÒ�

�� km�ºäÈ�ÒÏÒ¯ºmÈÓÓÈ« �Ë¯äÒ�Ë°}È« ¹¯Èm}È °mÈ¯�
Ó©² �ºÓ}ºãÒ°�ºm©² }ºÓ°�¯�}�Ò® äºÎË� ÓÈ®�Ò ¹¯Ò�
äËÓËÓÒË m º�¯È°ã«² ¹¯ºä©�ãËÓÓº°�Ò� }º�º¯©Ë ¹¯º�
ÒÏmº�«� ¯ÈÏãÒ�Ó©Ë }º¯¹�°Ó©Ë °mÈ¯Ó©Ë }ºÓ°�¯�}�ÒÒ�
°��º�� mÈ�ºÓº�� ¯ËÏË¯m�È¯º°�¯ºËÓÒÒ Ò ¹¯�
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]
°mÈ¯Ó©² º¯ÈÏ�ºm

m �ËÓ�¯Èã	Óºä ¹º¹Ë¯Ë�Óºä °Ë�ËÓÒÒ �º ��Ü�� Ò ¹º°ãË ��Ü�� Èm�
�ºäÈ�ÒÏÒ¯ºmÈÓÓº® �Ë¯äÒ�Ë°}º® ¹¯Èm}Ò� �Ü�Û ÓºäË¯È º¯ÈÏ�ºm

cÒ°� ��� vmÈ¯Óº® º¯ÈÏË� ¢ � ���������� ää� �º �È� Ò ¹º°ãË
�� Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº® �Ë¯äÒ�Ë°}º® ¹¯Èm}Ò

������ �



�� vmÈ¯Ó©Ë °�¯ºÒ�Ëã	Ó©Ë }ºÓ°�¯�}�ÒÒ� v¹¯Èmº�ÓÒ} � �º�
¯Ë�� �� l� �ºÈÓºmÈ� Û �� �� |°Óºm© ¹¯ºË}�Ò¯ºmÈÓÒ«
}ºÓ°�¯�}�Ò®� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� �º¹È�ÒÓ s� j� cÈ°�Ë� º�Ò² Ò äË°�Ó©² °mÈ¯º�Ó©² �Ë�
Áº¯äÈ�Ò® ¹¯Ò °mÈ¯}Ë �ºÓ}ºãÒ°�ºm©² }ºÓ°�¯�}�Ò® ÒÏ Èã
�
äÒÓÒËm©² °¹ãÈmºm �� {º¹¯� äÈ�Ë¯ÒÈãºmË�ËÓÒ«� Û �����
Û ¢ �� Û v� ��Ü���

�� ~ÈÒ}ÒÓ {� l� cÈ°�Ë� ¯ËÎÒäºm �Ë¹ãºmº® ËÏ��È¯Óº® ¹¯Èm�
}Ò °mÈ¯Ó©² }ºÓ°�¯�}�Ò® ÒÏ Èã
äÒÓÒËmº�äÈ�ÓÒËm©² °¹ãÈ�
mºm �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

�� 0DWVXL 6� 3UHYHQWLRQ RI ZHOGLQJ GHIRUPDWLRQV LQ WKLQ�VNLQ
ZHOGHG VWUXFWXUHV �� -� RI WKH /LJKW 0HWDO :HOGLQJ DQG
&RQVWUXFWLRQ� Û ����� Û ��� ¢ �� Û c� �Ü���

�� lÈ²ÓËÓ}º {� j� cÈ°�Ë�Ó©Ë äË�º�© Ò°°ãË�ºmÈÓÒ« }ÒÓË�Ò�
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Û 3� ���Ü����

�� .KRUXQRY 9� )�� ,YDQFKHQNR 9� *�� .YDVQLWVNLM 9� 9� ,Q�
YHVWLJDWLRQ RI 1LÜ&UÜ=U DQG 1LÜ&UÜ+I DOOR\V �� ,QWHUQ�
FRQI� ½%UD]LQJ� KLJK WHPSHUDWXUH EUD]LQJ DQG GLIIXVLRQ ZHO�
GLQJ�� $DFKHQ� 0D\� ����� Û $DFKHQ� ����� Û 3� ��Ü���

�� %UD]LQJ ILOOHU PHWDO FRQWDLQLQJ =U DQG +I DV GHSUHVVDQWV �
9� .KRUXQRY� 6� 0DNV\PRYD� 6� 6DPRNKLQ� 9� ,YDQFKHQNR
�� 3URF� RI WKH 7KLUG LQWHUQ� FRQI� ½+LJK WHPSHUDWXUH FD�
SLOODULW\�� .XUDVKLNL� ��Ü�� 1RY�� ����� Û 2VDND� ����� Û
3� ���Ü����

6WUXFWXUH� FKHPLFDO KHWHURJHQHLW\ DQG PLFURKDUGQHVV RI VWUXFWXUDO FRPSRQHQWV RI MRLQWV SURGXFHG XVLQJ DUJRQ DUF KHDWLQJ
DQG DGKHVLRQ�DFWLYH EUD]LQJ DOOR\V RI 1L�&U�=U V\VWHP DUH LQYHVWLJDWHG� ,W ZDV HVWDEOLVKHG WKDW DW RSWLPXP FRPSRVLWLRQV RI

EUD]LQJ DOOR\V DQG WHFKQRORJLFDO SURFHGXUHV LW LV SRVVLEOH WR SURYLGH WKH ORZ KDUGQHVV RI GHSRVLWHG PHWDO DQG WR SUHYHQW WKH
FUDFN LQLWLDWLRQ LQ EUD]HG ZHOGV DQG +$=� ,W LV SURYHG WKDW LW LV PRVW UDWLRQDO WR XVH WKH FRPSRVLWH DOOR\V LQ UHSDLU RI EODGHV

IURP QRQ�ZHOGDEOH VXSHUDOOR\V ZLWK KLJK �PRUH WKDQ �� �� FRQWHQW RI γ′� SKDVH�
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¤ÑÎË¾É ��ÀÐÌÊ¾ÐÆÕÃÏÈ¾Ý ÏÀ¾ÎÈ¾� ÀÓÌÂÆÐ À ÍÃÎÃÕÃËÚ ÆÅÂ¾ËÆÇ� ÑÐÀÃÎÄÂÃËËÙÓ Æ ÎÃÈÌÊÃËÂÌÀ¾ËËÙÓ

 �¨ ±ÈÎ¾ÆËÙ� ÍÑ¿ÉÆÈ¾ÔÆÆ À ÈÌÐÌÎÌÊ ÑÕÆÐÙÀ¾ÜÐÏÝ ÂÉÝ ÏÌÆÏÈ¾ÐÃÉÃÇ ÑÕÃËÙÓ ÏÐÃÍÃËÃÇ�

  ÏÌÌÐÀÃÐÏÐÀÆÆ Ï ÍÌÏÐ¾ËÌÀÉÃËÆÃÊ  �¨ ±ÈÎ¾ÆËÙ ÌÐ ��� ��� ���� Á� � ������� �ÎÌ Í�ÂÀÆ×ÃËËÝ

ÀÆÊÌÁ ÂÌ Ò¾ÓÌÀÆÓ ÀÆÂ¾ËÚ� ÀËÃÏÃËÆÓ ÂÌ ÍÃÎÃÉ�È�À  �¨ ±ÈÎ¾�ËÆ� ÎÃÂ¾ÈÔÆÌËËÙÃ ÈÌÉÉÃÁÆÆ Ë¾ÑÕËÙÓ

ÏÍÃÔÆ¾ÉÆÅÆÎÌÀ¾ËËÙÓ ÆÅÂ¾ËÆÇ� ÍÎÆÅË¾À¾ÃÊÙÓ  �¨� ÂÌÉÄËÙ ÍÎÆËÆÊ¾ÐÚ È ÍÃÕ¾ÐÆ ÐÌÉÚÈÌ ÐÃ ÏÐ¾ÐÚÆ�

ÈÌÐÌÎÙÃ ÆÊÃÜÐ ÏÉÃÂÑÜ×ÆÃ ËÃÌ¿ÓÌÂÆÊÙÃ ÛÉÃÊÃËÐÙ�

� ÍÌÏÐ¾ËÌÀÈ¾ ÍÎÌ¿ÉÃÊÙ À Ì¿×ÃÊ ÀÆÂÃ Æ ÃÃ ÏÀÝÅÚ Ï À¾ÄËÃÇÖÆÊÆ Ë¾ÑÕËÙÊÆ ÆÉÆ ÍÎ¾ÈÐÆÕÃÏÈÆÊÆ

Å¾Â¾ËÆÝÊÆ

� ¾Ë¾ÉÆÅ ÍÌÏÉÃÂËÆÓ ÂÌÏÐÆÄÃËÆÇ Æ ÍÑ¿ÉÆÈ¾ÔÆÇ� À ÈÌÐÌÎÙÓ Ë¾Õ¾ÐÌ ÎÃÖÃËÆÃ Â¾ËËÌÇ ÍÎÌ¿ÉÃÊÙ Æ

Ë¾ ÈÌÐÌÎÙÃ ÏÏÙÉ¾ÃÐÏÝ ¾ÀÐÌÎ

� ÀÙÂÃÉÃËÆÃ ËÃÎÃÖÃËËÙÓ Î¾ËÃÃ Õ¾ÏÐÃÇ Ì¿×ÃÇ ÍÎÌ¿ÉÃÊÙ� ÈÌÐÌÎÌÇ ÍÌÏÀÝ×ÃË¾ Â¾ËË¾Ý ÏÐ¾ÐÚÝ

� ÒÌÎÊÑÉÆÎÌÀÈ¾ ÔÃÉÃÇ ÏÐ¾ÐÚÆ �ÍÌÏÐ¾ËÌÀÈ¾ Å¾Â¾ÕÆ�

� ÆÅÉÌÄÃËÆÃ ÌÏËÌÀËÌÁÌ Ê¾ÐÃÎÆ¾É¾ ÆÏÏÉÃÂÌÀ¾ËÆÝ Ï ÍÌÉËÙÊ Ì¿ÌÏËÌÀ¾ËÆÃÊ ÍÌÉÑÕÃËËÙÓ Ë¾ÑÕËÙÓ

ÎÃÅÑÉÚÐ¾ÐÌÀ

� ÀÙÀÌÂÙ ÆÅ ÍÎÃÂÏÐ¾ÀÉÃËËÌÁÌ ÆÏÏÉÃÂÌÀ¾ËÆÝ Æ ÍÃÎÏÍÃÈÐÆÀÙ Â¾ÉÚËÃÇÖÆÓ ÆÏÏÉÃÂÌÀ¾ËÆÇ À Â¾ËËÌÊ

Ë¾ÍÎ¾ÀÉÃËÆÆ�

¯ÍÃÔÆ¾ÉÆÅÆÎÌÀ¾ËËÙÊ ÑÕÃËÙÊ ÏÌÀÃÐ¾Ê ÍÎÆ ÍÎÆÃÊÃ È Å¾×ÆÐÃ ÂÆÏÏÃÎÐ¾ÔÆÌËËÙÓ Î¾¿ÌÐ ÍÎÃÂÍÆÏ¾ËÌ

Å¾ÏÕÆÐÙÀ¾ÐÚ ÏÐ¾ÐÚÆ� ÌÍÑ¿ÉÆÈÌÀ¾ËËÙÃ� Ë¾ÕÆË¾Ý Ï ÒÃÀÎ¾ÉÝ ���� ÁÌÂ¾� ÐÌÉÚÈÌ ÍÎÆ ÑÏÉÌÀÆÆ ÀÙÍÌÉËÃËÆÝ

ÆÅÉÌÄÃËËÙÓ ÀÙÖÃ ÐÎÃ¿ÌÀ¾ËÆÇ�

ÎÆ ÍÌÂÁÌÐÌÀÈÃ ÏÐ¾ÐÃÇ È ÍÑ¿ÉÆÈ¾ÔÆÆ À ÄÑÎË¾ÉÃ ÍÎÌÏÚ¿¾ ÑÕÆÐÙÀ¾ÐÚ ÎÃÈÌÊÃËÂ¾ÔÆÆ  �¨ ±ÈÎ¾ÆËÙ�
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�Ë²ÓÒ}� ËÏº¹È°Óº°�Ò Ò Ò°}ã
�Òãº m©Ó�Î�ËÓÓ©®
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Ó©äÒ º°�È
�°« º¹Ë¯È�ÒÒ� °m«ÏÈÓÓ©Ë ° ¹¯ºmË�ËÓÒËä
¹º�mº�Ó©² ¯ËäºÓ�Ó©² ¯Èº� ¹º ¯ÈÏ�Ëã}Ë }º¯¹�°ºm
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¹ËÓº¹ãÈ°�� �¯ÈmÒ® }Ë¯ÈäÏÒ�ºm©®� }ºäÒÓÒ¯ºmÈÓ�
Ó©Ë ª}¯ÈÓ©� °º°�º«�ÒË ÒÏ °ãºËm ¹Ë°}È Ò ¹ËÓº¹�
ãÈ°�È� È �È}ÎË ª}¯ÈÓ© ÒÏ mºÏ���Ó©² ¹�Ï©¯	}ºm�
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Ó©² ª}¯ÈÓºm ¹¯ÒmË�ËÓÈ ÓÈ ¯Ò°� �� ~�Ë°	 ÓÈ º°Ò
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)LOLSHQVN\ -� �¯ÒäËÓËÓÒË äË�ÈããÒ�Ë°}Ò²� äË�Èããº}Ë¯ÈäÒ�
�Ë°}Ò² Ò }Ë¯ÈäÒ�Ë°}Ò² ¹º}¯©�Ò®� ÓÈÓË°ËÓÓ©² ° ¹ºäº�	
 �Ë²�
Óºãº�Ò® �Ë¯äÒ�Ë°}º�º ÓÈ¹©ãËÓÒ«� °� ���Ü����

:LOGHQ -�� :DQND $�� 6FKUHLEHU )� �¯Ò�º�Óº°�	 ¹º¯º��
}ºm©² ¹¯ºmºãº} �ã« ÓÈÓË°ËÓÒ« ÏÈ�Ò�Ó©² ¹º}¯©�Ò®� °�º®}Ò²
} }º¯¯ºÏÒÒ Ò ÒÏÓº°�� °� ���Ü����

%UDQGW 2�� 6LHJPDQQ 6� cÈÏ¯Èº�}È äË�º�È m©°º}º°}º¯º°�
�Óº�º �ÈÏº¹ãÈäËÓÓº�º ÓÈ¹©ãËÓÒ« �+92)� Ò ºãÈ°�Ò ¹¯ÒäËÓË�
ÓÒ« ¹º}¯©�Ò®� °� ���Ü����

%DFK )U� :�� -RVHILDN /� $� �¯ÒäËÓËÓÒË �Ë¹ãºÒÏºã«�ÒºÓ�
Ó©² ¹º}¯©�Ò®� ¹ºã��ËÓÓ©² äË�º�ºä m©°º}º°}º¯º°�Óº�º �ÈÏº�
¹ãÈäËÓÓº�º ÓÈ¹©ãËÓÒ«� °� ���Ü����

1RZRWQ\ 6W�� =LHULV 5�� 1DXPDQQ 7�� (FNDUW *� zºäÒ�
ÓÒ¯ºmÈÓÓºË ¹ãÈÏäËÓÓº����ºmºË ÓÈ¹©ãËÓÒË ° Ò°¹ºã	ÏºmÈÓÒËä ãÈ�
ÏË¯È �ã« ¹ºã��ËÓÒ« ¹ãº�Ó©² ¹º}¯©�Ò® ° m©°º}Òä ¹¯Ë�Ëãºä
¹¯º�Óº°�Ò ÓÈ º�¯©m� °� ���Ü����

:LHODJH %�� :LOGHQ -�� 6FKQLFN 7� �ºã��ËÓÒË ¹º}¯©�Ò®
6L& ° ¹ºäº�	
 m©°º}º°}º¯º°�Óº�º �ÈÏº¹ãÈäËÓÓº�º ÓÈ¹©ãËÓÒ«�
°� ���Ü����

%XOWPDQQ )�� +DUWPDQQ 6� vmº®°�mÈ �Ë¯äÒ�Ë°}Ò² ¹º}¯©�
�Ò®� °º�Ë¯ÎÈ�Ò² ¹ºãÒäË¯Ó©Ë äÈ�Ë¯ÒÈã© ��nw Ò °º¹ºãÒäË¯È
ª�ÒãËÓÈ Ò �Ë�¯ÈÁ�º¯ª�ÒãËÓÈ� °� ���Ü����

%RUFN 9�� +HQQH 5� iÒÈ�Óº°�Ò}È Ò º¹�ÒäÒÏÈ�Ò« ¹º}¯©�Ò®�
¹ºã��ËÓÓ©² ¹ãÈÏäËÓÓº����ºm©ä ¹¯º�Ë°°ºä� °� ���Ü����

=XUDYHFND (�� &RPDM 0�� (Q]O 5�� 6XFKDQHN -� k¯ÈÏÒmÓ©®
ÒÏÓº° �Ë¯äÒ�Ë°}Ò ÓÈ¹©ãËÓÓ©² ¹º}¯©�Ò®� °� ���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��

�� ������
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.UDYDULNRYD +�� .RYDFRF\ 3� w}°¹Ë¯ÒäËÓ�Èã	ÓÈ« ¹¯ºmË¯}È
�Ò°ãËÓÓº�º äº�ËãÒ¯ºmÈÓÒ« ~�{� °� ���Ü����

7DUDED %�� .ROHQDN 5�� 7XUQD 0� zºä¹	
�Ë¯ÓºË äº�ËãÒ�
¯ºmÈÓÒË ¯Èº�Ò² ¹È¯ÈäË�¯ºm ¹È«Ó©² °ºË�ÒÓËÓÒ® äËÎ�� }Ë¯È�
äÒ}º® Ò äË�Èããºä� °� ���Ü����

.ROHQDN 5�� =XERU 3� j°°ãË�ºmÈÓÒË ¹ºmË¯²Óº°�Ò ¯ÈÏ�ËãÈ
¹È«Óº�º äË�Èããº}Ë¯ÈäÒ�Ë°}º�º °ºË�ÒÓËÓÒ«� °� ���Ü����

0DURQHN 0�� +XGDNRYD 0� jä¹�ã	°Óº����ºmÈ« °mÈ¯}È m©�
°º}º¹¯º�Ó©² °�ÈãË®� °� ���Ü����

%ODVNRYLWV 3�� 6XNXERYD ,�� )DUNDV 7� HW DO� sÈ¹ãÈmº�Ó©Ë
äÈ�Ë¯ÒÈã©� °�º®}ÒË } È¯ÈÏÒmÓºä� Ò ª¯ºÏÒºÓÓºä� ÒÏÓº°��
°� ���Ü����

.ROHQDN 5�� 7XUQD 0� kã	�Ë¯ÓÈ�ÒmÓ©Ë Ë°°mÒÓ�ºm©Ë ¹¯Ò�
¹ºÒ� °� ���Ü����

+ROHVD 0� zºÓ�È}�ÓÈ« °mÈ¯}È �Ò�ÈÓºm©² ¯Ë�Ë�º} ÓÈ ºº�
¯��ºmÈÓÒÒ 98=�5$1�/ ���� °� ���Ü����

�vãºmÈ}Ò«�� ����� Û 9RO� ���
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0LVLFNR 5�� 3HVHN /� v�¯�}��¯È Ò °mº®°�mÈ °�Èã	Ó©² °mÈ¯�
Ó©² ¹ÈÓËãË®� °mÈ¯ËÓÓ©² ãÈÏË¯ºä Ò ¹¯ÒäËÓ«Ëä©² �ã« Èm�ºäº�
Òã	Ó©² }�Ïºmºm� °� �Ü��

7XVHN -� ~È¹ºãÓËÓÒË ÏÈÏº¯ºm ¹¯Ò °mÈ¯}Ë ° ¹ºäº�	
 ÓË°�
}ºã	}Ò² ªãË}�¯º�Ó©² ¹¯ºmºãº}� °� �Ü��

-DQRYHF -�� 0DUWLQHV -�� .XEHQND 0�� 6YHLGOHU =� vmÈ¯}È
°�ÈãË® ¹º°ãË �Ë¯äºäË²ÈÓÒ�Ë°}º® º¯Èº�}Ò �Ò¹È :HOGR[ ���
Ò +DUGR[ ��� ° ¹ºäº�	
 ¹º¯º�}ºmº® ¹¯ºmºãº}Ò� °� �Ü���

6HMF 3�� 0LFKQLN ,� |�ËÓ}È �ÈÏºm� m©¯ÈÓÓ©² �ã« �Ë¯äÒ�
�Ë°}º® }Ò°ãº¯º�Óº® ¯ËÏ}Ò °�ÈãË®� °� ��Ü���

.DOQD .� {©º¯ ¹¯Ò°È�º�Ó©² äÈ�Ë¯ÒÈãºm �ã« °mÈ¯}Ò °�Èã	�
Ó©² }ºÓ°�¯�}�Ò® Û mãÒ«ÓÒË �mºm� ÒäË
�Ò² °mº®°�mÈ� º�ãÒ�
�È
�ÒË°« º� º°ÓºmÓº�º äË�ÈããÈ� ÓÈ ¹¯º�Óº°�	 }ºÓ°�¯�}�Ò®
¹¯Ò ¯ÈÏ¯��ËÓÒÒ� °� ��Ü���

-DQRWD 0� v�ÈÓ�È¯� ½cÈ°�Ë� °mÈ¯Ó©² }ºÓ°�¯�}�Ò®� Ò m©�
º¯ ¯È°²º��Ëä©² äÈ�Ë¯ÒÈãºm� °� ��Ü���

-XKDV 3� vãºmÈ�}ÒË Ò Óºm©Ë Ëm¯º¹Ë®°}ÒË °�ÈÓ�È¯�© �ã«
¯È°�Ë�È Ò ÒÏ�º�ºmãËÓÒ« °�Èã	Ó©² }ºÓ°�¯�}�Ò®� °� ��Ü���
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¢ �Ü� �FãºmÈ��� �Ë���

+ULYQDN ,� i�¹ãË}°Ó©Ë ÓË¯ÎÈmË
�ÒË °�ÈãÒ Ò Ò² °mÈ¯}È�
°� ��Ü���

.ROHQLF )�� )RGUHN 3�� %OD]LFHN 3�� 3DNVL /� wãË}�¯ºÓ�
Óº�ã��ËmÈ« °mÈ¯}È }ºä¹ºÓËÓ�ºm ÒÏ Èã
äÒÓÒËm©² °¹ãÈmºm �ã«
Èm�ºäºÒã	Óº® ¹¯ºä©�ãËÓÓº°�Ò� °� ��Ü���

.RXNDO -�� 0RK\OD 3� jÏäËÓËÓÒ« äË²ÈÓÒ�Ë°}Ò² °mº®°�m Ò
äÒ}¯º°�¯�}��¯© °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °�ÈãË® ��� � &UÜ��� �
0RÜ��� � 9 ¹º°ãË �ãÒ�Ëã	Óº® m©�Ë¯Î}Ò ¹¯Ò m©°º}Ò² �Ëä¹Ë�
¯È��¯È² m �ÒÈ¹ÈÏºÓË ÓÒÎË �Ë}��Ë°�Ò� °� ��Ü���

*RQGDU (� |�ËÓ}È mºÏäºÎÓº°�Ò °ºË�ÒÓËÓÒ« ¹ºãÒª�ÒãËÓÈ
%UDOHQ 5% ����� ° ¹ºäº�	
 °mÈ¯}Ò Ò °}ãËÒmÈÓÒ«� °� ��Ü���

6HMF 3� vmÈ¯}È lk� °�Èã	Ó©² ¹ãÈ°�ÒÓ ° }º¯¯ºÏÒºÓÓº�
°�º®}ÒäÒ ¹º}¯©�Ò«äÒ ÓÈ º°ÓºmË �ÒÓ}È� °� ��Ü���

)ROG\QD 9�� +ODYDW\ ,�� .XEHO =� �ºm�º¯ÓÈ« ÓÈ¹ãÈm}È
m©°º}º��ãË¯º�Ò°�©² °�ÈãË® ËÏ ¹º�º�¯ËmÈ� °� ��Ü���

)DMGHN 9�� -DMFD\ $� �¯Èm}È �ÈÏºm©ä ¹ãÈäËÓËä Û º¹�Ò�
äÈã	ÓÈ« �Ë²Óºãº�Ò« �°�¯ÈÓËÓÒ« ÓÈ¹¯«ÎËÓÒ®� °� ��Ü���
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+RO]PDQQ 0�� -XUDVHN /�� 'ORXK\ ,� �¯ÒäËÓËÓÒË ¹ºÓ«�Ò«
ª�ÈãºÓÓº® }¯Òmº® �ã« º�ËÓ}Ò mãÒ«ÓÒ« °}º¯º°�Ò ÓÈ�¯�Ï}Ò ÓÈ
º°ºËÓÓº°�Ò ¯ÈÏ¯��ËÓÒ« °�ÈãË®� °� ��Ü���

9ODFK %�� +RO]PDQQ 0� |�ËÓ}È ��È¯Óº® m«Ï}º°�Ò ÁË¯�
¯Ò�Óº�º ����ÓÈ ° �È¯ºmÒ�Ó©ä �¯ÈÁÒ�ºä m º�ãÒm}È² ° ¯ÈÏÓº®
�ºã�ÒÓº® °�ËÓ}Ò� °� ��Ü����

/H]GLN 9�� 6RERWD 0�� 'XUPLV ,� �Ë²Óºãº�Ò« ¹È®}Ò äË�Ó©²
�¯�� °� ���Ü����

+ODYDW\ ,�� .XEHO =� �ºm�º¯ÓÈ« ÓÈ¹ãÈm}È ¯Ëã	°ºm ° ¹º�
äº�	
 ���ºmº® °mÈ¯}Ò ¹º� Áã
°ºä ËÏ ¹¯Ë�mÈ¯Ò�Ëã	Óº�º ¹º�
�º�¯ËmÈ� °� ���Ü����

3RERO ,� /�� .DMGDORY $� $� �Ë²Óºãº�Ò« ¹ºmË¯²Óº°�Óº�º
ªãË}�¯ºÓÓº�ã��Ëmº�º �¹¯º�ÓËÓÒ« ¹Ë¯mº�º Ò m�º¯º�º ¹º}ºãËÓÒ®�
°� ���Ü����

%UR]HN 0� vº¹¯º�ÒmãËÓÒË È¯ÈÏÒmÓºä� ÒÏÓº°� m©¯ÈÓÓ©²
°ãºËm ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ �mºm ÓÈ ÁÒ¯äË (6$%� °� ���Ü����

+DOOD 3� {ãÒ«ÓÒË ÏÈ�Ò�Óº�º �ÈÏÈ ¹¯Ò °mÈ¯}Ë Èã
äÒÓÒ« Ò
Ë�º °¹ãÈmºm� °� ���Ü����
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+REEDFKHU $� cÈÏmÒ�ÒË ¹¯ºË}�Ò¯ºmÈÓÒ« Ò ÒÏ�º�ºmãËÓÒ«
°�Èã	Ó©² }ºÓ°�¯�}�Ò®� °� ���Ü����

6KLJD &� cË�ËÓÒË ÏÈ�È�� °m«ÏÈÓÓ©² °º °mÈ¯}º® m©°º}º�
¹¯º�Ó©² °�ÈãË®� °� ���Ü����

6RERWND -�� -DQHFHN 0�� &HUYLQND 3�� )XUPDQHN -� �Ë²�
Óºãº�ÒÒ °mÈ¯}Ò Ò ¹º°ãË��
�Ë® �Ë¯äºº¯Èº�}Ò �ºã°�ºãÒ°�ºm©²
°�ÈãË® �� 1L&X0R1E�� °� ���Ü����

5X]D 9�� .RVQDF /�� $GDPLFNRYD 0� �¯Ò�º�Óº°�	 } ¹È®}Ë
�mË¯�©ä�ä«�}Òä ¹¯Ò¹º«äÒ Èã
äÒÓÒËm©² äÈ�Ë¯ÒÈãºm ° Ò°¹ºã	�
ÏºmÈÓÒËä Áã
°È� °� ���Ü����

3DYOLN .� �¯ÒmÒÈã	ÓÈ« �Ë²Óºãº�Ò« ÓÈ ¹¯È}�Ò}Ë Û °Ë�ãº
}ãÈ¹ÈÓÈ �ã« È�È¯Ë® mº�º°ÓÈÎËÓÒ«� °� ���Ü����

�vãºmÈ}Ò«�� ����� Û 9RO� ���
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*QLUVV *� vmÈ¯}È Ò �Ë¯äºº¯Èº�}È °ºË�ÒÓËÓÒ® ¯ÈÏÓº¯º��
Ó©² äÈ�Ë¯ÒÈãºm� °� ���Ü����

.DOQD .� sºm©® äº°� m r¯È�Ò°ãÈmË ª}°¹ã�È�Ò¯�Ë�°« �ÎË
�� ãË�� °� ���Ü����

6RERWND -�� 7UHMWQDU -� {©º¯ ¯È°²º��Ëä©² äÈ�Ë¯ÒÈãºm
�ã« ¯��Óº® ���ºmº® °mÈ¯}Ò ²¯ºäºäºãÒ�ËÓºm©² °�º®}Ò² } ¹ºã�
Ï��Ë°�Ò °�ÈãË®� °� ���Ü����

.URXSD 9� j°°ãË�ºmÈÓÒË mãÒ«ÓÒ« äË�Ò Ò °º¹��°�m�
�Ò²
ªãËäËÓ�ºm ÓÈ °mº®°�mÈ °�ÈãË® Ò Ò² °mÈ¯Ó©² °ºË�ÒÓËÓÒ®�
°� ���Ü����

-DQRYHF -�� +XU\FK -� zº¯¯ºÏÒ« °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m
È�äº°ÁË¯Ó©² �°ãºmÒ«²� °� ���Ü����
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6WDXIIHU +� |�mº� °mÈ¯º�Ó©² �©äºm ÒÏ �º¯Ëã}Ò ¹¯Ò °mÈ¯}Ë
¹¯ºä©�ãËÓÓ©äÒ ¯ºº�ÈäÒ� °� ���Ü����

6LWWH *� zºÓ�È}�ÓÈ« �º�Ë�ÓÈ« ¹È®}È Û Èã	�Ë¯ÓÈ�ÒmÈ }ºÓ�
�È}�Óº® �º�Ë�Óº® °mÈ¯}Ò� °� ���Ü����

$SSHO /�� 6HUYH 0�� %DXP /� HW DO� {©°º}º}È�Ë°�mËÓÓºË
Ò ª}ºÓºäÒ�ÓºË ¹º}¯©�ÒË� ¹ºã��ËÓÓºË ° ¹ºäº�	
 �m�²���ºmº®
°mÈ¯}Ò äË�ÈããÒ�Ë°}Òä ¹ãÈm«�Òä°« ªãË}�¯º�ºä m °¯Ë�Ë ÏÈ�Ò��
Óº�º �ÈÏÈ� °� ���� ���� ���Ü����

:LHODJH %�� :LOGHQ -�� 6FKQLFN 7� sÈÓË°ËÓÒË äË�Èããº}Ë�
¯ÈäÒ�Ë°}Ò² ¹º}¯©�Ò® ÓÈ º°ÓºmË 6L& ° ¹ºäº�	
 m©°º}º°}º�
¯º°�Óº�º �ÈÏº¹ãÈäËÓÓº�º ÓÈ¹©ãËÓÒ«� °� ���Ü����

$QDJUHK 1�� 'RUQ /� �ºm©�ËÓÒË ¹¯º�Óº°�Ò °�Ë¹ãËÓÒ«
}ãËËm©² °ºË�ÒÓËÓÒ®� °º°�º«�Ò² ÒÏ Èã
äÒÓÒËm©² ãÒ°�ºm Ò �Ë¯�
äº¹ãÈ°�Ò�Óº�º °º¹ºãÒäË¯È È}¯ÒãºÓÒ�ºÒãÈ� °�Ò¯ºãÈ Ò È}¯Òãº�
m©² ªÁÒ¯ºm�¹ºãÒ}È¯ºÓÈ�È ãÈ�º�È¯« º¯Èº�}Ë ¹ºmË¯²Óº°�Ò
¹ãÈÏäº® ÓÒÏ}º�º �ÈmãËÓÒ« Ò �¯��Òä mÒ�Èä º¯Èº�}Ò�
°� ���Ü����

$GDPLHF 3�� ']LXELQVNL -� {º�º¯º�ÓºË ¯È°�¯Ë°}ÒmÈÓÒË
°�Èã	Ó©² °mÈ¯Ó©² �¯��  � �� {ãÒ«ÓÒË mº�º¯º�È Ò ¯È°�«�ÒmÈ�

�Ò² ÓÈ¹¯«ÎËÓÒ® ÓÈ äË²ÈÓÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò�
°� ���Ü����

jÓÓºmÈ�ÒÒ m ºãÈ°�Ò °mÈ¯º�Ó©² �Ë²Óºãº�Ò® m ���� �º���
°� ���Ü����

��Ë¯äÈÓÒ«�� ����� Û ¢ �
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9ROOUDWK .� cÈÏãÒ�Ó©Ë mºÏäºÎÓº°�Ò ãÈÏË¯Óº® ¯ËÏ}Ò ¹¯Ò
º¯Èº�}Ë ãÒ°�ºmº�º äÈ�Ë¯ÒÈãÈ� °� ���Ü����

+DIHUNDPS +�� *RHGH 0� r©°�¯ºË º�mË¯�ËÓÒË ¹º �ã�ÒÓË
}ãËËm©² °ºË�ÒÓËÓÒ® ¹ãÈ°�äÈ°° ° ¹ºäº�	
 ãÈÏË¯Óº�º ÒÏã��ËÓÒ«
¹ãÈ°�äÈ°°� °� ���� ���Ü����

.DLHUOH 6�� .UHXW] (�:�� 3RSUDZH 5� km�ºÓºäÓÈ« ¹¯ºÒÏ�
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