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Óº°�Ò ��È�Ëã	Ó©® ¹º�­º¯ ãË�Ò¯�
�Ò² ªãËäËÓ�ºm�
�º­Èmã«Ëä©² m ¯È°²º��Ëä©Ë °mÈ¯º�Ó©Ë äÈ�Ë¯ÒÈã©�
º­�°ãºmãÒmÈË� mºÏäºÎÓº°�	 Áº¯äÒ¯ºmÈÓÒ« ÁÈÏº�
m©² m©�ËãËÓÒ® m ÓÈ¹ãÈmãËÓÓ©² mÈãÒ}È² ¹¯Ò ¯ÈÏ�
ãÒ�Ó©² �Ë¯äÒ�Ë°}Ò² �Ò}ãÈ² >��@� �È}Òä º­¯ÈÏºä�
}º��È º�ÓÈ m©�ËãÒm�È«°« ÁÈÏÈ ¹Ë¯Ë°�¯ÈÒmÈË�°«
¹º� mãÒ«ÓÒËä ¹º°ãË��
�Ë�º ¹¯º²º�È� �¯��È« ÓÈ�
²º�Ò�°« m ÓÈ�Èã	Óºä °º°�º«ÓÒÒ Áº¯äÒ¯ºmÈÓÒ«� �È�
}º® äË²ÈÓÒÏä m©�ËãËÓÒ« ÁÈÏ °¹º°º­°�m�Ë� °º²�
¯ÈÓËÓÒ
 �º°�È�º�Óº® }ºÓ�ËÓ�¯È�ÒÒ Ò ÓËº­²º�Ò�
äº�º �¯ÈÓ�ãºäË�¯Ò�Ë°}º�º ¯È°¹¯Ë�ËãËÓÒ« m©�ËãË�
ÓÒ®� ÏÈ °�Ë� �Ë�º ¹º m°Ëä� ÒÏ�ËãÒ
� m©¹ºãÓËÓÓºä�

�� ����������



äÓº�º¹¯º²º�Óº® °mÈ¯}º®� �º°�Ò�ÈË�°« �¯ºmËÓ	 �º�
mºã	Óº º�Óº¯º�Óº® �mË¯�º°�Ò Ò °ºº�mË�°�mËÓÓº
¹¯º�Óº°�Ò� vºÏ�ÈÓÈ �Ò¯º}È« ­ÈÏÈ �ÈÓÓ©² °mº®°�m
ÓÈ¹ãÈmãËÓÓ©² äÓº�º¹¯º²º�Óº® °mÈ¯}º® �mºm ÓÈ
°�Èã«² ° °Ò°�ËäÈ�Ò�Ë°}ÒäÒ ÒÏäËÓËÓÒ«äÒ º¹¯Ë�Ë�
ãËÓÓ©² ãË�Ò¯�
�Ò² �º­Èmº} >��Ü��@� cÈÏ¯È­º�}È
äË�º�Ò} ¹¯º�ÓºÏÒ¯ºmÈÓÒ« °mº®°�m lb �ºãÎÓÈ
��Ò�©mÈ�	 ¹ºmË�ËÓÒË ÓËº�Óº¯º�Óº® äÒ}¯º°�¯�}�
��¯© ¹º m°Ëä� äÓº�º¹¯º²º�Óºä� �m�� { °m«ÏÒ °
ÓËº­²º�Òäº°�	
 mº mmË�ËÓÒÒ Ò ¹¯ÒäËÓËÓÒÒ ­ÒäË�
�ÈããÒ�Ë°}Ò² äÈ�Ë¯ÒÈãºm �¯Ë­�Ë�°« ¯ÈÏ¯È­º�}È }ºÓ�
�Ë¹�ÒÒ �ã« m©­º¯È ²ÒäÒ�Ë°}º�º °º°�ÈmÈ ¯È°²º�
��Ëä©² °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm� ­ãÈ�º�È¯« �Ëä�
lb º­ãÈ�ÈË� ¹¯È}�Ò�Ë°}Ò º�Óº¯º�Ó©äÒ °mº®°�
�mÈäÒ�

 Ò°ãËÓÓ©® ÈÓÈãÒÏ� jÓ�Ë¯ÓÈ�ÒºÓÈã	Ó©Ë Ò°°ãË�
�ºmÈÓÒ« m}ã
�ÈãÒ ¯ÈÏ¯È­º�}� �Ò°ãËÓÓº�º �Ë�Ë¯�
äÒÓÒ¯ºmÈÓÓº�º ÈÓÈãÒÏÈ Ò ¯È°�Ë�ºm� }º�º¯©Ë ¹ºÏ�
mºã«
� äº�ËãÒ¯ºmÈ�	 ¯ÈÏãÒ�Ó©Ë È�ºäÈ¯Ó©Ë äË²È�
ÓÒ°�Ò�Ë°}ÒË ¹¯º�Ë°°©� ¹¯º�Ë}È
�ÒË ¹¯Ò °mÈ¯}Ë
�¹Ò¯º²ÒäÒ«� }¯Ò°�ÈããÒÏÈ�Ò«� ¹¯Ëm¯È�ËÓÒ« m �mË¯�
�º® ÁÈÏË�� º� ¹ºmË�ËÓÒ« °mÈ¯º�Óº® mÈÓÓ© �º ¹¯Ëm�
¯È�ËÓÒ® m �mË¯�º® ÁÈÏË >��@� w�Ò Ò°°ãË�ºmÈÓÒ«
¯È°�Ò¯ÒãÒ ¹ºÓÒäÈÓÒË ¹¯ºÒ°²º�«�Ò² ÓÈ È�ºäÓºä

�¯ºmÓË ¹¯º�Ë°°ºm Ò °º m¯ËäËÓËä ¹¯ÒmË��� } ­ºãËË
}ºä¹ãË}°Ó©ä äË�º�Èä ¹¯º�ÓºÏÒ¯ºmÈÓÒ« äÒ}¯º°��
¯�}��¯© Ò °mº®°�m� |�ÓÈ}º ª�º� Á�Ó�ÈäËÓ�Èã	Ó©®
¹º�²º� m°Ë Ë�Ë ÒäËË� º�¯ÈÓÒ�ËÓÒ«� °m«ÏÈÓÓ©Ë °
ÓË�º°�È�}ºä ÒÓÁº¯äÈ�ÒÒ� }È°È
�Ë®°« ²ÒäÒ�Ë°}º�
�º Ò ÁÒÏÒ�Ë°}º�º È°¹Ë}�ºm °mº®°�m �mºm ¯ÈÏãÒ�Ó©²
°º°�Èmºm Ò °mº®°�m °�ÈãË®� Ò }ºä¹ãË}°Óº® m©�Ò°�
ãÒ�Ëã	Óº® äË�º�Ò}Ò� °ãÒ�}ºä °ãºÎÓº® �ã« ¹Ë�
¯Ë�È�Ò ËË °mÈ¯�Ò}��¹¯È}�Ò}�� j°¹ºã	ÏºmÈÓÒË �°º�
mË¯�ËÓ°�mºmÈÓÓ©² ª}°¹Ë¯ÒäËÓ�Èã	Ó©² }º¯¯Ëã«�
�ÒºÓÓ©² äË�º�Ò} ¹¯º�ÓºÏÒ¯ºmÈÓÒ« äÒ}¯º°�¯�}���
¯© Ò °mº®°�m lb ¹º�¹¯ËÎÓËä� «mã«Ë�°« ÓÈÒ­ºãËË
¯È�ÒºÓÈã	Ó©ä ¹º�²º�ºä� �¯Ò ÓÈãÒ�ÒÒ �º°�È�º��
Óº® °ºmº}�¹Óº°�Ò ª}°¹Ë¯ÒäËÓ�Èã	Ó©² }º¯¯ËãÒ¯��
Ëä©² �ÈÓÓ©² Ò°¹ºã	ÏºmÈÓÒË ÓË®¯º°Ë�Ëmº�º ¯Ë�¯Ë°�
°ÒmÓº�º ÈÓÈãÒÏÈ °¹º°º­°�mºmÈãº ÏÓÈ�Ò�Ëã	Óºä�
�°ºmË¯�ËÓ°�mºmÈÓÒ
 ¹¯º�ÓºÏÒ¯�Ëäº°�Ò °mº®°�m�
sËº­²º�Òä© °¹Ë�ÒÈã	Ó©Ë Ò°°ãË�ºmÈÓÒ« �ã« ¹º�
ã��ËÓÒ« ­ºã	�Ë�º }ºãÒ�Ë°�mÈ ª}°¹Ë¯ÒäËÓ�Èã	Ó©²
}º¯¯ËãÒ¯�Ëä©² �ÈÓÓ©² ¹º lb ÓÈ °�Èã«² m©°º}º®
¹¯º�Óº°�Ò�

vmº®°�mÈ äË�ÈããÈ �mÈ� cÈÏ¯È­º�ÈÓ© ªä¹Ò¯Ò�
�Ë°}ÒË m©¯ÈÎËÓÒ« �ã« ¹¯º�ÓºÏÒ¯ºmÈÓÒ« �mË¯�º°�Ò

cÒ°� �� vº¹º°�ÈmãËÓÒË ¹¯º�ÓºÏÒ¯�Ëä©² Ò ÒÏäË¯ËÓÓ©² ÏÓÈ�ËÓÒ®
��È¯Óº® m«Ï}º°�Ò ¹º bÈ¯¹Ò ¹¯Ò �Ëä¹Ë¯È��¯Ë Ü�� Åv

cÒ°� �� jÏäËÓËÓÒ« ¹¯Ë�ËãÈ �Ë}��Ë°�Ò m ÏÈmÒ°Òäº°�Ò º� °º�Ë¯ÎÈ�
ÓÒ« ��ãË¯º�È ¹¯Ò �m�² ¯ÈÏãÒ�Ó©² °}º¯º°�«² º²ãÈÎ�ËÓÒ«

cÒ°� �� iÒÈ�¯ÈääÈ ÒÏº�mË¯�º°�Ò �È� Ò ÒÏº¹¯º�Óº°�Ò �­� �ã« ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®

���������� ��



>��@� ¹¯Ë�ËãÈ �Ë}��Ë°�Ò Ò ¹¯Ë�ËãÈ ¹¯º�Óº°�Ò ¹¯Ò
¯È°�«ÎËÓÒÒ >�� ��@� ¹ãÈ°�Ò�Óº°�Ò Ò m«Ï}º°�Ò >��
�@ lb ÓÈ ÓÒÏ}º��ãË¯º�Ò°�©² Ò ÓÒÏ}ºãË�Ò¯ºmÈÓ�
Ó©² °�Èã«² ¹ºm©�ËÓÓº® ¹¯º�Óº°�Ò� r©ãÒ Ò°¹ºã	�
ÏºmÈÓ© Ò °¯ÈmÓËÓ© ¯ÈÏãÒ�Ó©Ë ¹º�²º�©� m}ã
�È«
°�È�Ò°�Ò�Ë°}Ò® Ò ÓË®¯º°Ë�Ëmº® ÈÓÈãÒÏ�

{ ¯È­º�È² >�� �@ Ò°¹ºã	ÏºmÈÓº ­ºã	�ºË }ºãÒ�
�Ë°�mº ª}°¹Ë¯ÒäËÓ�Èã	Ó©² �ÈÓÓ©² ¹º °mÈ¯}Ë °�ÈãË®
m©°º}º® ¹¯º�Óº°�Ò� ¹¯ÒäËÓ«Ëä©² ¹¯Ò ÒÏ�º�ºm�
ãËÓÒÒ äº¯°}Ò² ¹ãÈ�Áº¯ä °�¯È�Ë�Ò�Ë°}º�º ÓÈÏÓÈ�
�ËÓÒ«� �ã« ¯ÈÏ¯È­º�}Ò Ò°}�°°�mËÓÓ©² ÓË®¯ºÓÓ©²
°Ë�Ë® �ã« ¹¯º�ÓºÏÒ¯ºmÈÓÒ« ¹¯º�Óº°�Ò Ò m«Ï}º°�Ò�
w�Ò �ÈÓÓ©Ë º­Ë°¹Ë�ÒãÒ mºÏäºÎÓº°�	 °ºÏ�ÈÓÒ« }º�
ãÒ�Ë°�mËÓÓº® äº�ËãÒ �ã« º�ËÓ}Ò äË²ÈÓÒ�Ë°}Ò²
°mº®°�m lb� sË®¯ºÓÓÈ« °Ë�	 °¹º°º­ÓÈ ¯ËÈãÒÏºmÈ�	
äÓºÎË°�mº ÓËãÒÓË®Ó©² °ºº�Óº�ËÓÒ®� iÈÓÓ©Ë m
ÓËË mmº�«�°« m Áº¯äË ¹È¯ÈäË�¯ºm mmº�È �²ÒäÒ�
�Ë°}Ò® °º°�Èm Ò °}º¯º°�	 º²ãÈÎ�ËÓÒ«� Ò m©mº�È
�ÎËãÈËäºË }È�Ë°�mº�� º¹�ÒäÈã	ÓºË ÓËãÒÓË®ÓºË °º�
º�Óº�ËÓÒË ÓÈ²º�Ò�°« ¹��Ëä äÒÓÒäÒÏÈ�ÒÒ ¯ÈÏÓÒ�©
äËÎ�� ÒÏäË¯ËÓÓ©ä Ò ¹¯º�ÓºÏÒ¯ºmÈÓÓ©ä ÏÓÈ�ËÓÒ�
Ëä� zÈ} Ò ¹¯Ò ¯Ë�¯Ë°°ÒºÓÓºä ÈÓÈãÒÏË� ¯ËÏ�ã	�È�©
°º�Ë¯ÎÈ� ¯«� mË°ºm©² }ºªÁÁÒ�ÒËÓ�ºm Ò °¹Ë�Ò�
ÁÒ}È�ÒÒ ¯º�È Á�Ó}�ÒÒ� }º�º¯È« m °º�Ë�ÈÓÒÒ °
mË°ºä °º¹º°�Èmã«Ë� m²º�© Ò m©²º�©� �¯º�ÓºÏÒ�
¯�Ëäº°�	 ÓË®¯º°Ë�Ëmº�º ÈÓÈãÒÏÈ ¹ºm©�ÈË�°« ­ãÈ�
�º�È¯« Ò°¹ºã	ÏºmÈÓÒ
 }ºä­ÒÓÈ�Ò® ÓÈÒã���Ò² äº�
�ËãË® �ã« ¹¯º�ÓºÏÒ¯ºmÈÓÒ«� ~È�Ëä ã���ÒË äº�ËãÒ
¯ÈÓÎÒ¯�
�°« ° Ò°¹ºã	ÏºmÈÓÒËä ÏÓÈ�ËÓÒ® ¹º�¯Ë��
Óº°�Ë® Ò°¹©�ÈÓÒ«� �¯ÒäË¯ ¹¯º�ÓºÏÒ¯ºmÈÓÒ« ° ¹º�
äº�	
 ã���Ë® äº�ËãÒ ¹º}ÈÏÈÓ ÓÈ ¯Ò°� �� ��Ë
¹¯º�ÓºÏÒ¯ºmÈÓÓ©Ë Ò ª}°¹Ë¯ÒäËÓ�Èã	Ó©Ë �ÈÓÓ©Ë
��È¯Óº® m«Ï}º°�Ò ¹ºbÈ¯¹Ò º­¯ÈÏ�ºm ° 9�º­¯ÈÏÓ©ä
ÓÈ�¯ËÏºä ­©ãÒ ÒÏäË¯ËÓ© ¹¯Ò Ü�� Åv m lb ÓÈ
ÓÒÏ}º��ãË¯º�Ò°�©² °�Èã«² >�� �@� �¯Ò ÏÈ�ÈÓÒÒ
ÓË®¯ºÓÓº® °Ë�Ò ¹¯º�ÓºÏÒ¯ºmÈÓÒË º¹¯Ë�ËãËÓÓº�º
°mº®°�mÈ äºÎË� m©¹ºãÓ«�	°« m ÏÈmÒ°Òäº°�Ò º� }ÈÎ�
�º�º ¹È¯ÈäË�¯È mmº�È m º��Ëã	Óº°�Ò ÒãÒ m }ºä�
­ÒÓÈ�ÒÒ ° �¯��ÒäÒ ¹È¯ÈäË�¯ÈäÒ mmº�È� sÈ¹¯ÒäË¯�
¯Ò°� � Òãã
°�¯Ò¯�Ë� ÒÏäËÓËÓÒË ¹¯Ë�ËãÈ �Ë}��Ë°�Ò
m ÏÈmÒ°Òäº°�Ò º� °º�Ë¯ÎÈÓÒ« ��ãË¯º�È ¹¯Ò �m�²
¯ÈÏãÒ�Ó©² °}º¯º°�«² º²ãÈÎ�ËÓÒ« Ò �Ë�}º ¹º}È�
Ï©mÈË� ÓËãÒÓË®Óº°�	 ¹¯º�ÓºÏÒ¯ºmÈÓÒ« Ò mÏÈÒäº�
ÏÈmÒ°Òäº°�	 ¹Ë¯ËäËÓÓ©²�

jÏº�Ë¯äÒ�Ë°}ÒË �ÒÈ�¯Èää©� j°¹ºã	ÏºmÈÓÒË
ÒÏº�ÒÈ�¯Èää©� }º¯¯ËãÒ¯�
�Ë® �Ë¯äÒ�Ë°}�
 Ò°�
�º¯Ò
 Ò ¹¯º}ÈãÒmÈËäº°�	 ° äÒ}¯º°�¯�}��¯º® lb�
äºÎË� ­©�	 º�ËÓ	 ªÁÁË}�ÒmÓº ¹¯Ò m©­º¯Ë ¯È°�
²º��Ëä©² °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm �ã« ¯ÈÏãÒ�Ó©²
¯ËÎÒäºm °mÈ¯}Ò� ¹º�ºÓÓº® ªÓË¯�ÒÒ Ò ²ÒäÒ�Ë°}º�º
°º°�ÈmÈ ãË�Ò¯ºmÈÓÒ«� { ¯È­º�Ë >��@ Ò°¹ºã	ÏºmÈÓ©
�ÒÈ�¯Èää© ��ãË¯º�Ó©® ª}mÒmÈãËÓ� Û ∆W

���
�ã«

¹¯º�ÓºÏÒ¯ºmÈÓÒ« °mº®°�m lb� sÈ ¯Ò°� � ¹º}ÈÏÈÓ©
�ÒÈ�¯Èää© ÒÏº�mË¯�º°�Ò Ò ÒÏº¹¯º�Óº°�Ò �ã« ÓÒÏ�
}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® >��@� sÈ �ÒÈ�¯ÈääË ãÒ�
ÓÒ«äÒ ¹º}ÈÏÈÓ© �m© ° º�ÒÓÈ}ºm©äÒ °mº®°�mÈäÒ�
¹ºã��ËÓÓ©Ë ÒÏ ¯ÈÏãÒ�Ó©² }ºä­ÒÓÈ�Ò® ¯ËÎÒäºm
°mÈ¯}Ò Ò ²ÒäÒ�Ë°}º�º °º°�ÈmÈ ãË�Ò¯ºmÈÓÒ«� jÓ�
ÎËÓË¯©�°mÈ¯�Ò}Ò äº��� ¯Ë��ãÒ¯ºmÈ�	 ¹È¯ÈäË�¯©
¹¯º�Ë°°È m °ºº�mË�°�mÒÒ ° ÒÏäËÓËÓÒ«äÒ °mº®°�m
äÈ�Ë¯ÒÈãÈ �ã« ¹ºã��ËÓÒ« ¹º°�º«ÓÓ©² °mº®°�m �mÈ�
sËº­²º�Òäº º¹¯Ë�ËãÒ�	 ÓÈÒã���ËË m©¯ÈÎËÓÒË ���
ãË¯º�Óº�º ª}mÒmÈãËÓ�È �ã« Ò°¹ºã	ÏºmÈÓÒ« ° ÒÏº�
�ÒÈ�¯ÈääÈäÒ�

��È¯ÓÈ« m«Ï}º°�	� �¯ÒËäãËäº�º }È�Ë°�mÈ �mºm
äºÎÓº �º°�Ò�	 ¹¯Ò �Ò¯º}ºä �ÒÈ¹ÈÏºÓË }ºä­ÒÓÈ�
�Ò® ²ÒäÒ�Ë°}º�º °º°�ÈmÈ lb Ò ¹È¯ÈäË�¯ºm °mÈ¯}Ò�
Óº ÓË}º�º¯©Ë }ºä­ÒÓÈ�ÒÒ ­ºãËË �°�º®�Òm© } ÒÏ�
äËÓËÓÒ
 ¹È¯ÈäË�¯ºm� v ¯ÈÏ¯È­º�}º® ­ºãËË ÓÈ�ËÎ�
Ó©² äÈ�Ë¯ÒÈã	Ó©² �¯ÈmÓËÓÒ® Ò�ÒãÒ ÓË®¯º°Ë�Ëm©²
äË�º�ºm ¹¯º�ÓºÏÒ¯ºmÈÓÒ« °mº®°�m �mÈ� ÈÓÈãÒ�Ò�
�Ë°}ÒË äË�º�© äº��� °�È�	 �º°��¹Ó©äÒ �ã« m©­º¯È
�°�º®�Òm©² äÓºÎË°�m ¹È¯ÈäË�¯ºm °mÈ¯}Ò� }º�º¯©Ë
�äËÓ	�È� ¹¯º�ËÓ� ­¯È}È� iã« Ò°°ãË�ºmÈÓÒ« ��m�
°�mÒ�Ëã	Óº°�Ò °mº®°�m �mÈ } ÒÏäËÓËÓÒ«ä m º­¯È�
­º�}Ë Ò ²ÒäÒ�Ë°}ºä °º°�ÈmË ­©ã ¹¯Ë�ãºÎËÓ äË�º��
º°ÓºmÈÓÓ©® ÓÈ ¯È°�Ë�Ë ÒÏäËÓËÓÒ® >��@�

{ ÏÈ}ã
�ËÓÒË °ãË��Ë� º�äË�Ò�	 º mÈÎÓº°�Ò ¹¯º�
mË�ËÓÒ« Ò ¹º��Ë¯Î}Ò ÒÓ�Ë¯ÓÈ�ÒºÓÈã	Ó©² Ò°°ãË�
�ºmÈÓÒ® ¹º ¯È°�Ò¯ËÓÒ
 ­ÈÏ© �ÈÓÓ©² ª}°¹Ë¯ÒäËÓ�
�Èã	Óº º¹¯Ë�ËãËÓÓ©² °ºº�Óº�ËÓÒ® äËÎ�� ¯ÈÏãÒ��
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�� *UDQMRQ +� ������ 1RWHV RQ WKH &DUERQ (TXLYDOHQW� ,,:
'RF� ,;�������� $PHULFDQ &RXQFLO� $:6� 0LDPL� )O�

�� ,WR <�� %HVV\R .� ������� :HOGDELOLW\ )RUPXOD RI +LJK
6WUHQJWK 6WHHOV 5HODWHG WR +HDW�DIIHFWHG =RQH &UDFNLQJ�
,,: 'RF� ,;����� $PHULFDQ &RXQFLO� $:6� 0LDPL� )O�

�� /XQGLQ &� '�� *LOO 7� 3� 6�� 4LDR &� <� 3�� :DQJ <� 9DOL�
GLW\ RI &RQYHQWLRQDO &DUERQ (TXLYDOHQW )RUPXODH WR WKH
:HOGDELOLW\ RI /RZ &DUERQ 0LFURDOOR\HG 6WHHOV IRU 0DULQH
6WUXFWXUHV� 6KLS 6WUXFWXUH &RPPLWWHH 5HSRUW� '7&*����&�
������ $SULO ��� ����� 86� &� *�� :DVKLQJWRQ '� &�

�� 0HW]ERZHU (� $�� 'H/RDFK -� -�� /DODP 6� +�� %KDGHVKLD
+� .� '� +� 1HXUDO 1HWZRUN $QDO\VLV RI 6WUHQJWK DQG 'XF�
WLOLW\ RI :HOGLQJ $OOR\V IRU +LJK 6WUHQJWK /RZ $OOR\ 6KLS�
EXLOGLQJ 6WHHOV �� 6FL� DQG 7HFK� RI :HOGLQJ DQG -� Û
����� Û �� ¢ �� Û 3� ���Ü����

�� 0HW]ERZHU (� $�� 'H/RDFK -� -�� /DODP 6� +�� %KDGHVKLD
+� .� '� +� $QDO\VLV RI 7RXJKQHVV RI :HOGLQJ $OOR\V IRU
+LJK 6WUHQJWK /RZ $OOR\ IRU +LJK 6WUHQJWK /RZ $OOR\ 6KLS
%XLOGLQJ 6WHHOV �� ,ELG� Û ¢ �� Û 3� ���Ü����

�� %ODFNEXUQ -�� 'H/RDFK -� -�� %UDQGHPDUWH $� $ 6WUHQJWK
0RGHO IRU /RZ�&DUERQ� )HUULWLF� *0$ :HOG 0HWDO ��
3URF� 1DW� :HOGLQJ 6HPLQDU� ,QGLDQ ,QVWLWXWH RI :HOGLQJ�
%DQJDORYH� ,QGLD� Û ����� Û 3� ��Ü���

�� /LX 6�� 2OVRQ '� /� 7KH 5ROH RI ,QFOXVLRQV LQ &RQWUROOLQJ
+6/$ 6WHHO :HOG 0LFURVWUXFWXUHV �� :HOGLQJ -� Û �����
Û ��� ¢ �� Û 3� ���Ü����

�� /LX 6�� 2OVRQ '� /� 7KH ,QIOXHQFH RI ,QFOXVLRQ &KHPLFDO
&RPSRVLWLRQ RQ :HOG 0HWDO 0LFURVWUXFWXUH �� -� RI 0DWHUL�
DOV IRU (QHUJ\ 6\VWHPV� Û ����� Û �� ¢ �� Û 3� ���Ü����

�� /LX 6�� 2OVRQ '� /�� 0DWORFN '� .� $ 7KHUPRG\QDPLF DQG
.LQHWLF $SSURDFK LQ WKH 'HYHORSPHQW RI ([SUHVVLRQV IRU
$OOR\ %HKDYLRU 3UHGLFWLRQ �� -� +HDW 7UHDW� Û ����� Û ��
¢ �� Û 3� ���Ü����

��� 2QVRLHQ 0� ,�� /LX 6�� 2OVRQ '� /� 6KLHOGLQJ *DV 2[\JHQ
(TXLYDOHQW LQ :HOG 0HWDO 0LFURVWUXFWXUH 2SWLPL]DWLRQ ��
:HOGLQJ -� Û ����� Û ��� ¢ �� Û 3� ���Ü����

��� 5DPVD\ &� :�� 2OVRQ '� /�� 0DWORFN '� .�7KH ,QIOXHQFH
RI ,QFOXVLRQV RQ WKH 0LFURVWUXFWXUHV DQG 3URSHUWLHV RI D
+LJK 6WUHQJWK 6WHHO :HOG 0HWDO �� 3URF� *DWOLQEXUJ ,Q�
WHUQ� &RQI� RQ ½5HFHQW 7UHQGV LQ :HOGLQJ 5HVHDUFK�� 0D\
��Ü��� ����� Û 3� ���Ü���� 0DWHULDOV 3DUN� 2KLR�

��� 6FKHLO (� %HPHU.XQJHQ ]XU 6FKLFKWNULVWDOOELOGXQJ �� =HLW�
VFKULIW IX⋅⋅U 0HWDOONXQGH� Û ����� Û ��� 6� ��Ü���

��� 2OVRQ '� /�� /LX 6�� (GZDUGV *� 5� 5ROH RI 6ROLGLILFDWLRQ
RI +6/$ 6WHHO :HOG 0HWDO &KHPLVWU\� LQ :HOGDELOLW\ RI
0DWHULDOV� Û 3� ���Ü���� 0DWHULDOV 3DUN� 2+�

��� ,QGDFRFKHD -� (�� 2OVRQ '� /� 5HODWLRQVKLS RI :HOG�0HWDO
0LFURVWUXFWXUH DQG 3HQHWUDWLRQ WR :HOG�0HWDO 2[\JHQ &RQ�

�� ����������



WHQW �� -� RI 0DWHULDOV IRU (QHUJ\ 6\VWHPV� Û ����� Û ��
¢ �� Û 3� ���Ü����

��� )URVW 5� +�� 2OVRQ '� /�� /LX 6� ,QIOXHQFH RI 6ROLGLILFDWLRQ
RQ ,QFOXVLRQ )RUPDWLRQ LQ :HOGV �� ,QWHUQDWLRQDO 7UHQGV
LQ :HOGLQJ 6FLHQFH DQG 7HFKQRORJ\� *DWOLQEXUJ� 71� �UG
,QWHUQ� &RQI�� $60 ,QWHUQDWLRQDO� 0DWHULDOV 3DUN� 2+�
3� ���Ü����

��� 6HOI -� $�� &DUSHQWHU %� )�� 2OVRQ '� /�� 0DWORFN '� .�
������� 3KDVH 7UDQVIRUPDWLRQ DQG $OOR\ 6WDELOLW\� LQ $OWHU�
QDWH $OOR\LQJ IRU (QYLURQPHQWDO 5HVLVWDQFH� Û 3� ��Ü���
706� :DUUHQGDOH� 3$�

��� %XUNH 3� $�� ,QGDFRFKHD -� (�� 2OVRQ '� /� 7KH (IIHFWV RI
:HOGLQJ )OX[ $GGLWLRQV RQ ���� 6WHHO :HOG 0HWDO &RPSR�
VLWLRQ �� :HOGLQJ -� Û ����� Û �� ���� Û 3� ���Ü����

��� /RUHQ] .�� 'XUHQ &� ������� ,,: 'RF� ,;�%���� $PHULFDQ
&RXQFLO RI ,,:� $:6� 0LDPL� )O�

��� <XULRND 1�� 2KNLWD 6�� 7DPHKLUR +� 6WXG\ RQ &DUERQ (TX�
LYDOHQWV WR $FFHVV &ROG &UDFNLQJ 7HQGHQF\ DQG +DUGQHVV LQ
6WHHO :HOGLQJ �� $:0, 6\PSRVLXP RQ 3LSHOLQH :HOGLQJ
LQ WKH ���V� Û 3� �Ü���

��� 'HYOHWLDQ -� +� ������� &DUERQ (TXLYDOHQW �3
FP
� /LPLWV IRU

7KLFN &DUERQ DQG /RZ $OOR\ 6WHHOV �� 1DWLRQDO 6KLSEXLO�
GLQJ 5HVHDUFK 3URMHFW 5HSRUW 1653 ����� 8�6� 1DY\� &DU�
GHURFN 'HWDFKPHQW� 3� �Ü���

��� 5RVHQWKDO '� 7KH 7KHRU\ RI 0RYLQJ 6RXUFHV RI +HDW DQG ,WV
$SSOLFDWLRQ WR 0HWDO 7UHDWPHQW �� 7UDQV $60(� Û �����
Û ��� Û 3� ���Ü����

��� 5DPLUH] (�� /LX 6�� 2OVRQ '� /� 'XDO 3UHFLSLWDWLRQ 6WUHQ�
JWKHQLQJ (IIHFW RI &RSSHU DQG 1LRELXP LQ +LJK 6WUHQJWK
6WHHO :HOG 0HWDO �� 0DWHULDOV 6FLHQFH DQG (QJLQHHULQJ $�
Û ����� Û $���� Û 3� ��Ü����

��� (YDQV *� 0� 7KH (IIHFW RI 0DQJDQHVH RQ WKH 0LFURVWUXFWX�
UH DQG 3URSHUWLHV RI :HOG�0HWDO 'HSRVLWV �� :HOGLQJ -�
Û ����� Û �� ���� Û 3� ��Ü���

��� (YDQV *� 0� 7KH (IIHFW RI $OXPLQXP LQ 6KLHOGHG 0HWDO
DQG &Ü0Q 6WHHO 0XOWL�UXQ 'HSRVLWV �� ,ELG� Û ����� Û
������ Û 3� ��Ü���

��� (YDQV *� 0� 7KH (IIHFW RI 0LFUR�DOOR\LQJ (OHPHQWV LQ &Ü
0Q 6WHHO :HOG 0HWDO �� :HOGLQJ LQ WKH :RUOG� Û �����
Û �� ���� Û 3� ��Ü���

��� &HUMDN +� ������� 0DWKHPDWLFDO 0RGHOOLQJ RI :HOG 3KHQR�
PHQD �� 0DWHULDOV 0RGHOLQJ 6HULHV� ���� SS�� ,20 &RPPX�
QLFDWLRQV� /RQGRQ� 8�.�

��� +DUW 3� +� 0� 5HVLVWDQFH WR +\GURJHQ &UDFNLQJ LQ 6WHHO :HOG
0HWDOV ��:HOGLQJ -� Û ����� Û �� ���� Û 3� ��Ü���

��� <XULRND 1� ������� 3UHGLFWLRQ RI 6WUHQJWK RI :HOG 0HWDO �5H�
SRUW ,,�� ,,: 'RF� ,;��������� $PHULFDQ &RXQFLO� $:6�
0LDPL� )O�

��� /LX 6�� ,EDUUD 6�� 2OVRQ '� /� ������� $VVHVVPHQW RI 0LF�
URVWUXFWXUDO DQG 3URSHUW\ 3UHGLFWLRQ (TXDWLRQV LQ 6WUXFWXUDO
:HOGLQJ� 27& ����� 3� ���Ü����

��� .OXNHQ $� 2�� /LX 6�� 2OVRQ '� /� ������� 8VH RI 3UHGLFWL�
YH (TXDWLRQV IRU $UFWLF 6WHHO +HDW $IIHFWHG =RQH 3URSHUWLHV
�� 2IIVKRUH 0HFKDQLFV DQG $UFWLF (QHUJ\ �3URF� RI ��WK
,QWHUQ� &RQI�� 20$( ,,,� 3DUW $�0DWHULDOV (QJLQHHULQJ�
3� �Ü�� $60(� 1�<�

��� 2OVRQ '� /�� ,EDUUD 6�� /LX 6� ������� 6HOHFWLRQ RI 5HVLOL�
HQW :HOGLQJ 3DUDPHWHUV IRU $UFWLF )DEULFDWLRQV DQG 5HSDLU
�� 3URF� ��WK ,QWHUQ� &RQI� 20$(� YRO� ,,,$� Û 3� ���Ü
���� $60(� 1�<�

7KH SDSHU GHDOV ZLWK WKH IHDWXUHV RI SKDVH WUDQVIRUPDWLRQV LQ ORZ�FDUERQ DQG ORZ�DOOR\HG ZHOGV RI KLJKHU VWUHQJWK� :KHQ
IRUHFDVWLQJ WKH SURSHUWLHV RI ZHOG PHWDO� LW LV KLJKO\ LPSRUWDQW WR WDNH LQWR DFFRXQW QRW RQO\ WKH FRPSRVLWLRQ� EXW DOVR WKH

FRROLQJ UDWHV �∆W����� R[\JHQ FRQWHQW� VROLGLILFDWLRQ IHDWXUHV� DV ZHOO DV LQFOXVLRQV� (PSLULFDO H[SUHVVLRQV DUH SURSRVHG IRU
IRUHFDVWLQJ WKH PHFKDQLFDO SURSHUWLHV RI ZHOG PHWDO� LQFOXGLQJ WKRVH REWDLQHG LQ PXOWLSDVV ZHOGLQJ� $Q DQDO\WLFDO DSSURDFK
LV GLVFXVVHG� ZKLFK DOORZV IDVW VHOHFWLRQ RI WKH FRPSRVLWLRQ RI WKH FRQVXPDEOH PDWHULDO IRU ZHOGLQJ FHUWDLQ VWHHOV�
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