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�ÈãË® ¹º�mÒÎÓº�º °º°�ÈmÈ ÎËãËÏÓº�º¯ºÎÓº�º
Ò Èm�ºäºÒã	Óº�º �¯ÈÓ°¹º¯�È� {�º¯È« Û ¹¯Ë��

cÒ°� ��� v²ËäÈ ÏºÓ °�©}ºmº�º °ºË�ÒÓËÓÒ«� m©¹ºãÓËÓÓº�º v���
$ Û º°ÓºmÓº® äË�Èãã� % Û ÏºÓÈ �Ë¯äÒ�Ë°}º�º mãÒ«ÓÒ«� v Û
ÏºÓÈ �Ë¯äºäË²ÈÓÒ�Ë°}º�º mãÒ«ÓÒ«�'Û ÏºÓÈ �ÒÓÈäÒ�Ë°}º® ¯Ë}�
¯Ò°�ÈããÒÏÈ�ÒÒ

cÒ°� ��� �°�ÈÓºm}È (6$% 6XSHU 6WLU
70

�ã« °mÈ¯}Ò ¹¯Ë°°ºmÈÓÓ©²
¹ÈÓËãË®� ¹º°�ÈmãËÓÓÈ« ÓÈ ÁÒ¯ä� ½0DULQH $OXPLQLXP� �sº¯�
mË�Ò«�

cÒ°� ��� �°�ÈÓºm}È (6$% 6XSHU 6WLU
70

ÓÈ ÁÒ¯äË ½%RHLQJ� �ã« °mÈ¯}Ò
ºË�ÈË} ¯È}Ë� ½'HOWD� m ÓÒÎÓËä �È� Ò mË¯�Ò}Èã	Óºä �� ¹ºãºÎËÓÒÒ

�
 ������



ÓÈÏÓÈ�ËÓÈ �ã« ÒÏ�º�ºmãËÓÒ« ¹¯ºÁÒãË® ºã	�º�º
°Ë�ËÓÒ« �ãÒÓº® �º ���� ä Ò °º�Ë¯ÎÒ� �¯Ò °mÈ¯º�Ó©Ë
�ºãºm}Ò� ¹ºÏmºã«
�ÒË º�Óºm¯ËäËÓÓº °mÈ¯ÒmÈ�	 �mË
°�º¯ºÓ© ¹¯ºÁÒã« ÒãÒ ¹¯ºmº�Ò�	 °mÈ¯}� °�©}È °
�m�² °�º¯ºÓ�

(6$% �È}ÎË �°¹Ë�Óº m©¹ºãÓ«Ë� ¹¯º�¯Èää� ¹º
¯ÈÏ¯Èº�}Ë Ò ¹º°�Èm}Ë �°�ÈÓºmº} �ã« ÁÒ¯ä© ½%RH�
LQJ� ��� tÈÓ�ÒÓ��ºÓ rÒ�� vbk� >��@� sÈ ¹Ë¯mºä
ª�È¹Ë ¹º°�ÈmãËÓ© �°�ÈÓºm}Ò �ã« °mÈ¯}Ò ¹¯º�ºã	Ó©²
�mºm �º¹ãÒmÓ©² È}ºm ¯È}Ë� ½'HOWD� ,, Ò ,,,� }º�º¯©Ë
¹ºÏmºã«
� m©¹ºãÓÒ�	 �m© �ãÒÓº® �º ���� ä ¹¯Ò
�ÒÈäË�¯Ë È}ºm º� � �º � ä �¯Ò°� ��� È�� p�Ë
�mË ÈÓÈãº�Ò�Ó©Ë äÈ�ÒÓ© ÏÈ}�¹ãËÓ© ÁÒ¯äº® ½%RH�
LQJ� �ã« ÏÈmº�È m �� iË}È��¯� º�ÓÈ}º ° �Ëã	

ª}ºÓºäÒÒ ¹¯ºÒÏmº�°�mËÓÓ©² ¹ãº�È�Ë® ¹¯º�Ë°° °mÈ¯�
}Ò ��Ë� m©¹ºãÓ«�	°« m mË¯�Ò}Èã	Óºä ¹ºãºÎËÓÒÒ
�¯Ò°� ��� � >��@� ~È}�¹}È ª�º�º ºº¯��ºmÈÓÒ« Ò
¹¯ºmË�ËÓÒË °º°�mËÓÓ©² Ò°°ãË�ºmÈÓÒ® ºº�ãÈ°	
ÁÒ¯äË ½%RHLQJ� �� äãÓ �ºã� vbk� ½%RHLQJ� ÏÈ�
}�¹ÒãÈ � (6$% �È}ÎË �°�ÈÓºm}Ò �ã« °mÈ¯}Ò }ºã	�
�Ëm©² �mºm Ò �}ºä¹ãË}�ºmÈãÈ ¹º�º�Ó�
 ãÒÓÒ
 ¹º
¹¯ºÒÏmº�°�m� ° ¹ºäº�	
v���º¹ãÒmÓ©² È}ºm ¯È}Ë�
°ËäË®°�mÈ ½'HOWD�� {°Ë Ëä}º°�Ò �ÒÈäË�¯ºä ��� ä
°º°�º«� ÒÏ �¯Ë² ¹ÈÓËãË® ÒÏ °¹ãÈmÈ ���� �� ° mÈ�
ÁËã	Ó©ä ÁºÓºä �ºã�ÒÓº® ����� ää Ò °mÈ¯ÒmÈ
�°«
�¯Ëä« ¹¯º�ºã	Ó©äÒ �mÈäÒ �¯Ò°� ����

�Ë¯m©® ¹¯º�º�Ò¹ äº�Óº® ¹¯ºä©�ãËÓÓº® �°�
�ÈÓºm}Ò m {ËãÒ}º¯Ò�ÈÓÒÒ ¯ÈÏ¯Èº�ÈÓ Ò ÒÏ�º�ºmãËÓ
ÁÒ¯äº® ½&UDZIRUG 6ZLIW� ¹º ÏÈ}ÈÏ� ½%ULWLVK $HURV�
SDFH� >��@� �°�ÈÓºm}È ° �º¯�ºm©ä ÏÓÈ}ºä ½3RZHU

6WLU�l� �¯Ò°� ��� ÓÈ ÏÈmº�Ë m �� nÒã�ºÓË m ãÒ�
ÎÈ®�ÒË �mÈ �º�È ��Ë� Ò°¹ºã	ÏºmÈÓÈ �ã« m©¹ºã�
ÓËÓÒ« ¹¯º�¯Èää©� °m«ÏÈÓÓº® ° Ò°¹ºã	ÏºmÈÓÒËä
v�� ¹¯ÒäËÓÒ�Ëã	Óº } °ºË�ÒÓËÓÒ
 ªãËäËÓ�ºm
}¯©ã	Ëm �ã« Óºmº�º ¹º}ºãËÓÒ« °ÈäºãË�ºm $LUEXV
$�;; ¹È°°ÈÎÒ¯ºmäË°�Òäº°�	
 �º ��� �Ëã�

|°ÓºmÓ©Ë ºãÈ°�Ò ¹¯ÒäËÓËÓÒ« v�� Û ª�º °��
�º°�¯ºËÓÒË �¹Èã�Ó©Ë ÓÈ�°�¯º®}Ò� ¹Ë¯Ëº¯}Ò� ªãË�
äËÓ�© }º¯¹�°È�� Èª¯º}º°äÒ�Ë°}È« ¹¯ºä©�ãËÓÓº°�	
�ªãËäËÓ�© Á
ÏËã«ÎÈ� }¯©ã	Ëm� �º¹ãÒmÓ©Ë Ò È}Ò
}¯Òº�ËÓÓ©² ÎÒ�}º°�Ë®� }º¯¹�°È ¯È}Ë��� ÎËãËÏÓº�
�º¯ºÎÓ©® �¯ÈÓ°¹º¯� Ò äË�¯º �}º¯¹�°È mÈ�ºÓºm�
¯Èä© Ò º°ÓºmÈÓÒ« ¹ºËÏ�ºm äË�¯º�� Èm�ºäºÒã	ÓÈ«
¹¯ºä©�ãËÓÓº°�	 ��Ïã© }¯Ë¹ãËÓÒ« �mÒ�È�Ëã«� �Ò°}Ò
}ºãË°� ¯Èä© Èm�ºäºÒãË®�� ªãË}�¯º�Ë²ÓÒ�Ë°}È« ¹¯º�
ä©�ãËÓÓº°�	 �}º¯¹�°È ªãË}�¯ºäº�º¯ºm� �º}º¹º�mº�
�©� ¹È¯ÈºãÒ�Ë°}ÒË ÈÓ�ËÓÓ©� �ÒÓ©�� °�¯ºÒ�Ëã	ÓÈ«
ÒÓ��°�¯Ò« �Èã
äÒÓÒËm©Ë äº°�©� Èã
äÒÓÒËm©Ë �¯��
º¹¯ºmº�©� �Ë¹ãººäËÓÓÒ}Ò Ò }ºÓ�Ò�ÒºÓË¯©�� ¹Ò�
�ËmÈ« ¹¯ºä©�ãËÓÓº°�	 �Ëä}º°�Ò �ã« ¹ÒmÈ� �¹È}ºm�
}È� Ò ¹¯� >��� ��� ��� ��� ��@� w�º� ¹Ë¯Ë�ËÓ	 äºÎÓº
¹¯º�ºãÎÈ�	 Ë°}ºÓË�Óº� |°ºËÓÓº ªÁÁË}�ÒmÓº ¹¯Ò�
äËÓËÓÒË v�� ¹¯Ò ¹¯ºÒÏmº�°�mË äÈ°°ºm©² �Ë�ÈãË®
>��@� sÈ ¯Ò°� ��� È ¹º}ÈÏÈÓ Èm�ºäºÒã	Ó©® �Ò°}�
°º°�º«�Ò® ÒÏ ãÒ�º® °��¹Ò�© Ò ºº�È� ÒÏ�º�ºmãËÓÓº�º
m©�«Î}º® ÒãÒ ¹¯º}È�}º®� È ÓÈ ¯Ò°� ���  Û }º¯¹�°
ªãË}�¯º�mÒ�È�Ëã«� ¹ºã��ËÓÓ©® ÒÏ ¹¯Ë°°ºmÈÓÓ©² ÏÈ�
�º�ºmº}�

�¯ÒäË¯ºä �°¹Ë�Óº�º ¹¯ÒäËÓËÓÒ« v�� «mÒãÈ°	
�È}ÎË °mÈ¯}È ÎËãËÏÓº�º¯ºÎÓ©² mÈ�ºÓºm ÒÏ Èã
�
äÒÓÒËm©² ¹¯Ë°°ºmÈÓÓ©² ¹ÈÓËãË® >��@ ÁÒ¯äº®
½;LWDFKL�� }º�º¯©² �ÎË ¹¯ºÒÏmË�ËÓº ºãËË ���
��� �¯Ò°� ����

�º äÓËÓÒ
 ºã	�ÒÓ°�mÈ Ò°°ãË�ºmÈ�ËãË®� º°�
ÓºmÓ©ä °¹Ë�ÒÁÒ�Ë°}Òä �ËÁË}�ºä °ºË�ÒÓËÓÒ®� m©�
¹ºãÓËÓÓ©² v��� «mã«Ë�°« ÓË°¹ãÈmãËÓÒË m }º¯ÓË
�mÈ� }º�º¯ºË ÓÈÏ©mÈ
� ½NLVVLQJ ERQGV�� |°Óºm�
Ó©äÒ ¹¯Ò�ÒÓÈäÒ mºÏÓÒ}ÓºmËÓÒ« ª�º�º �ËÁË}�È «m�

cÒ°� ��� n¯È�äËÓ� �º¹ãÒmÓº�º È}È ¯È}Ë�© ½'HOWD� ° ¹¯º�ºã	�
Ó©ä v�� �mºä

cÒ°� ��� �°�ÈÓºm}È ½3RZHU 6WLU����� ÁÒ¯ä© ½&UDZIRUG 6ZLIW�
�{ËãÒ}º¯Ò�ÈÓÒ«� äº�Óº°�	
 �� }{�

cÒ°� ��� km�ºäºÒã	Ó©® �Ò°} �È� Ò }º¯¹�° ªãË}�¯º�mÒ�È�Ëã«
��� ¹ºã��ËÓÓ©® v��

������ ��



ã«Ë�°« ãÒº ãº}Èã	ÓºË �mËãÒ�ËÓÒË �ºã�ÒÓ© °mÈ�
¯ÒmÈËäº�º äË�ÈããÈ� ãÒº ÓÈ¯��ËÓÒË ¹Ë¯ËÓº°È äË�
�ÈããÈ m }º¯ÓËm�
 �È°�	 °ºË�ÒÓËÓÒ«� zÈ} ¹¯ÈmÒãº�
ª�º� �ËÁË}� ÒäËË� º�ËÓ	 äÈã©® ¯ÈÏäË¯ ¹º �ºã�ÒÓË�
¹ºª�ºä� m©«mÒ�	 Ë�º ° ¹ºäº�	
 ¯ËÓ��ËÓºm°}º�º
}ºÓ�¯ºã« mË°	äÈ ÏÈ�¯��ÓÒ�Ëã	Óº� rºãËË �Ë�Ëm©ä
Ò ÓÈ�ËÎÓ©ä «mã«Ë�°« �ã	�¯ÈÏm�}ºmº® äË�º� >���
��@� { ÓË}º�º¯©² ¹¯ºä©�ãËÓÓ©² �°�ÈÓºm}È² ÁÒ¯�
ä© (6$% ºº¯��ºmÈÓÒË �ã« �ã	�¯ÈÏm�}ºmº�º }ºÓ�
�¯ºã« mäºÓ�Ò¯ºmÈÓº m �°�ÈÓºm}� Ò }ºÓ�¯ºã	 ¹¯º�
ÒÏmº�Ò�°« º�Óºm¯ËäËÓÓº ° ¹¯º�Ë°°ºä °mÈ¯}Ò >��@�

sÈÒºãËË ¹¯º°�©ä äË�º�ºä }ºÓ�¯ºã« «mã«Ë�°«
mÒÏ�Èã	Ó©® º°äº�¯� ¹¯ºÒÏmº�Òä©® º¹Ë¯È�º¯ºä�°mÈ¯�
�Ò}ºä >��@� p°ãÒ ¹¯Ë�°�Èmã«Ë�°« mºÏäºÎÓ©ä� ÒÏ
ÓÈ�Èã	Óº® Ò }ºÓË�Óº® �È°�Ò °mÈ¯ÒmÈËä©² ÏÈ�º�ºmº}�
ÓÈ¹¯ÒäË¯� ¹¯Ë°°ºmÈÓÓ©² ¹ÈÓËãË®� m©¯ËÏÈ
� º¯ÈÏ�
�©�°mÒ�Ë�ËãÒ� ÒÏ }º�º¯©² ÒÏ�º�ÈmãÒmÈ
� �ãÒÁ© Ò
ÒÏ��È
� äÈ}¯º°�¯�}��¯� °ºË�ÒÓËÓÒ®� { ÓË}º�º¯©²
°ã��È«² ¹º�ºÏ¯Ò�Ëã	Ó©Ë ��È°�}Ò }º¯ÓËmº® �È°�Ò °º�
Ë�ÒÓËÓÒ® }ºÓ�¯ºãÒ¯�
� ° ¹ºäº�	
 �mË�Óº® �ËÁË}�
�º°}º¹ÒÒ�

�¯ºmËÓ	 �ËÁË}�Óº°�Ò �mºm� ¹ºã��ËÓÓ©² ���º�
mº® °mÈ¯}º® ¹ãÈm«�Òä°« ªãË}�¯º�ºä� ¹º��Ò ÓÈ
¹º¯«�º} äËÓ	�Ë� �Ëä � v�� >��� ��@� w�º ¹ºÏmºã«Ë�
°ª}ºÓºäÒ�	 ÓË°}ºã	}º °º�ËÓ �©°«� �ºããÈ¯ºm m �º�
ÓÈ ¯ËäºÓ�Ë �ËÁË}�Ó©² ��È°�}ºm� z¯ºäË �º�º� °�ºã	
m©°º}ºË }È�Ë°�mº �mºm v�� ¹ºÏmºã«Ë� ÓË ¹¯ºmº�
�Ò�	 ��� � }ºÓ�¯ºã	 �mºm� È ¹¯ÒäËÓ«�	 m©º�
¯º�Ó©® °�È�Ò°�Ò�Ë°}Ò® ¹¯º�Ë°° }ºÓ�¯ºã« >��@ Ò
�È}ÎË ª}ºÓºäÒ�	 �ËÓ	�Ò�

v¹Ë�ÒÈãÒ°�© 7:, ¹¯Ë�ãºÎÒãÒ ÓÈÓº°Ò�	 ÓÈ
}º¯ÓËm�
 °�º¯ºÓ� °ºË�ÒÓËÓÒ« �È} ÓÈÏ©mÈËä©® ÏÓÈ}
Ò�ËÓ�ÒÁÒ}È�ÒÒ >��@ ¹��Ëä �¯ÈmÒ¯ºmÈÓÒ« m ¹º�}�
ãÈ�}Ë ÏË¯}Èã	Óº�º º�º¯ÈÎËÓÒ« ÓËº²º�Òäº® ÒÓ�
Áº¯äÈ�ÒÒ º ÁÒ¯äË�ÒÏ�º�ºmÒ�ËãË� m¯ËäËÓÒ� �È�Ë
°mÈ¯}Ò Ò �� �� {º m¯Ëä« °mÈ¯}Ò äË�Èãã �mÈ ÏÈ�
¹ºãÓ«Ë� ��ã�ãËÓÒ« m ¹º�}ãÈ�}Ë Ò Áº¯äÒ¯�Ë� °º�
º�mË�°�m�
�ËË °ãºmº ÒãÒ ÏÓÈ}� v�Ë¹ËÓ	 ÏÈ¹ºãÓËÓÒ«
�¯ÈmÒ¯ºm}Ò m ¹º�}ãÈ�}Ë äºÎË� �È}ÎË °ã�ÎÒ�	 °mº�
Ëº¯ÈÏÓ©ä ¹º}ÈÏÈ�ËãËä }È�Ë°�mÈ °ºË�ÒÓËÓÒ«� º°º�
ËÓÓº Ë�º }º¯ÓËmº® �È°�Ò� ��Ë ÓÈÒºãËË �È°�º º�
¯ÈÏ�
�°« �ËÁË}�©� �ã���ËÓÒË ¹Ë¯ËäË�ÒmÈÓÒ« äË�
�ÈããÈ m }º¯ÓËmº® �È°�Ò °ºË�ÒÓËÓÒ« äºÎÓº �º°�Ò�	
¹��Ëä m©¹ºãÓËÓÒ« °}º°È }¯ºäº} ° º¯È�Óº® °�º�
¯ºÓ© ¹ãÈ°�ÒÓ �¯Ò°� ��� È�� }º�º¯ºË �ã���ÈË� ÏÈ�
¹ºãÓËÓÒË ª�º® ºãÈ°�Ò ¹¯Ò Ë�º �Ë�ËÓÒÒ m ¹ãÈ°�
�ÒÁÒ�Ò¯ºmÈÓÓºä °º°�º«ÓÒÒ >��@�

�°�¯ÈÓËÓÒ
 �ËÁË}�ºm m }º¯ÓË �mÈ °¹º°º°�m�Ë�
¹¯ÒäËÓËÓÒË ¹º�}ãÈ�º} ° }ÈÓÈm}º® �¯Ò°� ��� ��
m }º�º¯�
 m©�ÈmãÒmÈË�°« äË�Èãã� Áº¯äÒ¯�« ÓË�
ºã	�º® mÈãÒ} >��@� ~È�Ëä ºÓ ��Èã«Ë�°« äË²ÈÓÒ�
�Ë°}º® º¯Èº�}º®� ºË°¹Ë�ÒmÈ« m©°º}ºË }È�Ë°�mº
}º¯ÓËmº® �È°�Ò °ºË�ÒÓËÓÒ«�

|�ÓÒä ÒÏ ÓËºã	�Ò² ÓË�º°�È�}ºm °ºË�ÒÓËÓÒ®�
m©¹ºãÓËÓÓ©² v��� «mã«Ë�°« º¯ÈÏºmÈÓÒË ÓËÏÓÈ�Ò�
�Ëã	Óº�º �äËÓ	�ËÓÒ« �ºã�ÒÓ© äË�ÈããÈ m ºãÈ°�Ò
°ºË�ÒÓËÓÒ« ÏÈ °�Ë� }ºÓ�È}�È ÏÈ¹ãË�Ò}È ÒÓ°�¯�äËÓ�È
Ò ¹ºmË¯²Óº°�Ò ÏÈ�º�ºmº}� |©�Óº ª�È mËãÒ�ÒÓÈ °º°�
�Èmã«Ë� ��������� ää� º�ÓÈ}º� m ÓË}º�º¯©² °ã��È«²
ª�º äºÎË� º}ÈÏÈ�	 mãÒ«ÓÒË ÓÈ ¹¯º�Óº°�	 °ºË�ÒÓËÓÒ®�
iã« �°�¯ÈÓËÓÒ« ª�º�º ÓË�º°�È�}È ¯Ë}ºäËÓ��Ë�°« °ºÏ�
�ÈmÈ�	 m äË°�Ë °�©}È ��ºã�ËÓÒË �¯Ò°� ��� m�� ¯ÈmÓºË
¹º �Ò¯ÒÓË �ÒÈäË�¯� ÏÈ¹ãË�Ò}È� |°ºËÓÓº ªÁÁË}�
�ÒmËÓ ª�º� °¹º°º� ¹º äÓËÓÒ
 Ë�º Èm�º¯ºm� ¹¯Ò ÓÈ�
ãÒ�ÒÒ ÏÈÏº¯È m °�©}Ë >��@�

�È}Òä º¯ÈÏºä� äÈ�Ë¯ÒÈã© ÏÈ¯�ËÎÓ©² ¹�ãÒ�
}È�Ò® °mÒ�Ë�Ëã	°�m�
� º ÒÓ�ËÓ°ÒmÓºä ¯ÈÏmÒ�ÒÒ
¹¯º�Ë°°È v�� ¯ÈÏãÒ�Ó©² Èã
äÒÓÒËm©² °¹ãÈmºm
Ò ¯È°�Ò¯ËÓÒÒ ºãÈ°�Ë® Ë�º ¹¯ÒäËÓËÓÒ« m ¹¯ºä©��
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�� (XU� 3DW� 6SHF� �������%�� ,PSURYHPHQWV UHODWLQJ WR IULFWL�
RQ ZHOGLQJ � :� 0� 7KRPDV� (� '� 1LFKRODV� -� &� 1HHG�
KDP� |¹�ã� �����

�� (XU� 3DW� ����������� )ULFWLRQ VWLU ZHOGLQJ � 2� 7� 0LG�
OLQJ� (� -� 0RUOH\� $� 6DQGYLN �1RUVN +\GUR� ULJKWV WUDQV�
WHUUHG WR 7:,�� |¹�ã� �����

�� 6KLQRGD 7�� (QGR 6� 5HFRQW GHYHORSPHQW RI IULFWLRQ ZHO�
GLQJ RI DOXPLQLXP DOOR\V DQG GLVVLOQLODU PDWHULDOV �� -� RI
/LJKW 0HWDO :HOGLQJ &RQVWU� Û ����� Û ¢ �� Û 3� ��Ü
���

�� ,UYLQJ %� 6SDUNV EHJLQ WR IO\ LQ QRQFRQYHQWLRQDO IULFWLRQ
ZHOGLQJ DQG VXUIDFLQJ �� :HOGLQJ -� Û ����� Û ��� ¢ ��
Û 3� ��Ü���

�� *DV DGGLWLRQV ERRVW IULFWLRQ SHUIRUPDQFHV �� 7:, &RQ�
QHFW� Û ����� Û ¢ �� Û 3� ��

�� 'DZHV &� -� $Q LQWURGXFWLRQ WR IULFWLRQ VWLU ZHOGLQJ DQG LWV
GHYHORSPHQW �� :HOGLQJ DQG 0HWDO )DEULF� Û ����� Û
¢ �� Û 3� ��Ü���

�� 'DZHV &� -�� 7KRPDV :� 0� )ULFWLRQ VWLU SURFHVV ZHOGV DOXPL�
QLXP DOOR\V ��:HOGLQJ -� Û ����� Û ¢ �� Û 3� ��Ü���

�� 'DZHV &�� 7KRPDV :� 7UHFLH ]YDUDQLH KOLQLNRY\FK ]OLDWLQ
SUHPLHVDQLP URWXMXFLP QDVWURLRP �� =ZDUDQLH 6YDURYDQL�
Û ����� Û ¢ �� Û 3� ���Ü����

�� 3DW� ���������� *% ������� $� )ULFWLRQ VWLU EXOW ZHOGLQJ �
:� 0� 7KRPDV HW DO�� |¹�ã� ���������

��� 0LGOLQJ 2� 7� 0DWHULDO IORZ EHKDYLRXU DQG PLFURVWUXFWXUDO
LQWHJULW\ RI IULFWLRQ VWLUU EXWW ZHOGXHQWV �� 3URF� RI �WK
,QWHU� FRQI� RQ DOXPLQLXP DOOR\V �,&$$��� $WODQWD� �����

��� 0LGOLQJ 2� 7�� +YDO 0�� -RKDQVHQ +� *�� 2RVWHUNDPS

/� '� 3URFHVV RSWLPLVDWLRQ RI IULFWLRQ VWLU ZHOGLQJ LQ IDEUL�
FDWLRQ RI DOXPLQLXP VKLS SDQHOV �� 3URF� 7KLUG LQWHUQ�
IRUXP RQ DOXPLQLXP VKLSV� Û +DXJHVXQG� ��Ü�� 0D\�
����� Û 3� �Ü���

��� 2NDPXUD +�� $RWD .�� (UXPL 0� )ULFWLRQ VWLU ZHOGLQJ RI DOX�
PLQLXP DOOR\ DQG DSSOLFDWLRQ WR VWUXFWXUH �� -� RI -DS� ,QVWL�
WXWH RI /LJKW 0HWDOV� Û ����� Û ��� ¢ �� Û c� ���Ü����

��� 2NDPXUD +� &KDUDFWHU RI IULFWLRQ VWLU ZHOGLQJ DQG DSSOLFD�
WLRQ LQ -DSDQ �� -� RI -DS� :HOG� 6RF� Û ����� Û ���
¢ �� Û 3� ��Ü���

��� 'DZHV &� -�� $QGUHZV 5� (� )ULFWLRQ VWLU ZHOGLQJ RI DOXPL�
QLXP DOOR\ �Ü�� PP WKLFN �� )RUXP 0DWHULDONHNQLN
&RQI�� 9DVWHUDV� 6ZHGHQ� ��Ü�� 1RY�� �����

��� 'DZHV &� -�� 7KRPDV :� 0� )ULFWLRQ VWLU MRLQLQJ RI DOXPL�
QLXP DOOR\V �� %XOOHWLQ 7:,� Û ����� Û ¢ � �1RYHP�
EHU�'HFHPEHU�� Û 3� ���Ü����

��� 3DW� *% �������$� 8.� % �� . ������ )ULFWLRQ VWLU ZHO�
GLQJ � 7� :� 0RUULV� (� '� 1LFKRODV� -� &� 1HHGKDP HW DO�
|¹�ã� �����

��� 0LGOLQJ 2� 7�� 2RVWHUNDPS /� '�� %HUVDDV -� )ULFWLRQ VWLU
ZHOGLQJ DOXPLQLXP Û SURFHVV DQG DSSOLFDWLRQV �� 3URF�
�WK ,QWHUQ� FRQI� ½-RLQWV LQ DOXPLQLXP�� &DPEULGJH� ��
$SULO� ����� Û 3� ���Ü����

��� 3DW� ������� *%� % �� . ������ )ULFWLRQ ZHOGLQJ � &�
'DZHV� (G� '� 1LFKRODV� 0� *� 0XUFK HW DO�� |¹�ã� �����

��� 3DW� ������� 86� % �� . ������ $GMXVWDEOH SLQ IRU IULFWLRQ
VWLU ZHOGLQJ WRRO � '� +� :\NHV� |¹�ã� �����

��� 3DW� ������� 86� % �� . ������ )ULFWLRQ VWLU ZHOGLQJ WRRO
IRU ZHOGLQJ YDULDEOH WKLFNQHVV ZRUN SLHFHV � .� -� &ROOLJDQ�
|¹�ã� �����

��� 3DW� ������� (3 ������� 86� % �� . ������ )ULFWLRQ VWLU
ZHOGLQJ ZLWK VLPXOWDQHRXV FRROLQJ � .� &ROOLJDQ� |¹�ã�
�����

��� 7KRPDV :� 0� )ULFWLRQ VWLU ZHOGLQJ DQG UHODWHG IULFWLRQ SUR�
FHVV FKDUDFWHULVWLFV �� 3URF� �WK ,QWHU� FRQI� ½-RLQWV LQ $OX�
PLQLXP�� Û &DPEULGJH� ��WK $SULO� ����� Û 3� ���Ü����

��� 7KRPDV :� 0�� 7KUHDGJLOO 3�� 1LFKRODV '� HW DO� 7RRO WHF�
KQRORJ\� 7KH KHDUW RI )6: �� &RQQHFW� Û ����� Û
-XOO\�$XJXVW� Û 3� ��

��� 7KRPDV :�� 'ROE\ 5�� -RKQVRQ .� 9DULDWLRQ RQ D WKHPH
VNHZ�6WLU

70
WHFKQRORJ\ �� :HOGLQJ DQG 0HWDO )DEULF� Û

����� Û ��� ¢ �� Û ��Ü���
��� .DUOVRQ -�� .DUOVVRQ %�� /DUVVRQ +� HW DO� 0LFURVWUXFWXUH

DQG SURSHUWLHV RI IULFWLRQ VWLU ZHOGHG DOXPLQLXP DOOR\V ��
3URF� � ,QWHUQ� FRQI� ½-RLQWV LQ $OXPLQLXP�� &DPEULGJH� ��
$SULO� ����� Û 3� ���Ü����

��� %DFNOXQG -�� 1RUOLQ $�� $QGHUVRQ $� )ULFWLRQ VWLU ZHOGLQJ
Û ZHOG SURSHUWLHV DQG PDQXIDFWXULQJ WHFKQLTXH �� ,ELG�
Û 3� ���Ü����

��� -RKQVHQ 0� 5� )ULFWLRQ VWLU ZHOGLQJ WDNHV RII DW ERHLQJ ��
:HOGLQJ -� Û ����� Û ¢ �� Û 3� ��Ü���

��� 0DKRQH\ 0� :�� 5KRGHV &� *�� )OLQWRII -� *� HW DO� 3UR�
SHUWLHV RI IULFWLRQ�VWLU�ZHOGHG ���� 7��� DOXPLQLXP �� 0H�
WDOOXU� DQG 0DWHULDOV 7UDQV� Û ����� Û �� $� ¢ �� Û
3� �����

��� +\QGV 3� )ULFWLRQ VWLU EHQHILWV LQFOXGH FRVW VDYLQJV ��
6SHHG DW 6HD� Û ����� Û ¢ ��� Û 3� ��Ü���

��� /DUVVRQ +�� 6YHQVVRQ /��(�� .DUOVVRQ /� &RQVWUXFFLRQ QDYDO
DYDQ]DGD FRQ DOXPLQR �� 5HY� 6ROGDGXUD� Û ����� Û ���
Û 3� ���Ü����

��� .XPDJDL 0�� 7DQDND 6� $SSOLFDWLRQ RI IULFWLRQ VWLU ZHOGLQJ WR
ZHOGHG FRQVWUXFWLRQ RI DOXPLQLXP DOOR\V �� -� RI /LJKW 0HWDO
:HOGLQJ &RQVWU� Û ����� Û ��� ¢ �� Û 3� ��Ü���

��� )ULJDDUG 2�� *URQG 2�� 0LJOLQ 2� 7� 0RGHOOLQJ RI KHDW
IORZ SKHQRPHQD LQ IULFWLRQ VWLU ZHOGLQJ RI DOXPLQLXP DOOR\V
�� 3URF� � ,QWHUQ� FRQI� ½-RLQWV LQ DOXPLQLXP�� &DPEULG�
JH� �� $SULO� ����� Û 3� ���Ü����

��� 5XVVHO 0� -�� 6KHUFOLII +� 5� $QDO\WLFDO PRGHOOLQJ RI IULFWL�
RQ VWLU ZHOGLQJ �� ,ELG� Û 3� ���Ü����

��� 7KUHDGJLOO 3� )ULFWLRQ VWLU ZHOGV LQ DOXPLQLXP DOOR\V Û
SUHOLPLQDU\ PLFURVWUXFWXUDO DVVHVVPHQW �� 7:, %XOOHWLQ�
Û ����� Û 0DUFK�$SULO� Û 3� ��Ü���

��� 5KRGHV &� *�� 0DKRQH\ 0� :�� %LQJHO :� +� HW DO� (IIHFWV
RI IULFWLRQ VWLU ZHOGLQJ RQ PLFURVWUXFWXUH RI ���� DOXPLQLXP
�� 6FULSWD 0DWHULDOLD� Û ����� Û ��� Û 3� ��Ü���

��� .DOOHH 6�� 1LFKRODV '� &DXVLQJ D VWLU LQ WKH IXWXUH ��
:HOGLQJ DQG -RLQLQJ� Û ����� Û ¢ �� Û 3� ��Ü���

��� +HQGHUVRQ ,� ([SORLWLQJ IULFWLRQ VWLU ZHOGLQJ LQ H[SORVLYHO\
IRUPHG DOXPLQLXP ERDW KXOO FRQVWXFWLRQ �� 3URF� �WK ,QWHUQ�
FRQI� ,1$/&2���� Û &DPEULGJH� ����� Û 3� ���Ü����

��� :HPDQ .� (TXLSPHQW IRU DOXPLQLXP ZHOGLQJ �� 6YHWVD�
UHQ� Û ����� Û ¢ �� Û 3� ��Ü���

��� )ULFWLRQ�6WLU�:HOGLQJ QXQ DXFK LQ GHU 0DVVHQSURGXFWLRQ
YRQ $OXPLQLXPSURILOHQ �� 6ZHLVVHQ 3UXIWHFKQLN� Û �����
Û ¢ �� Û 3� ����

��� 3HNNDUL %� 7UHQGV LQ MRLQLQJ DQG FXWKLQJ ZLWKLQ D VXVWDL�
QDEOH ZRUOG �� %XOOHWLQ 7:,� Û ����� Û ¢ ��� Û
0DUFK�$SULO�

��� +HDY\�GXW\ PDFNLQH IRU IULFWLRQ ZHOGLQJ �� 0HWDOV ,QG�
1HZV� Û ����� Û ��� �� Û 3� ���

��� )XNXGD 7� )ULFWLRQ VWLU ZHOGLQJ >)6:@ SURFHVV �� -� RI
-DS� :HOG� 6RF� Û ����� Û ��� ¢ �� Û 3� �Ü���

��� 3DW� : ��������� 12� % �� . ����� 7ZR�SLHFH ZKHHO �
$� (� -RKDQ� 0� (� -DPHV� 0� 2� 7HUJH HW DO�� |¹�ã�
���������

��� 3DW� 86 �������� 86� % �� . ������ )ULFWLRQ VWLU ZHOGLQJ
WRWDO SHQHWUDWLRQ WHFKQLTXH � &K� 3RVHQ� |¹�ã� �����

��� 3DW� (3 �������� 86 % �� . ������ :HOG URRW FORVXUH
PHWKRG IRU VWLU ZHOGV � .� &ROOLJDQ� |¹�ã� ���������

&RQVLGHUHG DUH PDLQ SULQFLSOHV RI UHDOLVDWLRQ RI D QHZ PHWKRG IRU IULFWLRQ VWLU ZHOGLQJ �)6:�� DOORZLQJ SURGXFWLRQ RI
YDULRXV MRLQWV LQ VKHHW ELOOHWV� 'HVLJQV RI WKH WRROV IRU UHDOLVDWLRQ RI )6:� SHFXOLDULWLHV RI IRUPDWLRQ RI WKH MRLQWV LQ GLIIHUHQW

DOXPLQLXP DOOR\V� WKHLU SURSHUWLHV DQG VWUXFWXUH� DSSOLFDWLRQ ILHOGV IRU )6:� HTXLSPHQW IRU )6: RI YDULRXV VWUXFWXUHV� TXDOLW\
FRQWURO PHWKRGV DQG PHWKRGV IRU HOLPLQDWLRQ RI VSHFLILF GHIHFWV DUH GHVFULEHG�
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�º�ºmº}� ¹¯ÒmËãÒ } ¯ÈÏ¯Èº�}Ë ¹Ë¯°¹Ë}�ÒmÓº�º °¹º�

°ºÈ �º°�ÒÎËÓÒ« m©°º}º}È�Ë°�mËÓÓ©² °ºË�ÒÓËÓÒ®�

¯ÈmÓ©² ¹º ¹¯º�Óº°�Ò º°ÓºmÓºä� äË�Èãã� >�Ü�@� w�º�

°¹º°º ¹ºã��Òã ÓÈÏmÈÓÒË °mÈ¯}º¹È®}È� �º °mºË® ÁÒ�

ÏÒ�Ë°}º® ¹¯Ò¯º�Ë ºÓ ãÒÏº} } �ÒÁÁ�ÏÒºÓÓº® °mÈ¯}Ë

° äÒ}¯ºmÈ}��äÒ¯ºmÈÓÒËä ÏºÓ© �mÈ� ��º ºË°¹Ë�ÒmÈ�

Ë�°« ÏÈ °�Ë� Ò°¹ºã	ÏºmÈÓÒ« °mº®°�m È}�ÒmÒ¯�
�Ë�º

mË�Ë°�mÈ >�@�

v¹º°º °mÈ¯}º¹È®}Ò °º°�ºÒ� ÒÏ ¯«�È º°ÓºmÓ©²

�Ë²Óºãº�Ò�Ë°}Ò² º¹Ë¯È�Ò®� }º�º¯©Ë º©�Óº º°��

�Ë°�mã«
�°« m °ãË��
�Ë® ¹º°ãË�ºmÈ�Ëã	Óº°�Ò� ÓÈ�

ÓË°ËÓÒË ÓÈ ¹ºmË¯²Óº°�	 �º¯�ºm °�©}�Ëä©² }¯ºäº}

È}�ÒmÒ¯�
�Ë�º mË�Ë°�mÈ� ÓÈ�¯Ëm ÏºÓ© �mÈ �º �Ëä�

¹Ë¯È��¯© ¹ãÈmãËÓÒ« È}�ÒmÒ¯�
�Ë�º mË�Ë°�mÈ� }ºÓ�

�¯ºãÒ¯�ËäºË ¹º mËãÒ�ÒÓË ¹ãÈ°�Ò�Ë°}ºË �ËÁº¯äÒ�

¯ºmÈÓÒË °mÈ¯ÒmÈËä©² }¯ºäº} ÒÏ�ËãÒ®� { }È�Ë°�mË

È}�ÒmÒ¯�
�Ë�º mË�Ë°�mÈ º©�Óº °ã�ÎÈ� °äË°Ò m©�

°º}º�Ëä¹Ë¯È��¯Óº�º ¹¯Ò¹º« ° Áã
°ºä� p�º ÓÈÓº°«�

ÓÈ °ºË�ÒÓ«Ëä©Ë �º¯�© ÏÈ�º�ºmº} }È} ¹¯Ò º©�Óº®

¹È®}Ë �m mÒ�Ë ÏÈ}ãÈ�Ó©² �Ë�ÈãË®� ¹È°�ºº¯ÈÏÓº�º

°º°�ÈmÈ� äË�º�ºä ÓÈ¹©ãËÓÒ« Ò ¹¯�� >�@� cÈ°¹ãÈm�

ãËÓÓºË È}�ÒmÒ¯�
�ËË mË�Ë°�mº ÓÈ ¹Ë¯mºä ª�È¹Ë ¹¯º�

�Ë°°È °äÈ�ÒmÈË� Ò º�Ò�ÈË� º� º}°Ò�ºm °ºË�ÒÓ«Ëä©Ë

¹ºmË¯²Óº°�Ò }¯ºäº} Ò ÏÈ�Ò�ÈË� Ò² º� ¹¯ºÓÒ}Óº�

mËÓÒ« }Ò°ãº¯º�È ÒÏ º}¯�ÎÈ
�Ë® °¯Ë�©� vãË��
�ÒË

º¹Ë¯È�ÒÒ ÒäË
� °��Ë°�mËÓÓ�
 mÏÈÒäÓ�
 °m«Ï	 Ò

m ºã	�º® °�Ë¹ËÓÒ º¹¯Ë�Ëã«
� ¯ËÏ�ã	�È� ¹¯º�Ë°°È

°mÈ¯}º¹È®}Ò� �¯Ò ª�ºä ¯Ë�È
�ËË ÏÓÈ�ËÓÒË ÒäËË�

�º°�ÒÎËÓÒË ÏÈ�ÈÓÓº® °�Ë¹ËÓÒ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯�

äÈ�ÒÒ °ºË�ÒÓ«Ëä©² }¯ºäº}� }º�º¯È« º¹¯Ë�Ëã«Ë�°«

¹¯Ò �ÈÓÓºä �ÈmãËÓÒÒ º°È�}Ò ¹È¯ÈäË�¯ÈäÒ �Ë¹ãºmº�º

¹ºã« m ÓÒ²�

iã« °�©}ºm©²�mºm �¯� �°�ÈÓºmãËÓº� ��º ¹¯º��

Óº°�	 °ºË�ÒÓËÓÒ® ÓÈ ¯ÈÏ¯©m Ò ��ºã ÏÈ�ÒÈ ¹ºm©�

�È
�°« ° �mËãÒ�ËÓÒËä °�Ë¹ËÓÒ ¹ãÈ°�Ò�Ë°}º® �Ë�

Áº¯äÈ�ÒÒ m ¹ãº°}º°�Ò �mÈ ε  ��� +�δ �+ Û

m©°º�È m©¹�}ãº°�Ò �mÈ� δ Û �ºã�ÒÓÈ °�ËÓ}Ò �¯��

©� Ò �º°�Ò�È
� °mºË�º ¹º¯º�ºmº�º ÏÓÈ�ËÓÒ« ¹¯Ò

ε ≈ �� � �¯Ò°� �� >�Ü�� �@� �È}È« ÎË ÏÈ}ºÓºäË¯Óº°�	
²È¯È}�Ë¯ÓÈ Ò �ã« ¹º}ÈÏÈ�ËãË® ��È¯Óº® m«Ï}º°�Ò
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® >�@� w�º °m«ÏÈÓº ° �Ëä� ��º
ÓÈ °mº®°�mÈ °ºË�ÒÓËÓÒ® ºã	�ºË mãÒ«ÓÒË º}ÈÏ©�
mÈ
� º°ºËÓÓº°�Ò }¯Ò°�ÈããÒÏÈ�ÒÒ äË�ÈããÈ �mÈ ¹º�
�ÈmãËÓÒËä Ò äÈãÈ« �ºã�ÒÓÈ �mÈ ��… � ä}ä�� º�°�
ãºmãÒmÈ
�È« ¹¯º�Ë°° Ë�º }ºÓ�È}�Óº�º �¹¯º�ÓËÓÒ«
>�� �@� �º �ÈÓÓ©ä äË�Èããº�¯ÈÁÒ�Ë°}Ò² Ò°°ãË�º�
mÈÓÒ®� ¹¯ÒäË¯Óº ��… �� � ÏºÓ© °ºË�ÒÓËÓÒ« ÓË
mÒÏ�ÈãÒÏÒ¯�Ë�°« Ò °ºË�ÒÓËÓÒË ÏÈ�º�ºmº} ¹¯ºÒ°²º�
�Ò� ¹º º°ÓºmÓºä� äË�Èãã�� z¯ºäË �º�º� ÓËÏÈmÒ°Òäº
º� ²ÒäÒ�Ë°}º�º °º°�ÈmÈ È}�ÒmÒ¯�
�Ë�º mË�Ë°�mÈ
¹¯ºÒ°²º�Ò� ºº�È�ËÓÒË �mÈ º°ÓºmÓ©ä äË�Èããºä
ÏÈ�º�ºmº}� ��º �È}ÎË °¹º°º°�m�Ë� �¹¯º�ÓËÓÒ
 °º�
Ë�ÒÓËÓÒ«� sÈ ¯Ò°� � ¹º}ÈÏÈÓÈ ÏÈmÒ°Òäº°�	 ²ÒäÒ�
�Ë°}º�º °º°�ÈmÈ �mÈ º� Ë�º �ºã�ÒÓ© �ã« ÏÈ�º�ºmº}

� k� v� �Ò°	äËÓÓ©®� k� v� �¯º}ºÁ	Ëm� ����

cÒ°� �� ~ÈmÒ°Òäº°�	 ¹¯º�Óº°�Ò σ
m
Ò ��ãÈ ÏÈ�ÒÈ α °ºË�ÒÓËÓÒ® º�

°�Ë¹ËÓÒ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ ε  m ¹ãº°}º°�Ò °�©}È
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ÒÏ °�ÈãÒ �� Ò È}�ÒmÒ¯�
�Ë�º mË�Ë°�mÈ ÓÈ º°ÓºmË
¹¯Ò¹º« �Ò¹È �ks�� ��� ���������Ü���� vº°�Èm
¹¯Ò¹º« �ks�� °ãË��
�Ò®� �� &X Û º°ÓºmÈ� 0Q
��…��� 1L �… ��� 6L ���… �� 3 ≤ ����� 6 ≤ 0,04,
Αλ ≤ ���� 3E ≤ ����� �Ë¹ãºmºË ¹ºãË º�°ãºmãËÓº
ªÓË¯�Ë�Ò�Ë°}ÒäÒ Ò �ËºäË�¯Ò�Ë°}ÒäÒ ²È¯È}�Ë¯Ò°�
�Ò}ÈäÒ Ò°�º�ÓÒ}È ÓÈ�¯ËmÈ °ºË�ÒÓ«Ëä©² }¯ºäº}�

j°°ãË�ºmÈÓÒ« ¹º}ÈÏÈãÒ� ��º °��Ë°�m�
� °ºº��
Óº�ËÓÒ« ¹È¯ÈäË�¯ºm �Ë¹ãºmº�º ¹ºã« m �ËãË }¯ºäº}
�¯�� ¹¯Ò }º�º¯©² ÓË º¯ÈÏ�Ë�°« mÓ��¯ËÓÓ«« m©�
¹�}ãº°�	 �mÈ >� Ò �¯�@� sÈ ¯Ò°� � ¹º}ÈÏÈÓ© º�
¯ÈÏ�©� Òãã
°�¯Ò¯�
�ÒË ²È¯È}�Ë¯ Áº¯äÒ¯ºmÈÓÒ«
äË�ÈããÈ m ÏºÓË �mÈ ¹¯Ò °mÈ¯}º¹È®}Ë �¯��

cËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ® ¹º}ÈÏ©mÈ
�� ��º ¯È°�
¹¯Ë�ËãËÓÒË �Ëä¹Ë¯È��¯© m�ºã	 º°Ò �¯�©� ºË°¹Ë�
�ÒmÈ
�ËË �¯Ë�Ëä©® ²È¯È}�Ë¯ �ËÁº¯äÈ�ÒÒ }¯ºäº}�
�º°�È�º�Óº �º�Óº º¹Ò°©mÈË�°« m©¯ÈÎËÓÒËä >�@�
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��Ë 5 Û ¯È�Ò�° mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò }ºã	�
�Ëmº�º ÒÓ��}�º¯È� �D Û º°ËmÈ« �ãÒÓÈ ÒÓ��}�º¯È�

, Û �º} ÒÓ��}�º¯È� U Ò ] Û º°ËmÈ« }ºº¯�ÒÓÈ�È
�º�}Ò ÓÈã
�ËÓÒ«� µ

�
Û äÈ�ÓÒ�ÓÈ« ¹¯ºÓÒ�ÈËäº°�	�

~ÓÈ« ÏÈ}ºÓ ¯È°¹¯Ë�ËãËÓÒ« �Ëä¹Ë¯È��¯©� äºÎÓº
º¹¯Ë�ËãÒ�	 ¹¯º¹º¯�ÒºÓÈã	ÓºË Ëä� ¯È°¹¯Ë�ËãËÓÒË
��Ëã	Óº® äº�Óº°�Ò m�ºã	 ¹ºmË¯²Óº°�Ò ÏÈ�º�ºm}Ò�
��º ¹ºÏmºã«Ë� °m«ÏÈ�	 ¹ºã��ËÓÓ©Ë Ò°²º�Ó©Ë �ÈÓ�
Ó©Ë ° ÏÈ�È�Ë® ¯ÈÏ¯Èº�}Ò ÒÓ��}�ÒºÓÓº® °Ò°�Ëä©
Ò ¯È°�Ë�È ¯ËÎÒäÈ ÓÈ�¯ËmÈ >�@� z¯ºäË ÏÈ�ÈÓÓº�º
¯È°¹¯Ë�ËãËÓÒ« �Ëä¹Ë¯È��¯© m�ºã	 º°Ò �¯�©� ÓË�
º²º�Òäº ºË°¹Ë�Ò�	 �º°�È�º�Óº ¯ÈmÓºäË¯ÓºË ¹º
¹ãº�È�Ò °ºË�ÒÓ«Ëä©² �º¯�ºm }¯ºäº} �Ëä¹Ë¯È��¯�
ÓºË ¹ºãË� �È¯ÈÓ�Ò¯�
�ËË º�Óºm¯ËäËÓÓº°�	 ¹ãÈm�
ãËÓÒ« ¹¯Ò¹º« ¹º m°Ë® ¹ãº�È�Ò �mÈ� lÈ}°ÒäÈã	ÓÈ«
ÓË¯ÈmÓºäË¯Óº°�	 ÓÈ�¯ËmÈ �º¯�ºm }¯ºäº} ÓË �ºãÎÓÈ
m©²º�Ò�	 ÏÈ �º¹�°�Òä©Ë ¹¯Ë�Ëã© �Ëä¹Ë¯È��¯ ¯Èº�©
È}�ÒmÒ¯�
�Ë�º mË�Ë°�mÈ� �ã« ºã	�ÒÓ°�mÈ ¹¯ÒäË�
Ó«Ëä©² ¹¯Ò¹ºËm ºÓÈ °º°�Èmã«Ë� ¹º¯«�}È �� Åv� w�È
ÏÈ�È�È m©¹ºãÓ«Ë�°« ¹��Ëä ¹¯ÈmÒã	Óº�º m©º¯È �È°�
�º�© �º}È ÒÓ��}�º¯È Ò ¹º�º¯ºä �ãÒ�Ëã	Óº°�Ò ÓÈ��
¯ËmÈ� iã« º¹¯Ë�ËãËÓÒ« ¯ËÎÒäÈ ÓÈ�¯ËmÈ Ò ¯ÈÏäË¯ºm
ÒÓ��}�º¯È ÓËº²º�Òäº °º�ãÈ°ºmÈ�	 �ËºäË�¯Ò�Ë°}ÒË
¯ÈÏäË¯© ÏºÓ© °ºË�ÒÓËÓÒ« �¯� ° ÓËº²º�Òä©äÒ
¹È¯ÈäË�¯ÈäÒ �Ë¹ãºmº�º ¹ºã« m ºãÈ°�Ò °�©}È� vº�
ã
�ËÓÒË ª�Ò² ¹È¯ÈäË�¯ºm �¯Ë�Ë�°« �ã« º°��Ë°�
�mãËÓÒ« �Ë²Óºãº�Ò�Ë°}º�º ¹¯º�Ë°°È Ò ¹¯Ë�¹º°©ã�
}º® ª�º�º «mã«
�°« ¹¯ÒmË�ËÓÓ©Ë m©�Ë ¹º¯º�ºm©Ë
ÏÓÈ�ËÓÒ« °�Ë¹ËÓÒ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ m ¹ãº°�
}º°�Ò �mÈ� z �ËºäË�¯Ò�Ë°}Òä ¹È¯ÈäË�¯Èä ÏºÓ© °º�
Ë�ÒÓËÓÒ« �¯� º�Óº°«�°«� mËãÒ�ÒÓÈ º°È�}Ò }¯ºäº}
�¯�© KW� }ºº¯�ÒÓÈ�È ÏºÓ© Ó�ãËmº® �ËÁº¯äÈ�ÒÒ }¯º�
äº} ]

�
� °�Ë¹ËÓ	 ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ }¯ºäº}

m ¹ãº°}º°�Ò °�©}È ε  +�δ �¯Ò°� ���
�¯Ò ÒÓ��}�ÒºÓÓº® °mÈ¯}Ë °�Ë¹ËÓ	 ¹ãÈ°�Ò�Ë°}º®

�ËÁº¯äÈ�ÒÒ m ¹ãº°}º°�Ò °�©}È �ºãÎÓÈ ©�	 ε  
 ���…���� È ¹¯Ò °mÈ¯}º¹È®}Ë Û ÓË ÓÒÎË ���
>�@� sÈ ¹¯È}�Ò}Ë �ã« ºË°¹Ë�ËÓÒ« °�ÈÒã	Óº°�Ò
}È�Ë°�mÈ °ºË�ÒÓËÓÒ® mË��� ¹¯º�Ë°° ¹¯Ò ε = 0,5.
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¹¯Ò Ò°°ãË�ºmÈÓÒÒ äË�º�ÈäÒ ¯È°�¯ºmº® ªãË}�¯ºÓÓº®
äÒ}¯º°}º¹ÒÒ� �¯Ò ª�ºä �mÒÎ��ÒË°« �È°�Ò�© ÒäË�
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º� ¹ºmË¯²Óº°�Ò ¯ÈÏ�ËãÈ� sÈ¹¯ÈmãËÓÒË Ò² �mÒÎËÓÒ«
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mÓË�ÓÒ² �Ë®°�m�
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Óº ¹º}ÈÏÈÓº �mÒÎËÓÒË �È}Ò² �È°�Ò� m�ºã	 �¯Ë�
}ºm�}ÈÓÈãºm ÓÈ ¯Ò°� �� È� � �ã�ÒÓÈ ½�¯Ë®ÁÈ�
º�º¯mÈm�Ò²°« �È°�Ò�� m �È°�Óº°�Ò �Ò¯}ºÓÒ« m äË�Ò
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ÓÈ}º äË�º�Ò}È ¹¯«äº�º ÓÈã
�ËÓÒ« �ºÓ}º® °�¯�}�
��¯© ¹ºÏmºãÒãÈ m©«mÒ�	� ��º ¹Ë¯ËäË�ËÓÒË �È°�Ò�
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�ÈËä©Ë m ÈÓÈãº�Ò�Ó©²
�°ãºmÒ«² �¯ÈË}�º¯ÒÒ �mÒÎËÓÒ« �È°�Ò�� ÓË ÒäËãÒ
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mË°	äÈ ÏÓÈ�Ò�Ëã	Óº® ÒÏ©�º�Óº® �ÓË¯ÈmÓºmË°Óº®�
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