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)RXQGHUV� 7KH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI 8NUDLQH 3XEOLVKHU� ,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�
7KH (� 2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH
,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�

&RQFHUQLQJ SXEOLFDWLRQ RI DUWLFOHV� VXEVFULSWLRQ DQG DGYHUWLVLQJ� SOHDVH� FRQWDFW WKH HGLWRULDO ERDUG
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Ijb\_^_gu kbkl_fZlbq_kdb_ j_amevlZlu l_ogbq_kdh]h ^bZ]ghklbjh\Zgby dhehgg j_dlbnbdZpbb b k_jhhqbkldb m]�

e_\h^hjh^guo ]Zah\� Nbabdh�f_oZgbq_kdb_ bkke_^h\Zgby f_lZeeZ ^_fhglbjh\Zgguo h[_qZ_d iha\hebeb mlhqgblv

gZb[he__ mya\bfu_ f_klZ� ih^\_j`_ggu_ dhjjhabhgghfm ihjZ`_gbx� b mklZgh\blv \uau\Zxsb_ bo ijbqbgu�

7KH SDSHU JLYHV V\VWHPDWLF UHVXOWV RI WHFKQLFDO GLDJQRVWLFV RI FROXPQV IRU UHFWLILFDWLRQ DQG VXOSKXU�UHILQHPHQW RI K\GURFDUERQ

JDVHV� 3K\VLFR�PHFKDQLFDO VWXGLHV RI WKH PHWDO RI GLVPDQWOHG VKHOOV HQDEOHG PRUH SUHFLVH GHWHUPLQDWLRQ RI WKH PRVW YXOQHUDEOH

ORFDWLRQV� SURQH WR FRUURVLRQ DWWDFN� DQG HVWDEOLVKLQJ WKHLU FDXVHV�
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7KH SDSHU FRQVLGHUV WKH SRVVLELOLWLHV DQG SURVSHFWV IRU DSSOLFDWLRQ RI ;0/ ² DOO�SXUSRVH VWDQGDUG RI GDWD H[FKDQJH ²

LQ WKH ILHOG RI WHFKQLFDO GLDJQRVWLFV� SULPDULO\ LQ DXWRPDWHG PXOWL�FKDQQHO $( V\VWHPV� $ GUDIW RI WKH VWDQGDUG GHVFULELQJ

VHWV RI WDJV IRU DSSOLFDWLRQ LQ $( GLDJQRVWLFV LV SXW XS IRU GLVFXVVLRQ E\ XVHUV DQG GHYHORSHUV RI WHFKQLFDO GLDJQRVWLFV
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­ÈãÒÏÈ�ÒÒ ÒÓÁº¯äÈ�ÒºÓÓ©² ¹¯º�Ë°°ºm «mã«
�°«

¯È°¹¯º°�¯ÈÓËÓÒË }ºä¹	
�Ë¯Ó©² mÒ¯�°ºm Ò mÏãºä

}ºÓÁÒ�ËÓ�ÒÈã	Óº® ÒÓÁº¯äÈ�ÒÒ� �Ë²Óºãº�Ò« ;0/

¹ºÏmºã«Ë� �¹¯º°�Ò�	 ÏÈ�Ò�� ÒÓÁº¯äÈ�ÒÒ� iº°�Ò�

�ÈË�°« ª�º �Ëä� ��º �ÈÓÓ©Ë ;0/ ¹Ë¯Ë�È
�°« m

�Ë}°�ºmºä Áº¯äÈ�Ë �ÓË ¹ºÏmºã«
�Ëä ¯È°¹¯º°�¯È�

Ó«�	 mÒ¯�°© Ò ÓË ­ãº}Ò¯�Ëäºä °¯Ë�°�mÈäÒ ÏÈ�Ò�

�©�� È ¹Ë¯Ë�È�È ¹º�ËÓ�ÒÈã	Óº º¹È°Ó©² �ÈÓÓ©²

�mºÒ�Óº�º Áº¯äÈ�È äºÎË� ­©�	 ªÁÁË}�ÒmÓº º��

¯ÈÓÒ�ËÓÈ ÓÈ �¯ºmÓË ãº}Èã	Óº® }ºä¹	
�Ë¯Óº® °Ë�Ò

ÒãÒ º��Ëã	Óº�º }ºä¹	
�Ë¯È�

�È}Òä º­¯ÈÏºä� Ò°¹ºã	ÏºmÈÓÒË ;0/ ¹ºÏmºã«Ë�

ªÁÁË}�ÒmÓº ¯Ë�Ò�	 �Ëã©® ¯«� ÏÈ�È�� �ãÈmÓÈ« ÒÏ

}º�º¯©² Û º­�Ë�ÒÓËÓÒË ÒÓÁº¯äÈ�ÒÒ ÒÏ ¯ÈÏÓ©²

Ò°�º�ÓÒ}ºm Ò ªÁÁË}�ÒmÓºË Ë® �¹¯ÈmãËÓÒË�

lÓº�ÒË ÏÈ¹È�Ó©Ë ¹¯Ë�¹¯Ò«�Ò«� ¯È­º�È
�ÒË m

­ãÒÏ}Ò² º�¯È°ã«²� °Ë�º�Ó« °�ÈÓ�È¯�ÒÏ�
� °Ò°�Ëä©

�Ë�ºm �ã« º¹Ò°ÈÓÒ« ÒÓÁº¯äÈ�ÒÒ� Ò°¹ºã	Ï�Ëäº® °ºm�

äË°�Óº� w�º ¹ºÏmºã«Ë� ªÁÁË}�ÒmÓº mË°�Ò º­äËÓ

ÒÓÁº¯äÈ�ÒË®� ¹º°}ºã	}�� ÓË°äº�¯« ÓÈ ¯ÈÏãÒ�Ò«

°�¯�}��¯© �ÈÓÓ©²� Ò°¹ºã	Ï�Ëä©² mÓ��¯Ò º¯�ÈÓÒ�

ÏÈ�Ò®� º­äËÓ �ÈÓÓ©äÒ äËÎ�� º¯�ÈÓÒÏÈ�Ò«äÒ ¹º��

�ÒÓ«Ë�°« Ë�ÒÓºä� °�ÈÓ�È¯���

p°�Ë°�mËÓÓº� �Ë²Óºãº�Ò« ;0/ ÓË ãÒ�ËÓÈ ÓË�

�º°�È�}ºm� { �È°�Óº°�Ò� �ã« ²¯ÈÓËÓÒ« �ÈÓÓ©² �¯Ë�

­�Ë�°« ÏÓÈ�Ò�Ëã	Óº ­ºã	�Ò® º­�Ëä ÒÓÁº¯äÈ�ÒÒ

m ­È®�È²� �Ëä �ã« ²¯ÈÓËÓÒ« m �mºÒ�Óºä mÒ�Ë�

�Ë�}º°�	 ¹¯º°äº�¯È Ò ¹¯Èm}Ò ÁÈ®ãºm ;0/ m ¹¯º��

¯ÈääÈ² �Ò¹È �Ë}°�ºm©² ¯Ë�È}�º¯ºm äºÎË� ¹¯ÒmË°�Ò

¹¯Ò ÓË­¯ËÎÓºä º�Óº�ËÓÒÒ ÒãÒ ÓÈãÒ�ÒÒ Ïãº�º

�ä©°ãÈ } ¹ºm¯ËÎ�ËÓÒ
 ÒãÒ Ò°}ÈÎËÓÒ
 ÒÓÁº¯�

äÈ�ÒÒ� |�ÓÈ}º� �}ÈÏÈÓÓ©Ë ÓË�º°�È�}Ò äº��� ­©�	

¹¯Ëº�ºãËÓ© ° ¹ºäº�	
 ­©°�¯º�Ë®°�m�
�Ë® }ºä�

¹	
�Ë¯Óº® �Ë²ÓÒ}Ò ° ­ºã	�Òä º­�Ëäºä º¹Ë¯È�Òm�

Óº® Ò �ºã�ºm¯ËäËÓÓº® ¹Èä«�Ò ���º� ¹º °��Ò� º��

Óº°Ò�°« } ­ºã	�ÒÓ°�m� °ºm¯ËäËÓÓ©² }ºä¹	
�Ë�

¯ºm�� È �È}ÎË È�äÒÓÒ°�¯È�ÒmÓ©äÒ äË¯ÈäÒ ¹º ÏÈ�

�Ò�Ë }ºä¹	
�Ë¯Ó©² °Ë�Ë®�

�¯ÒäËÓËÓÒË °�ÈÓ�È¯�È ;0/ m °Ò°�ËäÈ²
plk��� |­äËÓ �ÈÓÓ©äÒ ÓÈ º°ÓºmË ;0/ ­©ã ¯Ë�

ÈãÒÏºmÈÓ ÓÈ ¹¯È}�Ò}Ë ¹¯Ò ¯ÈÏ¯È­º�}Ë ¹¯º�¯ÈääÓº�º

º­Ë°¹Ë�ËÓÒ« } È¹¹È¯È��¯Ë plk��� { ÓÈ°�º«�Ò®

äºäËÓ� ¹¯Ò ¯È­º�Ë °Ò°�Ëä ÓË¹¯Ë¯©mÓº�º äºÓÒ�º�

¯ÒÓ�È ÓÈ ­ÈÏË plk�� �ËÓË¯Ò¯�Ë�°« ÓË°}ºã	}º ­ãº�

}ºm �ÈÓÓ©²� °º�Ë¯ÎÈ�Ò² ÒÓÁº¯äÈ�Ò
 ¯ËÈã	Óº�º

m¯ËäËÓÒ º }ºº¯�ÒÓÈ�È² º­ÓÈ¯�ÎËÓÓ©² �ËÁË}�ºm�

¯È­º�º°¹º°º­Óº°�Ò º��Ëã	Ó©² ªãËäËÓ�ºm °Ò°�Ëä©�

ÓÈ°�¯ºË�Ó©² ¹È¯ÈäË�¯È² Ò �� ��

vÒ°�ËäÈ plk�� �ËÓË¯Ò¯�Ë� �¯Ò ¹¯Ë��¹¯ËÎ�Ë�

ÓÒ« º­ º¹È°Óº°�Ò� }º�º¯©Ë º�º­¯ÈÎÈ
�°« ÓÈ ª}¯ÈÓË

�¹¯Èmã«
�Ë�º }ºä¹	
�Ë¯È�°Ë¯mË¯È� |�Óºm¯ËäËÓÓº

°ºÏ�ÈË�°« ­ãº} ;0/ �ÈÓÓ©²� }º�º¯©® äºÎË� ­©�	

°�Ò�ÈÓ ã
­©ä }ºä¹	
�Ë¯ºä� ÒäË
�Òä �º°��¹ }

�¹¯Èmã«
�Ëä� °Ë¯mË¯�� �È}Òä º­¯ÈÏºä� m°Ë ÏÈ�

ÒÓ�Ë¯Ë°ºmÈÓÓ©Ë m ¹ºã��ËÓÒÒ �ÈÓÓº® ÒÓÁº¯äÈ�ÒÒ

¹ºã	ÏºmÈ�ËãÒ �¯�}ºmº�°�mº �Ë²È Ò ¹¯Ë�¹¯Ò«�Ò«�

°º�¯��ÓÒ}Ò ÈÓÈãÒ�Ò�Ë°}º�º �ËÓ�¯È Ò ����� ¹ºã��

�È
� ËË º¹Ë¯È�ÒmÓº Ò äº��� °¯ÈÏ� ¹¯Ò ¹ºã��ËÓÒÒ

¹¯Ë��¹¯ËÎ�ËÓÒ« ¹¯Ë�¹¯ÒÓ«�	 ÓËº­²º�Òä©Ë äË¯©

¹º ÈÓÈãÒÏ� °Ò��È�ÒÒ Ò ¹¯ÒÓ«�Ò
 ¯Ë�ËÓÒ« º �Èã	�

ÓË®�Ëä ¯ËÎÒäË ª}°¹ã�È�È�ÒÒ ÒÏ�ËãÒ«� zºÓÁÒ�ËÓ�

�ÒÈã	Óº°�	 ÒÓÁº¯äÈ�ÒÒ º­Ë°¹Ë�ÒmÈË�°« °¯Ë�°�mÈ�

äÒ È�äÒÓÒ°�¯Ò¯ºmÈÓÒ« }ºä¹	
�Ë¯Óº® °Ë�Ò� È �º°�

��¹ } ÒÓÁº¯äÈ�ÒÒ ÏÈ�Ò�ËÓ °Ò°�Ëäº® ¹È¯ºãË®�

sÈ°�¯ÈÒmÈËä©Ë �Ë�Ò º­Ë°¹Ë�ÒmÈ
� È�È¹�È�ÒÒ °Ò°�

�Ëä© } °�¯�}��¯Ë �ÈÓÓ©² ¹¯Ë�¹¯Ò«�Ò«� kÓÈãº�Ò�Óº

º¯�ÈÓÒÏºmÈÓ Ò mmº� m °Ò°�Ëä� �ÈÓÓ©² ÒÏäË¯ËÓÒ®�

m©¹ºãÓËÓÓ©² �¯��ÒäÒ �°�¯º®°�mÈäÒ� cËÏ�ã	�È�©

ÒÏäË¯ËÓÒ® ª}°¹ã�È�È�ÒºÓÓ©² ¹È¯ÈäË�¯ºm äº���

­©�	 °�Ò�ÈÓ© ÒÏ º­�Ë® ¹È¹}Ò ÓÈ }ºä¹	
�Ë¯Ë m

°Ë�Ò ¹¯Ë�¹¯Ò«�Ò« ÒãÒ ° {Ë­�°Ë¯mË¯È�

jÓÁº¯äÈ�Ò«� ¹º°��¹È
�È« m Áº¯äÈ�Ë ;0/ m ãÈ­º¯È�º¯Ò

sz�i |�Ë°°}º�º ¹¯Ò¹º¯�ºmº�º ÏÈmº�È� ¹¯Ëº­¯ÈÏ�Ë�°« m �¯ÈÁÒ�
�Ë°}Ò® Áº¯äÈ� �ÓÈ ª}¯ÈÓË Û ¯ÈÏmË¯�}È º­�Ë}�ºm }ºÓ�¯ºã« °
�}ÈÏÈÓÒËä }ºº¯�ÒÓÈ� °Ò�ÓÈãºm kw�

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



v Ò°¹ºã	ÏºmÈÓÒËä ;0/ m °Ò°�ËäÈ² ÓË¹¯Ë¯©m�

Óº�º kw äºÓÒ�º¯ÒÓ�È ÓÈ º°ÓºmË º­º¯��ºmÈÓÒ«

plk�� ¯Ë�ÈË�°« ÓË°}ºã	}º ÏÈ�È��

�º°��¹ } ¯ËÏ�ã	�È�Èä äºÓÒ�º¯ÒÓ�È °¯ÈÏ� ÒÏ äÓº�

�Ò² äË°�� ��º ¹ºÏmºã«Ë� °¹Ë�ÒÈãÒ°�Èä ¯ÈÏÓº�º ¹¯º�

ÁÒã« º�Óºm¯ËäËÓÓº ¯È­º�È�	 ÓÈ� ÈÓÈãÒÏºä �ÈÓÓ©²�

ªÁÁË}�ÒmÓºË ¹¯ÒÓ«�ÒË ¯Ë�ËÓÒ« º °º°�º«ÓÒÒ

}ºÓ°�¯�}�ÒÒ °¯ÈÏ� ¹º°ãË mºÏÓÒ}ÓºmËÓÒ« º¹È°Óº®

°Ò��È�ÒÒ�

¹¯º�¯ÈääÓº� Ò ¹ãÈ�Áº¯äºÓËÏÈmÒ°Òä©® äË�º�

¯È­º�© ° �ÈÓÓ©äÒ�

°ºÏ�ÈÓÒË �º¹ºãÓÒ�Ëã	Ó©² º­¯È­È�©mÈ
�Ò² Ò

ÈÓÈãÒ�Ò�Ë°}Ò² ¹¯º�¯Èää ­ËÏ ÒÏäËÓËÓÒ« º°ÓºmÓ©²�

mºÏäºÎÓº°�	 ¯ÈÏäË�ËÓÒ« �È}Ò² ¹¯º�¯Èää ÓÈ ã
­ºä

}ºä¹	
�Ë¯Ë m °Ë�Ò ¹¯Ë�¹¯Ò«�Ò« ÒãÒ jÓ�Ë¯ÓË��

º¹Ë¯È�ÒmÓ©® ¹¯º°äº�¯ ¹ºã��ËÓÓ©² �ÈÓÓ©² m

{Ë­�º­ºÏ¯ËmÈ�ËãË �Ò¹È ,QWHUQHW ([SORUHU�

ÏÈ�Ò�È º� }ºä¹	
�Ë¯Ó©² mÒ¯�°ºm Ò mÏãºäÈ�

vÒ°�Ëä© plk��� Ò°¹ºã	Ï�
�ÒË �Ë²Óºãº�Ò


;0/� ¯È­º�È
� ÓÈ ¯«�Ë ¹¯ºä©�ãËÓÓ©² ¹¯Ë�¹�

¯Ò«�Ò® �}¯ÈÒÓ© >�� �@� |°º­º °ãË��Ë� º�äË�Ò�	

º¹©� |�Ë°°}º�º ¹¯Ò¹º¯�ºmº�º ÏÈmº�È� ��Ë ­ºãËË

�m�² ãË� Á�Ó}�ÒºÓÒ¯�
� °Ò°�Ëä© ÓË¹¯Ë¯©mÓº�º

kw äºÓÒ�º¯ÒÓ�È ²¯ÈÓÒãÒ� ÈääÒÈ}È plk�� �¯Ò�

°�Óº}�� ~Èmº� ÒäËË� °ºm¯ËäËÓÓ�
 }ºä¹	
�Ë¯Ó�


°Ë�	 Ò °m«Ï	 ° jÓ�Ë¯ÓË�� w�º �Èãº mºÏäºÎÓº°�	

¹¯ÒäËÓÒ�	 ÓÈ ¹¯È}�Ò}Ë ­ºã	��
 �È°�	 º¹Ò°ÈÓÓ©²

� È ­ ã Ò � È �� �ÓÒmË¯°Èã	Ó©Ë �Ë�Ò

sÈÒäËÓºmÈÓÒË �Ë�È �Ò¹ �ÈÓÓ©² |¹Ò°ÈÓÒË �¯ÒäË¯

�9DOXH!  Ò°ãºmº® �ÓÒmË¯°Èã	Ó©® �Ë�� ~ÓÈ�ËÓÒË ÓË}º�º¯º®

ÒÏäË¯«Ëäº® mËãÒ�ÒÓ©

�3UHVVXUH!

�9DOXH!������9DOXH!

…�¯��ÒË �Ë�Ò

��3UHVVXUH!

{ËãÒ�ÒÓÈ ÒÏäË¯ËÓÓº�º �ÈmãËÓÒ«

����� Ë�ÒÓÒ� �ÓÈ¹¯ÒäË¯� l�È�

�&RXQW!  Ò°ãºmº® �ÓÒmË¯°Èã	Ó©® �Ë� �ã« �}ÈÏÈÓÒ« �Ò°ãÈ

mãºÎËÓÓ©² �Ë�ºm º�Óº�º Ò �º�º ÎË �Ò¹È

�,PSXOVHV!

�&RXQW!������&RXQW!

…�¯��ÒË �Ë�Ò

��,PSXOVHV!

�º�°�Ë� Òä¹�ã	°ºm kw

�1XPEHU!  Ò°ãºmº® �ÓÒmË¯°Èã	Ó©® �Ë�� �º}ÈÏ©mÈË� ¹º¯«�}º�

m©® ÓºäË¯

�,PSXOVH!

�1XPEHU!�����1XPEHU!

…�¯��ÒË �Ë�Ò

��,PSXOVH!

�º¯«�}ºm©® ÓºäË¯ Òä¹�ã	°È

�'LPHQVLRQ! �Ë}°�ºm©® �ÓÒmË¯°Èã	Ó©® �Ë�� cÈÏäË¯Óº°�	 ÓË}º�º�

¯º® ÒÏäË¯«Ëäº® mËãÒ�ÒÓ©

�7HPSHUDWXUH!

�'LPHQVLRQ!&��'LPHQVLRQ!

…�¯��ÒË �Ë�Ò

��7HPSHUDWXUH!

cÈÏäË¯Óº°�	 �Ëä¹Ë¯È��¯© Û Åv

�(QDEOHG! r�ãËm �º}ÈÏ©mÈË�� �º°��¹Óº ãÒ �º� ��º º¹Ò°©mÈ�

Ë�°« m �Ë�Ë ¹¯Ë�©���Ë�º �¯ºmÓ«

�&KDQQHO!

�1XPEHU!���1XPEHU!

�(QDEOHG!7UXH��(QDEOHG!

�&KDQQHO!

zÈÓÈã ¢ � �º°��¹ËÓ

�/RFNHG! r�ãËm �º}ÈÏ©mÈË�� ÏÈ­ãº}Ò¯ºmÈÓº ãÒ �º� ��º

º¹Ò°©mÈË�°« m �Ë�Ë ¹¯Ë�©���Ë�º �¯ºmÓ«

�&KDQQHO!

�1XPEHU!���1XPEHU!

�/RFNHG!7UXH��/RFNHG!

�&KDQQHO!

zÈÓÈã ¢ � ­ãº}Ò¯ºmÈÓ

� È ­ ã Ò � È �� cËÏ�ã	�È�© ÒÏäË¯ËÓÒ® m¯ËäËÓÒ

sÈÒäËÓºmÈÓÒË
�Ë�È

�Ò¹ �ÈÓÓ©² |¹Ò°ÈÓÒË �¯ÒäË¯

�'DWH! �Ë}°�ºm©® �
­º® �º¹�°�Òä©® Áº¯äÈ� �È�© �'DWH!������������'DWH!

�7LPH! �Ë}°�ºm©® ÒãÒ �Ò°ãºmº® �
­º® �º¹�°�Òä©® Áº¯äÈ� m¯ËäËÓÒ �7LPH!����������7LPH!

�(ODSVHG7LPH!  Ò°ãºmº® {¯Ëä« ÓÈ�ÈãÈ ÒÏäË¯ËÓÒ« ­ãº}È kw ÒãÒ

s  ÒÓÁº¯äÈ�ÒÒ º�Óº°Ò�Ëã	Óº ÓÈ�Èã	Óº�

�º ÏÓÈ�ËÓÒ«

�,PSXOVH!

�(ODSVHG7LPH!�����(ODSVHG7LPH!

…�¯��ÒË �Ë�Ò

��,PSXOVH!

{¯Ëä« ÓÈ�ÈãÈ kw Òä¹�ã	°È Û ��� Ë�Ò�

ÓÒ� �ÓÈ¹¯ÒäË¯� ä}°�

�� °£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� �������



� È ­ ã Ò � È �� cËÏ�ã	�È�© È}�°�Ò}º�ªäÒ°°ÒºÓÓ©² ÒÏäË¯ËÓÒ® �ã« äÓº�º}ÈÓÈã	Ó©² °Ò°�Ëä

sÈÒäËÓºmÈÓÒË
�Ë�È

�Ò¹ �ÈÓÓ©² |¹Ò°ÈÓÒË

�&KDQQHO!  Ò°ãºmº® sºäË¯ }ÈÓÈãÈ kw� �ã« }º�º¯º�º °º�Ë¯ÎÈ�°« �ÈÓÓ©Ë �Ë�È

�(ODSVHG7LPH��

ÓºäË¯ }ÈÓÈãÈ

kw�!

 Ò°ãºmº® {¯Ëä« ÓÈ�ÈãÈ ÒÏäË¯ËÓÒ« ­ãº}È kw ÒÓÁº¯äÈ�ÒÒ �ã« �}ÈÏÈÓÓº�º ÓºäË¯È }ÈÓÈ�

ãÈ

�$PSOLWXGH�� Óº�

äË¯ }ÈÓÈãÈ kw�"

 Ò°ãºmº® �Ò}ºmÈ« Èä¹ãÒ���È °Ò�ÓÈãÈ kw �ã« �}ÈÏÈÓÓº�º ÓºäË¯È }ÈÓÈãÈ kw ½(QHUJ\�

�(QHUJ\!  Ò°ãºmº® wÓË¯�Ò« °Ò�ÓÈãÈ kw

�(QHUJ\�� ÓºäË¯

}ÈÓÈãÈ kw�!

 Ò°ãºmº® wÓË¯�Ò« °Ò�ÓÈãÈ kw �ã« �}ÈÏÈÓÓº�º ÓºäË¯È }ÈÓÈãÈ kw

�5LVH7LPH!  Ò°ãºmº® {¯Ëä« ÓÈ¯È°�ÈÓÒ« °Ò�ÓÈãÈ kw �º äÈ}°Òä�äÈ Èä¹ãÒ���©

�5LVH7LPH�� Óº�

äË¯ }ÈÓÈãÈ kw�!

 Ò°ãºmº® {¯Ëä« ÓÈ¯È°�ÈÓÒ« °Ò�ÓÈãÈ kw �º äÈ}°Òä�äÈ Èä¹ãÒ���© �ã« �}ÈÏÈÓÓº�º ÓºäË�

¯È }ÈÓÈãÈ kw

�:LGWK!  Ò°ãºmº® iãÒ�Ëã	Óº°�	 °Ò�ÓÈãÈ kw

�:LGWK�� ÓºäË¯

}ÈÓÈãÈ kw�!

 Ò°ãºmº® iãÒ�Ëã	Óº°�	 °Ò�ÓÈãÈ kw �ã« �}ÈÏÈÓÓº�º ÓºäË¯È }ÈÓÈãÈ kw

�&RXQWV!  Ò°ãºmº®  Ò°ãº º°�Òãã«�Ò® °Ò�ÓÈãÈ kw

�&RXQWV�� ÓºäË¯

}ÈÓÈãÈ kw�!

 Ò°ãºmº®  Ò°ãº º°�Òãã«�Ò® °Ò�ÓÈãÈ kw �ã« �}ÈÏÈÓÓº�º ÓºäË¯È }ÈÓÈãÈ kw

�1RLVH�� ÓºäË¯

}ÈÓÈãÈ kw�!

 Ò°ãºmº® �¯ºmËÓ	 ��äÈ� ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓ©® �ã« }ÈÓÈãÈ ° �}ÈÏÈÓÓ©ä ÓºäË¯ºä

�'HOD\7LPH�� Óº�

äË¯ }ÈÓÈãÈ kw�!

 Ò°ãºmº® {¯Ëä« ÏÈ�Ë¯Î}Ò� ¯È°°�Ò�ÈÓÓºË ¹º ¯ÈÏÓº°�Ò m¯ËäËÓ ¹¯Ò²º�È °Ò�ÓÈãÈ ÓÈ ¯ÈÏ�

ãÒ�Ó©Ë �È��Ò}Ò� �ã« �}ÈÏÈÓÓº�º ÓºäË¯È }ÈÓÈãÈ kw

�;&RRUG!  Ò°ãºmº® zºº¯�ÒÓÈ�È ;� ¯È°°�Ò�ÈÓÓÈ« ¹º ¯ÈÏÓº°�Ò m¯ËäËÓ ¹¯Ò²º�È °Ò�ÓÈãÈ ÓÈ ¯ÈÏãÒ��

Ó©Ë �È��Ò}Ò

�<&RRUG!  Ò°ãºmº® zºº¯�ÒÓÈ�È <� ¯È°°�Ò�ÈÓÓÈ« ¹º ¯ÈÏÓº°�Ò m¯ËäËÓ ¹¯Ò²º�È °Ò�ÓÈãÈ ÓÈ ¯ÈÏãÒ��

Ó©Ë �È��Ò}Ò

�'DWH7LPH! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹ºm

�'DWH!� �7LPH!

j°¹ºã	Ï�Ë�°« �ã« �}ÈÏÈÓÒ« ÓÈ�ÈãÈ Ò ÏÈmË¯�ËÓÒ« m¯ËäËÓÓ©² ÒÓ�Ë¯mÈãºm

�,PSXOVH! ÒãÒ

�+LW!

{ãºÎËÓÓ©Ë �Ë�Ò �Ò¹ºm �1X�

PEHU!� �&KDQQHO!� �(ODS�

VHG7LPH!� �$PSOLWXGH!�

�(QHUJ\!� �5LVH7LPH!�

�:LGWK!� �&RXQWV!

kw ÒÓÁº¯äÈ�Ò«� ¹ºã��ËÓÓÈ« m ¯ËÏ�ã	�È�Ë °¯È­È�©mÈÓÒ« º�Óº�º }ÈÓÈãÈ kw

�(YHQW! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �1XP�

EHU!� �,PSXOVH! ÒãÒ �+LW!�

�(ODSVHG�7LPH!� �$PSOLWX�

GH�� ÓºäË¯ }ÈÓÈãÈ kw�!�

�(QHUJ\�� ÓºäË¯ }ÈÓÈãÈ

kw�!� �5LVH7LPH�� ÓºäË¯

}ÈÓÈãÈ kw�!� �:LGWK�� Óº�

äË¯ }ÈÓÈãÈ kw�!� �&RXQWV��

ÓºäË¯ }ÈÓÈãÈ kw�!� �'HOD\�

7LPH�� ÓºäË¯ }ÈÓÈãÈ kw�!

vº­©�ÒË kw Û ÒÓÁº¯äÈ�Ò«� ¹ºã��ËÓÓÈ« m ¯ËÏ�ã	�È�Ë º­¯È­º�}Ò °ºmäË°�Óº�º

°¯È­È�©mÈÓÒ« ÓË°}ºã	}Ò² �È��Ò}ºm

�&OXVWHU! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �1XP�

EHU!� �(YHQW!� �;&RRUG!�

�<&RRUG!� �&RXQW!

vº�Ë¯ÎÒ� °º­©�Ò« kw� °�¯�¹¹Ò¯ºmÈÓÓ©Ë ¹º }ºº¯�ÒÓÈ�Óºä� ¹¯ÒÏÓÈ}� �¹º¹È�

�ÈÓÒË m ÏÈ�ÈÓÓ�
 º­ãÈ°�	 }ºº¯�ÒÓÈ� ° ÏÈ�ÈÓÓº® mË¯º«�Óº°�	
�

�1RLVH! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È

�1XPEHU!� �(ODSVHG�7LPH!�

�1RLVH�� ÓºäË¯ }ÈÓÈãÈ kw�!

vº�Ë¯ÎÒ� º¹Ò°ÈÓÒË º�Óº�º ÒÏäË¯ËÓÒ« ��äºm ¹º m°Ëä Ò°¹ºã	Ï�Ëä©ä }ÈÓÈãÈä

kw

�,PSXOVHV! ÒãÒ

�+LWV!

{ãºÎËÓÓ©Ë �Ë�Ò �Ò¹ºm

�,PSXOVH! ÒãÒ �+LW!�

�&RXQW!

vº�Ë¯ÎÒ� º¹Ò°ÈÓÒË m°Ë² ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓ©² m ¹¯º�Ë°°Ë ÒÏäË¯ËÓÒ« °¯È­È�©�

mÈÓÒ® �È��Ò}ºm kw

�(YHQWV! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È

�(YHQW!� �&RXQW!

vº�Ë¯ÎÒ� º¹Ò°ÈÓÒË m°Ë² ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓ©² m ¹¯º�Ë°°Ë ÒÏäË¯ËÓÒ« °º­©�Ò®

kw

�1RLVHV! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È

�1RLVH!� �&RXQW!

vº�Ë¯ÎÒ� º¹Ò°ÈÓÒË m°Ë² ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓ©² m ¹¯º�Ë°°Ë ÒÏäË¯ËÓÒ« ��äºm

½&OXVWHUV� {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È

½&OXVWHU�� ½&RXQW�

vº�Ë¯ÎÒ� º¹Ò°ÈÓÒË m°Ë² ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓ©² m ¹¯º�Ë°°Ë ÒÏäË¯ËÓÒ« }ãÈ°�Ë¯ºm

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



mºÏäºÎÓº°�Ë® ;0/� m �È°�Óº°�Ò� mmº� �Ë²Óºãº�

�Ò�Ë°}º® ÒÓÁº¯äÈ�ÒÒ m �¹¯Èmã«
�Ò® °Ë¯mË¯� ¯ÈÏ�

äË�ËÓÒË Ò °Ò°�ËäÈ�Ò�Ë°}ºË º­ÓºmãËÓÒË ¯ËÏ�ã	�È�ºm

äºÓÒ�º¯ÒÓ�È ÓÈ °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓºä {Ë­�°Ë¯mË¯Ë�

kÓÈãÒ�Ò�Ë°}Ò® �ËÓ�¯ m zÒËmË º�°ãËÎÒmÈË� ÒÓ�

Áº¯äÈ�Ò
 ¹º �Ë}��Ëä� °º°�º«ÓÒ
 º­�Ë}�ºm äº�

ÓÒ�º¯ÒÓ�È m ¯ËÈã	Óºä m¯ËäËÓÒ� �Ë¯Ë�È�È �ÈÓÓ©²

ÓÈ º°ÓºmË ;0/ ¹ºÏmºã«Ë� ­ËÏº¹È°Ó©ä °¹º°º­ºä

�¹¯Èmã«�	 ¹¯º�Ë°°ºä äºÓÒ�º¯ÒÓ�È� { ÓÈ°�º«�ËË

m¯Ëä« ° ��È°�ÒËä Èm�º¯È °�È�	Ò mË���°« ¯È­º�©

¹º º­�Ë�ÒÓËÓÒ
 ÓÈ º°ÓºmË ;0/ äºÓÒ�º¯ÒÓ�ºm©²

°Ò°�Ëä ÏÈmº�È m Ë�ÒÓ©® ÒÓÁº¯äÈ�ÒºÓÓº�ÈÓÈãÒ�Ò�

�Ë°}Ò® }ºä¹ãË}°�

v�ÈÓ�È¯�ÒÏÈ�Ò« ¹¯ÒäËÓËÓÒ« ;0/ m kw �Ò�
È�Óº°�Ò}Ë� {Ë°	äÈ ¹Ë¯°¹Ë}�ÒmÓ©ä ¹¯Ë�°�Èmã«Ë�°«

ÓÈ�È�	 �ÒÈãº� ¯ÈÏ¯È­º��Ò}ºm °Ò°�Ëä kw �ÒÈ�Óº°�

�Ò}Ò m ÓÈ¹¯ÈmãËÓÒÒ mÓË�¯ËÓÒ« °�ÈÓ�È¯�È ;0/ Ò

°ºÏ�ÈÓÒ« º­�Ë® °Ò°�Ëä© �Ë�ºm� w�º äºÎË� º­Ë°�

¹Ë�Ò�	 ¯ÈÏmÒ�ÒË kw �ÒÈ�Óº°�Ò}Ò m °ãË��
�Ò² ÓÈ¹�

¯ÈmãËÓÒ«²� mÏÈÒäÓº® ¹ºmË¯}Ò °¯Ë�°�m �ÒÈ�Óº°�Ò}Ò�

�ÓÒÁÒ}È�Ò« ¯ÈÏãÒ�Ó©² °Ò°�Ëä� º­äËÓÈ º¹©�ºä Ò

}ºº¹Ë¯È�Ò«�

sÈÏºmËä È}��Èã	Ó©Ë º­ãÈ°�Ò ¹¯ÒäËÓËÓÒ« �Ë²�

Óºãº�ÒÒ ;0/ m °Ò°�ËäÈ² kw �ÒÈ�Óº°�Ò}Ò�

°ºÏ�ÈÓÒË Ë�ÒÓº�º äË²ÈÓÒÏäÈ °Ë¯�ÒÁÒ}È�ÒÒ kw

°Ò°�Ëä ¯ÈÏãÒ�Ó©² ¹¯ºÒÏmº�Ò�ËãË®�

º­äËÓ ¯ËÏ�ã	�È�ÈäÒ ¹¯ºmË�ËÓÓ©² ÒÏäË¯ËÓÒ®

äËÎ�� °Ò°�ËäÈäÒ ¯ÈÏÓ©² �Ò¹ºm�

º­¯È­º�}È Ò ÈÓÈãÒÏ �ÈÓÓ©²� ¹ºã��ËÓÓ©² °Ò°�

�Ëäº® º�Óº�º �Ò¹È� ° ¹¯ÒäËÓËÓÒËä °Ò°�Ëä© �¯��º�º

�Ò¹È�

�Ò°�ÈÓ�ÒºÓÓºË �¹¯ÈmãËÓÒË �ÒÈ�Óº°�Ò�Ë°}ÒäÒ

¹¯º�Ë°°ÈäÒ�

°ºÏ�ÈÓÒË äÓº�º�¯ºmÓËm©² °Ò°�Ëä ° ¹ºãÓº°�	


ÓËÏÈmÒ°Òä©äÒ }ºä¹ºÓËÓ�ÈäÒ�

°ºÏ�ÈÓÒË °Ò°�Ëä� º��Ëã	Ó©Ë �È°�Ò }º�º¯©² ¯ÈÏ�

äË�ËÓ© ÓÈ ÏÓÈ�Ò�Ëã	Óºä ��ÈãËÓÒÒ º�ÓÈ º� �¯��º®�

ÒÓ�Ë�¯È�Ò« �ÈÓÓ©² m äÈ°��È­È² }¯�¹Ó©² º¯�È�

ÓÒÏÈ�Ò® Ò º�¯È°ãË®�

iã« ¹¯ÒäËÓËÓÒ« �Ë²Óºãº�ÒÒ ;0/ m °ÁË¯Ë kw

�ÒÈ�Óº°�Ò}Ò ¹¯Ë�ãÈ�ÈË�°« ¯ÈÏ¯È­º�È�	 °�ÈÓ�È¯��

º¹Ò°©mÈ
�Ò® �¯Ë­ºmÈÓÒ« } °�¯�}��¯Ë ;0/ �º�

}�äËÓ�ºm Ò ÓÈ­º¯� �Ë�ºm �ã« º¹Ò°ÈÓÒ« º¹¯Ë�Ë�

ãËÓÓ©² �Ò¹ºm �ÈÓÓ©²� p°�Ë°�mËÓÓº� �°¹Ë�ÓºË ¹¯Ò�

äËÓËÓÒË °�ÈÓ�È¯�È ;0/ m kw �ÒÈ�Óº°�Ò}Ë ­��Ë�

ÏÈmÒ°Ë�	 º� �°ÒãÒ® ¯ÈÏ¯È­º��Ò}ºm �ÒÈ�Óº°�Ò�Ë°}Ò²

°Ò°�Ëä Ò ¹ºã	ÏºmÈ�ËãË® ¹º Ë�º mÓË�¯ËÓÒ
� ¹ºª�ºä�

º­°�Î�ËÓÒË ¹¯ºË}�È °�ÈÓ�È¯�È ¹¯Ë�°�Èmã«Ë�°« mË°	�

äÈ ¹ºãËÏÓ©ä�

�¯Ë�ãÈ�ÈËä©Ë �ã« Ò°¹ºã	ÏºmÈÓÒ« m kw �ÒÈ��

Óº°�Ò}Ë ÓÈÒäËÓºmÈÓÒ« �Ë�ºm Ò Ò² °�¯�}��¯ÓÈ« mÏÈ�

Òäº°m«Ï	 ¹¯Ë�°�ÈmãËÓ© m mÒ�Ë �È­ã� �Ü�� ° º¹Ò�

°ÈÓÒËä �Ò¹ºm ¹Ë¯Ë�ÈmÈËä©² m ÓÒ² �ÈÓÓ©²�

�ÓÒÁÒ�Ò¯ºmÈÓÓºË º¹Ò°ÈÓÒË ÁÒÏÒ�Ë°}Ò² mËãÒ�

�ÒÓ ¹¯ºÒÏmºã	Óº�º �Ò¹È Ò ¹º�°�Ë� �Ò°ãÈ º�Óº�

�Ò¹Ó©² ­ãº}ºm ÒÓÁº¯äÈ�ÒÒ�

¯ËÏ�ã	�È�© ÒÏäË¯ËÓÒ® m¯ËäËÓÒ�

¯ËÏ�ã	�È�© È}�°�Ò}º�ªäÒ°°ÒºÓÓ©² ÒÏäË¯ËÓÒ®

�ã« äÓº�º}ÈÓÈã	Ó©² °Ò°�Ëä� vº°�º«� ÒÏ mãºÎËÓ�

Ó©² Ò ¹ºm�º¯«
�Ò²°« �Ë�ºm� º¹Ò°©mÈ
�Ò² ÒÓ�

Áº¯äÈ�Ò
� ¹ºã��ËÓÓ�
 m ¯ÈÏãÒ�Ó©Ë äºäËÓ�© m¯Ë�

äËÓÒ }ÈÎ�©ä }ÈÓÈãºä kw� |­�Ë�ÒÓ«
� ËË m �È}

ÓÈÏ©mÈËä©Ë °º­©�Ò« kw Ò �¯�¹¹Ò¯�
� °º­©�Ò«

m }ãÈ°�Ë¯© ¹º }ºº¯�ÒÓÈ�Óºä� ¹¯ÒÏÓÈ}��

¯ËÏ�ã	�È�© ÒÏäË¯ËÓÒ® �º¹ºãÓÒ�Ëã	Ó©² ¹È¯È�

äË�¯ºm� ÓË º�Óº°«�Ò²°« } È}�°�Ò�Ë°}º® ªäÒ°°ÒÒ�

� È ­ ã Ò � È �� cËÏ�ã	�È�© ÒÏäË¯ËÓÒ® �º¹ºãÓÒ�Ëã	Ó©² ¹È¯ÈäË�¯ºm

sÈÒäËÓºmÈÓÒË �Ë�È �Ò¹ �ÈÓÓ©² |¹Ò°ÈÓÒË

�3UHVVXUH! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! iÈmãËÓÒË

�7HPSHUDWXUH! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! �Ëä¹Ë¯È��¯È

�6WUHVV! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! sÈ¹¯«ÎËÓÒË äË²ÈÓÒ�Ë°}ºË

�'HIRUPDWLRQ! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! iËÁº¯äÈ�Ò«

�6WUDLQ! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! �°ÒãÒË

�6KLIW! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! väË�ËÓÒË

�/HYHO! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! �¯ºmËÓ	

�+HLJKW! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! {©°º�È

�/HQJWK! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! �¯º�«ÎËÓÓº°�	

�5DGLXV! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! cÈ�Ò�°

�$QJOH! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! ��ºã

�6TXDUH! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! �ãº�È�	

�9ROXPH! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! |­�Ëä

�'HSWK! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! �ã�­ÒÓÈ

�9ROWDJH! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! sÈ¹¯«ÎËÓÒË ªãË}�¯Ò�Ë°}ºË

�5HVLVWDQFH! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹È �9DOXH!� �'LPHQVLRQ! vº¹¯º�ÒmãËÓÒË ªãË}�¯Ò�Ë°}ºË

�(ODSVHG7LPH!  Ò°ãºmº® {¯Ëä« ÓÈ�ÈãÈ ÒÏäË¯ËÓÒ« ­ãº}È s  ÒÓÁº¯äÈ�ÒÒ

�ã« �}ÈÏÈÓÓº�º ÓºäË¯È }ÈÓÈãÈ

�/)3! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹ºm

�(ODSVHG7LPH!� �/)3�� ÓºäË¯ }ÈÓÈãÈ s �!

ÒãÒ �3UHVVXUH!�… ��5HVLVWDQFH!

�Ë� �ã« ²¯ÈÓËÓÒ« m°Ë® s  ÒÓÁº¯äÈ�ÒÒ� ¹ºã��ËÓ�

Óº® ¹¯Ò ÒÏäË¯ËÓÒÒ m º�Óº® m¯ËäËÓÓº® �º�}Ë

�/)3�� ÓºäË¯ }ÈÓÈãÈ

s �!

 Ò°ãºmº® jÏäË¯ËÓÓÈ« s  mËãÒ�ÒÓÈ �ã« �}ÈÏÈÓÓº�º ÓºäË¯È

}ÈÓÈãÈ s 

�� °£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� �������



w�º� }È} ¹¯ÈmÒãº� ÓÒÏ}º�È°�º�Ó©Ë ¹È¯ÈäË�¯© �/RZ

)UHTXHQF\ 3DUDPHWHUV�� ÒÏäË¯«Ëä©Ë ° ÏÈ�ÈÓÓº® ¹Ë�

¯Òº�Ò�Óº°�	
� iã« �È}Ò² ¹È¯ÈäË�¯ºm� ¹ºäÒäº Ò²

ÁÈ}�Ò�Ë°}Ò² ÏÓÈ�ËÓÒ®� �}ÈÏ©mÈ
� �Ò¹ �È¯Ò¯ºm}Ò

Ò �È¯Ò¯ºmº�Ó©Ë }ºªÁÁÒ�ÒËÓ�©�

ÓÈ°�¯ºË�Ó©Ë ¹È¯ÈäË�¯© kw °Ò°�Ëä©� �°�ÈÓºm}È

}ºªÁÁÒ�ÒËÓ�ºm �°ÒãËÓÒ«� ¹º¯º�ºm� m¯ËäËÓÓ©² º��

¯ÈÓÒ�ËÓÒ® Ò �� ��

�¯Ë�°�ÈmãËÓÓÈ« m©�Ë °Ò°�ËäÈ �Ë�ºm äºÎË� ¹¯Ò

ÓËº­²º�Òäº°�Ò ­©�	 �º¹ºãÓËÓÈ �Ë�ÈäÒ �ã« º¹Ò�

°ÈÓÒ« �¯��Ò² mÒ�ºm �ÈÓÓ©²� Ò°¹ºã	Ï�Ëä©² m �Ò�

È�Óº°�Ò�Ë°}ºä }ºÓ�¯ºãË� km�º¯ ­��Ë� ¹¯ÒÏÓÈ�ËãËÓ

ÏÈ ÏÈäË�ÈÓÒ«� ¹¯Ë�ãºÎËÓÒ« Ò �º¹ºãÓËÓÒ« } ¹¯Ë��

ãÈ�ÈËäº® °Ò°�ËäË �Ë�ºm�

{Ë°	äÈ ¹ºãËÏÓº® ¹¯Ë�°�Èmã«Ë�°« ¯ÈÏ¯È­º�}È m

¹Ë¯°¹Ë}�ÒmË �º°��È¯°�mËÓÓº�º v�ÈÓ�È¯�È �}¯ÈÒÓ©

¹º Ò°¹ºã	ÏºmÈÓÒ
 ;0/ m kw �ÒÈ�Óº°�Ò}Ë� �¯Ò

ÓÈãÒ�ÒÒ ¹º��Ë¯Î}Ò º°ÓºmÓ©² ¯ÈÏ¯È­º��Ò}ºm �Ò�

È�Óº°�Ò�Ë°}Ò² °Ò°�Ëä Ò º¯�ÈÓÒÏÈ�Ò®� Ò°¹ºã	Ï�
�

�Ò² ª�Ò °Ò°�Ëä©� �È}º® °�ÈÓ�È¯� äºÎË� ­©�	

¹¯Ë�ãºÎËÓ �ã« Ò°¹ºã	ÏºmÈÓÒ« m ¯Èä}È² äËÎ��ÓÈ�

¯º�Óº�º °º�¯��ÓÒ�Ë°�mÈ� ��Ò�©mÈ« �ÓÒmË¯°Èã	�

Óº°�	 ¹¯ºË}�È� È �È}ÎË �º� ��º °�ÈÓ�È¯� ;0/

�¯Ë­�Ë� °º°�ÈmãËÓÒ« �Ë�ºm ÓÈ ÈÓ�ãÒ®°}ºä «Ï©}Ë�

ÒäË
�°« ²º¯º�ÒË ¹Ë¯°¹Ë}�Òm© �ã« Ë�º äËÎ��ÓÈ�

¯º�Óº�º Ò°¹ºã	ÏºmÈÓÒ«�

{©mº�©

j°¹ºã	ÏºmÈÓÒË ;0/ m ÒÓÁº¯äÈ�ÒºÓÓ©² °Ò°�ËäÈ²

ÒäËË� ¯«� mÈÎÓ©² �º°�ºÒÓ°�m� �È}Ò² }È} �¹¯º�

�ËÓÒË ¹¯º�Ë��¯© Ò ¹ºm©�ËÓÒË ­ËÏº¹È°Óº°�Ò º­�

äËÓÈ �ÈÓÓ©äÒ� È¹¹È¯È�ÓÈ« Ò ¹ãÈ�Áº¯äËÓÓÈ« ÓË�

ÏÈmÒ°Òäº°�	� °ÓÒÎËÓÒË ÏÈ�¯È� ÓÈ ÒÓ�Ë�¯È�Ò


¯ÈÏÓº¯º�Ó©² °Ò°�Ëä�

�Ë²Óºãº�Ò« ;0/ ¹ºÏmºã«Ë� m©¯È­È�©mÈ�	 mÓ���

¯Òº�¯È°ãËm©Ë °�ÈÓ�È¯�© º­äËÓÈ �ÈÓÓ©äÒ ÓÈ º°ÓºmË

°º�ãÈ�ËÓÒ« º­ Ò°¹ºã	ÏºmÈÓÒÒ �Ë�ºm� ��º �ÈË� mºÏ�

äºÎÓº°�	 º¯�ÈÓÒÏºmÈ�	 ªÁÁË}�ÒmÓºË mÏÈÒäº�Ë®°�

�mÒË äËÎ�� ¯ÈÏÓº¯º�Ó©äÒ °Ò°�ËäÈäÒ kw �ÒÈ��

Óº°�Ò}Ò� È �È}ÎË ° �º¹ºãÓÒ�Ëã	Ó©ä �ÒÁ¯ºm©ä

º­º¯��ºmÈÓÒËä�

�Ë²Óºãº�Ò« º¹Ò°ÈÓÒ« �ÈÓÓ©² ÓÈ º°ÓºmË ;0/

äºÎË� ­©�	 ¹¯ÒäËÓËÓÈ m �Ë²ÓÒ�Ë°}º® �ÒÈ�Óº°�Ò}Ë�

ÒäËË�°« º¹©� ¹¯ÒäËÓËÓÒ« ;0/ m Èm�ºäÈ�ÒÏÒ¯º�

mÈÓÓ©² °Ò°�ËäÈ² kw äºÓÒ�º¯ÒÓ�È�

v�ÈÓ�È¯�ÒÏÈ�Ò« º¹Ò°ÈÓÒ« �ÈÓÓ©² ÓÈ º°ÓºmË

;0/ m kw �ÒÈ�Óº°�Ò}Ë ¹ºÏmºãÒ� °ºÏ�È�	 Ë�ÒÓ�


äË�º�Ò}� °Ë¯�ÒÁÒ}È�ÒÒ kw °Ò°�Ëä ¯ÈÏãÒ�Ó©² �Ò�

¹ºm�

��Ò�©mÈ« �ËÓ�ËÓ�Ò
 } mÓ��¯Ò�º°��È¯°�mËÓÓº®

Ò äËÎ��ÓÈ¯º�Óº® ÒÓ�Ë�¯È�ÒÒ ¯È­º� m º­ãÈ°�Ò �Ò�

È�Óº°�Ò}Ò� ÓËº­²º�ÒäÈ }ºº¯�ÒÓÈ�Ò« �°ÒãÒ® ¯ÈÏ�

¯È­º��Ò}ºm Ò ¹ºã	ÏºmÈ�ËãË® kw °Ò°�Ëä �}¯ÈÒÓ©

Ò ÏÈ¯�­ËÎ	« m ¯ÈÏ¯È­º�}Ë Ò ¹¯ÒäËÓËÓÒÒ °�ÈÓ�È¯�ºm

º¹Ò°ÈÓÒ« �ÈÓÓ©² ÓÈ º°ÓºmË ;0/�

� È ­ ã Ò � È �� sÈ°�¯ºË�Ó©Ë ¹È¯ÈäË�¯© kw °Ò°�Ëä©

sÈÒäËÓºmÈÓÒË �Ë�È �Ò¹ �ÈÓÓ©² |¹Ò°ÈÓÒË

�;&RRUG!  Ò°ãºmº® zºº¯�ÒÓÈ�È ; ¯ÈÏäË�ËÓÒ« �È��Ò}È kw

�<&RRUG!  Ò°ãºmº® zºº¯�ÒÓÈ�È < ¯ÈÏäË�ËÓÒ« �È��Ò}È kw

�*DLQ!  Ò°ãºmº® zºªÁÁÒ�ÒËÓ� �°ÒãËÓÒ« kw ÒãÒ s  }ÈÓÈãÈ

�7KUHVKROG!  Ò°ãºmº® {ËãÒ�ÒÓÈ ¹º¯º�È º�¯ÈÓÒ�ËÓÒ« äÒÓÒäÈã	Óº® Èä¹ãÒ���© °Ò�ÓÈãºm

kw

�7KUHVKROG)L[! r�ãËm �Ò¹ ¹º¯º�È Û ¹º°�º«ÓÓ©® ÒãÒ ¹ãÈmÈ
�Ò®

�6HQVRU! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹ºm �;&RRUG!�

�<&RRUG!� �*DLQ!� �7KUHVKROG!�

�7KUHVKROG)L[!� �/RFNHG!

vº�Ë¯ÎÒ� ÓÈ°�¯ºË�Ó�
 ÒÓÁº¯äÈ�Ò
 �ã« º�Óº�º kw }ÈÓÈãÈ� °ºº��

mË�°�m�
�Ë�º ¯ÈÏäË�ËÓÓºä� ÓÈ º­�Ë}�Ë }ºÓ�¯ºã« �È��Ò}�

�6HQVRUV! {ãºÎËÓÓ©Ë �Ë�Ò �Ò¹ºm �6HQVRU!�

�&RXQW!

vº�Ë¯ÎÒ� �È��Ò}Ò� º­�Ë�ÒÓËÓÓ©Ë m º�Ó� ãº�Ò�Ë°}�
 �¯�¹¹�

�%DVH;!  Ò°ãºmº® cÈ°°�º«ÓÒË ¹º º°Ò ; äËÎ�� �È��Ò}ÈäÒ kw m °ã��ÈË Ò² ¯ÈmÓºäË¯Óº�

�º ¯È°¹ºãºÎËÓÒ«

�%DVH<!  Ò°ãºmº® cÈ°°�º«ÓÒË ¹º º°Ò < äËÎ�� �È��Ò}ÈäÒ kw m °ã��ÈË Ò² ¯ÈmÓºäË¯Óº�

�º ¯È°¹ºãºÎËÓÒ«

�)LOWHU0LQ!  Ò°ãºmº® lÒÓÒäÈã	ÓºË ÏÓÈ�ËÓÒË �È°�º�© �ã« ÁÒã	�¯�Ëäº® ¹ºãº°© ¹¯º¹�°}È�

ÓÒ« }ÈÓÈãÈ kw

�)LOWHU0D[!  Ò°ãºmº® lÈ}°ÒäÈã	ÓºË ÏÓÈ�ËÓÒË �È°�º�© �ã« ÁÒã	�¯�Ëäº® ¹ºãº°© ¹¯º¹�°�

}ÈÓÒ« }ÈÓÈãÈ kw

�'HDG7LPH!  Ò°ãºmº® {¯Ëä«� ÓÈ }º�º¯ºË ­ãº}Ò¯�Ë�°« ¹¯ÒËä ÒÓÁº¯äÈ�ÒÒ }ÈÓÈãºä kw

¹º°ãË ÏÈmË¯�ËÓÒ« �Ë}��Ë�º °¯È­È�©mÈÓÒ« �È��Ò}È

�6WUREH!  Ò°ãºmº® lÈ}°ÒäÈã	ÓºË m¯Ëä«� ÓÈ }º�º¯ºË }ÈÓÈã kw º�}¯©� �ã« m©¹ºãÓËÓÒ«

Ë�ÒÓÒ�Óº�º ÒÏäË¯ËÓÒ«

�&OXVWHU6L]H!  Ò°ãºmº® tÈ¯È}�Ë¯Ò°�Ò�Ë°}Ò® ¯ÈÏäË¯ º­ãÈ°�Ò }ºº¯�ÒÓÈ�� m }º�º¯º® ¹ºã��ËÓ�

Ó©Ë °Ò�ÓÈã© kw ãº�Ò�Ë°}Ò º­�Ë�ÒÓ«
�°« m º­�Ò® }ãÈ°�Ë¯

�6RXQG9HORFLW\!  Ò°ãºmº® v}º¯º°�	 Ïm�}È m º­°ãË��Ëäºä äÈ�Ë¯ÒÈãË

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



�� sË�º°Ë}È k� Ð� |°Óºm© ¯È°�Ë�È Ò �ÒÈ�Óº°�Ò}Ò °mÈ¯Ó©²
}ºÓ°�¯�}�Ò® � �º� ¯Ë�� r� p� �È�ºÓÈ� Û zÒËm� jÓ��
¹¯ºä� ����� Û ��� °�

�� sË�º°Ë}È v� k� |­�Ë}�Ó©® ¹º�²º� } ¯Ë�ËÓÒ
 ÏÈ�È� äË²È�
ÓÒ}Ò ÓË°¹ãº�Óº® °¯Ë�© Ò ¹¯º�ÓºÏÒ¯ºmÈÓÒ
 °º°�º«ÓÒ« äÈ�
�Ë¯ÒÈãºm �� �Ë²Ó� �ÒÈ�Óº°�Ò}È Ò ÓË¯ÈÏ¯��� }ºÓ�¯ºã	� Û
����� Û ¢ �� Û v� ��Ü���

�� tºãÏÓË¯ v� ;0/� wÓ�Ò}ãº¹Ë�Ò«� ��Ë ÒÏ�� ,6%1�
����������� Û ����� Û ���� °�

�� &DUH\ 3� 1HZ 3HUVSHFWLYHV RQ ;0/� ,QWURGXFWRU\� ,6%1� ��
������������ Û ����� Û ���� ¯�

�� | ÓË¹¯Ë¯©mÓºä äºÓÒ�º¯ÒÓ�Ë ¯ËÏË¯m�È¯ºm �ã« ²¯ÈÓËÓÒ«
ÓËÁ�Ò Ò ÓËÁ�Ë¹¯º��}�ºm � k� Ð� sË�º°Ë}È� k� k� �¯�Ï��
l� k� Ð¯ËäËÓ}º� v� k� sË�º°Ë}È �� lÈ�Ë¯� ÓÈ�����Ë²Ó�
°ËäÒÓÈ¯È ½�¯º�¯Ë°°ÒmÓ©Ë �Ë²Óºãº�ÒÒ °mÈ¯}Ò m ¹¯ºä©��
ãËÓÓº°�Ò�� Û ��Ü�� äÈ« ���� ��� zÒËm� �j¡ ½sk�zk�
�ptsjzk� �pts|�|�jÐ�� Û v� ���

�� sË�º°Ë}È v� k� zºÓ�¯ºã	 ãÒÓÒÒ °ÒÓ�ËÏÈ ÈääÒÈ}È °Ò°�Ë�
äº® kw �ÒÈ�Óº°�Ò}Ò plk��� �� �Ë²Ó� �ÒÈ�Óº°�Ò}È Ò ÓË�
¯ÈÏ¯��� }ºÓ�¯ºã	� Û ����� Û ¢ �� Û v� ��Ü���
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ªÌËÌÁÎ¾ÒÆÝ ÍÌÏÀÝ×ÃË¾ ÌÂËÌÊÑ ÆÅ ÏÌÀÎÃÊÃËËÙÓ Æ ¾ÈÐÆÀËÌ Î¾ÅÀÆÀ¾Ü×ÆÓÏÝ ÊÃÐÌÂÌÀ ËÃ�

Î¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ È¾ÕÃÏÐÀ¾ Ê¾ÐÃÎÆ¾ÉÌÀ Æ ÆÅÂÃÉÆÇ� ÌÏËÌÀ¾ËËÌÊÑ Ë¾ ÎÃÁÆÏÐÎ¾ÔÆÆ ÐÃÊ�

ÍÃÎ¾ÐÑÎËÌÁÌ ÍÌÉÝ Ë¾ ÍÌÀÃÎÓËÌÏÐÆ ÈÌËÐÎÌÉÆÎÑÃÊÌÁÌ Ì¿ØÃÈÐ¾�   ÌÏËÌÀÑ ÊÌËÌÁÎ¾ÒÆÆ ÍÌÉÌ�

ÄÃËÙ ÎÃÅÑÉÚÐ¾ÐÙ ÊËÌÁÌÉÃÐËÆÓ ÆÏÏÉÃÂÌÀ¾ËÆÇ À Ì¿É¾ÏÐÆ ÐÃÎÊÌÁÎ¾ÒÆÆ� ÍÎÌÀÌÂÆÀÖÆÓÏÝ À

±ÈÎ¾ÆËÃ ÈÌÉÉÃÈÐÆÀÌÊ «°´ �°ÃÎÊÌÈÌËÐÎÌÉÚ� ³¾ÎÚÈÌÀÏÈÌÁÌ Ë¾ÔÆÌË¾ÉÚËÌÁÌ ÑËÆÀÃÎÏÆÐÃÐ¾

Î¾ÂÆÌÃÈÐÎÌËÆÈÆ� ¨ÎÌÊÃ ÐÌÁÌ� Ì¿Ì¿×ÃËÊÆÎÌÀÌÇ ÌÍÙÐ ÍÎÆÊÃËÃËÆÝ ÐÃÎÊÌÁÎ¾ÒÆÆ À Î¾ÅÉÆÕËÙÓ

ÌÐÎ¾ÏÉÝÓ ÍÎÌÊÙÖÉÃËËÌÏÐÆ� ÛÉÃÈÐÎÌÛËÃÎÁÃÐÆÈÃ� ÊÃÐ¾ÉÉÑÎÁÆÆ� Ê¾ÖÆËÌÏÐÎÌÃËÆÆ� ÏÐÎÌÆÐÃÉÚ�

ÏÐÀÃ Æ Ð� Â� ­ÌÈ¾Å¾Ë¾ ÛÒÒÃÈÐÆÀËÌÏÐÚ ÍÎÆÊÃËÃËÆÝ ÐÃÎÊÌÁÎ¾ÒÆÆ ËÃ ÐÌÉÚÈÌ ÂÉÝ ÈÌËÐÎÌÉÝ

ÐÃÍÉÌÀÌÁÌ ÎÃÄÆÊ¾ Ì¿ØÃÈÐ¾ �Ì¿Ë¾ÎÑÄÃËÆÜ ÊÃÏÐ ÍÃÎÃÁÎÃÀ¾ Î¾ÅÉÆÕËÌÁÌ ÍÎÌÆÏÓÌÄÂÃËÆÝ�� ËÌ

Æ ÂÉÝ ÀÙÝÀÉÃËÆÝ ÂÃÒÃÈÐÌÀ ÃÁÌ ÀËÑÐÎÃËËÃÇ ÏÐÎÑÈÐÑÎÙ� ÐÎÃ×ÆË� Î¾ÏÏÉÌÃËÆÇ� ËÃÍÎÌÀ¾ÎÌÀ Æ

Ð� Í�

­ÎÆÀÃÂÃËÙ ÒÆÅÆÕÃÏÈÆÃ ÌÏËÌÀÙ ÐÃÎÊÌÁÎ¾ÒÆÆ Æ Î¾ÏÏÊÌÐÎÃËÙ ÌÏÌ¿ÃËËÌÏÐÆ ÃÃ

ÍÎÆÊÃËÃËÆÝ À Î¾ÅÉÆÕËÙÓ ¾ÏÍÃÈÐ¾Ó� À ÂÆ¾ÁËÌÏÐÆÈÃ �Í¾ÏÏÆÀËÙÇ ÊÃÐÌÂ ÈÌËÐÎÌÉÝ�� À ÂÃÒÃÈ�

ÐÌÏÈÌÍÆÆ �¾ÈÐÆÀËÙÇ ÊÃÐÌÂ ÈÌËÐÎÌÉÝ�� ¾ Ð¾ÈÄÃ À ÂÃÒÃÈÐÌÊÃÐÎÆÆ Æ À ÐÌÊÌÁÎ¾ÒÆÆ�

«¾ÎÝÂÑ Ï ÍÎ¾ÈÐÆÕÃÏÈÆÊÆ ÍÎÆÉÌÄÃËÆÝÊÆ ÐÃÎÊÌÁÎ¾ÒÆÆ Î¾ÏÏÊÌÐÎÃËÙ ÀÌÍÎÌÏÙ ÐÃÌÎÆÆ ÐÃÍ�

ÉÌÀÌÇ ÂÃÒÃÈÐÌÏÈÌÍÆÆ Æ ÂÃÒÃÈÐÌÊÃÎÆÆ� ¾ Ð¾ÈÄÃ ÊÃÐÌÂÙ Î¾ÏÖÆÒÎÌÀÈÆ ÎÃÅÑÉÚÐ¾ÐÌÀ ÐÃÎÊÌÁ�

Î¾ÒÆÆ�

¢¾Ë Ì¿ÖÆÎËÙÇ ÆÉÉÜÏÐÎ¾ÐÆÀËÙÇ Ê¾ÐÃÎÆ¾É À ÀÆÂÃ ÐÃÍÉÌÀÙÓ È¾ÎÐ �ÐÃÎÊÌÁÎ¾ÊÊ� Î¾ÅÉÆÕËÙÓ

Ì¿ØÃÈÐÌÀ� ¾ Ð¾ÈÄÃ ÁÎ¾ÒÆÈÌÀ Æ ÏÓÃÊ� ÍÌÝÏËÝÜ×ÆÓ Å¾ÈÌËÌÊÃÎËÌÏÐÆ ÐÃÍÉÌÀÌÁÌ ÈÌËÐÎÌÉÝ Æ

ÊÃÐÌÂÆÈÑ ÃÁÌ ÍÎÌÀÃÂÃËÆÝ�

  ­ÎÆÉÌÄÃËÆÆ ÍÎÆÀÃÂÃËÙ ÏÍÎ¾ÀÌÕËÙÃ Ð¾¿ÉÆÔÙ ÂÉÝ ÌÔÃËÈÆ ÍÎÆÊÃËÆÊÌÏÐÆ ÊÃÐÌÂ¾ È

Î¾ÅÉÆÕËÙÊ Ì¿ØÃÈÐ¾Ê�

ªÌËÌÁÎ¾ÒÆÝ ÍÎÃÂË¾ÅË¾ÕÃË¾ ÂÉÝ ÖÆÎÌÈÌÁÌ ÈÎÑÁ¾ ÏÍÃÔÆ¾ÉÆÏÐÌÀ ÍÌ ËÃÎ¾ÅÎÑÖ¾Ü×ÃÊÑ ÈÌË�

ÐÎÌÉÜ� Î¾¿ÌÐ¾Ü×ÆÓ À Î¾ÅÉÆÕËÙÓ ÌÐÎ¾ÏÉÝÓ ÍÎÌÊÙÖÉÃËËÌÏÐÆ� ¾ Ð¾ÈÄÃ ÊÌÄÃÐ ¿ÙÐÚ ÍÌÉÃÅË¾

ÂÉÝ ÏÐÑÂÃËÐÌÀ ÏÍÃÔÆ¾ÉÚËÌÏÐÆ ���������� x �­ÎÆ¿ÌÎÙ Æ ÊÃÐÌÂÙ ËÃÎ¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ�

Æ ÏÉÑÖ¾ÐÃÉÃÇ ÔÃËÐÎÌÀ ÍÌÂÁÌÐÌÀÈÆ Æ ¾ÐÐÃÏÐ¾ÔÆÆ ÍÃÎÏÌË¾É¾ ÍÌ ËÃÎ¾ÅÎÑÖ¾Ü×ÃÊÑ ÈÌËÐÎÌÉÜ

ÏÆÏÐÃÊÙ (1 ���������

rÐ ÄÐÑÒÐÓÂÎ ÑÒÊÐÃÒÇÔÇÏÊÁ ÐÃÒÂÛÂÔÞÓÁ
Ä ªkÉÆÂÔÇÍÞÓÔÄÐ toku« ������ xÂÒÞÌÐÄ� ÑÒ� nÇÏÊÏÂ� ��

uÇÍ� ����
 ��������� �ÆÐÃ� ���

wÂÌÓ ����
 ���������

h�QEMP� QR$WQMX�OLEVOSZ�YE

�� °£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� �������



M>D ����������

���������������	
�	�������������
�
��	���
����
���	�	
�
	���������������������
����
������������	�����������������
����	���

���	��������������	
������
���������������	���

j� n� rkrj p{k� k� {� bkcz|
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b g_cjhk_l_\u_ l_ogheh]bb� qlh kihkh[kl\m_l Z\lhfZlbaZpbb ijhp_kkZ ^bZ]ghklbq_kdbo bkke_^h\Zgbc b \uy\e_gbx

hldehg_gbc f_oZgbq_kdbo oZjZdl_jbklbd ba^_eby hl ^himklbfuo gZ [he__ jZgg_c klZ^bb�

7KH SDSHU GHVFULEHV D PDWKHPDWLFDO PRGHO GHYHORSHG IRU IRUHFDVWLQJ WKH FKDQJH LQ PHFKDQLFDO FKDUDFWHULVWLFV RI LQGXVWULDO

HTXLSPHQW LQ RSHUDWLRQ� )RU HPSLULFDO GDWD SURFHVVLQJ LW LV SURSRVHG WR XVH ZDYHOHW�DQDO\VLV DQG QHXUDO QHWZRUN WHFKQRORJLHV�

WKXV SURPRWLQJ DXWRPDWLRQ RI WKH SURFHVV RI GLDJQRVWLF VWXGLHV DQG UHYHDOLQJ GHYLDWLRQV LQ PHFKDQLFDO FKDUDFWHULVWLFV RI

WKH SURGXFW IURP WKRVH DGPLVVLEOH DW DQ HDUOLHU VWDJH�
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 ¹¯º�Óº°�	�

�¯Ò¯ÈmÓÒmÈ« °¯º} °ã�Î­© }¯ÈÓÈ� º¹¯Ë�Ëã«Ë�

äº�º Ë�º ¹È°¹º¯�Óº® ¯ËÎÒäÓº® �¯�¹¹º®� �� Ë� ÏÈ¹�

¯ºË}�Ò¯ºmÈÓÓº® ÓÈ¯È­º�}º®� } °¯º}� °ã�Î­© �Ë�

�ÈãÒ� º¹¯Ë�Ëã«Ëäºä� �Ë®°�m�
�ÒäÒ ÓÈ¹¯«ÎËÓÒ«�

äÒ Ò �Ò°ãºä Ò² �Ò}ãºm� äºÎÓº ¹ºã��Ò�	 ÈÓÈãÒ�

�Ò�Ë°}�
 °m«Ï	 äËÎ�� ÓÈ¯È­º�ÈÓÓº® }¯ÈÓºä ¯Ë�

ÎÒäÓº® �¯�¹¹º® Ò ¯Ë°�¯°ºä �Ë�ÈãË® }ºÓ°�¯�}�ÒÒ

¹º ¹¯ÒÏÓÈ}� Ò² �Ò}ãÒ�Ë°}º® ¹¯º�Óº°�Ò�

�ºã��ËÓÓ©Ë ÏÈmÒ°Òäº°�Ò ¹ºÏmºã«
� ¹¯Ò �ÒÈ��

Óº°�Ò¯ºmÈÓÒÒ }¯ÈÓºm }º°mËÓÓ©ä ¹��Ëä º¹¯Ë�Ëã«�	

º°�È�º�Ó©® ¯Ë°�¯° ¯È­º�© ªãËäËÓ�ºm }ºÓ°�¯�}�Ò®�

º¹¯Ë�Ëã«« º°�È�º�Ó©® ¯ËÎÒäÓ©® ¯Ë°�¯° }¯ÈÓÈ ¹º

°�ÈÓ�È¯�Èä ,62 ���� Ò �|v� �����Ü���

�� jv| ������� z¯ÈÓ© Ò ¹º��ËäÓ©Ë �°�¯º®°�mÈ� zãÈ°°ÒÁÒ�
}È�Ò«� |­�ÒË ¹ºãºÎËÓÒ«�

�� �|v� �����Ü��� z¯ÈÓ© �¯�Ïº¹º��ËäÓ©Ë� cËÎÒä© ¯È­º�©�
�� lÈ}ºm°}Ò® k� l� iÒÈ�Óº°�Ò¯ºmÈÓÒË }¯ÈÓºm ¹º º°�È�º�Óº�

ä� ¯ËÎÒäÓºä� ¯Ë°�¯°� ÓÈ º°ÓºmË }ãÈ°°ÒÁÒ}È�ÒÒ °�ÈÓ�È¯�
�È �� �Ë²Ó� �ÒÈ�Óº°�Ò}È Ò ÓË¯ÈÏ¯��� }ºÓ�¯ºã	� Û �����
Û ¢ �� Û v� ��Ü���

>hg[Zk� ]hk� fZrbghkljhbl� ZdZ^_fby�

DjZfZlhjkd

IhklmibeZ \ j_^Zdpbx

����������

�È­ãÒ�Ó©Ë ÏÓÈ�ËÓÒ« ¯ËÎÒäÓº® �¯�¹¹© .�

εν ����� ����� ����� ����� ����� ����� ��� �

.� � � � � � � � �
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Ij_^klZ\e_gu j_amevlZlu bkke_^h\Zgby \ebygby hkh[_gghkl_c jZkijhkljZg_gby kb]gZeh\ Zdmklbq_kdhc wfbkkbb \

jZaebqguo lbiZo ba^_ebc� qlh fh`_l [ulv mql_gh ijb ijh\_^_gbb Zdmklbdh�wfbkkbhggh]h �:W� dhgljhey ljm[�

gh�h[hehq_qguo dhgkljmdpbc \ mkeh\byo ijhba\h^kl\Z ^ey hij_^_e_gby g_h[oh^bfh]h dhebq_kl\Z b f_kl mklZgh\db

Zdmklbq_kdbo ij_h[jZah\Zl_e_c�

7KH SDSHU JLYHV WKH UHVXOWV RI VWXG\LQJ WKH LQIOXHQFH RI WKH IHDWXUHV $( VLJQDO SURSDJDWLRQ LQ GLIIHUHQW W\SHV RI SURGXFWV�

ZKLFK PD\ EH WDNHQ LQWR DFFRXQW GXULQJ $( WHVWLQJ RI SLSH�VKHOO VWUXFWXUHV XQGHU WKH SURGXFWLRQ FRQGLWLRQV WR GHWHUPLQH

WKH UHTXLUHG QXPEHU DQG SRVLWLRQ RI PRXQWLQJ WKH DFRXVWLF WUDQVGXFHUV�

iã« �°¹Ë�Óº�º ¯Ë�ËÓÒ« ÏÈ�È�� °m«ÏÈÓÓ©² ° ¹º�

m©�ËÓÒËä ÓÈ�ËÎÓº°�Ò ¯È­º�© ¯ÈÏãÒ�Ó©² mÒ�ºm

ÒÏ�ËãÒ®� ÓËº­²º�Òäº ¯ÈÏ¯È­È�©mÈ�	 Ò mÓË�¯«�	 m

¹¯È}�Ò}� Óºm©Ë äË�º�© �Ë²ÓÒ�Ë°}º® �ÒÈ�Óº°�Ò}Ò

Ò }ºÓ�¯ºã«� °ºmË¯�ËÓ°�mºmÈ�	 �ÎË Ò°¹ºã	Ï�Ëä©Ë�

|�ÓÒä ÒÏ �È}Ò² äË�º�ºm «mã«Ë�°« kw äË�º� }ºÓ�

�¯ºã«� vãË��Ë� º�äË�Ò�	� ��º mÓË�¯ËÓÒË ª�º�º äË�

�º�È m ¹¯È}�Ò}� }ºÓ�¯ºã« �¯Ë­�Ë� ��Ë�È �Ëãº�º

¯«�È º°º­ËÓÓº°�Ë® }ºÓ�¯ºãÒ¯�Ëä©² }ºÓ°�¯�}�Ò®�

mãÒ«ÓÒ« ª�Ò² º°º­ËÓÓº°�Ë® ÓÈ ÒÏäËÓËÓÒË ¹È¯È�

äË�¯ºm ¯È°¹¯º°�¯ÈÓ«
�Ë®°« mºãÓ©� cÈ°°äº�¯Òä

ª�Ò mº¹¯º°© ­ºãËË ¹º�¯º­Óº�

iã« ÒÏ��ËÓÒ« º°º­ËÓÓº°�Ë® ¯È°¹¯º°�¯ÈÓËÓÒ«

kw mºãÓ ­©ãÒ ¹¯ºmË�ËÓ© º­°ãË�ºmÈÓÒ« º��Ëã	Ó©²

��È°�}ºm �¯�­º¹¯ºmº�ºm� °º°��ºm Ò ¯ËÏË¯m�È¯ºm

�Ë²Óºãº�Ò�Ë°}º�º ÓÈÏÓÈ�ËÓÒ« ÓÈ ¯ÈÏãÒ�Ó©² ¹¯Ë��

¹¯Ò«�Ò«² ²ÒäÒ�Ë°}º®� ÓËÁ�Ë²ÒäÒ�Ë°}º® Ò �ÈÏºmº®

º�¯È°ãË® ¹¯ºä©�ãËÓÓº°�Ò� �¯Ò ¹¯ºmË�ËÓÒÒ kw

}ºÓ�¯ºã« m �°ãºmÒ«² ¹¯ºÒÏmº�°�mÈ ÓËº­²º�Òäº

��Ò�©mÈ�	 °ãË��
�ÒË º°º­ËÓÓº°�Ò� m©°º}Ò® �¯º�

mËÓ	 ¹¯ºÒÏmº�°�mËÓÓ©² ��äºm� ��º ÏÈ�¯��Ó«Ë� ãº�

}È�Ò
 kw °Ò�ÓÈãºm� ÓÈãÒ�ÒË ÒÏºã«�ÒÒ� ¹¯Òmº�

�«�ËË } �º¹ºãÓÒ�Ëã	Óºä� ¹º�ãº�ËÓÒ
 ªÓË¯�ÒÒ

mºãÓ©� ÓÈãÒ�ÒË ¹Ë¯Ë²º�ºm �¯�­ �º­Ë�ÈË}� ¯ÈÏÓº�º

�ÒÈäË�¯È� ÓÈãÒ�ÒË º�mº�Ó©² �¯�­º¹¯ºmº�ºm� ÓÈ�

ãÒ�ÒË }ãÈ¹ÈÓºm� }¯ÈÓºm Ò ÁãÈÓ�Ëm©² °ºË�ÒÓËÓÒ®�

��º ¹¯Òmº�Ò� } �mËãÒ�ËÓÒ
 °�Ë¹ËÓÒ ÏÈ��²ÈÓÒ« °Ò��

ÓÈãÈ �¹º�ãº�ËÓÒË� ¯È°°ËÒmÈÓÒË� m �… �� ¯ÈÏ ¹º

°¯ÈmÓËÓÒ
 ° ��È°�}ÈäÒ ° ¹º°�º«ÓÓº® �ºã�ÒÓº®�

mãÒ«ÓÒ« ¹ºm©�ËÓÓ©² �Ëä¹Ë¯È��¯ ÓÈ ÒÏäËÓËÓÒË ²È�

¯È}�Ë¯Ò°�Ò} °Ò�ÓÈãÈ�

�¯Ò ÒÏ��ËÓÒÒ º°º­ËÓÓº°�Ë® ²È¯È}�Ë¯Ò°�Ò} ¯È°�

¹¯º°�¯ÈÓËÓÒ« mºãÓ �ã« º¹¯Ë�ËãËÓÒ« mºÏäºÎÓº�º

¯È°°�º«ÓÒ« äËÎ�� �È��Ò}ÈäÒ ÓËº­²º�Òäº m©�Ë�

ãÒ�	 Ò ÏÈ¯Ë�Ò°�¯Ò¯ºmÈ�	 m �°ãºmÒ«² ¹ºäË² äº��

°Ò�ÓÈãÈ ° äÈ}°ÒäÈã	Ó©ä ÏÓÈ�ËÓÒËä Èä¹ãÒ���©�

º¹¯Ë�ËãÒ�	 }ºªÁÁÒ�ÒËÓ� ÏÈ��²ÈÓÒ« °Ò�ÓÈãÈ m äÈ�

�Ë¯ÒÈãË� w}°¹Ë¯ÒäËÓ�Èã	Ó©Ë �ÈÓÓ©Ë ¹º}ÈÏ©mÈ
��

��º �ã« °�Èã	Ó©² �¯�­ ÏÈ��²ÈÓÒË �~ mºãÓ °º°�

�Èmã«Ë� }È} m °ã��ÈË ¹�°�º® �¯�­©� �È} Ò ÏÈ¹ºã�

ÓËÓÓº®� mËãÒ�ÒÓ� ¹º¯«�}È ��� �r�ä� w�º ¹ºÏmº�

ã«Ë� ¯ÈÏÓº°Ò�	 �È��Ò}Ò kw ÓÈ ¯È°°�º«ÓÒË ­ºãËË

��� ä� jÏäË¯ËÓÒË °}º¯º°�Ë® ¯È°¹¯º°�¯ÈÓËÓÒ« °Ò��

ÓÈãÈ ¹¯Ò ¯È­º�Ë ÓÈ �ÈÏº¹¯ºmº�È² ¹º}ÈÏÈãº� ��º

ãº}È�Ò
 °ãË��Ë� ¹¯ºmº�Ò�	 �ã« äº�©� ¯È°¹¯º°��

¯ÈÓ«
�Ë®°« °º °}º¯º°�	
 ��� ää�ä}°� È ¹¯Ò ¯È�

­º�Ë ÓÈ ÓËÁ�Ë¹¯ºmº�È² Û ��� ää�ä}°� v}º¯º°�	

ÒÏäËÓ«Ë�°« m ÏÈmÒ°Òäº°�Ò º� äÈ�Ë¯ÒÈãÈ �¯�­©� �Ëä�

¹Ë¯È��¯© Ò �¯��Ò² ²È¯È}�Ë¯Ò°�Ò}� { °ã��ÈË ¹º��

ÏËäÓº® ¹¯º}ãÈ�}Ò �¯�­º¹¯ºmº�È °ãË��Ë� ��Ò�©�

mÈ�	 �ã�­ÒÓ� ÏÈãË�ÈÓÒ« �¯�­© Ò ²È¯È}�Ë¯Ò°�Ò}Ò

¹º�m©�

|°ãÈ­ãËÓÒË Èä¹ãÒ���© �~ mºãÓ� ¯È°¹¯º°�¯È�

Ó«
�Ò²°« m °¯Ë�Ë� º¹¯Ë�Ëã«Ë�°« ÏÈ��²ÈÓÒËä Ò º¹Ò�

°©mÈË�°« °ãË��
�Òä m©¯ÈÎËÓÒËä�

$  $
�
H
Üα[

� ���

��Ë α Û }ºªÁÁÒ�ÒËÓ� ÏÈ��²ÈÓÒ« �s¹�ä��

zºªÁÁÒ�ÒËÓ� ÏÈ��²ÈÓÒ« �~ }ºãË­ÈÓÒ® º¹¯Ë�

�Ëã«Ë�°« ¯È°°�º«ÓÒËä ��ãÒÓº® ¹��Ò� m äË�¯È²� ÓÈ

}º�º¯ºä Èä¹ãÒ���È ¹ãº°}º® mºãÓ© �äËÓ	�ÈË�°«

m H  ����� ¯ÈÏ�

iã« º¹¯Ë�ËãËÓÒ« }ºªÁÁÒ�ÒËÓ�È ÏÈ��²ÈÓÒ«

¹¯ÒäËÓ«ãÒ°	 �¯Ò°� ��� �ËÓË¯È�º¯ Òä¹�ã	°ºm ������

ÒÏã��È�Ëã	 �~ }ºãË­ÈÓÒ®� ¯ÈÏ¯È­º�ÈÓÓ©® m jwv

Òä� p� |� �È�ºÓÈ sks� �jwv�� ¹¯ÒËäÓÒ} �~

}ºãË­ÈÓÒ® �jwv�� º­�Ë}� }ºÓ�¯ºã«� º°�Òããº�¯ÈÁ

� k� Ð� sË�º°Ë}È� l� k� |m°ÒËÓ}º� �� n� tÈ¯�ËÓ}º� l� k� Ð¯ËäËÓ}º� ����

cÒ°� �� v�¯�}��¯ÓÈ« °²ËäÈ ÒÏäË¯ËÓÒ« }ºªÁÁÒ�ÒËÓ�È ÏÈ��²ÈÓÒ« �~ mºãÓ
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v����� °Ò°�ËäÈ �Ë²ÓÒ�Ë°}º® �ÒÈ�Óº°�Ò}Ò ½plk�
��� °ºË�ÒÓÒ�Ëã	Ó©Ë ªãËäËÓ�©�

sÈ ÒÏã��È�Ëã	 �~ }ºãË­ÈÓÒ® ¹º�ÈmÈãÒ °Ò�ÓÈã
° m©²º�È �ËÓË¯È�º¯È Òä¹�ã	°ºm ������ �È¯ÈäË�¯©
°Ò�ÓÈãÈ� �ãÒ�Ëã	Óº°�	 Û � ä}°� Èä¹ãÒ���È Û
�� {� �È°�º�È ¹ºm�º¯ËÓÒ« Û �� ���

jÏã��È�Ëã	 �~ }ºãË­ÈÓÒ® m ¹¯º�Ë°°Ë Ò°°ãË�º�
mÈÓÒ® ¹Ë¯ËäË�ÈãÒ º�Óº°Ò�Ëã	Óº ¹¯ÒËäÓÒ}È� jÏäË�
¯ËÓÒ« ¹¯ºmº�ÒãÒ �Ë¯ËÏ ÁÒ}°Ò¯ºmÈÓÓºË ¯È°°�º«ÓÒË
��…�� ä� ¹º �º¯ÒÏºÓ�Èã	Óºä� �mË¯�Ò}Èã	Óºä�� °Ë�
�ËÓÒ
 }ºÓ�¯ºãÒ¯�Ëäº�º º­�Ë}�È� sÈ ª}¯ÈÓË º°�Òã�
ãº�¯ÈÁÈ ÓÈ­ã
�ÈãÒ ÏÈ Áº¯äº® °Ò�ÓÈãÈ Ò ¹¯ºmº�ÒãÒ
ÒÏäË¯ËÓÒË ÏÓÈ�ËÓÒ® Èä¹ãÒ���©� jÏã��È�Ëã	 �~ }º�
ãË­ÈÓÒ® �°�ÈÓÈmãÒmÈãÒ m º�Ó� �º�}� ¹«�	 ¯ÈÏ� iÈÓ�
Ó©Ë ¹º ¹«�Ò ÒÏäË¯ËÓÒ«ä �°¯Ë�Ó«ãÒ�

iã« º¹¯Ë�ËãËÓÒ« }ºªÁÁÒ�ÒËÓ�È ÏÈ��²ÈÓÒ« �~
}ºãË­ÈÓÒ® ÓÈ ��È°�}È² ÈääÒÈ}º¹¯ºmº�È ¹¯ÒËäÓÒ}
Ò ÒÏã��È�Ëã	 �°�ÈÓÈmãÒmÈãÒ ÓÈ mË¯²ÓË® º­¯ÈÏ��

�Ë® �¯�­©� sÈ ¯Ò°� � ¹º}ÈÏÈÓ ¹º��º�ºmãËÓÓ©®
��È°�º} ° �°�ÈÓºmãËÓÓ©äÒ �È��Ò}ÈäÒ �¯�­º¹¯º�
mº�È �ã« º¹¯Ë�ËãËÓÒ« }ºªÁÁÒ�ÒËÓ�È ÏÈ��²ÈÓÒ«
ÓÈ º­�Ë}�Ë }ºÓ�¯ºã«� jÏã��È�Ëã	 �~ }ºãË­ÈÓÒ®
m ¹¯º�Ë°°Ë Ò°°ãË�ºmÈÓÒ® ¹Ë¯ËäË�ÈãÒ º�Óº°Ò�Ëã	Óº
¹¯ÒËäÓÒ}È ¹º mË¯²ÓË® º­¯ÈÏ�
�Ë® �¯�­© ÓÈ ��È°�
�}È² ­ËÏ ÏÈ�Ò�Óº�º }ºÎ�²È �m }ºãº��È² }ºä¹ËÓ�
°È�º¯ºm�� jÏäË¯ËÓÒ« ¹¯ºmº�ÒãÒ �Ë¯ËÏ �� ä� �º�
ã��ËÓÓ©Ë �ÈÓÓ©Ë ¹¯Ë�°�ÈmãËÓ© ÓÈ ¯Ò°� ��

vº�ãÈ°Óº Áº¯ä�ãË ����

α  ���������  ������ s¹�ä

Ò ÏÈ��²ÈÓÒË °Ò�ÓÈãÈ ­��Ë�

1α  ����� �r�ä�

kÓÈãº�Ò�Ó©Ë Ò°°ãË�ºmÈÓÒ« ¹¯ºmË�ËÓ© ÓÈ �¯Ë²
ÈääÒÈ}º²¯ÈÓÒãÒ�È²� ¹¯Ë�°�Èmã«
�Ò² °º­º® mË¯�
�Ò}Èã	Ó©Ë �ÒãÒÓ�¯Ò�Ë°}ÒË °º°��© ° }¯©�}º® m©�
°º�º® �� ä� �ÒÈäË�¯ºä º°ÓºmÈÓÒ« �� ä�

kääÒÈ}º²¯ÈÓÒãÒ�È m äºäËÓ� ¹¯ºmË�ËÓÒ« kw
¹¯ºÏm��ÒmÈÓÒ« ÓÈ²º�ÒãÒ°	 ­ËÏ ¯È­º�Ë�º ¹¯º��}�È�
ÒÏºã«�ÒºÓÓºË ¹º}¯©�ÒË ­©ãº °Ó«�º� sÈ ¯Ò°� �
¹º}ÈÏÈÓ ��È°�º} º­�Ë}�È }ºÓ�¯ºã«� ÓÈ }º�º¯ºä
¹¯ºmË�ËÓº º¹¯Ë�ËãËÓÒË }ºªÁÁÒ�ÒËÓ�È ÏÈ��²ÈÓÒ«
�~ }ºãË­ÈÓÒ®�

iÈÓÓ©Ë ÒÏäË¯ËÓÒ® ¹¯Ë�°�ÈmãËÓ© m mÒ�Ë �¯È�
ÁÒ�Ë°}Ò² ÏÈmÒ°Òäº°�Ë® ÓÈ ¯Ò°� ��

kÓÈãÒÏÒ¯�« ÏÈmÒ°Òäº°�Ò Èä¹ãÒ��� °Ò�ÓÈãÈ kw
º� ¯È°°�º«ÓÒ« äËÎ�� ¹¯ÒËäÓÒ}ºä Ò ÒÏã��È�ËãËä
�~ °Ò�ÓÈãÈ� äºÎÓº º�äË�Ò�	� ��º ÓÈ­ã
�ÈË�°« ÓË�
¯ÈmÓºäË¯Óº°�	 ¯È°¹¯Ë�ËãËÓÒ« Ïm�}ºmº® mºãÓ© m ÏÈ�
mÒ°Òäº°�Ò º� °ºº�Óº�ËÓÒ« äËÎ�� ÁÈÏÈäÒ mºãÓ�
°}ãÈ�©mÈ
�Ò²°« m �º® ÒãÒ ÒÓº® �º�}Ë�

�ËºäË�¯Ò�Ë°}È« °�ääÈ mË}�º¯ºm ¹¯«äº® Ò º­�
¯È�Óº® mºãÓ© º¹¯Ë�Ëã«Ë� Èä¹ãÒ���� °�ääÈ¯Óº®
mºãÓ©�
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$
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FRV ϕ �

��Ë $ Û Èä¹ãÒ���È °�ääÈ¯Óº�º }ºãË­ÈÓÒ«� $
�

Û Èä¹ãÒ���È ¹¯«äº® mºãÓ©� $
�
Û Èä¹ãÒ���È

º­¯È�Óº® mºãÓ©� ϕ Û ¯ÈÏÓº°�	 ÁÈÏ äËÎ�� Ò°�
²º�Ó©äÒ mºãÓÈäÒ m �ÈÓÓº® �º�}Ë�

sÈ­ã
�ÈË�°« ÓÈ¯��ËÓÒË ªÓË¯�Ë�Ò�Ë°}º�º °ãº�
ÎËÓÒ« mºãÓ� �� Ë� ¯ËÏ�ã	�Ò¯�
�È« Èä¹ãÒ���È äº�
ÎË� ­©�	 }È} ­ºã	�Ë� �È} Ò äËÓ	�Ë °�ää© Èä�
¹ãÒ��� }ÈÎ�º® ÒÏ °º°�Èmã«
�Ò² mºãÓ�

|°ãÈ­ãËÓÒË Èä¹ãÒ���© �~ mºãÓ© ¹¯ºÒ°²º�Ò�
¹º ª}°¹ºÓËÓ�ÒÈã	Óºä� m©¯ÈÎËÓÒ
 ����

sÈ ª�� ª}°¹ºÓËÓ�� ÓÈ}ãÈ�©mÈË�°« �ËmÒÈ�Ò«
°�ääÈ¯Óº® Èä¹ãÒ���©� ¹ºª�ºä� ÓËº­²º�Òäº m©�
�ËãËÓÒË °Èäº® ª}°¹ºÓËÓ�©� |ÓÈ ¹¯º²º�Ò� �Ë¯ËÏ
º¯�ÒÓÈ�� � ä� �È}Òä º­¯ÈÏºä� }ºªÁÁÒ�ÒËÓ� ÏÈ�
��²ÈÓÒ« �~ }ºãË­ÈÓÒ® �ã« ÈääÒÈ}º²¯ÈÓÒãÒ��

¢ �� α  �������  ����� s¹�ä �1α  ����� �r�ä��

¢ �� α  �������  ����� s¹�ä �1α  ���� �r�ä��

¢ �� α  �������  ����� s¹�ä �1α  ����� �r�ä��

�¯Ò º¹¯Ë�ËãËÓÒÒ }ºªÁÁÒ�ÒËÓ�È ÏÈ��²ÈÓÒ« kw
°Ò�ÓÈãÈ ÓÈ ¹ºmË¯²Óº°�Ò °ÁË¯Ò�Ë°}Ò² º­�Ë}�ºm
}ºÓ�¯ºã« �ÓÈ¹¯ÒäË¯� �È¯ºmº�º �ÈÏ�ºã	�Ë¯È� ÒäË�

cÒ°� �� ��È°�º} �¯�­º¹¯ºmº�È ° �°�ÈÓºmãËÓÓ©äÒ �È��Ò}ÈäÒ �ã«
º¹¯Ë�ËãËÓÒ« }ºªÁÁÒ�ÒËÓ�È ÏÈ��²ÈÓÒ« �~ }ºãË­ÈÓÒ®

cÒ°� �� ~ÈmÒ°Òäº°�	 Èä¹ãÒ���© °Ò�ÓÈãÈ kw º� ¯È°°�º«ÓÒ« äËÎ��
¹¯ÒËäÓÒ}ºä Ò ÒÏã��È�ËãËä �~ °Ò�ÓÈãÈ

cÒ°� �� ��È°�º} º­�Ë}�È }ºÓ�¯ºã«� ¹º��º�ºmãËÓÓ©® �ã« º¹¯Ë�Ë�
ãËÓÒ« }ºªÁÁÒ�ÒËÓ�È ÏÈ��²ÈÓÒ« �~ }ºãË­ÈÓÒ®
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�Ë�º �ÒÈäË�¯ ���� ä� ÒÏã��È�Ëã	 �~ }ºãË­ÈÓÒ®
¹Ë¯ËäË�ÈãÒ �Ë¯ËÏ � ä ¹º �Ëº�ËÏÒ�Ë°}º® ãÒÓÒÒ
�­ºã	�ºä� }¯���� m ÓÈ¹¯ÈmãËÓÒÒ º� mË¯�ÒÓ© }
ÓÒÎÓË® �º�}Ë °ÁË¯©� {ÓË�ÓÒ® mÒ� º­�Ë}�È }ºÓ�
�¯ºã« ¹¯Ë�°�ÈmãËÓ ÓÈ ¯Ò°� ��

�¯Ë�°�ÈmÒä ¹ºã��ËÓÓ©Ë �ÈÓÓ©Ë m �¯ÈÁÒ�Ë°}ºä
mÒ�Ë �¯Ò°� ���

kä¹ãÒ���È �~ mºãÓ© m �ÈÓÓºä °ã��ÈË º¹¯Ë�
�Ëã«Ë�°« °º�ãÈ°Óº m©¯ÈÎËÓÒ
�
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��Ë [ Û ¯È°°�º«ÓÒË ¹º �Ëº�ËÏÒ�Ë°}º® ãÒÓÒÒ º�
Ò°�º�ÓÒ}È �~ }ºãË­ÈÓÒ® �º ¹¯ÒËäÓÒ}È� NÛ }ºªÁ�
ÁÒ�ÒËÓ� Áº¯ä© ÒÏ�ËãÒ«� 5 Û ¯È�Ò�° °ÁË¯©�

zºªÁÁÒ�ÒËÓ� ÏÈ��²ÈÓÒ« �~ }ºãË­ÈÓÒ® �ã« �È�
¯ºmº�º �ÈÏ�ºã	�Ë¯È�

α = ���

��
 ���� s¹�ä �1α  ���� �r�ä��

kÓÈãÒÏÒ¯�« ÏÈmÒ°Òäº°�Ò Èä¹ãÒ��� °Ò�ÓÈãÈ kw
º� ¯È°°�º«ÓÒ« äËÎ�� ¹¯ÒËäÓÒ}ºä Ò ÒÏã��È�ËãËä
�~ °Ò�ÓÈãÈ� äºÎÓº º�äË�Ò�	� ��º ÓÈ­ã
�ÈË�°« ÓË�
¯ÈmÓºäË¯Óº°�	 ¯È°¹¯Ë�ËãËÓÒ« Ïm�}ºmº® mºãÓ© m ÏÈ�
mÒ°Òäº°�Ò º� °ºº�Óº�ËÓÒ« äËÎ�� ÁÈÏÈäÒ mºãÓ� m
¯ËÏ�ã	�È�Ë }º�º¯º® Èä¹ãÒ���È °�ääÈ¯Óº® mºãÓ©
�äËÓ	�ÈË�°« } ¹ºã
°�� ÓÈ²º�«�Ëä�°« ÓÈ �Ë�mË¯�Ò
¯È°°�º«ÓÒ« �Ëº�ËÏÒ�Ë°}º® ãÒÓÒÒ º� Ò°�º�ÓÒ}È �~
}ºãË­ÈÓÒ® �äÒÓÒä�ä�� Ò �mËãÒ�ÒmÈË�°« } �¯��ºä�
¹ºã
°�� ÓÈ²º�«�Ëä�°« ÓÈ ¹ºãºmÒÓË �ãÒÓ© �Ëº�Ë�
ÏÒ�Ë°}º® ãÒÓÒÒ�

cÒ°� �� vÁË¯Ò�Ë°}Ò® º­�Ë}� }ºÓ�¯ºã«� ÓÈ }º�º¯ºä ­©ãº ¹¯ºmË�
�ËÓº º¹¯Ë�ËãËÓÒË }ºªÁÁÒ�ÒËÓ�È ÏÈ��²ÈÓÒ« �~ }ºãË­ÈÓÒ®

cÒ°� �� ~ÈmÒ°Òäº°�	 Èä¹ãÒ���© °Ò�ÓÈãÈ kw º� ¯È°°�º«ÓÒ« äËÎ��
¹¯ÒËäÓÒ}ºä Ò ÒÏã��È�ËãËä �~ °Ò�ÓÈãÈ ��È¯ºmº® �ÈÏ�ºã	�Ë¯�
äËÎ�� � Ò ��ä ÒÏäË¯ËÓÒËä ¹¯º²º�Ò� �º¯ÒÏºÓ�Èã	ÓºË °Ë�ËÓÒË °ÁË�
¯©�

cÒ°� �� ~ÈmÒ°Òäº°�Ò Èä¹ãÒ��� °Ò�ÓÈãÈ kw º� ¯È°°�º«ÓÒ® äËÎ��
¹¯ÒËäÓÒ}ºä Ò ÒÏã��È�ËãËä �~ °Ò�ÓÈãÈ ÓÈ ÈääÒÈ}º²¯ÈÓÒãÒ�È²
¢ � �È�� ¢ � �­� Ò ¢ � �m�
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zºªÁÁÒ�ÒËÓ� ÏÈ��²ÈÓÒ« �~ }ºãË­ÈÓÒ® ÓÈ ��È°�
�}È² ÈääÒÈ}º¹¯ºmº�È °º°�Èmã«Ë� ������ s¹�ä� ��º
¹ºÏmºã«Ë� ¯ÈÏÓº°Ò�	 ¹¯ÒËäÓ©Ë ¹¯Ëº­¯ÈÏºmÈ�ËãÒ kw
�ã« ¹¯ºmË�ËÓÒ« }ºÓ�¯ºã« ÓÈ ¯È°°�º«ÓÒ« �º ��� ä�

zºªÁÁÒ�ÒËÓ� ÏÈ��²ÈÓÒ« �~ }ºãË­ÈÓÒ® ÓÈ Èä�
äÒÈ}º²¯ÈÓÒãÒ�È² Û �����…����� s¹�ä� w�º
¹ºÏmºãÒãº º¹¯Ë�ËãÒ�	 º¹�ÒäÈã	ÓºË ¯È°°�º«ÓÒË
äËÎ�� ¹¯ÒËäÓ©äÒ ¹¯Ëº­¯ÈÏºmÈ�Ëã«äÒ kw Û �� ä
Ò °²Ëä� Ò² ¯ÈÏäË�ËÓÒ« ÓÈ º­�Ë}�Ë�

zºªÁÁÒ�ÒËÓ� ÏÈ��²ÈÓÒ« �~ }ºãË­ÈÓÒ® ÓÈ �È�
¯ºmºä �ÈÏ�ºã	�Ë¯Ë °º°�Èmã«Ë� ���� s¹�ä� j°²º�«
ÒÏ ª�º�º º¹�ÒäÈã	ÓºË ¯È°°�º«ÓÒË äËÎ�� È}�°�Ò�
�Ë°}ÒäÒ ¹¯Ëº­¯ÈÏºmÈ�Ëã«äÒ Û �º �� ä ¹º �Ëº�
�ËÏÒ�Ë°}º® ãÒÓÒÒ�

�¯Ò ¹¯ºmË�ËÓÒÒ kw }ºÓ�¯ºã« �¯�­Óº�º­ºãº�Ë��
Ó©² }ºÓ°�¯�}�Ò® ­ºã	�Ò² ¯ÈÏäË¯ºm ÓËº­²º�Òäº

��Ò�©mÈ�	 º°º­ËÓÓº°�Ò ¯È°¹¯º°�¯ÈÓËÓÒ« kw mºãÓ
m �È}Ò² }ºÓ°�¯�}�Ò«²� ��º ¹ºÏmºãÒ� ¹ºm©°Ò�	 �º°�
�ºmË¯Óº°�	 ¹ºã��ÈËäº® kw ÒÓÁº¯äÈ�ÒÒ� �º�Óº°�	
º¹¯Ë�ËãËÓÒ« }ºº¯�ÒÓÈ� äË°� ¹ºm©�ËÓÓº® kw È}�
�ÒmÓº°�Ò� º­º°ÓºmÈÓÓº �°�ÈÓºmÒ�	 º¹�ÒäÈã	ÓºË }º�
ãÒ�Ë°�mº ¹¯ÒËäÓ©² ¹¯Ëº­¯ÈÏºmÈ�ËãË®�

�� iv�� ����Ü����� sÈ°�ÈÓºmÒ �º�º ¹¯ºmË�ËÓÓ« È}�°�Ò}º�
Ëä�°�®Óº�º ��È�Óº°��mÈÓÓ« º­�¼}��m ¹��mÒ�ËÓº� ÓË­ËÏ¹Ë}Ò�
Û zÒ�m� iË¯Î� }ºä��Ë� �}¯È�ÓÒ Ï ¹Ò�ÈÓ	 �Ë²Ó��Óº�º ¯Ë���
ã
mÈÓÓ« �È °¹ºÎÒm�º� ¹ºã��Ò}Ò� ����� Û �� °�

�� | ¹¯ÒäËÓËÓÒÒ äË�º�È È}�°�Ò�Ë°}º® ªäÒ°°ÒÒ �ã« }ºÓ�¯ºã«
¹¯ºä©�ãËÓÓ©² }ºÓ°�¯�}�Ò® � k� Ð� sË�º°Ë}È� l� k� |m�
°ÒËÓ}º� �� n� tÈ¯�ËÓ}º� l� k� Ð¯ËäËÓ}º �� �Ë²Ó� �ÒÈ��
Óº°�Ò}È Ò ÓË¯ÈÏ¯��� }ºÓ�¯ºã	� Û ����� Û ¢ �� Û v� �Ü��

�� cË}ºäËÓ�È�ÒÒ ¹º ¹¯ÒäËÓËÓÒ
 È}�°�Ò}º�ªäÒ°°ÒºÓÓº® �ÒÈ��
Óº°�Ò}Ò �Ë²Óºãº�Ò�Ë°}º�º º­º¯��ºmÈÓÒ« Ò �¯�­º¹¯ºmº�ºm
�ÈÏº²ÒäÒ�Ë°}Ò² }ºä¹ãË}°ºm� Û l�� jc¡ ½�ÈÏ¹¯ºä��
����� Û ��� °�

�� �¯Ò­º¯© �ã« ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�¯ºã« äÈ�Ë¯ÒÈãºm Ò ÒÏ�
�ËãÒ®� v¹¯Èm� � �º� ¯Ë�� {� {� zã
ËmÈ� Û l�� lÈ�Ò�
Óº°�¯ºËÓÒË� ����� Û ��� °�

Bg�l we_dljhk\Zjdb bf� ?� H� IZlhgZ G:G MdjZbgu�

Db_\

IhklmibeZ \ j_^Zdpbx

����������

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



M>D ����������

�������������	
	��
		��������������������

{� j� �|cip�jq� {� p�  krks|{

Ijb\_^_gh fZl_fZlbq_kdh_ fh^_ebjh\Zgb_ ]_g_jZlhjh\� ijbf_gy_fuo \ ^_n_dlhkdhiZo� b ZgZebabjmxlky bo

kjZ\gbl_evgu_ dZq_kl\Z� IhdZaZg oZjZdl_j \ha^_ckl\by we_dljhZdmklbq_kdh]h ljZdlZ b iv_ahij_h[jZah\Zl_e_c

gZ \j_f_ggu_ b ki_dljZevgu_ oZjZld_jbklbdb baemqZ_fuo Zdmklbq_kdbo kb]gZeh\�

0DWKHPDWLFDO VLPXODWLRQ RI JHQHUDWRUV� XVHG LQ IODZ GHWHFWLRQ� LV JLYHQ� DQG WKHLU FRPSDUDWLYH TXDOLWLHV DUH DQDO\]HG� 6KRZQ

LV WKH QDWXUH RI WKH LPSDFW RI HOHFWURDFRXVWLF FLUFXLW DQG SLH]]RWUDQVGXFHUV RQ WKH WLPH DQG VSHFWUDO FKDUDFWHULVWLFV RI WKH

HPLWWHG DFRXVWLF VLJQDOV�

�¯Ò ÈÓÈãÒÏË ¯È­º�© �ã	�¯ÈÏm�}ºm©² ��~� �ËÁË}�
�º°}º¹ºm º°ÓºmÓºË mÓÒäÈÓÒË ��Ëã«Ë�°« �¯Ëä Ë�º
�ÏãÈä� È ÒäËÓÓº� ªãË}�¯Ò�Ë°}ºä� �¯È}�� mºÏ­�Î�
�ËÓÒ« ¹	ËÏº¹¯Ëº­¯ÈÏºmÈ�Ëã«� °Èäºä� ¹	ËÏº¹¯Ëº­�
¯ÈÏºmÈ�Ëã
� È �È}ÎË �¯È}�� �°ÒãËÓÒ« Ò º­¯È­º�}Ò
ÒÓÁº¯äÈ�ÒÒ� �¯Ò�Ëä� �ËÓ�¯Èã	Ó©ä Ò ÓÈÒ­ºãËË º��
mË�°�mËÓÓ©ä �Ïãºä ¹º ¹¯Èm� °�Ò�ÈË�°« ¹	ËÏº¹¯Ë�
º­¯ÈÏºmÈ�Ëã	� È m°Ë �¯��ÒË �Ïã© m }ºÓË�Óºä Ò�º�Ë
«mã«
�°« m°¹ºäº�È�Ëã	Ó©äÒ Ò °ã�ÎÈ� �ã« Ë�º mºÏ�
­�Î�ËÓÒ« Ò ¹¯ÒËäÈ� ÈÓÈãÒÏÈ ¹ºã��ÈËäº® ° Ë�º
¹ºäº�	
 ÒÓÁº¯äÈ�ÒÒ� {äË°�Ë ° �Ëä ¯ËÏ�ã	�È� ¯È�
­º�© �ËÁË}�º°}º¹È� �� Ë� Ë�º ��m°�mÒ�Ëã	Óº°�	�
¯ÈÏ¯Ë�È
�È« °¹º°º­Óº°�	� º­�Ë}�© }ºÓ�¯ºã« Ò ¹º�
ã��ÈËäÈ« ÒÓÁº¯äÈ�Ò« Áº¯äÒ¯�Ë�°« m°ËäÒ �¯Ëä«
�}ÈÏÈÓÓ©äÒ �ÏãÈäÒ� { ÓÈ°�º«�Ë® ¯È­º�Ë ¯È°°äº��
¯Òä ¹Ë¯m©Ë ÒÏ ª�Ò² ÁÈ}�º¯ºm�

j°°ãË�ºmÈÓÒË �¯È}�È mºÏ­�Î�ËÓÒ« �ËÁË}�º°�

}º¹È� �ËÓË¯È�º¯© ªãË}�¯Ò�Ë°}Ò² Òä¹�ã	°Ó©² °Ò��
ÓÈãºm� ¹¯ÒäËÓ«Ëä©² m �~ �ËÁË}�º°}º¹È²� ­©mÈ
�

°Èä©² ¯ÈÏãÒ�Ó©² mÒ�ºm� cÈ°°äº�¯Òä Ò² °¯ÈmÓÒ�

�Ëã	Ó©Ë �º°�ºÒÓ°�mÈ� ÓË�º°�È�}Ò� Ò ÓÈ ª�ºä ÁºÓË

º�ËÓÒä }È�Ë°�mÈ ¯È°°äÈ�¯ÒmÈËä©² ¹¯Ò­º¯ºm�

|�ÓÒä ÒÏ ÓÈÒ­ºãËË ¯È°¹¯º°�¯ÈÓËÓÓ©² Ò°�º��

ÓÒ}ºm ªãË}�¯Ò�Ë°}Ò² °Ò�ÓÈãºm �ËÁË}�º°}º¹ºm «m�

ã«Ë�°« �ËÓË¯È�º¯ ��È¯Óº�º mºÏ­�Î�ËÓÒ«� jä Áº¯�

äÒ¯�Ë�°« ¯ËÏ}º äËÓ«
�È«°« Èä¹ãÒ���È ÓÈ¹¯«ÎË�

ÓÒ«� È m°Ë �È°�º�Ó©Ë °mº®°�mÈ È}�°�Ò�Ë°}º�º °Ò��

ÓÈãÈ �°�ÈÓÈmãÒmÈ
�°« ¹È¯ÈäË�¯ÈäÒ °ÈäÒ² ¹¯Ëº­�

¯ÈÏºmÈ�ËãË®� tÈ¯È}�Ë¯Ò°�Ò}Ò �È}Ò² °Ò�ÓÈãºm äºÎ�

Óº º¹Ò°È�	 Á�Ó}�ÒË®�
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Û äºäËÓ� °¯©mÈ ªãË}�¯Ò�Ë°}º�º °Ò�ÓÈãÈ�
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ÓÒ�ÓÈ« °��¹ËÓ�È�È« Á�Ó}�Ò« tËmÒ°È®�È�

�¯Ò�Ëä� ¯Ë��ãÒ¯ºmÈÓÒËä ¹º}ÈÏÈ�Ëã« �º­ÒmÈ
��

°« �mËãÒ�ËÓÒ« °¹Ë}�¯Èã	Óº® ¹ãº�Óº°�Ò �}ÈÏÈÓÓº�º

Òä¹�ã	°È� {¯ËäËÓÓ©Ë Ò °¹Ë}�¯Èã	Ó©Ë ²È¯È}�Ë¯Ò°�
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{©mº�

�¯ÒäËÓËÓÒË �ËÓË¯È�º¯È °Ò�ÓÈãºm ° �}ÈÏÈÓÓº® Èä¹�
ãÒ���Óº® äº��ã«�ÒË® ÓË ¹¯Òmº�Ò� } °��Ë°�mËÓÓº�
ä� �ã���ËÓÒ
 m¯ËäËÓÓ©² Ò °¹Ë}�¯Èã	Ó©² ²È¯È}�
�Ë¯Ò°�Ò} �ËÁË}�º°}º¹ºm� Óº °¹º°º­°�m�Ë� °�È­ÒãÒ�
ÏÈ�ÒÒ Ë�º ¯È­º�Ë® �È°�º�© Ò äËÓ	�Ë® ÏÈmÒ°Òäº°�Ò
°Ò�ÓÈãºm º� ¹È¯ÈäË�¯ºm ¹¯Ëº­¯ÈÏºmÈ�ËãË®� z¯ºäË
�º�º� °¹Ë�ÒÈã	Ó©Ë ÁÒã	�¯©� Áº¯äÒ¯�
�ÒË °¹Ë}��
¯Èã	Ó©Ë ²È¯È}�Ë¯Ò°�Ò}Ò °Ò�ÓÈãºm� ¹¯Ò Ò°¹ºã	Ïº�
mÈÓÒÒ ¹	ËÏº¹¯Ëº­¯ÈÏºmÈ�ËãË® ÓË �¯Ë­�
�°«�

�� nÒÏÒ�Ë°}È« È}�°�Ò}È � �º� ¯Ë�� �� lªÏºÓÈ� Û ���� lË�
�º�© Ò ¹¯Ò­º¯© �~ Ò°°ãË�ºmÈÓÒ®� Û  �k� Û lÒ¯� �����
Û ��� °�
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�Ò²
°Ò�ÓÈãºm ¹¯Ò ¯ÈÏãÒ�Ó©² È}�ÒmÓ©² °º¹¯º�ÒmãËÓÒ«² ÓÈ�¯�Ï}Ò
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v �� ¹º �� º}�«­¯« ���� �� m zÒËmË °º°�º«ãÈ°	 9,,, �}¯ÈÒÓ°}È« ÓÈ��Óº�

�Ë²ÓÒ�Ë°}È« }ºÓÁË¯ËÓ�ÒÒ ½lË�ÈããÒ�Ë°}ÒË }ºÓ°�¯�}�ÒÒ� mÏ�ã«� m ¹¯º�ãºË Ò ­��

���ËË�� ¹º°m«�ËÓÓÈ« ���ãË�Ò
 º­¯ÈÏºmÈÓÒ« |k| ½�}¯ÈÒÓ°}Ò® ÓÈ��Óº�Ò°°ãË�º�

mÈ�Ëã	°}Ò® Ò ¹¯ºË}�Ó©® ÒÓ°�Ò��� °�Èã	Ó©² }ºÓ°�¯�}�Ò® ÒäËÓÒ {� s� bÒäÈÓºm�

°}º�º� ��Ëã�� ����� ����������� �¯ºmË�ËÓÒË }ºÓÁË¯ËÓ�ÒÒ ¹º��Ë¯ÎÈÓº �º°°�¯ºËä

�}¯ÈÒÓ©� sÈ�ÒºÓÈã	Óº® È}È�ËäÒË® ÓÈ�} �}¯ÈÒÓ©� zÒËm°}º® �º¯º�°}º® �º�

°È�äÒÓÒ°�¯È�ÒË®� k}È�ËäÒË® °�¯ºÒ�Ëã	°�mÈ �}¯ÈÒÓ© Ò �¯��ÒäÒ �º°��È¯°�mËÓÓ©äÒ

Ò º­�Ë°�mËÓÓ©äÒ º¯�È� ÓÒÏÈ�Ò«äÒ�

sÈ }ºÓÁË¯ËÓ�ÒÒ ¹¯Ë�°�ÈmãËÓº ��� �º}ãÈ�È� ¹º��º�ºmãËÓÓ©² ��� ��ËÓ©äÒ Ò

°¹Ë�ÒÈãÒ°�ÈäÒ ÒÏ �� °�¯ÈÓ� �ËäÈ�Ò}È �º}ãÈ�ºm º²mÈ�©mÈË� mº¹¯º°© ¯È°�Ë�È� ¹¯º�

Ë}�Ò¯ºmÈÓÒ«� ÒÏ�º�ºmãËÓÒ«� äºÓ�ÈÎÈ� �Ë²ÓÒ�Ë°}º® ª}°¹ã�È�È�ÒÒ Ò ¯ËäºÓ�È Ï�ÈÓÒ®

Ò °ºº¯�ÎËÓÒ®� m©¹ºãÓËÓÓ©² m äË�ÈããÒ�Ë°}Ò² }ºÓ°�¯�}�Ò«²�

{º m�º¯�
 �È°�	 °­º¯ÓÒ}È m}ã
�ËÓ© �º}ãÈ�©� ¹º°m«�ËÓÓ©Ë mº¹¯º°Èä °ºmË¯�

�ËÓ°�mºmÈÓÒ« äÈ�Ë¯ÒÈãºm� }ºÓ°�¯�}�Ò®� �Ë²Óºãº�Ò® ÒÏ�º�ºmãËÓÒ« Ò äºÓ�ÈÎÈ

�°Ë}�Ò« ��� º�ËÓ}Ë ÓÈ�ËÎÓº°�Ò� �ºã�ºmË�Óº°�Ò Ò º°�È�º�Óº�º ¯Ë°�¯°È äË�Èããº}ºÓ�

°�¯�}�Ò® �°Ë}�Ò« ��� �Ë²ÓÒ�Ë°}º® ª}°¹ã�È�È�ÒÒ� �°ÒãËÓÒ
 Ò ¯Ë}ºÓ°�¯�}�ÒÒ Ï�ÈÓÒ®

Ò °ºº¯�ÎËÓÒ® �°Ë}�Ò« ��� È �È}ÎË mº¹¯º°Èä ¯ÈÏmÒ�Ò« Ò °ºmË¯�ËÓ°�mºmÈÓÒ« Óº¯�

äÈ�ÒmÓº® ­ÈÏ© m º­ãÈ°�Ò äË�Èããº°�¯ºÒ�Ëã	°�mÈ �°Ë}�Ò« ���
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Ijb\_^_gu blh]h\u_ j_amevlZlu jZ[hl ih ihkljh_gbx ijb[hjh\ ^ey g_jZajmrZxs_]h dhgljhey b baf_j_gbc� Z

lZd`_ [ehd�ko_fu mkljhckl\� iha\heyxsbo j_Zebah\Zlv WF: kihkh[ ijb jZaebqguo l_ogbq_kdbo� l_ogheh]bq_kdbo

b wdhghfbq_kdbo lj_[h\Zgbyo�

7KH SDSHU JLYHV WKH ILQDO UHVXOWV RI WKH ZRUN RQ FRQVWUXFWLRQ RI LQVWUXPHQWV IRU QRQ� GHVWUXFWLYH WHVWLQJ DQG PHDVXUHPHQWV�

%ORFN�GLDJUDPV RI GHYLFHV DUH JLYHQ� ZKLFK DOORZ LPSOHPHQWLQJ YDULRXV WHFKQLFDO� WHFKQRORJLFDO DQG HFRQRPLF UHTXLUHPHQWV�

~ÓÈ�Ò�Ëã	Ó©äÒ ¹¯ËÒä��Ë°�mÈäÒ ¹Ë¯Ë� ½äº}¯©äÒ�

äË�º�ÈäÒ �ã	�¯ÈÏm�}ºmº�º }ºÓ�¯ºã« ��~� m °ãºÎ�

Ó©² �°ãºmÒ«² ª}°¹ã�È�È�ÒÒ Û ¹¯Ò °}º¯º°�Óº®

�ËÁË}�º°}º¹ÒÒ Ò �ºã�ÒÓºäË�¯ÒÒ� }ºÓ�¯ºãË ÏÈ��

¯«ÏÓËÓÓ©² Ò �º¯«�Ò² äË�Èããºm� ÒÏ�ËãÒ® ° ÓËª�

ãË}�¯º¹¯ºmº�Ó©äÒ ¹º}¯©�Ò«äÒ Ò �¯� º­ãÈ�ÈË�

wlk °¹º°º­ >�Ü��@� |�ÓÈ}º ¯ËÈãÒÏºmÈ�	 ª�Ò ¹¯Ë�

Òä��Ë°�mÈ ÓË ¹ºÏmºã«Ë� ÓÒÏ}È« ��m°�mÒ�Ëã	Óº°�	

Ò °��Ë°�mËÓÓÈ« ÏÈmÒ°Òäº°�	 ¯ËÏ�ã	�È�ºm }ºÓ�¯ºã«

º� ¯È°°�º«ÓÒ« äËÎ�� wlk ¹¯Ëº­¯ÈÏºmÈ�ËãËä Ò

¹ºmË¯²Óº°�	
 ÒÏ�ËãÒ«� �º äºËä� äÓËÓÒ
� �ãÈmÓ©ä

¹¯Ë¹«�°�mÒËä ¹¯Ò ¹¯È}�Ò�Ë°}º® ¯ËÈãÒÏÈ�ÒÒ wlk

°¹º°º­È «mã«Ë�°« �¯È�Ò�ÒºÓÓ©® ¹º�²º� } °ºÏ�ÈÓÒ


°¯Ë�°�m ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�¯ºã« �sz� ° ¹¯Ò�

äËÓËÓÒËä wlk °¹º°º­È� jäËË� äË°�º ¹¯º­ãËäÈ�

¯Ë�ËÓÒË }º�º¯º® ¹ºÏmºãÒ� °ºÏ�È�	 Óºm©® }ãÈ°°

¹¯Ò­º¯ºm� �º¹ºãÓ«
�Ò² °��Ë°�m�
�ÒË }ºÓ�È}��

Ó©Ë °¯Ë�°�mÈ �~ sz� sÈ º°ÓºmÈÓÒÒ ÈÓÈãÒÏÈ ¯Ë�

Ï�ã	�È�ºm äÓº�ºãË�ÓÒ² Ò°°ãË�ºmÈÓÒ® >�Ü��@ Ò

¹¯È}�Ò�Ë°}º�º ¹¯ÒäËÓËÓÒ« wlk °¹º°º­È m ¹¯º�

ä©�ãËÓÓº°�Ò ¹º°�ÈmãËÓÓÈ« ¹¯º­ãËäÈ ¯Ë�ËÓÈ �ã«

}ºÓ�¯ºã« }È�Ë°�mÈ Ò ÒÏäË¯ËÓÒ® ²È¯È}�Ë¯Ò°�Ò} ÒÏ�

�ËãÒ®� vÁº¯äÒ¯ºmÈÓ© º°ÓºmÓ©Ë ¹¯ÒÓ�Ò¹© ¹º°�

�¯ºËÓÒ« wlk �ËÁË}�º°}º¹ºm Ò �ºã�ÒÓºäË¯ºm ¯ÈÏ�

ãÒ�Óº�º ÓÈÏÓÈ�ËÓÒ«�

�¯Ò �~ }ºÓ�¯ºãË ÒÏ�ËãÒ® ÒÏ äÈ�Ë¯ÒÈãÈ ° m©�

°º}Òä }ºªÁÁÒ�ÒËÓ�ºä wlk ¹¯Ëº­¯ÈÏºmÈÓÒ« �Èã
�

äÒÓÒ® Ò Ë�º °¹ãÈm©� äËã}ºÏË¯ÓÒ°�È« m©°º}º}È�

�Ë°�mËÓÓÈ« ÁË¯¯ºäÈ�ÓÒ�ÓÈ« °�Èã	 Ò �� ���� ÒãÒ

ÒÏ�ËãÒ® ÒÏ äÈ�Ë¯ÒÈãºm ° ÓÒÏ}Òä º°ãÈ­ãËÓÒËä �~

}ºãË­ÈÓÒ®� ÒãÒ ¹¯Ò ¯ËÈãÒÏÈ�ÒÒ �Ë²Óºãº�ÒÒ }ºÓ�

�¯ºã«� ÓË �¯Ë­�
�Ë® m©°º}º® ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò

�¯��Óº® }ºÓ�¯ºã	�� mºÏäºÎÓº ¹¯ÒäËÓËÓÒË °²Ëä©

¹º°�¯ºËÓÒ« �ËÁË}�º°}º¹È ÒãÒ �ºã�ÒÓºäË¯È

�¯Ò°� �� ° ¹¯ÒäËÓËÓÒËä ��È¯Óº�º mºÏ­�Î�ËÓÒ«�

|�ÓÈ}º� }È} °ãË��Ë� ÒÏ ¯È­º�© >�@� ²È¯È}�Ë¯Ò°�

�Ò}Ò ¹ºãËÏÓ©² °Ò�ÓÈãºm º¹¯Ë�Ëã«
�°« ²È¯È}�Ë�

¯Ò°�Ò}ÈäÒ Ò°²º�Óº�º ÏºÓ�Ò¯�
�Ë�º °Ò�ÓÈãÈ� �º�

ª�ºä� ¹¯Ò ¯ËÈãÒÏÈ�ÒÒ ª�º® °²Ëä© ÓËº­²º�Òäº

°Áº¯äÒ¯ºmÈ�	 Ò°²º�Ó©® mºÏ­�Î�È
�Ò® Òä¹�ã	°�

w�º äºÎÓº º°��Ë°�mÒ�	 �m�ä« ¹��«äÒ Û ¯Ë���

ãÒ¯ºm}º® �ãÒ�Ëã	Óº°�Ò Ò Èä¹ãÒ���© Òä¹�ã	°È �º�

}È� mºÏ­�Î�È
�Ë�º wlk ¹¯Ëº­¯ÈÏºmÈ�Ëã	� �º��È

¹º äË¯Ë �äËÓ	�ËÓÒ« �ã�­ÒÓ© }ºÓ�¯ºãÒ¯�Ëäº�º

º­�ËäÈ ÒÏ�ËãÒ« °ãË��Ë� �äËÓ	�È�	 �ãÒ�Ëã	Óº°�	

ÏºÓ�Ò¯�
�Ò² Òä¹�ã	°ºm� �¯Ò ª�ºä �mËãÒ�ÒmÈË�°«

�È°�	 ªÓË¯�ÒÒ Òä¹�ã	°È m m©°º}º�È°�º�Óº® º­ãÈ°�Ò

°¹Ë}�¯È °Ò�ÓÈãÈ� vãË�ºmÈ�Ëã	Óº� �mËãÒ�ÒmÈË�°«

¯ÈÏ¯Ë�È
�È« °¹º°º­Óº°�	 �ËÁË}�º°}º¹È ÒãÒ �ºã�

�ÒÓºäË¯È� iº¹ºãÓÒ�Ëã	Óº® ¯Ë��ãÒ¯ºm}º® Èä¹ãÒ�

���© Òä¹�ã	°È �º}È� mºÏ­�Î�È
�Ë�º wlk�� äºÎ�

Óº º¹�ÒäÈã	Óº Áº¯äÒ¯ºmÈ�	 ��È°�º} �È°�º�Óº�º

°¹Ë}�¯È ° äÈ}°ÒäÈã	Ó©ä ¯È°¹¯Ë�ËãËÓÒËä ªÓË¯�ÒÒ

m �ÒÈ¹ÈÏºÓË� m }º�º¯ºä º°��Ë°�mã«Ë�°« ¹¯ÒËä º��

¯ÈÎËÓÓ©² �~ Òä¹�ã	°ºm� z¯ºäË �º�º� ¹º äË¯Ë

�äËÓ	�ËÓÒ« �ºã�ÒÓ© ÒÏ�ËãÒ« ÓËº­²º�Òäº �mËãÒ�

�ÒmÈ�	 Ò �È°�º�� °ãË�ºmÈÓÒ« ÏºÓ�Ò¯�
�Ò² Òä�

¹�ã	°ºm� �È}ºË �¯Ë­ºmÈÓÒË º­�°ãºmãËÓº �º¹ºãÓÒ�

�Ëã	Ó©äÒ ¹º�Ë¯«äÒ ªÓË¯�ÒÒ �~ Òä¹�ã	°ºm ¹¯Ò

äÓº�º}¯È�Ó©² º�¯ÈÎËÓÒ«² ÓÈ �¯ÈÓÒ�È² }ºÓ�¯ºãÒ�

¯�Ëäº�º ÓË �ºã°�º�º ÒÏ�ËãÒ«�

�¯Ò­º¯ sz� m©¹ºãÓËÓÓ©® ¹º ¹¯Ë�ãºÎËÓÓº®

°²ËäË �°ä� ¯Ò°� ��� ¯È­º�ÈË� °ãË��
�Òä º­¯ÈÏºä�

vÒÓ²¯ºÓÒÏÈ�º¯ � m©¯È­È�©mÈË� Òä¹�ã	°©� °º�ãÈ�

°�
�ÒË ¯È­º�� m°Ë² ­ãº}ºm Ò �Ïãºm ¹¯Ò­º¯È� �º�

mºÏ�Ë®°�mÒËä °ÒÓ²¯ºÒä¹�ã	°È �ËÓË¯È�º¯ � ��È¯�

Óº�º mºÏ­�Î�ËÓÒ« Áº¯äÒ¯�Ë� Òä¹�ã	° ÓÈ¹¯«ÎË�

ÓÒ«� ¹¯Ò}ãÈ�©mÈËä©® } m²º�Ó©ä �Ë¹«ä wlk�

�� iãÒ�Ëã	Óº°�	 Òä¹�ã	°È �º}È m wlk� � Áº¯�

� �� l� v��}ºm� ����

cÒ°� �� �¹¯º�ËÓÓÈ« ­ãº}�°²ËäÈ �~ ¹¯Ò­º¯È �ã« }ºÓ�¯ºã« wlk

°¹º°º­ºä ° Ò°¹ºã	ÏºmÈÓÒËä ��È¯Óº�º mºÏ­�Î�ËÓÒ« ¹¯Ëº­¯ÈÏºmÈ�

�Ëã« �K Û ÏÈÏº¯ äËÎ�� wlk� Ò ÒÏ�ËãÒËä�
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äÒ¯�Ë�°« ¯Ë��ã«�º¯ºä �� Ë�º Èä¹ãÒ���È Û ¯Ë���

ã«�º¯ºä �� È �È°�º�È °ãË�ºmÈÓÒ« ¯Ë��ã«�º¯ºä ��
°ÒÓ²¯ºÓÒÏÈ�º¯È �� cË��ã«�º¯© � Ò � �ºãÎÓ© ÒäË�	

��È°�}Ò ¹ãÈmÓº�º ¹Ë¯Ë²º�È� �È} }È} ° Ò² ¹ºäº�	


äºÎÓº º°��Ë°�mã«�	 �ºÓ}ºË °º�ãÈ°ºmÈÓÒË m©²º��

Ó©² �Ë¹Ë® �ËÓË¯È�º¯È � ° m²º�Ó©äÒ �Ë¹«äÒ wlk�

�� �È}Òä ¹��Ëä �º°�Ò�ÈË�°« �º¹ºãÓÒ�Ëã	ÓºË �äËÓ	�

�ËÓÒË ½äË¯�mº®� ÏºÓ©� È �È}ÎË �ã���ÈË�°« Áº¯äÈ

ÏºÓ�Ò¯�
�Ë�º �~ Òä¹�ã	°È Ò ÏÈ °�Ë� ª�º�º ¯ÈÏ�

¯Ë�È
�È« °¹º°º­Óº°�	� cË��ã«�º¯ �� äºÎË� ­©�	

�Ò°}¯Ë�Ó©ä�

�¯Ò ¹º°��¹ãËÓÒÒ Òä¹�ã	°È �º}È wlk ¹¯Ëº­�

¯ÈÏºmÈ�Ëã	 � mºÏ­�Î�ÈË� m }ºÓ�¯ºãÒ¯�Ëäºä ÒÏ�

�ËãÒÒ � �~ Òä¹�ã	°©� ÒäË
�ÒË ¹È¯ÈäË�¯©� Ò�ËÓ�

�Ò�Ó©Ë ¹È¯ÈäË�¯Èä mºÏ­�Î�È
�Ë�º Òä¹�ã	°È �º�

}È� |­«ÏÈ�Ëã	Ó©ä �°ãºmÒËä Ò�ËÓ�Ò�Óº°�Ò ²È¯È}�

�Ë¯Ò°�Ò} Òä¹�ã	°È �º}È Ò �~ Òä¹�ã	°È «mã«Ë�°«

�Ò¯º}º¹ºãº°Óº°�	 wlk� �� { ¹¯º�ÒmÓºä °ã��ÈË

mºÏ­�Î�ÈËä©® �~ Òä¹�ã	° ­��Ë� Ò°}ÈÎËÓ� jÏ�

äË¯ËÓÓ©Ë ²È¯È}�Ë¯Ò°�Ò}Ò ÒÏ�ËãÒ« � ÓË ­���� m

¹ºãÓº® äË¯Ë °ºº�mË�°�mºmÈ�	 �Ë®°�mÒ�Ëã	Ó©ä�

z¯ºäË �º�º� °ÓÒÏÒ�°« }ºªÁÁÒ�ÒËÓ� ¹¯Ëº­¯ÈÏºmÈ�

ÓÒ« ªãË}�¯ºäÈ�ÓÒ�Óº® ªÓË¯�ÒÒ m È}�°�Ò�Ë°}�
�

r��Ë� ¹¯ÒÓ«�È �ºã	}º �È°�	 ÒÏã��ËÓÓº® ªÓË¯�ÒÒ�

w�º ¹¯ÒmË�Ë� } °ÓÒÎËÓÒ
 Èä¹ãÒ���© °Ò�ÓÈãÈ Ò�

°ºº�mË�°�mËÓÓº� } ¹ºÓÒÎËÓÒ
 ��m°�mÒ�Ëã	Óº°�Ò Ò

�º�Óº°�Ò }ºÓ�¯ºã«� �ºäË²ºÏÈ�Ò�ËÓÓº°�	 }ºÓ�¯º�

ã« �È}ÎË ­��Ë� ÓË�º°�È�º�Óº®�

�¯ÒÓ«�©Ë wlk� � º� ÒÏ�ËãÒ« � º�¯ÈÎËÓÓ©Ë

Òä¹�ã	°© �°ÒãÒmÈ
�°« �Ò¯º}º¹ºãº°Ó©ä �°ÒãÒ�

�ËãËä �� bÒ¯º}º¹ºãº°Óº°�	 �°ÒãÒ�Ëã« � ÓËº­²º�

�ÒäÈ �ã« ¹¯ÒËäÈ º°ÓºmÓº® �È°�Ò ªÓË¯�ÒÒ ÒÏ m°Ë�º

ÒÏã��ËÓÓº�º Ò ÏÈ�Ëä ¹¯ÒÓ«�º�º °¹Ë}�¯È� { �º ÎË

m¯Ëä«� �Ò¯º}º¹ºãº°Ó©® �°ÒãÒ�Ëã	 ­��Ë� ¹¯ÒÓÒ�

äÈ�	 ¹ºäË²Ò mº m°Ë® ¯È­º�Ë® ¹ºãº°Ë �È°�º�� �� Ë�

¹ºäË²ºÏÈ�Ò�ËÓÓº°�	 äºÎË� ­©�	 ÓË�º°�È�º�Óº®�

�°ÒãËÓÓ©Ë °Ò�ÓÈã© ¹º°��¹È
� m ­ãº} � º­¯È­º�}Ò
ÒÓÁº¯äÈ�ÒÒ� È ÏÈ�Ëä m �°�¯º®°�mº � º�º­¯ÈÎËÓÒ«

ÒÓÁº¯äÈ�ÒÒ Ò °Ò�ÓÈãÒÏÈ�ÒÒ� { ­ãº}È² � Ò � äºÎË�
­©�	 ¹¯ÒäËÓËÓÈ �¯È�Ò�ÒºÓÓÈ« �Ë²Óºãº�Ò« ¯È­º�©

° ÒÓÁº¯äÈ�ÒºÓÓ©äÒ °Ò�ÓÈãÈäÒ�

�ºã°�©Ë ÒÏ�ËãÒ«� ÒÏ�ËãÒ« ° °��Ë°�mËÓÓ©ä

}ºªÁÁÒ�ÒËÓ�ºä º°ãÈ­ãËÓÒ« �¹¯��Ò² Òä¹�ã	°ºm Ò

�� ¹� }ºÓ�¯ºãÒ¯ºmÈ�	 ¹¯Ò­º¯ÈäÒ� Ò°¹ºã	Ï�
�ÒË

��È¯ÓºË mºÏ­�Î�ËÓÒË� ÓË�ËãË°ºº­¯ÈÏÓº�

zÈ} ¹º}ÈÏÈÓº m ¯È­º�È² >�� �� �� �� ��� ��@�

¹ºm©°Ò�	 ªÁÁË}�ÒmÓº°�	 ¹¯Ò­º¯È sz ¹ºÏmºã«Ë�

¹¯ÒäËÓËÓÒË mºÏ­�Î�ËÓÒ« wlk� ¹È}Ë�Ó©äÒ Òä�

¹�ã	°ÈäÒ �º}È� rãº}�°²ËäÈ �È}º�º ¹¯Ò­º¯È �ã«

ÓË¯ÈÏ¯��È
�Ë�º ­Ë°}ºÓ�È}�Óº�º }ºÓ�¯ºã« ¹º}È�

ÏÈÓÈ ÓÈ ¯Ò°� �� |Ó º°º­ËÓÓº ªÁÁË}�ÒmËÓ ¹¯Ò �Ë�

ÁË}�º°}º¹ÒÒ �ËÓËm©ä Ò ÏË¯}Èã	Óº��ËÓËm©ä äË�º�

�ÈäÒ� �ËÁË}�º°}º¹ÒÒ ª²º�äË�º�ºä º­�ËäÓ©² ÒÏ�

�ËãÒ® ° �º°�È�º�Óº m©°º}Òä ÏÈ��²ÈÓÒËä� �ËÁË}�

�º°}º¹ÒÒ ª²º�äË�º�ºä �º¯«�Ò² ÒÏ�ËãÒ®� �ËÁË}�º°�

}º¹ÒÒ ãÒ�©² äÈ�Ë¯ÒÈãºm� �ºã�ÒÓºäË�¯ÒÒ� |Ó °��

�Ë°�mËÓÓº º�ãÒ�ÈË�°« º� ¹¯Ë�©���Ë�º ¹¯Ò­º¯È

�°ä� ¯Ò°� ��� cºã	 °ÒÓ²¯ºÓÒÏÈ�º¯È mºÏãÈ�ÈË�°« ÓÈ

­ãº} � º­¯È­º�}Ò ÒÓÁº¯äÈ�ÒÒ Ò �¹¯ÈmãËÓÒ«� iº�

­ÈmãËÓ Áº¯äÒ¯ºmÈ�Ëã	 � ° ¯Ë��ã«�º¯ºä � �È°�º�©

I� ÏÈ¹ºãÓËÓÒ« ¹È}Ë�Óº�º Òä¹�ã	°È� ¯Ë��ã«�º¯ºä

� �ãÒ�Ëã	Óº°�Ò τÒ ¹È}Ë�Óº�º Òä¹�ã	°È Ò ¯Ë��ã«�

�º¯ºä �� �È°�º�© I°ã °ãË�ºmÈÓÒ« ¹È}Ë�Ó©² Òä�

¹�ã	°ºm� vÁº¯äÒ¯ºmÈÓÓ©® ¹È}Ë�Ó©® Òä¹�ã	° �°Ò�

ãÒmÈË�°« �ËÓË¯È�º¯ºä � ÏºÓ�Ò¯�
�Ò² Òä¹�ã	°ºm

�º ÏÈ�ÈÓÓº® Èä¹ãÒ���©� º¹¯Ë�Ëã«Ëäº® ¯Ë��ã«�º�

¯ºä ��� �ËÓË¯È�º¯ � mºÏ­�Î�ÈË� m wlk� � ¹È�

}Ë�Ó©Ë Òä¹�ã	°© �º}È ° ÏÈ�ÈÓÓ©äÒ �È°�º�º® ÏÈ�

¹ºãÓËÓÒ«� �ãÒ�Ëã	Óº°�	
� Èä¹ãÒ���º® Ò �È°�º�º®

°ãË�ºmÈÓÒ« ÏºÓ�Ò¯�
�Ò² Òä¹�ã	°ºm� { ª�ºä °ã��

�ÈË wlk� � �ºãÎËÓ ÒäË�	 �Ï}�
 �È°�º�Ó�
 ¹º�

ãº°�� ÒãÒ ­©�	 ¯ËÏºÓÈÓ°Ó©ä� wlk� � °ÓÈ­ÎÈË�°«
¯Ë��ã«�º¯ºä �� �ËÓ�¯Èã	Óº® ¯È­º�Ë® �È°�º�©� °º�

º�mË�°�m�
�Ë® �È°�º�Ë �~ }ºãË­ÈÓÒ®� �°�ÈÓºmãËÓ�

Óº® Óº¯äÈ�ÒmÓº��Ë²ÓÒ�Ë°}º® �º}�äËÓ�È�ÒË®

�s�i� ÓÈ }ºÓ�¯ºã	� |­©�Óº ËË ÏÓÈ�ËÓÒ« �°�È�

ÓÈmãÒmÈ
�°« �Ò°}¯Ë�Óº� iã« �ºÓ}º® ÓÈ°�¯º®}Ò Ò

°º�ãÈ°ºmÈÓÒ« m©²º�Ó©² ²È¯È}�Ë¯Ò°�Ò} �ËÓË¯È�º¯È

� Ò m²º�Ó©² ²È¯È}�Ë¯Ò°�Ò} wlk� � Ò°¹ºã	Ï�
�

¯Ë��ã«�º¯© � Ò ��
{ ÒÏ�ËãÒÒ � mºÏ­�Î�È
�°« �~ Òä¹�ã	°© °

¹È¯ÈäË�¯ÈäÒ� °ºº�mË�°�m�
�ÒäÒ ¹È¯ÈäË�¯Èä �º}È�

¹Ò�È
�Ë�º ¹¯Ëº­¯ÈÏºmÈ�Ëã	 �� �¯ÒÓ«�©Ë º� ÒÏ�

�ËãÒ« � �~ Òä¹�ã	°© �°ÒãÒmÈ
�°« �Ï}º¹ºãº°Ó©ä

ÒãÒ ¯ËÏºÓÈÓ°Ó©ä �°ÒãÒ�ËãËä �� { ¯ËÏ�ã	�È�Ë �Ï�

}º¹ºãº°Ó©Ë wlk� � Ò �°ÒãÒ�Ëã	 � °��Ë°�mËÓÓº

º�¯ÈÓÒ�ÒmÈ
� ¹¯º²ºÎ�ËÓÒË ¹ºäË² Ò ��äºm ÓÈ

­ãº} � º­¯È­º�}Ò ÒÓÁº¯äÈ�ÒÒ Ò �¹¯ÈmãËÓÒ«� vº�

º�Óº�ËÓÒË °Ò�ÓÈã���ä ¹º °¯ÈmÓËÓÒ
 ° ¹¯Ë�©�

���Òä mÈ¯ÒÈÓ�ºä �°ä� ¯Ò°� �� ¹ºm©�ÈË�°«� iã«

°º�ãÈ°ºmÈÓÒ« ¹È¯ÈäË�¯ºm �°ÒãÒ�Ëã« � Ò ²È¯È}�Ë�

¯Ò°�Ò} ¹¯ÒÓ«�º�º ¹È}Ë�Óº�º Òä¹�ã	°È �°ÒãÒ�Ëã	

�È}ÎË �ºãÎËÓ ­©�	 °ÓÈ­ÎËÓ ¯Ë��ã«�º¯ºä �� ¯Ë�

ÏºÓÈÓ°Óº® �È°�º�© ��ËÓ�¯Èã	Óº® �È°�º�© ¹¯ÒÓÒ�

äÈËäº® ¹ºãº°©� °Ò�ÓÈãÈ� �º°ãË �°ÒãËÓÒ« ¹¯ÒÓ«�

�©® °Ò�ÓÈã ¹º°��¹ÈË� m ­ãº} � º­¯È­º�}Ò ÒÓÁº¯�

äÈ�ÒÒ Ò �¹¯ÈmãËÓÒ« Ò ÏÈ�Ëä m �°�¯º®°�mº � º�º­�

¯ÈÎËÓÒ« ÒÓÁº¯äÈ�ÒÒ Ò °Ò�ÓÈãÒÏÈ�ÒÒ�

�Ï}º¹ºãº°ÓºË mºÏ­�Î�ËÓÒË Ò ¹¯ÒËä �~ Òä�

¹�ã	°ºm º¹Ò°ÈÓÓ©ä ¹¯Ò­º¯ºä �~ ­Ë°}ºÓ�È}�Óº�º

}ºÓ�¯ºã« ¹¯Òmº�Ò� } Ò°}ã
�ËÓÒ
 ÒÏ °¹Ë}�¯È m©�

°º}º�È°�º�Ó©² }ºä¹ºÓËÓ� °¹Ë}�¯È� �¯ÒÓ«�©® °Ò��

ÓÈã Ò°}ÈÎÈË�°«� cËÏ�ã	�È�© ÒÏäË¯ËÓÒ® äº���

ÒäË�	 ¹º�¯Ë�Óº°�	 m©�Ë ÓËº­²º�Òäº®� sË m°Ë��È

äºÎË� ­©�	 ¹ºã��ËÓº �º°�È�º�ÓºË ¹¯Ëm©�ËÓÒË ¹º�

ãËÏÓº�º °Ò�ÓÈãÈ ÓÈ� ��äºä�

�°�¯ÈÓÒ�	 ÓË�º°�È�}Ò º¹Ò°ÈÓÓ©² m©�Ë ¹¯Ò�

­º¯ºm sz �°ä� ¯Ò°� � Ò �� äºÎÓº ÏÈ °�Ë� ¹º°�

�¯ºËÓÒ« �Ò¯º}º¹ºãº°Ó©² �°�¯º®°�m� ÓË Ò°}ÈÎÈ�


�Ò² ÒÓÁº¯äÈ�ÒºÓÓ©® °Ò�ÓÈã �¯Ò°� ��� �È} ÎË�

}È} Ò m ¹¯Ë�©���Ëä °ã��ÈË� �ËÁË}�º°}º¹ ÒãÒ �ºã�

cÒ°� �� �¹¯º�ËÓÓÈ« ­ãº}�°²ËäÈ ¹¯Ò­º¯È �ã« �~ }ºÓ�¯ºã« wlk

°¹º°º­ºä ° Ò°¹ºã	ÏºmÈÓÒËä ¹È}Ë�Óº�º mºÏ­�Î�ËÓÒ« �ã	�¯ÈÏm��

}ºm©² }ºãË­ÈÓÒ® Ò ¯ËÏºÓÈÓ°Óº® ÁÒã	�¯È�ÒÒ

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



�ÒÓºäË¯ °ÓÈ­ÎËÓ Áº¯äÒ¯ºmÈ�ËãËä � ° ¯Ë��ã«�º�

¯ºä � �È°�º�© I� ÏÈ¹ºãÓËÓÒ« ¹È}Ë�Óº�º Òä¹�ã	°È�

¯Ë��ã«�º¯ºä � �ãÒ�Ëã	Óº°�Ò τÒ ¹È}Ë�Óº�º Òä¹�ã	°È
Ò ¯Ë��ã«�º¯ºä �� �È°�º�© I°ã °ãË�ºmÈÓÒ« ¹È}Ë�Ó©²
Òä¹�ã	°ºm� iº¹ºãÓÒ�Ëã	Óº Áº¯äÒ¯ºmÈ�Ëã	 � °ÓÈ­�
ÎËÓ ¹ãÈmÓ©ä ¯Ë��ã«�º¯ºä �� �ãÒ�Ëã	Óº°�Ò ¹º°�

ãË�ÓË�º m ¹È}Ë�Ë Òä¹�ã	°È ÏÈ¹ºãÓËÓÒ«� v Ë�º ¹º�

äº�	
 ÏÈäË�Óº �äËÓ	�ÈË�°« mËãÒ�ÒÓÈ ½äË¯�mº®�

ÏºÓ©� vÁº¯äÒ¯ºmÈÓÓ©® ¹È}Ë�Ó©® Òä¹�ã	° �°Ò�

ãÒmÈË�°« �ËÓË¯È�º¯ºä � ÏºÓ�Ò¯�
�Ò² Òä¹�ã	°ºm

�º ÏÈ�ÈÓÓº® Èä¹ãÒ���©� º¹¯Ë�Ëã«Ëäº® ¯Ë��ã«�º�

¯ºä ��� �ËÓË¯È�º¯ � mºÏ­�Î�ÈË� m wlk� � ¹È�

}Ë�Ó©Ë Òä¹�ã	°© �º}È ° �È°�º�º®� °ºº�mË�°�m�
�

�Ë® �È°�º�Ë �~ }ºãË­ÈÓÒ®� �°�ÈÓºmãËÓÓº® s�i

ÓÈ }ºÓ�¯ºã	� ÏÈ�ÈÓÓ©äÒ �ãÒ�Ëã	Óº°�	
� Èä¹ãÒ�

���º® Ò �È°�º�º® °ãË�ºmÈÓÒ« ÏºÓ�Ò¯�
�Ò² Òä�

¹�ã	°ºm� �È}Ë�Ó©® Òä¹�ã	° ÒäËË� º�Ò­È
��
�

­ãÒÏ}�
 } ¹¯«äº��ºã	Óº®� { ª�ºä °ã��ÈË wlk�

� �ºãÎËÓ ÒäË�	 �È°�º�Ó�
 ¹ºãº°�� °ºº�mË�°�m�
�

��
 �È°�º�Óº® ¹ºãº°Ë mºÏ­�Î�ÈËäº�º Òä¹�ã	°È

�º}È� iã« �ºÓ}º® ÓÈ°�¯º®}Ò Ò °º�ãÈ°ºmÈÓÒ« m©�

²º�Ó©² ²È¯È}�Ë¯Ò°�Ò} �ËÓË¯È�º¯È � Ò m²º�Ó©²

²È¯È}�Ë¯Ò°�Ò} wlk� � Ò°¹ºã	Ï�
� ¯Ë��ã«�º¯©

�� � Ò ���
{ ÒÏ�ËãÒÒ � mºÏ­�Î�È
�°« �~ Òä¹�ã	°© °

¹È¯ÈäË�¯ÈäÒ� °ºº�mË�°�m�
�ÒäÒ ¹È¯ÈäË�¯Èä �º}È�

¹Ò�È
�Ë�º wlk� �� �¯ÒÓ«�©Ë º� ÒÏ�ËãÒ« � �~

Òä¹�ã	°© �°ÒãÒmÈ
�°« ãÒÓË®Óº��È°�º�Ó©ä �°ÒãÒ�

�ËãËä �� ÒäË
�Òä �È°�º�Ó�
 ¹ºãº°� ÓË ÓÈ äÓº�º

�¹¯Ò­ãÒÏÒ�Ëã	Óº ÓÈ ��…�� �� ¹¯Ëm©�È
��
 ¹º�

ãº°� mºÏ­�Î�ÈËäº�º Òä¹�ã	°È� w�º ÓËº­²º�Òäº�

�È} }È} m ¹¯º�Ë°°Ë ¯È°¹¯º°�¯ÈÓËÓÒ« Ò º�¯ÈÎËÓÒ®

m ÒÏ�ËãÒÒ �~ Òä¹�ã	° º­¯Ë�ÈË� ­ºãËË �Ò¯º}�


�È°�º�Ó�
 ¹ºãº°�� { ¯ËÏ�ã	�È�Ë ¹¯ÒÓÒäÈË�°« ¹¯È}�

�Ò�Ë°}Ò m°« ªÓË¯�Ò« ÒÓÁº¯äÈ�ÒºÓÓº�º °Ò�ÓÈãÈ Ò

°��Ë°�mËÓÓº º�¯ÈÓÒ�ÒmÈË�°« ¹¯ÒËä ¹ºäË² Ò ���

äºm� vº²¯ÈÓËÓÒË Áº¯ä© ÒÓÁº¯äÈ�ÒºÓÓº�º °Ò�ÓÈ�

ãÈ m °¯ÈmÓËÓÒÒ ° ¹¯Ë�©���Òä mÈ¯ÒÈÓ�ºä �°ä�

¯Ò°� �� ¹ºÏmºã«Ë� ¹ºm©°Ò�	 ¯ÈÏ¯Ë�È
��
 °¹º�

°º­Óº°�	 Ò �º�Óº°�	 ÒÏäË¯ËÓÒ®� �º°ãË �°ÒãËÓÒ«

¹¯ÒÓ«�©® °Ò�ÓÈã ¹º°��¹ÈË� m ­ãº} � º­¯È­º�}Ò

ÒÓÁº¯äÈ�ÒÒ Ò �¹¯ÈmãËÓÒ« Ò ÏÈ�Ëä m �°�¯º®°�mº

� º�º­¯ÈÎËÓÒ« ÒÓÁº¯äÈ�ÒÒ Ò °Ò�ÓÈãÒÏÈ�ÒÒ�

{º m°Ë² º¹Ò°ÈÓÓ©² m©�Ë °ã��È«² ¹º°�¯ºËÓÒ«

¹¯Ò­º¯ºm �~ ­Ë°}ºÓ�È}�Óº�º }ºÓ�¯ºã« Ò°¹ºã	Ï��


�°« °Ò�ÓÈã© ° ¹¯ºÒÏmË�ËÓÒËä Ë�º ¹ºãº°© �È°�º�

ÓÈ �ãÒ�Ëã	Óº°�	� ¹¯ÒäË¯Óº ¯ÈmÓ©ä Ë�ÒÓÒ�Ë� zÈ}

¹º}ÈÏÈÓº m ¯È­º�Ë >��@� �ã« °��Ë°�mËÓÓº�º �mË�

ãÒ�ËÓÒ« °Ò�ÓÈã���ä ÓËº­²º�Òäº m©­Ò¯È�	 Ò°²º��

Ó©® mÒ� ÒÓÁº¯äÈ�ÒºÓÓº�º °Ò�ÓÈãÈ ° ¹¯ºÒÏmË�Ë�

ÓÒËä Ë�º ¹ºãº°© �È°�º� ÓÈ �ãÒ�Ëã	Óº°�	� äÓº�º

­ºã	�Òä Ë�ÒÓÒ�Ë� �� Ë� Áº¯äÒ¯ºmÈ�	 º¹�ÒäÈã	Ó©®

°Ò�ÓÈã� rãº}�°²ËäÈ� ¯ËÈãÒÏ�
�È« º¹�ÒäÈã	ÓºË

mºÏ­�Î�ËÓÒË Ò ¹¯ÒËä �~ Òä¹�ã	°ºm� ¹º}ÈÏÈÓÈ ÓÈ

¯Ò°� ��

{ ¹¯Ò­º¯Ë Áº¯äÒ¯ºmÈ�Ëã	 � °º�Ë¯ÎÒ� ¯Ë��ã«�

�º¯ � �È°�º�© ÏÈ¹ºãÓËÓÒ« ¹È}Ë�È� ¯Ë��ã«�º¯ � �ãÒ�
�Ëã	Óº°�Ò ¹È}Ë�È� ¯Ë��ã«�º¯ �� �È°�º�© °ãË�ºmÈ�

ÓÒ« ÏºÓ�Ò¯�
�Ò² Òä¹�ã	°ºm Ò ¹Ë¯Ë}ã
�È�Ëã	 ��
}º�È �mÒ�È� Ò°²º�Óº�º ÒÓÁº¯äÈ�ÒºÓÓº�º °Ò�ÓÈãÈ�

{©­Ë¯Ëä� ÓÈ¹¯ÒäË¯� ÁÈÏº}º�Ò¯ºmÈÓÓ©® mÒ� º¹�

�ÒäÈã	Óº�º °Ò�ÓÈãÈ Û �¯ÒÓÈ��È�Ò¹ºÏÒ�ÒºÓÓ©®

}º� rÈ¯}Ë¯È� vÁº¯äÒ¯ºmÈÓÓ©® º¹�ÒäÈã	Ó©® °Ò��

ÓÈã �°ÒãÒmÈË�°« �Ò¯º}º¹ºãº°Ó©ä �ËÓË¯È�º¯ºä �
ÏºÓ�Ò¯�
�Ò² Òä¹�ã	°ºm �º mËãÒ�ÒÓ©� º¹¯Ë�Ëã«�

Ëäº® ¯Ë��ã«�º¯ºä ��� �ËÓË¯È�º¯ ÏºÓ�Ò¯�
�Ò² Òä�
¹�ã	°ºm � mºÏ­�Î�ÈË� m �Ò¯º}º¹ºãº°Óºä wlk�

� Òä¹�ã	°© �º}È� bÒ¯ÒÓÈ �È°�º�Óº® ¹ºãº°©

wlk� � m ¯ËÎÒäË mºÏ­�Î�ËÓÒ« Ò ¹¯ÒËäÈ �~

Òä¹�ã	°ºm �ºãÎÓÈ ­©�	 ÓËäÓº�Òä ­ºã	�Ë ¹ºãº°©

°Áº¯äÒ¯ºmÈÓÓº�º º¹�ÒäÈã	Óº�º °Ò�ÓÈãÈ� �¯ÒÓ«�

�©Ë ÒÏ wlk� � ÒÓÁº¯äÈ�ÒºÓÓ©Ë Òä¹�ã	°© �°Ò�

ãÒmÈ
�°« ¹ºãº°ºm©ä �°ÒãÒ�ËãËä � �È}ÎË ° ¹ºãº�

°º® ¹¯º¹�°}ÈÓÒ«� ÓËäÓº�Òä ­ºã	�Ë® �Ò¯ÒÓ© ¹º�

cÒ°� �� �¹¯º�ËÓÓÈ« ­ãº}�°²ËäÈ ¹¯Ò­º¯È �ã« �~ }ºÓ�¯ºã« wlk

°¹º°º­ºä ° Ò°¹ºã	ÏºmÈÓÒËä ¹È}Ë�Óº�º mºÏ­�Î�ËÓÒ« �~ }ºãË­È�

ÓÒ® Ò ãÒÓË®Óº �È°�º�Óº® ÁÒã	�¯È�ÒÒ

cÒ°� �� �¹¯º�ËÓÓÈ« ­ãº}�°²ËäÈ ¹¯Ò­º¯È �ã« �~ }ºÓ�¯ºã« wlk

°¹º°º­ºä ° º¹�ÒäÈã	Óº® ÁÒã	�¯È�ÒË®

cÒ°� �� im�²¹¯º�Ë°°º¯Ó©® wlk �ºã�ÒÓºäË¯ �ã« ÒÏäË¯ËÓÒ® ¹º

½�Ë¯Óºmº®� ¹ºmË¯²Óº°�Ò ÒãÒ ¹º ãÈ}º}¯È°º�Óºä� ¹º}¯©�Ò
 �ºã�

�ÒÓº® �º � ää� m }º�º¯ºä ¯ËÈãÒÏºmÈÓ© ãÒÓË®Óº��È°�º�ÓÈ« Ò

º¹�ÒäÈã	ÓÈ« ÁÒã	�¯È�ÒÒ

�� °£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� �������



ãº°© º¹�ÒäÈã	Óº�º °Ò�ÓÈãÈ� iÈãËË º¹�ÒäÈã	Ó©®

ÁÒã	�¯ �� ÓÈ°�¯ºËÓÓ©® ÓÈ °Áº¯äÒ¯ºmÈÓÓ©® °Ò��

ÓÈã� °ÎÒäÈË� ÒÓÁº¯äÈ�ÒºÓÓ©® Òä¹�ã	°� iã« m©­�

¯ÈÓÓº�º }º�È rÈ¯}Ë¯È� ¹ºã��ËÓÓÈ« m ¯ËÏ�ã	�È�Ë

}º¯¯Ëã«�ÒºÓÓÈ« Á�Ó}�Ò« ­��Ë� ÒäË�	 äÈ}°Òä�ä�

m �� ¯ÈÏ ¹¯Ëm©�È
�Ò® Èä¹ãÒ���© ¹¯ÒÓ«�º�º

wlk� °Ò�ÓÈãÈ� �¯Ò ª�ºä }º¯¯Ëã«�ÒºÓÓ©® ¹Ò}

­��Ë� °�mÒÓ�� ÓÈ m¯Ëä« ÏÈ�Ë¯Î}Ò º¹�ÒäÈã	Óº�º

ÁÒã	�¯È� }º�º¯©® «mã«Ë�°« ÒÏmË°�Óº® ¹º°�º«ÓÓº®

mËãÒ�ÒÓº®� �¯ºmËÓ	 ��äÈ ¹º°ãË º¹�ÒäÈã	Óº®

ÁÒã	�¯È�ÒÒ �È}ÎË �äËÓ	�ÈË�°«� ~È�Ëä ¹ºã��ËÓ�

Ó©® °Ò�ÓÈã º­¯È­È�©mÈË�°« m ­ãº}Ë � º­¯È­º�}Ò

ÒÓÁº¯äÈ�ÒÒ Ò �¹¯ÈmãËÓÒ« Ò ¹º°��¹ÈË� ÓÈ �°��

¯º®°�mº �� º�º­¯ÈÎËÓÒ« ÒÓÁº¯äÈ�ÒÒ Ò °Ò�ÓÈãÒ�

ÏÈ�ÒÒ� �ºã��ËÓÓ©® m ¯ËÏ�ã	�È�Ë ÒÓÁº¯äÈ�ÒºÓÓ©®

°Ò�ÓÈã °��Ë°�mËÓÓº ¹¯Ëmº°²º�Ò� ¹º °mºÒä ²È¯È}�

�Ë¯Ò°�Ò}Èä °Ò�ÓÈã©� ¹ºã��ËÓÓ©Ë ° ¹ºäº�	
 ¹¯Ò�

­º¯ºm sz� m©¹ºãÓËÓÓ©äÒ °º�ãÈ°Óº ­ãº}�°²ËäÈä�

¹º}ÈÏÈÓÓ©ä ÓÈ ¯Ò°� �Ü��

|¹Ò°ÈÓÓ©Ë ­ãº}�°²Ëä© ÒäË
� Á�Ó}�ÒºÓÈã	ÓºË

ÓÈÏÓÈ�ËÓÒË Ò äº��� ­©�	 ¯ËÈãÒÏºmÈÓ© m �ÒÁ¯ºmºä

mÒ�Ë >��@� j² ÈÓÈãº�ºmÈ« ¯ËÈãÒÏÈ�Ò« º¹�ÒäÈã	ÓÈ

¹¯Ò m©°º}º® ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò }ºÓ�¯ºã« Ò °}º�

¯º°�Óº® º­¯È­º�}Ë ÒÓÁº¯äÈ�ÒÒ >��@� ¡ÒÁ¯ºmÈ« º­�

¯È­º�}È ¹¯Ë�¹º��Ò�Ëã	ÓËË m ¯��Ó©² �ËÁË}�º°}º�

¹È²� °�¯�}��¯º°}º¹È² Ò �ºã�ÒÓºäË¯È² �¯Ò°� ���

{ºÏäºÎÓº �È}ÎË °ºÏ�ÈÓÒË �°�¯º®°�m ÓÈ }ºä­ÒÓÒ�

¯ºmÈÓÓ©² ¹¯ÒÓ�Ò¹È²� |}ºÓ�È�Ëã	ÓºË ¯Ë�ËÓÒË º

°�¯�}��¯Ë ¹¯Ò­º¯È ÓË¯ÈÏ¯��È
�Ë�º wlk }ºÓ�¯º�

ã« ÓËº­²º�Òäº ¹¯ÒÓÒäÈ�	 ° ��Ë�ºä �Ë²ÓÒ�Ë°}Ò²

Ò ª}ºÓºäÒ�Ë°}Ò² �°ãºmÒ®� È �È}ÎË m °ºº�mË�°�mÒÒ

° °��Ë°�m�
�ÒäÒ ÓÈ ¹¯Ë�¹¯Ò«�Ò«²�ÒÏ�º�ºmÒ�Ëã«²

�Ë²Óºãº�Ò«äÒ ¹¯ºÒÏmº�°�mÈ ÒÏ�ËãÒ®�

�� vË­}º {� ��� v��}ºm �� l�� kãË}°ËËm p� k� |¹�ÒäÒÏÈ�Ò«
¹È¯ÈäË�¯ºm wlk �ºã�ÒÓºäË¯ºm �ã« }ºÓ�¯ºã« �ºÓ}º°�ËÓ�

Ó©² ÒÏ�ËãÒ® �� iËÁË}�º°}º¹Ò«� Û ����� Û ¢ ��� Û

v� ��Ü���

�� w}°¹Ë¯ÒäËÓ�Èã	ÓºË Ò°°ãË�ºmÈÓÒË ��m°�mÒ�Ëã	Óº°�Ò wlk

¹¯Ëº­¯ÈÏºmÈ�ËãË® ¹¯Ò �ËÁË}�º°}º¹ÒÒ ª²º äË�º�ºä º­�Ëä�

Ó©äÒ °�mÒ�ºm©äÒ mºãÓÈäÒ � �� l� v��}ºm Ò �¯� �� �Èä

ÎË� Û ����� Û ¢ �� Û v� ��Ü���

�� v��}ºm �� l� | �ãÈmÓºä ¹¯ËÒä��Ë°�mË wlk °¹º°º­È ��

�Èä ÎË� Û ����� Û ¢ ��� Û v� ��Ü���

�� v��}ºm �� l� |¹¯Ë�ËãËÓÒË °Ë�ËÓÒ« ¯È°°Ë«ÓÒ« °�mÒ�ºm©²

ãÒÓË®Óº ¹ºã«¯ÒÏºmÈÓÓ©² �ã	�¯ÈÏm�}ºm©² }ºãË­ÈÓÒ® °

¹¯ºÒÏmºã	Óº® º¯ÒËÓ�È�ÒË® mË}�º¯È ¹ºã«¯ÒÏÈ�ÒÒ ÓÈ �ãÒÓ�

Óºä }¯��ºmºä �ÒãÒÓ�¯Ò�Ë°}ºä �ËÁË}�Ë �� �Ë²Ó� �ÒÈ�Óº°�

�Ò}È Ò ÓË¯ÈÏ¯��� }ºÓ�¯ºã	� Û ����� Û ¢ �� Û v� �Ü��

�� j°°ãË�ºmÈÓÒË ÓË°¹ãº�Óº°�Ë® m ãÒ°�È² � �� l� v��}ºm�

j� {� lÒ²È®ãºmÈ� k� j� vÈmºÓ Ò �¯� �� iËÁË}�º°}º¹Ò«�

Û ����� Û ¢ �� Û v� ��Ü���

�� v��}ºm �� l� j°°ãË�ºmÈÓÒË º°º­ËÓÓº°�Ë® ¯È°¹¯º°�¯ÈÓË�

ÓÒ« ¹ºmË¯²Óº°�Ó©² mºãÓ ¹¯Ò }ºÓ�¯ºãË wlk °¹º°º­ºä ��

�Ë²Ó� �ÒÈ�Óº°�Ò}È Ò ÓË¯ÈÏ¯��� }ºÓ�¯ºã	� Û ����� Û

¢ �� Û v� ��Ü���

�� w}°¹Ë¯ÒäËÓ�Èã	Ó©Ë Ò°°ãË�ºmÈÓÒ« Óºmº�º °¹º°º­È ­Ë°}ºÓ�

�È}�Óº® �ã	�¯ÈÏm�}ºmº® �ËÁË}�º°}º¹ÒÒ �¯�­ ª²ºäË�º�ºä

� �� l� v��}ºm Ò �¯� �� iËÁË}�º°}º¹Ò«� Û ����� Û

¢ ��� Û v� ��Ü���

�� v��}ºm �� l� j°°ãË�ºmÈÓÒË º°º­ËÓÓº°�Ë® ¯È°¹¯º°�¯ÈÓË�

ÓÒ« �¹¯��Ò² mºãÓ� mºÏ­�Î�ÈËä©² wlk °¹º°º­ºä ��

zºÓ�¯ºã	� iÒÈ�Óº°�Ò}È� Û ����� Û ¢ ��� Û v� ��Ü���

�� v��}ºm �� l� j°°ãË�ºmÈÓÒË wlk °¹º°º­ºä m©«mã«Ëäº°�Ò

¹ãº°}º�ºÓÓ©² º�¯ÈÎÈ�ËãË® m º­¯ÈÏ�È² ÒÏ ¯ÈÏãÒ�Ó©² äÈ�

�Ë¯ÒÈãºm �� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� vË­}º {� ��� v��}ºm �� l�� �º¯}�Óºm r� l� sºm©® °¹º�

°º­ º­ÓÈ¯�ÎËÓÒ« �ËÁË}�ºm äË�Èããºm ° ¹ºäº�	
 ªãË}�¯º�

äÈ�ÓÒ�Óº�È}�°�Ò�Ë°}Ò² ¹¯Ëº­¯ÈÏºmÈ�ËãË® � {Ë°�� sÈ��

�Ë²Ó� �Ó��È ½t�j� �� v­� ÓÈ��Ó� �¯� ½wãË}�¯ºªÓË¯�Ë�Ò�

}È Ò ¹¯Ëº­¯ÈÏºmÈ�Ëã	ÓÈ« �Ë²ÓÒ}È�� Û ����� Û �� �� Û

v� ��Ü���

��� v��}ºm �� l� | ¹¯È}�Ò�Ë°}º® ¹¯ÒäËÓÒäº°�Ò wlk ¹¯Ëº­�

¯ÈÏºmÈ�ËãË® �ã« �ËÁË}�º°}º¹ÒÒ ¹ºmË¯²Óº°�Ò ÒÏ�ËãÒ®

°ãºÎÓº® Áº¯ä© ª²ºäË�º�ºä �� iËÁË}�º°}º¹Ò«� Û �����

Û ¢ ��� Û v� ��Ü���

��� vË­}º {� ��� v��}ºm �� l� wãË}�¯ºäÈ�ÓÒ�Óº�È}�°�Ò�Ë°�
}Ò® °¹º°º­ ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�¯ºã«�  È°�	 �� wÁÁË}�

wlk ¹¯Ëº­¯ÈÏºmÈÓÒ« �� �}¯� äË�¯ºãº�� Î�¯Ó� Û �����

Û ¢ �� Û v� ��Ü���

��� v��}ºm �� l� {©°º}º��m°�mÒ�Ëã	Ó©® ªãË}�¯ºäÈ�ÓÒ�Óº�

È}�°�Ò�Ë°}Ò® ¹¯Ëº­¯ÈÏºmÈ�Ëã	 �� zºÓ�¯ºã	� iÒÈ�Óº°�Ò�

}È� Û ����� Û ¢ ��� Û v� ��Ü���

��� v��}ºm �� l� cÈÏ¯È­º�}È Ò mÓË�¯ËÓÒË �Ë²Óºãº�ÒÒ °¹ãº��

Óº�º Èm�ºäÈ�Ò�Ë°}º�º º­ÓÈ¯�ÎËÓÒ« �ËÁË}�ºm äÈ}¯º°�¯�}�

��¯© º­�ËäÓº�ÏÈ}ÈãËÓÓ©² ¯Ëã	°ºm ­Ë°}ºÓ�È}�Ó©ä �ã	�

�¯ÈÏm�}ºm©ä äË�º�ºä� Û km�º¯ËÁ� �Ò°� ÓÈ °ºÒ°}ÈÓÒË

��ËÓº® °�Ë¹ËÓÒ }ÈÓ�� �Ë²Ó� ÓÈ�}� Û tÈ¯	}ºm� tkij�

����� Û �� °�

��� v��}ºm �� l� cÈÏ¯È­º�}È �Ë²Óºãº�ÒÒ Ò È¹¹È¯È��¯© �ã«

wlk �ºã�ÒÓºäË¯È �� zºÓ�¯ºã	� iÒÈ�Óº°�Ò}È� Û �����

Û ¢ ��� Û v� ��Ü���

��� vË­}º {� ��� v��}ºm �� l�� �º¯}�Óºm r� l� wãË}�¯ºäÈ��
ÓÒ�Óº�È}�°�Ò�Ë°}Ò® °¹º°º­ ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�¯ºã«�

 È°�	 �� wãË}�¯ºäÈ�ÓÒ�Óº�È}�°�Ò�Ë°}ÒË ¹¯Ëº­¯ÈÏºmÈ�ËãÒ

�� �}¯� äË�¯ºãº�� Î�¯Ó� Û ����� Û ¢ �� Û v� ��Ü���

��� {Èm¯Òm i� l�� v��}ºm �� l� v¹º°º­ º­¯È­º�}Ò ÒÓÁº¯�

äÈ�ÒÒ ¹¯Ò °}º¯º°�Óºä ÓË¯ÈÏ¯��È
�Ëä }ºÓ�¯ºãË �� iË�

ÁË}�º°}º¹Ò«� Û ����� Û ¢ �� Û v� ��Ü���

��� vºÏ�ÈÓÒË ªãË}�¯ºäÈ�ÓÒ�Óº�È}�°�Ò�Ë°}º�º �ºã�ÒÓºäË¯È

�ã« }ºÓ�¯ºã« �ºÓ}º°�ËÓÓ©² �¯�­ � i� l� {Èm¯Òm� �� l�

v��}ºm� {� {� {ÒÓº�¯È�ºm Ò �¯� �� �Èä ÎË� Û ����� Û

¢ ��� Û v� �Ü���

��� v��}ºm �� l� |­¯È­º�}È ÒÓÁº¯äÈ�ÒÒ� {ºÏäºÎÓº°�Ò

}º¯¯Ëã«�ÒºÓÓº�º ÈÓÈãÒÏÈ ¹¯Ò �ºã�ÒÓºäË�¯ÒÒ wlk °¹º�

°º­ºä �� zºÓ�¯ºã	� iÒÈ�Óº°�Ò}È� Û ����� Û ¢ �� Û

v� ��Ü���

GZp� l_og� mg�l MdjZbgu ©OIBª�

OZjvdh\

IhklmibeZ \ j_^Zdpbx

����������

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



M>D ����������

�������������	
�����
������������������
�
�������
������

�����	�	�
������

��


������	��
�������
�

{� �� skqik� k� k� l|~y�tjs� {� l� �hbshq� k� v� z|{rkvpsz|� |� n� �|rks|{� {� k�  jypsz|

JZkkfhlj_gu ijh[e_fu� khijh\h`^Zxsb_ \boj_lhdh\uc dhgljhev �<LD� l_iehh[f_gguo ljm[ �LHL� iZjh]_g_jZ�

lhjh\ �I=� Zlhfguo we_dljhklZgpbc �:WK� b ij_^eh`_gu g_dhlhju_ l_ogbq_kdb_ kihkh[u bo j_r_gby k ihfhsvx

kh\_jr_gkl\h\Zgby dhgkljmdpbc ahg^h\ ^ey <LD�

7KH SUREOHPV HQFRXQWHUHG LQ HGG\ FXUUHQW FRQWURO RI KHDW H[FKDQJHU WXEHV RI YDSRU JHQHUDWRUV LQ QXFOHDU SRZHU SODQWV

DUH FRQVLGHUHG� DQG VRPH WHFKQLFDO PHWKRGV DUH SURSRVHG IRU VROYLQJ WKHP WKURXJK LPSURYHPHQW RI WKH GHVLJQ RI HGG\

FXUUHQW SUREHV�

zºÓ�¯ºã	 �|� ��� }È} ÒÏmË°�Óº� m©¹ºãÓ«Ë�°« ÓÈ
kwv ° ¹ºäº�	
 ÏºÓ�ºm �¹¯Ëº­¯ÈÏºmÈ�ËãË®� {�z�
}º�º¯©Ë ÒäË
� }ºÓ�¯ºãÒ¯�
��
 �ºãºm}�� �Ò­�
}Ò® ��ãÒÓÒ�Ëã	 Ò ªãË}�¯Ò�Ë°}Ò® °ºË�ÒÓÒ�Ëã	�
��ãÒÓÒ�Ëã	 ¹¯ËÒä��Ë°�mËÓÓº m©¹ºãÓ«Ë�°« m mÒ�
�Ë �¯�­�È�º® º­ºãº�}Ò ÒãÒ �ÒãÒÓ�¯Ò�Ë°}º® °¹Ò�
¯ÈãÒ� mÓ��¯Ò }º�º¯º® ¯ÈÏäË�ËÓ© ªãË}�¯Ò�Ë°}ÒË
}È­ËãÒ °m«ÏÒ �ºãºm}Ò ° ªãË}�¯Ò�Ë°}Òä °ºË�Ò�
ÓÒ�ËãËä �ã« ¹º�}ã
�ËÓÒ« } }ºÓ�¯ºãÒ¯�
�Ëä�
¹¯Ò­º¯� �¯Ò°� �� È��

iã« ¹¯Ë�º�m¯È�ËÓÒ« ÓÈmË�ËÓÒ« ªãË}�¯Ò�Ë°}Ò²
¹ºãË®� }º�º¯©Ë º�¯Ò�È�Ëã	Óº mãÒ«
� ÓÈ }È�Ë°�mº
°Ò�ÓÈãÈ� °m«Ï	 �ºãºm}Ò ° ªãË}�¯Ò�Ë°}Òä °ºË�ÒÓÒ�
�ËãËä m©¹ºãÓ«Ë�°« }ºÈ}°ÒÈã	Ó©äÒ }È­Ëã«äÒ ¹º
m°Ë® �ãÒÓË ��ãÒÓÒ�Ëã«� }¯ºäË äË°�È °ºË�ÒÓËÓÒ«
° �ºãºm}º®� ��Ë ª�º ÓËmºÏäºÎÓº� �È} }È} }È���}Ò
�ºãºm}Ò ÒäË
� ¹¯º°�©Ë �ºÓ}ÒË ÒÏºãÒ¯ºmÈÓÓ©Ë
¹¯ºmº�È� �¯Ò ª�ºä ¹¯ºmº�È �ºãºm}Ò ¹¯Ò°ºË�ÒÓ«�

�°« } }ºÈ}°ÒÈã	Ó©ä }È­Ëã«ä� }º�º¯©Ë mÓ��¯Ò
º­ºãº�}Ò ÒäË
� ¹¯«äºãÒÓË®Ó�
 ¹º °��Ò ÒãÒ °ãË��
}È mºãÓÒ°��
 Áº¯ä��

��Ò�©mÈ«� ��º ¹¯Ò ÓÈäÈ�©mÈÓÒÒ ��ãÒÓÒ�Ëã« ÓÈ
­È¯È­ÈÓ ¹¯«ä©Ë }È­ËãÒ ¯m��°« ÏÈ °�Ë� �º�º� ��º
�ãÒÓÈ Ò² �ºãÎÓÈ ­©�	 ­ºã	�Ë �ãÒÓ© º­ºãº�}Ò ÓÈ
¯ÈÏÓº°�	 �ÒÈäË�¯ºm ÓÈäÈ�©mÈÓÒ«� �äÓºÎËÓÓ�
 ÓÈ

�Ò°ãº π� Ò² �ËãÈ
� mºãÓÒ°�©äÒ �ã« ÏÈ¹È°È �ãÒÓ©
}È­ËãË®� sº ª�º �ÈË� }¯È�}ºm¯ËäËÓÓ©® ªÁÁË}�� ¹º�
ª�ºä� ¯Ë°�¯° ¯È­º�© �È}Ò² ÏºÓ�ºm ÓËmËãÒ}�

�Ë²Óºãº�Ò« Ò°¹ºã	ÏºmÈÓÒ« ÏºÓ�È ¹¯Ë��°äÈ�¯Ò�
mÈË� äÓº�º¯ÈÏºmºË ÓÈäÈ�©mÈÓÒË ��ãÒÓÒ�Ëã« ÓÈ ­È�
¯È­ÈÓ Ò °äÈ�©mÈÓÒË �ã« ¹Ë¯Ë²º�È ÓÈ }ºÓ�¯ºã	
º�Ë¯Ë�Óº® �¯�­}Ò� }º�º¯©² ÓÈ º­�Ë}�Ë }ºÓ�¯ºã«

�©°«�Ò� j m°«}Ò® ¯ÈÏ ¹¯Ò ÓÈäÈ�©mÈÓÒÒ ÓÈ ­È¯È­ÈÓ

¹¯Ë�mÈ¯Ò�Ëã	Óº ¹¯«äºãÒÓË®Óº ¯ÈÏmË¯Ó��º�º ÏºÓ�

�È� m }º�º¯ºä �ãÒÓÈ }È­ËãË® ­ãÒÏ}È } �ãÒÓË º­º�

ãº�}Ò� }È­ËãÒ ¹Ë¯ËäË�È
�°« º�Óº°Ò�Ëã	Óº º­ºãº��

}Ò m °�º¯ºÓ� ÓÈ¹¯ÈmãËÓÒ« ÓÈäº�}Ò� w�º ¹¯ºÒ°�

²º�Ò� ÏÈ °�Ë� �º�º� ��º ºÓÒ ÓÈäÈ�©mÈ
�°« ¹º �Ò�

ÈäË�¯�� ¯ÈÏäË¯ }º�º¯º�º ¯ÈmËÓ �ÒÈäË�¯� ­È¯È­ÈÓÈ

¹ã
°� }È} äÒÓÒä�ä� �ºã�ÒÓÈ º­ºãº�}Ò� {Ó��¯ËÓ�

ÓÒË mÒ�}Ò º­ºãº�}Ò �}ãÈ�©mÈ
�°« ÓÈ ­È¯È­ÈÓ

m¹ãº�Ó�
� È mÓË�ÓÒË ¯È°²º�«�°« ¯È�ÒÈã	Óº º��

Óº°Ò�Ëã	Óº �ËÓ�¯È ­È¯È­ÈÓÈ� ­ãÈ�º�È¯« �Ëä� °¯Ë��

Ó«« �ãÒÓÈ m�ºã	 �ËÓ�¯Èã	Óº® º°Ò °¹Ò¯ÈãÒ �mË�

ãÒ�ÒmÈË�°«� �È}Òä º­¯ÈÏºä� }È­ËãÒ ÏÈ�«�ÒmÈ
�°«

m�ã�­	 ��ãÒÓËÓÓº® º­ºãº�}Ò Ò ¹º�ºä� ¹¯Ò ¹¯º�

ÒÏmº�°�mË Ò² ÏÈ}ãÈ�©mÈ
� ­ºã	�Ë® �ãÒÓ©� �Ëä

°¹Ò¯Èã	 º­ºãº�}Ò� �¯Ò ¯ÈÏäÈ�©mÈÓÒÒ ÒäËË� äË°�º

º­¯È�Ó©® ¹¯º�Ë°°� °¹Ò¯Èã	 ÏÈ °�Ë� �¹¯��º°�Ò °}ãÈ�

�©mÈË� mÓË�ÓÒË �º�Óº°Ò�Ëã	Óº º°Ò ­È¯È­ÈÓÈ� mÒ��

}Ò Ò mºÏm¯È�ÈË� °mº
 ¹Ë¯mÒ�Ó�
 �ãÒÓ�� }º�º¯È«

�Ë¹Ë¯	 äËÓ	�Ë �ãÒÓ© }È­ËãË®� zÈ­ËãÒ� ­ºãËË

�ãÒÓÓ©Ë� �Ëä º­ºãº�}È� ÓË äº��� mºÏm¯È�Ò�	°«

¹ºãÓº°�	
 m ¹Ë¯mÒ�ÓºË ¹ºãºÎËÓÒË� �È} }È} ºÓÒ

�ÎË ÏÈ}¯Ë¹ãËÓ© ° º­ºÒ² }ºÓ�ºm� { ¹¯º�Ë°°Ë ¯ÈÏ�

äÈ�©mÈÓÒ« }È­ËãÒ °�È¯È
�°« ¯ÈÏäË°�Ò�	°« m °º}�

¯È�ËÓÓº® º­ºãº�}Ë Ò m©�Ò­È
�°« m ¹¯Ë�ËãÈ² mÓ���

¯ËÓÓË�º ¹¯º°�¯ÈÓ°�mÈ °¹Ò¯ÈãÒ� °�ÈÓºm«°	 mºãÓÒ°�

�©äÒ� �È} }È} }È­ËãÒ ÏÈ °�Ë� °º¹¯º�ÒmãËÓÒ« º�

�¯ËÓÒ« ÓË äº��� mºÏm¯È�Ò�	°« ¹ºãÓº°�	
 m ¹Ë¯�

mÒ�ÓºË ¹ºãºÎËÓÒË� Ò² mºãÓÒ°�º°�	 �mËãÒ�ÒmÈË�°«

m ÓÈ¹¯ÈmãËÓÒÒ } ­È¯È­ÈÓ�� �¯Ò ¹º°ãË��
�Ò² ÓÈ�

äÈ�©mÈÓÒ«² ÓÈ ­È¯È­ÈÓ ° ¹Ë¯m©äÒ mÒ�}ÈäÒ }È­ËãÒ

ÓÈäÈ�©mÈ
�°« m mºãÓÒ°�ºä °º°�º«ÓÒÒ� È ÓË m ¹¯«�

äºãÒÓË®Óºä� }È} ¹¯Ò ¹Ë¯mºä ÓÈäÈ�©mÈÓÒÒ ¹¯Ò

Ò² äºÓ�ÈÎË� ¹¯Ò ª�ºä �ÎË ¹º°ãË m�º¯º�º º­º¯º�È

ºÓÒ ÓË ÒäË
� mºÏäºÎÓº°�Ò �mÒ�È�	°« m ÓÈ¹¯Èm�

ãËÓÒÒ �ºãºm}Ò Ò º°�È
�°« m �È}ºä °º°�º«ÓÒÒ� �È�

}Òä º­¯ÈÏºä� ÓÈ °ãË��
�ÒË º­º¯º�© °ÓºmÈ ÓË ²mÈ�

�ÈË� �ãÒÓ© }È­ËãË® Ò ÒäËË� äË°�º ¹Ë¯Ë�mÒÎËÓÒË

Ò² m ÓÈ¹¯ÈmãËÓÒÒ º� �ºãºm}Ò } ­È¯È­ÈÓ�� �ºm�

�º¯Ó©Ë ¯ÈÏäÈ�©mÈÓÒ« Ò ÓÈäÈ�©mÈÓÒ« ¹¯Òmº�«� }

�ºä�� ��º }È­ËãÒ Ë�Ë ­ºãËË äÓ��°« Ò °�mÒ�È
�°«

m ÓÈ¹¯ÈmãËÓÒÒ º� �ºãºm}Ò� cËÏË¯mÈ �ãÒÓ© ¹¯º�

mº�ºm ÓË ²mÈ�ÈË� Ò ºÓÒ ¯ÈÏ¯©mÈ
�°«� ��º m©mº�Ò�

ÏºÓ� ÒÏ °�¯º«�

�¯Ë�º�m¯È�Ò�	 ª�º äºÎÓº ÓË°}ºã	}ÒäÒ °¹º°º�

­ÈäÒ� }º�º¯©Ë ­©ãÒ Ò°¹©�ÈÓ© ÓÈ äº�Ëã«² ÏºÓ�ºm

�¹¯Ëº­¯ÈÏºmÈ�ËãË®� sz��� �Ò¹È {�~��������� ¯ÈÏ�
¯È­º�ÈÓÓ©² m |z�r jÓ°�Ò���È ªãË}�¯º°mÈ¯}Ò Òä�
p� |� �È�ºÓÈ sks�� sÈ ¯Ò°� �� ÈÜ� ¹¯ÒmË�ËÓ©
¹¯ÒäË¯© }ºÓ°�¯�}�ÒÒ ÏºÓ�È ° ÓÈ}º¹Ò�ËãËä }È­Ë�

ãË® m mÒ�Ë }È­Ëã	Ó©² °¹Ò¯ÈãË®�

sÈ ¯Ò°� �� ­ }È­ËãÒ m©¹ºãÓËÓ© m mÒ�Ë ¹È¯©

¹¯«äºãÒÓË®Ó©² ¹º °��Ò ��È°�}ºm� }º�º¯©Ë �Ë¯Ë�

��
�°« ° ��È°�}ÈäÒ� ��Ë º­È }È­Ëã« °ºmäË°�Óº °mÒ�

� {� �� sÈ®�È� k� k� lºÏÎ�²ÒÓ� {� l� �©�Ó©®� k� v� zºm­È°ËÓ}º� |� n� �º­ÈÓºm� {� k�  ÒÎËÓ}º� ����

�� °£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� �������



�© m °¹Ò¯Èã	 ¹º Áº¯äË �ÒãÒÓ�¯Ò�Ë°}º®

¹¯�ÎÒÓ© ¯È°�«ÎËÓÒ« ¹º °��Ò ° ¹¯Òä©�

}ÈÓÒËä mÒ�}ºm m ¹Ë¯mÒ�Óºä °º°�º«ÓÒÒ�

�¯Ò ª�ºä º­È }È­Ëã« � Ò �� }È} ¹º}ÈÏÈÓº

ÓÈ ¯Ò°�Ó}Ë� °mÒ�© ¹È¯ÈããËã	Óº m¹¯Ò�©}

mº}¯�� º­�Ë® º°Ò� º­¯ÈÏ�« º­��
 °¹Ò�

¯Èã	 � º�Óº�º �ÒÈäË�¯È� sÈ ¯Ò°� �� m

°¹Ò¯Èã	Ó©Ë ��È°�}Ò }ÈÎ�º�º }È­Ëã« Èm�

�ºÓºäÓ©� |ÓÒ m©¹ºãÓËÓ© }È} º��Ëã	�

Ó©Ë °¹Ò¯ÈãÒ � Ò ��� ÓÈmÒ�©Ë mº}¯��

¹È¯ÈããËã	Ó©² º°Ë® �� Ò �� Ò °äË�ËÓ©

¹º �ãÒÓË �º ¯ÈÏäË�ËÓÒ« m ÏºÓË ¹¯«äº�

ãÒÓË®Ó©² ��È°�}ºm �¯��º�º }È­Ëã«� sÈ

¯Ò°� �� � ¹¯«äºãÒÓË®Ó©® ��È°�º} }ÈÎ�

�º�º }È­Ëã« ¯ÈÏäË�ËÓ m °Ë¯Ë�ÒÓË �Ò�

ãÒÓ�¯Ò�Ë°}º�º ¹¯º°�¯ÈÓ°�mÈ °¹Ò¯ÈãË�

mÒ�Óº�º ��È°�}È �¯��º�º }È­Ëã« ¹º °��Ò

m�ºã	 º°Ò °¹Ò¯ÈãÒ �¯��º�º }È­Ëã«� lËÎ�

�� ¹¯�ÎÒÓÓ©äÒ ��È°�}ÈäÒ °�ËãÈÓ º�°�

��¹ �� �ã« ¹Ë¯ËäË�ËÓÒ« ¹¯Ò ¯È°�«ÎËÓÒÒ

°¹Ò¯ÈãË®�

�È}È« }ºÓ°�¯�}�Ò« ²È¯È}�Ë¯ÒÏ�Ë�°«

�Ëä� ��º m ÓÈ�Èã	Óºä °º°�º«ÓÒÒ� }º��È

ÏºÓ� ÓÈ²º�Ò�°« m ¹¯«äºãÒÓË®Óºä ¹ºãº�

ÎËÓÒÒ� }È­Ëã	Ó©Ë °¹Ò¯ÈãÒ �� � Ò ��

°ÎÈ�© ¹º °��Ò �º ¹¯Òä©}ÈÓÒ« mÒ�}ºm�

�¯Ò ÓÈäÈ�©mÈÓÒÒ ��ãÒÓÒ�Ëã« ÓÈ ­È¯È�

­ÈÓ m ¹¯Ë�ËãÈ² }ÈÎ�º�º º­º¯º�È ­È¯È�

­ÈÓÈ }È­ËãÒ }ºä¹ËÓ°Ò¯�
� ÓË�º°�È�º}

�ãÒÓ© ÏÈ °�Ë� ¯È°�«�ÒmÈÓÒ« °¹Ò¯ÈãËmÒ��

Ó©² ��È°�}ºm� �¯Ò ¯ÈÏäÈ�©mÈÓÒÒ ÏºÓ�È

° ­È¯È­ÈÓÈ °¹Ò¯ÈãÒ }È­ËãË® °ÎÒäÈ
�°«

m ¹¯Ë�ËãÈ² �¹¯��º°�Ò Ò �äËÓ	�È
� °mº


�ãÒÓ� mäË°�Ë °º °¹Ò¯Èã	
 º­ºãº�}Ò�

�¯Ò ¹ºm�º¯Ó©² ÓÈäÈ�©mÈÓÒ«²Ü¯ÈÏäÈ�©mÈÓÒ«² ÏÈ

°�Ë� °¹Ò¯ÈãËmÒ�Ó©² ��È°�}ºm ¹¯Ë�º�m¯È�ÈË�°«

°äË�ËÓÒË }È­ËãË® m º�Ó� °�º¯ºÓ� �º Ò² ¯ÈÏ¯©mÈ�

­ãÈ�º�È¯« �Ëä� ¯Ë°�¯° ¯È­º�© ÏºÓ�È ÏÓÈ�Ò�Ëã	Óº

�mËãÒ�ÒmÈË�°«�

iã« m©¹ºãÓËÓÒ« }È­Ëã	Ó©² °¹Ò¯ÈãË® ÓÈÒ­ºãËË

}ºä¹È}�Óº® Áº¯ä©� ¹º}ÈÏÈÓÓº® ÓÈ ¯Ò°� �� �� ¹¯Ë��

ãºÎËÓ °¹º°º­� ¹¯ºÒãã
°�¯Ò¯ºmÈÓÓ©® ÓÈ ¯Ò°� �� ��

sÈäÈ�©mÈÓÒË º�Óº�º }È­Ëã« m °¹Ò¯Èã	 mº}¯��

¹¯«äºãÒÓË®Óº�º ��È°�}È m�º¯º�º }È­Ëã« ¹¯ºmº�«�

°ºmäË°�Óº ° �º¹ºãÓÒ�Ëã	Óº® �ÒãÒÓ�¯Ò�Ë°}º® �Ë�

�Èã	
 ��� |ÓÈ ÒäËË� ¹ÈÏ� m }º�º¯©® ÏÈ}ãÈ�©mÈ
�

}È­Ëã	 �� ¹¯Ë�ÓÈÏÓÈ�ËÓÓ©® �ã« ¹¯º²º�È mÓ��¯Ò

°¹Ò¯ÈãÒ� È ¹º�ºä ÓÈ ª�� �Ë�Èã	 mäË°�Ë ° }È­ËãËä

m ¹ÈÏ� ÓÈäÈ�©mÈ
� m�º¯º® }È­Ëã	 �� �º°ãË ÓÈ�

äÈ�©mÈÓÒ« �Ë�Èã	 �� °�mÒ�È
� m�ºã	 ËË º°Ò Ò

ÏÈ}ãÈ�©mÈ
� m ¹ÈÏ �¯��º® }È­Ëã	� ¹ºm�º¯«« º¹Ë�

¯È�Ò
 ÓÈäÈ�©mÈÓÒ« ° }È­ËãËä� }º�º¯©® ­©ã ¹¯Ë��

mÈ¯Ò�Ëã	Óº m©Ó�� ÒÏ ¹ÈÏÈ� �¯Ò ¹¯ºmË�ËÓÒÒ {�z

m �°ãºÎÓËÓÓ©² �°ãºmÒ«²� ÓÈ¹¯ÒäË¯� ÓÈ �� ° ÓÈ�

cÒ°� �� v²ËäÈ �°ÒãÒ�Ëã« ÓÈ�«ÎËÓÒ« }È­ËãË®�
� Û º­ºãº�}È ��ãÒÓÒ�Ëã«� � Û }ºÈ}°ÒÈã	�
Ó©Ë }È­ËãÒ� �Û ä�Á�È� � Û ¹¯�ÎÒÓÈ� � Û
}¯Ë¹ãËÓÒË }È­Ëã«� � Û }È­Ëã	ÓÈ« °¹Ò¯Èã	�
/ Û º�°��¹

cÒ°� �� v²Ëä© }ºÓ°�¯�}�ÒÒ ÏºÓ�È �È�� ÒÏ�º�ºmãËÓÒ« ÓÈ}º¹Ò�Ëã« �­Ü�� Ò m©�
¹ºãÓËÓÒ« }È­Ëã	Ó©² °¹Ò¯ÈãË® ���� � Û }ºÓ�¯ºãÒ¯�
�È« �ºãºm}È� � Û ªãË}�
�¯Ò�Ë°}Ò® °ºË�ÒÓÒ�Ëã	� � Û ��ãÒÓÒ�Ëã	� � Û °¹Ò¯Èã	� � Û ªãË}�¯Ò�Ë°}ÒË
}È­ËãÒ� ­ Û ÓÈ}º¹Ò�Ëã	 ° °ºmäË°�Ó©äÒ ��² }È­Ëã	Ó©äÒ °¹Ò¯Èã«äÒ� m Û Èm�
�ºÓºäÓ©Ë }È­Ëã	Ó©Ë °¹Ò¯ÈãÒ� � Û }È­Ëã	Ó©Ë °¹Ò¯ÈãÒ� º²mÈ�©mÈ
�ÒË °äËÎ�
Ó©Ë }È­ËãÒ� � Û º­ºãº�}È� � Û äË�ÈããÒ�Ë°}È« °¹Ò¯Èã	� �� � Û }È­ËãÒ� � Û
°ºmäË°�ÓÈ« °¹Ò¯Èã	 ÒÏ �m�² }È­ËãË®� �� ��Û Èm�ºÓºäÓ©Ë }È­Ëã	Ó©Ë °¹Ò¯ÈãÒ�
��� �� Û º°Ò °¹Ò¯ÈãË®� �� Û º�°��¹ �ã« ¹Ë¯ËäË�ËÓÒ« ¹¯Ò ¯È°�«ÎËÓÒÒ °¹Ò�
¯ÈãË®� �� Û �º¹ºãÓÒ�Ëã	ÓÈ« �ÒãÒÓ�¯Ò�Ë°}È« �Ë�Èã	

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



ãÒ�ÒËä ÏÓÈ�Ò�Ëã	Ó©² º�ãºÎËÓÒ® ÓÈ mÓ��¯ËÓÓÒ²

¹ºmË¯²Óº°�«² °�ËÓº} �|�� }º��È �°ÒãÒ« ¹¯Ò m©�

�«�ÒmÈÓÒÒ ÏºÓ�È m©Ï©mÈ
� ¯È°�«ÎËÓÒË °¹Ò¯ÈãÒ

º­ºãº�}Ò� �¹¯��º°�Ò }È­Ëã	Ó©² °¹Ò¯ÈãË® äºÎË�

­©�	 ÓË�º°�È�º�Óº� iã« �È}Ò² �°ãºmÒ® ¯ÈÏ¯È­º�

�ÈÓÈ }ºÓ°�¯�}�Ò« �°ÒãÒ�Ëã« ÓÈ�«ÎËÓÒ« }È­ËãË®

ÏºÓ�È� }º�º¯È« ¹¯ÒmË�ËÓÈ ÓÈ ¯Ò°� �� |ÓÈ ¹¯Ë��°�

äÈ�¯ÒmÈË� ¹ºm©�ËÓÒË �°ÒãÒ« ��Ë¯ÎÈÓÒ« }È­ËãË®

º� ¹º�mÒÎ}Ò m °�º¯ºÓ� ÓÈäº�º�Óº�º ­È¯È­ÈÓÈ Ò

mºÏm¯È�ËÓÒË Ò² m ¹Ë¯mÒ�ÓºË ¹ºãºÎËÓÒË�

iã« ª�º�º m °Ë¯Ë�ÒÓË º­ºãº�}Ò � }ºÈ}°ÒÈã	Óº

Ë® �º¹ºãÓÒ�Ëã	Óº ¯ÈÏäË�ËÓÈ äË�ÈããÒ�Ë°}È« ¹¯��

ÎÒÓÈ � ¯È°�«ÎËÓÒ«� }º�º¯È« º�ÓÒä }ºÓ�ºä ÏÈ}�

¯Ë¹ãËÓÈ ÓÈ º­ºãº�}Ë � ° ¹ºäº�	
 ä�Á�© �� È }

�¯��ºä� }ºÓ�� � ¹¯Ò}¯Ë¹ãËÓ© }È­ËãÒ�

sÈ ¯Ò°� � ¹º}ÈÏÈÓº ��º }È­ËãÒ � ¹¯º¹��ËÓ©

m °Ë¯Ë�ÒÓË ¹¯�ÎÒÓ© �� w�º °�ËãÈÓº �È}Òä º­¯È�

Ïºä� ��º ° º�Óº�º }ºÓ�È ¹¯�ÎÒÓ© ºÓÒ ¯ÈÏäË�ËÓ©

¹¯«äºãÒÓË®Óº ÒãÒ ° ÓÈ�«ÎËÓÒËä ¹º� �Ë®°�mÒËä

¹¯�ÎÒÓ©� È ¹º �¯���
 ÒäË
� ÒÏãÒ�Ë} �ãÒÓ© º��

Óº°Ò�Ëã	Óº º­ºãº�}Ò� jÏãÒ�Ë} äºÎË� ­©�	 º­�

¯ÈÏºmÈÓ ÏÈ °�Ë� mºãÓÒ°�º°�Ò }È­ËãË® � °º °�º¯ºÓ©

�ºãºm}Ò º�Óº°Ò�Ëã	Óº ¹¯�ÎÒÓ© �� }È} ¹º}ÈÏÈÓº

ÓÈ ¯Ò°� �� �� ÒãÒ m mÒ�Ë ÓÈ}º¹Ò�Ëã« m Áº¯äË

}È­Ëã	Óº® °¹Ò¯ÈãÒ � �¯Ò°� �� ­�� rãÈ�º�È¯« ª�ºä�

m ¹¯«äºãÒÓË®Óºä °º°�º«ÓÒÒ ÏºÓ�È ¹¯�ÎÒÓÈ °ÎÈ�È

¹º��Ò �º °º¹¯Ò}º°ÓºmËÓÒ« mÒ�}ºm� È }È­ËãÒ ÓÈ

¹¯«äºãÒÓË®Óºä ��È°�}Ë ¯È°¹¯«äãËÓ©� { º°�Èã	Óº®

�È°�Ò º­ºãº�}Ò °º °�º¯ºÓ© �ºãºm}Ò }È­ËãÒ º­¯È�

Ï�
� ÏÈ¹È°� }º�º¯©® }ºä¹ËÓ°Ò¯�Ë� ��«Î}� }È­ËãË®

º�Óºm¯ËäËÓÓº ° ¯È°�«�ÒmÈÓÒËä ¹¯�ÎÒÓ© ¹¯Ò ÓÈ�

äÈ�©mÈÓÒÒ ��ãÒÓÒ�Ëã« ÓÈ ­È¯È­ÈÓ� �¯Ò ¯ÈÏäÈ�©�

mÈÓÒÒ ÏºÓ�È ° ­È¯È­ÈÓÈ ¹¯�ÎÒÓÈ °ÎÒäÈË�°« Ò ¹º��

�«�ÒmÈË� ÏÈ °º­º® ÒÏãÒ�Ë} }È­Ëã« ÓÈ ¹¯ËÎÓËË äË°�

�º� jÏãÒ�Ë} }È­ËãË® �ËãË°ºº­¯ÈÏÓº m©¹ºãÓ«�	 m

Áº¯äË °¹Ò¯ÈãÒ °ºãËÓºÒ�È ° ¹¯«ä©ä º�¯ËÏ}ºä ¹Ë�

¯Ë� ¹¯�ÎÒÓº® �ãÒÓº® /� ¯ÈmÓ©ä �ãÒÓË ¯È°�«ÎË�

ÓÒ« ¹¯�ÎÒÓ© �� |­ºãº�}È äºÎË� ­©�	 ¯ÈÏ�ËãËÓÈ

ÓÈ �mË ÒãÒ ­ºã	�Ë °Ë}�Ò®� °ºË�ÒÓËÓÓ©² ä�Á�º®

�� ¹º ¯ÈÏÓ©Ë °�º¯ºÓ© }º�º¯º® ¯È°¹ºãºÎËÓ© ¹¯��

ÎÒÓÈ ° ¯È°¹¯«äãËÓÓ©äÒ }È­Ëã«äÒ Ò ÏÈ¹È° ÒÏ�

ãÒ�}È }È­ËãË®�

�¯ÒmË�ËÓÓ©Ë �Ë²ÓÒ�Ë°}ÒË ¯Ë�ËÓÒ« ÏÈ¹È�ËÓ�º�

mÈÓ©�

�� �È�� �����k �}¯È�ÓÈ l�z �*��1������ ~ºÓ� �ã« }ºÓ��
¯ºã
 äË�ÈãËmÒ² �¯�­ � |� n� �º­ÈÓºm� {� �� sÈ®�È� k�
|� lºÏÎ�²�Ó �È �Ó� Û sÈ�¯�}� ����������� r
ã� ¢ ���

�� �È�� �����k �}¯È�ÓÈ l�z �*��1������ ~ºÓ� �ã« ÓË�
¯�®Ó�mÓº�º }ºÓ�¯ºã
 °�ÈÓ� äË�Èã� �¯�­ �È °¹º°�­ ®º�º mÒ�
}ºÓÈÓÓ« � {� �� sÈ®�È� {� l� �Ò�ÓÒ®� k� |� lºÏÎ�²�Ó
�È �Ó� Û sÈ�¯�}� ����������� r
ã� ¢ ���

HDL; Bg�lZ we_dljhk\Zjdb bf� ?� H� IZlhgZ G:G MdjZbgu�

Db_\
IhklmibeZ \ j_^Zdpbx

����������

��������������� !" ���� #�$� %!&
�����������	
��	����
����
	���
����
����

�
������������������
��
����
����������������
	�	
����	�
��������
��������

~ �� ¹º �� �¯��Ó« ���� ¯� m ´mÈÓº�n¯ÈÓ}�m°	}ºä� ÓÈ��ºÓÈã	Óºä� �Ë²Ó��Óºä� �Ó�mË¯°Ò�Ë�� ÓÈÁ�Ò

� �ÈÏ� m��­��Ë�	°« ��È l�ÎÓÈ¯º�ÓÈ ÓÈ�}ºmº��Ë²Ó��ÓÈ }ºÓÁË¯ËÓ��« � mÒ°�Èm}È ½v��È°Ó� ¹¯ÒãÈ�Ò�

äÈ�Ë¯�ÈãÒ � �Ë²Óºãº��� �ã« ÓË¯�®Ó�mÓº�º }ºÓ�¯ºã
 � �Ë²Ó��Óº� ��È�Óº°�Ò}Ò ¹¯ºäÒ°ãºmº�º º­ãÈ�ÓÈÓÓ«��

¨ÌËÒÃÎÃËÔ�Ý ¿ÑÂÃ ÍÎÌÀÌÂÆÐÆÏÝ Å¾ Ð¾ÈÆÊÆ Ë¾ÍÎÝÊÈ¾ÊÆ�

�� lË�º�Ò � �Ë²Ó��Ó� ÏÈ°º­Ò ¹¯ºmË�ËÓÓ« ÓË¯�®Ó�mÓº�º }ºÓ�¯ºã
 � �Ë²Ó��Óº� ��È�Óº°�Ò}Ò ¹¯º�

äÒ°ãºmº�º º­ãÈ�ÓÈÓÓ«�

�� |°º­ãÒmº°�� ¹¯ºmË�ËÓÓ« ÓË¯�®Ó�mÓº�º }ºÓ�¯ºã
 � �Ë²Ó��Óº� ��È�Óº°�Ò}Ò ÓÈÁ�º�ÈÏºmº�º º­�

ãÈ�ÓÈÓÓ«�

�� ����º�ºm}È� È�Ë°�È��« � °Ë¯�ÒÁ�}È��« °¹Ë��Èã�°��m m �Èã�Ï� ÓË¯�®Ó�mÓº�º }ºÓ�¯ºã
 � �Ë²Ó��Óº�

��È�Óº°�Ò}Ò ¹¯ºäÒ°ãºmº�º º­ãÈ�ÓÈÓÓ«�

�� ����º�ºm}È ÁÈ²�m��m ÏÈ °¹Ë��Èã	Ó�°�
 ½�¯ÒãÈ�Ò �È °Ò°�ËäÒ ÓË¯�®Ó�mÓº�º }ºÓ�¯ºã
� � mÒ�Ò²

ÓÈm�Èã	ÓÒ² ÏÈ}ãÈ�È² �}¯È�ÓÒ�

�º äÈ�Ë¯�ÈãÈ² }ºÓÁË¯ËÓ��� ¹Ë¯Ë�­È�È¼�	°« mÒ�ÈÓÓ« äÈ�Ë¯�Èã�m �º¹ºm��Ë®� «}� ­����	 mÒÏÓÈÓ�

{kz �}¯È�ÓÒ «} ÁÈ²ºmË mÒ�ÈÓÓ«�

{ ¯º­º�� mÒ°�Èm}Ò ­����	 ¹¯Ò®äÈ�Ò ��È°�	 m��ºä� Á�¯äÒ � º¯�ÈÓ�ÏÈ����mÒ¯º­ÓÒ}Ò �Ë²Ó��ÓÒ²

ÏÈ°º­�m ÓË¯�®Ó�mÓº�º }ºÓ�¯ºã
 � �Ë²Ó��Óº� ��È�Óº°�Ò}Ò �}¯È�ÓÒ � ÏÈ¯�­�ÎÎ«�

�ÂÎÃÏ¾ ÌÎÁÈÌÊ�ÐÃÐÑ ÍÌ ÍÎÌÀÃÂÃËËÜ ÈÌËÒÃÎÃËÔ���
È¾ÒÃÂÎ¾ �ªÃÐÌÂÆ Ð¾ ÍÎÆÉ¾ÂÆ ÈÌËÐÎÌÉÜ ÝÈÌÏÐ� � ÏÃÎÐÆÒ�È¾Ô�� ÍÎÌÂÑÈÔ���

�À¾ËÌ�²Î¾ËÈ�ÀÏÚÈÌÁÌ Ë¾Ô�ÌË¾ÉÚËÌÁÌ ÐÃÓË�ÕËÌÁÌ ÑË�ÀÃÎÏÆÐÃÐÑ Ë¾ÒÐÆ � Á¾ÅÑ�

ÀÑÉ� ¨¾ÎÍ¾ÐÏÚÈ¾� ��� Ê� �À¾ËÌ�²Î¾ËÈ�ÀÏÚÈ� ������

°ÃÉ� ��������� �������� ������� (�PDLO� PGTF#LIGWXQJ�LI�XD

�� °£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� �������



M>D ����������

��������������	
��
����
���������������
������������������
��������������������������
��
���������
������
������
�������������	
����

�������
���������������


|� p� �p{j¡zjq

Knhjfmebjh\Zgu mkeh\by dhjj_dlgh]h \u[hjZ ebg_cgh]h rZ]Z ^bkdj_lbaZpbb b qbkeZ gZijZ\e_gbc ahg^bjh\Zgby \
ZabfmlZevghc iehkdhklb h[t_dlZ ijb ihemq_gbb ijh_dpbhgguo ^Zgguo \ mevljZa\mdh\hc ljZgkfbkkbhgghc j_dhg�
kljmdlb\ghc lhfh]jZnbb�

7KH PDLQ UHTXLUHPHQWV IRU 87 SDWWHUQV IRU WRPRJUDSKLF LQYHVWLJDWLRQ RI WKH VWUXFWXUH RI WKH PDWHULDO DUH GHILQHG� DQG D

SUDFWLFDO SDWWHUQ RI WRPRJUDSKLF VFDQQLQJ LV FRQVLGHUHG IRU VKHHW PDWHULDOV� XVLQJ WKH VKDGRZ PHWKRG RI VRXQGLQJ DQG LWV

IHDWXUHV ZLWK RQH�VLGHG DFFHVV WR RQH RI WKH VXUIDFHV�

{mË�ËÓÒË� �ãÈmÓÈ« ÏÈ�È�È ¯Ë}ºÓ°�¯�}�ÒmÓº® m©�
�Ò°ãÒ�Ëã	Óº® �ºäº�¯ÈÁÒÒ °º°�ºÒ� m mº°°�ÈÓºm�
ãËÓÒÒ ¹¯º°�¯ÈÓ°�mËÓÓº® Á�Ó}�ÒÒ ¹º }ºÓË�Óºä�
�Ò°ã� ËË ãÒÓË®Ó©² ÒÓ�Ë�¯Èãºm �¹¯ºË}�Ò®�� ¹¯Ò�Ëä
¹¯º�Ë��¯È mº°°�ÈÓºmãËÓÒ« �ºãÎÓÈ °ºº�mË�°�mºmÈ�	
°²ËäË °}ÈÓÒ¯ºmÈÓÒ«� vãË��Ë� º�äË�Ò�	� ��º �Ò°�
}¯Ë�Ó©® ²È¯È}�Ë¯ °­º¯È ¹¯ºË}�ÒºÓÓ©² �ÈÓÓ©² m
�ºäº�¯ÈÁÒÒ Óº°Ò� ¹¯ÒÓ�Ò¹ÒÈã	Ó©® ²È¯È}�Ë¯� �¯Ò
¯ËÈãÒÏÈ�ÒÒ ¹¯ºÒÏmºã	Óº® ¹¯È}�Ò�Ë°}º® °²Ëä© °}È�
ÓÒ¯ºmÈÓÒ« Ò°°ãË��Ëäº® º­ãÈ°�Ò ÒãÒ ��È°�}È m°Ë��È
mºÏÓÒ}ÈË� �Ò°}¯Ë�ÒÏÈ�Ò« ãÒ­º ¹º ãÒÓË®Óºä� ¹Ë�
¯ËäË�ËÓÒ
� ãÒ­º ¹º ��ã� ¹ºmº¯º�È� ÒãÒ ¹º ¹Ë¯mºä�
Ò m�º¯ºä�� �ºª�ºä� mãÒ«ÓÒË }ºÓË�Óº°�Ò m©­º¯}Ò
Ò °²Ëä© °}ÈÓÒ¯ºmÈÓÒ« �°²Ëä© ¹ºã��ËÓÒ« ¹¯ºË}�
�ÒºÓÓ©² �ÈÓÓ©²� ÓÈ �º�Óº°�	 Ò ¯ÈÏ¯Ë�È
��

°¹º°º­Óº°�	 mº°°�ÈÓºmãËÓÒ« Û º�ÒÓ ÒÏ mÈÎÓË®�Ò²
mº¹¯º°ºm ¯Ë}ºÓ°�¯�}�ÒmÓº® �ºäº�¯ÈÁÒÒ�

{ ª�º® ¯È­º�Ë °Áº¯ä�ãÒ¯ºmÈÓ© �°ãºmÒ« }º¯�
¯Ë}�Óº°�Ò �Ò°}¯Ë�ÒÏÈ�ÒÒ� m©­º¯ ãÒÓË®Óº�º �È�È
¹Ë¯ËäË�ËÓÒ« °}ÈÓÒ¯�
�Ë�º �°�¯º®°�mÈ Ò }ºãÒ�Ë°�
�mº ÓÈ¹¯ÈmãËÓÒ® ÏºÓ�Ò¯ºmÈÓÒ« m ÈÏÒä��Èã	Óº®
¹ãº°}º°�Ò�

im�äË¯ÓÈ« Á�Ó}�Ò« I�²� \� ° º­ãÈ°�	
 º¹¯Ë�
�ËãËÓÒ« '� ��º º¹Ò°©mÈË� º­�Ë}� ÏºÓ�Ò¯ºmÈÓÒ« ¹º

Ò°°ãË��Ëäº® ²È¯È}�Ë¯Ò°�Ò}Ë ÒãÒ ¹È¯ÈäË�¯�� º�Óº�

ÏÈ�Óº º¹¯Ë�Ëã«Ë�°« Á�Ó}�ÒË® cÈ�ºÓÈ I
_
(S� ϕ) >�Ü�@�

I
_
(S� ϕ) = ∫ ∫

∞

I([� \)δ>S Ü ([ FRV ϕ + \ VLQϕ)@G[G\� ���

��Ë °º�ãÈ°Óº ¯Ò°� �� S Û ¯È°°�º«ÓÒË º� ÓÈ�ÈãÈ

}ºº¯�ÒÓÈ� �º ¹¯«äº® /� ¹º }º�º¯º® ¹¯ºm�Ò�°«

ÒÓ�Ë�¯Ò¯ºmÈÓÒË �º¹¯Ë�Ëã«Ë� ¹ºãºÎËÓÒË ã��Ëmº®

¹¯ºË}�ÒÒ�� ϕ Û ��ºã äËÎ�� ¹¯«äº® ¯ Ò }ºº¯�

�ÒÓÈ�Óº® º°	
 [� δ�•� Û �Ëã	�È�Á�Ó}�Ò«�

vº�ãÈ°Óº ��� ¹¯Ëº­¯ÈÏºmÈÓÒË cÈ�ºÓÈ º¹¯Ë�Ë�

ã«Ë�°« }È} ÒÓ�Ë�¯Ò¯ºmÈÓÒË Á�Ó}�ÒÒ I m�ºã	 m°Ë²

mºÏäºÎÓ©² ¹¯«ä©² /� }º�º¯©Ë ¹Ë¯Ë°Ë}È
� º­�

ãÈ°�	 º¹¯Ë�ËãËÓÒ« '�

{©¯ÈÎËÓÒË ��� äºÎÓº ¹¯Ë�°�ÈmÒ�	 m �¯��º®

Áº¯äË� Ë°ãÒ mº°¹ºã	ÏºmÈ�	°« mË}�º¯Óº® ÏÈ¹Ò°	


�¯ÈmÓËÓÒ« ¹¯«äº® ÓÈ ¹ãº°}º°�Ò >�@�

I
_
(S� τ

_
) = ∫ ∫

∞

I([
__
)δ>S Ü ([

__
� τ

_
)@G[

___
�

���

��Ë S = ([
__
� τ

_
) Û �¯ÈmÓËÓÒË ¹¯«äº® ÓÈ ¹ãº°}º°�Ò

m mË}�º¯Óº® Áº¯äË� ([
__
� τ

_
)  [ FRV ϕ � \ VLQ ϕ Û

°}Èã«¯ÓºË ¹¯ºÒÏmË�ËÓÒË mË}�º¯ºm [

__
Ò τ

_
� τ

_
Û Ë�Ò�

ÓÒ�Ó©® mË}�º¯ m�ºã	 ¹¯«äº® S ° }ºº¯�ÒÓÈ�ÈäÒ

°ºº�mË�°mËÓÓº �°RV ϕ� VLQ ϕ��
{ °ã��ÈË Á�Ó}�ÒÒ �¯Ë² ¹Ë¯ËäËÓÓ©² I�[� \� ]��

Ò°¹ºã	Ï�« mË}�º¯Ó�
 ÏÈ¹Ò°	 τ
_
 �[� \� ]� Ò Ë�Ò�

ÓÒ�Ó©® mË}�º¯ τ
_
� ¹¯Ëº­¯ÈÏºmÈÓÒË cÈ�ºÓÈ ÏÈ¹Ò°©�

mÈË�°« ÈÓÈãº�Ò�Óº ����

IÜ (S� τ
_
) = ∫ ∫

∞

I([
__
)δ>S Ü ([

__
� τ

_
)@G[

___
�

���

��Ë ([
__
� τ

_
) = τ

�
[ + τ

�
\ + τ

�
] = S Û �¯ÈmÓËÓÒË ¹ãº°�

}º°�Ò ÒÓ�Ë�¯Ò¯ºmÈÓÒ«� S Û ¯È°°�º«ÓÒË �º ¹ãº°�

}º°�Ò ÒÓ�Ë�¯Ò¯ºmÈÓÒ«� τ
_

Û Ë�ÒÓÒ�Ó©® mË}�º¯

m�ºã	 ¹¯«äº® S� º¹¯Ë�Ëã«
�Ò® º¯ÒËÓ�È�Ò
 ¹ãº°�

}º°�Ò�

� |� {� �ËmÒ�}Ò®� ���� cÒ°� �� z º¹¯Ë�ËãËÓÒ
 ã��Ëmº® ¹¯ºË}�ÒÒ

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



vãË��Ë� º�äË�Ò�	� ��º °º�ãÈ°Óº ��� ÒÓ�Ë�¯Ò�

¯ºmÈÓÒË m©¹ºãÓ«Ë�°« ¹º ¹ãº°}º°�«ä� È ÓË ¹º ¹¯«�
ä©ä °º�ãÈ°Óº ����

|�ÓÈ}º� }È} ­©ãº º�äË�ËÓº m©�Ë� ª�È Á�Ó}�Ò«
ÒÏmË°�ÓÈ �ã« }ºÓË�Óº�º äÓºÎË°�mÈ �º�Ë} º­ãÈ°�Ò

Ë�º º¹¯Ë�ËãËÓÒ« �S� ϕ�� {ºÏÓÒ}È
� º�ËmÒ�Ó©® mº¹�
¯º°� mºÏäºÎÓº ãÒ º�ÓºÏÓÈ�Óº mº°°�ÈÓºmÒ�	 ¯È°¹�
¯Ë�ËãËÓÒË I� ÒäË« º�¯ÈÓÒ�ËÓÓ�
 ÒÓÁº¯äÈ�Ò
 º­
º­�Ë}�Ë� ÒãÒ ÒÓÈ�Ë Û mºÏäºÎÓº ãÒ �º�Óº mº°�
°�ÈÓºmÒ�	 °Ë�ËÓÒË º­�Ë}�È ¹º }ºÓË�Óºä� �Ò°ã�
�Ò°}¯Ë�Ó©² ¹¯ºË}�Ò®" w�È ÏÈ�È�È ÒäËË� ��mË¯�
�Ò�Ëã	Ó©® º�mË� �ã« º¹¯Ë�ËãËÓÓº�º }ãÈ°°È º­�Ë}�
�ºm >�@� �È}� �ã« º°Ë°ÒääË�¯Ò�Óº�º ¯È°¹¯Ë�ËãËÓÒ«
Ò°°ãË��Ëäº® ²È¯È}�Ë¯Ò°�Ò}Ò º­�Ë}�È� }º��È Á�Ó�
}�Ò« cÈ�ºÓÈ ¹Ë¯Ë²º�Ò� m �¯ÈmÓËÓÒË k­Ëã«� �º°�
�È�º�Óº º�Óº® ¹¯ºË}�ÒÒ� iã« º­�Ë}�ºm� °Ë�ËÓÒ«
}º�º¯©² äºÎÓº ¹¯Ë�°�ÈmÒ�	 �Ë¯ËÏ ¹¯ºÒÏmË�ËÓÒË
�m�² Á�Ó}�Ò® ° ¯ÈÏ�ËãËÓÓ©äÒ ¹Ë¯ËäËÓÓ©äÒ� Û
�º°�È�º�Óº ÒäË�	 �mË ¹¯ºË}�ÒÒ�

{ º­�Ëä °ã��ÈË� �ÈÓÓÈ« ¹¯º­ãËäÈ ° äÈ�ËäÈ�
�Ò�Ë°}º® �º�}Ò Ï¯ËÓÒ« Ò°°ãË�ºmÈãÈ°	 n� sÈ��Ë�
¯Ë¯ºä ��Ë�Èã	ÓËË °ä� >�@� ¯ºÏ�� ,,���� vº�ãÈ°Óº
n� sÈ��Ë¯Ë¯� �m©mº�© } �Ëº¯ËäË ,,����� ÏÓÈ�ËÓÒ«

ã��Ëm©² ÒÓ�Ë�¯Èãºm I
_
(S� ϕ) �ã���¹¯ºË}�Ò®� �ã« }º�

ÓË�Óº�º �Ò°ãÈ ÓÈ¹¯ÈmãËÓÒ® ϕL� ÓË º¹¯Ë�Ëã«
� º��

ÓÈÏÓÈ�Óº Á�Ó}�Ò
 I ÒÏ }ãÈ°°È &
�

∞
� Ë°ãÒ �ÈÎË ¯

¹¯º­Ë�ÈË� m°Ë ÏÓÈ�ËÓÒ« ÒÏ ÒÓ�Ë¯mÈãÈ º¹¯Ë�ËãËÓÒ«�
zÈ} º�äË�ÈË� Èm�º¯� �ã« ¹ºã��ËÓÒ« ¹ºãºÎÒ�Ëã	�
Óº�º ¯ËÏ�ã	�È�È ÓÈ Á�Ó}�Ò
 I ÓËº­²º�Òäº ÓÈãº�
ÎÒ�	 º¹¯Ë�ËãËÓÓ©Ë º�¯ÈÓÒ�ËÓÒ«� sÈÒã���ÒË ¯Ë�
Ï�ã	�È�© ¹ºã��È
�°« �ã« Á�Ó}�Ò® ° º�¯ÈÓÒ�ËÓÓº®
�Ò¯ÒÓº® °¹Ë}�¯È�

{ �ÈÓÓº® ¯È­º�Ë ä© ­��Ëä ¯È°°äÈ�¯ÒmÈ�	 ÒäËÓ�
Óº �È}ÒË Á�Ó}�ÒÒ Ò ¹ºã��Òä �ã« ÓÒ² }º¯¯Ë}�Ó©Ë
�°ãºmÒ« �Ò°}¯Ë�ÒÏÈ�ÒÒ� È �È}ÎË ¹ºã��Òä º�ËÓ}�
¯ÈÏ¯Ë�È
�Ë® °¹º°º­Óº°�Ò �ã« °ã��È«� }º��È ÓÈ�
­º¯© ¹¯ºË}�Ò® º¹¯Ë�Ëã«
�°« �ã« }ºÓË�Óº�º �Ò°ãÈ
ÈÏÒä��Èã	Ó©² ÓÈ¹¯ÈmãËÓÒ®�

�Ëº¯ËäÈ º�°�Ë�ºm� �º°}ºã	}� ¹¯ºÒÏmºã	ÓºË
ÒÏº­¯ÈÎËÓÒË ��m�äË¯ÓºË ÒãÒ �¯Ë²äË¯ÓºË� äºÎÓº
º¹Ò°È�	 ° ¹ºäº�	
 ÓË}º�º¯º® Á�Ó}�ÒÒ V([

__
)� äÈ�

�ËäÈ�Ò�Ë°}È« ÏÈ�È�È °º°�ºÒ� m �Ò°}¯Ë�ÒÏÈ�ÒÒ Á�Ó�

}�ÒÒ V([
__

) Ò ËË mº°°�ÈÓºmãËÓÒÒ ¹º �Ò°}¯Ë�Óºä�
äÓºÎË°�m� ÏÓÈ�ËÓÒ® º�°�Ë�ºm� ~�Ë°	 [

__
Û mË}�º¯

}ºº¯�ÒÓÈ�� [
__
 �²

�
� ²

�
� Ò [

__
 �²

�
� ²

�
� ²

�
� °ºº��

mË�°�mËÓÓº m �� Ò ��äË¯Óºä °ã��È«²� n�Ó�ÈäËÓ�
�Èã	Ó©ä ¯ËÏ�ã	�È�ºä m ª�º® º­ãÈ°�Ò «mã«Ë�°« �Ë�

º¯ËäÈ º�°�Ë�ºm ÒãÒ �Ëº¯ËäÈ bËÓÓºÓÈ� w�È �Ëº¯ËäÈ
°º­°�mËÓÓº Áº¯ä�ãÒ¯�Ë�°« �ã« Á�Ó}�Ò® �°Ò�ÓÈ�
ãºm� ° º�¯ÈÓÒ�ËÓÓº® ¹ºãº°º® °¹Ë}�¯È >�Ü�@� �¯ËÎ�
�Ë �Ëä ¹Ë¯Ë®�Ò } °º�Ë¯ÎÈÓÒ
 �Ëº¯Ëä© bËÓÓºÓÈ
°�ËãÈËä ÓË°}ºã	}º ¹¯Ë�mÈ¯Ò�Ëã	Ó©² ÏÈäË�ÈÓÒ®�

r��Ëä �ºmº¯Ò�	� ��º º¹¯Ë�ËãËÓÓÈ« m Q�äË¯Óºä
�Ë®°�mÒ�Ëã	Óºä ¹¯º°�¯ÈÓ°�mË 5

Q
Á�Ó}�Ò« ÒäËË�

�Ò¯ÒÓ� °¹Ë}�¯È %  :P� Ë°ãÒ Á�¯	Ë�°¹Ë}�¯ ª�º®
Á�Ó}�ÒÒ ãº}Èã	Óº ÒÓ�Ë�¯Ò¯ºmÈÓ Ò ¯ÈmËÓ Ó�ã

mÓË �¯ÈÓÒ� °ÁË¯© ¯È�Ò�°ºä :P� sÈ�ã«�Ó©ä ¹¯Ò�
äË¯ºä Á�Ó}�ÒÒ ° º�¯ÈÓÒ�ËÓÓ©ä °¹Ë}�¯ºä m º��
ÓºäË¯Óºä °ã��ÈË «mã«Ë�°« VLQF�Á�Ó}�Ò«

VLQ F (�π:P[) =










VLQ�:
P
[

�π:P[
� [ ≠ ��

�� [ = ��

bÒ¯ÒÓÈ °¹Ë}�¯È Á�Ó}�ÒÒ VLQF��π:P[� ¯ÈmÓÈ
%  �:P� ¹º°}ºã	}� ºÓÈ ¹¯Ë�°�Èmã«Ë� °º­º® º­�
¯È�ÓºË ¹¯Ëº­¯ÈÏºmÈÓÒË n�¯	Ë ½¹¯«äº��ºã	Óº®
Á�Ó}�ÒÒ� 6�I� �¯Ò°� ��� }º�º¯È« �ºÎ�Ë°�mËÓÓº
¯ÈmÓÈ Ó�ã
 ÏÈ ¹¯Ë�ËãÈäÒ º�¯ËÏ}È >Ü:P� �:P@�

6(I) = )>VLQ F (�π:
P
[)@ =











�

�:
P

� Ü:
P

< I < +:
P
�

� ¹¯Ò I ≤ Ü:
P
LI ≥ +:

P
�

~ÈäË�Òä� ��º �ã« ÓË¹¯Ë¯©mÓº�º �Ë®°�mÒ�Ëã	�
Óº�º °Ò�ÓÈãÈ V�[� ° º�¯ÈÓÒ�ËÓÓ©ä °¹Ë}�¯ºä� mË¯�
²Ó«« �È°�º�È }º�º¯º�º ¯ÈmÓÈ:P� Ë�º Á�¯	Ë�°¹Ë}�¯
m°Ë��È °ÒääË�¯Ò�ÓÈ« Á�Ó}�Ò« ° ¹ºãÓº® �Ò¯ÒÓº®
°¹Ë}�¯È� ¯ÈmÓº® �:P �°ä� ¯Ò°� �� ­�

{ �m�äË¯Óºä >[
__
 �²

�
� ²

�
�@ Ò �¯Ë²äË¯Óºä [

__
 

 >�²
�
� ²

�
� [

�
�@ °ã��È«² Á�Ó}�Ò« VLQ F ÏÈ�ÈË�°«

Áº¯ä�ãÈäÒ °ºº�mË�°�mËÓÓº

VLQ F�[
__
�  VLQ F�[

�
�VLQ F�[

�
��

VLQ F�[
__
�  VLQ F�[

�
�VLQ F�[

�
�VLQ F�[

�
��

zÈ} mÒ�Óº ÒÏ �¯ÈÁÒ}È Á�Ó}�ÒÒ VLQ F��π:P²�
�¯Ò°� �� È�� ºÓÈ ¹ºãºÎÒ�Ëã	ÓÈ ¹¯Ò _[_ � ���:P�
È ÏÈ ¹¯Ë�ËãÈäÒ ª�º�º ÒÓ�Ë¯mÈãÈ º¹Ò°©mÈË� ÏÈ���
²È
�ÒË }ºãË­ÈÓÒ«�

cÈ°°äº�¯Òä �m�äË¯Ó©® °ã��È®� { �Ë¯äÒÓÈ²
�ÒÁ¯ºmº® º­¯È­º�}Ò ÒÏº­¯ÈÎËÓÒ® Á�Ó}�Ò«
VLQF��π:P[� º¹Ò°©mÈË� ½ªãËäËÓ� ÒÏº­¯ÈÎËÓÒ«�
¯ÈÏäË¯ºä ���:P²����:P\� vãË�ºmÈ�Ëã	Óº� Á�Ó�
}�Ò« V�[� \� ° �Ò¯ÒÓº® °¹Ë}�¯È %[  :P² Ò
%�  :P� �¯Ò°� �� ÓË °º�Ë¯ÎÒ� �Ë�ÈãË® ¯ÈÏäË¯ºä

cÒ°� �� n�Ó�Ò« VLQ F��π:
P[
� Ò ËË Á�¯	Ë�°¹Ë}�¯

�� °£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� �������



äËÓ	�Ë ���:P[����:P� Ò� °ãË�ºmÈ�Ëã	Óº� �ã«
º¹Ò°ÈÓÒ« �Ë�ÈãË® �È}º�º ¯ÈÏäË¯È ÓËº­²º�Òäº m©�
­Ò¯È�	 Á�Ó}�Ò
 ° ¯È�Ò�°ºä ¹ºãº°© Á�¯	Ë�°¹Ë}�¯È
m �È°�º�Óº® º­ãÈ°�Ò ÓË äËÓËË PD[�:P²� :P\��

�È}Òä º­¯ÈÏºä� äºÎÓº ¹¯ÒÓ«�	� ��º �Ë�ÈãÒ
ÒÏº­¯ÈÎËÓÒ«� º¹Ò°©mÈËäº�º ÓË}º�º¯º® Á�Ó�ÒË®
V�[� \�� ° ãÒÓË®Ó©äÒ ¯ÈÏäË¯ÈäÒ� äËÓ	�ÒäÒ
���:P� m °¹Ë}�¯Èã	Óº® ��È°�º�Óº®� º­ãÈ°�Ò º¹Ò�

°©mÈ
�°« ÏÓÈ�ËÓÒ«äÒ °¹Ë}�¯Èã	Óº® Á�Ó}�ÒÒ 6�ω�
¹¯Ò _Z_ ! :P� Ò ÓÈº­º¯º� Û ÏÓÈ�ËÓÒË 6�ω� ¹¯Ò

_ω_ � :P ²È¯È}�Ë¯ÒÏ�
� ­ºãËË }¯�¹Ó©Ë �Ë�ÈãÒ� {
�Ëº¯ÒÒ �ÒÁ¯ºmº® º­¯È­º�}Ò ÒÏº­¯ÈÎËÓÒ® ��m�äË¯�
Ó©® °ã��È®� ¹Ë¯ËäËÓÓÈ« ω º¹¯Ë�Ëã«Ë� ¹¯º°�¯ÈÓ�
°�mËÓÓ�
 �È°�º���

vãË��Ë� º�äË�Ò�	� ��º ¹º°}ºã	}� ¯ËÈã	Ó©Ë °Ò��
ÓÈã©� }È} ¹¯ÈmÒãº� ÒäË
� }ºÓË�Ó�
 �ãÒ�Ëã	Óº°�	�
ºÓÒ º¹Ò°©mÈ
�°« Á�Ó}�Ò«äÒ ÓÈ º�¯ÈÓÒ�ËÓÓºä ÒÓ�

�Ë¯mÈãË� n�¯	Ë�°¹Ë}�¯ 6�ω� �È}º® Á�Ó}�ÒÒ� °�¯º�
�º �ºmº¯«� ÓËº�¯ÈÓÒ�ËÓÓ©®� |�ÓÈ}º� Ë°ãÒ ÏÓÈ�ËÓÒ«
}ºä¹ºÓËÓ� ¹¯º°�¯ÈÓ°�mËÓÓº�º °¹Ë}�¯È ¹¯Ò _ω_ !
! :P ÓÒ��ºÎÓº äÈã© ��� Ë� m°« ÒÓÁº¯äÈ�Ò« º
¹¯º°�¯ÈÓ°�mËÓÓº��È°�º�Óº® °�¯�}��¯Ë ÒÏº­¯ÈÎË�
ÓÒ« °º°¯Ë�º�º�ËÓÈ m }¯��Ë �ÒãÒ �È¯Ë� ¯È�Ò�°ºä
%  :P� �º �ºmº¯«�� ��º Á�Ó}�Ò« V�[� \� ÒäËË�
ªÁÁË}�ÒmÓ�
 �Ò¯ÒÓ� °¹Ë}�¯È %Ë  :P� n�Ó}�ÒÒ
° ªÁÁË}�ÒmÓº® �Ò¯ÒÓº® °¹Ë}�¯È �º¹�°}È
� �È}�

ÎË ÒÓ�Ë¯¹¯Ë�È�Ò
� }È} Ò Á�Ó}�ÒÒ °º °�¯º�º º��
¯ÈÓÒ�ËÓÓ©ä °¹Ë}�¯ºä�

vÁº¯ä�ãÒ¯�Ëä �Ëº¯Ëä� º�°�Ë�ºm m °ã��ÈË �Ò°�
}¯Ë�ÒÏÈ�ÒÒ ÒÏº­¯ÈÎËÓÒ« �m�äË¯Óº�º ¯È°¹¯Ë�ËãËÓÒ«�

��°�	 Á�Ó}�Ò« �°Ò�ÓÈã� V�[� \� Û Á�Ó}�Ò«

�°Ò�ÓÈã� ° �Ò¯ÒÓº® °¹Ë}�¯È %  :P� Ò �ã« �È�È

�Ò°}¯Ë�ÒÏÈ�ÒÒ °¹¯ÈmË�ãÒmº �°ãºmÒË t
�

≤ ���:P�

�
�

≤ ���:P� z¯ºäË �º�º� Á�Ó}�Ò« �°Ò�ÓÈã� º��

¯ÈÓÒ�ËÓÓÈ ¹º mËãÒ�ÒÓË ¹¯Ò Ü∝ � [� \ � ∝ � È ËË

°¹Ë}�¯ ÓË ÒäËË� º°º­ËÓÓº°�Ë® ¹¯Ò _ω_  :P�
�º��È Á�Ó}�Ò« �°Ò�ÓÈã� V�[� \� º�ÓºÏÓÈ�Óº º¹�

¯Ë�Ëã«Ë�°« ¹º �Ò°}¯Ë�Ó©ä º�°�Ë�Èä V�N��:P�
�N  �� ±�� ±�� … � Ò äºÎË� ­©�	 ¹¯Ë�°�ÈmãËÓÈ

m mÒ�Ë ¯«�È

V([� \) = ∑
N = Ü∞

∞

V




N

�:
P[





VLQ �π:
P[

([ Ü N

�:P[

)

�π:P[([ Ü
N

�:P[

)
×

× ∑
N = Ü∞

∞

V




N

�:P\





VLQ �π:
P[

(\ Ü N

�:P\

)

�π:P�(\ Ü
N

�:P�

)
�

���

��Ë :P[� :P\ Û �¯ÈÓÒ�Ó©Ë ÏÓÈ�ËÓÒ« �È°�º�©
°¹Ë}�¯È Á�}�ÒÒ V�[� \� m ¹¯«äº��ºã	Óº® °Ë�}Ë
�È°�º� °ºº�mË�°�mËÓÓº ¹º º°«ä Z² Ò Z\ �¯Ò°� ���

jÓÈ�Ë �ºmº¯«� º�°�Ë�© Á�Ó}�ÒÒ V�[� \� m �º��
}È²� }º�º¯©Ë ¯È°¹ºãºÎËÓ© ¯ÈmÓºäË¯Óº m ¹¯«äº�

��ºã	Óº® °Ë�}Ë ° �È�ºä ;
�
 N��:P² Ò �

�
≤

≤ ���:P� ¹ºãÓº°�	
 º¹¯Ë�Ëã«
� V�[� \� mº m°Ë²
�¯��Ò² �º�}È²�

�°ãºmÒ« ;
�
 N��:P²� �

�
≤ ���:P� ÓÈÏ©�

mÈ
�°« �°ãºmÒ«äÒ sÈ®}mÒ°�È� p°ãÒ ¹¯ÒÓ«�	 mº
mÓÒäÈÓÒË� ��º Á�¯	Ë�°¹Ë}�¯ �Ò°}¯Ë�ÒÏÒ¯ºmÈÓÓº®

Á�}}�ÒÒ 6V�ω� ¹¯Ë�°�Èmã«Ë� °º­º
 ¹Ë¯Òº�Ò�Ë°}ºË
¹¯º�ºãÎËÓÒË °¹Ë}�¯È Ò°²º�Óº® Á�Ó}�ÒÒ �°Ò�ÓÈ�

ãÈ� 6�ω� ° ¹Ë¯Òº�ÈäÒ °ºº�mË�°�mËÓÓº �:P² Ò
�:P\� �º �°ãºmÒË sÈ®}mÒ°�È º­Ë°¹Ë�ÒmÈË� º�°���
°�mÒË ªÁÁË}�È ÓÈãºÎËÓÒË �È°�º�� }º�º¯©® ¹¯Ò mº°�
°�ÈÓºmãËÓÒÒ °º�ãÈ°Óº ��� ¹¯Òmº�Ò� } ÏÈäË�Óº®
¯ÈÏÓº°�Ò äËÎ�� mº°°�ÈÓºmãËÓÓ©ä °Ò�ÓÈãºä ¹º°ãË
�Ò°}¯Ë�ÒÏÈ�ÒÒ Ò Ò°²º�Ó©ä� ��º ¹º�ãËÎÈã �Ò°}�
¯Ë�ÒÏÈ�ÒÒ >�� �@�

�Ëº¯ËäÈ bËÓÓºÓÈ ÓÈ�ãÈ �Ò¯º}ºË ¹¯ÒäËÓËÓÒË
m �Ëº¯ÒÒ Ò ¹¯È}�Ò}Ë º­¯È­º�}Ò °Ò�ÓÈãºm �º�Óº�
äË¯Ó©® mÈ¯ÒÈÓ� �Ëº¯Ëä©�� �ÒÁ¯ºmº® º­¯È­º�}Ò
ÒÏº­¯ÈÎËÓÒ® ��m�äË¯Ó©® mÈ¯ÒÈÓ� �Ëº¯Ëä©� Ò
�ÒÁ¯ºmº�º °¹Ë}�¯Èã	Óº�º ÈÓÈãÒÏÈ �º�Óº� Ò �m��
äË¯Ó©Ë mÈ¯ÒÈÓ�© �Ëº¯Ëä©��

{ º�Ë�Ë°�mËÓÓº® Ò �Ë²ÓÒ�Ë°}º® ãÒ�Ë¯È��¯Ë °º�
mË�°}Ò² m¯ËäËÓ �}ÈÏÈÓÓ�
 �Ëº¯Ëä� °m«Ï©mÈ
� °
ÒäËÓËä {� k� zº�Ëã	ÓÒ}ºmÈ� m ÒÓº°�¯ÈÓÓº® �m
º°ÓºmÓºä ÈäË¯Ò}ÈÓ°}º® Ò ÈÓ�ãÒ®°}º®� ¹º�º­Ó�

�Ëº¯Ëä� ÓÈÏ©mÈ
� �Ëº¯Ëäº® bËÓÓºÓÈ ÒãÒ �Ëº¯Ë�
äº® º�°�Ë�ºm�

vºº�Óº�ËÓÒË ¹¯º�ºãÎÒ�Ëã	Óº°�	 Ü¹ºãº°È Ò
¯ÈÏ¯Ë�È
�È« °¹º°º­Óº°�	 ¹º �È°�º�Ë� n�Ó}�ÒÒ�
}º�º¯©Ë Ò°¹ºã	Ï�
�°« m �Ëº¯ÒÒ °Ò�ÓÈãºm �º�Óº�
äË¯Ó©Ë Á�Ó}�ÒÒ ÒãÒ m¯ËäËÓÓ©Ë Á�Ó}�ÒÒ�°Ò�ÓÈ�
ã©� ÒãÒ m �Ëº¯ÒÒ º­¯È­º�}Ò ÒÏº­¯ÈÎËÓÒ® ��m��
äË¯Ó©Ë Á�Ó}�ÒÒ ÒãÒ ¹¯º°�¯ÈÓ°�mËÓÓ©Ë Á�Ó}�ÒÒ�
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¹º ¹¯«ä©ä / m ÓÈ¹¯ÈmãËÓÒ« ϕ� äºÎÓº º¹¯Ë�ËãÒ�	
�ºã	}º �ã« }ºÓË�Óº�º �Ò°ãÈ ÓÈ¹¯ÈmãËÓÒ®� �� Ë�
mº°°�ÈÓºmãËÓÒË ¹¯ºmº�Ò�°« ¹º ÓË}º�º¯ºä� }ºÓË��
Óºä� ��ãºmºä� ÓÈ­º¯� ¹¯ºË}�Ò®� ¹ºã��ËÓÓ©² �ã«
�Ò°}¯Ë�Ó©² ÏÓÈ�ËÓÒ® ÈÏÒä��Èã	Óº�º ��ãÈ º­ã��Ë�
ÓÒ« ° ÓË}º�º¯©ä �È�ºä ∆ϕ� �ºª�ºä� ¹¯Ò ¯Ë�ËÓÒÒ
ÏÈ�È�Ò �Ò°}¯Ë�ÒÏÈ�ÒÒ ¹º ÈÏÒä��Èã	Óºä� ��ã�
ÏºÓ�Ò¯ºmÈÓÒ« mºÏÓÒ}ÈË� ¯«� ¹¯È}�Ò�Ë°}Ò² mº¹¯º�
°ºm�

�� zÈ} m©­¯È�	 º¹�ÒäÈã	Ó©® ÒÓ�Ë¯mÈã �Ò°}�

¯Ë�ÒÏÈ�ÒÒ ∆ϕ Ò }È}ÒäÒ °ºº­¯ÈÎËÓÒ«äÒ ¹¯Ò ª�ºä
¯�}ºmº�°�mºmÈ�	°«"

�� zÈ}È« äÈ}°ÒäÈã	Óº �º¹�°�ÒäÈ« mËãÒ�ÒÓÈ ÒÓ�

�Ë¯mÈãÈ �Ò°}¯Ë�ÒÏÈ�ÒÒ PD[∆ϕ� ¹¯Ò }º�º¯ºä Ë�Ë
¹¯ÒÓ�Ò¹ÒÈã	Óº mºÏäºÎÓº }º¯¯Ë}�ÓºË mº°°�ÈÓºm�
ãËÓÒË Ò°²º�Óº�º ¯È°¹¯Ë�ËãËÓÒ« ¹º Ë�º ��ãºm©ä
¹¯ºË}�Ò«ä"

�ºã��Ò�	 º�mË�© ÓÈ ¹º°�ÈmãËÓÓ©Ë mº¹¯º°©
äºÎÓº ãÒ�	 m °ã��ÈË� Ë°ãÒ ÏÈ�È�� �Ò°}¯Ë�ÒÏÈ�ÒÒ
¯È°°äÈ�¯ÒmÈ�	 mäË°�Ë ° º­¯È�Óº® ÏÈ�È�Ë® Û mº°�
°�ÈÓºmãËÓÒË Ò°²º�Óº�º ¯È°¹¯Ë�ËãËÓÒ« ¹º Ë�º �Ò°�
}¯Ë�Ó©ä ¹¯ºË}�Ò«ä� v��	 ÏÈ�È�Ò ÏÈ}ã
�ÈË�°« m
�ºä� ��º °º�ãÈ°Óº �Ëº¯ËäË º �ËÓ�¯Èã	Óºä °Ë�ËÓÒÒ
>�Ü�@ ÓËº­²º�Òäº mº°°�ÈÓºmÒ�	 ��¯È�ËÓÓ©Ë m ¹¯º�
�Ë°°Ë �Ò°}¯Ë�ÒÏÈ�ÒÒ ��È°�}Ò ÓË¹¯Ë¯©mÓº�º °¹Ë}�
�¯È ¯È°¹¯Ë�ËãËÓÒ«� }º�º¯©Ë ãËÎÈ� m ��ãºm©² ¹¯º�
äËÎ��}È² äËÎ�� º�°�Ë�ÈäÒ �mË¯ÓËË Û mº°°�ÈÓº�
mÒ�	 ¹ºmË�ËÓÒË °¹Ë}�¯È m ª�Ò² ¹¯ºäËÎ��}È²��

cÈ°°äº�¯Òä �Ëº¯Ëä� º �ËÓ�¯Èã	Óºä °Ë�ËÓÒÒ
��m�äË¯Ó©® °ã��È®��

��°�	 Á�Ó}�Ò« I�[� \� È­°ºã
�Óº ÒÓ�Ë�¯Ò�

¯�ËäÈ m º­ãÈ°�Ò º¹¯Ë�ËãËÓÒ« ∆�[� \�� È ËË Á�¯	Ë�
°¹Ë}�¯ º�¯ÈÓÒ�ËÓ ÓË}º�º¯º® º­ãÈ°�	
 :�X� ν��
�º��È º�ÓºäË¯ÓºË Á�¯	Ë�¹¯Ëº­¯ÈÏºmÈÓÒË ¹¯ºË}�ÒÒ

I

_
(S) _ϕ = ϕ

L

�m�äË¯Óº® Á�Ó}�ÒÒ I�[� \�� ¹ºã��ËÓÓº®

¹º� ��ãºä ϕ  ϕL m ¹¯º°�¯ÈÓ°�mË °Ò�ÓÈãºm

�¯Ò°� �� È�� ¹¯Ë�°�Èmã«Ë� °º­º® �ËÓ�¯Èã	ÓºË °Ë�

�ËÓÒË ¹º� �Ëä ÎË ��ãºä ϕ  ϕL m ¹¯º°�¯ÈÓ°�mË

°¹Ë}�¯ºm ¹¯Ëº­¯ÈÏºmÈÓÒ« n�¯	Ë Ò°²º�Óº® Á�Ó}�ÒÒ

�¯Ò°� �� ­��
i¯��ÒäÒ °ãºmÈäÒ� Á�¯	Ë�º­¯ÈÏ ¹¯ºË}�ÒÒ

I

_
(S) _ϕ = ϕ

L

�ã« ��ãÈ ϕL �¯Ò°� �� È� ¹¯Ë�°�Èmã«Ë� °º­º®

°¹Ë}�¯ Á�Ó}�ÒÒ I�[� \� m�ºã	 ¹¯«äº®� }º�º¯È«
¹¯º²º�Ò� �Ë¯ËÏ ÓÈ�Èãº }ºº¯�ÒÓÈ� m �È°�º�Óº®

¹ãº°}º°�Ò :�X� ν� ¹º� �Ëä ÎË ��ãºä ϕL �¯Ò°� ��
­� Ò ÁÈ}�Ò�Ë°}Ò «mã«Ë�°« �ËÓ�¯Èã	Ó©ä °Ë�ËÓÒËä

cÒ°� �� z �Ëº¯ËäË º �ËÓ�¯Èã	Óºä °Ë�ËÓÒÒ
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�m�äË¯Óº�º Á�¯	Ë�¹¯Ëº­¯ÈÏºmÈÓÒ« Ò°²º�Óº® Á�Ó�
}�ÒÒ )ϕL�X� ν�  )�XFRVϕL � νVLQϕL��

v º�Óº® °�º¯ºÓ©� �Ëº¯ËäÈ º �ËÓ�¯Èã	Óºä °Ë�
�ËÓÒÒ ¹ºÏmºã«Ë� ¹ºã��Ò�	 ¹¯Ëº­¯ÈÏºmÈÓÒË n�¯	Ë
Ò°²º�Óº�º ¯È°¹¯Ë�ËãËÓÒ« I�[� \�� Ë°ãÒ ÒÏmË°�Ó©
Ë�º ¹¯ºË}�ÒÒ� È °ãË�ºmÈ�Ëã	Óº� Ò °Èäº ¯È°¹¯Ë�Ë�
ãËÓÒË� Ò°¹ºã	Ï�« �ã« ª�º�º ÒÏmË°�ÓºË °ºº�Óº�ËÓÒË
�ã« º­¯È�Óº�º ¹¯Ëº­¯ÈÏºmÈÓÒ« n�¯	Ë� v �¯��º®
°�º¯ºÓ©� }È} °ãË��Ë� ÒÏ ¹¯ÒmË�ËÓÓº® �Ëº¯Ëä©�
�ã« �º�Óº�º mº°°�ÈÓºmãËÓÒ« Ò°²º�Óº�º ¯È°¹¯Ë�Ë�
ãËÓÒ« ÓËº­²º�Òäº ÒäË�	 ÓËº�¯ÈÓÒ�ËÓÓºË }ºãÒ�Ë°�
�mº ¹¯ºË}�Ò® ¹º� ¯ÈÏÓ©äÒ ��ãÈäÒ�

cËÈã	Óº ÓÈ ¹¯È}�Ò}Ë ä© º­©�Óº ÒäËËä �Ëãº
° }ºÓË�Ó©ä �Ò°ãºä ¹¯ºË}�Ò®� vºmË¯�ËÓÓº ¹ºÓ«��
Óº� ��º �Ëä äËÓ	�ËË }ºãÒ�Ë°�mº º�°�Ë�ºm ä© ­Ë¯Ëä
ÓÈ ��ãºmºä ÒÓ�Ë¯mÈãË ��� ���Å�� �Ëä �ãÒÓÓËË ÒÓ�

�Ë¯mÈã �Ò°}¯Ë�ÒÏÈ�ÒÒ ∆ϕ  ϕV Ò ­ºãËË °ãºÎÓº
m©¹ºãÓÒ�	 ¹¯º�Ë��¯� �º�Óº�º mº°°�ÈÓºmãËÓÒ« Ò°�
²º�Óº�º ¯È°¹¯Ë�ËãËÓÒ« I�[� \�� j ÓÈº­º¯º�� �Ëä
­ºã	�Ë ��ãºm©² º�°�Ë�ºm� �Ëä }º¯º�Ë ÒÓ�Ë¯mÈã
�Ò°}¯Ë�ÒÏÈ�ÒÒ Ò �º�ÓËË ¹¯º�Ë��¯È mº°°�ÈÓºmãËÓÒ«
�¯ÒF� �� m��

sÈ®�Ëä º�ËÓ}� ¯ÈÏ¯Ë�È
�Ë® °¹º°º­Óº°�Ò ¹º
��ã� �ã« °ã��È« °�ÈÓ�È¯�Óº® ¹È¯ÈããËã	Óº® °²Ë�

ä© °}ÈÓÒ¯ºmÈÓÒ«� }º��È ¹¯ºË}�ÒÒ �¹¯Ëº­¯ÈÏºmÈ�
ÓÒË cÈ�ºÓÈ� º¹¯Ë�Ëã«
�°« �ã« }ºÓË�Óº�º �Ò°ãÈ
ÓÈ¹¯ÈmãËÓÒ® ÒÏ ¹¯º°�©² ªm¯Ò°�Ò�Ë°}Ò² °ºº­¯È�
ÎËÓÒ®� �º°}ºã	}� �°ãºmÒ« �Ò°}¯Ë�ÒÏÈ�ÒÒ ¹º ��ã�
m �¯Ë²äË¯Óºä °ã��ÈË äºÎÓº ¹ºã��Ò�	 ÒÏ �°ãºmÒ®
�Ò°}¯Ë�ÒÏÈ�ÒÒ ÓÈ ¹ãº°}º°�Ò� º�¯ÈÓÒ�Òä°« ¯È°�
°äº�¯ËÓÒËä �m�äË¯Óº�º °ã��È«� �Ëº¯Ë�Ò�Ë°}ºË
º­º°ÓºmÈÓÒË ¹¯º�Ë°°È �Ò°}¯Ë�ÒÏÈ�ÒÒ ¹º ��ã� °º�
�Ë¯ÎÒ� �Ëº¯ËäÈ º �ËÓ�¯Èã	Óºä °Ë�ËÓÒÒ Ò �Ëº¯ËäÈ
�Ò°}¯Ë�ÒÏÈ�ÒÒ bËÓÓºÓÈ�

��°�	 �m�äË¯ÓºË °Ë�ËÓÒË m ¹¯«äº��ºã	Óº® °Ò°�
�ËäË }ºº¯�ÒÓÈ� �[� \� Ò°°ãË��Ëäº�º º­�Ë}�È º¹Ò�
°©mÈË�°« Á�Ó}�ÒË® ¯È°¹¯Ë�ËãËÓÒ« V�[� \� �m �~
�ºäº�¯ÈÁÒÒ ª�º äºÎË� ­©�	 ¯È°¹¯Ë�ËãËÓÒË °}º�
¯º°�Ò ¯È°¹¯º°�¯ÈÓËÓÒ« �~ }ºãË­ÈÓÒ® ÒãÒ ãÒÓË®�
Ó©® }ºªÁÁÒ�ÒËÓ� ¹º�ãº�ËÓÒ« m ¯ËÓ��ËÓºm°}º® �º�
äº�¯ÈÁÒÒ�� iã« º¹¯Ë�ËãËÓÓº°�Ò º­ãÈ°�	 ÏÈ�ÈÓÒ«

Á�Ó}�ÒÒ ¯È°¹¯Ë�ËãËÓÒ« ¹¯ÒäËä m mÒ�Ë }¯��È ¯È�
�Ò�°ºä 5 �¯Ò°� �� È�� vºº�mË�°�mËÓÓº ¹�°�	 ªÁ�
ÁË}�ÒmÓÈ« �Ò¯ÒÓÈ ¹¯º°�¯ÈÓ°�mËÓÓº�º °¹Ë}�¯È
)�X� ν� ª�º�º °Ë�ËÓÒ« m ¹¯«äº��ºã	Óº® °Ò°�ËäË

}ºº¯�ÒÓÈ� �X� ν� º�¯ÈÓÒ�ËÓÈ ¯È�Ò�°ºä:P �¯Ò°� ��
­�� �È} }È} º­ãÈ°�	 º¹¯Ë�ËãËÓÒ« ½ÒÏº­¯ÈÎËÓÒ«
¯È°¹¯Ë�ËãËÓÒ«� m ¹¯º°�¯ÈÓ°�mËÓÓ©² }ºº¯�ÒÓÈ�È²
º�¯ÈÓÒ�ËÓÈ ¹º¹Ë¯Ë�ÓÒ}ºä �ãÒÓº® �5� �º °º�ãÈ°Óº
º­¯È�Óº® �Ëº¯Ëä© bËÓÓºÓÈ Ë�º °¹Ë}�¯ º¹¯Ë�ËãËÓ
�ºã	}º �ã« �Ò°}¯Ë�Óº® ¹¯«äº��ºã	Óº® °Ë�}Ò �È°�
�º� �¯Ò°� �� ­�� ¯ÈÏ�ËãËÓÓ©² ¹¯ºäËÎ��}ÈäÒ ���5
 ��15V� ��Ë 5V Û �È� �Ò°}¯Ë�ÒÏÈ�ÒÒ ÒÏº­¯È�
ÎËÓÒ« m ¹¯º°�¯ÈÓ°�mËÓÓº® º­ãÈ°�Ò� 1 Û �Ò°ãº
º�°�Ë�ºm ÒÏº­¯ÈÎËÓÒ« ¹º ¹º¹Ë¯Ë�ÓÒ}�� vº�ãÈ°Óº
�Ëº¯ËäË �Ò°}¯Ë�ÒÏÈ�ÒÒ Á�Ó}�Ò® ° º�¯ÈÓÒ�ËÓÓ©ä
°¹Ë}�¯ºä �È� �Ò°}¯Ë�ÒÏÈ�ÒÒ m©­Ò¯ÈË�°« ÒÏ �°�
ãºmÒ« 5V ≤ ���:P� |�°
�È �È� �È°�º�Óº® °Ë�}Ò

∆X = ∆Y = ∆I =
�:

P

1
�

���

cÒ°� �� |­ãÈ°�Ò º¹¯Ë�ËãËÓÒ« �m�äË¯Óº�º ÒÏº­¯ÈÎËÓÒ«� È Û m ¹¯º°�¯ÈÓ°�mËÓÓº® º­ãÈ°�Ò �[� \�� ­Û m °¹Ë}�¯Èã	Óº® º­ãÈ°�Ò �X� Y�

cÒ°� �� �ºã«¯ÓÈ« �Ò°}¯Ë�ÒÏÈ�ÒºÓÓÈ« °Ë�}È mÏ«�Ò« º�°�Ë�ºm m

°¹Ë}�¯Èã	Óº® º­ãÈ°�Ò
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l© ²º�Òä ÓÈ®�Ò �È}ºË �Ò°}¯Ë�ÓºË äÓºÎË°�mº
0 ÓÈ¹¯ÈmãËÓÒ®� }º�º¯ºË ­© º­Ë°¹Ë�ÒmÈãº }º¯¯Ë}�
�ÓºË mº°°�ÈÓºmãËÓÒË ÒÏº­¯ÈÎËÓÒ« V�[� \�� �� Ë� Û
�ã« ¯ÈÏ�ËãËÓÒ« �Ë�ÈãË® ¯ÈÏäË¯ºä ���:P� �º°�È�
�º�Óº ÏÓÈ�	 ¹¯ºË}�ÒÒ ÓÈ ª�ºä äÓºÎË°�mË� �¯Ë�°�
�ÈmÒä º­ãÈ°�	 º¹¯Ë�ËãËÓÒ« °¹Ë}�¯È ÒÏº­¯ÈÎËÓÒ« m
¹ºã«¯Óº® °Ë�}Ë� }È} ¹º}ÈÏÈÓº ÓÈ ¯Ò°� ��

bÈ� °Ë�}Ò m ¯È�ÒÈã	Óºä ÓÈ¹¯ÈmãËÓÒÒ °º°�Èm�

ã«Ë� �:P�1� È ¹º ��ã� Û ∆ϕ  ���Å�0� vÈä©Ë
}¯�¹Ó©Ë «�Ë®}Ò ¹ºã��ËÓÓº® °Ë�}Ò� }º�º¯©Ë Ë�Ë
¹¯ÒÓÈ�ãËÎÈ� º­ãÈ°�Ò º¹¯Ë�ËãËÓÒ« °¹Ë}�¯È� ãËÎÈ�
m }ºã	�Ë ° mË¯²ÓÒä ¯È�Ò�°ºä :P� zÈÎ�È« �È}È«
«�Ë®}È ¹¯Ò l� 1 !! � ¹¯Ë�°�Èmã«Ë� °º­º® ¹¯Ò­�
ãÒÎËÓÓº ¹¯«äº��ºã	ÓÒ} °º °�º¯ºÓÈäÒ °ºº�mË�°�

�mËÓÓº �:P�1 Ò π:P�0� |�ËmÒ�Óº� ��º �ã«
}º¯¯Ë}�Óº® �Ò°}¯Ë�ÒÏÈ�ÒÒ ¹º ��ã� ÓËº­²º�Òäº�
��º­© m©�ËãËÓÓ©Ë «�Ë®}Ò ÒäËãÒ Áº¯ä� }mÈ�¯È�ºm
°º °�º¯ºÓº® �:P�1� �� Ë� �ºãÎÓº m©¹ºãÓ«�	°«
�°ãºmÒË�

�:P

1
=

π:P

0
� ����

|�°
�È ¹ºã��ÈËä�

0 = π1
�
�

����

�¯Ò �Ò°}¯Ë�ÒÏÈ�ÒÒ �m�äË¯Óº�º °Ò�ÓÈãÈ �ÒÏº­�
¯ÈÎËÓÒ«� V�[� \� ° º�¯ÈÓÒ�ËÓÓ©ä ¹¯º°�¯ÈÓ°�mËÓ�
Ó©ä °¹Ë}�¯ºä m ¹È¯ÈããËã	Ó©² ÓÈ¹¯ÈmãËÓÒ«² °
¹¯º°�¯ÈÓ°�mËÓÓ©ä �È�ºä °º�ãÈ°Óº �Ëº¯ËäË bËÓ�
ÓºÓÈ 5V  ���:P �Ò°ãº ÈÏÒä��Èã	Ó©² ÓÈ¹¯Èm�
ãËÓÒ® ÏºÓ�Ò¯ºmÈÓÒ« �ºãÎÓº ��ºmãË�mº¯«�	 �°ãº�

mÒ
 0 ≥ π1���
lºÎÓº ¹º}ÈÏÈ�	� ��º °ºº�Óº�ËÓÒË ���� °¹¯È�

mË�ãÒmº �ã« º­ãÈ°�Ë® º¹¯Ë�ËãËÓÒ« ÒÏº­¯ÈÎËÓÒ« Ò

°¹Ë}�¯È ¹¯ºÒÏmºã	Óº® }ºÓÁÒ��¯È�ÒÒ ° �º® ãÒ�	
¯ÈÏÓÒ�Ë®� ��º �ã« ¯È°�Ë�È m }È�Ë°�mË ÏÓÈ�ËÓÒ® 5

Ò :P� ­Ë¯��°« °ºº�mË�°�mËÓÓº mËãÒ�ÒÓ© PD[�5P[�
5P�� Ò PD[�:PX� :PY��

{©mº�©

{ ­ºã	�ÒÓ°�mË ¹¯È}�Ò�Ë°}Ò² °ã��ÈËm äºÎÓº ¹¯º�
mº�Ò�	 �Ò°}¯Ë�ÒÏÈ�Ò
 m º�¯ÈÓÒ�ËÓÓºä ¹ºãË ¯ÈÏäË�
¯ºä /P�/P� ¹¯Ë�¹ºãÈ�È«� ��º ËË °¹Ë}�¯Èã	Ó©®
Óº°Ò�Ëã	 °º°¯Ë�º�º�ËÓ m �È°�º�Óºä ÒÓ�Ë¯mÈãË

¯È�Ò�°ºä:P Ò ��º ÏÓÈ�ËÓÒË /P:P ≥ 1�� mËãÒ}º�
�Ëä ÓË äËÓËË� ÓËº­²º�Òäº ¹¯º«mã«�	 º°�º¯ºÎÓº°�	
¹¯Ò ÒÓ�Ë¯¹¯Ë�È�ÒÒ ¹ºã��ËÓÓ©² �ÈÓÓ©² ¯Ë}ºÓ°��
¯�}�ÒÒ� �È} }È} ä© È¹¯Òº¯Ò ÒÏ�«ãÒ ÒÏ ¯È°°äº��
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7KH SDSHU GHDOV ZLWK WKH LVVXHV RI H[SHULPHQWDO GHWHUPLQDWLRQ RI HODVWLF GLVSODFHPHQWV RI SRLQWV RI LQGXVWULDO EXLOGLQJ

FROXPQV IRU D PRUH SUHFLVH VLPXODWLRQ E\ FDOFXODWLRQ RI VXSSRUW WLHV RI WKH IUDPH�

{ÈÎÓ©ä ª�È¹ºä ¯È­º� ¹º º�ËÓ}Ë �Ë²ÓÒ�Ë°}º�º °º°�
�º«ÓÒ« }ºÓ°�¯�}�Ò® Ï�ÈÓÒ® m �°ãºmÒ«² ª}°¹ã��
È�È�ÒÒ «mã«
�°« ¹¯ºmË¯º�Ó©Ë ¯È°�Ë�© ÓÈ äÈ}°Ò�
äÈã	Óº ��º�ÓËÓÓ©² ¯È°�Ë�Ó©² °²ËäÈ²�

jÏmË°�Óº >�� �@� ��º ¹¯Ë�°�ÈmãËÓÒË �Ïãºm©²
Ò º¹º¯Ó©² °m«ÏË® }È¯}È°ºm ÓÈ ¯È°�Ë�Ó©² °²ËäÈ²
¹¯Ë�Ëã	Ó©äÒ ²È¯È}�Ë¯Ò°�Ò}ÈäÒ ÎË°�}º°�Ò �Ò�Ë�
Èã	Ó©Ë �È¯ÓÒ¯© ÒãÒ ÎË°�}ÒË ÏÈ�Ëã}Ò� �È°�º ÓË
º�mË�ÈË� Ò² ÁÈ}�Ò�Ë°}º®� �¹¯��º¹º�È�ãÒmº® ¯È�
­º�Ë ¹º� ÓÈ�¯�Ï}º®� ¹ºª�ºä� m º­�Ëä °ã��ÈË �Ïã©
°º¹¯«ÎËÓÒ« Ò º¹Ò¯ÈÓÒ« ªãËäËÓ�ºm }È¯}È°È �ºã�
ÎÓ© äº�ËãÒ¯ºmÈ�	°« �¹¯��ÒäÒ °m«Ï«äÒ >�@�

{ �ÈÓÓº® ¯È­º�Ë ¹º}ÈÏÈÓÈ mºÏäºÎÓº°�	 �È�

}º�º äº�ËãÒ¯ºmÈÓÒ« �ã« �Ïãºm º¹Ò¯ÈÓÒ« }ºãºÓÓ

}È¯}È°È °��Ë°�m�
�Ò² º�Óºª�ÈÎÓ©² ¹¯ºä©��

ãËÓÓ©² Ï�ÈÓÒ® ÓÈ Á�Ó�ÈäËÓ�©�

iº¹�°}ÈË�°«� ��º º°�È�º�Ó©Ë �ËÁº¯äÈ�ÒÒ �¯�Ó�
�ºm º°ÓºmÈÓÒ« ¹º� ¹º�º�mº® Á�Ó�ÈäËÓ�È ¹¯Ò m¯Ë�
äËÓÓ©² mºÏ�Ë®°�mÒ«² «mã«
�°« ¹¯ËÓË­¯ËÎÒäº äÈ�
ã©äÒ ÒãÒ °�È­ÒãÒÏÒ¯ºmÈãÒ°	 Ò ¹¯Ò ¹ºm�º¯Ó©²
ÓÈ�¯�Ï}È² ÓË ÓÈ}È¹ãÒmÈ
�°«� �º��È �}ÈÏÈÓÓºË
��º�ÓËÓÒË ¯È°�Ë�Ó©² °²Ëä äºÎË� ­©�	 ¯ËÈãÒÏº�
mÈÓº� Ë°ãÒ �°�ÈÓºmÒ�	 ²È¯È}�Ë¯Ò°�Ò}Ò º¹º¯Ó©²
°m«ÏË®� ��Ò�©mÈ
�ÒË mºÏäºÎÓº°�	 �¹¯��Ò² ãÒÓË®�
Ó©² Ò ��ãºm©² ¹Ë¯ËäË�ËÓÒ®� �� Ë� �¹¯��ÒË º°È�}Ò
Ò ¹ºmº¯º�© º¹º¯Ó©² °Ë�ËÓÒ® }ºãºÓÓ }È¯}È°È�

�¯ÒÓÒäÈËä m }È�Ë°�mË �È}Ò² ²È¯È}�Ë¯Ò°�Ò}�
}ºªÁÁÒ�ÒËÓ� ÎË°�}º°�Ò º°ÓºmÈÓÒ« .
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mËãÒ�ÒÓ© �ÈmãËÓÒ« ÓÈ }ºãºÓÓ� } °ºº�mË�°�m�
�Ë®
mËãÒ�ÒÓË º°È�}Ò��

}ºªÁÁÒ�ÒËÓ� ¹¯º¹º¯�ÒºÓÈã	Óº°�Ò X
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�Ò® mËãÒ�ÒÓ� ÒÏ�Ò­È
�Ë�º äºäËÓ�È� mº°¹¯ÒÓÒ�
äÈËäº�º º¹º¯Ó©ä °Ë�ËÓÒËä }ºãºÓÓ©� Ò �Ëº¯Ë�Ò�
�Ë°}Ò® ��ºã ¹ºmº¯º�È ª�º�º °Ë�ËÓÒ« ��º¹�°}ÈËä�
��º ¹ºmº¯º� Á�Ó�ÈäËÓ�È Ò ­ÈÏ© }ºãºÓÓ© «mã«Ë�°«
°ºmäË°�Ó©ä��

j°²º�Òä �È}ÎË ÒÏ �º�º� ��º ²È¯È}�Ë¯Ò°�Ò}Ò
.
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L
Û °ã��È®Óº ÒÏäËÓ�Òm©Ë mËãÒ�ÒÓ©� �È}

}È} ÓÈ²º�«�°« m ÏÈmÒ°Òäº°�Ò º� ¯«�È ÁÈ}�º¯ºm�
}º�º¯©Ë �¯��Óº º�ËÓÒmÈ�	 �Ëº¯Ë�Ò�Ë°}Ò ° ÓËº­�
²º�Òäº® �º�Óº°�	
 �°mº®°�mº Ò °º°�º«ÓÒË �¯�Ó�ºm
º°ÓºmÈÓÒ«� ¯È­º�È ªãËäËÓ�ºm ­ÈÏ© }ºãºÓÓ©� ÎË°�
�}º°�	 °ºË�ÒÓËÓÒ« ËË ° Á�Ó�ÈäËÓ�ºä Ò �¯��� �º�
ª�ºä� �º°�È�º�Óº �º°�ºmË¯Ó©Ë ÏÓÈ�ËÓÒ« ª�Ò² ²È�
¯È}�Ë¯Ò°�Ò} äºÎÓº �°�ÈÓºmÒ�	 �ºã	}º ¹º ¯ËÏ�ã	�
�È�Èä ÓÈ��¯Ó©² ª}°¹Ë¯ÒäËÓ�ºm�

iÈãËË ÒÏãºÎËÓ© º°º­ËÓÓº°�Ò äË�º�Ò}Ò Ò°¹©�
�ÈÓÒ®� }º�º¯È« º°ÓºmÈÓÈ ÓÈ �º¹��ËÓÒ«²� �¹¯��È«
¹º�È�ãÒmº°�	 º¹º¯Ó©² °m«ÏË® }ºãºÓÓ }È¯}È°È º�Ë�
ÓÒmÈË�°« ¹º mËãÒ�ÒÓË �¹¯��Ò² ¹Ë¯ËäË�ËÓÒ® ¹¯Ò
�Ë®°�mÒÒ Ò°¹©�È�Ëã	Óº® ÓÈ�¯�Ï}Ò� Ò°¹©�È�Ëã	Óº®
ÓÈ�¯�Ï}º® «mã«Ë�°« mË¯�Ò}Èã	ÓºË �ÈmãËÓÒË� º}È�
Ï©mÈËäºË ÓÈ }ºãºÓÓ� äº°�ºm©äÒ }¯ÈÓÈäÒ�

�È}Òä º­¯ÈÏºä� �ã« ª}°¹Ë¯ÒäËÓ�Èã	Óº�º º¹¯Ë�
�ËãËÓÒ« ãÒÓË®Óº® Ò ��ãºmº® �¹¯��º°�Ò º¹º¯Ó©²
°m«ÏË® Ó�ÎÓº ÒÏäË¯Ò�	 mË¯�Ò}Èã	Ó©Ë Ò �º¯ÒÏºÓ�
�Èã	Ó©Ë ¹Ë¯ËäË�ËÓÒ« �º�Ë} }ºãºÓÓ� ¹º mËãÒ�ÒÓÈä
}º�º¯©² äºÎÓº °��Ò�	 }È} º ¯È­º�Ë }ºÓ°�¯�}�ÒÒ�
�È} Ò º ¯È­º�Ë �¯�Ó�ºm º°ÓºmÈÓÒ«�

�¯��Óº°�	 ÒÏäË¯ËÓÒ® °º°�ºÒ� m �ºä� ��º ã
­È«
�º�}È ÓÈ�¯�ÎËÓÓº® Ò �ËÁº¯äÒ¯�Ëäº® }ºÓ°�¯�}�ÒÒ
°ºmË¯�ÈË� °ãºÎÓºË ¹Ë¯ËäË�ËÓÒË m ¹¯º°�¯ÈÓ°�mË�

lº��� ­©�	 ¹¯Ë�ãºÎËÓ© �mÈ mÈ¯ÒÈÓ�È ¯ËÈãÒ�
ÏÈ�ÒÒ äË�º�Ò}Ò �È}Ò² Ò°¹©�ÈÓÒ®�

{È¯ÒÈÓ� �� |¹¯Ë�ËãËÓÒË ¹Ë¯ËäË�ËÓÒ® �º�Ë}
}ºãºÓÓ }È¯}È°È ° ¹ºäº�	
 ¹¯º�Ò­ºäË¯ºm ¹º �Ò°�
�ÈÓ�ÒºÓÓº® °²ËäË >�@� �� Ë� ÒÏäË¯ËÓÒË �}ÈÏÈÓÓ©²
¹Ë¯ËäË�ËÓÒ® º�Óº°Ò�Ëã	Óº �°ãºmÓº ÓË¹º�mÒÎÓ©²
�º¹º¯Ó©²� �º�Ë}�

iº¹�°�Òä� ��º Ó�ÎÓº º¹¯Ë�ËãÒ�	 ¹Ë¯ËäË�ËÓÒË
m©­¯ÈÓÓº® �º�}Ò }ºãºÓÓ© m ¹ãº°}º°�Ò ¹º¹Ë¯Ë�Óº®
¯Èä© }È¯}È°È �¹ãº°}º°�Ò ÓÈÒ­ºãËË ÒÓ�ËÓ°ÒmÓº®
¯È­º�© }ºÓ°�¯�}�ÒÒ ¹¯Ò ÏÈ�¯�ÎËÓÒÒ�� Ò ��º ª�º
¹Ë¯ËäË�ËÓÒË º�ÓºÏÓÈ�Óº º¹¯Ë�Ëã«Ë�°« �m�ä« °º°�
�Èmã«
�ÒäÒ ¹º ÏÈ�ÈÓÓ©ä ÓÈ¹¯ÈmãËÓÒ«ä Û mË¯�
�Ò}Èã	Óºä� Ò �º¯ÒÏºÓ�Èã	Óºä��

{Ë¯�Ò}Èã	ÓÈ« °º°�Èmã«
�È« ¹Ë¯ËäË�ËÓÒ« äº�
ÎË� ­©�	 º¹¯Ë�ËãËÓÈ ¹¯º�Ò­ºäË¯ºä� Ë°ãÒ ¹¯ºmº�
ãº�ÓÈ« °m«Ï	 äËÎ�� �º�}º® }ºãºÓÓ© Ò ¹¯Ò­º¯ºä
­��Ë� ¯È°¹ºãºÎËÓÈ mË¯�Ò}Èã	Óº� { ª�ºä °ã��ÈË
�º¯ÒÏºÓ�Èã	ÓÈ« °º°�Èmã«
�È« ¹¯È}�Ò�Ë°}Ò ÓË mãÒ�
«Ë� ÓÈ ¹º}ÈÏÈÓÒ« ¹¯º�Ò­ºäË¯È� |�ÓÈ}º ¹¯Ò �È}ºä
¯È°¹ºãºÎËÓÒÒ ¹¯Ò­º¯È Ò °m«ÏÒ ÒÏäË¯ËÓÒ« mËãÒ�
�ÒÓ© ¹Ë¯ËäË�ËÓÒ® ­���� ÓË�º�Ó©Ë� �È} }È} º¹º¯�
ÓÈ« �º�}È� ÓÈ²º�«°	 � º°ÓºmÈÓÒ« }ºãºÓÓ©� äºÎË�
¹Ë¯ËäË�È�	°« ¹¯Ò �Ë®°�mÒÒ ÓÈ�¯�Ï}Ò mäË°�Ë ° ¹º�
ãºä Ò �¯�Ó�ºä� �ºª�ºä� ¹¯º�Ò­ºäË¯© ÓËº­²º�Òäº
¯ÈÏäË�È�	 ÓÈ ÓË}º�º¯ºä ¯È°°�º«ÓÒÒ º� ­ÈÏ© }º�
ãºÓÓ© Ò ¹¯ºmºãº�Ó©Ë °m«ÏÒ� °ãË�ºmÈ�Ëã	Óº� ­����
ÓÈ�«Ó��© ¹º� ��ãºä } �º¯ÒÏºÓ��� �¯Ò �È}º® �°�
�ÈÓºm}Ë ¹¯Ò­º¯È Ë�º ¹º}ÈÏÈÓÒ« ­���� �ÎË ÏÈmÒ°Ë�	
º� �m�² °º°�Èmã«
�Ò²� vãË�ºmÈ�Ëã	Óº� ÒÏäË¯««
¹Ë¯ËäË�ËÓÒ« }È}º®�ãÒ­º �º�}Ò }ºãºÓÓ© m ¹ãº°�
}º°�Ò ¯Èä©� Ó�ÎÓº �°�ÈÓÈmãÒmÈ�	 ÓÈ ª�� �º�}�� p� l� p¯äÈ}� k� |� j°äÈ�Òãºm� ����
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�°«� w�Ò
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�º¯ÒÏºÓ�Èã	Ó©Ë Ò mË¯�Ò}Èã	Ó©Ë °º°�Èmã«
�ÒË
¹Ë¯ËäË�ËÓÒ® �º�Ë} }ºãºÓÓ© º¹¯Ë�Ëã«
�°« ¹��Ëä
¹Ë¯Ë°�Ë�ºm� Ë°ãÒ ÒÏmË°�Ó© �ËºäË�¯Ò�Ë°}ÒË ²È¯È}�
�Ë¯Ò°�Ò}Ò ¹ºãºÎËÓÒ« ¹¯ºmºãº�Ó©² °m«ÏË® º�Óº�
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� �� ih �� exlh]h ���� jhdm \ DZjiZlZo \ KeZ\kvdm
Ev\�\kvdh� h[eZkl� \^_kyl_ a�[jZebkv ki_p�Ze�klb a
g_jmcg�\gh]h dhgljhex gZ k\hx X\�e_cgm f�`gZjh^gm
gZmdh\h�l_og�qgm dhgn_j_gp�x ©E?HL?KL������N�abqg�

f_lh^b lZ aZkh[b dhgljhex k_j_^h\bs� fZl_j�Ze�\ lZ

\bjh[�\ª�Pvh]h jZam dhgn_j_gp�y [meZ ijbk\yq_gZ iblZg�

gyf _e_dljhfZ]g�lgh]h lZ Zdmklbqgh]h dhgljhex�

Hj]Zg�aZlhjhf p�}� shj�qgh� dhgn_j_gp�� \bklmibeb
MdjZ�gkvd_ lh\Zjbkl\h g_jmcg�\gh]h dhgljhex lZ

l_og�qgh� ^�Z]ghklbdb� N�abdh�f_oZg�qgbc �gklblml �f�

=� <� DZji_gdZ G:G MdjZ�gb �f� Ev\�\�� 1\Zgh�
NjZgd�\kvdbc gZp�hgZevgbc l_og�qgbc mg�\_jkbl_l gZnlb

� ]Zam� GZmdh\h�\bjh[gbqZ n�jfZ ©Ahg^ª �f� 1\Zgh�

NjZgd�\kvd� lZ GZmdh\h�\bjh[gbqZ n�jfZ ©MevljZdhg�
K_j\�kª �f� Db�\�� Hj]Zg�aZp�cg_ [xjh dhgn_j_gp�� ²
P_glj ©E_hl_kl�F_^�mfª�

< dhgn_j_gp�� \ayeb mqZklv [�evr_ yd �� ki_p�Ze�kl�\

a MdjZ�gb� Jhk��� ;�ehjmk�� Fhe^h\b� Ihevs� lZ

G�f_qqbgb�

<�^djbeb dhgn_j_gp�x aZklmigbd ^bj_dlhjZ NF1

�f� =� <� DZji_gdZ� qe_g�dhj_kihg^_gl G:GM A� L� GZ�

aZjqmd lZ ]heh\Z hj]dhf�l_lm dhgn_j_gp��� ]heh\Z

AZo�^gh]h \�^^�e_ggy ML GDL>� ^bj_dlhj P_gljm ©E_�
hl_kl�F_^�mfª dZg^� l_og� gZmd <� F� MqZg�g� <�^ �f_g�

hj]Zg�aZlhj�\ dhgn_j_gp�� \hgb ih[Z`Zeb ie�^gh� ijZp�

�� mqZkgbdZf lZ gZ]hjh^beb ]jZfhlZfb lbo� olh

gZc[�evr Zdlb\gh gZ ijhlya� �� jhd�\ kijby\ �� klZgh\�

e_ggx� K_j_^ \�^agZq_gbo ]jZfhlZfb Ljh�pvdbc <� H��

DZjiZr H� F�� Emp_gdh =� =�� ;_aex^vdh =� Y�� Jb[Zqmd

<� =�� R_d_jh :� E�� IhkbiZcdh X� F�� /]hjh\ F� F�

�KZgdl�I_l_j[mj]�� Fhkd\yd /� <�� >moh\kvdbc H� X��

Ex[q_gdh :� I�� Lbobc <� =�� KgZjkvdbc :� <�� Ijhoh�
j_gdh I� I� �F�gkvd�� Am[�lZr\�e� :� <� �^bj_dlhj
iZgk�hgZlm ©;hcd�\sbgZª�� D�k�ev 1� K�� >_j_qZ <� Y��

Ijhohj_gdh <� Y�� K_j_[j_gg�dh\ K� <�� L_e�idh E� I�

Ijbkmlg� lZdh` ijhkemoZeb \�lZevg_ a\_jg_ggy�

gZ^�keZg_ ]heh\hx ML GDL> ijhn� <� H� Ljh�pvdbf�

>hke�^`_ggy ijh[e_f g_jmcg�\gh]h dhgljhex

ydhkl� fZl_j�Ze�\ aZl\_j^`_g� k_j_^ ijbhjbl_lgbo gZ�

mdh\bo gZijyfd�\ NF1 �f� =� <� DZji_gdZ G:GM� <

i_jr�c ^hih\�^� A� L� GZaZjqmdZ� <� F� MqZg�gZ� <� =�

Jb[ZqmdZ ©Jha\blhd ^hke�^`_gv a g_jmcg�\gh]h dhgl�

jhex lZ l_og�qgh� ^�Z]ghklbdb m N�abdh�f_oZg�qghfm

�gklblml� �f� =� <� DZji_gdZ G:GMª ij_^klZ\e_gh ^h�
ky]g_ggy gZmdh\p�\ �gklblmlm \ lZdbo gZijyfdZo GD�

\bojhkljmfh\Z ^_n_dlhkdhi�y� kljmdlmjhkdhi�y�
lh\sbghf_lj�y lZ dh_jpblbf_lj�y�

ihrbj_ggy Zdmklbqgbo lZ _e_dljhfZ]g�lgbo ihe�\ \

g_h^ghj�^gbo k_j_^h\bsZo�

jha\¶yaZggy h[_jg_gbo aZ^Zq l_hj�� jhak�yggy a

f_lhx \bagZq_ggy jhaf�jm g_h^ghj�^ghkl_c�

\�amZe�aZp�y Zdmklbqgbo ah[jZ`_gv�

\b\q_ggy dhj_eyp�cgbo aZe_`ghkl_c n�abdh�f_oZ�

g�qgbo oZjZdl_jbklbd fZl_j�Zem lZ ch]h Zdmklbqgbo

iZjZf_lj�\�

\b\q_ggy n�abdb ^_nhjfZp�cgbo ijhp_k�\ lZ ^_]jZ�

^Zp�� fZl_j�Ze�\� ahdj_fZ f_lh^hf \bf�jx\Zggy ehdZev�

gh� l_jfh�?JK�

jhajh[dZ MA h[qbkex\Zevgh]h lhfh]jZnZ ^ey hp�gdb

\eZklb\hkl_c fZl_j�Ze�\�

\bagZq_ggy iZjZf_lj�\ ^_n_dl�\ fZl_j�Ze�\ f_lh^hf

\bojhkljmfh\h� ^_n_dlhf_lj���

^hke�^`_ggy f_lh^�\ \�amZe�aZp�� g_h^ghj�^ghkl_c

ijb \bojhkljmfh\hfm dhgljhe� lZ pbnjh\Z h[jh[dZ

ah[jZ`_gv gZ hkgh\� l_hj�� dhgljZklghkl��

jhajh[dZ Z\lhfZlbah\Zgbo kbkl_f \bojhkljmfh\h]h

dhgljhex lZ ki_p�Zevgbo i_j_l\hjx\Zq�\�

fZ]g�lgZ dh_jpblbf_lj�y \bjh[�\ �a ki_q_gbo

l\_j^bo kieZ\�\�

\b\q_ggy Zdmklbqgh� _f�k�� ijb jha\bldm lj�sbg \

ahg� ieZklbqgbo ^_nhjfZp�c�

NZo�\p� a NF1 �f� =� <� DZji_gdZ G:GM \bg_keb gZ

km^ dhe_] s_ d�evdZ ^hkblv p�dZ\bo ^hih\�^_c�

• J� F� >`ZeZ� ;� Y� <_j[_g_pv� K� N� KZ\meZ� H� C�

<bggbd� J� L� ;Z[mgyd� <� J� >`ZeZ� J� F� Dmabd� I� F�

Oebigyq� Dhgljhev ijhlbdhjha�cgh]h aZobklm i�^a_fgbo
ljm[hijh\h^�\ aZ [_adhglZdlgbfb \bf�jZfb kljmfm�

• H� J� ;_j_]meyd� J� :� <hjh[_ev� 1� F� @mjZ\_ev� 1� ;�

1\Zk_gdh� G� <� Hibj� D� <� Kmsbd� Dhfi¶xl_jbah\ZgZ
kbkl_fZ ©H[jZa�>�ª ^ey ZgZe�am j_gl]_gh]jZn�qgbo

ag�fd�\�

• <� =� Jb[Zqmd� <� F� MqZg�g� Kihk�[ \bojhkljmfh�

\h]h dhgljhex g_fZ]g�lgbo fZl_j�Ze�\ a \jZom\Zggyf

l_fi_jZlmjgh]h \ieb\m�

• <� <� Dhrh\bc� /� <� Djb\�g� :� F� FmjZ\ch\� 1� F�

JhfZgbrbg� Jhajh[dZ f_lh^�\ mevljZa\mdh\h� lhfh]�

jZn�� gZ jhak�yghfm kb]gZe� ^ey hp�gdb ^_]jZ^Zp��

dhgkljmdp�cgbo fZl_j�Ze�\�

• H� /� E_\bpvdbc� H^_j`Zggy ijh_dp�cgbo ^Zgbo \

mevljZa\mdh\�c j_dhgkljmdlb\g�c lhfh]jZn���

• =� /� FboZceh\kvdbc� <� <� IZgh\� <� >� Ih]j_[_gbd�

Fh`eb\hkl� Zdmklbqgbo f_lh^�\ dhgljhex m

\bjh[gbpl\� dhfihabp�cgbo ^_j_\bggbo fZl_j�Ze�\�

• <� >� Ih]j_[_ggbd� F_ljheh]�qg_ aZ[_ai_q_ggy

Zdmklbqgbo �gnhjfZp�cgh�\bf�jx\Zevgbo kbkl_f�

• <� F� MqZg�g� <� <� Q_je}g}\kvdbc� D� :� 1\Zs_gdh�

1� 1� Dbjbq_gdh� <� =� Lbobc� F� <� Ohfq_gdh� Jhajh[dZ

\bojhkljmfh\h]h ^_n_dlhkdhiZ ^ey \by\e_ggy ih\_jo�

g_\bo � i�^ih\_jog_\bo ^_n_dl�\ \ a\Zjgbo r\Zo�

• J� :� <hjh[_ev� 1� F� @mjZ\_ev� Fh^bn�dZp�y f_�

lh^m klZlbqgh� k_]f_glZp���
S_ a ljvhfZ ^hih\�^yfb \bklmibeb \q_g� �grbo

�gklblml�\ G:G MdjZ�gb�

• <� <� G_djZkh\� ;� <� =jbgvh\� <� <� ;�eh]m[� X� :�

;hjh^_gdh� /� F� K_e_]_}\ �1gklblml fhghdjbklZe�\�

f� OZjd�\�� IjbcfZevgh�^_l_dlmxqbc ljZdl j_gl]_g�\�

kvdh]h �gljhkdhiZ ^ey GDL>ª�

• <� F� >_jdZq� J� <� =heh\Zs_gdh� /� <� =hjhrdh�

<� =� Dhj`� K� <� G_^mo� :� K� Ie_\Zdh� K� 1� LZjZih\

�1gklblml jZ^�hn�abdb lZ _e_dljhg�db� f� OZjd�\��

<bf�jx\Zggy ^�_e_dljbqgbo iZjZf_lj�\ fZl_j�Ze�\ ijb

gbavdbo l_fi_jZlmjZo \ f�e�f_ljh\hfm ^�ZiZahg�

^h\`bg o\bev�

Yd aZ\`^b� \_ebdbc �gl_j_k lZ ie�^gm ^bkdmk�x

\bdebdZeb ^hih\�^� ihkl�cgbo mqZkgbd�\ dhgn_j_gp�� �a

KZgdl�I_l_j[mj]Z�
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• F� F� /]hjh\� F� :� FmjZrdh �E?L1� :khp�Zp�y
©L?KLJHGª�� AZklhkm\Zggy i¶}ah_e_dljbqgbo i_j_l�
\hjx\Zq�\ a� af�ggbf dmlhf \\h^m imqdZ�

• D� /� :[Zdmfh\� J� =� Ev\h\� H� <� L_ieydh\Z �E?L1��
>bnjZdp�y ijm`gbo o\bev gZ dhfiZdlg�c

g_h^ghj�^ghkl� a g_kbf_ljbqghx [m^h\hx�

• D� /� :[Zdmfh\� J� =� Ev\h\� H� <� L_ieydh\Z �E?L1��
>bnjZdp�y gZ pbe�g^jbqghfm \dexq_gg� \ ijm`ghfm

k_j_^h\bs��
P�dZ\� ^hih\�^� \i_jr_ \ MdjZ�g� ij_^klZ\beb aZdhj�

^hgg� ]hkl��

• >� I� ;_aiZevdh� ?� E�ikvdb �Ex[e�gkvdbc l_og�qgbc

mg�\_jkbl_l� IhevsZ�� AZklhkm\Zggy ^bkdj_lgbo \_c\e_l�
i_j_l\hj_gv ^ey dhgljhex aghr_ggy j�`mqh]h �gkljmf_glm�

• HeZn O_kk_� K� IZgdjZl¶}\ �,QVWLWXW IXU 0DVFKLQHQ�
$QWULHEH XQG HOHFWURQLVFKH *HUDWHWHFKQLF J*PE+� 1RUG�
KDXVHQ� *HUPZQ\�� AZklhkm\Zggy *05 k_gkhj�\ ^ey

aZ^Zq \bojhkljmfh\h� ^_n_dlhkdhi���

• 0� KlZomjkvd� �1gklblml a\Zjx\Zggy� =e�\�p_�
IhevrZ�� &HUWLILFDWLRQ RI QRQ�GHVWUXFWLYH WHVWLQJ SHUVRQQHO
LQ *UHDW %ULWDLQ�

Ijh k\h� ^hky]g_ggy \ jhajh[p� ^_n_dlhkdhi�\

jhaih\�eb ij_^klZ\gbdb jy^m i�^ijb}fkl\� sh ^Z\gh

ijhihgmxlv k\hx ijh^mdp�x gZ jbgdm MdjZ�gb�

• =� =� Emp_gdh� <� F� MqZg�g� <� F� =h]mey �G<N
©MevljZdhg�K_j\�kª� f� Db�\�� :\lhfZlbah\ZgZ [Z]Zlh�
dZgZevgZ \bojhkljmfh\Z kbkl_fZ ^ey \by\e_ggy lZ

�^_glbn�dZp�� ]eb[hdh jhalZrh\Zgbo lZ ih\_jog_\bo

^_n_dl�\ ljm[ a g_n_jhfZ]g�lgbo klZe_c�

• >� <� =ZeZg_gdh� <� ;� =ZeZg_gdh� =� =� Emp_gdh
�G<N ©MevljZdhg�K_j\�kª� f� Db�\�� Gh\Z f_lh^bdZ

MAD \gmlj�rg�o d�e_pv i�^rbigbd�\ [mdkh\bo \mae�\

dhe�kgbo iZj \Z]hg�\�

• <� <� DZjZkv �G<N ©MevljZdhgª� f� Db�\�� KmqZkg�
jhajh[db G<N ©MevljZdhgª�

• :� :� IhdeZ^h\ �:L ©9RWXPª� f� Dbrbg�\�� M>��L
² gh\bc i�^o�^ ^h \bj�r_ggy ljZ^bp�cgbo aZ^Zq�

• :� <� Kb^hjh\� E� F� K_j_[jh\� H� H� >moh\kvdbc

�G<N ©1gljhg�K?Lª� f� >hg_pvd�� Ihke�^h\g�klv hp�g�
db l_og�qgh]h klZgm f_oZg�qgh]h h[eZ^gZggy ijb \bdh�
jbklZgg� ki_dljZevgh]h ZgZe�am \�[jZp���

;�ey ^_kylb ^hih\�^_c ij_^klZ\beb ki�\jh[�lgbdb

j�agbo mg�\_jkbl_l�\ MdjZ�gb� sh� [_amfh\gh� k\�^qblv
ijh jha\blhd gZmdh\bo ^hke�^`_gv lZdh` � \ gZ�
\qZevgbo aZdeZ^Zo� <�^agZqbfh djZs� a gbo�

• :� F� H\kygd�g� <� =� >_fb^dh �G:M� f� Db�\��
Fhg�lhjbg] aZkh[�\ ^_n_dlhkdhi�� dhgkljmdp�c a dhf�
ihabp�cgbo fZl_j�Ze�\�

• K� <� K_j_[j_g�dh\� >� <� LjmrZdh\ �DGLM�
f� D�jh\h]jZ^�� >hke�^`_ggy \bojhkljmfh\bo i_j_l\h�
jx\Zq�\ a I�h[jZagbf lZ kl_j`g_\bf hk_j^yf�

• E� I� L_e�idh� <� F� FZgvdh� :� :� <Zs_gdh �>>LM�
f� >g�ijh^a_j`bgkvd�� >h iblZggy ^�Z]ghklm\Zggy

l_og�qgh]h klZgm [m^bgd�\ lZ kihjm^� jhalZrh\Zgbo gZ
ijhk�^Zxqbo ]jmglZo�

Ijhn� :� KgZjkvdbc ijhqblZ\ ^\� ^hih\�^�� i�^]h�
lh\e_g� qhlbjfZ Z\lhjZfb a j�agbo gZmdh\bo mklZgh\�

:� KgZjkvdbc� K� Emd¶yg_pv� F� @_g�jh\kvdbc�
H� ;ZdZ}\ �GLMM ©DI1ª� 1N G:GM� 1LN G:GM�
G�526(1 (QJLQHHULQJ��

FZ]g�lg_ ihe_ ^\hf�jgh]h ^_n_dlm \ ajZadm h[f_`_�
gh� lh\sbgb�

JhajZomghd jhak�ygh]h fZ]g�lgh]h ihey ^ey ljb\b�
f�jgh]h ^_n_dlm \ lh\klhfm ajZadm

Ke�^ lZdh` \�^agZqblb ^hih\�^� nZo�\p�\ G<H

©Ahg^ª a 1\Zgh�NjZgd�\kvdZ lZ G<P ©<�Zl_oª a Db}\Z�

• I� F� JZcl_j� I� Y� Djbgbqgbc �G<N ©Ahg^ª��
Dhgljhev ih\_jog_\bo \ljZl f_lZem n_jhfZ]g�lgbo

h[¶}dl�\ fh^bn�dh\Zgbf �g^mdp�cgbf a^Z\Zq_f�

• I� Y� Djbgbqgbc� I� F� JZcl_j� :� ;� =jbp�\� H� <�

<�kdh\ �G<N ©Ahg^ª��Dhgljhev ]_hf_ljbqgbo iZjZf_lj�\
ieZklfZkh\bo ljm[ m ijhp_k� �o \b]hlh\e_ggy�

• :� K� FhkdZe_gdh �G<P ©<�Zl_oª�� Gh\� l_ogheh]��
dhgljhex iZjZf_lj�\ j�^bg \ aZdjblbo j_a_j\mZjZo a

\bdhjbklZggyf mevljZa\mdh\bo i_j_l\hjx\Zq�\ �a

ah\g�rgvh� n�dkZp�}x�
GZcdjZs� ^hih\�^� dhgn_j_gp�� \b^Zgh hdj_fhx

a[�jdhx�
< ohe� dhgn_j_gp�aZem ijhoh^beZ \bklZ\dZ aZkh[�\

g_jmcg�\gh]h dhgljhex lZ l_og�qgh� ^�Z]ghklbdb� < g�c

[jZeb mqZklv�

• G<N ©MevljZdhg�K_j\�kª� f� Db�\�

• G<N ©IjhfijbeZ^ª� f� Db�\�

• G<I ©1gljhg�K?Lª� f� >hg_pvd�

• G<N ©MevljZdhgª� f� Db�\�

• :L ©9RWXPª� f� Dbrbg�\�

• N�jfZ ©R_jeª� f� Db�\�

• P_glj ©E_hl_kl�F_^�mfª� f� Ev\�\�
< p�ehfm� dhgn_j_gp�y ijhcreZ \ ^�eh\�c� ijb\�lg�c

lZ ^h[jhabqeb\�c Zlfhkn_j�� qhfm kijbyeh \ agZqg�c

f�j� � f�kp_ �� ijh\_^_ggy ² iZgk�hgZl ©;hcd�\sbgZª�
sh jhalZrm\Z\ky gZ hdhebp� KeZ\kvdZ \ hlhq_gg�

[Z]Zlhj�qgbo khk_g� yebg lZ kf_j_d� ih[ebam ]�jkv�
dheb`gbo ljZk� G_a\Z`Zxqb gZ gZijm`_gm gZmdh\m

ijh]jZfm� mqZkgbdb dhgn_j_gp�� fZeb fh`eb\�klv

^_ydbc qZk ijbk\ylblb \�^ihqbgdm gZ ]�jkvdbo eb`Zo�
>h lh]h `� lj_[Z \�^agZqblb yd p�dZ\bc n_ghf_g lhc

nZdl� sh gZmdh\� ^bkdmk�� i�^ qZk pvh]h \�^ihqbgdm g_
ijbibgyebky�

Hj]Zg�aZlhjb dhgn_j_gp�� q_dZxlv <Zk � \ gZklmigh�
fm jhp�� \ k_j_^bg� exlh]h�

:^j_kZ Hj]dhf�l_lm� ������ f� Ev\�\���� \me� =_g_jZeZ
=jbpZy� ����� l_e��n ������ ���������
?�PDLO� OHRWHVW#RUJ�OYLY�QHW�

1gnhjfZp�cg_ ih\�^hfe_ggy i�^]hlm\Zeb

<� F� MqZg�g �NF1 �f� =� <� DZji_gdZ G:GM��

X� F� IhkbiZcdh

�1?A �f� /� H� IZlhgZ G:GM�

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��



�
���������	��������
�����	
��
�������������

��w�� ¾ÍÎÃÉÝ ����� ¨ ´ �¯ÌÈÌÉÚËÆÈÆ�� ªÌÏÈÀ¾

�ÏÏÌÔÆ¾ÔÆÝ Î¾ÅÎ¾¿ÌÐÕÆÈÌÀ� ÍÎÌÆÅÀÌÂÆÐÃÉÃÇ Æ ÍÌÏÐ¾À×ÆÈÌÀ ÓÆÊÆÕÃÏÈÌÇ ÍÎÌ�
ÂÑÈÔÆÆ Æ É¾¿ÌÎ¾ÐÌÎËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ �®ÌÏÓÆÊÎÃ¾ÈÐÆÀ�� �ÏÏÌÔÆ¾ÔÆÝ

�Ë¾ÉÆÐÆÕÃÏÈÆÓ ÔÃËÐÎÌÀ ��Ë¾ÉÆÐÆÈ¾��
«¾ÑÕËÙÇ ÏÌÀÃÐ ®ÌÏÏÆÇÏÈÌÇ ¾È¾ÂÃÊÆÆ Ë¾ÑÈ ÍÌ ¾Ë¾ÉÆÐÆÕÃÏÈÌÇ ÓÆÊÆÆ�

®ÌÏÏÆÇÏÈÆÇ ¯ÌÜÅ ÓÆÊÆÈÌÀ� ªÃÄÂÑË¾ÎÌÂË¾Ý ÀÙÏÐ¾ÀÌÕË¾Ý ÈÌÊÍ¾ËÆÝ
ÍÎÆ ÍÌÂÂÃÎÄÈÃ

ªÆËÆÏÐÃÎÏÐÀ¾ ÍÎÌÊÙÖÉÃËËÌÏÐÆ Æ ÛËÃÎÁÃÐÆÈÆ ®²� ¡ÌÏÏÐ¾ËÂ¾ÎÐ¾ ®ÌÏÏÆÆ� ªÆËÆÏÐÃÎÏÐÀ¾
ÍÎÆÎÌÂËÙÓ ÎÃÏÑÎÏÌÀ� ¡ÌÏÏÐÎÌÝ ®²� ¨ÑÉÚÐÑÎËÌ�ÀÙÏÐ¾ÀÌÕËÌÁÌ ÔÃËÐÎ¾ �¯ÌÈÌÉÚËÆÈÆ�

ÍÎÌÀÃÉÆ
ªÃÄÂÑË¾ÎÌÂËÑÜ ÏÍÃÔÆ¾ÉÆÅÆÎÌÀ¾ËËÑÜ ÀÙÏÐ¾ÀÈÑ ¾Ë¾ÉÆÐÆÕÃÏÈÌÁÌ Æ É¾¿ÌÎ¾ÐÌÎËÌÁÌ Ì¿ÌÎÑÂÌ�

À¾ËÆÝ� ÐÃÓËÌÉÌÁÆÇ Æ Ê¾ÐÃÎÆ¾ÉÌÀ ÂÉÝ ¾Ë¾ÉÆÅ¾� ÈÌËÐÎÌÉÝ�
ÆÏÏÉÃÂÌÀ¾ËÆÇ ÀÌ ÀÏÃÓ ÌÐÎ¾ÏÉÝÓ ÍÎÌÊÙÖÉÃËËÌÏÐÆ �$QDO\WLFD([SR������

K_]h^gy wlh djmig_crZy b kZfZy \hklj_[h\ZggZy \u�
klZ\dZ jugdZ ZgZeblbq_kdh]h b eZ[hjZlhjgh]h h[hjm�
^h\Zgby� Ih fg_gbx mqZklgbdh\ $QDO\WLFD([SR y\ey�
_lky _^bgkl\_gguf \uklZ\hqguf ijh_dlhf� dhlhjuc
mki_rgh j_rZ_l ihklZ\e_ggu_ i_j_^ gbf aZ^Zqb� kha�
^Z\ _^bgh_ ZiiZjZlmjgh�f_lh^bq_kdh_ ihe_� h[t_^bgy�
xs__ gZmdm� ijhba\h^bl_e_c b i_j_jZ[hlqbdh\ kujvy�
Z lZd`_ ihlj_[bl_e_c dhg_qghc ijh^mdpbb� wdh�
eh]bq_kdb_� kZgblZjgh�]b]b_gbq_kdb_ b bgu_ dhgl�
jhebjmxsb_ ]hkm^Zjkl\_ggu_ b h[s_kl\_ggu_ hj]Zgu�
;he__ lh]h� \uklZ\dZ$QDO\WLFD([SR kihkh[kl\m_l \g_^�
j_gbx dhfie_dkguo kbkl_f mijZ\e_gby dZq_kl\hf b

dhhj^bgZpbb ^_yl_evghklb jZaghjh^guo hj]ZgbaZpbc

b ij_^ijbylbc� aZgbfZxsboky hkgZs_gb_f eZ[hjZ�
lhjbc� Gh ]eZ\gh_ ² mqZklgbdb \uklZ\db ihemqZxl

\hafh`ghklv hp_gblv kblmZpbx gZ jugd_ b \ujZ[hlZlv

h[smx ihabpbx ih ijh[e_fZf hljZkeb� <_^v l_fZlbdZ
\uklZ\db hljZ`Z_l ijZdlbq_kdb \k_ klhjhgu b wlZiu

kha^Zgby eZ[hjZlhjbc ² hl ijh_dlbjh\Zgby b

kljhbl_evkl\Z eZ[hjZlhjguo ihf_s_gbc� ih^[hjZ dhg�
kljmdpbhgguo fZl_jbZeh\ b ihdjulbc� nhjfbjh\Zgby
debfZlZ� ih^]hlh\db ]Zah\� \h^u� \ha^moZ� \u[hjZ h[h�
jm^h\Zgby� ijb[hjh\� kbkl_f hlh[jZ`_gby b h[jZ[hldb

bgnhjfZpbb� h[_ki_q_gby l_dms_c ^_yl_evghklb

j_Zdlb\Zfb� klZg^Zjlgufb h[jZapZfb� fZl_jbZeZfb�
aZiZkgufb qZklyfb ^h ihklZ\db ki_pbZevghc h^_`^u

b kj_^kl\ aZsblu� f_lh^bq_kdh]h b bgnhjfZpbhggh]h

khijh\h`^_gby ZgZeblbq_kdh]h bkke_^h\Zgby� AgZqb�
l_evgh_ \gbfZgb_ gZ \uklZ\d_ [ueh m^_e_gh ijh[e_�
fZf klZg^ZjlbaZpbb b mgbnbdZpbb f_lh^h\ bkke_^h�
\Zgbc ijbf_gy_fh]h h[hjm^h\Zgby b ijb[hjh\�
ijb\_^_gbx bo \ khhl\_lkl\b_ k f_`^mgZjh^gufb

klZg^ZjlZfb�
Ij_fv_jZ \uklZ\db $QDO\WLFD([SR khklhyeZkv \ ���� ]�
b [ueZ hlf_q_gZ h]jhfguf mki_ohf� \ ���� ]� dhebq_kl\h
mqZklgbdh\ khklZ\beh ��� dhfiZgbc� \ ���� ]�� ² ����
\ ���� ]� ² wlh m`_ [he__ ��� jhkkbckdbo b aZjm[_`guo
nbjf� h[_ki_qb\Zxsbo nmgdpbhgbjh\Zgb_ eZ[hjZlhjbc
² gZmqgh�bkke_^h\Zl_evkdbo� dhgljhevgh�bkiulZl_ev�
guo� kZgblZjguo� wdheh]bq_kdbo� Z]jhobfbq_kdbo� mq_[�
guo� Zj[bljZ`guo� aZ\h^kdbo b fgh]bo ^jm]bo� < bo

qbke_ lZdb_ nbjfu� dZd $QDO\WLN -HQD� %58.(5� 'RQDX
/DE 0RVFRZ� (EUR (OHFWURQLF *PE+� ,QWHUWHFK &RUSR�

UDWLRQ� y\eyxsZyky ]_g_jZevguf kihgkhjhf \uklZ\db�
.UXVV 2SWURQLF *PE+�0HUFN�1(7=6&+*HUDHWHEDX�
3HUNLQ(OPHU� 3HWURWHFK� 6KLPDG]X� 63(&7$5,6 H�9��
6WDQIRUG (TXLSPHQW�7KHUPR (OHFWURQ $XVWULD�:DWHUV�

©:gZeblbq_kdb_ Wdk�J_c Kbkl_fuª� <BFK� =GM
GBB \ukhdbo gZijy`_gbc ijb LIM� GIH
©Baf_jbl_evgZy l_ogbdZª� ©DjbkfZk iexkª� ©EZ[h�
jZlhjgh_ h[hjm^h\Zgb_ b ijb[hjuª� ©Eb]Zª� ©Ex�
fwdkª� ©F_lZee>baZcgª� ©IhjkZª� ©IjZdlbd�GPª�
&DUO =HLVV� ©KZjlh]hkfª� ©KbKbWk K_j\bkª� ©KheZj
LBBª� ©Wdhbgkljmf_glª� ©Wdhk��ª� ©Wdjhkª b

fgh]b_ ^jm]b_� LZdbf h[jZahf� _`_]h^gh dhebq_kl\h

mqZklgbdh\ \uklZ\db m\_ebqb\Z_lky ihqlb \ ��� jZaZ�
<ukhdZy Zdlb\ghklv mqZklgbdh\ ihdZau\Z_l� gZkdhevdh
ZdlmZevgh \u[jZgZ l_fZlbdZ \uklZ\hqgh]h ijh_dlZ� :
\ khklZ\ hj]dhfbl_lZ \uklZ\db \oh^yl ij_^klZ\bl_eb

hljZke_\uo fbgbkl_jkl\� ba\_klgu_ mq_gu_� jmdh�
\h^bl_eb hljZke_\uo hj]ZgbaZpbc�

<uklZ\dZ y\ey_lky \_^msbf ^_eh\uf f_jhijbylb_f b

ij_^klZ\ey_l rbjhdmx gZmqgmx ijh]jZffm� <h \j_fy

jZ[hlu \uklZ\db ZkkhpbZpby ©Jhkobfj_Zdlb\ª ijh\_eZ

g_kdhevdh k_fbgZjh\� ©:gZeblbq_kdb_ b dhgljhevgh�

baf_jbl_evgu_ ijb[hjuª� ©Obfbq_kdb_ j_Zdlb\u b

hkh[h qbklu_ obfbq_kdb_ \_s_kl\Zª� ©EZ[hjZlhjgZy
f_[_evª ² b dhgn_j_gpbx ©Wdkij_kk�f_lh^u obfbq_k�

dh]h ZgZebaZ� ^hklhbgkl\Z b g_^hklZldb� h[eZklb

ijbf_g_gbyª� ihk\ys_ggmx ZgZeblbq_kdhfm dhgljhex

dZq_kl\Z \h^u \ jZaebqguo kn_jZo \h^hihevah\Zgby� <
i_j\uc ^_gv jZ[hlu \uklZ\db GK:O J:G ijh\_e dhg�
n_j_gpbx ©Obfbq_kdbc ZgZebaª� gZ ke_^mxsbc ^_gv dhg�
n_j_gpby ijhreZ k k_dpb_c ©:gZeba f_lZeeh\ b kieZ\h\ª�
Z �� Zij_ey ² k k_dpb_c ©Obfbq_kdb_ k_gkhju� :gZeb�

lbq_kdb_ ijb[hjuª� Jhkkbckdh_ O_fhf_ljbq_kdh_

h[s_kl\h hj]Zgbah\Zeh k_dpbx ih o_fhf_ljbd_� �� Zi�
j_ey N_^_jZevgh_ Z]_glkl\h ih l_ogbq_kdhfm

j_]mebjh\Zgbx b f_ljheh]bb ijh\_eh k\hc k_fbgZj� Z
ZkkhpbZpby ZgZeblbq_kdbo p_gljh\ ©:gZeblbdZª ²
k_dpbx ©H[_ki_q_gb_ dZq_kl\Z j_amevlZlh\ ZgZeb�

lbq_kdbo jZ[hlª� LZd`_ [ueZ ijh]jZffZ ij_a_glZpbb

jhkkbckdbo b aZjm[_`guo dhfiZgbc� dhlhju_ ij_^k�
lZ\beb k\hb gh\u_ jZajZ[hldb dZd \ h[eZklb h[hjm^h�
\Zgby� lZd b \ h[eZklb f_lh^bq_kdh]h h[_ki_q_gby�

<k_ wlb b ^jm]b_ f_jhijbylby [ueb bgl_j_kgu

obfbdZf� l_ogheh]Zf� ki_pbZebklZf ih dhgljhex dZ�
q_kl\Z ijh^mdpbb� kgZ[`_gpZf b fZjd_lheh]Zf� >ey
\k_o mqZklgbdh\ b ]hkl_c $QDO\WLFD([SR klZeZ

hlebqghc iehsZ^dhc ^ey mklZgh\e_gby b ^Zevg_cr_]h

jZa\blby ^_eh\uo dhglZdlh\ b h[f_gZ gZmqgh�
l_ogbq_kdbfb b^_yfb�

BgnhjfZpbhggh_ khh[s_gb_ ih^]hlh\e_gh

hj]ZgbaZlhjZfb dhgn_j_gpbb
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¢ÌÎÌÁÌÇ �Ë¾ÐÌÉÆÇ ¨ÌËÏ�
Ð¾ËÐÆËÌÀÆÕ�
±ÕÃËÙÃ ¦ËÏÐÆÐÑÐ¾ ÛÉÃÈÐÎÌÏ�

À¾ÎÈÆ ÆÊ� £� ¬� ­¾ÐÌË¾ «�«
±ÈÎ¾ÆËÙ Æ Ý ÉÆÕËÌ ÁÌÎÝÕÌ Æ ÏÃÎ�
ÂÃÕËÌ ÍÌÅÂÎ¾ÀÉÝÃÊ  ¾Ï� ÕÉÃË¾�
ÈÌÎÎÃÏÍÌËÂÃËÐ¾ �È¾ÂÃÊÆÆ ÐÎ¾Ë�
ÏÍÌÎÐ¾ ®ÌÏÏÆÆ� É¾ÑÎÃ¾Ð¾ ­ÎÃÊÆÆ
¯ÌÀÃÐ¾ ªÆËÆÏÐÎÌÀ ¯¯¯®�
­ÎÃÊÆÆ ­Î¾ÀÆÐÃÉÚÏÐÀ¾ ®ÌÏÏÆÆ�
ªÃÄÂÑË¾ÎÌÂËÌÇ ÍÎÃÊÆÆ �®ÃËÐ�
ÁÃË�¯ÌÈÌÉÌÀ�� ¥¾ÏÉÑÄÃËËÌÁÌ Î¾�
¿ÌÐËÆÈ¾ ÐÎ¾ËÏÍÌÎÐ¾ ®²� ­ÌÕÃÐ�

ËÌÁÌ ÄÃÉÃÅËÌÂÌÎÌÄËÆÈ¾� ÀÆÔÃ�ÍÎÃÅÆÂÃËÐ¾
®¬«¨°¢� ¡É¾ÀËÌÁÌ ÎÃÂ¾ÈÐÌÎ¾ ÄÑÎË¾ÉÚËÌÁÌ Ì¿ÌÅ�
ÎÃËÆÝ �  ÊÆÎÃ ËÃÎ¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ� ÏÌ ÅË¾�
ÊÃË¾ÐÃÉÚËÙÊ Ü¿ÆÉÃÃÊ x ���ÉÃÐÆÃÊ ÏÌ ÂËÝ ÎÌÄ�
ÂÃËÆÝ�
 Ù ÖÆÎÌÈÌ ÆÅÀÃÏÐËÙ È¾È ÀÙÂ¾Ü×ÆÇÏÝ ÑÕÃËÙÇ À

Ì¿É¾ÏÐÆ ËÃÎ¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ È¾ÕÃÏÐÀ¾ ÏÀ¾Î�
ËÙÓ ÏÌÃÂÆËÃËÆÇ ÈÌËÏÐÎÑÈÔÆÇ�
�ÌÉÚÖÌÃ ÑÀ¾ÄÃËÆÃ ÀÙÅÙÀ¾ÃÐ  ¾Ö¾ ¾ÈÐÆÀË¾Ý Ë¾�

ÑÕË¾Ý Æ Ì¿×ÃÏÐÀÃËË¾Ý ÂÃÝÐÃÉÚËÌÏÐÚ� ¾ Ð¾ÈÄÃ Ï¾ÊÌ�
ÌÐÀÃÎÄÃËË¾Ý Î¾¿ÌÐ¾ ÍÌ ÍÌÂÁÌÐÌÀÈÃ È¾ÂÎÌÀ�

«¾Ê ÍÎÆÝÐËÌ ÌÐÊÃÐÆÐÚ� ÕÐÌ ÍÌÂÁÌÐÌÀÉÃËË¾Ý À¾ÊÆ
ÏÌÀÊÃÏÐËÌ Ï ÍÎÌÒÃÏÏÌÎÌÊ ¦� «� £ÎÊÌÉÌÀÙÊ ÈËÆÁ¾
�±ÉÚÐÎ¾ÅÀÑÈÌÀ¾Ý ÂÃÒÃÈÐÌÏÈÌÍÆÝ ÏÀ¾ÎËÙÓ ÖÀÌÀ�
ÀÍÃÎÀÙÃ ¿ÙÉ¾ ÆÅÂ¾Ë¾ À Á� ¨ÆÃÀÃ À ÆÅÂ¾ÐÃÉÚÏÐÀÃ
�°ÃÓËÆÈ¾� Ã×Ã À ���� Á� Æ ÂÌ ÏÆÓ ÍÌÎ ÝÀÉÝÃÐÏÝ Ë¾�
ÏÐÌÉÚËÌÇ ÈËÆÁÌÇ ÏÍÃÔÆ¾ÉÆÏÐÌÀ�ÏÀ¾Î×ÆÈÌÀ À ÏÐÎ¾�
Ë¾Ó ¯«¡�
¬ÁÎÌÊËÙÇ ÆËÐÃÎÃÏ ÂÉÝ ÏÍÃÔÆ¾ÉÆÏÐÌÀ ÍÎÃÂÏÐ¾À�

ÉÝÃÐ ÎÃÂ¾ÈÐÆÎÑÃÊÙÇ  ¾ÊÆ ÄÑÎË¾É �  ÊÆÎÃ ËÃÎ¾Å�
ÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ�� ÈÌÐÌÎÙÇ ÌÏÀÃ×¾ÃÐ Ï¾ÊÙÃ
ÏÌÀÎÃÊÃËËÙÃ ¾ÏÍÃÈÐÙ ÛÐÌÁÌ À¾ÄËÌÁÌ Ë¾ÍÎ¾ÀÉÃËÆÝ
Ë¾ÑÈÆ Æ ÐÃÓËÆÈÆ�
 Ù ÀËÃÏÉÆ ÌÁÎÌÊËÙÇ ÀÈÉ¾Â À ÂÃÉÌ Ì¿ÃÏÍÃÕÃËÆÝ

Ë¾ÂÃÄËÌÏÐÆ� ÂÌÉÁÌÀÃÕËÌÏÐÆ Æ ¿ÃÅÌÍ¾ÏËÌÏÐÆ ÄÃÉÃÅ�
ËÌÂÌÎÌÄËÌÁÌ ÐÎ¾ËÏÍÌÎÐ¾�
¬ÏÌ¿ÃËËÌ ÍÎÆÝÐËÌ ÌÐÊÃÐÆÐÚ  ¾ÖÃ ÊËÌÁÌÉÃÐËÃÃ

ÏÌÐÎÑÂËÆÕÃÏÐÀÌ Ï ¦ËÏÐÆÐÑÐÌÊ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ�
£� ¬� ­¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ�
¬Ð ÀÏÃÇ ÂÑÖÆ ÄÃÉ¾ÃÊ  ¾Ê� ÂÌÎÌÁÌÇ �Ë¾ÐÌÉÆÇ

¨ÌËÏÐ¾ËÐÆËÌÀÆÕ� ÈÎÃÍÈÌÁÌ ÅÂÌÎÌÀÚÝ� ÏÕ¾ÏÐÚÝ À
ÉÆÕËÌÇÄÆÅËÆÆÂÌÉÁÆÓ ÉÃÐ ÐÀÌÎÕÃÏÈÌÇÍÃÂ¾ÁÌÁÆÕÃÏ�
ÈÌÇ Æ Ë¾ÑÕËÌÇ ÂÃÝÐÃÉÚËÌÏÐÆ�

K m\Z`_gb_f�

ZdZ^_fbd ;� ?� IZlhg

�������������

¢ÌÈÐÌÎÑ ÐÃÓËÆÕÃÏÈÆÓ Ë¾ÑÈ�
ÍÎÌÒÃÏÏÌÎÑ� ÕÉÃËÑ «¾ÔÆÌË¾ÉÚËÌ�
ÁÌ ¾ÐÐÃÏÐ¾ÔÆÌËËÌÁÌ ÈÌÊÆÐÃÐ¾ ±È�
Î¾ÆËÙ ÍÌ «¨� ÌÏËÌÀ¾ÐÃÉÜ Ë¾ÑÕËÌÇ
ÖÈÌÉÙ ÆËÒÌÎÊ¾ÔÆÌËËÌ�ÆÅÊÃÎÆ�
ÐÃÉÚËÙÓ ÐÃÓËÌÉÌÁÆÇ ËÃÎ¾ÅÎÑÖ¾Ü�
×ÃÁÌ ÈÌËÐÎÌÉÝ  ¾ÉÃËÐÆËÑ ­¾À�
ÉÌÀÆÕÑ ª¾É¾ÇÕÑÈÑ ÆÏÍÌÉËÆÉÌÏÚ
�� ÉÃÐ�
 ¾ÉÃËÐÆË ­¾ÀÉÌÀÆÕ ÎÌÂÆÉÏÝ �

¾ÍÎÃÉÝ ���� Á� À Á� ¢ËÃÍÎÌÍÃÐÎÌÀ�
ÏÈÃ� ­ÌÏÉÃ ÌÈÌËÕ¾ËÆÝ ®ÝÅ¾ËÏÈÌÁÌ ¾ÎÐÆÉÉÃÎÆÇÏÈÌÁÌ
ÑÕÆÉÆ×¾ À ���� Á�� ÏÉÑÄÆÉ À ÀÌÇÏÈ¾Ó ���Ç ¾ÎÊÆÆ
¢¾ÉÚËÃÀÌÏÐÌÕËÌÁÌ ÀÌÃËËÌÁÌ ÌÈÎÑÁ¾�   ���� Á� Å¾�
ÈÌËÕÆÉ ³¾ÎÚÈÌÀÏÈÑÜ ¾ÎÐÆÉÉÃÎÆÇÏÈÑÜ Î¾ÂÆÌÐÃÓ�
ËÆÕÃÏÈÑÜ ¾È¾ÂÃÊÆÜ ÆÊ� ©� �� ¡ÌÀÌÎÌÀ¾�
  ���� Á� Å¾×ÆÐÆÉ È¾ËÂÆÂ¾ÐÏÈÑÜ ÂÆÏÏÃÎÐ¾ÔÆÜ�

¯ ���� Á� x Ë¾ Ë¾ÑÕËÌÇ Î¾¿ÌÐÃ À  ÌÎÌËÃÄÏÈÌÊ ÀÌ�
ÃËËÌÊ Ë¾ÑÕËÌ�ÆÏÏÉÃÂÌÀ¾ÐÃÉÚÏÈÌÊ ÆËÏÐÆÐÑÐÃ� «¾ÑÕ�
ËÙÃ ÆËÐÃÎÃÏÙ� ÐÃÌÎÆÝ Æ ÍÎ¾ÈÐÆÈ¾ Î¾ÂÆÌÎ¾ÅÀÃÂÈÆ Æ
Î¾ÂÆÌÛÉÃÈÐÎÌËËÌÇ ¿ÌÎÚ¿Ù ÍÎÆ ÎÃÖÃËÆÆ Å¾Â¾Õ ÍÎÃ�
ÌÂÌÉÃËÆÝ ÍÎÌÐÆÀÌÀÌÅÂÑÖËÌÇ Æ ÍÎÌÐÆÀÌÎ¾ÈÃÐËÌÇ
Ì¿ÌÎÌËÙ Ï¾ÊÌÉÃÐ¾ÊÆ Æ ÁÌÉÌÀËÙÊÆ Õ¾ÏÐÝÊÆ
¿¾ÉÆÏÐÆÕÃÏÈÆÓ Î¾ÈÃÐ�   ���� Á� Å¾×ÆÐÆÉ ÂÌÈÐÌÎÏÈÑÜ
ÂÆÏÏÃÎÐ¾ÔÆÜ� À ���� Á� ÃÊÑ ÍÎÆÏÀÌÃËÌ ÅÀ¾ËÆÃ ÍÎÌ�
ÒÃÏÏÌÎ¾�
¯ ���� Á�  ¾ÉÃËÐÆË ­¾ÀÉÌÀÆÕ Î¾¿ÌÐ¾ÃÐ À ¢ËÃÍ�

ÎÌÍÃÐÎÌÀÏÈÌÊ Ë¾ÔÆÌË¾ÉÚËÌÊ ÑËÆÀÃÎÏÆÐÃÐÃ Å¾ÀÃÂÑ�
Ü×ÆÊ È¾ÒÃÂÎÙ Î¾ÂÆÌÛÉÃÈÐÎÌËËÌÇ ¾ÀÐÌÊ¾ÐÆÈÆ� ¾ Ï
���� Á� x ÍÎÌÒÃÏÏÌÎÌÊ ÛÐÌÇ ÄÃ È¾ÒÃÂÎÙ�
¬ÎÁ¾ËÆÅÌÀ¾É À ÑËÆÀÃÎÏÆÐÃÐÃ ÍÌÂÁÌÐÌÀÈÑ ÆËÄÃËÃÎÌÀ

ÍÌ ËÌÀÌÇ ÏÍÃÔÆ¾ÉÚËÌÏÐÆ� �­ÎÆ¿ÌÎÙ Æ ÏÆÏÐÃÊÙ ËÃ�
Î¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ�� ÏÌÅÂ¾É Ë¾ÑÕËÑÜ ÖÈÌÉÑ
�¦ËÒÌÎÊ¾ÔÆÌËËÌ�ÆÅÊÃÎÆÐÃÉÚËÙÃ ÐÃÓËÌÉÌÁÆÆ ËÃ�
Î¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ� ÐÃÓËÆÕÃÏÈÌÇ Æ ÊÃÂÆÔÆ�
ËÏÈÌÇ ÂÆ¾ÁËÌÏÐÆÈÆ�� ¥¾ ÁÌÂÙ Î¾¿ÌÐÙ À ÑËÆÀÃÎ�
ÏÆÐÃÐÃ ÍÌÂÁÌÐÌÀÆÉ Æ ÆÅÂ¾É �� ÑÕÃ¿ËÙÓ ÍÌÏÌ¿ÆÇ�
­ÌÂÁÌÐÌÀÆÉ �� È¾ËÂÆÂ¾ÐÌÀ Æ � ÂÌÈÐÌÎÌÀ Ë¾ÑÈ� �ÀÐÌÎ
¿ÌÉÃÃ ÕÃÊ ��� Ë¾ÑÕËÙÓ ÏÐ¾ÐÃÇ� ÆÅÌ¿ÎÃÐÃËÆÇ� ÊÌ�
ËÌÁÎ¾ÒÆÇ� ÑÕÃ¿ËÆÈÌÀ�
 ÙÅÙÀ¾ÃÐ ÆÏÈÎÃËËÃÃ ÑÀ¾ÄÃËÆÃ ÏÍÌÏÌ¿ËÌÏÐÚ  ¾�

ÉÃËÐÆË¾ ­¾ÀÉÌÀÆÕ¾ Ë¾ÇÐÆ Ë¾ÑÕËÑÜ ËÌÀÆÅËÑ À Ï¾ÊÙÓ
Î¾ÅËÌÌ¿Î¾ÅËÙÓ Æ Â¾ÉÃÈÆÓ ÌÂË¾ ÌÐ ÂÎÑÁÌÇ Ì¿É¾ÏÐÝÓ
ÅË¾ËÆÇ� Î¾ÂÆÌÛÉÃÈÐÎÌËËÌÇ Î¾ÅÀÃÂÈÃ� Î¾ÂÆÌÉÌ�
È¾ÔÆÆ� ÊÌËÆÐÌÎÆËÁÃ ÛËÃÎÁÃÐÆÕÃÏÈÆÓ ÏÆÏÐÃÊ� ÍÏÆÓÌ�
ÊÃÐÎÆÆ Æ� Ë¾ÈÌËÃÔ� ËÃÎ¾ÅÎÑÖ¾Ü×ÃÊ ÈÌËÐÎÌÉÃ� µÃ�
ÉÌÀÃÈÖÆÎÌÈÌÇ ÂÑÖÆ� Ñ ÈÌÐÌÎÌÁÌ ÓÀ¾Ð¾ÃÐ ÄÆÅËÃËËÙÓ
ÏÆÉ Æ ÛËÃÎÁÆÆ Ë¾ ÍÌÂÂÃÎÄÈÑ ÐÌÀ¾ÎÆ×ÃÇ� ÈÌÉÉÃÁ Æ
ÊËÌÁÌÕÆÏÉÃËËÙÓ ÑÕÃËÆÈÌÀ� ÌÂËÌÀÎÃÊÃËËÌ ÌË Ë¾ÂÃ�
ÄË¾Ý ÌÍÌÎ¾ ÂÉÝ ÏÃÊÚÆ�
¢ÌÎÌÁÌÇ  ¾ÉÃËÐÆË ­¾ÀÉÌÀÆÕ�  Ù ÀÏÐÎÃÐÆÉÆ

ÏÀÌÇ Ü¿ÆÉÃÇ ÍÌÉËÙÊ ÄÆÅËÃËËÙÓ ÏÆÉ� ÛËÃÎÁÆÆ Æ
ÐÀÌÎÕÃÏÈÆÓ ÍÉ¾ËÌÀ� ÏÌÓÎ¾ËÆÉÆ ÜËÌÖÃÏÈÑÜ ÉÜ¿ÌÅ�
Ë¾ÐÃÉÚËÌÏÐÚ� ¤ÃÉ¾ÃÊ  ¾Ê ÂÌÉÁÆÓ ÉÃÐ ÄÆÅËÆ� ÈÎÃÍ�
ÈÌÁÌ ÅÂÌÎÌÀÚÝ� ÐÀÌÎÕÃÏÈÆÓ ÑÏÍÃÓÌÀ À  ¾ÖÃÇ ÏÉÌÄ�
ËÌÇ Æ ÌÐÀÃÐÏÐÀÃËËÌÇ Î¾¿ÌÐÃ� ¾ Ð¾ÈÄÃ ÍÎÌÂÌÉÄÃËÆÝ
 ¾ÖÃÇ ¿É¾ÁÌÎÌÂËÌÇ ÂÃÝÐÃÉÚËÌÏÐÆ ÍÌ ÀÌÏÍÆÐ¾ËÆÜ
ÊÌÉÌÂÙÓ ÆËÄÃËÃÎÌÀ Æ ÑÕÃËÙÓ�

DZn_^jZ jZ^bhwe_dljhgghc Z\lhfZlbdb NLB >GM
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­ÎÆÀÃÂÃË ÈÎ¾ÐÈÆÇ Ì¿ÅÌÎ ÏÌÀÎÃÊÃËËÙÓ ÛÉÃÈÐÎÌÊ¾ÁËÆÐËÌ�¾ÈÑÏÐÆÕÃÏÈÆÓ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÃÇ� ÍÎÆ�

ÊÃËÝÃÊÙÓ ÂÉÝ ËÃÎ¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ ÎÃÉÚÏÌÀ� ¬ËÆ ÊÌÁÑÐ Ð¾ÈÄÃ ÖÆÎÌÈÌ ÆÏÍÌÉÚÅÌÀ¾ÐÚÏÝ ÂÉÝ

±¥¨ Æ ÂÎÑÁÆÓ Ì¿ØÃÈÐÌÀ�

  Ë¾ÏÐÌÝ×ÃÃ ÀÎÃÊÝ ÛÉÃÈÐÎÌÊ¾ÁËÆÐËÌ�¾ÈÑÏÐÆÕÃÏÈÆÃ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÆ �»ª�­� ÑÄÃ ÍÎÌÖÉÆ ÏÐ¾�

ÂÆÜ Ë¾ÑÕËÌ�ÆÏÏÉÃÂÌÀ¾ÐÃÉÚÏÈÌÇ ÍÎÌÎ¾¿ÌÐÈÆ Æ ÏÐ¾ËÌÀÝÐÏÝ ÍÌÉËÌÍÎ¾ÀËÙÊÆ ÏÎÃÂÏÐÀ¾ÊÆ� ÍÎÆÊÃËÝÃ�

ÊÙÊÆ ÂÉÝ ËÃÎ¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ �«¨� Ï¾ÊÙÓ Î¾ÅËÌÌ¿Î¾ÅËÙÓ Ì¿ØÃÈÐÌÀ ÈÌËÐÎÌÉÝ�

¦Ó ÍÎÃÆÊÑ×ÃÏÐÀ¾ ÍÌ ÏÎ¾ÀËÃËÆÜ Ï ÍÚÃÅÌÛÉÃÈÐÎÆÕÃÏÈÆÊÆ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÝÊÆ �­»­��

Y ÏÍÌÏÌ¿ËÌÏÐÚ ÆÅÉÑÕ¾ÐÚ Æ ÍÎÆËÆÊ¾ÐÚ ±¥ ÆÊÍÑÉÚÏËÙÃ ÏÆÁË¾ÉÙ ¿ÃÏÈÌËÐ¾ÈÐËÌ� ¿ÃÅ ÆÏÍÌÉÚÅÌÀ¾ËÆÝ

ÍÎÌÊÃÄÑÐÌÕËÙÓ ÈÌËÐ¾ÈÐÆÎÑÜ×ÆÓ ÏÎÃÂ�

Y ÏÑ×ÃÏÐÀÃËËÌ ÊÃËÚÖ¾Ý Å¾ÀÆÏÆÊÌÏÐÚ ÂÃÒÃÈÐÌÏÈÌÍÆÆ ÌÐ ÖÃÎÌÓÌÀ¾ÐÌÏÐÆ ÍÌÀÃÎÓËÌÏÐÆ� ÌÐ ÏÈÌ�

ÎÌÏÐÆ ÈÌËÐÎÌÉÝ� ÌÐ ÐÃÊÍÃÎ¾ÐÑÎÙ Æ Ë¾ÉÆÕÆÝ ÀÏÃÀÌÅÊÌÄËÙÓ ËÃÐÌÈÌÍÎÌÀÌÂÝ×ÆÓ Å¾ÁÎÝÅËÃËÆÇ� Ê¾ÏÉ¾�

ÈÎ¾ÏÈÆ� ÎÄ¾ÀÕÆËÙ Æ ÍÎÌÕ��

Y ÀÌÅÊÌÄËÌÏÐÚ ÆÅÉÑÕ¾ÐÚ Æ ÍÎÆËÆÊ¾ÐÚ ÏÆÁË¾ÉÙ À ÖÆÎÌÈÌÊ ÂÆ¾Í¾ÅÌËÃ Õ¾ÏÐÌÐ� ÑÁÉÌÀ ÆÅÉÑÕÃËÆÝ�

Ó¾Î¾ÈÐÃÎ¾ ÀÌÉË Æ ÐÆÍÌÀ ÆÓ ÍÌÉÝÎÆÅ¾ÔÆÆ�

­ÎÆ ÛÐÌÊ Ê¾ÏÏÌÁ¾¿¾ÎÆÐËÙÃ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ »ª�­ ÏÌÆÅÊÃÎÆÊÙ Ï Ð¾ÈÌÀÙÊÆ ÐÆÍÌÀÙÓ ­»­� ÕÐÌ

Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÑÂÌ¿ÏÐÀÌ ÆÓ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ� ¯ÌÌÐËÌÖÃËÆÃ ÏÆÁË¾ÉxÍÌÊÃÓ¾ ¾ÈÑÏÐÆÕÃÏÈÆÓ ÏÆÁË¾ÉÌÀ ÍÎÆ

ÆÅÉÑÕÃËÆÆ Æ ÍÎÆÃÊÃ ÏÎ¾ÀËÆÊÌ Ï ÍÌÉÑÕ¾ÃÊÌÇ ÍÎÆ ÆÏÍÌÉÚÅÌÀ¾ËÆÆ ­»­� À ÎÃÅÑÉÚÐ¾ÐÃ ÕÃÁÌ ÕÑÀÏÐÀÆ�

ÐÃÉÚËÌÏÐÚ ÈÌËÐÎÌÉÝ Ï ÍÎÆÊÃËÃËÆÃÊ »ª�­ ËÃ ÑÏÐÑÍ¾ÃÐ Ð¾ÈÌÀÌÇ ÍÎÆ ÆÏÍÌÉÚÅÌÀ¾ËÆÆ ÐÆÍÌÀÙÓ ÂÃÒÃÈ�

ÐÌÏÈÌÍÌÀ� ¿¾ÅÆÎÑÜ×ÆÓÏÝ Ë¾ ÍÎÆÊÃËÃËÆÆ ÍÚÃÅÌÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÃÇ� ­ÎÆ ÆÏÍÌÉÚÅÌÀ¾ËÆÆ »ª�­ ÀÙ�

ÍÌÉËÝÃÐÏÝ ÐÃÌÎÃÊ¾ ÀÅ¾ÆÊËÌÏÐÆ� ¾ ÍÌÛÐÌÊÑ ÌËÆ ÌÂÆË¾ÈÌÀÌ Ë¾ÂÃÄËÌ Î¾¿ÌÐ¾ÜÐ È¾È À ÎÃÄÆÊÃ ÆÅÉÑÕÃ�

ËÆÝ� Ð¾È Æ À ÎÃÄÆÊÃ ÍÎÆÃÊ¾� ¢ÌÏÐ¾ÐÌÕËÌ Ë¾ÂÃÄËÙÇ ÒÆÅÆÈÌ�Ê¾ÐÃÊ¾ÐÆÕÃÏÈÆÇ ¾ÍÍ¾Î¾Ð� Î¾ÅÎ¾¿ÌÐ¾Ë�

ËÙÇ ¾ÀÐÌÎ¾ÊÆ� ÍÌÅÀÌÉÝÃÐ ÑÀÃÎÃËËÌ ÌÏÑ×ÃÏÐÀÉÝÐÚ ÍÎÌÃÈÐÆÎÌÀ¾ËÆÃ »ª�­ Ï Å¾Â¾ËËÙÊÆ Ó¾Î¾ÈÐÃÎÆÏ�

ÐÆÈ¾ÊÆ� ­Ì ÊÃÎÃ Î¾ÅÀÆÐÆÝ ÏÐÌÆÊÌÏÐÚ Æ ÛÈÏÍÉÑ¾Ð¾ÔÆÌËËÙÃ È¾ÕÃÏÐÀ¾ ¾ÍÍ¾Î¾ÐÑÎÙ Ï ÍÎÆÊÃËÃËÆÃÊ

»ª�­ ÍÎÆ¿ÉÆÄ¾ÜÐÏÝ È ¾Ë¾ÉÌÁÆÕËÌÇ ¾ÍÍ¾Î¾ÐÑÎÃ� ÍÎÆÊÃËÝÜ×ÃÇ ­»­�

  ÌÏËÌÀÑ ÆÅÉÑÕÃËÆÝ ÑÉÚÐÎ¾ÅÀÑÈ¾ Ï ÍÌÊÌ×ÚÜ »ª�­ ÍÌÉÌÄÃË ÍÎÆËÔÆÍ Ë¾ÀÃÂÃËÆÝ ÐÌÈÌÀ ²ÑÈÌ À

ÛÉÃÈÐÎÌÍÎÌÀÌÂËÙÓ Ê¾ÐÃÎÆ¾É¾Ó� ÈÌÁÂ¾ À¿ÉÆÅÆ ËÆÓ Î¾ÏÍÌÉ¾Á¾ÜÐÏÝ ÛÉÃÈÐÎÌÍÎÌÀÌÂÙ� ÍÌ ÈÌÐÌÎÙÊ ÍÎÌ�

ÐÃÈ¾ÜÐ ÆÊÍÑÉÚÏËÙÃ ÐÌÈÆ�  ÏÐÑÍ¾Ý ÀÌ ÀÅ¾ÆÊÌÂÃÇÏÐÀÆÃ ÏÌ ÏÍÃÔÆ¾ÉÚËÌ ÏÌÅÂ¾À¾ÃÊÙÊ ÍÌÏÐÌÝËËÙÊ

Ê¾ÁËÆÐËÙÊ ÍÌÉÃÊ� ÑÈ¾Å¾ËËÙÃ ÐÌÈÆ ÍÎÌ¿ÑÄÂ¾ÜÐ ÏÆÉÙ �ÊÍÃÎ¾� ÈÌÐÌÎÙÃ Æ ÝÀÉÝÜÐÏÝ ÆÏÐÌÕËÆÈÌÊ ÍÎÆ�

ÍÌÀÃÎÓËÌÏÐËÙÓ ÊÃÓ¾ËÆÕÃÏÈÆÓ Ë¾ÍÎÝÄÃËÆÇ� ÀÌÅ¿ÑÄÂ¾Ü×ÆÓ ±¥ ÍÌÉÝ� ¬¿Î¾ÐËÙÇ ÛÒÒÃÈÐ ÍÎÌÝÀÉÝÃÐÏÝ

ÍÎÆ ÈÌÉÃ¿¾ËÆÆ ÛÉÃÈÐÎÌËÌÀ ÊÃÐ¾ÉÉÌÀ ÍÌÂ ÂÃÇÏÐÀÆÃÊ Í¾Â¾Ü×ÃÁÌ ÑÉÚÐÎ¾ÅÀÑÈ¾ À Ê¾ÁËÆÐËÌÊ ÍÌÉÃ� ÕÐÌ

ÍÎÆÀÌÂÆÐ È ÁÃËÃÎÆÎÌÀ¾ËÆÜ ÐÌÈÌÀ À Î¾ÏÍÌÉÌÄÃËËÙÓ À¿ÉÆÅÆ ÐÌÈÌÍÎÌÀÌÂ¾Ó� ­ÎÆÕÃÊ� ÀÎÃÊÃËËÙÃ Ó¾�

Î¾ÈÐÃÎÆÏÐÆÈÆ ÛÐÆÓ ÐÌÈÌÀ ¾Ë¾ÉÌÁÆÕËÙ ±¥ ÆÊÍÑÉÚÏËÙÊ ÏÆÁË¾É¾Ê� ÍÌÍ¾Â¾Ü×ÆÊ Ë¾ ÍÌÀÃÎÓËÌÏÐÚ ÈÌË�

ÐÎÌÉÆÎÑÃÊÙÓ ÆÅÂÃÉÆÇ� ¾ ÕÑÀÏÐÀÆÐÃÉÚËÌÏÐÚ Æ ÍÎÌÏÐÎ¾ËÏÐÀÃËËÌÃ Î¾ÏÍÎÃÂÃÉÃËÆÃ ÍÌÉÃÇ� ÆÅÉÑÕ¾ÃÊÙÓ

ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÝÊÆ� À ÍÌÉËÌÊ ÏÌÌÐÀÃÐÏÐÀÆÆ Ï ÍÎÆËÔÆÍÌÊ ÀÅ¾ÆÊËÌÏÐÆ ÌÈ¾ÅÙÀ¾ÜÐÏÝ ÐÌÕËÌ Ð¾ÈÆÊÆ

ÄÃ� ÈÌÁÂ¾ ÌËÆ ÍÎÆËÆÊ¾ÜÐ ±¥ ÏÆÁË¾ÉÙ�

¨ÎÌÊÃ ÀÆÓÎÃÐÌÈÌÀÌÁÌ ÊÃÓ¾ËÆÅÊ¾ ÆÅÉÑÕÃËÆÝxÍÎÆÃÊ¾ Ë¾ Î¾¿ÌÐÑ »ª�­ Ï ÒÃÎÎÌÊ¾ÁËÃÐÆÈ¾ÊÆ ÊÌ�

ÄÃÐ Ð¾ÈÄÃ ÀÉÆÝÐÚ Ê¾ÁËÆÐÌÏÐÎÆÈÔÆÌËËÙÇ ÊÃÓ¾ËÆÅÊ� ¬ÂË¾ÈÌ À ÈÌËÏÐÎÑÈÔÆÝÓ »ª�­� Ì¿ÙÕËÌ ÍÎÆÊÃ�

ËÝÃÊÙÓ À Ë¾ÏÐÌÝ×ÃÃ ÀÎÃÊÝ� ÛÐÌÐ ÊÃÓ¾ËÆÅÊ ÍÎÌÝÀÉÝÃÐÏÝ ÏÉ¾¿Ì� ¾ ÍÌÛÐÌÊÑ ÀÌ ÀËÆÊ¾ËÆÃ ËÃ ÍÎÆËÆ�

Ê¾ÃÐÏÝ�

¬ÏÌ¿ÃËËÌÏÐÆ Î¾¿ÌÐÙ »ª�­ ÌÍÎÃÂÃÉÝÜÐÏÝ ÈÌËÏÐÎÑÈÔÆÃÇ ÍÎÆÊÃËÝÃÊÙÓ ÍÌÏÐÌÝËËÙÓ Ê¾ÁËÆÐÌÀ Æ

ÆÏÍÌÉÚÅÑÃÊÙÓ È¾ÐÑÖÃÈ� ­ÎÆ ÛÐÌÊ ÍÎÆ Î¾ÅÎ¾¿ÌÐÈÃ Ê¾ÁËÆÐÌÀ ÎÃ¾ÉÆÅÑÃÐÏÝ ÐÎÃ¿ÌÀ¾ËÆÃ ÊÆËÆÊÆÅ¾ÔÆÆ

ÆÓ Ê¾ÏÏÌÁ¾¿¾ÎÆÐËÙÓ Ó¾Î¾ÈÐÃÎÆÏÐÆÈ ÍÎÆ ÍÌÉÑÕÃËÆÆ Ê¾ÈÏÆÊ¾ÉÚËÌ ¿ÌÉÚÖÌÇ ÆËÂÑÈÔÆÆ Ê¾ÁËÆÐËÌÁÌ

ÍÌÉÝ ÍÎÆ ÌÂËÌÀÎÃÊÃËËÌÊ ÍÌËÆÄÃËÆÆ Å¾ÀÆÏÆÊÌÏÐÆ ÃÁÌ ÀÃÉÆÕÆËÙ ÌÐ Å¾ÅÌÎ¾ ÊÃÄÂÑ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃ�

ÉÃÊ Æ ÍÌÀÃÎÓËÌÏÐÚÜ ÈÌËÐÎÌÉÝ� ¨ÎÌÊÃ ÐÌÁÌ� Ë¾ ÍÎÌÏÐÎ¾ËÏÐÀÃËËÙÃ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ ÁÃËÃÎÆÎÑÃÊÌÁÌ

ÅÀÑÈ¾ ÏÑ×ÃÏÐÀÃËËÌ ÀÉÆÝÃÐ Ê¾ÐÃÎÆ¾É Ê¾ÁËÆÐÌÍÎÌÀÌÂ¾ ÆÉÆ Î¾ÏÍÌÉ¾Á¾ÃÊÌÁÌ Å¾ ËÆÊ ÏÍÃÔÆ¾ÉÚËÌÁÌ

ÛÈÎ¾Ë¾� ­ÎÆ ËÃÑÂ¾ÕËÌÊ ÆÓ ÍÌÂ¿ÌÎÃ ÀÌÅËÆÈ¾ÃÐ ÎÃÀÃÎ¿ÃÎ¾ÔÆÝ� ÑÀÃÉÆÕÆÀ¾Ü×¾Ý ÊÃÎÐÀÑÜ ÅÌËÑ ÍÎÃÌ¿�

���������	
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Î¾ÅÌÀ¾ÐÃÉÝ� ¾ Ð¾ÈÄÃ ÀÌÅËÆÈ¾ÜÐ Í¾Î¾ÅÆÐ�

ËÙÃ ÏÆÁË¾ÉÙ Ë¾ ËÃÎ¾¿ÌÕÆÓ ÑÁÉ¾Ó �ÎÆ�

ÏÑËÌÈ�� ¦ ÛÐÌ À ÅË¾ÕÆÐÃÉÚËÌÇ ÊÃÎÃ ÑÓÑÂ�

Ö¾ÃÐ ÏÌÌÐËÌÖÃËÆÃ ÏÆÁË¾É�ÍÌÊÃÓ¾ ¾ÈÑÏ�

ÐÆÕÃÏÈÌÇ ÍÎÆÎÌÂÙ�

¬ÂË¾ÈÌ Ë¾Æ¿ÌÉÃÃ ÏÉÌÄËÙÊ ÛÉÃÊÃË�

ÐÌÊ� À Ë¾Æ¿ÌÉÚÖÃÇ ÊÃÎÃ ÀÉÆÝÜ×ÆÊ Ë¾

Î¾¿ÌÐÑ »ª�­� ÝÀÉÝÃÐÏÝ È¾ÐÑÖÈ¾� ÍÌ ÈÌ�

ÐÌÎÌÇ ÍÎÌÓÌÂÆÐ ÆÊÍÑÉÚÏËÙÇ ÐÌÈ ÍÎÆ Î¾�

¿ÌÐÃ »ª�­ À ÎÃÄÆÊÃ ÀÌÅ¿ÑÄÂÃËÆÝ Æ Ï

ÈÌÐÌÎÌÇ ÏËÆÊ¾ÜÐÏÝ ÏÆÁË¾ÉÙ ÍÎÆ ÆÓ Î¾�

¿ÌÐÃ À ÎÃÄÆÊÃ ÍÎÆÃÊ¾�

¨ÌÁÂ¾ ÏÐ¾ÀÆÐÏÝ Å¾Â¾Õ¾ ÏÈÌËÏÐÎÑÆÎÌ�

À¾ÐÚ »ª�­� Î¾¿ÌÐ¾Ü×ÆÇ ÍÌ ËÌÎÊ¾ÉÆ È

ÍÌÀÃÎÓËÌÏÐÆ ÈÌËÐÎÌÉÝ� À Ë¾ÏÐÌÝ×ÃÃ

ÀÎÃÊÝ ÍÎÆÊÃËÝÜÐ ÈÎÑÁÌÀÙÃ È¾ÐÑÖÈÆ�  

ÏÉÑÕ¾Ã ÍÎÌÃÈÐÆÎÌÀ¾ËÆÝ »ª�­� Î¾¿ÌÐ¾�

Ü×ÆÓ È¾È ÍÌÂ ËÌÎÊ¾ÉÚËÙÊ� Ð¾È Æ ÍÌÂ Ë¾ÈÉÌËËÙÊÆ ÑÁÉ¾ÊÆ� ÍÎÆÊÃËÝÜÐÏÝ È¾ÐÑÖÈÆ Ï ÍÎÝÊÙÊÆ Í¾Î¾É�

ÉÃÉÚËÙÊÆ ÐÌÈÌÍÎÌÀÌÂ¾ÊÆ� ÍÎÌÓÌÂÝ×ÆÊÆ ÍÌÂ Ê¾ÁËÆÐÌÍÎÌÀÌÂ¾ÊÆ� ­ÎÆÕÃÊ� À ÍÃÎÀÌÊ ÏÉÑÕ¾Ã ÐÌÈÆ À

Î¾ÅÉÆÕËÙÓ ÐÌÈÌÍÎÌÀÌÂ¾Ó ÏÆËÒ¾ÅËÙÃ� ¾ À ÂÎÑÁÆÓ ÏÉÑÕ¾ÝÓ ÐÌÈÆ À ÏÌÏÃÂËÆÓ ÐÌÈÌÍÎÌÀÌÂ¾Ó ÍÎÌÐÆÀÌ�

Ò¾ÅËÙ� ¬ÂË¾ÈÌ Æ À ÐÌÊ� Æ À ÂÎÑÁÌÊ ÏÉÑÕ¾Ã ¾ÈÑÏÐÆÕÃÏÈÆÃ ÏÆÁË¾ÉÙ� ÆÅÉÑÕ¾ÃÊÙÃ Æ ÍÎÆËÆÊ¾ÃÊÙÃ Ð¾ÈÆÊÆ

ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÝÊÆ� Ì¿É¾Â¾ÜÐ ÍÌÍÃÎÃÕËÌÇ 69�ÍÌÉÝÎÆÅ¾ÔÆÃÇ� �Ë¾ÉÌÁÆÕË¾ ÈÌËÏÐÎÑÈÔÆÝ È¾ÐÑÖÃÈ

»ª�­ÎÛÉÃÃÀÏÈÆÓ ÀÌÉË� ËÌ ÅÂÃÏÚ ÈÎÌÊÃ ÍÎÝÊÙÓ ÐÌÈÌÍÎÌÀÌÂÌÀ ÆËÌÁÂ¾ ÍÎÆÊÃËÝÜÐ ÏÒÌÈÑÏÆÎÌÀ¾ËËÙÃ�

­ÎÆ ÛÐÌÊ ÑÍÎ¾ÀÉÃËÆÃ ÑÁÉÌÊ Ë¾ÈÉÌË¾ ÉÑÕÃÇ Æ ÐÆÍÌÊ ÀÌÉË ÌÏÑ×ÃÏÐÀÉÝÃÐÏÝ À¾ÎÆ¾ÔÆÃÇ Î¾¿ÌÕÆÓ Õ¾ÏÐÌÐ�

 ÙÍÌÉËÃËËÙÊÆ Ë¾ÑÕËÌ�ÛÈÏÍÃÎÆÊÃËÐ¾ÉÚËÙÊÆ ÆÏÏÉÃÂÌÀ¾ËÆÝÊÆ ÑÏÐ¾ËÌÀÉÃËÌ� ÕÐÌ Ë¾Æ¿ÌÉÃÃ

ÍÎÌÏÐÙÊÆ Æ Ë¾ÂÃÄËÙÊÆ À Î¾¿ÌÐÃ ÝÀÉÝÜÐÏÝ ÍÎÝÊÙÃ »ª�­� ¾ Ð¾ÈÄÃ »ª�­ ÎÛÉÃÃÀÏÈÆÓ ÀÌÉË� �ÌÉÃÃ

ÏÉÌÄËÙÃ À ÛÈÏÍÉÑ¾Ð¾ÔÆÆ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÆ� Î¾¿ÌÐ¾Ü×ÆÃ ÍÌÂ Ë¾ÈÉÌËËÙÊÆ ÑÁÉ¾ÊÆ� ¦Å ËÆÓ Ë¾Æ¿ÌÉÃÃ

ÑÏÐÌÇÕÆÀÙ»ª�­� Î¾¿ÌÐ¾Ü×ÆÃ ÍÌÂ ÑÁÉ¾ÊÆ ±��� Æ ����� ¾ Ë¾ ÂÎÑÁÆÓ ÑÁÉ¾Ó ÌËÆ Î¾¿ÌÐ¾ÜÐ ËÃÏÐ¾¿ÆÉÚËÌ�

¯ ÍÌÊÌ×ÚÜ »ª�­ ÊÌÄËÌ Ð¾ÈÄÃ ÁÃËÃÎÆÎÌÀ¾ÐÚ Æ ÍÎÌÂÌÉÚËÙÃ ¾ÈÑÏÐÆÕÃÏÈÆÃ ÀÌÉËÙ� ÈÌÁÂ¾ È¾�

ÐÑÖÈ¾ Î¾ÏÍÌÉ¾Á¾ÃÐÏÝ ÊÃÄÂÑ ÍÌÉÜÏ¾ÊÆ ÍÌÏÐÌÝËËÌÁÌ Ê¾ÁËÆÐ¾�  ÊÃÏÐÃ Ï ÐÃÊ Ì¿×ÃÍÎÆËÝÐÌ� ÕÐÌ

ÍÎÌÂÌÉÚËÙÃ ÀÌÉËÙ ÆÅÉÑÕ¾ÜÐÏÝ Æ ÍÎÆËÆÊ¾ÜÐÏÝ Ð¾ÈÆÊÆ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÝÊÆ ÅË¾ÕÆÐÃÉÚËÌ ÓÑÄÃ�

ÕÃÊ ÏÂÀÆÁÌÀÙÃ�

  ÍÌÏÉÃÂËÃÃ ÀÎÃÊÝ ÀÌÅÎ¾ÏÐ¾ÃÐ ÆËÐÃÎÃÏ È ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÝÊ 6+�ÍÌÉÝÎÆÅÌÀ¾ËËÙÓ ÀÌÉË� ¬ËÆ ÁÃ�

ËÃÎÆÎÑÜÐÏÝ ÉÆ¿Ì Ë¾¿ÌÎÌÊ ÕÃÎÃÂÑÜ×ÆÓÏÝ Ê¾ÁËÆÐÌÀ� ÍÌÂ ÈÌÐÌÎÙÊÆ ÍÎÌÓÌÂÝÐ ÍÎÝÊÙÃ ÐÌÈÌÍÎÌÀÌÂÙ�

ÉÆ¿Ì ÏÆÏÐÃÊÌÇ ÍÃÎÃÍÉÃÐ¾Ü×ÆÓÏÝ ÐÌÈÌÍÎÌÀÌÂÌÀ� Î¾ÏÍÌÉ¾Á¾ÃÊÙÓ ÍÌÂ ÍÌÉÜÏÌÊ ÍÌÏÐÌÝËËÌÁÌ Ê¾ÁËÆ�

Ð¾� ¬ÂË¾ÈÌ ËÆ ÐÃÌÎÆÆ Î¾¿ÌÐÙ Ð¾ÈÆÓ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÃÇ� ËÆ ÂÌÏÐ¾ÐÌÕËÌ ÏÆÏÐÃÊ¾ÐÆÅÆÎÌÀ¾ËËÙÓ ÆÏÏÉÃ�

ÂÌÀ¾ËÆÇ ÆÓ ÂÌ Ë¾ÏÐÌÝ×ÃÁÌ ÀÎÃÊÃËÆ ËÃÐ� ®¾¿ÌÐ¾ÊÆ� ÀÙÍÌÉËÃËËÙÊÆ ¾ÀÐÌÎ¾ÊÆ� ÑÏÐ¾ËÌÀÉÃËÌ� ÕÐÌ

6+�ÍÌÉÝÎÆÅÌÀ¾ËËÙÃ ÀÌÉËÙ� Ð� Ã� Ð¾ÈÆÃ� ÀÃÈÐÌÎ ÏÊÃ×ÃËÆÝ Õ¾ÏÐÆÔ ÏÎÃÂÙ À ÈÌÐÌÎÙÓ Í¾Î¾ÉÉÃÉÃË ÍÌ�

ÀÃÎÓËÌÏÐÆ� ÝÀÉÝÜÐÏÝ ÍÌÀÃÎÓËÌÏÐËÙÊÆ ÀÌÉË¾ÊÆ ÐÆÍ¾ ®ÛÉÃÝ� ±È¾Å¾ËËÙÃ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÆ ÆÅ ÑÏÉÌÀÆÇ

ÆÓ ÈÌËÏÐÎÑÈÔÆÆ ÝÀÉÝÜÐÏÝ ËÆÅÈÌÕ¾ÏÐÌÐËÙÊÆ� ¯ÃÇÕ¾Ï ¾ÀÐÌÎ¾ÊÆ ÏÌÅÂ¾ÃÐÏÝ ÐÃÌÎÆÝ 6+�ÍÌÉÝÎÆÅÌÀ¾ËËÙÓ

»ª�­� ÍÎÌÀÌÂÝÐÏÝ ËÃÌ¿ÓÌÂÆÊÙÃ ÆÏÍÙÐ¾ËÆÝ�

«­­ � ¦¡¬®� ÏÈÌËÏÐÎÑÆÎÌÀ¾Ë ÈÉ¾ÏÏ »ª�­� ÈÌÐÌÎÙÃ ÍÎÆÊÃËÝÜÐÏÝ ÂÉÝ ÖÆÎÌÈÌÁÌ ÈÉ¾ÏÏ¾ ÆÅÊÃ�

ÎÃËÆÇ ÏÌÏÐÌÝËÆÝ Ê¾ÐÃÎÆ¾ÉÌÀ�   Õ¾ÏÐËÌÏÐÆ� À ÑÏÐ¾ËÌÀÈÃ ±¢�»ª��®¯­���� ÍÎÃÂË¾ÅË¾ÕÃËËÌÇ ÂÉÝ «¨

ÏÐ¾ÎÌÁÌÂËÙÓ ÎÃÉÚÏÌÀ Ë¾ ÎÃÉÚÏÌÏÀ¾ÎÌÕËÙÓ ÍÎÃÂÍÎÆÝÐÆÝÓ� ÍÎÆÊÃËÝÜÐÏÝ ÍÎÝÊÙÃ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÆ

�ÑÁÌÉ ÆÅÉÑÕÃËÆÝ �� Î¾¿ÌÕ¾Ý Õ¾ÏÐÌÐ¾ x � ª¡Ô�� Ë¾ÈÉÌËËÙÃ �ÑÁÌÉ ÆÅÉÑÕÃËÆÝ ���� Î¾¿ÌÕ¾Ý Õ¾ÏÐÌÐ¾ x

� ª¡Ô� Æ ÎÛÉÃÃÀÏÈÆÃ �Î¾¿ÌÕ¾Ý Õ¾ÏÐÌÐ¾ ���� Æ ��� ª¡Ô�� ¦Ó ÍÎÆÃÊËÌ�ÆÅÉÑÕ¾Ü×ÆÃ È¾ÐÑÖÈÆ Æ Ê¾ÁËÆÐ�

ËÙÃ ÏÆÏÐÃÊÙ ÊÌÁÑÐ ¿ÙÐÚ È¾È ÏÌÀÊÃ×ÃËËÙÊÆ� Ð¾È Æ Î¾ÅÂÃÉÚËÙÊÆ� ¨ÎÌÊÃ ÐÌÁÌ� ÀÌÅÊÌÄËÙ ÈÌÊ¿ÆËÆ�

ÎÌÀ¾ËËÙÃ »ª�­� À ÌÂËÌÊ ÈÌÎÍÑÏÃ Î¾ÏÍÌÉ¾Á¾ÃÐÏÝ ËÃÏÈÌÉÚÈÌ ÍÎÃÌ¿Î¾ÅÌÀ¾ÐÃÉÃÇ� Î¾¿ÌÐ¾Ü×ÆÓ À Î¾Å�

ÉÆÕËÙÓ ÎÃÄÆÊ¾Ó�

¯ÃÇÕ¾Ï ÑÄÃ ÆÅÁÌÐÌÀÉÃËÙ Æ Ë¾ ÄÃÉÃÅËÙÓ ÂÌÎÌÁ¾Ó ÏÐÎ¾ËÙ ÛÈÏÍÉÑ¾ÐÆÎÑÜÐÏÝ �� ÑÏÐ¾ËÌÀÌÈ ±¢�»ª��

®¯­���� ¦ÊÆ Ì¿Ë¾ÎÑÄÆÀ¾ÃÐÏÝ ËÃÊ¾ÉÌ ÂÃÒÃÈÐÌÀ À ÎÃÉÚÏ¾Ó� ËÃ ÒÆÈÏÆÎÑÃÊÙÓ ÂÎÑÁÆÊÆ ÏÌÀÎÃÊÃËËÙÊÆ

ÏÎÃÂÏÐÀ¾ÊÆ ÂÃÒÃÈÐÌÏÈÌÍÆÆ� ÆÏÍÌÉÚÅÑÜ×ÆÊÆ ­»­�

¥¾ ¿ÌÉÃÃ ÍÌÂÎÌ¿ËÌÇ ÆËÒÌÎÊ¾ÔÆÃÇ ÍÎÌÏÆÊ Ì¿Î¾×¾ÐÚÏÝ ÍÌ ¾ÂÎÃÏÑ�
������� Á� ªÌÏÈÀ¾� ÑÉ� «ÌÀ¾Ý �¾ÏÊ¾ËË¾Ý� Â� �� ¾�Ý ��� «­­ � ¦¡¬®��
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