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ÐÁ¿ÏÍÖÌÚÔ ÓÊÝÐÍÁ ÃÊÞ ¿ÏÂÍÌÍÃÒÂÍÁÍÈ ÐÁ¿ÏÉÇ ÑÇÑ¿Ì¿� Ì¿ ÑÄËÎÄÏ¿ÑÒÏÒ ÐÑÍÊÀ¿ ÃÒÂÇ Ç ÄÄ Ï¿ÐÎÏÄÃÄÊÄÌÇÄ Á ÎÏÇ¿ÌÍÃÌÍÈ

ÍÀÊ¿ÐÑÇ� ²ÐÑ¿ÌÍÁÊÄÌÍ� ÖÑÍ ÎÏÇ ÃÒÂÍÁÍÈ ÐÁ¿ÏÉÄ ÁÍÊÛÓÏ¿ËÍÁÚË ÜÊÄÉÑÏÍÃÍË Á ¿ÏÂÍÌÄ ÎÍ ÐÊÍÝ ÓÊÝÐ¿ �7,*�)� ÎÍÁÚ×¿�

ÝÑÐÞ ÑÄËÎÄÏ¿ÑÒÏ¿ Ç ÜÊÄÉÑÏÍÎÏÍÁÍÃÌÍÐÑÛ ÎÊ¿ÆËÚ ÐÑÍÊÀ¿ ÃÒÂÇ� ¿ ÓÍÏË¿ ÑÄËÎÄÏ¿ÑÒÏÌÍÂÍ ÎÍÊÞ Á ÎÏÇ¿ÌÍÃÌÍÈ ÍÀÊ¿ÐÑÇ

ÃÒÂÇ ÎÏÇÀÊÇÅ¿ÄÑÐÞ É ÕÇÊÇÌÃÏÇÖÄÐÉÍÈ� ¢ÊÒÀÍÉÍÄ ÎÏÍÎÊ¿ÁÊÄÌÇÄ� Ô¿Ï¿ÉÑÄÏÌÍÄ ÃÊÞ ÜÑÍÂÍ ÐÎÍÐÍÀ¿ ÐÁ¿ÏÉÇ� ÍÀÒÐÊÍÁÊÄÌÍ

ÀÍÊÄÄ ÁÚÐÍÉÇËÇ ÑÄËÎÄÏ¿ÑÒÏÍÈ Ç ÎÊÍÑÌÍÐÑÛÝ ÑÍÉ¿ Á ÃÒÂÄ ÁÀÊÇÆÇ ¿ÌÍÃ¿�

zã
� Ë m © Ë ° ã º m È � È¯�ºÓº���ºmÈ« °mÈ¯}È� �Ò�ÈÓ� Áã
°�

°¹Ë}�¯Èã	ÓÈ« ãÒÓÒ«� �Ëä¹Ë¯È��¯È °�ºã­È ���Ò� ªãË}�¯º¹¯º�

mº�Óº°�	

�ãÈmÓº® º�ãÒ�Ò�Ëã	Óº® º°º­ËÓÓº°�	
 È¯�ºÓº���º�

mº® °mÈ¯}Ò mºã	Á¯Èäºm©ä ªãË}�¯º�ºä ¹º °ãº


Áã
°È �7,*�)� «mã«Ë�°« m©°º}È« ¹ãº�Óº°�	 �º}È m

ÈÓº�Óºä ¹«�ÓË >�Ü�@� w�º Ò º¹¯Ë�Ëã«Ë� �Ë²Óºãº�Ò�

�Ë°}ÒË ¹¯ËÒä��Ë°�mÈ �}ÈÏÈÓÓº�º °¹º°º­È °mÈ¯}Ò Û

�ã�­º}ºË ¹¯º¹ãÈmãËÓÒË� �Ï}ÒË �m©� º�Óº°Ò�Ëã	Óº

ÓÒÏ}�
 ¹º�ºÓÓ�
 ªÓË¯�Ò
 >�Ü�@� �¯ºÒ°²º�«�ÒË m
ÏºÓË ���Ò ÁÒÏÒ}º�²ÒäÒ�Ë°}ÒË ¹¯º�Ë°°©� º­�°ãºm�

ãÒmÈ
�ÒË ËË }ºÓ�¯È�Ò¯ºmÈÓÒË Ò� }È} °ãË�°�mÒË� ¹º�

m©�ËÓÒË ¹ãº�Óº°�Ò �º}È ÓÈ ÈÓº�Ë� �Ë�Èã	Óº ¯È°�

°äº�¯ËÓ© m ¯«�Ë ¯È­º� >�� �@� �°�ÈÓºmãËÓº� ��º

°�Ë¹ËÓ	 °ÎÈ�Ò« ���Ò Ò ¯º°� ¹ãº�Óº°�Ò �º}È m ÈÓº��

Óºä ¹«�ÓË ÏÈmÒ°«� º� ²ÒäÒ�Ë°}º�º °º°�ÈmÈ Áã
°È Ò

È}�ÒmÓº°�Ò Ë�º mÏÈÒäº�Ë®°�mÒ« °º °mÈ¯ÒmÈËä©ä äË�

�Èããºä >�� �@� |�ÓÈ}º m ãÒ�Ë¯È��¯Ë º�°��°�m�
� ª}�

°¹Ë¯ÒäËÓ�Èã	Ó©Ë �ÈÓÓ©Ë º mãÒ«ÓÒÒ Áã
°ºm ÓÈ �Ëä�

¹Ë¯È��¯Ó©Ë ¹È¯ÈäË�¯© °�ºã­È ���Ò� �Ò�	 m >��@ ÓÈ

º°ÓºmÈÓÒÒ ¹ºã��ËÓÓº® ÏÈmÒ°Òäº°�Ò äËÎ�� °�Ë�

¹ËÓ	
 ¹º�Ë¯ÓËÓÒ« °¹Ë}�¯Èã	Ó©² ãÒÓÒ® ¹È¯ºm °mÈ�

¯ÒmÈËäº�º äË�ÈããÈ� �ã�­ÒÓº® Ë�º ¹¯º¹ãÈmãËÓÒ« Ò

°º°�Èmºä Áã
°È m©°}ÈÏÈÓº ¹¯Ë�¹ºãºÎËÓÒË� ��º

Áã
°© mãÒ«
� ÓÈ �Ëä¹Ë¯È��¯� ���Ò m­ãÒÏÒ ÈÓº�È�

{ �º ÎË m¯Ëä« ÒäËÓÓº �Ëä¹Ë¯È��¯È Ò ¹ãº�Óº°�	 �º}È
¹¯ÒÈÓº�Óº® º­ãÈ°�Ò «mã«
�°« �ËäÒ º°ÓºmÓ©äÒ ¹È�

¯ÈäË�¯ÈäÒ ���Ò� }º�º¯©Ë º¹¯Ë�Ëã«
� ²È¯È}�Ë¯ Ò

äË²ÈÓÒÏä ¹¯º¹ãÈmãËÓÒ« äË�ÈããÈ�

{ ÓÈ°�º«�Ë® ¯È­º�Ë ¹¯Ë�°�ÈmãËÓ© ¯ËÏ�ã	�È�©

Ò°°ãË�ºmÈÓÒ« mãÒ«ÓÒ« Á�º¯Ò�ºm ­È¯Ò«� }Èã	�Ò«�

äÈ�ÓÒ«� ÓÈ�¯Ò« Ò Èã
äÒÓÒ«� «mã«
�Ò²°« º°ÓºmÓ©�

äÒ }ºä¹ºÓËÓ�ÈäÒ °mÈ¯º�Ó©² Áã
°ºm �ã« �Ò�ÈÓÈ� ÓÈ

�Ëä¹Ë¯È��¯� °�ºã­È ���Ò Ò ËË ¯È°¹¯Ë�ËãËÓÒË m ¹¯Ò�

ÈÓº�Óº® º­ãÈ°�Ò� { }È�Ë°�mË ÈÓº�È Ò°¹ºã	ÏºmÈãÒ

¹ãÈ°�ÒÓ© ÒÏ �Ë²ÓÒ�Ë°}º�º �Ò�ÈÓÈ äÈ¯}Ò {���� �ºã�

�ÒÓº® � ää� vmÈ¯}� º­¯ÈÏ�ºm m©¹ºãÓ«ãÒ mºã	Á¯È�
äºm©ä ªãË}�¯º�ºä äÈ¯}Ò v{j�� �ÒÈäË�¯ºä � ää °

��ãºä ÏÈ�º�}Ò ��Å� �¯Ò ª�ºä °mÈ¯º�Ó©® �º} °º°�Èm�

ã«ã ��� k� °}º¯º°�	 °mÈ¯}Ò Û � ä��� �°�ÈÓºmº�ÓÈ«

�ãÒÓÈ ���Ò Û � ää� lË�º�Ò}È º¹¯Ë�ËãËÓÒ« �Ëä¹Ë�

¯È��¯© m ���Ë Ò °²ËäÈ ª}°¹Ë¯ÒäËÓ�Èã	Óº® �°�ÈÓºm}Ò

¹¯ÒmË�ËÓ© m >��@� nº�º°�Ëä}� ¹º¹Ë¯Ë�Ó©² °¹Ë}��

¯ºm ���Ò ÓÈ�ÒÓÈãÒ ÓÈ ¯È°°�º«ÓÒÒ ��� ää º� ¹ºmË¯�

²Óº°�Ò ÈÓº�È Ò ¹¯º�ºãÎÈãÒ m�ºã	 °�ºã­È ���Ò °

ÒÓ�Ë¯mÈãºä ���� ää m ÓÈ¹¯ÈmãËÓÒÒ }È�º�È �¯Ò°� ���

zÈ} Ò m ¯È­º�Ë >��@� ¯È�ÒÈã	Ó©Ë ¯È°¹¯Ë�ËãËÓÒ«
�Ëä¹Ë¯È��¯© m ¯ÈÏãÒ�Ó©² °Ë�ËÓÒ«² °�ºã­È ���Ò º¹�

¯Ë�Ëã«ãÒ ¹º È­°ºã
�Óº® ÒÓ�ËÓ°ÒmÓº°�Ò °mË�ËÓÒ«

}ºÓ�ÒÓ��äÈ È¯�ºÓºmº® ¹ãÈÏä© Ò È�ºäÓ©² °¹Ë}��

¯Èã	Ó©² ãÒÓÒ® $U,� �Ë¯Ë²º� º� ¯È�ÒÈã	Ó©² ¯È°¹�

¯Ë�ËãËÓÒ® �Ëä¹Ë¯È��¯© � } ¯È�ÒÈã	Ó©ä ¯È°¹¯Ë�Ë�

ãËÓÒ«ä ªãË}�¯º¹¯ºmº�Óº°�Ò σ º°��Ë°�mã«ãÒ ¹º �Ë�

º¯Ë�Ò�Ë°}º® }¯Òmº® σ�7�� ¹¯ÒmË�ËÓÓº® m >��@� ~È

� �� p� p¯º�ËÓ}º� {� �� �¯Òã��}Ò®� {� �� rËãº�°� {� s� ~Èä}ºm� ����

cÒ°� �� v²ËäÈ Áº�º°�Ëä}Ò ¹º�
¹Ë¯Ë�Ó©² °¹Ë}�¯ºm °�ºã­È ���
�Ò� � Û ªãË}�¯º�� � Û
Ò°°ãË��ËäºË °Ë�ËÓÒË °�ºã­È ���
�Ò� � Û �Ò�ÈÓºm©® ÈÓº�� � Û
°¹Ë}�º�¯ÈÁ v�w��� � Û °¹Ë}�
�¯º�¯ÈääÈ Ò°°ãË��Ëäº�º ��È°�
�}È °�ºã­È ���Ò
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¯È�Ò�° °�ºã­È ���Ò ¹¯ÒÓÒäÈãÒ ÏÓÈ�ËÓÒË U� ¹¯Ò }º�

�º¯ºä σ ≈ �� p°ãÒ ¹º¹Ë¯Ë�Ó©Ë ¯ÈÏäË¯© °�ºã­È È¯�

�ºÓºmº® ���Ò º¹¯Ë�Ëã«�	 �ºã	}º ¹º °mË�ËÓÒ
 ÓË¹�

¯Ë¯©mÓº�º °¹Ë}�¯È �º¯äºÏÓº�º Ò ¯Ë}ºä­ÒÓÈ�ÒºÓÓº�

�º ÒÏã��ËÓÒ« ªãË}�¯ºÓºm� �º ÏÓÈ�ËÓÒË �ÒÈäË�¯È �º�

}º¹¯ºmº�«�Ë�º }ÈÓÈãÈ äºÎË� ­©�	 ÏÈÓÒÎËÓº� w�º

m©ÏmÈÓº �Ëä� ��º ¹¯Ò Áº�º�¯ÈÁÒ¯ºmÈÓÒÒ °¹Ë}�¯ºm

���Ò ÒÏã��ËÓÒË }ºÓ�ÒÓ��äÈ ¯Ë�Ò°�¯Ò¯�Ë�°« ãÒ�	

¹¯Ò �Ëä¹Ë¯È��¯È² °m©�Ë ����… ����� z >��@� È

ªãË}�¯º¹¯ºmº�Óº°�	 �Ò°�º® È¯�ºÓºmº® ¹ãÈÏä© °ÓÒ�

ÎÈË�°« �º Ó�ãËm©² ÏÓÈ�ËÓÒ® ãÒ�	 ¹¯Ò 7 ≈ 6000z
>��@� �ºª�ºä� �¯ÈÁÒ} ¯È�ÒÈã	Óº�º ¯È°¹¯Ë�ËãËÓÒ«

�Ëä¹Ë¯È��¯© 7�U� ¹º °Ë�ËÓÒ
 °�ºã­È ���Ò °�¯ºÒãÒ

m �mÈ ª�È¹È� {ÓÈ�ÈãË º¹¯Ë�Ëã«ãÒ ¯È�ÒÈã	ÓºË ¯È°¹�

¯Ë�ËãËÓÒË �Ëä¹Ë¯È��¯© ¹º ÒÓ�ËÓ°ÒmÓº°�Ò °mË�ËÓÒ«

}ºÓ�ÒÓ��äÈ m m©°º}º�Ëä¹Ë¯È��¯Óº® º­ãÈ°�Ò ���Ò�

~È�Ëä ¹º ÒÓ�ËÓ°ÒmÓº°�Ò °mË�ËÓÒ« °¹Ë}�¯Èã	Ó©² ãÒ�

ÓÒ® È¯�ºÓÈ $U, ÓÈ²º�ÒãÒ ¯È°¹¯Ë�ËãËÓÒË �Ëä¹Ë¯È���

¯© m ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® º­ãÈ°�Ò ���Ò� ÓÈ�ÒÓÈ« º�

��È°�}È� ��Ë ÏÈ}ÈÓ�ÒmÈãº°	 °mË�ËÓÒË }ºÓ�ÒÓ��äÈ�

�º°ãË ª�º�º º­Ë }¯Òm©Ë °ºË�ÒÓ«ãÒ� °ºmäË�È« �º�}Ò

¹º ¯È�Ò�°� °�ºã­È ���Ò� m }º�º¯©² ÏÓÈ�ËÓÒ« �Ëä¹Ë�

¯È��¯� ¹ºã��ËÓÓ©Ë ¹º °mË�ËÓÒ
 }ºÓ�ÒÓ��äÈ Ò ãÒ�

ÓÒ® $U,� °ºm¹È�ÈãÒ� |�ÓÈ}º ÓËº­²º�Òäº ¹º��Ë¯}�

Ó��	� ��º �ã« º¹¯Ë�ËãËÓÒ« È}°ÒÈã	Óº�º ¯È°¹¯Ë�ËãË�

ÓÒ« �Ëä¹Ë¯È��¯© m °�ºã­Ë ���Ò �º°�È�º�Óº ÏÓÈ�	

ãÒ�	 ¯È�ÒÈã	Ó©Ë ¯È°¹¯Ë�ËãËÓÒ« ÒÓ�ËÓ°ÒmÓº°�Ò

°mË�ËÓÒ« }ºÓ�ÒÓ��äÈ >��@� �ºã��ËÓÓ©Ë �È}Òä º­�

¯ÈÏºä È}°ÒÈã	Ó©Ë ¯È°¹¯Ë�ËãËÓÒ« �Ëä¹Ë¯È��¯ �¯Ò°�

�� °mÒ�Ë�Ëã	°�m�
� º �ºä� ��º ¹¯Ò °mÈ¯}Ë ¹º °ãº
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°È �Ëä¹Ë¯È��¯È m ¹¯ÒãË�È
�Ë® } ÈÓº�� º­ãÈ°�Ò

m©�Ë� �Ëä ¹¯Ò °mÈ¯}Ë ­ËÏ Áã
°È� v�Ë¹ËÓ	 �mËãÒ�Ë�

ÓÒ« �Ëä¹Ë¯È��¯©� }È} Ò �ã�­ÒÓ© ¹¯º¹ãÈmãËÓÒ« >�@�

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË �Ëä¹Ë¯È��¯© ¹º º°Ò °�ºã­È ���Ò �P Û
7L� U Û %D)�� ∆ Û &D)�� O Û 0J)�� V Û 1D)� Q Û $O)��

cÒ°� �� �Ëä¹Ë¯È��¯Ó©Ë ¹ºã« m °�ºã­Ë ���Ò ¹¯Ò °mÈ¯}Ë ° ÈÓº�ºä� È Û 7L� ­ Û 7L � &D)�� m Û 7L � 0J)�� � Û 7L � $O)�
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mºÏ¯È°�ÈË� m ¯«�� %D)� → &È)� → 0J)� → 1D) →
→ ΑλΦ� Ò m ÓÈ¹¯ÈmãËÓÒÒ ÈÓº�È� { �È}º® ÎË ¹º°ãË�

�ºmÈ�Ëã	Óº°�Ò �mËãÒ�ÒmÈË�°« Ò ¹¯º�«ÎËÓÓº°�	 ÏºÓ©

° ­ºãËË m©°º}º® �Ëä¹Ë¯È��¯º® m�ºã	 °�ºã­È ���Ò�

cËÏ�ã	�È�© ª�Ò² Ò°°ãË�ºmÈÓÒ® ª}°¹Ë¯ÒäËÓ�Èã	Óº

¹º��mË¯Î�È
�� ��º ¹¯ÒäËÓËÓÒË Áã
°ºm ¹¯Ò °mÈ¯}Ë

mºã	Á¯Èäºm©ä ªãË}�¯º�ºä m È¯�ºÓË ¹ºm©�ÈË� �Ëä�

¹Ë¯È��¯� ¹ãÈÏä© m ¹¯ÒÈÓº�Óº® º­ãÈ°�Ò ���Ò�

vãË��Ë� º�äË�Ò�	� ��º m °¹Ë}�¯È²� °Ó«�©² ÓË¹º°�

¯Ë�°�mËÓÓº � ÈÓº�È� ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ m }È�Ë°�mË

Áã
°È Á�º¯Ò�È ÓÈ�¯Ò« ÓÈ­ã
�Èãº°	 ÓÈ°�ºã	}º

­ºã	�ºË }ºãÒ�Ë°�mº °¹Ë}�¯Èã	Ó©² ãÒÓÒ® ¹È¯ºm äÈ�

�Ë¯ÒÈãÈ ÈÓº�È� ��º ª�º ÓË �Èãº mºÏäºÎÓº°�Ò }º¯�

¯Ë}�Óº º¹¯Ë�ËãÒ�	 �Ëä¹Ë¯È��¯� ���Ò ­ãÒÎË� �Ëä ÓÈ

¯È°°�º«ÓÒÒ ��� ää º� ¹ºmË¯²Óº°�Ò ÈÓº�È� { �º ÎË

m¯Ëä« ¹¯Ò °mÈ¯}Ë ­ËÏ Áã
°È m °¹Ë}�¯Ë ���Ò ÓË ÓÈ­�

ã
�ÈãÒ°	 °¹Ë}�¯Èã	Ó©Ë ãÒÓÒÒ 7L, �m º�ãÒ�ÒË º�

°¹Ë}�¯ºm� ¹ºã��ËÓÓ©² ¹¯Ò °mÈ¯}Ë ¹º Áã
°��� w�º

°mÒ�Ë�Ëã	°�m�Ë� º­ Ò² ÓËÏÓÈ�Ò�Ëã	Óº® }ºÓ�ËÓ��

¯È�ÒÒ ÓÈ ¹Ë¯ÒÁË¯ÒÒ °�ºã­È ���Ò� kÓÈãÒÏ �Ëº¯Ë�Ò�

�Ë°}º® ÏÈmÒ°Òäº°�Ò }ºªÁÁÒ�ÒËÓ�È ÒÓ�ËÓ°ÒmÓº°�Ò

ÒÏã��ËÓÒ« È�ºäÓº® ãÒÓÒÒ È¯�ºÓÈ $U, º� �Ëä¹Ë¯È���

¯© ,�7� ¹¯Ò ÓÈãÒ�ÒÒ ¹¯ÒäË°Ë® ¹È¯ºm ÈÓº�È m °º°�

�ÈmË È¯�ºÓºmº® ¹ãÈÏä© >��� ��@ ¹º}ÈÏÈã� ��º ¹¯Ò

äÈ°°ºmº® }ºÓ�ËÓ�¯È�ÒÒ ¹È¯ºm ÈÓº�È� ÓÈ¹¯ÒäË¯� ÎË�

ãËÏÈ� m¹ãº�	 �º �� � �Ëä¹Ë¯È��¯� ÓÈ ¹Ë¯ÒÁË¯ÒÒ

°�ºã­È ���Ò äºÎÓº ÒÏäË¯«�	� Ò°¹ºã	Ï�« °º°�Èm ­Ë°�

¹¯ÒäË°Óº® È¯�ºÓºmº® ¹ãÈÏä©� �º°}ºã	}� ¹º�ËÓ�Ò�

Èã© ÒºÓÒÏÈ�ÒÒ ÎËãËÏÈ Ò �Ò�ÈÓÈ ÒäË
� ­ãÒÏ}ÒË ÏÓÈ�

�ËÓÒ« �Fºº�mË�°�mËÓÓº ���� Ò ���� ª{�� �º ª�È mºÏ�

äºÎÓº°�	� ¹º�mÒ�Òäºä�� °º²¯ÈÓ«Ë�°« Ò �ã« °º°�ÈmÈ

¹ãÈÏä© $U � 7L� sÈãÒ�ÒË ÎË Áã
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ÓË}º�º¯©Ë º­ãÈ�È
�ÒË ¹ºãËÏÓ©äÒ °mº®°�mÈäÒ äº�

�© }ºãË­ÈÓÒ®� nº¯äÒ¯ºmÈÓÒ
 °Ò°�Ëä© ­ÈÏºm©²

� s� �� sË°�Ë¯ËÓ}º� j� z� vËÓ�ËÓ}ºm� ����

cÒ°� �� v²ËäÈ È}�°�Ò�Ë°}º® °Ò°�Ëä© �ã« �~v ¹ºãÒäË¯ºm Ò }ºä�
¹ºÏÒ�ºm ÓÈ Ò² º°ÓºmË �º­ºÏÓÈ�ËÓÒ« °ä� m �Ë}°�Ë�
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}ºÓÁÒ��¯È�Ò® ¹ãÈ°�ÒÓ�È�©² °ºÓº�¯º�ºm� È �È}ÎË

Ò² }ãÈ°°ÒÁÒ}È�ÒÒ Ò ¹º°m«�ËÓÈ �ÈÓÓÈ« ¯È­º�È�

iã« ¹ãÈ°�ÒÓ�È�©² °ºÓº�¯º�ºm �¯Ò°� �� ¹¯Ë�¹º�

ãÈ�ÈË�°«� ��º ²È¯È}�Ë¯Ó©® �ºã�ÒÓÓ©® ¯ÈÏäË¯ �m ÓÈ¹�

¯ÈmãËÓÒÒ º°Ò �]� °��Ë°�mËÓÓºäËÓ	�Ë ¯ÈÏäË¯ºm m ¹ãÈ�

ÓË Ò º�Óºm¯ËäËÓÓº äËÓ	�Ë ²È¯È}�Ë¯Óº® �ãÒÓ© mºãÓ©

λ� �º°}ºã	}� ÓÈ ¯ÈÓÓÒ² ª�È¹È² ¯ÈÏmÒ�Ò« �ã	�¯ÈÏm��
}ºmº® �Ë²ÓÒ}Ò È}�°�Ò�Ë°}ÒË °Ò°�Ëä© °ÒÓ�ËÏÒ¯ºmÈãÒ°	

ÒÏ °�Ë¯ÎÓËm©² ªãËäËÓ�ºm� �º m }È�Ë°�mË λ ¹¯ÒÓ«�º Ò°�
¹ºã	ÏºmÈ�	 �ãÒÓ� ¹¯º�ºã	Óº® mºãÓ© m �ºÓ}ºä °�Ë¯ÎÓË

�ã« ÓË}º�º¯º® �È°�º�© I� λ = (( ⁄ ρ)� ⁄ � ⁄ I� ��Ë ( Û

äº��ã	 �Ó�È� ρ Û ¹ãº�Óº°�	 äÈ�Ë¯ÒÈãÈ�

~È�È�È ¹¯ºË}�Ò¯ºmÈÓÒ« °ºÓº�¯º�È }ºÓ}¯Ë�ÒÏÒ�

¯�Ë�°« °ãË��
�Òä º­¯ÈÏºä� ¹º ÏÈ�ÈÓÓ©ä ÏÓÈ�ËÓÒ«ä

�ãÒÓ© ÒÏã��È
�Ë® }¯ºä}Ò ��ãÒÓÈ °mÈ¯Óº�º �mÈ��

¯ËÏºÓÈÓ°Óº® �È°�º�© IU� }ºªÁÁÒ�ÒËÓ�È �°ÒãËÓÒ« NL

Óº¯äÈã	Ó©² ¹Ë¯ËäË�ËÓÒ® º� ÓË}º�º¯º® �º�}Ò $ ÓÈ

6� } �º�}Ë % ÓÈ 6� Ò }ºªÁÁÒ�ÒËÓ�È º�Óº¯º�Óº°�Ò

NK ��ã« 6��� ¯ÈmÓ©²

N
L

= _X
\%

⁄ X
\$
_� N

K
= X

\ PLQ
⁄ X

\ PD[
� ���

º¹¯Ë�ËãÒ�	 º°�Èm�ÒË°« �ËºäË�¯Ò�Ë°}ÒË ¹È¯ÈäË�¯©�

cÈ°°äº�¯Òä º°ÓºmÓ©Ë �Ò¹© ¹ãÈ°�ÒÓ�È�©² °ºÓº��

¯º�ºm Ò äË�º�© Ò² äº�Èã	Óº�º }ºÓ�¯ºã«� wãËäËÓ�©

m Áº¯äË º�Óº°m«ÏÓ©² ¹ãÈ°�ÒÓ ¹Ë¯ËäËÓÓº�º °Ë�ËÓÒ«

�¯Ò°� �� ­� m� ¹¯Ò �D ≤ λ�� Ò ¹¯Ò �D ≅ λ �� º­Ë°¹Ë�

�ÒmÈ
� }mÈÏÒ¹º¯�ÓËmºË ° º�Óº¯º�Óº°�	
 NK ≥ ���

Ò �°ÒãËÓÒËä NL ≅ KPD[�KPLQ ¹Ë¯ËäË�ËÓÒË ¯È­º�Ë®

}¯ºä}Ò 6�� zºªÁÁÒ�ÒËÓ� NK ­©°�¯º �äËÓ	�ÈË�°«

¹¯Ò �D ≤ λ��� È ¹¯Ò �D ≅ λ �� ¹º«mã«
�°« �mË �Ï�

ãºm©Ë �º�}Ò ¯È°¹¯Ë�ËãËÓÒ« X\ ÓÈ }¯ºä}Ë 6�� |�ÓÈ}º

­º}ºm©Ë m©Ëä}Ò� ¹º}ÈÏÈÓÓ©Ë��¯Ò²ºm©äÒ ãÒÓÒ«äÒ

ÓÈ ¯Ò°� �� ­� ¹ºÏmºã«
� ¹ºm©°Ò�	 °�Ë¹ËÓ	 º�Óº¯º��

Óº°�Ò �º NK ≅ ���� �ã« λ�� ≤ �D ≤ λ�� ¹¯Ò ÓËÏÓÈ�

�Ò�Ëã	Óºä �äËÓËË �… � �� ÒÏäËÓËÓÒÒ ¯ËÏºÓÈÓ°Óº®

�È°�º�©� {ºÏäºÎÓº°�Ò �}ÈÏÈÓÓº�º äË�º�È ­©°�¯º

Ò°�Ë¯¹©mÈ
�°« ¹¯Ò �Èã	ÓË®�Ëä �mËãÒ�ËÓÒÒ �Ò¯Ò�

Ó©� { ­ºãËË ¹¯º�«ÎËÓÓ©² ��D ! λ��� ªãËäËÓ�È²

¹ãÈÓÈ¯Ó©Ë äº�© }ºãË­ÈÓÒ® ° }mÈÏÒ¹º¯�ÓËm©ä ¯È°�

¹¯Ë�ËãËÓÒËä X\ ÓÈ ¹ºmË¯²Óº°�Ò 6� Áº¯äÒ¯�
�°« °

¹ºäº�	
 ¯«�È �Ï}Ò² �ËãË® �¯Ò°� �� ��� ¹Ë¯¹ËÓ�Ò�

}�ã«¯Ó©² ÒÏã��È
�Ë® }¯ºä}Ë >�� �@� w�Òä �º°�Ò�

�ÈË�°« �Ë}ºä¹ºÏÒ�Ò« ¹¯º�ºã	Ó©² Ò ¹º¹Ë¯Ë�Ó©²

¹ãÈÓÈ¯Ó©² �mÒÎËÓÒ®� È Ò°}ºäÈ« äº�È Áº¯äÒ¯�Ë�°«

ÒÏ °ÒÓÁÈÏÓ©² ¹¯º�ºã	Ó©² �º­©�Óº ¹ºã�mºãÓºm©²�

äº� ÈÓ°Èä­ã« äËÎ�ËãËm©² °Ë�äËÓ�ºm�Ò¯ÒÓº®: ≤

≤ λ��� �� Ë� ¹º °��Ë°�m� «mã«Ë�°« ä�ã	�Ò¹¯º�ºã	�

Óº®� �È}ÒË Áº¯ä© ÒäË
� �º°�È�º�Óº m©°º}Ò® �ã«

�Ë²Óºãº�Ò�Ë°}Ò² ¹¯ÒãºÎËÓÒ® �¯ºmËÓ	 º�Óº¯º�Óº°�

�Ò ¯È°¹¯Ë�ËãËÓÒ« ¹Ë¯ËäË�ËÓÒ® X\ ÓÈ ¹ºmË¯²Óº°�Ò

6�� {ãÒ«ÓÒË ¹È¯ÈäË�¯ºm :� 6� � Ò δ ÓÈ äº�Èã	Ó©Ë
²È¯È}�Ë¯Ò°�Ò}Ò �º°�È�º�Óº °ãºÎÓºË� cËÏ�ã	�È�©

�Ò°ãËÓÓº�º Ò ª}°¹Ë¯ÒäËÓ�Èã	Óº�º Ò°°ãË�ºmÈÓÒ®

¹ºÏmºãÒãÒ �°�ÈÓºmÒ�	� ��º �ã« }ÈÎ�º® }ºÓÁÒ���

¯È�ÒÒ ¹ãÈ°�ÒÓ© °��Ë°�m�
� º¹�ÒäÈã	Ó©Ë ÏÓÈ�ËÓÒ«

�}ÈÏÈÓÓ©² ¹È¯ÈäË�¯ºm� }º�º¯©Ë äÈ}°ÒäÒÏÒ¯�
�

}ºªÁÁÒ�ÒËÓ� NK� w�Ò ÏÓÈ�ËÓÒ« ÒÏäËÓ«
�°« m °ãË�

��
�Ò² ¹¯Ë�ËãÈ²�

: ≅ λ ��… λ��� + ≅ λ ���� 7 ≅ λ ���… λ���

iã« ¹ãÈ°�ÒÓ �ãÒÓº® λ�� � �D � �λ�� º�Óº¯º��
Óº°�	 ¯È°¹¯Ë�ËãËÓÒ« ¹Ë¯ËäË�ËÓÒ® äºÎË� ­©�	 ¹º�

m©�ËÓÈ ° ¹ºäº�	
 ­º}ºm©² m©Ëäº} �δ ! �� ÒãÒ

m©°��¹ºm �δ � ��� |¹Ò°ÈÓÓ©Ë m©�Ë äË�º�© ¹¯Ò

�D ! �λ�� ÓË�º°�È�º�Ó©� �ºm©°Ò�	 ÏÓÈ�ËÓÒË NK

¹ºÏmºã«Ë� äË�º� �º¹ºãÓÒ�Ëã	Ó©² äÈã©² }ºãË­È�

�Ëã	Ó©² °Ò°�Ëä �ilzv� >�@� v��Óº°�	 Ë�º ÏÈ}ã
�

�ÈË�°« m ¹¯Ò°ºË�ÒÓËÓÒÒ } mË¯²ÓË® �ÓË¯È­º�Ë®�

}¯ºä}Ë °ºÓº�¯º�È äÈã©² }ºãË­È�Ëã	Ó©² °Ò°�Ëä�

ÓÈ¹¯ÒäË¯ °�Ë¯ÎÓË®� }º�º¯©Ë ¹ºm©�È
� º�Óº¯º��

Óº°�	¯È°¹¯Ë�ËãËÓÒ« X\ ÓÈ ¯È­º�Ë® }¯ºä}Ë6�� |­©��

Óº �ãÒÓÈ °�Ë¯ÎÓ« ÒÏäËÓ«Ë�°« m ¹¯Ë�ËãÈ² λ�� � K��

� λ��� �È¯ÈäË�¯© Ò ¯È°¹ºãºÎËÓÒË °�Ë¯ÎÓË® «mã«�


�°« ¹¯Ë�äË�ºä ÏÈ�È�Ò º¹�ÒäÒÏÈ�ÒÒ ¹º }¯Ò�Ë¯Ò


äÈ}°Òä�äÈ NK >�@�

{äË°�Ë ° �Ëä mºÏäºÎÓº°�Ò �ËãËm©² mºãÓºmº�ºm

º�¯ÈÓÒ�ËÓ©� {º�¹Ë¯m©²� ¹¯Ò �D ! �λ �Ë²ÓÒ}È

ilzv °�ÈÓºmÒ�°« º�ËÓ	 °ãºÎÓº® }È} m äË�º�ºãº�

�Ò�Ë°}ºä� �È} Ò m©�Ò°ãÒ�Ëã	Óºä È°¹Ë}�È²� {º�m�º�

¯©²� �ËãÒ ¹ºÓÒÎÈ
� ÒÏ�Ò­Ó�
ÎË°�}º°�	 ªãËäËÓ�È�

��º °��Ë°�mËÓÓº �¹ãº�Ó«Ë� °¹Ë}�¯ ¹È¯ÈÏÒ�Ó©² ¹ãÈ�

ÓÈ¯Ó©² ÒÏ�Ò­Ó©² äº� m º}¯Ë°�Óº°�Ò �È°�º�© ä�ã	�

�Ò¹¯º�ºã	Óº® �¯È­º�Ë®� äº�©� {��¯Ë�	Ò²� ÓÈãÒ�ÒË

�ËãË® m©Ï©mÈË� }ºÓ�ËÓ�¯È�Ò
 ÓÈ¹¯«ÎËÓÒ® Ò «m�

ã«Ë�°« º°ÓºmÓº® ¹¯Ò�ÒÓº® �°�Èãº°�Óº�º ¯ÈÏ¯��Ë�

ÓÒ« �È}Ò² ªãËäËÓ�ºm�

�¯ÒÓ�Ò¹ÒÈã	Óº Óºm©® }ãÈ°° ¹¯º�«ÎËÓÓ©² °º�

Óº�¯º�ºm ¹¯Ë�ãºÎËÓ m >�@� { ª�Ò² ªãËäËÓ�È² ¯ËÏº�

ÓÈÓ°ÓºË �mÒÎËÓÒË ° }mÈÏÒ¹º¯�ÓËm©ä ¹Ë¯ËäË�ËÓÒ�

Ëä ÓÈ Ò² �ãÒÓÓ©² °�º¯ºÓÈ² Áº¯äÒ¯�Ë�°« ÓÈ º°ÓºmË

°ÒääË�¯Ò�Óº® äº�© �ºã�ÒÓÓº�º ¯ËÏºÓÈÓ°È ­Ë°}º�

ÓË�Óº�º °ãº«� zÈ} Ò m °ã��ÈË �ËãËm©² ªãËäËÓ�ºm�

cÒ°� �� nº¯ä© °¹ãº�Ó©² �ÈÜm� Ò �ËãËm©² ��� ¹ãÈ°�ÒÓ�È�©² °ºÓº�¯º�ºm
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�°�ÈÓºmãËÓÈ mºÏäºÎÓº°�	 °��Ë°�mËÓÓº�º ¹ºm©�Ë�

ÓÒ« º�Óº¯º�Óº°�Ò ¹Ë¯ËäË�ËÓÒ® ÓÈ �ãÒÓÓ©² }¯ºä�

}È² äË�º�ºä ilzv� zºÓ}¯Ë�ÒÏÈ�Ò« �ËºäË�¯ÒÒ °º�

Óº�¯º�È äºÎË� ¯È°°äÈ�¯ÒmÈ�	°« }È} ÏÈ�È�È º¹�Ò�

äÈã	Óº�º äÓº�º}¯Ò�Ë¯ÒÈã	Óº�º ¹¯ºË}�Ò¯ºmÈÓÒ«�

cÈÏmÒ�Ò
 ª�º�º ÓÈ¹¯ÈmãËÓÒ« ¹º°m«�ËÓ© ¯È­º�©

>�� ��@�

�Ò¹© }ºãË­ÈÓÒ® m ¯È°°äº�¯ËÓÓ©² °ºÓº�¯º�È²

äº��� ­©�	 °ºº�ÓË°ËÓ© ° äº�ÈäÒ }ºãË­ÈÓÒ®� º�mË�

�È
�ÒäÒ º¹¯Ë�ËãËÓÓ©ä ��È°�}Èä mË�mË® ¯ËÏºÓÈÓ°�

Óº�º °¹Ë}�¯È °ÒääË�¯Ò�Ó©² }ºãË­ÈÓÒ® ¹¯«äº��ºã	�

ÓÒ}È °º °�º¯ºÓÈäÒ _[_ ≤ D� _\_ ≤ E m �°ãºmÒ«² ¹ãº°}º�º
ÓÈ¹¯«ÎËÓÓº�º °º°�º«ÓÒ«� �È}º® °¹Ë}�¯ �ã« }ºªÁ�

ÁÒ�ÒËÓ�È ��È°°ºÓÈ ν  ���� ¹¯ÒmË�ËÓ ÓÈ ¯Ò°� ��

~�Ë°	 Ω Û ­ËÏ¯ÈÏäË¯ÓÈ« �È°�º�È� ¯ÈmÓÈ«

�ωE��π&��� ω Û }¯��ºmÈ« �È°�º�È }ºãË­ÈÓÒ®�

&� Û °}º¯º°�	 °�mÒ�ºmº® mºãÓ©� ¯ÈmÓÈ« √ * ⁄ ρ�
* Û äº��ã	 °�mÒ�È� F  D�E�

{ ¯È°°äÈ�¯ÒmÈËäº® �È°�º�Óº® º­ãÈ°�Ò �¯Ò°� ��

äºÎÓº m©�ËãÒ�	 �Ë�©¯Ë ²È¯È}�Ë¯Ó©Ë �È°�º�©� iã«

��È°�}È /� �È°�º�È Ω/�
= √ �(� + ν) ≅ ����� ��º °ºº��

mË�°�m�Ë� ¹ºã�mºãÓºmºä� ¯ËÏºÓÈÓ°� °�Ë¯ÎÓ«� kÓÈ�

ãÒÏ ¹º}ÈÏ©mÈË�� ��º ¯È°¹¯Ë�ËãËÓÒ« ¯ËÏºÓÈÓ°Ó©² ¹Ë�

¯ËäË�ËÓÒ® Ò ÓÈ¹¯«ÎËÓÒ® m ¹ºã�mºãÓºm©² Ò mºãÓº�

m©² ¹ãÈ°�ÒÓ�È�©² °ºÓº�¯º�È² �°ä� ¯Ò°� �� ­� m�

Ò�ËÓ�Ò�Ó© äº�Èä ÓÈ ��È°�}È² /� Ò /� ¹Ë¯m©² �m�²

mË�mË® °¹Ë}�¯È ¹¯«äº��ºã	ÓÒ}È� w�Ò ÎË ��È°�}Ò

}¯Òm©² «mã«
�°« º°Óºmº® Áº¯äÒ¯ºmÈÓÒ« ä�ã	�Ò�

¹¯º�ºã	Ó©² äº� m ¹ãÈ°�ÒÓ�È�©² Ò }�­ºº­¯ÈÏÓ©²

�ËãËm©² °ºÓº�¯º�È²�  È°�º�È Ω( ≅ ���� °Ë¯ÒÒ ÓÒÎ�
ÓÒ² ¹ãÈ�º º�mË�ÈË� }¯ÈËmº® äº�Ë� ²È¯È}�Ë¯ÒÏ�
�

�Ë®°« ãº}ÈãÒÏÈ�ÒË® }ÒÓËäÈ�Ò�Ë°}Ò² Ò �ÒÓÈäÒ�Ë°�

}Ò² ¹È¯ÈäË�¯ºm m º}¯Ë°�Óº°�Ò ��ãºm©² �º�Ë} >�@�

z¯ÈËm©Ë äº�© m ¹ãÈ°�ÒÓ�È�©² °ºÓº�¯º�È² ¹º}È ÓË

ÓÈ�ãÒ ¹¯ÒäËÓËÓÒ«�  Ë�mË¯�È« �È°�º�È Ω7 =
= √�(� Ü ν) (� Ü �ν) ≅ ���� Û ª�º �È°�º�È m�º¯º®

°Ë¯ÒÒ ¹ãÈ�º 7�� 7�� … � m�ºã	 }º�º¯©² ¯ËÈãÒÏ�Ë�°«

}mÈÏÒ�ºã�ÒÓÓÈ« äº�È }ºãË­ÈÓÒ®� tÈ¯È}�Ë¯Ó©Ë º°º�

­ËÓÓº°�Ò ª�º® äº�© ¹ºÏmºã«
� °ºÏ�È�	 °ºÓº�¯º�©

­ºã	�º® ¹¯º�«ÎËÓÓº°�Ò ° ­ËÏ�Ïãºm©ä ¯È°¹¯Ë�ËãËÓÒ�

Ëä Óº¯äÈã	Ó©² ¹Ë¯ËäË�ËÓÒ® ÓÈ ¯È­º�Ë® ¹ºmË¯²�

Óº°�Ò� �È}� �ËÓ�¯� ¹ãÈ�º 7� º�mË�ÈË� ÏÓÈ�ËÓÒË F  ����

7� Û ���� È 7� Û ���� �¯Ò ª�ºä� ÓÈ¹¯ÒäË¯� m©¯È�

ÎËÓÒË �D ≥ �λ °ºº�mË�°�m�Ë� ¹ãÈ�º 7�� |�ÓÈ}º ° �mË�

ãÒ�ËÓÒËä ÓºäË¯È ¹ãÈ�º °¹Ë}�¯ °���ÈË�°«� ��º �°ãºÎ�

Ó«Ë� º�°�¯º®}� º� ãËÎÈ�Ò² ¯«�ºä �ºã�ÒÓÓº�°�mÒ�º�

m©² Ò ÒÏ�Ò­Ó©² äº�� sÈÒ­ºãËË ¹¯ÒmãË}È�Ëã	Ó©ä °

ª�º® �º�}Ò Ï¯ËÓÒ« m©�ã«�Ò� m�º¯ºË ¹ãÈ�º 7��

wãËäËÓ�© ÓÈ ÒÏ�Ò­Ó©² äº�È² Ò°¹ºã	Ï�
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ªãË}�¯º°mÈ¯}Ò Ò jÓ°�Ò���Ë äË²ÈÓÒ}Ò sks �}¯ÈÒ�

Ó© ­©ãÒ °¹¯ºË}�Ò¯ºmÈÓ© Ò ÒÏ�º�ºmãËÓ© �ã	�¯ÈÏm��

}ºmº® �ËÓË¯È�º¯ �¯Ò°� ��� ¹	ËÏº¹¯Ëº­¯ÈÏºmÈ�Ëã	 Ò

¯«� °ºÓº�¯º�ºm �ã« �~v }ºÓ}¯Ë�Ó©² ÒÏ�ËãÒ® ÒÏ

¹ºãÒäË¯ºm Ò }ºä¹ºÏÒ�ºm ÓÈ Ò² º°ÓºmË� { °ºº�mË�°�

�mÒÒ ° ¹¯Ë�ãºÎËÓÓº® °²Ëäº® °ºÓº�¯º�© �m ¹º¯«�}Ë

°ãËmÈ ÓÈ¹¯Èmº� º�Óº°«�°« °ºº�mË�°�mËÓÓº } °ãË��
�
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(���)
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(����)� (����)
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z¯�� º�Ë¯�ËÓÓ©² m©�Ë mº¹¯º°ºm ÒÏ��ËÓ Ë�Ë ÓË�

�º°�È�º�Óº� j² Ò°°ãË�ºmÈÓÒË Ò º¹¯Ë�ËãÒ�� ¹º�mÒ�

�Òäºä�� ÓÈ¹¯ÈmãËÓÒË ¯È­º� m �ÈÓÓº® º­ãÈ°�Ò ÓÈ

­ãÒÎÈ®��
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ä©² m ÓÒ² �mÒÎËÓÒ® Û ¹¯º�ºã	Ó©Ë� �ºã�ÒÓÓ©Ë Ò

�� ¹�Û äº��� ­©�	 °ºº�ÓË°ËÓ© ° ²È¯È}�Ë¯Ó©äÒ ��È°�

�}ÈäÒ mË�mË® �È°�º�Ó©² °¹Ë}�¯ºm ¹¯«äº��ºã	ÓÒ}È�

�º ¯È°¹ºãºÎËÓÒ
 ª�Ò² ��È°�}ºm º�Óº°Ò�Ëã	Óº �È°�

�º�© }¯ÈËmº�º ¯ËÏºÓÈÓ°È �Ò¹© °ºÓº�¯º�ºm º¹¯Ë�Ë�

ã«
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�� i� cºÏËÓ­Ë¯�È� Û l�� sÈ�}È� ����� Û ��� °�

�� {ºã}ºm v� v�� |¯ãºm �� s��  Ë¯Ó«} r� Ð� vmÈ¯}È ¹ãÈ°��
äÈ°° �ã	�¯ÈÏm�}ºä� Û l�� tÒäÒ«� ����� Û ��� °�

�� $QGRK (�� .DJDZD <� )LQLWH HOHPHQW VLPXODWLRQ RI D XOWUD�
VRQLF YLEUDWRU IRU SODVWLF ZHOGLQJ �� 3URF� RI ,((( 8OWUD�
VRQLF V\PS� Û 6DQ�)UDQFLVFR� ����� Û 3� ����

�� �¯ÒÓ�ËÓ}º {� ��� lËãË�}º {� {� �È¯äºÓÒ�Ë°}ÒË }ºãË­È�
ÓÒ« Ò mºãÓ© m �¹¯��Ò² �ËãÈ²� Û zÒËm� sÈ�}� ��ä}È�
����� Û ��� °�

�� $GDFKL 5�� 8FKD 6� 0RGDO YLEUDWLRQ FRQWURO RI ODUJH XOWUD�
VRQLF WRRO ZLWK WKH XVH RI ZDYH�WUDSSHG KRUQV �� -� $FRXVW�
6RF� -DS� Û ����� Û ��� ¢ �� Û 3� ���Ü����

�� y�} Ð� k� lº�Èã	Ó©® }ºÓ�¯ºã	 ¹ãÈÓÈ¯Ó©² }ºãË­ÈÓÒ®
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�©² ��ËÓ©² jÓ��È äË²ÈÓÒ}Ò ks �}¯ÈÒÓ© �zÒËm� ��Ü��
äÈ« ���� ���� Û zÒËm� ����� Û  � �� Û v� ��Ü��� Û
iË¹� m �s�r �}¯ÈÒÓ© ��������� ¢ ������}���
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mºãÓºmº�ºm� ¹¯ÒäËÓ«Ëä©² ¹¯Ò �ã	�¯ÈÏm�}ºmº® °mÈ¯}Ë ¹ãÈ°�
�äÈ°° �� k}�°�� Î�¯Ó� Û ����� Û ��� ¢ �� Û v� ���Ü
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�� rº�ºäºãºm v� j�� vÒä¹°ºÓ w� k� |¹�ÒäÈã	ÓºË ¹¯ºË}�Ò¯º�
mÈÓÒË }ºÓ�ËÓ�¯È�º¯ºm �ã	�¯ÈÏm�}ºm©² }ºãË­ÈÓÒ® �� �Èä
ÎË� Û ����� Û ��� ¢ �� Û v� ���Ü����

��� vÒä¹°ºÓ w� k� lÓº�º}¯Ò�Ë¯ÒÈã	Ó©Ë ÏÈ�È�Ò º¹�ÒäÒÏÈ�ÒÒ
äË²ÈÓÒ�Ë°}º® �È°�Ò �ã	�¯ÈÏm�}ºm©² �°�ÈÓºmº} �� �¯º��
Óº°�	 äÈ�Ë¯ÒÈãºm Ò ªãËäËÓ�ºm }ºÓ°�¯�}�Ò® ¹¯Ò Ïm�}ºm©²
Ò �ã	�¯ÈÏm�}ºm©² �È°�º�È² ÓÈ�¯�ÎËÓÒ«� Û zÒËm� sÈ�}�
��ä}È� ����� Û v� ���Ü����

��� vÒãÒÓ �� ��� rÈãÈÓ�ÒÓ �� n�� zº�ÈÓ l� �� �ã	�¯ÈÏm�}º�
mÈ« °mÈ¯}È� Û l�� lÈ��ÒÏ� ����� Û ��� °�

��� lË¯}�ãºm �� �� �Ëº¯Ò« �ã	�¯ÈÏm�}ºm©² }ºÓ�ËÓ�¯È�º¯ºm
�� k}�°�� Î�¯Ó� Û ����� Û �� ¢ �� Û v� ���Ü����

��� | mºÏäºÎÓº°�«² ��º�ÓËÓÓº�º äË�º�È ¯È°�Ë�È ¹ãÈÓÈ¯Ó©²
}ºãË­ÈÓÒ® ¹ãÈ°�ÒÓ�È�©² �Ëã � j� z� vËÓ�ËÓ}ºm� p� j�
rË°¹ÈãºmÈ� {� j� zºÏãºm� v� s� Ð}ÒäËÓ}º �� �¯Ò}ã�
äË²ÈÓÒ}È� Û ����� Û ��� ¢ ��� Û v� ��Ü���

��� z ¯È°�Ë�� ¹ãÈÓÈ¯Ó©² }ºãË­ÈÓÒ® Ò mÒ­¯º¯ÈÏº�¯ËmÈ ¹ãÈ°�
�ÒÓ ¹Ë¯ËäËÓÓº® �ºã�ÒÓ©� j� z� vËÓ�ËÓ}ºm� {� j� zºÏ�
ãºm� v� s� Ð}ÒäËÓ}º� s� �� sË°�Ë¯ËÓ}º �� �Èä ÎË� Û
����� Û ��� ¢ �� Û v� ��Ü���

��� lË²ÈÓÒ}È °m«ÏÈÓÓ©² ¹ºãË® m ªãËäËÓ�È² }ºÓ°�¯�}�Ò®� {
� �� �� �� �Ë¯äº�¹¯��º°�	 � j� z� lº�ºmÒãºmË�� {� j�
zºÏãºm� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

��� 6KXMX /�� )XFKHQJ =�� ;LDRQN *� 7KUHH GLPHQVLRQDO FRXS�
OHG YLEUDWLRQV RI EORFN OLNH UHVRQDWRUV �� $FWD $FRXVW� Û
�����Û ��� ¢ �� Û 3� ��Ü���

$ FODVVLILFDWLRQ DQG V\VWHPDWL]HG DSSURDFK WR VHOHFWLRQ RI WKH SODWH ZDYH� JXLGHV XVHG DV WRROV IRU XOWUDVRQLF ZHOGLQJ RI SRO\PHUV

DQG FRPSRVLWHV RQ WKHLU EDVLV KDYH EHHQ SURSRVHG� 7KH NQRZQ W\SHV RI ORQJ�FRQWRXU WRROV KDYH EHHQ FRQVLGHUHG DQG QHZ W\SHV
KDYH EHHQ VXJJHVWHG�

�º°��¹ÒãÈ m ¯Ë�È}�Ò� ����������
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�°« ¹¯Ë�äË�ºä ¹º°�º«ÓÓº�º mÓÒäÈÓÒ« Èm�ºäº­Ò�
ãË°�¯ºÒ�ËãË®� äË�Èãã�¯�ºm� �Ë²Óºãº�ºm�°mÈ¯�Ò}ºm
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�ÒÓËÓÒ« äºÎË� ­©�	 �°�¯ÈÓËÓº m ¯ËÏ�ã	�È�Ë Ë�º ¹º°�
ãË��
�Ë® äË²ÈÓÒ�Ë°}º® ¯È°}È�}Ò m �º¯«�Ëä °º°�º�
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½$XGL�� ½)LDW�� %0:Ò �¯�� Ò «¹ºÓ°}Ò² �½7R\RWD��
½0LWVXELVKL� Ò ½'DLKDWVX�� Èm�ºäº­Òã	Ó©² ÁÒ¯ä
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ÏÈ�º�ºm}Ò ¹º� ��Èä¹ºm}�� °mÈ¯ËÓÓ©Ë ¯ºãÒ}ºmº®
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ãÒÓÒ® �ã« ãÈÏË¯Óº® °mÈ¯}Ò vv~� zÈ} mÒ�Óº ÒÏ
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�ÈÏË¯ÓÈ« °mÈ¯}È º°ÓºmÈÓÈ ÓÈ ­Ë°}ºÓ�È}�Óºä ÓÈ�
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¯ÒmÈËä©² }ºÓ�È}�Óº® ¯ºãÒ}ºmº® Ò ãÈÏË¯Óº® °mÈ¯}º®� m}ã
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º�ËÓÒmÈËä�
 ¹º äË�º�� w¯Ò}°ºÓÈ >�� �@�
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�ºmº}� ¹¯ºÒÏmº�Òä©² ÓË¹º°¯Ë�°�mËÓÓº Ëm¯º¹Ë®°}Ò�
äÒ Èm�ºäº­Òã	Ó©äÒ ÁÒ¯äÈäÒ �ÓÈ¹¯ÒäË¯ ½)LDW��
½9ROYR�� ½5HQDXOW�� ½)RUG��� |­�Ëä© ¹¯ÒäËÓËÓÒ«
vv~ ¹¯Ò ¹¯ºÒÏmº�°�mË ¯ÈÏãÒ�Ó©² äÈ¯º} Èm�ºäº­Ò�
ãË® m ���� �� >��@ ¹¯Ë�°�ÈmãËÓ© ÓÈ ¯Ò°� ��

rºã	��
 �È°�	 ÏÈ�º�ºmº} Èm�ºäº­Òã	Óº® ¹¯º�
ä©�ãËÓÓº°�Ò ~È¹È�Óº® pm¯º¹© Ó©ÓË ¹º°�Èmã«
�
�º�Ë¯ÓÒË °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓ©Ë ¹¯Ë�¹¯Ò«�Ò« }¯�¹�
Ó©² äË�Èãã�¯�Ò�Ë°}Ò² }ºä¹ÈÓÒ® ½7K\VVHQ )XJHWHF�
KQLN�� ½+HHVFK 3ODWLQHQ� Ò ½6ROEODQN �6ROODF� 7DL�
ORU� >��@� vãË��Ë� º�äË�Ò�	� ��º m°Ë ºÓÒ m ÏÈmÒ°Ò�
äº°�Ò º� �Ò¹º¯ÈÏäË¯ºm ÏÈ�º�ºmº} ¹¯ÒäËÓ«
� ãÈÏË¯�
Ó�
 Ò }ºÓ�È}�Ó�
 °mÈ¯}� �°ä� ¯Ò°� ��� jÓ�ËÓ°ÒmÓº
ÓÈ¯È�ÒmÈË� äº�Óº°�Ò ¹º m©¹�°}� ÏÈ�º�ºmº} Ò�Èã	�
«Ó°}È« äË�Èãã�¯�Ò�Ë°}È« }ºä¹ÈÓÒ« ½6ROODF�� }º�º�
¯È« ÓÈ °mºËä �º�Ë¯ÓËä ¹¯Ë�¹¯Ò«�ÒÒ ½6ROEODQN� �ÎË
ÏÈ¹�°�ÒãÈ �� ¹¯ºÒÏmº�°�mËÓÓ©² ãÒÓÒ® ãÈÏË¯Óº®
°mÈ¯}Ò Ò �º�ºmÒ� ÏÈ¹�°} Ë�Ë �Ë�©¯Ë² m {ËãÒ}º­¯Ò�
�ÈÓÒÒ Ò vËmË¯Óº® käË¯Ò}Ë äº�Óº°�	
 ¹¯ÒäË¯Óº
����� ���º� }ÈÎ�È« >��@� z¯�¹Ó©Ë äË�Èãã�¯�Ò�Ë°�
}ÒË º­�Ë�ÒÓËÓÒ« È}�ÒmÓº °ºÏ�È
� °ºmäË°�Ó©Ë ¹¯Ë��
¹¯Ò«�Ò« m �¯��Ò² °�¯ÈÓÈ²� �È}� ÓÈ¹¯ÒäË¯� ÁÒ¯äÈ
½7K\VVHQ 7DLORUHG %ODQNV� °ºÏ�ÈãÈ °ºmäË°�ÓºË ¹¯Ë��
¹¯Ò«�ÒË mjÓ�ºÓËÏÒÒ Ò iË�¯º®�Ë �vbk�� ��Ë ° ÁÒ¯�
äº® ½:RUWKLQJWRQ� ÏÈ¹�°�ÒãÈ ãÒÓÒ
 ¹º ãÈÏË¯Óº®
°mÈ¯}Ë �ºÓ}ºãÒ°�ºm©² vv~ °�ËÓº} Ò �mË¯Ë® } Óºmº®
äº�ËãÒ Èm�ºäº­Òã« ½&DGLOODN��

{ {ËãÒ}º­¯Ò�ÈÓÒÒ ¹¯ºä©�ãËÓÓÈ« �¯�¹¹È ½%UL�
WLVK 6WHHO� º¯�ÈÓÒÏºmÈãÈ ¯«� �ËÓ�¯ºm ¹º º­°ã�ÎÒ�
mÈÓÒ
 ¹ºã	ÏºmÈ�ËãË® äË�Èããº¹¯º��}�ÒÒ� m �ºä
�Ò°ãË °¹Ë�ÒÈã	ÓºË ¹¯Ë�¹¯Ò«�ÒË��ËÓ�¯ ¹º º­Ë°¹Ë�Ë�
ÓÒ
 Èm�ºäº­ÒãË°�¯ºÒ�ËãË® vv~� ~È ¹º°ãË�ÓÒË �º�©
½%ULWLVK 6WHHO� °ºÏ�ÈãÈ Ë�Ë º�Óº ¹¯Ë�¹¯Ò«�ÒË äº��
Óº°�	
 ��� �©°� � ÏÈ�º�ºmº} m �º� ° ��mºËÓÒËä
º­�ËäÈ m©¹�°}È } ���� ��� }º�º¯ºË ¹º°�Èmã«Ë� °mÈ¯�
Ó©Ë ÏÈ�º�ºm}Ò �È}ÎË ÓÈ Èm�ºÏÈmº� ½7R\RWD� m
��¯�ÒÒ �¹È¯�ÒÒ ÏÈ�º�ºmº} ¹º°��¹È
� m °¹Ë�ÒÈã	�
Ó©² ¹º��ºÓÈ²�}ºÓ�Ë®ÓË¯È²� ÏÈ�Ò�È
�Ò² Ò² º�
mãÈ�Ò� >�� ��� ��@�

{ vbk ¹Ë¯m©ä }¯�¹Ó©ä ¹ºã	ÏºmÈ�ËãËä �ºÓ}º�
ãÒ°�ºm©² vv~ °�ÈãÈ ½iË�¯º®�°}È« �¯º®}È�
�½)RUG�� *0� ½&KU\VOHU��� { ���� �� ºÓÒ Ò°¹ºã	Ïº�cÒ°� �� cº°� ¹¯ºÒÏmº�°�mÈ vv~Ü�{ m ~È¹È�Óº® pm¯º¹Ë

cÒ°� �� |­�Ëä© ¹¯ÒäËÓËÓÒ« vv~Ü�{ ¯ÈÏãÒ�Ó©äÒ Èm�ºäº­Òã	�
Ó©äÒ ÁÒ¯äÈäÒ ~È¹È�Óº® pm¯º¹© ����� ��� º­�Ò® º­�Ëä ���
�©°� �� �ÈÓÓ©Ë º­ º­�ËäÈ² °º­°�mËÓÓº�º ¹¯ºÒÏmº�°�mÈ vv~Ü�{
ÓÈ ÁÒ¯äÈ² ÓË m}ã
�ËÓ©�
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mÈãÒ º}ºãº � äãÓ ÏÈ�º�ºmº}� È m ���� �� Û �ÎË ­ºãËË
�� äãÓ vv~ m �º�� iÒÓÈäÒ}È ¯º°�È ¹¯ºÒÏmº�°�mÈ Ò
¹º°�Èm}Ò ÓÈ ¯©Óº} &&~ m ¹º����Óºä Ò°�Ò°ãËÓÒÒ
¹¯Ë�°�ÈmãËÓÈ ÓÈ ¯Ò°� �� { ���� �� ºÎÒ�ÈË�°« ¹º°�
�Èm}È Èm�ºäº­ÒãË°�¯ºÒ�Ëã«ä ­ºãËË ��� äãÓ ÏÈ�º�º�
mº}� ~È �� ãË� º­�Ëä© m©¹�°}È ÏÈ�º�ºmº} m©¯È°���
¹º��Ò m �� ¯ÈÏ >��@�

�¯ºÒÏmº�°�mº vv~ m vbk m º°ÓºmÓºä °º°¯Ë�º�
�º�ËÓº ÓÈ ÓËÏÈmÒ°Òä©² °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓ©² ÁÒ¯�
äÈ²� °º�¯��ÓÒ�È
�Ò² ° }ºä¹ÈÓÒË® ½$UPFR 6WHHO��
�Ò�Ë¯ÈäÒ ¹º ¹¯ÒäËÓËÓÒ
 ãÈÏË¯Ó©² �Ë²Óºãº�Ò® m
¹¯ºÒÏmº�°�mË vv~ «mã«
�°« ½8WLODVH %ODQN :HO�
GLQJ 7HFKQRORJLHV� ,QF�� Ò ½7K\VVHQ�:RUWKLQJWRQ
%ODQN &R�� �7:%�� z¯ºäË �º�º� vv~ ¹¯ºÒÏmº�Ò�
ÁÒ¯äÈ ½3UHVFLVLRQ %ODQN:HOGLQJ &R�� �}ºÓ�È}�ÓÈ«
°mÈ¯}È ° ¯ÈÏ�ÈmãÒmÈÓÒËä }¯ºäº} Ò {{ w�v�� ½0H�
GLDQD %ODQNLQJ� ,QF�� Ò �¯� { ¹º°ãË�ÓÒË �º�©ÁÒ¯äÈ
½8WLODVH� ¯È°�Ò¯ÒãÈ °mºÒ ¹¯ºÒÏmº�°�mËÓÓ©Ë mºÏ�
äºÎÓº°�Ò °�Ë°�Ò °­º¯º�Óº�°mÈ¯º�Ó©² ãÒÓÒ®� }ÈÎ�
�È« ÒÏ }º�º¯©² ÒäËË� äº�Óº°�	 º}ºãº ��� �©°� ÏÈ�
�º�ºmº} m �º� Ò ÏÈÓÒäÈË� ¹ãº�È�	 ���…���� ä�� �º
�� ãÒÓÒ®� w�º �ÈË� mºÏäºÎÓº°�	 ÁÒ¯äË ¹º°�Èmã«�	
�º �� äãÓ ÏÈ�º�ºmº} m �º�� nÒ¯äÈ 7:% vº� °ºmäË°�
�Óº °º °mºÒäÒ �º�Ë¯ÓÒäÒ ¹¯Ë�¹¯Ò«�Ò«äÒ ª}°¹ã�È�
�Ò¯�Ë� ­ºãËË �� È�¯Ë�È�ºm�ãÒÓÒ® ¹º ¹¯ºÒÏmº�°�m�
°mÈ¯Ó©² ÏÈ�º�ºmº}� �¯ºÒÏmº�°�mº �È}ÎË ¯È°�Ò¯«�
Ë�°«� m �È°�Óº°�Ò ÓÈ º°ÓºmË ¹¯ÒäËÓËÓÒ« ãÈÏË¯Ó©²
9,/ °Ò°�Ëä }ÈÓÈ�°}º® ÁÒ¯ä© 9,/�*0� ¯ÈÏ¯È­º�
�ÈÓÓ©² °¹Ë�ÒÈã	Óº �ã« ¹¯ºÒÏmº�°�mÈ vv~ >��@�

{ Ð¹ºÓÒÒ �ºÓ}ºãÒ°�ºm©Ë vv~ ÒÏ�º�ºmã«Ë� °Ë�	
}È} °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓ©² ÁÒ¯ä� �È} Ò Èm�ºäº­Òã	�
Ó©² ÏÈmº�ºm ½7R\RWD�� ½0LWVXELVKL� Ò ½'DLKDWVX��
�ºã	}º ÓÈ ª�Ò² �¯Ë² Èm�ºäº­ÒãË°�¯ºÒ�Ëã	Ó©² ¹¯Ë��
¹¯Ò«�Ò«² ¹¯ÒäËÓ«
�°« ãÈÏË¯ÓÈ« Ò }ºÓ�È}�ÓÈ«�ºm�
ÓÈ« °mÈ¯}È ° ¯ÈÏ�ÈmãÒmÈÓÒËä }¯ºäº} �ÏÈ�º�ºm}Ò
�ÓÒ��� ÓÈ º°�Èã	Ó©² Ò°¹ºã	Ï�Ë�°« Ò°}ã
�Ò�Ëã	Óº
ãÈÏË¯ÓÈ« >��@�

|­�ËäÒ¯ºmº® ¹¯ºä©�ãËÓÓ©® m©¹�°} �ºÓ}º�
ãÒ°�ºm©² vv~ Ò Ò² Ò°¹ºã	ÏºmÈÓÒË Èm�ºäº­Òã	Óº®
ÒÓ��°�¯ÒË® m ����Ü���� ���� ÓÈ º°ÓºmÈÓÒÒ ¹º°ãË��
ÓÒ² «¹ºÓ°}Ò² �ÈÓÓ©² >��@� äºÎÓº º¯ÒËÓ�Ò¯ºmº�Óº
º�ËÓÒ�	 m ���…��� äãÓ ÏÈ�º�ºmº} m �º�� �¯Ò ª�ºä
¹¯ÒäË¯Óº º}ºãº �� � º­�ËäÒ¯ºm©² ¹º°�Èmº} º­Ë°�
¹Ë�ÒmÈË� ~È¹È�ÓÈ« pm¯º¹È� �� � vbk Ò �� � Ð¹º�
ÓÒ«� vº�ãÈ°Óº ª�ºä� ÎË Ò°�º�ÓÒ}�� º}ºãº ��� äãÓ
ÏÈ�º�ºmº} m �º� ¹¯ºÒÏmº�Òãº°	 ÓÈ ¹º�º�Ó©² °­º¯º��
Óº�°mÈ¯º�Ó©² ãÒÓÒ«² Ò ��� äãÓ Û ÓÈ º��Ëã	Ó©²
È�¯Ë�È�È² Ò }ºä¹ãË}°È² �­ËÏ ¹¯ºÒÏmº�°�mËÓÓ©² ãÒ�
ÓÒ®��

�ºÓ}ºãÒ°�ºm©Ë vv~ ½7DLORUHG %ODQNV�� ÒÏ�º�
�ºmãËÓÓ©Ë ÒÏ °ºm¯ËäËÓÓ©² äÈ�Ë¯ÒÈãºm Ò ° ¹¯ÒäË�
ÓËÓÒËä ¹¯º�¯Ë°°ÒmÓº® �Ë²Óºãº�ÒÒ °mÈ¯}Ò� ¹ºãºÎË�
Ó© m º°Óºm� ¹Ë¯°¹Ë}�ÒmÓº® }ºÓ°�¯�}�ÒÒ °mË¯²ãË��
}º�º }�ÏºmÈ Èm�ºäº­Òã« tt, m�

pÎË�º�Óº m äÒ¯Ë m©¹�°}ÈË�°« °m©�Ë �� äãÓ ãË��
}ºm©² Èm�ºäº­ÒãË® Ò ÓË äËÓËË �� äãÓ �ÎÒ¹ºm� äÒ}�
¯ºÈm�º­�°ºm Ò äÒÓÒ�¯�ÏºmÒ}ºm� iã« äÒ¯ºmº® äË�Èã�
ã�¯�Ò�Ë°}º® ¹¯ºä©�ãËÓÓº°�Ò ª�º �Ò�ÈÓ�°}Ò® ¯©�
Óº} °­©�È ËÎË�º�Óº ­ºãËË �� äãÓ � ¯ÈÏãÒ�Ó©² äË�
�Èããºm� m ¹Ë¯m�
 º�Ë¯Ë�	 °�ÈãÒ Ò Èã
äÒÓÒ«� p°�Ë°�
�mËÓÓº� ��º Èm�ºäº­Òã	Ó©Ë ÁÒ¯ä© ÏÈÒÓ�Ë¯Ë°ºmÈÓ©
m ÓË¹¯Ë¯©mÓºä °ÓÒÎËÓÒÒ ÏÈ�¯È� äË�ÈããÈ ÓÈ Ë�ÒÓÒ��
°mºË® ¹¯º��}�ÒÒ� v �¯��º® °�º¯ºÓ©� °ºm¯ËäËÓÓºË
Èm�ºäº­ÒãË°�¯ºËÓÒË �ºãÎÓº ��ºmãË�mº¯«�	 ¯È°���

�Òä �¯Ë­ºmÈÓÒ«ä } ª}ºãº�Ò�Ë°}º® ­ËÏº¹È°Óº°�Ò Èm�
�ºäº­ÒãË®� iÈÓÓ©Ë ÁÈ}�º¯© º¹¯Ë�Ëã«
� °ºm¯ËäËÓ�
Ó�
 °�¯È�Ë�Ò
 ¯ÈÏ¯È­º�}Ò Ò º¯�ÈÓÒÏÈ�ÒÒ ¹¯ºÒÏmº��
°�mÈ ¹Ë¯°¹Ë}�ÒmÓ©² äº�ËãË® Èm�ºäº­ÒãË® ° �äËÓ	�
�ËÓÓ©äÒ äÈ°°º®� ¯È°²º�ºä �º¹ãÒmÈ Ò m©²ãº¹ÈäÒ
�º}°Ò�Ó©² �ÈÏºm�

iã« ¯Ë�ËÓÒ« ª�º® ¹¯º­ãËä© äË�Èãã�¯�Ò ¹¯Ë��
ãÈ�È
� Èm�ºäº­Òã	Óº® ÒÓ��°�¯ÒÒ Óºm©Ë äÈ¯}Ò ²º�
¯º�º °mÈ¯ÒmÈËä©² °�ÈãË® ¹ºm©�ËÓÓº® Ò m©°º}º®
¹¯º�Óº°�Ò� º�ãÒ�È
�Ò²°« ¹¯Ò ª�ºä �º°�È�º�Óº m©�
°º}º® ¹ãÈ°�Ò�Óº°�	
� v¯Ë�Ò ÓÒ² Û �ºÓ}ºãÒ°�ºm©Ë
°�ÈãÒ ° �¹¯º�ÓËÓÓº® ¹ºmË¯²Óº°�	
� ²ºãº�Óº}È�È�
Ó©Ë �m�²ÁÈÏÓ©Ë °�ÈãÒ� 75,3 �7UDQVIRUPDWLRQ LQGX�
FHG SODVWLFLW\��°�ÈãÒ� �º¯«�Ë}È�ÈÓ©Ë °�ÈãÒ� ãË�Ò¯º�
mÈÓÓ©Ë ��ãË¯º�ºä� äÈ¯�ÈÓ�Ëä Ò ²¯ºäºä >��@�

rãÈ�º�È¯« ÒÓ�ËÓ°ÒmÓº ¯ÈÏmÒmÈ
�Òä°« �Ë²ÓÒ}Ë
Ò �Ë²Óºãº�ÒÒ ãÈÏË¯Óº® °mÈ¯}Ò Ò º­¯È­º�}Ò äË�Èã�
ãºm� äË�Èãã�¯�Ò °ºmäË°�Óº ° Èm�ºäº­ÒãË°�¯ºÒ�Ëã«�
äÒ� ÓÈ�ãÒ Óºm©® ªÁÁË}�ÒmÓ©® ¹��	 °ÓÒÎËÓÒ« äÈ°�
°© Èm�ºäº­Òã« ÏÈ °�Ë� °ºÏ�ÈÓÒ« ¹¯ÒÓ�Ò¹ÒÈã	Óº Óº�
mº�º }ºÓ°�¯�}�ÒmÓº�º ªãËäËÓ�È Û �ºÓ}º°�ËÓÓ©²
vv~ ½7DLORUHG %ODQNV�� sÈ ÓË�ÈmÓË® äËÎ��ÓÈ¯º��
Óº® }ºÓÁË¯ËÓ�ÒÒ ½$/$:������ ¹¯Ë�°�ÈmÒ�Ëã	
}ºä¹ÈÓÒÒ *0 º�äË�Òã� ��º ¹¯º�¯Ë°° m º­ãÈ°�Ò ãÈ�
ÏË¯Óº® °mÈ¯}Ò vv~ °¹Ë�ÒÈã	Óº�º ¯È°}¯º« ÁËÓºäË�
ÓÈãËÓ� Èm�ºäº­Òã	Ó©Ë }ºä¹ÈÓÒÒ �ºã	}º vbk Ò°�
¹ºã	Ï�
� ­ºãËË ��� äãÓ ÏÈ�º�ºmº} m �º� Ò Ò² }ºãÒ�
�Ë°�mº ¯È°�Ë� ÓËmË¯º«�Óº ­©°�¯º >��@�

{ ÓÈ°�º«�ËË m¯Ëä« ÒäËÓÓº vv~ ÒÏ °�ÈãË® ¹ºm©�
�ËÓÓº® ¹¯º�Óº°�Ò Ò Èã
äÒÓÒ« ¹ºãºÎËÓ© m º°Óºm�
°ºÏ�ÈÓÒ« °mË¯²ãË�}º�º }�ÏºmÈ �ã« ¹Ë¯°¹Ë}�ÒmÓ©²
äº�ËãË® Èm�ºäº­ÒãË®� { ���� �� �°¹Ë�Óº ÏÈmË¯�ËÓ
}¯�¹Ó©® äËÎ��ÓÈ¯º�Ó©® ¹¯ºË}� 8/6$% �½8OWUD
/LJKW 6WHHO $XWR %RG\��� m ¯ÈÏ¯È­º�}Ë }º�º¯º�º
¹¯ÒÓÒäÈãÒ ��È°�ÒË �� Ëm¯º¹Ë®°}Ò²� ÈäË¯Ò}ÈÓ°}Ò²
Ò ÈÏÒÈ�°}Ò² äË�Èãã�¯�Ò�Ë°}Ò² ÁÒ¯ä� r©ã °ºÏ�ÈÓ
°mË¯²ãË�}Ò® }�Ïºm� äÈ°°È }º�º¯º�º ÓÈ �� � äËÓ	�Ë�
�È}ºmº® ÈÓÈãº�Ò�Óº�º °Ë¯Ò®Óº�º }�ÏºmÈ� �¯Ò ª�ºä
}�Ïºm °�Èã ¹¯º�ÓËË� ÎË°��Ë Ò ­ËÏº¹È°ÓËË� |Ó ¹Ë¯Ë�
�ÈÓ �ã« ¹¯ºÒÏmº�°�mËÓÓº® º­¯È­º�}Ò ÁÒ¯äË ½3RU�
VFKH�� |¹©�Ó©® }�Ïºm ¹º ¹¯ºË}�� 8/6$% ­ºãËË �Ëä
ÓÈ �� � °º°�ºÒ� ÒÏ °�ÈãÒ ¹ºm©�ËÓÓº® Ò m©°º}º®
¹¯º�Óº°�Ò� |}ºãº �� � }ºÓ°�¯�}�ÒmÓ©² Á¯È�äËÓ�
�ºm }�ÏºmÈ º���Èä¹ºmÈÓº ÒÏ °mÈ¯Ó©² ÏÈ�º�ºmº} ½7D�
LORUHG %ODQNV�� { ÓÈ°�º«�ËË m¯Ëä« �ÈÓÓºË ÓÈ¹¯Èm�
ãËÓÒË ¹ºã��Òãº º�Ë¯Ë�Óº® Òä¹�ã	°� ¹¯ÒÓ«� Óºm©®
äËÎ��ÓÈ¯º�Ó©® ¹¯ºË}� 8/6$%��� °º�ãÈ°Óº }º�º�
¯ºä� �È}º® m©°º}ºÒÓÓºmÈ�ÒºÓÓ©® ¹¯º��}�� }È}

cÒ°� �� �¯ºÒÏmº�°�mº �ºÓ}ºãÒ°�ºm©² ÏÈ�º�ºmº} ½7DLORUHG
%ODQNV� m vbk m ����Ü���� ���
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�ºÓ}ºãÒ°�ºm©Ë vv~ ½7DLORUHG %ODQNV� ¹ºã��È� Óº�
mºË ¯ÈÏmÒ�ÒË�

sË Ò°}ã
�ËÓÈ mË¯º«�Óº°�	 �º�º� ��º ¹º�º­ÓÈ«
�Ë²Óºãº�Ò« ¹¯ºÒÏmº�°�mÈ �ºÓ}ºãÒ°�ºm©² vv~ ÓÈ
äË�Èãã�¯�Ò�Ë°}Ò² ÒãÒ °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓ©² ¹¯Ë�¹�
¯Ò«�Ò«² äºÎË� ­©�	 ¯È°¹¯º°�¯ÈÓËÓÈ Ò ÓÈ ÒÏ�º�ºm�
ãËÓÒË °mÈ¯Ó©² ÏÈ�º�ºmº} �ã« ¹º°ãË��
�Ë®
��Èä¹ºm}Ò }º¯¹�°Ó©² }ºÓ°�¯�}�Ò® °Ëã	°}º²ºÏ«®°�
�mËÓÓº® �Ë²ÓÒ}Ò� äË­ËãÒ� ­©�ºmº® �Ë²ÓÒ}Ò Ò �¯�

�� 6FKQHLGHU &�� 3UDQJH :� 7DLORUHG %ODQNV Û HLQ :HUNVWRII
IXËU QHXH )RUPHQ GHU .RQVWUXNWLRQ ��7K\VVHQ 7HFKQLVFKH
%HULFKWH� Û ����� Û ¢ �� Û 6� ��Ü����

�� 6FKQHLGHU &�� )]LQJV $� /DVHUVWUDKOJHVFKZHLβWH 3ODWLQHQ Û
HLQ QHXDUWLJHV .RQVWUXNWLRQ�VHOHPHQW ��%OHFK 5RKUH 3URIL�
OH� Û ����� Û ¢ �� Û 6� ���Ü����

�� 6LHJHUW .�� .QDEH (� ½7DLORUHG %ODQNV� Û HLQH QHXH 7HFK�
QRORJLH ]XP $XWRPRELOHLFKWEDX �� ,ELG� Û ����� Û ¢ ��
Û 6� ���Ü����

�� 9ROOHUVWHLQ )� 7DLORUHG %ODQNV �� ,ELG� Û ����� Û ¢ ��
Û 6� ���Ü����

�� %DURQ -� 6� $ FRVW FRPSDULVRQ RI ZHOG WHFKRORJLHV IRU 7DLORU
ZHOGHG EODQNV� �� :HOGLQJ -� Û ����� Û ¢ ��� Û
3� ��Ü���

�� 1HZ DSSOLFDWLRQV IRU 7:%V Û DQG ODVHU ZHOGLQJ �� :HO�
GLQJ DQG -RLQLQJ (XURSH� Û ����� Û ¢ ��� Û 3� ���

�� {Òã	²Ëã	ä l�� cÈ�Òä z� lÈ�Ë¯ÒÈã© Ò ¹¯º�Ë°°© }È} ÁÈ}�
�º¯© ¹¯º�¯Ë°°È m Èm�ºäº­ÒãË°�¯ºËÓÒÒ ��  Ë¯Ó©Ë äË�Èã�
ã©� Û ����� Û ¢ �� Û v� ��Ü���

�� :DGGHOO :�� 'DYLHV *� 0� /DVHU ZHOGHG WDLORUHG EODQNV LQ
WKH DXWRPRWLYH LQGXVWU\ �� :HOGLQJ DQG 0HWDO )DEULWLFRQ�
Û ����� Û ¢ �� Û 3� ���Ü����

�� 6WHJHPDQQ 7�� )ULQJV $� )XHJHYHUIDKUHQ ]XU (]]HXHJXQJ
YRQ PDβJHVKQHLGHUWHQ� JHVFKZHL�βWHQ 3ODWLQHQ �7DLORUHG
%ODQNV� �� '96�%HULFKWH�%DQG ���� Û ����� Û 6� ��Ü���

��� -DURQL 8�� 'RK] *K� 7DLORUHG %ODQNV Û YRQ GHU 0DUNWQLVF�
KH ]XU ZHOWZHLWHQ 3URGXFWLRQ �� 6WDKO XQG (LVHQ� Û
����� Û ¢ �� Û 6� ��Ü���

��� nº¯�¯ÈÓ c� &�Èã	 Û ª�º ­����ËË ��  Ë¯Ó©Ë äË�Èãã©�
Û ����� Û ¢ �� Û v� ��Ü���

��� ,UYLQJ %� :HOGLQJ WDLORUHG EODQNV LV KRW LVVXH IRU DXWRPD�
NHUV �� :HOGLQJ -� Û ����� Û ¢ �� Û 3� ��Ü���

��� $\UHV .� /DVHU ZHOGLQJ WDLORUHG EODQNV IRU DXWRPRWLYH DV�
VHPEO\ �� 7:, &RQQHFW� Û ����� Û ¢ ��� Û 3� ��

��� 5DW]HN 8O�� *UHLV 3� 'DV 8/6$%�3URHFW� 1HXH :HJH EHLP
$XWRPRELOOHLFKWEDX PLW 6WDKO �� 6WDKO XQG (LVHQ� Û
����� Û ¢ �� Û 6� ��Ü���

��� +LEEHQ 0�� 6WHPPLHO )�� )LVFKHU -� 7DLORUHG %ODQNV DXV
$OXPLQLXP �� %OHFK 5RKUH 3URILOH� Û ����� Û ¢ �� Û
6� ���Ü����

��� %DFKHP +� 1HXH HQWZLFNOXQJHQ LQ GHU 6WUDKOWHFKQLN ��
6FKZHLVVHQ XQG 6FKQHLGHQ� Û ����� Û ¢ �� Û 6� ���Ü
����

��� ,UYLQJ %� $XWRPRWLYH HQJLQHHUV SOXQJH LQWR WRPRUURZV SURE�
OHPV �� :HOGLQJ -� Û ����� Û ¢ ��� Û 3� ��Ü���

��� 'LOWKH\ 8�� %HKU :� (OHNWURQHQ�VWUDKOVFKZHLβHQ LQ $WPRV�
SKDUH �� 6FKZHLVVHQ XQG 6FKQHLGHQ� Û ����� Û ¢ �� Û
6� ���Ü����

��� /DEHU *� 4XDOLWDHWVXHEHUZDFKXQJ GHU GDV /DVHUVWUDKOVFKZH�
LβQDHKWH YRQ 7DLORUHG %ODQNV �� ,ELG� Û ����� Û ¢ ��
Û 6� ����

��� 'UDXJHODWHV 8O�� %RXDIL %�� 'DQLHO 6W� $XVZLUNXQJ GHU
1DFKEHKDQGOXQJ DXI GLH 1DKWHL�JHQVFKDIWHQ YRQ TXHWVFK�
QDKW� XQG ODVHUVWUDKOJHVFKZHLβWHQ )HLQEOHFKHQ �� ,ELG� Û
����� Û ¢ �� Û 6� ��Ü���

��� %DURQ -� $Q XSGDWH RQ PDFK VHDP UHVLVWDQFH ZHOGLQJ ��
:HOGLQJ -� Û ����� Û ¢ �� Û 3� ��Ü���

��� 6ROODF�HXURSHDQ DXWRPRWLYH PDUNHW OHDGHU �� 6WHHO 7LPHV�
Û ����� Û ¢ �� Û 6� ���Ü����

��� ,UYLJ %� 7KH DXWR LQGXVWU\ JUHDUV XS IRU DOXPLQLXP ��
:HOGLQJ -� Û ����� Û ¢ ��� Û 3� ��Ü���

��� vmÈ¯}È ¯È°}¯ºËÓÓ©² ÏÈ�º�ºmº} m Èm�ºäº­ÒãË°�¯ºËÓÒÒ ��
-� RI WKH -DSDQ :HOGLQJ 6RFLHW\� Û ����� Û ��� ¢ �� Û
3� ��

��� 6OLP�PHG�GRZQ DQG VSHFLDOLVLQJ �� 6WHHO 7LPHV� Û
����� Û ¢ �� Û 3� ����

��� b�ã	� w� |­ãË��ËÓÓ©Ë ªãËäËÓ�© Èm�ºäº­ÒãË® ÒÏ Óºm©²
°�ÈãË® ��  Ë¯Ó©Ë äË�Èãã©� Û ����� Û ¢ �� Û v� ��Ü
���

��� ,UYLQJ %� /DVHUV FRQWLQXH WR SHQHWUDWH DXWRPRWLYH SURGXFWL�
RQ OLQHV �� :HOGLQJ -� Û ����� Û ¢ �� Û 3� ��Ü���

7KH UHYLHZ RI OLWHUDWXUH RI WKH ����V RQ WKH WHFKQRORJ\ RI PDQXIDFWXUH RI WDLORUHG EODQNV� LQFOXGLQJ VHOHFWLRQ RI DQ LQLWLDO
PDWHULDO� ORFDWLRQ DQG VSDFLQJ RI WKH EODQNV� SHFXOLDULWLHV DQG PRGLILFDWLRQV RI WKH SURFHVVHV RI MRLQLQJ� LQVSHFWLRQ� WHVWLQJ DQG
IRUPDWLRQ� LV JLYHQ� 7KH GDWD RQ SURGXFWLRQ DQG PDUNHW RI WKH WDLORUHG EODQNV DUH SUHVHQWHG�

�º°��¹ÒãÈ m ¯Ë�È}�Ò� ����������
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n� s� zjvj�p{vzjq� ��¯ �Ë²Ó� ÓÈ�}� {� {� i|�jspsz|� }ÈÓ�� �Ë²Ó� ÓÈ�}

�jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

¯¿ÐÐËÍÑÏÄÌÍ ÇÐÎÍÊÛÆÍÁ¿ÌÇÄ ÍÀÙÄÉÑÌÍ�ÍÏÇÄÌÑÇÏÍÁ¿ÌÌÍÂÍ ÎÏÍÂÏ¿ËËÇÏÍÁ¿ÌÇÞ ÎÏÇ Ï¿ÆÏ¿ÀÍÑÉÄ ÐÇÐÑÄË ÒÎÏ¿ÁÊÄÌÇÞ ÑÄÔ�

ÌÍÊÍÂÇÖÄÐÉÇË ÎÏÍÕÄÐÐÍË ÐÁ¿ÏÉÇ� ¡ É¿ÖÄÐÑÁÄ ÎÏÇËÄÏ¿ ÐÊÍÅÌÍÂÍ ÍÀÙÄÉÑ¿ ÒÎÏ¿ÁÊÄÌÇÞ ÁÚÀÏ¿Ì ÓÏ¿ÂËÄÌÑ ÜÊÄÉÑÏÍÌÌÍ�ÊÒ�

ÖÄÁÍÈ ÐÁ¿ÏÍÖÌÍÈ ÒÐÑ¿ÌÍÁÉÇ� ¡ÚÎÍÊÌÄÌ ÍÀÙÄÉÑÌÍ�ÍÏÇÄÌÑÇÏÍÁ¿ÌÌÚÈ ¿Ì¿ÊÇÆ� ÎÍÐÑÏÍÄÌ¿ ÃÇ¿ÂÏ¿ËË¿ ÍÑÌÍ×ÄÌÇÈ Ç ÐÇÌÔ�

ÏÍÌÇÆ¿ÕÇÇ� ÎÏÄÃÊÍÅÄÌÍ ÉÍÌÕÄÎÑÒ¿ÊÛÌÍÄ ÏÄ×ÄÌÇÄ ÃÊÞ ÐÄÑÄÁÍÈ ÐÇÐÑÄËÚ ÒÎÏ¿ÁÊÄÌÇÞ �°² ±® ÐÁ¿ÏÉÇ�

zã
� Ë m © Ë ° ã º m È � Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓÈ« °Ò°�ËäÈ �¹¯Èm�

ãËÓÒ«� º­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓºË ¹¯º�¯ÈääÒ¯ºmÈÓÒË� �Ë}ºä�

¹ºÏÒ�Ò«� È­°�¯È}�ÒÒ� ÒË¯È¯²Ò«� äº�Ëã	 �¹¯ÈmãËÓÒ«� �ÒÈ��

¯ÈääÈ º�Óº�ËÓÒ® Ò °ÒÓ²¯ºÓÒÏÈ�ÒÒ� °Ë�ËmÈ« È¯²Ò�Ë}��¯È�

¯ËÈã	Ó©® äÈ°��È­ m¯ËäËÓÒ� äÈ¯}ºm°}ÒË ¹¯º�Ë°°©� �¯ÈÁ© °º°�

�º«ÓÒ®� ÓÈ�ËÎÓº°�	 ¹¯º�¯ÈääÓº�º º­Ë°¹Ë�ËÓÒ«

vºm¯ËäËÓÓ©Ë Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓ©Ë °Ò°�Ëä© �¹¯Èm�
ãËÓÒ« �Ë²Óºãº�Ò�Ë°}Òä ¹¯º�Ë°°ºä �kv� ��� °mÈ¯�

}Ò ¹¯Ë�°�Èmã«
� °º­º® °ãºÎÓ©Ë ÒÓÁº¯äÈ�ÒºÓÓº�

�¹¯Èmã«
�ÒË °Ò°�Ëä© ° ¯ÈÏmÒ�©ä äÈ�ËäÈ�Ò�Ë°}Òä

º­Ë°¹Ë�ËÓÒËä� m }º�º¯©² ¹¯Ë��°äº�¯ËÓº mÏÈÒäº�

�Ë®°�mÒË ° º¹Ë¯È�º¯ºä�°mÈ¯�Ò}ºä ÒãÒ º¹Ë¯È�º¯ºä�

�Ë²Óºãº�ºä�  È°�º m ¹¯º�Ë°°Ë °mÈ¯}Ò ÏÈ�Ë®°�mºmÈÓ©

¯ÈÏÓºº­¯ÈÏÓ©Ë È�¯Ë�È�© Ò äË²ÈÓÒÏä©� ÒäË
�ÒË

°ãºÎÓ©Ë Èã�º¯Ò�ä© Á�Ó}�ÒºÓÒ¯ºmÈÓÒ«� { °m«ÏÒ °

ª�Òä º�ËÓ	 mÈÎÓÈ ÏÈ�È�È °ºÏ�ÈÓÒ« ¹¯º�¯ÈääÓº�º

º­Ë°¹Ë�ËÓÒ« ��|� �ã« kv� �� °mÈ¯}Ò� cÈÏ¯È­º��

�Ò}Ò °ºm¯ËäËÓÓ©² kv� °ãºÎÓ©äÒ °mÈ¯º�Ó©äÒ

º­�Ë}�ÈäÒ �ºãÎÓ© ��Ò�©mÈ�	 �º°�È�º�Óº ÎË°�}ÒË

�¯Ë­ºmÈÓÒ«� ¹¯Ë��«mã«Ëä©Ë } �|�

º­Ë°¹Ë�ËÓÒË ¹ºm©�ËÓÓº® ÓÈ�ËÎÓº°�Ò Á�Ó}�Òº�

ÓÒ¯ºmÈÓÒ« �| °ºmäË°�Óº ° È¹¹È¯È�Ó©äÒ °¯Ë�°�mÈ�

äÒ kv� �� m �°ãºmÒ«² ­ºã	�Ò² ªãË}�¯ºäÈ�ÓÒ�Ó©²

Ò �¯��Ò² ¹ºäË²�

º­Ë°¹Ë�ËÓÒË �º°�È�º�Óº® ½�¯�ÎËã
­Óº°�Ò� ÒÓ�

�Ë¯ÁË®°È º¹Ë¯È�º¯È �| ¹��Ëä Ò°¹ºã	ÏºmÈÓÒ« �¯È�

ÁÒ�Ë°}Ò² ÒÓ�Ë¯È}�ÒmÓ©² º­�Ë}�ºm Ò °¯Ë�°�m�

äÒÓÒäÈã	Ó©Ë °¯º}Ò ¯ÈÏ¯È­º�}Ò�

{ ÓÈ°�º«�ËË m¯Ëä« ¯ÈÏ¯È­º��Ò}Ò kv� �� m°Ë

�È�Ë º­¯È�È
� mÓÒäÈÓÒË ÓÈ º­�Ë}�Óº�º¯ÒËÓ�Ò¯º�

mÈÓÓºË ¹¯ºË}�Ò¯ºmÈÓÒË �REMHFW RULHQWHG GHVLJQ�

�ÈãËË 2|'�� |¹©� Ò°¹ºã	ÏºmÈÓÒ« �È}º® �Ë²Óº�

ãº�ÒÒ m ÒÓÎËÓË¯Ó©² ¹¯ºË}�È² ¹º}ÈÏ©mÈË� ËË m©°º�

}�
 ªÁÁË}�ÒmÓº°�	 >�@�
2|' m}ã
�ÈË� °ãË��
�ÒË äË�º�©�
�� �Ë}ºä¹ºÏÒ�Ò«� { º�ãÒ�ÒË º� Èã�º¯Ò�äÒ�Ë°}º®

Ò°¹ºã	Ï�Ë�°« º­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓÈ« �Ë}ºä¹º�

ÏÒ�Ò« ° È­°�¯È}�Ò«äÒ º­�Ë}�ºm m ¹¯Ë�äË�Óº® º­�

ãÈ°�Ò °mÈ¯}Ò�

�� m©�ËãËÓÒË È­°�¯È}�Ò® Ò Áº¯äÒ¯ºmÈÓÒË }ãÈ°�

°ºm º­�Ë}�ºm� ÒäË
�Ò² °²º�Ó©Ë Á�Ó}�ÒÒ�

�� ÒË¯È¯²Ò«� { �ÈÓÓºä °ã��ÈË ÒäËË�°« m mÒ��

º¯�ÈÓÒÏÈ�Ò« ÒË¯È¯²Ò�Ë°}º® °Ò°�Ëä© }ãÈ°°ºm º­�Ë}�

�ºm� º¯�ÈÓÒÏÈ�Ò« °Èäº® äº�ËãÒ º­�Ë}�È �¹¯ÈmãËÓÒ«

Ò È¯²Ò�Ë}��¯© kv� ��� �È}º® ¹º�²º� ¹ºÏmºã«Ë�

º­Ë°¹Ë�Ò�	 ­ºãËË �°�º®�Òm�
 º­¯È­º�}� ¹¯º�¯Èä�

äº® ¹º�º}ºm �ÈÓÓ©² m º�ËÓ	 °ãºÎÓ©² °Ò°�ËäÈ² �¹�

¯ÈmãËÓÒ«�

|'' m}ã
�ÈË� ÓË°}ºã	}º äË�º�ºãº�Ò®� {º�¹Ë¯�

m©²� º­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓ©® ÈÓÈãÒÏ �REMHFW RUL�

HQWHG DQDO\VLV� �ÈãËË ||k�� }º�º¯©® ¹¯Ë�°�Èmã«Ë�

°º­º® äË�º�ºãº�Ò
 �Ë}ºä¹ºÏÒ�ÒÒ Ò °ºÏ�ÈÓÒ« äº�Ë�

ãË® }È} º­�Ë}�È �¹¯ÈmãËÓÒ«� �È} Ò °Ò°�Ëä© �¹¯Èm�

ãËÓÒ« m �Ëãºä� { �ÈÓÓºä °ã��ÈË �¯Ë­ºmÈÓÒ« } äº�

�Ëã«ä Áº¯äÒ¯�
�°« ÓÈ º°ÓºmË ¹ºÓ«�Ò® }ãÈ°°ºm Ò

º­�Ë}�ºm ÒÏ º­ãÈ°�Ò °mÈ¯}Ò�

� n� s� zÒ°ÒãËm°}Ò®� {� {� iºãÒÓËÓ}º� ����

cÒ°� �� �¯ÒäË¯ °ãºÎÓº�º º­�Ë}�È �¹¯ÈmãËÓÒ« kv� �� °mÈ¯}Ò�
� Û mÈ}��äÓÈ« °mÈ¯º�ÓÈ« }ÈäË¯È� � Û º�}È�ÓÈ« °Ò°�ËäÈ �(%*
Û ªãË}�¯ºÓÓÈ« ¹��}È� 9(� Û �Ò­Ë¯ ¹��}Ò� +3�� +3� Û
m©°º}ºmÈ}��äÓ©Ë �È��Ò}Ò �ÈmãËÓÒ«� )3�…)3� Û ÓÒÏ}ºmÈ}��
�äÓ©Ë �È��Ò}Ò �ÈmãËÓÒ«� 90�…90� Û mÈ}��äÓ©Ë }ãÈ¹ÈÓ©�
9(�…9(� Û ªãË}�¯ºäË²ÈÓÒ�Ë°}ÒË ÏÈ�mÒÎ}Ò� )7�…)7� Û
ÓÒÏ}º�Ëä¹Ë¯È��¯Ó©Ë �È��Ò}Ò �Ëä¹Ë¯È��¯©� %3 Û ÓÈ°º° c���È�
'3�� '3�Û �ÒÁÁ�ÏÒºÓÓ©Ë� 53�� 53�Û Áº¯mÈ}��äÓ©Ë� 703
Û ��¯­ºäºãË}�ã«¯Ó©® ÓÈ°º°©�
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{º�m�º¯©²� º­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓºË ¹¯º�¯Èä�
äÒ¯ºmÈÓÒË �REMHFW RULHQWHG SURJUDPPLQJ� �ÈãËË
||c�� }º�º¯ºË ¹¯Ë�°�Èmã«Ë� °º­º® äË�º�ºãº�Ò

¹¯º�¯ÈääÒ¯ºmÈÓÒ« ÒãÒ ¯ËÈãÒÏÈ�ÒÒ È­°�¯È}�Ó©²
äº�ËãË®� �� Ë� ¹¯º�¯ÈääÒ¯ºmÈÓÒË ° Ò°¹ºã	ÏºmÈÓÒËä
º­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓ©² «Ï©}ºm� �È}Òä º­¯È�
Ïºä� ¯È­º�È« ¹¯º�¯ÈääÈ ¹¯Ë�°�Èmã«Ë� °º­º® °Ò°�Ëä�
º­�Ë}�ºm� }ÈÎ�©®ÒÏ }º�º¯©² «mã«Ë�°« ¯ËÈãÒÏÈ�ÒË®
º¹¯Ë�ËãËÓÓº�º }ãÈ°°È Ò ²È¯È}�Ë¯ÒÏ�Ë�°« °º­°�mËÓ�
Ó©ä Èã�º¯Ò�äºä ¹ºmË�ËÓÒ« Ò mÏÈÒäº�Ë®°�mÒËä °
�¯��ÒäÒ º­�Ë}�ÈäÒ�

zÈ} ÒÏmË°�Óº� º°ÓºmÓ©äÒ äË�º�ÈäÒ 22' «mã«
��
°« ÓÈ°ãË�ºmÈÓÒË� ¹ºãÒäº¯ÁÒÏä Ò ÒÓ}È¹°�ã«�Ò«� �º�
ª�ºä� º­�Ë}�© äº��� ÓÈ°ãË�ºmÈ�	 °mºÒ °mº®°�mÈ º�
º­�Ë}�ºm �¯��Ò² }ãÈ°°ºm� ÒÏäËÓ«�	 °mºË ¹ºmË�ËÓÒË m
ÏÈmÒ°Òäº°�Ò º� mÓË�ÓÒ² �°ãºmÒ® Ò °º�Ë¯ÎÈ�	 ÓËº­�
²º�Òä©Ë �ÈÓÓ©Ë� ¹¯º�Ë��¯© ÒãÒ �¯��ÒË º­�Ë}�©�

|°�ÈÓºmÒä°« ÓÈ °ãË��
�Ò² ¹¯È}�Ò�Ë°}Ò² È°�
¹Ë}�È² ¹¯ÒäËÓËÓÒ« 22' ¹º�²º�È ¹¯Ò ¯ÈÏ¯È­º�}Ë
�| �ã« kv� �� °mÈ¯}Ò�

�� Ò°¹ºã	ÏºmÈÓÒË ||k�
�� ¹º°�¯ºËÓÒË �ÒÈ�¯Èää© º�Óº�ËÓÒ® Ò °ÒÓ²¯º�

ÓÒÏÈ�ÒÒ º­�Ë}�ºm�
�� Ò°¹ºã	ÏºmÈÓÒË º­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓ©²

«Ï©}ºm ¹¯º�¯ÈääÒ¯ºmÈÓÒ« �È}Ò²� }È} &�� ÒãÒ -DYD�
�� Ò°¹ºã	ÏºmÈÓÒË �¯ÈÁºm °º°�º«ÓÒ®� º¹Ò°©mÈ
�

�Ò² ¹ºmË�ËÓÒË º­�Ë}�ºm m ¯ËÈã	Óºä äÈ°��È­Ë m¯Ë�
äËÓÒ�

�� Ò°¹ºã	ÏºmÈÓÒË ¯ËÏ�ã	�È�ºm �Ëº¯ÒÒ �¯ÈÁºm �ã«
Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº�º �Ë°�Ò¯ºmÈÓÒ« Ò º�ãÈ�}Ò �|�

iã« �º�º ��º­© ¹¯ºÒãã
°�¯Ò¯ºmÈ�	 mºÏäºÎÓº°�
�Ò Ò°¹ºã	ÏºmÈÓÒ« 22' ¹º�²º�È m ÏÈ�È�È² Èm�ºäÈ�
�ÒÏÈ�ÒÒ °mÈ¯º�Ó©² ¹¯º�Ë°°ºm� ¯È°°äº�¯Òä }ºÓ}¯Ë��
Ó©® °ã��È® Èm�ºäÈ�ÒÏÈ�ÒÒ °ãºÎÓº�º º­�Ë}�È �¹¯Èm�
ãËÓÒ« ¹¯Ò ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ë �w�v�� sÒ

m }ºË® äË¯Ë ÓË ¹¯Ë�ËÓ��« ÓÈ ¹ºãÓº�� º­°�Î�ËÓÒ«
¹¯º­ãËä© Èm�ºäÈ�ÒÏÈ�ÒÒ m w�v� ¯È°°äº�¯Òä ãÒ�	
Á¯È�äËÓ� °ãºÎÓº�º º­�Ë}�È �¹¯ÈmãËÓÒ« �¯Ò°� �� Û
mÈ}��äÓ�
 °mÈ¯º�Ó�
 }ÈäË¯� Ò º�}È�Ó�
 °Ò°�Ëä�
>�@� zºÓË�Óº� m �ÈÓÓºä °ã��ÈË ä© m©Ó�Î�ËÓ© ��Ò�
�©mÈ�	 Ò �º� ��º ª�Ò �mË }ã
�Ëm©Ë ¹º�°Ò°�Ëä© ÓË�
mºÏäºÎÓº ¯È°°äÈ�¯ÒmÈ�	 ÒÏºãÒ¯ºmÈÓÓº º� �¯��Ò²
¹º�°Ò°�Ëä ªãË}�¯ºÓÓº�ã��Ëmº® �°�ÈÓºm}Ò� �ºª�ºä�
¹¯Ò ¯È°°äº�¯ËÓÒÒ mº¹¯º°È °ÒÓ²¯ºÓÒÏÈ�ÒÒ º­�Ë}�ºm
­���� �¹ºäÒÓÈ�	°« �È}ÎË ¹º�°Ò°�Ëä© ¹¯Òmº�ºm ¹Ë�
¯ËäË�ËÓÒ« ªãË}�¯ºÓÓº® ¹��}Ò Ò äÈÓÒ¹�ã«�º¯È ÒÏ�
�ËãÒ«� È �È}ÎË ªãË}�¯ºÓÓº�ã��ËmÈ« È¹¹È¯È��¯È
�w�k�� z °ºÎÈãËÓÒ
� mmÒ�� º�¯ÈÓÒ�ËÓÓº�º º­�ËäÈ
°�È�	Ò ÓË� mºÏäºÎÓº°�Ò �Ë�Èã	Óº ¯È°°äº�¯Ë�	 ª�Ò
¹º�°Ò°�Ëä©� m¹¯º�Ëä� }È} Ò �¯��ÒË� }º�º¯©Ë äº���
m²º�Ò�	 m °º°�Èm ªãË}�¯ºÓÓº�ã��Ëmº® �°�ÈÓºm}Ò� �Ë�
ãËmÒÏÒºÓÓÈ« °ãË�«�È« °Ò°�ËäÈ >�@� ¹º�°Ò°�ËäÈ äº�
ÓÒ�º¯ÒÓ�È ¹¯º�Ë°°È °mÈ¯}Ò Ò �¯�

sË°äº�¯« ÓÈ ª�º� m©­¯ÈÓÓ©® m }È�Ë°�mË �ËäºÓ�
°�¯È�ÒºÓÓº® äº�ËãÒ Á¯È�äËÓ� º­�Ë}�È �¹¯ÈmãËÓÒ«
w�v �ÈË� ÓÈä ¹¯Ë�°�ÈmãËÓÒË º­ �¯ºmÓË °ãºÎÓº°�Ò
Ò ¯ÈÏÓºº­¯ÈÏÒÒ È­°�¯È}�Ò®� }º�º¯©äÒ º¹Ë¯Ò¯�
�
¯ÈÏ¯È­º��Ò}Ò �|�

{ �ÈÓÓº® °�È�	Ë �ËãÈË�°« ¹º¹©�}È ¹º}ÈÏÈ�	� ��º
22' ¹º�²º� ¹ºÏmºã«Ë� m©¹ºãÓÒ�	 ­ºãËË ¹ºãÓ�
 Ò
�Ë�Èã	Ó�
 ¹º°�ÈÓºm}� ÏÈ�È�Ò ¯ÈÏ¯È­º�}Ò �| °Ò°�
�Ëä© �¹¯ÈmãËÓÒ« kv� �� °mÈ¯}Ò� �¯Ò ª�ºä °��Ë°�
�mËÓÓº º�¯ÈÓÒ�ÒmÈË�°« °�­�Ë}�ÒmÓ©® È°¹Ë}�� °mº®°�
�mËÓÓ©® ªm¯Ò°�Ò�Ë°}Òä� ÒÓ��Ò�ÒmÓ©ä ¯Ë�ËÓÒ«ä
¹¯Ò m©­º¯Ë È¯²Ò�Ë}��¯© Ò �Ë}ºä¹ºÏÒ�ÒÒ °Ò°�Ëä©
�¹¯ÈmãËÓÒ«� ¯È°�Ò¯«Ë�°« ­ÈÏÈÁº¯äÈã	Ó©²¹¯ÈmÒã�
��º m Ò�º�Ë �È¯ÈÓ�Ò¯�Ë� ¹ºã��ËÓÒË �°�º®�Òm©² ÓË¹�
¯º�Òmº¯Ë�Òm©² ¯ËÏ�ã	�È�ºm ÓÈ }ÈÎ�ºä ª�È¹Ë ¯ËÈãÒ�
ÏÈ�ÒÒ ¹¯ºË}�È�

cÒ°� �� iÒÈ�¯ÈääÈ }ãÈ°°ºm º­�Ë}�È �¹¯ÈmãËÓÒ« m kv� �� °mÈ¯}Ò
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|¹�°}È« ª�È¹© ÈÓÈãÒÏÈ ÏÈ�È�Ò Èm�ºäÈ�ÒÏÈ�ÒÒ
w�v� È �È}ÎË º¹Ò°ÈÓÒË ¹¯º�Ë°°È �¯�¹¹Ò¯ºm}Ò Ò
m©�ËãËÓÒ« }ãÈ°°ºm º­�Ë}�ºm �È�¯Ë�È�ºm� Ò°¹ºãÓÒ�
�Ëã	Ó©² äË²ÈÓÒÏäºm Ò ¹º�°Ò°�Ëä�� ¹¯Ë�°�ÈmÒä ¯Ë�
Ï�ã	�È� ¹¯Ë�mÈ¯Ò�Ëã	Óº�º ÈÓÈãÒÏÈ m mÒ�Ë �ÒÈ�¯Èä�
ä© }ãÈ°°ºm äº�ËãÒ º­�Ë}�È �¹¯ÈmãËÓÒ« �¯Ò°� ���
~�Ë°	 Ò°¹ºã	ÏºmÈÓ© °ãË��
�ÒË º­ºÏÓÈ�ËÓÒ« }ãÈ°�
°ºm� 7*UDI Û �¯ÈÁºm °º°�º«ÓÒ®� }º�º¯©Ë º¹Ò°©mÈ�

� ¹ºmË�ËÓÒË º­�Ë}�ºm mº m¯ËäËÓÒ� 7$SDUDWXV Û
¯º�Ò�Ëã	°}Ò® �ã« m°Ë² �°�¯º®°�m Ò äË²ÈÓÒÏäºm� ÏÈ�
�ÈË� ÁãÈ� ÈmÈ¯ÒÒ� m¯ËäËÓÓ©Ë ²È¯È}�Ë¯Ò°�Ò}Ò m}ã
�
�ËÓÒ«�m©}ã
�ËÓÒ« È�¯Ë�È�È� ²¯ÈÓÒ� ¯ËÎÒä ¯È­º�©
�¯��Óº®� Èm�ºäÈ�Ò�Ë°}Ò® ÒãÒ º�}ã
�ËÓ�� È �È}ÎË
ÁãÈ� º�¯È­º�}Ò }ºäÈÓ�© �¹¯ÈmãËÓÒ« ¹Ë¯Ë}ã
�ËÓÒ«
°º°�º«ÓÒ«� 7'LJ,Q Û °Ò�ÓÈãºm �Ò°}¯Ë�Óº�º mmº�È�
7'LJ2XW Û °Ò�ÓÈãºm �Ò°}¯Ë�Óº�º m©mº�È� 7)LOWHU
Û ÁÒã	�¯ºm� }º�º¯©Ë Ò°¹ºã	Ï�
�°« �ã« ÁÒã	�
�¯È�ÒÒ m²º�Ó©² °Ò�ÓÈãºm �äË�ÒÈÓÓ©® ÁÒã	�¯� ÓÒÏ�
}Ò² �È°�º� Ò �¯��� 7$QD,Q Û °Ò�ÓÈãºm ÈÓÈãº�ºmº�º
mmº�È� 7'LJ6HQVRU Û �È��Ò}ºm �Ò°}¯Ë�Óº�º ²È¯È}�
�Ë¯È �Ò¹È ½m}ã
�ËÓº�m©}ã
�ËÓº�� 7$QD6HQVRU Û
�È��Ò}ºm ÈÓÈãº�ºmº�º ²È¯È}�Ë¯È ��ÈmãËÓÒ« Ò �¯���
7)XUQDFH Û ÓÈ�¯ËmÈ�Ëã	Ó©² ªãËäËÓ�ºm� }º�º¯©®
Ò°¹ºã	Ï�Ë�°« m ÓË}º�º¯©² mÒ�È² ÓÈ°º°ºm� 79DOYH
Û mÈ}��äÓ©² }ãÈ¹ÈÓºm� m �ºä �Ò°ãË ¹ÓËmäÈ�Ò�Ë°�
}Ò² Ò ªãË}�¯ºäÈ�ÓÒ�Ó©²� 7%ROW Û ÏÈ�mÒÎË}� }º�º�
¯©Ë m º�ãÒ�ÒË º� }ãÈ¹ÈÓºm ÒäË
� �mÈ �È��Ò}È ¹º�
ãºÎËÓÒ« �½º�}¯©�º� Ò ½ÏÈ}¯©�º��� 73XPS Û ÓÈ�
°º°ºm� 7'LIIXV3XPS Û �ÒÁÁ�ÏÒºÓÓ©² ÓÈ°º°ºm�
ÓÈ°ãË��Ë� °mº®°�mÈ 73XPS Ò 7)XUQDFH� 79DF&DPHUD
Û mÈ}��äÓº® °mÈ¯º�Óº® }ÈäË¯©� Ò°¹ºã	Ï�Ë� m °mº�
Ëä °º°�ÈmË �¯Ò }ãÈ°°È º­�Ë}�ºm �79DOYH� 7%ROW�
73XPS�� 7%HDP*XQ Û ªãË}�¯ºÓÓº® ¹��}Ò� Ò°�
¹ºã	Ï�
�Ë® �¯Ò ÈÓÈãº�ºm©² °Ò�ÓÈãÈ �¹¯ÈmãËÓÒ«
��º} ¹��}È� Áº}�°Ò¯ºm}Ò Ò ÓÈ}ÈãÈ� Ò º�ÒÓ �Ò°}�
¯Ë�Ó©® °Ò�ÓÈã �¹¯ÈmãËÓÒ«� 73XPS6\VWHPÛ º�}È��
Óº® °Ò°�Ëä©� 7:HOG6\VWHP Û °mÈ¯º�Óº® °Ò°�Ëä©

��È} ÎË� }È} Ò 79DF&DPHUD Ò 73XPS6\VWHP� ÒÓ}È¹�
°�ãÒ¯�Ë� 7*UDI m �Ëã«² ¯ËÈãÒÏÈ�ÒÒ ÓËº­²º�Òä©²
¯ËÎÒäºm ¯È­º�© kv� ���� |�äË�Òä� ��º }ãÈ°°©
79DF&DPHUD Ò 73XPS6\VWHP Ò°¹ºã	Ï�
� m °mºÒ²
¯ËÈãÒÏÈ�Ò«² °°©ã}Ò �¯�� ÓÈ �¯��È� w�º ÓËº­²º�Òäº
�ã« º°��Ë°�mãËÓÒ« °ºmäË°�Óº® ¯È­º�© º­�Ë}�ºm
ª�Ò² }ãÈ°°ºm m Ë�ÒÓº® °mÈ¯º�Óº® °Ò°�ËäË�

�º°}ºã	}� ÓËmºÏäºÎÓº �Ë�Èã	Óº º°�ÈÓºmÒ�	°«
ÓÈ }ÈÎ�ºä º­�Ë}�Ë� ÓË}º�º¯©Ë ¹ºãºÎËÓÒ« ¹¯Ë�°�
�ÈmÒä ãÒ�	 m mÒ�Ë ¯ËÏ�ã	�È�ºm�

iÒÈ�¯ÈääÈ }ãÈ°°ºm º­�Ë}�È �¹¯ÈmãËÓÒ« ¹ºÏmº�
ã«Ë� °ÒÓ�ËÏÒ¯ºmÈ�	 äº�Ëã	 º­�Ë}�È �¹¯ÈmãËÓÒ« m
º­�Ë}�Ó©² ¹ºÓ«�Ò«² }ºÓ}¯Ë�Óº�º mÒ�È °mÈ¯}Ò�

sÈ °ãË��
�Ëä ª�È¹Ë 22'�¹¯ºË}�Ò¯ºmÈÓÒ« °ºÏ�
�ÈË�°« äº�Ëã	 kv� �� °mÈ¯}Ò� }º�º¯È« °º�Ë¯ÎÒ�
äº�Ëã	 º­�Ë}�È �¹¯ÈmãËÓÒ« Ò º­©�Óº ÒäËË� °Ë�Ëm�

ÒË¯È¯²Ò�Ë°}�
 °�¯�}��¯�� �Ò¹ºmÈ« °²ËäÈ ¹º°�¯ºË�
ÓÒ« ÒË¯È¯²ÒÒ �¯ºmÓË® �¹¯ÈmãËÓÒ« °ãË��
�È«�

°Ò°�ËäÈ→¹º�°Ò°�Ëä©→È�¯Ë�È�© Ò äË²ÈÓÒÏä©→
→�È��Ò}Ò �ÈÓÈãº�ºm©Ë� �Ò°}¯Ë�Ó©Ë Ò ¹¯��→°Ò�ÓÈ�
ã© �ÈÓÈãº�ºm©Ë� �Ò°}¯Ë�Ó©Ë Ò ¹¯���

�¯Ò ¹º°�¯ºËÓÒÒ º­�Ë}�Óº® äº�ËãÒ Ò°¹ºã	Ï�Ë�°«
¹¯ÒÓ�Ò¹ ¯È°¹¯Ë�ËãËÓÓº°�Ò ½ÒÓ�ËããË}�È�� ÏÈ}ã
�È�

�Ò®°« m �ºä� ��º }ÈÎ�©® º­�Ë}� m äº�ËãÒ Á�Ó}�
�ÒºÓÒ¯�Ë� ¹º °º­°�mËÓÓºä� Èã�º¯Ò�ä�� }º�º¯©®
°mº®°�mËÓ º­�Ë}�Èä Ë�º }ãÈ°°È� �È}º® ¹ºmË�ËÓ�Ë°�
}Ò® Èã�º¯Ò�ä ��º­Óº ¹¯Ë�°�ÈmÒ�	 m mÒ�Ë ÓÈ¹¯ÈmãËÓ�
Óº�º �¯ÈÁÈ °º°�º«ÓÒ® ÒãÒ °Ë�Ò �Ë�¯Ò ° ÓËº­²º�Ò�
ä©äÒ m¯ËäËÓÓ©äÒ ÏÈ�Ë¯Î}ÈäÒ� }º�º¯©Ë ÏÈ�È
� ¹º�
mË�ËÓÒË º­�Ë}�È m ¯ËÈã	Óºä äÈ°��È­Ë m¯ËäËÓÒ�

sÈ ¯Ò°� � ¹¯ÒmË�ËÓÈ �ÒÈ�¯ÈääÈ º�Óº�ËÓÒ® Ò °ÒÓ�
²¯ºÓÒÏÈ�ÒÒ� ¯ËÈãÒÏ�
�È« äº�Ëã	 º­�Ë}�È �¹¯ÈmãË�
ÓÒ«� ��Ë °¹Ë�ÒÈã	Ó©äÒ º­ºÏÓÈ�ËÓÒ«äÒ ¹º}ÈÏÈÓ ²È�
¯È}�Ë¯ º�Óº�ËÓÒ® äËÎ�� º­�Ë}�ÈäÒ� ��º Ò º¹¯Ë�Ë�
ã«Ë� Á�Ó}�ÒºÓÒ¯ºmÈÓÒË kv� �� m ¯ËÈã	Óºä äÈ°�
��È­Ë m¯ËäËÓÒ� sÈÒ­ºãËË �È°�º ¹¯ÒäËÓ«
� °ãË���

�ÒË mÒ�© °ÒÓ²¯ºÓÒÏÈ�ÒÒ�

cÒ°� �� iÒÈ�¯ÈääÈ º�Óº�ËÓÒ® Ò °ÒÓ²¯ºÓÒÏÈ�ÒÒ º­�Ë}�ºm �| kv� �� °mÈ¯}Ò
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°ÒÓ²¯ºÓÓÈ« �ÎË°�}È«� ¹¯º°�È«� Û �Ë®°�mÒË m©�
¹ºãÓ«Ë�°« ÓËÏÈmÒ°Òäº º� �º�ºmÓº°�Ò ¹¯ÒËäÓº�º °Ò��
ÓÈãÈ�

È°ÒÓ²¯ºÓÓÈ«Û ¯ËÈãÒÏ�Ë�°« ºÎÒ�ÈÓÒË mÏÈÒäÓº®
�º�ºmÓº°�Ò ¹Ë¯Ë�È
�Ë�º Ò ¹¯ÒÓÒäÈ
�Ë�º º­�Ë}�ºm�

ÏÈ�Ë¯ÎÈÓÓÈ«Û mÒ� È°ÒÓ²¯ºÓÓº® ° º�ºmº¯ËÓÓ©ä
m¯ËäËÓËä ºÎÒ�ÈÓÒ« º�mË�È�

º�°¯º�ËÓÓÈ« Û mÒ� È°ÒÓ²¯ºÓÓº®� Óº m °ã��ÈË
ÓË�º�ºmÓº°�Ò ¹¯ÒÓÒäÈ
�Ë�º ¹Ë¯Ë�È
�Ò® ÓË m©¹ºã�
Ó«Ë� º¹Ë¯È�Ò
�

iÒÈ�¯ÈääÈ °m«ÏË® Ò °ÒÓ²¯ºÓÒÏÈ�ÒÒ º­�Ë}�ºm Ò°�
¹ºã	Ï�Ë�°« �ã« �Ë}ºä¹ºÏÒ�ÒÒ kv� �� ÓÈ ¹º�°Ò°�
�Ëä©� { ÏÈmÒ°Òäº°�Ò º� ËË °ãºÎÓº°�Ò Ò mÒ�È ��
°mÈ¯}Ò äºÎË� ­©�	 m©­¯ÈÓÈ ¯È°¹¯Ë�ËãËÓÓÈ«� �ËÓ��

¯ÈãÒÏºmÈÓÓÈ«� °Ë�ËmÈ« ÒãÒ �¯��È« È¯²Ò�Ë}��¯È� �º�
°Ë�Ëmº® °�¯�}��¯º® kv� �� ¹ºÓÒäÈËä �È}�
 º¯�È�
ÓÒÏÈ�Ò
� ¹¯Ò }º�º¯º® ÒÓÁº¯äÈ�ÒºÓÓ©Ë }ÈÓÈã©
°m«ÏÒ Ò ¹¯º�º}ºã© º­äËÓÈ ÒÓÁº¯äÈ�ÒË® ÒäË
� °Ò°�
�Ëäºº¯�ÈÓÒÏ�
�ËË ÏÓÈ�ËÓÒË�

vºm¯ËäËÓÓº® �ËÓ�ËÓ�ÒË® m ¹º°�¯ºËÓÒÒ kv� ��
«mã«Ë�°« ¹¯ÒäËÓËÓÒË °Ë�Ëm©² È¯²Ò�Ë}��¯� m }º�º�
¯©² äº��� Ò°¹ºã	ÏºmÈ�	°« ÓË°}ºã	}º mÒ�ºm ÒÓÁº¯�
äÈ�ÒºÓÓ©² °Ë�Ëm©² }ÈÓÈãºm °m«ÏÒ� sÈ mË¯²ÓÒ²
�¯ºmÓ«² kv� �� �È�Ë m°Ë�º ¹¯ÒäËÓ«
�°« °Ë�Ò �Ò¹È
(WKHUQHW �,QGXVWULDO� Ò äº�ËäÓÈ« °m«Ï	 ° ¹¯º�º}º�
ãÈäÒ º­äËÓÈ 7&3�,3� sÈ �¯ºmÓË }ºÓ�¯ºããË¯ºm Ò
�È��Ò}ºm Ò°¹ºã	Ï�
� )LHOG%86�°Ë�Ò� ÓÈ¹¯ÒäË¯�
352),%86� &$1%86 ÒãÒ %,7%86�

vºº�mË�°�mÒË ÏÈ�È� ¹¯º�¯ÈääÒ¯ºmÈÓÒ« Ò �Ëº¯ÒÒ �¯ÈÁºm

~È�È�È ¹¯º�¯ÈääÒ¯ºmÈÓÒ« ~È�È�È �Ëº¯ÒÒ �¯ÈÁºm

|¹�ÒäÒÏÈ�Ò« ¹¯º�¯Èää� m �ºä �Ò°ãË m©�ËãËÓÒË

Á¯È�äËÓ�ºm �°�¯�}��¯ÒÏÈ�Ò«� Ò �Ë}ºä¹ºÏÒ�Ò«

sÈ²ºÎ�ËÓÒË �ºäÒÓÈ�º¯ºm

�Ë¯Ë�Ò°ãËÓÒË ­Òº}ºä¹ºÓËÓ�� }ºÓ��¯ºm� ÒÓ�Ë¯mÈãºm� �ÈäÈ}ºm� ãÒÓË®Ó©² }ºä¹ºÓËÓ�

sÈ²ºÎ�ËÓÒË mãºÎËÓÓ©² ÏºÓ �¯ÈÁÈ

sÈ²ºÎ�ËÓÒË mãºÎËÓÓ©² }ºÓ��¯ºm

jÓ�Ë¯mÈã	ÓºË ¹¯Ë�°�ÈmãËÓÒË �¯ÈÁÈ

�¯ºmË¯}È ¹¯ÈmÒã	Óº°�Ò ¹¯º�¯Èää sÈ²ºÎ�ËÓÒË �¯ÈÓÏÒ�ÒmÓº�º Ò º­¯È�Óº�º �¯ÈÓÏÒ�ÒmÓº�º ÏÈä©}ÈÓÒ«

sÈ²ºÎ�ËÓÒË ÏÈä©}ÈÓÒ« º�Óº°Ò�Ëã	Óº äÓºÎË°�mÈ mË¯�ÒÓ

�Ë¯Ë�Ò°ãËÓÒË ¹��Ë®� }ºÓ��¯ºm

|¹¯Ë�ËãËÓÒË ¹º¯«�}È º­¯È­º�}Ò º¹Ë¯È�º¯ºm ¹¯Ò

¹º�º}ºmºä ÈÓÈãÒÏË

s�äË¯È�Ò« mË¯�ÒÓ

�º°�¯ºËÓÒË �ãÒÓÓ©² ¹º°ãË�ºmÈ�Ëã	Óº°�Ë® mË¯�ÒÓ

�Ë°�Ò¯ºmÈÓÒË ¹¯º�¯Èää sÈ²ºÎ�ËÓÒË ¹º}¯©�Ò«�

mË¯�ÒÓ ¹��«äÒ

��� ¹��«äÒ

�¯Ë­�Ëä©² ¹��Ë® ¹��«äÒ

sÈ²ºÎ�ËÓÒË }¯È��È®�Ë�º ¹��Ò ¹¯Ò ÓÈãÒ�ÒÒ �º¹ºãÓÒ�Ëã	Ó©² º�¯ÈÓÒ�ËÓÒ®

sÈ²ºÎ�ËÓÒË äÓºÎË°�mÈ Á�Ó�ÈäËÓ�Èã	Ó©² �Ò}ãºm

|¹¯Ë�ËãËÓÒË �Ò}ãºäÈ�Ò�Ë°}º�º �Ò°ãÈ

cÒ°� �� zºÓ�Ë¹��Èã	ÓÈ« °²ËäÈ °Ë�Ëmº® º­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓº® °Ò°�Ëä© �¹¯ÈmãËÓÒ« kv� �� °mÈ¯}Ò �º­ºÏÓÈ�ËÓÒ« °ä� ÓÈ ¯Ò°� ��
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|­©�Óº ¹¯Ò m©­º¯Ë �Ò¹ºm °Ë�Ëm©² ÒÓ�Ë¯ÁË®°ºm
Ò ¹È¯ÈäË�¯ºm °Ë�Ëm©² ¹¯º�º}ºãºm °ãË��Ë� º­Ë°¹Ë�
�Ò�	 ÓËº­²º�Òä©Ë äÒÓÒäÈã	Ó©® �È}� °ÒÓ²¯ºÓÒ�
ÏÈ�ÒÒ Ò �¯ºmËÓ	 ÓÈ�ËÎÓº°�Ò ¹Ë¯Ë°©ã}Ò �ÈÓÓ©²
äËÎ�� º­�Ë}�ÈäÒ kv� ���

{ �ºä °ã��ÈË� }º��È Ò°¹ºã	Ï�
�°« °Ë�Ëm©Ë ¹¯º�
�º}ºã© °º °ã��È®Ó©ä ²È¯È}�Ë¯ºä ¯ÈÏ¯Ë�ËÓÒ« }ºÓ�

ÁãÒ}�ºm �ÓÈ¹¯ÒäË¯� (WKHUQHW� ÒãÒ ÎË ° °ÒÓ²¯ºÓÓº®
¹Ë¯Ë�È�Ë® �ÈÓÓ©² �ÓÈ¹¯ÒäË¯� 352),%86�'3�� º��
¯È­º�}È ÏÈ�ÈÓÒ® m kv� �� äºÎË� ÒäË�	 mË¯º«�Óº°�
�Ó©® ²È¯È}�Ë¯ Ò °Òã	Óº ÏÈmÒ°Ë�	 º� m©­¯ÈÓÓº�º �È}�
�È °ÒÓ²¯ºÓÒÏÈ�ÒÒ� sÈ¹¯ÒäË¯� Ò°°ãË�ºmÈÓÒË
7&3�,3 ¹¯º�º}ºãÈ m °Ë�Ò (WKHUQHW ��%DVH�7 ¹º}È�
Ï©mÈË�� ��º �ã« �È}�È °ÒÓ²¯ºÓÒÏÈ�ÒÒ äËÓËË �� ä°
º�¯È­º�}È ÏÈ�ÈÓÒ® ¹º�°Ò°�Ëä äºÎË� ÒäË�	 mË¯º«��
Óº°�Ó©® ²È¯È}�Ë¯� m �º m¯Ëä« }È} �ã« ¹¯º�º}ºãºm
'3 °Ë�Ò 352),%86 Û �Ë�Ë¯äÒÓÒ¯ºmÈÓÓ©®�

{ ÓÈ�Ëä °ã��ÈË ÓËº­²º�Òäº º­Ë°¹Ë�Ò�	 }È}
¹¯º°��
 °ÒÓ²¯ºÓÒÏÈ�Ò
 äËÎ�� º­�Ë}�ÈäÒ �¹º�°Ò°�
�ËäÈäÒ�� �È} Ò ÎË°�}�
 ° �È}�ºä äËÓËË �� ä°� sÈ�
ãÒ�ÒË ¹º°ãË�ÓË® º­�°ãºmãËÓº ÓËº­²º�Òäº°�	
 °ºm�
äË°�Óº® ¯È­º�© ¹º�°Ò°�Ëä ¹Ë¯ËäË�ËÓÒ« ªãË}�¯ºÓ�
Óº�ã��Ëmº® ¹��}Ò �mÈ}��äÓÈ« }ÈäË¯È�� äÈÓÒ¹�ã«�
�º¯È ÒÏ�ËãÒ« Ò Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ« �w�k�� ��º m
º­�Ëä °ã��ÈË Ò º¹¯Ë�Ëã«Ë� }È�Ë°�mº °mÈ¯}Ò�

sÈ º°ÓºmË ÒÏãºÎËÓÓº�º m©�Ë äºÎÓº ¹¯Ë�ãº�
ÎÒ�	 }ºÓ�Ë¹��Èã	Ó�
 °²Ëä� °Ë�Ëmº® °Ò°�Ëä© �¹�
¯ÈmãËÓÒ« º­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓº® kv� �� °mÈ¯�
}Ò �¯Ò°� ��� v�¯�}��¯È �È}º® °Ò°�Ëä© �¹¯ÈmãËÓÒ«
ÒäËË� ÓË°}ºã	}º �¯ºmÓË® mÏÈÒäº�Ë®°�mÒ« ¹º�°Ò°�
�Ëä� sÈ mË¯²ÓËä ¯È°¹ºãºÎËÓ© º­�Ë}�© ¹º�°Ò°�Ëä�
½jÓ�Ë¯ÁË®° º¹Ë¯È�º¯È�� ½vmÈ¯º�ÓÈ« �°�ÈÓºm}È��
½|�}È�ÓÈ« °Ò°�ËäÈ�� ½{È}��äÓÈ« }ÈäË¯È�� ½w�k��
½�¯Òmº�©� Ò �¯� � m°Ë² ¹º�°Ò°�Ëä mË¯²ÓË�º �¯ºmÓ«
Ë°�	 ÒÓÁº¯äÈ�ÒºÓÓ©Ë }ÈÓÈã© °m«ÏÒ ° °Ë�	
 ,QGXV�
WULDO (WKHUQHW ������ %DVH�7� }º�º¯È« ÒäËË� �ã
Ï
m °Ë�	 ­ºãËË m©°º}º�º �¯ºmÓ« �ÓÈ¹¯ÒäË¯� ÏÈmº�°�
}�
� ÒãÒ m ,QWHUQHW� sÈ °²ËäË ¹º}ÈÏÈÓº� ��º º­�Ë}�©
¹º�°Ò°�Ëä ½{È}��äÓÈ« }ÈäË¯È�� ½w�k� Ò ½�¯Òmº�
�©� ÎËãÈ�Ëã	Óº ¯ËÈãÒÏºmÈ�	 m º�Óºä }ºÓ�¯ºããË¯Ë
�}ºä¹	
�Ë¯Ë� �ã« º­Ë°¹Ë�ËÓÒ« ÎË°�}º® m¯ËäËÓÓº®
°ÒÓ²¯ºÓÒÏÈ�ÒÒ� sÈ ÓÒÎÓËä �¯ºmÓË ¯È°¹ºãºÎËÓ©
}ºÓ�¯ºããË¯© ° äº�Ëã«äÒ º­�Ë}�ºm È�¯Ë�È�ºm� äË²È�
ÓÒÏäºm� �È��Ò}ºm Ò °Ò�ÓÈãºm� |­�Ë}�© ½{È}��äÓÈ«
}ÈäË¯È� Ò ½|�}È�ÓÈ« °Ò°�ËäÈ� ÒäË
� ¹¯«ä©Ë ÒÓ�
Áº¯äÈ�ÒºÓÓ©Ë °m«ÏÒ ° º­�Ë}�ÈäÒ ÓÒÎÓË�º �¯ºmÓ«
�Ë¯ËÏ ¹¯º�º}ºã© º­äËÓÈ ¹º ÒÓ�Ë¯ÁË®°� )LHOG%86�
�¯Ë�ãºÎËÓÓÈ« °Ò°�ËäÈ mÏÈÒäº°m«ÏÒ º­�Ë}�ºm m º­�Ëä
°ã��ÈË ÒÓmÈ¯ÒÈÓ�ÓÈ }ºãÒ�Ë°�m� Ò �Ò¹Èä }ºÓ�¯ºããË�
¯ºm� ¹ºª�ºä� ¯ÈÏ¯È­º�}� ¹¯º�¯ÈääÓº�º Ò È¹¹È¯È�Óº�º
º­Ë°¹Ë�ËÓÒ« äºÎÓº mË°�Ò ¹È¯ÈããËã	Óº�

�È}È« È¯²Ò�Ë}��¯È m �Ëãºä ÓË ¹¯º�Òmº¯Ë�Ò� �Ò�
¹ºmº® �m�²�¯ºmÓËmº® È¯²Ò�Ë}��¯Ë kv� �� w�v�
}º�º¯È« m ÓÈ°�º«�ËË m¯Ëä« Ò°¹ºã	Ï�Ë�°« m ¹¯ºä©��
ãËÓÓ©² º­¯ÈÏ�È² �Ë²Óºãº�Ò�Ë°}Ò² °Ò°�Ëä >�@�

|�äË�Òä� ��º m ÓÈ°�º«�ËË m¯Ëä« �ËÓ�ËÓ�Ò« °ºÏ�
�ÈÓÒ« º­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓ©² ½º�}¯©�©²� °Ò°�
�Ëä �¹¯ÈmãËÓÒ« kv� �� mºÏ¯È°�ÈË� >�Ü�@� iã« ¯ÈÏ�
¯È­º�}Ò Ò äº�ËãÒ¯ºmÈÓÒ« �È}Ò² °Ò°�Ëä °ºÏ�ÈÓ© °¹Ë�
�ÒÈã	Ó©Ë «Ï©}ºm©Ë °¯Ë�°�mÈ ¹¯ºË}�Ò¯ºmÈÓÒ«� ÓÈ¹�
¯ÒäË¯ °Ò°�ËäÈ ¹¯ºË}�Ò¯ºmÈÓÒ« 80/ Û 8QLYHUVDO
0RGHOLQJ /DQJXDJH >�@�

cÈ°°äº�¯Òä ¹¯º­ãËä�� mºÏÓÒ}È
��
 ¹¯Ò ¯ËÈãÒ�
ÏÈ�ÒÒ È­°�¯È}�Ó©² äº�ËãË®� ° ¹ºäº�	
 äË�º�ºm Ò
°¯Ë�°�m 223� zÈ} äË�º�ºãº�Ò« 22' �ÈË� ¹¯º�¯Èä�
äÒ°�Èä äÈ�ËäÈ�Ò�Ë°}Ò® È¹¹È¯È�� }º�º¯©® äºÎË�
­©�	 ¹ºãºÎËÓ m º°Óºm� ¹º°�¯ºËÓÒ« �¹¯Èmã«
�Ò²
¹¯º�¯Èää Ò ¯ËÈãÒÏÈ�Ò® È­°�¯È}�Ò® º­�Ë}�È �¹¯Èm�
ãËÓÒ«� �ÒÓÈäÒ�Ë°}º�º ¹º °mºË® ¹¯Ò¯º�Ë� w�º� äÈ�
�ËäÈ�Ò�Ë°}Ò® È¹¹È¯È� ­ÈÏÒ¯�Ë�°« ÓÈ Ò°¹ºã	ÏºmÈÓÒÒ
äÈ¯}ºm°}º® °²Ëä©äº�ËãÒ¯ºmÈÓÒ« Ò ÈÓÈãÒ�Ò�Ë°}º�º

cÒ°� �� �¯ÒäË¯ ¯ËÈãÒÏÈ�ÒÒ äÈ¯}ºm°}º® äº�ËãÒ º­�Ë}�È ½{kz��
�lshq z�k�ks�� ÈÛ �¯ÈÁ °º°�º«ÓÒ®� ­Û �Ë}°� ¹¯º�¯Èä�
ä© ÓÈ «Ï©}Ë &��
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Ò°°ãË�ºmÈÓÒ« °ãºÎÓ©² °Ò°�Ëä �Ò¹È °Ò°�Ëä äÈ°°º�
mº�º º­°ã�ÎÒmÈÓÒ«� �¯Ò ª�ºä }ã
�Ëm©ä ¹ºÓ«�ÒËä
«mã«Ë�°« äÈ¯}ºm°}Ò® ¹¯º�Ë°°� ¹¯Ë�°�Èmã«
�Ò® °º�
­º® äº�Ëã	 ° }ºÓË�Ó©ä äÓºÎË°�mºä °º°�º«ÓÒ®� º¹Ò�
°©mÈ
�Ò² Á�Ó}�ÒºÓÒ¯ºmÈÓÒË °Ò°�Ëä©� { °m«ÏÒ °
ª�Òä äº�Ëã	 äÈ¯}ºm°}º�º ¹¯º�Ë°°È äºÎË� ­©�	 Ò°�
¹ºã	ÏºmÈÓÈ }È} º­º­�ËÓÓÈ« �ã« �ÒÓÈäÒ�Ë°}º® °Ò°�
�Ëä© >��@� iã« ¯ËÈãÒÏÈ�ÒÒ äÈ¯}ºm°}Ò² ¹¯º�Ë°°ºm
äº��� ­©�	 Ò°¹ºã	ÏºmÈÓ© ÓÈ¹¯ÈmãËÓÓ©Ë �¯ÈÁ© °º°�
�º«ÓÒ®� cÈÏ¯È­º�}È äº�ËãË® º­�Ë}�È �¹¯ÈmãËÓÒ« Ò
kv� �� m �Ëãºä mË�Ë�°« º� È­°�¯È}�Ó©² äº�ËãË®
äÈ¯}ºm°}Ò² ¹¯º�Ë°°ºm ­ºãËË m©°º}º�º ¹º¯«�}È }
�È}ºm©ä ­ºãËË ÓÒÏ}º�º ¹º¯«�}È� �ºª�ºä� 22' m
¯ËÏ�ã	�È�Ë �ÈË� ÒË¯È¯²Ò�Ë°}�
 °Ò°�Ëä� äÈ¯}ºm°}Ò²
°²Ëä� ¯ËÈãÒÏºmÈÓÓ©² m mÒ�Ë ÓÈ¹¯ÈmãËÓÓ©² �¯ÈÁºm
°º°�º«ÓÒ®�

{ ÒË¯È¯²Ò�Ë°}º® °²ËäË ­ÈÏºm©² }ãÈ°°ºm �°ä�
¯Ò°� �� }ÈÎ�©® º­�Ë}� ÒÓ}È¹°�ãÒ¯�Ë� º­�Ë}� �Ò¹È
7*UDI� }º�º¯©® ÏÈ�ÈË� ¹ºmË�ËÓÒË º­�Ë}�È m ¯ËÈã	�
Óºä äÈ°��È­Ë m¯ËäËÓÒ� cËÈãÒÏÈ�Ò
 º­�Ë}�È �Ò¹È
7*UDI ÓÈ «Ï©}Ë äÈ�ÒÓÓº�º ¹¯º�¯ÈääÒ¯ºmÈÓÒ« äºÎ�
Óº Áº¯äÈãÒÏºmÈ�	� ÓÈ¹¯ÒäË¯� ° ¹ºäº�	
 °�ÈÓ�È¯�
�Óº�º ­ãº}È ½VZLWFK … FDVH RI�� iã« º¯�ÈÓÒÏÈ�ÒÒ
¯È­º�© �È}º® äº�ËãÒ m ¯ËÈã	Óºä äÈ°��È­Ë m¯ËäËÓÒ
ÓËº­²º�Òäº ÎË°�}º �È}�Ò¯ºmÈ�	 �¯ÈÁ ° ¹Ë¯Òº�ºä
ÒÓ�Ë¯mÈãÈ ¯ËÈã	Óº�º äÈ°��È­È m¯ËäËÓÒ� w�º °ãË���
Ë� º­Ë°¹Ë�Ò�	 °ºº�mË�°�m�
�Òä m©­º¯ºä }È} º¹Ë�
¯È�ÒºÓÓº® °Ò°�Ëä© }ºÓ�¯ºããË¯È� �È} Ò }ºä¹Òã«�º�
¯È «Ï©}È ¹¯º�¯ÈääÒ¯ºmÈÓÒ«� sÈ¹¯ÒäË¯� �ã« ¯È­º�©
m ¯ËÈã	Óºä äÈ°��È­Ë m¯ËäËÓÒ �¯ÈÁºm °º°�º«ÓÒ® °
�È}�ºä ��� ° äºÎÓº Ò°¹ºã	ÏºmÈ�	 º¹Ë¯È�ÒºÓÓ�
 °Ò°�
�Ëä� 06 :LQGRZV 17 Ò °Ò°�Ëä� ¹¯º�¯ÈääÒ¯ºmÈÓÒ«
%RUODQG &��%XLOGHU� È �ã« ¯È­º�© ° �È}�ºä äËÓËË
� ä° ÓËº­²º�ÒäÈ º¹Ë¯È�ÒºÓÓÈ« °Ò°�ËäÈ 26�� Ò }ºä�
¹Òã«�º¯ «Ï©}È 0LFURZDUH 8OWUD &���

{ }È�Ë°�mË ¹¯ÒäË¯È ¯È°°äº�¯Òä äÈ¯}ºm°}�
 äº�
�Ëã	 º­�Ë}�È ½{kz��lshq z�k�ks�� �¯ÈÁ
°º°�º«ÓÒ® }º�º¯º�º ¹¯ÒmË�ËÓ ÓÈ ¯Ò°� �� È� �º°ãË
°­¯º°È äº�Ëã	 ¹Ë¯Ë²º�Ò� m °º°�º«ÓÒË [�� jäË
�°«
�È}ÎË �mÈ �°�º®�Òm©² °º°�º«ÓÒ«� [�Û ½~kzch��
Ò [�Û ½|�zch��� { ¹¯º�Ë°°Ë ¯È­º�© �¯ÈÁ äºÎË�
m¯ËäËÓÓº ÓÈ²º�Ò�	°« m °º°�º«ÓÒÒ [�� [�� [� Ò [��
}º�º¯©Ë äºÎÓº ²È¯È}�Ë¯ÒÏºmÈ�	 }È} ¹¯ºäËÎ��º��
Ó©Ë� iã« ¯ËÈãÒÏÈ�ÒÒ �ÈÓÓº® äº�ËãÒ m mÒ�Ë ¹¯º��
¯Èää© Ò°¹ºã	Ï�Ëä «Ï©} v��� sÈ ¯Ò°� �� ­ ¹º}ÈÏÈÓ

Á¯È�äËÓ� }º�È ¹¯º�¯Èää©� °ºº�mË�°�m�
�Ò® �¯ÈÁ�
ÓÈ ¯Ò°� �� È�

lºÎÓº º�äË�Ò�	 ¹¯ËÒä��Ë°�mº ¹¯º�¯ÈääÒ¯ºmÈ�
ÓÒ« º­�Ë}�ºm ¹º �È}º® Áº¯äÈã	Óº® äË�º�Ò}Ë� }º�º�
¯ºË ÏÈ}ã
�ÈË�°« m ÓÈ�ã«�Óº°�Ò Ò mÏÈÒäºº�ÓºÏÓÈ��
Óº°�Ò äº�ËãÒ º­�Ë}�È Ò ¹¯º�¯ÈääÓº�º }º�È� w�º
¹ºÏmºã«Ë� °��Ë°�mËÓÓº °º}¯È�Ò�	 °¯º}Ò ¯ÈÏ¯È­º�}Ò
Ò ¹ºm©°Ò�	 ÓÈ�ËÎÓº°�	 ¯È­º�©�|kv��� °mÈ¯}Ò�

jÏmË°�Ó©® °¯Ë�Ò ¹¯º�¯ÈääÒ°�ºm ÈÁº¯ÒÏä� ���
mË¯Î�È
�Ò®� ��º ½}ÈÎ�È« ¹º°ãË�Ó«« m©«mãËÓÓÈ«
º�Ò­}È m ¹¯º�¯ÈääË «mã«Ë�°« ¹¯Ë�¹º°ãË�ÓË®�� º��
¯ÈÎÈË� mÈÎÓ�
 ¹¯º­ãËä� ¹ºÒ°}È Ò �°�¯ÈÓËÓÒ« º�Ò�
­º} m �| kv� �� °mÈ¯}Ò� v��Ë°�mËÓÓ©ä ¹¯ËÒä��
�Ë°�mºä 22' ¹º�²º�È «mã«Ë�°« �º� ��º ¹¯Ò }ºÓ°�
�¯�Ò¯ºmÈÓÒÒ Ò º�ãÈ�}Ë ¹¯º�¯Èää mºÏÓÒ}È
�ÒË ÏÈ�
�È�Ò äºÎÓº °mË°�Ò } ÏÈ�È�Èä �Ëº¯ÒÒ �¯ÈÁºm ãÒ­º
Ò°¹ºã	ÏºmÈ�	 Ò² m }È�Ë°�mË º°Óºm© �ã« ¯Ë�ËÓÒ«� z
ÓÒä º�Óº°«�°« ÏÈ�È�Ò �Ë°�Ò¯ºmÈÓÒ« Ò ¹¯ºmË¯}Ò ¹¯È�
mÒã	Óº°�Ò ¹¯º�¯Èää©� º�ËÓ}Ò °ãºÎÓº°�Ò Ò m¯ËäËÓÒ
Ò°¹ºãÓËÓÒ« Ò �¯� { �È­ãÒ�Ë ¹º}ÈÏÈÓÈ °m«Ï	 äËÎ��
�È}ÒäÒ ÏÈ�È�ÈäÒ Ò ÏÈ�È�ÈäÒ �Ëº¯ÒÒ �¯ÈÁºm ÒÏ >��@�

{ }È�Ë°�mË ¹¯ÒäË¯È ¯È°°äº�¯Òä �¹¯Èmã«
�Ò®
�¯ÈÁ �Ë²Óºãº�Ò�Ë°}º�º ¯ËÎÒäÈ½|�zk zk{kz��
�ls|q zklpch� �¯Ò°� ��� {Ë¯�ÒÓÈ [� «mã«�
Ë�°« m²º�ºä� È [� Û m©²º�ºä �¯ÈÁÈ� ��°�	 ÓËº­�
²º�Òäº ¹º°�¯ºÒ�	 ¹¯º�¯Èää� �Ë°�Ò¯ºmÈÓÒ« �ÈÓÓº�º
�¯ÈÁÈ� iã« ª�º�º ÓÈ®�Ëä äÒÓÒäÈã	ÓºË ¹º}¯©�ÒË
mË¯�ÒÓ ¹��«äÒ

µ� = >½v­¯º°�� ½��°}��X�� X�� X�� X�� X�� X�� X�� X��

X�� X���X��� X��� X��� X��� X��� X��� X��� X���X���

X��� X��� X��� X��� X��� X��@

���

Ò ��� ¹��«äÒ

ϕ� = µ�� ���

ϕ� = >½v­¯º°� � ½��°} ��X�� X�� X��� X��� X��� X��� X��� X��@� ���

�È}Òä º­¯ÈÏºä� ÒäËËä �mÈ äÒÓÒäÈã	Ó©² ¹º}¯©�
�Ò« µ� Ò ϕ�� }º�º¯©Ë äºÎÓº ¹ºãºÎÒ�	 m º°Óºm�
�Ë°�ºmº® ¹¯º�¯Èää© �ã« ¯È°°äÈ�¯ÒmÈËäº�º �¹¯Èm�
ã«
�Ë�º �¯ÈÁÈ�

iº¹ºãÓÒ�Ëã	Ó©ä ¹¯ËÒä��Ë°�mºä �ÈÓÓº�º ¹º��
²º�È «mã«Ë�°« �È}ÎË �º� ��º ¹¯º�¯ÈääÒ°�© m©Ó�Î�
�ËÓ© �º}�äËÓ�Ò¯ºmÈ�	 °mºÒ �¹¯Èmã«
�ÒË �¯ÈÁ© Ò
�º�Óº ¹ãÈÓÒ¯ºmÈ�	 ¹¯º�Ë°° º�ãÈ�}Ò Ò �Ë°�Ò¯ºmÈÓÒ«
¹¯º�¯Èää� w�º ¹ºÏmºã«Ë� º­Ë°¹Ë�Ò�	 ¹ºãÓº�ËÓÓºË
°º¹¯ºmºÎ�ËÓÒË Ò º­°ã�ÎÒmÈÓÒË ¹º �| kv� ��
°mÈ¯}Ò�

{©mº�©

�� vºm¯ËäËÓÓ©Ë kv� �� °mÈ¯}Ò ¹¯Ë�°�Èmã«
� °º�
­º® °ãºÎÓ©Ë ÒÓÁº¯äÈ�ÒºÓÓº��¹¯Èmã«
�ÒË °Ò°�Ë�
ä© ° ¯ÈÏmÒ�©ä äÈ�ËäÈ�Ò�Ë°}Òä º­Ë°¹Ë�ËÓÒËä� �¯Ò
¯ÈÏ¯È­º�}Ë �| �È}Ò² °Ò°�Ëä º°ÓºmÓº® ¹¯º­ãËäº®
«mã«Ë�°« m©­º¯ ¹º�²º�«�Ë® Áº¯äÈã	Óº® äË�º�Ò}Ò
¹¯ºË}�Ò¯ºmÈÓÒ«� }º�º¯È« ­© ¹ºÏmºã«ãÈ �¯ÈÓ°Áº¯�
äÒ¯ºmÈ�	 ½mÓË�Ó

 °ãºÎÓº°�	� °Èäº® ÏÈ�È�Ò Èm�
�ºäÈ�ÒÏÈ�ÒÒ mº ½mÓ��¯ËÓÓ

 ¹¯º°�º��� È¯²Ò�Ë}���
¯© Ò ¹¯º�¯ÈääÓº�º }º�È �| kv� �� °mÈ¯}Ò� 2|'
¹º�²º�� Ò°¹ºã	Ï�
�Ò® äË�º�© �Ë}ºä¹ºÏÒ�ÒÒ� È­°�
�¯È}�ÒÒ Ò ÒË¯È¯²ÒÒ� ¹ºÏmºã«Ë� ¯ËÈãÒÏºmÈ�	 ¹¯ÒÓ�
�Ò¹ ½mÓ��¯ËÓÓË® ¹¯º°�º�©� }È} �ã« °Èäº�º �|� �È}
Ò �ã« kv� �� m �Ëãºä� { ¯ËÏ�ã	�È�Ë �äËÓ	�È
�°«
°¯º}Ò ¯ÈÏ¯È­º�}Ò Ò mÓË�¯ËÓÒ«� È �È}ÎË �º°�Ò�ÈË�°«

cÒ°� �� �¯ÒäË¯ °ãºÎÓº�º �¹¯Èmã«
�Ë�º �¯ÈÁÈ
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¹ºm©�ËÓÓÈ« ÓÈ�ËÎÓº°�	 Á�Ó}�ÒºÓÒ¯ºmÈÓÒ« �|
¯ÈÏ¯È­º�ÈÓÓº® °Ò°�Ëä© �¹¯ÈmãËÓÒ« kv� ��
°mÈ¯}Ò�

�� j°¹ºã	ÏºmÈÓÒË ¯ËÏ�ã	�È�ºm �Ëº¯ÒÒ �¯ÈÁºm
¹ºÏmºã«Ë� Áº¯äÈãÒÏºmÈ�	 ¹¯º�Ë��¯© º�ãÈ�}Ò Ò �Ë°�
�Ò¯ºmÈÓÒ« �| kv� �� °mÈ¯}Ò� ��º �ÈË� mºÏäºÎ�
Óº°�	 ¯ÈÏ¯È­È�©mÈ�	 ¹¯º�¯Èää© °º °ãºÎÓº®
ãº�Ò}º® ¯È­º�©� }º�º¯©Ë ¹¯È}�Ò�Ë°}Ò ÓË ÒäË
�
º�Ò­º}�

�� r�� �� |­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓ©® ÈÓÈãÒÏ Ò ¹¯ºË}�Ò¯ºmÈ�
ÓÒË �° ¹¯ÒäË¯ÈäÒ ¹¯ÒãºÎËÓÒ® ÓÈ &���� �Ë¯� ° ÈÓ�ã� Û
l�� rÒÓºä� ����� Û ��� °�

��  mË¯�}º k� j�� sÈÏÈ¯ËÓ}º |� z�� zÈ®�Èãºm k� k� �ËÓ�
�ËÓ�ÒÒ ¯ÈÏmÒ�Ò« �� lÈ�ÒÓº°�¯ºËÓÒË� wÓ�Ò}ãº¹Ë�Ò«� Û
�� ,9��� |­º¯��ºmÈÓÒË �ã« °mÈ¯}Ò� Û �ã� �� |­º¯��ºmÈ�
ÓÒË �ã« ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ò� Û l�� lÈ�ÒÓº°�¯ºË�
ÓÒË� ����� Û v� ���Ü����

�� sÈÏÈ¯ËÓ}º |� z� {�º¯Ò�Óº�ªãË}�¯ºÓÓÈ« °ãË�«�È« °Ò°�ËäÈ
° ªãË}�¯ºäË²ÈÓÒ�Ë°}Òä ¹¯Òmº�ºä �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ ��� Û v� ��Ü���

�� sÈÏÈ¯ËÓ}º |� z�� zÈ®�Èãºm k� k� lÒ}¯º¹¯º�Ë°°º¯Ó©Ë
°Ò°�Ëä© ãº}Èã	Óº�º �¹¯ÈmãËÓÒ« ¹È¯ÈäË�¯ÈäÒ ¹¯º�Ë°°È
ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ò Ò ªãË}�¯ºäË²ÈÓÒ�Ë°}Òä }ºä¹�
ãË}°ºä �� lÈ�ÒÓº°�¯ºËÓÒË� wÓ�Ò}ãº¹Ë�Ò«� Û �� ,9���
|­º¯��ºmÈÓÒË �ã« °mÈ¯}Ò� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� �����
Û v� ���Ü����

�� c©ÎËÓ}º k� j�� vmÒ¯Ò� �� s� |­�Ë}�Óº�°�¯�}��¯Ò¯ºmÈÓ�
ÓÈ« kv� �� ä�}ºäºã	Óº�º ÏÈmº�È �� vºm¯� �Ë²Óºãº�ÒÒ
Èm�ºäÈ�ÒÏÈ�ÒÒ� Û ����� Û ¢ �� Û v� ���

�� $ ZHOGLQJ FHOO ZLWK LWV RZQ :HE VLWH � 7� 3� 4XLQQ� -� '�
*LOVLQQ� :� 5LSSO\ �� :HOGLQJ -� Û ����� Û ¢ �� Û
3� ��Ü���

�� 1HWZRUNLQJ RI ZHOGLQJ DSSOLFDWLRQV � :� 5LSSO\� -� *LO�
VLQQ� /� )OLWWHU �� ,ELG� Û ����� Û ¢ �� Û 3� ��Ü���

�� 1R RWKHU 3&�EDVHG VKDSH�FXWWLQJ FRQWURO WRXFKHV LW� %851
�� VKDSH�JXWWLQJ PRWLRQ FRQWURO �� ,ELG� Û ����� Û ¢ ��
Û 3� ���

�� r�� ��� cÈä­º i�� iÎË}º­°ºÓ k� ÐÏ©} 80/� c�}ºmº�°�mº
¹ºã	ÏºmÈ�Ëã«� �Ë¯� ° ÈÓ�ã� Û l�� ilz� ����� Û ��� °�

��� wÓ�Ò}ãº¹Ë�Ò« }Ò­Ë¯ÓË�Ò}Ò� { � �� Û zÒËm� �}¯� °ºm� ªÓ�
�Ò}ã�� ����� Û �� �� Û ��� °�

��� pm°�Ò�ÓËËm {� k� �¯ÒäËÓËÓÒË �Ëº¯ÒÒ �¯ÈÁºm m ¹¯º�¯Èä�
äÒ¯ºmÈÓÒÒ � �º� ¯Ë�� k� �� p¯�ºmÈ� Û l�� sÈ�}È�
����� Û ��� °�

7KH XVH RI REMHFW�RULHQWHG GHVLJQ LQ GHYHORSPHQW RI &$0 FRQWURO V\VWHPV IRU ZHOGLQJ LV FRQVLGHUHG� $ IUDJPHQW RI DQ HOHFWURQ
EHDP ZHOGLQJ XQLW ZDV VHOHFWHG DV DQ H[DPSOH RI D FRPSOH[ REMHFW RI FRQWURO� 2EMHFW�RULHQWHG DQDO\VLV LV SHUIRUPHG� D GLDJUDP
RI UHODWLRQV DQG V\QFKURQL]DWLRQ LV SORWWHG DQG D FRQFHSWXDO VROXWLRQ IRU D QHWZRUN FRQWURO V\VWHP IRU ZHOGLQJ &$0 V\VWHP LV
VXJJHVWHG�

�º°��¹ÒãÈ m ¯Ë�È}�Ò� �����������
m º}ºÓ�È�Ëã
Óºä mÈ¯ÒÈÓ�Ë ����������
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 ã��}º¯� sks �}¯ÈÒÓ© |� z� sk~kcpsz|� {� l� spv�pcpsz|{� }ÈÓ�� �Ë²Ó� ÓÈ�}� �� {� sp�|c|ysjq� ÒÓÎ�

�jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

¯¿ÆÏ¿ÀÍÑ¿ÌÚ ÌÍÁÚÄ ÎÏÇÌÕÇÎÚ ÉÍÌÐÑÏÒÇÏÍÁ¿ÌÇÞ Á¿ÉÒÒËÌÚÔ É¿ËÄÏ Ç ÑÄÔÌÍÊÍÂÇÞ ÇÔ ÐÀÍÏÉÇ ÎÍÃ ÜÊÄÉÑÏÍÌÌÍ�ÊÒÖÄÁÒÝ

ÐÁ¿ÏÉÒ� ÏÄ¿ÊÇÆÍÁ¿ÌÌÚÄ ÎÏÇ ÐÍÆÃ¿ÌÇÇ ÎÞÑÇ Á¿ÉÒÒËÌÚÔ É¿ËÄÏ ÍÀÙÄËÍË ÍÑ �� ÃÍ �� Ç ÃÁÒÔ É¿ËÄÏ ÍÀÙÄËÍË ��� Ë
�

�

zã
� Ë m © Ë ° ã º m È � ªãË}�¯ºÓÓº�ã��ËmÈ« °mÈ¯}È� mÈ}��ä�

ÓÈ« }ÈäË¯È� º­ºãº�}Ò� ÓË°��È« °¹º°º­Óº°�	� °ÓÒÎËÓÒË äË�

�ÈããºËä}º°�Ò� °mÈ¯º�Ó©Ë �ËÁº¯äÈ�ÒÒ� äË²ÈÓÒ�Ë°}È« º­¯È�

­º�}È� mÈ}��äÓÈ« ¹ãº�Óº°�	

vºm¯ËäËÓÓÈ« �Ë²ÓÒ}È ÓË¯ÈÏ¯©mÓº °m«ÏÈÓÈ ° mÈ}��
�äÓ©äÒ �Ë²Óºãº�Ò«äÒ °��}Ò� °mÈ¯}Ò� ¹È®}Ò� ¹ãÈm�

}Ò� äË�ÈããÒÏÈ�ÒÒ Ò �¯�� �¯Ë­�
�ÒäÒ ¹¯ÒäËÓËÓÒ«

¯ÈÏãÒ�Ó©² mÈ}��äÓ©² }ÈäË¯ Û º�mË�°�mËÓÓ©² Ò

�¯��ºËä}Ò² }ºÓ°�¯�}�Ò®� }º�º¯©Ë ¹¯Ò ÓÈÒäËÓ	�Ë®

äË�ÈããºËä}º°�Ò �ºãÎÓ© ÒäË�	 �¯Ë­�Ëä�
 ÎË°��

}º°�	 ¹º� mºÏ�Ë®°�mÒËä È�äº°ÁË¯Óº�º �ÈmãËÓÒ«�

|°º­ËÓÓº ª�º }È°ÈË�°« }¯�¹Óº�È­È¯Ò�Ó©² }ÈäË¯ °

¯È­º�Òä º­�Ëäºä ��… �� ä
�
� °º°�º«�Ò² ÒÏ ÓË°}ºã	�

}Ò² °º�ËÓ �Ë�ÈãË®�

z¯�¹Óº�È­È¯Ò�Ó©Ë mÈ}��äÓ©Ë }ÈäË¯© ¹¯«äº��

�ºã	Óº® Áº¯ä©��Ò¯º}º ¹¯ÒäËÓ«Ëä©Ë m �°�ÈÓºm}È²

�ã« ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ò� °º�Ë¯ÎÈ� º�Ó�

mÈ}��ä¹ãº�Ó�
 º­ºãº�}�� °ÓÈ­ÎËÓÓ�
 m ÏÈmÒ°Ò�

äº°�Ò º� Áº¯ä© Ò ¯ÈÏäË¯ºm ¹¯º�ºã	Ó©äÒ� ¹º¹Ë¯Ë��

Ó©äÒ ÒãÒ ¹¯º�ºã	Óº�¹º¹Ë¯Ë�Ó©äÒ °Òãºm©äÒ ¹º«�

°ÈäÒ >�@� w�Ò ¹º«°È ¹¯Ò�È
� º­ºãº�}Ë º­��
 �°�

�º®�Òmº°�	 Ò ÎË°�}º°�	 ¹º� mºÏ�Ë®°�mÒËä È�äº°ÁË¯�

Óº�º �ÈmãËÓÒ« ¹¯Ò mÈ}��äÒ¯ºmÈÓÒÒ }ÈäË¯©� º�ÓÈ}º

äÈ}°ÒäÈã	ÓÈ« �ËÁº¯äÈ�Ò« °�ËÓº} �È}º® }ÈäË¯© �º�

²º�Ò� �º � ää� ��º Ò°}ã
�ÈË� äºÓ�ÈÎ ¹¯Ë�ÒÏÒºÓÓ©²

äÈÓÒ¹�ã«�º¯ºm ¹Ë¯ËäË�ËÓÒ« ¹��}Ò Ò °mÈ¯ÒmÈËäº�º

ÒÏ�ËãÒ« ­ËÏ Ò°¹ºã	ÏºmÈÓÒ« �º¹ºãÓÒ�Ëã	Ó©² }ºÓ°�

�¯�}�Ò®� ¹ºÏmºã«
�Ò² º�°ºË�ÒÓÒ�	 ª�Ò äË²ÈÓÒÏä©

º� °�ËÓº} }ÈäË¯©� �¯ÒäËÓËÓÒË �}ÈÏÈÓÓ©² }ºÓ°�

�¯�}�Ò® �äËÓ	�ÈË� }ºªÁÁÒ�ÒËÓ� Ò°¹ºã	ÏºmÈÓÒ«

º­�ËäÈ }ÈäË¯© �º�Óº�ËÓÒË º­�ËäÈ °mÈ¯ÒmÈËäº�º ÒÏ�

�ËãÒ« } º­�Ëä� º­�Ëä� }ÈäË¯©�� �� Ë� �mËãÒ�ÒmÈË�

º�}È�ÒmÈËä©® º­�Ëä� °�ºÒäº°�	 mÈ}��äÓº® °Ò°�Ëä©

Ò m ¯ËÏ�ã	�È�Ë °�ºÒäº°�	 m°Ë® �°�ÈÓºm}Ò�

{ °ã��ÈË ¹¯ÒäËÓËÓÒ« ���ºm©² °¹º°º­ºm °mÈ¯}Ò

¹¯Ò ÒÏ�º�ºmãËÓÒÒ mÈ}��äÓ©² }ÈäË¯ ÏÈ�È°��
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ÓÒ�ÈäÒ }¯ËäÓÒ«� Èã
äÒÓÒ«� }ÈãÒ« Ò äË�Ò�

cËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ® ¹º}ÈÏÈãÒ� ��º mmË�Ë�
ÓÒË m °º°�Èm ¹º¯º�}ºmº® ¹¯ºmºãº}Ò �È}Ò² }ºä¹º�
ÓËÓ�ºm� }È} Á�º¯Ò�© Ò ²ãº¯Ò�©� �ã���ÈË� °�È­Òã	�
Óº°�	 ¹¯º�Ë°°È ÓÈ¹ãÈm}Ò� �È}� m©�Ëã«
�Ò®°« ÒÏ
6L)� Á�º¯ ÒäËË� m©°º}Ò® ����� {� ¹º�ËÓ�ÒÈã ÒºÓÒ�
ÏÈ�ÒÒ Ò �²���ÈË� ªãË}�¯º¹¯ºmº�Óº°�	 °�ºã­È ���Ò�
��º mË�Ë� } ¹ºm©�ËÓÒ
 ÓÈ¹¯«ÎËÓÓº°�Ò ªãË}�¯Ò�Ë°�
}º�º ¹ºã« m °�ºã­Ë ���Ò Ò �ã���ËÓÒ
 ¹¯º�Ë°°È °È�
äº¯Ë��ãÒ¯ºmÈÓÒ« ���Ò ¹ãÈm«�Ë�º°« ªãË}�¯º�È� |��
ÓÈ}º ¹¯Ò ª�ºä ÓÈ­ã
�ÈãÒ ÓË��ºmãË�mº¯Ò�Ëã	ÓºË
Áº¯äÒ¯ºmÈÓÒË mÈãÒ}È� { ²º�Ë Ò°°ãË�ºmÈÓÒ® ­©ãÒ
¹¯ºmË�ËÓ© º¹©�© ¹º ÏÈäËÓË �Ë�¯ÈÁ�º¯Ò�È }¯ËäÓÒ«
ÓÈ �¯ÒÁ�º¯Ò� ­º¯È %)�� }º�º¯©® ¹¯ÒäËÓ«Ë�°« ¹¯Ò

¹È®}Ë Ò º­Ë°¹Ë�ÒmÈË� ÓÈ�ËÎÓºË °äÈ�ÒmÈÓÒË ¹¯Ò¹ºËä
º°ÓºmÓº�º äË�ÈããÈ �ÈÎË ­ËÏ ¯È°¹ãÈmãËÓÒ« ¹º°ãË��
ÓË�º >�@�

cËÈ}�ÒÒ mÏÈÒäº�Ë®°�mÒ« äº��� ¹¯º�Ë}È�	 ¹º °²Ë�
äÈä�

%
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�
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�
→ %)

�
↑ + $O

�
2

�
� ���

%
�
2

�
+ �0J)

�
→ %)

�
↑ + �0J2� ���

~ÓÈ�ËÓÒ« ÒÏº­È¯Óº�ÒÏº�Ë¯äÓº�º ¹º�ËÓ�ÒÈãÈ ¯Ë�
È}�Ò® º­¯ÈÏºmÈÓÒ« %)� ¹¯Ò ¯ÈÏãÒ�Ó©² �Ëä¹Ë¯È���
¯È² ¯È°°�Ò�ÈÓ© °º�ãÈ°Óº >�� �@�

sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓÈ �Ë¯äº�¯ÈääÈ ¯ËÈ}�ÒÒ
���� ÒÏ }º�º¯º® mÒ�Óº� ��º ºÓÈ ¹¯º�Ë}ÈË� ¹¯Ò �Ëä�
¹Ë¯È��¯Ë ¹ãÈmãËÓÒ« %�2�� �¯Ò ª�ºä m©�Ëã«Ë�°« %)�

Ò m ÓËÏÓÈ�Ò�Ëã	Ó©² }ºãÒ�Ë°�mÈ² %)� Ò %)�
sÈ ¹¯È}�Ò}Ë m °º°�Èm ¹º¯º�}ºmº® ¹¯ºmºãº}Ò

mmº�«� ÓË �Ò°�©Ë }ºä¹ºÓËÓ�©� È Ò² °ºË�ÒÓËÓÒ« Û
¹ãÈmãËÓ�
 ­�¯� Ò }¯ÒºãÒ�� �¯Ò º�Óºm¯ËäËÓÓºä
mmË�ËÓÒÒ ­�¯© Ò }¯ÒºãÒ�È °ÓÒÎÈË�°« }ºãÒ�Ë°�mº
º}°Ò�Ó©² m}ã
�ËÓÒ® m ÓÈ¹ãÈmãËÓÓºä äË�ÈããË� ��º
º­�«°Ó«Ë�°« ¯È°�mº¯ËÓÒËä ¹º°ãË�ÓÒ² m º­¯ÈÏ�
�
�Ëä°« �ãÈ}Ë�

v�È­Òã	Óº°�	 ¹¯º�Ë°°È ¹ãÈÏäÈ�lj� ÓÈ¹ãÈm}Ò
¹¯Ò mmË�ËÓÒÒ m �Ò²�� Á�º¯Ò�ºm ¹ºm©�ÈË�°«� �¯Ò
ª�ºä ÓË°¹ãÈmãËÓÒË ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ ° º°Óºm�
Ó©ä º�°��°�m�Ë�� rãÈ�º�È¯« ÒÏ­©�º�Óº® �Ëä¹Ë¯È���
¯Ë ¹¯Ò°È�º�Óº�º äÈ�Ë¯ÒÈãÈ Ò m©°º}º® È}�ÒmÓº°�Ò
%)� Ò 6L)� ¹¯º�Ë°° ¹¯º�Ë}ÈË� ¹¯È}�Ò�Ë°}Ò ­ËÏ ¯È°�
¹ãÈmãËÓÒ« º°ÓºmÓº�º äË�ÈããÈ� { �º ÎË m¯Ëä« ÓÈ­�
ã
�ÈË�°« ��ºmãË�mº¯Ò�Ëã	ÓºË ¯È°�Ë}ÈÓÒË äË�ÈããÈ
mÈãÒ}È ¹º ÓÈ¹ãÈmã«Ëäº® ¹ºmË¯²Óº°�Ò �¯Ò°� ���

v �Ëã	
 ¯ÈÁÒÓÒ¯ºmÈÓÒ« ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ
Ò� }È} °ãË�°�mÒË� ¹ºm©�ËÓÒ« ¯ÈÏ�È¯º°�º®}º°�Ò ÒÏ�
�ËãÒ«� m °º°�Èm ¹º¯º�}ºmº® ¹¯ºmºãº}Ò mmº�ÒãÒ
²ãº¯Ò�© Û °äË°	 &X&O� Ò .&O� tãº¯ �È} ÎË� }È}
Ò Á�º¯� ¹ºm©�ÈË� ÓÈ¹¯«ÎËÓÓº°�	 ªãË}�¯Ò�Ë°}º�º
¹ºã« m °�ºã­Ë ���Ò �¹º�ËÓ�ÒÈã ÒºÓÒÏÈ�ÒÒ °º°�Èm�
ã«Ë� �� {�� tãº¯Ò�© °¹º°º­°�m�
� �È}ÎË ��ÈãËÓÒ

º}°Ò�Ó©² ÏÈ�¯«ÏÓËÓÒ® ° ¹ºmË¯²Óº°�Ò �È°�Ò� äË�Èã�
ãÒ�Ë°}Ò² }ºä¹ºÓËÓ�ºm °Ë¯�Ë�ÓÒ}È ¹¯ºmºãº}Ò ¹º°ãË
ËË ¹¯º}Èã}Ò�

{ ¹¯º�Ë°°Ë ¹¯º}Èã}Ò ¹º¯º�}ºmº® ¹¯ºmºãº}Ò
¹¯ºÒ°²º�Ò� ¯È°¹È� &X&O��

&X&O
�

→ &X&O � &O� ���

cÒ°� �� �Ë¯äº�¯ÈääÈ º­¯ÈÏºmÈÓÒ« %)� ÒÏ $O)� Ò %�2� �� Û
�Ëä¹Ë¯È��¯È ÓÈ�¯ËmÈ }ºä¹ºÓËÓ�ºm �Ò²�©� �� Û ¹º�Ë¯« äÈ°°©�
∆� Û ¯ÈÏÓÒ�È �Ëä¹Ë¯È��¯ mÓ��¯Ò �Ò�ã« Ò ÓÈ�¯ËmÈ
�Ë® °¯Ë�©�
τ Û m¯Ëä« Ò°¹©�ÈÓÒ®�

cÒ°� �� ~ºÓÈ °¹ãÈmãËÓÒ« º°ÓºmÓº�º Ò ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ ¹¯Ò
Ò°¹ºã	ÏºmÈÓÒÒ ¹º¯º�}ºm©² ¹¯ºmºãº}� m©�Ëã«
�Ò² 6L)� �È� Ò
%)� �­�

cÒ°� �� lÒ}¯º°�¯�}��¯È ������ ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� ¹ºã��ËÓÓÈ« ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ ¹º¯º�}ºm©² ¹¯ºmºãº}� m©�Ëã«
�Ò² 6L)�

�È� Ò %)� �­�
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{©�ËãÒm�Ò®°« m ¯ËÏ�ã	�È�Ë ¯ËÈ}�ÒÒ ��� È�ºäÈ¯�
Ó©® ²ãº¯ º�ËÓ	 È}�ÒmËÓ� vºË�ÒÓ««°	 ° º}°Ò�ÈäÒ ÓÈ
¹ºmË¯²Óº°�Ò �È°�Ò� ¹º¯º�}È� ºÓ º­¯ÈÏ�Ë� ãË�}º¹�
ãÈm}ÒË º}°Ò²ãº¯Ò�©�

sÈãÒ�ÒË.&O ¹¯Òmº�Ò� } º­¯ÈÏºmÈÓÒ
 ªm�Ë}�Ò}Ò
&X&O.&O� ÒäË
�Ë® �Ëä¹Ë¯È��¯� ¹ãÈmãËÓÒ« ��� Åv
Ò ãË�}º ¯È°�mº¯«
�Ë® º}°Ò²ãº¯Ò�©� { ¯ËÏ�ã	�È�Ë
¯ËÈ}�ÒÒ ¹º °²ËäË�

0H � �&X&O → 0H&O
�
� &X↓

m©�Ëã«Ë�°« äË�	� }º�º¯È« º°Ë�ÈË� ÓÈ �È°�Ò�È² ¹º�
¯º�}È Ò ¹¯Ë�º²¯ÈÓ«Ë� Ò² º� �Èã	ÓË®�Ë�º mÏÈÒäº�
�Ë®°�mÒ« ° ¯È°¹ãÈmºä &X&O.&O� w}°¹Ë¯ÒäËÓ�Èã	Óº
äË�º�ºä ¹º�¯�ÎËÓÒ« º­¯ÈÏ�ºm äË�Èããºm m ¯È°¹ãÈm
&X&O.&O ¹º��mË¯Î�ËÓÈ m©°º}È« mË¯º«�Óº°�	 ¹¯º�
�Ë}ÈÓÒ« ¹º�º­Ó©² ¯ËÈ}�Ò®� �¯Ò ª�ºä º}°Ò�ÓÈ«
¹ãËÓ}È ÓÈ ¹ºmË¯²Óº°�Ò �È°�Ò� ¯È°�mº¯«Ë�°«� cË�
Ï�ã	�È�© äË�Èããº�¯ÈÁÒ�Ë°}Ò² Ò°°ãË�ºmÈÓÒ® ¹º}È�
ÏÈãÒ� ��º m äË�ÈããË� ÓÈ¹ãÈmãËÓÓºä ¹º¯º�}ºmº® ¹¯º�
mºãº}º®� °º�Ë¯ÎÈ�Ë® &X&O

�
.&O� ¹¯È}�Ò�Ë°}Ò

º�°��°�m�
� m}ã
�ËÓÒ« ÓË �ºã	}º º}°Ò�Óº�º� Óº Ò
ÓÒ�¯Ò�Óº�º ²È¯È}�Ë¯È �¯Ò°� ��� �È}ºË «mãËÓÒË äºÎ�
Óº º­�«°ÓÒ�	 �Ëä� ��º ÓÈ ¹ºmË¯²Óº°�Ò �È°�Ò� ¹º�
¯º�}È ÓÒ�¯Ò�© ¹¯Ò°��°�m�
� °ºmäË°�Óº ° º}°Ò�È�
äÒ� ��º ¹¯Òmº�Ò� } ��ÈãËÓÒ
 º°Ë�ÈÓÒ® º­ºÒ² �Ò¹ºm�

sÈãÒ�ÒË &X&O�.&O m °º°�ÈmË�Ò²�© ¹º¯º�}ºmº®
¹¯ºmºãº}Ò ¹¯Òmº�Ò� } �ºä�� ��º m°ãË�°�mÒË ¯È°�mº�
¯ËÓÒ« m ÓË® $O)� Ò %�2� ¯ËÈ}�Ò« ¹¯ºÒ°²º�Ò� m äº�
äËÓ� ¹¯º}Èã}Ò ¹¯ºmºãº}Ò� �È} }È} ÒÏäËÓËÓÒË �Ë¯�
äº�ÒÓÈäÒ�Ë°}º�º ¹º�ËÓ�ÒÈãÈ ∆* ª�º® ¯ËÈ}�ÒÒ
ÒäËË� º�¯Ò�È�Ëã	ÓºË ÏÓÈ�ËÓÒË ¹¯Ò }ºäÓÈ�Óº® �Ëä�
¹Ë¯È��¯Ë >�@� { �È}ºä °ã��ÈË �ËãË°ºº­¯ÈÏÓËË mmº�
�Ò�	 m �Ò²�� ¹º¯º�}ºmº® ¹¯ºmºãº}Ò 0J)� Ò %�2��
¹º°}ºã	}� ÏÓÈ�ËÓÒË ∆* °�ÈÓºmÒ�°« º�¯Ò�È�Ëã	Ó©ä
�ºã	}º ¹¯Ò �Ëä¹Ë¯È��¯Ë ÓË¹º°¯Ë�°�mËÓÓº ¹¯º�Ë°°È
ÓÈ¹ãÈm}Ò�

|°º­ËÓÓº°�Ò ¹¯º�Ë}ÈÓÒ« ²ÒäÒ�Ë°}Ò² ¯ËÈ}�Ò®
}ºä¹ºÓËÓ�ºm �Ò²�© m �°ãºmÒ«² ¹ãÈÏäÈ�lj� ÓÈ¹�
ãÈm}Ò �ºãÎÓ©��Ò�©mÈ�	°« ¹¯Ò ¯ÈÏ¯È­º�}Ë °º°�Èmºm
¹º¯º�}ºm©² ¹¯ºmºãº}�

{©mº�©

�� iã« �ã���ËÓÒ« °�È­Òã	Óº°�Ò �º¯ËÓÒ« ���Ò Ò
¹ãÈmãËÓÒ« ¹º¯º�}ºmº® ¹¯ºmºãº}Ò ¹¯Ò ¹ãÈÏäÈ�lj�
ÓÈ¹ãÈm}Ë m °º°�Èm ¹¯ºmºãº}Ò ¹¯Ë�ãºÎËÓº mmº�Ò�	
Á�º¯� Ò ²ãº¯°º�Ë¯ÎÈ�ÒË °ºË�ÒÓËÓÒ«� º­Ë°¹Ë�ÒmÈ�

�ÒË ¹ºm©�ËÓÒË ¹º�ËÓ�ÒÈãÈ ÒºÓÒÏÈ�ÒÒ�

�� �ã���ËÓÒ
 °äÈ�ÒmÈËäº°�Ò ¹ºmË¯²Óº°�Ò ÓÈ¹�
ãÈmã«Ëä©² ÏÈ�º�ºmº} ÒÏ °�ÈãÒ ÒãÒ ����ÓÈ Ò ¯È°�Ë�
}ÈÓÒ« äË�ÈããÈ mÈãÒ}È °¹º°º­°�m�Ë� º­¯ÈÏºmÈÓÒË
�¯ÒÁ�º¯Ò�È ­º¯È m °Ë¯�Ë�ÓÒ}Ë ¹º¯º�}ºmº® ¹¯ºmº�
ãº}Ò ÓÈ °�È�ÒÒ ËË ÓÈ�¯ËmÈ ÓÈ m©ãË�Ë�

�� lÈ}È¯ËÓ}º s� k� �ãÈÏäËÓÓÈ« ÓÈ¹ãÈm}È ° È}°ÒÈã	Óº® ¹º�
�È�Ë® ¹º¯º�}ºmº® ¹¯ºmºãº}Ò �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ �� Û v� ��Ü���

�� 0XFV\ *�� 9DV $�� %LFD ,� :LUWVK DIWOLFKNHLW XQG 7HFKQROR�
JLH EHLP 3ODVPD�0,* 6FKZHLβHQ �� /LV�0LWW� Û ����� Û
¢ �� Û 6� ��Ü���

�� 0RHVWXH +� 3ODVPD�0,* UROOV RYHU 6$ IRU VWHHO SODQW UHSD�
LUV �� :HOG� DQG 0HWDO� )DEULN� Û ����� Û ¢ �� Û
3� ���Ü����

�� 7RQ +� 3K\VLFDO SURSHUWLHV RI WKH SODVPD�0,* ZHOGLQJ DUF
�� -� 3K\VLFV '� $SSOLHG 3K\VLFV� Û ����� Û ¢ �� Û
3� ���Ü����

�� p°�Ó­Ë¯ãÒÓ c� p� �È®}È Ò �Ë¯äÒ�Ë°}È« º­¯È­º�}È �Ë�ÈãË®
m �ÈÏºmº® °¯Ë�Ë Ò mÈ}��äË� Û ��� lÈ�ÒÓº°�¯ºËÓÒË� �����
Û ��� °�

�� �Ë�¯ºm �� k�� ��äÈ¯Ëm k� v� �Ëº¯Ò« °mÈ¯º�Ó©² ¹¯º�Ë°�
°ºm� Û l�� {©°�� �}�� ����� Û ��� °�

�� �Ë¯äº�ÒÓÈäÒ�Ë°}ÒË °mº®°�mÈ ÓËº¯�ÈÓÒ�Ë°}Ò² mË�Ë°�m�
v¹¯Èmº�ÓÒ} � �º� ¯Ë�� k� j� ~ËÁÒ¯ºmÈ� Û l�� k�ºäÒÏ�
�È�� ����� Û ��� °�

�� Ðmº®°}Ò® {� j�� c�­ËÓÒ� �� j�� |ÓËÓ}º k� �� sËäË�Èã�
ãÒ�Ë°}ÒË m}ã
�ËÓÒ« Ò °mº®°�mÈ °�ÈãÒ� Û l�� lË�Èãã�¯�
�Ò«� ����� Û ��� °�

3HFXOLDULWLHV RIRFFXUUHQFHRI UHDFWLRQVEHWZHHQ FHUWDLQ FRPSRQHQWVRI WKH FKDUJHRI IOX[�FRUHGZLUHGXULQJSODVPD�0,*VXUIDFLQJ
DUH FRQVLGHUHG� ,W LV VKRZQ WKDW WKH SUHVHQFH RI KDOLGH FRPSRXQGV LQ WKH DUF FROXPQ IDYRXUV VWDELOL]DWLRQ RI WKH SURFHVV RI

VHOI�DGMXVWPHQW RI WKH FRQVXPDEOH�HOHFWURGH DUF� )RUPDWLRQ RI ERURQ WUL�IOXRULGH LQ WKH IOX[�FRUHG ZLUH FRUH DW D VWDJH RI KHDWLQJ
DW WKH H[WHQVLRQ LPSURYHV WKH ZHOG EHDG IRUPDWLRQ�

�º°��¹ÒãÈ m ¯Ë�È}�Ò� �����������
m º}ºÓ�È�Ëã
Óºä mÈ¯ÒÈÓ�Ë ����������
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zã
� Ë m © Ë ° ã º m È � mºãº�ËÓÒË� mºã	Á¯ÈäºmÈ« ¹¯ºmºãº}È�
�°�ÈÓºm}È� ªãË}�¯º}ºÓ�È}�Ó©® ÓÈ�¯Ëm� �Ë²Óºãº�Ò�Ë°}ÒË ¹È�

¯ÈäË�¯©

{ºã	Á¯Èäºm©Ë ªãË}�¯º�© �ã« È¯�ºÓº���ºmº® °mÈ¯}Ò ÒÏ�º�ÈmãÒ�

mÈ
� ÒÏ ¹¯��}ºm Ò ¹¯ºmºãº}Ò äË�º�ÈäÒ ¹º¯º�}ºmº® äË�Èãã�¯�ÒÒ

>�@� |�mË�°�mËÓÓº® �Ë²Óºãº�Ò�Ë°}º® º¹Ë¯È�ÒË®� º¹¯Ë�Ëã«
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�© ­ÈÏºmº® äÈ�ÒÓ© mºãº�ËÓÒ« l{�����{ ¹¯Ò ª�ºä ÓË �mËãÒ�Ò�
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7HFKQRORJLFDO SDUDPHWHUV RI WKH QHZ GUDZLQJ XQLW DUH JLYHQ LQ FRPSDULVRQ ZLWK FKDUDFWHULVWLFV RI WKH VLPLODU�DSSOLFDWLRQ
VWDQGDUG GRPHVWLF DQG IRUHLJQ XQLWV HTXLSSHG ZLWK DQ HOHFWULFDO UHVLVWDQFH KHDWLQJ V\VWHP� $GYDQWDJHV RI WKH QHZ XQLW DUH
SUHVHQWHG�
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+DUWZLJ $�� +HQQHPDQQ 2��'� |°º­ËÓÓº°�Ò ¹¯Ò äÒ}¯º°}�
ãËÒmÈÓÒÒ ­ËÏ °¹ãº�Óº�º ÏÈ¹ºãÓËÓÒ« ÏÈÏº¯È }ãËËä�
°� ���Ü����

|­Ïº¯ ãÒ�Ë¯È��¯© ¹º °mÈ¯}Ë Ò ¯º�°�mËÓÓ©ä °¹º°º­Èä�
°� ���� ���Ü���� ���Ü����

vºm¯ËäËÓÓÈ« �Ë²Óºãº�Ò« ¯ËÏ}Ò � }ºããº}mÒ�ä m kÈ²ËÓË m
Ò
ÓË ���� ���� °� ���� ���� ���Ü����

��Ë¯äÈÓÒ«�� Û ����� Û
¢ �� �ÓËä� «Ï��

sºmÈ« �°�ÈÓºm}È �ÈÓÓºmË¯°}º�º �ÓÒmË¯°Ò�Ë�È �ã« ªãË}�¯ºÓ�
Óº�ã��Ëmº® °mÈ¯}Ò m È�äº°ÁË¯Ë� °� ����

*DUWQHU $� �Ë¯äÈÓ°}ºË º­�Ë°�mº °mÈ¯º�Óº® �Ë²ÓÒ}Ò Û °m«�
Ï�
�ËË ÏmËÓº äËÎ�� º­�Ë°�mºä Ò ¹ºãÒ�Ò}º®� °� ���� ���Ü����

+REHUVWURK (�� .OHLQ +�� /XW]HOHU 5� |­Ë°¹Ë�ËÓÒË }È�Ë°�mÈ
�ã	�¯ÈÏm�}ºmº® °mÈ¯}Ò� °� ���Ü���� ���Ü����

7KRPDV .�� 0LFKDLORY 9� *�� :RKOIDKUW +� zºÓ�¯ºã	 m«Ï�
}º°�Ò �Ï}Ò² ÏºÓ mãÒ«ÓÒ« m °�Èã«² ¹¯Ò °�©}ºmº® °mÈ¯}Ë �ÈmãË�
ÓÒËä� °� ���� ���Ü���� ���� ���Ü���� ����

%HFNHUW 0� {º�º¯º� � Ò°�º}ºm Èm�º�ËÓÓº® �Ë²ÓÒ}Ò�
°� ���Ü����

|­Ïº¯ ãÒ�Ë¯È��¯© ¹º ÓË¯ÈÏ¯��È
�Ëä� }ºÓ�¯ºã
� °� ����
���Ü����

iº}ãÈ�© '96 m s
¯Ó­Ë¯�Ë� ��Ü�� °ËÓ�«­¯« ���� ��� °� ����
���� ���� ���Ü���� ���� ���� ���Ü����

�n¯ÈÓ�Ò«�� Û ����� Û
9RO� ��� ¢ ���
�Á¯ÈÓ�� «Ï��

&ROFKHQ '��¯ÒäËÓËÓÒË ¯È°�Ë�ºm äË�º�ºä }ºÓË�Ó©² ªãËäËÓ�
�ºm �ã« º¹¯Ë�ËãËÓÒ« Ò ¹¯ºmË¯}Ò ÈÓÈãÒ�Ò�Ë°}Ò² äº�ËãË® SÈ°�Ë�È
ÓÈ¹¯«ÎËÓÒ® m °�©}ºmºä °ºË�ÒÓËÓÒÒ ÒÏ °¹ãÈmÈ Èã
äÒÓÒ«� °� �Ü���

&DOFDJQR *�� 0DUPLJL 5� �¯Ë¹È¯È�© �ã« }ºÓ�¯ºã« �º¯«�Ò²
¹ºmË¯²Óº°�Ë® m ¹¯º�Ë°°Ë °mÈ¯}Ò Û ª}°¹Ë¯ÒäËÓ�Èã	ÓºË Ò°°ãË�º�
mÈÓÒË Ò ¹Ë¯m©Ë ¹ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�©� °� ��Ü���

%HDXLOV '� �¯º­ãËä©� °m«ÏÈÓÓ©Ë °º Ï¯ËÓÒËä Á¯ÈÓ��Ï°}Ò²
°mÈ¯�Ò}ºm� °� ��Ü���

%HDXILOV '�� 3HWLW -��0� {ÓÒäÈÓÒË Û ÓËmº°¹ãÈäËÓ«
�ÒË°«
�ÈÏ©� °� ���

�n¯ÈÓ�Ò«�� Û ����� Û
9RO� ��� ¢ ���
�Á¯ÈÓ�� «Ï��

/LHXUDGHG +� 3�� +XQWHU ,� |¹¯Ë�ËãËÓÒË ¯ÈÏäË¯ºm °mÈ¯Ó©²
°ºË�ÒÓËÓÒ® äË²ÈÓº°mÈ¯Ó©² }ºÓ°�¯�}�Ò® Û ¯È°�Ë� �°�Èãº°�Ò�
°� �Ü��

.RFDN 0�� 'RV 6DQWRV -�)� vmÈ¯}È Ò °­º¯}È m ;;, mË}Ë�
�ÈÏË¯ÓÈ« °mÈ¯}È Û �ËÓ�ËÓ�ÒÒ ¹¯ºä©�ãËÓÓº�º ¹¯ÒäËÓËÓÒ« Ò
º�ËÓ}È }È�Ë°�mÈ� °� �Ü���

4XLQWDQD 0� $�� .RWHFNL '� -� cÈÏmÒ�ÒË ¹¯Ò°È�º�Ó©² äÈ�
�Ë¯ÒÈãºm �ã« °mÈ¯}Ò � m �È°�Óº°�Ò� �ã« °�Èã	Ó©² }ºÓ°�¯�}�Ò®��
�¯º�ãºË� ÓÈ°�º«�ËË Ò ­����ËË� °� ��Ü���

9LOSDV 0� j°¹ºã	ÏºmÈÓÒË äº�ËãÒ¯ºmÈÓÒ« �ã« ¹¯º�ÓºÏÒ¯º�
mÈÓÒ« äÒ}¯º°Ë�¯Ë�È�ÒÒ Ò °�º®}º°�Ò } ¹Ò��ÒÓ�ºmº® }º¯¯ºÏÒÒ
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® ÒÏ ÓË¯ÎÈmË
�Ë® È�°�ËÓÒ�Óº® °�ÈãÒ� °� ��Ü
���

&HUMDN +� lº�ËãÒ¯ºmÈÓÒË ¹¯Ò °mÈ¯}Ë Û ÒÓ°�¯�äËÓ� �ã«
�Ë²Óºãº�ÒÒ °ºm¯ËäËÓÓº® °mÈ¯}Ò"� °� ��Ü���

�c�ä©ÓÒ«�� Û ����� Û
¢ � �6HSWHPEULH �6HS�
WHPEHU� �¯�ä� «Ï��

6FKHEHVWD 7�� %XWWKRII +� �ºm©�ËÓÒË ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò
­ãÈ�º�È¯« ¹¯ÒäËÓËÓÒ
 ¹º�}ãÈ�º} ¹º� °mÈ¯º�Ó�
 mÈÓÓ� äÓº�º}�
¯È�Óº�º Ò°¹ºã	ÏºmÈÓÒ«� °� �Ü��

)LVFKHU 8� 0�iËÁº¯äÈ�ÒÒ Ò ÓÈ¹¯«ÎËÓÒ« ¹¯Ò °mÈ¯}Ë� �¯È}�
�Ò�Ë°}ÒË Ò°°ãË�ºmÈÓÒ« m º­ãÈ°�Ò °mÈ¯}Ò lk�� °� �Ü���

1LHV +�� +DXSW '�� 0XOOHU )� vmÈ¯}È ¹º¯º�}ºmº® ¹¯ºmºãº�
}º® m °��º°�¯ºËÓÒÒ� °� ��Ü���

$LFKHOH *� vÓÒÎËÓÒË ÏÈ�¯È� m °mÈ¯º�Óº® �Ë²ÓÒ}Ë� °� ��Ü���
{º¹¯º°© ­ËÏº¹È°Óº°�Ò� °� ��Ü���
'XPEUDYD '�� 6DIWD 9� cÈ°�Ë� º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® ¹¯Ò

°mÈ¯}Ë °ºË�ÒÓ«Ëä©² °Ë�ËÓÒ® ­Èãº}�  � �� k°ÒääË�¯Ò�Ó©® ¹¯º�
ÁÒã	 �m��Èm¯È� °� ��Ü���

*HRUJHVFX 9�� ,RUGDFKHVFX 0� kÓÈãÒÏ �Ë}��Ë°�Ò Ò �¹¯º��
ÓËÓÒ« äÈ�Ë¯ÒÈãÈ ÏºÓ© �mÈ ¹¯Ò ²ºãº�Óº® °�©}ºmº® °mÈ¯}Ë �Èm�
ãËÓÒËä� °� ��Ü���

/LWD 0�� %XGDX 9� �¯Ò�ÒÓ© �¯Ë�ÒÓºº­¯ÈÏºmÈÓÒ« °mÈ¯Óº�º
�mÈ �ÈÏºmº�º ­ÈããºÓÈ� °� ��Ü���

�Ð¹ºÓÒ«�� Û ����� Û
9RO� ��� ¢ � �ÈÓ�ã� «Ï��

1DNDWD .�� +DVKLPRWR 7�
�Ë²Óºãº�Ò« ¹ºmË¯²Óº°�Óº�º �¹�
¯º�ÓËÓÒ« °¹ãÈmÈ Èã
äÒÓÒ« ° ¹º�
äº�	
 ¹¯º�Ë°°È ¹ãÈÏäËÓÓº����º�
mº�º ãË�Ò¯ºmÈÓÒ«� °� �Ü��

+H -�� 6HWVXKDUD <�� 6KLPL]X ,�� 0L\DNH 6� lË²ÈÓÒ�Ë°}ÒË
°mº®°�mÈ ÓÈÓº}ºä¹ºÏÒ�ºm ÒÏ ¯ÈÏÓº¯º�Ó©² äÈ�Ë¯ÒÈãºm� ¹ºã��ËÓ�
Ó©² ° Ò°¹ºã	ÏºmÈÓÒËä ¹¯º�Ë°°È ÒºÓÓº�ã��Ëmº�º ÓÈ¹©ãËÓÒ«�
°� �Ü���

%DED 6�� 8HQR 7�� 0L\DNH 6� sÒÏ}º�Ëä¹Ë¯È��¯Ó©® °ÒÓ�ËÏ
¹ãËÓº} 6U7L2� ¹ãÈÏäËÓÓ©ä ÓÈ¹©ãËÓÒËä ¹º äË�º�� ªãË}�¯ºÓÓº�
�Ò}ãº�¯ºÓÓº�º ¯ËÏºÓÈÓ°È �Ò¹È ÏË¯}Èã	Óº�º ��Ë¯ÎÈÓÒ«� °� ��Ü���

6DGHN $� $�� $EDVV 0�� =DJKORXO %� HW� DO� j°°ãË�ºmÈÓÒË
¯ÈÏÓº¯º�Ó©² °ºË�ÒÓËÓÒ® ÓÒÏ}º��ãË¯º�Ò°�º® °�ÈãÒ ÒäºÓËã« ����
°� ��Ü���

1DND 0�� 8UDL 6�� =KDQJ -� HW�DO� cÈÏ¯È­º�}È ¹¯Ò°È�º�Óº�º
äÈ�Ë¯ÒÈãÈ &XÜ6Q ÒãÒ &XÜ=Q �ã« °ºË�ÒÓËÓÒ« }Ë¯ÈäÒ}Ò�
°� ��Ü���

<DPDPRWR -�� 6KLED\DQDJL 7�� 0DHGD 0�� 1DND 0� vÒÓ�ËÏ
β�)H6L� ° ¹¯ÒäËÓËÓÒËä }ºä­ÒÓÒ¯ºmÈÓÓº�º ¹¯º�Ë°°È äË²ÈÓÒ�Ë°�
}º�º ãË�Ò¯ºmÈÓÒ« Û ¹ãÈÏäËÓÓº�Ò°}¯ºmº�º °¹Ë}ÈÓÒ«� °� ��Ü���
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2KPRUL $�� 0DWVXVDND 6�� .DQD]DZD 7� lº�ÒÁÒ}È�Ò« ¹º�
mË¯²Óº°�Ò mº°°�ÈÓÈmãÒmÈËäº® ¹ãÒ�© ÒÏ ¹ºãÒª�ÒãËÓ��¯ËÁ�ÈãÈ�È
° ¹ºäº�	
 mÓË�¯ËÓÒ« �È°�Ò� Ò ¹ãÈÏäËÓÓº�º ÓÈ¹©ãËÓÒ«� °� ��Ü���

6UHHNXPDUL.�5��2]DZD0��.LNXFKL <�{ãÒ«ÓÒË °º°�º«ÓÒ«
¹ºmË¯²Óº°�Ò ÓÈ ¹¯ÒãÒ¹ÈÓÒË ­È}�Ë¯Ò® m °mÈ¯Ó©² �mÈ² ÒÏ ÓË¯ÎÈ�
mË
�Ë® °�ÈãÒ� °� ��Ü���

6KLEDKDUD 0�� 6HUL]DZD +�� 0XUDNDZD +� lË�º� }ºÓË�Ó©²
ªãËäËÓ�ºm �ã« ¯Ë�ËÓÒ« ¹¯º­ãËä ¯È°¹¯º°�¯ÈÓËÓÒ« �º¯«�Ò² �¯Ë�
�ÒÓ ° Ò°¹ºã	ÏºmÈÓÒËä äËÎÁÈÏÓº�º �Ëä¹Ë¯È��¯ÓºÏÈmÒ°Òäº�º ªãË�
äËÓ�È� �|��Ë� ,,�� °� ��Ü���

=KDQJ -�� 0XUDNDZD +� ¡ÒÁ¯ºmºË äº�ËãÒ¯ºmÈÓÒË ÏÈ¯ºÎ�Ë�
ÓÒ« m«Ï}º® �¯Ë�ÒÓ© m äË�ÈããË ° Ò°¹ºã	ÏºmÈÓÒËä ªãËäËÓ�È ÓÈ
º°ÓºmË ¹º�ËÓ�ÒÈã	Óº® Á�Ó}�ÒÒ �Ò¹È �ËÓÓÈ¯�ÈÜiÎºÓ°È�
°� ��Ü���

0XUDNDZD +�� =KDQJ -�� )XML .� HW DO�lº�ËãÒ¯ºmÈÓÒË ¹¯º�
�Ë°°È �º�Ë�Óº® °mÈ¯}Ò ° ¹ºäº�	
 äË�º�È }ºÓË�Ó©² ªãËäËÓ�ºm�
�|��Ë� ,9�� °� ��Ü���

=KDQJ -�� 0XUDNDZD +� ¡ÒÁ¯ºmº® ÈÓÈãÒÏ m«Ï}º�º ¹º¹Ë¯Ë�
�Óº�º °ÎÈ�Ò« � mË¯�ÒÓ© �¯Ë�ÒÓ© m °mÈ¯Óºä ÒÏ�ËãÒÒ ° äË²ÈÓÒ�
�Ë°}º® ÓËº�Óº¯º�Óº°�	
� °� ��Ü���

1DNDFKR .�� 0DWVXLVKL 0�� ,VKLKDPD 7� HW DO� �¯Ë�Ëã ¹¯º��
Óº°�Ò �Èm¯ºmº�º °ºË�ÒÓËÓÒ« �¯�­�È�º® °�ÈÓÒÓ© ÓËÁ�«Óº® ­�¯º�
mº® m©�}Ò� °� ��Ü���

6DNLQR <�� .DPXUD +�� +RULNDZD .� w}°¹Ë¯ÒäËÓ�Èã	ÓºË
Ò°°ãË�ºmÈÓÒË ²¯�¹}º�º ¯ÈÏ¯��ËÓÒ« ° ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒË®
m }¯Ë°�ºº­¯ÈÏÓ©² °�©}ºm©² °ºË�ÒÓËÓÒ«²� °� ��Ü����

$EH 1�� +LJDVKLQR 5�� 1DNDJDZD 1� HW DO� {©°º}º°}º¯º°�
�ÓÈ« °mÈ¯}È �ºÓ}Ò² °�Èã	Ó©² ¹ãÈ°�ÒÓ ° Ò°¹ºã	ÏºmÈÓÒËä °Ò°�Ëä©
ãÈÏË¯Óº�º �Òº�È m©°º}º® äº�Óº°�Ò Ò m©°º}º® ¹ãº�Óº°�Ò ÒÏã��
�ËÓÒ«� °� ���Ü����

�vbk�� Û ����� Û 9RO� ���
¢ � �ÈÓ�ã� «Ï��

.D\ :� '� iË°«�	 ¹¯Ò�ÒÓ m©­º¯È ¹È®}Ò� °� ��Ü���
8UEDQ 6� $� jÏ�º�ºmÒ�ËãÒ ¹ºã��È
� ¹¯Ò­©ã	� Ò°¹ºã	Ï�«

Óºm�
 Áº¯ä�ã� ÓË}º¯¯º�Ò¯�
�Ë�º Áã
°È �ã« ¹È®}Ò� °� ��Ü���
)DULGL +� 5� HW DO� sºm©® mÏ�ã«� ÓÈ �ã	�¯ÈÏm�}ºm�
 ÓÒÏ}º�

�Ëä¹Ë¯È��¯Ó�
 ­ËFÁã
°ºm�
 ¹È®}�� °� ��Ü���
(EHUW+�:��ºm©�ËÓÒË ÓÈ�ËÎÓº°�Ò °ºË�ÒÓËÓÒ® �¯�­ ° �¯�­�

Ó©äÒ �º°}ÈäÒ� °� ��Ü���
/XR -��*�� $FRII 9� /� cËÈ}�ÒÒ ÓÈ ¹ºmË¯²Óº°�Ò ¯ÈÏ�ËãÈ

�Ò�ÈÓÈ Ò Èã
äÒÓÒ« m ¹¯º�Ë°°Ë �ÒÁÁ�ÏÒºÓÓº® °mÈ¯}Ò�
°� ���Ü����

6XQ ;� lº�ËãÒ¯ºmÈÓÒË ¹¯º�Ë°°ºm ¯Ëã	ËÁÓº® °mÈ¯}Ò ° Ò°�
¹ºã	ÏºmÈÓÒËä °ºmäË�ËÓÓº�º ÈÓÈãÒÏÈ äË�º�ºä }ºÓË�Ó©² ªãËäËÓ�
�ºm� °� ���Ü����

/L 3� -�� =KDQJ <� 0� kÓÈãÒÏ äË²ÈÓÒÏäÈ °mË�ËÓÒ« ���Ò Ò
Ë�º ¹¯ÒäËÓËÓÒË �ã« }ºÓ�¯ºã« ¹¯º�Ë°°È ���ºmº® °mÈ¯}Ò mºã	Á¯È�
äºm©ä ªãË}�¯º�ºä m ÏÈ�Ò�Óºä �ÈÏË� °� ���Ü����

7DNHVKLWD .� �¯ÈmÓËÓÒË� Ò°¹ºã	Ï�ËäºË m äº�ËãÒ �ã« ¹¯º��
ÓºÏÒ¯ºmÈÓÒ« ¹¯Ë�ËãÈ ¹¯º�Óº°�Ò ÓÈ ¯È°�«ÎËÓÒË °ºË�ÒÓËÓÒ®� m©�
¹ºãÓËÓÓ©² ¹È®}º® ° }ºÓ�È}�Ó©ä ÓÈ�¯Ëmºä� °� ���Ü����

���º°ãÈmÒ«�� Û �����
Û 9RO� ��� ¢ �Ü�
�°Ë¯­°}º²º¯m� «Ï��

1RYRVHO 0� i�¹ãË}°Ó©Ë }º¯¯ºÏÒºÓÓº°�º®}ÒË °�ÈãÒ�
°� ��Ü���

6LPXQRYLF 9� |­¯ÈÏºmÈÓÒË ÁË¯¯Ò�ÒÏÒ¯ºmÈÓÓº® °�¯�}��¯©
~�{ Ò ËË mãÒ«ÓÒË ÓÈ °mº®°�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ��¹ãË}°Ó©²
°�ÈãË®� °� ��Ü���

2UVXOLF 0�� 0LVLQD 1�� 6LPXQGLF 1� zºÓ�¯ºã	� �Ë²Óºãº�Ò«
¯ËäºÓ�È Ò ¹¯Ò�ÒÓ© ¹ºm¯ËÎ�ËÓÒ« �Ë¯¹È}ºm ÏËäãË°º°Ó©² °ÓÈ¯«�
�ºm� °� ��Ü���

�vãºmÈ}Ò«�� Û �����
Û 9RO� ��� ¢ �Ü�
�°ãºmÈ�� «Ï��

3LORXV 9�� 6WUDQVN\ .� sÈ¹ãÈm}È Ò °mÈ¯}È �¯�­º¹¯ºmº�ºm
ÒÏ °�ÈãÒ 6 ��� -� 1� °� ��Ü���

%DNDORYD 3�� *UJDF 3�� 3DONRYLF 3� lË�Èããº�¯ÈÁÒ�Ë°}Ò®
ÈÓÈãÒÏ �º�Ë�Ó©² äÒ}¯º°ºË�ÒÓËÓÒ® ÓÒº­ÒËm©² m��ãº} ° mºã	Á¯È�

äºmº® ¹¯ºmºãº}º®� ÒÏ�º�ºmãËÓÓ©² Òä¹�ã	°Óº® ãÈÏË¯Óº® °mÈ¯�
}º®� °� ��Ü���

'DQ\V 3� kÓÈãÒÏ Ò ¯Ë�ËÓÒË m °m«ÏÒ ° �¯Ë�ÒÓºº­¯ÈÏºmÈÓÒËä
m©�«ÎÓ©² ¯º�º¯ºm �ÈÓ�ËäÓ©² ¹Ë�Ë®� °� ��Ü���

3DOND 9� � 3RVWUNRYD (�� 3HWULN 3� |­ Ò°°ãË�ºmÈÓÒÒ �Ë¯º�
²ºmÈ�º°�Ò ¹ºmË¯²Óº°�Ò ¹º}¯©�Ò® ÒÏ 1L$O Ò |���� m©¹ºãÓËÓÓ©²
¹ãÈÏäËÓÓº����ºm©ä m©°º}º�Ëä¹Ë¯È��¯Ó©ä ÓÈ¹©ãËÓÒËä�
°� ��Ü���

�vãºmÈ}Ò«�� Û �����
Û 9RO� ��� ¢ �
�°ãºmÈ�� «Ï��

%RKDWND 5�� .RSULYD 7�� -RE 3� cÈÏÓº¯º�ÓºË °mÈ¯ÓºË °ºË�
�ÒÓËÓÒË ÒÏ °�ÈãË® �� ��� Ò ;��&U0R91E��� ¹¯Ë�ÓÈÏÓÈ�ËÓÓ©²
�ã« }ÈäË¯© ¹Ë¯Ë�¯ËmÈ�Ëã«� °� ��Ü���

%RKDWND 5�� .RSULYD 7�� 6ORYDFHN 0� lº�ËãÒ¯ºmÈÓÒË ¹¯º�
�Ë°°È ÒÏ�º�ºmãËÓÒ« ¯ÈÏÓº¯º�Óº�º °mÈ¯Óº�º °ºË�ÒÓËÓÒ« }ÈäË¯©
¹Ë¯Ë�¯ËmÈ�Ëã« ÒÏ °�ÈãË® �� ��� Ò ;��&U0R91E�� ° Ò°¹ºã	ÏºmÈ�
ÓÒË }ºä¹	
�Ë¯Óº® ¹¯º�¯Èää© 6<6:(/'� °� ��Ü���

%DUWRV -� 352&20 Û °Ò°�ËäÓºË °¯Ë�°�mº �ã« °ÓÒÎËÓÒ«
°�ºÒäº°�Ò Ò ¹ºm©�ËÓÒ« }ºÓ}�¯ËÓ�º°¹º°º­Óº°�Ò� °� ��Ü���

�vãºmÈ}Ò«�� Û �����
Û 9RO� ��� ¢ �
�°ãºmÈ�� «Ï��

6RERWND -�� 6RERWNRYD 0�� .XEHQND 0�� 3OLKDO $� |�ËÓ}È
m«Ï}º°�Ò m ÓÈ�¯ËÏË º�Óº¯º�Óº�º äË�ÈããÈ �mÈ ���&U���0R���9�
°� ��Ü���

lºÎÓº ãÒ �º°�Ò�	 �¯Ë­�Ëäº�º �¯ºmÓ« ��È¯Óº® m«Ï}º°�Ò ÏÈ
°�Ë� m©­º¯È ¹È¯ÈäË�¯ºm °mÈ¯}Ò m &2�"� °� ��Ü���

8KHU 9� {}ãÈ� r¯È�Ò°ãÈm°}º�º ÒÓ°�Ò���È °mÈ¯}Ò �98=� m
¯ÈÏmÒ�ÒË °mÈ¯}Ò�  � �� v¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓºË °mÈ¯º�ÓºË º­º¯��º�
mÈÓÒË� °� ��Ü���

lk�pcjk�h lpyi�skc|is|�|
jsv�j���k v{kczj�
6& ½v�ksikc�j~k¡jÐ��

3HWHUVKDJHQ +�� �Ë¯äÈÓÒ«� ;,,,�����Ü��� �°�Èãº°�Ó©Ë
Ò°¹©�ÈÓÒ« °mÈ¯Ó©² ÒÏ�ËãÒ®� �� °�

+XR /L[LQJ Ò �¯�� zsc� t,,,�,���Ü��� �ºm©�ËÓÒË �°�Èãº°�
�Ó©² °mº®°�m °mÈ¯Ó©² °ºË�ÒÓËÓÒ® �ã	�¯ÈÏm�}ºm©ä ÓÈ}ãË¹ºä�
�� °�

6FRWW %� Ò �¯�� vbk� t,,,�����Ü��� ;9�����Ü��� ~ÓÈ�ËÓÒË
�Ë²Óºãº�ÒÒ °­º¯}Ò� w}ºÓºäÒ}È� � °�

0DUTXLV *� Ò �¯�� nÒÓã«Ó�Ò«� t,,,�����Ü��� kÓÈãÒÏ °mÈ¯�
Ó©² }ºÓ°�¯�}�Ò® ° ¯ÈÏ¯��ËÓÓ©äÒ Ò ÓË¯ÈÏ¯��ËÓÓ©äÒ �mÈäÒ�
º°ÓºmÈÓÓ©® ÓÈ äÈ}°ÒäÈã	Óº® mË¯º«�Óº°�Ò� �� °�

0DGGR[ 6� -� Ò �¯�� 8.�sº¯mË�Ò«� t,,,�����Ü��� cË}ºäËÓ�
�È�ÒÒ ¹º ¹¯ºË}�Ò¯ºmÈÓÒ
 �¯�­º¹¯ºmº�ºm ° ��Ë�ºä �°�Èãº°�Ò
}ºã	�Ëm©² �mºm� �� °�

+RUQ $� 0� Ò �¯�� sº¯mË�Ò«� t,,,�����Ü��� v¯ÈmÓÒ�Ëã	Ó©Ë
Ò°°ãË�ºmÈÓÒ« ¹¯ÒäËÓÒäº°�Ò �Ò�ÈÓÈ Ò °�ÈãÒ �ã« ÒÏ�º�ºmãËÓÒ«
�Ò­}Ò² �¯�­�È�©² °Ò°�Ëä� �� °�

2KWD $� Ò �¯�� Ð¹ºÓÒ«� t,,,�����Ü��� j°¹ºã	ÏºmÈÓÒË °mÈ�
¯º�Óº�º äÈ�Ë¯ÒÈãÈ ° ÓÒÏ}º® �Ëä¹Ë¯È��¯º® ¹¯Ëm¯È�ËÓÒ« ¹ºÏmº�
ã«Ë� ¹ºm©°Ò�	 °º¹¯º�ÒmãËÓÒË �°�Èãº°�Ò m�mºË� � °�

0RKUL 0� Ò �¯�� Ð¹ºÓÒ«� ;,,,�����Ü��� �¯ÒäËÓËÓÒË °mÈ¯º��
Óº® ¹¯ºmºãº}Ò ° ÓÒÏ}º® �Ëä¹Ë¯È��¯º® ¹¯Ëm¯È�ËÓÒ« �ã« ¹ºm©�
�ËÓÒ« °º¹¯º�ÒmãËÓÒ« �°�Èãº°�Ò ÓË°��Ë�º °mÈ¯Óº�º °ºË�ÒÓËÓÒ«
° ��ãºm©ä �mºä� �� °�

0LNL &� Ò �¯�� Ð¹ºÓÒ«� ;,,,�����Ü��� sÈãºÎËÓÒË �º¹ºãÓÒ�
�Ëã	Óº�º mÈãÒ}È ªãË}�¯º�ºä ° ÓÒÏ}º® �Ëä¹Ë¯È��¯º® ¹¯Ëm¯È�ËÓÒ«
¹ºÏmºã«Ë� ¹ºm©°Ò�	 °º¹¯º�ÒmãËÓÒË �°�Èãº°�Ò °mÈ¯Óº�º °ºË�ÒÓË�
ÓÒ«� � °�

$QDPL .� Ò �¯�� Ð¹ºÓÒ«� ;,,,�����Ü��� tÈ¯È}�Ë¯Ò°�Ò}Ò
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® �m�² �Ò¹ºm� ¹º�mË¯ÎËÓÓ©² ¯ÈÏãÒ�Ó©ä äË�
�º�Èä º­¯È­º�}Ò �Èã�ËãË®� �� °�

z�ÒmÈ s�� Ð¹ºÓÒ«� ;,,,�����Ü��� lÈãº�Ò}ãºmÈ« �°�Èãº°�	
°�©}ºm©² °ºË�ÒÓËÓÒ® ° ÏÈãºÎËÓÓ©ä �ËÁË}�ºä� �� °�

0LNL &� Ò �¯�� Ð¹ºÓÒ«� ;,,,�����Ü��� cËäºÓ� �°�Èãº°�Ó©²
¯ÈÏ¯��ËÓÒ® Û ­ÈÏÈ �ÈÓÓ©² m °Ë�Ò jÓ�Ë¯ÓË�� �� °�

8GRPZRUDUDW 3� Ò �¯�� Ð¹ºÓÒ«� ;,,,�����Ü��� sºm©® �Ò¹
}ºä­ÒÓÒ¯ºmÈÓÓº�º �¯�­�È�º�º z�º­¯ÈÏÓº�º °ºË�ÒÓËÓÒ« �ã« Áº¯�
äºmº® ­Èã}Ò äº°�È� � °�

0RUL 7� Ò �¯�� Ð¹ºÓÒ«� ;,,,�����Ü��� jÏ��ËÓÒË �º�}Ò ÏÈ�
¯ºÎ�ËÓÒ« �°�Èãº°�Óº® �¯Ë�ÒÓ© m ÓË°��Ò² °mÈ¯Ó©² °ºË�ÒÓËÓÒ«²
° ��ãºm©äÒ �mÈäÒ� � °�
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0DWVXRND .� Ò �¯�� Ð¹ºÓÒ«� ;,,,�����Ü��� {ãÒ«ÓÒË ²È¯È}�
�Ë¯È ÓÈ�¯�ÎËÓÒ« ÓÈ �ãÒ�Ëã	Óº°�	 ÏÈ¯ºÎ�ËÓÒ« �°�Èãº°�Óº® �¯Ë�
�ÒÓ© m °mÈ¯Óºä °ºË�ÒÓËÓÒÒ� �� °�

0LUL &� Ò �¯�� Ð¹ºÓÒ«� ;,,,�����Ü��� jÏ��ËÓÒË °º¹¯º�ÒmãË�
ÓÒ« �°�Èãº°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® Û ¯È­º�© ���� �� m Ð¹ºÓÒÒ
�¯ËÁË¯È�©�� �� °�

2KWD $� Ò �¯�� Ð¹ºÓÒ«� ;,,,�����Ü��� �mËãÒ�ËÓÒË �Ò}ãÒ�Ë°�
}º® �ºã�ºmË�Óº°�Ò ¹��Ëä ¯ËäºÓ�È ° Ò°¹ºã	ÏºmÈÓÒËä °mÈ¯º�Óº® ¹¯º�
mºãº}Ò ° ÓÒÏ}º® �Ëä¹Ë¯È��¯º® ¹¯Ëm¯È�ËÓÒ« �°�Èãº°�Ó©² �¯Ë�ÒÓ�
ÏÈ¯º�Òm�Ò²°« mº}¯�� }º¯º­�È�©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� �� °�

,QIDQWH 9� Ò �¯�� �º¯���ÈãÒ«� ;,,,�����Ü��� v¯ÈmÓÒ�Ëã	Ó©Ë
Ò°°ãË�ºmÈÓÒ« �°�Èãº°�Óº�º ¹ºmË�ËÓÒ« °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� mº°�
°�ÈÓºmãËÓÓ©² ÓÈ}ãË¹ºä ° ¹ºäº�	
 äºãº�È� �� °�

%UDQFR &� 0� Ò �¯�� �º¯���ÈãÒ«� ;,,,�����Ü��� �°�Èãº°�ÓºË
¹ºmË�ËÓÒË �m�²ÁÈÏÓº® ÓË¯ÎÈmË
�Ë® °�ÈãÒ ����� �� °�

1\NDQHQ 7�-� Ò �¯�� nÒÓã«Ó�Ò«� ;,,,�����Ü��� ~ÈmÒ°Òäº°�	
°º¹¯º�ÒmãËÓÒ« �°�Èãº°�Ò ¹º¹Ë¯Ë�ÓºÓÈ�¯�ÎËÓÓº�º }¯Ë°�ºº­¯ÈÏ�
Óº�º °ºË�ÒÓËÓÒ« º� �ËºäË�¯ÒÒ 9�º­¯ÈÏÓ©²�mºm ° ÓË¹ºãÓ©ä ¹¯º�
mÈ¯ºä� �� °�

%D\OH\ &� Ò �¯�� sºmÈ« ~ËãÈÓ�Ò«� ;,,,�����Ü��� {ãÒ«ÓÒË
�Ë¯º²ºmÈ�º°�Ò ¹ºmË¯²Óº°�Ò ÓÈ äÈãº�Ò}ãºm�
 �°�Èãº°�	�
�� °�

/LKDYDLQHQ 9��0� Ò �¯�� nÒÓã«Ó�Ò«� ;,,,�����Ü��� ;9�
����Ü��� w}°¹Ë¯ÒäËÓ�Èã	ÓºË º¹¯Ë�ËãËÓÒË °º¹¯º�ÒmãËÓÒ« �°�È�
ãº°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� ¹º�mË¯ÎËÓÓ©² �ÒÓÈäÒ�Ë°}ºä� ÓÈ��
¯�ÎËÓÒ
� �� °�

$OHVVDQGUL (� Ò �¯�� n¯ÈÓ�Ò«� ;,,,�����Ü��� v¯ÈmÓËÓÒË ¯ÈÏ�
ãÒ�Ó©² äË�º�ºm ¯È°�Ë�È ÓÈ¹¯«ÎËÓÒ® m }¯Ë°�ºº­¯ÈÏÓ©² °mÈ¯Ó©²
°ºË�ÒÓËÓÒ«² m ÏÈmÒ°Òäº°�Ò º� Ò² �ËºäË�¯ÒÒ� �� °�

+XWKHU -� Ò �¯�� n¯ÈÓ�Ò«� ;,,,�����Ü��� lË�º�ºãº�Ò« º­�
ÓÈ¯�ÎËÓÒ« ÏÈ¯ºÎ�ËÓÒ« �¯Ë�ÒÓ ÒãÒ ¯ÈÏ¯��ËÓÒ«� �� °�

7KRXYHQHO /� Ò �¯�� n¯ÈÓ�Ò«� ;,,,�����Ü��� vº¹¯º�ÒmãËÓÒË
�°�Èãº°�Ò °ºË�ÒÓËÓÒ®� ¹ºã��ËÓÓ©² °mÈ¯}º® �¯ËÓÒËä� �� °�

3HWLWSDV (� Ò �¯�� n¯ÈÓ�Ò«� ;,,,�����Ü��� cÈ°�Ë� °º¹¯º�Òm�
ãËÓÒ« �°�Èãº°�Ò °mÈ¯Ó©² �mºm ° Ò°¹ºã	ÏºmÈÓÒËä äË°�Óº�º ¹º��
²º�È� �� °�

���������	�

zmÈãÒÁÒ}È�ÒºÓÓ©® °¹¯Èmº�ÓÒ} ¯È­º� Ò ¹¯ºÁË°°Ò® ¯È­º�Ò² �ã« ªãË}�¯º�Óº�º
¹¯ºÒÏmº�°�mÈ� Û l�� cº�Ë}°� Û ����� Û �� °�

{ °¹¯Èmº�ÓÒ} �m©¹� �� m}ã
�ËÓ© ¹¯ºÁË°°ÒÒ ¯È­º�Ò²�
°¹Ë�ÒÁÒ�Ó©Ë Ò º°ÓºmÓ©Ë �ã« ªãË}�¯º�Óº�º ¹¯ºÒÏmº�°�mÈ�
cÈ°°�Ò�ÈÓ ÓÈ �Ë°�Ò¯ÈÏäË¯Ó�
 }mÈãÒÁÒ}È�ÒºÓÓ�
 °Ë�}�� iÈÓ©

}mÈãÒÁÒ}È�ÒºÓÓ©Ë �¯Ë­ºmÈÓÒ«� {©¹�°}¹º��º�ºmãËÓ ��¯ºä �Ë²Ó�
ÓÈ�} ~� k� vÒ�ãÒÓ©ä�

rËÏº¹È°Óº°�	 �¯��È m ªãË}�¯º�Óºä ¹¯ºÒÏmº�°�mË �v¹¯Èm� ¹º°º­ÒË�� Û l�� cº�Ë}°�
����� Û {©¹� �� Û �� °�

{ m©¹�°} � m}ã
�ËÓ© º°ÓºmÓ©Ë Óº¯äÈ�ÒmÓ©Ë Ò °¹¯Èmº�Ó©Ë
äÈ�Ë¯ÒÈã©� º�Óº°«�ÒË°« } ªãË}�¯º�Óºä� ¹¯ºÒÏmº�°�m� �°ÈÓÒ�È¯�
Ó©Ë ¹¯ÈmÒãÈ� ¹¯ÈmÒãÈ ­ËÏº¹È°Óº°�Ò m äË�ÒÏÓºä ¹¯ºÒÏmº�°�mË��

{ ¹¯ÒãºÎËÓÒÒ ¹¯ÒmË�ËÓÈ ÓºäËÓ}ãÈ��¯È Ò �Ë²ÓÒ�Ë°}ÒË ²È�
¯È}�Ë¯Ò°�Ò}Ò º­º¯��ºmÈÓÒ« �ã« ¹¯ºÒÏmº�°�mÈ ªãË}�¯º�ºm� m©�

¹�°}ÈËäº�º ||| ½cº�Ë}°�z�� �ºãºmÓº�º ¹¯Ë�¹¯Ò«�Ò« �¯ºä©��
ãËÓÓº® �¯�¹¹© cº�Ë}°� {©¹�°} ¹º��º�ºmãËÓ ��¯ºä �Ë²Ó� ÓÈ�} ~�
k� vÒ�ãÒÓ©ä�

sºmºË m ªãË}�¯º�Óºä ¹¯ºÒÏmº�°�mË� Û l�� cº�Ë}°� ����� Û �� °�
{©¹�°} � m}ã
�ÈË� ÒÓÁº¯äÈ�Ò
 º ¯ÈÏmÒ�ÒÒ �Ë«�Ëã	Óº°�Ò

||| ½cº�Ë}°�z�� ÓÈ�ÒÓÈ« ° ���� �� ¹º ÓÈ°�º«�ËË m¯Ëä«� �¯º�
ÈÓÈãÒÏÒ¯ºmÈÓ© ¹��Ò ªÁÁË}�ÒmÓº�º ¯ÈÏmÒ�Ò« äÈã©² ¹¯Ë�¹�
¯Ò«�Ò® m º­ãÈ°�Ò ªãË}�¯º�Óº�º ¹¯ºÒÏmº�°�mÈ� iÈÓÈ ²È¯È}�
�Ë¯Ò°�Ò}È ¯È­º� ½cº�Ë}°È�z� ¹º ¯ÈÏ¯È­º�}Ë Ò äº�Ë¯ÓÒÏÈ�ÒÒ �Ë²�

Óºãº�Ò�Ë°}º�º º­º¯��ºmÈÓÒ«� ¹¯ÒäËÓËÓÒ
 º�ËÓ}Ò °mÈ¯º�Óº��Ë²�
Óºãº�Ò�Ë°}Ò² °mº®°�m ¹º}¯©�©² ªãË}�¯º�ºm� �¯ÒmË�ËÓÈ ÒÓÁº¯�
äÈ�Ò« º ¯Ë°�¯°º°­Ë¯Ë�È
�Ò² ªãË}�¯º�È² ° º°ÓºmÓ©ä mÒ�ºä ¹º}�
¯©�Ò«� ¯º°°Ò®°}Ò² �Ëãã
ãºÏÓ©² ªãË}�¯º�È² Óºmº�º ¹º}ºãËÓÒ«
Ò ¯ËÏ�ã	�È�È² Ò² ¹¯ºÒÏmº�°�mËÓÓº�º Ò°¹©�ÈÓÒ«�

{ ¹º°ãË�ÓÒË �º�© ÓÈ �Ë¯¯Ò�º¯ÒÒ vs� °ºÏ�ÈÓ© Ò �°�

¹Ë�ÓºÁ�Ó}�ÒºÓÒ¯�
� º}ºãº ��� ¹¯Ë�¹¯Ò«�Ò® ¹º m©�

¹�°}� °mÈ¯º�Ó©² ªãË}�¯º�ºm� jÏ�º�ºmãËÓÒËä ªãË}��

¯º�ºm ÏÈÓ«�º ÏÓÈ�Ò�Ëã	ÓºË }ºãÒ�Ë°�mº ¯È­º�Ò²� º­��

�ÈËä©² ÓË¹º°¯Ë�°�mËÓÓº ÓÈ ¹¯ºÒÏmº�°�mË� { �º ÎË

m¯Ëä« º�°��°�m�Ë� }È}È«�ãÒ­º °ºm¯ËäËÓÓÈ«

�Ë²ÓÒ�Ë°}È« Ò äË�º�Ò�Ë°}È« ãÒ�Ë¯È��¯È� }º�º¯È«

¹ºÏmºãÒãÈ ­© º­Ë°¹Ë�Ò�	 �¯Ë­�Ëä©® �¯ºmËÓ	 ¹º��º�

�ºm}Ò ¯È­º�Ò² ¯ÈÏãÒ�Ó©² ¹¯ºÁË°°Ò®�

||| ½cº�Ë}°�z� m ¯Èä}È² k°°º�ÒÈ�ÒÒ äÈã©² ¹¯Ë��

¹¯Ò«�Ò®�¹¯ºÒÏmº�Ò�ËãË® ªãË}�¯º�ºm ¯ÈÏ¯È­º�ÈÓÈ

¹¯º�¯ÈääÈ ¹º��º�ºm}Ò Ò ÒÏ�ÈÓÒ« °¹¯Èmº�Óº�äË�º�

�Ò�Ë°}Ò² Ò ��Ë­Ó©² äÈ�Ë¯ÒÈãºm� ÓÈ¹¯ÈmãËÓÓÈ« ÓÈ mº°�

¹ºãÓËÓÒË º�äË�ËÓÓº�º ¹¯º­ËãÈ� vºº­�ÈËä º ¹Ë¯m©²

°¹¯Èmº�Ó©² ÒÏ�ÈÓÒ«²� m©�Ë��Ò² m ���� Ò ���� ���
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