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m©Ò¯ÈãÒ m ¹¯Ë�ËãÈ² ���… ��� ää� �¯Ò ¹¯ºmË�
�ËÓÒÒ º¹©�ºm �Ë¯äº¹È¯© �°�ÈÓÈmãÒmÈãÒ ¹º º°Ò
mºÏ���Óº® °�¯�Ò Ò ¹º�ãºÎ}Ò ÓÈ ¯È°°�º«ÓÒÒ º�
º°Ò ��� �� Ò �� ää�

{º m°Ë² Ò°°ãË�ºmÈÓÓ©² mÈ¯ÒÈÓ�È² ¯ËÎÒäºm
ªãË}�¯º���ºmº® äË�ÈããÒÏÈ�ÒÒ ° �mËãÒ�ËÓÒËä �º}È
���Ò mºÏ¯È°�ÈË� �Ëä¹Ë¯È��¯È mºÏ���Óº® °�¯�Ò
�¯Ò°� ��� iÈmãËÓÒË mºÏ��²È �È}ÎË º}ÈÏ©mÈË� mãÒ«�
ÓÒË ÓÈ �Ëä¹Ë¯È��¯� °�¯�Ò� �È}� ¹¯Ò 3  ��� l�È
Ò ,

�
 ��� k äÈ}°ÒäÈã	ÓÈ« �Ëä¹Ë¯È��¯È °�¯�Ò ÓÈ

º°Ò ÓË°}ºã	}º ¹¯Ëm©�ÈË� ��� Åv� iÒÈäË�¯ °�¯�Ò�
ÒäË
�Ò® �Ëä¹Ë¯È��¯� ��� Åv� �º°�Ò�Èã �� ää ¹¯Ò
,
�
 ��� k Ò �� ää ¹¯Ò ,

�
 ��� k� v ¹ºm©�ËÓÒËä

�ÈmãËÓÒ« mºÏ��²È �º ��� l�È �Ëä¹Ë¯È��¯È °�¯�Ò
ÓÈ ËË º°Ò �mËãÒ�ÒmÈË�°« �º ��� Åv ¹¯Ò ,

�
 ��� k

Ò �º ���� Åv ¹¯Ò ,
�
 ��� k� �¯Ò �È}ºä �mËãÒ�ËÓÒÒ

�ÈmãËÓÒ« mºÏ��²È m©°º}º�Ëä¹Ë¯È��¯Ó©® ��È°�º}
°�¯�Ò �äËÓ	�ÈË�°« m ����� ¯ÈÏÈ�

cÈ°¹¯Ë�ËãËÓÒË �Ëä¹Ë¯È��¯© m äË�ÈããÒ�Ë°}º®
¹º�ãºÎ}Ë m ÏÈmÒ°Òäº°�Ò º� �Ò°�ÈÓ�ÒÒ ÓÈ¹©ãËÓÒ«
/
Ó
¹¯ÒmË�ËÓº ÓÈ ¯Ò°� �� �¯Ò º�Óº°Ò�Ëã	Óº äÈãº®

���� ää� �Ò°�ÈÓ�ÒÒ ÓÈ¹©ãËÓÒ« �Ëä¹Ë¯È��¯È ¹º��
ãºÎ}Ò �º°�Ò�ÈË� ��� Åv Ò ¹¯º�ºãÎÈË� mºÏ¯È°�È�	
° �äËÓ	�ËÓÒËä /

Ó
� �¯Ò �Ò°�ÈÓ�ÒÒ ÓÈ¹©ãËÓÒ« �º

cÒ°� �� {ãÒ«ÓÒË �º}È ���Ò ,
�
ÓÈ �Ëä¹Ë¯È��¯� °�¯�Ò �� È Û

¯ËÎÒä© �Ü�� Û �Ü��� mÛ ��Ü�� �°ä� �ÈãÒ���� UÛ ¯È°°�º�
«ÓÒË º� º°Ò ���Ò �º �º�}Ò º¹¯Ë�ËãËÓÒ« �Ëä¹Ë¯È��¯© °�¯�Ò

cÒ°� �� {ãÒ«ÓÒË �Ò°�ÈÓ�ÒÒ ÓÈ¹©ãËÓÒ« ÓÈ ¯È°¹¯Ë�ËãËÓÒË �Ëä¹Ë�
¯È��¯© m äË�ÈããÒ�Ë°}º® ¹º�ãºÎ}Ë ¹¯Ò ,

�
 ��� k� 8

�
 �� {�

3  ��� l�È� W  � °� � Û /
Ó
 ���� � Û ���� � Û ��� ää

������ ��



���… ��� ää �Ëä¹Ë¯È��¯È ÓÈ�¯ËmÈ ¹º�ãºÎ}Ò °ÓÒ�
ÎÈË�°« �º ���…��� Åv� ��º ¹¯Òmº�Ò� } �mËãÒ�ËÓÒ

ÏºÓ© ¹º�º�¯ËmÈ �º ��� Åv� kÓÈãº�Ò�Ó©ä º¯ÈÏºä
ÒÏäËÓ«Ë�°« Ò �ºã�ÒÓÈ ¹º}¯©�Ò« m ¹«�ÓË ÓÈ�¯ËmÈ�
�Ëä ºã	�Ë �º} ���Ò Ò m¯Ëä« ÓÈ¹©ãËÓÒ«� �Ëä
�ºã�Ë ¹º}¯©�ÒË m �ËÓ�¯Ë ¹«�ÓÈ ÓÈ�¯ËmÈ �¯Ò°� ���

iã« ÏÈ�ÈÓÓº�º �ÒÈäË�¯È ªãË}�¯º�Ó©² ¹¯ºmºãº}
�� ää� ¹¯Ò ªãË}�¯º���ºmº® äË�ÈããÒÏÈ�ÒÒ º¹�Ò�
äÈã	Ó©Ë ÏÓÈ�ËÓÒ« �º}È ���Ò Ò ÓÈ¹¯«ÎËÓÒ« ÓÈ ���Ë
°º°�Èmã«
� °ºº�mË�°�mËÓÓº ��� k Ò �� {� �¯Ò äËÓ	�
�Ò² ÏÓÈ�ËÓÒ«² �º}È ����…��� k� ¹¯ºÒÏmº�Ò�Ëã	�

Óº°�	 ¹¯º�Ë°°È ÓÈ¹©ãËÓÒ« �äËÓ	�ÈË�°«� �¯Ò ª�ºä
¹¯º�Óº°�	 °�Ë¹ãËÓÒ« ¹º}¯©�Ò« ° ¹º�ãºÎ}º® º��
Óº°Ò�Ëã	Óº äÈãÈ� v ¹ºm©�ËÓÒËä �º}È �º ��� k
Ò ºãËË �ãÒÓÈ Ò �ÒÈäË�¯ ÁÈ}ËãÈ ���Ò mºÏ¯È°�È
��
|�Óºm¯ËäËÓÓº ° ª�Òä �mËãÒ�ÒmÈ
�°« �¯ºmËÓ	 ¯ÈÏ�
¯©Ï�ÒmÈÓÒ« ªãË}�¯º�Óº�º äË�ÈããÈ Ò °�Ë¹ËÓ	 º}Ò°�
ãËÓÒ« ¹ºmË¯²Óº°�Ò ÓÈ¹©ãËÓÓº�º äÈ�Ë¯ÒÈãÈ�

zÈ�Ë°�mº ÓÈ¹©ã«Ëäº�º ¹º}¯©�Ò« °��Ë°�mËÓÓº
ÏÈmÒ°Ò� �È}ÎË º� �ÈmãËÓÒ« mºÏ��²È Ò �Ò°�ÈÓ�ÒÒ
ÓÈ¹©ãËÓÒ«� �¯Ò äÈã©² ÏÓÈ�ËÓÒ«² �ÈmãËÓÒ« mºÏ�
��²È ����… ��� l�È� º¯ÈÏ�
�°« ¹º}¯©�Ò«� äË�
�Èãã }º�º¯©² º�ãÒ�ÈË�°« }¯�¹ÓºÏË¯ÓÒ°�º® °�¯�}�
��¯º® �¯Ò°� �� È�� v �mËãÒ�ËÓÒËä �ÈmãËÓÒ« mºÏ��²È
�º ��� l�È ¯ÈÏäË¯ ÏË¯ÓÈ �äËÓ	�ÈË�°« �¯Ò°� �� ��
{ ººÒ² °ã��È«² äÈ�¯Ò�Óº® ÁÈÏº® m °�¯�}��¯Ë
äË�ÈããÈ ¹º}¯©�Ò« «mã«Ë�°« �mË¯�©® ¯È°�mº¯ ²¯ºäÈ
m α� ãÒº γ�ÎËãËÏË� { °�¯�}��¯Ë ¹º}¯©�Ò«
Áº¯äÒ¯�Ë�°« }È¯Ò�ÓÈ« ÁÈÏÈ� ÏÈäË�Óº ¹ºm©�È
�
�È« Ë�º �mË¯�º°�	 >�@� �¯Ò �Ò°�ÈÓ�ÒÒ ÓÈ¹©ãËÓÒ«
�º ��� ää �È°�Ò�© ¯È°¹ãÈmãËÓÓº�º ªãË}�¯º�Óº�º
äË�ÈããÈ �º°�Ò�È
� ¹ºmË¯²Óº°�Ò ¹º�ãºÎ}Ò� °¹º°º�
°�m�« º¯ÈÏºmÈÓÒ
 ¹ãº�Ó©² ¹º}¯©�Ò®� º�ãÒ�È
�
�Ò²°« ¹¯º�Ó©ä °�Ë¹ãËÓÒËä� �¯Ò �Ò°�ÈÓ�ÒÒ
ÓÈ¹©ãËÓÒ« ºãËË ��� ää mºÏäºÎÓº ¹Ë¯Ëº²ãÈÎ�ËÓÒË
�È°�Ò� ÓÈ¹©ã«Ëäº�º äÈ�Ë¯ÒÈãÈ Ò °ÓÒÎËÓÒË ¹¯º��
Óº°�Ò °�Ë¹ãËÓÒ« ¹º}¯©�Ò« ° º°ÓºmÓ©ä äË�Èããºä�
iã« }ÈÎ�º�º �Ò¹º¯ÈÏäË¯È ÓÈ¹©ã«Ëäº® �Ë�ÈãÒ �¯Ë�
�
�°« °ºº�mË�°�m�
�ÒË ¹È¯ÈäË�¯© �Ë²Óºãº�Ò�Ë°}Ò²
¯ËÎÒäºm ªãË}�¯º���ºmº® äË�ÈããÒÏÈ�ÒÒ� iº¹ºãÓÒ�
�Ëã	Óº �ã« ¹ºm©�ËÓÒ« °�ÈÒã	Óº°�Ò �º¯ËÓÒ« ���Ò
m ¹º¯º�}ºm�
 ¹¯ºmºãº}� ÓËº²º�Òäº mmË°�Ò ÓË�
ºã	�ºË }ºãÒ�Ë°�mº ãË�}ºÒºÓÒÏÒ¯�Ëä©² °ºË�ÒÓË�
ÓÒ® �Ëãº�Ó©² Ò �Ëãº�ÓºÏËäËã	Ó©² äË�Èããºm >�@�
�È}ÒË �ºÈm}Ò ¹ºÏmºã«
� ¹¯ºÒÏmº�Ò�	 ªãË}�¯º���
�ºm�
 äË�ÈããÒÏÈ�Ò
 ÓÈ ¹Ë¯ËäËÓÓºä �º}Ë Ò Òä¹�ã	�
°Óº® ���º®�

{©mº�©

�� �Ëä¹Ë¯È��¯È mºÏ���Óº® °�¯�Ò ¹¯Ò ªãË}�¯º���
�ºmº® äË�ÈããÒÏÈ�ÒÒ ¹ºm©�ÈË�°« ° �mËãÒ�ËÓÒËä �º�
}È ���Ò Ò �ÈmãËÓÒ« mºÏ��²È� v �mËãÒ�ËÓÒËä �Ò°�
�ÈÓ�ÒÒ ÓÈ¹©ãËÓÒ« º� ��� �º ��� ää �Ëä¹Ë¯È��¯È
°�¯�Ò m�ºã	 º°Ò �äËÓ	�ÈË�°« ° ���…���� �º
���…��� Åv� �¯Ò �mËãÒ�ËÓÒÒ �ÈmãËÓÒ« mºÏ��²È
�º ��� l�È m©°º}º�Ëä¹Ë¯È��¯Ó©® ��È°�º} °�¯�Ò
¹¯È}�Ò�Ë°}Ò ¹º m°Ë® ËË �ãÒÓË �äËÓ	�ÈË�°« m �����
¯ÈÏÈ� �¯Ò m°Ë² �}ÈÏÈÓÓ©² �°ãºmÒ«²� �Ëä ãÒÎË
} °º¹ã�� �Ëä ¯ËÏ�Ë �¯È�ÒËÓ� �Ëä¹Ë¯È��¯ m ¹Ë¯Ò�
ÁË¯Ò®Ó©² °ãº«² °�¯�Ò�

�� v �mËãÒ�ËÓÒËä �Ò°�ÈÓ�ÒÒ ÓÈ¹©ãËÓÒ« º� ���
�º ��� ää �Ëä¹Ë¯È��¯È ¹º�ãºÎ}Ò ÒÏ °�ÈãÒ ����
�ºã�ÒÓº® � ää �äËÓ	�ÈË�°« ° ��� �º ��� Åv� sÈ�
Òºã	�È« �ºã�ÒÓÈ ¹º}¯©�Ò« ÓÈ ¹º�ãºÎ}Ë
ÓÈã
�ÈË�°« ¹º º°Ò ¹«�ÓÈ ÓÈ�¯ËmÈ�  Ëä ºã	�Ë
ÏÓÈ�ËÓÒ« �º}È ���Ò Ò m¯Ëä« ÓÈ¹©ãËÓÒ«� �Ëä ºã	�Ë
�ºã�ÒÓÈ ¹º}¯©�Ò«�

�� �ÈÏº�Ë¯äÒ�Ë°}ÒË ¹º}¯©�Ò« ÒÏ ¹º¯º�}ºm©² äÈ�Ë¯ÒÈãºm�
v¹¯Èmº�ÓÒ} � �� v� rº¯Ò°ºm� r� k� tÈ¯ãÈäºm� v� k� vÒ�
�º¯ËÓ}º Ò �¯� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� tÈ¯ãÈäºm �� k�� r��È�	«Ó� s� k� |°Óºm© �Ë²Óºãº�ÒÒ
mº°°�ÈÓºmãËÓÒ« Ò �¹¯º�ÓËÓÒ« �Ë�ÈãË® äÈ�ÒÓ� Û ���ÈÓ°}�
jÏ��mº {º°�º�Óº�}¯� ÓÈ�� �Ó��È Òä� {� iÈã«� ����� Û
�� �� Û ��� °�

�� v�¯�}��¯È Ò °mº®°�mÈ ¹º}¯©�Ò® ÓÈ º°ÓºmË ÁË¯¯º²¯ºäÈ Ò
ÁË¯¯ºÈã
äÒÓÒ«� ¹ºã��ËÓÓ©² ªãË}�¯º���ºmº® äË�ÈããÒÏÈ�

cÒ°� �� {ãÒ«ÓÒË m¯ËäËÓÒ ÓÈ¹©ãËÓÒ« W ÓÈ �ºã�ÒÓ� ¹º}¯©�Ò« δ
m �ËÓ�¯Ë ¹«�ÓÈ ÓÈ�¯ËmÈ ¹¯Ò ¯ÈÏãÒ�Óºä �º}Ë ���Ò� � Û ,

�
 ����

� Û ���� � Û ��� k

cÒ°� �� lÒ}¯º°�¯�}��¯È ������ ¹º}¯©�Ò«� ÓÈ¹©ãËÓÓº�º ¹º¯º��
}ºmº® Ò �Ëã	Óº�«Ó��º® ¹¯ºmºãº}ÈäÒ ¹¯Ò 3  ��� �È� Ò 3  
 ��� l�È ��� �Û ¹º�ãºÎ}È� �Û �¯ÈÓÒ�È ¯ÈÏ�ËãÈ� � Û ¹º}�
¯©�ÒË

�� ������



�ÒË® ÒÏ ¹º¯º�}ºm©² ¹¯ºmºãº} � k� �� rº¯Ò°ºmÈ� j� {�
lÒã	� �� {� zÈ®�È� k� b� zãË®äÈÓ �� km�ºäÈ�� °mÈ¯}È�
Û ����� Û ¢ �� Û v� �Ü��

�� w}°¹Ë¯ÒäËÓ�Èã	ÓºË Ò°°ãË�ºmÈÓÒË �Ëä¹Ë¯È��¯© ¹ãÈÏäËÓ�
Óº® °�¯�Ò � |� r�  ËmËãÈ� j� k� lº¯ºÏºm� {� p� �º�ÒÓºm�
�� z� �ÈÓ�©¯Ëm �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ���
Û v� �Ü��

�� k�ËËm {� k�� r�¯«}ÒÓ k� {�� r�mÈ®ãº {� {� zºä¹ãË}�
ªãË}�¯º���ºmº® äË�ÈããÒÏÈ�ÒÒ zil��l �� �Èä ÎË� Û
����� Û ¢ �� Û v� ��Ü���

�� {º¯º¹È® s� l�� zº°�ËÓ
} s� j�� lÈ¯}ºmÒ� v� j� {ãÒ«�
ÓÒË ãË}ºÒºÓÒÏÒ¯�Ëä©² �ºÈmº} ÓÈ ²È¯È}�Ë¯Ò°�Ò}Ò ¹¯º�Ë°�
°ºm °mÈ¯}Ò m ��ãË}Ò°ãºä �ÈÏË ÓÈ ¹Ë¯ËäËÓÓºä �º}Ë Ò Òä�
¹�ã	°Óº® ���º® �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û
v� ��Ü���

7KH LQIOXHQFH LV FRQVLGHUHG RI SURFHVV PRGHV RI HOHFWULF�DUF PHWDOOL]LQJ RQ WHPSHUDWXUH GLVWULEXWLRQ LQ DQ DLU MHW DQG VSUD\HG
EDVH� $ PHWKRG RI WHPSHUDWXUH SURELQJ LQ LQGLYLGXDO VHFWLRQV RI WKH MHW DQG VXEVWUDWH DW YDULDWLRQ RI DUF FXUUHQW� DLU SUHVVXUH
DQG VSUD\LQJ GLVWDQFH LV XVHG� ,W LV VKRZQ� WKDW WKH WHPSHUDWXUH RI WKH MHW DQG VXEVWUDWH ULVHV ZLWK LQFUHDVH LQ DUF FXUUHQW
DQG DLU SUHVVXUH�

IhklmibeZ \ j_^Zdpbx ����������
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®ÍÉ¿Æ¿ÌÍ� ÖÑÍ ÎÏÇËÄÌÄÌÇÄ ÉÍËÎÊÄÉÐÌÍÂÍ ÓÄÏÏÍÐÎÊ¿Á¿ ÁÆ¿ËÄÌ ÑÏ¿ÃÇÕÇÍÌÌÚÔ ÓÄÏÏÍÐÎÊ¿ÁÍÁ�Ï¿ÐÉÇÐÊÇÑÄÊÄÈ Á ÎÍÉ�
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zã
� Ë m © Ë ° ã º m È � ªãË}�¯ºÁÒã	�¯©� äË²ÈÓÒÏä m°�¯«²Ò�

mÈÓÒ«� Èã}È m°�¯«²ÒmÈÓÒ«� ºË}� ÓÈ}ºmÈã	Ó«� �¯Ë�ÒÓ©�

ÁË¯¯º°¹ãÈm©

sÈ �Ë¹ãºm©² ªãË}�¯º°�ÈÓ�Ò«²� äË�Èãã�¯�Ò�Ë°}Ò²

}ºäÒÓÈ�È² Ò �ËäËÓ�Ó©² ÏÈmº�È² �ã« º�Ò°�}Ò mºÏ�

���Óº�º ¹º�º}È� ÏÈ¹©ãËÓÓº�º mÏmË�ËÓÓ©äÒ �È°�

�Ò�ÈäÒ� ¹¯ÒäËÓ«
� º°È�Ò�Ëã	Ó©Ë ªãË}�¯Ò�Ë°}ÒË

ÁÒã	�¯©� wÁÁË}�ÒmÓº°�	 Ò �ãÒ�Ëã	Óº°�	 Ò² ª}�
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ãÈ}ºmº® m©¹ãÈm}Ò m©�Ë� �Ëä ªãË}�¯º�ÈäÒ ° ¯ÈÏ�

�Ëã	Ó©ä mmË�ËÓÒËä ÁË¯¯º°¹ãÈmºm� v �mËãÒ�ËÓÒËä

}ºãÒ�Ë°�mÈ �Ò}ãºm ÓÈ�¯�ÎËÓÒ« ª�È ¯ÈÏÓÒ�È m ÏÓÈ�

�ËÓÒ«² ¹¯Ë�ËãÈ �°�Èãº°�Ò ÏÈ}ºÓºäË¯Óº �mËãÒ�Ò�

mÈË�°« m ¹ºã	Ï� °mÈ¯Ó©² �mºm� m©¹ºãÓËÓÓ©² ªãË}�

�¯º�ÈäÒ ° }ºä¹ãË}°Ó©ä ÁË¯¯º°¹ãÈmºä m ¹º}¯©�ÒÒ�

�¯Ë�Ëã© m©Óº°ãÒmº°�Ò º¹¯Ë�Ëã«ãÒ ¹º äË�º�Ò�

}Ë� ¹¯ÒmË�ËÓÓº® m ¯Èº�Ë >�@� bÈ� ÓÈ�¯�Ï}Ò °º°�

�Èmã«ã � l�È� �¯Ë�Ëã m©Óº°ãÒmº°�Ò äË�ÈããÈ σ
Ü�
�

ÓÈ¹ãÈmãËÓÓº�º ¹¯ºä©�ãËÓÓ©äÒ ªãË}�¯º�ÈäÒ ° ¯ÈÏ�

�Ëã	Ó©ä mmË�ËÓÒËä ÁË¯¯º°¹ãÈmºm� °º°�ÈmÒã

�����±���� l�È� È °¯Ë�ÓË}mÈ�¯È�Ò�ÓºË º�}ãºÓËÓÒË

6σ
Ü�

Û ����� iã« º¯ÈÏ�ºm äË�ÈããÈ� ÓÈ¹ãÈmãËÓÓº�º

º¹©�Ó©äÒ ªãË}�¯º�ÈäÒ ° }ºä¹ãË}°Ó©ä ÁË¯¯º°¹�

ãÈmºä ªãË}�¯º�ãÈ}ºmº® m©¹ãÈm}Ò� ¹¯Ë�Ëã m©Óº°�

ãÒmº°�Ò �º°�Ò�Èã ������±���� l�È� È °¯Ë�ÓË}mÈ��

¯È�Ò�ÓºË º�}ãºÓËÓÒË Û ����� iºmË¯Ò�Ëã	Ó©Ë ÒÓ�

�Ë¯mÈã© ¹ºã��ËÓ© �ã« mË¯º«�Óº°�Ò ¯ÈÏ¯��ËÓÒ«�

¯ÈmÓº® �� �� �È}Òä º¯ÈÏºä� ¹¯ÒäËÓËÓÒË }ºä¹�

ãË}°Óº�º ÁË¯¯º°¹ãÈmÈ ªãË}�¯º�ãÈ}ºmº® m©¹ãÈm}Ò

m ¹º}¯©�ÒÒ ªãË}�¯º�ºm �|sj������ ºË°¹Ë�ÒmÈË�

¹ºm©�ËÓÒË ¹¯Ë�ËãÈ m©Óº°ãÒmº°�Ò ÓÈ¹ãÈmãËÓÓº�º

äË�ÈããÈ ÓÈ �� ��

|�ËÓ}È °�ÈÒã	Óº°�Ò ¹ºã��ËÓÓ©² °mº®°�m ¹¯º�

ÒÏmË�ËÓÈ ¹º }ºªÁÁÒ�ÒËÓ�� mÈ¯ÒÈ�ÒÒ °¯Ë�ÓË�º ÏÓÈ�

�ËÓÒ« ¹¯Ë�ËãÈ m©Óº°ãÒmº°�Ò 6σ
Ü�

Ü ⁄ σ
__
Ü�
� ²È¯È}�Ë�

¯ÒÏ�
�Ë�º ¯È°°Ë«ÓÒË ¹º}ÈÏÈ�ËãË®� }º�º¯©® �ã«

äË�ÈããÈ �mÈ ªãË}�¯º�ºm �|sj������ ° ¯ÈÏ�Ëã	�

Ó©ä mmË�ËÓÒËä ÁË¯¯º°¹ãÈmºm m ¹º}¯©�ÒË ªãË}��

¯º�ºm º}ÈÏÈã°« ¯ÈmÓ©ä ���� Ò ����� Û �ã« ªãË}�

�¯º�ºm ° }ºä¹ãË}°Ó©ä ÁË¯¯º°¹ãÈmºä ªãË}�¯º��

ãÈ}ºmº® m©¹ãÈm}Ò� �È}Òä º¯ÈÏºä� ¹¯Ò Ò°¹ºã	�

ÏºmÈÓÒÒ }ºä¹ãË}°Óº�º ÁË¯¯º°¹ãÈmÈ m ¹º}¯©�ÒÒ

ªãË}�¯º�ºm �|sj������ m ��� ¯ÈÏÈ °ÓÒÎÈË�°«

¯È°°Ë«ÓÒË ¹º}ÈÏÈ�ËãË® ¹¯Ë�ËãÈ m©Óº°ãÒmº°�Ò ÓÈ¹�

ãÈmãËÓÓº�º äË�ÈããÈ�

v¹º°ºÓº°�	 äË�ÈããÈ °mÈ¯Ó©² �mºm ÓÈ}ºmÈã	�

Ó«ÜÈã}È m°�¯«²ÒmÈÓÒ« ¹¯º�Òmº°�º«�	 ��È¯Ó©ä

ÓÈ�¯�Ï}Èä m �°ãºmÒ«² ¯Èº�© m°�¯«²ÒmÈ
�Ò² �°�

�¯º®°�m ªãË}�¯ºÁÒã	�¯ºm º�ËÓÒmÈãÒ ¹º ¯ËÏ�ã	�È�

�Èä Ò°¹©�ÈÓÒ® ÓÈ��¯Ó©² �Ë�ÈãË®� �°�ÈÓºmãËÓÓ©²

ÓÈ °¹Ë�ÒÈã	Óºä ��È¯Óºä °�ËÓ�Ë� ¯ÈÏ¯Èº�ÈÓÓºä

°ºmäË°�Óº }ÈÁË�¯º® ºº¯��ºmÈÓÒ« Ò �Ë²Óºãº�ÒÒ

°mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ ~È¹º¯ºÎ°}º�º ÓÈ�ÒºÓÈã	�

Óº�º �Ë²ÓÒ�Ë°}º�º �ÓÒmË¯°Ò�Ë�È Ò |k| ½�Î��

mË�äË��ÈÏºº�Ò°�}È�� v�ËÓ� ÒäÒ�Ò¯�Ë� ¯ËÈã	Ó©Ë

ªÓË¯�Ë�Ò�Ë°}ÒË ¹È¯ÈäË�¯© ��È¯Óº® ÓÈ�¯�Ï}Ò� }º�

�º¯�
 mº°¹¯ÒÓÒäÈË� Èã}È m°�¯«²ÒmÈÓÒ« ªãË}��

¯Ò�Ë°}º�º ÁÒã	�¯È�

j°¹©�ÈÓÒ« ÓÈ ÈÏË �⋅��� �Ò}ãºm ÓÈ��¯Ó©² äº�

�ËãË® ÓÈ ��È¯Óºä °�ËÓ�Ë ¹º}ÈÏÈãÒ� ��º m �� � °mÈ¯�

Ó©² �mºm� m©¹ºãÓËÓÓ©² ªãË}�¯º�ÈäÒ �|sj������

° ¯ÈÏ�Ëã	Ó©ä mmË�ËÓÒËä ÁË¯¯º°¹ãÈmºm� mÒÏ�Èã	Óº

ÏÈÁÒ}°Ò¯ºmÈÓ© �¯Ë�ÒÓ©� }º�º¯©Ë ÏÈ¯ºÎ�ÈãÒ°	 m

ºãÈ°�Ò }º¯Ó« �mÈ Ò ¯ÈÏmÒmÈãÒ°	 ¹º ÓÈ¹ãÈmãËÓ�

Óºä� äË�Èãã�� { °mÈ¯Ó©² �mÈ²� m©¹ºãÓËÓÓ©²

º¹©�Ó©äÒ ªãË}�¯º�ÈäÒ ° }ºä¹ãË}°Ó©ä ÁË¯¯º°¹�

ãÈmºä m ¹º}¯©�ÒÒ� ¹º°ãË �⋅��� �Ò}ãºm Ò°¹©�ÈÓÒ®

mÒÏ�Èã	Óº �¯Ë�ÒÓ© ÓË ºÓÈ¯�ÎËÓ©�

�È}Òä º¯ÈÏºä� ¹¯Ò ÏÈäËÓË m°Ë² ÁË¯¯º°¹ãÈmºm

m ¹º}¯©�ÒÒ ªãË}�¯º�ºm �|sj������ }ºä¹ãË}°Ó©ä

¯ÈÁÒÓÒ¯ºmÈÓÓ©ä ÁË¯¯º°¹ãÈmºä ªãË}�¯º�ãÈ}ºmº®

m©¹ãÈm}Ò m ¯ËÏ�ã	�È�Ë �äËÓ	�ËÓÒ« °º�Ë¯ÎÈÓÒ« ÓË�

äË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ® m äË�ÈããË °mÈ¯Óº�º �mÈ

¹¯ºÒ°²º�Ò� ¹ºm©�ËÓÒË ÓË �ºã	}º }¯È�}ºm¯ËäËÓÓ©²

äË²ÈÓÒ�Ë°}Ò² °mº®°�m� º¹¯Ë�Ëã«Ëä©² ¹¯Ò Ò°¹©�ÈÓÒÒ

äË�ÈããÈ� ÓÈ¹ãÈmãËÓÓº�º �È}ÒäÒ ªãË}�¯º�ÈäÒ� Óº Ò

¹¯Ë�Ëã m©Óº°ãÒmº°�Ò äË�ÈããÈ °mÈ¯Óº�º �mÈ m ¹¯º�

�Ë°°Ë �ãÒ�Ëã	Óº® ª}°¹ã�È�È�ÒÒ ¹¯Ò �Ò}ãÒ�Ë°}ºä Ò

��È¯Óºä ÓÈ�¯�ÎËÓÒÒ�

�� rºm°�Óºm°}Ò® k� �� z mº¹¯º°� º äË²ÈÓÒÏäË ¯È°°ËÒmÈÓÒ«
ªÓË¯�ÒÒ m �¯Ë�ÒÓË �°�Èãº°�Ò �� �¯ºã� ¹¯º�Óº°�Ò� Û
����� Û ¢ �� Û v� ��Ü���

�� wãË}�¯ºÁÒã	�¯© m �mË�Óº® äË�Èãã�¯�ÒÒ � l� j� rÒ¯�
�Ë¯� k� p� �ºÓ�È¯ºm� �� l� �º¯�ºÓ� k� k� ��¯mÒ� � �º�
¯Ë�� k� k� ��¯mÒ�È� Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� {ãÒ«ÓÒË °º°�ÈmÈ ÁË¯¯º°¹ãÈmºm ÓÈ °º�Ë¯ÎÈÓÒË Ò Áº¯ä�
ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ® m äË�ÈããË� ÓÈ¹ãÈmãËÓÓºä
ªãË}�¯º�ÈäÒ �|sj������ � {� v� �º¹ºm� j� l� rÒãº�
ÓÒ}� v� �� rË¯ËÎÓ©®� {� �� �Ò¯ºÎ}ºmÈ �� km�ºäÈ��
°mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

�� �º¹ºm {� v�� r�ãºÓÒ} ´� l�� rË¯ËÎÓÒ® v� �� ~ÓÒÎËÓÓ«
mä�°�� �}��ãÒmÒ² �ºä��º} � äË�Èã� �mÈ ¹¯Ò mÒ}º¯Ò°�ÈÓÓ�
}ºä¹ãË}°Óº�º ¯ºÏ}Ò°ã
mÈ�È m ¹º}¯Ò��� ÏmÈ¯
mÈã	ÓÒ²
ËãË}�¯º��m �� lÈ�Ë¯�ÈãºÏÓÈm°�mº �È º¯º� äË�Èã�m� Û
����� Û ¢ �� Û v� ��Ü���

�� wãË}�¯º�ãÈ}ºm©® äË�Èãã � �º� ¯Ë�� r� p� �È�ºÓÈ�
r� j� lË�ºmÈ¯È� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� �°�Èãº°�	 Ò ²¯�¹}º°�	 äË�ÈããÒ�Ë°}Ò² äÈ�Ë¯ÒÈãºm �
{� v� jmÈÓºm� v� p� ��¯ËmÒ�� j� l� zº¹	Ëm� {� �� z��¯«�
�ºm� Û l�� sÈ�}È� ����� Û ��� °�

�� iº�ÈËmÈ {� k�� �Ëº¯�ÒËm s� l�� kÓ��}ÒÓ l� s� {ãÒ«ÓÒË
¯ÈÁÒÓÒ¯ºmÈÓÒ« ÎÒ�}Òä °ÒÓ�Ë�Ò�Ë°}Òä �ãÈ}ºä ÓÈ m«Ï}ÒË
°mº®°�mÈ ÓÒÏ}ºãË�Ò¯ºmÈÓÓº® °�¯ºÒ�Ëã	Óº® °�ÈãÒ �� lË�
�ÈããºmË�� Ò �Ë¯ä� º¯È� äË�Èããºm� Û ����� Û ¢ ��� Û
v� ��Ü���

�� v�Ë¹Óºm l� s� v�È�Ò°�Ò�Ë°}È« º¯Èº�}È ¯ËÏ�ã	�È�ºm äË�
²ÈÓÒ�Ë°}Ò² Ò°¹©�ÈÓÒ®� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û
��� °�

,W LV VKRZQ WKDW D FRPSOH[ IHUURDOOR\ XVHG LQVWHDG RI WUDGLWLRQDO IHUURDOOR\V� L�H� GHR[LGLVHUV� LQ HOHFWURGH FRYHULQJV OHDGV WR
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{� Ð� z|s|spsz| �½w}º�Ë²Óºãº�Ò«�� �� zÒËm�� k� |� z|cv�s � }ÈÓ�Ò�È�© �Ë²Ó� ÓÈ�}

§ÆÒÖÄÌÍ ÁÊÇÞÌÇÄ ÐÍÃÄÏÅ¿ÌÇÞ ÌÇÉÄÊÞ Ì¿ ËÄÔ¿ÌÇÖÄÐÉÇÄ ÐÁÍÈÐÑÁ¿ ÐÍÄÃÇÌÄÌÇÈ� ÎÍÊÒÖÄÌÌÚÔ ËÍÉÏÍÈ ÐÁ¿ÏÉÍÈ ÎÍÃ ÁÍÃÍÈ

Ð¿ËÍÆ¿ØÇÑÌÚËÇ ÎÍÏÍ×ÉÍÁÚËÇ ÎÏÍÁÍÊÍÉ¿ËÇ� ²ÐÑ¿ÌÍÁÊÄÌÍ� ÖÑÍ ÁÁÄÃÄÌÇÄ ÌÇÉÄÊÞ ÎÍÁÚ×¿ÄÑ ËÄÔ¿ÌÇÖÄÐÉÇÄ ÐÁÍÈÐÑÁ¿

ËÄÑ¿ÊÊ¿ ×ÁÍÁ� §ÐÐÊÄÃÍÁ¿ÌÇÞ ÐÍÐÑ¿Á¿ ÌÄËÄÑ¿ÊÊÇÖÄÐÉÇÔ ÁÉÊÝÖÄÌÇÈ ÎÍÆÁÍÊÇÊÇ ÒÐÑ¿ÌÍÁÇÑÛ ÍÑÐÒÑÐÑÁÇÄ Á ÌÄÉÍÑÍÏÚÔ ÇÆ

ÌÇÔ ¿ÃÂÄÆÇÍÌÌÍÈ ÐÁÞÆÇ ËÄÅÃÒ ÌÄËÄÑ¿ÊÊÇÖÄÐÉÇË ÁÉÊÝÖÄÌÇÄË Ç ÓÄÏÏÇÑÌÍÈ Ë¿ÑÏÇÕÄÈ� ¼ÑÍ ÍÀÙÞÐÌÞÄÑÐÞ ÎÍÁÚ×ÄÌÇÄË

ÉÍÌÕÄÌÑÏ¿ÕÇÇ ÁÍÃÍÏÍÃ¿� ÉÍÑÍÏÚÈ Á ÎÏÍÕÄÐÐÄ ÓÍÏËÇÏÍÁ¿ÌÇÞ ÐÑÏÒÉÑÒÏÚ ÐÍÀÇÏ¿ÄÑÐÞ Ì¿ ÂÏ¿ÌÇÕÄ ÌÄËÄÑ¿ÊÊÇÖÄÐÉÍÂÍ

ÁÉÊÝÖÄÌÇÞ Ç Ë¿ÑÏÇÕÚ� ¬¿ÊÇÖÇÄ Ñ¿ÉÇÔ �ÊÍÁÒ×ÄÉ� ËÍÅÄÑ ÐÌÇÅ¿ÑÛ ÐÉÍÏÍÐÑÛ Ë¿ÐÐÍÎÄÏÄÌÍÐ¿ ÁÍÃÍÏÍÃ¿ ÎÏÇ ÐÁ¿ÏÉÄ ÎÍÃ

ÁÍÃÍÈ� ²ÐÑ¿ÌÍÁÊÄÌÍ� ÖÑÍ ÎÏÇ Ë¿ÐÐÍÁÍÈ ÃÍÊÄ ÌÇÉÄÊÞ ÀÍÊÄÄ ��� �ÓÍÏËÇÏÒÄÑÐÞ ÐËÄ×¿ÌÌ¿Þ ÓÄÏÏÇÑÌ¿Þ ÐÑÏÒÉÑÒÏ¿ ËÄÑ¿ÊÊ¿

×ÁÍÁ Ð ÔÇËÇÖÄÐÉÍÈ ËÇÉÏÍÌÄÍÃÌÍÏÍÃÌÍÐÑÛÝ�

zã
� Ë m © Ë ° ã º m È � äº}¯È« °mÈ¯}È� ¹º¯º�}ºm©Ë ¹¯ºmºãº�

}Ò� äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ� ÓËäË�ÈããÒ�Ë°}ÒË m}ã
�ËÓÒ«�

°�¯�}��¯È äË�ÈããÈ �mºm

jÏmË°�Óº� ��º äË�Èãã m ¹¯º�Ë°°Ë Áº¯äÒ¯ºmÈÓÒ«

�mºm� m©¹ºãÓËÓÓ©² äº}¯º® °mÈ¯}º® ¹º� mº�º®

¹ãÈm«�Òä°« ªãË}�¯º�ºä� ¹º�mË¯�ÈË�°« °ãË��
�Òä

mºÏ�Ë®°�mÒ«ä º}¯�ÎÈ
�Ë® °¯Ë�©� ÒÓ�ËÓ°ÒmÓºä�

º²ãÈÎ�ËÓÒ
 �m �Ü� ¯ÈÏ m©�Ë �Ëä ¹¯Ò °mÈ¯}Ë ÓÈ

mºÏ��²Ë >�Ü�@�� m©°º}º® }ºÓ�ËÓ�¯È�ÒÒ m ¹È¯º�È�

Ïºmºä ¹�Ï©¯Ë }Ò°ãº¯º�È Ò mº�º¯º�È >�� �@� ¹º�

m©�ËÓÓºä� �ÈmãËÓÒ
� ¹Ë¯Ë²º�� m äË�Èãã °ºãË®�

¯È°�mº¯ËÓÓ©² m mº�Ë ¹¯Ò Ò°¹È¯ËÓÒÒ ¹º°ãË�ÓË®

m ¯ËÈ}�ÒºÓÓº® ÏºÓË�

p°ãÒ ÒÓ�ËÓ°ÒmÓºË º²ãÈÎ�ËÓÒË °¹º°º°�m�Ë� �¹�

¯º�ÓËÓÒ
 äË�ÈããÈ �mºm� m©¹ºãÓËÓÓ©² äº}¯º® °mÈ¯�

}º® ¹º� mº�º®� �º ãÈ�º�È¯« m©°º}º® }ºÓ�ËÓ�¯È�ÒÒ

}Ò°ãº¯º�È m ¯ËÈ}�ÒºÓÓº® ÏºÓË ¹¯ºÒ°²º�Ò� ¹¯È}�Ò�

�Ë°}Ò ¹ºãÓºË m©�º¯ÈÓÒË º°ÓºmÓ©² ãË�Ò¯�
�Ò² ªãË�

äËÓ�ºm ���ãË¯º�È� }¯ËäÓÒ«� äÈ¯�ÈÓ�È� >�Ü�@� { ª�Ò²

�°ãºmÒ«² ¹ºm©�ËÓÒË äË²ÈÓÒ�Ë°}Ò² Ò ¹ãÈ°�Ò�Ë°}Ò²

°mº®°�m äË�ÈããÈ °ºË�ÒÓËÓÒ® äºÎË� ©�	 �º°�Ò�Ó��º

¹��Ëä ¹¯ÈmÒã	Óº�º m©º¯È °Ò°�Ëä© ãË�Ò¯ºmÈÓÒ«�

|�ÓÒä ÒÏ ªãËäËÓ�ºm� �°¹Ë�Óº ¹¯ÒäËÓ«Ëä©² �ã«

ãË�Ò¯ºmÈÓÒ« ¯«�È °�ÈãË®� «mã«Ë�°« ÓÒ}Ëã	 >�@�
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° ÏÈä}Ó��©ä ¹¯ºÁÒãËä ¹º¹Ë¯Ë�Óº�º °Ë�ËÓÒ«� ÒäËË�

º�ËÓ	 m©°º}�
 ÎË°�}º°�	 �Ë¹ãÈÓÈ�ÒÒ� }º�º¯È« �º�
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�� �°�ÈÓºmãËÓº� ��º �º �� � äº°�ºm©² }¯ÈÓºm ÒäË�
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ÓÒ«� }º�º¯©Ë º¯ÈÏ�
�°«� }È} ¹¯ÈmÒãº� m äË°�È²�
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Ó«�©ä äË�º�Ò}Èä� ÓÒÏ}Ò® �¯ºmËÓ	 ÓÈ¹¯«ÎËÓÒ® º�
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�°« m º�Ë¹¯ÒÓ«�©² äË�º�

�Ò}È² ¯È°�Ë�È ÓÈ ¹¯º�Óº°�	�

�� sÈÒºãËË �ËãË°ºº¯ÈÏÓº ¹ºm©�È�	 �ºã�ºmË��
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«ÌÀÌÈÎ¾Ê¾ÐÌÎÏÈÆÇ Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚËÙÇ Å¾ÀÌÂ Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÝÂÃÎËÑÜ
¿ÃÅÌÍ¾ÏËÌÏÐÚ ±ÈÎ¾ÆËÙ

ÃÎÀ¾Ý Í¾ÎÐÆÝ ËÃÐÎ¾ÂÆÔÆÌËËÌÇ ÂÉÝ «ÌÀÌÈÎ¾Ê¾ÐÌÎÏÈÌÁÌ Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚËÌÁÌ Å¾ÀÌÂ¾ ÍÎÌ�

ÂÑÈÔÆÆ x Ì¿ÉÆÔÌÀÌÈ ÈÌËÐÃÇËÃÎÌÀ ÂÉÝ Å¾ÓÌÎÌËÃËÆÇ ÌÐÓÌÂÌÀ ÝÂÃÎËÌÁÌ ÐÌÍÉÆÀ¾ x ÌÐÁÎÑÄÃË¾ ÂÉÝ ¥¾�

ÍÌÎÌÄÏÈÌÇ ¾ÐÌÊËÌÇ ÛÉÃÈÐÎÌÏÐ¾ËÔÆÆ� °¾ÈÆÊ Ì¿Î¾ÅÌÊ Å¾ÀÌÂ ÍÎ¾ÈÐÆÕÃÏÈÆ ÀÈÉÜÕÆÉÏÝ À ÎÃÖÃËÆÃ ÏÃÎÚ�

ÃÅËÌÇ Ì¿×ÃÁÌÏÑÂ¾ÎÏÐÀÃËËÌÇ ÍÎÌ¿ÉÃÊÙ� ÏÀÝÅ¾ËËÌÇ Ï Ì¿ÃÏÍÃÕÃËÆÃÊ ÝÂÃÎËÌÇ ¿ÃÅÌÍ¾ÏËÌÏÐÆ�  ÙÍÑÏÈ

ËÌÀÌÇ ÍÎÌÂÑÈÔÆÆ ÍÎÌÂÆÈÐÌÀ¾Ë ÀÀÌÂÌÊ À ÛÈÏÍÉÑ¾Ð¾ÔÆÜ Ë¾ ¥¾ÍÌÎÌÄÏÈÌÇ �»¯ ÏÑÓÌÁÌ ÓÎ¾ËÆÉÆ×¾ ÌÐÎ¾�

¿ÌÐ¾ËËÌÁÌ ÝÂÃÎËÌÁÌ ÐÌÍÉÆÀ¾�

 ÙÓÌÂÑ «ÌÀÌÈÎ¾Ê¾ÐÌÎÏÈÌÁÌ Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚËÌÁÌ Å¾ÀÌÂ¾ Ë¾ ÎÙËÌÈ ¾ÐÌÊ×ÆÈÌÀ ÍÎÃÂÖÃÏÐÀÌÀ¾É¾

¿ÌÉÚÖ¾Ý Æ ÈÎÌÍÌÐÉÆÀ¾Ý Î¾¿ÌÐ¾� ÎÌÀÃÂÃËÌ Ì¿ÑÕÃËÆÃ ÎÑÈÌÀÌÂÝ×ÆÓ Æ ÆËÄÃËÃÎËÌ�ÐÃÓËÆÕÃÏÈÆÓ

Î¾¿ÌÐËÆÈÌÀ� ¾ÐÐÃÏÐÌÀ¾ËÙ ÏÌÌÐÀÃÐÏÐÀÑÜ×ÆÃ É¾¿ÌÎ¾ÐÌÎÆÆ� ¨ÆÃÀÏÈÌÇ ÈÌÊÆÏÏÆÃÇ ¡ÌÏÔÃËÐÎ¾ È¾ÕÃÏÐÀ¾

ÍÎÌÀÃÂÃË ¾ÑÂÆÐ ÍÎÃÂÍÎÆÝÐÆÝ� ÍÌÉÑÕÃË ÍÌÉÌÄÆÐÃÉÚËÙÇ ÌÐÅÙÀ Ì ÀÌÅÊÌÄËÌÏÐÝÓ ÍÎÌÆÅÀÌÂÏÐÀ¾ Ì¿ÌÎÑ�

ÂÌÀ¾ËÆÝ� ÏÀÝÅ¾ËËÌÁÌ Ï ÝÂÃÎËÌÇ Î¾ÂÆ¾ÔÆÌËËÌÇ ¿ÃÅÌÍ¾ÏËÌÏÐÚÜ� «ÌÀÌÈÎ¾Ê¾ÐÌÎÏÈÆÇ Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚ�

ËÙÇ Å¾ÀÌÂ ÁÌÐÌÀ È ÀÙÍÑÏÈÑ Ì¿ÌÎÑÂÌÀ¾ËÆÝ ÎÃÅÈÆ Æ ÍÎÃÏÏÌÀ¾ËÆÝ ÐÀÃÎÂÙÓ Î¾ÂÆÌ¾ÈÐÆÀËÙÓ ÌÐÓÌÂÌÀ ÂÉÝ

Ì¿ØÃÈÐ¾ �±ÈÎÙÐÆÃ�� ÈÌËÐÃÇËÃÎÌÀ ÂÉÝ ÐÎ¾ËÏÍÌÎÐÆÎÌÀÈÆ ÌÐÓÌÂÌÀ ÝÂÃÎËÌÁÌ ÐÌÍÉÆÀ¾�

������ ��
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®ÏÍÁÄÃÄÌ ÐÏ¿ÁÌÇÑÄÊÛÌÚÈ ¿Ì¿ÊÇÆ ÐÁ¿ÏÍÖÌÍÂÍ ÍÀÍÏÒÃÍÁ¿ÌÇÞ �ÇÐÑÍÖÌÇÉÇ ÎÇÑ¿ÌÇÞ� ÐÁ¿ÏÍÖÌÚÄ ÒÐÑ¿ÌÍÁÉÇ� ÎÍÊÒ¿ÁÑÍË¿ÑÚ�
ÃÊÞ ÃÒÂÍÁÍÈ ÐÁ¿ÏÉÇ Á Æ¿ØÇÑÌÚÔ Â¿Æ¿Ô ÎÏÍÁÍÊÍÉ¿ËÇ Ë¿ÊÍÂÍ ÃÇ¿ËÄÑÏ¿� ÑËÄÖÄÌÚ ÌÄÃÍÐÑ¿ÑÉÇ ÍÀÍÏÒÃÍÁ¿ÌÇÞ ÁÄÃÒØÇÔ

Æ¿Î¿ÃÌÚÔ ÓÇÏË Ç Ï¿ÐÐËÍÑÏÄÌÚ ÎÍÃÔÍÃÚ ÐÍÁÄÏ×ÄÌÐÑÁÍÁ¿ÌÇÞ ÐÁ¿ÏÍÖÌÍÈ ÑÄÔÌÇÉÇ� ÏÄ¿ÊÇÆÍÁ¿ÌÌÚÄ ÓÇÏËÍÈ ¬®
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�� fZjlZ ���� ]� \ jZfdZo hnbpbZevgh]h \bablZ \ MdjZbgm

fbgbklj gZmdb� bkke_^h\Zgbc b l_ogheh]bc BkeZfkdhc

j_kim[ebdb BjZg ]�g >`ZnZj Lhmnb]b \ khijh\h`^_gbb

Qj_a\uqZcgh]h b Iheghfhqgh]h ihkeZ BkeZfkdhc j_k�

im[ebdb BjZg \ MdjZbg_ ]�gZ ;ZofZgZFh[ZjZd_ b ^jm]bo

bjZgkdbo hnbpbZevguo ebp ihk_lbe BWK bf� ?� H� IZlh�

gZ G:G MdjZbgu� ]^_ \klj_lbeky k ij_ab^_glhf G:G Md�

jZbgu� ^bj_dlhjhf BWK bf� ?� H� IZlhgZ ZdZ^_fbdhf

;� ?� IZlhghf� K mdjZbgkdhc klhjhgu \h \klj_q_ mqZkl\h�

\Zeb aZf_klbl_ev fbgbkljZ h[jZah\Zgby b gZmdb MdjZbgu

<� K� Klh]gbc� ^bj_dlhj GZpbhgZevghc [b[ebhl_db MdjZ�

bgu bf� <� B� <_jgZ^kdh]h ZdZ^_fbd G:G MdjZbgu :� K�

Hgbs_gdh� aZf_klbl_ev ^bj_dlhjZ BWK bf� ?� H� IZlhgZ

ZdZ^_fbd G:G MdjZbgu E�F� Eh[Zgh\� Z lZd`_ jy^ \_^m�

sbo mq_guo b ki_pbZebklh\ G:G MdjZbgu b BWK bf�

?� H� IZlhgZ�

:dZ^_fbd ;� ?� IZlhg ih^jh[gh hagZdhfbe ]�gZ >`Z�

nZjZ Lhmnb]b kh kljmdlmjhc b hkgh\gufb gZijZ\e_gbyfb

^_yl_evghklb GZpbhgZevghc ZdZ^_fbb gZmd MdjZbgu� k

ihke_^gbfb ^hklb`_gbyfb mdjZbgkdbo mq_guo� Z lZd`_

k j_amevlZlZfb djmiguo ijh_dlh\� dhlhju_ kh\f_klgh \

ihke_^gb_ ������ e_l jZajZ[Zlu\Zeb mdjZbgkdb_ b bjZg�

kdb_ mq_gu_ b ki_pbZebklu� \ lhf qbke_ \ jZfdZo >h�

]h\hjZ h Khljm^gbq_kl\_ f_`^m G:G MdjZbgu b Hj]Z�

gbaZpb_c jZa\blby b \hkklZgh\e_gby BjZgZ� f_fhjZg^m�

fh\ k P_gljhf bg^mkljbZevgh�l_ogheh]bq_kdbo bkke_^h�

\Zgbc BjZgZ b BkeZfkdbf $=$'�mgb\_jkbl_lhf� <k_ wlb

^hdmf_glu [ueb ih^ibkZgu \ yg\Zj_ ���� ]� \h \j_fy

\bablZ \ BjZg ^_e_]Zpbb G:G MdjZbgu \h ]eZ\_ k ij_�

ab^_glhf G:G MdjZbgu ZdZ^_fbdhf ;� ?� IZlhghf�

< dZq_kl\_ ijbf_jh\ mki_rgh]h khljm^gbq_kl\Z ZdZ�

^_fbd ;� ?� IZlhg gZa\Ze kh\f_klgu_ bkke_^h\Zgby \ h[�

eZklb hilbdb b eZa_jghc nbabdb BgklblmlZ nbabdb G:G

MdjZbgu b Mgb\_jkbl_lZ FZe_d�:rlZj ba ]hjh^ZRZobg�

BgklblmlZ fZl_fZlbdb G:G MdjZbgu b BgklblmlZ l_h�

j_lbq_kdhc nbabdb b fZl_fZlbdb \ L_]_jZg_�

?klv ^hklb`_gby b \ ]mfZgblZjghc h[eZklb ² j_Z�

ebam_lky ^\mklhjhggbc ^h]h\hj h f_`^mgZjh^ghf khljm^�

gbq_kl\_ f_`^m GZpbhgZevghc [b[ebhl_dhc bf� <� B�

<_jgZ^kdh]h G:G MdjZbgu b Ihkhevkl\hf BkeZfkdhc

j_kim[ebdb BjZg \ MdjZbg_� < ���� ]� ijb ih^^_j`d_

Fbgbkl_jkl\Z bghkljZgguo ^_e BkeZfkdhc j_kim[ebdb

BjZg b Ihkhevkl\Z BkeZfkdhc j_kim[ebdb BjZg \ Md�

jZbg_ [b[ebhl_dZ ijh\_eZ f_`^mgZjh^gmx dhgn_j_gpbx

©Kh\j_f_ggZy bjZgkdZy ihwabyª k mqZklb_f mq_guo� ki_�

pbZebklh\ b ebl_jZlhjh\ ba BjZgZ b MdjZbgu�

>Ze__ ZdZ^_fbd ;� ?� IZlhg hklZgh\beky gZ khljm^�

gbq_kl\_ BWK bf� ?� H� IZlhgZ k gZmqgufb mqj_`^_�

gbyfb b nbjfZfb BkeZfkdhc j_kim[ebdb BjZg� < dZq_k�

l\_ h^gh]h ba ijbf_jh\ lZdh]h khljm^gbq_kl\Z fh`gh

ijb\_klb dhgljZdl� \uiheg_gguc ^ey >_iZjlZf_glZ `_�

e_aguo ^hjh] BjZgZ� dhlhjuc ij_^mkfZljb\Z_l ihklZ\dm

fZrbg ^ey dhglZdlghc k\Zjdb j_evkh\ gh\h]h ihdhe_gby�

< gZklhys__ \j_fy \_^mlky i_j_]h\hju h ihklZ\d_ \ BjZg

we_dljhggh�emq_\uo mklZgh\hd ^ey \uieZ\db lblZgh�

\uo kebldh\� ihklZ\d_ h[hjm^h\Zgby b i_j_^Zq_ l_o�

gheh]bb gZieZ\db klZevguo b qm]mgguo \Zedh\ ijhdZl�

guo klZgh\ b ^j�

< ���� ]� f_`^m BWK bf� ?� H� IZlhgZ b Fbgbkl_j�

kl\hf ljm^Z b khpbZevguo \hijhkh\ BkeZfkdhc j_kim[�

ebdb BjZg [ueh ih^ibkZgh kh]eZr_gb_ h[ hj]ZgbaZpbb

BjZgkdh]h bgklblmlZ k\Zjdb� < jZfdZo wlh]h kh]eZr_gby

BWK lZd`_ ijbgye gZ k_[y h[yaZl_evkl\Z \uihegblv jZ�

[hlm ih ijb\_^_gbx ijhn_kkbhgZevguo kbkl_f h[mq_gby

BjZgZ \ khhl\_lkl\b_ k lj_[h\Zgbyfb F_`^mgZjh^gh]h

klZg^ZjlZ ,62 ������� D kh`Ze_gbx� wlb kh]eZr_gby ihdZ

g_ j_Zebah\Zgu ih ijbqbgZf� g_ aZ\bkysbf hl ki_pbZ�

ebklh\ BWK bf� ?� H� IZlhgZ�

< p_ehf� g_kfhljy gZ hl^_evgu_ g_^hklZldb� ZdZ^_fbd

;� ?� IZlhg \_kvfZ ihablb\gh hp_gbe khljm^gbq_kl\h

f_`^m bgklblmlZfb G:G MdjZbgu b khhl\_lkl\mxsbfb

hj]ZgbaZpbyfb BkeZfkdhc j_kim[ebdb BjZg�

< hl\_lghf \uklmie_gbb fbgbklj >`ZnZj Lhmnb]b

ih[eZ]h^Zjbe ZdZ^_fbdZ ;�?�IZlhgZ aZ h[klhyl_evgmx bg�

nhjfZpbx h GZpbhgZevghc ZdZ^_fbb gZmd MdjZbgu b j_�

amevlZlZo khljm^gbq_kl\Z bgklblmlh\ b mqj_`^_gbc ZdZ�

^_fbb k gZmqgufb b mq_[gufb bgklblmlZfb b mgb\_j�

kbl_lZfb� Z lZd`_ ijhba\h^kl\_ggufb nbjfZfb BkeZf�

kdhc j_kim[ebdb BjZg� < fbj_ rbjhdh ba\_klgu ^hklb�

`_gby mdjZbgkdbo mq_guo b bjZgkdZy klhjhgZ ijb^Z_l

[hevrh_ agZq_gb_ khljm^gbq_kl\m k GZpbhgZevghc ZdZ�

^_fb_c gZmd MdjZbgu�

< k\h_f \uklmie_gbb ]�g >`ZnZj Lhmnb]b hlf_lbe

g_h[oh^bfhklv Zdlb\baZpbb gZmqgh�l_ogbq_kdh]h khljm^�

gbq_kl\Z b mkljZg_gby l_o nZdlhjh\� dhlhju_ fh]ml g_�

]Zlb\gh \ebylv gZ jZa\blb_ khljm^gbq_kl\Z mq_guo ^\mo

kljZg�

< aZdexq_gb_ ZdZ^_fbd ;� ?� IZlhg b ]�g >`ZnZj Lh�

mnb]b ih^ibkZeb F_fhjZg^mf h \aZbfhihgbfZgbb \ h[�

eZklb gZmdb� bkke_^h\Zgbc b l_ogheh]bc f_`^m G:G Md�

jZbgu b Fbgbkl_jkl\hf gZmdb� bkke_^h\Zgbc b l_ogh�

eh]bc BkeZfkdhc j_kim[ebdb BjZg�

< ^_fhgkljZpbhgghf aZe_ ZdZ^_fbd ;� ?� IZlhg hagZ�

dhfbe \ukhdh]h ]hkly b khijh\h`^Zxsbo _]h ebp k ihk�

e_^gbfb jZajZ[hldZfb bgklblmlZ \ h[eZklb k\Zjdb� gZi�

eZ\db b gZg_k_gby aZsblguo ihdjulbc� ijhba\h^kl\Z

k\Zjguo dhgkljmdpbc b ba^_ebc \ jZaebqguo h[eZklyo

ijhfure_ggh]h ijhba\h^kl\Z� Hkh[uc bgl_j_k m bjZgk�

dbo ]hkl_c \ua\Zeb jZajZ[hldb bgklblmlZ� ij_^gZagZq_g�

gu_ ^ey bkihevah\Zgby \ dhkfhk_ b Fbjh\hf hd_Zg_�

Ij_kk�]jmiiZ BWK

������ ��
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GbdheZc =Z\jbeh\bq KeZ\ygh\ jh^beky � fZy ��� Zij_ey�

���� ]� \ k_e_ Gbdhevkdh_ AZ^hgkdh]h m_a^Z <hjhg_`kdhc

]m[_jgbb �gug_ Ebi_pdZy h[eZklv�� Ihke_ hdhgqZgby ]bf�

gZabb k ahehlhc f_^Zevx hg \ ���� ]� [ue ijbgyl \ I_�

l_j[mj]kdbc ]hjguc bgklblml� Z \ ���� ]� fheh^hc ]hjguc

bg`_g_j i_j\h]h jZajy^Z klZe jZ[hlZlv gZ aZ\h^Zo MjZeZ�

K ���� ]� ^h dhgpZ `bagb G� =� KeZ\ygh\ jZ[hlZe gZ I_j�

fkdbo dZa_gguo imr_qguo aZ\h^Zo�

I_jfkdb_ aZ\h^u� hkgZs_ggu_ i_j_^h\hc l_ogbdhc b

mdhfie_dlh\Zggu_ hiulgufb ki_pbZebklZfb� \uimkdZeb

Zjlbee_jbckdb_ hjm^by� kgZjy^u b ^jm]mx \h_ggmx ijh�

^mdpbx� Z lZd`_ jZaebqgu_ fZrbgu b f_oZgbafu� A^_kv

GbdheZc =Z\jbeh\bq k m\e_q_gb_f jZ[hlZe gZ^ kha^Zgb_f

we_dljbq_kdh]h hk\_s_gby� gh\h]h f_lh^Z kh_^bg_gby f_�

lZeeh\ b j_fhglZ f_lZeebq_kdbo ^_lZe_c�

B^_b ^m]h\hc k\Zjdb ieZ\ysbfky we_dljh^hf g_h^ghd�

jZlgh \u^\b]Zebkv \h \lhjhc iheh\bg_ ;,; \� H^gZdh

lhevdh \ ghy[j_ ���� ]� \i_j\u_ \ fbj_ jhkkbckdbc bah[�

j_lZl_ev G� =� KeZ\ygh\ hkms_kl\be ijhp_kk k\Zjdb ^m]hc

ijyfh]h ^_ckl\by f_lZeebq_kdbf �klZevguf� we_dljh^hf�

Wlhfm ijZdlbq_kdhfm \g_^j_gbx ij_^r_kl\h\Zeh j_r_�

gb_ dhfie_dkZ ijh[e_f ih kha^Zgbx h[hjm^h\Zgby� jZa�

jZ[hld_ l_ogheh]bb b ijbf_g_gbx k\Zjhqguo fZl_jbZ�

eh\� < qZklghklb� bah[j_lZl_ev ij_^eh`be bkdexqblv ba

k\Zjhqghc p_ib Zddmfmeylhjgmx [ZlZj_x G� G� ;_gZj�

^hkZ� hklZ\b\ \ dZq_kl\_ bklhqgbdZ iblZgby lhevdh ]_�

g_jZlhj� >ey j_ZebaZpbb wlhc b^_b G� =� KeZ\ygh\ jZa�

jZ[hlZe ki_pbZevguc k\Zjhqguc ]_g_jZlhj lhdZ� <Z`g_c�

rbf we_f_glhf bah[j_l_gby y\ey_lky ijbf_g_gb_ ^ey aZ�

sblu ahgu k\Zjdb f_lZeemj]bq_kdbo nexkh\�

K_jv_agh_ \gbfZgb_ G� =� KeZ\ygh\ m^_eye f_oZgb�

aZpbb b Z\lhfZlbaZpbb ^m]h\hc we_dljhk\Zjdb� Hg kdhg�

kljmbjh\Ze b hijh[h\Ze i_j\uc \ fbj_ k\Zjhqguc ih�

emZ\lhfZl �©we_dljhieZ\bevgbdª�� we_f_glu dhlhjh]h bk�

ihevah\Zgu b \ g_dhlhjuo lbiZo kh\j_f_gguo Z\lhfZ�

lbq_kdbo k\Zjhqguo ]heh\dZo�

G� =� KeZ\ygh\� bamqb\ ijhp_kku ieZ\e_gby f_lZeeZ

\Zggu� iheh`be gZqZeh gZmqguf hkgh\Zf ^m]h\hc k\Zjdb�

?fm m^Zehkv rbjhdh bkihevah\Zlv j_amevlZlu bkke_^h�

\Zgbc \ ijhba\h^kl\_� >ey klZgh\e_gby b jZa\blby ^m�

]h\hc k\Zjdb hkh[h_ agZq_gb_ bf_eZ dgb]Z G� =� KeZ\y�

gh\Z ©We_dljbq_kdZy hleb\dZ f_lZeeh\ª� ba^ZggZy \

���� ]� HgZ nZdlbq_kdb klZeZ i_j\uf \ fbj_ gZmqguf

jmdh\h^kl\hf ih ^m]h\hc k\Zjd_ b iha`_ [ueZ i_j_ba^Z�

gZ \ ;_jebg_ ������� Fhkd\_ �������

>h\_^y k\hc kihkh[ b ZiiZjZl ^h kh\_jr_gkl\Z� G� =�

KeZ\ygh\ ih^Ze aZy\db b ihemqbe \ ����±���� ]]� iZl_glu

gZ ©Kihkh[ we_dljbq_kdh]h miehlg_gby f_lZeebq_kdbo

hleb\hdª b ©Kihkh[ b ZiiZjZlu ^ey we_dljbq_kdhc hl�

eb\db f_lZeeh\ª \ Jhkkbb� NjZgpbb� =_jfZgbb� :g]ebb�

:\kljh�<_g]jbb b ;_ev]bb� Z lZd`_ ih^Ze aZy\db \ KR:�

G� =� KeZ\ygh\ k jZ[hqbfb b fZkl_jZfb ©we_dljhieZ\bevgh]hª mqZk�

ldZ

=jZfhlZ <k_fbjghc Dhemf[bckdhc \uklZ\db ������ KR:�� dhlhjhc

hlf_q_g \deZ^ G� =� KeZ\ygh\Z \ kha^Zgb_ we_dljhk\Zjdb

We_dljhfZrbgguc aZe I_jfkdbo imr_qguo aZ\h^h\� G� =� KeZ\ygh\

hdheh ^bgZfhfZrbgu �k\Zjhqgh]h ]_g_jZlhjZ�

�� ������



R\_pbx� BlZebx� LZd hg gZa\Ze kihkh[ k\Zjdb b kihkh[

aZiheg_gby mkZ^hqguo jZdh\bg ijb hklu\Zgbb hleb\hd�

Bah[j_l_gby jhkkbckdh]h bg`_g_jZ kh^_j`Zl g_kdhev�

dh l_ogbq_kdbo j_r_gbc� dhlhju_ \ ihke_^mxsb_ ]h^u

ihkem`beb hkgh\hc ^ey jZa\blby k\Zjdb� G� =� KeZ\ygh\

ij_^eh`be� ki_pbZevguc k\Zjhqguc ]_g_jZlhj� ijbgpb�

ibZevgmx ko_fm k\Zjhqgh]h ihklZ� ieZ\ysbcky we_dljh^

k ^m]hc ijyfh]h ^_ckl\by� nexk ^ey aZsblu b e_]bjh�

\Zgby� nhjfbjmxsb_ mkljhckl\Z b l_ogbdm ijbgm^bl_ev�

gh]h nhjfbjh\Zgby r\Z� f_oZgbaf jmqghc b Z\lhfZlb�

q_kdhc ih^Zqb we_dljh^Z kh ke_`_gb_f ih gZijy`_gbx

^m]b� k\Zjdm �gZieZ\dm� jZaghjh^guo f_lZeeh\� k\Zjdm

^\mfy ^m]Zfb� ij_^\Zjbl_evguc ih^h]j_\� Djhf_ lh]h� \

���� ]� ijb \hkijhba\_^_gbb l_ogheh]bb k\Zjdb gZ Zi�

iZjZl_ G� =� KeZ\ygh\Z \ BWK bf� ?� H� IZlhgZ [ueh

mklZgh\e_gh� qlh� �� we_dljh^ ih^Z_lky k dhe_[Zgbyfb�

\ua\Zggufb bg_jpbhgghklvx \aZbfh^_ckl\by khe_ghb^Z

b ijm`bgu� �� i_jbh^bq_kdb ijb gbadhc iehlghklb lhdZ

b \ukhdhf keh_ `b^dh]h nexkZ \hagbdZ_l we_djhreZdh�

\uc ijhp_kk�

G� =� KeZ\ygh\� [m^mqb ]hjguf gZqZevgbdhf I_jf�

kdbo imr_qguo aZ\h^h\� k ���� ]� b ^h dhgpZ `bagb jm�

dh\h^be k\Zjhqgh�ebl_cgufb jZ[hlZfb \ ki_pbZevgh kha�

^Zgghf p_o_ b ijh^he`Ze kh\_jr_gkl\h\Zlv l_ogheh]bx

b h[hjm^h\Zgb_� Bah[j_lZl_ev lZd gZmqbeky mijZ\eylv

ijhp_kkhf ©we_dljbq_kdhc hleb\dbª� qlh h[_ki_qbe kZfh_

\ukhdh_ dZq_kl\h k\Zjdb b gZieZ\db ex[h]h f_lZeeZ� bk�

ihevah\Z\r_]hky \ lh \j_fy \ ijhfure_gghklb� GZ I_j�

fkdbo imr_qguo aZ\h^Zo k\ZjdZ ijbf_gyeZkv \ [hevrhf

h[t_f_ ^ey ba]hlh\e_gby b j_fhglZ ^_n_dlh\ ba^_ebc ih

]hkm^Zjkl\_gguf aZdZaZf �^_lZeb iZjh\uo fZrbg� jZfu

iZjh\hah\� dhleu� qZklb imr_d b ^j��� <uihegyebkv b

fgh]hqbke_ggu_ qZklgu_ aZdZau gZ j_fhgl maeh\ f_ev�

gbp� dhehdheh\ b ^j� < ���� ]� ih ijh_dlm G� =� KeZ\ygh\Z

[ue ba]hlh\e_g k\Zjhqguc ZiiZjZl \ ?dZl_jbghkeZ\_� Mk�

lZgh\db ©we_dljbq_kdhc hleb\dbª f_lZeeh\ jZ[hlZeb gZ

aZ\h^Zo \ K_\Zklhihe_� Dhehfg_� Em]Zgkd_� AeZlhmkl_�

H^_kk_� B`_\kd_ b ^jm]bo ]hjh^Zo Jhkkbb� Z lZd`_ aZ

jm[_`hf ² \ =_jfZgbb� ;_ev]bb b ^j� Kihkh[u we_dl�

jh^m]h\hc k\Zjdb b miehlg_gby kebldh\ [ueb \ukhdh hp_�

g_gu gZ \uklZ\dZo \ Jhkkbb b aZ jm[_`hf �NjZgpby�

KR:��

GbdheZc =Z\jbeh\bq aZgbfZeky hj]ZgbaZpbhggufb�

gZmqgh�bkke_^h\Zl_evkdbfb� ijhba\h^kl\_ggufb jZ[h�

lZfb b g_ sZ^be k_[y� g_kfhljy gZ keZ[h_ a^hjh\v_� Jm�

dh\h^y k\Zjhqgufb jZ[hlZfb gZ hldjulhf \ha^mo_� G� =�

KeZ\ygh\ ijhklm^beky� ly`_eh aZ[he_e b mf_j \ I_jfb

�� ��� hdly[jy ���� ]�

D gZqZem ;; \� ijbf_g_gb_ k\Zjdb ih kihkh[m KeZ�

\ygh\Z kbevgh khdjZlbehkv� H[tykgy_lky wlh \ i_j\mx

hq_j_^v keh`ghklvx �ih l_f \j_f_gZf� l_ogbdb \uihe�

g_gby k\Zjdb� Ihiuldb mijhklblv kihkh[� bkdexqblv g_�

dhlhju_ hi_jZpbb ijb\h^beb d j_adhfm mom^r_gbx dZ�

q_kl\Z kh_^bg_gby� H^gZdh m`_ \ i_j\hf ^_kylbe_lbb

;; \� ihemqbeZ jZa\blb_ b^_y k\Zjdb f_lZeebq_kdbf

we_dljh^hf� kgZqZeZ [_a ihdjulby� Z aZl_f b kh klZ[b�

ebabjmxsbfb b e_]bjmxsbfb ihdjulbyfb �:� Kljhf_g�

]_j� H� Dv_ev[_j] b ^j��� Ijh^he`Zehkv kh\_jr_gkl\h�

\Zgb_ ]_g_jZlhjh\� D dhgpm �����o ]]� bkke_^h\Zl_eb \_j�

gmebkv d b^__ G� =� KeZ\ygh\Z aZsbsZlv ahgm k\Zjdb gZ�

kuiguf nexkhf� Z we_dljh^ ih^Z\Zlv [_a ihdjulby� <u�

khdbo j_amevlZlh\ ^hklb]eb \ KR: �nbjfZ ©Ebg^_ª� =� W�

D_gg_^b b ^j�� b \ KKKJ �Bgklblml we_dljhk\Zjdb� ih^

jmdh\h^kl\hf ?� H� IZlhgZ <� B� >yleh\ b :� F� EZibg��

< bklhjbb k\Zjdb gZqZeky i_jbh^ bgl_gkbnbdZpbb ba\_k�

lguo b jZajZ[hldb gh\uo \ukhdhijhba\h^bl_evguo \b^h\

k\Zjdb� K j_r_gb_f ijh[e_fu k\Zjdb \_jlbdZevguo b ]h�

jbahglZevguo r\h\ ����� ]� ² BWK bf� ?� H� IZlhgZ�

���� ]� ² KR:�� k kha^Zgb_f reZg]h\uo ihemZ\lhfZlh\

k\ZjdZ ih^ nexkhf klZeZ [he__ mgb\_jkZevghc� ;eZ]h^Z�

jy ^\mo^m]h\hfm ijhp_kkm� Z aZl_f b k\Zjd_ [hevrbf

dhebq_kl\hf ^m]� kdhjhklv k\Zjdb ^hklb]eZ g_kdhevdbo

khl f_ljh\ \ qZk� LZdbf h[jZahf� d dhgpm �����o ]]� \k_

kms_kl\_ggu_ we_f_glu bah[j_l_gby G� =� KeZ\ygh\Z [u�

eb j_Zebah\Zgu \ gh\uo kihkh[Zo k\Zjdb k \ukhdbfb l_o�

gbq_kdbfb b wdhghfbq_kdbfb wnn_dlZfb�

<deZ^ G� =� KeZ\ygh\Z \ klZgh\e_gb_ k\Zjhqgh]h ijh�

ba\h^kl\Z \ukhdh hp_gbeb djmig_crb_ ki_pbZebklu D� D�

Oj_gh\� <� I� Gbdblbg� =� :� GbdheZ_\ b ^j� ?� H� IZlhg�

^hdZau\Zy ijbhjbl_l hl_q_kl\_gguo jZajZ[hlhd� kkueZeky

gZ bah[j_l_gby G� =� KeZ\ygh\Z� K ^hdeZ^Zfb gZ dhgn_�

j_gpbyo� ihk\ys_gguo ����e_lbx b ����e_lbx kh ^gy

jh`^_gby \u^Zxs_]hky bg`_g_jZ�bah[j_lZl_ey gh\h]h

kihkh[Z k\Zjdb� \uklmiZe ;� ?� IZlhg�

< ���� ]� k\ZjhqgZy h[s_kl\_gghklv rbjhdh hlf_qZeZ

����e_lb_ bah[j_l_gby k\Zjdb ih f_lh^m G� =� KeZ\ygh\Z�

< I_jvfb khklhyeZkv gZmqgZy dhgn_j_gpby� D wlhfm kh�

[ulbx ih ij_^eh`_gbx ZdZ^_fbdZ ;� ?� IZlhgZ [ue kha�

^Zg f_fhjbZevguc fma_c b khhjm`_g iZfylgbd bah[j_�

lZl_ex�

:� G� Dhjgb_gdh� dZg^� l_og� gZmd

Hldjulb_ iZfylgbdZ G� =� KeZ\ygh\m� I_jfv� �� k_gly[jy ���� ]�

������ ��
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Dhee_dlb\ BgklblmlZ we_dljhk�

\Zjdb bf� ?� H� IZlhgZ G:G Md�

jZbgu ]hjyqh b k_j^_qgh iha^jZ\�

ey_l ij_^k_^Zl_ey ijZ\e_gby H:H

©DZoh\kdbc aZ\h^ we_dljhk\Zjhq�

gh]h h[hjm^h\Zgbyª �DAWKH� ²

ZdZ^_fbdZ :dZ^_fbb bg`_g_jguo

gZmd YjhkeZ\Z B\Zgh\bqZ Fbdb�

lbgZ k ijbk\h_gb_f _fm a\Zgby

©=_jhc MdjZbguª k \jmq_gb_f

hj^_gZ =hkm^Zjkl\Z�

Fgh]b_ agZxl b \ukhdh p_gyl Y� B� FbdblbgZ dZd

\ukhdhd\Zebnbpbjh\Zggh]h ki_pbZebklZ \ h[eZklb we_d�

ljhk\Zjhqghc l_ogbdb� lZeZgleb\h]h b mki_rgh]h jmdh�

\h^bl_ey b hj]ZgbaZlhjZ ijhba\h^kl\Z� ]hjyq_]h ih[hj�

gbdZ l_ogbq_kdh]h ijh]j_kkZ� ki_pbZebklZ� dhlhjuc j_�

rbl_evgh [_j_lky aZ \uiheg_gb_ kZfuo keh`guo aZ^Zq

b mf__l fh[bebah\Zlv b bkihevah\Zlv \k_ j_kmjku ^ey

^hklb`_gby iheh`bl_evgh]h j_amevlZlZ�

;he__ �� e_l YjhkeZ\ B\Zgh\bq g_jZaju\gh k\yaZg k

DZoh\kdbf aZ\h^hf we_dljhk\Zjhqgh]h h[hjm^h\Zgby� ]^_

ijhr_e imlv hl dhgkljmdlhjZ ^h jmdh\h^bl_ey ij_^ijb�

ylby� < qj_a\uqZcgh keh`guo mkeh\byo i_j_oh^Z kljZgu

gZ ijbgpbiu jughqghc wdhghfbdb Y� B� Fbdblbg h[_k�

i_qbe memqr_gb_ nbgZgkh\h�wdhghfbq_kdbo ihdZaZl_�

e_c jZ[hlu aZ\h^Z [eZ]h^Zjy _]h j_hj]ZgbaZpbb� hkgZ�

s_gbx ijhba\h^kl\_gguo fhsghkl_c kh\j_f_gghc l_o�

gbdhc b hij_^_e_gbx i_jki_dlb\ghc ki_pbZebaZpbb

ijhba\h^kl\Z�

;hevrZy aZkem]Z Y� B� FbdblbgZ \ ^Zevg_cr_f md�

j_ie_gbb� jZa\blbb b ih\ur_gbb wnn_dlb\ghklb l_kgh]h

gZmqgh�l_ogbq_kdh]h b dhff_jq_kdh]h khljm^gbq_kl\Z aZ�

\h^Z k BWK� qlh iha\hebeh hk\hblv ijhba\h^kl\h gh\h]h

ihdhe_gby jZajZ[hlZgguo \ bgklblml_ \ukhdhijh]j_kkb\�

guo j_evkhk\Zjhqguo fZrbg lbiZ D ���� D ���� D ���

b D ����� WlZ l_ogbdZ bf__l g_h[uqZcgh rbjhdbc kijhk

b klZ[bevgh wdkihjlbjm_lky� jZkrbjyy Z\lhjbl_l b keZ\m

DAWKH b BWK kj_^b ki_pbZebklh\�`_e_agh^hjh`gbdh\�

Hl \k_]h k_j^pZ `_eZ_f Y� B� Fbdblbgm dj_idh]h a^h�

jh\vy b gh\uo l\hjq_kdbo mki_oh\�

Bgklblml we_dljhk\Zjdb bf� ?� H� IZlhgZ
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AZ \bagZqgbc hkh[bklbc \g_khd m af�pg_ggy ijhfbkeh\h]h ihl_gp�Zem MdjZ�gb� \bjh[gbpl\h dhgdm�

j_glhkijhfh`gh� gZ k\�lh\hfm jbgdm _e_dljha\Zjx\Zevgh� l_og�db� [Z]hlhj�qgm kmfe�ggm ijZpx ihk�

lZgh\eyx�

Ijbk\h�lb a\Zggy ©=_jhc MdjZ�gbª a \jmq_ggyf hj^_gZ >_j`Z\b Fbdblbgm YjhkeZ\m 1\Zgh\bqm ²

]heh\� ijZ\e�ggy Zdp�hg_jgh]h lh\Zjbkl\Z ©DZoh\kvdbc aZ\h^ _e_dljha\Zjx\Zevgh]h mklZldm\Zggyª�

O_jkhgkvdZ h[eZklv�

Ij_ab^_gl MdjZ�gb E� DMQF:

�� ������



«ÌÀ¾Ý ÍÎÌÂÑÈÔÆÝ Å¾ÀÌÂ¾ ÏÀ¾ÎÌÕËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ

���������	
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¥¾ÀÌÂ ÏÀ¾ÎÌÕËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ �±Î¾ÉÐÃÎÊÌÏÀ¾Î� Î¾ÏÍÌÉÌÄÃË À ÔÃËÐÎÃ ÑÎ¾ÉÚÏÈÌÁÌ ÍÎÌÊÙÖÉÃËËÌÁÌ

Î¾ÇÌË¾� ¶Ð¾¿�ÈÀ¾ÎÐÆÎ¾ ÍÎÃÂÍÎÆÝÐÆÝ Ï Ï¾ÉÌËÌÊ�Ê¾Á¾ÅÆËÌÊ Ì¿Î¾ÅÔÌÀ ÍÎÌÂÑÈÔÆÆ Ë¾ÓÌÂÆÐÏÝ À £È¾�

ÐÃÎÆË¿ÑÎÁÃ� ÎÌÆÅÀÌÂÏÐÀÃËËÙÃ ÑÕ¾ÏÐÈÆ Î¾ÅÊÃ×ÃËÙ À ÁÌÎÌÂ¾Ó ¯ÀÃÎÂÉÌÀÏÈÌÇ Ì¿É¾ÏÐÆ x ÃÎÀÌÑÎ¾ÉÚÏÈÃ

Æ �ÌÁÂ¾ËÌÀÆÕÃ�

�±Î¾ÉÐÃÎÊÌÏÀ¾Î� ÀÍÃÎÀÙÃ ÀÙÖÃÉ Ë¾ ÎÙËÌÈ ÏÀ¾ÎÌÕËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ À ���� Á�   ���� Á� ¿ÙÉ¾

ÌÎÁ¾ËÆÅÌÀ¾Ë¾ Ï¿ÌÎÈ¾ ÏÀ¾ÎÌÕËÙÓ ¾ÁÎÃÁ¾ÐÌÀ Ï ÍÌÈÑÍËÙÊÆ ÁÃËÃÎ¾ÐÌÎ¾ÊÆ�   ���� Á� Î¾ÅÎ¾¿ÌÐ¾Ë Æ ÍÌÏÐ¾ÀÉÃË

Ë¾ ÏÃÎÆÇËÌÃ ÍÎÌÆÅÀÌÂÏÐÀÌ ÍÃÎÀÙÇ ÏÀ¾ÎÌÕËÙÇ ÁÃËÃÎ¾ÐÌÎ Æ Ë¾Õ¾Ð ÏÃÎÆÇËÙÇ ÀÙÍÑÏÈ ÏÀ¾ÎÌÕËÙÓ ÀÙ�

ÍÎÝÊÆÐÃÉÃÇ�

¥¾ ÈÌÎÌÐÈÆÇ ÏÎÌÈ ÑÂ¾ÉÌÏÚ Ë¾Î¾ÏÐÆÐÚ Ì¿ØÃÊÙ ÍÎÌÆÅÀÌÂÏÐÀ¾ ÀÏÃÓ ÀÆÂÌÀ ÆÏÐÌÕËÆÈÌÀ ÍÆÐ¾ËÆÝ

Ð¾ÈÆÊ Ì¿Î¾ÅÌÊ� ÕÐÌ �±Î¾ÉÐÃÎÊÌÏÀ¾Î� ËÙËÃ ÝÀÉÝÃÐÏÝ ÈÎÑÍËÃÇÖÆÊÍÌÏÐ¾À×ÆÈÌÊ ÏÀ¾ÎÌÕËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ

ÍÌÂÎ¾ÅÂÃÉÃËÆÝ ®�¬ �¡�¥®¬ª� Æ ÀÏÃÓ ÆÅÀÃÏÐËÙÓ ËÃÒÐÃÂÌ¿ÙÀ¾Ü×ÆÓ ÈÌÊÍ¾ËÆÇ ÏÐÎ¾ËÙ�

ÎÃÂÍÎÆÝÐÆÃÊ ÍÎÌÆÅÀÌÂÝÐÏÝ ÀÏÃ ÌÏËÌÀËÙÃ ÀÆÂÙ ÆÏÐÌÕËÆÈÌÀ ÍÆÐ¾ËÆÝ ÂÉÝ ÎÑÕËÌÇ ÂÑÁÌÀÌÇ ÏÀ¾ÎÈÆ

ÍÌÈÎÙÐÙÊÆ ÛÉÃÈÐÎÌÂ¾ÊÆ�

• ÏÀ¾ÎÌÕËÙÃ ÁÃËÃÎ¾ÐÌÎÙ�

• ¾ÀÐÌËÌÊËÙÃ ÏÀ¾ÎÌÕËÙÃ ¾ÁÎÃÁ¾ÐÙ�

• ÏÀ¾ÎÌÕËÙÃ ÐÎ¾ËÏÒÌÎÊ¾ÐÌÎÙ Æ ÀÙÍÎÝÊÆÐÃÉÆ�

• ÏÀ¾ÎÌÕËÙÃ ÑÏÐ¾ËÌÀÈÆ Ë¾ ÐÎ¾ÈÐÌÎ¾Ó�

• ÊËÌÁÌÍÌÏÐÌÀÙÃ ÛËÃÎÁÌÏÀ¾ÎÌÕËÙÃ ÈÌÊÍÉÃÈÏÙ�

°ÆÍÌÎ¾ÅÊÃÎËÙÇ ÎÝÂ ÁÃËÃÎ¾ÐÌÎÌÀ Æ ¾ÁÎÃÁ¾ÐÌÀ ÍÎÃÂÍÎÆÝÐÆÝ Î¾ÏÍÎÌÏÐÎ¾ËÝÃÐÏÝ Ë¾ ËÌÊÆË¾ÉÚËÙÃ ÐÌÈÆ

ÏÀ¾ÎÈÆ ÌÐ ��� ÂÌ ��� �� ÌÂËÌ� Æ ÂÀÑÓÍÌÏÐÌÀÙÃ� ÎÌÆÅÀÌÂÆÊÙÃ ÁÃËÃÎ¾ÐÌÎÙ ÆËÂÑÈÐÌÎËÌÁÌ ÐÆÍ¾� Ï

ÀÙÍÎÝÊÉÃËÆÃÊ ÐÌÈ¾ ÍÌÀÙÖÃËËÌÇ Õ¾ÏÐÌÐÙ� ÍÎÌÏÐÌÇ ÎÃÊÌËÐÌÍÎÆÁÌÂËÌÇ ÈÌËÏÐÎÑÈÔÆÆ� ¿ÃÅ ÀÎ¾×¾Ü×ÆÓÏÝ

Ì¿ÊÌÐÌÈ� ÈÌÉÉÃÈÐÌÎ¾ Æ ÈÌËÐ¾ÈÐËÙÓ ÈÌÉÃÔ� ÕÐÌ Å¾ÎÃÈÌÊÃËÂÌÀ¾ÉÌ ÏÃ¿Ý È¾È Ë¾ÂÃÄËÌÃ ÎÃÖÃËÆÃ À ÏÉÌÄËÙÓ

ÍÌÉÃÀÙÓ ÑÏÉÌÀÆÝÓ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ�

¯ÃÎÆÇËÌ ÍÎÌÆÅÀÌÂÝÐÏÝ ÀÙÍÎÝÊÆÐÃÉÆ ÐÆÍ¾  ¢ Æ  ¢±� ¾ Ð¾ÈÄÃ ÐÎ¾ËÏÒÌÎÊ¾ÐÌÎÙ ÐÆÍ¾ °¢ª Ë¾

ËÌÊÆË¾ÉÚËÙÃ ÐÌÈÆ ���� ��� Æ ��� ��

«ÌÀÌÇ Î¾ÅÎ¾¿ÌÐÈÌÇ ÝÀÉÝÃÐÏÝ ÏÀ¾ÎÌÕËÌ�ÎÃÅ¾ÐÃÉÚËÙÇ ÁÃËÃÎ¾ÐÌÎ ¡¢®������� ÂÉÝ ¾ÁÎÃÁ¾Ð¾ ÏÀ¾�

ÎÌÕËÌÁÌ ÂÀÑÓÍÌÏÐÌÀÌÁÌ Ï ÒÑËÈÔÆÃÇ ÀÌÅÂÑÖËÌ�ÍÉ¾ÅÊÃËËÌÇ ÎÃÅÈÆ �¢®�������� ±� �ÏÀÆÂÃÐÃÉÚÏÐÀÌ

®² Ë¾ ÍÌÉÃÅËÑÜ ÊÌÂÃÉÚ � ������� ¨ÎÌÊÃ ÍÆÐ¾ËÆÝ ÏÀ¾ÎÌÕËÙÓ ÍÌÏÐÌÀ ÎÑÕËÌÇ ÂÑÁÌÀÌÇ ÏÀ¾ÎÈÆ� ¾ÁÎÃÁ¾Ð

ÊÌÄËÌ ÆÏÍÌÉÚÅÌÀ¾ÐÚ ÂÉÝ È¾ÕÃÏÐÀÃËËÌÇ ÎÑÕËÌÇ ÎÃÅÈÆ ÉÜ¿ÙÓ ÊÃÐ¾ÉÉÌÀ� ¾ Ð¾ÈÄÃ ÊÃÓ¾ËÆÅÆÎÌÀ¾ËËÌÇ

ÎÃÅÈÆ ÐÎÑ¿ ÍÌÂ Ò¾ÏÈÑ� °ÌÉ×ÆË¾ Î¾ÅÎÃÅ¾ÃÊÌÁÌ ÏÐ¾ÉÚËÌÁÌ ÊÃÐ¾ÉÉÌÍÎÌÈ¾Ð¾ ÌÐ ��� ÂÌ �� ÊÊ� ÂÆ¾ÊÃÐÎ

ÐÎÑ¿Ù ÌÐ �� ÂÌ ���� ÊÊ� ¯ÈÌÎÌÏÐÚ ÎÃÅÈÆ ÏÐ¾ÉÚËÌÁÌ ÉÆÏÐ¾ ÐÌÉ×ÆËÌÇ �� ÊÊ ÏÌÏÐ¾ÀÉÝÃÐ �� ÏÊ�ÊÆË

ÍÎÆ ÀÙÏÌÈÌÊ È¾ÕÃÏÐÀÃ ÈÎÌÊÌÈ �¿ÃÅ ÈÌÎÌ¿ÉÃËÆÝ Æ ÁÎ¾Ð¾� Ï ÖÆÎÆËÌÇ ÅÌËÙ ÐÃÎÊÆÕÃÏÈÌÁÌ ÀÉÆÝËÆÝ

����� ÊÊ�� ÎÆÊÃËÝÃÐÏÝ ÍÎÌÏÐÌÇ ÍÌ ÈÌËÏÐÎÑÈÔÆÆ� Ë¾ÂÃÄËÙÇ Æ ¿ÃÅÌÍ¾ÏËÙÇ ÍÉ¾ÅÊÃËËÙÇ ÎÃÅ¾È ÀÌÅÂÑÖËÌÁÌ

ÌÓÉ¾ÄÂÃËÆÝ ® ���� �Í¾ÐÃËÐ ®² Ë¾ ÆÅÌ¿ÎÃÐÃËÆÃ � ��������� ÀÌÅ¿ÑÄÂ¾ÃÊÙÇ ¿ÃÅ ÌÏÔÆÉÉÝÐÌÎ¾� ®ÃÅ¾È

Î¾¿ÌÐ¾ÃÐ Ï È¾¿ÃÉÚ�ÖÉ¾ËÁÌÊ ÂÉÆËÌÇ �� Ê �ÍÌ Å¾È¾ÅÑ ÀÌÅÊÌÄËÌ ÂÌ �� Ê�� ¯ Ë¾¿ÌÎÌÊ ÏÊÃËËÙÓ ÏÌÍÃÉ

Æ ÛÉÃÈÐÎÌÂÌÀ ÌË ÀÓÌÂÆÐ À ÈÌÊÍÉÃÈÐ ¾ÁÎÃÁ¾Ð¾�   ÈÌÊÍÉÃÈÐ ÊÌÄÃÐ ¿ÙÐÚ ÀÈÉÜÕÃË Ð¾ÈÄÃ ÌÎ¿ÆÐ¾ÉÚËÙÇ

ÐÎÑ¿ÌÎÃÅËÙÇ ÏÐ¾ËÌÈ� ¢ÉÝ ÍÆÐ¾ËÆÝ ÛÉÃÈÐÎÌÆËÏÐÎÑÊÃËÐ¾� ÈÌÊÍÎÃÏÏÌÎ¾ Æ ÌÏÀÃ×ÃËÆÝ À ¾ÁÎÃÁ¾ÐÃ ÑÏÐ¾ËÌÀÉÃË

ÐÎÃÓÒ¾ÅËÙÇ ÀÏÍÌÊÌÁ¾ÐÃÉÚËÙÇ ÁÃËÃÎ¾ÐÌÎ Ë¾ �������  � �� ¡Ô� � È Ð� �ÁÎÃÁ¾Ð ÍÌÅÀÌÉÝÃÐ Å¾ÊÃËÆÐÚ

Á¾ÅÌÍÉ¾ÊÃËËÑÜ ÎÃÅÈÑ À ÍÌÉÃÀÙÓ ÑÏÉÌÀÆÝÓ �ÍÎÆ ÐÃÊÍÃÎ¾ÐÑÎ¾Ó ÂÌ w��
Ì¯�� ÆÏÈÉÜÕÆÀ Å¾ÐÎ¾ÐÙ Ë¾ ¿¾ÉÉÌËËÌÃ

ÓÌÅÝÇÏÐÀÌ� «ÃÏÊÌÐÎÝ Ë¾ Î¾ÅÊÃ×ÃËÆÃ ÍÌÂ È¾ÍÌÐÌÊ ¾ÁÎÃÁ¾Ð¾ ÂÌÍÌÉËÆÐÃÉÚËÌ ÈÌÊÍÎÃÏÏÌÎ¾ Ï ÎÃÏÆÀÃÎÌÊ�

ÑÂ¾ÉÌÏÚ ÏÌÓÎ¾ËÆÐÚ Á¾¿¾ÎÆÐËÙÃ Î¾ÅÊÃÎÙ Ì¿ÙÕËÌÁÌ ÂÀÑÓÍÌÏÐÌÀÌÁÌ ¾ÁÎÃÁ¾Ð¾�

ÎÃÂÍÎÆÝÐÆÃ ÍÌÏÐÌÝËËÌ ÏÌÀÃÎÖÃËÏÐÀÑÃÐ ÍÎÌÆÅÀÌÂÆÊÙÃ ÆÊ ÏÀ¾ÎÌÕËÙÃ ÁÃËÃÎ¾ÐÌÎÙ� µÐÌ¿Ù ÑÏÐÎ¾ËÆÐÚ

Ð¾ÈÆÃ ËÃÂÌÏÐ¾ÐÈÆ ÁÃËÃÎ¾ÐÌÎÌÀ ÏÃÎÆÆ ¡¢� È¾È� ÑÅÈÆÇ ÂÆ¾Í¾ÅÌË ÂÆÏÐ¾ËÔÆÌËËÌÁÌ ÎÃÁÑÉÆÎÌÀ¾ËÆÝ ÐÌÈ¾�

ËÃÀÌÅÊÌÄËÌÏÐÚ ÀÃÂÃËÆÝ ÍÌÉÑ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ ÏÀ¾ÎÈÆ� ËÃÂÌÏÐ¾ÐÌÕËÌÃ ¿ÙÏÐÎÌÂÃÇÏÐÀÆÃ� ËÃÀÌÅÊÌÄËÌÏÐÚ

ÑÍÎ¾ÀÉÃËÆÝ ÒÌÎÊÌÇ ÀËÃÖËÃÇ ÀÌÉÚÐ�¾ÊÍÃÎËÌÇ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ� Ë¾ Å¾ÀÌÂÃ �±Î¾ÉÐÃÎÊÌÏÀ¾Î� ÏÌÅÂ¾Ë

ÁÃËÃÎ¾ÐÌÎ ¡¢±�����±� Ï ÐÆÎÆÏÐÌÎËÙÊ ÎÃÁÑÉÝÐÌÎÌÊ ÏÀ¾ÎÌÕËÌÁÌ ÐÌÈ¾� °ÆÎÆÏÐÌÎËÙÇ ÎÃÁÑÉÝÐÌÎ ÑÍÎ¾À�

ÉÝÃÐÏÝ ÊÆÈÎÌÈÌËÐÎÌÉÉÃÎÌÊ� À ÈÌÐÌÎÌÊ Å¾ÍÎÌÁÎ¾ÊÊÆÎÌÀ¾ËÙ ÐÎÃ¿ÑÃÊÙÃ ÀËÃÖËÆÃ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ�

ÈÌÊ¿ÆËÆÎÌÀ¾ËË¾Ý Í¾Â¾Ü×¾Ý� ÄÃÏÐÈ¾Ý� ÖÐÙÈÌÀ¾Ý� ¾ Ð¾ÈÄÃ ÆÊÍÑÉÚÏËÙÃ ÎÃÄÆÊÙ ÏÀ¾ÎÈÆ� ªÆÈÎÌÈÌËÐÎÌÉÉÃÎ

ÒÌÎÊÆÎÑÃÐ ÈÌÊ¿ÆËÆÎÌÀ¾ËËÙÃ ÀËÃÖËÆÃ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ Ï ÎÃÁÑÉÆÎÑÃÊÙÊÆ Í¾Î¾ÊÃÐÎ¾ÊÆ ÑÕ¾ÏÐÈÌÀ ÛÐÆÓ

Ó¾Î¾ÈÐÃÎÆÏÐÆÈ� Ë¾ÍÎÆÊÃÎ� ÑÁÉÌÀ Ë¾ÈÉÌË¾ Ï ÎÃ¾ÉÆÅ¾ÔÆÃÇ ÎÃÄÆÊÌÀ DUFIRUV� KRWVWDUW� DQWLVWLN� ±ÏÍÃÖËÌ

ÎÃÖÃË¾ ÏÉÌÄË¾Ý ÍÎÌ¿ÉÃÊ¾ ÎÃÁÑÉÆÎÌÀ¾ËÆÝ ÀÙÎ¾¿¾ÐÙÀ¾ÃÊÌÁÌ ÆËÂÑÈÐÌÎËÙÊ ÁÃËÃÎ¾ÐÌÎÌÊ ÏÍÃÔÆÒÆÕÃÏÈÌÁÌ

ËÃÏÆËÑÏÌÆÂ¾ÉÚËÌÁÌ Ë¾ÍÎÝÄÃËÆÝ Æ ÐÌÈ¾ ÀÙÏÌÈÌÇ Õ¾ÏÐÌÐÙ ÀÃÏÚÊ¾ ÆÏÈ¾ÄÃËËÌÇ ÒÌÎÊÙ �ÂÃÇÏÐÀÆÃ ÎÃ¾ÈÔÆÆ

ÝÈÌÎÝ�� ®¾ÅÎ¾¿ÌÐ¾ËËÙÇ ËÌÀÙÇ ÍÎÆËÔÆÍ ÂÆË¾ÊÆÕÃÏÈÌÇ ÌÏÔÆÉÉÌÁÎ¾ÊÊËÌÇ È¾ÉÚÈÑÉÝÔÆÆ ÎÃ¾ÉÆÅÌÀ¾Ë À

ÌÎÆÁÆË¾ÉÚËÌÇ ÏÓÃÊÃ� �É¾ÁÌÂ¾ÎÝ ÛÐÌÊÑ ÍÌ ÑÍÎ¾ÀÉÝÃÊÌÏÐÆ ÏÀ¾ÎÌÕËÙÊ ÍÎÌÔÃÏÏÌÊ ¡¢±����� ÑÏÐÑÍ¾ÃÐ

ÉÆÖÚ ÆËÀÃÎÐÌÎ¾Ê Æ Ë¾ÓÌÂÆÐÏÝ Ë¾ ÑÎÌÀËÃ ÆÏÐÌÕËÆÈÌÀ ÐÆÍ¾  ¢± Æ ,'($/$5& ÒÆÎÊÙ �/LQFROQ (OHFWULF��

¡ÃËÃÎ¾ÐÌÎÌÊ ¡¢±����� Ì¿ÃÏÍÃÕÆÀ¾ÃÐÏÝ ÍÆÐ¾ËÆÃ ËÃ ÐÌÉÚÈÌ ÎÑÕËÌÇ ÂÑÁÌÀÌÇ ÏÀ¾ÎÈÆ ÛÉÃÈÐÎÌÂ¾ÊÆ Ï

Î¾ÅÉÆÕËÙÊ ÐÆÍÌÊ ÍÌÈÎÙÐÆÝ Æ À Î¾ÅÉÆÕËÙÓ ÍÎÌÏÐÎ¾ËÏÐÀÃËËÙÓ ÍÌÉÌÄÃËÆÝÓ� ËÌ Æ ÍÌÉÑ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ�

������ ��



¾ ÍÎÆ ËÃÌ¿ÓÌÂÆÊÌÏÐÆ ¾ÎÁÌËÌÂÑÁÌÀÌÇ Æ

ÆÊÍÑÉÚÏËÌÇ ÏÀ¾ÎÈÆ� ÎÆÊÃËÝÃÊÙÃ À

ÎÃÁÑÉÝÐÌÎÃ ÏÆÉÌÀÙÃ ÐÆÎÆÏÐÌÎÙ ËÃÂÌ�

ÎÌÁÆ Æ Ë¾ÂÃÄËÙ�

®¾ÅÎ¾¿ÌÐ¾Ë ËÌÀÙÇ ÂÆÅÃÉÚËÙÇ ÏÀ¾�

ÎÌÕËÙÇ ¾ÁÎÃÁ¾Ð �¢¢±�����±�� ÑÈÌÊÍ�

ÉÃÈÐÌÀ¾ËËÙÇ ÁÃËÃÎ¾ÐÌÎÌÊ ¡¢±����� Æ

ÍÎÃÂË¾ÅË¾ÕÃËËÙÇ ÂÉÝ ÍÎÌÆÅÀÌÂÏÐÀ¾ À

ÍÌÉÃÀÙÓ ÑÏÉÌÀÆÝÓ È¾ÕÃÏÐÀÃËËÙÓ ÏÀ¾ÎÌÕ�

ËÙÓ Î¾¿ÌÐ� ¯À¾ÎÈ¾ ÊÌÄÃÐ ÀÃÏÐÆÏÚ ÀÌ ÀÏÃÓ

ÍÎÌÏÐÎ¾ËÏÐÀÃËËÙÓ ÍÌÉÌÄÃËÆÝÓ È¾ÈÖÐÑÕ�

ËÙÊÆ ÛÉÃÈÐÎÌÂ¾ÊÆ Ï ÉÜ¿ÙÊ ÐÆÍÌÊ ÍÌÈ�

ÎÙÐÆÝ� Ð¾È Æ Ï ÍÎÆÊÃËÃËÆÃÊ ÍÌÉÑ¾ÀÐÌ�

Ê¾ÐÌÀ �ÏÍÉÌÖËÌÇ À ¯¬�� ÍÌÎÌÖÈÌÀÌÇ Á¾�

ÅÌÅ¾×ÆÐËÌÇ� ¾ Ð¾ÈÄÃ ÍÌÎÌÖÈÌÀÌÇ Ï¾ÊÌ�

Å¾×ÆÐÌÇ ÍÎÌÀÌÉÌÈÌÇ�� �ÁÎÃÁ¾Ð ¾Â¾ÍÐÆ�

ÎÌÀ¾Ë ÂÉÝ Î¾¿ÌÐÙ Ï ÍÌÉÑ¾ÀÐÌÊ¾Ð¾ÊÆ

ÀÏÃÓ ÐÆÍÌÀ È¾È ÌÐÃÕÃÏÐÀÃËËÙÓ� Ð¾È Æ

ÊÆÎÌÀÙÓ ÍÎÌÆÅÀÌÂÆÐÃÉÃÇ� À Õ¾ÏÐËÌÏÐÆ�

Ï ÓÌÎÌÖÌ Å¾ÎÃÈÌÊÃËÂÌÀ¾ÀÖÆÊÆ ÏÃ¿Ý

ÍÌÉÑ¾ÀÐÌÊ¾Ð¾ÊÆ /1���3 ÒÆÎÊÙ �/LQFROQ

(OHFWULF� ÍÌÎÌÖÈÌÀÌÇ Ï¾ÊÌÅ¾×ÆÐËÌÇ ÍÎÌÀÌÉÌÈÌÇ Ê¾ÎÈÆ �,QQHUVKLHOG��

�ÁÎÃÁ¾Ð �¢¢±�����±� ÝÀÉÝÃÐÏÝ Ð¾ÈÄÃ ÆÏÐÌÕËÆÈÌÊ ÛÉÃÈÐÎÌÍÆÐ¾ËÆÝ ÍÌÐÎÃ¿ÆÐÃÉÃÇ Ë¾ Ë¾ÍÎÝÄÃËÆÃ

���   Õ¾ÏÐÌÐÌÇ �� ¡Ô� ÕÐÌ ÍÌÅÀÌÉÝÃÐ ÍÆÐ¾ÐÚ ÍÎÌÄÃÈÐÌÎËÌÃ ÌÏÀÃ×ÃËÆÃ Æ ÊÌ×ËÙÇ ÛÉÃÈÐÎÌÆËÏÐÎÑÊÃËÐ

È¾È ÌÐ ¾ÀÐÌËÌÊËÌÇ ÛÉÃÈÐÎÌÏÐ¾ËÔÆÆ�

 ÀÆÂÑ ÅË¾ÕÆÐÃÉÚËÌ ÊÃËÚÖÃÇ ÏÐÌÆÊÌÏÐÆ ÏÀ¾ÎÌÕËÙÓ ¾ÁÎÃÁ¾ÐÌÀ� ÀÙÍÌÉËÃËËÙÓ ÍÌ ÍÎÝÊÌÇ ÏÓÃÊÃ� ÂÆÅÃÉÚ

x ÏÀ¾ÎÌÕËÙÇ ÆÏÐÌÕËÆÈ ÍÌ ÏÎ¾ÀËÃËÆÜ Ï ÛËÃÎÁÃÐÆÕÃÏÈÆ Å¾ÐÎ¾ÐËÌÇ ÏÓÃÊÌÇ ÂÆÅÃÉÚ x ÛÉÃÈÐÎÌÏÐ¾Ë�

ÔÆÝ x ÏÀ¾ÎÌÕËÙÇ ÆÏÐÌÕËÆÈ ¾ÁÎÃÁ¾ÐÙ ÐÆÍ¾ �¢¢±�����±� À ¿ÉÆÄ¾ÇÖÃÃ ÀÎÃÊÝ ÏÌÏÐ¾ÀÝÐ ¿ÌÉÃÃ ÏÃÎÚÃÅËÑÜ

ÈÌËÈÑÎÃËÔÆÜ ÀÙÍÎÝÊÆÐÃÉÝÊ ÐÆÍ¾  ¢±� ÐÎÃ¿ÑÜ×ÆÊ ÂÉÝ ÍÆÐ¾ËÆÝ ÊÌ×ËÙÓ� ÂÌÎÌÁÆÓ Æ ÁÎÌÊÌÅÂÈÆÓ ÛÉÃÈ�

ÐÎÌÏÐ¾ËÔÆÇ À ÑÏÉÌÀÆÝÓ ¾ÀÐÌËÌÊËÌÁÌ ÍÎÆÊÃËÃËÆÝ�

¢ÉÝ ÏÀ¾ÎÌÕËÙÓ Î¾¿ÌÐ ÍÌ ÎÃÊÌËÐÑ ÐÎÑ¿ÌÍÎÌÀÌÂÌÀ À ÑÏÉÌÀÆÝÓ ÐÎÑÂËÌÍÎÌÓÌÂÆÊÌÇ ÊÃÏÐËÌÏÐÆ À ¥�¬

�±Î¾ÉÐÃÎÊÌÏÀ¾Î� ÏÌÅÂ¾Ë ÊÌ¿ÆÉÚËÙÇ ÐÎ¾ÈÐÌÎËÙÇ ¾ÁÎÃÁ¾Ð �¯°���� Æ ÊÌÂÑÉÚËÙÇ ÏÀ¾ÎÌÕËÌ�ÛËÃÎÁÃÐÆ�

ÕÃÏÈÆÇ ÈÌÊÍÉÃÈÏ ¨»¯ª�����

�ÁÎÃÁ¾Ð �¯°���� ÍÎÃÂÏÐ¾ÀÉÝÃÐ ÏÌ¿ÌÇ ÑÐÃÍÉÃËËÙÇ ÈÑÅÌÀ� ÑÏÐ¾ËÌÀÉÃËËÙÇ Ë¾ ÊÌ×ËÙÇ ÈÌÉÃÏËÙÇ ÐÎ¾ÈÐÌÎ

©°¥����� µÃÐÙÎÃ ÍÌÏÐ¾ ÏÀ¾ÎÈÆ ÍÆÐ¾ÜÐÏÝ ÌÐ ÂÀÑÓ ÂÀÑÓÍÌÏÐÌÀÙÓ ÁÃËÃÎ¾ÐÌÎÌÀ� ÑÏÐ¾ËÌÀÉÃËËÙÓ À ÈÑÅÌÀÃ

Æ ÍÎÆÀÌÂÆÊÙÓ ÀÌ ÀÎ¾×ÃËÆÃ ÌÐ À¾É¾ ÌÐ¿ÌÎ¾ ÊÌ×ËÌÏÐÆ ÐÎ¾ÈÐÌÎ¾� ¨ÎÌÊÃ ÏÀ¾ÎÈÆ� ¾ÁÎÃÁ¾ÐÌÊ Ì¿ÃÏÍÃÕÆÀ¾ÃÐÏÝ

ÀÌÅÂÑÖËÌ�ÍÉ¾ÅÊÃËË¾Ý ÎÃÅÈ¾� ÌÂËÌ� Æ ÐÎÃÓÒ¾ÅËÌÃ ÛÉÃÈÐÎÌÍÆÐ¾ËÆÃ ÛÉÃÈÐÎÌÆËÏÐÎÑÊÃËÐ¾ Æ ÌÏÀÃ×ÃËÆÝ�

ÏÄ¾ÐÙÇ ÀÌÅÂÑÓ� ÍÎÌÈ¾ÉÈ¾ ÛÉÃÈÐÎÌÂÌÀ� °Î¾ÈÐÌÎ ÆÊÃÃÐ ¿ÑÉÚÂÌÅÃÎËÙÇ ÌÐÀ¾É Æ ÏÐÎÃÉÑ ÁÎÑÅÌÍÌÂØÃÊËÌÏÐÚÜ

��� Ð Ë¾ ÀÙÉÃÐÃ � Ê� ª¾ÏÏ¾ ¾ÁÎÃÁ¾Ð¾ ���� Ð� ÀÙÁÌÂËÌ ÌÐÉÆÕ¾ÃÐÏÝ ÌÐ ÆÅÀÃÏÐËÙÓ ¾ÁÎÃÁ¾ÐÌÀ Ë¾ ¿¾ÅÃ

ÐÎ¾ÈÐÌÎ¾ ¨���� ��� Ð��

  ÏÌÐÎÑÂËÆÕÃÏÐÀÃ Ï ÈÌÉÉÃÈÐÆÀÌÊ ÐÃÓËÆÕÃÏÈÆÓ ÏÍÃÔÆ¾ÉÆÏÐÌÀ ¬�¬ �°ÜÊÃËÚÐÎ¾ËÏÁ¾Å� Î¾ÅÎ¾¿ÌÐ¾ËÙ

Æ ÍÌÏÐ¾ÀÉÃËÙ Ë¾ ÏÃÎÆÇËÌÃ ÍÎÌÆÅÀÌÂÏÐÀÌ ÏÀ¾ÎÌÕËÌ�ÛËÃÎÁÃÐÆÕÃÏÈÆÃ ÈÌÊÍÉÃÈÏÙ ¨»¯ª���� ÊÌÂÑÉÚËÌÁÌ

ÐÆÍ¾�   ÏÌÏÐ¾ÀÃ ÈÌÊÍÉÃÈÏ¾ ÊÌÂÑÉÚ�ÛÉÃÈÐÎÌÏÐ¾ËÔÆÝ ÊÌ×ËÌÏÐÚÜ ��� È Ð Æ ÊÌÂÑÉÚ ÏÀ¾ÎÌÕËÙÇ Ë¾ �w�

ÍÌÏÐÌÀ� ¯À¾ÎÌÕËÙÇ ÊÌÂÑÉÚ ÑÐÃÍÉÃË Æ ÌÏË¾×ÃË ÀÏÍÌÊÌÁ¾ÐÃÉÚËÙÊ Ì¿ÌÎÑÂÌÀ¾ËÆÃÊ� ¨ÌÊÍ¾ÈÐËÌÏÐÚ Æ

Ê¾ÏÏ¾ ÊÌÂÑÉÃÇ ÈÌÊÍÉÃÈÏ¾ ÍÌÅÀÌÉÝÜÐ Î¾ÅÊÃÏÐÆÐÚ ÆÓ À ÈÑÅÌÀÃ ÌÂËÌÁÌ ¾ÀÐÌÊÌ¿ÆÉÝ ¨�ª�¥ Æ ÀÃÏÐÆ

Î¾¿ÌÐÙ ËÃÍÌÏÎÃÂÏÐÀÃËËÌ Ï ÈÑÅÌÀ¾� ¾ ÍÎÆ ËÃÌ¿ÓÌÂÆÊÌÏÐÆ ÂÌÏÐ¾ÀÉÝÐÚ ÊÌÂÑÉÆ È ÊÃÏÐÑ Î¾¿ÌÐ ÀÃÎÐÌÉÃÐÌÊ�

ÎÆÊÃËÃË¾ ÏÓÃÊ¾ ÍÆÐ¾ËÆÝ ÏÀ¾ÎÌÕËÙÓ ÍÌÏÐÌÀ ÌÐ ÌÐÂÃÉÚËÙÓ ÌÂËÌÍÌÏÐÌÀÙÓ ÀÙÍÎÝÊÆÐÃÉÃÇ� ÕÐÌ ÍÌÀÙÖ¾ÃÐ

ÀÃÎÌÝÐËÌÏÐÚ ¿ÃÏÍÃÎÃ¿ÌÇËÌÁÌ ÀÃÂÃËÆÝ ÏÀ¾�

ÎÌÕËÙÓ Î¾¿ÌÐ À ÏÎ¾ÀËÃËÆÆ ÏÌ ÏÓÃÊÌÇ ÍÆÐ¾ËÆÝ

ÌÐ ÊËÌÁÌÍÌÏÐÌÀÌÁÌ ÀÙÍÎÝÊÆÐÃÉÝ�   È¾ÕÃÏÐÀÃ

ÍÌÏÐÌÀÙÓ ÀÙÍÎÝÊÆÐÃÉÃÇ ÏÀ¾ÎÌÕËÌÁÌ ÊÌÂÑÉÝ

ÆÏÍÌÉÚÅÌÀ¾ËÙ ÎÝÂÌÀÙÃ Ë¾ÂÃÄËÙÃ  ¢����ª�

°¾ÈÌÃ ÎÃÖÃËÆÃ ÍÎÌÂÆÈÐÌÀ¾ËÌ Ð¾ÈÄÃ ÏÌÌ¿Î¾�

ÄÃËÆÝÊÆ ÍÌÀÙÖÃËÆÝ ÄÆÀÑÕÃÏÐÆ Æ ÎÃÊÌË�

ÐÌÍÎÆÁÌÂËÌÏÐÆ� ÌÐÈ¾Å� Ë¾ÍÎÆÊÃÎ� ÌÂËÌÁÌ ÀÙ�

ÍÎÝÊÆÐÃÉÝ ËÃ ÍÌÀÉÆÝÃÐ Ë¾ ÓÌÂ ÏÀ¾ÎÌÕËÙÓ

Î¾¿ÌÐ ÌÏÐ¾ÉÚËÙÊÆ ÍÌÏÐ¾ÊÆ Æ ÌÐÈ¾Å¾ÀÖÆÇ

ÆÏÐÌÕËÆÈ ÊÌÄÃÐ ¿ÙÐÚ ÉÃÁÈÌ Å¾ÊÃËÃË�

ÑÕÆÐÙÀ¾Ý Î¾ÏÍÎÌÏÐÎ¾ËÃËËÌÏÐÚ ÀÙÍÎÝÊÆÐÃÉÃÇ

ÐÆÍ¾  ¢����ª�

  ÍÌÏÉÃÂÑÜ×ÃÊ ÂÉÝ ÈÌÊÍÉÃÈÐ¾ÔÆÆ ÊÌÂÑ�

ÉÃÇ ÍÉ¾ËÆÎÑÃÐÏÝ ÍÎÆÊÃËÝÐÚ ÀÙÏÌÈÌÐÃÓËÌ�

ÉÌÁÆÕËÙÃ ÆÏÐÌÕËÆÈÆ ÍÆÐ¾ËÆÝ ÆÅ ËÌÀÌÇ ÏÃÎÆÆ�

�� ������



«ÌÀ¾Ý ÏÃÎÆÝ ÀÙÏÌÈÌÐÃÓËÌÉÌÁÆÕËÙÓ ÆÏÐÌÕËÆÈÌÀ ÍÆÐ¾ËÆÝ Ë¾ ÐÌÈÆ ��� Æ ��� �� ËÃÂ¾ÀËÌ Î¾ÅÎ¾¿ÌÐ¾ËË¾Ý

Ë¾ ÍÎÃÂÍÎÆÝÐÆÆ� ÍÎÃÂÏÐ¾ÀÉÃË¾ ÀÙÍÎÝÊÆÐÃÉÝÊÆ  ¢±����ª° Æ  ¢±����ª°�   ËÆÓ ÆÏÍÌÉÚÅÌÀ¾Ë¾ ÍÎÌ�

ÀÃÎÃËË¾Ý Ë¾ ÍÎ¾ÈÐÆÈÃ ÐÎ¾ÂÆÔÆÌËË¾Ý ÏÆÉÌÀ¾Ý ÍÌÉËÌÏÐÚÜ ÑÍÎ¾ÀÉÝÃÊ¾Ý ÊÌÏÐÌÀ¾Ý ÐÎÃÓÒ¾ÅË¾Ý ÏÓÃÊ¾

Ë¾ Ë¾ÂÃÄËÙÓ ÌÐÃÕÃÏÐÀÃËËÙÓ ÐÆÎÆÏÐÌÎ¾Ó� ¯ÓÃÊ¾ ÑÍÎ¾ÀÉÃËÆÝ� ÍÌÏÐÎÌÃËË¾Ý Ë¾ ¿¾ÅÃ ÊÆÈÎÌÈÌËÐÎÌÉÉÃÎ¾�

Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÒÌÎÊÆÎÌÀ¾ËÆÃ ÌÎÆÁÆË¾ÉÚËÙÓ ÀËÃÖËÆÓ Ó¾Î¾ÈÐÃÎÆÏÐÆÈ ÂÉÝ Î¾ÅÉÆÕËÙÓ ÀÆÂÌÀ ÏÀ¾ÎÈÆ�

¯ÆÏÐÃÊ¾ ÑÍÎ¾ÀÉÃËÆÝ ÍÌÉËÌÏÐÚÜ ¾Â¾ÍÐÆÎÌÀ¾Ë¾ ÂÉÝ ÏÀ¾ÎÈÆ ÐÎÑ¿� À ÐÌÊ ÕÆÏÉÃ À ÑÏÉÌÀÆÝÓ ÊÌËÐ¾Ä¾

Ê¾ÁÆÏÐÎ¾ÉÚËÙÓ ÐÎÑ¿ÌÍÎÌÀÌÂÌÀ Ï Ê¾ÈÏÆÊ¾ÉÚËÙÊ ÑÂÌÀÉÃÐÀÌÎÃËÆÃÊ ÐÎÃ¿ÌÀ¾ËÆÇ  «¦¦¯° È ÆÏÐÌÕËÆÈ¾Ê

ÍÆÐ¾ËÆÝ�

ÎÃÆÊÑ×ÃÏÐÀ¾ ÛÐÆÓ ÆÏÐÌÕËÆÈÌÀ Å¾ÈÉÜÕ¾ÜÐÏÝ À ÑÏÌÀÃÎÖÃËÏÐÀÌÀ¾ËËÌÇ ÏÓÃÊÃ ÑÍÎ¾ÀÉÃËÆÝ� Ì¿ÃÏ�

ÍÃÕÆÀ¾Ü×ÃÇ ÈÌÊ¿ÆËÆÎÌÀ¾ËËÙÃ ÀËÃÖËÆÃ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ� ÈÌÐÌÎÙÃ ÊÌÄËÌ ÉÃÁÈÌ ÍÃÎÃÏÐÎ¾ÆÀ¾ÐÚ ÏÌÌÐ�

ÀÃÐÏÐÀÃËËÌ ÑÏÉÌÀÆÝÊ ÏÀ¾ÎÈÆ�

ÎÆÊÃËÆÐÃÉÚËÌ È ÎÑÕËÌÇ ÏÀ¾ÎÈÃ ÍÌÈÎÙÐÙÊ ÛÉÃÈÐÎÌÂÌÊ ÀÙÍÎÝÊÆÐÃÉÆ  ¢±����ª° Æ  ¢±����ª°

Ì¿ÃÏÍÃÕÆÀ¾ÜÐ�

• ÈÌÊ¿ÆËÆÎÌÀ¾ËËÑÜ ÀËÃÖËÜÜ ÏÐ¾ÐÆÕÃÏÈÑÜ ÀÌÉÚÐ�¾ÊÍÃÎËÑÜ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÑ� ÏÌÏÐÌÝ×ÑÜ ÆÅ ÕÃÐÙÎÃÓ

ÑÕ¾ÏÐÈÌÀ �ÀÙÏÌÈÌÀÌÉÚÐËÌÁÌ� ÄÃÏÐÈÌÁÌ� Î¾¿ÌÕÃÁÌ Æ ÑÕ¾ÏÐÈ¾ ÈÌÎÌÐÈÌÁÌ Å¾ÊÙÈ¾ËÆÝ��

• ÀÙÏÌÈÌÀÌÉÚÐËÑÜ ÍÌÂÍÆÐÈÑ ���  � �� �� ÂÉÝ ÍÌÉÑÕÃËÆÝ ÓÌÎÌÖÃÁÌ ÏÁÉ¾ÄÆÀ¾ËÆÝ ÀÙÍÎÝÊÉÃËËÌÁÌ

ÐÌÈ¾�

• ÍÉ¾ÀËÌÃ� À ÐÌÊ ÕÆÏÉÃ ÂÆÏÐ¾ËÔÆÌËËÌÃ� ÎÃÁÑÉÆÎÌÀ¾ËÆÃ ÎÃÄÆÊ¾ ÏÊÃ×ÃËÆÝ Î¾¿ÌÕÃÁÌ ÑÕ¾ÏÐÈ¾ Ì¿ÃÏ�

ÍÃÕÆÀ¾ÃÐ ÖÆÎÌÈÆÇ ÂÆ¾Í¾ÅÌË Ë¾ÏÐÎÌÇÈÆ ÐÌÈ¾ ÌÐ �� ÂÌ ��� ��

• ÍÉ¾ÀËÌÃ ÆÅÊÃËÃËÆÃ Ë¾ÈÉÌË¾ Î¾¿ÌÕÃÁÌ ÑÕ¾ÏÐÈ¾ À ÆËÐÃÎÀ¾ÉÃ ���w�  �� Ì¿ÃÏÍÃÕÆÀ¾ÃÐ È¾È ÀÙÏÌÈÑÜ

ÏÐ¾¿ÆÉÚËÌÏÐÚ ÐÌÈ¾� Ð¾È Æ ÀÌÅÊÌÄËÌÏÐÚ ÃÁÌ ÎÃÅÈÌÁÌ ÆÅÊÃËÃËÆÝ À ÍÎÌÔÃÏÏÃ ÏÀ¾ÎÈÆ� Ë¾ÍÎÆÊÃÎ� ÂÉÝ

ÑÍÎ¾ÀÉÃËÆÝ ÍÉ¾ÀÉÃËÆÃÊ� ÍÎÆ ÀÙÍÌÉËÃËÆÆ ÀÃÎÐÆÈ¾ÉÚËÌÁÌ ÖÀ¾�

• ¾ÀÐÌÊ¾ÐÆÕÃÏÈÑÜ Ë¾ÏÐÎÌÇÈÑ ÒÌÎÏÆÎÌÀ¾ËÆÝ ÐÌÈ¾ ÈÌÎÌÐÈÌÁÌ Å¾ÊÙÈ¾ËÆÝ À Å¾ÀÆÏÆÊÌÏÐÆ ÌÐ ÐÌÈ¾ Ë¾�

ÁÎÑÅÈÆ� ÍÌÈÎÙÐÆÝ ÛÉÃÈÐÎÌÂ¾ Æ ÀÆÂ¾ ÏÀ¾ÎËÌÁÌ ÖÀ¾ Ï ÂÌÏÐÆÄÃËÆÃÊ� Ï ÌÂËÌÇ ÏÐÌÎÌËÙ� Ê¾ÉÌÁÌ Î¾Å¿�

ÎÙÅÁÆÀ¾ËÆÝ� ¾ Ï ÂÎÑÁÌÇ x ÛËÃÎÁÆÕËÌÁÌ ÍÃÎÃËÌÏ¾ È¾ÍÉÆ ¿ÃÅ ÍÎÆÉÆÍ¾ËÆÝ ÛÉÃÈÐÎÌÂ¾ È À¾ËËÃ� ÕÐÌ

ÌÏÌ¿ÃËËÌ À¾ÄËÌ ÍÎÆ ÏÀ¾ÎÈÃ ÀÃÎÐÆÈ¾ÉÚËÙÓ ÖÀÌÀ�

• Ë¾Õ¾ÉÚËÌÃ ÌÁÎ¾ËÆÕÃËÆÃ Ë¾ÍÎÝÄÃËÆÝ ÓÌÉÌÏÐÌÁÌ ÓÌÂ¾ ¿ÃÅÌÍ¾ÏËÌÇ ÀÃÉÆÕÆËÌÇ ��  � ÏËÆÊ¾ÃÊÌÃ

ÕÃÎÃÅ � ÊÏ ÍÌÏÉÃ Ë¾Õ¾É¾ Å¾ÄÆÁ¾ËÆÝ Æ ÀÌÏÏÐ¾Ë¾ÀÉÆÀ¾ÃÊÌÃ ÕÃÎÃÅ � Ï ÍÌÏÉÃ ÌÈÌËÕ¾ËÆÝ ÏÀ¾ÎÈÆ�

• ÁÌÎÝÕÆÇ ÍÑÏÈ� Ð�Ã� ÑÀÃÉÆÕÃËÆÃ Ë¾Õ¾ÉÚËÌÁÌ ÐÌÈ¾ À ��� Î¾Å¾ À ÐÃÕÃËÆÃ ������� Ï Ï ÂÌÏÐÆÄÃËÆÃÊ

ÍÎ¾ÈÐÆÕÃÏÈÆ ¿ÃÅÑÍÎÃÕËÌÁÌ Å¾ÄÆÁ¾ËÆÝ� ¾ Ð¾ÈÄÃ ÀÙÏÌÈÌÁÌ È¾ÕÃÏÐÀ¾ Ë¾Õ¾ÉÚËÌÁÌ ÑÕ¾ÏÐÈ¾ ÖÀ¾�

• Å¾×ÆÐÑ ÌÐ ÍÎÆÉÆÍ¾ËÆÝ ÛÉÃÈÐÎÌÂ¾ ÌÁÎ¾ËÆÕÃËÆÃÊ ÂÉÆÐÃÉÚËÌÏÐÆ ÐÌÈ¾ ÈÌÎÌÐÈÌÁÌ Å¾ÊÙÈ¾ËÆÝ� ÕÐÌ

Ì¿ÉÃÁÕ¾ÃÐ ÌÐÎÙÀ ÍÎÆÉÆÍÖÃÁÌ ÛÉÃÈÐÎÌÂ¾�

¢ÉÝ Ì¿ÉÃÁÕÃËÆÝ Ë¾ÏÐÎÌÇÈÆ ÀÙÖÃ ÍÃÎÃÕÆÏÉÃËËÙÓ Í¾Î¾ÊÃÐÎÌÀ ÏÀ¾Î×ÆÈÌÊ ÆÊÃÃÐÏÝ ÀÌÅÊÌÄËÌÏÐÚ

ÏÆËÃÎÁÃÐÆÕÃÏÈÌÁÌ ÑÍÎ¾ÀÉÃËÆÝ� ÍÎÆ ÈÌÐÌÎÌÊ Î¾ÔÆÌË¾ÉÚËÙÃ ÏÌÕÃÐ¾ËÆÝ Í¾Î¾ÊÃÐÎÌÀ �Å¾×ÆÐÙ� À Í¾ÊÝÐÚ

ÊÆÈÎÌÈÌËÐÎÌÉÉÃÎ¾� ¾ ÍÎÆ Ë¾ÏÐÎÌÇÈÃ ÑÈ¾ÅÙÀ¾ÃÐÏÝ ÐÆÍ ÍÌÈÎÙÐÆÝ ÛÉÃÈÐÎÌÂ¾ �ÎÑÐÆÉÌÀÙÇ� ÌÏËÌÀËÌÇ� ÔÃÉ�

ÉÜÉÌÅËÙÇ� Æ ÍÎÌÏÐÎ¾ËÏÐÀÃËËÌÃ ÍÌÉÌÄÃËÆÃ ÖÀ¾ �ËÆÄËÃÃ� ÀÃÎÐÆÈ¾ÉÚËÌÃ Ë¾ ÍÌÂØÃÊ� ÀÃÎÐÆÈ¾ÉÚËÌÃ Ë¾

ÏÍÑÏÈ�� ÀÙ¿Î¾ËËÙÃ Í¾Î¾ÊÃÐÎÙ ÌÐÌ¿Î¾Ä¾ÜÐÏÝ Æ ÈÌËÐÎÌÉÆÎÑÜÐÏÝ Ë¾ ÂÀÑÓ ÔÆÒÎÌÀÙÓ ÂÆÏÍÉÃÝÓ�

ÎÆÊÃËÆÐÃÉÚËÌ È ¾ÎÁÌËÌÂÑÁÌÀÌÇ ÏÀ¾ÎÈÃ ÀÌÉÚÒÎ¾ÊÌÀÙÊ ÛÉÃÈÐÎÌÂÌÊ ÀÏÃÓ ÊÃÐ¾ÉÉÌÀ� ÈÎÌÊÃ

¾ÉÜÊÆËÆÝ� ÆÏÐÌÕËÆÈÆ Ì¿ÃÏÍÃÕÆÀ¾ÜÐ�

• ¿É¾ÁÌÍÎÆÝÐËÑÜ ÀËÃÖËÜÜ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÑ Ï ÀÙÏÌÈÌÀÌÉÚÐËÌÇ ÍÌÂÍÆÐÈÌÇ� ÄÃÏÐÈÆÊ Æ ÀÃÎÐÆÈ¾ÉÚËÙÊ

Î¾¿ÌÕÆÊ ÑÕ¾ÏÐÈÌÊ�

• ÍÉ¾ÀËÑÜ� À ÐÌÊ ÕÆÏÉÃ ÂÆÏÐ¾ËÔÆÌËËÑÜ� Ë¾ÏÐÎÌÇÈÑ ÌÐ �� ÂÌ ��� ��

• ÔÆÈÉÌÁÎ¾ÊÊÑ ÍÎÌÔÃÏÏ¾ ÏÀ¾ÎÈÆ Ï ÍÉ¾ÀËÌÇ ÎÃÁÑÉÆÎÌÀÈÌÇ ÀÏÃÓ ÆËÐÃÎÀ¾ÉÌÀx� ÍÌÂ¾Õ¾ Á¾Å¾ ÂÌ ÏÀ¾ÎÈÆ�

ÊÝÁÈÆÇ ÍÑÏÈ Ï ÍÉ¾ÀËÙÊ Ë¾Î¾ÏÐ¾ËÆÃÊ ÐÌÈ¾� ÏÀ¾ÎÈ¾ ÍÎÆ Å¾Î¾ËÃÃ ÑÏÐ¾ËÌÀÉÃËËÌÊ ÐÌÈÃ� ÍÉ¾ÀËÌÃ ÏËÆÄÃËÆÃ

ÐÌÈ¾ ÂÉÝ Å¾À¾ÎÈÆ ÈÎ¾ÐÃÎ¾� Å¾×ÆÐ¾ ÖÀ¾ Á¾ÅÌÊ ÍÌÏÉÃ ÏÀ¾ÎÈÆ�

• ÊÝÁÈÆÇ ÍÑÏÈ� Ð� Ã� Å¾ÄÆÁ¾ËÆÃ ÂÑÁÆ ÈÌÎÌÐÈÆÊ Å¾ÊÙÈ¾ËÆÃÊ ÍÎÆ ÍÌËÆÄÃËÆÆ ÐÌÈ¾ ÂÌ �� � Ë¾ÏÐÎÌÃËËÌÁÌ

ÏÀ¾ÎÌÕËÌÁÌ ÐÌÈ¾ ¿ÃÅ ÍÌÀÎÃÄÂÃËÆÝ ÛÉÃÈÐÎÌÂ¾ Æ ÌÍÉ¾ÀÉÃËÆÝ ÂÃÐ¾ÉÆ� ÍÌÅÀÌÉÝÃÐ ÌÐÈ¾Å¾ÐÚÏÝ ÌÐ ÌÏÔÆÉÉÝÐÌÎ¾�

• ÂÀÑÓÐ¾ÈÐËÙÇ ÔÆÈÉ ÍÌÉÚÅÌÀ¾ËÆÝ ÈËÌÍÈÌÇ Ë¾ ÁÌÎÃÉÈÃ ÍÎÆÊÃËÝÃÐÏÝ ÍÎÆ ÏÀ¾ÎÈÃ ÈÌÎÌÐÈÆÓ ÖÀÌÀ�

ÕÃÐÙÎÃÓÐ¾ÈÐËÙÇ x ÂÉÆËËÙÓ ÖÀÌÀ�

• ÍÎÃÂÀ¾ÎÆÐÃÉÚËÑÜ Ë¾ÏÐÎÌÇÈÑ ÂÀÑÓ ÎÃÄÆÊÌÀ Ï ¿ÙÏÐÎÙÊ ÍÃÎÃÓÌÂÌÊ ÌÐ ÌÂËÌÁÌ È ÂÎÑÁÌÊÑ ÍÎÆ

ÐÌÉÕÈÌÀÌÊ Ë¾Ä¾ÐÆÆ ÈËÌÍÈÆ Ë¾ ÁÌÎÃÉÈÃ�

• ÏÀ¾ÎÈÑ ÍÑÉÚÏÆÎÑÜ×ÃÇ ÂÑÁÌÇ Ï ËÃÅ¾ÀÆÏÆÊÌÇ Ë¾ÏÐÎÌÇÈÌÇ ÐÌÈ¾ Æ ÀÎÃÊÃËÆ À ÆËÐÃÎÀ¾É¾Ó ÆÊÍÑÉÚÏ¾

Æ Í¾ÑÅÙ�

• ÂÉÝ ÍÌÂÈÉÜÕÃËÆÝ ¾ÎÁÌËÌÂÑÁÌÀÌÇ ÁÌÎÃÉÈÆ ÍÎÃÂÑÏÊÌÐÎÃËÌ ÈÌÊÍÉÃÈÐÌÀ¾ËÆÃ ÆÏÐÌÕËÆÈ¾ ÀÏÍÌÊÌÁ¾�

ÐÃÉÚËÙÊ ¿ÉÌÈÌÊ Ï Á¾ÅÌÀÙÊ ÈÉ¾Í¾ËÌÊ Æ ÖÐÑÔÃÎ¾ÊÆ Å¾×ÆÐËÌÁÌ Á¾Å¾ Æ ÌÓÉ¾ÄÂ¾Ü×ÃÇ ÀÌÂÙ�

ÎÆÊÃËÆÐÃÉÚËÌ È ÍÌÉÑ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ ÏÀ¾ÎÈÃ ÆÏÐÌÕËÆÈÆ Ì¿ÃÏÍÃÕÆÀ¾ÜÐ�

• ÀËÃÖËÜÜ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÑ Ï ÀÙÏÌÈÌÀÌÉÚÐËÌÇ ÍÌÂÍÆÐÈÌÇ Æ ÄÃÏÐÈÆÊ �ÌÏËÌÀËÙÊ� ÑÕ¾ÏÐÈÌÊ�

• ÍÉ¾ÀËÑÜ� À ÐÌÊ ÕÆÏÉÃ ÂÆÏÐ¾ËÔÆÌËËÑÜ� Ë¾ÏÐÎÌÇÈÑ ÏÀ¾ÎÌÕËÌÁÌ Ë¾ÍÎÝÄÃËÆÝ�

• ÁÌÎÝÕÆÇ ÏÐ¾ÎÐ Å¾ ÏÕÃÐ Ë¾Õ¾ÉÚËÌÁÌ ÍÌÉËÌÒ¾ÅËÌÁÌ ÀÈÉÜÕÃËÆÝ ÐÆÎÆÏÐÌÎÌÀ Ï ¿ÙÏÐÎÙÊ ÑÏÐ¾ËÌÀÉÃËÆÃÊ

ÂÑÁÌÀÌÁÌ ÍÎÌÔÃÏÏ¾�

������ ��



• ¾ÀÐÌÊ¾ÐÆÕÃÏÈÑÜ ÍÌÂÏÐÎÌÇÈÑ ÆËÂÑÈÐÆÀËÌÏÐÆ ÂÎÌÏÏÃÉÝ Æ ÌÍÐÆÊÆÅ¾ÔÆÜ ÂÆË¾ÊÆÕÃÏÈÆÓ Í¾Î¾ÊÃÐÎÌÀ

ÌÏÔÆÉÉÌÁÎ¾ÊÊÙ ÐÌÈ¾ ÍÎÆ ÈÌÎÌÐÈÌÊ Å¾ÊÙÈ¾ËÆÆ È¾ÍÉÃÇ �Ï ÔÃÉÚÜ ÏËÆÄÃËÆÝ Î¾Å¿ÎÙÅÁÆÀ¾ËÆÝ ÍÎÆ ÂÌ�

ÏÐ¾ÐÌÕËÌ ÛËÃÎÁÆÕËÌÊ ÍÃÎÃËÌÏÃ ÛÉÃÈÐÎÌÂËÌÁÌ ÊÃÐ¾ÉÉ¾ Ì¿ÃÏÍÃÕÆÀ¾ÃÐÏÝ ÏÍÃÔÆ¾ÉÚËÌÇ ÍÌÂÍÎÌÁÎ¾ÊÊÌÇ

ÊÆÈÎÌÈÌËÐÎÌÉÉÃÎ¾��

• ÀÌÅÊÌÄËÌÏÐÚ ÍÌÂÈÉÜÕÃËÆÝ È Î¾ÅÉÆÕËÙÊ ÐÆÍ¾Ê ÏÀ¾ÎÌÕËÙÓ ÍÌÉÑ¾ÀÐÌÊ¾ÐÌÀ� À ÐÌÊ ÕÆÏÉÃ ÏÍÃÔÆ¾ÉÚËÌ

ÍÎÃÂË¾ÅË¾ÕÃËËÙÊ ÂÉÝ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ À ÐÝÄÃÉÙÓ ÐÎ¾ÏÏÌÀÙÓ ÑÏÉÌÀÆÝÓ ÍÎÆ ÏÀ¾ÎÈÃ ÐÎÑ¿ÌÍÎÌÀÌÂÌÀ Ï¾�

ÊÌÅ¾×ÆÐËÌÇ ÍÌÎÌÖÈÌÀÌÇ ÍÎÌÀÌÉÌÈÌÇ�

ÎÆ ÉÜ¿ÌÊ ÏÍÌÏÌ¿Ã ÏÀ¾ÎÈÆ Î¾¿ÌÕÆÃ Í¾Î¾ÊÃÐÎÙ Å¾Â¾ÜÐÏÝ À ÔÆÒÎÌÀÌÊ ÀÆÂÃ À ¾¿ÏÌÉÜÐËÙÓ ÅË¾ÕÃËÆÝÓ�

ÍÎÃÂÑÏÊÌÐÎÃËÌ ÓÎ¾ËÃËÆÃ Æ ÀÌÏÍÎÌÆÅÀÃÂÃËÆÃ Å¾Î¾ËÃÃ ÑÏÐ¾ËÌÀÉÃËËÙÓ ÎÃÄÆÊÌÀ� À ÐÌÊ ÕÆÏÉÃ ÍÌÂÌ¿Î¾ËËÙÓ

ÏÀ¾Î×ÆÈÌÊ� ÎÃÂÑÏÊÌÐÎÃË¾ ÏÐ¾¿ÆÉÆÅ¾ÔÆÝ Í¾Î¾ÊÃÐÎÌÀ ÍÎÆ ÉÜ¿ÙÓ ÀÌÅÊÑ×¾Ü×ÆÓ ÀÌÅÂÃÇÏÐÀÆÝÓ� À ÐÌÊ

ÕÆÏÉÃ Æ ÈÌÉÃ¿¾ËÆÝÓ Ë¾ÍÎÝÄÃËÆÝ ÍÆÐ¾Ü×ÃÇ ÏÃÐÆ�

¨ÌËÏÐÎÑÈÔÆÝÊ ÀÙÍÎÝÊÆÐÃÉÃÇ ÍÎÆÏÑ×Æ ÐÎ¾ÂÆÔÆÌËËÙÃ ÌÏÌ¿ÃËËÌÏÐÆ ÉÜ¿ÌÇ ¾ÍÍ¾Î¾ÐÑÎÙ ¥�¬ �±Î¾É�

ÐÃÎÊÌÏÀ¾Î��

• Å¾×ÆÐ¾ ÌÐ ÊÃÓ¾ËÆÕÃÏÈÆÓ ÍÌÀÎÃÄÂÃËÆÇ ÍÎÌÕËÙÊ È¾ÎÈ¾ÏËÙÊ ÈÌÎÍÑÏÌÊ�

• ÍÃÎÀÆÕËÙÃ Æ ÀÐÌÎÆÕËÙÃ È¾ÐÑÖÈÆ ÏÆÉÌÀÌÁÌ ÐÎ¾ËÏÒÌÎÊ¾ÐÌÎ¾ Î¾ÅËÃÏÃËÙ ÍÌ ÀÙÏÌÐÃ Æ ÓÌÎÌÖÌ

ÆÅÌÉÆÎÌÀ¾ËÙ� ÕÐÌ ÍÌÀÙÖ¾ÃÐ ÛÈÏÍÉÑ¾Ð¾ÔÆÌËËÑÜ Ë¾ÂÃÄËÌÏÐÚ Æ ÛÉÃÈÐÎÆÕÃÏÈÑÜ ¿ÃÅÌÍ¾ÏËÌÏÐÚ�

• ÆÊÃÃÐÏÝ ¾ÀÐÌÊ¾ÐÆÕÃÏÈ¾Ý Å¾×ÆÐ¾ ÌÐ Ë¾ÎÑÖÃËÆÝ ÀÃËÐÆÉÝÔÆÆ� ÅË¾ÕÆÐÃÉÚËÌÇ ÍÃÎÃÁÎÑÅÈÆ Æ ÍÎÃÀÙÖÃËÆÝ
ÐÃÊÍÃÎ¾ÐÑÎÙ ÐÆÎÆÏÐÌÎÌÀ�

• ÌÓÉ¾ÄÂÃËÆÃ ÐÆÎÆÏÐÌÎÌÀ Æ ÐÎ¾ËÏÒÌÎÊ¾ÐÌÎÌÀ ÍÎÌÆÅÀÌÂÆÐÏÝ ÊÌ×ËÙÊ ÀÃËÐÆÉÝÐÌÎÌÊ� ÕÐÌ Á¾Î¾ËÐÆÎÑÃÐ

ËÌÎÊ¾ÉÚËÙÇ ÐÃÍÉÌÀÌÇ ÎÃÄÆÊ ÍÎÆ Ê¾ÈÏÆÊ¾ÉÚËÙÓ Í¾ÏÍÌÎÐËÙÓ Ë¾ÁÎÑÅÈ¾Ó ÀÙÍÎÝÊÆÐÃÉÝ�

• ÂÉÝ ÍÌÂÈÉÜÕÃËÆÝ ÏÀ¾ÎÌÕËÙÓ ÍÎÌÀÌÂÌÀ ÆÊÃÜÐÏÝ ÑÂÌ¿ËÙÃ ÏÐ¾ËÂ¾ÎÐËÙÃ ÐÌÈÌÀÙÃ Î¾ÅØÃÊÙ�

°£³«¦µ£¯¨¦£ ¢�««¹£  ¢±����ª° � ¢±����ª°�

¥¾ÉÌÄÃËËÙÃ À ÏÓÃÊÑ ÆÏÐÌÕËÆÈÌÀ ËÌÀÌÇ ÏÃÎÆÆ ÍÎÆËÔÆÍÙ ÑÍÎ¾ÀÉÃËÆÝ ÍÌÅÀÌÉÆÉÆ ÅË¾ÕÆÐÃÉÚËÌ ÑÉÑÕÖÆÐÚ

ÂÆË¾ÊÆÈÑ ÍÃÎÃÓÌÂËÙÓ ÍÎÌÔÃÏÏÌÀ Æ ÌÎÁ¾ËÆÅÌÀ¾ÐÚ ÍÃÎÃËÌÏ ÛÉÃÈÐÎÌÂËÌÁÌ ÊÃÐ¾ÉÉ¾ Ë¾ ÑÎÌÀËÃ Ð¾ÈÌÀÌÁÌ

Ñ ÆÅÀÃÏÐËÙÓ ÆÏÐÌÕËÆÈÌÀ ,'($/$5& '¯���� ÒÆÎÊÙ �(OHFWULF� ÍÎÆ ÏÎ¾ÀËÆÐÃÉÚËÌ ËÆÅÈÌÇ ÏÐÌÆÊÌÏÐÆ

�ÔÃË¾  ¢±����ª° ÏÌÏÐ¾ÀÆÐ ÌÎÆÃËÐÆÎÌÀÌÕËÌ �� ÐÙÏ� ÎÑ¿���

®ÌÏÏÆÝ� ������� Á� £È¾ÐÃÎÆË¿ÑÎÁ� ªÌÏÈÌÀÏÈ¾Ý ÑÉ�� �����

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

ZZZ�XUDOWHUPRVYDU�UX

sÈÒäËÓºmÈÓÒË ¹È¯ÈäË�¯È
v¹º°º °mÈ¯}Ò

0,*�0$* 7,* 00$

sºäÒÓÈã	ÓºË ÓÈ¹¯«ÎËÓÒË ¹Ò�ÈÓÒ«� { �ãÒÓË®ÓºË� ���

sºäÒÓÈã	ÓÈ« �È°�º�È� �� ��

 Ò°ãº ÁÈÏ �

sºäÒÓÈã	Ó©® °mÈ¯º�Ó©® �º}� k ��� �����

sºäÒÓÈã	ÓÈ« ¹¯º�ºãÎÒ�Ëã	Óº°�	 ÓÈ�¯�Ï}Ò� �s� � ��

lº�Óº°�	� ¹º�¯Ëã«ËäÈ« ¹¯Ò ÓºäÒÓÈã	Óº® ÓÈ�¯�Ï}Ë� }{⋅k� ÓË ºãËË �� ������

sÈ¹¯«ÎËÓÒË ²ºãº°�º�º ²º�È� { �� ± �

�¯º�ºãÎÒ�Ëã	Óº°�	 �Ò}ãÈ °mÈ¯}Ò� äÒÓ �� �� �

�¯Ë�Ëã© ¯Ë��ãÒ¯ºmÈÓÒ« °mÈ¯º�Óº�º �º}È� k ��Ü���

���Ü����

��Ü���

���Ü����

��Ü���

���Ü����

�¯Ë�Ëã© ¯Ë��ãÒ¯ºmÈÓÒ« ¯Èº�Ë�º ÓÈ¹¯«ÎËÓÒ«� { ��Ü��

���Ü���

��Ü��

���Ü���

��Ü��

���Ü���

zºªÁÁÒ�ÒËÓ� ÓÈ}ãºÓÈ mÓË�ÓÒ² ²È¯È}�Ë¯Ò°�Ò}� {�k � b�©}ºmÈ« ���Ü���

zºªÁÁÒ�ÒËÓ� äº�Óº°�Ò� FRV ϕ� ÓË äËÓËË ��� ��� ���

zºªÁÁÒ�ÒËÓ� ¹ºãËÏÓº�º �Ë®°�mÒ«� �� ÓË äËÓËË ��

�ÈÈ¯Ò�Ó©Ë ¯ÈÏäË¯©� ää� ÓË ºãËË ��� � ��� � ��� �����

lÈ°°È� }�� ÓË ºãËË ��� �����

� ¯ Òä Ë � È Ó Ò Ë � iÈÓÓ©Ë m °}º}È² º�Óº°«�°« } {i�����l��

�� ������




