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v³z º���¾º°§�vº�yu�½Z·�¶¿Ç½Z¸«º¬p¯�yu�µv��uZl¿Y�|¿Yv³M�
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¦¿yº «º��vÀ�Y�©º¬p¯�¶]�b^�³�Z¸³M�b¯Zt��¹ µuºº] ¾^º�Z´¯

zd�À]�b�Y�@�í�>
,´¿|¿Yv³M� aZÀ¬°�� yu¿Y� ¶¿Ç� ��%Zd«¹� ¦¿� yu� µv�� uZl

�t�¯�b�¨��%Zd«¹��yu�¹µuº]�¾³Yzp]�b¯Zt��¦¿�½YyYu
uº��¾¯� ¶d�¨�� ¶¿Ç�±M� {Y� zcÇZ]�%Zd«¹��¿Y|�Y�qz³��·Z§� {Y
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%Zd«¹� �¿z��²d�y�²À¿Z�� ¹@ææ>¤¤p¯���ºc� �Z�¬dt¯� ±½Yz]

b�Y�µv�� µuZ d�Y� b�¨�� %Zd«¹� �¿z�c��¾¨¿zd¨«Y� b�¨�
½¹y�{Y�aZ ���¶¿Z��½Z¸«º¬p¯�yu�®À³ZdÀc�½v³M�vÀ�§Y�½Z·�¶¿Ç

º�bÀ�z��~¨�� ½Z¸À´p´¯½yº^�� %yZ��4º���&��Yy
uYu� yYz£�¾�yz]� uyº¯� ±Yºc�¾¯�ayº��¶]� Yvd]Y� yu� Z¸À´p´¯�²¿Y

¾�s�¶¿Ç�v�y�v´·u�±Z�³�¶§�v³Z¯�¾¯�b]Zg�~���¹_±vÀ�y�
b�Y�½vo�b¯Zt�� ¶]��²¿Y� ¶]�±vÀ�y�½Yz]� {ZÀ³� uyº¯� %yZ�

|k� yº��¶]� �vo¿~���¹ uº��¾¯� uZ¿{�¾«Z°�Y�ªÀ�³Zd�� Z]�¾��F

v´·u� ±Z�³� ¶§� µv�� ®§_½vÀ�§Y� ¶¿Ç�b�¨��b�Y@�ææ�>
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©v¯�²¿Y�}Z�Y� z]�]Yy� ��`¹ b¯¹Z¤¯� Z]�b�¨�� %Zd«¹�²À]�
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b�Y�{Y�¹|À�º´¿Y�½Z£M`«uZ�¯��ç�b]Zg�z¿uZ¤¯D%¹E%Yy½Yz]

bÀ«¹zd¨«Y�¦¿��t�¯�½Z¯u� ¹ b�¬�� Z]�±Z¿zk�¶dÀ�³Yu� yu
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Uuvl¯�\À§zc�b]Zg�ê�-%dÀ�³Yu�yYv¤¯�`¦¿�yu�¾³¹zd¨«Y�±Z¿zk�
½vÀ�§Y�¶¿Ç�\¿ztc�½Yz]��t�¯�b¯Zt���H¾³¹zd¨«Y�%yZ��
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¶«uZ�¯�²¿Y� yu���-�v³Z]�¶]� µv��¢¿y|c�¾³¹zd¨«Y�±Z¿zk� ¶dÀ�³Yu�

¥zd�¯�ª��� {Y�½vÀ�§Y� ¶¿Ç�b¿Yv·vÀ�§Yº¹ bÀ«¹zd¨«Y
(�  UH(�/P¹ ±YvÀ¯G¬�Z��`½Z¸³¹zd¨«Y���ºc� µv��¾��

v³M�¶]�±vÀ�y�½Yz]�¶À«¹Y�\¿z�b�Y�½uyºsz]�±ºÀ�Y|À³º¿���Z]
¶§�uz§��z��±Yºc�¾¯�\¿z¤cGb�Y�¶¿Ç�ª§�b¯Zt��Z]�©uZ�¯�

b]Zg� ±Z¿zk� yu�,´¿|¿Yv³M� ²Ào� yu%Zd«¹� Z]� ¾�s� yº��¶]� ¶§
v]Z¿�¾¯��¿Y|�Y�¹y�²¿Y�{YG 9�(����(b�Y�,´¿|¿Yv³M�b]Zg����

z¿uZ¤¯-�¾�s�½Z¸À´p´¯� Ov^¯� {Y��z�� {YORJ-H\�oz]�9
�¾d£¹G �¹9 �¹-� -H��v´¿M�¾¯�b�u�¶]�

«uZ�¯� {Y� µuZ d�Y� Z]`�é�¹ UH(�/P«uZ�¯�`b�u�¶]�z¿{�
v¿M�¾¯�

�ì� �����(EH�E%
z�§� ¶]�¾³¹zd¨«Y� �¿z�c� ¹ �°lc� ±Z¿zk�¾d£¹� ¶¨³M��z�� Z]

�¯,´¿|¿Yv³M� ¾¬§� ±Z¿zk� {Y� ¾�t�-��¡Z cY�b�¨�v�z]
¹ b�¬�� ¶]�b^�³� Yy�b�¨�� %Zd«¹�aYzÀÀ�c�±Yºc�¾¯� �vd�Y�¾¯

z]� bÀ«¹zd¨«Y� \À§zcYuy¹z§u�²¿Y� bpc¶«uZ�¯� ��¿Yz��
uº��¾¯�¶d�º³�z¿{�ayº��¶]�

�í�-�H[S� G� =-�
®¿yYu�¹���=-��-� H[S� G

G ������� �ORJ=-��-�
�î�9% ������(� �ORJ=-��-�

«uZ�¯� ¶§`�î�«uZ�¯� ¶]� �`¹|À�º´¿Y�b�Y� º�º¯�@ææ�>¹ È^«M
|k�n¿z�c�½Yz]�¹|À�º´¿Y�©v¯�{Y��³YyZ¨°·¿b�¨��µv¿v��aZÀ

µuZ d�Yz§µuv³Y�Zl³M�{Y¿µv��uZ¸´�À��½Z¸«v¯�¶§�¾½Yz]nÀ�ºc�
{Y� Z¸³¹zd¨«Y�¢¿y|c� |¬d�¯� �|¿Yv³M�½Z·�¶¿Ç�¾³¹zd¨«Y�b�¨�

½vÀ�§Y� ¶¿Ç� ¶]�bÀ«¹zd¨«Yb�Y�Yx«� �¾³¹zd¨«Y� ±Z¿zk��¤³
b�Y�®¸¯�yZÀ�]@î�>¢À¤pc�²¿Y�yu±Z¿zk�¶dÀ�³Yu�zgY���¹ b�¬����

b]Yºg�¹ ¾�yz]�|¿Yv³M�¶¿Ç�b�¨��%Zd«¹�z]�bÀ«¹zd¨«Y�b¯¹Z¤¯

«uZ�¯`b�Y�µv��µuy¹M�b�u�¶]�|À³�¹|À�º´¿Y���b�¨�zgY�²À´$°·
] uyº¯� |¿Yv³M�½Z·�¶¿Ç� yZdsZ�� z]�¾¨¿zd¨«Y¶d�z-� yYz£�¾�yz

b�Y�

Ï�¢À¤pc��¹y
Ï�Î�Z·�¶³º°³�½{Z��µuZ¯M�

Z·�¶³º°³¿�«Zs�®À³ZdÀc�~´k�{Y�¾�½yZlc��¾¿ZÀ°À��\À§zc� Z]
©¹vk�yu� µv��¶WYyY�æ�uZ�]Y� Z]�PPçå�çå�çê~���¹ ¶À¸c

[M�Z]�º�d���{Y�~��¹ ½zÀ-�¾]z#�²d�Y���ºcvÀ�Y���ºc���
¿yv¿yºWº¬�¦éåº��vÀ�Y�zdÀ«�z]�z-¿v³Y�µv��¾�¾]z#�{Y�~�

º��vÀ�Y�¹ ½zÀ-¿¾½Z·�µyZ°�� Z]�µuZ^´��x�Z§���ºc� Z·�¶³º°³� ��
èçå�êåå�íåå¹æååå½Z´À¯º«M�yuº�Z]�~���¹è�å¹åê�å

[M�Z]�º�d���{Y�~��¹ µv��µuYu�ª¤À��±¹z¨À¯z-�½Yº·�Z]���
v³Y�µv��¦�s�

Ï�Ï�aZ�¿Z¯{M�
½Yzº]¦¿z ���vÀ�Y�½Z¸«º¬p¯�{Y�®À³ZdÀc�,´¿|¿Yv³M�Zºl³Y���

Z]�®¿v��½u�±%¹yvÀ·�aZ º���¹ ®¿vº� ±%¹yvÀº· ½u�aZ º��
½Z¸dº�¬�ê�å�åæ�å�åæ�å��åê�å��æ�å¹ê�åyÇºº¯�µuZ d�Y

bº�Y�µvº���{Y�ª¨��¾^�¨¯�ª��¦º¿ yu�,´¿|º¿Yv³M�aZÀº¬°�
±|³�,³{�uÇº��~´ºkèæëuZ�]Y�Z]�FPê�æå�æå��vcZ§�±Yº´��¶]�

®À³ZdÀc�½Z·u¹zºd¨«Y�¹ |º¿Yv³M�©ºº¬p¯�½¹Zºo ¶º§�¶³º°³��b�Y
±Z¿zk�¶dÀº�³Yu�yu�aZdº�Yº³Yº«Z-�ayºº�¶º]ìê�îz]�z�¯M�¾¬À¯

bº�Y�µvº� Zºl³Y��]zº¯ zd°Àd³Zº���,´¿|¿Yv³M�ªoYz¯�¾º� yu��
º¯{�¶º] b^º�³�ªÀº�³Zd��aYzºÀÀ�c�½Z¸Àº´p´¯®�y�|À³�±Z�v³Y�µv�

½Y�µ{Yv³Y�¶]�¡º��½Z¸«º¬p¯�{Y�¦¿�z·�yu�,´¿|¿Yv³M�±Z¯{�avº¯
v�z]�b�¨�%Zd«¹�¶]�ªÀ�³Zd��¶§�b�Y�¶´À¸]�±Z¯{���

½Yz]½uYv�c��Z·�¶¿Ç�yZdsZ��yu�¾cyYzo�aZÀ¬°��zgY�¾�yz]�
½Z¯u� yu�,´¿|¿Yv³M� {Y�~�� Z·�¶³º°³� {YëååuYz.Àd³Z�� ¶kyu

yu�¹ µv��µuYu�ayYzo�±º-yM�z �°cY�bpc�b�Z��¦¿�av¯�¶]
v³Y�µv�� uz�� µyº§� ªsYu�µv�|¿Yv³M�½Z·�¶¿Ç�aZt���ºc� ��

¯º�¹z¨Àºb�Y�µv��½zÀ-�µ{Yv³Y�¾³¹zd¨«Y��¨���¨�¹z¨À¯�{Y
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©¹vkæ�µuZ d�Y�uyº¯�®À³ZdÀc�¾¿ZÀ°À��\À§zc�
²]z§ ±&À�§Y ²·M ®À³ZdÀc
ÍÓ�Í ÏÏ�Í ÐÔ�Í ¶¿Z�

~¨¿Y�¶��Y�¡z c�¹ ¾�]¹y�¾³¹zd¨«Y½Yz]½%º«º�yº¯�¾�yz]���
b�Y�µv��µuZ d�Y�Z·�¶¿Ç�ªt¬tc�¹ yZdsZ���

½Yzº]½Z¸d�¬��yu�¾º³¹zd¨«Y�±Z¿zºk ¶dÀº�³Yu�½zºÀ-�µ{Yvº³Y�
Z·�¶³ºº°³��|º¿Yv³M�½Z¸«ºº¬p¯��¬dºt¯º¿dÀº�³Yu�yu�¾`±Z¿zºk

P$�FP�ìê�îzºº� bººpc�¹ µvºº� Zººl³Y�aZdºº�YºÀ�³Zd���¿Y
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�� [�UD\�GLIIUDFWLRQ
�� VFDQQLQJ�HOHFWURQ�PLFURVFRS\
�� DXJHU�HOHFWURQ�VSHFWURVFRS\

�� WKUHVKROG� HQHUJ\� IRU� LPSDFW�
LRQL]DWLRQ

�� UHFRPELQDWLRQ�FRQVWDQW
�� LQWHULRQLF�IRUFHV

�kYz¯
�� 0L]XVKLPD�� :��� ³$� 6WXG\� RI WKH� )RUPDWLRQ� RI�

$QRGLF� 2[LGH� )LOPV� RQ� 7LWDQLXP´� -RXUQDO� RI
(OHFWURFKHPLFDO� 6RFLHW\�� 9RO� ����� SS�� ���������
����

�� .DOUD��.�&���6LQJK��.�&���DQG�6LQJK��0���³(OHFWULFDO�
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&KHPLVWU\��9RO�������SS��������������

�� -RKDQVHQ��+�$���$GDPV��*�%���5\VVHOEHUJKH��3��9���
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�� 3RXLOOHDX�� -�� 'HYLOOLHUV�� '�� *DUULGR�� )��� 'XUDQG�
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�� 6$(� 6SHFLILFDWLRQ� $06� ����&�� ³$QRGLF�
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SS�������������
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����������������

��� .LQDUG�� /��� XQLWHG� VWDWH� 3DWHQW�� 1R�� ��� ����� �����
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