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¦�s�¹ z-�¾oYº³�yu�±M�½ÇZ]�vÀº«ºc�¾º¿Z³Yºc�¶lÀºd³�yu�yu
u¹vºo ±Yzº¿Yæ�ç²ºc¶º³Yu�yZdº¨·�yu��æ��u{Z]�±uºº] ÇZº] ¹µ
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ª£Yvºo µv´º´§�²Àº¯Pc�¹ µvº�æåê¾´¬§�µv´º·u�ªÀ¨º�c�vºoY¹
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av¯�¶]�Z·º¬Àº� ~�º�éê¿Z¯u�²À.³ZÀ¯�Z]�¡ZcY�½Z¯u�yu�{¹y�¾
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¹ ¦¿�µ{Yv³Y�¶]�µv��[ZÀ�M�¹Zl³Y�yYz¨c�¶��yu�¹ zd¯�¾¬À¯�¹u
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aZ�Zºº�æçZººc \ºº�í±{ººº�z���ºº�ºc�n^ºº��Zººs ½Zºº·

�%XQVHQ�YDOYHV�{Y�]ººs Z·�½zº¯ iyZºv��¾��±Z¯{�²¿Y�{Y�~�ç
¾º¬À¯¦¿yv¿zº¬§�vÀº�Y�zºdÀ«ëZc�v��¶�Z�Y�¶�À��z·�¶]�©Z¯z³�S+

³°º¶³z¿{�¶]�çv�z]��~��çåå½z�]�z·�¶]�²À����yuº��z-�¾¬À¯�
av¯�¶]�Z·�½zº�]�¹ vº� ¶�Zº�Yçéyu��º�yu�±¹v]�z.¿u�b�Z��

zº- [M�Zº°oèîv³v��¶dº�Yu�¶º.³�¶ºkyu��ë�¿Z¯�½¹Zo�¶³º°³�
¶]�¶³º°³�v£Z��¹ ¾�º´�¯�¡Y|]�¹ ¶^°¨º�- z�³�yu�v·Z��±Yº´�¶d�z

vº��æè��¶³º°³��±ºÀ�Z]º¨³Y�±Z¿Z��{Y�~º�Z]�Z·éìåå¶¤À£u�yu�y¹u�
avº¯ ¶º]æê¶dt¿y�y¹u�¾¿ÇZ]��Z ���¿Z¯�¹ µv��%º ¿zd³Z��¶¤À£u�

±¹M�yu�µv³Z°���¹êêv��¦�s�¶kyu��í��
ª¿yºd§Z��ayº��¶]�¹ ¾�uZ�c�>È¯Z§�mz��\«Z£�yu��¿Z¯{M

ë�ç¶¿¹y���ºc�j¿Zd³�¹ v��YzkY�yYz¨c�¶º� Zº]*/0yY|�Y�z³�
6$6��çë�b�zº- yYzº£ ¶¿|ºlc�uyºº¯�n���yu�Z·�²Àº.³ZÀ¯ê

¹ v³v��¶�¿Z¤¯�²¨³Yu�±ºº¯{M��º�ºc�vº�yu½Yz]¶�¿Z¤¯�yZgM
yY|�Y�z³�{Y�yYu�¾´�¯�ª]Z¤d¯067$7&v��µuZ d�Y��

j¿Zd³
¾¿ZÀ°À��\À§zc

©¹vººk yu�±vº�º¬À��{Y�ª^º£ ±{yY�¶�ººº¬� ¾¿ZÀ°Àº� \À§zºcæ
µvº� µuy¹Mbº�Y�uZº¯½zÀ��¶¬oz¯�yu�±{yY�¶�ºº¬��¦º�s�µ

uº]�z³�½zÀ°s�¶¬oz¯�{Y�zºd°§�åê�å3���±YyZ¨°·�¹ ªÀ·�æç�
½zÀ°s�¶¬oz¯�yu�Yy�v¿yY¹z¯�±{yY�¶�º¬��¦�s�µuZ¯�yYv¤¯�|ºÀ³

zº³ç�çëv³uzº§ zº§w�vº�yu��©º¬p¯�½Z·�aYyvÀ·º]z§�yYv¤¯
±{yY�¶�ºº¬�{Y�zd°§�b�Yuz]�¶¬oz¯�¹u�yu�ë²¿Y�¶§�uº]�v�yu�

yYv¤¯±{yY�¶�º¬��yu�¾cYyvÀ·º]z§��t]�²¿Y�uº^°§�_v´·u�±Z�³
uº]�

©¹vºk yuç\À§zºc{Y�~��±{yY�½º¬À��¾¿ZÀ°À�éê{¹y�
uº��¾¯�µv¿u�±v�º¬À��\�Z´d¯�b�Yuz]�¶¬oz¯�¹u�¦�s�µuZ¯

v´d�Yu�yYu�¾´�¯��ÈdsY�®·�Zº] ±{yY�¶�ºº¬��Zº]�åê�å3���¾«¹
uº]�zºd°§�±{yY�¶�ºº¬��{Y�±M�yYvº¤¯�Y ²¿zd�À]¦�s�µuZ¯��Èc

uº]�v·Z��½Z·º¬À��¶]��º]zº¯�¦À¯z��vÀ�Y�½¹Zo�½Z·º¬À��yu
�·Z§�½zd�À]�yYv¤¯�¶]�½zd§Z]�½¹Zo�½º¬Àº� yu�¹ ½vºo Zºc

v��µv¿u�¦º�s�µuZº¯�½Z·yZ°Àc�yu�¦�s�µuZ¯��ÈcY�²¿zd°§
¾´�¯��ÈdsY�¶§�v��µv¿u�}È¯�½¹ZoZ·�¾³u¹|�Y�z¿Z��Z]�½yYu

v´d�Yu�åê�å3���
�Yuz]�¶¬ozº¯b�Yu�Zs�²ÀXc¹z��yYv¤¯�yu�½yYu�¾´�¯�zgY�b

�åê�å3��¶¬oz¯�Zs�²ÀXc¹zº� ¹¶¬oz¯�{Y�zc�²À¿Z��z³�½zÀ°s�
uºº] ½zÀº��¹ }È¯�\À§zc�¹ v·Z��yZ°Àc�²Àº] Zºs ²ÀXc¹zº�

�ÈdsY�½zºd§Z]¹ ºk�½yYuyZ°Àc�²À´#�®·�¹ b�Yv³�½yYu�¾´�¯
¾´�¯��ÈdsY�¦À¯z�vÀ�Y�¹ }È¯�½¹Zo�yZ°Àc�¹ ½zºd§Z]u½yY

v´d�Yv³�®º· Zº]�åê�å3!��±¹v]�¾«º¬��µyYº¿u�¹ ¾«º¬��µyYº¿u
�v³uº]�®·�Z]�¶]Zº�¯�bº�Yuz]�¶¬ozº¯ ¹u�yu�|«º¬º� ¾º°·¾«¹
¾´�¯�yº��¶]�½zºd§Z]�¹ }Èº¯ \À§zºc ¹ }Èº¯ ±u¹|º�Y½yYu

uYu��·Zºººº§ Yy��ººººt]�¹u�²ºººº¿Y�¶ºººº] �º]zºººº¯ zºººº¿uZ¤¯
�åê�å3����ºººk ½Zºº·¾ºº³u¹|�Y�²Àºº] ½yYu�¾ºº´�¯��ÈdººsY

¯z�vÀº�Y¹ ¦ÀµyYº¿u�yu�v·Z��yZ°Àc�Z]�|À³�¹ z.¿v¨¿�Z]�½zºd§Z]
vº�³�µvº¿u�¾«º¬º��åê�å3!��¾º«¹¾°·�±¹v]�¾«º¬��µyYº¿u�

uº]�Z·yZ°Àc�z¿Z��{Y�zcÇZ]�v·Z��½Z·º¬À��yu�|«º¬��
©¹vºk yuç½Zº·¾º-&¿¹zgY�bºpc�±{yY�½º¬Àº� zºÀ°tc�

b�Y�µv��µuYu�±Z�³�Z·�¾º³u¹|�Y�¹ bº�Yuz]�ªoYzº¯�¶¬oz¯�yu
½zÀº�S+¾´�¯�yºº� ¶º]uº]�z³�½zÀ°s�¶¬oz¯�{Y�zcÇZ]�½yYu

�åê�å3��²Àºº.³ZÀ¯�¶ºº§ v´ºº# zºº· �S+²ºº¿Y yu�yu�¶¬ozºº¯ ¹u�
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©¹vkæ�±v��º¬À��{Y�ª^£�b�Yuz]�¶¬oz¯�¹u�yu�±{yY�¶�º¬��¾¿ZÀ°À��\À§zc�¦�s�µuZ¯�}Z�Y�z]�
b�Yuz]�¶¬oz¯

3!) æ6(0 zÀ°sz³�½ ½zÀ�
åé�å êé�å Eêé�çî Dèç�çê ¦�s�µuZ¯ç���
éç�å åì�å ÍÍ�æè î�æç Zs�²ÀXc¹z����
æì�å ìë�å ìî�êì çæ�êê ¾«º¬��µyYº¿u���
åí�å íè�å îí�çè ëì�çë |«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u���
íê�å çë�å íí�è íæ�è Zs�¾]z#���
åæ�å æè�å Eææ�î Dîë�î zd�§Zs���
êæ�å åæ�å èë�å èê�å z �����
åç�å åæ�å Eèç�å Dèå�å ®À�¬§���
åì�å çé�å êé�ê åê�é [M�yu�©º¬p¯�½Z·�aYyvÀ·º]z§���
ìæ�å éí�æ ìê�çæ êë�çç ,´¿z�Z]�bÀ�z��z-v��yu�±ÇY¹�¾§Y�¾¬À¯�
ëí�å åè�å åæ�ë îî�ê S+

æ�½zÀ-�µ{Yv³Y�uyYv³Zd�Y�½Z�s
ç�� �zo�Z]�½Z·�²À.³ZÀ¯���¿yu�z·�yuv³yYu�z.¿v¨¿�Z]�½yYu�¾´�¯��ÈdsY��¥zd�¯�zÀ�åê�å3����

Z·yYz¨c�uYv�c è�

uº]�©º^£�ªº]Z£�µu¹vºp¯�½Z·��t]�¹ ©º¬p¯�½Z·�aYyvÀ·º]z§
v´d�Yv³�z.¿v¨¿�Z]�½yYu�¾´�¯��ÈdsY�¾º³%¹zdÀ³�åê�å3!��²À]

v·Z��½Z·º¬À��yu�Z·�¾º³u¹|�YS+¶]�¦¿u|³�ê�ê¦¿�{Y�¾§Zo�
 À§�¹ \º�Z´¯Z³�zºÀ°tcv]�bÀuº]�Z·º¬À��yu�Z·�¾³u¹|�Y�¾¯Z°c

�·Zº§S+�v³uºº] zºgR¯�Zº¯Y�·Zº§S+½¹Zo�½Z·º¬Àº� yu�
yYv¤¯�²¿zd�À]�½zd§Z]�¹ }È¯�\À§zºc ¹ }Èº¯ �¦À¯z�vÀº�Y

uº]�v´#�z·�½zd§Z]�¹ ºk�±u¹|�YS+z¿{�¶]�Yy�ê�é�uYu��·Z§�
¾º«¹uº^³�Z·�¾³u¹|�Y�z¿Zº� µ{Yvº³Y�¶º] ±M�zºÀgPc�avº��bÀ�z�
¿z�Z]½¹Zo�½Z·º¬À��yu�,´Z·yZ°Àc�¶°·�{Y�zc�²À¿Z��¦À¯z�vÀ�Y�

yZ°Àºc yu�¹Z·�¾³u¹|�Y�z¿Z��²Àº] ¹ uºº] zºcÇZ]�½zºd§Z]�½¹Zºo
v�³�µv¿u�½yYu�¾´�¯�¾�ÈdsY�åê�å3!��

¾�sZ��¶§�¾§ZÀ³º¯M�±%¹zdÀ³��¾³u¹|�Y�±¹v]�½Z·º¬Àº� yu
½Zºº·®ºº�À³Z-yY��ºº�ºc�¶´ººÀ¯M�½Z·vÀºº�Y�¹ Z·vÀººd���¶¿|ººlc�{Y

v¿zd�¬§z¿Z��Z]�½yYu�¾´�¯��ÈdsY�¹ uº]�ÇZ]�yZÀ�]��b�Y�¾¯º¿
b�Yu�Z·yZ°Àc�åê�å3���¾«¹¦À¯z��vÀ�Y�½¹Zo�½Z·yZ°Àc�yu�

¾§ZÀ³º¯M�±%¹zdÀ³�yYvº¤¯�½zºd§Z]�¹ }Èº¯ \À§zºc ¹ }Èº¯ ¹
uº]�µvº� ¶dº�Yu�¶º.³�²Àº¿Z��½zd§Z]�¹ ºk�½¹Zo�½Z·yZ°Àc�yu�

zº¿{�¾º§ZÀ³º¯M�±%¹zºdÀ³æåº]�ª§�±%¹zdÀ³�v�yu�v´#�z·�¶§�u
�b�Y�¾³%¹zdÀ³��t]�z�³�{Y�bÀ À§�Z]�½º¬À��¦¿�_v´·u�±Zº�³

¾º«¹Z]�\�Z´d¯��Z·�¾³u¹|�Y�z¿Z��Z]�¹u�±M��ÈdsY�S+yu�zcÇZ]�
uº]�yZ°Àºc ¹u�²º¿Y�¶°·�yu�½vÀ�Y�µv´¿º��yu�©º¬p¯Z³�±%¹zdÀ³

yu�¾ººcyYzo�\Àºº�M�ª£Yvººo {Y�¾ºº§Zo�¶ºº§ uººº] ²Àºº¿Z��Z·yZ°Àººc
²¿Y�yu�±{yY�½Z·º¬Àº�yz]¾�uº]��µv´¿º��yu�©º¬p¯Z³�±%¹zdÀ³

¶º] ½vÀº�Y�ºt]�±Yº´º�&ayYvÀ·º]z§�¹ ²ÀXc¹z��®d�À��yu�
±YºÀo�}zd�u�{Y�¶§�b�Y�¾�t]�¹ µv��µvÀº¯Z³�ª³zº§ �«Zºs

¾¯�iyZsuº��çì��¶§�º¬À��bsZ��¾d¿z¿v¯�½Z·yY|]Y�²¿Yz]Z´]
²¿Y�yYv¤¯��v´º§ ¦º°§�±&Àº�§Y�zdº�À]�¹ zºc�¿zº� i¹zºs ¶º]

ºº¯ ²Àºº¿Z��Yy��ºt]uy¹M�¾�¹ bºº�Yuz]�¶¬ozºº¯ ²Àºº] ª]Z¤dºº¯ zººgY
Z¸´c�zÀ°tc�aZÀº�º�s�¹ ¾¿ZÀ°Àº� \À§zºc ½¹y�Zº·¾º³u¹|�Y

uyººº¯ yuS+uººº] yYu�¾ºº´�¯��åê�å3��yu�¶ºº§ ½yººº� ¶ºº] �
zº³ ½zºÀ°s�¶¬ozº¯�S+¯z��vÀ�Y�½¹Zºo ½Z·yZ°Àºc yu�º¦À

§zºººc ¹º¯ \Àººººº] ¹ }Èººd§ZºººººcÇZ]�½zºººº¯ {Y�zºººººozº¶¬
º�ºÀº] ½zººo yu��uºº«Zºv³¹y�²¿Y�~¨��Z·yZ°Àc�z¿Z��yu�¶§�¾

v��µv¿u�
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¾«M�½Z·vÀ�Y
¾ºº´�¯ zººgY�bºº�Yuz]�¶¬ozºº¯yu�¦Àººd§Ç�vÀºº�Y�vÀºº«ºc�zºº] ½yYu

bºº�Yv³�±{yY�½Z·º¬Àºº��åê�å3!��¾ºº«¹�¦Àdºº�YvÀ�Y�vÀºº«ºc�
]vÀº�Y¶¬oz¯�yu�½yYu�¾´�¯�yº��¶º] ¦À³ºÀ�¹z�vÀº�Y�¹ ¦¿zÀcº

uº]�z³�½zÀ°s�¶¬ozº¯ {Y�zºcÇZ]�½zÀº��åê�å3���©¹vkè��
v´d�Yu�¦Àd§ÇvÀ�Y�vÀ«ºc�z]�½yYu�¾´�¯�zgY�Z·�¾º³u¹|�Y�²¿zd�À]

¶§�v��µv¿u�}È¯�½¹Zºo ½Z·º¬Àº� yu�¦Àºd§Ç�vÀº�Y�vÀº«ºc
b�Yu�Z·yZ°Àc�z¿Z��Z]�½yYu�¾º´�¯��ÈdºsY�åê�å3���v´#�z·

v��µv¿u�v·Z��½Z·º¬À��yu�¦Àºd§Ç�vÀº�Y�yYvº¤¯�²¿zºd°§��æ���
¾º«¹�ºk�½¹Zo�½Z·yZ°Àc�Z]�Z·º¬À��²º¿Y�²Àº] ¦Àd§ÇvÀº�Y�vÀº«ºc�

b�Yv³�½yYu�¾´�¯��ÈdsY�½zºd§Z]�¹ ¦À¯zº� vÀº�Y�åê�å3!��¶]
¹ }È¯�\À§zºc µ¹Èº�{Y�zd°§�¦Àd§ÇvÀ�Y�vÀ«ºc�¶]�zl´¯�½zd§Z]

vº� }Èº¯�º�Y�vÀº«ºcZ·yZ°Àc�¶°·�{Y�v·Z��½º¬À��yu�¦Àdº�Y�vÀ
uºº] zºcÇZ]�åê�å3���¹ ¦À¯z��vÀ�Y��ºk�½¹Zºo ½Z·yZ°Àºc ²Àº]

}È¯�uº^³�yYu�¾´�¯�±M�²À]��ÈdsY�¹ uº]�²À¿Z��¦Àd�Y�vÀ�Y�vÀ«ºc�
�åê�å3!��¾«¹uz§�vÀ«ºc�¾¿ÇZ]�¦Àd�Y�vÀ�Y�½zd§Z]�½¹Zo�yZ°Àc��

� yu�Zc�v��f�Z]�¾¿Z¿v¿zd�¬§�zºÀ°tc��ºº£¹v·Z��½Z·º¬À
¶º] ¦¿zºÀcº]�vÀº�Yç�åv�z]�¦�s�µuZ¯�vº�yu��{Y��À]æ�å

b�Y�¾¿Z¿v¿zd�¬§�zÀ°tc�_v´·u�±Zº�³�vº�yu�çî����¾«¹yu�
¦¿zÀcº]vÀ�Y�vÀ«ºc�½zd§Z]�½¹Zo�yZ°Àc�|ºk ¶º] Z·yZ°Àºc z¿Zº�
ª]Z£zÀ��¦¿zÀcº]vÀ�Y�½zd§Z]�¹ }È¯�½¹Zo�yZ°Àºc yu�¹ ²Àº¿Z�

uº]��Àtº�c�] ¦Àd§Ç�vÀ�Y�b^�³½Z·º¬À��yu�¦Àd�Y�vÀ�Y�¶
}È¯�½¹Zo�½Z·º¬À��yu�b^�³�²¿zcÇZ]�¹ uº]�²¿zd°§�v·Zº�

v��µv¿u�½zd§Z]�¹ }Èº¯ \À§zºc ¹�b�Yuz]�¶¬oz¯�ª]Z¤d¯�zgY
uº]�yYu�¾´�¯�yYz��[z#�½Z·vÀ�Y�½Yz]�¾º³u¹|�Y�yu�åê�å3���

>Z¤À£u�yYz��[z#�½Z·vÀ�Y�½zÀ-�µ{Yv³Y�yu�¶§�±M�¶º] ¶kººc Zº]{Y�
¸´�À���¹y½uZ�è��v��½¹zÀ�¾«¹v³¹y�zÀÀ�c�½Z·µuYu�²À]�Z·

yYu�¾´�¯�¶§�uº]�±M�{Y�¾§Zo��Z·�¾³u¹|�Y�¹ b�Yuz]�ªoYz¯±v�
Z]�½zÀ-�µ{Yv³Y�½Z�s�zÀgPc�bpc�|ºÀ#�zº· {Y��Àº] ª]Z¤dº¯ zºgY

+3/&b�Y�µuº]�

®�·�bÀ¬]Z£
½º¬À��¹ ±{yY�¶�º¬��¾«M�µuZ¯�¹ ¦�s�µuZ¯�®º�·�bÀº¬]Z£

z]�¶¬oz¯�¹u�yu�±Mv´d�Yv³�z.¿v¨¿�Z]�½yYu�¾´�¯��ÈdsY�b�Yu
�åê�å3!��¾«¹²À¿Z��µZ.�¿Z¯{M�yu�±{yY�¶�º¬��®�·�bÀ¬]Z£�zc

uºº] ±M�½º¬Àº� {Y�¹ ¦�s�µuZ¯�®�·�bÀ¬]Z£�Z·�¾³u¹|�Y�²Àº]
²À¿Z��½uv��z�³�{Y�v·Z��½Z·º¬À��¾«M�µuZ¯¹ Z·yZ°Àc�¶°·�{Y�zc

Z°Àc�z¿Z��Z]�½zºd§Z]�yZ°Àºc |ºk ¶º] ½yZº¯M�zº�³�{Y�ÈdsY�Z·y
b�Yu�½yYu�¾´�¯�åê�å3���¹ ½zd§Z]��ºk�½YyYu�½Z·º¬À��²À]

¹ ¦�s�µuZ¯�®�·�bÀ¬]Z£��Zp«�{Y�½yYu�¾´�¯��ÈdsY�}Èº¯
vº�³�µvº¿u�¾º«M�µuZº¯�åê�å3!��¾«¹\À§zc�½YyYu�½Z·yZ°Àc�

v´d�Yu�Yy�®�·�bÀº¬]Z£�²¿zdº�À]�½zºd§Z]�¹ }Èº¯�åê�å3��
�©¹vºkè��yu�¾º«M�µuZº¯ ®º�·�bÀº¬]Z£²¿Y��·¹&�{Y�zd°§�

uº]�¦�s�µuZ¯�®�·�bÀº¬]Z£�¹ b�Yuz]�¶¬oz¯�²À]�¾¬]Z¤d¯�zgY
v�³�µv¿u�®�·�bÀ¬]Z£�yu�Z·�¾³u¹|�Y�åê�å3!��

fp]
¾¿ZÀ°À��\À§zc

±vºº�º¬À��{Y�ª^ºº£ ±{yY�¶�ººº¬��{Y�±{yY�½º¬Àºº� ¦ºº�s�µuZºº¯
uºº] zºc²Àº¿Z��±u¹|�Y�¶]��º]z¯�½Y�µ{Yv³Y�Zc�¦�s�µuZ¯��·Z§
Z·º¬À��¶º] [M�z��{Y�¹ uº]�Z·�¾³u¹|�Y�±uz§�¶�Z�Y�Z.´·�yu�

v��¦�s�µuZ¯��·Z§�\kº¯�¦�s�µuZº¯ �ÈºcY�zº.¿u�¾«¹
v��Z·º¬À��yu�¦�s�µuZ¯��·Zº§ {Y��º³Z¯�}Èº¯ ±u¹|º�Y�yu

¾º�yz]±YyZº¨°·�¹ Èº�Y��æê�yYu¹Z#�¶]�}È¯�±u¹|�Y�|ºÀ³�
uºº] µuYu��¿Y|º�Y�Yy�±M�¦º�s�µuZº¯�yu�}È¯�zgY�zº] µ¹Èº�

Y �·Z§Z¤«Y�¢¿z��{Y�½x�¯�uYº¯��Èc½¾�t]��¾¨Àd§Ç�zÀ°tc�
}È¯�uºs�¦�s�µuZº¯ bº¬��¶º] �¿Y|º�Y�²º¿Y�{Y�ìê��uº]�

b¬��¶]�zgY�²¿Y��uYu��¿Y|º�Y�Yy�¦º�s�µuZº¯ |ºÀ³�ººk ±u¹|º�Y
¶§�b�Y�aÈ��µv��[ZÀ�M�¶³Yu���ºc�b]º�y�[xk�bÀ�Zs

yu½Z·�¾�yz]b�Y�µv��µyZ�Y�±M�¶]�|À³�z.¿u��æí��
²Àº¤¤p¯½yZÀº�]yu�|«º¬��¹ |«º¬��¾°·�±vº� vº¿v�Z³�¶º]

v³Y�¶d�Yu�µyZ�Y�±v��º¬À��±Z¿zºk�ª£Yvo�¶§�uyYu�uºk¹�¾§yYv¯
¾°·�±v��¶d�¨��{Y�ª�Zo�º¬À��{ºd´��½Z·v´£�{Y�¾�t]|«º¬��

�º¬À��yu�µv³Z°À£Z]�©º¬p¯�½Z·�aYyvÀ·º]z§�zh§Y�¶§�Yz#�v´dº�·
¬¿Y{ºº- ¹ {ºº�·�{ºd§ÇZºv´d�ë��u �·Z§�²¿Y¤¯�yºkY�yYvºY|½
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¾º¯ ¾«º¬º� µyYºº¿uyu�uºkº¯�½Z·|«º¬��¾°·�bÀ«Z���{Y�v³Yºc
|«º¬��¾°·�¹ |«º¬��|À«¹yvÀ·�Z¿�¹ Zº·½zºd§Z]�bÀº«Z�� �¶�ºº¬�

v�Z]�µvº� ªº�Zo�º¬Àº� ¾º«M�½Z·vÀº�Y��º�ºc�æì��¹ È�Y
±YyZº¨°·�æê�yYu¹Z#�¶�º¬��¶]�}È¯�±u¹|�Y�Z]�¾«º¬��µyYº¿u�

v³uYu��·Zº§ Yy�±M�{Y�µuZ d�Y�Z]�¶§�v³uz§��yY|-�±Z¤¤p¯�²¿Y
z-�yu�¾«º¬��µyYº¿u�½Y|kY��·Z§�¹ zºÀ°tc�uº^º¸]�}Èº¯Y}

bº�Y�µvº� µvº¿u�zºÀ�³�¶]�¶kºc�Zº]S+½¹Zo�½Z·º¬À��²À¿Z��
|ºÀ«¹yvÀ·�©Z°dºoY�}Èº¯�Y�v]Z¿�¾¯�aº£�Z·yZ°Àc�²¿Y�yu�½vÀ�

yu�|«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u��¾«º¬��µyYºº¿u�Zº] \º�Z´d¯
¶d�Z¿��·Z§�½zd§Z]�¹ }È¯�\À§zc�¹ }È¯�½¹Zºo ½Z·yZ°Àºc

uº]�¾£Z]�©º¬p¯�½Z·�aYyvÀ·º]z§�®§�yYv¤¯�¶]�¶kºc�Z]yu�µv³Z¯
º¬Àº��©¹vºkç�¾°³�¾«º¬º� µyYºº¿u�½Y|ºkY��·Zº§¶]�v³Yºc

¶�º�Y¹v�Z]�µuYu�qy�}È¯�¾-v´´§�¢Àº£y�zºgY¶lÀd³�²¿Y�¶¨¬]���
¹ ½vÀ�Y�|À«¹yvÀ·�¶]�±{yY�¾«º¬��µyYº¿u�uZ¿{�rº�Z��{Y�¾º§Zo

±YyZ¨°·�¹ zd�k��¿Z¯{M�yu�¶§�bº�Y�®º�·�bº¿Z¸³�yu�æë�
µvÀ�y�aZ^gY�¶]�|À³�v¿yY¹z¯�±{yY�½¹yb�Y�

S+uº]�z³�½zÀ°s�{Y�zcÇZ]�½zÀ��¶¬oz¯�yu�±{yY�½º¬À���
µuZº¯¹ µuYu��·Z§�º¬À��yu�Yy�Z·�½zd§Z]�bÀ«Z���zºcÇZ]�¦º�s�

®§��v´´§�¾¯�Z ¿Y�zÀ°tc�yu�Z·vÀ�Y�¶º§ Yy�¾º�¤³u{Z��¾¯�zc�,³y�
vÀ�Y�µv´´§�vÀ«ºc�½Z·�½zd§Z]��Z·�½zd§Z]�zº.¿u�zºd°§�bÀº«Z���yu

½zdº�À]�bº�z��¦Àºd§Ç½Yzº]z]�¶^¬��¹ ¾«M�½Z·vÀ�Y�vÀº«ºc�
v³yYu�º¬À���Àp¯�±uº]�zcÇZ]S+�uµuZ¯�b¬��¶]�½zÀ��¶¬oz¯�y

uº]�º¬À��½Z·�®�À³Z-yY�zd�À]�bÀ«Z���¹ Z·º¬À��zc�²À¿Z��¦º�s�
S+¹ Z·yZ°Àc�¾¯Z°c�{Y�zcÇZ]�v·Zº� ±{yY�½Z·º¬Àº�éç�êuº]��

±YyZ¨°·�¹ ªÀ·�æç�yYv¤¯�|À³S+¾³u¹|�Y�±¹v]�±{yY�½º¬À��
Yyìé�êvººº³uy¹M�bººº�u�¶ººº]�{Y�¾ººº�Z§�zººº¿uZ¤¯�uº^ººº³ yu

½Zºº·aYyvÀ·º]zºº§[M�yu�©ººº¬p¯��½zººd§Z]�µv´ºº´§ vÀºº«ºc�½Zºº·
ÇZ]�Z·yZ°Àc�²¿Y�yu�Z¿v¿zd�¬§�bÀ«Z���¹ µuz¨³�v�y�¦Àd§ÇvÀ�Y

bº�Y�µuºº]�S+¶§�µuYu��¿Y|�Y�Yy�Z¿v¿zd�¬§�bÀ«Z���±Z¨¯Y�ÇZ]�
Z·º¬À��²¿Y�yu�Yy�²ÀXc¹z��µv´´§�¶¿|lc��Yº³Y�v�y�bº�Y�²º¨°¯

¥ZÀ³º¯M�yYv¤¯��¿Y|�Y�fº�Z]�¶º§ vº�Z]�µvÀº�t]�avº�²¿Yyu�
b�Y�µv��Z·º¬Àº��©¹vkç��±YyZ¨°·�¹ Z³Z¯¹Y�çî�yYv¤¯�|À³

z-Yuº¯z]�yu�Yy�¾§ZÀ³º¯M�±%¹zºdÀ³Y}æìv³uy¹M�b�u�¶] v�yu�
v´d�³Yu��º]z¯�Z¿v¿zd�¬§�bÀº«Z���¶º] Yy�±M�¹�vÀ�Y�½ÇZ]�vÀ«ºc

v¿v��bÀ«Z���v¿R¯�v·Z��½º¬À��yu�¦Àdº�Y�vÀº�Y�¹ ¦¿zºÀcº]
uº]�¾¿Z¿v¿zd�¬§�

½Z·º¬À�¦À¯z��vÀ�Y�½¹Zo�S+v´d�Yu�¾´À¿Z���©¹vkç��
�¿z���·Z§�¦À¯z��vÀ�Y�{Y�µuZ d�Y�®º¸¯�b¿|º¯S+�p¯�¶]�

½zd§Z]�¾¯Z°c�>Z^¿z¤c�bÀº«Z���±Zº¨¯Y�¶º§ bº�Y�µuZ dº�Y¶]�Yy�Z·
¾º¯ u¹vºp¯�avº�v´§�çæ��� o�¶]�zl´¯�bÀ«Z����·Z§�²¿Y

¹ µZÀ-�½Zº·®¿|º³M��º�ºc�±M��ÈºcY�{Y�½zºÀ-º¬k�¹ ²ÀXc¹zº�
º§uº��¾¯�Z·�½zd§Z]���ºc�¥ZÀ³º¯M�vÀº«ºc��·Z�b¬��²À°·�¶]

Z·º¬À��²¿Y�yu�¾§ZÀ³º¯M�±%¹zdÀ³�²¿zc�²À¿Z�v��µv¿u�©¹vkç��
¹ yYu¹Z#��¾�¹zs�¶l´��¶�º¬��¶]�¦À¯zº� vÀº�Y�±uzº§ ¶�Zº�Y

�b�Yuz]��¬dºt¯�½Zº·±Zº¯{�yu�¶l³ºº¿S+uº]�µuYu��·Z§�Yy�
�èå�½z.¿u��¿Z¯{M�yu�²Àº´#�®º· ��ææ�M Z]��vÀ�Y�±u¹|�Y�¶§�±

�¦À¯zº�S+�¿Y|�Y�¾§v³Y�v·Z��¶]�b^�³�Yy�yYu¹Zº# ½º¬Àº�
uº]�zd¸]�Z·º¬À��²¿Y�yu�¾³%¹zdÀ³�½Z·��t]�� o�¾«¹��uYu�

|À³�ºk�±u¹|�YS+¶§�v´#�z·�uYu��·Z§�Yy�±{yY�½Z·º¬À��
uº^³�Z·�¾³u¹|�Y�z¿Z��zgY�µ{Yv³Y�¶]��·Z§�²º¿Y�yº��¶]�¶§�Zl³M�{Y

ayºº� ¶º] aÈº� ¾d´º�[xk��v·�Z]�º¬À��yu�µv��[ZÀ�M
¾¯�yYz£�µuZ d�Y�uyº¯�[Z����ÈcY�{Y�½zºÀ-º¬k�¹ [M¹ v³zÀ-

ª]Z£�º¬À��½Z·�½zd§Z]�½Yz]�Z·�¶³Yu�²¿Y�¶d�Z�³�¶§�±M�¶]�¶kºc�Zº]
©º¬p¯�½Z·�aYyvÀ·º]z§�¶§�b�Y�µv��uZ¸´�À���bº�À³�µuZ dº�Y
zÀ°tc�uº^¸]�ª¯Z��¹u�º¬À��¦�s�µuZ¯��¿Y|º�Y�¹ aÈº� ¶º³Yu

À�z-�½º¬Yb�Y�©º¬p¯�½Z·�aYyvÀ·º]z§�{Y�zÀ¤��½Z·�}�æí��
z¿{�Z·yZ°Àc�¾¯Z°c�yu�©ºº¬p¯�½Zº·aYyvÀ·º]zº§ yYvº¤¯ç

¹ ±{yY�¶�º¬��yu��t]�²¿Y�uº^°§�_v´·u�±Z�³�¶º§ uºº] vº�yu
b�Y�±uz§�º¬À��Z.´·�yu�±M�¶º] {ZÀº³�½¹Zo�½Z·º¬À��yu�Z¸´c

Z¿yu�Yy�¾cYyvÀ·º]z§�¾º´���^º´¯�¶º§ ½zºd§Z]�¹ }Èº¯µuz§�b�
{Y��À]�©º¬p¯�½Z·�aYyvÀ·º]z§�yYvº¤¯��v³uºº]ê�æuº]�v�yu��

©º¬p¯�½Z·�aYyvÀ·º]z§�|À³�¦À¯z�vÀº�Y�½¹Zºo ½Z·yZ°Àºc yu
¶]�¦¿u|º³æ�uº]�½Z·º¬À��yu�©º¬p¯�½Z·�aYyvÀ·º]z§�� o

�¿z��±v��½vÀ�Y�¶§�b�Y�±M�ªÀº«u�¶º] ¦À¯zº� vÀº�Y�½¹Zºo
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yu�±{yY�½º¬À��zÀ°tc�bÀ À§�z]��¬dt¯�½Z·�¾³u¹|�Y�zgY�¾·Z.�¿Z¯{M��¿Yz�

æêì

½zd§Z]�uYv�c�¦À¯z�vÀº�Y��º�ºc��Àºp¯Yy�Z·�·Z§�av��¶]
¢¿z��²¿Y�{Y�¶º§ v´º§ ¾º¯ ®º§ Yy�½xº�¯�uYºº¯ �zº�¯�¹ µuYu

¾¯�ÇZ]�Z·º¬À��²¿Y�yu�¦�s�µuZ¯�¹ ½%z³Y�¾]Z¿{Z]u¹y�çè��
¶ºº] �º]zºº¯ ¾ºº§ZÀ³º¯M�±%¹zººdÀ³�²¿zººd°§�Zºº·¾ºº³u¹|�Y�²Àºº]

uº]�¦À¯z��vÀ�Y�½¹Zo�½Z·º¬Àº��±YyZ¨°·�¹ ªkZ³��¿Z¯{M�yu
�çè�z-�½º¬À��½¹yY|�Y��¶l³º¿�¹ Z·�}vÀ«ºc�¦À¯z��vÀ�Y�±u¹

¶º] Yy�¥ZÀº³º¯Mçè�æuº]�µv³Z�y�ª§�±%¹zdÀ³�v�yu��vÀ�Y�zÀgPc
yu�¾º§ZÀ³º¯M�±%¹zºdÀ³��·Zº§ yu�¦À¯zº�¾º�yz]¹ ±º�yv´·�

±YyZº¨°·�ææ�|´À¨¬¿¹�¹ ±ºº�¬¿¹�¹�èå�v��µv¿u�|À³��·Z§
�¿z�S+¶]�é¾¯�¦À¯z��vÀ�Y�½YyYu�½Z·yZ°Àc�yu�©ºX�¯�v³Yºc

§ v�y�{Y�½zºÀ-º¬k²ÀXc¹z��¶¿|lc�v¿vpc�²À´#�®·�¹ Z¿v¿zd�¬
v�Z]�¾·ZÀ-�½Z·�®¿|³M���ºc�

Z·º¬À��yu�Yy�¥ZÀ³º¯M�vÀ«ºc�b�³Yºc�|À³�Z·�½zd§Z]�{Y�µuZ d�Y
uº]�½{z¯�vo�ayº��¶]�±M�zÀgPc�v´#�z·��v·u��·Z§�¦¿u|³

¶ºº]æå±%¹zººdÀ³�ªºº§ vºº�yu���{Y�µuZ dºº�Y��v´ºº- ½º¬Àºº� yu
] b^�³�Yy�¥ZÀº³º¯M��Zº·½zºd§Z]uYv³�zÀÀ�c�v·Z��¶�î��¾«¹yu�

�·¹&�±YyZ¨°·�¹ ZÀ³�¾£Zd�¯��çå�½zd§Z]�{Y�µuZ d�YvÀ«ºc�½Z·
½yYu�¾´�¯�yº��¶]�Yy�¾º§ZÀ³º¯M�±%¹zºdÀ³��¦Àºd§Ç�vÀº�Y�µv´º´§

uYu��·Zº§�vÀ�Y�µv´´§�vÀ«ºc�½Zº·½zºd§Z]�¶º§±M�¶º] ¶kººc Zº]
�t]�{Y�µuZ d�Y�yu�¾º°§�¾º¿Z³Yºc�¦Àºd§Çv³yYu�¾³%¹zdÀ³�½Z·

�æí�½zd§Z]�²¿Y�¶^¬��{Y�¾§Zo�yZ°Àc�²¿Y�yu�¥ZÀ³º¯M��·Zº§ �Z·
�bºº�º¬À���Àººp¯�zºº]¾ºº«¹½¹Zººo ½Z·yZ°Àººc Zºº] ±M��ÈdººsY�

yu��ÈdsY�ªÀ«u�¶]�>ÇZ°doY�}Èº¯ ¹ ¦À¯z�vÀº�YS+b�Z¸³M��
±YyZº¨°·�¹ ²º�«º]��¿Zº¯{M�yu�ê�±u¹|º�Y�|ºÀ³ç�{¹zd�§u

�·Zºº§ Yy�¶l³ººº¿ ½º¬Àºº� ¾ºº§ZÀ³º¯M�±%¹zººdÀ³��«Zººs¹ uYu
¾¿Z¿zd§Z]�nÀ¤¬c�¹ {¹zd�§u�\À§zc�zÀgPc�Zº¯ �¿Zº¯{M��Èszº]

uº]�Z¸³M�¦c�¦c�zÀgPc�{Y��À]�±YyZ¨°·�¹ Z³Z¯¹Y�çî�±u¹|�Y�Z]
z-�½º¬Àº� yu�¾º§ZÀ³º¯M�±%¹zºdÀ³��·Zº§ ¶º] yuZº£ }Èº¯Y}

Yy�¾ºº§ZÀ³º¯M�±%¹zººdÀ³�½zººd§Z]�¹ }Èºº¯ \À§zººc ¾ºº«¹ �v³uº^ºº³
uYu��·Zº§�±%¹zdÀ³�±uº]�²À¿Z��v¿Z�zgY�yº¸��{Y��³Z¯�¾§ZÀ³º¯M�

²¿Y�yu�½zd§Z]�µYz°·�¶]�}È¯�±uz§�¶�Z�Y�zc�½ºº£¾�yz]µv��
v�Z]�

¾«M�½Z·vÀ�Y
�¾«M�½Z·vÀ�Y�vÀ«ºc�yu�Z·�¾³u¹|�Y�²À]��ÈdºsY�{Y�zº�³��zº�

²¿Y�½Z·º¬À��yu�¾«M�½Z·vÀ�Y�ª§�vÀ«ºc�·¹&�²À¿Z��vo�{Y�zc
uºº] ©ºº°�¯�yu¾º�yz]±YyZº¨°·�¹ Èº�Y��æê�±u¹|�Y�|ºÀ³

Yy�¦Àd§ÇvÀ�Y�vÀ«ºc�b�³Yºd³�}È¯�¾¸kºc�ª]Z£�zº¿uZ¤¯¶]ç�
v³Zº�z]�z-Yuº¯z]�½¹y��¿Z¯{M�yu�¾¸]Z�¯�j¿Zd³Y{¹y�Zc�}ëå

v��ª�Zo�±v�º¬À��çî��yYv¤¯�b�Y�²¨°¯�v´#�z·�²¿Yz]Z´]
vo�{Y�zd°§�½vo�Zc��¿Z¯{M�²¿Y�yu�µv��vÀ«ºc�¾º«M�½Z·vÀº�Y

�v�Z]�µv��µuy¹Mz]�¾�£Y¹¹¾«¾¯�z�³�¶]�vÀ«ºc�bÀ�Zs�¶§�v�y
¾cYw�¶�t�¯�¦¿�¦Àd§ÇvÀ�Y�zd°§�¹ ¦Àdº�Y�vÀº�Y�zºcÇZ]yu

v�Z]�¶«vd�¯�¾oYº³�Z]�¶�¿Z¤¯�yu�½zÀ�¯z-�¾oYº³�±Z·ZÀ-�çî��
}È¯�±u¹|�Y�Z]�¦Àd§Ç�vÀ�Y�vÀ«ºc�²¿zcÇZ]�Z·�¾³u¹|�Y�²Àº]

v��µvº¿u�v·Zº� ½Z·º¬Àº� yu�±M�²¿zºd°§�¹�yu¾�yz]¹ ªÀ·�
yZº¨°·±Y�æç�½º¬À��Z]�¶�¿Z¤¯�yu�¾³u¹|�Y�±¹v]�±{yY�½º¬Àº�

uº]�¦Àd§Ç�vÀº�Y�yYvº¤¯�²¿zºd°§�½YyYu�ayw�{Y�½uZ¿{��t]
yu�©º¬p¯�½Z·�aYyvÀ·º]z§�®§�yYv¤¯�¶]�¦Àd§Ç�vÀ�Y�®§�vÀ«ºc

b�Y��º]z¯�±{yY�¶�ºº¬��[M�¦Àd§Ç�vÀ�Y�vÀ«ºc�®§�yYv¤¯�²¿Y
Zºc vº� fº�Z]S+³ yu�¹ zºcÇZ]�v·Zº� ½Z·º¬Àº�bÀ À§�¶lÀd

v�Z]�[º¬�¯Z³�Z·º¬À��yu¾�·¹&�¾do�yYu¹Z#�¶�º¬��½¹y�z]�
±u¹|º�Yè�æèb�³Yºd³�¦�s�±{¹�}Zº�Y�zº] }Èº¯ vº�yu�

¶]�Yy�¦Àd§Ç�vÀ�Y�vÀ«ºcç�v³Z�z]�¾«¹}È¯�½¹Zo�½Z·º¬À��
v´d�Yu�Yy�¦Àd§Ç�vÀ�Y�vÀ«ºc�²¿zcÇZ]�|ºÀ³��¿Zº¯{M�±M�yu�ªÀ«u

vÀ«ºc�yYvº¤¯�±uºº] ²Àº¿Z��zº.¿u,´¿z�Z]�bÀ�z���¦Àd§Ç�vÀ�Y�
�·Z§�z]Yz]�yu�±M�zd°§�b¯¹Z¤¯�¹ ±{yY�¶�ºº¬��²Àº¿Z�S+]µuº

bº�Y�¾º¿Z¿zd§Z]�nÀº¤¬c�±u¹|º�Y��¿Y|�Y�Yy�¦Àd§Ç�vÀ�Y�vÀ«ºc�
�uYu¾º«¹uº]�v·Z��½º¬À��{Y�zcÇZ]�¾°§�Z¸´ºc yYvº¤¯�²º¿Y��z-Y

b�z���uº��¶�Z�Y�º¬À���Àp¯�z]�¶^¬���v·�Z]�¾¿Z¿zd§Z]�nÀ¤¬c
�b�Y�ª¯Z��²¿zºc®º¸¯�¾º¿Z¿zd§Z]�nÀº¤¬c�vº�y¾«¹µv��±Yº´��

².°·�zÀ°tc��v�y�½Z·{ZÀ³��À��®§�z¿uZ¤¯�yº�o�yu�¶§�b�Y
v�Z^³�\«Z��b�Y�²¨°¯�¾º¨Àd§Ç�¹�æî��ªÀ«u�²À°·�¶]�>ÇZ°doY

®§�¦Àd§Ç�vÀ�Y�vÀ«ºc�¹ ÇZ]�yZ°Àºc ²º¿Y�yu�¦Àdº�YvÀ�Y�vÀº«ºc
b�Y�µuº]�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
83

.8
.3

.1
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
18

 ]
 

                             9 / 12

https://dorl.net/dor/20.1001.1.22518517.1383.8.3.13.3
https://jcpp.iut.ac.ir/article-1-329-en.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ º¬��©Z�®d�·��µyZ°�º���|À¿Z�æèíÐ

æêí

zcÇZ]�vÀº«ºcY¦Àd§Ç�vÀ�¶¬oz¯�yu�¦À³ºÀ�¹z��¹ ¦¿zÀcº]��
b�Y�µuº]�[M�bÀ«Z���¹ zd°§�¦º�s�µuZº¯ bº¬��¶º] �½zÀº��

yu�±{yY�½º¬À�¾�yz]±YyZ¨°·�ªÀ·��æç�µuZ¯�Z]�©¹Y�²À#�yu
vÀ«ºc�½zd�À]�¦Àd�YvÀ�Y��¹u�²À#�¶º] b^º�³��zºd°§�¦º�s

uzº§�¥Zº¯�çæ�¶º§ uzº§ ±Zº�³�zº�ZsS+bÀ«Z���±M�yu�¶º§
º�¾º¯ �£ºdº¯ Z¿v¿zdº�¬§b¤À¤o�yu�¹ µZÀ-�¦�s�µuZ¯�¶]��uº
uyYu�¾.d�]�[M�bÀ«Z���¾¯�yZ�d³Y�²¿Yz]Z´]½zÀ��¶¬oz¯�yu�u¹y
¾¿Z¿v¿zdº�¬§�bÀº«Z��v�Z]�µuYu�qy�½zdº�À]���º£¹�¶]�¶kºc�Z]

¦À³ºÀ�¹z��¹ ¦¿zÀcº]��¦Àd�Y�vÀ�Y�vÀ«ºc��¾¿Z¿v¿zd�¬§�zºÀ°tc
ÇZ]�v·Z��½º¬À��yu��b�Z¿v¿zd�¬§�zÀ°tc�¾¿Z¸³�©º�p¯�¶§zc

uº]�Z·yZ°Àºc z¿Zº� {Y�z-�½º¬À�Y{Y�~��¾³u¹|�Y�±¹v]�}ææé
±v��º¬Àº� {¹yêé�évÀ�Y�b^�³�¹ b�Yu�¦Àd�Y�vÀ�Y�v�yu�

±M�yu�¦Àd§Ç�vÀ�Y�¶º] ¦Àdº�Yëê�åuº]��çî��¾«¹yu�¾�yz]
½zº.¿u�æê�ÇZ]�yYu¹Z#�¶�º¬��yu�¦Àd�Y�vÀ�Y�vÀ«ºc�v´#�zº·

�vº� �yY|º-¾«¹Àd§Ç�vÀ�Y�{Y�±M�yYv¤¯�uº]�zd°§�¦�Z]�¶]Z�¯
µv��zº§w�j¿Zdº³�çî�¶]�¦Àd§Ç�vÀ�Y�b^�³�|À³�Z¯��¿Z¯{M�yu��

¦Àd�Y�vÀ�Yìæ�åuº]��vÀ�Y�vÀ«ºc�²¿zd�À]�v·Z��½º¬À��{Y�~�
v��µv¿u�¾¿Z¿zd§Z]�nÀ¤¬c�½¹Zo�½Z·º¬À��yu�¦Àdº�Y�¶lÀd³�²¿Y

¾º¯¾¯�yZ�d³Y�>Çº°�¯�¶§�Yzº# vº�Z]�\º«Zk�yZÀº�]�v³YººcZ]�u¹y
c ±u¹|º�Y¹ ¶d�Z¿��¿Y|�Y�¦Àd§Ç�vÀº�Y�vÀº«ºc��¾º¿Z¿zd§Z]�nÀº¤¬
zºÀ°tc�uz¿x��ayºº� ²º.°·¾«¹uºk¹�ay¹z��¶]�¶kºc�Z]�

vÀ�Y�_v´´§�vÀ«ºc�½Z·�½zd§Z]�bÀ«Z���½Yzº] ¾ºcYyvÀ·º]z§��]Z´º¯
�]Z´¯��Zºp«�{Y�zºÀ¤��±{yY�µZÀº- yu�¶º§ vº� �tº�¯�¦Àºd§Ç

À§�µv´´§�²À°�c�¾¿Z¿zd§Z]�nÀ¤¬c�±u¹|�Y��¾cYyvÀ·º]z§º¬À��bÀ 
bº�À³�¿Z]�¾¿Z¿zd§Z]�nÀ¤¬c�¦¿�[Ztd³Y�z�³�²º¿Y�{Yv¶]�¶kºc�Z]�

uz¿x��ayº��¶�º¬���º³�º¬À��¶À¸c�yu�¾¬°��z�³�{Y�¶¬X�¯�²¿Y
b�Y�yYuyºsz]�½uZ¿{�bÀ°·Y�{Y�±YyZ¨°·�¹ ª�c¹z��î�±Z�³
¦�s�½Z·�©Z��yu�¶§�vº³uYu�ª¯Z§�µZÀ-�{Y�µv��vÀ«ºc�½Z·º¬À��

ÇZ]�¦Àd�Y�vÀ�Y��v´º-¶§�v³uz§�vÀ«ºc�¾¿Z·º¬À��¶]�b^�³�½zc
©Zº� yuv³uº]�µv��¶Àº¸c�[Mzº� ½Zº·�µv´·u�±Z�³��ÈdsY�²¿Y

yu��µZÀ-�½¹y�uºkº¯�½Z·�½zºd§Z]�bÀº�°k�½yZ-vº³Z¯�ayvº£
¦�s��¿Yz�b�Y�¾«Z��

½Z·º¬Àº� yuª]Z£�¦Àdº�Y�vÀº�Y�½zºd§Z]�¹ }Èº¯ ½¹Zºo
�¿z���·Z§�¹ uº^³��Àtº�cS+À«Z���b�z��yZ°Àc�²¿Y�yu�b

�uººº] µv³Zºº�y�ª£Yvººo ¶ºº] Yy�²ºº.°·�zººÀ� ½Zºº·½zººd§Z]¾ºº«¹
v�y�¶]�yuZ£�Zº·®º�À³Z-yY�¾º¯Z°c�}Èº¯ ½¹Zºo ½Z·yZ°Àºcyu

v³Y�µuºº]�\À§zc�½¹Zo�½Z·º¬À��yu�¦Àd�Y�vÀ�Y��Àt�c�v�
¾³u¹|�Y�¹u�²¿Y�²À]�¾º�º¨°·�zºgY�{Y�¾º�Z³�½zºd§Z]�¹ }Èº¯

bº�Y�nÀ¤¬c�¦¿�µYzº°·�¶º] |º§º¬-�±u¹|º�Y�¶º§ vº� �yY|º-
Z]�·Z§�yu�¦À¯z��vÀ�Y�¹ ¦¿yº «º��vÀ�Y�µ{Yvº³Y�¶º] ¾º¿Z¿zd§

S+zgR¯�Z¿v¿zd�¬§�bÀº«Z���±uzº§ u¹vºp¯�¹uº]��çæ��¾«¹yu�
zº-Yuº¯z]�½Z·º¬Àº�Y¹ }Èº¯ �}½zcÇZ]�¦Àd�Y�vÀ�Y�½zd§Z]

uz§�vÀ«ºc�Z¸³M�{Y�Yv§�zº· ¶º] b^º�³�vÀ�Y�½¹Zo�½Z·º¬À��yu
v��b�Z¿�¾°§�¦Àdº�Y�vÀº�Y�|ºÀ³�¦À¯zº��{Y�¾¨¿vÀ�Y�½Z¿Y|¯�

½Z·�aYyvÀ·º]z§�yYv¤¯��±M�yºº�o�yu�¶º§ bº�Y�²º¿Y�¦À¯zº�
zºº� yu�Yy�uººs bÀºº°·Y�µZÀºº- ©ºº¬p¯Ybºº�u�{Y�±uz§º¬Àºº� v´¿

vº·u�¾º¯��t]�� o�µYz°·�¶]�¦À¯z��vÀ�Y�bÀº�Zs�²º¿Y½Z·
{Y�¶§�b�Y�µv��¾ºcZ³YºÀo�uzº¨¬°���¿Y|º�Y�fº�Z]��¾º´ÀXc¹z�

v³Y�µuz§�¶¿x�c�¦À¯z��vÀ�Y�½YyYu�½Z·º¬À��çæ��
¶ºº] v·Zºº� ½Z·º¬Àºº� yu¶�ºº�Y¹S+®ºº§ yYvºº¤¯��ÇZºº]

²¿zcÇZ]��¾¿Z¿zd�¬§�bÀ«Z���zh§Yvo�¹ ©º¬p¯�½Z·�aYyvÀ·º]zº§
v��µv¿u�¦¿zÀcº]�vÀ�Y�vÀ«ºc�uyº «¹�çî�{Y�zd°§�¶§�uz§�±ZÀ]

æ�å½º¬À��¦¿�µv´·u�±Z�³�Z·º¬À��yu�¦¿zºÀcº]�vÀº�Y�vº�yu�
bº�Y�[ºº¬�¯�|k�¶]�}Z�Y�²¿Y�zº]v·Z��yZ°Àc¾¯��z¿Z��±Yºc

b�³Yu�bÀ À§�Zº] Yy�Z·yZ°Àºc�½Z·�½zd§Z]�nÀ¤¬c��¿Z¯{M�²¿Y�yu
vÀ�Y�vÀ«ºc�{Y�½zÀ.º�À��¶º] yuZº£ ¦Àºd§Ç�vÀº�Y�µv´º´§�vÀº«ºc

yu�¾«¹�uº^³�¦¿zÀcº]¾�yz]±YyZ¨°·�¹ ªÀ·��æç�Z¸´c±u¹|�Y
¦¿zÀcº]�vÀ�Y�vÀ«ºc�Zc�uº]�¾�Z§�±{yY�½º¬À��¶]�¾¿Z¿zd§Z]�nÀ¤¬c

zºÀ��u¹vºo ¶º]v]Z¿��·Z§��Àt�c�ªº]Z£��yu¾�yz]¹ Z³Z¯¹Y�
±YyZº¨°·�çî�½Z·yZ°Àc�yu�¦¿zÀcº]�vÀ�Y�vÀ«ºc�uºk¹�Zº] |ºÀ³

uº]�|À#Z³�±M�yYv¤¯�½zd§Z]�½¹Zo�

®�·�bÀ¬]Z£
²¿Y�yu�¦�s�µuZ¯�{Y�¾«M�µuZº¯ ®º�·�bÀº¬]Z£�±uºº] zºc²Àº¿Z�
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yu�±{yY�½º¬À��zÀ°tc�bÀ À§�z]��¬dt¯�½Z·�¾³u¹|�Y�zgY�¾·Z.�¿Z¯{M��¿Yz�

æêî

�·¹&º�uº]�v·Z��½Z·�¶�À��zd�§Zs�½ÇZº] yYvº¤¯�ªÀº«u�¶º] ��
ªÀ«u�v¿Zº�yu�µv�yZd�§�µ{Zc�±Yv´ �º-�{Y�¶³º°³�½y¹M��°k�±M�

�º]z¯�yZd�§�{Y�ª^£�½yYu�¶.³��¿Yzº� ¶º] ¶º§ �vº�Z]�µZ-yZdº�§
bÀ¬]Z£��¥Zs�Z]�¾-uº«M�zgY��xs�ªÀ«u�¶]�©Zºo zº· ¶º] �bº�Y

yZÀº�¯�¾º«M�µuZº¯ ®º�·½zc�²X°�¯µuZ¯�®�·�bÀ¬]Z£�¶]�b^�³�
b�Y�¦�s�æé��

· bÀº¬]Z£�±{yY�½Z·º¬Àº� ¶º] ººk ±u¹|º�YYy�¾«M�µuZ¯�®�
v·Z��½Z·º¬À��¶]�b^º�³évoY¹�uYu��¿Y|�Y��Zp«�{Y�v´#�z·

ºk�½¹Zo�½Z·º¬Àº� �zºÀ°tc�aZÀº�º�sS+�v´d�Yu�½zcÇZ]�
¾º«¹Yy�®�·�bÀ¬]Z£��ºk�¢¿zº� {Y�¶dº�Z�³�{Y�¾º�^´¯�±u¹|º�Y�

uYu��¿Y|º�Y�©¹vºkè��aZÀ�º�s�uº^¸]�yu�aÈ��zgY�²¿Yz]Z´]
¶§�b�Y�½Y�¶¬oz¯�¹u�½zgY��º¬Àº��t]�uz§yZ§�¶]�±M�{Y�¾°¸¯�

uuz-�¾¯�{Z]��±YºÀo�uz¨¬°��z]�¾³u¹|�Y�²¿Y�¹y�²¿Y�{Yyº�´¯�¶]
YyYW¶lÀd³�¶�º¬À��¶]�ºk�±u¹|�Y�±uº]�zgR¯�uyº¯�yu�n¿z��½zÀ-

uzÀ-�yYz£�z�³v¯�v¿Z]�±YºÀo�½vÀ«ºc�j¿Zd³�
� o�yu�¦À¯z��vÀ�Y�±u¹|�Y�¶§�½Y�¶�oÈ¯�ª]Z£�zgY�ªÀ«u�¶]

�ºt]�½yYu�¶º.³�¹�uyYu�Z·º¬Àº� ¾º³%¹zdÀ³�½Zº·½Z·��·¹&º�
½Z·º¬À��yu�Yy�±%¹zºdÀ³�®º�·�bÀº¬]Z£�zdº�À]�¶d�zº- ayºº�

µuz§�¾º�yz]�¦À¯zº� vÀº�Y�½¹Zºov³Y�¦¿yu¹z]�¹ ªkZ³�çè�
½z¿x��¶¿|lc�º¬À��¶]�¦À¯z��vÀ�Y�±u¹|�Y�Zº] ¶º§ vº³uYu�±Zº�³

¾¯��·Z§�¶^°¨º� yu�²ÀXc¹zº�v]Z¿�yu¾�yz]±YyZ¨°·�¹ ¹uZ³�
�çç�º�Yz-uZ#y¹Y�¶]�{Çº¬��µYz°·�¶º] ¦À¯zº� vÀº�Y�±u¹|Y}

uYv³�zÀÀ�c�Yy�º¬Àº� ®º�·�bÀº¬]Z£�¦À¯z�vÀ�Y�±u¹|�Y�²À´#�®·
¶l´��¶�º¬��½Z·º¬À��¾º«M�µuZº¯ ®º�·�bÀº¬]Z£�uº^º¸]�yu�zºÀgPc

b�Yv³�¶l³º¿�¹ yYu¹Z#��¾�¹zs�èå��¾«¹z�Zo��¿Z¯{M�yu�
�s�µuZ¯�¹ ¾«M�µuZ¯�®�·�bÀ¬]Z£�¦À¯z��vÀ�Y�±u¹|º�Yyu�Yy�¦

uYu��¿Y|ºº�Y µZ.º�¿Z¯{M�¾«º¬ºº� µyYººº¿u bÀºº�Z�o�j¿Zdº³ ²ºº¿Y
®�·�bÀ¬]Z£�{Y�¾§Zo�¹ µuYu�±Zº�³�®º�·�¶º] Yy�±{yY�½º¬Àº�

b�Y�±M�z^À��½ÇZº]�>ÇZ°doY²À´.À«�²À¿Z��®§Yzc�¶]�z¯Y�²¿Y�ªÀ«u�
¶º§ bº�Y��º]zº¯ ±{yY�¶�ºº¬��yu½Z·�[¹z¨À¯�¾�zd�u�n�º�

y ½vÀ�Y�|ºÀ«¹yvÀ·�zºgY�|ºÀ³�¹ ¶^°¨º�¹ ²À´.À«�½Z·�~¨¬�°§�½¹y�Y
v·u�¾¯��¿Y|�Y�|«º¬��¾°·�¹ |«º¬��

{Y�®�·�bÀ¬]Z£��¿Y|º�Yåî�êë{Y��À]�¶]�v·Z��½º¬À��yu�
ëè}È¯�b^h¯�zÀgPc�{Y�¾§Zo�}È¯�½¹Zo�½Z·º¬À��yu�v�yu
uºº]�yu�·¹&�±YyZ¨°·�¹ Z³Z¯¹Y��çî�¶°·�{Y��À]�}È¯�|À³

¬]Z£��¿Y|�Y�¹ zºÀ°tc�bÀº À§�uº^º¸]�©ºXº�¯º¬À��yu�®�·�bÀ
uº]�©º¬p¯�½Z·�aYyvÀ·º]z§�¶]�®�·�bÀ¬]Z£��¿Y|�Y�{Y�¾�t]

¾º£Z]��ºc�¶§�b�Y��º]z¯�}È¯�½¹Zºo ½Z·º¬Àº� yu�µvº³Z¯
¾¯�yYz£�µuZ dº�Y�uyºº¯ ¾ºdoYy�¶º] Zº·®º�À³Z-yY¹z¨À¯¶]��v³zÀ-

µ¹Èº�S+¾¯�Z·º¬À��²¿Y�yu�²À¿Z��¢¿z��{Y�Yy�|«º¬��¾°·�v³Yºc
|ººÀ«¹yvÀ·ººczgR¯�½vÀºº�Y�}zdºº�u�yu�½zººcuZ¿{�yYvºº¤¯�¶ºº] z

v·u�yYz£�Z·�®º�À³Z-yY¹z¨À¯��·Z§�²À´#�®·yZgM�²À´.À«�ª]Z¤d¯�
¾�zd�u�n����½vÀ�Y�|À«¹yvÀ·�¶lÀd³�yu�|«º¬��¾°·�¹ |«º¬º�

Yy�Z·�[¹zº¨À¯¾¯��¿Y|�Y�®�·�ª]Z£�½Z·��t]�¶]v·u�¶kºc�Z]
yZ°Àc�²¿Y�yu�µv³Z°À£Z]�©º¬p¯�½Z·�aYyvÀ·º]z§�yYv¤¯�¶º§±M�¶º]
}È¯�uºs�zgY�b¬��¶]�>Z�z��v³Yºc�¾°³�®�·��¿Y|�Y��uº]�²À¿Z�

Y|kY�®�·�¶º] ±M�{Y�½uZº¿{��ºt]�¶º¨¬]��vº�Z]�µuºº]½½z^À��
b�Y�¶d�Yu��Z^cyY�±{yY�½º¬À��

¶lÀd³½zÀ-
²¿Y�j¿Zdº³¾�yz]¾�Z§�z¿uZ¤¯�v£Z��±{yY�¶�º¬��¶§�uº]�±M�v¿º¯�

¶À¸c�½Yzº] ¶º§ bº�Y�[M�yu�©ºº¬p¯�½Zº·aYvÀ·º]zº§ {Y¦¿�
bÀ À§�Z]�½º¬Àº�ÇZ]uyYu�½uZ¿{�bÀ°·Y�}È¯��Z·�¾³u¹|�Y�²À]

½Z·�½zd§Z]�v�y�½Z·{ZÀ³��À��uZ¿{�z¿uZ¤¯��¿z��¶�z��ªÀ«u�¶º]
¾¯�yYz£�[Ztd³Y�©¹Y�¶kyu�yu�¦Àd§Ç�vÀ�Y�µv´º´§�vÀº«ºc¹ uzÀ-

nÀ¤¬c��©º¬p¯�½Z·�aYyvÀ·º]z§�{Y�¾�Z§�zº¿uZ¤¯�yºº�o�±¹vº]
½Z´º�¯�¶º] >Z¯¹|º« ¾º¿Z¿zd§Z]bÀ À§�Z]�½º¬À��¦º¿ ¶Àº¸c�[ºs

uº]�v·Yºt³�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ º¬��©Z�®d�·��µyZ°�º���|À¿Z�æèíÐ

æëå

�]Z´¯µuZ d�Y�uyº¯�
Î�±Yz¿Y�yZ¯M�|§z¯�ÎÐÕÍ�©Z��yu�yº�§�½yZ¯M�¶¯Z´«Z��æèìî�±Yz¿Y�yZ¯M�|§z¯�aYyZ�d³Y�±Yz¸c���
Ï�[ �YvsZ³�æèìî�±{yY�½{y¹Z�§��{º¯M�z�³��½{y¹Z�§�ayY{¹�¾l¿¹zc�¶$]Zd§�±Yz¸c���

�� $QGUHD� &DQDOH��0��� (�� 9DOHQWH� DQG�$�� &RLWWL�� ������'HWHUPLQDWLRQ� RI� YRODWLOH� FDUER[\OLF� &��&� DQG� ODFWLF� DFLG� LQ�
DTXHRXV�DFLG�H[WUDFWV�RI�VLODJH�E\�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��-��6FL��)RRG�$JULF���������������

�� $VVRFLDWLRQ�RI�RIILFLDO�DQDO\WLFDO�&KHPLVWV��������2IILFLDO�0HWKRGV�RI�$QDO\VLV����WK HG���$2$&��:DVKLQJWRQ��'��&�
�� %ROVHQ��.��.���&��/LQ�DQG�%��(��%UHQW��������(IIHFW�RI�VLODJH�DGGLWLYHV�RQ�WKH�PLFURELDO�VXFFHVVLRQ�DQG�IHUPHQWDWLRQ�

SURFHVV�RI�DOIDOID�DQG�FRUQ�VLODJHV��-��'DLU\�6FL����������������
�� 'HZDUH��:��$��� 3��0F'RQDOG� DQG�5��:LWWHQEXU\�� ������7KH�K\GURO\VLV� RI� JUDVV� KHPLFHOOXORVHV� GXULQJ� HQVLODJH�� -��

6FL��)RRG�$JULF��������������
�� 'X%RLV��0���.��$��*LOHV��-��.��+DPLOWRQ��3��$��5RQHWV�DQG�)��6PLWK��������&RORULPHWULF�PHWKRG�IRU�GHWHUPLQDWLRQ�RI�

VXJDUV�DQG�UHODWHG�VXEVWDQFHV��$QDO��&KHP����������
�� )HQJ��3���&��:��+XQW��*��7��3ULWFKDUG�DQG�:��(��-XOLHQ��������(IIHFW�RI�HQ]\PH�SUHSDUDWLRQ�RQ� LQ�VLWX DQG�,Q�YLWUR�

GHJUDGDWLRQ�DQG� LQ�YLYR GLJHVWLYH�FKDUDFWHULVWLFV�RI�PDWXUH�FRRO�VHDVRQ�JUDVV�IRUDJH�LQ�EHHI�VWHHUV��-��$QLP��6FL��
��������������

�� )URHWVFKHO��0��$���/��2��(O\�DQG�+��(��$PRV��������(IIHFWV�RI�DGGLWLYHV�DQG�JURZWK�HQYLURQPHQW�RQ�SUHVHUYDWLRQ�DQG�
GLJHVWLELOLW\�RI�ZKHDW�VLODJH�IHG�WR�+ROVWHLQ�KHLIHUV��-��'DLU\�6FL��������������

��� *HRULQJ�� +�� .�� DQG� 3� -�� 9DQ� 6RHVW�� ������ )RUDJH� ILEHU� DQDO\VLV�� $JULF�� +DQGERRN�� ����� $JULF�� 6HUY��� 86�'HS��
$JULF���:DVKLQJWRQ��'��&��

��� +HQGHUVRQ�� $�� 5��� 3��0F'RQDOG� DQG�0�� .��:ROIRUG�� ������ &KHPLFDO� FKDQJHV� DQG� ORVVHV� GXULQJ� WKH� HQVLODJH� RI�
ZLOWHG�JUDVV�WUHDWHG�ZLWK�IRUPLF�DFLG��-��6FL��)RRG�$JULF����������������

��� +LOO��0��3���5��1��*DWHV��:��:��+DQQD�DQG� -��&�� -RKQVRQ��������3HDUO�PLOOHW� VLODJH� IRU�JURZLQJ�EHHI�KHLIHUV� DQG�
VWHHUV��-��3URG��$JULF��������������

��� +ROGHQ��/��$��������&RPSDULVRQ�RI�PHWKRGV�RI�LQ�YLWUR�GU\�PDWWHU�GLJHVWLELOLW\�IRU�WHQ�IHHGV��-��'DLU\�6FL����������������
��� +RSNLQV��$��������*UDVV��,WV�3URGXFWLRQ�DQG�8WLOL]DWLRQ���UG HG���%ODFNZHOO�6FLHQFH��8.��
��� ,VODP��0���2��(QLVKL��$��3XUQRPRDGL��.��+HJRFKL��1��7DNRVDUL� DQG�)��7HUDGD�� ������(QHUJ\�DQG�SURWHLQ�XWLOL]DWLRQ�E\�

JRDWV�IHG�,WDOLDQ�U\HJUDVV�VLODJH�WUHDWHG�ZLWK�PRODVVHV��XUHD��FHOOXODVH��ODFWLF�DFLG�EDFWHULD��6PDOO�5XP��5HV������������
��� -DVWHU��(��+���&��0��)LVKHU�DQG�'��$��0LOOHU��������1XWULWLYH�YDOXH�RI�RDWODJH��EDUOH\�SHD��SHDUO�PLOOHW�DQG�VRUJKXP�
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