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Î�¶¯v¤¯�
yZ§uºs�±Yz]yZ]�{Y�µuZ d�Y�yZ§uºs�ª¤³�¹ ª°o�®dº�À��yuÎ

�$*9�¶§�uº��¾¯�[º�p¯�¾¿Zk�¶º]Zk�½Z¸°dº�À��¶º¬°k�{Y
v]Z¿�¾¯��¿Y|�Y�{¹y�¶]�{¹y�zÀsY�½Z¸«Z��yu�±M�{Y�µuZ dº�Y�ªÀ«u

®d�À��yu�aY|À¸lc�²¿Y�½ÇZº] ½zº¿x���Zº��³Y�|ºÀ³�zº¯Y�²º¿Y
ºº�Y�uYººº¯ ¾ºº¿Zo�¶ºº]Zkb�±¹vºº] ¾ºº¿Z·¹yºs�yZ§uºººs ±Yzºº]yZ]

{Y�uYº¯�©Z¤d³Y�½Yz]�¹ µv��©zd´§�¶³Z¿Yy���ºc�¶º§ vº³Y�²Àº�³z�
yYz£�µuZ d�Y�uyº¯�¶³ZsyZ§�±Z¯vÀ#�yu�zº.¿u�¶º�¤³�¶º] ½Y�¶º�¤³

v³zºÀ-�¾º¯�b§zo�zÀ�¯�¾oYz��yu�ª¯Yºº� ²¿zºd°¸¯�{Y�¾º¨¿
$*9¶´À°§�ª¿Z�¹�²¿Y���ºc�µv��¾��`¬�Z��ª§�¶§�bº�Y�±M�
uºº��dº�À�¾]Z¿zÀ�¯�½Yz]�¾º¤¬dt¯�½Z¸°$*9¶§�uyYu�uºk¹�

®d�À��¹ ¶�z�¹u�zÀ�¯�²¿zd·Zcº§��¾d´��½Z¸°d�À��¶]�±Yºc�¾¯
uzº§ µyZº�Y�¶º¤¬o�¦ºc@Ï>�¦c�®d�À��¾]Z¿zÀ�¯�¶«Z¤¯�²º¿Y�yu

uzÀ-�¾¯�yYz£�¾º�yz]�uyºº¯ ¶º¤¬o��v·��¶¤¬o�¦c�®d�À��yu
½ºp³�¶]�¶³ZsyZ§�yu���Z¤d¯�zºÀ��¹ ¶dº�]�`º¤¬o�¦º¿ ¾ºoYz�

�Y²¿Y��È�Y�{Y�¾¨¿�¶]�ª£Yvo�¶³ZsyZ§�½Z¸³Z°cyZ�u�`°·�¶§�b
v´º�Z]�¶dº�Yu�¾º�zd�u�¶º¤¬o�®d�À��¾oYz��Yy�¶¬X�¯�²¿Y�Z³

b¯È��Z]�Yy�±M�~��²º¿Y�{Y�¹ ®Àº¯Z³�¾º¯ ¶º¤¬o�¦ºc ¾]Z¿zÀº�¯
½yZ�dsY6/53uYu�®À·Yºs�±Z�³��

¶ºº¤¬o�¦ººc ®dºº�À��yu�yZ§uºººs ±Yzºº]yZ]�¾]Z¿zÀºº�¯�`¬Xºº�¯
©Z��yu�yZº] ²Àdº�t³ÎÖÖÍ"¿z´À����ºc�@Õ>v��¾�z�¯���v·

½Z¸°d�À��¾¿YyZ§�²d�Yu�z]�µ¹È��¶§�uº]�¾°d�À��¾º�z�¯�½¹
½Yz]�¾cZ^�Zp¯�z�³�{Y�b�Yu�uºk¹�±Zº¯{�±M�yu�¶º§ ¾]Z¿zÀº�¯

v�Z]�¶d�Yu�{ZÀ³�½zd°§�aZ^�Zp¯�¶]�[Yºk�²d�Z¿�©Z��yuÎÖÖÏ
"¿z´Àº� ¹ ºº§º$³Zc@Ö>²À´$°·�¹ ¶¤¬o�²¿zºd·Zcº§�²ÀºÀ�c�¶º]

²ÀºÀ�c±Z¯vÀ#�¦º¿ yu�¶Àº¬tc�¹ ½zºÀ-yZ]�½Z¸·Z.dº�¿Y�±Zº¨¯
v´dsYuzº��µv�³��t�¯�ªo�ª]Z£�¶¬Xº�¯�uZº�]Y�©vº¯ ²º¿Y�yu

b�Y�©Z��yu�v�]�©Z��¦¿�¢¤p¯�¹u�²¿YÎÖÖÐ@ÎÍ>uºs�©v¯�
[Yºk�±uz§�YvÀ��½Yz]�±Yzº§ ¹ ¶sZº� �¹y�{Y�¹ µuYu�uº^º¸]�Yy

v³uzº§ µuZ dº�Y�¶´ºÀ¸]�©Z��yuÎÖÖÓ�¯��²¿z¿Z��¹ ¶cyº�Ç�`¬X
6/53¶d�Z¿�®À°�c�uz-�µy¹u�_v´�¹z��`¬X�¯�¦¿�ayº��¶º] Yy�

v³uzº§ ©vº¯@Ô>���ºc�¾]Z¿zÀ�¯�`¬Xº�¯�¾cZ^º�Zp¯�¾º-vÀ$À�

±Yzº.¿u�¹ ²º¯{Yu@Ð>v��¾�yz]��¶¬X�¯�²¿Y�¶§�v³uYu�±Z�³�Z¸³M
ªWZ�¯�_uy�¶º]13�KDUGuyYu�¢¬�c��©Z��yuÏÍÍÍ½z¿{¹���M�

±Yzº.¿u�¹@Î>s ½|¿y�¶¯Z³z]�{Y�µuZ d�Y�Zº]©v¯�Yy�¶¬X�¯�²¿Y�¾�
uYv�c��·Z§�¶]�¶¬X�¯�¾º�v´·��Yººs {Y�µuZ dº�Y�Zº] ¹ µuzº§
½Yz]�Yy�¶¬X�¯�¶§�v³v��¢º�º¯�¹ v´dsYuzº� ©vº¯ ½Z¸dº¿u¹vp¯

v´´§�ªo�¾^�Z´¯�±Z¯{�yu���ºd¯�uZ�]Y�Z]�½Z·uº°³�
`¬X�¯�ªo�½Yz]�½yZ¨d]Y�¾°d¿yº.«Y��¶º«Z¤¯�²º¿Y�yu6/53Z]�

zºº] ½{Zºº�¶´ººÀ¸]�¦Àºº´¨c�{Y�µuZ dºº�Y±Z.#yººº¯ yZdºº�y ½Z´ºº^¯Ð

�$&2�v��v·Yºs�¶WYyY��®À¯Z³�¾¯�½Y�¶#yº¯�®d¿yº.«Y�Yy�±M�¶§�
`¬X�¯�Yvd]Y�yº�´¯�²¿Y�½Yzº]6/53¶]�±M��Yºs�{Y�µuZ d�Y�Z]�Yy�

µuZ d�Y�Z]�~���¹ µuz§�ª¿v^c��Yz-�`¿z�³�yu�©uZ�¯�`¬X�¯�¦¿
®À·Yºs�¾oYz��Yy�¶¬X�¯�ªo�®d¿yº.«Y���Yzº- ²º¿Y��Yººs {Y

uz§�

Ï�½Y�¶#yº¯�®d¿yº.«Y�¾�z�¯��$&2�
±Z.#yº¯� yZd�y� ½Z´^¯� z]� ½{Z��¶´À¸]� ½yZ¨d]Y� Yz�� ®d¿yº.«Y

�$&2�¾³z¬§�¹ ¹|À³Z¯��º.¿y¹u���ºc�½uÈÀ¯�uº³�`·u�ª¿Y¹Y�yu
@Ñ¹Ó>v��¾�z�¯��Z·�¶#yº¯�¾�Z°dkY�yZd�y�{Y�®d¿yº.«Y�²¿Y

b�Y� µv�� ¶d�z-� Z¸«Y�¾¿Z´À]�ayv£�v£Z�� ¶¨³M� Z]� Z·�¶#yº¯v³Y�
Z]� Yy��¿ºs� `³Ç� Zc� ¶¿x�c� �^´¯� {Y� zÀ�¯�²¿zd·Zcº§� v´³Yºc�¾¯
½Zk�z]�uºs�{Y�b§zo�Z.´·�yu�¶§�¾¿ZÀ°À��uYº¯�{Y� µuZ d�Y

�v³yYx-�¾¯¹±º¯¹z�� ¶]év´´§� YvÀ��v´¯º�º¯@ë>�¶#yº¯Z·yu
b§zo�Z.´·]Z²d�Yx-�½Zk�¶]�±º¯¹z��µv³Z°À£Z]�½Z¸³º¯¹z�

À¤]�{Y`Yy�Z·�¶#yº¯��]¶¾�uZ�c�ayº��¾¯�©Z^³u�v´¿Z°³�z�³�{Y�
¶d�Yu�½zd�À]�±º¯¹z��yYv¤¯�¶§�b�Y�zd]º¬�¯�½zÀ�¯�Z·�¶#yº¯

v�Z]�²d�Z¿� `¤¿z�²¿zd·Zcº§u ±º¯¹z�� {Y� µuZ d�Y� Z]� zÀ�¯y
ª¨��Î�b�Y�µv��µuYu�±Z�³�

bº«Zo$yu�Yy�ª¨º��Î�v¿zÀ.]�zº�³�yu��¦¿�¶]�Z·�¶#yº¯�
�y�¾º·Yy¹uv³Y�µvÀ¹v³yº^l¯c¶§�v³zÀ.]�®À°�b°��¶]ÇZ]Z¿

®À¤dº�¯v´´§�b§zºo�uyº¯�yu�½Y�¶´À¯{��À��"À·�¶�p«�²¿Y�yu
Z·�¶#yº¯�²¿Yzº]Z´]�uyYvº³ uººk¹�[Ztdº³Y�²¿zºd¸]b§zo�zÀ�¯

¶º] Yy�uººsayºº��uZº�c¾¾¯�[Ztdº³Yv´´§�yZ�d³Y�±Yºc�¾¯
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Zºc bº�Yuyºº� ¶º]{Y�¾°À³���ºd¯Z·�¶#yº¯zÀ�¯ÇZ]�¾°À³�¹
zÀ�¯�z.¿u®À¤d�¯¯YuY�½Yz]�Yy�`uºs�b§zo�v´¿Z°³�[Ztd³Y¶)�
bº«Zo�yu%bº�Y�µvº� µuYu�±Zº�³��zÀ�¯�¶§�Zºl³M�{Y�®À¤d�¯

¾º¿ÇZ]�zÀº�¯�{Y�zºd·Zcº§�¾º´À¿Z�µuºº]�zº� Zº]½¹Z�¯±uº]
b�zº�b§zºoZ·�¶#yºº¯uYv�c½zd�À]¶#yº¯³Yºc�¾¯v´²¿Y

¶d�Z^³Y�\kº¯�z¯Y�²¿Y�¶§�v´´§�¾��±Z¯{�voY¹�yu�Yy�zÀ�¯±v��
±º¯¹zº� zd�¿zº�¾º¯ zÀº�¯�²º¿Y�yuuºº���ÈdsY�j¿yvºc ¶º]

¾¯�uZ¿{�zÀ�¯�¹u�±º¯¹zº�{Y�~��¹ uº�±º¯¹z���ÈdsY�¾cv¯
¾º¯ +y|º] ¾º�Z§�_{Yvº³Y�¶º] zÀº�¯�¹u�yuZºc uºº�zº]®À°ºº�c

v¿vk�½Zº·¶#yºº¯yuc zÀ�¯�[Ztd³YPzÀgv�Z]�yYx-�\¬�¯�²¿Y
yub°º�£&ª¨º��Î�b�Y�µvº� µuYu�±Zº�³��Zo�{Yv�]�¶]�Ç

Z·�¶#yºº¯yu�½zd�À]�±º¯¹z��²d�Z¿�ªÀ«u�¶]�¾´À¿Z��zÀ�¯yº��¶]
¾«Z°doY¾¯�nÀkzcv´·uzÀ�¯�²¿Y�Zcv´´§�[Ztd³Y�Yy�z��²¿YYv´¿
¦º¿ Zº]yººs{Z]¾¯�¶¯YuY�b^h¯¾´�¿��v]Z¿¶¨´¿Y[Ztd³Y��¿Y|�Y
zÀº�¯\kºº¯¹ zÀ�¯�²¿Y�yu�±º¯¹z���¿Y|º�Y±º¯¹z���¿Y|�Y

\kºº¯tdº³Y��¿Y|º�Y¾¯�zÀ�¯�²º¿Y�[Zuº��/Yz]�¶#yº¯�z·�¹
] µuz)�[Ztd³Y�Yy�0ºd]Zg�zÀº�¯�0ºcv¯¶/ºp³Z°c�¾cv¯�{Y�~�

Zº·¶#yºº¯zÀº�¯zºd·Zcº§[Ztd³Y�uºs�b§zo�¶º¯YuY�½Yzº] Yy
¾¯v´´§�

²Àº«¹Y®dº¿yº.«Y½{Zº�¶´ºÀ¸]�$&2yZd�y�²Àº°·�}Zº�Yz]�
v���Yv]Y�Zº·¶#yºº¯�®d¿yº.«Y$&2¶¬X�¯�ªo�yu�yZ]�²Àd�t³�

z�ªWZ�¯�z.¿u�ªo�yu�±M�{Y�~��¹ v��µuZ d�Y�uz-�µy¹u�_v´�¹
¶]�±Yºc�¾¯�¶§�b�y�yZ§�¶] ¾^À§zc�½{Zº� ¶´ºÀ¸]�¯�ZªW�À�tc

��]z¯�Z·¹yuºs�¾]Z¿zÀ�¯½|À¯M�,³yZ¸�Yz-¹ÍÍÍuz§�µyZ�Y�
yu�¶�º]zºº¯ �kYzºº¯ µYzºº°·�¶ºº] ªWZºº�¯�²ºº¿Y {Y�¾ºº¬¯Z§�ayººº�

@ê¹ææ>b�Y�µvº� zº§w��¹y�yu$&2Çº°�¯(¿�¶]�¶¬X�¯
¹ µv��ª¿v^c��Yz-�¶¿zº�³�yu�©vº¯|À³�¶¬X�¯�[Yºk]¶ayº�

½zÀº�¯�¿zº�c�±M�½¹yzº]v·Yººsvº�@é>�²¿Y�yu�¹y�{Y�
¾�º´�¯�`#yºº¯ ½uYvº�c¶¬X�¯�ªo�½Yz]uº��¾¯�µuZ d�Y�²¿Y

`«uZ^¯�Z]�¹ v³{Yuz��¾¯�¶¬X�¯��Yz-�yu�ºk¹�b�k�¶]�Zº·¶#yºº¯
²d�Yx-�½Zºk ¶º] ¢¿zº� {Y��aZº�È�Y½Z¸«Z¿�©º��yu�±º¯¹z�

v³{Yuz��¾¯�z.¿v¨¿�Z]�½yZ¨°·�¶]�[Yºk�²dsZ��yu��Yzº-�z·

½zcÇZ]�bÀ]º¬�¯�{Y�©Z¿�±M�v�Z]�zd�À]�©Z¿�¦¿�±º¯¹z��¶§�¶º#
b�Y�yYuyºsz]�[Ztd³Y�½Yz]�¾¯�vÀ«ºc�¾]Yºk�b¿Z¸³�yu�¶)�uº�

¶´À¸]�[Yºk�¶]�(¿u|³�ÇZ°doY�¹ µv��µuZ d�Y�Z¸«Z¿�²¿zd]º¬�¯�{Y
¶¬X�¯uº]�v·Yºs�½Y�¶#yº¯�®d¿yº.«Y���ºc�¶§�¾¬WZ�¯�zh§Y�yu

z¿Z��z]��¹y�²¿Y�½zcz]�zº.³ZÀ]�ªº�Zo�j¿Zdº³ vº³Y�µvº� ªºo
b�Y�¾]Z¿zÀ�¯�ª¿Z�¯�yu�>Z�º�t¯�½yZ¨d]YYz��½Z¸�¹y�

Ð��cZy¿�
yu�yZ§uºs�±Yz]yZ]�¾]Z¿zÀ�¯�`¬Xº�¯�¾º�z�¯�¶º] �ºt]�²º¿Y�yu

z��¾¯�±M�¶]��º]z¯�®À·Z ¯�¹ ¶¤¬o�¦c�®d�À�®¿{Yu�±Z¯vÀ#�¦¿
{Y�¶º§ Yy�¶º³ZsyZ§Qs Zº] ±Zº°cyZ�u��µv��ªÀ¨�c�®À¤d�¯��º

bº�Y�v¿zºÀ.]�zº�³�yuª¨º��Ï��º«Y�@�æ�>¶³ZsyZ§�±Z¯vÀ#
¹ b�Y�¶#yZ�¨¿¾¯��z�b�Z¿�±Yºd³�Yy�¾³Z°cyZ�u�"À·�¶)�uº�

±¹yu�yu�'zd�¯�©Z¿�²d�Yu�±¹v]�¹ ª¯Z)�yº��¶] ±M��Àºp¯�¶º)
Z�uuzÀ.]�yYz£�z.¿u�±Zº°cy�±Z°cyZ�uZ¯Y�µuº^³�ªÀ�d�¯�>Z¯¹|«�Z·

¾¯Z°c�¶§�uº��¾¯��z�½Z¿Y¹{¶]�¢¬�d¯�Z¸³Z°cyZ�uqÖÍ�qÎÕÍ¹
qÏÔÍbº�Y�¦c�®d�À��yu�yZ§uºs�±Yzº]yZ]�¾]Z¿zÀº�¯�`¬Xº�¯

Z¿�¶¤¬o6/53ayZ^�b�Y{Y²d�Z¿¤¬o�¦¿`¶d�]�ª£Yvo�Z]
©º�Z¸³Z°cyZ�u��È�Y�uYvd¯Y�yu]>Ç¹Y�¶§�½ºp³�¶zÀ��¶¤¬o�²¿Y

Y ¦¿�z·�>ZÀ³Zg�¹ µuº]���Z¤dº¯{¥zd�¯��¬��¦¿�Z¸³Z°cyZ�u�±M�Z]
ª¨���v�Z]�¶dº�Yu�ç�i ¹ [��`¤¬o�¦¿�Z¿�¶kº¯�[Yºk�¦¿�

½YyYu�¶§�b�Y�½Y�¶º¤¬o�¶¬Xº�¯�½Yzº] ¶kºº¯¹u�¹ ©¹Y��¿Yz�
v�Z^³�©º��ª£Yvºo Zº] >Z¯¹|º« Zº¯Y�vº�Z]�¶¬X�¯�z·�¶d^«Y�6/53

Z¯¹|º«zÀ�³�¾º�Zs�aÇZºo yu�¹ bº�À³�¶kºº¯ [Yººk ½YyYu�
ª*º��ç�u�¶kºº¯ [Yººk ½YyYu�¶¬Xº�¯�b�À³�¶«Z¤¯�²¿Y�yu

¾¯��zº�] ¾¬WZ�¯�yu�µv��¶WYyY�½Z¸�¹y�¶)�uº�¶¶)�u¹y�yZ)
v³yYu�¶kº¯�[Yºk�(¿�ª£Yvo�

]¶z·�½Y{Y¾³Z¯vÀ#zÀ�³��Yz-�¦¿* � �1�$�uyYu�uºk¹
¶º§Yy�±M±Z¯vÀº# �Yzº-êº¯Z³�¾º¯®À��Yz-�²¿Y�yu��{Y�yº�´¯
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vÀ´)�¶kºc�v´)�¾¯�±ZÀ]�Yy�¶kº¯��Yz-�z¿{�
¶À�£�zÀ�³�¾¿Z¤«Y��Yz-�z¿{�(¿�¶)�vÀ´)��z�*8  ��98��(8�

{Yb�Y�µv��µuYu�±Z¯vÀ#��Yz-�(¿��Yz-�z-Y*8�¿Yz��yu�
±M�v´)�¡v��z¿{µZ-*8b�Y�¶kº¯��Yz-�z¿{�(¿��

Î�*8v�Z]�v´^°·�
ç�µz-�(¿� ¶]� y¹Zl¯�/Z·� µz-{Y�0*¿�ª£Yvo98{Y�/º��

¶�º°l¯9� 98v�Z]
è�z·z-�¶�º°l¯�{Y�µ9� 98�z ��µz-�{Y�zÀ��/YyYuª£Yvo�

y¹Zl¯�µz-�¦¿{Y98Z]v��
é��Yz-*��*8v�Z]�v´^°·�

aZ^ºgY�Z]�zº�Z´d¯�½Zº¸³Z°cyZ�u�½{zº¯ �Z°dºkY�{Y�¾º�Z³�¶º¤¬o
µzº-½Zº·98v¿zÀ.]�z�³�yu�Yy���z�æ±M�z.³ZÀ]�Ç¹Y�¶)�b�

¶#yZ�º*¿�Zº¸³Z°cyZ�uvº³Y¾¯�Yy�¶d�ºÀ��¶¤¬o�(¿�ªÀ*�c�¹v´·u�
�zº�è¾¯�²À°º�c�ª£Yvo�±Z°cyZ�u�z·�Z]�yº)x¯�¶¤¬o�¶)�v´)
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¶kº¯�[Yºk�¦¿Yy¶¬X�¯�½Yz]6/53y¹M�b�u�¶]�u�

Î�¦º¿µzº-z º� _zº- {Y�zºÀ�{Y�µYºt«u�¶]�Yy�Yz-±Z¯vÀ#
vÀ´¿|ºº-z]¹±MvÀºº´) yYu�\ºº�#z]�Yy�Zºº°c�¶ºº] µzºº- ²ºº¿Y zºº-Y

µzº-�Yzº- zº.¿u�½Zº·�z ��µz-�{Y�zÀ���£ºd¯�v�Z]�ª�d¯
v¿º��z]�¶kº¯�¶¤¬o�b«Zo�²¿Y�yuyyYz£�±Z°cyZ�u�²¿Y�{z¯�½¹
uyYu�

D
ow

nl
oa

de
d 

fr
om

 ja
m

e.
iu

t.a
c.

ir 
at

 2
:3

4 
IR

S
T

 o
n 

S
un

da
y 

O
ct

ob
er

 2
5t

h 
20

20

https://jame.iut.ac.ir/article-1-303-fa.html


©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÔÔ

Ï�µz-�±ZÀ¯�{Y½Z·yYu�\�#z]�zÀ���z ��µz-�|k�¶]�¶]�ª�d¯
�yYu�\�#z]�½Z·�µz-z¿{��¿Yz��yu�¶)�vÀ´)�[Ztd³Y�Yy�½Y�µ z-

²¿Y�¹ yYu�\�#z]�½Z·�µz-�{Y�ª�Zo�¾¿Z¤«Y��Yzº- zº¿{�½Yzº]
v´)�¡v��µz-�

�º«Y�\�#z]�µz-�(¿�Z]�ª£Yvo��Yz-�zº¿{�²º¿Y�{Y�µzº- zº·
v�Z]�y¹Zl¯�µuyºt³�

[�®À´)��xo�Yy�¾¿Z¤«Y��Yz-�z¿{�²¿Y�±Z¯vÀº# �Yzº- {Y�zº-Y
v³Z°]�¾£Z]�v´^°·�±Z´$°·�

z-Yµz-�²À´#�Z-�{Y�Yuvl¯�v�³�YvÀ��½YævÀ´)��¹z���
è�µzº- ¶�ºº°l¯�¶º] Yy�µzº-\�#z]�½Z·z¿{�¹ vÀ´)�¶�Z�Y�yYu

�Yzº-yYu�\�#z]�½Z·�µz-�{Y�ª�Zo�¾º¿Z¤«Y²¿Y�¶]�¶kºc�Z]�Yy�
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Zº�yY�Yy�¶¬Xº�¯�¶kºº¯ [Yººkuzº§²¿Y�¶]�¶kºc�Zº] ¹�z��¶)

®dº¿yº.«Y��º£ºc�z��½Zº�yYèb�Y�[Yºk�¦¿�±uº]�¶kº¯
v��v·Yºs�¶kº¯��Yz-z¿{�(¿�¶]�zl´¯�b¿Z¸³�yu�

ë�¬X�¯�ªo`6/53®d¿yº.«Y�¦°§�¶]$&2
�ººt]�yu�é�(ºº¿ ½Yzºº] ¶kººº¯ [Yºººk`¬Xºº�¯6/53yY

º]¶yu�¹ ®¿uz)�±ZÀ]�±Z¯vÀ#��Yzº- {Y��Yzº-z¿{�(º¿ ayºº�
�ºt]�ê�®¿uº°³�¾oYz��¶¿Z��²¿Y�z]�¾°d¿yº.«Y��±Yºc�¾¯�¦´¿Y

yu�uººkº¯�µvº¿Y�{Y°d¿yº.«Y�½Z¸$&2�t]�®d¿yº.«Y�yuê¶]
z§�µuZ d�Y�z¿{�mz�u�

Yvd]Y�yuPyu�¾�uZ�c�ayº��¶] Yy�¶#yº¯P�Yz-�_z-
®À·u�¾º¯ yYzº£ ±Z¯vÀº#�¦¿�z·�~��{Y�#yº¯½Z·�¶¾�º´�¯��

�t]�yu�µvº� ¶ºWYyY�®dº¿yº.«Y�¢^º��ê�� ¶]��¹z���²dsZ¦¿

¶kº¯�[Yºk¾¯�¶¬X�¯�½Yz]v´´)�uºs�[Yºk�²dsZ��Z·�¶#yº¯
ªÀ°¨c�Yy�uºs�[Yºk�¾¬^£�`#yº¯�¶§�v´º´§�¾º¯ {Zº�M�¾º³Z¯{�Yy

vº�Z]�µuzº§�Xº�¯�²º¿Y�yu{Y��Yz-z¿{�¦¿�Z]�¾º¿Z¸³�[Yººk ¶¬
uº��¾¯��t�¯�±Z¯vÀ#��Yzº-�¶§�Zl³M�{Y²À´#�Yz-z¿{�¾yu

~��b�Y�±Z¯vÀ#��Yz-�{Y�¾¿Z¤«Y��Yzº- zº¿{�(º¿ b¤Àº¤oZ]
�¿Zº·µzº- ¶�ºº°l¯�±vº� �tº�¯±M�±Yºc�¾¯Yyayº��¶]

�t�¯�½uz��¶]�zº�p´¯bsZ��¶¬oz¯�z·�yu{Y¦¿�²dsZ�
[Yºk¶¬X�¯¯ {Y�¦¿�z·���ºcZ·�¶#yºzÀ�³�¶#yº¯N��ºc
Z-ç®d¿yº.«Y��¶kº¯��Yz-�z¿{�²d�Z¿��v¿vk�_z-L©Z°doY�Z]
N
L6{Y�¶º)`º«uZ�¯�zº¿{º]¶¾¯�bº�uv¿MµuZ d�Y�[Ztd³Y�½Yz]
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¶º«uZ�¯�²º¿Y�yuLK¾º�]Zc�bº�Y¶º] ¶º§µuYu��À�tc�µz-�z·
¹ uºº�¾º¯±M�yYvº¤¯Z]�b�Y�zº]Yz]:L ��3L¶§�3L�Àp¯�z.³ZÀ]�

_z-zÀ�³�±Zº°cyZ�uL¹:Lb�Y��Yz-�yu�µz-�²¿Y�`kyu�|À³��yu
µz-�yv¤#�z·�¶)�b�Y�¶dº*³�²º¿Y�zº.³ZÀ]�b^º�³�²º¿Y�b¤Àº¤o

µzº- Zº] vº¿vkz·�¹ µuº]�zd¸]�v�Z]�y¹Zl¯�½zd�À]�½Zº·yv¤#
] ¶d�Yu�½zdº�À]��Àºp¯] v�Z¶ªÀ«u±M�¶¤¬o�©º��z]�v³Yºc�¾¯�¶)

uº]�v·Yºs�yYuyºsz]�½zd°)�bÀ]º¬�¯�{Y�v¿Y| À]�ª�Zo�
LW_z-�±º¯¹z��yYvº¤¯�|ºÀ³�Lb�Y�Dzd¯YyZ��b^h¯�b�Y�½

zºº.³ZÀ]�¶ºº)bÀºº°·YLK¾ºº¯ µzºº- ±º¯¹zºº� ªºº]Z¤¯�yu�vºº�Z]�-N
ºº°l¯¾¿Z·�µz-�¶�µz-�{Y�¾*¿�Z]�ª£Yvo�¶)�b�Y½Z·�Yz-z¿{

`#yº¯�µv��¶dsZº�Ny¹Zl¯�Yb�Y[ ¹ �«Y�½Z·v´]�¢^��¹
Zº-ç®dº¿yº.«Y��Yz-z¿{�¶]�±Z�³uz§�¶�Z�Y�½Yz]�Z¸³M�[Ztd³Y�
{Zºl¯b�Y�¶]�¶kºc�Z]²¿Y`«uZ�¯½Yz]�¾¿Z·�µz-�b -�±Yºc�¾¯

zd�À]�±º¯¹z��yYv¤¯�¶§�v³zd^�Z´¯�[Ztd³Y_z-�uYv�c�Z]��¶d�Yu�½
¶d�Yu�|À³�½zd°§��Àp¯�©Zo�²À��yu�¹ v´º�Z]�y¹Zºl¯�½zdº�À]

vº�Z]�±Z°·Z-�¢^��®¿v¿u�¶)�¶³º-ç[Ztd³Y�½Yz]�½Y�µz-�z-Y
{Y�>Yuvl¯�¶#yº¯�²¿Y���ºc�[Yºk�²dsZ��v´¿Yz��b�Yv³�uºk¹

uº��¾¯�{Z�M�º³�
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐ ÔÕ

v³uz§� ªÀ°¨c� Yy� uºs�[Yºk� Z·�¶#yº¯� ¾¯Z°c� ¶§� ¾³Z¯{
]º¬�¯{Y� µuZ d�Y���ºc� ±M�bÀ¾¿Z¸³� ±uz§� Z.´·� ¶]� _v�Z£í

¾¯��·Z)� ¾)v³Yv]Z¿�¾¯�f�Z]� µv�Z£� ²¿YbÀ]º¬�¯� ¶)� uº�
µz-] Z·¶±v�� Yz.°·� {Y� ¹ v�Z]� zÀÀ�c� ©Zo� yu� Z¿º�� ¾cyº�

uº��½zÀ-º¬k�¾¬p¯�¶´À¸]�(¿��Yz�Y�yu�Z¸]Yºk�{Y�µv�Z£�²¿Y
¾¯�¾�Z³�¾�À^��ª�Y�²¿YY ½yYv¤¯� µyYº°·�¶)�uº�¾³º¯¹z��{

¶#yº¯� ¶)¾¯�¾£Z]�zÀ�¯�(¿�½¹z]� Z·] v³yYx-¶{Y�zÀt^c�ªÀ«u
¾¯�²À]u¹y�½Z·�µz-�±º¯¹z��±uz§� Z.´·� ¶]�½Yz]�yu� uºkº¯

{Y�±Z¯vÀ#��Yz-`«uZ�¯z¿{®À´§�¾¯�µuZ d�Y�

�ç�LLL ����� W'U�WU�mW

¶«uZ�¯� ²¿Y� yu®̄ � W' �
RWKHUZLVH�

/RRSEHVWJOREDOLLI�/� �
JEL

b�Y¶§{Y�yº�´¯/JEyYz¨c�Zc�µv¯M�b�u�¶]�¶¤¬o�²¿zd¸]�©º��
¹ b�Y�®d¿yº.«Y�¾³º´§U|À³�]¶Z³zd¯YyZ�zÀt^cb�Y���v·

«uZ�¯�{Y`±M�¡º��Yµz-�z-Y�¶)�b�¶¤¬o�²¿zd¸]�¶]�¢¬�d¯�¾¿Z·
v·Yºszd°)��³º¯¹z��yYv¤¯�v�Z^³�¾³º´)�yYz*c�Zc�¶kº¯¹ v��

µz-�z-Y¶¤¬o�²¿zd¸]�¶]�¢¬�d¯�¾¿Z·z-Y�uº]�¶kº¯�] ¶#¶ªÀ«u
¾¯�®)�±M�±º¯¹z�� {Y� yYv¤¯�zÀt^cµ{Yv³Y�¶]� yYv¤¯�²¿Y� Z¯Y� uº�

µz-�z¿Z�uº]�v·Yºt³�Z·�
²dº�Z¿�®dº¿yº.«Y�\À)zºc {Y�¶kº¯��Yz-�z¿{�z)w�v�Yº£�Z]

ÇZºº] yu�µvºº�®dºº¿yº.«Y¶#yººº¯½Y½Yzºº]¶¬Xºº�¯�ªººo6/53
ayº��¶]z¿{�¾¯�b�u�¶]v¿M�

Zºº-å�v³yZ°ºº�_¾ºº´�¿�®dºº¿yº.«Y�yYzºº*c�,¹uYvºº�c�µv³yZ°ºº�
¶#yº¯¾´�¿�Z·Nz]Yz]�Yy�ævÀ·u�yYz£��{Y�(¿z·�yYv¤¯�zh)Yvo

\Àczc�¶]�|À³�Yy�Z¸³M,PD[¹P�z��vÀ´§�
Z-æ�¦¿µz-z ��_z-�{Y�zÀ�Yy¾�uZ�c�ayº��¶]{Y��Yz-

±Z¯vÀ#vÀ´¿|-z]¹±M] Yy¶#yº¯�¹vÀ´)� yYu�\�#zNYy� Y�
vÀ·u�yYz£�±M�½¹z]�µz-�Z°c�¶]�µz-�²¿Y�z-Y�Yz-�z.¿u�½Z·

�z �� µz-� {Y� zÀ��²¿Y� {z¯� ½¹z]� ¶kº¯� ¶¤¬o� v�Z]� ª�d¯
Z-�¶]�¹ uyYu�yYz£�±Z°cyZ�uév¿¹z]���

Zº-Ï�µz-�±ZÀº¯ {Y½Z·zÀ�³yYu�\�#z]�zÀ��L�½Yz]�Yy�½Y�µz-
¶#yº¯�½v�]�b)zºoNd³Y�Y�½Yz]�z¿{��¿Yz��yu�¶)�vÀ´)�[Zt

µz-�²¿Y�¹ yYu�\�#z]�½Z·�µz-�{Y�ªº�Zo�¾º¿Z¤«Y��Yzº- zº¿{
v´)�¡v��

�«Y�\�#z]� µz-�(¿� Z]�ª£Yvo��Yz-� z¿{�²¿Y� {Y� µz-� z·
v�Z]�y¹Zl¯�µuyºt³�

[�®À´)��xo� Yy�¾¿Z¤«Y��Yz-�z¿{�²¿Y�±Z¯vÀ#��Yz-�{Y�z-Y
v³Z°]�¾£Z]�v´^°·�±Z´$°·

µz-�²À´#�z-Y½YZ-�{Y�Yuvl¯�v�³�YvÀ��ævÀ´)��¹z���
i�[Ztd³Y�©Z°doY�½YyYuN

L6¶]�¶kºc�Z]�`«uZ�¯æv�Z]��
Zº-è�µz-�¶�º°l¯�¶]�Yy�µzº-¹ vÀ´)�¶�Z�Y�yYu�\�#z]�½Z·

¶#yº¯Nz]�Yy�Y�y�Yz-�z¿{�¹ vÀ·u�yYz£�±M�½¹ª�Zo�¾¿Z¤«Y
yYu�\�#z]�½Z·�µzº- {Y] ¶kºc�Z]�Yy�vÀ·u�®À°�c�µz-�²¿Y�¶�z-Y

µz-�{Y�¾*¿�y¹Zl¯�yYu�\�#z]�zÀ��µz-�z·�Yz-�z¿{�²¿Y�½Z·
¶¤¬o�¶lÀd³�yu�¹ b�Y�µv¯M�b�u�¶º] ¶kºº¯ �Yzº- zº¿{�vº�Z]

¶#yº¯���ºc�¶kº¯N²¿Y�yu�b�Y�µv��ªÀ°*c�Y�b«Zo¶]Z-
v¿¹z]�½v�]�²¿Y�zÀ��yuZ-�¶]�ayº�çv¿uz-z]��

Zº-éN �N����zº-Y�¹N���PZº- ¶º] vº�æv¿uz-z]��zÀ��yu
²¿YZ-�¶]�ayº�êv¿¹z]��
Z-ê�¶kº¯�¶¤¬o�©º�¶¤¬o�²¿zd¸]�Z]�Yy�yYz*c�²¿Y�yu�ª�Zo�

yu�Yy�zd¸]�yYv¤¯�¹ µuz)�¶�¿Z¤¯�yYz*c�²¿Y�Zc�v¯M�b�u�¶º]/JE
vÀ·u�yYzº£�¶«uZ�¯�¶]�¶kºc�Z]�Yy�µz-�z·�±º¯¹z�çµuz)�Z.´¸]�
µv³yZ°º� ¹¿ Z·yYz*c�uYv�c¾´�Lyu�vÀ·u��¿Y|�Y�voY¹�(¿�Yy

½¹Z�¯�Z¿zd°)�yYv¤¯�²¿Y�¶)�¾cyº�,PD[uº]�N� �¶]�µuYu�yYz£
Zº-æv¿uz-z]��²¿Y�zÀ��yu�£ºd¯�ayº�[Yºk�²¿zd¸]�v¿º��

¶¤¬o�²À]�yu�YyvÀ´)�²ÀÀ�c�¶kº¯�/Z·�
uz)�¶�Ès�z¿{�\«Z£�yu�±Yºc�¾¯�Yy�¡º��®d¿yº.«Y�

,QLWLDOL]H
)RU���W �����WR�QXPEHU�RI�F\FOHV�GR

)RU����N ����WR����DQW�QR����GR
5HSHDW�XQWLO�DQW�N�PDNH�IHDVLEOH�VROXWLRQ

6HOHFW� LWHP� L� IURP� � N- ZLWK�
SUREDELOLW\�3LN JLYHQ�E\�(T����

LI� LWHP� L� LV� QRW� IHDVLEOH� WKHQ�
`L̂-- NN �m
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÔÖ

(QG�
&DOFXODWH� WKH� REMHFWLYH� IXQFWLRQ� RI� WKH�

JHQHUDWHG�VROXWLRQ
(QG�
)LQG�WKH�EHVW�VROXWLRQ�
0DNH�ORFDO�± RSWLPXP�
8SGDWH�WKH�SKHURPRQH�IRU�HDFK�QRGH E\�(T�����

(QG�

ì�j¿Zd³¾cZ^�Zp¯�
½Yz]±Z]{�¶]�½yY|�Y� z³�®d¿yº.«Y�¾¿YyZ)�¾�yz]�¾�¿º³�¶¯Z³z]
¾ «uz]�¹ v��¶À¸cy½¹èç¶¬X�¯�¶³º°³�¿Z¯{Mv��ªWZ�¯
¶³º°³½Yz]�kz¯�yu�¶)�v³uº]�¾¬WZ�¯��¿Z¯{M�²¿Y� Zl³Y�@æ>

�Y� uyº¯� |À³¶d�z-� yYz£� µuZ d¾¿YyZ)� ±Yºd]� ¶)� ªÀ«u�²¿Y� ¶]� v³Y
z.¿u�®d¿yº.«Y�Z]�Yy�®d¿yº.«Yªo6/53vÀl´��z¿{�©¹Yvk�yu

µuZ d�Y�Z]�¹ ¶³º°³�ªWZ�¯�½¹z]�®d¿yº.«Y�½YzkY�{Y�ª�Zo�j¿Zd³
¾�t�� ¶³Z¿Yy� {Y3HQWLXP� �µv³{Yuz�� Z]���� 0+=¹���

b¿Z]Z.¯¾¬�Y�¶��Zob�Y�µv��µuy¹M�
{Y�ª^º£/Z·zd¯YyZ��z¿uZ¤¯�¶)�uº]�/y¹z��®d¿yº.«Y�/YzºkY

uºº� µu{�²Àº°tc�®dº¿yº.«Y�yu�uººkº¯�/Yz]�yº�´¯�²¿Y�/Yzº]
aYzººÀÀ�c�¶´ºº¯Yu�®dºº¿yº.«Y�yu�uºººkº¯�/Z·zººd¯YyZ��{Y�(¿zºº·

ayºº�¶º]P >���@�.  �>�������� ��,PD[ ��! >��������@�
zº] ®dº¿yº.«Y�¹ vº� ¶d�zº- zº�³�yuyY ¶]�¶³º°³�ª¿Z�¯�/¹/Y{

{Y�0 ¬dt¯�/Z¸^À)zcYzkY�yº)x¯�/Z·zd¯YyZ��/Yz]�z¿uZ¤¯�v�¶)�
bÀ�Z�o�ªÀ¬pc�¹ ¶¿|lc�¶]�¶kºc�Zº] j¿Zdº³ ²¿zºd¸]�¶lÀºd³�yu
z¿{�ayº��¶]�®d¿yº.«Y�½YzkY�Z.´·�yu�¡º��/Z·zd¯YyZ��/¹z]

,PD[  ���.  �����P� ����!  ����®d¿yº.«Y�¹ v¯M�b�u�¶]�
¶¬X�¯�¶³º°³�zº· ½Yzº]èåb�Y�µv��YzkY�yZ]��²¿Y�½Z¸³ºd��yu

¶¬X�¯�µyZ°���#�b°��{Y�\Àczc�¶º] ©¹vºk�12��¶¬X�¯�Z³�
�kzºº¯ yu@æ>�1DPH�¶¬Xºº�¯�yu�uºººkº¯�±Zºº°cyZ�u�uYvºº�c�
��'HSW��\�oz]�¶³º°³�¶¬X�¯�z·�½¹z]�®d¿yº.«Y�½YzkY�±Z¯{�

¶Àºº³Zg�7LPH�yu�µvºº¯M bºº�u�¶ºº] [Yºººk ²¿zººd¸]�èåYzººkY�yZºº]
�%HVW� 6ROXWLRQ�yu�µv¯M�b�u�¶]�[Yººk ²¿zºcv]èåYzkY�yZ]�

�:RUVW�6ROXWLRQ�yu�µv¯M�b�u�¶]�[Yºk���ºd¯èåYzkY�yZ]�
�$YHUDJH�6ROXWLRQ�¹�cººkY�uYvº·Yzº¿Zººk ±M�yu�¶)�¾º[Yº

¶´À¸]�µv¯M�b�u�¶]b�Y�%,��b�Y�µv��iyu��

¾¯�yu�j¿Zd³�²¿Y�¶]�¶kººc Zº]¶)�®À]Z¿Z°c�yuèç�¶³º°³�¶¬X�¯�
ºd¸]¶#yºº¯ ®dº¿yº.«Y�{Y�ªº�Zo�[Yººk ²¿z±Z°·��£Y¹�yu�½Y

b�Y�¶¬X�¯�¶´À¸]�[Yºk�±M�\«Zk�¶d*³Y��ºd¯�yº��¶] ¶)�b�
yuçæ{Y�YzkY�èå[Yºk�¶³º°³�¶¬X�¯�z·�½Yz]�®d¿yº.«Y ½YzkY�

±Yºc�¾¯�¶)�b�Y�¾´�¯�±Yv]�²¿Y�¹ bº�Y�µvº¯M�bº�u�¶º] ¶´ºÀ¸]
(¿�{Y�ª�Zo�[Yººk ¶º) bº�Yu�yZ�dº³YY ½YzkY�yZ]¶]�®d¿yº.«

©Z°dºoYìå�¾¯�vÀ«ºc�Yy�¶´À¸]�[Yºkv´)�yu�z.¿u��z��{Yæè
¾º¯Z°c�yu�¶¬Xº�¯èåµv¯M�b�u�¶] [Yºk�®d¿yº.«Y�½YzkY�yZº]
b�Y�µuº]�¶´À¸]�Z]�ªWZ�¯�uyº¯�yu�¶)�¶d*³�²¿Y�¶]�¶kºc�Z]æå¹

çåyu�±Zº°cyZ�u�îé�{Y��À]�yuuyYº¯íå�¶´À¸]�[Yºk�Z·YzkY
c¾¯�b�Y�µv��ª�ZoªWZ�¯�{Y��º³�²¿Y�yu�¶)�b�z-�¶lÀd³�±Yº

b�Z) ®d¿yº.«Y�½Z·YzkY�uYv�c�{Y�±Yºc�¾¯�Z�s�±Y|À¯�²¿zd�À]
¶¬X�¯�yu�®d¿yº.«Y�yYz*c�(¿�{Y�ª�Zo�[Yºk�yuèæ½YyYu�¶)�

æí�b�Y�µuZd�Y�¡Zº cY�bº�Y�Zº�s�¶)�¶d*³�²¿Y�¶]�¶kºc�Z]�Z¯Y
�³�¶¬X�¯�z·�¶]��º]z¯�[Yºk�²¿zºcv]��Yzºp³Y�²Àº.³ZÀ¯¶]�b^

{Y�¶´À¸]�[Yºké�ì�¾do�¶)�b�z-�¶lÀd³�±Yºc�¾¯�b�À³�zd�À]
¶´À¸]�[Yºk�¶]�(¿u|³�|À³�®d¿yº.«Y�{Y�ª�Zo�½Z¸]Yºk�²¿zºcv]

bº�Y�·°/¹z]�®d¿yº.«Y�/YzkY�{Y�ª�Zo�[Yºk���ºd¯�²À´$
µ{Zº] yu�¶³ºº°³�ªWZº�¯�Zº°c@í��å>�¶´À¸]�[Yºk�¶º] b^º�³

uyYu�yYzº£ ªWZº�¯�½YzkY�±Zº¯{��º�ºd¯z]�®d¿yº.«YyZ°c�½¹
z]Yz]�¶³ºº°³�ªWZº�¯å�ëìçªWZ�¯�{Y�µ¹z-�z·�(À* c�¶]�¹ ¶À³Zg�

©¹vºk yu�±Zº°cyZ�u�\º�oz]çb�Y�µvº� µuYu��±Z¯{�²¿zcv]
ª)�yu�®d¿yº.«Y�½YzºkYîëå¶]�¢¬�d¯�½YzkY�èç¶¬X�¯�yu�¶¬X�¯�

µyZ°º�èæZº]éå¶)�b�Y�µuZd�Y�¡Z cY�±Z°cyZ�u�æ�íèµuº]�¶À³Zg�
Zº] ¶º) bº�Y[º�p¯�¾�¿z��yZÀ�]�±Z¯{�¶¬X�¯�uZ�]Y�¶]�¶kººc

¾º¯uº��½Yz]�¿Z¤¯�`uºkº¯�/Z¸�¹y�z¿Z��Z]�®d¿yº.«Y�¾¿YyZ)�
�kz¯�®d¿yº.«Y��¶¬X�¯�ªºo /Yzº]@æ>Z]�Yy�¶¬X�¯�¶´À¸]�ªo�¶)�

{Y�µuZ dº�Y¶´ºÀ¸]�/Z¸º�¹y0¯�Zl³Y�/{Z�[Ztd³Y�v·uv��yu
©¹vºk�ç�²¿Y�{Y�ª�Zo�j¿Zd³�²Àº]Z¯�¾º¿Y�¶º�¿Z¤¯�¹ ®d¿yº.«Y�

�kzº¯ yu�uººkº¯�®dº¿yº.«Y@æ>bº�Y�µvº� µuYu�z)w�¶]�{Ç
®dºº¿yº.«Y�/Yzºº] ©¹vººk ²ºº¿Y yu�µvºº� ¶ººWYyY�±Zºº¯{�¶ºº) bºº�Y

kz¯º�@æ>�¯ºz)w��kz¯�²¿Y�yu�µv���yY|-�j¿Zd³�/¹y�{Y�Z°À¤d
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐ ÕÍ

©¹vkÎ�z] ®d¿yº.«Y�½YzkY�{Y�ª�Zo�¾cZ^�Zp¯�j¿Zd³�y½¹èç¶³º°³�¶¬X�¯�
%, $YHUDJH� :RUVW�6ROXWLRQ %HVW� 7LPH��VHF� �'HSW� 1DPH 12�
�� ��� ��� ��� ����� �� $� �
�� ��� ��� ��� ����� �� $� �
�� ��� ��� ��� ����� �� 7� �
�� ��� ��� ��� ����� �� 7� �
�� ��� ��� ��� ����� �� )� �
�� ��� ��� ��� ����� �� )� �
�� ��� ��� ��� ����� �� )� �
�� ��� ��� ��� ����� �� )� �
�� ����� ��� ��� ����� �� $��7�� �
�� ��� ��� ��� ����� �� $��7�� ��
�� ��� ��� ��� ����� �� )��)�� ��
�� ����� ��� ��� ����� �� )��)�� ��
� ����� ��� ��� ����� �� $��)�� ��
�� ��� ��� ��� ����� �� $��)�� ��
�� ��� ��� ��� ����� �� 7��)�� ��
�� ����� ��� ��� ����� �� 7��)�� ��
�� ����� ��� ��� ����� �� $��7��)�� ��
�� ��� ��� ��� ����� �� )��$��7�� ��
�� ����� ��� ��� ����� �� )��$��7�� ��
� ����� ��� ��� ����� �� )��$��7�� ��
�� ��� ��� ��� ����� �� )��$��7�� ��
�� ��� ��� ��� ����� �� )��7��$�� ��
�� ��� ��� ��� ����� �� )��)��)�� ��
� ��� ��� ��� ����� �� )��)��)�� ��
�� ����� ��� ��� ����� �� $��)��7��7��� ��
� ��� ��� ��� ����� �� )��)���)��)�� ��
� ��� ��� ��� ����� �� )��)���)��)�� ��
�� ��� ��� ��� ����� �� )��)���)��)�� ��
� ��� ��� ��� ����� �� )��)���)��)�� ��
�� ����� ��� ��� ����� �� $��7���)��)�� ��
�� ����� ��� ��� ����� �� 7��$���)��)�� ��
� ����� ��� ��� ����� �� $��)��$��)�� ��

©¹vkç�®d¿yº.«Y�j¿Zd³�`�¿Z¤¯�¶#yº¯�½Y¹®d¿yº.«Y��kz¯@æ>
éå èå çå æå ¶¬X�¯�yu�uºkº¯�½Z¸³Z°cyZ�u�uYv�c
èè æç è æ ��ºd¯±Z¯{®d¿yº.«Y�yu�ªo��kz¯�@æ>�¶À³Zg�

æ�êåé å�ìíê å�èèæ å�åì ��ºd¯±Z¯{���ºc�ªo�®d¿yº.«Y¶#yº¯½Y�¶À³Zg�

©¹vkè�j¿Zd³�/YzkY�{Y�ª�Zo®d¿yº.«Y¶#yº¯�½Yz]y|]�ªWZ�¯�/¹+y
çåå æëå æçå íå ¶¬X�¯�yu�uºkº¯�½Z¸³Z°cyZ�u�uYv�c
æ ç è é uYv�cµv��ªo�¶³º°³�¶¬X�¯

æéçå îèé èæé êå ��ºd¯±Z¯{���ºc�ªo�®d¿yº.«Y¶#yº¯½Y�¶À³Zg�
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÕÎ

µvº�z]�yº)x¯�®d¿yº.«Y�/YzkY�{Y�ªº�Zo�¹ bº�Yy¶*^��/¹
¶d�zº�À�681�63$5&�67$7,21�������� 0+]���� 0%

b�Y±Z°·�¶)Z¸³Z°cyZ�u�uYv�c��¿Y|�Y�Z]�b�Y��t�¯�¶)�¶³º-
�kz¯�®d¿yº.«Y�½YzºkY�±Zº¯{�zº] ®º·@æ>¾¯�µu¹|�Yuº�®·�¹

{Y��À]�Z]�ªWZ�¯�/Yzº]éå] ±Z°cyZ�u�¶�¶¬X�¯�uZ�]Y��¿Y|�Y�ªÀ«u
v´)�²ÀÀ�c�Yy�¶´ºÀ¸]�[Yººk bº�À³�yuZº£ yºº)x¯�®dº¿yº.«Y�Z¯Y

º¿yº.«Y�yu�ªºo ±Zº¯{�©Z*º�Y®d¶#yº¯�®�#�¶]�zd°)�yZÀ�]�½Y
¾º¯uyººsz]�®d¿yº.«Y�/YzºkY�®�zºÀ¬��¹y/¹¶³Z¿Yy�0�t��

/YzºkY�±Zº¯{Mb�Y��kz¯�®dº¿yº.«Y�{Y�zd�¿zº� ±�·°Z]�²À´$
] ½Z¸À�yz]�¶º] ¶kººc¶¶#yº¯�®d¿yº.«Y�µv¯M�ª°�b�Y�yuZ£�½Y

¶WYyY�Yy�0^¿z¤c�ªo�©º^£�ª]Z£�±Z¯{�yu�|À³�+y|º] ªWZº�¯�/Yzº]
v´º§Y ¶º)/¹z]�®d¿yº.«Y�/YzkY�Z]��º�º¯�²¿æå+y|]�¶¬X�¯�

v��0�yz]�v³v��vÀ«ºc�0�uZ�c�ayº��¶]�¶)��¬dºt¯�uZº�]Y�Zº]
©¹vk�yu�±M�j¿Zd³�¶)�è�b�Y�µv¯M��

±Z°cyZ�u�zh)Yvo�0¬°��ªWZ�¯�/Yz]� ¶)�b�Y�z)w� ¶]� {Ç
{Y�zd°)�Çº°�¯�0�yz]�uyº¯æåå±Z°cyZ�u�b�Y¶]�¶kºc�Z]�¶)

b -� ±Yºc�¾¯� ±M®d¿yº.«Y� ¶)�¶#yº¯�[Yºk�b�Y� yuZ£� ½Y
vÀ«ºc�0·Zcº)�±Z¯{� yu�0¬WZ�¯�²À´#�/Yz]� Yy� ¶´À¸]� ¶]�(¿u|³

v´)�

¶¯Z³�µ%Y¹
�� DXWRPDWHG�JXLGHG�YHKLFOHV
�� VLQJOH�ORRS�URXWLQJ��SUREOHP
�� DQW�FRORQ\�RSWLPL]DWLRQ
�� SKHURPRQH

�� OD\RXW�JUDSK
�� SODQDU�JUDSK
�� LQGXFHG�VXEJUDSK
�� JOREDO�XSGDWLQJ�UXOH��

kYz¯�
�� $VHI�9D]LUL��$���/DSRUWH��*���DQG�6ULVNDQGDUDMDK��&���

³7KH�%ORFN�/D\RXW�6KRUWHVW�/RRS�'HVLJQ�3UREOHP�´
,,(� 7UDQVDFWLRQV� RQ� � &RPSXWHUV� DQG� ,QWUDFWDELOLW\���
9RO������SS����������������

�� $VNLQ�� 5�� *��� DQG� 6WDQGULGJH�� &�� 5���0RGHOLQJ� DQG�
$QDO\VLV� RI� 0DQXIDFWXULQJ� 6\VWHPV� SS�� ���������
:LOH\�������

�� 'H�'X]PDQ��0��&���3UDEKX��1���DQG�7DQFKRFR��-��0��
$��� ³&RPSOH[LW\� RI� WKH� $*9� 6KRUWHVW� � 3DWK� DQG�
6LQJOH� /RRS� *XLGH� 3DWK� /D\RXW� 3UREOHP�´�
,QWHUQDWLRQDO� -RXUQDO� RI� 3URGXFWLRQ� 5HVHDUFK �
9RO�����SS�����������������

�� 'RULJR�� 0��� DQG� 'L� &DUR�� *��� ³$QW� &RORQ\�
2SWLPL]DWLRQ�� $� 1HZ�0HWD�+HXULVWLF�´� 3URFHHGLQJV�
RI�WKH������&RQJUHVV�RQ (YROXWLRQDU\�&RPSXWDWLRQ� �����

�� 'RULJR�� 0��� DQG� *DPEDUGHOOD�� /�� 0��� ³$QW� &RORQ\�
6\VWHP�� $� &RRSHUDWLYH� /HDUQLQJ� $SSURDFK� WR� WKH�
7UDYHOLQJ� 6DOHVPDQ� 3UREOHP�´� ,(((� 7UDQVDFWLRQV��
RQ�(YROXWLRQDU\�&RPSXWDWLRQ�9RO�����SS��������������

�� 'RULJR��0���0DQLH]]R��9���DQG�&RORUQL��$���³3RVLWLYH�
)HHGEDFN� DV� D� 6HDUFK� 6WUDWHJ\�´� 7HFKQLFDO� 5HSRUW�
��������8QLYHUVLW\�RI�0LODQ��,WDO\������

�� /DSRUWH��*���$VHI�9D]LUL��$��� DQG�6ULVNDQGDUDMDK��&���
³6RPH� $SSOLFDWLRQV� RI� WKH� *HQHUDOL]HG� 7UDYHOLQJ�
6DOHVPDQ� 3UREOHP�´� -RXUQDO� RI� WKH� 2SHUDWLRQDO�
5HVHDUFK�6RFLHW\� 9RO������SS������������������

�� 6LQULFK�� '�� ³'HVLJQ� DQG� (YDOXDWLRQ� RI� 2SWLPDO�
6LQJOH� /RRS� *XLGH� 3DWKV� IRU� $XWRPDWHG� *XLGHG�
9HKLFOH� 6\VWHPV�´� 0�6�,�(� 7KHVLV�� 3XUGXH�
8QLYHUVLW\��,QGLDQD�������

�� 6LQULHFK�� '��� DQG� 7DQFKRFR�� -�0�$��� ³,PSDFW� RI�
(PSW\�9HKLFOH�)ORZ�RQ�3HUIRUPDQFH�RI��6LQJOH�/RRS�
$*9�6\VWHPV�´ ,QWHUQDWLRQDO�-RXUQDO�RI��3URGXFWLRQ�
5HVHDUFK ��9RO����� SS������������������

���6LQULHFK�� '��� DQG� 7DQFKRFR�� -�0�$��� ³6ROXWLRQ�
0HWKRGV� IRU� WKH� 0DWKHPDWLFDO� � 0RGHOV� RI� 6LQJOH�
/RRS� $*9� 6\VWHPV�´ ,QWHUQDWLRQDO� -RXUQDO� RI�
3URGXFWLRQ�5HVHDUFK ��9RO������SS���������������

���6W�W]OH��7���DQG�+RRV��+��+���³0D[�0LQ�$QW�6\VWHP�´�
)XWXUH� *HQHUDWLRQ� &RPSXWHU� 6\VWHPV�� 9RO�� ����
SS����������������
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