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|³%ºcZ¯z��Y�n���²¿zcÇZ]�}Z�Y� z]�½%º«ºcZ��[Yºk°À]�¹ v�À¯�¶d�z-�z�³�yu�yZ°ºÀ]�½Yz]}Z�Y�²¿Y�z]�±YyZ yuv³v��¾¯�µuYu�yYz£�z¿{�¶³Z.l´��½Z·�µ¹z-� Î�*HUP�FHOO�DSODVLD�Ïº6HUWROL�FHOO�RQO\�V\QGURPH Ðº0DWXUDWLRQ� DUUHVW�Ñº+\SRVSHUPDWRJHQHVLV Òº1RUPDO�VSHUPDWRJHQHVLV µ¹z-Ó½y¹yZ]� ¶¤]Z�� Z]� µv��¾¯ºd§{Y¹�±Yuz¯�ª¯Z�|À³] uYz�Y�²¿Y�¶§uº]�¾¬^£Zl³Y�¹ ¾¬^£�½y¹yZ]�¶]�¶kºc�Z¾��ºÀ]�Zl³Y�¶]�{ZÀ³�zÀsY�©Z��j´��¾��yu�¾¯ºd§{Y¹v´d�Yv³�¶�À]�¾³º¯yº·�aZ�¿Z¯{M�²À]�±YyZ°À]�±ºs� {Y�½zÀ-�¶³º°³� b�Z�ÕZc�ÎÍ¶kyu�yu�¶¬�Zo�¶³º°³�¹ Zl³Y�n^��b�z��Z]�¡ZcY�ayYzoÏÍÍÍ½Yz]�¶À³Zg�z]�y¹uÒZc�ÎÍ ¹ µv�� %º ¿zd³Z�� ¶¤À£u¶kyu� yu� ¹ Yvk� ±M� z�� aYyYzo�ÏÍ��v��¾¯�½yYv¸.³�uYz.Àd³Z�� /+�¹)6+�¹ �½zÀ-�µ{Yv³Y�¾�Yº´°¿Yº¿uYy��¹y� ¶]� �l´��½Yz]LQKLELQ�%�µuZ d�Y�z��¶³º°³�±Z°·�{Y�|À³�¹ bH£u� �¿Y|�Y� yº�´¯� ¶]� yZ°À]� z·� ½Yz]� ¹ v��¾¯bÀ�Z�o��¹y� Z]� �¿Z¯{M� yZ]¹u(/,6$�Zl³Y� {M�¶§�b�z.À¯uz§�¾¯��yY|-�Yy�Z¸³M�©v�¯�µZ.�¿Z¯� ¶�À]� ©º�� ½zÀ-� µ{Yv³Y�{Y� y¹yZ]Z³� ±YyZ°À]� Z°c� yu¶�À]� ©º�� ½zÀ-� µ{Yv³Y� ½Yz]� ºc¹z¨�Y� ¾�Yz-º³º�v¿uz-� ¾¯� µuZ d�Y�¾¯ºd§{Y¹� ±Yuz¯� yu� ¶�À]� µ{Yv³Yµ{Yv³Y� ½º¤¬o� zd¯ºÀ§y¹Y� Z]� ¶´¿|·��·Z§� ½Yz]� µv�v��½zÀ-�¶¤¬o�ayº��¶]�¶¬À�¹�²¿Y¾¨Àd�È��½Z·a¹Z d¯�®·�Z]�Z¸³M�¾¬sYu�z�£�¶§�b�Y�¾¬¨��½º�À]±uYuyYz£� Z]� ¹ b�Y

²ÀÀ�c� Yy�±M� µ{Yv³Y� ±Yºc�¾¯� Z·� ¶¤¬o�²¿Y� ±¹yu� ¶�À]uz§�yYz£�µ¹z-�¹u�yu�¶�À]�©º��½zÀ-�µ{Yv³Y�{Y�~��±YyZ°À]v´d�z-�¾¯� µ¹z-�¦¿�{Y� zd°§� ¶�À]� ©º�� Z]Ò�Ñ�zd°Àd³Z�� µ¹z-�¹u�] ©º�� Z]{Y� zd�À]� Z¿� ½¹Z�¯� ¶�ÀÒ�Ñ zd°Àd³Z�½yZ¯M�ªÀ¬pc� ¹ ¶¿|lc�½Z·�z�� yu� ±YyZ°À]�aZ�È�Yj¿Zd³�¹ b^g� uº]� µv��¶À¸c� yº�´¯�²À°·�¶]�¶§��ZsyY|�Y� z³���ºc� ¶¬�Zo6366�±º¯{M� Z]�RQH�ZD\� $129$b�z-�yYz£�½yZ¯M�|À«Z³M�uyº¯��
j¿Zd³¢À¤pc�²¿Y�yu�¶�«Z�¯�uyº¯�bÀ�°kÑÒZ��z ³�ª¯ÐÐ ¹ ¾¯z��¹{M� ¶]� Èd^¯� y¹yZ]Z³� uz¯ÎÏ¶¤]Z�� Z]� uz¯� v³uº]�¾¯ºd§{Y¹�¶�«Z�¯�uyº¯�bÀ�°k�¾H¬§�aZ�t�¯b�Y�µv¯M�z¿{�©¹vk�yu�z��Y�|³%ºcZ¯z��Yº�À·�¶]�Èd^¯�±YyZ°À]�yu�¶¨´¿Y�b¬��¶]yu�½%º«ºcZ��²¿Y�Z]�z ³�¦¿��¤��¹ uyYu�uºk¹�¶�À]�yub�Yu� uºk¹� ¶�«Z�¯�²¿Y�Yy�½¹¾¯z��¹{M� µ¹z-� yu� ®¿uYu�yYz£�½uYv�³Y�zÀ��¾¯z��¹{M�µ¹z-�\Àczc�²¿v]½Z·�µ¹z-� ª¯Z�� ½uYv�³YÎZc�Ð¾¯z��¹{M� µ¹z-� ¹ ½Z·�µ¹z-�ª¯Z��½uYv�³YÑZc�Óuº]��
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uYv�³YzÀ��¾¯z��¹{M�¹ ½uYv�³Y�¾¯z��¹{M�µ¹z-�yu�½ yYuº°³Îa¹Z c� ½yZ¯M� |À«Z³M� Zl³Y� Z]� b�Y� µv¯M�v�� µv·Z�¯� ¶�À]� ©º���Zp«{YZ·�µ¹z-�²À]�½yYu�¾´�¯� S��������
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zd°Àd³Z�� ���{Yzd¨#º§�¶�À]zd°Àd³Z�� ���½¹Z�¯�Z¿�zd-y|]�¶�À]

$������������%  �$½uYv�³Y�¾¯z��¹{M�%� ½uYv�³YzÀ��¾¯z��¹{M�
yYuº°³Î��¿{ºc¾¯z��¹{M�µ¹z-�¹u�²À]�¶�À]�µ{Yv³Y�¾³Y¹Yz��½uYv�³YzÀ��¾¯z��¹{M�¹ ½uYv�³Y �Zp«� {Y)6+½Z·�µ¹z-�yu�uYz�Y�aZ�t�¯¹�¾³Y¹Yz��½%º«ºcZ�� }Z�Y� z]� �¬dt¯��yu� ¾¯z��¹{Myu� ½uYv�³YzÀ�� ª]Z¤¯� yu� ½uYv�³Y� ¹ ¾¯ºd§{Y¹�ª]Z¤¯½Z·�©¹vkÐ�Ï¹ÑyYuº°³�¹Ïb�Y�µv��µuy¹M��

©¹vkÏ�{ºcz.³Z�³�¹ ¾³Y¹Yz���¿)6+µ¹z-�}Z�Yz]�±YyZ°À]yu�¾¯ºd§{Y¹�µ¹z-�ª]Z¤¯�yu�¾¯z��¹{Mv�yu� aYzÀÀ�c�µu¹vp¯�,8�PO� r6'��ºd¯)6+ z��,8�PO� uYv�c�z ³� µ¹z-
Ð�ÔÐ ÒÓ�Ö�Í Ð�ÎÐrÐ�ÎÒ ÐÐ ¾¯z��¹{M
Ô�ÏÓ Ï�Ò�Ó�Î Î�ÎrÔ�Ï ÎÏ ¾¯ºd§{Y¹

ÎÍÍ ÒÓ�Ö�Í Ô�ÎÏrÖÒ�ÎÎ ÑÒ �°k
°·a¹Z c� uuz-�¾¯� µv·Z�¯� ¡º�� ©¹vk� yu� ¶§� yº�³Z)6+b�Y� yYu¾´�¯�½yZ¯M��Zp«{Y� µ¹z-¹u�²À]� z��� 3 �������µ{Yv³Y� j¿Zd³� ½yZ¯M� |À«Z³M�}Z�Y� z]½zÀ-/+z�� µyZ�Y�uyº¯�½Z·�½v´]�µ¹z-�}Z�Yz]�±YyZ°À]�¾´�¯�a¹Z c ²À]� ½yYu/+½%º«ºcZ�� �º³�}Z�Y� z]� ±YyZ°À]� z��{M� µ¹z-� ¹ ¶�À]uºkº¯�¾¯ºd§{Y¹�ª]Z¤¯� yu�¾¯z��¹ b�Y�\Àczc�¶]3������¹3 ������µ¹z-�²À]�¾«¹�Zp«�{Y�½uYv�³Y�zÀ��¾¯z��¹{M�¹ ½uYv�³Y�¾¯z��¹{M/+�v�³�µv¿u�yYu�¾´�¯�a¹Z c�z���3 ������

Archive of SID

www.SID.ir



¾�yz],QKLELQ�%z�����

µv¨�³Yu�¶¬l¯±ÈÀ-�¾¨�|��º¬��µZ.�³Yu�¾¨�|��®·u|À��©Z��µyZ°�ÒÎ�|À¿Z�ÎÐÕÐOÎ��

¾¯z��n���½zÀ-� µ{Yv³Y� {Y�¶¬�Zo�j¿Zd³LQKLELQ�%� ©¹Yvk� yu�±YyZ°À]� yuÒ�Ó¹Ôb�Y� µv¯M��z]}Z�Yyu� ½yYu� ¾´�¯� a¹Z c� aZ�È�Y� ²¿Y� ½yZ¯M� |À«Z³MLQKLELQ� %uºkº¯� Z·� µ¹z-� Z°c� yu�±YyZ°À]�²¿Y� z�� uº]�3��������½uYv�³Y�¾¯z��¹{M�µ¹z-�yu�¶§�¾³YyZ°À]�²À]�b¿Z¸³�yuv³uº]�¶d�z-�yYz£�v��Zl³Y�½v´]�®À�¤c�¶§�½yº��¶]¹z-�¦¿� yu�½y¹yZ]� ¶¤]Z�� Z]� µv��¾¯ºd§{Y¹� uYz�Y¹ µz��Y� Z¸³M� ¶�À]� yu� ¶§� ¾¯z��¹{M� Z]� y¹yZ]Z³� ±Yuz¯z�³� {Y� ¹ v´d�z-� yYz£� z.¿u� µ¹z-� yu� uº]� µv��b�Z¿¶�À]� µ{Yv³Y�½Z·zÀ�d¯�)6+��/+�LQKLELQ� %�|À«Z³M� b�z-�Zl³Y�½yZ¯M�½yZ¯M��Zp«�{Y�½yYu�¾´�¯�a¹Z c ¹ ¶�À]�µ{Yv³Y�½Yz])6+�uº]�uºkº¯�µ¹z-�¹u�²À]��¶] \Àczc3 �����¹3 ������½Yz]� ¾«¹/+¹% LQKLELQuº^³�yYu�¾´�¯�a¹Z c�²¿Y��\Àczc�¶]3 ����� ¹3 �������Z]� ±Yuz¯� ª§� ¶�À]� ¾��ºÀ]� yu� Z¯� ±YyZ°À]� ½z�� yu¾¯z��¹{M�¹ ¶�À]� µ{Yv³Y� yZÀ�¯�²d�z-� z�³� yu� ±¹v]

n��)6+z���yuÎÕ�v��YvÀ��z��Y�uyYº¯�ÓyZ°À]� {YÐÐyZ°À]���À¯�²¿Y±YyZ°À]� yu� z��Y� ¶]�¾]ZÀd�u�±Y|¾¨À´À¬§�½uYv�³Y�zÀ��¾¯z��¹{M�¶]�Èd^¯�¦#º§�¶�À] ¹)6+ÇZ]��|À³ÔÒ�ÎÕ�uº]�Ð{Y�yZ°À]�ÎÓyZ°À]��� yu�¾¯z��¹{M�Z]�±YyZ°À]�±ZÀ¯�{YÓ½Z·�¾�yz]�j¿Zd³�z ³�¶]�b�Yv³�¾³Yºt°·� Z¸³M�½%º«ºcZ��[Yºk� Z]�¾¨À´À¬§yu� ¶§� ½Y�¶³º-Ð] ¶§� z ³�¾¨À´À¬§� ¾�yz]�}Z�Y� z �¹ ¶�À]� µ{Yv³Y)6+�¶]� Èd^¯� vÀ�y�¾¯� z�³� ¶]v´�Z]� ½uYv�³YzÀ�� ¾¯z��¹{M�v¿R¯� ¶�À]� ¾��ºÀ] uº]� z��Y� uºk¹�}Z�Y� z]� ¶§� z.¿u� z ³� ¶�� yuz�³� ¶]�¾¨À´À¬§�½Z·yZÀ�¯¾¯z��¹{M�¶]�Èd^¯�vÀ�y�¾¯ v´�Z]�½uYv�³Y�¾¯z��Y�"À·v�³�b�Z¿�Z¸³M�¶�À]�yu� ½Yz]z.³Z�³�¾-&¿¹�¹ bÀ�Z�o�²ÀÀ�c�LQKLELQ�%yub�¨�� ¹ bÀ¤�º¯� |¿Z°c� yº�´¯� ¶]� z��Y� iYztd�Y¾´p´¯� {Y� ¶�À]� ¾��ºÀ]52&v¿uz-� µuZ d�Y��|À«Z³M¶¬�Zo� ¾´p´¯
½Yz]� ¶³Zd�M� yYv¤¯�²¿zd¸]� ¶§� uYu�±Z�³LQKLELQ� %yu� ¶�À]�¾��ºÀ]�b�¨�� Z¿�bÀ¤�º¯�¾´À]��À�SJ�POÑ� ÎÐÐb�Y��²¿Y�Z]±Y|À¯LQKLELQ�%yu�z��Y�b�Z¿�½Yz]� bÀ�Z�o�¶�À]Ñ�ÖÑ�¾-&¿¹�¹ÎÍÍ�uº]�v·Yºs�z-Y LQKLELQ�%{Y�z��Ñ�ÎÐÐ¶]�Ò�ÓÎuº��µuYu��·Z§��yu uz§�v·Yºt³�½zÀÀ�c�bÀ�Z�o�¶§�¾«Zo�¶]�¾-&¿¹ÏÒ� b�Z¿�v·Yºs��·Z§� ¾´p´¯� {Y� z-Y52&½Yz]�)6+²¿zd¸]� uº�� µuZ d�Y� ½Yz]� ¶³Zd�M� yYv¤¯)6+Z¿� bÀ¤�º¯� ¾´À]� �À�� yu�

¶�À]�¾��ºÀ]�b�¨�,8�PO�Ö�ÒyYv¤¯�²¿Y�¶§�b�Y�zÀ�� ¾¯z��¹{M� {Y� ½uYv�³Y� ¾¯z��¹{M� ¡Yzd�Y� ½Yz]bÀ�Z�o� ½uYv�³YÕ�ÔÔ�bÀ�Z�dsY� ¹Ò�ÕÎ� b�Yu�v·Yºs�¾´p´¯� z¿{� n��� uº��¾¯� ¶�oÈ¯� ¶§� ½yº�� ±Z°·52&�½Yz]�LQKLELQ�%��������{Y�zd�À])6+��������� v�Z]�¾¯�

©¹vkÐ�z.³Z�³�¹ ¾³Y¹Yz���¿{ºc)6+½%º«ºcZ��}Z�Yz]�±YyZ°À]yu�
v�yu� aYzÀÀ�c�µu¹vp¯�,8�PO� r6'��ºd¯)6+ z��,8�PO� uYv�c�z ³� ½%º«ºcZ�
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Ï�ÏÏ ÒÓóÔ�Ó Ó�ÎÑrÖ�ÎÓ ÎÍ �Î�*HUP�FHOO�DSODVLD
Õ�ÎÔ ÑÐóÏ�Õ Ó�ÎÏrÏ�ÏÔ Õ �Ï�6HUWROL�FHOO�RQO\�V\QGURPH

ÏÍ ÎÐóÖ�Í ÎÏ�ÑrÒ�Ò Ö �Ð�0DWXUDWLRQ�DUUHVW
Ï�Ï Õ�Õ Õ�Õ Î �Ñ�+\SRVSHUPDWRJHQHVLV
Î�ÎÎ Î�ÏÔóÏ Ô�ÖrÎÏ�ÎÏ Ò �Ò�1RUPDO�VSHUPDWRJHQHVLV
Ô�ÏÓ Ï�ÒóÓ�Î ÎÏ�ÎrÔ�Ï ÎÏ �Ó�9DVHFWRP\

ÎÍÍ ÒÓóÖ�Í Ô�ÎÏrÖÒ�ÎÎ ÑÒ �°k
¯ µv·Z�¯�¡º��©¹vk�yu�¶§�yº�³Z°·a¹Z c�uuz.À)6+b�Y�yYu�¾´�¯�½yZ¯M��Zp«{Y�Z·�µ¹z-�²À]�z���3��������

©¹vkÑ�z.³Z�³�¹ ¾³Y¹Yz���¿{ºc)6+½uYv�³Y�zÀ� ª]Z¤¯�yu�½uYv�³Y�¾¯z��¹{M�µ¹z-�±YyZ°À]�yu�
v�yu� aYzÀÀ�c�µu¹vp¯�,8�PO� r6'²À.³ZÀ¯)6+ z��,8�PO� uYv�c�z ³� µ¹z-
ÑÍ Î�ÏÔóÓ�Î Ò�ÓrÔ�Ò ÎÕ ½uYv�³Y�¾¯z��¹{M
ÓÍ ÒÓóÖ�Í Î�ÎÑrÎ�ÎÓ ÏÔ ½uYv�³Y�zÀ��¾¯z��¹{M
ÎÍÍ ÒÓóÖ�Í Ô�ÎÏrÖÒ�ÎÎ ÑÒ �°k

a¹Z c�uuz.À¯�µv·Z�¯�¡º��©¹vk�yu�¶§�yº�³Z°·)6+b�Y�yYu�¾´�¯�½yZ¯M��Zp«�{Y�µ¹z-¹u�²À]�z���3 ������
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)6+����,8�PO )+ ���������,8�PO )6+ �����������,8�PO )6+!������,8�PO

½uYv�³Y½uYv�³Y�zÀ�� ¾¯z��¹{M��º³
yYuº°³Ï��z.³Z�³��¿{ºc)6+½uYv�³Y�¾¯z��¹{M�¹ ½uYv�³Y�zÀ��¾¯z��¹{M�µ¹z-�¹u�yu�z��
©¹vkÒ�z.³Z�³�¹ ¾³Y¹Yz���¿{ºcLQKLELQ�%¾¯ºd§{Y¹�µ¹z-�ª]Z¤¯�yu�¾¯z��¹{M�µ¹z- ±YyZ°À]yu�
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v�yu� aYzÀÀ�c�µu¹vp¯�3J�PO� rr6'��ºd¯,QKLELQ�%z���SJ�PO� uYv�c�z ³� µ¹z-
Ð�ÔÐ Ó�ÏÑÔóÏÓ ÓÔ�ÒÒrÕÔ�ÖÖ ÐÐ ¾¯z��¹{M

Ô�ÏÓ Ð�ÑÐÐóÕ�ÎÐÖ ÎÐ�ÕÖrÖÑ�ÏÑÐ ÎÏ ¾¯ºd§{Y¹
ÎÍÍ Ð�ÑÐÐ�ÏÓ Ó�ÖÎrÏÖ�ÎÐÕ ÑÒ �°k

©¹vkÓ�z.³Z�³�¹ ¾³Y¹Yz���¿{ºcLQKLELQ�%½%º«ºcZ��}Z�Yz]�±YyZ°À]yu�
v�yu� µu¹vp¯aYzÀÀ�c�SJ�PO� rr6'��ºd¯LQKLELQ�%z�� �SJ�PO� uYv�c µ¹z-

Ï�ÏÏ Õ�ÎÏÕóÏÓ ÍÐ�ÏÓrÑÓ�ÔÓ ÎÍ �Î�*HUP�FHOO�DSODVLDÕ�ÎÔ Ô�ÕÓóÕ�ÒÖ ÕÕ�ÎÍrÏÐ�ÔÑ Õ �Ï�6HUWROL�FHOO�RQO\�V\QGURPHÏÍ ÎÏÔóÒÐ ÖÏ�ÏÕrÓÔ�ÕÖ Ö �Ð�0DWXUDWLRQ�DUUHVWÏ�Ï ÏÐÓ ÏÐÓ Î �Ñ�+\SRVSHUPDWRJHQHVLVÎ�ÎÎ Ó�ÏÑÔóÓÎ ÓÑ�ÔÔrÔÕ�ÎÔÕ Ò �Ò�1RUPDO�VSHUPDWRJHQHVLVÔ�ÏÓ Ð�ÑÐÐóÕ�ÎÐÖ ÎÐ�ÕÖrÖÐ�ÏÑÐ ÎÏ �Ó�9DVHFWRP\ÎÍÍ Ð�ÑÐÐ�ÏÓ Ó�ÖÎrÏÖ�ÎÐÕ ÑÒ �°k
©¹vkÔ�z.³Z�³�¹ ¾³Y¹Yz���¿{ºcLQKLELQ�%�³Y�zÀ��ª]Z¤¯�yu�½uYv�³Y�¾¯z��¹{M µ¹z-�}Z�Yz]�±YyZ°À]�yu�½uYv

v�yu� aYzÀÀ�c�µu¹vp¯�SJ�PO� rr6'²À.³ZÀ¯LQKLELQ�%z���SJ�PO� uYv�c�z ³� µ¹z-
ÑÍ Ð�ÑÐÐ�ÓÎ Ð�ÕÓrÑÏ�ÏÏÒ ÎÕ ½uYv�³Y�¾¯z��¹{MÓÍ ÎÏÔ�ÏÓ Ö�ÏÐrÏ�ÕÍ ÏÔ ½uYv�³Y�zÀ��¾¯z��¹{MÎÍÍ Ð�ÑÐÐ�ÏÓ Ó�ÖÎrÏÖ�ÎÐÕ ÑÒ �°k

���������� PLQ PHDQ PD[

PLQ �� �� �� �� ��� �� ���PHDQ �� ��� �� ��� �� ��� ��� ��� ��� ��� ���PD[ ��� �� �� �� ��� ��� ��� ��� ��
� � � � � �

yYuº°³Ð�ª£Yvo���ºd¯�±º¯yº·�±Y|À¯�zh§Yvo�¹LQKLELQ�%½%º«ºcZ��}Z�Y�z]�±YyZ°À]�yu�z��
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yYuº°³Ï��z.³Z�³��¿{ºc)6+½uYv�³Y�¾¯z��¹{M�¹ ½uYv�³Y�zÀ��¾¯z��¹{M�µ¹z-�¹u�yu�z��
52&�&XUYH�IRU�)6+

����6SHFLILFLW\
�����������������6HQV

LWLYLW\
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52&�&XUYH�IRU�LQKLELQ�%

����6SHFLILFLW\
�����������������6HQV

LWLYLW\
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�������� ��������

½zÀ-�¶lÀd³�¹ fp]¯ ¶�«Z�¯�²¿Y�}Z�Y�z]�¬dt¯�½Z·�µ¹z-�²À]�²����ºd¶lÀd³� }Z�Yz]� ±º#� ¾«¹� b�Yu� ½yYu�¾´�¯� a¹Z cZ]��³YyZ¨°·� ¹ ±º�yv³M� Z¿yZ¯� Z³M� ¶�«Z�¯� {Y� ¶¬�Zo¾¯z��n����º¬]�ª¿Y¹Y�yu�²���¿Y|�YLQKLELQ�%�|À³�¾£Z]� zÀÀ�c� ±¹v]� ±Z¯{�²¿Y� {Y�~��¾«¹� ¶d�Z¿��¿Y|�Yv³Z¯�¾¯�Ô�´¿z·º]� ¶�«Z�¯� ¶lÀd³� }Z�Yz]� |À³� ¹¹ ,

n����³YyZ¨°·LQKLELQ�%²��{Y�~��z�ÒÍ¾.«Z��uyYv³�¾c¹Z c�²��²¿Y� {Y�ª^£�±M�¾¯z��n��� Z]�ÎÐ� uyYv³�½zÀgZc�¶�«Z�¯�²¿Y�¶lÀd³�yu�²��®¿zÀ-�¾¯�¶lÀd³� yu�½yYu�¾´�¯�a¹Z c�¶kºd¯�Z·�µuYu�²¿Y�}Z�Yz])6+� /+�LQKLELQ� %¾¯z��¹{M� µ¹z-� ²À]� ¶�À]� µ{Yv³Y� ¹Y zÀ�� ¹ ½uYv�³Y®¿º��¾¯� ½uYv�³�a¹Z c� ²¿Y� ¾«¹

¾´p´¯52&½Yz]�)6+

bÀ�Z�o
¾-&¿¹

bÀ�Z�o
¾-&¿¹

¾´p´¯52&½Yz]�LQKLELQ�%
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½Yz])6+{Y�zd°§�LQKLELQ�%�v�Z]�¾¯��3 ����yu� ª]Z¤¯3��������±Y|À¯� |³%ºcZ¯z��Y� n����¿Y|�Y� Z] ¾¯z�LQKLELQ� %b�Z¿�¾¯��¿Y|�Y� |À³��yYuº°³Ð�¶§ ¹ |³%ºcZ¯z��Y�®À¤d�¯��Z^cyY� z.³Z�³LQKLELQ� %�z�� b�Y�¾¯z��¹{M�µ¹z-�yu�z.¿u��z��{Y²À]�½uYv�³Y�¶¤]Z�� Z]� µv�� ¾¯ºd§{Y¹� ±Yuz¯� Z]� ¾¯z��¹{M� ±Yuz¯v���t�¯�±M�¾��¹ Zl³Y�½yZ¯M|À«Z³M�¾¬^£�½y¹yZ]¾¯z��n��� ¶§)6+�/+�¹u�²¿Y� yu� ¶�À]� µ{Yv³Y� ¹a¹Z c�²¿Y� ¶§�¾«Zo� yu� uyYu�½yYu�¾´�¯�a¹Z c� µ¹z-½Yz]LQKLELQ�%�¶§�¾«Zo�yu�¾´�¿�b�À³�yYu�¾´�¯�z� �Y�²¿Y�Z°cv´d�·�uºs�¶�À]�yu�z��Y�½YyYu�uYz�)6+� /+¾«Zo�yu�v³yYu�a¹Z d¯�¶�À]�µ{Yv³Y�¹¶§�LQKLELQ� %uyYv³�¾³Yv´#�a¹Z c�Z¸³M�z���¶³º-�²¿Y�±YºdÀ¯�~� Z¸´c�¶³�¶§�uº°³�½zÀ-�¶lÀd³LQKLELQ�%v³Yºc�¾¯�z��²X°�¯�z.³Z�³�¶¨¬]�v�Z]�¶�À]�yu�|³%ºcZ¯z��Y�z.³Z�³z]�½zc�}Z�o� ¹ zc¾¯� ¶�À]� yu� z��Y��Àt�c�½Y v�Z]�±YyZ°À]�{Y�z ³�¶��¶�À]�yu�Z¯�±YyZ°À]�½Z·�µuYu�}Z�Y�z]½uYv�³YzÀ�� ¾¯z��¹{M� ¶]� Èd^¯�½Z·yZÀ�¯� }Z�Y� z] ¹ ¶�À]�µ{Yv³Y�j¿Yy)6+�¶§�¾«Zo�yu�v�� YvÀ��z��Y n��%LQKLELQ�¶�À]�yu� Yy�z��Y�uºk¹�©Z°doY� Z¸³M�z��uº]� µuYu�±Z�³� Z¸³Mn���{Y��À]� Yz¿{FXW�RII�¹ uº]�½uYv�³Y�¾¯z��¹{M�¶]�Èd^¯�yZ°À]�¶��¶�À]�yu�yº�´À°·�¹ ¶�À]�µ{Yv³Y�j¿Yy�½Z·yZÀ�¯�}Z�Yz])6+�¾¯z��Y ¾¯z��n���¶��z·�¶§�v�³� YvÀ�LQKLELQ�%�zd°§�Z¸³M� {YSJ�PO�ÎÎÔ½Yz]�z.¿u�½v·Z��uºs�±YyZ°À]�²¿Y�uº]�zd�À]�b£u� ¹ bÀ�Z�oLQKLELQ� %¶]�b^�³� z�� j¿Yy�½Z·yZÀ�¯�¹ ¶�À]�µ{Yv³Y)6+�z��Y���§�½Yz] v´�Z]�¾¯�¶�À]�yu�
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�]Z´¯��� 6FKOHJHO� 31�� +DUG\� 0�� 0DOH� 5HSURGXFWLYH�3K\VLRORJ\�� ,Q�� :DOVK�� 5HWLN�� 9DXJKDQ�� :HLQ��&DPSEHOO¶V� 8URORJ\�� �WK� HG�� 3KLODGHOSKLD�� :%�6DXQGHUV�������������������6LJPDQ�0��-DURZ�-3��0DOH�,QIHUWLOLW\��,Q��:DOVK��5HWLN��9DXJKDQ��:HLQ��&DPSEHOO¶V�8URORJ\���WK�HG��3KLODGHOSKLD��:%�6DXQGHUV��������������������(FNDUGVWHLQ� 69�� HW� DO�� 6HUXP� ,QKLELQ�%� LQ�&RPELQDWLRQ�ZLWK� 6HUXP�)6+ LV� D�0RUH�6HQVLWLYH�0DUNHU� WKDQ� 6HUXP� )6+� $ORQH� IRU� ,PSDLUHG�6SHUPDWRJHQHVLV� LQ� 0HQ�� EXW� &DQQRW� SUHGLFW� WKH�3UHVHQFH� RI� 6SHUP� LQ� 7HVWLFXODU� 7LVVXH� 6DPSOHV��7KH�-�RI�&OLQ�(QGRFULQRORJ\�DQG�0HWDER���������������������������$��6FKRRU��HW�DO� 5ROH�RI 7HVWLFXODU�%LRSV\�LQ�WKH�0RGHUQ�0DQDJHPHQW�RI�0DOH�,QIHUWLOLW\��-�8URORJ\����������������������-HQVHQ�7.��HW�DO��,QKLELQ�%�DV�D�6HUXP�0DUNHU�RI�6SHUPDWRJHQHVLV�� 7KH� -� RI� (QGRFULQRORJ\� DQG�0HWDER�������������������������<XOFKD�.��HW�DO��$SSURDFKHV�IRU�2EWDLQLQJ�6SHUP�LQ�3DWLHQW�ZLWK�0DOH�,QIHUWLOLW\��-�RI�,QIHUWLOLW\������������������������$QGHUVRQ�$0��HW�DO���6HUXP�,QKLELQ�%�LQ�+HDOWK\�3XEHUWDO�DQG�$GROHVFHQW�%R\V��-�RI�&OLQ�(QGRFULQR�DQG�0HWDERO�������������������������9HUQDHYH� 9�� HW� DO�� 6HUXP� ,QKLELQ� %� &DQQRW�3UHGLFW�7HVWLFXODU�6SHUP�5HWULHYDO� LQ�3DWLHQWV�ZLWK�

1RQ�REVWUXFWLYH� $]RRVSHUPLD�� +XPDQ�5HSURGXFWLRQ����������������������� %RKU� .:�� ,QKLELQ� %� DV� D� 0DUNHU� RI�6SHUPDWRJHQHVLV��$�1HZ�'LPHQVLRQ�LQ�$QGURORJ\��+DXWUD]W�����������������3LHULN� )+�� 9UHHEXUJ� -70�� 6WLMQHQ� 7�� 'H� -RQJ�)$��:DEHU�5)$�� 6HUXP� ,QKLELQ�%� DV� D�0DUNHU� RI�6SHUPDWRJHQHVLV�� -� RI�&OLQ�(QGRFULQR� DQG�0HWDER�����������������������&KD� .<�� 2XP� .%�� .LP� +-�� $SSURDFKHV� IRU�2EWDLQLQJ� 6SHUP� LQ� 3DWLHQWV� ZLWK� 0DOH� )DFWRU�,QIHUWLOLW\��)HUWLO�6WHULO���������������������(]HK�,82��0RRUH�+'0��&RRNH�,'��&RUUHODWLRQ�RI 7HVWLFXODU�6SHUP�([WUDFWLRQ�ZLWK�0RUSKRORJLFDO��%LRSK\VLFDO� DQG� (QGRFULQH� 3URILOHV� LQ� 0HQ� ZLWK�$]RRVSHUPLD� 'XH� WR� 3ULPDU\� *RQDGDO� )DLOXUH��+XP�5HSURG����������������������%RKULQJ�&��.UDXVH�:��,QKLELQ�%�LQ�$JLQJ�0DOH��([SHULPHQWDO� DQG� &OLQLFDO� (QGRFULQRORJ\� DQG�'LDEHWHV�������9RO�����������������'H.UHWVHU�'0��0F�/DFKODQ�5,��5REHUWVRQ�'0��%XUJHU� +*�� 6HUXP� ,QKLELQ� %� /HYHOV� LQ� 1RUPDO�0HQ� DQG� 0HQ� ZLWK� 7HVWLFXODU� 'LVRUGHUV�� -�(QGRFULQRO����������������������*ROGVWHLQ� 0�� 6XUJLFDO� 0DQDJHPHQW� RI� 0DOH�,QIHUWLOLW\� DQG� RWKHU� 6FURWDO� 'LVRUGHUV�� ,Q�� :DOVK��5HWLN��9DXJKDQ��:HLQ��&DPSEHOO¶V�8URORJ\���WK�HG��3KLODGHOSKLD�� :%� 6DXQGHUV�� ������ ��������
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6XUYH\�RI�6HUXP�,QKLELQ�%�DV�D�5HOLDEOH�0DUNHU�IRU�3UHGLFWLRQ�
RI� 7HVWLFXODU�6SHUPDWR]RD�LQ�7HVWHV�RI�$]RRVSHUPLF�3DWLHQWV

+DPLGL�0DGDQL�$���6KLUL�+�
$EVWUDFW,QWURGXFWLRQ� 'LIIHUHQW� FRQYHQWLRQDO� PDUNHUV� IRU� SUHGLFWLRQ� RI� WKH� SUHVHQFH� RI� VSHUPDWR]RD� LQ�D]RRVSHUPLF�PHQ�KDYH�EHHQ�LQYHVWLJDWHG�2EMHFWLYH� $� UHOLDEOH� PDUNHU� IRU� SUHGLFWLRQ� RI� WKH� SUHVHQFH� RI� JHUPLQDO� HSLWKHOLXP� LQ� WHVWHV� IURP�D]RRVSHUPLF�SDWLHQWV�LV�RI�XWPRVW�LPSRUWDQFH�LQ�SODQQLQJ�WUHDWPHQW�LQ�WKH�$57V�HUD�����7KH�REMHFWLYH�RI�WKLV�VWXG\�KDV�EHHQ�WKH�DVVHVVPHQW�RI�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�VHUXP�LQKLELQ�%�OHYHOV�DV�DQ�LQGLFDWRU�RI�WKH�SUHVHQFH�RI�WHVWLFXODU�VSHUPDWR]RD�LQ�D]RRVSHUPLF�LQIHUWLOH�PHQ�DQG�WKH�FRPSDULVRQ�RI�LWV�VHQVLWLYLW\�DQG�VSHFLILFLW\�ZLWK�WKH�WUDGLWLRQDO�VHUXP�)6+�PDUNHU�0DWHULDOV�DQG�0HWKRGV�7KLV�VWXG\�ZDV�SHUIRUPHG�EHWZHHQ����2FWREHU������DQG���2FWREHU������LQ�WKH�XURORJ\�FOLQLF�RI�5D]L�8QLYHUVLW\�+RVSLWDO�LQ�5DVKW�����LQIHUWLOH�PHQ�LQFOXGLQJ����D]RRVSHUPLF�SDWLHQWV�DQG����PHQ�ZLWK�SUHYLRXV�KLVWRU\�RI�YDVHFWRP\�ZHUH�VWXGLHG�$IWHU� KLVWRU\� WDNLQJ� DQG� SK\VLFDO� H[DPLQDWLRQ�� KRUPRQDO� HYDOXDWLRQ� LQFOXGLQJ� )6+�� /+�� LQKLELQ� %�� DQG�VFURWDO�XOWUDVRQRJUDSK\�IRU� WKH�DVVHVVPHQW�RI� WKH�VL]H�RI� WHVWHV��DQG� WKHQ�ELODWHUDO� WHVWLFXODU�ELRSVLHV�ZHUH�SHUIRUPHG�LQ�D]RRVSHUPLF�PHQ��6WDWLVWLFDO�FRPSDULVRQV�EHWZHHQ�JURXSV�ZHUH�PDGH�ZLWK�RQH�ZD\�$129$�E\�6366���VRIWZDUH�5HVXOWV� 7KH�UHVXOWV�RI�RXU�VWXG\�VKRZHG�WKDW�SDWLHQWV�ZLWK�QRQREVWUXFWLYH�D]RRVSHUPLD�KDYH�VLJQLILFDQWO\�KLJKHU� OHYHOV� RI� VHUXP� )6+� ������������� ,8�PO� YV�� ������ ����� ,8�PO� DQG� VLJQLILFDQWO\� ORZHU� OHYHOV� RI�LQKLELQ� %� ����������� SJ�PO� YV�� ������������ SJ�PO��� 7KLV� GLIIHUHQFH� ZDV�PRUH� VLJQLILFDQW� IRU� LQKLELQ�%��S������� YV�� 3 ������� 0HDQ� VHUXP� LQKLELQ� %� OHYHOV� ZHUH� VLJQLILFDQWO\� KLJKHU� LQ� SDWLHQWV� ZLWK�QRQREVWUXFWLYH�D]RRVSHUPLD��KLJK�VHUXP�)6+�	�VPDOO�VL]H�WHVWHV��ZKR�KDG�VSHUPDWR]RD�RQ�7(6(�WKDQ�LQ�WKRVH� LQ� ZKRP� QR� VSHUPDWR]RD� ZHUH� IRXQG� �������� �� ������ SJ�PO� YV�� ������ �� ������ SJ�PO��� EXW�PHDQ�VHUXP�)6+�OHYHOV�GLG�QRW�KDYH�VLPLODU�SUHGLFWLYH�SRZHU��������������,8�PO�YV�������������,8�PO��7KH�FXW�RII� OHYHO�RI LQKLELQ�%�VHSDUDWLQJ�ERWK�JURXSV�� DV�GHWHUPLQHG�E\�52&�FXUYHV��ZDV�!�������SJ�PO��VHQVLWLYLW\� ������	�VSHFLILFLW\� ��������&RQFOXVLRQ� 6HUXP�LQKLELQ�%� OHYHO�VHHPV� WR�EH�PRUH�DFFXUDWH� WKDQ�VHUXP�)6+�OHYHO� LQ�SUHGLFWLRQ�RI� WKH�SUHVHQFH�RI�WHVWLFXODU�VSHUPDWR]RD�LQ�SDWLHQWV�ZLWK�QRQREVWUXFWLYH�D]RRVSHUPLD�
.H\�ZRUGV��$]RRVSHUPLD�%LRSV\��)ROOLFOH�6WLPXODWLQJ�+RUPRQH��0DOH�,QIHUWLOLW\���,QKLELQ�%��7HVWLV�
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