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�º³�{Z]�½Z·�¾.d�¨��yu�±uyºs��ºk�zÀsPc�yu�yZ.À��,,�,,,$�,,,%v��b]Zg�¾³�b�yu�±Yºtd�Y�Ð��µ¹È��¶] ¶�«Z�¯�yu&DVWLOOR|³Zk�¾¨�|��µv¨�³Yu�yu�±YyZ¨°·�¹ |´À¨�Z·��§�¾´�¿� µ¹z-� ¶��z]� ¶§½yZ.À��|-z·�¶§�¾³Z¶�«Z�¯�±Z¯{� yu� ¹ µuº]�½yZ.À�� >È^£� ¶§�¾³Z�§� �v³uº^³­Z.´·� yu� ®·� ¹ >È^£� ®·� ¶§� ¾³Z�§� ¹ v³uº^³�½yZ.À�v³uº]� ½yZ.À�� ¶�«Z�¯�{¹z]� z]� yZ.À�� �z�¯� aYzgYª¯Z�� ¶§� ¾³�b�yu� v¿v�� {Z]� ½Z·�¾.d�¨���yYº�ÇZ]�{¹z]�Z]��uº]�bÀ¬ÀÀ¯ºXd�Y�¹ ±uyºs��ºk�yu�zÀsPczc v���t�¯� yº§x¯��yYº�� yu�yu�¾do� ¶§�½yº��¶]Yy�yZ.À��¶�«Z�¯�±Z¯{�yu�¹ µuº]�½yZ.À��>È^£�¶§�¾³YyZ°À]v³uº]� µuz§� ¥zc��ºk� yu� zÀsPc� ¶¬°k� {Y� �yYº�b�Y�µuº]�Z·�½yZ.À��zÀ��{Y�zd�À]�±uyºs�Ñ���º�t] ­Yv³Y�½Z·�¾.ºd�¨��¹ Z¯¹zc�azh§�¶]�¶kºc�Z]u ¾³�b�yu�±Yºtd�Yyuazh§�¶³Z �Pd¯�|À³�¹ ±ÈÀ-�±Zd�Yy

Archive of SID

www.SID.ir



½v�Y�±Yz¯Z§�zd§u

µv¨�³Yu�¶¬l¯±ÈÀ-�¾¨�|��­º¬��µZ.�³Yu�¾¨�|��©Z�®·u|³Z���µyZ°�ÒÔ�yZ¸]ÎÐÕÒ��

¶§� ®¿v�� ±M� z]� ±YyZ°À]� ²¿Y� ±ZÀ¯� yu� yZ.À�� �z�¯±uyºs��ºk�¹ yZ.À���z�¯��Z^cyY�uyº¯�yu�½Y�¶�«Z�¯®À·u�­Zl³Y�±Yºtd�Y�¹ ¶«Z�yZ¸#�µy¹u�¦¿�yu�¶�«Z�¯�²¿Y¦¿&«º¿uYy�¹ ¾¨À´À¬§�uº^¸]�v³¹y�z]�Z´À�yº��±Zd�yZ°À]�yuÎÑÓ¶§�v��­Zl³Y�yZ°À]��º³�{Z]�Z¿�¶d�]�¾.d�¨��yZ#u�, v³uº]�¾³�b�yu�|À�Z¿u�
Z·��¹y�¹ uYº¯¶�«Z�¯��º³�uº]�z.³�µv´¿M�¾·¹z.°·��º³�{Y�¶�«Z�¯�� ÎÖÒyu�¾«Yºd¯�¾.d�¨��ÎÖÍ¶§�v��¶d�z-�z�³�yu�yZ°À]� ÑÑ¶�«Z�¯� {Y� z¿{� µv´´§��¹vt¯ ª¯Yº��ªÀ«v] yZ°À]�v³v���xo� Î��º³,,¹,,,b�yu� {Z]� ¾.d�¨��¾³Ï�½yZ°À]� ±Yºtd�Y� ¦¿%º«ºcZ¯¹y� ¹ ¦À«º]Zd¯Ð�b]Z¿uÑ��z�¯v³yYx-�¾¯�zÀgPc�±M�®�À«º]Zd¯�¹ ±Yºtd�Y�½¹y�¶§�¾¿Z·¹yYuÒ�¾¬� ¯�ªsYu�¾.d�¨��Ó�¹ ®Às��ºs�½Z·yº¯ºc� ®Àsv]Ô�©Z �Y�j¬��©Z^³v]�¾³Yºtd�Y�¾�¹zcM�Õ�{¹z¨³� ¾�Yzcº¿uYy�©Z^³v]�±Yºtd�YÖ�½uY{yuZ¯�©ÈdsYÎÍ�Z§z��½y vÀW¹zÀcÎÎ�½|§z¯�¾^���®d�À��½Z·�½yZ°À]�ÎÏ�bÀ^hc� ¥È��¹ "À��Z]�±Yºtd�YÎÐ�{Y��À]�±Z¯yu�zÀsPc�Ð¶d ·� ÎÑ�¾³�b�yu�¾.d�¨��ªp¯�yu�¾.dsº��ÎÒ�½yZ°À]� ,´À�º§ÎÓ�½ºÀ¬§�½Z·�½yZ°À]�½zÀ-�¶³º°³��¹y�{Y�ÎÑÓ¶§� µv��¾�yz]�¾«Yºd¯� yZ°À]�¨�� Z¿�¾³�b�yu� ¶d�]�¾.d�¨�� yZ#u�º³� {Z]�¾.d�, ½Z·�©Z��²À]�¾³�b�yuÎÐÔÕZc�ÎÐÕÏ�v³uº]�ÔÓyZ°À]� ¹ ½yZ.À��zÀ�ÔÍv³uº]�½yZ.À��z ³��uYv�c�²¿Y� {YÑÑ ½yZ.À�� yZ°À]�ÒÕ��¹ÒÖ½yZ.À�zÀ�� z ³��ÕÑ��Zc�º£¹� {Y� ©Z��¦¿� {Y� ~�� Zc� Z¿� ª¯Z§� ±uyºs� �ºkv³v��½zÀ.À��¾.d�¨�� Òv³uº^³�½yZ.À��¶§�¾·¹z-�{Y�yZ°À]�¹u�¡Z��¾.d�¨��¶�«Z�¯�{Y� Z·�­Yv³Y�{Y�¾¨¿�¾£Z cY�yº��¶]�¶§�v´d�Yu�¶�z�v³v��iyZs�[Ztd³Y�½Yz]� µv�� ¶d�z-� z�³yu�½Z·yZÀ�¯ ±YyZ°À]��º³�{Z]�Z¿�¶d�]�¾.d�¨�,µu¹vp¯�yu�¾³�b�yu� ²��Zc�¾d¬¨�Y��º¬]�²À]�¾´�ÔÒuº]�©Z���z�³�{Y�±YyZ°À]

´d�Yu�yYz£�n���¦¿�yu�>Z^¿z¤cv¯Myuv�±YyZ°À]�{Y�­Yv§�"À·v´d�Yv³�¾³º¯yº·¹�½yYuyZ]v��½Z·¹yYu��z�¯¶¤]Z��f³R¯�±uº^³�Z¿�±uº]�½yZ.À��¶³�¹ nÀkzc�}Z�Y�z]�±Z¯yu��¹yuº]yZ°À]�Z]�±Z¯yu��¡Z��v´¬]�"-�Z]�±Z¯yu�ª¯Z���¹y�¶�b�y�yZ¨]�yÇ¹v¯Yzd´¿Y�¶¬À¯�Z]�±Z¯yu�¹ yºcZ�¨À��©Z³zd�§Y� ±Z¯yu�j¿Zd³�¾]Z¿{yY±uyºs��ºk� yZÀ�¯� ¹u�\�o� z]v��­Zl³Y�½%º«º¿uYy�z�³�{Y�±uyºs��ºk�¹ ¾´À«Z]� ¾¨À´À¬§�±uyºs��ºk�¹ ±{¹�ª°pc�¶]�yuZ£�yZ°À]�¾´�¿�ªp¯� yu� uyu�}Z�oY� ±¹v] Èd^¯� ­Yv³Y� Z]� ²d�y� µYy¹ uyu�mYzk�½yZ¨d�u� Z]� ¶§� uº]�¾d£¹� yu� ¹ ¾.d�¨�v��¾°³�}Z�oY�©Z³¹z§�¹ ©Zd¿%Z��b¸k�yu�b§zo� ¦¿%º«º¿uYy�±uyºs��ºk�{Y� uyº¯�¶��ª£Yvo�¾´�¿�Ñuº^¸]�qy�®À³�¹ ¹z]¹y�¾�Yz-º¿uYy� yu�±Yºtd�Y�~¨cyº§v·u�±Z�³�±¹v]�b�¿%º«º¿uYy�¹ ¦�|��Z·�¾�Yz-º¿uYy�yu±uº]�½yZ.À��{Y��È�Y�±uº^³�Z¿�yZ°À]�Yy�±uyºs��ºk v³uz§�vÀ¿Pc�Yvo�Zc�Z¿�±Yºtd�Y�ª¯Z§�±uyºs��ºk�Zc�±YyZ°À]¦¿�ª£ v³v��½zÀ.À��¾.d�¨���º£¹�{Y�~��©Z��yu� ¾�z�¯� yZ.À�� uYv�c� ¹ ±uº]� ½yZ.À�� uyº¯� yuµv�� ¶d�z-� z�³� yu�¾ ¬dt¯�½Z·yZÀ�¯��¬dt¯�½Z·�¶«Z¤¯�z�¯�¶�«Z�¯�²¿Y�yu�¶§� �b�YÓyu�zd�À]�Z¿�yZ.À��r³�yZÀ�¯�Z]�¶§�v��µuZ d�Y�±uº]�½yZ.À��yZÀ�¯�±Yº´��¶]�{¹y:+2uyYu�b¤]Z�¯��Ò�¡È�Y�¾�§�¶]�½yZ.À�zÀ��uz��¹b�Yv³�yZ.À���z�¯�¶�«Z�¯�©º�yu�¹ ±M�{Y�~��¶§�v��µ¹z-� ¹u� ²À]� ª¯Z§� ±uyºs� �ºk� Zc� ¾³Z¯{� a¹Z cªsYu� µv�� µuz]� yZ¨]� ¶¬À¯��º³� �½yZ.À��zÀ�� ¹ ½yZ.À�z«¹v¯�©Z³Z§�8QUHDPHGZ¿�5HDPHG�¾.d�¨���º³� ¹ ½v´]�®À�¤c�}Z�Y�z]$Rv��¾�yz]��
j¿Zd³uyu� ±uyºs� �ºk� ½yÇ¹v¯Yzd´¿Y� ¶¬À¯� {Y� µuZ d�Y� yzc�µZcº§�yYu�¾´�¯�yº��¶]�Z·�½yZ.À�zÀ����ºd¯ÎÐÔ{¹y�{Y Z·�½yZ.À����ºd¯ÏÑÒ{¹y�uº]�3 �������uyº¯yu�|À³�¹yu�±uyºs��ºk�±Z¯{���ºd¯��¦¿%º«º¿uYy�±uyºs��ºk
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Z·�½yZ.À�zÀ�ÎÒÒZ]� ¶�¿Z¤¯� yu� ¹ {¹y�ÐÐÖ½Yz]� {¹y� uº]Z·�½yZ.À��3 ���������¤³v¿R¯¹yYu�¾´�¯��ÈdsY�²¿Yb�Y�¾³�b�yu�¾.d�¨��yu�±uyºs��ºkzÀsPcyuyZ.À��bÀ^hc� ½Yz]� yºcZ�¨À�� ©Z³zd�§Y� {Y� µuZ d�Y� ­Z.´·� yu±Yºtd�Y�Z]� ½yZ.À�� zÀ�� ±YyZ°À]� yu� ¾¨À´À¬§� uº^¸]±Z¯{���ºd¯ÎÒÕ��ºd¯�¹ Z·�½yZ.À��Z]�¶�¿Z¤¯�yu�{¹y� ±Z¯{ÐÏÑyºs��ºk�½Yz]� {¹y��¾³�b�yu�±Yºtd�Y�±u uº]� zc�µZcº§� yYu�¾´�¯� yº�� ¶]�3 �������uº^¸]� |À³� ¹yu� yºcZ�¨À��©Z³zd�§Y� {Y� µuZ d�Y� ­Z.´·� yu�¦¿%º«º¿uYy��ºd¯�yº��¶]�Z·�½yZ.À�zÀ�ÎÎÒ¶�¿Z¤¯�yu�¶§�uº]�{¹y� Z]ÐÔÖb�Y�zc�µZcº§�½{yZ]�yº��¶]�Z·�½yZ.À��½Yz]�{¹y��3 ��������uyºs� �ºk� ±Z¯{� ��ºd¯yu� ¾³� b�yu� ¾¨À´À¬§� ±¹ ¶d�]� ²dsYv³YZk� Z]� ¶§� ¾¯Z.´·� ½yZ.À�� ±YyZ°À]�v³v�� ±Z¯yu� ½zÀ-�"-ÎÖÕ±YyZ°À]� yu� ¹ {¹y�

½yZ.À�zÀ�ÎÏÏµv¿u� ½yYu�¾´�¯��ÈdsY� ¶§� uº]� {¹y� v�³�±YyZ°À]� yu� ¦¿%º«º¿uYy� ±uyºs��ºk� uyº¯� yu�½yZ.À�ÎÍÔ½yZ.À��zÀ��±YyZ°À]� yu�¹ {¹y�ÎÏÍ{¹y� Y ¶§�uº]v�³�µv¿u�½yYu�¾´�¯��Èds�3 1�6��¶d�]�¹ {Z]�¾.d�¨��yZ#u�±YyZ°À]�yu�yZ.À���z�¯�¾d£¹v�� ¾�yz]� ¶³Z-Yvk� yº�]�½Yz] ­{Ç� ±Z¯{� ��ºd¯¾.d�¨��¶]�±Z¿Èd^¯�yu�¾³�b�yu�±Yºtd�Y�±uyºs��ºkZ·�½yZ.À��yu�{Z]ÐÎÒZ·�½yZ.À��zÀ��yu�¹ {¹y�ÎÏÐ{¹y� �3 ������� ¶]� ®·� {Z]� ¶§� uº]�Z·�½yZ.À�� yu� {yZ]� yº uº]�zc�¾³Çº��ªÀ¬pc� ¹ ¶¿|lc� ¶d�]�½Z·�¾.d�¨�� ¶§�¾d£¹� yº��²À°·±uyºs��ºk�±Z¯{���ºd¯�Z·�½yZ.À��yu��v³v�ÎÖÑ{¹y� Z·�½yZ.À��zÀ��yu�¹ÎÐÕv¯M�b�v]�{¹y��3 �������¹±uyºs��ºk� yu� zÀsPc� uZl¿Y� yu� yZ.À���z�¯��¤³vÀ�y�aZ^gY�¶]�>Yuvl¯�¾³�b�yu�
k©¹vÎ��µv��½zÀ.À��uyYº¯�aZ�t�¯�½yZ.À��zÀ� ½yZ.À��uYv�cÒÖµ¹z-�{Y�z ³�ÔÍv³v��½zÀ.À��µz ³�� �uYv�cÑÑµ¹z-�{Y�z ³�ÔÓv³v��½zÀ.À��µz ³��6(Z¿�� uYv�c���ºd¯�Z¿uYv�c 6(Z¿�� uYv�c���ºd¯�Z¿uYv�c ¶�t�¯

ÕÐ ÒÖ ÒÕ ÑÑ µv��½zÀ.À��uyYº¯Ö�Î Õ�ÐÒ Ó�Î Ó�ÐÒ ²���©Z�ÔÍ ÑÏ ÖÎ ÑÍ ~´kÒÕ ÐÑ ÓÓ ÏÖ ÇZ]�½%z³Y�Z]�¾.d�¨��uyYº¯ÔÎ ÑÏ ÔÐ ÐÏ ¶d�]�¾.d�¨��uyYº¯½v´]�®À�¤c$RÓÑ ÐÕ ÑÐ ÎÖ �º³$ÏÍ ÎÏ ÏÒ ÎÎ �º³%ÎÒ Ö ÐÏ ÎÑ �º³&¾.d�¨��ªp¯Õ Ò ÎÕ Õ ©Z°¿|-¹z�ÒÕ ÐÑ ÒÒ ÏÑ ¾³ZÀ¯ÐÑ ÏÍ ÏÔ ÎÏ ©Zd�¿u¬§�½zÀ.À�¦À´À��aZ��u�Ò�Ñ Ð�Ñ ©¹Y�µZ¯���Ô�Í Ö�Î ­¹u�µZ¯���¦¿%º«º¿uYy�½zÀ.À��aZ��u�Ó�Ð Ò�Ð ©¹Y�µZ¯���Ö�Í Ò�Î ­¹u�µZ¯���±Z¯yu��¹y�ÓÓ ÐÖ ÓÐ ÏÕ ½yÇ¹v¯Yzd´¿Y�¶¬À¯ÎÍ ÎÓ ÏÐ ÎÍ yºcZ�¨À��©Z³zd�§YÏÑ ÎÑ ÎÑ Ó ½zÀ-�"-
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3YDOX

H
½yZ.À�

zÀ� ½yZ.À� 3YDOX
H

½yZ.À�
zÀ� ½yZ.À� 3YDOX
H

½yZ.À�
zÀ� ½yZ.À� 3YDOX
H zÀ�

½yZ.À� ½yZ.À�

½Z·zd¯YyZ�½Yz]�z�³uyº¯±uyºs��ºk

16 ÎÏÏ ÎÖÕ ÍÍÒÏ�Í ÎÒÕ ÐÏÑ ÍÎÑÐ�Í ÎÐÔ ÏÑÒ ÍÍÍÎ�Í ÎÏÐ ÏÓÖ ½Yz]�­{Ç�±Z¯{±uyºs��ºk¾¨À´À¬§
ÎÑÎ�ÎÍÔ ÏÏÍ�ÕÏ ÎÔÑ�ÎÐÖ ÒÒÓ�ÏÓÕ ÎÓÎ�ÎÏÎ ÐÐÖ�ÎÔÔ ÎÒÓ�ÎÏÏ ÎÕÓ�ÎÐÐ ¾³Z¯{�µu¹vp�̄{¹y�

16 ÎÏÍ ÎÍÔ ÍÎÎÍ�Í ÎÎÒ ÐÔÖ ÍÐÎÐ�Í ÎÒÒ ÐÐÖ ÍÍÍÕ�Í ÎÑÑ ÏÏÑ
��ºd¯½Yz]�±Z¯{±uyºs��ºk¦¿%º«º¿uYy�{¹y�

ÎÓÑ�ÎÍÍ ÏÍÔ�ÓÓ ÎÔÖ�ÕÕ ÑÓÎ�ÎÕÔ ÏÍÓ�ÎÏÖ ÑÒÔ�ÎÓÒ ÎÓÑ�ÎÏÏ ÑÑÏ�ÎÔÐ ¾³Z¯{�µu¹vp�̄{¹y�
©¹vkÐ�¾.d�¨���º³�}Z�Yz]�±Yºtd�Y�±uyºs��ºk�½Yz]�­{Ç�±Z¯{���ºd¯½yZ.À�zÀ� ½yZ.À�3�YDOXH ¾³Z¯{�µu¹vp¯ ±Z¯{���ºd¯ ¾³Z¯{�µu¹vp¯ ±Z¯{���ºd¯

±uyºs��ºk�½Yz]�±Z¯{���ºd¯¾¨À´À¬§�{¹y�
ÍÍÍÎ�Í ÎÒÔ�ÎÍÕ ÎÏÐ ÐÓÒ�ÏÔÒ ÐÎÒ {Z]�¾.d�¨�ÍÐÎÓ�Í ÎÓÑ�ÎÏÏ ÎÐÕ ÐÐÎ�ÎÑÐ ÎÖÑ ¶d�]�¾.d�¨�±uyºs��ºk�½Yz]�­{Ç�±Z¯{���ºd¯¦¿%º«º¿uYy�{¹y�ÍÎÍÎ�Í ÏÎÔ�ÎÏÎ ÎÏÓ ÔÓÎ�ÎÔÐ ÑÑÐ {Z]�¾.d�¨�ÍÏÖÐ�Í ÎÓÓ�ÎÒÒ ÎÑÑ ÑÍÒ�ÎÑÐ ÏÍÔ ¶d�]�¾.d�¨�

½zÀ-�¶lÀd³�¹ fp]Î�½Z·�¾.d�¨�� v³uº]� ½yZ.À�� ¶§� ¾³YyZ°À]� yuZ·�½yZ.À�zÀ�� ¶]�b^�³� {yZ]� yº�� ¶]� ¾³�b�yu�±Z¯{ b�Yu�­{Ç�±uyºs��ºk�½Yz]�½zd�À]� Ï��ºk� b�z�� yu� ¾�t�¯� ¹ yYu�¾´�¯� a¹Z c²À]�¦¿%º«º¿uYy�z�³�{Y�¶#�¹ ¾´À«Z]�z�³� {Y�¶#�±uyºs.À��µ¹z-¶¬À¯���ºc�¶§�¾³YyZ°À]�yu�½yZ.À��zÀ��¹ ½yZv³uº]� µv�� ±Z¯yu� yºcZ�¨À�� ©Z³zd�§Y� ¹ ½yÇ¹v¯Yzd´¿Yb�Yu� uºk¹�¹ ©Z¨À´À¬§�±uyºs��ºk�yu�a¹Z c�¾«¹½yZ.À��±YyZ°À]�²À]�yu�¾³�b�yu�¾.d�¨��¦¿%º«º¿uYyuº^³�yYu�¾´�¯�v³uº]�µv��±Z¯yu�"-�Z]�¶§�½yZ.À��zÀ��¹�

.À�� µ¹z-� yu� v´#� z·Z·�½yZÓÏ�±uyºs��ºk� ±Z¯{ uº]�zc�¾³Çº�� Ð�±Z¯{� z�³� {Y�½Y�µv°��a¹Z c� ½yZ.À�� ±YyZ°À]� yub�Yv³� uºk¹� {Z]� ¹ ¶d�]�¾.d�¨��²À]� ±uyºs��ºk� uz§�¾¯�¡v��|À³�½yZ.À��zÀ��±YyZ°À]�yu�¶«Z�¯�²¿Y� Ñ�¶�¿Z¤¯�½yZ.À��zÀ�� Z]�½yZ.À��±YyZ°À]�µ¹z-�¾d£¹À´À¬§� z�³� {Y� ±uyºs� �ºk� ±Z¯{� �v³v�¹ ¾¨ ½yZ.À��±YyZ°À]�yu�¾¨¿%º«º¿uYy�¹ {Z]�¾.d�¨��yu�®·uº]�zc�¾³Çº��¶d�]�¾.d�¨��yu�®·�yZ.À��zgY�½%º«º¿|À�ºcZ��uyº¯�yu��µv��­Zl³Y�aZ�«Z�¯�yu
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¶]�±uyºs��ºk�±Z¯{�z]Ï¹ ²Àcº¨À³�¾´�¿�z�¯� L|k� ²]z§�vÀ�§Yº´¯�Ó�b�Y� µv�� µyZ�Y�yZ.À��¶§�¾¿Z·�µYy yu�©ÈdsY�f�Z]uº��¾¯�uº^¸]�Z¿�±Yºtd�Y�±uyºs��ºk�b�Y�z¿{�uyYº¯�ª¯Z�� Î�¾£¹z���Z^¤³Y9DVRFRQVWULFWLRQ��Ô�Õ¹Ö�� Ï�uZ¿{� ªÀ¯� ¹ ²]z§� vÀ�§Yº´¯� {Y� ¾�Z³� ¾�§º�À·±M�¶]�©Z�cY�½Yz]�²À]º¬-º°·�Ó�ÎÎ¹ÎÏ�� Ð�±ºs�½z¿x��¶dt«�bÀ�Zs��¿Y|�Y�ÎÑ�ÎÒ�ÎÓ¹ÎÔ�� Ñ�Y yu�±%È§�vÀ«ºc�yu�©ÈdsYZ·�b�È]ºXd��ÏÍ¹ÏÎ��

Ò�¾.d�¨����º¯�¶]�¡¹z��uvl¯�v�y�yu�zÀsPc��ÏÏ¹ÏÐ�f�Z]� ±Yºtd�Y� ®�À«º]Zd¯� yu� ©ÈdsY� Z]� ±vÀ�§� yZ.À��¤³� µ¹È�� ¶]� �µv��±Yºtd�Y�±uyºs��ºk� yu�©Z¨�Yv´§�¾¯� Z ¿Y�{¹z�ºXd�Y�v³¹y�v¿v�c�yu�½zgR¯�±YyZ°À]�yu ¾�yz]�uyº¯�� zÀ��¶#�¹ ½yZ.À�� µ¹z-�yu�¶#½yZ.À�yu�¾.d�¨��±uº]� {Z]� Z¿� ¹ ¶d�]� {Y��À]�±uº]�½yZ.À�uº]�zgR¯�±uyºs��ºk�zÀsPc�¥zc�½Yz]�¢�Yºc�½yYz£z]�­¹|«z]�¶�«Z�¯�²¿Y�j¿Zd³�¶]�¶kºcZ]uº��¾¯�vÀ§Pc�¾³�b�yu�¾.d�¨��yZ#u�±YyZ°À]yuyZ.À�� �]Z´¯���:DOG�1-���+DFNVKDZ�$.��&LJDUHWWH�6PRNLQJ��DQ�HSLGHPLRORJLFDO� 2YHUYLHZ�� %U� 0HG� %XOO� ��������������������'ROO�5��3HWR�5��:KHDWOH\�.��*UD\�5��6XWKHUODQG�,�� 0RUWDOLW\� LQ� 5HODWLRQ� WR� 6PRNLQJ�� ��� <HDUV
�2EVHUYDWLRQV� RQ�0DOH�%ULWLVK�'RFWRUV��%0-�����������������������+DUYH\�(-�� HW� DO��'HOHWHULRXV�(IIHFW�RI�6PRNLQJ�RQ�+HDOLQJ� RI�2SHQ�7LELD� � 6KDIW�)UDFWXUHV��$P� -�RUWKS������������������������&DVWLOOR�5&��(W�DO��,PSDFW�RI�6PRNLQJ�RQ�)UDFWXUH�+HDOLQJ� DQG� 5LVN� RI� &RPSOLFDWLRQV� LQ� /LPE� �7KUHDWHQLQJ�2SHQ�7LELD�)UDFWXUH��-�2UWKRS�7UDXPD�����������������������$VLVL�)��HW�DO��76/6�������������33������1RODQ� -�� -HQNLQV� 5$�� .XULKDUD� .�� 6FKXOW]� 5&��7KH�$FXWH�(IIHFWV�RI�&LJDUHWWH�6PRNH�([SRVXUH�RQ�([SHULPHQWDO�6NLQ�)ODSV��3ODVW�5HFRQVWU�6XUJ������������������������%UXFH� -:��0LOOHU� -5��+RRNHU�'5��7KH�(IIHFW�RI�6PRNLQJ� XSRQ� WKH� %ORRG� 3UHVVXUH� DQG� 8SRQ� WKH�9ROXPH�RI�WKH�+DQG��$P�-�3K\������������� 6DULQ� /&�� $XVWLQ� -&�� 1LFNHO� :$�� (IIHFWV� RI��6PRNLQJ� RQ� 'LJLWDO� %ORRG� )ORZ� 9HORFLW\�� -$0$������������������������&U\HU� 3(��+D\PRQ�0:��6DQWLDJR� -9��6KDK�6'��1RUHSLQHSKULQH� DQG� (SLQHSKULQH� 5HOHDVH� DQG�$GUHQHUJLF� 0HGLDWLRQ� RI� 6PRNLQJ�$VVRFLDWHG��+HPRG\QDPLF� DQG� 0HWDEROLF� (YHQWV�� 1� (QJ,� -�0HG�����������������������5HXV�:)��5REVRQ�0&��=DFKDU\�/��0HJJHUV�-3��$FXWH�(IIHFWV�RI�7REDFFR�6PRNLQJ�RQ�%ORRG�)ORZ�LQ�WKH�&XWDQHRXV��0LFURFLUFXODWLRQ��%U�-�3ODVW�6XUJ�������������������������5DR�9.��0RUULVRQ�:$��2
%ULHQ�%0��(IIHFW�RI�1LFRWLQH� RQ� %ORRG� )ORZ� DQG� 3DWHQF\� RI�

([SHULPHQWDO� 0LFURYDVFXODU� � $QDVWRPRVLV�� $QQ�3ODVW�6XUJ�������������������������&DVWLHGHQ� &0� &ROH� 39�� 9DULDWLRQV� LQ�&DUER[\KHPRJLRELQ�/HYHOV�LQ�6PRNHUV��%U�0HG�-���������������������� -HQVHQ� -$��*RRGVRQ�:+��+RSI�+:��&LJDUHWWH�6PRNLQJ� 'HFUHDVHV� 7LVVXH� 2[\JHQ�� $UFK� 6XUJ�������������������������� %HOFK� --)�� 0F$UGLH� %0�� %XUQV� 3�� HW� DO�� 7KH�(IIHFWV� RI� � $FXWH� 6PRNLQJ� RQ� 3LDWHLHW� %HKDYLRU��)LEULQRO\� 6LV�� DQG� � +DHPRUKHRORJ\� LQ� +DELWXDO��6PRNHUV��7KURPE�+DHPRVWDV������������������5RWKZHOO�0��5DPSOLQJ�0:��&KROHUWRQ�6��6HYHU�36�� +DHPRUKHRORJLFDO� &KDQJHV� LQ� WKH� 9HU\� 6KRUW�7HUP� $IWHU� � $EVWHQWLRQ� � )URP� � 7REDFFR� E\�&LJDUHWWH� 6PRNHUV�� %U� -� +DHPDWRO� ������ ���� �����������5HQDXG� 6�� %ODQFKH� '�� 'XPRQW� (�� 3ODWHOHW�)XQFWLRQ� $IWHU� &LJDUHWWH� 6PRNLQJ� LQ� 5HODWLRQ� WR�1LFRWLQH� DQG� &DUELQ� � 0RQR[LGH�� � &OLQ� 3KDUPDFRO�7KHU������������������� :HVWIDOO� 7&�� :DWWV� '7�� &DWHFKRODPLQH�([FUHWLRQ� LQ� 6PRNHUV� DQG� 1RQ�6PRNHUV�� -� $SSO�3K\VLRO������������������3LWLOOR�50��0DFNLH�,-��5RZOHV�30��0DFKLQ�6-��(IIHFWV� RI�&LJDUHWWH� 6PRNLQJ� RQ� WKH�8OWUDVWUXFWXUH�RI� 5DW� 7KRUDFVF� $RUWD� DQG� LWV� $ELOLW\� WR� 3URGXFH�3URVWDF\FOLQ��7KURPE�+DHPRVW����������������������� +DZNLQV� 5,�� 6PRNLQJ�� 3ODWHOHWV� DQG�7KURPERVLV��1DWXUH������������������������� .ZLDWNRZVNL� 7&�� +DQOH\� (1�� 5DPS� :.��&LJDUHWWH� 6PRNLQJ� DQG� LWV� 2UWKRSHGLF�&RQVHTXHQFHV��$P�-�2UWKRS��������������������������.RQQR�6��2URQVN\�%7�� 6HPSRQL�$5��:X� -0��7KH� (IIHFW� RI� 1LFRWLQH� RQ� &HOO� 3UROLIHUDWLRQ� DQG�
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6\QWKHVLV�RI�6HFUHWHG�3URWHLQV�LQ�%DOE�&�7��&HOOV��%LRFWLHP�,QW�������������������� 'DIWDUL� 7.�� :KLWHVLGHV� 7(�� +HOOHU� -*��*RRGULFK�$&��0F&DUH\�%(��0XWWRQ�:&��1LFRWLQH�RQ� WKH� 5HYDVFXODUL]DWLRQ� RI� %RQH� *UDIW�� $Q�
([SHULPHQWDO�6WXG\� LQ�5DEELWV��6SLQH������ �������������������5LHEHO�*'��%RGHQ�6'��:KLWHVLGHV�7(��+XWWRQ�:&�� 7KH� (IIHFW� RI� 1LFRWLQH� RQ� ,QFRUSRUDWLRQ� RI�&DQFHOORXV�%RQH�*UDIW��LQ�DQ�$QLPDO�0RGHO��6SLQH�������������������������
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(IIHFW�RI�6PRNLQJ�RQ�+HDOLQJ�7LPH�RI�7LELD�)UDFWXUH
$VDGL .��0'�

$EVWUDFW,QWURGXFWLRQ� 6PRNLQJ�LV�SURYHQ�WR�EH�D�IDFWRU�LQ�GHYHORSPHQW�RI�RVWHRSRURVLV�DQG�LWV�UHODWHG�IUDFWXUHV�DQG�DO�VR�LWV�UROH� LQ�GHOD\LQJ�ERQH�XQLRQ�LQ�VSLQDO�IXVLRQ�KDV�EHHQ�FLWHG��,Q�DWWHQWLRQ�WR�SRSXODULW\�RI�VPRNLQJ�LQ�SDWLHQWV�ZLWK�OLPE�IUDFWXUH�LQ�*XLODQ�SURYLQFH��ZH�VWXGLHG�WKH�UHODWLRQ�EHWZHHQ�VPRNLQJ�DQG�ERQH�KHDOLQJ�WLPH�2EMHFWLYHV� 7KH�DLP�ZDV�WR�VWXG\�WKH�HIIHFW�RI�VPRNLQJ�RQ�FOLQLFDO�DQG�UDGLRORJLFDO�XQLRQ�LQ�FORVHG�DQG�7\SH�,�2SHQ�IUDFWXUH�0DWHULDOV�DQG�0HWKRGV� )URP�����FRQVHFXWLYH�WLELD�IUDFWXUHV�LQ�����SDWLHQWV������SDWLHQWV�RI�3RRUVLQD�KRVSLWDO�ZLWK�FORVHG�RU�RSHQ�W\SH�,�IUDFWXUHV�KDYH�EHHQ�VWXGLHG�LQ�D���\HDUV�SHULRG�����RI�WKHP�ZHUH�QRQ�VPRNHU�DQG����SDWLHQWV�ZHUH� VPRNHU�� )URP� WKHVH� SDWLHQWV�� ��� ������ QRQ�VPRNHUV� DQG� �������� VPRNHUV�ZHUH� IROORZHG� XQWLO�FRPSOHWH�XQLRQ�RU�XS�WR�RQH�\HDU��8QLRQ�KDV�EHHQ�FRQILUPHG�FOLQLFDOO\�DQG�UDGLRORJLFDOO\���5HVXOWV� 6WDWLVWLFDO� GLIIHUHQFHV� LQ� FOLQLFDO� DQG� UDGLRORJLFDO� KHDOLQJ� UDWHV� EHWZHHQ� WKRVH�ZKR�VPRNHG�DQG� WKRVH�ZKR� GLGQ¶W� VPRNH� ZHUH� REVHUYHG� LQ� SDWLHQWV� UHFHLYLQJ� LQWUDPHGXOODU\� IL[DWLRQ� RU� H[WHUQDO� IL[DWLRQ�� 6WDWLVWLFDO�GLIIHUHQFHV�ZHUH�QRW�VHHQ�LQ�WKH�FOLQLFDO�DQG�UDGLRJUDSKLF�KHDOLQJ�RI�WLELDV�WUHDWHG�ZLWK�FDVW�LPPRELOL]DWLRQ�&RQFOXVLRQ� 7KLV� VWXG\� UHYHDOHG� WKDW� VPRNLQJ�GUDPDWLFDOO\�GHOD\� WKH� WLELD� IUDFWXUH�XQLRQ�� HVSHFLDOO\�ZKHQ� WKH�VXUJLFDO�WUHDWPHQW�KDV�EHHQ�XVHG�
.H\�ZRUGV� )UDFWXUH�+HDOLQJ��6PRNLQJ���7LELDO�)UDFWXUH��
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