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­Yº£¹�µv´´§�yYv¿Z��±Yº´��¶º] ½z¿Z Àº�«º¯Y�bÀº�Zs�zº] µ¹Èº�
¾¯�ª°��|À³�µv´º·uv´´§�.¿u�ayZ^��¶]uYº¯�zµuz]�­Z³�¿Y|�Y�Z]�

½zÀ-º¬k�±ºÀ�«º¯Y�²d�¨��{Y�¶d�ºÀ��{Z��­Yºº£ ¹ ¶d¿{º¨º�¿¹
¾º¯v´º´§�¶¿Ç�ªÀ¨�c�Z]�\¬�Y�yº§x¯�aZ^À§zc¾p���²À]�½Z·
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¾¯uº��
©º³Yz-�YzºÀd§�±Z°dsZº� yuyYv¤¯�¶]�aZd¨��¹ ¾´ÀXc¹z��½Z·

¾º¯ bº�Z¿�uZº¿{uºº��æ¹è�½u�v´³Z¯�½uYº¯�±M�¶¿|lcZ]�¹�
©Y��{ºdº§ÇZ-�½u��{ºd§¹zº��©Y��{ºº¬¿{���{ºd§¹z���{º´ºÀ]YyM�

¾¯�ª�Zo�vÀ�Y�¦À³¹yº§º¬-�¹ vÀ�Y�¦Àº³¹yºd§ÇZ-v³º��é¹
çí��¾º¯ Yy�YzºÀd§��°º�©º¬p¯�zÀ��¹ ©º¬p¯�L|k�¹u�¶]�±Yººc

uz§�®Àº�¤c�µuz§�YvÀ��­yºd¯�b«Zo�[M�yu�±M�©º¬p¯�zÀ��L|k
vºº¿M ¾ºº¯ yu�©%�ayººº� ¶ºº]¹�u¹vººo b°ºº�£�²ºº¿YëåZººcìå

²¿yº�Z]�¹ µuYu�ªÀ¨�c�Yy�YzºÀd§�±{¹vº�yu�%DVVRULQ�µv³Yºs�
¾º¯yZdsZ��yu�¹ uºº�¶]�¶§�uyYu�uºk¹�vÀ�Y�¦À³¹yºd§ÇZ-�±M

uyYu�©Zº�cY�{ºº¬¿{�¹ {ºdº§ÇZ-��¿Y|�Y��¾-v´·u�­Yº£�bÀ�Zs
Y|À¯�¶]�YzÀd§�¶¬À�¹�¶] ©%�uZl¿Y�¹ ¶d¿{º¨º�¿¹yu�²¿yº�Z]�µuZ¯�±

uyYu�¾.d�]�±M�±Z°dsZ��¶§�YzÀd§�©º¬p¯�L|ku¹voèåZc�éå
¾ººº¯ ªºººÀº¨ººº�c�Yy�±M�±{¹�vººº�yu²Àd³Z§Z-Yzºººc vººº·u

�7UDJDFDQWKLQ�¾º¯ µvÀº¯Z³�¦À³¹yº§º¬-�±M�yZdsZ��yu�¹ uº�
uyYu�uºk¹�{º´À]YyM�¹ vÀ�Y�é¹çå���

½Zº·�·¹&º�Zd^º�³��YzÀd§��°��uyº¯�yu�½uZ¿{�Yºs�¹ �
±M�uyº¯�v´#�¶]�¶§�¶d�z-�ayº��¾¿Yx��uYº¯�yu�±M�½Z·uz]yZ§

uº��¾¯�µyZ�Y�
©Zº� yuæîìè�z¬À°]�¹ z¬d�¿¹v´d�Z¿yu¶d¿{º¨�¿¹�²¿zcÇZ]�¶§

yu�YzººÀd§�vº�yu�¦º¿ ©ºº¬p¯�Zº]í S+¾¯�ªº�Zo�uº��¶d «̂Y
yu�ª�Zo�¶d¿{º¨�¿¹�½yYv¿Z�ê S+b�Y�zh§Yvo��çí��

©Zº� yuæîíì�Çºº§¹z�Zd�Y²¬À�¹z��µuZ¯�¹ YzÀd§��°���¤³�
Àº¬-º¨º´¿&«M�©ººaZ�3*$���3URS\OHQHJO\FDO�DOJLQDWH�yu�Yy�

yYz£�¶�¿Z¤¯�¹ ¶�«Z�¯�uyºº¯ [M�yu�²º�¹y�±ºÀº�«º¯Y�½yYvº¿Z�
v³uYu�ææ��
yu½Zº·�·¹&º�©Z��yu�µv��­Zºl³Y�æîîæYzÀd§�{Y�µuZ d�Y�

¿&«M�©º¨À¬-�²¬À�¹z��µv´´§�yYvº¿Z��µuZº¯ ½Zºk ¶º]vÀ«ºc�yu�aZ´
~��¶§�vº� ±ZÀº]¹�b�zº- yYzº£ ¾º�yz]�uyºº¯ uÇZº� ~º�
±ºÀ�«º¯Y�½YyYu�v��µuZ d�Y�YzÀd§�{Y�Z¸³M�vÀ«ºc�yu�¶§�¾¿Z·uÇZ�

v´d�·�½zcyYv¿Z��ì��
YyYºÀº-Z·¹½YzÀ�©Z��yuæîîçyu�Yy�YzÀd§��¬dt¯�z¿uZ¤¯�

�º¯�¾º¿Yx��®º¿%y¹ v³uYu�yYz£�µuZ d�Y�uyº¯�¾·Z.�¿Z¯{M�½Z·
³ yuzººgY ¶³ººº-"Àºº· yººº§x¯��°ºº� ¶ºº§ v³uzºº§ ±Yº´ºº� bºº¿Z¸

±Z�z�b�Y�µuYv³�±Z�³�¾¿Y{�æê��
È¯Z§�¹ ¾·ZÀ-��°��¶§�bº�Y�±M��vº· �·¹&º� ²º¿Y�yu�
¹ µv´´§�yYvº¿Z��uYºº¯ ²Àº�º³Zk�|º³º¿Z¯�~º� yu�YzºÀd§�¾º�À^�

­Yº£±Zd³Y{�v´³Z¯�¾cYuyY¹�µv´·u�;DQWKDQ�uuz-��z¯Y�²¿Y�¶$³Z´#
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¿{�vo�Zc�vº]Z¿�¢º¤pcyº§x¯�uYº¯�v¿zs�½Yz]�{yY�i¹zs�{Y�½uZ
{Yuº��¾¯�½zºÀ-º¬k�¾ºkyZs�½Z·yºº�§�®·Z]�²À´#�t�¯

�zd�-�ªsYu�yu�±M�{Y�µuZ d�Y�YzÀd§�½Yz]�µ{Zc�½Z·uz]yZ§�±v�
¾¯�YvÀ��½zdº�À]¶]�YzÀd§�¾�z�¯�Z]�¹ v´§µvºº´´§yYv¿Z��µuZ¯�±Yº´�

­Yººººº£ ¹¯ µv´ºººº·uRyu�¹ \ºººº�Z´¯�uzºººº¨¬°��Zºººº] ¹ zººººg
©Zººo ²Àºº�¾ºº] ¹ ¾ºº�À^��uYººº¯ Zºº] bºº]Z£y�ayvºº£ ¶ºº§ yzºº�

¶´À¸]�½Yz]�¾¬sYu�±YyYx-�¶ººº¿Zºº¯z��¹ ²À¤¤p¯��uyYu�¾ºcYuyY¹
YvººÀ��½zd�À]�b^�y�YzÀd§��zº�¯�¹ iYztdº�Y��vÀº«ºc�½{Zº�

¾¯v´´§�

�¹y�¹ uYº¯Z·
�·¹&��ªoYz¯�¶�Ès

�YzÀd§�½{Z��µuZ¯M�¹ ¶À¸c�
�½Yz]�YzºÀd§��¬dºt¯�zº¿uZ¤¯�{Y�µuZ dº�Y�yu�|³º¿Z¯�~��vÀ«ºc�

¾·Z.�¿Z¯{M�n��
��¿¹�¶�¿Z¤¯�ºd¿{º¨º½z·Z��¶�$SSDUHQW� YLVFRVLW\�½Z·�~��

¹ µv´´§yYv¿Z��uYº¯�½ºdp¯�|³º¿Z¯�~��¹ YzºÀd§�½ºdºp¯�|º³º¿Z¯
­Yºº£¾kyZs�µv´·u�v·Z��¶³º°³�¶§�YzÀd§�{Y�¾d�¬��[Ztd³Y�¹

Zº] ½|º³º¿Z¯�~º�¶³º°³�¶]Z�¯�½yYv¿Z��¹ ½z·Z��¶d¿{º¨º�¿¹
�b�Y�µuz§�uZl¿Y�v·Z�
�~��¹ µv��²À�¯�b�¬��Z]�YzÀd§�½ºdp¯�|³º¿Z¯�~º� vÀº«ºc�

½yZºlc�|º³º¿Z¯�v·Zº��½Z·��¿Z¯{M�­Zl³Y�¹ ¾d�´��n�º�yu
¶ºº�¿Z¤¯¾ºº�o�¾ºº]Z¿{yY¹�¾ºº]z¨À¯��¾¿ZÀ°Àºº� �¾ºº¨¿|À��½Y

�6HQVRU\�HYDOXDWLRQ�z]�Z¸³M�½¹y
�¾¿Z¯u�µu¹vp¯�¹u�yu�Z·�~��½yZ-v³Z¯�bÀ��¹�¾º�yz]�ê¹
çêZºº] Zºº¸³M�¾ºº À§�aZÀºº�º�s�¾ºº�yz]�¹ uYzºº-¾d³Zºº� ¶ººkyu�

yu�¾�o�¾]Z¿{yY�¹ ¾]¹z¨À¯��¾¿ZÀ°À���¾º¨¿|À��½Zº·�¿Zº¯{M
±Z¯{µZ¯�yZ¸#�¹ ¹u��z ��½Z·

�¾´¿|.¿Zk�½Yz]�YzÀd§�\�Z´¯�yYv¤¯�¶À�ºc�
µuZ¯M�¹ ¶À¸cYzÀd§�½{Z�

dº]Y�yuº§ Yvºkyu�½YzÀdº¿ ¶º³ {Y�¦ºd ¯��ºº¾«º�5LEERQ� W\SH�
�½yYºº³�º¬À§�¦¿�yYv¤¯�¶]v��¶À¸c�¾£z]�[ZÀ�M�¶¬À�¹�¶] YzÀd§

�,UHODQG0RXOLQH[� 6WDQGDUG�*ULQGHU��È¯Zº§�¶]�¹ v��uzs
v¿uz-�ª¿v^c�yuºº��yº^��¾³Zd§�¥{Z³�¾�Z��¶#yZ��{Y�YzÀd§�yuº�

uºº� ½{Zº�Yvk�±M�bº�yu�aYyw�Zºc vº� µuYu�{Y�yuº��~��
�¯�Z]�¾�Zº��0HVK�èëyuº��Zc�v��µv³Yyx-�¾dsYº´¨¿�¹ ­z³

uº��ªº�Zo|¿y�aYywZº]�yuº��²¿Y�{YvÀ«ºc�½Yz]�v�]�ªoYz¯�yu
v��µuZ d�Y�|³º¿Z¯�~��

n�ºº� yu�YzººÀd§��¬dººt¯�zºº¿uZ¤¯�Zºº] |ºº³º¿Z¯�~ºº� vÀºº«ºc
¾·Z.�¿Z¯{M

�·¹&��{Y�¶¬ozº¯ ²º¿Y�yu�½vÀ«ºc�½yZlc�~��¹ ±ºÀ�Çº¯z��
v��¶d�z-�z�³�yu�v·Z��±Yº´��¶]�¶³ZsyZ§�¦º¿ yu�¨�c�uYº¯ªÀ

©¹vk�yu�Z¸³M�yYv¤¯�¹ yºº§x¯�½yZºlc�|º³º¿Z¯�~º� µv´º·uæ
b�Y�µv���t�¯�

È¯Z§�vÀ«ºc��¹y�¹ ±ºÀ�Çº¯z��Z]�|³º¿Z¯�½Z·�~��~�º��
½yZlc�~º� ¶]Zº�¯�~��vÀ«ºc�b°�£�yu�½yZlc�vÀ«ºc��¹y

yu�¾d�´��n���yu�½yZlc�|³º¿Z¯�~��¹ YzÀd§�½ºdºp¯�|º³º¿Z¯
b�Y�µv��±ZÀº] ¶º«Z¤¯�²º¿Y��¯{M�n���yu�¶§�v��¶À¸c�¾·Z.�¿Z

¹ µv´´§�yYv¿Z��uYº¯�½Zk�¶]�YzÀd§�{Y�µuZ d�Y�yu�Z¸³M�a¹Z c�Z¸´ºc
uº]�¶³ZsyZ§�¾�z�¯�µv´·u�­Yº£�µv´·u�­Yº£�¹ µv´´§�yYv¿Z��uYº¯

|«º¬��ªÀd¯�¾�§º]z§�¹ ±Zd³Y{�yºº§x¯�¶º³ZsyZ§�µuZ dº�Y�uyºº¯
�¬dt¯�z¿uZ¤¯�¶§�v³uº]�ç�å�é�å�ë�å�í�å¹æv�yu��YzÀd§
vº� Zº¸³M�²¿|º.¿Zk�®º·yYv¤¯�¶³Z-Yvk�yZ°Àc�¹u�yu�²À´#æ�å

µYzº°·�¶º] YzºÀd§�vº�yuæ�å­Yº£¹�µv´´§�yYv¿Z��uYº¯�{Y�vº�yu�
yYv¤¯�|À³�¹ yº§x¯�µv´·uç�å¹ YzÀd§�v�yu�æ�åuYº¯�{Y�v�yu�

v��µuZ d�Y�Z·�~��±ºÀ�Çº¯z��yu�µyZ�Y�uyº¯�©¹vkç��
ºº§ �ººº¬t¯�¹ |ºº³º¿Z¯�½Zºº·~ºº� vÀºº«ºc�½Yzºº]¹ uYººº¯ ±uz

²ººº§ �ººº¬t¯�{Y��µZ.ºº�¿Z¯{M�n�ººº�yu�±ºÀºº�«º¯Y�ªÀ¨ºº�c
u¹vºººo b�zººº� Zººº] ¾·Z.ººº�¿Z¯{Mæåååå¶¤Àººº£u�yu�y¹u�

�-DSDQ1DWLRQDO�0-���� 15���v��µuZ d�Y�

|³º¿Z¯�½Z·�~��½z·Z��¶d¿{º¨�¿¹�¶�¿Z¤¯
µuº]�¾´cºÀ³�zÀ��aÇZÀ��L|k�|³º¿Z¯�~��¶º§²º¿Y�¶º] ¶kººc Zº]

�yººdººyZ�ºº^º� ¶º�ÈºÀdºº¦�3VHXGRSODVWLF�³º�ºº¯ ±Zºº¾vº·u�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

æîé

©¹vkæ�½yZlc�|³º¿Z¯�~��±ºÀ�Çº¯z���v·Z��
¾�§º]z§
|«º¬��ªÀd¯

�°�
±Zd³Y{ ©uzs ®¿v�

a¹Y|´] ­Z���¦°³ z¨� �z¯�®tc ¶§z� ²�¹y [M uYº¯��º³

½yZlc ½yZlc yuº� ½yZlc
¶À �c
µv�

�¶³YuvÀ���

¶kyu
¦¿ ª¯Z§

¶d¿vÀ�Y
ç�ææ

v�yu
Z¿º�

�³±zd��
¶À �c
µv� aZ�t�¯

åé�å æë�å èå�å æå�å êå�æ íê�è æê�æè ìå�ì ëê çå�í v�yu
©¹vkç�­Yº£�¹ µv´´§yYv¿Z��uYº¯�¹ YzÀd§��¬dt¯�z¿uZ¤¯¶³º°³�yu�¾�z�¯�½yZlc�µv´·u|³º¿Z¯�~��½Z·

|«º¬��ªÀd¯�¾�§º]z§�¹ ±Zd³Y{�v�yu YzÀd§�v�yu yZ°Àc�µyZ°�
ç�å å 7%���·Z�v�
å ç�å 7%�
å é�å 7%�
å ë�å 7%�
å í�å 7%�
å æ 7%�
æ�å æ�å 7%�
æ�å ç�å 7%�

º] ²¿Yzº]Z´]¶½z·Z��¶d¿{º¨º�¿¹�µ%Y¹�{Y�¶d¿{º¨º�¿¹�µ%Y¹�½Zºkyu
uººº�¾ºº¯ µuZ dºº�Y�±M�uyººº¯�æå��½Zºº·~ºº� ½zºº·Z��¶d¿{º¨ºº�¿¹

Zºº] v·Zººº� ¶³ººº°³�¹ YzººÀdº§ ½ºººdººpºº¯ |ººººº³ºººº¿Zººº¯
zd¯º¨º�¿¹�*HUPDQ\%URRNILHOG�9LVFRPHWHU��0RGHO�597��

µ{Yvº³Y½zºÀ-vº��µ{Yvº³Y�¶Àº¬§½zºÀ-½Z¯u�yu�Z·çrçê¶kyu�
©v´À��Y�Z]�¹ uYz-�¾d³Z��6SLQGOH�çîb§zo�b�z��¹æåy¹u�

µ{Yv³Y�z·�yu�¹ b�z-�ayº��¶¤Àº£u�yu¶§�v��µuYu�µ{ZkY�½zÀ-
©v´À�º�Yêv³|]�y¹u�¶³º°³�yu�¶^czº¯�¿{º¨�¿¹�~��½z·Z��¶d

­Yv§�¶§�uº���t�¯�Zc�v¿uz-�¶�¿Z¤¯�v·Z��¶³º°³�Z]�Zº·~º�
¶d¿{º¨�¿¹��YzºÀd§�±Y|ºÀ¯�¶º# Zº] |º³º¿Z¯�~º�¶³º°³�¶]Z�¯�½Y

yu�½v�]�½Z·��¿Z¯{M�½Yz]�±Y|À¯�±Z°·�¹ µuzº§ uZºl¿Y�½yZºlc
v��¶d�z-�z�³�

yu�½yZlc�|³º¿Z¯�~��¹ YzÀd§�½ºdp¯�|º³º¿Z¯�~º� vÀº«ºc
¾d�´��n��

� �t�¯�{Y�~º��~��±ºÀ�Çº¯z��yu�YzÀd§�\�Z´¯�yYv¤¯�±v
yu�¶ºº§ ¾ºº�¹y�¹ ¾d�´ºº� aY|ººÀ¸lc�¹ aZºº³Z¨¯Y�{Y�µuZ dºº�Y�Zºº]

¾º¯ ªº°��yºº§x¯�¶º³ZsyZ§¶³ºº°³��vº�vÀ«ºc�|³º¿Z¯�~��½Z·
v¿uzº-��z¯�®tc�¾p���¾³º ��v��{Y�~�Z¸³M�±uYu�yYz£�Z]�Z·

avº¯ ¶º]çå©ºº¬p¯�yu�¶¤Àº£u�SSPê�z¯�®tc�z¬§�Z]�Z·[M
º� ºº�d��yu��b�º��½{Z�Yvk�¹ Zº¸³M�²dº�¨��{Y�~º� ¹ v

v��¶dt¿y�µyYvk¹u�¾´c�¦¿�¦³Zc�ªÀd�Y�~´k�{Y�yº§x¯�¦³Zc
®·�¶]�|¸l¯�¹ ,³{�v�b�z��Z]�±{çíååuº]�¶¤À£u�yu�y¹u�¹

yu�yZ§�²Ào�±M�½Z¯u��µyYvºk ¹u�²Àº] [M�±Z¿zºk ½yYzº£z]�Zº]
u¹vºoæêv��¾¯�©zd´§�uYz-�¾d³Z��¶ºkyu��uYº¯�v�]�¶¬oz¯�yu

ºº] �|ºº³º¿Z¯�~ºº� ¶ºº] �º]zºº¯ ½yuººº�¶¹ z¨ºº� {Y�½yYvºº¤¯�|ººk
¶�Z�Y�¦³Zc�aZ¿ºdp¯�¶]�[M�µYz°·�¶]��|«º¬º� ªÀºd¯�¾º�§º]z§

®·�ª°��¶¤À£u�¦¿�u¹vo�¹ v�b�Z¿�¶¯YuY�±u{�±M¹ ²�¹y�µZ-
º�º« ¹u�¢¿zº� {Y�¶§zº«ºº¯ ¶ºav¯�yu�¾l¿yvc�ayº��¶]�Y|l

u¹vºoì®·�²°º� ¶¤Àº£u�¶�Z�Y�¦³Zc�aZ¿ºdp¯�¶]�±u{v³v���
¶§�|«º¬��ªÀd¯�¾�§º]z§¹�µv³Z¯�¾£Z]�z¨���av¯�²º¿Y�©ºº�yu

È^º£�Zl¿yvc�v³uº]�µv���º¬t¯�²�¹y�{Y�½yYv¤¯�yu�¦³Zc�¶]
®·�~���¹ v³v��uyY¹b�Z¿�¶¯YuY�z.¿u�¶¤À£u�¦¿�av¯�¶]�±u{
>È¯Z§�~º� bº�Z]�ZºcbsYº´¨¿�uº��{Y�~��½vÀ«ºc�½Z·�~�
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] |³º¿Z¯�~��yu�YzÀd§�{Y�µuZ d�Y¶µv´´§�yYv¿Z��uYº¯�½Zkº£�¹¾cYuyY¹�µv´·u�­Y

æîê

¶�À���¹z��yu�²§z��µZ.d�u�¶]�©Z¤d³Y½Yèååµv��uyY¹�¾¯z-�
[yu�Z]�¶¬�Z�È]�¹b�z-�ayº��½v´]yu�¾¨Àd�È��½Z·�²¿v]

¶³ºº°³�\Àczºc¶³º°³�¹ YzÀd§�µv��²ÀÀ�c�yYv¤¯�½¹Zo�~��½Z·½Z·
v³v��¶À¸c��v��±ZÀ]�¶§�¾cyº��¶]�¾d�´��½yZlc��¹y�Z]�v·Z��

¾�o�¾]Z¿{yY�¹ ¾]¹z¨À¯��¾¿ZÀ°À���¾¨¿|À��½Z·��¿Z¯{M
Î�µ{Yv³Y�½zÀ-½z·Z��¶d¿{º¨�¿¹

uyº¯�yu�¶§�¾�¹y�±Z°·�¶]�~��¶³º°³�z·�½z·Z��¶d¿{º¨º�¿¹
µ{Yv³Y�v¬À §¹z]�zd¯º¨�¿¹�Z]�v��±ZÀ]�¶À«¹Y�½Z·�¶³º°³v��½zÀ-�

Ï�±ºÀ�«º¯Y�½yYv¿Z��±º¯{M�
¶³ºº°³�±ºº¯{M�²º¿Y�yuav¯�¶]�|³º¿Z¯�~��½Zº·êëyu�b�Z��

½Zº¯uêêav¯�{Y�~��¹ v³vº� ½yYu�¶º.³�uYzº-¾d³Zº� ¶ºkyu�
±ºÀ�«º¯Y�¾.d�¨��¹ ¾-u{�²�¹y�b«Zo�{¹z]�zº�³�{Y�yºº§x¯

v³v¿uz-�¾�yz]�®�#�Z]�½z·Z��µv·Z�¯�ayº��¶]�ê��

Ð�µ{Yv³Y�b]º�y�½zÀ-
�¿Z¯{M�²º¿Y�yuyYv¤¯�Z·ç�z��yu�~��¶³º°³�z·�{Y�­z-�½Z·

¶³ººº°ºº³ ~ºº�ºº� ¹ vºº� ²¿{ºººc �ººº�t¯�½|ºº¬�±¹Y�yu�Zºº·
�(QJODQG*DOOHQNDPS�2YHQ�%6�0RGHO�29������½Z¯u�Z]

æåêb]Zg�±{¹�¶]�¶§�²¿Y�Zc�v³v��µuYu�yYzº£ uYzº-¾d³Zº� ¶ºkyu�
v´º�z]�b]º�y�v�yu�¶¿º³Zg�¹ ¶À«¹Y�±{¹��ÈdsY�¶]�¶kººc Zº]

v¿uz-�¶^�Zp¯�ê��

Ñ�µ{Yv³Y�ª§�¶d¿vÀ�Y�½zÀ-
æê¶³º°³z·�¶]�¹ v��²¿{ºc�~��¶³º°³�zº· {Y�­zº-çåå¾¬À¯�

zº- �ºº¬t¯�¹ ¶�Zº�Y�zº�¤¯�[M�zºdÀ«v¿u�±M±ºÀ�YzdÀc�Zº] µZº-
uº��Z]�ªº�Zo��ºº¬t¯æ�å\�oz]�±M�¶d¿vÀ�Y�v�yu��©Z¯z³�
v��²ÀÀ�c�¦Àd�Y�vÀ�Y�ê��

Ò�µ{Yv³Y�½zÀ-S+
yYvº¤¯êz�]�uyY¹�~º� ¶³ºº°³�zº· {Y�­zº-çêå¹ v��½zdÀ«�

¶]�z�¤¯�[M�Zº] ±M�®ºloæååv��µv³Z�y�zdÀ«�¾¬À¯��®À³�{Y�~�

®º· b�Zº�®·�Z]�±u{À�Z´�¯�±{�¾�S+{Y�µuZ d�Y�Z]�¶³º°³�z·�
µZ.d�uS+zd¯��6ZLVV0HWURKP�������v¿uz-�²ÀÀ�c�ê��

¾]¹z¨À¯�½Z·�±º¯{M
¶³ºº°³È³º°«Z��uºk¹�z�³�{Y�|³º¿Z¯�~º� ½Zº·�6DOPRQHOOD��
°º�º[¹z¨À¯�¾º¬§��yZ�7RWDO�FRXQW�°��¹ºuyº¯�¦�§��yZ

b�z-�yYzº£ ¾º]Z¿{yY�{Y�~��¶§�È³º°«Z���¿Z¯{MyuéíZ��b�
bº�§��Àºp¯{Y�vº� ­Zºl³Y�Zº·~º� ½yYu�¶º.³zcY¹�±ºd���½Z·

�3HSWRQH�ZDWHU�aYzº] b¿Z´¬º��6HOHQLWH� EURWK�È³º°«Z��¹
yZº-M�È.Àº��6DOPRQHOOD�6KLJHOOD�DJDU�vº� µuZ dº�Y��½Yzº]

yZºº-M�bºº³Z§�bÀºº¬� bºº�§��Àººp¯�{Y�[¹zºº¨À¯�¾ºº¬§ �yZ°ºº�
�3ODWH�FRXQW�DJDU��Àp¯�{Y�¦�§�uYv�c�¾�yz]�½Yzº] ¹b�§

yZ-M�{¹zd�§u�uYyº]Z��6DERXUDXG�GH[WURVH�DJDU�v��µuZ d�Y�
�ë��yYz¨c�¶��yu�¾]¹z¨À¯�¹ ¾¿ZÀ°À���¾¨¿|À��½Z·�±º¯{M�¶Àº¬§

v��­Zl³Y�

¾�o�¾]Z¿{yY
¶³ºº°³�¾º�o�¾º]Z¿{yY�½Yzº]�~��½Z·b�t³uYv�c�çå¶]�z ³�

�#�[Z¿{yY�µ¹z-�±Yº´�º¾¿Z�7DVWH� SDQHO�d³Y�ºv³v��[Zt�²¿Y
M uYzº�Yµ|¯�¾¿Z�#�¶³Zd�M�±º¯{�¾�zc��¾´¿zÀ��¾´�¿�¾¬�Y�½Z·

v´d�Yx-�z��b���bÀ¤�º¯�Z]�Yy�¾t¬c�¹ ½yºº��çç��²À°·�{Y
v��µuZ d�Y�|À³�Z·�~��b�Z]�¹ ,³y�¾�yz]�½Z·�±º¯{M�yu�uYz�Y�

¾¿Zc�¶��±º¯{M�}Z�Yz]�Z·�~��¾�o�¾º]Z¿{yY�7ULDQJOH� WHVW�
v��­Zl³Y�¾ºh¬h¯�Zº¿�{M�z·�¶]�±º¯{M�²¿Y�yu¶³º°³�¹u�µv´´§�±º¯

~º�{YµuYu�v·Z��¶³º°³�¦¿�¹ YzÀd§�µv��²ÀÀ�c�yYv¤¯�½ºdºp¯
®���¹ z���z�³�{Y�Yy�a¹Z d¯�¶³º°³�¶§�v��¶d�Yºs�¹Y�{Y�¹ v�

u{Z���t�¯�Zº¸³M�²Àº] {Y�æí�Z·�~��b�Z]�¹ ,³y�uyº¯�yu
] |À³¶v��ª°���¹y�²À°·�

|³º¿Z¯�½Z·�~��½yZ-v³Z¯�bÀ��¹�¾�yz]
Y ¶¬oz¯�²¿Y�yu¶³º°³��·¹&��{¹ YzÀd§�½ºdp¯�|³º¿Z¯�~��½Z·

¶³ºº°³¾¿Z¯u�µu¹vp¯�¹uyu�v·Z��½Z·ê¹çêuYz-�¾d³Z��¶kyu�
�z ºº� ªºº�Yº��yu�¹ vºº� ½yYu�¶ºº.³ç¹éZºº¸³M�½¹y�µZºº¯

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.2

.1
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             5 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.2.16.9
https://iutjournals.iut.ac.ir/jstnar/article-1-435-fa.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

æîë

¢]Z�¯�¾�o�¾]Z¿{yY�¹ ¾]¹z¨À¯��¾¿ZÀ°À���¾¨¿|À��½Z·��¿Z¯{M
>È^º£ ¶º$³MZ¸³M�½yZ-v³Z¯�bÀ��¹�Zc�b�zº- ­Zºl³Y��vº� ±ZÀº]

]¶³ºº°³�Zº] ¶º�¿Z¤¯�yu��ºº�tuyYv³Zd�Y�b«Zo�¹ v·Z��½Zº·
�t�¯uº��

µuZ d�Y�uyº¯�½yZ¯M�½Z·��¹y
È¯Z§�mz��\º«Z£�yu�¾¿ZÀ°Àº� �¾º¨¿|À��½Zº·�¿Zº¯{M�j¿Zdº³�
¹ ¶¿|lc�uyº¯�¶�z��¦¿�~³Z¿yY¹�|À«Z³M�{Y�µuZ d�Y�Z]�¹ ¾�uZº�c
�t�¯�½Yz]�²¨³Yu�±ºº¯{M�{Y�¹ b�zº- yYzº£ ½yZº¯M�ªÀº¬pc

±uz§dsYv��µuZ d�Y�Z·�¶³º°³�²À]��È�²À´#�®·½yZ¯M�¾�yz]�
yY|�Y�­z³Z]�yº§x¯&267$7v¿uz-�YzkY��¾]Z¿{yY�½Z·�±º¯{M�yu

µzº¸]�Zº] j¿Zdº³ ½yZº¯M�¾º�yz]��¾º�o½yZ¯M�©¹vk�{Y�½zºÀ-
�5RHVVOHU�HW�DO��­Zl³Y��µv��¶À¸c�¾¿Zc�¶��±º¯{M�½Yz]�¶º§v�

�æí��²º¿Y°k�¹u�±º¯{M�{Y�µuZ d�Y�Z]�©¹vºk¶¬¶´¯Yu�¦¿�½Y½Y
�b�Y�­º��¦¿�¾�uZ�c�yº��¶] nÀp��¶³º°³�[Ztd³Y�©Z°doY�¶§

b�Y�µv��¶À¸c�

fp]�¹ j¿Zd³
±ºÀºº�Çº¯z��½zºº·Z��¶d¿{º¨ºº�¿¹�¶ºº�¿Z¤¯�¬dººt¯�½Zºº·

|³º¿Z¯�~�
yu�¾�yz]�²¿Y�j¿Zd³ª¨�æb�Y�µv��¶�Ès��

uZl¿Y�z�³�{Y�¶§�YzÀd§�{Y�¾^�Z´¯�b�¬��²ÀÀ�c�½Yz]��¿Z¯{M�²º¿Y
¿¹µv´·u�­Yº£�¹ µv´´§�yYv¿Z��uYº¯�¶]Zºººº�º¯ ½zº·Z��¶d¿{º¨º�

�v´§�ªº°��½yZºlcv��­Zl³Y�yuª¨��²¿Y¾¯�¶�oÈ¯�uº�¶§
Zº] ¶º§ ½|º³º¿Z¯�~º�ç�åµv��¶À¸c�YzÀd§�v�yu��yZ°Àc7%��
YzÀd§�bº�¬��²¿zºd°§b�¶]�b^�³�±M{Y�ª�Zo�¶d¿{º¨�¿¹�¶§�

v·Zº� ¶³ºº°³�yZ°Àºc7%��zcÇZ]v�Z]�¾¯��Àc�yu½Z·yZ°7%�¹
7%��b�Y�v·Z��¶³ºº°³�{Y�zdº�À]�yZÀº�]�¶d¿{º¨º�¿¹�|ºÀ³�¾«¹

b�Y�zcuZ¿{�|ºÀ³�¾�zº�¯�½YzºÀd§�¾¯�²¿Yz]Z´]uz§��Z^´d�Y�±Yºc
�zºººº�¯�¶ºººº§ç�åvºººº�yu�¾^ºººº�Z´¯�²¿|ºººº.¿Zk�YzººººÀd§

uYºº¯ ½Yzº]­Yºº£ ¹ µv´º´§yYv¿Z�uyº¯�|³º¿Z¯�~��yu�½yZlc�µv´·u
b�Y�¾�yz]�

½Z·yZ°Àººc yu7%���7%�¹7%�yu�YzººÀd§�bºº�¬��¶#zºº-
¶d�Z¿��¿Y|º�Y�|º³º¿Z¯�~º�¾«¹¾«¹|³�zÀ��½z·Z��¶d¿{º¨�¿¹�

bº�Y�¶dº�Yu���ºc�µv¯M�b�u�¶] j¿Zd³�Z]�j¿Zdº³ ²º¿Y�z¬d�¿¹¹
zº¬À°À]uyYu�bº¤]Z�¯��µv¿v��²¿Y�¶Àºkºc�yu¾¯�Z]�¶§�b -�±Yºc

¶d�y�²À]�½Z·v³Z]��YzºÀd§�bº�¬��uZº¿{��¿Y|º�Yzd�À]�±M�yu�½Y
\kº¯�¹ µvº�¶d�y��°lc�¾¯�YzÀd§�½Z·f�Z]�z¯Y�²¿Y�¶§�uuz-

¶dº�y�vºo {Y��Àº] ¾º¨¿u|³º] Zº·¶²À]�[M�i¹zs�¹ µv��®·
¶dºº�y�·Zºº§ ±M�ªºº�Zo�bºº¿Z¸³�yu�¶ºº§ uyYu�¾ºº� yu�Yy�Zºº·

¶d¿{º¨�¿¹b�Y��çì��
{Y�b°�£�²¿Y�¶lÀd³�©Zoz·�¶]b�¬��[Ztd³Y��·¹&�ç�å

v�yuYzÀd§yu�µuZ d�Y�½Yz]½v�]�ªoYz¯uº]�

M±ºÀ�«º¯Y�½yYv¿Z��±º¯{
YzÀd§�\�Z´¯�yYv¤¯�±v���t�¯�{Y�~��ç�åv�yu��±Yº´��¶]

zd�À]�±Z´À°�Y�½Yz]��¾�yz]�uyº¯�|³º¿Z¯�~��yu�²¿|.¿Zk�µuZ¯
¶³º°³�½¹y�±ºÀ�«º¯Y�½yYv¿Z��±ºº¯{M��[Ztdº³Y�²º¿Y�¾dº�yu�{Y

b�zº- ­Zºl³Y�v·Zº� ¶³ºº°³�¹ yYuYzºÀd§�~º��{Y�¦¿�"Àº· yu
¶³ºº°³²º�¹y�yZºgM�Zº·±ºÀ�«º¯Y�bº�¨��¹ ¾º-u{µv¿uv�³��

b�¬��±uº]�\�Z´¯�z]�½z.¿u�v¿Rº¯ ½yYvº¿Z��±ºº¯{M�²¿Yzº]Z´]
YzÀd§�µv��[Ztd³Yb��

¾¿ZÀ°À��½Z·��¿Z¯{M
±ºº¯{M�²º¿Y�j¿Zdº³~��¹ YzÀd§�½ºdp¯�|³º¿Z¯�~��uyº¯�yu�Z·
©¹vk�yu�½yZlcèb�Y�µv��¶�Ès��

©¹vºk yu�iyv´º¯ j¿Zdº³è¾¯�±Zº�³�À·�uyº¯�yu�¶§�v·u"
|ººº³º¿Z¯�~ººº� ²Àººº] µvººº� ¾ººº�yz]�aZÀººº�º�s�{Y�­Yvººº§

YzºÀd§�½ºdºp¯¾´� �̄�ÈdsY�v·Zº� ~º� ¹n���yu�yYuêv�yu�
b�Y�¶d�Yv³�uºk¹�

¾]¹z¨À¯�½Z·�±º¯{M
¶§�È³º°«Z���¿Z¯{M�uyº¯�yuéíZ·�~��vÀ«ºc�{Y�~��b�Z��

· yu��v��­Zl³YºÀº°³�{Y�¦¿�"º¶³º·º«M�Zº¾-uºµvº¿uvº�³�²¿Y
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] |³º¿Z¯�~��yu�YzÀd§�{Y�µuZ d�Y¶µv´´§�yYv¿Z��uYº¯�½Zkº£�¹¾cYuyY¹�µv´·u�­Y

æîì

ª¨�Î�YzÀd§��¬dt¯�½Z·�b�¬��Z]�|³º¿Z¯�~��yu�µv��ª�Zo�½z·Z��`d¿{º¨�¿¹�©¹vkÏ�v·Z��¶³º°³�Z]�±M�¶�¿Z¤¯�¹�7%��Î

©¹vkè�b]º�y�±Y|À¯��S+¶d¿vÀ�Y��~��yu�ª§�|³º¿Z¯�½Z·
½yZlc YzÀd§�½ºdp¯ |³º¿Z¯�~���º³

aZÀ�º�s
D�åè�çì D�íë�çë b]º�y����
D�åç�é D�åå�é S+
D�îç�å D�îæ�å ª§�¶d¿vÀ�Y��¦Àd�Y�vÀ�Y�

¶d�z-�ayº��¶´ºÀ¯{�²º¿Y�yu�¶º§ ½zº.¿u�aZ¤Àº¤pc�Zº] j¿Zdº³
uyYu�b¤]Z�¯�æì�æî¹çë���

©¹vk�yu�¦�§�¹ [¹z¨À¯�¾¬§��yZ°��¶]��º]z¯�j¿Zdº³é
b�Y�µv��±ZÀ]�
¾¯�µv·Z�¯¨À¯�¾¬§��yZ°��z�³�{Y�¶§�uº�~��yu��[¹z

uºk¹� v·Z�� ¶³º°³� ¶]�b^�³� ½zd�À]�[¹z¨À¯� YzÀd§� ½ºdp¯
�b�Y�¶d�Yu¾«¹[¹z¨À¯�¾¬§��yZ°��{Zl¯�vo�¶]�¶kºc� Z]�

{Y�v¿Z^³�|³º¿Z¯�~��­z-�z·�yu�¶§æåèv´§�{¹Zlc��ë�²¿Yz]Z´]
uyYu�¾«º^£�ª]Z£�bÀ��¹� z�³�²¿Y� {Y� YzÀd§�½ºdp¯�~��yu

d§�½ºdp¯�~��yu�|À³�¦�§�uYv�c�uyº¯½zd�À]�¦�§�yº�o�YzÀ
v��¶�oÈ¯�½yZlc�¶³º°³�¶]�b^�³�}Z�Yz]�|À³�uyº¯�²¿Y�yu
{Y�v¿Z^³�¦�§�¾´¬§�uYv�c�uyYv³Zd�Yæåçv´§�{¹Zlc��ë�²¿Yz]Z´]

b�Y��z¿x��ª]Z£�|À³�z�³�²¿Y�{Y� YzÀd§�½ºdp¯�~��bÀ��¹�

yZ]��·Z§�½Yz]�¾·uºcz��½Z·��¹y�{Y�µuZ d�Y�uyº¯�²¿Y�yu�¶d^«Y
d§�¾]¹z¨À¯{Y�ª^£�YzÀb�Y�vÀ ¯�~��yu��z�¯�

¾�o�¾]Z¿{yY
©¹vk�yu�Z·�~��¾�o�¾]Z¿{yY�¶]��º]z¯�j¿Zd³êb�Y�µv¯M��

¾º¯ ¶º�oÈ¯²À]�¾�o�¾]Z¿{yY�±º¯{M�j¿Zd³�}Z�Yz]�¶º§ uºº�
a¹Zºº c�v·Zºº� |ºº³º¿Z¯�~ºº� ¹ YzººÀd§�½ºdººp¯�|ºº³º¿Z¯�~ºº�

¾º´�¯n���yu�½yYuêb�Z]�¹ ,³y��®���¹ z���z�³�{Y�v�yu�
Yv³�uººk¹±º¯{M���ºc�YzÀd§�½ºdp¯�~���Zp«�²¿Y�{Y�¹ ¶dº�

b�Y�µv��µuYu��Àt�c�v·Z��~��¶]Z�¯�±Z-v´´§�

|³º¿Z¯�½Z·�~��½yZ-v³Z¯�bÀ��¹�¾�yz]
¶³º°³�±uYu�yYz£�Z]¶³º°³�¹ YzÀd§�½ºdp¯�~��½Z·yu�v·Z��½Z·
¾¿Z¯u�µu¹vp¯�¹uê¹çêaYzÀÀ�c�uYz-�¾d³Z��¶kyu�µv��uZl¿Y

�
{Yº�

¾d³Z
�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

æîí

©¹vké�¯{M�j¿Zd³�±ºv·Z��~��¹ YzÀd§�½ºdp¯�~��¾]¹z¨À¯�½Z·
¦�§�uYv�c�FIX�JU� [¹z¨À¯�¾¬§��yZ°��FIX�JU� ±º¯{M��º³

|³º¿Z¯�~���º³
æå èåå YzÀd§�½ºdp¯
è å ½yZlc

©¹vkê�¶³º°³�Z]�¶�¿Z¤¯yu�b�Z]�¹ ,³y��®���¹ z���z�³�{Y�YzÀd§�½ºdp¯�~��¾�o�¾]Z¿{yY�v·Z�
±uº]�yYu�¾´�¯�bÀ��¹
½yZlc�¶³º°³�Z]��ÈdsY

½Yzººº] nÀp��[Yºk�ª£Yvo
n���yu�±uº]�yYu�¾´�¯êv�yu�

[Yºk�uYv�c
nÀp�

uYv�c
±º¯{M

bÀºº�º�s
¾�yz]�uyº¯

uº^³�yYu�¾´�¯ æê é çå ®���¹ z��
uº^³�yYu�¾´�¯ æê è çå ,³y
uº^³�yYu�¾´�¯ æê ì çå b�Z]

ººº¸³M��¬dºººt¯�aZÀººº�º�s�yu½yYu�¶ººº.³�±Zººº¯{ ©ºººº� yu�Z
¾º�yz]v�ayº��¶]�aZÀ�º�s�{Y�¦¿z·�uyº¯�yu�j¿Zd³�¶§��
b�Y�z¿{�

½yYu�¶.³�±Z¯{�©º��yu�Z·�~��½z·Z��¶d¿{º¨�¿¹�¾�yz]
�«Y�½Z¯u�yu�½yYu�¶.³�êuYz-�¾d³Z��¶kyu�

yu�¾�yz]�²¿Y�j¿Zd³ª¨�çb�Y�µv���t�¯��¶ººººº�oÈ¯
¾º¯¹ YzÀd§�½ºdp¯�~��yu�®º· ¶º§ uºº�®·½yZlc�~��yu

¾´�¯�aYzºÀÀ�c�±Zº¯{�bº�x-Z]{¹z]�½z·Z��¶d¿{º¨�¿¹�yu�yYu
bº�Y�µuzº¨³�½ºdp¯�~��uyYº¯�¶°·�yu�¶§�bº�Y�zº§w�ªº]Z£

¶³º°³�¶]�b^�³�Yy�½zd�À]�½z·Z��¶d¿{º¨�¿¹�YzºÀd§½yZlc�½Z·
b�Y�µuYu�±Z�³�

[�yu�½yYu�¶.³çêuYz-�¾d³Z��¶kyu�
½z·Z��¶d¿{º¨�¿¹�¾�yz]�¶]��º]zº¯ j¿Zdº³½yYu�¶.³�½Z·�~��

½Zº¯u�yu�µvº�çêayº��¶]�uYz-�¾d³Z��¶kyu�ª¨�è�¿Z°³�
b�Y�µv��µuYu�

|À³�uyº¯�²º¿Y�yuµv¿u¾¯�uyº¯�~���º³�¹u�z·�yu�¶§�uº�
½Zº¯u�yu�¾º�yz]çêaYzÀÀ�c�±Z¯{�b�x-�Z]�uYz-�¾d³Z��¶kyu�

b�Y�µv¯ZÀ³�v¿v��½z·Z��¶d¿{º¨º�¿¹�yu�yYu�¾º´�¯�Z¯u�²¿Y�yu

Yvdºº]Y {Y�|ººÀ³YzººÀd§�½ºdººp¯�~ºº� ±M�½Z¸dºº³Y Zººc ½yYu�¶ºº.³�½
b�Y�¶d�Yu�½zd�À]�½z·Z��¶d¿{º¨�¿¹�

½yYu�¶.³�±Z¯{�©º��yu�Z·�~��b]º�y�¾�yz]
�«Y�½Z¯u�yu�½yYu�¶.³�êuYz-�¾d³Z��¶kyu�

yu�¾º�yz]�²º¿Y�j¿Zdº³ª¨�éb�Y�µv¯M��yYuº°³�²¿Y�yu�¶#z-
Yzº·Z��¶³º°³�¶º°·yub]º�y��·Z§�±Z¯{�b�x-�Z]�~��½Z·

µvº� µuYu�±Zº�³¾º«¹¾´�¯�½yZ¯M�z�³�{Y��·Z§�²º¿Y�µuº^³�yYu
bº�Y�¶�oÈ¯�ª]Z£�aYzÀÀ�c�z.¿u�ayZ^��¶]Z¸³M�b]º�y�yu�½Y

b�Y�µuz¨³�{¹z]�

[�½Z¯u�yu�½yYu�¶.³�çêuYz-�¾d³Z��¶kyu�
yu�Zº·~º� b]ºº�y�uyºº¯ yu��·¹&º� {Y�¶¬ozº¯ ²º¿Y�j¿Zdº³

ª¨º�êb�Y�µv¯Myu��¿Zº°³�¶º]�¹z]�j¿Zd³�²¿Y�·Z§�¾§v³Y�{
¶³º°³�yu�Yy�b]º�y¶³º°³�¹ YzÀd§�½ºdp¯�~��½Z·½yZlc�½Z·

¾º¯ ±Zº�³vº·u�½Yvd]Y�{Y��º�t]�b]º�y�¥v³Y��·Z§�²º¿Y
¾´�¯�b«Zo�­¹u�µZ¯�Zc�Z·�~º� ½yYu�¶º.³�¶¬ozº¯n��yu�yYuê

bº�Y�¶dº�Yu�vº�yu�~���º³�¹u�z·�yu�¶À«¹Y�b]º�y�¶#zº-
�¶d�Yu�a¹Z c�¾º§v³Y¾«¹º�y��·Z§�v³¹y�b«Zo�¹u�z·�yu�b]

v·u�¾¯�±Z�³�Yy�¾dsYº´¨¿�¹ ±Z�¨¿�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.2

.1
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             8 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.2.16.9
https://iutjournals.iut.ac.ir/jstnar/article-1-435-fa.html


] |³º¿Z¯�~��yu�YzÀd§�{Y�µuZ d�Y¶µv´´§�yYv¿Z��uYº¯�½Zk¾cYuyY¹�µv´·u�­Yº£�¹

æîî

ª¨�ç�½Z¯u�yu�µv��½yYu�¶.³�½Z·�~��½z·Z��¶d¿{º¨�¿¹�aYzÀÀ�cê±Z¯{�©º��yu�uYz-�¾d³Z��¶kyu�

ª¨�Ð�½Z¯u�yu�µv��½yYu�¶.³�½Z·�~��½z·Z��¶d¿{º¨�¿¹�aYzÀÀ�cÒ±Z¯{�©º��yu�uYz-�¾d³Z��¶kyu�

�
{Yº�

¾d³Z
�

�
{Yº�

¾d³Z
�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

çåå

ª¨�Ñ�½Z¯u�yu�½yYu�¶.³�²°��Z·�~��b]º�yÒuYz-�¾d³Z��¶kyu�

ª¨�Ò�½Z¯u�yu�½yYu�¶.³�²°��Z·�~��b]º�yÏÒuYz-�¾d³Z��¶kyu�
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] |³º¿Z¯�~��yu�YzÀd§�{Y�µuZ d�Y¶µv´´§�yYv¿Z��uYº¯�½Zk¾cYuyY¹�µv´·u�­Yº£�¹

çåæ

©¹vkë��¿Z¯{M�j¿Zd³~� ¾]¹z¨À¯�½Z·¶.³�½Z·¾¿Z¯u�µu¹vp¯�¹u�yu�µv��½yYuê¹çê¾d³Z��¶kyu�uYz-�

¦�§�uYv�c
�FIX�JU�

[¹z¨À¯�¾¬§��yZ°�
�FIX�JU�

¶.³�±Z¯{½yYu ¶.³�½Z¯u½yYu
½yZlc�~� YzÀd§�½ºdp¯�~� ½yZlc�~� YzÀd§�½ºdp¯�~�

è æå å èåå vÀ«ºc�½Yvd]Y
å å å å µZ¯¹u�{Y�~� R&ê
å å å å µZ¯yZ¸#�{Y�~�
è æå å èåå vÀ«ºc�½Yvd]Y
å è å å µZ¯�¹u�{Y�~� R&çê
å è å å µZ¯yZ¸#�{Y�~�

§ ¾«Z°doY�bº¬��º]z¯�v³Yºc�¾¯�Z·�~��yu�b]º�y�¥v³Y��·Z
¾¨Àd�È��[yu�¢¿z�{Y�b]ºº�y�¾ºW|k�yYv¤¯yº^º� ¶º]�¹z�

�À���z��Z]�±M�[yu�©Z�cY�ªp¯�{Y�¹ ~��½ºdp¯¶v�Z]�½Y�

¾�yz]S+½yYu�¶.³�±Z¯{�©º��yu�Z·�~��
�«Y�½Z¯u�yu�½yYu�¶.³�êuYz-�¾d³Z��¶kyu�

ª¨º� yYuºº°³Ó¾º¯ ±Zº�³�Yy�¾º�yz]�²º¿Y�j¿Zdº³v·u�µv·Z�¯
¾º¯½yYu�¶º.³�¾º¿Yvd]Y�µZº¯ ¹u�yu�Zº·~º� yu�¶º§ uºº��zÀÀ�c�

¾º´�¯zº�³�{Y�½yYuS+�b�Y�µuz¨³�{¹z]�¾«¹½ºdp¯�~��yu�
­yZ¸#�Zc�­¹u�µZ¯�¶¬�Z��yu�YzÀd§S+¾´�¯�ayº��¶]�®§�voyu�
bº�Y�µuYu�±Zº�³��·Zº§ yYu�aZ¤À¤pc�}Zº�Yz]º³Z d�Yb¬�

�·Z§S+ÇZ°doY��¾¯¨��¶]�v³Yºcµ¹z-�{Y�¾sz]�±v��¶d�½Z·
µ¹z-�¶]�Z¸³M�ª¿v^c�¹ ½zdº�Yv�Z]��º]z¯�½vÀ�Y�½Z·�çê��¶d^«Y

�±Yz¿Y�uyYv³Zd�Y�}Z�Yz]�¶§�²¿Y�¶]�¶kºc�Z]S+v¿Z^³�|³º¿Z¯�~��
{Yæ�é²¿Y�{Y�¾�yz]�uyº¯�½Z·�~��¶°·�²¿Yzº]Z´]�vº�Z]�zºcÇZ]�

¾¯�©º^£�ª]Z£�vo�yu�¶^´kv´�Z]�ë��

[�½Z¯u�yu�½yYu�¶.³�çêuYz-�¾d³Z��¶kyu�
yuª¨�ì�·¹&��{Y��t]�²¿Y�j¿Zd³�µv�� µuYu�±Z�³b�Y�

¢^�±Z¯{�b�x-�²°��|³º¿Z¯�~���º³�¹u�z·�yu�¡º��j¿Zd³
yuçê©¹|³�uYz-�¾d³Z��¶kyuS+b«Zo�¶]�¹ yYu�¾´�¯�ayº��¶]�

¶]Z�¯È^£�±M�b¬��¶]�¶§�b�Y�µuYu�qy�½Y�v��µyZ�Y�

yu�Z·�~��¾]¹z¨À¯�bÀ��¹�¾�yz]½yYu�¶.³�±Z¯{�©º�
©¹vk�yu�¾¿Z¯u�µu¹vp �̄¹u�¶]��º]z �̄¾�yz]�²¿Y�j¿Zd³ëb�Y�µv¯M��

©¹vºk yu�iyv´º¯ j¿Zdº³ë¾º¯ ±Zº�³�¹u�z·�yu�¶º§ vº·u
�yZ°��½Z·��¿Z¯{M��vÀ«ºc�½Yvdº]Y�yu�¶#zº- ¾º¿Z¯u�µu¹vºp¯
Yy�©º�p¯�yu�®�À³Z-yY¹z¨À¯�yºº�o�¦�º§ ¹ [¹zº¨À¯�¾º¬§

¾º¯ ±Zº�³vº·u�¾«¹±Z¯{�b�x-�Z]�uYv�c�­yZ¸#�¹ ­¹u�µZ¯yu
¾º´¬§b�Y�¶d�Z¿��·Z§�uyYº¯�¶°·yu�Zº·�¾¯�z¯Y�²¿Y�b¬�v³Yºc

�·Z§�Z¿�|³º¿Z¯�~��yu�uººkº¯�¾º]¹z¨À¯�vº� ª¯Yº�zºgY�¶º]
�½vÀ�Y�b«Zo�v´³Z¯�¾¬¯Yº��¶§�¾´�¯�²¿v]��vº�Z]��º]zº¯ b]ºº�y

½yYu�¶.³�½Z¯u���z¯�®tc�[¹z¨Àº¯ vº� aZ^À§zºc�½Z¯u�uyº¯�yu
ê¾d³Z��¶ºkyu�uYz-�¹ v�y�µ{ZkY�µv³yYu�¶.³�uYº¯�¹¶¯YuY�¹ bÀ«Z��

µuYvº³ ©ºº�p¯�yu�Yy�[¹zº¨À¯�yºº�ovº³Y�{Y�¦¿�"À·�yu�¶dº^«Y
b�Y�µuz¨³�{¹Zlc�uyYv³Zd�Y�vo�{Y�¾]¹z¨À �̄bÀ��¹�Z·�~��ë��

½yYu�¶.³�±Z¯{�©º��yu�Z·�~��¾�o�¾]Z¿{yY
©¹vºk yuì,³y��®���¹ z���z�³�{Y�Z·�~��½Z·�±º¯{M�j¿Zd³�

b�Y�µv���yY|-�½yYu�¶.³�±Zº¯{�©ºº� yu�bº�Z]�¹�j¿Zd³�²¿Y
¾º¯ ±Zº�³¾´�¯�a¹Z c�±Z-v´º´§�±ºº¯{M�¶º§ vº·u²À]�Yy�½yYu

¶³º°³¶³º°³�¹ YzÀd§�½¹Zo�~��½Z·v³uYv³��Àt�c�v·Z��½Z·�
¶³º°³�z.¿u�ayZ^��¶º]¶³º°³�¹ YzÀd§�½¹Zo�~��½Z·v·Z��½Z·

³ ±Z¯{�©º��yu�b�Z]�¹ ,º³y��®º��¹�zº���zº�³�{Yyu�½yYu�¶.
¶d�Yu�b¸]Z�¯�¾�yz]�uyº¯�½Z·Z¯uv³Y�
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ª¨�Ó�S+½Z¯u�yu�µv��½yYu�¶.³�½Z·�~��Ò±Z¯{�©º��yu�uYz-�¾d³Z��¶kyu�

ª¨�Ô�S+½Z¯u�yu�µv��½yYu�¶.³�½Z·�~��ÏÒ±Z¯{�©º��yu�uYz-�¾d³Z��¶kyu�
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] |³º¿Z¯�~��yu�YzÀd§�{Y�µuZ d�Y¶µv´´§�yYv¿Z��uYº¯�½Zkº£�¹¾cYuyY¹�µv´·u�­Y

çåè

©¹vkì�~� ¾�o�¾]Z¿{yY�¶.³�½Z·¾¿Z¯u�µu¹vp¯�¹u�yu�µv��½yYuê¹çêyu¾d³Z��¶kuYz-�

bÀ��¹¾´�¯yYu
�ÈdsY�±uº]

½Yz]�nÀp��[Yºk�ª£Yvo
¾´�¯n���yu�±uº]�yYuêv�yu�

nÀp��[Yºk�uYv�c ±º¯{M�uYv�c ¶.³�±Z¯{½yYu ¶.³�½Z¯u½yYu

b�Z] ,³y ®��¹z��
uº^³�yYu�¾´�¯ æê ì è é çå vÀ«ºc�½Yvd]Y
uº^³�yYu�¾´�¯ æê í ê ì çå µZ¯¹u�{Y�~� R&ê
uº^³�yYu�¾´�¯ æê ì í ì çå µZ¯yZ¸#�{Y�~�
uº^³�yYu�¾´�¯ æê ì è é çå vÀ«ºc�½Yvd]Y
uº^³�yYu�¾´�¯ æê ê è ë çå µZ¯¹u�{Y�~� R&çê
uº^³�yYu�¾´�¯ æê è ê ì çå µZ¯yZ¸#�{Y�~�

¶lÀd³½zÀ-
yu¶lÀd³�²º¿Y�µvº� ­Zºl³Y��·¹&º� {Y��ºº°l¯¶WYyY�ª]Z£�½zÀ-

~º� ±Yººc ¾º¯ ¶º§ bº�Y\�Z´¯�yYv¤¯�{Y�µuZ d�Y�Z]�Yy�|³º¿Z¯�
uz§�vÀº«ºc�YzºÀd§��¾¿ZÀ°À���¾¨¿|À��aZÀ�º�syu�¶§�±M�±¹v]�

¹ ¾º�oyu�½yYu�¶.³��¬dt¯��¿Yz��yu�|³º¿Z¯�~��¾º]¹z¨À¯
¶³º°³�Z]�¶�¿Z¤¯µv°��a¹Z c�½yZlc�½Z·v´§�{¹z]�½Y�ayZ^��¶]

½ºdp¯�|³º¿Z¯�~��¾¬�Y�aZÀ�º�s�b¸]Z�¯�¶]�¶kºcZ]�z.¿u
ºÀd§uYº¯�{Y�µuZ dº�Y�Zº] ¶º§ ½|º³º¿Z¯�~º� Zº] Yz¹ µv´´§�yYv¿Z�
­Yºº£¾¯��µv��vÀº«ºc�¾ºkyZs�µv´º·u¶§�Yy�YzÀd§�{Y�µuZ d�Y�±Yºc

>È¯Zº§ ¾�°º�¾º] ¹ ¾º�À^��±Z¿{�æê�±M�[º�z¯��º³�¹ b�Y

º]¶¾¯�}zd�u�yu�±Yz¿Y�yu�¾doYy¶]��v�Z]¾^�Z´¯�²À�³Zk�±Yº´�
ZºsyZºº§ ¶ººº] yº§xºº¯ uYº¯�½Yz]¶³uz§�uZ¸´�À��~��vÀ«ºc�½Z·�

½yY|.�Z��
¹ {YzÀ��µZ.�³Yu�¾¿Yx���¿Z´�¹�­ºº¬���ºt]�±Z´º§yZ§�¶Àº¬§�{Y

�·¹&��±Z¯{Z��±Z´§yZ§�¹ b¿zº¿v¯¹ ¾°¬��½Z·}yZ��¾d�´�
¶d�Yu�¶³Z°À°��½yZ¨°·��·¹&��²¿Y�­Zºl³Y�yu�¶º§v³Y�¾³Yuyv£�

¾º¯uºº��®º·[Z´k�¹ ¾�Z]z§�v°oY�zd§u�½Z£M�[Z´k�{Y�²À´#
MZ°´·Yy�{Y�¶§�½yÇ�²À¯Y�uº°p¯�zd§u�½Zº£¿¾ay¹Z�¯�¹ Z·½Z·

b°�£�yu�±Z�¿Y²¿Y��¬dt¯�½Z·�·¹&�µz¸]�©Z°§��v��½zÀ-
yYu�Yy�z¨�cu�

�]Z´¯µuZ d�Y�uyº¯�
Î�� �z°§�²¿y{�æèìê�¾¯ºcZ³M�¾�yz]º½%º«º§Y�æé¶³º-�{Y�¶³º-�±Yz¿Y�yu�YzÀd§�v«º¯�½Z·�.´k�aZ¤À¤pc�¶��º¯�aYyZ�d³Yª�cYz¯�¹ Z·�

±Yz¸c�
Ï�m �¾°�Z��æèìí�¾¿Yx��uYº¯�¾°À���©¹Y��Z#�yZ�d³Y�¾¯Z¸��b§z��aY±Yz¸c�µZ.�³Yu�
Ð�� �¾¯º��¯�æèëí�¶³º-±Yz¿Y�±º-�½Z·�­¹u�v¬k�aYyZ�d³Y±Yz¸c�µZ.�³Yu�
Ñ�­ �½¹z·�v°p¯�æèìæ�YzÀd§��°��½Z·v¿yZ§Z�º³º �̄¾¿Z�Z´��¹ ½{Z��Yvk�� ¾�v´¸ �̄¹ ¾°À��¶¿z�³±Yz¿Y�¾°À�v¸� �̄¾�¹uz��µZ.�³Yu��
Ò�¯R±Yz¿Y�¾d�´��aZ¤À¤pc�¹ uyYv³Zd�Y�¶���æèëî�|³º¿Z¯�~��¾¿ZÀ°À��½Z·�±º¯{M�µyZ°�uyYv³Zd�Yçéêé­¹u��Z#��±Yz¸c���
Ó�¯R±Yz¿Y�¾d�´��aZ¤À¤pc�¹ uyYv³Zd�Y�¶���æèìè�¾-&¿¹|³º¿Z¯�~��±º¯{M��¹y�¹ ¾]¹z¨À¯�½Z·�µyZ°��uyYv³Zd�Yçîëê�Z#��

­¹u�
�� $QRQ\PRXV��������6DODG�GUHVVLQJ�VWDELOL]HU�FXWV�FRVWV��QRW�TXDOLW\��3UHSDUHG�)RRGV�����������
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çåé

�� $QRQ\PRXV��������)RFXV�RQ�JXPV��,QWHUQDWLRQDO�)RRG�,QJUHGLHQWV���������
�� %DXHU��)�� DQG�6��9DLO��������$�PHWKRG� IRU�H[WUDFWLRQ�RI� WKLFNHQHUV� IURP�PHDW�SURGXFWV��=HLWV��)XHU�/HEHQV��)RUV��

�����������������
��� %RXUQH��0��&��������)RRG�7H[WXUH�DQG�9LVFRVLW\��&RQFHSW�DQG�0HDVXUPHQW��$FDGHPLF�3UHVV��1HZ�<RUN�
��� &ROD��.��$��DQG�.��5��6WDXIIHU��������6KHOI�OLIH�VWXG\�RI�RLO�ZDWHU�HPXOVLRQ�XVLQJ�YDULRXV�FRPPHUFLDO�K\GURFROORLGV��

-��)RRG�6FL�����������������
��� 'DYLG��-��0��������)RRG�(PXOVLRQV��&KDSPDQ�DQG�+DOO��1HZ�<RUN��
��� 'RPLQLF��:��6��������0HFKDQLVP�DQG�7KHRU\�LQ�)RRG�&KHPLVWU\��9DQ�1RVWUDQG�5HLQKROG����
��� )HQQHPD��2��5��������3ULQFLSOHV�RI�)RRG�6FLHQFH��3DUW�,��)RRG�&KHP��-� 0DUFHO�'HNNHU��1HZ�<RUN��
��� +DJLZDUD�� $�� DQG� 7�� 6KLUDL�� ������ /DFN� RI� FDUFLQRJHQLFLW\� RI� WUDJDFDQWK� JXP� LQ� %�&�)�� PLFH�� )RRG� &KHP��

7R[LFRO�����������������
��� -DPHV��'��DQG�&��'DNLQ��������3LFNOHV�DQG�6DXFH�0DNLQJ���QG HG���)RRG�7UDGH�3UHVV��/RQGRQ��SS����������
��� -HDQQH�� 0�� 0�� DQG� ,�� -ROO\�� ������ (IIHFWV� RI� WHPSHUDWXUH�� S+�� JOXFRVH� DQG� FLWULF� DFLG� RQ� WKH� LQDFWLYDWLRQ� RI�

6DOPRQHOOD�W\SKLPXULXP LQ�UHGXFHG�FDORULH�PD\RQQDLVH��-��)RRG�3URWHF��������������������
��� -HOOLQHN��*��������6HQVRU\�(YDOXDWLRQ�RI�)RRG��7KHRU\�DQG�3UDFWLFH��(OOLV�+RUZRRG��(QJODQG��
��� -RKQ�� 3�� (�� DQG� 6�� %ORRP�� ������ )DWH� RI� 6DOPRQHOOD� VVS�� /LVWHULD PRQRF\WRJHQHV�� DQG� LQGLJHQRXV� VSRLODJH�

PLFURRUJDQLVPV�LQ�KRPH�VW\OH�VDODGV�SUHSDUHG�ZLWK�FRPPHUFLDO�UHDO�PD\RQQDLVH�RU�UHGXFHG�FDORULH�PD\RQQDLVH�
GUHVVLQJ��-��)RRG�3URW��������������������

��� -XGLH��'��'��������$�IRFXV�RQ�JXPV��-��)RRG�7HFKQRO�����������������
��� /HH��5��������/DERUDWRU\�+DQGERRN�RI�0HWKRGV�RI�)RRG�$QDO\VLV��0RUJDQ�*UDPSLDQ�%RRNV�/WG��/RQGRQ�
��� 0D\QDUG��$��$��DQG�5��0DULH�������3ULQFLSOHV�RI�6HQVRU\�(YDOXDWLRQ�RI�)RRG��$FDGHPLF�3UHVV��1HZ�<RUN�
��� 0H\HU��/��+��������)RRG�&KHPLVWU\��&KDSPDQ�DQG�+DOO��1HZ�<RUN�
��� 1RUWRQ��,��7��������:DWHU�LQ�RLO�GLVSHUVLRQ��(XURSHDQ�3DWHQW�$SSOLFDWLRQ��$1��������*22����
��� 6WHIDQRZ��/��������&KDQJH�LQ�PD\RQQDLVH�DQG�VDODG�GUHVVLQJ��$�5HYLHZ��-��)RRG�3URW�����������������
��� 6ZDPLQDWKDQ��%��DQG�&��0��(VVOLQJ��������0D\RQQDLVH�VDQGZLFKHV�DQG�6DOPRQHOOD��-��)RRG�3URW������������������
��� :KLVWOHU��5��/��DQG�-��1��%HPLOOHU��������*XP�7UDJDFDQWK�LQ�,QGXVWULDO�*XPV��$FDGHPLF�3UHVV��1HZ�<RUN�
��� :KLVWOHU��5��/��DQG�-��1��%HPLOOHU��������*XP�7UDJDFDQWK�LQ�,QGXVWULDO�*XPV���QG HG���$FDGHPLF�3UHVV��1HZ�<RUN�
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