
¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

ëæ

`³º-�¾¿Z�Z´�(LVHQLD�IRHWLGD¾]Z¿{yY�¹ ±Yz¿Y�¾«Z°��¢�Z´¯�{Y�¾sz]�¾¯º]�
b�º�°§�¾¯y¹�vÀ«ºc�yu�¶³º-�²¿Y�±Yºc�

vl¯�¾°�Z·�®�Z§Î¾�Z^¬§�uº°p¯ �Î²À$¬-�v°oY��Ï½yYv°d�¿z��²À�o��Î

µvÀ¨#
ºs�¶]�¾«M�aZ�¿Z��{Y�¾�À�¹�µu¹vp¯�b�Z¿{Z]�½Yz]�¾§Zs�½Zº·­zº§ bÀº¬]Z£b�Y�µv��¶dsZ´��¾]�½u¹v�¯¶³º-�{Y�¾§Zs�½Z·�­z§�½Z·
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±Z�³�¶§�b�Z¿��·Z§�uYº¯b�º�°§�¾¯y¹�zd�À]�½yYv¿Z��¹ uYº¯�¶¿|lc�b�z�À��µv´·ub�Y�µv��vÀ«ºc��

½vÀ¬§�½Z·�µ%Y¹��¾d�º�°§�½Z·�­z§(LVHQLD�IRHWLGD¾«M�aZ�¿Z���b�º�°§�¾¯y¹��

¶¯v¤¯
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$QQHOLGD�¶dººº�Yy�+DSORWD[LQD�µuy&OLWHOODWDµuy�zººº¿{�¹
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½ZÀº�M�¹ Zº�¹yY��¾«Z°º� ½Z¨¿zº¯M�¢�Z´º¯ yu�¶º§b�Z¿�¾]z�
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Ï�±Zl³{�µZ.�³Yu��¾�Z´��¥Zs�yZÀ�³Yu

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.4

.6
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               1 / 8

https://dor.isc.ac/dor/20.1001.1.22518517.1382.7.4.6.1
https://jcpp.iut.ac.ir/article-1-485-fa.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

ëç

v³ºº�¾º¯�µuYº³Zs�¶]�¢¬�d¯�\º¬�Y�/XPEULFLGDHv´d�·�yu
u¹vo�µuYº³Zs�²¿Yççå§ ¶³º-�uyYu�uºk¹�¾§Zs�­z�®¸¯²¿zc

_uYºº³Zs�yu�¾º§Zs�½Zº·­zº§/XPEULFLGDH~´k�¶]�¢¬�dº¯
/XPEULFXVbº�Y�¿Y�yuº³º-��~´k�²º½Z·�¶½yZÀ�]¯º´³Zºv

§ºº·­zºº� ½Zº´^ºº®�'HZ�ZRUPV��/�� WUHUUHVWULV�§ººyu�¶
sºº¥Z¯ ½Zº·ºczº�Z´º¯ ¾º�º¯ ¢ºº¯ bº�Z¿�[º�zº¹ v³º��¾
§º£ ½Z·�­zº¯zº|�/�� UXEHOOXV�§ºc yu�¶º·µuºº§ ½Zºuº¯Yuº¾
�Z¿º¯ bº�¾ºv³ºuyYu�uºk¹���

µuYºº³Zs�²º¿Y�yu�zº.¿u�~´ºk(LVHQLD½Z·�¶³º-�¶§�b�Y�
~´k�²¿Y�®¸¯�½z^]�½Z·�­z§��(�� IRHWLGD�§ ¹º^]�½Z·�­zº½z

£z|º¯�(��DQGHUL��·�dv´�Ò��½Z·�¶³ºº- {Y�½yZºÀ�]§º½Z·�­z
¾º§Zs½Yzº]b�º�°§�¾¯y¹�vÀ«ºc�Yv³Y�µv��µuZ d��¾«¹�¤�
¶³º-�¹u/��UXEHOOXV¹(�� IRHWLGD]ªºÀ«u�¶º¤¯�ºzÀÀ�c�¶]�b¯¹Z

º�º½Z·voY¹�yu��zÀh¨c�¹ ¶¿x�c�uZ¿{�b�z��¹ ¾º�Àp¯��¿Yz
v³ºº�¾º¯ µuYu��y¹zº� ½yZºlc�+y|º]�Ñ��®¸¯�½Zº·¶³ºº-
] ¾«M�aZ�¿Z��b�Z¿{Z]�yu�¶º§ ½zº.¿u¶ª¯Z��v³Y�µv��µuz]�yZ§

] ½Z·�­z§ºz�M�+y|¾¿Z¤¿�(XGHULOXV HXJHQLDH�§ ¹º½Z·�­z
¾]M´·v½��3HULRQ\[�H[FDYDWXV­z-�¢�Z´¯�¾¯º]�¶§�v´d�·
ZÀº�MZ¤¿zº�M�¹µuºº]yu�¹½Zº·Z¯uv³¹y�¾¯�²À]�{Y�²Àº¿Z���Ö��
³º-º´^��­z§�¶º�¹yY�®º¾¿Z�'HQGHUREDHQD� YHQHWD��À]ºdºz
]º���½Yzºuº��¾¯�µuYu��y¹z��¾·Z¯�`°�

·¶³ºº- z¿Zº�º¾¿Zv³º��¾¯�b�Z¿�b�º�°§�½Z·�µuºc�yu�¶§
ºº��]�yu�¹ v³yYuyºszºº] ½zººd°§�bÀºº°·Y�{Yº¶ºº] �ºº£Yº¯�{Y�¾
] µv��z§w�¾¬�Y�¶³º-�¹u�Z]��º¬t¯�ayº�¶yZ§v³¹y�¾¯���Ñ��

- ¹uº³ºº¶(�� IRHWLGD¹(�� DQGHUL¿Z°c�ºº°§�ªº-v³{�¶]�¾º¾
s ±¹yuºv³yYu�¥Z�«Zo�yu�º¾¶§/�� UXEHOOXVs yuº§ ¥Zº©Z³Z
uZºl¿Yµuzº§�©ºº��§�¥Zs�yu�Yy�uºs�aÇº���¹ ®tc�½Zº·
¾¯¢°��yu�uz��©º���yu�¹ uyYx-éê�åª¨��¶]�¥Zs�½zd¯�
º¬-¶ºº«v¿M�¾¯�yu�©Z��zÀ���Î���Àp¯�}Z�Yz]�¾§Zs�½Z·�­z§

µ¹zºº- ¶ºº� ¶ºº] >Çººº°�¯�uºººs ¾ººpÀkzc�bºº�¿{(SLJHLF�
(QGRJHLF¹$QHFLF´º]®º�¤c�º¾º¯ ½v�v³º�ÎÍ��§º½Z·�­z

§º¾dº�º�°+z^�Ç�¹ ¾º°¿v£�¾º¯Yu�uºº§ ½Zº·µuººc yu½Z·

½Z·�­z§�¹|k�¹ v´´§�¾¯�¾-v³{�¾p��(SLJHLFv´d�·��Ò��
uZ¿{�yZÀ�]�¾d�º�°§�½Zº·­zº§ zºÀh¨c�b�zº�¹ b�Y{Y�zÀh¨c�

uzÀ-�¾¯�ayº��½yYx-�®ºtc¹�¾º�´k�¢¿zº��Z·�­z§�½Z·�¶³º-�²À]
uyYu�uººk¹�½uZº¿{�a¹Zº c�zºÀh¨c�b�zº� zº�³�{Y�b�z��½Yzº]

h¨cb�Y�µv��z§w��]Z´¯�yu�¾ºc¹Z d¯�­Zº£yY �Zº·­zº§ zºÀ�uyY¹uY�Ô�
-ºº�yY|zºº§o ¶º§ uº� zh§Yvºc b�zº- zÀh¨º¶³º(�� IRHWLGDyu�

º��ºÀo�aÇºº¾º³Yºí�è§ººY{Y�¶º] ­z½·ºº§ zº¶d ·�yu�­zb�Y�
¦Àºº´¿y±YyZºº¨°·�¹|ººÀ³®ºº£yèê�åY{Y�¶ºº]½Yy�{¹y�yu�­zºº§ zºº·
�yY|º-v³uzºº§�ÎÑ��¶³º-(��IRHWLGDoºu¹vîåå�º©º��§�uv

v´§�¾¯�vÀ«ºc�©Zº� yu�®ºtc�¾«Zo�yu�¶³º-�¶§/��UXEHOOXV©Z��yu��
²Àº]ìî¾º«Y�æåîv´§�¾¯�vÀ«ºc�®tc�©ºº��§��Î��®tc�©º��§�z·

½¹Zºoî�æ­z§�uvº�b�Y®tc�©º��§z·�{Y�>Çº°�¯�¾«¹�æ¾«Y�ç
uº��¾¯�iyZºs ­zº§�æÑ��Zc�¾·Z-�½uº§�½Z·�­z§�yu�v´#�z·ææ

uvºº�®ººtc�©ººº��§�¦ºº¿ yu�­zºº§ ²Àºº´kµvºº¿ubºº�Y�µvºº��ÎÕ��
bÀ°º�Y§ zº· bº�Yu�yZº¸�Y�ºº¶³º-�{Y�­z(��IRHWLGD¯ yu�ºavì

¾º«Yæå¾¯�vÀ«ºc�®tc�©ºº��§�¦º¿ {¹y�{Y�©º��§�z·�yu�¹ v´§ç
¾«YçåuyYu�uºk¹�­z§�²À´k�uv���æÓ��

v�Z�¯��¿Yz��¶§�¾cyº��yu�µv��z§w�uYv�Y�¶º] ¶kººc Zº]
vº�Z]�½Z·�­zº§v´]Z¿�zÀh¨c�½uZ¿{�b�z��Z]�v´³Yºc�¾¯�½uº§�
²Àº¬¯Zc�ÎÕ��yY|º-z§�Àp¯�yu�¹ µv�³�©zd´§��¿Yz��yu�u
�±¹zÀ]yZ°�av¯�yu�½uº§�½Z·�­z§�êå¾«Y�ëå{¹y��ç¾«Y�è

]ºzº]Yz¯ºº¾uºº��«¹�º¾� o�º¬�¯��¿Yzº�s�¶]�[ººº�º
yuyZÀ�]�¾³Çº��±Z¯{�avº¯ yu�¹ +y|º] ½yZºlc�½Z·vºoY¹�

b�Y�ª¨�¯�yZÀ�]�±¹zÀ]��Àp¯�yu�Z·�­z§�zÀh¨c�±Y|À¯�²¿Yz]Z´]
�Àp¯�{Y�zd°§b�Y�µv��©zd´§�½Z·�

Zº¯u®º¸¯�{Y�b]ºº�y�¹vÀ«ºc�yu�zgº¯�¾�Àp¯�ª¯Yº��²¿zºc
v´dº�·�bº�º�°§�¾º¯y¹�Ô�Õ¹Ö��[º¬�¯�¾º�Àp¯��¿Yzº�

>Z^¿zº¤c- ¾¯Z°c�½Yz]�º¶³b�º�°§�¾¯y¹�vÀ«ºc�½Yz]�\�Z´¯�½Z·
b�Y�±Zº�¨¿�yº�´¯u {YZ¯b�º�°§�µuºc�ªsYu�½Z¯u��b�Y¹

uZ¯½·³ ½uZ¿{�bÀ°·Y�z�³�²¿Y�{Y�YººuyYv�½Z¯u´¯�ºº½Yz]�\�Z
³ºº-ºº¶ººº·½Z(LVHQLD� VSS�º°�¯Å�Ççå¾d³Z��¶kyu�b�Y�uYz-

�Ö�¶³º-�v´#�zº·(�� IRHWLGD¿{�ª°pcºÀÀ�c�¶]�½uZº¯u�zººº{Y�Z
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¶³º-�¾¿Z�Z´�(LVHQLD�IRHWLGD¹ ±Yz¿Y�¾«Z°��¢�Z´¯{Y�¾sz]�¾¯º]����

ëè

¯ ±Zº�³�uººsºº¾v·u�ÎÓ��b§zo�½Yz]�¾d�º�°§�½Z·�­z§yu
�À��¹ ½zd�]�uYº¯�ªºsYu{ZÀ³�uºs�±v]�[M�²d�y�yv·�{Y�½zÀ-

] f�Z]�vo�{Y��À]�b]º�y�¾«¹�v³yYu�[º�z¯��Àp¯�¶]¶uºk¹
¹ ¾º]Yv³Z¯��¿Yzº� ±vº¯M¾¯�\º�Z´¯Z³uº��¾d�º�°§�½Z·�­z§

vº³yuZ£b]ºº�y�yuu¹vo�½Zº·éå¶¯YuY�uºs�bÀ«Z���¶]�v�yu�
´·uºv��yºº´¯�b]ººº] \�Zºº- ½Yzºº³ºººº¶(�� DQGHULÀ]ººº²
íåZºcîå�yu�ºvb�Y«¹�ºzÀh¨c�¹ v�y�b�z��²¿zd�À]�¾yu

b]ºº�yíêº�yu�ºv¿u¾¯�µvuº��]º�yºv�y�½Yz]�\�Z´¯�b
-ººº¶³º(�� IRHWLGD�ìå«Y�ººº¾íåºº�yu�º] ¹ vºººº³ººº- ½Yzººº¶

3��H[FDYDWXV�ìëcºZíè�yu�ºvb�Y�Ï��
½¹y�{Y�¾ºº§Zs�½Zºº·­zºº§ ¾¿Zº�Z´�½Zºº·¾ºº-&¿¹½zºº·Z��

�¦¿%º«º�zº¯�uzºÀ-�¾º¯ ayºº� �º«Z]�½Zº·­zº§�¶§�v´#z·�
©ºº��§�½¹y�{Y�¾¿Zº�Z´�­Zl³Y�|À³��«Z]Z³�½Z·�­z§�¹ ®tc�½Z·

z«º§�º´¿Z]�{Y�½zÀ-�µz¸]�¹ µ&¿¹�ª¿Z�¹�¶]�yZ§�²¿Y�¾«¹�uº��¾º¯
{ZÀº³uyYu�½Z·�¾-�&º¿¹­{ÇZ·�­z§�¾¿Z�Z´��½Yz]�ª¯Z��µ{Yv³Y

±v]�,³y���º«Z]�½Zº·­zº§ ±vº] uZº�]Y¾°¨��¹ ¾d���b°�£�
�¾ºº�´k�v´]zºº°§�¹ zºº� ²Àºº] ,ºº³y�&OLWHOOXP�bÀºº°·Y�{Y

bº�Y�yYuyºszº] ½zdº�À]��_yZ°�¹ ¾�´k�v´]z°§�½Z·�¶¤¬o�
]º¯Mzº¬]�¾-vº�º�73��7XEHUFXOD�SXEHUWDWLV��_yZ°�¶¤¬o�

 oººµz·ºk ½Zº¾�´�*7��*HQLWDO� WXPHVVHQV�.«Y�¹ºº½º
­Yv³Y�²¿YZ·b���ÎÎ¹ÎÏ��
­zº§p¯�{Y�Z·º¯ {Y�¾�À�¹�µu¹vº§¾¯�¶¿x�c�¾«M�uYººv´´�{Y

µ{Zc�¾¯Yu�½Z·uº§��¶º¬°k�µv��¶d���½Z¿Z¤]��µvÀ�º��¶°À³�¹
�µyY�¥Zs��v´£�¹ ½{Zº�x�Z§�aZºl³ZsyZ§�aZ�¿Zº� �¾º·ZÀ-
z§w�ª]Z£�[È�Z��²l«�¹ ½z¸��¶«Z]{��½Y�¶³Zs|��M�aZ�¿Zº�

v´dº�·��Õ��´³Z¯�±%¹zdÀ³{Y�¾´��uYºº¯ ±uºº°³��ºº¬t¯²l«�v
¾ºº·ZÀ-�½Zºº¿Z¤]�Zºº] [Èºº�Z��ªºº°��b�zºº� �¿Y|ºº�Y fºº�Z]�

bº�º�°§½{Zº�¶¿º¸c��¿Yz��uZºl¿Y��¹ \�Z´¯�¾d]º�y�¹ ½Y
¾¯�zºd¸]�bÀº À§�Zº] ©ºº�p¯�vÀº«ºcuº��Ô¹Ö���Z cyY�z-Y

µuººc½Zº·vÀ«ºc{Y��À]�b�º�°§éêd³Z��º¾v�Z]�zd¯��¿Yz��
¾º]µuººc ªºsYu�yu�½{Yºº·§ v�y�¹ µv��uZl¿Y�Zº·º­zv´§�Z·�

vº� v·Yººs�Z·�­z§�±uz§�¶�Zº�Y�{Y�ª^º£�yu�uYº¯�¶À«¹Y�®�·�

b�Y�½y¹z��mÈ¯Y�½º�d���¹ ½{Yº·��¿Yz��æÔ��
®d�À�¬dt¯�½Z·ºmº���yu�b�º�°§�¾¯y¹�vÀ«ºc�½Yz]�¾ 

b�Y�µv��uZ¸´º�À��+y|º] ¹ ¦#ºº§�®d�À��{Y�¦¿�z·yu�Z·
µ&¿¹�½y¹M�²��¶]�{ZÀ³�¹ ¶d�Yu�uz]yZ§�¾�Zs��¿Yzº�Yu�½Yv³y�

¶^ºº�k�yu�bºº�º�°§�¾ºº¯y¹�vÀºº«ºc�®dºº�À��EDWFKLQJ�½Yzºº]
}ZÀº¤¯#ºº§ ½Zº·º´º¯ ¹ ¦ºµuZ��¾oz��¹ µuº]�\�Z´¯�©{Z

uyYu�ÎÒ��µuººººc ®dººº�À�{Zººº] ¶�ººººp¯�yu�½Y�ZLQGURZ�
²À¿Z��½y¹M�²��Z]�¾°¿v£�¾°d�À�µuº]+y|]�mº���½Yz]�¶§

ªº]Z£µuZ dº�Yb�Y��¶]�²À¯{�n���yu�¾«M�uYº¯�®d�À��²¿Y�yu
µuººc ayºº��Z cyY�Z]�ª¿º��½Z·êå¾d³Z��¹ µv���t��zd¯

µuººc ¶º] ¾º§Zs�½Zº·­zº§¾¯�¶�Z�Y�Z·uº��d^�³�®d�À��²¿YÅ>Z
vº¯MyZ§Z³�bº�YzgY�yu�¾¿Yx��zº�Z´��{Y�½uZº¿{�yYvº¤¯�Yzº¿{�

¾¯�b�u�{Y�ºº�d���¹ vÀ�º�cu¹y�Ô��¹ uZ¿{�½Z���©Z��Y
�°§�¾¯y¹�vÀ«ºc�½Yz]�¾³Çº��±Z¯{�av¯�¶]�{ZÀº³b�º�ë¾«Y�

æíµZ¯��¿u�\¿Z�¯�{Y.�¹y�²¿Y�zb�Y�Ö��
d�À�ºÀ��±Z¿zk�Z¿�½yºd§My�®º¶d�º�FRQWLQHRXV� IORZ�¶]

²ºº� Zºº] ¹ µuZºº� ª¨ºº� ¹u�zºº·uyYu�uºººk¹�¶d�zºº�À��½y¹M¹
¾º¯³Yººcºº� ¶º] vºoYz��¦ÀcZ¯ºcY�Z¿�¾d�u�ayººuº��¾�³º�º

¶°�c�ª¯Zº� ¦ÀºcZ¯ºcYb�Y�¾�º�t¯�½Z·v³z��¹ ¶«Z¤³�½Z·�
u¶^�k�®d�À��²º¿Y�y¶¿Z��½¹y�b�º�°§�¾¯y¹�½¹Zo�½Z·¾¿Z·

¾¯�µuzº] ÇZº]v³º��¶^�k�¾´À¿Z��n��b�Y�¦^�¯�Z·�­Z.´·�yu
¾�º�t¯�¶¬À¯���ºc�b�º�°§�¾¯y¹�¾´À¿Z��b°�£ �bº�Yuz]

v³z��¹ µv��uzs¾¯uYº¯�¹ uº�¶^�k�¾³Z£º��b°�£�¶]�µ{ZcZ·
uºº�¾º¯ ¶�Zº�Y�¾¯y¹�vÀ«ºc�b�z��®dº�À��²º¿Yyub�º�°§�

¿{ºº] uZººav¯�yu�¹ µuºèå°§�¾¯y¹�{¹y��¸c�b�ºº¯ ¶Àº¾uº�
�Ö��¶¿Z¯z��¶]�{ZÀ³�®d�À��²¿YuyYu�½uZ¿{�½yYx-�

d�À��yuº´À��®º¾· ½¹y�½Z·º®�WUD\� V\VWHP�è�ºuv{Y�
¾º]º#�½Zº·¾´Àº�¾¯�yYzº£ ®º· ½¹y�v³zÀ-�yu�uYº¯��b�t³

¯ ¶�Z�Y�¾§Zs�½Z·�­z§�¹ µv��¶dt¿y�¾´À¿Z��¾´À�v³º��¾�v�]
bº�º�°§�¾º¯y¹�±vÀº�y�{Y�¶�Z�Y�¾¿ÇZ]�¾´À��¶]�µ{Zc�uYºº¯

µv��¾¿ÇZ]�¾´À��¶]�uºs�¾§Zs�½Z·�­z§�µuz]v³º��¾¯��¾´À��
¾¯�¶¯YuY�\Àczc�²À°·�¶]�v³¹y�¹ uº��¾¯�bº�Yuz]�¾º´À¿Z�v]Z¿�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

ëé

vÀ«ºc�\�Z´¯�b�z��¹ ®§�½Z���©Z��Y�uºk¹�Z]�®d�À��²º¿Y
½¹zºÀ³�¶º] {ZÀº³ �bº�º�°§�¾º¯y¹¢À£u�®À�´c�¹ uZ¿{�¾³Zº�³Y

uyYu�b]ºº�y�Ï��®dº�À��¹uµuZ dº�Yµuºc�¹ ¶^º�k�{Y�yu�½Y
] {Z]�¶�ºp¯¶²��¶]�®§�{ZÀ³�z�Zs²¿Y�yu�YzkY�b«º¸��¹ ½y¹M

�·¹&�v³v��¾]Z¿{yY��
¶¬°k�{Y�¾ ¬dt¯�½Z·yZÀ�¯�µº¸£�¶]�zd�]�uYº¯�,³y�ª¿v^c½Y

¶³Yu��µzºÀcbÀ«Z����·Z§��uYº¯�±Z°dsZ��±v��½Y�¾§Zs�½Z·�­z§
ºÀ¯��·Zº§|i¹zºs ±YÏ&2b^�³��·Z§�¹&�1¾-vÀ�y�½Yz]

] bº�º�°§�¾º¯y¹¶¾¯�yZ§u¹y�b^�³&�1{Y�zd°§�çå�æ�±Z�³�
¶d�zº�À��¶¬ozº¯ µv´º·uµv´´§�~¨�´¯�¹ ¾«M�uYºº¯ bÀº^hc�{Y�½Y

b�º�°§�¾¯y¹�¾-vÀº�y�{Y�¾^º�Z´¯�¶ºkyub�Y��Ð��{Y��v·�
¶³º-�¾¿Z�Z´���·¹&��²º¿Y�­Zºl³Y(LVHQLD� IRHWLGDº]¾sz]�¾¯

vÀºº«ºc�yu�¶³ººº- ²ºº¿Y ±Yºººc ¾ºº]Z¿{yY�¹ ±Yzºº¿Y ©Z°ºº� ¢�Z´ºº¯ {Y
b�Y�b�º�°§�¾¯y¹�

�¹y�¹ uYº¯Z·
�º°k�½Yzº]�©Z°��¢�Z´¯�¶]�¾§Zs�½Z·�­z§�½Z·�¶³ºº°³�½y¹M

©Z°º�[º´ºk ¹ |º§z¯��[zº�yºº�§�¾º]z�±Zd�Y�ª¯Z�½Z·
uyY��¾]z��¹ ¾£z��±Zl¿Z]ywM��±Zdº�¬-��±Yyvº³{Z¯��±ÈÀº-�ªÀ]
v��¶�kYz¯�±Zd�{ºs�¹ ½yZÀdt]�©Zºp¯yZ¸#��±Z¸ º�Y�yZ°��

¾dº�º�°§�½Zº·­zº§ {Y�½uZº¿{uº§�¾°¿v£�½Z·�µuºc�ªsYu�{Y�
+z^ºº�Ç�¹ ¾ºº¯Yu¶ºº³Zsu¹y�¶Àºº�Zo�²ººl«�¹ ¾p�ºº� ½Zºº·Zºº·

Z¸³M�b�¿{�zdº�]�Zº] µYzº°·�¹ µvº� ½y¹M��º°k�¹ ¾¯Yu�uº§
z^º�Ç+�±Yv¬-�ªsYu¾¨Àd�È��½Z·è�z-�yYz£�¾¯z-º¬À§�¶d

±Z¸ �Y�¾d�´��µZ.�³Yu�¶º³Zt¬-�¶º] ¹µuz]¾¿Z�Z´��±Z¯{�Zc�¹
v³v��½yYu�¶.³�\�Z´¯�½Z¯u�¹ b]º�y�yu�

µu] ¶¤�´¯�z·�{Y��«Z]�­z§�uvº�¶¹ [Ztd³Y�¾�uZ�c�yº�yu
¦Àºº¬ÀcY�ªºº¨«Yìêv³vºº� bÀºº^hc�¶ººkyu��zºº«º§º´¿Z]�zºº¿{�yu

½Z·�¾-&¿¹�«Z]�½Z·�­z§�½z·Z��uy¹Mz]¶³º-�¾¿Z�Z´��½Yz]�¹
º§Zº·­zZº¸³M�{Y½zºÀ-�µzº¸]vº��²À´#�®·�«Z]�½Z·�­z§�uZ�]Y�

µ{Yv³Y�~Àº«º§�Zº] ±vº] zº�£�¹ ©ºº� ª¯Zº�½zÀ-¹yZ°�ª§�
�±vº] ½Zº·¶º¤¬o_yZ°º�¹ ¾�´k�v´]z°§�½Z·�¶¤¬o�¾-v¯Mz]

��ºº¬]²Àº�t³�µyZ°�¬o�º� Z]�¶¤ºd���qYyºº� �¾º� ª¨ºz¹
�ºº�À·uº±Z��3UHVWRPLXP�] ¾°¨��¹ ¾d���b°�£�,³y�²À

¹ zº�¾¨¿|À��¦¿zpc�­Z.´·�uy{��¿Z¯�n�zc��¾�´k�v´]zº°§
�t�¯�±v]�,³y�Z]�­u�,³y�±uº]�±Z�¨¿¹�v�©¹vkæ��

�Z·�­z§�zÀh¨c�b�z��²À°tc�½Yz]¶³º°³�°k�½Z·µv��½y¹M
{Yéº] ¶¤�´º¯¶¹ [Ztd³Y�¾�uZ�c�yºº�æåz·�{Y��«Z]�­z§�uv��

±Yvº¬-�yu��¶¤�´º¯º§�{Y�µvº� zº� ¾º¯z-º¬À§�¦º¿ ½Zº·¾¯Yu�u
v³v��µuYu�yYzº£ yYzº¨c�¶º� yu��µvÀº�º��u¹vo�yu�b]º�yìå

¹ ¾º³{¹�vº�yuZº¯uyuçrçé¾d³Zº� ¶ºkyu�v��®À�´c�uYz-�
yZ°º�©ºº��§�²¿Y�¹ v³v��µuz°��¶d ·�yu�µv��vÀ«ºc�®tc�½Z·
¶º] yZº§b�z-�­Zl³Y�¶dº ·�¶º� avº¯�©¹vkç��½Yz]�yZ°�
uYvº�c²Àº´k�º��z«º§º´¿Z]�z¿{�yu �­z§�½Zº·©º��§�¶d�®tc�½Z·

¹ ¶d�Z¨�yZ°�²À´k�©º��§�ªsYu�yu�­z§�½Z·v³v��µuz°��Z·�
¶º]b�º�°§�¾¯y¹�vÀ«ºc�yu�Z·�­z§�bÀ¬]Z£�¾º]Z¿{yY�yº�´º¯

­v´-�µZ§�ª¯Z��¾«M�aZ�¿Z��{Y�¾�À�¹�µu¹vºp¯�µv�³�uzs�
¶d�º���±Z¸ �Y�¾d�´��µZ.�³Yu�¥yº«�¶�y|¯�{Y�½¹Zº- uºº§ ¹

j³zº] {Y�j³zº] ¥ºd¬º�½yZº§º·{Y�±Zdsyu�+zº] �±Z¸ º�Y�½Z
¶À �c�{Y�[È�Z��²l«��µZ.�³Yu�¶�ººp¯�±Z¸ �Y�[º´k�¶³Zs

¹ ¦À§�zd¬À���±Z¸ �Y�¶«Z]{�b�Z¿{Z]�¶º³ZsyZ§�{Y�½z¸º� ¶º«Z]{
¾]º#�½Z·�¶^�k�yu�¹ ¶À¸c�¶�c�b ·�z¨�À³�¶³ZsyZ§�{Y�}Zº-Z]

uZ�]Y�¶]èå�ìå��éåv³v��¶dt¿y�zd¯�¾d³Z���uº§�µuºc�b]º�y
¹vo�yu�¾º¯Yuuìåv��®À�´c�¾³{¹�v�yu��½Z¯u¬-�º¶³Zt²À]

çåcººZèåkyu�ºº¾d³Zº� ¶-ººÀ�d¯�uYzº] zºuº��]º½º�d���{Y�v
uYºº¯ ¶Àº«¹Y�|ºk¶º]­v´º- µZº§ yZ°Àºc�¶«º«�[M�Z]¹ ½z¸��¾�§

av¯�¶]�uYº¯�±vÀº³Z]Yºsæå�{¹y�çåå¶]��«Z]�­z§�uv��z·¶^�k
vº� ¶�Zº�Y�¶^�k�ªsYu�uYº¯�²dt¿y�{Y�ª^£�³��Z·b^&�1yZ°Àc�

Zº] ­v´º- µZº§µuZ dº�Y¶]�µy¹Y�{Y�çå�æ�·Z§²l«�yZ°Àc�¹ b�Z¿
b^�³�Z]�[È�Z�Î�Îv���º¬t¯�µyY�¥Zs�Z]�¾°lo��

�]ºo {Y�vºu¹vé¯ºµZ�¯y¹�º�°§�¾ºÀ«ºc�½Z·�b�ºººµv��v��
¾]Z¿{yY�¹ b�Yuz]v³v��Àh¨c�¹ v�y�±Y|À¯º·Z§��Z·�­z§�zº�

uYº¯�bÀ·Z¯�¹ ,³y�zÀÀ�c��®ºlo�¾¿MyZ§�{Y�¾�sZ��±Yº´��¶]�
À«ºcº�º�°§�¾¯y¹�vº� ¶]�bº·Z�¯�ayººµv]Z¿{yY�½Yºv��¾�
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¶³º-�¾¿Z�Z´�(LVHQLD�IRHWLGD¹ ±Yz¿Y�¾«Z°��¢�Z´¯{Y�¾sz]�¾¯º]����

ëê

©¹vkÎ�µv��½y¹M��°k�¾§Zs�½Z·�­z§�½Z·�¶³º°³�¦¿%º«º�z¯�½Z·�¾-&¿¹�¹ ½yYuz]�¶³º°³�¢�Z´¯
½Z·�¶¤¬o�_yZ°�

Z¸d³Y¹�Yvd]Y½73
¹ Yvd]Y�½Z·�¶¤¬o�_yZ°�

Z¸d³Y½¾�´k�v´]z°§�
uYv�c�²Àº.³ZÀ¯

¬o±v]�½Z·�¶¤
²À.³ZÀ¯
±v]z�£PP

©º��²À.³ZÀ¯
±v]FP

yu�zd�]��º³
�°k�ªp¯½y¹M ±Zd�Y�­Z³ ªp¯�­Z³

èæ�çí èç�çë îë Ñ Ô�Ñ ¾¯Yu�uº§ ªÀ]uyY ±Yz§�¶´³
èæ�çí èç�çë æåê ì�ç çî�è ¾¯Yu�uº§ ±ÈÀ- z^°¸]
èå�çí èç�çë ææç ë�è ëê�é ¶Àººº�Zo�²ºººl«

¶³Zsu¹y ]uyYªÀ ¢kyY
èæ�çí èç�çë æåí ê�è ëí�è ¾¯Yu�uº§ ªÀ]uyY ½uZ°k
èæ�çí èç�çë æåè ç�è æë�é +z^�Ç ªÀ]uyY uZ]Mzt�
èæ�çí èç�çì íí î�ç ëî�ç ¾¯Yu�uº§ M�¾£z� [Yz��±ZÀ°�M
èæ�çí èç�çë æåî ç�è êê�ê ¾¯Yu�uº§ ±ÈÀ- ¶¬p¯�½º³Y
èæ�çí èç�çë îí ì�è éî�è ¾¯Yu�uº§ ±Yyv³{Z¯ az�³uZ]M�
èæ�çí èç�çë æåå é�è ê�é ¾¯Yu�uº§ ªÀ]uyY µu�¶kº³
èæ�çí èç�çë æåë é�è èç�è ¾¯Yu�uº§ ªÀ]uyY ¶]Z�£
èæ�çí èç�çë æåí æ�è èë�è ¾¯Yu�uº§ ±Yyv³{Z¯ uZ]M�µ{Zc
èæ�çí èç�çë íé ì�ç æ�ç ¾¯Yu�uº§ ±Yyv³{Z¯ ¶¬p¯�¾�Z£
èæ�çí èç�çë æåë î�è çë�ê ¾¯Yu�uº§ À]uyYª ±Zd�kyY
èæ�çí èç�çë îç ì�ç íé�ç ¾¯Yu�uº§ ±ÈÀ- Yz��¶«Zs
èæ�çí èç�çë æåé î�ç î�è ¾¯Yu�uº§ ±ÈÀ- ª¿¹v³º«
èæ�çí èç�çë æåæ ç�è ì�é ²ºl«¶À�Zoz¸³

[M M�¾£z� v´]yº¿
èæ�çí èç�çë îæ é�è éí�è ¾¯Yu�uº§ ªÀ]uyY ±Zkz-
èæ�çí èç�çë ææë ì�ç çì�è ¾¯Yu�uº§ À]uyYª ²Àky¹u
èæ�çí èç�çë æåç è�è æê�è ¾¯Yu�uº§ ±Zd�¬- ±Z-z-�¶¯ºo

²À´#�®º·b^�³&�1�ª�Zo�½Z·�b�º�°§�¾¯y¹�¹ ¶À«¹Y�uYº¯�
|À³uy¹Mz]-ºv¿uz��yuº§ vº]zºÀ�§Y��¹y�Z]�²ºÀ�Yvº±ºcºz

�:DONOH\� %ODFN��yu�¹º³ vºdÀº] ±%¹zºl§��¹y�Zº] ©Yv¬ºZ
d�u�{Y�½zÀ-�µz¸]ºcY�µZ.º¯ººÀcZº¯ ¦º©vÏÐÍÍ)RVV� 7HFDWRU�

µ{Yvº³Yvº� ½zºÀ-�º]¶¾¯y¹�vÀ«ºc�v´¿Mzº� ®º§ b�zº� ªÀº«u
b�Yuz]�±Z¯{��j³z]�¥ºd¬��¶dº�º��¹ µyY�¥Zºs {Y�bº�º�°§

uYº¯�²¿Y�b�º�°§�¾¯y¹ëv��¶d�z-�z�³�yu�µZ¯��
µuºc�®d�À��Z]�¾¯Yu�uº§�{Y�b�º�°§�¾¯y¹�vÀ«ºc�±Zº¨¯Y½Y

�ZLQGURZ�´d]��§�Z]�{Z]�¶�ººp¯�yu¾�yz]��¾�v�²¿Y�½Yz]
µuºc�yu�½¹Z-�uº§�yº�´¯�z��¶]�¾¿Z·íå¾d³Z��©º���zd¯ë

�Zº cyY��zºd¯êå¾d³Zº�¹ v��¶d�Z^³Y�zd¯�¦¿�ª�Yº��¶]�¹ zd¯

av¯�¶]�±vÀ³Z]Yºs�¹ º�d���{Y�vº�]æå¾§Zs�½Z·�­z§��{¹y�
¶]yZ°�¾^¿z¤c�èåå¶]�uv��Y{Y½µuºc�¶]�©º��zd¯�z·¶�Z�Y�Z·

v³vº��±Y|ºÀ¯¾¯y¹�,³y�¹ bÀ·Z¯�zºÀÀ�c��ªhº¯vÀ«ºc�¹ vº�y�
¶º] bº�º�°§µv·Z�¯�yºº�v��¾�yz]�½Y�u¹vo�{Y�v�]íµZ¯�

v��b�Yuz]�b�º�°§�¾¯y¹�
µuºc�ªsYu�¾º§Zs�½Zº·­zº§ ¾º³Yyx-�±Zdº�¯{�±Zº¨¯Y½Z·

v¿uz-�¾�yz]�|À³�{Z]�¶�ºp¯�yu�b�º�°§�¶]yº�´¯½zÀ-º¬k
µuººc ±vº� �Z^º�Y�{Yc �¾º-v³yZ]�­Z.´º· ¶º] Zº·v¿v��aYzÀÀ�

rº¿ {Y�½zºÀ-º¬k�¹ ¾ºcyYzoµuººc ½¹y��Zº·­zº§ ²dº�]Z]�Zº·
v��µv³Z�º��¦Àd�È��
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

ëë

fp]�¹ j¿Zd³
¹ ¾¿Zd�¹y�¢�Z´¯�¶]�¶�kYzº¯ Zº] ¶º§ ¾�Zº�d§Y�½ºldº�k�yu

±Zd�Y�yu�¾d�º�°§�½Z·�­z§�²d�Z¿�½Yz]�¾¬.´k±Zl¿Z]ywM�½Z·
ayº��±Zd�{ºs�¹ ½yZÀºdt]�¹ ©Zºp¯yZ¸#��±Z¸ º�Y��¾º]z�

�b�zºº-v³vºº�³�bºº�Z¿�¾dºº�º�°§�½Zºº·­zºº§�±Zdºº�Y�yu½Zºº·
wMyZ¸³M�¶³ZÀ«Z��¾-v³yZ]�¶§�¾¤�Z´¯�yu�ªÀ]uyY�¹ ¾£z��±Zºl¿Z]

{Y��Àº]èêå¾¬À¯�uº]�zd¯�¾«¹�v³v��b�Z¿�¾d�º�°§�½Z·�­z§
¦�s�¢�Z´¯�yuzcZ·�­z§�²¿Yyº��¶]v´d�Yv³�uºk¹�¾�À^���yu

±Z¨¯�¾¯Z°c±Zd�Y�yu�µv��¶�kYz¯�½Z·±ÈÀ-�½Z·¹ ±Yyv³{Z¯��
±Zdº�¬-�+z^�Ç�ªsYu�yu�¾d�º�°§�½Z·�­zº§¹ ¾p���½Z·

µuºc¾¯Yu�uº§�¾°¿v£�½Z·¿uv³v��µv�
±Zº¨¯¹ ½y¹M��º°k�½Zº·½Z·�¾º-&¿¹µ{Yv³Y�½z·Z��½zÀ-

©¹vk�yu�¾§Zs�½Z·�­z§�½Z·�¶³ºº°³�½Yzº] µvº�æµuYu�±Z�³�
bº�Y�µvº��¶³ºº°³�¾º¯Z°c½YyYu�Z·¹ ½º¤¬o�¾�´k�v´]z°§
¾º-v¯Mz]v³uºº] ¾¬À�dº�¯��ºº¬]���À��ª¨º�±Z·uHSLORELF�

½Z·�¶¤¬o�²À]�¾d���qYyº��²Àd�t³é¹êb�Yu�yYz£��¾¯Z°c
¶³º°³¦¿zpc�­Z.´·�¶]�Z·�n�zc�,³y�uy{��¿Z¯�v³uz§,³y�¹

¶]�±v]�bº���b°º�£�yu�¾º�´k�v´]zº°§�¹ zº� ²Àº]ayº�
uº]�|¯z£�¹ uy{�[¹Z´d¯�½Z·yYºº³�¹ z��²À]�,³y�±uº]�½yYº³

zº°§¹ ,³y�uy{��¿Z¯�n�zc��±v]�b���b°�£�yu�¾º�´k�v´]
] ²�¹yº³y�±uºº�t�¯�{Y�­u�,º- aZº¶³º(LVHQLD� IRHWLGD
b�Y�ÎÎ��

¶ºº�¿Z¤¯�Zºº]½Zºº·µuYuºº]¶[Zdºº§ aZºº�È�Y�Zºº] µvºº¯M�bºº�u
bº�¿{º�Z´�¾¾¿Z�Z´��¾§Zs�½Z·�­z§�¶³º-��¾§Zs�½Zº·­zº§

º�ºv�·¶³º°³�¾¯Z°cºº¬�d¯�Zº¶³º-�¶]�¢(LVHQLD IRHWLGD³uº]�ºv
�ÎÎ��j¿Zd³yZ°�©º��§���ºc�µv��vÀ«ºc�®tc�½Z·æåyu�­z§�

©¹vk�yu�¶dº ·çb�Y�µv��µuYu�±Z�³��¾´�¯�a¹Z c±ZÀ¯�½yYu
±Zº¯{½Zº·�yZ°�±Z¨¯�¹�°k�½Z·b�Yv³�uºk¹�½y¹M�ªÀ«u

v�Z]�¾§Zs�½Z·�­z§�¶³º-�±uº]�±Z�¨¿�b�Y�²¨°¯�±M�­Z£yY�{Y
©¹vºkç¾º¯Àd³�²¿Y�¶]�±Yºcyu�­z§�z·�¶§�b�Z¿�b�u�¾¬§�¶l
¶d ·æZc�çv´§�¾¯�vÀ«ºc�®tc�©º��§��

yZ°º�²À´k���§�z·�yu�­z§�½Z·ºtc�©ºº{Y�®ç¾«Y�ì�ºuv

uºº]���ºc�µv���yY|-�­Z£yY�Z]�ª�Zo�j¿Zd³uyY¹uY���Ô�¹
¦À´¿y�ÎÑ�uyYu�¾.´·Z°·�

¥Zs�Z]�[Èº�Z��²ºl«��ÈdºsYb�z���¿Y|�Y�f�Z]�µyY
Zº·­zº§zÀh¨c¹v��b�º�°§�¾¯y¹�vÀ«ºc�v´¿Mz���º�º¯�²¿Y
b�Y�²¨°¯¶]b�¬��¹ µv��vÀ«ºc�¥ZÀ³º¯M�±Y|À¯��·Z§�ªÀ«u

v�Z]�²À.´��zº�Z´��¾§Zs�½Z·�­z§�½Yz]�j³z]�¥ºd¬��¶d�º�
µZcº§�yuª]Z£�av¯µuZ d�Y±M�{Y�~��av¯{Yyu�yu�¾«¹�uº^³�¶§

®�À³Z-yY¹z¨À¯��º�ºc¶]�¶¿|lc�ª°��Z·|k�yº�W­Zl³Y�¾�v�
v³uz§�bÀ«Z���¶]��¹z��¾§Zs�½Z·�­z§�b^�³�ªÀ«u�¶] µyY�¥Zs

&�1b�À³�­z§�v�y�½Yz]�¾^�Z´¯�yZÀ�]��Àºp¯��ÇZº] yZÀº�]��
u¹vºo {Y�vº�]Ñ¶]��¹z��Z·�­zº§ �µyY�¥Zºs ±vÀº³Z]Yºs�µZº¯
v³uzº§ bÀº«Z���yu�¾§Zs�½Z·�­z§�ªh¯vÀ«ºc�¹ vº�y�b�zº�

³ ¦À§�zd¬À���¾¯Yu�uºº§ {Y�µvº� ¶Àº¸c�½Z·zdº�]+z]�¹ z¨�À
avº¯ yu�¾º§Zs�½Z·�­zº§ ¹ uº]�zd�À]�µvÀ�º��¶°Àº³ ±Zdºsyu

Ñv³uz§�ª¿v^c�b�º�°§�¾¯y¹�¶º] Yy�uYºº¯ ²º¿Y�µZº¯�v´#�z·
®§�½z¸��¶«Z]{�b�º�°§�yu�¾§Zs�½Z·�­z§�bÀº«Z���bº�t³
av¯�yu�b�º�°§�²¿Y��º^�¯Z³�½º]��º�y�{Y�~º� ¾º«¹��uºº]

¾^�Z´¯�bÀ«Z���¾§Zs�½Zº·­zº§ �µZº¯ ¦º¿ u¹vºoµZ¯�²¿Y�yu
av¯�yu�¹ ¶d�YuÑv��b�Yuz]�µuZ¯M�b�º�°§�¾¯y¹�µZ¯��

�·Z§�Z·�­z§�bÀ«Z����Z·�b�º�°§�¾¯y¹�b�Yuz]�±Zº¯{�yu
uº]�¶d�Z¿�½Y�¶�ºoÈ¯�ª]Z£�®tc�½Z·�©º��§�yZº°��©Zºh¯�½Yz]

uº]�µv��¶d�Z§�|À³�Z·�­z§�µ{Yv³Y�{Y�¹ µuº]�u¹vp¯�µv��vÀº«ºc�
Z¿�µzÀc�½Y�µºº¸£�¶º] uYºº¯ ,º³y¶À«¹Y�bÀ·Z¯�¹ µv��©v^¯�µZÀ��

uºº] µuzº§ zºÀÀ�c�uYºº¯��¹z��±Z¯{�¶]�b^�³�|À³�uYºº¯ ®ºlo
yu�®lo��·Z§�¹ b�Yu�¾�º�p¯��·Zº§ Zº·­zº§ bÀº«Z��

uº]�|À#Z³�b�º�°§�¾¯y¹�vÀ«ºc�¾¿Z¸d³Y�ªoYz¯�
b^º�³&�1yu�ª�Zo�½Z·�b�º�°§�¾¯y¹�¹ ¶Àº«¹Y�uYºº¯
©¹vººkèbºº�Y�µvºº� µuy¹M��¶ºº]±uzºº§ �ººº¬t¯�ªÀºº«u²ººl«

b^�³�µyY�¥Zs�Z]�[È�Z�&�1�À]�ª�Zo�b�º�°§�¾¯y¹�
ºl«�{Yºº�Z��²ºuº]�[È�^�³ºb&�1ª�Zo�b�º�°§�¾¯y¹�

­v´º- µZº§ {Y�{Y�zd�À]�¾§v³Y�µy¹Yçåuº]���¿z��ª¿v^c�­v�
dÀ³º�¯�±%¹zº] ¾³vº«M�¶º���¹ ¾º¤¯�½º�dºÀ³�{Y�½yYvºdº±%¹z

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.4

.6
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
31

 ]
 

                               6 / 8

https://dor.isc.ac/dor/20.1001.1.22518517.1382.7.4.6.1
https://jcpp.iut.ac.ir/article-1-485-fa.html


¶³º-�¾¿Z�Z´�(LVHQLD�IRHWLGD¹ ±Yz¿Y�¾«Z°��¢�Z´¯{Y�¾sz]�¾¯º]����

ëì

©¹vkÏ�vÀ«ºc�®tc�½Z·�©º��§�yZ°��²À.³ZÀ¯��ºc�µv�ÎÍ¶d ·�yu�­z§�uv��
­º��¶d · ­¹u�¶d · ©¹Y�¶d · ½yYuz]�¶³º°³�±Z¨¯

ìë�æè $ åå�æç $ ëì�æç $
 ±Z-z-�¶¯ºo
ëì�æê $ åå�æç $ åå�æè $ ªÀ]uyY�±Yz§�¶´³
ëì�æè $ ëì�æè $ ëì�æé $ ªÀ]uyY�¶#vÀ¯Y
èè�æè $ ëì�æå $ èè�ææ $ b�y�¶¯ºo


�²À.³ZÀ¯d�·�¥zd�¯�+y|]��zo�¦¿�yu�¶§�¾¿Z·v´n���yu�²¨³Yu�±º¯{M�Z]ê�¾´�¯�a¹Z c�v£Z���yYuv´d�·�
©¹vkÐ�ª�Zo�½Z·�b�º�°§�¾¯y¹�¹ ¶À«¹Y�uYº¯�a{Y�¶]�²]z§�b^�³

&�1 b�º�°§�¾¯y¹ &�1 ¾«M�v¿Y{�uYº¯
îæ�çè j³z]�¥ºd¬��¶d�º� åå�éè j³z]�¥ºd¬��¶d�º�
ìè�æé [È�Z��²l«�µyY�¥Zs ëî�æå [È�Z��²l«
ìë�æë ¸��¶«Z]{½z èê�çì ½z¸��¶«Z]{
íí�æí bsyu�+z] çë�èè bsyu�+z]
åè�çì ­v´-�µZ§�µy¹Y�&�1 çå� çå�ìî ­v´-�µZ§
èå�éí µyY�¥Zs ìå�éåì µyY�¥Zs
éè�æí ½¹Z-�uº§ ëí�éî ½¹Z-�uº§
êî�æê z¨�À³�¦À§�zd¬À� èí�ìì z¨�À³�¦À§�zd¬À�

Y ²¨°¯�b�º�°§�¾¯y¹�vÀ«ºc�v´¿Mz��©º��yu�µv��¶�Zº�Yb�
v�Z]�z¯Y�²¿Y�ªÀ«u�Z·�­z§���ºc�µyY�¥Zs�¾^�³�¶¿|lc�uºk¹�Z]

^�³ºb&�1¯y¹�º�Zo�b�º�°§�¾ºd�À]�yZÀ�]�ªº{Y�zçåuº]��
¯ v¿Zº�ººy¹�±vÀ�y�½Yzº] ½zdº�À]�±Zº¯{�av¯�°§�¾ººb�º
¥Zºsvº�Z]�­{Ç�µyY�|º.´À¯Yu�±YyZº¨°·�¹��Ó�¶§�v³uYu�±Z�³�
¶�Zº�Y±uz§Z]�½uYº¯�&�1½Z¿Z¤]�ªh¯�uZ¿{�µyY�¥Zs�¹ ¾·ZÀ-�

¹ ¾§Zs�½Z·�­z§�zÀh¨c�b�z���¿Y|�Y�f�Z]�[È�Z��²l«�¶º]
uº��¾¯�µv��vÀº«ºc�bº�º�°§�¾º¯y¹�yu�±Z·ZÀº- vº�y�uº^º¸]

b^º�³&�1b�º�°§�vÀ«ºc�v´¿Mzº� ½Yzº] \º�Z´¯�èå��ÎÐ�¹
b�º�°§�¾º¯y¹çåZc�çêb�Y��Ï��Z]�µyY�¥Zs�±uz§��º¬t¯

b^�³��·Zº§ Zº¿ ±%¹zºdÀ³�{Y�¾º´��uYºº¯&�1{Y�½zÀ-�µz¸]�Z]
bÀ À§�uº^¸]�¹ vÀ«ºc�v´¿Mz���¿zº�c�fº�Z]�¾¿ZÀ°Àº� ½Z·uºº§

vº� v·Yººs bº�º�°§�¾º¯y¹�b^º�³&�1�·Z§�uYº¯�z¿Z��
®º�#�³�¶§�µuz§�YvÀ��½zÀ-º¿Z��µv´·u�±Zº�³�½yYvº¯y¹�¾^º¾
�º�°§º¹ bb�Z¸³M�±v��¾�º¯º·�v´¿Mz��b�z�À��

¶º]²º¿Y��zº�] ¶d�Yu�uºk¹�¾�Z§�vºo ¶º] b]ºº�y�¶º§v�Z
¶§�v³uº]�yuZº£ µvº� ½y¹M��º°k�¾º§Zs�½Zº·­zº§½Z¯u½Yº·�

u¹vºoéå¶ºkyu±¹zÀ]��Àºp¯�yu�±Zdº�]Zc�yu�Yy�uYzº-¾d³Zº�
v´¿Z°³�ª°pc�yuu¹vo�½Z¯uèå¾d³Z��¶kyu�b^�³�Z·�­z§�uYz-

u¹vººo Zººc b]ººº�y��·Zºº§ ¶º]èå¾ºº«¹ v³uººº] ­¹Zºº¤¯�vºº�yu�
{Y��Àº] ½Zº·b]ºº�yíå¾º³{¹�vº�yu��Z¯u�²¿Y¹zs�f�Z]i

v��b�º�°§�½Z·�µuººc {Y�Zº·­zº§�z¿{��Àp¯�yu�¹ ±Zd�¯{�yu
u Z·�­z§��¦Àd�È�¯Yy��Àp¯�½ZZcæå�ª°pc�uYz-�¾d³Z��¶kyu�

b�º�°§�¾¯y¹�vÀ«ºc�½Z·�®d�À��uZl¿Y�±Z¨¯Y�²¿Yz]Z´]�¹ v³uº°³
uyYu�uºk¹�©Z��©º��yu�{Z]��Àp¯�yu�

½Z·�¶³º-�z¿Z��uºk¹�±Zº¨¯Y�¶´ºÀ¯{�yu�½zdº�À]�aZ¤Àº¤pc�
§ººd�º�°§�½Z·�­zºz.¿u�¢�Z´¯�yu�¾� ­Zl³Y�v¿Z]ºuº�®·²À´#

b�u�½Yz]�b�º�°§�¾¯y¹�vÀ«ºc��¬dt¯�½Z·�®d�À��vº¿Z]¾]Z¿
¾]ZÀ�{yY�½yZlc�½Z·voY¹�½{Yvº³Y�µYy�½Yzº] \º�Z´¯��¹y�¶º]

º�v³�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

ëí

]Z´¯µuZ d�Y�uyº¯��
�� $QRQ\PRXV�� ������(DUWKZRUPV�3URILOHV��6XVWDLQDEOH�$JULFXOWXUH�5HVHDUFK�DQG�(GXFDWLRQ�3URJUDP��8QLYHUVLW\�RI�

&DOLIRUQLD�
�� $QRQ\PRXV��������/LWHUDWXUH�5HYLHZ��*UHHQ�:DVWH�7HFKQRORJ\�8QLW��*78��UHSRUW��6\GQH\��$XVWUDOLD�
�� $WL\HK��5��0���-��'RPLQJXH]��6��6XEOHU�DQG�&��$��(GZDUGV� ������&KDQJHV�LQ�ELRFKHPLFDO�SURSHUWLHV�RI�FRZ�PDQXUH�

GXULQJ� SURFHVVLQJ� E\� HDUWKZRUPV� �(LVHQLD� DQGHUL�� %RXFKH�� DQG� WKH� HIIHFWV� RQ� VHHGOLQJ� JURZWK�� 3HGRELRORJLF
������������

�� %DNHU��*�� DQG�*��.LOSLQ� ������&6,52¶V�'RXEOH�+HOL[� 6FLHQFH�&OXE�� (DUWKZRUP� ,GHQWLILHU��&6,52� SXEOLFDWLRQ��
(DVW�0HOERUQ�

�� %XFNHUILHOG�� -�� &�� ������ $SSURSULDWH� HDUWKZRUPV� IRU� DJULFXOWXUH� DQG� YHUPLFXOWXUH�� 7HFKQLFDO� UHSRUW�� &6,52�
$XVWUDOLD��'LYLVLRQ�RI�VRLO��$GHODLGH�

�� 'RPLQJXH]��-���&��$��(GZDUGV�DQG�6��6XEOHU��������$�FRPSDULVRQ�RI�YHUPLFRPSRVWLQJ�DQG�FRPSRVWLQJ��%LRF\FOH�
����������

�� (GZDUGV��&��$��������+LVWRULFDO�RYHUYLHZ�RI�YHUPLFRPSRVWLQJ��%LRF\FOH���������������
�� (GZDUGV��&��$��������(DUWKZRUP�(FRORJ\��/XLFH�3UHVV��%RFD�5DWRQ��)ORULGD�
�� (GZDUGV��&��$��������,QWHUYLHZ�ZLWK�'U��&OLYH�(GZDUGV��SDUW�WZR��&DVWLQJ�FDOOV������������
��� (GZDUGV��&��$��DQG�-��3��%RKOHQ��������%LRORJ\�DQG�(FRORJ\�RI�HDUWKZRUPV���UG HG� &KDSPDQ�DQG�+DOO��/RQGRQ�
��� (GZDUGV��&��$��DQG�*��5��/RIW\��������%LRORJ\�RI�(DUWKZRUPV���QG HG��&KDSPDQ�DQG�+DOO��/RQGRQ�
��� )D\ROOH��/���+��0LFKDQG��'��&OX]HDX�DQG�-��6WDZHLVNL��������,QIOXHQFH�RI� WHPSHUDWXUH�DQG�IRRG�VRXUFH�RQ�WKH�OLIH�

F\FOH�RI�HDUWKZRUP�'HQGHUREDHQD�YHQHWD �2OLJRFKDHWD���6RLO�%LRO��%LRFKHP�������������������
��� +LUHOO�� 6�� 6��� 7�� 5LOH\� DQG� *�� 5�� $QGHUVRQ�� ������ &RPSRVWLQJ�� 8QLYHUVLW\� RI� $UNDQVDV�� &RRSHUDWLYH� ([WHQVLRQ�

6HUYLFH��3XE��1R��)6$������
��� 5HLQHFNH��$��-���$��$��9LOMRHQ�DQG�5��-��6DD\PDQ�������7KH�VXLWDELOLW\�RI�(XGULOXV�HXJHQLDH� 3HULRQ\[�H[FDYDWXV

DQG� (LVHQLD� IRHWLGD �2OLJLFKDHWD�� IRU� YHPLFRPSRVWLQJ� LQ� VRXWKHUQ� $IULFD� LQ� WKH� WHUP� RI� WKHLU� WHPSHUDWXUH�
UHTXLUHPHQWV��6RLO�%LRO��%LRFKHP��������������������

��� 6ORFXP��.��������:RUP�FRPSRVWLQJ�V\VWHP�PDQDJHPHQW��:RUP�'LJHVW����������
��� 6PLWK��.��������3UDFWLFDO�*XLGH�WR�5DLVLQJ�(DUWKZRUP��%DVLF�YHUPLFXOWXUH�LQIRUPDWLRQ���.��:��5DEELW�DQG�:RUP�

)DUP��8��6��$�
��� 6XEOHU��6���&��$��(GZDUGV�DQG�*��0HW]JHU��������&RPSDULQJ�YHUPLFRPSRVWV�DQG�FRPSRVWV��%LRF\FOH����������������
��� 7RPOLQ��$��'��������5DLVLQJ�(DUWKZRUPV��$JULFXOWXUH�DQG�$JULIRRG��&DQDGD�
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