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¶¯v¤¯
�¥Zººs yu�µuZ dºº�Y�ªºº]Z£�z ºº���¾ºº]Z¿{yY�yº�´ºº¯ ¶ºº] ±Zºº¤¤p¯

½Zº·�¹y½yZÀº�]º-�½uYº¯�¹ µuº°³�uZ¸´º�À��¶¬°k�{Y�±º-Z³
µuYu�yYz£��¿Z¯{M�uyº¯�Yy��¬dt¯�½Z·�¦°³�¹ Z·{Z]��Z·vÀ�Yv³Y�

±ºº¯{M�²¿zºd¸]��ºc�z ���[xk�¶§�v´d�·�¾¿Z¸³M�¥Zs�½Zº·
Yy�µZÀº-yu�¹ v´´§�¾]Z¿{yY�¾]ºs�¶]�±Z·ZÀº- {Y�¾�Àº�¹�µzdº�-�

v´�Z]�}Z�o�¥Zs�aZÀ�º�s�¶]�²Àº´#�®º·�ë�b£u�Z]�|À³�¹
^�Z´¯�b�z��¹v³º��­Zl³Y�¾�î��
�¹y�¶ºº°·ºººkº¯�½Zºº·u²ºº¿Y {Y�½zdºº�À]�uYvºº�c�Zºº¿ ¦ºº¿

Zº·¾º-&¿¹¾¯�ª¯Z��Yy�v´d�·�z.¿u�aZ�t�¯�v£Z��¾«¹�v³º��
¶º]µyZº���©Zhº¯ ±Yº´º�ª]Z£�b°�£�¹u�zº· ¾¿ZÀ°Àº� ½Z·zºÀ-

v´´§�¾¯�iyZs�½zÀ-�µyZ���©º��yu�Yy�¥zpd¯�zºÀ��¹ µuZ dº�Y
�æì��y ²º¿Y��º�ºc�z º���uy¹Mzº]ª]Z£�z º���zº¿uZ¤¯�Zº·�¹

v´§�¾°³�uy¹Mz]�Yy�Z·�¥Zºs zdº�À]�yu�µZÀº- µuZ dº�Y�ì��²¿Y�¶]
¾³ºÀ³M�©uZ^ºc ²º¿{y��¹y�ªÀº«u�æ��Z´¯��¹y�¦¿�±Yº´��¶]\

v��uZ¸´�À��µv��[xk�z ���Z]�²¿{y���ºc�µv��uy¹Mz]�z ��
¾.d�]�®· Z·�¥Zs zh§Y�yu�µZÀ-���ºcuyYu��æç�aÈ¨�¯�¾«¹��

¶¿|ºlc�¬dt¯�½Zº·µZ.º�¿Z¯{M yu�Yy�±M�uzº]yZ§��¹y�²º¿Y�½Y
u{Z��¾¯�u¹vp¯��������èè��

µvÀ�º��½x�Z§�½Z·yYºº³ �¹yµv�²·M�vÀ�§Y�Z]¶]±Yº´�
¾�z�¯�µZÀ-�µuZ d�Y�ª]Z£�z ���iYztd�Y�½Yz]�\�Z´¯��¹y�¦¿

bº�Y�µvº��èæ��yu�¹y§ ½Z·yYºº³Z]�µv��µvÀº�º��½xº�Z
²º·M�vÀº�§Y{Y�Z·xº�Z§��\À§zºc½Z·�¶]�½uZ¿{�ª¿Z°c�¶§��²·M�

¾º¯ µvÀº�º��vº³yYu�z º���[xºkv³ºº��¾¯��¹y�²¿Y¶]�v³Yºc
v´§�[xk�¥Zs�©º¬p¯�{Y�Yy�z ���vd°¯�ayº���¹y�²¿Y�yu

ÇZ°doY�z ��zÀ-�µyZ���­|À³Z¨¯�µZÀ-�¶¬À�¹�¶]�z ���[xk�¶À^�
¾º¯vº�Z]�çå��À^�½Z·yYº³��¾³ºÀ³M�©uZ^c�½Z·�²¿{y �¹y�¶]�¶

xºº�Z§\À§zººc Zºº] ¾ºº�´§Y¹�¶³ººº- "Àºº· ½½Zºº·©ººº� yu�¥Zººs
¾°³�±Zº�³�½zºÀ-�µyZº��v´·u�x�Z§�½¹y�z]�uºkº¯�²·M�¶¨¬]��

b]Z£y�¥Zs�Z]�z ���[xk�yuv´§�¾¯�������
²¿{y�{Y�zd�À]�z ���½Yz]�½xº�Z§�½Z·yYºº³ ªº¿Z°cµuº]¹

¶¿|ºlc�aÈ¨º�¯½Y²¿Y�±uz§�Yvk�Yzº¿{��bº�Y�zºd°§�|ºÀ³�±M

±Zº�M�¥Zºs {Y�Z·yYºº³¾º¯ zºcvº�Z]�½Yz]��¹y�²¿Y�²À´#�®º·
Z]�µvº� µuYu�uºº§ ½Zº·¥Zºs yu�[xºk ªº]Z£�z º���¾º]Z¿{yY

\À§zºc½Zº·µuZ dº�Y�ªº]Z£�z º����¬dºt¯�b�Y��æë��¹ ±º´¯
±ZÀ¯�yu�¶§�v³uz§��yY|-�|À³�±YyZ¨°·�]Z´¯���¬dt¯�½Z·�¥Zs

�¬dt¯�±Z·ZÀ-�¹ z º����¬dºt¯��¹y�½x�Z§�½Z·yYº³¶�]Yy�
¬°��¹ ¾º·ZÀ-�[xºk Zº] ½zºd¸]ºuzº¨�¦�s�±{¹�¶]�b^�³

±º¯{M�z¿Z�·ºuyYu�Z�æì��
²·M�vÀ�§Y�Z¿�²·M�vÀ�§Y�Z]�µv��µvÀ�º��½x�Z§�½Z·yYº³�

µuzd�-�¶´º¯Yu�yu�­ºÀº´À¯º«M£ Z·�¥Zs {Y�½Yb�Y�µuZ d�Y�ª]Z�Ï�
æè�çæ�çç¹çí���¾³ºÀ³M�©uZ^c�½Z·�²¿{y �¹y�Z]��¹y�²º¿Y

¾º] ¹µuZ¯�uz¨¬°��¹ z ���[xk�¾´À]��À��½Yz]�®¿v��aZ´]z§
½Z·�¥Zºs yu�­v´º- ¦º�sb�Y�µv��µuZ d�Y�½vÀ�Y�¹ ¾¨·M�

�æé��±YyZºº¨°·�¹ ±º´ºº¯�æì�yu��¹y�²ºº¿Y ¶ºº§ vºº³uYu�±Zºº�³
Z·�¥Zºs¾º¿½Z·�±º¯{M z]�µv��¶�Z�Y�aZ ���,´��Z¸³M�¶º] ¶º§

¾º]uyYu�½zcz]�­ºÀ³º¯M�v¿yº¬��¹ ®¿v��aZ´]zº§�,´À�À��èæ�
b^�³��µZÀ-�[xk�¹ µv��½zÀ-�µyZ���z ���±ZÀ¯�¾]ºs�¶º�]Yy

uy¹M�bºº�u�¶ºº] zºº.¿u�½Zºº·�¹y�¶ºº]�±YyZºº¨°·�¹ zºº¯º§�æå�
yYº³��¹y�¶º§ v´ºd�Z¿yu¶]�b^�³�½zd°§�bÀ�Z�o�½x�Z§�½Z·

µyZº��½zº] zºÀ-æ�uyYu�½vÀ�Y�¾º°§�½Zº·¥Zºs yu�¾«¹yu�
b�Y�zd�À]�±M�bÀ�Z�o��½vÀ�Y�½Zº·¥Zºs�¹ ½zÀ��²À´#�®·

±YyZ¨°·�çê�µyZ���½x�Z§�½Z·yYº³��¹y�¶§�v³uYu�±Z�³zÀ-
½z]�¶]�b^�³�½zºd¸]æyu�}zd�u�ª]Z£�¹ ©º¬p¯�z ���uy¹Mz]�

vº�Z]�¾º¯������Y¶§�Zºl³M�{Z·��·¹&�µuYu�±Z�³�±Z¸k�z�Yz��yu�v³Y
½zºÀ-�µyZº���½Zº·�¹yzºÀ�µ{Yv³Y�½Yz]�µv´´§�\¿zºtc½zÀ-

z º���²À°tc�¶]�yuZ£�¥Zs�½Y|kY�Z]�±uYvº³ �´º§Y¹�ªÀº«u�¶º]
µZÀ-�½Yz]�µuZ dº�Y�ªº]Z£�z º���{Y�½zºd¸]¾¯�v´�Z]�yu�±Yz¿Y�yu�

vÀ�§Y�Zº] µvº� µvÀº�º��½xº�Z§�½Z·yYºº³ �¹y�uyºº¯²·M¶]
µyZºº���±Yº´ºº�zººÀ-¾ºº�·¹&�bºº�Y�µvºº�³�­Zººl³Y���vºº·

²ººº¿Y�·¹&ººº�µvÀººº�º��½xººº�Z§�½Z·yYºººº³ �¹y�¾ººº]Z¿{yY�
Z]�±M�¶�¿Z¤¯�¹ [xk�ª]Z£�z ���²ÀÀ�c�yu�²·M�vÀº�§Y�Zº] µvº�

µyZº���{Y�½uYvº�cc yu�¾¿ZÀ°Àº� ½Z·zºÀ-uYvº�½½Z·�¥Zs {Y�
uº]�±Yv°·�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.8
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

27
 ]

 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.8.9
https://jstnar.iut.ac.ir/article-1-407-fa.html


½Z·yYº³�¾]Z¿{yY²ÀÀ�c�yu�²·M�vÀ�§Y�Z]�µv��µvÀ�º��½x�Z§���

îì

�¹y�¹ uYº¯Z·
yº�´¯� ¶]²¿Y� ­Zl³Y��·¹&�²À]� {Y�çê¶À«¹Y� ¶³º°³�æë¶³º°³�

¾p���¥Zs�èå�åzd¯�¾d³Z���aZ´]z§��}y�v�yu�}Z�Y�z]
®À�¬§©uZ�¯�[Ztd³Y�²�«¹Y��¹y�¶]�µv��½zÀ-�µyZ���z ���¹
v��v�� ¶À¸c�½Z·�¶³º°³�¦«Y� {Y� ¹ ¦�s� uY{M�½Yº·� yu� µç
¾¬À¯v�� µuYu� yº^�� ½zd¯v³�½Z·�¾-&¿¹¾¿ZÀ°À�� ¹ ¾¨¿|À��

b��¾���¹y�¶]�¥Zs�b�Z]�ª¯Z�� Z·�¥Zs�í�b¿Yv·�bÀ¬]Z£
�¾¨¿zd¨«YS+�¿Zl´-¹� ©uZ�¯� ®À�¬§� aZ´]z§� �¾«M� ²]z§� �

¾³ºÀcZ§�©uZ^c�v��²ÀÀ�c�¾·Z.�¿Z¯{M�©º°�¯�½Z·��¹y�¢^��v³
�æí��²�«¹Y� ½Z·��¹y ��ºc�¥Zs� ½Z·�¶³º°³� z ����çé��

©Z§©¹�ê�®À�¬§�v¿z¬§� �åæ�å¯yÇº�æé�¦¿yv¿z¬§�vÀ�Y� �
æ�åyÇº¯��çî�½Y�¾��¾c�½u� ��èç�rÀ¬¸¯�¹æ��æê�¶��yu

µyZ��� z ���b�¬�� ¹ ½zÀ-�µyZ��� yYz¨c,³y��¹y� ¶]� Z·
¾l´��æî�²ÀÀ�cv��

½Z·yYºº³½x�Z§½Yz]¶À¸c��¹y�¹u�¶]�z ���½zÀ-�µyZ���
v³vºº��±º´ºº¯ ¹ ±¹uyZºº# ½Zºº·yZ§�¢^ºº� zºº] ©¹Y��¹y�yu�é�
bº�t³¶º¤¬o½Zº·²º°cY¹�¾�Zº� ½Z·xº�Z§êéæ��z�£�Z]æê

zºd¯�¾d³Zº��{Y�¶º§ ¾º«º¬p¯�yuæååµ¹È��¶]�²·M�v¿z¬§�­z-�
æåå¶]�z�¤¯�[M�Z]�¹ µv��¶À¸c��À¬��¦¿yv¿z¬§�vÀ�Y�zdÀ«�¾¬À¯�

av¯�¶]��v��µv³Z�y�zºdÀ«�¦º¿ ®ºloêv³v��y¹�¶�º��¶¤À£u��
±vº� ¦º�s�{Y�~º�¾�Zº� ½Z·xº�Z§�©º¬p¯�{Y�ì�çyÇº¯�

v³v��ºd����z�¤¯�[M�Z]�¹ yº^��­ºÀ³º¯M�vÀº�§¹yvÀ·�{Y�v�]
±vº� ¦º�s�½Z·yYº³�¶]�Yy�Zº¸³M�æå�çyu�¹ µv¿z]�zd¯�¾d³Z��

v´d�z-�yYz£�²¬ÀcY�¾¬��aZp ��±ZÀ¯�
¹u��¹y�yu­ºº]±YyZºº¨°·�¹ y|ºº¿Z¯�½Zºº·yZ§�¢^ºº� z�çå�

½Zº·¶º¤¬o�²°cY¹�¾�Z��½Z·x�Z§êéæ�z�£�Z]�æêzd¯�¾d³Z���
©ºº¬p¯�yuëê�å±M�zdÀ«�z·�yu�¶§�²·M�v¿zº¬§�yÇºº¯êå¾¬À¯�

�Àº¬��¦¿yv¿zº¬§�vÀº�Y�zºdÀ«v�Z]�¾¯{¹y�¶³Z^��¦¿�av¯�¶]�������
v³vº� y¹�¶�ºº��±v��¦�s�{Y�~��av¯�¶]�Yy�Z¸³M�èåg¶À³Z

©º¬p¯�yuì�ç©º¬p¯�yu�¹ µuYuyYz£�­ºÀ³º¯M�vÀ�§¹yvÀ·�yÇº¯�
®¿uz]�²À¿Z��¹ ÇZº]��z��¦¿�yu�Yy�Z·yYº³�~��ê�æ[M�½zdÀ«�

v��­Zl³Y�z.¿u�yZ]�¦¿�yZ§�²¿Y�¹ µuz]�²À¿Z��¹ ÇZ]�z�¤¯�{Y�v�]

µv´§Yz��ª¯Z§�yº��¶]�²·M�vÀ�§Y�aYyw�¶º§²º¿Y�½Yzº] yZº§ ²º¿Y
¶º] Z·yYºº³ v³ºº�z�¤¯�[M��z��¦¿�yu�b�Zº� ¦º¿ avº¯
v³vº� µuYuyYzº£�±v��¦�s�{Y�vº�]�½Z·yYº³�¶]�æå�ç¾d³Z��

µv¿z]�zd¯µv�yu�¹²À]v´d�z-�yYz£�²¬ÀcY�¾¬��aZp ���
³ ¶Àº¸c�{Y�~º�º�²·M�vÀ�§Y�Z]�µvÀ��µvÀ�º��½x�Z§�½Z·yY

v¿uz-�iYztd�Y�¥Zs�µuZ d�Y�ª]Z£�z ���­z-�¦¿�yº�´¯�²¿Y�¶]
Z·�¶³º°³�{Y¥Zs�½�yYz¨c�¶��yu�¶�À��¶]�Yy¶�Z�Y�~§zÀ��½Z·

½x�Z§�yYº³�¦¿�¶�À��z·�ªsYu�yu�¹æå�çµuYuyYz£�zd¯�¾d³Z��
¹éå®À�¬§�v¿zº¬§�zºdÀ«�¾º¬À¯�åæ�å¹ ©¹Y��¹y�yu�yÇº¯�íå

avºº¯ ¶ºº] ¹ ¶�Zºº�Y�­¹u��¹y�yu�±M�{Y�zººdÀ«�¾ºº¬À¯æëb�Zºº�
µZ.d�u���ºcZ]�¾£z]�µv´·u�±Z¨cæèå£u�yu�y¹u�µuYu�±Z¨c�¶¤À

v³vº��iyZs�~§zÀ��¶�À��{Y�¾�Z��x�Z§�±M�{Y�~��¶]�¹ µv
v��º�d���z�¤¯�[M�Zº] ¾º¯YyM�¬oz¯�²¿Y�{Y�~�¶¾�Z��x�Z§�

yuéå¦¿yº «º��vÀ�Y�zdÀ«�¾¬À¯�æ�å¹ ©¹Y��¹y�yu�yÇº¯�êå
¦¿yº «º��vÀº�Y�zºdÀ«�¾º¬À¯ç�åµuYu�yYz£�­¹u��¹y�yu�yÇº¯�

vº��¦º¿ avº¯ ¶º] ±ºÀº�³Z��º�µZ.d�u���ºc�b�Z�±Z¨c
¾º£z]�µv´º·u¾l´��,³y��¹y�¶]�z ���b�¬��¹ ±Zº¨c��æî�
v¿uz-�²ÀÀ�c�

¾³Yv¬-��¿Z¯{M�¦¿�¾·ZÀ-�½Z·��sZ� ²ÀºÀ�c�yº�´º¯ ¶º]
Zº]æç¥Zs�¶³ºº°³��½Z·�¥Zs �xo�Z]ç�é�í¹î�v��­Zl³Y��

£ yu�ª¿yºdº§Z��ayºº�¶º] �¿Zº¯{MÈ¯Z§�½Z·�¥º¬]�mz��\«Z�
z º���n�º� ¹u�Zº] ¾�uZº�c�¹ z �çêåyu�z ���­z-�¾¬À¯�

¥Zºs ­zº-º¬À§®Àº�¬§�aZ º���º´º¯ uºº§ {Y��Y�Z]d¶��{Y�µuZ 
v¿uz-�­Zl³Y�yYz¨c�¶��yu�¥Zs�­z-º¬À§�yu±Yv¬-�z·�¶]�²°�

z¿uZ¤¯çåå�æå¹ê²·M�¹ ½¹y���®À�Zd��­z-º¬À§�yu�­z-�¾¬À¯�
�·uºº§ {Y¹ ½¹y�aZ «º���®À�Zd��aZ «º��½Z²¿zd�º¨�æèí
�¹yYvº¤¯�¶º] ±%¹zºdÀ³�æêåb]º³�¹u�yu�­z-º¬À§�yu�­z-�¾¬À¯�

¶�Zºº�Y�Zºº·±Yvºº¬-�¶ºº]vºº��ayw�yxºº] uvºº� ¶ºº� uYvºº�c
�=HD�PD\V�´À��®º£y�ºº}Yz§�ª.ìåé°��yuº¢ç¾d³Z��½zd¯

v��¶d�Z§�±Yvº¬-�zº· yu�z·�yu�Z·yx]�uYv�c�­¹u�¶d ·�±Z¿Z��yu
-b�Z¿��·Z§�uv��¹u�¶]�±Yvº¬�b^£Yz¯�Z·�±Yv¬-�{Y­{Ç�½Z·¶]

µv¿z]�¥Zs�n���{Y�±Z·ZÀ-��®·u�¶dº ·�±Zº¿Z��yu�¹ vº¯M�ªº°�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.8
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

27
 ]

 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.8.9
https://jstnar.iut.ac.ir/article-1-407-fa.html


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

îí

v³vº��¶³º°³av¯�¶]�z�¤¯�[M�Z]�º�d���{Y�~��Z·éíb�Z��
½Zº¯u�yuìåyuº��²¿{ºc�{Y�~��¹ ¦º�s�uYzº-¾d³Zº� ¶ºkyu�
v³vº��yº�´¯�¶º]À�Y��¹y�{Y�z ���b�¬��²ÀÀ�c�¦¿yv¿z¬§�v

vº� µuZ dº�Y�í�µyZ���z º���bº�¬��¹,³y��¹y���ºc�Z·
¾l´��æî�v¿uz-�²ÀÀ�c�

�¾^�³�uzº¬¨°���z º���[xºk ª¯Zº� ¾º·ZÀ-�½Zº·rº�Z�
¶ºº] ¶kºººc Zºº] ¾�Zºº�Y�[xººk ¹ µZÀºº- rºº�Z���bºº�¬���¿Y|ºº�Y

©º¯z�v¿uz-�²ÀÀ�c�z¿{�½Z·�

 z ���[xk�±Yv¬-�yu�­z-�¾¬À¯�
@Î>�¬À§ yu�­z-�¾¬À¯­z-º�b�¬�z ��yu�µZÀ-�±{¹µZÀ-�¦�s

 ¾^�³�uz¨¬°��v��yu�
@Ï>æåå���µv��yZ°Àc�µZÀ-�uz¨¬°��v·Z��µZÀ-�uz¨¬°��

 b�¬���¿Y|�Y
@Ð>z ���b�¬�yuv·Z��µZÀ-�z ���b�¬�yuµv��yZ°Àc�µZÀ-

 ¾�Z�Y�[xk
@Ñ>[xkz ���yuv·Z��µZÀ-�[xkz ���yuµv��yZ°Àc�µZÀ-
@Ò>v·Z��µZÀ-�uz¨¬°�±µv��yZ°Àc�µZÀ-�uz¨¬°�� µZÀ-�r�Z�

½Z·yYº³��¹y�¶]�µv��½zÀ-�µyZ���z ���¾.dº�]�®º· ±Zº¿Z��yu
�Z^cyY�²Àº´#�®º· ¹ ¾¿ZÀ°Àº� ½Zº·�¹y Zº] ½xº�Z§½Z·�r�Z�

�¹y�Z]�µv��½zÀ-�µyZ���z ���Z]�¾·ZÀ-½Z·v��¾�yz]�¡º��

fp]�¹ j¿Zd³
½Zº·¾º-&¿¹½Zº·¥Zºs ¾¿ZÀ°Àº� ¹ ¾º¨¿|À��¾�yz]µv���yu�

©¹vºkæb�Y�µvº� µuYu�±Zº�³��uyº¯�½Z·�¥Zs¾�yz]½YyYu�
µuzdº�-��º´ºc¾¯�¥Zs�aZÀ�º�s�{Y�½Yv´�Z]�j¿Zd³�}Z�Y�z]
¾¯�µv��¶WYyYb -�±Yºc¥Zs ²¿YZ¯º°��Z·�b�Z]�½YyYu|¿y�½Z·
�ºº�ºd¯�Zººcv´dºº�·�\Àczººc ¶ºº] ²ºº� ¹ b¬Àºº� �}y�vºº�yu

å�êè�é�çé�é�éí�è�æ¹ç�ëë�ì�ébº�Y�aYzÀÀ�c�¶´º¯YuS+

Zººººº·¥Zºººººsî�ì�å�ì¾ººººº¨¿zd¨«Y�b¿Yvººººº· bÀººººº¬]Z£��
íî�å�æê�åzºd¯�zº] ~´º°¿{�¾º�u��¾«M�²]zº§ìç�æ�çê�å¹

¥Zs�©uZ�¯�®À�¬§�aZ´]z§Z·ê�éå�å�æèyu�v�v�Z]�¾¯������¶´¯Yu�
Z·�¥Zs ¾º³ºÀcZ§�©uZ^ºc �¿Zl´º- aYzºÀÀ�cæ�æì�é�ææ¾d³Z��

¥Zs�­z-º¬À§�z]�©º¯v�Z]�¾¯������
¯yu��¬dt¯�½Z·��¹y ¶]�µv��½zºÀ-�µyZº���z º���zº¿uZ¤

©¹vºkç¶]�µv��½zÀ-�µyZ���z ���²À]�¾.d�]�®º· \¿Yzº� ¹
©¹vk�yu��¬dt¯�½Zº·�¹yèb�Y�µv��µuy¹M��¶§�yº��±Z°·�

©¹vºk j¿Zdº³ç¾º¯ ±Zº�³�z ���yYv¤¯��v·uµv��½zÀ-�µyZ��
yu��¹y�¦º¿ �º�ºc½Z·�¥Zsa¹Z d¯��¬dt¯b�Y��z¯Y�²¿Y

z ���a¹Zº c�µv´º·u�±Zº�³¥Zs�yu�[xk�ª]Z£¹ �¬dt¯�½Z·
º´#�®º·zºÀgPc�²À½Z·�¾º-&¿¹½zÀ-�µyZ���z ���yYv¤¯�z]�¥Zs�
µvº�vº�Z]�¾º¯������½Z·��¹y�¶]�µv��½zÀ-�µyZº���z º���zº¿uZ¤¯

a¹Z dº¯ �¬dºt¯bº�Y��­|À³Z¨¯�µv´·u�±Zº�³�¶lÀºd³�²º¿Y�½Z·
µyZº���²º¿Y��¬dºt¯¹ [xk�ª]Z£�z ���½zÀ-�µyZ���yu�Z·zÀ-

©Z¨�Y�a¹Zº c�²Àº´#�®º·b�Z·�¥Zs ²¿Y�yu�z ����¬dt¯��¶]
½zÀ-�µyZ���¾¿Z³Yºc�¶º§ Zºl³M�{Y�zº.¿u�ayZ^º�yu��¬dt¯�½Z·

¹ ©Èºp³YMª¨º� ½{Zº� uY{b�Y�a¹Z d¯�z ����¬dt¯�½Zº·
�èå�b�À³�yZ�d³Y�{Y�y¹u�aZ�ÈdºsY�²º¿Y�²À.³ZÀ¯�¾¬§�yº��¶]

½Z·��¹y ��ºc�¾kYztd�Y�z ���zº¿uZ¤¯í¶]�¶³Z-�z¿{�\Àczc
¾¯�¶�¿Z¤¯v³º��

¦¿yv¿z¬§�vÀ�Yæ�åyÇº¯��©¹�©Z§��rÀ¬¸¯�æ�²�«¹Y��
©¹Y��¹y½xº�Z§�½Z·yYºº³�­ºÀ³º¯M�aZ´]z§�¾º]�¾��¾c�½u

½Y�·yYººº³ ­¹u��¹y�º½xºº�Z§�½Z�§ v¿zºº¬§º®Àºº�¬åæ�å
yÇºº¯��ºc�¾kYztdº�Y�z º���zº¿uZ¤¯�²Àº.³ZÀ¯�}Zº�Y�zº]

zºÀ-�µyZº��pc�²º¿Y�yu�µvº� µuZ dº�Y�½Zº·¾º¯ ¢Àº¤²¿Y�±Yºc
µyZº��uYuyYz£�µ¹z-�¶��yu�Yy�Z·zÀ-�µ¹z-½Z·zÀ-�µyZ���©¹Y
Zd^º�³�®À�¬§�v¿z¬§�ª¯Z���À��åæ�åyÇº¯��ë�æ­z-�¾¬À¯�

­zº-º¬À§�yu�½x�Z§�½Z·yYºº³ ­¹u��¹y�è�éyu�­z-�¾¬À¯�
­zº-º¬À§�­ºÀ³º¯M�aZ´]z§�¾º] ¹�½Y�¾��¾c�½u�î�æå¾¬À¯

­zº-º¬À§�yu�­zº-�- �ººµ¹z���­¹uºµyZ-ºzÀ£ ½Z·ºª¯Z��½º
²ººº�«¹Y�î�çæ­zººº-º¬À§�yu�­zººº- ¾ººº¬À¯��¹©¹Y��¹y

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.8
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

27
 ]

 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.8.9
https://jstnar.iut.ac.ir/article-1-407-fa.html


 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.8
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

27
 ]

 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.8.9
https://jstnar.iut.ac.ir/article-1-407-fa.html


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

æåå

©¹vkç�½zÀ-�µyZ����¬dt¯�½Z·��¹y Z]�¥Zs�{Y�µv��iYztd�Y�z ���²À.³ZÀ¯��¯­z-º¬À§�yu ­z-�¾¬À�

µvÀ�º� ½x�Z§�½Z·yYº³
²·M�vÀ�§Y�Z]�µv��

©¹�©Z§ rÀ¬¸¯æ ¦¿yv¿z¬§vÀ�Y
�æ�åyÇº¯��

½Y�¾��¾c�½u ®À�¬§�v¿z¬§
�åæ�åyÇº¯��

²�«¹Y

­¹u��¹y ©¹Y��¹y

µyZ°�
¥Zs

î�çå î�æå è�é è�ê ç�æ î�æê ì�ç å�ë æ

è�èì ç�æç ç�çë î�í è�æ å�æí æ�è ê�ì ç

é�æè ê�ë è�çë ë�ê é�æ ë�æê ç�è ê�ææ è

ì�æëç è�îê é�æíí ì�çé ê�é í�ìè î�é è�ëæ é

ì�ëí í�æåç è�çæî é�æê î�æ æ�èå è�ê å�êè ê

é�î è�í å�æë è�ç æ�æ ç�ì ê�é î�çå ë

î�æé ë�æç ì�çë ê�è ì�å æ�æé í�è ì�çê ì

ê�æè é�ì è�ææ í�çê å�æ è�æå ë�é å�çë í

é�æë î�æ ê�é æ�è è�æ í�æè ì�é é�æë î

ê�æå æ�î í�ë ë�ç å�æ å�î ç�é î�æë æå

î�æé è�ç í�æ ì�æ ç�æ í�æè æ�ê é�ì ææ

ç�èê é�çç é�çë å�è æ�æ î�çë ê�é æ�ì æç

ë�íë î�íå ë�çåí ê�æë ë�è é�éé î�é é�æê æè

é�æî ê�çå å�èî é�é å�æ ë�æç ì�é æ�æì æé

ç�ëé å�ìë ç�æîå î�æå æ�ç ç�çë é�ê ì�æè æê

í�éæ å�æì ë�éæ ë�éæ è�æ è�æí å�é ç�í æë

é�èî é�èå í�ëé î�æå ë�æ î�çæ è�é ì�æî ²À.³ZÀ¯

½xº�Z§�½Z·yYºº³�ì�æî­z-º¬À§�yu�­zº- ¾º¬À¯��¹µ¹z-­º�
¦¿yv¿z¬§�vÀ�Y�ª¯Z��½º£�yZÀº�]�½Z·zºÀ-�µyZº��æ�åyÇº¯�

�í�ëé¾º¬À¯�­zº-º¬À§�yu�­zº-�rÀº¬¸¯ �æ��é�èå¾¬À¯�yu�­z-
­z-º¬À§�©¹�©Z§�¹�é�èî­z-º¬À§�yu�­z-�¾¬À¯���

©¹vk�yu�¶§�yº��±Zº°·çµv¿u¾¯�uº���¹y�¹u��½Z·yYº³
z¿uZ¤¯�²·M�vÀ�§Y�Z]�µvº� µvÀº�º��½xº�Z§Yy�z ���{Y�¾c¹Z d¯

µuzº§ ½zºÀ-�µyZº��v³Y�²À.³ZÀ¯�¹y���ºc�¾kYztd�Y�z ���
©¹Yì�æî­¹u��¹y���ºc�¹è�é�b�Y��

¾¯�±Z�³�j¿Zdº³·u´z ���²À]�¾.d�]�®· \¿z��¶§�v¾kYztd�Y
Z]�µvº� µvÀº�º��½xº�Z§�½Z·yYºº³ ©¹Y��¹y�¶º]Z]�²·M�vÀ�§Y

µyZºººº���z¿Zºººº� Zºººº] ¾kYztdºººº�Y�z ºººº��zººººÀ-Z·½
¾ººº´�¯�©¹Yvdººº¯yYubººº�Y�z ººº���¾.dººº�]�®ººº· \¿zººº�

�¹y�Zººººº] µvººººº� ½zºººººÀ-�µyZººººº��z ººººº���Zººººº] ©¹Y
ztdºº�YzººÀ-�µyZºº���Zºº] ¾kYv¿zºº¬§��²ºº�«¹Y�½Zºº·®Àºº�¬§

åæ�å��½Y�¾ººº� ¾ºººc ½u�­ºÀººº³º¯M�aZ´]zººº§ ¾ººº] �yÇºººº¯
¦¿yv¿zº¬§�vÀº�Yæ�årÀ¬¸¯��yÇº¯�æ¶]�©¹�©Z§�¹\Àczcìì�å�

ìë�å�ìé�å�ëç�å�ìå�å¹íæ�å]ººuº�¬�yZº�ºd�]�®º· ¾º¾.
Àºº¯ ½uZºº¿{ººº���±Zººº�Y�z ºtdºyYººº³ �¹y�¶ºº] µvºº� iYz·º½Z

�Z§º���¹ ½xºtd�Y�z º«¹Y��¹y�¶]�¾kYzºº�º¯ ¹ ²º¸º¬ºrÀè
s yuºº· ¥Zº½Zb�Y�µuy¹M�bºº�u�¶º] Zº¨º¿zº¯M��ÏÕ��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.8
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

27
 ]

 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.8.9
https://jstnar.iut.ac.ir/article-1-407-fa.html


½Z·yYº³�¾]Z¿{yY²ÀÀ�c�yu�²·M�vÀ�§Y�Z]�µv��µvÀ�º��½x�Z§���

æåæ

©¹vkè�Yz�¿Z·zÀ-�µyZ���¶¬À�¹�¶]�µv��iYztd�Y�z ���¾.d�]�®· \�æë¥Zs�¶³º°³��

í ì ë ê é è ç zÀ-�µyZ���­Z³


íæ�å 
ì�å 
ëè�å 

ìé�å 

ìë�å 

ìì�å 

ìè�å æ�½x�Z§�½Z·�yYº³�©¹Y��¹y
QVê�å QVê�å QV�ëæ�å QVê�å QVêí�å QVêí�å ç�½x�Z§�½Z·�yYº³�­¹u��¹y�


îë�å 

îç�å 

íì�å 

îé�å 

îê�å è�²�«¹Y�


îê�å 

îê�å 

îê�å 

îë�å é�®À�¬§�v¿z¬§åæ�åyÇº¯�


îí�å 

îç�å 

îæ�å ê�M aZ´]z¨À]�­ºÀ³º¯�½Y�¾��¾c�½u�


íí�å 

îë�å ë�¦¿y�v¿z¬§�vÀ�Yæ�åyÇº¯�


íî�å ì�rÀ¬¸¯æ

� í�©¹�©Z§

�n���yu�yYu�¾´�¯�êv�yu�


�n���yu�yYu�¾´�¯�æv�yu�
1V��n���yu�êv�Z]�¾°³�yYu�¾´�¯�v�yu��

z ���Z]�½x�Z§�½Z·yYºº³ ­¹u��¹y�¶º] µvº� iYztdº�Y�z º��
¾´�¯�¾.d�]�®· ½x�Z§�½Z·yYº³�©¹Y��¹y�Z]�µv��½zÀ-�µyZ��

µyZ���z¿Z��Z]�µv��iYztd�Y�z º���Zº] ¾º«¹�uyYu�½yYu½Z·zÀ-
¾º´�¯�¾.dº�]�®º· ¾¿ZÀ°Àº�Yvº³ ½yYuyu�>ÇZ°doY¶]Z�¯�­|À³Z¨¯�

¾.d�]�®·�²¿Y�ªÀ«u�½x�Z§�½Z·yYº³��¹y�¹u�yu�½zÀ-�µyZº��
v�Z]�¾¯�������

±Zºº°·©¹vººk ¶ºº§ ¶³ººº-ç¾ºº¯ ±Zºº�³�z ºº���yYvºº¤¯��vºº·u
µyZº���¶º°·�Zº] ²º�«¹Y��¹y��º�ºc�¾kYztdº�Y|k�¶]�Z·zÀ-

²ºº·M�vÀºº�§Y�Zºº] µvºº� µvÀºº�º��½xºº�Z§�½Z·yYººº³ ­¹u��¹y
¾´�¯�¾.dº�]�®º·uyYu�½yYu�µyZ���±Z¯{�av¯�yu�a¹Z c½zÀ-

¾º¯µyZº���z º���yYvº¤¯�zº] v³Yººc½zÀ-uyYx.]�zÀgPc�µv���¶]
¾]�Z]�z ���½zÀ-�µyZº���±Zº¯{�¶º§ ¾cyºº� yu�zº.¿u�ayZ^º�

¶]�b�Z��®À³�{Y�®¿vº� aZ´]zº§æëv]Z¿��¿Y|�Y�b�Z����¹y
©¹�©Zº§�µyZº���²º¿Y�¾º¿Z³Yºc��Z^¿z¤c�¹ µv��z]Yz]�¹u�zÀ-�­Z°c

yx-u¹{�z º��/DELOH� SKRVSKRUXVs {Y�Yy�ºs ¥ZºiyZv´§�¾¯�
�è��º���µyZº���z |k�¶]�|À³�©¹�©Z§��¹y���ºc�µvº� ½zºÀ-

z ���Z]�²·M�vÀ�§Y�Z]�µv��µvÀ�º��½x�Z§�½Z·yYºº³ ­¹u��¹y
µyZº��¾´�¯�¾.d�]�®· z.¿u�½Z·��¹y�Zº] µvº� ½zºÀ-uyYu�½yYu�

È]©¹vºº«Z§�¹ zºº$³�è�µyZºº���z ºº���±ZÀºº¯�ºº�ºc�µvºº� ½zººÀ-
¹ ²º�«¹Y�½Zº·�¹yº§Z¾º´�¯�¾.dº�]�®º· ©¹�©�yY|-�½yYu

µuz§v³Y�
�¹y�Z]�µv��½zÀ-�µyZ���z ���²Àº] ¾.dº�]�®º· \¿Yzº�

®Àº�¬§�v¿zº¬§åæ�åµyZ���z ���Z]�yÇºº¯µyZ���Z]�µv��½zÀ-
Z]�µv��µvÀ�º��½x�Z§�½Z·yYº³�­¹u��¹y�|k�¶]�z.¿u�½Z·zÀ-

ÇZº] ²º·M�vÀº�§YY yYu�¾º´�¯�¹bº��yu½Z·��·¹&���¬dt¯�
z¿Z��¹ ®À�¬§�v¿zº¬§��¹y�±ZÀº¯ ½yYu�¾º´�¯�¹ ¾º�s�¶º�]Yy

�¹yb�Y�µv���yY|-�Z·�è�æç¹æé��
­ºÀ³º¯M�aZ´]z§�¾]��¹y�¶]�µv��½zÀ-�µyZ���z º���½u�

µv��½zÀ-�µyZ���z ���Z]�½yYu�¾´�¯�¾.d�]�®· |À³�½Y�¾º� ¾ºc
µyZ���Zº]¿u�½Z·zÀ-uyYu�½x�Z§�½Z·yYº³�­¹u��¹y�|k�¶]�z.�

yºº� ±Z�¬º� ¹ yYºdº�À«�æç�¹ �¹y�²º¿Y�²Àº] |ºÀ³�¹y¾ºº]
®¿vº� aZ´]zº§º½u�¾ºc¾´�¯�¾.d�]�®· ½Y�¾���yY|-�½yYu

µuzº§vº³Y��¹y�Z]�[ºs�¾.d�]�®· ½YyYu��¹y�²¿Y�²À´#�®º·
b�Y�µuº]�²�«¹Y�çë��

§ vÀºº�Y��¹y¦¿yv¿zºº¬æ�åÀºº¬¸¯�¹ yÇººº¯ræ¶ºº§ |ººÀ³�
µyZ��À-º½vÀ�Y�b�À^��Z]�¾¿Z·zv´d�·� yYv¤¯��ºd�À]�z �º½z
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æåç

©¹vké�¾·ZÀ-�½Z·��sZ� ¹ Z·zÀ-�µyZ�����ºc�¾kYztd�Y�z ���¾.d�]�®·�æç¥Zs�¶³º°³��

r�Zº� [xk
¾�Z�Y uz¨¬°�

¾^�³
�¿Y|�Y
b�¬� [xk

z ��
¬°�uz¨

¦�s
b�¬�
z ��

¾·ZÀ-½Z·��sZ�
Zº·�¹y

QVéç�å� QVçî�å� 

ìè�å QVæé�å 

ìì�å QVéç�å QVçî�å ½x�Z§�½Z·yYº³�©¹Y��¹y
QVçè�å� QVæî�å� QVéê�å QVéç�å QVéç�å 
ëé�å QVéç�å� ½x�Z§�½Z·yYº³�­¹u��¹y

êí�å� QVçê�å� 
êî�å 
ëè�å QVçë�å QVçæ�å QVåé�å� ²�«¹Y

êë�å� QVæî�å� QVêé�å QVêê�å QVåé�å QVæç�å QVæè�å� ®À�¬§�v¿z¬§åæ�åyÇº¯�

ëå�å� QVçê�å� 

ìé�å QVéë�å QVçê�å QVæê�å QVåê�å� ­ºÀ³º¯M�aZ´]z§�¾]�½Y�¾��¾c�½u�


ëé�å� QVè�å� 

í�å QVê�å QVéé�å QVèë�å QVåë�å� ¦¿yv¿z¬§�vÀ�Yæ�åyÇº¯�


ìè�å� QVè�å� 

íì�å QVéî�å QVéë�å QVèç�å QVåî�å� rÀ¬¸¯æ
QVêæ�å� QVçé�å� �ëê�å QVéç�å QVçæ�å QVçæ�å QVæå�å� ©¹�©Z§


�n���yu�yYu�¾´�¯�êv�yu�


�n���yu�yYu�¾´�¯�æv�yu�
1V��n���yuêv�Z]�¾°³�yYu�¾´�¯�v�yu��

¶º] b^º�³�¹y�z¿Zº�µuzº§ iYztdº�Y�Zº·z ���Zº] ¹ vº³Y
µyZº��½Z·yYº³�­¹u��¹y�|k�¶]�z.¿u�½Z·��¹y Z]�µv��½zÀ-

¾ºº´�¯�¾.dºº�]�®ºº· ½xºº�Z§vºº³yYu�½yYu�¦ºº°³�¹ ©Yzºº^¿{�èé�
µuz§��yY|º-¾kYztd�Y�z ���yYv¤¯�¶§�v³Y²�«¹Y��¹y���ºc�

¹\Àczc�¶]�®Àºº�¬§�v¿zºº¬§éå¹çyu�¾kYztd�Y�z ���±Y|À¯�v��
�ºº�ºcrÀºº¬¸¯��¹yæ¾ºº¯vºº�Z]�®ºº¬k�¹ ¹ººº§�ææ�¾ºº�yz]�yu

¶§�v³uYu�±Zº�³�±Zº�uºsµyZ���z ���²À]²�«¹Y��¹y�Z]�µv��½zÀ-
�¹y�¹½x�Z§�½Z·yYº³b�Yu�uºk¹�¾¿ÇZ]�¾.d�]�®·�

©¹Y��¹y�¶]�µv��iYztd�Y�z º���¾.dº�]�®º· ¶º] ¶kººcZ]
Yºº³�¹y�z¿Z��Z]�µv��iYztd�Y�z ���Z]�½xº�Z§�½Z·yZ·�Zd³�¿j
²ºº¿Y�·¹&ºº�½xºº�Z§�½Z·yYººº³ ©¹Y��¹y�¶ºº§ uzºº§ �tºº�¯�
¾¯v³Yºc¶]�¦¿�±Yº´��zÀ-�µyZ��u¹y�yZ§�¶]�µuZ d�Y�ª]Z£�z ���

µyZº���¶¬Àº�¹�¶º] µvº� iYztdº�Y�z º����Z^ºcyY¹ Z·zÀ-
¾·ZÀ-�½Z·��sZ�

MYy�µZÀ-�[xk�ª]Z£�z ���zº¿uZ¤¯�¶º§ ¥Zºs z º���½Zº·±ºº¯{
¾¯�uy¹Mz]yZ§��¿Y|�Y�½Yz]�v´´§MvÀ«ºc�½Yz]�¶d�y�yZ§�¶]�uº§�¾¿
©ºº�p¯uyº¯�{ZÀ³�v´d�·�z¿uZ¤¯�²À]�¾.d�]�®· aZ�«Z�¯�j¿Zd³

µvº� ½zºÀ-�µyZº���z º��µyZ����º�ºcZ·zÀ-�sZ��Z]½Z·

©¹vºk yu�¾º·ZÀ-éWYyY¶b�Y�µv���±Z�³�j¿Zd³�¶§�¶³º-�±Z°·
¾º¯�¹y�Z]�µv��½zÀ-�µyZ���z ���z¿uZ¤¯�v·u�¬dt¯�½Z·�Z]�

v´d�Yv³�¾�Z^cyY�µZÀ-�yu�z ���b�¬��¹ ¾�Z�Y�[xºk��sZ�
z ���Z]�½xº�Z§�½Z·yYºº³ ©¹Y��¹y�uyºº¯ yu�|ºk ¶º] [xºk

µyZ���z¿Z��Z]�µvº� ½zºÀ-�µyZº��¾´�¯��Z^cyY�Z·zÀ-uyYv³�yYu�
­¹u��¹y�¶]�µv��½zÀ-�µyZ���z ���Z]�Z¸´c�|À³�¦�s�uzº¨¬°�

¾´�¯��Z^ºcyY�½xº�Z§�½Z·yYºº³uyYu�yYu�z ���Z]�¾^�³�uz¨¬°�
­¹u��¹y�|k�¶]�µv��µuZ d�Y�½Z·��¹y�Z]�µvº� ½zºÀ-�µyZº��

¾´�¯�¾.d�]�®· ®Àº�¬§�v¿zº¬§��¹y�¹ ½xº�Z§�½Z·yYºº³½yYu
bº�Yu�rº�Z�½Z·��¹y ��ºc�¾kYztd�Y�z ���Zº] |ºÀ³�µZÀº-

º] µvº� µuZ dº�Y¶�Z^cyY�½x�Z§�½Z·yYº³�¹ ©¹�©Z§��¹y�|ºk
¾º´�¯yYu½uyYu��¾¯�µv¯M�b�u�¶] j¿Zd³�¶]�¶kººc Zº]²À´#�±Yºc
±ZÀº]��ºc�¾kYztd�Y�z ���¾.d�]�®· ¶]�¶kºc�Zº] ¶º§ bº�Yu�

Z§�½Z·yYºº³ ©¹Y��¹yuz¨¬°��¹ [xk�½Z·��sZº� Zº] ½xº�
¾^ºº�³�½xºº�Z§�½Z·yYººº³ ©¹Y��¹y�zººÀ-�µyZºº��yu�¾^ºº�Z´¯

[xk�ª]Z£�z ���iYztd�Yb�Y��¾.d�]�®· ¶]�¶kºc�Z]�²À´#�®·
¾º´�¯µyZ���z ���²À]�¶§�½yYu�²�«¹Y�½Z·��¹y�¶]�µv��½zÀ-

½Y�¾ºº� ¾ººc ½u¦¿yv¿zºº¬§�vÀºº�Y��æ�årÀºº¬¸¯�¹ yÇººº¯æZºº]
²ºº¿Y��v´dºº�Yu�µZÀºº- rºº�Z��¹ ¾^ºº�³�uzºº¨¬°��½Zºº·�sZºº�
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½Z·yYº³�¾]Z¿{yY²ÀÀ�c�yu�²·M�vÀ�§Y�Z]�µv��µvÀ�º��½x�Z§���

æåè

¾¯�|ºÀ³�Zº·zºÀ-�µyZº��v´³YºcZ·�¥Zs ²¿Y�yu�±Yº´��¶]zÀ-�µyZ��
v³º��µuZ d�Y�[xk�ª]Z£�z ���

½Z·��¹y ¶]�µv��iYztd�Y�z ����Z^cyY�uyºº¯ yu¯t�¬d
¾·ZÀ-�½Z·��sZº� ¹¾¿Z·�¾�yz]b�Y�µv��­Zl³Y��ë�ì�î¹

çè���Y¹Yzº- ¹ ¾º�À³�çè�½Y�¾��¾ºc ½u��¹y�¶º§ v´ºd�Z¿yu
º]ºs�¾.dº�]�®º·¾¥Zs�yu�z ���[xk�Zº]¹ ®§�z¿uZ¤¯�Z]�½Z·

uyYu�®À�¬§�aZ´]zº§ uZº¿{�¾«¹¥Zs�yu�uZ¿{�}y�yYv¤¯�Z]�½Z·
¯{ZÀ³b�Y�¾�yz]�v´�

yu½Z·�¾�yz]rÀ¬¸¯�±º¯{M�µv��­Zl³Y�æ¾.d�]�®· ½YyYu�
rº�Z��Zº] ÇZº]¾·ZÀ-�½Z·¾^�³�uz¨¬°��¹ z ���b�¬���[xk�

b�Y�µuºº]�æê�çì¹çî�ª�Yy�¹ ºWZ°.´��ë�µuz§��yY|-v³Y
rÀº¬¸¯��¹y�¶º§æ- µuZ d�Y�ª]Z£�z ���Z]�¾¿ÇZ]�¾.d�]�®º·µZÀ
b�Y�¶d�Yu�ayw�,´À�À��èæ�¾]ºs�¶�]Yy²À]¹ µZÀ-�[xk�

½Z·yYº³½x�Z§uy¹M�b�u�¶] z.¿u�½Z·��¹y ¶]�b^�³��yZ§yZ�
±YyZ¨°·�¹�çì�¾]ºs�¾.d�]�®·²À]½Z·yYº³�½x�Z§�¹y�¹

rÀº¬¸¯æ¥Zs�µuZ d�Y�ª]Z£�z ���¹ ©ºº¬p¯�z º���Zº]b�u�¶]
�¹y�¹ vº³uy¹M½xº�Z§�½Z·yYºº³¶º]µyZº���¦º¿ ±Yº´º�zÀ-

[Ztd³Y�Z·�¥Zs�²¿Y�½Yz]�\�Z´¯v��
²º¿Y�j¿Zdº³�·¹&�½x�Z§�½Z·yYº³�©¹Y��¹y�¶§�uYu�±Z�³�

¾ºº¯ ²ºº·M�vÀºº�§Y�Zºº] µvºº� µvÀºº�º�z ºº���uy¹Mzºº] yu�v³Yºººc
uºº� µuZ dº�Y�µZÀº- µuZ dº�Y�ªº]Z£��¹y�¶§�²º¿Y�¶º] ¶kººc Zº]

ºº³±Yzºº¿Y�yu�²ºº·M�vÀºº�§Y�Zºº] µvºº� µvÀºº�º��½xºº�Z§�½Z·yYº
½Yzº]²Àdº�t³²º¿Y�yu�yZº]�·¹&º�¶d�z-�yYz£�µuZ d�Y�uyºº¯

¾º¯ uZ¸´º�À���bº�Yuºº�½Zº·�·¹&º�²¿Y�uyº¯�yu�½zdº�À]�
µyZº��¥Zºs yu�zºÀ-­Zl³Y�z.¿u�±Z·ZÀ-�Z]�¹ z.¿u�¾oYº³�½Zº·
uº��

�]Z´¯µuZ d�Y�uyº¯�
��$PHU� )�� 2� 5� %RXOGLQ� &� $� %ODFK DQG�)� 5� 'XNH� ������&KDUDFWHUL]DWLRQ�RI�VRLO�SKRVSKRUXV�E\�DQLRQ�H[FKDQJH�

UHVLQ�DGVRUSWLRQ�DQG���3�HTXLOLEUDWLRQ��3ODQW�6RLO����������
��%LVVDQL��&��$���0��-��7HGHVFR��)��$��&DPDUJH��*��/��0LROD�DQG�&��*LDQHOOR��������$QLRQ�H[FKDQJH�HUVLQV�DQG LURQ�

R[LGH�LPSUHJQDWHG�ILOWHU�SDSHU���&RPPXQ��6RLO�6FL��3ODQW�$QDO���������������
��%ODQFKDU��5��:��DQG�$��&��&DOGZHOO��������3KRVSKRUXV�XSWDNH�E\�SODQWV�DQG�UHDGLO\�H[WUDFWDEOH�SKRVSKRUXV�LQ�VRLOV��

$JURQ��-�������������
��&KDUGRQ��:��-���5��*��0HQRQ�DQG�6��+��&KLHQ��������,URQ�2[LGH�LPSHUHJQDWHG�ILOWHU�SDSHU��SL�WHVW���$�5HYLHZ�RI�LW¶V�

GHYHORSPHQW�DQG�PHWKRGRORJLFDO�UHVHDUFK���1XWU��&\FO��$JURHFRF\VW����������
��&ROZHOO��-��'��������7KH��HVWLPDWLRQ�RI�WKH�SKRVSKRUXV�IHUWLOL]HU�UHTXLUPHQWV�RI�ZKHDW�LQ�6RXWKHUQ�1HZ�6RXWK�:DOHV�

E\�VRLO�$QDO\VLV��$XVW��-��([S��$JULF��$QLP�+XVE������������
��)HQJPDR��*���7��5XVVHOOV�DQG�&��-��5ROOLQ��������(YDOXDWLQJ�LURQ�LPSUHJDQWHG�SDSHU�VWULSV�IRU�DVVHVVLQJ�DYDLODEOH�VRLO�

SKRVSKRUXV��&RPPXQ���6RLO�6FL��3ODQW�$QDO���������������
��)L[HQ��3��(��DQG�,��+��*URYH��������7HVWLQJ�VRLO�IRU�SKRVSKRUXV��,Q��5��/��:HVWHUPDQ��(G����6RLO�7HVWLQJ�DQG�3ODQW�

$QDO\VLV���UG HG��666$��0DGLVRQ�:,�
��*HH�� *��:�� DQG� -��:�� %DXGHU�� ������ 3DUWLFOH� VL]H� DQDO\VLV�� ,Q�� $�� .OXWH� �(G����0HWKRGV� RI� 6RLO� $QDO\VLV�� SDUW���

3K\VLFDO�SURSHUWLHV��666$��0DGVLRQ�:,�
��.DPSDUWK��(�� -�� DQG�0��(��:DWVRQ��������&RQYHQWLRQDO�VRLO�DQG� WLVVXH� WHVWV� IRU�VDDHVVLQJ� WKH�SKRVSKRUXV�VWDWXV�RI�

VRLOV��,Q��)��(��.KDVDZQHK�HW�DO���(G����7KH�5RH�RI�3KRVSKRUXV�LQ�$JULFXOWXUH��$6$��&66$���666$��0DGLVRQ�:,�
��� .XPDU��9��� 5�� -�� *LONHV� DQG�0��'��$��%HOODQG�� ������$�&RPSDULVLRQ� RI� VHYHQ� VRLO� 3� WHVW� IRU� SODQW� VSHFLHV�ZLWK�

GLIIHUHQW� 3� UHTXLUHPHQWV� JURZQ� RQ� VRLOV� FRQWDLQLQJ� URFN� SKRVSKDWH� DQG� VXSHUSKRVSKDWH� UHVLGXHV�� )HUW�� 5HV�
���������

��� .XR��6��DQG�(��-��-HOOXP��������7KH�HIHFW�RI�VRLO�SKRVSKRUXV�EXIIHULQJ�FDSDFLW\�RQ�SKRSKRURXV�H[WUDFWLRQ�E\�LURQ�
R[LGH�FRDWHG�SDSHU�VWULSV�LQ�VRPH�DFLG�VRLOV��6RLO�6FL��6RF��$P��-��������������

��� /DEKVHWZDU�� :�� .�� DQG� 3�� 1�� 6ROWDQSRXU�� ������ $� &RPSDULVRQ� RI� 1+�+&2��'73$�� 1D+&2�� &D&O�� DQG� 1D��
('7$�VRLO�WHVWV�IRU�SKRVSKRUXV��6RLO�6FL��6RF��$P��-���������������

��� /LQ��7��+���6��%��+R�DQG�.��+��+RXQJ��������7KH�XVH�RI� LURQ�R[LGH� LPSUHJQDWHG�ILOWHU�SDSHU�IRU� WKH�H[WUDFWLRQ�RI�
DYDLODEOH�SKRVSKRUXV�IURP�7DLZDQ�VRLOV��3ODQW�6RLO�������������
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æåé

��� /XVFRPEH��3��&���.��.��6\HUV�DQG�3��(��+��*UHJJ��������:DWHU�H[WUDFWLRQ�DV�D�VRLO�WHVWLQJ�SURFHGXUH�IRU�SKRVSKDWH��
&RPPXQ��6RLO�6FL��3ODQW�$QDO���������������

���0HKOLFK��$��������1HZ�H[WUDFWDQW� IRU�VRLO� WHVW�HYDOXDWLRQ�RI�SKRVSKRUXV��SRWDVVLXP��FDOFLXP��VRGLXP��PDQJDQHVH��
DQG�]LQF��&RPPXQ��6RLO�6FL��3ODQW�$QDO������������

���0HQRQ��5��*���6��+��&KLHQ��/��/��+DPPHQG�DQG�-��+HQDR��������0RGLILHG�WHFKQLTXHV�IRU�SUHSDULQJ�SDSHU�VWULSV�IRU�
WKH�QHZ�SL VRLO�WHVW�IRU�SKRVSKRUXV��)HUW��5HV�����������

���0HQRQ��5��*��� 6� +��&KLHQ�DQG�/��/��+DPPRQG��������'HYHORSPHQW�DQG�HYDOXDWLRQ�RI� WKH�SL 6RLO� WHVW� IRU�SODQW±
DYDLODEOH�SKRVSKRUXV��&RPPXQ��6RLO�6FL��3ODQW�$QDO���������������

���0LOOHU��5��+�� DQG�'��5��.HHQH\��������0HWKRGV�RI� VRLO�$QDO\VLV��3DUW��� FKHPLFDO� DQG�PLFURELRORJLFDO�SURSHUWLHV��
666$��0DGLVRQ��:,�

���0XUSK\��-��DQG�-��3��5LOH\��������$�PRGLILHG�VLQJOH�VROXWLRQ�PHWKRG�IRU�WKH�GHWHUPLQDWLRQ�RI�SKRVSKDWH�LQ�QDWXUDO�
ZDWHUV��$QDO��&KHP��$FWD����������

���0\HUV��5��*���*��0�� SLHU]\QVNL� DQG�6�� -��7KLHQ�� ������ ,PSURYLQJ� WKH� LURQ�R[LGH� VLQN�PHWKRG� IRU� H[WUDUFWLQJ� VRLO�
SKRVSKRUXV��6RLO�6FL��6RF��$P��-�������������

���0\HUV��5��*���*��0��3LHU]\QVNL�DQG�6��-��7KLHQ��������,URQ�R[LGH�VLQN�PHWKRG�IRU�H[WUDFWLQJ�VRLO�SKRVSKRUXV��SDSHU�
SUHSDUDWLRQ�DQG�XVH��6RLO�6FL��6RF��$P��-���������������

���0\HUV��5��*���6��-��7KLHQ�DQG�*��0��SLHU]\QVNL��������8VLQJ�DQ�LURQ�VLQN�WR�H[WUDFW�PLFURELDO�SKRVSKRUXV�IURP�VRLO��
6RLO��6FL��6RF��$P��-���������������

���1HVVH�� 3�� DQG� -�� *UDYD� DQG� 3��5��%ORRP�� ������&RUUHODWLRQ� RI� VHYHUDO� WHVW� IRU� SKRVSKRUXV�ZLWK� UHVLQ� H[WUDFWDEOH�
SKRVSKRUXV�IRU����DONDOLQH�VRLO��&RPPXQ�6RLO�6FL��3ODQW�$QDO�������������

��� 2OVHQ�� 6�� 5��� &��9�� &ROH�� )�� 6��:DWDQDEH� DQG�&��$��'HDQ�� ������ (VWLPDWLRQ� RI� DYDLODEOH� SKRVSKRUXV� LQ� VRLOV� E\�
H[WUDFWLRQ�ZLWK�VRGLXP�ELFDUERQDWH��86'$��$JULF��&LU������

��� 3KLUL��/��.��DQG�0��/��'DPDVHNH��������&RPSDULVRQ�RI�SKRVSKRUXV�LPSUHJDQWLRQ�DQG�%UD\��VRLO�WHVW�IRU�HYDOXDWLQJ�
SODQW�$YDLODEOH�SKRVSKRUXV��&RPPXQ��6RLO�6FL��3ODQW�$QDO���������������

��� 3LHU]\QVNL�� *�� 0�� ������ 0HWKRGV� RI� SKRVSKRUXV� DQDO\VLV� IRU� VRLOV�� VHGLPHQWV� UHVLGXDOV�� DQG� ZWDHU� �� 6RXWKHUQ�
FRRSHUDWLYH�VHULHV�%ROOHWLQH�1R�������.DQVDV�6WDWH�8QLYHUVLW\�

��� 6DUNDU��'���*��$��2¶&RQQRU��������8VLQJ�SL 6RLO�WHVW�WR�HVWLPDWH�DYDLODEOH�SKRVSKRUXV�LQ�ELR�VROLGV�DPHQGHG�VRLOV��
&RPPXQ��6RLO�6FL��3ODQW�$QDO���������������

��� 6KDUSOH\��$��1���������6RLO�SKRVSKRUXV�H[WUDFWHG�E\�LURQ�DOXPLQXP��R[LGH��LPSUHJQDWHG�ILOWHU�SDSHU��6RLO�6FL��6RF��
$P��-���������������

��� 6LPDUG��5��5��� 7�� 6HQWUDQ� DQG� -�� =L]ND�� ������ 6WUDQVLXP� FKORULGH� � FLWULF� DFLG� H[WUDFWLRQ� HYDOXWH� DV� D� VRLO� WHVWLQJ�
SURFHGXUH�IRU�SKRVSKRUXV��6RLO��6FL��6RF��$P��-�������������

��� 6LQJK��%���5��$URD�DQG�.��1��6KDUPD��������(YDOXDWLRQ�RI�SL VRLO�WHVW�IRU�H[WUDFWLRQ�RI�DYDLODEOH�SKRVSKRUXV�LQ�VRLOV�
IRU�PDL]H��,QGLDQ�6RF��6RLO��6FL��-�������������

��� 6LVVLQJK�� +��$�� ������$QDO\WLFDO� SURFHGXUH� RI� WKH� SZ�PHWKRG� XVHG� IRU� WKH� DVVHVVPHQW� RI� WKH� SKRVSKDWH� VWDWXV� RI�
DUDEOH�VRLOV�LQ�WKH�1HWKHUODQGV��3ODQW�6RLO��������������

��� 6ROWDQSRXU��3��1��DQG�$��3��6FKZDE��������$�QHZ�VRLO�WHVW�IRU�VLPXODQHRXV�H[WUDFWLRQ�RI�PDFUR�DQG�PLFUR�QXWULHQWV�
LQ�DONDOLQH�VRLOV��&RPPXQ��6RLO�6FL��3ODQW�$QDO������������

��� 9DQ�GHU�=HH��6��(��$��7��0���/��%��-��)RNNLQN�DQG�9��+��9DQ�5LHPVGLMN��������$�QHZ�WHFKQLTXH�IRU�DVVHVVPHQW�RI�
UHYHUVLEO\�DGVRUEHG�SKRVSKDWH��6RLO�6FL��6RF��$P��-�������������

��� =LEUDO��-��DQG�3��1HPHF��������&RPSDULVRQ�RI�0HKOLFK����0HKOLFK����&ROZHOO��(QJHU��2OVHQ�DQG�&D&O���&RPPXQ��
6RLO�6FL��3ODQW�$QDO���������������
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