
ÎÐÕÎ ÀZd�]Zc ��¿Â®�Á°Z°����®���v¬k���¾�À^���]Z´¯ Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÍÒ

Á°Â®�°®�¶´À¯¡�vÀ�¦�ª°¨¯ Â�³°Âz��Á°Â®�ª¿¦Â¦�°®�v¿v��¾¿¦x��b¿®Âvp¯�°Zg¡�¾�°z]
¾d�º-�ÄZ·¶kºk�®z¨¬°��z]�®vl¯�¶¿x�c

Î¾·Z�³Z¯z§�²�o�Â�¿v¤¯�ÄzÀ�³�²�o �¾¿Çº¯�v°p¯

ÁvÀ¨#
³°Âzº� Á°Â®�ªº¿¦Â¦�°® ¾º�¿Z¯±¡��¾ºº¿¦x��b¿®Âvp¯�bpc ÄZ·²Âzs�¶kºk�°®�¶�Ç�ÄZ·�sZ��Â�v�°�¾�°z]�°º�´¯�¶]
Äz«Zºº§º¬À§�Î�Ò
%:Í�ÓÔ ¾®Z�¯�Zc�v³®z§ b�Z¿°®�¦x��Ä°¦v¤¯�¾-±Â°�ÎÑ Zc�Ô ±¦�¾¿¦x��b¿®Âvp¯�Z]�ÄZ·¶kºk �b�z- ¿Zl³¦
®¦±¡�©°ºº� ¶º] ÀZ-vºº³z��¿Z°c�¾-±Â°�ÒÓ Zc�ÎÑ ±¦�Â�¾-±Â°�Ô Zc�b�t³�±Â°�±¦��®®z-�²À¯Pc�±Â°�°®�Áv³z��z·�Ä¦±¦�¶] ÄÞz³¦
Ä¦°¦®��vº�°�Â�²¿±Zº�¡�Á°Â®�°®�¾º´�¿��®¦±¡�¶º¿x�c�¶º] bºº�-±Z]�¶¬oz¯�°®�b¿®Âvp¯�bpc�ÀZ-v³z��ÄZ·ÁzÀk��v³v��¶¿x�c

�®º] �ÎÖÖÑ��15& ¶À�ºc�±¦�zd�À] �ÎÒ À¦|À¯�¶]�²Àd�À��Â�²À³ºÀd¯�¶´À¯¡�ÄZ·vÀ�¦
ÁÂz-�Â�¾º¿¦x��bºº¿®Âvp¯�bpc�ÀZ-v³z��ÀZÀ¯�¶�Ç�Â�v^§�¾]z#�v�°®�Â��\¬£���¶´À���v^§�v�°®�°®�Ä°¦®¾´�¯ »Èds¦
v·Zº� ÁÂz-�±¦�zdº°§�Ä°¦®¾´�¯�°º��¶]�¾¿¦x��b¿®Âvp¯�Z]�ÄZ·¶kºk�¾³v]�À±Â��v�³�Áv¿®�¾-±Â°�ÒÓ °®�®¦±¡�¶¿x�c�Z]�v·Z�
Äzd°§�¾¿¦x��ª¿v^c�\¿z��Ä°¦®¾´�¯�°º��¶]�¾¿¦x��b¿®Âvp¯�bpc�ÄZ·¶kºk���²¿¦�®ºkÂ�Z]���3�Í�ÍÒ��®º]�¾-±Â°�ÒÓ °®
°®�¦°�°¦®®z-º-�¶´À¯¡�ÄZ·vÀ�¦�zcÇZ] ¬º���Z]�¾¿Z·ÁzÀk�¶§�b¿®Âvp¯�bpc�ÀZ-v³z����3�Í�ÍÒ��v´d�¦®�¾�°Âz��Á°Â®�ª§�°®
°®�Äzdº°§�¾°¨º� ¶º�ºp¯�¾º]z#�Ä°¦®¾ºº´�¯�°º��¶]��v³®z§ b�Z¿°®�®¦±¡�¶¿x�c�¶]�b�-±Z]�¶¬oz¯�°®�v�°�Â�²¿±Z�¡�Á°Â®

��3�Í�ÍÒ��v´d�¦®�v·Z��ÁÂz-�Z]�¶�¿Z¤¯
¾°¨��¶�ºp¯�¾]z#��¾¿¦x��ª¿v^c�\¿z���Àv]�À±Â��¶´À¯¡�vÀ�¦��¾d�º-�¶kºk��¾¿¦x��b¿®Âvp¯ �ÄvÀ¬§�ÄZ·ÁÞ¦Â

v¸�¯�¾�Â®z� ÁZ.�³¦®��Ä±°ÂZ�§�Áv¨�³¦®��¾¯¦®�¿º¬��°Z¿®Zd�¦�Â�®Zd�¦��v�°¦�¾�Z´�°Z§�¢]Z��Äºl�³¦®�\Àczc�¶] �Î

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
81

.6
.2

.1
1.

0 
] 

 [
 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
 ]

 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1381.6.2.11.0
https://iutjournals.iut.ac.ir/jstnar/article-1-176-fa.html


ÎÐÕÎ ÀZd�]Zc���¿Â®�Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÍÓ

¶¯v¤¯
zÀgPºc bººpc�¾d�º-�ÄZ·¶kºk�°®�¦°�¾¿¦x��Á®±Z]�v�°�b�z�
°Z º̧# °®�¾d�º-�ÄZ·¶kºk�v�°�b�z��²¿zd�À]��v·®¾¯�°¦z£
ÄZ·¶ºkºk�°®��¿zº� vº�°���ÎÍ��bºº�¦�Z¸³¡�¾-v³±�±Z�¡�¶d ·
¦À«º]Zd¯�ÄZ·Ä°Z°À]�±Âz] Â�Àv]�¾]z#�À¦|À¯��¿¦|�¦�Z]�¾d�º-
Ä¦°¦®�¾dº�º-�ÄZ·¶ºkºk���ÎÖ��bº�¦�Á®ººº] Á¦z°·�¾d¬¨�¦�Â
°®��¿zºº� v�°�Â�±Z�¡�°®�¿¦°¡�v�°�z�¤¯�b«Zo�¶]�v�°�¾´p´¯
vº�°�¾º´p´¯�Ä¦°¦®�¾dº�º-�ÄZ·¶ºkºk�Zºº] ¶�¿Z¤¯�°® ��ÀZ¿Z�
À¦|Àº¯ ±¦���ÀZº¿Z��°®�¿¦°¡�vº�°�Â�±Zºº�¡�°®��¿z��v�°��§vp¯
vº�°�b�z��À¦ºd]�z-¦���ÎÑ��v³°¦®°ºsz]�Äzd°§�Ä¦x� »z�¯
~�º� Â��®¦®��·Zºº§ Z¸³¡�¾-v³±�²¿±Z�¡�À¦°Â®�°®�¦°�Z·¶kºk
¶ºº§ ®¦®��¿¦|�¦�¦°�À¡�¾c°º��¶]�¾³¦z^k�v�°�Á°Â®�¦¿�Z]�Á¦z°·
�v´º�z]�°¦±Zº] ¶º] ¶º�z��ª]Zºº£ À±Â�ÀZ°·�¶]�²À�¯�²��¦¿�°®
Äzd¸º] ¾ºº¿¦x��Á®±Z]�Â��v]Z¿¾¯��·Z§�Z¸³¡�Ä°¦v¸.³ ©ZkZÀdo¦
Zºº¿ Â�¾¿¦x��b¿®Âvp¯ ¾Z°�¦�ÀZ¨¯¦��¶¿z�³�²¿¦��®º�¾¯�ª�Zo
°®�¦°�¾-vºº³±�²¿±Zº�¡�À¦°Â®�°®�Äxº�¯�®¦ºº¯ »zº�¯��·Zº§
¾Zºº°�¦�¨°Â®�°®���Î��®±Zºº�¾¯ ¬zºº�¯�¾dººº�º-�ÄZ·¶ºkºk
zcÇZ]�n���°®�¦°�¾d�º-�ÄZ·¶kºk�À¦ºc¾¯��¾¿¦x��b¿®Âvp¯
bº�-±Zº] b�zº� �®ºº°³�¶º¿x�c�Ä°¦vº¸.³�vººo ±¦�zc²À¿Z��Z¿
Z]��¾¿¦x��b¿®Âvp¯�Á°Â®�ÀZ¿Z��±¦�~��Ä®Z��b«Zo�¶]�Z·¶kºk

��ÏÏ��v´§¾¯�¦vÀ���·Z§�b¿®Âvp¯�©v���¿¦|�¦
��ÎÕ��À¦°Zººº¨°·�Â�¦ºÀ³ÂÈ��Â��ÎÓ��|dº¿Â°º·�Â�¦ºÀ³ÂÈ�
�±Â°�°®�Äz«Z§º¬À§��Î�Ò
%:Í�ÓÔ vo�°®�¦°�¾d�º-�ÄZ·¶kºk
n���²¿¦��v³®z§�¶¿x�c�¿Zs�²ÀXcÂz� �ÏÎ Ä¦°¦®�²¿±Z�¡�ÁzÀk�Z]
°®�Áv³z��z·�Ä¦±¦�¶] ÄÞz³¦�Äz«Z§º¬À§�ÑÍ Zc�ÐÒ Z]�z]¦z]�¶¿x�c�±¦
®¦±¡�©°ºº� ¶ºº] Áv��¶¿x�c�°¦v¤¯��ÐÒ ¾®Z�¯�>Z^¿z¤c�Z¿��±Â°�z·
°¦vºº¤¯�¶¿x�c�±¦�n���²¿¦�¶§�v���t�¯ �²À´#®·��b�¦�Á®º]
Á®ººº] ¾d�º-�ÄZ·¶kºk�Ä°¦v¸.³�Ä¦z]�Äv´¯±ZÀ³�±¦�zcÇZ]�¾°§
¶ºº§ v³®z§ ³°¦|-�¦°�¾¬¯Z§�¾³¦z^k�v�°�Z¸³¡��¾Zo�²¿¦�Z]��b�¦
�®ººº] Áv��v·Z��ÁÂz-�vo�°®�¾³v]�À±Â�ª¯Z§�b�-±Z]�¶]�zl´¯
Â��º�Z¨´À����Ò��À¦°Zº¨°·�Â�©°ÂÈº§ �Z¸º³¡�³°¦|-�®ºº�°�¶]
vººº�°�v´dº�³¦ºd³��ÎÖ��À¦°Zº¨°·�Â�Àºº�´À]¦°�Â���ÎÒ� ²º�´k

�vº³zÀ.]�¾º¿¦x��bº¿®Âvp¯�±¦�n�ºº� ÀZ°·�Z]�¦°�¾¬¯Z§�¾³¦z^k
±¦�~º� ®¦±¡�¶º¿x�c�¶º] bºº�-±Z]�Á°Â®�°®�¾�z�¯�ÁzÀk�\À§zc
Ä¦zº] Ávº³z��¾¿Zº³¦ºc�°®�¾°¸º¯ zºg¦��¾ºº¿¦x��b¿®Âvp¯�¾Z°�¦

��ÏÐ��®°¦®�ª¯Z§�¾³¦z^k�v�°��¿Z°³
b¿®Âvp¯�Á°Â®�¦¿�±¦�~��¶¬�Z�È]�¶§�b�¦�Áv��³°¦|-
�®¦±¡�¶¿x�c�¶]�b�-±Z]�Á°Â®�°®�Â�¾d�º-�ÄZ·¶kºk�°®�¾¿¦x�
¾°Zº� Â�|º³ºk���ÎÔ��®ººº�¾¯�®Z¿±�¶´À¯¡�ÄZ·vÀ�¦�zd�À]�¶]�±ZÀ³
¶ºº�Ç�\ºººÀ§zc�Â�¾º³v]�À±Â�°®�¦°�¾º�À¤³�Â�vº� j¿Zºd³��Õ�
²ºÀ³ºÀd¯�Zº¿ ²¿|Àº« À¦|Àºº¯ ¶§�v³®z§�³°¦|-�¾d�º-�ÄZ·¶kºk
�º¬dt¯�¬º�º� °®�®¦±¡�¶ºº¿x�c�¶]�b�-±Z]�Á°Â®�°®�Z¸³¡�ÁzÀk
¾dº�º-�ÄZ·¶ººkºk�ÁzÀk��Ö��zÀ]Â±�Â�Àº�À«��®º]�¶d�Z¿��¿¦|�¦
Zº] ®¦±¡�¶º¿x�c�¶ºº] b�-±Z]�Á°Â®�°®�¦°�¾¿¦x��b¿®Âvp¯�bpc
¶º§ vº³®z§�³°¦|-�Â��vº³®º°³�ªººÀ°¨c�²¿|À«�±¦�ÄzcÇZ]�¬º��
zº] ÄzÀgPººc ®¦±¡�¶¿x�c�¶]�b�-±Z]�Á°Â®�°®�²¿|À«�À¦|À¯��¿¦|�¦
zdºº�À]�°®��®°¦v³�¾d�º-�ÄZ·¶kºk�¾¿¦x��Á®±Z]�Z¿�v�°�b�z�
Á®±Zº] ®º^¸º] zºº] ¾¿¦x��b¿®Âvp¯�zg¦�¶d�z-�¿Zl³¦�ÄZ·�·Â&�
�Ò��b�¦�ÁvÀ�°�©Z^g¦�¶]�¾°¨��¶�ºp¯�¾]z#��·Z§�Â�¾¿¦x�
z�Zºo �¿Z¯±¡��Áv��®Z¿�ÄZ·³°¦|-�¶]�¶kºc�Z]���ÏÑ Â�ÏÎ �ÎÔ

�v¯¡°®�¦zk¦�¶]�z¿±�»¦v·¦�Z]
ÄÞzº³¦�n�º� °®�v¿vº� ¾º¿¦x��bº¿®Âvp¯�°Zººg¡�¾�°z] �Î
¶�Ç�¾]z#�À¦|À¯�Â�¾³¦z^k�v�°�Áv¿v� ¸º£Â�z]��Ä°¦v¸.³
¾dº�º-�ÄZº·²Âzs�¶ºkºk�°®�¾°¨ºº� ¶�ºp¯�¾]z#�Â

�²¿°¡
¶º] ¾dº�º-�ÄZ·¶ººkºk�±ZÀ³�°®�zÀÀ�c�¿v��Z¿�zÀÀ�c�¾�°z] �Ï
Á°Â®�°®�²Àdºº�À��Â�²ºººÀ³ºÀd¯�°¦®®z-º-�¶º´À¯¡�ÄZ·vÀº�¦

�®¦±¡�¶¿x�c�¶]�b�-±Z]

Z·³Â°�Â�®¦º¯
¾dºº�º-�Á±Â°�¦¿�²Âzs�¶kºk�¶��£�ÏÑÍ ±¦��¿Z¯±¡�²¿¦�°®
¶º] Äzdº�]�~ºº £�ÏÑ ®¦v�c��v��Á®Z d�¦�²¿°¡�¾c°Zlc�¶¿º��±¦
�vº� z¤dº�¯�²«Zº� ÀÂ°®�²ºÀ¯±�n�º� zº] zdºº¯ Î�Ï
Î�Î ®Z�]¦
¶º§ v³vº� ®Àºº�¤c�¾c°º��¶]�Ä¦¶��£�ÎÍ ÁÂz-�ÏÑ ¶]�Z·¶kºk

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
81

.6
.2

.1
1.

0 
] 

 [
 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
 ]

 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1381.6.2.11.0
https://iutjournals.iut.ac.ir/jstnar/article-1-176-fa.html


���������°®�¶´À¯¡�vÀ�¦�ª°¨¯�Â�³°Âz��Á°Â®�ª¿¦Â¦�°®�v¿v��¾¿¦x��b¿®Âvp¯�°Zg¡�¾�°z]

ÎÍÔ

�¿z-�ÑÎ�ÖÏrÍ�ÎÔ��ÀZºº�¨¿ >Zº^¿z¤c�¾º³v]�À±Â�²À.³ZºÀ¯�Ä¦°¦®
���Z]�¾�¿Z¯±¡�ÁÂz-�°Z¸#��¾�®Z�c�>È¯Z§�¬z��¦¿�°®��v³®º]
¾ºº�°§�b¿®Âvp¯�¸º³�±¦�¾¿¦x��b¿®Âvp¯��v¿®z-�Á®Z d�¦�°¦z¨c
Zºc Ô ±¦�¶ººd ·�¦¿�©v¯�¶]�ÄÞz³¦�b¿®Âvp¯�©°º��¶]�Â�Á®º]
ÄÞzºº³¦�n���°®�|À³�b¿®Âvp¯�©v���v¿®z-�¾Z°�¦�¾-±Â°�ÎÑ
¾ºº¯z��±¦�ÄÞzº³¦�n�º� ²º¿¦�¶^º�Zp¯ Ä¦zº] Â��®ººº] Ä°¦v¸.³
�v��Á®Z d�¦�z¿±�©°º��¶]��ÎÓ��|d¿Â°º·�Â�¦À³ÂÈ��Ä®Z¸´�À�

�±Â°�°®�Äz«Z§º¬À§��¾d�Z¿°®�ÄÞz³¦� �Î�Ò 
� %:Í�ÓÔ

b¿®Âvp¯�Á°Â®�±Z�¡�°®�¿z-�\�o�z]�¾³v]�À±Â� �%:
�®¦±¡�¶º¿x�c�¶º] bº�-±Zºº] Á°Â®�°®�Â�v�]�¶]�¾-±Â°�ÎÑ ±¦
�bºº�°�°Z§�¶]�¾�¿Z¯±¡�ÄZ·ÁÂz-�Ä¦z]��¬dt¯�¾¿¦x��ÄZ·ÁzÀk
´Zº�ds¦��.� v·Zº� ¾º�¿Z¯±¡�ÁÂz-�¶º] Zºº·ÁzÀk�²¿¦�±¦�¾¨¿
bºpc�¾º�¿Z¯±¡�ÄZº·ÁÂz-�|Àºº³ z.¿®�¾¿¦x��ÁzÀk�¶��Â��b�Z¿

��ÏÂÎ ¾Â¦vk��v³®¦®�ªÀ¨�c�¦°��& Â�% �$��b¿®Âvp¯
z¿±�©°º��¶]�¬z��²¿¦�°®�Á®Z d�¦�®°º¯�¾�¿Z¯±¡�ÄZ·ÁzÀk

�v³®º]
¶ºÀ�ºc�²Zº�¦�zºº] À¡�ÄZ·ÁzÀk���.� v·Z� ¾�¿Z¯±¡�ÁÂz- �Î
Zºc ÑÐ Â�ÑÏ Zºc ÏÏ ��ÏÎ Zººc z ��ªo¦z¯�Ä¦z]��ÎÏ��15&

�v��®À�´c�¾-±Â°�ÒÓ
z]�À¡�ÄZ·ÁzÀk��¾¿¦x��b¿®Âvp¯�bpc�$ ¾�¿Z¯±¡�ÁÂz- �Ï
Zºc ÏÏ�ÏÎ Zºc zºº ��ªo¦z¯�Ä¦z]��ÎÏ��15& ¶À�ºc�²Z�¦
²º¿¦�ÄZ·¶ºkºk�¾º«Â��vº� ®ººÀ�´c�¾-±Â°�ÒÓ Zc�ÑÐÂ�ÑÏ
bººpc�¾-±Â°�ÎÑ Zººc Ô ±¦�¶ºººd ·�¦º¿ ©vº¯ ¶º] �ÁÂz-

�v´d�¦®�°¦z£�¾¿¦x��b¿®Âvp¯
À¡�²¿±Z�¡�ÁzÀk��¾¿¦x��b¿®Âvp¯�bpc�% ¾�¿Z¯±¡�ÁÂz- �Ð
¶º§ vº¿®z-�®ºÀ�´c�Ä°ººº� ®¦±¡�¶¿x�c�¶]�b�-±Z]�Á°Â®�°®
zd�À]�v�°®�ÎÒ À¦|À¯�¶]�²Àd�À��Â�²À³ºÀd¯�¶´À¯¡�ÄZ·vÀ�¦

�v�Z]��ÎÏ��15& Áv��®Z¸´�À��n���±¦
Â�²¿±Z�¡�ÁzÀk��¾¿¦x��b¿®Âvp¯�bpc�&� ¾�¿Z¯±¡�ÁÂz- �Ñ
®ºÀ�´c�Ä¦¶ºº³º-�¶]�®¦±¡�¶¿x�c�¶]�b�-±Z]�Á°Â®�°®�À¡�v�°
À¦|À¯�¶]�²Àd�À��Â�²À³ºÀd¯�¶´À¯¡�ÄZ·vÀ�¦�Ä¦°¦®�¶§�v¿®z-
�v�Z]��ÎÏ��15& Áv��®Z¸´�À��n���±¦�zd�À]�v�°®�ÎÒ

¦ºº¿ ~º £�zº· ±¦�Â��b�Zº¿ ÀZº¿Z��¾-±Â°�ÒÓ °®��¿Zº¯±¡
Â��§Zººtd³¦�®º]�¦¿®|³�ÁÂz-�À±Â�²À.³ZÀ¯�¶]�À¡�À±Â�¶§�¶kºk
±¦�~º� �vº� ¶dºº�§�¾³®z-�Áz¸¯�²Àd�t³�ªp¯�±¦�À®z-���£�Z]
�\º¬£��vºº^§�À±Â�Â��v¿®z-�¶À¬tc�Z·¶�Ç�ÄZ�o¦�Â�Z�¯¦��¾´§z�
�vº� ¶ºd�z-�Á±¦vº³¦�¶´Àº� ÄZ·¶ºº$À·Z¯�Â�¾°¨��¶�ºp¯�¾]z#
¶ºd�z-�°¦z£�¾¨Àd�È��ÄZ·¶�À§�ªs¦®�°®�¶³Z-¦vk�v^§�Â�Z·¶�Ç
rº¿ ÄZ·¶ºº�Ç�ÁZ.�¿Z¯±¡�°®��v³v��ª¤d´¯�ÁZ.�¿Z¯±¡�°|¿z��¶]�Â
­zº# °Zº] ¶º� Äººº£ b�º-�­z#�¦¿�Z]��Áv��¶��£�¶��£�Á®±
ÐÍÍ ¶º³º°³�¦º¿ ¶º�Ç�zº·±¦��Z¸ºº³¡�À®z§�Á|À³Þº°·�±¦�~���v�
±¦�Á®Z dºº�¦�Z]�v^§�Â�¶�Ç�ÄZ·¶³º°³�¾]z#���ÏÑ��v��¶À¸c�¾¯z-
zº] vº^§�Â�¶º�Ç ¾ºº]z#�v�°®�Â��«¦ztd�¦��Ï��$2$& ³Â°

�v¿®z-�¶^�Zp¯�¦�s�Á®Z¯�v�°®�\�o
¶º] ªº¿v^c�b�t³��v�°®�\�o�z]�Áv¯¡�b�®�¶]�©Z�È�¦
Â�¶ºº¿|lc�~�º� �Ávº� �$5&� 6,1���vº�°®�²º´Àº� ½°¡
°¦|º�¦¿z³�±¦�Á®Z dº�¦�Zº] ¶º¬�Zo�ÄZºº·Á®¦®��v¿®z-�Ä°Z¯¡�ªÀ¬pc
¶º] Zº·²À.³ZÀ¯�¶ºº�¿Z¤¯�Â��v��~³Z¿°¦Â�|À«Z³¡��ÏÍ��6$6 Ä°Z¯¡

��Ô��b�z-�¿Zl³¦�²¨³¦®�³Â°

fp]�Â�j¿Zd³
°®��bºº�¦�Áv¯¡�Ð ¾Âvk�°®�Z·¶kºk�¾³v]�À±Â�¶] ¶º]z¯�j¿Zd³
¾³v]�À±Â���¾¿¦x��b¿®Âvp¯�ÀZ¿Z��¿Z.´·�¾´�¿��¿Â®�¶d ·�ÀZ¿Z�
¾º�¿Z¯±¡�ÁÂz-�Zºº] ¶�¿Z¤¯�°®��& Â�% �$ ¾�¿Z¯±¡�ÄZ·ÁÂz-�°®

��3�Í�ÍÒ��®º]�zd°§�Ä°¦®¾´�¯�°º��¶]�.�
²À´º� °®��Ávº� ±Zº�¡�¾-±Â°�ÎÑ ±¦�¶º§ �À±Â��·Zº§ ²º¿¦
°®�¾dºº�º-�ÄZ·¶ºººkºk��²¿¦z]Zº´]��®ºº�¾¯�Ávº¿®�|Àº³ Ävº�]
Ávºº� ®Zl¿¦�À±Â��·Z§�v´d�³¦ºd³�& Â�% �$ ¾�¿Z¯±¡�ÄZ·ÁÂz-
j¿Zººd³�²º¿¦��vº´´§�À¦z^ºk ¦°�¾º¿¦x��bº¿®Âvp¯�¾Zº°�¦�zºg¦�°®
Â�¦À³ÂÈ��Â��ÎÔ Â�ÎÓ��|d¿Â°º·�Â�¦À³ÂÈ��ÄZ·¶d�Z¿�»Èsz]
Ä¦z]�¦°�¾³Z�¨¿�¾³v]�À±Â�ÀZ-v´·Â&��²¿¦��b�¦��ÎÕ��À¦°Z¨°·
ÄZ·¶ºkºk�Â�¾¿¦x��b¿®Âvp¯�¶¯Z³z]�bpc�¾d�º-�ÄZ·¶kºk
�ÎÔ��|dº¿Â°º·�Â�¦ºÀ³ÂÈ���vº³®º]�Á®zºº§ ³°¦|-�®¦±¡�¶¿x�c�Z]
°®�Á±Â°����¾¿¦x��b¿®Âvp¯�bpc�ÄZ·²Âzs�¶kºk�À±Â

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
81

.6
.2

.1
1.

0 
] 

 [
 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
 ]

 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1381.6.2.11.0
https://iutjournals.iut.ac.ir/jstnar/article-1-176-fa.html


ÎÐÕÎ ÀZd�]Zc���¿Â®�Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÍÕ

�¾-±Â°�ÏÎ Zc z ���²¿±Z�¡�¾�¿Z¯±¡�ÄZ·ÁzÀk�¾¿ZÀ°À��\À§zc�Â�¦|k¦�v�°®��Î ¾Âvk
����¶¬¨�d¯�Ä¦|k¦������Î��Ï�

©°¯
Z¿º��¶«Zl´§

¶³¦®¶^´��²�Â°
¾·Z¯�°®º�
»v��°®º�

©Z ���®À�¬§Ä®
Î¾¦z´À¯ ��²À¯Zd¿Â�¶º¬t¯��À�

¿Z���¦°³
²À³ºÀd¯ ¾¦�Ä®

�°k
��Áv��¶^�Zp¯��¾¿ZÀ°À��\À§zc

�v�°®��¿Zs�²ÀXcÂz�
�¿z-º¬À§ °®�Äz«Z§�º¬À§��±Z��Â�bsº��ª]Z£�ÄÞz³¦

�v�°®��®À�¬§
�v�°®��z ��

�v�°®��²À³ºÀd¯
�v�°®��²Àd�À����²À³ºÀd¯

�v�°®��ÀZ�ºd�¿zc
�v�°®��²¿|À«

�v�°®��²À³º¿zc
�v�°®��²À³Þ°¡

�v�°®��vÀ�¦�¦ÀX«º´À«
�v�°®��®¿v�

ÒÏ�ÍÒ
ÐÐ�ÔÒ
Ò�Ò
Ñ�ÑÐ
Î�ÏÏ
Î�ÍÐ
Í�Ò
Í�ÐÕ
Í�ÎÑ
ÎÍÍ

ÏÏ�ÏÕ
ÐÎÍÍ
Í�ÖÓ
Í�ÑÐ
Í�ÒÏ
Í�ÕÔ
Í�ÐÎ
Î�ÏÔ
Í�ÕÒ
Î�ÑÐ
Ñ�ÎÎ
Í�ÎÖ

ÒÏ�ÖÖ
ÐÐ�ÕÎ
Ò�Ò
Ñ�ÏÕ
Î�ÏÏ
Î�ÍÒ
Í�Ò
Í�ÐÕ
Í�ÏÔ
ÎÍÍ

ÏÏ�ÏÕ
ÐÎÍÍ
Í�ÖÓ
Í�ÑÐ
Í�ÓÒ
Î

Í�ÐÎ
Î�ÏÓ
Í�ÕÒ
Î�ÑÏ
Ñ�ÎÎ
Í�ÎÖ

ÐÍÍÍÍÍ '� ²À¯Zºd¿Â��¾º¬¬°«¦²À]�vºo¦Â�ÎÍÍÍÍÍÍ $ ²À¯Zººd¿Â��®º]�ÁzÀk�¿z-º¬À§�¦¿�°®�°¦v¤¯�\�oz]�z¿±�Ä¦|k¦�ª¯Z��¾¦z´À¯�Â�²À¯Zd¿Â�¶º¬t¯��À� �Î
�¿z-¾º¬À¯�ÏÍÍÍ %� ²À¯Zººd¿Â��¿z-¾¬À¯�ÕÍÍ %� ²À¯Zd¿Â��¿z-¾¬À¯�ÏÒÍ %� ²À¯Zd¿Â��¿z-¾¬À¯�ÐÍÍ . ²À¯Zd¿Â��¿z-¾¬À¯�ÏÍÍÍ ( ²À¯Zd¿Â��¾¬¬°«¦²À]�vo¦Â
�¿z-¾º¬À¯�ÎÏÒÍÍ %�+�7 À¦vÀº�§¦¾d³¡��¿z-¾º¬À¯�ÒÍÍÍ vº¿¦z¬§²À«º§��¿z-¾ºº¬À¯�Ï %�� ²À¯Zd¿Â��¿z-¾¬À¯�ÎÒÍ %� ²À¯Zd¿Â��¿z-¾¬À¯�ÎÍÍÍ %� ²À¯Zd¿Â

�¿z-�Í�ÍÒ v¿�Â�¿z-�Í�ÍÎ ¿ºÀ´¬���¿z-�Í�ÍÎ b«Z^§��¿z-�ÎÍ ®À�Zd���¿z-�Ò ®¿|À´¯��¿z-�Í�Ò ~¯��¿z-�Ñ ²·¡��¿z-�Ó ÄÂ°��¿z-�ÎÍ |´.´¯
15& ¶ºÀ�ºc�±¦�zdº�À]��ÎÒ À¦|Àº¯ ¶] ²Àdº�À��Â�²ºÀ³ºÀd¯�¶ºº´À¯¡�ÄZ·vÀ�¦�Ä¦°¦®��Ï��²¿±Z�¡�ÁzÀk��b�¦�Áv��®À�´c��ÎÖÖÑ��15& ²Z�¦�z]��Î��²¿±Z�¡�ÁzÀk

�v�Z]¾¯��ÎÖÖÑ�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
81

.6
.2

.1
1.

0 
] 

 [
 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
 ]

 

                               4 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1381.6.2.11.0
https://iutjournals.iut.ac.ir/jstnar/article-1-176-fa.html


���������°®�¶´À¯¡�vÀ�¦�ª°¨¯�Â�³°Âz��Á°Â®�ª¿¦Â¦�°®�v¿v��¾¿¦x��b¿®Âvp¯�°Zg¡�¾�°z]

ÎÍÖ

�¾-±Â°�ÑÏ Zc ÏÏ��À¦®~� Â�À¦®ÀZÀ¯�¾�¿Z¯±¡�ÄZ·ÁzÀk�¾¿ZÀ°À��\À§zc�Â�¦|k¦�v�°®��Ï ¾Âvk
¶¬¨�d¯�Ä¦|k¦�������Î��À¦®ÀZÀ¯�Ï��À¦®ÀZÀ¯À¦®~�

©°¯
Z¿º��¶«Zl´§

¶³¦®¶^´��²�Â°
¾·Z¯�°®º�
»v��°®º�

©Z ���®À�¬§Ä®
Î¾¦z´À¯���²À¯Zd¿Â�¶º¬t¯��À�

¿Z���¦°³
²À³ºÀd¯�¾¦�Ä®

�°k
��Áv��¶^�Zp¯��¾¿ZÀ°À��\À§zc

�v�°®��¿Zs�²ÀXcÂz�
�¿z-º¬À§�°®�Äz«Z§º¬À§��±Z��Â�bsº��ª]Z£�ÄÞz³¦

�v�°®��®À�¬§
�v�°®��z ��

�v�°®��²À³ºÀd¯
�v�°®��²Àd�À����²À³ºÀd¯

�v�°®��ÀZ�ºd�¿zc
�v�°®��²¿|À«

�v�°®��²À³º¿zc
�v�°®��²À³Þ°¡

�v�°®��vÀ�¦�¦ÀX«º´À«
�v�°®��®¿v�

ÓÎ�ÖÒ
ÏÖ�ÍÔ
Ð�ÖÑ
Ï

Î�ÐÑ
Í�ÕÓ
Í�Ò
Í�ÏÖ
Í�ÍÒ
ÎÍÍ

ÎÖ�ÐÔ
ÐÎÍÍ
Í�ÕÔ
Í�ÐÐ
Í�ÐÕ
Í�ÓÖ
Í�ÏÓ
Î�ÍÑ
Í�ÔÐ
Î�ÏÏ
Ð�ÑÖ
Í�ÎÑ

ÓÏ�ÍÑ
ÏÕ�ÖÎ
Ð�Ö
Ï

Î�ÐÑ
Í�ÕÓ
Í�Ò
Í�ÏÖ
Í�ÎÓ
ÎÍÍ

ÎÖ�ÐÔ
ÐÎÍÍ
Í�ÕÔ
Í�ÐÐ
Í�ÑÕ
Í�Õ
Í�ÏÓ
Î�ÍÑ
Í�ÔÐ
Î�ÏÎ
Ð�ÑÔ
Í�ÎÑ

ÓÖ�ÒÐ
ÏÐ�ÎÑ
Ï�ÑÒ
Ï�ÍÔ
Î�ÑÒ
Í�ÓÑ
Í�Ò
Í�ÏÏ
�
ÎÍÍ

ÎÔ�ÑÏ
ÐÎÍÍ
Í�ÕÒ
Í�ÏÖ
Í�Ð
Í�Ó
Í�ÏÏ
Í�Ö
Í�ÓÒ
Î�ÍÓ
Ï�ÕÔ
Í�ÎÎ

ÐÍÍÍÍÍ '� ²À¯Zºd¿Â��¾º¬¬°«¦²À]�vººo¦Â�ÎÍÍÍÍÍÍ $ ²À¯Zd¿Â��®º]�ÁzÀk�¿z-º¬À§�¦¿�°®�°¦v¤¯�\�o�z]�z¿±�Ä¦|k¦�ª¯Z��¾¦z´À¯�Â�²À¯Zd¿Â�¶º¬t¯��À� �Î
�¿z-¾º¬À¯�ÏÍÍÍ %� ²À¯Zººd¿Â��¿z-¾¬À¯�ÕÍÍ %� ²À¯Zd¿Â��¿z-¾¬À¯�ÏÒÍ %� ²À¯Zd¿Â��¿z-¾¬À¯�ÐÍÍ . ²À¯Zd¿Â��¿z-¾¬À¯�ÏÍÍÍ ( ²À¯Zd¿Â��¾¬¬°«¦²À]�vo¦Â
�¿z-¾º¬À¯�ÎÏÒÍÍ %�+�7 À¦vÀº�§¦¾d³¡��¿z-¾º¬À¯�ÒÍÍÍ vº¿¦z¬§²À«º§��¿z-¾ºº¬À¯�Ï %�� ²À¯Zd¿Â��¿z-¾¬À¯�ÎÒÍ %� ²À¯Zd¿Â��¿z-¾¬À¯�ÎÍÍÍ %� ²À¯Zd¿Â

�¿z-�Í�ÍÒ v¿�Â�¿z-�Í�ÍÎ ¿ºÀ´¬���¿z-�Í�ÍÎ b«Z^§��¿z-�ÎÍ ®À�Zd���¿z-�Ò ®¿|À´¯��¿z-�Í�Ò ~¯��¿z-�Ñ ²·¡��¿z-�Ó ÄÂ°��¿z-�ÎÍ |´.´¯
�ÎÖÖÑ��15& ¶ºÀ�ºc�±¦ zdºº�À]��ÎÒ À¦|À¯�¶]�²Àd�À��Â�²À³ºÀd¯�¶´À¯¡�ÄZ·vÀ�¦�Ä¦°¦®��Ï��À¦®ÀZÀ¯��b�¦�Áv��®À�´c��ÎÖÖÑ��15& ²Z�¦�z]��Î��À¦®ÀZÀ¯�ÁzÀk

�b�¦

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
81

.6
.2

.1
1.

0 
] 

 [
 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 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1381.6.2.11.0
https://iutjournals.iut.ac.ir/jstnar/article-1-176-fa.html


ÎÐÕÎ ÀZd�]Zc���¿Â®�Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÎÍ

�¬dt¯�²À´��°®�¾d�º-�ÄZ·¶kºk�Ä¦x��ª¿v^c�\¿z��Â�¦x� »z�¯��Àv]�À±Â�z]�¾�¿Z¯±¡�ÄZ·ÁÂz-�zg¦��Ð ¾Âvk
¾�¿Z¯±¡�ÁÂz- ²�

�±Â°�.$%&
¾Z°do¦�n��
Àv��°¦®¾´�¯

�¿z-���¶kºk��Àv]�À±Â
Ô
ÎÑ
ÏÎ
ÒÓ

ÎÏÑ�Ð rÎ�ÏÍ
ÏÓÔ�ÓD rÒ�ÍÎ
ÒÓÐ�ÓD rÎÐ�Ô
ÏÓÖÕ�ÐD rÏÏ�ÒÐ

ÎÏÐ�ÕÐ rÎ�ÓÓ
ÎÑÒ�ÐE rÏ�ÍÑ
ÐÕÔ�ÎE rÓ�ÍÎ
ÏÐÕÒ�ÑE rÑÖ�ÒÓ

ÎÏÐ�Õ rÏ�ÍÕ
ÎÑÔ�ÑE rÏ�ÖÔ
ÐÓÔ�ÖE rÓ�ÍÔ
ÏÐÐÓ�ÐE rÔÍ�ÓÕ

ÎÏÓ�Ð rÎ�ÐÒ
ÎÑÕ�ÓE rÎ�ÑÖ
ÐÕÖ�ÑE rÕ�ÑÎ
ÏÐÎÔ�ÔE rÐÕ�Ó

Í�ÓÒÖ
Í�ÍÍÍÎ
Í�ÍÍÍÎ
Í�ÍÍÍÎ

�¿z-���¶kºk��¦x��»z�¯
Ô�ÎÑ
ÎÑ�ÏÎ
ÏÎ�ÑÏ
Î�ÒÓ

ÏÓÔ�ÏD rÏ�ÒÖ
ÑÖÒ�ÕD rÎÍ�ÔÑ
ÏÏÖÔ�ÖD rÑÎ�ÏÔ
ÒÐÓÒ�ÔD rÎÎÕ�ÔÓ

ÕÒ�ÏE rÍ�ÔÓ
ÐÕÕ�ÐE rÐ�ÍÖ
ÎÖÏÏ�ÏE rÐÕ�ÖÎ
ÑÒÑÐE rÕÔ�ÍÔ

ÕÒ�ÒE rÎ�ÐÓ
ÐÒÒF rÎÍ�ÒÑ

ÎÕÏÍ�ÎE rÕÏ�ÎÍ
ÑÑÐÎE rÎÑÎ�ÓÍ

ÕÓ�ÑE rÍ�ÓÎ
ÐÔÓ�ÒEF rÖ�ÍÔ
ÎÔÕÏ�ÑE rÒÓ�ÔÑ
ÑÐÐÑE rÔÓ�ÔÏ

Í�ÍÍÍÎ
Í�ÍÍÍÎ
Í�ÍÍÍÎ
Í�ÍÍÍÎ

¦x��ª¿v^c�\¿z�
Ô�ÎÑ
ÎÑ�ÏÎ
ÏÎ�ÑÏ
Î�ÒÓ

Î�ÖE rÍ�ÍÐÏ
Î�ÔÑD rÍ�ÍÑÔ
Î�ÕÖD rÍ�ÍÐÑ
Ï�ÍÒD rÍ�ÍÏÕ

Ñ�ÍÎD rÍ�ÏÎÍ
Î�ÓÏE rÍ�ÍÐÑ
Î�ÔÑE rÍ�ÍÍÖ
Î�ÖÒE rÍ�ÍÏÎ

Ð�ÕD rÍ�ÎÕÓ
Î�ÓÎE rÍ�ÍÏÍ
Î�ÓÕEF rÍ�ÍÓÐ
Î�ÖÐE rÍ�ÍÐÒ

Ð�ÕÕD rÍ�ÎÏÏ
Î�ÒÕE rÍ�ÍÎÔ
Î�ÓÎF rÍ�ÍÑÎ
Î�ÖÍE rÍ�ÍÏÐ

Í�ÍÍÍÎ
Í�ÍÍÕ
Í�ÍÍÍÎ
Í�ÍÎ

��3�Í�ÍÒ��v³°¦®�°¦®¾´�¯�»Èds¦�v´d�À³�¶]Z�¯�»Âzo�Ä¦°¦®�¶§�¾¿Z·²À.³ZÀ¯��¿®° z·�°®

\ºÀczc�¶º] ¦°�®¦±¡�¶ºº¿x�c�Z]�ÄZ·²Âzs�¶kºk�Â�¾-v³±�ª¿¦Â¦
¶º§ ¾«Zo°®��v³®°Â¡�b�®�¶]�¾-±Â°�ÒÓ °®�¿z-�ÏÒÓÍ Â�ÏÒÐÐ
ÁÂz-�°®�¾-±Â°�ÒÓ ¾ºº³v]�À±Â�²À.³ZºººÀ¯�z�Zºo �º·Â&��°®
°®�Â�¿z-�ÏÓÖÕ ®¦±¡�©°ººº� ¶ººº] ¶º¿x�c�Zº] v·Zº� ¾º�¿Z¯±¡
ÏÐÎÔ Â�ÏÐÐÓ �ÏÐÕÒ \ººÀczc�¶]�& Â�% � $¾�¿Z¯±¡�ÄZ·ÁÂz-

�®º]�¿z-
¶¿ºº� ±¦��¿Zº¯±¡�²ºº¿¦�°®�Á®Z d�¦�®°º¯�¾d�º-�ÄZ·¶kºk
³°¦|-�Á°Zºº] ²¿¦�°®��v´�Z]¾¯��¿z��v�°�Ä¦°¦®�¶§��v³®º]�²¿°¡
Zº] ¶ºº�¿Z¤¯ °®��²°®Â±�¹º¬]�Â��¿z��v�°�Z]�ÄZ·¶¿º��¶§�Áv�
¶º] ¾³Zº�¨¿��º´§¦Â��²°zº¿®�¹ºº¬]�Â�¿¦°¡�vºº�°�Z]�ÄZ·¶¿º�

��Ñ��v´·®¾°³�ÀZ�³�¾¿¦x��b¿®Âvp¯
¾ºº� °®��º¬dt¯�¾ºº�¿Z¯±¡�ÄZ·ÁÂz-�À±Â�²À.³ZÀ¯�¶�¿Z¤¯
Ä¦°¦®�|Àº³ bº¿®Âvp¯�bººpc�ÄZ·¶kºk�¶§�®¦®�ÀZ�³�¿Â®�¶d ·

¶ºº³¦±Â°�À±Â��¿¦|�¦�²À.³ZÀ¯�¶§�Ä°º��¶]��v³¦Á®º]�À±Â��¿¦|�¦
ÄZ·¶kºk�¶§�¾«Zo�°®��®º]�¿z-�¶��b¿®Âvp¯�bpc�ÄZ·ÁÂz-
©v��¶§�²¿¦�Z]��v´d�¦®�À±Â��¿¦|�¦�¿z-�ÏÍ ¶³¦±Â°�v·Z��ÁÂz-
°®�bºº¿®Âvp¯�©vºº� Zºº] ¶]Zººº�¯�Ávº� ¾Zº°�¦�bº¿®Âvp¯
»Èººsz]�¾«Â��®º]��ÎÔ Â�ÎÓ��|d¿Â°º·�Â�¦À³ÂÈ��ÄZ·�¿Z¯±¡
À¦z º̂k ¶]�°®Z£�z�Zo��¿Z¯±¡�°®�Z·²Âzs�¶kºk��Z¸³¡�³°¦|-

�v³®º^³�¾-±Â°�ÒÓ °®�À±Â�ª¯Z§
ÄZºº·ÁÂz-�ÀZººÀ¯�°®�¾³Zººº¿Z��À±Â�°®�Ä°¦®¾º´�¯�»Èºds¦
ÄzÀººÀ�c��²¿¦z]Z´]���3!Í�ÍÒ��®º�¾°³�Áv¿®�& Â�% �$ ¾�¿Z¯±¡
¶ºº´À¯¡�ÄZ·vÀº�¦�¸ºº°l¯�¶º] Zº·²Âzs�¶ºkºk�©ZºkZÀdo¦�°®
Â�®¦±¡�¶¿x�c�¶]�b�-±Z]�¿Z.´·�°®�²Àd�À��Â�²À³ºÀd¯�°¦®®z-º-
Z]�z�Zo�j¿Zd³��®°¦v³�®ºkÂ�¾¿¦x��b¿®Âvp¯�Á°Â®�ÀZ¿Z��±¦�~�
²ººº¿¦��®°¦vº³ ¾ºº³¦ººs®º· �ÎÔ��|d¿Â°º·�Â�¦À³ÂÈ��³°¦|-

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
81

.6
.2

.1
1.

0 
] 

 [
 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
 ]

 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1381.6.2.11.0
https://iutjournals.iut.ac.ir/jstnar/article-1-176-fa.html


���������°®�¶´À¯¡�vÀ�¦�ª°¨¯�Â�³°Âz��Á°Â®�ª¿¦Â¦�°®�v¿v��¾¿¦x��b¿®Âvp¯�°Zg¡�¾�°z]

ÎÎÎ

¾-±Â°�ÒÓ °®�¶�Ç�ÄZ·�sZ��z]�¾�¿Z¯±¡�ÄZ·ÁÂz-�zg¦��Ñ ¾Âvk
¾�¿Z¯±¡�ÁÂz- ¶�Ç�ÄZ·�sZ�.$%&

¾Z°do¦�n��
Àv��°¦®¾´�¯6(

�Áv³±�À±Â�v�°®��¶�Ç�Á®±Z]
�¶�Ç v�°®��¶´À�
�¶�Ç�v�°®��v^§
�¶�Ç�v�°®��\¬£

�¦�s�Á®Z¯�v�°®��¶�Ç�¾]z#
�¦�s�Á®Z¯�v�°®��v^§�¾]z#

�¶�Ç�v�°®��¾°¨��¶�ºp¯�¾]z#

ÔÐ�ÒÑ
ÏÒ�ÒÐ
Ï�ÎÒ
Í�ÒÏ
ÑÑ�ÓÓ
ÎÍ�ÕÔ
Ï�ÕÕD

ÔÐ�ÏÍ
ÏÒ�ÑÒ
Ï�ÐÐ
Í�ÒÎ
ÑÐ�ÏÕ
ÎÎ�ÕÔ
Ï�ÔDE

ÔÐ�ÑÖ
ÏÑ�ÖÎ
Ï�ÎÓ
Í�ÒÔ
ÑÏ�ÕÓ
ÎÍ�ÔÏ
Ï�ÒÖDE

ÔÐ�ÓÕ
ÏÑ�ÎÐ
Ï�ÏÑ
Í�ÒÒ
ÑÐ�ÔÔ
ÎÍ�Ñ
Ï�ÍÓE

Í�ÏÎÎ
Í�ÓÔÒ
Í�ÐÏÖ
Í�ÔÒ
Í�ÔÍÖ
Í�ÏÔÓ
Í�ÍÐ

Í�ÓÎÕ
Í�ÓÔÔ
Í�ÎÍÐ
Í�ÍÎÕ
Î�ÏÓÖ
Î�ÎÓÐ
Í�ÐÎÔ

��3�Í�ÍÒ��v³°¦®�°¦®¾´�¯�»Èds¦�v´d�À³�¶]Z�¯�»Âzo�Ä¦°¦®�¶§�¾¿Z·²À.³ZÀ¯��¿®°�z·�°®

¶º´À¯¡�ÄZ·vÀº�¦�¾¯Zºº°c�¶]�«ZÀdo¦�¶§�v³®z§�®Z¸´�À��ÀZ-v´·Â&�
Á°Â®�°®�Â�¾ºº¿¦x��bººº¿®Âvp¯�Á°Â®�ÀZº¿Z��±¦�~º� ¶º¬�Z�È]

�v]Z¿¾¯��¿¦|�¦�®¦±¡�¶¿x�c�¶]�b�-±Z]
zÀº]Â±�Â�Àºº�À«�Â��Õ��¾°Zº� Â�|ºº³ºk�j¿Zd³�z�Zo��¿Z¯±¡
n�ºº� �¿¦|�¦�±¦�¦°�¾«º^£�ª]Z£�j¿Zd³�ÀZ�¿¦��v´§¾¯�vÀ¿Pc�¦°��Ö�
bº�®�¶º] ®¦±¡�¶º¿x�c�¶º] bº�-±Zº] Á°Â®�°®�²¿|Àºº« Z¿�²À³ºÀd¯

�v³®°ÂZÀ³
®¦®�ÀZº�³��Ð ¾Âvººk��Z·¶kºk�¾.d ·�Ä¦x��»z�¯ j¿Zd³
�¾ºº¿¦x��bº¿®Âvp¯�¾Zº°�¦�ÀZº¯±�°®�Â�¿Â®�¶ºd ·�¾º� °®�¶º§
Zº] ¶�¿Z¤¯�°®��¾¿¦x��b¿®Âvp¯�bpc�ÄZ·ÁÂz-�°®�¦x��»z�¯
��3�Í�ÍÒ��b�Zº¿ �·Zº§ ©vº� ¶º] ®¦±¡�¶º¿x�c�Zºº] ÄZ·ÁÂz-
�³°Âzº� Á°Â®�ÀZº¿Z��Zºc Zºº·ÁÂz-�²¿¦�°®�¦x��»z�¯��²À´#®·
��3�Í�ÍÒ��®ºº] zdºº°§�Ä°¦®¾´�¯�°º��¶]��v·Z��ÁÂz- ¶]�b^�³
ÄZºº·ÁÂz-�¶ºº] ¢ººº¬�d¯�ÄZ·¶ºkºk�°®�¦xº� »zº�¯��·Zº§
¦zº¿±��vº�Z]¾¯�Àvº] À±Â�À®ººº] ®§�b¬��¶]��¾¿¦x��b¿®Âvp¯

��Ó��b�¦�Àv]�À±Â�±¦�¾�]Zc�¦x��»z�¯
b¿®Âvp¯�Á°Â®�²d�Z¿�ÀZ¿Z��Z]��Ð ¾Âvk��¦x��ª¿v^c�\¿z�
% �$ ¾�¿Z¯±¡�ÄZ·ÁÂz-�°®��v�]�¶]�¾-±Â°�ÎÑ ±¦�¾´�¿��¾¿¦x�
®º^¸º] Ä°¦®¾ºº´�¯�°º��¶]��. ¾�¿Z¯±¡�ÁÂz-�Z]�¶�¿Z¤¯�°®��& Â
ÄZº·ÁÂz-�°®�|Àº³ ¾º¬§�Ä¦xºº� ª¿v^c�\¿z����3�Í�ÍÒ��b�Z¿

��3�Í�ÍÒ��b�Zº¿ ®º^¸º] Ä°¦®¾º´�¯�°ººº� ¶]�b¿®Âvp¯�bpc
®º^¸ºº] `´À¯±�°®�¦°�ÀZ-v´·Â&��±¦�¾sz]�ÄZ·³°¦|-�z�Zo�j¿Zd³
vºº´§¾¯�vÀ¿Pc�¾¿¦x��b¿®Âvp¯�¾Z°�¦�zg¦�°®�¦x��ª¿v^c�\¿z�
¦xº� ªº¿v^c�\ºº¿z��°®�Ä°¦®¾´�¯�©ÂZ c���ÎÕ Â�ÎÔ �ÎÓ �ÎÎ�
Â�²ºÀ³ºÀd¯�±¦�ÄzcÇZº] n�º� Ä¦°¦®�¶º§ & Â�% ÄZºº·ÁÂz-�ÀZÀ¯

�v�³�Áv¿®�¾�°Âz��Á°Â®�ª§�°®��v³®º]�²Àd�À�
�¶�Ç�Á®±Z]�®°º¯�°®��v¿¡¾¯z]�Ñ ¾Âvk�ÄZ·Á®¦®�±¦�¶§�ÀZ´#
²À.³ZººÀ¯�²À]�v^§�Â�¶�Ç�¾]z#�v�°®�Â�v^§��\¬£��¶´À� v�°®
z�³�±¦�¾«Â��v�³�Áv·Z�¯�Ä°¦®¾´�¯�»Èds¦�¾�¿Z¯±¡�ÄZ·ÁÂz-
ÄZººº·ÁÂz-�²ºÀ]�Ä°¦®¾º´�¯�»Èºds¦�¾°¨º� ¶º�ºp¯�¾º]z#
¶º�ºp¯�¾ºº]z#�¶§�Ä°º��¶]���3�Í�ÍÒ��b�¦®�®ºkÂ�¾�¿Z¯±¡
¶º�¿Z¤¯�°®��®ººº] ¾¿¦x��b¿®Âvp¯�bpc�¶§�& ÁÂz-�°®�¾°¨�
ÄZ·¶ºd�Z¿���3�Í�ÍÒ��b�Zºº¿ �·Z§��®¦±¡�¶¿x�c�Z]�v·Z��ÁÂz-�Z]
À¦°Z¨°·�Â�¦À³ÂÈ��Â��ÎÔ��|d¿Â°º·�Â�¦À³ÂÈ��³°¦|-�z�Zo
ÄZ·¶ºkºk�°®�¾°¨º� ¶º�ºp¯�¾ºº]z#��·Z§�¨°Z]�°®�¦°��ÎÕ�

�v´§¾¯�vÀ¿Pc�¾-±Â°�ÒÓ °®�¾¿¦x��b¿®Âvp¯�bpc
¶º´À¯¡�ÄZ·vÀ�¦�±¦�¦¿�z·�b�Z¿°®�À¦|À¯�²À]�¾°À¤d�¯�¶�]¦°
¶º§ Ä°ºº� ¶º] �®°¦®�®ººkÂ�¾°¨ºº� ¶�ºp¯�¾]z#�Â�Ä°Âz�
Ázº o�¾º]z#�vº�°®��vº�Z]�zdº�À]�¾d�Zº¿°®�¶º´À¯¡�vÀ�¦�¶#z·
¶º�ºp¯�¾º]z#��·Zº§ �¶ºd¨³�²º¿¦���Ó��®®z-¾ºº¯ zd°§�¾°¨�
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ÎÐÕÎ ÀZd�]Zc���¿Â®�Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÎÏ

Zºº] ¶�¿Z¤¯�°®��& Â %� b¿®Âvp¯�bpc�ÄZ·ÁÂz-�°®�¦°�¾°¨�
�v·®¾¯�nÀ�ºc�$ ÁÂz-

vºº^§�°®���ÎÐ��bº�¦�vº^§�°ººÀ��°®�|º³Þºº�À«�¾º¬�¦�ªºp¯
Â��vº´¿¡¾¯�°®�v¿zº�À¬-Äzºc ©°º��¶]�¾�Z�¦�§z#�ÄZ·vÀ�¦

�v³º�¾¯�ÁzÀs¯�¾]z#�ÄZ·b�Z]�°®�¶¯¦®¦�°®
Zº] ¶º�¿Z¤¯�°®��& Â�% ��$ ¾ºº�¿Z¯±¡�ÄZ·ÁÂz-�°®��²¿¦z]Z´]
Â�b¿¦zc°Zºº§ �v�Z]�©ÂZ d¯�v^§�°®�¾]z#�b�¬��v¿Z^³��. ÁÂz-
ªÀ¨º�c��¾º¿¦x��bº¿®Âvp¯�¶ºº§ v³¦Á®z§�³°¦|-��Ð��À¦°Z¨°·
²º¿¦�Á±¦vº³¦�zº] ¾º«Â��®±¦vº³¦¾¯�zÀsPºc ¶ºº] ¦°�¾]z#�ÄZ·¾º¬�

bºº�¦�²¨°¯��²¿¦z]Z´]��b�¦�zÀgPc¾]�¾]z#�b�¬��z]�Z¿�Z·¾º¬�
¾Zº°�¦�bº¬��¶ºº] ��+\SRSODVLD� ¾]z#�ÄZ·¾º¬��°Z°���·Z§
¾ºº]z#�ÄZ·¾º¬ºº� ®ººlo��ººº¿¦|�¦�Zº] �¾º¿¦x��bº¿®Âvp¯
¾]zººººº# ÄZ·¾º¬ººº� °Z°ººº� �ººº¿¦|�¦�Â �+\SHUWURSK\�
�®ºº� À¦z^ººk ®¦±¡�¶¿x�c�¶]�b�-±Z]�¿Z.´·�°® �+\SHUSODVLD�
¶º�Ç�¾ºº]z#�°®�°¦®¾´�¯�»Èds¦�®º^³�b�¦�²¨°¯�¸º�º¯�²¿¦
¶ºÀkºc�®¦±¡�¶º¿x�c�Â�¾ºº¿¦x��b¿®Âvp¯�bpc�ÄZ·ÁÂz-�²À]�¦°

�v´§

Á®Z d�¦�®°º¯��]Z´¯
�zgº§�Ä®Z�d£¦�ÀZ¯±Z��Ä±°ÂZ�§�b³ÂZ�¯��·Â&��Â ³±º¯¡�vo¦Â���¶°kzc��°ºÀ� ¶¿x�c �ÎÐÔÕ �¾´À�¯�°ÇZ���¿�Â��¦���ÀZÀ¬- �Î

�� $VVRFLDWLRQ�RI�2IILFLDO�$JULFDOWXUDO�&KHPLVWV��������2IILFLDO�0HWKRGV�RI�$QDO\VLV����WK�HG���:DVKLQJWRQ��'&�
�� &DUWZULJKW�� $�� /��� *�� 3�� 0F0XUWU\� DQG�,��3ODYQLN��������(IIHFWV�RI�HDUO\�IHHG�UHVWULFWLRQ�RQ�DGLSRVH�FHOOXODULW\�RI

EURLOHUV��3RXOW��6FL�����VXSSO��O������
�� &KHUU\�� -�� $��� 3�� %�� 6LHJHO� DQG� :�� /�� %HDQH�� ������ *HQHWLF� QXWULWLRQDO� � UHODWLRQVKLSV LQ� JURZWK� DQG�FDUFDVV

FKDUDFWHULVWLFV�RI�EURLOHU�FKLFNHQV��3RXOW��6FL����������������
�� &ODYHUW�� &�� &��� -�� 3�� 0F0XUWU\� 5�� :�� 5RVHEURXJK� DQG� 5�� *�� &DPEHOO�� ������ (IIHFW� RI� HQHUJ\� OHYHO� RQ�WKH

FRPSHQVDWRU\�JURZWK�UHVSRQVH�RI�EURLOHUV�IROORZLQJ�HDUO\�IHHG�UHVWULFWLRQ��3RXOW��6FL���� �VXSSO�������
�� '¶0HOOR��-��3��)��������$PLQR�$FLGV�,Q )DUP�$QLPDO�1XWULWLRQ��&$%�,QWHUQDWLRQDO��&DQDGD�
�� 'XQFDQ��'��%��������0XOWLSOH�UDQJH�DQG�0XOWLSOH�)�WHVW�%LRPHWULFV�����������
�� -RQHV�� *�� 3�� DQG� '�� -�� )DUUHOO�� ������ (DUO\� OLIH�IHHG�UHVWULFWLRQ�RI�FKLFNHQ��,��0HWKRGV�RI�DSSOLFDWLRQ��DPLQR�DFLG

VXSSOHPHQWDWLRQ�DQG�WKH�DJH�DW�ZKLFK�UHVWULFWLRQ�VKRXOG�FSPPHQFH��%U��3RXOW��6FL��������������
�� /HHVRQ�� 6�� DQG� $�� .�� =XEDLU�� ������ 1XWULWLRQ� RI� WKH�EURLOHU�FKLFNHQ�DURXQG�WKH�SHULRG�RI�FRPSHQVDWRU\�JURZWK�

3RXOW��6FL��������������
��� 0DUNV��+��/�������*URZWK�UDWH�DQG�IHHG�LQWDNH�RI�VHOHFWHG�DQG�QRQ±VHOHFWHG�EURLOHUV��*URZWK�����������
��� 0F0XUWU\�� -�� 3��� 5��:��5RVHEURXJK��,��3ODYQLN�DQG�$��/��&DUWZULJKW��������,QIOXHQFH�RI�HDUO\�SODQH�RI�QXWULWLRQ�RQ

HQ]\PH� V\VWHPV� DQG� VXEVHTXHQW� WLVVXH� GHSRVLWLRQ�� 33�� ���������,Q��*��/��6WHIIHQV�DQG�7��6��5XPVH\��(GV���
%LRPHFKDQLVPV� 5HJXODWLQJ� *URZWK� DQG� 'HYHORSPHQW�� %HOWVYLOOH� 6\PSRVLD� RQ� $JULFXOWXUDO� 5HVHDUFK�>��@�
.OXPHU�$FDGHPLF�3XEOLVKHUV��'RUG�5HFKW��7KH�1HWKHUODQGV�

��� 1DWLRQDO� 5HVHDUFK� &RXQFLO�� ������ 1XWULHQW� 5HTXLUHPHQWV� RI� 3RXOWU\�� �WK� UHY�� HG��� 1DWLRQDO� $FDGHP\� 3UHVV�
:DVKLQJWRQ��'&�

��� 1LU�� ,���=��1LWVDQ�DQG�6��.HUHQ±=XL��������)DW�GHSRVLWLRQ�LQ�ELUGV��33�����������,Q��%��/HFOHUFT�DQG�&��&��:KLWHKHDG
�(GV����/HDQQHVV�LQ�'RPHVWLF�%LUGV��%XWHUZRUWKV��/RQGRQ�

��� 3DVWHUQDN�� +�� DQG� %�� $��6DOHY��������*HQHWLF�HFRQRPLF�HYDOXDWLRQ�RI�WUDLWV�LQ�EURLOHU�HQWHUSULVH�� UHGXFWLRQ�RI�IHHG
LQWDNH�GXH�WR�LQFUHDVHG�JURZWK�UDWH��%U��3RXOW��6FL��������������

��� 3LQFKDVRY�� <�� DQG� /�� 6�� -HQVHQ�� ������ &RPSDULVRQ� RI�SK\VLFDO�DQG�FKHPLFDO�PHDQV�RI�IHHG�UHVWULFWLRQ�LQ�EURLOHU
FKLFNHQV��3RXOW��6FL������������
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���������°®�¶´À¯¡�vÀ�¦�ª°¨¯�Â�³°Âz��Á°Â®�ª¿¦Â¦�°®�v¿v��¾¿¦x��b¿®Âvp¯�°Zg¡�¾�°z]

ÎÎÐ

��� 3ODYQLN�� ,��DQG�6��+XUZLW]��������7KH�SHUIRUPDQFH�RI�EURLOHU�FKLFNHQV�GXULQJ�DQG�IROORZLQJ�D�VHYHUH�IHHG�UHVWULFWLRQ
DW�DQ�HDUO\�DJH��3RXOW��6FL��������������

��� 3ODYQLN�� ,�� DQG�6��+XUZLW]��������(IIHFWV�RI�GLHWDU\�SURWHLQ��HQHUJ\�DQG�IHHG�SHOOHWLQJ�RQ�UHVSRQVH�RI�FKLFNV�WR�HDUO\
IHHG�UHVWULFWLRQ��3RXOW��6FL����������������

��� 3ODYQLN�� ,��� -�� 3�� 0F0XUWU\� DQG� 5�� :�� 5RVHEURXJK�� ������(IIHFWV�RI�HDUO\�IHHG�UHVWULFWLRQ�LQ�EURLOHUV��,��*URZWK
SHUIRUPDQFH�DQG�FDUFDVV�FRPSRVLWLRQ��*URZWK�����������

��� 5RELQVRQ�� )��(���+��/��&ODVVHQ��*��,��+DQVRQ�DQG�'��.��2QGHUND��������*URZWK�SHUIRUPDQFH� IHHG�HIILFLHQF\�DQG�WKH
LQFLGHQFH� RI� VNHOHWDO�DQG�PHWDEROLF�GLVHDVHV�LQ�IXOO±IHG�DQG�IHHG�UHVWULFWHG�DQG�URDVWHU�FKLFNHQV��-��$SSO��3RXOW�
5HV�����������

��� 6$6�,QVWLWXWH��������6$6�8VHUV¶�*XLGH������ HG���6$6�,QVWLWXWH�,QF���&DU\��1&�
��� 6XPPHUV�� -�� '��� '�� 6SDUDWW� DQG� *�� /�� $WNLQVRQ��������5HVWULFWHG�IHHGLQJ�DQG�FRPSHQVDWRU\�JURZWK�IRU�EURLOHUV�

3RXOW��6FL����������������
��� :LOVRQ��3��1��DQG�'��)��2VERXUQ��������&RPSHQVDWRU\�JURZWK�DIWHU�XQGHUQXWULWLRQ�LQ�PDPPDOV�DQG�EULGV��%LRO��5HY�

������������
��� <X��0��:���)��(��5RELQVRQ��0��7��&ODQGLQLQ�DQG�/��%RGQDU��������*URZWK�DQG�ERG\�FRPSRVLWLRQ�RI�EURLOHU�FKLFNHQV

LQ�UHVSRQVH�WR�GLIIHUHQW�UHJLPHQV�RI�IHHG�UHVWULFWLRQ��3RXOW��6FL����������������
��� =XEDLU�� $�� .��DQG�6��/HHVRQ��������(IIHFW�RI�YDULQJ�SHULRG�RI�HDUO\�QXWULHQW�UHVWULFWLRQ�RQ�JURZWK�FRPSHQVDWLRQ�DQG

FDUFDVV�FKDUDFWHULVWLFV�RI�PDOH�EURLOHUV��3RXOW��6FL��������������
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