
ÎÐÕÏ |À¿Z� ��¿º� Á°Z°����®d · ¾Z����¾�À^���]Z´¯ Â�Ä±°ÂZ�§ Àº´��Â�¿º¬�

ÎÒÐ

ÄZ·¶kºk�ÄvÀ«ºc ®z¨¬°��z] À¦®~��¶]�À¦®�À��ÄZ·ÁzÀk��¿º�c�ÀZ¯±�Â�ÄÞz³¦�À¦|À¯�zg¦
¿z-º¬À§�Â®�±¦�zd°§�À±Â�Z]�¾d�º-

Ï¾cÈp¯�ÄzÀ�³�Äv¸¯ �ÎÄ®Âz·Z��°Ztd�¦�ÀÂv¿z���ÎÀZÀ¬-�®�Z¤«¦º]¦��Îº«®º�¤¯�°Z¿z¸�
Î¾·Z�³Z¯z§�²�o�Â�

ÁvÀ¨#
ÁzÀk ÄÞz³¦�À¦|À¯�¶��Z]�²¿°¡�Á±Â°�¦¿ ²Âzs�¶kºk�ÑÒÍ �Ä¦¶��£�ÎÍ °¦z¨c�Ò Z]�Â�Ð�Ð ª¿°ºd§Z� ©°º� ¶]�¾�®Z�c�>È¯Z§ ¬z��¦¿�°®
Â�²¿±Zº�¡�¶º¬oz¯�Â®�¶ºº] Z·¶kºk ³°Âz� Á°Â®��v³v��¶¿x�c �ÁzÀk ¿z-º¬À§�°®�®�À«º]Zd¯�ª]Z£�ÄÞz³¦�Äz«Z§º¬À§�ÐÏÍÍ Â�ÐÍÍÍ �ÏÕÍÍ�
�º¿º�c�¾-±Â°�ÏÓ Â�ÏÎ �ÎÓ ²º� ¶º� °®�¾³Zº¿Z��Â�²¿±Zºº�¡�ÄZ·ÁzÀk��v��Á®¦®�À¦®~� Â�À¦®�À��ÁzÀk�Â®�Z·¶kºk�¶]�Â�®À�¤c�¾³Z¿Z�

�b�z-�°¦z£�Z·¶kºk�°ZÀds¦�°®�®¦±¡�°º��¶]�¾-±Â°�ÑÏ ²��Zc�¾³Z¿Z��ÁzÀk���¿º�c�²¿¦�±¦�~���v¿®z-
�½¦°ºººs ª¿v^c�\¿z��®º^¸]�Â�Z·¶kºk�À±Â��¿¦|�¦�Àv��zd�À]�f�Z]�À¦®�À��zc®§¦zd¯�ÁzÀk�±¦�Á®Z d�¦�ÀZ¯±�Â�ÄÞz³¦�À¦|À¯��¿¦|�¦
Â�À¦®�ººÀ� ¨zÀk��¿º�c�ÀZ¯±��¿¦|�¦�Â�ÁzÀk�ÄÞz³¦��·Z§�Z]�¾-±Â°�ÏÓ ²��°®�ÄÞz³¦�ª¿v^c�\¿z����3�Í�ÍÎ��v��¾-±Â°�ÏÓ ²��°®
ªº¿v^c�\º¿z��zº] Ä°¦®¾º´�¯�zººg¦�À¦®~��Â�À¦®�À��ÁzÀk��¿º�c�ÀZ¯±��¾-±Â°�ÑÏ ²��°®���3�Í�ÍÎ��b�Z¿�°¦®¾´�¯��·Z§��À¦®~�
��3�Í�ÍÒ��v³®z§ ¦vÀ��Äzd�À]�À±Â��¿¦|�¦�Z·¶kºk��À¦®�À��ÁzÀk�±¦�Á®Z d�¦�ÀZ¯±��¿¦|�¦�Z]�¾«Â��b�¦v³�ÄÞz³¦�ª¿v^c�\¿z��Â�½¦°ºs
¾-±Â°�ÑÏ�Î ¾´º� ¶ºº¬�Z��°®�ÄÞz³¦�ª¿v^c�\¿z��Â�½¦°ºs�ª¿v^c�\¿z��z]�À¦®~��Â�À¦®�À��ÁzÀk��¿º�c�ÀZ¯±�Â�ÄÞz³¦�ªs¦vc�zg¦
À¦|Àº¯ �ºº¿¦|�¦��¿z-º¬À§�Â®�±¦�zd°§�¾^¿z¤c�À±Â�Z]�¾d�º-�ÄZ·¶kºk�vÀ«ºc�Ä¦z]�¶§�®¦®�ÀZ�³��¿Z¯±¡�²¿¦�j¿Zd³���3�Í�ÍÒ��v��°¦®¾´�¯

�vÀ�t]�v·¦ºs�®º^¸]�¦°�¾¯º°��®z¨¬°���À¦®�À��ÁzÀk�±¦�Á®Z d�¦�ÀZ¯±�Â�ÄÞz³¦
®À�«º]Zd¯�ª]Z£�ÄÞz³¦��À¦®~���À¦®�À� �µº�c�ÀZ¯±��¾d�º-�¶kºk �ÄvÀ¬§�ÄZ·ÁÞ¦Â

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

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.3

.1
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

5-
14

 ]
 

                               1 / 8

https://dorl.net/dor/20.1001.1.22518517.1382.7.3.12.5
https://jcpp.iut.ac.ir/article-1-451-fa.html


ÎÐÕÏ |À¿Z����¿º��Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÒÑ

¶¯v¤¯
Ä°Âzº� ¶ºº´À¯¡�ÄZ·vÀ�¦�Â�²ÀXcÂz��¶]�±ZÀ³��°ºÀ��²���¿¦|�¦�Z]
¾ºº� �ªº°� °®���ÏÏ��v]Zº¿¾¯��·Zº§ ÁzÀººk v�°® ©°º��¶]
zcÁZººcº§��3KDVH� ¶¬oz¯�Z¿�Á°Â®�v´#�¶]�Z·¶kºk ³°Âz��Á°Â®
Zº] \º�Z´d¯�Ä¦ÁzÀºk Zºº] ¶¬oz¯�z·�°®�¶kºk�Â��®º�¾¯�®À�¤c
¶º] b^º�³�¶º¬oz¯�zº· °®�¶ºº§ Ä°º��¶]��®º�¾¯�¶¿x�c�³±ZÀ³
¶º] b^ºº�³�Ä°Âz��¶´À¯¡�ÄZ·vÀ�¦�Â�²ÀXcÂz��®§¦zc��ª^£�¶¬oz¯
15& �©Zº¤À¤pc�¾º¬¯�Ä¦°ººº� �v´§¾¯�¦vÀ���·Z§�ÁzÀk ÄÞz³¦
°®�¶ºd ·�bº�·�¦°�¾dºº�º-�ÄZ·¶kºk�³°Âz��Á°Â®�¾º���Õ�
®Àº�¤c À¦®~ºº� Â�À¦®ÀZÀ¯��À¦®�À��¶¬oz¯�¶��¶]�Â��¶d�z-�z�³

�b�¦�Á®z§
ÁzÀºk ²ºÀXcÂz��°¦vºº¤¯��·Z§�Z] ½¦°ºs�¶´¿|·�¶§�Zk�À¡�±¦
�º¬dt¯�ªººo¦z¯�°®�²ÀXcÂz� ®§�ÄZ·ÁzÀk�|À³�Â��v]Z¿¾¯��·Z§
\º�Z´¯�ÀZºº¯±��®®z-¾¯�v�°��·Z§�f�Z]�¶kºk�³°Âz��Á°Â®
bº¬��¶º] �bº�¦®�vº·¦ºs�Ä®Zº�d£¦�bºÀ°·¦�Zºº·ÁzÀk��¿º�c
Zº] |Àºº³ Â��Z·¶kºk�v�°�b�z���¿¦|�¦�Â�¾¨Àd³Þ�ÄZ·b�z�À�
¾dºº�º-�ÄZ·¶ºººkºk�vºÀ«ºc�Ä¦zº] ´Zºs »¦vº·¦�¶º] ¶ºkºc
¶ºd ·�bºº�·�±¦�zd°§�¶]�Z·¶kºk�³°Âz��Á°Â®�¾º���zc¦#º§
¾ºº� �³Âzº� ¿Z.ºº´·�°®�Áv³z��²��Àv��®§�Z]��v]Z¿¾¯��·Z§
Äºº� ±¦��vºº� v·¦ºs�zÀÀ�c�³ºtd�®�|À³�³°Âz��Á°Â®�ªo¦z¯
�°ººÀ��¾º¿¦x��ÄZº·¾º¯z��¶ºÀ¸c�¿Z.º´·�¶ºº] ¿Z-�²Àd�t³��z.¿®
`º´¿|·�²¿zdº°§�¦zº¿±��bºº�¦�ÁzÀk�ÄÞz³¦�\�Z´¯�À¦|À¯ §Ztd³¦

��Õ��®º�¾¯�ª�Zo ÄÞz³¦�\�Z´¯�À¦|À¯�§Ztd³¦�Z]�vÀ«ºc
bº�¦�\º�Z´¯�¶ºº¿x�c�Ä¦z]�Ä¦ÁzÀk�v·®¾¯�ÀZ�³�Z·³°¦|-
Â��vºº�Z]�¶dº�¦®�®ººkÂ�¾®Zº�c�À¡�ÄÞzº³¦�Â�²ºÀXcÂz��²ºÀ]�¶º§
��Ï��v³°¦®�Äzd°§�Äv´¯®º��²ÀXcÂz��z��Z¿�Â�ÄÞz³¦�z��ÄZ·ÁzÀk
zº] ÁzÀk�Äx�¯�®¦º¯�®§¦zc��°ºÀ��ÄZ·ÁzÀk�¾�¿º³�¾º¯z��¿Z.´·
ÁzÀººk ³Â°�²¿¦��®®z-¾¯�¾®Z�d¯�Áv��§Ztd³¦�ÄÞz³¦�À¦|À¯�`¿Z�
®¦ºº¯ b�Zº¿°®�µzº� Zº] ¶ºº§ b�¦�°¦ºd�¦�¶¿z�³�²¿¦�z]�¾�¿º³
»zº�¯�ÄÞzº³¦�±ZºÀ³ ²Zº�¦�zº] ¦°�½¦°ºººs °ºÀ���¾�Z§�Äx�¯

��Õ Â�Î��v´´§¾¯
®z¨¬°��z]�ÁzÀk��¿º�c�ÀZ¯±�zg¦�¾�°z]�Ä¦z]��¿Z¯±¡�²¿¦

Ä¦¶ºº¬oz¯�Â®�®d�À��°®�¾d�º-�ÄZ·¶kºk�Ä®Z�d£¦�Â�ÄvÀ«ºc
±¦�Â��Áv��¾o¦z��¾-±Â°�ÑÏ ²��Zc��À¦®~��Â�À¦®�À���¶¿x�c
Äxºº�¯�®¦º¯�\�Z´¯�®§¦zc�¾�°z]���·Â&��²¿¦�»v·�¶§�Zk�À¡
®¦ºº¯ ²º¿¦�»zºº�¯�Â��b�¦�¾d�º-�ÄZ·¶kºk�v�°�ªo¦z¯�°®
ÄZº·À¦|À¯�zºg¦��®°¦®�¾.dº�]�ÁzÀºk ÄÞzº³¦�À¦|Àºº¯ ¶]�|À³�Äx�¯
Ávº� ¾º�°z]�Zºº·ÁzÀk��¿º�c�ÀZ¯±�z]�|À³�ÁzÀk�ÄÞz³¦��¬dt¯

�b�¦

Z·³Â°�Â�®¦º¯
®À�¤c�¶¬oz¯�Â®�¶]�Z·¶kºk�³°Âz��Á°Â®�¾º���¿Z¯±¡�²¿¦�°®
®º¿Þ°�Ö Zº] Á±Â°�ÑÏ�Î ²ºº¿°¡�²Âzs�¶kºk�¶��£�ÑÒÍ Â��v�
ÄÞzº³¦�À¦|Àº¯ ¶º� ª¯Zºº� ¾¿¦x��ÄZ·®¿Þ°��v³v��¶¿x�c�¾¿¦x�
°®�®ººº�À«º]Zd¯�ª]Zº£ ÄÞzº³¦�Äz«Zº§º¬À§�ÐÏÍÍ Â�ÐÍÍÍ �ÏÕÍÍ
Zº]��À¦®~º� Â�À¦®�ºÀ��ÁzÀºk �º¿º�c�ÀZº¯±�¶ºº� Â�¿z-º¬À§
ÄZºº·±Â°�°®�¶§��®º]��15& ¨v��¶À�ºc�¾³ZÀ¯�ÁzÀk�©Z�t�¯
�À¦®�ºÀ��ÁzÀººk �¿º�c�±¦�~���v��Á®¦®�¾-±Â°�ÏÓ Â�ÏÎ �ÎÓ
Z·¶ºkºk�°ZºÀds¦�°®�¾-±Â°�ÑÏ ²ºº� Zc�®¦±¡�©°º��¶]�À¦®~�

��Î ¾Âvk��b�z-�°¦z£
¿Zº°c�°® ÄÞzº³¦�¶º] Ä°Âzºº� Äx�¯�®¦º¯�Â�²ÀXcÂz��b^�³
Ä°ºº³ ®º¿Þ°�±¦��bºº�-�®À�´c��Õ��15& ¶À�ºc�Z]�z]¦z]�Z·ÁzÀk
�ºÀp¯�ÄZº¯®��vº� Á®Z dº�¦�Z·¶ºkºk�³°Âzºº� Ä¦z]�¶d�Z��ÏÑ
Â�®ºº] ®¦z-¾d³Zº� ¶k°®�ÐÑ Á°Â®�¾Â¦�±Â°�°®�Z·¶kºk�³°Âz�
zºs¡�Zºc ¾-±Â°�ÏÕ ²��±¦�¶§�Ä°º��¶]��b�Z¿��·Z§�j¿°vc�¶]
¶ºººk°®�ÎÕ °®�Z·¶ºkºk�³°Âzº� ²«Zº� ÄZº¯®��³°Âzº� Á°Â®

�v³Z¯�¾£Z]�b]Zg�®¦z-¾d³Z�
¬zº� §ºº#°Zº# °®�Â�Ð�Ð ª¿°ºd§Zºº� ©°º��¶]��¿Z¯±¡
zdºº�]�ÄÂ°�Z·¶kºk��v¯¡�°®�¦zk¦�¶]�°¦z¨c�j´��Z]�¾�®Z�c�>È¯Z§
�vº� Á®Z dºº�¦�¶kºk�¶��£�ÎÍ ±¦�°¦z¨c�z·�°®�Â��v´d�Z¿�³°Âz�
»zºº�¯�±¦�®º]�©°Z^��³°Âz��Á°Â®�¾��°®�ÄzÀ-Á±¦v³¦�©Z �
ÄÞzºº³¦�ª¿v^c�\¿z���½¦°ºs�ª¿v^c�\¿z���Àv]�À±Â��½¦°ºs
Ä®Zºº�d£¦��«ZººsZ³�Á®±Zºº] Â�À¦®�¶ºº´¿|·��À±Â��ººº¿¦|�¦�¶º]
ÑÏ Â�ÏÓ ²ºÀº´��°®�¶§��¶kºk�z·�Ä¦±¦�¶]��0RQHWDU\�UHWXUQ�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.3

.1
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

5-
14

 ]
 

                               2 / 8

https://dorl.net/dor/20.1001.1.22518517.1382.7.3.12.5
https://jcpp.iut.ac.ir/article-1-451-fa.html


�����ÄvÀ«ºc�®z¨¬°��z]�À¦®~��¶]�À¦®�À��ÄZ·ÁzÀk��¿º�c�ÀZ¯±�Â�ÄÞz³¦�À¦|À¯�zg¦

ÎÒÒ

¾�¿Z¯±¡�ÄZ·ÁzÀk ©Z�t�¯��Î ¾Âvk
À¦®�À�À¦®~� v�°�¶¬oz¯ÎÏÐÎÏÐ

����ÁzÀk�Ä¦|k¦
©°¯

��ÑÑ��Z¿º��¶«Zl´§
¾·Z¯�°®º�

¿v´-�²º^�
¶^´��®tc�²�Â°

»v��°®º�
©Z ���®À�¬§Ä®

¦°³
Î¾«¦z´À¯�Â�¾´À¯Zd¿Â�ª°¨¯

²À³ºÀd¯�¾¦±Ä®
�°k

Ï�ÀZ¯ºc ��¿z-º¬À§��b°À£
ÐÁv��¶^�Zp¯�Äx�¯�®¦º¯

�Äz«Z§º¬À§���¿z-º¬À§��®�À«º]Zd¯�ª]Z£�ÄÞz³¦
����¿Zs�²ÀXcÂz�

����®À�¬§
����§xk�ª]Z£�z ��

����²À³ºÀd¯
����²ÀXd�À� ��²À³ºÀd¯

����²¿|À«

ÒÍ�ÏÍ
ÐÏ�ÓÏ
Ó�ÓÎ
�

Ô�ÒÍ
Î�ÏÎ
Í�ÕÓ
Í�ÐÓ
Í�ÒÍ
Í�ÎÑ
ÎÍÍ
ÏÎÍ�Ö

ÐÏÍÍ
ÏÐ
Î

Í�ÑÒ
Í�ÒÒ
Í�ÖÍ
Î�ÐÑ

ÑÒ�ÖÕ
ÐÍ�ÖÐ
Ð�ÕÓ
Ö�ÐÔ
Ó�ÓÎ
Î�ÏÎ
Î�ÍÍ
Í�ÐÓ
Í�ÒÍ
Í�ÎÑ
ÎÍÍ
ÎÖÍ�Õ

ÐÍÍÍ
ÏÎ�ÒÓ
Í�ÖÑ
Í�ÑÏ
Í�ÒÍ
Í�ÕÐ
Î�ÏÍ

ÒÐ�ÏÒ
ÏÕ�ÕÔ
Î�ÕÑ
ÎÍ�ÒÍ
Ï�ÏÐ
Î�ÎÖ
Î�ÎÍ
Í�ÐÓ
Í�ÒÍ
Í�ÎÐ
ÎÍÍ
ÎÓÎ�Í

ÏÕÍÍ
ÏÎ�ÎÏ
Í�ÕÔ
Í�ÐÖ
Í�ÑÒ
Í�ÔÕ
Î�ÍÔ

ÓÍ�ÎÒ
ÏÑ�ÔÎ
Ò�ÖÎ
Î�ÍÍ
Ò�ÔÍ
Î�ÏÖ
Í�ÑÔ
Í�ÏÑ
Í�ÒÍ
Í�ÍÐ
ÎÍÍ
ÎÕÓ�Ô

ÐÏÍÍ
ÏÍ
Í�ÖÍ
Í�ÐÒ
Í�ÑÎ
Í�ÔÏ
Î�ÍÐ

ÒÔ�ÖÒ
ÏÓ�ÎÏ
Î�ÕÔ
Ô�ÍÐ
Ñ�ÍÕ
Î�ÐÎ
Í�ÕÍ
Í�ÏÔ
Í�ÒÍ
Í�ÍÒ
ÎÍÍ
ÎÓÑ�Ñ

ÐÍÍÍ
ÎÕ�ÔÒ
Í�ÕÑ
Í�ÐÐ
Í�ÐÓ
Í�ÓÔ
Í�ÖÖ

ÓÍ�ÔÔ
ÏÏ�ÓÎ
Í�ÕÎ
ÎÎ�ÕÖ
Î�ÍÍ
Î�ÏÔ
Î�ÕÎ
Í�ÏÓ
Í�ÒÍ
Í�ÍÑ
ÎÍÍ
ÎÑÍ�Ó

ÏÕÍÍ
ÎÔ�Ò
Í�ÕÔ
Í�ÐÍ
Í�ÐÐ
Í�ÓÐ
Í�ÕÕ

�%� ²À¯Zºd¿Â�¿z-¾º¬À¯�ÏÒÍ �%� ²À¯Zººd¿Â�¿z-¾¬À¯�ÐÍÍ �. ²À¯Zd¿Â�ÏÍÍÍ ,X �'� ²À¯Zd¿Â�ÐÍÍÍÍÍ ,X �$ ²À¯Zd¿Â�ÎÍÍÍÍÍÍ,X Ä¦°¦®�ª°¨¯�¿z-º¬À§�z· �Î
¾ºd³¡�¿z-�ÎÏ�Ò �vº¿¦z¬§�²ºÀ«º§�¿z-�ÒÍ �%�� ²À¯Zºd¿Â�¿z-¾º¬À¯�Ï �%� ²À¯Zººd¿Â�¿z-¾¬À¯�ÎÍÍÍ �%� ²À¯Zd¿Â�¿z-¾¬À¯�ÏÍÍÍ �%� ²À¯Zd¿Â�¿z-¾¬À¯�ÕÍÍ
Í�Î �b«Zº^§�¿z-¾º¬À¯�Í�Î �®Àº�Zd��¿z-¾º¬À¯�ÎÍ �®¿|Àº´¯�¿z-¾ºº¬À¯�Ò �~¯�¿z-¾¬À¯�Í�Ò �²·¡�¿z-¾¬À¯�Ñ �ÄÂ°�¿z-¾¬À¯�Ó �|´.´¯�¿z-¾¬À¯�ÎÍ �À¦vÀ�§¦

�®º]�v¿�¿z-¾¬À¯�Í�ÍÒ Â��®À´¬��¿z-¾¬À¯
¶º] Â���¿Zº¯±¡�¿Zºl³¦�ÀZºº¯±�°®�°¦±Z]�°®�j¿¦°�ÄZ·b°À£�²Z�¦�z]���ÀZ¯ºc���¿z-º¬À§��Z·ÁzÀk�\À§zc�°®�Á®Z d�¦�®°º¯�½¦°ºs�Ä¦|k¦�±¦�¿z-º¬À§�z·�b°À£ �Ï

�b�¦�Áv¿®z-�µz��z¿±�©°º�
± Ä®��ÏÍ �¦º°³��ÎÕÍ �©Z ºº���®À�¬§Ä®��ÏÍ �»v��°®º���ÓÍ �¿v´-�²º^���ÒÒÍ �¶^´��®tc�²�Â°��ÑÕÍ �ÄÂº$³¡�¾·Z¯�°®º���ÏÏÍ �Z¿º��¶«Zl´§��ÎÎÍ �©°¯

�ÔÍÍ �Z·²À¯Zd¿Â�Â�¬È¯¦�ª°¨¯��ÑÍÍÍ �²À³ºÀd¯�¾¦
�b�¦�Áv��¶^�Zp¯�15&� ���� �^´¯�±¦�Á®Z d�¦�Z]�Z·ÁzÀk�\À§zc��Ð

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.3

.1
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

5-
14

 ]
 

                               3 / 8

https://dorl.net/dor/20.1001.1.22518517.1382.7.3.12.5
https://jcpp.iut.ac.ir/article-1-451-fa.html


ÎÐÕÏ |À¿Z����¿º��Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÒÓ

�v��¾]Z¿±°¦�¾-±Â°
À¦®�°¦vº¤¯��¶ºkºk�zº· Ä¦±¦�¶º] À¦®�¶º´¿|·�¶^ºº�Zp¯�Ä¦z]
Á°Â®�ª§�Ä¦z]�Â�v��§z��À¦®�b°À£�°®�¶¬oz¯�z·�°®�¾�z�¯
ÏÍÍ Á±Â°�¦º¿ ¶ººkºk�b°À£�µz��Z]��v¿®z-�¶^�Zp¯�³°Âz�
ÀZºº¯ºc�ÒÒÍ b°À£�Z]�Áv³±�¹z¯�³Âz��Â�¶��£�z·�Ä¦±¦�¶]�ÀZ¯ºc
¶ººkºk�z·�Ä¦±¦�¶]�Ä®Z�d£¦��«ZsZ³�Á®±Z]��¿z-º¬À§�z·�Ä¦±¦�¶]

�v��¶^�Zp¯�z¿±�¾º¯z��±¦�Á®Z d�¦�Z]
Ä®Z�d£¦��«ZsZ³�Á®±Z]  
¶kºk�³Âz��b°À£�± �¾�z�¯�À¦®�¶´¿|·���Á±Â°�¦¿�¶kºk�¶´¿|·�
�ÎÖ��6$6 Ä°Zºº¯¡�°¦|�¦¿z³�`¬À�Â�¶] Áv¯¡�b�®�¶]�ÄZ·Á®¦®
vºº´#�Àºº¯±¡�±¦�Zº·²À.³ZÀ¯�¶º�¿Z¤¯�Ä¦zº] Â��ªºÀ¬pc�Â�¶º¿|lc

�v��Á®Z d�¦�²¨³¦®�Ä¦¶´¯¦®

fp]�Â�j¿Zd³
°®�½¦°ºs�»z�¯�z]�Ä°¦®¾´�¯�zÀgPc�ÁzÀk�ÄÞz³¦�À¦|À¯�v´#z·
°®�Z·¶ºkºk�¾ºº«Â��b�¦v³�¾-±Â°�ÑÏ�Î Â�ÏÓ�Î ¾´��ª�¦º�
Äzdº�À]�°¦vº¤¯�¶º] �ÄÞzº³¦�À¦|À¯�²¿zd°§�Z]�ÁzÀk�±¦�zc®Z¿±�²�
�¾-±Â°�ÏÓ�Î ¾´ºº� ¶ººº¬�Z��°®���Ï ¾Âvºk��vº³®z§�»zº�¯
ÏÕÍÍ��ÄÞzº³¦�À¦|Àº¯ ²¿zdº°§�Ä¦°¦®�¨zÀºk Zº] ¶ºº§ ¾¿Z·¶kºk
v³vº� ¶º¿x�c��¿z-ºº¬À§�°®�®º�À«º]Zd¯�ª]Zº£ ÄÞzºº³¦�Äz«Z§º¬À§
¶º§ ¾¿Z·¶kºk��z]¦z]�°®��v³®¦®�ÀZ�³�¦°�½¦°ºs�»z�¯�²¿zd°§
½¦°ººs »zºº�¯�v³®z§�Á®Z d�¦�ÁzÀk�°®�ÄÞz³¦�zd�À]�z¿®Z¤¯�±¦

�v´d�¦®�Äzc®Z¿±
Á®Z dºº�¦�À¦ººc ¾«Zº°do¦�À®ºº] ®º§ zº¯¦�²º¿¦�ªº¬��±¦�¾º¨¿
zºcÄÞzº³¦z��ÄZº·ÁzÀk�°®�®ººkº¯�¾º]z#�±¦�À¦ºººk ÄZ·¶kºk
�®ººs ±ZºÀ³�®°ººº¯ ÄÞz³¦�²À¯Pc�Ä¦z]�¶kºk�¶§�Ä°º��¶]��b�¦
Zº¿ ��ÎÍ Â�Ð��bº�¦�Ávºº� ½¦°ºs�±¦�Äzd�À]�»z�¯�¶]�°º^l¯
¿vº� Â�zºcÄÞzº³¦®§�ÁzÀºk zdº�À]�®ººlo�b¬��¶]�b�¦�²¨°¯
zº� b¬��¶]�¾´�¿��v�Z]�À¦ºk�ÄZ·¶kºk�³°¦º-�ÁZ.d�®�¶��ºc
�zdº�À]�z¿®Z¤¯�¶]�b^�³�ÄÞz³¦�À¦|À¯�²¿zd°§�Z]�ÁzÀk�À®º]�®lo
�zdºº°§�²À´º� °®�¶ºkºk�³°¦º-�ÁZ.dº�®�®ºlo�bº¿®Âvp¯�Â
½¦°ººs »z�¯��v³¦Á®z§�Á®Z d�¦�Z·ÁzÀk�²¿¦�±¦�¶§�¾¿Z·¶kºk

��ÎÒ Â�ÎÍ��v³¦¶d�¦®�Äzd°§
±¦�Zºc v´d�Zºº¿ ¾¿Z³¦ºc�j¿°vc�¶]�Z·¶kºk��¾-±Â°�ÑÏ ²��°®
Äxº�¯�®¦ºº¯ Â��vº´´§�Á®Z dºº�¦�Äzd�À]�°¦v¤¯�¶]�ÄÞz³¦�®§�ÁzÀk
²À¯Pºc ½¦°ººs »zº�¯��º¿¦|�¦�¢¿z��±¦�¦°�®ºs�Á®Z d�¦�®°º¯
®ººÀ�´c ®�À³Z¨¯�¶§�v³®z§�³°¦|-�|À³��ÎÓ��²¯|¿¦Â�Â�ª¦°��v´´§
Â��bº�¦�¶ºd�Z¿�¶�º�ºc�zdº°§�²º� ®ºº§ ÄZ·¶kºk�Ä¦z]�ÄÞz³¦
¢ºÀ^�c�ÁzÀººk ÄÞz³¦�À¦|À¯�Z]�¦°�®ºs�»z�¯�j¿°vc�¶]�Z·¶kºk

�v´·®¾¯
Â�ÏÓ ²À´��°®�Z·¶kºk�Àv]�À±Â�z]�ÁzÀk�ÄÞz³¦�À¦|À¯�zÀgPc
Ä°ºº� ¶]���Ï ¾Âvk���3�Í�ÍÎ��®º]�°¦®¾´�¯�°ZÀ�]�¾-±Â°�ÑÏ
Àvººº] À±Â��¾-±Â°�ÏÓ ²º� °®�ÁzÀºk ÄÞzº³¦��º¿¦|�¦�Zº] ¶º§
|Àº³ �ÏÑ��²º¯|¿¦Â��b�Zº¿ �º¿¦|�¦�¾º�s�©°ººº� ¶]�Z·¶kºk
ÄZº·ÁzÀk��²º� ®º§ ÄZ·¶ºkºk�³°Âzº� °®�¶ºº§ ®z§�³°¦|-
Z·¶ºkºk�zdº�À]�vº�°�f�Zº] �Äxº�¯�®¦ºº¯ zºº�³�±¦�zc®§¦zcz�

�®®z-¾¯
ªº�¦º��°®�½¦°ºººs ª¿v^c�\¿z��z]��ÁzÀk�ÄÞz³¦�À¦|À¯�zg¦
�3�Í�ÍÎ��vººº� °¦®¾º´�¯�°ZÀº�]�¾-±Â°�ÑÏ�Î Â�ÏÓ�Î ¾´º�
®º^ º̧] ½¦°ºs�ª¿v^c�\¿z���ÁzÀk�ÄÞz³¦��¿¦|�¦�Z]���Ð ¾Âvk�
Â�ÎÑ��®°¦®�¾ºº³¦ºs®·�Àº-Z³º-�ÄZ·³°¦|-�Z]�¶lÀd³�²¿¦��b�Z¿
À¦|Àº¯ �º¿¦|�¦�Zºº] |À³�À±Â��¿¦|�¦�¶]�ÄÞz³¦�ª¿v^c�\¿z����ÏÎ
ÄZ·ÁzÀk�Â���Ð ¾Âvk��b�Z¿��¿¦|�¦�¾�s�°º��¶]�ÁzÀk�ÄÞz³¦
v³vº� ªº¿v^c�À±Â��º¿¦|�¦�¶º] Äzdºº°§�Á®±Z]�Z]��zd�À] ÄÞz³¦�Z]
Â�Ò��bº�¦�z.ºº¿®�ÀZ-v´·Â&��vÀ¿Pc�®°º¯�¶lÀd³�²¿¦���3�Í�ÍÎ�

��ÏÍ
ÄÞzº³¦�²À¯Pºc °®�ÁzÀºk ÄZº·¾]z#�§xººk Â�®�·�bÀ¬]Z£
¶º§ ®ºº�¾¯�f�Zº] ÁzÀººk ¾]z#�À®º]�®Z¿±��®°¦®�Ä®Z¿±�bÀ°·¦
Ávº� ®º�·�ÄZºº·¾]z#��²À´#®·��v]Z¿��·Z§�À¡�®�·�bÀ¬]Z£
²ºº¿¦�°®���Î��vº´´¨³�b§zº� ±Zº� Â�bsºº� °®�bº�¦�²º¨°¯
Zº] ÄZº·ÁzÀk�±¦�®ººs ÄÞzº³¦�±ZººÀ³���°�Ä¦z]�ÀZ-v³z���©°º�
Â��®zº§ vº´·¦ºs�Á®Z dºº�¦�°Z�d³¦�®°º¯�vo�±¦��À]�zc®Z¿±�ÄÞz³¦
zdº�À]�bº�¦�²º¨°¯�Z¸º³¡�À±Â��º¿¦|�¦�¶]�ÄÞz³¦�ª¿v^c�\¿z�

�®º�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.3

.1
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

5-
14

 ]
 

                               4 / 8

https://dorl.net/dor/20.1001.1.22518517.1382.7.3.12.5
https://jcpp.iut.ac.ir/article-1-451-fa.html


�����ÄvÀ«ºc�®z¨¬°��z]�À¦®~��¶]�À¦®�À��ÄZ·ÁzÀk��¿º�c�ÀZ¯±�Â�ÄÞz³¦�À¦|À¯�zg¦

ÎÒÔ

Ä®Z�d£¦�Á®±Z] Â��½¦°ºs ¶´¿|·��Àv]�À±Â��½¦°ºs »z�¯�z]�À¦®~��Â�À¦®�À���¿º�c�ÀZ¯±�Â�ÁzÀk�ÄÞz³¦�À¦|À¯�zg¦��Ï ¾Âvk
³°Âz���¬dt¯�ÄZ·Á°Â®�°®��«ZsZ³

�¿z-��½¦°ºs�»z�¯�¿z-��Àv]�À±Â½¦°ºs�¶´¿|·
�ÀZ¯ºc�¶kºk�

�«ZsZ³�Ä®Z�d£¦�Á®±Z]
�ÀZ¯ºc�¶kºk�

�±Â°��³°Âz��ÄZ·Á°Â®

¾¿¦x��ÄZ·°Z°ÀcÏÓ�ÎÑÏ�ÎÏÓ�ÎÑÏ�ÎÑÏ�ÎÑÏ�Î
�NFDO�0(�NJ� ÄÞz³¦�À¦|À¯

ÏÕÍÍ
ÐÍÍÍ
ÐÏÍÍ
�±Â°���¿º�c�ÀZ¯±
ÎÓ
ÏÎ
ÏÓ

°ZÀ�¯�ÄZ�s

ÎÐÎÐ�ÒD
ÎÐÐÏ�Ö D

ÎÐÑÏ�Ó D

ÎÐÒÑ�Ò D

ÎÐÏÒ�Õ D

ÎÐÍÕ�Ô D

ÎÔ�Ô

ÐÒÐÔ�Ò D

ÐÑÎÍ�Í E

ÐÑÎÓ�Í E

ÐÑÏÓ�Ô D

ÐÑÒÓ�Ñ D

ÐÑÕÍ�Ò D

ÑÍ�ÔÕ

ÔÏÖ�Ò F

ÔÒÔ�Î E

ÕÍÏ�Ñ D

ÔÏÔ�Ö F

ÔÓÍ�Õ E

ÕÍÍ�Ï D

Õ�Ô

ÎÓÖÍ�Ð E

ÎÓÔÒ�Í E

ÎÔÑÑ�Ñ D

ÎÓÔÏ�Ó E

ÎÔÍÑ�Ò E

ÎÔÐÏ�Ò D

ÎÒ�Ð

ÒÎÒ�Î F

ÒÕÑ�Ò E

ÓÒÕ�Ñ D

ÒÔÏ�Ñ E

ÒÕÒ�Ò DE

ÒÖÖ�Õ D

Ô�Î

ÏÎÑ�Ò D

ÎÐÓ�Õ E

ÎÍÎ�Í F

ÎÑÔ�Ï D

ÎÒÎ�Ö D

ÎÒÐ�Î D

Ò�Ñ
��3�Í�ÍÒ� v´�Z]¾¯�°¦®¾´�¯�»Èds¦�Ä¦°¦®��v´d�·�©ÂZ d¯�»Âzo�Ä¦°¦®�¶§�Ä®¦v�¦�Àºd��z·�°®

°®�À±Â��¿¦|�¦�¶]�ÄÞz³¦�ª¿v^c�\¿z��Â�½¦°ºs�ª¿v^c�\¿z��z]�À¦®~��Â�À¦®�À���¿º�c�ÀZ¯±�Â�ÁzÀk�ÄÞz³¦�À¦|À¯�zg¦��Ð ¾Âvk
³°Âz���¬dt¯�ÄZ·Á°Â®

½¦°ºs�ª¿v^c�\¿z�
À±Â��¿¦|�¦�¶]�ÄÞz³¦�ª¿v^c�\¿z�

�¿z-�Äz«Z§º¬À§�
�±Â°��³°Âz��ÄZ·Á°Â®

¾¿¦x��ÄZ·°Z°ÀcÏÓ�ÎÑÏ�ÎÏÓ�ÎÑÏ�Î
�NFDO�0(�NJ� ÄÞz³¦�À¦|À¯

ÏÕÍÍ
ÐÍÍÍ
ÐÏÍÍ

�±Â°���¿º�c�ÀZ¯±
ÎÓ
ÏÎ
ÏÓ

°ZÀ�¯�ÄZ�s

Î�ÖÏ D

Î�ÕÔ D

Î�ÔÕ E

Î�ÖÕ D

Î�ÕÒ E

Î�ÔÑ F

Í�ÍÏÐ

Ï�ÎÒ D

Ï�ÍÖ E

Ï�ÍÏ F

Ï�ÎÎ D

Ï�ÍÕ D

Ï�ÍÓ D

Í�ÍÎÖ

Ò�ÐÕ E

Ò�ÓÎ D

Ò�ÔÍ D

Ò�ÖÑ D

Ò�ÒÑ E

Ò�ÏÏ F

Í�ÍÔ

Ó�ÍÎ F

Ó�ÏÕ E

Ó�ÑÔ D

Ó�ÐÑ D

Ó�ÏÐ D

Ó�ÎÕ D

Í�ÍÓ
��3�Í�ÍÎ��v´�Z]¾¯�°¦®¾´�¯�»Èds¦�Ä¦°¦®�v´d�·�©ÂZ d¯�»Âzo�Ä¦°¦®�¶§�Ä®¦v�¦�Àºd��z·�°®

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.3

.1
2.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

5-
14

 ]
 

                               5 / 8

https://dorl.net/dor/20.1001.1.22518517.1382.7.3.12.5
https://jcpp.iut.ac.ir/article-1-451-fa.html


ÎÐÕÏ |À¿Z����¿º��Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÒÕ

Â�½¦°ººs ¶º´¿|·��·Zº§ f�Zºº] ÁzÀk�ÄÞz³¦�À¦|À¯��·Z§
v��¾-±Â°�ÑÏ ²��°®�¶kºk�z·�Ä¦±¦�¶]��«ZsZ³�Á®±Z]��¿¦|�¦
vº³®z§�³°¦|-��Ó��|ºº³¦º¿¦�Â�v«Z³Â®�¦¯���Ï ¾Âvk���3�Í�ÍÎ�
¶ºº] zl´¯��ÄÞz³¦z��ÁzÀk�¶]�b^�³���ºd¯�ÄÞz³¦�Ä¦°¦®�ÁzÀk�¶§
¦°�À¡�ªºÀ«®�ÀZº�¿¦��vº� vºº·¦ºs�Áv³z��z·�Ä¦±¦�¶]�Äzd�À]�®º�
Â��vº³®z§�zº§¯�À¡�ÄÞzºº³¦�Z]�ÁzÀk�¶´¿|·�ÀZÀ¯�¾�s ¶Z^c°¦�®º^³
zc¶ºº´¿|·z��b^º�³�¶º] zºcÄÞzº³¦z��ÄZº·ÁzÀk�¶º§ vº³®¦®�ÀZº�³

�v´�Z]¾¯
ÑÏ�Î ¶º¬�Z��°®�À¦®~��¶]�À¦®�À��ÄZ·ÁzÀk��¿º�c�ÀZ¯±
vºº� ½¦°ººs `º´¿|·��·Zº§ f�Zº] °¦®¾º´�¯�°ºº� ¶º] ¾-±Â°
Ávº³z��zº· Ä¦±¦�¶ºº] �«ZsZ³�Ä®Z�d£¦�Á®±Z]�z]�¾«Â���3�Í�ÍÒ�
³°¦|-�|Àº³ �ÎÐ��ÀÇºº· Â�©ººº�®Âz���b�¦v³�Ä°¦®¾´�¯�zÀgPc
±¦�±Â°�z·�°®�À¦®~��¶]�À¦®�À��ÄZ·ÁzÀk��¿º�c�ÀZ¯±�v³®z§
Ä®Zº�d£¦�Á®±Zº] °®�Ä°¦®¾º´�¯�zÀºÀ�c�f�Zºº] ¾-±Â°�ÐÐ Zc�ÏÑ
»zº�¯�¦°�®°ººº¯ ²¿¦�ªÀ«®�Z¸³¡��v�³�Áv³z��z·�Ä¦±¦�¶]��«ZsZ³
°®�¾º«Â��vº³®z§�zº§¯�À¦®�ºÀ��¶º] b^ºº�³�À¦®~��¨zÀk�zd�À]
°ºº� ¶º] Ávº³z��zºº· Ä¦±¦�¶]�½¦°ºs�»z�¯�¶§�z�Zo��¿Z¯±¡
�bººº�z.³�°¦zº£ Zº·ÁzÀk��º¿º�c�ÀZº¯±�zÀgPºc bºpc�°¦®¾º´�¯
Á®zºº§ »z�¯�Äzd�À]�°¦v¤¯�¶]�À¦®�À��¨zÀk�±¦�¶§�¾¿Z·¶kºk
�º¿¦|�¦�²º¿¦�b¿Z¸ºº³ °®�¶§��v´d�¦®�Äzd�À]�À±Â��¿¦|�¦��v³®º]
¦°�À¦®�ºÀ��zd�À]�»z�¯�±¦�ª�Zo�½¦°ºs�`´¿|·��¿¦|�¦��À±Â
¾º³¦v´#�zÀºÀ�c��«ZººsZ³�Ä®Z�d£¦�Á®±Z]�¿Zl³¦z��Â��Á®z§�¾h´s
ÀZº¯±�¶º§ vºº³®z§�³°¦|-�|À³��Ö��,³ºÀ�¡ Â�º¯º«¡��b�¦�Á®z¨³
zÀgPºººc ¾.ºd ·�Ó Zº¿ Â�Ò �Ñ �Ð �Ï �Î �zº ��°®�ÁzÀºk �º¿º�c
�b�¦�¶d�¦v³�À±Â��¿¦|�¦�¶]�b^�³�½¦°ºs�¶´¿|·�z]�Ä°¦®¾´�¯
zº] Ä°¦®¾º´�¯�zºg¦�À¦®~º� Â�À¦®�ººÀ��ÁzÀk��¿º�c�ÀZ¯±
²º¿¦��bº�¦v³�¾-±Â°�ÑÏ�Î Â�ÏÓ�Î ²À´ºº� °®�½¦°ºs�»z�¯
��ÏÑ Â�ÏÐ �ÏÏ �Ö��®°¦®�¾³¦ºs®·�Ä°ZÀ�]�ÄZ·³°¦|-�Z]�¶lÀd³
Àvº] À±Â�zºº] À¦®~��Â�À¦®�À��ÄZ·ÁzÀk��¿º�c�ÀZ¯±�zg¦
¶º] �bº�¦�Á®ºº] °¦®¾ºº´�¯�¾-±Â°�ÑÏ Â�ÏÓ ²À´��°®�¶kºk�z·
Äzdº�À]�©vº¯ ¶º] À¦®�ºÀ��ÁzÀººk ±¦�¶§�¾¿Z·¶kºk�¶§�Ä°º�
vº³®º]�Äzdº�À]�Àvº] À±Â�Ä¦°¦®�²À´º� ²ºº¿¦�°®��v³®z§�Á®Z d�¦

Â��Ñ��À¦°Zº¨°·�Â�Àººº�À«�ÄZ·³°¦|-�Z]�¶lÀd³�²¿¦���Ï ¾Âvk�
Äxº�¯�®¦ºº¯ zÀgPºc v´dº�¦®�ÀZººÀ]�¶§��®°¦®�¾³¦ºs®·��Ô��À¦°º¯
�bº�¦�zc�tº�¯��vºº�Z]�zd°§�Z·¶kºk�²��¶§�¾¯Z.´·��ÁzÀk
zº] ÁzÀºk Äxº�¯�®¦ºº¯ zÀºÀ�c�zºg¦��°Zdºº�§�²��°®�zÀsPc�Z]�¾«Â
�ÎÕ Â�ÎÔ��À¦°Zº¨°·�Â�n«Zºº� �v]Z¿¾¯��·Z§�Z·¶kºk�®z¨°�
À¦®ÀZÀ¯�Â�À¦®�À��ÁzÀk�¿Z.´·®Â±��¿º�c�ÀZ¯±�v³®z§�³°¦|-
�vºº¿®z-�¾-±Â°�ÏÕ °®�Àv]�À±Â��·Z§�f�Z]��¾-±Â°�b ·�°®
|Àº³ Ä®Zº¿±�ÄZºº·³°¦|-��v�³�Áv¿®�¾-±Â°�ÑÏ °®�zg¦�²¿¦�¾«Â
vººÀ«ºc�\kº¯�À¦®�À��ÁzÀk�±¦�Á®Z d�¦��¿¦|�¦�¶§�v·®¾¯�ÀZ�³

��Ö��b�¦�Áv��°Zd�§�¿Z.´·�°®�Äzc²À.´��ÄZ·¶kºk
ªºº¿v^c�\¿z��z]�À¦®~��Â�À¦®�À��¨zÀk��¿º�c�ÀZ¯±�zg¦
ÏÓ�Î `ºº¬�Z��°®�À±Â��¿¦|�¦�¶]�ÄÞz³¦�ª¿v^c�\¿z��Â�½¦°ºs
°¦vº¤¯�¶º] ¶º§ ¾¿Z·¶ºkºk�Â���3�Í�ÍÎ��vºº� °¦®¾´�¯�¾-±Â°
Äzd¸º] ªºº¿v^c�\¿z��Ä¦°¦®��v³®z§�Á®Z d�¦�À¦®�À��±¦�Äzd�À]

��Ð ¾Âvk��v³®º]
\º¿¦z��zº] À¦®~ºº� Â�À¦®�À��ÄZ·ÁzÀk��¿º�c�ÀZ¯±�zg¦
°¦®¾º´�¯�¾-±Â°�ÑÏ�Î ¾´ºº� `¬�Z��°®�ÄÞz³¦�Â�½¦°ºs�ª¿v^c
zº] Zº·ÁzÀk��º¿º�c�ÀZºº¯±�Â�ÁzÀk�ÄÞz³¦�ªs¦vc�zg¦�¾«Â��v�³
�À±Â��º¿¦|�¦�¶ºº] ÄÞz³¦�ª¿v^c�\¿z��Â�½¦°ºs�ª¿v^c�\¿z�
ª]Zº£ ÄÞzº³¦�z¿®Zº¤¯�°®�¶º§ Ä°ººº� ¶]���3�Í�ÍÒ��®º]�°¦®¾´�¯
�ºº¿º�c�ÀZ¯±��¿z-º¬À§�°®�Äz«Z§º¬À§�ÐÍÍÍ Â�ÏÕÍÍ ®�À«º]Zd¯
°®��®¦vº³ ÀZº�³�Ä°¦®¾º´�¯�»Èººds¦�©ÂZ d¯�ÄZ·±Â°�°®�ÁzÀk
ÀZºº¯±��¿z-º¬À§�°®�Äz«Z§º¬À§�ÐÏÍÍ ÄÞz³¦�n���°®�¶§�¾c°º�
f�Zºº] �¾-±Â°�ÏÎ Â�ÎÓ ¶]�b^�³�¾-±Â°�ÏÓ °®�ÁzÀk��¿º�c
v��ÄÞz³¦�ª¿v^c�\¿z��Â�½¦°ºs�ª¿v^c�\¿z��°¦®¾´�¯�®º^¸]

��Ñ ¾Âvk�
°¦vº¤¯��º¿¦|�¦�Zº] ¶º§ Á®¦®�ÀZºº�³�Z·�·Â&��±¦�¾sz]�j¿Zd³
��ÎÏ��bº�¦�¶ºd�Z¿�®º^¸ºº] ½¦°ºs�ª¿v^c�\¿z���ÁzÀk�²ÀXcÂz�
ÀZº¯±��º¿¦|�¦�¶º§ vºº³®z§�³°¦|-�|À³��ÎÐ��ÀÇº·�Â�©º�®Âz�
®º^¸]�f�Z]�¾-±Â°�ÐÐ�ÏÑ °®�À¦®~��Â�À¦®�À��¨zÀk��¿º�c
¾-±Â°�ÐÐ�Î Â�ÏÕ�Î ¾´º� ªºº�¦º� °®�½¦°ºs�ª¿v^c�\¿z�
bpc�¾-±Â°�ÑÖ�Î `¬�Z��°®�½¦°ºs�ª¿v^c�\¿z��¾«Â��Áv�
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�����ÄvÀ«ºc�®z¨¬°��z]�À¦®~��¶]�À¦®�À��ÄZ·ÁzÀk��¿º�c�ÀZ¯±�Â�ÄÞz³¦�À¦|À¯�zg¦

ÎÒÖ

³°Âz���¬dt¯�ÄZ·Á°Â®�°®�À±Â��¿¦|�¦�¶]�ÄÞz³¦�ª¿v^c�\¿z��Â�½¦°ºs�ª¿v^c�\¿z��z]�¾¿¦x� ÄZ·°Z°Àc�zg¦��Ñ ¾Âvk
½¦°ºs�ª¿v^c�\¿z�À±Â��¿¦|�¦�¶]�ÄÞz³¦�ª¿v^c�\¿z�

�¿z-�Äz«Z§º¬À§�
�±Â°��³°Âz��ÄZ·Á°Â®

¾¿¦x��°Z°Àc
�¿º�c
�±Â°�ÏÓ�ÎÑÏ�ÎÏÓ�ÎÑÏ�Î

�NFDO�0(�NJ� ÄÞz³¦
ÏÕÍÍ
ÏÕÍÍ
ÏÕÍÍ
ÐÍÍÍ
ÐÍÍÍ
ÐÍÍÍ
ÐÏÍÍ
ÐÏÍÍ
ÐÏÍÍ

°ZÀ�¯�ÄZ�s

ÎÓ
ÏÎ
ÏÓ
ÎÓ
ÏÎ
ÏÓ
ÎÓ
ÏÎ
ÏÓ
�

Ï�ÍÏ D

Î�ÖÑ DE

Î�ÕÎEF
Î�ÖÔ D

Î�ÕÎ EF

Î�ÕÏ EF

Î�ÖÒ D

Î�ÔÖ F

Î�Ó G

Í�ÍÑÍ

Ï�ÎÕ D

Ï�ÎÑ DE

Ï�ÎÏ DE

Ï�ÍÕ DE

Ï�ÍÓ E

Ï�ÎÐ DE

Ï�ÍÖ DE

Ï�ÍÐ E

Î�ÖÐ F

Í�ÍÐÏ

Ò�ÓÒ EF

Ò�ÑÏ FGH

Ò�ÍÖ H

Ò�ÖÐ DE

Ò�ÓÑ FG

Ò�ÑÑ FGH

Ó�ÏÒ D

Ò�ÔÏ EF

Ò�ÎÐ GH

Í�ÎÏÎ

Ó�ÎÍ FG

Ò�ÖÖ G

Ò�ÖÑ G

Ó�ÏÑ EFG

Ó�ÎÖ EFG

Ó�ÑÍ DEF

Ó�ÓÕ D

Ó�ÒÎ DE

Ó�ÏÎ EFG

Í�ÎÍÐ
��3�Í�ÍÒ��v´�Z]¾¯�°¦®¾´�¯�»Èds¦�Ä¦°¦®��v´d�·�©ÂZ d¯�»Âzo�Ä¦°¦®�¶§�Ä®¦v�¦�Àºd��z·�°®

�·Z§�Z]�¶§�®z§�³°¦|-|À³��ÎÎ��²�zd���b�¦�¶d�z.³�°¦z£�zÀgPc
¶º] ÄÞzº³¦�ªº¿v^c�\º¿z���ÁzÀºk °®�²ººÀXcÂz��¶]�Äz«Z§�b^�³
�ÎÔ��À¦°Zº¨°·�Â�n«Zº� �²ºÀ´#®º· �b�Zºº¿ ®º^¸]�À±Â��¿¦|�¦
¶º] b^º�³�À¦®�ºÀ��¨zÀºk ±¦�zdº°§�Á®Z dºº�¦�¶§�v³®z§�³°¦|-
�ººº¿¦|�¦�f�Zº] �¾-±Â°�ÏÕ�Í `º¬�Z��°®�À¦®~º� Â�À¦®ÀZºÀ¯
°®�zºg¦�²º¿¦�¶º§ ¾«Zºo °®��Ávºº� ÄÞz³¦�ª¿v^c�\¿z��°¦®¾´�¯

�b�¦�Áv�³�°¦®¾´�¯�¾-±Â°�ÑÏ�Í ¾´��¶¬�Z�
zºº] ÁzÀk�Äx�¯�®¦º¯�Â�ÄÞz³¦�®§¦zc�®À¤d�¯�zÀgPc�¶]�¶kºc�Z]
�¿Zº¯±¡�²º¿¦��¿¦zº� °®�½¦°ººs ªº¿v^c�\ºº¿z��Â�Àv]�À±Â
Ä¦ÁzÀºk ÄZ·®¿Þ°�±¦�Á®Z d�¦���zd°§�²À´��°®�Z·¶kºk�³°Âz��
À¦®�À��zc®§¦zd¯�¨zÀk�±¦�Á®Z d�¦�ÀZ¯±��¿¦|�¦�Â�zd�À]�ÄÞz³¦�Z]
Äzc²À.´º� ÄZ·¶ºkºk�vººÀ«ºc�¶]�zl´¯��À¦®~��¨zÀk�¶]�b^�³

�b�Zº¿ vº·¦ºs�®º^¸ºº] |À³�½¦°ºs�ª¿v^c�\¿z��Â��v��v·¦ºs
±¦�Á®Z d�¦�ÀZ¯±�Â�ÄÞz³¦�À¦|À¯��¿¦|�¦�¶§�b�¦®�¶kºc�v¿Z]�¾«Â
b¿|¯�¶§�®º��,´·Z°·�°¦±Z]��¿¦z��Z]�Ä¦¶³º-�¶]�À¦®�À��¨zÀk

�v�Z]�¶d�¦®�Á¦z°·�¶]�Ä®Z�d£¦

Ä°¦|.�Z��
|§z¯�Â�¾¬À°¨c�©ÈÀ�pc�zd�®��·Â&��b³ÂZ�¯�±¦�¶¬À�Â�²¿v]
¶º] �¾ºº�Â®z��ÁZ.�³¦®�Ä±°ÂZ�§�¨v¨�³¦®�¾¯¦®�¿º¬��©Z¤À¤pc
Â���¿Zº¯±¡�²º¿¦�±ZºÀ³�®°ºº¯ ©¦|À¸ºlc�Â�Z·¶º´¿|·�ªºº^¤c�z�Zs
¶º³Z°À°���v³¦¶dºº�¦®�b§°Z�¯�¬z��²¿¦�Ä¦zk¦�°®�¶§�¾³¦°Z¨°·

�®º�¾¯�¾³¦®°v£�Â�z¨�c

Á®Z d�¦�®°º¯��]Z´¯
�� )DUUHO�� -�� '��� 5�� %�� *XPPLQJ� DQG� -�� '�� +DUGDNHU��������7KH�HIIHFW�RI�HQHUJ\�FRQFHQWUDWLRQ�RQ�JURZWK�UDWH�DQG

FRQYHUVLRQ�RI�HQHUJ\�WR�ZHLJKW�JDLQ�LQ�EURLOHU�FKLFNHQV��%U��3RXOW��6FL��������������
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ÎÐÕÏ |À¿Z����¿º��Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÓÍ

�� -DFNVRQ�� 6��� -�� '�� 6XPPHUV�DQG�6��/HHVRQ��������(IIHFW�RI�GLHWDU\�SURWHLQ�DQG�HQHUJ\�RQ�EURLOHU�SHUIRUPDQFH�DQG
SURGXFWLRQ�FRVWV��3RXOW��6FL����������������

�� .URGDJKL��$��������'LJHVWLRQ DQG�DEVRUSWLRQ�RI�OLSLGV�LQ�SRXOWU\��-��1XWU���������������
�� /HHVRQ�� 6��� /�� *�� &DVWRQ� DQG� -�� '�� 6XPPHUV�� ������ &RPSDULVRQ�RI�IHHG�DOORFDWLRQ�V\VWHPV�LQ�EURLOHU�QXWULWLRQ

VWXGLHV��1XWU��5HS��,QWU��������������
�� /HHVRQ�� 6��� /�� *�� &DVWRQ�DQG�-��'��6XPPHUV��������%URLOHU�UHVSRQVH�WR�HQHUJ\�DQG�SURWHLQ�GLOXWLRQ�LQ�WKH�ILQLVKHU

GLHW��3RXOW��6FL��������������
�� 0F'RQDOG�� 0�� :�� DQG� 0��(YDQHV��������$�VLPXODWLRQ�VWXG\�RI�WKH�HIIHFWV�RI�GLHWDU\�PHWDEROL]DEOH�HQHUJ\�RQ�WKH

HFRQRPLFV�RI�EURLOHU�SURGXFWLRQ��3RXOW��6FL����� ���������
�� 0RUDQ�� (�� 7�� ������ &DUFDVV� TXDOLW\� FKDQJHV� ZLWK�WKH�EURLOHU�FKLFNHQV�DIWHU�GLHWDU\�SURWHLQ�UHVWULFWLRQ�GXULQJ�WKH

JURZLQJ�SKDVHV�DQG�ILQLVKLQJ�SHULRG�FRPSHQVDWRU\�JURZWK��3RXOW��6FL����������������
�� 1DWLRQDO� 5HVHDUFK� &RXQFLO�� ������ 1XWULHQW� 5HTXLUHPHQWV� RI� 3RXOWU\�� �WK UHY�� HG��� 1DWLRQDO� $FDGHP\� 3UHVV�

:DVKLQJWRQ��'&�
�� 2ORPX�� -�� 0�� DQG� 6��$��2IILRQJ��������7KH�HIIHFWV�RI�GLIIHUHQW�SURWHLQ�DQG�HQHUJ\�OHYHOV�DQG�WLPH�RI�FKDQJH�IURP

VWDUWHU�WR�ILQLVKHU�UDWLRQ�RQ�WKH�SHUIRUPDQFH�RI�EURLOHU�FKLFNHQV�LQ�WKH�WURSLFV��3RXOW��6FL��������������
��� 3HVWL��*��0��DQG�&��)��6PLWK��������7KH�UHVSRQVH�RI�PDOH�EURLOHU�FKLFNHQV�WR�GLHWDU\�FRQWHQWV�RI�SURWHLQ��HQHUJ\�DQG

DGGHG�IDW��%U��3RXOW��6FL��������������
��� 3HWHUVHQ�� 9��(��������7KH�LQIOXHQFH�RI�HQHUJ\�FRQWHQW�DQG�SURWHLQ�HQHUJ\�UDWLR�RI�IHHG�RQ�JDLQ��IHHG�FRQYHUVLRQ�DQG

VODXJWKHU�\LHOG�RI�EURLOHUV��5HSRUW�RI�1DWLRQDO�,QVWLWXWH�RI�$QLPDO�6FLHQFH��1R�������&RSHQKDJHQ��'HQPDUN�
��� 3HWHUVHQ�� 9�� (�� ������ 7KH� HQHUJ\� FRQWHQW� DQG�SURWHLQ�HQHUJ\�UDWLR�RI�GLHWV�IRU�EURLOHUV�DQG�LWV�LQIOXHQFH�RQ�ERG\

ZHLJKW� JDLQ� DQG� IHHG� FRQYHUVLRQ� RI� EURLOHU�FKLFNHQV��5HSRUW�RI�WKH�1DWLRQDO�,QVWLWXWH�RI�$QLPDO�6FLHQFH��1R�
�����&RSHQKDJHQ��'HQPDUN�

��� 3URXGIRRW�� )�� *�� DQG� +�� :��+XODQ��������3HUIRUPDQFH�RI�FKLFNHQ�EURLOHU�FKDQJHG�IURP�VWDUWHU�WR�ILQLVKHU�GLHWV�DW
GLIIHUHQW�DJHV��&DQ��-��$QLP��6FL��������������

��� 5HHFH�� )�� 1�� DQG� -�� /�� 0F1DXJKWRQ�� ������(IIHFWV�RI�GLHWDU\�QXWULHQW�GHQVLW\�RQ�EURLOHU�SHUIRUPDQFH�DW�ORZ�DQG
PRGHUDWH�WHPSUDWXUH��3RXOW��6FL����������������

��� 5REELQV�� .�� 5��� +�� :�� 1RUWRQ� DQG� '�� +��%DNHU��������(VWLPDWLRQ�RI�QXWULHQW�UHTXLHUPHQWV�IURP�JURZWK�GDWD��-�
1XWU�����������������

��� 5XWK�� /�� <�� DQG�-��:LVHPDQ��������(IIHFWV�RI�QXWULWLRQ�RQ�EURLOHU�FDUFDVV�FRPSRVLWLRQ��LQIOXHQFH�RI�GLHWDU\�HQHUJ\
FRQWHQW�LQ�WKH�VWDUWHU�DQG�ILQLVKHU�SKDVHV��%U� 3RXOW��6FL��������������

��� 6DOHK�� (��$���6��(��:DWNLQV�DQG�3��:��:DOGURXS��������&KDQJLQJ�WLPH�RI�IHHGLQJ�VWDUWHU��JURZHU��DQG�ILQLVKHU�GLHWV
IRU�EURLOHUV��,��%ULGV�JURZQ�WR�� NJ��-��$SSO��3RXOW��5HV�������������

��� 6DOHK�� (��$���6��(��:DWNLQV�DQG�3��:��:DOGURXS��������&KDQJLQJ�WLPH�RI�IHHGLQJ�VWDUWHU��JURZHU��DQG�ILQLVKHU�GLHWV
IRU�EURLOHUV��,,��%LUGV�JURZQ�WR���� NJ��-��$SSO��3RXOW��5HV�����������

��� 6$6�,QVWLWXWH��������6$6�6WDW�8VHU¶V�*XLGH�5HOHDVH���WK HG���6$6�,QVWLWXWH�,QF���&DU\��1&�
��� 6XPPHUV�� -�� '�� DQG� 6�� /HHVRQ�� ������ ,QIOXHQFH� RI� GLHWDU\�SURWHLQ�DQG�HQHUJ\�OHYHO�RQ�EURLOHU�SHUIRUPDQFH�DQG

FDUFDVV�FRPSRVLWLRQ��1XWU��5HS��,QWU��������������
��� 6XPPHUV�� -�� '��� '�� 6SUDWW� DQG�-��/��$WNLQVRQ��������%URLOHUV�ZHLJKW�JDLQ�DQG�FDUFDVV�FRPSRVLWLRQ�ZKHQ�IHG�GLHWV

YDU\LQJ�LQ�DPLQR�DFLG�EDODQFH��GLHWDU\�HQHUJ\��DQG�SURWHLQ�OHYHO��3RXOW��6FL��������������
��� :DOGURXS��3��:���6��(��:DWNLQV��-��7��6NLQHU��0��+��$GDPV�DQG�$��/��:DOGURXS��������(IIHFW�RI�GLHWDU\�DPLQR�DFLG

OHYHO� RQ�UHVSRQVH�WR�WLPH�RI�FKDQJH�IURP�VWDUWHU�WR�JURZHU GLHWV�IRU�EURLOHU�FKLFNHQV��-��$SSO��3RXOW��5HV���������
����

��� :DUUHQ�� :�� $�� DQG� -�� /�� (PPHUW�� ������ (IILFDF\�RI�SKDVH�IHHGLQJ�LQ�VXSSRUWLQJ�JURZWK�SHUIRUPDQFH�RI�EURLOHU
FKLFNHQV�GXULQJ�WKH�VWDUWHU�DQG�ILQLVKHU�SKDVHV��3RXOW��6FL��������������

��� :LVHPDQ��-��������1XWULWLRQ�DQG�FDUFDVV�IDW��3RXOW��,QWO���������������
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