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

��

uº§�¹ ±%¹zdÀ³�uº§��¬dt¯�mº���zÀgPc�¾�yz]aZ ��½¹y�¾�z¯
�øï�µ|À¿Z��yZÀs�¾ À§�¹

½uZ]M�®�Z·�u¹YuÎ¹¾�Z§�®¿z¨«Yv^��Ï

µvÀ¨#
±%¹zºdÀ³��¬dt¯zº¿uZ¤¯zgY�Í�ÎÏå�æêå¹æíå�«Zs�±%¹zdÀ³�­z-º¬À§��¹æå¹ v�y�½¹y�yZd¨·�yu�¦�s�¾�z¯�uº§�²c�yZÀs�uz¨¬°�

µ|À¿Z�uyº¯�­È¿Y�±Zd�Y�z¸��µyu�¶¤�´¯�yu�}º´À¯Yuz�º��®£y�¾�yz]b�z-�yYz£��¾�uZ�c�ª¯Z§�½Z·�¥º¬]�mz��{Y��¿Z¯{M�²¿Y�½YzkY�½Yz]
v��µuZ d�Y�yYz¨c�¶��yu�

¶cº]�zc�±{¹�¹ ¶cº]�yu�µz-�uYv�c��¶cº]�©º���¦¿�¶kyu�©º�p¯�±{¹��ª§�uz¨¬°��z]�Z·yZ°Àc�zºgY½yZ¯M�n��yu�Z·æ�Yu�¾´�¯¹ uº]�y
±Y|À¯�¶]�uz¨¬°��zh§Yvoè�éæv¯M�b�u�¶] ¾�z¯�uº§�yZ°Àc�yu�yZd¨·�yu�²c��yZ°Àc��±%¹zdÀ³�½Z·yZ°Àc�²À]�yuæíå�«Zs�±%¹zdÀ³�­z-º¬À§�

b�z-�yYz£�¾�z¯�uº§�yZ°Àc�{Y�v�]�zd�À]�uz¨¬°��Zº] yZdº¨·�yu�¦�s�µuZ¯�v�yu�½¹y�|À³�¹ µºÀ¯�z�£�¹ ©º��½¹y�½uº§�½Z·yZ°Àc�zgY
µ{Yv³Y��¬dt¯�ªoYz¯�yu�µºÀ¯uº]�a¹Z d¯�½zÀ-�²À´#�®·¹ ¶cº]�yu�uz¨¬°��²À]�½yYu�¾´�¯�¹ b^h¯�¾.d�]�®·aZ �µz-�uYv�c��¶cº]�©º�

v¯M�b�u�¶] ¶cº]�zc�±{¹�¹ ¶cº]�yu�

½vÀ¬§�½Z·�µ%Y¹�yZÀs�±%¹zdÀ³��¾�z¯�uº§�

¶¯v¤¯
yZÀs�&XFXPLV� VDWLYXV�½|^� {Y�¾¨¿�½Z·¶§�b�Y��z�¯�z��

{Y��À]�¶]�±M�yZ§�¹ b�§�¶¤]Z�èååå¾¯�ª^£�©Z��v�y�ë�í��
æë��yZÀs�b�§�z¿{�n����½{y¹Z�§�uZ¸k�ayY{¹�yZº¯M�¢^º�

¾º�Yy{�©Zº� yuìî�æèìí�ìììåè¹ yZdº¨·�²À.³ZÀ¯uz¨¬°��
©ºº�p¯�²º¿Yç�æìb�Y�µv���yY|-�yZdº¨·�yu�²ºc�æ��yZÀs

½vÀº«ºc�±YººcyZÀº�]uyYu�¾¿ÇZ]�¹¶³Zt¬-��¿Yz��yu¶]�yuZ£�½Y
{Y��À]�Zc�vÀ«ºcêåå¾¯�yZd¨·�yu�²c�v�Z]�æç��¾ ¬dt¯�ª¯Yº�

¾¯�¶¬°k�±M�{Y�¶§�v³yYu��¤³�yZÀs�uzº¨¬°��½¹y¶¿x�c�¶]�±Yºc
uº°³�µyZ�Y�¾«M�¹ ¾³v�¯�½Z·uº§�Z]�©uZ�d¯�

�uyYu�¥Zs�yu�±%¹zdÀ³�±uº]�®·Yz��¶]�¾.dº�]�µZÀº- vº�y
�c�yu�z�´��²¿Y�Yz¿{ºªÀ¨À�Y�º´À¯M�º²ÀXc¹z���Z·v·º½Z·vÀ�Y��Z

Î��¾³Z^�Z]�¾]z¯¾¯È�Y�uY{M�µZ.�³Yu��b�y�
ç�¾³Z^�Z]�uZd�Y��½{y¹Z�§�µv¨�³Yu��±Yz¸c�µZ.�³Yu�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
83

.8
.2

.3
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
17

 ]
 

                               1 / 8

https://dor.isc.ac/dor/20.1001.1.22518517.1383.8.2.3.1
https://jcpp.iut.ac.ir/article-1-422-en.html


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

çë

uyYu��¤³�¾«º¬��aZ^À§zºc zº.¿u�¹ ¦ÀºX¬§º³�çå��b¿u¹vp¯
kºÀ³�[xºª¿v^c��±%¹zd1�12�

�¶]1�12�
�] ¶§�Yy¶�¹º¶¬À

y aYzºdÀ³�®¿|º³M{Zdº§Yu�15�¾º¯ ayºº�¾¯��·Z§��uzÀ-v·u
�çå��yu¾º�yz]¹z¯¹y�¹ |¿¹y��æîîî�v��µv¿uz¿uZ¤¯�z-Y�¶§�

æåå¹çååuº��µuYu�yZÀs�¶]��«Zs�±%¹zdÀ³�­zº-º¬À§��bÀ«Z���
®¿|³M15uº]�v·Yºs�[º¬�¯�vo�yu��¶§�b�Y�¾«Zoyu�²¿Yêå

¹ ®¿|³M�bÀ«Z����·Z§�fº�Z]��±%¹zºdÀ³�­zº-º¬À§éåå­z-º¬À§�
À³uYu�v·Yºs��¿Y|�Y�av��¶]�Yy�®¿|³M�²¿Y�bÀ«Z���±%¹zºd�çå��

v³uz§�µv·Z�¯�²À´#�®·yZ°Àc�¶§æåå] ¹¶�º�sçåå­z-º¬À§
¾«M�yYu�±%¹zdÀ³�aZ^À§zc�±Y|À¯�²¿zd�À]���«Zs�±%¹zºdÀ³�º´À¯M

Z·vÀº�Y�µºÀº¯ ½ºº� ¶º] Yy¾º¯ ¡ºº� Zº·z¯Y�²¿Y�¹ v·uf�Z]�
v·Yºs�©º�p¯�uz¨¬°���¿Y|�Yv��çå��

¯�¿Y|�Y�±Y|À¯�¹ ±Yz¿Y�yu�µv���¿{ºc�uº§�yYv¤¯�²À]�¶º�¿Z¤
¾¯�±Zº�³�uzº¨¬°�uyYv³�uºk¹�¹u�²¿Y�²À]�¾^�Z´c�¶§�v·u�ë��

ºc�º¿{f�Z]�±Y{yY�b°À£�Z]�¾¿ZÀ°À��½Z·uº§�{ZÀ³�vo�{Y��Àº]
¾¯¾¿ZÀ°À��½Z·uº§�µ{Yv³Y�{Y��À]��z�¯�Z]�±Y{y¹Z�§�¶§�uº�

Y ¹ v´�Z]�©º�p¯�uzº¨¬°���¿Y|º�Y�¾º� yuª¯Yº��{¹z]�z¯Y�²¿
½yZÀº�]¶º¬°k�{Y���¥Zs�yu�¾¿Yx��z�Z´��©uZ�c�±uyºs�®·�z]

{Y�¾°À����t]�²d�y�yv·�¹ ©ºº�p¯�¾º À§�bº�Y�¹ ¾º-uº«M
uyYu�µYz°·�¶]�Yy�¾º¬¯�¶¿Z¯zº��{Y��À]��z�¯��¿Y|�Y�¾�z��{Y

¾¯�v¿v¸c�Yy�±Z�³Y�b¯È��±%¹zdÀ³�½¹Zo�½Z·uº§�voYz¿{�v´§
ººk Yy�¾�Zºº�Y�±%¹zººdÀ³��µZÀºº-yu�aYzººdÀ³��ºº°lc�¹ µuººº°³�[x

uYu�v·Yºs�qy�©º�p¯�ê��yu�¶§�v³uz§�µv·Z�¯�¹z¯¹y�¹ |¿¹y
yZ°Àºcéååbº�¬���±%¹zºdÀ³�­zº-º¬À§�12±

��¿Y|�Y�µºÀº¯ yu�
b�Z¿�v·Yºs�½zÀ-�®º�#�aYzdÀ³��µZÀ-�¶§�b�Y�¾´�¯�²¿v]�²¿Y

aYzdÀ³�±º¿�µZÀ-�yu�¹ µuz¨³�ª¿v^c�¶´À¯M�½Z·vÀ�Y�¶º] Yy�¾�Zº�Y
°lcb�Y�¶d�Z¿���çå��

¶§�b�Y�½y¹z��¶d¨³�²¿Y�¶]�¶kºc��yZÀs�¶¿x�c�Z]�¶�]Yy�yu
¶º�¿y�®dº�À�¶�¿y�¾-uzd�-¹�b�Y��À���yZÀs�½YyZÀs�½Z·

¾¯�±ZÀW¹v§�µuYº³Zs�±Z·ZÀ-�z.¿u�{Y�zd°§v�Z]�¶�¿y¢°��yu�Z·
¢ºº°��yu�[xººk bÀºº«Z���²¿zdºº�À]�¹ vºº³yYu�yYzºº£ �ºº�ºd¯

èå�çå¾¯�ayºº� ½zºd¯�¾d³Zº�zÀ-u�í��®d�À��¶]�¶kºc�Z]

¶º�¿yuº]�v·Yºs�²¨°¯�¹ ¾¬°��¾³Z¯{�µZÀ-�¶¿x�c���À�º� ½Y
v�Z]�¶º�¿y�yZÀºdsY�yu�¾º�Z§�[M�¶º§�ê��¶]�¾«M�uYº¯��¿Y|�Y�Z]

¶º.³�bÀ�zº� �¥Zºs¾¿º�]M�¹ ¶d�y�ÇZ]�¥Zs��º�ºc�[M�½yYu
z�Z´�ó±%¹zdÀ³�µ&¿¹�¶]��vÀ�y�v·Yºs�ª£Yvo�¶]��

Yzº] ±ºº-Z³º-�¾º°¬���]Z´º¯ yu±%¹zdÀ³�¶]�yZÀs�{ZÀ³��º�y�½
{Y�¾ ¬dt¯�zº¿uZ¤¯íåZc�çååyZd¨·�yu�­z-º¬À§��é�í�ææ�æí�

çå�bº�Y�µvº� ¶Àº�ºc�¶kººc ªº]Z£¶º§ bº�Y¹ [M��¿Yz��
±Y|À¯�²ÀÀ�c�yu�b�Z§�uyº¯�®£y�¹ ¶¤�´¯�¥Zs�bÀ��¹��¾¿Yº·

¾¯�yYuyºsz]�¾¿ÇZ]�bÀ°·Y�{Y��±%¹zdÀ³v´�Z]�
©Zº� yuu ¾«M�uYº¯�zÀsY�½Z·µ&¿¹�µZ.¿Zk�±Z·ZÀ-�¶¿x�c�y½Y
vº³Y�¶dº�Z¿�j¿Zdº³½Zº·�·¹&º�¾¯�±Zº�³�±ºº-Z³º-�Z]�¶§�v´·u

¶]��¥Zs�¶]�¾«M�uYº¯�±u¹|�Y�z]�µ¹È���¾³YºÀo�½Z·uº§��zº�¯
©º�p¯�uz¨¬°���Z¸³M�±%¹zdÀ³�¶º¬°k�{Y�¾º¿Yx��zº�Z´��zº�Zs

¾¯�½zÀ-�®�# �¿Y|�Yv]Z¿�é�æê�æí�çæ��
¹ bÀº°·Y�¶º] ¶kººc Zº]¶¿x�c�yu�¾«M�uYº¯�¹ ±%¹zdÀ³��¤³�

¾¿ZÀ°À��½Z·uº§�vo�{Y��À]��z�¯�¶]�¶kººc Zº] |ºÀ³�¹ yZÀºs
¾´À¯{�z¿{�½Z·�[M�¹ ©º�p¯�¾-uº«M�z�s�¶§�±%¹zdÀ³�½¹Zºo
½Yz]�±%¹zdÀ³�yZ°Àc�²¿zd¸]�²ÀÀ�c��v·�Zº] ¹ uyYu�µYzº°·�¶º] Yy
¾�yz]�²¿Y�yu��yº�§�­z-�¾¿Yº·�¹ [M�¶¤�´º¯ yu�µ|ºÀ¿Z��yZÀºs

¤¯�zºgYaZ ��½¹y�¾�z¯�uº§�¹ ±%¹zºdÀ³��¬dºt¯�zº¿uZ��øï¹
±Zd�Y�z¸��µyu�¶¤�´¯�yu�}º´À¯Yuz�º��®£y�µ|ºÀ¿Z��yZÀºs ¾º À§

­È¿Yv��¾�yz]�

�¹y�¹ uYº¯Z·
yu��ºº£Y¹�z¸ºº� µyu�±Zdºº�z¸��yu�¾ºº�yz]�²ºº¿Yæçê½zººd¯º¬À§�

b�z-�­Zl³Y�­È¿Y�¾]z��[º´ºk�¾¨¿|À��¹ ¾¿ZÀ°À��|À«Z³M�j¿Zd³
©¹vk�yu�¥ZsæMb�Y�µv¯�

yu�¾�uZ�c�ª¯Z§�½Z·�¥º¬]�mz��{Y��¿Z¯{M�½YzºkY�½Yzº]
v��µuZ dº�Y�yYzº¨c�¶º��Z·yYz¨c�²À]�¶¬�Z�é²À]�¶¬�Z��¹ zd¯�

v��¶d�z-�z�³�yu�zd¯�¦º¿ Z·yZ°Àºc�az§�z·�uZ�]Yæå�ìzd¯
uºº]�½Z·yZ°Àc�¶]��½v´]�az§�{Y�~º�æçå�æêå¹æíå­z-º¬À§�

¨·�yuº¤¯�yZdºyYvíë�èå­z-º¬À§�^´¯�{Y��«Zs�±%¹zdÀ³ºµy¹Y��

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
83

.8
.2

.3
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
17

 ]
 

                               2 / 8

https://dor.isc.ac/dor/20.1001.1.22518517.1383.8.2.3.1
https://jcpp.iut.ac.ir/article-1-422-en.html


aZ ��½¹y�¾�z¯�uº§�¹ ±%¹zdÀ³�uº§��¬dt¯�mº���¾�yz]�øï�µ|À¿Z��yZÀs�¾ À§�¹

çì

©¹vkÎ��¿Z¯{M�ªp¯�¥Zs�aZÀ�º�s�¾sz]
¥Zs�b�Z] ²�

���

b¬À�

���

}y

���

®À�Zd�
ª]Z£
[xk

�S�S�P�

z ��
ª]Z£
[xk

�S�S�P�

±%¹zdÀ³
ª§

����

²]z§
¾«M

����

v�yu
¾h´s�uYº¯
µv³º�

¶d¿vÀ�Y
�Z^�Y�ª§

b¿Yv·
¾¨¿zd¨«Y

æåè�(F

�GV�P�

v�yu
�Z^�Y

¢°�

�FP�
­º«�¾¬§��¾d¬À� í êî èè êåå ë�ì æç�å çè�æ èí ê�ì éê�æ éí èå�å

º� µuYuº¹ vyYv¤¯�¾�z¯�uºº§ yZ°Àºc ½Zº·azº§ ¶º]æåyu�²c�
·ºz¿{�¶]�ªÀ]�¶¬À�¹�¶] ¹ v��µuYu�b�Z§�{Y�¾¬^£�¾�z¯�uº§�yZd¨

v��µuZd�z��¥Zºs�c yu�±%¹zdÀ³�uº§�¶À¤]½Z·yZ°Àæçå�æêå¹
æíåº] ­zº- º¬Àº§¶v��µuYu�¶¬oz¯�yZ¸#�¾��¹ ¥z��ayºº��

¹ ®À�¤c�½¹Z�¯�b°�£�yZ¸#�¶]�±%¹zdÀ³�uºº§ µv³Z°Àº£Z]�¾º´�¿
²Àdº�t³¥zº� uºº§ébº�Z§�{Y�~º� ¶dº ·��¹ ¦´c�{Y�v�]�
½yZº§Y¹�vº� µuYu��z.¿v¨¿�{Y�¶d ·�¹u�¶¬�Z��¶]�|À³�uºº§ ¶Àº¤]

uº§�²¿zsM�¶§�½yº��¶]�vº� µuYu¥z�æåb�Z§�{Y�v�]�¶d ·�
b�zº- yYzº£ µZÀº- yZÀºdsY�yu�z�º���^´¯�{Y�¥Zs�z ���uº^º°§

v��±Yz^k�b�Z§�{Y�ª^£�ª�¿zc�aZ ���b�Z§�{Y�ª^£�²À´#�®·
¹y¹Z-�{Y�~��¹ b�z-�ayºº� ½yZÀº]M�¶¬ozº¯ ¦º¿ ©ºº�p¯

vºº� ­Zººl³Y�Z·yxºº] bºº�§��²Àºº¯{�±vºº���ºº¿uy�¶¬ºº�Z�Zºº·
ìê��æzd¯��çê�æ¹ ¶d����z��ê�åzd¯�½ºk��z���¶¬�Z��¹

¶cºº] bº�Z§Zº·è�åv��¶d�z-�z�³�yu�zd¯��z·�©º��¶]�¶kºc�Z]
�¿uy�æåzd¯��uYv�cèç¶lÀd³�yu�¹ �¿uy�z·�½¹y�¶cº]�æçí

v��b�§�azº§ zº· yu�¶cºº]�Z·yx]�b�Z§�¢°�ê�è¾d³Z��
¶º«Z#�zº· yu�¹ uºº] zºd¯èv��b�§�yx]��v�]�¶d ·�¦¿�Z·yx]

¹ v³vºº� |^ºº�æë�æç~ºº� {¹y�ayººº� ½yZºº§Y¹��bºº�Z§�{Y�
b�z-�¶cº]�¦´c>Z^¿z¤c�Z·çêyu�¹ v��­Zl³Y�b�Z§�{Y�~��{¹y�

v��¶d�Yu�¶.³�¶cº]�¦¿��¤��ªp¯�z·�
�¬��²Àk¹�µZÀ-�ºº°³�¹ vº�y�µy¹u�¾º�Z]�µ{yZ^¯��{z·�½Z·

½yZ°Àº] ¹ aZº�MaZÀ¬°��zº.¿u�¹ ¥zº� uºº§ ±uYu��½yZÀº]M�Z·
b�z-�­Zl³Y�¾�d¤¯�±Z¯{�yu��b�Yu�

bº�Yuz]¹ b�z-�ayº���¬dt¯�½Z·�²À#yu�©ºº�p¯
µºÀº¯¹u�¹ ¦¿�¶kyu�¶]�az§�z·�{Y�µv��b�Yuz]�½Z·�¦À¨ c�

v³vº� ²¿{ººc ¹�µ{Yv³Y�½Yzº]¶��yu�¶§�µºÀ¯�z�£�¹ ©º��½zÀ-

uYv�c��v��­Zl³Y�¶¬oz¯æå¾�uZ�c�ayº��¶]�az§�z·�{Y�µºÀ¯�
v��½zÀ-�µ{Yv³Y�Z¸³M�zº�£�¹ ©ºº� ¹ [Ztdº³Y�µ{Yv³Y�½Yz]½zÀ-

ºº�¶cº]�zc�±{¹�¹ ¶cº]�z·�yu�µz-uYv�c��¶cºº] ©b�À]�uYv�c�Z·
|º§z¯�{Y�¶cºº]¶¬oz¯�²¿zsM�{Y�~��¹ v³v��[Ztd³Y�az§�zº·

µ{Yv³Y�¡º��½Z·yºd§Z��{Y�bº�Yuz]v¯M�ª°��¶]�½zÀ-�½Yz]�¶d^«Y�
µ{Yvº³Y¶cº]�©º��½zºÀ-�µ{Yv³Y�¶cº]�z·�¶£Z��²¿zcv´¬]�v��½zÀ-�
µ{Yvº³YºÀº¯ ¦º�s�µuZº¯ vº�yu�½zºÀ-yu�|À³�µè­Zl³Y�¶¬oz¯�

¶¬oz¯�z·�yu�¹ b�zº-æåµv��[Ztd³Y�¾�uZ�c�ayº��¶]�µºÀ¯�
µºÀ¯��±uzº§ ¦º�s�¹ ²dº���{Y�~º� ¹®À�¤c�¶��£�v´#�¶]�Z·

¹ µv�æåå±¹M�±¹yu�¶³º°³�z·�{Y�­z-�íê¾d³Z��¶kyu�¶]�uYz-
avº¯çévº� µuYu�yYzº£ b�Zº�¹µuZ¯�v�yu�¹ ²¿{ºc�~��

¶^�Zp¯�¦�sv¿uz-�
Z^º�Zp¯ª¯Z§�½Z·�¥º¬]�mz��}Z�Y�z]�mz��²¿Y�½yZº¯M�a

yY|�Y�­z³�{Y�µuZ d�Y�Z]�¾�uZº�c067$7&²À.³ZÀ¯�¶�¿Z¤¯�¹Z·
v��­Zl³Y�²¨³Yu�±º¯{M�{Y�µuZ d�Y�Z]�

fp]�¹ j¿Zd³
cº]�z·�yu�µz-�uYv�c¶

n��yu�Z·yZ°Àc�²Àº] �ÈdºsY�b º� ²º¿Y�yuê�v��yYu�¾´�¯�
©¹vºk yu�¶º§ ¶³ºº-±Zº°·çº¿u¾¯�µvZ]�¾�z¯�uº§�yZ°Àc�uº�

²À.³ZÀ¯æé�çë¹ uº]�YyYu�Yy�µz-�uYv�c�²¿zd�À]�¶cº]�z·�yu�µz-�
yZ°Àc�½¹Zº�¯�½yZº¯M�zº�³�{YæíåZ]��«Zs�±%¹zdÀ³�­z-�º¬À§�

²Àº.³ZÀ¯çë¶cº]�yu�µzº-b�Y�¶cº]�©º���¿Y|�Y�z¯Y�²¿Y�b¬�
¾¯�yZ°Àc�¹u�²º¿Y�yuv�Z]�©¹vkç��v�y�½¹y�¾«M�½Z·uº§�zgY

¹ ¾º�¿¹yz-y{�¾�À ��j¿Zd³�Z]�©º�p¯�uz¨¬°���é�½uZ°o�¹
�æè��¯º]ZºuyYu�b¤� �ºyu�z-y{�¾�À]�yzº ��¾ºaZ�ºº�øï

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
83

.8
.2

.3
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
17

 ]
 

                               3 / 8

https://dor.isc.ac/dor/20.1001.1.22518517.1383.8.2.3.1
https://jcpp.iut.ac.ir/article-1-422-en.html


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

çí

©¹vkÏ�¶kyu�©º�p¯�uz¨¬°� �ª§�uz¨¬°��¶]��º]z¯�²À.³ZÀ¯�¶�¿Z¤¯æ¹ç¶cº]�b�À]�zc�±{¹�¹ ¶cº]�yu�µz-�uYv�c��¶cº]�©º�


¶cº]�b�À]�zc�±{¹
�NJ�

¶cº]�yu�µz-�uYv�c ¶cº]�©º�
�FP�

©º�p¯�uz¨¬°�
¶kyuç

�NJ�KD�Î�

©º�p¯�uz¨¬°�
¶kyuæ

�WRQ�KD�Î�

ª§�uz¨¬°�
�WRQ�KD�Î�

Z·yZ°Àc

Gêêå�ê Fèèè�çé Gëì�æåî Díæ�íëè Gèåå�çæ Gçåí�çç z �
Dîêå�í Dæèè�çë Dêí�æèæ DEîå�íéæ Déåæ�éå Dçíì�éæ æå¾�z¯�uº§�²c�
FGëíå�ê EFåëì�çê Fììì�ææè Eçé�ëìê FGîåå�çê FGêêë�çë æçå±%¹zdÀ³�­z-º¬À§
Fæèí�ë Eèëì�çê Fçæ�ææé Fìë�éíé Fèåå�çî Fíåç�çî æêå±%¹zdÀ³�­z-º¬À§�
Eêîì�ì Dåå�çë Eíèì�æçç Géè�èìæ Eêåå�èë Eíêí�èë æíå±%¹zdÀ³�­z-º¬À§�


�d�¯��¹zo�½YyYu�¶§�½uYv�Y�±ºd��z·�yu�©Z°doY�n���yu�v´d�·�¥zæ���¶cº]�yu�µz-�uYv�cê��v³yYv³�½yYu�¾´�¯��ÈdsY�z.¿v°·�Z]�²¨³Yu�±º¯{M��

¹§º ÀºÀs�¾º� yZºc ¶]�|^º�^º{Y�bÀ¯º«M�uYºº¯ ¹ ¾º�º³vººyu�¾
¶§�vÀ�y�¶lÀd³�²¿Y�¶]�µ|À¿Z��b�§èå¹ yZd¨·�yu�¾¯Yu�uº§�²c

|ºÀ³æêå¿zd�À]�yZd¨·�yu��«Zs�±%¹zºdÀ³�º¬Àº§yu�µz-�uYv�c�²
¾¯�vÀ«ºc�Yy�¶cº]v¿Z°³�é��

¶cº]�©º�
n���yu�Z·yZ°Àc�²À]��ÈdsY�b º� ²º¿Y�yuæ�v��yYu�¾´�¯�

©¹vºk yu�¶º§ ¶³ºº-±Zº°·çµv¿u¾¯�uº��Z]�¾�z¯�uº§�yZ°Àc�
©ºº� ²Àº.³ZÀ¯êí�æèæb�Yu�Yy�¾«º��v�y�²¿zd�À]�zd¯�¾d³Z��
±M�{Y�vº�]¹æíå±%¹zdÀ³�yZd¨·�yu�­z-º¬À§�b�Yu�yYz£�²¿Y�yu

j¿Zd³�|À³�b º�µv¯M�b�u�¶]Z]�½Z·�¾�yz]z-y{�¾�À ���é�¹
½uZº°o�æè�uyYu�bº¤]Z�¯�®£y�¶§�uz§�¶�oÈ¯�z-y{�¾�À º�

bº�Z¿yu�Zº] }º´À¯Yuz�ºº�èå¶cº]�¾¯Yu�uº§�²ºc©º��¶]�¾¿Z·
æèåbº�Z¿yu�Zº] ¹ zºd¯�¾d³Zº�æêå�«Zs�±%¹zºdÀ³�­zº-º¬À§��
¶cº]©º��¶]�¾¿Z·æçíZ��¾d³uº°³�vÀ«ºc�zd¯�é��bpc�¶cº]�©º�
zºÀgPc½Z·�¾º-&¿¹ª�Zo�¹ ¶¿x�c��\�Z´¯�½Z¯u��¾¨Àd³%�½|Às

¾º¯ ¥Zºsvº�Z]�½º«Z·�{Y�ª¤³�¶]�z-y{�¾�À �¾¯�±ZÀ]¶§�uyYu
ª�Zof�Z]�µZÀ-�v�y�¹ b�Y�zgR¯�µZÀ-�v�y�½¹y�¥Zs�½|Às

¾¯�µuZ¯�½Z·�ª- uYv�c�¹ ¶cº]�©º���¾·u�¶sZ���¿Y|�Yuº��é��
zºÀ³z]�iyººk¦¿�±Z·ZÀº- yu�¶º§ v³v¤dº�¯�±YyZº¨°·�¹¹ ¶«Z�
¦Àº�yZ§º³º¯�µ{Yv³Y�¶]�v¿Z]�¾·u�ª-�¶¬oz¯�¶]�±vÀ�y�½Yz]�µZÀ-�

¹ �ººº¬] {Zºº� uyY¹�¹ µvºº³yYx-�Yy�¾ºº«Z¸³º³�{Zºº� Zººc vºº�z]�¾º´À�¯
uºº� ¾º·u�ªº-�v�y�¶]�¶§�b�Y�½zº�Z´��¶º¬°k�{Y�±%¹zºdÀ³�

°§�¾«Z¸³º³�{Z��{Y�yº^��¹ µZÀ-�¾�¿¹y¾¯�¦v´§�î��

©º�p¯�uz¨¬°��ª§�
n���yu�Z·yZ°Àc�²À]��ÈdsY�b ��²¿Y�½Yzº]æ�v��yYu�¾´�¯

²Àº.³ZÀ¯�Zº] ¾º�z¯�uºº§ yZ°Àºc ¹è��éæ²¿zd�À]�yZd¨·�yu�²c�
b�Yu�Z·yZ°Àc�¶º°·�²Àº] yu�Yy�uzº¨¬°��©¹vkç�½Z·yZ°Àc�¹

æíå�æêå��æçåµuy�±%¹zºdÀ³�­zº-º¬À§�v´d�z-�yYz£�½v�]�½Z·�
· ½Yz]¶�¿Z¤¯�yu�|À³�¶cº]�yu�µz-uYv�c�¹ ¶cº]�©º��Z·yZ°Àc�²À°

b�Z¿��¿Y|º�Y�v·Zº� Zº]�©¹vkç��¶§�²¿Y ¶]�¶kºc�Z]Z·�ª-µºÀ¯�¹Z·
µzº- ªºp¯�yu¾¯�uZºl¿Y�Zº·¾¯�¾doYy�¶]�v³º�®À¤d�¯�¶�]Yy�¶]�±Yºc

uz]�¾��¶cº]�z·�yu�µz-�uYv�c�¹ uz¨¬°��²À]�¾.d�]�®· ¶^�Zp¯
aZ ��²À]�k©¹vè�¦¿�¶cº]�©º�¹�uz¨¬°��²À]�uYu�±Z�³�|À³

b^ººh¯ ¾.dºº�]�®ºº·îè�å U¹|ººÀ³ µzºº- uYvºº�c�¹ uzºº¨¬°��²Àºº]
b^h¯�¾.d�]�®·îì�å UuyYu�uºk¹��©º��²À]�|À³�z-y{�¾�À �

¾.d�]�®· \¿z��¶]�uz¨¬°��¹ ¶cº]îè�åb�Z¿�b�u��é��
�¿Z¯{M�{Y�µv¯M�b�u�¶]�j¿Zd³��j¿Zd³�²º¿Y½Z·�vÀWPc�Yy�¾¬^£

¾º¯ ±Zº�³�¹ µuzº§ªoYz¯�yu�¾¿Yx��uYº¯�¶]�¾�zd�u�¶§�v´º·u
¾ºº¿ÇZ]�bÀºº°·Y�yZÀººs yu�¾ºº�¿Y{�¹ ¾ºº�¿¹y�vºº�y��¬dººt¯

uyYu�ç�µYz°·�z-Y���ºd¯�±%¹zdÀ³�yYv¤¯�Z]�¾º³v�¯�½Z·uºº§ ¹
Zº]©º�p¯�bÀ À§�¹ uz¨¬°��½¹y�v³º��µuZ d�Y�¾«M�½Z·uºº§

uyYxºº- v´ºº·Yºs�b^ººh¯�zººgY�{Y�zºº-Y�¶dºº^«Y¶ºº] Z·uººº§ ²ºº¿Y�
b�Yu�v´·Yºs�Yy�uºs�¾�t]�zgY�uº��µuZ d�Y�|À³�¾¿Z¸´c�æí��

º�¯º�zæå¯ uº§�²c�º¨·�yu�¾�zº¬°���¿Y|�Y��yZdº½uz¨
©uZº�¯î�íê�b�Y�¶d�Yu�v·Z��yZ°Àc�Z]�¶�¿Z¤¯�yu�¾�z¯�uº§
�Yu�Z]º²dç�d¯�yZgM ±%¹zdÀ³º� ½¹y�½uv�º¥Zs�¾¨¿|À��aZ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
83

.8
.2

.3
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
17

 ]
 

                               4 / 8

https://dor.isc.ac/dor/20.1001.1.22518517.1383.8.2.3.1
https://jcpp.iut.ac.ir/article-1-422-en.html


 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
83

.8
.2

.3
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
17

 ]
 

                               5 / 8

https://dor.isc.ac/dor/20.1001.1.22518517.1383.8.2.3.1
https://jcpp.iut.ac.ir/article-1-422-en.html


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

èå

ayZ^º� ¶º§ uyYuY{Y�vº³�¶]�[M�[xk �¥Zs�ayYzo��¿Y|º�Y
|À³�¹ ¶³Yv§Zs�ªÀ¨�c�¶º] ¦º°§��uººs ±{¹�zº]Yz]�v´º# ±Y|ºÀ¯

½Z·zgY¶¿x�c�½Y�è�¾¯�¶§uz¨¬°���¿Y|�Y�±YºcyZ°Àc�{Y�ª�Zo
¹ ²¿Y�¶º] Yy�¾º�z¯�uºº§uYu�b^�³�¾-&¿�¾�z��{Y¿u¶§�v��µv

yZ°ÀcæíåyZd¨·�yu��«Zs�±%¹zdÀ³�­z-º¬À§�yZ°Àc�Z]�¶�¿Z¤¯�yu
©uZ�¯�½uz¨¬°���¿Y|�Y�v·Zº�ëë�b�Y�¶d�Yu�z-y{�¾�À �

Zº] bº�³Yºc�|ºÀ³æêåzh§Yvo�¶]�yZd¨·�yu�±%¹zºdÀ³�­zº- º¬Àº§
v]Z¿�bº�u�uzº¨¬°��é�¹z¯¹y�¹ |¿¹y�¶§�²¿Y ²°���|À³�Z]�çåå

b�u�¶º] ¢º�º¯��«Zºs ±%¹zºdÀ³�º¬Àº§uz¨¬°��zh§Yvo�¶]�¾]Z¿
v³vº��çå��zº.¿u±Z-v´·¹&ºº��yY|ºº- Yy�¾¸]Zº�¯�j¿Zdºº³ |ºÀ³�
µuz§v³Y�ì¹æì��

mÈ�Y�ªÀ«u�¶]�yZÀs�uz¨¬°��½¹y�¾�z¯�uº§�zºgY�²¿zdº�À]
b�Y�¥Zs�¾¨¿%º«ºÀ]�¹ ¾¨¿|À���Yººs�uº§�¾]¹z¨À¯�¶¿|lc
Zs�½Z¯u��¿Y|�Y�f�Z]�¥Zºs yu�¾º�z¯¥µv�½Z¯u��¿Y|�Y�¹
¶º�¿y�zdº�À]��zdº�-�¶º] zºl´¯�¥Zºsz�Z´��zd¸]�[xk�¹ Z·

¾º¯ ¾º¿Yx�uº��¾¯Yu�½Z·uº§�yZgM ¶§�v³v¤d�¯�±YyZ¨°·�¹ ²§
z¿Z��¶]�¶kºc�±¹vº] vº¿Z]½Z·zgYuyº¯�yu�Z¸³M��±%¹zdÀ³z ���¹

¾�yz]�®À�Zd�uº��æå��

µºÀ¯�¦�s�µuZ¯�v�yu
yZ°Àc�¶§�aZ º� zº.¿u�~º¨��zº]½Z·yZ°Àc�{Y�zcz]�¾�z¯�uº§�
µºÀ¯�¦�s�µuZ¯�v�yu��uº]�zº.¿u|À³�zd°§�¶À¤]�{Y�yZ°Àc�²¿Y�yu�

uºº]��©¹vºkÑ��¶³º°³�©¹Y�¶¬ozº¯ yu�¶dº^«YZ]�±Z¯{�®· ¶§�½zÀ-
¾´�¯�Z·yZ°Àc�²Àº] �ÈdºsY�uºº] ©¹Y�bº�Yuz]¹ b�Y�µv�³�yYu

[xººk ½Yzºº] ¾ºº�Z§�bºº�z��µZÀºº- ¶ºº§ bºº�Y�²ºº¿Y�±M�ªÀºº«u
uººº§ ²Àdºº�t³¥zºº��bºº�Y�¶dºº�Yv³�Yy¾ºº«¹ºº]¶¶ºº§ j¿yvººc

½Yzºº] ¾ºº�Z§�bºº�z��µZÀºº- ¹ vºº� µuYu�½vºº�]�¥zºº� ½Z·uººº§
¹ ¶]�Z·yZ°Àc�²Àº] �ÈdºsY��uzº§ YvÀº� Yy�±%¹zºdÀ³�[xºkº�m

µvº¿uuºº�¾º¯�vºk©¹Ñ��yZ°Àc�b ��²º¿Y�yuæíå­z-º¬À§�
µ{Yvºº³Y ¶ºº³Z-�¶ºº� ªoYzºº¯ ½Yzºº] ±%¹zººdÀ³Zºº] \Àczººc ¶ºº] ½zººÀ-

éèè�ê�æèè�ì¹îèè�êZ·yZ°Àc�zº.¿u�{Y��¦º�s�µuZº¯ vº�yu
uº]�zcz]�

¹ uYu��¿Y|�Y�Yy�µºÀ¯�¦�s�_uZ¯�yYv¤¯�zd�À]�±%¹zºdÀ³��º£Y¹�yu
¶d�Yu�½zd°§�¦�s�µuZ¯��zd�À]�[M�[xk�Z]�¾�z¯�uº§�yZ°Àºc

bº�Y�ì��µZÀ-�v�y�ª¿Y¹Y�yu�¶§�v³v¤d�¯�±YyZ¨°·�¹ ººcYyº³º·
[xºk yYvº¤¯b�Y�®§�®Àº�Zd�¹�z º����±%¹zºdÀ³¾«¹{ {Y�±Z¯

ªÀ¨�c�Zc�¾�¿Y{�v�y��¹zº�²Àd�t³µºÀ¯�z�Z´��[xk�®·�Z·
�¿Y|º�Y�¥Zºs {Y¾º¯¾¯��¿z�c�µZÀ-�v�y�®·�¹ v]Z¿uº����æé��

¾´�¯¹�¦�s�µuZ¯�yYv¤¯�±uº]�²À¿Z��bº¬�b ��²¿Y�±v�³�yYu
µ{Yvº³Y�©¹Y�¶¬ozº¯ yuv�y�¶À«¹Y�ªoYz¯�yu�¶§�b�Y�²¿Y�½zºÀ-

b�Y�zcÇZ]�Z·�+z]�yu�¦º�s�µuZº¯ vº�yu«¹¾v�]�ªoYz¯�yu�
b�Z¿�v·Yºs��¿Y|�Y�µºÀ¯�¦�s�µuZ¯�v�yu�æé��

Zc�±%¹zºdÀ³��¿Y|º�Y�±YyZº¨°·�¹ ±ºÀº� �yY|º- ¢^º�çéå
­zº-º¬À§�µuZ¯�¹ v´£�yYv¤¯�¶¨¬]��uYv³��¿Y|�Y�Yy�uz¨¬°��Z¸´c�¶³�
¦º�sYy�uYu��·Zº§ |ºÀ³��æí��z-y{�¾�À ��ªº]Z¤¯�yu²¿Y�¶]

n���Zc�±%¹zdÀ³�¶§�vÀ�y�¶lÀd³æêå-º¬À§�­z�µºÀ¯�¦�s�µuZ¯�
uYu�v·Yºs��¿Y|�Y�Yy�é��

¶cº]�zc�±{¹�¹ uz¨¬°��¶�]Yy
¶cº]�zºc ±{¹��ÈdºsYn���yu�Z·yZ°Àc�²À]�Z·æ�¾´�¯µv��yYu

bº�Y�©¹vºkç��\Àczºc ¶º]æå�¾º�z¯�uºº§ ²ºcæíå¹æêå
v·Z��Z]�¶�¿Z¤¯�yu�Yy�¶cº]�zc�±{¹�yZd¨·�yu�±%¹zºdÀ³�­zº-º¬À§

v³uYu��¿Y|º�Y�d�¯�"¿uYyª�Zo�b�Y�v¤¹ v�y�z]�¥Zs�½|Às
¶sZ��vº�y��¿Y|º�Y�¢¿zº� {Y�±M�zºgY�¹ uyYu�zºgY�µZÀº- ºº°³Z·

¾º¯ ayºº�uzÀ-�æî��¶cº]�²¿Yz]Z´]¶sZ��¶§�¾¿Z·½zd�À]�½Z·
b�Yu�v´·Yºs�½zcÇZ]�zºc ±{¹�vº³yYu��¿Y|�Y�b�Y�v¤d�¯�½¹

bpc�Yy�µuZ¯�½Z·�ª- uYv�c�yZÀs�yu�±%¹zºdÀ³�½¹Zºo ½Z·uºº§
cPzºÀg¾º¯ yYzº£vº·u�æî�¶sZ��½¹y�µuZ¯�½Z·�ª- ±º#�¹½Z·

¾¯�ªÀ¨�c�¾º�z�±{¹�¹ uz¨¬°��²À]�¾.d�]�®· ¾doYy�¶]�v³º�
¶cºº] zºc¾º¯ �tº�¯�Zº·uºº��zc�±{¹�²À]�¾.d�]�®· \¿z�

¶cºº]�¿Z¯{M�²º¿Y�yu�uzº¨¬°��¹ Zº·îì�¾¯n���yu�¶§�v�Z]
½yZ¯Mæ�b�Y�µv�yYu�¾´�¯�©¹vkè��z��{Yzc�±{¹�z.¿u��

ÇZ]¹�b^h¯�¾.d�]�®· µz-�uYv�c�¹ ¶cº]�©º��Z]�|ºÀ³�Zº· ¶cºº]¿¾
vº³yYu�©¹vkè��¶sZ��©º���¿Y|�Y��£Y¹�yu�¿Y|�Y�\kº¯�Z·

µz-�uYv�cb¿Z¸³�yu�¹b�Y�µv��uz¨¬°��¹ ¶cº]�zc�±{¹��

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
83

.8
.2

.3
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
17

 ]
 

                               6 / 8

https://dor.isc.ac/dor/20.1001.1.22518517.1383.8.2.3.1
https://jcpp.iut.ac.ir/article-1-422-en.html


aZ ��½¹y�¾�z¯�uº§�¹ ±%¹zdÀ³�uº§��¬dt¯�mº���¾�yz]�øï�µ|À¿Z��yZÀs�¾ À§�¹

èæ

©¹vkÑ�µºÀ¯�z�£�¹ ©º� �¦�s�µuZ¯�¶]��º]z¯�²À.³ZÀ¯�¶�¿Z¤¯


µºÀ¯�z�£�FP�
©¹Y ¶¬oz¯­¹u�¶¬oz¯­º��¶¬oz¯

µºÀ¯�©º��FP�
­º��¶¬oz¯ ­¹u�¶¬oz¯ ©¹Y ¶¬oz¯

µºÀ¯�¦�s�µuZ¯���
­º��¶¬oz¯ ­¹u�¶¬oz¯ ©¹Y�¶¬oz¯

Z·yZ°Àc
Eíçê�ç Fëæè�ç Fëìì�ç Fæêì�æç Fëêå�æç Fèëì�æç Eæçå�ê Féëì�ê Fèèè�ê z �
Dííì�ç Dîíæ�ç Eìíç�ç EFêìì�æè Dìîå�æé Eèëì�æé Eîçè�é Fìåå�é Fåæå�ê æå¾�z¯�uº§�²c�
DEíèê�ç Fíéç�ç Fëíè�ç EFíìå�æç Féìì�æç EFîåè�æç DEëæå�é Fåèè�ë Fèíì�ê æçå±%¹zdÀ³�­z-º¬À§�
Díêé�ç DEíìê�ç DEîêè�ç EFéçè�æè Díèì�æè Eèéè�æé Dèçì�ê Eåëì�ë Féåå�ê æêå±%¹zdÀ³�­z-º¬À§�
Dîçæ�ç DEîèç�ç Dîèë�ç Dìçè�æè DEæåå�æé Dëèì�æé Dîèè�ê Dæèè�ì Féèè�ê æíå±%¹zdÀ³�­z-�º¬À§�


��²À.³ZÀ¯�b ��z·�½Yz]·©Z°doY�n���yu�v´d�·�¥zd�¯��zo�¦¿�½YyYu�¶§�½Zê�¾´�¯��ÈdsYv³yYv³�½yYu�

¶lÀd³Z·uZ¸´�À�¹�½zÀ-
¾cZ ��¾º�yz]�²º¿Y�yu±º$°·©º�p¯�uz¨¬°���ª§�uz¨¬°��

¶cº]�zc�±{¹��¶cº]�©ºº� �¹u�¹ ¦º¿ ¶ºkyuz·�yu�µz-�uYv�c��Z·
µ{Yvº³Y�µºÀº¯ ¦º�s�µuZº¯ vº�yu��¶cºº]v³v��½zÀ-�²¿Y�j¿Zd³
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zdÀ³�­zº-º¬À§¶À�ºc�ª]Z£�¶¤�´¯�²¿Y�½Yz]�yZd¨·�yu��«Zs�±%¹
bº�Y�²°º� yuv´³Z¯�¾´À¤¤p¯�j¿Zd³�¶d^«Y�¶§�b�Y�z§w�¶]�­{Ç�

zº-y{�¾�À º��é�±YyZ¨°·�¹ YuZº¯Z¿���çç�¹M©±YyZ¨°·�¹ ¾³M
�ì�¹ ¾ºº¯Yu�½Z·uººº§ {Y�µuZ dºº�Y�¶ºº§ bºº�Y�ªºº�Y�²ºº¿Y zºº.³ZÀ]

c �±Z¯{�®·�ayº��¶]�±%¹zdÀ³Pºs�½zÀ-�®�# zÀg¶§�b�Yu�v·Y
yu½Z·��·¹&�¿Z]�½v�]�vuzÀ-�yYz£�¶kºc�uyº¯��

½yY|.�Z��
¹ ¾�¹ZÀ��}v´¸¯�±Z¿Z£M��º¿yu�¾º] aZº°o{�{Y�¶¬Àº�¹�²¿vº]

|§z¯�­zºdp¯�±Zº�Z´�yZ§�¾º�yY{�}v´º¸¯½{y¹Z�§�aZ¤À¤pc
­Èº¿Y�±Zdº�Y�®·�}v´¸¯�±Z¿Z£M�¾¯Yz-�¹ |¿|��±Zd�¹u�{Y�²´À#

vº³¹�¾ºkZo�µ|º°o�¹ vº³¹�¾ºkZo�=Yz¨º�¾³Yuyv£�¹ z¨º�c
uº��¾¯�

�]Z´¯µuZ d�Y�uyº¯�
Î�±Yz¿Y�½{y¹Z�§�¶¯Z³yZ¯M�¾�Yy{�©Z�ìî�æèìí�½{y¹Z�§�uZ¸k�ayY{¹�aYyZ�d³Y±Yz¸c���
Ï�Y �¾$d�º��æèêå�½yZ§|À«Zk ¹ |À«Zk�²À¬¨³Yz��aYyZ�d³Y�¶��º¯±Yz¸c���
Ð�­ �� §�²¿y{�æèìæ�ª�ZovÀ«ºc�¹ ¥Zs�½|Às�¸c�µZ.�³Yu�aYyZ�d³Y±Yz�
Ñ�� �z-y{�¾�À ��æèìê�aZ ��¾�yz]�øï�µ|À¿Z��b�§�yu�¾³v�¯�¹ ¾«M�uYº¯�{Y�bÀ�^c�¶]�|^��yZÀs�¾ À§¹��¾�Z´�yZ§�¶¯Z³�±Z¿Z�

v�yY�}yv¯�bÀ]zc�µZ.�³Yu�±Yz¸c���
Ò�� �¾�Z§�æèìè�½|^�¾¬À°¨c�½yZ§�±Yz¸c�µZ.�³Yu�aYyZ�d³Y�
Ó�­ �¾cº¨¬¯�æèìå�¹ ±Z·ZÀ-�{ZÀ³��Àt�c��¯Zk��¹y±Yz¿Y�¾�Yy{�¾�YyY�yu�¾¿ZÀ°À��½Z·uº§��z�¯�¶À�ºc��µZ.�³Yu�aYyZ�d³Y�

}yv¯�bÀ]zc�
�� $/�$QL��$� $���6��+��6DPLU�DQG�0��0��-DUMHVV��������(IIHFW�RI�QLWURJHQ�DQG�SKRVSKRUXV�IHUWLOL]DWLRQ�UDWHV�RQ�JURZWK�

DQG�\LHOG�RI FXFXPEHU �&XFXPLV�VDWLYXV�� -� $JULF� 	 ZDWHU�5HVRXU� 5HV� SODQW�SURG� ����� ������
�� $3$6&&� �$WODQWLF� 3URYLQFHV� $JULFXOWXUDO� 6HUYLFHV� &RRUGLQDWLQJ� &RPPLWWHH��� ������ &XFXPEHU�� YHJHWDEOH FURSV�

SURGXFWLRQ�JXLGH�IRU�WKH�$WODQWLF�3URYLQFHV�&&&$3$� 1R� O����
�� %HUQLHU��*���-��0��.LQHW�DQG�5��0��6DFKV��������7KH�3KLVLRORJ\�RI�)ORZHULQJ��&5&�3UHVV��,QF���%RFD�5DWRQ��)ORULGD�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��d�]Zc±ZæèíÐ

èç

��� &KHQ��<�DQG <��$YQLPHOHFK� ,�����7KH�5ROH�RI�2UJDQLF�0DWWHU�LQ�0RGHUQ�$JULFXOWXUH� 0DUOLQXV�1LMKRII SXE�� 7KH�
1HWKHUODQGV�

��� &VHUPL� /��� 1�� +DPHU� 6� +RGRV\� DQG� 3�� 0LORWDU\� ����� 7KH� HIIHFW� RI� ZDWHU� VRLO� DQG� QXWULHQW� VXSSO\� RQ� WKH
TXDOLWDWLYH�FKDUDFWULVWLFV�RI�DFXFXPEHU VHHG FURS� =ROGVHJWHUPHV]WHVL�.XWDWR�,QWH]HW�%XOOHWLQMH� ���������

��� )�$�2�\HDU�3URGXFWLRQ������� )RRG�DQG�DJULFXOWXUH�RUJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQ��5RPH�
��� +DPDGL� )� 0��������(IIHFW�RI�QLWURJHQ�DQG�SKRVSKRUXV�IHUWLOL]DWLRQ�RQ�JURZWK�DQG�FRQWHQW�RI PLQHUDO�HOHPHQWV�LQ�

OHDYHV�RI�FXFXPEHU� -� $JULF� DQG�ZDWHU�5HVRXU� 5HV� SODQW�3URG� �������������
��� +RQRUDWR� 5�� /�� *XURYLFK DQG�5�� 3LQD� ������$EVRUEWLRQ� UDWH� RI 1� 3� DQG�.� LQ� FXFXPEHU� IRU� VHHG SURGXFWLRQ��

&LHQFLD�� H��,QYHVWLJDWLRQ�$JDULD���� �������������
��� -D\DUDP� '���%� 1��&KDWWHUMHH�DQG�6� 6� 0RQGRO� ����� (IIHFW�RI�)<0��FURS�UHVLGXHV�DQG�IHUWLOL]HU PDQDJHPHQW�LQ�

VXVWDLQLQJ�SURGXFWLYLW\�XQGHU�LQWHQVLYH�FURSSLQJ� 3RWDWR�DEVWUDFW ,� �����������
��� .DOORR� &��DQG�%� 2� %HUJK� ����� *HQHWLF�,PSURYPHQW�RI�9HJHWDEOH�&URSV��3HUJDPRQ�3UHVV�/WG���1HZ\RUN�
��� /LQFROQ��&� ������9HJHWDEOH��FKDUDFWULVWLF��SURGXFWLRQ�DQG�PDUNHWLQJ�� -RKQ�:LOH\�DQG�VRQV� ,QF��86$�
��� 3LYHQ� 3� <D��� FK�0,�� *ULVKHYLFK�� /� .DU\DJLQD�� 1�� 0LNKDLORYVND\D� DQG� *9�� 0RUR]� ����� 7KH� LQIOXHQFH RI�

IHUWLOL]HUV�RQ�WKH�SURGXFWLYLW\�RI�YHJHWDEOH�FURSV�LQ�D�URWDWLRQ�DQG�RQ�WKH�ELRORJLFDO�DFWLYLW\�RI GHUQRSRG]ROLF�VRLO�
$JURNKLPLD ��������

��� 5XGLFK��-��������+DQG�%RRN�RI�)ORZHULQJ��9RO��,,��&5& 3UHVV��,QF���%RFD�5DWRQ��)ORULGD�
��� 5XL]��-� 0� DQG�/� 5RPHUR� ,���� &XFXPEHU�\LHOG�DQG�QLWURJHQ�PHWDEROLVP�LQ�UHVSRQVH�WR�QLWURJHQ�VXSSO\� 6FLHQWLD

+RUWLFXOWXUDH���������O��
��� 6SOLWWVWRWHVVHU��:��������9HJHWDEOH�*URZLQJ�+DQGERRN�2UJDQLF�$QG�7UDGLWLRQDO�0HWKRGV� �WK HG���$9,�ERRN�3XE��

86$�
���<DPDGD� 7�������6WXGLHV�RQ�WKH�FXOWLYDWLRQ�RI�FXFXPEHU�FURSSHG�LQ�VXPPHU�WR�DXWXPQ� %XOOHWLQ RI�WKH�)XNXVKLPD�

KRUWLFXOWXUDO�H[SHULPHQW�VWDWLRQ��1R����-DSDQ�
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