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� ©Z¤d³Y�¹ [xk�½yºº� ±Y|ºÀ¯ºÀ-�yu�z¬§�¹ ®¿vº�¿Y|�Y�Yy�µZ
¯ºº·u�¾ººv�À�º$º³ºÀºÀ¯�¹ ¾º¯ZºcººZ�ÎÏ�¯{M�Z]º�¿Zºº¾½¹y�

º- ¹uººº¶º³º3�� WHUHELQWKXV¹3�� DWODQWLFD^ºÀ·�¹ºººº¿zºv
3��DWODQWLFD��*ROG,,��3�� WHUHELQWKXV�´d�Z¿yuºb�¬��¶§�v

¿vº�º+zº] yu�uººkº¯�®¾º¯Z.´·¾¯��¿Y|º�Y�b�¬��¶§�v]Z¿
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c ®¿|À´¯�[xºk ±Y|ºÀ¯�zº] ¥Zºs ®¿vº�Pgb�Yv³�½zÀ�b�¬��
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¹ vº³uYuvº³v¿ub�¬���¿Y|�Y�Zº] ¶º§�]z¾�s�yº��¶]v�y�{Y
¶º¿Z�uyºº¯ ½Zº·¾º�yz]uyº¯�½Z·�¶¿Z��²À]�yu�¹ µvº� ¶dº�Z§�
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¸³º©Z¬·Y�¶³º-�¶d���½Z·º¾�3�� YHUD�b�¬��ZcÔ�ÎÍ¾¬À¯�­z-

zºdÀ«�yu�]c zPb�Yx.³�Z¸³M�v�y�yu�½zÀg�¹ µYºt�Z���¾�z��{Y
©Z��yu�±YyZº¨°·ÎÖÕÕ¶³Zt¬-��¿Z¯{M�¦¿�¾��¶d���­Z£yY�½Y

¾�yz]�Yy�¾#º£�¶¬§�¹ ¾£v´���¾¯YuZ]µuz§yYv¤¯�¶§�v´d�Z¿yu�¹
ÐÎ�Í¾��¾�­Y�]¥Zs�yu�z½Yz]¾¯YuZ]�¹ ¾£v´��­Z£yY�¶´À¸]�v�y�
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yu�zº�Zo��·¹&º� �v´º¿Z°³�¾º�z�¯½Zd�Yy�½Z·�¾�yz]­Zl³Y�
¶]�¹ µv�®�À³Z¨¯�²d�Z¿�yº�´¯½Z·zgY½uZ¿{�¹ ½yº���´c��]�z

v��­Zl³Y�¶d���±Zdsyu�µv°��½Z·�¶¿Z��½¹y�

�¹y�¹ uYº¯Z·
·¹&��²¿Y�yuº¶]��´¯º¾�yz]�yº�yZºgM¿{�º¿v��½uZº§ ®ºv¿Yz¬
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{ÎÐÕÏ

ÎÕ

ª¨�é�uyº¯�½Z·�©Z¸³Yu�a¹Z c¾�yz]yZ°Àc�Z]�ççêv¿Yz¬§�®¿v��©º¯�¾¬À¯�ëå½yº��yZ°Àc�{Y�v�]�{¹y��o yu¹u�½Z·�+z]�\¬�Y�¶§�¾«Z
uº]�zd°§�Z·�+z]��|¿y�¾´¿¹|£�¶¿Z��yu��¿Yz��²¿Y�yu��v³Y�µuº°³��|¿y�½yº���´c�zgY�yu�~sz��¹ v³y{�¾¯YuZ]�¶¿Z���

ª¨�ê�¶d���½Z·�©Z¸³Yu�¾^�³�v�y�b�z��½¹y�½yº���¬dt¯�½Z·yZ°Àc�zgY

ª¨�ë�³Yu��«Zs�|d´�ºd��b�z��½¹y�½yº���¬dt¯�½Z·yZ°Àc�zgY¶d���½Z·�©Z¸
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¹ z�]�½uZ¿{�¶]�¾´¿¹|£�¹ ~sz���v³y{�¾¯YuZ]�¶d���±Zdsyu�½Z·�¶¿Z��r�Z����

ÎÖ

�5*5�¾^�³�v�y�b�z��¶§�uYu�±Zº�³��c bpc�Pc zÀgÀ½Z·yZ°
½Z·�¶¿Z��yu��·Zº§ ²º¿Y�¶º§ bº�Z¿��·Zº§ �½yºº� �¬dºt¯

uº]�a¹Z d¯��¬dºt¯�ª¨�Ò���ÈdsY�²¿YZ·�ëåv�]�{¹y�{Y�
>Z�º�t¯�¹ ½yº��yZ°ÀcyZ°Àc�yuÏÏÒ¾¬À¯��v¿Yz¬§�®¿v��©º¯
©Z¸³�¹ Z·�¶¿Z��²À]�>È¯Z§°Àc�½Z·uº]�uº¸�¯�v·Z��¹ µv��yZ�ÓÍ

¾º«Zo�yu�yZ°Àºc {Y�vº�]�{¹y±Zdsyu�yu�¾^�³�v�y�b�z��¶º§
²Àºº] v·Zºº�ÍÎÖ�ÍZººcÍÎÖÑ�Íyu�yYvºº¤¯�²ºº¿Y��uººº] {¹y�yu�

©Zº¸³²À]�µv��yZ°Àc�½Z·ÍÎÓ�Í¹ÍÍÏÑ�Íuº]�zÀ�d¯�{¹y�yu�
uyºº¯ ½Zº·¶º¿Z��¶Àº¬§�yu¾º�yz]±Z¯{�¹ ½yº��±Y|À¯�¶#�z·�

�¿Y|º�Y�yZ°ÀºcYvÀº�uzº§¾º¯zd�À]�v�y�¾^�³�b�z��±Y|ºÀ¯��
¾º¯ �·Zº§{Y�v�]�©Zh¯�yº��¶º] �bº�Z¿ÐÍyZ°Àc��¹z��{Y�{¹y�

ÎÒÍ¾º¬À¯�½Yz]�¾^�³�v�y�b�z��±Y|À¯��v¿Yzº¬§�®¿vº� ©ºº¯
\Àczc¶]�¾´¿¹|£�¹ ~sz���vº³y{�¾º¯YuZ]�½Zº·¶º¿Z�ÍÎÍÎ�Í�

ÍÎÎ�Í¹ÍÎÓ�Í¶§�¾º«Zo�yu�uºº] {¹y�yu�ÓÍyZ°Àc�{Y�v�]�{¹y�
±Y|ºÀ¯½Z·�¶º¿Z��½Yzº] ¾º^º�³�vº�y�b�zº�µuz]�­Z³¶]�\Àczc
ÍÍÖÏÒ�Í�ÍÎÔ�Í¹ÍÏ�Íuº]�{¹y�yu��z.¿u�yu�\Àczc�²À°·�¶]

aYzÀÀ�c�²º¿Y�|ºÀ³�µvº� ©Zº°�Y�½Z·yZ°Àºc¿u� µv¾�z��{Y��v�
yZ°Àc�yu�¾do�¶§�v¿uz-��t�¯ÔÒ¾¬À¯�v¿Yz¬§�®¿v��©º¯¹

ÓÍ�Z·yZ°Àºc �¹zº� {Y�~º� {¹y�Z��¾^�³�v�y�yu��·Zº§Z·�¶¿
º¿u¶§�v��µvµv´·u�±Z�³¶d���¶#�z-Y�¶§�b�Y�¶¬X�¯�²¿Y��¦¿�

b�Y�½yº��¶]�­¹Z¤¯�µZÀº-�«¹�¾¾¯�½yº��±Y|À¯�²¿zd°§�v³Yºc
c ¾^�³�v�y�b�z��yuPv�Z]�yYx-zÀg�ª¨�Ò��

²ºº¿Y ¾ºº� yu��·¹&ºº�|d´ºº�ºd��b�zºº� ±Y|ººÀ¯�«Zººs
�1$5Z�Z·�¶¿Z��¶Àº¬§�yu�¹ëå�yZ°Àc��¹z��{Y�~��{¹y�¶]Z�¯

©Z¸³Yu�yu�¾^º�³�vº�y�b�zº�uº]�µv��yZ°Àc�½Z·�¾«¹±Y|À¯�
uº]�zcuº¸�¯�¾^�³�v�y�b�z��Z]�¶�¿Z¤¯�yu��·Zº§�ª¨�Ó��

+z]�±{¹�b^�³�Z]��Z^cyY�yu�/:5�¶#z-Y�¶§�uYu�±Z�³�j¿Zd³�
b�Yu��·Z§�+z]�±{¹�b^�³��µv��©Z°�Y�½Z·yZ°Àºc yu¾«¹��

uyººº¯ ½Zºº·¶ºº¿Z��²Àºº] ±Y|ººÀ¯�²ºº¿Y¾ºº�yz]¾ºº´�¯�yYuuº^ºº³
�ª¨�Ô���

yu½Zº·¾º�yz]¶§�b�Y�µv���t�¯�±º´§�Zc�µv��­Zl³Y�
|d´�ºd��±Y|À¯��·Z§�Z]�½yº��½Z·yZ°Àc�zºgY�yu�vº�y��·Zº§

uyYu�¶º�]Yy�ÎÑ��uyºº¯ ½Zº·¶º¿Z��yu¾º�yz]²¿Y�yu��·¹&�
|d´�ºd��b�z��±Y|À¯�yu�aYzÀÀ�c�«Zs�1$5Z�aYzÀÀ�c�Z]�

ÇZ]�¾.dºº�]�®ºº· ¾^ºº�³�vºº�y�b�zºº� ±Y|ººÀ¯ yubººº�Yu�¾ºº¿
�5� �����¾ººº«Zººo yu�+zººº] ±{¹�b^ºº�º³ ±Y|ººººÀ¯�Zºº] ¶ºº§
�/:5�uºº] zºd°§�¾.dº�]�®º·�5� �����²¿Y��uyº¯�²¿Y�¶§�

¾¯�²�¹y�Zº¯ ½Yzº] Yy�¶Àº�£½Z·�¶¿Z��v�y�¾-v³yYu{Z]�¶§�v´§
zgY�yu�zd�À]��v´dº�·�½yºº� ½Z·yZ°Àºc �zº�¯�yu�¶º§ ¶dº��

�´§Y¹�±Y|À¯�yu��·Zº§b�Y�{Z��¹ bsº��½Z·yu��·Z§�Zc�
vº�y�±Y|ºÀ¯¾º�¿¹y��½Z·��·¹&��t�¯�±º´§Zc�µv��­Zl³Y�

zº§±Y|À¯�yu��·Z§�¶º§ µu1$5Z�|d´�ºd��±Y|À¯�yu��·Z§�Z]�
v�y��·Zº§ yu��¿Y|º�Y�Zº¿ ¹ µZÀº- ¡zº�c�±Y|ºÀ¯�yu��¿Y|º�Y

bº�Z]½|d´�ºd��zÀ��­Yv³Y�¹ vº³yYu��º¤³�¡zº�c�yu�¶º§ ¾º¿Z·
�v´dºº�·uyYu�¾ºº¿ÇZ]�¾.dºº�]�®ºº·�ÎÑ��ººcyY�yu¶dºº���Zºº] �Z^�

½Z·�+z]�yu�|d´�ºd��±Y|À¯�¶§�v´d�Yu�±ZÀ]�±YyZ¨°·�¹ ±Z¿uº^º¸]
u¹vo�½yº��±Y|À¯�Zc�¾¬·Y�¶³º-�¶d����«Z]ççê�æêå©º¯�¾¬À¯�

v]Z¿�¾°³��·Zº§ v¿Yzº¬§�®¿vº��ê�aÇº�p¯�yu�¶§�¾«Zo�yu
½Z·�+z]�yu�|d´�ºd��±Y|À¯��·Z§��aZ^§z¯�¹ yº.³Y�zÀ�³�zº.¿u

vºo ½Zº·½yºº� yu���º«Z]u¹êåZc�îå®¿v��©º¯�¾¬À¯�v¿Yz¬§�
b�Y�µv��µv¿u��·Z§�æé��±Y|À¯�yu��·Z§�±Yºc�¾°³�²¿Yz]Z´]

1$5Z¯ |d´�ºd��±Y|À¯�yu�®À¤d�¯��·Z§�Zº] Yy�ºb�³Yu��º]z�
¨¿ºº�³�{Y�¾ºº·¶¿zººyu�Yy�v�y��·Z§�¹ �£ºc�¶§�½{yZº] ½Z

�v´§�¾¯�¶Àkºc�uyº¯�²¿Y�yu�½yº��¶]�rº�Z�½%z³Y��Yzp³Y�yu
�}zdºº�ubºº�Y�zºº�Z´��vººo {Y��Àºº] [xººk Zºº]�¹ ±Z¿uº^ºº¸]
±YyZº¨°·�Ó�¹�Ò�b�u�¶lÀd³�²¿Y�¶]�|À³�uººs �·¹&º� yu

v´d�Z¿�©Z¸³�v�y�yu�¶§�b�Y�²¿Y�b�Y�®¬�¯�¶$³M�²¿Yz]Z´]½Z·
�yº���¿Yzº� yu�¶dº��1$5Z�aYzÀÀ�c�nÀ�ºc�yu�®¸¯�ª¯Z��

±Y|ºÀ¯�yu5*5¹ bº�Y�/:5¾¯�Z ¿Y�Yy�½zd°§��º¤³�v¿Z°³�
¿Zd³±YyZ¨°·�¹ |¿¹y�j¿Zd³�Z]��Z^cyY�²¿Y�yu�µv¯M�b�u�¶] j�ÎÒ�
¶º§yZºgMaZ^§z¯��¬dt¯�½Z·�¶º¿Z��½¹y�Yy�½yºº� ½Z·yZ°Àºc

b�Y�¶]Zº�¯��v³uzº§ ¾º�yz]�yu�Z¸³M¾�yz]¶§�v´d�Z¿yu�uºs�
yu��·Z§�±Y|À¯5*5Z]�1$5Z{Y�zd�À]�/:5uyYu��Z^cyY��

·ZÀ-�½Z·�+z]�yu�²À«¹z���°lc�Z]��Zº^cyY�yu�´c�bpc�±Z

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.4

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

21
 ]

 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1382.7.4.2.2
https://jstnar.iut.ac.ir/article-1-481-fa.html


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

ÏÍ

ª¨�ì�¶d���½Z·�©Z¸³Yu�+z]�±{¹�b^�³�½¹y�½yº���¬dt¯�½Z·yZ°Àc�zgY

ª¨�í�{Y�v�]�¶d���½Z·�©Z¸³Yu�½Z·�+z]�yu�²À«¹z��b�Z^³Y�±Y|À¯�½¹y�½yº���¬dt¯�½Z·yZ°Àc�zgYëåyZ°Àc�{¹y�

{Y�~ºº� uYu�±Zºº�³��¿Zºº¯{M�j¿Zdºº³ �½yººº�ÓÍ�¹zºº� {Y�{¹y�
�´c��¿Y|�Y�Z]�¹ Z·yZ°Àºc�¿Y|�Y�Z·�+z]�²À«¹z��yYv¤¯��½yº�

¾º¯vº]Z¿�ª¨�Õ��yZ°Àc�yu�²À«¹z���°lc�±Y|À¯�²¿zcÇZ]ÏÏÒ
¾º¬À¯v¿Yz¬§�®¿v��©º¯�ÐÓ�ÏÓzc�±{¹�­z-�yu�©º¯¹z¨À¯��¹

±M�b�Z^³Y�²¿zºd°§�v·Z��yZ°Àc�yu��ÐÐ�ÎÎ­z-�yu�©º¯¹z¨À¯�
zºc ±{¹�uºº]�uyº¯�½Z·�¶¿Z��²À]�yu�²À«¹z��b�Z^³Y¾�yz]yu�

uº]�z.¿u�½Z·�¶¿Z��{Y�zd�À]�¾´¿¹|£�¶º¿Z��]¶yZ°Àc�yu�©Zh¯�±Yº´�
ÏÏÒ¾º¬À¯�v¿Yzº¬§�®¿vº� ©ºº¯�¶¿Z��yu�²À«¹zº� �º°lc�±Y|ºÀ¯�

�¾´¿¹|£Î�Î¹ ~sz��¶¿Z��z]Yz]�Ð�Îuº]�v³y{�¾¯YuZ]�¶¿Z��z]Yz]�
�ª¨º�Õ��bpc�±Z·ZÀ-�yu�½|°�Y�®Àº�´c�zº] µ¹Èº� ²À«¹zº�

v��¾h´s�f�Z]��¾¨�s�¹ ½yº���´ºcuY{M�¥ZÀ³º¯M�bÀ°��±
+zº] yu�µvº� vÀº«ºc½yº��¹ ¾]M��´ºc bºpc�±Z·ZÀº- ½Zº·

uº��¾¯�²À´#�®·¶]�±Yº´�¬¯Z�¾½%z³Y��^´¯�¦¿�¹ ~ ´c�½Yz]�
µZÀº- ½uº^º¸]�½Yzº]�´ºc �¿Yzº� yu�uº��¾º¯ µuZ dº�Y��ÎÍ��

¶¿Z��²¿Y�¶§�v·u�¾¯�±Z�³�¾´¿¹|£�¶¿Z��yu�zd�À]�²À«¹z��bº�Z^³Y
½Zº·¶º¿Z��Zº] ¶º�¿Z¤¯�yu²¿Y�yu�zº.¿u�¾�yz]®À�´c�µv¿v��{Y�

zd¸]�½|°�YµuZ d�Y¾¯�¶�¿Z¤¯�yu�b¬��²À°·�¶]�>ÇZ°doY�¹ v´§
¾¯�[Z´dkY�½yº���´c�{Y�zdº�À]�zº.¿u�½Zº·¶º¿Z��Zº]yu�¹ v´§

­¹Z¤¯�½yº���´c�ª]Z¤¯b�Y�zc�yu�²À«¹z���°lc�Z]��Z^cyY�yu
v³yYu�yYz£�½yºº� �zº�¯�yu�¶º§ ¶dº���½Zº·¶º¿Z��"À·�¶³º-
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¹ z�]�½uZ¿{�¶]�¾´¿¹|£�¹ ~sz���v³y{�¾¯YuZ]�¶d���±Zdsyu�½Z·�¶¿Z��r�Z����

ÏÎ

-¶dº�ZÀ³�yZº�d³Y�¾º�yY|¾«¹j¿Zd³�¶]�¶kºc�Z]�b�Y�®¬�¯�¶$³M
~³Zºº¿yY¹�¶¿|ººlc�©¹vººkÏ�¾ºº´�¯��ÈdººsY�¶ºº§²Àºº] ½yYu

[M�ªÀ�³Zd��±Y|À¯�z�³�{Y�¶¿Z��¹ µv��©Z°�Y�½yºº� ½Z·yZ°Àºc
+zº] [M�¾^º�³�±Y|ºÀ¯�¹ +zº]º¿u¾¯�vº�³�µvbÀ°·Y�¶]�±Yºc

½|°�Y�®À�´c�yu�±M��¤³�¹ +z]�yu�±M�bº�Z^³Y�¹ ²À«¹zº�¾��
uz]�±YyZ¨°·�¹ ±Z¿uº^¸]�Ò�¶§�v´d�Z¿�Yy�¾l¿Zd³�²À´#�²¿Y�|À³

j¿Zd³�Zº] ¶]Zº�¯µv¯M�b�u�¶]²¿Y�yu��·¹&�uº]��v´d�Z¿yu�Z¸³M�
±Y|À¯�Zc�½yº��¶§ÏÏÒ¾¬À¯�v¿Yz¬§�®¿v��©º¯�½¹y�½zgY�"À·�

~³Z�%yºc�ªÀ�³Zd��¹ ½|°�Y�ªÀ�³Zd���+z]�[M�ªÀ�³Zd��±Y|ºÀ¯
b�Yv³�

¶¿|lc�j¿Zd³ªÀ�¹z¬§�±Y|À¯�Z]��Z^cyY�yu�~³Z¿yY¹�D¹E¹
ªº§ ªÀ�¹zº¬§�¾´�¯��ÈdsY�"À·�¶§�uYu�±Z�³��+z]yYu½²À]�

u©Zº¸³Y½Z·uyYv³�uºk¹�v·Z��¹ ½yº��yZ°Àc�bpc��]¶ayZ^�
zº.¿u�½zÀgZc�+z]�ªÀ�¹zº¬§�±Y|ºÀ¯�yu�½yºº� �´ºc¶d�Yx.³
bº�Yj¿Zd³�Z]�j¿Zd³�²¿Y�¶º§ ��·¹&�±YyZ¨°·�¹ ±Z¿uº^¸]��Ò�

|d´�ºd��±Y|À¯�½¹yzº] Yy�[M�¹ ½yºº� �´ºc yZºgM�¶º§¾�yz]
v³uzº§�uºº] ¶]Zº�¯���¬dt¯�mº���zÀgPc�uºs��¿Z¯{M�yu�Z¸³M

±Y|À¯�Zºc ½yºº�ççêyYv¤¯�½¹y�z]�Yy�v¿Yz¬§�®¿v��©º¯�¾¬À¯�
®�y�¾¬��¶§�v´d�z-�¶lÀd³�¹ v³uz§�¾�yz]�¶d���+z]�ªÀ�¹zº¬§

zº] yu�®¿vº�¹�zº¬§�½Zº·±ºº¿ bº�¬��±uºº] ÇZº]yYv¤¯��Z·�+
b�z.³�yYz£�½yº��vo�²¿Y�zÀgPc�bpc�ªÀ�¹z¬§�

±Z�³�~³Z�yº¬��ªÀ�¹z¬§�±Y|À¯�Z]��Z^cyY�yu��¿Z¯{M�j¿Zdº³
¾º´�¯��ÈºdsY�¶º§ uYu±Y|Àº¯ yu�½yYu)Y��)P�yZ°ºÀc�²À]Z·¹
b�Yv³�uºk¹�v·Zº��vk¹©Ï��½Z·�¾�yz]�¢^���sZ��²¿Y

¹ {Y�¶d�Z¿��Z�cyY�½%z³Y�±Y|À¯��µv��­Zºl³Y½%z³Y�u¹y¹ª¿v^c�
®dº�À�ºd�,®dº�À�ºd��¶º],,µv���t�¯�¶§�v´§�¾¯�±ZÀ]�Yy�

¾.d�]�®·��´§Y¹�²¿Y�{Y�¶d�Z¿��Z�cyY�½%z³Y�±Y|ºÀ¯�¶º§ bº�Y
¾º¿ÇZ]uyYu�µZÀ-�yu�|d´�ºd��¾º¿YyZ§�Zº]�½Z·��·¹&��¾�z��{Y

¾¿ÇZ]�yZÀ�]�¾.d�]�®·�¶§�µuz§��t�¯�±º´§Zc�µv��­Zl³Y²À]�
cº£ººd���º¹ |d´�ºÀ¯��·Z§º±Y|)Y�� )Pk¹�ºuyYu�uº�í��{Y

½yº³�¾-v³yYu{Z]�{Y�½vÀ ¯�yZÀ�]��sZ��b^º�³�²º¿Y�¹y�²º¿Y
bº�Y�Y{��´c�ª¯Yº��¾sz]�¢¿z��{Y�|d´�ºd��v´¿Mz��¾¯Z°c�z-Y

�uº��u¹vp¯yu¶]�v³Yºc�¾¯�½yº³�¾-v³yYu{Z]�ayº��±M�±Yº´�
vº¿Z°³�ªº°��¶¿ºº³Zg��´ºc ¦º¿�¹ ±Z¿uº^¸]�j¿Zd³��uyºº¯ ²º¿Y

°·±Y|À¯�Zc�½yº��²dº�Yx.³zÀgPc�Zº] �Z^ºcyY�yu�Yy�±YyZº¨ççê
v´§�¾¯�b¿º¤c�|d´�ºd��½¹y�v¿Yz¬§�®¿vº� ©ºº¯¾º¬À¯�¶§�Yz#

Z]�±Y|À¯�yu�zÀgPc�²¿zc�¦#º§��sZº� ²º¿YyYu{yu�½yº³�¾-v³
±Z�³�Yy�|d´�ºd��zÀº�¯¾¯·u�ºv�í��¾ºszº] yu�½yºº� �º´c�

±Y|ºÀ¯�¶§�bº�Y�µvº� �tº�¯�±Zº·ZÀº-)Y��)P�º·Zº§ Yy
vº·u�¾º¯�º]¶©Z��yu�ºcyº«�¹ ¾.³º]�©Zh¯�±Yº´�ÎÖÕÖv´d�Z¿yu�

±Y|À¯�±ººd¿{�±Zºdsyu�yu�½yºº� �º´c�¶º§)Y��)P��·Z§�Yy�
�vº·u�¾º¯²¿zc�¦#º§�¶§�v·u�¾¯�±Z�³�uyº¯�²¿Y�¶§�yZgM�´c�

yu�v�y��·Z§�f�Z]��|d´�ºd��½¹y�zÀgPc�Z]�±ºdº¿{�yu�½yºº�
uº��¾¯�µZÀ-�²¿Y��Õ��

Y j¿Zdº³½yº��¶§�uYu�±Z�³��·¹&��²¿�¿Z¯{M�½Z·�¶¿Z��yu�
�¢À¤pc�²¿Y�yu�µv�±Y|À¯�Zc�ÏÏÒ¾¬À¯�v¿Yz¬§�®¿v��©º¯f�Z]�

Z·�¶º¿Z��²º¿Y�¶º§ uºº�¾º¯] Yy�½|°�Y�¢]Z�c�ª°��¶½Yz]�¾]ºs
º·u�­Zºl³Y�½yºº� �´ºc {Y�[Z´ºdkY´º«¹�v¾¾sz]�bÀ¯º°�¯�

±ºº¿±u{�®·z]�¢¿z��{Y�Z·¾��]�´§Y¹�{Y�bsº��½Z·{Z�¹
] }zd�u�yu�½%z³Y��Yzp³YZ�·Z§��z�Z´��vo�{Y��À]�[xk�

zºgY�¹ vº�y½Z·uº��¾¯�f�Z]�Yy�µuz]�­Z³��Z]��Z^cyY�yu�¾�z��{Y
º�]d³��zZ¶§�uYu�±Z�³�~³Z¿yY¹�¶¿|lc�j¿�]±Y|À¯�Zc�zéå­z-�¾¬À¯�

½v�y�½Z·��sZ��yu�½zÀgPc�"Àº· µZº¯ ¹u�avº¯ yu�zºdÀ«�yu
b�Yv³�¶d���µZÀ-�zc�¹ ¦�s�±{¹�yuv�]�+z]�¹ ¶£Z���¶�¿y

{YëåyZ°Àc�bpc�½Z·�©Z¸³Yu�yu��yZ°Àc��¹zº� {Y�{¹y�çå¹éå
zºdÀ«�yu�­zº-¾º¬À¯º�]v�³�µv¿u�yYu�¾º´�¯��ÈdºsY��v·Zº� ¹ z�

¶º]±{¹�²À.³ZÀ¯��+z]�¦º�s�±{¹�Zº] �Z^ºcyY�yu�©Zhº¯ ±Yº´º�
v·Z��yu�¶cºº] zº· ¦º�sìì�ëyu�b«Zo�²¿Y�yu�¶§�uº]�­z-�

yZ°Àºcéåyu�­z-�¾º¬À¯�zdÀ«��]²À.³ZÀ¯�yº��¶] ±Y|À¯�²¿Y��zæè�ì
uºº]�îè�æì �&9��¹ ¶£Z��¦�s�±{¹�²À]�aYzÀÀ�c�²À´#�®·

yZ°Àc�¹ v·Z��yZ°Àºc yu�¶º�¿yçå¹éå­z-�¾¬À¯��]v´³Z°·�|À³�z
uº^³�yYu�¾´�¯�½yZ¯M�zº�³�{Y�¹ �®º§ +zº] ¦º�s�±{¹�²À.³ZÀ¯

v·Zº� yZ°Àºc yu�¶º�¿y�¦º�s�±{¹ëç�ëyZ°Àc�yu�¹ ­z-�éå
¯zºdÀ«�yu�­zº-¾º¬Àz�]�±Y|À¯�²¿Y�åë�ìuº]�­z-��íç�çê �&9��
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{ÎÐÕÏ

ÏÏ

¹ v·Z��yu�²À.³ZÀ¯�¶cº]�z·�yu�¶£Z��¦�s�±{¹�Zº] �Z^ºcyY�yu
yZ°Àºc yuéåzdÀ«�yu�­z-�¾º¬À¯��]\Àczc�¶] zëî�ì¹ì�ë¶§�uº]�

uº^³�yYu�¾´�¯�Z¸³M��ÈdsY�ÏÓ�æì �&9���Z cyY�¹ ¶�¿y�©º�
yZ°Àc�zÀgPc�bºpc�|ºÀ³�µZÀº-çå¾do�¹éåzdÀ«�yu�­z-�¾¬À¯��]�z

bpc�¹ v·Z��½Z·�©Z¸³Yu�yu�µZÀ-��Z cyY�²À.³ZÀ¯��b�z.³�yYzº£
yZ°ÀººcÑÍ�zºº�] zººdÀ«�yu�­zºº-¾ºº¬À¯�\Àczººc¶ºº]êë�éì¹çì�êæ

uºº] zºd¯�¾d³Zº��æç�æé �&9�\Àczc�¶] ¶�¿y�©º��²À.³ZÀ¯�¹
ææ�çé¹ìí�ççuºº] zºd¯�¾d³Zº��æí�çç �&9��±Y|À¯�z�³�{Y�

bº�Z^³Y½Z·yZ°Àc�²À]�yu��+z]�yu�²À«¹zº�]uyº¯�½Z·�¶¿Z��¹ z
²À«¹z��b�Z^³Y�²À.³ZÀ¯��v�³�µv¿u�½yZ¯M��ÈdsY���¿Z¯{M�®·�

yZ°Àºc yu�®º· ¹ v·Zº� yZ°Àºc yuéåzdÀ«�yu�­z-�¾º¬À¯�º�]] zº¶
À¯º±Y|ææ�æìÀ¯�º¯¹z¨º- yu�©ºº] +z]�zc�±{¹�­zºuº�ëî�æé
 �&9��yZ°Àc�yu�ªÀ�¹zº¬§�±Y|ºÀ¯�²Àº´#�®º·yZ°Àc�¹ v·Z��éå

zºdÀ«�yu�­zº-¾º¬À¯\Àczc�¶]�zº�]ÓÖ�Í¹ÓÓ�Í­z-�yu�­z-�¾¬À¯�
uº^³�yYu�¾´�¯��ÈdsY�¶º§ uºº] +zº] zºc ±{¹�ëÕ�ÏÓ �&9��

Zc�z�]�yZ°Àc�¶§�uYu�±Z�³�~³Z¿yY¹�¶¿|ºlc�j¿Zdº³ÑÍyu�­z-�¾¬À¯�
¹yzº] ½zºgY�zºdÀ«[M�¾^�³�±Y|À¯�¹ +z]�[M�ªÀ�³Zd��±Y|ºÀ¯�½
bº�Yv³�+zº]�±Y|ºÀ¯�+z]�[M�ªÀ�³Zd��ëå�¹z��{Y�~��{¹y�

yZ°Àc�¹ v·Z��yZ°Àºc yu��yZ°ÀºcéåzdÀ«�yu�­z-�¾¬À¯��]¶]�z\Àczc
ë�é�¹ê�é�uºº] yZº]�æê�çë �&9��¹ ¾³ºÀ$À��¶§�Zk�±M�{Y

Zcº¯ZÀ¯z�]�yZgM�}ºd´À]zc�½Z·�¶¿Z��v�y�½Z·zd¯YyZ��½¹y�3*,,�

¾¬º·Y�¶ºd���¹ Z¨Àd³ÈcM�3�� YHUD�Yyvº´³Z¯�¶�¿y�¦�s�±{¹�
�¶£Zº� ¹ +zº]yZ°º��yY|-�+z]�n���¹ +zº]z§Z]�¶§�v³u

¾¯��·Z§�v�y�¾�s�yº��¶] z�]�b�¬���¿Y|º�YZ]�²¿Yz]Z´]��v]Z¿
��ºc�µv���yY|-�j¿Zd³�¹ zº�Zo��·¹&º� j¿Zdº³ ¶º] ¶kººc

¾º¯ Zcº¯ZÀº¯ ¹ ¾º³ºÀ$À�¶lÀd³�²À´#�±Yººc¶§�uz§�½zÀ->ÇZ°doY�
º]¶µZÀ-�yu�z�]�v´º§ b§zºo ªÀº«ub�¬�yu�®§�½Z·Ï©¹Y µZ¯�

uZl¿Y�¶d���½Zº·¶º¿Z��yu�¾dÀ¯º°º�¯z¨³b�z�À��Z]�¹ b�Y�µu
c Z]�bÀ¯º°�¯�²¿Y�zº] �º°lc�¹ ±Zº¯{P±M�yZgM�v�y�z]�¾ ´¯�zÀg

¾¯�zº·Z��ºuº�±Y|À¯�Zc�¾º¬·Y�¶ºd���yu�vº´d�Z¿yu�Z¸³M�¶#�z-Y
Ô�ÎÍ©Zº¸³Yu�vº�y�yu�½zºÀÀ�c�zº�]�­zº-¾º¬À¯�uZl¿Y�¶d���½Z·

ºº§¾º°³v´�o zº· ¶º]º�yz]�©Zº¾½Z·��À]�º¿Y�yu�½zdº´À¯{�²º¶
b�Y�­{Ç�

¾º¯ ²¿Yzº]Z´]¶lÀd³�²À´#�²¿Y�±Yºc½zÀ-z§¶§�uÎ�¶#�z-Y
b�Y�½yº��¶º] ­¹Zº¤¯�µZÀº- ¦º¿ ¶dº���Z]�¾^�³�v�y�b�z��

¦#ºº§¾¯��·Z§�½yº��yYv¤¯�²¿zcv]Z¿�Ï�uyº¯�½Z·�¶¿Z��yu
¾º�yz]yº���´ºc �zº�¯�yu�¶º§ �·¹&º� ²º¿Y�yu�v³uº]�½�
zººd¯YyZ�1$5Z®ºº¸¯�{Y�zººc/:5±Y|ººÀ¯ yu�aYzººÀÀ�c�¹ uººº]

¾¯z]�zd¯YyZ��²¿Y�¶º] zdº�À]�¾^º�³�vº�y�b�zº�uuz-�Ð�²À]
uyºº¯ ½Zº·¶º¿Z��¾º�yz]c bpc�zd°§�¾º´¿¹|£�¶º¿Z��P�´c�zÀg

¶]�b^�³�½zd�À]�¾^�³�vº�y�b�zº� ¹ b�zº- yYzº£ ½yºº�
b�Yu�z.¿u�½Z·�¶º¿Z��] �°lc�Z]�¶¿Z��²¿Y�¾�z��{Y�À²À«¹z��zd�

{Y�z.¿u�¶¿Z��¹u�¶]�b^�³�½|°�Y�¢º]Z�c�µvº¿v��{Y�Zº·+zº] yu
[Z´dkY�zdº�À]�½yºº� �´ºcz§½zd�À]�b¯¹Z¤¯�½yº��¶]�¹ u

uYu�±Zº�³�Ñ�º�]±Y|ºÀ¯�Zºc zÑÍ¾¬À¯�½yZÀ]M�[M�yu�zdÀ«�yu�­z-
cPz]�½zÀg½Z·�¾-&¿¹¾°³�¶d���½Z·�¶¿Z��½v�y�uyYx-�

uyº¯��]Z´¯µuZ d�Y
æ�³Z^Àº�Y �¾��m�²À¸¯yº¿zº�¹��²º�¹�½v´º£{Y�yºº��ÎÐÔÐ�±Yz¿Y�yu�±M�vÀº«ºc�¹ ¶dº���±Z¯{Z��aYyZ�d³Y�aZ¤À¤pcj¿¹zc��{º¯M�

½{y¹Z�§±Yz¸c��
Ï�� �¾¿È��ÎÐÔÔ�¶«vd�¯�¢�Z´¯�µºÀ¯�±Zdsyu�½%º«º¿|À����cP}º¬¨À¯�b�Z���À«�©¹Y��Z#�±Yz¸c�µZ.�³Yu�aYyZ�d³Y�
Ð�� �¾³Zsv°p¯�ÎÐÔÓ���¶d�±Z¯{Z��aYyZ�d³YaZ¤À¤pc½{y¹Z�§�j¿¹zc��{º¯M��
Ñ�� �¾³ÈÀ¯�zkZ¸¯�ÎÐÔÒ�µz¸]�¾.³º.#¶¯v¤¯�yº��½Z·�²À¯{�{Y�½yYuz]¥Zs�½yº��z]�½Y�½{y¹Z�§��{º¯M�z�³iz§��

�� %HKERXGLDQ��0��+���5��5��:DONHU�DQG�(��7RURNIDLY\��������(IIHFWV�RI�ZDWHU�VWUHVV�DQG�VDOLQLW\�RQ�SKRWRV\QWKHVLV�RI�
SLVWDFKLR��6FLHQWLD�+RUW��������������
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¹ z�]�½uZ¿{�¶]�¾´¿¹|£�¹ ~sz���v³y{�¾¯YuZ]�¶d���±Zdsyu�½Z·�¶¿Z��r�Z����

ÏÐ

�� %HKERXGLDQ��0��+���(��7RURNIDLY\�DQG�5��5��:DONHU���������(IIHFWV�RI�VDOLQLW\�LRQLF�FRQWHQW��ZDWHU�UHODWLRQ�DQG�JDV�
H[FKDQJH�SDUDPHWHU�LQ�VRPH�FLWUXV�VFLRQ�� URRWVWRFN�FRPELQDWLRQV��6FLHQWLD�+RUW�������������

�� %HKWHV��/��6���5��'��:DOGHUHQ�DQG� ,��'��7DHUH��������5DSLG�GHWHUPLQDWLRQ�RI� IUHH�SUROLQH� IRU�ZDWHU� VWUHVV� VWXGLHV��
3ODQW�DQG�6RLO��������������

�� %RQJL�� *�� DQG� )�� /RUHWR�� ������ *DV� H[FKDQJH� SURSHUWLHV� RI� VDOW�VWUHVVHG� ROLYH� �2OHD� HXURSHD� /��� OHDYHV�� 3ODQW�
3K\VLRO������������������

�� *UDWWDQ��6��5�� DQG�&��0��*ULHYH��������6DOLQLW\�PLQHUDO�QXWULWLRQ� UHODWLRQ� LQ�KRUWLFXOWXUDO� FURSV��6FLHQWLD�+RUW������
��������

��� ,ULJR\HQ�� -�� -��� '��:�� (PHULFK� DQG�0�� 6DQFKH]� � 'LDV�� ������:DWHU� VWUHVV� LQGXFHG� FKDQJHV� LQ� FRQFHQWUDWLRQV� RI�
SUROLQH�DQG�WRWDO�VROXEOH�VXJDUV�LQ�QRGXODWHG�DOIDOID��0HGLFDJR�VDWLYD��SODQWV��3ODQW�3K\VLRO�����������

��� 3DUVD�� $�� $�� DQG� 1�� .DULPLDQ�� ������ (IIHFWV� RI� 6RGLXP� &KORULGH� RQ� VHHGOLQJ� JURZWK� RI� WZR� PDMRU� YDULHWLHV� RI�
,UDQLDQ�3LVWDFKLR��3LVWDFLD�YHUD�/����-��$PHU��6RF��+RUW��6FL������������

��� 3LFFKLRQL��*��$��DQG�6��0L\DPRWD��������6DOW�HIIHFWV�RQ�JURZWK�DQG� LRQ�XSWDNH�RI�SLVWDFKLR� URRWVWRFN�VHHGOLQJ��-��
$PHU��6RF��+RUW��6FL���������������

��� 3LFFKLRQL�� *�� $�� DQG� 6�� 0L\DPRWD�� ����� %RURQ� XSWDNH� DQG� HIIHFWV� RQ� JURZWK� DQG� FDUERK\GUDWH� SDUWLWLRQLQJ� RI�
SLVWDFKLR�VHHGOLQJV��-��$PHU��6RF��+RUW��6FL���������������

��� 3RRUWHU�� +�� ������ ,QWHUVSHFLILF� YDULDWLRQ� LQ� UHODWLYH� JURZWK� UDWH�� RQ� HFRORJLFDO� FDXVHV� DQG� SK\VLRORJLFDO�
FRQVHTXHQFHV�� SS�� ������� ,Q� +�� /DPEHUV� �(G�� &DXVHV� DQG� &RQVHTXHQFHV� RI� 9DULDWLRQ� LQ� *URZWK� 5DWH��
3URGXFWLYLW\�RI�+LJKHU�3ODQWV��$FDGHPLF�3XEOLVKLQJ��7KH�+DJXH��7KH�1HWKHUODQGV�

��� 5XL]��'���9��0DUWLQH]�DQG�&��$QWRQLR��������&LWUXV�UHVSRQVH�WR�VDOLQLW\��JURZWK�DQG�QXWULHQW�XSWDNH��7UHH�3K\VLRO��
������������

��� 6HSDVNKDK��$��5��DQG�0��0DIWRXQ��������*URZWK�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�SLVWDFKLR�VHHGOLQJ�DV�LQIOXHQFHG�E\�
LUULJDWLRQ�UHJLPV�DQG�VDOLQLW\�OHYHOV�RI�LUULJDWLRQ�ZDWHU��,��*URZWK��-��$PHU��6RF��+RUW��6FL�������������

��� 6HSDVNKDK��$��5���0��0DIWRXQ�DQG�1��.DULPLDQ��������*URZWK�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�SLVWDFKLR�DV�DIIHFWHG�E\�
VDOLQLW\�DQG�DSSOLHG�,URQ��-��$PHU��6RF��+RUW��6FL��������������

��� 6HSDVNKDK��$��5���0��0DIWRXQ�DQG�-��<DVUHEL��������6HHGOLQJ�JURZWK�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�WKUHH�SLVWDFKLR�
FXOWLYDUV�DV�DIIHFWHG�E\�VRLO�DSSOLHG�ERURQ��-��+RUW��6FL��������������

��� 6WRUH\��5��DQG�5��5��:DONHU��������&LWUXV�DQG�VDOLQLW\��6FLHQWLD�+RUWLF������������
��� 6WUDLQ��+��+��DQG�:��$��6YHF��������([WUDFWLRQ��6HSDUDWLRQ��(VWLPDWLRQ�DQG�,VRODWLRQ�RI�&KORURSK\OOV� SS���������,Q�

9HUQRQ��/��3���6HHO\�*��5���(GV����7KH�&KORURSK\OOV��$FDGHPLF�3UHVV��1HZ�<RUN�
��� <DPDVDNL��6��DQG�/��&��'LOOHQEXUJ��������0HDVXUHPHQWV�RI�OHDI�UHODWLYH�ZDWHU�FRQWHQW�LQ�$UDXFDULD�DQJXVWLIROLD��5��

%UDV��)LVLRO��9HJ���������������
��� <HR��$������� 3UHGLFWLQJ�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�HIIHFWV�RI�VDOLQLW\�DQG�FOLPDWH�FKDQJH�RQ�FURS�SODQWV��6FLHQWLD�

+RUW��������������
��� =DUWLQH��3��DQG�5��$UDJXHV��������6DOW�UHVLVWDQFH�RI�VHHGV�DQG�SROOHQ�RI�ILYH�SLVWDFKLR�VSHFLHV��$FWD�+RUW����������

���
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