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{Y�½yYuzºº]µzºº¸]�yu�nÀpºº� ¹ ¾ºº�Z�Y�½Zºº·yZ§�µYy�{Y�¾ºº¨¿

¢�Z´º¯ ½Zº·¥Zºs¶]�­¹Z¤¯�­Z£yY�¹ aÇº�p¯�bº�Z§��yºº�
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Y|ºº¬§�%UDVVLFD� QDSXV�/��Z]�z]Yz]�½yº��¶³Zºd�M�vº³Yººc¾¯
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&O¹ �zºd°§�.¹&Duº]�uºs�¾¿Yº·��t]�yu�µ&¿¹�¶]�½zdº�À]��

}Z�o�½Zº·¶dº¿yY¹�Zº] ¶º�¿Z¤¯�yu��¶lÀºd³�yu�½YyYu.�1D¹
&D�1DººcÇZ]�uººº] ½z�Ï��zºº�³�²ºº¿Y {Y�|ººÀ³ Zºº·¶³ººº- z¿Zºº� yu

uyYu�uºk¹�¾º¿Z·�a¹Zº c�yu�±M�{Y�¾¯¹Z¤¯�²¿Ç�¶l³º¿�µZÀ-�yu
�}Zº�o�²º¿Ç�Zº] ¶º�¿Z¤¯&O¶#�¶�¿y�¹ ¶#�¶£Z��yu�½zdº�À]�

{Y�¾c¹Z c�"À·�}Z�o�½Z·�²¿Ç�¶§�¾º«Zo�yu��vº·u�¾º¯ �º°lc
�°lc�±Y|À¯�zº�³1Dv³yYv³�¾¿Yº·�­Yv³Y¹�¶�¿y�yu��Ó��cª°p

±Z¨¯Y�¹ µuº]�a¹Z d¯�Z·�¶d¿yY¹�¹ Z·�¶³º-�²Àº] yu�¾º³º¿�bÀ°º�

¶�¿y�b�º��¶¿Ç�¢¿z��{Y�±º¿���u�¶]��º]z¯�uyYu�&RUWH[�Z¿
½Z·�b°�£�Z¿�zÀ��½Z·�+z]�yu�µZÀ-�¶]�µv��uyY¹�½Z·�±º¿��¿{ºc

v�Z]�µZÀº- zº.¿u�Ò��±Z·ZÀ-�yu�½v�y�½Z·�bÀ«Z���¶¯YuY�½Yz]
p¯�{Y�¾¿ÇZ]�yYvº¤º¯ �º ob�Y�®º¸¯�[M�¾º^�³�½Yºd�®À�º´c

½Yz]�©Èp³Y�ª]Z£�uYº¯��«Zs��¿Y|�Y�¾ºcyZ^��¶º] Zº¿ ½|°º�Y
¶ºº] ½Y�¶¯vºº� ¶ºº§¾cyººº� yu�½|°ºº�Y�ªÀºº�³Zd��±uy¹M�²Àºº¿Z�
½yZ-{Z��½Z·�®º�À³Z¨¯�{Y�¾º¨¿��u{Zº�³�uyY¹�µZÀº- ®º�À«º]Zd¯

b�Y�½zºÀ-�µzº¸]�ªº]Z£�[M�b¿u¹vºp¯�Zº] ±Z·ZÀº-�ª]Z£�uYº¯
Z.´·�¶]�¶§�¾«Èp³Y�Z·v´£�ª¯Z��v´]Z¿�¾¯��°lc�½|°�Y�®À�´c�­

b�Y�²ºÀWZd]�º�²À�À¬-�¹ ²À«¹z���¾«M�½Z·vºÀ�Y��¶´À¯M�½Z·vÀ�Y
�ÎÕ¹ÎÍ�²¿Y�b�Y�²¨°¯�±Z-v´·¹&��{Y�¾��]�uZ¤d�Y�¶º] ¶º§ �

µv´´§�b�Z o�±Yº´��¶]�½|°�Y��Àp¯�yu�uYºº¯�2VPRSURWHFWLRQ�
] {Y�¹ ¾°¿|³M�½Z·yZdsZº� ¹ Zº���½Zº·µv´º´§�yYvº¿Z�µv³z]�²À

v´´§�ª°��yº���Àp¯�yu�uY{M�½Z·�©Z¨¿uYy�ÎÎ��u¹y�¾¯�±Z°-
zÀÀ�c�ªÀ«u�¶] �½yº���´c�zÀgPc�bpc�ªÀ�¹z¬§�bº�¬���·Zº§
²À«¹z��zÀ�³�¾¿Z·�\À§zc�bsZ��yu�±%¹zºdÀ³�®º�À«º]Zd¯�zÀº�¯

u¹y�¾¯�yZ§�¶] ½|°�Y�®À�´c�½Yzº] ¶º§ vº�Z]�ÎÖ��¶]�b¿Z´��Z]
¿Z��uyº¯�yu�¾�Z§�aZº�È�Y�­vº�Y|¬§�v�y�¾¨¿%º«º¿|À��½Z·�¶

{Y�¾¸kºc�ª]Z£��Àº� uººk¹�|ºÀ³�¹ ½yºº� �´ºc �¿Yzº� yu
�·¹&��²¿Y��½yº��¶]�ª°pc��Zp«�¶]�¶dsZ´�Z³�½Zº·�Àºcº³%
½yº���´c�z]Yz]�yu�Y|¬§�­Z£yY�v�y��´§Y¹�¾¿Z�Z´���v·�Zº]

v¯Myu�YzkY�¶]�

Z·��¹y�¹ uYº¯
µZº¯ ±Zº]M�yu��¿Zº¯{M�²º¿YÎÐÔÖ³Yv¬-�b�§�ayº��¶º]yu�¾

aZ¤À¤pc�¶��º¯�¾´�¹y�½Zº·¶º³Yu�aZ¤Àº¤pc��ºt]�¶º³Zt¬-
v��­Zl³Y�iz§�yxº] ¹ ©Zº¸³�¶Àº¸c�¹ mÈº�Y�b�Z§�Z]��¿Z¯{M

yYu��º�º��y¹xº]�ª¯Z��y¹x]���º��¹ �§�!yZ£��}y�¥Zs
uº]�¾¿Z�Z´��½Yz]�¾º.³y�uYºº¯�±Yv¬º- z·�yu��¬dt¯�­Z£yY�{Y

Ò�ÎsYº´¨¿�¹ �º¬t¯�¥Zs�­z-º¬À§�¦º¿ ½¹Zºo ½zºdÀ«�{Y�b
bº�yu�²º� �|º¿y�²º� �}y�uZº�]Y�¶º] \Àczºc¶º]�Z¿�½¹Z�¯

{Y�zººc¦#ººº§ÍÍÏ�Í�Ï�Í�ÍÏ�Í¹Ï�Ï�Ízººd¯¾ºº¬À¯��uººº§ ¹

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.4

.9
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
13

 ]
 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1382.7.4.9.4
https://jcpp.iut.ac.ir/article-1-488-fa.html


Y|¬§�­Z£yY�¾¨¿%º«º¿|À��½Z·��´§Y¹�%UDVVLFD�QDSXV /��¶]�b^�³�¾�¿¹y�v�y�¶¬oz¯�yuþ

ÎÍÒ

½Z·�b^�³�¶º] µvº� ¦º«Y�¾º³YºÀoÏ�Ð�Ó�Ïb¿Z¸³�yu�¹ {Z�M�
v��¶d�Yx-�¾£Z]�±Yvº¬-�zº· yu�¶cºº] ¦º¿�ayº��¶] Z·�±Yv¬-

Z�c�ª¯Z§�½Z·�¥º¬]�mz��\«Z£�yu�ª¿yºd§Z���¿Z¯{M¶��Z]�¾�u
Z]�µ|ÀcZ°À¬§�¶º³Zt¬-�yu�yYzº¨cÎÓ¹ ¾¿Z´�¹y�b�Z��Õb�Z��

½Zº¯u�yu�¾º¨¿yZcÑ��ÏÍv³v��µuYu�yYzº£ uYzº-¾d³Zº� ¶ºkyu��
u¹vºo yu�¶º³Zt¬-�¾^º�³�b]ºº�yÕÍ�ÒÍµZ.d�u�Z]�¹ v�yu�

vº� ²Àº¯Pc��Zº�¶º¯�¾¿Z´�¹y�®d�À���¾�À^��yºº³ zº] µ¹Èº�
®¿vº� yZºt]�¾º]Z¸d«Y�½Zº·�º¯Ç��º�ºc�¾º¬À°¨c����c�Zº]

ÎÏÖÎÏÍv��®·Yzº� ©v´º§ aºº��ÏÍ½Yz]�b�Z§�{Y�~��{¹y�
v§�Z]�¾�¿¹y�¶¬oz¯�yu�Z·�¶cº]��uz��½Z¯u�yu�½{Z��µyZ¸]ÍÐ�Î

�+z]�²À¯º��yºº¸����Ð�av¯�¶]��ÓÍyYz£�uY{M�½Z���yu�{¹y�
±M�¹zÀ��¹ v��µuz]�¶³Zt¬-�ªsYu�¶]�Z·�±Yvº¬-�~�º� ¹ v´d�zº-

v¯Myu�YzkY�¶]�|À³�½yº��½Z·yZ°Àc�
ª¯Z��¾�yz]�²¿Y�yu�Z·yZ°Àºc mº�º�ÎÕ­Z³�¶§��Y|¬§�®£y�

©¹vºk yu�Zº¸³MÎyu�½yº��²À´#�®·��bº�Y�µvº¯M�ÐZ]�n���
Z]�z]Yz]�¥Zºs �Z^º�Y�µyZº���¾º¨¿zd¨«Y�b¿Yvº·Ï�Î�Ó¹ÎÏ

uº]�zd¯�z]�~´°¿{�¾º�u�µy¹u�±Z¿Z��{Y�~��½yº��yZ°Àc�½YzkY
{¹y�¶¬oz¯�±Z¿Z��{Y�vº�]�¶¬º�Z�È]�¹ ½{Zº�µyZº¸]v��{Z�M�a�

­{Ç�¦ºº°³�yYvºº¤¯��bºº�t³�1D&O�«Zººs�½YzººkY�½Yzºº]
¹ �Z^�Y�¥Zs�±{¹�v´³Z¯�¾cZ�È�Y�½¹y�{Y���¬dºt¯�½Z·yZÀº°c

yYv¤¯�z�§�Z]��±Yv¬-�¥Zºs ±{¹(&{Y��Z^�Y�µyZ���(&uyº¯�
z·�½Y{Y�¶]�¹ j¿yvc�¶]�µv��¶^�Zp¯�yYv¤¯�¹ v¿uz-�uy¹Mz]�z�³

¶kyu�¦¿�u¹vºo yu�{¹y(&Yv¬-�¥Zs�¶]�>È^£�¹ v��¶�Z�Y�±
b�¬���¦°³�i¹zs�{Y�½zºÀ-º¬k�¹ ¾º³Yv¬-�zº¿{�±uyYxº- Zº]

v¿uz-�©zd´§�b]Zg�v�y��Àp¯�yu�¦°³�
v�y�¶¬ºoz¯�yu�Z·�¶ºcº]�¦º�s�±{¹�¶º¿Z��z]�µZºÀº- vº�y

u¹vo�yºº�´¯�²¿v]��v¿uzº- ¾]Z¿{yY�¾ºº�¿¹yÑÍ{Y�~º� {¹y�
§ Z]�¾�¿¹y�v�y�¶¬oz¯�yu�¾´�¿��½yºº� ½Z·yZ°Àºc �¹zº�vº

ÍÏ�Ï��µz-�±ZÀº¯ ¹u�yºº¸��¶]�©Z¤d³Y�Z]�¹ µv��b�Yuz]�Zº·¶cº]
yu��¦�s�±{¹�½zÀ-�µ{Yv³Y�¹ ±uz§�¦º�s�½Yzº] �µZ.º�¿Z¯{M

½Z¯u�Zº] ±¹MÔÒav¯�¶]�uYz-�¾d³Z��¶kyu�ÑÕµuYu�yYz£�b�Z��
v��²¿{ºc�¢À£u�½¹{Yzc�Z]�Z·�¶³º°³�µuºc�b�¿{�~���¹ v³v��

±Y|ºÀ¯�½zÀº-µ{Yvº³Y�½Yz]1D¹.yu�iYzºtºd�Y��¹y�{Y�
½vÀ�Y��Àp¯�Î�½Z·�¶³º°³�{Y�¶¬oz¯�²¿Y�yu�¹v��½yYuz]�µz¸]

yYv¤¯�¶cº]�¦�s�±{¹�uy¹Mz]�½Yz]�ÇZ]�yu�yº§x¯ÒÍµuZ¯�­z-�
¶d�Yx-�¾¨¿zd¨«Y�µyº§�ªsYu�yu�¹ µv��[ZÀ�M��+zº] ¦º�s
¹ v¿uz-�¶�Z�Y�¶³º°³�z·�¶]�¦¿yv¿z¬§�vÀ�Y�¾´À�¯�yYv¤¯��vº�

zºÀt^c�½Yzº] ~�º�b�z-�yYz£�½yZ¯�²]�yu��±M�vÀ�Y��­Zl³Yz�
®lo�¶]�¶§�²¿Y�{Y�~º� ¹ µvº� �Zº� Zº·¶³ºº°³ÎÍÍzdÀ«�¾¬À¯�

v¿uz-�½yYu�¶.³�¾¨Àd�È���¹z��ªsYu�yu��v��µv³Z�y�~��
®¿È��µZ.d�u�{Y�½zÀ-�µz¸]�Z]�Z·�¶³ºº°³�®Àº�Zd��¹ ®¿vº� yYvº¤¯

zººd¯ºd��©v¯&DUO� =LHVV�v��½zºÀ-�µ{Yv³Y�¦¿�z·�b�¬�{Y�
¹ ¶^�Zp¯�+z]�¦�s�±{¹�­z-�z]�­z-�¾¬À¯�\º�oz]�Zº·±ºº¿

½Z·�±º¿�b^�³.�1Dv¿uz-�uy¹Mz]��yZ¯M�{Y�½zÀ-�µz¸]�Z]�~��
b^�³�¶]��º]z¯�­Zº£yY�¹.�1D�º´¿|-�±Yºc��bº�Z§��Àºp¯�

¾ºº³º¿�,RQ�6HOHFWLYLW\�¶^�Zp¯�¶�]Yy�{Y�½zÀ-�µzº¸]�Zº] µZÀº-
vºº��

Dª¦Èû
ª¦Èû

1�.Ù�§
1D�.é�ô36 1D�.  �º� ²º¿Y±Yººc �ºsZ

�´¿|º-.z]Yz]�yu�1DµZÀ-�¶]�¥Zs�{Y�±º¿�©Z¤d³Y�¹ [xk�yu�
v·u�¾¯�±Z�³�Yy�ÎÔ��

yZ���¦£ZcY�µZ.d�u���ºc�Z·�¶ºcº]�+z]�[M�ªÀ�³Zd��±Y|ºÀ¯
�3UHVVXUH� &KDPEHU�½Yz]�¶³º°³�b�Yuz]�{Y�ª^£�¶ºd ·�¦¿�¹

v§�Z]�¾�¿¹y�v�y�¶¬oz¯�Z]�±yZ¤¯�¹ Z·�¶cº]�¦�s�±{¹�uy¹Mz]
ÍÎ�Ï��µzº-±ZÀº¯ ¦º¿ yºº¸��vº� ½zºÀ-�µ{Yvº³Y�yº�´¯�²¿v]

yu�Z·�¶cº]�¶À¬§�{Y�¹ µv��ª¿º��µz-�±ZÀ¯�z¿{�yu�+zº] ²Àdº�t³
{¹y�{Y�¾´À�¯�b�Z��ÎÎn^���v��¾]Z¿{yY�¹ Yvk���

¢^���¾·ZÀ-�½Z·�¶³º°³�yu�ªÀ�¹z¬§�±Y|À¯�½zÀ-�µ{Yv³Y�½Yzº]
zº³vÀ¯��¹y�ÎÑ�±Z¯{�®·�¶cº]�z·�{Y�µ{Zc�+zº] ­zº- ¦º¿Z]�

±¹Z·�yu�¹ Yvk�+z]�[M�ªÀ�³Zd��uy¹Mz]�½Yz]�¶³ºº°³�bº�Yuz]
v��[ZÀ�M�¾´À#�µYz°·�¶]�~��Ñ½Z·�¶«º«�¶]�±ºd�Y�zdÀ«�¾¬À¯�

yYu��º�yu��¿Z¯{MÒÍv¿uz-�ª¤d´¯�½zdÀ«�¾¬À¯��Ð[M�zdÀ«�¾¬À¯�
¶]�¹ v��µu{�®·�¶] av��¶] �º¬t¯�¹ µu¹|�Y�±M�¶º] |ºÀ³�zº�¤¯

avº¯ÎÍ±º¨��b«Zºo¶]�¶¤Àº£u�v³Z¯�¾£Z]���~��ÏzdÀ«�¾¬À¯�
±v��Yvk�Zc�¹ v��µu{�®·�¶]�{Z]�¹ v¿uz-�¶�Zº�Y�±M�¶º] ±ºdº�Y

b�z-�yYz£�¦¿yZc�ªp¯�yu��¬dt¯�½Z·{Z��±v��Yvk�{Y�~�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��Z°�µy­yZ¸#��±Zd�¯{ÎÐÕÏ

ÎÍÓ

©¹vkÎ�½yº���´c�¶]�b^�³�Y|¬§�­Z£yY�v�y�½%º«º¿|À���¿Z¯{M�yu�µuZ d�Y�uyº¯�½Y|¬§�­Z£yYÎ

P�´¯ ®£y�­Z³ �¿uy �¿uy P�´¯ y ­Z³®£
¶�³Yz� ©Yy¹Y ÎÍ ZÀ«Zd¿Y ¾��½uÕ�ÖÑ Î
¶�³Yz� ayº«º§ ÎÎ ZÀ«Zd¿Y ª^°À� Ï
¶�³Yz� ~À«M ÎÏ ZÀ«Zd¿Y ²�³Z· Ð
¶�³Yz� ¾�Z§¹Y ÎÐ ZÀ«Zd¿Y ª¿Zd§º§ Ñ
¶�³Yz� Yz«¹Y ÎÑ ±Z°«M b´¿y¹Y Ò
v´¬· uYyZ� ÎÒ ±Z°«M ²§y¹Y Ó
v´¬· ©º�´§ ÎÓ ±Z°«M ~¨³yº� Ô
v´¬· !Y�½u�½¹ÖÕ�ÕÍÍÐ ÎÔ ±Z°«M uyº¨À« Õ
v´¬· z¯Z§Y ÎÕ ±Z°«M ­Y�©Y�}YÍÑÓ Ö

Î�b�Y�z¿{�\Àczc�¶]�Y|¬§�²¿¹Z´��²ÀcÇ�©uZ�¯�$NDPDU��9'+����������&RQVXO��3DUDGH��2ODUD��2NDSL��$OLFH��&ROYHUW��(XURO��6/0������
/LFRUG��)RUQD[��2UNDQ��2ULHQW��&RFNWLDO��+DQVHQ��6\PERO��'3�������

p¯¹ µuz§�Yvk�Yy�¾¿ÇZ]�|^���¿Z¯�zdÀ«¾¬À¯�¦¿��®·�{Y�Zº·©ºº¬
®lo�¶]�±ºd�Y��º�ºcÎÍ½zÀ-�µ{Yv³Y�½Yz]�¹ µv³Z�y�zdÀ«�¾¬À¯�

�¦º�s�+z]�­z-�z]�ªºÀ�¹z¬§�­zº-¹z¨ºÀ¯�\�oz]�bºº�¬�
zd¯ººd�¹zd¨��Y�µZ.ºd�u��º�ºc�©v¯6KLPDG]R� 89����$�
b�zº- yYzº£ µuZ dº�Y�uyºº¯�È�Y�½yZ¯M�¶¿|lc{Y�ª�Zo�aZ�

½Z·yY|�Y�­z³�{Y�½zÀ-�µz¸]�Z]��µv��½zÀ-�µ{Yvº³Y�aZ º�6$6¹
6366b�z-�­Zl³Y��yu�²¨³Yu�±º¯{M�{Y�Z·�²À.³ZÀ¯�¶�¿Z¤¯�½Yz]

©Z°doY�n��Òv��µuZ d�Y�v�yu��

fp]�¹ j¿Zd³
yu��¿Z¯{M�²¿Y�­Z£yY�¹ yZº¯M�½yZºº¯M�¶¿|ºlc�{Y�ªº�Zo�j¿Zdº³

©¹vkÏb�Y�µv¯M��¶º§ ¶³º-�±Zº°·v·u�¾¯�±Z�³�©¹vºk ²¿Y�
�º]z¯�aZ ���+z]�¹ qZ��¦�s�µuZ¯�ª§�yu�zÀÀ�c�Zº] µYzº°·
bpc�½yYu�¾´�¯�yº��¶] [M�ªÀ�³Zd��¹ ¾³º¿�¹zº°¬£�¹u�zº· ¶º]

vº³Y�¶d�zº- yYzº£ ½yºº� �´ºc zºÀgPc�½¹y�½yº��¾¬�Y�yZºgM
ª¨º� yu�aZ º� ²º¿Y�{Y�½yZ°º�Îb�Y�µv��µuYu�±Zº�³��Z]
º���{Y�¦¿�z·�ª¨��²¿Y�¶]�¶kººc²¿Y�yu�¶d�y�yZ§�¶] ½yº��m

µv��vÀ«ºc�¦�s�µuZ¯�ª§�½¹y�Yy�½yYu�¾´�¯��·Zº§ �¿Zº¯{M
b�Y�µvº� \ºkº¯�µZÀº- ¾º¿Yº·�½Zºº·­Yvº³Y�yu�²¿Y�Z]�µYz°·

b^�³�¹ ®À�Zd��b�¬��¹ �¿Y|�Y�+z]�®¿vº� bº�¬����·Zº§

.�1Dbº�Y�¶dº�Z¿��·Zº§�[M�ªÀ�³Zd���½yº���´c�²À´#�®·
�·Z§�yYu�¾º´�¯�yºº�¶º] Yy�+zº]b�Y�µuYu��¹u�±ZÀ¯�{Y�¶§�²¿Y

¦¿�­Yv§�[M�ªÀ�³Zd��¹ Z·�±º¿�bÀ��¹�¾´�¿��µvº� uZº¿ ¹zº°¬£
�º¤³�Z·�¶ºcº]�yu�µv��vºÀ«ºc�¦º�s�µuZº¯ ±Y|ºÀ¯��º·Zº§ yu
v³Yºc�¾º¯ ±M�rº�Z��¶§�b�Y�¾º°¸¯�©YRº� �¶dº�Yu�µv´´§�²ÀÀ�c

v�Z]�Z�-�µYy�¾.d�]�®·��]Y¹y�\«Z£�yu�±Yºc�¾¯�Yy��º�º¯�²¿Y
aZ ºº�uzºº§ ©Z^ºº³u��©¹vººkÐ²ºº¿Y�¶ºº] �º]zºº¯ aZºº�È�Y�

uyYx-�¾¯�yZÀdsY�yu�Yy�½yº���¿Yz��yu�Z·�¾.dº�]�®º·�¶kºc�Z]
v´³Z¯�µZÀ-�ªsYu�¾³º¿�bÀ��¹�v�y�¾°³�z�³�¶] aZ�È�Y�²¿Y�¶]

b^ºº�³.�1D�´¿|ºº- ¹.zºº]Yz]�yu�1D�Àººp¯�{Y�©Z¤dºº³Y yu�
¦�s�µuZ¯�±Y|À¯�½¹y�½Y�µv´´§�²ÀºÀ�c��º¤³�µZÀº- ¶º] bº�Z§

uv�Z]�¶d�Y�½yYu�¾´�¯�¹ ¾ ´¯�¾.d�]�®·��~¨�z]�ÏÖ�Í�²À]
¾ ´¯�zgY�¶]�¶§��uº��¾¯�µv¿u�Z·�+z]�[M�ªÀ�³Zd��¹ ¦�s�µuZ¯
�º]z¯�½yº���¿Yz��yu�¦�s�µuZ¯�vÀ«ºc�z]�[M�ªÀ�Zd��bº�Y

bº�Y�aZ ��²À.³ZÀ¯�¶�¿Z¤¯�{Y�ª�Zo�j¿Zdº³ yu�­ºº¸ ¯�²º¿Y
�©¹vºkÑ�v�Z]�¾º¯ µv·Zº�¯�ªº]Z£�¾º]ºs�¶º]�{Y²À]�º��¦¿�

{Y�¾.´·M�®·�¶�]Yy�¦¿�¾�Z§¹Y�¹ ~¨³yº��®£y�¹u�v´³Z¯�¾¯Z£yY
ªh¯�¾³º¿�aZ ��¹ ¦�s�µuZ¯�ªº§ zº�³.�1D±º¿��´¿|-�¹

®ºº£y�yu�+zºº] [M�ªÀºº�³Zd��zºº.¿u�½ººº� {Y�¹ uyYvºº³ uºººk¹
½uZ¿{�b�Y��µuz§�vÀ«ºc�Yy�¦�s�µuZ¯�²¿zdº�À]�¶º§ ~¨³yºº�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��Z°�µy­yZ¸#��±Zd�¯{ÎÐÕÏ

ÎÎÍ

¶dº�Yv³��ÎÐ�yZº]�µuZ¯�²¿zd°§�Z]�¾�Z§¹Y�®£y�yu�©Zo�²¿Y�Zº] �
Zc�+z]�[M�ªÀ�Zd��±Y|ºÀ¯��ªº§ ¦ºº�sÎÓ�¶d�Yu��·Z§�yZ]�

bº�Y�¶§�b�z-�¶lÀd³�±Yºc�¾¯�>ÇZ°doY�j¿Zd³�²¿Y�¶º] ¶kººc Zº]
bÀ��¹�Z]�¶§�±M�{Y�zd�À]�¦�s�µuZº¯ vÀº«ºc�yu�­Zº£yY�a¹Zº c

-¾¯�Pºº�´¯�[M�ªÀº�³Zd��bºº�Y�{Y��vº�Z]��^czº¯ ¾º³º¿uzÀ�¶]
zcÇZ]�vo�yu�Z¸³M�¦�s�µuZ¯�uz¨¬°��¶§�¾¯Z£yY�z.¿u�ayZ^º�

v³Y�¶kYº¯�½zd°§�ª¨º�¯�Z]�½|°�Y�¡Z^�³Y��Zp«�¶]�bº�Y�²¿Y
vº·u�¾¯�yYz£�vÀ¿Pc�uyº¯�Yy��¿z��¹ �z�Y�yZ§�j¿Zd³��ºº�º¯

�Ô�©uzs�}Z�o�²¿Ç�¹u�¹ ª°pd¯�²¿Ç�¹u�¾º�yz]�yu�¶º§ �
¾WZÀ�ºÀcY�%UDVVLFD� FDULQDWD�yu¾³º¿�½Z·��sZ��¶§�v´ºd�Z¿
zºÀ�³.�1D�´¿|º- ¹.zº]Yz]�yu�1DYvk�½Yz]�¾¤�º¯�yZÀ�¯�

v´d�·�½yº��¶]�ª°pc�z�³�{Y�a¹Z dº¯ ½Zº·²º¿Ç�±uzº§�Ô��
Yy�Z·�b�Z]�½|°�Y�ªÀ�Zd��Z]�[M�½Yºdp¯�uºs�¶º�«Z�¯�yu�Zº¸³M

vº³uººº] µuYvº³ yYzºº£ ¾º�yzº] uyººº¯�bº�Z]�[M�ªººÀº�³Zd�
¿ bÀ�ºº�¹�Zºº] µYzººº°·¹ ¾ººcyºÀ��¾ºº�yzºº] yu�±M�¾ººº³ºº

±YyZºº¨ºº°·�&ODXGLD� HW� DO����ÎÖÖÒ�yYzº£ ¾º�yzº] uyººº¯
uz¨¬°��½¹y�¦°³�½|°�Y�zgY�¶§�v³uz§��yY|-�|ºÀ³�¹ ¶d�zº-

b�Y�yZ]�±Z¿{�Y|¬§�}Z¯ºÀ]�Ö��z]�¾´d^¯�¶§�|À³�½z.¿u��yY|-
¶§�b�Y�±M�{Y�¾§Zo�v�Z]�¾¯�[Z£z��{Y�v�]�½yº��zgY�¾º�yz]

�yu��·Z§�^cz¯�¥Zs�[M�ªÀ�³Zd��Z]�zd�À]�v³Yºc�¾¯�²�¹y�v
¾³º¿�©uZ�c�­v��Z¿�bÀ°��Zºc vº�Z]�ÎÏ��z�³�¶] \Àczc�²¿Y�¶]

{Y�¾ºº¨¿�±Yº´ºº�¶ºº] [M�uº^ºº°§�{Y�¾ºº�Z³�aÈ¨ºº�¯�vºº�y�¾ºº¯
Z¿�ª°pc�vo�uy¹Mz]�yu�½zczgR¯��¤³�½yº��zÀgPc�½Z·yººp¯

v�Z]�¶dº�Yu�Y|º¬§�­Zº£yY�bÀº�Z�o�¶´À¯{�v³Yºc�¾¯�²¿Yz]Z´]½Z·
v�Z]�¶d�Yu�uºk¹�Y|¬§�­Z£yY�yu�¾¨�s�¶]�ª°pc�½Yz]�¾^�Z´¯�
j¿Zd³�¹ ¶d�z-�ayº��¾º]ºs�½Zº·¾º�yz]��ºº�s�²º¿Y�yu
½Z·�¾�yz]�j¿Zd³�½Zd�Yy�yu�¾�º³�¶º] v³Yººc¾º¯ ±M�{Y�ªº�Zo

uzºººÀ- yYzººº£ Y|ºº¬§�yu�½yººº��±Zºº-yººº¯ ¹ bººº¿Yy�ÎÖÖÕ�
u Z¨À�Yz]�½Z·�¶³º-�{ZÀd¯Y�¶º§ v´ººdº�Yu�yZºº¸º�Y�´c��¿Yz��y

¹ +z]�~³Z�%yºc�� o�yu�Z¸³M�zd�À]�±Yºc�¶]��º]zº¯ ¾¨º�s
¶lÀºd³�yu&&5��&URS�*URZKJ�5DWH�¹/$'��/HDI�$UHD�
'XUDWLRQ�bº�Z¸³M�ÏÍ���º�s�yu�|À³�½zº.¿u�½Zº·�yY|º-

½|°�Y�®À�´c�¶]�b^�³�¾¨�s�¶]�}Z�o�½Y|¬§�­Z£yY�±Yººc ­vº��
ÎÍ�Y yu�¾º¨Àd³%�~³Zº¿yY¹�uººk¹ �²Àº´#�®º·±Yºc�z�³�{Y�Y|¬§�­Z£y

�Z§Yz��¹ Yz�º§��yY|-�¶]�Z´]�½|°�Y�®ºÀ�´c�ÎÖÖÓ�uyYu�uºk¹�
�ººt]�yu�zºº�Zo�¾ººº�yz]�{Y�ªººº�Zo�zºº.¿u�aYv·Zºº�¯
¦�s�µuZ¯�Z]�®À¤dº�¯�yº��¶] v´#�z·��Z·�+z]�ªÀ�¹z¬§�b�¬�

vº·u�¾º°³�±Z�³�½uZ¿{�¾.ºdº�]�®º· µZÀº-�©¹vkÐ�yu�¾º«¹
] yu�²Àº´#�®º· ¹ ½yºº� �¿Yzº�½Z·�a¹Z c�Z]�>Z��]��­Z£yY�²À

bº�Y�µYzº°·�yYu�¾º´�¯�±Y|À¯�z�³�{Y�­Z£yY�a¹Z c�{Y�z�³��z�
ªÀ�¹zº¬§�©¹vºkÏ��º]z¯�Z¸³M�¾¨Àd³%�½Z·�¾º-&¿¹�¶º] ¶º§ �

ªÀ�¹z¬§�±Y|À¯��´§Y¹�­v���uº��¾º¯D½Z·�ªÀ�¹z¬§��º°l¯�¹
E¹Dbºº¯¹Z¤¯�{Y�¾³Zºº�³�bºº�Y�²ºº¨°¯��½yººº� �¿Y|ºº�Y ¶ºº]

yu�µZÀº- ®º�À«º]Zd¯©Zo�²¿Y�Z]��uº��¾]Z¿{yY�½yº���´c�zº]Yz]
b^�³�ªÀ�¹z¬§�n���� o�Z]�¶�¿Z¤¯�yu�v�y��´º§Y¹�¶$³Z´º#
±Y|À¯�yYu�¾´�¯��´§Y¹�­v���v�Z]�¾°³�}Z�o�½yº���´ºc ¶º]
µuYu�b^�³�+z]�yu�v�y��·Z§�¶]�zd�À]�b�Y�²¨°¯�ªÀ�¹zº¬§

uºº���¦�s�µuZ¯��°lc�¶§�b�Y�²¿Y�±Z-v´·¹&��¾��]�zº�³
|À¯�[zº� ªº�Zon���boZ�¯�¹ n���voY¹�yu�|d´�ºd��±Y
b�Y�µv´´§�|d´�ºd��ÎÐ��

uyº¯�aZ ��²¿zc�®¸¯�yu�Z·�²À.³ZÀ¯�¶�¿Z¤¯�{Y�ª�Zo�j¿Zd³
©¹vk�yu�¾º]Z¿{yYÑb�Y�µv¯M���º]z¯�­Z£yY�¶§�²¿Y�¶]�¶kºc�Z]

Z]�¾�t�¯�¾.´·M�®·�{Y�©¹vk�²¿Y�yu�Z·�+z]�[M�ªÀ�³Zd��¶º]
µZÀ-�¾¿Yº·�½Z·��t]�ª§�¦º�s�µuZº¯�À��¹ b�Y�yYuyºsz]�

v��µv¿u�b ��¹u�²¿Y�²À]�¾.d�]�®·�²¿zd�À]��²º¿Y�{Y�©¹vk
Ð��©¹vºk yu�­Zº£yY�\ÀczºcÑ¹u�²¿Y�¶]��º]z¯�yYv¤¯�¶¿Z��z]�

b º��[M�ªÀº�³Zd��¹ ¦º�s�µuZº¯�¶§�v��®À�´c�½Y�¶³º-�¶]
µ¹zº-Î¦�s�µuZ¯�±Y|À¯�²¿zd�À]��½yZ¯M�µ¹z-D�²¿zcÇZ]�¹

Yy�[M�ªÀ�³Zd��±Y|ºÀ¯b�YyYu��Ñµ¹z-�yu�µv��µuZ¿�®£y�Î²¿Y�
¶]�½yº��¶]�ª°pd¯�­Zº£yY�±Yº´º�¶º] bº�Y�²º¨°¯�Yy�©¹vºk
zd¸]�bÀ��¹�¶]�±Yºc�¾¯�Yy�ª°pc�²¿Y�>ÇZ°doY�¶§�uy¹M�[Zº�o

uYu�b^�³�Z·�©º¬º� ¹ Zº·bº�Z]�ªºsYu�[M�²¿Y�z.¿u�²t��¶]
½yº��Z]�¶kYºº¯ yu�­Zº£yYÎÏZ]�v³Y�¶d�³Yºc�zd¯�z]�~´°¿{�¾�u�

� o½zd¸]�¾�¿¹y�v�y��uºs�[M�ªÀ�Zd��yu�zcÇZ]�¾^�³�vo�
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Y|¬§�­Z£yY�¾¨¿%º«º¿|À��½Z·��´§Y¹�%UDVVLFD�QDSXV /��¶]�b^�³�¾�¿¹y�v�y�¶¬oz¯�yuþ

ÎÎÎ

v³yYx.]��¿Z°³�¶]�Yy�­Z£yY�²¿Y�yu�[M�ªÀ�³Zd��±Y|À¯�ÎÐ�yZ]�
yu�¶d�z-�yYz£�½Y|¬§�®£y�¹u�[M�ªÀ�³Zd��¶]�½uZº¿{�u¹vºo Zºc
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�� $O�.DUDNL�� *�� 1�� ������ *URZWK�� ZDWHU� XVH� HIILFLHQF\�� DQG� VRGLXP� DQG� SRWDVVLXP� DFTXLVLWLRQ� E\� WRPDWR� FXOWLYDU�
JURZQ�XQGHU�VDOW�VWUHHV��-��3ODQW�1XW������������

�� $VKUDI��0�� DQG� $�� 6DJKLU�� ������ ,QIOXHQFH� RI� VRGLXP� FKRULGH� RQ� LRQ� DFFXPXODWLRQ�� <LHOG� FRPSRQHQWV� DQG� ILEHU�
FKDUDFWHULVWLFV� LQ� VDOW�WROHUDQW� DQG� VDOW�VHQVLWLYH� OLQHV� RI� FRWWRQ� �*RVV\SLXP� KLUVXWXP� /���� )LHOG� &URS�
5HV��������������
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��Z°�µy­yZ¸#��±Zd�¯{ÎÐÕÏ

ÎÎÏ

�� $VKUDI��0��DQG�5��6KDULI��������'RHV�VDOW� WROHUDQFH�YDU\� LQ�D�SRWHQWLDO�RLOVHHG�FURS�%UDVVLFD�FDULQDWD DW�GLIIHUHQW�
JURZWK�VWDJHV"�-��$UJRQ��&URS��6FL���������������

�� &KRSUD�� 9�� /�� DQG� 6�� 3UDNDVK�� ������ 2LOVHHG� DQG� 9HJHWDEOH� %UDVVLFD�� ,QGLDQ� 3HUVSHFWLYH�� 2[IRUG� DQG� ,%+�
3XEOLVKLQJ�&R��1HZ�'HOKL� ,QGLD�

�� )LRUUHWWL�� 0�� 1��� 3�� (�� %HUHYHGDQ�� 6�� 6�� %DLRQL�� *�� /XD\D]D�� 5�� ,�� 3DORPR� DQG� 3�� 3ROLFL�� ������ (IIHFW� RI� ZDWHU�
GHILFLHQF\� RQ� VRLO�SODQW�ZDWHU� UHODWLRQV� LQ� &DQROD�� 3URF�� &DQEHUUD�� �WK ,QWHUQDWLRQDO� 5DSHVHHG� &RQJUHVV�
&DPEULGJH�������������

��� *RRG��$��*� DQG�-��/��0DFODJDQ��������(IIHFWV�RI�GURXJKW�VWUHVV�RQ�WKH�ZDWHU�UHODWLRQV�LQ�%UDVVLFD�VSHFLHV��&DQ��-��
SODQW�6FL��������������

��� *ODQQ�� (�� 3�� DQG� -�� -HG� %URZQ�� ������ 6DOW� WROHUDQFH� DQG� FURS� SRWHQWLDO� RI� +DORSK\WHV�� &ULW�� 5HY�� 3ODQW� 6FL�
���������������

��� *XWHLUUH]%RHP��)��+���5��6��/DYDGR�DQG�&��$��3RUFDOOL��������(IIHFWV�RI�ZDWHUORJJLQJ�IROORZHG�E\�D�VDOLQLW\�SHDN�
RQ�UDSHVHHG��%UDVVLFD�QDSXV�/����$JURQ�	�&URS��6FL���������������

��� +DPPDWUDQMDQ��$��������$GYDQFHV�LQ�3ODQW�3K\VLRORJ\��3DZDQ�NXPDU�VFLHQWLILF�SXE���,QGLD�
��� 0HLGQHU��+��������&ODVV�H[SHULPHQWV�LQ�SODQW�SK\VLRORJ\��%ULWLVK�/LEUDU\�&DWDORJXLQJ�LQ�3XEOLFDWLRQ�'DWD��/RQGRQ�
��� 0XQQV��5��DQG�$��7HUPDDW��������:KROH�SODQW�UHVSRQVH�WR�VDOLQLW\��$XVW��-��SODQW�SK\VLRO�������������
��� 3HVVDUDNOL��0��������3ODQW�DQG &URS�6WUHVV��0DUFHO�'HNNHU��,QF��1HZ�<RUN��
��� 3LWPDQ��0��*��������7UDQVSRUW�DFURVV�WKH�URRW�DQG�VKRRW�URRW�LQWHUDFWLRQV��33����������,Q��6WDEOHV��5��&��DQG�*��+��

7RHQQLHVVHQ��(G6����6DOLQLW\�7ROHUDQFH�LQ�3ODQWV��$�ZLOH\�,QWHUVFLHQFH�3XEOLFDWLRQ�
��� 5RVD�,EDUUD��0��'��/�� DQG�5��.��0DLWL�� ������%LRFKHPLFDO�PHFKDQLVP� LQ� JORVV\�6RUJKXP� OLQHV� IRU� UHVLVWDQFH� WR�

VDOLQLW\�VWUHVV��-��3ODQW�3K\VLRO���������������
��� 6KDQRQ��0��&��������$GDSWDWLRQ�RI�SODQWV�WR�VDOLQLW\��$GY��LQ�$JURQ�������������
��� :ULJKW��3��5���-��0��0RUJDQ� 5��6��-RVVHS�DQG�$��&DVV��������&RPSDUDWLYH�DGDSWDWLRQ�RI�FDQROD��%UDVVLFD�QDSXV��

DQG� ,QGLDQ� PRVWDUG� �%UDVVLFD� MXQFHD�� WR� VRLO� ZDWHU� GHILFLWV�� \LDOG� DQG� \LHOG� FRPSRQHQWV�� )LHOG� &URS�� 5HV�
���������
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