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ÀºÀº�³Z��º��À®z§�Àº À��Ä¦z]�b�Z��ÏÑ ©v¯�¶]��´º�t¯
�vºº¿®z-�Z·°�®ºs�¾Zo�¶]�²§Z��©°º��¶]�zd¯¾d³Z��ÐÍ ¢°��Zc
±¦�zcÇZº] v¿Zºº] Áv´´§�Àº À��¶«º«�ÄZ¸d³¦��À®z§�Àº À��¿Z.´·�°®
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¶º] ~�º� �vº� Á®¦®�ÀZº¨c�¶ºº¤À£®�ÐÍ ©v¯�¶]�Â�Á®Â|�¦�&R&O�
¾ºº¿Â°�¾º¬p¯�Â�Áv��Þº ¿zd³Z��ÎÒÍÍ USP °®�¶¤À£®�j´��©v¯
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¶]�¾c°¦zo�°Z°Àc�±¦��v³v��¶À¸c�°¦z¨c�¶��°®�Z·¶³º°³�±¦�¿¦v§�z·
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��Ï ¾Âvk��®|¿°¾¯�®·�¶]�ÒÒÍ�& ÄZ¯®�°®�bÀ´À«ºWZ§�ÀZ°dsZ�
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®ºººkº¯�ÄZ·¾³Z§�v�°®��¶´À¯±��s�²d�z-�z�³�°®�Z]��±¦z��¶�¤³

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

14
 ]

 

                             5 / 14

https://dor.isc.ac/dor/20.1001.1.24763594.1382.7.2.6.2
https://jstnar.iut.ac.ir/article-1-465-fa.html


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

ÔÑ

v�°®��¼º��³Â°�±¦�Á®Z d�¦�Z]���ÎÔ��®±�²À°tc�¦°�¶³º°³�z·�°®
�bº�¦�°¦z£�²¿¦�±¦�±¦º·¦�½Zs�¶³º°³�°®�®ºkº¯�ÄZ·¾³Z§�¾^¿z¤c
��ÎÓ |ººººc°¦º§���ÎÔ bÀ´À«ºWZºº§ ��ÏÍ bºº¿z¬§���ÐÍ bººÀ¬¿¦

��Ð ±¦�zd°§�bÀ³º¬¿°º¯�b³º¯�Â��ÎÑ bÀ¨�°º.À«Z�
bº¿z¬§��ÑÍ�ÏÍ ®Âvºo °®�bººÀ¬¿¦�&(& ¶§�²¿¦�¶]�¶kºc�Z]
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Ävº´]Á®°�²Zº�¦�zº] ½Zººs ²¿¦��b�¦�Áv��Á®¦®�ÀZ�³�Ð ¾Âvk
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�®º]�v·¦ºs�ÒÖ FPROF��NJ z]¦z]�¾³ºÀcZ§�¾®Z^c�bÀ�z�
§¦°¦®�½Zºs ²°�ÄZ·¶ºº³º°³�¶]�¶º]z¯�G��� ÄZ���z¿®Z¤¯
zºg¦�°®�G��� ÎÐ c ±¦zº� ¶ºº�¤³��b�¦�Áv��Á®°Â¡�Ñ ¾Âvk�°®
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¾º�Z�¦�©ÂZºº c�®·�Z]�½Zs�Â®�²¿¦�¶§�®¦®�ÀZ�³�§¦°¦®�Â�±¦º·¦
bÀ³º¬¿°º¯b³º¯�Â�±¦º·¦�½Zs�°®�bÀ¬¿¦�²°�À®º]�\«Z���v³°¦®
Â®�²ºº¿¦�©ÂZ d¯�°Zd�°�°®�¾�Z�¦�ª¯Z��v³¦ºc¾¯��§¦°¦®�½Zs�°®
±¦º·¦��½Zs�Â®�²°��t]�&(& zÀ-®�#�»Èds¦��v�Z]�½Zs
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¾c°¦zo�ÄÞz³¦�¦°§�¶]�½Zs�ÄZ·²°�°®�®À¯®Z§�Â�b«Z^§�bÀ^hc
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Ô�ÎÏ ÎÍ Ö�ÏÒ ÎÑ ÏÕ�Õ Ó�Ô ÏÑ�Ò ÑÍÍ
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�º¿¦|�¦��®zº§ zºº§¯�®°¦®�°¦z£�¾¸kÂ°Z¸#�¶¿Ç�°®�ÀZ�°Z]�\¬�¦
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Z¸ººº´c�ÏÍÍ�& Zºc ¾º·®©°¦zo�¶º§ Ä°ºº� ¶º] �bº�¦�¶dº�¦x-
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Ó�Õ FPROF��NJ ¶] �·Zºº§ À¦|Àº¯ ²º¿¦�ÑÍÍ�& ©°¦zºo °®�¶º§
Zºº¿ Â�¾º¨¿zd¨«¦�bº¿¦v·��·Z§��ªºÀ«®�²À°·�¶]��bº�¦�ÁvºÀ�°
±¦�zdº°§�ÏÍÍ�& Ä¦z]�|À³�z�¤¯�§¡�Î�ÎÍ Á°Z���°®�S+ �¿¦|�¦
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ÎÐÕÏ ÀZd�]Zc���¿Â®�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�
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¶ºk°®�ÑÍÍ Â�ÏÍÍ �ÏÒ ÄZº·Z¯®�¶ºº] ¶º]z¯�;5' ÄZ·º.«¦
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bºÀ³º¬¿°º¯b³º¯�¾³Zº§ Ä¦z]�G ÄZ����;5' ÄZ·º.«¦�¶]�¶kºc
¶º§ �bºº�¦�¶d�Z¿�zÀÀ�c�ÑÍÍ�& °®�Ö�Óc ¶]�ÏÒ�& °®�ÎÑ�Óc ±¦
°®�b«Z^§�bÀ^hc�zg¦�°®�¾³Z§�¾«Zd�¿z§�°ZdsZ��zÀÀ�c�Áv´·®�ÀZ�³
ÄzÀººÀ�c�ÏÍÍ �&°Z°Àc�°®�Z���²¿¦��b�¦�®ºs�¾¸kÂb�·�¶¿Ç
zÀººÀ�c�bººº¿z¬§�Â�bºÀ¬¿¦�ÄZº·²°�Ä¦zº] �bº�¦�Á®zº¨³�¦vºÀ�
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¶Zº¤³�©vº� °®��·Zºº§ �®º�¾¯�Áv¿®�¾]ºs�¶]�Ï ª¨��°®�¶§
�b�¦�±¦º·¦�²°�ÄZ·¶³º°³�±¦�zd�À]�§¦°¦®�²°�ÄZ·¶³º°³�Ä¦z]�±¦z�
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�Á®ºº] z�Zº´��¾]ÂZºº´c�¾Âvk�°®�¶��¦Â�z�Z´��Â|k�©¦|¬��²¿¦
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°®���Í�ÖÔ c��bº�¦�Äzººcá°|]�¾³º¿�¸Z���Ä¦°¦®�b«Z^§�z�´�
�v�Z^³�b«Z^§�v´³Z°·�Z·²°�°®�À¡�bÀ^hc�¶§�®Â°¾¯�°Z�d³¦�¶lÀd³
zº�´��Zº] §¦°¦®�Â�±¦ººº·¦�½Zs�ÄZ·²°��¶�¿Z¤¯�Ä¦z]��²¿¦z]Z´]
¶ºÀ¸c�¶º] ¶À^º� Ävº�]�ªºo¦z¯�¿Zº°c�Â�vº� ¸Z^º�¦�|Àºº³ ®À¯®Z§

�v¿®z-�¿Zl³¦�b«Z^§�Z]�¸Z^�¦�ÄZ·¶³º°³

±¦º·¦�½Zs
½Zºs ¶º³º°³�¶º] ¶ºº]z¯�¾dsZ´ºº�¾³Z§�Â�¾¿ZÀ°À��¶¿|lc�j¿Zd³
¶ººk°®�ÑÍÍ Â�ÏÍÍ �ÏÒ ÄZ·Z¯®�Ä¦z]�®À¯®Z§�Z]�Áv��¸Z^�¦�±¦º·¦
°®�S+ ©¦zÀºººÀ�c��bº�¦�Ávº� Á®°Â¡�Ô ¾Âvºk °®�®¦z-¾d³Zº�
vºo¦Â�Í�Î Z¸º´c�zÀºÀ�c�²º¿¦��vºº�Z]¾¯�|À#Z³�Î�ÎÍ ÀºÀ�³Z��º�
bººÀ��Â�²d�ZºÀ³�zÀºÀ�c�±¦�ÀZº�³�¶º§ �bº�¦�Á®ºº] ÑÍÍ �&� °®
®À¯®Z§�ÀZÀ¯�v³ºÀ��¾c°Z^��¶]�Z¿��®°¦®���2+� Z·¶¿Ç�ªÀ�§Â°vÀ·
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¾c°¦zo�ÄÞz³¦�¦°§�¶]�½Zs�ÄZ·²°�°®�®À¯®Z§�Â�b«Z^§�bÀ^hc

ÔÔ

�¬dt¯�ÄZ·Z¯®�°®�b«Z^§�Z]�Áv��¸Z^�¦�§¦°¦®�½Zs�¶]�¶º]z¯�j¿Zd³��Ó ¾Âvk
G��� �c�

bÀ¨�°º.À«Z� b¿z¬§ bÀ¬¿¦ bÀ³º¬¿°º¯b³º¯ &(&
�FPROF��NJ�

S+Î�ÎÍ (&
��6�FP�

Z¯®
�q&�

ºººº ÎÑ�Ó ÎÍ�Î ÎÑ�Ó ÒÍ�Î Ó�Õ ÑÎ�Ó ÏÒ
ºººº ÎÑ�ÏÕ ÎÍ�Î ÎÑ�Ò ÐÖ�Ñ Ô ÐÍ�Ð ÏÍÍ
ºººº ÎÑ ÎÍ�Î Ö�Ó ÎÑ�Ò Ô�Ó ÎÒ�Õ ÑÍÍ

�¬dt¯�ÄZ·Z¯®�°®�b«Z^§�Z]�Áv��¸Z^�¦�±¦º·¦�½Zs�;5' ÄZ·º.«¦��Î ª¨�

�¬dt¯�ÄZ·Z¯®�°®�b«Z^§�Z]�Áv��¸Z^�¦�§¦°¦®�½Zs�;5' ÄZ·º.«¦��Ï ª¨�
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ÎÐÕÏ ÀZd�]Zc���¿Â®�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÔÕ

¶ºlÀd³�°®��bº�¦�¶ºd�z.³�©°ººº� ¶³º°³�°®�®ºkº¯�ÄZ·²°�Z]
Â�¾«®Zº^c�ÄZºº·ÀZ¨¯�±¦�Z·ÀºÀcZ§�Ä±Z�®¦±¡��v³ºÀ��Àv�³�ªÀ¨�c
¶º] �º¬dt¯�ÄZºº·Z¯®�°®�ÀºÀ�³Z��º��¾º¬p¯�¶]�Z¸³¡�Àv��®°¦Â
¶º] �bº�¦�¶dº�¦v³�À¡�°®�Äzººg¦�©°¦zo�Â�¶d�z-�©°º��¾do¦°
ÀZº�³�¦°�Ä®Zº¿±�©¦zÀºÀ�c�|Àº³ ¾¨¿zdº¨«¦�bº¿¦v·��ªºÀ«®�²À°·
ÐÑ�Ô ¶º] ÏÒ�& °®�ÐÒ�Î �6�FP ±¦�¾¨¿zdºº¨«¦�b¿¦v·��v·®¾°³
zººg¦�°®�¾ºº´�¿��bººº�¦�ÁvÀº�°�ÑÍÍ�& °®�ÐÐ�Ö Â�ÏÍÍ�&� °®
°®�b�Zº� �� Ä¦zº] Î�Ï �6�FP Z¸´c��ÑÍÍ�& Zc�¾·®©°¦zo
®º§ |Àºº³ ª§�¾¨¿zd¨«¦�°Z]��·Z§�z]�Z¯®�zg¦��b�¦�Áv¯¡�v¿v��À¡
�ÏÒ�& °®�ÐÑ�Ð FPROF��NJ ±¦�¦°�¶º³º°³�ªºº§ °Z]�Z¯®��b�¦�Á®º]
�®¦®��·Zº§ ÑÍÍ�& °®�ÐÏ�Ò FPROF��NJ Â��ÏÍÍ�& °®�ÐÐ�Õ ¶]
ÑÍÍ�& °®�vºo¦Â�Î�Õ Â�ÏÍÍ�& °®�Í�Ò FPROF��NJ Z¸ºº´c�¾´�¿
vºº³ºÀ��ÀºÀcZ§�¶§�®°¦®�À¡�±¦�ÀZ�³�¶¬X�¯�²¿¦ �b�¦�¶d�¦®��·Z§
°®�Àºº# Â��bº�¦�Á®ººº] ®§�¾¬Às�¶³º°³�ÄZ·²°�n���Z]�¶d�Z¿
©ÂZº c�ÀºÀcZº§ ¸ºº³ Z¸ºº´c�b«Z^§�Z]�Ä±Z�¸Z^�¦�°Z°Àc�Z]�¶�¿Z¤¯
Zº] vº³ºÀ��®Zºl¿¦�°®�ÀºÀcZºº§ ¸º³�zg¦�b°�£�²¿¦�°®��b�¦�¶d�¦®
¸Z�º� °®��º¿¦|�¦��bº�¦�ÀZºº¿Z°³�¾]ºs�¶]�²°�ÄZ·¾³Z§�n��
ÀºÀcZº§ ²º¿¦�bººÀ^hc�À¦|À¯��·Z§�\^��®À¯®Z§�ÀºÀcZ§�¶«Zd�¿z§

�b�¦�Áv�
®À¯®Z§�Z]�Áv��¸Z^�¦�ÄZ·½Zs�²°�;5' ÄZ·º.«¦�Ð ª¨�
Â��¶ººd�Z¿��·Z§�Z¯®��¿¦|�¦�Z]�±¦z��¶Z¤³�©v���v·®¾¯�ÀZ�³�¦°
ÄZº·º.«¦�¶º�¿Z¤¯��bºº�¦�Á®z§�¦vÀ��¾-vÀ]¦ºs�b«Zo�Z¸³¡�¸Z c°¦
Â�ÏÒ�& °®�®À¯®Zº§ Â�b«Z^§�¾º�Z^�¦�ÄZ·°Z°Àc�¶]�¶º]z¯�;5'
¾�Z^�¦�°Z°Àc�Ä¦z]�;5' Äº.«¦�¾«Â��Á®º]�¶]Z�¯�>Z^¿z¤c�ÏÍÍ�&
¾-vºÀ]¦ºs��Zº¯®�²ºÀ°·�°®�®À¯®Zºº§ ¶]�b^�³�ÑÍÍ�& °®�b«Z^§
¶º³º°³�°®�®ººkº¯�¾³Zº§ °Z¸ºº# ¶]�¶º]z¯�±¦z��¶Z¤³�°®�Äzd�À]
¾ºººº¨º¿zºd¨«¦�°Zºº] À¦|À¯��·Z§�Z]�²¿¦�¶§��v·®¾¯�ÀZ�³�½Zs

�®°¦®�¾.´·Z°·�¶³º°³�ÄZ·¾³Z§

§¦°¦®�½Zs
ÄZ·¶º³º°³�¾dsZ´º�¾³Z§�Â�¾¿ZÀ°Àºº� ÄZ·¶¿|lc�j¿Zd³�Õ ¾Âvk
©¦zÀÀ�c��v·®¾¯�ÀZ�³�¦°�®À¯®Z§�Z]�Áv��¸Z^�¦�§¦°¦®�½Zs�²°

±¦�§¦°¦®�¶º³º°³�¾ºº�°�ÄZ·¾³Z§�ª§�¾¨¿zd¨«¦�°Z]�°®�Áv¯¡�v¿v�
°®�ÑÔ�Ô Â��ÏÍÍ�& °®�ÑÖ�Õ ¶ººººº] ÏÒ�& °®�ÒÎ�Ï FPROF��NJ
Ä¦z]�Â�Î�Ñ FPROF��NJ �ÏÍÍ�&�Ä¦z]��·Z§�²¿¦��vÀ�°�ÑÍÍ�&
�·Zº§ Zºº] ��·Z§�À¦|À¯�²¿¦�¶�¿Z¤¯�°®��®º]�vo¦Â�Ð�Ò �ÑÍÍ�&
Zº] Ä±Zº�¸Z^�¦�b«Zººo °®�¼º��¾�°�ÄZ·¾³Z§�¾¨¿zd¨«¦�°Z]�°®
zc�t�¯�±¦º·¦�¶³º°³�ÄZ·²°�¶]�b^�³�ÀºÀcZ§�¸º³�zg¦��b«Z^§
¾�Z³�¶§��²°�ÄZ·¾³Z§�¾¨¿zd¨«¦�°Z]�À¦|À¯�°®�®§��·Z§��b�¦
>Zd^º�³��º¿¦|�¦�\^º� �bºº�Z·²°�Â�®À¯®Z§�ÀZÀ¯�v³ºÀ��¾°§�±¦
°®�S+ �·Zº§ �bº�¦�Ávº� Ávº¿®�Zºº¯®�ÄZ·¶³º°³�S+ °®�¾°§
vººo¦Â�Í�Î Z]�z]¦z]�ÏÍÍ�& ÄZ¯®�°®�®À¯®Z§�Z]�Ä±Z�¸Z^�¦�b«Zo

�v�°¾¯�vo¦Â�Í�Ð ¶]��·Z§�²¿¦�ÑÍÍ�& °®�Â��b�¦
b«Zºo °®�§¦°¦®�¶º³º°³�ÄZºº·²°�¾¨¿zd¨«¦�b¿¦v·��·Z§
ÑÍÍ�& °®�Â�Í�Ö �6�FP ¶º] ÏÍÍ�& ÄZºº¯®�°®��®À¯®Z§�Z]�¸Z^�¦
¾¨¿zdº¨«¦�°Zº] °®�®º§ �·Zº§ ªººÀ«®�¶]�¶§��vÀ�°�vo¦Â�Ï�Î ¶]
°®�ÏÒ�Õ Â�ÏÍÍ�& °®�ÎÎ�Ð �6�FP zºº]¦z]�°®��·Z§�²¿¦��b�¦
�®°¦®�°¦z£�b«Z^§�Z]�¶³º°³�²À°·�Ä±Z�¸Z^�¦�b«Zo�Ä¦z]�ÑÍÍ�&

�b�¦�Á®º]�®§�°ZÀ�]�®À¯®Z§�Ä¦z]�¶§
bººÀ¬¿¦�Ä¦z]�®À¯®Z§�Z]�¾�Z^�¦�½Zs�²°�ÄZ·¶³º°³�°®�G ÄZ��
Ä¦zº] Zºº���²¿¦�¶§�¾«Zo�°®���Õ ¾Âvk��®z¨³�ÄzÀÀ�c�b¿z¬§�Â
°®�ÎÑ�Ð c Â�ÏÒ�& °®�ÎÑ�Ó c ±¦�bºººººººÀ³º¬¿°º¯b³º¯�²°
ÀZ°dsZº� °®�zÀºÀ�c�¶º§ �vºº�°¾¯�ÑÍÍ�& °®�Ö�Ó c ¶]�ÏÍÍ�&
bºÀ^hc�¶º] zººl´¯�zÀÀ�c ²¿¦�¾«Â��v·®¾¯�ÀZ�³�¦°�¾³Z§�¾Zd�¿z§
²º¿¦�¦zº¿±��®ººº�¾°³�bÀ³º¬¿°º¯b³º¯�²°�ÄÂ°�°º§x¯�ÀºÀcZ§
Â�Á®ºº] ¾®Zº^c�ª]Zºº£ °º§x¯�²°�ÄÂ°�±¦�ÄzÀ-Á°Z���Z]�ÀºÀcZ§
��¾³Zº§ ¾¨¿zdº¨«¦�ªº§ °Zº] °®�®º§ �·Zº§��bºº�¦�Áv��«°Zs
ªºs¦®�¶]�¾«®Z^c�Àº¿�©zkZ¸¯�¶]�À¦ºc¾°³�¦°�Áv¿v��²¿¦��²¿¦z]Z´]

�®¦®�b^�³�²°�ÀZ°dsZ�
¶ººk°®�ÑÍÍ Â�ÏÍÍ �ÏÒ ÄZº¯®�¶º] ¶ºº]z¯�;5' ÄZº·º.«¦
�bºº�¦�Áv��Á®¦®�ÀZ�³�Ñ ª¨��°®�§¦°¦®�¶³º°³�Ä¦z]�®¦z-¾d³Z�
©¦zÀºÀ�c�Â��bºº�¦�¶d�¦®�±¦z��¶Z¤³�z]�¾°§�zg¦�ÑÍÍ�& Zc�ÄZ¯®
±¦zºº� ¶Z¤³�ÑÍÍ�& ÄZ¯®�°®�¾«Â��b�¦�¾W|k�Z¸³¡�°®�Áv¯¡�v¿v�
¶ºº]zº¯ ;5' ÄZºº·ºº.«¦�¶�¿Z¤¯��v³°¦®�ÁvÀ]¦ºs�b«Zo�>Z^¿z¤c
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¾c°¦zo�ÄÞz³¦�¦°§�¶]�½Zs�ÄZ·²°�°®�®À¯®Z§�Â�b«Z^§�bÀ^hc

ÔÖ

�¬dt¯�ÄZ·Z¯®�°�®�®À¯®Z§�Z]�Áv��¸Z^�¦�±¦º·¦�½Zs�¶]�¶º]z¯�j¿Zd³��Ô ¾Âvk
G��� �c�

bÀ´À«ºWZ§ bÀ¬¿¦ bÀ¨�°º.À«Z� b¿z¬§ &(&
�FPROF��NJ�

S+Î�ÎÍ (&��6�FP� Z¯®
�q&�

Ô�ÏÐ ÎÍ�ÍÔ ÎÍ�ÒÒ ÎÑ�ÏÕ ÐÑ�Ð Ó�Ó ÐÒ�Î ÏÒ
Ô�ÏÐ ÎÍ�ÍÔ ÎÍ�ÒÒ ÎÑ�ÏÕ ÐÐ�Õ Ó�Ó ÐÑ�Ô ÏÍÍ
Ô�Î ÎÍ�ÍÓ Ö�ÏÒ ÎÑ ÐÏ�Ò Ó�Ô ÐÐ�Ö ÑÍÍ

�¬dt¯�ÄZ·Z¯®�°®�®À¯®Z§�Z]�Áv��¸Z^�¦�§¦°¦®�½Zs�¶]�¶º]z¯�j¿Zd³��Õ ¾Âvk
G��� �c�

bÀ¨�°º.À«Z� b¿z¬§ bÀ¬¿¦ bÀ³º¬¿°º¯b³º¯ &(&
�FPROF��NJ�

S+Î�ÎÍ (&��6�FP� Z¯®
�q&�

ºººº ÎÑ�ÐÒ ÎÍ�ÍÔ ÎÑ�Ó ÒÎ�Ï Ó�Ö ÑÐ�Ï ÏÒ
ºººº ÎÑ�ÐÒ ÎÍ�ÍÔ ÎÑ�Ð ÑÖ�Õ Ô ÑÏ�Ð ÏÍÍ
ºººº ÎÑ ÎÍ Ö�Ó ÑÔ�Ô Ô�Ï ÑÎ�Î ÑÍÍ

�¬dt¯�ÄZ·Z¯®�°®�®À¯®Z§�Z]�Áv��¸Z^�¦�±¦º·¦�½Zs�;5' ÄZ·º.«¦��Ð ª¨�

Â�b«Zº^§�Zºº] ¸Z^�¦�ÄZ·b«Zo�°®�§¦°¦®�½Zs�²°�ÄZ·¶³º°³�¶]
¶º³º°³�±¦zº� ¶Zº¤³�¸Zº c°¦�¶º§ vº·®¾¯�ÀZºº�³�ÏÒ�& °®�®À¯®Z§
ÄZº¯®�°®��bº�¦�°¦®®À¯®Zºº§ ¶³º°³�±¦z��¶Z¤³�±¦�zcv´¬]�°¦®b«Z^§
¾°À¯®Zº§ ¶º³º°³�±¦�zºcÁvÀ]¦ºs�¾d«Zºº^§�¶³º°³�±¦z��¶Z¤³��ÑÍÍ�&

°®�b«Zº^§�ÄZº·Àº¿�bºÀ^hc�ªºÀ«®�¶º] bº�¦�²ºº¨°¯�¶§��v´d�·
�v�Z]�²°�ÄZ·¾³Z§�°ZdsZ�

¸Z^ºº�¦�²°�°®�®Z¿±�À¦|À¯�¶]�¾¨¿zd¨«¦�°Z]��·Z§��z.¿®�Äº��±¦
�®ºººÀ¯®Zºº§ Zº] ¸Zº^�¦�²°�¶]�b^�³�ÑÍÍ�& ÄZ¯®�°®�b«Z^§�Z]
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ÎÐÕÏ ÀZd�]Zc���¿Â®�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÕÍ

�¬dt¯�ÄZ·Z¯®�°®�®À¯®Z§�Z]�Áv��¸Z^�¦�§¦°¦®�½Zs�;5' ÄZ·º.«¦��Ñ ª¨�

°®�zÀºººÀ�c�²º¿¦��bº�¦�²°�¾³Zº§ ÀZ°dsZº� °®�zÀºÀ�c�ÄZº¿º-
©°¦zºo ±¦�~º� ®À¯®Zºº§ Â�b«Z^§�Z]�¸Z^�¦�²°�;5' ÄZ·º.«¦
®°ºº¯ °®�Áv� ¿Zºl³¦��º·Â&���®ººº�¾°³�Áv¿®�ÑÍÍ�& °®�À®¦®
zºg¦�°®�¶ºº§ b�¦�Á®¦®�ÀZ�³�Z·²°�ÀZ°dsZ��°®�Z·ÀºÀcZ§�bÀ^hc
¦°�Í�Ôc ±¦�zdººº°§�¾º³º¿�¸Z�º� Zº] ÄZº·ÀºÀcZ§��À®¦®�©°¦zºo
²º^p¯�bÀd¨°�¦�ÄZ·²°�ÀZ°dsZ��¾«Zs�ÄZ·Z���°®�À¦ºc¾¯
�²°�Â�ÀºÀcZº§ ²ºÀ]�¶ºº¬�Zo�b³Ç¦Âº§�v³ºÀ��¶§�Ä°º��¶]��®z§
Zº] �²¿¦z]Zº´]���ÎÎ��®ºº� ²°�ÀZ°dsZºº� °®�ÀºÀcZ§�bÀ^hc�f�Z]
ºººÀd§¦º¿®¦°�Â�¾¿ZÀ°À��z�Z´��±¦�v¿¦±�®¦º¯�zd�À]�¶§�²¿¦�¶]�¶kºc
¶º§ ®zºº§ µz��À¦ºc¾¯��v³°¦®�®ºkÂ�¾³ºÀcZ§�ª¨��¶]�½Zs�°®
bºÀ^hc�°®�vº´³¦ºc¾¯�À®¦®�©°¦zºo Zºº] bÀd¨°�¦�ÁÂz-�ÄZ·²°

�v³º���£¦Â�zgR¯�Áv´´§�Á®º«¡�z�Z´�
Â��¾ººc°¦zo�°Z°Àc��z�´��¸º³ zg¦��Ö ¾Âvk�j¿Zd³�¶]�¶kºc�Z]
vº�°®�¦º¿ n�º� °®�Ávº´´§�Á®ººº«¡�z�Z´��bÀ^hc�°®�²°�¸º³
½Zºs ²°�ÄZ·¶ºº³º°³�¶]�¶º]z¯�bÀ^hc�²¿zd�À]��b�¦�°¦®¾´�¯
¶ºº]z¯�bÀ^hc�²¿zd�À]�|À³�z�´��¸º³�¶�¿Z¤¯�°®��v�Z]¾¯�§¦°¦®
À¦|Àº¯ ²¿zdºº�À]�|À³�¾c°¦zo�ÄZ·°Z°Àc�°®��b�¦�b«Z^§�z�´��¶]

�®°¦®�ÑÍÍq& Zc�¾·®©°¦zo�°Z°Àc�¦°�bÀ^hc

ÄzÀ-¶lÀd³
°®�Â��bº�¦�Ä¦¶dºº�·�©Çº���²�®�Ä¦z]�ÀZ¨¯�²¿zc®¸¯�½Zs
Ä°¦vº¸.³�°®�¦°��º¤³�²¿zdº�À]�²°� |ºk ½Zºs Ä¦|ººk¦�ÀZÀ¯
ÀZº¯±�Ä¦°¦®�Zº·²°�ÀZ°dsZºº� Ä°¦v¿Z���®°¦®�Ä¦¶d�·�©Z�¿Z�
�bº�¦�ºººÀd§¦º¿®¦°�z�Z´��\¬�¦�z°��¶°À³�¶]�b^�³�Äzc¾³Çº�
Z¸º³¡�°Zº�d³¦�±¦�À¦ºººc¾¯��Z·²°�°®�z�Z´��²¿¦�bÀ^hc�Z]��²¿¦z]Z´]

�®z§�ÄzÀ-º¬k��Àp¯�°®
Z]�§¦°¦®�Â�±¦º·¦�½Zs�ÄZ·²°�Ä±Z�¸Z^�¦�±¦�ª�Zo�j¿Zd³
¶º§ ®¦®�ÀZº�³�ÑÍÍ�& Zººc ¾·®©°¦zo�Á¦z°·�¶]�®À¯®Z§�Â�b«Z^§
¸ººº³ Â�ÀººÀcZº§ ¸º³�¶]�¾.d�]�²°�ÀZ°dsZ��°®�ÀºÀcZ§�bÀ^hc
b«Zº^§�Z]�Áv��¸Z^�¦�ÄZ·²°�¾¨¿zd¨«¦�°Z]�°®��·Z§��®°¦®�²°
°®��®ºº^³�ÀZº�¨¿�ÑÍÍ�& ¶º] ÏÒ�& ±¦�Zºº¯®��¿¦|�¦�Z]�®À¯®Z§�Â
°ºº� ¶ºº] ¾¨¿zd¨«¦�°Z]�°®��·Z§��b«Z^§�Z]�Áv��¸Z^�¦�ÄZ·²°
°®�À®¦®�©°¦zºo ±¦�~º� ¶º§ Ä°ºº� ¶º] �vºº� Áv¿®�¾�º�p¯
Â�ÐÒ�Ó ±¦�§¦°¦®�Â�±¦ºº·¦�½Zººs Ä¦z]�\Àczc�¶]�&(& �ÑÍÍ�&
¶ºº§ ¾c°º��°®��b�Z¿��·Z§�ÎÑ�Ò FPROF��NJ Â�ÏÕ�Õ ¶] ÒÍ�Î
®Zººº¿±�¾¨¿zd¨«¦�°Z]�°®��·Z§��®À¯®Z§�Z]�Áv��¸Z^�¦�ÄZ·²°�°®
±¦�\ºÀczc�¶º] &(& �ÑÍÍ�& Zc�¾·®©°¦zo�±¦�~��¦z¿±��b�À³
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¾c°¦zo�ÄÞz³¦�¦°§�¶]�½Zs�ÄZ·²°�°®�®À¯®Z§�Â�b«Z^§�bÀ^hc

ÕÎ

®À¯®Z§�Â�b«Z^§�ÄZ·ÀºÀcZ§�Z]�Z·²°�¾·®©°¦zo�±¦�ª�Zo�j¿Zd³�Ä°Z¯¡�¶¿|lc��Ö ¾Âvk
©¦zÀÀ�c��^´¯Ä®¦±¡�¶k°®

GI
©Z�]z¯�¸º°l¯

66
©Z�]z¯�²À.³ZÀ¯

06)
²°��z�´�ÎÑÐÑ�ÍÏÔÔÑÐÑ�ÍÏÔÔÎÎÕÏ�ÍÕ



©°¦zo���z�´�ÏÒÐÓ�ÑÓÔÏÏÓÕ�ÏÐÐÓÔÐÍ�ÒÑ


©°¦zo���²°ÏÐÓÒ�ÒÏÒÏÎÕÏ�ÔÓÐÓÑÖÔ�ÔÓ



z�´����©°¦zo��²°ÏÏÖÖ�ÎÐÔÏÎÑÖ�ÒÓÕÓÑÍÔ�ÐÒ


Z�sÏÏÕ�ÍÔÔÔÍ�ÐÓÔÎ

�b�¦�&9 Î�ÓÎÑÎ ©¦zÀÀ�c�\¿z��Â��®°¦®�®ºkÂ�°¦®¾´�¯�»Èds¦�Z·°Z°Àc�ÀZÀ¯�v�°®�¦¿�Ä°Z¯¡�n���°®�� 



�®zººº§ ¦vºÀ���·Zº§ ÑÔ�Ô FPROF��NJ Â�ÐÏ�Ò ¶º] ÒÏ�Ï Â�ÐÑ�Ð
°Zºº] �·Zººº§ °®�ÀºÀcZº§ ¸ºº³ Â�²°�¸ºº³ ª¯Zº� Â®��²¿¦z]Zº´]
�±¦ºº·¦�½Zºs °®�\«Zº� ÄZºº·²°��v³°¦®�Áv°���¤³�¾¨¿zd¨«¦
�§¦°¦®�½Zººººººs °®�Â��bÀ´À«ºWZºººº§ Â�bºººº¿z¬§��bººººÀ¬¿¦

�v´d�·�b¿z¬§�Â�bÀ¬¿¦��bÀ³º¬¿°º¯b³º¯
²ºÀ]�ÄZº·Z���Â�¾¨¿zdº¨«¦�°Zº] °®�Ávº� Áv·Zºº�¯�©¦zÀÀ�c
¾º¬À«®��À®¦®�©°¦zººo ±¦�~��b«Z^§�Z]�¸Z^�¦�ÄZ·²°�°®�Ä¦¶¿Ç
°®�¾c¦zÀºÀ�c�|Àº³ Â��²°�Â�ÀºÀcZº§ ²ºÀ]�vºº³ºÀ��¸º³�©¦zÀÀ�c�z]
Í�ÓÕ c ¶ºº§ �b«Z^§�¾³º¿�¸Z���¶]�¶kºc�Z]��b�¦�²°�ÀZ°dsZ�
¶º] b«Zºº^§�z�´��¾Z¤d³¦�¶]�¦°�Áv��¿Zl³¦�©¦zÀÀ�c�À¦ºc¾¯��b�¦
Zºº] ®À¯®Z§�z�´��¶§�¾c°º��°®��®¦®�b^�³�²°�ÀZ°dsZ��ªs¦®
²°�ÀZ°dsZº� ¶º] vº³¦ºc¾°³���Í�ÖÔ c��zºcá°|ºº] ¾³º¿�¸Z��
Ä¦¶º¿Ç�²ºÀ]�ÄZº���Â�¾¨¿zdºº¨«¦�°Z]�°®�zÀÀ�c�¾°§��®º��ªs¦®

�b�Z�v¯�²¿¦�z]�¾¬À«®
Z¸º³¡�zºs¡�°¦vºº¯ ÄZ·ÀÂzd¨«¦�¶]�z�Z´��¾¿ZÀ°À��°Zd�°�Àº#
z.º¿v¨¿�Zº] Zºº·ÀÂzcº³�°Z°��Z¸´c�Z·ÜºcÂ|¿¦�°®�Â�®°¦®�¾.d�]
ÀZ�¨¿�z.¿v°·�Z]�Z·ÜºcÂ|¿¦�¾¿ZÀ°À��°Zd�°�~���b�¦�©ÂZ d¯

z�Zºº´��Ä¦z]�¶§��¦°�¼º���·Â&��j¿Zd³��Â°�²¿¦�±¦���Ð��v�Z]¾¯
ÜººcÂ|¿¦�z�Zºº´��¶]�À¦ºc¾¯��b�¦�¶d�z-�©°º��ÜºcÂ|¿¦�zÀ�

�®¦®�®À°�c�|À³
®¦ººº¯ ±¦�Á®Z dº�¦�Â�¾º°c¦�ÄZ·bsºº� ÀÂ|º�¦�±Â°�®z]°Zº§
ÄZºk zº] \^º� �Ä±°ÂZº�§�Â�¾¨º�|���bºº�´��°®�ºÀd§¦º¿®¦°
zº�]�¶º§ �®ººº�¾¯�Ä¦¶d�·�©Çº���±¦�Ä°ZÀ�]�z¿®Z¤¯�²d�¦x-
j¿Zºd³�±¦��²¿¦z]Zº´]��bº�Z¸³¡�²º�®�Ä¦zº] ¾ºº·¦°�²d�Z¿�¶]�z¿|-Z³
©¦|º¬��Z¿�Â�Ä¦¶d�·�©Çº���²�®�Ä¦z]�À¦ºc¾¯�z�Zo �·Â&�
Áz¸º] �®ºº�¾¯��ºÀp¯�¾-®ººº«¡�\^��Z¸³¡�¾-v´§¦z��¶§��²À.´�
�Zd]�Â�Z¯Z-��Z «¡�ÄZ·ºcz���]Zc�zg¦�°®�|À³�ºÀd§¦º¿®¦°�®¦º¯��b�k
~º� �v³ºº�¾¯�ÀZºº��¦z�¦�¿Z�k¦�°®�¾¿Z¯z-�ÄÞz³¦�vÀ«ºc�f�Z]
¶]�°®Z£�Ä¦¶d�·�©Çº���ÄZ·¶³º°³�¶§�¾c°º��°®�b�¦�¾¸¿v]
¶º] ±ZºÀ³��v´º�Z]�vº¿¦±�®¦ºº¯ ²º¿¦�²ºº�®�ÄZ·�Àp¯�ÄZ¯®��¿¦|�¦
À®z§�¶º¬t¯�±¦�~��À¦ºc¾¯�Â��b�À³�²°�Z]�Z¸³¡�À®¦®�©°¦zo
ÄZº¯®�Zº] Â�®zº§ ²ºº�®�\�Z´¯�ÄZ·ÀZ¨¯�°®�¦°�Z¸³¡��²°�Z]�Z¸³¡
vº·¦ºs�¿Zºl³¦�®ººs ¶ºº] ®ºs�ª°��²¿¦���]Zc�zg¦�°®�Áv��vÀ«ºc

�b�z-

Á®Z d�¦ ®°º¯��]Z´¯
�±¦zÀ��ÁZ.�³¦®�©¦°Z�d³¦��©ZÀo Â�����c �ÎÐÓÕ �Á®¦±Äv¸¯��²�Â����· �Äv°p¯ �Î

�²°v¯�bÀ]zc�ÁZ.�³¦®�©¦°Z�d³¦��¦�s�¢�Z´¯ ÄZ·½Zs�Ä|Àsª�Zo �ÎÐÔÐ �¾¿Z°·��¿�Â��¿��¾cº¨¬¯ �Ï
�¾·Z.�³¦®�®Z¸k�Ä|§z¯�zd�®�©¦°Z�d³¦��Ä±°ÂZ�§�b¯vs °®�®c¦ �ÎÐÓÐ ��Äz�º¬À³��¼�Â��Ü��Äz�º¬À³ �Ð

�� %XNND�� .�� DQG�-��'��0LOOHU��������)WLU�VWXG\�RI�'HXWHUDWHG�PRQWPRULOORQLWHV��VWUXFWXUDO�IHDWXUHV�UHOHYDQW�WR�SLOODUHG
FOD\�VWDELOLW\��&OD\V�DQG�&OD\�0LQ����������������

�� &DLUQH\��7��������&RQWDPLQDWHG�/DQG��3UREOHPV�DQG�6ROXWLRQV��/HZLV�3XE�� 86$�
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ÎÐÕÏ ÀZd�]Zc���¿Â®�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÕÏ

�� &DPREUHFR�� 9�� -��� %�� .�� 5LFKDUGV�� 7��6��6WHHQKXLV��-��+��3HYHUO\�DQG�0��%��0F%ULGH��������0RYHPHQW�RI�KHDY\
PHWDOV�WKURXJK�XQGLVWXUEHG�DQG�KRPRJHQL]HG�VRLO FROXPQV��6RLO�6FL�������������������

�� &KRURP�� 0�� DQG� 3�� 5HQJDVDP\�� ������(IIHFW�RI�KHDWLQJ�RQ�VZHOOLQJ�DQG GLVSHUVLRQ�RI�GLIIHUHQW�FDWLRQLF�IRUPV�RI
VPHFWLWH��&OD\V�DQG�&OD\�0LQ�����������������

�� &KXUFKPDQ�� *��-���3��*��6ODGH��3��*��6HOI��-��/��.HHOLQJ��0��'��5DYHQ�DQG�5��:��/��.LPEHU��������$XVWUDOLDQ�FOD\V
IRU� WKH� XSWDNH� RI� SROOXWDQWV�� ,Q�� &RQWDPLQDQWV� DQG� WKH� 6RLO� (QYLURQPHQW��$XVWUDODVLD�3DFLILF�5HJLRQ��)LUVW
,QWHUQDWLRQDO�&RQIHUHQFH��$GHODLGH�

�� 'L[RQ�� -�� %�� DQG� 6��%��:HHG��������0LQHUDOV�LQ�6RLO�(QYLURQPHQWV��6HFRQG�(GLWLRQ��6RLO�6FL��6RF��$P���0DGLVRQ�
:LVFRQVLQ�

��� *HH�� *�� :�� DQG� -�� :�� %DXGHU�� ������ 3DUWLFOH� VL]H� DQDO\VLV�� 33�� ��������� ,Q��$��.OXWH��(G����0HWKRGV�RI�6RLO
$QDO\VLV��3DUW�����QG HG���$JURQ��0RQRJU�����$6$�DQG�666$��0DGLVRQ��:,�

��� -D\QHV�� :�� )�� DQG� -�� 0�� %LJKDP��������&KDUJH�UHGXFWLRQ��RFWDKHGUDO�FKDUJH��DQG�OLWKLXP�UHWHQWLRQ�LQ�KHDWHG��/L�
VDWXUDWHG VPHFWLWHV��&OD\V�DQG�&OD\�0LQ�����������������

��� /HH�� %�� '��� 1�� 7�� &DUWHU�� 1�� 7�� %DVWD� DQG�%��:HDYHU��������)DFWRUV�LQIOXHQFLQJ�KHDY\�PHWDO�GLVWULEXWLRQ�LQ�VL[
2NODKRPD�EHQFKPDUN�VRLOV��6RLO�6FL��6RF��$P��-��������������

��� /HH�� 6�� <�� DQG�5��:��7DQN��������5ROH�RI�FOD\V�LQ�WKH�GLVSRVDO�RI�QXFOHDU�ZDVWH��D�UHYLHZ��$SSO��&OD\�6FL���������
����

��� /L� � =�� DQG� /�� 0�� 6KXPDQ��������+HDY\�PHWDO�PRYHPHQW�LQ�PHWDO±FRQWDPLQDWHG�VRLO�SURILOHV��6RLO�6FL����������
��������

��� 7DQ� .��+��������6RLO�6DPSOLQJ��3UHSDUDWLRQ��DQG�$QDO\VLV��0DUFHO�'HNNHU��,QF���1HZ�<RUN�
��� :KLWWRQ�� -�� 6�� DQG� *�� -�� &KXUFKPDQ�� ������ 6WDQGDUG� PHWKRGV� IRU� PLQHUDO� DQDO\VLV�RI�VRLO�VXUYH\�VDPSOHV�IRU

FKDUDFWHULVDWLRQ�DQG�FODVVLILFDWLRQ�LQ�1=�6RLO�%XUHDX��1=�6RLO�%XUHDX�6FLHQWLILF�5HSRUW����
��� :KLWWLJ�� /�� '�� DQG�:��5��$OODUGLFH��������;�5D\�GLIIUDFWLRQ�WHFKQLTXHV��33�����������,Q��$��.OXWH��(G����0HWKRGV

RI� 6RLO� $QDO\VLV�� 3DUW� ��� 3K\VLFDO� DQG�0LQHUDORJLFDO�0HWKRGV��$JURQ��0RQRJU�����$6$�DQG�666$��0DGLVRQ�
:,�
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