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

æîî

¾³Yz¿Y�j³z]�¾gyYºc�zWZsw�{Y�¾�t]�¾¨Àd³%��º´c�2UL]D�6DWLYD /��¦¿%º«º�yº¯�aZ ��}Z�Y�z]�

uY&³�¾¬´¿{�ªÀ¬sÎ¾oº«zÀ¯�zt�Z£M �ÎµuY{�b°�³�¾¬�³Z]z£��Ï¾¿Z�y�vÀl°«Yv^��¹Î

µvÀ¨#
yº�´¯�¶]¾�yz]¾¨Àd³%��º´c�æåå¹ ¦¿%º«º�yº¯�aZ ��}Z�Y�z]�j³z]��Àcº³%�µuZ��~ÀcÇ�mz��\«Z£�yu�¾�¿Z¯{M ��Z¸³M�½v´]�µ¹z-�

yº�§�j³z]�aZ¤À¤pc�¶��R¯�¶�y|¯�yu�b�y�©Z��yuæèììv��­Zl³Y��±Z¸ �Y�±Zd�Y�¹ yº�§�©Z°��¶¤�´¯�¶]�¢¬�d¯�>Yzh§Y�¶§�Z·��Àcº³%
Y|kY�¹ ¦¿%º«º�yº¯�aZ ��}Z�Y�z]���v³uº]½�uz¨¬°��¶�y|¯�yu¾]Z¿{yYv³v��

Y Zº· �Àºcº³%½yYu�¾´�¯�a¹Z c�¾�yz]�uyº¯�aZ ��¶À¬§�z�³�{�åæ�åS��v´d�Yu�aZ ��zh§Y�½Yz]�¾�Àcº³%�¹ ¾�Àcº´���º´c�\¿Yz�
v�Z]�¾¯�¾�yz]�uyº¯�aZ ��yu�ÇZ]��º´c�uºk¹�z.³ZÀ]�¶§�uº]�ÇZº]�¾�z�¯�Yy�ª¯Z��¶��Z·�ª¯Z� ¶¿|lc{Y��À]�¶§�uº°³�îå�º´c�{Y�v�yu�

ºº°³�¶Àºkºc�Yy�ªº§v³u�¶]�Z·�ª¯Z� yZ]�¶]�¶kºc�Z]�¹ uº]�µZÀ-��Àc�Z]��Z^cyY�yu�­¹u�ª¯Z��¹ ±|t¯�bÀ�z��Z]��Z^cyY�yu�­º��¹ ©¹Y�ª¯Yºº�
�Àc��¶³Yu�uYvº�c�\Àczºc�­Z³�¶³Yu�ª¨��¹ µZÀ-�yZdsZ��v³v��½yYx-�¶�ºs�¶¿|lc�yu�Àcº³%�½Y}Z�Y�z]�Z·~Z·�¶�ºs�­º��±Yºc�yZÀ�¯n¹

~±º¯{M7�Z§,´À¬cº·�[wnv´d�z-�½Zk�µ¹z-�yZ¸#�yu�{Y��¬dt¯�½Z·�µ¹z-�²À]�a¹Z c�¶§�uYu�±Z�³�Z·�µ¹z-�½Yz]�aZ ��~³Z¿yY¹�¶¿|lc
uº]�yYu�¾´�¯�yZÀ�]�aZ ��zh§Y�z�³�

½vÀ¬§�½Z·�µ%Y¹�j³z]��2U\]D�VDWLYD�/ ��¶�ºs�¶¿|lc���Z·�ª¯Z� ¶¿|lc���¾¨Àd³%��º´c���½Y
¶¯v¤¯
j³zº]�À]�¾¬�Y�½Yx��¹ ZÀ³u�¾�Yy{�µZÀ-�²¿zc�®¸¯�­v´-�{Y�v�]

b�Y�±Z¸k�­uz¯�{Y�¾°À³�{Y�{Y��À]îåZÀ�M�yu�ZÀ³u�j³z]�v�yu�
±Zº°·�yu�¹ vÀº«ºc¾¯��z�¯�Zkyu�±M�®¸¯��¤³�z.³ZÀ]�¶§�uº�

b�ZÀ�M�­uz¯�¾¿Yx��bÀ´¯Y��]Z´¯�Z]�v¿Z]�zd�À]�vÀ«ºc�½Yz]�Z�Z¤c

%z³Y �[M��²À¯{�v´º³Z¯��u¹vºp¯r�Z��¾³%�¶³Y|s�¹ yZ§�½¹zÀ³��½
uº��µuYu�æ��½Z·�µ¹z-�z¿Z��¶]�b^�³�½uY&³�¶]�²À��td¯��¤³

Yz¿{��b�Y�¾�Z�Y�¹ ®º¸¯�yZÀº�]�¶º�z��²º¿Y�yu�zºÀ-yu�¾º°¬�
º¿Z]�j³zº] vÀº«ºc��¿Y|º�Yvuz¨¬°���¿Y|�Y�½Z´^¯�zº] ±Z´º$°·��

uzºÀ.]�ayºº��ªÀ�³Zd��Z]�¾¯Z£yY�¶]��v·�²¿Y�¶]�±vÀ�y�½Yzº]
Î�¶]±Z¸ �Y�¾d�´��µZ.�³Yu��½{y¹Z�§�_v¨�³Yu��aZcZ^³�mÈ�Y�¹ b�Yy{�uZd�Y�¹ yZÀ�³Yu��v�yY�¾�Z´�yZ§�¢]Z��½ºl�³Yu�\Àczc
Ï�½yZ���±Yyv³{Z¯�µZ.�³Yu��½{y¹Z�§�_v¨�³Yu��aZcZ^³�mÈ�Y�¹ b�Yy{�yZ¿uZd�Y

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.4

.1
6.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

05
 ]

 

                             1 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1382.7.4.16.6
https://iutjournals.iut.ac.ir/jstnar/article-1-495-en.html


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

çåå

�´c�¹ Z·�½yZ°À]�¹ aZ�M�¶]�­¹Zº¤¯��zºcÇZ]�uzº¨¬°�¾�Àp¯�½Z·
{ZÀº³b�Y��æé��Z�Z´��¿yu�¶§�¾·ZÀ-�½Z·�¶³º-�yu�®¸¯�aZ ��¾

ªÀ�³Zd��¾º]Z¿{yY�¹ vº³yYu��º¤³�bÀº À§�¹ uzº¨¬°���½yZ-{Zº�
¡º��aZ ��¾º¨Àd³%�±%�{Y�¾�]Z´¯�½ºld�k�²À´#�®· ¹½Yz]�Z·

¯ ½Z·�±%�©Z¤d³Y�¹ ¾oÈ�Y�½Zº·¶¯Z³zº] yu�µuZ dº�Yº�º¬º¶]�[º
£yYº�³�uyº¯�­Zºz�°k�{Y�º¬º·Yy�¶º¨ºY ½Z·yZ�ºmÈaZcZ^³b�Y�

©º�Y�²º¿Y�¶º] ¶kººc�¾¨Àd³%��º´c�¶§�b�Y�bÀ�£Y¹�²¿Y�z.³ZÀ]��
b�Y�aZcZ^³�mÈ�Y�yZ§�¶¿Z��¹ }Zº�Y�z¿Zsw�¾]Z¿{yY�¹ ¾¿Z�Z´�

¾ºgyYºc�®�È��­y%�¾¯Z-��z�³�uyº¯�½Z·�±%�uºk¹�z�³�{Y�j³z]
bº�Y�µYy�²º¿Y�yu�²¿uZÀº´]�æé��¾³%��]Z´¯�²Àº´#�¶º] ¾º�zd�u�

¶º] ²Àº��td¯] ¶§�u{Z��¾¯�yuZº£ Yy�½uY&º³¶¶]�Yy�Z¸³M�¾doYy
v´º·u�©Z¤dº³Y�½yZºlc�­Zº£yY�æ��¶À«¹Y�¾¯º]�­Z£yY�ODQGUDFH�{Y�

¶³ººº-½Zºº·2�VDWLYD��2�JODEHUULPD¶³ººº- �{Y�¾ºº�o¹�½Zºº·
~´ººk2U\]D~´ººk ¹¶¬Àºº^£�yu�v³¹Zºº�¿ºs�½Zºº·2U\]HDH

j³z]�¾³%�¶³Y|s�yu�uºkº¯�¾d�¿{��º´c�µv³zºÀ-z]yuv´d�·�ææ��
¶ºº.³�½Zºº·¶³ººº°³�½ÇZºº] ®ººlo�zºº.¿u��zºº� {Yyu�µvºº� ½yYu

¶�ºº°l¯©Z¨�Y�Zº] Yy�±M�b¿zº¿v¯��j³zº] ¾ºgyYºc�zºWZsw�½Zº·
]¹y¶b�Y�µuº°³�¹y�{ZÀ³�¶]�r�Z��|À³�¹ ª¨�¯�²¿Y�ªo�yº�´¯�¶]

�Z¸³M�½v´]�µ¹z-�¹ ¾gyYºc�zWZsw�¾]Z¿{yY��½uY&º³ ¶º] ²Àº��td¯
] ½y¹z�¶¾¯�z�³v�y�

· ¹ Z¸´Àº�±YyZº¨°�æî�²À]�¾¨Àd³%��º´cèåj³z]�¾¯º]�®£y�
{YîYy�v´ºº· yu�bºº«Z¿Y�µuzºº§ ¾ºº�yz]b ºº� µu�}Zºº�Y�zºº] ¹

yu�Yy�­Zº£yY���¦¿%º«º�yº¯¹zº-Yëv³uYu�yYz£�µ¹zº-�æî�Àcº³%�
¦¿�Z¸´c�½YyYu�¦¿�z·�|À³�µ¹z-�¶��¹ v´d�z-�yYz£�µ¹z-�¦º¿ yu

v³uºº] �Àºcº³%�· ¾£zº� ©Z°º� ¢�Z´º¯ ½Zº·�Àºcº³%�º´c�v´
���{Y�µ¹z-�j´��yu�¹ v³uYu�±Z�³�¢�Z´¯�z¿Z��¶]�b^�³�½zd�À]

v´dºº�Yu�uºººk¹�µ¹zºº-�¶ºº]ºº·"Àºº· ¶ºº�«Z�¯�²ºº¿Y yu�©Zoz¶³ººº-
¾¨Àd³%�¹ ¾¿ZÀ�Yz�k��º´ºc ²Àº] ¾º.´·M�®º·µv¿u¾cZ ��¹ v�³�

v´º³Z¯¶³Yu�uYv�c�¹ µZÀ-�yu�uz¨¬°���¶�ºs�yu�¶¿º³Zg�¶sZ��uYv�c�
�¤³��¶�ºs�yu�zº�®¸¯�v³uYu�±Z�³�ª§��º´c�yu�½zc�¹y�²¿Y�{Y

¾¯�y¹u�¾¨Àd³%�¶¬�Z��Z]�²¿vº«Y¹�[Ztdº³Y�¶º§ v³uºº°³�uZ¸´º�À�
] µv��uZ¿�aZ ��z�³�{Y�½zd�À]�~¿{¹zd·���v³Yººc¶uy¹M�uºk¹�

±YyZº¨°·�¹ ½u�æå�b ��µu{Z¿�¹ uz¨¬°��½Yz]�¾º¨Àd³%��º´ºc
yu�Yy�±M�Zº] �^czº¯çí�¯�b�§�b«Zo�½Yz]���j³z]�®º£y�¹ ®À¤d

¾�yz]�½yZ§�LZ�³��¿Yz��yu�|ºÀ³µuz§²À]�½yYu�¾´�¯�a¹Z c�¹
µv·Z�¯�b�§��¿Yz��¹u�z·�yu�aZ ��¶À¬§�zº�³�{Y�Zº·�Àºcº³%
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v´d�Yu µv¸��z]�Yy�ª§��º´c�{Y�®¸º� ²¿zdº�À]�uZ¸´�À��²À´#�®·
Zºl¿Y�½Yzº] v³uºº°³[ºs�¡z c�Z]�bÀ�°k�u¾oÈ�Y�¶¯Z³z]�yu

v´³Yºc�¾¯�zcy¹u�¶¬�Z��Z]�½Z·�µ¹z-�½Z·��Àcº³%µuZ d�Yv³º��
¹ [º¬�¯��º´c �j³z]�yu���v¿M�¾º¯z]��¬dºt¯��]Z´º¯ {Y�¶$³Mzº]Z´]
b�Y�uºkº¯�aZ ��zºh§Y�zº�³�{Y�¾ºgyYºc�zºWZsw�yu�¾º«º^£�ªº]Z£�Z]

�yz]��¶�«Z�¯�²¿Y��v·��µvº� zº§w�\º«Z�¯�¶º] ¶kººc¾¨Àd³%��º´c�¾
¹ ¦¿%ººº«º�yº¯�aZ ºº� zºº�³�{Y�¾ºº³Yz¿Y�j³zºº] ®ºº�È��­y%�{Y�¾ºº�t]

ªÀ¬pc�¹ ¶¿|lc�¢¿z��{Y�aZ ��²¿Y�±ZÀº¯ �Z^ºcyY�¾º.³º.#v´#�½Z·
¾¨Àd³%�zWZsw�²¿Y�½v´]�µ¹z-�b¿Z¸³�yu�¹ µzÀ�d¯uº]�

�¹y�¹ uYº¯Z·
©Zº� yu��¿Zº¯{M�²º¿Yæèìì¶ºº��R¯�¾º�¿Z¯{M�¶�y|º¯ yu�

yºº�§�j³zº] aZ¤Àº¤pc�b�y�¾¿ZÀ�Yz�k��z��Z]èì¹ ¶kyu�
æë¶¤Àº£u��¾º¿ZÀ�Yz�k�©ºº�éî¹ ¶ºkyu�èê¶¤À£u��²À´#�®·�¹

�Zºº cyYæå�¶³ÇZºº� ¾ºº-v³yZ]��ºº�ºd¯�¹ Zºº¿yu�n�ºº� {Y�zººd¯�
æééæ¾¬À¯�v��YzkY�zd¯�¶d¿vÀ�Y�¹ ¾¬§�¾d¬À��¶�y|¯�¥Zs�b�Z]
±Mì�ì�ë�ìbº�Y�ª¯Z��¶�«Z�¯�uyº¯�uYº¯æåå¶§�uº]��Àcº³%�
æë³%�±Z¸ ºº�Y�¾ºº¯º]�­Zºº£yY�²Àºº] {Y��Àººcº�©Zºº� yu�¶ºº§æèìê
º]¶©Z��yu�¹ ½y¹M��°k�±Y{y¹Z�§��yY|¯�{Y�¶cº]�¦ºc ayºº�

æèìë¾d�´��µZ.�³Yu�½{y¹Z�§�µv¨�³Yu�¾ºcZ¤À¤pc�¶�y|º¯ yu�
v³uº]�µv��yx]�uZº¿u{Y�±Z¸ º�Y�±%�¦³Z]�{Y�¶À¤]�¹yº�§�t]

¸c�yº�§�j³z]�aZ¤Àº¤pc�¶º��R¯�¹ ¾ºgyYºc�zº¿Zsw�¹ ¦Àºd³%¶À
v³vº��j³z]�aZ¤À¤pc�¶��R¯�¹ ±%�¦³Z]�{Y�¾d�Z¿yu�½Z·�¶³ºº°³
ª¯Zº�ëç¹ ¾¯º]�­Z£yY�{Y�¶³ºº°³�æçµv��mÈ�Y�­Z£yY�{Y�¶³º°³�
¹ ¾³Yz¿Yæåuº]�¾kyZs�­Z£yY�{Y�¶³º°³��r¿yZc�yu�¾�Z��yx]çî�

æ�ììb�z-�ayº��¶³Y|s�yu��nÀ��c�¹ ®t��Z]�|À³�¾¬�Y�²À¯{
®º· ¹ µuZº¯MnÀ��c�Z]�±Z¯{yYv¤¯�¶]æååuº§�yZd¨·�yu�­z-º¬À§�

v��µuYu�¶�y|º¯ ¶º] µy¹Y�~ÀcÇ�mz��½Yz]�\�Z´¯�½º.«Y�~��
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¦¿%º«º�yº¯�aZ ��}Z�Y�z]�¾³Yz¿Y�j³z]�¾gyYºc�zWZsw�{Y�¾�t]�¾¨Àd³%��º´c

çåì

¹ b�Y�µuYv³�qy�Z·�¶³Yu�±{¹�yu�½zÀÀ�c�j³z]�v¿vk�­Z£yY�yº¸�
¶³Yu�j³zº] ©ºº�p¯z��­Zº£yYu¹vo���ºd¯�±{¹�Z]�¾¿Z·çê¾¬À¯�

v³yYu�­z-�é��
Z·�ª¯Z� ¶¿|lc�½Z·��z��}Zº�Yz]� ��������¾³Z¸´��ª¯Yº�{Y�ª¤d�¯�

zº.¿v¨¿�v³yu�zÀÀ�c�\kº¯�ª¯Z��¦¿�zºÀÀ�c�zº.¿u�ayZ^º� ¶º]
¶§�Yy�¾ ¬dt¯�aZ ��±Yºc�¾¯�¶lÀd³�yu�v��v·Yºt³�z.¿u�ª¯Yºº�

º] �uyYu�yYzº£ �¬dºt¯�ª¯Yºº� zºÀgZc�bºpc¶®·�yºº�uº^¸]�±Z¯{
¹ ÇZ]�uz¨¬°��¶]�±vÀ�y�½Yz]�±Yºc�¾¯�ayº��²¿Y�yu�¹ vÀº�t]

º¤c�¶º] ©M�vº¿Y��Àºc¾³Z¸´��ª¯Z��¶��z·�Z¿�¾¨¿��À��c�Zº¿ b¿º
ª¯Yº��{Y�¦¿�z·�zÀgZc�bpc�aZ ��¶§�bº�Yu�vÀº¯Y�¹ bsYuzº�
Z¿�¹ v��v´·Yºt³�v¿uzc�yZ#u�z.¿u�ª¯Yºº� aYzºÀÀ�c�Zº] �¾º³Z¸´�

Yºt³�uZº¿{�aYzºÀÀ�c�²º¿Y�ª£Yvºo·uº]�v�j¿Zd³�}Z�Yz]�·¹&�
Z]�¹ ¶�ºs�yu�¶³Yu�uYv�c�±Yºc�¾¯��©¹Y�ªº¯Z��b¿ºº¤c�Zº] zº�Zo
uYv�c�Z]�½Y�¶cº]�¶]¹�uYu��¿Y|�Y�Yy�¶l´��uYv�c�­¹u�ª¯Z���À��c

®·�¹ vÀ�y�zcuZ¿{�¶l´��uYv�c�¹ zd�À]�¶�ºs�yu�¶º³Yu©º��±Z¯{
¹ uYuzÀÀ�c�­º��ª¯Z���À��c�Z¿�¹ b¿º¤c�Z]�Yy�¶³Yu��zº� Zº¿ ¹

v��¦¿u|³�©Mv¿Y��Àc�¶º]�©Mv¿Y��Àc�¶]�±vÀ�y�¶§�b�Y�¾¸¿v]
�¿Zº¯{M�¶º] {ZÀº³�º¯Zk�½Zº·²¿Y�½Z·�ª¯Z� ¶¿|lc�¶lÀd³�¹ uyYu
v¿Y�Z¸´c�¢À¤pcµv·u�¶WYyY�v³Yºc�¾¯�Yy�¾¬§�½Y��

�Àºcº³%�½Y�¶º�ºs�¶¿|ºlcª¨º� yu�Zº·æµv��µuYu�±Zº�³�
bº�Y�±º¯{M�j¿Zdº³ }Zº�Y�zº]7�±Yºc�yZÀ�¯�¹ ,´À¬cº·�[wZ§

¶º�ºs�­ºº�Zº·�&�&�&�©¹vk�yu�¶§�êª¨��¹ç�b�Y�µv¯M�
�Àcº³%yu�Z·év´d�z-yYz£�µ¹z-��7�,´À¬cº·�[wZ§�©¹vkê�

½Z·zd�È§�²d�ºÀ��½Yzº]í¹ççªÀ¨�c�¹êz]Yz]�zd�È§�ê�æå
½Z·zd�È§�²d�ºÀ��½Yz]�|À³�¹ææ¹îªÀ¨�c�¹éz]Yz]�zd�È§�

ë�æåb�Y¾«Zoyu��½Z·zd�È§�²d�ºÀ��½Yz]�¶§ê¹éªÀ¨�c�¹
èZ]�yZ¯M�²¿Y�yYv¤¯�zdº�È§�è�æê¿ ¾¯��¿Y|�Y�­v��z.³ZÀ]�¶§�v]Z

½Z·zdº�È§�©Zº�cY�¹ ²dº�ºÀ�é¹êªÀ¨�c�¹èb�Y�zd�È§��
�Àcº³%�²¿Yz]Z´]yu�Z·é¾¯�¾£Z]�µ¹z-�v´³Z¯�ª¨��}Z�Y�z]ç¶§�
z¿uZ¤¯�aÈ�&�&�&¶§�v��µv·Z�¯��b�Y�zd�È§�uYv�c�z]Yz]�yu�
uYvº�c�½Yzº]é±Z�³�¶§�uyYu�uºk¹�¾¨#º§�i¹Y�¶º�¤³�zdº�È§�

´¯�uYv�c�µv´·uZ·�µ¹z-�\�Zb��~³Z¿yY¹�¶¿|lc�{Y�ª�Zo�j¿Zd³

©uZ�d¯Z³�¾�uZ�c�>È¯Z§�mz��©¹vkë�Yy�µv��­Zl³Y�½v´]�µ¹z-
uºº°³�vÀº¿Pc�]¶½yº�{Y��zd�È§�¶¿|lc�{Y�ª�Zo�µ¹z-yZ¸#�¶§

aZ º� ¶Àº¬§�zº�³�¶³Yu�v��±{¹�¹ ¶³Yu��z��|ºk ¶º]�a¹Z c
¾º´�¯uZ¿{��º´c�zº.³ZÀ]�¶º§ vº³uYu�±Zº�³�½yYu�Àcº³%�²À]�yu�Z·

Z·�µ¹z-�ªºsYu�¶º] b^º�³�Zº·µ¹zº-b��­yZ¸#�Zc�©¹Y�½Z·�µ¹z-
¶ºº]½YyYu�\Àczººcèë��éé��ì��æèv³uººº] �Àººcº³%��©¹Y�µ¹zºº-

yº�§�¾«Z°��¢�Z´¯�¾¯º]�­Z£yY�ª¯Zº� >Zcvº°�v´d�·�{Y�®£y�¹u
¾kyZs�®£y�¹u�|À³�¹ ±Z¸ �Y�¾º¯º]�­Zº£yY�²¿yº³�¹ yÇ¹uçç�

µ¹z-�²¿Y�yuu¿v³v��µv�
¾º-&¿¹�{Y¾º¯ µ¹zº- ²º¿Y�½Zº·©¹vºk }Zº�Y�zº] ±Yººcë�¶]�

¹ ¶£Z��®§�z�£��¶�ºs�yu�¶À«¹Y�¶sZº� zºd°§�uYvº�c��¾º�yu¹{
uz§�µyZ�Y���ºd¯�©º��¹ ®§��z��Zº] ¾º¿Zº·+zº]�­¹u�µ¹z-

¶¤�´¯�¾¯º]�­Z£yY�¹ ¾«Z°º� ¢�Z´º¯ ¾º¯º]�­Zº£yY�ª¯Zº� zdº�À]
µvº� mÈº�Y�­Zº£yY�¹ ±Z¸ º�YZ¯�½YyZl]�¹ bº�u��y|ºs v´º³

¾¯v�Z]�¾-&¿¹�{Y¾¯�µ¹z-�²¿Y�½Z·�v´¬]�¶�ºs�¹ ¶£Z��¶]�±Yºc
uº°³�µyZº�Y�+zº] �º�ºd¯��zº� ¹ ©ºº� �zºd°§�¶$´º��­º��µ¹z-

¾ºkyZs�®º£y�¹u�ª¯Zº��¹ Yvº³¹Yæçê�13��¢�Z´¯�{Y�®£y�j´��¹
yºº�§�¾«Z°º�bº�Y©º��¹ �z��±º#�½{yZ]�aZ º� ½YyYu�¶º§

ÇZº] +zº]¶£Z��z�£��¶�ºs�yu�¶³Yu�½ÇZ]�uYv�c�¹ uZ¿{�v´d�·�µ¹z-
¹ u¹yvÀ����Yv³��b°�³�v´³Z¯�¾³Yz¿Y�µv��mÈ�Y�­Zº£yY�ª¯Zº� ­yZº¸#

¾kyZs�®£y�yZ¸#�|ºÀ³�¹ ¾oÈº�Y�²º¿Ç�v´º#b�Y�¾-&¿¹�{Y½Z·
ÇZ]�uz¨¬°��¶]�±Yºc�¾¯�µ¹zº- ²º¿Y¶À«¹Y�½v´]�¶sZ��uYv�c��¾�yz¿u��

z��¹ µZcº§�+zº] ©ºº� �¶º�ºs�yu�ÇZº]uYv�c�|À³�¹ ��ºd¯�+z]��
uº°³�µyZ�Y�µZcº§�¶�ºs�¹ ¶£Z��©º��¹ ÇZ]�¶$´��

±Zº°·yu�¶§�yºº�ª¨�æµ¹z-�¶�yu�b�Y�µv��µuYu�±Z�³�
©¹Yíì] ¾.°·�¶§�uyYu�yYz£��Àºcº³%�¶|ké¹ ¾kyZs��Àcº³%�

¹ v´�Z]�¾¯�±Yz¿Y�¾¯º]�­Z£yY�{Y��¾³Yz¿Y�µv��mÈ�Y��Àºcº³%�¶º�
ª¯Z��¶º§ ­yZº¸#�µ¹zº-æè�Àcº³%�b�YZ¿�¹ ¾kyZs�¾.°·
¾³Yz¿Y�_v��mÈº�Y�­Zº£yYv´d�·�Z·��Àcº³% ¦À¨ c�½º.«Y�²¿Y

u¹voZc½¦À¨ c�½º.«Y�{Y�¾¨Àd³%�¦À¨ c�½º.«Y�½¹zÀ��z.³ZÀ]�
¾º¿ZÀ�Yz�kbº�Y¶´À¯{�²¿Y�yu�¾¬¯Z§�¾.´·M�®· ¶#�z-Y�¹¿uµv

vº�³¾º«¹���yY|-�ºk¹�¶´À¯{�²¿Y�yu�¾c¹Z d¯�½Z·uyYu�u�½Yz]�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

çåí

ª¨�Î�¦¿%º«º�z¯�aZ ��}Z�Y�z]�uYz�Y�½v´]�µ¹z-
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çåî
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

çæå

©¹vkÒ�¶]�¶�º]z¯�z¿uZ¤¯�¹ ¶�ºs�uYv�c7�¹ ,´À¬cº·�[wZ§&�&�&

7�,´À¬cº·�[wZ§ &�&�& Z·�¶�ºs�©Z�cY ¶�ºs�uYv�c
ê�æå
ë�æå
è�æê
å�æì
æ�æë

ìååì�è�
ëåçå�è�
æêìì�é�
æèêë�é�
åååå�å

¶�ºsçç
¶�ºsî
¶�ºsé
¶�ºsë
¶�ºsì

¶�ºsí
¶�ºsææ
¶�ºsê
¶�ºsè
¶�ºsç

ê
é
è
ç
æ

ª¨�Ï�z¿uZ¤¯�aÈ�&�&�&zd�È§�uYv�c�z]Yz]�yu�
±YyZº¨°·�¹ ½yZ¯ºº§ ©Zhº¯�æê�· ¹ ½u��±YyZ¨°�æå�¹ Z¸´À���

±YyZº¨°·�æî�¹±YyZ¨°·�¹ yYuº¬k�±ZÀWZ]Z]��è�yu½Z·�¾�yz]
j³zº] ½¹y�uººs�¹ ¾¨ººÀd³%��º´c�²À]�¾º.´·M�®º· ­vº��º´c

v´d�Yu�­È�Y�Yy�¾¿ZÀ�Yz�k�Zl³M{Y¿µ¹z-�¶��Z]�­yZ¸#�µ¹z-�¶§�¾
Àcº³% [Ztd³Y�¶]�±Yºc�¾¯�uyYu�½uZ¿{�¾º¨Àd³%�¶¬º�Z��©¹Y¾¿Z·��

uyº¯�b ��¶]�¶d�]�©¹Y�µ¹z-�¶��{Y�¾¿Z·��Àcº³% ¹ µ¹z-�²¿Y�{Y
] zº�³¶yZ�d³Y�¹ uº°³�­Yv£Y�¾oÈ�Y�½Z·�¶¯Z³z]�yu�²¿v«Y¹�±Yº´�

ÇZ]�~¿{¹zd·¿b�Yu�Yy�¾�

¶lÀd³½zÀ-
}Zº�Yz]²¿Y�{Y�ªº�Zo�j¿Zdº³�·¹&�µuzd�-�¾¨Àd³%��º´c��½Y

uyº¯�aZ ��z�³�{Y�­Zº£yY�²Àº]yz]¾�{Y�¾§Zo�¶§��uyYu�uºk¹�
¶.³��� o�yu�zd�À]�¶kºc�­¹|«�¹ zWZsw�²¿Y�±uº]�v´°�{yY½yYu

bº�Z¸³M�¾º]Z¿{yY�¹�½zd¸]�¥yu�µv��¾¿Z�Z´��¾³Z¸´��ª¯Z��¶�
uyº¯�aZ ��²À]��º]Y¹y�{Y¾�yz]uz¨¬°��½Y|kY�²À]��Z^cyY�¹

Yy�¦¿%º«º¿|ººÀ��¹ ¦¿%ººº«º�yº¯�yZdsZºº� ¹uYu�±Zºº�³�²¿vºº]
¯Yº��¶§�ayºº�±|t¯�bÀ�z��Z]��Z^cyY�yu�zd�À]�­º��¹ ©¹Y�ª
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

çæç

{Y�µuZ d�Y�yu�µZÀ-�¾º¿YyZ§�¹ �^º´¯�Zº] �Z^ºcyY�yu�­¹u�ªº¯Z��¹
º�]Z´¯¾uºº§ ¹ yºº³ ªhº¯b�Y��¾³Z¸´��ª¯Z��¶��²¿Y�¶]�¶kºc

º] Yy�¢º¤p¯¾¯�¦¿u|³�j³z]�yu�©Yv¿Y��Àc�b°��¶yu�Yz¿{�v´§
¶]�­¹u�ª¯Z��yu�¹ ¶³Yu�¹ ¶�ºs�aZ ��¶]�­ºº� ¹ ©¹Y�ª¯Yºº�

¾¯�¶kºc�µZÀ-��Àºc ¹ yZdsZº�uº���¾³Z¸´��ª¯Z��¶���²¿Yz]Z´]
¹ ©Yv¿Y��Àc�¶]�¶kºc�¶]��º´º¯ Yy�j³zº] yu�uzº¨¬°���¿Y|º�Y

¾¯�b°��±M�¶]�aZ ��mÈº�Yv³Yu�· �Àcº³%�²d�z-yYz£yu�Z
é±M�z.³ZÀ]��aZ ��zh§Y�z�³�{Y�Z·�µ¹zº- a¹Zº c�|ºÀ³�¹ µ¹zº-

�Àcº³%�v¿Z]��º´c�zh§Yvo�¶]�±vÀº�y�½Yzº] ¶º§ bº�Y{Y�¾¿Z·
¶]�yZ¸#�¹ ¦¿�½Z·�µ¹zº-¶¯Z³z]�yu�²¿v«Y¹�±Yº´�yu�¾£Èc�½Z·

b�zºº- zºº�³�²ºº¿Y b¿zºº¿v¯�¹ ¾·v³Z¯{Zºº� ½Yzºº] ²Àºº´#®ºº·
�Àºcº³%¾¯�Z·b ��z·�½Yz]�±Yºc�Àcº³%�{Y�¶�º°l¯�²¿Y��Z·

yu�zºh§Yvo�Yyé¶ºº°·�¾ºº]Z¿{yY�ayºº� yu�¹ uYu�yYzºº£ µ¹zºº-
¶³ºº°³¾¯��¾³Yz¿Y�j³zº] ±%�¦º³Z]�yu�uººkº¯�½Zº·±¹v]�±Yºc

¶³º°³�®lo��·Z§²¿Y�Z¿�¹ uz§�®�´¯�Yy�Z¸³M��Z·¶³º°³�¶§{Y�½Y
uZl¿Y�¶]�b^�³�¹ ¶d�z-�Zº·µ¹zº- ¦º¿ zº·&RUH� &ROOHFWLRQ

¶º§ uºº°³�­Yvº£Y¶�º°l¯z¿{�¦¿�zº·j³z]�¾¨Àd³%��º´c�{Y�½Y
uº]�v·Yººs��¿Z¯{M�¶]�{ZÀ³�yZ§�²¿Y�¶d^«Y�¶§�½Z·�v´#�yu�¢À£u�

uyYu�±Z¨¯�v´#�¹ ©Z��

½yY|.�Z��
²¿vº]j³z]�aZ¤À¤pc�¶��R¯�ª´º�z��¹ ±Zº�Z´�yZ§�{Y�¶¬Àº�¹
] yº�§¶½yZ¨°·�z�Zs¾¯�z¨�c�¹ z¿v¤c�¶^³Zk�¶°·�½Z·uº��

�]Z´¯ d�Y�uyº¯�µuZ
Î�Y �¾³Y{yY�æèìí�¾�Yy{ ±Z·ZÀ-�mÈ�Y��¶°kzc��±Z¸ �Y�¾d�´��µZ.�³Yu�aYyZ�d³Y��
Ï�­�yºº� ¾º¬£�¶º«Y�¡ ��¹ µuY{�bº°�³­�±ZÀº§ºd��æèìì�j³z]�yu�¶³Yu�uz¨¬°��½¹y�¾�Yy{�®¸¯�aZ ��bÀ¬��¶¿|ºlc�¶¬l¯�yº�³Yu

�v·Z��µZ.�³Yu±Yz¸c�
Ð��yYuºº¬k�±ZÀºWZ]Z]±�¡ ��­ �µuY{�bº°�³�È]z§º¿� ¹ ¾�\ºWZc�æèìì�j³z]�¾¿ZÀ�Yz�k�¹ ¾¨Àd³%��º´ºc ¾º�yz]�¹ ±Yyv³{Z¯�¾¯º]�½Z·

z.¿u�¾�Yy{�®¸¯�aZ ��¾sz]�¹ ¾�yu¹{�b ��²À]��]Y¹y�¶�«Z�¯�±Yz¿Y�aZcZ^³�mÈ�Y�¹ b�Yy{�µz.´§�²À°l´��aÇZ¤¯�µvÀ¨#�
Ö�ÎÐyº¿z¸��æèìì�yx]�¹ ©Z¸³�¶À¸c�¹ mÈ�Y�aZ¤À¤pc�¶��R¯iz§���

Ñ�±ZÀ°Àoym ���­¹�±Z¿Z´]�æèìê��aZcZ^³�mÈ�Y�¾¨¿%º«º¿|À��¾³Z^¯��¶°kzc��v¸�¯�¾·Z.�³Yu�uZ¸k�aYyZ�d³Y��
Ò�­ �Z·uZ´£�} ��¾£uZ�¹­�¾p«Z��æèìì�j³z]�¾¨Àd³%��º´c�¾�yz]Y|kY�Z]�uz¨¬°��bÀ¬��¶¿|lc�¹ ±ÈÀ-�¾¯º]�½Z·½±M��µvÀ¨#�

z¿Y�aZcZ^³�mÈ�Y�¹ b�Yy{�µz.´§�²À°l´��aÇZ¤¯±Y�Ö�ÎÐyº¿z¸��æèìì�yx]�¹ ©Z¸³�¶À¸c�¹ mÈ�Y�aZ¤À¤pc�¶��R¯iz§���
Ó�u�½z·Z�¯�¹ ¹�¾³ZtÀ¬��Z£M�æèìì�½zÀ�¯z-�±Z·ZÀ-�¾�Z´��­º]��¶°kzc��±Yz¸c�µZ.�³Yu�aYyZ�d³Y��
Ô�m �±Yu|º¿yº³�æèìë�±Z¸ �Y�yu�j³z]�¾¯º]�½Z·�µuºc�¹ ­Z£yY�¾¨Àd³%��º´c�¾º�yz]�¾�Z´�yZ§�¶¯Z³�±Z¿Z���½{y¹Z�§�µZ.�³Yu��v�yY

±Z¸ �Y�¾d�´��µZ.�³Yu�
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�� &KDXEH\�� 3�� .�� DQG� $�� .�� 5LFKKDULD������� *HQHWLF� YDULDELOLW\� FRUUHODWLRQV� DQG� SDWK�FRHIILFLHQWV� LQ� LQGLFD� ULFHV��
,QGLDQ�-��*HQHW�����������������

��� 'H�� 5�� 1�� �� -�� 1�� 5HGG\�� $�� 9�� 5DR� DQG� .�� .�� 0RKDQL\�� ������ *HQHWLF� GLYHUJHQFH� LQ� HDUO\� ULFH� XQGHU� WZR�
VLWXDWLRQV�,QGLDQ�-��*HQHW�����������������

��� -DFNVRQ��0��7�������3URWHFWLQJ�WKH�KHULWDJH�RI�ULFH�ELRGLYHUVLW\��*HRMRXUQDO����������������
��� -RKQVRQ��'��(�������$SSOLHG�0XOWLYDULDWH�0HWKRGV�IRU�'DWD�$QDO\VLV��'X[EXU\�SUHVV�1HZ�<RUN��8�6�$�
��� -RKQVRQ��5��$��DQG�'��:��:LFKHUQ������$SSOLHG�PXOWLYDUDWH�VWDWLVWLFDO�DQDO\VLV��6WHUOLQJ�%RRN�+RXVH��1HZ�'HOKL��
��� .KXVK��*��6��������%LRWHFKQRORJ\�DSSURDFKHV�WR�ULFH�LPSURYHPHQW��SURFHHGLQJV�RI�DQ�LQWHUQDWLRQDO�V\PSRVLXP�RQ�

WKH�XVH�RI�LQGXFHG�PXWDWLRQV�DQG�PROHFXODU�WHFKQLTXHV�IRU�FURS�LPSURYHPHQW��SS���������
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��� NXPDUL�� 5�� 8�� DQG� 3�� )DQJDVDP\� ������ 6WXGLHV� RQ� JHQHWLF� GLYHUVLW\� LQ� LQWHUQDWLRQDO� HDUO\� ULFH� JHQHRW\SHV�� $QQ��
$JULF��5HV���������������

��� ,55,������6WDQGDUG�HYDOXDWLRQ�V\VWHP�IRU�ULFH��,QWHUQDWLRQDO�5LFH�5HVHDUFK�,QVWLWXWH�0DQLOD�3KLOLSSLQHV�
��� 6KDUPD��%��'���'��.��+RUH�������0XOWLYDULDWH�DQDO\VLV�RI�GLYHUJHQFH�LQ�XSODQG�ULFH��2U\]D�VDWLYD���,QGLDQ�-��$JULF��

6FL�������������± ����
��� 6LQJK��$��.���6��%��6LQJK�DQG�6��0��6LQJK��������*HQHWLF�GLYHUJHQFH�LQ�VFHQWHG�DQG�ILQH�JHQRW\SHV�RI�ULFH��2U\]D�

VDWLYD�/����$QQ��$JULF��5HV������������������
��� 6LQKD�� 3�� .��� 9�� 6�� &KDXKDQ�� .�� 3UDVDG� DQG� -�� 6�� &KDXKDQ�� ������ *HQHWLF� GLYHUJHQFH� LQ� LQGLJHQRXV� XSODQG� ULFH�

YDULHWLHV��,QGLDQ�-��*HQHW�����������
����6XK��+��6���<��,��6DWR�DQG�+��0DULVKLPD���������*HQHWLF�FKDUDFWHUL]DWLRQ�RI�ZHHG\�ULFH��2U\]D�VDWLYD /���EDVHG�RQ�

PRUSKR�SK\VLRORJ\��LVR]\PHV�DQG�5$3'�PDUNHUV��7KHRU��$SSO��*HQHW������������������
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