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¯º³Z-yY¹z¨Àº­|À·º- ½ZºÀ«�uYº¯�¾³º-Z³ººº¶¿|lc�Yy�½|«º¬�º´.

Î�½ºl�³Yu�\Àczc�¶]¢]Z�yZ¿uZd�Y�¹ uZd�Y��v�yY�¾�Z´�yZ§�{YzÀ��µZ.�³Yu��½{y¹Z�§�_v¨�³Yu��¾¯Yu�­º¬�
Ï�{YzÀ��µZ.�³Yu��½{y¹Z�§�µv¨�³Yu��¾¨�|��µZÀ-�uZd�Y

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.3

.9
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

06
 ]

 

                               1 / 7

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.3.9.4
https://iutjournals.iut.ac.ir/jstnar/article-1-325-en.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­º���|À¿Z�æèíÐ

ææé

¾º¯�sZ��¶§�v´´§Z¸³M�²¿zc!yZ£v´d�·�vÀ ��¾-vÀ�º��½Z·�
!yZ£�²¿Y�½zºÀ-yZ§�¶º] �²¿Yzº]Z´]½z¿x���yYº-��¿Y|�Y�½Yz]�Z·

�¹y�½Zºk ¶º] �½|«º¬º�º´.À«�uYºº¯¯ �¾¨¿%º«ºÀ]�zÀ��½Z·uyº
b�Y�¶d�z-�yYz£�µ&¿¹�¶kºc�

±Z°º���{Y}yZ�yu�¾¸kºc�±Z¿Z��±Y|À¯�¶]�¶º§ ¾º·ZÀ-�½Zº·
¾º¯ vÀº«ºc¶]YzÀ��{Y�~��¶§�b�Y�±ZÀ]�²¿zÀ��`º«Z c��uºº�½zÀ-

¶º�¿y�v·�½Yz]�Z·¾¯�¾£Z]��¾¿¹yYu�½Z·v³Z¯�èë��¹ ½zÀ°�
½u|º¿Yuzº��èë�¾�yz]�Yy�±ZÀº] ²¿zÀº� `º«Z c�¾º¿Yx���{yY��
v³uzº§�z]²¿Y�`¿Z�Z·��¿Z¯{M�{yY��7'1yu�±ZÀ]�²¿zÀ��`«Z c�

²Àº] !ºº£ç�æì¹ë�êå�d¯�ºÀuº]�z�À��`«Z c�¶¿x�cº¶]�±ZÀ]�²¿z
�Àº¯½Zº·ê�æavº¯ ½Yzº] ¶«Zº�íå±Y|À¯�¶§�uYu�±Zº�³�{¹y�

±ZÀ]�²¿zÀ��`«Z c�½ÇZ]�mº���½Yz]�¶³Y{¹y�±{¹��¿Y|º�Y�{Y�zd�À]
çêv�yu��¾´�¯�yº��¶]z-�¶]�b^�³�½yYuuº]�zd°§��v·Z��µ¹�

!yZ£�Z]�¾¨¿%º«ºÀ]�½y¹Mzº��¿Y|�Y�½Yz]�¾�¹y�v³Yºc�¾¯��Z·
vºº�Z]�±ZÀºº] ²¿zÀºº� `ºº�¿y�`ºº«Z c�¾ºº¿Yx��bÀºº À§�!yZºº£

3OHXURWXV� VDMRU�FDMX�36&�¶³º-�{Y��·º¿v¿{Z]�½Zº¯ºº�¿Zºb
¾�v��!yZ£�¶]�¶§�b�Y�½zÀ�¯z-�¢�Z´¯�2\VWHU� PXVKURRP�

uyYu�az¸º� |ºÀ³�çç��yZº£ ²º¿Y!½|«º¬�º´.À«�uYº¯�½¹y�Zº·
¹ j³z]�µZ§��j³z]�}º^º� ¹ µyY�¥Zºs �ºº¬t¯�v´º³Z¯�±ºº-Z³º-
¹ z¨�À³�+z]�¹ }Z-Z]��bsyu�+z]��aÈ��µZ§��j³z]�}º^º�

±Z°º��µuzº§ vº�y�½Zº# ¹ ¶^º´��½Zº·�ë�ì�æë�çé¹çë�¹
±Z°���²¿Y�¾¿Yx��bÀ À§ uº^º¸]�\kºº¯µv��Z·v³Y�¶§�v´#�z·�

zººÀgPc�±Y|ººÀ¯��´§Yzºº�!yZºº£uYººº¯ ½zºº¿x���yYººº- zºº] Zºº·
µuz]�yZ§�¶]�uYº¯��º³�¹ !yZ£�`³º-�¶º] ¶kººc Zº] �½|«º¬º�º´.À«

b�Y�µuº]�uZ¿{��µvº��æë�æì¹çë���¿Z¯{M�²¿Y�¾¬�Y��v·
!yZ£�Z]�½y¹Mz��zÀgPc�¾�yz]36&¾-&¿¹�z]�¶¿x�c�½Z·`«Z c�½Y
uº]�v´ º�º-�yu�±ZÀº] ²¿zÀº��!yZ£�²¿Y�[Ztd³Y�_v°��ªÀ«u²¿Y

ºº]¾º�¹z��¶º§ u�ç�¾¯�Zº�uY½¹y�Yy�!yZ£�²¿Y�b�Y�¶d�³Yºc�¶§�v´§
vº·u�vº�y�­v´º- �º¬§¾«¹��!yZ£��¿z��v�y�ªÀ«u�¶]��{Z�M�yu�½Z·

®¿v�³�±ZÀ]�²¿zÀ�� «̀Z c�½¹y�!yZ£�²¿Y�v�y�¶]�¢�º¯��®oY|¯��²¿Yz]Z ]́
yu½Yzºº] ¾^ºº�Z´¯��¹y�¾ºº�yz]�¶ºº] ��¿Zºº¯{M�²ºº¿Y�©¹Y��ººt]

ZÀ]�²¿zÀ�� «̀Z c�½{Z��±¹zd�!yZ£�v�y�¹ ±36&dsYuz��b�Y�µv��¶�

�¹y�¹ uYº¯Z·
±ZÀ]�²¿zÀ��`«Z c�±uz§�±¹zd�

yYvº¤¯éµv��¶dt¿y�¾´À��¦¿�±¹yu�±ZÀ]�²¿zÀ��`«Z c�­z-º¬À§�
½Z¯u�yu�b�Z��®À³�½Yz]�~���¹æèå�æçå�uYz-�¾d³Z��`kyu�

v��±¹zd��­¹Z¤¯�¾¨Àd�È��½Z·�¶�À§�¶]�µv��±¹zd��½Z·�¶«Z c
Zº] ¹ Z¯zº- ¶º]�­zº-º¬À§�¹u��¿Zl´º-µuzº]b�Z��®À³�½Yz]�¹

v³v��±¹zdº� �zº.¿u��¶d�y�®·�½¹yèåå²¿zÀ��`«Z c�­z-º¬À§�
vº� ±¹zdº� �±ZÀº]��¿Zº¯{M²¿zd¸]�¶§�uYu�±Z�³�¾cZ¯v¤¯�½Zº·

yu�±uzºº§ ¹È§ºººc¹Y��±ZÀºº] ²¿zÀºº� `ºº«Z c�½{Zºº� ±¹zdºº� �¹y
¾´Àº�uºº] {Zº] ¹y�½Zº·�¶�À§�yu�±uz§�±¹zd�·�¾¨Àd�È��½Z

¯¾-uº«M�±Y|ÀuYv³��·Z§�Yy�½v�]�½Z·�

¶³Yu�±uz§�±¹zd�­v´-�½Z·
±¹yu�¶º] |ºÀ°c�­v´º- ¶º³Yu�½yYvº¤¯æë²º«yY�êåå½zdÀ«�¾¬À¯�

¶³º-�¶]�v��¶dt¿yn���Zc�¶§�½Yçååv�z]�zdÀ«�¾¬À¯��²«yY�¶]Z·
³Yu�¹ vº� µu¹|º�Y�[Mºº¶½Yzº] Zº·çév³v��µv³Z�Às�b�Zº��

¶º³Yu��µZº-±MyZº] ¶º� �­v´º- ½Zº·�±ZÀ¯�yu�{¹y�¦¿�¹È§ºc¹Y
v³vº��¶d�]�>È¯Z§�¾¯º´À¯º«M�ª¿º��¹ ª¿zd�Y�¶^´��Z]��²«yY�`º³Z·u

v��¶d�Yu�¶.³�

!yZ£�zÀh¨c36&

!yZ£�bº�§36&�Àp¯�½¹y�¹ ¦Àd§Ç�vÀ�Y�½YyYu�b�§�½Z·
v�y��³Z¯�½vÀº�Y�bº�§��Àºp¯�¶º§ uYu�±Zº�³�¦ÀºcºÀ]�¾ºd³M

½zºd§Z]vº� Zº·¾º«¹!yZ£�vº�y�36&`�¿Z¤¯�yu��Àp¯�Z]½Z·
uº]�zd°§��¦ÀcºÀ]�¾d³M�Z¿�¹ vÀ�Y�±¹v]�b�§��Àp¯��¹y�²¿Y�{Y
¶]�!yZ£�zÀh¨c�½Yz]�¦ÀcºÀ]�¾d³M�½YyYu�b�§v��µuz]�yZ§�½Yz]

¶º³Yu�½¹y�!yZº£ zºÀh¨c²«yY�{Y�¦¿�z·�¶]��­v´-�½Z·½YyYu�½Z·
¶º³Yu�b�§��Àp¯�{Y��¿u�½zd��¹u��µvº� ±¹zdº� ­v´º- ½Zº·

²º«yY�¹ vº� µu¹|º�YZ·½Z¯u�yuçê½yYu�¶.³�uYz-�¾d³Z��¶kyu�
v³vº��yu��¶d ·�¹u�b�x-�{Y�~º�æç!yZ£��²«yY�36&>È¯Z§�

uºº] µuzº§ vº�y¾º«¹²º«yY�yu�¾-uº«M�ªÀº«u�¶º] �zº.¿u�½Zº·
!yZ£��¾¿Z¿zd§Z]36&uº]�µuz¨³�v�y��
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ææê

¶³Yu�±u¹|�Y±¹zd��±ZÀ]�²¿zÀ��`«Z c�¶]�!yZ£�¶]�¶d��M�­v´-�½Z·
!yZ£�±u¹|�Y�{Y��Àº�¶�À§��±ZÀ]�²¿zÀ��`«Z c�¶]`«Z c�½YyYu�½Z·

v³v��¹È§ºc¹Y�|À³�z.¿u�b�Z��®À³�½Yz]�±¹zd��±ZÀ]�²¿zÀ��¶]
`º�À§�zº·ç�±ZÀ]�²¿zÀ��`«Z c�¾º¿º¬À§�ç`³Yu�½yºsYx��¢�Z£�

v��µu¹|º�Y�!yZº£ ¶º] ¶dº��M�­v´º-�¶�À§½Z¯uyu�Z·çê`kyu�
¾d³Zº�v³vº� ½yYu�¶º.³�uYzº-�¶³Yu��¶d ·�¹u�{Y�~�Z·¹ ­v´-�½

v³v��¶dtÀ¯M�¾º]ºs�¶º] �¶º�À§�zº· ±¹yu�`º«Z c�`d ·�±Z¿Z��yu
uº]�¶d�z-�zº] yu�Yy�Zº·¶º«Z c�>È¯Zº§ !yZº£ �­ºº��½Z·�¶«Z c�²¿Y

v³v��µuz]�yZ§�¶]�½z¿x���yYº-��¿Z¯{M�½Yz]��µv��½y¹Mz��

µ{Yv³Y½z¿x���yYº-�½zÀ-
yYz¨c����Zº] yZ°Àºc ¹u�½YyYu��¾�uZº�c�>È¯Zº§ mzº� ¦º¿ yu

�µz]�yu��½z·Z��½z¿x���yYº-�±Y|À¯��æç©|£�®«Z��z³�v´ �º-�
²Àºº.³ZÀ¯�Zºº]��yZÀºº�¯��Yzººp³Y��¾ºº³{¹è�ærì��èì¹ ­zºº-º¬À§�

¾´º� ²Àº.³ZÀ¯îrèíå¾�¿Z¯{M�µ¹zº- ¹u�yu�{¹y��¶«Z c�Z]�¶¿x�c
±ZÀº] ²¿zÀº�b^�³�¶]�¶l³º¿�¹ !yZ£�Z]�µv��½y¹Mzº�êå�êå�¹

v·Zº��¹Mz��±ZÀ]�²¿zÀº� ¶º«Z c�Zº] ¶º¿x�c¶]�¶l³º¿�¹ µv�³�½y
b^º�³êå�êå�v��½zÀ-�µ{Yvº³Y�î��¦�s�µuZ¯�±Y|À¯�'0��
¾«M�µuZ¯�20�­Zs�²ÀXc¹z����&3�­Zs�¾]z#���((�­Zs�z^À���

�&)�¾«º¬��µyYºº¿u���1')�|«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u��
�$')�²Àº´.À«�¹�$'/�¶³º°³�z·�èyYz¨c��À-�µ{Yv³Yºv��½z
�ê�èæ¹èç��

y½yZ¯M�|À«Z³M��¹
µuYuZ]�Z·3URF� */0¯M`¯Z³z]�{Y�º½yZ6$6>È¯Z§�mz��½Z´^¯�z]

yYz¨c�¶��Zº] ¾�uZº�cÀ«Z³Mº� |ºv³v�çí��a¹Z c�½yZ¯M�n��
©¹vk�yu��|À³�yZ°Àc�¹u�½Z·�²À.³ZÀ¯�²À]b�Y�µv��¶d�º³�Z·�

fp]�¹ j¿Zd³
 c�¹ !yZ£�Z]�µv��½y¹Mz��±ZÀ]�²¿zÀ��`«Z c�¾¿ZÀ°Àº� \À§zºc`«Z

©¹vºk yu��µvº�³�½y¹Mzº�æb�Y�µv��µuYu�±Zº�³��µuZ¯�±Y|À¯
¶§�uº]�zd�À]�!yZ£�Z]�µv��½y¹Mz��±ZÀ]�²¿zÀ��¶º«Z c�yu�¦º�s
Zc�½{Z��±¹zd��±Z¯{�{Y�b]º�y�±uYu�b�u�{Y�ªÀ«u�¶]�v³Yºc�¾¯

¶�À§�±¹yu�¶]�!yZ£�¾º³{�¶º¿Z¯�±Zº¯{v�Z]�¶«Z c�½yYu�¶.³�½Z·�
²¿zÀ��¶«Z c�­Zs�²ÀXc¹z��±Y|À¯¶]�¦¿u|³��µv��½y¹Mz��±ZÀ]�ç�

­ºÀ¬�À¯�vº�y�{Y�¾º�Z³�v³Yººc¾º¯ ¶º§ bº�Z¿��¿Y|º�Yv�Z]�Z·�
uYu��·Z§�Yy�zd�§Zs�v�yu��!yZ£�Z]�±ZÀ]�²¿zÀ��¶«Z c�½y¹Mzº�

¾«¹±YyZ¨°·�¹ ¾³ZÀ§zÀ���æ�Z]�­v´-�µZ§�½y¹Mz��¾�yz]�yué
zdºº�§Zs�±Y|ººÀ¯ yu�Yy�¾ºº�¿Y|�Y��vÀ ºº� ¾-vÀºº�º��!yZºº£ ¶³ººº-

zº§ �yY|º-v³uz°��z]�µZ§�±v³Z�Às�Yy�±M�bº¬��¹ v³u��·Z§�
­Zººs ¾ºº]z#�vºº�yu�yu�¾ºº§v³Y�n�ºº�åí�åvºº�yu��vºº� µvºº¿u�

±Y|ºÀ¯1)(¶]�¦¿u|º³ �éb�Z¿��¿Y|�Y�v�yu��±Y|À¯1')
¶º] ¦¿u|º³ì¶¿|lc�{Y�¾�Z³�v³Yºc�¾¯�¶§�b�Z¿��·Z§��vº�yu�

\À§zc�¾º°¿|³M½Z·�v�Z]�¾«º¬��µyYº¿u��µuYu�²¿Y¶d�Z¿�Z]��Z·½Z·
±YyZºº¨°·�¹ ¾³ZÀ§zÀºº��æ���é`³ººº-3OHXURUXVµZºº§ ½¹y��¹

±YyZº¨°·�¹ ,º³Zk�æë���ê`³º-�%DVLGLRP\FHWHV¶£Z��½¹y�
¶l³ºº¿ ¹ �Çºº¿�v³yYu�¾.´·M�®·���¹ ­Zs�z^À��±Y|À¯$')yu�

uYv³�±Z�³�½yYu�¾´�¯�½yZ¯M�zÀÀ�c��!yZ£�Z]�½y¹Mzº� zºgY�z�³�¶]
¾º¯|«º¬��¾°·�¶¿|lc�!yZ£�²º¿Y�¶º§ vº�ynÀkzc�|«º¬��¶]�Yy
¾º¯vº·u�±YyZº¨°·�¹ YuZº³Z³¹yZ§�æí�¶dº�Z¿Z]�Yy�½v´³Z°·�½Z·

¹ j³zº] µZº§ ½zºÀ-yZ§�¶º]è�yY|-�vÀ ��¾-vÀ�º��!yZ£�¶³º-�
v³uz§�²À´.À«�±Y|À¯�$'/�¶]�¦¿u|³��½y¹Mz��zgY�yu�|À³ëv�yu�

®¿|³M�Z]�²À´.À«�¶¿|ºlc�{Y�¾º�Z³�v³Yººc¾º¯ ¶º§ bº�Z¿��·Zº§½Z·
{YvÀ�§Yz�{Z§Ç�¹�/DFFDVH�v�Z]�¾#yZ£�æî�çè¹çê��

\¿Yzººº� ¹ {¹y�yu�¾�zººº�¯�¦ººº�s�µuZººº¯ ²Àººº.³ZÀ¯
�yYºº-©¹vk�yu��±ZÀ]�²¿zÀº� ¶º«Z c�½zº¿x�çµv��µuYu�±Z�³�
bº�Y�Z]�µv��¶¿x�c�±Yv´ �º-�¾�z�¯�¦º�s�µuZº¯ ²Àº.³ZÀ¯

uº]�¾³Yv´ �º-�{Y�zd�À]��!yZ£�Z]�µv��½y¹Mz��±ZÀ]�²¿zÀ��¶«Z c
Z c�Z]�¶§v³v��¶¿x�c�µv�³�½y¹Mz��±ZÀ]�²¿zÀ��¶«�a¹Z c�²¿YYy

�ÈdººsY�¶ºº] ±Yºººc¾ºº¯aZÀºº�º�s��¾ºº¿Yx��uYººº¯ ¾ºº°·Yz��yu�
¾º¨¿|À�º�¾¨¿%º«ºÀ]�zgY�¹ ¾§Yyºtº�ºs��¿Y|º�Y�¹ ¾¿ZÀ°Àº�

uYu�b^�³��±ZÀ]�²¿zÀ��¶º«Z c�zº] !yZº£��!yZ£�Z]�½y¹Mz��¾��yu
­|ºÀ³Z-yY¹z¨À¯aYyvÀ·º]zº§ ¶º] ¶^°¨º� ½Zº·°dsZº� ½Zº·¾³Z

¾º¯ YvÀº� ¾º�zd�u�½zdº�À]uYº¯�zd�À]�¶¿|lc�\kº¯�¶§�v´º´§
¨��yu�¾§Yyºsº¿Y|�Y�¹ ¶^°ºµZ.d�u�{Y�¥Yyºs�yº^��b�z���
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­º���|À¿Z�æèíÐ

ææë

©¹vkæ�¾¿ZÀ°À��\À§zc��¦�s�_uZ¯�yu�v�yu�!yZ£�Z]�µv��½y¹Mz��±ZÀ]�²¿zÀ��`«Z c3OHXURWXV�VDMRU�FDMX½y¹Mz��`«Z c�¹
µv�³�²À.³ZÀ¯rÀ¯�yZÀ�¯��Yzp³Y�²À.³Z�

3� µv�³�½y¹Mz�� µv��½y¹Mz� \À§zc
ååè�å ç�æ�è�éå î�årç�éî ¦�s�_uZ¯�
åèì�å ì�å�ç�æå ê�å�ê�ì zd�§Zs
åèë�å ç�årè�í ë�åræ�æå ­Zs�²ÀXc¹z�
åíç�å ç�årí�è é�årí�ç ­Zs�¾]z#
èêç�å æ�çrí�èî ì�årê�èì ­Zs�z^À�
ååí�å æ�æræ�ìç í�årê�ëê ¾«º¬��µyYº¿u1')��
çêè�å è�årê�ëæ î�årè�ëå |«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u$')��
ååì�å î�åré�êå í�årê�éé ²À´.À«$'/��
åæî�å ê�åræ�èí å�ærê�éç ±%¹zdÀ³�±¹v]�µyZ��1)(��

��µv�³�½y¹Mz��¹ µv��½y¹Mz��±ZÀ]�²¿zÀ��¶«Z c�½Z·�²À.³ZÀ¯�²À]�½yZ¯M�a¹Z c�©Z°doY�n���

©¹vkç�¯!º£�¾�zº�¯�¦�s�µuZº¯ ²À.³ZººÀ½zºº¿x���yYººº- \¿Yz��¹ �©|£�½Z·�¦�s�_uZ¯�yu�v�yu�`«Z c�aZ^À§zc
Zº] µv��½y¹Mzº� ±ZºÀ]�²¿zºÀ�!yZº£3OHXURWXV�VDMRU�FDMXµv�³�½y¹Mzº� `«Z c�¹�²À.³ZÀ¯r²À.³ZÀ¯�yZÀ�¯��Yzp³Y��

3� µv�³�½y¹Mz� µv��½y¹Mz� \À§zc
åê�å åî�åråé�æ åè�årçì�æ ¾�z�¯�¦�s�_uZ¯��{¹y�yu�­z-º¬À§�

½zºº¿x���yYººº-
åê�å åç�çrëì�éî åì�êrîí�ëî ¦�s�_uZ¯
åååê�å êå�çríè�ëë ìç�ærçç�íç ­Zs�²ÀXc¹z�
åçê�å íì�çrçê�êé ëí�êråå�ìæ ­Zs�¾]z#

åååæ�å èî�çræì�èí íî�èræì�ëê ­Zsz^À�
åååæ�å èç�çréå�êî åí�èrèí�íè ¾«M�_uZ¯
åååæ�å êî�çrìê�èê éé�èrèå�ëë ¾«º¬��_yYº¿u�1')�
åååæ�å ìæ�èrêì�çë ìè�çrîì�ëê |«º¬��¾°·�±¹v]�¾«º¬��_yYº¿u�$')�
åååæ�å éæ�çråè�êí îé�çríè�íå ²À´.À«�$'/�
åååæ�å ëí�æræì�êì æç�çríè�íå ¹zdÀ³�±¹v]�_yZ��±%�1)(�
åååæ�å êå�çrêå�èí éå�çríå�ìå z¿x���yYº-�¾¿Yx��uYº¯��º°l¯�7'1�

��µv�³�½y¹Mz��¹ µv��½y¹Mz��±ZÀ]�²¿zÀ��¶«Z c�½Z·�²À.³ZÀ¯�²À]�½yZ¯M�a¹Z c�©Z°doY�n��
¾¯�¾�z�¯�¥Yyºs�yYvº¤¯�¹ �yYºº-uº��®���¹ º]��¾¿º��{Y

¬�¯º£ Z]�½y¹Mz��{Y�¾�Z³�[ººyu�!yZ½y¹Mz��±ZÀ]�²¿zÀ��¶«Z c�
�z�¯��¿Y|�Y�¹ ¾§Yyºt�ºs��¿Y|�Y�\kº¯�v³Yºc�¾º¯ �µvº�

uºº� ±M�¶dº�Z¿¾�z�¯�¥Yyºs�±Y|À¯�uyº¯�yu��¿Z¯{M�²¿Y�½Z·
¶dº�Z¿�Zº]uyYu�¾.´·M�®·�±Yz.�·¹&��¾sz]�½Z·�æ�ë¹í�¾«¹
¶dº�Z¿�Zº]±YyZº¨°·�¹ ½Yy�½Zº·�çé�!yZ£�Z]�Yy�j³zº] µZº§ ¶º§ �

&RSULQXV�ILPHWDULXVuyYv³�¾.´·M�®·��v³uz§�½y¹Mz����

�­Zs�z^À���­Zs�²ÀXc¹zº� �¦º�s�µuZº¯ ½zº¿x���yYºº- ±Y|ºÀ¯
�­Zºs ¾º]z#�²À´.À«��¾«M�µuZ¯�1')�$')�7'1¹1)(¶«Z c

!yZ£�Z]�µv��½y¹Mz��±ZÀ]�²¿zÀº�36&¾´�¯��¿Y|�Y�±Z�³�½yYu
uYu�©¹vºkç���¿Y|�Y�²¿Y�{Y�¾ºsz]®�#�yZÀ�]�Z·�v³uº]�zÀ-

�·¹&��yu�¶§�±Z´º# ®º·¾¯�µv¿u�|À³�±Yz.¿u�½Z·uº��è�ææ�
æì�çé�çë¹èé��

¶�Yzc�½z¿x���yYºº- ±Y|ºÀ¯½|¿z^c�bsyu�½Z·�3RSODU�
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�yYº-±ZÀ]�²¿zÀ��`«Z c�½z¿x��*O\F\UUKL]D�JODEUD�/��µv��½y¹Mz����

ææì

µv��µuYu�b�§��vÀ ��¾-vÀ�º��!yZ£�¶³º-�j´º� Zº¸³M�½¹y�¶º§
²À]��uº]èåZc�ìçuº]�zÀ�d¯�v�yu��¶³º-�`°·�¹ ²À´.À«�yYv¤¯�Z·

aYyvÀ·º]zº§Yy�Z·v³uYu��·Z§�çë��!yZ£�Z]�­v´-�µZ§�½y¹Mz�
3KDQHURFKDDW� FKU\VRSRULXP¯ºº·Z§�\kºº.À«��ºÀ´ºv��²

¾º«¹aYyvÀ·º]z§�yYv¤¯�yu�½zºÀÀ�c�v�³�µv¿u�Z·�è��¹ |¿z k�
±YyZº¨°·�ææ�²À´.À«�v³Yºd]�!yZ£�²¿Y�¶§�²¿Y�½Yz]�v³uYu�±Z�³

uzÀ-�yYz£�±%¹zdÀ³�uº^°§��¿Yz��yu�v¿Z]�v´º§ ¶¿|ºlc�Yy] ¹¶|k
v·u�¾¯�nÀkzc�Yy�Z·v¿yZ§Z��¾¬��¶¿|lc��²¿Y�¶£Z��½y¹Mz�½Z·

²À´.À«�{Y�zd�À]��Z·v¿yZ§Z��¾¬��¶§�v��\kº¯�!yZ£�²À°·�Zº] ayw
zÀÀ�c�¾«º¬��_yYº¿u�½z¿x��¶¿|lc�±Y|ºÀ¯�¾º«¹�v³ºº� ¶¿|ºlcuz¨³�

�æì��§ ½y¹Mzº�ºº£ Z]�j³z]�µZº!yZ&RSULQXV� ILPHWDULXV ���
½Yz]é�çº¯��¶d ·�·Z§�¹ ²À´.À«�yYv¤¯��¿Y|�Y�\kº¯ �º¤ºyYv
ºº�ºº¬º«ººººº� |ººv�çé��£ºººº!yZ6WURSKDULD� UXJRVRDQQXODWD

�yYºº-±Z°º���½zº¿x�·º{Y�Yy�yº.³Y�½Zèé¶]�íç�yu�º!yZ£�¹ v
3OHXURWXV� FRUQXFRSLDH� �yYºº-º±Z°���½zº¿x[Zd�M�`³Yu�½Z·

{Y�Yy�±Yuzº-éæ¶º]ëé§ ¾«Zo�yu��v³uYu��¿Y|�Y�v�yu�¦¿�"À·�¶
!yZ£�²¿Y�{Yv´d�Yv³�½zÀgPc�j³z]�¶d�º��½z¿x���yYº-�z]�Z·�èé��
!yZº£®¿|³M�½YyYu��vÀ º� ¾-vÀº�º��½Zº·_v´´§�¶¿|lc�½Z·

v´dº�·�²Àº´.À«�b�Y�ºÀcYvÀ�§Y�½v´¿Mz��²À´.À«�`¿|lc�¶#z-Y
b�Y�µv�³�²�¹y�¢À£u�{º´·�Z·�®¿|³M��º³�¹ v´¿Mz��²¿Y�aZÀ¿|k

¾º«¹z]�yZ§�¹ {Z��¹u�b�Y�µv��¶WYyY��²À´.À«�¾#yZ£�¶¿|lc�½Y�
²À´.À«�±v��©º¬p¯�¾¨¿�{Y�½yYv¤¯�Z]�µYz°·�²À´.À«�±v��uY{M

¾«Yz´À¯�½z.¿u�¹ ±M�¶]�µvÀ^�#�|«º¬��À°·�¾³v�¯�yu�¶§�±v�
ª¿v^c��²]z§�vÀº�§Y�½u�¶º] ¹ µvº� ¶¿|ºlc�>È¯Zº§ ²Àº´.À«��±M

uºº�¾º¯�çê��!yZ£µv´´§�vÀ�§Y�½Z·�®¿|³M�¾§Yyºs�½Z·v´³Z¯�
{Z§Ç�¹ �{YvÀº�§Yz���{YvÀº�§Y�ª´º��/DFFDVH�¾¯�n�zc�Yy�v´´§

�æî�çè¹çê��±ZÀº¯ {Yèç!yZ£��vÀ ��¾-vÀ�º��!yZº£ ¶³ºº-
36&|k�¶]�¹ b�Yu�Yy�{Z§Ç�®¿|³M�bÀ«Z���±Y|À¯�²¿zd�À]�36&�

!yZ£�zº.¿uv´d�Yu�½{Çº¬��bÀ«Z���Z·�{Z³º§º¬-¹v³Y�½Z·�®¿|³M�
yu�|ºÀ³�{YvÀº�º¬-Zd]�¹¶³ºº- `º°·�v��µv¿u�Z·�çè��¹YuZ¿�èè�

¶d�º���ayw�¶£Z���¶l³º¿�²À´.À«�\À§zc�¹ ±Y|À¯�¶º§ uYu�±Zº�³
¹ j³zº] ¶dº�º���¾º´À¯{�­YuZº]\À§zc�¹ uº]�a¹Z d¯��­v´-�µZº§

b�Yu�½z¿x���yYº-�yu�Yy�¾¬�Y��º¤³�²Àº´.À«�zÀ°tc�v´¿Mz�
�Àºp¯�yu�¾º#yZ£�¿Y|�Y�¹ ²Àº´.À«�¶¿|ºlc�½Yzº] vº¯Zk�½Zº·

yYºº-v�y��¿Yz���!yZ£�¶³º-�zÀgPc�bpc��uYº¯�½zº¿x�����Z¯u
½y¹Mz���¹y��uYº¯��ºº³�±&À�§Y�±Y|À¯��uYº¯�¾¨¿|À��±Z°dsZ�

ª°¨¯�uºk¹��²]z§�vÀ�§Y�½u�¹zÀ°tc�_y¹u�©º��¹ ¾¿Yx��½Z·
uyYu�yYz£�æ�æë�çë��çì�èå¹èê��

±YyZ¨°·�¹ ,³Zk�æì�¾¨¿%º«ºÀ]�¹ ¾¿ZÀ°À���¹y�²¿v´#
½Yzº] Yy¾¿Yu{�²À´.À«�'HOLJQLILFDWLRQ�¶£Z��­Yz]��¶l³º¿�½Z·

v³uz]�yZ§�¶] ayw�¹ }Yz-��¹y²À]�{Y�Yy�²À´.À«��¾¿ZÀ°À��½Z·
v³uz]¾«¹¾¨¿%º«ºÀ]��¹y��3KDQHVRFKDHWH� FKU\VRSRULXP��

uz§�v¿v�Z³�Yy�v¿yZ§Z��¾¬��½zd�À]�yYvº¤¯�yu�¾¨¿%º«ºÀ]��¹y
±YyZ¨°·�¹ ,³Zk��¿Zº¯{M��¿Yzº��æì�c �_yYº¿u�½z¿x��¶¿|l
uYv³��¿Y|�Y�Yy�±Z·ZÀ-�²¿Y�¾«º¬º���¹y¾¿ZÀ°À���¾¨¿|À��½Z·

±M�±Z°dsZ��¹ \À§zc�¶¨¬]�²À´.À«�b�¬��Z¸´c�¶º³ ¾º¨¿%º«ºÀ]�¹
¾º¯ zºÀÀ�c�|ºÀ³�YyzÀÀ�c�²º¿Y�¹ v´º·u·½|«º¬�º´.À«�uYº¯�½Yz]�Z

v´dºº�·�a¹Z dºº¯ �±ººº-Z³º-�è¹çæ��v¿Zºº�§Yz���¶³ººº°³�½Yzºº]
½zÀÀ�c�±%¹yvÀ·uz¨³�uZl¿Y�²À´.À«�±Y|À¯�yu¾«¹½z¿x��¶¿|lc�

uYu��¿Y|�Y�¾¸kºc�±Z¿Z��±Y|À¯�¶]�Yy�Z·v¿yZ§Z��¾¬��æì��
\À§zººc ½YyYu��±Z·ZÀºº-¶¿|ººlc�¹ v´dºº�·�µuZºº� ¾ºº¬´��½Zºº·

b�Y�µv��¾¬´��½Z·vÀ�Y�½{Zº�uY{M�\kºº¯ ¶�ºº¬��¾º]¹z¨À¯
�æå�æè�æé¹æê��vÀ�Y�¦À«¹z��b^�³�²Àº]�)HUXOLF� DFLG�¶]�
�ººyZYº�§ºº¿yZ¯ºº�Y�¦ºÀºv�3DUD�FRXPDULF�DFLG�-º·ZÀº¹ ±Z

�yYºº-µv���yY|-�¾.d�]�®·�¾�º³��¾«º¬º� _yYºº¿u�½zº¿x�
bº�Y�æå��µuYu�²º¿Y¾º¯ ±Zº�³�Zº·¾¬´��½Z·vÀº�Y�¶º§ v´º·u

zgY��±Z-v´´§yYºt�³�yu�¶�ºº¬��½zº¿x���yYºº- zº] v´º³Yºc�¾º¯
vº³yYx.]�¶dº�Z¿·¾¯�±Z�³�±º-Z³º-�½Z±Y|À¯�¶§�v´·u½yYx-zgY�

v�Z]�a¹Z d¯�v³Yºc�¾¯�z^À��½z¿x���yYºº- zº] ¾º¬´��½Z·vÀº�Y
�é�æå��æç¹æé��¾¯�zº�³�¶º] �¾¿ºº� {Y½zd§Z]�¶§�v�y½Z·

µuz§�YvÀ��½zd�À]�½yZ-{Z��Z·vÀ�Y�²¿Y�z]Yz]�yu��¶^°¨��¾º�À^�
v´º�Z]�æç��bº�¬��¿Z¯{M�yu�µv��µuz]�yZ§�¶]�½Zº·±¹z]�½Z·

zº]Yz]�²¿v´º# �\º¬�Y�¾º´cyu�uºkº¯�¾º¬´��½Z·vÀº�Y�bº�¬�
¾¯�z�³�¶]��uºk¹�²¿Y�Z] �b�Y�µuºº] ±Z·ZÀº-uZ¿{�yYv¤¯�¶§�v�y
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­º���|À¿Z�æèíÐ

ææí

±Z°���¾sz]�yu�¾º¬´��½Z·vÀº�YbÀ«Z���z]�v³Yºc�¾¯�¾·ZÀ-�½Z·
½zd§Z]uyYx.]�zgY�¶^°¨��½Z·�

¶#zº-36&`«Z c�¾º¿Yx���{yY�¾º¸kºc�±Z¿Zº� ±Y|ºÀ¯�¶º]
¶º�¿yuYu��¿Y|�Y�Yy�±ZÀ]�²¿zÀº� ½Zº·¾«¹²¿Y�b�§�½yYº�u

½Yz]�Yy�±M�uz]yZ§��µv�³�±¹zd��±ZÀ]�²¿zÀº� ¶º«Z c�½¹y�!yZº£
¾¯�²¨°¯Z³�½|«º¬�º´.À«�_uZ¯�²¿Y±Z�M�¾�¹y�¶§�±M�z.¯�u{Z�

±ZÀ]�²¿zÀ��`«Z c�{Y�½uZ¿{�®lo�±uz§�±¹zd��½Yz]�½uzº]yZ§�¹
v�Z]�}zd�u�yu�

�]Z´¯µuZ d�Y�uyº¯�
Î�� �¾³ZÀ§zÀº���½�m �±Zº¸]{¹y��¾¬WZº��¹Y�½|º¿|���æèìí�!yZº£ zºÀgPcvÀ ��¾-vÀº�º��½Zº·�é}ºc¹yº¬��~´k�{Y�¶³º-�z]

\À§zc½Z·�­v´-�µZ§�®�·�bÀ¬]Z£�¹ ¾¿ZÀ°À���aZ¤À¤pc�¹ �{º¯M�b³¹Z�¯�iz§�ayY{¹¯ �½{y¹Z�§�uZ¸kR­º¬��aZ¤À¤pc�¶��
yºÀ��¹ ­Yu�¶¿x�c�yZ´À°��²À¯¹u�¶¯Z³�µ&¿¹��¾¯Yu��ÏÎÎ�ÏÎÖ�

Ï�� �¾º�¹z��æèìé�Y!yZ£�Z]�µv��½y¹M�ª°��­v´-��º¬§�¾º¿Yx���{y3OHXURWXV� VDMRU�FDMX�µz]�yY¹z��yu�±M�{Y�µuZ d�Y�¹z³�½Z·
¾³Z�¯�±Yz¸c�µZ.�³Yu��½{y¹Z�§�µv¨�³Yu��¾¯Yu�­º¬��v�yY�¾�Z´�yZ§�¶¯Z³�±Z¿Z��æåå¶p ���

�� $JRVLQ��(���%��0RQWLHV�DQG�(��2GLHU��������6WUXFWXUDO� FKDQJHV� LQ�ZKHDW� VWUDZ�FRPSRQHQWV�GXULQJ�GHFD\�E\� OLJQLQ�
GHJUDGLQJ�ZKLWH�URW�IXQJL�LQ�UHODWLRQ�WR�LPSURYHPHQW�RI�GLJHVLELOLW\�IRU�UXPLQDQWV��-��6FL��)RRG�$JULF�������������

�� $NLQ��'�(��������)RUDJH�FHOO�ZDOO�GHJUDGDWLRQ�DQG�S�FRXPDULF��IHUXOLF�DQG�VLQDPLF�DFLG��$JURQ��-�������������
�� $VVRFLDWLRQ�RI�2IILFLDO�$QDO\WLFDO�&KHPLVWV��������2IILFLDO�0HWKRGV�RI�$QDO\VLV���WK HG���:DVKLQJWRQ��'�&���8�6�$���

SS����������
��%DNKVKL��0�3�6���9�.��*XSWD� DQG� 3�1��/DQJHU�� ������$FFHSWDELOLW\� DQG� QXWULWLYH� HYDOXDWLRQ� RI� 3OHXURWXV� KDUYHVWHG�

VSHQW�ZKHDW�VWUDZ�LQ�EXIIDORHV��$JULF��:DVWHV����������
��%HJ��6���6�/��=DIDU�DQG�)�+��6KDK��������5LFH�KXVN�ELRGHJUDGDWLRQ�E\�3OHXURWXV�RVWUHDWXV WR�SURGXFH�D�UXPLQDQW�IHHG��

$JULF��:DVWHV����������
��&DO]DGD�� -�)��� /�)�� )UDQFR��0�&�� $UULROD�� &�� 5RO]� DQG�0�$�� 2UWL]�� ������ $FFHSWDELOLW\� RI� VSHQW� ZKHDW� VWUDZ� DIWHU�

KDUYHVWLQJ�RI�3OHXURWXV�VDMRU�FDMX��%LRO��:DVWHV������������
��&UDPSWRQ��(�:��������$SSOLHG�$QLPDO�1XWULWLRQ���QG HG���:�+��)UHHPDQ��6DQ�)UDQFLVFR��8�6�$�
���+DUWOH\��5�'��������S�&RXPDULF�DQG�IHUXOLF�DFLG�FRPSRQHQW�RI�FHOO�ZDOO�RI�U\HJUDVV�DQG�WKHLU�UHODWLRQVKLS�ZLWK�OLJQLQ�

DQG�GLJHVWLELOLW\��-��6FL��)RRG�DQG�$JULF����������������
���-HIIULHV�� 7�:��� 6�� &KRL� DQG� 7�.�� .LUN�� ������ 1XWULWLRQDO� UHJXODWLRQ� RI� OLJQLQ� GHJUDGDWLRQ� E\� 3KDQHURFKDHW�

FKU\VRVSRULXP��$SSO��(QYLURQ��0LFURELRO�������������
���-XQJ��+�*��������,QKLELWLRQ�RI�VWUXFWXUDO�FDUERK\GUDWH�IHUPHQWDWLRQ�E\�IRUDJH�SKHQROLFV��-��6FL��)RRG�$JULF�����������
���-XQJ��+�*���������)RUDJH�OLJQLQV�DQG�WKHLU�HIIHFWV�RQ�ILEHU�GLJHVWLELOLW\��$JURQ��-�����������
���-XQJ�� +�*��� *�&�� )DKH\� DQG� -�(�� *DUVW�� ����D�� 6LPSOH� SKHQROLF� PRQRPHUV� RI� IRUDJHV� DQG� HIIHFWV� RQ� ,Q YLWUR

IHUPHQWDWLRQ�RQ�FHOO�ZDOO�SKHQROLFV��-��$QLP��6FL���������������
���-XQJ�� +�*��� *�&�� )DKH\� DQG� 1�5�� 0HUFKHQ�� ����E�� (IIHFW� RI� UXPLQDO� GLJHVWLRQ� DQG� PHWDEROLVP� RQ� SKHQROLF�

PRQRPHUV�RI�IRUDJHV��%ULW��-��1XWU��������������
���-XQJ��+�*���)�5��9DOGH]��$�5��$EDG��5�$��%ODQFKHWH�DQG�5�'��+DWILHOG������D��(IIHFW�RI�ZKLWH�URW�%DVLGLRP\FHWHV�

RQ�FKHPLFDO�FRPSRVLWLRQ�DQG�,Q�YLWUR GLJHVWLELOLW\�RI�WKH�RDW�VWUDZ�DQG�DOIDOID�VWHP��-��$QLP��6FL���������������
���-XQJ�� +�*��� )�5�� 9DOGH]�� 5�'�� +DWILHOG� DQG� 5�$�� %ODQFKHWH�� ����E�� &HOO� ZDOO� FRPSRVLWLRQ� DQG� GHJUDGDELOLW\� RI�

IRUDJH�VWHPV�IROORZLQJ�FKHPLFDO�DQG�ELRORJLFDO�GHOLJQLILFDWLRQ��-��6FL��)RRG�$JULF�������������
���.DUXQDQDGD�� .��� *�$�� 9DUJD� DQG�'�(��$NLQ�� ������ %RWDQLFDO� IUDFWLRQ� RI� ULFH� VWUDZ� FRORQL]HG� E\�ZKLWH�URW� IXQJL��

FKDQJH�LQ�FKHPLFDO�FRPSRVLWLRQ�DQG�VWUXFWXUH��$QLP��)HHG�6FL��7HFKQRO�������������
���.HUHP��=���'��)ULHVHP�DQG�<��+DGDU�� ������/LJQRFHOOXORVH� GHJUDGDWLRQ�GXULQJ� VROLG� VWDWH� IHUPHQWDWLRQ��3OHXURWXV�

RVWUHDWXV YHUVXV�3KDQHURFKDHWH�FKU\VRVSRULXP��$SSO��(QYLURQ��0LFURELRO���������������
���0F'RQDOG��3���5�$��(GZDUGV�DQG�-�)�'��*UHHQKDOJK��������$QLPDO�1XWULWLRQ��/RQJPDQ�3XEOLVKHUV��8�.������3��
���0RQWLHV��%��������3ODQW�FHOO�ZDOO�DV�ILEURXV�OLJQRFHOOXORVLF�FRPSRVLWHV��5HODWLRQ�ZLWK�OLJQLQ�VWUXFWXUH�DQG�IXQFWLRQ��

$QLP��)HHG�6FL��7HFKQRO�������������
���4XLPLR��7�+���6�7��&KDQJ�DQG�'�-��5R\VH��������7HFKQLFDO�*XLGHOLQHV�IRU�0XVKURRP�*URZLQJ�LQ�WKH�7URSLFV��)RRG�

DQG�$JULFXOWXUH�2UJDQL]DWLRQ��5RPH��,WDO\������3�
���5DL�� 5�'��� %�� 9LMD\� DQG� 6�� 6D[HQ�� ������ ([WUDFHOOXODU� FHOOXODVH� DQG� ODFFDVH� DFWLYLW\� RI� WKH� IXQJL� DVVRFLDWHG� ZLWK�

3OHXURWXV�VDMRU�FDMX��0XVKURRP�5HV�����������
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���5DL�� 6�1��� 7�.�� :DOOL� DQG� %�1�� *XSWD�� ������ 7KH� FKHPLFDO� FRPSRVLWLRQ� DQG� QXWULWLYH� YDOXH� RI� ULFH� VWDUZ� DIWHU�
WUHDWPHQW�ZLWK�XUHD�RU�&RSULQXV�ILPHWDULXV LQ�VROLG�IHUPHQWDWLRQ�V\VWHP��$QLP��)HHG�6FL��7HFKQRO�����������

���5DZDO��3�3���5�'��6LQJK�DQG�5�5��.KDQGDU��������3HFWLQRO\WLF�DQG�FHOOXORO\WLF�HQ]\PH�IOXFWXDWLRQ�DW�YDULRXV�VWDJHV�
RI�JURZWK�RI�3OHXURWXV�VDMRU�FDMX��,QGLDQ�-��0XVKURRP���������

���5HDGH��$�(��DQG�5�(��0F4XHHQ��������,QYHVWLJDWLRQ�RI�ZKLWH�URW�IXQJL�IRU�WKH�FRQYHUVLRQ�RI�SRSODU�LQWR�D�SRWHQWLDO�
IHHGVWXII�IRU�UXPLQDQWV��&DQ��-��0LFURELRO�������������

���5HLG��,�'��DQG�.�$��6HLIHUW��������(IIHFW�RI�DWPRVSKHUH�RI�R[\JHQ�RQ�JURZWK��UHVSLUDWLRQ�DQG�OLJQLQ�GHJUDGDWLRQ�E\�
ZKLWH�URW�IXQJL��&DQ��-��%RW�������������

���6$6��������6$6�67$7�6RIWZDUH��&KDQJHV�DQG�HQKDQFHPHQW�WKURXJK�5HOHDVH�������6$6�,QVW��,QF���&DU\��1&��86$�
���6XQGVWRO�� )�� DQG� (�� 2ZHQ�� ������ 6WUDZ� DQG� RWKHU� )LEURXV� %\�SURGXFWV� DV� )HHG�� (OVHYLHU� 6FLHQFH� 3XEOLVKHUV� /WG��

$PHVWHUGDP��7KH�1HWKHUODQGV��
���7ULSDWKL��-�3��DQG�-�6��<DGDY��������2SWLPLVDWLRQ�RI�6ROLG�6XEVWUDWH�)HUPHQWDWLRQ�RI�:KHDW�6WUDZ�LQ�$QLPDO�)HHG�E\�

3OHXURWXV�RVWUHDWXV��$ SLORW�HIIRUW��$QLP��)HHG�6FL��7HFKQRO�����������
���9DQ�6RHVW��3�-��������7KH�XVH�RI�GHWHUJHQWV�LQ�WKH�DQDO\VLV�RI�ILEURXV�IHHGV��,,��$�UDSLG�PHWKRG�IRU�WKH�GHWHUPLQDWLRQ�

RI�ILEHU�DQG�OLJQLQ��-��$�2�$�&�������������
���9DQ�6RHVW��3�-�� DQG�5�+��:LQH��������7KH�XVH�RI�GHWHUJHQWV� LQ� WKH�DQDO\VLV�RI� ILEURXV� IHHGV�� ,9��'HWHUPLQDWLRQ�RI�

SODQW�FHOO�ZDOO�FRQVWLWXHQWV��-��$�2�$�&������������
���<DGDY�� -�6�� ������ ,QIOXHQFH� RI� QXWULWLRQDO� VXSSOHPHQWDWLRQ�RQ� VROLG� VXEVWUDWH� IHUPHQWDWLRQ�RI�ZKHDW� VWUDZ�ZLWK� DQ�

DONDORSKLOLF�ZKLWH�URW�IXQJXV��&RSULQXV VSS���$SSO��0LFURELRO��%LRWHFKQRO�������������
���=DGUD]LO��)��������&RQYHUVLRQ�RI�GLIIHUHQW�SODQW�ZDVWHV�LQWR�IHHG�E\�%DVLGLRP\FHWHV��(XU��-��$SSO��0LFURELRO�������������
���=DGUD]LO��)���*�&��*DOOHWWL��5��3LFFDJOLD��*��&KLDYDUL�DQG�2��)UDQFLRVR��������,QIOXHQFH�RI�R[\JHQ�DQG�FDUERQ�GLR[LGH�

RQ�FHOO�ZDOO�GHJUDGDWLRQ�E\�ZKLWH�URW�IXQJL��$QLP��)HHG�6FL��7HFKQRO�������������
���=DPLUL��0�-��DQG�-��,]DGLIDUG��������6WXGLHV�RQ�WKH�IHHGLQJ�YDOXH�RI�*O\F\UUKL]D�JODEUD /��SXOS�IRU�VKHHS��,UDQ�$JULF��

5HV�����������
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