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%NP !ÎÍÍ ÔÍ ÔÕ Õ ÎÑ Ô�Ô Í�Ð Î�ÏÍ Í�Ñ

&OD\H\�VNHOHWDO��FDUERQDWLF��PHVLF��7\SLF�&DOFL[HUHSWV ��Ä¦ ¶´¯¦®�b�®��Â®�Á°Z°��½Zs
$ Í�ÏÏ ÏÒ Ö ÒÑ ÐÔ Ô�Ô Í�ÓÑ Í�ÑÒ Í�Ñ

%WN� ÏÏ�ÒÒ ÑÔ Ò ÒÎ ÑÑ Ô�Ô Í�Ò Í�ÑÕ Î�Ï
%WN� ÒÒ�ÎÍÍ ÐÕ Õ ÒÎ ÑÎ Ô�Ô Í�ÑÒ Î�ÍÑ Ð�Ï
%WN� !ÎÍÍ ÔÏ ÒÕ ÏÒ ÎÔ Ô�Ô Í�ÎÒ Í�ÔÐ Ï�Õ
/RDP\�VNHOHWDO��FDUERQDWLF��PHVLF��7\SLF�+DSOR[HUHSWV������������ �ªÀ�¯��¶��Á°Z°��½Zs

$ Í�ÏÏ ÐÏ ÐÐ ÑÔ ÏÍ Ô�Ô Í�ÓÔ Í�ÒÏ Í�Ñ
%Z� ÏÏ�ÒÒ ÐÍ ÑÎ ÏÏ ÐÔ Ô�Ó Í�Ð Í�ÒÐ Í�Ñ
%Z� ÒÒ�ÎÏÍ ÓÏ ÒÔ ÎÖ ÏÑ Ô�Ó Í�ÏÎ Í�ÒÐ Ï�Ñ

&OD\H\�VNHOHWDO��FDUERQDWLF��PHVLF��7\SLF &DOFL[HUHSWV����������� �¶�c��°Z¸#�Á°Z°��½Zs
$ Í�ÏÒ ÐÍ ÎÑ ÑÐ ÑÐ Ô�Ô Î Í�ÐÒ Í�Ñ
%N ÏÒ�ÔÒ ÓÒ ÏÒ ÑÍ ÐÒ Ô�Ñ Í�ÑÒ Í�ÔÕ Î�Ñ

&OD\H\�VNHOHWDO��FDUERQDWLF��PHVLF��7\SLF &DOFL[HUHSWV���������� �¶�c��j´��Á°Z°��½Zs
$ Í�ÏÏ ÑÍ ÐÑ ÑÏ ÏÑ Ô�Î Î Î�ÍÍ Í�Õ
%Z ÏÏ�ÒÒ ÑÑ ÎÔ ÒÍ ÐÐ Ô�Ï Í�ÐÒ Í�ÒÕ Î�Ó
%N ÒÒ�ÔÒ ÑÑ ÐÍ ÒÓ ÎÑ Ô�Ï Í�ÏÐ Î�ÑÍ Ð�Ï

À®ºº] zdº°§�®ºº�°�¶]��v´´§¾¯�ÀZÀ]�¾¿¦±½Zs��ÀZ¸ �¦�ÄZ·½Zs
�Z¸º³¡�¾º�°z]�®°ºº¯ ÄZº·½Zs�Zº] ¶º�¿Z¤¯�°®�¾³Zºº§ ²¿¦�À¦|À¯
¶º§ vº·®¾¯�ÀZºº�³�¶¤�´¯�²¿¦�°®�bÀ¨�°º.À«Z��ÄZk°®�ªÀ¨�c
À¦zº¿¦�¦ºº�s�¶°À³��¿¦z��°®��¦�s�¢�Z´¯�z]�ÁÂÈ��¾³Z§�²¿¦
³zdºº�-�À¦|À¯�²ÀÀ�c�Ä¦z]�¶§��v�Z]�°¦v¿Z��Ävo�Zc v³¦ºc¾¯�|À³
�b�¦�zd�À]�ÄZ·¾�°z]�¶]�±ZÀ³�½Zs�ÄZ·¾-&¿Â�z]�À¡�zg¦�|À³�Â
ÄZ·½Zs�°®�¦°�¾³Z§�²¿¦�ÄZk°®�ªÀ¨�c�|À³�Äz.¿®�ÀZ-v´·Â&�

¦°�Ä°®Zºº¯ ®¦º¯�®ºs�z�³�©Z^g¦�Ä¦z]�¾«Â��v³¦Á®z§�³°¦|-�À¦z¿¦
¶ºº] Â®�Á°Z°��½Zs�°®�¾³Z§�²¿¦���ÏÒ Â�ÎÕ �Ò��v³¦Á®º°´³�¶¿|lc
ª¨ºº���®°¦®�®ºkÂ|À³�¦#º§�Á±¦v³¦�Â�¶d�¨��ÄZ·z^À��©°º�
Â�Ä°¦Â¡�Pº�´¯�ÄZº¿º-�>ÇZ°do¦���ÎÓ��¾¬¯Z#�z�³�z]¦z]�¶§���®��Ó
Zºº] ¾³Zº§ ²º¿¦�°ºº�o�Zº] �²ºÀ´#®º· �bº�¦�À¡�À®ºº] ¾«Zº¤d³¦
ÄZº·�¿Z¯±¡�°®�¶º§ �¶º� Á°Z°º� ½Zºs °®�ªºº¿º��ÄÞº«º�°º¯
®ººkÂ�¶]�¶kººc Zº] Â��b�¦�Á®º]�¶¿º³Zg�©Z´]z§�ÀÂv]�¾¿¦zp�
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ÕÎ

»¦z-Âzº¨À¯�zº¿º�c�°®�%Z� ¢º�¦�±¦�¾¿Z·b°ºº�£�°®�bÀ�¬§
�¿¦zº� °®�¾³Zº§ ²º¿¦�bº -�À¦ººc¾¯ ��«��Ñ ª¨ºº���¾³Âzd¨«¦
½Zºs ²º¿¦��®ºº� ®Zºl¿¦�vºº³¦ºc¾¯�|À³�®§�¶¿º³Zg�¦·¡�Z]�¾¨·¡
Ä®Z¿±�ª¯Z¨c�Â�Áv��®Zl¿¦�¾]¡z��À¦°Â®�°®�Z·§ÈÀ��zÀgPc�bpc
>Zd^º�³�¾]Z¤º�]�ÀZ°dsZºº� Â�zc²�Â°�,³°�Z]�¾p���¢�¦��®°¦v³
¾Âvk��b¬À��®Z¿±�v�°®�Z]�¶§��®°¦®��¿¦z��²¿¦�z]�b«Ç®�Äº£
�Á®º]�¶¿º³Zg�¦·¡�v£Z��|À³�²¿z¿±�ÄZ·¢�¦��b�¦�,´·Z°·�|À³��Ï
®ººkÂ�Â�®º§ ª¯Zº¨c�ªºÀ«®�¶º] �®Zº¿±�Á|¿°,´º� ®º�°�¶ºº] ¾«Â

�v³¦Áv��¦vk�%Z ¢�¦�À¦º´��¶]��¾^�¨¯��À���ÀZ°dsZ�

bÀ�z��z¿®Z¤¯��¾p���¢�¦�´º�s�¶]��Â®�Á°Z°��½Zs�°®
À®ºº] \«Zº� zº] bº«Ç®��Ð ¾Âvk��Á&¿Â�n���Â�¾³ºÀcZ§�¾®Z^c
Â�«��Óª¨º���¾³Âzdºº¨«¦�ÄZ·»¦z-Âz¨À¯�Z]�¶§��®°¦®�bÀd¨°�¦
Â®�°®�¿Âzdº�.³¡�ÎÕ Â�ÎÑ ±¦zº� ¶Zº¤³�©vº� ©ÂZº c�|À³�Â��®
~º¨¿¦�ºººcz��³¦z��°®�¾Âz�À¬-�Z]�Á¦z°·�®¿|À´¯�Â�®¿|À´¯�°Z°Àc
Àvº� �º£¦Â�vºº�°¾¯�z�³�¶]��v·®¾¯�ÀZ�³�¾³¦ºs®·��Ò ª¨��
ªº¿v^c�Â�bÀ¨ºº�°º.À«Z��¾-v¿®¦º·��¿¦z���b�®�°®�½Zs�²¿¦
j¿Zºd³�²ºÀ°·�¶ºº] ¶kºc�Z]��v´§¾¯�®·¦z��zd¸]�¦°�bÀd¨°�¦�¶]�À¡
Â�°Zºº¸#��¶º� �¦¿�Á°Z°��ÄZ·½Zs�n���°®�bÀd¨°�¦�z¿®Z¤¯

ÄZ·©Z´]z§��§��¦¿�Á°Z°��½Zs�%NP ¢�¦�°®�¶¿º³Zg�ÄZ·©Z´]z§���«¦��¾�]Â°�¾³Âzd¨«¦�Üº¨�Âz¨À¯�ÄZ·»¦z-Âz¨À¯��Ñ ª¨�
%Z� ¢�¦�°®�ª¨��¾³±º��¶¿º³Zg�©Z´]z§�®º^³�Z¿�®º]��\Àczc�¶] �®�Â�«�Â��°Z¸#�Á°Z°��½Zs�%N ¢�¦�°®�½Zs�Ä¦|k¦�Z]�Á¦z°·�¶¿º³Zg

�¶��Á°Z°��½Zs
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ÕÏ

¶]��®�Â�«��¶��½Zs�°®�%Z� Â�$ ÄZ·¢�¦��\Àczc�¶]��§�Â��«¦��½Zs�ÄZ·¶³º°³�²°��t]�°®�~¨¿¦�ºcz��ÄZ·b�Z.³�³¦z���Ò ª¨�
¿Âzd�.³¡�\�oz]�®¦v�¦�¶À¬§��°º§x¯�ÄZ·¢�¦�°®�Ï�ÐÕ ±¦z��¶�¤³��Â��¦¿�½Zs�°®�%NP ¢�¦��· �Â®�½Zs�°®�%N� Â�$ ÄZ·¢�¦��\Àczc

��v�Z]¾¯
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ÕÐ

¶]��®�Â�«��¦¿�¨°Z°��½Zs�°®�%N� Â�%NP ÄZ·¢�¦��\Àczc�¶]��§�Â��«¦��Ä°º^��¾³Âzd¨«¦�Üº¨�Âz¨À¯�ÄZ·»¦z-Âz¨À¯��Ó ª¨�
�j´��Á°Z°��½Zs�°®�%N ¢�¦�Â�¶��Á°Z°��½Zs�°®�%Z� ¢�¦��\Àczc�¶]��Â�Â�· �Â®�¨°Z°��½Zs�°®�%N� Â�$ ÄZ·¢�¦��\Àczc

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.1

.6
.0

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                            11 / 17

https://dor.isc.ac/dor/20.1001.1.24763594.1382.7.1.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-385-en.html
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ÕÑ

�¶�«Z�¯�®°º¯�ÄZ·²°�¾³ºÀcZ§�¾®Z^c�bÀ�z��Â�Á&¿Â�n����Ð ¾Âvk
¾³ºÀcZ§�¾®Z^c�bÀ�z�

�FPRO���NJ����
¾k°Zs�Á&¿Â�n��

�P�JU����
ª§�Á&¿Â�n��
�P�JU����¢�¦

Î¦¿�Á°Z°��½Zs
ÓÓÎÒÎÑÖ$
ÖÍÐÐÏÔÒ%N�
ÓÎÎÐÏÎÍ%N�
ÑÕÎÒÐÎÖ%N�
ÐÒÓÎÔÒ%NP

Â®�Á°Z°��½Zs
ÕÔÏÏÐÒÑ$
ÕÏÎÕÎÔÕ%WN�
ÓÖÎÕÎÔÏ%WN�
ÔÎÎÑÎÖÐ%WN�

¶��Á°Z°� ½Zs
ÓÖÎÑÎÒÕ$
ÓÎÎÕÏÑÖ%Z�

ÑÍÎÒÎÒÖ%Z�

°Z¸#�Á°Z°��½Zs
ÔÐÏÍÐÖÓ$
ÑÖÕÐÎÔ%N

j´��Á°Z°��½Zs
ÓÖÎÑÎÓÐ$
ÒÕÎÕÐÖÑ%Z
ÓÑÎÖÑÍÍ%N

�b�¦�Áv��ÀZÀ]�Ï Â�Î ¾Â¦vk�°®�Z·½Zs�ªÀ¯Z���Î

�v·®¾¯�ÀZ�³��¿¦|�¦�ÄzÀ-®�#�°¦v¤¯�¶]�|À³�j´�
,º³°�vÀ º� >È¯Zº§ ¦Àº�¬§�¢ºº�¦�Ä¦°¦®�°Z¸#�Á°Z°��½Zs
ª¯Zºº� Â®�±¦�¾º�Z³�vº³¦ºc¾¯�vÀ º� ,º³°�®Zºl¿¦�bº¬���bº�¦
§º�°�Â��¿Z�z��bÀ«Z���|À³�Â�²¿z¿±�zd�]�,´��±¦�¾-v¿®¦º·
Â�¾¿ÇZº] ¢ºº�¦��¿Z�z��¶¯¦®¦�Z]�¶§�Ä°º��¶]��v�Z]�¾¿ÇZ]�¢�¦�±¦

®ºkº¯�¦·¡��ÀZ¯±�°Âz¯�¶]�²¿z¿±�¢�¦�b°��¶]�¦·¡�¾¿º�§¡
®vº� zc±°Zº] ®ººkÂ��®ººº�¾¯�Á®Â|�¦�¢�¦�²¿¦�¶]�ÇZ]�ÄZ·¢�¦�°®
|º¯z£�ÀÂ®Zºº¯ ºcz��±¦�Áv¯¡�b�®�¶]��zd¯¾d³Z��z]��ÎÓÓÒ ¾kº¯
¶ºº¬°k�±¦��¾p���ÄZ·¢�¦�°®�À¡�®º^³�Â��Z·ªÀ�Âz��¶À¬§�¢°��°®
bÀd¨°�¦�®Zl¿¦�zº] Äz.¿®�ªÀ«®�v³¦ºc¾¯���Ôª¨���½Zs�²À°·
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ÕÒ

½Zs�°®�$ Â�%N ÄZ·¢�¦��\Àczc�¶]��®�Â�«��Â®�¨°Z°��½Zs�°®�$ Â�%N� ÄZ·¢�¦��\Àczc�¶]��§�Â��«¦��|¯z£�ÀÂ®Z¯�ÄZ·�À���Ô ª¨�
¾«¡�®¦º¯��2�0 �bÀ�¬§��&D �|c°¦º§��4 �bÀd¨°�¦��6 �bÀ¬¿¦��, �b¿z¬§��&K �bÀ´À«ºWZ§��. �bÀ¨�°º.À«Z���3 �°Z¸#�Á°Z°�
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ÎÐÕÏ °Z¸]���¾Â¦�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÕÓ

¶º#z-¦��¸ºº°l¯�°®��vº�Z]�bÀ¨º�°º.À«Z��¾-vºº¿®¦º·�±¦�¾�Z³
zºº�³�¶º] Zºk°®�Zº·½Zs�²º¿¦�°®�bÀ¨º�°º.À«Z��¾³Zº§ ªÀ¨º�c
zÀgPºc bºpc�¶ºº¤�´¯�¶d�x-��¿¦z��°®�ªÀ¨�c�²¿¦�¾«Â��v�°¾¯
�¿¦zº� °®�Â��¶ºd�z-�©°ºº� ®Zºº¿±�¾º¬p¯�®¿|À´¯�Â�³Z·�Ü
Zº¿ zººc¦#º§�³Z·�Ü�Â�®§�¾º¬p¯�®¿|À´¯�®ºkÂ��z�Zo�¾Zo
ª¿v^c�Â�bÀ¨�°º.À«Z��Ä°¦v¿Z�Z³�f�Z]��Ï ¾Âvk���Ô�Ô ÄÂZ�¯
ÏÔ �ÎÍ��ÀZ-vºº´·Â&��¾sz]�j¿Zd³�Z]�¶§��®º�¾¯�bÀd¨°�¦�¶]�À¡
À&Àº�§¦�Â�²º]z§�¾ºº�ºcÂ|¿¦�ÄZ·�·Â&���®°¦®�¾³¦ºs®·��ÐÐ Â
½Zººs Ä±Âz¯¦��¿¦z��zÀÀ�c�|À³��Áv�³�z�d´¯��ÀZ-v´�¿º³���ºc
®º§ ¶º] ¶ºkºc�Zº] ¾Zºo z·�¶]��v·®¾¯�ÀZ�³�¶d�x-�¶]�b^�³�¦°
¾ºº�°z]�®°ºº¯ ¶º¤�´¯�ÄZº·½Zs�°®�¾¨¿zdº¨«¦�bº¿¦v·�À®ºº]
Zº] ¶º¤�´¯�²º¿¦�°®�bÀ¨º�°º.À«Z��ÄZººk°®�ªÀ¨�c���Ï ¾Âvk�
ÀZ-vº´·Â&��¾ºsz]�j¿Zºd³�Zºº] ¶§��v·®¾°³�ÀZ�³�¾�Z^c°¦�Ä°º�

��ÐÕ��®°¦®�¾.´·Z°·Z³�z.¿®�¾sz]�Z]�Â��ÎÖ��¾.´·Z°·
¾³Zº§ ±¦�Ä¦¶³Zº�³�À®ºº^³�Â�Ávº� ¶ºd -�\«Zºº�¯�¶]�¶kºc�Z]
Â�bºº¿z¬§�¢¿z��±¦�ªÀ¨�c�|À³�Â���¬dt¯�ÄZ·¾³Z§��bÀ«º§¾¯°Â
Ä¦z]�bÀ¨�°º.À«Z��¾³Z§�±¦�ª¿v^c�Â�Ä°®Z¯�®¦º¯�P�´¯�Â®���Z¨À¯
¶ºÀ¬§�°®�¶º§ Ä°ºº� ¶º] �vºº�°¾¯�z�³�¶]�Z·½Zs�°®�bÀd¨°�¦
¶ºº] ¦°�®ººs ÄZºk °Âzº¯ ¶º] bÀ¨º�°º.À«Z���¾p�º� ÄZº·¢�¦
zdº°§�°¦v¤¯�|À³��ÏÔ Â�ÎÍ��ÀZ-v´·Â&��¾sz]��v·®¾¯�bÀd¨°�¦
¶ºº] ¦°�¾¤°��½Zs�Z]�¶�¿Z¤¯�°®��¾p���½Zs�°®�bÀ¨�°º.À«Z�
�ºº¿¦|�¦��vº³¦Á®¦®�b^º�³�bÀd¨°º�¦�¶º] bÀ¨º�°º.À«Z��ªº¿v^c
n�º� ¶º] ¦º¿®|³�Zºº¿ ¾p���ÄZ·¢�¦�°®�¾³ºÀcZ§�¾®Z^c�bÀ�z�
Â�ÄÂ¦°vºº] �v´§¾¯�vÀ¿Pc�¦°�z�³�²¿¦�|À³��Ð ¾Âvk���·Â&��²¿¦
bº�zº§¦°±�ÄZº·½Zs�°®�¦°�bÀd¨°º�¦�Pº�´¯�|Àº³ �Õ��À¦°Z¨°·
¶ºº] Â�bÀ¨º�°º.À«Z��\º¿ztc�±¦�¾º�Z³��º§¦z¯��;HURFKUHSW�
Z¸ºººº³¡�¾ºº�°z]�°®��vºº´³¦®¾¯�°®Zºº¯ ,´ºº� ±¦�ÀvÀºº�°�ª°¦
¾£Zºº] $ ¢ººº�¦�°®�²°��ºt]�°®�®ººkº¯�ÄZ·bÀ¨º�°º.À«Z�
�v³¦¶d�°�²À]�±¦�b¬À��Â�²���t]�°®�¶§�¾c°º��°®��v³¦Áv³Z¯

zÀºÀ�c�¿vºº� ¶]�¶kºc�Z]��bÀ´À«ºWZ§�Â�b¿z¬§��bÀ¬¿¦�®°º¯�°®
¶ºº�¿Z¤¯��Z·½Zs�Â�Z·¢�¦�°®�¶�º]z¯�±¦z��¶Z¤³�©v��²º�p¯
®¦ºº¯ Â�½Zs�ÄZ·¶³º°³�°®�~¨¿¦�ºcz��³¦z��ÄZ·b�Z.³�³¦z�

zº�³�¶º] Ä°®Zº¯ ®¦ºº¯ Pº�´¯�Z¸º´c��¶ºº¤�´¯��¿¦z��|À³�Â��Ä°®Z¯
|Àº³ bÀ¨º�°º.À«Z��Â�bÀ´À«ºWZº§ ¾³Zºº§ ÀZ¯±®·�®ºkÂ��v�°¾¯
�±zº� �v�Z]�©ÂZ d¯�¾d�¿Z]�Z¸³¡�ªÀ¨�c��¿¦z��¶§�v·®¾¯�ÀZ�³
Zºº] Á¦zºº°·�bÀ´À«ºWZºº§ ®ºººkÂ��ÏÔ��À¦°Zºº¨°·�Â�|.ºº¿°®Â°
Zº] �vº³¦Á®¦®�b^º�³�bÀ´À«ºWZºº§ À®º]�Ä°¦Â¡�¶]�¦°�bÀ¨�°º.À«Z�
¶ºº] b^�³��Ð�ÒÑÂ�Ô��«Â±�±¦z��¶Z¤³�©v��À®º]�zcÇZ]�¶]�¶kºc
¶º¤�´¯�ÄZº·b¿z¬§��~ºº¨¿¦�ºcz��ÄZ·³¦z��°®��Ñ�Ô Â�ÎÑ��®z�
ÐÑÐÍ Â�ÓÒÔ ¾ººkº¯�®¦v�¦�Z]�¶§���ÎÎ Â�Ö��v´d�·�²·¡�±¦�¾´�
®°¦®�¾.´·Zº°·�|Àº³ |º¯z£�ÀÂ®Zºº¯ `¿|lc�±¦�¾�Z³��zd¯¾d³Z��z]�
°®�ÎÑ�Ï ±¦zº� ¶º�¤³�¾^º�³�©vºº� �¿¦|�¦��²À´#®·���Ôª¨��
ÎÐ�Õ b°º� ¶º] À¡�¾¿Zººk ¶]�Zk�Â�®¦z-¾d³Z��¶k°®�ÒÒÍ ÄZ¯®
vº�Z]�bº¿z¬§�¾¦°v·Zºd§¦Äzc�¨vºº´·®�ÀZ�³�v³¦ºc¾¯���Ò ª¨��
±¦�Ávº¯¡�bº�®�¶º] �zd¯¾d³Zºº� z]��ÐÓÏÍ ¾kº¯�®v��Z]�¶§���Ô�
®ººººkÂ�zºº] bºº«Ç®�¶ºº§ ��Ô ª¨ºº���|ºº¯z£�ÀÂ®Zºº¯ ºººcz�
ÀZºº�³�¾ººº³¦ºs®·��®°¦®�¾¦°v·Zºd§¦Äzc�Ï�Î ÄZ·©Z¨À¬Àº�º¬À�
|¯z£�ÀÂ®Z¯�Á&¿Â�ÄZ·�À��¶]�¶º]z¯��]Z´¯�Z]�¶�¿Z¤¯�°®��v·®¾¯
�bÀd¨°ººº�¦�ÄZº·¾³Z§���ÐÒ Â�ÏÐ �ÏÏ��¾º�°�ÄZº·¾³Z§�Ä¦zº]
Ä|Àº#Zºº³ z¿®Z¤¯�|À³�Â��bÀ´À«ºWZ§�b¿z¬§��bÀ¬¿¦��bÀ¨�°º.À«Z�
�º�ºc�Z·¶º³º°³�¾ººsz]�°®�Áv³Z¯¾£Z]�®À�¬§�©Z´]z§�Â�¾«¡�®¦º¯
ÄZº·³Â°�±¦�ª�Zºo j¿Zººd³�Â�b�¦�Áv��¾¿Z�Z´��|¯z£�ÀÂ®Z¯
®ºkÂ��~¨¿¦�ºcz��³¦z��³Â°�°®�¶#z-¦��v´§¾¯�vÀ¿Pc�¦°�z.¿®
�Àtº�c�Ä¦zº] ¦°�¾cÈ¨�¯�z.¿v¨¿�Á¦z°·�bÀ´À«ºWZ§�Â�b¿z¬§
�ºÀ��®ººkÂ�|º¯z£�ÀÂ®Zº¯³Â°�°®��vºº´§¾¯�®Zl¿¦�bÀ´À«ºWZ§
¿Z¸]¦�²¿¦�²d�°�²À]�±¦�\^��bÀ´À«ºWZ§�Á&¿Â��zd¯¾d³Z��z]��ÐÓÖÔ
¾³Zº§ Â®�²º¿¦�¿ºº� Á®°�±¦zºº� ¶Z¤³�®ºkÂ��²À´#®·��b�¦�Áv�
ÄÂ®�zºº· ®ºkÂ��Ò ª¨���~¨¿¦�ºcz��³¦z��°®���Ï�ÐÕ Â�Ñ�Ô�

�v·®¾¯�ÀZ�³�¦°�Z¸³¡

ÄzÀ-¶lÀd³
Üº¨�Âz¨À¯�Â�|¯z£�ÀÂ®Z¯�ºcz���~¨¿¦�ºcz��j¿Zd³�¾¬§�°º��¶]
Zº] �vº³¦Á®z§�vÀ¿Pººc ¦°�z.¿v°·�j¿Zd³�Â�Á®º]�®·�ª°¨¯�¾³Âzd¨«¦
ÄZº·½Zs�°®�bÀ¨º�°º.À«Z���Ávº¯¡�bº�®�¶ºº] v·¦º��¶]�¶kºc
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ÕÔ

Pºº�´¯�Â�¶d�¦®�®ºkÂ�|À³�¦�s�¶°À³�Â�¦�s���¦Â�vo�¢�Z´¯
�Ä±Âz¯¦��¿¦z��°®�À¡�Àv��°¦v¿Z�Z³�ªÀ«®�¶]�¾«Â��®°¦®�¦À³ÞÂv�
±¦�ªÀ¨º�c��¦ºÀ³ÞÂvº� Â�Ä°®Zºº¯ ®¦º¯�P�´¯�Â®�bÀd¨°�¦�Ä¦z]
ÄZº·¢�¦�°®�zdº�À]�ªº¿v^c�²º¿¦��®ººº�¾¯�¿È�¦��bÀ¨�°º.À«Z�
À®ºº] zc\º�Z´¯�À¡�ªººÀ«®�>ÇZ°do¦�¶§��b�¦�Á®Zd�¦�¼Z c¦�¾p��
¾Zº°do¦�¶º] z.º¿®�ÄZºº·¾³Z§��b�¦�¾³Z§�²¿¦�¾-v¿®¦º·��¿¦z�
±¦�Á®Z dº�¦��v³¦ÁvÀº�°�ª°¦�¶º] Ä°®Zº¯ ®¦ººº¯ ¢¿z��±¦�Z¸´c�®Z¿±
¦°�bÀ´À«ºWZº§ ¾³Zºº§ ®ºkÂ�b�¦�¶d�³¦ºc�|¯z£�ÀÂ®Z¯�ºcz��³Â°
ÄZº·¿z�v´«�®ººkÂ�®º�°�¶ºº] �²À´#®·��v·®�ÀZ�³�®§�z¿®Z¤¯�°®
ÄZºº·¾³Z§�b·Z^��¶]�¶kºc�Z]��Z·½Zs�©ÂZ d¯�ª¯Z¨c�Â��¬dt¯

Ä¦Ávºº´´§�²ÀÀ�c�zg¦�Z·¿z�v´«�¸º³�¶§�b�z-�¶lÀd³�À¦ºc¾¯��¾�°
°®�Z¸º³¡�À¦|Àº¯ zº] ¶º¨¬]��¶dº�¦v³�¶ºº¤�´¯�¾�°�ÄZ·¾³Z§�¸º³ z]

�b�¦�Á®º]�zgR¯�Ävo�Zc��¬dt¯�ÄZ·¢�¦�Â�Z·½Zs

Ä°¦|.�Z��
Â�®¦º¯�²À¯Pc�z�Zs�¶]�¦®Z³Z§�À¦º#Z¨�Z��ÁZ.�³¦®�±¦�¶¬À�Â�²¿v]
°ºººº��Âz��ÄZº£¡�§Zº´k�|Àº³ Â��Z·¶º¿|lc�°®�¿±Ç ÄZ·ÁZ.dº�®
¾ºº³¦®°v£�Â�z¨º�c�ÀZº�¿¦�Ávº³±°¦�ÄZ·®Z¸´º�À��Ä¦zº] ©ºº¯z¯

�®®z-¾¯

Á®Z d�¦�®°º¯��]Z´¯
¿ººº¬���ÁZ�³Z¯z§�¦�s�¶°À³��¿¦z��°®�¾�¦z-º�ºc��¿®°�¦¿�°®�Z·½Zs�Àv��¾°À�¬§�v³Â°��ÎÐÔÔ �®¦&³�z£Z]��¿�Â��¦��¸��®¦&³�ÄzÀ¯¦��Î

�ÑÔ�ÐÐ ��Ñ�Ï ¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â
¾º�Z´�°Z§�¶º¯Z³ÀZ¿Z���ÀZ¸º �¦�ÀZdºº�¦�¾]z��¾Z°��¶¤�´¯�¾$-�ÄZ·½Zs�ª¯Z¨c�Â�²¿º¨c�¾.³º.#�Â�"-�P�´¯��ÎÐÔÑ �À��ÀZÀ³Z¯ºc��Ï

�ÀZ¸ �¦�¾d�´��ÁZ.�³¦®��Ä±°ÂZ�§�Áv¨�³¦®��¾�Z´�½Zs�v�°¦
Â�¾º�Z´�°º¬]�¶º¬l¯��®z§z¸º� ¶º¤�´¯�°®�¾º�¦°¦��º¿®°�¦º¿ °®�¾º�°�ÄZº·¾³�Zº§ ¶ºº�«Z�¯��ÎÐÔÒ �ÀZÀ«Èk �¦�Â��¬��°º�ÀZ�¯°��Ð

�ÔÓ�ÒÖ ��ÏÂÎ�Ñ ¾�Z´�¾³Z§
�� $ED�+XVD\Q�� 0�� 0��� -�� %�� 'L[RQ� DQG� 6��<��/HH��������0LQHUDORJ\�RI�6DXGL�$UDELDQ�VRLOV��VRXWKZHVWHUQ�UHJLRQ�

6RLO�6FL��6RF��$P��-��������������
�� $EWDKL�� $�� ������ 6RLO� JHQHVLV� DV� DIIHFWHG� E\� WRSRJUDSK\� DQG� WLPH� LQ�KLJKO\�FDOFDUHRXV�SDUHQW�PDWHULDOV�XQGHU

VHPLDULG�FRQGLWLRQV�RI�,UDQ��6RLO�6FL��6RF��$P��-��������������
�� $O�5DZL�� $��+���0��/���-DFNVRQ�DQG�)��'��+ROH���������0LQHUDORJ\�RI�VRPH�DULG�DQG�VHPLDULG�VRLOV�RI�,UDT��6RLO�6FL�

�������������
�� $UQDXG�� 5�� *�� 6�� 7��DQG�0��'���6XGRP��������0LQHUDO�GLVWULEXWLRQ�DQG�ZHDWKHULQJ�LQ�&KHUQR]HPLF�DQG�/XYLVROLF

VRLOV�IURP�FHQWUDO�6DVNDWFKHZDQ��&DQ��-��6RLO�6FL������������
�� %DGUDRXL�� 0��� 3�� /�� %ORRP� DQG� 5�� � %RXDELG�� ������ 3DO\JRUVNLWH�VPHFWLWH� DVVRFLDWLRQ�LQ�D�;HURFKUHSW�RI�+LJK

&KDRXLD�UHJLRQ�RI�0RURFFR��6RLO�6FL��6RF��$P��-����������������
�� %DLQ��'��&��������7KH�ZHDWKHULQJ�RI�FKORULWLF�PLQHUDOV�LQ�VRPH�6FRWWLVK�VRLOV��-��6RLO�6FL��������������
��� %LJKDP�� -�� 0��� :�� )�� -DQHV� DQG� %�� /�� $OOHQ�� ������3HGRJHQLF�GHJUDGDWLRQ�RI�VHSLROLWH�DQG�SDO\JRUVNLWH�RQ�WKH

7H[DV�+LJK�3ODLQ��6RLO�6FL��6RF��$P��-��������������
��� %ULQGOH\�� *�� :�� ������ &KORULWH� PLQHUDOV�� 33�����������,Q��*��%URZQ��(G����7KH�;�UD\�,GHQWLILFDWLRQ�DQG�&U\VWDO

6WUXFWXUHV�RI�&OD\�0LQHUDOV��0LQHUDORJLFDO�6RFLHW\��/RQGRQ�
��� %UXQDXHU�� 6��� 3�� +��(PPHWW�DQG�(��7HOOHU��������$GVRUSWLRQ�RI�JDVHV�LQ�PXOWLPROHFXODU�OD\HUV��-��$P��&KHP��6RF�

������������
��� %XRO�� 6�� :��� )�� '�� +ROH�DQG�5��-��0F&UDNHQ��������6RLO�*HQHVLV�DQG�&ODVVLILFDWLRQ��,RZD�6WDWH�8QLYHUVLW\�3UHVV�

$PHV��,RZD��86$�
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ÎÐÕÏ °Z¸]���¾Â¦�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÕÕ

��� &DOOHQ�� 5��$��������&OD\V�RI�SDO\JRUVNLWH�VHSLROLWH�JURXS��GHSRVLWLRQDO�HQYLURQPHQW��DJH�DQG�GLVWULEXWLRQ��33�������
,Q�� $�� 6LQJHU� DQG� (�� *DODQ� �(GV���� 3DO\JRUVNLWH�6HSLROLWH��2FFXUUHQFHV��*HQHVLV�DQG�8VHV��'HYHORSPHQWV�LQ
6HGLPHQWRORJ\�����(OVHYLHU��$PVWHUGDP�

��� &DUWHU�� '�� /��� 0��'���+HLOPDQ�DQG�&��/��*RQ]DOH]��������(WK\OHQH�JO\FRO�PRQRHWK\O�HWKHU�IRU�GHWHUPLQLQJ�VXUIDFH
DUHD�RI�VRLO�PLQHUDOV��6RLO�6FL���������������

��� &KDPOH\��+��������&OD\�6HGLPHQWRORJ\��6SULQJHU�9HUODJ��%HUOLQ��+HLGHOEHUJ��*HUPDQ\�
��� )LW]SDWULFN�� 5�� :�� DQG� -��/��(��5RX[��������0LQHUDORJ\�DQG FKHPLVWU\�RI�D�7UDQVYDDO�%ODFN�FOD\�WRSRVHTXHQFH��-�

6RLO�6FL��������������
��� *KDUDHH�� +�� $�� DQG� 5�� $�� �0DKMRRUL��������&KDUDFWHULVWLFV�DQG�JHRPRUSKLF�UHODWLRQVKLSV�RI�VRPH�UHSUHVHQWDWLYH

$ULGLVROV�LQ�VRXWKHUQ�,UDQ��6RLO�6FL��6RF��$P��-����������������
��� ,QJOHV�� 0�� DQG� 3�� $QDGRQ�� ������ 5HODWLRQVKLS� RI� FOD\� PLQHUDOV� WR�GHSRVLWLRQDO�HQYLURQPHQW�LQ�WKH�QRQ�PDULQH

(RFHQH�3RQWLOV�*URXS��6(�(EUR�%DVLQ��6SDLQ���-��6HG��3HW��������������
��� .KDGHPL�� +�� DQG� $�� 5�� 0HUPXW��������6RXUFH�RI�SDO\JRUVNLWH�LQ�J\SVLIHURXV�$ULGLVROV�DQG�DVVRFLDWHG�VHGLPHQWV

IURP�FHQWUDO�,UDQ��&OD\�0LQHU��������������
��� .LWWULFN�� -�� $�� DQG� (�� :�� +RSH�� ������ $� SURFHGXUH�IRU�WKH�SDUWLFOH�VL]H�VHSDUDWLRQ�RI�VRLOV�IRU�;�UD\�GLIIUDFWLRQ

DQDO\VLV��6RLO�6FL��������������
��� .OXWH�� $��������0HWKRGV�RI�6RLO�$QDO\VLV��3DUW����3K\VLFDO�DQG�0LQHUDORJLFDO�0HWKRGV���QG�HG���666$�ERRN�VHULHV�

1R�����0DGLVRQ��:,�
��� .RGDPD�� +�� ������ ,QIUDUHG� VSHFWUD� RI�PLQHUDOV� UHIHUHQFH�JXLGH�WR�LGHQWLILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�PLQHUDOV

IRU�WKH�VWXG\�RI�VRLOV��7HFKQLFDO�%XOOHWLQ��$JULFXOWXUH�&DQDGD��5HVHDUFK�%UDQFK�
��� .ULQVOH\�� '��%��������$�JHRPRUSKRORJLFDO�DQG�SDOHRFOLPDWRORJLFDO��VWXG\ RI�WKH�SOD\DV�RI�,UDQ��*HRORJLFDO�6XUYH\�

86�'HSDUWPHQW�RI�,QWHULRU��:DVKLQJWRQ��'�&�
��� 0DKMRRUL�� 5�� $�� ������ 7KH� QDWXUH� DQG�JHQHVLV�RI�VRPH�VDOW�DIIHFWHG�VRLOV�LQ�,UDQ��6RLO�6FL��6RF��$P��-�����������

�����
��� 0F.HDJXH��-��$��������0DQXDO�RI�6RLO�6DPSOLQJ�DQG�0HWKRGV�RI�$QDO\VLV��&DQ��6RF��6RLO�6FL���2WWDZD�
��� 3HUH]�5RGULJXH]�� -�� /��� &�� �0DTXHGHD�DQG�(���0RULOOR��������2FFXUUHQFH�RI�SDO\JRUVNLWH�LQ�VRLOV�RI�(FLMD��6SDLQ��

$XVWUDO��-��6RLO�5HV��������������
��� 6DQFKR�� &��� $�� 0HOHQGH]�� 0�� 6LQJHV� DQG� -�� %DWLVGD�� ������ &KHPLFDO� DQG� PLQHUDORJLFDO� FKDUDFWHULVWLFV� RI

3OHLVWRFHQH�FDOLFKH�GHSRVLWV�IURP�WKH�FHQWUDO�(EUR�%DVLQ��1(�6SDLQ��&OD\�0LQHU��������������
��� 6KDGIDQ�� +�� DQG� -�� %�� 'L[RQ�� ������ 2FFXUUHQFH�RI�SDO\JRUVNLWH�LQ�WKH�VRLOV�DQG�URFNV�RI�WKH�-RUGDQ�9DOOH\��33�

��������� ,Q�� $�� 6LQJHU� DQG� (�� *DODQ� �(GV���� 3DO\JRUVNLWH�6HSLROLWH�� 2FFXUUHQFHV�� *HQHVLV� DQG� 8VHV�
'HYHORSPHQWV�LQ�6HGLPHQWRORJ\�����(OVHYLHU��$PVWHUGDP�

��� 6KDGIDQ�� +���$��$��+XVVHQ�DQG�)��$ODLO\��������2FFXUUHQFH�RI�SDO\JRUVNLWH�LQ�7HUWLDU\�VHGLPHQWV�RI�ZHVWHUQ�(J\SW�
&OD\�0LQHU��������������

��� 6KDGIDQ�� +��DQG�$��6��0DVKKDG\��������'LVWULEXWLRQ�RI�SDO\JRUVNLWH�LQ�VHGLPHQWV�DQG�VRLOV�RI�HDVWHUQ�6DXGL�$UDELD�
6RLO�6FL��6RF��$P��-��������������

��� 6LQJHU�� $�� ������ 3DO\JRUVNLWH� DQG� VHSLROLWH�JURXS�PLQHUDOV��33�����������,Q��-��%��'L[RQ�DQG�6��%��:HHGV��(GV���
0LQHUDOV�LQ�6RLO�(QYLURQPHQWV��666$�ERRN�VHULHV��1R�����6RLO�6FL��6RF��RI�$P���0DGLVRQ��:,�

��� 6LQJHU��$��DQG�.��1RUULVK��������3HGRJHQLF�SDO\JRUVNLWH�RFFXUUHQFHV�LQ�$XVWUDOLD��$P��0LQHU��������������
��� 6RLO� 6XUYH\� 6WDII�� ������ 6RLO� 7D[RQRP\��$�%DVLF�6\VWHP�RI�6RLO�&ODVVLILFDWLRQ�IRU�0DNLQJ�DQG�,QWHUSUHWLQJ�6RLO

6XUYH\V��86'$��6&6��86��*RYW��3ULQW��2IILFH��:DVKLQJWRQ��'�&�
��� 9DQ� GHU� 0DUHO�� +�� :�� DQG� +�� � %HXWHOVSDFKHU��������$WODV�RI�,QIUDUHG�6SHFWURPHWU\�RI�&OD\�0LQHUDOV�DQG�7KHLU

$GPL[WXUHV��(OVHYLHU�6FLHQWLILF�3XEO��&R���$PVWHUGDP�
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Ä°ZÀdt]�Â�¾Zp¯°Z¸#�ÀZd�¦��z¸�­z��¶¤�´¯�ÄZ·½Zs�°®�¾�°�ÄZ·¾³Z§�ªÀ¨�c�¨ºp³�Â�¾¿Z�Z´�

ÕÖ

��� 9HUUHFFKLD�� (�� 3�� DQG� 0�� 1�� /H� &RXVWXPHU�� ������ 2FFXUUHQFH� DQG�JHQHVLV�RI�SDO\JRUVNLWH�DQG�DVVRFLDWHG�FOD\
PLQHUDOV�LQ�D�3OHLVWRFHQH�FDOFUHWH�FRPSOH[��6GH�%RGHU��1HJHY�'HVHUW��,VUDHO��&OD\�0LQHU��������������

��� :DWWV�� 1�� /�� ������ 4XDWHUQDU\� SHGRJHQLF�FDOFUHWHV�IURP�WKH�.DODKDUL��VRXWKHUQ�$IULFD���PLQHUDORJ\��JHQHVLV�DQG
GLDJHQHVLV��6HGLPHQWRORJ\�������������

��� :HDYHU�� *�� (�� DQG� .�� &�� %HHN��������0LRFHQH�RI�WKH�6(�8QLWHG�6WDWHV��D�PRGHO�IRU�FKHPLFDO�VHGLPHQWDWLRQ�LQ�D
SHULPDULQH�HQYLURQPHQW��6HG��*HRO������������

��� :HLU�� $�� +�� DQG� -�� +�� 5D\QHU�� ������ $Q�LQWHUVWUDWLILHG�LOOLWH�VPHFWLWH�IURP�'HQFKZRUWK�VHULHV�VRLO�LQ�ZHDWKHUHG
2[IRUG�FOD\��&OD\�0LQHU��������������

��� <DDORQ�� '��0��DQG�0��:LHGHU��������3HGRJHQLF�SDO\JRUVNLWH�LQ�VRPH�DULG�EURZQ��&DOFLRUWKLG��VRLOV�RI��,VUDHO� &OD\
0LQHU������������
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