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Üº¨ºº�Âz¨À¯�Zºº] ¼ºººº�³Â°�¶º] Ávº� ¶ºÀ¸c�½±Zº³ ��Zº¤¯
�vº³v¿®z-�Ä°¦®zº]~¨��Â�zÀº� c²ººº�°À«¦�¾v¯�¾�Z´�,´�
ÄÂ° Àv³Z^�#±¦�~��Z·¶³¦®½Zs�Â "- ÄZ·°ºº¬]�±¦�Ä°Zº°�
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²ºº¿vº´#�¶]�®º]�Áv³Z�º��¦°�À¦z¿¦�`°·�¶§�~Àdc�ÄZ¿°®��Ä|§z¯

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.3

.6
.4

 ]
 

 [
 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
 ]

 

                             5 / 22

https://dor.isc.ac/dor/20.1001.1.24763594.1382.7.3.6.4
https://iutjournals.iut.ac.ir/jstnar/article-1-445-fa.html


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

ÔÓ

Z¸³¡�Äv´]¶¤^��Â�v·Z��ÄZ·ªÀ�Âz����¤¯�Á¦z°·�¶]�¼º³�`¤�´¯�¾�z��³z]��Ï ª¨�

ÄZ·¶ºº#Z¿°®��Z·ÄÂ°ÇZ]�`¯¦®¦�zg¦�°®��v� ®À�¤c�¶³Z-¦vk `#Z¿°®
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Zº] Î ªºÀ�Âz��½Zºs �bº�¦�Ávºº� ®·¦z��zc²À¿Z��ÄÞº«º�°º¯ºWÞ
�±vÀº��Àkº¬�Z·�¦À�Àc�©°º��¶]��ÐÒ��½Zs�Äv´]¶¤^��¶]�¶kºc
¦À��Àk�z�¿Z·�©°º��¶]��ÎÑ� ¾³Z¸k�Äv´]¶¤^��±¦�Á®Z d�¦�Z]�Â

��Ñ ¾Âvk��®º�¾¯�Äv´]¶¤^��|«º�¾��Àk
�¦º¿Þºº«º�°º¯ºWÞ�n�º� ²ººÀ¯Â®�À¦º´��¶]�ÁvÀ�º��b´°¿v�
²º¿¦�°®�¾º$-�ÄZºº·Á|¿Â¡�¨±¦v³¦��b�¦ Ð Â�Ï ÄZ·ªÀ�Âz��ª¯Z�
Àvº� °Â®�Zºº] �b�¦�¾.´��b´°¿v��±¦�zc¦#º§�\À��bÀ�£º¯
§Zº�o�¶ºº] ¶¤�´¯�°®�"-�P�´¯�À¦º´��¶]�¶§�ÀÞºX³�ÄZ·v³±Z��±¦
��ÁvÀº�º��bºº´°¿v��»z� ¶] ¾.´��b´°¿v��±¦�b§zo��v´¿¡¾¯
°®�Zº·Á|¿Â¡�¨±¦vº³¦��·Zº§ ¶ºº] z¯¦�²¿¦�Â�¶d�Z¿��·Z§�"-�À¦|À¯
\Àº� ²À¿Zºº� »z��¶]��ÁÂÈ� ¶] �®º�¾¯ zl´¯ ÁvÀ�º��b´°¿v�
¶zº� ¶ºº§ �Á|¿°,´��Á±¦v³¦�Â�À¦|À¯�±¦�Â�Áv��zc|¿°�½Zs�b�Z]
¶º] ¿±Ç �®º�¾¯�¶d�Z§��b�¦�¾$-�ÄZ·Á|¿Â¡�ªÀ¨�c Ä¦z] ¿±Ç
¶º] ¾.´ºº� b´°¿v��°®�¶§��¾$-��«Zs�ÄZ·Á®ºc�¶§�b�¦�z§¯

¾p�º� ¢º�¦�zº¿±�°®�zd¯¾d³Zºº� ÐÍ b¯Zt��Z]�Ä¦¶¿Ç�©°º�
Ávº°��¦zºº¿±��v³°¦v³�®ºkÂ�\À��bÀ�£º¯�²¿¦�°®��v³º�¾¯�Áv¿®
¶dº�Z^³¦ �¾.´º� bº´°¿v���¾¿ÇZºº] ÄÞº«º�°º¯ºWÞ�n���°®�"-
Äv´]¶¤^��Â�¾¿ZÀ°À�º¨¿|À��ÄZ·¾-&¿Â ¶§�Zk À¡�±¦��b�¦�Áv�
Zº] ¶]Zºº�¯�°ZÀ�]��Ð Â�Ï ÄZ·ªÀ�Âz���ÁvÀ�º��b´°¿v��ÄZ·½Zs
©ZºÀ¿|k�zº§¯�±¦�²¿¦z]Zº´] �bº�¦ �Î ªºÀ�Âz���¾.´ºº� b´°¿v�

�b�¦�Áv� Ä°¦®®ºs
Ávº� Äv´]¶¤^��|«º�¾��Àk�¦¿zd��©°º��¶]�¶§�Ñ ªÀ�Âz�
·Zºp«�¶º] Â�Ávº� ÁvÀº�º��b�°®Zº] ¾´ºº� ©¦°¯�Z] ��Ñ ¾Âvk�
ªººÀ«® ¶] �b�¦ Z¿È��Â�b´°¿v��±¦�¾��¦Â�vo��¦¿Þº«º�°º¯ºWÞ
²º¿¦�n�º� °®�b�°®Zº] ¾´º� ©¦°¯��ºº�º��|À³�Â�½v³¦�\À�
¾º£v´s��Á|À«Zº³Z§�ÄZºº·ÀZ¿zk�Â�§Z³¦Â°�z.¿®�Äº��±¦�Â��½Zs
ÀZº¿zk��Á|À«Zº³Z§�zÀºº� Â��Ä¦¶·¦z]¡�Â�Ä¦Á®ºc�ÄZ·b§zo��Àv�
®º§ ÄZº·¾Z³Z§�Â�Ä°ZÀº� �¿Zº�z���¾p�º� §ÈÀºº� �¾p��
²º¿¦�°®�"-�¾º¤°��Äºº�b���~�ºº� Â��¿¦|�¦�ÀZ¨¯¦���¢°�
`º�¿Z¤¯��bº�¦�Ávº� ªÀ¨ºº�c�%\P ¢�¦�Â�®·¦z��\À��bÀ�£º¯
¢ºº�¦�¶§�b�¦�À¡�ÄZ¿º- �%\P� Â�%\P� ÄZ·¢�¦�½±Z³���Z¤¯
bº]º�°�Â��Ávº� ªÀ¨ºº�c�²�ºd�À¬��ÀZ¯±�°® >ÇZ°do¦��%\P�
ªÀ¨ºº�c�Â�"-�¾�v��ÄZ·°º¬]�¾Èp³¦�f�Z]�Á°Â®�²¿¦�zcÀ¦Â¦z�
¾«Zºo °®��Ávº¿®z-�¢ºº�¦�²¿¦�°®�¾$-�¨v��ª £�®·�°®�©Zp �
ªÀ¨º�c�¾«Z°do¦�ÀZ¯±�¾´�¿��²�º«º·�ÀZ¯±�°®�¾d]º�°�²À´#�¶§
ªÀ¨ºº�c���Ó Â�Ò z¿ÂZººº�c��bº�¦�Á®ºº^³�®ººkº¯�%\P� ¢º�¦
°®�Z¸º³¡�¨vº´´§�¾³Z°Àº� �¤³�Â�¾$-�¨v��ª £�®·�°®�©Zp �
�%\P� ¢º�¦��ÄÞºº«º�°º¯�·Zp«�¶]�¶§�Áv� f�Z]��%\P� ¢�¦
Â�Ò z¿ÂZº�c�`ºº�¿Z¤¯� v�Z]�%\P� ¢�¦�±¦�zc®§¦zd¯�Â�zcÄ¦Á®ºc
Â�À&Àº�§¦�°¦v¿Zº� ÄZº·ÜººcÂ|¿¦�¶º] ¶ººº]z¯�j¿Zd³�¾�°z]���Ó
vÀ¿Pºc ¦°�¼ºº� ¾º°À¬£¦�©ÂZºº c�|À³�"-�`c¦°vÀ·�§¡�°®�¿º¿zcÂ®
`º«Z¤¯�°®�ªºÀ� c�¶º] Â�Á®ººº^³�¶«Z¤¯�²¿¦�°®�fp]�®°º¯�¶§��®z§
°®�®ººkº¯�¾³Zº¯±�©ÂZºº c�®�°�¶] �v� v´·¦ºs�n¿z�c�Äz.¿®
¾ºº¿Â°�½Zºs ¶º§ Zk À¡�±¦���%\P� Â�%\P� ÄZ·¢�¦�ªÀ¨�c
¦°�¾º¿Â°�vº¿vk�®¦ºº¯ Ä¦zº] ¿±Ç ¶zºº� Â �b�¦�ª¯Z¨d¯�>Zd^�³
¦zººp��°®�|ºÀº³ ¾ºáv��²�®�v·¦º��z.¿®�Äº��±¦�Â��¶d�¦v³
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ÕÐ

:5% Â�½Zs�¾¯º³º�§Zc�ÄZ·®d�À��°®�Áv��¾�°z]�ÄZ·½Zs�Äv´]¶¤^��`�¿Z¤¯��Ñ ¾Âvk
ªÀ�Âz��¨°Z°� �ÎÖÖÖ��½Zs�¾¯º³º�§Zc�²Z�¦�z]�Z·ÁÂz-�z¿± �ÎÖÖÕ��:5% ²Z�¦�z]�Z·�vo¦Â�z¿±

Î 7\SLF�+DSORJ\SVLGV +\SHUJ\SVLF�*\SVLVROV
Ñ 7\SLF�3HWURJ\SVLGV 3HWULF�*\SVLVROV
Ò 7\SLF�+DSORVDOLGV +\SHUVDOLF�6RORQFKDNV
Ó *\SVLF�+DSORVDOLGV *\SVLF�6RORQFKDNV
Ô 3HWURJ\SVLF�+DSORVDOLGV *\SVLF�6RORQFKDNV

�ÁvÀ�º��b´°¿v���Ï ªÀ�Âz��%\� ¢�¦�¶]�¶º]z¯ ²°��t]�~¨¿¦�ºcz��³¦z��ÄZ·°¦®º°³��Ð ª¨�
`�Z�¦�¶]�®À�Zd� ±¦�¸Z^�¦��.���� �®À�Zd� ±¦�¸Z^�¦��. �¾º¨À¬-�²¬Àc¦�°Z°Àc�`�Z�¦�¶]�®¿|À´¯�±¦�¸Z^�¦��0J�(J �®¿|À´¯�±¦�¸Z^�¦��0J

®¦z-¾d³Z��`k°®�ÒÒÍ ¾c°¦zo�°Z°Àc�`�Z�¦�¶]�®À�Zd��±¦�¸Z^�¦��'���� �®¦z-¾d³Z��`k°®�ÐÒÍ ¾c°¦zo�°Z°Àc
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ÎÐÕÏ |À¿Z����¿º��Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÕÑ

�¾.´��b´°¿v���Î ªÀ�Âz��%\� ¢�¦�°®�"-�¾³ºd��ÄZ·°º¬]�¨v´·®�ÀZ�³�¾�]Â°�¾³Âzd¨«¦�Üº¨�Âz¨À¯ »¦z-Âz¨À¯��Ñ z¿º�c

;3/ b«Zo�°®�z¿º�c��Z¿È��Â�b´°¿v����¦Â�vo��Ñ ªÀ�Âz��E\P� ¢�¦�°®�"-�ª¨��¾�v��ÄZ·°º¬]��Ò z¿º�c
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ÕÒ

;3/ b«Zo�°®�z¿º�c���Z¿È��Â�b´°¿v����¦Â�vo��Ñ ªÀ�Âz���%\P� ¢�¦�°®�¾$-�¨v��ª £�®·�°®�©Zp ���Ó z¿º�c

�vº�³�¶ººd�z-�z�³�°®�Àº�v¯�²¿z¿±�½Zs��²¿¦z]Z´] �v�³ Áv·Z�¯
±¦�¾ºº¯z§�Â�¾º�v��ÄZº·°º¬]�±¦�¾º�t]�bº�¦�²º¨°¯�¶º#z-¦
°®�¾«Â��v´�Z]�Áv��Á®Â|�¦�½Zs�²¿¦�¶]�\À��ÄÇZ]�ÄZ·bÀ�£º¯
¢º�¦�°®�´ººº�s ¶] �Z¸³¡�Ä¦z]�ÁvÀ�°�ª°¦�¶]�P�´¯�²d�z-�z�³
"-�¾Z º̈�¦�z¿Z��Â�¾�v��ÄZ·°º¬]�¦z¿±��b�¦�²¨°¯Z³��%\P�
ªº £�®ºº· °®�©Zp ��©°º��¶]�Â�Áv� ªo Á°Z]Â® ¢�¦�²¿¦�°®
ÄZº·°º¬]�À¦|Àºº¯ À®º]�®§�¶]�¶kºc�Z] �v³¦Áv� °º¬^d¯�¾$-�¨v�
Ä¦zº] "-��ºº^´¯�À¦º´��¶]�¶§��¾.´��b´°¿v��°®�¾¯z§�Â�¾�v�
°®�¾º�v��ÄZº·°º¬]��vº¿¡¾¯�§Zºº�o�¶]�\À��²À¿Z��ÄZ·²À¯±

�v´d�· ±Z�½Zs�¸º³�±¦�>ÇZ°do¦�|À³ %\P�¢�¦
n�ººº���¾ººº�°z]�®°ºººº¯ `ººº¤�´¯��ººt]�²¿zcbºº��
°ºº� Â�b�Zº]|¿°�§ºº�°��º°lc�ªººp¯��Z¿È� ¦¿Þº«º�°º¯ºWÞ
¬º�º� �¦°³�ÄZ·°º¬]�v�°�zg¦�°®���Ò ªÀ�Âz���b�¦ Ä¦¶#Z¿°®
�vºº� Áv¿® \À��bÀ�£º¯�²¿¦�½Zs�n���°®�¾l´ �¦�¨®z§���
¶º] ��ÐÍÓ G6�P ®Âvºo��Á®ººº] ®Z¿± °ZÀ�]�½Zs�²¿¦�°®�Ä°º�
¦À�Àc�©°º��¶] ¦° ½Zs�Äv´]¶¤^��Ä¦z]�¿±Ç �¿¦z��¶§ Ä°º�

½Zs�²¿¦�b�Z]���Ñ Â�Ï ¾Â¦vk��b�¦�Á®°Â¡�®·¦z��±vÀ«Z�º¬�Z·
vº¿R¯�¶ºº§ �®º]�zc²À.´��¾¿ÇZ]�ÄÞº«º�°º¯ºWÞ�¬º���¶]�b^�³
�\Àº� ²À¿Zºº� »z��¶]�¾¨¿zd¨«¦�b¿¦v·�z¿®Z¤¯��b�Z¿È��n��
bº¿¦v·�z¿®Zº¤¯��z.º¿®�Äºº� ±¦��vº·®¾¯�ÀZºº�³�¾�¿¦|�¦�v³Â°
¶º§ �¶ºd�Z¿��·Zº§ Zº¿È��bººÀ�£º¯�°®�¢°���¿¦|�¦�Z]�¾¨¿zd¨«¦
n�º� ±¦�°ºº� §¡�zÀººt^c�Â�ÇZ]�¶]�Â°�b§zo�b¬� ¶]�v³¦ºc¾¯
Ä¦Á®ºººc ÀZ°dsZ�|¿°��¾¿Z¿È��§º�°��°lc�ªÀ«® ¶] �v�Z]�½Zs
¦º°³�ÄZºº·°º¬]�Õ z¿º�c���Ô z¿º�c��v� Áv¿® ½±Z³���Z¤¯�°®
Â�Â°zº· ÄZ·¾º�°z]�°®��vºº·®¾¯�ÀZ�³�"-�ÄZ·°º¬]�°Z´§ °®�¦°
±¦�²ººº¿°º¬]|¿°�"-�À¦|Àº¯ ¶º§ vº� Á®¦®�ÀZº�³��ÎÖ��À¦°Zº¨°·
"-�ª]Zºº¤¯�°®�Â��·Z§�b���¢�Z´¯�»z��¶]�� cz¯�ÄZ·b°�£
°®�½Zººs ®Z¿±�Äz¿x�¯º ³�Z¸³¡��b�¦�¶d�Z¿��¿¦|�¦�ª¨��¾�v�
¸ºº³ `ººlÀd³�°®�¶§�¦°�®ºs�¨v��¾�°z]�¶¤�´¯�b���ÄZ·b°�£
¿zºº� ¶]�"-�²¿°º¬]|¿°�ª¨��ª¿v^c�ªÀ«®��Áv��®Zl¿¦�Ä°®Z¯�®¦º¯
Ávº¿® ¼º��®°º¯�~¨��z�Zo��·Â&� °®���ÎÖ��v´³¦®¾¯�¾�v�
À¡�Â��Ï ¾Âvk��®§�°ZÀ�]�Z¿È��°®�"-�À¦|À¯�¶§�¾´�¯�²¿v]��v�
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ÎÐÕÏ |À¿Z����¿º��Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÕÓ

33/ b«Zo�°®�z¿º�c���Z¿È���Ò ªÀ�Âz��%]� ¢�¦�°®�Ä¦Á®ºc�ÀZ°dsZ�|¿°��Ô z¿º�c

%]� ¢�¦�°®�¦°�¦°³�zc¦#º§ ÄZ·¾Zd�¿z§�¶§�"-�b�°®�ÄZ·°º¬]�¨v´·®�ÀZ�³�¾�]Â°�¾³Âzd¨«¦�Üº¨�Âz¨À¯�»¦z-Âz¨À¯��Õ z¿º�c
�v³¦Á®z§�¶�Zo¦��Z¿È���Ò ªÀ�Âz�

©°ºº� ¶]�¦°�"-�|À³�½±Z³���Z¤¯��b�¦ ®º¸�¯Z³�©°º��¶]�®·
Â�½Zºs À®ºº] ²À.´º� ��Ð ¾Âvººk��v´·®¾¯�ÀZ�³�²¿°º¬]|¿°

"-��º^´¯�±¦�Ä°Â®�|À³�Â��\À��bÀ�£º¯�²¿¦�°®�Äz¿x�¯º ³�¾°§
zÀÀ�c�¦z¿±��v�Z]�¼º��`lÀd³ ¨v´´§�¶Àkºc�ª¿Ç®�¶¬°k�±¦�v³¦ºc¾¯
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ÕÔ

®°ºº¯ `¤�´¯�°®�"-�ª¨��¨v´´§�¾zd´§�ª¯Z��²¿zcÁv°��¶§�¾d�Z]
¬º�º� Zº] ¶º�]¦°�°®�b�Zº] zÀººÀ�c�~¨��b�°®��b�¦ ¾�°z]
²º¿¦�Â�Á®ººº] �ÎÖ��À¦°Z¨°·�Â�Â°z·��·Â&� °®�ÄÞº«º�°º¯ºWÞ
°®�¦zº¿±��vº´´§¾¯�bºº¿º¤c�¦°�z.¿v¨¿�©ÂZ d¯�z·Z��¶]�`lÀd³�Â®
¶Zºº^c°¦�°®�"-�²¿°º¬]|¿°�ª¨��Z]�Äz¿x�¯º ³ ¾°§�®°º¯�Â®�z·
Äzº¿x�¯ºº ³�Â�Á®ºº] b�Zºº]|¿°�½Zs�¾d£Â�¶§�¾´�¯�²¿v]��b�¦
®Zºl¿¦�Ä¦zº] "-�ÄZºº·°º¬]�v�°�Â�º�b���ÀZ¨¯¦��®°¦®�¾§v³¦
�¼ºº� ©ZºpÀ�ºc�¶ºº] ¶kºc�Z]��®º�¾¯�®Âvp¯�b�°®�ÄZ·°º¬]
�b�¦�Áv� ªÀ¨�c�±Z�½Zs�©°º��¶]�Z¿È��°®�²¿°º¬]|¿°�"-
Üº¨ºººº�Âz¨À¯�Â�¦ºº¿Þººº«º�°º¯Âz¨À¯�ÄZ·¾ºº�°z] °®
b�Zº¿ ®ºº· ©°ÂZl¯�°®�"-�Â�¦·¡�ÄZ·°º¬]��¾�]Â°�¾³Âzd¨«¦
¶Zººº^c°¦�¢º¿z��±¦��©ºº¯z¯�Ávº�³�³°¦|-�©Zº�È�¦��v³vº�³
¶ºº] �Àp¯�°®�©Z «º��b�¬��z-¦�¶§�b�¦�À¡�ÄZ¿º- �Ä°º�o
Zºº] �®º�¾¯�ªo�¾¨À¯Z´¿®º¯zc�·Zp«�¶]�¦·¡��v�z]�°Çº¯�Í�ÍÎ
�ºÀ] ½Zººs ÄZ·¶³º°³�`À¬§�°®�©Z «º��b�¬� ¶§�²¿¦�¶]�¶kºc
Â�Áv� ªo�¦·¡�ÄZ·°º¬]�>ÇZ°do¦�²¿¦z]Z´] �b�¦ °Çº¯�Í�ÍÎ ±¦
ªºÀ«®�²ºÀ°·�¶º] �bº�¦�Ávº� °ººº¬^d¯�"-�©°º��¶]�À¡�®À�¬§

�v³º�¾°³�Áv¿® ¾�º¨�Âz¨À¯�ÄZ·¾�°z] °®�¦·¡�ÄZ·°º¬]
Áv���£¦Â�¼z��b°��°®�Z¿È��`À�Zo�bÀ�£º¯�°®�Ó ªÀ�Âz�
v³º�¾¯�Áv¿® ªÀ�Âz��²¿¦�°®�%]P Â�%\] �%W] ÄZ·¢�¦���b�¦
v·¦ººº� ¶§�b -�v¿Z]�%W] ¢�¦�ªÀ¨�c�¨ºp³�®°º¯�°®���Ï ª¨��
À&À�§¦�°¦v¿Z��ÄZ·ÜºcÂ|¿¦�¾�°z]�Z] �¶¤�´¯�°®�¾°À¬£¦�©¦zÀÀ�c
©Zºº�È�¦��b�¦�ÁvÀ�°�©Z^g¦�¶]�"-�`c¦°vÀ·�§¡�°®�¿º¿zcÂ®�Â
À¦°Zº¨°· Â�¾¯®Zºs �z.º¿®�Äººº� ±¦���ÀZ-v´�¿º³�Áv�³�z�d´¯
`ººº¤�´¯�°®�¦°�²°�`ºd�Z¿�ºº�b����º°lc�ÄZº·¢�¦�|Àº³ �ÏÒ�
�ºº·Â&� ²¿¦�°®�¾�°z]�®°º¯�`¤�´¯�Z]�¶]Z�¯�¾°À¬£¦�¶§��ÀZ¸ �¦
zºc§º�z¯�®ºÀ¬£¦�¶ºº] ¦°�Z·¢�¦�²¿¦�ªÀ¨�c�Â�Á®z§³°¦|-��®°¦®
¢ºº�¦�¶§�v�°¾¯�z�³�¶]��v³¦Á®¦®��]°��²�ºd�À¬��ÇZ°do¦��¶d�x-
Â�Ávºº� ªÀ¨�c�¶d�x-�zc§º�z¯�®À¬£¦�zg¦�°®�¼º³�`¤�´¯�°®�%W
~�º� Â�ªºÀ�Âz��²º¿¦�¶º] »¦zº�¦�¬º�º� ±¦�¦º°³��ºº¿¦|�¦�Z]
¶] �bºº�¦�Áv¯¡°®�%W] ©°º��¶]�¢�¦�²¿¦��À¡�¾¤°��Äº�b��
¾º¤°��¯ººº ³��¢�¦�²¿¦�°®�Ä°º��|À³�Â�²°�À¦|À¯�À®º]�ÇZ]�ªÀ«®

°®�%\] ¢�¦�©°º��¶]�¦°³�Â�"-�¶lÀd³�°®�Â�¶d�Z¿��·Z§�§¡
¯ººº ³�Â�¦º°³�Äºº�b���`º¯¦®¦��v³¦¶ºd�Z¿��º°lc %W] ÄÇZº]
zl´¯ %]P ¢�¦�ªÀ¨�c�Â�Àv��¾³Z°À��¶]��²¿z¿±�½Zs�Äz¿x�Z³
ÄZ·¶ºº³¦®�»¦zº�¦�°®�¦°�¾º�°��º�º��Ö zº¿º�c��bº�¦�Ávº�
¶º§ °ºº� ÀZºº°·��v·®¾¯�ÀZ�³�Ó ªÀ�Âz��%W] ¢�¦�°®�¾³Z°dsZ�
Â�vÀ º� ,º³°�Zºº] ¢�¦�²¿¦�,³°�|¯z£�~¿zcZ¯��®º�¾¯�¶�oÈ¯
z¿ÂZº�c��Ávº� ¾ºº�°z]�ÄZ·½Zs�z¿Z��¾$-�¾«Zd�¿z§ ¦¿z]Z�

�b�¦�©ÂZ d¯�Ó ªÀ�Âz��¾¿ÇZ]�ÄZ·¢�¦�|À³�Â��¾¬^£
²º¿°¯¡�ÄZº·Á®ºc�ÄÂ°�¾.´º� bº´°¿v��zºº] �£¦Â�Ô ªÀ�Âz�
ÏÒ��Á®ºº] ¢º°��®º§ °ZÀº�]�½Zººs ²¿¦��®°¦®�°¦z£�²�ºW¦�Ä¯º ³
²ºº¿¦�¾p���¢�¦�°®�"-�,³°�vÀ ��Â�¿z³�ÄZ·Áz-�Â��zd¯¾d³Z�
�"-�±¦�ª¨º�d¯�ÄZ·¶ºsº¬§ ��Ð ¾Âvºk��®ºº�¾¯�Ávºº¿® ½Zs
²º¿¦�Äzd¯¾d³Zº� ÐÍ ¢ºº°��°®�²¿°¯¡�ÄZ·,´��©Z��£�Â�¦°³
¾-vºº¿®¦º·�ª�Zo�½Zs�²¿¦�°®�¦°³��°lc��v³°¦®�®ºkÂ�½Zs
§¡�n�ººº� Àºº# �ÁÂÈº� ¶º] �bº�¦�Á®ºº^³�²º¿°¯¡�ÄZ·,´º�
²¿¦z]Zº´] �bº�¦�²À¿Zº� °ZÀº�]��ºº cz¯�bÀ�£º¯�²¿¦�°®�¾´À¯±z¿±
Äºº� ±¦��bº�À³ zº¿x��ÀZº¨¯¦�§¡�¨z ºº� n���±¦¦°³��°lc
Z·,´º� ¶º³º°³�°®�b¿zÀº� ®ºººkÂ�±¦�Äv·¦º��"À·�Àº#��z.¿®
®ººkÂ�±¦�Äzºg¦�|Àº³ ¾º�Z´�²À¯±�ÄZ·¶º�¤³�°®�Â�Ávºº�³ b�Z¿
ªÀ¨º�cµzº� ²¿¦z]Zºº´] �®º�¾°³�Áv¿®�b¿zÀ��ÄÂZo�ÄZ·ªÀ�
¾º d´¯�|Àºº³ ¦À�¦°ÂÞ�°¦®b¿zÀ��ÄZ·ªÀ��±¦�bÀ�£º¯�²¿¦�°®�"-
®Zº] �º¤³�¶ºº] À¦ºc¾¯�½Zs�²¿¦�ªÀ¨�c�¨ºp³�®°º¯ °®��®®z-¾¯
¶ºº] ®Z]�`¬À�Â�¶] ¦°³�Â�"-�¶§�¾´�¯�²¿v]��®z§�Á°Z�¦�¶¤�´¯�°®
Â�Ávººº� ºº�b���~º�º� Â�¶º�Zº�¦�\À��bÀ�£º¯�²¿¦�n��
®Zºl¿¦�¢º°��°®�¦°�²º¿°¯¡��¾º¨°³��¾º$-�btºº� ÄZ·¶sº¬§
Zºº] Z·¶º³º°³�zhº§¦�°®�bÀ¨º�°º.À«Z��¾³Zº§ ÄZ·¶dº�®��vº³¦Á®z§
¾«Â��v� Áv¿®��7(0��Ä°º^��¾³Âzd¨«¦�Üº¨�Âz¨À¯�©Z�«Z�¯
�bÀ¨�°º.À«Z��¨®z���ÄZ·½Â®��ªÀ�Âz��²¿¦�%\]P ¢�¦�°®�Z¸´c
zºº¿º�c��v� ¾¿Z�Z´��¾�]Â°�¾³Âzd¨«¦�Üº¨�Âz¨À¯�`¬À�Â�¶]
¬º�º� zdº�À] °®�bÀ¨º�°º.À«Z��¾³Zº§ ¶º§ ²º¿¦�®ºº�°�¶] ��ÎÍ
ªÀ¨�c��3HGRJHQLF� ±Z�½Zs�©°º��¶]�¶¤�´¯�ÄÞº«º�°º¯ºWÞ
²ºº¿¦�Ä¦zº] ¦°�Ä°¦Â¡�P�´¯�v¿Z]�¼º��fp]�¶]�¶kºc�Z]�¾«Â��Áv�
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33/ b«Zo�°®�z¿º�c���Z¿È��¶À�Zo��Ó ªÀ�Âz��%W]� ¢�¦�°®�¾³Z°dsZ��ÄZ·¶³¦®�»¦z�¦�°®�¾�°���º���Ö z¿º�c

|Àºº³ bÀ¨�°º.À«Z��¶§�¾´�¯�²¿v]��®z§�·Zp«�Ô ªÀ�Âz��°®�¾³Z§
´ºº�s ¶º] �¦º¿Þºº«º�°º¯ºWÞ�¬º�º� °,ºº¿® ±¦�"-�Á¦z°·
²º¿¦�¶º] ®Zº] ¦º°§�¶º] ÀÞººX³�v³±Zº� zºº] �£¦Â�¾.´��b´°¿v�
|Àº³ ¦º°³�®°ººº¯ °®��b�¦�Áv��Á®°Â¡�¦¿Þº«º�°º¯ºWÞ�bÀ�£º¯
n�º� ±¦�¦º°³�¶ºº§ ©ÂZ c�²¿¦�Z]��®°¦®�®ºkÂ�¾¸]Z�¯�°Z§Â±Z�
z�Zº´��Zº¿ Â�¦º°³�Â�"-�®ººkÂ�v¿Zºº� �b�¦�Áv��Á®°Â¡�Z¿È�
ÄZ·°º¬]�¾-®z���\kº¯�²¿°¯¡�ÄZ·,´��¾-v¿®¦º·�±¦�ª�Zo
ªºÀ«®�¾«Â��v�Z]�Áv��À¡�°®�¾§Â®�ª¨��®Zl¿¦�Â�bÀ¨�°º.À«Z�

�b�À³��t�¯�À¡�¾¬�¦
bºÀ�£º¯�²º¿¦�$]\ ¢ºº�¦�°®�Z¸´c�|À³�"-�ÄZ·°º¬]�¾§Â®�¿z�
±¦�¾ºº¨¿�¾§Â®�¿z��¶§�Zk À¡�±¦���ÎÎ z¿º�c��v� Áv·Z�¯�\À�
±¦�¾º°§��ºt]�>ÇZº°do¦��²¿¦z]Zº´] �bº�¦ "-�±Zºº�½Zs�¾Z¨�¦
ª¨º� ©°ºº� ¶ºº] Â�Áv� ªo��n���°®�®ºkº¯�¾$-�ÄZ·Áz-
b�Z]�ÀZ¯±®·�¨v´´§�¾zd´§��¤³�v¿Z���b�¦�Á®z§ §º�°�¾§Â®
�bº�³¦®�ªººÀs®�"-�´Zs�ª¨��²¿¦�®Zl¿¦�°®�À¦ºd]�¦°�¦°³�Â
|Àº³ °ºº� ¶º§ ®°¦®�¦°�¾d�Zº] bºº�°®�½Zs�Z¸´c�ªÀ�Âz��²¿¦�¦z¿±
�bº�¦�°ºº� ½Zººs ¶§�Ò ªÀ�Âz��°®�>Èh¯�¶§�¾´�¯�²¿v]��b�·

°®�Â �bº�¦ ¶ºd�Z¿�°ººº¬^c�"-�²¿°º¬]|¿°�ª¨��Â�Á®º]�|¿°�b�Z]
°ZÀº�]�Ä°ººº� À¦|À¯�Á®º]�b�°®�>Zd^�³�b�Z]�¶§�Z·ªÀ�Âz��z¿Z�
®ºº· °®�©Zp ��Z¿�Â�¾¯z§��¾�v��¾Z¨�¦�²¿¦z]Z´]��b�¦�½v³¦
½Zs�b�Z]�¶]�|À³�¿¦v§�z·�bÀ^«Z��¶§�Áv��®Zl¿¦�¾$-�¨v��ª £
bº�°®�>Zd^ºº�³�Ô ªÀ�Âz��½Zs��®°¦®�¶Z^c°¦�«z��Â�ª¬s�¨±¦v³¦�Â
Ä°ºº� Â�b�Zºº] ÀZ¯±®·�¾zd´§��²¿¦z]Z´]��b�¦ °º��|À³�Â�b�Z]
�vººº�Z]�ªºººÀs®�"-�¾ººº§Â®�¿zºººº� ®Zººl¿¦�°®�¶dºº�³¦ºc¾¯
Â�zÀºº�d¯��¤³�¶]�¾.°·�¼º��j¿Zd³�°®�¶¬�Zo�ÄZº·¾ºávÀ$À�

�®º�¾¯�Á®¦®�b^�³�¶¤�´¯�°®�®Z]�¾´À]�À��ª]Z£�zÀ�

ÄzÀ-¶lÀd³�Â�¶�Ès
ÄZºº·bÀ�£º¯�°®�©ÂZ d¯�Äv´]¶¤^��Â�©ZÀ�º�s Z]�¾¿Z·½Zs
¦º¿®|³�¶º�]¦°�vº¿R¯�zºº¯¦�²¿¦�¶§�v³¦Áv� ªÀ¨�c�\À���¬dt¯
¾º¿¦±Áº§�ÄZº·bÀ«Z���ªºÀ«® ¶º] �bº�¦ ÄÞººº«º�°º¯ºWÞ�Â�½Zs
¶ºº] ~Àdc�¢À°��ÄZ¿°®��Ä|§z¯�À¦z¿¦�°®�²�ºÀ¯�Zc�¶�Zcz§�zs¦Â¦
§¡�zÀt^c��b�¦�Áv� ®À�¤c�¦|l¯�`d�]�¢°��®§�`#Z¿°®�²¿v´#
f�Zº] Ä°ZÀ�zc�¦�s�Â�¿z-�Ä¦º·�Â�§¡�zg¦�°®�Z·¶#Z¿°®�²¿¦
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ÕÖ

�~d¿z¨À«Z���bÀ¨�°º.À«Z��ª¨��¾§Â®�Á®z���ÄZ·°º¬]�¨v´·®�ÀZ�³�¾�]Â°�¾³Âzd¨«¦�Üº¨�Âz¨À¯�»¦z-Âz¨À¯��ÎÍ z¿º�c
Ô ªÀ�Âz��%\]P ¢�¦�°®

;3/ b«Zo�°®�z¿º�c��Ô ªÀ�Âz��$]\ ¢�¦�°®�"-�ª¨��¾§Â®�ÄZ·°º¬]��ÎÎ z¿º�c

ÀZº¯±�ÄZº·b´°¿v���Z·¶º#Zºº¿°®�²¿¦�ªo¦º��°®�"-�¾³Z§�°º¬^c
À¦ººº´��¶]�¾.´��Àº°³­°�Z]�ÄZ·b´°¿v��²¿¦��b�¦�Áv���¾³º´§

�v³¦¶dº�¦®��ºº¤³�b�®�²À¿Z��ÄÞº«º�°º¯ºWÞ�¬º���°®�"-��^´¯
°ººº� ¶]�\À���¬dt¯�ÄZ·bÀ�£º¯�°®�"-�¾�º¨�Âz§Z¯�¾Z¨�¦
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ÖÍ

°®�"-�á°|]�ÄZ·Á|¿Â¡�¶§�©°º��²¿v]��v³¦Áv��z·Z��¾cÂZ d¯
Â��ÁvÀ�º��ÄZ·b´°¿v��°®�zc¦#º§�ÄZ·Á|¿Â¡��¾.´��b´°¿v�
·Zºp«�¶ºº] �®°¦®�®ºkÂ�Z¿È��bÀ�£º¯�°®�®º¸�¯Z³�©°º��¶]�"-
Àº-¾ºº¬���¾¯z§��¾�v���Ä¦¶p ��¾Z¨�¦�|À³�ÄÞº«º�°º¯Âz¨À¯
ª¨º� �vº� Ávº¿® Z·¶ºº³º°³�°®�"-�¨v��ª £�®·�°®�©Zp ��Â
°®�¾º�]Â°�¾³Âzdº¨«¦�Üº¨º�Âz¨À¯ ÄZ·¾�°z]�°®�|À³�¾³ºd�
Â�"-��¿¦|�¦�°®�¾°¸¯��¤³��®Z]��v� ¾¿Z�Z´��¾$-�ÄZ·Á|¿Â¡
�bº�¦�Á®zº§ Zº ¿¦�Ô ªºÀ�Âz��½Zºs n�º� ¶º] Zºº¿È��ÄZ·¦°³
Zº] bÀ¨º�°º.À«Z��Â�bº¿z¬§��bººÀ¬¿¦��bÀd¨°�¦�¾�°�ÄZ·¾³Z§
bÀ¨ºº�°º.À«Z��®°º¯�°®�Â��~¨¿¦�ºcz�³¦z� ÁZ.d�®�±¦�Á®Z d�¦
Â�¾º�]Â°�¾³Âzdº¨«¦�Üº¨º�Âz¨À¯�`¬Àº�Â�¶º]´Zººs °º��¶]

�v� Áv¿® Z·¶³º°³�ª§�°®�Ä°º^�
Ä¦zº] "-�P�´¯�À¦º´��¶]�¶§��¾.´��b´°¿v��±¦�Àv��°Â®�Z]

¶dº�Z§�"-�À¦|Àº¯ ±¦��vº¿¡¾¯�§Zºº�o�¶]�b�®�²À¿Z��ÄZ·²À¯±
Â�¾º�v��ÄZº·°º¬]�À¦|Àº¯ zºº] \À��²À¿Z��»z��¶]��b�¦�Áv�
�Ä¦¶p ��ª¨��¶§ ¾«Zo�°®��b�¦�Áv��Á®Â|�¦�"-�ª¨��¾¯z§

�b�Z·Á|¿Â¡�°®�"-�¾�º¨�Âz¨À¯�\«Z��ª¨�
�ººº¬dt¯�¬º�ºººº� °®�"-�¨vºº� Ávºº¿® ¾Z¨ºº�¦�¶ººÀ¬§
°®�"-�Ä¦¶ººp ��ª¨���v´d�· ±Z�½Zs�¸º³�±¦�ÄÞº«º�°º¯ºWÞ

�b�¦�±Z�½Zs�>ÇZ°do¦�¾.´��b´°¿v��%\� ¢�¦

Ä°¦|.�Z��
Ä±°ÂZº�§�¨v¨º�³¦®�|Àº³ Â�¾º�Z´�½Zs�ÁÂz-�±¦�¶¬Àºº�Â�²¿v]
®ºº·¦z��|À³�Â�¾«Z¯�ÄZ·b¿Z°o�ªÀ«® ¶] �ÀZ¸ �¦�¾d�´��ÁZ.�³¦®
Zº·ÀZ-°¦�Â�Z·Áv¨º�³¦®�z¿Zºº� ©¦|À¸lc�±¦�Á®Z d�¦�ÀZ¨¯¦�Ä±Z�

�®º�¾¯�¾³¦®°v£

Á®Z d�¦�®°º¯��]Z´¯
�]Zº´¯�Â�Ä±°ÂZº�§�Àººº´��Â�¿º¬���ÀZ¸ �¦�¾]z��¾Z°��¾�¦°¦ °®�"-�P�´¯�¾�°z]��ÎÐÔÕ �°¦º³Ç¦Â¯��¸�Â�ÀZÀ«Èk��¦���À��ÀZÀ³Z¯ºc �Î

�ÐÖ�ÏÒ ��Ð�Ð ¾�À^�
vº�°¦�¾º�Z´�°Z§�`º¯Z³ÀZ¿Z���Ä°ZºÀdt] Â ¾Zºp¯�°Z¸º# ¦º^§�°¦v-�`ºº¤�´¯�°®�ÄÞº«º�°º¯ºWÞ�Â�½Zs�`�]¦°��ÎÐÔÑ � · �¿��°º�z� �Ï

�ÀZ¸ �¦�¾d�´��ÁZ.�³¦® �Ä±°ÂZ�§�Áv¨�³¦® �¾�Z´�½Zs
À¦zº¿¦�Ä±°ÂZº�§�¿ººº¬���«z§�®°Z¸d�¦�`¤�´¯�ÄZ·¾º�Äv¿°¦�±¦�Ä®¦v�c °®�"-�ªÀ¨�c�¨ºp³�Â�ÄÞº«º�°º¯ �ÎÐÓÑ �³��Ä®º°p¯ �Ð

�ÏÕ�ÎÐ ��Ï Â�Î�ÎÔ
�ÀZ¸ �¦�¾d�´��ÁZ.�³¦®��À¦z¿¦�½Zs�¿º¬��¨z.´§�²À¯°Z¸#��¾$-�¾�¦°¦�b¿z¿v¯�Â�©ZÀ�º�s��ÎÐÔÐ �³��Ä®º°p¯ �Ñ

¾º�Z´�²À¯±�ÀZ¯±Zº� �ÀZl´º��°��°Zº³¦�`º�ºo�°®�zºº³zc¦º§�©Z]º�°�¾�Z´�²À¯±�¾cZ¯v¤¯�³°¦|-��ÎÐÓÔ �¿��¾�Zl��Á®¦±�®�Z³ �Ò
�ÀZ¯z§��Ä°ÂZs�§º´k

�� $NSRNRGMH�� (�� *�� ������ 7KH� LQIOXHQFH� RI� URFN� ZHDWKHULQJ� RQ� WKH� JHQHVLV� RI� J\SVXP� DQG�FDUERQDWH�LQ�VRPH
$XVWUDOLDQ�DULG�]RQH�VRLOV��$XVWUDO��-��6RLO�5HV��������������

�� $PLW�� 5�� DQG� '�� +�� <DDORQ�� ������ 7KH� PLFURPRUSKRORJ\� RI�J\SVXP�DQG�KDOLWH�LQ�5HJ�VRLOV�7KH�1HJHY�GHVHUW�
,VUDHO���(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV���������������

�� %DLQ��5��-��������'LDJHQHWLF��QRQ�HYDSRUDWLYH�RULJLQ�IRU�J\SVXP��*HRO��������������
�� &RG\�� 5�� '��������/HQWLFXODU�J\SVXP��RFFXUUHQFHV�LQ�QDWXUH�DQG�H[SHULPHQWDO�GHWHUPLQDWLRQV�RI�HIIHFWV�RI�VROXEOH

JUHHQ�SODQW�PDWHULDO�RQ�LWV�IRUPDWLRQ��-��6HGLPHQW��3HWURO����������������
��� &RG\�� 5�� '�� DQG� $�� 0�� &RG\�� ������ *\SVXP� QXFOHDWLRQ� DQG� FU\VWDO� PRUSKRORJ\� LQ� DQDORJ�VDOLQH�WHUUHVWULDO

HQYLURQPHQWV��-��6HGLPHQW��3HWURO��������������
��� 'RQHU�� +��(���DQG�&��/��:DUUHQ��������&DUERQDWH� KDOLGH��VXOIDWH��DQG�VXOILGH�PLQHUDOV��33�����������,Q��-��%��'L[RQ

DQG�6��%��:HHGV��(GV����0LQHUDOV�LQ�6RLO�(QYLURQPHQWV��666$�%RRN�6HU�����0DGLVRQ��:LVFRQVLQ�
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ÖÎ

��� (VZDUDQ�� +�� DQG� *�� =L�7RQJ�� ������3URSHUWLHV��JHQHVLV��FODVVLILFDWLRQ��DQG�GLVWULEXWLRQ�RI�VRLOV�ZLWK�J\SVXP��33�
�������� ,Q� :�� '��1HWWOHWRQ��(G����2FFXUUHQFH��&KDUDFWHULVWLFV��DQG�*HQHVLV�RI�&DUERQDWH��*\SVXP��DQG�6LOLFD
LQ�6RLOV��666$�6SHF��3XEO������666$��0DGLVRQ��:,�

��� )$2���������0DQDJHPHQW�RI�*\SVLIHURXV�6RLOV���)$2�6RLOV�%XOOHWLQ����
��� )$2��,666��,65,&�������� :RUOG�5HIHUHQFH�%DVH�IRU�6RLO�5HVRXUFHV��:RUOG�6RLO�5HIHUHQFH�5HSRUW�1R������5RPH�
��� )DUSRRU�� 0�� +���+��.KDGHPL�DQG�0��.��(JKEDO��������*HQHVLV�DQG�GLVWULEXWLRQ�RI�SDO\JRUVNLWH�DQG�DVVRFLDWHG�FOD\

PLQHUDOV�LQ�5DIVDQMDQ�VRLOV�RQ�GLIIHUHQW�JHRPRUSKLF�VXUIDFHV��,UDQ��$JULF��5HV���������������
��� *HUUHUG��-���������6RLO�*HRPRUSKRORJ\���&KDSPDQ�DQG�+DOO�3XE��&RPSDQ\��/RQGRQ�
��� *LOH�� /�� +��� )�� )�� 3HWHUVRQ� DQG� 5�� %�� *URVVPDQ�� ������ 0RUSKRORJLFDO� DQG� JHQHWLF� VHTXHQFHV� RI� FDUERQDWH

DFFXPXODWLRQ�LQ�GHVHUW�VRLOV��6RLO�6FL������������������
��� *UDKDP�� 5��&��DQG�6��:��%XRO��������6RLO�JHRPRUSKLF�UHODWLRQV�RQ�WKH�%OXH�5LGJH�IURQW��,,��6RLO�FKDUDFWHULVWLFV�DQG

SHGRJHQHVLV���6RLO�6FL��6RF��$P��-����������������
��� +HUUHUR�� -��� -�� 3RUWD� DQG� 1�� )HGRURII�� ������ +\SHUJ\SVLF� VRLO�PLFURPRUSKRORJ\�DQG�ODQGVFDSH�UHODWLRQVKLSV�LQ

QRUWKHDVWHUQ�6SDLQ���6RLO�6FL��6RF��$P��-����������������
��� -DFNVRQ�� 0�� /�� ������ � 6RLO� &KHPLFDO� $QDO\VLV�$GYDQFHG�&RXUVH���QG HG�����WK SULQWLQJ��3XEOLVKHG E\�WKH�DXWKRU�

0DGLVRQ��:,�
��� -DIDU]DGHK�� $�� $�� ������ 'LIIHUHQW� IDFWRUV� LPSDFW� RQ� J\SVXP� FUXVW� FU\VWDOOL]DWLRQ� SDWWHUQ� DQG� UDWH� XQGHU

H[SHULPHQWDO�FRQGLWLRQ��3URF��RI���WK ,QWU��&RQI��RI�6RLO�6FL���7KDLODQG�
��� -DIDU]DGHK��$��$��DQG�&��3��%XUQKDP�������*\SVXP�FU\VWDOV�LQ�VRLOV���-��6RLO�6FL�����������������
��� .KDGHPL�� +�� DQG� $�� 5�� 0HUPXW��������6XEPLFURVFRS\�DQG�VWDEOH�LVRWRSH�JHRFKHPLVWU\�RI�SHGRJHQLF�FDUERQDWHV

DQG�DVVRFLDWHG�SDO\JRUVNLWH�LQ�,UDQLDQ�$ULGLVROV���(XURS��-��6RLO�6FL��������������
��� .KDGHPL� +��DQG�$��5��0HUPXW��������0LFURPRUSKRORJ\�DQG�FODVVLILFDWLRQ�RI�J\SVLIHURXV�DQG�DVVRFLDWHG�$ULGLVROV

IURP�FHQWUDO�,UDQ��3URF��RI�,QWU��:RUNLQJ�0HHWLQJ�RQ�0LFURSHGRORJ\��*KHQW��%HOJLXP�
��� .KDGHPL�� +��� $��5��0HUPXW�DQG�+��5��.URXVH���������,VRWRSLF�FRPSRVLWLRQ�RI�J\SVXP�K\GUDWLRQ�ZDWHU�LQ�VHOHFWHG

ODQGIRUPV�IURP�FHQWUDO�,UDQ��&KHP��*HRO���������������
��� .ULQVOH\�� '��%���������$�JHRPRUSKRORJLFDO�DQG�SDOHRFOLPDWRORJLFDO�VWXG\�RI�WKH�SOD\DV�RI�,UDQ��*HRORJLFDO�6XUYH\�

8��6��'HSW��RI�,QWHULRU��:DVKLQJWRQ�'�&�
��� 0DFKHWWH�� 0�� 1�� ������ &DOFLF� VRLOV�RI�WKH�VRXWKZHVWHUQ�8QLWHG�6WDWHV��33��������,Q��'��/��:HLGH��(G����6RLOV�DQG

4XDWHUQDU\�*HRORJ\�RI�WKH�6RXWKZHVWHUQ�8QLWHG�6WDWHV��*HRORJLFDO�6RFLHW\�RI�$PHULFD��%RXOGHU��&R�
��� 0F)DGGHQ�� /�� '�� DQG� -�� &�� 7LQVOH\�� ������ 5DWH� DQG� GHSWK� RI� SHGRJHQLF�FDUERQDWH� DFFXPXODWLRQ� LQ� VRLOV�

IRUPXODWLRQ� DQG� WHVWLQJ� RI� D� FRPSDUWPHQW� PRGHO�� 33�� ������� ,Q�� '�� /�� :HLGH��(G����6RLOV�DQG�4XDWHUQDU\
*HRORJ\�RI�WKH�6RXWKZHVWHUQ�8QLWHG�6WDWHV��*HRORJLFDO�6RFLHW\�RI�$PHULFD��%RXOGHU��&R�

��� 0HUPXW�� $�� 5�� DQG� 0�� $�� $UVKDG�� ������ 6LJQLILFDQFH� RI� VXOILGH� R[LGDWLRQ� LQ�VRLO�VDOLQL]DWLRQ�LQ�VRXWKHDVWHUQ
6DVNDWFKHZDQ��&DQDGD���6RLO�6FL��6RF��$P��-��������������

��� 1HWWOHWRQ�� :�� '�� �(G���� ������ 2FFXUUHQFH�� &KDUDFWHULVWLFV�� DQG� *HQHVLV� RI� &DUERQDWH�� *\SVXP�� DQG� 6LOLFD
$FFXPXODWLRQV�LQ�6RLOV��666$�6SHF��3XE�����

��� 3DJH�� $�� /��� 5��+��0LOOHU�DQG�'��5��.HHQH\��������0HWKRGV�RI�6RLO�$QDO\VLV��3DUW�,,��&KHPLFDO�DQG�0LQHUDORJLFDO
3URSHUWLHV���6HFRQG�HG���666$�3XE�� 0DGLVRQ��:,�

��� 3RUWD�� -���������0HWKRGRORJLHV�IRU�WKH�DQDO\VLV�DQG�FKDUDFWHUL]DWLRQ�RI�J\SVXP�LQ�VRLOV��D�UHYLHZ��*HRGHUPD��������
���

��� 6D\HJK�� $�� +��� 1�� $�� .KDQ�� 3�� .KDQ�DQG�-��5\DQ��������)DFWRUV�DIIHFWLQJ�J\SVXP�DQG�FDWLRQ�H[FKDQJH�FDSDFLW\
GHWHUPLQDWLRQV�LQ�J\SVLIHURXV�VRLOV���6RLO�6FL���������������
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��� 6FKRHQHEHUJHU�� 3�� -��� '�� $�� :\VRFNL�� (��&��%HQKDP�DQG�:��'��%URGHUVRQ��������)LHOG�%RRN�IRU�'HVFULELQJ�DQG
6DPSOLQJ� 6RLOV�� 1DWLRQDO� 6RLO� 6XUYH\� &HQWHU� 1DWXUDO� 5HVRXUFHV� &RQVHUYDWLRQ� 6HUYLFH�� 8�� 6�� 'HSW�� RI
$JULFXOWXUH��/LQFROQ��1HEUDVND�

��� 6RLO� 6XUYH\� 6WDII�� ������ 6RLO� 7D[RQRP\��$�%DVLF�6\VWHP�RI�6RLO�&ODVVLILFDWLRQ�IRU�0DNLQJ�DQG�,QWHUSUHWLQJ�6RLO
6XUYH\V��6HFRQG�HG���$JULFXOWXUH�+DQGERRN�1XPEHU������8�6��*RYHUQPHQW�3ULQWLQJ�2IILFH��:DVKLQJWRQ�'�&�

��� 6WRRSV� *�� DQG� 0�� ,ODLZL��������*\SVXP�LQ�DULG�VRLOV��PRUSKRORJ\�DQG�JHQHVLV��33�����������,Q� 3URF��RI��G�,QWU�
6RLO�&ODVVLILFDWLRQ�:RUNVKRS��'DPDVFXV�

��� 7RRPDQLDQ�� 1��� $��-DODOLDQ�DQG�0��.��(JKEDO��������*HQHVLV�RI�J\SVXP�HQULFKHG�VRLOV�LQ�QRUWK�ZHVW ,VIDKDQ��,UDQ�
*HRGHUPD�������������
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