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cºº²¿{ºv¿uzºº-À-�µ{Yvº³Y�½Yzº] ¹º�Z��½zº ´«�rºbÀ�ºZ·�¶]�

,/���,/���UHVSRQVLXHQHVV�DVVD\�¯ yu�ººozº¬º�]�¶ººº¹ ½v
�¯º,´À�È§�¹ y¹yº§��º�ºc�µvº� ¶ºWYyY��¹y�Zº] ¢º]Z�ÎÔ�

µuZ dº�Yvº��º]¶yº��Ès�º¶\«���·º°Àc�½Zºkºk�}ºº½Z·�¶
-ººv·Zº� µ¹z¹ Yvk�yu�­º¿v¯�©º¬p¯530,�����µuYu�yYz£

v³vº��½Z·�,³z��±ºd�À��¾¨Àdº�Ç�½Z¸dº³Y�Zº] ~�º�FFÏ{Y�
Àº¯º�ºº�t¯�½Z·zºd¬À��±ZÏ�Ízd¯�¾º¬À¯�v��µuYu�yº^��v³Zc

Yvºk ¾�Zº�Y�½Zº·bº�Z]v³ºº��²¿Y�{Y�~�©º¬��¶§yº^��½Z·
©ººº¬p¯�yu�y¹Z´ºº� ¹ zººd¬À��{Y�µuzºº§530,��ººº¯ ¾ºººavÎÍ

¤Àº£uºc ¶ººÀº�³�¶ºº� ²ºp¯��v³vºº¹y�©º¬¿¿y�y¹u�¾ºdt� ¶v¹
©º¬�� ¾��Z·º¯ ¶ºº� ¶^czºd³Zº ¿zºº%��� PLQ¹��� î�J�¹

Zº d�Y�Z]{Y�µu530,����v¿vk�ºdº� º�ºv³v�©º^¬-|¯z£�½Z·
¶ºc~º� µvº� ²Àº�³¦°§�Z]�¾.d�·M�¶]�%º ¿zd³Z��yZ]�zº· {Y�

�º°k�yºdº�Z��bº�¾º�¹ ½y¹Mbº¿Z¸³�yu{Y�~��Zº·bÀº�º ´«
bÀºººº¬��yu��yZ°ºººº�½Zºººº·ÖÓyu�½Y�µzºººº o�q&ÑÏ¹Ò�

½uº�§Yº§vÀº¶º] ²]z¯ºavÔÏ�º³Y�b�Zº¨º� ¶]ºº³vºv�ÒÍ
yu�©º¬��±ºÀ�³Z��º��{Y�zdÀ«¹z¨À¯530,u¹vo�yu�¹ÎÍÓuÏ

uvº�©º¬º�¶º]· ½Y{Yºo zºµz ���l·ºcY�{Y�ª^£�b�Z��µvº­Z°
¨³Yº½¹Zººo ²¿vÀ°¿Zººc �Z·�bÀ¬��{Y�µzº o�zº· ¶º] ±ºÀº�Zºº]º

d§Yº¿uYy�±%¹yvººÀº·ºÀ��� %D�> � +@ WK\PLGLQH�v��¶º�Z�Y

�1HZ�(QJODQG�1XFOHXV��%RVWRQ��0$��86$��Zº·©ºº¬ºº�
{Y�~ººººº�¨³Yººººº�Z]ººººdººº�Y�Zººº] ±ºÀºººZ µu· {Y�yZzdººº�¹

�6NDWURQ� FHOO� KDUYHVWHU�� 6NDWURQ� &R�� 6WHUOLQJ�� 9$�
�º°kº� ½y¹Mºv³v�� ½Yzº]´Z·�bÀ�º ´«�zÀh¨c�±Y|À¯��lyu�
�ºÀp¯§ºb��¾ ¬dt¯�½Z·yZ°ÀcZ·�bÀº�º ´«�¶¬º°k�{Y±¹v]
³ zº·º� �ºº´´§�¦¿zpc�ª¯Zººh¨c�_vº� zÀº©º¬À¯�Z¿�Z·ºdºº±%º

�0LWRJHQ���%DVHOLQH��±%ºdºººÀ¯��²Àººº´Àcº¬-�Z°·ºdºººÀ�$�
3+$���3K\WRKHDPDJJOXWLQLQ� $�ººº]� Zº¬º�ººº§ b®ºººº

�/RZ� 3+$�dÀ¯º¬��Z]�±%ºº¿{�b�ºuZ3+$�+LJK�í_yZ���
¯%Z�¹zº§Z¯�bº�§��Àºp½v³v��µuZ d�Y�¶§�b�Y�z§w�¶]�­{Ç

½¹Zo��^´¯�¶À¸c�yº�´¯�¶] ��¿Z¯{M�{Y��Àº�,/���½Z·%Z�¹z§Z¯
¶kººk½Z·�ÎÏ,´�¹�,´À�È§�ª°�«Yyºd�u�¢]Z�¯�µ{¹y��ÎÓ�

Zº¸³M�¶º] bº�§��Àºp¯�yu�¹ ½y¹M��º°kºº§ºº§ºº¬ºÀ�Zºd�Y}
}ºººWyM�6WDSK\ORFRFFXV�DXUHXV�v��µu¹|�Y�§º«zd´¿Y²À�Î

zÀh¨c�¶]�yYuY¹�Yy�Z¸³M�¹ µv��Z·�bÀ�º ´«�¦¿zpc�f�Z]�v³Yºc�¾¯
v´§�±%ºdÀ¯3+$¾¨°§�±%ºdÀ¯��¤³���&R�PLWRJHQ�uyYu�Yy��

´«�zººÀh¨c�±Y|ººÀ¯ºc Zºº·bÀºº�º ººzººÀgPc�bººp,/��ºº]¶ayººº�
sZººº�ºpc��ºº¿zº¦��6WLPXODWLRQ�,QGH[�-º¶§�v���yY|

^º�ººªsYu�¶]�ºÀd§Yº¿uYy�²¿vÀ°¿Zc�¡Zp«Y�b^º�³�{Y�ayZ'1$
yº�o�yu�µv��¶]º¨³Y�½Zº·bÀº�º°Àc,/��¹3+$z¿uZ¤¯�¶]�

¶]Zºº�¯¹u Z¸´ººcyººº�o�y3+$bºº�Y�©¹vººkÓ���sZºº�
¦¿zºpc6,��±Zº�³�zºgY�_v´º·u,/��Z¿¹�Z·�bÀ�º ´«�zÀh¨c�zº]

º]¶pc�¶]�Z·�bÀ�º ´«�½z¿x��bÀ�Z�o�z.³ZÀ]�¾cyZ^�ºb�Y�¦¿z
�,/�� UHVSRQVLYHQHVV���kºkºc ½Z·�¶º� ¢¿y|º� ¶]�µvºº¢¿z

v³v��¶dº�§�±uzº- ±v³Z$Àº��¶´À��¶$À·Z¯¾]z#���¾´�]�_z o��
¾�yYº-�_z o��µu¹y�½Z¸d³Y�Zc�±Yu�¶´À#�{Y��©Zp���v^§���}yº]�
¹ }ºÀº�¿z]Z�µv��¶d�§�½Z·�¶kºk�¾¯Z°c�}º°Àºc�¹ ²¿{ºc�

v¿uz-�b^g�¹ ½zÀ-�µ{Yv³Y�Zº� ¡Zº� ©ºº��²¿Y¾�yz]\«Z£�yu�
ºoz�¾¾�uZ�c�>È¯Zº§ayº��¶] ¹ª¿yºd§Z���¿Z¯{M�ÏuÏuÏ

�º� ª¯Zº§Z� ½Z·yºdº¶¿º�ÏÍÍÍ¹ÎÖÒÔ�³z]��º¯Zº� ¶º¿Yxºº¾
@�¾¿Yx��b¿u¹vp¯��5HVWULFWHG���5�uY{M��z�¯�¹¥Yyºs�
�$���$G�OLELWXP�>c ¹ººº¿y|º°¿Y�¢ºº±%º³º�Z]�¢¿y|c/36¹

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.4

.1
2.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1382.7.4.12.2
https://iutjournals.iut.ac.ir/jstnar/article-1-491-fa.html


zÀgPc¾d�º-�½Z·�¶kºk�yu�¾]Z¸d«Y�r�Z��z]�¥Yyºs��z�¯�¹ v�y�b�z�

ÎÑÔ

v·Zº��­Zl³Yv���±M�{YZk¿¾Z·�bÀ�º ´«�r�Z��½zÀ-�µ{Yv³Y�yu�¶§
¶],/���¹z-�½Z·�¶kºk�{Y�Z¸´cv·Z��µµuZ d�Y¹ v��ª¯Z�²��

|ºÀ³¾]Z¿{yYv¿uz-��¿Z¯{M]¶ª¿yºd§Z��ayº�ÑuÏuÏª¯Z�
ª¯Yººº�¶¿ººº�¶¯Z³zºº] ��²ºº� ¹ ¾ºº¿Yx��½Zºº·¶dºº ·Î�Ï�Ñ¹Ó�

½yZ¯M�ªÀ¬pc�¹ ¶¿|lc�v�yZgMYª]Z¤d¯�¹ ¾¬�|À³�Z]�½zÀ-�µz¸]
`º¿¹y�{Y*/0½yZº¯M�yY|º�Y�­zº³6$6�pc�¹ ¶¿|lc½yZ¯M�ªÀ¬
v³v��

fp]�¹ j¿Zd³
±{¹�¶�Z�Y¹ ¥Yyºs��z�¯���µu{Z]�¾¿Yx�
¶¿º��yZºgM¢¿y|c�¹ ¾¿Yx��¶¯Z³z]���/36±{¹�¶�Z�Y�z]�Z·�¶kºk

�Àº�yu�¢¿y|c�{Y�vº�]�¹¾�¿Z¯{M�_y¹u�z·�©¹vk�yu�Ïµuy¹M�
©¹vºk yu�¹ µvº�Ð|ºÀ³±{¹�¶�Z�Y�z]�¡º��½Z·yZ°Àºc yZºgM��

¯�y¹z��_y¹u�¾��yu�¾¿Yx��ª¿v^c�\¿z��¹ ¥Yyººs �zº�
º]¶b�Y�µv¯M�¾.d ·�ayºº���©º��yu¾�yz]�²¿Y±{¹�¶�Z�Y��

`¿º��yu�¢¿y|c�{Y�~��{¹y�yu�±{¹�¶�Z�Y�¹ ¾º.d ·ÏÍÍÍyu�
¶º�¿Z¤¯Zº]ÎÖÒÔuºº] zdº�À]��¶¿º��uZ¿{�v�y�b�zº�ÏÍÍÍ�
¶lÀºd³�¾º³Çº��½Zº·©Zº�¾´¿|-�¶]b�Z¸³M�yu��¾¿Yx��¶¯Z³z]�

Zc�­¹u�½Z·�¶d ·�yu�Z·�¶kºk�±{¹�¶�Z�Y�z]�½yYu�¾´�¯�yºº�¶º]
bº�Yx-�zºÀgPc�®l´º�¶d ·�yu�¶§�½yºº�¶º] ��½Z·­¹u�¹­yZ¸#�

µ¹z-�½Zº·¶kººk$Z]�¶�¿Z¤¯�yu�µ¹z-�5½zd�À]�±{¹�¶�Z�Y�
· yu�¹ v´dº�Yuºl´º� `dº º±M�~¨��®¿uv��µv�� `d ·�yu®�

|ºÀ³µ¹z-$Z]�¶�¿Z¤¯�yu�µ¹z-�5�Y��ºd�À]�±{¹�¶�Zº�³�½zº±Z
uYu��ÍÒÍÔ�Í 3��µ¹zº- zdº�À]�±{¹��¿Y|º�Y$Zº] ¶º�¿Z¤¯�yu�

µ¹z-5uºº] ¾´À]��À��ª]Z£�¾¿Yx��b¿u¹vp¯�©Z°�Y�_y¹u�¾���
µ¹zºº- zdºº�À]�±{¹�¶�Zºº�Y�¹5�µ¹zº- ¶º] bº^º�³�${Y�~��

{Y�½{yZ]�©Zºhº¯ �¾º¿Yx��b¿u¹vºp¯�­Zº°cYb�Y�¾³Yz^k�v�y�
µ¹z-�±{¹��¿Y|º�Y$¢¿y|c�{¹y�yu�/36��º­¹u�½Z·�¶d ·�¾
- {Y�zd�À]�­yZ¸#�¹ºµ¹z5«¹��uº]�ºd ·�yu�¾`º±M�~¨��®���

º]¶À���ºº£¹ºbº�º�ÍÔÍ�Í 3���y¹z��µy¹u�©º��yu�¢¿y|c���
/36yu�µv��¢¿y|ºc ½Zº·¶kººk ±{¹�¶�Zº�Y��·Zº§ fº�Z]�

º] ¶º�¿Z¤¯d ·�yu�¶§�v��v·Z��µ¹zº- Zº®���¹ ©¹Y�½Z·�¶�²¿Y�

uº]�yYu�¾´�¯�½yZ¯M��Zp«�¶]�zºÀgPc�\Àczc�¶]ÍÑ�Í 3¹ÍÎ�Í 3��
¢¿y|c�zÀgPc/36±{¹��·Z§�z]�z�Zs�¶]�¾´°¿Y�®d�À��¦¿zpc�

¶ºº§½yººº�¶ºº] �bºº�Y¶ºº¿Z��½Yzºº] ½xºº�¯�uYººº¯�Zºº�u�½|ºº¿y
°¿Yº�¯�¾º¨¿%º«º³ºº�zº�¹ µv�º�y�®¸ºd°§�vº¯ zº¾�ºuº
�ÎÑ¹ÏÎ��³zº] ²Àº] ¾º¬]Z¤d¯�zºgYº¿y|c�¹ ¾¿Yx��¶¯Z¢/36z]�

¸#�¹ ­¹u�½Z·�¶dº ·�yu�¢¿y|ºc {¹y�±{¹�¶�Zº�Yº­yZ¿uv��µv
�\Àczc�¶]ÍÔ�Í 3¹ÍÐ�Í 3�µ¹z-�½Z·�¶kºk�¶§�½yº��¶] �$

Zº] ¶º§/36Z]�¶�¿Z¤¯�yu�v³uº]�µv��¢¿y|ºcµ¹z-�·Z��¶�Z�Y�v
�Yu�½zºd°§�±{¹ºv´d�«¹�º- yu�¾ºµ¹z5À´#�ºc¹Z c�²º¾uºk¹�

bº�Yv³��v·u�¾¯�±Zº�³�\º¬�¯�²º¿Y¶§yu�[Z¸d«Y�v³¹y�yº¸��
Z]�µv��¢¿y|c�½Z·�¶kººk/36¾·¹z-�yu�¶§'Yyºs��z�¯�

uºº] ÇZº] Zº¸³M�µ¹z-$�f�Z]Z§µ¹z-�Z]�¶�¿Z¤¯�yu�±{¹��·
vº� v·Zº��b¿u¹vp¯�©Zº°�Y�²¿Yzº]Z´]¾¿Yx���µ¹z-5�zºÀgPc

z]�[Z¸d«Y�v´¿Mz��[ººº¬�¯Z³�½Z·zºgY�{Y�½zºÀ-ºº¬k�yu�¾ººd^h¯
bºº�Yx-�vºº�y¶§yu�±Z-vº´·¹&��z¿Zº� j¿Zºd³�Z]�uyº¯�²º¿Y�

Yyºs��z�¯�±uz§�u¹vp¯�zÀgPc��ºº�s¥z]�uº^¸]�¬°��z¨u
uyYu�¾³Yºs�®·�ÎÏ¹ÐÒ��¹ ±º�´]�¾�yz]�}Z�Yz]��²°��yu

·Z¨°±Yy�Ñ�³Y��¿Y|�YZ·�¶kºk�¾¿Yx��_zÀk�½%z�{YÏÕÍÍ¶]�
ÐÏÍÍÀ§­zº-º¬�À§º¬Z§½z«�Y¹�[º¬�¯Z³�yZgM�v¿v�c�f�Z]´§�

v��v�y�z]�¾º]Z¸d«Y�� ¾�yz]�yu�¾�z��{Y¨À· ¹ z¨°±YyZ�ÏÐ�
¢ºº¿y|ºc/36�¾¿Yx��_zÀk��º³�¶]�¶§�²¿Y�±¹vº] ��®§¹ ½%zº³Y�

Zº¿½zÀ-�µz¸]�uyº¯�½%z³Yz���f�Z]��v�Z]�¶d�Yu�¾�Z^cyY�Z§·�
vº� Zº·±ºº°¬£º]�±{¹�½Z·�¶kºk�yu�½Y�¶�«Z�¯�yu�²Àº´#�®º·

¢¿y|ºc �¾dº�º-/36¹ ¾¿Yx��µu{Z]��±{¹�¶�Z�Y��·Z§�f�Z]
¾¿Yx��½Z·yZ°Àc�­Z°c�yu�[Z¸d«Y�½Zº·�sZº� �¿Y|º�Y�ª¯Z�

½Zº·µzºÀk®º§½%z³Yz��¹ ½%zº³Y��v¿uz-�ÎÕ��²À]�ª]Z¤d¯�zgY
­¹u�½Zº·¶dº ·�yu�¶¿ºº� ¹ ¾º¿Yx��¶¯Z³zº]yº��¶º] ­yZº¸#�Zºc

b�Yx-�zºÀgPc�Zº·¶kººk ¾º.d ·�±{¹�¶�Zº�Y�zº] ½yYu�¾º´�¯��
²¿vº]Z·�¶d ·�yu�¶º§ ayºº�½½Z·�¶kºk�±ZÀ¯�{Y�­º��¹ ­¹u�
`¿ºº�ÏÍÍÍ�µ¹z-�$µ¹z-�Z]�¶�¿Z¤¯�yu�5½zd�À]�±{¹�¶�Z�Y�

v³uYu�±Z�³av¯�²¿Y�¾��¾«¹���`¿º��¾.d ·�±{¹�¶�Z�Y�ÎÖÒÔ
cb�z.³�yYz£�¾¿Yx��¶¯Z³z]�zÀgPc�bp��­yZ¸#�`d ·�yuuyº¯�yu���
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{ÎÐÕÏ

ÎÒÍ

¶¿ºº� ¹u�zº·µ¹z-�½Z·�¶kººk ��$¶�¿Z¤¯�yu�Z]µ¹z-�5¶�Z�Y�
½zdº�À]�±{¹v´d�Yu��`¿º��¾¿Yx��aZkZÀdoYÏÍÍÍ¶�¿Z¤¯�yu�

`¿º��Zº]ÎÖÒÔZ¸³M�yu�v�y�±uº]�zc��¿z��b¬��¶]�b�Y�zd�À]��
zcv¿v��yº��¶] �­º��¹ ­¹u�½Z·�¶d ·�yu�¹y�²¿Y�{Y½zÀgPc�bpc�

b�Y�¶d�zº- yYzº£ ¾º¿Yx��b¿u¹vºp¯�{Y�|À³�±Z-v´·¹&��z¿Z�
d¯�zºgY�²Àº´#�uººk¹¿Yx��`¯Z³z]�¹ ¶¿º��²À]�¾¬]Z¤¾�¿Y|�Y�z]�

v³Y�µuYu�z^s�Z·�¶kºk�±{¹��¯`¿º��¾.d ·�¥Yyºs��zÏÍÍÍ
Z]�¶º�¿Z¤¯�yuÎÖÒÔ>Zd�À^��¶§��uº]�zd�À]�­yZ¸#�Zc�©¹Y�¶d ·�{Y�

`¿ºº�ÏÍÍÍ�¿z��v�y�½Yzº] ¾º´¿|-�¶º] bº¬��¶º]�¥Yyºs�¶]
uyYu�{ZÀº³ ½zdº�À]�®l´º� ¶dº ·�{Y�¾º´�¿�º]¶µy¹u�­Z°cY�©Z^³u
¾º¿Yx��b¿u¹vºp¯�¥Yyºs��z�¯�²Àº] ½yYu�¾º´�¯�a¹Zº c�

¶¿º�¹u�¾.d ·¿uv�³�µv�µ¹z-�¥Yyºs��z�¯�²À]�a¹Z c$

¹5©¹Y�¶dº ·�yu��uºº] ±vº� yYu�¾º´�¯�¦¿u|º³�ÍÓ�Í 3�¶§�
º] v¿Zº�¶b�z��­yZ¸#�{¹y�{Y�¾¿Yx��b¿u¹vp¯��¹z��ªÀº«u
º] ¾º�Z§b�Y�¶d�Yv³�uºk¹�a¹Zº c�uZºl¿Y�½Yz¾«Zo�yu���{Y�¶§

kºk�­yZ¸#�Zºc ­¹u�¶dº ·ºµ¹z-�½Z·�¶$Z]�¶�¿Z¤¯�yu�µ¹z-�5

v³uz§��zº�¯�½zdº�À]�¥Yyººs ½yYu�¾º´�¯�yºº�¶º]��z�¯
d ·�¥Yyººsºp¯�µy¹u�­Z°cY�©Z^³u�¶] ¾.º� b¿u¹vº¾¿Yx�¶d ·
���¹ ®l´º�º®��´�¯�a¹Z cºu¾À]�½yYº- ¹u�²ºb�Yv³�µ¹z��zgY

d¯º]Z¤º³zº] ²Àº] ¾º¬º¿Yx��¶¯Zº� ¹ ¾ºº�¯�z]�¶¿ººs �zº¥Yyº
·¶dº ·�yu�¾º.d ·ºº­ºº� ½Z��ÍÏ�Í 3�# ¹º­yZ¸�ÍÎ�Í�3�

ºº¿u] �vº� µv¶�º¾cyº`¿º��yu�¶§ÏÍÍÍµ¹z-��$�¿Z¤¯�yu�º¶
Z]µ¹z-�5��À]�¥Yyºs�d�¯�½zº�z�uz§«¹�º¿Y�¾º²yu�a¹Z c�

`¿ºº�ÎÖÒÔv�³�yYu�¾º´�¯�¶]�¶kºc�Z]�¾¬]Z¤d¯�zgY�²À´#�uºk¹
º¿º��²À]�µv��µvº¿u�ª]Z¤d¯�zgY¶±{¹�¶�Z�Y�z]�¾¿Yxº� `¯Z³z]�¹

`¿º��¶§�½yº��¶] �b�Y�¶ºÀkºc�ª]Z£�Z·�¶kºkÏÍÍÍ¶�¿Z¤¯�yu�
`¿º��Z]ÎÖÒÔ{ZÀ³�½zd�À]�¾¿Yx��uYº¯�¶]��zc��¿z��v�y�b¬��¶]

b�Y�¶d�Yu�
`¿º��¾º¿Yx��ª¿v^ºc \¿zº�ÏÍÍÍZ]�¶�¿Z¤¯�yu�ÎÖÒÔyu�

©ºº�Ódº ·�ºd¸]��y¹zº� `ººuºº] z�]Z¤d¯�zgYº¬¾� ²À]�º¶¿º¹
^c�\¿z��z]�¾¿Yx��¶¯Z³z]º� ª¿vºd ·�yu�Yxº� ¶º­ºº¿uv��µv

�ÍÒÍÓ�Í 3�{Y�¹½Z·�¶kººk`¿º�ÏÍÍÍ�µ¹z-$¶�¿Z¤¯�yu�

Z]µ¹z-5x��ª¿v^c�\¿z��½zgY�²À´#�¾«¹��v´d�Yu�½zd¸]�¾¿Y
`¿º��uyºº¯ yuÎÖÒÔ¿uv�³�µv�¾¯�±Z�³�z¯Y�²¿Y¶¿º��¶§�v·u

ÏÍÍÍ¶¿ººº� Zºº] ¶ºº�¿Z¤¯�yu�½u¹vººo ZººcÎÖÒÔzºº]Yz]�yu�
uyYu�½zd�À]�½z¿x�zÀgPc�½x�¯�uYºº¯ ½Zº·b¿u¹vºp¯�\¿z�

µ¹zº- ¾º¿Yx��ª¿v^ºc5µ¹z-�Zº] ¶º�¿Z¤¯�yu�$¶d ·�yu�®���
] >ÇZ°doY�¶º§ �uºº] zºd°§¶b�Y�µuº]�¾³Yz^k�v�y�ªÀ«u��\¿z�

µv��¢¿y|c�Z]�¶�¿Z¤¯�yu�v·Z��µ¹z-�½Z·�¶kºk�¾¿Yx��ª¿v^ºc�
] j¿Zd³�Z]�¶§�b�Yv³�½yYu�¾´�¯�a¹Z c��¿Z¯{M�©ºº� yu¶b�u
uyYu�¾³Yºs�®·�±Z-v´·¹&��{Y�z.¿u�¾·¹z-���ºc�µv¯M��ÏÐ��

|kYY½¶�Ç�
zºÀgZc¶¿ºº�¢¿y|c�¹ ¾¿Yx��¶¯Z³zº] ��/36Y|kY�b^�³�z]�½

½Z·�©¹vk�yu��¬dt¯�½Z·�¶d ·�yu�±vº] ±{¹�¶º] ¶º�ÇÑ¹Ò
bº�Y�µvº¯M��Zº� ¡Zº� ©ºº���¿Zº¯{M�¾º� yu�±{¹�b^�³�¹

±vº] ±{¹�¶º] ¶´Àº� `$Àº·Z¯�®���Zºc ­¹u�`dº ·�{Y�`¿º��yu
ÏÍÍÍZ]�¶�¿Z¤¯�yu�ÎÖÒÔº��¶]uº]�zd�À]�½yYu�¾´�¯�y�¶d ·�yu

�yYº-�µz o�±{¹�b^º�³�©¹Y¾¶¿º��yu�±v]�±{¹�¶]�ÏÍÍÍyu�
¶¿ºº� Zº] ¶º�¿Z¤¯ÎÖÒÔ«Zoyu��uº]�zºcÇZ]�¾¶§­yZ¸#�¶d ·�yu�

~º¨�vº� µvº¿u�±M��®º���Zºc ­¹u�¶dº ·�{Y�`¿º����ÏÍÍÍyu�
Z]�¶º�¿Z¤¯¶¿º��ÎÖÒÔ�¾´�]�µz o�¾]z#���±v]�±{¹�¶]�b^�³��

À]bº�Yu�½zdº�¾º«Zo�yu���yu�±v]�±{¹�¶]�v^§�¾³{¹�b^�³�¶§
`¿ºº�ÎÖÒÔ] ¶�¿Z¤¯�yu�ZÏÍÍÍ`d ·�yu�zd�À]�®���¹ ­yZ¸#�
uºº]�±YyZ¨°·�¹ ²Àdº�³¹Z·��Ö�¶$À·Z¯�±{¹�¶§�v³uz§��yY|-�

`¿º��yu�¾´�]�µzº o�¾º]z#�¹ ¶´Àº�ÎÖÖÎ`¿º��Z]�¶�¿Z¤¯�yu�
ÎÖÒÔuº]�zdº�À]��#z-�}yº]�¾³{¹�b^�³�¶}ºÀ�¿z]Z��±{¹�¶]�

`¿ºº� yu�±vº]ÎÖÒÔZ]�¶º�¿Z¤¯�yu�¶¿º��ÏÍÍÍµy¹u�©º��yu�
�uºº] zdº�À]��y¹zº�¾«¹�½Z·�¶d ·�yu�Z¸´c�Z¸³M��ÈdsY�Ï¹Ó

v��yYu�¾´�¯�}yº]�¾³{¹�b^�³��ÈdsY�}ºÀ�¿z]Z��²À]�v^§�¹
¶¿ºº� ¹u�¹ ¶#�z·�¶§�b�Y�²¿Y�{Y�¾º�Z³�§ ±v]�±{uº��¾¯�®�

v]Z¿�¾¯��¿Y|�Y�±v]�±{¹�¶º] ­Yvº³Y�¾º³{¹�b^º�³�­¹u�¶d ·�yu
`¿º��yu�±v]�±{¹�¶]�}º°Àc�¾³{¹�b^�³ÎÖÒÔ{Y�zd°§�ÏÍÍÍ

uº]�d ·�yu�¾«¹�`uZd�Y�¡Z cY�±M�~¨��®����
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{ÎÐÕÏ

ÎÒÏ

}yº]�µv��¾º³{¹�b^º�³}ºÀº�¿z]Z��] ±{¹�¶]�ºµ¹z-�yu�±v5
µ¹zº- Zº] ¶º�¿Z¤¯�yu$uº]�zd�À]�©¹Y�¶d ·�yu��±Yºtd�Y�©º�

Z��¡Z��®���Zc�­¹u�½Z·�¶d ·�¾���¶´À��¶$À·Z¯�¾³{¹�b^�³ �
±vº] ±{¹�¶º]�®���¹ ­yZ¸#�½Zº·¶dº ·�¾º���¾³{¹�b^�³�¹
�yYº-�_z oº±v]�±{¹�¶]�¾�­yZ¸#�¶d ·��µ¹z-�yu${Y�zd�À]�

µ¹zº-5uº]��yu¾�yz]¾¿Z·�¶kºk�yu�v^§�¾³{¹�b^�³��z.¿u
µvºººº� ¶ºººº¿x�c�²ÀXc¹zºººº� ¹ ½%zºººº³Yz��_zººººÀk�Zºººº] ¶ºººº§

]ººv³uº�º�¿Z¤¯�yu�º- Zº] ¶ºÀk�{Y�¶§�¾·¹zºÀ£y�½Z·�µzºµv��¢
½zººÀ-µzºº¸]ºº§uººº] zdºº�À]��v³uz�ÎÖ��}yººº] ¾ºº³{¹�b^ºº�³�
}ºÀº�¿z]Z�µ¹zº- yu�Z]�µvº� ¢¿y|ºc ½Zº·/36Z]�¶�¿Z¤¯�yu�

uº]�zd°§�®���¹ ©¹Y�½Zº·¶dº ·�yu�v·Zº� µ¹zº-�¶]�v^§�±{¹�
Z]�¶º�¿Z¤¯�yu�µvº� ¢¿y|ºc µ¹zº- yu�±vº] ±{¹µ¹z-yu�v·Z�

dº ·`] j¿Zd³�Z]�¶§�uº]�zdº�À]�®º���¶b�u¯Mµv¹ Yy¹y���ºc�
uyYu�¾º³Yºs�®º· ±YyZº¨°·�ÏÒ��¾«Zo�yu�.¿u�µ¹z-�¶§º{Y�½z

¤¤p¯º²À�´�¯��ÈdsY�º¯ ²¿Y�yu�½yYu�¾ºuyºv³v¿v³�ÎÕ��
¢¿y|c�¹ ¾¿Yx��`¯Z³z]�ª]Z¤dº¯ zºgY/36yu�Z��¡Z��©º��z]�

uº]�yYu�¾´�¯�­¹u�`dº ·�ÍÐÑ�Í 3�½Z��¡Z��©º��¶§�½yº��¶] �
¢¿y|ºc ½Zº·¶kººkµ¹z-�yu�µv�$v·Z��µ¹z-�Z]�¶�¿Z¤¯�yu�

°§µ¹z-�yu�½zgY�²À´#�¾«¹�uº]�zd5v�³�µv¿u��±Z�³�uyº¯�²¿Y
vº·u�¾º¯¶º§Y¹�´º§µ¹z-�yu�¾]Z¸d«Y��$¹ ¶d�Yu�½zd�À]�zÀgPc�

½yYu�¾´�¯�yº��¶] v·Z��µ¹z-�Z]�¶�¿Z¤¯�yu�Yy�Zº·¶kººk vº�y
Zº§bº�Y�µuYu��·��³�z]�¶¿º��¹ ¾¿Yx��¶¯Z³z]�ª]Z¤d¯�yZºgMb^

¾³{¹§v³uº]�yYu�¾´�¯�­yZ¸#�`d ·�yu�±v]�±{¹�¶]�}º°Àc�¹ v^
�\Àczc�¶]ÍÐÑ�Í 3¹ÍÑÎ�Í 3�ayº��²¿v]��¶§½Z·�b^�³�

µ¹zº- ½Z·�¶ºkºk�yu�yºº]|º¯5`¿ºº� {Y�ÏÍÍÍZ]�¶º�¿Z¤¯�yu�
µ¹zºº- ½Zº·¶ºkººk$`¿º��yu�¾«¹�uº]�zºd�À]�ÎÖÒÔ²ºÀ´#�

v�³�µv¿u�½zºÀgPc�·u�¾¯�±Z�³�uyº¯�²¿Yv¶§b¿u¹vp¯�©Z°�Y�
`¿ºº� yu�¾ºº¿Yx�ÏÍÍÍ`¿ºº� Z]�¶º�¿Z¤¯�yu�ÎÖÒÔ±Y|ºÀ¯�¶]�

f�Z]�½zd�À]Z§¾³{¹�b^�³�¶lÀd³yu�¹ µv��v�y�b�z���·
µ¹z-�½Z·�¶kºk�yu�¡º��½Z·�­Yvº³Y5µ¹z-�Z]�¶�¿Z¤¯�yu�${Y�

`¿º�ÏÍÍÍb�Y�µv��zd�À]���

b�§��Àp¯�yu�}º°Àc�½Z·�bÀ�º ´«�zÀh¨c�
zºÀgZc�²}º°Àc�½Z·�bÀ�º ´«�zÀh¨c�z]�¾¿Yx��¶¯Z³z]�¹ ¶¿º����

©¹vºk yu�bº�§��Àºp¯�yuÓb�Y�µvº� µuy¹M���zÀh¨c�±Y|À¯
b�z-�yYz£�²��zÀgPc�bpc�¾¸kºc�ª]Z£�yº��¶º] Zº·bÀº�º ´«��
uº]�zd°§�Z·�¶d ·�z¿Z��Z]�¶�¿Z¤¯�yu�­yZ¸#�¶d ·�yu�¶§�½yº��¶º]

�%DVH� OLQH�«Zo�yu��ºº¾·bÀ�º ´«�zÀh¨c�±Y|À¯�¶§ºº�Àp¯�yu�Z
®§�b�¬��Z]�±%ºdÀ¯�½¹Zo�bº�§�/RZ� 3+$�¹ ±%ºdÀ¯�Z¿�¹

²À§º«zºd´¿Y�ÎZ·�¶d ·�z¿Z��Z]�¶�¿Z¤¯�yu�­yZ¸#�¶d ·�yu���À]zd
uº]�Àh¨cºÀp¯�yu�Z·�bÀ�º ´«�zº½¹Zo�b�§��/RZ� 3+$yu�

µ¹zºº-5Zºº] ¶ºº�¿Z¤¯�yu�µ¹zºº-$uººº] zdºº�À]���ÍÒÓ�Í 3��zººgY
c ±Y|À¯�uyº¯�yu�¾º¿Yx��¶¯Z³zº] ¹ ²º� ²Àº] ¾º¬]Z¤d¯P½z¿x�zÀg

¶]�Zº·bÀº�º ´«,/����¦¿zpc��sZ��¶§�½yº��¶] �v��µv¿u
- yu�­yZ¸#�¶dº ·�yuºµ¹z$�¿Z¤¯�yu�ºZ]�¶µ¹z-�5d�À]�ºuº]�z

�ÍÒÏ�Í3 ��]Z´]�ºº¶]�¶kºc�Z]�¶§�uº��¾º¯ �Z^´dº�Y�²Àº´#�²¿Yz
zºÀgPcº£½zc,/���º ´«�zÀh¨c�z]�ºbÀµ¹z-�yu�Z·$�¿Z¤¯�yu�º¶
Zº]µ¹z-�5· ¹º®À´#º²Yg·zZ½[Z¸d«Y�v¿v��¾¿Y{,/��©Z°�Y��

¿Z¯{M�²º¿Y�yu�¾º¿Yx��b¿u¹vºp¯ºd�³Yºc��ºo Zc�b�Y�¶ºu¹v
¿Y�yZºgM�½uZº¿{º� ²º[Z¸d«Y�²¿Z§ºd¿Z²À´#�¹ v·u��À tc�Yy�Y{

½uyºº¯½Yzº]¾d�º-�yºÀ��_v´´§�vÀ«ºc�¬�¯b�Y�[º�yu¦¿
�zº.¿u�¾º�yz]¢¿y|c�Z¿�¹ ¾º¿Yx��_zºÀk�/36¶$°À³�r�Z��z]�

±ºº°¬£º]½Zº·Ñyu�¾«¹��bº�Yv³�zºÀgPc�µ{¹y�Õ±Y|À¯�¾-{¹y�
rº�Z�¶$°Àº³ ¾º·uµzÀk�Z]�µvº� ¶º¿x�c�½Zº·yu�½%z³Yz��½Z·

®§�Z]�¶�¿Z¤¯uº]�zd�À]�½yYu�¾´�¯�yº��¶] ½%z³Y�ÏÏ��¾�Z·Z§Zc
±YyZº¨°·�¹�ÐÍ�uzº§ �yY|º-¶º§ v³,/��z]�½zcv¿v��zÀgPc�

bÀ�º ´«�zºÀh¨c�±Y|ºÀ¯µzÀk�Z]�µv��¶¿x�c�½Z·�¶kºk�½Z·½Z·
µzÀk�Z]�¶�¿Z¤¯�yu�²ÀXc¹z��®§b�Yu�ÇZ]�²ÀXc¹z��Z]�½Z·�±Y|À¯

�Z�ºr ´«�¾¿º-ºbÀ�º·º¶]�Z,/���/RZ� 3+$�ÍÐÐ�Í 3�¹
®º·¦¿zpc��sZ��²À´#�ÍÓ�Í 3�`¿º�ÏÍÍÍZ]�¶�¿Z¤¯�yu�

ÎÖÒÔyu�uº]�zd�À]�­yZº¸#�¶dº ·�zd�À]�¾¨¿zpc�zÀgPc,/��z]�
bÀº�º ´«`¿ºº� ½Zº·ÏÍÍÍ`¿º��Zº] ¶º�¿Z¤¯�yu�ÎÖÒÔ±Z�³�

zÀÀ�c�f�Z]�±{¹��¿Y|�Y�½Yz]�¾¨Àd³%�¾º´¿|-�¶º] ¶º§ vº·u�¾º¯
�sZº��Y�µv��¾]Z¸d«Y�½Z·ºb�¸d«Y��Yºsº[Z½Y{,/��]ºz
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zÀgPc¾d�º-�½Z·�¶kºk�yu�¾]Z¸d«Y�r�Z��z]�¥Yyºs��z�¯�¹ v�y�b�z�

ÎÒÐ

·Zº§ºº�y��ºdº�Y�¹ vº�Y�¹ Z¸ººÀ«º]Zd¯�qzº³ �¿Y|ºzÀh¨c�¹ ¦
º�º©º¬½Z·7�kº¯�º� \º¶´À¸]�vo�yu�½x�¯�uYº¯��z�¯�­v

vºº�y�½Yzºº]bºº�Y�ÎÍ�ÎÑ�ÎÒ�ÏÍ¹ÏÖ�¶ºº§½Yzºº]vºº�y�
Zº·¶kººk[º¬�¯b�À³�] j¿Zd³�¶]�¶kºc�Z]¶²¿Y�{Y�µv¯M�b�u
�¾º�yz]k yu�±M�yZgM�¹ ¾]Z¸d«Y�r�Z��uZl¿Y�ºd�º-�½Z·�¶kºº¾

À¯�zÀgPc�bºpcº�¯�±Y|ºs �zº²��¹ v�y�b�z���¥YyºyYz£
b�z-�

½yY|.�Z��
²¿Y�¾«Z¯�yZ^d�Y¾�yz]Yy«M�µZ.�³Yu�^{Y�½{y¹Z�§�ayY{¹�¹ Zcz

²À¯Pc�YuZ³Z§�yº�§µuz§²¿v]�¶§�¶³Z°À°��¶¬À�¹Z¸³M�{Y�¾³Yuyv£�
uº��¾¯�

µuZ d�Y�uyº¯��]Z´¯
�� $EEDV��$��.���$��+��/LFKWPDQ�DQG�-��6��3REHU��������&\WRNLQHV��33�����������,Q��:��%��6DXQGHUV�&R��(G����&HOOXODU�

DQG�0ROHFXODU�,PPXQRORJ\��3KLODGHOSKLD��3$�
�� %DOOD\��0���(��$��'XQQLQJWRQ��:��%��*URVV�DQG�3��%��6LHJHO��������5HVWULFWHG�IHHGLQJ�DQG�EURLOHU�SHUIRUPDQFH��DJH�

DW�LQLWLDWLRQ�DQG�OHQJWK�RI�UHVWULFWLRQ��3RXOW��6FL��������������
�� %HLVHO��:�� 5�� ������0HWDEROLF� DQG� 1XWULWLRQDO� FRQVHTXHQFHV� RI� LQIHFWLRQ�� 33�� ��������� ,Q�� +�� +�� 'UDSHU� �(G����

$GYDQFHV�LQ�1XWULWLRQDO�5HVHDUFK��3OHQXP�3UHVV��1HZ�<RUN�
�� %HQVRQ��%��1���&��&��&DOYHUW��(��5RXUD�DQG�.��&��.ODVLQJ��������'LHWDU\�HQHUJ\�VRXUFH�DQG�GHQVLW\�PRGXODWH� WKH�

H[SUHVVLRQ�RI�LPPXQRORJLF�VWUHVV�LQ�FKLFNV��-��1XWU����������������
�� %HUF]L��,��������1HXURKRUPRQDO�KRVW�GHIHQVH�LQ�HQGRWR[LQ�VKRFN��$QQ��1��<��$FDG��6FL���������������
�� &KDUOHV��5��*���)��(��5RELQVRQ��5��7��+DUGLQ�DQG�0��:� <X��������*URZWK��ERG\�FRPSRVLWLRQ��DQG�SODVPD�DQGURJHQ�

FRQFHQWUDWLRQ�RI�PDOH�EURLOHU�FKLFNHQV�VXEMHFWHG�WR�GLIIHUHQW�UHJLPHQV�RI�SKRWRSHULRG�DQG�OLJKW�LQWHQVLW\��3RXOW��
6FL����������������

�� +DQ�� 3�� )�� 6�� DQG� -��5�� 6PLWK�� ������ 7KH� LQIOXHQFH� RI� WKH� JURZWK� UDWH� RQ� WKH� GHYHORSPHQW� RI�0DUHN
V� GLVHDVH� LQ�
FKLFNHQV��3RXOW��6FL��������������

�� +DYHQVWHLQ��*��%���3��5��)HUNHW��6��(��6FKHGLGHOHU�DQG�%��7��/DUVRQ��������*URZWK��OLYDELOLW\�DQG�IHHG�FRQYHUVLRQ�RI�
�����YV������EURLOHU�ZKHQ�IHG�W\SLFDO������DQG������EURLOHU�GLHWV��3RXOW��6FL����������������

�� +DYHQVWHLQ��*��%���3��5��)HUNHW��6��(��6FKHLGOHU�DQG�'��9��5LYHV��������&DUFDVV�FRPSRVLWLRQ�DQG�\LHOG�RI������YV�
�����EURLOHUV�ZKHQ�IHG�W\SLFDO������DQG������EURLOHU�GLHWV��3RXOW��6FL����������������

��� +HOOHUVWHLQ��0��.���6��1��0H\GDQL��0��0H\GDQL��.��:X�DQG�&��$��'LQDUHOOR��������,QWHUOHXNLQ�O�LQGXFHG�DQRUH[LD�LQ�
WKH�UDW��-��&OLQ��,QYHVW��������������

��� .DWDQEDI��0��1���(��$��'XQQLQJWRQ�DQG�3��%��6LHJHO��������5HVWULFWHG�IHHGLQJ�LQ�ODWH�IHDWKHULQJ�FKLFNHQV����*URZWK�
DQG�SK\VLRORJLFDO�UHVSRQVHV��3RXOW��6FL��������������

��� .DWDQEDI��0��1���3��%��6LHJHO�DQG�:��%��*URVV��������5HVHDUFK�QRWH��3ULRU�H[SHULHQFH�DQG�UHVSRQVH�RI�FKLFNHQV�WR�D�
VWUHSWRFRFFDO�LQIHFWLRQ��3RXOW��6FL����������������

��� .HWWHOHKXW�� ,��&���:��)LUHV�DQG�$��/��*ROGEHUJ��������7KH� WR[LF�HIIHFWV�RI� WXPRU�QHFRUVLV� IDFWRU� LQ�YLYR�DQG� WKHLU�
SUHYHQWLRQ�E\�F\FORR[\JHQDVH�LQKLELWRU��3URF��1DW��$FDG��6FL��86$����������������

��� .ODVLQJ��.��&��DQG�%��-��-RKQVWRQH��������0RQRNLQHV�LQ�JURZWK�DQG�GHYHORSPHQW��3RXOW��6FL����������������
��� .ODVLQJ��.�� &��� '�� (�� /DYULQ��5��.�� 3HQJ� DQG�'��0�� )U\�� ������ ,PPXQRORJLFDOO\�PHGLDWHG� JURZWK� GHSUHVVLRQ� LQ�

FKLFN��,QIOXHQFH�RI�IHHG�LQWDNH��FRUWLFRVWHURQH��DQG�LQWHUOHXNLQ�O��-��1XWU�����������������
��� .ODVLQJ��.��&�� DQG�5��.�� 3HQJ�� ������ ,QIOXHQFH� RI� FHOO� VRXUFHV�� VWLPXODWLQJ� DJHQWV�� DQG� LQFXEDWLRQ� FRQGLWLRQV� RQ�

UHOHDVH�RI�LQWHUOHXNLQ�O�IURP�FKLFNHQ�PDFURSKDJHV��'HY��&RPS��,PPXQ��������������
��� .RUYHU��'��5�� DQG�.��&��.ODVLQJ��������$OWHUDWLRQV� LQ� VSHFLILF� DQG� LQIODPPDWRU\� LPPXQH� UHVSRQVHV� LQ�FKLFNV� IHG�

ILVK�RLO��-��1XWU�����������������
��� .RUYHU�� '�� 5��� (�� 5RXUD� DQG� .�� &�� .ODVLQJ�� ������ (IIHFW� RI� GLHWDU\� HQHUJ\� OHYHO� DQG� RLO� VRXUFH� RQ� EURLOHU�

SHUIRUPDQFH�DQG�UHVSRQVH�WR�DQ�LQIODPPDWRU\�FKDOOHQJH��3RXOW��6FL���������������
��� /LX�� *��� (�� $�� 'XQQLQJWRQ� DQG� 3�� %� 6LHJHO�� ������ *URZWK� UHODWHG� WUDLWV� LQ� ERG\�ZHLJKW� VHOHFWHG� OLQHV� DQG� WKHLU�

FURVVHV�UHDUHG�XQGHU�GLIIHUHQW�QXWULWLRQDO�UHJLPHQV��%ULW��3RXOW��6FL�������������
��� 1DNDPXUD��.���<��0LWDUDL��0��<RVKLRND�DQG�1DNDMLPD��������6HUXP� OHYHOV�RI� LQWHUOHXNLQ����.��DFLG JO\FRSURWHLQ��

DQG� FRUWLFRVWHURQH� LQ� WZR�ZHHN�ROG� FKLFNHQV LQRFXODWHG� ZLWK (VFKHUFKLD� FROL OLSRSO\VDFFKDULGH�� 3RXOW�� 6FL��
������������
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��� 3LTXHU��)��-��������(IIHFW�RI�,PPXQH�6WUHVV�DQG�&KDQJHV�LQ�'LHWDU\�0HWDEROL]DEOH�(QHUJ\�RQ�*URZWK�DQG�6HOHFWHG�
&KDUDFWHULVWLFV� RI� ,PPXQH� )XQFWLRQ� RI� 1HZO\� +DWFKHG� 7XUNH\V�� 3K�'�� GLVVHUWDWLRQ�� ,RZD� 6WDWH� 8QLYHUVWL\��
$PHV��,�$�

��� 3LTXHU�� )�� -��� -�� /�� 6HOO��0�� -�� -HIIUH\��'�� /�� 5H\QROGV� DQG�0��.DLVHU�� ������ (IIHFWV� RI� HDUO\� LPPXQH� VWUHVV� DQG�
FKDQJHV� LQ� GLHWDU\� PHWDEROL]DEOH� HQHUJ\� RQ� WKH� GHYHORSPHQW� RI� QHZO\� KDWFKHG� WXUNH\V�� ��� 6HOHFWHG�
FKDUDFWHULVWLFV�RQ�LPPXQH�IXQFWLRQ��3RXOW��6FL��������������

��� 3LTXHU��)��-���-��/��6HOO��0��)��6RWR�6DODQRYD��/��9LODVHFD�DQG�.��7XUQHU��������(IIHFWV�RI�HDUO\�LPPXQH�VWUHVV�DQG�
FKDQJHV� LQ� GLHWDU\� PHWDEROL]DEOH� HQHUJ\� RQ� WKH� GHYHORSPHQW� RI� QHZO\� KDWFKHG� WXUNH\V�� *URZWK� DQG� QXWULHQW�
XWLOL]DWLRQ��3RXOW��6FL�������������

��� 4XUHVKL��0�� $�� DQG� *�� %�� +DYHQHVWHLQ�� ������ $� FRPSDULVRQ� RI� WKH� LPPXQH� SHUIRUPDQFH� RI� D� ����� FRPPHUFLDO�
EURLOHU�ZLWK������UDQGRP�EUHG�VWUDLQ�ZKHQ�IHHG�W\SLFDO������DQG������EURLOHU�GLHWV��3RXOW��6FL���������������

��� 5RXUD�� (��� -�� +RPHGHV� DQG� .�� &�� .ODVLQJ�� ������ 3UHYHQWLRQ� RI� LPPXQRORJLF� VWUHVV� FRQWULEXWHV� WR� WKH� JURZWK�
SHUPLWWLQJ�DELOLW\�RI�GLHWDU\�DQWLELRWLFV�LQ�FKLFNV��-��1XWU���������������

��� 6DFFR��5��(���.��(��1HVWRU��<��0��6DLI�DQG�5��$��3DWWHUVRQ��������*HQHWLF�DQDO\VLV�RI�DQWLERG\�UHVSRQVH�RI�WXUNH\V�WR�
1HZFDVWOH�GLVHDVH�YLUXV�DQG�3DVWHXUHOOD�PXOWRFLGD�YDFFLQHV��3RXOW��6FL����������������

��� 6DFFR�� 5�� (��� <�� 0�� 6DLI�� .�� (�� 1HVWRU� DQG� 5�� 1�� 'HDUWK�� ������ *HQHWLF� YDULDWLRQ� LQ� UHVLVWDQFH� RI� WXUNH\V� WR�
H[SHULPHQWDO�FKDOOHQJH�ZLWK�3DVWHXUHOOD�PXOWRFLGD��$YLDQ�'LV�������������

��� 6LHJHO��+��6��������,PPXQRORJLFDO�UHVSRQVHV�DV�LQGLFDWRUV�RI�VWUHVV��:RUOG
V�3RXOW��6FL��-�����������
��� 7DNDKDVKL�� .��� 1�� 0L\DNH�� 7�� 2KWD�� <�� $NLED� DQG� .�� 7DPXUD�� ������ &KDQJHV� LQ� SODVPD� .�� DFLG� JO\FRSURWHLQ�

FRQFHQWUDWLRQ� DQG� VHOHFWHG� LPPXQH� UHVSRQVH� LQ EURLOHU� FKLFNHQV� LQMHFWHG� ZLWK (VFKHULFKLD� FROL
OLSRSRO\VDFFKDULGH��%ULW��3RXOW��6FL�������������

��� 7DNDKDVKL��.��6��<RGRJDZD�DQG�<��$NLED�������(IIHFW�RI�GLHWDU\�SURWHLQ�FRQFHQWUDWLRQ�RQ�UHVSRQVH�WR�(VFKHULFKLD�
FROL�HQGRWR[LQ�LQ�EURLOHU�FKLFNHQV��%ULW��-��1XWU�������������

��� 9DQ�+HXJWHQ��(���-��:��6SHDUV�DQG�0��7��&RIIH\��������7KH�HIIHFW�RI�GLHWDU\�SURWHLQ�RQ�SHUIRUPDQFH�DQG�LPPXQH�
UHVSRQVH�LQ�ZHDQOLQJ�SLJV�VXEMHFWHG�WR�DQ�LQIODPPDWRU\�FKDOOHQJH��-��$QLP��6FL���������������

��� 9HUGHUQJK��0��DQG�$��7DUNRZVNL��������5ROH�RI�QHXWURSKLOV�LQ�H[SHULPHQWDO�VHSWLFHPLD�DQG�VHSWLF�DUWKULWLV�LQGXFHG�
E\�6WDSK\ORFRFFXV�DXUHXV��,QIHFW��,PPXQ���������������

��� =XONLIOL��,���(��$��'XQQLQJWRQ��:��%��*URVV��$��6��/DUVHQ��$���0DUWLQ�DQG�3��%��6LHJHO�������5HVSRQVHV�RI�GZDUI�DQG�
QRUPDO� FKLFNHQV� WR� IHHG� UHVWULFWLRQ�� (LPHULD� WHQHOOD� LQIHFWLRQ�� DQG� VKHHS� UHG� EORRG� FHOO� DQWLJHQ�� 3RXOW�� 6FL��
�������������

��� =XONLIOL�� ,���(��$��'XQQLQJWRQ��:��%��*URVV�DQG�3��%��6LHJHO��������)RRG�UHVWULFWLRQ�HDUO\�LQ�OLIH��DQG�LWV�HIIHFW�RQ�
DGDSWDELOLW\�� GLVHDVH� UHVLVWDQFH�� DQG� LPPXQRFRPSHWHQFH� RI� KHDW�VWUHVVHG� GZDUI� DQG� QRQGZDUI� FKLFNHQV�� %ULW��
3RXOW��6FL�������������

��� =XONLIOL�� ,��� +�� 6�� 6LHJHO�� 0�� 0�� 0DVKDO\�� (�� $�� 'XQQLQJWRQ� DQG� 3�� %�� 6LHJHO� ������ ,QKLELWLRQ� RI� DGUHQDO�
VWHURLGRJHQVHVLV��QHRQDWDO�IHHG�UHVWULFWLRQ��DQG�SLWXLWDU\�DGUHQDO�D[LV�UHVSRQVH�WR�VXEVHTXHQW�IDVWLQJ�LQ�FKLFNHQV��
*HQ��&RPS��(QGRF�����������
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