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

ÎÒÔ

¾d�º-�½Z·�¶kºk�uz¨¬°��z]�¾³vÀ¯Z�M�[M�¢¿z��{Y�zÀ´��[M�{Y�µuZ d�Y

yº�À¬��v°p¯�½v¸¯�¹ Z�yyº��uYºkÎ

µvÀ¨#
b�z-�­Zl³Y�¾d�º-�½Z·�¶kºk�uz¨¬°��z]�¾³vÀ¯Z�M�[M�¢¿z��{Y�zÀ´��[M��z�¯�zgY�¾�yz]�yº�´¯�¶]��¿Zº¯{M�²º¿Y�¯Z§�mz��\«Z£�yu>È

zºÀ´�[M�¾�uZº�cn����º� yu���z �ÎÍ�ÏÍ�ÑÍ�ÕÍ¹ÎÍÍv�yu��av¯�¶]�¾³vÀ¯Z�M�[MÑÔ¶]�{¹y�v��µuz]�yZ§�yZ°�ÔÏÍ¶��£�
{¹y�¦¿�¾d�º-�¶kººk_¶]�}Yy�ÏÑµ¹z-�ÐÍZc�b ·�²��{Y�¾�¿Z¯{M�yZ°Àc����{Y�¦¿�z·�¹ v³v��®À�¤c�½Y�¶kºk�ÒÑyZ¸#�¶]�¾-{¹y�
v��µuYu�Z·�¶kºk�{Y�µ¹z-�Y ¶³Y{¹y�zÀ´��[Mv��¾¯��z�¯�¹ ¶À¸c�zÀ´��¶À¸c�¶³ZsyZ§�¦¿�{�¾�zd�u�Yx��¹ [M�¶]�Z·�¶kºk��¿Z¯{M�©º��yu

v´d�Yu�uY{M�v´d�Z¿��Z�dsY�¾�¿Z¯{M�½Z·yZ°Àc�¶]�¹ ²¿{ºc�~���¹ ¶¿x�c�²¿{Z�M�µzÀk�Z]�¾-{¹y�b ·�²��Zc�Z·�¶kºk�{Y�Z·�¶kºk�­Z°c
¾³Z¿Z��¹ v�y��²¿{Z�M�µzÀk�¶�µuZ d�Yv³uz§��·¶kºk¶d�u�½Z·�~ £�yu�¶§�yYz¨c�z·�½Z²À´��yu��v³v��¾¯�½yYu�¶.³�¾´À¯{�¾�°kÏÎ�ÑÏ

¹ÒÑ�¶�Ç�v�yu�¹ n]w��[Ztd³Y�}¹zs�¹u�¹ �z¯�¹u�yYz¨c�z·�{Y�µy¹u�±Z¿Z��yu�¹ v��¶^�Zp¯�µ¹z-�¾¿Yx���zº�¯�¹ ²¿{ººc ¾º-{¹y�
v��½zÀ-�µ{Yv³Y�­ºXº¬¿Y�¹ v^º§ �µv�°«Y{ºº« ±{¹��¾º´�]�¶�ººp¯�¾º]z#�¿ºdp¯½Yz]�¹ �º¬t¯��½y¹M��°k��z¯�¹ }¹zs�¹u�z·�­ºX¬¿Y�aZ

yu�Z·�½zd§Z]��yZ°º�q&ÏÍ�v³v��v°l´¯��²À´��yuÏÎ¹ÑÏ¾-{¹y�v¿uz-�²ÀÀ�c�Z¸³M�b]º�y�¹ ½y¹M��°k�yYz¨c�z·�zd�]�¶³º°³��±{¹
yYu�¾´�¯�zÀgPc�bpc�zd�]�b]º�y�¹ Yx��ª¿v^c�\¿z���¶³Y{¹y�±{¹�¶�Z�Y��±v]�ÍÎ�ÍS���M mº��v´d�z-�yYz£�zÀ´�[�

v³uYu�±Z�³��¿Y|�Y�Yx��ª¿v^c�\¿z��¹ �·Z§�zÀ´��[M�v�yu�ª¸#�{Y��À]��z�¯�Z]�yºº§x¯�½Z·yZÀº�¯��z�¯�Z]�¶�Ç�v�yuÕÍ¹
ÎÍÍyYu�¾´�¯�yº��¶]�zÀ´��[M�v�yu��ÍÎ�Í�S�b�Z¿��·Z§�bpc�µv�°«Y{º«�¹ v^§��¾´�]�µz o�¾]z#�v�yuzÀgPczÀ´��[M�mº���¾ ´¯�
Yzº£v´d�zº.³�y�yYu�¾´�¯��ÈdsY�zÀ´��[M�v�yu�µu�{Y�zd�À]�mº���yu�­ºX¬¿Y�v�yu�ÍÎ�Í�S�uYu�±Z�³��¿Y|�Y�¹ b�Yu�v·Z��µ¹z-�Z]�

­¹u�¶kyu��º³�{Y�¾.°·�²À´��­Z°c�yu�zd�]�b]º�y�¹ Yx��ª¿v^c�\¿z���±v]�±{¹�¶�Z�Y�¹ ±{¹�±ºÀ�z-y�aÇuZ�¯�¾�szÀ��yYu�¾´�¯�¹
�ÍÎ�Í�S�³uºº]{Y��À]��z�¯�v³uYu�±Zº�³�¹ vÑÍ¾d�º-�½Z·�¶kºk�uz¨¬°���·Z§�f�Z]�zÀ´��[M�v�yu��v�yu�½yYu�¾´�¯��ÈdsY

yZ°º�zÀ´��[M �¬dt¯�mº���zgY�yu�­ºX¬¿Y�½Z·�½zd§Z]¹zd³Y�¹ Z·�ªÀ�Z]ºd§Ç�¿uzÀ´��[M�n����¿Y|�Y�Z]�­ºX¬¿Y�½Z·�½zd§Z]�ª§�¾«¹�v�³�µv
yYu�¾´�¯��¿Y|�Y�ÍÎ�Í�3�³uYu�±Z��

½vÀ¬§�½Z·�µ%Y¹�zd�]�b]º�y��µu¹y�½Z·�½zd§Z]��¾d�º-�½Z·�¶kºk��zÀ´��[M
Î�¾]z¯�¹ uZd�Y�\Àczc�¶]�¦�|��­Yu�±Z¸ �Y�¾d�´��µZ.�³Yu �½{y¹Z�§�µv¨�³Yu��¾¯Yu�­º¬�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.4

.1
3.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

21
 ]

 

                             1 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1382.7.4.13.3
https://jstnar.iut.ac.ir/article-1-492-fa.html


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

ÎÒÕ

¶¯v¤¯
¾]��¿Z¯�zÀ´��[M] zÀ´��¶À¸c�{Y�~��¶§�b�Y�¾.³y¶v¿M�¾¯�b�u�

À´��[Mºd§Ç�½YyYu� zº�{º�ºÀXc¹zºp¯�½Z·�²º¯ �©º¬ºc{Y� uYºº¶
zÀ�b�Y�¾³v�¯�mÈ¯Y�¹ Z·�²À¯Zd¿¹� �¾]z#� �¾´ÀXc¹z��zÀ´��[M
µ{Zc�S+©uZ�¯�½Y�Ö�Ó�Õ�Òu¹vo�±M�¦�s�µuZ¯�¹ uyYu�Ò�Ô

¶§�b�Y�v�yuÓ�Ív·u�¾¯�ªÀ¨�c�²ÀXc¹z��Yy�±M��
�º^¿y��[M�yu�©º¬p¯�½Z·�²À¯Zd¿¹�{Yºyu�¾-y|]�®¸��²¿¹È

uyYu�zÀ´��[M�u¹vo�ÒÍzÀ´��[M�yu�zÀ��z ���¹ ®À�¬§�v�yu�
uº��¾¯�b�Z¿�v�Z]�¾¯�¦¿�zÀ´��[M�²ÀXc¹z��¾¨¿%º«ºÀ]��{yY

²ÀW{Z§�{Y�¶§�¾«Zo�yuÕ�Íb�Y�µv���yY|-��Î¹Ï��
] zÀ´��[M¶¶��Y¹�%LRFKHPLFDO�2[\JHQ�'HPDQG��%2'

¾¯��Àp¯�¾-uº«M�\kº¯�uyYu�¶º§ ¾º¿ÇZ]º�©Z��Zc�¹ uÎÖÔÖ
]º{Y��ÀÔÒ�yu�ºÀ´��[M�vºÀ«ºc�zºÀ³u�yu�½vº¶]�Z�º½Z·�ayº

�Àp¯�¶]�¹ �º�u��¬dºt¯v¿uz-�¾¯�uyY¹�b�¿{�ÎÏ��ªÀ«u�¶]
l¿Yºº«M�uZºÀ«ºc�{Y�¾�Z³�¾�Àp¯�¾º-uººc �zÀ´��[M�vº½Z·��È

½Y�µuzdº�-yº�´¯�¶º]Zc�b�z-�­Zl³Y�ª¨�¯�²¿Y�ªo�µYy�²d�Z¿�
dº] ¶º¨¬]º·�¹y�±Yºº� ½Yzº] ¾º¿Zºº´¿Yzº�¯�¹ vº±M��zÀ��ºYv

§ººººuz��´ººº¯ ²Àººº°·�¶ººº]ºdt¯�½Zººº·�¹y�yºº¾ººº ¬v´ººº³Z¯
LÈººs bººpc��Àºº¬�c��±ºÀºº�Yzd¬À�¹z¨À¯��±ºÀºº�Yzd¬À�Yzd«¹Y

µv��¶d�z-�yZ§�¶º] µzºÀ��¹ ±uzº§¦º�sb�Y���Ð��²¿Y�¶lÀd³
´��¶]�zÀ´��[M�{Y�Zc�v��f�Z]�Zº·�Èºcº¿Yx��µuZ¯�¦¿�±YººZ]�¾

º� ¶º] �{yYºÀ¤dº�¯�ayººÀ��¹ ®ººzx��®¿%y�yu�®À¤d�¯¾¿Y
µuZ dºº�Y�µvºº�²Àºº´#�®ºº·%2'yu�zººÀ´��[M��ºº�u�{Y�¾ºº�Z³�

uº��®§�±M�¾�Àp¯�b�¿{�aYz�s�¹ ¶d�Z¿��·Z§�Z·�[È�Z��
¶]c ¶��Y¹P³ZsyZ§�~À�½Z·�¶À«ºc��±Yz¿Y�yu�zÀ´��¶À¸c�º²¿Y�v

aÈ¨ºº�¯�¶lÀºd³�yu�¹ bº�Y�¶dº�Z¿��¿Y|ºº�Y b�zº� ¶º] µuZº¯
Z]�¶º§ bº�Y�¶d�zº- ÇZºº] ±M��º�u�{Y�¾º�Z³�¾º�Àp¯�bº�¿{vºº¿

b�Z¿�±M�½Yz]�¾º¿Z·�ªºoµYy�©Z��yu�±Yz¿Y�yu�zÀ´��vÀ«ºcÎÐÔÒ
u¹vºoÐÍÍ½|À#�zÀ´��vÀ«ºc�yYv¤¯�²¿Y�¶§�b�Y�µuº]�²c�yY|·�
u¹voÏÎÍÍÍÍÍd¯�¶§�v´§�¾¯�vÀ«ºc�zÀ´��[M�²c�P¹ uz]yZ§�¶³Z �

³ZsyZ§�²¿Y�aZ�¿Z��ayº��¶º] ¹ uyYvº³ ¾º³Yv´#��zº�¯Z·�¶
uº��¾¯�Z·�[Èº�Z��uyY¹�Zo�©Zo�yu½u¹vp¯�yZÀ�]�yYv¤¯�z�

¶]�zÀ´��[M�²º¿Y�{Y¶§�uº��¾¯�vÀ«ºc�¹ ¶À¸c�zÀ´��[M�yuº��ayº�
º�¿Z¤¯�yuºÀ«ºc�yYv¤¯�Zº] ¶ºÀ«Z��vºÀ#Z³�yZÀ�]�®£y�±M�¶³ZºYy�½|

vº·u�¾º¯ ªÀ¨º�c�±Zd�Y��¿Z´��ªº§ µyYuY��yY|º- }Zº�Y�zº]
©Zº� yu�±Z¸ º�YÎÐÕÍ±Zd�Y�²¿Y�yu�zºÀ´��vÀº«ºc�ÎÑÎÍ¹ ²c�

zºÀ´��[MÕÑÍÓÍyYv¤¯�²¿Y�{Y�¶§�b�Y�²ºcÑÍÍÍÍvÀ«ºc�¶]�²c�
yYv¤¯�¹ vÀ�y�¾º¯ zºÀ´��[M�yuºº�ÐÏÍÍvÀ«ºc�zÀ´��[M�yuº��²c�

uº��¾¯�
¾-uº«M��·Z§�f�Z]�v³Yºd]�v¿Z��¶§�¾º¿Z·�ªºoµYy�{Y�¾º¨¿
aZ³YºÀººo �ºº�ºc�±M��zºº�¯�uººº� zººÀ´��[M��ºº�ºc��Àººp¯
p¯�v³Yºc�¾¯�µuZ¯�²¿Y�Yz¿{��v�Z]�yºÀ��¶¬°k�{Y�½Y�µvº�¯�¦ºc�À

º�Z´¯ºÀ§zc�zºÀgPc�¹ vº�y�½Yzº] \ºh¯�¾cZ^º]¹z��ªºYy�Z·�¦ÀcºÀ
]¶uy¹M�uºk¹�

¦ÀcºÀ]¹zº�v´d�·�¶d�§�Z¿�µv³{�¾¿Z¿zd§Z]�½Z·�µuy¹Mz���Zº·
bÀ�°k�zÀÀ�c�f�Z]��yYº-�µZ.d�u�yu�¾¿Z·�¾´¬§�uZl¿Y�Zº] ¶º§
½Z·�½zd§Z]�� ³�¶]�Yy�¾]¹z¨À¯�bÀ�°k�²¿Y�¹ µv��±M�¾]¹z¨À¯

´º·u�¾º¯ zºÀÀ�c�vÀº ¯v�ÎÐ��µ¹z-�¦¿�bÀº�°k�±vº�\º«Z�
¾º]¹z¨À¯�z°��±Z¿Z��Zc�¶§�b�Y�¾]¹z¨À¯�bÀ�°k�µv´´§�²ÀÀ�c�

v]Z¿�¾¯�yYz¤d�Y��yYº-�µZ.dº�u�yu�ÎÒ��±Yºk�½Z·�¶kºk�yu
b�Z·�¥º§ºd�zd�Y�¹ Z·�ªÀ�Z]ºd§Ç�� ³�¶]�¾]¹z¨À¯�bÀ�°k�Ô

¹ÎÖ��� o�f�Z]�v�Z]�vÀ ¯�½Z·�½zd§Z]�� ³�¶]�±{Yºc�²¿Y�z-Y�
®�·�bÀº¬]Z£��¿Y|º�Y��b¯Èº��½x�¯�uYº¯�[xk��Ô¹Õ�¹

uuz-�¾¯�½Y�µu¹y�½Z·�b³º ��{Y�½zÀ-º¬k�Ò¹ÎÒ��
[xºººk ¹ ®ººº�·�yu�¾ººº°¸¯��ººº¤³�Zººº·ªÀººº�Z]ºd§Ç

aYyvÀ·º]zº§½Z·�²À¯Zd¿¹�bsZ��|À³�¹ Z·�²ÀXc¹z���Z·�¾]z#��Z·
µ¹zº-%¹.v³yYu��ÎÎ��¶]�Z·�ªÀ�Z]ºd§Çyu�¦ÀcºÀ]¹z��±Yº´�
u¶´ºÀ#v´º·u�¾º¯ ªÀ¨º�c�¾º¿Z·�¾º´¬§�±Y�¶]�¾¿Yx��uYº¯�µYz°·

�xo�f�Z]�¹ v³¹y�¾¯��yYº-�µZ.d�u�zºc²Àº¿Z��½Zº·b°º�£
¾º¯ zº�¯�¾º]¹z¨À¯�½Zº·¾º´¬§º�v³�Ó�ÎÍ¹ÎÓ��®·²À´#

�·Zº§ fº�Z]S+�¿z�c¹kº½x�¯�uYº¯�[xv³º��¾¯��ÎÐ��
�·Zºº§ fºº�Z]�Yxºº� Zºº¿ ¹ [M�µYzºº°·�Zºº·¦ÀcºÀ]¹zºº� �zºº�¯

Zº� ½Zº·b³ºº �½Z·�½yZ°À]�{Y�¾�Z³�aZ ¬c�¹ µvº� ¾¿È³º°«
v´·Z§�¾¯�Yy�Z·È³º°«Z����ºc�µv��uZl¿Y�Ö¹ÎÒ��
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¾d�º-�½Z·�¶kºk�uz¨¬°��z]�¾³vÀ¯Z�M�[M�¢¿z��{Y�zÀ´��[M�{Y�µuZ d�Y���

ÎÒÖ

f�Z]�Z·�¦ÀcºÀ]¹z���zº�¯�¶º§ vº³Y�µuYu�±Zº�³�aZ¤Àº¤pc
�¿Y|�Y�¹ �yYºº- µZ.dº�u�yu�{M�µy¹Y�®¿|º³M�bÀº«Z����·Zº§
¹ µvºº� ¾dºº�º-�½Zºº·¶kºººk ¾ºº�yYº-�½Zºº·®¿|ºº³M bÀºº«Z��

²¿vº]¹ uº^¸]�f�Z]�¶¬Àº�¹Z·�¶kºk�uz¨¬°��¹ ¾d¯È��bÀ��
v¿uzº-�Ó��º�¯�ºÀº�Z]ºd§Ç��zºkºk�yu�Z·�ªºd�º-�½Z·�¶º¾

|ºÀ³Z «M�®¿|³M�bÀ«Z����¿Y|º�Y�¹ vº�y��¿Y|º�Y�fº�Z]��{ÈÀ¯M
½Y�µu¹yº�v�ÎÍ��®º·] ²À´#¶µzÀk�yu�Z·�ªÀ�Z]ºd§Ç�½zÀ-yZ§

�z¯®tc�½Z·\¿z��uº^¸]�¹ �z¯�®tc�vÀ«ºc��¿Y|�Y�f�Z]�yYx-
¹ Yx�v¿uz-��z¯�®tc�©¹zd�¬§��·Z§�Ô��

yº�´ºº¯¶ºº]zººÀh¨c�¹ vºº�y�\ºº�Z´¯��Àººp¯�±uy¹M�®·Yzºº�
¾«M�½Z·vÀ�Y��²À«¹vÀ�Y�ªhº¯ ¾º ¬dt¯�uYºº¯ {Y�Zº·ªÀº�Z]ºd§Ç

�¦À]yº¨ºº�M��¦¿zdÀºº����ÎÑ�Z·v¿yZ§Zºº� ¾ºº¬�º.À«Y���ÎÒ�¹
zÀ´��[M�Ó�b�Y�µv��µuZ d�Y�½vÀ�Y��Àp¯�uZl¿Y�Z]�uYº¯�²¿Y�
¿Yzº�ºy \º�Z´¯��d§Ç�vº�º] Yy�Z·�ªÀ�Z]º¶³y¹M�¾¯�uºk¹ºv�Z]

Yº¯�[xk�¹ ®�·��vÀ ¯�½Z·�¾´¬§�uZl¿Y�¹ Z¸³M�vº�y��¿Y|º�Yu
z�¯�½Z·�½zd§Z]�bÀº�°k�¹ uzº¿x��¾º¯ ayºº� zºd¸]�½xº�¯
uº��¾¯�¦°§�±YºÀo��yYº-�µZ.d�u�b¯È��¶]�¹ ¶d�Z¿��·Z§
�¿Y|�Y�yºÀ��¶¬°k�{Y�aZ³YºÀo�uz¨¬°��¹ v�y�±M�¶lÀd³�yu�¶§

¿¾º¯vº]Z�¾º«¹¶]�zÀ´��[M�vo�{Y��À]��zº�¯�±uº]YyYu�¶��Y¹
z]�¾ ´¯�zÀgPc�v³Yºc�¾¯�{ºd§Ç�|À³�¹ ®À�Zd��ªhº¯ ¾º³v�¯�mÈº¯Y

v�Z]�¶dº�Yu�yºÀº� uzº¨¬°��²¿Y�¶]�¶kºc�Z]�yYv¤¯�¶]�zÀ´��[M�¶§
�b�Y�©{Z³�yZÀ�]�|À³�±M�b°À£�¹ uº��¾¯�vÀ«ºc�±Yz¿Y�yu�½uZº¿{

v³Yººc¾º¯ yºÀº� µzºÀk�yu�±M��zº�¯v�y��¿Yzº� uZºl¿Y�Zº]
yºÀ��uz¨¬°���¿Y|�Y�¹ b¯È��� o�\kºº¯ Zº·ªÀº�Z]ºd§Ç

ºº�zc�®º¸¯�¹ u¶§�²¿Y½uZ¿{�u¹vo�Zc�yºÀ����ºc�±M��z�¯
��ºc�zÀ´��[M���u�{Y�¾�Z³�¾�Àp¯�½Z·�¾-uº«M��·Zº§ fº�Z]

º³ZsyZ§½Z·�¶¾¯�zÀ´��vÀ«ºc�º�u�²¿Yz]Z´]�Yv·Y�Z]��¿Z¯{M�²¿Y�
v��­Zl³Y�z¿{�

Î�zºÀgPcyu�¾³vÀ¯Z�M�[M�¢¿zº� {Y�zºÀ´��[M��¬dºt¯�mº�º�
¾d�º-�½Z·�¶kºk�uz¨¬°��

Ï�¾d�º-�½Z·�¶kºk�½Yz]�±M��z�¯�n���²¿zd¸]�²ÀÀ�c�

Ð�µu¹y�yº¬�¹z¨À¯�z]�zÀ´��[M�zÀgPc�

Z·��¹y�¹ uYº¯
>È¯Z§�mz��\«Z£�yu��¿Z¯{MZ]�¾�uZ�c�Ó¹ yZ°Àc�ÑYzkY�yYz¨c�

vº��yZ°º�ÔÏÍ¦¿�¾d�º-�¶kººk ¶º��£�}Yy�µ{¹y��¶]�ÏÑ
µ¹zº-ÐÍv³v��®À�¤c�½Y�¶kººk�{Y�¦¿�z·Ó¾�¿Z¯{M�yZ°Àc�
¶º]ÑyYzº¨c�ÐÍ¶]�¾´À¯{�¾�°k�¶d�u�½Z·�~ £�yu�½Y�¶kººk

av¯ÑÔ��ÔZc�ÒÑ¾-{¹y��v��µuYu�{¹y�mº���ª¯Z��Z·yZ°Àc
zººÀ´��[M��¬dººt¯��z ºº�ÎÍ�ÏÍ�ÑÍ�ÕÍ¹ÎÍÍvºº�yu��{Y

uº]�¾³vÀ¯Z�M�[M�¢¿zº��zÀ´��[MvÀ«ºc�¶³ZsyZ§�¦¿�{Y�{¹y�z·
¹ �º¬t¯�¾³vÀ¯Z�M�[M�Z]�¡ºº� ½Zº·b^º�³�¶º] ¹ ¶Àº¸c�zºÀ´�

v��¾¯��z�¯��²¿{Z�M�µzÀk�¶��Z]�Z·�¶kºk��¿Z¯{M�µy¹u�¾�
¾³Z¿Z��¹ vº�y�©¹vkÎ�v³v��¶¿x�c�yu��y¹z���¿Yz��­Z°c

½Yz]�µv��¶À�ºc�½Z·uyYv³Zd�Y�Z]�¢º]Z�¯��¿Zº¯{M�µy¹u�©ºº�
®·Yzº� Zº·¶kººkº�vYx��¹ [M�¶]�av¯�²¿Y�yu�Z·�¶kººk ¹

v´d�Yu�uY{M�¾�zd�u�
±{¹�¶�Z�Y��±vº] ±{¹��¾�zº�¯�½Yxº� �¿Zº¯{M�©ºº� yu

²À´��yu�~ £�z·�¾¿Yx��ª¿v^c�\¿z��¹ ¶³Y{¹yÏÎ�ÑÏ¹ÒÑ
vº� ½zºÀ-�µ{Yvº³Y�¾º-{¹y�²À´º� yuÑÏ¹ÒÑz·�{Y��¾-{¹y�

v��½zÀ-�µ{Yv³Y�±M�b]º�y�¹ ½y¹M��°k�zd�]�¶³º°³�yYzº¨c�yu
¶��£�¹u�¹ �zº¯ ¶º��£�¹u�yYzº¨c�zº· {Y��¿Zº¯{M�µy¹u�±Zº¿Z�
z·�½Z·�}¹zs�¹ Z·��z¯�²À.³ZÀ¯�u¹vo�Z¸³M�±{¹�¶º§ }¹zºs
�v^§��µv�°«Y{º«��±Yv.´��±{¹��¶�Ç�v�yu�¹ nº]w�uºº] yYzº¨c

v��½zÀ-�µ{Yv³Y�¾´�]�µz o�¾]z#�¹ ­ºX¬¿Y�¹u�­ºX¬¿Y�aZ¿ºdp¯
¹ ½y¹M��º°k�}¹zºs ¶º��£�¹u�¹ �zº¯ ¶º��£½Yz]�yZ°��

yu�Zº·½zºd§Z]ÏÍ�v³v��½yYu�¶.³�uYz-�¾d³Z��¶kyu��ª§�uYv�c
²ÀÀ�c�¶³º°³�­z-�¦¿�yu�Z·�ªÀ�Z]ºd§Ç�¹ Z·zd§Z]¹zd³Y��Z·�½zd§Z]

v¿uz-�
v��­Zl³Y�z¿{�mz��¶]�­ºX¬¿Y�½Z·�¶³º°³�½Z·�½zd§Z]��yZ°��

b�t³Îyu�¶³º°³�z·�{Y�­z-�Ö¦¿%º«º¿|À��­z��zdÀ«�¾¬À¯�
bºººpc�ª¿zdººº�Ybººº�Z¿�©Z¤dººº³Y ª¿zdººº�Y��¿Yzººº��~�ººº�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{ÎÐÕÏ

ÎÓÍ

©¹vkÎ�¾�¿Z¯{M�½Z·�µzÀk�\À§zc
¾³Z¿Z� v�y ²¿{Z�M ¶¬¨�d¯�½Y|kY�

Ð�ÑÑ Í�ÑÒ Í�ÓÍ ayw
Ó�ÏÒ Í�ÏÍ ºº ­v´-
Í�ÏÏ Í�ÏÓ ÍÎ�ÐÎ Z¿º��¶«Zl´§
Í�Ñ Í�Ò Í�Ò ¾·Z¯�yuº�
Î�Î Î�Î Ö�Í aZ ���®À�¬§�½u
Î�Î Í�Î ÏÍ�Î �v�
Í�Î Í�Î Í�Î ¶l³º¿
ÎÑÒ�Í ÎÑÒ�Í ÎÑÏ�Í ¦°³
ÎÕÒ�Í ÍÕÔ�Í ÍÕÒ�Í ²À³ºÀd¯
ÍÏÒ�Í ÍÒ�Í ÍÒ�Í ²¿|À«
Ð�Í Ð�Í Ð�Í ¾³v�¯�ª°¨¯�Î�

Ð�Í Ð�Í Ð�Í ²À¯Zd¿¹�ª°¨¯�Ï�

ÎÍÍ ÎÍÍ ÎÍÍ �°k
½Y�¶^�Zp¯�\À§zc

ÏÕÕÒ ÏÕÓÍ ÏÕÔÒ
{Z��¹ bsº��ª]Z£�½%z³Y

�­z-º¬À§�yu�½z«Z§º¬À§�
Ï�ÎÖ Ñ�ÏÍ ÍÑ�ÏÏ ²ÀXc¹z�
Í�Î Í�Î Í�Î ®À�¬§
ÑÒ�Í ÑÒ�Í ÑÒ�Í vÀ ¯�z ��
ÑÍ�Í ÑÐ�Í ÑÓ�Í ²À³ºÀd¯
Ö�Í ÖÔ�Í ÎÏ�Î ²¿|À«

Î�zº·Ðv¿Yz¬§�²À«º§�½ºdp¯�²c�yu�º¬Àº§ÑÍÍ|´.´¯��­z-�ÕÍ²·M��­z-�ÒÍ½¹y��­z-�ÓÍ~¯��­z-�Òv¿��­z-�Î®À´¬���­z-�Î�Íb«Z^§��­z-�Î�ÍµuZ¯�¹ ­z-�
Zc�¾h´sÐuº]�º¬À§��

Ï�zº·Ð²c�yu�º¬Àº§½ºdp¯²À¯Zd¿¹$ÎÍÍÍÍÍÍÍ²À¯Zd¿¹��¾¬¬°«Y�²À]�voY¹�Ð'ÏÒÍÍÍÍÍ²À¯Zd¿¹��¾¬¬°«Y�²À]�voY¹�(ÎÍ²À¯Zd¿¹��­z-�Ð.Ï�Ï²À¯Zd¿¹��­z-�Î%
Î²Àº¯Zd¿¹��­zº-Ï%Ñ²Àº¯Zd¿¹��­zº-Ó%Ï²Àº«º§��­zº-ÏÒ�Õ²À�ZÀ³��­zº-ÏÍ¦À«º��vÀ�Y��­z-�ÒÓ�Í²À¯Zd¿¹��­z-�ÎÏ%ÍÎÒ�Í¿¹��­z-�²À¯ZdÏ+ÎÒ�Í�­z-�

±YvÀ�§Y�¾d³MÎÏÒZc�¾h´s�µuZ¯�¹ ­z-�Ðuº]�º¬À§��

b£y�Zc�½v�]�½Z·�bº£yÎÍ�ÎÍv¿uz-�¶À¸c�¾´¬§��yZ°��½Yz]�
b�§��Àp¯�{Y�Z·�½zºd§Z]3ODWH�&RXQW�$JDU��3�&�$�µuZ d�Y�
¿ ¶§�\Àczc�²¿v]��vº�º£y�{Y�zdÀ«�¾¬À¯�¦º½Z·�bÎÍ�ÎÍ�Ö�ÎÍ�

Õ�ÎÍ³º°³�{Y�¾sz]�yu�µuZ d�Y�Z·�¶��¹y�Z]�¹ v3RXU� SODWHZ]�
yºººcZ]º¨³Y�yu�¹ bºº�§�zºº§x«Y�¡ººº� bºº�§��Àººp¯q&ÐÒ�ÐÐ

¶]av¯ÑÕv³v��µuYu�yYz£�b�Z���¦¿�yu�Z·¾´¬§�uYv�c�~���
v���yY|-�¶³º°³�{Y�­z-�ÎÕ��

Z¿zd§Z]¹zd³Y�µuYº³Zs�½Z·�½zd§Z]��yZ°��½Yz]�½Z·�½zd§Z]
½Y�µu¹y�Àp¯� {Yº�§��ºb0DF&RQNH\ $JU���*OXFRVH

�¹y� Z]�¹ v¿uz-� µuZ d�Y3RXU�SODWH¹RYHU� OD\µuYu�b�§�
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¾d�º-�½Z·�¶kºk�uz¨¬°��z]�¾³vÀ¯Z�M�[M�¢¿z��{Y�zÀ´��[M�{Y�µuZ d�Y���

ÎÓÎ

½Z¯u�yu�¹ v�q&ÐÔ�ÐÒ]º¶av¯ÑÕ�ÏÑ�ºb�Z½yYu�¶.³¹
v¿uz-��yZ°��¹ ¾�yz]�z�³�uyº¯�½Z·�¾´¬§�~���

�xººo vÀºº�Y�¦Àººd§Ç�½Zºº·½zººd§Z]��yZ°ºº� ½Yzºº]
b�§��Àp¯�{Y�Z·�}º¬À�Z]ºd§Ç056�$JDU¹7RPDWR�MXLFH

$JDU�yZ°��z�³�uyº¯�½Z·�¾´¬§�¾¿Z�Z´��{Y�~º� ¹ µuZ dº�Y�
º�v�¾�º¨º�¹z¨À¯�¾º�yz]�zº] µ¹Èº��{Y�¾ºsz]�½Z·�¾-&¿¹

´¬§�¾¿ZÀ°Àºº�ºÀ]ºººv¿uzºº- ¾ºº�yz]�|ººÀ³ Zºº·¾�½Zºº¯u½yYu�¶ºº.³�
q&ÐÍ�ÏÕavº¯ ¶º]ÑÕZºcÔÏzd��¹ uº]�b�Z��½�¿uyu�Z·

�z�½¹Zo�&2�v³v��µuYu�yYz£�ÎÕ��
� ½y¹M��º°k�­Zº£yYZ]�µv½zÀ-�µz¸]{Y�yY|�Y�­z³6$6��ÎÔ�

®·�\¿Yz��¹ v´d�z-�yYzº£ ªÀº¬pc�¹ ¶¿|ºlc�uyºº¯²À]�¾.d�]
½Z·yZÀºº�¯�¹ ¾³vÀ¯Zºº�M�[M�yu�zººÀ´��[M��¬dººt¯�mº�ºº�

²ÀÀ�c�|À³�µv��½zÀ-�µ{Yv³Y�v³v�

j¿Zd³
�¶³Y{¹y�±{¹�¶�Z�Y��±v]�±{¹�z]�zÀ´��[M��¬dºt¯�mº�º� zºgY

²��yu�Yx��ª¿v^c�\¿zº� ¹ �zº�¯ÏÎ©¹vk�yu�¾-{¹y�Ï
b�Y�µv��µuYu�±Z�³�±v]�±{¹�z]�zÀ´��[M��¬dt¯�mº���zÀgPc

uººº] yYu�¾ºº´�¯�¶ºº³Y{¹y�±{¹�¶�Zºº�Y�¹�ÍÍÍÑ�ÍS���¹ �zºº�¯
yYz£�zÀ´��[M�mº���yYu�¾´�¯�zÀgPc�bºpc�Yxº� ª¿v^ºc \¿zº�

v´d�zº.³�f�Z]�¾³vÀ¯Z�M�[M�¢¿z��{Y�zÀ´��[M�n����¿Y|º�Y
¹y�±{¹�¶�Zº�Y�¹ ±vº] ±{¹��·Zº§v¿uzº- ¶º³Y{�¶º]¶§�½yº�

²Àº] �ÈdºsYÕÍZ]�±v]�±{¹��Zp«�{Y�[M�yu�zÀ´��[M�vº�yu�
uºº] yYu�¾º´�¯�v·Zº� µ¹zº-�ÍÒ�Í3���±{¹�¶�Z�Y�¹ ±v]�±{¹

¶³Y{¹y�ÎÍÍzÀ´��[M�v�yu��[M�mº���z¿Z��¹ v·Z��µ¹z-�Z]
v³uYu�±Z�³�yYu�¾´�¯��·Z§�zÀ´��¶³Y{¹y�±{¹�¶�Z�Y��·Z§�v³¹y

¾º´�¯�zºÀ���·Zº§ Zº]yYu�¾´�¯�zÀ���¿Y|�Y�|À³�¹ Yx���z�¯�yYu�
uº]�¶]Z�¯�Yxº� ª¿v^ºc \¿zº��¹ ±v]�±{¹�½ÇZ]��º´c�\¿Yz�

¶º³Y{¹y�±{¹�¶�Zº�Y�ÔÍ�Í5� �±Zº�³½ÇZ]�½z¿x��zÀgPc�µv´·u
¹u�²¿Y¾-&¿¹b�Y�¾�¿Z¯{M�½Z·yZ°Àc�{Y��

yYu�¾ºº´�¯��·Zºº§ vºº³¹y�ÍÎ�Í3��±{¹�¶�Zºº�Y��±vºº] ±{¹
c \¿z���¿Y|�Y�¹ ¶º³Y{¹y²��yu�Yx��ª¿v^ÑÏv´³Z°·�¾-{¹y�

²º�ÏÎuº]�¾-{¹y��©¹vkÐ�yu�zÀ´��[M�n����¿Y|�Y�Z]�¹
¾³vÀ¯Zº�M�[M�ÎÍÍvº�yu��²º¿YZ·�¾-&¿¹½yYu�¾´�¯��·Z§�

��ÍÒ�Í�3�v³uYu�±Z�³�v·Z��µ¹z-�Z]�
±vº] ±{¹�½ÇZº] �º´ºc \¿Yzº��ÕÑ�Í5� �±{¹�¶�Z�Y�¹

¶º³Y{¹y�ÒÑ�Í 5��u ²¿Y�¶º§ v´º·u�¾º¯ ±Zº�³¹¾-&¿¹zd�À]�
ª¯Yº��z¿Z��Zc�v³Y�µuº]�¾º�¿Z¯{M�½Z·yZ°Àºc zºÀgPc�bºpc�±Y|À¯

²º� yu�zdº�]�b]ºº�yÑÏzÀ´��[M�±Y|À¯��¿Y|�Y�Zº] ¾º-{¹y�
yYu�¾´�¯��¿Y|º�Y�¾ºd�Z¿yu�ÍÎ�Í�3�¶§�½yº��¶]�uYu�±Z�³

¶º§ ¾º·¹z-�yu�zdº�]�b]ºº�y��ÈdºsYÎÍÍzÀ´��[M�vº�yu�
- ¹ v·Z��µ¹zº- Zº] uºº] µuzº§ bº�Z¿yuµ¹zÎÍzÀ´��[M�v�yu�

uº]�yYu�¾´�¯�
²��yu�¶º³Y{¹y�±{¹�¶�Zº�Y�¹ ±vº] ±{¹ÒÑbpc�¾-{¹y�

yYu�¾º´�¯�zºÀgPc�ÍÎ�Í�3�v´d�z-�yYz£zÀ´��[M��¬dt¯�mº��
�©¹vººkÑ�½Zºº·µ¹zºº- ±vºº] ±{¹��ÈdººsY�¶ºº§ ½yººº� ¶ºº]

µv´´§�bº�Z¿yuÕÍ¹ÎÍÍyYu�¾´�¯�v·Z��µ¹z-�Z]�zÀ´��[M�v�yu�
uºº]�®º·ÈdºsY�²Àº´#µ¹z-�±v]�±{¹��ÎÍÍZ]�zÀ´��[M�v��yu

uº]�yYu�¾º´�¯�|ºÀ³�Zº·µ¹zº- z¿Zº���z�¯ÎÍÍzÀ´��[M�v�yu�
v¿uz-�v·Z��µ¹z-�Z]�¶³Y{¹y�±{¹�¶�Z�Y�yYu�¾´�¯��·Z§�fº�Z]�
²ºº� yu�zdºº�]�b]ººº�y�¹ Yxºº� ª¿v^ººc \¿zºº� ¹ �zºº�¯ÒÑ

yYu�¾´�¯�zºÀgPc�bºpc�¾º-{¹y�ÍÒ�Í�3�yYz£�zÀ´��[M�mº��
zº-Y�v´d�zº-v³¹y�zdº�]�b]ºº�y�¹ Yxº� ª¿v^ºc \¿zº� ¶º#

v³uYu�±Z�³�[M�yu�zÀ´��[M n����¿Y|�Y�Z]�­Z.°·�Yy�¾º�¿Y|�Y�
½ÇZºº] �º´ººc \¿zºº��ÕÏ�Í 5��µv´ºº·u�±Zºº�³�±vºº] ±{¹

²¿Y�½z¿x��zÀgPc¾-&¿¹b�Y�¾�¿Z¯{M�½Z·yZ°Àc�{Y��
³¹yºº·Z§�vº§ yu�¶³Y{¹y�±{¹�¶�Z�Y�¹ ±v]�±{¹��ºµy¹u�ª

�ÒÑ�Ô¾º-{¹y��ºgY�yuz¿Z��v´³Z°·�zÀ´��[M�mº�º� �¿Y|º�Y�z
uº]�²À´º��©¹vkÒ�¶�Z�Y�¹ ±v]�±{¹��ÈdsY�¶§�½yº��¶]��

¶º§ ¾º¿Z·�µ¹zº- ¶º³Y{¹y�±{¹ÎÍÍµuz§�b�Z¿yu�zÀ´��[M�v�yu�
yYu�¾´�¯�Z·�µ¹z-�z¿Z��¹ v·Z��µ¹zº- Zº] v³uºº]�ÍÍÍÎ�Í�3�

uºº]�mº���yYu�¾´�¯�zÀgPc�bpc�Yx��ª¿v^c�\¿z��¹ �zº�¯
£ zºÀ´��[Mv´d�z.³�yYz�©¹vkÒ��±v]�±{¹�½ÇZ]��º´c�\¿Yz�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{ÎÐÕÏ

ÎÓÏ

©¹vkÏ�²� yu�Yx��ª¿v^c�\¿z��¹ Yx���z�¯ �±{¹�¶�Z�Y��±v]�±{¹ÏÎ¾-{¹y�
Yx��ª¿v^c�\¿z��v�y�Yx�� Yx���z�¯�{¹y�yu�­z-� ±{¹�¶�Z�Y�{¹y�yu�­z-� ±v]�±{¹�­z-� zÀ´��[M�±Y|À¯��v�yu�
ÕÔ�Î Ó�ÑÖ DÕ�ÏÔ D
Í�ÒÍÍ Í
ÔÍ�Î Ò�ÑÔ DÍ�ÏÕ DEÕ�ÑÖÒ ÎÍ
ÕÑ�Î Í�ÑÕ DÍ�ÏÓ EÐ�ÑÓÕ ÏÍ
ÔÐ�Î Ô�ÑÓ DÕ�ÏÓ DEÎ�ÑÔÕ ÑÍ
ÕÒ�Î Ï�ÑÔ DÕ�ÏÒ EÒ�ÑÓÒ ÕÍ
ÖÕ�Î Ò�ÑÑ EÒ�ÏÏ FÓ�ÑÎÖ ÎÍÍ
ÎÕÐ�Ír ÐÒ�Ðr ÑÎ�Îr Õ�ÎÖr yZÀ�¯��Yzp³Y
ÏÒ�Í ÏÏ�Í ÔÍ�Í ÔÍ�Í 5�


±Z��ÈdsY�v´d�·�¶]Z�¯zÀ���¹zo�½YyYu�¶§�±ºd��z·�½Z·�²À.³ZÀ¯b�Y�yYu�¾´�¯�ÍÍÍÑ�Í3���

©¹vkÐ�²�yu�zd�]�b]º�y�¹ Yx��ª¿v^c�\¿z��¹ �z�¯��±{¹�¶�Z�Y��±v]�±{¹ÑÏ¾-{¹y�
zd�]�b]º�y��� Yx��ª¿v^c�\¿z�

�v�y�Yx��
Yx���z�¯

�{¹y�yu�­z-�
±{¹�¶�Z�Y

�{¹y�yu�­z-�
±v]�±{¹

�­z-�
zÀ´��[M�±Y|À¯

�v�yu�
EÔ�ÏÑ EÔÍ�Î EÑ�ÖÕ DÏ�ÒÕ D
Ò�ÎÏÏÏ Í
EÒ�ÏÑ DEÏÕ�Ï DÓ�ÎÏÍ DEÒ�ÑÖ DEÒ�ÎÎÏÐ ÎÍ
DEÍ�ÐÎ DEÍÕ�Ï DEÒ�ÎÎÓ DEÒ�ÒÔ EÒ�ÎÏÍÏ ÏÍ
DEÒ�ÏÖ DEÍÑ�Ï DEÔ�ÎÎÎ DEÔ�ÒÑ DEÍ�ÎÎÒÍ ÑÍ
DEÓ�ÐÎ DEÍÒ�Ï DEÔ�ÎÍÏ DEÎ�ÒÍ EÏ�ÎÍÒÐ ÕÍ
DÕ�ÐÕ DÐÍ�Ï DEÑ�ÎÍÒ EÕ�ÑÒ FÐ�ÖÓÐ ÎÍÍ
Ñ�Ôr ÏÐÑ�Ír Ñ�ÎÏr Ó�Òr Î�ÑÎr yZÀ�¯��Yzp³Y

ÐÒ�Í ÑÔ�Í ÐÑ�Í ÒÑ�Í ÕÑ�Í 5�


b�Y�yYu�¾´�¯�±Z��ÈdsY�v´d�·�¶]Z�¯zÀ���¹zo�½YyYu�¶§�±ºd��z·�½Z·�²À.³ZÀ¯�ÍÎ�Í3���

¶º³Y{¹y�±{¹�¶�Zº�Y�¹�ÔÕ�Í 5��²¿Y�½ÇZ]�½z¿x��zÀgPc�¶³Zº�³
b�Y�¾�¿Z¯{M�½Z·yZ°Àc�{Y�bÀ�º�s�¹u�

�v^§��}Yz¨³Z���¶�Ç�v�yu�z]�zÀ´��[M��¬dt¯�mº�º� zºgY
­ºXº¬¿Y©¹vk�yu�¾´�]�µz o�¾º]z#�¹Ób�Y�µv��µuYu�±Z�³��

¶À¤]�v^§�±{¹�{Y�zºÀ�Z·�¾-&¿¹yYu�¾´�¯�zÀgPc�bpc��ÍÍÎ�Í3��
v´d�zº- yYzº£ zºÀ´��[M��¬dºt¯�mº�º��¶�Ç�vº�yu��·Zº§

¶º§ ¾º¿Z·�µ¹zº-ÕÍZ]�v³uº]�µuz§��z�¯�zÀ´��[M�v�yu�v��¹
uº]�yYu�¾´�¯�zÀ´��[M�v�yu�µu�¹ v·Zº� µ¹zº-�¿Y|�Y�Z]n����

­ºX¬¿Y�v�yu�¾�z�¯�zºÀ´��[M�ÑÍ�ÕÍ¹ÎÍÍ��±Z�³��¿Y|�Y
v³uº]�yYu�¾´�¯�v·Z��µ¹z-�Z]�aZ�ÈdsY�²º¿Y�¹ uYu�µz o�¾]z#

¾�zºº�¯�zººÀ´��[M�n�ºº� �¿Y|ºº�Y Zºº] ¾ºº´�]�ÑÍ�ÕÍ¹ÎÍÍ��
v³uº]�yYu�¾´�¯�v·Z��µ¹z-�Z]�aZ�ÈdsY�²¿Y�¹ uYu�±Z�³��¿Y|�Y�
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%ULW��3RXOW��6FL�������������
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DYDLODELOLW\�RI�ELRWLQ��3RXOW��6FL���������������

�� %LOJLOLV�� 6�� )�� DQG� (�� 7�� -U��0RUDQ�� ������ ,QIOXHQFH� RI�ZKH\� DQG� SURELRWLF� VXSSOHPHQWHG�ZLWKGUDZDO� IHHG� RQ� WKH�
UHWHQWLRQ�RI�VDOPRQHOOD�LQFXEDWHG�LQWR�PDUNHW�DJH�EURLOHUV��3RXOW��6FL���������������

�� 'DKL\D��&��3��DQG�+��/��6SHFN��������+\GURJHQ�SHUR[LGH� IRUPDWLRQ�E\� ODFWREDFLOL�DQG�LWV�HIIHFW�RQ�VWDIDXULRXV��-��
'DLU\�6FL���������������
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ÎÓÓ

�� 'LOZRUWK��%��&��DQG�(��-��'D\��������/DFWREDFLOOXV�FXOWXUH�LQ�EURLOHU�GLHW��3RXOW��6FL���������������
�� *XR��;���9��/L��)��.DQ��7��<��=KDQJ��������.DQJOLEDR�ODFWREDFLOOXV�SUHSDUDWLRQ�IRU�OLYHVWRFN�DQG�IRZO��&KLQ��-��9HW��

6FL��	�7HFK����������
��� +DQ��/��.��������6WXGLHV�RQ�WKH�JURZWK�SURPRWLQJ�HIIHFWV�RI�SURELRWLFV����7KH�HIIHFWV�RI�ODFWREDFLOOXV�VSRURJHQHV RQ�

WKH� JURZLQJ�SHUIRUPDQFH� DQG� WKH� FKDQJHV� LQ�PLFURELDO� IORUD� RI� WKH� IHFHV� DQG� LQWHVWLQDO� FRQWHQWV� RI� WKH� EURLOHU�
FKLFNV��.RUHDQ�-��$QLP��6FL�������� ��������

��� +DUHVLJQ��:��������5HFHQW�$GYDQFH�LQ�$QLPDO�1XWULWLRQ�����S��6HYHQRDNV��8.��%XWWHUZRUWKV�
��� +XIIPDQ��/��0��������3URFHVVLQJ�ZKH\�SURWHLQ�IRU�XVH�DV�D�IRRG�LQJUHGLHQW��)RRG�7HFK�����������
��� -D\DNXPDU��.���7��0XQHJRZGD��������3URELRWLFV�LQ�SRXOWU\�QXWULWLRQ��3RXOW��$GYL���������������
��� -LQ�� /�� =��� <�� :�� +R�� 1�� $EGXOODK�� 6�� -DODOXGLQ�� ������ 'LJHVWLYH� DQG� EDFWHULDO� DFWLYLWLHV� LQ� EURLOHU� IHG� GLHWV�

VXSSOHPHQWHG ZLWK�/DFWREDFLOOXV�FXOWXUH��3RXOW��6FL��������������
���0HKUOH��+��������(IIHFW�RI�PDQQDPRORJRVDFFKDULGH�RQ�KHDOWK�DQG�SHUIRUPDQFH�RI�FRPPHUFLDO�EURLOHUV��(QFORVXUH�

&RGH�������
��� 3DLN��,��.���<�-��&KRL��&��-�.LP��������(IIHFW�RI�VXSSOHPHQWDWLRQ�RI�SURELRWLFV��/DFWR�6DF��DQG�RUJDQLF�DFLG��DFLG�

3DFN�� :D\�� LQ� EURLOHU� FKLFNHQ�� %LRWHFKQRORJ\� LQ� WKH� IHHG� LQGXVWU\�� 3URFHHGLQJ� RI� $OOWHFK¶V�� 6L[WK� $QQXDO�
6\PSRVLXP����������1LFKRODVYLOOH��8�6�$���$OOWHFK¶V�7HFK��3XEOLFDWLRQV�

��� 6$6�,QVWLWXWH�,QF��������6$6�67$7�*XLGH�IRU�3HUVRQDO�&RPSXWHUV��5HOHDVH������HG��6$6�,QVW��,QF���&DU\��1&�
���9DQGHU]DQW��'��DQG�)��6SOLWWVWRHVVHU��������&RPSHQGLXP�RI�0HWKRGV�IRU�WKH�0LFURELORJLFDO�([DPLQDWLRQ�RI�)RRGV��

�UG HG��:DVKLQJWRQ��'��&�
���:HQN��&��������<HDVW�FXOWXUHV��ODFWREDFLOOL�DQG�D�PL[WXUH RI�HQ]\PHV�LQ�GLHWV�IRU�JURZLQJ�SLJV�DQG�FKLFNHQV�XQGHU�

6ZLVV� FRQGLWLRQV�� LQIOXHQFH� RQ� WKH� XWLOL]DWLRQ� RI� WKH� QXWULHQWV� DQG� HQHUJ\��%LRWHFKQRORJ\� LQ� WKH� IHHG� LQGXVWU\��
3URFHHGLQJ�RI�$OOWHFK¶V��6L[WK�$QQXDO�6\PSRVLXP�����������1LFKQRODVYLOOH��8�6�$��$OOWHFK�7HFK��3XEOLFDWLRQV�
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