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uyYu�uºk¹�¶¤�´¯�¹u�²À]�¾º·ZÀ-��º�º���ºº³ ¹ ¥Zºs�b¸k

v³v��[Ztd³Y�¾�yz]�
¶³ºº°³¹ µv��b�Yuz]�z�³�uyºº¯ ¶¤�´º¯ ¹u�{Y�¥Zºs ½Zº·
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µZ.�¿Z¯{M��¿Z¯{M�uyº¯�Z·zd§Z]ºc{Y�uºk¹�z�³�{Y�¶¬�Z�È]yYz£
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À��­z-�®À³��¹y�²º¿Y�yuZ]�®¿v��aY¹zêå¹ �º¬t¯�¥Zs�­z-�
vº� �Z^º�Y�zº�¤¯�[M�Zº]��¿u�½zd��¶]��Z^�Y�ªº-ª¿zd�Y�½Z·
±¹yu�yu�¹ µvº� ª¤dº´¯�¹zº�½zd��+y|]�ª¿zd�Y��§�¶§�zc

] ª¿zd�Y�z�¤¯�[M�Z]�Zº¸³M¶ª-�±v��¦�s�{Y�½zÀ-º¬k�yº�´¯
uº]�µv��µvÀ�º���Z^º�Y�v��¶d�]�±M��º�yu�¹ ¶d�z-�yYz£�~�

¶dº ·�¹u�{Y�µºº¸£��Zº¤³�{YY�Z^º�Y�ªº- n�º� yu�½�¾´¬§�¶º§
¶]�¹ µv��b�Yuz]�ª¿zd�Y�b�§�®À��Z]�uºº] ½zºd§Z]��«ZºsZ³

±ºº�´k�bº�§��Àºp¯�æ�ì S+�yYz¨c�Z]�¹ vº� µuYu�©Z¤dº³Y
bº�§�¶À¸c��«Zs�¾º´¬§v¿uz-�½zd§Z]��´§Y¹�µv·Z�¯�½Yz]

,º³y�yu{Y�b�À§�µv·Z�¯�½Yzº] ¹ µ{Zºc ¾º´¬§�{Y�­zº- ½|ºÀ¯M
bº�§Zº·¶dº ·�¹u�½Yv��µuZ d�Y�½�½Yz]¹ Z·�½zd§Z]�½yYu�¶.³

µZÀº- ¶º] ±M�nÀº¤¬c�­Zl³Yzº��¾º´¬§®À��Z]�¶d�Z¿�v�y�µ{Zc�½Zº·
±º�´k�b�§��Àp¯�½¹y�z]�ª¿zd�Y�b�§�éå�yZ-M�¶�Z�Y�¶]

uº]�µv��µuZ¯M��¿Z¯{M�¶«º«�yu�[yº¯�ayºº�¶º] ¶º§�µuYu�yYz£
½Zº¯u�yu�yººcZ]º¨³Y�yu�¹ vº�çë¾d³Zº� ¶ºkyu�½yYu�¶.³�uYz-

v¿uzº-�±v��±Z¿Z°³�{Y�~º�²Àd�t³½zd§Z]�v�y�yZgM��¶³º°³Z·
½Zº¯u�¹ ©Zº$t¿�yuéµZÀ-�¶]�nÀ¤¬c�±Z¯{�Zc�uYz-�¾d³Zº� ¶ºkyu�

vºº� ½yYu�¶ºº.³�{Y�~ºº� ½zººd§Z]�¶³ººº- �Àtºº�c�vÀºº¿Pc�½Yzºº]

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.2

.7
.0

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             3 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.2.7.0
https://jstnar.iut.ac.ir/article-1-426-fa.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

ìí

[yºº¯ yZº-M�½¹y�©Z¤dº³Y�¹ ½{Zº� �«Zºs�­z-�½|À¯M�,³y�
±ºº¯{M¥zºpc��µº¸£�¶º³Yv.³y�vÀº«ºcY,³y�½�±º¯{M¹ {ÇZcZ§�

v��­Zl³Y�±%¹yvÀ·�vÀ «º��vÀ«ºc�
µuZ d�Y�¾´¬§��yZ°���¹y�{Y�½zd§Z]�bÀ�°k�²ÀÀ�c�½Yzº]

vº��î��¦«Y�{Y�µv��b�Yuz]�µ{Zc�¥Zºs ­zº- µuç½zd¯�¾¬À¯�
²«yY�¶]�¹ µvº� µuYu�yº^º�çêå½¹Zo�½zdÀ«�¾¬À¯�îêzdÀ«�¾¬À¯�

ª¿zdº�Y�zº�¤¯�[Mµuz]av¯�¶]�¹ v��æê¶¤À£u�yYz£�±{�®·�yu�
b�zº-�av¯�¶º] ¥Zºs ±ºÀº�³Z��º�æê±º¨��b«Zo�¶]�¶À³Zg�

¹ b�Yuz]�zdÀ«�¾¬À¯�¦¿�y¹Z´�¹y�©º¬p¯�{Y�~���¹ ¶d�z-�yYz£
½¹Zo��¿Z¯{M�¶«º«�¶º]îv��¶�Z�Y�ª¿zd�Y�z�¤¯�[M�zdÀ«�¾¬À¯��

bº�Yuz]�Zº]¶]�ª¿zd�Y�z�¤¯�[M�Z]�±M�±v³Zº�y�¹ ¾º«Yºd¯�½Zº·
®ºloæåzºdÀ«�¾º¬À¯��b£y�Zcê�æåv��¶À¸c�±M�{Y��b£y�z·�{Y

µvº� ¶Àº¸c�¶³º°³�ª¿zd�Y�b�À��Z]�yYz¨c�¶º� yuZ·¿¶]�­Yv§z·�¾
®ºloæ�å¾¬À¯�½¹y�¹ b�Yuz]�zdÀ«�¹z��Àp¯�½¹Zo�½zd�
bº�§$VKE\��éå�¶�À��¶¬À¯�Z]�¹ ª¤d´¯Y½/ayº��¶] ª¨��

v���¿{ºc��Àºp¯�n�º� ½¹y�bsYº´º¨¿��¹z�] ½zd�¶av¯
º¨³Y�yu�¶dº ·�¦º¿½Zº¯u�yu�¹ yººcZ]çëyYz£�uYz-�¾d³Z��¶kyu�
¾´¬§�~���¹ ¶d�z-yu�µv¯M�b�u�¶] uv��¹ µv���yZ°��Z·æå

½zd§Z]�uYv�c�¹ v��[z��¶�º]z¯�b£y�~º¨��|ºÀ³�¹z·�yu�Z·
v¿uz-�¶^�Zp¯�¥Zs�­z-�î��

µ{Yv³Y¥Zs�½Z·zd¯YyZ��½zÀ-
µ{Yvº³Y½zºÀ-S+¹(&�l´��¹ ¥Zs��Z^�Y�ªº- µyZº���yu�
M ²]zº§b�z-�­Zl³Y�¦¬]�¾¬¨«Y¹��¹y�¶] ¥Zºs ¾º«�èè��a{Y

©v¯�©Yv¬l§¹z¨À¯�µZ.d�u�{Y�µuZ d�Y�Z]�©Yv¬l§��¹y�¶º] ¥Zºs
���� .MHOWHF�$QDO\]HU³Y�ººµ{Yv� ½zºÀ-ºv�¤¯º�Zd��yYvº¹ ®À

yu�©Z¯z³�­ºÀ³º¯M�aZd�Y�Z]�µv��¶Àº¸c�µyZº���yu�¥Zºs ®¿vº�
ì S+�Y�Zº]ºÀ¬��{Y�µuZ dºd¯ºd��®ºz�©v¯-($1:$<�3(3��

v¿uz-��l´��

Z·zd§Z]ºc{Y�Z]�±M�nÀ¤¬c�¹ µZÀ-�b�§
ºººººº�yz]�²ºººººº¿Y�yuº- {Y�¾ººººººº¯Y�®ºººººº£y�­v´ºººººººvÀ

7ULWLFXP�DHVWLYXP /��YDU��2PLG��v��µuZ d�Y�±Yv¬-�z·�yu

µ{Yv³Y�¶]ê�æ¥Zs�­z-º¬À§��¦«Y�{Y�µv��µv³Yyx-é¾¬À¯�½zd¯�
¹æ�µvÀºº�º��½¹Zºº- uººº§ ¥Zººs ±{¹�vºº� ¶dººt¿y�¾ººsz]

º�t�¯µuZ dº�Y�uyºº¯ ¥Zºs aZ�¾cZ¤À¤pc�µZ.d�¿Y�¶]��º]zº¯
±Zº�º��bº�¬s�©¹vk�yu��¿Z¯{M�²¿Y�yuæb�Y�µv¯M��yYv¤¯
µ{Yvº³Y�¶º] [Mêå�z·�¹ v��¶�Z�Y�Z·�¥Zs�¶]�¶�y|º¯ bÀ�zº�

v¿uz-�©zd´§�Zº·±Yvº¬-�²¿{ººc Zº] {¹y�>È¯Z§�mz�yu�¾�uZ�c�
­ºÀº³º¯M�aYzºdÀ³�ª¯Zº� yZ°Àºc yZº¸#��1��nÀ¤¬cY Z]zd§Z]ºc{

��$��­ºÀºº³º¯M�aYzººdÀ³�±u¹|ºº�Y Zºº] ­Oºººc zººd§Z]ºc{Y�Zºº] nÀºº¤¬c
��$�1�v·Zº� ¹��$�1�v��©Z°�Y�yYz¨c�yZ¸#�Z]�­Yvº§ zº·�

ªº- �¿Yzº� yu�Zº·±Yvº¬-¶º³ZsY½Zº¯u�yu�¹ ½çåZc�èå¶kyu�
uYzº-¾d³Zº��¾¿Z´�¹y�µy¹u�©ºº�æë¾¿Z´�¹y�av��¹ b�Z��

ìåååZºcíåååv³vº� ½yYu�¶º.³�~§ºº«�yu¶°·�¶]�©¹Y�¶dº ·�
uº§�½Z·yZ°Àc�¶]�¹ �z�¯�®§�¾¿Yx��zº�Z´��©ºº¬p¯�Z·yZ°Àºc

¾ºc{Yèêz·�½Y{Y�¶]�­ºÀ³º¯M�aYzdÀ³�ª¨��¶º] a{Y�­zº- ¾º¬À¯�
v��¶�Z�Y�¥Zs�­z-º¬À§�yu�µZÀ-�{ZÀ³�uyº¯�¾c{Y�uº§�yYv¤¯�¶d^«Y

¶]�¶§�±M�¾«M�²]z§�yYv¤¯�¶]�¶kºc�Z]�¥Zs�²¿Y�¹y�%LVZDV��ê�
v¿uz-�¶^�Zp¯êçuº]�¥Zs�­z-º¬À§�yu�­z-�¾¬À¯��

µZÀ-�¶]�½zd§Z]�nÀ¤¬c�½Yzº]�½zd§Z]��«Zs�¾´¬§�{Y�½yYv¤¯
b�§�®À��Z]�±º�´k�v¯Zk�b�§��Àp¯�½¹Zo��¿Z¯{M�¶«º«�{Y
yYu�©ºdÀ³Z¯�±º�´k��¿Z¯�b�§��Àp¯�¶]�¹ µv��b�Yuz]�ª¿zd�Y

½Zº¯u�yu�yººcZ]º¨³Y�z¨Àº� yu�¹ ¶�Zº�YçëuYz-�¾d³Zº� ¶ºkyu�
º� ½yYu�¶º.³v�,³y�½zÀ��¹ Z·�½zd§Z]�bÀ�°k��¿Y|�Y�{Y�~�
�Àp¯�±vº��iº¯�©º��yu�½zd¯ºcº�¹zd¨��Y�{Y�µuZ d�Y�Z]ëåå

zºd¯º³Z³�Zº·½zºd§Z]�bÀº�°kæåîv��²ÀÀ�c�zdÀ«�¾¬À¯�¦º¿ yu��
¯ºpº¬ºº©º·ºd�Y�½Zº�Y�z]�uyYv³Zº�¹y�}Z0F� )DUODQG��î�Z]

®ºlo¦¿yº «º��vÀ�Y�{Y�¾º ¬dt¯�½Zº·æ�v¿z¬§�®¿yZ]�¹æ�
v¿uz-�®À�zc�uyYv³Zd�Y��s�¹ v��¶À¸c�

ª¯Zo�±Yº´��¶] bÀ«º¨À¯y¹�{Y�½zd§Z]�Z]�±Z·ZÀ-�nÀº¤¬c�½Yzº]
vº� µuZ dº�Y�¶]æååª¿zd�Y�¹ µv��yuº��bÀ«º¨À¯y¹�­z-��æå

¹ µv��¶�Z�Y�½zºd§Z]�±ºÀº�³Z��º��zºdÀ«�¾º¬À¯æyu�±M�{Y�­z-�
½¹y�~���¹ µv��µv³Z�º��±M�n���¹ b�z-�yYz£�¥Zs�ªºsYu

� y¹x]�±Mº�vº� ¾³º º£ µvº�z-�yYzºb�bÀ�°k�\Àczc�²¿v]
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zd§Z]ºc{Y�¾¨¿%º«º§Y�¾�yz]¹ ±Zl¿Z]ywM�¾�cz¯�¶¤�´¯�¹u�yu���

��

©¹vkæ�¾-&¿¹�¾sz]�ZÀ°À��¹ ¾¨¿|À��½Z·¿] ¥Zs�¾¶�·¹&��²¿Y�yu�¶d�y�yZ§
}y b¬À� ¶�Z¯ 0Q )H . 3 2�& (& S+

�
0J�NJ

� GV�P

ê�æå ç�æê è�ìé êé�è ìè�è çåå é�é èî�å í�æ ç�ì ¥Zs
Z·�½zd§Z]�æåí½Y{Y�¶]�uº]�µZÀ-�z·�¹ ª¯Zo�­z-�z·�µz oZ·yu
bº¿Z¸³±Yv¬-�z·�yu�¹ µv��µv³Z�º��¥Zs�Z]�íZ]�­v´-�yx]�uv��

v��¶d�Z§��¹y�²¿Y�

µZÀ-�¶]��º]z¯�½Z·zd¯YyZ���l´��¹ b�Yuz]
{Y�~º�êë¶º³Zt¬-�yu�vº�y�{¹y��v³v��b�Yuz]�±Z·ZÀ-�­Yv³Y

¶�¿y�¹ µv��Yvk�¶¤¿�ªp¯�{Y�¶�¿y�¹ ¾º¿Yº·¶]�|À³�Z·ª¯Z§�yº�
v³vº� µuYu�ºº�d���¹ Y|ºl¯�¥Zºs {Y�±Yv¬-�z·�{Y�µZÀ-�yZ¸#

½Yz]�uYv�c�²À°·�¶]�¹ ¶º�¿y�©ºº� ¹ ªÀ�¹zº¬§��l´º� ½Yzº]
v´d�z-�yYz£�µuZ d�Y�uyº¯zº�Z´��yYvº¤¯�¹ ¦º�s�±{¹�²ÀºÀ�c�

v��²ÀÀ�c�¶º�¿y�¹ ¾º¿Yº·�­Yvº³Y�zºc ±{¹��¹y�¶]�¶�¿y�©º�
¶¨^º� �yZ°º�Y½�éè�ªÀ�¹zº¬§�¹ vº¯M�bº�u�¶º]Z]�Z·�+zº]

iº¯�©º��yu�½zd¯ºcº�zd¨��Y��¹y�¶] ¹ ²d�Y�yu�iYztd�Y½Z·
ëéê¹ëëèv��²ÀÀ�c�zºd¯º³Z³��¦�s�±{¹�²ÀÀ�c�½Yz]�¶³º°³yu�Z·

½Z¯u�¹ ±¹Mìåav¯�¶] uYz-�¾d³Z��¶kyu�çév³v��¦�s�b�Z���
®À�Zd��¹ a{Y�b�¬��²ÀÀ�c�½Yzº]�¶³º°³zd�§Zs��¹y�¶] Z·

{Y�µuZ d�Y�Z]�¹ [º�zº¯½¹y�yu�¦¿z¬§z��vÀ�Y¾cyYzo�µZ.d�u
¾º] Zºcv³v��zd�§Zs�ª¯Z§�±v��,³y�®lo�¶]�±v³Z�y�{Y�~��

¶³ºº°³�®Àº�Zd�ª´�¹v³M��¹y�¶] a{Y�¹ ½zd¯ºd��®¬���¹y�¶] Zº·
¾]M�éë�µ{Yv³Yv��½zÀ-�

[xk�½Z·zd¯YyZ��¶^�Zp¯�½Yzº]�XSWDNH�©Z¤d³Y�¹�WUDQVSRUW�
©º¯z��{Yv¿uz-�µuZ d�Y�z¿{�½Z·�
[xºk ¾¿Yº·�­Yv³Y�¹ ¶�¿y�z�´��yYv¤¯��ºº°l¯�PJ���±{¹

¶�¿y�¦�s�J�
©Z¤d³Y ¾¿Yº·�­Yv³Y�z�´��yYv¤¯�PJ���¶�¿y�¦�s�±{¹�J�

²Àº.³ZÀ¯�¶º�¿Z¤¯�¹y�¶] Z·$129${Y�µuZ d�Y�Z]�¹±º¯{M
¾º§ºc�7XNH\�vº� ­Zºl³Y��½Z·zd¯YyZ��²À]�¾.d�]�®·�¾º�yz]

¶]�¥Zs��¬dt¯±ºÀ�z-y��¹yyY|�Y�­z³�Z]�¾�s6366­Zl³Y�
v¿uzº-�bÀ�°k�Z]�¾·ZÀ-���º���º³�²À]��Z^ºcyY�²ÀºÀ�c�½Yzº]
½zd§Z]�uyº¯�¾·ZÀ-���º���º³�yZ¸#�¶]¾�yz]�¶^cy½Z·åZc�

è¶^ºcy�²º¿Y�²Àº] ¾.dº�]�®º· ~�º� ¹ µvº� µuYu�bÀ�°k�Z]�Z·
v¿uzº- ²ÀºÀ�c�½zºd§Z]�µuYu�µzÀ�d¯�v´º# ªÀº¬pc�¹ ¶¿|ºlc½Z·

À�°k�¶]��º]zº¯] Z·�½zd§Z]�b¶��º��¾ À§�zÀ�d¯�uyº¯�yu�|k
¾·ZÀ-�yY|�Y�­z³�{Y�µuZ d�Y�Z]�¹ ­Z-�¶]�­Z-��¹y�¶]6$6­Zl³Y�
b�z-�

j¿Zd³
¥Zs�{Y�µv��Yvk�­º§º§¹z§�zd§Z]ºc{Y�aZ�t�¯

av¯�¶]�¥Zs��Z^�Y�zÀ°s�±uYu�yYzº£ {Y�~º�æåZc�æêyu�{¹y�
yººcZ]º¨³YçëuYz-�¾d³Z��¶kyu��¶¨«µº¸£�½Z·Y¾´¬§�¶§�¾.³y�½

uººº] ½zººd§Z]��«ZººsZ³�v³vºº� zºº·Z��ªºº- n�ºº� ½¹y�yu�
¾ºº´¬§�²ºº¿Y�©Z¤dºº³Y�{Y�~ºº� {¹y�¶ºº�bºº�§��Àººp¯�¶ºº] Zºº·

±ººº�´k�vºº¯Zk�¾ºº´¬§zºº·Z��ª¨ºº� ½¹zºº§ �Z ºº� ½Zºº·
vºº���¿Zºº¯{M�½zººd§Z]��Àtºº�c�vÀºº¿Pc�yº�´ºº¯ ¶ºº]Z·ºº¿¾

­zºº- ½|ºÀ¯M�,º³y�¶º¬°k�{Y�±ºº¯{M¥zºpc��±ºº¯{M{ÇZººcZ§��
¶ºººº³Yv.³y�uZººººl¿Y½Zºººº·µººººº¸£Y¹ [M�yu�©ººººº¬p¯Z³�½

vÀ«ºc+�6©¹vk�yu�¾�yz]�²¿Y�j¿Zd³�¶§�b�z-�ayº��çµv¯M�
b�Y�

¾º�yz]�yu¾�º¨º�¹z¨À¯�½Zº·�©Z¨�Y�¶]�­º§º§¹z§�zºd§Z]ºc{Y
¶¬Àº¯YZc¹u�½º¿¾�¾�¿¹y�½¹z§�¹�b�À§�Z¿�uz ´¯�ayº��¶]
i¹{º¿uµvº�v�¥%Zc�±uº]�YyYu�ªÀ«u�¶º] Zº·½zºd§Z]�²Àº´#�®º·

ºpd¯�¾º³º¯YzÀ�v³uºº] ¥z�bº�§�yu¶d ·�¹u�½Zº·Y½zd§Z]�½Z·
d¯º� Z¸³M�µyYº¿u�¹ ­yºº¯ ¶§�v��®ÀtºYy�b�À§�¶]�ª¿v^c�ªoYz
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

íå

©¹vkç�b�z-�yYz£��¿Z¯{M�uyº¯�¾�yz]�²¿Y�yu�¶§�­º§º§¹z§�zd§Z]ºc{Y�½zd§Z]�aZ�t�¯�¾sz]�
µº¸£�¶³Yv.³y�vÀ«ºcYZ³�½
[Myu�©º¬p¯

vÀ«ºc+�6 {ÇZcZ§ b�À§�ªÀ¨�c ¥zpc ,³y­z-�½|À¯M ½%º«º�yº¯
� � � � � � µZcº§�ªÀ�Z]º¬�¿u

¾¯�±Zº�³uYu�¾´¬§±º�´k�b�§��Àp¯�yu�¶d�Z¿�v�y�½Z·�v�]
¦¿�{Y¶³Yv.³y�¶d ·µº¸£�½Z·Yv³uz§�vÀ«ºc�¾.³y�½�

¾º-&¿¹�²Àº] �Z^ºcyYZÀ°À��½Zº·¿½zd§Z]�bÀ�°k�¹ ¥Zs�¾
sz]ºº�t�¯�¾ºZÀ°À��aZ¿s ¾ºº¹u�yu�¥Z�´¯º¯ ¶¤º�À¹ �Yuº

©¹vk�yu�\Àczc�¶º] ¶kYººsè¹éb�Y�µv¯M��²À]��Z^cyY�j¿Zd³
zd§Z]ºc{Y�bÀ�°k�Z]�¾º·ZÀ-��º�º���ºº³ ¹ ¥Zºs ½Z·zºd¯YyZ�

] ­º§º§¹z§¶z¿{�mz�b�Y�

�«Y�½zd§Z]�bÀ�°k�Z]�¾·ZÀ-���º���º³�²À]��Z^cyY
¾ºº´�¯�¾.dºº�]�®ºº·n�ºº� yu�\Àczººc¶ºº] ½yYuæ�¹ê�²Àºº]
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¾´�¯�¾.dº�]�®º· ¶¤�´º¯ ¹u�{Y²À]�½yYu(&½zd§Z]�bÀ�°k�¹
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¶¤�´¯�yu�zd¯YyZ��²¿Y�yu�¾�·Z§�¹ �Yuº�À¯�¶¤�´¯�yu�Z·�½zºd§Z]
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QV QV 

 QV QV QV
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QV QV 
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íç

½¹y�¥Zs�{Y�µv��Yvk�½Z·zd§Z]ºc{Y�Z]�­v´-�µZÀ-�nÀ¤¬c�zºgY
µZÀ-�¾³v�¯�¶¿x�c�¹ v�y

½Z·�yZ°Àc�yu�±Z·ZÀ-�¾¿Yº·�­Yv³Y�¦�s�±{¹��$�1����$¹
�1�¶]º�¯�yºº¾´] ½yYuº·Z��{Y�zd�Àºv�$�1��«¹�uº]�º²À]�¾

·yZ°Àcº c�Zº´�¯�a¹Zº¾k¹�½yYuº³ uººb�Yv�©¹vkë��uYv�c
zgY�¾«¹�b�Z¿��¿Y|�Y�¡º��¶³Z-�¶��½Z·yZ°Àc�zÀgPc�bpc�Z·�+z]

uº^º³ a¹Z dº¯ zº.¿v¨¿�{Y�Zº¸³M�¾c{Y�uºº§ ½Z·yZ°Àºc�Z]�nÀ¤¬c
­Oºc�Zº¿ ¹ ½zºd§Z]��¿Y|�Y�f�Z]¾´�¯ªÀ�¹z¬§�b�¬��yu�½yYu

v��Z·�+z]�uº]�­ºÀ³º¯M�aYzdÀ³�yZ°Àc�{Y��À]�zd§Z]ºc{Y�yZ°Àc�zgY�
uYv³�±Z�³�½yYu�¾´�¯�a¹Z c�­Oºc�yZ°Àc�Zº] v´#zº·�©¹vkë��

¾c{Y�uº§�yZ°Àc�¶��zº·�nÀ¤¬c�Z]�­Oºc�uº§�¹ nÀ¤¬c�¦�s�±{¹
v³uYu��¿Y|�Y�v·Zº� ¶º] b^º�³�Yy�±M�©ºº� ¹ ¶º�¿y�²¿Y�zÀgPc

zgY�{Y��À]�uº§¹�nÀ¤¬c�­Oºc�yZ°Àc�zºgY�¹ µuº^º³ ±Zº�¨¿�Z·yZ°Àºc
Z¸´c�¶]�­Yv§z·¿uº]�¾�©¹vkë��

¶³Z-�¶��½Z·yZ°Àc�zgY�yu�¶�¿y�®À�Zd��b�¬���$�1���$
¹�1b�Z¿��¿Y|�Y�v·Z��yZ°Àc�¶º] b^º�³��ª¨�æ��²¿Y�zÀgPc

aYzdÀ³�yZ°Àc�{Y��À]�nÀ¤¬c�yZ°Àc�yu�¹ µuº^³�±Zº�¨¿�yZ°Àºc ¶º�
bº�Y�µuºº] ­ºÀº³º¯M�¾´�¯�a¹Z c�­Oºc�yZ°Àc�Z]�v´º# zº·½yYu

b�Yv³�Z]�Yy�nÀ¤¬c�zgY�²À]�a¹Z c�|À³�©Z¤d³Y�¹ [xk�½Z·zd¯YyZ�
uYu�±Zº�³�uºº§��À]�®À�Zd��[xk�½¹y�zd§Z]ºc{Y�Z]�nÀ¤¬c�zÀgPc

uº]�­Oºc�¹ uº§�yZ°Àc�¹u�{Y�ª¨�ç��
¶�¿y�yu�a{Y�bº�¬�{Y�Z]�nÀ¤¬c�yZ°Àc�zgY�yu�Z·�À]�zd§Z]ºc

b�Z¿��¿Y|�Y�v·Z��¶]�b^�³�¾c{Y�uº§�yZ°Àc�{Y�ª¨�è��yZ°Àc
�$¾º´�¯�zºÀgPc�²¿zdº�À]�b�Yu�a{Y�[xk��¿Y|º�Y�yu�Yy�yYu�

Z]�nÀ¤¬c�zÀgPc�bpc�¾º¿Yº·�­Yvº³Y�¶º] |ºÀ³�a{Y�©Z¤dº³Y��¿Y|º�Y
uºº] zdº�À]�uº§zºgY�¶º] b^º�³�zºd§Z]ºc{Y�­Oºc�yZ°Àc�Z]�v´#�z·

¾´�¯�a¹Z c±Z�³�½yYuuYv³��ª¨�é��

fp]
¶³º°³�¶º] �º]zº¯ ­º§º§¹zº§ zºd§Z]ºc{Y�bÀº�°k�²¿zºcÇZ]½Z·

¶³º°³�Z]�¶�¿Z¤¯�yu�±Z·ZÀ-�z �¹|¿y�{Y�µv��b�Yuz]�º]z¯�½Z·
b�Y�µuº]���º��v£Z��¢�Z´¯�¶º]�±uº]��¹zcº³Z-yYºÀ°À��¶]�¶kºc�Z]

Z·zºd§Z]ºc{Y��^´¯�¶§�±Z·ZÀ-�z �¹|¿y�yu�bÀ�°k�±uº]ÇZ]vÀ«ºc
¹cv´�Z]�¾¯�¥Zs�¶]��¬dt¯�¾«M�uYº¯�n�z�b�Y�yZ�d³Y�ª]Z£�çì��

z.¿u�½ºº� {Y�¹ �Yuº�À¯�¾�cz¯�¶¤�´¯�¹u�z·�yu�bÀ�°k
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µvº¿v��uººt³�µzºÀcYv�Z]�¾¯�µv��¶dsZ´��½�æç��¿Y|�Y�yu�¶§

uyYu��¤³�²·M�[xk�çì��
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ªº¯Z��²¿Y�½zºd§Z]�bÀº�°k�½¹y�Yy�uººs zºÀgPcvo�yu�¶¤�´¯
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çè��Z]�­v´-�µZÀ-�¾-z]�nÀ¤¬c�©Z^³u�¶] ¶³Yu�uzº¨¬°��yu��¿Y|º�Y

] ¾c{Y�uº§�{Y�ª¤d�¯�­º¬¿z��¹{M¶¶d�y�yZ§�èê�z]�¾��Z£�ªÀ«u
º¿Ybº�Z�uY�²�|À³�µv��nÀ¤¬c�±Z·ZÀº- yu�¶º�¿y�vº�y��¿Y|º�Y

>Zcv°�uº��¾¯�µuYu�b^�³�¾³º¯yº·�yZgM�¶]��çí��¾�yz]�²¿Y�yu
zd�À]�©Z¤d³Y�¹ ªÀ�¹z¬§�yYv¤¯��¿Y|�Y�|ºÀ³.�yu�¾¿Yº·�­Yv³Y�¶]�

v´³Z¯�¾³º¯yº·�¾«Z°doY�zgY�¶]�Yy�zd§Z]ºc{Y�Z]�µv��nÀ¤¬c�±Z·ZÀº-
�³�±Yºc�¾¯�|À³�²À´À§ºdÀº�¶�¿y�v�y�¦¿zpc�²°��¶§�uYu�b^�

b¿Yv·�|À³�¹ ªÀ�¹z¬§��¿Y|�Y�ª¯Z��¾¿Yº·�­Yv³Y�¶]�©Z¤d³Y�{Y�~�
±ºº¿uº��¾¯�¾¿Yº·�­Yv³Y�¶]�½y¹zº� ½Zº·�yu�²À´À§ºdÀ���¤³

uYºº¯ ©Z¤dº³Y�¾�º�º¯�v�y�|º§Yz¯�¹ ¾º¿Yº·�­Yvº³Y�¶º] ¾º¿Yx
º�´bº�Y�µvº� ¶dsZ�éç��²À´À§ºdÀº� ²Àº]¹ ¾c{Y�¶¿x�c�¹ Zº·

®Àº�Zd�uyYu�uºk¹�¾.´cZ.´c��Z^cyY�µZÀ-�yu�uº^°§�¶§�½yº��¶]
�·Z§�¹ ¶�¿y�²À´À§ºdÀ���·Z§�ªº¯Z��µZÀº- yu�®Àº�Zd��¹ a{Y

b�Y�¾¿Yº·�­Yv³Y�¶]�±M�aYyuZ��èë��

�]Z´¯µuZ d�Y�uyº¯�
�� $OHI�� .�� ������ (QULFKPHQW�� LVRODWLRQ� DQG� FRXQWLQJ� RI� VRLO� PLFURRUJDQLVPV�� 33�� ��������� ,Q�� .� $OHI� DQG� 3��

1DQQLSLHUL��(GV����0HWKRGV�LQ�$SSOLHG�6RLO�0LFURELRORJ\�DQG�%LRFKHPLVWU\��$FDGHPLF�3UHVV�
�� $WNLQV���&��$��������0HWDEROLVP�DQG�WUDQVORFDWLRQ�RI�IL[HG�QLWURJHQ�LQ�WKH�QRGXODWHG�OHJXPH��3ODQW�6RLO���������������
�� %DVKDQ�� <�� ������ 6KRUW� H[SRVXUH� WR $]RVSLULOOXP� EUDVLOHQVH LQRFXODWLRQ� HQKDQFHG� SURWRQ� HIIOX[� RI� LQWDFW� ZKHDW�

URRWV��&DQ��-��0LFURELRO��������������
�� %LDOF]\N�� -�� DQG� =�� /HFKRZVNL�� ������ &KHPLFDO� FRPSRVLWLRQ� RI� [\OHP� VDS� RI� WRPDWR� JURZQ� RQ� ELFDUERQDWH�

FRQWDLQLQJ�PHGLXP��-��3ODQW�1XWU����������������
�� %LVZDV��7��'�� DQG�6��.��0XNKHUMHI�� ������7H[W�%RRN�RI�6RLO�6FLHQFH��3�������7DWD�0F*UDZ�+LOO�3XEOLVKLQJ�&R��

/LPLWHG��1HZ�'HKOL�
�� %ODLU��*��-���0��+��0LOOHU��������1LWUDWH�DQG�DPPRQLXP�DV�VRXUFHV�RI�QLWURJHQ�IRU�FRUQ�DQG�WKHLU� LQIOXHQFH�RQ�WKH�

LQWDNH�RI�RWKHU�LRQV��$JURQ��-��������������
�� %RGGH\��5��0���6��8UTXLDJD��9��5HLV�DQG�-��'RHEHUHLQHU��������%LRORJLFDO�QLWURJHQ�IL[DWLRQ�DVVRFLDWHG�ZLWK�VXJDU�

FDQH��3ODQW�6RLO����������������
�� &DFFLDUL��,���'��/LSSL��7��3LHWURVDQWL�DQG�:��3LHWURVDQWL��������3K\WRKRUPRQH�OLNH�VXEVWDQFHV�SURGXFHG�E\�VLQJOH�DQG�

PL[HG�GLD]RWURSKLF�FXOWXUHV�RI�$]RVSLULOOXP DQG�(QWHUREDFWHU��3ODQW�6RLO���������������
�� &DSSXFFLQR�� -�� *�� DQG� 1�� 6KHUPDQ�� ������ 0LFURELRORJ\�� $� /DERUDWRU\� 0DQXDO�� 7KH� %HQMDPLQ�&XPPLQJV�

3XEOLVKLQJ�&R��,QF�
��� &DWDOGR��'��$���.��0��0F�)DGGHQ��7��0��*DUODQG�DQG�5��(��:LOGXQJ��������2UJDQLF�FRQVWLWXHQWV�DQG�FRPSOH[DWLRQ�

RI�1LFNHO��,,���,URQ��,,,���&DGPLXP�,,��DQG�3OXWRQLXP��,9��LQ�VR\EHDQ�[\OHP�H[XGDWHV��3ODQW�3K\VLRO��������������
��� &RKHQ��(���<��2NRQ��-��.LJHO��,��1XU�DQG�<��+HQLV��������,QFUHDVH�LQ�GU\�ZHLJKW�DQG�WRWDO�QLWURJHQ�FRQWHQW� LQ�=HD�

PD\V DQG�6HWDULD LWDOLFD DVVRFLDWHG�ZLWK�QLWURJHQ�IL[LQJ�$]RVSLULOOXP VSS��3ODQW�3K\VLRO��������������
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

íí

��� '¶$UF\�/DPHWD��$�� ������ (WXGH� GHV� H[XGDWV� UDFLQDLUHV� GH� VRMD� HW� GH� OHQWLOOH�� ,��&LQHWLTXH�G¶H[VXGDWLRQ� FRPSRVHV�
SKHQROLTXHV�� GHV� DPLQR� DFLGHV� HW� GHV� VXFUHV�� DX�FRXUV�GH�SUHPLHUV� MRXUV�GH� OD�YLH�GHV�SODQWXOHV��3ODQW�6RLO�����
��������

��� 'DUW�� 3�� -�� DQG� -��0�� 'D\�� ������ 1LWURJHQ� IL[DWLRQ� LQ� WKH� ILHOG� RWKHU� WKDQ� E\� QRGXOHV�� ,Q�� 1��:DONHU� �(G���� 6RLO�
0LFURELRORJ\��%XWWHU�:RUWK�6FL��3XEOLFDWLRQ��/RQGRQ�

��� 'REHUHLQHU�� -�� ������ 1LWURJHQ� IL[LQJ� EDFWHULD� LQ� WKH� UKL]RVSKHUH�� ,Q�� $�� 4XLVSHO� �(G���� 7KH� %LRORJ\� RI� 1LWURJHQ�
)L[DWLRQ��1RUWK�+ROODQG�3XEOLVKLQJ�&R��$PVWHUGDP�

��� )XVVHQGHU�$��DQG�0��.UDXV��������,QGLYLGXHOOH�:XU]HONRQNXUUHQ]�XQG�$XVQXW]XQJ�GHU�LPPRELOHQ�0DNURQDHKVWRIIH�
LP�:XU]HOUDXP�YRQ�0DL]��)ORUD������������

��� *RQ]DOH]�ORSHV��-���9��6DOPHURQ�DQG�-��0RUHQR��������$PLQR�DFLG�DQG�YLWDPLQV�SURGXFHG�E\�$]RWREDFWHU�YLQHODQGLL
LQ�FKHPLFDOO\�± GHILQHG�PHGLD�DQG�GLDO\VHG�VRLO�PHGLD��6RLO�%LRO��%LRFKHP�������������

��� *RQ]DOH]�ORSHV�� -��� 0�� 9�� 0DUWLQH]�7ROHGR�� 6�� 5HLQD� DQG� 9�� 6DOPHURQ�� ������ 5RRW� H[XGDWHV� RI� PDL]H� DQG�
SURGXFWLRQ� RI� DX[LQV�� JLEEHUHOOLQV�� F\WRNLQLQV�� DPLQR� DFLGV� DQG� YLWDPLQV� E\� $]RWREDFWHU� FKURRFRFFXP LQ�
FKHPLFDOO\�GHILQHG�PHGLD�DQG�GLDOLVHG�VRLO�PHGLD��7HFKQRO��DQG�(QYLURQ��&KHP������������

��� *UDKDP�� 0�� <�� DQG� 7�� /�� *UDKDP�� ������ 5DSLG� DFFXPXODWLRQ� RI� DQLRQLF� SHUR[LGDVH� DQG� SKHQROLF� SRO\PHUV� LQ�
VR\EHDQ�FRW\OHGRQ�WLVVXHV�IROORZLQJ�WUHDWPHQW ZLWK�3K\WRSKWKRUD�PHJDVSHUPD I��VS��JO\FLQHD ZDOO�JOXFDQ��3ODQW�
3K\VLRO����������������

��� +DMLERODQG�� 5�� ������ =LQF� (IILFLHQF\� LQ� 5LFH� �2U\]D� VDWLYD /��� 3ODQWV�� 3K�'�� 7KHVLV�� 8QLYHUVLW\� RI� +RKHQKHLP��
6WXWWJDUW��*HUPDQ\�

��� +DOOHU��7K��DQG�+��6WROS��������4XDQWLWDWLYH�HVWLPDWLRQ�RI�URRW�H[XGDWLRQ�RI�PDL]H�SODQWV��3ODQW�6RLO��������������
��� ,GULV��0���)��3��9LQWKHU�DQG�9��-HQVHQ��������%LRORJLFDO�QLWURJHQ�IL[DWLRQ�DVVRFLDWHG�ZLWK�URRWV�RI�ILHOG�JURZQ�EDUOH\�

�+RUGHXP�YXOJDUH /����=��3IODQ]HQHUQDHKU��%RGHQN������������������
��� -DJQRZ��*��������,QRFXODWLRQ�RI�FHUHDO�FURSV�DQG�IRUDJH�JUDVVHV�ZLWK�QLWURJHQ�IL[LQJ�UKL]RVSKHUH�EDFWHULD��SRVVLEOH�

FDXVHV�RI�VXFFHVV�DQG�IDLOXUH�ZLWK�UHJDUG�WR�\LHOG�UHVSRQVH�± D�UHYLHZ��=��3IODQ]HQHUQDHKU��%RGHQN���������������
��� -DJQRZ��*���*��+RHIOLFK�DQG�.��+��+RIIPDQQ��������,QRFXODWLRQ�RI�QRQ�V\PELRWLF�UKL]RVSKHUH�EDFWHULD��SRVVLELOLWLHV�

RI�LQFUHDVLQJ�DQG�VWDELOL]LQJ�\LHOGV��$QJHZ��%RWDQLN�������������
��� .DQXQJR�� 3�� .��� %�� 5DPDNULVKDQ� DQG� 9�� 5DMDUDPDPRKDQ� 5DR�� ������ 3ODFHPHQW� HIIHFW� RI� RUJDQLF� VRXUFHV� RQ�

QLWURJHQDVH�DFWLYLW\�DQG�QLWURJHQ�IL[LQJ�EDFWHULD�LQ�IORRGHG�ULFH�VRLOV��%LRO��)HUWLO��6RLO�������������
��� .LUDO\�� =�� ������ (IIHFW� RI� QLWURJHQ� IHUWLOL]DWLRQ� RQ� SKHQRO� PHWDEROLVP� DQG� VWHP� UXVW� VXVFHSWLELOLW\� RI� ZKHDW��

3K\WRSDWKRO��=��������������
��� .URW]N\��$���5��%HUJJROG�DQG�'��:HUQHU��������$QDO\VLV�RI�IDFWRUV�OLPLWLQJ�DVVRFLDWLYH�1��IL[DWLRQ��&�+� UHGXFWLRQ��

ZLWK�WZR�FXOWLYDUV�RI�6RUJKXP�QXWDQV��6RLO�%LRO��%LRFKHP��������������
��� 0DUVFKQHU��+��������0LQHUDO�1XWULWLRQ�RI�+LJKHU�3ODQWV���QG HG���$FDGHPLF�3UHVV��/RQGRQ��8�.�
��� 0DUWLQ�� 3�� $�� *ODW]OH�� :�� .ROE�� +�� 2PD\� DQG� :�� 6FKPLGW�� ������ 1��IL[LQJ� EDFWHULD� LQ� WKH� UKL]RVSKHUH��

4XDQWLILFDWLRQ�DQG�KRUPRQDO�HIIHFWV�RQ�URRW�GHYHORSPHQW��=��3IODQ]HQHUQDHKU��%RGHQN�����������������
��� 0DUWLQ]�7ROHGR��0�:��� -�� �0RUHQR� DQG� -��*RQ]DOH]�/RSH]�� ������5RRW� H[XGDWHV� RI�=HD�PD\V DQG� SURGXFWLRQ� RI�

DX[LQV��JLEEHUHOOLQV�DQG�F\WRNLQLQV�E\�$��FKURRFRFFXP��3ODQW�6RLO���������������
��� 0DUWLQ]�7ROHGR��0�� 9��� -�� *RQ]DOH]�/RSH]�� 7��'H� /D�5XELD� DQG� -��0RUHQR�� ������ (IIHFW� RI� LQRFXODWLRQ�ZLWK�$��

FKURRFRFFXP RQ�QLWURJHQDVH�DFWLYLW\�RI�=HD�PD\V URRWV�JURZQ� LQ�DJULFXOWXUDO�VRLO�XQGHU�DVHSWLF�DQG�QRQ�VWHULOH�
FRQGLWLRQV��%LRO��)HUWLO��6RLO������������

��� 0DUWLQ]�7ROHGR��0��9���%��5RIHODV��9��6DOPHURQ��&��3R]R�DQG�-��*RQ]DOH]�/RSH]��������3URGXFWLRQ�RI�SDQWRWKHQLF�
DFLG�DQG�WKLDPLQH�E\�$]RWREDFWHU�YLQHODQGLL LQ�D�FKHPLFDOO\�GHILQHG�PHGLXP�DQG�D�GLDO\]HG�VRLO�PHGLXP��%LRO��
)HUWLO��6RLO�������������

��� 1LHWR��.��)��DQG�:�7��)UDQNHQEHUJHU��������,QIOXHQFH�RI�DGHQLQH��LVRSHQW\O�DOFRKO�DQG�$]RWREDFWHU�FKURRFRFFXP�RQ�
WKH�YHJHWDWLYH�JURZWK�RI�=HD�PD\V��3ODQW�6RLO��������������

��� 3DJH��$�/��������0HWKRGV�RI�6RLO�$QDOD\VLV��3DUW����&KHPLFDO�0LFURELRORJ\�3URSHUWLHV���QG HG���$JURQRP\�1XPEHU�
��3XEOLVKHG��6RLO�RI�$PHULFDQ��$6$��6RLO�6FL��6RF��$PHULFD�3XE���8�6�$�

��� 5RVLQ��0��%��������0LFUREH�VXUYLYOH�LQ�WKH�VRLO�DVVD\HG�E\�WKH�WKUHDG�PHWKRG��0LNUR��%LRORJL\D���������������
��� 5\QGHUV��/��DQG�.��9ODVVDN��������8VH�RI�$]RVSLULOOXP�EUDVLOHQVH DV�ELRIHUWLOL]HU�LQ�LQWHQVLYH�ZKHDW�FURSSLQJ��3ODQW�

6RLO�������������
��� 6DWWHOPDFKHU��%��DQG�+��0DUVFKQHU��������1LWURJHQ�QXWULWLRQ�DQG�F\WRNLQLQ�DFWLYLW\�LQ�6RODQXP�WXEHURVXP���3K\VLRO��

3ODQW������������
��� 6FKRHQZLW]��5�� DQG�+��=LHJOHU�� ������ ,QIOXHQFH�RI� UKL]RVSKHUH�EDFWHULD�RQ�PRUSKRORJLFDO� FKDUDFWHULVWLFV�RI�PDL]H�

VHHGOLQJV��=HD�PD\V /����=��3IODQ]HQHUQDHKU��%RGHQN����������������
��� 6FKRHQZLW]��5�� DQG�+��=LHJOHU�� ������4XDQWLWDWLYH� DQG�TXDOLWDWLYH� DVSHFWV� RI� D� GHYHORSLQJ� UKL]RVSKHUH�PLFURIORUD�

DQG�K\GURSRQLFDOO\�JURZQ�PDL]H�VHHGOLQJV��=��3IODQ]HQHUQDHKU��%RGHQN��������������
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zd§Z]ºc{Y�¾¨¿%º«º§Y�¾�yz]¹ ±Zl¿Z]ywM�¾�cz¯�¶¤�´¯�¹u�yu���

��

��� 6FKRHQZLW]�� 5�� DQG� +�� =LHJOHU�� ������ ,QWHUDFWLRQ� RI� PDL]H� URRWV� DQG� UKL]RVSKHUH� PLFURRUJDQLVPV�� =��
3IODQ]HQHUQDHKU��%RGHQN��������������

��� 6XEED�5DR��1��6��������%LRIHUWLOL]HU�LQ�$JULFXOWXUH���QG HG���R[IRUG�	�,%+�3XEOLVKLQJ�&R���1HZ�'HKOL��
��� 6XEED�5DR��1��6��������6RLO�0LFURRUJDQLVPV�DQG�3ODQW�*URZWK��2[IRUG�	�,%+�3XEOLVKLQJ�&R��1HZ�'HOKL�
��� 7DL]��/��DQG�(��=HLJHU��������3ODQW�3K\VLRORJ\���QG HG���6LQDXU�3XEOLVKHU��8�6�$�
��� 7HQQDQW��'��������$�WHVW�RI�PRGLILHG�OLQH�LQWHUVHFW�PHWKRG�RI�HVWLPDWLQJ�URRW�OHQJWK��-��(FRO���������������
��� 7KHRGRUH��.��5��DQG�7��1RUPDQ��������&DUERQ��QLWURJHQ�DQG�QXWULHQW�LQWHUDFWLRQ�LQ�%HWD�YXOJDULV DV�LQIOXHQFHG�E\�

QLWURJHQ�VRXUFH��3ODQW�3K\VLRO����������������
��� 7LIILQ��/��2��������,URQ�WUDQVORFDWLRQ�,,��&LWUDWH�LURQ�UDWLRV�LQ�SODQW�VWHP�H[XGDWHV��3ODQW�3K\VLRO���������������
��� :HDWKHU�%UXQ��0��:��������3KHQRO�K\SRFKORULWH�UHDFWLRQ�IRU�GHWHUPLQDWLRQ�RI�DPPRQLD��$QDO��&KHP��������������
��� <DKORP�� (��� <�� .DSXOQLN� DQG� <�� 2NRQ�� ������ 5HVSRQVH� RI� 6HWDULD� LWDOLFD WR� LQRFXODWLRQ� ZLWK� $]RVSLULOOXP�

EUDVLOHQVH DV�FRPSDUHG�WR�$��FKURRFRFFXP��3ODQW�6RLO�����������
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