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®·�±Yºd]�¶º§µuz-�ª°��¶]�b^�³�®·¹�uz§�¶dsY�Yy�ª-�®·�±Z¯{
Yv£Y�¾�º´�¯�¾³Z��Yuº°³�­��xo�Z]�¶d ¨�Z³�¾«¹��«Z]�½Z·�ª-

¥Zº�]v³v��¶dsY�Zº·�¹ b�Yuz]�¶³Y{¹y�®£y�z·�{Y�µ{Zc�½Z·�ª-
]¶av¯çév³v��½yYu�¶.³�¡Z�Y�ayYzo�¶kyu�yu�b�Z���²¿Y

Z·�ª-�±v��{Z]�fº�Z]�ªº°�¥Z�]�±v��¶d�Z¨�����±v��uY{M�¹ Z·
vº� µuzº- ½Zº·¶º³Yu�¶dsY�µuZ¯�½Z·�ª-©¹vk�¶]�¶kºc�Z]�µv�

] ¹ ¶^czº¯ ¹u�¾³Zº��Y�µuzº-¶¦¿�{¹y�¶��z·�¶¬�Z�}z]�Z]�yZ]
v³v��¾³Z��Y�µuz-��¿z��¹ ­zº³�±Z´À°�Y�½Yz]�ª°��²¿Y�yYz¨c

b�z-�ayº��µuZ¯�½Z·�ª-�ª¯Z§�nÀ¤¬c�{Y�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.5
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

05
 ]

 

                             3 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.1.5.6
https://iutjournals.iut.ac.ir/jstnar/article-1-404-fa.html


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

êç

yx]�¶À¸c�¹ µºÀ¯�b�Yuz]
µºÀ¯�uz¨¬°��²ÀÀ�c�½Yz]�\�Z´¯�ª¨��Zº] ¾º�À^��½Zº·µºÀº¯ {Y

Z dº�Yvº� µu�µºÀº¯¾£Èc�{Y�ª�Zo�µvÀ�y�¹ �«Z]�½Z·yº��¶] Z·
Z·�¶³º°³�¹ b�Yuz]�¶º³Y{¹y¿{Y�¾æå½Z·�ª-�{Y�­Yv§�z·�{Y��µºÀ¯�

½¹{Yzc�Z]�¹ ¶³Z-Yvk�yº��¶] ²À¯yZ¸#�¹ ²À¯º���²Àº¯¹u��²Àº«¹Y
v³v��±{¹�²ÀÀ�c�}Z�o�µuz§�¶«�Yy�Z·�µºÀ¯�Yvd]Y��yx]�¶À¸c�½Yz]

] ¹Z[M�±Z¿zk�d���v��µuYu�ºYvk�Z¸³M�yx]�{Y�µºÀ¯�b�º-�Zc
uºº��¹ ²À�³�¶c�®«Z��½Z·yxº] [M�½ºdºp¯��zº� yu�~�º�

vºº³v³Z¯�y¹Z´ºº� [M�n�ºº� yu�®«Zºº�Z³�¹ ¥ººº� ½Z·yxºº]�uYvºº�c
²À.³ZÀ¯�¹ �yZ°��Z·µºÀ¯�{Y�¦¿�z·�½Yz]�¥º��¹ ®«Z��½Z·yx]

µºÀº¯ ½Yzº] ±Mv���t�¯�¾º£Èc�zº· ½Zº·�yu�®«Z��½Z·yx]
Y ayYzºo ¶ºkyuav¯�½Yz]�¡Z�çéyu�¹ v³v��¦�s�b�Z��
ayYzo�¶ºkyuêµ{Yv³Y�½Yz]�uYz-�¾d³Z��¶kyu�z�£�¹ ©º��½zÀ-

µuZ dº�Y�¹v³vº� ½yYu�¶º.³�½vº�]�½Zº·�yx]�µ{Yv³Y�Z]�¶�]Yy�yu
¾£Èc�{Y�ª�ZouYv�c��Z¸³M�²À]�yYu�¾´�¯��ÈdsY�²ÀÀ�c�¹ Z·æå

¹ [Ztd³Y�¾�uZ�c�yº��¶] ½yx]�µuºc�z·�{Y�yx]¨�¹z¨À¯�Z]�º�
¹ ©º���¹z¨À¯��§��s�¶]�|º¸l¯�yÇº§º´ºÀ]\¿z��Z]�Z¸³M�z�£

+y|ºº]Z°³ºº¿¾�çê�èæ>È¯Zºº§ mzºº� \ºº«Z£�yu�¹ ½zººÀ- µ{Yvºº³Y
b�z-�yYz£�½yZ¯M�ªÀ¬pc�¹ ¶¿|lc�uyº¯�yYz¨c�yZ¸#�Z]�¾�uZ�c�

yx]�¾³{�¶³Yºk
�«Y�¶�À��±¹yu�b�§��Àp¯�yu�ª¯Z§�½Z·yx]�b�§

Zd´kZ¯�½Z·�¶^�k�0DJHQWD� ER[�z�£�Z]�æå½ºdp¯�¹ zd¯�¾d³Z��
èå+º¨ºº�Y�¹ ,Àºº�Yyº¯�uyYv³Zdºº�Y�bº�§��Àººp¯�zººdÀ«�¾º¬À¯�
�0RUDVKLJH�	�6NRRJ�v�y�½Z·�µv´´§�®À�´c�¹ ²À¯Zd¿¹�±¹vº]

µuZ dº�Yvº��av¯�½Yz]�±M�b�§��Àp¯�Z]�µYzº°·��¹zº�çå
v³vº� ¹Èº§ ººcY�¶¤Àº£u�µv´´§�¾³º ��v��µuZ¯�Z]�Z·yx]�¶³ºº°³

"Àº¬À]�%OHDFK�æê²¿ºc�Z]�µYz°·�vº�yu�çå�7ZHHQ����½Yz]�
av¯æê¹ ¾³º ��v��¶¤À£u�èv³v��º�d���z�¤¯�[M�Z]�¶^cz¯��
uYvº�cêyu�¹ b�§��Àp¯�½¹y�½yx]�¶³º°³z·�{Y�yx]�éyYz¨c�

v��¶d�Z§�¾�uZº�c�>È¯Zº§ mzº� \º«Z£�yu�yu�Zd´kZ¯�½Z·¶^�k
´�yº¬��½Z·��º¯Ç�¶¬Àº�¹�¶º] ¶º§ vº�y�¡Zº�Y�v³v¿u�¾¯�yº³�b

v³vºº� ½yYu�¶ºº.³�j¿Zdºº³ ¹ ­Zººl³Y�b]ººº³ ¹u�yu��¿Zºº¯{M�²ºº¿Y

v��b�YuuZ¿�
[�²Àºººº´k�½¹Zºººo µvººº� �ºººº�³�½Z·yxººº] bººº�§
�&XW�DFKHQHV�FRQWDLQLQJ�SODQWOHWV�±¹yu�b�§��Àºp¯�yu�

¶�À�
²ÀÀ�c�½Yz]zÀgPc¾³{�¶³Yºk�±Y|À¯�¹ b�z��yu�yx]�¶d�º���xo

b�zº¿x��ayºº� zº¿{��¿Zº¯{M�Y¶]�½uYv�c�½yx]�¶³º°³�z·�{
¶ºº] ¹ Yvººk ¾�uZºº�c�ª¨ºº�z�«Z¨ºº�Y�¶¬Àºº�¹�{Y�µuZ dºº�Y�Zºº] ¹

µv¿z]�µv��¾³º ��v���¿Yz��bpc�yu�yÇº§º´À]��º¨º�¹z¨À¯
v³vº��¹ ¶#�¶�¿y�½¹Zo�¶§�yx]�¶d�º��±¹vº] ¹ ÇZº] b°º�£

b�§��Àp¯�½¹y�z]�uº]�¶#�¶£Zº��ª^£��¿Z¯{M�Z]�¶]Z�¯�{Y�¹
º] µvº� µv¿zº] ¶ÀºoZ³¶ªº�Yº�ç\«Z£�yu�z.¿v¨¿�{Y�zd¯�¾d³Z��

Zº] ¾�uZº�c�>È¯Zº§ mzº�éyYz¨c�v³v��¶d�Z§��¹z��~��Z]
®¬Àºº�YyZ��¢ºº¿Z��>È¯Zºº§ayYzººo ¶ººkyu�yu¹�µvºº� ½v´ºº]æ�çì

Z]�uYz-�¾d³Zº�æçZ´�¹y�b�Z��¿¹ b´�yº¬��½Z·��¯Ç���ºc�¾
av��Zº]îåv�y�¡Z�Y�yu�¶À³Zg�z]��]z¯�zd¯�z]�©º¯�¹ ½yYu�¶.³�

v³v��b�YuuZ¿�j¿Zd³��¶³Y{¹y�¾�yz]�Z]�
uyº¯�¶³Y{¹y�yZ°Àc�z·�{Y�µv��¶d�Z§�¾º.³z��aººc ½Z·yxº]

v´d�z-�yYz£�¾]Z¿{yY�µv����³�½Z·yx]�yu�¶$·ZÀ-�±v��z·Z�
ª¯Z§�½Z·yxº] yu�btº� ¶°Àº³ ¶dº�º��{Y�¶�º« ±vº¯M�±¹zºÀ]�¹

º]¶½yZÀ�¯�±Yº´º�½Yz]§ �Àp¯�½¹y�z]�yx]�º°³�¹ v�y�yu�b�
v��¶d�z-�zº�³�z·Z��{Y�~��µu{�¶³Yºk�½Z·yx]�uYv�c��yZ°�

±vº�²Àdº�t³µy¹u�±Z¿Z��Zc�¶³Y{¹y�¹ �¹zº� ¶�º« Zº¿ ¶$·ZÀº-
�¿Z¯{M�éå{¹y��uz§�YvÀ��¶¯YuY�

i�¶¯�b�§��¿Yz��bpc�¾³{�¶³Yºk��Z�
]¶¶�¿Z¤¯�yu��Z��¶¯ �¿Yz��¹ b�§��Àp¯�zÀgPc�µv·Z�¯�yº�´¯

¶�À��±¹yu��Àºp¯�Zº]v��­Zl³Y��¿Z¯{M�²¿Y���yº�´¯�²¿Y�½Yz]
�ºº¿uy�yu�yZ°Àººc zºº· {Y�zºº�³�uyººº¯ y¹xº]Z·ºº¿ºº] ¾¶ªºº�Yº�ê

] ¾¨Àd�È���z��±¹yu�z.¿v¨¿�{Y�zd¯�¾d³Z�¶uZ�]Yæå
èå
êå
bÀ«z��¹ ~¨À¯¹z���º¬t¯�{Y�¶§�zd¯�¾d³Z��3URPL[�	�3HUOLWH�

�\º�Z´¯��º¨·{�uZºl¿Y�½Yzº]�b^�³�¶º]ç¶]�æ�uº]�µv��z��
§v³vº� bº��uYvº�cçån���½¹y�z]�½yx]�µuºc�zº· {Y�yxº]

] �Z��¶¯ ¹ b�§���Àp¯�²º¿Y�bsYº´º¨¿¶¶§�v��®À�´c�½Y�¶³º-
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¾.³z��aºc��¬dt¯�­Z£yY�¾³Z��Y�µuz-�{Y�ª�Zo�½Z·yx]�¾³{�¶³Yºk�¾�yz]���

êè

zº·èå¦º¿ ¶¤Àº£u�º] yZº]¶av¯æêYy�b�§��Àp¯�n���¶À³Zg�
¶ºº¯v´ºº§ ¾ºº�Z��yu�bºº�§��Àººp¯�ayYzººo ¶ººkyuçê¶ººkyu�

"Àº· ¹ ®Àº�´c�uYzº-¾d³Zº�v�³�µuZ dº�Y�¾�º´º�¯�yºº³ ¶³ºº-�
Z°º�z]�¶�«�Z¿�¶$·ZÀ-�±v��z·Z��Z]�µu{�¶³Yºk�y¹x]�uYvº�c��y

uz§�YvÀ��¶¯YuY��¿Z¯{M�µy¹u�±Z¿Z��Zc�¶³Y{¹y�¹ �¹z��¥Zs�n���
¾º³{�¶³Yººk �sZº��*HUPLQDWLRQ� ,QGH[�¹ ª¿º¬¯���ºc�¶§�

±YyZº¨°·�æç�v�y�b�z��½Yz]��uº]�¶d�z-�yYz£�µuZ d�Y�uyº¯
Yz��yu�yxº] ¾º³{�¶³Yººk ªº§ vº�yu�¹¿�¬dt¯��±¹yu�b�§�

v��¶d�z-�z�³�yu��Z��¶¯ ¹ ¶�À��
u�½yZ¯M�ªÀ¬pc�¹ ¶¿|lc�

µ{Yv³Y�²¿Y�{Y�µv¯M�b�u�¶] aZº�È�Y>È¯Z§�mz��¦¿�yu�Z·�½zÀ-
Zº] ¾�uZº�céµuZ dº�Y�yYzº¨c�vº�²À�§yM��]zº¯ ¶º�¿y�Zº] ¹

�$UFVLQH� 6TXDUH� 5RRW�µuYu�ª¿v^ºc �{Y�µuZ d�Y�Z]�¹ ­Zºl³Y�Zº·
¾º¯º°��¾º�s�©vº¯�*/0�½yZº¯M�yY|º�Y�­zº³ ¹6$6uyº¯�

b�zº- yYzº£ ½yZº¯M�ªÀº¬pc�¹ ¶¿|ºlc�²Àº.³ZÀ¯Z]�Z·±º¯{MW
v³v��¶�¿Z¤¯�®·�Z]�b³uºÀd�Y�

j¿Zd³�
¾·u�ª-�±Z¯{

{Y�v�]�Z¸´ºc yZdº�¿¹�®º£yçì¶cº]�b�Z§�{Y�~��{¹y�aºc�½Z·
¾«Zo�yu�vÀ�y�¾·u�ª-�±Y|À¯�zh§Yvo�¶]�¾º.³z��bD§uy�­Z£yY�¶§

DYZºº§ºº] ¾ºº¬^°#�¹¶{Y�~ºº� \Àczººcèè��éç¹èìi¹Y�¶ºº] {¹y�
v³vÀ�y�v�y�µy¹u�©º��yu�uºs�¾·u�ªº-�yu�¾³Z¯{�¶¬�Z��²¿Y

²ÀººÀ�c¾ºº·u�ªºº- i¹Y¹ºº] bºº�Z§�yu¶©Zºº¸³��ºº£º¯Zºº·½Yzºº]
µzº¸]½Yz]�Z¸³M�µuz-�{Y�µuZ d�Y�¹ ¾º·u�ªº- zºh§Yvo�{Y�½yYuzº]
¾£Ècv��¶d�z-�z�³�yu�­{Ç�½Z·�

¯Z³�µº£µuz-�¶³Yu�¶À
¶³º°³µuz-�¶³Yu�z·�{Y�½Yév´#�Z]��¿Z¯{M�yu�µuZ d�Y�uyº¯�®£y�

zºº¿{�yu�¶¬ºº�Z�È]�¹ �ººº¬t¯�,´ººÀ¬]�¾ºº.³y�©ººº¬p¯�µzºº�£
�º¨º�¹z¨À¯µvº¿uvº���z��,³y�uy{�µv³{�µuz-�½Z·�¶º³Yu

¾«Zo�yu�v³v¯M�yu�|¯z£�,³y�¶]�¹ µuYu�,³y�zÀÀ�c�¶Àº³Zg�v´º#¶§
¶º³Yuv]�¹ µvº³{�zºÀ��µuzº- ½Zº·] ª¨��¶¾£Z]�uy{�,³y�±Z°·

vº³v³Z¯�z¿ºº�cæ��­Z£yY�yu�µuz-�½Z·�¶³Yu�¶§�uYu�±Z�³�j¿Zdº³
] yZd�¿¹�¹ bD§uy��Z§DY��¾º¬^°#��¬dºt¯¶½YyYu�\Àczcíê�íæ�

íë¹íçv³uº]�¶À¯Z³�µº£�v�yu��¶³Yuµuz-�½Z·¹u�{Y��À]�¶§�½Y
�·Zºº§ �v³uººº] µvºº� ½yYu�¶ºº.³�¡Zºº�Y�ayYzººo ¶ººkyu�yu�{¹y

¾º´�¯Z¸³M�Z]�¶º�¿Z¤¯�yu�Yy�½yYu¿µv��½yYu�¶.³�©Z$t¿�yu�¶§�¾
v³uYu�±Z�³�uºs�{Y�v³uº]�

µ{Yv³Y�aZÀ�º�s¶³Yu�¹ µºÀ¯�¶]��º]z¯�µv��½zÀ-
¾-uZ¯�{Y�¾��]� Z¸´cµuz-� uºs�yu� Z·yu�½uYv�c�¹ ¾³Z��Y

v³v¯Myu�½Y�µº¸£�,³y� ¶]� ¹ µv�³�nÀ¤¬c�¾³Z��Y� µuz-z-u�yu
D§uy�¹ ¾¬^°#�­Z£yY�²°�v³uº]�yZ-{Z��¾³Z��Y�µuz-�uºs�¶]�b�

¾-uZ¯�nÀ¤¬c�±Z¯{�{Y>Yu¹vo� ��«Z]�µºÀ¯�b�Yuz]� Zc� Z·çåZc�èå
vÀ�§�©º��®£y��º³�¶]�¶d�]�{¹y�{Y�yZ°Àc�z·�yu�¶À«¹Y�½Z·�µºÀ¯

] �v´d�z-�yYz£�©¹Y�¶^cz¯�yu�®«Z��½Z·yx]�uYv�c�¹ µ{Yv³Y�z�³¶
¤¯�yu� Z·�µºÀ¯�²¿Y�±v³Z¯�¾£Z]�±Y|À¯� µ¹È�>Zd^�³�²¿z¿Z�� Z]�¶�¿Z

uº]� zd�À]�©¹vkæ¾¯� ±Z�³�±{¹�²À.³ZÀ¯�²¿zd�À]� ¶§� v·u
µºÀ¯µuz-�uºs�¶]�¢¬�d¯�²À«¹Y�½Z·²¿zd°§�¹ ¾¬^°#�®£y�¾³Z��Y

¾¯�Z§DY�½¹y�z]�¾¬^°#�¾³Z��Y�µuz-�¶]��º]z¯�±Mv�Z]�v³¹y�²¿Y
µºÀ¯�yu¾¯�yYz¨c�®·�²À¯yZ¸#�¹ ²À¯¹u�½Z·µºÀ¯�yu�¹ uº�½Z·
À¯º�¾«Zo� yu�²�º]z¯�±{¹�²¿zd�À]� ¶§¾³Z��Y� µuz-� uºs�¶]

uº��¾¯�¾¬^°#z]�bD§uy�¾£Èc�{Y�µ{Zc�µºÀ¯�±{¹�²¿zd°§�¾«¹���
b�Y� µv¯M� b�u�¶] yZd�¿¹� ½¹y�²À´#�®· ©¹vk� ²¿Y� yu

¾´�¯��ÈdsYµuz-z-u� ¹ ¾¬^°#� ¾³Z��Y� µuz-uºs� ²À]�½yYu
x]�uYv�c�Z]�¶�]Yy�yu�Z§DY�½¹y�z]�¾¬^°#�¾³Z��Y¹ ¥º��¹ ®«Z��y

µ{Zc� µºÀ¯� ±{¹µv¿u²¿Y� Z]� �uº��¾¯�¾¬^°#� ½¹y� z]� Z§DY� ¶§
¾´�¯��ÈdsY{Y�¾³Z��Y�µuz-�uºs�b«Zo�yu�¾¬^°#�Z]� Yy�½yYu

�v·u�¾¯� ±Z�³� µ{Zc� µºÀ¯� ±{¹� ²À.³ZÀ¯� z�³¾«¹Z]� ¶�]Yy� yu�
¾°³� yYu�¾´�¯��ÈdsY�²¿Y�¥º�� ¹ ®«Z�� yx]� uYv�c�²À.³ZÀ¯

v�Z]�x]�uYv�c�²À.³ZÀ¯©¹vk�yu�¥º��¹ ®«Z��yæ¾¯�±Z�³�v·u
µºÀ¯�¶§Z§DY�±M�{Y�v�]�¹ ¾¬^°#�¾³Z��Y�µuz-�uºs�{Y�ª�Zo�½Z·

Z§DY�½¹y�z]�¾¬^°#�¹ ®«Z��yx]�²¿zd�À]�½YyYu�¾¬^°#�½¹y�z]
§ ½YyYuº°º«Z��yx]�²¿zdºÀ¯�z·�yu�®ºµºb�Y�·º\À§zc�²À´#�®

yu�yx]�¾§º��±Y|À¯�²¿zd�À]�½YyYu�Z§DY�½¹y�z]�¾¬^°#µºÀ¯�½Z·
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

êé

©¹vkæ�¾.³z��aºc�­Z£yY�¾£Èc�{Y�ª�Zo�µºÀ¯�z·�yu�¥º��¹ ®«Z��y¹x]�uYv�c �µ{Zc�µºÀ¯�±{¹�
µºÀ¯�z·�yu�yx]�uYv�c�²À.³ZÀ¯ µºÀ¯�µ{Zc�±{¹�­z-�Î

¥º��Z¿�®À¤�Ò ®«Z�Ñ

±{¹�²À.³ZÀ¯Ð

µºÀ¯
µ{Zc�­z-� ¯yZ¸#²À ²À¯º� ²À¯¹u ²À«¹Y

²¿v«Y¹

EFë�çî Dêå�æëí Dèå�ç�çî�é ìé�æ çî�è êê�é êî�ì ¾¬^°#��
¾¬^°#�

Fí�çé DEFçê�æèë Fåí�ç�êå�è êç�æ éë�ç èë�è ëë�ë bD§uy��
bD§uy

Dæè�êç Fçë�æåè Hæì�æ�åé�ç ìç�å êî�æ ê�å íî�è ¾¬^°#�
ZD§Y�

EFì�çê DEçì�æêë Eèë�ç�íî�è çè�æ ìî�ç êæ�é åç�ì Z§DY��
^°#¾¬

Eì�èê EFèè�ææì Gèè�æ�íæ�ç æè�æ æí�ç éë�è éî�é bD§uy��
yZd�¿¹

EFí�èå DEFèç�æçì Gìì�æ�îæ�ç íë�å ê�å èé�è éë�ê yZd�¿¹��
bD§uy

éê æéå çé�è Géë�å�çå�æ Fëê�å�èî�ç Eíë�å�êê�è Díç�æ�íé�ê ²À.³ZÀ¯Ï

Î�µ{Yv³Y���ºd¯�±ºd��uv��z·�½zÀ-æå¯¶lÀd³�²À.³ZÀ¯�z·�¹ µºÀëå¾¯�µºÀ¯�v�Z]�
Ï�] ¶§�½z¿uZ¤¯�¶n���yu�µv���t�¯�¶]Z�¯��zo�¦¿�¶¬À�¹ê"À·�v�yu�v³yYv³�®·�Z]�½yYu�¾´�¯�a¹Z c�¶³º-�
Ð�µºÀ¯�¾¬§�±{¹��°k�ª�Zo�²À.³ZÀ¯�z·�r¿yZc�yu�µv��b�Yuz]�²À¯yZ¸#�¹ ²À¯º���²À¯¹u��²À«¹Y�½Z·b�Y��¬dt¯�½Z·�n���yuê���
Ñ¹Ò�{Y�ª�Zo�½Z·yx]�{Y�¾´À.³ZÀ¯��yYv¤¯�z·éµºÀ¯�{Y�µv��iYztd�Y�¹ yYz¨c�b�Y�²À¯yZ¸#�¹ ²À¯º���²À¯¹u��²À«¹Y�½Z·�n���yuê���

©¹vkç�¾.³z��aºc�­Z£yY�¾£Èc�{Y�ª�Zo�y¹x]�¦�s�¹ µ{Zc�±{¹��µ{Yv³Y�z]�²¿v«Y¹�zgY�
b]º�y�v�yuÐ

yx]�yu�uºkº¯
y¹x]�¦�s�±{¹

�­z-�¾¬À¯�
y¹x]�µ{Zc�±{¹

�­z-�¾¬À¯�
¾�z��z�£Ï

�zd¯�¾¬À¯�
¾«º�z�£Î

�zd¯�¾¬À¯�
²¿v«Y¹

EFçê�æ�çì�ë Dîí�æ�íí�ëæ Dçê�æ�ëë Dåîé�å�íîç�å Dåéè�å�æîç�æ ¾¬^°#��¾¬^°#�
DEçé�å�çå�ì Då�íè�çê�ëæ Díë�å�ëë Dåêë�å�îèí�å Dåéå�å�ççå�æ bD§uy�bD§uy�
%Fìè�å�çë�ë Féê�ç�íè�èî Fíå�ç�ê�éê Fåêç�å�ìîç�å Fåëå�å�åêé�æ ¾¬^°#�ZD§Y�
&èè�å�íç�é Dåë�é�ëå Dèì�é�åê�ëè DEåêè�å�íìé�å Dæåå�å�çåë�æ Z§DY�¾¬^°#�
%æî�ç�ìí�ë Fèé�æ�íí�éç Fçæ�æ�éë EFåéé�å�ìíé�å EFåéë�å�åíç�æ bD§uy�yZd�¿¹
$êè�å�ëç�í Eéë�æ�êè Eéî�æ�êí DEFåëé�å�íêí�å DEææë�å�æëí�æ yZd�¿¹�bD§uy�

Î¹Ï�{Y�¾´À.³ZÀ¯�yYv¤¯�z·�æåb�Y�yx]�uv���n���yuê���
Ð�µ{Yv³Y�²À.³ZÀ¯�½zÀ-æåyx]�uv���n���yuê��
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¾.³z��aºc��¬dt¯�­Z£yY�¾³Z��Y�µuz-�{Y�ª�Zo�½Z·yx]�¾³{�¶³Yºk�¾�yz]���

êê

z¿º�cÎ�¦Àd�Y�²À¯yZ§�,´À¬]�©º¬p¯�{Y�µuZ d�Y�Z]�µuz-�¶³Yu�¶À¯Z³�µº£�²ÀÀ�c��¿Z¯{M�²¿zÀ�À¬-�vÀ�Y��½Z·�¶³Yu
v³º��¾¯�µv¿u�|¯z£�,³y�Z]�µv³{�µuz-��

¾«Zo�yu�µuº]�¶¬�Zo²¿zd°§�½YyYu�bD§uy�¾³Z��Y�µuz-�uºs�¶§
b�Y�µuº]�yx]�¾§º��±Y|À¯�²¿Y�²À]�yu�¾³Z��Y�µuz-�uyYº¯�z¿Z�

v³zÀ-�¾¯�yYz£�¶´¯Yu�
©¹vk�yu�uºkº¯�j¿Zd³�¶º] ¶kººc Zº]çyu�|¿Z°d¯�µ¹z-�¶���

ººc yu�zº�£�¹ µ{Yvº³Y�Zº] ¶º�]Yy¾£Èc�{Y�ª�Zo�½yxº] ½Zº·µu
¾º¯uYu��Àtº�c�±Yººc�¾³Z��Y�µuz-�uºs�{Y�ªº�Zo�½Z·yxº]

z]�Z§DY�¾³Z��Y�µuz-�z-u�{Y�ª�Zo�½Z·yxº] ¹ bºD§uy�¹ ¾º¬^°#
- yu�¾¬^°#�½¹yº¹ ¾«º��z�£�µ{Yv³Y�²¿zd�À]�½YyYu�¹ ©¹Y�µ¹z
v³Y�µuº]�¾º�z��{Y�Z§DY�½¹y�z]�¾¬^°#�¾£Èc�{Y�ª�Zo�½Z·yx]

µ{Yv³Y�z�³¦#º§��¿uy�yu½¹y�z]�bD§uy�¾£Èc�¹ Z·yx]�²¿zc
¾¯�yYz£�µ¹z-�¹u�²¿Y�±ZÀº¯ yu�±M�¾dº�-z]�¹ yZdº�¿¹v³zÀ-�yu

Z·yx]�¦�s�¹ zc�±{¹�Zº] ¶º�]Yy�©¹vkç�zc�±{¹�²À.³ZÀ¯ �
yu��zdºº�À]�¶ºº°·�{Y�¾ºº¬^°#�¾´ºº�-uºs�{Y�ªºº�Zo�½Z·yxºº]

¾º«Zo{Y�bD§uy�¾³Z��Y�µuz-�uºs�yu�¦�s�±{¹�²À.³ZÀ¯�¶º§
¶º°·±M�{Y�v�]�¹ zd�À]�Z§DYv�Z]�¾¯�¾¬^°#�½¹y�z]��z]�yZd�¿¹

¾£Èc�¹ bÀ�£º¯�²Àº¯¹u�yu�bºD§uy�½¹y½¹y�z]�bD§uy�½Z·
¹ zc�±{¹�z¿uZ¤¯�²¿zd°§�½YyYu�Z§DY�½¹y�z]�¾º¬^°#�¹ yZdº�¿¹

µuº]�¦�sv³Y�
©¹vkçb]º�y�±Y|À¯�yu�½yYu�¶´¯Yu�½Z·�a¹Z c�²À´#�®·

\À§zc� {Y�ª�Zo� yx]� yu� uºkº¯½Z·Yy�¾³Z��Y� µuz-��¬dt¯�
¾¯�±Z�³²¿zd°§�yYv¤¯�{Y�¶§�v·uíç�éz]�Z§DY�¾£Èc�yu�v�yu�

²¿zd�À]�yYv¤¯�Zc�¾¬^°#�½¹yëç�íz]�yZd�¿¹�¾£Èc�yu�v�yu�

b�Y�a¹Z d¯�bD§uy�½¹y�¾´�¯�yZÀ�]�a¹Z c¶��²À]�yu�½yYu
z]�yZd�¿¹�¹ yZd�¿¹�½¹y�z]�bD§uy�¹ ¾¬^°#�½¹y�z]�Z§DY�¾£Èc

y ½¹yuºk¹� yx]� yu� uºkº¯�b]º�y�±Y|À¯� Z]� ¶�]Yy� yu�bD§u
uyYu�z]�¾¬^°#� ¹ bD§uy�½¹y� z]� yZd�¿¹�²À]�b�Y�²À´#�®·

b�Y�¾«¹Y�{Y�zd°§�¾¯¹u�¶§�Z§DY�½¹y�

��³�¹ ª¯Z§�½Z·yx]�¾³{�¶³Yººk±¹yu�b�§��Àp¯�yu�µv�
¶�À�

¥È¯�¶§�Zºl³M�{Yyx]�{Y�¶$·ZÀ-�yº¸��¹ ±v¯M�±¹zÀ]�¾³{�¶³Yºk
b�Y�µuº]�Àp¯�½¹y�z]�yZ°Àc�z·�{Y�µv��b�§�ª¯Z§�½Z·yx]��

�¿Z¯{M�±Z¿Z��Zc�+º¨�Y�¹ ,À�Yyº¯�b�§�éå{¹y��"À·¶³º-
¶³Z�³v³uYv³�{¹z]�uºs�{Y�Yy�¾³{�¶³Yºk�{Y�½Y�¾«Zo�yu�²¿YYb�

µv��yZ°Àºc y¹xº] ¶º§�µv����³�¶]Z�¯�b�§��Àp¯�½¹y�z]
�Àp¯�½¹y�²d�z-�yYz£�{Y�v�]�{¹y�¹u�{Y�~��Z¸´ºc�¹z��b�§

Zc�b�Z§�{Y�~��¶d ·�¦¿�Zc�¹ µuº°³�¾º³{�¶³Yººk ¶º]îåv�yu�
v³uº]�µu{�¶³Yººk�z¿º�cç��²À´#�®·¶�«�Z·¿`d�º��®À³�{Y�¶§�¾

�¿z��v³uº]�µv�³�Yvºk uººsZ¸³M�{Y�zc¿`d�º��®À³�{Y�>È¯Z§�¶§�¾
v³uz§�vº�y��v³uºº] µvº� Yvºk uººs�yu�¶§�¾³{�¶³Yºk�b�z�

u Zk�¾³{�¶³Yºk��sZ��¬dt¯�½Z·yZ°Àc�²À]�yu�½u¹vo�Zc�uyY
uºº] a¹Z dº¯�©¹vk�yu�¾³{�¶³Yºk��sZ��¶º] ¾º·Z.³èyu�¹

¾¯�±Z�³�¶�À��±¹yu�b�§��Àp¯�yu�¾³{�¶³Yºk�bº«Zo¶§�v·u
zººº¯ ¾ººº³{�¶³Yººººk �sZººº� ²¿zdººº�À]]½Z·yxººº] ¶ººº] �º
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

êë

z¿º�cç�¯ yu�¶$·ZÀ-�½¹Zo�¾.³z��aºc�µv����³�yx]�¾³{�¶³Yºk�ªoYz¯�¶�À��±¹yu�b�§��Àp�,Q�YLWUR�

©¹vkè�¾³{�¶³Yºk��sZ��¹ ¾³{�¶³Yºk�ª§�v�yu��*,�b�§�®d�À��¹u�yu�¾£Èc�{Y�ª�Zo�¾.³z��aºc�yx]
�Z��¶¯ b�§�®d�À�

�éåb�Z§�{Y�v�]�{¹y��
+º¨�Y�¹ ,À�Yyº¯�b�§��Àp¯�

�æçb�Z§�{Y�v�]�{¹y��
¾³{�¶³Yºk��sZ� ¾³{�¶³Yºk�v�yuÏ ³Yºk��sZ�¾³{�¶ ¾³{�¶³Yºk�v�yuÎ ²¿v«Y¹

èê�æê EFé�ìå íé�çí Dî�îê ¾¬^°#�¾¬^°#
îì�çé Dè�íì æê�çì Dî�îê bD§uy�bD§uy
çê�æî Gæè�êê èç EçéÐ�ëå ¾¬^°#�ZD§Y�
èè�æî EFë�ëå èç Då�æåå Z§DY�¾¬^°#�
èë�æë Gî�êê çë�çî Dî�îê bD§uy�d�¿¹�yZ
åë�çë DEé�ìî çí Dî�îê yZd�¿¹�bD§uy�

Î¹Ï�y¹x]�¾³{�¶³Yºk�½Z·�²À.³ZÀ¯��n���yuê��
Ð�µv���xo�v´d�Yu�¾#yZ£�¾-uº«M�¶§�y¹x]�{Y�½uYv�c�v³Y�

¾º£Èc�{Y�ªº�Zo#±M�²¿zd°§�¹ ~¨�«Z]�¹ Z§DY�½¹y�zº] ¾º¬^°
v�Z]�¾¯�bD§uy�¾³Z��Y�µuz-�uºs�¶]��º]z¯�

]¶oz·©¹vk�©Zèv��yu�z�³�{Y� Yy�½yYu�¾´�¯��ÈdsY�
¶§�¾d«Zo�yu�¾³Z��Y�µuz-��¬dt¯�½Z·yZ°Àc�²À]�yu�¾³{�¶³Yºk
+º¨�Y�¹ ,À�Yyº¯�b�§��Àp¯�½¹y�z]�¶°À³�ayº��¶] Z·yx]

¾°³�±Z�³� uºs�{Y�v³uº]� µv��b�§�ÈdsY� uyº¯� Z¸´c�¹ v·u
¾¯�Z§DY�½¹y�z]�¾¬^°#�¾³Z��Y�µuz-�¶]��º]z¯M ¶§�v�Z]±] ®·¶

b�Y�µuº]�¾#yZ£�¾-uº«M�ªÀ«u�

Yz��bpc�yu�y¹x]�¾³{�¶³Yºk¿�Z��¶¯��
z��bpc�yu�yZ°Àc�z·�{Y�µv��bº�§�½Z·yxº]¿Y¶¯��¾�Z��v´#�

¾]Z¿{yY�¶³Y{¹y�yº��¶] b�Z§�{Y�vº�]�{¹yv³v��¶³Z�³�²À«¹Y½Z·
¾³{�¶³Yººkæêv��z·Z��b�§�{Y�v�]�{¹y���sZ��¶]�¶kºc�Z]

º� ½Yzº] ¾º³{�¶³Yººkyx]�¾³{�¶³Yºk�ªº§ vº�yu�¹ vº�y�b�z
�©¹vkè�¶¯�b�§��Àp¯�yu�yx]�¾³{�¶³Yºk���Z��¾¯�Yy�¶]�±Yºc

uºº°³�®Àº�¤c�¶dº�u�¶º��²Àd�t³µuz-�z-u�ª¯Z��¶d�u�¾³Z��Y
bD§uy�¾´�-�uºs�¹ bD§uy�½¹y�zº] yZdº�¿¹v�Z]�¾¯½YyYu�¶§�

] ¹ ¾³{�¶³Yºk��sZ��²¿zd�À]¶\Àczcåë�çë¹îì�çéb�Y�
u ¶d�u¾£Èc�¶]��º]z¯�z.¿~¨�«Z]�¹ ¾¬^°#�¹ Z§DY�²À]�½Z·�]¶
\Àczºcèè�æî¹çê�æî�¾³Z��Y�µuz-�¶]��º]z¯�­ºº� ¶dº�u�¹ �

¾¬^°#�¾´�-uºs�¹ yZd�¿¹�½¹y�z]�bD§uy�]¶\Àczcèë�æë¹
èê�æê�bº�Y�±Z´º$°·©¹vºk yu�¶º§èµv¿u¾¯�¶�¿Z¤¯�uº�

Yz��bpc�yu�¾³{�¶³Yººk ±Y|ºÀ¯ ªº§ ²Àº.³ZÀ¯¿¶¯����Z¹u�yu�
yYv¤¯�¹ µuº]�a¹Z d¯�bD§uy�¹ ¾¬^°#�¾³Z��Y�µuz-�uºs�\À§zc
±M�{Y�zd�À]�bD§uy�¾³Z��Y�µuz-�uºs�{Y�ªº�Zo�½Z·yxº] yu�±M

b�Y�µuº]�¾¬^°#�yu�

�«Y�¶$·ZÀ-�v�y�çb�§�{Y�v�]�{¹y�[�¶$·ZÀ-�v�y�év�]�{¹y�
b�§�{Y

i�¾.³z��aºc�©Z¸³Yu�v�y�ìb�§�{Y�v�]�{¹y�
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¾.³z��aºc��¬dt¯�­Z£yY�¾³Z��Y�µuz-�{Y�ª�Zo�½Z·yx]�¾³{�¶³Yºk�¾�yz]���

êì

©¹vké�z�¿Y®· \ZÀ°À��¹ ¾¨¿|À��½Z·yºd§Z��²À]�¾.d�]¿µ{Yv³Y�¾µv��½zÀ-¾³{�¶³Yºk�±Y|À¯�Z]��¿Z¯{M�yu
b�§��Àp¯�yu�½Z·�¬dt¯�

yx]�µ{Yv³Y�z�£� yx]�±{¹b]º�y
yx]�uºkº¯

�v�yu�

b¯Zt�
yx]�¶d�º� ¾�z� ¾«º� ¦�s zc

æìéî�å QV åîîç�å QV æèçì�å QV èåæì�å QV éîíæ�å 

 éîíî�å 

 ¶�À��±¹yu�b�§��Àp¯�yu�¾³{�¶³Yºk�yx]�®À³�
ëìèè�å 

 èåëê�å� 
 ëåæè�å 

 ééæé�å 

 éìèè�å 

 éîæå�å 

 ³{�¶³Yºk±Z���¶¯�b�§��Àp¯�yu�¾

®·�\¿z��uYv�Y¾¯�±Z�³�Yy�©¹vk�yu�uºkº¯�½Z·yºd§Z��¶À¬§�½Yz]�©Z°doY�n���¹ ¾.d�]v·u�

�n���yu�yYu�¾´�¯Ò�


�n���yu�yYu�¾´�¯Î�

®¸¯�½Z·zÀ�d¯�¾.d�]�®·�²ÀÀ�c�yº�´¯�¶]v´³Z¯¦�s�¹ zc�±{¹�
º¯�b]º�y�¹ ¶d�º��b¯Zt���¾�z��¹ ¾«º��z�£��Z·yxº]uºk

¹ ¶�À��±¹yu�b�§��Àp¯�²À]�yu�yx]�¾º³{�¶³Yººk yu�yxº] yu
¶º¯�Zº�b�zº- ­Zºl³Y�¾.dº�]�®º· ¶º�«Z�¯���²¿Y�j¿Zd³¾�yz]
�©¹vºké�v·u�¾¯�±Zº�³z.³Z�³�yx]�¦�s�¹ zc�±{¹�Z¸´c�¶§�

b�§��Àp¯�yu�¾³{�¶³Yºk�Z]�¶�]Yy�yu�b^h¯�¾.d�]�®·��º³�¦¿
¶º�À��±¹yubº�Y�¾«¹v³Y�ª¯Z��Z·zÀ�d¯�z¿Z��� ¹ µ{Yºb¯Zt

ºº�º�ººº�yu��yxºº] ¶dºkº¯�b]ººº�y�vººº�ººº³ "Àºº· yxºº] yu�uº
¾º´�¯�¾.dº�]�®º·¶d�Yv³�yx]�¾³{�¶³Yººk Zº] �Z^ºcyY�yu�Yy�½yYu

bº�Y�¶¯�b�§��Àºp¯�yu�Z��] µv��z§w�ª¯Yº��¶À¬§�¶Z´hd�Y½
yZÀºº�]�¹ b^ººh¯ ¾.dºº�]�®ºº· ¦ºº¿ ½YyYu�yxºº] ¶dºº�º��b¯Ztºº�

¾º´�¯b�Y�µuº]�Z·yx]�¾³{�¶³Yººk Zº] yYu�Yy�¶d�º��b¯Zt��¶�]
¾´�¯�¹ ¾ ´¯�¾.d�]�®· ¦¿�½YyYu�¾³{�¶³Yºk�Z]�yx]v�Z]�¾¯�yYu�

fp]
µuºc�yu�¾³{�¶³Yºk�±Y|À¯�±uº]�zºÀÀ�d¯�Zº] ¶º�]Yy�yu�¬dt¯�½Z·

Z¸³M�¹ ¾º.³z��aººc yxº]¾º¿µv¯M�b�u�¶] ¾£Èc�{Y�¶§�ª¯Z��v³Y
¾¯�Yy�²¿v«Y¹��ºº³ ¹ ¾º¨Àd³%] ±Yºc¶yZ´§�yu�¾°¸¯�ª¯Z��±Yº´�

uº°³�zº§w�ª¯Yºº� z¿Zº��½z´·�æå�v´§�¾¯�±ZÀ]½yv��v«Y¹�¶§�
¶-y�¹u�{Y�ª�Zo�yx]�¾³{�¶³Yºk�v��yu�½¹y�b�Y�²¨°¯½zÀ-

¶-y�¹u�¦¿�{Y�ª�Zo�½Z·yxº] ¹ uyYxº.]�zºÀgPc��t�¯�½zÀ-
Z¸³M�¶º] b^º�³�bº�Y�²º¨°¯º¿¾³Z��Y�µuz-�z.¿u�­Z£yY�Z]�¶§�¾

µvº�v´�Z]�½zd�À]�¾³{�¶³Yºk�½YyYu�v³Y�z´·¾°³��t�¯�½v´§

>Z¤À£u�½yv��vº«Y¹�zºÀgPc�¶º§yx]�b°�£�­Yv§�¶]��º]z¯���¶d�º�
Y|ºkY�Zº¿ ¹ ²Àº´k½zº.¿u��½¹y�b°ºº�£�±M�zºÀgPc�¹ uºº�¾º¯

b�Y�¶³º.#�¾³{�¶³Yººk�yu¾�yz]�sZ��¶�¿Z¤¯�Z]�¹ z�Zo�
\À§zºc ¹ �Zº�¶º¯ bº�§��Àºp¯�yu�¾º³{�¶³Yººk½Z·��¬dt¯�

µuzº-¾³Z��Y�©¹vkè�j¿Zd³��½yº��¶] �v¯M�b�u�¶] ¾c¹Z d¯¶§
µuz-�zº-u�²Àº] yu�¾º³{�¶³Yººk vº� yu¾³Z��Y¾³Z¯{�Z·¶§DY] Z§¶

^´¯�±Yº´�º·u�µuz-��º� µuZ d�Y�¾¬^°#�½¹y�z]�µv´º{Y�zd�À]�µv
bº«Zo¾´�¯�>È¯Z§�a¹Z c�²¿Y�¹ vº�Z]�¾º¯ ±M�~¨�zº]µuº]�yYu
bº�Y�²Àº°·¾³Z¯{�yºº�] yZd�¿¹�¶§¶v��¶¿Z��¶]Zh¯b§uy�Z]�½y

z]�¾£Èc�b«Zo�{Y�zd�À]�¾³{�¶³Yººk vº� yu��µvº� µuYu�¾º£Èc
¾´�¯�a¹Z c�®º· {Zº] ¹ bº�Y�~º¨�¾¯�yYuv�Z]�yu�v³¹y�²¿Y

®·�¾³{�¶³Yºk��sZº��©¹vk�±Z°·��Zp«�{Y�¾«¹�µv��yYz¨c
b�Y�µv�³�b�c�½yZ¯M�] ±Yºd]�v¿Z��²¿Yz]Z´]¶½z´·�z�³�¾�º³

yº¯�½yv��vº«Y¹�Zº] ¶º�]Yy�yu�Yyz�³�v¯�¾£Èc�¦¿�yu�µuZ d�Y�u
²¿Y�¾º«¹��uYu�yYzº£] a¹Z c�¹ ª¯Z��²¿Y�zÀgPc�¶§¶¶]�µv¯M�uºk¹

¾º¯ zº] yxº] b°º�£�­Yvº§¶¬X�¯��uuzº-¶]�iZÀdoY�¶§�b�Y�½Y
uyYu��·¹&��¹ ¢À¤pc�

¶�À��±¹yu�b�§�®dº�À��yu�Z·yxº] ¾º³{�¶³Yººk �sZº�
b�§�Z]�±M�¶�¿Z¤¯�¹ yx]�±uz§���³�yZ°Àc�Z]�µYzº°·yx]�ª¯Z§

¶º¯ �Àºp¯�yu�Zº�±Zº�³Z]�µYz°·�¾³{�¶³Yºk�zd°§�v�yu�µv´·u
²Àº¿Z��b�zº��Àºcº³%�yu�±M�zºcb�§�®d�À��yu�a¹Z d¯�½Z·

¶º¯bº�Y��Zº��¶¿Ç�uºk¹�¹ yx]�`d�º��b¯Zt���º£Y¹�yu½Z·
¨�¹z¨À¯�Zº] ¹ µv´º�¿º³��º�ºc�¶º§ ±M�yu�uººkº¯�uv�dº¯º�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

êí

¾º³¹zd¨«Yvº� ¾º�yz]��µv�³�¶WYyY�j¿Zd³�¾¯��¾°¸¯�ª¯Z��v³Yºc
²¿Y�yu�Z·yx]�¾³{�¶³Yººk b�zº� ¹ ¾ºdsYº´¨¿�­vº� yu¾�yz]

vº�Z]�±YyZ¨°·�¹ ±ºº�¬¿¹�zº.¿u��zº� {Y�çæ��º�s�yu
½¹y�zºº] ¶ºº³Zt¬-�½uZºº� ®dºº�À��¹ �Zºº�¶ºº¯ ®dºº�À��¶ºº�¿Z¤¯

¾³{�¶³Yºkê] ¾.³z��aºc�ª¯Z§�yx]�®£y�¶\ÀczcæëZc�çé{¹y�
¹çéZºcèè½Yzº] Yy�{¹y�êåYºk�v��yu�²¿Y�½Z·yx]�yu�¾³{�¶³

µuzº§ �yY|º- ­Zº£yY¾¯�uºs�²º¿Y�¶º§ vº³YaZÀ�º�s�¶]�v³Yºc
ZÀ°Àº� ¹ ¾º¨¿|À�¿b«Zo�yu�¶§�uº���º]z¯�±M�¶d�º��¹ yxº] ¾

¶º¯uzÀ-�¾¯�ayº��zºcu¹{�¾º³{�¶³Yººk �Zº��±ºd�«¹y�æê�¹
±YyZº¨°·�¹ ¾º�¹y�æë�Yy�yx]�¶d�º��¾dt��¹ b¯Zt��ª¯Z�
¶³º-�{Y�¾��]�yu¶¬°k�{Y�Z·½z¿x�Z³�wº ³�ª¯Z��yv^��¹ ¶l³º¿

µuz°��z]�Z·yx]�ªÀº^£�²º¿Yv³Y�½Z·yx]�¾³{�¶³Yºk�­v��²À´#�®·
µvº�³�yZ°Àºc�ª¯Z§�yxº]�ª¸#�Zc�¶�À��±¹yu�b�§��Àp¯�yu

½¹y�µv��µv¿z]�½Z·yxº] Zº] ±M�¶º�¿Z¤¯�¹ bº�Z§�{Y�vº�]�{¹y
¶]��¹z��b�§�{Y�~º� {¹y�¹u�Z¸´ºc ¶º§ ¶]Zº�¯�bº�§��Àºp¯

v³uº°³�¾³{�¶³Yºk¶d�º��½z¿x�Z³�wº ³��¤³��Yy�bt��¶°À³�½Z·
] ½{Z-�©uZ^c�¹ [M�[xk�yu¶¾¯�±Z�³�±M�iyZs�¹ ªsYuv·u�
±Yz.�·¹&��µuZ dº�Y�bº¬��í�æè�æí�æî¹çå�½Z·yZ°Àc�{Y

yu��¿z�c�¹ ¶d�º��{Y�ª�Zo�uº§y�±uz]�²Àº] {Y�½Yzº] �¬dºt¯
>Z¤À£u�¾³{�¶³Yºk]¶¾¯�yº�´¯�²À°·v�Z]�

{¶³Yºk�±Y|ºÀ¯��Z��¶¯ b�§��Àp¯�bpc�Z·yx]�¾³éå{¹y�
] b�Z§�{Y�vº�]¶Z¸³�vo¿¾�º�p¯�zÀÀ�c�z.¿u�¹ µvÀ�y�uºs�¾

¾º«Zo�yu��bº�Y�¶dº�Yv³yu�¹ ¶�À��±¹yu�b�§�®d�À��yu�¶§
�z���v³v��b�§�¶°À³�ayº��¶] Z·yx]�¶º§ ¾ºd«Zo�º³�{Y�z�³

{Y�v�]�Z¸´c��Àºcº³%ëZc�ìv¯M�b�u�¶] ¾³{�¶³Yºk�zh§Yvo�{¹y�µ
bº�Y�²Àdº�t³�¿Z¯{M�yu�yx]�±v¿z]�yZ°Àc�Z]�¾³{�¶³Yºk�uyYº¯�

±YyZ¨°·�¹ zº¬À¯�æè��ê¾³{�¶³Yºk�zh§Yvo�¹ b�§�{Y�v�]�{¹y�
{Y�vº�]ç¾º«Zo�yu�µvº� �yY|º- ¶dº ·�½Z·yx]�¾³{�¶³Yºk�¶º§

²º¿Y�yu�¾º£Èc�{Y�ªº�Zo¾º�yz]{Y�~��Z¸´c�çyu�¹ {Z�M�{¹y�
{Y��À]�¶]�¶dº ·�¦º¿ avº¯îêÀ�y�v��yu�b�Y�µv�²¿Y�b¬�

b�§��Àp¯�z�Z´���¾·u�yº³�av��yu�±Yºd]�v¿Z��Yy��ÈdºsY
uº°³�z§w�z.¿u�½Z·yºd§Z��¹ yx]�yu�uºkº¯�b]º�y�Z¿�¹�uYv�Y

Yz��yu�Z·yxº] ¾º³{�¶³Yººk yu�­Zº£yY�¹¿¶d�z-�z�³�yu��¬dt¯��
²º¿Y�yu�µvº�¾º�yz]¾³{�¶³Yºk�v�yu�¹ b�z��¶§�uYu�±Zº�³�

Yz°·�¶�À��±¹yu�b�§��Àºp¯yuZ·yx]�±uz§�yZ°Àc�Z]�µ���³
±uzº§�º]¶{Y�zºd¸]�\cYzº¯Yz��bpc�yu�±M¿¶¯�b�§��¹ �Z�

¶¯��Àp¯�yu�b�§[º¬�¯�|À³��Z�b�Z§�Z]�¶�¿Z¤¯�yu�±M�{Y�zc
b�Y�µuº]�+º¨�Y�¹ ,À�Yyº¯�b�§��Àp¯�½¹y�ª¯Z§�y¹x]�

¾³{�¶³Yºk��sZ��¾¬§�yº��¶] ¹ ¾³{�¶³Yºk�vº�yu�¶º�¿Z¤¯
²º¿Y�yu¾º�yz]Àº] yu�¹¾¯�±Z�³��¬dt¯�½Z·yZ°Àºc ²¶§�v·u

¶]�¾kZÀdoY�¹ µuº^³�¾¨¿%º«º¿|À��¾.³z��aºc�yx]�uºº§y�>Yzº·Z�
¾°³�uº§y�µy¹u�²dº�¨��½Yzº] ¾·uZ¯zº� yZ°Àºcz]�²¿Y�¹ v�Z]

±ººº��¯Zc�zºº�³��Èººs�çå�yu�Yy�¾·uZ¯zºº� ªºº¯Z��¶ºº§ bºº�Y
b�Y�¶d�³Yu�½y¹z��uº§y�²¿Y�²d�¨��

±YyZ¨°·�¹ zº¬À¯�æè�º°³�¾´À]��À�µu½Z·v¿{º¨À¬-�¶§�v³Y
Àº�º³ZºÀ³%ºº¦��&\DQRJHQLF�JO\FRVLGHV��¶]�¶§�ºyu�½uZ��yº

¶�Y{y�µuYºº³Zs�±Z·ZÀº-�5RVDFHDH�uº��¾¯�b�Z¿�b�Y�²¨°¯���
]¶ZÀ°À��¾«Z°doY�µv³yYu{Z]�±Yº´�¿v�Z]�¾³{�¶³Yºk�Z]�¶¬]Z¤¯�yu�¾�

b�Z§�¹ ¶�À��±¹yu�b�§��Àp¯�½¹y�µv����£�y¹x]�bº�Z§
ª¯Z§�y¹x]¹ ²d�Yuz]�±ZÀ¯�{Y�f�Z]�¶§��Z��¶¯ b�§�®d�À��yu

¾³{�¶³Yºk�\^º� ¶lÀºd³�yu�¹ µvº� uYºº¯ ²º¿Y�±vº� ¶dº���Zº¿
�¿zº�uºº�¾º¯ yxº] zºc¾¯���uYº¯�¾«Z°doY�uºk¹�{Y�¾§Zo�v³Yºc
ZÀ°Àº�¿] yx]�¶d�º��yu�uººkº¯�¾¶¾-v³yYu{Z]�yu�¾¬¯Z��±Yº´�

v�Z]�¾.³z��aºc�yx]�¾³{�¶³Yººk�]¶±uz§���£�`¬À�¹{Y�Z·yx]�
¾¯�¶º§ yxº] ¶dº�º���º£Y¹�yu��º�¹] ®·�v³Yºc¶v��¦¿�±Yº´�

ZÀ°Àº� ®º· ¹ ¾º¨¿|À�¿¶]�v¿Z°³�ª°��yx]�¾º³{�¶³Yººk µYy�yu�¾
¦º¿¹ µvº� �xºo µyZº]²¿Yz]Z´]] µv��uY{M�²À´k�º°³�¹ v�y�¶

¾¯�ayº��b�z��¶]�¹ ¾ºdoYyuz¿x��²À´k�¾do®·��«Z]Z³�½Z·
µuº°³�¾³{�¶³Yºk��¹y�²¿Y�Z]v³Y�ææ��½Yz]�¶§�¾�¿Z¯{M�yu�¶d^«Y
²Àº«Yv.À¯M�uººk¹��Àtº�c�¦º¿v¿{º¨À¬-�±%º³ZÀ���º³�yu

¶³ºº°³] ¶�«Z�¯�²¿Y�¶Àº�Zo�yu�¹ Z·yxº] {Y�½Y¶v¯M�ª°��j¿Zd³
µvº�³�¶ºWYyY�ZÀ°À��µv³yYu{Z]�²¿Y�{Y�½zgY��¿¾uYv³�±Z�³�Yy�¾«¹

¶d�Z§�ª¯Z§�y¹x]�b¿zh§Y��Yz�Y�yu�,³y�µZÀ��aZp�zc�uººk¹
µvº�¾¯�¶º�À��±¹yu�bº�§��Àºp¯�½¹y�zº]z]�½v·Z��v³Yºc
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¾.³z��aºc��¬dt¯�­Z£yY�¾³Z��Y�µuz-�{Y�ª�Zo�½Z·yx]�¾³{�¶³Yºk�¾�yz]���

êî

ZÀ°À��aZ^À§zc�¾º��]�uººk¹¿yx]�¶d�º��{Y�µv��n�zc�¾v´³Z¯
©º´�v�Z]�[M�yu�©º¬p¯�½Z·�

²¿Y�­Zl³Y¾�yz]¦À´¨c�{Y�µuZ d�Y�¹uYu�±Z�³�a¹Z d¯�½Z·
Zc�z ��{Y�¾.³z��aºc�yu�yx]�¾³{�¶³Yººk ¶º§æåå¶d�]�v�yu�

yZ°Àc�¹ �Àcº³%��ºº³ ¶º]]¶b�Y�zÀÀ�d¯�µv��µuz]�yZ§�]¶±Yº´�
�¾.³z��aºc�bt��¶°Àº³ y¹xº] Zº] ¶º�]Yy�yu��¹y�²¿zºczgR¯

¾º¯ zº�³�¶º]b°�£�{Y�µuZ d�Y�¹ ��¹�{Y�yx]�±uz§��º�£�vº�y
Zc�¶§�²À´k�½¹Zºoæååµuºc�yu�Yy�¾³{�¶³Yºk�v�yu�½yx]�½Z·

¾º¯ ²º¨°¯{Y�ª�Zo�uº§y�z]�¶^¬��½Yz]�\�Z´¯�¾¬o�µYy��u{Z�
¶dº�º�v�Z]�¾³{�¶³Yºk�yu��¿zº�c�¹ yxº]�� o�f�Z]�ª°��²¿Y

yu�b�z�À��\^��¹ ¾£Èc�{Y�ª�Zo�¾¨Àd³%�aZ^À§zºc b¿zºh§Y

v��v·Yºs�½uY&³�¶] ½Z·�¶¯Z³z]��]¶yu�µv¯M�b�u�¶] j¿Zd³�©Zoz·
�yY|-�Z]�ª¯Z§�b¤�Yº¯�yu��¿Z¯{M�²¿Y¾¿Z·�±YyZ¨°·�¹ z¬À¯�{Y�

�æè�µuºº°³�uZ¸´º�À��¶º§ bº�Yº§y�vº³Yyx]�`d�º��{Y�ª�Zo�u
¾º¯] v³Yºc¶½º£�±Yº´�¾³{�¶³Yºk�½¹y�µv³yYx-�zÀgPc�ªÀ«u�²¿zc

�Àcº³%�yu�¾.³z��aºc�y¹x]v�Z]�a¹Z d¯�½Z·�

½yY|.�Z��
¶¬À�¹�²¿vº]¶§�b£¹�¾-v³{Z��uZ¸k�ayY{¹�²À«ºX�¯�{Y±Z¨¯Y

¾¯�¾³Yuyv£�¹ z¨�c��v³uº°³�®·Yz��Yy��·¹&��²¿Y�­Zl³Y®´§��

�]Z´¯¯µuZ d�Y�uyº
�� $YLJGRUL�$YLGRY�� +�� ������ 6WUDZEHUU\�� SS�� ��������� ,Q�� 63�� 0RQVHOLVH� �(G���� +DQGERRN� RI� )UXLW� 6HW� DQG�

'HYHORSPHQW��&5&�3UHVV��%RFD�5DWRQ��)ORULGD� 8��6��$�
�� %DOODUG��/� $��7��������3K\VLFDO�EDUULHUV�WR�JHUPLQDWLRQ��6HHG�6FL��DQG�7HFKQRO������������
�� %HZOH\��-��'��DQG�0��%ODFN�������3K\VLRORJ\�DQG�%LRFKHPLVWU\�RI�6HHGV��9RO�����6SULQJHUYHUODJ��%HUOLQ������3�
�� %R[XV��3��+���0��2XRLULQ�DQG�-��0��/DLQH��������/DUJH�6FDOH�3URSDJDWLRQ�RI�6WUDZEHUU\�3ODQWV�IURP�7LVVXH�&XOWXUH��

,Q�� -�� 5HLQHUW� DQG� <�� 3�� 6� %DMDM� �(GV���� $SSOLHG� DQG� )XQGDPHQWDO� $VSHFWV� RI� 3ODQW� &HOO�� 7LVVXH� DQG� 2UJDQ�
&XOWXUH��6SULQJHU�9HUODJ��1HZ�<RUN���

�� 'DUURZ��*��0��������7KH�6WUDZEHUU\��+LVWRU\��%UHHGLQJ�DQG�3K\VLRORJ\��+ROW��5HLQKDUW�	�:LQVWRQ��1HZ�<RUN�
�� 'RQQHOO\��(��'��������%UHHGLQJ�KDUG�VHHGHG�YHWFK�XVLQJ�LQWHUVSHFLILF�K\EULGL]DWLRQ��&URS�6FL�������������
�� (JOH\��*��+��������:DWHU�LPSHUPHDEOH�VHHG�FRYHULQJV�DV�EDUULHUV�WR�JHUPLQDWLRQ��SS�����������,Q� 5��%��7D\ORUVRQ�

�(G����5HFHQW�$GYDQFHV�LQ�WKH�'HYHORSPHQW�DQG�*HUPLQDWLRQ�RI�6HHGV��3OHQXP�3UHVV��1HZ�<RUN��
�� *XWWULGJH��&��*�� DQG�6��%ULJKW��������$FFHOHUDWLQJ�DQG�V\QFKURQL]LQJ�JHUPLQDWLRQ�RI�VWUDZEHUU\�VHHGV�E\�RVPRWLF�

SUH�WUHDWPHQWV��(XSK\WLFD������������
�� +DUULQJWRQ��-��)��������6HHG�6WRUDJH�DQG�/RJHYLW\��SS�����������,Q��7�7��.R]ORZVNL��(G����6HHG�%LRORJ\��9RO��,,,��

$FDGHPLF�3UHVV��1��<�
���+HQU\��(��0��������7KH�JHUPLQDWLRQ�RI�VWUDZEHUU\�VHHGV�DQG�WKH�WHFKQLTXH�RI�KDQGOLQJ�6HHGOLQJV��3URF��$P��6RF��

+RUW��6FL������������
���/LV��(��.��������,Q�YLWUR FORQDO�SURSDJDWLRQ�RI�VWUDZEHUU\�IURP�LPPDWXUH�DFKHQHV��$FWD�+RUW��������������
���0HOYLOOH��$��+���*�� -��*DOOHWD�DQG�$��'��'UDSHU��������6HHG�JHUPLQDWLRQ�DQG�HDUO\�VHHGOLQJ�YLJRU� LQ�SURJHQLHV�RI�

LQEUHG�VWUDZEHUU\�VHOHFWLRQV��+RUW��6FL������������������
���0LOOHU��$��5���-��&��6FKHHUHQV��3��6��(UE�DQG�&��'��&KDQGOHU��������(QKDQFHG�VWUDZEHUU\�VHHG�JHUPLQDWLRQ�WURXJK�LQ�

YLWUR FXOWXUH�RI�FXW�DFKHQHV��-��$P��6RF��+RUW��6FL�����������������
���4XLQOLYDQ��%�-��������6HHG�FRDW�LPSHUPHDELOLW\�LQ�OHJXPHV��-��$XVW�,QVWLW��$JULF��6FL�������������
���5ROVWRQ��0��3��������:DWHU�LPSHUPHDEOH�VHHG�GRUPDQF\��%RWDQLF��5HY�������������
���5XVVL��/���3��6��&RRNV�DQG�(��+��5REHUWV��������&RDW�WKLFNQHVV DQG�KDUG�VHHGHGQHVV�LQ�VRPH�PHGLFDJR�DQG�WULIROLXP�

VSHFLHV��6HHG�6FL��5HV�������������
���� 6DOLVEXU\�� )�� %�� DQG� &�� :�� 5RVV�� ������ 3ODQW� 3K\VLRORJ\�� �WK HG��� :DGVZRUWK� 3XEOLVKLQJ� &RPSDQ\�� %HOPRQW��

&DOLIRUQLD������3�
���� 6FRWW�� '�� +�� DQG� '�� 3�� ,QN�� ������ *HUPLQDWLRQ� RI� VWUDZEHUU\� VHHG� DV� DIIHFWHG� E\� VFDULILFDWLRQ� WUHDWPHQWV� ZLWK�

VXOIXULF�DFLG��3URF��$P��6RF��+RUW��6FL�������������
���� 7KRPSVRQ��3��$�� ������7KH�XVH� RI� FKLOOLQJ� DQG� FKHPLFDO� WUHDWPHQWV� WR� SURPRWH� UDSLG� JHUPLQDWLRQ�RI� VWUDZEHUU\�

DFKHQHV��-��+RUW��6FL�������������
���� :LOVRQ�� '��� $�*RRGDOO� DQG� -�5HHYHV������� $Q� LPSURYHG� WHFKQLTXH� IRU� WKH� JHUPLQDWLRQ� RI� VWUDZEHUU\� VHHGV��

(XSK\WLFD������������
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