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b�Yv³�µZ.¬-�¾-vÀ�º��¹ ½zÀ-�µ{Yv³Y�uyº¯�aZ ��½¹y�½yYu�¾´�¯�zgY�uyYº¯�zh§Y�

¹½vÀ¬§�½Z·�µ%Y�¾�yu¹{��uz¨¬°���v�y��aYzdÀ³�®�À¬§��²¬ÀcY�¾¬��"«Z¯��µZ.¬-�¾-vÀ�º���½z-�±ºd�«yZ#��¶³Y¹v´·

¶¯v¤¯
¶³Y¹v´º·�&LWUXOOXV�ODQDWXV�½|À«Zk�±Z·ZÀ-�²¿zc�®¸¯�{Y�¾¨¿

¶kºc�ª]Z£�b�§�zº¿{�n�º� Zº] ¶º§ bº�YÎÓÍÍÍÍyu�yZd¨·�

yYz£�±Z¸k�­¹u�­Z¤¯�yu�²Àº# {Y�vº�]�±Yzº¿YuyYu��ÎÒ��²À]�yu
±ºd�«yZ#�®£y �±Yz¿Y�yu�b�Z§�uyº¯�¶³Y¹v´·��¬dt¯�­Zº£yY½z-�

¹ �¬dººt¯�¾ºº¿Yº·�¹ [M��¿Yzºº� ¶ºº] ±M�½yZ-{Zºº� ªÀºº«u¶ºº]
æ�±Yz¸c�µZ.�³Yu �½{y¹Z�§�µv¨�³Yu��¾³Z^�Z]�­º¬��uZd�Y�¹ yZÀ�³Yu��v�yY�¾�Z´�yZ§�¢]Z��½ºl�³Yu��uZd�Y�\Àczc�¶]

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.4

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

21
 ]

 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1382.7.4.1.1
https://jstnar.iut.ac.ir/article-1-480-fa.html


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

Ï

¶º.³�¹ ªº¤³�¹ ªº°o�bÀº¬]Z£½uZ�d£Y��{yY�{Y��[º¬�¯�½yYu�
Yy�vÀ«ºc�¹ b�§�z¿{�n���²¿zd�À]�¹ b�Y�yYuyºszº] ½uZº¿{

b�Y�µuYu��Z�dsY�uºs�¶º]�[º¬�¯�aZ ��uºk¹�Z]�®£y�²¿Y
µZ.¬-�¾-vºÀ�º��¶]�b^º�³��µyZº�Y�uyºº¯�%ORVVRP�HQG�URW�

�{yY�{Y�¾-vÀ�º��ayº��yu�¹ bº�Y�}Zº�o�yZÀº�]��øï¹
¾¯�¶d�Z§�av��¶]�±M�¾º À§uº���¶§�v�Z]�ªÀ«u�²À°·�¶]�v¿Z�

±Yz¿Y�½Yzº] Yy�¶³Y¹v´º· uzº¨¬°��²Àº.³ZÀ¯ÔÒ�ÎÐyZd¨·�yu�²c�
±Z¸k�yu�¶³Y¹v´·�uz¨¬°��²À.³ZÀ¯�¶§�¾«Zo�yu�v³Y�µuz§��yY|º-

ÎÖu¹vo�Z¨¿z¯M�¹ ZÀº�M�yu��Ò�ÏÎZ¤¿z�Y�yu��ÎÖZ�¹yY�yu��ÎÑ�
²ºÀº# yuÒ�ÏÐ¶Àº§zc�yu�¹ÏÖb�Y�µvº� z§w�yZºd¨·�yu�²c�

�ÎÒ��
¦¿�±Yº´��¶] µZ.¬-�¾-vÀ�º��µvº� ­Zºl³Y�½Zº·¾º�yz]�yu

b�Y�µv��¶dsZ´��¾¨¿%º«º¿|À��¶º�yZ��Î��²À¤¤p¯�{Y�¾sz]
v´³Yu�¾¯�¥Zs�¹ Yº·�¾d]º�y�½Z·��´c�Yy�µZ.¬-�¾-vÀ�º��ª¯Z�

�Ð��®¸¯�ª¯Z��¦¿�±Yº´��¶º] Yy�®Àº�¬§�uº^º°§��zº.¿u�½Y�µvº�
v´�Z´��¾¯�µZº.¬-�¾-vÀº�º��ÎÕ¹ÏÖ��Yyu�Z¸´c�¶³�¶�yZ��²¿

uº��¾¯�µv¿u�|À³�¾.³z��¶kº-�¹ ½Y�¶°«u�ª ¬��yu�¶¨¬]��¶³Y¹v´·
�ÎÑ¹ÐÎ��+¹zº§ µvÀº¤��¶º]�ÏÏ�yu�®À�¬§�uº^º°§�®º¿È�

©º¬p¯�yu�®À�¬§�¾�Z§�µ{Yv³Y�¶] ¶§�¾³Z¯{�¾ºdo�¾º.³z��¶kºº-
v¿M�¾¯�vº¿v��|ºÀ³�uyYu�uººk¹�¥Zºs�©ÈdsY�²¿Y�b¬��µuz]�­Z³

yu�Yy�¾º¨¿%º«º¿|À�¹ ¾�Z§�®À�¬§�[xk�­v���¾º.³z��¶kºº-
®¿È��¶§�v´§�¾¯�¶�Z�Y�¹ v³Yu�¾º¯ ¾º·ZÀ-�­Yvº³Y�yu�±M��ºt�
Z¸³M�yu�½zd°§�¡zº�c�¶º§ ¾º¿Z·�­Yvº³Y�yu��º¤��®Àº�¬§�uº^º°§

uºº�¾º¯ zº·Z���uzºÀ-�¾º¯ ayºº��yu�>Yz�p´¯�®Àº�¬§�Yzº¿{
ª¤d´¯�ÇZ]��z��¶º] [M�±Z¿zºk Zº] µYzº°·�¹ ¾º]º#�½Z·vº³¹M

c v£Z��¹ uº��¾¯b�Y�¾·ZÀ-�±¹yu�¥zp�¶§�¾¿Z·�­Yv³Y�²¿Yz]Z´]
¡zº�c�º�øïv³yYu��Z·�µºÀ¯�yZ#u�zd�À]��¿z��v�y��¿Yz��yu��

v³º��¾¯�®À�¬§�uº^º°§�±YyZ¨°·�¹ ¦´À��ÏÖ�uYº¯�¾�yz]�Z]
µºÀ¯�b�º��µv´º·u�ªÀ¨º�c�¾¿ZÀ°Àº�ÎÍµv·Z�¯��¶³Y¹v´·�®£y�

{Y��À]�Z]�­Zº£yY�¶º§ v³uzº§ÎÒº¬p¯�¾³v�¯�uYº¯�v�yu�yu��©
v´·u�¾¯�±Z�³�b¯¹Z¤¯�µZ.¬-�¾-vÀ�º��ª]Z¤¯�¶§�²¿Y�¶]�¶kºc�Z]

µv´ºº·u�ªÀ¨ºº�c�uYººº¯ {Y�¾ººsz]�¾¿ZÀ°Àºº� ±Z°dsZºº� yu�®Àº�¬§

®À�¬§�uº^°§�²À]�v¿Z]�²¿Yz]Z´]��uyYu�uºk¹�²Àd¨��v´³Z¯�bº�º�
v�Z]�¶d�Yu�uºk¹�½Y�¶�]Yy�µZ.¬-�¾-vÀº�º��¹�yu�²¿Y�uºk¹�Z]

±YyZ¨°·�¹ ¾�Z§�½Zº·¾º�yz]�ÏÎ�±u¹|�Y��½yZÀ]M�½Z·�®¿%y
¥Zs�¶º] ®Àº�¬§�®À�¬§�aZ «º��¥zpc�¶]�±vÀ�t]�b�z���

µZÀ-�¶À«¹Y�½Z·�+z]�yZ°���·Z§�¢¿z��{Y�®Àº�¬§�¾º·ZÀ-�±¹yu
�·Z§�yu�¾³Yv´#�zÀgPc�¶cº]�zº· yu�µºÀº¯ yZ°º� �·Zº§ Zº¿ ¹

v´dº�Yv³�µZº.¬-�¾-vÀº�º��vº�yu��¬dt¯�²À¤¤p¯�aZ¤À¤pc
yZ°Àc�zgY�¶§�vº·u�¾º¯ ±Zº�³µZ.¬-�v�yu�z]�®À�Zd��Z¿�¹ ®À�¬§

b�Y�µuº]�®§�yZÀ�]�µºÀ¯�ÎÐ��
Z]�µZ.¬-�¾-vÀ�º��½¹y�µv��­Zl³Y�aZ¤À¤pc�¾¬§�yºº� ¶º]
±Z�³�Yy�¾´�¹y�j¿Zd³��®Àº�¬§�¶º¬°k�{Y��¾º³v�¯�uYºº¯ uzº]yZ§

vº·u�¾º°³�aZ¤À¤pc�²À°·�uZ´d�Y�¶]�z-Y�²¿Y�uºk¹�Zº]�Ð�ÎÕ�
ÏÏ¹ÐÍ�³Y¹v´º· µZº.¬-�¾-vÀº�º��bº¬���¾.³z��¶kº-�Zº¿ ¶

¶]�±M�©Z¤d³Y�¹ [xºk ª¨º�¯�{Y�¾º�Z³�®Àº�¬§�uº^º°§�¶lÀºd³
yu��v�Z]�¥Zs�¹ Yº·�¾d]º�y�½Z·��´c�zgY�yu�¾¿Yº·�½Z·�­Yvº³Y
{Y�½zÀ-º¬k�¹ ¥Zs�b]º�y�©zd´§�Z]�±Yºdº] vº¿Z]�ayºº�²º¿Y
�·Z§�Yy�µZ.¬-�¾-vÀ�º��av��±Y|À¯�ª£Yvo��¾¨º�s��´ºc

uYu�±YyZ¨°·�¹ ¾�Z§��Z^ºcyY�²º¿Y�yu��ÏÎ�¾«M�uYº¯�uz]yZ§�Z]
¦Àdd´��uYº¯�¹ |^��uº§��¾¯Yu�uº§���¬§�¹ µZ§�v´º³Z¯��¬dºt¯
Yy�µZ.¬-�¾-vÀ�º��v�yu��·Z§��©º¯¹z.À·�¹ ª¿{¹z-M�v´º³Z¯

v³uz§�µv·Zº�¯�aZ�¿Z��uz]yZ§�Z]�½z.¿u��¿Z¯{M�yu�²À´#�®·
½YyYu�½Z·�µºÀ¯�±Y|À¯��¥Zs�b]º�y�� o�ª¯Z��±Yº´��¶] ½Zº#

µZ.¬-�¾-vÀ�º�ÏÓZc�ÐÏb�Z¿��·Z§�v�yu��Ò��
½Z·�"«Z¯�zÀgPc�zÀsY�¶·u�¹u�yu��Z·��·¹&º� ²º¿Y�zº] µ¹Èº�
uyº¯��¶³Y¹v´·�µZ.¬-�¾-vÀ�º��¹ º°³�¹ vº�y�½¹y�¾¨Àdº�È�

bºº�Y�¶d�zºº- yYzºº£ ¾ºº�yz]�±YyZºº¨°·�¹ ¾³Z�¬ºº��ÐÍ�Zºº]
�v�y��¿Y|º�Y��¶³Y¹v´º· yu��¬dºt¯�¾¨Àdº�È��½Zº·�º�º�

d�À]�uz¨¬°��¹ }yu¹{�©ºº�p¯v´´§�¾¯��yY|-�Yy�½z�,³Ç
¦´¿z^¯Z§�¹�ÏÐ�¦¿�½¹y�µZcº§�¾¨Àd�È��½Z·�ª³ºc�uz]yZ§�Z]

½uz¨¬°���¾�yu¹{�¶d ·�¹u�z]�µ¹È���yxº]¾º] ¶³Y¹v´º· ®º£y
zº]Yz]ÔÓZ]�¶�¿Z¤¯�yu�yZd¨·�yu�²c�ÑÖyZ°Àc�yu��yZd¨·�yu�²c�

v³uzºº§ vÀºº«ºc��ºº�º��±¹vºº]�Èºº¸]�aZ¤Àºº¤pc�yu�Ö�"«Zºº¯
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Ð

µZÀº� ¾¨Àdº�È�yº��¶] Z¿�¾¿Z¸´c�¶]�½Y�µz�£�½yZÀ]M��¿Yzº� yu�
¹ ¾�yu¹{�Z]�¹ µuYu��¿Y|�Y�Yy�¶³Y¹v´·�¶£Z��¾«º��v�y��­Yººc

b�Y�µuº]�µYz°·�uz¨¬°���¿Y|º�Y�yu�Z¸´c�¶³�¾¨Àd�È��½Z·�"«Z¯
ª ¬��¹ ¾^«Z���yZÀs�yu�¶¬°k{Y�¹ z.¿u�±Z·ZÀ-�yu�¶¨¬]��¶³Y¹v´º·

�¾º·v¬-�¹ ¾º³{�¶³Yººk yu��¿zº�c�²°º� |ºÀ³¹ ¾�yu¹{�f�Z]�
b�Y�µv��uz¨¬°��¶kºc�ª]Z£��¿Y|�Y�Ï�Ñ�Ó�ÎÎ�ÎÓ¹ÏÓ��

½z.¿u�½Z·��v·�½Yz]�¾¨Àd�È��½Zº·"«Zº¯ {Y�²Àº´#�®º·
¥Zººs ¾ºº·u�[Zdºº�M v´ºº³Z¯�6RODUL]DWLRQ���ÎÏ¹ÏÍ�©zººd´§��

{z·�½Z·��¬��¹ ¥Zs�½Z·�±%ºcZ��ÎÔ�ÏÒ�ÏÔ�½Z¯u��¿Y|�Y��
µz¸]�aYz�o�bÀ�°k�©zd´§�¹ ¥Zºsb�Y�µv��½zÀ-��ÎÍ�ÎÓ

¹ÎÖ��
¹ µZÀ��²¬ÀcY�¾¬����º��zgY�¾]Z¿{yY���·¹&��²º¿Y�{Y��vº·
¶�yZ���·Z§�¹ vÀ«ºc�µu{Zº] �¿Y|º�Y�yº�´º¯¶º] ¾º-z]�¶º¿x�c

uº]�¶³Y¹v´·�µZ.¬-�¾-vÀ�º��

Z·��¹y�¹ uYº¯
½Zº·©Zº� yu�¾º�yz]�²º¿YÎÐÔÓ¹ÎÐÔÔaZ¤À¤pc�|º§z¯�yu�

y¹Z�§�µv¨�³Yu�¾³Z^�Z]�­ºº¬��µ¹zº-yu��£Y¹�±Yz¸c�µZ.�³Yu�½{
izº§�¾º¿ZÀ�Yz�k��zº�ÐÒ¹ ¶kyu�ÑÕ©º��¹ ¾«Z°��¶¤À£u�

¾º¿ZÀ�Yz�kÒÎ¾£zº� ¶ºkyu��b�z-�­Zºl³Y�²À¯{�¥Zs�b�Z]
½YyYu�¾�y�­ºº« �¿Zº¯{M�ªºp¯ÐÕ��}yÐÕ�¹ b¬À�ÏÑ�

ª§�±%¹zdÀ³�¹ ²º�ÏÕ�Î¾�zd�u�ª]Z£�®À�Zd��¹ z ����v�yu�
\Àczºc¶º]ÏÏ¹Ñ�ÏÒÔÀ¯�yu�b°�£��±ºÀ¬ÖÍ�Ô S+b¿Yv·�¹
¾¨¿zd¨«Y�(&�¥ZsÔÐ�Íuº]��]z¯�zd¯�¾d³Z��z]�}º¯�¾¬À¯��

"«Z¯�±¹v]��µZÀ��²¬ÀcY�¾¬��"«Z¯�{Y�ayZ^���¿Z¯{M�½Z·yZ°Àc
aYzdÀ³�®À�¬§�b�¬��¶��Z]�¾-z]�¶º¿x�c�¹�Í�Ñ¹ÓyY|·�yu��

v³uººº]��¿Zºº¯{M�{Y�©Zºº� ¹u�zºº· yu�mzºº� ²ºº¿Y ½YzººkY�½Yzºº]
\º«Z£�yu�ª¿yºdº§Z�yZ¸#�yu�¾�uZ�c�ª¯Z§�½Zº·¥ºº¬]�mzº�

vº� ½zºÀ-�µzº¸]�yYzº¨c��¿M�ª^£�©Z��¶§��¿Z¯{M�ªp¯�²À¯{
{Y�~��©Z��z·�yZ¸]�yu�¹ v��µu{�¢Àº°��®tº� |ºÀ¿Z��yu��uºº]

yYvº¤¯��±u{�¦º�¿u�¹ ¾p�º� ®tº�ÎÍÍyu�z ���­z-º¬À§�
�ª�¿zc�aZ ��z�º��ª¨º� ¶º] yZdº¨·ÎÒÍyu�®À�Zd��­z-º¬À§�

aZ «º��ayºº�¶º] yZdº¨·v��µuYu�®À�Zd���ayº��¶]�±%¹zdÀ³
±Y|ººÀ¯�¶ºº] µy¹YÎÒÍ�¶¬ozºº¯ ¶ºº� yu�yZdºº¨·�yu�­zºº-º¬À§�ÒÍ

¹ b�Z§�{Y�ª^º£ yZdº¨·�yu�­zº-º¬À§ÎÍÍ¹u�yu�¶À¤]�­z-º¬À§�
v���z�¯�¥z��ayº��¶]�b]º³�

¾�¿Z¯{M�½Z·�azº§ uZº�]YÓ�ÎÏv��¶d�z-�z�³�yu�zd¯��z·
�z��¶]�b�Z§��¿uy�¶��ª¯Z��az§Ï§ uº]�zd¯��¿uy {Y�¶

©ºº�p¯�bº�Yuz]�¹ ½yYuz]�b�YuuZ¿�½Yz]�azºº§ zº· �º�¹
v³v��yº�´¯�¶À�Zo�±Yº´��¶] ½yZ´§��¿uy�¹u�¹ v��½zÀ-�µz¸]�

�¿uy�½¹y�yu�Zº·¶cºº] ¶¬º�Z�ÔÒuº]�zd¯�¾d³Z���­Zl³Y�{Y�~�
¢º°��®º§ ¶dº���¹ ½ººk�yZÀº��¶³Y¹v´·�yx]��½yZ§�­zºÀ·�¹
©Z�yu�½z-�±ºdº�«yZ#ÎÐÔÓyu�ÏÍuyY�©Z��yu�¹ µZ¯�b�¸^¿

ÎÐÔÔyu�ÎÔv��¶d�Z§�¶d���yZ´§�yu�µZ¯�uYuzºs�µZÀ��²¬ÀcY�¾¬�
�z��¶]�¶º§ µuZ dº�Y�uyºº¯ÎÑÍ©Z��yu��uº]�zd¯�¾d³Z��ÎÐÔÓ

±vºº� ¾ºº-z]yZ¸#�¶¬ozºº¯ yu�¹ Zºº·¶cººº] ±vºº� |^ºº� {Y�~ºº�
¶d���½¹y�yu�Z·�¶$·ZÀº-�b�Z§��¿uy��º]z¯�½yZÀ]M�yZÀ��¹

½Z·�¶^º« ¹ vº� µvÀº�§�±M�¶º]v��µv³Z�º��¥Zs�Z]�±M��{Y�~�
ayº��¶] ¾�Z¨��Z·�¶cº]�yYz¤dº�Y�ªºp¯�yu��±ºº¬¿Z³�±vÀº�§�

±¹zÀ]�¶]��Z¨��²¿Y�¢¿z��{Y���º��z¿{�±Z·ZÀ-�¹ µuº°³�uZl¿Y
v´d�z-�yYz£�±M�½¹y�yu�¹ b¿Yvº· �º�º��©Z��yuÎÐÔÔª^£�

±º¬¿Z³�±v¿z]�Z]�v�]�¹ v��µvÀ�§�±º¬¿Z³�b�t³�yx]�bº�Z§�{Y
¿Yu�ayº��¶]u¹vo�z�£�¶]�½Y�µzÔ¹ uZl¿Y�­{Ç�µuº-�zd¯�¾d³Z��

vº� ¶dº�Z§�±M�yu�yxº]�¦´c�aZÀ¬°��Z·�¶cº]�±v��|^��{Y�~�
¹ ��º��±¹v]�½Z·yZ°Àc�yu�{z·�½Z·��¬��Z]�µ{yZ^º¯ �Zº·¶cºº]

b�z-�­Zl³Y�¾.d ·�yº��¶]�½yZÀ]M�
Z·�µºÀ¯�²Àd�t³�ªÀ¨�c�{Y�~��aYzdÀ³�®À�¬§�¾º-z]�¶º¿x�c

Zº] ¹ u¹{�n^º� yuv��­Zl³Y�¾d����Z�°��{Y�µuZ d�Y�©º¬p¯
ªº�Yº��¶º] ¹ ¶¬ozº¯ ¶º� yu�¾º�Z�ÎÒb�z-�ayºº� {¹y��

®À�´c�½Yzº] ²Àº´#�®º·S+²À]�©º¬p¯��ÓZc�Ô²¿zc�\�Z´¯�¶§�
S+uº��{Y��b�Y�¾�Z��©º¬p¯�½Yz]�Î�Ív��µuZ d�Y�©Z¯z³��

©Z��yu�¶³Y¹v´·�µvÀ�y�½Z·�µºÀ¯�b�Yuz]ÔÓ{Y�ÏÍ¹ uYuz¯�
©Zº� yuÔÔ{YÐÎv��­Zl³Y�b]º³�¶º� yu�µZº¯ uYuzº¯�{Y�~�

¹ v³v��±{¹�¹ �yZ°��¾�¿Z¯{M�az§�z·�½Z·�µºÀ¯��bº�Yuz]
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{ÎÐÕÏ

Ñ

¹ µZ.¬-�¾-vÀ�º��½YyYu�½Z·�µºÀ¯�±{¹�¹ uYv�c�vº�yu�~�º�
¶kyu�½Z·�µºÀ¯�±{¹�¹ uYv�c�vº�yuÏ��v³uº]�|¿y�¶§�¾¿Z·�µºÀ¯

v³uYu�¾¯�±Z�³�®§�yYv¤¯�¶]�µZ.¬-�¾-vÀ�º��®º¿È��¹��t�¯
v¿uzº-�©¹Y�¶¬oz¯�yu�µv��b�Yuz]�©º�p¯�±Y|À¯�²Àº´#�®º·

}yu¹{�©ºº�p¯�±Yº´º�¶º]�¶]�b�Yuz]�²À«¹Y�uz¨¬°��b^�³
ª§�uz¨¬°��¾¿Yº·�½Z·�­Yv³Y�zc�±{¹�²¿Y�z]�µ¹È��v��¾]Z¿{yY

¶cº]�yZ°Àc�z·�¶cº]�j´��{Y�½zÀ-�µ{Yv³Y�¶cº]�z·�yu�µºÀ¯�uYv�c��
v��½zÀ-�µ{Yv³Y�µºÀ¯�²À.³ZÀ¯�±{¹�¹�

fp]�¹ j¿Zd³
¾¿Yº·�½Z·�­Yv³Y�v�y�z]�¾-z]�¶¿x�c�¹ "«Z¯�zgY

av��¶]�Yy�¶³Y¹v´·�½Z·�¶cº]�¾«º��v�y�¹ Z·�¶sZ��yZ°��"«Zº¯
uYu��¿Y|º�Y�{Y��Z·�¶cº]�©º��½zÀ-�µ{Yv³Y�½Zk�¶] ªÀ«u�²À°·�¶º]

v��½zÀ-�µzº¸]�vº�y�±Y|ºÀ¯�bº¸k�Zº¸³M�zºc ±{¹�©¹vkÎ��
©¹vk�½Z·�µuYu�¶§�½yºº�±Zº°·Î�³�±{¹�²À.³ZÀ¯��v´·u�¾¯�±Z

a¹Z c�Z]�"«Z¯�±¹v]�½Z·yZ°Àc�Z]�¶�¿Z¤¯�yu�"«Z¯�yZ°Àc�yu�¶cºº]
{Y��À]�¶]�yYu�¾´�¯Ïb�Y�¶d�Z¿��¿Y|�Y�z]Yz]��j¿Zd³�|À³�±Yz.¿u

¶³Y¹v´·�¹ ¾^«Z���yZÀs�yu�¾¸]Z�¯�Ï�Ñ¹Ö�v³Y�µuz§��yY|-�
bº«Zsu�¾º ¬dt¯�ª¯Yºº� �¶³Y¹v´º· ¾º�¿¹y�vº�y��¿Y|º�Y�yu

ºº�Yu¢ºº°��yu�Zºº¯u��¿Y|ºº�Y ¶ºº] ±Yºººc¾ºº¯ ¶ºº¬°k�{Y��vºº³Y¶dÎÒ
u¹vo�"«Z¯�yZ°Àc�yu�¶§�uz§�µyZ�Y�¥Zs�½zºd¯�¾d³Zº�Ò¶kyu�

uº]�"«Z¯�±¹v]�yZ°Àºc ¥Zºs ½Zº¯u�{Y�zdº�À]�uYzº-¾d³Zº��²¿Y
±Yz.¿u�½Z·��·¹&��yu�¶§�Z¯u�a¹Zº c�ÎÓ¹ÏÔ�¢°��yuÎÍ

�º�º��zº¿{�¥Zºs ½zºd¯�¾d³Zº�Ö�ÐZºcÑYz-�¾d³Z��¶ºkyu�u
µZÀ-��¿z��v�y�¹ ¾³{�¶³Yºk�b�z��z]��b�Y�µv��½zÀ-�µ{Yvº³Y

uºº] zºgR¯�yZÀº�]�¾¿Yº·�½Z·�­Yv³Y�v�y��¿Y|�Y�²¿Y�z]�µ¹Èº�
�Àp¯�yu�"«Z¯���ºc�µv��uZl¿Y�½Z°À¬§¹z¨À¯�zgY�yu�v³Yºc�¾º¯

v�Z]�zd�À]�¾¿Yx��uYº¯¹�[M�[xk�±Z¨¯Y�¹ ¶�¿y�
Yv³Y�zc�±{¹�½¹y�aYzdÀ³�®À�¬§�Z]�¾-z]�¶¿x�c¾¿Yº·�½Z·�­

bº�Yv³�½yYu�¾º´�¯�zºgY�"«Z¯�yZ°Àºc yu�¾º-z]�¶º¿x�c�¶#zº-Y
�©¹vºkÎ�yZ°Àc�yu�¾«¹�uYu��¿Y|º�Y�¾º§v³Y�Yy�Zº·¶cºº] ±{¹

vºº� ¶cººº] ±{¹��·Zºº§ \kººº¯ "«Zºº¯ ±¹vºº]�{Y�½Y�µyZºº� yu

Z¿�u¹vp¯�Yy�¾�¿¹y�v�y�¾-z]�¶¿x�c�|À³�±Yz.¿u�½Z·�¾º�yz]
b�Y�µYu��·Z§�ÏÑ¹ÐÎ��

§ ¹ "«Zº¯ zºgYuz¨¬°��½Y|kY�¹ uz¨¬°��zº] aYzºdÀ³�®Àº�¬
¶³Y¹v´·

�zd�À]�yYu�¾´�¯�a¹Z c�Z]�"«Z¯�½Z·yZ°Àc�¶°·�yu�uz¨¬°��yYv¤¯
uºº] "«Zº¯ ±¹vº] ½Z·yZ°Àºc {Y�©¹vkÏ��²À.³ZÀ¯�¶§�½yº��¶]

"«Z¯�yZ°Àc�yu��¿Z¯{M�½Z·�©Z��\Àczc�¶] uzº¨¬°�ÑÒ¹ÔÒ²c�
"«Z¯�±¹v]�yZ°Àc�yu�¹ yZdº¨·�yuÏÒ¹ÑÍ²c�uº]�yZd¨·�yu�Z]

yZ°Àc�Z]�¶�¿Z¤¯�yu�"«Z¯�yZ°Àc�uz¨¬°���¿Y|�Y�vº�yu�¶^º�Zp¯
¶kººc ªº]Z£�®º£y�"«Zº¯ ±¹vº]ÕÒvº�yu��©Z��¹u�²Àº.³ZÀ¯�

¶Àkºc�|À³�½uZ�d£Y�z�³�{Y�Yy�"«Z¯�uz]yZ§�¶º§ vº¿M�¾º¯ bº�u�¶º]
v´º§¾º¯�±YyZ¨°·�¹ z¨À]��·¹&��j¿Zdº³ Zº] Zº·¶dº�Z¿�²º¿Y�Ô��

±YyZ¨°·�¹ ¾³Z�¬��ÐÍ�²¿z¿Z��¹�Ï�Ñ¹ �Ó�uyYu�¾³Yºs�®·�
±M�½Z·zgY�¶]�±Yºc�¾¯�uz¨¬°���¿Y|�Y�z]�"«Z¯�zgY�¶Àkºc�yu
uz§�µyZ�Y�|À³�µºÀ¯�²À.³ZÀ¯�±{¹�yZ°��¾´�¿�uz¨¬°��½Y|kY�zº]

v³Y�¶d�Z¿��¿Y|�Y�"«Z¯�zÀgPc�bpc�yYu�¾´�¯�yº��¶] ¶§�½Z·�©¹vk
Ð¹Ñ��©¹vk�½Z·�µuYu�¶º§½yºº�±Zº°·ÐZ�³�|À³��v´·u�¾¯�±

©Z��yu�"«Z¯�±¹v]�yZ°Àc�yu�µºÀ¯�yZ°º� ²Àº.³ZÀ¯ÎÐÔÓ{Y�Ö�Í
¶º]ÔÍ�Î©Zº� yu�¹ ¶cºº] zº· yu�uvº�ÎÐÔÔ{Y�ÎÏ�Î¶]�uv��
ÏÓ�Ïb�Y�¶d�Z¿��¿Y|�Y�"«Z¯�yZ°Àºc yu�¶cºº] zº· yu�uvº��¶]

|À³�µºÀ¯���ºd¯�±{¹��"«Z¯�yZ°Àc�yu�µºÀ¯�yZ°���¿Y|�Y�aY{Yº¯
v·u�¾¯�±Z�³��¿Y|º�Y�¹vk½Z·�©Ð¹Ñ��±YyZ¨°·�¹ {yv³Z�

v³Y�µuz§��yY|-�¶³Y¹v´·��¬dt¯�­Z£yY�yu�Yy�¾¸]Z�¯�j¿Zdº³ |ºÀ³
�ÏÕ��±{¹�¹ yZ°���¿Y|�Y��¾�¿¹y�v�y��¿Y|�Y�¾¬§�yºº�¶º]

Yy�"«Z¯�½Z·yZ°Àºc uzº¨¬°���¿Y|º�Y�¶lÀºd³�yu�¹ µºÀº¯ ²Àº.³ZÀ¯
� o��¥Zs�zcÇZ]�½Z¯u�{Y�¾�Z³�zc�[º¬�¯��¿Yzº� ¶º] ±Yººc¾º¯

]ºº�yaZ¤À¤pc�yu�¶§�uYu�b^�³�{z·�½Z·��¬��©zd´§�¹ ¥Zs�b
±Yz.¿u�ÎÔ�ÏÐ¹ÏÒ�b�Y�¶d�z-�yYz£�vÀ¿Pc�uyº¯�|À³�

aZd¿º�§Z¯�¹ ªº�¹y�²º¿Y�zº] µ¹Èº��ÏÔ�¶§�v³yYu�µvÀ¤�
bÀ�°k��\º�Z´¯�¾º�Àp¯�uZºl¿Y�Zº] µZÀº� ²¬ÀºcY�¾º¬���º�º�
�¤³�¥Zs�±%¹zdÀ³�±v��¾³v�¯�yu�¶§�Yy�¾¿Z·�®º�À³Z-yY¹z¨À¯
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µZ.¬-�¾-vÀ�º��¹ uz¨¬°���v�y�z]�aYzdÀ³�®À�¬§�¹ µZÀ��²¬ÀcY�¾¬��j«Z¯�zgY����

Ò

©¹vkÎ�¶³Y¹v´·�¶cº]�j´��µ{Zc�±{¹�z]�aYzdÀ³�®À�¬§�Z]�¾-z]�¶¿x�c�¹ ²¬ÀcY�¾¬��"«Z¯�zÀgZc��­z-º¬À§�©Z��¹u�yu
©Z�ÎÐÔÔ ©Z�ÎÐÔÓ

²À.³ZÀ¯ "«Z¯�±¹v] "«Z¯Z] "«Z¯Z]"«Z¯�±¹v]²À.³ZÀ¯
aYzdÀ³�®À�¬§�b�¬�

�yY|·�yu�

DÓÕ�ÒEÔÍ�ÐD�ÓÖ�Ñ DÓÍ�ÒEÍÒ�ÐDÐÐ�Ñ v·Z�
DÔÑ�ÒEÕÎ�ÏD����ÏÕ�Ñ DÍÒ�ÓE����ÑÕ�ÏDÏÔ�Ñ Ñ
DÔÓ�ÓEÏÐ�ÏDÒÍ�Ñ DÓÐ�ÓEÎÍ�ÏD����ÐÔ�Ñ Ó
DÍÓ�ÓEÖÎ�Ï� DÍÖ�ÓE����������ÒÑ�Ï� ²À.³ZÀ¯

²À.³ZÀ¯Z·�v³yYv³�v�yu�¦¿�n���yu�½yYu�¾´�¯�a¹Z c�²¨³Yu�±º¯{M�z�³�{Y��v´d�·�¥zd�¯��¹zo�½YyYu�©Z��z·�½Yz]�¶§�¾¿�

©¹vkÏ�¶¿x�c�¹ ²¬ÀcY�¾¬��"«Z¯�zÀgZc�]¶³Y¹v´·�uz¨¬°��z]�aYzdÀ³�®À�¬§�Z]��¾-z�yu�²cyZd¨·�©Z��¹u�yu
©Z�ÎÐÔÔ ©Z�ÎÐÔÓ

"«Z¯Z]"«Z¯�±¹v]�²À.³ZÀ¯ "«Z¯Z]"«Z¯�±¹v]²À.³ZÀ¯
aYzdÀ³�®À�¬§�b�¬�

�yY|·�yu�

DÔÎ�ÔÓEÐ�ÑÎD�ÍÍ�ÒÖ DÔÒ�ÒÐFÑÏ�ÏÑDÍÕ�ÐÖ v·Z�
DÏÎ�ÔÓEÓÓ�ÑÎD�����ÖÓ�ÒÕ DEÒÎ�ÑÏF�����ÖÒ�ÏÏDÔÑ�ÐÏ Ñ
DÐÖ�ÔÐEÔÕ�ÐÔDÒÕ�ÒÒ EÍÒ�ÑÍFÍÐ�ÏÔD����ÒÑ�ÐÐ Ó
DÑÑ�ÔÒEÏÒ�ÑÍ� DÑÑ�ÑÒF�������Õ�ÏÑ� ²À.³ZÀ¯

²À.³ZÀ¯º¯{M�z�³�{Y��v´d�·�¥zd�¯��¹zo�½YyYu�©Z��z·�½Yz]�¶§�¾¿Z·v³yYv³�v�yu�¦¿�n���yu�½yYu�¾´�¯�a¹Z c�²¨³Yu�±�

©¹vkÐ�¶³Y¹v´·�µºÀ¯�±{¹�²À.³ZÀ¯�¹ uYv�c�z]�aYzdÀ³�®À�¬§�Z]��¾-z]�¶¿x�c�¹ ²¬ÀcY�¾¬��"«Z¯�zÀgZc��©Z�ÎÐÔÓ�
µºÀ¯�z·�±{¹�²À.³ZÀ¯�­z-º¬À§� ¶cº]�z·�yu�µºÀ¯�uYv�c

"«Z¯Z]¹v]"«Z¯�±²À.³ZÀ¯ "«Z¯Z]"«Z¯�±¹v]�²À.³ZÀ¯
aYzdÀ³�®À�¬§�b�¬�

�yY|·�yu�

DÑÕ�ÓEÏÍ�ÑD�ÐÑ�Ò DÓÓ�ÎEÖÎ�ÍDÏÖ�Î v·Z�
DÐÐ�ÓEÖÓ�ÑD�����������ÓÒ�Ò DÕÎ�ÎE������������ÍÐ�ÎD�ÏÏ�Î Ñ
DÖÍ�ÓEÐÒ�ÑDÓÐ�Ò DÔÏ�ÎEÔÒ�ÍD�����ÏÑ�Î Ó
DÒÔ�ÓEÒÍ�Ñ� DÔÐ�ÎEÖÍ�Í ²À.³ZÀ¯

v�yu�¦¿�n���yu�½yYu�¾´�¯�a¹Z c�²¨³Yu�±º¯{M�z�³�{Y��v´d�·�¥zd�¯��¹zo�½YyYu�©Z��z·�½Yz]�¶§�¾¿Z·�²À.³ZÀ¯v³yYv³�

©¹vkÑ�¶³Y¹v´·�µºÀ¯�±{¹�²À.³ZÀ¯�¹ uYv�c�z]�aYzdÀ³�®À�¬§�Z]��¾-z]�¶¿x�c�¹ ²¬ÀcY�¾¬��"«Z¯�zgY��©Z�ÎÐÔÔ�
µºÀ¯�z·�±{¹�²À.³ZÀ¯�­z-º¬À§� ¶cº]�z·�yu�µºÀ¯�uYv�c

"«Z¯Z]"«Z¯�±¹v]²À.³ZÀ¯� "«Z¯Z]Z¯�±¹v]"«²À.³ZÀ¯
aYzdÀ³�®À�¬§�b�¬�

�yY|·�yu�

DÒÕ�ÓFÏÕ�ÑDEÑÐ�Ò DÒ�ÏEÏÕ�ÎDÕÖ�Î v·Z�
DEÓÕ�ÒFÕÑ�ÑE������������ÏÓ�Ò DÏÒ�ÏE������������ÍÓ�ÎDE�ÓÓ�Î Ñ
DÕÓ�ÓFÔÐ�ÑDÒÐ�Î D�ÍÐ�ÏEÍÐ�ÎE�����ÒÐ�Î Ó
DÐÔ�ÓFÓÏ�Ñ� DÏÓ�ÏEÎÏ�Î ²À.³ZÀ¯

²À.³ZÀ¯¾´�¯�a¹Z c�²¨³Yu�±º¯{M�z�³�{Y��v´d�·�¥zd�¯��¹zo�½YyYu�©Z��z·�½Yz]�¶§�¾¿Z·v³yYv³�v�yu�¦¿�n���yu�½yYu�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{ÎÐÕÏ

Ó

zd�À]�±%¹zdÀ³�¶lÀd³�yu�¹ v·u�¾º¯ �¿Y|º�Y��vº³yYuyZÀdsY�yu�½
uº��¾¯�zd�À]�uz¨¬°��¹ v�y�\kº¯��¶d�z-�yYz£�±Z·ZÀ-�

¹ zÀgPc�¾]�¶³Y¹v´·�uz¨¬°��z]�aYzdÀ³�®À�¬§�Z]�¾-z]�¶º¿x�c
uº]�µYz°·�¾º§v³Y�zºgY�Zº] Zº]�©¹vk�½Z·�µuYu�yu�¶§�yº��±Z°·Ï

z·�yu�aYzdÀ³�®À�¬§�½Z·yZ°Àc�uz¨¬°��²À.³ZÀ¯��uº��¾¯�µvº¿u
yZ°Àc�{Y��¿Zº¯{M�©Zº� ¹uv·Z���¾-z]�¶¿x�c�±¹v]�uº]�zd°§

v³uº^³�yYu�¾º´�¯�Zº·a¹Zº c�¾º«¹�±{¹�¹ yZ°��z]�¾-z]�¶¿x�c
b�Yv³�½yYu�¾´�¯�¹ b^h¯�zºgY�µºÀº¯ ²Àº.³ZÀ¯�©¹vkÐ¹Ñ��

±YyZº¨°·�¹ ±ºº�z³�ÏÑ�½Z·�­Yv³Y�zº] ¾º-z]�¶º¿x�c�®º§ zºgY
½uZ·z��²À´#�®·��¾^«Z��yu�±M�½Y|kY�¹ uz¨¬°���¾º�¿¹y�Ñ�

zgY�²º¿Yb�Y�µuz§��yY|-�yZÀs�yu�Yy�±Z¯{�¶§�v�y�¾¯�z�³�¶]
zgY�²À´#�®·��aYzdÀ³�®À�¬§�bº�¬��¹ ¾º�Z��©ºº¬p¯�aZº��u�¹
yº§x¯�¶lÀd³�±v¯M�b�u�¶] yu�¾¿Yx��z�Z´��z¿Z��Z]�±M�ª]Z¤dº¯

b�Y�v´¯{ZÀ³�½zd�À]�½Z·��·¹&��¹ ¶d�Yu��¤³�

}yu¹{�½Z·�µºÀ¯�v�yu�z]�aYzdÀ³�®À�¬§�¹ "«Z¯�zgY
¶^º�Zp¯©Z��yu��º¤��µºÀº¯ ¾º�yu¹{�vº�yu�ÎÐÔÓ}Z�Yz]�

b�z-�­Zl³Y�ª§�uz¨¬°��¶]�b^�³�b�Yuz]�²Àdº�t³�uzº¨¬°��
©¹vºk yu�iyv´º¯ ½Zº·µuYuÒzgY��"«Zº¯ ¶º§ vº·u�¾º¯ ±Zº�³�

yu�"«Z¯�uz¨¬°��yYv¤¯�¹ ¶d�Yu�©º�p¯�¾�yu¹{�z]�½yYu�¾´�¯
b�Yuz]�²Àdº�t³Ó�ÐÏuº]�ª§�uz¨¬°��v�yu��yu�¶§�¾«Zo�yu

yZ°Àc�¤���"«Z¯�±¹v]Ð�Óv��b�Yuz]�ª§�uz¨¬°��v�yu��zgY
¶¬°k�{Y�z.¿u�²À¤¤p¯���ºc�©º�p¯�±v��}yu¹{�zº] "«Zº¯

±YyZººº¨°·�¹ ¾³Z�¬ººº��ÐÍ�,´¿zººº^¯Z§�¹ ,ººº³Ç�ÏÐ�½¹y
±YyZºº¨°·�¹ }ººº¿yÇ�º� }Zºº¿yZ���¶³Y¹v´ºº·�ÎÓ¹ÎÔ�½¹y

yYuºº¬k�¾º³Z¸k��yZÀºs ¹ ¶³Y¹v´º·�Ï�±ZÀ¬�Y{zÀ¯�¹�Ó�½¹y
|-�¾^«Z�b�Y�µv���yY�

±v��}yu¹{�b¬��±Yºc�¾¯��·¹&��²¿Y�j¿Zd³�¶]�¶kººc Zº]
¾�Z§�b]º�y�²À¯Pc��¥Zs�½Z¯u��¿Y|�Y�yu�"«Z¯�zgY�¶]�Yy�µºÀº¯

uYu�b^�³�µºÀ¯�ª¯Z¨c�¹ v�y��¬dt¯�ªoYz¯�yu��¿z�c�¹�
¹ ¾�¿¹y�v�y�z]�¶#z-Y�aYzºdÀ³�®Àº�¬§�Zº] ¾º-z]�¶º¿x�c

b�¬��uz]yZ§�¾º«¹�bº�Yv³�½zºÀgPc�uzº¨¬°�Óz]�±M�yY|·�yu�

uYu�±Z�³�yYu�¾´�¯�¹ b^ºh¯�zºgY��©ºº�p¯�¾º�yu¹{�©¹vkÒ��
¶¿x�c�zgY�yu�¶§�¾�¿Y{�¹ ¾�¿¹y�v�y�±vº� u¹vºp¯�>ÇZ°dºoY
¾.º³z��¶ºkº-�yu�²À´#�®·�¹ �º·¹&��²¿Y�yu�®À�¬§�Z]�¾º-z]

�ÐÎ�zgRº¯ ©ºº�p¯�±vºº� }yu¹{�yu��bº�Y�µvºº� µvºº¿u
b�Y�µuº]�

¾-z]�¶¿x�c�¹ "«Z¯�zºgYµZ.¬-�¾-vÀ�º��z]�aYzdÀ³�®À�¬§�Z]
¶³Y¹v´·

¾´�¯�zgY�²¬ÀºcY�¾º¬��"«Zº¯uv�yu��·Z§�yu�½yYyZ°�±{¹�¹
µºÀº¯b�Yu�µZº.¬-�¾-vÀº�º��½YyYu�½Zº·�©¹vkÓ¹Ô���¶]

©Z��yu�¶§�½yºº�ÎÐÔÓv�yu�yZ°�{Y�µvÀ�º��½Z·�µºÀ¯�ÏÖ
¶]�"«Z¯�±¹vº] yZ°Àºc yu�vº�yuÎÔyu�¹ "«Z¯�yZ°Àc�yu�v�yu�

º�º©ZÎÐÔÔ{Y�Ö�ÏÕ�yu�º¶]�vÓ�ÎÑ�yu�º·Z§�vº¿ �º�Zºb
�©¹vºkÓ��®º·µºÀº¯ ±{¹�vº�yu�²Àº´#©Z��yu�µvÀ�º��½Z·

ÎÐÔÓ"«Z¯�±¹v]�yZ°Àºc yu�¶º§ÏÑ¶]�uº]�v�yu�Ò�Õ¹ v�yu�
©Zº� yuÎÐÔÔ{Y�Õ�ÎÑ¶º] vº�yu�Ò�Ò"«Z¯�yZ°Àºc yu�vº�yu�

bº�Z¿��·Zº§�©¹vºkÔ��¶]��¿Z¯{M�©Z��¹u�zº· yu�¶#zº-Y
bº¬�µv´´§�v¿v�c�ª¯Yºº� ��[ºº¬�¯�yZÀº�]�¾º�Àp¯��¿Yzº�

�´c�µ&¿¹�¶]�µZ.¬-�¾-vÀº�º��uº]�}º�p¯�zd°§�¾d]º�y�½Z·
±Z°·�²¿Y�uºk¹�Z]½yº�¶]�"«Z¯��v��µyZ�Y�¶§� o�ª¯Z��±Yº´�

�¬��µv´º´§�yZº¸¯��b]ºº�y�´c�{Y�½zÀ-º¬k�¹ {z·�½Z·½Z·
¾ºd]º�y�>È¯Z§�b�Y�µuº]�{Z�yZ§��²¿Y�j¿Zd³�²¿Yz]Z´]�·¹&�Z]�

±YyZ¨°·�¹ ¾º�Z§�j¿Zdº³�ÏÎ�¾�Z§�¹�Ò�¹ ¶d�Yu�¾.´·M�®·
c uyº¯�µZ.¬-�¾-vÀº�º���·Zº§ yu�Yy�b]ºº�y��º¤³PyYz£�vÀW

¾¯v·u�
�·Z§�yu�¾d^h¯�zgY�Z¸´c�¶³�aYzdÀ³�®Àº�¬§�Zº] ¾º-z]�¶º¿x�c

yZ°º�µºÀº¯ ±{¹�¹©Z��yu�¶¨¬]��b�Yv³�µvÀº�º��½Zº·ÎÐÔÓ
µºÀº¯ vº�yu�¾ºdoÀº�º��½YyYu�½Zº·] Yy�¾-v¶¾´�¯�yº�½yYu

uYu��¿Y|º�Y�]Z�¯�v³¹y¸©Z�yu�¾ÎÐÔÔ� µv¿uv�©¹vk½Z·
Ó¹Ô��

yu�¶§�¾l¿Zd³�Z]�aYzdÀ³�®À�¬§�Z]�¾-z]�¶º¿x�c�zºÀgPc�j¿Zdº³
d�x-º «º��±u¹|�Y�Z]�¶ºs ¶]�®À�¬§�aZº¥Z�À�º��½¹y�º¾-v
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µZ.¬-�¾-vÀ�º��¹ uz¨¬°���v�y�z]�aYzdÀ³�®À�¬§�¹ µZÀ��²¬ÀcY�¾¬��j«Z¯�zgY����

Ô

©¹vkÒ�yu z]�aYzdÀ³�®À�¬§�Z]��¾-z]�¶¿x�c�¹ ²¬ÀcY�¾¬��zÀgZc�¶³Y¹v´·�µºÀ¯�¾�yu¹{�v�
"«Z¯Z]"«Z¯�±¹v]²À.³ZÀ¯ yY|·yu�aYzdÀ³�®À�¬§�b�¬�

DEÏÍ�ÏÏFÍÍ�ÍEÎ�ÎÎ v·Z�
DÐÍ�ÐÕEFÑÐ�ÓDE�ÐÔ�ÏÏ Ñ
D�ÑÒ�ÐÔEF�����������ÓÍ�ÎÏD��������ÍÐ�ÏÒ Ó
DÓÒ�ÐÏEÐÑ�Ó ²À.³ZÀ¯

²Àº.³ZÀ¯¾´�¯�a¹Z c�²¨³Yu�±º¯{M�z�³�{Y��v´d�·�¥zd�¯��¹zo�½YyYu�©Z��z·�½Yzº] ¶º§ ¾º¿Z·
v³yYv³�v�yu�¦¿�n���yu�½yYu�

©¹vkÓ�¾-z]�¶¿x�c�¹ ²¬ÀcY�¾¬��"«Z¯�zgY��©Z��¹u�yu�µZ.¬-�¾-vÀ�º��½YyYu�½Z·�µºÀ¯�uYv�c�v�yu�z]�aYzdÀ³�®À�¬§�Z]�
©Z�ÎÐÔÔ ©Z�ÎÐÔÓ

"«Z¯Z]"«Z¯�±¹v]²À.³ZÀ¯ "«Z¯Z]"«Z¯�±¹v]²À.³ZÀ¯
aYzdÀ³�®À�¬§�b�¬�

�yY|·�yu�

FGÔÑ�ÎÒDEÖÕ�ÏÖDÕÓ�ÏÏ G
ÑÒ�ÎÒEFÔÔ�ÏÑEÎÎ�ÏÍ v·Z�
GÒÒ�ÎÑDÔÔ�ÐÐD���������ÎÓ�ÏÑ FG�ÖÒ�ÎÔDÎÐ�ÐÑD�ÍÑ�ÏÓ Ñ
GÓÒ�ÎÐEFÍÑ�ÏÐDÐÑ�ÎÕ FGÑÒ�ÎÖDEÍÒ�ÏÖDE�����ÑÒ�ÏÑ Ó
EÓÒ�ÎÑDÖÐ�ÏÕ� EÓÏ�ÎÔDÐÏ�ÏÖ ²À.³ZÀ¯


²À.³ZÀ¯Z¯M�a¹Z c�²¨³Yu�±º¯{M�z�³�{Y��v´d�·�¥zd�¯��¹zo�½YyYu�©Z��z·�½Yz]�¶§�¾¿Z·n���yu�½yYu�¾´�¯�½yÒ �3v³yYv³��

©¹vkÔ�µºÀ¯�±{¹�v�yu�z]�aYzdÀ³�®À�¬§�Z]��¾-z]�¶¿x�c�¹ ²¬ÀcY�¾¬��"«Z¯�zgY�©Z��¹u�yu�µZ.¬-�¾-vÀ�º��½YyYu�½Z·
©Z�ÎÐÔÔ ©Z�ÎÐÔÓ

"«Z¯Z]"«Z¯�±¹v]²À.³ZÀ¯ "«Z¯Z]«Z¯�±¹v]"²À.³ZÀ¯
aYzdÀ³�®À�¬§�b�¬�

�yY|·�yu�

E�Î�ÒDÎÏ�ÎÒDÎÎ�ÎÍ FG
ÎÍ�ÔEÎÍ�ÎÖEÎ�ÎÐ v·Z�
EÕÐ�ÒDÕÒ�ÎÑD�����������ÐÑ�ÎÍ G�ÑÔ�ÕDÒÒ�ÏÕD�ÒÎ�ÎÕ Ñ
EÓÕ�ÒDÑÕ�ÎÑDÍÕ�ÎÍ FÎÏ�ÎÍDEÎÐ�ÏÒDE�������ÓÐ�ÎÔ Ó
E�ÒÑ�ÒDÕÏ�ÎÑ� EÒÓ�ÕDÏÓ�ÏÑ ²À.³ZÀ¯


²À.³ZÀ¯¾´�¯�½yZ¯M�a¹Z c�²¨³Yu�±º¯{M�z�³�{Y��v´d�·�¥zd�¯��¹zo�½YyYu�©Z��z·�½Yz]�¶§�¾¿Z·n���yu�½yYuÒ �3v³yYv³��

¾¯�±Z�³�¾.´·M�®·�v��­Zl³Y�µZ.¬-v·u�²¿Yz]Z´]¾¯²À´#�±Yºc
¶lÀºd³¶]�¶#�®À�¬§�uz]yZ§�¶§�uz§�½zºÀ-¶]�±M�±u¹|�Y�ayº�

�·Z§�½¹y�¾³Yv´#�zÀgPc�¾-z]�¶¿x�c�ayºº� ¶º] Zº¿ ¹ ¥Zºs
¶d�Yv³�¶³Y¹v´·�µZ.¬-�¾-vÀ�º��ÏÎ�b�Y�¶d�Yu�®§�zÀgPc�Z¿�¹

�ÎÐ��c yuP²¿Y�j¿Zd³�vÀºW��·¹&��zÀ¯�ªÀ¹az�¿Y¹��ÐÎ�|À³
aYzºdÀ³�®Àº�¬§�uzº]yZ§�Zº]z]�±M�¥v³Y�zgY�¶º] ¥Zºs ¢¿zº� {Y

Z]�Yy�¶lÀd³�²¿zd¸]�¹ µuz§�µyZ�Y�¾.³z��¶kº-�µZ.¬-�¾-vÀº�º�
Z¿�¥Zs�¢¿z��{Y�¶§�v¿Yz¬§�®À�¬§�¹ aYzdÀ³�®Àº�Zd��{Y�¾º^À§zc

] �v³v���z�¯�¾-z]�¶º¿x�c¶v³uy¹M�b�u�¢^��²¿Y�z]�µ¹È�
½Zº·�·¹&º�yZº]�ºc²¯�}z�¹�©Z�Õ�¾¯b¿u¹vp¯�¶]�±Yºc
º�¿y�ayvº£b^�³�¶]�Z¿�¹ ¾¿Yx��zº�Z´��[xºk yu�±Z·ZÀº- ¶

+z]�yu�®À�¬§�¶]�®Àº�Zd��bº�¬�¾-vÀ�º��Z]�¶§�uz§�µyZ�Y�Z·
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{ÎÐÕÏ

Õ

®º· µZº.¬-] �b�Y�µuYu�±Zº�³�¾.dº�]¶½yº�±Y|À¯��¿Y|�Y�¶§
yu�®Àº�Zd��Àp¯¾-vÀ�º��¹ µv��®À�¬§�[xk��·Z§�\kº¯�

³z��¶kººº- yu�Yy�µZºº.¬-º¿Y|ºº�Y�¾ºº.º¾ºº¯ �vºº·u�®ºº·²Àºº´#
½Zº·�·¹&º�uj¿Yzº§�ÎÑ�¶§¶d�]�®d�À��yu�²¿zÀ��ª ¬��Z]

¾¯�±Z�³��b�Y�µv��­Zl³Y�¦Àº³º�¹yvÀ·�¿Yz��yu�¶§�v·u(&
\kº¯�¶�¿y��Àºp¯�yu�®Àº�Zd��¹ ®¿vº� ½ÇZº] bº�¬���®º§

¾¯�µZ.¬-�¾-vÀ�º��v�yu��¿Y|�Y�¹ uz¨¬°���·Z§º��u�
²¿Y�j¿Zd³�¶]�¶kºc�Z]�·¹&�±Yz.¿u�¶]Z�¯�j¿Zd³�¹�Ñ�Ó¹

ÏÔ�¶#zº-Y��¹ Z·uz¨¬°���¿Y|�Y�yu�µZÀ��²¬ÀcY�¾¬��"«Z¯��¤³
¶À�ºc�ª]Z£�±M�uz]yZ§�¹ µuºº] {zºp¯�©ºº�p¯�±vº� }yu¹{
z�³�¶]��¶³Y¹v´º· µZº.¬-�¾-vÀº�º��Zº] �Z^ºcyY�yu�¾º«¹��bº�Y

¾º¯bÀ°·Y�½YyYu�±M�Z]��^cz¯�ª¯Yº��¹ µZÀº- ¶º¿x�c�¶º§ vº�y

µuºº] ½zdº�À]bº�Y��¾º¯ uZ¸´º�À��²¿Yzº]Z´]�aY{Yººº¯ ¶º] uºº�
¾º�yz]½Zº·¶�y|º¯�½Y½Zº·�·¹&º�¢Àº£u�¶º³Zt¬-�zºcZ]�½Y
©ºº¬p¯�¬dt¯�¾¿Yx��½Zº·½Yz]¾-vÀ�º��¶�yZ��±uz§�yZ¸¯�

uzÀ-�­Zl³Y�¶³Y¹v´·�µZ.¬-�

½yY|.�Z��
bº³¹Z�¯�{Y�¶¬Àº�¹�²¿vº]­zºdp¯�¹ ±Yz¸c�µZ.º�³Yu�¾º�·¹&��

mz��\«Z£�yu�Yy�¢À¤pc�²º¿Y�¶´¿|º· ¶º§ ½{y¹Zº�§�µv¨º�³Yu
¶º] z°dº�¯¶]�¹ ¾�yY{Y&³®¸¯�½uc ±Yz¿Y�¾�Z]�±Z·ZÀ-�²¿zcP²À¯

¹ z¨�c�b�Y�µuº°³¾¯�¾³Yuyv£º�u�

uyº¯��]Z´¯µuZ d�Y
Î�� �/yv´¨º�Y�m ¹�±Z¿yZ^d�Y�ÎÐÑÕ�µZ.¬-�±v��µZÀ��/yZ°À]%ORVVRP�HQG�URW���¶³Y¹v´·±ºd�«yZ#/z-�mz��¶³ZÀ«Z���yY|-�

Yu��/{y¹Z�)�µv*�³Yu��aZcZ^³�®¸¯�/Z·�½yZ°À]�¾�yz]±Yz¸c�µZ.�³�
Ï�/ �yYuº¬k�¾³Z¸k�ÎÐÔÕ�¾^«Z��bÀ À)�¹ bÀ°)�/¹y�¾-z]�¶¿x�c�¹ µZÀ��¾*Àd�È��"«Z¯�aYzgY�¾�yz]�v�yY�¾�Z´�yZ)�¶¯Z³�±Z¿Z�

¾¯È�Y�uY{M�µZ.�³Yu�aZ¤À¤pc¹�­º¬��voY¹��¾³Z^�Z]�
Ð�Y �/º¬��ÎÐÒÍ�¶³Y¹v´·�µZ.¬-�¾-vÀ�º��/yZ°À]%ORVVRP�HQG�URW���¶¿z�³¾·ZÀ-�/Z·�½yZ°À]�Ô�ÏÏ�ÏÐ�
Ñ�� �/uZ·zº��ÎÐÔÕ�yZÀs�©º�p¯�z]�¾-z]�¶¿x�c�¹ µZÀ��²¬ÀcY�¾¬��"«Z¯�yZgM�¾º�yz]�µv*�³Yu��¾³Z^�Z]�v�yY�¾�Z´�yZ)�¶¯Z³�±Z¿Z�

±Yz¸c�µZ.�³Yu��/{y¹Z�)�
Ò�� �¾º�Z)�ÎÐÔÏ�yZ#�¶³Y¹v´·�¾ À)¹�¾°)�aZ ��/¹y�/Z#�aZ�¿Z��uz]yZ)�¹ /yZÀ]M�y¹u�zºgY/z-�±ºd�«�/{y¹Z�)�­º¬��¶¬l¯

±Yz¿YÏÑ��Ï��ÎÐ�ÏÒ�
Ó�� �±ZÀ¬��Y{zºÀ¯�ÎÐÔÖ�¾^«Z��uz*¬°��¹ v�yz]�µZÀ��²¬ÀcY�¾¬��"«Z¯¹�/yZÀ]M�y¹u�aYzgY�¾�yz]��¾³Z^�Z]�v�yY�¾�Z´�yZ)�¶¯Z³�±Z¿Z�

/{y¹Z�)�µv*�³Yu�±Yz¸c�µZ.�³Yu�
����%DNHU��-�7���'�5��(DKDUW��0�/��%DNHU��)�-��'DLQHOOR�DQG�9�$��+DE\ ������,QWHUDFWLRQV�RI�SRXOW\�OLWWHU��SRO\HWK\OHQH�

PXOFK�DQG�IORDWLQJ�URZFRYHUV�RQ�WULSORLG�ZDWHUPHORQ��+RUW��6FL� ������������������
����%DU�7DO��$��DQG�(��3UHVVPDQ��������5RRW�UHVWULFWLRQ�DQG�SRWDVVLXP�DQG�FDOFLXP�VROXWLRQ�FRQFHQWUDWLRQV�DIIHFW�GU\�

PDWWHU�SURGXFWLRQ��FDWLRQ�XSWDNH��DQG�EORVVRP�HQG�URW� LQ�JUHHQKRXVH�WRPDWR��-��$PHU��6RF��+RUW��6FL���������
��������

��� � %KHOOD�� +�6�� ������ (IIHFW� RI� WULFNOH� LUULJDWLRQ� DQG� SODVWLF� PXOFK� RQ� JURZWK�� \LHOG� DQG� PLQHUDO� FRPSRVLWLRQ� RI�
ZDWHUPHORQ��+RUW��6FL�������� ��������

����%RQDQQR��$�5��DQG�:�-��/DPRQW��������(IIHFW�RI�SRO\HWK\OHQH�PXOFKHV�� LUULJDWLRQ�PHWKRG�DQG�URZFRYHUV�RQ�VRLO�
DQG�DLU�WHPSHUDWXUH�DQG�\LHOG�RI�PXVNPHORQ��-��$PHU��6RF��+RUW��6FL������������������

����&DYHUR��-���5�*��2UWHJD�DQG�&��=DYDJR]D� ������&OHDU�3ODVWLF�PXOFK�LPSURYHG�HPHUJHQFH�RI�GLUHFW� VHHGHG�SHSSHU��
+RUW��6FL�������� �R������

����&KDVH��&�$���7�5��6LQFODLU��'�2��&KHOOHPL��6�0��2OVRQ��-�3��*LOUHDWK�DQG�6�-��/RFDVFLR��������+HDW�UHWHQWLYH�ILOPV�
IRU�LQFUHDVLQJ�VRLO�WHPSHUDWXUHV�GXULQJ�VRODUL]DWLRQ�LQ�D�KXPLG��FORXG\�HQYLURQPHQW� +RUW��6FL�������������������
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µZ.¬-�¾-vÀ�º��¹ uz¨¬°���v�y�z]�aYzdÀ³�®À�¬§�¹ µZÀ��²¬ÀcY�¾¬��j«Z¯�zgY����

Ö

����&LUXOOL��0��DQG�)��&LFFDUHVH��������(IIHFW�RI�PLQHUDO�IHUWLOL]HUV�RQ�WKH�LQFLGHQFH�RI�EORVVRP�HQG�URW�RI�ZDWHUPHORQ��
3K\WRSDWKRO���������������

����'H�.UHLM��&�� ������3URGXFWLRQ�� EORVVRP�HQG� URW�� DQG� FDWLRQ�XSWDNH� RI� VZHHW� SHSSHU� DV� DIIHFWHG�E\� VRGLXP��DWLRQ�
UDWLR��DQG�(&�RI�WKH�QXWULHQW�VROXWLRQ��*DUWHQEDXZLVVHQVFKDIW�����������������

����)$2��������3URGXFWLRQ�<HDUERRN��1R������)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQ��5RPH�
����)DULDV�/DULRV��-���0��2UR]FR��6��*X]PDQ�DQG�6��$JXLODU��������6RLO�WHPSHUDWXUH�DQG�PRLVWXUH�XQGHU�GLIIHUHQW�SODVWLF�

PXOFKHV� DQG� WKHLU� UHODWLRQV� WR� JURZWK� DQG� \LHOG� RI� FXFXPEHU� LQ� D� WURSLFDO� UHJLRQ�� *DUWHQEDXZLVVHQVFKDIW�
�������������

���� )DULDV�/DULRV�� -�� DQG� 0�� 2UR]FR�6DQWRV�� ������ &RORU� SRO\HWK\OHQH� PXOFKHV� LQFUHDVH� IUXLW� TXDOLW\� DQG� \LHOG� LQ�
ZDWHUPHORQ�DQG�UHGXFH�LQVHFW�SHVW�SRSXODWLRQV�LQ�GU\�WURSLFV��*DUWHQEDXZLVVHQVFKDIW����������������������

����)URXJKL��0��DQG�$��.ORNH��������%OXHWHQ�HQG�IDXOH�D�&LWUXOOXV�YXOJDULV� ZDVVHUPHORQH��3ODQW�DQG�6RLO�����������
����+DP��-�0���*�-��.OXLWHQEHUJ�DQG�:�-��/DPRQW��������2SWLFDO�SURSHUWLHV�RI�SODVWLF�PXOFKHV�DIIHFW�ILHOG�WHPSHUDWXUH�

UHJLPH��$PHU��6RF��+RUW��6FL������������������
���+DU]��7�.��DQG�&�5��%RJOH��������5HVSRQVH�RI�WRPDWR�DQG�ZDWHUPHORQ�WR�URZ�VRODUL]DWLRQ��$SSOL��$JULF��5HV��������

������
����.DVKL��$���+��0DUVFKQHU�DQG�:��.RHKQ������� ,QYHVWLJDWLRQ� LQWR�EORVVRP�HQG�URW� LQ�ZDWHUPHORQV��,PSOHPHQWDWLRQ�

DQG�UHVXOWV�RI�MRLQW�DJULFXO� WXUDO�UHVHDUFK�SURMHFWV��,QWHU�8QLYHUVLW\�&RRSHUDWLRQ�%HUOLQ�7HKUDQ��
����.UXJ��+��������*HPXHVHSURGXNWLRQ��9HUODJ��3DXO�3DUH\��%HUOLQ�XQG�+DPEXUJ��
����/DQJ��$�-��DQG�1�-��&RPEULQN��������0LFURFOLPDWH�DQG�\LHOG�RI�VHHGOHVV�ZDWHUPHORQ��&LWUXOOXV YXOJDULV� DV�HIIHFWHG�

E\�SODQW�FRYHU�DQG�VRLO�PXOFKHV��$SSO��3ODQW�6FL�������������
����1HUVRQ��+���0��*LVNLQ�DQG�0��(GHOVWHLQ��������)ROLDU�QXWULWLRQ�RI�PXVN�PHORQ�FRPPXQLFDWLRQV��&RPPXQ���6RLO�6FL��

SODQW�$QDO��������������������
����5LFRWWD��-�$��DQG�-�%��0DVLXQDV��������7KH�HIIHFWV�RI�EODFN�SODVWLF�PXOFK�DQG�ZHHG�FRQWURO�VWUDWHJLHV�RQ�KHUE�\LHOG��

+RUW��6FL������������������
����5RELQVRQ��5�:��DQG�'�6��'HFFNHU�:DOWHUV��������&XFXUELWV��&$%�,QWHUQDWLRQDO�
���� 5XSSOH�� 6�� DQG� (�� 0DNVZLWDW�� ������ (IIHFW� RI� EODFN� SODVWLF� PXOFK� RQ� QLWURJHQ� EDODQFH� LQ� FXOWLYDWLRQ� RI� SLFNOH�

�&XFXPLV�VDWLYXV�/����*DUWHQEDXZLVVHQVFKDIW�������������������������
���� 6DQGHUV�� '�&�� -�'�� &XUH� DQG� -�5�� 6FKXOWKHLV�� ������ <LHOG� UHVSRQVH� RI� ZDWHUPHORQ� WR� SODQWLQJ� GHQVLW\�� SODQWLQJ�

SDWWHUQ��DQG�SRO\HWK\OHQH�PXOFK��+RUW��6FL���������������������
����6LQJK��.���-��&��.XPDU�DQG�.��6��1DQGLSXUL��������$�VWXG\�RI�WKH�LQIOXHQF�RI�WKH�VWUXFWXUDO�FKHPLFDO�FRQVLVWHV�RI�WKH�

VNLQ�RI�ZDWHUPHORQ��&LWUXOOXV�ODQDWXV�6FK���IUXLW�RQ�WKH�LQFLGHQFH�RI�LWV�EORVVRP�HQG�URW�DQG�FUDFNLQJ��,QGLDQ�-��
+RUW��6FL�������������

����6ROWDQL��1���-�/��$QGHUVRQ�DQG�$�5��+DPVRQ��������*URZWK�DQDO\VLV�RI�ZDWHUPHORQ�SODQWV�JURZQ�ZLWK�PXOFKHV�DQG�
URZFRYHU��-��$PHU�6RF��+RUW��6FL����������������������������������������������������

���� 9LHOHPH\HU�� +�3�� DQG� 3�� :HLVVHUW�� ������ 'LDJQRVLV� RI� FDOFLXP� QXWULWLRQ� DQG� EORVVRP� HQG� URW� LQ� WRPDWRHV��
*DUWHQEDXZLVVHQVFKDIW�����������������
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