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æëå

u¹vºo ¶º§ µvº�íåZc�íêyu�®�·�ª]Z£�¦�s�uYº¯�{Y�v�yu�
�º¬��²Àº# ²Àº«¹Yv�y�©¹Y�¶d ·�¹u�yu�aÇº¤]�¹ ¾¯v´-�½Z·�

¾º¯ vÀº«ºc²º¿Y�{Y�vº�]�¹ uºº�®�·�bÀ¬]Z£b^�³�¶]�uYº¯�²¿Y�
éí�å¾º¯ �·Zº§ {¹y�yu�vº�yu�z¤c�Zc�v]Z¿>Z^¿µZ¯zÀc���Y¹Y�yu�

uv��¶]�¹ v³Z¯�v·Yºs�bº]Zg�>Zd^º�³êåv�y�¾¯�v�yu��é��z-Y
®�·�ª]Z£�uYº¯�±Y|À¯��¶³Yu�±vÀ�y�¶¬oz¯�±v��¦¿u|º³ Zº] ¶º#

²Àº#¾¯��·Z§�µZÀ-�½vº�]�½Zº·z]�v�y�ªoYz¯�zÀgPc�¾«¹�v]Z¿
²Àº# ½¹y²¿Y�ªÀ«u��uº]�©¹Y�²À#�{Y�zd°§�¾º¬Às�½vº�]�½Zº·

²À#�¹ b�Y�µv�³�¶dsZ´º� ¾º]ºs�¶º] zºÀÀ�c½v�]�½Z·À-±Z·Z
¶�ºº¬�¿Y¹Y�yu�¶§�±Z·ZÀ-�©¹Y�²À#�µ{Yvº³Y�¶º] ½Yyu�yZ¸]�ª���ª

�·�ª]Z£�uYº¯�½¹Zo��v��b�Yuz]�Z¨¿z¯Y�¾«Z°��aÇZº¿Yºuº^³�®
�é��{zºdÀ��½u�¹ º³ZÀº« ½Zº·¶dº�Z¿��æç�¶§�bº�Y�±M�{Y�¾º§Zo

zcz¿u�b�Yuz]f�Z]�µyZ¸]�¶l³º¿ëç²ÀXc¹z��yu��¿Y|�Y�v�yu
�½yº^º�æå¾«º¬��µyYº¿u�¹ ¾«º¬��µyYº¿u�yu��¿Y|º�Y�vº�yu�

�|«º¬��¾°·�±¹v]êv�yu�¹ ­Zs�²ÀXc¹z��yu��·Z§�æçv�yu�
¶¿|lc�yu��·Z§�¹y�¶]�¦�s�µuZ¯�½z¿x�¶�À§½Z·¾³º¬¿Z³

�1\ORQ�EDJ�± ,Q�VLWX��ºb�Y�µv��º·º· ¹ ²°º±YyZ¨°�ææ�
¹ ©ººº¬p¯�b°ºº�£�µZÀºº- ²ºº� �¿Y|ºº�Y Zºº] ¶ºº§ v³uzºº§ �yY|ºº-

¶¿|lc�·Z§�z¿x�b�Z¿�
±YyZº¨°·�¹ ¾º�Àd�Y�æí�Yº¿u��¿Y|�Y�¶§�v³uz§�±Yº´º�µy

½%º«º¿|À��¶¬oz¯��¿Y|�Y�Z]�­Zs�²ÀXc¹z��±Y|À¯��·Z§�¹ ¾«º¬�
µZÀ-�®�·�bÀ¬]Z£�¹ zÀ��vÀ«ºc��¦�s�_uZ¯��z�¯�±Y|À¯��v�y

yYz£�zÀgPc�bpc�YyuYu�bÀ¬]Z£�¹ z^À��ªÀ¨�c�z]�zgR¯�ª¯Z��yZ¸#
¶�ºº¬��±Z·ZÀº- ®º�·½Yª¯Z�av���µZÀ-�²���ayYzo�¶kyu

¹ yºº³�zº�¯�±Y|ºÀ¯�¶c{Y�uº§¾¯Z]v´��Î¹Ô��¶kyu��¿Y|�Y
¾¯�¾«º¬��µyYº¿u�¹ ²À´.À«��¿Y|�Y�f�Z]��Àp¯�ayYzºo¹ uº�

¶�¿Z¤¯�yu�Yy�¶³Zd�]Zc�µyZ]¹u�v�y�½z¿x��¶¿|lc�¹ ®�·�bÀº¬]Z£
¾¯��·Z§�µyZ¸]�vº�y�Zº]v·u�æî��b�Yuz]�¶¬oz¯�¹ µZÀ-�®£y

b�Y�zgR¯�½z¿x��¶¿|lc�±Y|À¯�yu�|ºÀ³�ÎÎ¹ÎÐ��²¿Y�¶]�z�³¶§
y ªoYzº¯¶³º-�{Y�¾º��]�¾º¨¿%º«ºÀ]�vº�¶�º¬��±Z·ZÀ-�½Z·½Y

¶³º-�z¿Z��¶º] b^º�³r¿yZc�yu��Z·¾¯�¡Z cY��¬dt¯�½Z·{Y��vd�Y
²º¿Yr¿yZc�¶]�¶§�µ{Yv³Y�±M��vº�y�`¬ozº¯ ¶º§ bº�Y�yZ¨º�M�¹y

¶d�]Y¹�±M�yu�®�·�ª]Z£�µuZ¯�±Y|ºÀ¯�¶º] bº�Y��^czº¯ bº�Yuz]
bº�À³�é��¾°¸¯�ªº¯Z��¶l³ºº¿ bº�Yuz]�r¿yZºc½Yz]]¶b�u

¹ b�Y�zdº�À]�¶�ºº¬��±uy¹M¾´À�¯�±Z¯{�}Z�Yz]�v¿Z]�±M�²ÀÀ�c
vº�Z]�µZÀº- ²º¿Y�vº�y�{Y�³º¿¶l¶§�½Y¶¬oz¯�yu¾·u�ª-ª¯Z§�

zd¸]�­Y¹u�¹ zcuZ¿{�©º�p¯�b�YyuuyYu�©Z^³u�¶]�Yy�¶�y|¯¾«¹
¶¿|lc�¹ ¾¿Yx���{yYb�Yu�v·Yºs�½zd°§�½z¿x��é��

²º¿Y�{Y��vº·��·¹&º�]º³�zÀgPc�¾º�yz]�¶¬oz¯�¹ ²À#�b
¶l³ºº¿ µZÀº- vº�y]¶¿|lc�±Y|À¯�z¶�À§��¹y�¶]�±M�½z¿x�½Z·

¾³º¬¿Z³uº]�

�¹y�¹ uYº¯Z·
±{¹�¶]�¾´ÀWZ³�uY&³�v´ �º-�¶º�ê�çrê�éì��ºd¯�¹ ­z-º¬À§

²º�è©Zº��[Ztdº³Y�v³v¿uz-�½yYxº-¶«ºdº�À��¶º] |º¸l¯�¹�
uZ¸´ºººº�À��¢^ºººº� ¹ ½yYu�¶ºººº.³�vººººo yu�¾ºººº¿Yx��µzººººÀk

15&�1DWLRQDO 5HVHDUFK�&RXQFL�¹ ¶l³º¿��µzd³Z�´§�ª¯Zº�
b^º�³�¶º] µZº§è�ævº� µuYu���æê��Y|ºkY½ºk�ª¯Z��µzd³Z�´§

ëî�­v´º- }º^º� �æî�¶³Yu�¶^´��¶«Zl´º§ �ê�î�yuº���±Yºtd�Y
ê�Í�yuº����v�æ�¦°³��ê�å�µy¹Y�¹ê�å�uº]�

uY{M�[M�¶]�¾�zd�u¹auZ��µy¹u�uº]�¶d ·�¹u�µzÀk�¶]�½z¿x��
¶³ºº°³¾º¬p¯�®º£y�¶l³ºº¿ ½Zº·�¾º³Z´·y�{Y�v�]�±Z¸ º�Y

�°kv�y�ªoYz¯�¦À¨ c�¶]�½y¹M��ª-�±¹v]çå�æå�¾·u�ª-
ªº¯Z§�¾º·u�ªº- ¹�¹ µv��¦�s�¶¿Z��yu�²Àº# b]ºº³ j´º� ¹

vo�yu�¾�¨#�[ZÀ�M���ºcê�æ¾¬À¯�v³v��[ZÀ�M�zd¯�~��
�°k�¶¤�´¯�²d�z-�z�³�yu�Z]½y¹M�½Yz]¶¤�´¯�zgY�{Y�½zÀ-º¬k�

{M�yu�¿Zº¯�¶³º°³�{Y�½¹Z�¯�¦�s�±{¹�º¬t¯�z.¿v¨¿�Z]�Z·
v³vº��¾¿ZÀ°Àº� \À§zºcª¯Zº�µyYº¿u��­Zs�z^À���­Zs�²ÀXc¹z�

�|«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u��¾«º¬�¾«º¬��µyYº¿u�²ÀXc¹z��
�1',&3��1HXWUDO� 'HWHUJHQW� ,QVROXEOH� &UXGH� 3URWHLQ�

|«º¬ºººº�¾ºººº°·�±¹vºººº] ¾«º¬ºººº� µyYººººº¿u�²ÀXc¹zºººº� ¹
$FLG�'HWHUJHQW�,QVROXEOH�&UXGH�3URWHLQ���$',&3��¶��Z]

²ÀºÀ�c�yYzº¨cv¿uzº-�yº�´º¯¶º]¹ ¾«º¬��µyYº¿u�²ÀXc¹z��²ÀÀ�c�
µyYºº¿u�²ÀXc¹zº�¾°·�±¹v]�¾«º¬º�|«º¬�b�t³µyYº¿u�±Y|À¯�
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z]�v�y�¶¬oz¯�¹ ²À#�zÀgPcZÀ°À��\À§zc�¿¹ ¾¶¿|lc�¶l³º¿�½z¿x�

���

µyYºº¿u�¹ ¾«º¬º�¾º°·�±¹vº] ¾«º¬º�¶³º°³�|«º¬�¶l³º¿�½Z·
²ÀºÀ�c�²¿Y�{Y�ªº�Zo�²ÀXc¹zº� ~�º�¶³º°³Z³M�½Z·¶]�µv��|À«

©Yvº¬§��¹y�t�¯v���ææ���yYv¤¯ê�è¶l³º¿�­z-��>Yu¹vo
æî¾º¬À¯��]zº¯ zºd¯�¾d³Zº� zº· ½Y{Y�¶º] ­zº-�¶�À§�ªsYu½Z·

uZ�]Y�¶]�±¹zº§Yu�~´ºk {Y�¾º³º¬¿Z³ì
æèzd¯�¾d³Z��x�Z´¯�z�£�¹
êåzd¯¹z¨À¯��±ºÀ�Z]º¨³Y�{Y�ª^£�¹ b�z-�yYz£½Yz]±Z¯{�²ÀÀ�c�

z º�¶º�À§³º°³�½¹Zºo ½Zº·¶æê[M�yu�¶¤À£u�æ�èî¶kyu�
¾d³Zº�v��µuYu�yYz£�uYz-�ê¹í��±ºÀ�Z]º¨³Y�±Z¯{�±Z¿Z��{Y�v�]

yº�´º¯¶º]¶³º°³�¶¿|ºlc��º£ºc�¶�À§�ªsYu�½Z·¶]�uz��[M�Z]��
v³v���¨]M�¾º]ºs�±Z¯{ª¯Z��±ºÀ�Z]º¨³Y�½Z·å�ç�é�í�æë�

çé¹éíuº]�b�Z���æè��v�yuv¿v�Z³�²ÀXc¹z��¹ ¦�s�µuZ¯
�µv�æå�¾«M�µuZ¯�®�·�bÀ¬]Z£�¹�ë�©º¯z��¢¿z��{Yz¿{�½Z·

v¿uz-�¶^�Zp¯v³�

¶�À§�±{¹�¶³º°³�µYz°·�¶�À§�±{¹�¦�s�µuZ¯�v�yu
��æ >µv��v¿v�Z³ ¶�À§�±{¹�¶³º°³�µYz°·�¶�À§�±{¹� æåå��@

>Î@

±Z¯{�yu�¶�À§�¶À«¹Y�²ÀXc¹z�z ��v�yu²ÀXc¹z�
��æ >µv��v¿v�Z³ ¶�À§�yu�µv³Z¯�¾£Z]�²ÀXc¹z� æåå��@

@Ï>

�±{¹�x�Z§�¹ µv��®�·�½Z¿Z¤]�zdº�§Zs�±{¹
½Zº¿Z¤]x�Z§�¹ µv�³�®º�·����zd�§Zs�±{¹º

¶³º°³�¶À«¹Y�±{¹�> bÀ¬]Z£
¾«M�µuZ¯�®�· ¶³º°³�zd�§Zs�±{¹º¶À«¹Y�¶³º°³�±{¹� @ æåå�

>Ð@

yY|�Y�­z³���ºc½¹Z³�1$:$<�¿|lc�µuZ d�Y�Z]�µº¤«Z]�½z¿x��¶
{Y©vºº¯�H��ED'3 FW��  ²ºº¿Y�yu��v¿uzºº- ¶^ºº�Zp¯�

ayZ^��\¿Yz��©º¯z�Y{Y�v³�æë��
' 3 ¶¿|lc½z¿x��µº¤«Z]�
7 �±ºÀ�Z]º¨³Y�±Z¯{
D >È¯Z§�¹ ©º¬p¯�uYº¯�µv´·u�±Z�³�¹ ±Z¯{�yu�Ov^º¯ {Y��zº�

¾¯�µv��¶¿|lc¶�À§�{Y�b�z��¶]�¶§�v�Z]iyZs�Z·¾¯�uuz-�

E ©ºº¬p¯Z³�¦º�s�µuZº¯aYuºkº¯���ºc�¶º§ µºº¤«Z]�¾º«¹
b�Y�¶¿|lc�ª]Z£�¾�º¨�¹z¨À¯�

F \¿z�b]Zg�t]�½z¿x��¶¿|lc�b�z��Eyu±Z¯{W�
yY|�Y�­z³���ºc�ª�Zo�aZ�È�Y6$6��æì�©v¯�¹$129$

ª¿yºd§Z���¹y�¶]�¾�uZ�c� >È¯Z§�mz�� yu�ê
è��yYz¨c�¶�� Z]�
uyº¯z-yYz£�¶�¿Z¤¯v´d��uº]�z¿{�ayº��¶]�mz��©v¯��

LMNMNNMLMN 666; H����P 
LMN[±Zº�³�_v´·u�µv·Z�¯�z·P�bÀ�°k�ª§�²À.³ZÀ¯�M6zgY�

©¹Y�yºdº§Z��²Àº# b]ºº³��N6­¹u�yºd§Z��zºgY��v�y�¶¬oz¯��

MN6yºdº§Z��¹u�ª]Z¤dº¯ zºgY��²À#�b]º³[v�y�¶¬oz¯��¹LMNH
b�Y��¿Z¯{M�½Z�s�zgY�

fp]�¹ j¿Zd³
¶¬oz¯��v�y�¶¬oz¯�¶��²À]�¶º§ uYu�±Zº�³��¿Zº¯{M�²º¿Y�j¿Zdº³
ª¯Z§�¾·u�ª-�¶¬oz¯�¹ ­Zs�²ÀXc¹z��yYv¤¯�²¿zdº�À]�ªº- ±¹vº]

v³uº]�YyYu�Yy�yYv¤¯�²¿zd°§sY�¹uºk¹�Z¸³M�²À]�½yYu�¾´�¯��Èd
bº�Yu�åê�å�S��²¿zd�À]�®l´��²Àº´#�¹ ²¿zºd°§�©¹Y�²Àº#

vº³uYu��Zº�dsY�uººs ¶º] Yy�²ÀXc¹zº��åê�å�S���©¹vkæ��
b�Y�\Àczºc ²¿vº] µvº¿v��²º¿Y�bº¬�µZÀ-�v�y�Z]�\�Z´d¯�¶§

b°º�£�z��¶]�¾«º¬��µyYº¿u�¹ ¶d�Z¿��¿Y|�Y�µZÀ-�½z^À��½Zº·
¾¯��À��±v��½|«º¬�¹ u¹yv�yu²ÀXc¹z��µ&¿¹�¶]�½x�¯�uYº¯�

¾¯��·Z§�­Zºsv]Z¿�¶kºc�Z]�­Zs�²ÀXc¹z��¶´¯Yu¹ ²À#�b]º³�¶]
{Y�vº�y�¶¬ozº¯íç�æéª¯Z§�¾·u�ª-�Z]�­yZ¸#�²À#�yu�vº�yu�

Zcëè�ççuº]�ª-�±¹v]�­¹u�²À#�yu�v�yu��©¹vkæ��
Z^�Z^�º¿±YyZ¨°·�¹ ¾�Ï�¶l³º¿�¶cº]�yu�­Zs�²ÀXc¹z��±Y|À¯
v°·�®º£y¶$´���¹z��ªoYzº¯ yu�Yy�¾º³Y¶$´���¾·u�ª¯Z§�¾·u

¶]�ª¯Z§�¾º·u�ªº- ¹ ¾º·u�ªº- �¹zº�\ÀczcyYv¤¯�ÍÔÏ�çå��
åç�çè���çí�çè�¹è�çè�v³uz§��yY|º-�±Y|À¯�a¹Z c�b¬�

yu�­Zººs ²ÀXc¹zºº��·¹&ºº�±YyZºº¨°·�¹ ¾ººWZ^�Z^���Ï�²ºº¿Y Zºº]
¾º¯ Yy��¿Zº¯{M`¬oz¯�¹ ¾°À¬£Y��¿Yz���¶l³ºº¿ ®º£y�¶º] ±Yººc

uz]uYu�b^�³�bº�Y�z·�yuv�y�¶¬oz¯�¶��µZÀ-��º¬]��¿Y|�Y�Z]
³¹y�|«º¬ºº� ¾ºº°·�±¹vºº] ¾«º¬ºº� µyYººº¿u ¹ ¾«º¬ºº� µyYººº¿uºººv

�ºÀ��½uº�º§ YvºuzsY�¹º�¯��Èdº] ½yYu�¾´º³M�²ÀºZ¸v¿uµ�v
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬���©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

æëç

©¹vkæ�v�y�`¬oz¯�¶��¹ ²À#�b]º³�j´��yu�¶l³º¿�¾¿ZÀ°À��\À§zc�²À.³ZÀ¯�

æ�¾«º¬��µyYº¿u±¹v]|«º¬��¾°·
ç�¾«º¬��µyYº¿u
è�|«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u�²ÀXc¹z�
é�¾«º¬��µyYº¿u�²ÀXc¹z�±ºd��z·�yu�uYv�Y�¬dt¯��¹zo�Z]�F�E�D¹«�yYu�yYu�¾´�¯��ÈdsYv³�åê�å�S��

�åê�å�S���©¹vkæ��] yuºoz¯�¶��²Àº�y�`¬º±¹v]�`¬oz¯��v
µyYº¿u�²ÀXc¹z��¹ ¾«º¬º� µyYºº¿u�²ÀXc¹zº� ±Y|ºÀ¯�²¿zºd°§�ªº-
yYv¤¯�²¿zd�À]�ª¯Z§�¾·u�ª-�¶¬oz¯�¹ |«º¬��¾°·�±¹v]�¾«º¬�

bº�Yu�Yy�©¹vºkè��±YyZº¨°·�¹ v«Y|ºÀ«Y���î�²ÀXc¹z��±Y|ºÀ¯
¾º°·�±¹vº] ¾«º¬º� µyYºº¿u¬º�¾�¿¹y�v�y�½Z¸dº³Y�yu�Yy�|«º

ë�é�¾º·u�ªº- ªº¿Y¹Y��ç�é�¹¾º·u�ªº-ªº¯Z§�æ�ê�±Y|À¯�¹
Yy�¾«º¬��µyYº¿u�²ÀXc¹z�yu\Àczc�¶]�v�y�ªoYz¯�±Z°·î�é��

î�ë�¹æ�î�v³uz§��yY|-�±¹v]�¾«º¬��µyYº¿u�²ÀXc¹z��±Y|À¯
z.³Zº�³�|«º¬º� ¾º°·¶]�Z¿�¶^°¨��yu�}zd�u�ª]Z£zÀ��²ÀXc¹z�

¹z��¾ºcyZ^�½yº^��²ÀXc¾¯�¶^°¨��{Yv�Z]��æå��®·�²À]�¾.d�]
ZÀ°À��aZ^À§zc¿©¹vk�yu�¶l³º¿�¾çb�Y�µv¯M��®·²À]�¾.d�]

¶¿|ººlc½zºº¿x��¦ºº�s�µuZºº¯ ½zºº¿x��¶¿|ººlc��­Zººs ²ÀXc¹zºº�
¶¿|ºlc�¾«º¬��µyYº¿u��­Zs�z^À��Z]�¾«M�µuZ¯�½z¿x�¾«º¬��µyYº¿u�

ÀXc¹z��¹ ¾«º¬��µyYºº¿u�²ÀXc¹zº� �|«º¬º� ¾º°·�±¹vº]µyYº¿u�²
uº]�¾ ´¯�|«º¬��¾°·�±¹v]�¾«º¬��

©º¬p¯�¦�s�µuZ¯�D��D 5DSLGO\�GHJUDGDEOH�IUDFWLRQ�
¾´�¯��ÈdsY�vº�y�¶¬ozº¯ ¶º� ²Àº] ©ºº¬p¯�¦º�s�µuZº¯yYu

�åê�å3��bº�Yu�©¹vºkè��±YyZº¨°·�¹ ²°�ºº·�ææ�µuZ¯
¾ºº�¿¹y�vºº�y�½Z¸dºº³Y yu�Yy�©ººº¬p¯�¦ºº�sì�éë�½Z¸dºº³Y �

¶$´�¾·ué�èè�Y¹Y�¹¾·u�ª-���ê�èç�v³uz§��yY|-�b¬�
\¿z��yu��ÈdºsYD¾¯�Yy��¿Z¯{M�¹u�²À]�¦�s�µuZ¯�¶]�±Yºc

uYu�b^�³�z ��±Z¯{�¶^�Zp¯�µºp³�¹ ¶l³º¿�b�Yuz]�`¬oz¯�yu
¾º�yz]�³YyZ¨°·�¹ ²°�º·��ææ�yYz£�b�Z��®À³�{Y�z ��±Z¯{

¶³ºº°³�±uYu[M�yu�Z·èî¾d³Z��¶kyu�yu�¾«¹��v��¶^�Zp¯�uYz-
²º¿Y¶³º°³�±uYuyYz£�±Z¯{��¿Z¯{M[M�yu�Z·æêuº]�¶¤À£u��±Y|À¯

±Y|À¯��µZÀ-�¾¨¿|À��±Z°dsZ��zÀgPc�bºpc�©ºº¬p¯�¦º�s�µuZº¯
¾«º¬��µyYº¿u�|«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u��¹ ½z^À��½Y|kY�

] �b�Y�¾³v�¯�uYºº¯¶½yº�Y|kY�¶#�z·�¶§½v�Z]�zd�À]�½z^À��
Y|kY�±Y|À¯½©º¬p¯��·Z§¾¯�v]Z¿�æå���¿Z¯{M�²¿Y�j¿Zd³�yu

|ºÀ³º¿uµvº�¹ µZÀ-��º¬]��¿Y|�Y�Z]�¶l³º¿�²À#�b]º³�zº· yu�v
Y|ºkY½�½z^À��Y|kY�±Y|À¯�½zÀ��©º¬p¯�uz§�YvÀ��¾«¹|³�½uYº¯

[M�yu�¾³v�¯�uYº¯�±º#�v´d�·�½zd�À]�¾³v�¯�uYºº¯ ½YyYu�¶º§
¾º¯ ¶dº���¾ºdoYy�¶º]½zd�À]�©ºº¬p¯�¦º�s�µuZº¯ {Y�v³ºº�

v³yYuyºszº]�æå��Y�¿Z¯{M�²¿Y�j¿Zd³�Z]�|À³��º�º¯�²¿b¤]Z�¯
bº�Yu�º]¶½yºº�] Z]�­º��b]ºº³ ²Àº# ¶º§ÀµuZ¯�yYv¤¯�²¿zd�

�ÈdsY�¶l³º¿�²À#�z.¿u�b]º³�yZº¸#�zº· Zº] ©ºº¬p¯�¦º�s
¾º´�¯yYu�åê�åS��bº�Yu�©¹Yvºkæ¹Ð��²À´#�®º·¾«M�µuZ¯
p¯º³ ©º¬ºÀ]�|Àºoz¯�¶��²º¾´�¯��ÈdsY�v�y�¶¬yYu�åê�åS��

¾«M�µuZ¯ ­Zs�z^À� 1',&3é $',&3è 1')ç $')æ ­Zs�²ÀXc¹z� ¦�s�µuZ¯ v�y�¶¬oz¯�¹ ²À#�b]º³
Dî�íî Fæí�çæ Eèì�ì Eæç�ë Eéè�ëç Dèê�éè Gíè�æí Eî�ìî ©¹Y�²À#
Dåê�íî Gåë�çå Fêê�ë EFçë�ê Fî�êë Hî�èç EFëç�æî Hçè�ìë ­¹u�²À#
Díí�íí Fæí�çæ Fîí�ê Fêé�é Géè�êè Fîè�èì Eìë�æî Fçå�ìî ­º��²À#
Dîê�îå Dê�çæ Dêî�í Dæç�ì Dìè�ëë Eéè�èî FGæí�æî Gí�ìí ­yZ¸#�²À#
Díç�íî Eèí�çæ Eíë�ì Eæë�ë Eèè�ëæ Gçå�èë Dçî�çå Dè�íæ ®l´��²À#
Eë�íí Fçê�æî Fìç�ê Fê�é Fçç�êç Fìí�èæ Dìé�çæ Fëê�ìê ª-�±¹v]�¶¬oz¯
DEêë�íî Eèë�çæ Eèë�ì Eìî�ê Eæí�ëå Eèì�èì Eåæ�çå Eåì�ìî `¬oz¯çå±æå��ª-¾·u
Dåæ�îæ Dêí�çç Dìç�í Dçè�ì Dæ�íë Dìé�éé Fíë�æë Dëê�íç ª-�¶¬oz¯ª¯Z§�¾·u
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z]�v�y�¶¬oz¯�¹ ²À#�zÀgPcZÀ°À��\À§zc�¿¹ ¾¶¿|lc�¶l³º¿�½z¿x�

���

©¹vkç�®·¶l³º¿�¾¿ZÀ°À��\À§zc�²À]�¾.d�]
1',&3í $',&3ì '0ë '20ê '&3é ''0è $')ç 1')æ ­Zs�z^À� ²ÀXc¹z�

­Zs
æ ­Zs�²ÀXc¹z�

æ 

ëîì�å� ­Zs�z^À�
æ 

ëîí�å éê�å� 1')æ

æ 

ìè�å 
ëé�å 

ìê�å� $')ç
æ 
êé�å� 

íì�å� 
êê�å� 

ìê�å ''0è

æ éç�å 

ëé�å� 

îé�å� 

ìæ�å� 

ëê�å '&3é
æ 

îè�å 

ëê�å 

ëç�å� 

îé�å� 

ìå�å� 

ëè�å '20ê

æ 

ìê�å� 

ìì�å� 
êì�å� 

ìë�å 

ìç�å 

ìë�å 

ìç�å� '0ë
æ 

ëî� 

îè�å� 

îè�å� 

íê�å� 

ëî�å 

îí�å 

ëê�å 

ëí�å� $',&3ì

æ 

îí�å 

ìè� 

îé�å� 

îå�å� 

íæ�å� 

ëí�å 

îì�å 

ëè�å 

ëê�å� 1',&3í

ê�¶¿|lc�ª]Z£�¾«M�µuZ¯�
ë�¦�s�µuZ¯�
ì�|«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u�²ÀXc¹z��
í�¾«º¬��µyYº¿u�²ÀXc¹z��



�
��¾´�¯��ÈdsY�\Àczc�¶]�n���yu�yYuê¹æ¾¯�v�yu�v�Z]�

æ��¾«º¬��µyYº¿u
ç�|«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u�
è�¶¿|lc�ª]Z£�¦�s�µuZ¯�
é�¶¿|lc�ª]Z£�­Zs�²ÀXc¹z�

vk©¹è�\¿Yz��²À.³ZÀ¯�¶�¿Z¤¯�D�E�F¶¿|lc�¹v�y�¶¬oz¯�¶��¹ ²À#�b]º³�j´��yu�¶l³º¿�¦�s�_uZ¯�zgR¯�½z¿x�
(''0 Õ¹Ó (''0 Ó¹Ò 56'Ô �½z¿x��¶¿|lc &������K�è E����ç D����æ ¶¬oz¯�¹ ²À#�b]º³v�y

EFì�éè í�éë E çå�è åé�ëë ìë�ì DE ìë�éè DE çí�çç E ©¹Y�²À#
EÑ�éÑ è�éì E æå�ç æé�ëé ìë�í DE åî�éæ F åè�çè E ­¹u�²À#
Dë�éê ìè�éí D èæ�ç éî�ìæ æì�ë E æè�éë D èë�çê D ­º��²À#
Dè�éè ì�éë E åé�ç îè�ëç çì�î D åë�éæ F íì�çæ F ­yZ¸#�²À#
Fë�éè ë�éë E îë�æ æê�ëê ìê�ì DE èç�éç DE íè�çç E ®l´��²À#
Dëé�éë ìí�éî D çæ�ç ìê�ëî èç�ì E çê�éé D ê�çê D ª-�±¹v]`¬oz¯
Eåí�éé æé�éì E èî�ç îé�ëë æç�ì E æë�éè E ìí�çè E `¬oz¯çå�æå�ª-¾·u
Fíë�éæ F êæ�ç æì�ëæ èî�î D çå�éæ F îì�æî F ª-`¬oz¯ª¯Z§�¾·u

æ�¶�À§�{Y�>Z�¿z��¶§�©º¬p¯�¦�s�µuZ¯�µv��iyZs�Z·
ç�¶¿|lc�ªÀ�³Zd��¶§�©º¬p¯�Z¿�¦�s�µuZ¯�uyYu�Yy�
è�¶¿|lc�b�z��b�Z��yu�½z¿x�
é�½Z·zd¯YyZ��¶]��º]z¯�Z�s�yZÀ�¯��Yzp³YD��E�F½z¿x��¶¿|lc�¹

�¬dt¯��¹zo�Z]�±ºd��z·�yu�uYv�Y�D�E¹F��¾´�¯��ÈdsYv³yYu�yYu�åê�åS���
Ò¹Ó�¶¿zlc�¦�s�µuZ¯�zgR¯�½z¿x��(''0�b�z��yuyº^��½Z·�N�ë¹í��yub�Z�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u�±Zd�]ZcæèíÐ

���

bº�Yu�k©¹vé��­º��¹ ©¹Y�b]º³�²À#�|À³�Z]�±Y|À¯�²¿zd�À]
b]º³�¶À¤]�Z]�©º¬p¯�¾«M�µuZº¯²À#¶l³º¿�½Z·¾´�¯��ÈdsYyYu

�åê�åS��uyYu��©¹vºké��Zº·¾º�yz]��æë�uYu�±Zº�³µZ]�¶º§
µZÀ-�¦�s�µuZ¯��¿Y|�Y�¾¯��·Z§�±M�©º¬p¯�L|k�v]Z¿�

�ÈdsY�v�y�¶¬ozº¯ ¶º� ²Àº] |ºÀ³�©ºº¬p¯�­Zºs ²ÀXc¹zº�
¾º´�¯yYu��åê�åS��bºº�Yu�©¹vºkê��²Àºº# ©¹Y�b]ºº³ ¶ºº�

Zº] ¶l³ºº¿b]º³�²À#�Z]�©º¬p¯�­Zs�²ÀXc¹z��±Y|À¯�²¿zd�À]½Z·
¾´�¯��ÈdsY�®l´��¹ ­yZ¸#yYu�åê�åS��v´d�Yu�©¹vkê��

¶$´��ª¿Y¹Y���¾�¿¹y�vº�y��º�Y¹Y�yu�©ºº¬p¯� ­Zºs ²ÀXc¹zº�
\Àczc�¶º] ªº¯Z§�¾º·u�ªº- ¹ ¾º·u�ªº- ªº¿Y¹Y��¾º·uç�éå��

è�éæ��æ�éå�¹è�éæ�v¿uzºº- �yY|ºº-�î��{Y�±Yºdºº] v¿Zºº�
²¿Y�j¿Zd³�yu�©º¬p¯�­Zºs ²ÀXc¹zº� ±Y|ºÀ¯�yu��ÈdºsY�ª¯Yºº�

Zº] �¿Zº¯{M½Zº·¾º�yz]Yº·�¹ [M��¿Yz��¶]�Yy�µv��­Zºl³Y�¿¾
uYu�b^�³�b�Yuz]�`¬oz¯�¹ ¶l³ºº¿ ®º£y��¶¤�´º¯�¶´À¯{�²¿Y�yu

�yY|-v�±v��¦�s�f�Z]�­z-�½Yº·�¹ [M�¶§�¹ µv��µZÀ-�
®¿|º³M�ªº°�¾º¯ �·Zº§ Yy�¦Àd«ºXc¹zº� ½Zº·¶lÀd³�yu�¹ vº·u

¾¯�zd°§�bÀ«º¬p¯uº��æë��

zºººÀ°tc�ªººº]Z£�¾ººº«¹�©ºººº¬p¯Z³�¦ººº�s�µuZººº¯�E�
�E 6ORZO\�DQG�3RWHQWLDOO\�GHJUDGDEOH�IUDFWLRQ�

yºdº§Z��vº�y�¶¬ozº¯ ¶º� ²Àº]E¾´�¯��ÈdsY�¦�s�µuZ¯�yYu
�åê�åS��bº�Yu�©¹vkè��²À#�²À]²À#�¹ ²¿zd�À]�Z]�­º�

yºd§Z��±Y|À¯�²¿zd°§�Z]�­yZº¸#E¦�s�µuZ¯��¾´�¯��ÈdsY�yYu
�åê�åS��uº]�©¹vkè��v�y�¶¬oz¯�¹ ²À#�b]º³�¶]�¶kºc�Z]

­yZº¸#�²Àº#\Àczc�¶]�ª-�±¹v]�­º��²À#�¹ ª¯Z§�¾·u�ª-�Z]
yºdº§Z��±Y|ºÀ¯�²¿zdº�À]�¹ ²¿zºd°§�Zº]E¦�s�µuZº¯��ÈdsY�

¾ºº´�¯yYu�åê�å3��v´dºº�Yu�©¹vººkè��\¿Yzºº�D¹EµuZºº¯
�º¬]�`¬oz¯�zÀgPc�bºpc�¦º�s¾¯�yYz£�µZÀ-uzÀ-�î��yºd§Z�E

¶l³º¿�²À#�{Y�b]º³�zº· yu�vº�y�¶¬ozº¯ ¶º� ²Àº] ¾º«M�µuZº¯
¾´�¯��ÈdºsYb�Yv³�yYu�©¹vké��yºd§Z�Eyu�­Zs�²ÀXc¹z��

yYu�¾´�¯��ÈdsY�v�y�z.¿u�¶¬ozº¯ ¹u�Zº] ªº- ±¹vº] ¶¬ozº¯
�åê�å3��bº�Yu�©¹vºkê��ª-�±¹v]�`¬ozº¯ yu�­¹u�²Àº#

yºdº§Z��±Y|ºÀ¯�²¿zdº�À]Eb�Yu�Yy�­Zºs ²ÀXc¹zº�½Y|kY�Yz¿{
uºº] YyYu�Yy�½zºd°§�½zº^À��©¹vºkê��¾�yY|-�yu�ææ�µv¯M
yºd§Z��z]��º¬]�zÀgPc�¶§�bº�YEb�Y�zczgR¯�­Zs�²ÀXc¹z��²¿Y�Yz¿{��

bpc�zd�À]�¾«º¬��µyYº¿u��¿Y|�Y�Z]��t]�Z��«Y¾¯�yYz£�uzÀ-�

¶¿|ººººººlc�b�zºººººº�b�Zºººººº� yu�½zºººººº¿x�
�%�IUDFWLRQ�& 5DWH�RI�GHJUDGDWLRQ�RI�¶¿|lc�b�z��±Y|À¯�²¿zd°§�Z]�ª¯Z§�¾·u�ª-�¶¬ozº¯½z¿x�µuZ¯

¦º�syub�Zº�Zº]vº�y�zº.¿u�`¬ozº¯ ¹u�ÈdsY�¶l³ºº¿
¾´�¯yYu�åê�åS���b�Yu�©¹vkè��²À#�Z]�­º��b]º³�²À#

°§�Zº] \Àczºc ¶º] ­yZº¸#yºd§Z��±Y|À¯�²¿zdº�À]�¹ ²¿zºdFµuZ¯�
yYu�¾´�¯��ÈdsY�z.¿v¨¿�Z]�¦�s�åê�åS���v´d�Yu�©¹vkè��

v«Y|ºÀ«Yµ±YyZº¨°·�¹�î�¾·u�ª-�¶¬oz¯�²À]�yYu�¾´�¯��ÈdºsY
¦�s�µuZ¯�½z¿x��¶¿|lc�b�z��yu�¾º·u�ªº- ªº¿Y¹Y�¹ ªº¯Z§

v³uz¨³�µv·Z�¯�
¶¿|lc�b�z�²ÀXc¹z��¹ ¾«M�µuZ¯�b�Z��yu�½z¿x�²À]�­Zs

¾º´�¯��ÈdºsY�vº�y�¶¬ozº¯ ¶º�bº�Yv³�yYu�©¹Yvkê¹é��
yºd§Z�Fb]º³�¶À¤]�Z]��yYv¤¯�²¿zd�À]�Z]�­yZ¸#�²À#�yu�¾«M�µuZ¯�

¾º´�¯��ÈdºsY�¶l³ºº¿ ²Àº#yYu�åê�åS��bº�Yu�©¹vké��
¶¿|ºlc�b�zº� ±Y|ºÀ¯¶¬oz¯�yu�­Zs�²ÀXc¹z��b�Z��yu�½z¿x�

çå�æå�- ±¹v]�ªoYzº¯ {Y�zdº�À]�¾º·u�ªº-ª¯Z§�¾·u�ª-�¹ ª
uºº]�¾«¹¾¿Z¸³�¶¿|lc�±Y|À¯��½Z·yºd§Z��{Y�ª�Zo��°kD¹E�

b�Z¿��·Z§�µZÀ-��º¬]�Z]�©¹vkê��

¶¿|lczgR¯�½z¿x��(' �(IIHFWLYH�'HJUDGDELOLW\�
b�Y�¶^°¨��{Y�uYº¯�yº^��±Y|À¯�µv´·u�±Z�³�©º¯z��²¿Y�²¿Y�yu

yº^��b�z��¹u��¿Z¯{Më¹í¶^�Zp¯�b�Z��yu�v�yu�v¿uz-�
¶¿|ºlc¦�s�µuZ¯�zgR¯�½z¿x�¹u�z·�Z]�­Zs�²ÀXc¹z��¹b�z�

^º�ºoz¯�¶º� yuyººv�y�¶¬�ÈdsY´�¯º¾yYu��åê�åS��b�Yu
�©¹Yvºkè�é¹ê���±YyZ¨°·�¹ ²°�º·�ææ�æå�·Z§�v�yu�

¶¿|ºlc�±Y|ºÀ¯�yuµuZ¯�zgR¯�½z¿x�¶l³º¿��º¬]��¿Y|�Y�Z]�¦�s
v³uzº§ µv·Zº�¯�¶¿|lc��·Z§�bº¬�½z¿x�Z]�¦�s�µuZ¯�zgR¯�
Yy�²º� �¿Y|º�Y�¾«º¬º� µyYºº¿u��¿Y|º�Y±¹v]�¾«º¬��µyYº¿u��
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z]�v�y�¶¬oz¯�¹ ²À#�zÀgPcZÀ°À��\À§zc�¿¹ ¾¶¿|lc�¶l³º¿�½z¿x�

���

©¹vké�\¿Yz��²À.³ZÀ¯�¶�¿Z¤¯�D�E�Fv�y�¶¬oz¯�¶��¹ ²À#�b]º³�j´��yu�¶l³º¿�¾«M�_uZ¯�zgR¯�½z¿x��¶¿|lc�¹
('20 Õ¹Ó ('20 Ó¹Ò 56'é �½z¿x��¶¿|lc &�����K�è E����ç D����æ ¹ ²À#�b]º³v�y�¶¬oz¯

è�êè D ìè�êë D êæ�é çë�ìì æî�í E åæ�éí G çê�çî D ©¹Y�²À#
íå�êæ F î�êê E êç�é ìì�íç íé�ë E æ�êì D ëì�çê E ­¹u�²À#
ìè�êç DE ëè�êë D èé�é êê�íè çè�ë E ìì�êé DE ìí�çí D ­º��²À#
ìè�êæ EF åè�êê E í�é è�ìè ìí�ææ D ëæ�êå FG ëî�çç F ­yZ¸#�²À#
íë�éé G æë�éí F åí�é êç�ìé æí�ë E ìí�êè EF ìé�çå F ®l´��²À#
æë�êì D æé�ëå D ëé�ë êé�íé åí�í D íç�êè D ìç�èå D ª-�±¹v]`¬oz¯
ìë�éí E éí�êç E æé�è éê�ìë îê�ë D éë�êæ E îî�çé E `¬oz¯çå�æå�

ª-¾·u
ìé�éë F é�êå E êí�è íå�ìè ìç�í D çí�êè DE êç�çå F ª-`¬oz¯ª¯Z§�¾·u

é��Yzp³Y½Z·zd¯YyZ��¶]��º]z¯�Z�s�yZÀ�¯�D��E�F½z¿x��¶¿|lc�¹
ë¹ê�¾«M�µuZ¯�zgR¯�½z¿x��¶¿zlc��('20�b�z��yuyº^��½Z·�N�ë¹í��b�Z�yu

æ�¶�À§�{Y�>Z�¿z��¶§�©º¬p¯�¾«M�µuZ¯�µv��iyZs�
ç�uyYu�Yy�¶¿|lc�ªÀ�³Zd��¶§�©º¬p¯�Z³�¾«M�µuZ¯��
è�¶¿|lc�b�z��b�Z��yu�½z¿x��¬dt¯��¹zo�Z]�±ºd��z·�yu�uYv�Y�D�E¹F��¾´�¯��ÈdsYv³yYu�yYu�åê�åS���

©¹vkê�\¿Yz��²À.³ZÀ¯�¶�¿Z¤¯�D�E�Fv�y�¶¬oz¯�¶��¹ ²À#�b]º³�j´��yu�¶l³º¿�­Zs�²ÀXc¹z��zgR¯�½z¿x��¶¿|lc�¹
('&3

Õ
('&3

Ó¹Ò
56'

Ñ �½z¿x��¶¿|lc &�����K�è E����ç D����Î ¹ ²À#�b]º³
v�y�¶¬oz¯

çè�êí D ë�ëæ D çæ�é åë�íå ëí�ææ D èì�êå E ëî�çî D ©¹Y�²À#
çë�êì E æ�ëæ D çì�é íë�íè ëæ�í E ëè�êé D çè�çî D ­¹u�²À#
ëí�êî D æè�ëç D éé�é çè�íì éç�í E êé�êë D ëî�èå D ­º��²À#
íè�éì G èè�êç F èì�é åæ�ìí êí�ë F ëç�êè DE éç�çé E # ²À#­yZ¸
ëè�êè F ìè�êì E èì�è ëí�ìì ëé�æå DE èç�êê D èë�çç F ®l´��²À#
ì�êí D ëë�ëç D åì�ê ìì�íí ìé�ì D åì�êí D ìæ�èå D ª-�±¹v]`¬oz¯
è�êê E åé�êî E îë�è êí�ìí ìè�æå D åí�êç E êç�çë E `¬oz¯çå�æå�ª-¾·u
æ�êç F ëí�êé F æì�é åî�ìë æè�î D éí�êæ E ëæ�çé F -`¬oz¯ªª¯Z§�¾·u

æ�¶�À§�{Y�>Z�¿z��¶§�©º¬p¯�­Zs�²ÀXc¹z��µv��iyZs�
ç�uyYu�Yy�¶¿|lc�ªÀ�³Zd��¶§�©º¬p¯Z³�­Zs�²ÀXc¹z���
è�¶¿|lc�b�z��b�Z��yu�½z¿x�

�¬dt¯��¹zo�Z]�±ºd��z·�yu�uYv�Y�D�E¹F�¾´�¯��ÈdsYv³yYu�yYu�åê�åS���
é�½Z·zd¯YyZ��¶]��º]z¯�Z�s�yZÀ�¯��Yzp³YD��E�F½z¿x��¶¿|lc�¹
Ò¹Ó�­Zs�²ÀXc¹z��zgR¯�½zº¿x��¶¿zºlc��('&3�b�z��yuyº^��½Z·�N�
ë¹í��yub�Z�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.2

.1
3.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

04
 ]

 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.2.13.6
https://jstnar.iut.ac.ir/article-1-432-fa.html


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

æëë

¾º°·�yY|-�|«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u�²ÀXc¹z��¹ |«º¬º�
v¿uz-�î��

b�Zº� yu�¶¿|ºlc�vº³¹y�¿z��yZÀ�]�±ºÀ�Z]º¨³Y�¶À«¹Y�½Z·
{Y�v�]�¹ v��­Zl³Yæëv³¹y�±ºÀ�Z]º¨³Y�b�Z��¹ �·Z§�¶¿|lc

avº¯ yuçéZc�éívÀ�y�ª£Yvo�¶]�b�Z��±YyZ¨°·�¹ ²°�º·
�ææ�v�y�½Z¸d³Y�yu�­Zs�²ÀXc¹z��¶¿|lc�vº³¹y�v³uzº§ �yY|º-

Zººc ¾ºº�¿¹yæå{Y�¹ uººº] �¿zºº� yZÀºº�]�b�Zºº�çåb�Zºº�
v�]�¶º] ±ºÀº�Z]º¨³Y�yºp¯�½{Yº¯�>Z^¿z¤c�¹ b]Zg�v³¹y�;uº]�Z·�

¶$´��½Z¸d³Y�yu�v³uz§�µv·Z�¯�Zº¸³Mv³¹y�¾·u�ª-���Y¹Y�¹ ¾·u
²À°·�¶]�¶¿|lcb�z-�­Zl³Y�ayº�¾«¹yu�¾¿Z¸³�¶¿|lc�yYv¤¯�

¶$´º� ½Z¸dº³Y�¶º] b^º�³�¾º�¿¹y�vº�y�½Z¸dº³Y��Y¹Y�¹ ¾º·u
uº]�zd�À]�¾º·u�ªº-�¶¤�´¯�¾°À¬£Y��¿Yz���b�Yuz]�¶¬oz¯��®£y

¶¿|lc�±Y|À¯�yub�Y�zgR¯�¶�º¬��½z¿x��ææ��

¶lÀd³½zÀ-
²¿Y�yu�·¹&�d�À]�­º��b]º³�²À#�Yy�½z¿x��¶¿|lc�±Y|À¯�²¿z

¾�z��{Y�¹ bº�Yu¿uµv�`¬oz¯�¶§�vçå�æå�²¿zd¸]�¾·u�ª-
uº]�¶l³º¿�b�Yuz]�±Zº¯{�½Z·�¾�yz]Z]�uYu�±Z�³�µv¯M�b�u�¶]�

yºd§Z��yYv¤¯�v�y�¶¬oz¯��¿Y|�YD��uYº¯©º¬p¯�½z¿x��¶¿|lc��
Yº¿u�²ÀXc¹z��¹ ½z^À��½Y|ºkY�yYvº¤¯�¹ �·Zº§ ½x�¯uYºº¯ ¹µy

bº�Z¿��¿Y|º�Y�¾«º¬º��z.³Z�³�¾«º¬��µyYºº¿u�²ÀXc¹zº� yYvº¤¯

¶^°¨ºº� yu�}zdºº�u�ª]Z£zººÀ� ²ÀXc¹zºº�¹¹ ¾¿ZÀ°Àºº� \À§zººc
¶l³ºº¿ ½zº¿x��¶¿|ºlcavº� ¶º]c bºpc�Puº]�v�y�¶¬oz¯�zÀg�

ª-�±¹vº] ¶¬ozº¯ yu�¶l³ºº¿�©º¬p¯�¾«M�µuZ¯�¹ ²ÀXc¹z��n���
²ÀXc¹z��n�º� ¹ µuzº§ uZºl¿Y� ½zdº�À]¯ yºd§Z��©º¬p¯yu�®¸

yYºt�³�aZ³YºÀo�yu�¾´ÀXc¹z��zºÀ��¹ ¾º´ÀXc¹z��a{Y�®º�À«º]Zd¯
bº�Y�µv´º´§�¶º]½yº��¿z��¶¿|lc�b¬��¶]�©º¬p¯�²ÀXc¹z��¶§

¶^°¨º� yu��ºt]�²º¿Yµu{Zº]>Z�º�s�a{Y�{Y�µuZ d�Y�²ÀXc¹z��
¾·u�ª-�¶¬oz¯�yu�b�Yuz]�¾�z��{Y�¹ v·u�¾¯��·Z§�Yy�½yº^�

À¬]Z£�¹ ¾¿Yx���{yY��·Z§�fº�Z]�ªº¯Z§uº��¾¯�¶¿|lc�b�²À]
yYu�¾´�¯��ÈdsY�v�y�¶¬oz¯�¶º��åê�åS��ZÀ°À��\À§zcyu¿¾

¶l³º¿¿uµv�v�
cPz·�²À]�¶l³º¿�¾º À§�½Z·zºd¯YyZ��½¹y�vº�y�¶¬ozº¯ zºÀg

{Y�b]º³uº]�a¹Z d¯�±M�²À#��v�y�¶¬oz¯�z]�µ¹È��±Yºd]�v¿Z�
b�³Yu�ªÀsu�¶�]Yy�²º¿Y�yu�Yy�¶¤�´º¯ ¾º¿Yº·�¹ [M��¿Yzº��Z]

º] ¶kººc­¹|ºº« ¹ ±Yzº¿Y�yu�±Z-v´´§yYºtºº�³��y¹zº� bÀºº°·Y�¶
{Y�¾�Z§�aZ�È�Y�¶]�{ZÀ³�Z¸³M�¶¿x�c�yu�½Y�¶�º¬��uYº¯�{Y�µuZ dº�Y
Z¸³M�yu�uºkº¯�½x�¯�uYº¯�½z¿x��¶¿|lc�±Y|À¯�¹ ¶�ºº¬��bÀº À§
v�y�¶¬oz¯�¹ ²À#�b]º³��µZÀ-�®£y��¾º�Àp¯��¿Yzº� ¶º] ¶dº�]

½Yz]v�Z]�¾¯�­{Ç�¶¿x�c�nÀp��b¿z¿v¯�uZl¿Y��

�]Z´¯µuZ d�Y�uyº¯�
Î�¾k� �bÀ°�Y��!Y��©Y��½u�­Y� ¹ �¦«¹�±¹��Y�²lcZ·�æèíå�½zÀ��½Z·¹Z-��y¹z��©º�Y�� ¶°kzc�y�¾³Z]z£���aYyZ�d³Y�

±Z¸ �Y�¾d�´��µZ.�³Yu�
Ï�­ �¾WZ^�Z^��� ��m ¹ ¾§Z��¾]z��æèìí�ZÀ°À��aZ^À§zc�²ÀÀ�c¿�y�ªoYz¯�yu�¾³Yv°·�¶l³º¿�®�·�bÀ¬]Z£�¹ ¾v�¾°¬��¶¬l¯

Z´À��¾¬�º]�µZ.�³Yu��½{y¹Z�§�µv¨�³Yu��¾�·¹&�æ��èí�èê�
Ð�m �¾¬WZ���æèìæ�ZÀ°À��aZ^À§zc�²ÀÀ�c¿±Zd�Y�­Yu�¥Yyºs��]Z´¯�­Zs�½%z³Y�¹ ¾±ÈÀ-�v�yY�¾�Z´�yZ§�¶¯Z³�±Z¿Z�¾¯Yu�­º¬���

}yv¯�bÀ]zc�µZ.�³Yu�
Ñ��¾°¿z§�ë��æèëî�¶l³º¿�¾·Z.�³Yu�z�³�|§z¯��©¹Y��Z#±Yz¸c�
Ò�­ �zd�-��zÀ§�æèìå�­Yu�¶¿x�c�} ¶°kzc�m ¹ ±ZÀ³Z¤·u��­v¤¯�½zÀ�³���v¿¹Zk�aYyZ�d³Y�v¸�¯���
Ó�� �v«Z³¹v¨¯�yM���Y�i ¹ {¹yY¹uY��Y�u�©Z·�²¿z-�æèëî�­Yu�¶¿x�c��y ¶°kzc��¹ZÀ��¾�º����|¿z^c��½vÀ°��aYyZ�d³Y�
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z]�v�y�¶¬oz¯�¹ ²À#�zÀgPcZÀ°À��\À§zc�¿¹ ¾¶¿|lc�¶l³º¿�½z¿x�

���

Ô�½Y��z¬À¯�©Y��½Y���!Y��¹ ¦¿Z��½Y�¾k��|³Y¹��æèìå�±Z-v´´§yYºt�³�½Yz]�¾§Yyºs�uYº¯�²ÀXc¹z��bÀ°·Y�� ¶°kzc�m ¹ µYºt¨À³��
º¬³Z¯Y��¾·Z.�³Yu�uZ¸k�aYyZ�d³Y�±Zl³{��

�� &DQDO��&��-��6��0��$EUDPV��*��$��9DJUD�DQG�/ '��0XOOHU��������$OIDOID WUHDWHG RUFKDUGJUDVV�DQG�DOIDOID�&RPSRVLWLRQ�
DQG�,Q�VLWX GLJHVWLRQ�RI�GU\�PDWWHU�DQG�FHOO�ZDOO�FRPSRQHQW���-���'DLU\�6FL�������� ± ������

�� (OL]DOGH��-��&���1��5��0HUFKHQ�DQG�2��%��)DXONQHU� ����� ,Q�VLWX�GU\�PDWWHU�DQG�FUXGH�SURWHLQ GHJUDGDWLRQ�RI� IUHVK�
IRUDJHV�GXULQJ�WKH�VSULQJ�JURZWK��-��'DLU\�6FL����������������

���*ULIILQ�� 7�� 6��� .�� $�� &DVVLGD�� 2�� %�� +HVWHUPDQ� DQG� 6�� 5�� 5XVW� ������ $OIDOID PDWXULW\� DQG� FXOWLYDU� HIIHFWV� RQ�
FKHPLFDO�DQG�LQ�VLWX�HVWLPDWHV�RI�SURWHLQ�GHJUDGDELOLW\��&URS�6FL���������������

���+RIIPDQ��3��&���6��-�6LHYHUW��5��'��6KDYHU��'��$��:HOFK�DQG�'��.��&RPEV��������,Q�VLWX GU\�PDWWHU��SURWHLQ�DQG�ILEHU�
GHJUDGDWLRQ�RI�SHUHQQLDO�IRUDJHV��-��'DLU\�6FL���������������

���/LDQR��&��$���DQG�(��-��'HSHWHUV��������$SSDUHQW�GLJHVWLELOLWLHV�RI�GLHWV�YDU\LQJ�LQ�UDWLRV�RI�IRUDJH�WR�FRQFHQWUDWH�DQG�
TXDOLW\�RI�IRUDJH�DW�WZR�LQWDNHV�E\�GDLU\�FRZV��-��'DLU\�6FL���������������

���0DGVHQ��-���DQG�7�+YHOSOXQG��������3UHGLFWLRQ�RI�,Q�VLWX SURWHLQ�GHJUDGDELOLW\�LQ�WKH�UXPHQ�5HVXOWV�RI�D�(XURSHDQ�
ULQJWHVW��/LYHVW��3URG��6FL�������������

���0DWW�� $�� 6��� -�� 6�� +RPVWHLQ� DQG� :�� )� �� :HGLQ�� ������ $OIDOID� PRUSKRORJLFDO VWDJH� DQG� LWV� UHODWLRQ� WR� ,Q VLWX�
GLJHVWLELOLW\�RI�GHWHUJHQW�ILEHU�IUDFWLRQ�RI�VWHP��-��&URS 6FL���������������

���1DWLRQDO�5HVHUFK�&RXQFLO��������1XWULHQW�UHTXLUHPHQWV�RI�GDLU\�FDWWOH��6L[WK�UHYLVHG HGLWLRQ��:DVKLQJWRQ��'��&��
���3HWLW�� +�� 9�� DQG� *�� )�� 7UHPEOD\�� ������ ,Q� VLWX� GHJUDGDELOLW\� RI� IUHVK� JUDVV� DQG JUDVV� FRQVHUYHG� XQGHU� GLIIHUHQW�

KDUYHVWLQJ�PHWKRGV��-��'DLU\�6FL��������������
���6$6�XVHU¶V�JXLGH��VWDWLVWLFV���������WK HG���6$6�,QVW���,QF����&DU\��1&�
���6WHDF\�� *�0��� '�$�� &KULVWHQVHQ�� 0�� ,�� &RFKUDQ�� DQG� * �� 0�� -�� +RUWRQ�� ������ $Q HYDOXDWLRQ� RI� WKUHH� VWDJHV� RI�

PDWXULW\�RI�KD\�IHG�ZLWK�WZR�FRQFHQWUDWH�OHYHOV�IRU ODFWDWLQJ�GDLU\�FRZV��&DQ��-��$QLP� 6FL��������������
���9DQ�6RHVW��3��-��������1XWULWLRQDO�(FRORJ\�RI�7KH�5XPLQDQW��2�	% %RRNV��,QF��&RUYDOOLV��25�
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