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] µYz°·�½uZº�d£Yuº]�v·Yºs�[º¬�¯�yZÀ�]��v�Z�¾��¹�²À´#
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kºc�Zº]ºÀ^��¶]�¶º´¬]{¹y�b�º- ±uº]�b�¹u�Z¯z��¹ ½vº,³z¬
�Ï�b�§�¶º] ¶º�º§�¾º¬p¯�µuººc ½yZ-{Zº� ªº¿Çu�¾º�yz]��
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zº]yZ§�bÀº°·YuyYu�½uZº¿{�¾º°¬��|ºÀ³�¹ ½u�yu���Zp«�²¿vº]
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uºº] µyZº¸]�nÀ�º�c�¹�}Z�Y�z]�b�Z§�{Y�ª^º£ ¾º�Z�uº§ÏÍÍ
ºÀ³º¯M�aZ ���yZdº¨·�yu�zº-º¬À§�ÑÕ¹ z ���vÀ�§Y�v�yu�
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�ººº¬t¯�¥Zºs Zºº] ¦º�¿uºº�v��zdºº�-�{Y�½zÀ.ºº�À��½Yzº]
�¬��¬���{z·�½Z·}Z�Y�z]�²À«Yyº¬ ¿zc��§ÎÎÒÍµuZ¯�z-�
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,´À¬�À§�½uZ¸´º�À���¹y��º�ºc�¾º�·¹&��µZ.dº�¿Y�ÎÏ�Z]��
z]Yz]�¾·v¬-�z]�zgº¯�yº³�av��²¿zd°§��z�ÍÍÎ�Íz]�½z«Z§�

¶¤À£u�yu��]z¯�zd¯�¾d³Z��ÎÎ�v¿uz-�uy¹Mz]���
z·�yu�¶�º]z¯�®WÈ��yº¸��µv·Z�¯�}Z�Y�z]�ºº°³�ªoYzº¯

v¿uz-�²ÀÀ�c�az§�±v��|^��Zc�b�Z§�ªoYz¯�©º���¶§�¾³Z¯{
yu�Z·�¶�«ÒÍ�¤³�{Y�v�yu�º�Z§�½Z·�¶º¥Zs�{Y�z���az§�z·�b

À]ºº´º�Z]�µuy¹M�±¹zºv��§ºZc�b�ZÒÍ�yu�º¾·v¬-�v�i¹zs
yu�Z·�ªº-ÒÍaz§�z·�¾¬�Y�¶£Z��½Z·�¢^��{Y�v�yu��b�Z§��

¦¿%º«º¿|À��¾-vÀ�y�Zºc�¦-z]�±v��uy{�{Z�Myu�Z·�¢^��½Z·
ÔÒ¢^º� vº�yu�uºkº¯�½Zº·�±v��|^���¾«º��v�y��¹z��Zc

¶£Zº��vº�y�µv·Zºº�¯²Àdºº�t³u¹vººo ©ººº� ¶º] µzºº-±ZÀº¯Î
zd¯�¾d³Zº��¢^��b¿Qy�Zc�¶£Z��¾«º��v�y��¹z����z�£�±vÀ�y

u¹vo�¶]�¾¬�Y�¶£Zº� }Yy�yu�¢^º� ¶³YººkÒzd¯�¾¬À¯��b¿Qy��
¾·v¬-��¹z��Zc�¢^��µv·Z�¯²Àd�t³yu�µv��iyZs�½Z·�ª-�

az§�z·�¾¬�Y�½Zº·¢^º��¬-�µy¹u�©º���¾·v¬-�Z°cY�¹ ¾·v
�- µv·Zº�¯ººs ½Zº·ªººyu�µvº� iyZÖÒº�yu�ºv^º�º½Z·�¢

kº¯ººazº§ zº· yu�uº�¶¿|lc�¦¿%º«º¿|À��¾-vÀ�y�Zºc½yZ¯M�
v¿uzº-�z]�¾�¿Z¯{M�yZ°Àc�zºgY�¶$³Z´º#½Z·�¾-&¿¹½zÀ-�µ{Yv³Y�

v´#�±º¯{M�Z]�Z·�²À.³ZÀ¯��uº]�yYu�¾´�¯�µv�½Y�¶´¯Yu�uyº¯�²¨³Yu
Y n���yu�½yZ¯M�¶º�¿Z¤¯©Z°doÒb�z-�yYz£�v�yu��²À¯Yy¹�®£y

ÏÖÒ¶º]¾³Çº��yZÀ�]�½ºº°³�ªoYzº¯ ²dº�Yu�ªÀº«uª]Z£�zÀ��¹

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.4

.8
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

6-
03

 ]
 

                             3 / 19

https://dorl.net/dor/20.1001.1.22518517.1382.7.4.8.3
https://jcpp.iut.ac.ir/article-1-487-en.html


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

ÕÓ

©º^º£¶¤�´¯�¾°À¬£Y��¿Yz��¶]�±M�½yZ-{Zº� vº� z.³Zº�³�¶º§
uyº¯¾�yz]v¿uz.³�uyY¹�½yZ¯M�aZ^�Zp¯�yu��v�Z]�¾¯��

b�Zºº� ¶ºº] {¹y�©ººº� ²Àºº.³ZÀ¯�'/�½Zºº·Z¯u�²Àºº.³ZÀ¯�¹
ª£Yvºo�7PLQ�zºh§Yvo���7PD[�½{¹y�¶³Z^��¹�7PHDQ�¶]�

Z·zÀ�d¯�²¿Y��]z¯��uYz-�¾d³Z��¶kyu�7PHDQ���7PD[���7PLQ���
'/�¹y�¶³Z^��½Z¯u�²À.³ZÀ¯�yu�{¹y�©ºº� [zº�ªº�Zo�¹{½

�'/7PHDQ�v¿uz-�¶^�Zp¯�z�³�uyº¯�½º°³�½Zº·µy¹u�yu��zgY
º°³�b�zº� zº] yºº§x¯�½Z·zºÀ�d¯��¯º�º°³�µy¹u�©º��}º¨

5'�yu�®ºº£y zºº·½Zºº·�¹y�Zºº] ½ººº°³�±ººº-Z³º-�½Zºº·µy¹u�
¶ºkyu��¾º�s�±ºÀº�z-yÏZ]�µv³¹y��À��½Y�¶¬ozº¯ ¹ ¾º¿Z°³��

d�Yº�Y�z³�{Y�µuZ º¯M�yY|º}Y�½yZ�M�}Y�> 6WDWLVWLFDO�$QDO\VLV�
6\VWHP� �6$6� @¯º� ©vº� ½{Zºv�]º�y�½Yzºº°³�®º·yYuººZ
ª�§Y�yY|�Y�z³�{Y��([FHO�µuZ d�Yv��
fp]�¹ j¿Zd³

Z°º�zÀgPc�bpc�½yYu�¾´�¯�yº��¶] ±v��|^��Zc�b�Z§�{Y�{¹y�y
©¹Y�b�Z§�r¿yZc�{Y�b�Z§�zÀsZc�Z]�¹ b�z-�yYz£�b�Z§�r¿yZc

b�Z¿��·Z§�>Yv¿v��¹u�¶º]�©¹vkÎ��Zc�b�Z§�{Y�{¹y�yZ°�
b�z.³�yYz£�®£y�zÀgPc�bpc�±v��|^��©¹vkÏ���©Zo�²¿Y�Z]

bpc�¶�«Z�¯�uyº¯�½Zº·�Àºcº³%�±vº� |^º� b�zº�zgY�zÀgPc
uº]�a¹Z d¯���Àºp¯�Zº] ª]Z¤dº¯�¥YyYÏÕÎÎ¶kyu�¶�]Yy�¦¿�Z]�

²Àº¯Yy¹�¹ ¹uÏÖÒ©º��²À.³ZÀ¯�¶]�b^�³�¾�s�¶�]Yy�¦¿�Zº]
v³uYu�±Z�³�ª°�«Y�~º¨��µy¹u�²º¿Y�¾º� {¹y�ª¨�Î��n�Y¹

±v��|^��Zc�b�Z§�{Y�µy¹u�©º��z]�½zÀgPc�{¹y�©º��¶§�bº�Y
uyYvº³�®·�ªÀ«u�¶]�{¹y�©º��²¿Yz]Z´]¾¿Z¯u�½Z·zÀ�d¯�Z]�½v³¹y�

�ª¨º�Ï��b�Y�µuz§�YvÀ��Yy�½zÀº� c��º¤³�²º¿Y��¶�«Z�¯�yu
½vÀ��¹ yº��¶kYºs�Ñ��¾¿Z¯u�½Z·zÀ�d¯�½Zk�¶]�{¹y�©º��|À³

uz§�zÀ� c�Yy�¢^��bº¿¹y�Zºc bº�Z§�µy¹u�©ºº��|^��b�z�
Z¨�Yz^³�¹ ¶�º§�±vº�ÎÍ¥YyY�Z]�¾¸]Z�¯�ª°�«Y�~¨��ÏÕÎÎ�

¾º«¹¯u�zh§Yvo�¶]�b^�³�Z��¿Y|�Y�b�Z§�yu�zÀsZc�Z]�¹ v´d�Yu�
v³uYu�±Zº�³�ª¨�Ð��²À¯Yy¹�>Yz·Z�ÏÖÒ�½zd°§�ª°�«Y�~¨��

r¿yZc�¶À¬§�yu�¹ uyYu�Z¯u��¿Y|�Y�¶]�b^º�³b�z���b�Z§�½Z·

b�Yu�½zd°§�±vº� |^º��½Z¯u�²À.³ZÀ¯�aYzÀÀ�c�v³¹y�¾�yz]
· ½{¹y�¶³Z^º�º�³�Yºº¯u�¶§�v·u�¾¯�±Zº^��½Zº{Y�zd°§�½{¹y�¶³Z

Ò�ÎÕuYz-�¾d³Z��¶kyu��uº��¾¯�±v�|^��yu�v¿v��zÀsZc�\^��
u¹vºo yu�Zº¯u�aYzºÀÀ�c�¹ÏÍZc�ÏÑz]�¾�¤³�uYz-�¾d³Z��¶kyu�

uyYv³�±v��|^º� Zºc bº�Z§�µy¹u�©ºº��©¹vkÎ��ª]Y�Ó�¹
yZ¯ººc�ÎÒ�¾�Z³�±v��|^��Zc�b�Z§�{Y�{¹y�yZ°���·Z§�|ºÀ³

c zºgY�yu�Yy�Zº¯u��¿Y|º�Y�{YP�yY|-�b�Z§�yu�zÀsv³Y�µuz§��yu
¾º�yz]±YyZ¨°·�¹ ½zÀ�]���ºc�¶d�Z¿�Zºl³Y��Ö��¿Y|�Y�|À³

¥YyY�®£y�±v��|^��¹ ¾³{�¶³Yººk b�zº� �¿Y|º�Y�fº�Z]�Zº¯u
ÏÕÎÎv¿uzºº-�½Zºº¯u�±Zºº³MÏÍ³Zºº� ¶ººkyu�¾d½Yzºº] Yy�uYzºº-

v´d�Z¿�[º¬�¯�,³z¬-�¾³{�¶³Yºk�
Zºc bº�Z§�{Y�µy¹u�©ºº�ÒÍyZÀ�]�yº��¶] ¾º·v¬-�vº�yu�

c ½yYu�¾º´�¯b�zº- yYzº£ bº�Z§�r¿yZºc zºÀgPc�bºp�c Z]PzÀs
¹ b�Z¿��·Z§�yº§x¯�µy¹u�©º���º��Zc�©¹Y�b�Z§�{Y�b�Z§

uzº§ YvÀº� �¿Y|º�Y��bº�Z§�yu�zdº�À]�zºÀsZc�Zº] ~�º��v³¹y
Zºc bº�Z§�µy¹u�©ºº� aYzºÀÀ�cÒÍaYzÀÀ�c�Z]�¾·v¬-�v�yu�

v·u�¾º¯ ±Zº�³�½vº³¹y�®º· Zº¯u�aYzºÀÀ�c�{Y��Àº] {¹y�©ºº�
��©¹vºkÎ��ººc Zº]b�Y�v´¬]�{¹y�¾·ZÀ-�,³z¬-�¶§�²¿Y�¶]�¶k
��Ï¹ÎÓ�Zc�b�Z§�{Y�{¹y�yZ°���·Z§��ÒÍyu�¾·v¬-�v�yu�

º°³�µy¹u�©º���·Z§�¶À�z��Z]�,´·M�®·�{¹y�©º���¿Y|�Y�zºgY
v´¬]�½Z·{¹y�Z]�uyºsz]�zgY�yu�v´¬]�{¹y�±Z·ZÀº-�Ð�b�Y�¶d^«Y

³ Yy�Z¯u��¤³^b�z-�µv¿uZ³�¶�]Yy�²¿Y�yu�v¿Z�½z£Z]�Î��·Z§
Zc�b�Z§�µy¹u�©º�ÒÍ¾�Z³��Z¯u��¿Y|�Y�zgYyu�¾·v¬-�v�yu�
bº�Z§�yu�zºÀsZc�{YYy��yY|-�µuz§b�Y�{Y�Z£yY�²À]�a¹Z c

Zc�b�Z§�µy¹u�©º��zº�³ÒÍuº]�yYu�¾´�¯�yZÀ�]�¾·v¬-�v�yu��
²À¯Yy¹�®£yÏÖÒ¥YyY�®£y�¹ÏÕÎÎ¹ ²¿zc�v´¬]�½YyYu�\Àczc�¶]

ºººººº] yººººººº§x¯�µy¹u�©ººººººº� ²¿zººººººcµZcººººººº§v³uº
��©¹vººkÏ��a¹Zºº c�uºººk¹�ººº°³{Y�µy¹u�²ºº¿Y yu�Zºº£yY�²Àºº]

¾�Àp¯��¿Yz��¶]�Z£yY�a¹Z d¯�ª°�«Y�~º¨��z.³Zº�³b�Y�yu
½z£Z]�¶�«Z�¯�Î�b�Z§�µy¹u�©º��z�³�{Y�Z£yY�²À]�a¹Z c�|À³

ZcÒÍuº]�yYu�¾´�¯�¾·v¬-�v�yu��
À�cº°³�b�z��aYzÀº¥YyY�ºÏÕÎÎp¯�µuºc��º§ ¾¬º�ºº¹ ¶
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¶�y|¯��¿Yz��yu�,³z¬-�½Z·��Àcº³%�º°³�ªoYz¯�z]�{¹y�©º��¹ Z¯u�zgY

ÕÔ

©¹vkÎ�¾¿Z¯u�½Z·zÀ�d¯ �{¹y�yZ°��²À.³ZÀ¯�uYz-�¾d³Z��¶kyu�{¹y�©º��¹�b�Z��,³z¬-�Z£yY�º°³��¬dt¯�½Z·�µy¹u�yu
b�Z§�r¿yZc�j´��yu�

{¹y�©º� Z¯u�²À.³ZÀ¯ Z¯u�zh§Yvo Z¯u�ª£Yvo {¹y�yZ°�Î b�Z§�r¿yZc
±v��|^��Zc�b�Z§

Õ�ÎÏ Ö�ÎÑ Ñ�ÎÖ Ñ�ÎÍ DÓ�ÎÒ ÏÎ�ÎÏ�ÔÕ
Ï�ÎÐ Ò�ÎÕ Õ�ÏÒ Ð�ÎÎ EÍ�Ô ÏÐ�Î�ÔÖ
Í�ÎÑ Ò�ÏÍ Ð�ÐÍ Ó�ÎÍ FÍ�Ó ÏÍ�Ï�ÔÖ
Ò�ÎÑ Í�ÏÑ Ñ�ÐÒ Õ�ÎÏ FÍ�Ó ÎÕ�Ð�ÔÖ
Ñ�ÎÑ Ó�ÏÐ Ô�ÐÑ Ò�ÎÏ FÍ�Ó ÏÎ�Ñ�ÔÖ

Zc�b�Z§ÒÍ¾·v¬-�v�yu�
Ó�ÎÐ Ö�ÎÕ Õ�ÏÓ Í�ÎÎ DÐ�ÎÍÏ ÏÎ�ÎÏ�ÔÕ
Î�ÎÑ Ò�ÏÎ Ô�ÐÍ Ñ�ÎÏ FÍ�ÕÐ ÏÐ�Î�ÔÖ
Ñ�ÎÑ Ö�ÏÏ Ñ�ÐÐ Ñ�ÎÏ HÔ�ÔÎ ÏÍ�Ï�ÔÖ
Ï�ÎÑ Õ�ÏÐ Ï�ÐÑ Ñ�ÎÐ GÐ�ÔÔ ÎÕ�Ð�ÔÖ
Ï�ÎÐ Ó�ÏÎ Ö�ÐÎ Ñ�ÎÎ EÔ�ÖÐ ÏÎ�Ñ�ÔÖ

¾¨¿%º«º¿|À��¾-vÀ�y�Zc�b�Z§
Õ�ÎÐ Í�ÏÍ Ò�ÏÕ Ñ�ÎÎ DÐ�ÎÐÍ ÏÎ�ÎÏ�ÔÕ
Î�ÎÑ Ï�ÏÏ Õ�ÐÎ Ó�ÎÏ FÍ�ÎÎÓ ÏÐ�Î�ÔÖ
Ï�ÎÑ Ð�ÏÐ Ó�ÐÐ Ö�ÎÏ GÍ�ÎÎÐ ÏÍ�Ï�ÔÖ
Ñ�ÎÐ Î�ÏÏ Ñ�ÐÏ Õ�ÎÎ EÍ�ÎÏÓ ÎÕ�Ð�ÔÖ

Î�¶§�µ¹z-�z·�uYv�Y©Z°doY�n���yu��²¨³Yu�½Y�¶´¯Yu�v´#�±º¯{M�¶¿Z��z]��v´d�·�¥zd�¯��¹zo�½YyYu�Òv³yYv³�yYu�¾´�¯�a¹Z c�v�yu��

ª¨�Î�¥YyY�Z£{Y�±v�|^��Zc�b�Z§�µy¹u�yu�{¹y�©º��Z]�º°³�b�z���Z^cyYÏÕÎÎ²À¯Yy¹�¹ÏÖÒ

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.4

.8
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

6-
03

 ]
 

                             5 / 19

https://dorl.net/dor/20.1001.1.22518517.1382.7.4.8.3
https://jcpp.iut.ac.ir/article-1-487-en.html


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

ÕÕ

ª¨�Ï�yu�Z¯u�²À.³ZÀ¯�¹ zh§Yvo��ª£Yvo�¹ {¹y�©º��aYzÀÀ�c�v³¹yv�y�ª���

ª¨�Ð�Z¨�Yz^³�¹ ¶�º§�Z£yY�yu�±v��|^��Zc�b�Z§�µy¹u�yu�Z¯u�zh§Yvo�Z]�º°³�b�z���Z^cyYÎÍ�

Z¯u�
uYz-

¾d³Z
�¶k

yu
�

{¹y
©º�

�
b�Z

�
�

±Z¯{

Z¯u�zh§Yvo�uYz-�¾d³Z��¶kyu�
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¶�y|¯��¿Yz��yu�,³z¬-�½Z·��Àcº³%�º°³�ªoYz¯�z]�{¹y�©º��¹ Z¯u�zgY

ÕÖ

ª¨�Ñ�Zc�b�Z§�µy¹u�yu�{¹y�©º��¹ Z¯u�²À.³ZÀ¯�[z��ª�Zo�Z]�º°³�b�z���Z^cyYÒÍZ£yY�yu�¾·v¬-�v�yu�
¥YyY�ÏÕÎÎZ¨�Yz^³��ÎÍ¶�º§�¹

Z¨º�Yz^³ÎÍZ§�µy¹u�yu�Zc�b�ÒÍz¿Z��{Y��À]�¾·v¬-�v�yu�
½Z¯u�²À.³ZÀ¯�[zº�ªº�Zo�zºÀ�d¯��º�ºc��½ººk ½Z·zºÀ�d¯

v��zÀ� c�{¹y�©º��yu�½{¹y�¶³Z^º��ª¨�Ñ��z·�º°³�b�z�
uº]�yº§x¯�zÀ�d¯�{Y�¾º�s�¾º�]Zc�®º£y�¶º��©º��®¸��¦À¨ c

Zc�b�Z§�µy¹u�©º��²ÀÀ�c�yu�½{¹y�¶³Z^��½Z¯u�²À.³ZÀ¯�{Y�{¹y
ÒÍº�yu�ºyu�¾º·v¬-�v·�Àºcº³%�ººuyºº¯ ½Z¾�yz]«u�¶]�ºªÀ

³¹y�®º·ºÀ�d¯�¹u�²¿Y��À�¹�½vºk zº³M�zgY�¾¿º��®· ¹ ½ººz]�Z¸
ºº°³�b�zº��Ð¹Ñ�z¿x��±Zº¨¯Y�zº�Zo�¶º�«Z�¯��¿Yzº� yu��

bº�À³�yu¾�yz]½vÀ��¹ yº��¶kYºs��Ñ��±Yuz.]Zd�M�½¹y�z]
{Z�M�Zc�b�Z§�µy¹u�yu�}z¿¹Z¯yM�®º£y�ºº°³�b�zº� aYzºÀÀ�c

³Zº��Y�µuzº-b�Yu�Z¯u�Z]�¾�s�¶º�]Yy�¾�½Z·zÀ�d¯�{Y�¦¿�"À·
¶]�b�³Yºd³�¾�yz]�uyº¯�½ºkb�z��aYzÀÀ�c�½yYu�¾´�¯�yº�

²À¯Yy¹�®£y�º°³ÏÖÒv´§�zÀ� c�º°³�{Y�¶¬oz¯�²¿Y�yu�Yy��
zÀgPc�bpc�¦¿%º«º¿|À��¾-vÀ�y�Zºc bº�Z§�{Y�µy¹u�©ºº�

b�z-�yYz£�b�Z§�r¿yZc�{Y�b�Z§�zÀsZc�zgY�yu�µy¹u�²¿Y�©º�
Z§yu�zd�À]�zÀsZc�Z]�¾«¹��b�Z¿��·Z§�º��b�Z§�Zc�©¹Y�bº�

uzº§ YvÀº� �¿Y|º�Y�bº�Z§�Z]�yº§x¯�µy¹u�©º��aYzÀÀ�c�v³¹y
uº]�,´·M�®·�Z¯u�¹ {¹y�©º��aYzÀÀ�c�v³¹y�©¹vkÎ��¯ºcºyZ

�ÎÒ�±YyZºº¨°·�¹ ©v´ºº¯ ¹ ±Zdºº�¹v´·�yu�ÎÐ�|ººÀ³ YuZºº³Z§�yu
sZc�zgY�yu�Yy�¾-vÀ�y�Zc�b�Z§�µy¹u�©º���·Zº§b�Z§�yu�zÀ

v³Y�µuz§��yY|º-�¦¿%º«º¿|À��¾-vÀ�y�Zc�b�Z§�{Y�{¹y�uYv�c
b�z-�yYz£�®£y�zÀgPc�bºpc�½yYu�¾º´�¯�yºº� ¶º]�¹ ²¿zc�µZcº§

¶]�µy¹u�²¿Y�©ºº� ²¿zºcv´¬]Z¨�Yz^³�®£y�¶]��º]z¯�\ÀczcÎÍ¹
²À¯Yy¹ÏÖÒuº]��©¹vkÏ��yu¾�yz]±YyZ¨°·�¹ ©v´¯��ÎÐ�

uyº¯�Z£yY�²À]�a¹Zº c�|ºÀ³Zc�b�Z§�µy¹u�©º��z�³�{Y�¶�«Z�¯�
uºº] yYu�¾º´�¯�¦¿%º«º¿|ºÀ��¾-vÀº�y�ª°�«Y�~¨��a¹Z c�Z¸³M

yZ¸�Y�¹ ¶d�³Yu��ÈdsY�²¿Y�ª¯Z��Yy�¾º°À¬£Y��¿Yzº� ¶º] Zº£yY
¹ ¾cyYzo�{ZÀ³�z�³�{Y�Z£yY�¶§�v´d�YuyZ°�{¹y�½Yz]±v³Yyx-�

a¹Z d¯�®·�Z]�µy¹u�²¿Yd�·v´�
ººp³�¾º�yz]�yu_º£yY�ªº°�«Y�~º¨���½ºk�½Z·zÀ�d¯�¶]�Z
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uº]�yº§x¯�zºÀ�d¯�¥YyYÏÕÎÎ¶]�b^�³�¹u�¶kyu�¶�]Yy�¦¿�Z]�

¹u�²º¿Y�¾º� Zº¯u�ª£YvºouYu�±Z�³�ª°�«Y�~¨��µy�¥YyY�>Yz·Z�
ÏÕÎÎZ¨�Yz^³�Z]�¶�¿Z¤¯�yu�Z¯u��¿Y|�Y�¶º] ½zdº�À]�bÀº�Z�o�
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ÎÍv·u�¾¯�±Zº�³��yu½Z·�¾�yz]½z£Z]���ºc�¶d�Z¿�Zl³Y��Î�
y©º��²ÀÀ�c�yu�Z¯u��¤³�¶§�b�Y�µv���yY|-�|À³�,³z¬-�½¹

µuº]�{¹y�©º��{Y�zd�À]�¦¿%º«º¿|À��¾-vÀ�y�Zºc bº�Z§�µy¹u
yu�¶º§ ¾º«Zo�yu��bº�Y¾�yz]½vÀ��¹ yº��¶kYºs��Ñ�½¹y

¾-vÀºº�y�Zººc bºº�Z§�{Y�µy¹u�yu�ººº°³�b�zºº� �±Yuzºº.]Zd�M
v¿uz-�zÀ� c�{¹y�©º��aYzÀÀ�c��º�ºc�¦¿%º«º¿|ºÀ��aYzÀÀ�c

zº�¾-vÀ�y�Zc�b�Z§�µy¹u�yu�¶º�º§�¾º¬p¯�µuººc ºº°³�b�
½Zºº¯u�²Àºº.³ZÀ¯�[zºº�ªºº�Zo�zººÀ�d¯��ºº�ºc�¦¿%º«º¿|ººÀ�

¶³Z^º�v��zÀº� c�{¹y�©ºº� yu�½{¹y�ª¨�Ó��®¸��¦À¨ c
µy¹u�©º��²ÀÀ�c�yu�½{¹y�¶³Z^º� ½Zº¯u�²Àº.³ZÀ¯�{Y�{¹y�©ºº�
ªÀ«u�¶]�¶�º§�¾¬p¯�µuºc�yu�¦¿%º«º¿|À��¾-vÀº�y�Zºc bº�Z§

Àº�¹�½vº³¹y�®º·¯ ¹u�²º¿Y��ºz]�Z¸³M�zgY�¾¿º��®· ¹ ½ºk�zÀ�d
º�º°³�b�zººº�Ð��¿Yz��yu¾�yz]b�À³�z¿x��±Z¨¯Y�z�Zo��

ººk ½Z·zºÀ�d¯�{Y�¦º¿ "Àº·yº��¶] b�³Yºd³�¾�yz]�uyºº¯ ½
²À¯Yy¹�®£y�ºº°³�b�zº� aYzºÀÀ�c�½yYu�¾º´�¯ÏÖÒ²¿Y�yu�Yy�

v´§�zÀ� c�º°³�{Y�¶¬oz¯�
«º��v�y��¹z��Zc�±vº� |^º� {Y�{¹y�yZ°º�yº��¶] ¶£Z��¾

b�z-�yYz£�b�Z§�r¿yZºc zºÀgPc�bºpc�½yYu�¾º´�¯�yu�zÀsZc�Z]

�·Z§�µy¹u�²¿Y�©º���º��bº�Z§�Zºc ©¹Y�bº�Z§�{Y�bº�Z§
v³Z¯�¾£Z]�b]Zg�>Z^¿z¤c��yZ¸#�¶]�º��b�Z§�r¿yZc�{Y�¹ bº�Z¿�
µy¹u�²¿Y�©º��®l´��b�Z§�¶]�yZ¸#�b�Z§�{Y�b�Z§�zÀsZc�Z]

bº�Z¿��¿Y|º�Y�©¹vkÐ��v³¹y±v��|^��µy¹u�©º��aYzÀÀ�c
aYzÀÀ�c�{Y��À]�{¹y�©º��aYzÀÀ�c�Z]�¶£Z��¾«º��v�y��¹z��Zc

uYu�±Zº�³�½vº³¹y�®º· Zº¯u�º°³�µy¹u�±v��µZcº§�Z]�j¿Zd³�²º¿Y
v´¬]�½Z·{¹y�Z]�uyºsz]�zºgY�yu�v´º¬]{¹y�±Z·ZÀº-�Ð�,´·M�®·

bº�Y�Zl³M�{Y�¶dº^«Yº¿bpc�,³z¬-�yu�a{¹y�µy¹u�©º��¶§�¾
p¯�½Z¯u�zºÀgPcuzÀ-�¾¯�yYz£�|À³��À�ÎÓ�¾�¿Y|�Y�zgY�±Yºc�¾°³��

±v��|^��µy¹u�©º���·Z§�z]�b�Z§�yu�zÀsZc�{Y�¾�Z³�½Zº¯u
b�z-�µv¿uZ³�¶�«Z�¯�²¿Y�yu�Yy�¶£Z��¾«º��v�y��¹zº� Zºc�yu

¾º�yz]ª]Y��Ó�yu b�Z§�yu�zÀsZc�{Y�¾�Z³�½Z¯u��¿Y|�Y�|À³
{¹y�µy¹u�©º���·Zº§ fº�Z]��¶]Zº�¯�{¹y�©ºº� Zº] ¢�Z´º¯a

v¿uzº-�zº�Zo�¶º�«Z�¯�yu|^��µy¹u�z�³�{Y��Z£yY�²À]�a¹Z c
uº]�yYu�¾´�¯�yZÀ�]�¶£Zº� ¾º«º��vº�y��¹zº� Zºc ±vº��Z£yY

²Àº¯Yy¹ÏÖÒ¥YyY�¹ÏÕÎÎ²¿zc�µZcº§�¹ ²¿zc�¾³Çº��\Àczc�¶] �
v´d�Yu�Yy�µy¹u�²¿Y�©º��©¹vkÏ��{Y�Z£yY�²À]�a¹Z c�uºk¹

³º�º� zº�³�µy¹u�²¿Y�©ºº³Zº.º� zº�«Y�~¨º·ª°ºd¯�½Zºa¹Z 
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b�Z§�r¿yZc�j´��yu�

{¹y ©º� Z¯u�²À.³ZÀ¯ Z¯u�zh§Yvo Z¯u�ª£Yvo {¹y�yZ°�Î cb�Z§�r¿yZ
¶£Z��¾«º��v�y�±v���¹z��Zc�±v��|^�

Î�ÎÐ Ö�ÎÒ Ó�ÏÏ Ï�Ö DÒ�ÐÐ ÏÎ�ÎÏ�ÔÕ
Ô�ÎÐ Õ�ÎÖ Ó�ÏÔ Ö�ÎÎ EÓ�ÏÖ ÏÐ�Î�ÔÖ
Ï�ÎÑ Í�ÏÏ Ð�ÐÏ Õ�ÎÎ GÓ�ÏÏ ÏÍ�Ï�ÔÖ
Ò�ÎÑ Ô�ÏÐ Ï�ÐÑ Ð�ÎÐ GÖ�ÏÏ ÎÕ�Ð�ÔÖ
Î�ÎÑ Î�ÏÑ Ï�ÐÑ Ö�ÎÐ FÕ�ÏÑ ÏÎ�Ñ�ÔÖ

¢^��b¿Qy�Zc�¶£Z��¾«º��v�y��¹z�
Í�ÎÑ Ó�ÏÍ Ó�ÏÖ Ô�ÎÎ DÕ�ÏÓ ÏÎ�ÎÏ�ÔÕ
Ð�ÎÑ Ñ�ÏÏ Ó�ÐÏ Î�ÎÏ EÕ�ÏÎ ÏÐ�Î�ÔÖ
Ò�ÎÑ Ô�ÏÐ Ï�ÐÑ Ï�ÎÐ FÎ�ÎÔ ÏÍ�Ï�ÔÖ
Ñ�ÎÑ Ó�ÏÐ Ò�ÐÑ Ô�ÎÏ GÑ�ÎÒ ÎÕ�Ð�ÔÖ
Ò�ÎÐ Ô�ÏÐ Ô�ÐÐ Ô�ÎÐ FÏ�ÎÔ ÏÎ�Ñ�ÔÖ

¾·v¬-��¹z��Zc�¢^��b¿Qy
Ñ�ÎÑ Î�ÏÐ Ô�ÐÐ Ò�ÎÏ FÐ�ÎÖ ÏÎ�ÎÏ�ÔÕ
Ò�ÎÑ Õ�ÏÐ Ð�ÐÑ Ð�ÎÐ GÎ�ÎÕ ÏÐ�Î�ÔÖ
Ò�ÎÑ Ö�ÏÐ Ô�ÐÑ Ï�ÎÐ HÒ�ÎÒ ÏÍ�Ï�ÔÖ
Í�ÎÑ Î�ÏÑ Í�ÐÑ Ï�ÎÑ EÖ�ÏÎ ÎÕ�Ð�ÔÖ
Ô�ÎÏ Ð�ÏÎ Õ�ÐÎ Ö�ÎÍ GÐ�ÐÍ ÏÎ�Ñ�ÔÖ

¾·v¬-�µy¹u
Ò�ÎÑ Õ�ÏÐ Î�ÐÑ Ñ�ÎÐ GÖ�ÎÑ ÏÎ�ÎÏ�ÔÕ
Ò�ÎÑ Õ�ÏÐ Ñ�ÐÑ Î�ÎÐ HÎ�ÎÎ ÏÐ�Î�ÔÖ
Ð�ÎÑ Ó�ÏÐ Î�ÐÑ Î�ÎÐ FÔ�ÎÖ ÏÍ�Ï�ÔÖ
Ñ�ÎÐ Ò�ÏÐ Ó�ÐÐ Ñ�ÎÐ EÏ�ÏÏ ÎÕ�Ð�ÎÕ
Ô�ÎÎ Ó�ÎÏ Ö�ÏÍ Ï�Ñ DÔ�ÏÐ ÏÎ�Ñ�ÔÖ

¦¿%º«º¿|À��¾-vÀ�y�Zc�¾·v¬-�Z°cY
Ñ�ÎÑ Ó�ÏÐ Ð�ÐÑ Õ�ÎÏ GÓ�ÏÍ ÏÎ�ÎÏ�ÔÕ
Î�ÎÑ Ö�ÏÐ Ñ�ÐÑ Ñ�ÎÐ FÕ�ÏÕ ÏÐ�Î�ÔÖ
Ó�ÎÐ Ö�ÏÐ Í�ÐÑ Õ�ÎÐ EÎ�ÐÏ ÏÍ�Ï�ÔÖ
Ñ�ÎÏ Í�ÎÖ Ñ�ÏÖ Ó�Õ DÓ�ÐÔ ÎÕ�Ð�ÔÖ

Î�d�¯��¹zo�½YyYu�¶§�µ¹z-�z·�uYv�Y©Z°doY�n���yu �²¨³Yu�½Y�¶´¯Yu�v´#�±º¯{M�¶¿Z��z]��v´d�·�¥zÒv³yYv³�yYu�¾´�¯�a¹Z c�v�yu��
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ª¨�Õ��Z¨�Yz^³�®£y�yu�¶£Z��¾«º��v�y��¹z��Zc�±v��|^��µy¹u�yu�zh§Yvo�½Z¯u�Z]�º°³�b�z���Z^cyYÎÍ�

ª¨�Ö�¥YyY�Z£yY�yu�¢^��b¿Qy�Zc�¶£Z��¾«º��v�y��¹z��yu�Z¯u�zh§Yvo�Z]�º°³�b�z���Z^cyYÏÕÎÎ�Yz^³�¹Z¨ÎÍ�
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ÖÒ

{¹y�©º�� ¹ Z¯u� ¶]� Z£yYb�Y�²¯z°¿{� ¶�«Z�¯� yu�ÎÓ�|À³
uºk¹�a{¹y� µy¹u�©º�� z�³� {Y� Z£yY�²À]�½yYu�¾´�¯�a¹Z c

b�Yu�
¥YyY�º°³�b�z��aYzºÀÀ�cÏÕÎÎµy¹u�yu�¶�º§�¾¬p¯�µuºc�¹

½Z·zÀ�d¯�z¿Z��{Y��À]�¶£Z��¾«º��v�y��¹zº� Zºc ±vº� |^º�
v��zÀ� c�{¹y�©ºº� �º�ºc��½ººk�ª¨�Ô��¥YyYÏÕÎÎZ]�

¾�s�¶�]Yy�¦¿�Z]�¶�º§�¾¬p¯�µuºc�¹ ¹u�¶ºkyu�¶º�]Yy�¦º¿
v³uYu�±Z�³�ª°�«Y�~¨��{¹y�©º��¶]�b^�³�©º��¶§�¾¿Zl³M�{Y

{¹y�©º��¹ Z¯u�zÀ�d¯�¹u�z·�zÀgPc�bpc�,³z¬-�yu�a{¹y�µy¹u
uzºÀ-�¾º¯ yYzº£�Ó¹ÎÓ�] �¶yu�¶§�v�y�¾¯�z�³¾�yz]�z�Zo�

ºº] µ¹Èºº� {¹y�©ººº� �¿Y|ºº�Yc ¢¿zºº� {Y�¶ºº§ ²ºº¿Y zP{ZÀºº³ ²Àºº¯
¶¨¬]��µv¿uz-�yº§x¯�µy¹u�©º���·Z§�f�Z]�µZÀº- ½uº¿zº�ºd�

Z¯u�½Z·zÀ�d¯�Z]�½v³¹y�®º· ¢¿zº� {Y¿©º���·Z§�f�Z]�|À³�¾
b�Y�µv��¶£Z��¾«º��v�y��¹z��Zc�±v��|^º� µy¹u�²¿Yz]Z´]�

¥YyY�®£y�zc�v¿v��ªº°�«Y�~º¨�ÏÕÎÎ¶]�>Zcy¹z��{¹y�©º��¶]�
{ bÀº�Z�o�ºº¸ ¯b�À³�{¹y�©º��¶]�®£y�²¿Y�zcuZ¿�aYzÀÀ�c

Z¨�Yz^³�®£y�º°³�b�zº�ÎÍv�y��¹z��Zc�±v��|^��µy¹u�yu�
d¸]�Z¯u�zh§Yvo�zÀ�d¯�¦°§�¶]�¶£Zº� ¾º«º�ºv��zÀ� c�z�ª¨�

Õ��±Z�³�ª°�«Y�~¨��zÀ�d¯�²¿Y�¶]�¾�s�¶�]Yy�¦¿�Z]�®£y�²º¿Y
uYu�Z¨º�Yz^³�®º£y�¶º§ u¹y�¾º¯ ©Z°dºoYÎÍ©º��µu¹vºp¯�yu�

º·{¹y{¹y�©º��¶]�b^�³�b�Z§�½Z·�r¿yZc�²º¿Y�yu�euZºo ½Z
v�Z]�a¹Zº c�¾º]�©º��½yYu�¾´�¯�yº��¶] b�³Yºd³�½zÀ�d¯�"À·

²À¯Yy¹�®£y�yu�a{¹y�µy¹uÏÖÒv´§�zÀ� c�Yy��
v�y��¹z��µy¹u�©º��z]�½yYu�¾´�¯�yZÀ�]�zÀgPc�bº�Z§�r¿yZºc

bº�Yu�¢^º� bº¿¹y�Zºc ¶£Zº� ¾º«º��zÀsZc�Z]�µy¹u�²¿Y�©º�
{Y�bº�Z§zÀsZc�Z]�¹ b�Z¿��·Z§�yZ¸#�b�Z§�Zc�©¹Y�bº�Z§

uYu�±Z�³��¿Y|�Y�®l´º� bº�Z§�¶º] yZº¸#�bº�Z§�{Y�bº�Z§
�©¹vºkÐ��aYzÀÀ�c�Z]�º°³�{Y�¶¬oz¯�²¿Y�©º��aYzÀÀ�c�vº³¹y

,´·M�®·�¾¿Z¯u�½Z·zÀ�d¯�z¿Z��¹ {¹y�©º��{Y��À]�Z¯u�zh§Yvo
uºº]�yu¾º�yz]½zº£Z]��º�ºc�¶dº�Z¿�Zºl³Y��Î�yu�zÀsZc�|À³

Zc�¶£Z��¾«º��vº�y��¹zº� µy¹u�©ºº� �·Zº§ fº�Z]�bº�Z§
vº� ¢^º� bº¿¹y�yu¾º�yz]�²º¿Y�·Z§�ª¯Z��²¿zc�®¸¯�Z¯u��

b�Y�µv��z§w�µy¹u�²¿Y�©ºº��yZ°�¾«º��v�y��¹z��{Y�{¹y�
®£y�zÀgPc�bpc�½yYu�¾´�¯�yZÀ�]�yº��¶] ¢^º� bº¿¹y�Zºc ¶£Zº�

b�z-�yYzº£�²À¯Yy¹ÏÖÒ¥YyY�¹ ²¿zd�À]�ÏÕÎÎZ¨�Yz^³�¹ÎÍ
Yy�¢^��b¿¹y�Zc�¶£Z��¾«º��v�y��¹z��{Y�{¹y�yZ°��²¿zºd°§

º]¶v³uYu��Zº�dsY�uººs�©¹vkÏ��{Y�Z£yY�yYu�¾´�¯�a¹Z c
½z£Z]���ºc�µy¹u�²¿Y�©º���Zºp«�Î�b�Y�µv���yY|-�|À³�

²À´#�®º·yu¾�yz]¥YyY�®£y��½¹�ÏÕÎÎyu�Yy�µy¹u�²¿Y�©º��
±Zº¯{�avº¯Ò�ÎÔuzº§ ¾º� {¹y��Y ©º��a¹Z c�b¬�µy¹u�²¿

¥YyY�®º£y�½Yzº]ÏÕÎÎ½z£Z]�¶�«Z�¯�Z]�z�Zo�¶º�«Z�¯�yu��Î��
b�Z§�r¿yZc�yu�µy¹u�²¿Y�©º��±uº]�zºc¾º³Çº�ÏÎyu�v´ �Y�

¾º�yz]½z£Z]�¶�«Z�¯�yu�b�Z§�r¿yZºc ²º¿Y�¶º§ �uºº] zº�Zo�
uº]�µv�³�µv³Zl´-�

¥YyY�ºº°³�b�zº� aYzºÀÀ�cÏÕÎÎZ¨ºº�Yz^³�¹ÎÍµy¹u�yu�
Zc�¶£Z��¾«º��vº�y��¹zº�½Z·zÀ�d¯�z¿Z��{Y��À]�¢^��b¿¹y

v��zÀº� c�Zº¯u�zºh§Yvo��º�ºc��½ººk�ª¨�Ö��®£y�¹u�z·
µuzº]Zº³y ¦¿�Z]�YZ¯u�zh§Yvo�aYzÀÀ�c�¶]�b^�³�¹u�¶kyu�¶�]

v³uYu�±Zº�³�ªº°�«Y�~º¨��±M�{Y�¾§Zo�ª°�«Y�~¨��²¿Y�uºk¹
yYz£�¾d]º�y�¹ ¾cyYzo��´c�bpc�µZÀ-��Z¯u��¿Y|�Y�Z]�¶§�b�Y
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uYu�±Zº�³�ªº°�«Y�~º¨��Zº¯u�²Àº.³ZÀ¯�Zl³M�{Yº¿{Y�©Z¤d³Y�¶§�¾
º] ¾º�¿¹yb¿¹y�Zc�¶£Z��¾«º��v�y��¹z��µy¹u�¾��¾º�¿Y{�¶

b�Z§�r¿yZc�Z]�®£y�ª]Z¤d¯�zgY��vd�Y�¾¯�¡Zº cY�¢^º��©º��½¹y�
¾�yz]�µy¹u�²¿Yv��j¿Zd³�ª¨�ÎÎ�¥YyY�Z£yY�¶§�uYu�±Z�³

ÏÕÎÎZ¨º�Yz^³�¹ÎÍ¾¬���½Z·�r¿yZc�yu��{¹y�©º���·Z§�®�y
®l´ºº� ¹ yZºº¸#�bºº�Z§�ª¨ºº�Ï�®ºº·{Y�zººc}yu¹{�±Z´ºº#

r¿yZºc¾¬^£�bº�Z§�½Zº·d�·v´�¾«¹>Yz·Z��¶�º§�¾¬p¯�µuºc�
zc�}yz¿u�¹ µuYu�±Z�³�ª°�«Y�~¨��{¹y�©º���·Z§�¶]�b^º�³

b�Y�µv��¥YyY�Z£yY�>ÇZ°doY��²¿Yz]Z´]ÏÕÎÎZ¨�Yz^³�¹ÎÍyu�
´¬]�½Z·{¹y�©º�º¹ µuº]�a¹Z c�¾]�uºkº¯�v¶�º§�¾¬p¯�µuºc
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¶�y|¯��¿Yz��yu�,³z¬-�½Z·��Àcº³%�º°³�ªoYz¯�z]�{¹y�©º��¹ Z¯u�zgY

ÖÔ

¶º]}Zº�o�{¹y�©ºº�bº�Y�yu¾º�yz]²¯zº°¿{��ÎÓ�®£y��
Z¨º�Yz^³ÎÍ{¹y�©ºº� yu�ÎÑ}Z�ozÀ��{¹y�©º��¶]�b�Zº�

{¹y�©º��yu�¾«¹��uºº]ÎÍ±Z�³�bÀ�Z�o�{¹y�©º��¶]�b�Z��
vº� }yzº¿u�¹ uYu�µuºc�yu�{¹y�©º��¶]�ª°�«Y�~º¨��>Yzº·Z�

¾°º�À³Z¨¯�¶º�º§�¾º¬p¯yº�´¯�¶º]¶¬]Z¤¯�}yu¹{�zgY�Z]µv´´§
±z£�zgY�yu�¶§�v�Z]�¾¯�ÇZ]�½Z¯u�¿Yz��bpc�¾�À^��[Ztd³Y�Z·

¹u�bºº�§�±Z¸ ºº�Y�¶¤�´ºº¯ yu�©ººº�p¯�²ºº¿Y�µuºººc ²ºº¿Y yu�
º]¶bº�Y�µvº¯M�uººk¹�©vº¯¶]��½Y�¶�y|¯�¾³ºÀ�z-y�½Z·ªÀ«u

Z¯u�½Z·zºÀ�d¯�½vº³¹y�®º·º¿zÀ� c�v³Yººc¾º¯ {¹y�©ºº� Zº] ¾
¯ Yy�Z·�ª°�«Y�~º¨��¦¿%º«º¿|ºÀ�u{Z��ª¨���¹y�¶§�v´#�z·

vÀ ¯�½uz]yZ§�z�³�{Y�yZ§b�Y��Ñ��
y {Y�{¹y�yZ°�Q½yYu�¾´�¯�yº��¶] ¾·v¬-��¹z��Zc�¢^��b¿

b�z-�yYz£�b�Z§�r¿yZc�zÀgPc�bºpc�b�Z§�{Y�b�Z§�zÀsZc�Z]
b�Z¿��·Z§�yºº§x¯�µy¹u�©ºº� �ºº� bº�Z§�Zºc ©¹Y�¾«¹Z]�
Y ©º���®l´��b�Z§�Zc�ºº� bº�Z§�{Y�bº�Z§�zºÀsZcµy¹u�²¿

b�Z¿��¿Y|º�Y�©¹vkÐ��{¹y�©º��½Z·zÀ�d¯�aYzÀÀ�c�¾�yz]
µy¹u�²º¿Y�¾º� Zº¯u�¹�©¹vºkÐ�>ÇZ°doY�¶§�vº·u�¾º¯ ±Zº�³

¶d�Yu�µy¹u�²¿Y�©º��²ÀÀ�c�yu�Yy��º¤³�²¿zdº�À]�Zº¯u�zºh§Yvo
bº�Y�yu¾�yz]½vÀ��¹ yº��¶kYºs��Ñ��|À³�±Yuz.]Zd�M�½¹y

µuz-�{Z�M�Zc�¢^��b¿¹y�{Y�{¹y�uYvº�cr¿yZc�zÀgPc�bpc�¾³Z��Y
b�zº- yYzº£ bº�Z§�¶]�¾º«¹¹ Z¯u�Z]�yº§x¯�µy¹u�¶§�²¿Y�ªÀ«u

r¿yZc�²À]�a¹Z c��b�Yu�uyºsz]�¾¸]Z�¯�{¹y�©º�b�Z§�½Z·
uº]�|ºÀ#Z³�yu¾�yz]{Y��¶�«Z�¯�uyº¯�Z£yY�²À]�a¹Z c��z�Zo�

uº]�yYu�¾´�¯�¾·v¬-��¹z��Zc�¢^��b¿¹y�µy¹u�©º��zº�³�®£y
¥YyYÏÕÎÎº�À]�²¿zd°§�¶�º§�¾¬p¯�µuºc�¹ ²¿zdyZ°�{Y�{¹y�

] Yy�¾·v¬-��¹z��Zc�¢^��b¿¹y¶v³uYu��Z�dsY�uºs�©¹vk
Ï��¥YyY�Zºº£yY�²Àºº] ½yYu�¾ºº´�¯�a¹Zºº cÏÕÎÎZ¨ºº�Yz^³�¹ÎÍ

µy¹u�²¿Y�©º��zº�³{Y¿uv�³�µv�½Z·��Àcº³%�²À]�|À#Z³�a¹Z c
¾·v¬-��¹z��Zc�¢^��b¿¹y�µy¹u�©ºº� zº�³�{Y�¶º�«Z�¯�uyºº¯

Zº�³¶]�b^�³�¾°§�ª°�«Y�~¨��Z·��Àcº³%�²¿Y�¶§�bº�Y�±M�z.³
v³Y�¶d�Yu�{¹y�©º��¹ Zº¯u�yu¾�yz]½z£Z]��Î�²À]�a¹Z c�|À³

Zºc ¢^º� bº¿¹y�µy¹u�©ºº� zº�³�{Y�Zº£yYÒÍvº�yu�¾·v¬-

uº^³�yYu�¾´�¯�
¥YyY�Zº£yY�ºº°³�b�zº� aYzºÀÀ�cÏÕÎÎZ¨�Yz^³¹�ÎÍyu�

¯ ¦°§�¶]�¾·v¬-��¹z��Zc�¢^º� bº¿¹y�µy¹uZ¯u�zh§Yvo�zÀ�d
uºº] zÀº� c�ªº]Z£�¶�]Yy�¦¿�Z]�º°³�{Y�¶¬oz¯�²¿Y�yu�Z£yY�²º¿Y

v³uYu�±Z�³�ª°�«Y�~¨��Z¯u�zh§Yvo�¶º] ¹u�¶ºkyu�ª¨�ÎÏ��
{Y�¾�Z³��´c�¶§�b�Y�±M�{Y�¾º§Zo�ªº°�«Y�~º¨��²º¿Y�uººk¹

º°³��¿z�c�f�Z]�zºh§Yvo�½Zº¯u��¿Y|º�Y¹µy¹u�©º���·Z§�
uz-�¾¯�¾·v¬-��¹z��Zc�¢^º� bº¿¹yu�yu�º°³�b�z���¿Y|�Y

²¿z¿Z����ºc�Z¯u��¿Y|�Y�zºgY�Ñ�Ò�Ó�ÎÒ¹ÎÓ�|À³�yY|-
bº�Y�µvº��µy¹u�yu�¶�º§�¾¬p¯�µuºc�º°³�b�zº� aYzºÀÀ�c

��ºc��½z.¿u�zÀ�d¯�z·�{Y��À]�¾·v¬-��¹z��Zc�¢^º� bº¿¹y
uº]�zÀ� c�ª]Z£�{¹y�©ºº� zºÀ�d¯�{Y�¶¬oz¯�²¿Y�yu�yº§x¯�µuºc

¹y�©º��aYzÀÀ�c�¶]�ºº°³ª°�«Y�~¨��¹u�¶kyu�¶�]Yy�¦¿�Z]�{
uYu�±Zº�³�ª¨º�ÎÐ��º]¶º°³�{Y�¶¬oz¯�²¿Y�¶§�v�y�¾º°³�zº�³

uzºº¿x��zººÀgPc�{¹y�©ººº� {Y�ÎÎ��{¹y�©ººº� �ayººº� ²ºº¿Y yu
º]¶Z¯u�½Z·zÀ�d¯�z¿Z��²¿|.¿Zk�½Y�µv´¿Z°³�±Yº´º�¿b�Y�µv��¾
�Ð¹Ñ��

¾·v¬-�µy¹u�©º��z]�½yYu�¾´�¯�yZÀ�]�zÀgPc�bº�Z§�r¿yZºc
Yubº��f�Z]�¹u�b�Z§�¶]�©¹Y�bº�Z§�{Y�bº�Z§�yu�zºÀsZc

v��¾·v¬-�µy¹u�©º��yu�{¹y�¶��u¹vo��·Zº§�¾«¹c Z]�PzÀs
µy¹u�²ºº¿Y ©ººº� �®l´ºº� bºº�Z§�Zººc ¹u�bºº�Z§�{Y�bºº�Z§�yu

º]¶b�Z¿��¿Y|�Y�j¿yvc�Yy�¹u�¹ ©¹Y�b�Z§�r¿yZc�²À]�a¹Z c
�uº°³�zÀ� c�zh§Yvo�½Z¯u�zgY�Z]�b�Y�²¨°¯¾«¹v·Z�¯�v³¹y�µ

aYzÀÀ�c�Z]�b�Y�²¨°¯�Yy�b�Z§�½Z·�r¿yZºc z¿Zº� ½Yzº] µvº�
{¹y�©ºº��©¹vºkÐ�bº�³Yu�,´º·M�®º·�¾·v¬-�µy¹u�©º�

b�z-�yYz£�®£y�zÀgPc�bpc�½yYu�¾´�¯�yZÀ�]�yº��¶]�¾¬p¯�µuºc
¥YyY�®£y�¹ ²¿zc�µZcº§�¶�º§ÏÕÎÎµy¹u�²¿Y�©º��²¿zc�¾³Çº��

v³uºº] YyYu�Yy�¥YyY�®£yÏÕÎÎ¾´�¯��ÈdsY�©º��z�³�{Y�½yYu�
Z¨�Yz^³�®º£y�Zº] µy¹u�²º¿YÎÍb�Yv³��²À]�a¹Z c��©Zo�z·�¶]

uº^³�¶kºc�ª]Z£�¾·v¬-�µy¹u�©º��z�³�{Y�Z£yY�©¹vkÏ��
z¿Z�� {Y��À]�¾·v¬-� µy¹u� yu� Z£yY�º°³�b�z��aYzÀÀ�c

� ��ºc�½ºk�½Z·zÀ�d¯ºv��zÀ� c�{¹y�©º�¦¿�Z]�®£y�¶�z·
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ª¨�ÎÐ�¶�º§�¾¬p¯�µuºc�yu�¾·v¬-��¹z��Zc�¢^��b¿Qy�µy¹u�yu�{¹y�©º��Z]�º°³�b�z���Z^cyY�

{¹y�©º��aYzÀÀ�c�¶]�¹u�¶kyu�¶º�]Yyv³uYu�±Z�³�ª°�«Y�~¨�
�ª¨º�ÎÑ���¿Y|�Y�Z]�µYz°·�º°³�b�z���¶�]Yy�²¿Y�}Z�Y�zº]

uº��¾¯�uZ¿{�>Yv¿v��{¹y�©ºº��¶§�u¹y�¾°³�yZ�d³Y�¶§�²¿Y�¶]�z�³
uzÀ-�yYz£�{¹y�©º��zÀgPc�bpc�¾·v¬-�µy¹u�©º��ÎÎ�²¨°¯��

] {¹y�©º��bº�Y¶Z¯u�½Z·zÀ�d¯�µv´´§zÀ� c�±Yº´�¿©v¯�uyY¹�¾
�c�¹ µvº�ºzºÀÀ°³�¶Àkºc�Yy�µy¹u�²º¿Y�aYºv�Z]�µuº�yu¾�yz]

½vÀ��¹ yº��¶kYººs�Ñ�¶Àkºc�{¹y�©º��|À³©º��µv´´§±Yy¹u
uº]�±Yuz.]Zd�M�Z£yY�¦¿%º«º¿|À��¾-vÀ�y�Zc�b�Z§�

yº��¶] ¦¿%º«º¿|À��¾-vÀ�y�Zºc ¾º·v¬-�Zº°cY�µy¹u�©ºº�
b�z-�yYz£�b�Z§�r¿yZc�zÀgPc�bpc�½yYu�¾´�¯�b�Z§�zÀsZc�Z]

Z§�{Y¹ b�Z¿��¿Y|�Y�µy¹u�²¿Y�©º���yZ¸#�b�Z§�Zc�©¹Y�bº�
uyY¹�¦¿%º«º¿|ººÀ��¾-vÀºº�y�¶¬ozºº¯ ¶ºº] ®l´ºº� bºº�Z§�r¿yZººc

vºº�³�kººº©¹vÏ���Yººº¿Y|º� �ººº°cY�µy¹u�©ººººZººc ¾ºº·v¬-�Z
-vÀºº�yº� ¾º«º¿|ººÀºÀsZc�Zºº] ¦¿%ºººººº�Z§�yu�zºvºº³¹y�Zºº] b

°�º¯ººº§ ¾ºº·Zº�{¹y�©ºº� ¹ ¾º¿Z¯u�½Z·zºÀ�d¯�ª¨�Ï�
�Z]�¾¯�,´º·M�®º·�v¾«¹�·Z§�Z]�Yy�~¨��½v³¹y�®· ²¿zd�À]
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uzÀ-�yYz£�{¹y�©ºº� zºÀgPc�bºpc�ÎÎ�{¹y�©º��b�Y�²¨°¯ �
]¶Z¯u�½Z·zÀ�d¯�µv´´§�zÀ� c�±Yº´�¿aYzÀÀ�c�¹ µv��©v¯�uyY¹�¾

vº�Z]�µuºº°³�¶Àºkºc�Yy�µy¹u�²º¿Y�yu¾º�yz]½zº£Z]��Î�|À³
Z¯u�½Z·zÀ�d¯�¶]�µy¹u�²¿Y�¾º� Zº£yY�ªº°�«Y�~º¨�¿a¹Z d¯�¾

uºº]�yu¾º�yz]z�³�{Y��¶�«Z�¯�uyº¯�Z£yY�²À]�a¹Z c��zº�Zo�
yYu�¾´�¯�yZÀ�]�¦¿%º«º¿|À��¾-vÀ�y�Zc�¾·v¬-�Z°cY�µy¹u�©º�

uºº]�²À¯Yy¹�®£y�¹ ²¿zd�À]�¶º�º§�¾º¬p¯�µuººcÏÖÒ²¿zd°§�
¾-vÀ�y�Zc�¾·v¬-�Zº°cY�{Y�{¹y�uYvº�c] Yy�¦¿%º«º¿|À��¶uºs

v³uYu��Z�dsY�©¹vkÏ��½z£Z]�Î�²À]�yYu�¾´�¯�a¹Z c�|À³
{Y�µy¹u�©ºº� zº�³�{Y�Yy�Zº£yYÒÍ¾-vÀ�y�Zc�¾·v¬-�vº�yu�
b�Y�µuz§��yY|-�¦¿%º«º¿|ºÀ��yu�Z£yY�º°³�b�z��aYzÀÀ�c

©º��zÀ�d¯�¦°§�¶]�¦¿%º«º¿|À��¾-vÀ�y�Zc�¾·v¬-�Z°cY�µy¹u
uº]�zÀ� c�ªº]Z£�{¹y�¥YyYÏÕÎÎZ¨�Yz^³�¹ ¶�º§�¾¬p¯�µuºc��

ÎÍZº] {¹y�©ºº� aYzººÀÀ�c�¶º] b^º�³�¹u�¶ººkyu�¶º�]Yy�¦ºº¿
v³uYu�±Z�³�ª°�«Y�~º¨��ª¨�ÎÒ��®£y�º°³�b�z��aYzÀÀ�c

²À¯Yy¹ÏÖÒuyº¯�½Z·zÀ�d¯�{Y�¦¿�"À·���ºc�yº§x¯�µy¹u�yu�

v�³�zÀº� c�¶º�«Z�¯�±Z°·{¹y�©º���v¿uz-�fp]�>È^£�¶§�¶³º-
º]¶±Yº´º�Z¯u�½Z·zºÀ�d¯�{Y�½Y�µv´º¿Z°³�¿b�Y�µv��©v¯�uyY¹�¾�
º]¶Z¨�Yz^³�º°³��¿z�c�¶§�v�y�¾¯�z�³ÎÍ¥YyY�¹ÏÕÎÎzgY�yu�

b�Y�µuº]�¶�º§�¾¬p¯�µuºc�{Y��À]�Z¯u��¿Y|�Y�
²¿Y�{Y�ª�Zo�j¿Zd³¾�yz]uyº¯�Z£yY�¶§�uYu�±Z�³�¾�yz]

½Z¯u�¹ {¹y�©º��aYzÀÀ�c�¶]�b^�³�¾c¹Z d¯�½Z·�ª°�«Y�~¨�
³v´·u�¾¯� ±Z�³�b�Z§� yu� zÀsZc� {Y� ¾�Z�²À¯Yy¹� ®£yÏÖÒ

¾�t�¯�ª°�«Y�~¨�� ¹ uº]� zc�}yz¿u� Z£yY� z¿Z�� ¶]�b^�³
uYv³�±Z�³�½ºk�½Z·zÀ�d¯�¶]�b^�³�¥YyY�Z£yY�>Yz·Z�ÏÕÎÎ¹

Z¨�Yz^³ÎÍZ¸³M�º°³�µy¹u�©º��¹ v´d�·�a¹Z c�¾]�{¹y�©º��¶]�
uyYu� yYz£� Z¯u�zÀgPc�bpc�zd�À]�§ ¾¬p¯� µuºc¶]� >ÇZ°doY�¶�º

uz¿x��¾¯�zÀgPc�ÇZ]�½Z·Z¯u�{Y�zd°§�¹ uyYu�bÀ�Z�o�{¹y�©º��
uyº¯�½Z·�¶d¿yY¹� ¶§�²¿Y� ¶]� ¶kºc� Z]¾�yz]µuºc��º�s�¶]� �

�¿z�c��Zp«�{Y�Z¯u��¿Y|�Y�¶]�¾°§�ª°�«Y�~¨�� �¶�º§�¾¬p¯
] �v³uYu� ±Z�³� º°³¶�,³z¬-� ¶³Zd�]Zc�b�§� ¶§� v�y�¾¯� z�³

]¶¶�º§�¾¬p¯�µuºc�µ&¿¹¹ ½uº¿z�ºd��{ZÀ³��Zp«�{Y�¾¬¨�¯�Z]��
]¹y�±Z¸ �Y��¿Yz��yu�ÇZ]�½Z¯u�\À�M¶v�Z^³�¹y�

uyº¯��]Z´¯µuZ d�Y
Î� �½z£Z]�ÎÐÔÑ�,³z¬-� Z£yY� uz¨¬°��½Y|kY�¹ uz¨¬°��z]�b�Z§�r¿yZc�aYzgY�b�Yy{�v�yY�¾�Z´�yZ§�¶¯Z³�±Z¿Z��µv¨�³Yu�

½{y¹Z�§�±Z¸ �Y�¾d�´��µZ.�³Yu��
Ï�yº��¶kYºs� ��y�ÎÐÔÍ�¾d�´� aZcZ^³�vÀ«ºc�¾·Z.�³Yu�uZ¸k�aYyZ�d³Y�±Z¸ �Y�¾d�´��µZ.�³Yu��
Ð� �yº��¶kYºs�y�ÎÐÔÔ�¾�Yy{�aÇº�p¯�b�Z§�r¿yZc�[Ztd³Y�yu�Z¯u�¹ {¹y�©º���¤³�µz.´§�²À°l´��½vÀ¬§�aÇZ¤¯�¶�º°l¯

±Yz¿Y�aZcZ^³�mÈ�Y�¹ b�Yy{�ÖZc�ÎÐyº¿z¸��ÎÐÔÔ��Y�aZ¤À¤pc�¶��º¯iz§��yx]�¹ ©Z¸³�¶À¸c�¹ mÈ�
Ñ� �yº��¶kYºs��y�� ¹�½vÀ��ÎÐÕÍ�¶�y|¯��¿Yz��yu�±Yuz.]Zd�M�Z£yY�º°³�ªoYz¯�z]�{¹y�©º��¹ Z¯u�zgY�±º´��¹ º¬��¶¬l¯

¾�À^���]Z´¯�¹ ½{y¹Z�§Ò�Ï�ÖÎ�ÎÍÔ�
Ò�� �yº�¨À³�½v°p¯�y�� ¹�¾¨#º§�ÎÐÔÕ��sZ��z]�b�Z§�r¿yZc�aYzgY�¾�yz]�v�y�½Z·Y|kY�¹ uz¨¬°�½,³z¬-�uz¨¬°���

½{y¹Z�§��¿Z´��¹ º¬��¶¬l¯ÎÐ�Ï�Î�Ô�ÎÒ�
�� $EHO��*��+��������*URZWK�DQG�\LHOG�RI�VDIIORZHU�LQ�WKUHH�WHPSHUDWXUH�UHJLPHV��$JURQ��-��������������
�� $EHO�� *�� +�� ������ (IIHFWV� RI� LUULJDWLRQ� UHJLPHV�� SODQWLQJ� GDWHV�� QLWURJHQ� OHYHOV� DQG URZ� VSDFLQJ� RQ� VDIIORZHU�

FXOWLYDUV��$JURQ��-��������������
�� $OHVVL��-���-��)��3RZHU�DQG�'��&��=LPPHUPDQ��������(IIHFWV�RI�VHHGLQJ�GDWH�DQG�SRSXODWLRQ�RQ�ZDWHU�XVH�HIILFLHQF\�

DQG�VDIIORZHU�\LHOG��$JURQ��-��������������
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¶�y|¯��¿Yz��yu�,³z¬-�½Z·��Àcº³%�º°³�ªoYz¯�z]�{¹y�©º��¹ Z¯u�zgY

ÎÍÎ

�� %DVVLUL�� $��� ,�� 5RXKDQL� DQG� 6�� 5�� *KRUDVK\�� ������ (IIHFW� RI� WHPSHUDWXUH� DQG� VFDULILFDWLRQ� RQ� JHUPLQDWLRQ� DQG�
HPHUJHQFH�RI�ZLOG�VDIIORZHU��&DUWKDPXV�R[\DFDQWKD %LHE��-��$JULF��6FL��&DPE��������������

��� &KRODN\�� /��� (�� 0�� )HUQDQGH]�� :�� (�� $VQDO�� 2�� *LD\HWWR� DQG� <�� -�� 2�� 3OHYLFK�� ������ 6DIIORZHU �&DUWKDPXV�
WLQFWRULXV /��� VRZLQJ� GDWHV� LQ� 5LR� &XDUWR� �&RUGRED�� $UJHQWLQD��� SS�� ��������� 3DSHU� SUHVHQWHG� DW� WKH� 7KLUG�
,QWHUQDWLRQDO�6DIIORZHU�&RQIHUHQFH��-XQH��������������%HLMLQJ��&KLQD�

��� )UDQFLV�� &�� $�� ������ (IIHFWLYH� GD\� OHQJWKV� IRU� WKH� VWXG\� RI� SKRWRSHULRG� VHQVLWLYH� UHDFWLRQV� LQ� SODQWV�� $JURQ�� -�
������������

��� .HLVOLQJ��7��&��������&DOFXODWLRQ�RI�WKH�OHQJWK�RI�GD\��$JURQ��-��������������
��� 0XQGHO��+��+��5��-��0RUULVRQ��5��(��%ODFNVKDZ��7��(QW]��%��7��5RWK��5��*DXGLHO�DQG�)��.LHKQ��������6HHGLQJ�GDWH�

HIIHFWV�RQ�\LHOG��TXDOLW\�DQG�PDWXULW\�RI�VDIIORZHU��&DQ��-��3ODQW�6FL��������������
��� 6KD\NHZLFK��&��)��������$Q�DSSHUDVLDO�RI�FHUHDO�FURS�SKHQRORJ\�PRGHOOLQJ��&DQ��-��3ODQW�6FL��������������
��� 7RPDU��6��6��������(IIHFWV�RI�VRLO�K\GURWKHUPDO�UHJLPHV�RQ�WKH�SHUIRUPDQFH�RI�VDIIORZHU�SODQWHG�RQ�GLIIHUHQW�GDWHV��

$JURQ��&URS�6FL���������������
�����=LPPHUPDQ��/��+��������(IIHFWV�RI�SKRWRSHULRG�DQG�WHPSHUDWXUH�RQ�URVHWWH�KDELW�LQ�VDIIORZHU��&URS�6FL������������
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