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¢^�´¯�yuZ¯�¾´p´¯�z]z§u�½yYx-yZ]�{Y�~��uZ¿{�½Z·�±Z¯{�av¯�yu�¹ zd°§�½Z¯u�yu��|s�¾´p´¯�±Yºd]�¶§�uº��¾¯�f�Z]�bÀ�º�s�²¿Y

av¯�yu�¹ zd�À]�½Z¯u�yu��|s�¾´p´¯�z]�Yy¢^�´¯�½yYx-yZ]�{Y�~��zd°§�½Z·�±Z¯{�z§u�½{yY�®·�`«uZ�¯�²d]�yu�¶§�¾cyº��yu�²¿Y�z]Z´]
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Y Z]�Yy�²d]�av¯�{Yyu�`¿Z���|s�v³Yºd]�¶§�¾«v¯uy¹Yz]��|s�av¯�µZcº§��¿Z¯{M�j¿Zd³�{Y�µuZ d�´§½Y�¶«uZ�¯��v½z�³²d�z-�z�³�yu�½Yz]�
b�Y�µv��¶WYyY�½yYx-yZ]�`�p«�yu�²d]��º¬]�¹ Z¯u�zÀgPc�z]��¬dt¯�½Z·Z¯u�¶]��º]z¯��|s�½Z·�¾´p´¯�¢À^�c�½Yz]�\�Z´¯�¾�¹y�~��

uZ¸´º�À��zº.¿v¨¿�¿Z���|s�yYv¤¯�v³Yºd]�©v¯�Zc�µv¶u Yy�²d]�v³|]�²À°tc�½yYx-yZ]�{Y�~��uZ¿{�½Z·�±Z¯{�av¯�yu�¹ �¬dt¯�½Z·Z¯u�y�

¿Z���|s�²À°tc�½Yz]�©v¯�²¿Y�¾¿Z³Yºc�¹ b�z-�yYz£�¾]Z¿{yY�uyº¯��uºkº¯�¾·Z.�¿Z¯{M�½Z·�µuYu�{Y�¾d°�£���ºc�½uZ¸´�À��©v¯¶v´¬]�
v��µuYu�±Z�³�²d]�av¯�

±Z-%Y¹½vÀ¬§���¶¿Z���|s��²d]±Z¯{�½{yY�®·�Z¯u��©v¯�

$�1HZ�0HWKRG�IRU�(VWLPDWLRQ�RI�&UHHS�RI�&RQFUHWH 8VLQJ
6KRUW�7HUP�7HVWV�XQGHU�+LJKHU�7HPSHUDWXUH

'��0RVWRILQHMDG��2��5��%DUDQL��DQG�0��0��6DDGDWSRXU
'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��,VIDKDQ�8QLYHUVLW\�RI�7HFKQRORJ\

$EVWUDFW��,Q�WKH�3UHVHQW�VWXG\��DWWHPSW�ZLOO�EH�PDGH�WR�SURSRVH�D�QHZ�PHWKRG�IRU�SUHGLFWLRQ�RI�ORQJ�WHUP�HVVHQWLDO�
FUHHS� RI� FRQFUHWH� XWLOL]LQJ� VRPH� VKRUW�WHUP� FUHHS� WHVWV� XQGHU� KLJK� WHPSHUDWXUH�� 7R� GR� VR�� UHJDUGLQJ� WKH� VLPLODULWLHV�
EHWZHHQ� HVVHQWLDO� FUHHS� RI� FRQFUHWH� DQG� FUHHS� LQ� YLVFRHODVWLF�PDWHULDOV�� WKH� WLPH±WHPSHUDWXUH� HTXLYDOHQFH� UHODWLRQ� LQ�
YLVFRHODVWLF� PDWHULDOV� LV� HYDOXDWHG� IRU� FRQFUHWH�� 7KLV� UHODWLRQ� VWDWHV� WKDW� H[SHULPHQWDO� FXUYHV� RI� FUHHS� DW� GLIIHUHQW�
WHPSHUDWXUHV� ILW� LQWR� D� VLQJOH� FXUYH� ZKHQ� VKLIWHG� DORQJ� WKH� D[LV� RI� ORJDULWPLF� WLPH�� 7R� GHYHORS� WKH� PRGHO�� DQ

yZÀ�³Yu ºv�yY�}Z´�yZ§�ºuZd�Y�º
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HTXDWLRQ� ZDV� ILUVW� GHYHORSHG� WDNLQJ� LQWR� DFFRXQW� WKH� HIIHFW� RI� WHPSHUDWXUH� DQG� WKH� PDWXULW\� RI� FRQFUHWH�� 7KHQ�� DQ�
DSSURSULDWH�PHWKRG�ZDV�SURSRVHG�IRU�WUDQVPLVVLRQ�RI�WKH�FUHHS�FXUYH�RI��FRQFUHWH�XQGHU�D�VSHFLILF�WHPSHUDWXUH�WR�ILW�LQ�WKH�
FUHHS�FXUYH�RI�WKH�VDPH�FRQFUHWH�XQGHU�D�WHPSHUDWXUH��7KH�SURSRVHG�PRGHO�ZDV�YHULILHG�XVLQJ�H[LVWLQJ�H[SHULPHQWDO�GDWD�
ZKLFK�YHU\�JRRG DJUHHPHQW�ZDV�REVHUYHG�

.H\ZRUGV� &RQFUHWH��(VVHQWLDO�FUHHS��7LPH�WHPSHUDWXUH�HTXLYDOHQFH��0RGHO�

Î�¶¯v¤¯�
¾¸kºc�ª]Z£�zÀgPc�¶¯yM�²dº] _{Zº� ±ºº-Z³º-�ª¿Zº�¯�yu��|ºs

uyYu�zºº]Yz]�¶ºº� Zººc ¹u�>Çººº°�¯��|ººs {Y�¾ºº�Z³�½Z¸¬¨ºº�zÀÀ�c
²dº] ¾º³M�½Z¸¬¨º�zÀÀ�cb�Y@Î>�¾-v��µZcº§�b�yu�²À°tc

½uZ¿{�bÀ°·Y��v´¬]�¾´d]�½Z¸³Z°dsZ��yu�®WZ£�½Z��Y�av¯�{Yyu
yYv¤¯�yu�a¹Z c�¹ uyYu�Zº¸³M�¾ºoYz��yu½Z¸³ºd��¾-v��µZcº§�

½Z¸«Yu�¹ zÀc�yu�¾¸kºc�ª]Z£��z]�¹ z.´«�uZl¿Y�fº�Z]��y¹Zºl¯
uº��¾¯�Z¸³ºd��±M�¶º] ªº�d¯@Ï>��|s��µvÀ´c��À��½Z·zÀc�yu

zÀc�ª¨��zÀÀ�c��¿Y|�Y�¹ ¾º-vÀ´c��Àº� ½¹zºÀ³��·Zº§ fº�Z]
uºº�¾º¯@Ð>�aÇZ�cY�½z¿x��ª¨��¾�yz]�yu��|s�²À´$°·

uyYu�¾¿Y|��¶]�bÀº°·Y@Ñ>�²À�¯Z³�½Z·�µ{Z��yu��|s�²À´$°·
uyYx-�¾¯�zÀgPc�|À³�Z¸³M�yYv¤¯�z]�Z¸�´c��¿{ºc�_ºp³�z]�µ¹È�@Ò>�

Z¸³M�yu��|s�¶¬X�¯�¶§�½uZ¿{�uyYº¯�¶º] ¶kººc Zº] ²¿Yzº]Z´]
©º��yu�±M�yZd�y�²ÀÀ�c�¹ ²d]��|s�yYv¤¯�²À°tc��uyYu�bÀ°·Y

b�Y�½y¹zº� ½zº¯Y�±Zº¯{�zÀÀ�c�¶]�Z��yº��¶]�¶§�²d]��|s
º�¶¬X�¯��uº��¾¯�¡È�Y�½yYx-yZ]�bpc�µuZ¯�av¯�{Yyu�½Z¸¬¨

_v´·u�ªÀ¨�c�uYº¯��º³�zÀ�³�¾ ¬dt¯�ª¯Yº��¶]�¹ µuº]�½Y�µvÀ$À�
uyYu�¾.d�]�¾«Z°�Y��´c�yYv¤¯�¹ b]º�y��Z¯u��²d]�

¶d�z-�ayº��²d]�yu��|s�uyº¯�yu�½yZÀ�]�aZº�«Z�¯�±º´º§Zc
bº�Y�©Zº� yuÎÖÓÔy z]��¿Z¯{M�Z]�º¿�¹ ½yZ³ZcyM�½Z¸«Yu�½¹

Z]��|s�¶§�v³uYu�±Z�³���¬dt¯�½Zº·Z¯u�yu�µvº� u¹vº³Y�¾º´d]
`�p«�yu�²dº] zº°���¿Y|º�Y�¹ vº]Z¿�¾º¯ �¿Y|º�Y�Zº¯u��¿Y|º�Y

¾¯��|s�b�z���·Z§�fº�Z]�½yYxº-yZ]º�u�±Z�¿Y�²À´$°·
yu�z¿x��b�-z]��³z§�yYv¤¯�Z¯u��¿Y|º�Y�Zº] ¶º§ v´dº�Yu�±ZÀº]

¾°³�YvÀ��½zÀ.°�#��¿Y|�Y�½yYuz]yZ]�`¬oz¯v´§�@Ó>�
©Zº� yu�²«Zº¯ÎÖÓÑ©Zº� yu�b³Z´º· ¹ÎÖÓÕ¶§�v³uYu�±Zº�³�

ª]Z£��|s��®§��´c�mº���yu�µv��¦�s�>È¯Z§�¾º´d]�`³ºº°³

�°k�¹ �|s�yu�ª¯Z��²¿zczgR¯�²¿Yz]Z´]�¹ ¶dº�Yv³�½Y�¶º�oÈ¯
²d]�zÀt^c�ª]Z£�[M��¾-v�b�Y@Ô>�

©Zº� yu�bº³Y{Z]ÎÖÔÍ¹ÎÖÔÏ¹ �|s�½uZÀº´]�aÇuZº�¯�
¾-v���º°kaYzgY�²d�z-�z�³�yu�²°��yZ]�²À«¹Y�½Yz]�YyZ¯z-

uYu�¶WYyY�¦À¯Z´¿uº¯zc�©º�Y�}Z�Yz]�zÀ�d¯�¾^�³�b]ºº�y�¹�yu
�¬dt¯�_uZ¯�¦¿�ayº��¶]�²d]�¹ ±Z°À��zºÀ°s��aÇuZº�¯�²º¿Y

½{Z��v´º#Õ¾¨ÀcZd�Y�©uZ�c��¿Yz��±M�yu�¶§�v��¶d�z-�z�³�yu�
s yu�uºººkº¯�[M��¬dººt¯�½Z¸dºº«Zo�²Àºº] ¾ºº¨À¯Z´¿uº¯zc¹zººÀ°

b�Y�yYzº£z]�±Z°Àº��yu�¾���½Yz]�¾�¹z��`�¤³�aZ�«Z�¯�²¿Y
¦À¯Z´¿uº¯zc�¾�Z�Y�aÇuZ�¯�}Z�Y�z]�²d]��|ºs yZdº�y�±ZÀº]

º�¹ b³Y{Z]�aZ�«Z�¯�}Z�Y�¹ ¶d�Yu�¶¯YuY�{º´·�yZº§ ²º¿Y�¶º§ v
v·u�¾¯�ªÀ¨�c�{¹z¯Y�¶]�Zc�Yy��³YyZ¨°·@�Ô¹Õ>�

©Zº� yuÎÖÔÐ] �$À���¿Zº¯{M�Zº] {yv´º� ¹ ±ºdº�¬¿Y�½¹y�z
²Àº] ½Zº¯u�bºpc�±Z°Àº� zºÀ°s�½Zº·¶³ºº°³ÏÍZºcÖÒ`kyu�

z]��´c�©Z°�Y�²Ào�yu�z-Y�¶§�v³vÀ�y�¶lÀd³�²¿Y�¶º] �uYz.Àd³Zº�
uZl¿Y�¾¿Z¯u�½Z¸¬¨À���¶³º°³º�½uZ¿{�yYv¤¯�¶]�¶³º°³��³z§��u

ª]Z£��¿Y|�Y�½v�]�½Z¸¬¨À��yu�¹ ¶d�Z¿��¿Y|�Y�ª¨À��²Àº«¹Y�yu
¾º°³�µv·Zº�¯��|ºs yu�½Y�¶º�oÈ¯º�ºu@Ö>�±Zº�¿Y©Z��yu

ÎÖÔÑ¾º«v¯�½Yzº]¶WYyY��¬dt¯�½Z·Z¯u�yu�²d]��|s�²Àº°tc�
¯ ²¿Y�yu�¶§�v³uYuº�¯�©vº«uZº½Y�¶½Yz]p¯�ºÀ¯�`^�Zºs ±Y|º�|

¾�z�¯�|À³�Z¯u��¿Y|�Y�{Y�¾�Z³�¾º³Z¸-Z³�v�yZ¸�Y�Z¸³M�²À´$°·
¾´d]�`³º°³�½Z¯u�z-Y��¶d�z-�Zl³Y��¿Z¯{M�¢^��zº] ¶º§ v´dº�Yu

yZ]�{Y�ª^º£½Zº¯u�{Y�{¹y�¹u�avº¯ ¶º] ½yYxº-ÏÍ¶]�ÔÔ`kyu�
¶]�¶³º°³�½Z¯u�~���¹ uº��µuz]�uYz.Àd³Zº�ÑÍuYz.Àd³Z��`kyu�

yYz£��|s��¿Z¯{M�bpc�¶³º°³�¾ºcv¯�{Y�vº�]�¹ vº]Z¿��·Zº§
{Y�¶³º°³�½Zº¯u�¾ºd£¹��uzºÀ-ÑÍ¶]�ÒÕ�¿Y|�Y�uYz.Àd³Z��`kyu�

¾°³�µv·Z�¯��|ºs yYvº¤¯�yu�¾º³Z¸-Z³��¿Y|º�Y��vº]Z¿º�u �uy
{Y�½yYx-yZ]�²°��¶³ºº°³�½Zº¯u�¾ºd£¹�¶º§ ¾cyºº�ÒÕ¶]�ÔÓ
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¶]��|s�yu�¾³Z¸-Z³��¿Y|�Y�¦¿��v]Z¿��¿Y|�Y�uYz.Àd³Z��`ºkyu
vº¿M�¾º¯ uººk¹@ÎÍ>�¤¤p¯�²¿YZ�¯�²¿Y�¶Àkºc�½Yz]�¾¬À«u�±X¶¬

v³uYv³�¶WYyY�
©Zº� yuÎÖÔÕ½Z¯u�Zc�¶§�v³uYu�±Z�³�©Zcº.´ºc ¹ bº³Y{Z]��

ÎÍÍºo b�zº� �uYz.Àd³Zº� `ºkyu�½Z·�µz o�|¿y�yu�[M�b§z
}ºÀ³yM�±º³Z£�Z]�¢]Z�¯�µv��btº� ±Z°Àº� zºÀ°s�yu�uººkº¯

�`º«uZ�¯�ÏÑ�v��v·Yºs�µuYu�nÀ�ºc�Yv�]�¶§�½%z³Y�{Y�¾�]Zc��
Z·�µzº o|¿y�yu�[M�b§zºo ½Yzº] {Ç�½{Zº� ©Zº��b�Yyu��

{Y�zd�À]�½Z·Z¯u�yu�¶º§ ¾cyºº�ÎÍÒb�z���uYz.Àd³Z��`kyu�
Z·�µzº o�|º¿y�yu�[M�b§zºo�v´§�¾°³�bÀ�^c�}ºÀ³yM�±º³Z£�{Y�

¶]�b^�³�¹ µuº]��¿Z¯�[M�Z¿�¹ [M�yZt]�bk|º« {Y�¾º�]Zc�¶º¨¬]
uyYu�½|À#Z³�aYzÀÀ�c�Z¯u��¿Y|�Y@ÎÎ>�

©Zº� yuÎÖÔÓ½Yz]�¾�Z¿y�©v¯�¦º¿ ±YyZº¨°·�¹ bº³Y{Z]�
v³uYu�¶WYyY�²d]��|s@ÎÏ>�©Z��yu�±M�`��ºc�Z]ÎÖÔÕ¹ÎÖÔÖ

¾�Z¿y�©v¯�È³Z��¹ b³Y{Z]%3�.;¶WYyY�Yy�z§v³u�©v¯�²¿Y�yu
uZ¸´�À��¾-v���°k�¹ �|s�²ÀÀ�c�½Yz]�¾�Z¿y�¾ºcÇuZ�¯�v

j¿Zd³�Z]�¶�¿Z¤¯���ºc�²d]�yZdº�y�²Àº°tc�yu�±M�bº£u�±Y|ºÀ¯�¹
ºº¤¤p¯�¾·Z.ºº�¿Z¯{MZb�zºº- yYzºº£ ¾ºº�yz]�uyººº¯ �¬dººt¯�±

@Î¹ÎÐ�ÎÔ>�¶¿Z���|s�z]�Z¯u�zºgY�©vº¯ ²º¿Y�yu�²d]��|s
º¯���ºc�µv��½v´º] ¢º¿Z�b]º�y�¢¿Z��uY�¾¿Z¯u�mº���½Yz]

¶WYyY�½yYx-yZ]�©º��yu�Z¯u�±uº]�b]Zg��zº� Zº] ��¬dºt¯�v�
Z¯u�±uº]�zÀ�d¯��¿Yz��yu�Yy�¶¿Z���|s�zº] Zº¯u�zºgY�©vº¯ ²º¿Y

b�z-�¾°³�z�³�yu�½yYx-yZ]�²°��±ZÀ]�±Z�¿Yz§¶]�¶kºc�Z]�v³u
©Z���½%zº³Y�ºº¸ ¯�{Y�µuZ dº�Yz]�Z¯u�zgY�±uz§�©v¯�½Yz]�½{Z�

²À]�Z¯u�mº���½Yz]�Zº¸³M�©vº¯ �±ºÀº�YyvÀ·�b�zº�ÐÒZc�ÔÒ
²À]�½Z¯u�mº���½Yz]�²¨À«��µuº]�¡uZ��uYz.Àd³Z��`ºkyuÏÍ�

ZcÎÏÍ½Yz]�v´#z·��u¹y�yZ§�¶]�¾^¿z¤c�yº��¶]�uYz.Àd³Z��`kyu�
{Y��À]�½Z¯uÖÒ�ÈdsY�©v¯�²¿Y�b�Y�²¨°¯�uYz.Àd³Z��`kyu�

v�Z]�¶d�Yu�¾·Z.�¿Z¯{M�j¿Zd³�Z]�½uZ¿{�
©Zºº� yuÎÖÕÑZººl³Y�¶ºº§ vºº³uYu�±Zºº�³�±zºº# ¹ bºº³Y{Z]�

µ{Yvº³Y¾]Z¿�±¹z]�¹ ¾-v���°k�¹ �|s�av¯�µZcº§�½Z·�½zÀ-
¾-v���°k�¹ �|s�²À°tc�½Yz]�¾³Çº��½Z·�±Z¯{�½Yz]�Zº¸³M

\�Z´¯�yZÀ�]��®¸¯�½Z·�µ{Zº�b�Y�v´d�Yu�{Yz]Y�²À´$°·�±Z�¿Y
c uYº¯�¶]��º]z¯�aZ�È�Y�}Z�Y�z]��¤���|s�²À°tc�¶§ªÀ¨�

¾¯�½uZ¿{�>Zd^�³�½Z·Z�s�¶]�zl´¯��²d]��º¬t¯�_v´º·uº��u@ÎÕ>�
©Zº� yuÎÖÕÔª]Z£��¿Y|�Y�±ZÀ]�½Yzº] ¾º«v¯�±zº# ¹ bº³Y{Z]�

¶WYyY�½yYx-yZ]�²Ào�²d]�½Z¯u�zÀÀ�c�zgY�z]�²d]��|ºs `º�oÈ¯
vº³uYu�n¿z�c�¶«Z¤¯�²¿Y�yu�Z¯u��·Z§�®·�¹ �¿Y|�Y�®·�¶§�v

¾¯��|s��¿Y|�Y�fº�Z]º�ªÀ«u�¹ uzgY�z]��|s��¿Y|�Y�z.¿u
aYzÀÀ�c�Z¿�¹ b]º�y�aYzÀÀ�cZ¯u²d]�yu�¾��§�½Z¸§zc�uZl¿Y��

bº�Y@ÎÖ>�±Z´�z��¹ b³Y{Z]Ó©Z��yu�ÎÖÕÖ¹ ¾-v���°k�zgY�
nÀp�c�\¿Yz����ºc�Yy�²dº] �|ºs zº] ±Z°Àº� ±ºÀº�YyvÀ·

±Yº´��bpc�¾«v¯�¹ v³uz§�±ZÀ]�¾]zlc¶¿z�³uZ°l³Y�Ô±ZÀ]�½Yz]�
zº] ±ºÀº�YyvÀ·�zºgY¶]�Yy�±ºÀ�YyvÀ·�¹ v³uYu�¶WYyY�²dº] �|ºs

©v¯�±Z¯{�©º��yu�±Z°À��v¯Zk�b°�£�®lo��¿Y|º�Y�ayºº�
v³uz§�¶]�±Z¯{�©º��yu�±ºÀ�YyvÀ·��¿Y|�Y�©v¯�²¿Y�yuayº�

±ZÀ]�±Z°À��zÀ°s�v¯Zk�b°�£�®lo��¿Y|�Y�v@ÏÍ¹ÏÎ>�
©Zº� yuÎÖÖÔ±YyZ¨°·�¹ bº³Y{Z]�½z�³Yy��´c��À��|¿y�

Y ±uz§�©v¯�½Yz]©º��yu�²d]�±v��bt��¹ ¾-v���°k�aYzg
v³uzº§ ¶ºWYyY�avº¯{Yyu��|ºs zº] ±Zº¯{�º¸ ¯��©v¯�²¿Y�yu

¶ºWYyY�¾º��§��´ºc �Àº� |º¿y�Zº³ ¶º] ½vº¿vk�z.³ZÀ]�¶§�v
±Z°À��©%�½Z·�µzº o|¿y�½Zº·µyYºº¿u�²Àº] uººkº¯�½Z·v³ºÀº�

µv��bt�b�YZ·�µz o|¿y�yu�uºkº¯�[M�yZ���Z]�¶¬]Z¤¯�yu�¹
{Y�¾º�Z³�yZº���¹¶§�±ºÀ�YyvÀ·�zºgY�yu�vº¯Zk�½Z·yºº¬]�vº�y

v¿M�¾¯�uºk¹�¶]��v´´§�zd�À]�Yy�µz o�|¿y�½Z���v³yYu�ªº¿Z°c�Z]
¶]�av¯{Yyu��|s�Z·v³ºÀ��²¿Y�uvl¯�ªÀ¨�c�¹ ±vº� ¶dº�¨�

uv³ºÀ��¾º¯ �ºº£¹�¶º] {º¨º�¿¹�ayºº���|s�zgY�©v¯�²¿Y�yu
¾-vº� ¦º�s�b¨Àº� zºgY�¶§�uº��¾¯�¶Àkºc�ayº��²¿Y�¶]
ºº�y�aYzºÀÀ�c²À]�_v��[xk�[M�yZ���zÀÀ�c�f�Z]�¾^º�³�b]

�|s�uZl¿Y�¹ Z¸�´c��À��|¿y�aYzÀÀ�c�¶lÀd³�yu�¹ Zº·µzº o|¿y
¾º¯ºº�u�²¿zcv¿vk�¶º§ ¶Àº�z��²º¿Y¶¿z�³¹ �|s�uyº¯�yu�

{Y�½uZ¿{�uYv�c�¶Àkºc�¶]�yuZ£��b�Y�±Z°À��zÀ°s�¾-v���º°k
²dº] yu��|ºs ½Z·yZdº�ybº�Y{Y�½yZÀ�]�¶kººc ±º´º§Zc�¶º§

y ±Z¤¤p¯b�Y�µuz§�\¬k�uºs�¶]�Y@ÏÏ¹ÏÐ>�
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐ ÖÕ

©Zº� yuÎÖÖÖ½Yz]�¾�Z¿y�©v¯�¦º¿ ±YyZº¨°·�¹ uyZº-Z·�
¹ µ{Zc�²d]��|s�z]�Z¯z-�zgY�±M�yu�¶§�v³uYu�¶ºWYyY�²dº] �|ºs

v��¶d�z-�z�³�yu�µv��btº� ²dº]�¶]�Z¯z-�zgY�¶§�©v¯�²¿Y�yu
�|s�b�z���¿Y|�Y�¶lÀd³�yu�¹ ¶d¿{º¨º�¿¹��·Zº§ ayºº�

±ZÀº]º�{Y��uºº] µv³¶¿zº�qz³�zgY�±ZÀ]�½Yzº] �´ºc �Àº� |º¿y�
j¿Zd³�{Y�½uYv�c�Z]�¶§�v��µuZ d�Y��|s�yYv¤¯�z]�Zº¯u�aYzºÀÀ�c

ª�Zo�¾]º¬�¯�¢]Z�c�¾·Z.�¿Z¯{M�v@ÏÑ>�
zÀÀ�c�¹ ¾¿ZÀ°À��½Z·v´¿Yz���[M�b§zo�zgY�zº] ²dº] �|ºs

] ±Z°À��_v��bt��zºÀ°s�yu�©%�aYyw�±Zº¨¯¶v¿M�¾¯�uºk¹@ÏÒ>�
Yv¤¯�z]�½yZÀ�]�ª¯Yºº�v³yYx-�¾¯�zÀgPc�²d]��|s�y�±ºÀ�YyvÀ·

\¿z���¿Y|º�Y�fº�Z]�±Z°Àº� zºÀ°s¾³Z��§¶lÀd³�yu�¹ ²d]�
¾¯�±M�yu��|s�b�zº� �·Zº§º�u�Z¯z-�¾�z��{Y½{Y�¾�Z³�

uyYx-�¾¯�zgY�²d]��|s�zº] ±ºÀº�YyvÀ·�º��¦¿�{Y�Z¯u��¿Y|�Y
�|s�b�zº� �·Zº§ ¹ ±ºÀº�YyvÀ·�b�zº� �¿Y|º�Y�\^º�

] z.¿u��zº� {Y�¹ uºº�¾º¯¶lÀd³�yu�¹ ²d]�bk|«��·Z§�f�Z
¾º¯ �|ºs �¿Y|º�Yº�u�½yYx-yZ]�`�p«�yu�²d]��º¬]�²À´$°·

uyYx-�¾¯�zÀgPc��|s�yYv¤¯�z]�
f�Z]�²d]��|s�z]�uv�d¯�ª¯Yº��±uº]�ªÀºsu�¶§�b�Y�µv

¹ µvÀ$À��½z¯Y�¾³Çº��½Zº·±Zº¯{�avº¯ yu�±M�yYvº¤¯�uy¹Yzº]
¾º¤¬c�j³zº�]ºº�u�¶º]ªÀ«uuºkº¯�½Z¸«v¯�b£u�v��uy¹Yz]��

b�Yu�±Yºc�¾º°³��|ºs {Y�ªº�Zo�½Z¸º�³z§�{Y�¾º«º^£�ªº]Z£�
Z¯ººº°��avºº¯ {Yyu�½Zºº·�¿Zºº¯{M¾ºº¬°��zººÀ� Åvºº³Y²¿Yzºº]Z´]��

½Yz]�\�Z´¯�aÇuZ�¯�Z]�µYz°·��|s�av¯�µZcº§�½Zº·�¿Zº¯{M
�av¯�µZcº§�½Z·��¿Z¯{M�j¿Zd³�¶]�¶kºc�Z]�¾¿Z¸³��|s�²Àº°tc

²d]��|s�¢À£u�uy¹Yz]�½Yzº] ¾º¬°���¹y�Z¸´ºcv�y�¾¯�z�³�¶]�
@ÏÒ¹ÏÓ>�yu�ªÀsu�½Z·v´¿Yz���¿z�c�f�Z]�Zº¯u�¶º§ Zºl³M�{Y

¾º¯ ²dº] �|ºsºº�Z¯u��¿Y|�Y�Z]�¶§�v�y�¾¯�z�³�¶]�¾¤�´¯��u
uYu��·Z§�Yy��|s�yYv¤¯�²À°tc�½Yz]�{Ç�±Z¯{�±Yºd]�

Ï�±M�Zl³Y��¹y�¹ ¢À¤pc�²¿Y�{Y��v·�
·�¿Z¯{M�Zl³Y�_v¿Y�¶§�uº��¾¯�¾���¢À¤pc�²¿Y�yuµZcº§�½Z

z���¿zº�c�¹ avº¯Y\À§zc�z.¿v¨¿�Z]�Yy�Z¯u��¿Y|�Y�zgY�z]�Z·v´¿
zº§²d]�av¯�{Yyu�`¿Z���|s�²À°tc�½Yzº] vº¿vk�¾º�¹y�¹ u

uYu�¶ºWYyY�¿Z���|s�uZ¿{�>Zd^�³�b·Z^��¶]�¶kºc�Z]�yZ§�²¿Y�½Yz]¶
½{yY�®·�¶«uZ�¯�Yvd]Y��¦Àd�ÇYº¨�¿¹�½z°À¬��uYº¯��|s�¹ ²d]

±Zº¯{�Zº¯u�Àº�º�s�{Y�¶º§yZ°��¶]�¦Àd�ÇYº¨�¿¹�uYºº¯ aZ
uzÀ-�¾¯�yYz£�¾º]Z¿{yY�uyºº¯ ²dº] uyºº¯ yu��u¹y�¾º¯�®·�`«uZ�¯

±Zº¯{�½{yY�Zº¯u�\�o�z]��|s�½Z·�¾´p´¯�¶§�uyYu�¾¯�±ZÀº]
¾¿|k�¾.°·�a¹Z d¯�½Z·Z¯u�yu�½yYx-yZ]�±Z¯{�av¯�®dº¿yZ.«

yuZ¯�¾´p´¯�¦º¿ {Yv³½Z¯u�¶]�±M�yYv¤¯�¶§�¾¤�Y�©Z¤d³Y�¦¿�Z]�¹
¶³ºº°³yuZ¯�¾´p´¯�z]�Yy�Z·�¾´p´¯�²º¿Y�±Yººc¾º¯ �uyYu�¾.dº�]
¢^º�´¯zº§u�{Y�¾¿Z¸d°�£�¶§�uº��¾¯�fº�Z]�bÀº�º�s�²º¿Y

½¹y�z]�¡Z^�³Y�ªº]Z£��¬dºt¯�½Zº·Z¯u�yu��|ºs ½Zº·¾º´p´¯
¹ zd°§�½Z¯u�yu��|s�¾´p´¯�±Yºd]�¶lÀd³�yu�¹ v´�Z]�zº.¿v¨¿
u �|s�¾´p´¯�z]�Yy�½yYx-yZ]�{Y�~��uZ¿{�½Z·�±Z¯{�av¯�yuy
¢^�´¯�½yYx-yZ]�{Y�~��zd°§�½Z·�±Z¯{�av¯�yu�¹ zd�À]�½Zº¯u

zº§u�±Z¯{�½{yY�®·�`«uZ�¯�²d]�yu�¶§�¾cyº��yu�²¿Yz]Z´]�Z¯u�
¿Z���|ºs ±Yººc¾º¯ �vº�Z]�¡uZº�¶{Y�µuZ d�Y�Z]�Yy�av¯�{Yyu�

uy¹Yz]�zcÇZ]�½Z¯u�yu�av¯�µZcº§�`¿Z���|s�yYv¤¯z§u�
ºWYyY�½Yzº]¶`¿Z���|s�v³Yºd]�¶º§ ¾º«v¯�Z]�Yy�²d]�av¯�{Yyu�

uy¹Yzºº] �|ººs avºº¯ µZcººº§ �¿Zºº¯{M�j¿Zdºº³ {Y�µuZ dºº�Y´ºº§�v
«uZ�¯º½Y�¶½zº�³�³�yu�½Yz]�º�z-�zºyu�²d]��º¬]�¹ Z¯u�zÀgPc�²d

��ºc�±M�½Z·zd¯YyZ��¹ µv��¶WYyY�½yYx-yZ]�`º�p«ÔÒ{Y�v�yu�
uy¹Yzº] uººkº¯�¾·Z.º�¿Z¯{M�½Zº·µuYuº�b�Y�µv�uº^¸]�½Yz]

dt¯�aÇuZ�¯��©v¯¾ ¬½Yz]uyº¯�{Ç�¾¤�Y�©Z¤d³Y�±Y|À¯�uy¹Yz]�
bº�Y�¶d�zº- yYzº£ �¿Zº¯{M�½Z·�¾´p´¯�¢À^�c�½Yz]�¶§�Zl³M�{Y

©Z¤d³Y�¦¿�¶]�¾¤�Y�©Z¤d³Y�¦¿�z]�µ¹È��z.¿v¨¿�½¹y�zº] �|ºs
uZ¸´�À��\�Z´¯�¾�¹y�±M�²ÀÀ�c�½Yz]��bº�Y�{ZÀº³ |ºÀ³�½uºº°�

º�¿Z���|s�yYv¤¯�v³Yºd]�©v¯�Zºc µv¶½Z·Z¯u�yu�Yy�²d]��¬dt¯�
v³|]�²À°tc�½yYx-yZ]�{Y�~��uZ¿{�½Z·�±Zº¯{�avº¯ yu�¹�©v¯

��ºc�µv��uZ¸´º�À�ÏÒ�uºkº¯�¾·Z.�¿Z¯{M�½Z·�µuYu�{Y�v�yu�
�|s�²À°tc�½Yz]�©v¯�²¿Y�¾¿Z³Yºc�¹ ¶d�z-�yYz£�¾]Z¿{yY�uyº¯

º¿Z�¶b�Y�µv��µuYu�±Z�³�²d]�av¯�v´º¬]��Z]�½uZ¸´�À��©v¯�²¿Y
²¿zd¬¯Z§�{Y�¶§�b³Y{Z]�©vº¯�|s�²À°tc�½Yz]�uºkº¯�½Z¸«v¯

¶�¿Z¤¯��b�Y�²d]�b�Y�µv�
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÖÖ

Ð�¾�Z�Y�®À·Z ¯�
zÀÀ�c�ªÀ¬pc�v·��±Z¯{�©º��yu�µv��bt��²d]�½Z¸¬¨�

¹ b�Y� µuº]�zÀsY�½Z¸«Z�� yu� µv�� Zl³Y�aZ¤À¤pc� {Y�½yZÀ�]
²d]�±Z¯{�¶]�¶d�]Y¹�yZd�y�¾]Z¿{yY�½Yz]�½yZÀ�]�¾]zlc�aÇuZ�¯

b�Y� µv�� µuYu� ¶��ºc@ÏÔ>�½uYº¯� yu��|s� _v¿v�� ¶#� z-Y
¹ ÇZ]�½Z¸�´c�bpc� Z¸.´��¾sz]� �ÇZ]�½Z¯u� yu� uÇº�� zÀ�³
¾�Z�Y�a¹Z c�¹u�ª£Yvo�uºk¹�²¿Y�Z]� �uyYu�uºk¹�|À³�Z·z°À¬�

À¤]�¹ ²d]�²À]¶uyYu�uºk¹�©º°�¯�¾³Z°dsZ��n«Z�¯��¶¨´¿Y�©¹Y
�±ºÀ�YyvÀ·�¾«Zd�¿z§�aÇº�p¯� �±Z°À�� ©%� ¶]� ¶kºc� Z]�²d]

±Z°À���[M_uZ¯�¦¿��¶³Yv.´��¹ ¶cYyvÀ·Z³¾d£¹�¹ b�Y�².°·�
¾¯�[º�p¯�|À³��¹zc¹|¿Y�zÀ�� _uZ¯�¦¿� �v�Z]�n¬�¯�¶§º�u�

¾^�³�b]º�y� �Z¯z-� �z°��¶]�b^�³�²d]�aZÀ�º�s�¶¨´¿Y�¹u
b�Y� zÀ�d¯�ªp¯� yu� ±M�½y¹M�ª°�� ¹@Ò>��°k�½Z·�µv¿v�

¾¯�²d]�yu�¾l¿yvc�½Z¸�³z§�uZl¿Y�f�Z]��Z�cY�¹ ¾-v�º�u�
·¾¯��|s�yYv¤¯��¿Y|�Y�f�Z]�¾-v���°k�²À´$°º�u@Ò>�

�|s��b]Zg��´c�bpc�±Z¯{�©º��yu�®�k��³z§��¿Y|�Y
uº��¾¯�µvÀ¯Z³�½Z¸�³z§�±uº°³�z�§�{Y��|s�{Y�¾�Z³��³z§

�³z§� ¹ ¾-v���°k� �¶À«¹Y�¾³M��³z§� ¶]��º]z¯¾¿Z¯z-{Y�
v¿M�¾¯�b�u�¶]�µv��½zÀ-�µ{Yv³Y�ª§��³z§�¶]�>Çº°�¯��|s

º�Z¯u�¹ ¾^�³�b]º�y�b]Zg��¿Yz��bpc��³z§�aYzÀÀ�c�ay
uº��¾¯�±ZÀ]@ÏÒ>��Àt�c�½Yz]�¾�t�¯�{z¯�¶¨´¿Y�ªÀ«u�¶]
¾³M��³z§�¹ ±Z��§Z³±Z��§���|s� {Y�¾�Z³��³z§� {Y

²d]�±Z��§�\¿z���¿Y|�Y�ªÀ«u� ¶]�²À´$°·� ¹ �uyYv³� uºk¹
¶]�b^�³�¦Àd�ÇY��³z§��·Z§�¶lÀd³�yu�¹ �±Z¯{�¶]�b^�³z°�

Oºc�ayº��¶]��|s�{Y�¾�Z³��³z§�¹ ¾³M��³z§�ª°��yu��²d]
v³º��¾¯�¶^�Zp¯�uº��¾¯�ª¯Z��Yy�z¿{�` «R¯�¹u��|s�

�«Y�{Y�b]º�y�©Z¤d³Y�uºk¹�v���¿Yz��bpc�¶¿Z���|s
v¿M�¾¯�uºk¹�¶]��Àp¯�¶]�²d]�{Y� �~¨�z]� Z¿�¹ �²d]�¶]��Àp¯

@ÏÒ>�� ¶]��uº��¾¯�½yYv¸.³�[M�yu�¶§�¾´d]�`³º°³��|s�z
�z��ª]Z£µv��uZl¿Y��|s�Z]�¶�¿Z¤¯�yu�¶³º°³��Z�cY�±uº]�z�³

uº��¾¯�¶dsZ´��¶¿Z���|s�±Yº´��¶]��±M�yu@�Ò>�

[�¾-v�� �°k� uºk¹� zgY� z]� ¶§� ¾-v��¦�s��|s
¾¯�uZl¿Yº�u@ÏÒ>�

Ð�Î�¦Àd�ÇYº¨�¿¹�uYº¯�yu��|s�
v´³Z¯�¶³�Z¸³M�yu��´c�¶§�v´d�·�½uYº¯�¦Àd�ÇYº¨�¿¹�uYºº¯

¯Zº§ uYºº¯>È¯Z§�uYº¯�v´º³Z¯�¶º³ ¹ �¥ºº· ±ºº³Z£�{Y�¦Àdº�ÇY�>È
v´§�¾¯�bÀ�^c�¾³ºcºÀ³�aÇZÀº� ±ºº³Z£�{Y�{º¨º�¿¹@ÏÕ>�½Yz]

¶]�¾kyZs�½Z·yZ]�bpc�²d]�yZd�y��µ{Z��¾oYz��¾¬°��vº�Z¤¯
¦Àd�ÇYº¨�¿¹�uYº¯�¶]�¦¿u|³�¾�Z§�_{Yvº³Yb�Y@ÏÖ>�¹ yZd�y

±Z¯{�½Z·zÀ�d¯�¶]�¶d�]Y¹��¦Àd�ÇYº¨�¿¹��Yºs¹Z¯uv´d�·��
aYzgY�{Y�¾�Z³��Yºs�zÀÀ�c�¶§�½Y�¶«uZ�¯�©º�o�½Yz]�ºldº�k
¶]�¾¤�´¯��u{Z���^cz¯�½z.¿u�¶]�Yy�zÀ�d¯�¹u�²º¿Y�{Y�Yvº§ zº·

¯ z�³ºv�y�¾�#º«uZ�¯�²À´º«¹Y�½Y�¶º�ºc�yZ]�²Àº½z����ÎÖÓÎ�
vº� ¾º�z�¯@ÐÍ>�±Z¯{�½{yY�®·�ª¨º� ²¿zºc µuZº� yu�Z¯u�Ï

º�ÇYº¨�¿¹��Yººs ±Yººc¾º¯¦¿�©Z°�Y�Z]�Yy�Z¯u�¦¿�yu�¦Àd
¾¯¹u�½Z¯u�yu�µuZ¯�±Z°·��Yºs�¶º] ¾º³Z¯{�}ZÀº¤¯�yu�zºÀÀ�c

�^czº¯zº§u�ª¨º� yu�Î�yu�¦ÀcZ°��¢]Z�c��]Zc�¾º´p´¯�¹u��
½Zºº·Z¯u7�¹7�µv·Zºº�¯�¾ºº°d¿yZ.«�¾ºº³Z¯{�}ZÀºº¤¯�¦ºº¿ yu�

v³ºº�¾º¯�¾³Z¯{�½{yY�®·�_v��µuZ��©v¯�}Zº�Y�zº]�¾¿Z¯z-�
´p´¯�¹u�²¿Y��µv��±ZÀ]±Z¯{�yºp¯�uYvd¯Y�yu�¾¤�Y�©Z¤d³Y�¦¿�Z]�¾

v³º��¾¯�¢^�´¯�z.¿v¨¿�Z]�zd¤À£u�j¿Zd³�©º�o�½Yz]�b¤À¤o�yu
¾º³Z¯{�½{yY�®º·�º¿Z¯z-�¾z�³�yu�|À³�½uº°��©Z¤d³Y�¦¿�v¿Z]��

uººº� ¶d�zºº-�¶¿zºº�³yYvºº¤¯�¶ºº] Yy�½uººº°��©Z¤dºº³Y ¾ºº«º¨«º¯�
7� !���7�!�½Z¯u�{Y�©Z¤d³Y�¦º¿ yu�7��²¿º¬§�¶kyu�\�o�z]�
¾º«Z.#�¹!�kzº¯ ½Zº¯u�¶º]7���²¿º¬§�`kyu�\º�o�zº]�¹
¾º«Z.#!�v´§�¾¯�¾´À]��Àº�@ÐÍ¹ÐÎ>�©Z¤d³Y�±Y|À¯�ª°��yu

>È¯Z§�¾º¤�Y�©Z¤dº³Y�{Y�µuZ dº�Y�¹ µuºº] ¦#ºº§ yZÀº�]�½uºº°�
bº�Y�ºº�z¯�½{yY�®·�`«uZ�¯�¶#�z-Y�±Z°À��zºÀ°s�uyºº¯ yu

±Zº¯{�uYu�¶WYyY�±Yºc�¾¯�Yy�Z¯u@ÏÖ>�¤¯�²¨À«�¾´p´¯�©Z¤d³Y�z¿uZ
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÎÍÐ

qz³�Z]�¹ ½yYxº-yZ]�{Y�ª^º£ {¹yÐ�ÎÐ�{¹y�yu�uYz.Àd³Z��`kyu�
b�Y�µv��{Z�M�½yZ���b¯¹Z¤¯ÏÕ½Yz]�½Y�¶³Yºd�Y�`³º°³�_{¹y�

zº]Yz]�©¹Y��ºº¬t¯03DÑ�ÑÒYzº] ¹ �½¹Zº�¯�¹u��ºº¬t¯�½
03DÏ�ÑÓyYv¤¯�¶]�¹ ¹u��Àc�v´¬czº� ±Z°Àº� {Y�¹ µuºº]ÑÎÖ

µuZ d�Y�²dº] \º�¨¯�zºd¯�¦º¿ yu�zº-º¬À§�b�Y�µv�zh§Yvo
z]Yz]�¶³Yu�b�yu�_{Yv³YÎ�ÐÕ©Z°�Y�½yZ����´c�¹ µuº]�zd°À¬À¯�

½¹Zºº�¯�µvºº�ÐÏ½yZºº���bºº¯¹Z¤¯�vºº�yu�ÏÕ`³ººº°³�_{¹y�
½Y�¶³Yºd�Yb�Y�µv���yY|-��

Ò�½Z·�¶³Yºd�Y�{Y�b�Y�ayZ^��¢¤p¯�²¿Y�½Z·�¶³º°³��vº«Z³¹v¨¯
uZ�]Y�¶]�¾´d]Ó�ÑÍ�Ï�ÎÒ{Y�~��¶§�zd°Àd³Z��ÏÑ\«Z£�{Y�b�Z��

iyZºsº�{Y�vº�]�¹ µvÏÑ��ºc��¶¯�¡ZcY�yu�½zÀ-yYz£�b�Z��
b�Y�µv��½v´]�¢¿Z��¾�¯���º��¹ ¾�§º�Y�¶¿Ç�¦º¿�{Y�~�

ÕÐz]�¾º�§º�Y��º�º���{¹y���ºc�½v´]�¢º¿Z��¹ µvº� ¶dº�Yu
yYz£��¿Z¯{M�uyº¯�½Zº¯u�yu�Zº·¶³ºº°³�¹ ¶d�zº- Zºl³Y�±zº�ºX³

¶d�zºº-vºº³Y�½yZºº���bºº¯¹Z¤¯ÏÕzºº]Yz]�½Y�¶³Yºdºº�Y�`³ººº°³�_{¹y�
03DÑ�ÑÐyYv¤¯�¶]�¹ ¹u��Àc�v´¬czº� ±Z°Àº� {Y�¹ µuºº]ÑÍÑ

µuZ d�Y�²dº] \º�¨¯�zºd¯�¦º¿ yu�zº-º¬À§�b�Y�µv�vozh§Y
z]Yz]�¶³Yu�bº�yu�_{Yvº³YÎÖ¹ ¶�Z¯��±Z°À���[M�¹ µuº]�zd°À¬À¯�
b^º�³�¶º] ¶º³Yu�bº�yuÑÏÒ�Í�Î�ÍÐ�Ï¹ÓÏ�Ï¶d�z-�yZ§�¶]�

bº�Y�µvº��½¹Z�¯�µv��©Z°�Y�½yZ����´ºcÎ�Ñ¹Ó�ÎÓZ.¯�
�yY|-�©Z¨�Z��b�Y�µv�

Ó�{Y�b�Y�ayZ^º� ±Zº¤¤p¯�²º¿Y�½Zº·¶³ºº°³��ª¿ºº³ ¹ zº�Z³
¾´d]�½Z·�¶³Yºdº�YuZ�]Y�¶]Ò�ÏÐ�Ó�Ô¾��º����ºc�¶§�zd°Àd³Z��

{Y�~��¹ µv¿uz-�½v´]�¢¿Z��²¬À�¹z��¾º¬��{YÏÑ¾]M�yu�b�Z��
b�Y�µvº� µuYu�yYzº£ ��¿Zº¯{M�½Zº¯u�Zº] zº]Yz]�±M�½Zº¯u�¶º§�

z°��yu�Z·�¶³ºº°³�½yYxº-yZ]ÎÑb�Y�µv��Zl³Y�µ{¹y��b¯¹Z¤¯
½yZºº��ÎÑzºº]Yz]�½Y�¶³Yºdºº�Y�`³ººº°³�_{¹y�03DÐÖ{Y�¹ µuººº]

yYv¤¯�¶º] ¹ ¶º� �Àºc v´¬czº� ±Z°Àº�ÐÏÍzd¯�¦¿�yu�z-º¬À§�
µuZ d�Y�²dº] \º�¨¯�b�Y�µv�z]Yz]�¶³Yu�b�yu�_{Yv³Y�zh§Yvo

ÎÖb^�³�¶]�¶³Yv.´��¹ ±Z°Àº� �[M�¹ µuºº] zºd°À¬À¯�Ó�Í�Î¹
ÎÒ�Ôb�Y�µv���º¬t¯��½¹Z�¯�µv��©Z°�Y�½yZ����´cÑ�ÎÐ

�yY|-�©Z¨�Z��Z.¯�µvb�Y�

Ô�{Y�bºº�Y�ayZ^º� ±Zº¤¤p¯�²º¿Y�½Zºº·¶³ºº°³��ª¿ºº³ ¹ zº�Z³
uZ�]Y�¶]�¾´d]�½Z·�¶³Yºdº�YÒ�ÏÐ�Ó�Ô½Z¯u�Z]�[M�yu�¶§�zd°Àd³Z��

ÏÎµv��µuYu�yYz£�½yYx-yZ]�{Y�ª^£�¶d ·�¦¿�Zc�uYz.Àd³Z��`kyu�
bºº�Y�zºº°��yu�Zºº·¶³ººº°³�½yYxºº-yZ]ÐÓÒ¹ µvºº� Zººl³Y�µ{¹y�

z£�[M�yu�½yYx-yZ]�²°��Z·�¶³º°³v³Y�¶d�Yu�yY�½yZ���b¯¹Z¤¯
ÐÓÒ½Y�¶³Yºdº�Y�`³ºº°³�_{¹y�03DÒÍv´¬cz��±Z°À��{Y�¹ µuºº]

yYvº¤¯�¶º] ¹ ¶º� �ÀºcÐÏÍ²d]�\�¨¯�zºd¯�¦º¿ yu�zº-º¬À§�
b�Y�µvº� µuZ dº�Y�z]Yz]�¶³Yu�b�yu�_{Yv³Y�zh§YvoÎÖzd°À¬À¯�

b^�³�¶]�¶³Yv.´��¹ ±Z°À���[M�¹ µuºº]Ó�Í�Î¹ÎÒ�Ô�º¬t¯�
bº�Y�µvº��½yZ���b¯¹Z¤¯�¶]�µv��©Z°�Y�½yZ����´c�b^�³

z]Yz]�¶«Z��¦¿ÑÒ�Í�yY|-��b�Y�µv�
Õ�½Z·�¶³Yºd�Y�{Y�b�Y�ayZ^��¢¤p¯�²º¿Y�½Zº·¶³ºº°³��b³Z´º·

uZ�]Y�¶º] ¾º´d]Ò�ÐÍ�Ï�ÎÒav¯�¶]�¶§�zd°Àd³Z��ÒZ]�[M�yu�µZ¯�
½Zº¯uÏÍ½Z¸��º��yu�~���¹ µv��½yYv¸.³�uYz.Àd³Z��`kyu�

½v´]�¢º¿Z��¾º�¯�b�Y�µv�ª^£�{¹y�¦¿�{Y�Z·�¶³º°³��¿Z¯z-
u¹vººo yu�±M�qzºº³ ¹ µvºº� �¹zºº� ½yYxºº-yZ]�{YÎÍ`ººkyu�

b�Y�µuº]�b�Z��yu�uYz.Àd³Z��½yZ���b¯¹Z¤¯ÏÕ`³º°³�_{¹y�
zº]Yz]�¾º^�¨¯03DÒ�ÓÑ¹ �j´���Àc�v´¬cz��±Z°À��{Y�¹ µuºº]

]Yz]�zh§Yvo�z�£�Z]�`³Yu�bº�yuzÎÖµuZ d�Y��zd°À¬À¯��b�Y�µv�
b^�³�¶]�¶³Yu�bº�yu�¹ ¶º�Z¯��±Z°Àº� �[M��ÈdºsYÑÔ�Í�Î�

ÕÑÒ�Î¹ÓÒÒ�Ïµvº� ©Zº°�Y�½yZº����´ºc ¹ µuºº]Õ�ÎÐZ.¯�
b�Y�µv���yY|-�©Z¨�Z��

Ö�{Y�b�Y�ayZ^��±Z¤¤p¯�²¿Y�½Z·�¶³ºº°³��¾¯ºº�Yº§�¹ ¾¨º�
uZ�]Y�¶]�¾´d]�½Z·�¶³Yºd�YÓÍ�ÎÒº��yu�¶§�zd°Àd³Z��¾�¯�½Z¸��

½Zº¯u�yu�¹ µvº� ¶dºt¿yÏÍµv��½y¹M�ª°��uYz.Àd³Z��`ºkyu�
bº�Y�½Zº¯uÑÍ²À´��yu�uYz.Àd³Zº� `ºkyu�ÏÕ¹ {¹y�ÖÔ{¹y�
©Zº°�Yº�²º� yu�¹ µvÏÖ¹ µ{¹y�ÎÍÍZl³Y�½yYxº-yZ]�µ{¹y�

bººº�Y�¶d�zººº-�½Zººº¯u�²Àººº´$°·ÔÍyu�uYz.Àd³Zººº� `ºººkyu�
²À´�ÏÔ¹ {¹y�ÎÍÑ©Z°�Y�{¹y��²��yu�¹ µvÏÖµ{¹y�¹ÎÍÒ

bºº�Y�¶d�zºº- Zººl³Y�½yYxºº-yZ]�µ{¹y�½yZºº���bºº¯¹Z¤¯ÏÕ
z]Yz]�½Y�¶³Yºd�Y�`³º°³�_{¹y03DÒ�ÐÎv´¬cz��±Z°À��{Y�¹ µuº]�
yYvº¤¯�¶º] ¹ ¦º¿ �ÀºcÐÑÐ²d]�\�¨¯�zd¯�¦º¿ yu�zº-º¬À§�
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐ ÎÍÑ

µuZ dºº�Yºº�bºº�Y�µv�±Y|ººÀ¯ ¶ºº] ²Àºº´$°·ÏÒ¾ºº³{¹�vºº� yu�
º�Y��ºº¬t¯�¶º] ±Ç¹{ºº� �±Z°Àº�¶�Z�b�Y�µv�_{Yv³Y�zh§Yvo

zºº]Yz]�¶ºº³Yu�bºº�yuÑÍ¹ ¶ºº�Z¯��±Z°Àºº� �[M�¹ µuººº] zººd°À¬À¯�
b^�³�¶]�¶³Yu�bº�yuÑ�Í�Î�ÔÓÎ�Î¹ÕÐÑ�Ðµv���º¬t¯�v³Y�

½¹Z�¯�µv��©Z°�Y�½yZ����´ºcÕ�Õ�yY|-�©Z¨�Z��Z.¯��µv
b�Y�
ÎÍ�{Y�b�Y�ayZ^��±Z¤¤p¯�²¿Y�½Z·�¶³º°³��±YyZ¨°·�¹ ¥yºº¿

½Zº·¶³Yºdº�YuZ�]Y�¶º] ¾º´d]Ó�ÑÍ�Ï�ÎÒ{Y�~��¶§�zd°Àd³Z��ÏÑ
iyZºs \º«Z£�{Y�b�Zº�º���ºc�½v´]�¢¿Z��{Y�v�]�¹ b�Y�µv

av¯�¶]�¾º�§º�Y�`º¿Ç�¦º¿ÏÑ¹ ¶d�z-�yYz£�¶¯�¡ZcY�yu�b�Z��
av¯�¶]�¹ µv��½v´]�¢¿Z��¾�¯���º��¦¿��º�ºc�~�º�ÕÎ

½Z¯u�yu�{¹yÏÑb�Y�µv��½y¹M�ª°��uYz.Àd³Z��`kyu��{Y�~�
ÕÐ{¹y�µv��Zl³Y�²¿z�ºX³�~´k�{Y�¾��º����ºc�½v´]�¢¿Z���

¶d�z-�yYz£��¿Z¯{M�½Z¯u�yu�Z·�¶³ºº°³�¹v³Y�½yZ���b¯¹Z¤¯ÏÕ
½Y�¶³Yºd�Y�`³ºº°³�_{¹y03DÓ�ÑÑ�Àc�v´¬cz��±Z°À��{Y�¹ µuº]�

yYv¤¯�¶]�¹ ¹uÑÍÑµuZ d�Y�²d]�\�¨¯�zd¯�¦¿�yu�z-º¬À§��µv
bº�Y�Yvº³Y�zºh§Yvoz]Yz]�¶³Yu�b�yu�_{ÎÖ�[M�¹ µuº]�zd°À¬À¯�

b^�³�¶]�¶³Yu�b�yu�¹ ¶º�Z¯��±Z°Àº�ÑÏÒ�Í�Î�ÍÐ�Ï¹ÓÏ�Ï
µvº� �ºº¬t¯v³Y�½¹Z�¯�µv��©Z°�Y�½yZ����´cÎ�Ñ¹Ó�ÎÓ

b�Y�µv���yY|-�©Z¨�Z��Z.¯�
ÎÎ�ayZ^��±Z¤¤p¯�²¿Y�½Zº·¶³ºº°³��¾¨º�¹uZ��¹ ¾¨º�´À¬¿{

uZ�]Y�¶]�¾´d]�½Z·�¶³Yºd�Y�{Y�b�YÑÕ�ÎÓZc�¶§�zd°Àd³Z��ÔÍ{¹y�
¾^ºº�³�b]ººº�y�yuÎÍÍ½Zºº¯u�¹ vºº�yu�ÏÍ¾ºº«YÏÐ`ººkyu�

¾¨Àd�Ç���º��¦¿���ºc�~���¹ µv��½yYvº¸.³�uYz.Àd³Zº�
bº�Y�µvº� ½v´º] ¢º¿Z��²��yuÎÏÍ½Z¯u�yu�Z·�¶³º°³��µ{¹y�

²��yu�¹ v³Y�¶d�z-�yYzº£ �¿Zº¯{MÎÏÐµv��½yYx-yZ]�µ{¹y�v³Y�
½yZ���bº¯¹Z¤¯ÎÏÍ°³�_{¹y�½Y�¶³Yºd�Y�`³º03DÏ�ÑÏ¹ µuº]�

yYv¤¯�¶]�¹ ¦¿��Àc�v´¬czº� ±Z°Àº� {YÑÒÍzd¯�¦¿�yu�z-º¬À§�
µuZ d�Y�²dº] \º�¨¯�b�Y�µv�z]Yz]�¶³Yu�b�yu�_{Yv³Y�zh§Yvo

ÏÍb^�³�¶]�¶³Yv.´º� ¹ ±Z°Àº� �[M�¹ µuºº] zºd°À¬À¯�Ñ�Í�Î¹
ÎÒÑ�Ñvºº³Y µvºº� �ººº¬t¯��µvºº� ©Zºº°�Y�½yZºº����´ººcÔ�ÎÑ

b�Y�µv���yY|-�©Z¨�Z��Z.¯�

Ñ�Ð�±Z¯{�½{yY�®· uz]yZ§��Z¯u�¾·Z.�¿Z¯{M�½Z·�µuYu�½Yz]�
uYº¯��|s�¹ ²d]�`¿Z���|s�uZ¿{�>Zd^�³�b·Z^��¶]�¶kºc�Zº]

±Z¯{�½{yY�®·�`«uZ�¯�Yvd]Y��¦Àd�ÇYº¨�¿¹�½zº°À¬��Z¯u�{Y�¶§�
²d]�uyº¯�yu��u¹y�¾¯�yZ°��¶]�¦Àd�ÇYº¨�¿¹�uYº¯�aZÀº�º�s

ºº¯uzºÀ-�¾º¯ yYzº£ ¾º]Z¿{yY�uy�±Z¯{�½{yY�®·�`«uZ�¯�Z¯u�±ZÀ]�
±Z¯{�av¯�®d¿yZ.«�\�o�z]��|ºs ½Zº·¾º´p´¯�¶º§ uyYu�¾º¯
yuZ¯�¾´p´¯�¦¿�{Y�¾¿|k�¾.°·�a¹Z d¯�½Z·Z¯u�yu�½yYxº-yZ]

v´dº�·¾.d�]�¶³º°³�½Z¯u�¶]�±M�yYv¤¯�¶§�¾¤�Y�©Z¤d³Y�¦¿�Z]�¹
Z¯�¾´p´¯�z]�Yy�Z·�¾´p´¯�²º¿Y�±Yººc¾º¯ �uyYu¢^�´¯�yuuz§�²¿Y

¾¯�f�Z]�bÀ�º�sº�yu��|s�½Z·�¾´p´¯�{Y�¾¿Z¸d°�£�¶§�u
¶lÀd³�yu�¹ v´�Z]�z.¿v¨¿�½¹y�z]�¡Z^�³Y�ª]Z£��¬dt¯�½Zº·Z¯u
uZ¿{�½Z·�±Z¯{�av¯�yu�¹ zd°§�½Zº¯u�yu��|ºs ¾º´p´¯�±Yºdº]
av¯�yu�¹ zd�À]�½Z¯u�yu��|s�¾´p´¯�z]�Yy�½yYx-yZ]�{Y�~º�

xº-yZ]�{Y�~º� zºd°§�½Zº·±Zº¯{¢^º�´¯�½yYuzº§�yu�²¿Y�z]Z´]
±Z¯{�½{yY�®º· `º«uZ�¯�²dº] yu�¶º§ ¾cyºº��Z¯u��v�Z]�¡uZ��

¿Z���|s�±Yºc�¾º¯`¿Z���|s�yYv¤¯�{Y�µuZ d�Y�Z]�Yy�av¯�{Yyu�¶
uy¹Yz]�zcÇZ]�½Z¯u�yu�av¯�µZcº§uz§�

±Z¯{�½{yY�®·�`«uZ�¯�¾�yz]�½Yz]�zº�Zo�¢Àº¤pc�yu�Z¯u��
½Z·�¾´p´¯�uº��¾¯�¾�º� Yvdº]Y�yuz]��¬dt¯�½Z·Z¯u�yu��|s

¢^º�´¯�Zº¯u�²¿zdº�À]�Zº] zº�Z´d¯�¾º´p´¯�½¹yuºº��Z]�yZ§�²¿Y
b°º�£�yu�¶º§ ¾·Z.º�¿Z¯{M�½Zº·µuYu�{Y�µuZ dº�YÑ�Ï¾�z�¯�

uzººÀ-¾ºº¯ ayººº� �v³vºº��½Zºº·ª¨ºº��Ï�Zººc�Ò�aZºº�È�Y�
yu�¹ �¬dt¯�±Z¤¤p¯���ºc�¶§�µyZ�Y�uyº¯�¾·Z.�¿Z¯{MZ¯u½Z·

�³�Yy�b�Y�µv��¶Àº¸c�a¹Z dº¯v·u�¾¯�±Z�Yvd]Y�¢À¤pc�²¿Y�yu¾���
�¬dt¯�½Z·Z¯u�yu�¶¿Z���|s�¾´p´¯�uyº¯�z·�yu�¶§�b�Y�µv�
v¿M�yu�zd�À]�½Z¯u�yu��|s�¾´p´¯�`¯YuY�ayº��¶]�©Z¤d³Y�¦º¿ Zº]�

±Zº°·½Z¸¬¨��yu�¶§�¶³ºº-ÏZc�Ò½Z·�¾´p´¯��uº��¾¯�¶�oÈ¯�
�|s�½Z·�¾´p´¯�¹ vd°¯��s�ayº��¶]�¾·Z.º�¿Z¯{M��|ºs

¿ ©Z¤dº³Y½Z¸d¯È��Z]��zd�À]�½Z¯u�yu��|s�¾´p´¯�½¹y�z]�¶dº�Z
v³Y�µv��µuYu�±Z�³��]z¯�¹ f¬hº¯�µv·Z�¯�Z¸¬¨��²¿Y�¶]�¶kºc�Z]

¾º¯ºº�z]�zc�²À¿Z��½Z¯u�yu��|s�¾´p´¯�©Z¤d³Y�{Y�~º� ¶º§ u
p´¯�½¹yºs ¾´º¯u�yu��|ºp´¯��zcÇZ]�½Zº¯u�yu��|s�¾´º½Z
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÎÍÒ

ª¨�Ï��º¿�¹ ½yZ³ZcyM�½Z·�µuYu�½Yz]�zcÇZ]�½Z¯u�Z]��|s�¾´p´¯�½¹y�z]�±M�©Z¤d³Y�¹ a¹Z d¯�½Z·Z¯u�yu��|s�¾´p´¯º´Àd³yº¬��¹ Yz¿º¬À�Y�¹ �±¹Mz]
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐ ÎÍÓ

ª¨�Ð�¹ Yz¿º¬À�Yu�½Z·�µuYu�½Yz]�zcÇZ]�½Z¯u�Z]��|s�¾´p´¯�½¹y�z]�±M�©Z¤d³Y�¹ a¹Z d¯�½Z·Z¯u�yu��|s�¾´p´¯�
�¹ �b³Z´·��º´Àd³yº¬±YyZ¨°·�¹ b³v´°§
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÎÍÔ

ª¨�Ñ��±YyZ¨°·�¹ b³v´°§�½Z·�µuYu�½Yz]�zcÇZ]�½Z¯u�Z]��|s�¾´p´¯�½¹y�z]�±M�©Z¤cY�¹ a¹Z d¯�½Z·Z¯u�yu��|s�¾´p´¯�
�v«Z³¹v¨¯¾¯º�Yº§�¹ ¾¨��¹ �ª¿º³�¹ z�Z³
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`º«uZ�¯�ÏÕ�±ºÀ�YyvÀ·�½{Z��©Zº���½%zº³Y��zº�¯��z]�®À�¤c

Zº·{Z-�bº]Zgbº�Y��ºc�±M�½Yz]�¾c¹Z d¯�z¿uZ¤¯�±º´º§Zc�¶º§
b�Y�µv��¶WYyY��¬dºt¯�±Zº¤¤p¯�©Z��yu�È³Z��¹ b³Y{Z]ÎÖÔÕ

zº]Yz]�Yy�yYvº¤¯�²º¿YÑÍÍÍ²¿º¬§�`kyu�@ÎÒ>yu�®À§�¹ b³Y{Z]��
©Zº�ÎÖÖÏzº]Yz]�ÑÍÍÍ²¿º¬§�`kyu�@ÐÑ>±YyZ¨°·�¹ b³Y{Z]��

©Zº� yuÎÖÖÐ½¹Zº�¯�ÒÍÍÍ`ºkyu�²¿º¬§@ÑÍ>¹ \¯º§z���
©Z��yu�±YyZº¨°·ÏÍÍÍz]Yz]�ÑÍÍÍ²¿º¬§�`kyu�@ÑÎ>¹ z§Y�¹

©Z��yu�®º«MÏÍÍÎ²À]�¾«º°�¯�v´¬cz��±Z°À��½Yz]�Yy�yYv¤¯�²¿Y�
ÑÍÍÍZc�ÒÍÍÍ²¿º¬§�`kyu�@ÑÏ>uZ¸´�À��v³uz§�¢À¤pc�²¿Y�yu

Z]�Z·{Z-�¾¯º°��b]Zg�¶]�±ºÀ�YyvÀ·�½{Z��©Z���½%zº³Y�b^º�³
Z¨¯�¶]�¶kºcZ]�z]Yz]��b³Y{Z]�Z]�±Z-v³yZ.³���ºc�µv��Zl³Y�aZ^c

ÑÍÍÍv��¶d�z-�z�³�yu�²¿º¬§�`kyu��
½Yz]�{Ç�±Z¯{�av¯���º¬]�`^�Zp¯�yu�¶§�bº�Y�zº§w�ªº]Z£

Àº¬§�¶¨´º¿Y¶�v´�z]��¿Z¯{M�½Z¯u�¶]��Àp¯�½Z¯u�{Y�¶³º°³��Z¤³�
YWyu�¹ v��¶d�z-�z�³�yu�{¹y�¦¿�½¹Z�¯�ª£Yvºo �av¯�²¿Y�
�YW�½Z¯u�¶§�vº� �zº�7¶]��Àp¯�½Z¯u�{Y�¾�s�yº��¶]�

v�y�¾º¯ �¿Zº¯{M�½Zº¯u�±Z¯{�av¯�{Y�~�YWyu�¶³º°³�½Z¯u��
½yYx-yZ]�{Y�ª^£�¶§�¾³Z¯{�av¯�¹ µuºº] bº]Zg��¿Zº¯{M�½Zº¯u

{ ¶]��º]z¯�½Zº¯u�yu�¶³ºº°³�½Zº¯u¶d�Yu�¶.³�b]Zg��¿Z¯{M�±Z¯
Z]��uº��¾º¯XWuº��¾¯�µuYu��¿Z°³��±Z¯{�av¯�yuYW_{Yv³Y�¶]�

YHWc'±Zº¯{�avº¯ yu�¹ �XWyYvºº¤¯�¶º]XHW c'`³º°³��º¬]�zº]
uº��¾¯�µu¹|º�Y�¾º´ºd]�l¯�º°YHW c'¹XHWc'�º¬]�ª§�Z]�z]Yz]�
bpc�`³ºº°³�¾�Zº�Y½Z¯uHW c'b�Y�µv��¶^�Zp¯��º¬]�z¿uZ¤¯

yu�Z¸³M�½Z·�¶³º°³�z°��¶§���¬dt¯�±Z¤¤p¯�¾´d]�½Z·�¶³º°³�½Yz]
{Y��Àº] ½yYxº-yZ]�`º�p«ÓÍ{¹y�bº�Y©¹vk�yu���Î�µuy¹M�

µvº�bº�Y�`«uZ�¯�±º#�¶§�b�Y�z§w�±Z¿Zº��ÏÕ�¾³Z¯{�½Yz]
zºÀ�d¯�Zº¯u�¶º§b�Y{Y�±M�`^�Zp¯�½Yz]��uyYv³�½Y�µuZ��[Yºk��

yY|º�Y�zº³�D0DWKHPDWLF½Z¸«Yz.d³Y�`^�Zp¯�¶º] yuZº£ ¶º§
b�Y�µv��µuZ d�Y��v�Z]�¾¯��¬dt¯�

{Ç�½uº°��©Z¤d³Y
.¿v¨¿�½¹y�z]��|s�½Z·�¾º´p´¯�¢Àº^�c�½Yzº]z]�µ¹È���z

d³Yº°��©Z¤d³Y�¦¿�¾¤�Y�©Z¤ºv�y�¾¯�z�³�¶]�{Ç�|À³�½uº�¶#z-Y
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐ ÎÎÏ

©¹vkÎ��¬dt¯�²À¤¤p¯�¾´d]�½Z·�¶³º°³�½Yz]�½yYx-yZ]�`�p«�yu�µv��¶^�Zp¯��º¬]�z¿uZ¤¯�
HWc'
�{¹y�

XHWc'
�{¹y�

YHWc'
�{¹y�

XW
�{¹y� YW

�{¹y�
7

�.� $
�7
�.� $

Wc
�{¹y�

¢¤p¯

ÓÏ�ÎÍ ÏÐ�Õ ÐÖ�Ï Ò�Ð Ò�Î ÐÎÓ ÏÖÓ ÖÍ¹ÏÔÍ ±YyZ¨°·�¹ b³v´°§
ÐÒ�ÏÍ ÎÓ�Ö ÎÖ�ÎÎ ÐÖ�Î ÓÎ�Ð ÐÑÑ ÏÖÓ ÖÍ¹ÏÔÍ ±YyZ¨°·�¹ b³v´°§
Ö�ÐÒ ÎÒ�ÐÐ ÔÒ�Ï Ó Î Ó�ÐÐÕ Õ�ÏÖÒ ÖÍ v«Z³¹v¨¯
ÐÖ�Ó ÔÕ�Ñ ÓÎ�Î Ï Î ÐÎÐ ÏÖÐ ÎÍÍ ¾¯º�Yº§�¹ ¾¨�
ÐÐ�Ð Í ÐÐ�Ð Í Î ÐÑÐ ÏÖÐ ÎÍÒ ¾¯º�Yº§�¹ ¾¨�
ÏÑ�ÎÖ ÑÐ�ÎÔ ÕÎ�Î Ó Î ÐÎÖ ÏÖÑ ÐÓÒ ª¿º³�¹ z�Z³
ÓÒ�ÑÓ ÐÒ�ÑÐ ÐÍ�Ð Ó Î ÐÑÑ ÏÖÑ ÐÓÒ ª¿º³�¹ z�Z³
ÖÐ�ÎÏ ÐÎ�ÎÍ ÓÏ�Ï Ï Î ÐÐÐ ÏÖÐ ÎÏÐ ¨�´À«{º¾¨�¹uZ��¹ ¾
ÓÎ�Î Í ÓÎ�Î Í Î ÐÎÐ ÏÖÐ ÓÍ¹ÎÕÍ ±¹Mz]
ÖÒÒ�Ï Í ÖÒÒ�Ï Í Î ÐÐÕ ÏÖÐ ÓÍ¹ÎÕÍ ±¹Mz]
ÕÎ�Î Í ÕÎ�Î Í Î ÐÏÓ ÐÍÍ ÎÕÍ b³Z´·
ÖÕ�Î Í ÖÕ�Î Í Î ÐÐÍ ÐÍÍ ÎÕÍ b³Z´·
ÍÍ�Ð Í ÍÍ�Ð Í Î ÐÑÕ ÐÍÍ ÎÕÍ b³Z´·
ÏÍ�Ô ÑÓ�Ò ÔÑ�Î Ï Î ÐÎÕ Ò�ÏÖÑ ÖÍ¹ÐÓÒ º´Àd³yº¬��¹ Yz¿ºÀ¬�Y�Yu

`«uZ�¯��±Z-v³yZ.³��Èºc ®º�y�¶º]½z�³²¿Y�z.³ZÀ]�¶§�¾^�Z´¯�
z]�µuzd�-�yZÀ�]�½Z¸À�yz]�Zl³Y�Z]�Z¯Y��v�³�ª�Zo��v�Z]�©Z¤d³Y

uZ¸´�À��yº�´¯�²¿Y�½Yz]�z¿{��¹y��uºkº¯�½Z·�µuYu�½¹yv��
\�Z´¯�_ºÀ��¦¿��½uº°��©Z¤d³Y�yYv¤¯�²d�Z¿�½Yz]b�Y�²¿Y�

½Z·�±Z¯{�yu�±M��|ºs yYvº¤¯�¶º§ ¾º¿Z¯u�yu��¾º´d]�`³ºº°³�¶º§
�¿Z¯{M�bpc�¾·Zcº§�av¯�¶]�|ºÀ³��bº�Y�zº�³�uyºº¯ ¾º³Çº�

uzºÀ-�yYzº£ �|ºs�z��\Àczc�²¿vº]Yayº��²¿Y�¶]�²À°tc�v´¿
¢¿Z£u�±Z°·�{Y�zcÇZ]�½Z¯u�yu�¶³º°³�ª¨��zÀÀ�c�¶§�uºº] v·Yººs

]Z¿�¶¯YuY�{Ç�av¯�¶]�¹ uº��b^g�b�t³{Y�~��¶§�½yº��¶]��v
z�³�uyº¯�±Z¯{�¹ Z¯u�yu��|s��Z¯u�²¿Y�yu��|s�¾´p´¯�©Z¤dº³Y

vº¿M�bº�u�¶º]�±M¶]�¾°d¿yZ.«�}ZÀ¤¯�yu�±M��|s�¾´p´¯�µZº-
`º«uZ�¯�{Y�¶º§ ½Y�µ{Yvº³Y�ÏÖ�¾¤�Y�ayº��¶]��v¿M�¾¯�b�u�¶º]

v]Z¿�¾º¯ ©Z¤dº³Y�|À³�½uº°��©Z¤d³Y�¦¿��¶d�Z¿�©Z¤d³Y�¾´p´¯�~��
v´§�¾¯�YvÀ�½Y�µu¹vp¯�z]�±M�½Yvd]Y�{Y�½Y�µu¹vp¯�¶§�½yº��¶]��

¢^�´¯�z�³�uyº¯�½Zº¯u�yu��|ºs ¾º´p´¯�½Z¸dº³Y�{Yuº��½Yz]

�zd�À]�½Z¯u�yu��|s�¾´p´¯�½Yvd]Y�¶§�b�Y�¾�Z§�yº�´º¯ ²º¿Y
z�³�uyº¯�½Z¯u�yu��|s�¾´p´¯�½Z¸d³Y�{Y�¶�¤³�¶��ª£Yvºo zº]

�{Yzº]uºº��u yu��|s�z¿uZ¤¯��¶d�Z¿�©Z¤d³Y�¾´p´¯zd´À¿Z��½Z¯
v´§�¾¯�uy¹Yz]�½v�]�½Z·�±Z¯{�yu�Yy�

²¿Y�`WYyY�yu�¶§�uºkº¯�¾·Z.º�¿Z¯{M�½Zº·µuYu�¶º§ Zºl³M�{Y
¶¿Z���|s�½Z·�µuYu�ª¯Zº� �v´d�zº- yYzº£ µuZ dº�Y�uyºº¯ �¹y

Zºc zºh§YvoÎÍÍÍ�|s�yº§x¯��¹y��v³yZ]�©Z°�Y�{Y�~��{¹y�
z°��Zºc Yy�¶º¿Z�ÎÍÍÍ¾¯�uy¹Yz]�{¹y�´§Z·�±Z¯{�yu�¹ v�zd�À]�½

�uyº¯�²¿Y�yu�¾·Z.�¿Z¯{M�½Zº·µuYu�uººk¹�vº� ¶º] ¶kººc Zº]
bº�Yu�±Yººc¾º°³�¾º´X°�¯�a¹Zº�£�¾´À]��À��uºk¹�²º¿Y�Zº]

{Y�zd�À]�½Z·�±Z¯{�½Yz]��¹y�²¿Y�¶º§ uºº�¾º¯ÎÍÍÍyu��{¹y�
u¹vo�yu�Z¸³M�½Z¯u�¶§�¾¿Z·�¶³ºº°³�½Yzº] ¶º¿Z���|ºs ²Àº°tc

¿ÇZ]�b�u�²À°tc�¶]�zl´¯��v�Z]��Àp¯�½Z¯u¾uº��
¾·Z.�¿Z¯{M�½Z·�µuYu�{Y��½uZ¸´º�À���¹y�zºd¸]�¥yu�½Yzº]

uº��¾¯�µuZ d�Y�¾´d]�½Zº·¶³ºº°³��|ºs yu�b³v´º°§�ª¨��Ô�
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©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÎÎÐ

½Zºº·Z¯u�yu�Yy�Zºº·µuYu�²ºº¿YÏÐ�ÑÐ¹ÔÎ¶ºº] uYz.Àd³Zºº� `ººkyu�
µZÀ��`´À¯{�Z]�_z¿Yu�¹ f¬h¯��vÀ ��`´À¯{�Z]�_z¿Yu�©Z¨�Y�Z]�\Àczºc

vº·u�¾º¯ ±Zº�³��|s�½Zº·µuYu½Z¯u�yuÔÎ�uYz.Àd³Z��`kyu�
©Z¤d³Y�{Y�~��¾´p´¯�²¿Y�¶§�v³Y�µuYu�Yy�vd°¯�¾´p´¯�¦¿�ªÀ¨�c

½Z·Z¯u�yu��|s�½Z·�µuYu�{Y�¶�¤³�¶��zº] �{Yzº] ¹ {ÇÏÐ¹
ÑÐ²¿Y�yu��|s�½Yz]�½uZ¸´�À��©v¯�ªÀ¨�c��uYz.Àd³Z��`ºkyu�

bº�Y�µuYu�Yy�Zº¯u�¹u�uyº¯�yu�¶§�b�Y�±M�{Y�¾§Zo�yYuº°³�²¿Y
³ ²¿Y�|s�²À°tc�½Yz]��Z·�¶³º°ÔÍÍ½Z¯u�yu�¾´d]�`³º°³�_{¹y�
ÏÐyu�¾´d]�`³º°³�b�Y�¾�Z§�uYz.Àd³Zº� `ºkyu�½Z¯uÔÎ`kyu�

avº¯ ¶º] uYz.Àd³Zº�ÐÎ½Z¯u�yu�¾´d]�`³ºº°³�¹ �{¹y�ÏÐ`kyu�
avº¯ ¶º] uYz.Àd³Zº�ÐuzÀ-�yYz£��|s��¿Z¯{M�bpc�{¹y��¶]

½Z¯u�yu��|s�¾´p´¯��zº.¿u�±ZÀº]ÔÎz.Àd³Z��`kyu�{Y�~��uY
z]�±M�½Yvd]Y�¶§�¶d�z-�yYz£�¾dÀ��¹�yu��{Ç�®WZ£�¹ ¾¤�Y�©Z¤dº³Y

½Z¯u�yu��|ºs ¾º´p´¯ÏÐ±Z¯{�Z]��^cz¯�¹ uYz.Àd³Z��`kyu�Ð
¾«Zoyu��b�Y�µv���º£Y¹�{¹y±Z¯{�Z]��^cz¯��|s�¶§ÐÎ{¹y�

½Z¯u�¶]��º]z¯�¾º´p´¯�{YÔÎ¾´p´¯�bÀ��¹��uYz.Àd³Z��`kyu�
½Z¯u�¶]��º]z¯ÏÐZ��`kyu�±Z¯{�yu�uYz.Àd³ÔÍÍz]yu�Yy�{¹y�uzÀ-�¾¯�

ª¨º� ¾º´p´¯�Ô�uy¹Yz]�½Yz]�¶§�v·u�¾¯�±Zº�³�²Àº´$°·�
�|sÔÍÍ½Z¯u�yu�¾´d]�`³º°³�_{¹y�ÑÐ¾�Z§��uYz.Àd³Z��`kyu�

½Zº¯u�yu�¾º´d]�`³ºº°³�bº�YÔÎav¯�¶]�uYz.Àd³Z��`kyu�ÎÎÍ
½Z¯u�yu�¾´d]�`³ºº°³�¹ �{¹yÑÐav¯�¶]�uYz.Àd³Z��`kyu�Î{¹y�
uzºÀ-�yYzº£ �¿Zº¯{M�uyºº¯�ª¨��yu�¶§�uº��¶kººc�Ô�©v¯��

½Z·Z¯u�yu��|s�²À°tc�½Yz]�b³Y{Z]ÏÐ¹ÑÐuYz.Àd³Z��`kyu�
b�Y�µv��µuYu�±Z�³�²À#��s�Z]�¶�¿Z¤¯�½Yz]�|À³�

Ò�©v¯�¾]Z¿{yY�
z¿Z��uyºº¯ yu�½uZ¸´º�À���¹y��©vº¯ ¾º]Z¿{yY�yº�´º¯ ¶º]

o j¿Zd³�¹ µv��¶d�z-�yZ§�¶]�uººkº¯�½Zº·µuYu½Z¸¬¨��yu�¶¬�Z
�Õ�Zc��ÎÖ�b�Y�µv��µuYu�±Z�³��µv��¾���Z¸¬¨��²¿Y�`À¬§�yu

zcÇZ]�½Z¯u�¶]��º]z¯�¶§�Z·�µuYu�{Y�¾d°�£�{Y�µuZ d�Y�Z]�¶§�bº�Y
yu�avº¯ {Yyu��|ºs �bº�Y½Zº¯ub°�£�Z]��^cz¯�¶§�zd´À¿Z��

uº��¾´À]��À���bº�Z·�µuYu�{Y�½zº.¿u�yu`°·©v¯�Z¸¬¨��²¿Y�
|À³�b³Y{Z]½Yz]b�Y�µv��¶WYyY�¶�¿Z¤¯�

½Z¸¬¨���µyZ�Y�uyº¯�½Z¸¬¨��²À]�yu�¶§�b�Y�z§w�±Z¿Zº��ÎÒ�
Zºc�ÎÖ�u¹vo�¶]��º]zº¯ÏÒ®À�´c�yu�¶§�b�Z·�µuYu�{Y�v�yu�

bº�Y�µvº�³�µuZ dº�Y�Zº¸³M�{Y�Zº¤¬�¯�©vº¯�²¿Y�yu�uºk¹�²¿Y�Z]
¹ ¾·Z.�¿Z¯{M�½Z·�µuYu�²À]�¾]ºs�yZÀ�]�¢]Z�c�Yzh§Y�|À³�Z·�¶³º°³

¾º´p´¯uyYu�uºk¹�½uZ¸´�À���¹y�{Y�¶¬�Zo�½Z·�\Àczc�²¿v]
½Z¸¬¨��±Yºc�¾¯�ÎÒ�Zc��ÎÖ��¹y�yZ^d�Y��¿Z¯{M�±Yº´��¶]�Yy�

uYv°¬£�ª¤d�¯�½Z·�µuYu�Z]�½uZ¸´�À�uz§�
{Y�¶§�yº��±Z°·½Z¸¬¨��Ô�Zc��ÎÖ�¾¯�µv·Z�¯�uº�©v¯��

�uyYu�¾³Çº��½Z·�±Z¯{�yu��|s�{Y�¾^�Z´¯�uy¹Yz]�¶§�½uZ¸´�À�
{Y��À]�½Zº·±Zº¯{�yuÎÍÍÍ¾¯�¾´À°tc�¶]�zl´¯�Yzh§Y�{¹y�uº�

b�Y�zd�À]�¾º§v³Y�¾º�£Y¹�yYvº¤¯�{Y�¶º§�¶§�b�Y�¾«Zo�yu�²¿Y
�|s�yYvº¤¯�{Y�¾´À¿Z��b�u�²À°tc��uyYº¯�zh§Y�yu�b³Y{Z]�©v¯

v·u�¾¯�Zl³Y�av¯�v´º¬]�yu�¶]�v³Yºc�¾¯�½uZ¸´�À��©v¯�²¿Yz]Z´]
²À°tc�½Yz]�b³Y{Z]�©v¯�µYz°·¶]��u¹y�yZ§�¶]�¶¿Z���|s½yº�

z�Zo�©v¯�¹ ²Àº¿Z��bº�u�²Àº°tc�ayºº� ¶º] bº³Y{Z]�©vº¯ ¶º§
¾¤¬c�av¯�{Yyu�yu��|s�¾�£Y¹�yYv¤¯�½ÇZ]�b�u�uy¹Yz]�±Yº´º� ¶º]

º�v³�

Ó�½zÀ-�¶lÀd³�¹ ¶�Ès�
Î�±Z¯{�½{yY�®·�`«uZ�¯�Z¯u±º$°·�²d]�`¿Z���|s�uyº¯�yu�

º£z]�½zº°À¬��¦Àdº�ÇYº¨�¿¹�uYºº¯ yu��|ºs²¿Y�Z]��b�Y�yYz
�]Zc�½Z·�¾´p´¯�¾¤�Y�©Z¤dº³Y�yYvº¤¯�²dº] uyºº¯ yu�¶º§ a¹Zº c

¡Z^ºº�³Y�½zºº¿x���Zºº��³Y�±Zºº¯{�avºº¯ ®dºº¿yZ.«�\ºº�o�zºº]
|À³�½yYx-yZ]�`�p«�yu�²d]��º¬]�¶º] Zº¯u�zº] µ¹Èº� �½yYxº-yZ]

uyYu�¾.d�]�
Ï�\�o�z]�¡Z^�³Y��]Zc�¾´p´¯�¶§�uº��¾¯�f�Z]�Zº¯u��¿Y|º�Y

] ±Zº¯{�avº¯ ®dº¿yZ.«yu��v]Z¿�©Z¤d³Y��#�b°��¶]�½yYxº-yZ
Yy�¾´p´¯�²¿Y��½yYx-yZ]�`�p«�yu�²d]��º¬]��¿Y|�Y�¶§�¾cyºº�

v·u�¾¯�©Z¤d³Y�b�Yy�b°��¶]�
Ð�½Z¯u�¶]�½yYx-yZ]�`�p«�yu�²d]��º¬]�¶]��º]z¯�©Z¤d³Y�yYvº¤¯

©Z¤d³Y�²¿Y�yYv¤¯�Z¯u��¿Y|�Y�Z]�¶§�½yº��¶]��¶d�Yu�¾.d�]�¶³º°³
uº��¾¯�zd°§�
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ª¨�Ô�b³v´°§�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�
��º¬t¯$½yYx-yZ]�`�p«�yu�²d]�z°��¹ ¶d�y�yZ§�¶]�ÖÍb�Y�µuº]�{¹y���

ª¨�Õ�¹Yz]��|s�¾´p´¯�b³v´°§�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy
��º¬t¯%½yYx-yZ]�`�p«�yu�²d]�z°��¹ ¶d�y�yZ§�¶]�ÖÍb�Y�µuº]�{¹y��

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
83

.2
3.

1.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            20 / 28

https://dorl.net/dor/20.1001.1.22287698.1383.23.1.7.3
https://iutjournals.iut.ac.ir/jcme/article-1-305-en.html


©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÎÎÒ

ª¨�Ö�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�b³v´°§�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�
��º¬t¯$½yYx-yZ]�`�p«�yu�²d]�z°��¹ ¶d�y�yZ§�¶]�ÏÔÍb�Y�µuº]�{¹y��

ª¨�ÎÍ�b³v´°§�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�
��º¬t¯%½yYx-yZ]�`�p«�yu�²d]�z°��¹ ¶d�y�yZ§�¶]�ÏÔÍb�Y�µuº]�{¹y��

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
83

.2
3.

1.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            21 / 28

https://dorl.net/dor/20.1001.1.22287698.1383.23.1.7.3
https://iutjournals.iut.ac.ir/jcme/article-1-305-en.html


©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐ ÎÎÓ

ª¨�ÎÎ�v«Z³¹v¨¯�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�
��z°�½yYx-yZ]�`�p«�yu�²d]ÖÍb�Y�µuº]�{¹y���

ª¨�ÎÏ�¹ ¾¨��½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�¾¯º�Yº§
��½yYx-yZ]�`�p«�yu�²d]�z°�ÖÓ��ÎÍÍ¹ÎÍÒb�Y�µuº]�{¹y��

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
83

.2
3.

1.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            22 / 28

https://dorl.net/dor/20.1001.1.22287698.1383.23.1.7.3
https://iutjournals.iut.ac.ir/jcme/article-1-305-en.html


©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÎÎÔ

ª¨�ÎÐ��À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�ª¿º³�¹ z�Z³�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´
�½yYx-yZ]�`�p«�yu�²d]�z°�ÐÓÒb�Y�µuº]�{¹y��

ª¨�ÎÑ�¾¨�´À«{�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�
¹¾¨�¹uZ��½yYx-yZ]�`�p«�yu�²d]�z°�ÎÏÐ{¹y�b�Y�µuº]�

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
83

.2
3.

1.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            23 / 28

https://dorl.net/dor/20.1001.1.22287698.1383.23.1.7.3
https://iutjournals.iut.ac.ir/jcme/article-1-305-en.html


©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐ ÎÎÕ

ª¨�ÎÒ�±¹Mz]�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯
�z°�½yYx-yZ]�`�p«�yu�²d]ÓÍb�Y�µuº]�{¹y��

ª¨�ÎÓ�Z¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�±¹Mz]�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½u
��z°�½yYx-yZ]�`�p«�yu�²d]ÎÕÍb�Y�µuº]�{¹y��

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
83

.2
3.

1.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            24 / 28

https://dorl.net/dor/20.1001.1.22287698.1383.23.1.7.3
https://iutjournals.iut.ac.ir/jcme/article-1-305-en.html


©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÎÎÖ

ª¨�ÎÔ�b³Z´·�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�
�z°�½yYx-yZ]�`�p«�yu�²d]ÎÕÍb�Y�µuº]�{¹y��

ª¨�ÎÕ�Yz¿ºÀ¬�Y�Yu�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À��©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯�
¹º´Àd³yº¬��½yYx-yZ]�`�p«�yu�²d]�z°�ÖÍb�Y�µuº]�{¹y��

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
83

.2
3.

1.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            25 / 28

https://dorl.net/dor/20.1001.1.22287698.1383.23.1.7.3
https://iutjournals.iut.ac.ir/jcme/article-1-305-en.html


©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐ ÎÏÍ

ª¨�ÎÖ�� ©v¯���ºc�a¹Z d¯�½Z·Z¯u�yu�µv��uy¹Yz]��|s�¾´p´¯¹ Yz¿ºÀ¬�Y�Yu�½Z·�µuYu�½Yz]�b³Y{Z]�©v¯�¹ ½uZ¸´�À
º´Àd³yº¬��½yYx-yZ]�`�p«�yu�²d]�z°�ÐÓÒb�Y�µuº]�{¹y��

Ñ�¶¿Z���|s�yZd�y�zÀÀ�c�±ZÀ]�bÀ¬]Z£�¾]ºs�¶]�}ºÀº³yM�±ºº³Z£
¾¿Z¯u�_u¹vp¯�yu�Z¯u�zÀÀ�c�zgY�zº] YyÏÍZc�ÕÍuYz.Àd³Z��`kyu�

b�YyYu�
Ò�yu�z�Zo�©v¯�½ÇZº] bº£uz.³Z�³��²d]�`¿Z���|s�²À°tc

�|s�uy¹Yz]�yu�av¯�µZcº§�½Z·��¿Zº¯{M�±uºº] bÀº°·Y�|ºWZo
avº¯ {Yyubº�Y¹ av¯�µZcº§��¿Z¯{M�Zl³Y�Z]�¶§�½yº��¶º] �

yZÀ�]�\¿z¤c�Z]�²d]�av¯�{Yyu��|s��µuZ��©Z¤dº³Y�¦º¿ Zºl³Y
¶]�¾]ºsv¿M�¾¯�b�u�

Ó�{Y��À]��º¬]�Z]�¶§�¾¿Z·�²d]�uyº¯�yu�bº³Y{Z]�©vº¯ÓÍ{¹y�
�v³Y�¶d�z-�yYz£��¿Z¯{M�bpc�©º°�¯�½Z¯u�{Y�zd�À]�½Zº·Z¯u�yu

½yYx-yZ]�{Y�~��uZº¿{�½Zº·±Zº¯{�avº¯ yu�>Èh¯ÎÍÍÍ{¹y���
¾¯�uy¹Yz]�¾�£Y¹�yYv¤¯�yYv¤¯�{Y�zd°§�Yy�¶¿Z���|s´§�v�yu�²¿Y

½Z¸]Yºk�¶]�zl´¯�>Z¯º°��z�Zo�©v¯�{Y�µuZ d�Y�¶§�bº�Y�¾º«Zo
¯ ¶]�¶§�uº��¾º¯ ¾º¿ÇZ]�bº�ub�Y�¦¿u|³�zd�À]�¾�£Y¹�yYv¤�

z.¿v¨¿�ª°¨¯�ayº��¶]�Yy�©v¯�¹u�²º¿Y�±Yººc¾º¯ ²º¿Y�zº]Z´]
¶º]©v¯�{Y�µv��µu{�²À°tc�`¿Z���|s�¶§�½yº��¶º] �uzº] yZº§

{Y�µv��uy¹Yz]�`¿Z���|s�¹ �¾�£Y¹�yYv¤¯�½ÇZ]�vºo Yy�zº�Zo
uYv°¬£�¾�£Y¹�yYv¤¯�²À¿Z��vo�Yy�b³Y{Z]�©v¯uz§��

Ô�¶]�½{ZÀ³�z�Zo�©vº¯_v´·u�ªÀ¨�c�uYº¯�¶]��º]z¯�aZ�È�Y
¶]��º]z¯�aZ�È�Y�¶§�½uyYº¯�yu��¹y�²¿Y�²¿Yz]Z´]��uyYv³�²d]
¶]�[M�b^�³�¹ ¶d�y�yZ§�¶]�±Z°À��yYv¤¯�zÀ�³�²d]��ÈdsY�mz�

²d]�̀ ¿Z���|s�uy¹Yz]�½Yz]�¢À£u��¹y�¦¿��uyYv³�uºk¹�±Z°À�b�Y�

¯Z³�µ%Y¹¶
�� 0RGLILHG�&RPSOLDQFH�)XQFWLRQ

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
83

.2
3.

1.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            26 / 28

https://dorl.net/dor/20.1001.1.22287698.1383.23.1.7.3
https://iutjournals.iut.ac.ir/jcme/article-1-305-en.html


©Z���©È¤d�YÏÐ_yZ°���Î�yº¿z¸�ÎÐÕÐÎÏÎ

z¯kY�
�� %DåDQW�� =�� 3��� DQG� 3DQXOD��/��� ³3UDFWLFDO�3UHGLFWLRQ�

RI�7LPH�'HSHQGHQW�'HIRUPDWLRQV� RI�&RQFUHWH��3DUW�
��6KULQNDJH�´� 0DWHULDOV� DQG� 6WUXFWXUHV� �5,/(0���
9RO������SS����������������

�� 3DQ�� /�� %��� /LX�� 3�� &�� DQG� %DNRVV�� 6�� /��� ³/RQJ�
7HUP� 6KRUWHQLQJ� RI� &RQFHUWH� &ROXPQV� LQ� 7DOO�
%XLOGLQJV�´� -RXUQDO� RI� 6WUXFWXUDO� (QJLQHHULQJ�
9RO�������1R�����SS������������������

�� 6DPUD��5��0���³1HZ�$QDO\VLV�IRU�&UHHS�%HKDYLRU�LQ�
&RQFHUWH� &ROXPQV�´� -RXUQDO� RI� 6WUXFWXUDO�
(QJLQHHULQJ��9RO�������1R�����SS����������������

�� 'H]L��/���/HRQL��*��DQG�7DUDQWLQR��$��0���³$OJHEUDLF�
0HWKRGV� IRU� &UHHS� $QDO\VLV� RI� &RQWLQXRXV�
&RPSRVLWH� %HDPV�´� -RXUQDO� RI� 6WUXFWXUDO�
(QJLQHHULQJ��9RO�������1R�����SS����������������

�� 1HYLOOH�� $�� 0��� &UHHS� RI� 3ODLQ� DQG� 6WUXFWXUDO�
&RQFUHWH��/RQJPDQ�,QF���1HZ�<RUN�������

�� $UWKDQDUL�� 6�� DQG� <X�� &�� :��� ³&UHHS� RI� &RQFUHWH�
XQGHU� 8QLD[LDO� DQG� %LD[LDO� 6UWHVVHV� DW� (OHYDWHG�
7HPSHUDWXUHV�´� 0DJD]LQH� RI� &RQFUHWH� 5HVHDUFK��
9RO������1R������SS����������������

�� %DåDQW�� =�� 3��� ³7KHUPRG\QDPLFV� RI� ,QWHUDFWLQJ�
&RQWLQLXD� ZLWK� 6XUIDFHV� DQG� &UHHS� $QDO\VLV� RI�
&RQFUHWH� 6WUXFWXUHV�´� 1XFOHDU� (QJLQHHULQJ� DQG�
'HVLJQ��9RO������SS����������������

�� %DåDQW�� =�� 3��� ³&RQVWLWXWLYH� (TXDWLRQ� IRU� &RQFUHWH�
&UHHS� DQG�6KULQNDJH�%DVHG�RQ�7KHUPRG\QDPLFV�RI�
0XOWLSKDVH� 6\VWHPV�´� 0DWHULDOV� DQG� 6WUXFWXUHV�
�5,/(0���9RO�����SS�������������

�� ,OOVWRQ�� -�� 0��� DQG� 6DQGHUV�� 3�� '��� ³7KH� (IIHFW� RI�
7HPSHUDWXUH� &KDQJH� XSRQ� WKH� &UHHS� RI� 0RUWDU�
XQGHU� 7RUVLRQDO� /RDGLQJ�´� 0DJD]LQH� RI� &RQFUHWH�
5HVHDUFK��9RO������1R������SS����������������

��� ,OOVWRQ�� -�� 0��� DQG� 6DQGHUV�� 3�� '��� ³&KDUDFWHULVWLFV�
DQG�3UHGLFWLRQ�RI�&UHHS�RI�D�6DWXUDWHG�0RUWDU�XQGHU�
9DULDEOH� 7HPSHUDWXUH�´� 0DJD]LQH� RI� &RQFUHWH�
5HVHDUFK��9RO������1R������SS����������������

��� %DåDQW�� =�� 3��� DQG� 7KRQJXWKDO��:��� ³3RUH� 3UHVVXUH�
DQG� 'U\LQJ� RI� &RQFUHWH� DW� +LJK� 7HPSHUDWXUH�´�
-RXUQDO� RI� WKH� (QJLQHHULQJ� 0HFKDQLFV� 'LYLVLRQ��
$6&(��9RO�������1R��(0���SS������������������

��� %DåDQW�� =�� 3��� 2VPDQ�� (��� DQG� 7KRQJXWKDL�� :���
³3UDFWLFDO� )RUPXODWLRQ RI� 6KULQNDJH� DQG� &UHHS� RI�
&RQFUHWH�´� 0DWHULDOV� DQG� 6WUXFWXUHV� �5,/(0���
9RO�����SS����������������

��� %DåDQW�� =�� 3��� DQG� 3DQXOD��/��� ³3UDFWLFDO�3UHGLFWLRQ�
RI�7LPH�'HSHQGHQW�'HIRUPDWLRQV� RI�&RQFUHWH��3DUW�
��%DVLF�&UHHS�´�0DWHULDOV�DQG�6WUXFWXUHV� �5,/(0���
9RO� ������������������

��� %DåDQW�� =�� 3��� DQG� 3DQXOD��/��� ³3UDFWLFDO�3UHGLFWLRQ�
RI�7LPH�'HSHQGHQW�'HIRUPDWLRQV� RI�&RQFUHWH��3DUW�
��'U\LQJ� &UHHS�´� 0DWHULDOV� DQG� 6WUXFWXUHV�
�5,/(0���9RO��������������������

��� %DåDQW�� =�� 3��� DQG� 3DQXOD��/��� ³3UDFWLFDO�3UHGLFWLRQ�
RI�7LPH�'HSHQGHQW�'HIRUPDWLRQV� RI�&RQFUHWH��3DUW�

��7HPSHUDWXUH� (IIHFW� RQ� %DVLF� &UHHS�´� 0DWHULDOV�
DQG�6WUXFWXUHV��5,/(0���9RO��������������������

��� %DåDQW�� =�� 3��� DQG� 3DQXOD��/��� ³3UDFWLFDO�3UHGLFWLRQ�
RI�7LPH�'HSHQGHQW�'HIRUPDWLRQV� RI�&RQFUHWH��3DUW�
��7HPSHUDWXUH� (IIHFW� RQ� 'U\LQJ� &UHHS�´�0DWHULDOV�
DQG�6WUXFWXUHV��5,/(0���9RO����SS����������������

��� %DåDQW�� =�� 3��� DQG� 3DQXOD��/��� ³3UDFWLFDO�3UHGLFWLRQ�
RI�7LPH�'HSHQGHQW�'HIRUPDWLRQV� RI�&RQFUHWH��3DUW�
��&\FOLF�&UHHS��1RQOLQHDULW\�DQG�6WDWLVWLFDO�6FDWWHU�´�
0DWHULDOV� DQG� 6WUXFWXUHV� �5,/(0��� 9RO� ���SS�
��������������

��� %DåDQW�� =�� 3��� DQG� &KHUQ�� -��� ³%D\HVLDQ� 6WDWLVWLFDO�
3UHGLFWLRQ� RI� &RQFUHWH� &UHHS� DQG� 6KULQNDJH�´�$&,�
-RXUQDO��9RO����� 1R����� SS����������������

��� %DåDQW�� =�� 3��� DQG� &KHUQ�� -��� ³6WUHVV�,QGXFHG�
7KHUPDO� DQG� 6KULQNDJH� 6WUDLQV� LQ� &RQFUHWH�´�
-RXUQDO�RI�(QJLQHHULQJ�0HFKDQLFV��$6&(��9RO�������
SS������������������

��� %DåDQW��=��3��� DQG�3UDVDQQDQ��:��-���³6ROLGLILFDWLRQ�
7KHRU\� IRU� &RQFUHWH� &UHHS�3DUW� ��)RUPXODWLRQ�´�
-RXUQDO� RI� (QJLQHHULQJ�0HFKDQLFV ��$6&(��9RO�� ����
SS������������������

��� %DåDQW��=��3��� DQG�3UDVDQQDQ��:��-���³6ROLGLILFDWLRQ�
7KHRU\� IRU� &RQFUHWH� &UHHS�3DUW� ��9HULILFDWLRQ� DQG�
$SSOLFDWLRQ�´� -RXUQDO� RI� (QJLQHHULQJ� 0HFKDQLFV ��
$6&(��9RO�������SS������������������

��� %DåDQW�� =�� 3��� +DXJJDDUG�� $�� %��� %DZHMD�� 6�� DQG�
8OP��)� -���³0LFURSUHVWUHVV�6ROLGLILFDWLRQ�7KHRU\�IRU�
&RQFUHWH� &UHHS�� 3DUW� ��$JLQJ� DQG�'U\LQJ�(IIHFWV�´�
-RXUQDO�RI�(QJLQHHULQJ�0HFKDQLFV��$6&(��9RO�������
SS������������������

��� %DåDQW�� =�� 3��� +DXJJDDUG�� $�� %��� %DZHMD�� 6�� DQG�
8OP��)��-��³0LFURSUHVWUHVV�6ROLGLILFDWLRQ�7KHRU\�IRU�
&RQFUHWH�&UHHS��3DUW���$OJRULWKP�DQG�9HULILFDWLRQ�´�
-RXUQDO�RI�(QJLQHHULQJ�0HFKDQLFV��$6&(��9RO�������
SS������������������

��� +DXJJDDUG�� $�� %��� 'DPNLOGH�� /�� DQG� )UHLHVOHEHQ�
+DQVHQ�� 3��� ³7UDQVLWLRQDO� 7KHUPDO� &UHHS� RI� (DUO\�
$JH�&RQFUHWH�´�-RXUQDO� RI�(QJLQHHULQJ�0HFKDQLFV��
$6&(��9RO�������SS����������������

��� $&,� &RPPLWWHH� ����� ³3UHGLFWLRQ� RI� &UHHS��
6KULQNDJH�� DQG� 7HPSHUDWXUH� (IIHFWV� LQ� &RQFUHWH�
6WUXFWXUHV�´�$&,�0DQXDO�RI�&RQFUHWH�3UDFWLFH��3DUW�
��� $PHULFDQ� &RQFUHWH� ,QVWLWXWH�� 'HWURLW�� SS�� ���
5������5����������

��� 2MGURYLF�� 5�� 3��� DQG� =DUJKDPHH��0�� 6��� ³&RQFUHWH�
&UHHS� DQG� 6KULQNDJH� 3UHGLFWLRQ� IURP� 6KRUW�7HUP�
7HVWV�´� $&,� 0DWHULDOV� -RXUQDO�� 9RO�� ���� 1R�� ��
SS����������������

��� %DåDQW��=��3���DQG�.LP��-��.���³,PSURYHG�3UHGLFWLRQ�
0RGHO� IRU� 7LPH�'HSHQGHQW� 'HIRUPDWLRQV� RI�
&RQFUHWH�� 3DUW� ��%DVLF� &UHHS�´ 0DWHULDOV� DQG�
6WUXFWXUHV��9RO������SS����������������

��� )HUU\�� -��'��� ³9LVFRHODVWLF�3URSHUWLHV�RI�3RO\PHUV�́ �
-RKQ�:LOH\�DQG�6RQV�������
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��� &DURO�� ,��� DQG� %DåDQW�� =�� 3��� ³9LVFRHODVWLFLW\� ZLWK�
$JLQJ� FDXVHG� E\� 6ROLGLILFDWLRQ� RI� 1RQDJLQJ�
&RQVWLWXHQW�´� -RXUQDO� RI� (QJLQHHULQJ� 0HFKDQLFV��
$6&(��9RO�������SS������������������

ÐÍ��M �¾$«º^¯Èº�Y´�Yºs�z]�±Z¯{�¹ Z¯zº- aYzºgY�¾º�yz]
Z¸³Z¯Z.Àºº« ¦Àdºº�ÇYº¨�¿¹³�¦Àºº³Z¨¯�¾ºº�v´¸¯�_v¨ºº�³Yu��

�v�yY�¾�Z´�yZ§�`¯Z³�±Z¿Z����¿z��¾d�´��µZ.�³YuÎÐÔÑ�
��� )XQJ��<��&���%LRPHFKDQLFV��0HFKDQLFDO� 3URSHUWLHV�

RI�/LYLQJ�7LVVXHV��6SULQJHU�9HUODJ�������
��� %DåDQW��=��3��DQG�.LP��-��.���³,PSURYHG�3UHGLFWLRQ�

0RGHO� IRU� 7LPH�'HSHQGHQW� 'HIRUPDWLRQV� RI�
&RQFUHWH�� 3DUW� ��6KULQNDJH�´ 0DWHULDOV� DQG�
6WUXFWXUHV��9RO������SS����������������

��� %DåDQW��=��3���DQG�.LP��-��.���³,PSURYHG�3UHGLFWLRQ�
0RGHO� IRU� 7LPH�'HSHQGHQW� 'HIRUPDWLRQV� RI�
&RQFUHWH�� 3DUW� ��&UHHS� DW� 'U\LQJ�´ 0DWHULDOV� DQG�
6WUXFWXUHV��9RO������SS��������������

��� %DåDQW��=��3���DQG�.LP��-��.���³,PSURYHG�3UHGLFWLRQ�
0RGHO� IRU� 7LPH�'HSHQGHQW� 'HIRUPDWLRQV� RI�
&RQFUHWH�� 3DUW� ��7HPSHUDWXUH� (IIHFWV�´ 0DWHULDOV�
DQG�6WUXFWXUHV��9RO������SS��������������

��� %DåDQW��=��3���DQG�.LP��-��.���³,PSURYHG�3UHGLFWLRQ�
0RGHO� IRU� 7LPH�'HSHQGHQW� 'HIRUPDWLRQV� RI�
&RQFUHWH��3DUW���&\FOLF�/RDG�DQG�&\FOLF�+XPLGLW\�´
0DWHULDOV� DQG� 6WUXFWXUHV�� 9RO�� ���� SS�� ���������
�����

��� %DåDQW��=��3��� DQG�2VPDQ��(��� ³'RXEOH�3RZHU�/DZ�
IRU� &UHHS� RI� &RQFUHWH�´� 0DWHULDOV� DQG� 6WUXFWXUHV��

5HVHDUFK� DQG� 7HVWLQJ �5,/(0�� 3DULV��� 9RO�� ���
QR������SS�������������

��� :LOOLDPV�� 0�� /��� /DQGHO�� 5�� )��� DQG� )HUU\�� -�� '���
³7KH� 7HPSHUDWXUH� 'HSHQGHQFH� RI� 5HOD[DWLRQ�
0HFKDQLVPV� LQ� $PRUSKRXV� 3RO\PHUV� DQG� 2WKHU�
*ODVV�IRUPLQJ� /LTXLGV�´� -RXUQDO� RI� $PHULFDQ�
&KHPLFDO�6RFLHW\��9RO������SS������������������

��� /RFNHWW��)��-���(QJLQHHULQJ�'HVLJQ�%DVLV�IRU�3ODVWLFV�
3URGXFWV��&URZQ�,QF���/RQGRQ�������

��� 1HYLOOH�� $�� 0��� DQG� %URRNV�� -�� -��� &RQFUHWH�
7HFKQRORJ\�� -RKQ�:LOH\� DQG� 6RQV� ,QF���1HZ�<RUN��
�����

��� %DåDQW�� =�� 3��� %DZHMD�� ;L�� <�� DQG� &DURO�� ,���
³3UHOLPLQDU\� *XLGHOLQHV� DQG� 5HFRPPHQDWLRQ� IRU�
&KDUDFWHUL]LQJ� &UHHS� DQG� 6KULQNDJH� LQ� 6WUXFWXUDO�
'HVLJQ� &RGHV�´� 3URFHHGLQJV� RI� WKH� )LIWK�
,QWHUQDWLRQDO� 5,/(0� 6\PSRVLXP�� SS�� ���������
�����

��� 6HUFRPEH�� -��� +HOOPLFK�� &��� 8OP�� )��-��� DQG�0DQJ��
+���³0RGHOLQJ�RI�(DUO\�$JH�&UHHS�RI�6KRWFUHWH��3DUW�
��0RGHO� DQG� 0RGHO� 3DUDPHWHUV�´� -RXUQDO� RI�
(QJLQHHULQJ�0HFKDQLFV��$6&(�� 9RO�� ����� SS�� ����
����������

��� $NHU�� 3��� DQG� 8OP�� )�-��� ³&UHHS� DQG� 6KULNDJH� RI�
&RQFUHWH�� 3K\VLFDO� 2ULJLQV� DQG� 3UDFWLFDO�
0HDVXUHPHQWV�´� 1XFOHDU� (QJLQHHULQJ� DQG� 'HVLJQ��
9RO�������SS����������������

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
83

.2
3.

1.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            28 / 28

https://dorl.net/dor/20.1001.1.22287698.1383.23.1.7.3
https://iutjournals.iut.ac.ir/jcme/article-1-305-en.html
http://www.tcpdf.org

