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¹ ²ÀXc¹z���¬dt¯�z¿uZ¤¯�zgY¾]z#z]�sZ�¶�Ç�¾¿ZÀ°À��\À§zc�¹ v�y�½Z·
¾·Z¯�ªÀ��v£�b�.³Y�±ZÀ·Z¯�¶$]+XVR�KXVR�/���

¾°À·Yz]Y�¾�À�Î�Z�yyº��uYºkÏ��¾-z¹��º¿yZ¯Z³Z�Ð�¾«Z°§�®�Z¤«Yº]YÑ¹¾´À�o�}Z^�Ò

µvÀ¨#
]¶yº�´¯²ÀXc¹z���¬dt¯�z¿uZ¤¯�zgY�¾�yz]��¾·Z¯�ªÀ��v£�b�.³Y�±ZÀ·Z¯�¶$]�v�y�z]�¾]z#¹æçn���¶��Z]��¬dt¯�¾¿Yx��µzÀk�éê��êå
¹êên���yZ¸#�¹ ²ÀXc¹z��vº� yu�ê�å��é��í¹æç²�¹y�ª°¨¯�v��yu�º�±Yuz.]Zd�M�²�¹y¹�¾·Z¯�²�¹y�ª¯Z�º�v��¶À¸c�½Z·�µzÀk

ª¿yºd§Z���¹y�¶]�¾�uZ�c�>È¯Z§�mz��\º«Z£�yu�¾º�¿Z¯{Mè�éyu�½Z-º¬]�±ZÀ·Z¯�¶$]�Z]�yYz¨c�¶�ç�çv��YzkY�¾¯z-��uYv�cæçëå¶��£�
¹ [Ztd³Y��¾�¿Z¯{M��¿Yz��¶]�½yZ-{Z��{Y�~��¾·Z¯�ªÀ��¾·Z¯�¶$]yuèë¦#º§�½¹zÀ³¹�¶$�ºo��®lo�Z]æååzdÀ«��uYv�c�¶]�¹èê¶��£�

av¯�¶]�¹ µv���¿{ºc�¾�¿Z¯{M�voY¹�z·�yu�¾·Z¯�¶$]éê¾�¿Z¯{M�½Z·�µzÀk�Z]�{¹y�v³v¿uz-�¶¿x�c��
j¿Zdº³µv¯M�b�u�¶º]�sZ��yu�Yy�½yYu�¾´�¯�a¹Z c�v��yu��ª¯Z��¾�yz]�uyº¯�½Z·�²ÀXc¹z��µu{Z]��µ&¿¹�v�y�\¿z���±{¹��¿Y|�Y

¹ Yxº� �zº�¯�\¿zº�uYu�±Z�³��²ÀXc¹z��vÀ«ºc�åê�åS���µyZ°��µzÀk�Z]�µv��¶¿x�c�±ZÀ·Z¯è�½¹Zoéê¹ ²ÀXc¹z��v��yu�æév�yu�
¾º]z#�ºÀk�¹µyZ°º� µzí�½¹Zoêåv�yu¹ ²ÀXc¹z�æìv�yu¾]z#��±{¹��¿Y|�Y�v��yu�²¿zcÇZ]²¿zd¸]��µ&¿¹�v�y�\¿z��²¿zd¸]

¹ ²ÀXc¹zº� µu{Zº]v³uYu�±Z�³�Yy�Yx���z�¯�\¿z��²¿zd°§�µyZ°��µzÀk�¶]��º]z¯�µv��vÀ«ºc�²ÀXc¹z��±Y|À¯�²¿zd¸]�²¿Y�z]�µ¹È�ç��½¹Zo
éê¹ ²ÀXc¹z��v��yu�ê�æåv�yu�¾]z#�¹µyZ°��µzÀkè��½¹Zoéê¹ ²ÀXc¹z��v��yu�æév�yu¾]z#�uº]�¶�Ç�¾¿ZÀ°À��\À§zc�¶�¿Z¤¯

uYu�±Z�³�¶�Ç�¾]z#�¹ ²ÀXc¹z��±Y|À¯�yu�Yy�½yYu�¾´�¯�½yZ¯M�a¹Z c�|À³��¿Zº¯{M�uyºº¯ ±ZÀº·Z¯�åê�åS���¾«¹¹ ¦�s�µuZ¯�±Y|À¯�yu�
dt¯�½Z·yZ°Àc�²À]�½yYu�¾´�¯�a¹Z c�¶�Ç�zd�§Zsv¿uz.³�µv·Z�¯��¬�j¿Zd³µv¯M�b�u�¶]v£�b�.³Y�±ZÀ·Z¯�¶$]�¾´ÀXc¹z��{ZÀ³�¶§�uYu�±Z�³�

·µzºÀk�Zº] ¾º·Z¯�ªÀº�½Z½¹Zo�¾¿Yx��éêZcêå¾¯�²À¯Pc�­Zs�²ÀXc¹z��v��yu�uº���]¶¶´À¸]�v�y�²À¯Pc�½Yz]�{ZÀ³�uyº¯�¾]z#�±Y|À¯�µ¹È�
¶$]²À]�yº§x¯�±ZÀ·Z¯æéZcæìYx��µzÀk�v��yu�¿¶]�¾v¯M�b�u��

½vÀ¬§�½Z·�µ%Y¹�ZÀ°À��\À§zc���v�y���¾]z#���²ÀXc¹z����¾·Z¯�ªÀ����½yZ¿¹Zs�±ZÀ·Z¯�¶¿x�c¿¶�Ç�¾

Î�±Z¸ �Y�¾d�´��µZ.�³Yu �¾�À^���]Z´¯�_v¨�³Yu��aÈÀ��yZ¿uZd�Y
Ï�±Z¸ �Y�¾d�´��µZ.�³Yu��½{¹yZ�§�_v¨�³Yu��¾¯Yu�­º¬��uZd�Y
Ð�v¨�³Yu��¾·Z¯�¶¿x�c�uZd�Y¶À�¹y��±ZsYyZd�M�¾d«¹u�¾´��µZ.�³Yu��aÈÀ��_
Ñ�±Z-z-��¾�À^���]Z´¯�¹ ½{y¹Z�§�­º¬��µZ.�³Yu��aÈÀ��µv¨�³Yu��aÈÀ��yZ¿uZd�Y
Ò�±Zd�¬-�±Zd�Y�aÈÀ��ª§�z¿v¯�¹ ½{y¹Z�§�uZ¸k�uZd�Y
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çèå

¶¯v¤¯
¹ b�º-�vÀ«ºc�yº�´¯�¶º] ½yZº¿¹Zs�±ZÀº·Z¯�¾�º´º�¯��y¹zº�

Z��{Y�±Z¸k�yu�yZ¿¹Zs�©Z�pd�YyYuyºsz]�¾·Zcº§�¶¤]b�Y�yu
¶³º-{Y�½yZ¿¹Zs�±ZÀ·Z¯��£Y¹yZÀ�]�¹ yuZ³�½Z·v´d�·�¾°¿v£¶§

£ ¶kºc�uyº¯�zÀsY�½Z·�©Zº� yu�Zº¸³M��y¹zº�ºb�Y�¶d�z-�yYz�
²¨Àº«��y¹z��¶´À¸]��¿Yzº� uyºº¯ yu�¾º�Z§�aZº�È�Y�±Yvº¤�

Z¸³M�½Yz]�¾�º´�¯�½Z·Yx��±uz§�¶«º¯z���¾¿Yx��½Z·{ZÀº³¹«
yu��º�s�¶]¶³º-�uyº¯�ºo�yu�¶§�½yZ¿¹Zs�±ZÀ·Z¯�{Y�¾¿Z·¶�

¹ y|s�½Zº¿yu�¾º]º´k¾¯�b�¿{�µZÀ��½Z¿yuyu�v´´§Z]�¶�¿Z¤¯
¹ µv���£Y¹�¶kºc�uyº¯�zd°§�¾º�y¹z��±Z¿|º]M�z¿Zº�²¿Yz]Z´]�{Y�

¾º¯ jº³y�¾º³Y¹Yz��¾º-v³Z¯�\º¤�uzº]�Ö¹æÓ��f�Z]�z¯Y�²º¿Y
Zc�µv¿uzº-ªoYz¯�yu��º�s�¶] ½yZ¿¹Zs�±ZÀ·Z¯��y¹z�¶À«¹Y

{º´·�¾-v³{yu¹�¾�À^��½Z·Yx��¶]�¾¨d¯>Zcv°��½yY¹z��ªoYz¯
v�Z]�±ZÀ·Z¯uY{M�½Z·Yx��¶]�¶dº�]Y¹�æÒ��{Y�µuZ d�Y�¶§�¾«Zo�yu

¶³º-�z¿Zº� aZº�È�Y�¬dt¯�ª¿Çu�¶]�½yZ¿¹Zs�±ZÀ·Z¯�½Yz]�Z·
¹ vº�Z]�¾º°³�nÀpº�¾¿Z�yZ³�uZl¿Y�fº�Z]¶¿x�c�½Z·Z¸³Myu�½Y

v��v·Yººs�æÔ��j¿Zd³¶]µv¯M�b�u{Y�½Z·��·¹&��µv��­Zl³Y�
¶³º-{Y�}yº³�±ZÀº·Z¯�¶º$]�¶º¿x�c�uyºº¯yu±ZÀ·Z¯��¬dt¯�½Z·

uyº¯�²ÀXc¹z��¶´À¸]�n����Z¸³M�½Z·v¿z^À·¹�½yZ¿¹Zs{ZÀ³Yy�Z¸³M
êåZc�êêb�Y�µuº°³�²ÀÀ�c�v�yu��è�z.¿u�¾sz]�¶§�¾«Zoyu��
{YyYvºº¤¯�²Àºº¤¤p¯¹yÇ�½Yzºº] ²ÀXc¹zºº� ¶´ººÀ¸]¹±ZÀºº·Z¯�¶ºº$]

¹ZsYy�½yZº¿éíZºcêèuZ¸´�À��v�yu�µuº°³z.¿u�¾sz]��v³Y{Y
±YyZº¨°·¹�¦Àº�º§�¶º¬°k�ÎÖ�yYvº¤¯½Yz]�{ZÀ³uyº¯�²ÀXc¹z�

vÀ ��¾·Z¯�}ZcççYy�¾¯z-�ç�éåv�yu�uZ¸´�À�v³uº°³�
yu±ZÀºº·Z¯�½Yxºº�yu�{ZÀºº³ uyººº¯ ¾ºº]z#�®°Àººd�Y��ººº�s

{Y�¾sz]��bº�À³�}zdº�uyu�½uZº¿{�aZº�È�Y�|ºÀ³�½yZº¿¹Zs
À¤¤p¯Z]�²µzÀk�Z]�¶¿x�c��¹y�{Y�µuZ d�Y{ZÀ³��½|À·z��½Z·¶$]

u¹vºo Yy�¾º]z#�¶º] ½yZº¿¹Zs�±ZÀº·Z¯îZºcæçuZ¸´�À��v�yu�
µuzº§vº³Y�è¹Ô�¹ YºÀ¬À�Y¹�¶§�¾º«ZoyuaZ¤À¤pc�¾��±YyZ¨°·
yZÀº�]yuyYv¤¯�½yZ¿¹Zs�±ZÀ·Z¯�¶º$]�¶º¿x�c��ºº�s¾]z#
uyº¯yu�{ZÀ³Yy�±ZÀ·Z¯�²¿Y�²¿{Z�M�¾¿Yx��µzÀkæëZc�æív�yu�

uZ¸´�À�v³uz§�çê��

�ºº¯ ªÀº·Zº¾+XVR�KXVR�/�����-º¬]ºZ�- {Yº¶³ºb�Y�¾¿Z·
¶]�¶§¹ �¿z��±v��¾¬·Y�ªÀ«u�±Z�M�ayZ�Y�yu�¾-v³{��z¿x�

½yZ-{Zº��¿z��vº�y�¹ ¾�º´º�¯�½Z·Yxº� ¶º] [ººs yZÀº�]
¾¯¶³º-�¶¬°k�{Y�v³Yºc\�Z´¯�yZÀ�]�½Z·½Yz]�y¹z��¾�º´�¯

uº��[ºº�p¯�æ¹çê���¶]�¾·Z¯�²¿Y�¾�À^��z¿Zsw�¶]�¾�zd�u
±M�¾º¿ZÀ�Yz�k��Zºs �´§Yzº� ªÀº«u�µ{ººo�y|s�½Z¿yu�½Z·

¹ �¹{MµZÀºº��Ó�¹ Zºº¯ yººº�§�½Yzºº] Z¸´ººc½Z·yººº�§�z¿Zºº�
µ{ºººo±Zºº¨¯Y�¡ººº� ½Zºº·bºº�Yz¿x��uºººk¹�ªÀºº«u ¶ºº] ²¨Àºº«

zdºººººº�]�v¿zºººººº^À·�%HVWHU���Z-ººººººº¬]�uZÀ«zdºººººº�Y
�/�$FLSHQVHU�UXWKHQXV�yuz¿Z�·yº�§�º¾�º´�¯��y¹z���Z

�£Y¹�¶kºc�uyº¯�Z¯�yº�§�yu�zd�À]�zÀsY�½Z·�©Z��yu�¾·Z¯�ªÀº�
¶¯Z³z]�¹ nÀp��b¿z¿v¯�ayº��yu�¶§�µv�¾´d^¯�b�yu�½|¿y

¹ ¾«ºº�Y�aZ¤Àº¤pc�zº]Z]�z¿Zsw�� o�z]�µ¹È��±Yºc�¾¯�½uZÀ´]
Yy�¾^�Z´¯�zdº�]��±M��{yY½Yz]¶¿Z¯z��¹ ©Z�d�Y�uZl¿Y��½yYx-

c¹zºº� vÀºº«ºcuººº°³�uZººl¿Y�bÀºº À§�Zºº] ²ÀX�uºººk¹�zºº] µ¹Èºº�
b¿u¹vºp¯yu�uººkº¯�½Zº·±ZÀ·Z¯�¾�º´�¯��y¹z���º�s
{Y�½yZº¿¹Zs�¾ºº¿Yx��½Z·{ZÀºº³ ¶ºº] b^ºº�³�¾ºº·Z-M�­vºº� ¶ºº¬°k

¾º-&¿¹¹ ¾d�¿{�½Z·zgº¯�ª¯Yº�yuZ¸³M�¾�º´�¯��y¹z�v¿Z]
�y¹z��b¸k�{ZÀ³�uyº¯�±ZÀ·Z¯�¶º$]�¹ ¹yÇ�¶º§ bº�Yu�¶kººc

ZÀº·Z¯�²º¿Y�¾�º´º�¯�±¾º�o¹�²¿v«ºº¯ zºÀh¨c�ªº�Zob�Y�
²¿Yzº]Z´]�Zs�²¿v«º¯��´¿|-�±Z¨¯Y�¾�º´�¯��y¹z��vº¿u�{Y�

º] ¹¶z¿Z��yu�¶§�¾·Z¯�¶$]�vÀ«ºc�a¹Z d¯�½Zº·�¹y�½zºÀ-yZ§
©Zo�yu�±ZÀ·Z¯�²¿Y�uyº¯�yu�uºº�¾º¯ ©Zº°�Y�¾º�y¹z��±ZÀº·Z¯

b�À³�z¿x��±Zº¨¯Y�zº�Zo�z]�µ¹È�zÀh¨c�¦À´¨cºÀ]�²¿Y±ZÀ·Z¯
u ½yZº¿¹Zsy] Z¯�yº�§¶¶³º-¦¿�Z¸´c�v«º¯�¦¿�¶§�b�Y�½YyZ]

�uyYu�Yy�±v��zÀh¨c�~³Zº�²¿Yz]Z´]ª�Zo�±ZÀ·Z¯�¶$]��y¹z��
¾¯�Yy�½zd�À]�b£u�±M�{Yv^¬��¯ ª¯Yº��¶¬°k�{YR�y¹z��yu�zg

Yx��¾º·u{Z]�¹ vº�y�±Y|ºÀ¯��½|º]M�¶³º-zº·º¿¾¯�±M�¾¶§�v�Z]
] ½uZ¿{�¾.d�]�½vÀ«ºc�voY¹�¦¿�½uZ�d£Y�bÀº¤�º¯¶uyYu�Z¸³M

�Õ¹æÓ�½Yxºº� bÀºº°§�¶ºº¬°k�{Y�zºº.¿u�½Z·yºdºº§Z��¶ºº# zºº-Y��
�Àp¯�¾ À§�aZÀ�º�s��¾·Z¯�µ{Yv³Y��ayYzo�¶ºkyu��¾�zº�¯

¹ �y¹zº�����yYuyºsz]�¾º³Y¹Yz��bÀº°·Y�{Yv´d�·�yu�·¹&�
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y ½Z·��sZ��z]�¾]z#�¹ ²ÀXc¹z���¬dt¯�z¿uZ¤¯�zgY\À§zc�¹ v����

���

zº�Zoyuz·�bsZ´��½Zd�Yyzd�À]�¶#±ZÀ·Z¯�¾¿Yx��½Z·{ZÀ³
z#�¹ ²ÀXc¹zº� �¬dºt¯�mº�º� zºÀgPc�½yZº¿¹ZsµzÀk�¾º]½Z·

¹ v�y�zº] ¾º¿Yx�v£�b�.³Y�±ZÀ·Z¯�¶$]�¶�Ç�¾¿ZÀ°À��\À§zc
��ºd¯�±{¹�Z]�¾·Z¯�ªÀ�ç�ç¾]Z¿{yY�­z-�v��

�¹y�¹ uYº¯Z·
�·¹&ºº�zºº�Zo�yu©Zºº�æèíæyu�¹ zººÀh¨c��°dººl¯�y¹zºº�

yu��b�z-�­Zl³Y�±Z-zº- ¾º³Zkz¯�vÀ¸º� ½yZº¿¹Zs�±ZÀº·Z¯²¿Y
�·¹&º�uYv�c�æçëåªÀ��¾·Z¯�¶$]�¶��£¾³{¹�²À.³ZÀ¯�Z]�¾·Z¯

æ�å�ç�ç½Yx��Z]�¶¿x�c�¶]�µv��yZ-{Z��±ZÀ·Z¯�¶$]�²À]�{Y�­z-�
[Ztd³Y�µzd³Z�´§�v³v�uYv�c�¶]�yº§x¯�½Z·�¾·Z¯�¶$]èê¶��£�

uZ�]Y�¶]�¹zÀ³¹�½Z·�¶$�ºo�yuí�å�í�å½zÀ.]M�¢°��Z]�zd¯�æê
Zºcæëzºd¯�¾d³Zº��®ºloæååzºdÀ«��yu�¶º§æç¾¿Zc�¶���¿uy�

µvº� z¤dº�¯¹º]¶>È¯Z§�ayºº�µyZ°��¾�uZ�cµv¿uz-�½yYx-
v³uºº]�vº� �º¿{ºc��] Z·�¾·Z¯�¶º$]��º¿{ºc¹�[Ztdº³Y¶¶³º-½Y

¶$�ºo�­Z°c�yu�Z¸³M�¾³{¹�²À.³ZÀ¯�¶§�b�z-�ayº�±Z�¨¿�Z·
vº�Z]�uYv�c��¿Z¯{M��¹zº� {Y�ª^º£èå½Z·�¾·Z¯�¶$]�{Y�¶��£�

yºº§x¯º]¶yºº�¾¿ZÀ°À��|À«Z³M�½Yz]�¹ µv��vÀ��¾�uZ�c¶�Ç
b�z-�yYz£�µuZ dº�Y�uyºº¯�¶]�Z·�¾·Z¯�¶$]�±v��yZ-{Z��{Y�~�

�vº¿vk��Àºp¯¶��ª¯Z��¾¿Yx���¬dt¯�½Z·yZ°Àc�Z]�Z¸³M�¶¿x�c
n�º�éê��êå¹êên���yZ¸#�¹ ²ÀXc¹z��vº� yu�ê�å�é�í¹

æç¹ ¾·Z¯�²�¹y�ª¯Z���²�¹y�ª°¨¯�vº�yu�±Yuz.]Zd�M�²�¹y
�zº] µ¹Èº�yu�uºkº¯�¾]z#¾¿Yx��­È£Y�·yYz¨c�¶��yu�­Yv§z

{Z�M�ª¿yºd§Z���¹y�¶]�¾�uZ�c�>È¯Z§�¶¿Z��mz��\«Z£�yuv¿uz-
�µ{Yvº³Y�¾º]z#�yYvº¤¯µzºÀk�yu�µvº� ½zºÀ-{Y�~��¾¿Yx��½Z·

] ²�¹y�ªº°¨¯�±u¹|º�Y¶µzÀk�¶]�uY{Z¯�¾]z#�±Yº´�¾¿Yx��½Z·
¶]z]Yz]�\Àczcì�ë��ê�æå��æé¹æìµ{Yv³Y�v�yu�v��½zÀ-��­{Ç

b�Y�nÀ�ºc�¶º]¹ ²ÀXc¹z��a¹Z d¯�mº��{Y�µuZ d�Y�ªÀ«u�¶]�¶§
yZº§¶º] ²º�¹y�ªº°¨¯��Àº�¹�¶´º¯YuµzÀkyu�¶d�y{Y�¾¿Yx��½Z·

¦º¿aZ^À§zc{Y�µuZ d�Y�±Z¨¯Y�­v�¹�º�µv´´§z��¾h´s��)LOOHU�¶]�
Z·�¾·Z¯�¶$]�±uº]�¦#º§�ªÀº«u¹{Y�µuZ d�Y�b¿u¹vp¯z^À�yu

µzºÀkd�Yv¸.³�b]Zg�±Z¨¯Y��z.¿u�½º�{Y�¾º¿Yx��½Zº·b^�³�²

�­Zs�²ÀXc¹z��¶]�®�·�ª]Z£�½%zº³Y�µzÀk�­Z°c�½Yz]¾¿Yx��½Z·
uººk¹bº�Yv³�¹Z¸´c�b^�³�²¿Yyuz·{Y�¦¿²ÀXc¹z��mº��

yu�b]Zg�Z^¿zº¤cz�³¹ v��¶d�z-yYv¤¯²ÀXc¹z��mº���½Yz]�±M
éê�êå¹êêz]Yz]�\Àczc�¶]�v�yu�í�è�ë�ìí��é�è�î�ìæ¹
î�ç�ëë¾º¯vº�Z]�c ­Èº£YªÀ¨º�Z·yZ°Àc�­Z°c�yu�Yx��µv´º·u

vº� ¶d�zº-z�³yu�±Zº�¨¿�¹ \À§zºcZÀ°À��|ºÀ«Z³M¿µzÀk�¾½Z·
©¹vk�yu�¾º¿Yx�æb�Y�µv��µuy¹M��{Y�~��µzÀk�¾¿Yx��­È£Y

�º¬t¯�¦º°§�¶º] �²¿{ººc ¹ ±vº� [ZÀº�M>È¯Z§�¦ÀcZ¯ºcY�²§
¹ vº� �ºº¬t¯qz#�{Y�µuZ d�Y�Zº] [M�±uºº°³�¶�Zº�Y�{Y�~º�

º] ¾d�´º� bº�º-¶yºº�¹ vº¯Myu�bº¬��aµZ.d�u�¦º°§�¶º]
¦º�s½Z¯u�yu�²§éêZcêå{Y�~��¹ ¦�s�uYz-�¾d³Z��¶kyu�
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yu�±{¹��¿Y|º�YyZ°Àºcæç��½YyYuæç�²�¹y�ªº°¨¯�µv·Z�¯

v��z¿uZ¤¯�¶�¿Z¤¯¹ ±Z�¨¿�¾]z#�n���yu�±{¹��¿Y|�Y�v�yu
Z¸´c�¶]�²ÀXc¹z���¿Y|�Y�¶§�uYu�±Z�³�²ÀXc¹z��a¹Z d¯�mº�º�¿¾

uº��¾°³�±v]�±{¹��¿Y|�Y�v�yu�²d�yÇZ]�f�Z]�]¶z�³¾¯v�y
zº¯Y�²º¿Y�bº¬�{Y�¾º�Z³ÇZº]{Y�µuZ d�Y�¶´¯Yu�±uº]yu�²ÀXc¹z�

µzºÀk¾¿Yx��½Zº·�éêZcêêv�yu�v�Z]�µv´´§�vÀ¿Pc�j¿Zd³�²¿Y
j¿Zdº³½Zº·¾º�yz]±YyZ¨°·¹�±Yu�²¿z]��Õ�¾¯v�Z]�±Z�³�Z¸³M

zÀk�²ÀXc¹z���¿Y|º�Y�vº³uYu{Y�¾¿Yx��µçå¶]�éè�¿Y|�Y�v�yu�
¾º¯ uZºl¿Y�±{¹��¿Y|º�Y�vº�yu�±Y|ºÀ¯�yu�Yy�¾º�sv¿Z°³¾«¹

{Y�²ÀXc¹zº� �¿Y|º�Yéè¶]�ç�éí¹ì�êç±Y|À¯�yu�½zÀÀ�c�v�yu�
v´º§¾º°³�uZºl¿Y�±{¹��¿Y|º�Y�vº� yu�±uº]�¾�Z§�±M�b¬��¶§

yYvº¤¯uyºº¯ ²ÀXc¹zº�yu�µuZ d�Yv�y�²À¯Pc�½Yz]�¾¿Yx��µzÀk
uºº] [ºº¬�¯b�Y�µ�j¿Zd³�¡º��z�³�vÀ¿Pc�yuµv¯M�b�u�¶]±Z�³�

yu�²ÀXc¹zº� �¿Y|º�Y�¶º§ uYu²¿Y�yu�µuZ d�Y�uyº¯�¶´¯Yu�·¹&�
�éêZºcêêvº�yu���¿Y|�Y�v��yu�±Y|À¯�yu�½zÀgPc�¾¿Z¸´c�¶º]

bº�Yv³�±{¹�¹ ²ÀXc¹z���¿Y|�Y�¶º§ ¾º«Zo�yu] ¾]z#¶ayº�
ººcOyu�Yy�½yYu�¾º´�¯�a¹Zº c�­¿Y�±{¹��¿Y|�Y�v�yuuº°³�uZl�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.2

.1
9.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

04
 ]

 

                             6 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.2.19.2
https://jstnar.iut.ac.ir/article-1-438-fa.html


y ½Z·��sZ��z]�¾]z#�¹ ²ÀXc¹z���¬dt¯�z¿uZ¤¯�zgY\À§zc�¹ v����

���

º] ¡ºº� j¿Zdº³¶uYu�±Z�³�¾º]ºszgY�¦¿�½YyYu�¾]z#�¶§¾¨°§
¹ µuºº] ²ÀXc¹zº� ¾º¿YyZ§�½Yzº]�¿Y|�Y�Z]�±Z¯{�®º· ±M��¿Y|º�Y

¹ µv¿uz-�¾·Z¯�{ZÀ³�uyº¯�½%z³Y�²À¯Pc�f�Z]�²ÀXc¹zº�yu¶lÀd³
uºs�¾¬º�Y�zÀº�¯�²ÀXc¹zº�¹ µuº°³�¾��®�À«º]Zd¯�v´¿Yz��yu�Yy

zºd¸]�vº�y�fº�Z]º�bº�Y�µv�]²¿Yzº]Z´¾¯�¾]z#�±Y|ºÀ¯�v³Yºc
Zc�²ÀXc¹z���¿Y|�Y�Zº] ±Zº¯{�®º·²À¯Pc�¶§�¾´À�¯�vob^�³�µv´´§

\º�Z´¯&3
'(

��­Zs�²ÀXc¹z��¶º] ®º�·�ªº]Z£�½%zº³Y�v�Z]yu
v]Z¿��¿Y|�Y�¾º¿Yx��½Zº·µzºÀk�±Z°·yu�¶§�¶³º-ÇZ]�µyZ�Y�v
z·�yu�²�¹y�ª°¨¯��¿Y|º�Y²ÀXc¹z��mº���{Y�¦¿yu¾cyº�
v�y��¿Y|�Y�f�Z]�v³Yºc�¾º¯|À³�²ÀXc¹z��±M�Z]�\�Z´d¯�¶§�uuz-

yuv�Z]�¶d�Yu�yYz£�¾º·Z¯�yZÀºdsY�j¿Zd³µv¯M�b�u�¶]z�³�v¿R¯�
¹ YºÀ¬Àº�Y¹±YyZº¨°·�çê�Y¹º°Àº�Yz]M�¹�Ï�vº�Z]�¾º¯�±Z�¿Y

c ²°�PvÀ§z]yu�¾]z#��¿Y|�Y�±Z¨¯Y¾¿Yx��½Z·�µzÀk\�Z´d¯
Zº]²ÀXc¹z���¿Y|�Y¹ ¾]z#�¶´À¸]�±Y|À¯¾¿Yx��µzÀk�yu�Yy�²ÀXc¹z�

\Àczc�¶]�½yZ¿¹Zs�±ZÀ·Z¯�¶$]æí¹êå¾¯�z§w�v�yu�v´´§�

µ&¿¹�v�y�±Y|À¯�6*5��
©¹vºk ½Zº·µuYué²ÀXc¹z���¬dt¯�mº�º� ¶º§ uYu�±Zº�³�º�yu

uyººº¯ ¶´ºº¯Yuyu�µuZ dºº�Y²ºº¿Yº� �·¹&ºº�ºº]¶a¹Zºº c�¾ºº¿Z¸´c
Yy�½yYu�¾º´�¯yuvº�y�±Y|ºÀ¯Zl¿Y�µ&º¿¹v´§�¾°³�u�±M�ªÀ«u�¶§

±Z´$°·�v¿uz-�±Yº´��±{¹��¿Y|�Y�v�yu�¶]��º]z¯�fp]�yu�¶§
uº]��¬dt¯�½Z·yZ°Àc�²À]�yu�²ÀXc¹z��n���±uº]�ÇZ]�²¿Y�yuZk

¾º]z#��¬dºt¯�mº�º� |ºÀ³�©¹vºkê�¹ ²ÀXc¹z��ª]Z¤d¯�zgY�¹
¾º]z#�©¹vºkë�±Y|À¯�yu�Yy�½yYu�¾´�¯�a¹Z c�b�Y�¶d�³Yºc

°Àºc ²Àº] µ&º¿¹�vº�yv¿Z°³�uZl¿Y��¬dºt¯�½Z·yZ�z]}Z�Y�²¿Y
µv��¶¿x�c�±ZÀº·Z¯�yu�µ&º¿¹�vº�yµyZ°��¾¿Yx��½Z·�µzÀk�Z]í

�½¹Zºoêå�²ÀXc¹zº�æç�²º�¹y�ªº°¨¯�¹µyZ°º�è��½¹Zoéê�
²ÀXc¹zº�í��²�¹y�ªº°¨¯�uº]�±ZÀ·Z¯z¿Z��{Y�zd�À]�®¸¯¾¬¯Z��²¿zc

º] \kºº¯ ¶º§¶v�y�±Y|À¯�yu�¾c¹Z d �̄­Z£yY�±v¯M�b�u¿¹µ&�µv
�¬dt¯�½Z·yZ°Àc�yu�µv��uZºl¿Y�a¹Z dº¯ ±{¹��¿Y|º�Y��bº�Yyu

v�Z]�¾¯��y¹zº� avº¯ ©ºº��yu�¶§�¾¿Z·�µzÀk�y¹z��av �̄©º��
µ&¿¹�v�y�±Y|À¯��v³uº°³�uZl¿Y�½zd�À]�±{¹��¿Y|�Y|À³�Yy�½zd ]̧

v³v¿uzº- fº�Z]�yZ°Àc�±ZÀº·Z �̄}Zº�Y�²º¿Y�zº]í�¿Y|�Y�{Y�¶§�±{¹�
µuº]�yYuyºsz]�½zd�À]³Yv³uYu�±Z�³�|À³�Yy�½zd¸]�µ&¿¹�v�y�±Y|À¯�v�

²ÀXc¹z��µu{Z]�3(5�
©¹vººk ½Zºº·µuYué²ÀXc¹zºº� µu{Zºº] yu�Yy�½yYu�¾ºº´�¯�a¹Zºº c�

v·u�¾¯�±Z�³�²ÀXc¹z���¬dt¯�mº�º� ²Àº] ¾º¿Yx��½Zº·µzºÀk
�åê�å�3��n�ºº�yu�²ÀXc¹zºº� µu{Zºº] ²¿zººd¸]�}Zºº�Y�²¿Yzºº]éê

vº�yuv¿uzº- µv·Zº�¯�­Zºs ²ÀXc¹zº��º]¶µ¹È�n����¿Y|�Y
¾¿Yx��½Zº·µzºÀk�²ÀXc¹zº��Yy�¾°�´¯��·Z§�yu²ÀXc¹z��µu{Z]

Z·yZ°Àºcfº�Z]º�v�²¿Yzº]Z´]�uº��¾¯��Z^´d�Y�²Àº´#�±Y|À¯�¶§
{Y��Àº] ¾º¿Yx��½Z·yZ°Àºc ²ÀXc¹zº�{ZÀº³v�Z]�±ZÀ·Z¯�¶$]�²¿Y

¹ ±Zszº�³�µv´º´§vÀ¿Pc�¶¿zº�³±YyZ¨°·�ÎÕ�v³v¤d�¯�¶§½uZ¿{
ºº] �·Zºº§ fºº�Z]�µzººÀk ²ÀXc¹zºº�vºº�v·Yºs�±M�²ÀXc¹zºº� µu{Z

vº�Z]�¾º¯�©¹vºk ½Zº·µuYuê|À³�µu{Z]yu�Yy�½yYu�¾´�¯�a¹Z c
±Z�³�²�¹y�ª°¨¯��¬dt¯�mº���²À]�¾¿Yx��½Z·�µzÀk�²ÀXc¹z�

vº·u�¾º¯�åê�åS���yu�²ÀXc¹z��µu{Z]�²¿zd¸]�}Z�Y�²¿Yz]n��
ívº�yuv¿uzº- µv·Zº�¯�²º�¹y�ªº°¨¯�¹ ²ÀXc¹z��ª]Z¤d¯zgY

|À³�¾º]z#¯M�a¹Z cuYu�±Z�³�²ÀXc¹z��µu{Z]z]�Yy�½yYu�¾´�¯�½yZ�
©¹vºk ½Zº·µuYu�}Zº�Yz]ë{Zº] ²¿zºd¸]�uyu�²ÀXc¹zº� µyZ°Àcè

�½¹Zºoéê�¹ ²ÀXc¹z�í�²�¹y�ª°¨¯�¿uv��µv�¶§�¾«Zo�yu
yYv¤¯�²¿Y�yZ°Àc�Z]�Yy�½yYu�¾´�¯�a¹Z cç��½¹Zoéê��²ÀXc¹z�

¹é�²ººº�¹y�ªºº°¨¯�yZ°Àºººc ¹ì��½¹Zºººoêå�¹ ²ÀXc¹zººº�
í�²�¹y�ª°¨¯��uYv³�±Z�³�²¿Yz]Z´]¾¯�uz§��Z^´d�Y�²À´#�±Yºc

±Y|ºÀ¯�¶º§éêvº�yuyu�­Zs�²ÀXc¹z�{ZÀ³�¾¿Yx��µzÀk¾´ÀXc¹z�
v�y�½Yz]�Yy�±ZÀ·Z¯�¶$]b�Y�µuº°³�²À¯Pc�[º¬�¯�¹ ±Yu�²¿z]

±YyZºº¨°·�Õ�Yy�²ÀXc¹zºº� µu{Zºº] ±Y|ººÀ¯ yu�¾ºº�s��·Zºº§ |ººÀ³
µzÀk�²ÀXc¹z��n����¿Y|�Y�Z]�±Z¯{�®º·vÀ ��¾·Z¯�}Zc�¾¿Yx�

{Y�±YººkçåZºcéè¹ �µuz§��yY|º- vº�yu�{ZÀ³¶$]�¾´ÀXc¹z�
Yy�yº§x¯�±ZÀ·Z¯éèv�yu�]¶v³uy¹M�b�u�

Yx���z�¯�\¿z�
©¹vk�½Z·�µuYuéYy�½yYu�¾´�¯�a¹Z c�yuYx���z�¯�\¿z�

���²À]ºt¯�mººuYu�±Z�³�²ÀXc¹z���¬d�åê�åS���z]}Z�Y�²¿Y
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

çèë

©¹vkê�³ZÀ¯�¶�¿Z¤¯�sZ��z]�²�¹y�ª°¨¯��¬dt¯�mº���zgY�²À.¾·Z¯�ªÀ��¶$]�yu�v�y�½Z·½Z·v£ b�.³Y�
vÀ«ºc�²ÀXc¹z�

µv����
�z�¯�\¿z�

Yx�
²ÀXc¹z��µu{Z] v�y�±Y|À¯

µ&¿¹���
�¿Y|�Y±{¹
±v]���

ª°¨¯�mº��¾¿Z¸³�±{¹
²�¹y������������­z-�

E� ���� D���� F���� E���� E������ ê�åEê�æç
D����� D���� EF���� E���� E� ����� éEì�æç
D����� E� ��� D���� D� �� D������ íDå�æë
D� ���� E� ��� DE���� D� ��� D� ����� æçDç�æë

±Z�³�±ºd��z·�yu�¶]Z�¯��¹zo¾´�¯��ÈdsY�uºk¹�­v��µv´·u²À.³ZÀ¯�²À]�yYuZ·b�Y�åê�åS!��

©¹vkë�mº���ª]Z¤d¯�aYzgY�²À.³ZÀ¯�¶�¿Z¤¯��¬dt¯�¹ ²ÀXc¹z��¾]z#z]��sZ��yu�v�y�½Z·¾·Z¯�ªÀ��¶$]½Z·v£�b�.³Y�
�sZ�¾�yz]�uyº¯�½Z·

²ÀXc¹z�vÀ«ºc�µv����

EFGH�����

D� ���

DE� ����

FGH� ����

FGH� ����

GHI� ����

DEF� ����

DEFG� ����

I� ����

HI� ����

HI�����

EFGH�����

�z�¯�\¿z�
Yx��

EF����

F� ���

F� ���

EF����

EF����

E� ���

F� ���

F� ���

D� ���

E����

EF����

F� ���

²ÀXc¹z��µu{Z]

EF�����

D� ���

D� ���

EF����

EFG����

G� ���

DE� ���

EF���

H� ���

G� ���

FG� ���

EFåì�æ

µ&¿¹v�y�±Y|À¯
���

FG� ��

E� ���

D� ���

EF���

EF����

G� ��

EF����

D� ���

FG� ���

FG� ���

E� ���

E� ���

Y|�Y±{¹��¿
���

GH������

F� �����

DE� �����

FG� �����

FGH� �����

H� �����

FG� �����

D������

GH������

GH� �����

F� �����

EF� �����

¾¿Z¸³�±{¹
�­z-�
GHIê�æç
EFí�æé
Eè�æí
FGì�æè
FGHé�æè
Iè�ææ
EFì�æé
Eê�æî
IHì�ææ
GHIå�æç
EFå�æê
Fé�æê

yZ°Àc�µyZ°�

æ

ç

è

é

ê

ë

ì

í

î

æå

ææ

æç

±Z�³�±ºd��z·�yu�¶]Z�¯��¹zo�¾´�¯��ÈdsY�uºk¹�­v��µv´·u²À.³ZÀ¯�²À]�yYuZ·b���åê�åS !��

yu�Yx���z�¯�\¿zº� ²¿zdº�À]n��êê²ÀXc¹z��v�yu�¿uµv
�v�zd°§Yx���z�¯�\¿z��±uº]yu¾´ÀXc¹z��mº��éê¹êå

vº�yu¶$]�v�y�½Yz]�²ÀXc¹z��±Y|À¯�²º¿Y�¶º§ vº·u�¾º¯ ±Zº�³

¹ µuºº] ¾º�Z§�±ZÀº·Z¯zd�À]�²ÀXc¹z��¶]�½{ZÀº³b�À³�½Z·�µuYu
©¹vkê±Z�³�uºk¹�µv´·u¯ a¹Z c¾´�yu�yYuYx���z�¯�±Y|À¯

mº���²Àº]yu�²�¹y�ª°¨¯��¬dt¯kº·µzÀº¿Yx��½Zº�Y�¾ºb
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y ½Z·��sZ��z]�¾]z#�¹ ²ÀXc¹z���¬dt¯�z¿uZ¤¯�zgY\À§zc�¹ v����

���

�åê�åS���zº]º¿Yºº�Y�²º°§�}Zº¿zºdºYx���zº�¯�\¿zº� ²
n�º�yuí²�¹y�ª°¨¯�vº�yu�¿uµv�n���Z]�Yy�¾c¹Z c�¶§�v

æçvº�yu��uYv³�±Z�³�²º�¹y�ªº°¨¯¾«¹z¿Z��Z]½YyYu�mº��
¾º´�¯��ÈdºsYyYuuºº]�åê�åS���©¹vk�yu�µv��¶WYyY�j¿Zd³ë

yu�Yy�½yYu�¾º´�¯�a¹Zº c½Z·yZ°Àc�²Àº] Yxº� �zº�¯�\¿zº�
uYu�±Z�³�¾¿Yx���¬dºt¯�åê�åS���yZ°Àc�yº§x¯�j¿Zd³�}Z�Yz]

îZº]êê¹ ²ÀXc¹zº� vº�yu�ê�å²¿zcÇZ]�²�¹y�ª°¨¯�vº� yu�
yZ°Àc�¹ Yx���z�¯�\¿z�èZ]�éê¹ ²ÀXc¹z��v�yu�ív��yu�

Yvº¤¯�²¿zºd°§�²º�¹y�ªº°¨¯z.¿u�½ºº� {Y��bº�YyYu�Yy�±M�y
yYu�¾´�¯�a¹Z c�uºk¹�­v��²À´#�®·�¹ �ÈdsY�|ºÀ#Z³�µu¹vºp¯

±Y|À¯�¶§�uYu�±Z�³�Z·yZ°Àc�zd�À]�²Àº] yuéê¹ ²ÀXc¹z��v�yuí
¾¿Yx��½Z·�µzºÀk�yu�²º�¹y�ªº°¨¯�vº�yu�¶$]�[º¬�¯�v�y�

Yy�±ZÀº·Z¯¾º¯ ²Àº¯Pcvº¿Z°³�¹ ±Yu�²¿zº]±YyZ¨°·�Õ��yY|-
Z¯�}Zºc v³uzº§²ÀXc¹z��®§�¾¿Yx��½Z·�µzÀk�{Y�¶§�½vÀ ��±ZÀ·

�çåZcéèv�yu�¾¯�¶¿x�c�¾¿ÇZ]�¾¿Yx���z�¯�\¿z��v³uz§
Yy²À¯Pc�½Yz]�¾�Z§�²ÀXc¹z��Yz¿{��vº³uYu�±Zº�³zh§Yvoyu�v�y�

b�Yv³�uºk¹�Z¸³M�½Z·�µzºÀk��·¹&�±Z�¿Y�¾´ÀXc¹z��¶´¯Yu�yu
çåZºcì�êçvº�yuv��­Zºl³Y��²¿Yz]Z´]�±Z°·�¶³º-yu�¶§�¡º�

µyZº�Yº�yu�v�·¹&º�zº�Zo�n�º�éê½Yz]�²ÀXc¹z��v�yu�
¹ µuº]�¾�Z§�±ZÀ·Z¯�¶$]�[º¬�¯�vº�y�²Àº¯Pc²ÀXc¹z��¶]�½{ZÀ³

v�Z]�¾°³�zcÇZ]�²À´#�®·¶]�ª¿Z°c�¹ Yx��bÀ]º¬�¯�¶§�¾¿Zl³M�{Y�
Yx���z�¯�\¿z��±Y|À¯�z]�¶º§ bº�Y�¾º¬¯Yº��{Y�±M��zº�¯

¾¯�zºÀgPc�uyYx-²¿Yz]Z´]¾¿Z·Yx��zd°§�¶§�Z·�¾·Z¯��z¿x��uyº¯
¾¯��º£Y¹v³º�aZ�¿Z�¹ ¶d�Yu�½zd�À]Yy�Yx���z�¯��¿Y|�Y

¾º¯ fº�Z]ºº�v³�º] ²¿Yzº]Z´]¶zº�³¾º¯v�yÇZ]\¿z��±uº]
yu�Yxºº� �zº�¯½Z·yZ°Àººcæ�ê¹Ö��½YyYuê�åvºº�yu�ªºº°¨¯

²º�¹y�¶³Yu�±uº]�²�s¹�bt��{Y�¾º�Z³b�Y�¾¿Yx��½Z·�yu
�·¹&º�¶º] zº�Zo�ºº§ ªÀº«uZ·�¾·Z¯�¶$]�±uºº] ¦#uyº¯�½
�¿Zº¯{M�¶³Yu�±uºº] btº�¾¿Yx��½Z·zd�À]�zgº¯µv���£Y¹¹

Y µv¿uz-�Yx���z�¯�\¿zº� �¿Y|º�Y�fº�Z]b��yu²¿Y�vÀ¿Pc
¶³Yu�½yZ¿¹Zs�±ZÀ·Z¯�¶§�µv��¶dsZ´º� zº�³­z³�¾¿Yx��½Z·Yy�zc

¾¯�nÀkzºcv´·uZ¸³M�bÀ]º¬�¯�¾¿Yx��½Z·�¶³Yu�±uº]�bt��Yz¿{

Yy¾¯��·Zº§v·u�ÏÐ��²¿Yz]Z´]µuZ d�Y�¶§�b�z-�¶lÀd³�±Yºc�¾¯
{YíZc�æçv�yuz]�²�¹y�ª°¨¯Yx��bÀ]º¬�¯¹¾¨¿|À��bÀ À§

¹ µu¹|�Y�±Mzd¸]��z¿x�Yy�±Mb�Y�µv��f�Z]�

µv��vÀ«ºc�²ÀXc¹z��339�
©¹vkéYy�¾¿Yx��½Z·�µzÀk�²ÀXc¹z���¬dt¯�mº��zgY�z]±Y|À¯

vÀ«ºc�²ÀXc¹z��v·u�¾¯�±Z�³�µv�yº§x¯�½Z·�µuYuuºk¹a¹Z c
yu�yYu�¾º´�¯vÀº«ºc�²ÀXc¹zº� ±Y|ºÀ¯�¬dt¯�mº�º� ²Àº] µvº�

uYu�±Zº�³�Yy�µzºÀk�²ÀXc¹zº��åê�åS���zº]²¿zd�À]�}Z�Y�²º¿Y
yu�µvº� vÀº«ºc�²ÀXc¹zº� ±Y|ºÀ¯n�º�éê­Zs�²ÀXc¹z��vº�yu�

v��µv¿u�¾¿Yx��½Z·�µzºÀk�©¹vk�½Z·�µuYuê|À³�uºk¹a¹Z c
yu�yYu�¾º´�¯±Y|À¯vÀ«ºc�²ÀXc¹z�yu�µv�ª°¨¯��¬dt¯�mº��

vº·u�¾º¯ ±Zº�³�Yy�²º�¹y�z]²ÀXc¹z��±Y|À¯�²¿zd�À]�}Z�Y�²¿Y
vÀº«ºcyu�µvº�n��ív�yu�¹y�ª°¨¯�²¿u�µv�vyYv¤¯�¶§
Zº] ±Mmº��é¹æç|À³�²�¹y�ª°¨¯�v�yu�½yYu�¾´�¯�a¹Z c

YyuYvº³ ±Zº�³�©¹vºk j¿Zdº³ëyYv¤¯�yu�Yy�½yYu�¾´�¯�a¹Zº c�
Xc¹zº�vÀ«ºc�²ÀuYu�±Z�³��¬dt¯�½Z·yZ°Àc�²À]�µv��åê�åS���

vÀº«ºc�²ÀXc¹zº� ±Y|ºÀ¯�²¿zdº�À]µvº��yZ°Àºc yu�ç��½¹Zoéê
¹ ²ÀXc¹zº� vº�yué²º�¹y�ªº°¨¯�vº� yu��¿uµv�v�¾«¹{Y�

vÀ«ºc�²ÀXc¹z��±Y|À¯�yu�½yYu�¾´�¯�a¹Z c�¶º§ ¾º¿Zl³M²À]�µv�
½Z·yZ°Àºcè��ì¹í³ µv·Z�¯��¶lÀd³�±Yºc�¾¯��vvo�¶§�b�z-

uyº¯�¾·Z¯�ªÀ��±ZÀ·Z¯�¶$]�½Yz]�{ZÀº³ uyºº¯ ²ÀXc¹zº� [ºº¬�¯
yu�µuZ dº�Y²¿Y�·¹&�éêv�yu�b�Y�²¿z]�z�³�²¿Y�vÀ¿Pc�yu

¹ ±Yu±YyZ¨°·�Õ�¾¿Yx��µzÀk�[º¬�¯�²ÀXc¹z��yYv¤¯�v³v¤d�¯
±Yºk�vÀ ��¾·Z¯�}Zc�¶$]�v�y�½Yz]éèzd°§�¹ v��yu�b�Y�

¿¹Zs�±ZÀ·Z¯�Zº¸³M�µvÀº¤��¶º]¶§�¾¯Z.´·�±Yyº³Zk�z¿Z��v´³Z¯�½yZ
�v´´§�b�Z¿yu�µzÀk�yu�Yy�uºs�{ZÀ³�uyº¯�vºo {Y�zºd°§�²ÀXc¹zº�

b�Yu�v´·Yºs�¾¿ÇZ]�¾´ÀXc¹z���z�¯�z]�µ¹È�Z]�²¿Y¶]�¶kºc
©¹vºk ½Zº·µuYuê¿u¾¯�µvº��u²�¹y�ª°¨¯�n����¿Y|�Y�¶§

{Yê�åZºcívº�yu�µv��vÀ«ºc�²ÀXc¹zº� ±Y|ºÀ¯��¿Y|º�Y�fº�Z]
uzº-bº�Y�µv¿�©¹vk�½Z·�µuYu�yu�bÀ�£Y¹�²¿Yëyu�z·{Y�¦¿

|À³�Z·�µzÀk�²ÀXc¹z��mº�º�¿u¾¯�µvº��u�²¿Yz]Z´]�²À´#�±Yºc�¾¯�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

çèí

¶§�½vo�Zc�¾¿Yx��½Z·�µzÀk�yu�¾]z#��¿Y|�Y�¶§�uzº§ �Z^´dº�Y
¹ ®�·�ª]Z£�½%zº³Y�²Àº] ¾^º�Z´¯�b^º�³�v³Yºdº]uZl¿Y�²ÀXc¹z�

±Y|À¯�¹ µv��²ÀXc¹z��µzÀsw�fº�Z]�vº¿Z°³vÀ«ºc�²ÀXc¹z��Yy�µv�
bº�Y�µuYu��¿Y|º�Y�yu²º¿Y¾¯�|ºÀ³�Zºk�¿Y|�Y�¾¨°§�zgY�±Yºc

¹ ²ÀXc¹z��vÀ«ºc�yu�¾º]z#®·#À´b^�³�zgY�²&3
'(µv·Z�¯�Yy�

uzº§�² Àd�Y�zº�³�µv´º´§vÀ¿Pc�¶¿zº�³�²º¿Y��ÏÑ�b�Y�v¤d�¯�¶§
z�³�¹ uºº�¾º¯ µzºÀk�²ÀXc¹zº� µzºÀsw�fº�Z]�¾º]z#��¿Y|º�Y

,³Z·�¹ ayYºdº�Y�ÏÐ�b�Y�²¨°¯�¾]z#��¿Y|�Y�v³v¤d�¯�¶§
¹ ²ÀXc¹zº� µu{Zº] ²dº�y�ÇZº] fº�Z]vÀº«ºc�²ÀXc¹zº�uº��µv��

v�Z]�¾¯�

¶�Ç�¾¿ZÀ°À��\À§zc
©¹vºkìzºgY�z]�Yy�¾¿Yx��½Z·�µzÀk�²ÀXc¹zº� �¬dºt¯�mº�º�

v·u�¾º¯ ±Zº�³�±ZÀº·Z¯�¶º$]�¶º�Ç�¾¿ZÀ°Àº� \À§zºc�}Z�Yz]
©¹vk�²¿Y�½Zº·µuYu��½yYu�¾´�¯�a¹Z c�²ÀXc¹z���¬dt¯�mº

Yyyu¹ ¦�s�µuZ¯�±Y|À¯zd�§Zsuz¨³�uZl¿Y�¶�Ç�¾«¹a¹Z c
yu�½yYu�¾º´�¯¹ ­Zºs ²ÀXc¹zº� ±Y|ºÀ¯±ZÀ·Z¯�¶�Ç�­Zs�¾º]z#

uZºl¿Yv¿uzº-�±Y|À¯�²¿zd�À]�¡ºº� ©¹vºk ½Zº·µuYu�}Zº�Yz]
yu�¶�Ç�²ÀXc¹zº�Z]�µv��¶¿x�c�±ZÀ·Z¯²ÀXc¹z��n��êêv�yu�

¹°§yYvº¤¯�²¿zºdyu�±MZ]�µv��¶¿x�c�±ZÀº·Z¯n��éêv�yu�
²ÀXc¹z�¿u�µv�v�yYv¤¯��¿Y|�Y¶�Ç�­Zs�¾]z#�¹ ­Zs�²ÀXc¹z�

Zºº] ±Zºº¯{�®ºº·yu�²ÀXc¹zºº� n�ºº� �¿Y|ºº�Y¾ºº¿Yx��½Zºº·µzººÀk
±Zº�³v�y�µv´º·uZ·�¾·Z¯�[ºs¹²ÀXc¹z��yYv¤¯�±uº]�\�Z´¯

yuyº§x¯�¾¿Yx��½Zº·µzºÀkv�Z]�¾¯�Z]�¡º��j¿Zd³³ª�Zo�j¿Zd
{Y½Z·��·¹&��¹ ayYºd�Y�,³Z·�ÏÐ�yuuyº¯¾¿ZÀ°À��\À§zc

vÀº¿Pc�½yZº¿¹Zs�±ZÀº·Z¯�¶º�Ç¾º¯ºº�u�©¹vºkízgY�mº��
yu�²�¹y�ª°¨¯��¬dt¯Yy�¾¿Yx��½Z·�µzÀkz]¾¿ZÀ°À��\À§zc

v·u�¾º¯ ±Zº�³�±ZÀº·Z¯�¶º�Ç�z]yº§x¯�©¹vk�½Z·�µuYu�}Z�Y
yYu�¾´�¯�a¹Z c�²�¹y�ª°¨¯��¬dt¯�mº�º�Yy�½z]µuZ¯�±Y|À¯

¹ ¦º�szdº�§ZsuZl¿Y�±ZÀ·Z¯�¶�Ç�uz¨³¾«¹zgYmº���²¿Y
zº]¹ ­Zºs ²ÀXc¹zº�yYu�¾´�¯�¶�Ç�­Zs�¾º]z#b�Y�åê�åS���

zºÀÀ�c�¡ºº� ©¹vºk ½Zº·µuYuYy�¾º°�´¯yu­Zs�²ÀXc¹z��±Y|À¯

Z]�±Z¯{�®·�±ZÀº·Z¯�¶º�ÇuYv³�±Z�³�²�¹y�ª°¨¯�n����¿Y|�Y�
vººº¤¯�²¿zdººº�À]�¶ººº§ ¾ººº«ZoyuyYyu�¶ººº�Ç�­Zºººs ²ÀXc¹zººº�

n�º�évº�yu�²�¹y�ª°¨¯¿uµvv��¶§�uYu�±Z�³�¡º��j¿Zd³
zºÀÀ�c�fº�Z]�²º�¹y�ªº°¨¯yu¹ µv��¶�Ç�¾¿ZÀ°Àº� \À§zºc

Yy�¶�Ç�­Zs�¾]z#��¿Y|º�Y��±M��¿Y|º�Yv¿uz-�f�Z]�²¿zd�À]
yu�¶ºº�Ç�¾ºº]z#�±Y|ººÀ¯n�ºº�í²ºº�¹y�ªºº°¨¯�vºº�yu�µvºº¿u

Yy�½yYu�¾´�¯��ÈdsY�¶º§ vº�Z]��næçv�yu�²�¹y�ª°¨¯
uYv³�±Z�³�

©¹vººk ½Zºº·µuYuîYy�½yYu�¾ºº´�¯�a¹Zºº c�µuZºº¯ yYvºº¤¯�yu
¹ ¦º�s¾¿Yx��½Z·yZ°Àc�Z]�µv��¶¿x�c�±ZÀ·Z¯�¶º�Ç�zdº�§Zs

uYvº³ ±Zº�³��¬dºt¯�yu�¶�Ç�¦�s�µuZ¯�½uv��yYv¤¯�¶#�z-Y
µyZ°��yZ°Àºcèzd¸]�v�y�¹ b�Z·yZ°Àc�z¿Z��{Y�zd�À]�µ¹z-�²¿Y

·u�¾¯�±Zº�³�Yyv�±Z°·�¶�Ç�zd�§Zs��º�s�yu¶§�¶³º-µv¿u
¾º¯ºº�u�¬dt¯�½Z·yZ°Àc�²À]�½yYu�¾´�¯�a¹Zº c¿u³ µv�¹ v

�¿Y|�Y�Z]�\�Z´d¯�¶�Ç�zd�§Zs�yYv¤¯��¿Y|�Y�yu�¾º�Zs�®º�³
Z¸³M�²ÀXc¹z��±Y|À¯��¿Y|�Y�Zº¿ ¾º¿Yx��½Zº·µzºÀk�¾º]z#�±Y|ºÀ¯

uyYvº³ uººk¹�yuuyºº¯½yZ¿¹Zs�±ZÀ·Z¯�¶�Ç�¾¿ZÀ°À��\À§zc�
,º³Z·�¹ ayYºdº�Y�ÏÐ�v�y�½YyYu�½yZ¿¹Zs�±ZÀº·Z¯�v³v¤dº�¯

¹ b]º�y��v´º§¹ uZ¿{�zd�§Zs¹ ²ÀXc¹z�b^�³�Yy�¾°§�¾]z#
±Z�³�uºs�¶�Ç�¾¿ZÀ°À��\À§zc�yu��¿z��v�y�½YyYu�±ZÀ·Z¯�¶]

¾¯v´·u�yuYy�½yYu�¾´�¯�a¹Z c�¡º��©¹vk�½Z·�µuYu�ª]Z¤¯yu
¹ ²ÀXc¹zº� yYvº¤¯c ±ZÀ·Z¯�¶º�Ç�¾º]z#Z]�µv��¶¿x�½Z·yZ°Àc

v·u�¾¯�±Z�³��¬dºt¯�¾º¿Yx��åê�åS���±Z°·µv·Z�¯�¶§�¶³º-
½Z·yZ°Àc�¶]��º]z¯�\Àczc�¶]�¾]z#�±Y|À¯�²¿zd�À]�uº��¾º¯æç�

í¹èZ]�½yYu�¾´�¯�a¹Z c�¶dº^«Y�¶º§ �vº�Z]�¾º¯v³yYv³�z.¿v¨¿�
yYvº¤¯yu�¶�Ç�¾º]z#Z°Àcy½Z·è¹í�¾¿Z·yºd§Z��¶]�¶kºcZ]�
>È^£�¶º§z�c�b�Y�µv��n¿º±Z�³�¾¿Yx��½Z·yZ°Àc�½zcz]�µv´·u

Z]�µv��¶º¿x�c�±ZÀº·Z¯�[ºsvº�y�¹ yºº§x¯b�Z¸³M�j¿Zd³�²¿Y
¹ ayYºdºº�Y�¶¿zºº�³�µv´ºº´§vÀ¿Pc,ºº³Z·�ÏÐ�\À§zººc uyººº¯ yu

ZÀ°Àº�¿½yZ¿¹Zs�±ZÀº·Z¯�¶º�Ç�¾b�Y�¾¬§�v³¹y�²¿Y�z]�µ¹È�
yYv¤¯ ¦¿�yu�¶§�uYu�±Z�³�¶�Ç�¾]z#�±Y|À¯�yu�zºÀÀ�cz�²ÀXc¹

�Y�b]Zgº# �¿Y|º]zºk ¾ºyYv¤¯��¿Y|�Y�¶]�zl´¯�¾¿Yx��½Z·�µzÀ

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.2

.1
9.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

04
 ]

 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.2.19.2
https://jstnar.iut.ac.ir/article-1-438-fa.html


y ½Z·��sZ��z]�¾]z#�¹ ²ÀXc¹z���¬dt¯�z¿uZ¤¯�zgY\À§zc�¹ v����

���

©¹vkì�v£ b�.³Y�¾·Z¯�ªÀ��±ZÀ·Z¯�¶$]�¶�Ç�¾¿ZÀ°À��\À§zc�²À.³ZÀ¯�¶�¿Z¤¯�b^�³²ÀXc¹z��mº���zgY�¶]�
�v�yu�\�oz]�

zd�§Zs ­Zs�¾]z# ­Zs�²ÀXc¹z� ¦�s�µuZ¯ ²ÀXc¹z��mº�����
D� ���� E� ���� E� ���� D����� éê
D� ���� E� ���� D� ���� D����� êå
D� ���� D� ���� D� ���� D� ���� êê

±Z�³�±ºd�z·�yu�¶]Z�¯��¹zo¾´�¯��ÈdsYuºk¹�­v��µv´·uyYub�Y��åê�åS!��

©¹vkí��²�¹y�ª°¨¯�mº���zgY�¶]�b^�³�v£�b�.³Y�¾·Z¯�ªÀ��±ZÀ·Z¯�¶$]�¶�Ç�¾¿ZÀ°À��\À§zc�²À.³ZÀ¯�¶�¿Z¤¯�
�v�yu�\�oz]�

zd�§Zs
���

­Zs�¾]z#
���

­Zs�²ÀXc¹z�
���

¦�s�µuZ¯
���

º��²�¹y�ª°¨¯�m
����

D�����

D� ����

F� ����

E� ����

DE� ����

D� ����

D�����

D� ����

ê�å

é
D� ���� D����� F� ��� D� ���� í
D� ���� D����� EF����� D����� æç

±Z�³�±ºd��z·�yu�¶]Z�¯��¹zo¾´�¯��ÈdsY�uºk¹�­v��µv´·u¾¯�yYuv�Z]�åê�åS!��

©¹vkî�ZÀ°À��\À§zc�²À.³ZÀ¯�¶�¿Z¤¯�¾¿v£�b�.³Y�¾·Z¯�ªÀ��±ZÀ·Z¯�¶$]�¶�Ç�
ZÀ°À��\À§zc¿¶�Ç�¾�¦�s�µuZ¯�v��yu�\�o�z]�

zd�§Zs ­Zs�¾]z# ­Zs�²ÀXc¹z� ¦�s�µuZ¯ yZ°Àc�µyZ°�
åí�ææ E����� HI� ��� Ï�ÎÔ Î
êé�æç E� ���� HI����� ÔÓ�ÎÒ Ï
íæ�ææ D����� I� ���� ÍÓ�ÎÖ Ð
î�ææ E� ���� HI� ���� Ï�ÎÓ Ñ
ææ�ææ E� ���� GHI���� ÎÓ�ÎÓ Ò
åí�æè E� ���� DE����� ÓÓ�ÎÒ Ó

ææ D����� FGH� ���� ÒÓ�ÎÓ Ô
åí�ææ D���� EFG� ���� ÐÐ�ÎÓ Õ
îê�æè E� ��� D� ��� Ô�ÎÑ Ö
éê�ææ D� ���� EF� ���� ÐÐ�ÎÕ ÎÍ
æ�ææ D����� FGH� ��� Õ�ÎÔ ÎÎ
ìê�æè D� ���� GHI���� ÑÐ�ÎÕ ÎÏ

±Z�³�±ºd��z·�yu�¶]Z�¯��¹zo¾´�¯��ÈdsY�uºk¹�­v��µv´·u²À]�yYu²À.³ZÀ¯�¾¯�Z·v�Z]�åê�åS���
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

çéå

¾¯�µv��¶¿x�c�±ZÀ·Z¯�¶�Ç�yu�µv��µzÀsw�¾º]z#uuz-�j¿Zd³�¶]
µv¯M�bº�u]¶½Z·�µzÀk�yu�¾]z#��¿Y|�Y�¶§�uYu�±Z�³�¾¬§�yº�

²º¿Y�yu�µuZ dº�Y�uyºº¯ ¾º¿Yx��·¹&º�¾]z#��¿Y|�Y�¶]�zl´¯�
¹ ¶�Ç±M�¾¿ZÀ°À��\À§zc�yu�zÀÀ�c�b�Y�µv�

Zº] ¡ºº� j¿Zdº³¶dº�Z¿z¿Zº� ½Zº·±Z-v´·¹&��yu�¾·Z¯�uyº¯
©|º£|ºÀ³�±Zº°§�²Àº.³y�½ÇMuyYu�b¤]Z�¯�ÎÐ¹ÏÎ��yu�Z¿yº-
©Zº�æîîç©|£�±ZÀ·Z¯�¶¿x�c�¶§�uz§��yY|º-±Z°§�²À.³y�½ÇM

av¯�¶º]æíZ]�¶d ·�½¹Zo�¾¿Yx��µzÀkçéf�Z]�²�¹y�v�yu�
Zºc ¶º�Ç�¾º]z#�±Y|ºÀ¯��¿Y|º�Y¹uuº��¾¯�z]Yz]�ÎÐ��²À´#�®·

¯zº.¿u�²Àº¤¤puZ¿{�½%z³Y�¶º§ vº³uYu��yY|º-�uZ¿{�¾]z#�yu
µzÀsw�f�Z]�v´d�·�©uZ�d¯�²ÀXc¹z��½YyYu�¶§�¾¿Yx��½Zº·µzºÀk

¹ ¾º]z#uº��¾¯�¶�Ç�¾¿ZÀ°À��\À§zc�zÀÀ�c�Ñ¹ÎÍ¹ÎÎ¹ÏÎ��
¹ ²ÀXc¹z���b]º�y�±Y|À¯�²Àº] �Z^ºcyY¾sz]���ºc�¶�Ç�¾]z#

{Y|À³�z.¿u�²À¤¤p¯b�Y�µv¿uz-��yY|-�ÎÑ¹ÏÍ¹ÏÎ��

¶lÀd³½zÀ-
º] j¿Zdº³¶º] µvº¯M�bº�u¶µzÀk{Y�µuZ d�Y�¶§uYu�±Z�³�¾¬§�yº�

�½¹Zºo ¾º¿Yxêåvº�yu¹ ²ÀXc¹z�æçv�yu¹y�ª°¨¯�²�¶§�
zº] µ¹Èº��¾¿Yx��­Èº£Y�¾º]z#Yy�¾¿Yx��µzÀk�¾]z#�yYv¤¯¶]

u¹vºoæì¾¯�vº�yu�v³Z�y�v�y�¹ [º¬�¯Yy�¾^�Z´¯yu¶$]
vº£ bº�.³Y�¾º·Z¯�ªÀº� ±ZÀº·Z¯uº��¾¯�fº�Z]��]¶µzÀk�µ¹È�

yu�yºº§x¯uyººº¯ ½Z·yºdº§Z��{Y�¾ººsz]vºº�yu�ª¯Zºº� ¾º�yz]
vº�y�\¿zº� �±{¹��¿Y|º�YµuZ¯��Yx���zº�¯�\¿zº� �µ&º¿¹

Yy�½yYu�¾´�¯�a¹Z c�¶�Ç�zd�§Zs�¹ ­Zs�¾]z#��¦�sZ]µzÀk
½¹Zºoéêvº�yu¹ ²ÀXc¹zº�ívº�yu�²�¹y�ª°¨¯�æév�yu�
¾º]z#�uZl¿Yuz¨³�åê�å3!��]Z´]�²¿Yz¶d�Z¿�}Z�Y�z]�²¿Y�½Z·

{ZÀ³�±Y|ºÀ¯�¢Àº¤pcv£�b�.³Y�¾·Z¯�ªÀ��±ZÀ·Z¯�¶$]�ç�çZc�çå
­zº-�u¹vo�²ÀXc¹z��¶º]éêZc�êåu¹vo�Z¸³M�¾]z#�{ZÀ³¹�v�yu�
æéZcæì¾¯�uZ¸´�À��v�yu�uuz-�

½yY|.�Z��
¶¬Àº�¹�²¿vº]¯ ¶³Z°À°º� ½yZº¨°·�{YRaÈÀ��aZ¤À¤pc�¶��
|º§z¯��±Yzº¿Yd�Y�aÈÀº� aZ¤Àº¤pc­zdp¯�b¿z¿v¯��±Zd�¬-�±Z

¹ ±Zd�¬-�±Zd�Y�aÈÀ�¹ b�Z¿yzÀh¨c��°dl¯�­zdp¯�ª´�z�¹
z¨�c�b¿Z¸³�±Z-z-�¾³Zkz¯�vÀ¸��½yZ¿¹Zs�±ZÀº·Z¯��y¹zº�¹

¾³Yuyv£uuz-�¾¯�

�]Z´¯µuZ d�Y�uyº¯�
Î�µ{Z��[Z°Àº� b§zº��æèíå�µZ-vÀ��¦À´¨cºÀ]��yY|-yº�§�©Z°��½Z·¹Zs�±ZÀ·Z¯�¾d�º-��y¹z��½Yz]¹ ½yZ¿²¿v«º¯

}yZ³�±Yz¸c��aÈÀ��±Z¯{Z���
�� $[32&B02%D�� +��$�� ������ NRSfD� X� NRSPeHgXH�fReR^H� RFHPSR\u[� Su[� \ Xg^\FPSXDetgRX�$N\$.\etP\SH��

'XFFHSPDpXy \ \X^H� gD\qgR]R� ^RNeD^D� gD� FRXFNDgXH� \qHgRX� FPHQHgX� 'RNPRSD[XReR]XqHFNX[�
gD\N��$A+BB3;���0RFN\D�

�� $[SRFXfR%D��+��$���2�$� 3\>+XPNDY��B��$��0XSARY+��0�%��&DnR+R%D��%uSDSX%D+XH�0RER>X�RFH7SD��FH%SX=B
B [HF7HSD� +D�BFN\F7%H++Uo NRS0Do ��� 7HA��>RNE�� %FHF�� &R�%HS�� QR� QSR0�� 3u[R%R>F7%\�B QSR[EH0D0
NRS0R%��NRS0RQSRBA%R>F7%D��B NRS0EH+BY SU[���������>HN�������=�� 0���������± &�����

�� $XVWUHQJ��(�������)DW�OHYHOV�DQG�IDW�VRXUFHV�LQ�GU\�GLHWV�IRU�VDOPRQLG�ILVK��SS�����������,Q��-��(��+DOYHU�DQG�.�7LHZV�
(GV���)LQ�)LVK�1XWULWLRQ�DQG�)LVK�)HHG�7HFKQRORJ\�YRO�����+��+HHQHPDQ��%HUOLQ��

�� $VVRFLDWLRQ�RI�2IILFLDO�$QDO\WLFDO�&KHPLVWV�������2IILFLDO�0HWKRGV�RI�$QDO\VLV���WK HG��:DVKLQJWRQ�'&� S�������
�� %HUJ�� /�6�� ������ )UHVK� ZDWHU� )LVKHV� RI� 7KH� 8�6�6�5�� DQG� $GMDFHQW� &RXQWULHV� 9RO���7UDQVODWHG� IURP�5XVVLDQ� E\�

,VUDHO�SURJUDP�IRU�6FLHQWLILF7UDQVODWLRQV��-HUXVDOHP�������������
�� ;R+>DSH+NR��E��=�� ������;XRER=XQHFNXH�RF+R%U SDASD[R7NX� F\oXo =SD+\EXSR%D++Uo NRS0R% >EY EXQX+RN�

RFH7SR%Uo SU[ +D�QSX0HS�[HF7HSD�B S\FFNR=R�RFH7SD��$%7R=SDn��>XFF��+D�FRXFN��\Q��F7��ND+>��[XRe��+D\N��
�� %UHQGDQ�� -��0��� 6�2�� 6��+XQJ� DQG� -�� )�0HGUDQR������� 3URWHLQ� UHTXLUHPHQW� RI� KDWFKHU\� SURGXFHG� MXYHQLOH�ZKLWH�

VWXUJHRQ��$FLSHQVHU�WUDQVPRQWDQXV��$TXDFXOWXUH������������
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y ½Z·��sZ��z]�¾]z#�¹ ²ÀXc¹z���¬dt¯�z¿uZ¤¯�zgY\À§zc�¹ v����

���

�� %URQ]L��3��DQG�*�$UODWL�������6WXUJHRQ�IDUPLQJ�LQ�,WDO\�SURF�6HFRQG�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6WXUJHRQ�91,52��
3XEO�

���%XFNOH\��-�7�DQG�*URYHV��7��'��'��������,QIOXHQFH�RI�IHHG�RQ�WKH�ERG\�FRPSRVLWLRQ�RI�ILQILVK��SS���������� ,Q� -��(��
+DOYHU�DQG�.�7LHZV�(G����)LQILVK�1XWULWLRQ�DQG�)LVK�)HHG�7HFKQRORJ\��YRO���+��+HHQHPDQ�%HUOLQ�

���&RZH\��&��%��������3URWHLQ�DQG�DPLQR�DFLG�UHTXLUHPHQW�RI�ILQILVK��33�������,Q� -��(� ��+DOYHU�DQG�N��7LHZV��(G����
)LQILVK�1XWULWLRQ�DQG�)LVK�)HHG�7HFKQRORJ\��YRO���+�+HHQHPDQ�%HUOLQ�

���'XQFDQ��'�%��������0XOWLSOH�UDQJH�DQG PXOWLSOH�)�WHVW�%LRPHW����������
���*RXUHLD�� $�� -�5� ������ 7KH� XVH� RI SRXOWU\ E\� SURGXFW� DQG� K\GURO\VHG� IHDWKHU� PHDO� DV� D� IHHG� IRU� 5DLQERZ� WURXW�

�2QFRUK\QFKXV�P\NLVV���3XEOLVKHG�E\�,QVWLWXW�RI�=RRORJ\�)DFXOW\�RI�VFLHQFH�XQLYHUVLW\�RI�SRUWR�1R��������33�
���*XOEUDQGVHQ�� .�� (�� DQG� )�� 8WQH�� ������ 7KH� SURWHLQ� UHTXLUHPHQW� RQ� HQHUJ\� EDVLV� IRU� 5DLQERZ� WURXW

�6DOPR�JDLUGHQHUL���)LVN��'LU�6NU�6HU��(UQDULQJ����������
���+XQJ��6��6��2�DQG�3�%��/XWHV��������2SWLPXP�IHHGLQJ�UDWH�RI�KDWFKHU\�SURGXFHG�MXYHQLOH�ZKLWH�VWXUJHRQ��$FLSHQVHU�

WUDQVPRQWDQXV���DW����F��$TXDFXOWXUH�������������
���+XQJ��6��6��2� �� 3�%��/XWHV��)��6��&RQWH� DQG�7��6WRUHEDNNHQ�� ������*URZWK� DQG� IHHG� HILFLHQF\�RI�ZKLWH� VWXUJHRQ�

�$FLSHQVHU WUDQVPRQWDQXV��VXE�\HDUOLQJV�DW�GLIIHUHQW�IHGLQJ�UDWHV��$TXDFXOWXUH������������
���+XQJ�� 6�� 6�2� DQG� '�)�� 'HQJ�� ������ 6WXUJHRQ�� $FLSHQVHU�VSS�� SS�� ��������� ,Q�� :HEVWHU�&�'�� �HG�� 1XWULHQW�

UHTXLUHPHQWV�DQG�IHHGLQJ�RI�)LQILVK�IRU�DTXDFXOWXUH�&$%�,QWHUQDWLRQDO��
���.KDQ��0�� 6��� .�� -�� $QJ� DQG�0��$��$PEDN������� 7KH� HIIHFW� RI� YDU\LQJ� GLHWDU\� SURWHLQ� OHYHO� RQ� WKH� JURZWK� IRRG�

FRQYHUVLRQ�SURWHLQ� XWLOL]DWLRQ� DQG�ERG\ FRPSRVLWLRQ�RI� WURSLFDO� FDWILVK�0\VWXV�QHPXUXV �&��	�9��� FXOWXUHG� LQ�
VWDWLF�SRQG�ZDWHU�V\VWHP��$TXDFXOWXUH�5HV��������������

���.DXVKLN�� 6�� -��� -�� %UHTXH� DQG� '�� %ODQF�� ������ 5HTXLUHPHQWV� IRU� SURWHLQ� DQG� HVVHQWLDO� DPLQR� DFLGV� DQG� WKHLU�
XWLOL]DWLRQ� E\� VLEHULDQ� VWXUJHRQ� �$FLSHQVHU EDHUL��� SS�������� ,Q�� 3�� :LOOLRW� �(G���� 3URFHHGLQJV� RI� WKH� )LUVW�
,QWHUQDWLRQDO�V\PSRVLXP�RQ�VWXUJHRQ�&(0$*5()�)UDQFH��

��� 3DSRXWVRJORX�� 6�� (��DQG�(��*�� 3DSDSDUDVNHYD� 3DSRXWVRJORX�� ������&RPSDUDWLYH� VWXGLHV� RQ� ERG\� FRPSRVLWLRQ�RI�
5DLQERZ�WURXW��6��JDLUGQHUL��LQ�UHODWLRQ�WR�W\SH RI�GLHW�DQG�JURZWK�UDWH��$TXDFXOWXUH�������������

���5HLQLW]�� *�� /�� (�� &��$�� /HPP� DQG� )�1��+LW]HO�� ������ ,QIOXHQFH� RI� YDU\LQJ� OLSLG� FRQFHQWUDWLRQV�ZLWK� WZR� SURWHLQ�
FRQFHQWUDWLRQV�LQ�GLHW�IRU�5DLQERZ�WURXW��6�JDLUGHQHUL��7UDQV��$P�)LVK��6RF��������������

��� 6$6�,QVWLWXWH��������6$6�XVHU�JXLGH�VWDWLVWLFV��QG HG���6$6�,QVW�&DU\�1&�
��� 6WXDUW�� -��6��DQG�6��6��2�+XQJ�������� �*URZWK�RI� MXYHQLOH�ZKLWH�VWXUJHRQ��$FLSHQVHU� WUDQVPRQWDQXV��IHG�GLIIHUHQW�

SURWHLQV��$TXDFXOWXUH������������
��� 6WHIIHQV��:��������3URWHLQ�XWLOL]DWLRQ�E\�5DLQERZ�WURXW��6�JDLUGQHUL��DQG�FDUS��&�FDUSLR��D�EULHI�UHYLHZ�$TXDFXOWXUH�

������������
���%D&BETH%D��E��0���&��%���IR+R0DSH%� +��%��&\>D.R%D�������NRSfeHgXH�2FHPSR\u[�Su[�%�Xg^\FPSXDetgRX�

$N\DN\eP\SH�+IP�QR�RFHPSR\R^FP\\�;B2&�
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