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z]�µzÀk�uY{Z¯�~¯�¹ {ZdÀ��ª°¨¯�zgY¶�Ç�\À§zc�¹ v�y
¾«º°�¯�yº�§�&\SULQXV�FDUSLR�/��

v°p¯zÀ��¶°�Z�Î¾³ZÀ�º��¾]º^p¯�¶«Yz�³ �ÏZ�yyº��uYºk�¹Î

µvÀ¨#
yº�´º¯ ¶º]µzÀk �¾«º°�¯�yº�§�¶�Ç�\À§zc�¹ v�y�z]�~¯�¹ {ZdÀ��ª°¨¯�zgY�¾�yz]�ª¯Z��¾�¿Z¯{M�½Z·èn����z ���{ZdÀ�êåå¹æååå

¹ µzÀk�­z-º¬À§�yu�vºoY¹ç¹ z ���~¯�n���æê¾¬À¯�ª¿yºd§Z���¹y�¶]�¾�uZ�c�>È¯Z§�mz��\«Z£�yu�µzÀk�­z-º¬À§�yu�­z-è�çyu�è
v´d�z-�yYz£�µuZ d�Y�uyº¯�yYzº¨c�µzÀk�ª§�z ���yYv¤¯Z·ìç�åuº]�v�yu��yº�´¯�²¿Y�½Yz]æééÀ¯�Z]�¾«º°�¯�yº�§�¾·Z¯�¶��£�¾³{¹�²À.³Z

ì�çè�çåìyu�¹ [Ztd³Y�­zº-æí~ £��~ £�z·�yuí¾·Z¯�uv���v³v��µuYu�½Zk��¿Z¯{M�av¯æåª¯Z��¶d ·�ç¶d ·�½Yz]½yZ-{Z��
v��¶d�z-�z�³�yu�¾´�¯�a¹Z c�f�Z]�~¯�¹ {ZdÀ��ª°¨¯±{¹��¿Y|�Y�yYu�\À§zc�¹ ²ÀXc¹z��µu{Z]�b^�³��¶�Ç�¾^�³�±{¹��Yx��ª¿v^c�\¿z��

Ç �v^º§] Yy�z ���®�·�bÀ¬]Z£�¾«¹�vº�³�±ººs ¹ ¶º�¶¾´�¯�yº�½yYu�åé�å3��uYu��¿Y|�Y�¾´�¯�a¹Z c�\^��~¯�ª°¨¯�²À´#�®·yYu
�©¹zd�¬§��¶�Ç�¾¿ZÀ°À��\À§zc�¹ v^§�~¯��z ���®�·�bÀ¬]Z£��²ÀXc¹z��µu{Z]�b^�³��¶�Ç�¾^�³�±{¹��Yx��ª¿v^c�\¿zº� �±{¹��¿Y|º�Y

¹ v�³�±ººs z º���¹ v¿zº�À¬-�½zºc] ¾«¶¾´�¯�yº��·Z§�Yy�v^§�¾]z#�½yYu�ååé�å3��¹+'/�¿Y|�Y�Yy�±ºs��åç�å3��uYu�yZgM
±{¹��¿Y|�Y�z]�~¯�¹ {ZdÀ��ª]Z¤d¯�åæ�å3��Yx��ª¿v^c�\¿z����åé�å3��²ÀXc¹z��µu{Z]�b^�³���åè�å3��v^§�~¯���åç�å3��½zc�¹

±ºs�v¿z�À¬-�ååæ�å3���uº]�yYu�¾´�¯�
�³��¿Zº¯{M�²º¿YuyYu�uºk¹�~¯�ª°¨¯�¹ {ZdÀ��®¿|³M�²À]�¾d�À³º-Zd³M�yZgM�¶§�uYu�±Z�¾sz]�uº^¸]�\^��{ZdÀ��®¿|³M��~¯�ª°¨¯�±¹v]

v��¾«º°�¯�yº�§�uz¨¬°��uº^¸]��³Z¯�{ZdÀ��®¿|³M�µYz°·�¶]�~¯�ª°¨¯�±u¹|�Y�¹ ¾«º°�¯�yº�§�¶�Ç�\À§zc�¹ v�y�½Z·yZÀ�¯�

½vÀ¬§�½Z·�µ%Y¹��v�y��~¯��{ZdÀ���yº�§�¶�Ç�\À§zc

¶¯v¤¯
¶º]�¾·Z¯�¾d�Yv¸]�¹ ¾¿Yx���{yY�{Y�¾º·Z-M��¿Y|º�Y�aY{Yºº¯

b�Y�¶d�Z¿�¾³¹|��¾·Z¯��z�¯�½Yzº] Zº�Z¤c�µ{¹zº¯Y�yº�´¯�¶]

{Y�µuZ d�Y�¹ ¾�y¹z��±ZÀ·Z¯�vÀº«ºc��{ZÀº³ ²º¿Y�¶º] ¾º¿º-�rº�Z�
¾¯��¿z��v�y�\^��¶§�¾d�u�½Z·�µzºÀkº�b�Y�©º°�¯��u�yº�§

°�¯º¨¿�¾«ººvd¯�{Y�¾©¹Ycº·Z¯�²¿zº�Z´¯�yu�¾�y¹z��±ZÀº- ¢º­z
Î�zd§u�½ºl�³Yu�\Àczc�¶]�¾¯Yu�­º¬��uZd�Y�¹ ½µv¨�³Yu�½{y¹Z�§�±Z¸ �Y�¾d�´��µZ.�³Yu�
Ï�±Z¸ �Y�¾d�´��µZ.�³Yu��¾�À^���]Z´¯�µv¨�³Yu��aÈÀ��yZÀ�³Yu
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æèé

v�Z]�¾º¯ ±Yzº¿Y�¹�¶�¿Z¤¯�yu�¾«º°�¯�yº�§�yu�±v]�¾]z#�yYv¤¯
�o¹��º³�Zº][º¬�¯Z³�z·Z��¹ ®���¶]�zl´¯�¶§�µuº]�zd�À]�±M�¾

uzÀ-�¾¯�yYz£�zÀgPc�bpc�±M�½v´��yY{Z]�¹ uuz-�¾¯�±M�bº�º-�
ª¯Yºº�½yZÀº�]²���¶¿x�c�n�º� ¶º¬°k�{Y���î��v�y�b�z���

�¿Y|�Y��½%z³Yz��Z¿�¾]z#�{Y�¾´��¾dº�u�½Zº·µzºÀk�{Y�µuZ dº�Y
zÀ��½%zº³Y¾´ÀXc¹z��æí�²À³ºÀd¯�uº^°§�¹�çê�z]¾]z#�yYv¤¯

v³yYx-�¾¯�zºÀgPc�¾º«º°�¯�yº�º§ bº�º-�®º���¹�{Y�z.¿u�¾¨¿
b�Y�z ���uº^°§���yº�§�yu�¾]z#��º°lc�ª¯Yºº��z ���ª°¨¯

¾·Z¯�¶�Ç�¾]z#�yYv¤¯��·Z§�¹ ²ÀXc¹z��yYv¤¯��¿Y|º�Y�\^º�
µzÀsw�¹ ¾]z#�{Z��¹ bsº��yu�z ����¤³�z.³ZÀ]�¶§�uuz-�¾¯

¾º¯ ²ÀXc¹zº�vº�Z]�æé��¾¯Z.´·�c�¶§yu�z ���®§�µzÀk�Z]�¶¿x
Z�oY�¹ ±v]�ª§�¾]z#�yYv¤¯�yu��¿Y|�Y��uzÀ-�¾¯�ayº��yº�º§

Zd]�¶sz#�±v�³�yZº¸¯�¶º]�¶§�uº��¾¯�µuYu�b^�³�±ºÀ�YvÀ�§Y
b�Y�µv��z§w�z ���uº^°§�±M�ªÀº«u�çí��ª]Z£�z ���aZkZÀdoY

²À]�yº�§�½Yz]�}zd�uë�åZc�ì�åv��µu{�²À°tc�µzÀk�v�yu��
¾º�zd�u�bÀº¬]Z£½Y�µv�¯�¦c�½Yz]�z ���¾º°·Yz��¹¾·Z¯�¹ Z·

uyYu�½uZº¿{�bÀº°·Y�¶º³Yu�yuaZdÀ��ª¨��¶]�z ���¾·ZÀ-�½Zº·
Z¸´c�¾«º°�¯�yº�§�¶¬À�¹�¶]�±M�¾º�zd�u�bÀº¬]Z£�¶º§ bº�Yéå

b�Y�µv���yY|º- vº�yu�æé��²¿zÀ��[M�±ZÀ·Z¯��y¹z��yu
b�Y��Àp¯�yu�z ���±v��Z·y�¾¬�Y�ª¨º�¯�¦°³�±u¹|�Y½Z·

 º���¾º³v�¯[M�yu�z ���¾]Z¿{Z]��¿Y|�Y�\^��|À³�µzºÀk�¶º] z
¾¯�uuz-²¿Yz]Z´]v¿Z]Yy�µzÀk�yu�uºkº¯�z ���¾�zd�u�bÀ¬]Z£�

uº��µuy¹Mz]�¾·Z¯�aZkZÀdoY�Zºc uYu��¿Y|º�Y�½ºdp¯�uº§���u
[M�v³Yººc¾º¯ ¾ºcZdÀ��z º��®d�À�º§Y�z¿Z��¹ ²¿zÀ��½Z·Yy�Z·

v´º§ \¿zºtc�º]¶ ´¯�zgY�µv�³�®�·�aZdÀ��µ¹Èº�bÀ¬]Z£�z]�¾
²ÀXc¹z��¹ mÈ¯Y�®�·uyYu�Z·�æì��

¾]¹z¨À¯�{ZdÀ��±u¹|�Y�¹ ®¿|³M�vÀ«ºc�yu�½%º«º´¨c�b�zº�À�
µzººÀk ¶ºº]yu�aZdººÀ� ®ºº�·�bÀºº¬]Z£�uº^ºº¸]�yu�zººgR¯�¾ºº�¹y�Zºº·

µzºÀk¾¯�¾h´s�Yy�aZdÀ��¾ ´¯�yZgM�¹ b�Y�¾¿Yx��½Z·v´§�{ZdÀ�
¾º¯³Y�ª¿v^c�yu�½y¹z���¤³�z ���±uz§�uY{M�Z]�v³Yººcyu�½%z

©º¬º�\¿z��¹ v�y�b�z��yu�uº^¸]�\^º� ¹ vº¿Z°³�Zº ¿Y�Zº·
uuz-�Yx��ª¿v^c�æé��

{Zºº� ¹ bsººº� zºº] Yy�~ºº¯ uº^ºº°§�zººgY �aZºº�«Z�¯�¾ººsz]
¾]z#b�Y�µuz§�b]Zg�Z·�¶]�{ZÀ³�>Z^¿z¤c�¾«º°�¯�yº�§è¾¬À¯�­z-

uyYu�¾º�À^��vº�y�½Yzº] µzºÀk�­zº-º¬À§�yu�~º¯�æî��¶#zºº-
"Àº·º�«Z�¯�¶³ºº-¶º´^¯�½Yz]�µzÀk�yu�uY{Z¯�~¯�ª°¨¯�zgY�z]�¾

¢^���¶d�z.³�ayº��¾·Z¯�¶�Ç�\À§zc½Z·�¾�yz]¶d�z-�­Zl³Y�
±Y|À¯�²d�y�ÇZ]�¶§�µv��µyZ�Y�\¬�¯�²¿Y�¶º] ±Zº�³Y�¹ �ºº¯ yu
¾¯º°��_v¿v��¦¿�>ÇZ°doY�~º¯ uº^º°§�zºgY�yu�±vº] ©¹zdº�¬§

¾¯�¾�yz]�uyº¯�±YºÀo�¶³ºº- ²d�zº- zº�³�yu�±¹vº]v�Z]�ææ��
uº^º°§½zc�²d�y�ÇZ]�¶]�zºl´¯�¾¿Yzpº� ½Zº·�ºº¯ yu�~º¯

¾¯�­z��©¹zd�¬§�¹ Z·vÀ�À«º ����Z·v¿zÀ�À¬-uº��Ï��©¹zd�¬§
¶¿º��½Z·z³�yu�±ºs�¹ ¶´À��¶$Àº·Z¯yº��¶]�¾d�º-�yºÀ��½Z·

uyYu��Z^cyY�¾¿Yx��iZÀdoY�z]�uY{Z¯�~º¯ Zº] }ºº¨�¯�æ��±Z�³
¶kºk�½Z°�È��v¿z�À¬-�½zc�¶§�vº� µuYu] ¾d�º-�½Z·Zçêå

¾¬À¯�·Z§�½yYu�¾´�¯�yº��¶]�µzÀk�­z-º¬À§�yu�~¯�ª°¨¯�­z-
bº�Z¿�ê��µ{Yv³Y�j¿Zd³§Y�z��±ºÀcZcº¬-�®¿|³M�b�¬��½zÀ-º{YvÀ�

�*OXWKDWLRQH� SHUR[LGDVH��È��yuº·Z§�z.³ZÀ]�Z°º�¬���ºb
vº�Z]�¾º¯ ®¿|º³M�²º¿Y�®¿|³M�¦¿zpc�Z]�®¿|³M�²¿Yè¾�§¹yvÀ·�

�è|ººººººº³Mº§�ª¿yZcºººººººº¬-�ªÀºººººººd¯�®¿${Zdººººººº§¹uy�
�+\GUR[\� ��0HWK\O�*OXWKDU\O� &2$�5HGXFWDVH�ZdsZº�y

¾º¯ ¦¿zºpc�Yy�©¹zdº�¬§v´§�æ��²¿Yz]Z´]¶�«Z�¯�²¿Y�{Y��v·�
\À§zc�z]�µzÀk�yu�uY{Z¯�~¯�¹ {ZdÀ��®¿|³M�ªº°¨¯�zºgY�¾º�yz]

uº]�¾«º°�¯�yº�§�v�y�¹ ¶�Ç�

�¹y�¹ uYº¯Z·
Z¿|]M��y¹z��¹ zÀh¨c�|§z¯�yu��¿Zº¯{M�²º¿Yyu��£Y¹�±Z¨�z§�±

b�z-�­Zºl³Y�±Z¸ º�Y�±Zdº�Y�yº�´¯�²¿Y�½Yz]æéé¾·Z¯�¶��£�
�º§ºº¯ yºº�º«º°º¾�&\SULQXV� FDUSLR�/��]º¯ Zº.³ZÀº³{¹�²Àº¾
ì�çè�çåì¶]�|§z¯�²Àº°·�{Y�¶d�zº-z]�­zº-æíz·�yu��µ¹z-�

µ¹zº-íZ·�~ £�yu�¹ ®À�¤c��b�Yu�uºk¹�¾·Z¯�¿uZ�]Y�¶]�¾æ�æ�æ
³v¿uzº- �º¿{ºc�zºd¯v�{Y�¾¨Àd�È��yºc�Z]�Z·�~ £�mº���¶Àº¬§

¶°�#�z�£�Z]�²¬ÀcY�¾¬��~´ºkêv��µv³Z�º��zd¯�¾¬À¯��Z·�~ £
uZ�]Y�¶]�½ztd�Y�yuæç�í�å�æå¶§�¾¯YyM�[M�±Z¿zk�Z]�¶§�zd¯�
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æèê

¾¯�²À¯Pc�Yy�[M�¶¿º¸c�¹ ±&À�§Y�¶º] {ZÀº³v´d�z-�½Zk��uz§�b�t³
¶º¿Z��µzºÀk�©¹vºkæ�±ZÀ·Z¯�¾¿Yx��aZkZÀºdoY�¢^º�¾]Z¯z-�

�15&��æîíî��º~���¹ v��¶«º¯zëmz��\«Z£�yu�¾�¿Z¯{M�µzÀk�
ª¿yºdº§Z���¹y�¶ºº] ¾�uZº�c�>È¯Zº§ç��èZº]è{ZdººÀ� ®¿|º³M�n�ºº�

�5RQR]\PH�70 3��z ���êåå¹æåååvoY¹�)<7�NJ��­z-º¬À§�yu�
¹ µzÀkç~¯�n����~¯�aZ «º��¹ z �æê¾¬À¯�­z-º¬À§�yu�­z-

z��b¬��ayºº� ¶º] µzºÀku�&ROG�H[WUXGHG�PRLVW�SHOOHW�Z]�
zº�£ê¾º¬À¯�yu�¹ ¦º�s�Yºº· ªº]Z¤¯�yu�¹ ¶Àº¸c�zºd¯é¶kyu�

¾d³Zº�v³v��½yYu�¶.³�¾·uYx��±Z¯{�Zc�uYzº-�¾�¿Z¯{M�µzÀk�z·
¶]�½zÀ��vo�Zc�yZ]�¹u�¶³Y{¹y��yYz¨c�¶º� yu�¾�uZº�c�yºº� ¶º]

À¯º±Y|í�å:�J�NJ�çå��çé�À·Z¯�¶]º� µuYu�±Zºv�·ºd ·�¹u�zº¶
¦º¿¾º·Z¯�yZº]v��nÀp�c�¾·uYx��±Y|À¯�¹ ²¿{ººc Zº·�av¯

�¿Zº¯{Mæå¶dº ·�uºº]¶º§ç©¹Y�¶d ·�½Yz]z�³�yu�½yZ-{Z��
v��¶d�z-�[M�ayYzo�¶kyu��¿Z¯{M�¾�æîZcçå¾d³Z��¶kyu�

�uYzº-yºº³ ©ºº�¾�À^��uº]�©º¬p¯�±&À�§Y�yYv¤¯�¹è�æ�í�ì
¾¬À¯uº]�zdÀ«�yu�­z-�

¶³ºº°³��¿Zº¯{M�±Zº¿Z��yuº·¾º¯u�+y�{Y�±ººs ½Zê¾·Z¯�
¶¬À�¹�¶]�µv���º¸À]ççç�06~ £�z·�{Y�¾�uZ�c�yº��¶]�¶§�

v¤�´¯�{Y�~��¹ v���ºº¬t¯�¹ ½y¹M��º°k�v³uºº] µvº� vÀº�
�szº# yu��±vº�ååå�æåav¯�¶]�çåZc�v��%º ¿zd³Z��¶¤À£u�

½Zº¯u�yu��¿Zº¯{M�±Zº¯{�Zºc ¹ µvº� Yvºk ±M�­zº�æì�¶kyu�
¾d³Zº�v³v��½yYu�¶º.³�uYzº-�¶³º°³v^«Z§�{Y�~��|À³��º�v¯�½Z·

¶³ºº°³�¹ µu¹y�½Z¸dº³Y��ºt]�{Y�¾°¨º� ¾�Z¨º�{Y�|À³�v^§�½Z·ê
v���º¬t¯�¹ ½y¹M��°k�~ £�z·�yu�¾·Z¯�{Y�|À³�¶�Ç�½Z·�¶³º°³

ê�º¬t¯�¹ qz#�ª¯Z§�yº��¶]�Z�oY�¹ Zº�¯Y�¶Àº¬tc�{Y�~º� ¾º·Z¯�
yu�¹ µv�æì�v��½yYu�¶.³��¿Z¯{M�±Z¯{�Zc�uYz-�¾d³Z��¶kyu��
 º��µzºÀk�z�¹y�¶¬À�¹�¶]�¶�Ç�¹ �º�v¯��Z·$2$&�é��

yu�±¹M�¦¿�yu�¦�s�µuZº¯æåêav¯�¶]�uYz-�¾d³Z��¶kyu�çé
yu�µyº§�¦¿�yu�zd�§Zs�yYvº¤¯��b�Zº�êêå¾d³Z��¶kyu�uYz-

av¯�¶]æç©Yv¬§��¹y�¶]�­Zs�²ÀXc¹z���b�Z���çê�ë��1�¹
µyZ���{Y�vº�]�­Zºs ¾º]z#¶¬À�¹�¶]�zcY�ªÀcY�½u�Z]�½zÀ-�¹y

v��²ÀÀ�c�¶¬º�§º��µuZ d�Y�Z]�v¿z�À¬-�½zc�¹ ©¹zd�¬§�b�¬�

�¹y�{Y¾ºº°¿|³M�½Zºº·±bÀºº§ ½zººd°À«Z§�¾°Àºº� bºº�¿{�½Zºº·
&]LHVWFKHP� GLJQRVWLFV��Àczc�¶º]º] \º�¹y��¹y�Zº¹ �º¬�

±YyZº¨°·�çç�¾dº�º��¹�æç�µ{Yvº³Y�¹²ÀXc¹z�º�À«�½zºÀ-½Z·
²À.´º��+'/�Y¹��¹y�Zº] \Àczºc ¶º] ­zº� z º���¹¹ ¦À³y

±YyZº¨°·�èç�~dºÀc�¹�èå�vº� ­Zºl³Y�¹ µzÀk�­zº§ vÀº�§Y
zd¯ºd�¹zd¨��Y�{Y�µuZ dº�Y�Zº] �ºº�v¯�QPééå�¶]�µv���À�ºc

±ºd´��¹ ±ºd´��¶¬À�¹�æå�b�z-�­Zl³Y�
j¿Zdº³ ±Zº¿Z��yuµv¯M�b�u�¶]¾�uZ�c�>È¯Z§�mz��\«Z£�yu�
ª¿yºdº§Z���¹y�¶º]è�çZº]è½yZ¯M�¶¯Z³zº] ¶¬Àº�¹�¶º] yYzº¨c�

6$6��çè�b�z-�yYz£�ªÀ¬pc�¹ ¶¿|ºlc�uyºº¯�¶�z��¹u�±º¯{M
$129$¹ uY{Zºº¯ ~ºº¯ ¹ {ZdººÀ��ªºº°¨¯�¾¬ºº�Y�yZººgM�½Yzºº]

067$7�&vº� µuZ dº�Y�ª]Z¤dº¯ yZºgM�½Yzº]�yº�´¯�¶]¶�¿Z¤¯�
²Àº.³ZÀ¯²¨³Yu�¶´¯Yu�v´º# ±ºº¯{M�{Y�Zº·�Õ�v¿uz-�µuZ d�Y��yZgM

n���yu�Z·yZ°Àc�åê�å3���¾´�¯z-�z�³�yu�yYuv��¶d��

fp]�¹ j¿Zd³
\¿z���±{¹��¿Y|�Y�z]�µzÀk�yu�uY{Z¯�~¯�¹ {ZdºÀ��ªº°¨¯�zºgY
µu{Z]�b^�³��¶�Ç�¾^�³�±{¹��Yx��ª¿v^c�\¿z���¶º³Y{¹y�vº�y
¦�s�µuZ¯�¹ v^§�~¯�¹ ¾]z#��z ���®º�·�bÀº¬]Z£��²ÀXc¹zº�

©¹vºk yu�¶º�Ççbº�Y�µvº� ¶ºWYyY��yZgM�¶§�v³uYu�±Z�³�j¿Zd³
Y zº] ~º¯ ¹ {ZdºÀ��¾¬º�Y�¶³Y{¹y�v�y�\¿z���±v]�±{¹��¿Y|�

¾´�¯�¶º�Ç�¾^º�³�±{¹�¹ Yxº� ª¿v^ºc \¿zº�uº^³�yYu�{ZdÀ��¶#z-
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Z¸´c¾º¿ª¿v^c�\¿z��¹ ¶³Y{¹y�v�y�\¿z���v�y�uº^¸]�\^º�
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uYu�±Zºº�³�Yy�uzºº¨¬°��vººk©¹ç��{ZdººÀ� zººgY ¶ºº§ ¾ºº�¿Z¯{M�yu
¥ºs�yu�~¯�¹ ¾]¹z¨À¯±u¹|�Y��v��¾�yz]�v�y�©Zo�yu�½Z·

µzºÀk�¶º] {ZdºÀ�Z·y�\^��Z·¿v¿uz-�aZdÀ��~¨¬�°§�{Y�½¹y�¾�
¾ºº¨¿u|³�¾dºº�À³º-Zd³M�yZººgM ½¹y�¹ ~ºº¯zºº]¾ºº�zd�u�bÀºº¬]Z£�
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v�Z]�¶d�Yu�uvl¯�~¨¬�°§�uZl¿Y�>ÇZ°doY�b�À³º-Zd³M�²¿Y�ªÀ«u
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¾º¯vº�Z]�uY{M�µzÀk�¶]�¾�º´�¯�¦Àd¿Z��vÀ�Y�¶º§ ¾º�¿Z¯{M�yu

�v��µu¹|�Y�¥º´À#�¾º·Z¯®�#��·Z§�¹ v�y�b�z��yu�½zÀ-
²ÀXc¹zº� ¹ Yxº� µu{Zº]vº� µvº¿u��·Z§�¶]�½vo�Zc�yZºgM�²º¿Y
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¶]�~¯�²¿Y�{Y�½yYv¤¯�>ÇZ°doY�¶d^«Y��bº�Y�µuºº] ~º¯ ­zº-º¬À§

¾°³�}zd�u�ªº]Z£�¶º§ bº�Y�¾ºcZdÀ��ayºº�±u¹|�Y�¾«¹�v�Z]
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¾º¬À¯Yy�²¯|¯�bÀ¯º°�¯�©Z°doY��~¯�ª°¨¯�­zº-º¬À§�yu�­zº-
bºº�Y�µuYu��¿Y|ºº�Y�ººs Zºº] ¶ºº�¿Z¤¯�yu¥º�çêå¾ºº¬À¯�yu�­zºº-

µzºÀk�yu�~º¯ ­zº-º¬À§���çå�yº�§���ºc�~¯�ªº°pc�±Y|ºÀ¯
{Y��Àº]èå¾º¬À¯�¾º°³�µzºÀk�­zº-º¬À§�yu�­zº-] �v�Z]¶µ¹È�

¶º§ µvº� �yY|º-æëZc�èç¾¬À¯�\^��yº�§�µzÀk�yu�~¯�­z-
b�Y�µv��²¯|¯�¾³ºs�®§�¹ v�y��·Z§�æî��

²ÀXc¹z��µu{Z]�b^�³�z]�~¯�¹ {ZdÀ��¾¬�Y�yZgM¾´�¯uº^³�yYu
µzÀk�¶§�uYu�±Z�³�{ZdÀ��¹ ~¯�ª]Z¤d¯�yZgM�¹ Z·�µzÀk�¶�¿Z¤¯�¾«¹

½ºdp¯æååå¹ ²¿zd�À]�{ZdÀ��voY¹�æååå] {ZdÀ��voY¹�¶µ¹È�
æê¾º¬À¯�v��\^��Yy�²ÀXc¹z��µu{Z]�b^�³�²¿zd°§�~¯�­z-�zgY

¾´�¯�²ÀXc¹z��µu{Z]�z]�{ZdºÀ��¹ ~º¯ ª]Z¤dº¯uº]�yYu�åè�å3����
¾ºsz]º�yz]Zº·¾yu�Yy�²ÀXc¹z��{Y�µuZ d�Y�z]�{ZdÀ��zºÀgPc�­vº�

¾º¯ ±Zº�³�¾º·Z¯v´º·u�ì��±YyZ¨°·�¹ Z°¬¿¹�èæ�b^�³�uº^¸]
Z]�¶§�v³uz§��yY|-�Yy�{ZdÀ��ª°¨¯�{Y�µuZ d�Y�Zº] ²ÀXc¹zº� µu{Zº]

b�Y�zº¿Z�¯��¿Zº¯{M�²º¿Y�yu�µvº¯M�bº�u�¶º] j¿Zdº³�Z]�aZdÀ�
¾º¯ ªÀ¨º�c�~¨¬�º°§�²ÀXc¹zº�vº·u�½yºXc�z�³�{Y|À«¹yvÀ·��

²ÀXc¹z���{ZdÀ����ºc�aZdºÀ�±ºÀcZ§�z¿Z��¹ z ����Z·uºkº¯�½Z·
¾¯�uY{M�±YºÀo�µuZ d�Y�½Yz]�Yy�aZdÀ��±Z°dsZ��yuu{Z��{Y�{ZdÀ�

ªÀ¨º�c��·Zº§ fº�Z]�¾º�z�¹²d�¨��\^��z.¿u��zº� {Y�
aZdººÀ� ~¨¬�ºº°§±mÈºº¯Y�±¾ºº¯ ²ÀXc¹zºº�uººº��çë��²ºº¿Y yu

v³Y�²ÀXc¹z��®�·�bÀ¬]Z£��¿Z¯{Mµ{Y½¹Zo�µzÀk�¾«¹�v�³�½zÀ-
æåååYy�²ÀXc¹z��µu{Z]�²¿zd¸]�~º¯ ªº°¨¯�±¹vº] {ZdºÀ��vºoY¹�
bº�Yu�²¿Y�z]�µ¹È��{ZdÀ��>ÇZ°doYaZdÀ��~¨¬�°§�{Y�Yy�~¯�¶§

±¾¯�Z·y�mÈº¯Y�¶]�~¨¬�°§�²¿Y�{Y�²ÀXc¹z��±uz§�uY{M�Z]��u{Z�
¾¯�¦°§�|À³�~¯�ª°o�¹ [xkv´§�ayº��¶]�²·M�v´³Z¯�~¯

¯ ~¨¬�°§~±¾¯�ª°o�¹ [xk�²ÀXc¹z��uº��æë�½¹y�¾«¹��
uyYu�~¯�z]�¾d�À³º-Zd³M�zºgY�aZdºÀ��{Y�µvº� Zº·y�©Z°doY�¶d^«Y

¾¯�>ÇZ°doY�¶§��uyYu�uºk¹�|À³�~º¯ Zº] ²¯|º¯ bÀ¯º°º�¯v³Yºc

½¹Zo�µzÀk�yu�²ÀXc¹z��µu{Z]��·Z§æååå] {ZdÀ��voY¹�¶µ¹È�
æê¾¬À¯��Z]��¿Z¯{M�²¿Y�yu�~¯�­z-º¬À§�yu��­z-v�

bÀ¬]Z£��¿Y|�Y�\^��½yYu�¾´�¯�yº��¶]�{ZdÀ���~¯��Ès�z]
v��z º���®º�·�åé�å3����½ºdp¯��¿Z¯{M�²¿Y�yu�¶¿Z��µzÀk
uº]�Z¿º��¹ ­v´º-�>Z^¿z¤c�­v´-çê�åZ¿º��¹ v�yu�èî�åv�yu�

v³yYu�aZdÀ��¦�s�µuZ¯�{Y�²À.³ZÀ¯�yº��¶]ìåª§�z ���v�yu�
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|´¿Z¯�²Àº´#�®º·�æì�¶§�b�Yu�yZ¸�YæåååbÀ¬]Z£�{ZdÀ��voY¹�
º��¶º] Yy�¾ºcZdÀ��z º���®º�·²À.³ZÀ¯�yæçZc�èåuº^¸]�v�yu�

¾º¯vº�t]�yu�·¹&�|À³�z�Zo�æååå{Y��À]�{ZdÀ��voY¹�æå
b�u�¶]�j¿Zd³�¶§�vÀ�t]�uº^¸]�Yy�z º���®º�·�bÀº¬]Z£�vº�yu

½yZ³Ç���ºc�µv¯M�æê�¾¯�vÀ¿Pc�Yyv´§�
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¾º¯ [zº#ª§�¹ ±ºs�©¹zdº�¬§��¿Y|º�Y�¶º] zºl´¯�¶º§ uºº�
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­zº-º¬À§�¾º´�¯��·Zº§ \^º�vº¤¯�yu�½yYuv��v^§�¾º]z#�yY
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GH� QRYRb�Y�¾º·Z¯�yu��æê��Z·vÀ�À«�{Z��¹ bsº��Z]�|À³�~¯
bº�Y��Z^ºcyY�yu�çî��yu�~¯�uº^°§�¶§�b�Y�µv��µuYu�±Zº�³

uº��¾¯�Z°�È��©¹zd�¬§��¿Y|�Y�\^��¾¿Yzp��½Z·��ºº¯�çî��
¾º¯ ©Z°dºoYyu��·Z§�²¿Y�¶º§ u¹y{Y�¾�Z³�½v^§�¾]z#�yYv¤¯

v�Z]�{YvÀ�§Yz��±ºÀºcZcº¬-�®¿|º³M�bº�¬���·Zº§�Z]�®¿|³M�²¿Y
®¿|º³M�¦¿zºpcè�¾º�§¹yvÀ·�è�®¿|³Mº§�ª¿yZcº¬-�ªÀºd¯�$

v´§�¾¯�¦¿zpc�Yy�©¹zd�¬§�bsZ��{Zdº§¹uy�ê��~¯�ª]Z¤d¯�zgY
� ¹º] {ZdÀº^§�~¯�zº´�¯�vº¾uº]�yYu�åç�å3����mº���yu�{ZdÀ�
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 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.4

.1
2.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.12.9
https://iutjournals.iut.ac.ir/jstnar/article-1-308-en.html


 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.4

.1
2.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.12.9
https://iutjournals.iut.ac.ir/jstnar/article-1-308-en.html


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

æéå

±u¹|º�Y�Zº] vºoY¹æê¾º¬À¯�\^��½yYu¾´�¯�yº��¶] �~¯�­z-
v¿uz-�½v^§�~º¯ �¿Y|º�Y�ª]Z¤d¯�yZgM�z�Zs�¶]�>ÇZ°doY�zgY�²¿Y

v�Z]�¾¯�½¹y�¹ ~º¯�]¶²ÀXc¹z��±v��Z·y�\^��{ZdÀ��µ¹È�{Y�
aZdºÀ��~¨¬�º°§±mÈº¯Y�±¾¯�|ºÀ³�²ÀXc¹zº�uuz-�½Yz]�~¯

uyYu�²ÀXc¹zº� ¶º] {ZÀº³ [xºk�b�¬��|À³�±v]�yu�½¹y��¿Y|�Y
¾¯��¿Y|º�Y�Yy�²Àº³ºÀcº«Zd¯Z¤]Y�yu�²ÀXc¹z��²¿Y�¹ v·u½yu�~¯�

Y|�]��¤³�v^§¿uyYu�¾�èè��
®·±Z´#©¹vk�yu�¶§è¹ {ZdÀ��ª°¨¯��b�Y�µv��µuYu�±Z�³�

zº] ½zºgY�~º¯ZÀ°À��\À§zºc¿¶�Ç�¾�¹ z ����¾]z#��²ÀXc¹z�
zdº�§Zs�vº³yYv³�¶#zº-æååå¾´�¯�yº��¶]�{ZdÀ��vºoY¹�½yYu

�åé�å3���Àº¬]Z£ºº�·�bº ���®ºº�Y�Yy�zº¿Y|º] �uYu��¶º³ºz�
¾º¯uº^°§�{ZÀ³���y�yu�zd�À]�µv��®�·�z ���yYv¤¯�²º¿Y�vº�y

] z ��¶� ¾«º¬��{Z��¹ bsº��yu�>Z^«Z��¹ ¶d�y�yZ§¶d�Yu�b§z
v�Z]�µv����u�yYyuY�¢¿z��{Y�zd�À]�Z¿�¹ ±v]�yu�Z¤]Y�Zc�j¿Zd³�²¿Y

±YyZ¨°·�¹ º�º«º§��yY|º- Zº] ¢º�Yº¯�ì�v³uYu�±Z�³�¶§�b�Y
z ���z]�½yYu¾´�¯�zgY�µzÀk�}zd�u�ª]Z£�z ���n�º� �¿Y|º�Y

b�Yv³�±Z°§�²À.³y�½ÇM�©|£�yu�±v]�ªº§��j¿Zd³�²¿Y�²À´#�®·
Z¨°·�¹ Z°¬¿¹��yY|º-±Yy�èæ�yu�{ZdÀ��ª°¨¯�zgY�­v��z]�¾´^¯

½¹Zo�½Z·�µzÀk�Z]�µv��¶¿x�c�±ZÀ·Z¯�±Yºtd�Y�zd�§Zs��¿Y|º�Y
v´§�¾¯�vÀº¿Pc�Yy�Z¿ºº��¾«Zo�yu±YyZ¨°·�¹ ²À§�j¿Zd³�Z]�¶§�ë�

±Yºtd�Y�zd�§Zs��¿Y|�Y�¶]�zl´¯�{ZdÀ��ª°¨¯�v³uz§��yY|-�¶§
Z¤]Y�¹½�v��Z¿º��Z]�µv��¶¿x�c�±ZÀ·Z¯�yu�z ���uyYu�az¿Z�¯�

©¹vk�yu�²À´#�®º·èuº��¾¯�µv¿u\À§zc�z]�½zgY�{ZdÀ��¶§�
ZÀ°Àº�¾¿±ººs��v¿z�À¬-�½zc��©¹zd�¬§+'/z ���¹�uyYv³�

^��¾º«¹º·Z§�\ºs v¿z�À¬-�½zc��º� ±ººv�åî�å3���¿Yº²
±YyZ¨°·�¹ Yz¿º-º��j¿Zd³�Z]�¢^º�´¯�j¿Zdº³�çì��±Z�³�¶§�b�Y

¾��z ���b¿u¹vp¯�v³uYuçé{¹y�©¹zd�¬§��vÀ�À«�ª§��¿Z¯{M�
uYv³�zÀÀ�c�±Z°§�²Àº.³y�½ÇM�©|º£ yu�Yy�Z°º�È��[M�yYvº¤¯�¹�

¾«º°�¯�yº�§�µzÀk�yu�}zd�u�ª]Z£�z ���{ZÀ³�yYv¤¯ë�å±ì�å
b�Y�µvº� zº§w�vº�yu�æî�¾«Zo�yu��²¿Y�yu�¶§¾�yz]yYv¤¯�

ª§�z ���®·Yz��¶³�uº]�µu¹vp¯�²¿Y�yu�¶¿Z��µzÀk�yu�Zc�>Yz·Z�

º³Z¯{¾v�Z^³�{ZÀ³�n���{Y��À]�µzÀk�}zdº�u�ªº]Z£�z º���¶º§�
±ºs�z ���n���yu�½zÀÀ�cuº��¾°³�µv¿u�

¾´�¯�±ºs�­z��v¿z�À¬-�½zc�z]�{ZdÀ��¹ ~¯�ª]Z¤d¯�yZgMyYu
]ººuº�ååæ�å3�����Yº¿Y|º¤¯��º¬§�yYvº¬-�½zc�¹ ©¹zd�ºv¿z�À

uº^°§�zgY�yu�¾]z#�{Z��¹ bsº��zÀÀ�c�yu�¶À«¹Y�®WÈ��Z°º�È�
¥ººs yu�~º¯b�Y�µv���yY|-�v�y�©Zo�yu�½Z·�è��²¿Y¶§

¶³ºº.#æê¾º¬À¯��¿Y|�Y�¶]�zl´¯�{ZdÀ��v£Z��µzÀk�yu�~¯�­zº-
¾º´�¯¶Àkºc�ª]Z£��b�Y�µv��±ºs�v¿z�À¬-�½zºc n�º� yu�yYu

±uz§�Z·y�Z]�{ZdÀ��>ÇZ°doY��{ZdÀ��½¹Zo�½Z·�µzÀk�yu�¾«¹�bº�À³
~¯�zgY�aZdÀ��yu�uºkº¯�~¯�¹ ¾cZdÀ��z º��½zc��·Z§�yu�Yy

b�Y�v^§�yu�¾]z#�bsZº� Zº] �^czº¯ ¶º§ ±ººs v¿zº�À¬-�é�
¾´�¯��·Z§�¶]�zl´¯�¶§�µuz§�v¿v�cv¿z�À¬-�½zc�n���yu�yYu

b�Y�µv��±ºs�

½zÀ-�¶lÀd³
j¿Zdº³µvº¯M�bº�u�¶º]{ZdÀ��®¿|³M�¶§�uYu�±Z�³��¿Z¯{M�²º¿Y�{Y�

¾¯�z ���®�·�bÀ¬]Z£��¿Y|�Y�\^º�º��u��~¯�ª°¨¯�²À´#�®·
¾º]z#¹ �·Z§�Yy�±ºs�v¿zº�À¬-�½zºc ¹ v^º§+'/Yy�±ºs�

¾¯��¿Y|�Yv·u�{ZdÀ��®¿|³M�²À]�¾d�À³º-Zd³M�zgY�yº�§�yu�>ÇZ°doY
\À§zc�¹ uz¨¬°��uº^¸]�{Y��³Z¯�¶º§ uyYu�uººk¹�~º¯ ªº°¨¯�¹

¾¯�{ZdÀ��®¿|³M�{Y�µuZ d�Y�zgY�yu�¾«º°�¯�yº�§�¶�Ç�uº�²¿Yz]Z´]
º�o�yu�>Z�º�s�~¯�ªº°¨¯�{Y�µuZ dº�YµzÀk�yu�{ZdÀ��®¿|³M�y

¾°³�¶À�ºc�¾«º°�¯�yº�§uº��

½yY|.�Z��
�±Z¸ �Y�¾d�´��µZ.�³Yu�½{y¹Z�§�µv¨�³Yu�­zdp¯�²À«ºXº�¯�{Y

¶´¿|º· ²Àº¯Pc�¹ ­{Ç�aÈÀ¸º�c�uZºl¿Y�zº�Zs�¶º]¹ mz��½Zº·
±Yz¸c�¶¿z^§Y�b§z��²Àº´#�®º·½Yz]{ZdÀ��®¿|³M�±uº°³�®·Yz��¹

|ºÀ³º� ¹ zºÀh¨c�|º§z¯�­zºdp¯�²À«ºXº�¯±Z¨�z§�±Z¿|]M��y¹z
¶º] ±Z¸ º�Yyº�´º¯{ZÀ³�uyº¯�aY|À¸lc�z.¿u�¹ ztdº�Y�²Àº¯Pc�

�y¹z�¾¯�¾³Yuyv£�¹ z¨�cuuz-�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.4

.1
2.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.4.12.9
https://iutjournals.iut.ac.ir/jstnar/article-1-308-en.html


z]�µzÀk�uY{Z¯�~¯�¹ {ZdÀ��ª°¨¯�zgY¾«º°�¯�yº�§�¶�Ç�\À§zc�¹ v�y�&\SULQXV�FDUSLR�/��

æéæ

�]Z´¯µuZ d�Y�uyº¯�
Î�Y ¾°¿z§�æèìê�²À¯Zd¿¹�¹ ~¯��¬dt¯�mº���zgY&Y|kY�z.¿u�¹ ©¹zd�¬§�±Y|À¯�z]�¾¿Yx��aZkZÀdoY�z]�uY{Z¯�½¹ ±ºs�­z��

¾d�º-�yºÀ��uz¨¬°��±Z¿Z�v�yY�¾�Z´�yZ§�¶¯Z³��½{y¹Z�§�µv¨�³Yu��¾¯Yu�­º¬���±Z¸ �Y�¾d�´��µZ.�³Yu��
�� $O� 2WKPDQ��$��$���)��5RVHQVWHLQ�DQG�.�<��/HL��������&RSSHU�GHILFLHQF\�LQFUHDVHV�LQ�YLYR�KHSDWLF�V\QWKHVLV�RI�IDWW\�

DFLGV��WULDF\OJO\FHUROV�DQG�SKRVSKROLSLGV�LQ�UDWV��3URF��6RF��([S��%LRO��0HG�������������
�� $O� 2WKPDQ�� $�� $��� )�� 5RVHQVWHLQ� DQG� .�<�� /HL�� ������ 3RRO� VL]H� DQG� FRQFHQWUDWLRQ� RI� SODVPD� FKROHVWURO� DUH�

LQFUHDVHG�DQG�WLVVXH�FRSSHU�OHYHOV�DUH�UHGXFHG�GXULQJ�HDUO\�VWDJHV�RI�FRSSHU�GLILFLHQF\�LQ�UDWV��-��1XWU����������
����

�� $VVRFLDWLRQ�RI�2IILFDO�$QDO\WLFDO�&KHPLVWV��������2IILFLDO�0HWKRGV�RI�$QDO\VLV����WK HG���:DVKLQJWRQ��'&��
�� %DNDOOL��5��,���*�0��3HVWL��:�/��5DJODQG�DQG�9��.RQMXIFD��������'LHWDU\�FRSSHU�LQ�H[FHVV�RI�QXWULWLRQDO�UHTXLUHPHQW�

UHGXFHV�SODVPD�DQG�EUHDVW�PXVFOH�FKROHVWURO RI�FKLFNHQV��3RXOW��6FL��������������
�� &DLQ�� .�� '�� DQG� '�� /�� *DUOLQJ�� ������ 3UHWUHDWPHDW� RI� VR\EHDQ� PHDO� ZLWK� SK\WDVH� IRU� VDOPRQLG� GLHWV� WR� UHGXFH�

SKRVSKRUXV�FRQFHQWUDWLRQV�LQ�KDWFKHU\�HIIOXHQWV��3URJ��)LVK��&XOW��������������
�� &RORVR��5��0���6��3��%DVDQWHV��.��.LQJ��0��$��+HQGUL[��-� �:��)OHWFKHU�DQG�5��3��)HUUDULV��������(IIHFW�RI�GLHWDU\�

SKRVSKRUXV� DQG� YLWDPLQ� '� RQ� SKRVSKRUXV� OHYHOV� LQ� HIIOXHQW� IURP� WKH� H[SHULPHQWDO� FXOWXUH� RI� UDLQERZ� WURXW�
�2QFRUK\QFKXV�P\NLVV�� $TXDFXOWXUH��������������

�� 'XQFDQ��'�%��������0XOWLSOH�UDQJH�DQG�PXOWLSOH�)��WHVW��%LRPHWULFV���������
�� )DXFRQQHDX��%���+��$ODPL�'XUHQWH��0��/DURFKH��-��0DUFHO�DQG�'��9DOORW��������*URZWK�DQG�PHDW�TXDOLW\�UHODWLRQV�

LQ�FDUS��$TXDFXOWXUH�������������
��� )HQWRQ��7��:��DQG�0��)HQWRQ�������'HWHUPLQDWLRQ�RI�FKURPLF�R[LGH�LQ�IHHG�DQG�IHFHV��&DQ��-��$QLP��6FL��������������
��� )OHWFKHU��'��/��DQG�-��$��&DVRQ��������,QIOXHFQH�RI�DVFRUELF�DFLG�RQ�EURLOHU�VKULQN�DQG�SURFHVVLQJ�\LHOGV��3RXOW�6FL��

��������������
��� )RVVDWL�� 3�� DQG�/�� 3UHQFLSH�� ������6HUXP� WULJO\FHULGHV� GHWHUPLQHG� FRORULPHWULFDOO\�ZLWK� DQ� HQ]\PH� WKDW� SURGXFHV�

K\GURJHQ�SHUR[LGH��&OLQ��&KHP���������������
��� )UDQFLV��*���3��6��0��+DULQGHU�DQG�.��%HFNHU��������$QWLQXWULWLRQDO�IDFWRUV�SUHVHQW�LQ�SODQW�± GHULYHG�DOWHUQDWH�ILVK�

IHHG�LQJUHGLHQWV�DQG�WKHLU�HIIHFWV�LQ�ILVK��$TXDFXOWUXH�������������
��� +HSKHU��%��������1XWULWLRQ�RI�3RQG�)LVKHV��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH�����33�
��� /DQDUL��'���(��'��$JDUR�DQG�&��7XUUL��������8VH�RI�QRQOLQHDU�UHJUHVVLRQ�WR�HYDOXDWH�WKH�HIIHFWV�RI�SK\WDVH�HQ]\PH�

WUHDWPHQW�RI�SODQW�SURWHLQ�GLHWV�IRU�UDLQERZ�WURXW��2QFRUK\QFKXV�P\NLVV���$TXDFXOWXUH��������������
��� /RYHOO��7��������1XWULWLRQ�DQG�)HHGLQJ�RI�)LVK��$XEXUQ�8QLYHUVLW\��9DQ�1RVWUDQG�5HLQKROG��1HZ�<RUN��
���0DHQ]��'�'���0��&DUPHQ��&�0��(QJOH�� 6FKDDQ��5�:��1HZNULN�DQG�+�/��&ODVVHQ��������7KH�HIIHFW�RI�PLQHUDOV�DQG�

PLQHUDO�FKHODWRUV�RQ� WKH� IRUPDWLRQ�RI�SK\WDVH�VXVFHSWLEOH�IRUPV�RI�SK\WLF�DFLG�LQ�VROXWLRQ�DQG�D�VOXUU\�RI�FDQROD�
PHDO��$QLP��)HHG��6FL��7HFKQRO�������������

���0DUDL��7���7��$NL\DPD��7��7DNHXFKL��7��:DWDQDEH�DQG�7��1RVH������� (IIHFWV�RI�GLHWDU\�SURWHLQ�DQG�OLSLG�OHYHOV�RQ�
SHUIRUPDQFH�DQG�FDUFDVV�FRPSRVLWLRQ�RI�ILQJHUOLQJ�&DUS��%XOO��-SQ��6RF��6FL��)LVK��������������

��� 1DWLRQDO� 5HVHDUFK� &RXQFLO�� ������ 1XWULHQW� 5HTXLUHPHQWV� RI� :DUP� :DWHU� )LVKHV�� 1DWLRQDO� $FDGHPLF� 3UHVV��
:DVKLQJWRQ��'&�

���1HVWRU�� .�� (��� 6�� 3�� 7RXFKEXUQ� DQG� 0�� 7UHLEHU�� ������ 7KH� LQIOXHQFH� RI� GLHWDU\� DVFRUELF� DFLG� OHYHO� DQG� HJJ��
SURGXFWLRQ�RI�WXUNH\V��3RXOW��6FL���������������

��� 5DGFOLIIH�� -�� 6��� =�� =KDQJ� DQG� (�� 7�� .RUQHJD\�� ������ 7KH� HIIHFWV� RI� PLFURELDO� SK\WDVH�� FLWULF� DFLG�� DQG� WKHLU�
LQWHUDFWLRQ�LQ�D�FRUQ�VR\EHDQ�PHDO�± EDVHG�GLHW�IRU�ZHDOLQJ�SLJV��-��$QLP��6FL����������������

��� 5RHVFKODX��3���(��%HUQHW�DQG�:��*UXEHU��������(Q]\PDWLF�GHWHUPLQDWLRQ�RI�WRWDO�FKROHVWURO�LQ�VHUXP��-��&OLQ��&KHP��
&OLQ��%LRFKHP�������������

��� 6$6��,QVWLWXWH��������6$6�XVHU¶V�*XLGH��6WDWLVWLFV��6$6�,QVWLWXWH��,QF���&DU\��1&�
��� 6FKDIHU�� $��� :�� .RSSH�� .�+�� 0H\HU�%XUJGURII� DQG� .�'�� *XQWKHU�� ������ (IIHFWV� RI� PLFURELDO� SK\WDVH� RQ� WKH�

XWLOL]DWLRQ�RI�QDWLYH�SKRVSKRUXV�E\�FDUS�LQ�D�GLHW�EDVHG�RQ�VR\EHDQ�PHDO��:DW��6FL��7HFKQRO���������������
��� 6FKZDU]��)�-���0��.LUFKJHVVQHU�DQG�8��'HXULQJHU��������6WXGLHV�RQ�WKH�PHWKLRQLQH�UHTXLUHPHQW�RI�FDUS��&\SULQXV�

FDUSLR�/��� $TXDFXOWXUH��������������
��� 6HOOH��3��+���9��5DYLQGUDQ��5�$��&DOGZHOO�DQG�:�/��%U\GHQ��������3K\WDWH DQG�SK\WDVH��&RQVHTXHQFHV�IRU�SURWHLQ�

XWLOL]DWLRQ��1XWU��5HV��5HY�������������
��� 6XJLXUD��6��+���)��0��'RQJ�DQG�5��:��+DUG\��������(IIHFWV�RI�GLHWDU\�VXSSOHPHQWV�RQ�WKH�DYDLODELOLW\�RI�PLQHDUOV�LQ�

ILVK�PHDO��3UHOLPLQDU\�REVHUYDWLRQV��$TXDFXOWXUH�������������
��� 7DNHXFKL��0��DQG�-��1DND]RH��������(IIHFW�RI�GLHWDU\�SKRVSKRUXV�RQ�OLSLG�FRQWHQW�DQG�LWV�FRPSRVLWLRQ�LQ�FDUS��%XOO��

-DS��6RF��6FL��)LVK�������������
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­yZ¸#��±Zd�¯{æèíÐ

æéç

��� 7KRPSVRQ��(��+���&��(��$OOHQ�DQG�5��-��0HDGH��������,QIOXHQFH�RI�FRSSHU�RQ�VWHDULF�DFLG�GHVDWXUDWLRQ�DQG�IDWW\�DFLG�
FRPSRVLWLRQ�LQ�WKH�SLJ��-��$QLP��6FL��������������

��� 7LHW]��1��:��������7H[WERRN�RI�&OLQLFDO�&KHPLVWU\��:��%��6DXQGHUV�&R���3KLODGHOSKLD��86$��
��� 9LHOPD�� -��� 7�� 0DNLQHQ�� 3�� (NKROP� DQG� -�� .RVNHOD�� ������ ,QIOXHQFH� RI� GLHWDU\� VR\� D� DQG� SK\WDVH� OHYHOV� RQ�

SHUIRUPDQFH� DQG� ERG\� FRPSRVLWLRQ� RI� ODUJH� UDLQERZ� WURXW� �2QFRUK\QFKXV� P\NLVV�� DQG� DOJDO� DYDLODELOLW\� RI�
SKRVSKRUXV�ORDG��$TXDFXOWXUH�������������

���:DUQLFN��*��5��� -��%HQGHUVRQ�DQG� -�� -��$OEHUV��������'H[WUDQ�VXOIDWH�0*�� SHUFLSLWDWLRQ�IRU�TXDQWLWDWLRQ�RI�KLJK�
GHQVLW\�OLSRSURWHLQ�FKROHVWURO��&OLQ��&KHP���������������

��� =DFKDULDV��%���+��2WW� DQG�:��'URFKQHU�� ������7KH� LQIOXHQFH� RI� GLHWDU\�PLFURELDO� SK\WDVH� DQG� FRSSHU� RQ� FRSSHU�
VWDWXV�LQ�JURZLQJ�SLJV��$QLP��)HHG�6FL��7HFKQRO��������������
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