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¶¯v¤¯
´º-º­¹y¹u�­v�7ULWLFXP�WXUJLGXP /��«º°º� uyM�{Y�¶º§º½Z´À

Àº¸c�½Yzº] ±MºÀ³Y{Ç�¹ ¾d-Z�º�Y��¾º³¹yZ§Z¯�¶º�uº��¾¯�µuZ d�Y�Z
u¹vºoêuºs�¶]�Yy�±Z¸k�­v´-�b�§�z¿{�n���ª§�{Y�vº�yu�

¹ µuYu��Zº�dsY±M�¾³Z¸k�vÀ«ºcyu©Z��æîîê½uÈÀ¯�u¹vo�
í�èè²ºc ±ºÀº¬À¯��ÎÖ�¹yu©Zº�æîîî�·Z§�v�yu�j´��Z]��
c^¿zº¤>Zæ�èç²c�±ºÀ¬À¯�uº]�´-�¶]�b^�³�­¹y¹u�­v´-º{Y�±Z³�­v

À°·Yºd£Y�bºd°§�½uZ�ºsz]�½zºb�Y�yYuyº�æÒ�Z]��uºk¹�²¿Y
cÀ¯�¶º¿x�ºÀº¬º±ºz]�Z¤¿z�M�©Z°��¹ ¶³ZÀ¯�y¹Zs�yu�z ³�Z·¹ b�§

� µuZ¸³�Z´]�©º�p¯�²¿Y�vÀ«ºcºb�Y�µv�¿Y�yuº±Yz�´-�º­¹y¹u�­v
p�ºº� yuºzºº]Yz]�>Z^¿zºº¤c�¾Zºº]èêåyZdºº¨·�yY|ºº·�æÒ�¹zdºº�À]�

¶º]ayºº�Zº] ¹ ®º¿u�½zºÀ-�µzº¸]¹ µv��vÀ«ºc�¾¬p¯�­Zº£yY�{Y�
uººº�¾ºº¯ �ººº¬t¯�Zºº·º¬Àºº� yu�±Zºº³ ­v´ºº- Zºº] ±M�©ººº�p¯�

Y |À³�±Yz¿Y�yu�¾³¹yZ§Z¯�vÀ«ºc�½Z·�¶º³ZsyZ§\¬�±Z³�½Z·�­v´-�{Y�
Zº¿ ¹¾º·Z-¾³¹yZ§Z¯�¶À¸c�½Yz]�±Z³�¹ ­¹y¹u�­Zº£yY��ºº¬t¯�{Y�

¯ µuZ d�Yv´´§�¾�é�¶§��¶]ªÀ«u�²À°·b�u�¶] aÇº�p¯�bÀ À§
µv¯M±Yv´#\�Z´¯�b�À³�

Z��¾³{�¶l´��ayv£�{Y�±Z³�­v´-�¶]�b^�³�­¹y¹u�­v´º-¿²À½zc
±Z�³�½zd�À]�bÀº�Z�o�bº�Z§�®§Yzºc ¶º] ¹ bº�Y�yYuyºszº]

vº·u�¾º¯�bº�u�²¿Yzº]Z´]¶³Yu�uz¨¬°��ªÀ�³Zd��zh§Yvo�¶]�¾º]Z¿
]º¬�¯�¾·ZÀ-���º��v´º¯{ZÀ³¾b]Z£y�±M�yu�¶§�b�Y�±¹yu�½Z·
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º] ¶º³¶µZÀ-�¾³¹yu�ª¯Yºº� ¶¬Àº�¹u¹vp¯�¾kyZs�½%z³Y�Z]�¶¨¬]�

v³º��¾¯�ë��
©Z�yZ¯�¹ ¦¿yuz��æÓ�yuv³uz§��yY|-�Z¨¿z¯M�½ZÀ³Yº¬À�´�

{Y�­v´-�yx]�±Y|ºÀ¯��¿Y|º�Y�¶º§ëì¶]�æçé­z-º¬À§��yZd¨·�yu
�¿Y|�Y�f�Z]yZ°�¾«¹�µv��n���voY¹�yu�¶l´��yZ°�yu�¶³Yu�

zº·¶¬^´�b�Y�¶d�Z¿��·Z§��Y|kY�²À]½uz¨¬°���±Yz^k�¶�À°·�
º] �uyYu�uººk¹¶½yºº��·Zº§ Zº] ¶º§¹�¿Y|�Y�Zº¿�Y|kY�yu�½
¶Àº«¹Y�uzº¨¬°��v´³Z¯yZ°�Z¿�¹ n���voY¹�yu�¶¬^´��yZ°�¶³Yu�

d°º� ¶º] ±Yzº^k�²º¿Y��¶¬^´º� yu¸³�yu�¶§�u¹y�¾¯��Àº� ¾ºb¿Z
À�cº°��aYzÀºo ¶]�uz¨¬º£Yvºv�z]�ª�æÓ��±YyZ¨°·�¹ º·ZÀ^Àk

�æÔ��¿Y|�Y��¶§�v³uzº§ �yY|º-yZ°��]z¯zd¯�yu�¶¬^´��]zgY�z
bºº�Z§�®§Yzººc �¿Y|ºº�Y��·Zºº§yZ°ºº�±{¹�¹ ¶¬^´ºº� yu�¶ºº³Yu�
uyYu�¾��yu�Yy�¶³YuyY|·�±YyZ¨°·�¹ �{ºk�çÑ�v³uYu�±Z�³�|À³

¶º§yZ°º�¹ n�º� vºoY¹�yu�¶¬^´º�yZ°�bpc�¶¬^´��yu�¶³Yu�
{Y�zd�À]��yx]��¬dt¯�z¿uZ¤¯²À.³ZÀ¯�v´´§�¾¯�zÀÀ�c�¶³Yu�±{¹��yu

Zd�Yy�²À°·½uZ¿{�½Z·�¾�yz]��ææ�æè¹çÐ��¿Y|�Y�|À³yZ°�
­v´-�¹ ±Z³�­v´-�yu�®§Yzc��¿Y|�Y�Z]�Yy�n�º� vºoY¹�yu�¶¬^´º�

µuz§��yY|-�­¹y¹u±M�¾��yu�¶§��v³YZ°�y±{¹�¹ ¶¬^´��yu�¶³Yu�
¶dº�Z¿��·Zº§ ¶º³Yu�yY|º·v³Y�±YyZ¨°·�¹ º·ZÀ^Àk�¾�z��{Y�æÔ�

¶³Yu�uz¨¬°��²À]�b^ºh¯�¾.dº�]�®º·�yZ°�±{¹�¹ ¶¬^´��yu�¶³Yu�
z.¿u�¾º�z��{Y�¹ v³uzº§ �yY|º- ­¹y¹u�­v´º- yu�Yy�¶³YuyY|º·

½Z·�¾�yz]½yZÀ�]��æè�æÓ¹çÕ��¿Y|�Y�Z]�¶§�v´·u�¾¯�±Z�³
{Y��®§Yzºc�yZ°¶]�¶¬^´��yu�¶³Yu�¶]�¹ µv��¶d�Z§�½yYu�¾´�¯�yº�

¶³Yu�uz¨¬°��±M�©Z^º³u¶¬^´��yu�|À³�¾¯��·Z§�v]Z¿�¾¿Zl³M�{Y¶§
�¿Y|�Y�Zº] �®§Yzºc �¿Y|º�YyZ°�n���voY¹�yu�¶¬^´��v³Yºc�¾¯�

Y ²À]�±Yz^k�²¿Yz]Z´]��uºº� ¶º³Yu�uzº¨¬°���¿Y|º�Y�fº�Z]kY|½
uzº¨¬°��Y �t�¯�>È¯Z§��]Y¹y�²¿Y�yu�yu�¶§�¾�·Z§�Z]�¹ b�
yZ°º�qy�®§Yzºc �¿Y|º�Y�Zº] ¶¬^´º� yu�¶º³Yu�¾º¯v·u�¿Y|�Y��

¶³Yu�uz¨¬°�n���voY¹�yu�ª£Yvo�¶]�¾¯�v�y�L|k�Z]�¶�]Yy�yu
¹ av���¶³Yu�yY|·�±{¹�¾´�¿��uz¨¬°��­ºº�Z]�¶§�¾cYzÀÀ�c��º³

�¿Yz��¹ ¾�Àp¯��¿Yz��¶]�¶d�]��uzÀ-�¾¯�uºs�¶]�®§Yzc��¿Y|�Y
¯ >È¯Zº§ bº�§b�Y�a¹Z d�«¹�º�Y�¾º¿Y|�Y�Z]�\¬º§Yzc��º®�{Y�
¯ ¶d�Z§�±M�yYv¤¯ºuº��¾�çÑ¹èÎ��

¶#zº-Yuº��¾¯�µu¹|�Y�­v´-�¶³Yu�uz¨¬°��z]�®§Yzc��¿Y|�Y�Zº]
`´¯Yu�¶]�¶d�]�¹ µuº^³�¾�s�ayº��¶] ¶�À°·��¿Y|�Y�²º¿Y�¾º«¹

¶]�b�Y�²¨°¯�Zº·®§Yzºc¾°¸��ayº�¾·Z-�¹v�Z]�¾�s��yu
®§YzºcyZÀ�]�½Zº·{uZ¿uz¨¬°��yu�¾�¿Y|�Y�Z¸´c�¶³�b�Y�²¨°¯��
¶º³Yuº¿uuºº�³�µv�uº��¶d�Z§�|À³�¶³Yu�uz¨¬°��{Y�¶¨¬]��¹ e¹y

±YyZº¨°·�èÏ�{Y�®§Yzc��¿Y|�Y�Zº] ±Zº³ ¶º§ vº³uYu�±Zº�³æåå
¶]�yZdº¨·�yu�­zº-º¬À§æëí­z-º¬À§�yx]�¶³Yu�uz¨¬°��yZd¨·�yu�

¶]�yx]�±Y|ºÀ¯��¿Y|º�Y�Zº] ¾º«¹��uzº§ YvÀº� �¿Y|º�Y�­v´º-çèê
¶³Yu�uz¨¬°��yu�½yYu�¾´�¯�zÀÀ�c��yZd¨·�yu�­zº-º¬À§¿uv�³�µv�
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®§Yzc�{Y�µuZ dº�Y½Z·ææå�çìå¹éèå�yY|-��]z¯zd¯�yu�yx]�
¾º«Zo�yu��uzº§§ ¶§Z¥�çÒ��³º§ ¶§�uYu�±Zº¤¯�uz]yZºz¿uZéêå�

Óêå¹íêåyu�yxºº]zºº·¯¶ºº³Yu�uzºº¨¬°��zºº] ½zººÀgPc��]zºº¯zd
b�Yv³�±Z³�¹ ­¹y¹u�½Z·�­v´-�

À]ºz¨�î�¹±YyZ¨°·�¹ ±º�v«Z³¹u��æè��yY|-¶§�v³uz§�Z]
®§Yzc� �¿Y|�Yb�Z§¾«Z°�� ½Z¨¿z¯M� ®¿u� �¿Yz�� bpcz]

b�Yuz]��sZ��¹ ¦¿%º«ºÀ]�uz¨¬°��yYv¤¯­v´-�±Z³�ayº��¶]
®§Yzc� ²À]� a¹Z c� ¹ uº��¾¯� µu¹|�Y� ¾�szÀ�½Z·ÇZ]�{Y� zc

>Yu¹voçåå�]z¯zd¯�yu�yx]�³ yYu�¾´�¯�½yZ¯M�z�³�{Y�b�À�
¶º�«Z�¯¶º] �±Yzº¿Y�yu�­¹y¹u�­v´º-¾�yz]�¶]��±Z¸ º�Y�µ&º¿¹

½Zº·¾º-&¿¹²º¿Ç�¾º¨Àd³%�Zº·\º¬�Y�¹½Z·�¾º-&¿¹Z¸³M�¾ À§�
aYzÀÀ�c�uyº¯�yu�½z§w�ª]Z£�[ºd¨¯��yY|º- ¹ µuºº] u¹vºp¯

°�ºkY�¹ uzº¨¬ººY|½°��ºZº·�Àºcº³%�uzº¨¬½Z·�¾-&¿¹�¹v�y�
�¬dºt¯��¿Yzº� zºÀgPc�bºpc�a¹Z dº¯yº�§�¾�Àp¯µ&¿¹�¶] ¹

uyYvº³ uººk¹�±Z¸ º�Y�²Àº°·�{Y¹y¶º�«Z�¯¾�yz]�¶º] zº�Zo�
Z]�­¹y¹u�­v´-��Àcº³%�¶���´º§Y¹½Z·�¾-&¿¹¶]�a¹Z d¯�v�y�

®§Yzcb�Y�¶dsYuz��±Z¸ �Y�yu�b�Z§��¬dt¯�½Z·�

Z¸�¹y�¹ uYº¯
¾º�Yy{�©Zº� yu��¿Zº¯{M�²º¿Yíå�æèìî¾�·¹&��¶�y|º¯ yu��

yu��ºº£Y¹�±Z¸ ºº�Y�¾d�´ºº� µZ.ºº�³Yu��½{y¹Zºº�§�µv¨ºº�³Yuéå
[º´ºk ½zºd¯º¬À§±Z¸ º�Y�¾º]z��¾¿ZÀ�Yz�k��zº�cèçqèç

¾º¿ZÀ�Yz�k�©ºº� ¹ ¾«Z°º�cçèqêæ¾£zº��­Zl³Y�v��Z cyY
Zº¿yu�n�º� {Y�¶�y|º¯æëèåz]�¹ zd¯�}Z�Y-º²�º§�½v´]�µ¹z��

.RSSDQ�Àº¬£Y�½YyYu�ºÀº³ ®º¦º�s�¶°dº�]Zc�Zº]º±Z·º½Z¹ ­z-
¦º�sbº�Y�¶]�¶³ZÀ«Z��½Z¯u�¹ ¾º-v³yZ]�²Àº.³ZÀ¯\Àczcæéå

À¯º¾º¬zºd¯¹ê�æé¶ºkyu�d³Zº�º-¾ººb�Y�uYz�ê���Z]º¥Zs�b
½zºº·Z���ººº�t¯�­zººk Zºº] ¾ºº�y�­ººº« ¶�y|ºº¯é�æzºº] ­zºº-

²À.³ZÀ¯�¹ \�¨¯zd¯�¾d³Z�S+±M�ê�ìb�Y��
\«Z£�yu��µv��uzºs ½Zº·azº§ mzº� ayºº�¶º] �¿Zº¯{M

yYz¨c�yZ¸#yu�¾�uZ�c�ªº¯Z§�½Zº·¥ºº¬]v��µuZÀ��¾¬�Y�yZ°Àc
n���¶��yu��Àºcº³%ª¯Z��2VWD�*DWD�'LSSHU��¹3,�����

¹ uºº]b�Z§�®§Yzc�|À³�¾º�z��yZ°Àºcª¯Z��n���j´��yuçåå�
çìê�èêå�éçê¹êåå�]zºº¯zd¯�yu�yxºº]uººº]�½Zºº·�Àººcº³%

¾º]Z¿{yY�yu�µuzº]­Zº³º¿Ç�±ºÀº�¨¬§�¾ºcZ¯v¤¯�½Zº·²­v´-�½Z·
­¹y¹u�¾-&¿¹�{Y�[º¬�¯�¾ À§�¹ ¾�Yy{�½Z·¾c¹Z d¯�¹�]¶µ&¿¹

¾¨ºº�s�¹ ½yºº� ¶º] bº¯¹Z¤¯�¹ ¾º·u�¶l´º� ��Zº cyY�zº�³�{Y
v³uº]�yYuyºsz]�¾�t��aYz§Yx¯��¾³Y{yY��

ª¯Zº� azº§ zº·ëb�Z§��¿uy�¶]�©º�Ózd¯�]Zª�Yº��çê
uºº] zºd¯�¾d³Zº��b�§�{Y�ª^£�©Z��yu���¿Z¯{M�½YzkY�ªp¯yu

uºº] �º¿M�©uZ�¯�æêå­z-º¬À§�yZd¨·�yuµy¹Y�uº§�éëv�yu�
±%¹zºdÀ³�¥z��¾º°À³�¹ ¶º¿Z��¾º°À³�ayºº�¶º]�yu¹u�`¬oz¯�

¾º·u�¶£Zº�¹¾·u�¶¬^´��ª¿Y¹Y��v��¶�Z�Y�¥Zs�¶]�ª^£�¶¿Z��uº§
bº�Z§�{Y�±Z]M�ªº¿Y¹Y©Z��µZ¯æèìî�¦�¿u�¦°§�¶]�¹ �t�
¥Zºs Zº]�ºº¬t¯º�v�®À�Zd��¹ z ���yYv¤¯¢°��Zc�¥Zsèå
¾d³Zº�¶º] ½zºd¯\Àczºcçê¹çëé¥Zs�­z-º¬À§�yu�­z-�¾º¬À¯�
¦�sv�³�µuZ d�Y�¶�Zd��¹ µz ���uº§�{Y�²¿Yz]Z´]��uº]�

z·�¶]��º]z¯�½Z·yxº]ayº��¶] µv��¶À^�c�½Z·yZÀ�yu�az§
Z]�Z¸³M�½¹y�¹ v´d�z-�yYz£�¾d�uèv��µv³Z�º��¥Zs�zd¯�¾d³Z���

r¿yZc�yu�bº�§½Z·çæ¹çç]M�µZ¯�±Zæèìîyu�¹ b�z-�­Zl³Y�
çèµZº¯ ±Zº]M�²Àd�t³v��©Z°�Y�½yZÀ]M��½yZÀ]M�]�½Z·º~��½v

dº�Y�{Yº·ZÀº- yYz¤º¶$�Yz]��Zº·º}Zíå¦d�c�{Y�zÀt^c�zd¯�¾¬À¯�
}Èº§ zºÀt^c$b�z-�ayºº���¬��Z]�µ{yZ^¯�½Yz]{z·�½Z·

½uyº�ºc�yY|·�yu�¦¿�©º¬p¯�Z]��¾·u�¶£Z��¶¬oz¯�yu�+z]�²º¸�
¶]�¾�Z�°�v¯M�ª°��

Àº�y�±Zº¯{�yu�µZÀº- �Zº cyYº«º¿|À��¾-vº¨¿%ºººZ·��Àcº³%�¾
�ª¯º¬-¹�­º¬-�{Y�|^��,³y�ºp¯���Z cyY�½zÀ-�µ{Yv³Y�Z]�æå¶£Z��

¶º] ¶º§{Y�v³uº]�µv��[Ztd³Y�¾�uZ�c�yº�¥Zs�n��½Z¸d³Y�Zc�
¶¬^´º�¶º]v¯M�b�u�µuz-�¶¬oz¯�yu�+z]�n����sZ�¾³Z��Y

`º«uZ�¯�{Y�µuZ dº�Y�Zº][èì�îî�éë�êìå �<¶]��uº¯M�bºv�Ð��
�¯�²º¿Y�yuºZ¶ººº«u<�ºº�º] nººº¹ +z[¦ºº�s�±{¹éå+zºº]

¶¬�Z��¶]��º]z¯�½Z·�¶cº]�{Y�µvº�Yvk�¾�uZº�cçê{Y�zd¯�¾d³Z��
�¿uy�{Y�¾¨¿�½Z¸d³Yb�Z§�½Z·�¶À�Zo�b¿Z�y�Z]�b�Y�

b�YuuZ¿�z¿Z�½yYuz]½zÀ-�µ{Yv³Y�¹ Z·©º��¹u�yu�­{Ç�½Z·
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

æèç

½zºd¯�®Àº³��y�Zº]¶À�Zo�b¿Z�²À�¯v�y�µy¹u�½Yvd]Y�{Y�µv��
b�z-�­Zl³Y�b�Z§��º¿uy�¹u�yu�¶¬^´��yu�¶³Yu�uYv�c��yZ°�

®À³�©º��b�Yuz]�Z]�¶³YuyY|º· ±{¹�½zºÀ-�µ{Yvº³Y�¹{Y�¾¨¿�½zd¯
�º¿uy½Zº·²Àº�¯µvº�¡ºº�[Ztd³Y�¹çå­Zl³Y�±M�{Y�¶¬^´��
b�z-��b�Yuz]��sZ��¹ ¦¿%º«ºÀ]�uz¨¬°��½zÀ-�µ{Yv³Y�½Yz]

®Àº³ ©ºº�½zºd¯zº.¿u��¿uy�²À�¯yu�¹ µuz§�b�Yuz]�Yy�µv�
½Z¯u�Zº] ±¹Mìå¶kyu�av¯�¶]�uYz-�¾d³Z�éí�µuYu�yYz£�b�Z��

¶³ºº°³�²º¿Y�²¿{ººc {Y�~º�}Z�Yz]�¦¿%º«ºÀ]�uzº¨¬°��Zº·æç
b]ºº�y�vº�yu¶^º�Zp¯�v�{Y�µv��Yvk�½Z·�¶³Yu�±{¹�~��

v��b�YuuZ¿�¶º³Yu�uzº¨¬°��±Yº´º�¶º] �¶³ºº°³�²º¿Y¹ub¿Z¸³�y
|À³�b�Yuz]��sZ�v¯M�b�u�¶]�µv³Z°À£Z]Z]�az§�z·�boZ�¯�

²¯zs�{Y�~��¹ v��bº�Yuz]�¶Àº�Zo�bº¿Z�y½yZkº]�¹ ¾]º§�
}Z�Yz]�¶³Yu�¾¿Z¸³�uz¨¬°�æçv��¶^�Zp¯�b]º�y�v�yu��

yº�´ºº¯¶ºº]yY|ºº�Y�­zºº³ {Y�Zºº·µuYu�½yZºº¯M�ªÀºº¬pc�¹ ¶¿|ººlc�
}Y�M�}Y>6WDWLVWLFDO� $QDO\VLV� 6\VWHP� �6$6�@] ¹ºººº½Yz

ªºº�§Y�yY|ºº�Y­zºº³ {Y�Z·yYuººº°³�®ºº�y��([FHO�½zººÀ-µzºº¸]vºº��

�¾ºº�¿Z¯{M�½Z·yZ°Àººc zººgY�±uººº] yYu�¾ºº´�¯�ayººº�yu½Yzºº]¶ºº�¿Z¤¯�
Àºººº.³ZÀ¯º²¯{M��Zºººº·ººººººo ±ººººººº c�ª£YvºººººyYu�¾ºººº´�¯�a¹Z

@�©Y�}Y�½u��/6'�>/HDVW� 6LJQLILFDQW� 'LIIHUHQFHyu
�º�º©Z°dºoY�nêµuZ dº�Y�vº�yu�vº��º�]�®º·²À]�_uZ��¾.d
 �º] |À³�aZ¶­z³�¶¬À�¹}Y�yY|�Y�M�v��¶^�Zp¯�}Y�

fp]�¹ j¿Zd³
¶cº]��Z cyY¹yZ°�¶l´��

lcº¬pc�¹ ¶¿|º�³� Z·�µuYu�ªÀºÀ]�¶§� uYu�±Z²�³�{Y� Z·��Àcº³%�ºz
 cyYºcº]��Zº c� ¶º´�¯�a¹Zº½yYu�¾�åæ�åd3��k¹ººuyYu� uº
�kº©¹væ��³%ºÀcºº�3,�����Z]�²Àº.³ZÀ¯æèæd³Z��ºd¯�¾ºz

�Àcº³%�¹ ²¿zc�v´¬]� ��Z cyY'LSSHU��Z]�²À.³ZÀ¯íìzd¯�¾d³Z��
 cyYºcº§� ��ZºµZ³%�²¿zcº� ¶dsZ´���Àcººv�©¹vkç���Yº�¿Y|

®§Yzc�b�Yv³�µZÀ-��Z cyY�z]�½yYu�¾´�¯�zÀgPc��©¹vkæ�²¿Y�Z]��
k¹º�Y�Z]�uºº®§Yzc��¿Y|� cyY�{Y�ºÀ-��ZºµZd^�³�º>Zd�Z§�º¶]��v��¶
�º½yº¶§²À.³ZºÀ¯yu��Z cyY�§Yzc�ºu¹vo�©¹Y�®>Yê�çzd¯�¾d³Z��

d�À]º§Yzc� {Y� zºl´�� ®ºuº]� ®�©¹vkç��¿z]�º|.�æç��º­v
ÀÀ�cº¹ z°cY�º·Z§�|À³�²º´�¯zÀ���º cyY�yYu�¾º®§Yzc��¿Y|�Y�Z]��Z

uºs��¿Z¯{M�yu�µuZ d�Y�uyº¯�­¹y¹u�­v´-�­Z£yY�yu�yY|-� Yy�
b�Y�µuz§�

³%�ª]Z¤d¯�zgYn���yu� µZÀ-��Z cyY�z]�b�Z§�®§Yzc� yu��Àcº
©Z°doYê�yu�º´�¯� vºuº]� yYu�¾�©¹vkæ��Àcº³%� yuº½Z·��

2VWD�*DWD¹'LSSHU�� cyY�ºÀ-� �ZºÀÀ�c� Z]� µZº§Yzc� zºÀÀ�c�®ºz
´�¯º�Àcº³%� yu� ¾«¹� �uz¨³� YvÀ�� ½yYu�¾3,������¿Y|�Y� Z]�
cº§Yzº®� cyY�º§ �Zº·Zºuz§� YvÀ��½yYu�¾´�¯���¶]v�y�¾¯� z�³

l´��ayv£º°·� �ÇZ]�¾³{�¶º�Àcº³%�yu� uZ¿{�¾�¿¹y�v�y� Z]� µYz
¶]� ¹ �]Z´¯� b¿u¹vp¯� uZl¿Y� yu� �¿z�c� \^�� zÀsY±M� ©Z^³u

®§Yzc�yu�µ&¿¹�¶] �b]Z£y�v¿v�c¶§�b�Y�µv��ÇZ]�½Z·yu�¿Z¸³�b
�Z cyY��·Z§¶cº]Z·®§Yzc�yu�Yy�b�Y�µv��f�Z]�µuz]�­Z³�½Z·�

½Z·�®º§Yzc�¹ �Àcº³%¶cºº] yu�¶l´��yZ°��zº�³�{Y�¹u�z·�b�Z§�
vº´d�Yu�a¹Zºº c��©¹vkæ�] �¶½yº�²¿zd�À]�¶§yZ°�´��ºlº¶

d¯º³%�¶]�¢¬�º�Àcº3,�����] ¹¶�ºd¯�yºº�ºº²À¿Z��yu��²¿zc
®§Yzºcv��ª�Zo�bº�Z§�½Zº·�©¹vkç��yZd�y�±uº]�a¹Z d¯
¶l´º�¹ ­v´º- ¾º·u|À³yu��·Z§�yZ°�|�Y�Z]�¶cº]�yu�¶l´���¿Y

²À¤¤p¯�z¿Z����ºc�bº�Z§�®§Yzºc�ë�ÏÎ�çÏ¹ÏÖ�-º�yY|
b�Y�µv��]¶�Y�Z]��µ¹È�ºb�Z§�®§Yzc��¿Y|

¸�º� Z¿� ¶l´��®º�Y� ¶£Zº¬°�� yu�¾¬º´-� ¶³Yu� uz¨º�Y� ­vº�¿Y|
¾¯¿ºv]Z�èÍ��

+z]�n����sZ�
½Z·��Àcº³%�²À]�¶§�uYu�±Z�³�Z·�µuYu�~³Zº¿yY¹�¶¿|ºlc�j¿Zdº³

����sZº� zº�³�{Y��¬dºt¯¾³Z��Y�µuz-�¶¬oz¯�yu�+z]�n
½yYu�¾ººº´�¯�a¹Zººº c�åæ�å�3duyYu�uººººk¹��©¹vºººkæ��

½Zº·�Àºcº³%3,������2VWD�*DWD¹'LSSHU��¶]�Z]�\Àczc
+zº] n�º� �sZº� ²Àº.³ZÀ¯î�è�ç�è¹ë�çZc�²¿zdº�À]�

v³uYu�±Z�³�Yy�+z]�n����sZ��²¿zd°§�©¹vkç��yYv¤¯
]Zc�®·�¹ �Àcº³%��]Zc�®·�+z]�n����sZº�v�y�¶¬oz¯��
¶§�½yºº�¶]��b�Y�¾º�ºÀp¯��¿Yzºº� ¹ µZÀº-®¿u��¿Yz��yu
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½Z·�®§Yzc�bpc�­¹y¹u�­v´-��Àcº³%�¶��¶³Yu�uz¨¬°��½Y|kY�¹ uz¨¬°� �v�y���

æèê

��çÍ�YuZ³Z§�|º§z¯½Yz]�Yy�±M�yYv¤¯yu�µyZ¸]�­v´-�½Z·��Àcº³%�
µuzº- ¶¬ozº¯¾³Zº��Yì�æb�Y�µuz§��yY|º-��¿Z¯{M�yu�¾«¹�

±Zº�oYµuY{�æÑ�+z]�n����sZ��yYvº¤¯yu±Z°·�{Y��¿Yz��
æ�æZºcí�æ¹ µuº]�a¹Z d¯�yu¾�yz]±YyZ¨°·�¹ ºÀ�¿yZ�M��í�

²À]�­¹y¹u�­v´-�½Z·��Àcº³%�½Yz]ë�æZc�æ�è½yZÀ]M��¿Yz��yu�
¹î�ÍZººcç�çbºº�Y�µvºº� �yY|ºº- ½yZÀºº]M ±¹vºº] �¿Yzºº� yu��

�Àºcº³%3,�����ªÀº«u�¶º]²dº�Yu�yZ°�+z]�¹¹ zd�À]�`l´��
¹u�¶]�b^�³�Yy�½zd�À]�+z]�n����sZ� �²º¸��+zº] n�º�

uYu�±Z�³�zº.¿u��Àºcº³%�z¯Y�²¿Y��Àcº³%�¾¨Àd³%�½ÇZ]�¾¿Z³Yºc�
Yy�zºÀsY+z]�n����sZ��vÀº«ºc�yu¹ ÇZ]�©Z^³u�¶]bÀ�z��±M�

¦º�s�_uZº¯ vÀº«ºc�zdº�À]�v³Z�y�¾º¯��b�Z§�®§Yzc��¿Y|�Y�Z]
®§Yzc�+z]�n����sZº� yu�½yYu�¾º´�¯��¿Y|º�Y�¬dt¯�½Z·

µuZ dº�Yµvº��¿Zº¯{M�yu�¿u� µvºv�©¹vkç��±Z�oY�¹ µuY{
±ZÀºº�yY{�æ�,³zºº¬- µZÀºº- yu�+zºº] n�ºº� �sZºº� �¿Y|ºº�Y

�] v´#z·¶¾´�¯zÀ��ayº�yYu��yY|-�Yy�¶cº]�®§Yzc��¿Y|�Y�Z]
v³uzº§�®§Yzc��¿Y|º�Y�Zº]¶cº]�·Z§�¹ b]Z£y��¿Y|�Y�ªÀ«u�¶]
yZ°º�yu�¶l´º�¶cºº] zº·�¹ ¶d�Z§�¶cº]�z·�+zº] n�º� {Yyu�

¾cyºº�[M�z�³�{Y�½v¿v��b¿u¹vp¯�¶§�¹ ¥Zs�¾¿Yx��uYº¯�
v�Z]�¶d�Yv³�uºk¹�yº³�+z]�n����sZ��z]�¶¿Z��¾·ZÀ-�{Yv³Y

¾º¯ µu¹|º�Yuºº��±Z�oY�µuY{�æÑ�YuZ³Z§�|§z¯�®¿u��¿Yz��½Yz]
zÀÀ�c�­vº�+z]�n����sZ��®§Yzc�yu��yY|-�Yy��¬dt¯�½Z·
bº�Y�µuzº§�+z]�n����sZ���½yYu�¾´�¯�¹ b^h¯�¾.d�]�®·�

�

íæ�å U�uYu�±Zº�³�¶cºº] �Zº cyY�Zº] Yy��©¹vkè�uºk¹�¶§
b�À³�yZ�d³Y�{Y�y¹u�¾.d�]�®·�²À´#�

Y¹�yu�¶¬^´��uYv�cn���vo
{Y��¬dºt¯�½Zº·�Àºcº³%�²Àº]z�³yZ°º�yu�¶¬^´��voY¹n���

bº�Yv³�uººk¹�½yYu�¾º´�¯�a¹Zº c�©¹vºkæ��uºk¹�²¿Y�Zº]
³%ºÀºcººZº·�½'LSSHU��¹2VWD�*DWDoY¹�yu�¶¬^´��uYv�c�ºv

Yy�½zdºº�À]�n�ºº��u¹vººoèèê¶¬^´ºº���Àººcº³%�¶ºº] b^ºº�³
3,�������çíå¶¬^´º��v³uzº§ vÀº«ºc�©¹vºkç��yuº³%��Àc
3,�����ªÀº«u�¶º]yZ°º�½ÇZº]l´º�¶�b�Y�²º¨°¯uYº¯�®¸��

d�Z¿��À�tc�¶l´��z·�¶]�¶§�½|d´�ºd��¾¿Yx�¶§ YvÀ���·Z§�v´
¹yu�bº¿Z¸³�¶l´��¾ºsz]�±vº³Z¯�}yZº³ zºgY�yu�Z·�yZ°�`¬^´��

½zºd°§n���voY¹�yu�¶]��Àcº³%�²¿Y�½Yz]�v¯M�b�u�±º�³Zk
±YyZº¨°·�¹�çÐ�²À]�¶º§ v³uzº§ �yY|º-�Àcº³%Z·��¬dt¯�½
±Z³�­v´º-uyYu�uºk¹�a¹Z c�n���voY¹�yu�¶¬^´��vÀ«ºc�z�³�{Y��

bº�Z§�®§YzºcyZ°º�©Z°doY�n���yu�Yy�n���voY¹�yu�¶¬^´��
] �uYu�yYz£�zÀgPc�bpc�vº�yu�¦º¿¶½yº�z]�®§Yzc��¿Y|�Y�Z]�¶§

yZ°�v��µu¹|�Y�n���voY¹�yu�¶¬^´����©¹vkç��¹ ±º�v«Z³¹u
±YyZº¨°·�æè��¿Y|�Y�|À³yZ°��·Z§�¹ n���voY¹�yu�¶¬^´��

yZ°�Z]�Yy�¶cº]�yu�¶¬^´���yY|-�±Z³�­v´-�b�Z§�®§Yzc��¿Y|�Y
v³Y�µuz§�¶l´��zÀ¯�¹ +z¯��¿Y|�Y�¹ Z·|À³yu��·Z§�yZ°�¶¬^´��
µZÀº- yu��¿Y|º�Y�Zº] µYzº°·�yZ°�n���voY¹�yu�¶¬^´���zgY�yu
�¿Y|º�YyZ°º�¶cº]��Yº·�¹ [M��¿Yz��yu�­¹y¹u�­v´-�½Yz]¾¿

b�Y�µvº� �yY|º- ±Zdº�{ºs�Ï��]¶Z]�|À³�±Z³�­v´-�yu��µ¹È�
¶l´��{Y�½zd�À]�vº�yu�¾º·ZÀ-�®§Yzºc �¿Y|º�YvÀ«ºc�¶]�yuZ£�Z·

uº]�v´·Yºt³�¶¬^´��èÓ��

yZ°�¶¬^´��yu�¶³Yu�
zº�³�{Y��¬dºt¯�½Zº·�Àºcº³%�²Àº]yZ°�a¹Z c�¶¬^´��yu�¶³Yu�

½yYu�¾ºº´�¯�åæ�åd3�bºº�Yu�uºººk¹�©¹vººkæ��³%�Àººcº
'LSSHU��u¹vo�Z]�èí�Àcº³%�¹3,�����u¹vo�Z]�èæyu�¶³Yu�

²¿zd°§¹�²¿zd�À]�\Àczc�¶º] ¶¬^´º�yZ°��vÀ«ºc�Yy�¶¬^´��yu�¶³Yu�
v³uzºº§�©¹vººkç���Àººcº³%�yu3,�����{Y�±uººº] yYuyºszºº]

uZ¿{�¶l´��uYv�c��©¹vkç�ÇZ]�¾�¿¹y�v�y�¹>ÇZ°doYv¿v�c�Z]�
¶cºº] ±¹yu�bº]Z£yZº¯{�yu�½Y- ½Zº·µ{Zº�M�ªÀ¨º�c�±º\^��ª

§ºº·Zºyu��yZº°º�·µ{Zº�M�ºº- ½Zºº¹ ¶$¬^´��yu�ªyu�b¿Z¸³�
yZ°º�v��¶¬^´�yu�¶º³Yu��uº°p¯�¹ ±Z°h��ÏÖ�¾¸]Z�¯�j¿Zd³Yy�

yY�a¹Zº c�Zº] ¶º�]Yy�yu­v´-�­Zº£¶¬^´��yu�¶³Yu�vÀ«ºc�z�³�{Y�yu�
º�º· ¹ [M��¿Yzº� ¾¿Yºº±Yuº§ �yY|-�ºv³Y�µuz�§Yzcºb�Z§�®

yZ°º�Yu�©Z°doY�n�º� yu�Yy�¶¬^´º� yu�¶º³êzÀgPc�bpc�v�yu�
uYuyYzº£�©¹vºkæ��{Y�®§Yzºc �¿Y|º�Y�Zº]yZ°�´��yu�¶³Yu�º¶¬^

v��¶dº�Z§�§Yzcº©¹Y�®��çåå�]z¯zd¯�yu�yx]��u¹vo�Z]�èí¶³Yu�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.4

.1
1.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
16

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1382.7.4.11.6
https://jcpp.iut.ac.ir/article-1-490-fa.html


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

æèë

®§Yzc�¹ ²¿zd�À]�¶¬^´��yu®l´��êåå�]z¯zd¯�yu�yx]��u¹vo�Z]�
èè²¿zd°§�¶º³Yu�yZ°�y ¶¬^´��yu�¶³Yu�v³uº]�YyYu�Y�©¹vkç��Z]

¶cº]�²À]�bº]Z£y��®§Yzºc �¿Y|º�Yz·�®¸��±º#�¹ µv��zd�À]�½Y
¾º¿Yx��zº�Z´��{Y�¶cºº]¥Zs�¾¯��·Z§�yº³�¹±Z¨¯Y�v]Z¿vÀ«ºc�
®·�¹ ¾·ZÀ-�¦�s�µuZº¯²À´#¶¬^´��z·�yu�½zd°§�¶³Yu�ªÀ¨�c�

b�Yu�v·Yºs�uººk¹��èÓ��yu�µv��ªÀ¨�c�¶³Yu�uYv�c�¶lÀd³�yu�
Zº§ ¶¬^´º� zº·v]Z¿�¾º¯ �·�±YyZ¨°·�¹ ±º�v«Z³¹u��¿Z¯{M�yu�

�æè�±YyZºº¨°·�¹ �{ºººk ¹�çÑ�®§Yzººc �¿Y|ºº�Y |ººÀ³�\^ºº�
yu��·Zº§yZ°º�b�Y�µvº� ±Zº³ ­v´º- ¶¬^´º� yu�¶º³Yu��¹ º¬]�
±YyZº¨°·�ææ�¶§�v³uYu�±Zº�³�|ºÀ³®¿u��¿Yz��bpc��¿Y|�Y�Z]�
{Y�®§Yzcèé¶]�æåæyu�yx]�­z-º¬À§��yZd¨·yZ°�¶¬^´��yu�¶³Yu�

{Y�±Z³�­v´-èì¶]�uv��èæb�Z¿��·Z§�uv���

¶³YuyY|·�±{¹
yY|º· ±{¹®§Yzºc ¹ Zº·�Àºcº³%�²Àº] ¶º³Yua¹Z c��¬dt¯�½Z·

bº�Yu�½yYu�¾º´�¯�©¹vkæ���Àcº³%2VWD�*DWDyY|·�±{¹�Z]�
u¹vºo ½Y�¶º³Yuéæ-ºº½Z·��Àcº³%�¹ �²¿zd�À]�­z'LSSHU��¹

3,�����¶º] Zº]\Àczºcæ�èê¹ê�èéz¯�yu�­zº-½v�]�½Z·�¶^c
v´d�zº- yYzº£�©¹vkç��yY|·�±{¹�¾^�³�±uº]�®§�Àcº³%�¶³Yu

3,�����>ÇZ°dºoY�aYvÀ«ºc�¹ �]Z´¯�vo�{Y��Àº] �Zº�dsY�¶º]
­Yv³Y�¶]�½|d´�ºd�¾¯�z]�µZÀ-�¾�¿¹y�½Z·uuz-�§Z¥�çÒ�±Z�³

±ZÀ¯�¶º³Yu�yY|º· ±{¹�¶º§ uYu¹u�­¹y¹u�­v´-��Àcº³%�z�³�{Y�¶§�
¶l´º�¾ºsz]�¹ ¾º·u¿¹½Zº·¾º-&v´d�Yu�a¹Zº c�zº.¿u��>È¯Z§�

bº�Y�a¹Z dº¯�©Z°doY�n���yu�b�Z§�®§Yzc��¿Y|�Yêv�yu�
b�Yu�¾��yu�Yy�¶³YuyY|º· ±{¹��·Zº§�©¹vkæ��>Z�Z�Y�¶#z-Y�

Y|kY�z¿Z��¶]�b^�³�¶º§ bº�Y�¾d º� ¶³YuyY|º· ±{¹½uz¨¬°��
¾¯�yYz£�¾�Àp¯��¿Yz��zÀgPc�bpc�zd°§uzÀ-�çÑ¹ÏÓ�¾«¹Z]�

ºc �¿Y|º�Y±¹yu�b]Z£y��¿Y|�Y�ªÀ«u�¶]��bº�Z§�®§Yz¹ ½Y�¶cº]
²Àº]z��¶]�½zd°§�½|d´�ºd��uYº¯��½Y�¶cº]z§±u¶³Yu�Z·Y�Z�ds
¶dº�Z¿yu�¹Z¸³�bº¿v]Z¿�¾¯��·Zº§ ¶³YuyY|º· ±{¹��²¿Y�Z]�zÀgPc�¶§

yY|º· ±{¹�zº] bº�Z§�®§Yzºc¾�Àp¯��¿Yz��bpc�­v´º- ¶º³Yu
v�Z]�a¹Z dº¯ bº�Y�²º¨°¯��¬dºt¯�æè��¹ Z-yY¹�°·�º±YyZ¨

�èÑ�®§Yzc��¿Y|�Y�Zº] Yy�¶³YuyY|º· ±{¹��·Zº§ ¾º�yY|-�¾º�
º�Z§ºº�³�bº³uYu�±Zºv�· ±{¹º¶³YuyY|·º®Z]�yZ°�^´��ººyu�¶¬
d¯ººº]zºº¯ zº��
çî�å� U�¹ºº·º®Zºº]yZ°ººº�³Yu�ººº^´ºº� yu�¶º¶¬
�
çí�å� U�¾.d�]�®º·¾ ´¯¾´�¯�¹±Z�³�Yy�½yYuuYu��©¹vk
è��b�Z§�®§Yzc��¿Y|�Y�Z]°�yZ���voY¹�yu�¶¬^´��º�¿Y|�Y�n
Àº�ºlÀd³�yu�¶º§ �v´º§¾º¯ Yvº£y�¶ºb�u�½Yz]�b]Z¯ ¶]�¾]Z¿ºuYº

dº³Y�bº¸k�½|d´º�ºd�º³Yu�¶º] ©Z¤ºº�Y�Zº·¶ºd�Z¿��¿Y|º¯ ¹ ¶ºuYº
¶º] ½zºd°§�½|d´º�ºd�±vº�z��¹ v]Z¿�¾¯��Z�dsY�Z·�¶º³Yu�yu�

yY|·�±{¹�yu��·Z§�bº¿Z¸³�¿Y|�Y�Z]�¶³YuyZ°�voY¹�yu�¶¬^´��
n�º�uº¿uº��¾¯�µv�½zd�À]�¶³Yu�uYv�c�¶#�z·��©Yº´¯�²À°·�¶]

¶]��v�Z]�¶dº�Yu�uººk¹�¶¬^´º� zº· yuaYvÀ«ºc�b¿Z §�­v��ªÀ«u
¶³Yu�±uz§z��½Yzº] ½|d´º�ºd��Z·yº��¶]º°�¯©{Y�²À.³ZÀ¯±{¹�

¾¯�¶d�Z§�¶³Yu¹ ¶cº]�®§Yzc�²À]�¾ ´¯�¾.d�]�®·�¶lÀd³�yu�¹ uº�
¾¯�uZl¿Y�¶³YuyY|·�±{¹uº���

¨¬°�¶³�Yu uz
j¿Zdºº³¶¿|ººlc~³Zºº¿yY¹�¾ºº´�¯�a¹Zºº c�½yYu�åæ�åd3�²Àºº]

v´·u�¾¯�±Z�³�¶³Yu�uz¨¬°��vÀ«ºc�z�³�{Y��¬dºt¯�½Zº·�Àºcº³%
�©¹vºkæ���Àºcº³%2VWD�*DWDZº]ééççyZd¨·�yu�­zº-º¬À§�

½Z·��Àcº³%�¶]�b^�³�Yy�uz¨¬°��²¿zd�À]3,�����¹'LSSHU�
�uz§�vÀ«ºc��©¹vkç��¶§�¾¿Zl³M{Y�yZ°yu��]z¯zd¯�yu�¶¬^´��

�Àcº³%�¹u2VWD�*DWD¹'LSSHU��¹ z]Yz]�>Z^¿z¤c�yZ°�yu�¶³Yu�
¶¬^´ºº�½Yzºº]�Àººcº³%�2VWD�*DWD{Y'LSSHU��zººd°§��bºº�Y

½zºcz]�²¿Yzº]Z´]ææ�Àºcº³%�½vº�yu�2VWD�*DWD�Àcº³%�¶º]
'LSSHU��ºº¿Z]vyY|ºº· ±{¹�¶ºº] �º]zºº¯�Àººcº³%�zººcÇZ]�`ºº³Yu
2VWD�*DWDvº�Z]��ºcº³%�À3,�����¾º¬��yº��sZ��vÀ«ºc�®

ÇZº] +zº] n�º��v´§�vÀ«ºc�Yy�¾¿ÇZ]�¶³Yu�uz¨¬°��bº�³Yºd³�¹ �
¶º]¾º¯z�³vº�yµv°��yºº�¶º]uYº¯��Z�dsY�½º.«Y�Z]�z¯Y�²¿Y�

v�Z]��^cz¯��Àcº³%�²º¿Y�yu�½|d´º�ºd��n����sZ��¶#�z-Y�
µv´´§�²ÀÀ�c��¤³�­v´-�uz¨¬°��yu�v³Yºc�¾¯�+z]v�Z]�¶d�Yu�½Y

�æå�¹¶§�¶$³M�¾�Yy{�±Z·ZÀº- yu�¾º«yº��¶]v°��µµv´´§�²ÀÀ�c�
bº�Y�½uZº�d£Y�uzº¨¬°��²À]�½|d´�ºd��uYº¯��À�tc�µººp³�
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æèì
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¶cº]��Z cyY
+z]�n����sZ�

yZ°��]z¯zd¯�yu�¶¬^´��
yZ°�u¶¬^´��yu�¶³Y

¶³Yu�yY|·�±{¹
¶³Yu�uz¨¬°�

¦¿%º«ºÀ]�uz¨¬°�
b�Yuz]��sZ�


¹

v�yu�¦¿�¹ j´��©Z°doY�n���yu�±uº]�yYu�¾´�¯�z.³Z�³�\Àczc�¶]

­Yvº³Y�¬dt¯�½Zº·b�Y�èÒ��²¿Y�{Y+y|]�¹y�sZ��±uº]�zc
¶³Yu�uz¨¬°��vÀ«ºc�¶]�zl´¯�>Zcy¹z���Àºcº³%�¦º¿ +zº] n�º�

v·Yºt³�½zºcÇZ]v���±YyZ¨°·�¹ Z-yY¹��èÑ�¶§�v³uYu�±Z�³�|À³
²À]�Àcº³%�¬dt¯�½Z·­v´-�a¹Z c�¶³Yu�uz¨¬°��vÀ«ºc�z�³�{Y�

uyYu�uººk¹�½yYu�¾º´�¯�¦¿�©Z°doY�n�º� yu�®§Yzºc �¿Y|º�Y
b�Yu�¾�yu� Yy�¶³Yu�uz¨¬°���¿Y|º�Y�vº�yu�©¹vkç��®§Yzc

u¹vo�Zº] ©¹YèèèêyZd¨·�yu�­z-º¬À§��# ®§Yzc�¹ ²¿zd°§�­yZ¸
u¹vo�Zº]èîííYyYu�Yy�¶³Yu�uz¨¬°��²¿zd�À]�yZd¨·�yu�­z-º¬À§�

uº]v³�©¹vkç��®§Yzc�yu�¶³Yu�uz¨¬°��a¹Z c�¶d^«Y­yZ¸#�½Z·
uº^³�yYu�¾´�¯�½yZ¯M�zº�³�{Y�®l´º� ¹�¶]_v°��ªÀ«u�v�y�¾¯�z�³

®§Yzºc yu�¶º³Yu�uzº¨¬°��a¹Zº c�¬dt¯�½Z·¶]�yZ°�yu�¶¬^´��
º¯ �]zº¯zd¯�º]z# �vº�Z]zÀsY�L|k�¶cº]�®§Yzc��¿Y|�Y�Z]�¶§�Yz

¶]b^�³�Yy�aYzÀÀ�c�²¿zd�À]�¹ µuz§�YvÀ���¿Y|�Y�½yYu�¾´�¯�yº�
b�Y�¶d�z-�uºs�¶]�uzº¨¬°��zº.¿u�L|ºk ¹u�¶º]��£Y¹�yu�yZ°�

zdº�À]�`º³Yu¶¬^´ºº� yu�²Àº°·�¹yY|ºº· ±{¹�yºº�yu�zººcÇZ]�`º³Yu
®§Yzºc½Zº·²Àº¿Z�{Y�¾�Z³�uz¨¬°���·Z§�b�³Yºd³�¶cº]Z°�y

v´§�±Yz^k�Yy�n���vºoY¹�yu�zºd°§�`¬^´º��±YyZ¨°·�¹ º¬]�ææ�
Yu�±Zº�³u�¿Y|�Y�¢¿z��{Y�b�Z§�®§Yzºc �¿Y|º�Y�¶º§ vº³yZ°�

v��¶³Yu�uz¨¬°���¿Y|�Y�f�Z]�n���vºoY¹�yu�¶¬^´º��¹ Z°´·Yy�
±YyZº¨°·�è�|ºÀ³yZ°�®¸¯�Yy�n���voY¹�yu�¶¬^´��L|k�²¿zc

µuz§�¾�z�¯�­¹y¹u�­v´-�uz¨¬°�c ¹ v³Y±YyZ¨°·�¹ |´À¨¯Z�èÐ�
¶lÀd³�²À´#�|À³�¶³Zd�¯{�±Z³�­v´º- uyºº¯ yu½Y�v´d�z-�²À´#�®·

®§Yzºc ±YyZº¨°·�¹ Z°´º·YyéååZc�éêå½Yz]�Yy��]z¯zd¯�yu�¶³Yu�
µuz§�¶Àº�ºc�±Zdº�{ºs�yu�­¹y¹u�­v´º-v³Y�¥Z§�çÒ�b�Z¿yu

®§Yzc�¶§{Y�zcÇZ]�½Z·éêå­v´-�¹ ±Z³�­v´-�yu��]z¯zd¯�yu�yx]�
¹u¾ºº´�¯��¿Y|ºº�Y�­¹y¹ µuzºº¨³�uZººl¿Y�¶ºº³Yu�uzºº¨¬°��yu�½yYu

±YyZº¨°·�¹ �{ººk�çÑ�±YyZ¨°·�¹ eYy�¹�èÏ�|À³v´d�Z¿yu�
®§Yzc�¶§>Yu¹vo�{Y�zcÇZ]�½Z·éêå�¿Y|�Y�\^���]z¯zd¯�yu�yx]�
¾º´�¯v��v´·Yºt³�±Z³�­v´-�¶³Yu�uzº¨¬°��yu�½yYu�z¨À]��î�|À³

®§Yzºc yu�¶º§ uzº§ �yY|º-ÇZ]�½Z·yu�YuZ³Z§�|§z¯�®¿u��¿Yz�
¹ µuº^³�¾�s�ayº��¶º] ¶º³Yu�uzº¨¬°���¿Y|º�Y]¶�´§Y¹�µ&¿¹

�Àºcº³%®§Yzc�¶]��¬dt¯�½Zº·�uyYu�¾�Àp¯��¿Yz��¶]�¾.d�]��
®§Yzc�yu�>Çº�Y�¶º# zº-Y¾¯�yZ�d³Y�ÇZ]�½Z·¶³Yu�uz¨¬°��¶§�u¹y

¾º�Yy{�µZÀº-zgPd¯�b¿u¹vp¯�{Y�uYº¯��b]º�y�uº^°§�zÀ�³�¾¿Z·
¥Zºs ¾º¿Yx�yºº³ ¹vº�Z]��æ�>Yz·Z��z�Zo��¿Z¯{M�yu�¾º«¹

®§Yzc�Zc�ª£Yvo��¿Yz��²¿Y�¶]�µZÀ-�¾�zd�u�¹ ¾º�Àp¯��¿Yzº�
èêåµuº^³�µv´´§�u¹vp¯�±Yv´º# �]zº¯ zºd¯�yu�yxº]v³Y�uz¨¬°�

Y|ººkY�Zºº] ¶ºº³Yu½uzºº¨¬°��v´ºº³Z¯yZº°ºº�^´ºº�º�]zºº¯zd¯�yu�¶¬
�
çî�å U��yZº°º�´��yu�¶³Yu�º¶¬^�

èé�å U�uyY|·�±{¹�¹¶³Y
�

êè�å U�uYu�±Z�³�Yy�½yYu�¾´�¯�¹ b^h¯�¾.d�]�®º·��©¹vk
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

æèí

è��¾.dº�]�®º· ²Àº´#�uººk¹�¶§�Yz#��b�Y�yZ�d³Y�ªº]Z£�¾º¿Z·
Y|kY�{Y�­Yv§z·�yu��¿Y|º�Y½uz¨¬°��yu��¿Y|�Y�f�Z]�uz¨¬°��

uºº�¾º¯ ¶º³Yu��Àºcº³%2VWD�*DWD]ªÀ«u�¶±{¹�¹ ¶³Yu�uz¨¬°��
ÇZ]�`º³Yu�yY|º·�b^h¯�¾.d�]�®·�f�Z]�Z]�¶³Yu�yY|·�±{¹�½ÇZ]�¹
v��¶³Yu�uz¨¬°��

¦¿%º«ºÀ]�uz¨¬°�
a¹Z c�¦¿%º«ºÀ]�uz¨¬°��zº�³�{Y��¬dºt¯�½Zº·�Àºcº³%�±ZÀº¯

½yYu�¾ºº´�¯�åæ�åd3�bºº�Yu�uºººk¹�©¹vººkæ���Àººcº³%
3,�����Zºº]ææçîì�Àººcº³%�¹ ²¿zdºº�À]�yZdºº¨·�yu�­zºº-º¬À§�
'LSSHU��Zºº]îèîæuzºº¨¬°��²¿zººd°§�yZdºº¨·�yu�­zºº-º¬À§�

v³uºº] YyYu�Yy�¦¿%º«ºÀº]�©¹vºkç���Àcº³%3,�����ªÀ«u�¶]
yZ°º�uz¨¬°��ÇZ]�+z]�n����sZ��¹ v´¬]��Z cyY��¶l´��uZ¿{�

vÀ«ºc�zº.¿u�½Zº·�Àºcº³%�¶º] b^º�³�½zdº�À]�¦¿%º«ºÀº]z§u�
�Àcº³%�yu�®§�>Zd^�³�¦¿%º«ºÀ]�uz¨¬°�'LSSHU��zd°§�¶]�±uº]

� ±uº]�zd°§�¶lÀd³�yu�¹ +z]�n����sZº�µv´´§�|d´�ºd��n�
¾º¯z]��Àºcº³%�²º¿Yuuzº-�±YyZ¨°·�¹ ±º�v«Z³¹u�æè�a¹Z c
²Àº] Yy�½yYu�¾º´�¯¶l´��¹ �Z cyY�{Y�¶§�­v´-�½Z·��Àºcº³%¾·u

v³uºº] yYuyºszº] ¾ºc¹Z d¯�yY|-�¦¿%º«ºÀ]�uz¨¬°��vÀ«ºc�yu�
vº³Y�µuzº§�±Zº�oY�µuY{�æÑ�¦�s�µuZº¯ uzº¨¬°��a¹Zº c�|ºÀ³
�Àººcº³%ºº�Y�uyººº¯ ­v´ºº- ½Zºº·¶ºº] Yy�uºººs �¿Zºº¯{M�yu�µuZ d

½Zº·¾º-&¿¹º] vº�y�¶��Z cyY�µ&¿¹yZ°�n����sZ��¹ ¶l´��
b�Y�¶d�³Yu��º]zº¯ Zº¸³M�+zº]�n���yu�b�Z§�®§Yzc��¿Y|�Y�

v��¦¿%º«ºÀº] uzº¨¬°���¿Y|º�Y�fº�Z]�vº�yu�¦º¿ ©Z°dºoY
�©¹vkç�®§Yzc�yu�¦¿%º«ºÀ]�uz¨¬°���¿Y|�Y�¾«¹Zc�­º��½Z·

Yu�¾´�¯�½yZ¯M�z�³�{Y�®l´�uº^³�y�{Y�¾¨¿�½Z·�¾-&¿¹¶§�½v�y�
] ¹ �Àcº³%�{Y�½z¿x�zÀgPc�Z]¶¦�s�µuZ¯�uz¨¬°��z]��Àp¯�µ&¿¹

¾º¯ �º£Y¹�zºgR¯�µZÀº-uºº��+z]�n����sZº�b�Y�æÕ��Z]�
z]��bº�Z§�®§Yzºc �¿Y|º�YyZ°��sZ���n���voY¹�yu�¶l´��

¹ +zº] n�º�>ÇZ°dºoY�²À´#�¶§�uº��¾¯�µu¹|�Y�¶º³Yu�uzº¨¬°��
¾ºcYzÀÀ�cyu³bº¿Z¸f�Z]�v³º��¾¯�¦¿%º«ºÀ]�uz¨¬°���¿Y|�Y��

±YyZº¨°·�¹ ±ºº�v«Z³¹u�æè�zº¨À]�¹�î�Z]�¶º§ vº³uYu�±Zº�³�

uº��¾¯�µu¹|º�Y�¦¿%º«ºÀº] uzº¨¬°��zº] ®§Yzºc �¿Y|º�Y²¿Y�¶§�
�¿Y|º�Yyºº�¶º]vº°�µY|kY�¶]��º]z¯�½µZÀ-�¾�¿Y{�zÀ��b�Y�

Y|ºkY�Zº] ¦¿%º«ºÀº] uzº¨¬°�½Z´hd�Y�¶]�¶º³Yu�uzº¨¬°��½yZ°�
º�¶¬^´�¾ ´¯�¾.d�]�®º·�©¹vkè�+z]�n����sZ��Z]�¾«¹
�

êê�å U�µZÀºº- �Zºº cyY�¹�

èè�å U�¹ b^ººh¯ ¾.dºº�]�®ºº·

uYu�±Z�³�Yy�½yYu�¾º´�¯�¾�M��ì�²À]�½º£�¾.d�]�®·�uºk¹�|À³
b�Y�µuz§��yY|-�Yy�µZÀ-�¦º�s�µuZº¯ vÀº«ºc�¹ +zº] n�º��

�¿Y|�Y�f�Z]�+z]�n����sZ��¹ �Z cyY��¿Y|�Y¦�s�µuZ¯�
º]¶�Àºcº³%�yu�µ&º¿¹3,�����¶º§ µvº��¿YvÀ��¶]�z¯Y�²Àº°·�

b^h¯�¾.d�]�®·²À]�¦¿%º«ºÀ]�uz¨¬°��Z]�aZ ��²¿Y�zl´¯µv�
b�Y�

b�Yuz]��sZ�
�¬dt¯�½Z·��Àcº³%�²Àº] bº�Yuz]��sZº��½yYu�¾´�¯�a¹Z c�

�åæ�åd3�uYu�±Zº�³�Yy�©¹vºkæ��½Z·��Àºcº³%'LSSHU���
2VWD�*DWD¹3,�����¶º]zcZ]�\Àcî�éç�î�èî¹ç�çév�yu�

v³uº]�YyYu�Yy�b�Yuz]��sZ��²¿zd°§�Zºc ²¿zdº�À]�©¹vkç��
�Àºººcº³%3,�����ººº] uººººk¹�Zººº]zyYuyºs±uºººº]n�ººº� {Y�

ªÀ«u�¶]�ÇZ]�¦¿%º«ºÀ]�uz¨¬°��±M��^ºc ¶º] ¹ ÇZº] _v´´§|d´º�ºd�
½ºº.«Y­Yv³Y�²À]�½|d´�ºd��uYº¯��¿{ºc�{Y�¾�¿Y{�¹ ¾�¿¹y�½Z·

bºº�Yuz]��sZºº�¹u�Zºº] ¶ºº�¿Z¤¯�yu�½zººd°§zºº.¿u��Àººcº³%
uºº] yYuyºszº]�²Àº´#�®º·yu�b�Yuz]��sZ��±uºº] ¦#ºº§

�Àºcº³%±Z¤¤p¯�z¿Z����ºc�­v´-�v´º¬]�Zº� ½Zº·�æè��yY|-
bº�Y�µvº��º§Z¥�çÒ�yu�b�Yuz]��sZ��¶§�uYu�±Zº�³�|ºÀ³

¶§�¾¿Z·��Àcº³%�¹ b�Y�a¹Z dº¯ >È¯Zº§ �¬dºt¯�½Zº·�Àºcº³%
zºcÇZ]�¦¿%º«ºÀº] uzº¨¬°�v´´§�¾¯�vÀº«ºc�½yu��sZ��b¿Z¸³�

b�Yu�v´º·Yºs�½zºc²ÀºWZ��bº�Yuz]�Z]�b�Yuz]��sZ�zÀÀ�c
¶]�®§Yzºc½yYu�¾´�¯�yº�zÀÀ�cYvÀ��uz§�©¹vkæ��Z]�©¹Y�®§Yzc

ë�èé®§Yzººc ¹ ²¿zººd°§�vºº�yu�Zºº] ®$´ºº� ¹ ­yZºº¸#�½Zºº·ì�èë
vº�yu�v³uºº] YyYu�Yy�bº�Yuz]��sZº� ²¿zdº�À]��©¹vkç��
zº¨À]�î��Y�|À³b�Z§�®§Yzc��¿Y|�Y�Z]�Yy�b�Yuz]��sZ���¿Y|

YuZ³Z§�yu�µyZ¸]�®¿u�­v´-�½Z·��Àcº³%�¾ºsz]�½Yzº]uz§��yY|-��
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½Z·�®§Yzc�bpc�­¹y¹u�­v´-��Àcº³%�¶��¶³Yu�uz¨¬°��½Y|kY�¹ uz¨¬°���v�y���

æèî

±YyZ¨°·�¹ ±º�v«Z³¹u��¿Z¯{M�yu�æè�b�Z§�®§Yzc��¿Y|�Y�Z]
b�Yuz]��sZ��yu�zºÀÀ�c�­vº��yu©Z��¾sz]�±M��·Z§�¹ Z·

©Z��{Y�zº.¿u�¾ºsz]�yuZ·¿ub�Y�µv��µv�Z]�b�Yuz]��sZ��
+z]�n����sZº��

íë�å� U�µZÀ-��Z cyY�¹�

ëí�å� U�

uYu�±Z�³�Yy�½yYu�¾´�¯�¹ ¾ ´¯�¾.dº�]�®º·��©¹vkè��®·²À´#
¦¿%º«ºÀºº] uzºº¨¬°��Zºº] bºº�Yuz]��sZºº��

èî�å U�Zºº] ¹

¶º³Yu�uzº¨¬°��

íé�å U�¾.d�]�®·�¶º³Yu�uzº¨¬°��½Y|ºkY�¹
uYu�±Zºº�³�Yy�½yYu�¾ºº´�¯�¹ b^ººh¯�¾.dºº�]�®ºº·¾ºº ´¯�sZºº�

bº�Yuz]{Y�½u¹vo�Zc�µZÀ-��Z cyY�¹ +zº] n�º� �sZº� Zº]
±uºº] zºd°§µuz]�­Z³��sZº��Àcº³%�yu�3,������²À��yu�¶§�

{Y�©Zºo�uº]�yYuyºsz]�½zd�À]��Z cyY�¹ +zº] n�º� �sZº�

b�Y�µvº� ¾º�Z³�|À³�±Z¤¤p¯�z¿Z��²À]�b^h¯�¾.d�]�®·�uºk¹�
¶³Yu�uz¨¬°��¹ b�Yuz]��sZ�Yy��çÔ��yY|-v³Y�µuz§�

º]¶�¾º¬§�yºº�¶]�j¿Zd³�¶]�¶kºc�Z]µv¯M�b�u��¿Z¯{M�²¿Y�{Y�
�Àºcº³%2VWD�*DWDY|kY�vÀ«ºc�zº�³�{Y�½¶³Yu�uz¨¬°���uz¨¬°�

z.¿u��Àcº³%�¹u�¶]�b^�³�b�Yuz]��sZº� ¹�]¶³%�µ&¿¹º�Àcº
3,�����uyYu�½zcz]��®·§Yzc�yu�²À´#º¸#�®º­yZ��éçêyu�yx]�
�]zºº¯ zººd¯�À]�º°��²¿zdºº�º�¶ºº³Yu�uzºº¨¬°�º¹ ¦¿%º«ºÀºº] uzºº¨¬

¶]�b�Yuz]��sZº�±Z�³�¶§�v¯M�b�u¬�¯�®§Yzc�µv´·uºyu�[º
· ¹ [M��¿Yzº�ºÀ�³�¾º¿Yºº¾�Yy{�©Z��zíå�æèìî±Z¸ �Y�yu�

b�Y�

�]Z´¯µuZ d�Y�uyº¯�
Î�±Zº�oY� �µuY{�� ¹�½uZ]MuYvº�]�±ZÀº�yY{�æèíç�¾-&¿¹�¾sz]�¹ uz¨¬°��½Y|kY��uz¨¬°��z]�¶cº]�®§Yzºc zºgYv�y�½Z·®£y�¹u�

±Z¸ �Y�¾¿Yº·�¹ [M��¿Yz��yu�,³z¬-�¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��¶¬l¯ì�æ��æçî�æéå�
Ï�� �Z°´º·Yy�� ��Y �µv´º�t]�¡ ¹ ¾«º�{u�¾°�Z·�½v°p¯�yº³�æèìí�cPzÀgyZ°�Y|kY�¹ uz¨¬°��z]�¶cº]�yu�¶l´��½¶³Yu�uz¨¬°��

®§Yzc�yu�­¹y¹u�­v´-b�Z§��¬dt¯�½Z·�º¬��¶¬l¯±Yz¿Y�¾�Yy{�­æ�è��çé�èé�
Ð�Y �¾³Zp^º��æèìî�¾º�Yy{�±Z·ZÀº- +zº] n�º� �sZº� ²ÀºÀ�c�½Z°´º·Yy�aZ¤À¤pc��t]��yx]�¹ ©Z¸³�mÈ�Y�aZ¤À¤pc�|§z¯

±Yz¸c��¾´��aYyZ�d³Y��½%º«º´¨cºÀ]�
Ñ�m �µ¹Z§�æèìç�¾�Yy{�aÇº�p¯�bÀ À§�½vÀ¬§�aÇZ¤¯�¶�º°l¯²Àd�t³Yz¿Y�aZcZ^³�mÈ�Y�¹ b�Yy{�µz.´§��±Yz¸c�µZ.�³Yu��±

iz§�
Ò�­ �¾°¿z§�æèëë�±Yz¿Y�½|§z¯�¶¤�´¯�½Yº·�¹ [M�±Z¸ �Y�¾d�´��µZ.�³Yu�aYyZ�d³Y��
Ó�� �¾¨#º§�¹­�±Z¿Z´]�æèìè�¾�Yy{�±Z·ZÀ-�uz¨¬°��½%º«º¿|À���¶°kzc��v¸�¯�¾·Z.�³Yu�uZ¸k�aYyZ�d³Y��

�� $DVH��-��.��������5HODWLRQVKLS�EHWZHHQ�OHDI�DUHD�DQG�GU\�PDWWHU�LQ�ZLQWHU�ZKHDW��$JURQ��-���������������
�� $SDULFLR��1���'��9LOOHJDV��-��&DVDGHVXV��-��/��$UDXV�DQG�&��5R\R��������6SHFWUDO�YHJHWDWLRQ�LQGLFHV�DV�QRQGHVWUXFWLYH�

WRROV�IRU�GHWHUPLQLQJ�'XUXP�ZKHDW�\LHOG��$JURQ��-������������
�� %DNHU��5��-��������(IIHFW�RI�VHHGLQJ�UDWH�RQ�JUDLQ�\LHOG��VWUDZ�\LHOG�DQG�KDUYHVW�LQGH[�RI�HLJKW�VSULQJ�ZKHDW�FXOWLYDUV��

&DQ��-��3ODQW�6FL�������������
��� %HQEL��'��.��������3UHGLFWLRQ�RI�OHDI�DUHD�LQGLFHV�DQG�\LHOGV�RI�ZKHDW��-��$JULF��6FL�������������
��� %OXH��(��1���6��&��0DVRQ�DQG�'��+��6DQGHU��������,QIOXHQFH�RI�SODQWLQJ�GDWH��VHHGLQJ�UDWH��DQG�SKRVSKRUXV�UDWH�RQ�

ZKHDW�\LHOG��$JURQ��-�������������
��� %ULJJV��.��*��������(IIHFWV�RI�VHHGLQJ�UDWH�DQG�URZ�VSDFLQJ�RQ�DJURQRPLF�FKDUDFWHULVWLFV�RI�*OHQOHD��3LWLF����DQG�

1HHSDZD�ZKHDWV��&DQ��-��3ODQW 6FL��������������
��� 'RQDOGVRQ��(���:��(��6FKLOOLQJHU�DQG�6��0��'RILQJ��������6WUDZ�SURGXFWLRQ�DQG�JUDLQ�\LHOG�UHODWLRQVKLSV�LQ�ZLQWHU�

ZKHDW��&URS�6FL�������������
��� (KVDQ]DGHK�� 3�� ������ $JURQRPLF� DQG� JURZWK� FKDUDFWHULVWLFV� RI� VSULQJ� VSHOW� FRPSDUHG� WR� FRPPRQ�ZKHDW�� 3K��'��

7KHVLV��8�RI�6DVN��6DVNDWRRQ��6.��&DQDGD�
��� )DEULDL��*��DQG�&��/LQWHV���������'XUXP�:KHDW��&KHPLVWU\�DQG�7HFKQRORJ\��$PHU��$VVRF��&HUHDO�&KHP��,QF�
��� )HUHGULFN��-��5��DQG�+��*��0DUVKDOO��������*UDLQ�\LHOG�DQG�\LHOG�FRPSRQHQWV�RI�VRIW�UHG�ZLQWHU�ZKHDW�DV�DIIHFWHG�E\�

PDQDJHPHQW�SUDFWLFHV��$JURQ��-��������������
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

æéå

���*HELDKRX�� *��� '�� 5�� .QRWW� DQG� 5�� -�� %DNHU�� ������ 5HODWLRQVKLSV� DPRQJ� GXUDWLRQ� RI� YHJHWDWLYH� DQG� JUDLQ� ILOOLQJ�
SKDVHV��\LHOG�FRPSRQHQWV�DQG�JUDLQ�\LHOG�LQ�GXUXP�ZKHDW�FXOWLYDUV��&URS�6FL�������������

��� *LIIRUG��5��0��DQG�/��7��(YDQV��������3KRWRV\QWKHVLV��FDUERQ�SDUWLWLRQLQJ�DQG�\LHOG��$QQ��5HY��3ODQW�3K\VLRO������
��������

��� *RRGLQJ��0��-��DQG�9��3��'DYLHV��������:KHDW�3URGXFWLRQ�DQG�8WLOL]DWLRQ��6\VWHPV��4XDOLW\�DQG�WKH�(QYLURQPHQW��
&$%�,QWHUQDWLRQDO�

��� +XFO��3��������*URZWK�UHVSRQVH�RI�IRXU�KDUG�UHG�VSULQJ�ZKHDW�FXOWLYDUV�WR�GDWH�RI�VHHGLQJ��&DQ��-��3ODQW�6FL���������
���

��� +XFO��3��DQG�5��-��%DNHU��������7LOOHULQJ�SDWWHUQV�RI�VSULQJ�ZKHDW�JHQRW\SHV�JURZQ�LQ�D�VHPLDULG�HQYLURQPHQW��&DQ��
-��3ODQW�6FL������������

��� ,VKDJ��+��0��DQG� �0��%��7DKD��������3URGXFWLRQ�DQG�VXUYLYDO�RI� WLOOHUV�RI�ZKHDW�DQG�WKHLU�FRQWULEXWLRQ�WR�\LHOG��-��
$JULF��6FL���������������

��� -RKQVRQ��-��:���:��/��+DUJURYH�DQG�5��%��0RVV��������2SWLPL]LQJ�URZ�VSDFLQJ�DQG�VHHGLQJ�UDWH�IRU�VRIW�UHG ZLQWHU�
ZKHDW��$JURQ��-�������������

��� -RVHSK��.��'��6���0��0��$OOH\��'��(��%UDQ�DQG�:��'��*UDYHOOH��������5RZ�VSDFLQJ�DQG�VHHGLQJ�UDWH�HIIHFWV�RQ�\LHOG�
DQG�\LHOG�FRPSRQHQWV�RI�VRIW�UHG�ZLQWHU�ZKHDW��$JURQ��-�������������

��� .RF��0�� ������ %LRPDVV� SURGXFWLRQ� DQG JUDLQ� \LHOG� RI� VRPH� JHQRW\SHV� RI� EUHDG� DQG�'XUXP�ZKHDW� XQGHU� FRDVWDO�
0HGLWHUUDQHDQ�FRQGLWLRQV���5DFKLV����������

��� /DIRQG��*��3��������(IIHFWV�RI�URZ�VSDFLQJ��VHHGLQJ�UDWH�DQG�QLWURJHQ�RQ�\LHOG�RI�EDUOH\�DQG�ZKHDW�XQGHU�]HUR�WLOO�
PDQDJHPHQW��&DQ��-��3ODQW�6FL��������������

��� /RIIOHU��&��0��DQG�5��+��%XVFK��������6HOHFWLRQ�IRU�JUDLQ�SURWLHQ��JUDLQ�\LHOG�DQG�QLWURJHQ�SDUWLWLRQLQJ�HIILFLHQF\�LQ�
KDUG�UHG�VSULQJ�ZKHDW��&URS�6FL��������������

���0DKPRXG��=��0��DQG�$��0��2VPDQ��������7LOOHULQJ�RI�ZKHDW�DV� LQIOXHQFHG�E\�QLWURJHQ�DQG�VHHG�UDWH� LQ�6XGDQ��-��
$JULF��5HV�������������

��� 2VPDQ��'��*��DQG�=��0��0DKPRXG��������<LHOG�DQG�\LHOG�FRPSRQHQWV�RI�ZKHDW�DQG�WKHLU�UHODWLRQVKLSV�DV�LQIOXHQFHG�
E\�QLWURJHQ�DQG�VHHG�UDWH�LQ�6XGDQ��-��$JULF��5HV�������������

��� 5DZVRQ��+��0��������7LOOHULQJ�SDWWHUQV�LQ�ZKHDW�ZLWK�VSHFLDO�UHIHUHQFH�WR�WKH�VKRRW�DW�WKH�FROHRSWLOH�QRGH��$XVW��-��
%LRO��6FL���������������

��� 5HDG��'��:��/��DQG�)��*��:DUGHU��������:KHDW�DQG�EDUOH\�UHVSRQVHV�WR�UDWH�RI�VHHGLQJ�DQG�IHUWLOL]HU�LQ�VRXWKZHVWHUQ�
6DVNDWFKHZDQ��$JURQ��-�����������

��� 5RWK��*��:���+��*��0DUVKDOO��'��(��+DWOH\�DQG�5��5��+LOO��������(IIHFW�RI�PDQDJHPHQW�SUDFWLFHV�RQ�JUDLQ�\LHOG��WHVW�
ZHLJKW�DQG�ORGJLQJ�RI�VRIW�UHG�ZLQWHU�ZKHDW��$JURQ��-�������������

��� 7RPSNLQV�� '�� .��� *�� (��+XOWJUHHQ��$�� 7��:ULJKW� DQG�'�� %�� )RZOHU�� 6HHG� UDWH� DQG� URZ� VSDFLQJ� RI� QR�WLOO� ZLQWHU�
ZKHDW��$JURQ��-��������������

��� 9DUJD��%���,��6YHFQJDN�DQG�,��3RVSLVLO��������:LQWHU�ZKHDW�FXOWLYDUV�SHUIRUPDQFH�DV�DIIHFWHG�E\�SURGXFWLRQ�V\VWHPV�
LQ�&URDWLD��$JURQ��-�������������

���:LHJDQG��&��/���$��-��5LFKDUGVRQ�DQG�(��7��.DQHPDVX��������/HDI�DUHD�LQGH[�HVWLPDWHV�IRU�ZKHDW�IURP�/$1'6$7�
DQG�WKHLU�DSSOLFDWLRQV�IRU�HYDSRWUDQVSLUDWLRQ�DQG�FURS�PRGHOLQJ��$JURQ��-��������������

���:LOOH\��5��:��DQG�5��+ROOLGD\��������3ODQW�SRSXODWLRQ��VKDGLQJ�DQG�WKLQLQJ�VWXGLHV�LQ�ZKHDW��-��$JULF��6FL����������
����
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