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�G6�Pì�å�¾ºº¨¿zd¨«Y�b¿Yvºº· ª£Yvººo \Àºº� ¶³Zºº� �ººt]�¹
�G6�Pê�å�YyYu�Yybº��¹ [M�²À¿Z��¶]�¹y�b§zo�z¯Y�²¿Y�ªÀ«u

¦º°³�ªºo¾¯�b§zºo ²Àºo yu�Zº·v�Z]�Z]�µv¯M�b�u�¶] j¿Zd³
±YyZºº¨°·�¹ j¿yº.¿zºº- j¿Zdºº³�æé�±YyZºº¨°·�¹ ±Yyu�¹�æç�

uyYu�b¤]Z�¯�
ºº¿Z]vººc²ºº¿Y ®ºº�y�¾ºº¬��bºº�Yu�¶kºyu�¥Zººs ½yººº� ¶ºº§

ÇZ]�½Zº·b°º�£�{Y�zdº�À]�\Àº� ²Àº¿Z��½Zº·b°º�£¿\À��¾
zºh§Yvo��vº�Z]�¾º¯(&¾�yz]�uyº¯�½Z·�¥Zs��G6�Pì�å�|À³

"Àº·bÀ«Z���½Yzº] ¾ºd¿u¹vp¯�¶³ºº-µuz¨³�uZl¿Y�¾]¹z¨À¯�½Z·
b�Y�

¶lÀd³½zÀ-
c z]�½v¿vº� zºÀgPc�¾º�Yz-º�ºc�¶º§ vº·u�¾º¯ ±Zº�³�j¿Zdº³zÀÀ�

uyYu�¥Zs�¾ À§�aZÀº�º�s�b¿z¿v¯�²¿Yz]Z´]yu�a¹Z d¯�½Z·
�bº�Y�{ZÀºº³ ­zº�v´«�a¹Z dºº¯ ½Y|ºkY²¨Àºº«�¹y�©Zº°�Y½Zºº·

yu�µ&¿¹�¶º] \Àº� �¬dºt¯�½Zº·b°º�£�yu�a¹Z dº¯ ¾ºd¿z¿v¯
�¹yb�À³�¾¬°��¶¤�´¯�yu�µuZ d�Y�uyº¯�¾d´��>Zd^�³�½Z·�

}Zºº�Y�zºº] ¥Zººs bÀºº À§��oZºº� yZÀºº�]�a¹Zºº c�bºº¬�
½Zº·¾º-&¿¹Yy�\À���¬dºt¯�½Zº·b°º�£�yu�¾º�yz]�uyºº¯

¾º¯±Yººcµv°��yº��¶º]�°lc�¹ �¿Z�z��b�z��yu�a¹Z c�¶]�
­z�v´«��¬dt¯�½Z·��ºt]�yu�a¹Z dº¯ \¿zºtc�¶ºkyu�¹ uYºº¯

uYu�b^º�³�bpc�µ&¿¹�¶] v¿v���¿Zº�z��ªÀº«u�¶º] \Àº� ¶³Zº�
µz¸]�\�Z´¯Z³�b¿z¿v¯zh§Yvo�¶¤�´¯�yu��cYz¯�{Y�½yYuz]\¿ztc

- ª°pd¯�Yy²À¿Z��½Z·��t]�ª]Z¤¯�yu�¹ b�Y�µv¿uz³ ²À¯{�Z°Y{
¸d³Y�¹ ¶¿Z��¶¬°kº{Y�¾´��¾p���½Z·�¥Zs��°lc�ªp¯�\À��½Z

ª¨�í�bÀ�£º¯�yu�¾«M�²]z§�v�yu�½Y�¶^�k�yYuº°³�\À��a¹Z d¯�½Z·

\À� bÀ�£º¯
\À�½Z¸d³Y\À��¶¿Z�¾d���\À�\À��¶³Z�\À��¶¬£
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}ZÀ¤¯�yu�¾p���¥Zs�¾ À§�aZÀ�º�s�{Y�¾sz]�½z¿x��zÀÀ�c���

ìæ

¾¯�b�uÇZ]�¾«M�uYº¯v´�Z]�¾d���\À��¹ ¶¬£�b°�£�½Z·�¥Zs
{Y�Yy�uºs�bÀ À§�¹ µv��\¿ztc�¾º¸kºc�ªº]Z£�yYvº¤¯�¶º] |ºÀ³

µuYu�bº�uvº³Y�º]¶½Z·zd¯YyZ��yu��oZ��yZÀ�]�a¹Z c�¾ºcyZ^�
\¿ztc�¶kyu�{Y�±Z�³�\À��a¹Z d¯�½Z·��t]�yu�¥Zs�bÀ À§
uyYu�\�Z´¯Z³�b¿z¿v¯�ªÀ«u�¶]�¾�yz]�uyº¯�¾�YyY�v¿v��yZÀ�]�
uyº¯�¥Zs�bÀ À§�½Z·�¾º-&¿¹�aYzºÀÀ�c�\¿zº� ¶º�¿Z¤¯

¾�yz]z¿Z��¶]�b^�³�¥Zs�¾¨¿%º«ºÀ]��Yºs�¶§�v·u�¾¯�±Z�³�
{Y��Yºsb�Y�yYuyºsz]�½zd�À]�½z¿x�zÀÀ�c��©¹YvkæZc�é��

¾¯�zº¯Y�²º¿Y�ªÀº«u¾¨¿%º«ºÀ]�½Z·zd¯YyZ��zd�À]�bÀ�Z�o�v³Yºc
v�Z]�¾�Àp¯��¿Yz��¶]�b^º�³�¥Zºs�®·�²¿Yz]Z´]¾³Z¨¯�¾.d�]

b�Y�¾�yz]�ª]Z£�¦#º§�}ZÀº¤¯�yu�Zº¸³M�{Y�b�Y�z§w�¶]�­{Ç
uyº¯�¾¨¿%º«ºÀ]�aZÀ�º�s�²Àº]¾�yz]¿|³M�bÀ«Z���{ZcZ ���®

z¯Y�²¿Y�ªÀ«u�¶§�bº�Y�yYuyºszº] ½zºcÇZ]�aYzºÀÀ�c�\¿zº� {Y
bÀº«Z���v¿vº� ¹ �¿zº� ªº°�«Y�~º¨�aYzÀÀ�c�¶]�¾°¿|³M�½Z·

bº�Y�¾ºd¿z¿v¯�¹ ¾º�Àp¯�º]¶uz]yZ§�¾-&¿¹�²¿Y�ªÀ«u�²Àº°·
uyYu�¥Zs�¾¨¿%º«ºÀ]�bÀ À§�yu�¾�À�¹�

zºº] Zºº°³�²Àºº¯{�½Zºº·bÀºº�£º¯�¶ºº§ ½zººÀgPc�¶ºº] ¶kºººc Zºº]
¿|À��aZÀº�º�s¶À�ºc �uyYu�¥Zs�¾¨¿%º«ºÀ]�¹ ¾¿ZÀ°À���¾¨

mz��yu�Z°³�²À¯{�|À«Z³M�uº�À¯¶¯Z³z]�¹ ¾�YyY�b¿z¿v¯�½Z·½Z·
uº��­Zºl³Y�¥Zºs ¹ [M�bº�Z o�¾¿Zl³M�{Yb¿z¿v¯�©Z°�Y�¶§

¾�cz¯�¾�YyY�yu�µ&¿¹�¶] Z°³�²À¯{�a¹Z d¯�½Z·��t]�yu�a¹Z d¯
¾¯�²¨°¯zÀ��b -�±Yºdº] v¿Zº� ¹ ª¨º�¯v�Z]�yº�´¯�¶]� o�

º¿Z]�¥ZºsvZ]��Z¤³�yu�¥Zs�bÀ À§�½Z´^¯�z]�¾d�Z o�b¿zº¿v¯�
\¿zººtc�zººh§Yvo�bÀºº À§�ª£Yvººo�uººº� ­Zººl³Y�ºº]¶µ¹Èºº�

ª¨�î�¶^�k�yYuº°³�bÀ�£º¯�yu�¾¨¿zd¨«Y�b¿Yv·�½Y\À��a¹Z d¯�½Z·
\À�bÀ�£º¯
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u�±Zd�]ZcæèíÐ

��

¶�¤³�{Y�>Z^«Z��|À³��yY|¯�¥Zs�¾ À§�aZÀº�º�sz.¿u�¶�¤³�¶]�½Y
b¿zºº¿v¯�²¿Yzºº]Z´]�¹ µuººº] zººÀ�d¯�ººt��v´ºº³Z°·�¾ºº�Yy{�½Zºº·

uZl¿Y�¶]�b�Y�²¨°¯�¶�y|¯�n���yu�uºº§ bsYº´º¨¿¶§�¾�Z¤³
µuº°³�b�Z¿yu�uº§�iZÀdoY�{Y�zd°§�Z¿�{ZÀ³�vºo {Y��Àº]zl´¯�v³Y

uºº��µuZ¸³�¶´À¸]��À�tc�¹ ±{Yºc�­vº� ²Àº´#yu�±¹v]�¶§�Z·
¹ ¾¨¿|À��aZÀ�º�s�¹ Z·�¾-&¿¹�¾³Z¨¯�aYzÀÀ�c�²d�zº- zº�³

¾º¯ ayºº� ¥Zºs ¾¿ZÀ°Àº�z]�¾ ´¯�yZgM�\kº¯�Z¸´c�¶³��uzÀ-
¾¯�©º�p¯�vÀ«ºc�¹ uzº¨¬°��±Y|ºÀ¯º�\�Z´¯Z³�\£Yº��¶¨¬]��u

v·Yºs�z]�yu�Yy�¾´À¯{z¿{��]Z´¯�¾-uº«M�v´º³Z¯�¾º�Àp¯�bº�¿{
bº�Yu�±¹yu�aYzÀÀ�c�½º.«Y�µººp³�{Y�²dº�Yu��Èº�Y�²¿Yzº]Z´]
¶�y|º¯yu�ªÀsu�ª¯Yº��z.¿u�¹ ¥Zs��¬dºt¯�aZÀº�º�s�½Y

] ½Z·Z�s��·Z§�yº�´º¯ ¶º] vÀº«ºc¶µuZ¸³�\�Z´¯Z³�½zÀ-yZ§Z·
¹z�y½Yb��

b�Y�¾º¸¿v]±Z¯{�Z]�b]º�y�¶¬°k�{Y�¥Zs�aZÀ�º�s�¶§�
¾º¯ zºÀÀ�cv´º´§�Z]�aZÀ�º�s�²¿Y�aYzÀÀ�c�b�Y�zd¸]�²¿Yzº]Z´]

>Z¤Àº£u�|ºÀ³�±Zº¯{¾º�yz]¾³Z¯{�¹ ¾³Z¨¯�aYzÀÀ�c�}Zº�Y�zº] ¹

®À°º�c�¥Zºs ¾º À§�aZÀº�º�swZtcY�\�Z´¯�¾d¿z¿v¯�½Zº·
ºº�u�]¶Z¿�uºk¹�µ&¿¹�¶]�¹ ¾¤°��½Z·�¥Zs�aZÀ�º�s�µ¹È�

uººk¹�­vº�bt��½Z·�¶º¿Ç�v´³Z¯bÀ À§�½¹y�z]�¦À�¬§¹zd��
©º�p¯�±Yººc ¹ Zº·¥ZºsuyYu�¾¸kºc�ª]Z£�zÀgPc�Z¸³M�¾·u�²¿Y

¾�yz]�zº.¿u�¾º�·¹&��yu�¶º«Z¤¯�²º¿Y�±Z-vº³yZ.³�Yy��ºº�º¯
v��v·Yºs�¶WYyY�¶³Z-Yvk�yº��¶]�±M�j¿Zd³�¶§�v³Y�µuz§�

½yY|.�Z��
¥Zºs ¾º°¬��\º�£�{Y�¶¬Àº�¹�²¿vº]�´º� µZ.º�³Yu�¾º�Z´�¾d

c ½Yzº] ±Z¸ º�YPª¿Zº�¹�²Àº¯�­{Ç�aÈÀ¸�c�uZl¿Y�¹ aZ³Z¨¯Y�
½Yzº]²º¿Y�­Zºl³Y��·¹&º�¹|ºÀ³µZ.º�¿Z¯{M�­zºdp¯�ª´º�z��{Y�
¥Zºs­Zl³Y�yu�¶º§ µZ.º�³Yu�²º¿Y�½{y¹Zº�§�µv¨º�³Yu�¾º�Z´�

�¿Zº¯{M�Zº·µuºº°³�½yZº¨°·�vº³Y�¶³Z°À°º�¹ z¨º�c�¾³Yuyv£�
¾¯uuz-�

�]Z´¯µuZ d�Y�uyº¯�
Î�dº�Y�¾-v³{Zº�uZ¸k�±Z¸ º�Y�±Zæèëì�­zÀ°��±Zd�z¸��{Y�¾d°�£��cYz¯�¾]Z¿{yY�¹ ¾·ZÀ-���º��¾¿Z�Z´��mzº��²ÀÀ�c�aZ�«Z�¯�

¾�YyY�bÀ¬]Z£�¹ �]Z´¯�
Ï�­ �yº�zº��ë�æèìé�½yZÀdt]�¹ ©Zp¯yZ¸#�¦^§yYv-�¶¤�´¯�yu�½%ºº«º�yº¯ºW%�mº�º� ¹ ¥Zºs ¶º�]Yy�±Z¿Z�v�yY�¾�Z´�yZ§�¶¯Z³

¥Zs �Y�¾d�´��µZ.�³Yu��¾�Z´��±Z¸æéç¶p ���
Ð���¾]º^p¯�Y�æèìå�½uz]yZ§ ¥Zs�¦¿|À��Z´À��¾¬�º]�µZ.�³Yu�aYyZ�d³Y��±Yv°·��

�� $EWDKL�� $�� ������ 6RLO� JHQHVLV� DV� DIIHFWHG� E\� WRSRJUDSK\� DQG� WLPH� LQ� KLJKO\� FDOFDUHRXV� SDUHQW� PDWHULDOV� XQGHU�
VHPLDULG�FRQGLWLRQ�LQ�VRXWKHUQ�,UDQ��6RLO�6FL��6RF��$P��-� ��������������

�� $OHI�� .��� ������ 6RLO� (Q]\PH�� 33�� ��������� ,Q� .�� $OHI� DQG� 3�� 1DQQLSLHUL� �(GV���� 0HWKRGV� LQ� $SSOLHG� 6RLO�
0LFURELRORJ\�DQG�%LRFKHPLVWU\��$FDGHPLF�3UHVV��1HZ�<RUN�

�� $PDGRU�� -�� $��� $�� 0�� *OXHNVPDQ�� -�� %�� /\RQV� DQG� -�� +�� *RUUHV�� ������ 6SDWLDO� GLVWULEXWLRQ� RI� VRLO� SKRVSKDWDVH�
DFWLYLW\�ZLWKLQ�D�ULSDULDQ�IRUHVW��6RLO�6FL��������������

�� %DQHUMHH��0��5��DQG�'��/��%XUWRQ��������/DQGVFDSH� LQGXFHG�YDULDWLRQ� LQ�VRLO�ELRORJLFDO�TXDOLW\� LQ�0DQLWRED��6RLO�
%LRO��%LRFKHP�����������������

�� %DNHU��-��0��DQG�5��5��$OPDUDV��������6\VWHP�IRU�DXWRPDWLQJ�DQG�PXOWLSOH[LQJ�VRLO�PRLVWXUH�PHDVXUHPHQW�E\�7LPH�
'RPDLQ�5HIOHFWRPHWU\��6RLO�6FL��6RF��$P��-��������������

�� %RHKP��0��0��DQG�'��:��$QGHUVRQ��������$�ODQGVFDSH�VFDOH�VWXG\�RI�VRLO�TXDOLW\�LQ�WKUHH�SUDLULH�IDUPLQJ�V\VWHPV�
6RLO�6FL��6RF��$P��-���������������

���%RQPDWL��0���0��3DMROD��-��6DQD��0��6ROLYD��0��7��)HOLSR��0��*RUDX��%��&HFFDQWL�DQG�3��1DQQLSLHUL��������&KHPLFDO�
SURSHUWLHV�LQ�VHZDJH�VOXGJH�DPHQGHG�VRLOV��3ODQW�6RLO������������

���'RUDQ��-��:��������6RLO�PLFURELDO�DQG�ELRFKHPLFDO�FKDQJHV�DVVRFLDWHG�ZLWK�UHGXFHG�WLOODJH��6RLO�6FL��6RF��$P��-��
������������
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}ZÀ¤¯�yu�¾p���¥Zs�¾ À§�aZÀ�º�s�{Y�¾sz]�½z¿x��zÀÀ�c���

��

���'RUDQ��-��:���0��/HLELJ�DQG�'��3��6DQWDQD��������6RLO�KHDOWK�DQG�JOREDO�VXVWDLQDELOLW\����WK�:RUOG�&RQJUHVV�RI�6RLO�
6FLHQFH��0RQWSHOOLHU��)UDQFH��$XJXVW��������

���*HUUDUG� -�� ������ 6RLO� JHRPRUSKRORJ\�� DQ� LQWHJUDWLRQ� RI� SHGRORJ\� DQG� JHRPRUSKRORJ\�� &KDSPDQ� DQG�+DOO� 3XE��
&RPSDQ\��1HZ�<RUN�

���*UHJRULFK��(��*���0��5��&DUWHU��'��$��$QJHUV��&��0��0RQUHDO�DQG�%��+��(OOHUW��������7RZDUGV�D�PLQLPXP�GDWD�VHW�
WR�DVVHVV�VRLO�RUJDQLF�PDWWHU�TXDOLW\�LQ�DJULFXOWXUDO�VRLOV��&DQ��-��6RLO�6FL��������������

���*UHJRULFK��(��*���0��5��&DUWHU��-��:��'RUDQ��&��(��3DQNKXUVW�DQG�/��0��'Z\HU��������%LRORJLFDO�DWWULEXWHV�RI�VRLO�
TXDOLW\�� 33�� �������� ,Q� (�� *�� *UHJRULFK� DQG� 0�� 5�� &DUWHU� �(GV���� 6RLO� 4XDOLW\ IRU� &URS� 3URGXFWLRQ� DQG�
(FRV\VWHP�+HDOWK��(OVHYLHU�6FLHQFH��$PVWHUGDP��7KH�1HWKHUODQGV��

���+DUULV��5��)���'��/��.DUOHQ�DQG�'��,��0XOOD��������$�FRQFHSWXDO�IUDPHZRUN�IRU�DVVHVPHQW�RI�VRLO�TXDOLW\�DQG�KHDOWK��
6RLO�6FL��6RF��$P��-������������

���+DOO�� *�� )�� DQG� &�� *�� 2OVRQ�� ������ 3UHGLFWLQJ� YDULDELOLW\� RI� VRLOV� IURP� ODQGVFDSH� PRGHOV�� 33�� ������ ,Q� 0�� -���
0DXVEDFK� DQG� /�� 3�� :LOGLQJ�� �(GV���� 6SDWLDO� 9DULDELOLW\� RI� 6RLOV� DQG� /DQGIRUPV�� 666$�� ,QF�� 0DGLVRQ��
:LVFRQVLQ��

���+DVVLQN��-��������(IIHFWV�RI�VRLO�WH[WXUH�DQG�JUDVVODQG�PDQDJHPHQW�RQ�VRLO�RUJDQLF�&�DQG�1��DQG�UDWHV�RI�&�DQG�1�
PLQHUDOL]DWLRQ��6RLO�%LRO��%LRFKHP����������������

���-RQHV��$��-���/��1��0LGNH��&��$��%DUWOHV�DQG�&��$��0LOOHU��������5HODWLRQVKLSV�RI�ODQGVFDSH�SRVLWLRQ�DQG�SURSHUWLHV�
WR�FURS�SURGXFWLRQ��-��6RLO�:DWHU�&RQVHUY��������������

���.DUOHQ��'��/���0��-��5RVHN��-��&��*DUGQHU��'��/��$OODQ��0��-��$OPV��'��)��%H]GLFHN��0��)ORFN��'��5��+XJJLQV��%��6��
0LOOHU�DQG�0��/��6WDEHQ��������&RQVHUYDWLRQ�UHVHDUFK�SURJUDP�HIIHFWV�RQ�VRLO�TXDOLW\� LQGLFDWRUV��-��6RLO�:DWHU�
&RQVHUY��������������

���.OXWH��$��������6RLO�S+�DQG�OLPH�UHTXLUPHQW��33�����������,Q� (��2��0F/HDQ��(G����0HWKRGV�RI�6RLO�$QDO\VLV��3DUW�
���6RLO�6FLHQFH�6RFLHW\�RI�$PHULFD��0DGLVRQ��:LVFRQVLQ��

���0RXOLQ�� 3�� $��� '��:�� $QGHUVRQ� DQG�0��0HOOLQJHU�� ������ 6SDWLDO� YDULDELOLW\� RI� ZKHDW� \LHOG�� VRLO� SURSHUWLHV� DQG�
HURVLRQ�LQ�KXPPRFN\�WHUUDLQ���&DQ��-��6RLO��6FL��������������

���0DOR��'��'���%��.��:RUFHVWHU��'��.��&DVVHO� DQG�.��'��0DW]GURW�� ������ 6RLO� ODQGVFDSH� UHODWLRQVKLSV� LQ� D� FORVHG�
GUDLQDJH�V\VWHP��6RLO�6FL��6RF��$P��3URF��������������

���0HUPXW�� $�� 5��� '�� )�� $FWRQ� DQG�:�� '�� (LOHUV�� ������ (VWLPDWLRQ� RI� VRLO� HURVLRQ� DQG� GHSRVLWLRQ� E\� D� ODQGVFDSH�
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