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�©¹vkì���æé��

±Z¯{�zgY½yYu�¶.³¾¿Z¸³�{ZÀd¯Y�z]�
}Z�Y� z]¹vk©í¾¿Z¸³� {ZÀd¯Y� ²À]Z·�±Z³{Y� ~��½yYu�¶.³
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¾´�¯yYu½yu�³®£y�{Y�µv��¶À¸c�±Z¾°³�±Z�³�²lcz.³ZÀ]�¹ v·u
\�Z´¯�®£y�[Ztd³Y�ayº��yu�¶§�b�Y�z¯Y�²º¿Y²ÀXc¹z��/YyYu�

[º¬�¯�bÀ°§�¹ bÀº À§�Zº]�}º^��¾ ´¯�zgY�Z¸³�{ZÀd¯Y�z]¿±Z³�0
b�À³�uZ¿{�
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ª¨�Î�¾¿Z¸³�{ZÀd¯Y�z]�©Z�pd�Y�¶kyu�yu�®£y�ª]Z¤d¯�zgY�¶�¿Z¤¯

½yY|.�Z��
zÀ^)�²Àº�p¯È��zºd)u�±Zº¿Z£M�[Z´ºk {Y�±Zº¿Z��yu�}Z^��zd)u�

µvºº³{yY�½Z·uº°´ºº·y�Zºº] ¶ºº) z ºº�¿YzÀ��}v´ºº¸¯�¹ ½vÀ�ºº��

�º°kv³uº°³�½yZ¿�Yy�Z¯�¾·Z.�¿Z¯{M�½Zº·yZ)�¹ \º«Z�¯�½y¹M�
z*�cuuz-�¾¯�¾³Yuyv£�¹�

�]Z´¯¯µuZ d�Y�uyº
Î�[ �½v°oYzÀ¯Y�æèìé�¹ ½z¸���Z¤³yu�±Z³��z�¯�¾�yz]yº�§�¾¿Zd�¹y¹yu�±Z³�®¸�yYº³Zs�½Z·�¶´¿|·¹�¾cZÀo�½%z³Y�²À¯Pc�

±Z³ ¾��tc�}ÈkY�aÇZ¤¯�¶�º°l¯±Yz¸c���
Ï�­ �¾º¯Yz¸]�æèíæ�zºÀ°s�¾º¨¿%º«ºWy��Yººs¹uyM�¾º À§�½Z·yZÀº�¯�²ÀºÀ�c�­v´-�{Y�±ºd�Zc�±Z³�vÀº«ºc�½Yzº]¾³Yz¿Y�½Z·�¶¯Z³�±Z¿Z��

±Z¸ �Y�¾d�´��µZ.�³Yu��½{y¹Z�§�µv¨�³Yu��v�yY�¾�Z´�yZ)�
Ð�� �¾º¿Yzt�zÀ¯��æèìå�µuYº³Zsyu�±Z³�aZ�¿Zº� ±Y|ºÀ¯¹�ªº¬��¾º�yz]¾¿Yº³Z³¹�Z·±Yz¸cz¸��½Z·�µz.´§�²À¯yZ¸#�aÇZ¤¯�¶�Ès

±Yz¿Y�¾¿Yx���¿Z´��±Yz¸c�
�� $$&&��������$SSURYHG�0HWKRGV�RI�WKH�$PHULFDQ�$VVRFLDWLRQ�RI�&HUHDO�&KHPLVWV���WK HG��������3LORW�.QRE�5RDG�VW��

3DXO��0LQQHVRWD���������86$�
�� &]XFKDMRZVND��=���<��3RPHUDQ]�DQG�+��&��-HIIHUV��������:DWHU�DFWLYLW\�DQG�PRLVWXUH�FRQWHQW�RI�GRXJK�DQG�EUHDG��

&HUHDO�&KHP����������������
�� (O�VDPDK\��6��.� DQG�&��&��7VHQ��������(IIHFW�RI�YDU\LQJ�EDNLQJ�WHPSHUDWXUH�DQG�WLPH�RQ�WKH�TXDOLW\�DQG�QXWULWLYH�

YDOXH�RI�%DODG\�EUHDG��&HUHDO�&KHP����������������
�� )DULGL�� +�� $�� DQG� *�� /�� 5XEHQWKDOHU�� ������ (IIHFW� RI� EDNLQJ� WLPH� DQG� WHPSHUDWXUH� RQ� EUHDG� TXDOLW\�� VWDUFK�

JHODWLQL]DWLRQ��DQG�VWDOLQJ�RI�(J\SWLDQ�%DODG\�EUHDG��&HUHDO�&KHP� ��������������
�� )HOORZV��3��������)RRG�3URFHVVLQJ�7HFKQRORJ\��(OOLV�+RUZRRG�/WG���&KLFKHVWHU��(QJODQG�
�� )LN��0���0��0LFKDOF]\N��.��6XURZND�DQG�,��0DFLHMDV]HN��������&KDUDFWHULVDWLRQ�RI�WKH�VWDOLQJ�SURFHVV�RI�ZKROHPHDO�
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z]�bt��±Z¯{�¹ Z¯u��©Z�pd�Y�¶kyu��®£y�zgY�¾�yz]�Yºs���

çåè

EUHDG��3ROLVK�-��)RRG��1XWU��6FL� ����������������
��� +DJOXQG��$���/�� -RKDQVVRQ�DQG�/��'DKOVWHGW��������6HQVRU\�HYDOXDWLRQ�RI�ZKROHPHDO�EUHDG� IURP�HFRORJLFDOO\�DQG�

FRQYHQWLRQDOO\�JURZQ�ZKHDW��-��&HUHDO�6FL���������������
��� +DULGDV�� 3�� DQG�+� 0DOLQL�� ������ (IIHFW� RI� LQFRUSRUDWLQJ�ZKHDW� EUDQ� RQ� WKH� UKHRORJLFDO� FKDUDFWHULVWLFV� DQG� EUHDG�

PDNLQJ�TXDOLW\�RI�IORXU��-��)RRG��6FL��7HFKQRO��������������
��� 3DWHO�� 0�� 0��� 1�� &KDQG� DQG� *�� 9HQNDWHVZDUD�� ������ 4XDOLW\� FKDQJHV� GXULQJ� VWRUDJH� RI� EUHDG� IURP ZKHDW� DQG�

EODFNJUDP��-��)RRG��6FL��7HFKQRO� ������������
��� 3RQWH��-��*���6��7��7LWFRPE�DQG�5��+��&RWWRQ��������)ORXU�DV�D�IDFWRU�LQ�EUHDG�ILUPLQJ��&HUHDO�&KHP���������������
��� 4DURRQL��-��������)ODW�%UHDG�7KHFKQRORJ\��&KDSPDQ�DQG�+DOO��1HZ�<RUN�
��� 5HGOLQJHU��3� $���&��6��6HWVHU�DQG�$��'��'D\WRQ��������0HDVXUHPHQWV�RI�EUHDG�ILUPQHVV�XVLQJ�WKH�,QVWURQ�XQLYHUVDO�

WHVWLQJ�LQVWUXPHQW��GLIIHUHQFHV�UHVXOWLQJ�IURP�WHVW�FRQGLWLRQV��&HUHDO�&KHP����������������
��� 6FDQORQ��0��*���+��'��6DSLUVWHLQ�DQG�'��)DKORXO��������0HFKDQLFDO�SURSHUWLHV�RI�EUHDG�FUXPE�SUHSDUHG�IURP�IORXUV�

RI�GLIIHUHQW�GRXJK�VWUHQJWK��-��&HUHDO�6FL�������������
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