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Ón��� �{¹y�P51$½Yz]�/+¹ ¶d�Z¿��¿Y|�Y�½|À�º�À·� ±Y|À¯/+v¤¯�¶]� Z°�È��yYuuz-�¾¯�{Z] ¶À«¹Y��ÎÔ��j¿Zd³ª¯Z§�¢]Z�c�¡º��½Z·��yY|-� {Y�¦¿�"À·� Z]��·¹&��²¿Y�¿Y|�Y� f�Z]� ¾¯È�Y� ½yYu�µ{¹y� ¶§�½yº�� ¶] �uyYv³yYu�¾´�¯�²d�ZÀ³��¿Y|�Y� ¹ ©Zcºc�±¹zd�ºd�c/+Z°�È�� b�Y�µv��ª¿Çu� {Y� v¿Z�±M��yu� ®§� ¾.´�z-� av¯Z]�½yYu�µ{¹y�¾³Y¹y��Zs�½Z·�b«Zo� �¾¯È�Y�½yYu�µ{¹yyu�¶¿x�c�|À³�¹ ½|§z¯�¾^���½Z·zÀ�¯� {Y�¾^·x¯� Z�´¯v�Z]�½yYu�µ{¹y�ª�Yº��¾�´k�ªÀ¯�aYzÀÀ�c�fp]�½Z·�¶³º°³� yu�±¹zd�ºd�c��¿Y|�Y� ®�z]��·¹&��²¿Y� yu³ �©zd´§� ¶³º°³� ¶]� b^�³� ±Z�¯y� µZ¯� zsM� ¹ ©¹Yj¿ZdµZ¯�¶]�b^�³�µZ¯�yu�¾�´k�ªÀ¯��·Z§�{Y�¾§Zo�¶¯Z´��z�b�Y� ±M� {Y�ª^£�yYuº°³� ¶]� �ºkyÎ�¶]Z�¯� z·Z�� ¶]� ¶§ªÀ¯� ¹ ±¹zd�ºd�c� ²À]� �Z^cyY� uº^³� ¶§� b��¾cZ¤À¤pcz�¯� Yy�¾�´kmv³Y�µuz§��ÎÍ�ÎÎ¹ÐÎ��zÀsY�¶�«Z�¯�>Èh¯ z]ÎÓÖÀ]�¾�Z^cyY�"À·��¾�´k�uz¨¬°��©ÈdsY�Z]�yZ°À]�²ªÀ¯� �¾.dtÀ.³Yz]�z�s��·Z§� Z]� z��±¹zd�ºd�c�n��b�v]�¾¿Z�yY� uºs�¾¿Z³Yºc�¹ ¾·Z.p^���º�³� �¾�´kb�Y�µuYv³�ÎÎ���zÀ���v��µyZ�Y�|À³�¶¯v¤¯�yu�¶§�yº�³Z°·½Z·�¥zp¯� zÀ�³� z.¿u� ½Z·�¥zp¯� �¾³º¯yº·� ª¯Yº�� {Y¾^·x¯�¹ ¾.´·z��ªWZ�¯�¹ ¾¿Z¿º]��¶�¯Ç��¾¿Yº´���¾¿Z´À]c yu�|À³uyYº¯�¾sz]�yu�¶§�v´d�·�zgR¯�¾�´k�ªÀ¯�zÀÀ�v³º�� ¾¯� ©Z°�Y� |�¯� z�£� µYy� {Y� �¤��©Zh¯� ±Yº´�� ¶]uYv�c��·Z§¹�¾�´k�ªÀ¯��·Z§�f�Z]�±Yuz¯�±uz§�®À¤�uYz�Y�²À°·�yu�Z¯Y �uº��¾¯�{¹y�yu�½uºt]uºs�½Z·��º�³ª]Z£� �º�³� v³Yºc�¾¯� ¾¿Z´À]� ¥zp¯� z¿¹Z�c� ±v¿u½Y�¶�oÈ¯z���|À¯M�½Yz]v´§�®·Y�Ñ��±YyZ°À]�yu�µ¹È��¶]�·Z§� ¾�´k� ªÀ¯� ¾³Y¹y� ©ÈdsY� b¬�� ¶]� ¶§� µuz��Yz¨ c� {Y� |�¯� ¾¿Z·y� ªÀ«u� ¶]� [Yºs� ²Ào� yu� �v]Z¿�¾¯b�Y�¾�À^���¶³Z^��©Y|³Y�¹ Z·��º�³�uYv�c��Y{�½yZ°À]�Î¹Ï��yº�� ¶]� ±Yuz¯�¾�´k�ªÀ¯� ¶#z-Y�b -� ±Yºc�¾¯�²¿Yz]Z´]b�Y� |�¯� z�£� ©zd´§�bpc�\«Z�v´¯{ZÀ³� z¯Y� ²¿Y� Z¯Y� �yº�o�b�Y�y¹|À«ZcZ§�±Yº´��¶]�±¹zd�ºd�c�ayZ^��¶]
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�]Z´¯��.DSODQ� +,�� 6DGRFN� %-�� .DSODQ� DQG� 6DGRFN¶V�6\QRSVLV� RI� 3V\FKLDWU\� ��WK� HG��� 1HZ� \RUN��:LOOLDPV�	:LONLQV������������6DGRFN� %-�� 6DGRFN� 9$�� .DSODQ� DQG� 6DGRFN¶V�3RFNHW� +DQGERRN� RI� &OLQLFDO� 3V\FKLDWU\�� �UG� HG��1HZ�\RUN��:LOLDPV�	�:ZLONLQV�������������*DQRQJ� :)�� 5HLYHZ� RI� 0HGLFDO� 3K\VLRORJ\����QG�HG�1HZ�\RUN��0F�JUDZ�KLOO�,QF����������������.DFVRK� %�� (QGRFULQH� 3K\VLRORJ\�� �QG HG�� 1HZ�\RUN���0F�*UDZ�+LOO�,QF������������������*X\WRQ� $&�� +DOO� -(�� 7H[W� ERRN� RI� 0HGLFDO�SK\VLRORJ\�� ��� WK� HG�� &RQHFWLFXW�� :%� 6DXQGHUV���������������*HQXWK�60��7KH�5HSURGXFWLYH�*ODQGV��,Q��%HUQH�0�� /HY\�5�� 3K\VLRORJ\�� �WK HG��0LVVRXUL� (OVHYLHU�,QF� ����������������7DLQ� 3�� 5HGHPDNHU� $:�� 0F9DU\� .7��7HVWRVWHURQH� 6XSSOHPHQWDWLRQ� IRU� (UHFWLOH�'\VIXQFWLRQ�� 5HVXOW� RI�0HWDDQDO\VLV�� -�8URO� ���������������������1HKUD� $�� 7UHDWPHQW� RI� (QGRFLQRORJLF� 0DOH�6H[XDO� '\IXQFWLRQ�� 0D\R� &OLQ� 3URF� ���������6XSSO���6��������0RXUL� ',�� /HYLQH� 6%�� 0RUH� RQ� WKH� 1DWXUH� RI�6H[XDO�'HVLUH�� -�6H[�0DULWDO� WKHU�����������������������)DKP\� $.�� 0LWUD� 6�� %ODFNORRFN� $5�� 'HHVDL�.0�� ,V� WKH� 0HDVXUPHQW� RI� 6HUXP� 7HVWRVWHURQH�5RXWLQHO\� ,QGLFDWHG� LQ� 0HQ� ZLWK� (UHFWULOH�'\VIXQFWLRQ��%-8�����������������������.UDXVH� :�� 0XOOHU� ++�� 5HODWLRQRI� 6H[XDO�'\VIXQFWLRQ� /HYHOV�� 'LVHDVH� DQG� 'UXJV� LQ�8QGURORJLFDO�3DWLRQWV��8URO�,QW���������������������ÎÏ�Z�y� �uY&³�¥Z���z^¯ZÀ��²¿zsM� µZ.�³Yu�²À«¹Y��±Yz¸c ��{¹z�Y�aYyZ�d³YÎÐÔÏ�����ÎÍÎ�
���.KD]DHL� +6�� )DVWKLQJ� DQG� +HDOWK�� ,-(0� ���������6XSSO�$XWXPQ�����$KPDG� +6�� )DVWLQJ� LQ� ,VODP�� -� $0�'LHW� $VVR��������������������)DU]LDQ� )�� 7KH� (IIHFW� RI� )DVWKLQJ� RQ� 3K\VLFDO�DQG�0HQRO�+HDOWK��,-(0�����������VXSSO�$XWXPQ�����&DPHURQ� -0�� :HOW]LQ� 7(�� 0&� &RQDKD� &��6ORZLQJ�RI�3XOVDWLOH�/XWHLQL]LQJ�+RUPRQH�6HFULWLRQ�LQ�0HQ�$IWHU����KUV�RI�)DVWLQJ��-�(QGR�	�0HW��������������������%HUJHQGDO� 0�� 3HUKHHQWXSD� $�� +XKWDQLHPL� ,��(IIHFW� RI� 6KRUW�WHUP� 6WDUYDWLRQ� RQ� 5HSURGXFWLYH�+RUPRQH� *� *HQH� ([SUHVVLRQ�� 6HFULWLRQ� DQG�5HFHSWRU�/HYHOV� LQ�0DOH�UDWV��-�(QGR�	�0HW������������������

���%RJGDQ�$�� %RXFKDUHE� %�� 7RXLWRX� <�� 5DPDGDQ�)DVWLQJ� (QGRFULQH� DQG� 1HXURHQGRFULQH� &LUFDGLDQ�3DWWHUQV�� 0HDO� WLPH� DV� D� 6\QFKURQL]HU� LQ� +XPDQ��/LIH�6FLHQFH��������������������������� 3D]KRRKL� 0�� /DULMDQL� %�<DUDKPDGL� 6�� 6DQMDUL�0�� $PLQL� 05�� (YDOXDWLRQ� RI� )DVWLQJ� (IIHFW� RQ�+HDOWK\�0DOH�6H[�+RUPRQHV��,-(0���������6XSSO�$XWXPQ�����*HLVVHU� 0�� *LHIIHUVRQ� 7�� 6IHYDN� 0�� %RD]� 7��5HOLDELOLW\� DQG� 9DOLGLW\� RI� WKH� 6H[XDO� +LVWRU\�4XHVWLRQQDLUH��-�&OLQ�3V\������������������������6DGRFN� %-�� (YDOXDWLRQ� RI� 6H[XDO 'HVLUH�3DUDPHWHUV�LQ�+XPDQ��-�3V\������������������������3O\PDWH�65��0DWHM�/$�� -RQHV�5(�� ,QKLELWLRQ�RI�6H[� +RUPRQH� %LQGLQJ� *OREXOLQ� 3URGXFWLRQ� LQ� WKH�+XPDQ� +HSDWRPD� &HOO� OLQH�-� &OLQ� 	� 0HW� �������������������6LQJK� $�� +DPLOWLRQ� )'�� .LRVWLQHQ� 9�� (IHFW� RI�,QVXOLQ� ± /LNH� *URZWK� )DFWRU� 7\SH� ÿ�� ,*)���� DQG�,QVXOLQ� RQ� WKH� 6HFUHWLRQ� RI� 6H[� +RUPRQH� %LQGLQJ�*OREXOLQ� DQG� ,*)��� %LQGLQJ� 3URWHLQ� E\� +XPDQ�+HSDWRPD�&HOO��-�(QGR������������5��5�����*LDJXOOL� 9$�� .DXIPDQ� -0�� 9HUPHXOHQ� $��3DWKRJHQHVLV� RI� 'HFUHDVHG� $QGURJHQ� /HYHOV� LQ�2EHVH�PHQ��-�(QGR�	�0HW�������������������������9HUPHXOHQ� $�� .DXIPDQ� -0�� *LDJXOOL� 9$��,QIOXHQFH� RI� 6RPH� %LRORJLFDO� ,QGH[HV� RQ� 6H[�+RUPRQH� %LQGLQJ� *OREXOLQ� DQG� $QGURJHQ� /HYHOV�LQ� $JLQJ� RU� 2EHVH� 0DOHV�� -� (QGR� 	� 0HW� �����������������������+DIIQHU�-0��.DWV�06��6WWHUQ�0S��7KH�5HODWLRQ�RI� 6H[� +RUPRQHV� WR� +\SHULQVXOLQHPLD� DQG�+\SHUJO\FHPLD��0HWDEROLVP������������������+DIIQHU� -0�� 9DOGH]� 50�� 0\NNDQHQ� /��'HFUHDVHG� 7HVWRVWHURQH� DQG�'HK\GURHSLDQGURVWHURQH� 6XOIDWH� &RQFHQWUDWLRQ� LQ�1RQ�'LDEHWLF�0HQ��0HWDEROLVP���������������������6LPRQ� '�� 1DKRXO� .�� &KDUOHV� 0$�� 6H[�+RUPRQHV��$JLQJ��(WKQLFLW\�DQG�,QVXOLQ�6HQVLWLYLW\�LQ� 0HQ�� DQ� 2YHUYLHZ� RI� 7(/(&20� 6WXG\�� ,Q��2GGQHVV� %�� 9HUPHXOHQ� $�� $QGURJHQV� DQG� $JLQJ�0DOH��0LVVRXUL��(OVHYLHU�,QF������������������%RVWDQ�0+��/DULMDQL�%�� 6DQMDUL�0��$PLQL�05��7KH� (IIHFW� RI� )DVWLQJ� RQ� 3ODVPD� *OXFRVH� RQ�+HDOWK\�$GXOWV��,-(0�����������6XSSO�$XWXPQ��
���:LONLQVRQ� &:�� (QGRFULQH� 5KWKPV� DQG� 3LQHDO�*ODQG�� ,Q�� 3DWWRQ� +'�� )XFKV� $)�� +LOOH� %�� 6FKHU�$0��6WHLQHU�5��7KH�7H[W�%RRN�RI�3K\VLRORJ\���QG�HG��1HZ�<RUN��:%�6DXQGHUV�����������������$]L]L� )�� $VVHVVPHQW� RI� 6H[� +RUPRQHV� 'XULQJ�5DPDGDQ�� 6KDKLG� %HKHVKWL� 0HG� -RXUQDO� ������������������
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(IIHFW�RI�5DPDGDQ�)DVWLQJ�RQ�6H[XDO�'HVLUH��7KH�5ROH�RI�
+RUPRQHV�RU�1HRFRUWH["
4DGHHUL�)���0�6���.KDPHQHK�6��3K�'�

$EVWUDFW,QWURGXFWLRQ� 6H[XDO� GHVLUH� LV� RQH� RI� WKH� PRVW� LPSRUWDQW� SK\VLRORJLF� QHHGV� DQG� PRWLYHV� LQ� KXPDQ� EHLQJV��$FFRUGLQJ�WR�,VODP�WHDFKLQJ��RQH�RI�WKLQJV�WKDW�PXVOLPV�PXVW�UHIUDLQ�IURP�LQ�5DPDGDQ�IDVWLQJ�LV�VH[XDO�UHODWLRQ�2EMHFWLYH�7KH�DLP�RI�WKLV�VWXG\�LV�WR�XQGUHVWDQG�WKH�QDWXUH�RI�VH[XDO�GHVLUH�FKDQJHV�GXULQJ�IDVWLQJ�LQ�5DPDGDQ�0DWHULDOV� DQG�0HWKRGV��7KLUW\�WZR� KHDOWK\�� VLQJOH�PDOHV� DJLQJ� ������ \HDUV� ZHUH� VWXGLHG�� 'XULQJ� WKH� +RO\�PRQWK� RI� 5DPDGDQ�� WKH\� DYRLGHG� IRRGV� DQG� GULQNV� IRU� DERXW� ��KUV� DFFRUGLQJ� WR� WKH� ,VODPLF� IDVWLQJ� SURJUDP��7KUHH�EORRG�VDPSOHV�ZHUH�WDNHQ�IURP�HDFK�VXEMHFW�DW���SP�RQ�WKH�GD\�EHIRUH�5DPDGDQ��EDVHOLQH�VDPSOH���ILUVW�DQG� ODVW� GD\� RI� 5DPDGDQ�� 6HUXP� WHVWRVWHURQH�� /+� DQG� )6+� OHYHOV�ZHUH� GHWHUPLQHG� E\�5,$V�� ,Q� DGGLWLRQ�� DOO�VXEMHFWV�ILOOHG�RXW�TXHVWLRQQDLUH�WKDW�VHDUFKHG�IRU�FKDQJHV�LQ�SDUDPHWHUV�UHOHYDQW�WR�VH[XDO�GHVLUH�5HVXOWV��7HVWRVWHURQH�OHYHOV�LQ��QG �UG WHVW�VDPSOHV�ZHUH�VLJQLILFDQWO\�JUHDWHU�WKDQ�EDVHOLQH�RQH��S ������S ������UHVSHFWLYHO\���1R�WUDFHDEOH�FKDQJHV�RFFXUUHG�LQ�/+�OHYHOV��EXW�)6+ VHUXP�OHYHOV�VKRZHG�VLJQLILFDQW�UHGXFWLRQ�LQ��QG DQG� �UG VDPSOHV� �S ������S ������ UHVSHFWLYHO\��� $FFRUGLQJ� WR� WKH� UHVXOW� REWDLQHG� IURP� WKH� TXHVWLRQQDLUH��WKHUH�ZHUH�VLJQLILFDQW�UHGXFWLRQ�LQ�IUHTXHQF\�RI�PDVWXUEDWLRQ��WKLQNLQJ�DERXW�LQWHUFRXUVH��WKLQNLQJ�DERXW�VH[XDO�PDWWHUV� DQG� UHOHYDQW� YLVXDO� HQMR\PHQW�� DQG� VH[XDO� PDWWHUV� ZKHQ� PHHWLQJ� RSSRVLWH� VH[� �S������ IRU� DOO�SDUDPHWHUV���,Q�DGGLWLRQ��WKHUH�ZDV�DSSUHFLDEOH�GHFUHDVH�LQ�IUHTXHQF\�RI�PRUQLQJ�HUHFWLRQ��S��������,Q�FRQWUDVW��IUHTXHQF\�RI�QRFWXUQDO�HMDFXODWLRQ�ZDV�LQFUHDVHG��S�������&RQFOXVLRQV� 5HYHUVH� FKDQJHV� EHWZHHQ� VHUXP� WHVWRVWHURQH� OHYHOV� DQG� WKRVH� SDUDPHWHUV� UHODWHG� WR� VH[XDO�EHKDYLRU� ZLWK� YROXQWDU\� DVSHFWV�� VXJJHVW� YROXQWDU\� LQIOXHQFHV� WKURXJK� SDWKZD\� LQVLGH� &16�PD\� RYHUVKDGRZ�SHULSKHUDO�HIIHFWV�RI�WHVWRVWHURQH�GXULQJ�5DPDGDQ�IDVWLQJ��6R�WKDW�SHUVRQ�FDQ�VXSUHVV�VH[XDO�GHVLUH�E\�UHGXFWLRQ�LQ� GHIIHUHQW� W\SH� RI� VWLPXOL� RQ� HQFHSKDOL]HG� SRUWLRQ� RI� VH[XDO� GHVLUH� DQG� WKLV� LV� QRW� HTXDO� WR� GHSUHVVLRQ� RI�UHSURGXFWLYH�V\VWHP�LQ�5DPDGDQ�
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