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�]Z´¯��*UDWW� %0��'HQWDO� FDULHV�� ,Q��:KLWH� 6&�� 3KDUDRK�0-�� 2UDO� 5DGLRORJ\� 3ULQFLSOHV� DQG� ,QWHUSUHWDWLRQ���WK�(G� 6W�/RXLV��0RVE\��������������������.UDYLW]�/+��7\QGDOO�'$��%DJQHOO�&3��%UHQW�'RYH�6�� $VVHVVPHQW� RI� ([WHUQDO� 5RRW� 5HVRUSWLRQ� 8VLQJ�'LJLWDO� 6XEWUDFWLRQ� 5DGLRJUDSK\�� -� (QGRGRQWLFV��������� ����������+DXVPDQQ� (�� 'LJLWDO� 6XEWUDFWLRQ� 5DGLRJUDSK\��7KHQ� ������� DQG� 1RZ� �������� -� 'HQW� 5HV� ���������������:HQ]HO� $�� $QWKRQLVHQ� 31�� -XXO� 0%��5HSURGXFLELOLW\�LQ�WKH�$VVHVVPHQW�RI�&DULHV�/HVLRQ�%HKDYLRU�� $� &RPSDULVRQ� %HWZHHQ� &RQYHQWLRQDO�)LOP� DQG� 6XEWUDFWLRQ� 5DGLRJUDSK\�� -� &DULHV� 5HV������ ��� ����������+DOVH� $�� :KLWH� 6&�� (VSHOLG� ,�� 9LVXDOL]DWLRQ� RI�6WDQQRXV�)OXRULGH�7UHDWPHQW�RI�&DULRXV�/HVLRQV�E\�6XEWUDFWLRQ� 5DGLRJUDSK\�� -� 2UDO� 6XUJ�� 2UDO� 0HG��2UDO�3DWKRO������ �����������

��0DJJLR�--��+DXVPDQQ�(0��$OOHQ�.��$�0RGHO�IRU�'HQWLQDO�&DULHV� 3URJUHVVLRQ�E\�'LJLWDO�6XEWUDFWLRQ�5DGLRJUDSK\��-�3URVWKHW�'HQW��������� ����������1XPPL� .RVNL� 39�� 0DUWLQH]� 76�� 0DWWHVRQ� 65��0F'DYLG� :'�� 'LJLWDO� VXEWUDFWLRQ� UDGLRJUDSK\� LQ�DUWLILFLDO� UHFXUUHQW� FDULHV� GHWHFWLRQ�� -�'HQWRPD[LOORIDF�5DGLRO������ ��� �������(EHUKDUG� -�� +DUWPDQ� %�� /HQKDUG� 0�� 'LJLWDO�6XEWUDFWLRQ� 5DGLRJUDSK\� IRU� 0RQLWRULQJ� 'HQWDO�'HPLQHUDOL]DWLRQ��-�&DULHV�5HV��������� ����������/HQKDUG� 0�� 0D\HU� 7�� 3LRFK� 7�� $� 0HWKRG� WR�0RQLWRU�'HQWDO�'HPLQHUDOL]DWLRQ�LQ�9LWUR��-�&DULHV�5HV��������� �����������(LFNKRO]�3��3LRFK�7��/HQKDUG�0�3URJUHVVLRQ�RI�'QWDO� 'PLQHUDOL]DWLRQ� ZLWK� DQG� :WKRXW� 0GLILHG�7QQHO� 5VWRUDWLRQV� LQ� 9WUR�� 2SHUDWLYH� 'HQWLVWU\��������� ���������%HQQ� '.�� $� &RPSXWHU� ± $VVLVWHG� 0HWKRG� IRU�0DNLQJ� /LQHDU� 5DGLRJUDSKLF�0HDVXUHPHQWV� 8VLQJ�6WRUHG� 5HJLRQV� RI� ,QWHUHVW�� -� &OLQ� 3HULRGRQWRO��������� ��������
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���'XFNZRUWK� -(�� -XG\� 3)�� *RRGVRQ� -0�� $�0HWKRG� IRU� WKH� *HRPHWULF� DQG� 'HQVLWRPHWULF�6WDQGDUGL]DWLRQ� RI� ,QWUDRUDO� 5DGLRJUDSKV�� -�3HULRGRQWDO��������� �������
���-HIIFRDW�0.��5HGG\�06��:HEEHU�5/�([WUDRUDO�&QWURO� RI� *RPHWU\� IRU� 'JLWDO� 6EWUDFWLRQ�5GLRJUDSK\��-�3HULRGRQW�5HV��������� �����������%UDJJHU�8UV��/DQJ�13��1LFRSRXORX�.DUD\LDQQL�.��6XEWUDFWLRQ�5DGLRJUDSK\�LQ�2UDO�,PSODQWRORJ\��-�3HULRGRQWLFV�	�5HV�'HQW������ �����������
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(YDOXDWLRQ RI &HQWUDO�'HSWK�RI�'HQWDO�'HPLQHUDOL]DWLRQ�RQ�
'LJLWDO�6XEWUDFWLRQ�5DGLRJUDSK\��LQYLWUR�

*KDIIDUL 5��'�'�V���9DUVKRVD]�0��'�'�6�
$EVWUDFW,QWURGXFWLRQ� 7KH� PDMRULW\� RI� FDULRXV� OHVLRQV� DUH� QRW� ZHOO�GHILQHG� UDGLROXFHQFLHV�� $SSUR[LPDWHO\� ����GHPLQHUDOL]DWLRQ� LV� UHTXLUHG� IRU� UDGLRJUDSKLF� GHWHFWLRQ� RI� D� OHVLRQ�� 7KH� DFWXDO� GHSWK� RI� SHQHWUDWLRQ RI� FDULRXV�OHVLRQ�LV�GHHSHU�WKDQ�PD\�EH�GHWHFWHG�UDGLR�JUDSKLFDOO\��+RZHYHU��GLJLWDO�VXEWUDFWLRQ LPDJHV�SHUPLW�WR�GHWHFW������GHFUHDVH�RI�PLQHUDO�PDVV�SHU�XQLW�YROXPH�2EMHFWLYH� 7KH� DLP�RI� WKLV� VWXG\�ZDV� WR� GHWHFW� FHQWUDO� GHSWK� RI� GHQWDO� GHPLQHUDOL]DWLRQ�RQ�GLJLWDO VXEWUDFWLRQ�UDGLRJUDSK\�0DWHULDOV�DQG�0HWKRGV� 7KLV�VWXG\�ZDV�SUHIRUPHG�RQ����H[WUDFWHG�KXPDQ�WHHWK� ,Q�HDFK�WRRWK��RQH�DSSUR[LPDO�HQDPHO�GHPLQHUDOL]DWLRQ�GHIHFW�ZDV�LQGXFHG�XVLQJ�DQ�DFLGLILHG V\VWHP��3+ ������'LUHFW�GLJLWDO�UDGLRJUDSK\�ZHUH�REWDLQHG�XQGHU�VWDQGDUGL]HG�FRQGLWLRQ�RYHU�D SHULRG�RI����GD\V��7KH�LPDJHV�RI�WKH��WK ����WK ����VW � ��WK � ��WK DQG���QG GD\V�ZHUH� VXEWUDFWHG� IURP� WKH EDVHOLQH� UDGLRJUDSK� �EHIRUH�FUHDWLRQ�RI� WKH� OHVLRQ���%HFDXVH�DOO�RI� LPDJHV�VKRZHG�PRGHUDWH SUR[LPDO�GHPLQHUDOL]DWLRQ�RQ���QG�GD\V��DOO� WHHWK�VHFWLRQHG�IRU�KLVWRORJLFDO VWXG\� 7KHQ�� WKH�PHDQ� VWDQGDUG� GHYLDWLRQ� RI� WKH� H[WHQW� GHPLQHUDOL]DWLRQ� ZDV� REWDLQHG� ZLWK� WKH UDGLRJUDSKLF DQG� KLVWRORJLFDOPHDVXUHPHQWV��7KH�WHVW�VHUYHG�DV�WKH�VWDWLVWLFDO�VDPSOLQJ�XQLW�IRU WHVWLQJ�GLIIHUHQFH�EHWZHHQ�WKH PHDVXUHPHQWV�5HVXOWV� $IWHU� ��� GD\V�� WKH� PHDQ�6'� RI� WKH� H[WHQW� RI� GHPLQHUDOL]DWLRQ� ZDV� XQGHUHVWLPDWHG E\� UDGLRJUDSKLF�DVVHVVPHQW� ���������� PP� WKDQ� KLVWRPHWULF� PHDVXUHPHQW ���������� PP��+RZHYHU� WKLV� GLIIHUHQFH� ZDVQ
W�VLJQLILFDQW��3 ������&RQFOXVLRQ� )RU�PRQLWRULQJ�WKH�SURJUHVVLRQ�RI�FDUULHV�FOLQLFDOO\��FHQWUDO�GHSWK�VHHPV�WR�EH�WKH�SURSHU�SDUDPHWHU�
.H\�ZRUGV� 'HQWDO�&DULHV��5DGLRJUDSK\��'HQWDO��7RRWK�'HPLQHUDOL]DWLRQ


