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α  ������ WKH� UDNH� DQJOH� γ  ����� WKH� VDZWKLFNQHVV�����PP��WKH�FXW�ZLGWK�W  ���PP�WKH� URWDWLRQ� IUHTXHQF\� Q  ����� USP�� WKHPHGLXP�GLVWLOOHG� ZDWHU�� 7KH� PDFKLQHG� VXU�IDFH�PLFURKDUGQHVV�ZDV�GHWHUPLQHG�XVLQJ�D307��� LQVWUXPHQW� EDVLQJ� RQ� WKH� LQGHQWHUWUDFH�>�@��$V�WKH�LQGHQWHU��D�GLDPRQG�S\UD�PLG�ZDV�XVHG�KDYLQJ�D�VTXDUH�EDVH�DQG�WKHWRS� DQJOH� EHWZHHQ� RSSRVLWH� IDFHV� ������7KHLQVWUXPHQW� PLFURVFRSH� PDJQLILFDWLRQ� ZDV������7KH�VDPSOH�VXUIDFH�ZDV�FOHDQ�DQG�SOD�QDU��7KH�VDPSOHV�ZHUH�SUHSDUHG�IRU�WHVWLQJXVLQJ�D�6'���SROLVKLQJ�PDFKLQH��WKH�SROLVK�LQJ�EHLQJ�UHGXFHG�WR�WKH�VXUIDFH�GH�EXUULQJ�8VLQJ�D���.���HQJLQH�ODWKH�DQG�ULJKW�KDQGFXWWHU��UDNH�DQJOH�α  ������UHOLHI�DQJOH�γ  �����5��� KLJK�VSHHG� VWHHO��� WKH� SRO\PHU� ZDVWDNHQ�RII�OD\HUZLVH�DW������PP�OD\HU�WKLFN�QHVV� DQG� WKH� VXUIDFH� PLFURKDUGQHVV� ZDVPHDVXUHG�DW�HDFK�VWHS��7KH�PHFKDQLFDO�WDNH�RII� FRQWULEXWHV� DGGLWLRQDOO\� WR� WKH�PDWHULDOFKDQJH�� EXW�� VLQFH� WKHVH� FKDQJHV� DUH� WKHVDPH� DW� HDFK� VWHS�� WKH�PLFURKDUGQHVV� YDUL�DWLRQ�FKDUDFWHU�LQ�GHSWK�FDQ�EH�HVWLPDWHG�$OO� PLFURKDUGQHVV� YDOXHV� ZHUH� REWDLQHGDW� WKH� VDPH� FRQGLWLRQV� �WKH� ORDG�3  ����J�WKH� ORDGLQJ� GXUDWLRQ� ��� V�� H[SRVXUH� GXUD�WLRQ� �� V��� 7KH� WRWDO� QXPEHU� RI� PHDVXUH�PHQWV�DW�HDFK�DUHD�IRU�DOO�VDPSOHV�H[FHHGHG���� ��� VDPSOHV� ZHUH� WHVWHG�� 7KH� PDWHULDOZDV� WDNHQ� RII� OD\HUZLVH� XQWLO� WKH� FRQVWDQWPLFURKDUGQHVV� YDOXH� ZDV� REWDLQHG� �)LJ�����7KH� LPSULQW� GLDJRQDO� PHDVXUHPHQW� UHVXOWVDQG� WKH� FRUUHVSRQGLQJ�PLFURKDUGQHVV� FKDU�DFWHULVWLFV� DUH� SUHVHQWHG� LQ� 7DEOH���� $V� WRILUVW�PHDVXUHPHQWV��GRQH�LPPHGLDWHO\�DIWHUWKH� EORFN� FXWWLQJ� LQWR� SODWHV��� WKH� LPSULQWVKDSH� GLVWRUWLRQV� DUH� W\SLFDO� �ORFDO� PL�FURFUDFNV�DQG�VWUDNHV��HYLGHQFLQJ�WKH�PDWH�ULDO� EULWWOHPHQW� >�@�� 7KLV� VXSSRVHV� WKDWWKHVH�OD\HUV�RI�WKH�PDWHULDO�DUH�PRUH�EULWWOH

)LJ�����6XUIDFH�PLFURKDUGQHVV��+��DV�D�IXQF�WLRQ�RI�GHSWK��W�

1HZV�RI�7HFKQRORJ\

��� )XQFWLRQDO�PDWHULDOV�������������



DQG� LPSHUIHFW� LQ� VWUXFWXUH�� 8VLQJ� WKH� VWD�WLVWLFDO� GDWD� SURFHVVLQJ�� WKH� DYHUDJH�PLFUR�KDUGQHVV� YDOXHV� IRU� HDFK� OD\HU� KDYH� EHHQGHWHUPLQHG�� $IWHU� WKH� ���� PP� WKLFN� OD\HUZLWKGUDZQ��WKH�PLFURKDUGQHVV�LV�������03D�RU��������RI�WKH�LQLWLDO��IRU�FXW�SODWHV� RQH�7KH� GLVWRUWHG� OD\HU� WKLFNQHVV� IRH� WKH� FXWZRUNSLHFHV�LV������WR������PP��)LJ�����$W� WKH� QH[W� ZRUN� VWHS�� WKH� GLVWRUWHGOD\HU�ZDV� VWXGLHG� IRUPHG� XQGHU�PLOOLQJ� E\VLQJOH�WRRWK� WRROV� PDGH� RI� KDUG� DOOR\�� V\Q�WKHWLF�� DQG� QDWXUDO� GLDPRQGV�� 7KH� KDUGDOOR\� WRRO� ZDV� PDGH� RI� WKH� 9.�� PDWHULDO�WKH�UDNH�DQJOH�γ  ������WKH�UHOLHI�DQJOH�α  �����WKH�FXWWLQJ�HGJH�URXQGLQJ�UDGLXV�5  ���PP�7KH�V\QWKHWLF�GLDPRQG�WRRO��$63.�PDWHULDO�
γ  ����� α  ������ WKH� SODWH� GLDPHWHU� �� PP�7KH� QDWXUDO� GLDPRQG� WRRO�� ,5����� VSHFLDOFXWWHU�ZLWK�GLDPRQG�LQVHUW��γ  �����α  �����5  ��� PP�� 7KH� SRO\PHU� ZRUNSLHFHV���×��×����PP� VL]H��ZHUH�PDFKLQHG�XVLQJD� )3���1�� PLOOLQJ� PDFKLQH� SURYLGHG� E\� DYDFXXP�KROGLQJ� ZRUNWDEOH� DW� WKH� IROORZLQJFXWWLQJ� UHJLPH��6]  ������PP�SHU� WRRWK�9  ������P�PLQ�� W  ������PP�� 7KH� URXJK�QHVV� DQG� VXUIDFH� PLFURKDUGQHVV� FKDUDF�WHULVWLFV� IRU� SRO\PHU� VDPSOHV� DIWHU� YDULRXVPDFKLQLQJ� NLQGV� DUH� SUHVHQWHG� LQ� 7DEOH���7KH� VFDWWHU� LQ� WKH� PLFURKDUGQHVV� YDOXHVPDNHV� LW� H[SHGLHQW� WR� VWXG\� WKH� VXUIDFHOD\HU� VWDWH� RI� SRO\PHU� DUWLFOHV� DIWHU� URXJKDQG�ILQLVKLQJ�PLOOLQJ�XVLQJ�KDUG�DOOR\��V\Q�WKHWLF��DQG�QDWXUDO�GLDPRQG�WRROV��7KH� H[SHFWHG� GLVWRUWHG� OD\HU� WKLFNQHVVDIWHU� PLOOLQJ� LV� PXFK� OHVV� WKDQ� WKDW� DIWHUWKH� SRO\PHU� ZRUNSLHFH� FXWWLQJ�� 7KHUHIRUH�WKH� PDWHULDO� ZDV� WDNHQ� RII� OD\HUZLVH� DW��µP� VWHSV� XVLQJ� D� PLFURWRPH�� $IWHU� HDFKVWHS�� WKH� PLFURKDUGQHVV� ZDV� PHDVXUHG� DWWKH� ORDG� 3  ���� J�� WKH� ORDGLQJ� GXUDWLRQ��� V�� DQG� H[SRVXUH� GXUDWLRQ� �� V�� 7KH� UH�VXOWV�REWDLQHG�DUH�SUHVHQWHG�LQ�7DEOH����7KHH[SHULPHQWDO�GDWD�REWDLQHG�FRQILUP�TXDQWL�WDWLYHO\� WKH� VXLWDELOLW\� RI� WKH� WHFKQLTXH
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VWDEOH� SURFHVV� RI� WKH� VXUIDFH� VWUXFWXUH� IRU�PDWLRQ�LQ�WKH�SRO\PHU�PDWHULDO�DQG�D�PLQL�PXP�GLVWRUWHG� OD\HU� WKLFNQHV� RI�������µP�7KXV�� WKH� KDUG� DOOR\� PDFKLQLQJ� UHVXOWV� LQWKH� PRVW� LQKRPRJHQHRXV� SK\VLFDO� DQG� PH�FKDQLFDO�VWDWH�RI�WKH�VXUIDFH�OD\HU��7KH�GLV�WRUWHG� VXUIDFH� OD\HU� REWDLQHG� DW� WKH� V\Q�WKHWLF�GLDPRQG�PDFKLQLQJ�LV�D�KDOI�VR�WKLFNDV�WKDW�DIWHU�WKH�KDUG�DOOR\�PDFKLQLQJ��7KH

PLQLPXP� WKLFNQHVV� DQG� WKH� KLJKHVW� KRPR�JHQHLW\�RI�WKH�VXUIDFH� OD\HU�DUH�DWWDLQHG�DWWKH�GLDPRQG�PDFKLQLQJ�7KH�LQVWDELOLW\�LQ�WKH�VXUIDFH�OD\HU�SURS�HUWLHV� PD\� EH� RQH� FDXVH� RI� WKH� IXQFWLRQDOSHUIRUPDQFH�GHWHULRUDWLRQ�RI�WKH�RSWLFDO�DU�WLFOHV�� LQ� SDUWLFXODU�� RI� WKH� LQWHUQDO� UHIOHF�WLRQ� IDFWRU�5���7KH�HVWDEOLVKHG�UHODWLRQVKLSEHWZHHQ� WKH� PDFKLQLQJ� FRQGLWLRQV� DQG� WKH
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