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WUDYHUVH� WKHP�GXULQJ� IDLOXUH��7KH� IHDWXUHV� RI� FU\VWDOORJHRPHWU\� RI�GLVORFDWLRQ� VOLGLQJ�DW
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7KH� PDLQ� FUDFN� RULJLQDWLRQ� LQ� D� PHWDO
XQGHU�PHFKDQLFDO� VWUHVV� LV�SUHFHGHG�E\�IRU�
PDWLRQ� DQG� JURZWK� RI�PLFURGLVFRQWLQXLWLHV�
,Q�VSLWH�RI�WKH�IDFW�WKDW�WKHUH�DUH�QXPHURXV
SK\VLFDO�PRGHOV�RI�PLFURVFDOH�IDLOXUH�PHFKD�
QLVPV� >�Ü�@�� WKH� UHJXODULWLHV� RI� GLVFRQWLQX�
LW\� DUHDV� RFFXUUHQFH� LQ� D� ORDGHG� PDWHULDO
DQG� WKHLU� WUDQVIRUPDWLRQ� WR� D� PDFURVFRSLF
FUDFN� UHPDLQ� XQFOHDU� WR� GDWH�� $W� WKH� VDPH
WLPH�� WKH� LQWHUUHODWLRQ� EHWZHHQ� WKH� VWUDLQ
SURFHVVHV�DQG�IDLOXUH��LQ�SDUWLFXODU��WKH�FRQ�
QHFWLRQ� EHWZHHQ� PRWLRQ� DQG� LQWHUDFWLRQ� RI
GLVORFDWLRQV� DQG� IRUPDWLRQ� RI�PLFUR�FUDFNV�
LV� DVFHUWDLQHG�VXUHO\��7KDW�SURYLGHV�D�EDVLV
IRU� FRQVLGHUDWLRQ� RI� IDLOXUH� SURFHVV� IURP
VWDQGSRLQW� RI� WKH� FU\VWDO� JHRPHWU\�� 6R�
FU\VWDOORJUDSKLF� UHJXODULWLHV� RI� D� PLFUR�
FUDFN�JURZWK�LQ�VWUDLQHG�WKLQ�IRLOV�RI�PHWDOV
DQG�DOOR\V�DUH�DVFHUWDLQHG�WKDQNV�WR�H[SHUL�
PHQWDO� UHVHDUFKHV�RI� IDLOXUH� LQ�D�KLJK�YROW�
DJH� HOHFWURQLF� PLFURVFRSH� FROXPQ� >�@�� 7KH
DLP�RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�WKH�UHOD�

WLRQ�EHWZHHQ�FU\VWDOORJUDSKLF�RULHQWDWLRQ�RI
JUDLQV� DQG� GHYHORSPHQW� RI� PDLQ� FUDFNV� LQ
SODVWLFDOO\� GHIRUPDEOH� WZR�GLPHQVLRQDO
��SDUTXHW�VWUXFWXUH���DOXPLQXP�SRO\FU\VWDOV�

7KH� UHVHDUFK� VDPSOHV� ZLWK� WKH� ZRUNLQJ
SDUW�VL]H�RI�DERXW���u��u�����PP��ZHUH�FXW
RXW� IURP�DQ�DOXPLQXP� IRLO� �����������7KH
QHFHVVDU\� DYHUDJH� JUDLQ� VL]H� RI� DERXW
���PP�ZDV�SURYLGHG�E\�VHOHFWLRQ�RI�SUHOLPL�
QDU\� VWUDLQ� DQG� RI� UHFU\VWDOOL]DWLRQ� DQQHDO�
LQJ�SDUDPHWHUV��7KH�JUDLQ�VWUXFWXUH�ZDV�UH�
YHDOHG� E\� FKHPLFDO� HWFKLQJ�� 7KH� VSHFLPHQV
ZHUH�VWUDLQHG�XQGHU�DFWLYH�WHQVLRQ�FRQGLWLRQV
DW� D� FRQVWDQW� VWUDLQLQJ� UDWH� H�� �����Ü��VÜ��
7KH� PDLQ� FUDFN� GHYHORSPHQW� ZDV� REVHUYHG
LQ�VLWX�XVLQJ�D�GLJLWDO�FDPHUD�DW�D�VKRRWLQJ
UDWH����SLFWXUHV�SHU�VHFRQG�>�@��7KH�FU\VWDO�
ORJUDSKLF� RULHQWDWLRQ� RI� JUDLQV� ZDV� GHWHU�
PLQHG�XVLQJ�WKH�/DXH�;�UD\�WHFKQLTXH�

$V�WKH�PHFKDQLFDO� WHVWV�KDYH�VKRZQ��WKH
IDLOXUH� RI� WZR�GLPHQVLRQDO� DOXPLQXP� SRO\�
FU\VWDOV� ZLWK� WKH� DYHUDJH� JUDLQ� VL]H� RI
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DERXW� ��� PP� LV� YLVFRXV� DQG� WKH� IDLOXUH
FKDUDFWHU� LV� WUDQV�FU\VWDOOLQH�� 7KH� PD[L�
PXP�SODVWLF�VWUDLQ�LQ�VXFK�VDPSOHV�DPRXQWV
WR�������,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�JUDLQV
ZLWK� FU\VWDO�JHRPHWULF� RULHQWDWLRQ� >�
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DUH� LQ� FORVH� FRLQFLGHQFH� ZLWK� FU\VWDO�
ORJUDSKLF� GLUHFWLRQ� >�
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ORJUDSKLF�SODQH��������UHVSHFWLYHO\��DUH�RI�D
SDUWLFXODU�LPSRUWDQFH�LQ�WKH�IDLOXUH�SURFHVV�
0DFURVFRSLF� FUDFNV� DULVH� LQ� JUDLQV� ZLWK
VXFK� RULHQWDWLRQ� RU� WUDYHUVH� WKHP� GXULQJ
WKH�IDLOXUH��7KH�PDLQ�FUDFN�FKDQJHV�LWV�WUD�
MHFWRU\� DQG� UXVKHV� WKH� JUDLQ� ZLWK� RULHQWD�
WLRQ�>�
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WKH� LQLWLDO� GLUHFWLRQ� RI� FUDFN� GHYHORSPHQW�

7KH�JUDLQV�XQGHU�FRQVLGHUDWLRQ� LQ�WKLV�FDVH
LQLWLDOO\�KDYH�WKH�>�
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JHW� WKLV� RULHQWDWLRQ� GXULQJ� SODVWLF� VWUDLQ�
LQJ��7KH�DSSUR[LPDWH�IRUP�RI�WKH�UHRULHQWD�
WLRQ� WUDMHFWRU\� LQ� WKH� VHFRQG� FDVH� LV� SUH�
VHQWHG� LQ� D� VWDQGDUG� VWHUHRJUDSKLF� WULDQJOH
LQ�)LJ�����7KH�LQLWLDO�FU\VWDOORJUDSKLF�RULHQ�
WDWLRQ�VSHFLILHV�WKDW�LQ�VXFK�JUDLQV��WKH�SUL�
PDU\�VOLGLQJ�V\VWHP�LV�WKH� ������ >�
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7KH�WLJKWQHVV�RI�SODVWLF�VWUDLQLQJ�FDXVHG�E\
SUHVHQFH� RI� JUDLQ� ERXQGDULHV� HQWDLOV� WKH
FU\VWDO�ODWWLFH�UHRULHQWDWLRQ�SUHVHQWLQJ�D�UR�
WDWLRQDO� SODVWLFLW\� DFW� >�@�� 7KH� JUDLQ� URWD�
WLRQ�EULQJV�WKH�WHQVLOH�D[LV�RQ�WKH�ERUGHU�RI
WKH� VWHUHRJUDSKLF� WULDQJOH�� 7KLV� IDYRUV� WKH
DFWLYDWLRQ� RI� WKH� FRQMXJDWHG� VOLGLQJ� V\VWHP
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VHUYHG�RQ�WKH�VXUIDFH�RI�VXFK�JUDLQV��)LJ���D��
7KH� GDWD� RI� UDGLRJUDSKLF� DQG� PHWDO�

ORJUDSKLF� VWXGLHV� HQDEOH� WR� HVWDEOLVK� WKH
IHDWXUHV� RI� FU\VWDO� JHRPHWU\� RI� GLVORFDWLRQ
VOLGLQJ�DW�WKH�IDLOXUH�VWDJH��)LJ���E���,Q�WKH
JUDLQV� ZLWK� LQLWLDO� >�
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WKH�SODVWLF�VWUDLQ�VHHPV�WR�WDNH�WKH�FKDUDF�
WHU� RI� GRXEOH� VOLGLQJ� DW� RQFH�� ,Q� WKH� UHRUL�
HQWHG� JUDLQV�� WKH� VHTXHQFH� RI� VWUDLQ� SURF�
HVVHV� DSSHDUV� DV� IROORZV�� VWUDLQLQJ� DFFRUG�
LQJ�WR�WKH�SULPDU\�VOLGLQJ�V\VWHP�Ü�FU\VWDO
ODWWLFH�UHRULHQWDWLRQ�Ü�DFWLYDWLRQ�RI�WKH�FRQ�
MXJDWHG� VOLGLQJ� V\VWHP� Ü� GRXEOH� VOLGLQJ� Ü
IDLOXUH��,Q�ERWK�FDVHV��WKH�FU\VWDO�JHRPHWULF
RULHQWDWLRQ� >�
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GRXEOH� VOLGLQJ�� 7KH� LQWHUDFWLRQ� RI� GLVORFD�
WLRQ� LQ� FURVVHG� VOLGLQJ� V\VWHPV� ������ >�
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WDWLRQ�XQVWDEOH�ZLWK�UHVSHFW�WR�IDLOXUH�

)LJ����� 3URMHFWLRQV� RI� WHQVLOH� D[LV� SULRU� WR
VWUDLQLQJ� ���� DQG� DIWHU� IDLOXUH� ���� DQG� WKH
DSSUR[LPDWH� IRUP� RI� WKH� JUDLQ� UHRULHQWDWLRQ
WUDMHFWRU\�
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