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7KH�PDQXIDFWXULQJ� RI� HQGRIXOOHUHQHV� GL�
UHFWO\�GXULQJ�WKH�IXOOHUHQH�IRUPDWLRQ�OLPLWV
VWURQJO\�WKH�SRVVLELOLW\�RI�IXUWKHU�LQIOXHQFH
RQ� WKHLU� SURSHUWLHV�� 2QH� RI� WKH�PHWKRGV� WR
LQIOXHQFH�RQ�WKH�IXOOHUHQH�HOHFWURQLF�SURSHU�
WLHV� LV� WKH� IRUFHG� LPSODQWDWLRQ�RI�QRQ�FDUE�
RQ�DWRP�LQWR�WKH�VKHOO�RI�&���PROHFXOH��7KLVUHTXLUHV�D�SDUWLDO�GHVWUXFWLRQ�RI�WKLQ��DERXW
��c��PROHFXODU�VKHOO�DQG�FDQ�EH�FDUULHG�RXW
E\� LRQLF� ERPEDUGPHQW�� IRU� H[DPSOH�� LQ� WKH
JORZ� GLVFKDUJH� SODVPD� >�@�� 2Q� WKH� RWKHU
KDQG�� ZKHQ� EHLQJ� GHSRVLWHG� RQWR� D� VXE�
VWUDWH��&���PROHFXOHV�IRUP�D�IFF�FU\VWDO�ODW�WLFH��,W�LV�REYLRXV�WKDW�LQ�VXFK�D�FU\VWDO��WKH
VDPH� WKHUPRG\QDPLFDO�SURFHVVHV�RFFXU� WKDW
DUH� LQKHUHQW� LQ� D� FRQGHQVHG� VROLG�� ,Q� SDU�
WLFXODU�� GXH� WR� GLIIXVLRQ��ZKHQ�DOO� LQWHUVWL�
FHV� EHFRPHV� ILOOHG�� WKHUH� D� QHZ� PDWWHU� RI
0H�&���W\SH�PD\�DSSHDU��SRVVHVVLQJ�D�TXLWHGLIIHUHQW� HOHFWURQLF� VWUXFWXUH�� 7KHUHIRUH�
WKH�FRQWURO�RI�HOHFWURSK\VLFDO�SDUDPHWHUV�RI
IXOOHULGHV� E\� FKDQJLQJ� WKHLU� HOHFWURQLF

VWUXFWXUH� ZLWK� QRQ�FDUERQ� DWRPV� HPEHGGHG
LQWR�IXOOHULGH�FU\VWDO�LV�RI�SDUWLFXODU�LPSRU�
WDQFH��,Q�WKLV�ZRUN��WKH�SRVVLELOLW\�RI�PHWDO
GLIIXVLRQ� LQ� WKH� IXOOHULWH� ILOP� ODWWLFH� KDV
EHHQ�VWXGLHG�XVLQJ�UDGLRDFWLYH�LVRWRSHV�

$� YDULDWLRQ� RI� DEVRUSWLRQ� PHWKRG� EDVHG
RQ� WKH� FRQWURO� RI� UDGLRDFWLYH� UDGLDWLRQ� LQ�
WHQVLW\� SDVVLQJ� WKURXJK� WKH� LQYHVWLJDWHG
PDWHULDO�ZLWK�DQ�DEVRUSWDQFH�P�ZDV�XVHG�LQ
WKH� VWXGLHV�� 7KH� VDPSOH� IRUPHG� DV� D� VWDLQ�
OHVV� VWHHO� VXEVWUDWH� ZDV� HOHFWURO\WLFDOO\
FRDWHG�E\�D�OD\HU�RI���1L�LVRWRSH�XQWLO�UHDFK�
LQJ� WKH� DFWLYLW\� VXLWDEOH� IRU� IXUWKHU� GLIIX�
VLRQ� H[SHULPHQWV��7KH� VXUIDFH� UDGLRDFWLYLW\
ZDV� PHDVXUHG� LQ� D� �%HWD�� DQDO\]HU� XVLQJ
FRROHG� 307� DQG� VSHFLDO� FXYHWWH� ILOOHG� ZLWK
VFLQWLOODWLRQ� OLTXLG�� 7KH� VDPSOH� VXUIDFH� WR
EH� H[DPLQHG� ZDV� SODFHG� DW� VRPH� GLVWDQFH
DERYH�WKH�VXUIDFH�RI�VFLQWLOODWLRQ�OLTXLG��7KH
LQLWLDO� UDGLRDFWLYLW\� DSSHDUHG� WR� EH� HTXDO
����GHFD\V�PLQ��7KHQ� WKH�UDGLRDFWLYH� OD\HU
ZDV�FRYHUHG�E\�D�GI� �����PP�WKLFN�IXOOHULWH
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ILOP� GHSRVLWHG� LQ� YDFXXP� ���Ü�� 7RUU�� E\
VXEOLPDWLRQ� PHWKRG� �7� �����&��� 2XU� SUH�
YLRXV�;�UD\�GLIIUDFWLRQ�DQDO\VLV� >�@� VKRZHG
WKDW� ILOPV� REWDLQHG� LQ� WKH� VDPH� FRQGLWLRQV
DUH�FU\VWDOOLQH��7KH�VXUIDFH�UDGLRDFWLYLW\�RI
WKH� VDPSOH� VKLHOGHG� E\� IXOOHULWH� ILOP� GH�
FUHDVHG�WR�����GHFD\V�PLQ�

7KHUHDIWHU�� WKH� VDPSOH� ZDV� VXEMHFWHG� WR
D� VHULHV� RI� KRPRJHQL]LQJ� DQQHDOLQJ� SURFH�
GXUHV� LQ� YDFXXP� XQGHU�PRQLWRULQJ� RI� VXU�
IDFH� UDGLRDFWLYLW\� XS� WR� UHVWRUDWLRQ� RI� LWV
LQLWLDO� YDOXH�� 7KH� DQQHDOLQJ� WHPSHUDWXUH
�7� �����&��ZDV�FKRVHQ�WDNLQJ�LQWR�DFFRXQW
WKDW�LW�VKRXOG�QRW�EH�VXIILFLHQW�IRU�SRVVLEOH
IXOOHULWH� VXEOLPDWLRQ� EXW� VXIILFLHQW� IRU� UH�
DOL]DWLRQ�RI�GLIIXVLRQ�SURFHVVHV��7KH�DQQHDO�
LQJ� WHPSHUDWXUH� ZDV� WR� ZLWKLQ� r���&�� 7KH
IXOOHULWH�ILOP�LQWHJULW\�SUHVHUYDWLRQ�LQ�VSLWH
RI� LWV� VXEOLPDWLRQ� GXULQJ� DQQHDOLQJ� SURFH�
GXUHV�� DOWKRXJK� LW� ZDV� DOPRVW� LPSUREDEOH�
FRXOG� EH� HYLGHQFHG� E\� WKH� DEVHQFH� RI
IXOOHULWH� WUDFHV� RQ� WKH� SROLVKHG� VXUIDFH� RI
WKH�JODVV� FHUDPLFV�SODWH��ZKLFK�ZDV�D�WHFK�
QRORJLFDO� HOHPHQW� LQ� WKH� H[SHULPHQW� DQG
SODFHG� LQ� WKH� FORVH� SUR[LPLW\� WR� WKH� ILOP
EHLQJ�DQQHDOHG�

)LJXUH�SUHVHQWV� WKH�GHWHUPLQDWLRQ� UHVXOWV
RI�WKH�VDPSOH�VXUIDFH�UDGLRDFWLYLW\��GRWV��DV�D
IXQFWLRQ� RI� KRPRJHQL]LQJ� DQQHDOLQJ� WLPH�
7KH�GDWD�REWDLQHG�VKRZ�WKDW�GXULQJ���KRXUV�
1L�DWRPV�GLIIXVHG�WKURXJK�WKH�IXOOHULWH�ODWWLFH
DQG� FRPSOHWHO\� ILOOHG� WKH� IXOOHULWH� ILOP�� $
VLPSOH� HVWLPDWLRQ� JLYHV� WKH� GLIIXVLRQ� FRHIIL�
FLHQW�� '�a�GI��W� � �������Ü���FP��V�� 7KH� DE�
VRUSWDQFH�P�RI�WKH�IXOOHULWH�ILOP�FDQ�EH�FDO�
FXODWHG�XVLQJ�D�ZHOO�NQRZQ�GHSHQGHQFH�

,[� �,�H[S��P[� ���
FKDUDFWHUL]LQJ�WKH�DEVRUSWLRQ�RI�UDGLDWLRQ�E\
D�VKLHOGLQJ� OD\HU�RI� WKLFNQHVV�[�ZLWK�WKH�DE�
VRUSWDQFH�P��7KLV�DOORZV�FDOFXODWH�WKH�DEVRUS�
WDQFH� RI� E�UDGLDWLRQ� IURP� ��1L� UDGLRDFWLYH
DWRPV� LQ� &��� IXOOHULWH�� P� ����������FPÜ��
7KH�IXOOHULWH�IFF�ODWWLFH�FRQVWDQW�LV�D� ������c�
LQWHUDWRPLF�VSDFLQJ�RQ�WKH�FXEH�GLDJRQDO�LV
������c��7DNLQJ�LQWR�DFFRXQW�D�UDWKHU�VPDOO
VL]H� RI� PHWDO� DWRPV� �U1L�a������c�� ZLWK� UH�VSHFW� WR� FKDUDFWHULVWLF� GLVWDQFH� LQ� WKH
IXOOHULWH�XQLW�FHOO�DQG�DOVR�VXFK�D�KLJK�YDOXH
RI�WKH�GLIIXVLRQ�FRHIILFLHQW��LW�LV�SRVVLEOH�WR
DVVXPH� WKDW� DWRP� PLJUDWLRQ� RFFXUV� PRVW
OLNHO\� DFFRUGLQJ� WR� LQWHUVWLWLDO� PHFKDQLVP
WKURXJK�RFWD��DQG�WHWUDKHGUDO� LQWHUVWLFHV�RI
IXOOHULWH� FU\VWDO�� 7KH� PHWDO� DWRPV� RFFXS\
ILUVW�RI�DOO�WKH�RFWDKHGUDO�LQWHUVWLFHV�DV�WKH\
DUH� ELJJHU� WKDQ� WHWUDKHGUDO� RQHV�� (YHQ

KLJKHU� SUREDELOLW\� RI� LQWHUVWLWLDO� GLIIXVLRQ
H[LVWV� IRU�PHWDO� LRQV� KDYLQJ� LQ� WKH� FDVH� RI
1L� UDGLXV� RI� a����� c�� 7KLV� YDOXH� LV� PXFK
VPDOOHU�WKDQ�HYHQ�LQWHUPROHFXODU�GLVWDQFHV�LQ
WKH�IXOOHULWH�XQLW�FHOO�

7KH�DQDO\VLV�VKRZV�WKDW�WKH�REWDLQHG�VXU�
IDFH� UDGLRDFWLYLW\� FKDQJH� FDQ� EH� EHVW� GH�
VFULEHG� E\� D� VHPLHPSLULFDO� HTXDWLRQ� ZKLFK
WDNHV� LQWR� DFFRXQW� GLIIXVLRQ� RI� ODEHOOHG
DWRPV� WKURXJK�WKH� ILOP�RI� WKH� WKLFNQHVV�GIZLWK�WKH�DEVRUSWDQFH�P�IURP�WKH�VRXUFH�KDY�
LQJ�WKH�LQWHQVLW\�,�
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,W� LV� VHHQ� IURP� WKH� DERYH� HTXDWLRQ� WKDW
DW� WKH� LQLWLDO� WLPH�PRPHQW�� L�H�� W�o���� WKH
VHFRQG�LWHP�LV�]HURHG�EHFDXVH�RI�WKH�VHFRQG
IDFWRU� �HUIF�f�� ����� DQG� ZH� UHWXUQ� WR� WKH
HTXDWLRQ� ����� $W� W�!���� WKH� VHFRQG� FRPSR�
QHQW�JLYHV�LWV�FRQWULEXWLRQ�DQG�UDGLRDFWLYLW\
RQ� WKH� VDPSOH� VXUIDFH� LQFUHDVHV�GXH� WR� LVR�
WRSH� GLIIXVLRQ� WKURXJK� WKH� ILOP� RI� WKH
WKLFNQHVV� GI�� $V� WLPH� JRHV� E\� �W�o�f��� WKHPHWDO� DWRPV� SHQHWUDWH� LQWR� IXOOHULWH� ILOP
ZLWK� WKH� GLIIXVLRQ� FRHIILFLHQW� '� DQG� ILOP
EHFRPHV�VDWXUDWHG�E\�PHWDO�DWRPV�UHVXOWLQJ
LQ�WKH�LQFUHDVH�RI�LQWHQVLW\�,�W��RQ�WKH�ILOP
VXUIDFH�

,W� VKRXOG� EH� QRWHG� WKDW� HTXDWLRQ� ���� LV
DSSOLFDEOH� IRU� VSHFLILF� H[SHULPHQW� FRQGL�
WLRQV�� DOWKRXJK� LW� GRHV� QRW� IXOO\� WDNH� LQWR
DFFRXQW� WKH� H[KDXVWLRQ� RI� WKH� GLIIXVLRQ
VRXUFH��&DOFXODWLRQV�DFFRUGLQJ�WR�WKLV�HTXD�
WLRQ�DUH�SUHVHQWHG�LQ�)LJXUH�DV�D�VROLG�OLQH�
$� JRRG� FRUUHODWLRQ� LV� VHHQ� EHWZHHQ� H[SHUL�
PHQWDO� GDWD� DQG� WKH� FDOFXODWHG� FXUYH� RE�

)LJ��'\QDPLFV� RI� ��1L� DWRPV� SHQHWUDWLRQ
WKURXJK�WKH�&���IXOOHULWH�ILOP��7� �����&���
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WDLQHG�IRU�'� �������Ü���FP��V��7KLV�PD\�EH
FRQQHFWHG� ZLWK� WKH� GLIIHUHQFH� EHWZHHQ� WKH
SUHH[SRQHQWLDO�IDFWRU�'��DQG�W\SLFDO�YDOXHVLQ�WKH�NQRZQ�HTXDWLRQ�IRU�WKHUPDO�GLIIXVLRQ
'� �'�H[S�Ü4�N7���7KLV� IDFWRU� LV�NQRZQ�WREH�LQ�SURSRUWLRQ�ZLWK�WKH�VTXDUH�RI�WKH�HOH�
PHQWDU\� MXPS� GLVWDQFH� RI� D� SRLQW� GHIHFW�
L�H�� DSSUR[LPDWHO\� ZLWK� WKH� VTXDUH� RI� WKH
DYHUDJH� LQWHUDWRPLF� RU� LQWHUPROHFXODU� GLV�
WDQFH�� '�|O���W��� &RQVLGHULQJ� WKDW� FKDUDF�WHULVWLF� SHULRG� RI� WKH� GHIHFW� RVFLOODWLRQ� LV
W��a���Ü���V�DQG�WDNLQJ�O�DV�DQ�DYHUDJH�GLV�WDQFH�EHWZHHQ�RFWD��DQG�WHWUDKHGUDO�LQWHUVWL�
FHV� LQ� WKH� IXOOHULWH� FU\VWDO�� ZKLFK� LV� DS�

SUR[LPDWHO\� �����QP�� LW� LV� SRVVLEOH� WR� HVWL�
PDWH� WKH� HQHUJ\�4� RI� GLIIXVLRQ� DFWLYDWLRQ�
7DNLQJ�LQWR�DFFRXQW�DOO�DIRUHVDLG��WKH�FDOFX�
ODWHG�YDOXH�FRUUHVSRQGV�WR�WKH�DFWLYDWLRQ�HQ�
HUJ\�RI�WKH�PLJUDWLQJ�LQWHUVWLWLDO�W\SH�SRLQW
GHIHFWV� DQG� VXSSRUWV� WKH� K\SRWKHVLV� DERXW
WKH�GLIIXVLRQ�RI�PHWDO�DWRPV�DORQJ�LQWHUVWL�
FHV�RI�IXOOHULWH�FU\VWDO�
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