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7KH� HIIHFW� RI� WKH� QRQ�SURSRUWLRQDOLW\� LQ� OLJKW� \LHOG� DQG� WKH� UDGLDWLRQ� HQHUJ\� RQ� WKH
UDGLRPHWULF�FKDUDFWHULVWLFV�RI�WKDOOLXP�GRSHG�FHVLXP�LRGLGH�GHWHFWRUV�DQG�S�WHUSKHQ\O�RQHV�
7KH� LQFUHDVH�RI�WKH�QRQ�SURSRUWLRQDOLW\� LQ� WKH�HQHUJ\�DQG� OLJKW�\LHOG�DW�WKH�UHFRUGLQJ�RI
�� 0H9� DQG� �� 0H9� D�SDUWLFOHV� KDV� EHHQ� VKRZQ� WR� UHVXOW� LQ� DQ� LQFUHDVHG� EDFNJURXQG
FRXQWLQJ�UDWH��GHFUHDVHG�GHWHFWRU�VHQVLWLYLW\�DQG�UHVROXWLRQ��7KHVH�FKDQJHV�LQ�UDGLRPHWULF
SDUDPHWHUV�DUH�LQIOXHQFHG�VLJQLILFDQWO\�E\�WKH�VWDWH�RI�WKH�UDGLDWLRQ�LQSXW�VXUIDFHV�RI�WKH
&V,�7O��DQG�S�WHUSKHQ\O�GHWHFWRUV�
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7KH� VFLQWLOODWLRQ� GHWHFWRUV� XVHG� LQ� UDGL�
RPHWU\� VKRXOG� SURYLGH� D� KLJK� VHQVLWLYLW\
DQG� HQHUJ\� UHVROXWLRQ��:KHQ� UHFRUGLQJ� WKH
LRQL]LQJ�UDGLDWLRQ��WKHVH�SDUDPHWHUV�DQG�UH�
ODWHG� WR� VHYHUDO� SK\VLFDO� FKDUDFWHULVWLFV� RI
VFLQWLOODWRUV� DQG� GHWHFWRUV� EDVHG� WKHUHRQ�
)LUVW�RI�DOO�� WKHVH�SDUDPHWHUV�ZLOO�EH� LQIOX�
HQFHG� E\� OLJKW� \LHOG� DQG� HQHUJ\� UHVROXWLRQ
>����@��7KRVH� FKDUDFWHULVWLFV�GHSHQG� LQ� WXUQ
RQ�PLFURVFDOH�LQKRPRJHQHLWLHV�RI�FRQYHUVLRQ
HIILFLHQF\�DQG�OLJKW�FROOHFWLRQ�LQ�WKH�VFLQWLO�
ODWRUV�� $� QRQ�SURSRUWLRQDOLW\� LQ� WKH� OLJKW
\LHOG�DQG�HQHUJ\�RI�PRQLWRUHG�UDGLDWLRQ�FDQ
EH� REVHUYHG� LQ� WKH� ILHOG� RI� ORZ�SHQHWUDWLQJ
LRQL]LQJ� UDGLDWLRQ�� 7KH� QRQ�SURSRUWLRQDOLW\
RI� OLJKW� \LHOG� LQ� VFLQWLOODWLRQ� PDWHULDOV� HI�
IHFWV� FRQVLGHUDEO\� WKH� HQHUJ\� UHVROXWLRQ� RI
WKH� GHWHFWRUV�� %HFDXVH� WKH� OLJKW� \LHOG� QRQ�
SURSRUWLRQDOLW\� LV� GHILQHG� E\� LQGLYLGXDO
SURSHUWLHV� RI� D� FU\VWDO�� LWV� SHUIHFWLRQ�� FRQ�
WHQW� RI� WKH� DFWLYDWRU� DQG� LPSXULWLHV�� WKHUH

DUH�GLVFUHSDQFLHV� LQ�WKH�QRQ�SURSRUWLRQDOLW\
YDOXHV�HVWLPDWHG�E\�GLIIHUHQW�DXWKRUV�>����@�
7KH�DEVHQFH�RI�D�XQLTXH�GHSHQGHQFH�EHWZHHQ
WKH� UHVROXWLRQ� DQG� OLJKW� \LHOG� QRQ�SURSRU�
WLRQDOLW\� LV� REYLRXVO\� UHODWHG� WR� WKH� IDFW
WKDW� WKH� FRQWULEXWLRQ� RI� WKLV� IDFWRU� WR� WKH
UHVROXWLRQ�LV�PDVNHG�E\�WKH�FRQWULEXWLRQV�RI
RWKHU�IDFWRUV��LQ�SDUWLFXODU��OLJKW�FROOHFWLRQ�
,Q� WKH� ILHOG� RI� ORZ�SHQHWUDWLQJ� UDGLDWLRQV�
WKH�SUHYDLOLQJ�FRQWULEXWLRQ�WR�WKH�UHVROXWLRQ
LV� GXH� WR� PLFUR�LQKRPRJHQHLWLHV� RI� FRQYHU�
VLRQ� HIILFLHQF\�� 7KH� FRQWULEXWLRQ� RI� OLJKW
FROOHFWLRQ� LQKRPRJHQHLW\� LQ� WKDW� ILHOG� LV
VPDOO��$V� WKH� HQHUJ\� LQFUHDVHV�� WKLV� FRQWUL�
EXWLRQ� PXVW� JURZ� GXH� WR� LQFUHDVH� RI� WKH
FU\VWDO� YROXPH� ZKHUH� VFLQWLOODWLRQV� DUH
IRUPHG� DQG� OLJKW� FROOHFWLRQ� LQKRPRJHQHLW\�
,Q�FDVH�RI�ORZ�SHQHWUDWLRQ�UDGLDWLRQV�UHFRUG�
LQJ��WKH�VWUXFWXUH�GHIHFWV�LQIOXHQFH�VWURQJO\
WKH� WUDQVIRUPDWLRQ� RI� HQHUJ\� LQ� VFLQWLOOD�
WRUV��$W�WKH�FU\VWDO�SROLVKLQJ�DQG�JULQGLQJ�
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WKH�GHIHFW�OD\HU�LV�REVHUYHG�WR�GHSWKV�XS�WR
��Ü���PP�� 7KH� SUHVHQFH� RI� GHIHFWV� PXVW
PDNH� D� FRQVLGHUDEOH� FRQWULEXWLRQ� WR� GLIIX�
VLRQ�PRELOLW\�RI�LPSXULWLHV��7KLV�PD\�UHVXOW
LQ� DQ� LQKRPRJHQHRXV� FRQYHUVLRQ� HIILFLHQF\
DQG� IXUWKHU� GHWHULRUDWLRQ� RI� WKH� HQHUJ\
UHVROXWLRQ�
,W� LV�QRWH�WKDW�ZH�FRQVLGHU�RQO\�RQH�IDF�

WRU�LQIOXHQFLQJ�WKH�HQHUJ\�UHVROXWLRQ�ZKLFK
LV�UHODWHG�WR�VSDWLDO�LQKRPRJHQHLWLHV�LQ�VFLQ�
WLOODWRU�DQG��DV�D�UHVXOW�� WR�QRQ�SURSRUWLRQ�
DOLW\� RI� WKH� OLJKW� RXWSXW� DQG� HQHUJ\� RI
PRQLWRULQJ� UDGLDWLRQ�� ,W� LV� RI� LQWHUHVW� WR
VWXG\� WKH� LQIOXHQFH� RI� QRQ�SURSRUWLRQDOLW\
RQ� UDGLRPHWULF� SHUIRUPDQFHV� RI� GHWHFWRUV
IRU�VRPH�VFLQWLOODWRUV�
'HWHFWRUV� RQ� WKH� EDVLV� RI� VLQJOH� FU\VWDO

VFLQWLOODWRUV� &V,�7O�� �1RV�� ��� ��� DQG� S�WHU�
SKHQ\O��1RV��������RI����u���PP��VL]H�KDYH
EHHQ� XVHG� LQ� H[SHULPHQWV�� 7KH� VXUIDFH� RI
FU\VWDOV� VXEMHFWHG� WR� UDGLDWLRQ� ZDV� WUHDWHG
LQ�YDULRXV�PDQQHUV��7KH�VXUIDFHV�RI�VDPSOHV
1RV��� DQG� ��ZHUH� JURXQGHG� E\� DQ� DEUDVLYH
FRQWDLQLQJ�HOHFWUR�FRUXQGXP�RI����PP�JUDLQ
VL]H��ZKLOH�1RV��� DQG� �� RQHV�ZHUH�SROLVKHG
E\�WKH�DEUDVLYH�ZLWK�����PP�JUDLQ�VL]H��7KH
VFLQWLOODWRUV� ZHUH� H[DPLQHG� XQGHU� LUUDGLD�
WLRQ� ZLWK� D�SDUWLFOHV� RI� p�� ��� 0H9� DQGp�� ���0H9�HQHUJLHV��7KH�SDUDPHWHUV�ZHUHPHDVXUHG� XVLQJ� D� +DPDPDWVX� ����� W\SH
307� DW� YDULRXV� WLPHV� RI� SXOVH� VKDSLQJ
WLPHV�� W�� ���PV� DQG� W�� ���PV� Ü� IRU� WKH
&V,�7O��VFLQWLOODWRU��W�� �����PV�DQG�W�� ���PVIRU� WKH� S�WHUSKHQ\O� RQH�� ,Q� 7DEOH���� WKH
FKDUDFWHULVWLFV� RI� QRQ�SURSRUWLRQDOLW\� DQG
SHDN�UHVROXWLRQ�IRU�WKH�VWXGLHG�VDPSOHV�DUH
SUHVHQWHG� IRU� YDULRXVO\� WUHDWHG� LQSXW� VXU�
IDFHV��7KH�GLVSURSRUWLRQ�RI�WKH�OLJKW�RXWSXW
DQG� HQHUJ\� RI� LQFLGHQW� UDGLDWLRQ� �'�� DV� ZHOO
DV� DPSOLWXGH� UHVROXWLRQ� �5��ZKLFK� LV� SURSRU�
WLRQDO�WR�HQHUJ\�UHVROXWLRQ�ZHUH�FDOFXODWHG�DV
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ZKHUH�9�LV�WKH�PD[LPXP�RI�DPSOLWXGH�VSHF�
WUXP� FRUUHVSRQGLQJ� WR� SKRWRSHDN�� '9�� IXOO
ZLGWK�DW�KDOI�PD[LPXP�

,W�LV�VHHQ�IURP�WKH�7DEOH�WKDW�WKH�GLVSUR�
SRUWLRQ�RI� WKH� OLJKW�\LHOG�DQG�UDGLDWLRQ�HQ�
HUJ\� LQ� WKH� SUHVHQFH� RI� GLVWXUEHG� OD\HU� LQ�
FUHDVHV�E\�DERXW������IRU�&V,�7O��DQG�DERXW
�����IRU�S�WHUSKHQ\O��7KH�DEVROXWH�YDOXH�RI
DPSOLWXGH� UHVROXWLRQ� JHWV� ZRUVH� E\� DERXW
�� �� ERWK� IRU� &V,�7O�� DQG� IRU� S�WHUSKHQ\O�
7KH� ODUJHU� LV� WKH� SXOVH� VKDSLQJ� WLPH�� WKH
ODUJHU� OLJKW�\LHOG�QRQ�SURSRUWLRQDOLW\� LV�RE�
VHUYHG� LQ� FU\VWDOV� ZLWK� JURXQG� VXUIDFH�
ZKLOH�IRU�FU\VWDOV�ZLWK�SROLVKHG�VXUIDFH��WKH
FKDQJH�LV�LQVLJQLILFDQW��)XUWKHU��ZH�GHILQHG
WKH�VHQVLWLYLW\��K��DQG�HQHUJ\�UHVROXWLRQ��N�
RI� GHWHFWRUV� EDVHG� RQ� WKH� DERYH�PHQWLRQHG
VFLQWLOODWRUV�� 7KH� JHRPHWU\� RI� PHDVXUH�
PHQWV� ZDV� LGHQWLFDO� IRU� DOO� VDPSOHV�� 7KH
VHQVLWLYLW\� ZDV� GHWHUPLQHG� IRU� D� 3X����
D�SDUWLFOH�VRXUFH��p� ������0H9��DV
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ZKHUH� 1� LV� WKH� QXPEHU� RI� SXOVHV� LQ� WKH
HQHUJ\�ZLQGRZ�FRUUHVSRQGLQJ�WR�SHDN�RI�WKH
WRWDO� DEVRUSWLRQ� RI� SHDN� VSHFWUXP�� LQ� FSV�
1I��WKH�EDFNJURXQG�FRXQWLQJ�UDWH�LQ�WKH�FHU�WDLQ� HQHUJ\� ZLQGRZ�� FSV��$�� WKH� VRXUFH� DF�
WLYLW\�RI�RULJLQ�LQ�%T��,W�LV�WR�QRWH�WKDW�WKH
ZLQGRZ� ZLGWK� GHSHQGV� RQ� WKH� SHDN� UHVROX�
WLRQ�

,Q� 7DEOH���� YDOXHV� RI� VHQVLWLYLW\� IRU� �
VWXGLHG�VDPSOHV�DQG�RI�EDFNJURXQG�FRXQWLQJ
VSHHG� LQ� FRUUHVSRQGLQJ� ZLQGRZV� DUH� SUH�
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6DPSOH (QHUJ\�UHVROXWLRQ��� 1RQ�SURSRUWLRQDOLW\���
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VHQWHG��,W�LV�VHHQ�IURP�WKH�7DEOH�WKDW�LI�WKH
UDGLDWLRQ� LV�GHWHFWHG� LQ�WKH�EURNHQ� OD\HU�RI
D� VFLQWLOODWRU�� WKH� VHQVLWLYLW\� GHFUHDVHV� DQG
EDFNJURXQG� FRXQWLQJ� VSHHG� LQFUHDVHV� DV
FRPSDUHG� WR� WKH� UHVXOWV� IRU� WKH� SROLVKHG
VFLQWLOODWRU�LQSXW�VXUIDFH�
7KH� GHWHFWRU� UHVROXWLRQ� �N�� ZDV� GHWHU�

PLQHG� DV� WKH� VXP� RI� FRXQWLQJ� UDWHV� XQGHU
RYHUODSSHG� DPSOLWXGH� VSHFWUD� RI� SXOVHV� DW
GHWHFWLRQ�RI�D�SDUWLFOHV�ZLWK�p�� DQG�p�� HQ�HUJ\�� XQGHU� LGHQWLFDO� H[SHULPHQWDO� FRQGL�
WLRQV�DQG�LQ�WKH�VDPH�HQHUJ\�UDQJH�'p��7KH
HQHUJ\� UDQJH� ZDV� LQ� WKH� PLGGOH� EHWZHHQ
SKRWRSHDNV� RI� RYHUODSSHG� SXOVH� DPSOLWXGH
VSHFWUD�� ,Q� WKH�)LJ����� WKH� RYHUODSSHG� VSHF�
WUD�RI�SXOVH�DPSOLWXGHV�DUH�SUHVHQWHG�DW�GH�
WHFWLRQ� RI� D�SDUWLFOHV� ZLWK� HQHUJLHV� p�� �� 0H9� DQG� p�� ��� 0H9� IRU� WKH� VDPSOH1RV��� �D�� DQG��� �E���7KH� HQHUJ\� UDQJH� �G(�
ZKHUH�WKH�FXPXODWLYH�FRXQW�UDWH�ZDV�GHWHU�
PLQHG� LV� LQGLFDWHG�E\�GDVKHG� OLQHV��7KH�HQ�
HUJ\� UHVROXWLRQ� N� RI� WKH� VDPSOH� 1R��� LV
PRUH� WKDQ� WZR� WLPHV� ZRUVH� WKDQ� IRU� WKH
VDPSOH�1R���
7KXV�� DW� JULQGLQJ� DQG� SROLVKLQJ� RI� RU�

JDQLF� DQG� DONDOL�KDOLGH� FU\VWDOV� GXULQJ
PDQXIDFWXULQJ� GHWHFWRUV�� D� GLVWXUEHG� OD\HU
LV� IRUPHG� RQ� WKH� VXUIDFH�� ,WV� LQIOXHQFH� RQ
VFLQWLOODWLRQ� SHUIRUPDQFHV� RI� GHWHFWRUV� LV
VHHQ��LQ�SDUWLFXODU��DW�GHWHFWLRQ�RI�ORZ�SHQH�
WUDWLQJ� UDGLDWLRQV� �D�� E�� J�� ;�UD\�� HWF���� ,Q
WKH� VSHFWURPHWU\�� LW� LV� PDQLIHVWHG� LQ� QRQ�
SURSRUWLRQDOLW\�RI�WKH�OLJKW�\LHOG�DQG�UDGLD�
WLRQ� HQHUJ\� WKDW� ZLOO� QHJDWLYHO\� LQIOXHQFH
WKH� HQHUJ\� FDOLEUDWLRQ�RI� VSHFWURPHWHUV��$V
LV� VHHQ� IURP�WKH�REWDLQHG�UHVXOWV�� WKH� OLJKW
\LHOG�GLVSURSRUWLRQ�LQIOXHQFHV�WKH�UDGLRPHW�

ULF�SDUDPHWHUV�RI�WKH�GHWHFWRU��LQFUHPHQWLQJ
EDFNJURXQG� FRXQWLQJ� UDWH� DQG�UHGXFLQJ� WKH
GHWHFWRU� VHQVLWLYLW\�� 6R�� LQFUHDVH� RI� OLJKW
\LHOG�DQG�HQHUJ\�GLVSURSRUWLRQ�IRU�WKH�VDP�
SOH� 1R��� DW� GHWHFWLRQ� RI�D�SDUWLFOHV� UHVXOWV
LQ�VHQVLWLYLW\�GHFUHDVH�E\�D�IDFWRU�RI������LQ
FRPSDULVRQ� ZLWK� WKDW� SDUDPHWHU� IRU� WKH
VDPSOH�1R���DQG�E\�D� IDFWRU�RI����� IRU� WKH
VDPSOH� 1R��� LQ� FRPSDULVRQ� ZLWK� WKH� VHQVL�
WLYLW\� YDOXH� IRU� WKH� VDPSOH� 1R���� 7KH� LQ�
FUHDVH� RI� GLVSURSRUWLRQ� ZRUVHQV� HVVHQWLDOO\
WKH� GHWHFWRU� HQHUJ\� UHVROXWLRQ� DW� UHFRUGLQJ
D�SDUWLFOHV� ZLWK� WZR� HQHUJLHV� p�� ���0H9DQG�p�� ���0H9�7KH� LQFUHDVH� RI� OLJKW�\LHOG�GLVSURSRUWLRQ
DW�LQFUHDVH�RI�SXOVH�VKDSLQJ�WLPH�IRU�VFLQWLO�
ODWRUV�ZLWK�WKH�GLVWXUEHG�VXUIDFH�OD\HU�WHVWL�
ILHV�WKDW�WKH�FRQWULEXWLRQ�IURP�VORZ�VFLQWLO�
ODWLRQ� FRPSRQHQWV� WR� UDGLROXPLQHVFHQFH� LQ�
FUHDVHV�� 7KH� DEVROXWH� YDOXH� RI� SHDN
UHVROXWLRQ� LV� ZRUVHQHG� E\� �Ü�� �� DW� GLV�
WXUEHG�OD\HU�IRUPDWLRQ��6LPXOWDQHRXVO\��WKH
OLJKW� \LHOG� LQFUHDVHV� DW� GHWHFWLRQ� RI� UDGLD�
WLRQ�LQ�WKH�GLVWXUEHG�OD\HU��7KH�FRQWULEXWLRQ
WR�WKH�UHVROXWLRQ�FRQQHFWHG�ZLWK�PLFUR�LQKR�
PRJHQHLWLHV� RI� FRQYHUVLRQ� HIILFLHQF\� GH�
SHQGV�RQ�WKH�D�SDUWLFOH�HQHUJ\��DQG�WKXV�RQ
HQHUJ\� RI� VHFRQGDU\� HOHFWURQV�� ,W� LV� NQRZQ
>�@� WKDW� UHVROXWLRQ� LV� LQ� LQYHUVH� SURSRUWLRQ
WR� D� VTXDUH� URRW� IURP� HOHFWURQ� IUHH� SDWK�
+HQFH�� WKH� UHVROXWLRQ� LV� LQYHUVHO\� SURSRU�
WLRQDO�WR�HQHUJ\�RI�D�SDUWLFOHV�

5�I���e��CCC(D �
%HFDXVH� ZH� XVHG� ORZ�SHQHWUDWLQJ� D�UDGLD�
WLRQ�� WKH� HQHUJ\� RI� VHFRQGDU\� HOHFWURQV� LV
LQVLJQLILFDQW�� DV� D� UHVXOW�� WKH� UHVROXWLRQ�ZLOO

)LJ�� 3XOVH�KHLJKW� VSHFWUD� RI� VDPSOHV� 1R��� �D�� DQG� 1R��� �E�� REWDLQHG� ZLWK� �� 0H9� DQG� �� 0H9
D�SDUWLFOHV�
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GHSHQG�RQ�FRQFHQWUDWLRQ�RI�PLFUR�LQKRPRJHQHL�
WLHV�LQ�WKH�VXUIDFH�OD\HU�RI�D�VFLQWLOODWRU�

7KXV�� WKH� JULQGLQJ� RI� UDGLDWLRQ� LQSXW
VXUIDFH�IRU�&V,�7O��DQG�S�WHUSKHQ\O�VFLQWLOOD�
WRUV�UHVXOWV�LQ�IRUPDWLRQ�RI�D�GLVWXUEHG�VXU�
IDFH� OD\HU� WKDW�� LQ� WXUQ�� LQFUHDVHV� WKH� GLV�
SURSRUWLRQ�RI� WKH� OLJKW�\LHOG� DQG� HQHUJ\�RI
PRQLWRUHG�UDGLDWLRQ�LQ�FRPSDULVRQ�ZLWK�WKH
SROLVKHG�VXUIDFH��7KH�GLVSURSRUWLRQ�EHWZHHQ
WKH� OLJKW� \LHOG� RI� &V,�7O�� DQG� S�WHUSKHQ\O
VFLQWLOODWRUV� DQG� HQHUJ\� RI�PRQLWRUHG�D�UD�
GLDWLRQ� ZRUVHQV� UDGLRPHWULF� SDUDPHWHUV� RI
GHWHFWRUV� RQ� WKHLU� EDVH�� 7KH� LQFUHDVH� LQ
OLJKW� \LHOG� GLVSURSRUWLRQ� DQG� UDGLDWLRQ� HQ�
HUJ\� ZLWK� SXOVH� VKDSLQJ� WLPH� LQFUHDVH� DW
D�SDUWLFOH� GHWHFWLRQ� IRU� VFLQWLOODWRUV� ZLWK
JURXQG�VXUIDFH�WHVWLILHV�WKDW�LQ�WKHLU�UDGLR�

OXPLQHVFHQFH� WKH� FRQWULEXWLRQ�RI� VORZ� VFLQ�
WLOODWLRQ�FRPSRQHQWV�LQFUHDVHV�

5HIHUHQFHV
� ���$�$�.XUDVKRY�� ,GHQWLILFDWLRQ�RI�0HGLXP�DQG

/RZ� (QHUJ\� ,RQL]LQJ� 5DGLDWLRQ�� $WRPL]GDW�
0RVFRZ��������>LQ�5XVVLDQ@��
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