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5HFHLYHG�0DUFK���������
7KH�SDUDPHWULF� LQWHUDFWLRQ�EHWZHHQ�HOHFWURPDJQHWLF�SXPSLQJ�ILHOG�DQG�PDJQHWRHODVWLF

RVFLOODWLRQV�LQ�WKH�7HUIHQRO�'�EDVHG�FRPSRVLWH�KDV�EHHQ�VWXGLHG��$Q�RULJLQDO�KLJK�VHQVLWLY�
LW\� H[SHULPHQWDO� WHFKQLTXH� WR� VWXG\� WKH� WKH� SXOVH� SXPSLQJ� LQIOXHQFH� RQ� WKH� GHFD\� RI
PDJQHWRHODVWLF�RVFLOODWLRQV�LQ�WKH�VXE�WKUHVKROG�SDUDPHWULF�PRGH�LV�GHVFULEHG��7KH�UHVXOWV
REWDLQHG�IRU�WKH�7HUIHQRO�'�EDVHG�FRPSRVLWH�DUH�FRPSDUHG�ZLWK�GDWD�IRU�WKH�SRO\FU\VWDOOLQH
QLFNHO�IHUULWH�
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/DVW� \HDUV�� WKH� DFRXVWLF� WLPH� UHYHUVDO
V\VWHPV� EDVHG� RQ� SDUDPHWULF� ZDYH� SKDVH
FRQMXJDWLRQ� �:3&�� RI� XOWUDVRXQG� LQ� PDJ�
QHWLFDOO\� RUGHUHG� PHGLD� DUH� GHYHORSHG� H[�
WHQVLYHO\� IRU� DFRXVWLF� LPDJLQJ� DQG� QRQGH�
VWUXFWLYH�TXDOLW\�FRQWURO��VHH�UHYLHZ�>�@�DQG
UHIHUHQFHV� WKHUHLQ��� 7KH� IXQFWLRQDOLW\� RI
:3&� V\VWHPV� LV� GHILQHG� HVVHQWLDOO\� E\� WKH
SURSHUWLHV� RI� SDUDPHWULFDOO\� DFWLYH�PHGLXP
RI� D� SKDVH� FRQMXJDWRU�� ,Q� PHGLFDO� DQG
K\GUR�DFRXVWLF�DSSOLFDWLRQV��WKH�DFRXVWLF�LP�
SHGDQFH� PDWFKLQJ� EHWZHHQ� WKH� DFWLYH� PH�
GLXP� DQG� ZDWHU� RU� ELRORJLFDO� WLVVXHV� LV� UH�
TXLUHG� LQ� DGGLWLRQ� WR� WKH� UHTXLUHPHQWV� RI
HIIHFWLYH� VRXQG� VSHHG� FRQWURO� E\� $&� PDJ�
QHWLF� ILHOG�� 7R� VDWLVI\� WKHVH� UHTXLUHPHQWV�
WKH� FRPSRVLWH�PDWHULDOV� ZLWK� YDULDEOH� HODV�
WLF�DQG�PDJQHWR�HODVWLF�SURSHUWLHV�DUH�RI�LQ�
WHUHVW� DV� SURVSHFWLYH� RQHV�� 7KH� UDUH�HDUWK

LQWHUPHWDOOLF� FRPSRXQG� 7E���'\���)H�� �7HU�IHQRO�'��FDQ�EH�FRQVLGHUHG�DV�D�EDVLF�FRPSR�
QHQW� RI� VXFK� NLQG� RI� FRPSRVLWHV� GXH� WR� LWV
JLDQW� PDJQHWRVWULFWLRQ� DV� ZHOO� DV� WKH� FRP�
SHQVDWHG� PDJQHWLF� DQLVRWURS\� LQ� WKH� URRP�
WHPSHUDWXUH� UDQJH� >�@�� 7KH� PDJQHWRHODVWLF
FRXSOLQJ� FRHIILFLHQW� IRU� WKLV� FRPSRXQG
UHDFKHV� ��� �� >�@� DQG� LV� DFFRPSDQLHG� E\
VWURQJ�GHSHQGHQFH�RI�OLQHDU�>�@�DQG�QRQ�OLQ�
HDU� >�@� HODVWLF� PRGXOL� RQ� WKH� DSSOLHG� PDJ�
QHWLF�ILHOG��2Q�WKH�RWKHU�KDQG��WKH�PHWDOOLF
FRQGXFWLYLW\�RI�WKH�7HUIHQRO�'�OLPLWV�LWV�DS�
SOLFDWLRQ� DUHD� E\� TXDVL�VWDWLF� DQG� ORZ�IUH�
TXHQF\� UDQJH� GXH� WR� WKH� VNLQ�HIIHFW� ZKLFK
KLQGHUV� SHQHWUDWLRQ� RI� $&� PDJQHWLF� ILHOG
LQWR� WKH� VDPSOH� EXON�� 3UHSDUDWLRQ� RI� FRP�
SRVLWH� ZKLFK� FRQWDLQV�PDJQHWRVWULFWLYH�PD�
WHULDO� DV� VPDOO� �IURP� WHQ� WR� KXQGUHG� PL�
FURPHWHUV� LQ� VL]H�� SDUWLFOHV� SODFHG� LQWR� DQ
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LQVXODWLQJ� PDWUL[� ZDV� DOUHDG\� SURSRVHG� DV
DQ�DSSURDFK�WR�H[WHQG�WKH�DSSOLFDELOLW\�DUHD
LQWR� WKH� KLJK�IUHTXHQF\� UDQJH� >�Ü�@�� 6XFK
FRPSRVLWHV� GHPRQVWUDWH� ZRUNDEOH� PDJQH�
WRVWULFWLRQ�DW�IUHTXHQFLHV�XS�WR���0+]��7KH
ODVW�H[SHULPHQWV�>�@�KDYH�UHYHDOHG�WKH�LQIOX�
HQFH�RI�H[WHUQDO�PDJQHWLF�ILHOG�RQ�WKH�XOWUD�
VRXQG� VSHHG� LQ� WKH� FRPSRVLWHV�� WKDW� LV� D
UHDVRQ�WR�LQYHVWLJDWH�SDUDPHWULF�SKHQRPHQD
LQ�WKH�GLVFXVVHG�PDWHULDO�

,Q�WKLV�SDSHU��GHVFULEHG�DUH�WKH�UHVXOWV�RI
ILUVW� H[SHULPHQWDO� VWXG\� RI� SDUDPHWULF� LQ�
WHUDFWLRQV� EHWZHHQ� PDJQHWRHODVWLF� RVFLOOD�
WLRQV�DQG�H[WHUQDO�$&�PDJQHWLF�ILHOG�LQ�WKH
7HUIHQRO�'�EDVHG�FRPSRVLWHV�

7KH�VWXGLHG�VDPSOHV�RI�FRPSRVLWH�PDWHUL�
DOV� KDYH� EHHQ� PDGH� DV� 7HUIHQRO�'� SRZGHU
KRPRJHQRXVO\� GLVWULEXWHG� LQ� D� VROLGLILHG
HSR[\� UHVLQ� PDWUL[�� 7KH� SRZGHU� SDUWLFOHV
DUH�RI����WR����PP�VL]H�DQG� WKH�DFWLYH�PD�
WHULDO� WDNHV� DERXW� �����RI� VDPSOH� YROXPH�
7KH� VDPSOHV�ZHUH� VKDSHG� DV�SDUDOOHOHSLSHGV
RI� ����u����r����PP�� VL]H�� 7KH� PHDVXUH�
PHQWV�JLYH�WKH�PDJQHWRVWULFWLRQ�DERXW�����Ü�
LQ� WKH� H[WHUQDO�'&� ILHOGV�XS� WR���N2H��7KH
UHIHUHQFH� PHDVXUHPHQWV� KDYH� EHHQ� PDGH
XVLQJ� WKH� VDPSOH� RI� SRO\FU\VWDOOLQH� QLFNHO
IHUULWH� )H�����1L����&R�����H�� SUHSDUHG� DV� D��u����u�����PP��SDUDOOHOHSLSHG��7KH�VDWX�
UDWLRQ� PDJQHWRVWULFWLRQ� RI� IHUULWH� VDPSOH
KDV�EHHQ�GHWHUPLQHG�WR�EH�������Ü��

$� FRSSHU� ZLUH� FRLO� RI� ���� WXUQV� ZDV
SODFHG�DORQJ�WKH�ORQJHVW�VLGH�RI�WKH�VDPSOH�
7KLV� FRLO� ZDV� XVHG� WR� H[FLWH� DQG� WR� GHWHFW
PDJQHWRHODVWLF� RVFLOODWLRQV� XVLQJ� LQGXFWLYH
WHFKQLTXH�� :H� KDYH� XVHG� D� sc����k� DQD�
O\]HU� WR� REVHUYH� DQG� WR� DQDO\]H� WKH� UHVR�
QDQFH� OLQH� DW� WKH� IXQGDPHQWDO� PRGH� IUH�
TXHQF\�RI�ORQJLWXGLQDO�RVFLOODWLRQV�DORQJ�WKH
VDPSOH�ORQJHVW�VLGH��7KH�GHSHQGHQFHV�RI�WKH
UHVRQDQFH� IUHTXHQF\� DQG� 4�IDFWRU� IRU� WKLV

PRGH� RQ� WKH� H[WHUQDO� '&�PDJQHWLF� ILHOG� IRU
ERWK�VWXGLHG�VDPSOHV�DUH�SUHVHQWHG�LQ�)LJ����
7KH� PHDVXUHG� UHVRQDQFH� IUHTXHQFLHV� FRUUH�
VSRQG� WR�WKH�PD[LPDO�VSHHG�RI� WKH� ORQJLWX�
GLQDO� HODVWLF� ZDYH� 9PD[� �������� P�V� IRUWKH�IHUULWH�DQG�9PD[� ��������P�V�IRU�FRP�SRVLWH�VDPSOHV�

)LJ���� SUHVHQWV� WKH� H[SHULPHQWDO� VFKHPH
IRU�WKH�VWXG\�RI�SDUDPHWULF�LQWHUDFWLRQ�HIIL�
FLHQF\� EHWZHHQ� PDJQHWRHODVWLF� RVFLOODWLRQV
DQG� ORQJLWXGLQDO� $&� H[WHUQDO� PDJQHWLF
ILHOG�� ,Q� )LJ����� WKH� GHWDLOV� RI� H[SHULPHQW
DUH� VKRZQ�� $� VHTXHQFH� RI� WZR� UDGLR�IUH�
TXHQF\��5)��SXOVHV�LV�DSSOLHG�WR�D�FRLO��'XU�

)LJ�����'HSHQGHQFHV�RI�IXQGDPHQWDO�PRGH�IUHTXHQF\�����DQG�4�IDFWRU�����RQ�WKH�'&�PDJQHWLF�ILHOG
IRU�WKH�FRPSRVLWH��D��DQG�IHUULWH��E��VDPSOHV�

)LJ�����([SHULPHQWDO�VFKHPH�

)LJ����� 7LPH� GLDJUDP� RI� WKH� H[SHULPHQW�� ��
H[FLWLQJ� SXOVH� DW� UHVRQDQFH� IUHTXHQF\�� ��
SDUDPHWULF� SXPSLQJ� SXOVH� DW� GRXEOH� IUH�
TXHQF\��K��SXOVH�DPSOLWXGH��\��RVFLOODWLRQ�DP�
SOLWXGH�� $��� RVFLOODWLRQ� DPSOLWXGH� DIWHU� WKHILUVW� SXOVH�� $�� IUHH� GHFD\� DPSOLWXGH� DW� WLPH
PRPHQW� W�� %��� %��� GHFD\� DPSOLWXGHV� DW� WLPH
PRPHQW�W�XQGHU�SDUDPHWULF�SXPSLQJ��W��SDUD�
PHWULF�SXPSLQJ�SXOVH�GXUDWLRQ�

9�9�5XGHQNR�HW�DO����3DUDPHWULF�LQWHUDFWLRQ�LQ����
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LQJ� WKH� ILUVW� SXOVH�� WKH� 5)� RVFLOODWLRQ� IUH�
TXHQF\� FRUUHVSRQGV� WR� WKH� UHVRQDQFH� IUH�
TXHQF\�RI�WKH�PRGH�EHLQJ�VWXGLHG��7KH�VHF�
RQG�5)�SXOVH�DW�GRXEOH�IUHTXHQF\�LV�DSSOLHG
MXVW�DIWHU�WKH�ILUVW�SXOVH�DQG�SURYLGHV�SDUD�
PHWULF� SXPSLQJ�� ,I� WKH� VHFRQG� SXOVH� LV� DE�
VHQW��WKH�IUHH�GHFD\�RI�RVFLOODWLRQV�LQGXFHV�D
VLJQDO� SUHVHQWHG� VFKHPDWLFDOO\� E\� k�kFXUYH� LQ� )LJ����� 7KH� SDUDPHWULF� DPSOLILFD�
WLRQ� �FXUYH�k�{�� LQ� )LJ����� DQG� SDUDPHWULFGDPSLQJ� �FXUYH� k�{�� LQ� )LJ����� RI� RVFLOOD�WLRQV�FDXVHG�E\�VHFRQG�SXOVH�GHSHQGV�RQ�WKH
SKDVH� VKLIW� EHWZHHQ� RVFLOODWLRQV� LQ� WKH� H[�
FLWHG� SXOVHV�� 7KH� RVFLOODWLRQ� DPSOLWXGH
PHDVXUHPHQW� DIWHU� WKH� VHFRQG� SXOVH� PDNHV
LW� SRVVLEOH� WR� GHWHUPLQH� WKH� GHYLDWLRQV� LQ
WKH�GDPSLQJ�SDUDPHWHU�FDXVHG�E\�DPSOLWXGH
DQG� SKDVH� RI� SDUDPHWULF� SXPSLQJ� DQG� WR
HVWLPDWH� WKH� ORQJLWXGLQDO� VRXQG� VSHHG
PRGXODWLRQ�GHSWK�E\�$&�PDJQHWLF�ILHOG�

7KH� GHSHQGHQFHV� RI� WKH� PDJQHWRHODVWLF
RVFLOODWLRQ� QRUPDOL]HG� DPSOLWXGH� RQ� WKH
SKDVH� DQG� DPSOLWXGH� RI� SXPSLQJ� SXOVH� DUH
VKRZQ� LQ� )LJ���� DQG� )LJ���� IRU� FRPSRVLWH
DQG� IHUULWH� VDPSOHV�� UHVSHFWLYHO\�� 7KH
SXPSLQJ�SXOVHV�RI�����PV�DQG�����PV�GXUD�
WLRQ� ZHUH� XVHG� IRU� FRPSRVLWH� DQG� IHUULWH
VDPSOHV�� UHVSHFWLYHO\��7KH�DPSOLWXGH�RI�$&
SXPSLQJ� ILHOG� ZDV� YDULHG� IURP� ]HUR� WR
��� 2H� IRU� WKH� IHUULWH� DQG� IURP� ]HUR� WR
���� 2H� IRU� WKH� FRPSRVLWH� VDPSOHV�� 7KH
VSHFLILHG�SDUDPHWHUV�DUH�VXIILFLHQW�WR�GHWHFW
WKH� FKDQJHV� LQ� WKH� GDPSLQJ� SDUDPHWHU� IRU
WKH�VXE�WKUHVKROG�SXPSLQJ�LQ�FRPSRVLWH�DQG
WR� GHWHFW� VXE�WKUHVKROG� DV� ZHOO� DV� RYHU�
WKUHVKROG�SKHQRPHQD�LQ�IHUULWH�VDPSOH��

7KH�SDUDPHWULF�LQWHUDFWLRQ�LQ�DQ�DFRXVWLF
UHVRQDWRU� LV� GHVFULEHG� XQGHU� WKH� TXDVL�OLQ�
HDU� DSSUR[LPDWLRQ� E\� WKH� V\VWHP� RI� HTXD�

)LJ�����([SHULPHQWDO��D��DQG�FDOFXODWHG��E��RVFLOODWLRQ�DPSOLWXGHV�LQ�WKH�FRPSRVLWH�VDPSOH��3XPSLQJ
GXUDWLRQ� W� �����PV��3XPSLQJ� ILHOG� DPSOLWXGH��2H��K� ��� �����K� ����� ����� 7KH� LQVHW� SUHVHQWV� WKH
GDWD�LQ�SRODU�GLDJUDP�

)LJ����� ([SHULPHQWDO� �D�� DQG� FDOFXODWHG� �E�� RVFLOODWLRQ� DPSOLWXGHV� LQ� WKH� IHUULWH� VDPSOH�� 3XPSLQJ
GXUDWLRQ�W� �����PV��3XPSLQJ�ILHOG�DPSOLWXGH��2H��K� ��������K� ����K&������K� �K&������K� ��K&�����K&�LV�WKH�WKUHVKROG�SXPSLQJ�ILHOG�DPSOLWXGH��7KH�LQVHW�SUHVHQWV�WKH�GDWD�LQ�SRODU�GLDJUDP�
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WLRQV�IRU�WKH�DPSOLWXGH�DQG�SKDVH�RI�HODVWLF
GLVSODFHPHQW�
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KHUH� Z� DQG� G� DUH� IUHTXHQF\� DQG� GDPSLQJ
SDUDPHWHUV� RI� WKH�PDJQHWRHODVWLF�PRGH��{�
WKH�HODVWLF�GLVSODFHPHQW�DPSOLWXGH��M��SKDVH
VKLIW� RI� GLVSODFHPHQW� ZLWK� UHVSHFW� WR� WKH
SXPSLQJ� DW� WKH� IUHTXHQF\� �Z��P�� PRGXOD�
WLRQ�GHSWK�RI�WKH�UHVRQDQFH�IUHTXHQF\�

7KH� VROXWLRQ� RI� V\VWHP� ����� ZKLFK� JLYHV
GLVSODFHPHQW�DPSOLWXGH�DIWHU�SXPSLQJ�SXOVH
RI�GXUDWLRQ�W�FDQ�EH�ZULWWHQ�DV�
�������������������������%� 
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ZKHUH� \�� �M��Ü�S���� k�� DQG� M�� DUH� LQLWLDODPSOLWXGH�DQG�SKDVH�VKLIW�IRU�GLVSODFHPHQW�
*� �PZ���LV�WKH�SDUDPHWULF�DPSOLILFDWLRQ�LQ�
FUHPHQW�

7KH�UHODWLRQVKLS�����WRJHWKHU�ZLWK�H[SHUL�
PHQWDO� GDWD� VKRZQ� LQ� )LJ���D� DQG� �D� DOORZ
WR�FDOFXODWH�WKH�UHODWLRQ�EHWZHHQ�RVFLOODWLRQ
DPSOLWXGHV� {�W��k�W��� ZKHUH� {�W�� FRUUH�
VSRQGV� WR� WKH� SXPSLQJ� FDVH� DQG� $�W�� 
k�H[S�ÜGW��LV�WKH�DPSOLWXGH�LQ�WKH�SXPSLQJ�IUHH� FDVH��7KH�PRGXODWLRQ�GHSWK� FDQ�EH�GH�
WHUPLQHG��WRR�

)LJ���E�SUHVHQWV�FDOFXODWHG�UHVXOWV�IRU�RV�
FLOODWLRQ� DPSOLWXGH� DQG� PRGXODWLRQ� GHSWK
REWDLQHG�IRU�IHUULWH�VDPSOH�ZLWK�WKH�SXPSLQJ
SXOVH�RI�GXUDWLRQ�W� �����PV��7DNLQJ�LQWR�DF�
FRXQW� WKH� UHVRQDWRU� SDUDPHWHUV� PHDVXUHG� LQ
WKH�'&�ILHOG�RI�s� �����2H��)LJ���E���RQH�FDQ
FDOFXODWH� WKH� WKUHVKROG� LQFUHPHQW� YDOXH
*&� �G� �Z��4�� 7KH� FDOFXODWHG� YDOXH� *&� ���������VÜ�� FRUUHVSRQGV� WR� WKH� FULWLFDO
PRGXODWLRQ� GHSWK� P&� ��������Ü��� ([SHUL�PHQWDO� DQG� FDOFXODWHG� GHSHQGHQFHV� RI� QRU�
PDOL]HG�RVFLOODWLRQ�DPSOLWXGH�RQ�SKDVH�VKLIW
REWDLQHG� DW� WKUHVKROG� SXPSLQJ� OHYHO� DUH
VKRZQ� LQ� )LJ���� �FXUYHV� ���� 7KH� FDOFXODWHG
GHSHQGHQFHV� DJUHH� ZLWK� H[SHULPHQWDO� GDWD
DW�ERWK�WKUHVKROG�DQG�VXE�WKUHVKROG�PRGXOD�
WLRQ� OHYHOV�� 7KH� QRQ�OLQHDU� PHFKDQLVPV� RI
OLPLWDWLRQV�GHILQH�WKH�RVFLOODWLRQ�DPSOLWXGH�LQ
WKH�RYHU�WKUHVKROG�PRGH��7KH�FULWLFDO�PRGXOD�
WLRQ�GHSWK�REWDLQHG�IRU�K&� ���2H�DJUHHV�ZHOOZLWK� WKH� H[SHULPHQWDO� GHSHQGHQFHV� RI� UHVR�
QDQFH� IUHTXHQF\� RQ� WKH� H[WHUQDO� '&� PDJ�

QHWLF� ILHOG� �)LJ���E���P&� �K&�ZÜ�� wZ�w+�� �������Ü��� 7KH� FRUUHVSRQGLQJ� VHQVLWLYLW\� RI
VRXQG�VSHHG�WR�WKH�PDJQHWLF�ILHOG�YDULDWLRQV
LV�DERXW������2HÜ���

)LJ����SUHVHQWV�D�FRPSDULVRQ�EHWZHHQ�H[�
SHULPHQWDO�GHSHQGHQFH�IURP�)LJ���D�DQG�FDO�
FXODWLRQV� DFFRUGLQJ� WR� (T����� IRU� FRPSRVLWH
VDPSOH� DW� SXPSLQJ� DPSOLWXGH� ���� 2H� DQG
GXUDWLRQ�����PV��7KLV�FRPSDULVRQ�UHVXOWV�LQ
DPSOLILFDWLRQ� LQFUHPHQW� *� ����������VÜ�
WKDW�FRUUHVSRQGV�WR�WKH�PRGXODWLRQ�GHSWK�RI
P� �������Ü�� DW� UHVRQDQFH� IUHTXHQF\�� 7KH
REWDLQHG� PRGXODWLRQ� GHSWK� GHILQHV� WKH
VRXQG�VSHHG�VHQVLWLYLW\�WR�WKH�$&�PDJQHWLF
ILHOG�DV�������N2H�IRU�WKH�VWXGLHG�FRP�SR�
VLWH��,W�LV�WR�QRWH�WKDW�WKH�FDOFXODWLRQV�EDVHG
RQ� WKH� UHVXOWV� RI�PHDVXUHPHQWV� ZLWK� VWDWLF
PDJQHWLF�ILHOGV�\LHOGV�D�ORZHU�YDOXH�RI�P
 �������Ü�� DW� WKH� VDPH�SXPSLQJ�DPSOLWXGH�
7KH�GLIIHUHQFH�EHWZHHQ�WKH�UHVXOWV�LV�FDXVHG
E\� WKH� GLIIHUHQFH� LQ� LQIOXHQFH� RI� KLJK�IUH�
TXHQF\� DQG� VWDWLF� PDJQHWLF� ILHOGV� RQ� WKH
PDJQHWLF�VWDWH�RI�D�VDPSOH�

,Q�SDUWLFXODU��XQOLNH�WKH�FDVH�RI�PDJQHWL�
]DWLRQ� LQ� D� VWDWLF� ILHOG�� DW� KLJK�IUHTXHQF\
PRGXODWLRQ� RI� D� FRQVWDQW� ILHOG�� WKH�PDJQH�
WRVWULFWLYH� VWUHVVHV�KDYH� QR� HQRXJK� WLPH� WR
UHOD[� WR� HTXLOLEULXP�DQG�PD\�QRWLFHDEO\� EH
PDQLIHVWHG� LQ� D� FRPSRVLWH�ZLWK� JLDQW�PDJ�
QHWRVWULFWLRQ��7KH�GLIIHUHQFH� EHWZHHQ� VWDWLF
DQG�G\QDPLF� UHVXOWV�PD\�DOVR� EH�FDXVHG�E\
WKH� GLIIHUHQFH� EHWZHHQ� WKH� VWDWLF� DQG� G\�
QDPLF� GHPDJQHWL]DWLRQ� ILHOGV�� 7KH� ODWWHU� LV
GXH�WR�WKH�GLIIHUHQFH�RI�WKH�VWDWLF�DQG�KLJK
IUHTXHQF\� ORQJLWXGLQDO� PDJQHWLF� VXVFHSWL�
ELOLWLHV��:KLOH� IRU� IHUULWH� LQ� WKH� ELDV� ILHOG
UDQJH�DERYH�����2H�WKH�UHYHUVLEOH�PDJQHWL�
]DWLRQ� URWDWLRQ� SURFHVVHV� WDNH� SODFH� WKDW
HTXDOL]H� VWDWLF� DQG� G\QDPLF� PDJQHWLF� VXV�
FHSWLELOLWLHV�� WKH� G\QDPLF� PDJQHWL]DWLRQ� RI
FRPSRVLWH� RFFXUV� E\� SDUWLFXODU� K\VWHUHWLF
F\FOHV� LQ� DOO� UDQJHV� RI� ELDV� ILHOGV� XVHG� LQ
RXU�H[SHULPHQWV�

7R� FRQFOXGH�� XVLQJ� WKH� SXOVH� WHFKQLTXH
SURSRVHG� LQ� WKLV� ZRUN�� ZH� KDYH� PHDVXUHG
WKH� UDWH� RI� VRXQG� VSHHG�PRGXODWLRQ� FDXVHG
E\� SDUDPHWULF� $&� PDJQHWLF� ILHOG� SXPSLQJ
LQ� WKH� FRPSRVLWH�PDJQHWRVWULFWLYH�PDWHULDO�
7KH� REWDLQHG� H[SHULPHQWDO� UHVXOWV� FRQILUP
WKH� LQIOXHQFH�RI�$&�PDJQHWLF�ILHOG�RQ�UHOD�
WLYH�VRXQG�VSHHG�RI�WKH�RUGHU�RI�������N2HÜ��LQ�7HUIHQRO�'�EDVHG�FRPSRVLWH�PDWHULDO��,W
IROORZV� IURP� WKH�PHDVXUHPHQWV� RI� WKH�JDLQ
IDFWRU� WKDW� WKH� LQFUHDVLQJ� RI� WKH� DFRXVWLF
4�IDFWRU�XS�WR�4� �����PD\�EH�VXIILFLHQW�WR
UHDFK�WKH�SDUDPHWULF�LQVWDELOLW\�OHYHO�LQ�UHDO
H[SHULPHQWV�� ,W� LV� WHFKQRORJLFDOO\� DYDLODEOH
WR�UHDFK�WKH�UHTXLUHG�4�IDFWRU�YDOXH��7DNLQJ
LQWR�DFFRXQW�FORVH�YDOXHV�RI�VRXQG�VSHHG� LQ
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FRPSRVLWHV� DQG� LQ� ZDWHU�� RQH� FDQ� FRQVLGHU
WKH�7HUIHQRO�'�EDVHG�FRPSRVLWHV�DV�SHUVSHF�
WLYH�PDWHULDOV�IRU�PHGLFDO�DQG�K\GUR�DFRXV�
WLF�DSSOLFDWLRQV�

$FNQRZOHGJPHQWV�� 7KLV� ZRUN� KDV� EHHQ
FDUULHG� RXW� XQGHU� ,QWHUQDWLRQDO� SURMHFWV
(&2� 1(7� ���������� DQG� ,17(55(*� ,,,D�
����DQG�XQGHU�VXSSRUW�RI�(FROH�&HQWUDOH�GH
/LOOH� �)UDQFH��� 7KH� DXWKRUV� WKDQN
'U�6�&�%XVEULGJH�ZKR�KDV� RIIHUHG� WKH� FRP�
SRVLWH�VDPSOH��
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