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7KH� VKRUW�ZDYH� HGJH� RI� WKH� PLG�,5
��Ü��PP��UDQJH�RI� WKH�VRODU� UDGLDWLRQ�VSHF�
WUXP� QHDU� WKH� (DUWK� VXUIDFH� LV� QRWDEOH� IRU
FKDUDFWHULVWLF� OLQHV� RI� PDQ\� DWPRVSKHULF
JDVHV� DQG� YDSRUV� �+�2�� &2��� &2�� 1�2�+&1�� HWF���� 7KH� PD[LPXP� RSWLFDO� DEVRUS�
WLRQ� RI� ELRORJLFDO� WLVVXHV� DOVR� IDOOV� ZLWKLQ
WKLV�UDQJH�GXH�WR�WKH�SUHGRPLQDQW�LQIOXHQFH�RI
K\GUR[\�DQG�DPLQR�JURXSV��7KH�REYLRXV�SUDF�
WLFDO�LPSRUWDQFH�RI�PLG�,5�LQVSLUHV�WKH�VHDUFK
IRU�DQ�RSWLPDO�ODVHU�HPLWWHU�IRU�WKLV�UDQJH�
/DVHUV� FRPSULVLQJ� &R��� LRQ�GRSHG� 0J)�FU\VWDOV�DQG�HPLWWLQJ�LQ�WKH�UDQJH�IURP����

WR� ���� PP� DUH� ZLGHO\� UHSUHVHQWHG� RQ� WKH
PDUNHW� DPRQJ� FRPPHUFLDO� HPLWWHUV�� 7KHVH
ODVHUV�� KRZHYHU�� KDYH� UHODWLYHO\� ORZ� HIIL�
FLHQF\� GXH� WR� D� ORZ� OXPLQHVFHQFH� \LHOG� RI
&R��� LRQV� LQ� WKH� PDJQHVLXP� IOXRULGH� PD�
WUL[��0HDQWLPH��SUDFWLFDO�DQG�FRPSDFW�VHPL�
FRQGXFWRU�ODVHUV�EDVHG�RQ�OHDG�VDOWV��3E6H��
DQWLPRQLGHV� �*D6E��� KHWHURMXQFWLRQV� DQG

TXDQWXP�FDVFDGHV�H[KLELW�WKH�RXWSXW�SRZHUV
RI� VHYHUDO�PLOOLZDWWV� DQG� UHTXLUH� FU\RJHQLF
FRROLQJ�WR�VXSSUHVV�WKH�QRQUDGLDWLYH�UHFRP�
ELQDWLRQ� PHFKDQLVPV�� /DVHUV� ZLWK� UDUH�
HDUWK�LRQV��<$*�(U����7P����+R����KDYH�OLP�
LWHG� WXQLQJ� FDSDELOLW\� LQ� WKLV� UDQJH�� 1RQ�
OLQHDU� RSWLFDO� FRQYHUWHUV� �5DPDQ� IUHTXHQF\
FRQYHUWHUV�� RSWLFDO� SDUDPHWULF� DPSOLILHUV�
DUH� FRPSOH[� LQ� RSHUDWLRQ� DQG� ODUJH� LQ� VL]H
>�@�
7RGD\�� WKH� PRVW� SURPLVLQJ� PDWHULDO� IRU

WKH� PLG�,5� UDQJH� HPLWWHUV� LV� =Q6H� FU\VWDO
GRSHG�ZLWK�&U���LRQV�>����@��7KLV�PDWHULDO�LV
FKHPLFDOO\� DQG�PHFKDQLFDOO\� VWDEOH� DQG�KDV
KLJK� WKHUPDO� FRQGXFWLYLW\�� 7KH� VWDWH� RI
FKURPLXP� LRQV� LQ� WKH� FU\VWDO� PDWUL[� HQ�
VXUHV� WKDW� WKLV� ODVHU� PHGLXP� SURYLGHV� WKH
KLJKHVW�JDLQ�DPRQJ�YLEURQLF�ODVHUV��DQG�HI�
ILFLHQW� WXQDELOLW\�� ,Q� DGGLWLRQ�� WKH� LQWULQVLF
ODVLQJ� EDQG� IURP� ���� WR� ���� PP� IDOOV� ZLWKLQ
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WKH� WUDQVSDUHQF\� UDQJH� RI� WKH� PDWUL[� �)LJ�
��� >�@�
:LWK�=Q6H�&U���FU\VWDOV�DV�WKH� ODVHU�PH�

GLXP�� LW� KDV� EHHQ� WKH� ILUVW� VXFFHVVIXO� DW�
WHPSW�WR�EXLOG�D�ODVHU�WXQDEOH�LQ�WKLV�UDQJH
RSHUDWLQJ�LQ�FRQWLQXRXV�ZDYH��&:��PRGH�DW
URRP�WHPSHUDWXUH�>�Ü�@��7KH�KLJK�HIILFLHQF\
DQG� WXQDELOLW\� RI� WKLV�PHGLXP� DOORZV�PDN�
LQJ� D� XQLYHUVDO� ODVHU� IRU� HQYLURQPHQWDO
PRQLWRULQJ��GHWHFWLRQ�RI�QR[LRXV�JDV�SROOXW�
DQWV� LQ� VPDOO� FRQFHQWUDWLRQV��� RSWLFDO� FRP�
PXQLFDWLRQ� LQ� VSDFH�� PHGLFLQH� �ODVHU� VXU�
JHU\� DQG� RSWLFDO� WRPRJUDSK\��� PLOLWDU\� DS�
SOLFDWLRQV�� HWF�� 7KH� SRVVLELOLW\� RI
KLJK�VHQVLWLYLW\�ODVHU�VSHFWURVFRS\�RI�DWPRV�
SKHULF�DLU�LQ�WKH�ZDYHOHQJWK�EDQG�IURP�����
WR������PP� XWLOL]LQJ� D� =Q6H�&U��� ODVHU� KDV
EHHQ�GHPRQVWUDWHG�>�@�
,Q� WKLV�ZRUN��ZH� GHVFULEH� WKH� SURFHVV� RI

FU\VWDO� JURZWK� IURP� PHOW� RI� &U���GRSHG
=Q6H�� 7R� DVVHVV� WKH� JURZQ� FU\VWDOV� TXDOLW\
DQG� VXLWDELOLW\� IRU� SURGXFWLRQ� RI� ODVHU� HOH�
PHQWV�� WKHLU� FKHPLVWU\�� WRJHWKHU� ZLWK� PH�
FKDQLFDO�� RSWLFDO� DQG� GLHOHFWULF� SDUDPHWHUV�
ZDV� LQYHVWLJDWHG�� %DVHG� RQ� WKH� GDWD� RE�
WDLQHG�� WKH� RSWLPXP� FRQFHQWUDWLRQ� RI� WKH
GRSDQW�LQ�=Q6H�FU\VWDOV�KDV�EHHQ�HVWLPDWHG�

=Q6H�FU\VWDOV�ZLWK�&U�GRSDQW�ZHUH�JURZQ
E\�%ULGJPDQ�PHWKRG�IURP�PHOW�XQGHU�SUHV�
VXUH� RI� DUJRQ� XS� WR� ��� DWP� LQ� D� RULJLQDO
PXOWL�]RQH�JURZWK�IXUQDFH��$XWRPDWLF�UHJX�
ODWLRQ� RI� WKH� WKHUPDO� ILHOG� WRJHWKHU� ZLWK
SURJUDPPDEOH� PRGHV� IRU� FU\VWDO� JURZLQJ
DQG� FRROLQJ� SURYLGHG� SHUIHFW� FU\VWDOOLQH� LQ�
JRWV� RI� ��� PP� LQ� GLDPHWHU� DQG� ��� WR
����PP� LQ� OHQJWK�� $V� FRQWDLQHUV� IRU� ORDG�
LQJ� WKH� FKDUJH�PDWHULDO�� JUDSKLWH� FUXFLEOHV
ZHUH� XVHG� ZLWK� D� S\URFDUERQ� UHLQIRUFLQJ
FRDWLQJ�� 7KH� FKDUJH� PDWHULDO� ZDV� SUH�V\Q�
WKHVL]HG� ]LQF� VHOHQLGH� SRZGHU� RI� D� SXULW\
QRW� ORZHU� WKDQ� �1�� 'RSLQJ� RI� WKH� FU\VWDOV
ZDV� FDUULHG� RXW� E\� LQWURGXFLQJ� FKURPLXP
R[LGH� &U�2�� RU� SXUH� &U� PHWDO� LQWR� WKHFKDUJH�� IROORZHG� E\� PHOW� KRPRJHQL]DWLRQ�
,QWURGXFWLRQ� RI� WKH� FKURPLXP� GRSDQW� LQWR
WKH� FKDUJH�GXULQJ� LWV�PHOWLQJ�DQG� WKH�PHOW
KRPRJHQL]DWLRQ� SULRU� WR� FU\VWDOOL]DWLRQ� UH�
YHDOHG�DQ�XQGRXEWHG�DGYDQWDJH�RI�WKLV�WHFK�
QRORJ\� RYHU� RWKHU� PHWKRGV� RI� REWDLQLQJ
KHDYLO\� GRSHG� FU\VWDOV�� ILUVW� RI� DOO�� RYHU
YDSRU�SKDVH� PHWKRGV�� 7KH� FU\VWDO� LQJRWV
KDG�D�FRORU�IURP�\HOORZ�WR�GDUN�FKHUU\��GH�
SHQGLQJ� RQ� WKH� DFWLYH� LPSXULW\� FRQFHQWUD�
WLRQ�LQ�WKH�UDQJH�RI������WR������FPÜ��
7KH� HIIHFWLYHQHVV� RI� D� ODVHU� LV� GHILQHG

ILUVW�RI�DOO�E\�WKH�DFWLYH�PHGLXP�TXDOLW\��LQ
WKH�FDVH�RI�=Q6H�&U����E\�WKH�FU\VWDO�ODWWLFH
SHUIHFWLRQ��DV�ZHOO�DV�E\�KRPRJHQHLW\�RI�RS�
WLFDO�DQG�RWKHU�SK\VLFDO�SURSHUWLHV�WKURXJK�

RXW�WKH�DFWLYH�HOHPHQW�YROXPH�DQG�WKH�RSWL�
PXP�GRSLQJ�OHYHO�
7KH�=Q6H�&U�V\VWHP�FDQ�EH�UHJDUGHG�DV�D

VXEVWLWXWLRQDO�VROLG�VROXWLRQ�RI�WKH�WZR�FRP�
SRXQGV�� =Q6H±&U6H�� KHQFH�� EDVLQJ� RQ� WKH
UHODWLRQ� EHWZHHQ� WKHLU� PHOWLQJ� SRLQWV�� RQH
FDQ� MXGJH� WKH� YDOXH� RI� WKH� &U� VHJUHJDWLRQ
FRHIILFLHQW�DW�WKH�=Q6H�VROLG�PHOW�LQWHUIDFH�
7KH�PHQWLRQHG�WHPSHUDWXUHV�DUH�YHU\�FORVH�
7PHOW�=Q6H�� ������&� DQG� 7PHOW�&U6H�� �����&�� ZKLFK� JLYHV� UHDVRQ� WR� DVVHUW� WKDW
WKH�VHJUHJDWLRQ�FRHIILFLHQW�RI�&U� LQ�=Q6H� LV
FORVH� WR� XQLW\�� 2XU� PHDVXUHPHQWV� RI� FKUR�
PLXP�FRQFHQWUDWLRQ�GLVWULEXWLRQ�WKURXJKRXW
WKH� YROXPH� RI� D� JURZQ� FU\VWDO� �)LJ����� E\
FKHPLFDO� DQDO\VLV� IXOO\� FRQILUPHG� WKLV� DV�
VXPSWLRQ�� ,W� LV� VHHQ� IURP� WKH� )LJXUH� WKDW
DOPRVW������RI�WKH�FU\VWDO�YROXPH�LV�FKDUDF�
WHUL]HG�E\�VLPLODU�FKURPLXP�FRQFHQWUDWLRQV�
7KH� VHFRQG� LPSRUWDQW� H[SHULPHQWDO� IDFW

LV�WKDW�ZH�KDYH�VKRZQ�SRVVLELOLW\�RI�D�KRPR�
JHQHRXV� GRSLQJ� RI� FU\VWDOV� ZLWK� FKURPLXP
ZLWKLQ� WKH� ZKROH� FRQFHQWUDWLRQ� UDQJH� RI
SUDFWLFDO� LQWHUHVW��7KLV� UDQJH��DW�ZKLFK� WKH
DEVRUSWLRQ� EDQG� SHDNHG� DURXQG� ����� PP
�)LJ����� EHFRPHV� GLVWLQJXLVKDEOH� WKDW� LV� UH�
VSRQVLEOH� IRU� LQWUDFHQWHU� WUDQVLWLRQV� LQ� &U
LRQV� >�@�� LV� OLPLWHG� WR� WKH� PLQLPXP� FKUR�
PLXP�FRQFHQWUDWLRQ�RI�DERXW������FPÜ��
7KH� &U��� GRSDQW� FRQFHQWUDWLRQ� LQ� WKH

JURZQ� FU\VWDOV� ZDV� GHWHUPLQHG� E\� LQGXF�
WLYHO\�FRXSOHG�SODVPD�DWRPLF�HPLVVLRQ�VSHF�
WURPHWU\��,&3�$(6���7KLV�PHWKRG�DOORZV�GH�
WHFWLRQ� RI� ORZ� FRQFHQWUDWLRQV� RI� PHWDOV�
KDYLQJ�D�VHQVLWLYLW\�RI���Ü��WR���Ü��ZW����
7KH� UHVHDUFK�ZDV� FRQGXFWHG� E\�PHDQV� RI� D
7UDFH�6FDQ�$GYDQWDJH�XQLW�PDGH�E\�7KHUPR
-DUUHOO� $VK� &RUS�� $FFRUGLQJ� WR� ,&3�$(6�
WKH� FKURPLXP� FRQFHQWUDWLRQ� LQ� =Q6H�&U��
FU\VWDOV�IDOOV�ZLWKLQ�WKH�UDQJH�RI�������Ü��WR

)LJ����� 6SHFWUD� RI� IXQGDPHQWDO� DEVRUSWLRQ
����� OXPLQHVFHQFH� ���� DQG� ODVLQJ� ���� RI
=Q6H�&U���FU\VWDOV�
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������Ü�� ZW�� ��� ZKLFK� FRUUHVSRQGV� WR
��������Ü�������FPÜ��
7R� FRQWURO� WKH�FRQWHQW�RI�D�ZLGH�YDULHW\

RI�LPSXULWLHV��DERXW����HOHPHQWV���WKH�ODVHU
PDVV� VSHFWURPHWU\� ZDV� HPSOR\HG�� 7KH� H[�
SHULPHQWDO� VHWXS� FRQVLVWV� RI� D� KLJK�UHVROX�
WLRQ� GRXEOH�IRFXVLQJ� ODVHU� PDVV� VSHFWURPH�
WHU�06������� DQG� UHFRUGLQJ�PLFURSKRWRPH�
WHU� ,)2������ 7KH� UDQGRP� HUURU� RI� WKH
DQDO\VLV� LV� FKDUDFWHUL]HG� E\� WKH� UHODWLYH
VWDQGDUG�GHYLDWLRQ�RI������WR������7KH�VWXG\
KDV� UHYHDOHG� WUDFH� LPSXULWLHV� RI� VHYHUDO
PRVW�DEXQGDQW�HOHPHQWV��H�J���PHWDO�LPSXUL�
WLHV��)H��$O��0J��&X�� DV�ZHOO�DV�R[\JHQ�DQG
FDUERQ���$FFRUGLQJ� WR� WKH� UHVHDUFK�� WKH� DY�
HUDJH�FRQFHQWUDWLRQ�RI�WKH�PHQWLRQHG�LPSX�
ULWLHV� GLG� QRW� H[FHHG� ��Ü�� ZW�� ��� ,W� LV
NQRZQ� WKDW� VXFK� D� FRQFHQWUDWLRQ� OHYHO� RI
WHFKQRORJLFDO� LPSXULWLHV� FDQQRW� VLJQLILFDQWO\
LPSDFW�WKH�FU\VWDO�RSWLFDO�SDUDPHWHUV�
7KH�XOWLPDWH� VWUHVV� OLPLW� RI�JURZQ� FU\V�

WDO� VDPSOHV� ZDV� GHWHUPLQHG� E\� PHFKDQLFDO
FRPSUHVVLRQ�WHVWV�RQ�DQ��,QVWURQ��W\SH�WHVW
PDFKLQH�DW�URRP�WHPSHUDWXUH��7KH�XOWLPDWH
VWUHVV� OLPLW� ZDV� GHILQHG� DV� WKH� VWUHVV�� DW
ZKLFK� WKH� ILUVW� FUDFN� DSSHDUHG�� 7KH� UHVXOWV
REWDLQHG��VHH�7DEOH��LQGLFDWH�WKDW�WKH�XOWLPDWH
VWUHVV�OLPLW�DORQJ�WKH�>���@�GLUHFWLRQ�LV�VRPH�
ZKDW� KLJKHU� WKDQ� WKDW� DORQJ� >���@�� DQG� LQ�
FUHDVHV�WRZDUGV�WKH�LQJRW�KHHO��7KH�KDUGHQLQJ
LV�OLNHO\�UHODWHG�WR�WKH�UHMHFWLRQ�DQG�DFFXPX�
ODWLRQ�RI�LPSXULWLHV�WRZDUGV�WKH�FU\VWDO�KHHO�
)RU� DOO� WKH� FU\VWDOORJUDSKLF� GLUHFWLRQV� FRQ�
VLGHUHG�� WKH� XOWLPDWH� VWUHVV� OLPLW� RI
=Q6H�&U��� FU\VWDOV� IDOOV� ZLWKLQ� WKH� UDQJH
IURP��� WR����NJ�PP���ZKLFK�PHHWV� WKH�UH�
TXLUHPHQWV�IRU�SRZHU�ODVHU�RSWLFDO�HOHPHQWV�
0HFKDQLFDO� SURSHUWLHV� RI�=Q6H�&U��� FU\V�

WDOV� ZHUH� DOVR� VWXGLHG� XVLQJ� FRQFHQWUDWHG
ORDGLQJ�� 7KH� PLFURKDUGQHVV� ZDV� PHDVXUHG
RQ� D� FOHDYDJH� SODQH� E\� WKH� VWDQGDUG� WHFK�
QLTXH�RQ�WKH�307���VHWXS�XQGHU�����J�ORDG�
7KH�UHVXOWV�VKRZHG�WKH�YDOXH�RI�PLFURKDUG�
QHVV�RI�����NJ�PP��� L�H�� LW�GRHV�QRW�GLIIHU

IURP� WKH� RQH� W\SLFDO� IRU� XQGRSHG� ]LQF� VH�
OHQLGH�FU\VWDOV��1R�DQLVRWURS\�RI�PLFURKDUG�
QHVV� RI� ILUVW� NLQG� RQ� WKH� FOHDYDJH� SODQH� LV
REVHUYHG��WKH�DQLVRWURS\�IDFWRU�EHLQJ�N� ���
7KH�H[DPLQDWLRQ�RI�=Q6H�&U���FU\VWDO�FOHDY�

DJHV�LQ�SRODUL]HG�OLJKW�SDVVLQJ�WKURXJK�FURVVHG
1LFRO� SULVPV� KDV� VKRZQ� QR� ELUHIULQJHQFH
EDQGV�� 7KLV� IDFW� LQGLFDWHV� WKDW� GRSLQJ� ZLWK
FKURPLXP� OHDGV� WR� GLVDSSHDUDQFH� RI� WZLQ
EDQGV�� ZKLFK� DUH� FKDUDFWHULVWLF� IRU� XQGRSHG
=Q6H� FU\VWDOV� JURZQ� IURP�PHOW� E\�%ULGJPDQ
PHWKRG��7KH�DEVHQFH�RI�WZLQ�EDQGV�DQG�RI�ILUVW
NLQG�PLFURKDUGQHVV�DQLVRWURS\�VKRZV�WKDW�WKH
GRSLQJ�]LQF�VHOHQLGH�FU\VWDOV�ZLWK�FKURPLXP�LQ
WKH� VWXGLHG� FRQFHQWUDWLRQV� UDQJH� UHVXOWV� LQ� D
VWDELOL]DWLRQ�RI�WKH�FU\VWDO�VWUXFWXUH�
7KH�UHDO�DQG�LPDJLQDU\�SDUWV�RI�FRPSOH[

SHUPLWWLYLW\�H
� �Hc���Hcc�KDYH�EHHQ�PHDVXUHG
DV� IXQFWLRQV� RI� WKH� PHDVXULQJ� ILHOG� IUH�
TXHQF\� �I� ������Ü������ +]�� DQG� WHPSHUD�
WXUH� �7� ����Ü���� .�� XVLQJ� WKH� VFDQQLQJ
GLHOHFWULF�VSHFWURVFRS\�>�����@��,W�ZDV�IRXQG
WKDW�YDULDWLRQ�RI�&U���GRSDQW�FRQFHQWUDWLRQ
LQ�WKH�UDQJH�RI�����Ü�����FPÜ��LV�DFFRPSD�
QLHG� E\� YDULDWLRQ� RI� Hcc� E\� WZR� WR� WKUHH� RU�
GHUV� RI� PDJQLWXGH� ZLWKRXW� DSSUHFLDEOH
FKDQJH�RI�Hc��7KH�GRSLQJ�DOVR�FDXVHV�DQ�LP�
SRUWDQW� LQFUHDVH� LQ� ERWK� SDUDPHWHUV� ZLWK
WHPSHUDWXUH��7KH�GHSHQGHQFHV�Hc�7��DQG�Hcc�7�
DUH� DFWLYDWLRQDO� LQ� QDWXUH�� 7KHLU� DSSHDUDQFH
LV� FKDQJHG� ZKHQ� DQ� XQLD[LDO� FRPSUHVVLRQ� LV
DSSOLHG�WR�WKH�VDPSOH��V� ���NJI�FP���
%DVLQJ�RQ�WKH�H[SHULPHQWDO�GDWD�REWDLQHG�

WKH� RSWLPXP� GRSDQW� FRQFHQWUDWLRQ� LQ� WKH
JURZQ�=Q6H�&U���FU\VWDOV�KDV�EHHQ�HVWLPDWHG�
7KH�PDLQ�FULWHULRQ�ZDV�WKH�FRPSOHWH�DQG�KR�
PRJHQHRXV� DEVRUSWLRQ� RI� SXPSLQJ� UDGLDWLRQ
LQ� WKH� ODVHU� FU\VWDO� FRPELQHG� ZLWK� D� KLJK
ODVLQJ�HIILFLHQF\�

)LJ����� &KURPLXP� FRQFHQWUDWLRQ� GLVWULEXWLRQ
DORQJ�WKH�FU\VWDO�JURZWK�D[LV�

)LJ�����'HSHQGHQFH�RI�WKH�OLQHDU�OLJKW�DEVRUS�
WLRQ�FRHIILFLHQW�DW������PP�ZDYHOHQJWK�RQ�WKH
FKURPLXP�FRQFHQWUDWLRQ�LQ�D�=Q6H�&U���VDPSOH�
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7KH� XSSHU� DFFHSWDEOH� OLPLW� RI� WKH� FKUR�
PLXP� LRQ�FRQFHQWUDWLRQ� LQ�=Q6H� FU\VWDOV� LV
GHILQHG�E\�WKH�GHSHQGHQFH�RI�WKH�SKRWROXPL�
QHVFHQFH� OLIHWLPH�V3/� RQ� WKH�FU\VWDO�GRSLQJOHYHO�� $V� LV� NQRZQ� IURP� >��@�� LQWURGXFWLRQ
RI� FKURPLXP� DW� FRQFHQWUDWLRQV� H[FHHGLQJ
�������FPÜ��OHDGV�WR�D�VKDUS�GURS�LQ�WKH�V3/YDOXH� DQG�� WKHUHIRUH�� UHGXFWLRQ� LQ� WKH
=Q6H�&U���ODVLQJ�HIILFLHQF\���
7KH� GHSHQGHQFH� RI� WKH� DEVRUSWLRQ� IDFWRU

DW� WKH�SXPSLQJ�ZDYHOHQJWK� ������PP��E����RQ�WKH�DFWLYDWRU�FRQFHQWUDWLRQ�LQ�WKH�JURZQ
FU\VWDOV� ZDV� PHDVXUHG�� ,W� LV� VHHQ� IURP
)LJ����WKDW�WKH�E�����YDOXH�YDULHV�IURP�����WR���FPÜ�� DQG�PD\�EH� VXIILFLHQW� IRU�D� VLJQLIL�
FDQW�LQKRPRJHQHLW\�RI�WKH�SXPSLQJ�UDGLDWLRQ
DEVRUSWLRQ�LQ�ODVHU�HOHPHQWV��7KH�GLVWULEXWLRQ
KRPRJHQHLW\�RI�WKH�HQHUJ\�DEVRUEHG�LQ�D�K\�
SRWKHWLFDO� FU\VWDO� VDPSOH� VKDSHG� DV� D� SDUDO�
OHOHSLSHG�RI���PP�WKLFNQHVV�W\SLFDO�RI�D�ODVHU
DFWLYH� HOHPHQW��ZDV� FRQVLGHUHG� LQYROYLQJ� WKH
%RXJXHU�/DPEHUW�%HHU�ODZ�

,[� �,�H[S�E����[� ���
ZKHUH� ,�� LV� WKH� UDGLDWLRQ� LQWHQVLW\� DW� WKHLQSXW� SODQH�� ,[�� WKDW� DW� D� GLVWDQFH� [� IURPWKH�LQSXW�SODQH�
)LJ���� VKRZV� WKH� WKHRUHWLFDO� GHSHQGHQFH

RI� WKH� RSWLFDO� WUDQVPLWWDQFH� ,[�,�� RQ� WKHFU\VWDO�VDPSOH�WKLFNQHVV�[��7R�SORW�D�VHW�RI
FXUYHV�� WKH� DEVRUSWLRQ� FRHIILFLHQWV� FORVHVW� WR
WKH�DFWXDO�RQHV�DW�WKH�SXPSLQJ�UDGLDWLRQ�ZDYH�
OHQJWK�RI������PP�ZHUH� XVHG�� ,W� FDQ� EH� FRQ�
FOXGHG�IURP�WKH�)LJXUH�WKDW�DW�E����� ���FPÜ�
RQO\�DERXW�KDOI�WKH�SXPSLQJ�HQHUJ\�ZLOO�EH
DEVRUEHG� LQ� WKH� FU\VWDO�� DQG� DW� E����� ��FPÜ��� RYHU� ����� RI� WKH� SXPSLQJ� HQHUJ\
ZLOO� EH� DEVRUEHG�� EXW� LWV� GLVWULEXWLRQ� RYHU
WKH�VDPSOH�WKLFNQHVV�ZLOO�EH�KLJKO\�LQKRPR�
JHQHRXV�� ,Q� SUDFWLFH�� VXFK� D� GLVWULEXWLRQ
PD\�FDXVH�RYHUKHDWLQJ�RI�D�WKLQ�OD\HU�RI�WKH
VHPLFRQGXFWRU�� ZKLFK� ZRXOG� VLJQLILFDQWO\
UHGXFH� WKH� ODVLQJ� HIILFLHQF\�� ,W� IROORZV� WKDW
WKH�RSWLPXP�DEVRUSWLRQ�FRHIILFLHQW�IRU�SXPS�
LQJ�UDGLDWLRQ�PD\�EH�DV�KLJK�DV�E����� ���FPÜ��

WKH� FRUUHVSRQGLQJ� RSWLPDO� FRQFHQWUDWLRQ� RI
FKURPLXP� LQ� WKH� FU\VWDO� EHLQJ� ���������FPÜ
��
7ZR� RSWLFDO� OD\RXWV� RI� ODVHU� HPLWWHUV

PDNLQJ� XVH� RI� RXU� =Q6H�&U��� FU\VWDOV� ZHUH
GHVLJQHG� DQG� WHVWHG� DW� *HQHUDO� 3K\VLFV� ,Q�
VWLWXWH� RI� 5XVVLDQ� $FDGHP\� RI� 6FLHQFHV
�0RVFRZ�� DQG� &]HFK� 7HFKQLFDO� 8QLYHUVLW\
�3UDJXH�� >������@�� 7KH� ILUVW� OD\RXW� LPSOLHG
SXPSLQJ�E\�D�ODVHU�RQ�HUELXP�LRQV��(U����LQ
WKH� \WWULXP�DOXPLQXP� SHURYVNLWH� �<$O2��PDWUL[�DW������PP�ZDYHOHQJWK��7KH�HPLWWHU
RSHUDWHG�LQ�D�SXOVH�PRGH�ZLWK�WKH�HIILFLHQF\
RI�������7KH�SXOVHV�KDYH�EHHQ�REWDLQHG�RI
����PV� GXUDWLRQ� DQG� WKH� UHSHWLWLRQ� UDWH� RI
��*+]��7KH�SXOVH�HQHUJ\�LV����P-��7KH�VHF�
RQG� OD\RXW� XWLOL]HG� SXPSLQJ� E\� D� ODVHU� RQ
WKXOLXP� LRQV� �7P���� LQ� <$O2�� PDWUL[� DW�����PP� ZDYHOHQJWK�� 7KH� HPLWWHU� RSHUDWHG
LQ� WKH�&:�PRGH�ZLWK� WKH������HIILFLHQF\�
7KH� RXWSXW� SRZHU� UHDFKHG� LWV� PD[LPXP� DW
����P:��7KH�VSDWLDO�VWUXFWXUH�RI�D�UDGLDWLRQ
EHDP�ZLWK�WKXOLXP�ODVHU�SXPSLQJ� LV�FORVH�WR
WKH� *DXVVLDQ� VKDSH� WKDW� FRUUHVSRQGV� WR� WKH
SULQFLSDO�PRGH��7KLV�LQGLFDWHV�D�KLJK�KRPRJH�
QHLW\�GHJUHH�RI�WKH�ODVHU�FU\VWDO�
7KXV��WKH�UHVXOWV�RI�WKLV�ZRUN�LQGLFDWH�D

VLJQLILFDQW�SRWHQWLDO�RI� WKH�=Q6H�&U��� ODVHU
FU\VWDO�PHOW�JURZWK�WHFKQRORJ\�GHYHORSHG�DW
,QVWLWXWH� IRU� 6LQJOH� &U\VWDOV�� 1$6� RI
8NUDLQH�� $� KLJK�TXDOLW\� FU\VWDO� PDWHULDO
ZLWK�D�KLJK�KRPRJHQHLW\�RI�WKH�FRPSRVLWLRQ
DQG� SK\VLFDO� SURSHUWLHV� KDV� EHHQ� REWDLQHG�
7KH�RSWLPXP�GRSDQW�FRQFHQWUDWLRQ� LQ�=Q6H
FU\VWDOV� KDV� EHHQ� HVWLPDWHG��/DVHU� HPLWWHUV
KDYH� EHHQ� SUHSDUHG� RSHUDWLQJ� ZLWK� HIIL�
FLHQF\� RI� XS� WR� ���� LQ� ERWK� WKH� &:� DQG
SXOVHG�PRGHV�

)LJ����� 'HSHQGHQFHV� RI� RSWLFDO� WUDQVPLWWDQFH
RQ� WKH� FU\VWDOOLQH� VDPSOH� WKLFNQHVV��3DUDPH�
WHUV�RI�RSWLFDO�DEVRUSWLRQ�E�LV�HTXDO�WR���FPÜ������
�� FPÜ�� ����� �� FPÜ�� ����� �� FPÜ�� ������� FPÜ�� ����
��FPÜ������

7DEOH�� 8OWLPDWH� VWUHVV� OLPLW� RI� =Q6H�&U��
FU\VWDOV� DORQJ� GLIIHUHQW� FU\VWDOORJUDSKLF
GLUHFWLRQV

,QJRW
SDUW

8OWLPDWH�VWUHVV�OLPLW��NJ�PP�

&RPSUHVVLRQ
GLUHFWLRQ�>���@

&RPSUHVVLRQ
GLUHFWLRQ�>���@

QRVH ��� ���
FHQWHU ��� ���
KHHO ��� ����
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