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5HFHLYHG�-XQH���������
3E0R2��1G���FU\VWDOV�ZLWK�WKH�DFWLYDWRU�FRQFHQWUDWLRQ�XS�WR���ZW���ZHUH�JURZQ�E\�WKH

&]RFKUDOVNL�PHWKRG�� 7KH� GDPDJH� WKUHVKROG� DQG� LQFRUSRUDWLRQ� FRHIILFLHQW� GHSHQGHQFHV� RQ
WKH�DFWLYDWRU�FRQFHQWUDWLRQ�DQG�WKH�PHWKRG�RI�GRSLQJ�ZHUH�GHWHUPLQHG��7KH�LQWHUQDO�VWUHVV
FRQFHQWUDWLRQV� LQ�3E0R2��1G��� FU\VWDOV� ZHUH� HVWLPDWHG� E\�PHDQV� RI� RSWLFDO� SRODUL]DWLRQ
PHWKRG�
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���,QWURGXFWLRQ
7R�H[SDQG�WKH�ODVHU�JHQHUDWLRQ�EDQG��WKH

HIIHFW�RI�VWLPXODWHG�5DPDQ�VFDWWHULQJ��656�
LQ�VROLGV�FDQ�EH�VXFFHVVIXOO\�DSSOLHG�>�@��7KH
XVH� RI� DFWLYH� ODVHU� PHGLD� FRPELQLQJ� WKH
ODVHU� JHQHUDWLRQ� IXQFWLRQ� DQG� 656�FRQYHU�
VLRQ�PDNHV� LW� SRVVLEOH� WR� VLPSOLI\� WKH� ODVHU
GHVLJQ�DQG�UDLVH�WKH�ODVHU�V\VWHP�HIILFLHQF\�
,W� LV� NQRZQ� WKDW� OHDG� WXQJVWDWH� 3E:2��3:2�� DQG� OHDG� PRO\EGDWH� 3E0R2�� �302�VLQJOH�FU\VWDOV�ZLWK�VFKHHOLWH�W\SH�VWUXFWXUH
�VS�JU��,���D��SRVVHVV�WKH�PD[LPXP�656�LQ�WHJUDO� LQWHQVLWLHV� DPRQJ� WKH� FU\VWDOV� ZLWK
GLIIHUHQW�TXDVL�PROHFXODU�DQLRQV�>����@��7KLV
IDFW�VKRXOG�SURYLGH�KLJK�656�FRQYHUVLRQ�HI�
ILFLHQF\� DQG� a���� FPÜ�� VKLIW� RI� WKH� ODVHU
ZDYHOHQJWK� FDXVHG� E\� LQWHUDFWLRQ� RI� ODVHU
DFWLYH� LRQ� JHQHUDWLRQ� ZLWK� WKH� YLEUDWLRQ
PRGHV�RI��:2���±�RU��0R2���±�DQLRQV�,Q�>�@�ODVHU�DQG�VHOI�5DPDQ�ODVHU�JHQHUD�
WLRQV� LQ� 302�1G��� FU\VWDO� ZHUH� REWDLQHG
XQGHU� ���� :� ODVHU� GLRGH� �/'�� SXPSLQJ�

7KHUHDW�� WKH� VHOI�5DPDQ� RXWSXW� SXOVH� HQ�
HUJ\� ZDV� HTXDO� WR� �� P-� ��VW� 6WRNHV� FRPSR�
QHQW�� O� ������ QP�� DW� ���� SV� SXOVH� GXUD�
WLRQ��7R�JHQHUDWH�WKH�6WRNHV�FRPSRQHQWV�HI�
IHFWLYHO\�� PXFK� KLJKHU� SXPSLQJ� SRZHU
VKRXOG�EH�DSSOLHG��7KHUHIRUH��LQ�WKH�SUHVHQW
VWXG\�ZH�LQYHVWLJDWHG�WKH�UDGLDWLRQ�GDPDJH
WKUHVKROG� RI� 302�1G��� FU\VWDOV� GHSHQGLQJ
RQ�WKH�FRQFHQWUDWLRQ�RI�1G���DQG�WKH�GRSLQJ
PHWKRG�

���([SHULPHQWDO
3XUH�DQG�1G���GRSHG�302�VLQJOH�FU\VWDOV

ZHUH� JURZQ� LQ� DLU� IURP� ���� FP�� DQG
����FP�� 3W�FUXFLEOHV� E\� WKH� &]RFKUDOVNL
PHWKRG� XVLQJ� WKH� �$QDORJ�� DXWRPDWLF� VHW�
XS� HTXLSSHG� ZLWK� D� ZHLJKW� FRQWURO� V\VWHP�
7KH� FU\VWDOV� ZHUH� JURZQ� RQWR� D� VHHG� RUL�
HQWHG� DORQJ� WKH�GLUHFWLRQ� >���@��7KLV�GLUHF�
WLRQ� ZDV� FKRVHQ� GXH� WR� D� F\OLQGULFDO� PRU�
SKRORJ\� RI� FU\VWDO� DQG� D� VLPSOH� SURGXFWLRQ
SURFHGXUH� RI� RULHQWHG� VDPSOH�� 7KH� JURZWK
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SDUDPHWHUV� IRU� DOO� WKH� FU\VWDOV� ZHUH�� WKH
WHPSHUDWXUH� JUDGLHQW� 7]� ���Ü���GHJ�FP�WKH�URWDWLRQ�UDWH�Z� ���Ü���PLQÜ���WKH�SXOO�
LQJ� UDWH� 9]� ��Ü�� PP�K�� 7KH� YDULDWLRQ� RIJURZWK� SDUDPHWHUV� LQ� WKHVH� UDQJHV� DOORZHG
XV� WR�JURZ�302� FU\VWDOV�XS� WR����PP�DQG
D� OHQJWK� XS� WR� ����PP�� 7KH�302� FU\VWDOV
FKRVHQ� IRU� LQYHVWLJDWLRQ� ZHUH� RI� XS� WR
���PP�LQ�GLDPHWHU�DQG�XS�WR����PP�ORQJ�
$OO� 302� FU\VWDOV� WR� EH� LQYHVWLJDWHG� ZHUH
JURZQ� XQGHU� WKH� VDPH� FRQGLWLRQV� �DW� IL[HG
YDOXHV� RI� WHPSHUDWXUH� JUDGLHQW�� URWDWLRQ
DQG� SXOOLQJ� UDWHV��� ,Q� RXU� H[SHULPHQWV� WKH
YDOXH�+�'� �UDWLR� RI� KHLJKW� RI� FU\VWDO� FRQH
WR� GLDPHWHU� RI� FU\VWDO�� ZDV� a������ $OO� WKH
FU\VWDOV� ZHUH� IUHH� RI� LPSXULW\� SKDVHV� DQG
PDFURVFDOH� GHIHFWV� �JDV� EXEEOHV�� FU\VWDO
FUDFNLQJ���7KH�SXUH�FU\VWDOV�KDG�D�\HOORZLVK
FRORU�� 1G��� GRSHG� FU\VWDOV� ZHUH� OLODF�� 7KH
FRORU� LQWHQVLW\� RI� GRSHG� 302� FU\VWDOV� GH�
SHQGHG�RQ�1G���FRQFHQWUDWLRQ��

7R�GRSH�302�FU\VWDOV��ZH�XVHG�1G�2���DVZHOO� DV� SUHV\QWKHVL]HG� 1G��0R2����1D1G�0R2���� DQG� 1G1E2�� FRPSRXQGV�
:KHQ�1G�2�� DQG�1G1E2�� FRPSRXQGV� ZHUHXVHG��WKH�UDWLR�3E2�0R2�� LQ�WKH�302�PHOWZDV� VWRLFKLRPHWULF�� ZKLOH� ZLWK� 1G��0R2���DQG� 1D1G�0R2���� WKH� 302� PHOW� ZDV� HQ�ULFKHG�ZLWK�0R2���7KH�VWDUWLQJ�FKHPLFDO�UH�DJHQWV� ZHUH�� 3E2�� 1E�2��� 1D�&2�� DQG1G�2��Û����������0R2��Û����������7KH
V\QWKHVLV� RI� 302� DQG� GRSDQWV� ZDV� FDUULHG
RXW� DFFRUGLQJ� WR� WKH� FHUDPLF� WHFKQRORJ\�
7KH� VWRLFKLRPHWULF� EOHQG� RI� VWDUWLQJ� UH�
DJHQWV� ZDV� KHDWHG� WR� WKH� GHILQHG� WHPSHUD�
WXUH� DQG� NHSW� IRU� WKH� GHILQHG� WLPH�� 7KH
WHPSHUDWXUH�WLPH�UHJLPHV�RI�WKH�VROLG�VWDWH
V\QWKHVLV�DUH�SUHVHQWHG�LQ�7DEOH����7KH�;�UD\
VWUXFWXUH�VWXGLHV�ZHUH�FDUULHG�RXW�RQ�D�6,(�
0(16� '���� DXWRPDWHG� GLIIUDFWRPHWHU� LQ
&X.D� UDGLDWLRQ� �O� ��������c�� JUDSKLWH
PRQRFKURPDWRU�� XVLQJ� WKH� �T�T� VFDQQLQJ
PHWKRG� DW� UDWHV� ����� JUDG�PLQ�� 7KH� LQFRU�
SRUDWLRQ� FRHIILFLHQW� .1G� ZDV� FDOFXODWHG� DVUDWLR� RI� 1G� FRQFHQWUDWLRQ� LQ� FU\VWDO� WR�1G
FRQFHQWUDWLRQ�LQ�PHOW��

7KH�FRQWHQW�RI�1G���LQ�302�FU\VWDOV�ZDV
GHWHUPLQHG�E\�PHDQV�RI�LQGXFWLYHO\�FRXSOHG
SODVPD� DQDO\VLV� �35$&(� 6&$1� $GYDQWDJH
VSHFWURPHWHU���7R�GHWHUPLQH�1G���FRQFHQWUD�
WLRQ� LQ�302�1G��� FU\VWDOV�� D� VSHFLPHQ�ZDV
FXW� RII� IURP� FHQWUDO� SDUW� RI� HYHU\� LQJRW�
7KH�GDPDJH� WKUHVKROG�DQG� LQWHUQDO� VWUHVVHV
ZHUH� VWXGLHG� RQ� RULHQWHG� SROLVKHG
��u��u���PP�� FU\VWDO� VDPSOHV� SURGXFHG
IURP� WKH� FHQWUDO� F\OLQGULFDO� SDUW� RI� HDFK
FU\VWDO�� 8QGHU� +H±1H� ODVHU� EHDP� SDVVLQJ
WKURXJK� D� VDPSOH� QR� VFDWWHULQJ� ZDV� RE�
VHUYHG��,Q�WKH�ILUVW�LQVWDQFH�WKH�D[LDO�DQJOH
KDG�EHHQ�PHDVXUHG��KHUHDIWHU�WKH�VDPH�VDP�
SOHV� ZHUH� XVHG� IRU� WKH� GDPDJH� WKUHVKROG
GHILQLWLRQ��

7R� GHWHUPLQH� WKH� GDPDJH� WKUHVKROG�
<$*�1G��� SXOVHG� ODVHU� �O� ������PP�
7(0���PRGH�� ��� QV� SXOVH� GXUDWLRQ�� �� +]UHSHWLWLRQ� UDWH�� WKH� VSRW� GLDPHWHU� a��� PP�
*DXVVLDQ� GLVWULEXWLRQ� RI� LQWHQVLW\�� ZDV
XVHG�

7KH� D[LDO� DQJOH� �9� ZDV� PHDVXUHG� E\
PHDQV� RI� RSWLFDO� SRODUL]DWLRQ�PHWKRG�XVLQJ
D�0,1���SRODUL]LQJ�PLFURVFRSH�DFFRUGLQJ�WR
WKH� SURFHGXUH� GHVFULEHG� LQ� >�@�� 7KH� LQVWUX�
PHQW� PDJQLILFDWLRQ� ZDV� ������ 7KH� VDLG
DQJOH� ZDV� GHWHUPLQHG� IRU� HYHU\� VDPSOH� DV
WKH� DYHUDJH� IRU� WKUHH�SRLQWV� ORFDWHG�RQ� WKH
SODQH�������

���5HVXOWV�DQG�GLVFXVVLRQ
)RU� WRWDO� DEVRUSWLRQ� RI� /'� SXPSLQJ� HQ�

HUJ\��KHDY\�1G���GRSHG�ODVHU�DFWLYH�PHGLD�DUH
UHTXLUHG�� 7KHUHIRUH�� ZH� LQYHVWLJDWHG� WKH� GH�
SHQGHQFH� RI�.1G� YDOXH� RQ� WKH� DFWLYDWRU� FRQ�FHQWUDWLRQ� LQ� WKH� 302� PHOW� DQG� WKH� GRSLQJ
PHWKRG�� 7R� JURZ�1G��� GRSHG� 302� FU\VWDOV�
LVRVWUXFWXUDO� �1G��0R2�����1D1G�0R2����� DQGQRQ�LVRVWUXFWXUDO� �1G�2��� 1G1E2��� FRP�
SRXQGV�ZHUH�XVHG��DV�ZHOO�DV�FKDUJH�FRPSHQ�
VDWLQJ� LRQV� 1D�� �1D1G�0R2����� DQG� 1E��

)LJ�����'HSHQGHQFHV�RI�WKH�.1G�RQ�1G�FRQFHQ�
WUDWLRQ�LQ�WKH�3E0R2��PHOW�

7DEOH���� 7LPH�WHPSHUDWXUH� FRQGLWLRQV� RI
VROLG�VWDWH�V\QWKHVLV
6DPSOH 7HPSHUDWXUH

���&
'XUDWLRQ�

K
3KDVH
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ZW��
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1D1G�0R2��� ��� �� ��r�
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�1G1E2���� 7KH� .1G� FRQFHQWUDWLRQ� GHSHQG�HQFH�LV�SUHVHQWHG�LQ�)LJ����
$V�VHHQ�IURP�)LJ�����.1G�a���IRU�WKH�FRQ�FHQWUDWLRQV�XS�WR�a��ZW����$Q�H[FHSWLRQ�LV

1G�2��FDVH��ZKHUH�.1G�a������$W�IXUWKHU�LQ�FUHDVH� RI� WKH�1G� FRQFHQWUDWLRQ� LQ� WKH�PHOW
WKH� FRHIILFLHQW�.1G� LV� GHFUHDVHG� �1G��� GRS�LQJ�E\�PHDQV�RI�1G��0R2������$FFRUGLQJ�WR�>����@��WKH�V\VWHP�3E0R2�Ü1G��0R2���� FRQWDLQV� WKH� VROLG� VROXWLRQV� LQWKH� ZKROH� FRQFHQWUDWLRQ� UDQJH�� %\� FRPSDU�
LQJ� WKH� LRQLF� UDGLL� RI� 3E��� ������ c�� DQG
1G���������c��RQH�FDQ�DVVXPH�WKDW�WKH�FRHI�
ILFLHQW�.1G�ZLOO� EH�DSSUR[LPDWHO\�a���+RZ�HYHU�� DV� VHHQ� IURP� )LJ����� WKH� GHFUHDVH� RI
.1G� LQ�302� FU\VWDOV� EHJLQV� IURP� a��ZW��LQ�WKH�PHOW��DQG�DW�����ZW���WKH�FRHIILFLHQW
LV�HTXDO�WR������

7KH� FRHIILFLHQWV� .1D� DQG� .1E� ZHUH� QRWGHWHUPLQHG�� %XW� DFFRUGLQJ� WR� WKH� GDWD� RI
;�UD\�DQDOLV\V�WKH�SDUDPHWHUV�RI�302�1G��
XQLW� FHOO� DUH� GLIIHUHQW� XQGHU� WKH� VDPH� 1G
FRQFHQWUDWLRQV� DW� XVH� RI� 1G��0R2����1D1G�0R2���� DQG� 1G1E2�� FRPSRXQGV
�7DEOH� ���� 7KLV� IDFW� DOORZV� XV� WR� FRQFOXGH
WKDW� 1D�� DQG� 1E��� EXLOG� LQ� 302� FU\VWDO
ODWWLFH�WRR��

2XU�PHDVXUHPHQWV�RI�WKH�GDPDJH�WKUHVK�
ROG�VKRZ�WKDW�WKH�PD[LPXP�YDOXH�RI�RSWLFDO
EUHDN�� GRZQ� -7K�a����-�FP�� LV� DFKLHYHG� DW
XVH� RI�1G�2�� �WKH� FRQFHQWUDWLRQ� RI�1G��� LQWKH� FU\VWDO� LV� ���� ZW���� )LJ������ ,W� VKRXOG
EH�QRWHG�WKDW� LQ�WKH�FDVH�RI�1G��0R2���� LQ�WURGXFWLRQ� �WKH� 1G��� FRQFHQWUDWLRQ� LQ� WKH
FU\VWDO� LV� ���� ZW���� WKH� GDPDJH� WKUHVKROG
-7K�a����-�FP�� LV� FORVH� WR� WKDW� RI� D� SXUH
302� FU\VWDO��&R�GRSLQJ�ZLWK�1E���GRHV�QRW
DIIHFW� WKH�GDPDJH� WKUHVKROG�YDOXH�GUDPDWL�
FDOO\�� XQGHU� VXFK� FRQGLWLRQV� Û� -7K�a���-�FP��� EXW� WKH� XVH� RI� 1D�� SUDFWLFDOO\
KDOYHV�WKH�PDJQLWXGH�RI�RSWLFDO�EUHDN�GRZQ�
LQ� WKLV� FDVH� -7K�a����-�FP��� $W� IXUWKHU
JURZWK� RI� WKH� 1G� FRQFHQWUDWLRQ� LQ� 302
FU\VWDO� WKH� GDPDJH� WKUHVKROG� -7K� LV� GH�FUHDVHG�

7KHUH� DUH� IHZ� W\SHV� RI� SK\VLFDO� HIIHFWV
OHDGLQJ� WR� WKH� RSWLFDO� EUHDNGRZQ��7KH� ILUVW
RQH� LV� FRQGLWLRQHG� E\� WKH� LQWHUDFWLRQ� RI

ODVHU�UDGLDWLRQ�ZLWK�LPSXULWLHV�RU�DEVRUELQJ
LQFOXVLRQV�� 7KH� QH[W� RQH� LV� FRQQHFWHG� ZLWK
QRQOLQHDU� HIIHFWV� �VHOI�IRFXVLQJ�� PXOWLSKR�
WRQ�DEVRUSWLRQ���ZKHQ�WKH�VSDFH�WLPH�GLVWRU�
WLRQ� RI� ODVHU� UDGLDWLRQ� LV� JRLQJ� RQ� LQ� D� GL�
HOHFWULF� FU\VWDO�� 7KH� ODVW� HIIHFW�� VHOI� ODVHU
LQGXFHG�EUHDNGRZQ�KDSSHQV�ZKHQ�WKH�VSDFH�
WLPH�GLVWRUWLRQ�RI�ODVHU�UDGLDWLRQ�LV�QRW�LQ�D
FU\VWDO�>�@��2Q�RQH�KDQG�WKH�GDPDJH�WKUHVK�
ROG� ZLOO� EH� D� UHVXOW� RI� ODVHU� UDGLDWLRQ� DE�
VRUSWLRQ� E\� LPSXULWLHV�� EXW� RQ� RWKHU� KDQG
LPSXULWLHV� DUH� DEOH� WR� LPSURYH� WKH� RSWLFDO
EUHDNGRZQ� GUDPDWLFDOO\� E\� PHDQV� RI� HOHF�
WURQ�WUDS�IRUPLQJ�>�@��$W�IXUWKHU�JURZWK�RI
LPSXULW\�FRQWHQW�LQ�D�FU\VWDO�WKH�SUREDELOLW\
RI�SKDVH�LQFOXVLRQ�IRUPLQJ�RU�RWKHU�DEVRUE�
LQJ� KHWHURJHQHLW\� IRUPLQJ� LV� LQFUHDVHG� DQG
WKH�GDPDJH�WKUHVKROG�LV�GHFUHDVHG�

$V� LW� ZDV� VKRZQ� LQ� >�����@� WKH� DQLRQLF
JURXS� �:2���±� LV� NHSW� LQ� PHOWV� RI� VLPSOHDQG� GRXEOH� VKHHOLWH� OLNH� WXQJVWDWHV�� ,Q� RXU
FDVH� ZH� FDQ� VXSSRVH� WKDW� DW� XVH� RI
1G��0R2���� DQG� 1D1G�0R2���� FRPSRXQGVWKH� DQLRQLF� JURXSV� �0R2���±� DUH� NHSW� LQPHOW�WRR��$W�WKH�VDPH�WLPH�WKH�XVH�RI�1G�2�OHDGV�WR�WKH�2�±�FRQWDLQLQJ�PHOW��7KXV��WKH
XVH� RI� GLIIHUHQW� FRPSRXPGV� IRU�1G� GRSLQJ
FDQ� DIIHFW� VWUXFWXUH� RI� PHOW� DQG� SUHGHWHU�
PLQH�DQ�DFWLYDWRU�FHQWHU�VWUXFWXUH�

$FFRUGLQJ� WR� WKH� K\SRWKHVLV� SURSRVHG� LQ
>��@�RQ�WKH�EDVH�RI�GLHOHFWULF�UHVSRQVH�PHDV�
XUHPHQWV�RI�3:2�1G���FU\VWDOV��DW�ORZ�1G��
FRQFHQWUDWLRQV� WKHVH� LRQV� EXLOG� LQ� WKH�3E��

7DEOH����3DUDPHWHUV�RI�WKH�3E0R2��1G�XQLW�FHOO�DW�XVH�RI�GLIIHUHQW�GRSDQWV

3DUDPHWHU &RPSRXQG��1G�FRQFHQWUDWLRQ�LQ�WKH�FU\VWDO��ZW��
3XUH 1G�2������� 1G��0R2�������� 1D1G�0R2�������� 1G1E2�������

D��c ���������� ���������� ���������� ���������� ����������
F��c ����������� ������������ ������������� ������������ ������������
9��c� ���������� ���������� ���������� ���������� ����������

)LJ����� 'HSHQGHQFHV� RI� WKH� GDPDJH� WKUHVKROG
-7K�RQ�1G�FRQFHQWUDWLRQ�LQ�WKH�3E0R2��FU\VWDO�
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VXEODWWLFH�DQG�IRUP���1G3E���x�Ü��93E�cc�DFWL�YDWRU� FHQWHU�� WKH� H[FHVVLYH� SRVLWLYH� FKDUJH
EHLQJ� FRPSHQVDWHG� E\� OHDG� YDFDQF\�� ,Q
KHDYLO\� 1G��� GRSHG� 3:2� FU\VWDOV� PRUH
VRSKLVWLFDWHG� DFWLYDWRU� FHQWHU� � � �1G:���cccÜ
�1G3E���xÜ�92�xx� LV� IRUPHG�� WKHUHDW� 1G��� LVEXLOW� LQ� WKH� 3E��� DQG�:��� VXEODWWLFHV�� WKH
H[FHVVLYH�QHJDWLYH�FKDUJH�LV�FRPSHQVDWHG�E\
R[\JHQ� YDFDQF\�� ,Q� DOO� WKH� FDVHV� WKH� 3:2
FU\VWDOV� UHSRUWHG� LQ� >��@� ZHUH� GRSHG� ZLWK
1G�2���2EYLRXVO\��D� VWUXFWXUH�RI�1G���DFWL�YDWRU�FHQWHU�ZLOO�EH�GHWHUPLQHG�E\�D�FU\VWDO�
ORJUDSKLF� SRVLWLRQ� RI�1G��� LRQ� LQ�302� ODW�
WLFH� DQG� FKDUJH� FRPSHQVDWLQJ� GHIHFW� DQG
ZLOO�GHSHQG�RQ�1G�FRQFHQWUDWLRQ�DQG�PHWKRG
RI�GRSLQJ��

7KH� SUHVHQFH� RI� LQWHUQDO� VWUHVVHV� LQ� WKH
FU\VWDO�ZKLFK�DUH�LQGXFHG�E\�FU\VWDO�JURZWK
WHFKQRORJ\�DQG�LPSXULWLHV�PD\�FRQVLGHUDEO\
DIIHFW� WKH�PDJQLWXGH� RI� RSWLFDO� EUHDNGRZQ�
7KH�DEVRUSWLRQ�RI�ODVHU�UDGLDWLRQ�E\�DEVRUE�
LQJ� KHWHURJHQHLW\� OHDGV� WR� WKH� KHDWLQJ� RI
ORFDO� UHJLRQ�ZLWK� IROORZLQJ� H[WHQVLRQ�� 7KLV
LV�FDXVHG�E\�WKH�IDFW�WKDW�XQGHU�LUUDGLDWLRQ
RI�WKH�FU\VWDO�ZLWK�QDQRVHFRQG�ODVHU�SXOVHV�
WKH� PHFKDQLVP� RI� FU\VWDO� FUDFNLQJ� FRQ�
QHFWHG� ZLWK� DFFXPXODWLRQ� RI� WKHUPR�HODVWLF
VWUHVVHV��LV�UHDOL]HG�>������@�

7KHUHIRUH�� ZH� HVWLPDWHG� WKH� OHYHO� RI
VWUXFWXUH� SHUIHFWLRQ� IURP� WKH� GLVWRUWLRQ� RI
LVRJ\UHV� LQ� WKH� LQWHUIHUHQFH� SDWWHUQ� RE�
VHUYHG� DW� SDVVDJH� RI� SRODUL]HG� OLJKW� DORQJ
WKH� GLUHFWLRQ� >���@�� ,QWHUQDO� VWUHVVHV� JLYH
ULVH� WR� DQRPDORXV� ELD[LDOLW\� LQ� WKH� FU\VWDO�
DQG� WKH� D[LDO� DQJOH� �9� LV� SURSRUWLRQDO� WR
WKH�OHYHO�RI�WKHVH�VWUHVVHV��6R��ZH�PHDVXUHG
WKH� D[LDO� DQJOH� �9� IRU� DOO� WKH� GRSHG� DQG
FR�GRSHG�302�FU\VWDOV�XVLQJ�WKH�RSWLFDO�SR�
ODUL]DWLRQ� PHWKRG�� 7KH� REWDLQHG� GDWD� DUH
SUHVHQWHG�LQ�)LJ�����

7KH�SXUH�DQG�1G���FRQWDLQLQJ�302�FU\V�
WDOV� ���� ZW�� ��� ZKHUH� LVRVWUXFWXUDO� FRP�
SRXQGV� �1G��0R2����� 1D1G�0R2����� ZHUHXVHG�� DUH� FKDUDFWHUL]HG� E\� WKH� PLQLPXP
PDJQLWXGHV�RI��9�DQJOH�YDU\LQJ�EHWZHHQ���c
DQG� ��c�� 7KH� LQWURGXFWLRQ� RI� WKH� QRQ�LVRV�
WUXFWXUDO� FRPSRXQGV� �1G�2��� 1G1E2��� LQWKH�302�PHOW� UDLVHV� WKH�YDOXH� RI��9�DQJOH
XS� WR� ��cÜ��c�� $W� IXUWKHU� LQFUHDVH� RI�1G��
FRQFHQWUDWLRQ� LQ� WKH� 302� FU\VWDO� LQWHUQDO
VWUHVVHV�JURZ��7KH�KHDYLO\�GRSHG�302�FU\V�
WDO� ��� ZW���� VKRZHG� WKH� PD[LPXP�PDJQL�
WXGH�RI��9�DQJOH�Û����c�

1RWH� WKDW� WKH� 302�1G��� FU\VWDOV� ZLWK
WKH� KLJKHVW� OHYHO� RI� LQWHUQDO� VWUHVVHV� DW
��� ZW��� FRQFHQWUDWLRQV� RI� WKH� DFWLYDWRU
SRVVHVV� WKH� PD[LPXP� PDJQLWXGHV� RI� GDP�
DJH� WKUHVKROG�� WRR�� 7KHUHIRUH�� WKH� PRVW

SUREDEOH� IDFWRU�ZKLFK� FDXVHV� RSWLFDO� EUHDN�
GRZQ�LQ�302�1G���FU\VWDOV�DW�WKHVH�FRQFHQ�
WUDWLRQV�PD\�EH�WKH�FRPSHQVDWLQJ�H[FHVVLYH
FKDUJH�GHIHFW�

���&RQFOXVLRQ
3E0R2��1G��� FU\VWDOV�ZLWK� WKH� DFWLYDWRUFRQFHQWUDWLRQ�XS� WR���ZW���ZHUH�JURZQ�E\

WKH� &]RFKUDOVNL� PHWKRG�� )HZ� GRSLQJ� PHWK�
RGV� �1G� LQWURGXFWLRQ� LQ� WKH� IRUP� RI� LVRV�
WUXFWXUDO� DQG�QRQ�LVRVWUXFWXUDO� FRPSRXQGV�
FR�DFWLYDWLRQ��ZHUH�XVHG��,W�ZDV�VKRZQ��WKDW
LQFRUSRUDWLRQ� FRHIILFLHQW� .1G� HTXDOV� WR� a�IRU�WKH�FRQFHQWUDWLRQV�XS�WR�a��ZW���DW�WKH
XVH� RI� 1G��0R2����� 1D1G�0R2���� DQG
1G1E2�� GRSDQWV�� $Q� H[FHSWLRQ� LV� 1G�2�FDVH�� ZKHUH�.1G�a������ $W� IXUWKHU� LQFUHDVHRI� WKH� 1G� FRQFHQWUDWLRQ� LQ� WKH� PHOW� DW
1G��0R2����GRSLQJ�WKH�FRHIILFLHQW�.1G�LV�GH�FUHDVHG�

7KH� GDPDJH� WKUHVKROG� ZDV� VWXGLHG� GH�
SHQGLQJ� RQ� WKH� DFWLYDWRU� FRQFHQWUDWLRQ� DQG
WKH�PHWKRG�RI�GRSLQJ�WRR��,W�ZDV�HVWDEOLVKHG
WKDW� WKH� PD[LPXP� PDJQLWXGH� RI� GDPDJH
WKUHVKROG� ��� -�FP�� ZDV� DFKLHYHG� DW
����� ZW��� 1G� FRQFHQWUDWLRQ� LQ� WKH� 302
FU\VWDO��7KXV� IURP�SUDFWLFDO�YLHZ�SRLQW�WKH
XVH�RI�1G�2��IRU�302�GRSLQJ�LV�PRUH�HIIHF�WXDO� EHFDXVH� RI� VLPSOHU� SURFHGXUH� RI
302�1G��� FU\VWDO� SURGXFWLRQ� �WKHUH� LV� QR
QHFHVVLW\�RI�FRPSRXQG�V\QWKHVLV�IRU�GRSLQJ�
DQG� KLJK�PDJQLWXGH� RI� WKH� GDPDJH� WKUHVK�
ROG�� 7KH� OHYHO� RI� VWUXFWXUH� SHUIHFWLRQ� RI
302�1G��� FU\VWDOV�ZDV� HVWLPDWHG�E\�PHDQV
RI�D[LDO�DQJOH��9�PHDVXUHPHQWV�

$FNQRZOHGJHPHQWV�� 7KH� DXWKRUV� DUH
JUDWHIXO� 'U�� ,�6�9RURQLQD� �$�3URNKRURY
*HQHUDO� 3K\VLFV� ,QVWLWXWH�� 5$6�� IRU� XVHIXO
GLVFXVVLRQ� FRQFHUQLQJ� GHWHUPLQDWLRQ� RI� WKH
D[LDO�DQJOH��9�

)LJ�����'HSHQGHQFHV�RI�WKH�D[LDO�DQJOH��9�RQ
1G�FRQFHQWUDWLRQ�LQ�WKH�3E0R2��FU\VWDO�
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