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WUDWLRQ�LQ�PL[HG��Q�J��ILHOGV�WKH�ZHOO�NQRZQ
RUJDQLF� VFLQWLOODWLRQ� FU\VWDOV� VWLOEHQH�� DQ�
WKUDFHQH�� SDUDWHUSKHQ\O� DQG� SODVWLF� VFLQWLO�
ODWRUV� �SRO\VW\UHQH�� DUH�PDLQO\� XVHG�� ,QWHU�
DFWLRQ�RI�QHXWURQV�ZLWK�RUJDQLF� VFLQWLOODWRU
PDWHULDO� FDXVHV� WKH� DSSHDUDQFH� RI� UHFRLO
SURWRQV�DQG�OLJKW�IODVK��+RZHYHU�WKHVH�VFLQ�
WLOODWRUV� UHDFW� VLPLODUO\� RQ� J�TXDQWD� ZKLFK
DOPRVW� DOZD\V� DFFRPSDQ\� QHXWURQV� LQ� QX�
FOHDU� WUDQVIRUPDWLRQV� DQG� SUHVHQW� LQ� ODUJH
FRQWHQW� LQ� WKH� PL[HG� UDGLDWLRQ� ILHOGV� >�@�
0RUHRYHU��RUJDQLF�VLQJOH�FU\VWDOV�KDYH�KLJK
FRVW� DQG� OLPLWHG� DFFHVVLELOLW\�� )RU� GHYHORS�
PHQW�RI�QHZ�JHQHUDWLRQ�RI�IDVW�QHXWURQ�GH�
WHFWRUV�WKH�QHZ��HIIHFWLYH��FKHDS�DQG�DFFHV�
VLEOH�VFLQWLOODWLRQ�PDWHULDOV�DUH�UHTXLUHG��

2UJDQLF� VLQJOH� FU\VWDOV� RI� DPPRQLXP
VDOLF\ODWH� 1+�6DO� DUH� SURPLVLQJ� PDWHULDO
VDPSOHV� IRU� IDVW� QHXWURQ� UHJLVWUDWLRQ� >�@�
7KH\� H[FHHG� WKHLU� LQRUJDQLF� DQDORJXHV� LQ
VHQVLWLYHQHVV�WR�IDVW�QHXWURQV�KRZHYHU�WKH\
DUH�YHU\�K\JURVFRSLF�DQG�KDYH�ORZ�PHFKDQL�
FDO� VWUHQJWK�� $ORQJ� ZLWK� WKLV� LW� LV� NQRZQ
WKDW� WKDOOLXP� GRSHG� DPPRQLXP� GLK\GURJHQ
SKRVSKDWH� FU\VWDOV� UHYHDO� WKH� VHOHFWLYH� VHQ�
VLWLYHQHVV� WR� IDVW� QHXWURQV� LQ� WKH� PL[HG
�Q�J��UDGLDWLRQ�IORZ�>�@��7KH�FU\VWDOV�1+�6DODQG� $'3� DUH� JURZQ� IURP� WKH� ZDWHU� VROX�
WLRQV�XQGHU�WHPSHUDWXUH�GHFUHDVH�RU�VROYHQW
HYDSRUDWLRQ�� ,Q� FRPSDULVRQ� ZLWK� 1+�6DO$'3�FU\VWDOV�DUH�OHVV�K\JURVFRSLF�DQG�WKHLU
JURZWK�WHFKQRORJ\�LV�ZHOO�GHYHORSHG���

,Q�WKH�SUHVHQW�ZRUN�WKH�UHVXOWV�RI�LQYHV�
WLJDWLRQ�RI�VFLQWLOODWLRQ�SURSHUWLHV�RI�K\EULG
VFLQWLOODWRUV�RQ�WKH�EDVLV�RI�DPPRQLXP�VDOL�
F\ODWH�DQG�DPPRQLXP�GLK\GURJHQ�SKRVSKDWH
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REWDLQHG� E\� GLIIHUHQW�PHWKRGV� IRU� UHJLVWUD�
WLRQ� RI� IDVW� QHXWURQV� DQG� JDPPD�UDGLDWLRQ
DUH�SUHVHQWHG�

���([SHULPHQWDO�
7KH� VDPSOHV� IRU� LQYHVWLJDWLRQ� KDYH� EHHQ

REWDLQHG��
Û�E\�GLVSHUJDWLQJ�LQWR�DQ�RUJDQRVLOLFRQH

PDWUL[�RU�FRPSUHVVLQJ�LQ�WKH�YLHZ�RI�SODWHV
ERWK�PLFURFU\VWDOOLQH� SRZGHU� RI� DPPRQLXP
VDOLF\ODWH�1+�6DO�DQG�FR�FU\VWDOOL]HG�SRZGHURI� GLK\GURJHQ� SKRVSKDWH� DQG� VDOLF\ODWH� RI
DPPRQLXP�$'3Ü1+�6DO�Û�E\�JURZLQJ�RI�VLQJOH�FU\VWDOV��

z� VLQJOH� FU\VWDOV�RI�DPPRQLXP�VDOLF\ODWH
1+�6DO��

z� VLQJOH� FU\VWDOV� RI� DPPRQLXP� GLK\GUR�
JHQ� SKRVSKDWH� GRSHG� E\� DPPRQLXP� VDOLF\�
ODWH�Ü�$'3�1+�6DO�

z� VLQJOH� FU\VWDOV� RI� DPPRQLXP� GLK\GUR�
JHQ� SKRVSKDWH� FR�GRSHG� E\� DPPRQLXP� VDOL�
F\ODWH�DQG�WKDOOLXP�Û�$'3�1+�6DO�7O�7KH�RUJDQRVLOLFRQH�PDWUL[�RQ�WKH�EDVLV�RI
ROLJRPHWK\OYLQ\OVLOR[DQH� KDV� EHHQ� YXOFDQ�
L]HG� E\� DGGLWLRQ� SRO\PHUL]DWLRQ� UHDFWLRQ�
7KH� VFLQWLOODWLRQ� FU\VWDOOLQH� SRZGHU� KDV
EHHQ�REWDLQHG�E\� FRFU\VWDOOL]DWLRQ� IURP� WKH
PL[HG� VROXWLRQ� RI� $'3Ü1+�6DO�� 7KH� SRZGHUFRQVLVWHG�RI�PLFURFU\VWDOV�RI�DPPRQLXP�VDOL�
F\ODWH�DQG�GLK\GURJHQ�SKRVSKDWH�VDOLF\ODWH�RI
DPPRQLXP�ZLWK�WKH�VL]H�RI�XS�WR���PP�

3UHVVHG� VDPSOHV� KDYH� EHHQ� REWDLQHG� E\
KRW� SUHVVLQJ� DW� WKH� WHPSHUDWXUHV� RI� ��Ü
����&��

&U\VWDOV� KDYH� EHHQ� JURZQ� E\� WKH� WHP�
SHUDWXUH� GHFUHDVH� IURP� WKH� ZDWHU� VROXWLRQV
RI� DPPRQLXP� VDOLF\ODWH� DQG� DPPRQLXP� GL�
K\GURJHQ� SKRVSKDWH� ZLWK� DGGLWLRQ� RI
1+�6DO�

���0HDVXUHPHQWV�DQG�UHVXOWV
7KH� VDPSOH� VHQVLWLYHQHVV� WR� QHXWURQV� RI

SOXWRQLXP�EHU\OOLXP�VRXUFH�ZLWK�DFWLYLW\�RI
������ QHXWURQ�V� KDV� EHHQ� LQYHVWLJDWHG�
0HDVXUHPHQWV� KDYH� EHHQ� FRQGXFWHG� E\� WKH
PXOWLSOLHU� SKRWRWXEH� +DPDPDWVX� 5����
DQG� E\�PXOWLFKDQQHO� LPSXOVH� DQDO\]HU�� 7KH
ORZHU�WKUHVKROG�RI�UHJLVWUDWLRQ�ZDV���NH9�DW
WKH� VFDOH� RI� 1D,�7O�� WKDW� DOORZV� WR� FXW� RII
LPSXOVHV� FDXVHG� E\� WKH� UDGLDWLRQ� UXQQLQJ
IURP� �3X±%H��VRXUFH� >�@�� 7KH� PHDVXUHPHQW
VFKHPH� LV� SUHVHQWHG� LQ� )LJ����� 7KH� VDPSOH
QHXWURQ�VHQVLWLYHQHVV�KDV�EHHQ�HVWLPDWHG�DF�
FRUGLQJ� WR�WKH�YHORFLW\�RI� LPSXOVH�FRXQWLQJ
RI� WKH� QHXWURQV� VFDOHG� WR� WKH� QHXWURQ� IORZ
DQG�WKH�VDPSOH�DUHD�>�@��

)LJ����SUHVHQWV�DPSOLWXGH�VSHFWUD�DW�LUUD�
GLDWLRQ� RI� WKH� FU\VWDOV� E\� QHXWURQV� �3X±%H

VRXUFH�� ����� J�TXDQWD� ���&R�� ���� DQG� EDFN�
JURXQG� ����� $� QHXWURQ� VSHFWUXP� GRHV� QRW
KDYH� H[SUHVV� SKRWRSHDN� EHFDXVH� D� SRZHU
VSHFWUXP� RI� QHXWURQV� RI� 3X±%H� VRXUFH� LV
FRQWLQXDO�� J�6SHFWUXP� DQG� WKH� EDFNJURXQG
DUH�ORFDWHG�LQ�WKH�DUHD�RI�WKH�VPDOO�FKDQQHOV
DQG�DUH�QRW�RYHUODSSHG�ZLWK�WKH�DUHD�RI�WKH
QHXWURQ�VSHFWUXP�

7KH� PHFKDQLVP� RI� LQWHUDFWLRQ� RI� QHX�
WURQV� �KDYLQJ� D� IHZ� 0H9� RI� HQHUJ\�� ZLWK
WKH� GRSHG� $'3� FU\VWDO� FRQVLVWV� LQ� HODVWLF
VFDWWHULQJ�RI�QHXWURQV�RQ� WKH�K\GURJHQ�QX�
FOHL� ZLWK� IRUPDWLRQ� RI� UHFRLO� SURWRQV�� 7KH
K\GURJHQ� FRQWHQW� LQ� WKH� $'3� FU\VWDOV� LV
|�����FPÜ���$V� D� UHVXOW� RI�QS�VFDWWHULQJ� LQ
DQLRQLF�JURXSV��+�32��Ü�K\GURJHQ�YDFDQFLHVDSSHDU� DQG� KROH� FHQWHU� �+32��±� LV� IRUPHG�
)RUPDWLRQ� RI� WKH� DXWRORFDOL]HG� KROH� LV� DF�
FRPSDQLHG� E\� HOHFWURQ� FDSWXUH� RQ� WKH� DFWL�
YDWRU�� 6XEVHTXHQW� HOHFWURQ� DQG�KROH� UHFRP�
ELQDWLRQ�UHVXOWV�LQ�VFLQWLOODWLRQ�

)LJ����� 1HXWURQ� DPSOLWXGH� VSHFWUD� �3X±%H��
VRXUFH� ����� J�TXDQWD� ���&R�� ���� DQG� EDFN�
JURXQG�����

)LJ����� 6FKHPH� RI� WKH� H[SHULPHQW� SHUIRUP�
DQFH�� ��Û� VDPSOH� XQGHU� LQYHVWLJDWLRQ�� ��Û
PXOWLSOLHU�SKRWRWXEH����Û�UDGLRDFWLYH�VRXUFH�
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7KH� YDOXHV� RI� QHXWURQ� VHQVLWLYHQHVV� IRU
WKH�VDPSOHV�REWDLQHG�E\�WKH�GLIIHUHQW�PHWK�
RGV�DUH�SUHVHQWHG�LQ�WKH�7DEOH��7KH�SHUFHQW�
DJH� RI� DPPRQLXP� VDOLF\ODWH� LV� LQGLFDWHG� LQ
WKH�PL[HG�VROXWLRQ�RI�$'3Ü1+�6DO��$V� LW� FDQ� EH� VHHQ� IURP� WKH� 7DEOH� WKH
QHXWURQ�VHQVLWLYHQHVV�RI�K\EULG�VFLQWLOODWRUV
GHSHQGV� RQ� WKH�PHWKRG�RI� WKH� VDPSOHV�SUR�
GXFWLRQ�� 6LQJOH� FU\VWDOV� RI� DPPRQLXP� VDOL�
F\ODWH� VKRZQ�WKH�KLJKHVW�QHXWURQ�VHQVLWLYH�
QHVV�� ,Q� WKH� K\EULG� VLQJOH� FU\VWDO� VDPSOHV
$'3�1+�6DO� WKH� VHQVLWLYHQHVV� GHFUHDVHV
DORQJ� ZLWK� DQ� LQFUHDVH� RI� WKH� FRQWHQW� RI
DPPRQLXP� VDOLF\ODWH� LQ� WKH� VROXWLRQ� WKDW
DSSDUHQWO\� LV� FRQQHFWHG�ZLWK� DVVRFLDWLRQ� RI
VDOLF\ODWH�LRQV� LQ� VROXWLRQV�� IRU� H[DPSOH�
ZLWK�IRUPDWLRQ�RI�LRQLF�SDLUV�>�@��$V�D�FRQ�
VHTXHQFH�� WKH� FRHIILFLHQW� RI� GLVWULEXWLRQ� RI
DPPRQLXP�VDOLF\ODWH�GHFUHDVHV�ZLWK�WKH� LQ�
FUHDVH�RI�LWV�FRQFHQWUDWLRQ�LQ�WKH�VROXWLRQ��

)RU�FRPSDULVRQ�RI�DFWLYDWRU�LQIOXHQFH�RQ
WKH� QHXWURQ� VHQVLWLYHQHVV� RI� GRSHG� $'3
FU\VWDOV�WKH�FU\VWDOV�FR�GRSHG�E\�DPPRQLXP
VDOLF\ODWH�DQG�WKDOOLXP�ZHUH�JURZQ����ZW��
RI� HDFK� FRPSRQHQW� LQ� WKH� VROXWLRQ��� $V� LW
FDQ� EH� VHHQ�� WKH� QHXWURQ� VHQVLWLYHQHVV� RI
VLQJOH� FU\VWDOV� $'3�1+�6DO�7O� � LV� D� IHZKLJKHU� WKDQ� WKH� RQH� RI� FU\VWDOV� GRSHG� RQO\
E\� DPPRQLXP� VDOLF\ODWH� �DW� WKH� OHYHO� RI
SUHVVLQJ�1+�6DO��7KH� VHQVLWLYHQHVV� RI� RUJDQRVLOLFRQH� FRP�
SRVLWH� PDWHULDOV� DQG� SUHVVLQJV� REWDLQHG
IURP� WKH� FU\VWDOOLQH� SRZGHU� RI� DPPRQLXP
VDOLF\ODWH� GRHV� QRW� GLIIHU� VLJQLILFDQWO\�� 2U�
JDQRVLOLFRQH� FRPSRVLWH�PDWHULDOV� DQG�SUHVV�
LQJV� REWDLQHG� IURP� WKH� FR�FU\VWDOOL]HG� SRZ�
GHU� RI� GLK\GURJHQ� SKRVSKDWH� DQG� VDOLF\ODWH
RI� DPPRQLXP� VKRZ� WKH� VHQVLWLYHQHVV� LQ�
FUHDVH�LQ�FRUUHODWLRQ�ZLWK�DQ�LQFUHDVH�RI�DP�
PRQLXP�VDOLF\ODWH�FRQWHQW�LQ�WKH�VDPSOHV��,W
LV�HDV\�WR�XQGHUVWDQG�EHFDXVH�WKH�FRFU\VWDO�
OL]HG�SRZGHU�LV�D�PHFKDQLFDO�PL[WXUH�RI�WKH
LQLWLDO� FRPSRQHQWV�� EXW� XQGRSHG� $'3� GRHV
QRW�SRVVHVV�VFLQWLOODWLRQ�SURSHUWLHV�
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,Q�VSLWH�RI�WKH�VPDOO�DPRXQW�RI�WKH�EXLOW�

LQ�VDOLF\ODWH�LRQV�WKH�K\EULG�FU\VWDOV�GHPRQ�
VWUDWH� WKH� SUHVHQFH� RI� VFLQWLOODWLRQ� SURSHU�
WLHV�GHSHQGLQJ�RQ�WKH�FRQFHQWUDWLRQ�RI�&6DO�&RGRSHG� K\EULG� VFLQWLOODWLRQ� VLQJOH� FU\VWDOV
$'3�1+�6DO�7O� DUH� FKDUDFWHUL]HG� E\� WKH
KLJKHVW� QHXWURQ� VHQVLWLYHQHVV� ZKLFK� LV

FRPSDUDEOH� ZLWK� WKH� VHQVLWLYHQHVV� RI� WKH
RUJDQLF�VLQJOH�FU\VWDOV�RI�DPPRQLXP�VDOLF\�
ODWH��
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3UREOHP� RI� 7UDQVIHU� RI� ,RQL]LQJ� 5DGLDWLRQV�
(QHUJRDWRPL]GDW��0RVFRZ��������>LQ�5XVVLDQ@�

� ���-�*RUGRQ�� 2UJDQLF� &KHPLVWU\� RI� (OHFWURO\WH
6ROXWLRQV��0LU��0RVFRZ��������>LQ�5XVVLDQ@�

7DEOH��6HQVLWLYHQHVV�RI�K\EULG�VFLQWLOODWRUV
RQ� WKH� EDVLV� RI� VDOLF\ODWH� DQG� GLK\GURJHQ
SKRVSKDWH�RI�DPPRQLXP�WR�QHXWURQV� IURP
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