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$� VSHFLDO� LQWHUHVW� LQ� VLOLFLGH� ILOPV� LV� FRQ�
QHFWHG�ZLWK�WKH�ZLGH�YDULDWLRQ�UDQJH�RI�WKHLU
SURSHUWLHV� IURP� WKRVH� W\SLFDO� RI� PHWDOV� WR
VHPLFRQGXFWRU�RQHV�DV�ZHOO�DV�ZLWK�HQKDQFHG
WKHUPDO�DQG�FKHPLFDO�UHVLVWDQFH�DV�FRPSDUHG
WR� PHWDOV� >����@�� ,Q� WUDGLWLRQDO� 026� �PHWDO�
R[LGH�VHPLFRQGXFWRU��VLOLFRQ� WHFKQRORJ\�� WKH
VLOLFLGH�ILOPV�DUH�XVHG�DV�IXQFWLRQDO�HOHPHQWV
LQWHQGHG� IRU� GLIIHUHQW� SXUSRVHV� �UHFWLI\LQJ
6FKRWWN\� GLRGHV�� RKPLF� FRQWDFWV�� JDWH� HOHF�
WURGHV��HPLWWHUV�DQG�LQWHUFRQQHFWLRQV���

$PRQJ� HSLWD[LDO� ILOPV� ZKLFK� FDQ� EH
IRUPHG� RQ� VLQJOH�FU\VWDO� VLOLFRQ� SODWH�� RI� D
SDUWLFXODU� LQWHUHVW� DUH�GLVLOLFLGH�&R6L��ZLWKPHWDO� FRQGXFWLYLW\� DQG� ORZ� VSHFLILF� UHVLV�
WDQFH� �DERXW� ��� P:�FP�� DQG� VHPLFRQGXFWRU
VLOLFLGH�0Q�6L��ZKLFK�GXH�WR�LWV�XQLTXH�HOHF�WULFDO� DQG� RSWLFDO� SURSHUWLHV� �WKHUPDO� HPI
DQLVRWURS\� ZLWK� FRHIILFLHQW� H[FHHGLQJ
����P9�.� DV� ZHOO� DV� GLUHFW� EDQG� JDS� RI
����Ü����� H9� WKLFNQHVV�� LV� D� QHZ� PDWHULDO
RI� JRRG� SURPLVH� IRU� XVH� LQ� WKHUPRHOHFWULF
GHYLFHV� DQG� LQ� GHYHORSPHQW� RI� KLJK�WHP�
SHUDWXUH�JHQHUDWRUV�DQG�VHQVRUV�>�@�

7KH� ODWWLFH� PLVPDWFK� IRU� &R6L�� DQG� 6LVXEVWUDWH�PDNHV� DERXW�������DW� URRP� WHP�
SHUDWXUH�� WKXV� HQDEOLQJ� LWV� HSLWD[LDO
JURZWK�� +RZHYHU�� LQ� D� VLQJOH�OD\HU� &R�6L
ILOP� FRPSRVLWLRQ�� &R6L�� OD\HU� JURZV� DV� DSRO\FU\VWDO� GXH� WR� KLJK� UDWH� RI� VROLG�VWDWH

&R� DQG� 6L� LQWHUDFWLRQ� UHDFWLRQV�� ,Q� WKLV
ZRUN�� WKH� SUREOHP� RI� &R6L�� HSLWD[LDO� ILOPIRUPDWLRQ� ZDV� VROYHG� E\� FUHDWLRQ� RI� D� VSH�
FLILF� OD\HU�� D� GLIIXVLRQ�FRQWUROOLQJ� PHP�
EUDQH� �'&0�� RI� LQWHUPHGLDWH� QDQRGLPHQ�
VLRQDO� 7L� DQG� 6L2�� OD\HUV� EHWZHHQ� WKH� &RILOP� DQG�6L� VXEVWUDWH�� 7KH� FRQWUROOLQJ� UROH
RI� '&0� ZDV� WR� GHFHOHUDWH� WKH� GLIIXVLRQ
IORZV�RI�&R�DQG�6L�DWRPV�LQWR�WKH�VROLG�VWDWH
UHDFWLRQ�]RQH�DQG� WR�SURYLGH� WKH�&R6L�� HSL�WD[LDO� JURZWK��8QGHU� DQQHDOLQJ�RI� WKH� ILOP
FRPSRVLWLRQV�XQGHU�LQYHVWLJDWLRQ��WKH�GLIIX�
VLRQ�SURFHVVHV�DUH�DFFRPSDQLHG�E\�GHWHULRUD�
WLRQ�RI�6L2�� OD\HU� DQG�IRUPDWLRQ�RI�&R±7L±
6L� WHUQDU\� FRPSRXQG� ZKLFK� ZDV� LGHQWLILHG
LQ� WKLV� ZRUN� DV�&R�7L�6L� SKDVH�� 7KH� WKLFN�QHVV� YDOXHV� RI� LQLWLDO� 7L� DQG� 6L2�� OD\HUVZHUH� VHOHFWHG� WR� SURYLGH� WKH� WHUQDU\� FRP�
SRXQG� OD\HU� RI� DERXW� ��� QP� WKLFNQHVV� >�@�
7KH� GHFRPSRVLWLRQ� RI� WHUQDU\� FRPSRXQG� DW
KLJKHU� DQQHDOLQJ� WHPSHUDWXUHV� UHVXOWV� LQ
WUDQVIHU� RI� &R� DWRPV� WR� 6L� VXEVWUDWH� DQG
IRUPDWLRQ� RI�&R6L�� HSLWD[LDO� ILOP�� &DOFXOD�
WLRQ�RI�HIIHFWLYH�GLIIXVLRQ�FRHIILFLHQW�RI�&R
DWRPV�KDV�VKRZQ�WKDW�LW�ZDV�GHFUHDVHG�E\��
RUGHUV� >�@�� �)LJ������ 7KH� HOHFWULF� UHVLVWDQFH
XQGHU�DQQHDOLQJV�LV�YDULHG�FRUUHVSRQGLQJ�WR
D�FXUYH�ZLWK�D�PD[LPXP��7KH� ORZHVW�UHVLV�
WDQFH� �DERXW����PP�FP�� FRUUHVSRQGV� WR� IRU�
PDWLRQ� RI�&R6L��� ,W� LV� HVWDEOLVKHG� WKDW� WKH
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&R6L�� HSLWD[LDO� OD\HU� LV� IRUPHG�LQ�D� VDPSOH
ZLWK� 7L� OD\HU� RI� ���� QP� DQG�6L2�� OD\HU� RI����� QP� DIWHU� DQQHDOLQJ� LQ� XOWUDKLJK� YDF�
XXP�DW������.�GXULQJ����V��,WV�WKLFNQHVV�LV
��� QP� DQG� WKH� HSLWD[LDO� FRUUHODWLRQV� ZLWK
WKH� VLOLFRQ� VXEVWUDWH�ZHUH� HVWDEOLVKHG� WR� EH
�����>���@&R6L�__�����>���@6L��&R6L�� LV� WKHU�PDOO\�VWDELOH�XS�WR������.�

7KH� ODWWLFH� PLVPDWFK� IRU� 0Q�6L�� DQG� 6LPDNHV� DERXW� ���� ��� WKXV�� LWV� HSLWD[LDO
JURZWK�RQ�D�VLOLFRQ�VLQJOH�FU\VWDO�LV�SRVVLEOH�
WRR��+RZHYHU�� IRUPDWLRQ� RI�0Q�6L�� E\� VROLG�VWDWH�UHDFWLRQ�GXULQJ�DQQHDOLQJ�RU�E\�0Q�UH�
DFWLYH�GHSRVLWLRQ�RQWR�KHDWHG�VXEVWUDWH�LV�DF�
FRPSDQLHG� E\� IRUPDWLRQ� RI� VLOLFLGH� ILOP� RI
SRO\FU\VWDOOLQH� VWUXFWXUH�GXH� WR� KLJK� UDWH� RI
VROLG�VWDWH�UHDFWLRQV�LQ�WKH�0Q�6L�ILOP�V\VWHP�
7R� ORZHU� WKH� FKHPLFDO� DFWLYLW\� RI� VXEVWUDWH
VXUIDFH�� D� EXIIHU� VLOLFRQ� OD\HU� RI� ���� QP� LV
GHSRVLWHG� WKHUHRQ� XQGHU� XOWUD� KLJK� YDFXXP�
7KH� LQIOXHQFH�RI�VXEVWUDWH�WHPSHUDWXUH�RQ�WKH
VWUXFWXUH� DQG� PRUSKRORJ\� RI� 0Q�6L�� VLOLFLGHIRUPLQJ� DW� GHSRVLWLRQ� RI� QDQRGLPHQVLRQDO�0Q
ILOP� ZDV� VWXGLHG�� ,W� ZDV� HVWDEOLVKHG� WKDW� DW
7VXEVW��������.��WKH� FRQWLQXRXV� EXW� SRO\FU\V�WDOOLQH� VLOLFLGH� OD\HU� LV� IRUPHG�� $W� 7VXEVW��!����.��WKH�ILOP�FRQVLVWV�RI�VHSDUDWH�HSLWD[LDO
JUDLQV�RI�0Q�6L��DQG�LV�LQFRQWLQXRXV��7R�IRUP�WKH�HSLWD[LDO�OD\HUV�RI�0Q�6L��RQVLOLFRQ�� LW� LV� XVHG� WKH� DSSURDFK� EDVLQJ� RQ
WKH� FKDQJH� LQ� JURZWK� NLQHWLFV� RI� VLOLFLGH
ILOP�GXH�WR�XVH�RI�6E�VXUIDFWDQW��D�VSHFLILF
OD\HU�EHWZHHQ�WKH�PHWDO�ILOP�DQG�VXEVWUDWH�
7KH� VXUIDFWDQW�GHFUHDVHV� WKH� VXEVWUDWH� VXU�
IDFH� DFWLYLW\� DQG�SURGXFHV� LWV�ZHWWLQJ��7KH
6E� OD\HU�ZDV�GHSRVLWHG�SUHYLRXVO\�RQWR�VLOL�
FRQ�VXUIDFH�DW�����.��7KH�VXEVHTXHQW�UHDF�
WLYH� GHSRVLWLRQ� RI� 0Q� ILOP� LV� DFFRPSDQLHG
E\�0Q�6L��IRUPDWLRQ��

,W� KDV� EHHQ� HVWDEOLVKHG� WKDW� DQ� LQFUHDVH
RI�VXUIDFWDQW�OD\HU�WKLFNQHVV�LQIOXHQFHV�WKH
PRUSKRORJ\�RI�0Q�6L��ILOP�DQG�SURGXFHV�DQ
LQFUHDVH� RI� WKH� DUHD� RFFXSLHG� E\� VLOLFLGH
�)LJ������ $W� VXUIDFWDQW� OD\HU� WKLFNQHVV� RI
��PRQROD\HU�� WKH� IRUPDWLRQ�RI� ODUJH�JUDLQV
LV� VXSSUHVVHG� DQG� GHQVLW\� RI� VPDOO� JUDLQV
ZKLFK� LQKHULW� WKH� VXEVWUDWH� RULHQWDWLRQ� LV
LQFUHDVHG� >�Ü�@�� 7KH� FDOFXODWLRQV� KDYH
VKRZQ�WKDW�WKH�VXUIDFH�GLIIXVLRQ�FRHIILFLHQW
RI�0Q� DWRPV� LV�GHFUHDVHG�E\���RUGHUV��WKXV
UHVXOWLQJ� LQ� VXSSUHVVLRQ� RI� ODUJH� VLOLFLGH
JUDLQV� JURZWK�� 7KH� FURVV�VHFWLRQ� H[DPLQD�
WLRQ�RI�WKH�ILOP�VDPSOH�E\�7(0�VKRZ�WKDW� LQ
WKH� DEVHQFH� RI� VXUIDFWDQW�� WKH� VLOLFLGH� JUDLQV
JURZ� RQ� WKH� VXEVWUDWH� VXUIDFH� DQG� ZKHQ� WKH
VXUIDFWDQW�LV�SUHVHQW��WKRVH�JURZ�LQWR�VXEVWUDWH

)LJ�����(IIHFW�RI�VXEVWUDWH�WHPSHUDWXUH�RQ�WKH
VWUXFWXUH� DQG� PRUSKRORJ\� RI�0Q�6L�� ILOP� LQ0Q����QP��6L�����QP��6L������VWUXFWXUH�

)LJ����� &RPSDULVRQ� RI� H[SHULPHQWDOO\� GHWHU�
PLQHG� HIIHFWLYH� GLIIXVLRQ� FRHIILFLHQW� RI� &R
�SRLQW����ZLWK�OLWHUDWXUH�GDWD�>�@��

)LJ�����(IIHFW�RI�6E� VXUIDFWDQW�RQ� WKH� VWUXF�
WXUH�DQG�PRUSKRORJ\�RI�0Q�6L��ILOP��
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DQG� ILOP� ZLWK� VPRRWK� VXUIDFH� PRUSKRORJ\� LV
IRUPHG� ��

7KXV�� WKH� LQWURGXFWLRQ� RI� QDQRVFDOH� 7L
DQG� 6L2�� OD\HUV� DV� GLIIXVLRQ� FRQWUROOLQJOD\HU��'&/��LQWR�WKH�&R�6L�ILOP�FRPSRVLWLRQ
SURYLGHV� D� FRQWUROOHG� JURZWK� RI� &R6L�� HSL�WD[LDO�ILOP�RQ�VLOLFRQ�VLQJOH�FU\VWDO�E\�GHFHO�
HUDWLRQ� RI� WKH� GLIIXVLRQ� SURFHVVHV� GXH� WR
IRUPDWLRQ� RI� WKH� &R�7L�6L� LQWHUPHGLDWH
SKDVH� WKDW� UHGXFHV� WKH� HIIHFWLYH� GLIIXVLRQ
FRHIILFLHQW� RI� &R� DWRPV� WR� WKH� VROLG�SKDVH
UHDFWLRQ�]RQH�DQG�SURYLGHV�WKH�IRUPDWLRQ�RI
HSLWD[LDO� &R6L�� GLVLOLFLGH�� 7KH� FRQWUROOHGJURZWK�RI�HSLWD[LDO�0Q�6L��VLOLFLGH�OD\HUV�RQWKH� VLQJOH�FU\VWDOOLQH� VLOLFRQ�RI� ������RULHQ�
WDWLRQ� LV� SURYLGHG� E\� LQWURGXFWLRQ� RI� D
XOWUD�WKLQ� VXUIDFWDQW� OD\HU� DV� D� '&/� EH�
WZHHQ� WKH� 0Q� ILOP� DQG� 6L� VXEVWUDWH�� WKXV
SURYLGLQJ� D� FKDQJH� LQ� WKH� ILOP� JURZWK� NL�
QHWLFV�� 7KH� VXUIDFWDQW� PRQROD\HU� LQWURGXF�
WLRQ�FGDXVHV�D�UHGXFWLRQ� LQ�WKH�VXUIDFH�GLI�
IXVLRQ� FRHIILFLHQW� RI� 0Q� DWRPV� RQ� 6L������
WKXV� SURYLGLQJ� WKH� OD\HU�E\�OD\HU� JURZWK
PHFKDQLVP� RULHQWHG� ILOP� RI� D� ILOP� FRQVLVW�
LQJ�RI�VPDOO�0Q�6L��JUDLQV�LQKHULQJ�WKH�VXE�VWUDWH� RULHQWDWLRQ� DQG� IRUPDWLRQ� RI� DQ� HSL�
WD[LDO�0Q�6L��VLOLFLGH�OD\HU�
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