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6DSSKLUH� RFFXSLHV� D� OHDGLQJ� SRVLWLRQ
DPRQJ� PRGHUQ� IXQFWLRQDO� PDWHULDOV� GXH� WR
LWV� XQLTXH� SURSHUWLHV� >�@�� 7KH� GHYHORSPHQW
RI� QRYHO� VDSSKLUH� JURZLQJ� WHFKQRORJLHV
U�TXLUHV�QRYHO�DSSURDFKHV�WR�WKH�SUREOHP�RI
WKH�DOXPLQD�PHOW�FU\VWDOOL]DWLRQ��7KLV�ZRUN
LV�DLPHG�DW�RQH�VXFK�DSSURDFK��QDPHO\��WKH
PRQLWRULQJ� RI� WKH� VROLG�OLTXLG� DOXPLQD� LQ�
WHUIDFH�LQ�WKH�WUDQVLHQW�PRGH�ZKHQ�WKH�VDS�
SKLUH� LV� JURZQ� E\� KRUL]RQWDO� GLUHFWLRQDO
FU\VWDOOL]DWLRQ�� 7KH� IDFWV� PHQWLRQHG� E�ORZ
LOOXVWUDWH�WKH�DFWXDOLW\�RI�VXFK�VWXGLHV�

,W� LV� ZHOO� NQRZQ� WKDW� VWULSV� EHLQJ� WKH
DFFXPXODWLRQV�RI�VPDOO�EXEEOHV�PD\�DULVH�LQ
WKH� VDSSKLUH� GXULQJ� LWV� JURZLQJ�� 7KH� EXE�
EOHV� DUH� QXFOHDWHG� LQ� WKH� KROORZV� RI� FHOOV
DULVLQJ�RQ�WKH�SKDVH�LQWHUIDFH�DW�WKH�FRQFHQ�
WUDWLRQ� RYHUFRROLQJ� �&2&�� RI� WKH� DOXPLQD
PHOW� >�@�� 7KH� WUDQVLWLRQ� IURP� WKH� VPRRWK
SKDVH�LQWHUIDFH�WR�WKH�FHOOXODU�RQH�RFFXUV�LQ
VWHSZLVH� PDQQHU� DQG� LV� DFFRPSDQLHG� E\� D
VKDUS� LQFUHDVHV� RI� WKH� FU\VWDOOL]DWLRQ� UDWH
>�@��:KHQ�D�FU\VWDO�LV�SXOOHG�RXW�RI�D�ELQDU\
PHOW� EHLQJ� LQ� WKH� &2&� VWDWH�� WKH� FU\VWDO�

OL]DWLRQ� UDWH� EHKDYHV� QRQPRQRWRQRXVO\�� LQ
SDUWLFXODU�� LW� PD\� H[KLELW� GDPSLQJ� YDUL�
DWLRQV� >�@�� 6XFK� YDULDWLRQV� DUH� GXH� WR� FRQ�
VLGHUDEOH�FRQFHQWUDWLRQ�RYHUFRROLQJV�>�@�WKDW
PXVW� FDXVH� LQVWDELOLW\� RI� WKH� VPRRWK� SKDVH
LQWHUIDFH�� +RZHYHU�� XS� WR� QRZ�� WKHUH� DUH
RQO\� VFDQW� GDWD� RQ� WKH�PHOW�&2&�YDOXHV� DV
ZHOO� DV� RQ� WKH� UHVLGHQFH� GXUDWLRQ� RI� WKH
FU\VWDO�PHOW� V\VWHP� ZLWK� D� VPRRWK� FU\VWDO�
OL]DWLRQ�IURQW�XQGHU�WKH�&2&�FRQGLWLRQV�

,Q� WKLV� ZRUN�� WKH� VDSSKLUH� FU\VWDO� RI
���u��u���PP��VL]H�ZDV�JURZQ�>�@�LQ�DERXW
���� 7RUU� YDFXXP� IURP� SUH�PHOWHG� DOXPLQD
RI�*����JUDGH��-XGJLQJ� IURP� WKH�SLQN� VDS�
SKLUH� FRORU�� WKH� LQLWLDO� EOHQG� FRQWDLQHG
DERXW���Ü����RI�WLWDQLXP�

7R�PRQLWRU�WKH�FU\VWDOOL]DWLRQ�IURQW��&)��
D� 6HQVLFDP� TH� &&'� FDPHUD� ZDV� XVHG�� 7KH
VKRW� VSDFLQJ�ZDV�����V�� WKH�H[SRVXUH���PV�
7KH�GDWD�FRPLQJ�IURP�WKH�&&'�FDPHUD�ZHUH
SURFHVVHG�XVLQJ�D�VSHFLDO�VRIWZDUH�SURYLGLQJ
WKH�&)�SRVLWLRQ�FRRUGLQDWH�[I�FRXQWHG� IURPWKH�KHDW� VFUHHQ�HGJH�RYHUKDQJLQJ� WKH�PHOW�
7KH� &&'�PDWUL[� SL[HO� FRUUHVSRQGHG� WR� WKH
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����� PP� DUHD� RQ� WKH� VDPSOH� VXUIDFH�� 7KH
&)� SRVLWLRQ� ZDV� GHWHUPLQHG� WR� ZLWKLQ
���� PP�� 7KH� &)� EHKDYLRU� ZDV� VWXGLHG� LQ
WZR�WUDQVLHQW�SURFHVVHV��DW�WKH�FU\VWDO�SXOO�
LQJ� DW� WKH� UDWH� :� �FRQVW� DQG� DIWHU� WKH
SXOOLQJ� GHYLFH� ZDV� VZLWFKHG� RXW� �:� ����
7KH�VXSSO\�SRZHU�RI�WKH�IXUQDFH�KHDWHU�ZDV
FRQVWDQW�

)LJ���D�SUHVHQWV�WKH�WLPH�GHSHQGHQFHV�RI
WKH� [I� FRRUGLQDWH� IRU� WKH� LQLWLDO� WUDQVLHQWPRGH� DW� WZR� W\SLFDO� FU\VWDO� SXOOLQJ� VSHHGV�
:� ��� PP�K� DQG�:� ���� PP�K�� 7KH� VDS�
SKLUH� ZDV� IUHH� RI� WKH� EXEEOH� VWULSV� LQ� WKH
ILUVW�FDVH�DQG�FRQWDLQHG�WKRVH�LQ�WKH�VHFRQG
RQH�� 7KH� QRQPRQRWRQLF� FKDUDFWHU� RI� ERWK
FXUYHV� LQ� )LJ���D� LV� WR� EH� QRWHG�� 6LQFH� WKH
[I�W�� GHSHQGHQFH� EHFRPHV� PRQRWRQLF� DIWHUWKH� SXOOLQJ� LV� RYHU� �)LJ���E��� WKH� &)� VSHHG
FRRUGLQDWH�YDULDWLRQV�REVHUYHG�LQ�WKH�LQLWLDO
WUDQVLHQW�UHJLPH�DUH�QRW�FRQQHFWHG�ZLWK�WKH
SRVVLEOH� YDULDWLRQV� RI� WKH� SRZHU� EHLQJ� VXS�
SOLHG�WR�WKH�JURZWK�IXUQDFH��,W�ZDV�IRXQG�LQ
VSHFLDO�H[SHULPHQWV�WKDW�WKH�FUXFLEOH�SODFHG
RQ� WKH� SXOOLQJ� GHYLFH� VZHHS� LV� GLVSODFHG
ZLWKLQ� WKH� IXUQDFH�ZLWKRXW� DQ\�DSSUHFLDEOH

YLEUDWLRQV�� 7KXV�� WKH� &)� EHKDYLRU� IHDWXUHV
SUHVHQWHG� LQ� )LJ���D� DUH� GXH� WR� UHGLVWULEX�
WLRQ�RI�WKH�LPSXULWLHV�LQ�WKH�DOXPLQD�PHOW�

$FFRUGLQJ� WR� FDOFXODWLRQV� >�@�� WKH� QRQ�
PRQRWRQLF�WUHQG�RI�WKH�[I�W��GHSHQGHQFH�RE�VHUYHG� LQ�WKH�FDVH�:� ���PP�K��FXUYH��� LQ
)LJ���D�� LV� GXH� WR� WKH� PHOW� FRQFHQWUDWLRQ
RYHUFRROLQJ�� $V� WKH� DERYH�PHQWLRQHG� VWULSV
ZHUH� QRW� REVHUYHG� ZKHQ� WKH� FU\VWDO� ZDV
SXOOHG�DW�WKDW�VSHHG��WKH�SKDVH�LQWHUIDFH�FDQ
EH� DVVXPHG� WR� UHPDLQ� VPRRWK� >�@�� 7KXV�
XQGHU� WKH� FRQGLWLRQV� EHLQJ� XQGHU� FRQVLGHUD�
WLRQ�� WKH� YDOXH�:� ��� PP�K� LV� PRVW� OLNHO\
ZLWKLQ�WKH�SXOOLQJ�VSHHG�UDQJH�ZKHUH�WKH�PHOW
LV�FRQFHQWUDWLRQ�RYHUFRROHG�DQG�FU\VWDOOL«HV�DW
WKH�VDPH�WLPH�ZLWK�D�VPRRWK�IURQW�

7KH�&)� EHKDYLRU� DW� WKH� VDSSKLUH� SXOOLQJ
VSHHG� RI� ��� PP�K� LV� IRXQG� WR� EH� XQXVXDO
�FXUYH� ��� )LJ���D��� $ERXW� ���� V� DIWHU� WKH
SXOOLQJ� GHYLFH� VWDUW�� WKH�&)� EHJDQ� YDU\� YL�
EUDWLRQDOO\� DORQJ� WKH� JURZWK� D[LV�� $� WKRVH
PRPHQWV�� WKH� FU\VWDOOL]DWLRQ� UDWH� ZDV� HVWL�
PDWHG� WR� H[FHHG� ���� PP�K�� $V� LV� VHHQ� LQ
)LJ���D�� FXUYH� ��� WKH� YDULDWLRQV� DUH� FOHDUO\
SHULRGLF� �DW� D� SHULRG� RI� DERXW� ���� V�� DQG
VKRZ�DQ�DV\PPHWULF� WUHQG�� WKH� JUDGXDO�GH�
FHOHUDWLRQ� RI� WKH� &)� VSHHG� �WKH� OHIW� SHDN
HGJH�� LV� DOWHUQDWHG� ZLWK� LWV� VKDUS� LQFUHDVH
�WKH� ULJKW� SHDN� HGJH��� 7KH� REVHUYHG� EHKDY�
LRU� RI� WKH� SKDVH� LQWHUIDFH� FDQ� EH� H[SODLQHG
E\� D� UHODWLYHO\� VORZ� LPSXULW\� DFFXPXODWLRQ
LQ�IURQW�RI�WKH�&)�IROORZHG�E\� LWV�IDVW�FDS�
WXULQJ� E\� WKH� VROLG� SKDVH��$V� D� UHVXOW�� WKH
PHOW� EHFRPHV� GHSOHWHG� RI� WKH� LPSXULW\� LQ
IURQW� RI� WKH� &)�� DQG� WKH� F\FOH� LV� UHSHDWHG
ZKHQ� LW� LV� DFFXPXODWHG� DJDLQ�� 7KH� YDUL�
DWLRQV� LQ� WKH� FU\VWDO�PHOW� V\VWHP� VKRZ� DOO
WKH� IHDWXUHV� RI� VR�FDOOHG� WHPSRUDO� GLVVLSD�
WLYH�VWUXFWXUH�>�@�

$Q� LPSRUWDQW� IHDWXUH� RI� WKDW� SKHQRPH�
QRQ�FRQVLVWV�LQ�WKDW�WKH�YDULDWLRQV�DUH��V\Q�
FKURQL]HG��ZLWK�WKH�IRUPDWLRQ�RI�WKH�DERYH�

)LJ����� 7LPH� GHSHQGHQFH�� RI� WKH� FU\VWDO�
OL]DWLRQ� IURQW� FRRUGLQDWH�[I� DIWHU� WKH� FU\VWDOSXOOLQJ�GHYLFH�VZLWFKLQJ�RQ��D��DQG�VZLWFKLQJ
RII��E��DW�WKH�SXOOLQJ�VSHHG�RI���PP�K�������
DQG����PP�K��������

)LJ����� 3RURVLW\� LQ� VDSSKLUH� IRUPHG� DW� WKH
FU\VWDO� SXOOLQJ� VSHHG� ���PP�K��7KH�����PP
WKLFN� SODWH� LV� FXW� RXW� DORQJ� WKH� FU\VWDO
JURZWK� D[LV� DQG� SHUSHQGLFXODU� WR� LWV� QHDU�
ERWWRP�VXUIDFH�
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PHQWLRQHG� VWULSV� LQ� WKH� VDSSKLUH� �)LJ����
WKDW� DUH� PDQLIHVWHG� VWLOO� DW� WKH� VDSSKLUH
JURZWK� VWDJH� DV� WKH� FKDUDFWHULVWLV�NQHHV� LQ
WKH�WLPH�GHSHQGHQFH�RI�WKH�&)�FRRUGLQDWH�
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