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6WDEOH� VSLUDO� GRPDLQV� �6S'�� VXUURXQGHG� E\� EXEEOH� ODWWLFH� �/%'�� DQG� H[LVWLQJ� LQ� WKH

DEVHQFH� RI� PDJQHWLF� ILHOGV� KDYH� EHHQ� H[SHULPHQWDOO\� VWXGLHG� LQ� HSLWD[LDO� IHUULWH�JDUQHW
ILOPV�� 7KHUPRG\QDPLF� DSSURDFK� DQG� WKH� FRQFHSW� RI� PDJQHWRVWDWLF� SUHVVXUH� DUH� XVHG� WR
H[SODLQ�WKH�6S'�EHKDYLRU�ZLWK�ELDV�ILHOG��+��DQG�WHPSHUDWXUH��7��FKDQJH��,W�LV�VKRZQ�WKDW
7��RU�+�LQGXFHG�SKDVH�WUDQVLWLRQV��37��LQ�/%'�LQLWLDWH�37�LQ�6S'�
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,Q� WKH� IHUULWH�JDUQHW� ILOPV�� WKHUH� LV� D
ODUJH� YDULHW\� RI� GRPDLQ� VWUXFWXUHV� GXH� WR
ERWK�WKH�SK\VLFDO�SURSHUWLHV�RI�WKH�ILOP�PD�
WHULDO� DQG� WKH� LQIOXHQFH� RI� PDJQHWLF� ILHOGV
DQG�WHPSHUDWXUH��5HFHQWO\��QHZ�H[SHULPHQ�
WDO�DQG�WKHRUHWLFDO�ZRUNV�KDYH�EHHQ�SXEOLVK�
HG�DLPHG�DW�D�QHZ�W\SH�RI�GRPDLQ�VWUXFWXUH
�'6��� WKH� VSLUDO� GRPDLQV� �6S'�� RULJLQDWLQJ
LQ� WKH� ILOPV� XQGHU� WKH� DFWLRQ� RI� YDULDEOH
DQG�FRQVWDQW�PDJQHWLF�ILHOGV��7KH�6S'�SRV�
VHVV�GLIIHUHQW�SURSHUWLHV�GHSHQGLQJ�RQ�WKHLU
IRUPDWLRQ� FRQGLWLRQV�� 6LQJOH�� DQG� WZR�DUP
6S'V�ZHUH�REVHUYHG�ILUVW�LQ�EXON�VDPSOHV�RI
WKH� 0Q±$O±*H� DOOR\� >�@�� ,Q� IHUULWH�JDUQHW
ILOPV�� WKH� 6S'� RULJLQDWHG� IURP� D� ODE\ULQWK
'6� XQGHU� WKH� LQIOXHQFH� RI� D� SXOVHG� RU
VLQXVRLGDO�KLJK�IUHTXHQF\�PDJQHWLF� ILHOG� LQ
WKH� SUHVHQFH� RI� ELDV� ILHOG� +� >�Ü�@�� 6XFK
6S'�VWUXFWXUH�H[LVWHG�LQ�D�FHUWDLQ�UDQJH�RI
IUHTXHQFLHV� DQG� PDJQHWLF� ILHOG� YDOXHV�� LW
ZDV�IOXHQWO\�WUDYHOLQJ�ZLWKLQ�WKH�VDPSOH�IRU
D� FHUWDLQ� WLPH�� L�H�� WKH� VWUXFWXUH� ZDV� G\�
QDPLF�� $IWHU� WKH� ILHOG� VZLWFKLQJ� RII�� WKH
ODE\ULQWK� '6� ZDV� REVHUYHG�� ,Q� >����@�� WKH
6S'� ZHUH� DOVR� IRUPHG� IURP� WKH� ODE\ULQWK
'6� XQGHU� WKH� LQIOXHQFH� RI� ELDV� ILHOG�+�� ,Q

WKH� SUHVHQFH� RI� +�� WKHVH� ZHUH� WKH� VWDEOH
6S'�� $IWHU� WKH� ILHOG� UHPRYDO�� WKHUH� ZHUH
6S'�ZLWK�D�OHVVHU�QXPEHU�RI�WXUQV�DQG�VXU�
URXQGHG� E\� WKH� ODE\ULQWK� 6S'�� $OO� WKH� GH�
VFULEHG� 6S'� VWUXFWXUHV� ZHUH� QRQ�HTXLOLE�
ULXP�RQHV�� ,Q� >�@�� WKH�6S'�ZHUH�FUHDWHG�E\
D� VLQJOH�SROH� SXOVHG� PDJQHWLF� ILHOG� �+SXO��WKH�ELDV�+�EHLQJ�DEVHQW��7KHQ�WKH�ILHOV�ZDV
VZLWFKHG� RII�� 7KH� 6S'� ZHUH� VWDELOL]HG� E\
WKH� VXUURXQGLQJ� EXEEOH� ODWWLFH� �/%'�� DQG
H[LVWHG� IRU� DQ� LQILQLWH� WLPH� LQ� WKH� DEVHQFH
RI�PDJQHWLF�ILHOG��0RUHRYHU��WKRVH�ZHUH�UH�
SURGXFLEOH� DW� WKH� VDPH� IRUPDWLRQ� FRQGL�
WLRQV��7KXV��WKH�HTXLOLEULXP�VSLUDO�GRPDLQV
ZHUH� ILUVW� REWDLQHG�� :H� KDYH� VWXGLHG� WKH
HTXLOLEULXP�FRQGLWLRQ�RI� WZR� FRH[LVWLQJ�GR�
PDLQ�V\VWHPV��D� VSLUDO�GRPDLQ�DQG�DQ�/%'
E\� VXSHUSRVLQJ� DQ� +�!��� RQWR� D� GRPDLQ
VWUXFWXUH� >����@�7KH� HIIHFW� RI� +����� DQG
WHPSHUDWXUH��7��RQ�WKH�6S'�DUH�QRW�VWXGLHG
WR�GDWH�
7KLV� ZRUN� FRQWLQXHV� VWXGLHV� RI� VWDEOH

6S'�>�Ü�@��,WV�DLP�LV�WR�VWXG\�WKH�EHKDYLRU
RI�6S'�ZLWK�FKDQJHV�LQ�+�RU�7�DQG�WR�GHWHU�
PLQH� WKH� UHJXODULWLHV� DQG� SHFXOLDULWLHV� RI
SKDVH�WUDQVLWLRQ��37��PHFKDQLVP�LQ�D�VSLUDO
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GRPDLQ�� 7KH�ZRUN� QRYHOW\� FRQVLVWV� LQ� D� VL�
PXOWDQHRXV� H[SHULPHQWDO� VWXG\� DQG� H[SOD�
QDWLRQ�RI�WKH�UHVXOWV�REWDLQHG�XVLQJ�D�WKHU�
PRG\QDPLF�DSSURDFK�DQG� WKH�PDJQHWRVWDWLF
SUHVVXUH�FRQFHSW�
$�PDJQHWRRSWLFDO�XQLW�ZDV�XVHG�WR�VWXG\

'6�� ,W� SURYLGHG� WKH� WHPSHUDWXUH� FKDQJH
IURP� ��� .� WR� WKH� 1HHO� WHPSHUDWXUH� �71�DQG�WKH�DFWLRQ�RI�PDJQHWLF�ILHOGV�QRUPDO�WR
ILOP�SODQH�� D� VLQJOH�SROH� SXOVHG� ILHOG� �+SXO�RI� ���� +]� ZLWK� ��������S� $�P� DQG� D� ELDV
ILHOG�RI�WZR�GLUHFWLRQV��)RU�+np�WR�PDJQHWL�
]DWLRQ�0� LQVLGH� WKH� EXEEOH�� WKHQ� +!��� LI
+pp0�� WKHQ� +������ 0RUHRYHU�� WKH� ILOP
FRXOG� EH� DGGLWLRQDOO\� LQIOXHQFHG� E\� DQ� LQ�
SODQH� ILHOG�� 7KH� LQYHVWLJDWHG
�7P%L���)H*D��2��� ILOP� ZDV� JURZQ� RQ� JDG�ROLQLXP�JDOOLXP� JDUQHW� E\� WKH� OLTXLG�SKDVH
HSLWD[\� PHWKRG�� 7KH� HDV\� PDJQHWL]DWLRQ
D[LV� LV� QRUPDO� WR� WKH� ILOP� SODQH�� 7KH� ILOP
KDG� WKH� PDJQHWLF� FRPSHQVDWLRQ� SRLQW� �7&�RI� ���� .� DQG� WKH� 1HHO� WHPSHUDWXUH� RI
����.��$W�URRP�WHPSHUDWXUH��WKH�VDWXUDWLRQ
PDJQHWL]DWLRQ�RI�WKH�ILOP��S06� �������Ü��7�WKH� DQLVRWURS\� ILHOG� ����������S�$�P�
7KH� '6� ZDV� REVHUYHG� GXH� WR� WKH� )DUDGD\
HIIHFW�
6SLUDO� GRPDLQV� ZHUH� IRUPHG� E\�+SXO� LQWKH� DEVHQFH� RI� +�� 7KHQ� WKH� +SXO� ZDVVZLWFKHG� RII�� 7KH� /%'�ZDV� DOVR� IRUPHG�� LW

VXUURXQGHG� DW� VWDELOL]HG� WKH� 6S'��7KH� 6S'
EHKDYLRU� DW� FKDQJHV� LQ�7� RU�+� LV� WKHUHIRUH
FRQQHFWHG� ZLWK� WKDW� RI� /%'�� 7KHUPRG\�
QDPLF� DSSURDFK� WRJHWKHU� ZLWK� WKH� FRQFHSW
RI� PDJQHWRVWDWLF� SUHVVXUH� ZDV� XVHG� WR� H[�
SODLQ� WKH� FRH[LVWHQFH� RI� WKH� WZR� GRPDLQ
VWUXFWXUHV� DQG� WKHLU� EHKDYLRU� DW� 7� RU� +
FKDQJHV�� ,Q� >�@�� WKH�/%'�SUHVVXUH�KDV�EHHQ
FDOFXODWHG� DV� D�GHULYDWLYH�RI� WKH� ODWWLFH� HQ�
HUJ\�ZLWK�UHVSHFW�WR�WKH�DUHD�ZLWK�WKH�RSSR�
VLWH�VLJQ�
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ZKHUH� D� LV� WKH� ODWWLFH� FRQVWDQW�� G�� WKH� %'
GLDPHWHU�� K�� WKH� ILOP� WKLFNQHVV�� 06�� WKHVDWXUDWLRQ�PDJQHWL]DWLRQ��&�� D� FRQVWDQW�� ,Q
>�@��WKH�WRWDO�6S'�HQHUJ\�ZDV�FDOFXODWHG��LQ
>��@�� LW� KDV� EHHQ� WKHRUHWLFDOO\� VKRZQ� WKDW
WKH� 6S'�SUHVVXUH� LQFUHDVHV�ZLWK� LWV� UDGLXV�
,Q� >��@�� LW� KDV� EHHQ� H[SHULPHQWDOO\� SURYHG
WKDW� FRH[LVWHQFH� RI� 6S'� DQG� EXEEOH� ODWWLFH
UHTXLUHV� WKH� PDJQHWRVWDWLF� SUHVVXUHV� WR� EH
RI�WKH�VDPH�YDOXH�
7KH� VSLUDO� GRPDLQ� FRQVLVWV� RI� WZR� VWULS

GRPDLQV��6'��RI�RSSRVLWH�PDJQHWL]DWLRQ�DQG
FRLOHG�WR�IRUP�DQ�$UFKLPHGHDQ�VSLUDO��L�H��LW
KDV� LQWHUQDO� DQG� H[WHUQDO� HQGV� �)LJ���D��

7KH�FRLOLQJ�LV�LQ�DQ\�GLUHFWLRQ��6S'V�LQFOXG�
LQJ� �� WR� ��� WXUQV� FDQ� EH� REWDLQHG�� 7KH� GL�
DPHWHU� RI� VXFK� VSLUDOV� LV� ���� WR� ����� PP�
UHVSHFWLYHO\�� 7KH� SHULRG� RI� 6'� IRUPLQJ� WKH
VSLUDO�LQ�WKH�DEVHQFH�RI�+�LV�WKH�VDPH�DV�LQ
DQ�RUGLQDU\�VWULS� VWUXFWXUH�� LW�GRHV�QRW�GH�
SHQG� RQ� WKH� RUGLQDO� QXPEHU� RI� WKH� VSLUDO
WXUQ��:KHQ�WKH�'6�LV� LQIOXHQFHG�E\�+�!���
WKHUH� DUH� FKDQJHV� LQ� VSLUDO� OHQJWK�� QXPEHU
RI�WXUQV��LQQHU�DQG�RXWHU�GLDPHWHU��DQG�WKH
SHULRG�RI�6'�IRUPLQJ�WKH�VSLUDO��7KH�VSLUDO
FDQ� EH� XQFRLOHG� LQ� WZR�ZD\V��:LWK� WKH� H[�
WHUQDO�HQG�IL[HG��WKH�VSLUDO�LV�XQFRLOHG�IURP
LQVLGH�RQ��,QVLGH�WKH�VSLUDO��RFFXUV�D�VLQJOH�
GRPDLQ� QXFOHXV� DULVHV� �)LJ���E��� 7KH� VSLUDO
FRXOG� WUDQVIRUP� WR� D� ULQJ� GRPDLQ� >��@�� ,I
WKH� H[WHUQDO� HQG� RI� 6S'� LV� XQFRLOHG�� WKH
VXUURXQGLQJ� /%'� RFFXSLHV� WKH� IUHH� VSDFH
�)LJ���F��� )RU� DQ\�+�� WKH� 6S'� SUHVVXUH� LV
HTXDO� WR� WKDW� RI� /%'� >��@�� )RU�+���+&� RI/%'� FROODSVH�� WKH� VSLUDO� LV� GLVDSSHDUHG�� ,Q
LWV� SODFH�� D� GXPEEHOO�OLNH� GRPDLQ� UHPDLQV
FRQVLVWLQJ�RI�WZR�ULJLG�%'�FRQQHFWHG�ZLWK�D
VPDOO� VWULSH� �)LJ���G���7KLV� LV�6S'�QXFOHXV�
,I�WKH�GXPEEHOO�OLNH�GRPDLQV�DUH�QXPHURXV�
WKHQ� D� JURXS� RI� VSLUDOV� LV� IRUPHG� DPRQJ
ZKLFK�WKHUH�DUH�RQH��DQG�WZR�DUP�VSLUDOV�RI
DQ\�FRLOLQJ�GLUHFWLRQ��,Q�DQ�SODQDU�ILHOG��WKH
GXPEEHOO�OLNH�GRPDLQ�GLVDSSHDUV�DQG�WKH�DO�
UHDG\�IRUPHG�6S'�EHFRPHV�GHVWUR\HG�
,I� WKH� 6S'� LV� LQIOXHQFHG� E\� +�!��� DQG

WKHQ� WKH� ILHOG� LV� VZLWFKHG� RII�� WKHQ� WKHUH
ZDV� D� SKDVH� WUDQVLWLRQ� �37�� RFFXUV� LQ� WKH
%'�ODWWLFH�WR�D�WZR�SKDVH�VWUXFWXUH�FRQVLVW�
LQJ�RI�/%'�SOXV� VWULSHV��7KH�VWULS�GRPDLQV
IRUPLQJ� WKH� VSLUDO�KDYH� WUDQVIRUPHG� LQWR�D
ZDYH�'6� �:'6���7KXV��D�37�RFFXUV�DOVR� LQ
6S'�� 7KH� VSLUDO� VKDSH� WDNHV� WKH� �IORZHU��
OLNH�VKDSH�VLPLODU�WR�WKDW�VKRZQ�LQ�)LJ���J�
7KLV�FDQ�EH�H[SODLQHG�E\�/%'�DQG�6'�SUHV�
VXUH� GHFUHDVH� DW� +�!��� � >������@�� 7KDW� LV
ZK\� QXFOHL� RI� VWULSHV� DQG� :'6� DUH� RULJL�
QDWHG�LQ�/%'�DQG�6'��UHVSHFWLYHO\��:KHQ�+
LV� UHPRYHG�� WKH�'6� SUHVVXUH� LQFUHDVHV� DQG�
DV� D� UHVXOW�� D�37�RFFXUV��8QGHU�+������ WKH
EXEEOH�GLDPHWHU� LQFUHDVHV�DQG� LW� WDNHV�KH[�
DJRQDO� VKDSH� DW� +� �Ü��������S� $�P�� 7KH
/%'� EHFRPHV� WUDQVIRUPHG� LQWR� D� KRQH\�
FRPEHG� '6�� 7KH� VWUXFWXUH� SUHVVXUH� LQ�
FUHDVHV� >��@�� $V� WKH� 6S'� UDGLXV� FRXOG� QRW
LQFUHDVH�� WKH� LQWHUQDO� HQG� RI� 6S'� LV� XQ�
FRLOHG��,QVLGH�WKH�6S'��D�VLQJOH�GRPDLQ�DUHD
DULVHV� �)LJ���H�I��ZKLFK�FRXQWHUEDODQFHG�WKH
H[WHUQDO�SUHVVXUH�
7KH�6S'� VKDSH�GHSHQGV�RQ� LWV� IRUPDWLRQ

WHPSHUDWXUH�� 7KLV� LV� FRQQHFWHG� ZLWK� WKH
WHPSHUDWXUH� GHSHQGHQFH� RI� WKH� PDJQHWR�
VWDWLF� SUHVVXUH� RI� EXEEOH� ODWWLFH�� 7KH� SUHV�
VXUH� RI� HTXLOLEULXP� /%'V� GHFUHDVHV� ZKHQ
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)LJ�����6SHFLHV�RI�GRPDLQ�VWUXFWXUHV��(IIHFW�RI�ELDV�ILHOG��+������S�$�P��7� �����.���(TXLOLEULXP
'6�DW�+� ����D���6S'�ZLWK�IL[HG�RXWHU�HQG��+� ������E���6S'�ZLWK�IUHH�RXWHU�HQG��+� �����F���'6
DW�+� ������G���6S'�DW�+� �Ü����H��DQG�+� �Ü����I���(IIHFW�RI�WHPSHUDWXUH�RQ�'6��+� �����6S'�DW
7� �����.��37�LQ�6S'���J���6S'�DW�7� �����.��K���
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WKH�71� SRLQW� LV� DSSURDFKHG��7KXV�� WKH�6S'UDGLXV� VKRXOG� DOVR� EH� GHFUHDVHG� IWR� UHWDLQ
WKH�FRH[LVWLQJ�'6�LQ�HTXLOLEULXP��,Q�>��@��LW
KDV�EHHQ� VKRZQ� WKDW� WKHUH� H[LVWV� WKH� OLPLW�
LQJ� SUHVVXUH� EHORZ� ZKLFK� WKH� 6S'� LV� QRW
IRUPHG�� %HVLGHV�� IRU� 7� FORVH� WR� 71�� WKHGXPEEHOO�GRPDLQV�GR�QRW�H[LVW��:KHQ�7&�LVDSSURDFKHG�� WKH� /%'� SUHVVXUH� GHFUHDVHV� DV
ZHOO��DQG�WKH�6S'�LV�QRW�IRUPHG�
7KH�6S'�IRUPHG�DW�����.�VXUYLYHG��ZLWK

7�YDULDWLRQ��LQ�WKH�'7�LQWHUYDO��'HVWUXFWLRQ
DW�WKH�ERWK�HQGV�RI�'7�LV�FRQQHFWHG�ZLWK�37
WR�WKH�/%'�>��@��$W�D�GLVWDQFH�IURP�7&��WKH/%'�LV�WUDQVIRUPHG�LQWR�D�WZR�SKDVH�VWUXF�
WXUH�DV�WKH�SUHVVXUH�GHFUHDVH�DQG�WKLV�LQLWL�
DWHG�WKH�6'�VSLUDO�WUDQVLWLRQ�WR�:'6��$�'6
RI� WKH� �IORZHU�� W\SH� LV� REVHUYHG� LQ� 6S'
SODFH� �)LJ���J��� L�H��D�37�WDNHV�SODFH� LQ�WKH
6S'�� $W� WKH� RWKHU� '7� HQG� YDOXH�� RQ� DS�
SURDFKLQJ�7&��D�37�RFFXUV�LQ�WKH�/%'�ZLWKWKH�GHFUHDVH� LQ� WKH�GRPDLQ�QXPEHU� DQG�� DV
D�UHVXOW��WKH�6S'�LV�GLVLQWHJUDWHG�LQWR�VHSD�
UDWH�EORFNV�RI�VWULSHV��)LJ���K���6R��WKH�WHP�
SHUDWXUH�LQGXFHG�37�LQ�WKH�/%'�LV�WKH�UHD�
VRQ�RI�SKDVH�WUDQVLWLRQ�LQ�6S'�
7KXV�� IURP� WKH� DERYH� H[SHULPHQWDO� UH�

VXOWV� WKH� IROORZLQJ� FRQFOXVLRQV� FDQ� EH
GUDZQ�� $Q� 6S'� QXFOHXV� LV� D� GXPEEHOO� GR�
PDLQ�DQG�LW�IROORZV�WKDW�WKH�HQHUJ\�RI�6S'
ERXQGDULHV� LV� KLJK�� 7KHVH� DUH� WKH� ����GH�
JUHH� %ORFK� ERXQGDULHV�� $� GXPEEHOO� GRPDLQ
LV�FUHDWHG�E\�+SXO�LQ�WKH�WHPSHUDWXUH�UDQJHRI�D�KLJK�PDJQHWL]DWLRQ�RI�WKH�ILOP��WKDW�LV
IDU� IURP�71�DQG�7&��7KXV��WKH�6S'�FDQ�EHIRUPHG�LQ�WKLV�WHPSHUDWXUH�UDQJH�RQO\��7KH
6S'�VXUURXQGHG�E\�EXEEOH�ODWWLFH�LV�DQ�HTXL�
OLEULXP�'6��7ZR�GRPDLQ�VWUXFWXUHV�PD\�FR�
H[LVW� ZKHQ� WKHLU� PDJQHWRVWDWLF� SUHVVXUHV
DUH� HTXDO� WR� HDFK� RWKHU�� 7KLV� HTXDOLW\� LV
VDWLVILHG�DW�DQ\�FKDQJHV�RI�7�RU�+��7KDW�LV
ZK\� WKH� 6S'� EHKDYLRU� DW� WHPSHUDWXUH� RU

ILHOG� FKDQJHV� LV� LQYDULDEO\� FRQQHFWHG� ZLWK
WKH� /%'� EHKDYLRU�� 7�� RU� +�LQGXFHG� SKDVH
WUDQVLWLRQV� LQ� WKH� /%'� LQLWLDWH� 37� LQ� WKH
6S'�� 6S'� IRUPDWLRQ� DQG� LWV� GLDPHWHU� GH�
SHQG� RQ� PDJQHWRVWDWLF� SUHVVXUH� RI� EXEEOH
ODWWLFH��7KXV��WKH�PDJQHWRVWDWLF�SUHVVXUH�LQ
WKH� /%'� QRW� RQO\� VWDELOL]HV� WKH� 6S'�� EXW
GHILQHV� D� SRVVLELOLW\� RI� 6S'� IRUPDWLRQ� DQG
LWV�EHKDYLRU�DW�7�RU�+�FKDQJHV�
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