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PL[HG� DQLVRWURS\� KDYH� EHHQ� VWXGLHG�� ,Q� D� ILOP� ZLWK� VWURQJ� XQLD[LDO� DQLVRWURS\�� D� ILUVW
RUGHU� 6537� IURP� D[LDO� WR� DQJXODU� SKDVH� RFFXUV�� WKH� QHZ� DQJXODU� SKDVH� EHLQJ� QXFOHDWHG
IURP�WKH�ROG�GRPDLQ�ERXQGDU\��,Q�D�ORZ�DQLVRWURS\�ILOP��WKH�QXFOHDWLRQ�RFFXUV�IURP�RQH
DQJXODU�SKDVH�WR�DQRWKHU�ZLWK�QR�ERXQGDU\�EHWZHHQ�QHZ�DQG�ROG�SKDVHV��QR�QXFOHL�EHLQJ
IRUPHG�E\�GRPDLQ�PDJQHWL]DWLRQ�YHFWRU� URWDWLRQ� WR�D�PRUH� HQHUJHWLFDOO\� IDYRUDEOH� VWDWH�
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,QYHVWLJDWLRQ� RI� PL[HG�DQLVRWURS\� HIIHFW
RQ�WKH�EHKDYLRU�RI�VLQJOH�OD\HU�ILOP�GRPDLQ
VWUXFWXUH� �'6�� LV� D� FRPSOH[� SUREOHP�ZKLFK
FDQ� EH� VROYHG� E\� XVLQJ� VLPXOWDQHRXVO\� H[�
SHULPHQWDO� DQG� WKHRUHWLFDO� DSSURDFKHV�� ,Q�
YHVWLJDWLRQ�RI�'6�EHKDYLRU�LQ�ELOD\HU�ILOPV�
ZKHUH� WKH� LQWHUOD\HU� LQWHUDFWLRQ� VKRXOG� EH
WDNHQ�LQWR�DFFRXQW�WRJHWKHU�ZLWK�WKH�PL[HG
DQLVRWURS\�� LV� DQ� HYHQ�PRUH� FRPSOH[� SURE�
OHP�ZKLFK�FDQ�EH�VROYHG�H[SHULPHQWDOO\�
7KH�6537�ZHUH� VWXGLHG� LQ� >�Ü�@�� ,Q� >�@�

RULHQWDWLRQ� WUDQVLWLRQV�DQG� WKH�H[LVWHQFH�RI
PDJQHWLF� SKDVHV� LQ� FXELF� UDUH�HDUWK� IHUUR�
PDJQHWLF� KDYH� EHHQ� VWXGLHG�� ,Q� >����@�� WKH
VSLQ�UHRULHQWDWLRQ� SKDVH� WUDQVLWLRQ� �6537�
ZDV� REVHUYHG� LQ�D� ODE\ULQWK�'6�XQGHU� WHP�
SHUDWXUH� FKDQJH� DQG� UHFRUGHG� E\� D� GLIIUDF�
WLRQ�SDWWHUQ�IURP�D�UHJXODU�'6��,W�KDV�EHHQ
IRXQG� WKDW� WKH�PDJQHWL]DWLRQ� UHRULHQWDWLRQ
LQ� GRPDLQV� UHVXOWV� LQ� D� MXPS�OLNH� LQFUHDVH
RI�'6�SHULRG��7KH�6537�IURP�DQLVRWURS\�RI

WKH� �HDV\� D[LV�� W\SH� WR� WKH� �HDV\� SODQH�
W\SH� RQH� VKRZHG� QR� K\VWHUHVLV�� EXW� LW� ZDV
DFFRPSDQLHG�E\�FRH[LVWHQFH�RI�WZR�SKDVHV�LQ
WKH�WHPSHUDWXUH�UDQJH�QHDU���.���
7KH� VLWXDWLRQ� ZKHQ� 6537� WHPSHUDWXUH

DQG�7.�DUH�FORVH�WR�HDFK�RWKHU�RU�FRLQFLGH�LVWKH�PRVW� LQWHUHVWLQJ� RQH�� ,Q� >����@�� WKH�'6
KDV� EHHQ� LQYHVWLJDWHG� LQ� WKH� WHPSHUDWXUH
UDQJH� LQFOXGLQJ� WKH�PDJQHWLF� FRPSHQVDWLRQ
DQG� VSLQ� UHRULHQWDWLRQ� UHJLRQV�� ERWK� LQ� WKH
DEVHQFH� RI� DQ\� H[WHUQDO� PDJQHWLF� ILHOG
�VSRQWDQHRXV� WUDQVLWLRQV�� DQG� LQ� PDJQHWLF
ILHOGV� �LQGXFHG� WUDQVLWLRQV��� ,Q� >�@�� LW� KDV
EHHQ�GHWHUPLQHG�GXULQJ�WKH�'6�VWXGLHV�WKDW
IRU� (U�)H�2���� WKH� WHPSHUDWXUHV� RI� WKHILUVW�RUGHU�6537�EHWZHHQ�SKDVHV�ZLWK�PDJ�
QHWL]DWLRQ� RULHQWDWLRQ� DORQJ� ����!� DQG
����!�FRLQFLGH�ZLWK�7.��,Q�>�@��WKH�'6�ZDVVWXGLHG� E\� WKH� PDJQHWRRSWLFDO� )DUDGD\� HI�
IHFW�� WKH� SKDVHV� EHLQJ� LGHQWLILHG� E\� WKH
FRORU� FRQWUDVW� PHWKRG�� ,W� KDV� EHHQ� GHWHU�
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PLQHG� WKDW� LQ� WKH� VXEVWLWXWHG� HUELXP� JDU�
QHW�� WKH� UDQJHV� RI� PDJQHWLF� FRPSHQVDWLRQ
DQG�VSLQ�UHRULHQWDWLRQ�DUH�RYHUODSSHG�
7KLV� SDSHU� GHDOV� ZLWK� D� VWXG\� RI� WKH

6537� PHFKDQLVP� LQ� VLQJOH�OD\HU� ILOPV� RI
GLIIHUHQW� XQLD[LDO� DQLVRWURS\� YDOXHV� DQG� LQ
D�ELOD\HU�ILOP�ZLWK�7.�LQ�RQH�RI�WKH�OD\HUV�7KH�REMHFWV�RI�LQYHVWLJDWLRQ�ZHUH�ILOPV�ZLWK
WKH� GHYHORSHG� ����!� SODQH� JURZQ� E\� WKH
OLTXLG�SKDVH�HSLWD[\�PHWKRG�RQ�JDGROLQLXP�
JDOOLXP�JDUQHW��7KH�'6�ZDV� VWXGLHG�E\� WKH
PHWKRG�DSSOLHG�E\�XV�LQ�>�@�
6537� LQ� D� ILOP� ZLWK� KLJK� XQLD[LDO� DQ�

LVRWURS\�� 7KH� 6537� ZDV� REVHUYHG� ZLWK� 7
YDULDWLRQ� LQ� EXEEOH� ODWWLFH� LQ
�7P%L���)H*D��2��� ILOP�ZLWK�PDJQHWLF� FRP�SHQVDWLRQ�WHPSHUDWXUH�RI�����.��,Q�>�@��WKH
H[SHULPHQW� ZDV� GHVFULEHG� LQ� GHWDLO�� 7KH
EXEEOH� ODWWLFH�KDV�EHHQ�IRUPHG�DW�����.�E\
D� SXOVHG�PDJQHWLF� ILHOG� QRUPDO� WR� WKH� ILOP
SODQH�� 7ZR� D[LDO� SKDVHV� )�� DQG� )�� ZLWK0�pn0�� ZHUH� REWDLQHG�� RUDQJH� EXEEOHVDJDLQVW�EURZQ�EDFNJURXQG��$W�����.��WKHUH
RFFXUUHG� DUHDV� RI� RWKHU� FRORUV� ZHUH� DS�
SHDUHG�� ZKLWH� RQ� WKH� EXEEOH� DQG� JUHHQ� RQ
WKH�EDFNJURXQG�� L�H�� WZR�DQJXODU�SKDVHV�)�DQG�)�� ZHUH� REWDLQHG�� ,Q� )LJ����� LW� LV� VHHQWKDW� VRPH� VHFWLRQV� RI� GRPDLQ� ERXQGDULHV

�'%�� EHFDPH� EURDGHQHG� ZLWK� DQ� DQJXODU
SKDVH�QHDUE\��,W�VKRXOG�EH�QRWHG�WKDW�WKHUH
ZDV�QR�ERXQGDU\�EHWZHHQ�DQJXODU�DQG�D[LDO
SKDVHV�� 7KH� D[LDO�WR�DQJXODU� SKDVH� WUDQVL�
WLRQ�WRRN�SODFH�LQ�WKH����Ü����.�UDQJH��$W
����.��RQO\�DQ�DQJXODU�SKDVH�ZDV�REVHUYHG
�ZKLWH� EXEEOHV� DJDLQVW� JUHHQ� EDFNJURXQG��
$W� ����.�� WKH� DUHDV� RFFXSLHG� E\� D[LDO� DQG
DQJXODU�SKDVHV�ZHUH�HTXDO�WR�HDFK�RWKHU��$W
WKH� VDPH� WHPSHUDWXUH�� WKH� EXEEOH� GLDPHWHU
DQG�'%�ZLGWK�ZHUH�LQFUHDVHG�MXPS�OLNH��7KH
EXEEOH� ODWWLFH� ZDV� FKDQJHG�� WRR�� 7KH� WKHU�
PRG\QDPLFDOO\�HTXLOLEULXP�EXEEOH� ODWWLFH� LV
FKDUDFWHUL]HG�E\�WKH�SDFNLQJ�SDUDPHWHU�\� 
G�D��ZKHUH�G�LV�WKH�EXEEOH�GLDPHWHU��D��ODW�
WLFH� FRQVWDQW� >�@�� $W� ���� .�� WKH� ODWWLFH
SDFNLQJ� SDUDPHWHU� ZDV� FKDQJHG� IURP� ����
WR�������7KXV��LW�KDV�EHHQ�VKRZQ�H[SHULPHQ�
WDOO\� WKDW� DW�����.��D�K\VWHUHVLV�IUHH� ILUVW�
RUGHU� 6537� IURP� D[LDO� WR� DQJXODU� SKDVH
RFFXUUHG�
7KHRUHWLFDO�LQYHVWLJDWLRQ�RI�'%�VWUXFWXUH

KDV� VKRZQ� WKDW� WKH� ILUVW�RUGHU� 6537� SUR�
FHHGHG� E\� WKH� �QHZ�� SKDVH� QXFOHDWLRQ
ZLWKLQ� WKH� GRPDLQ� ERXQGDULHV� RI� WKH� �ROG�
SKDVH�� LQ� D� FHUWDLQ� WHPSHUDWXUH� UDQJH�� LW
ZDV� DFFRPSDQLHG� E\� UHGLVWULEXWLRQ� RI� WKH
SKDVH� YROXPHV��7KH� DEVHQFH� RI�'%� EHWZHHQ

)LJ�����9LHZ�RI��7P%L���)H*D��2���ILOP�'6�DW�����.��D�������.��E�F�������.��G��

$�9�%H]XV�HW�DO���6SLQ�UHRULHQWDWLRQ�SKDVH�WUDQVLWLRQV���

)XQFWLRQDO�PDWHULDOV������������� ���



GRPDLQV� RI� QHZ� DQG� ROG� SKDVHV� KDV� EHHQ
SURYHG�WR�EH�SRVVLEOH�>�@�
6537� LQ� D� ILOP� RI� ORZ� XQLD[LDO� DQLVRW�

URS\��$�ILOP�RI�WKH��<%L���)H*D��2���FRPSR�VLWLRQ�ZLWK�WKH�PDJQHWLF�FRPSHQVDWLRQ�SRLQW
DW�����.�ZDV� LQYHVWLJDWHG��7KH�'6�ZDV�RE�
VHUYHG�XQGHU�YDULDWLRQ�RI�WKH�ILOP�WHPSHUD�
WXUH�7��([SHULPHQWDO� LQYHVWLJDWLRQV�DUH�GH�
VFULEHG� LQ� GHWDLO� LQ� >�@�� 7KH� EXEEOH� ODWWLFH
FRXOG� EH� IRUPHG� RQO\� DW� 7t���� .�� $W
7����� .�� RQO\� WKH� DQJXODU� GRPDLQ� VWUXF�
WXUH� H[LVWHG�� <HOORZ� DQG� JUHHQ� GRPDLQV
ZHUH� REVHUYHG� KDYLQJ� EUDQFKHV� GLUHFWHG
DORQJ�WKH�WKUHH�D[HV��EHLQJ�WKH�����!�SUR�
MHFWLRQV� RQWR� WKH� ILOP� SODQH�� $V� WKH� WHP�
SHUDWXUH�DSSURDFKHG�7.�� WKH�EUDQFKHV�ZHUHGLVDSSHDUHG� DQG� WKH� GRPDLQ� VKDSH� ZDV
FKDQJHG��$W�����.�WKHUH�ZDV�DQ�LQWHUHVWLQJ
FRORU� FKDQJH� ZDV� REVHUYHG�� 7KH� JUHHQ� GR�
PDLQV�WRRN�\HOORZ�FRORU�RI�WKH�VXUURXQGLQJ
ILHOG�� 2Q� D� FRQWLQXRXV� \HOORZ� ILHOG�� RQO\� D
EURDG�EURZQ�'%�ZDV�VHHQ��1H[W��WKH�\HOORZ
GRPDLQV� EHFDPH� JUHHQ�� 'XULQJ� WKH� ILOP
KHDWLQJ�� WKH� SURFHVV� RI� FRORU� FKDQJH� ZDV
UHSHDWHG� LQ� UHYHUVH�RUGHU� �)LJ������7KXV�� LQ
WKH� ���Ü���� .� WHPSHUDWXUH� UDQJH�� D� K\V�
WHUHVLV�IUHH� 6537� IURP� RQH� DQJXODU� SKDVH
WR� DQRWKHU� WRRN�SODFH��$V� WKH�'6�ZDV�SHUL�
RGLFDOO\� DIIHFWHG� E\� PDJQHWLF� ILHOG�� WKH
6537�ZDV�GLVSODFHG�WR�D�ORZHU�7�DQG�WXUQHG
RXW�WR�EH�LUUHYHUVLEOH�
7KHRUHWLFDO� LQYHVWLJDWLRQV� RI� '%� LQ� WKH

ILOP�ZLWK�DQJXODU�'6�KDYH�VKRZQ�WKH�6537
WR� EH� D� VHFRQG� RUGHU� RQH��'%� RI� WZR� W\SHV
DQG�WUDQVIRUPDWLRQ�RI�RQH�'%�W\SH�LQWR�DQ�
RWKHU� KDYH� EHHQ� REVHUYHG� YLVXDOO\�� 7KH�'%
W\SHV�FKDQJH�ZDV�RFFXUUHG�E\�0�URWDWLRQ�LQ
RQH� RI� WKH� GRPDLQV� LQ� WKH� DEVHQFH� RI� '6
UHDUUDQJHPHQW�DQG�QXFOHDWLRQ��7KH�'%�W\SH
ZDV�WKDW�RI�WKH�PLQLPDO�HQHUJ\�IRU�D�JLYHQ
7�>��@�

6537�LQ�D�ELOD\HU�ILOP��,QYHVWLJDWHG�ZDV
D� ILOP�ZLWK� OD\HU� �� RI� �<*G7P���)H*D��2��FRPSRVLWLRQ� DQG� 7.� QHDU� ���� .�� OD\HU� �EHLQJ��<(X���)H*D��2���KDYLQJ�QR�7.�LQ�WKHWHPSHUDWXUH�UDQJH�XQGHU�LQYHVWLJDWLRQ��7KH
HTXLOLEULXP� '6� LQ� WKH� ELOD\HU� ILOP� DQG� LQ
VLQJOH�OD\HU��ZLWQHVV��ILOPV�ZDV�VWXGLHG�H[�
SHULPHQWDOO\�DW�7�YDULDWLRQ��IRU�GHWDLOV��VHH
>��@��$W�����.��WZR�W\SHV�RI�VWULS�'6��6'6�
RI�GLIIHUHQW�SHULRGV� �)LJ���D��ZHUH�REVHUYHG
LQ� WKH� ELOD\HU� ILOP�� $W�7��� D� WKURXJK� 6'6KDV� RFFXUUHG�� $V� OD\HU� �� WHPSHUDWXUH� DS�
SURDFKHG�7.�� WKH�SXOVHG� ILHOG� LQGXFHG�EXE�EOHV�DQG� WKHQ� WKH�EXEEOH� ODWWLFH��$W�76537�WKH� '6� FRORU� KDV� FKDQJHG� VXGGHQO\� IURP
RUDQJH�WR�GDUN�EURZQ��7KH�EXEEOHV�WRRN�WKH
IRUP� RI� HOOLSVH�� :KHQ� WKH� WHPSHUDWXUH� RI
OD\HU���DSSURDFKHG�7.��WKH�'6�EHFDPH�VXE�GLYLGHG� LQWR� PRQRGRPDLQ� VWDWH� LQ� OD\HU� �
DQG�RUDQJH�FRORUHG�6'6�LQ�OD\HU���
$W� ���� .�� LQ� VWULS� GRPDLQV� RI� WKH� WZR

OD\HUV��WKH�VDWXUDWLRQ�PDJQHWL]DWLRQ�YHFWRUV
DUH� DQWLSDUDOOHO� �0�pn0��� �)LJ���D��� 6LQFH0��!0��)LJ���E��� WKHQ� DV� 7� GHFUHDVHV�� WKHELDVLQJ�ILHOG�RI�OD\HU���IRUFHG�0��RI�OD\HU��WR� WXUQ� LQ� SDUDOOHO� WR�0�� RI� OD\HU� ��� 7KHGRPDLQV� KDYH� EHFRPH� WKURXJK� ZLWK
0�nn0��� ,Q� WKLV� WHPSHUDWXUH� UDQJH� VXFK�DVWUXFWXUH� LV� HQHUJHWLFDOO\� IDYRUDEOH� >��@�
+HUH��WKH�PDJQHWRVWDWLF�LQWHUDFWLRQ�EHWZHHQ
WKH� OD\HUV� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW
RQO\��EHFDXVH�LQ�ELOD\HU�ILOPV��WKH�H[FKDQJH
LQWHUDFWLRQV� LV�PLQLPXP� LI� WKH� LURQ�VXEODW�
WLFHV� LQ� WKH� OD\HUV� DUH�SDUDOOHO� >��@��$W�7��WKHUH� ZDV� D� MXPS� RI� 6'6� PDJQHWRVWDWLF
SUHVVXUH� �)LJ���E�� ZKLFK� ZDV� FDOFXODWHG� E\
XVLQJ� H[SHULPHQWDO� GDWD� >��@�� 7KLV� LPSOLHV
WKDW� D� SKDVH� WUDQVLWLRQ� RFFXUUHG� LQ� '6�
VLQFH� 0�� ZDV� WXUQHG� E\� ���� GHJUHHV�� $W76357�� 0�|0�� �)LJ���E��� ,Q� WKLV� WHPSHUD�
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WXUH� UDQJH�� WKHUH� H[LVWV� WKH� PDJQHWL]DWLRQ
RI� WKH� UDUH�HDUWK� VXEODWWLFH� RI� OD\HU� ��� DQG
05pn0�� RI� WKH� LURQ� VXEODWWLFH�� 7KH� WRWDODFWLRQ� RI�05� RI� OD\HU� �� DQG� ELDV� ILHOG� RIOD\HU� �� UHVXOWV� LQ�0�� URWDWLRQ� IURP� D[LDOSKDVH� WR� DQJXODU� RQH� �)LJ���D�� DQG� WKH� '6
FKDQJHV� LWV� FRORU�� ,Q� WKH� ILOP�� WKH� 6537
WDNHV� SODFH�� 7KH� WUDQVLWLRQ� FRXOG� QRW� EH
FDXVHG� RQO\� E\� WKH� UDUH�HDUWK� VXEODWWLFH� LQ
WKH�DEVHQFH�RI�ELDV� ILHOG��7KLV� LV�FRQILUPHG
E\� WKH� DEVHQFH� RI� 6537� LQ� WKH
�<*G7P���)H*D��2��� �ZLWQHVV�� ILOP��$W�7.RI� ILOP� ���0�� WDNHV� WKH� RULHQWDWLRQ� ZKLFKH[LVWHG�DW�����.��L�H��IDYRUDEOH�IRU�OD\HU���
$W�D�GLVWDQFH� IURP�7.� �KHDWLQJ���0��RULHQ�WDWLRQ� EHFRPHV� SDUDOOHO� WR� 0�� �0�pp0��ZKLOH�05np0���1R� 6537� LV� REVHUYHG��7KLVLV� RQH� PRUH� FRQILUPDWLRQ� RI� WKH� IDFW� WKDW
WKH�DFWLRQ�RI�WKH�UDUH�HDUWK�VXEODWWLFH�LV�LQ�
VXIILFLHQW� WR� URWDWH� WKH� YHFWRU� RI� LURQ
VXEODWWLFH�PDJQHWL]DWLRQ�
7KXV�� LQ� WKH� WKUHH� ILOPV� VWXGLHG�� WKH

6537� LV� REVHUYHG� QHDU� 7.�� ,Q� VLQJOH�OD\HUILOPV�GLIIHULQJ� LQ� WKH�YDOXH�RI�XQLD[LDO�DQ�

LVRWURS\�� ERWK� 6537� DUH� K\VWHUHVLV�IUHH�� ,Q
WKH� ILOP� RI� KLJK� XQLD[LDO� DQLVRWURS\�� WKH
6537� RFFXUV� IURP� WKH� D[LDO� SKDVH� WR� WKH
DQJXODU�RQH��7KLV�LV�D�ILUVW�RUGHU�6537��7KH
FRH[LVWHQFH� UHJLRQ� RI� D[LDO� DQG� DQJXODU
SKDVHV�LV����.�ZLGH��7KH�DQJXODU�SKDVH�QX�
FOHDWHV� IURP� WKH� ����GHJUHH� GRPDLQ� ERXQG�
DU\��7KHUH�LV�QR�ERXQGDU\�EHWZHHQ�D[LDO�DQG
DQJXODU�SKDVHV�� ,Q� WKH� ILOP�RI� ORZ�XQLD[LDO
DQLVRWURS\��WKH�6537�RFFXUV�IURP�RQH�DQJX�
ODU�SKDVH� WR�DQRWKHU�DQJXODU�RQH��7KLV� LV�D
VHFRQG�RUGHU�6537��,W�RFFXUV�LQ�WKH�DEVHQFH
RI� QXFOHDWLRQ� SURFHVV� E\� URWDWLQJ�0� RI� WKH
ZKROH�GRPDLQ�WR�D�PRUH�HQHUJHWLFDOO\�IDYRU�
DEOH� VWDWH��8QGHU� D� ILHOG�� WKH� 6537� LV� GLV�
SODFHG�WR� ORZHU�7�DQG�EHFRPHV� LUUHYHUVLEOH�
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