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�&,6��GHSHQGV� LPPHGLDWHO\�RQ�WKH�FKDUDFWHU�RI�LQWHUDFWLRQV�LQ�WKH�OD\HUV�EHLQJ�LQ�FRQWDFW
WKHUHLQ��EDVH�&,6�OD\HU��EXIIHU�=Q6H�OD\HU��WUDQVSDUHQW�FRQGXFWLYH�ILOP�RI�LQGLXP�WLQ�R[LGH
�,72���6XFK�LQWHUDFWLRQ�PD\�RFFXU�GXULQJ�=Q6H�HOHFWURGHSRVLWLRQ�IURP�VROXWLRQ�RQ�WKH�,72
RU�&,6�VXUIDFHV�DV�ZHOO� DV�GXULQJ�YDFXXP�DQQHDOLQJ�XVHG� LQ� WKH� WHFKQRORJLFDO�SURFHVV� WR
PRGLI\�WKH�&,6�FU\VWDO�VWUXFWXUH��7KH� LQYHVWLJDWLRQV�XVLQJ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\�
HQHUJ\�GLVSHUVLQJ�;�UD\�VSHFWURVFRS\��HOHFWURQ�SUREH�PLFURDQDO\VLV��;�UD\�GLIIUDFWRPHWU\�
DQG�;�UD\� SKRWRHOHFWURQ� VSHFWURVFRS\� KDYH� VKRZQ� WKDW� GXULQJ� YDFXXP� DQQHDOLQJ� RI� WKH
JODVV�0R�&,6�=Q6H� FRPSRVLWLRQV�� WKH� EXIIHU� OD\HU� LV� SXULILHG� RI� FRQWDPLQDWLRQ�� EXW� WKH
VDPH� DQQHDOLQJ� RI� WKH� JODVV�0R�,72�=Q6H� FRPSRVLWLRQV� HQULFKHV� WKH� EXIIHU� OD\HU� LQ� LQ�
GLXP�DQG�WUDQVIRUPV�LW�LQWR�=Q,Q[6H\�
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,Q� >�@��ZH�KDYH� LQYHVWLJDWHG�FRPSRVLWLRQ
DQG� VXUIDFH� PRUSKRORJ\� RI� ]LQF� VHOHQLGH
�=Q6H�� ILOPV� HOHFWURFKHPLFDOO\� GHSRVLWHG
IURP� VROXWLRQ� DQG� XVHG� DV� EXIIHU� OD\HUV� LQ
SKRWRYROWDLF� GHYLFHV� �3'�� RQ� WKH� EDVH� RI
FRSSHU� LQGLXP�GLVHOHQLGH�&X,Q6H�� �&,6���7RVLPSOLI\� WKH� LQYHVWLJDWLRQ� WDVN�� LQ� WKH

DERYH�PHQWLRQHG� ZRUN� ZH� KDYH� HVVHQWLDOO\
H[FOXGHG� WKH� LQWHUDFWLRQ� RI� ]LQF� VHOHQLGH
ZLWK� VXEVWUDWH� E\� XVLQJ� FKHPLFDOO\� LQHUW
WLWDQLXP� QLWULGH� �7L1�� VXEVWUDWH�� )XOILOOHG
;�UD\�SKRWRHOHFWURQ�VSHFWURVFRS\��;36��DQG
HOHFWURQ�SUREH� PLFURDQDO\VLV� �(30$�� GDWD
FRQVLGHUHG� LQ� >�@� VKRZ� WKDW� GXULQJ� HOHF�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

��� )XQFWLRQDO�PDWHULDOV�������������



WURGHSRVLWLRQ��D�ILOP�FRQVLVWLQJ�RI�=Q6H�DQG
=Q�2+��� FRYHUHG� ZLWK� 6H��� 6H2�� DQG
26H�2+��� LV� IRUPHG� DW� WKH� 7L1� VXEVWUDWHVXUIDFH�� 'XULQJ� YDFXXP� DQQHDOLQJ� DW� ���Ü
����&�� ]LQF� K\GUR[LGH� LV� WUDQVIRUPHG� LQWR
]LQF� R[LGH�� HOHPHQWDO� VHOHQLXP� LV� SDUWO\
GHVRUEHG�DQG�SDUWO\��DORQJ�ZLWK�6H����LQWHU�
DFWV� ZLWK� K\GURJHQ� RFFOXGHG� LQ� WKH� ILOPV
DQG�=Q�2+���RU�=Q2�IRUPLQJ�=Q6H��6R��YDF�XXP� DQQHDOLQJ� RI� ]LQF� VHOHQLGH� ILOPV� HOHF�
WURGHSRVLWHG� RQ� 7L1� VXEVWUDWHV� DW� ����&
PDNHV�LW�SRVVLEOH�WR�REWDLQ�=Q6H�OD\HUV�FRQ�
WDLQLQJ�PLQLPXP�LPSXULWLHV�

,Q� UHDO� 39�GHYLFHV�� KRZHYHU�� ]LQF� VH�
OHQLGH� EXIIHU� OD\HU� LV� GHSRVLWHG� QRW� RQ� WKH
VXUIDFH� RI� LQHUW�PDWHULDO� EXW� RQ� VXUIDFH� RI
&,6� EDVH� OD\HU� RU� WUDQVSDUHQW� FRQGXFWLYH
R[LGH�� IRU� H[DPSOH�� RQ� LQGLXP�WLQ� R[LGH
,Q�2��6Q� �,72��� $V� UHSRUWHG� LQ� >�@�� DW� LQ�FUHDVHG�WHPSHUDWXUHV������&��GXULQJ�39�GH�
YLFHV�PDQXIDFWXUH��DQ�LQWHQVH�LQWHUDFWLRQ�RI
EXIIHU�=Q6H�DQG�EDVH�&X*D6H���&*6��OD\HUVPDQLIHVWHG� LWVHOI� DV� WKH� =Q� GLIIXVLRQ� IURP
=Q6H� LQWR�&*6�WRRNV�SODFH��7KXV��WR�REWDLQ
WKH�UHDO�LQIRUPDWLRQ�RQ�FRPSRVLWLRQ�RI�HOHF�
WURGHSRVLWHG� ]LQF� VHOHQLGH� EXIIHU� OD\HU� LQ
39�GHYLFH�� LW� LV� QHFHVVDU\� WR� WDNH� LQWR� DF�
FRXQW�LWV�LQWHUDFWLRQ�ZLWK�FRQWDFWLQJ�QHLJK�
ERULQJ�OD\HUV��6LQFH�WKH�HODERUDWLRQ�RI�KLJK�
HIILFLHQF\� WKLQ� ILOP�39�GHYLFHV� RQ� WKH�EDVH
RI�&,6�ZLWK�=Q6H� EXIIHU� OD\HU� LV� DQ� DFWXDO
WDVN��WKH�SUHVHQW�ZRUN�LV�GHYRWHG�WR�LQYHVWL�
JDWLRQ� RI� VXFK� LQWHUDFWLRQ� EHIRUH� DQG� DIWHU
YDFXXP�DQQHDOLQJ�

7KH� =Q6H� ILOPV� ZHUH� HOHFWURGHSRVLWHG
IURP� WKH� HOHFWURO\WH� GHVFULEHG� LQ� >�@�� $V
VXEVWUDWHV�� JODVV� VKHHWV� FRYHUHG� ZLWK
PDJQHWURQ�VSXWWHUHG�WUDQVSDUHQW�FRQGXFWLYH
R[LGHV� �,72�� ZHUH� XVHG� � DV� ZHOO� DV
JODVV�0R�&X,Q6H�� FRPSRVLWLRQV� ZLWK� PDJQH�WURQ�VSXWWHUHG�PRO\EGHQXP�OD\HUV�DQG��Ü��PP
WKLFN�&X,Q6H��ILOPV�HOHFWURGHSRVLWHG�DQG�DQ�QHDOHG�LQ�DUJRQ�DW�����&�LQ�DFFRUGDQFH�ZLWK
>����@�� (OHFWURGHSRVLWLRQ� RI� ]LQF� VHOHQLGH
ZDV� FDUULHG� RXW� LQ� SRWHQWLRVWDWLF� UHJLPH
XVLQJ� D� SRWHQWLRVWDW� SURYLGHG� ZLWK� D� SUR�
JUDPPHU� DQG� HOHFWURFKHPLFDO� FHOO� HTXLSSHG
ZLWK� VDWXUDWHG� $J�$J&O� UHIHUHQFH� HOHFWURGH
�6$(�� �86$(� ������9�YV��QRUPDO�K\GURJHQHOHFWURGH��DQG�SODWLQXP�FRXQWHU�HOHFWURGH�RI
����FP�� DUHD� DW� FDWKRGH� SRWHQWLDO� 8F� �Ü����� 9� YV�� 6$(�� 7KH� HOHFWURO\WH� ZDV� DJL�
WDWHG� E\� D� PDJQHWLF� VWLUUHU�� 'XULQJ� WKH
HOHFWURO\VLV�� WKH� WHPSHUDWXUH� ZDV� ZLWKLQ
OLPLWV�RI����WR���Å&��(OHFWURGHSRVLWLRQ�WLPH
ZDV���WR����PLQ��WKH�FXUUHQW�GHQVLW\������WR
����Pk�°P��� 7KH� WKLFNQHVV� RI� VR� REWDLQHG
]LQF� VHOHQLGH� OD\HUV��PHDVXUHG�E\�PHDQV� RI
)L]RW� LQWHUIHURPHWHU� LQ�DFFRUGDQFH�ZLWK� >�@

LQFUHDVHG�ZLWK� GHSRVLWLRQ� WLPH� DQG� FXUUHQW
GHQVLW\� IURP� ����� PP� WR� �����PP�� 7KH� DV�
HOHFWURGHSRVLWHG�=Q6H� OD\HUV� ZHUH� DQQHDOHG
LQ� YDFXXP� ���Ü�� 3D�� DW� ����&� DQG� ����&
GXULQJ�����K�DW�HDFK�WHPSHUDWXUH��7KH�VXU�
IDFH�PRUSKRORJ\�RI�&,6�ILOPV�DQG�WKHLU�EXON
FKHPLFDO� FRPSRVLWLRQ� ZHUH� LQYHVWLJDWHG� E\
PHDQV� RI� D� VFDQQLQJ� HOHFWURQ� PLFURVFRSH
/(2������LQ�WKH�VFDQQLQJ��6(0��DQG�HQHUJ\
GLVSHUVLQJ� ;�UD\� VSHFWURVFRS\� �(';�� UH�
JLPHV�� 7KH� ILOP� SKDVH� FRPSRVLWLRQV� ZHUH
VWXGLHG�VLPLODU�WR�>�@�E\�;5'�PHWKRG�XVLQJ
3KLOLSV�3:������JRQLRPHWHU�ZLWK�&X.D�UD�GLDWLRQ�

,Q�DGGLWLRQ��WKH�VDPSOH�VXUIDFH�PRUSKRO�
RJ\� DQG� FRPSRVLWLRQ� ZHUH� VWXGLHG� E\� HOHF�
WURQ�SUREH� PLFURDQDO\VLV� �(30$�� XVLQJ� D
-60����� HOHFWURQ� PLFURVFRSH� ZLWK� D� /LQN
$1�����6�PLFURDQDO\VLV�V\VWHP��7KH�PLFUR�
VFRSH� UHVROXWLRQ� LQ� WKLV� PRGH� ZDV� ��� QP�
WKH� DQDO\]HG� GHSWK� ZDV� DERXW� �� PP�� 7KH
FRPSRVLWLRQ� RI� WKH� VDPSOH� a��� QP� WKLFN
VXEOD\HU�ZDV�VWXGLHG�E\�;�UD\�SKRWRHOHFWURQ
VSHFWURVFRS\�XVLQJ� D�;36�����.UDWRV� VSHF�
WURPHWHU�� 7KH� VDPSOH� VXUIDFH� FRPSRVLWLRQV
ZHUH� GHWHUPLQHG� XVLQJ� UDWLR� RI� SKRWRHOHF�
WURQ�VSHFWUD�DUHDV�RI�&�V��2�V��=Q�S��6H�G�
,Q�G�� &X�S�� 0R�G� FRUH� OHYHOV� WDNLQJ� LQWR
DFFRXQW� WKHLU� VHQVLWLYLW\� IDFWRUV� >�@�� 7KH
ELQGLQJ� HQHUJ\� �(E�� ZDV� FDOLEUDWHG� XVLQJ&�V� �(E� ����� H9�� OLQH� DV� D� UHIHUHQFH�� 7RGHWHUPLQH� WKH� FRPSRXQGV� SUHVHQW� LQ� WKH
VXUIDFH�VXEOD\HUV�RI�WKH�VDPSOHV�EHIRUH�DQG
DIWHU�WKH�DQQHDOLQJ��ZH�DQDO\]HG�WKH�VKDSHV
RI� VHOHQLXP�� LQGLXP�� FRSSHU�� PRO\EGHQXP
DQG�R[\JHQ�FRUH�OHYHO�VSHFWUD��)RU�]LQF��WKH
VKDSH�RI�$XJHU�HOHFWURQ�VSHFWUD�=Q/00�ZHUHFRQVLGHUHG�EHFDXVH�WKRVH�DUH�PRUH�VHQVLWLYH
WR�FKHPLFDO� VWDWH�RI�WKH�DWRP�WKDQ�=Q�S�RU
=Q�S�OLQHV�>�@�

,Q�RUGHU�WR�DSSUL]H�REMHFWLYHO\�WKH�LQWHU�
DFWLRQ�EHWZHHQ�WKH�EXIIHU�=Q6H�DQG�WKH�EDVH
&,6�OD\HUV��ZH�KDYH�DQDO\]HG�ILUVW�RI�DOO�WKH
FKHPLFDO� FRPSRVLWLRQ� DQG� FU\VWDO� VWUXFWXUH
RI�&,6�OD\HUV�HOHFWURGHSRVLWHG�IURP�VROXWLRQ
DQG�DQQHDOHG�LQ�DUJRQ�IORZ�DW�����&��)LJ���
SUHVHQWV� WKH� (';� VSHFWUD� RI�&X,Q6H�� ILOPVFKDUDFWHUL]HG� E\� VWRLFKLRPHWULF� PHWDO� FRQ�
WHQW� �&X�,Q� ������ �)LJ���D�� DQG� WKRVH� FRQ�
WDLQLQJ� H[FHVV� LQGLXP� �,Q�&X� ������ �)LJ�
�E��� $V� LV� VHHQ� LQ� )LJ����� WKH� (';� VSHFWUD
IRU�ERWK�VDPSOHV�FRQWDLQ��LQ�DGGLWLRQ�WR�PR�
O\EGHQXP� VXEVWUDWH� OLQHV�� FRSSHU�� LQGLXP�
VHOHQLXP�� DQG� R[\JHQ� RQHV�� $FFRUGLQJ� WR
>�@�� WKH� R[\JHQ� SHDN� LQ� (';� VSHFWUD� PD\
HYLGHQFH� WKH� H[LVWHQFH� RI� PHWDO� K\GUR[LGH
LPSXULWLHV�LQ�VXFK�ILOPV��7KH�;5'�DQDO\VLV
RI� WKH� EDVH� OD\HUV� �)LJ����� VKRZV� WKDW
VWRLFKLRPHWULF� &,6� ILOPV� DQG� &,6� ILOPV� HQ�
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ULFKHG�LQ�FRSSHU�DUH�VLQJOH�SKDVHG�RQHV�DQG
H[KLELW� WKH� &X,Q6H�� �FKDOFRS\ULWH�� FU\VWDOVWUXFWXUH��)LJ���D��E���$W�WKH�VDPH�WLPH��WKH
;5'� SDWWHUQ� RI� LQGLXP�HQULFKHG� &,6� ILOP
�)LJ���F�� FRQWDLQV�� DORQJ� ZLWK� WKLV� PDLQ
SKDVH��D�VPDOO�SHDN�RI�,Q�6H��GLIIUDFWLRQ��,QDOO� ;�UD\� GLDJUDPV�� 0R� DQG� 0R6H�� SHDNVDUH� SUHVHQWHG��$SSDUHQWO\��PRO\EGHQXP�VH�
OHQLGH�LV�DQ�LQWHUDFWLRQ�SURGXFW�RI�PRO\EGH�
QXP� VXEVWUDWH� DQG� EDVH� OD\HU� GXULQJ� DQ�
QHDOLQJ� RI� JODVV�0R�&X,Q6H�� FRPSRVLWH� LQDUJRQ� IORZ� DW� ����&�� $V� LV� VHHQ� LQ� 6(0
SLFWXUHV� �)LJ������ WKH� FRSSHU�HQULFKHG� &,6
ILOPV�DUH�FKDUDFWHUL]HG�E\�SUHVHQFH�RI�FU\V�
WDO� DJJORPHUDWHV� XS� WR� �� PP� LQ� GLDPHWHU
�)LJ���D�� ZKLOH� LQGLXP�HQULFKHG� OD\HUV� DUH
QDQRFU\VWDOOLQH��)LJ���E��

,QYHVWLJDWLRQV� RI� JODVV�0R�&X,Q6H�� FRP�SRVLWHV� XVLQJ�;�UD\� SKRWRHOHFWURQ� VSHFWURV�
FRS\� KDYH� VKRZQ� WKDW�6H�G�;36�SHDNV� DUH
ORFDWHG� DW� ELQGLQJ� HQHUJ\� ��� H9�� L�H�� DUH
FKDUDFWHULVWLF�IRU�6H�±�LQ�FKHPLFDO�FRPSRVL�
WLRQV� RI� FRSSHU�� LQGLXP�� DQG� PRO\EGHQXP
VHOHQLGHV� >�@�� %RWK� LQ� LQGLXP�HQULFKHG� &,6
ILOPV� DQG� FRSSHU�HQULFKHG� RQHV�� ,Q�G� OLQHV
DUH� ORFDWHG� DW� HQHUJLHV� RI� DSSUR[LPDWHO\
����H9��WKDW�FRUUHVSRQG�WR�;36�VSHFWUD�RE�
VHUYHG�LQ�>��@�IRU�&,6�ILOPV��,Q�WKLQ�VXUIDFH
VXEOD\HUV� �a��� QP�� RI� &,6� ILOPV�� DGVRUEHG
R[\JHQ� �OLQH� 2�V� DW� ���� H9�� DQG� R[\JHQ
ERXQG�ZLWK�PHWDOV��IRU�H[DPSOH�LQ�IRUPV�RI
,Q�2��RU�&X�2�R[LGHV��OLQH�2�V�DW�����H9��LVSUHVHQW�� 7KH� VXUIDFH� FRPSRVLWLRQ� RI� DV�GH�

SRVLWHG� JODVV�0R�&X,Q6H�� VDPSOH� DQG� VXU�IDFH� FRPSRVLWLRQV� RI� WKH� VDPSOHV� REWDLQHG
DIWHU� GHSRVLWLRQ� RI� ]LQF� VHOHQLGH� RQWR� WKLV
VDPSOH��JODVV�0R�&X,Q6H��=Q6H�VDPSOHV�1R�
DQG���SULRU�WR�DQG�DIWHU�DQQHDOLQJ��DUH�SUH�
VHQWHG�LQ�7DEOH���

$V� D� UHVXOW� RI� HOHFWURGHSRVLWLRQ� RI� ]LQF
VHOHQLGH�EXIIHU� OD\HUV�RQWR�VXUIDFHV�RI�FRS�
SHU�HQULFKHG�� LQGLXP�HQULFKHG� RU
VWRLFKLRPHWULF� &,6� ILOPV�� WKH� LQGLXP� DQG
FRSSHU� OLQH� LQWHQVLWLHV� LQ� ;36� VSHFWUD� GH�
FUHDVH�� EXW� NHHS� WKHLU� SRVLWLRQV�� WKXV� HYL�
GHQFLQJ� WKH� XQGDPDJHG� VWUXFWXUH� DQG
FKHPLFDO�FRPSRVLWLRQ�RI�WKH�EDVH�OD\HU��9DF�
XXP� DQQHDOV� DW� ����&� DQG� ����&� GR� QRW
UHVXOW� LQ� VKLIW� RI� FRSSHU� DQG� LQGLXP� SHDNV
LQ� WKH� ;36� VSHFWUD�� EXW� SURPRWH� WKH
FKDQJHV�LQ�UHODWLYH�LQWHQVLW\�RI�WKHVH�SHDNV�
$SSDUHQWO\�� WKH� GHFUHDVH� RI�6H� DQG�2� FRQ�
WHQWV� UHVXOWLQJ� IURP� YDFXXP� DQQHDOLQJ� RI
JODVV�0R�&X,Q6H��� =Q6H� FRPSRVLWHV� FDQ� EHFRQVLGHUHG� DV� D� FRQVHTXHQFH� RI� ZDWHU� DQG

)LJ����� ;5'� SDWWHUQV� RI� JODVV�0R�&,6� FRP�
SRVLWHV� ZLWK� &,6� ILOPV� DQQHDOHG� LQ� IORZLQJ
DUJRQ�DW�����v���È��FRSSHU�HQULFKHG�����ÈW��
&X�����ÈW��� ,Q����ÈW���6H��� �E��VWRLFKLRPHW�
ULFDO� ����ÈW���&X�����ÈW��� ,Q�����ÈW���6H��
�F�� LQGLXP�HQULFKHG�����ÈW���&X�����ÈW��� ,Q
���ÈW���6H��� 7KH� DVWHULVNV� LQGLFDWH�0R� GLI�
IUDFWLRQ� SHDNV�� WULDQJOHV�� 0R6H�� GLIIUDFWLRQSHDNV��WKH�DUURZ�LQGLFDWHV�WKH�,Q�6H��GLIIUDF�WLRQ�SHDN�

)LJ�����(';�VSHFWUD�RI�JODVV�0R�&,6�FRPSRV�
LWHV� ZLWK� &,6� ILOPV�� �È�� VWRLFKLRPHWULFDO
���� ÈW���&X�� ��� ÈW��� ,Q�� ��� ÈW��� 6H��� �E�
LQGLXP� HQULFKHG� ���� ÈW��� &X�� ��� ÈW��� ,Q�
���ÈW���6H��
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H[FHVV� VHOHQLXP� GHVRUSWLRQ� WKDW� ZDV� RE�
VHUYHG� GXULQJ� VLPLODU� DQQHDOLQJV� RI
JODVV�7L1�=Q6H�FRPSRVLWHV�GHVFULEHG�LQ�>�@�
0RUHRYHU�� GXULQJ� WKH� DQQHDOLQJV�� ZH� RE�
VHUYHG� �7DEOH���� D� GHFUHDVLQJ� =Q� FRQWHQW
WKDW��LQ�DFFRUGDQFH�ZLWK�>��@��PD\�HYLGHQFH
UHFU\VWDOOL]DWLRQV� RI� EXIIHU� OD\HUV� DV� D� UH�
VXOW� RI� =Q�2+��� LQWR� =Q2� WUDQVIRUPDWLRQVDQG�RI�GLIIXVLRQ�RI�=Q� LQWR�&,6�E\�DQDORJ\
ZLWK� WKDW� GHVFULEHG� LQ� >�@�� $V� D� ZKROH�� LI
WKH� SDUWLDO� =Q� GLIIXVLRQ� LQWR� &,6� LV� QRW
WDNHQ�LQWR�DFFRXQW��LW�FDQ�EH�FRQFOXGHG�WKDW
EXIIHU�OD\HU�FRQWDFWLQJ�ZLWK�&,6�LV�FKDQJHG
GXULQJ� YDFXXP� DQQHDOLQJ� LQ� WKH� VDPH� ZD\
DV� LW� ZDV� FKDQJHG� LQ� WKH� FDVH� RI� FRQWDFW
ZLWK� LQHUW� VXEVWUDWH� 7L1� >�@�� WKH� ]LQF� K\�
GUR[LGH� DQG� ]LQF� R[LGH� LPSXULWLHV� LQWHUDFW
ZLWK�K\GURJHQ�DQG�VHOHQLXP�RFFOXGHG�LQ�WKH
ILOP�LQ�IRUP�RI�6H���6H2���RU�26H�2+���DQGVR�=Q6H�LV�IRUPHG�

2Q� WKH� RWKHU� VLGH�� LQ� WKH� FDVH� RI� HOHF�
WURGHSRVLWLRQ� RI� ]LQF� VHOHQLGH� RQWR� WKH� ,72

VXUIDFH� DQG� RI� PDNH�XS� RI� JODVV�,72�=Q6H
FRPSRVLWH��WKH�FKHPLFDO�LQWHUDFWLRQ�EHWZHHQ
EXIIHU� OD\HU� DQG� VXEVWUDWH� WDNHV�SODFH�GXU�
LQJ� DQQHDOLQJ� DW� ����v� DQG� ����v�� WKDW� LV
VHHQ�LQ�;36�VSHFWUD�DV�LQFUHDVLQJ�LQWHQVLWLHV
RI� ,Q�G� DQG� 6Q�G� OLQHV� DW� ELQGLQJ� HQHUJLHV
FRUUHVSRQGLQJ� WR� WKHLU� VHOHQLGHV� �7DEOH����
3HUKDSV� WKH� IROORZLQJ� UHDFWLRQV� WDNH� SODFH
GXULQJ�YDFXXP�DQQHDOLQJV��

,Q�2�����6H����+�� �,Q�6H�����+�2�� ���

,Q�2�����6H2�����+�� �,Q�6H�����+�2� ���

,Q�2�����26H�2+������+�� �,Q�6H������+�2�����
DV� ZHOO� DV� VLPLODU� UHDFWLRQV� RI� WLQ� R[LGHV
FRQWDLQHG� LQ� ,72� ZLWK� K\GURJHQ� DQG� VHOH�
QLXP� FRPSRXQGV�� WKXV� UHVXOWLQJ� LQ� IRUPD�
WLRQ�RI�WLQ�VHOHQLGHV��6LQFH�WKH�FRQWHQW�UDWLR
RI� LQGLXP� WR� WLQ� LQ� ,72� ILOPV� LV� ����� LW� LV
UHDVRQDEOH� WR� VXSSRVH� WKDW�EXIIHU� OD\HUV�RQ

)LJ�����6FDQQLQJ�HOHFWURQ�PLFURJUDSKV�RI�$U�DQQHDOHG�DW�����v�FRPSRVLWLRQV�JODVV�0R�&,6�ZLWK�&,6
ILOPV���È��FRSSHU�HQULFKHG�����ÈW���&X�����ÈW���,Q�����ÈW���6H����E��LQGLXP�HQULFKHG�����ÈW���&X�
���ÈW���,Q�����ÈW���6H��

7DEOH����$WRPLF�FRQFHQWUDWLRQV�RI�HOHPHQWV�LQ�WKH�VXUIDFH�VXEOD\HUV�RI�WKH�JODVV�0R�&X,Q6H��DQGJODVV�0R�&X,Q6H��=Q6H�FRPSRVLWHV�DFFRUGLQJ�WR�;36�GDWD

6DPSOH &RPSRVLWLRQ��ÈW����r������
& 2 6H ,Q &X 0R =Q

JODVV�0R�&X,Q6H� ���� ���� ��� ���� ��� ��� Ü
JODVV�0R�&X,Q6H��=Q6H�1R�� ���� ���� ��� ��� ��� ��� ����

1R���DIWHU�YDFXXP�DQQHDOLQJ�DW�����v ���� ���� ��� ��� ��� ��� ����
JODVV�0R�&X,Q6H��=Q6H�1R�� ���� ���� ��� ��� ��� ��� �����

1R���DIWHU�YDFXXP�DQQHDOLQJ�DW�����v ���� ���� ��� ��� ��� ��� ����
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,72� VXEVWUDWHV� DIWHU� YDFXXP� DQQHDOLQJV
FRQVLVW�RI�=Q6H�DQG�,Q�6H��ZLWK�VPDOO�LPSX�ULWLHV� RI� WLQ� VHOHQLGHV� �7DEOH����� 1RWH� WKDW
,Q�6H�� LPSXULW\� LQ� WKH� EXIIHU� OD\HU� LV� QRWXQGHVLUDEOH�� ,Q� >��@�� WKLV� VHOHQLGH� LWVHOI� LV
EHOLHYHG�WR�EH�VXLWDEOH�DV�D�EXIIHU�OD\HU�EH�
WZHHQ� &,6� DQG� WUDQVSDUHQW� FRQGXFWLYH
R[LGH��ZKLOH� DXWKRUV� >��@� SRLQW� RXW� WKH�XVH
RI� QRW� RQO\� =Q6H� RU� ,Q[6H\�� EXW� DOVR� WKHLUFRPSRXQG� =Q,Q[6H\�� DV� EXIIHU� OD\HUV� WR� EHRI� JRRG� SURPLVH�� 6R�� XVLQJ� ]LQF� VHOHQLGH
HOHFWURGHSRVLWLRQ� RQ� WKH� ,72� VXUIDFH� IRO�
ORZHG� E\� YDFXXP� DQQHDOLQJ� RI
JODVV�,72�=Q6H�FRPSRVLWHV��ZH�FDQ�REWDLQ�D
JODVV�,72�=Q6H� EXIIHU� OD\HU� EHLQJ� FRQVLG�
HUHG� QRZ� DV� D� SURVSHFWLYH� DOWHUQDWLYH� IRU
KLJKO\� WR[LF� FDGPLXP�FRQVLVWLQJ� EXIIHU
OD\HU�

7KH�LQWHUDFWLRQ�FKDUDFWHU�RI�WKH�EXIIHU�OD\HU
ZLWK� &,6� DQG� ,72� LQ� JODVV�0R�&X,Q6H��=Q6H

DQG�JODVV�,72�=Q6H�FRPSRVLWHV�PD\�EH�FRQ�
ILUPHG� DGGLWLRQDOO\� E\� WKH� FKDQJHV� LQ� WKH
6H�G� DQG�=Q/00� VSHFWUD� VKDSHV� GXULQJ� WKHDQQHDOLQJ� �)LJ������� VLPLODU� WR� WKRVH� RE�
VHUYHG� LQ� >�@� IRU� JODVV�7L1�=Q6H� V\VWHP�
7KH� 6H�G� FRUH� OHYHO� VSHFWUD� EHIRUH� DQQHDO�
LQJ� FRQWDLQ� �)LJ���D��D�� WKUHH� FRPSRQHQWV
ZLWK� ELQGLQJ� HQHUJLHV� RI� ����� H9� �OLQH� ���
�����H9��OLQH�����DQG������H9��OLQH���LQ�)LJ�
�D��� WKDW� FDQ� EH� DVFULEHG� WR� VHOHQLXP� LQ
6H�±� �=Q6H�� ,Q�6H���� 6H��� DQG� 6H��� �6H2��26H�2+���� VWDWHV�� UHVSHFWLYHO\�� $IWHU� DQ�QHDOLQJ�� WKH� VSHFWUD� FRQWDLQ� RQO\� D� VLQJOH
OLQH�FRUUHVSRQGLQJ�WR�6H�±��

,Q� DGGLWLRQ�� WKH� ]LQF� VHOHQLGH� FUHDWLRQ
DIWHU� DQQHDOLQJ� LV� FRQILUPHG� E\� FKDQJH� LQ
WKH�=Q/00�$XJHU�OLQH�VKDSH��7KLV�OLQH�KDV�DUDWKHU� FRPSOH[� VWUXFWXUH�� VR� LW� LV� GLIILFXOW
WR�GHFRPSRVH� LW� LQWR�FRPSRQHQWV��+RZHYHU�
WKH�VSHFWUXP�VKDSH�LQ�)LJ���E�LV�W\SLFDO�IRU
=Q6H� >����@�� 1RWH� WKDW� SULRU� WR� DQQHDOLQJ

)LJ�����;36�VSHFWUD�RI�JODVV�0R�&X,Q6H��=Q6H�VDPSOH�1R���EHIRUH��D��DQG�DIWHU��E��YDFXXP�DQQHDO�LQJ�DW��� �����v�

7DEOH���� $WRPLF� FRQFHQWUDWLRQV� RI� HOHPHQWV� LQ� WKH� VXUIDFH� VXEOD\HUV� RI� WKH� JODVV�,72�=Q6H
FRPSRVLWHV�DFFRUGLQJ�WR�;36�GDWD

6DPSOH &RPSRVLWLRQ��ÈW����r������
& 2 6H ,Q 6Q =Q

6DPSOH�1R���JODVV�,72�=Q6H ���� ���� ���� ��� ��� ����
6DPSOH�1R���JODVV�,72�=Q6H�DIWHU

YDFXXP�DQQHDOLQJ�DW�����v
���� ���� ��� ��� ��� ����

6DPSOH�1R���JODVV�,72�=Q6H ���� ��� ���� ��� ��� ���
6DPSOH�1R���JODVV�,72�=Q6H�DIWHU

YDFXXP�DQQHDOLQJ�DW�����v
���� ���� ���� ��� ��� ����
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WKHVH� VSHFWUD� ZHUH� PL[HG� VLJQDOV� IURP
=Q6H��=Q2��=Q�2+����7KXV�� GXULQJ� WKH� DQQHDOLQJ� RI� WKH
JODVV�0R�&X,Q6H�� FRPSRVLWH� LQ� DUJRQ� IORZDW� ���Å&�� WKH� LQWHUDFWLRQ� RI� &,6� EDVH� OD\HU
ZLWK� PRO\EGHQXP� VXEVWUDWH� UHVXOWLQJ� LQ
IRUPDWLRQ� RI� 0R6H�� WDNHV� SODFH�� ,Q
JODVV�0R�&X,Q6H��=Q6H�FRPSRVLWHV��WKH�SDU�WLDO� GLIIXVLRQ� RI�=Q� IURP� EXIIHU� OD\HU� LQWR
&,6�� WKH� UHPRYDO� RI�ZDWHU� DQG� H[FHVV� VHOH�
QLXP�RXW�RI�WKH�EXIIHU�OD\HU��DQG�WUDQVIRU�
PDWLRQ� RI� ]LQF� K\GUR[LGH� DQG� ]LQF� R[LGH
LQWR�=Q6H� DUH� REVHUYHG� GXULQJ� YDFXXP� DQ�
QHDOLQJ�DW�����&�DQG�����&��$ORQJVLGH�ZLWK
WKH�DERYH��D�SDUWLDO�LQWHUDFWLRQ�RI�,72�ZLWK
VHOHQLXP�RU� WKHLU� FRPSRXQGV� DQG�K\GURJHQ
RFFOXGHG� LQ� WKH� EXIIHU� OD\HU� WDNHV� SODFH� LQ
JODVV�,72�=Q6H�FRPSRVLWHV�XQGHU�VXFK�YDF�
XXP�DQQHDOLQJ� UHVXOWLQJ� LQ� IRUPDWLRQ� RI� LQ�
GLXP�VHOHQLGHV�ZLWK�VPDOO�LPSXULW\�RI�WLQ�VH�
OHQLGHV��7KXV��DIWHU�WKH�DQQHDOLQJ��WKH�EXIIHU
OD\HU� HOHFWURGHSRVLWHG� RQ� ,72� VXUIDFH� FDQ� EH
FRQVLGHUHG�WR�EH�RI�=Q,Q[6H\�FRPSRVLWLRQ�

5HIHUHQFHV
� ���1�3�.ORFKNR�� 1�'�9RONRYD�� 0�9�'REURWYRU�

VND\D�HW�DO���)XQFWLRQDO�0DWHULDOV�����������������

� ���6�6DGHZDVVHU�� 7K�*ODW]HO�� 0�5XVX� HW� DO��� LQ�
3URF��RI���WK�(XURSHDQ�3KRWRYROWDLF�6RODU�(Q�
HUJ\�&RQI���0XQLFK��*HUPDQ\���������S������

� ���1�3�.ORFKNR�� 9�5�.RSDFK�� $�$�5\DEFKXQ� HW
DO���)XQFWLRQDO�0DWHULDOV���������������

� ���1�3�.ORFKNR�� 9�5�.RSDFK�� 9�2�1RYLNRY� HW
DO���)XQFWLRQDO�0DWHULDOV����������������

� ���3K\VLFV� RI� 7KLQ� )LOPV�� HG�� E\� *�+DVV�
5�(�7KXQ��$FDGHPLF�3UHVV��1HZ�<RUN��������

� ���1�3�.ORFKNR�� 9�5�.RSDFK�� 9�2�1RYLNRY� HW
DO���)XQFWLRQDO�0DWHULDOV����������������

� ���3UDFWLFDO�6XUIDFH�$QDO\VLV�E\�$XJHU�DQG�;�UD\
3KRWRHOHFWURQ� 6SHFWURVFRS\�� HG�� E\�'�%ULJJV�
0�3�6HDFK��-�:LOH\	6RQV��1HZ�<RUN��������

� �����p�*DOORQ��LQ��(OHFWURQ�DQG�,RQ�6SHFWURVFRS\
RI� 6ROLGV�� HG�� E\� /�)LHUPDQV�� -�9HQQLN� DQG
:�'HNH\VHU��3OHQXP�3UHVV��1HZ�<RUN��/RQGRQ
��������S�����

� ���'�-RKQVWRQ�� .�0�+\QHV�� ,�)RUEHV� HW� DO��� LQ�
3URF��RI���WK�(XURSHDQ�3KRWRYROWDLF�6RODU�(Q�
HUJ\�&RQI���0XQLFK��*HUPDQ\���������S������

����$�(QQDRXL��&�'�/RNKDQGH��0�:HEHU��LQ��3URF�
RI� ��WK� (XURSHDQ� 3KRWRYROWDLF� 6RODU� (QHUJ\
&RQI���%DUVHORQD��6SDLQ���������S������

����*�*RUGLOOR�� &�&ROGHURQ�� LQ�� 3URF��RI� ��WK
(XURSHDQ� 3KRWRYROWDLF� 6RODU� (QHUJ\� &RQI��
0XQLFK��*HUPDQ\���������S������

����0�3RZDOOD�� %�'LPPOHU�� LQ�� 3URF��RI� ��WK
(XURSHDQ� 3KRWRYROWDLF� 6RODU� (QHUJ\� &RQI��
0XQLFK��*HUPDQ\���������S�����

)LJ�����;36�VSHFWUD�RI�JODVV�,72�=Q6H�VDPSOH�1R���EHIRUH��D��DQG�DIWHU��E��YDFXXP�DQQHDOLQJ�DW��� �����v�
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