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2SWLFDO� VSHFWURVFRS\� PHWKRGV� KDYH� EHHQ� XVHG� WR� VWXG\� WKH� IHDWXUHV� RI� F\DQLQH� G\H

���c�GLPHWK\O���WKLHQ\O�WKLDFDUERF\DQLQH� LRGLGH� �/�����DJJUHJDWLRQ� LQ� WKH�SUHVHQFH� RI� FDW�
LRQLF�VXUIDFWDQW�&3%�DW�FRQFHQWUDWLRQV�DERYH�WKH�FULWLFDO�PLFHOOH�FRQFHQWUDWLRQ��,W�KDV�EHHQ
UHYHDOHG� WKDW� WKH� DGGLWLRQ� RI� &3%� SURPRWHV� WKH� IRUPDWLRQ� RI� OXPLQHVFHQW� PROHFXODU
DJJUHJDWHV��7KH�DJJUHJDWHV�KDYH�D�FRPSOH[�VWUXFWXUH�WKDW�LV�PDQLIHVWHG�LQ�WKH�DEVRUSWLRQ
VSHFWUXP�DV� WZR�QHZ�EDQGV� �K\SVRFKURPLFDOO\� DQG� EDWKRFKURPLFDOO\� VKLIWHG���7KH� DJJUH�
JDWHV�IRUPHG�UHYHDO�D�KLJKO\�RUGHUHG�VWUXFWXUH�DQG�D�VLJQLILFDQW�OXPLQHVFHQFH�
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-�$JJUHJDWHV� DUH� OXPLQHVFHQW� DVVHPEOLHV
RI� QRQ�FRYDOHQWO\� FRXSOHG�PROHFXOHV� UHVXOW�
LQJ� LQ� D� QDUURZ� DEVRUSWLRQ� EDQG� EDWKR�
FKURPLFDOO\� VKLIWHG�ZLWK� UHVSHFW� WR� WKDW� RI
PRQRPHU�� 6LQFH� WKHLU� GLVFRYHU\� E\� -HOOH\
DQG� 6FKHLEH� >�Ü�@�� -�DJJUHJDWHV� KDYH� EHHQ
RI� IXQGDPHQWDO� LQWHUHVW� GXH� WR� WKHLU� LQWHU�
PHGLDWH� SRVLWLRQ� EHWZHHQ� GLVVROYHG� PROH�
FXOHV�DQG�VWUXFWXUDOO\�RUGHUHG�FU\VWDOV��7KH
-�DJJUHJDWH� VL]H� FDQ� EH� FKDUDFWHUL]HG� E\
WZR� GLIIHUHQW� TXDQWLWLHV�� �D�� WKH� SK\VLFDO
VL]H� Q�� L�H��� WKH� QXPEHU� RI� PRQRPHU� XQLWV
ZKLFK�GHWHUPLQHV�WKH�JHRPHWULFDO� OHQJWK�RI
WKH� DJJUHJDWH� DQG� �E�� WKH� FRKHUHQFH� �GHOR�
FDOL]DWLRQ�� OHQJWK� RU� QXPEHU� RI� FRKHUHQWO\
FRXSOHG� PROHFXOHV� �1GHO��� :KHUHDV� WKH
SK\VLFDO�VL]H�PD\�EH�LQ�WKH�UDQJH�RI�VHYHUDO
WKRXVDQG� PROHFXOHV�� WKH� FRKHUHQFH� GRPDLQ

FRQVLVWV� RI� OHVV� WKDQ� ���PROHFXOHV� DW� URRP
WHPSHUDWXUH� >�Ü�@�� 6LQFH� WKH� SKRWRSK\VLFDO
SURSHUWLHV� RI� -�DJJUHJDWHV� DUH� VL]H�GHSHQG�
HQW� >�Ü�@�� LW� LV� RI� JUHDW� LQWHUHVW� WR� FRQWURO
WKRVH� E\� YDU\LQJ� WKH� VL]H� RI� -�DJJUHJDWHV�
DLPLQJ� IRU� HQKDQFHG� DJJUHJDWLRQ� DQG� LQ�
FUHDVHG�FRXSOLQJ�VWUHQJWK�

7KHUH�DUH�VRPH�ZD\V�WR�DIIHFW�WKH�DJJUH�
JDWLRQ�RI�SRO\PHWKLQH�G\HV�LQ�VROXWLRQV��DG�
GLWLRQ� RI� VDOWV�� YDULDWLRQ� RI� WKH� VROXWLRQ
DFLGLW\�� WHPSHUDWXUH�� VROYHQW� UDWLR� �IRU� EL�
QDU\� VROXWLRQV��� HWF�� >�Ü�@�� 6XUIDFWDQWV� FDQ
SURYRNH�WKH�DJJUHJDWLRQ��WRR� >�Ü��@�� ,W�KDV
EHHQ�VKRZQ�WKDW�WKH�DGGLWLRQ�RI�VXUIDFWDQWV
DW�D�FRQFHQWUDWLRQ�EHORZ�WKH�FULWLFDO�PLFHOOH
FRQFHQWUDWLRQ� �&0&�� HQKDQFHV� WKH� DJJUHJD�
WLRQ�>�Ü��@�DQG�VRPHWLPH�FKDQJHV�WKH�-�DJ�
JUHJDWH�PRUSKRORJ\�>�Ü�@��$V�D�UXOH��DW�VXU�
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IDFWDQW� FRQFHQWUDWLRQV� DERYH� WKH� &0&�� WKH
G\H�PROHFXOHV� DUH� VROXELOL]HG� E\� VXUIDFWDQW
PLFHOOHV� WKDW� SUHYHQW� WKHLU� DJJUHJDWLRQ� >�Ü
����Ü��@�� 1HYHUWKHOHVV�� LW� ZDV� DOVR� VKRZQ
WKDW� WKH� DGGLWLRQ� RI� VXUIDFWDQWV� DW� FRQFHQ�
WUDWLRQV� DERYH� WKH� &0&� FDQ� SURPRWH� SR�
O\PHWKLQH� G\H� DJJUHJDWLRQ� >�Ü�@�� )RU� LQ�
VWDQFH��LQ�>�@��WKH�LQIOXHQFH�RI�D�QXPEHU�RI
DQLRQLF�VXUIDFWDQWV��VXOIRQDWHV��VXOIDWHV�DQG
WKHLU� GHULYDWLYHV�� RQ� WKH� DJJUHJDWLRQ� RI
ZHOO�NQRZQ� FDWLRQLF� G\H� 3,&� ZDV� VWXGLHG�
7KH�DGGLWLRQ�RI�VRPH�VXUIDFWDQWV�DW�FRQFHQ�
WUDWLRQV�EHORZ�WKH�&0&�ZDV�IRXQG�WR�FDXVH
ERWK� -�� DQG�+�DJJUHJDWH� IRUPDWLRQ��$W� WKH
VDPH� WLPH�� RQH� RI� VXUIDFWDQWV� KDV� EHHQ� UH�
YHDOHG� WR� FDXVH� -�DJJUHJDWH� IRUPDWLRQ� DW
FRQFHQWUDWLRQV�PXFK�DERYH�WKH�&0&�

,Q� FRQWUDVW� WR� DQLRQLF� VXUIDFWDQWV�� WKH
DJJUHJDWLRQ�RI�3,&�ZDV�QRW�REVHUYHG�LQ�WKH
SUHVHQFH� RI� QRQLRQLF� RQHV� >�@�� ,Q� >�@�� WKH
HIIHFW�RI�D�]ZLWWHULRQLF�VXUIDFWDQW�RQ�7'%&
-�DJJUHJDWH� IRUPDWLRQ� ZDV� LQYHVWLJDWHG�� ,W
ZDV� VKRZQ� WKDW� WKH� VXUIDFWDQW� DGGLWLRQ� DW
FRQFHQWUDWLRQV� DERYH� WKH� &0&� FKDQJHV� WKH
-�DJJUHJDWH�VSHFWUDO�FKDUDFWHULVWLFV��WKH�DE�
VRUSWLRQ�-�EDQG�EHFRPHV�QDUURZHU�DQG�PRUH
LQWHQVH�� WKH� OXPLQHVFHQFH� EDQG� RI� -�DJJUH�
JDWHV� DOVR� EHFRPHV� QDUURZHU� DQG� WKH� IOXR�
UHVFHQFH�TXDQWXP�\LHOG�LQFUHDVHV��7KH�PRVW
SURQRXQFHG� FKDQJHV� LQ� WKH� VSHFWUDO� FKDUDF�
WHULVWLFV�ZHUH�REVHUYHG�DW�WKH�G\H�WR�VXUIDF�
WDQW� UDWLR� ����� ,Q� WKH� FDVH� RI� FDWLRQLF� VXU�
IDFWDQWV�� WKH� GHVWUXFWLRQ� RI� -�DJJUHJDWHV
ZDV�REVHUYHG�>�@��7KH�LQWHUDFWLRQ�RI�FDWLRQLF
G\H� DPSKL�3,&� ZLWK� DQLRQLF� DQG� FDWLRQLF
VXUIDFWDQWV� KDV� EHHQ� LQYHVWLJDWHG� LQ� >�@�
7KH� DGGLWLRQ� RI� DQ� DQLRQLF� VXUIDFWDQW� DW
FRQFHQWUDWLRQV�DERYH�WKH�&0&�ZDV�IRXQG�WR
GHVWUR\�WKH�DPSKL�3,&�-�DJJUHJDWHV��ZKLOH�D
FDWLRQLF� VXUIDFWDQW� FDXVHV� DQ� LQFUHDVHG� -�
EDQG�LQWHQVLW\�DQG�LWV�QDUURZLQJ�DW�FRQFHQ�
WUDWLRQV� EHORZ� DQG� DERYH� WKH� &0&�� ,Q� WKLV
ZRUN�� ZH� KDYH� H[DPLQHG� WKH� IHDWXUHV� RI
-�DJJUHJDWH� IRUPDWLRQ� IRU� ���c�GLPHWK\O���
WKLHQ\O�WKLDFDUERF\DQLQH� LRGLGH� �/����
�)LJ�����LQ�DTXHRXV�VROXWLRQV�FRQWDLQLQJ�FDW�
LRQLF� VXUIDFWDQW�� FHW\OS\ULGLQLXP� EURPLGH
�&3%��

7KH�F\DQLQH�G\H�/����ZDV�REWDLQHG�IURP
WKH� G\H� FROOHFWLRQ� DW� WKH� 'HSDUWPHQW� RI

&RPELQDWRULDO� &KHPLVWU\� �,QVWLWXWH� IRU�0R�
OHFXODU� %LRORJ\� DQG� *HQHWLFV� 1$6� RI
8NUDLQH��� ,WV� SXULW\� ZDV� FKHFNHG� E\� WKLQ
OD\HU� FKURPDWRJUDSK\�� 7KH� VXUIDFWDQW� &3%
ZDV�SXUFKDVHG�IURP�6LJPD�$OGULFK�DQG�XVHG
DV� UHFHLYHG�� 7KH� VDPSOHV� IRU� LQYHVWLJDWLRQV
ZHUH� SUHSDUHG� E\� DGGLWLRQ� RI� DSSURSULDWH
DPRXQW� RI� WKH� VXUIDFWDQW� WR� D� VWRFN� G\H
VROXWLRQ� LQ� GLPHWK\OIRUPDPLGH� �'0)�
���P0���7KHQ�WKH�VROXWLRQ�ZDV�GLOXWHG�ZLWK
ZDWHU� EXIIHU� 75,6�+&O� �&� ������PRO�/�
S+�  ���� LQ� WKH� UDWLR� ������ 7KXV�� WKH� G\H
FRQFHQWUDWLRQ� LQ� WKH� VDPSOHV� ZDV� HTXDO� WR
��Ü�� PRO�/� DQG� VXUIDFWDQW� FRQFHQWUDWLRQ
ZDV�HTXDO� WR���Ü��PRO�/��7KH� OXPLQHVFHQFH
DQG� OXPLQHVFHQFH� H[FLWDWLRQ� VSHFWUD� ZHUH
UHFRUGHG� XVLQJ� D� VSHFWURIOXRULPHWHU� RQ� WKH
EDVH� RI� WZR� JUDWLQJ�PRQRFKURPDWRUV�0'5�
���DQG�D�[HQRQ�ODPS��2QH�RI�WKH�PRQRFKUR�
PDWRUV� ZDV� XVHG� WR� VHOHFW� WKH� UHTXLUHG
ZDYHOHQJWK� �):+0�a����� QP��� WKH� RWKHU
RQH� ZDV� XVHG� IRU� OXPLQHVFHQFH� FROOHFWLRQ�
)RU� DEVRUSWLRQ� VSHFWUD� UHJLVWUDWLRQ�� WKH
VSHFWURIOXRULPHWHU�ZDV�VXSSOLHG�ZLWK�DQ�LQ�
FDQGHVFHQW� ODPS��)RU� WHPSHUDWXUH�PHDVXUH�
PHQWV�� WKH� FHOO�ZLWK� WKH� VDPSOH�ZDV�SODFHG
LQ� D� WKHUPRVWDW� ZKHUH� WHPSHUDWXUH� FDQ� EH
VPRRWKO\� FKDQJHG� ZLWKLQ� WKH� ��Ü���&� DW� D
��&�VWHS��

'XH�WR�D�SRRU�VROXELOLW\�RI�/����LQ�ZDWHU�
LWV� -�DJJUHJDWHV� ZHUH� SUHSDUHG� LQ� D� ELQDU\
�SRODU� VROYHQW�ZDWHU�� VROXWLRQ� IURP� D� VWRFN
G\H� VROXWLRQ� LQ� '0)� >������@�� $EVRUSWLRQ
DQG� OXPLQHVFHQFH� VSHFWUD� RI� /���� G\H� LQ
'0)� DUH� W\SLFDO� RI� F\DQLQH� G\HV� �)LJ����
ZLWK� DEVRUSWLRQ� PD[LPXP� DW� ���� QP
�PRQRPHU� EDQG�� DQG� OXPLQHVFHQFH� PD[L�
PXP� DW� ���� QP�� UHVSHFWLYHO\�� $� ZHDNO\
EDVLF� PHGLXP� LV� IRXQG� WR� EH� UHTXLUHG� IRU
G\H�DJJUHJDWLRQ��6R��WR�SUHSDUH�WKH�VDPSOHV�

)LJ�����7KH�FKHPLFDO�VWUXFWXUH�RI�/����G\H�

)LJ����� $EVRUSWLRQ� ���� ��� DQG� OXPLQHVFHQFH
�OH[F� �����QP���������VSHFWUD�RI�/����LQ�'0)������DQG�LQ�D�ELQDU\�VROXWLRQ�'0)�75,6�+&O
EXIIHU��������
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DQ� DTXHRXV� 75,6�+&O� EXIIHU� �S+� ���� ZDV
XVHG�� ,Q� D� '0)�75,6�+&O� EXIIHU� ������� EL�
QDU\� VROXWLRQ�� WKH� G\H� DEVRUSWLRQ� VSHFWUXP
FKDQJHV� �)LJ������ WKH� PRQRPHU� EDQG� VKLIWV
WRZDUGV�VKRUW�ZDYHOHQJWKV��OPD[� �����QP�WKDW�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�VROYHQW
SRODULW\�DQG�D�QHZ�ORZ�LQWHQVLW\�ORQJ�ZDYH�
OHQJWK� EDQG� ZLWK� PD[LPXP� DW� ���� QP� LV
UHYHDOHG�� 7KH� QHZ� EDQG� LV� EURDG� HQRXJK
�'Q):+0� �����°PÜ���� $Q� LQFUHDVH� RI
VKRUW�ZDYHOHQJWK� VKRXOGHU� LQWHQVLW\� DW
���� QP� LQ� WKH� PRQRPHU� DEVRUSWLRQ� EDQG
ZLWK� UHVSHFW� WR� WKH� DEVRUSWLRQ� VSHFWUXP� LQ
'0)��)LJ�����VKRXOG�EH�DOVR�QRWHG��7KH�OXPL�
QHVFHQFH�VSHFWUXP�RI�/����LQ�WKH�'0)�75,6�
+&O�EXIIHU�ELQDU\�VROXWLRQ�DOVR�H[KLELWV�D�QHZ
YHU\� LQWHQVH� EDQG�SHDNHG� DW�����QP�� ,Q� WKH
OXPLQHVFHQFH� VSHFWUXP�� WKH� LQWHQVLW\� UDWLR
EHWZHHQ� WKH� QHZ� EDQG� DQG� PRQRPHU� RQH� LV
PXFK�ODUJHU�WKDQ�WKDW�LQ�WKH�DEVRUSWLRQ�VSHF�
WUXP� �)LJ������ 7KH� DSSHDUDQFH� RI� WKH� ORQJ�
ZDYHOHQJWK� DEVRUSWLRQ� EDQG� DQG� WKH� LQWHQVH
UHVRQDQFH�OXPLQHVFHQFH�RQH�LQ�WKH�ELQDU\�VR�
OXWLRQ� FDQ� EH� DVFULEHG� WR� WKH� IRUPDWLRQ� RI
-�DJJUHJDWHV� RI� /���� G\H� >�Ü�@�� 7KH� UDWKHU
EURDG� DEVRUSWLRQ� DQG� OXPLQHVFHQFH� EDQGV� RI
/����-�DJJUHJDWHV�REVHUYHG�LQ�WKH�'0)�75,6�
+&O�EXIIHU�ELQDU\�VROXWLRQ�VHHP�WR�EH�DVVRFL�
DWHG� ZLWK� D� EURDG� GLVSHUVLRQ� RI� -�DJJUHJDWH
FKDLQ�OHQJWKV�>�Ü�@�

7R� VWLPXODWH� WKH� DJJUHJDWLRQ� RI� /���� LQ
WKH� '0)�75,6�+&O� EXIIHU� ELQDU\� VROXWLRQ�
ZH� KDYH� XVHG� FDWLRQLF� VXUIDFWDQW� &3%�
ZKLFK� ZDV� XVHG� WR� LPSURYH� WKH� DPSKL�3,&
-�DJJUHJDWLRQ� LQ� >�@�� 7KH� DGGLWLRQ� RI� FDW�
LRQLF� VXUIDFWDQW� &3%� DW� D� FRQFHQWUDWLRQ
DERYH� WKH� &0&� �������Ü�� PRO�/� >��@�� SUR�
YRNHV� VLJQLILFDQW� FKDQJHV� LQ� WKH�DEVRUSWLRQ
VSHFWUXP��)LJ�����FXUYH�����7KH�LQWHQVLW\�RI
-�DJJUHJDWH�EDQG� �-�EDQG�� LQFUHDVHV�DQG� LWV
ZLGWK� EHFRPHV� YHU\� QDUURZ� �'Q):+0� ����FPÜ���� 7KH� OXPLQHVFHQFH� EDQG� RI� -�DJ�
JUHJDWHV� �)LJ����� FXUYH� ��� DOVR� EHFRPHV
PXFK� QDUURZHU� �'Q):+0� �����FPÜ��� DQG
YHU\� LQWHQVH�� ZKLOH� WKH� LQWHQVLW\� RI� WKH
PRQRPHU� OXPLQHVFHQFH� EDQG� GHFUHDVHV��$S�
SDUHQWO\�� VLPLODU� WR� WKH� FDVH� RI� DPSKL�3,&
>�@�� WKH� DGGLWLRQ�RI�&3%� UHGXFHV� WKH� GLVRU�
GHU� GHJUHH� LQ� /���� -�DJJUHJDWHV�� $V� D� UH�
VXOW�� WKH� H[FLWRQ� GHORFDOL]DWLRQ� OHQJWK� RI
/���� -�DJJUHJDWHV� LQFUHDVHV� WKDW� LV� SURYHG
E\�FRQVLGHUDEOH�-�EDQG�QDUURZLQJ�>�Ü�����@�

7KH� H[FLWRQ� GHORFDOL]DWLRQ� OHQJWK� FDQ� EH
HVWLPDWHG�XVLQJ�WKH�HTXDWLRQ�>��@��
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ZKHUH�'QPRQ� LV�WKH�IXOO�ZLGWK�DW�KDOI�PD[L�PXP� �):+0�� RI� WKH� PRQRPHU� DEVRUSWLRQ
EDQG��'Q-��WKH�-�EDQG�):+0��7DNLQJ�'QPRQ� ����FPÜ�� �IURP� /���� DEVRUSWLRQ� VSHFWUXP
LQ� '0)� DIWHU� VXEWUDFWLRQ� RI� WKH� YLEURQLF
EDQG��� ZH� REWDLQ� IRU� -�DJJUHJDWHV� /���� LQ
WKH� SUHVHQFH� RI� &3%� 1GHO|��� PRQRPHUXQLWV�� WKDW� LV� ODUJH� HQRXJK� YDOXH� DW� URRP
WHPSHUDWXUH�DQG�LQGLFDWHV�WKH�KLJK�RUGHULQJ
GHJUHH�RI�WKH�-�DJJUHJDWHV�>�Ü�@�

7KH� QH[W� IHDWXUH� RI� /���� -�DJJUHJDWHV
ZLWK� &3%� DEVRUSWLRQ� VSHFWUXP� LV� D� VLJQLIL�
FDQW� LQFUHDVHG� LQWHQVLW\� RI� WKH� VKRUW�ZDYH�
OHQJWK� VKRXOGHU� LQ� WKH�PRQRPHU�DEVRUSWLRQ
EDQG� �)LJ����� FXUYH� ��� WKDW� SRLQWV� WR� WKH
IRUPDWLRQ� RI� VR�FDOOHG� +�DJJUHJDWHV� >�Ü�@�
$W�WKH�H[FLWDWLRQ�LQ�WKLV�EDQG��RQO\�-�DJJUH�
JDWH� OXPLQHVFHQFH� LV� REVHUYHG�� FRQILUPLQJ
WKDW�WKH�EOXH�VKLIWHG�EDQG�EHORQJV�WR�+�OLNH
VWUXFWXUH�>�Ü�@��7R�HVWLPDWH�WKH�DVVRFLDWLRQ
GHJUHH� IRU�+�DJJUHJDWHV�� WKH� VHW�RI�DEVRUS�
WLRQ� VSHFWUD� DW� GLIIHUHQW� WHPSHUDWXUHV� ZDV
REWDLQHG� �)LJ������ 7KH� WHPSHUDWXUH� LQFUHDVH
LV� VHHQ� WR� UHVXOW� LQ�UHGLVWULEXWLRQ�RI�PRQR�
PHU�� -�� DQG� +�EDQG� LQWHQVLWLHV�� +�� DQG� -�
EDQG� GHFUHDVH� V\QFKURQRXVO\�� ZKLOH� WKH
PRQRPHU� EDQG� LQFUHDVHV�� $W� W� ����&�� WKH
DJJUHJDWH� VWDWHV� DUH� FRPSOHWHO\� GHVWUR\HG
DQG� RQO\� WKH� PRQRPHU� EDQG� LV� REVHUYHG�
6XFK� D� ORZ� WKHUPDO� VWDELOLW\� LV� D� FKDUDF�
WHULVWLF� IHDWXUH� RI� OXPLQHVFHQW� PROHFXODU
DJJUHJDWHV� >��@�� 7KH� VHW� RI� WKH� VSHFWUD� UH�
YHDOV� D� VLQJOH� LVRVEHVWLF� SRLQW� DW� ���� QP
WKDW� LQGLFDWHV� D� G\QDPLFDO� HTXLOLEULXP� LQ
WKH�VROXWLRQ�EHWZHHQ�PRQRPHUV�DQG�+�DJJUH�
JDWHV�DQG�DV�WKH�+�DJJUHJDWHV�DUH�GHVWUR\HG�
QHZ�RQHV�ZLWK�ORZHU�DVVRFLDWLRQ�GHJUHH�GR�QRW
IRUP�� 0RUHRYHU�� WKH� +�DJJUHJDWH� PD[LPXP

)LJ����� $EVRUSWLRQ� ���� DQG� OXPLQHVFHQFH
�OH[F� �����QP�� ���� VSHFWUD� RI� /���� LQ� D� EL�QDU\� VROXWLRQ� '0)�75,6�+&O� EXIIHU� FRQWDLQ�
LQJ�&3%�
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ORFDWLRQ� LV� QRW� FKDQJHG� DW� WHPSHUDWXUH� LQ�
FUHDVH� �)LJ������ $W� WKH� VDPH� WLPH�� WKH� -�
EDQGV� UHYHDO� QR� LVRVEHVWLF� SRLQW� DQG� WKHLU
PD[LPD� VOLJKWO\� VKLIW� WRZDUGV� VKRUW� ZDYH�
OHQJWKV�� WKDW�SRLQWV� WR� WKH�EUHDNLQJ�RI�-�DJ�
JUHJDWHV� LQWR� VPDOOHU� DVVRFLDWHV�� 7KXV�� ZH
FDQ� FRQFOXGH� WKDW� WKH� +�EDQG� EHORQJV� WR� WKH
GLPHULF� VWDWH� RI� WKH�G\H��ZKLFK� LV�ZHOO�NQRZQ
IRU�V\PPHWULFDO�F\DQLQH�G\HV�>���������@�

7R�ILQG�RXW�WKH�RULJLQ�RI�WKH�DJJUHJDWLRQ
EDQGV� LQ� WKH� DEVRUSWLRQ� VSHFWUXP� �ZKHWKHU
WKH�EDQGV�EHORQJ� WR�DJJUHJDWHV�RI�GLIIHUHQW
W\SHV�RU� WR�RQH�DJJUHJDWH�W\SH�ZLWK�D�FRP�
SOH[�VWUXFWXUH���WKH�OXPLQHVFHQFH�H[FLWDWLRQ
VSHFWUXP� RI� /���� -�DJJUHJDWHV� LQ� D
'0)�75,6�+&O� EXIIHU� ELQDU\� VROXWLRQ� FRQ�
WDLQLQJ�&3%�ZDV�VWXGLHG� �)LJ������7KH�FRP�
SDULVRQ� RI� WKH� DEVRUSWLRQ� DQG� OXPLQHVFHQFH
H[FLWDWLRQ� VSHFWUD� RI� -�DJJUHJDWHV� KDV� UH�
YHDOHG�WKDW�-�DJJUHJDWH�OXPLQHVFHQFH�FDQ�EH
HIIHFWLYHO\� H[FLWHG� ZLWKLQ� WKH� +�EDQG�� VR
ERWK� EDQGV� FDQ� EH� DVFULEHG� WR� -�DJJUHJDWHV
DQG�WKH\�VHHP�WR�EH�D�UHVXOW�RI�WKH�'DY\GRY
VSOLWWLQJ� RI� HQHUJ\� OHYHOV� >�����Ü��@�� 7KH
DSSHDUDQFH� RI� VXFK� D� VSOLWWLQJ� LV� RIWHQ� DV�
FULEHG� WR� WKH� IRUPDWLRQ� RI� VR�FDOOHG� �WZR�
VWUDS��RU��KHUULQJERQH��DJJUHJDWH�VWUXFWXUH
IURP�WKH�G\H�GLPHUV�>���������@��

7KXV�� ZH� FDQ� SURSRVH� WKH� IROORZLQJ
PRGHO� RI� WKH�/���� -�DJJUHJDWH� VWUXFWXUH� LQ
WKH�SUHVHQFH�RI�&3%��,Q�WKH�VROXWLRQ��D��G\H
DJJUHJDWH�VXUIDFWDQW�� FRPSOH[� LV� IRUPHG�
WKH�G\H�DJJUHJDWHV�SRVVHVV�D�FRPSOH[�VWUXF�
WXUH� DQG� DUH� IRUPHG� IURP� WKH� G\H� GLPHUV
ZLWK� VR�FDOOHG� �IDFH�WR�IDFH�� SDFNLQJ� �+�GL�
PHUV��� VXFK�GLPHUV� DUH� DUUDQJHG� LQ� WKH� H[�
WHQGHG�-�DJJUHJDWHV�RI��KHDG�WR�WDLO�� VWUXF�
WXUH�� 'XH� WR� VWURQJ� LQWHUDFWLRQ� ZLWK� &3%�
WKH� -�DJJUHJDWHV� KDYH� ZHOO�RUGHUHG� VWUXF�
WXUH� DQG� UHYHDO� VWURQJ� OXPLQHVFHQFH�� 7KH
GHWDLOHG� VWUXFWXUH� RI� WKH� �G\H� DJJUHJDWH�

VXUIDFWDQW��FRPSOH[�REWDLQHG�LV�VWLOO�QRW�XQ�
GHUVWRRG�DQG�UHTXLUHV�D�IXUWKHU�VWXG\�

7R� FRQFOXGH�� LW� KDV� EHHQ� VKRZQ� WKDW� WKH
G\H� /���� IRUPV� H[WHQGHG� -�DJJUHJDWHV� LQ� D
ELQDU\�VROXWLRQ�'0)�75,6�+&O�EXIIHU�������
FRQWDLQLQJ�VXUIDFWDQW�&3%�LQ�FRQFHQWUDWLRQV
DERYH� WKH� &0&�� 7KDW� LV� DQ� XQFRPPRQ� IHD�
WXUH��EHFDXVH�DGGLWLRQ�RI�VXUIDFWDQWV�DW�FRQ�
FHQWUDWLRQV�DERYH�WKH�&0&�FDXVHV�DV�D�UXOH
WKH� GLVWRUWLRQ� RI� WKH� G\H� DJJUHJDWH� VWDWH�
7KH� IRUPDWLRQ� RI� D� �G\H� DJJUHJDWH�VXUIDF�
WDQW�� FRPSOH[� UHVXOWV� LQ� WKH� KLJK� RUGHULQJ
RI�WKH�/����DJJUHJDWH�VWUXFWXUH�DQG��FRQVH�
TXHQWO\�� WR� WKH� VLJQLILFDQW� LQFUHDVH� LQ� WKH
OXPLQHVFHQFH� LQWHQVLW\��7KH�PDLQ� �EXLOGLQJ
EORFNV�� RI� WKH� -�DJJUHJDWHV� DUH� �IDFH�WR�
IDFH�� GLPHUV� �+�GLPHUV��� 6XFK� D� VWUXFWXUH
RI� /���� DJJUHJDWH� UHVXOWV� LQ� WKH� 'DY\GRY
VSOLWWLQJ�RI�LWV�HQHUJ\�OHYHOV�DQG�WKH�DSSHDU�
DQFH�RI� WZR�DJJUHJDWH�EDQGV� LQ� WKH�DEVRUS�
WLRQ� VSHFWUXP�� 7KH� DSSOLFDWLRQ� RI� VXUIDF�
WDQWV�FRXOG�EH�YHU\�XVHIXO�WR�FRQWUROOHG�IRU�
PDWLRQ�RI�OXPLQHVFHQW�PROHFXODU�DJJUHJDWHV
DQG� QDQRFOXVWHUV� ZLWK� VSHFLILHG� VSHFWUDO
SURSHUWLHV�� 6R�� IXUWKHU� LQYHVWLJDWLRQV� RI
VSHFLILF� �G\H� DJJUHJDWH�VXUIDFWDQW�� FRP�
SOH[HV�DUH�H[WUHPHO\�UHTXLUHG�
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