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7XQJVWDWH� DQG� PRO\EGDWH� VLQJOH� FU\VWDOV
RI� WKH� VFKHHOLWH� VWUXFWXUH� W\SH� DUH� ZLGHO\
XVHG� IRU�YDULRXV�DSSOLFDWLRQV��)RU�H[DPSOH�
GXH�WR�XQLTXH�FRPELQDWLRQ�RI�KLJK�GHQVLW\�U�
KLJK� HIIHFWLYH� DWRP� QXPEHU� =HII� DQG� IDVWVFLQWLOODWLRQ� UHVSRQVH�� WKH� 3E:2�� FU\VWDOVZHUH� XVHG� DV� WKH� PDWHULDO� IRU� VFLQWLOODWLRQ
GHWHFWRUV� RI� KLJK� HQHUJ\� SK\VLFV� SURMHFWV
>�@��,Q�DGGLWLRQ��1G���GRSHG�3E:2��FU\VWDOVDUH� DFWLYH� VHOI� 656�FRQYHUVLRQ� PHGLD� RI
JRRG� SURPLVH� >�@�� 7KH� DSSOLFDWLRQ� DUHDV� RI
&D:2�� DQG� &G:2�� FU\VWDOV� LQFOXGH� WKHQRQ�GHVWUXFWLYH�FRQWURO�V\VWHPV�DQG�PHGLFDO
GLDJQRVWLFV�>�@��7KH�SUHVHQFH�RI�VSHFLILF�LVR�
WRSHV�LQ�WXQJVWDWH�FU\VWDOV�PDNHV�WKHVH�PD�
WHULDOV� VXLWDEOH� WR�VWXG\�RI�UDUH�QXFOHDU�UH�
DFWLRQV�� ,Q�SDUWLFXODU�� ���0R� DQG� ���:� FRQ�
WDLQLQJ� VFLQWLOODWLRQ� FU\VWDOV� DUH� QHFHVVDU\
IRU�GRXEOH�EHWD�GHFD\�DQG�DOSKD�GHFD\�LQYHV�
WLJDWLRQV��UHVSHFWLYHO\�>�@�
7KHUHIRUH��WR�H[SDQG�WKH�VHULHV�RI�VFLQWLO�

ODWLRQ� FU\VWDOV�� RI� DFWXDO� LPSRUWDQFH� DUH
IXUWKHU� LQYHVWLJDWLRQV� RI� WXQJVWDWH� DQG
PRO\EGDWH� FU\VWDO� JURZWK�DQG� WKHLU�SURSHU�
WLHV��7KH�GDWD� RQ� FU\VWDOV�JURZWK�DQG�VFLQ�
WLOODWLRQ� FKDUDFWHULVWLFV� RI� SXUH� DQG� GRSHG
VFKHHOLWH�OLNH� 1D/D�:2���� �1/:2�� DQG
1D/D�0R2���� �1/02�� FU\VWDOV� FRQWDLQLQJ

���0R�DQG����:�LVRWRSHV�KDYH�EHHQ�ILUVW�RE�
WDLQHG�LQ�WKLV�ZRUN�
7KH�FKDUJH�IRU�JURZWK�RI�SXUH�DQG�GRSHG

FU\VWDOV�ZDV�REWDLQHG�E\�VROLG�VWDWH�V\QWKH�
VLV�� /D�2�� DQG� 1D�&2�� RI� VSHFLDO� SXULW\JUDGH�DV�ZHOO�DV�:2�� DQG�0R2�� RI�DQDO\WL�FDO� UHDJHQW� JUDGH� ZHUH� XVHG� DV� WKH� LQLWLDO
FRPSRQHQWV��7KH�VWRLFKLRPHWULF�FRPSRVLWLRQ
EOHQG� ZDV� KHDWHG� WR� ����&� IRU� �� K�� ;�UD\
SKDVH�DQDO\VLV�KDV�VKRZQ�D�VPDOO�DPRXQW�RI
:2�� SKDVH� LQ� WKH�1/:2� EOHQG��1/02� ZDV
IUHH�RI�LPSXULW\�SKDVHV��
%HFDXVH� ERWK� FU\VWDOV� 1/:2� DQG� 1/02

DUH� PHOWLQJ� FRQJUXHQWO\� DW� �����&� DQG
�����&�� UHVSHFWLYHO\�� ZH� XVHG� WKH� &]KR�
FKUDOVNL� WHFKQLTXH� IRU� FU\VWDO� JURZWK�� 7KH
DXWRPDWHG� VHWXS� �$QDORJ�� HTXLSSHG� ZLWK
ZHLJKW� FRQWURO� V\VWHP� ZDV� XVHG� WR� JURZ
1/:2� DQG�1/02� FU\VWDOV�� 7KH�1/:2� DQG
1/02� FU\VWDOV� ZHUH� JURZQ� RQ� DQ� RULHQWHG
VHHG�DORQJ� >���@�GLUHFWLRQ� IURP�����FP��3W
FUXFLEOH��)RU�1/:2�FU\VWDOV��ZH�XVHG�QLWUR�
JHQ�DWPRVSKHUH��IRU�1/02��DLU��7KH�FU\VWDO
JURZWK�SDUDPHWHUV�ZHUH�DV� IROORZV�� SXOOLQJ
UDWH��Ü��PP�K��URWDWLRQ�VSHHG���Ü���PLQÜ��
WHPSHUDWXUH�JUDGLHQW� ��Ü���GHJ�FP�� ,PSX�
ULWLHV� ZHUH� LQWURGXFHG� LQ� WKH� FU\VWDO� DV
1D%L�:2����� 6E�2�� DQG� &X2� FRPSRXQGV�

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

)XQFWLRQDO�PDWHULDOV������������� ���



7KH� FU\VWDO�PHOW� LQWHUIDFH� ZDV� PDLQWDLQHG
WR� EH� IODW� RU� VOLJKWO\� FRQYH[�� 7KH� FU\VWDO
GLPHQVLRQV� ZHUH� DV� IROORZV�� OHQJWK� XS� WR
��� PP�� GLDPHWHU� XS� WR� ��� PP�� $OO� WKH
FU\VWDOV�VR�JURZQ�ZHUH�WUDQVSDUHQW�DQG�IUHH
RI� LPSXULW\� SKDVHV� DQG� PDFURVFDOH� GHIHFWV
�JDV�EXEEOHV��FUDFNV��HWF����7KH�WRWDO�FRQFHQ�
WUDWLRQV� RI� XQLQWHQWLRQDO� LPSXULWLHV� LQ
1/:2� DQG�1/02� FU\VWDOV� DUH� SUHVHQWHG� LQ
7DEOH���
;�UD\� OXPLQHVFHQFH� VSHFWUD� ZHUH� PHDV�

XUHG� XVLQJ� DQ� 6'/��VHWXS�� ;�UD\� OXPLQHV�
FHQFH� ZDV� H[FLWHG� E\� 5(,6�,� ;�UD\� VRXUFHV
�8� ���� N9�� ,� ����P$�� &X� DQWLFDWKRGH��
7KH�OLJKW�\LHOG��/<��ZDV�GHWHUPLQHG�XVLQJ�D
VWDQGDUG� VSHFWURSKRWRPHWULF� VHWXS� FRQVLVW�
LQJ� RI� D� %86����� SUHDPSOLILHU�� D� %8,��.
OLQHDU� DPSOLILHU� DQG� DQ� $0$����)� PXO�
WLFKDQQHO� SXOVH� DPSOLWXGH� DQDO\]HU�� $
+$0$0$768�5����� SKRWRPXOWLSOLHU� ZLWK
�� LQFK� SKRWRFDWKRGH� GLDPHWHU� ZDV� XVHG� DV
WKH� SKRWRUHFHLYHU�� 7R� H[FLWH� WKH� VFLQWLOOD�
WLRQV�� D� ���&V� �(J� ����� NH9�� UDGLDWLRQVRXUFH�ZDV�XVHG��7KH�OLJKW�\LHOG�RI�WKH�VLQ�
JOH� FU\VWDOV�XQGHU� VWXG\�ZDV�QRUPDOL]HG� WR
WKH�VWDQGDUG�&V,�7O��UHIHUHQFH�VDPSOH��

1/:2� DQG�1/02� FU\VWDOV� EHORQJ� WR� WKH
VFKHHOLWH� IDPLO\�� WHWUDJRQDO� V\VWHP�� VSDFH
JURXS� ,���D�� 7KH� VWUXFWXUDO� EDVH� RI�1/:2
DQG� 1/02� FU\VWDOV� FRQVLVWV� RI� WULGLPHQ�
VLRQDO�VNHOHWRQ��7KH�VNHOHWRQ�IRUPHG�E\�]LJ�
]DJ�OLNH� FKDLQV� RI� ODQWKDQXP� DQG� VRGLXP
SRO\KHGURQV� �)LJ������/D� DQG�1D� DUH� FRRUGL�
QDWHG� ZLWK� HLJKW� R[\JHQ� DWRPV�� WXQJVWDWH
�PRO\EGHQXP��� ZLWK� IRXU� RQHV�� /D� DQG� 1D
SRO\KHGURQV� DUH� ERQGHG� WRJHWKHU� DORQJ� ODW�
HUDO� HGJHV� DQG� IRUP� XQOLPLWHG� VSLUDOV
DURXQG�>���@��7KH�SHFXOLDULW\�RI�WKLV�VWUXF�
WXUH�LV�VWDWLVWLFDO�GLVWULEXWLRQ�RI�/D�DQG�1D
LQ�WKH�FKDLQV��7KH�XQLW�FHOO�SDUDPHWHUV�DUH�
IRU� 1/:2�� D� ��������c�� F� ���������c�
=�  ���� IRU� 1/02�� D� ��������c�� F� 
��������c��=� ���
&RPSDULVRQ� RI� LRQLF� UDGLL� RI� GRSLQJ� DQG

PDWUL[� LRQV� �7DEOH���� DOORZV� XV� WR� VXSSRVH
PRVW� SUREDEOH� FU\VWDOORJUDSKLF� SRVLWLRQV� RI
GRSDQWV��%HFDXVH�/D��� DQG�1D�� DUH� VWDWLVWL�
FDOO\�GLVWULEXWHG�LQ�WKH�FKDLQV��ZH�WKH�VDPH
EHKDYLRU� RI�&X�� DQG� %L��� LRQV� LV� WR� EH� H[�
SHFWHG��&X��DQG�%L���ZLOO�VXEVWLWXWH�1D��DQG

/D��� LQ� WKH� FKDLQV�� UHVSHFWLYHO\�� 6E��
GRSDQW�ZLOO�PRVW� OLNHO\� RFFXS\� WKH� FU\VWDO�
ORJUDSKLF� SRVLWLRQ� RI� WXQJVWHQ�� 7KH� H[FHV�
VLYH�QHJDWLYH�FKDUJH�PD\�EH�FRPSHQVDWHG�E\
R[\JHQ�YDFDQF\�
$FFRUGLQJ� WR� >�@�� LQ� WXQJVWDWH� DQG

PRO\EGDWH� VFKHHOLWH�OLNH� FU\VWDOV�� WKH� FRQ�
GXFWLRQ� DQG� YDOHQFH� EDQGV� DUH� IRUPHG� WR� D
E\� HOHFWURQLF� VWDWHV� RI� DQLRQLF� FRPSOH[
�%2���±� �ZKHUH�%� �:� DQG�0R�� ZLWK� GLIIHU�
HQW� FRQWULEXWLRQV� RI� FDWLRQLF� VWDWHV� IRU�GLI�
IHUHQW� FU\VWDOV�� 7KH� OXPLQHVFHQFH� VSHFWUXP
RI� VXFK� FU\VWDOV� LV� FKDUDFWHUL]HG� E\� WKH
SUHVHQFH� RI� VHYHUDO� OXPLQHVFHQW� FHQWHUV�
2QH� RI� WKRVH� LV� FRQQHFWHG� ZLWK� UDGLDWLYH
WUDQVLWLRQV� LQVLGH� RI� �%2���±� FRPSOH[�� 7KHOXPLQHVFHQFH� GHFD\� WLPH� RI� VXFK� FHQWHUV� LV
IHZ�QDQRVHFRQGV��7KH�RWKHU�FHQWHUV�DUH�FRQ�

)LJ����� )UDJPHQW� RI� 1D/D�:2���� DQG
1D/D�0R2����FU\VWDO�VWUXFWXUH��

7DEOH���� 7RWDO� FRQFHQWUDWLRQV� RI� XQLQWHQWLRQDO� LPSXULWLHV� LQ� 1D/D�:2���� DQG� 1D/D�0R2���FU\VWDOV�
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LRQV
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QHFWHG� ZLWK� WKH� SUHVHQFH� RI� D� GHIHFW� �YD�
FDQF\�� LPSXULW\�� QHDU� WKH� UHJXODU� �%2���±DQLRQLF� JURXS�� 7KH� OXPLQHVFHQFH� GHFD\
WLPHV� RI� VXFK� FHQWHUV� YDU\� ZLWKLQ� D� ZLGH
UDJH�� IURP� VHYHUDO� PLFURVHFRQGV� WR� PLOOLVHF�
RQGV��$FFRUGLQJ�WR�>�@��WZR�����QV�DQG�����PV
GHFD\� FRPSRQHQWV� ZHUH� REVHUYHG� LQ� 1/02
FU\VWDOV� XQGHU� ;�UD\� TXDQWD� H[FLWDWLRQ�
+RZHYHU�� VWUXFWXUHV� RI� RSWLF� FHQWHUV� LQ
1/:2�DQG�1/02�FU\VWDOV�DUH�XQNQRZQ��
7KH� ORQJ�ZDYH� IXQGDPHQWDO� DEVRUSWLRQ

HGJHV�RI�1/:2�DQG�1/02�FU\VWDOV�DUH�DW
O� ����� DQG� ���� QP�� UHVSHFWLYHO\�� 8QGHU
H[FLWDWLRQ� LQ� WKRVH� UHJLRQV�� ERWK� FU\VWDOV
GHPRQVWUDWH� WKH� VLPLODU� OXPLQHVFHQFH� VSHF�
WUD�� 7KH� OXPLQHVFHQFH� VSHFWUXP� LV� EURDG
DQG�ORFDWHG�LQ����Ü����QP�UDQJH�
6FLQWLOODWLRQ� FKDUDFWHULVWLF� PHDVXUHPHQW

RI� 1/:2�� 1/02� DQG� 1D/D�0R���:���2���FU\VWDOV� KDV� VKRZQ� WKDW� OLJKW� \LHOG� RI� DOO
FU\VWDOV� LV� TXLWH� ORZ� �7DEOH����� 7KH� PD[L�
PXP� OLJKW� \LHOG� ZDV� REVHUYHG� IRU� 1/:2
FU\VWDOV�� WKH� PLQLPXP� RQH�� IRU
1D/D�0R���:���2����7R� LPSURYH� WKH� OLJKW�\LHOG�� WKH�DWWHPSWV
ZHUH�PDGH�WR� LQFUHDVH�WKH� OXPLQHVFHQW�FHQ�

WHU�FRQFHQWUDWLRQ�LQ�WKH�1/:2�FU\VWDO�ZLWK
WKH�PD[LPXP� OLJKW� \LHOG��7R� WKDW� HQG��6E�
&X��DQG�%L�ZHUH�LQWURGXFHG�LQWR�1/:2�FU\V�
WDO�� :H� VXSSRVHG� WKDW� WKHVH� GRSDQWV� ZLOO
EXLOW� LQ� GLIIHUHQW� VXEODWWLFH� RI�1/:2� FU\V�
WDO�DQG�ZLOO�FUHDWH�GLIIHUHQW�VWUXFWXUH�OXPL�
QHVFHQW� FHQWHUV�� +RZHYHU�� WKLV� GLG� QRW� LP�
SURYH�WKH�OLJKW�\LHOG�FRQVLGHUDEO\��7DEOH����
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