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5HFHLYHG�-XQH��������
7KH� ZRUN� LV� GHYRWHG� WR� H[SHULPHQWDO� LQYHVWLJDWLRQ� RI� WKH� EDQG� VWUXFWXUH�� GHHS� ORFDO

FHQWHUV� DQG� FRPSOH[HV� DV� ZHOO� DV� RI� JHQHUDWLRQ�UHFRPELQDWLRQ� SURFHVVHV� LQ� WKH� =Q*H3�VHPLFRQGXFWRU�FU\VWDO��7KH�FU\VWDOV�JURZQ�E\�%ULGJHPDQ�WHFKQLTXH��DQQHDOHG��LQ�=Q�YDSRU
DQG�XQDQQHDOHG�ZHUH�VWXGLHG��7KH�G\QDPLFV�RI�WKH�GHIHFW�VWUXFWXUH�FKDQJH�LQ�WKH�=Q*H3�FU\VWDO� GXH� WR� DQQHDOLQJ� LQ� =Q� YDSRU� KDV� EHHQ� FRQVLGHUHG� DV� ZHOO� DV� WKH� SUHVXPDEOH
LGHQWLILFDWLRQ�RI�LPSXULW\�FHQWHUV���
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6HPLFRQGXFWRUV� $�%�� IRUP� WKH� GHYHORS�
PHQW� EDVH� IRU� WKH� PRGHUQ� RSWRHOHFWURQLFV
DQG� VRODU� SRZHU� HQJLQHHULQJ��$� IXUWKHU� LQ�
YHVWLJDWLRQ� LQ� GLDPRQG�OLNH� VHPLFRQGXFWRUV
PDNHV� LW� SRVVLEOH�� RQ� WKH� RQH� KDQG�� WR� UH�
YHDO� QHZ� SK\VLFDO� SKHQRPHQD� DQG� UHJXODUL�
WLHV�� DQG� DW� WKH� RWKHU� KDQG�� WR� VDWLVI\� WKH
FRQVWDQW� GHPDQGV� RI� WKH� VHPLFRQGXFWRU
HOHFWURQLFV� LQ� FUHDWLRQ�RI�QRYHO�GHYLFHV�DQG
LPSURYHPHQW�RI�WKH�H[LVWLQJ�RQHV��,W�LV�MXVW
WKH�$�%�&���FRPSRXQGV�WKDW�DUH�WKH�FORVHVWWHUQDU\�DQDORJV�RI�ELQDU\�$�%��VHPLFRQGXF�
WRUV��7KHVH�FRPSRXQGV�DUH� WR�EH�VWXGLHG�DW
D�QHZ�OHYHO�WR�UHDOL]H�LQ�SUDFWLFH�WKH�XQLTXH
SURSHUWLHV� WKHUHRI� UHYHDOHG� DW� WKH� LQLWLDO
VWDJH�� LQ�SDUWLFXODU�� LQ�=Q*H3���WKXV�RIIHU�LQJ�PRUH�SRVVLELOLWLHV�LQ�WKH�SUDFWLFDO�XVH�RI
WKH� SRWHQWLDOV� IRXQG� LQ� WKRVH� VXEVWDQFHV�
7KH�DLP�RI�WKLV�ZRUN�LV�WR�VWXG\�WKH�HIIHFW
RI� DQQHDOLQJ� LQ� =Q� YDSRU� RQ� =Q*H3�� ZLWKFKDOFRS\ULWH� ODWWLFH� JURZQ� E\� %ULGJHPDQ
WHFKQLTXH�

9DU\LQJ� WKH� FU\VWDOOL]DWLRQ� FRQGLWLRQV
DQG�GRSDQW�W\SH��RQH�FDQ�FRQWURO�WKH�SKRWR�
VHQVLWLYLW\�� UDGLDWLYH� UHFRPELQDWLRQ� �55�

DQG� RSWLFDO� DEVRUSWLRQ� RI� WKH� FU\VWDOV�� ,Q
WKH� LQWHQWLRQDOO\� XQGRSHG� VDPSOHV� JURZQ
IURP� JDV� SKDVH�� WKH� VKRUW�ZDYHOHQJWK� 55
FRPSRQHQW� ������ WR� ����� H9�� DQG� WKH� ORQJ�
ZDYHOHQJWK� RQH� ����� H9�� GRPLQDWH�� $V� WKH
FU\VWDOV� DUH� HQULFKHG� LQ� =Q�� WKH� ����Ü
����� H9� HPLVVLRQ� EHFRPHV� ZHDNHQHG� ZKLOH
WKH������H9�RQH�LV�LQWHQVLILHG��,QWURGXFWLRQ
RI�H[FHVV�*H�LQWR�WKH�UDZ�PDWHULDO�LV�DFFRP�
SDQLHG� E\� EURDGHQLQJ� RI� WKH� ���� H9� EDQG�
ZKLOH� WKH� VKRUW�ZDYHOHQJWK� HPLVVLRQ� LV
ZHDNHQHG� DQG� REVHUYHG� DV� DQ� H[WHQGHG
�WDLO��RQO\�>�@��7KH�SUHVHQFH�RI�WZR�YRODWLOH
FRPSRQHQWV� DQG� RQH� DPSKRWHULF� HOHPHQW
�*H�� LQ� =Q*H3�� LV� D� UHDO� SUHFRQGLWLRQ� WRYDULRXV� W\SHV� RI� LQWULQVLF� ODWWLFH� GHIHFWV� DW
DOO� KLJK�WHPSHUDWXUH� SURFHVVHV� LQYROYLQJ
WKLV� VXEVWDQFH�� 7KH� HYDSRUDWLRQ� ZLOO� UHVXOW
LQ� IRUPDWLRQ� RI� ]LQF� �9=Q�� DQG� SKRVSKRUXV�93��YDFDQFLHV� LQ� WKH�FU\VWDO�� ,Q� WKH�FRXUVHRI� WKHUPDO� DQQHDOLQJ� �7$�� LQ� DQ� HYDFXDWHG
VSDFH�WRJHWKHU�ZLWK�]LQF��WKH�QXPEHU�RI�9=QPXVW� GHFUHDVH�� ,Q� IDFW�� DW� KLJK� ]LQF� YDSRU
SUHVVXUH�� WKH� SKRVSKRUXV� YDSRU� SUHVVXUH
PXVW�GHFUHDVH�� WKXV� UHVXOWLQJ� LQ� LQFUHDVLQJ
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QXPEHU� RI�93�ZKLOH� WKH�9=Q� IRUPDWLRQ�ZLOOEH� VXSSUHVVHG�� ,Q� WKLV� FDVH�� WKH�93� FRQFHQ�WUDWLRQ� ZLOO� EH� H[SHFWHG� WR� H[FHHG� WKH� 9=QRQH�� ,Q� >�@�� VKDOORZ� GRQRU� OHYHOV
�('�d����PH9��KDYH�EHHQ�IRXQG�

:KHQ�DQDO\]LQJ�WKH�ODWWLFH�GHIHFW�PRGHO�
WKH�DQDORJ\�SULQFLSOH� LV�XVHG�DV�ZHOO�DV�WKH
DYDLODEOH� NQRZOHGJH� RQ� WKDW� VXEMHFW� LQ� DQ
DQDORJXH�FRPSRXQG�=Q*H3�±*D3�ZKHUH�WKHYDFDQFLHV� LQ�WKH�JDOOLXP�VXEODWWLFH�EHOLHYHG
WR�EH�DFFHSWRUV�ZKLOH�93�DUH�GRQRUV��%DVLQJRQ� WKHUPDO� DVVRFLDWLRQ� RI�=Q*H3��� WKH�9*HFRQFHQWUDWLRQ� FDQ� EH� DVVXPHG� WR� EH� PXFK
ORZHU� WKDQ� WKH� 9=Q� RQH�� ,W� LV� MXVW� 93� DQGDQWL�VWUXFWXUH� GHIHFWV� 3=Q� WKDW� DUH� WR� EHFRQVLGHUHG� DV� WKH� PDLQ� GRQRU� GHIHFWV� LQ
=Q*H3��� WKH� FRQFHQWUDWLRQV� WKHUHRI� EHLQJFORVH�WR�RQH�DQRWKHU�

7KH� KROH� FRQGXFWLRQ� W\SH� DQG� ORZ� UHVLV�
WDQFH� RI� =Q*H3�� FU\VWDOV� WKDW� LQWHUDFWHGZLWK�=Q�YDSRU�PD\�EH�GXH�WR�WKH�DQWL�VWUXF�
WXUH�GHIHFWV�=Q3�>�@��,Q�IDFW��WKH�7$�LQ�]LQFYDSRU� JLYHV� ULVH� WR� 93�� WKH� FRQFHQWUDWLRQWKHUHRI� EHLQJ� LQFUHDVHG� LQ� WKH� DEVHQFH� RI
]LQF��+RZHYHU��WKH�GRQDWLQJ�DFWLRQ�RI�93�LVQRZ�VXSSUHVVHG��VLQFH�]LQF�RFFXSLHV�WKH�IUHH
VLWHV�RI�SKRVSKRUXV�

)LJ���� VKRZV� RVFLOORJUDPV� '+�Z��W�� RE�
WDLQHG� LQ� WKH� SRLQWV� K�Z�� ������ H9� ���� DQG����� H9� ���� DW� WKH� ODVHU� UDGLDWLRQ� LQWHQVLW\
,O� ���0:�FPÜ���T�__T�__FAH�__�H��ZLWKRXW�WKHVDPSOH� LOOXPLQDWLRQ�� 7KH� '+�Z��W�� DQG+��Z���ZHUH�PHDVXUHG� DW� WKH�SURELQJ�EHDP
HQHUJ\�K�Z���>�����H9�������H9@�DW�������WR�����H9�VWHSV�ERWK�ZLWKRXW�LOOXPLQDWLRQ�DQG

XQGHU� LOOXPLQDWLRQ� E\� WKLUG� VRXUFH�� )LJ���
SUHVHQWV� WKH� LQWHQVLW\� GHSHQGHQFH� REWDLQHG
IRU�=Q*H3��FU\VWDOV�DQQHDOHG�LQ�=Q�YDSRU�LQ
WKH� SRLQW� K�Z�� ������ H9� ����� 7KH� LQWHQVLW\GHSHQGHQFHV� ZHUH� PHDVXUHG� ZLWKLQ� WKH� HQ�
HUJ\�UDQJH�K�Z����>�����H9�������H9@�DW�����WR������H9�VWHSV��7KH�LQWHQVLW\�GHSHQGHQFHV
'+�Z��W�� DQVZHU� WR� WKH� YDOXHV� DW� WKH� WLPHPRPHQW�W� ����QV�

8VLQJ� WKH� LQWHQVLW\�GHSHQGHQFHV�DQG� WKH
YDOXHV� RI� WKH� DEVRUSWLRQ� FRHIILFLHQW� FKDQJH
'.�Z��W�� LQ� WKH� LQWHUPHGLDWH� SRLQWV�� WKH
VSHFWUXP� '.�Z��W�� �M�K�Z��� SUHVHQWHG� LQ
)LJ����ZDV�REWDLQHG��+HUH��E��X��V��W��)��DQG
U� DUH� FRPSRQHQWV� RI� WKH� NLQHWLFV�� LQWHQVLW\
SRLQWV� DQG� VSHFWUDO� GHSHQGHQFHV�� (DFK� H[�

)LJ�����,QWHQVLW\�GHSHQGHQFHV�'.�Z��W�� �I�,��
DW�K�Z�� ������H9��T�__T�__FH�__�H��� W� ����QV��E�
X��V��W��)��DQG�U�DUH�FRPSRQHQWV�RI�WKH�LQWHQ�
VLW\�GHSHQGHQFH�

)LJ����� '+�Z��W�� RVFLOORJUDPV� IRU� WHWUDJRQDO�V\QJRQ\� =Q*H3�� FU\VWDOV� JURZQ� E\� %ULGJH�PDQ� WHFKQLTXH� DQG� DQQHDOHG� LQ� ]LQF� YDSRU�
7KH� RVFLOORJUDPV� DUH� REWDLQHG� DW� K�Z�� ����� H9� ���� DQG� ����� H9� ���� DQG� ,O� 
��0:�FPÜ���T�__T�__FH�__�H��ZLWKRXW�WKH�VDPSOH
LOOXPLQDWLRQ��E��X��V�� W��)�� DQG�U� DUH� FRPSR�
QHQWV�RI�WKH�RVFLOORJUDP���

)LJ����� 6SHFWUDO� GHSHQGHQFHV�'.�Z��W�� ����RE�WDLQHG� DW� T�__T�__FH�__� H��� W� ���� QV�� ,O� 
��0:�FPÜ���ZLWKRXW�WKH�VDPSOH�LOOXPLQDWLRQ�
E�� X�� V�� W��n�� DQG� U� DUH� FRPSRQHQWV� RI� WKH
VSHFWUXP���FDXVHG�E\�WUDQVLWLRQV�EHWZHHQ�WKH
Y�DQG�F�EDQGV�DQG�WKH�FRUUHVSRQGLQJ�E��X��V�
W��)��DQG�U�H[WULQVLF�FHQWHUV�
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SHULPHQWDO�SRLQW�DQVZHUV�WR�VHYHUDO�WHQV�RI
PHDVXUHPHQWV��7KH�FRQILGHQFH�LQWHUYDOV�DQ�
VZHU�WR�WKH�FRQILGHQFH�SUREDELOLW\�RI�����

&RPSDULQJ� WKH� UHVXOWV� REWDLQHG� IRU� WKH
VDPSOHV�DQQHDOHG�LQ�=Q�YDSRU�ZLWK�WKRVH�IRU
XQDQQHDOHG�RQHV��RQH�FDQ�VHH�WKDW�WKH�VDPH
H[WULQVLF� FHQWHUV� DUH� SUHVHQW� LQ� WKH� EDQG
JDS� RI� WKRVH� FU\VWDOV�� +RZHYHU�� WKH
'.D����Z��W�� DQG�'.U����Z��W�� VSHFWUD� FKDQJHWKH� VLJQV� XQGHU� DQQHDOLQJ�� ,Q� XQDQQHDOHG
VDPSOHV�JURZQ�E\�WKH�YDSRU�SKDVH�V\QWKHVLV
WHFKQLTXH��WKH�H[WULQVLF�FHQWHUV�DUH�HPSWLHG
E\� ODVHU�SXOVHV�� WKXV�HYLGHQFLQJ�WKH�IRUPD�
WLRQ� RI� FRPSHQVDWLQJ� GRQRU� H[WULQVLF� FHQ�
WHUV��DV� D� UHVXOW�� WKH�)HUPL� OHYHO� LV� VKLIWHG
WRZDUGV�WKH�EDQG�JDS�PLGGOH��8QGHU�DQQHDO�
LQJ�LQ�=Q�YDSRU��WKH�)HUPL�OHYHO�LV�ORZHUHG�
DQG� DV� D� UHVXOW�� WKH� ODVHU� SXOVHV� IDYRU� WKH
DGGLWLRQDO� RFFXSDQF\� RI� WKH� H[WULQVLF� FHQ�
WHUV�D�RI�XQDQQHDOHG�VDPSOHV��7KH�GLVSODFH�
PHQW� RI� WKH� )HUPL� OHYHO� H[SODLQV� DOVR� WKH
LQYHUVLRQ� RI� '.U����Z��W�� XQGHU� WKH� FU\VWDODQQHDOLQJ� LQ�=Q�YDSRU��3ULRU�WR�WKH�DQQHDO�
LQJ�� WKH� ODVHU� SXOVHV� HPSW\� WKH� U� FHQWHUV
ZLWK� D� KLJK� LQLWLDO� RFFXSDQF\� OHYHO� LQ
=Q*H3��� ZKLOH� DIWHU� WKH� DQQHDOLQJ�� WKH� RF�FXSDQF\�OHYHO�RI�WKH�U�FHQWHUV�LV�ORZ�DQG�WKH
ODVHU�SXOVHV�SURYLGH�DQ�DGGLWLRQDO�RFFXSDQF\
WKHUHRI�

)RU� WKH� DQQHDOHG� VDPSOHV�� WKH� EDQGV
SHDNHG� DW� K�Z�� ������ DQG������� H9� VKRZ�DKLJKHU� LQWHQVLW\� DV� FRPSDUHG� WR� WKH� XQDQ�
QHDOHG� RQHV�� 7KLV� FDQ� EH� H[SODLQHG� E\� WKH
IDFW� WKDW� LW� LV� MXVW� DFFHSWRUV� WKDW� DUH� GHHS
FRPSRQHQWV�RI�GRQRU�DFFHSWRU�SDLUV�WKDW�DQ�
VZHU�WR�WKRVH�EDQGV��,Q�WKLV�FDVH��ZKHQ�WKH
)HUPL�OHYHO�LV�ORZHUHG��WKH�RFFXSDQF\�RI�WKH
DFFHSWRU� FRPSRQHQWV� ZLOO� GHFUHDVH�� UHVXOW�
LQJ�LQ�D�PRUH�LQWHQVH�ILOOLQJ�WKHUHRI�E\�WKH
ODVHU� SXOVHV� DQG� WKXV� LQ� DQ� LQFUHDVHG� DGGL�
WLRQDO�DEVRUSWLRQ�RI�WKH�SURELQJ�OLJKW�LQ�WKH
GRQRU�DFFHSWRU� SDLUV�� 7KH� FU\VWDO� DQQHDOLQJ
PD\� UHVXOW� DOVR� LQ� DQ� LQFUHDVHG� FRQFHQWUD�
WLRQ� RI� WKH� GRQRU�DFFHSWRU� SDLUV�� KRZHYHU�
DV� WKDW� FRQFHQWUDWLRQ� GHFUHDVHV�� LW� LV� MXVW
WKH� FRQVHTXHQFHV� RI� WKH� )HUPL� OHYHO� ORZHU�
LQJ�WKDW�DUH�SUHGRPLQDQW�

$V� WR� WKH� DEVHQFH� RI� E� FHQWHUV� LQ� WKH
FU\VWDOV�JURZQ�E\�WKH�%ULGJHPDQ�WHFKQLTXH�
WKLV� IDFW� FDQ� EH� LQWHUSUHWHG� LQ� WKH� IDVKLRQ
WKDW� WKH� E� GHIHFWV� RI� WKH� ODWWLFH� LQWHUDFW
ZLWK� WKH� ODWWLFH� GHIHFWV� DSSHDULQJ� LQ� WKH
FRXUVH� RI�JURZWK��$V� D� UHVXOW�� WKH�SRVLWLRQ
RI� WKH� E� OHYHO� LQ� WKH� EDQG� JDS� PD\� EH
FKDQJHG��0RVW�OLNHO\��WKH�E�FHQWHUV�LQWHUDFW
ZLWK� WKH� ODWWLFH� GHIHFWV� DSSHDULQJ� LQ� WKH
FRXUVH�RI�JURZWK��UHVXOWLQJ�LQ�IRUPDWLRQ�RI
FRPSOH[HV� FRUUHVSRQGLQJ� WR� WKH� U� HQHUJ\
OHYHOV�� 7KRVH� FHQWHUV� GLIIHU� LQVLJQLILFDQWO\

IURP�WKH�E�RQHV�LQ�WKH�GHSWK�RI�RFFXUUHQFH�
NLQHWLFV��DQG�PD[LPXP�EHQGLQJ�

%HDULQJ� LQ� PLQG� WKDW�� DV� WKH� FU\VWDO� LV
DQQHDOHG� LQ� ]LQF� YDSRU�� WKH� ]LQF� YDFDQF\
FRQFHQWUDWLRQ�PXVW� GHFUHDVH� WKXV� UHVXOWLQJ
LQ� D� ORZHUHG� LQWHQVLW\� RI� WKH� '.I����Z��W�VSHFWUXP� FRUUHVSRQGLQJ� WR� WKRVH� YDFDQFLHV�
WKH� FRPSDULVRQ� RI� WKH� VSHFWUD� IRU� DQQHDOHG
DQG�XQDQQHDOHG�VDPSOHV�ZRXOG�SHUPLW�XV�WR
GHWHUPLQH� WKH� FHQWHU� FRUUHVSRQGLQJ� WR� WKH
]LQF� YDFDQFLHV�� +RZHYHU�� WKH� DEVRUSWLRQ� DW
WKH� DFFHSWRU� FHQWHUV� LV� LQWHQVLILHG� DW� WKH
DQQHDOLQJ� GXH� WR� WKH� )HUPL� OHYHO� ORZHULQJ�
6XFK� DQ� LQWHQVLILFDWLRQ� FDQ� FRPSHQVDWH� WKH
ZHDNHQLQJ�FDXVHG�E\�WKH�UHGXFHG�FRQFHQWUD�
WLRQ�RI�WKH�FHQWHUV��%XW�WKH�LQWHQVLW\�RI�WKH
VSHFWUXP� FRUUHVSRQGLQJ� WR� WKH� ]LQF� YDFDQ�
FLHV�EHFRPH�UHGXFHG�DW�D�FRQVLGHUDEOH�UHGXF�
WLRQ� RI� WKHLU� FRQFHQWUDWLRQ�� &RPSDULQJ� WKH
VSHFWUXP�LQ�)LJ����ZLWK�WKH�VLPLODU�VSHFWUDO
GHSHQGHQFHV� IRU� XQDQQHDOHG� VDPSOHV� >�@�� LW
LV� VHHQ� WKDW� WKH� LQWHQVLWLHV� RI� WKH� R�� S�� H
VSHFWUD� IRU� XQDQQHDOHG� VDPSOHV� DUH� LQ�
FUHDVHG�ZKLOH� WKDW�RI� WKH�G� RQH� LV� UHGXFHG�
7KH�LQFUHDVHG�LQWHQVLW\�RI�WKH�S�DQG�H�VSHF�
WUD�DQG�UHGXFHG�RQH�RI�WKH�G�VSHFWUXP�FRXOG
EH� H[SODLQHG� E\� WKH� )HUPL� OHYHO� ORZHULQJ
GXH� WR� WKH� FU\VWDO� DQQHDOLQJ� LQ� ]LQF� YDSRU�
%XW� WKDW� ORZHULQJ�DW�DQ�XQFKDQJHG�FRQFHQ�
WUDWLRQ� RI� S� FHQWHUV� ZRXOG� UHVXOW� LQ� D� UH�
GXFHG� S�VSHFWUXP� LQWHQVLW\�� 7KXV�� WKH� LQ�
FUHDVHG�S�VSHFWUXP�LQWHQVLW\�GXH�WR�WKH�DQ�
QHDOLQJ� PD\� EH� FDXVHG� E\� D� FRQVLGHUDEOH
LQFUHDVH�RI�WKH�S�FHQWHU�FRQFHQWUDWLRQ�

7KXV�� WKH� HQULFKPHQW� RI� WKH� VDPSOHV� LQ
]LQF� FDXVHV� DQ� LQFUHDVHG� FRQFHQWUDWLRQ� RI
WKH�S�FHQWHUV��7KLV�IDFW�HYLGHQFHV�WKDW�LW� LV
MXVW� WKH� DVVRFLDWLYH� GHIHFWV� FDSWXULQJ� ]LQF
DWRPV� WKDW� FDQ�EH� VXFK�S� FHQWHUV��6XFK�DV�
VRFLDWHV�FDQ�EH�H[HPSOLILHG�E\�WKH�93����=QLRQHV�SRVVHVVLQJ�WKH�HQHUJ\�OHYHO�LQ�WKH�EDQG
JDS�FORVH�WR�WKDW�RI�WKH�S�FHQWHUV�

7KH� VWXGLHV� RI� GHIHFWV� LQ� =Q*H3�� XVLQJ(35� DQG� (135� >�Ü�@� KDYH� UHYHDOHG� WKH
93���3*H��9=Q��93���*H=Q��9=Q±��9=Q���=Q*H�*H3� GHIHFWV� DV� ZHOO� DV� WKRVH� FRQVLVWLQJ� RI=Q� DWRPV� DQG� 93�� WKH� 9=Q� DQG� 93� GHIHFWVGRPLQDWHG�

7R� LGHQWLI\� WKH� GHIHFWV� UHYHDOHG� E\
PHDQV�WKH�PHDVXUHG�VSHFWUD��ZH�KDYH�VWXG�
LHG� DOVR� WKH� VDPSOHV� HQULFKHG� LQ� ]LQF� DQG
WKRVH� HQULFKHG� LQ� JHUPDQLXP�� 7KDW� HQULFK�
PHQW� ZDV� DWWDLQHG� E\� WKH� PHOW
VWRLFKLRPHWU\�GHYLDWLRQV��$V�WKH�PHOW�LV�HQ�
ULFKHG�LQ�]LQF��WKH�LQWHQVLWLHV�RI�WKH�R��S��G�
DQG�H�VSHFWUD�DUH�LQFUHDVHG�DV�ZHOO�DV�WKRVH
RI�GRQRU�DFFHSWRU� WUDQVLWLRQV� FRUUHVSRQGLQJ
WR� K�Z��PD[LPD� DW� ������ H9� DQG� ������ H9�$V� WKH�PHOW� LV� HQULFKHG� LQ� JHUPDQLXP�� WKH
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E� VSHFWUXP� DSSHDUV� ZKLOH� H� DQG� U� RQHV� DUH
ZHDNHQHG�� $FFRUGLQJ� WR� >����Ü�@�� 93�� 3*H�*H=Q��3=Q�GHIHFWV�DUH�GRQRUV�DQG�9=Q��=Q*H�=Q3�DUH�DFFHSWRUV�7KH� )HUPL� OHYHO� ORZHULQJ� DW� WKH� FU\VWDO
DQQHDOLQJ� LQ� ]LQF� YDSRU�PD\� EH� GXH� WR� LQ�
FUHDVHG�FRQFHQWUDWLRQ�RI�WKH�=Q3�DQWL�VWUXF�WXUH� GHIHFWV�� ,Q� IDFW�� WKH� DQQHDOLQJ� LQ� ]LQF
YDSRU� SURPRWHV� WKH� IRUPDWLRQ� RI� 93�� EXWWKH� GRQRU� DFWLRQ� LV� QRZ� VXSSUHVVHG� DV� D
FRQVHTXHQFH� RI� WKH� IDFW� WKDW� ]LQF� RFFXSLHV

WKH� IUHH� SKRVSKRUXV� VLWHV�� 7KLV� UHVXOWV� LQ
WKH�)HUPL�OHYHO�ORZHULQJ�

7KH�UHVXOWV�REWDLQHG�DOORZ�XV�WR�VXSSRVH
WKH� QDWXUH� RI� D�� E��G�� H�� R�� S�� U� FHQWHUV� LQ
WKH�XQDQQHDOHG�VDPSOHV��7KH�D�FHQWHUV�PD\
EH�]LQF�YDFDQFLHV�9=Q�� WKH�E� RQHV��WKH�DQWL�VWUXFWXUH� *H=Q� GHIHFWV�� G�� SKRVSKRUXV� YD�FDQFLHV� 93�� H�� WKH� =Q*H� RU�*H3� DQWL�VWUXF�WXUH� GHIHFWV�� R�� WKH� DQWL�VWUXFWXUH� GHIHFWV�
S�� WKH� DVVRFLDWHV� RI� SKRVSKRUXV� YDFDQFLHV
ZLWK�LQWHUVWLWLDO�]LQF�DWRPV��DQG�U��WKH�DQWL�

)LJ�����(QHUJ\�GLDJUDP�RI�H[WULQVLF�OHYHOV�DQG�ILUVW�RUGHU�FULWLFDO�SRLQWV�IRU�=Q*H3��FU\VWDOV�JURZQE\�%ULGJHPDQ�WHFKQLTXH�DQG�DQQHDOHG�LQ�]LQF�YDSRU��
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VWUXFWXUH�3*H�GHIHFWV��7KH�DERYH�PHQWLRQHGGHIHFWV�PD\�EH� LQFOXGHG�LQ�DVVRFLDWHV�IRUP�
LQJ�WKH�FRUUHVSRQGLQJ�FHQWHUV�

,Q� >�@�� WKH� RSWLFDO� SURSHUWLHV� RI� =Q*H3�KDYH� EHHQ� VWXGLHG� XVLQJ� SKRWROXPLQHVFHQFH
DQG� DEVRUSWLRQ�� 7KH� UHYHDOHG� VSHFWUDO� EDQG
SHDNHG�DW�����H9�ZDV�DVFULEHG�WR�WUDQVLWLRQV
LQ� WKH� GRQRU�DFFHSWRU�SDLUV�� ,Q� >�@�� D� OXPL�
QHVFHQFH� EDQG� DW� ����� H9� ZDV� REVHUYHG� LQ
S�=Q*H3�� FU\VWDOV� �JURZQ� E\� ORZ�WHPSHUD�WXUH� FU\VWDOOL]DWLRQ� WHFKQLTXH�� H[FLWHG� E\� D
+H±&G� ODVHU� �O� ����� QP��� 7KLV� EDQG� ZDV
REVHUYHG�DOVR�LQ�WKH�UDGLDWLYH�UHFRPELQDWLRQ
VSHFWUD�RI�WKH�FU\VWDOV�JURZQ�IURP�WKH�PHOW
HQULFKHG�LQ�]LQF�>�@��7KH�DVVRFLDWLRQ�RI�WKDW
EDQG� ZLWK� WKH� GRQRU�DFFHSWRU� WUDQVLWLRQV
KDV�EHHQ�GLVFXVVHG�QHLWKHU�LQ�>�@�QRU�LQ�>�@�

,Q� >�@�� D� UDGLDWLYH� UHFRPELQDWLRQ� EDQG
SHDNHG� DURXQG� ���� � H9� ZDV� REVHUYHG�� 7KLV
EDQG�FRLQFLGHV�ZLWK�WKH�GLVWDQFH�IURP�WKH�R
HQHUJ\� OHYHO� WR�WKH�FRQGXFWLRQ�EDQG�ERWWRP
DQG� IURP� WKH� HQHUJ\� SRVLWLRQ� RI� WKH� 0�W\SH�FULWLFDO�SRLQW�EHLQJ������H9�XQGHU�WKH
FRQGXFWLRQ�EDQG�ERWWRP��6LQFH�WKLV�EHQG�LQ�
WHQVLW\� LV� LQFUHDVHG� DV� D� JHUPDQLXP� H[FHVV
LG� LQWURGXFHG� LQWR� WKH� UDZ� PDWHULDO�� LW� LV
PRVW�OLNHO\�WKDW�WKH�EDQG�FRUUHVSRQGV�WR�WKH
E� FHQWHUV�� ,Q� WKH� VDPH�ZRUN�� D� SURQRXQFHG
SODWHDX� DW� WKH� TXDQWXP� HQHUJ\� DERXW
����� H9� DQG� D� ZLGH� VWUXFWXUHOHVV� EDQG� DW
K���#������H9������.��DUH�UHSRUWHG��7KH�SOD�
WHDX� SRVLWLRQ� LV� LQ� DFFRUGDQFH� ZLWK� WKH� RF�
FXUUHQFH� GHSWK� RI� WKH� H� GHIHFW� OHYHO� ZKLOH
WKH�����H9�EDQG�FRUUHVSRQGV�WR�S��G��DQG�D
SODWHDXV� LQ� RXU� VSHFWUD�� 6LQFH� WKH� ���� H9
SODWHDX�LV�PRVW�SURQRXQFHG�LQ�WKH�SKRWRFRQ�
GXFWLYLW\�VSHFWUD�RI�WKH�VDPSOHV�REWDLQHG�DW
PLQLPXP� SUHVVXUHV� RI� SKRVSKRUXV� YDSRU�
WKH�H�FHQWHUV�FRXOG�EH�EHOLHYHG�WR�EH�WKH�*H3DQWL�VWUXFWXUH� GHIHFWV�� 7KH� REVHUYHG� SUR�
QRXQFHG� SKRWRFRQGXFWLYLW\� EDQG� ZLWK� WKH
ORQJ�ZDYHOHQJWK� K�Z�#������ H9� FRUUHVSRQGV
WR� WKH�GLVWDQFH�EHWZHHQ�WKH�R� OHYHO�DQG�WKH
WRS� RI� WKH� VHFRQG� YDOHQFH� VXEEDQG� �)LJ�����
,Q� >�@��REVHUYHG�ZDV�DOVR�D� FRQVLGHUDEOH� LQ�

FUHDVH� RI� SKRWRFXUUHQW� VWDUWLQJ� IURP� K�Z�!
���� H9�� 7KH� DXWKRU� >�@� DVVRFLDWHV� WKLV� IDFW
ZLWK�WKH�SKRWRDFWLYH�H[FLWDWLRQ�RI�WKH�FDUUL�
HUV�DW�WKH�DFFHSWRU�OHYHO�(Y�������H9�WKDW�LVUHYHDOHG�E\�WKH�+DOO� FRHIILFLHQW�FKDQJH� >�@�
7KRVH� DFFHSWRU� OHYHOV� FRLQFLGH� ZLWK� WKH� GH�
IHFW� R� HQHUJ\� OHYHOV� IRUPHG� E\� WKH� DQWL�
VWUXFWXUH� DFFHSWRU� GHIHFWV� =Q3� UHYHDOHG� LQWKLV�ZRUN�

7KXV�� WDNLQJ� LQWR� DFFRXQW� WKH� DYDLODEOH
OLWHUDWXUH�GDWD��*H�GHILFLHQF\�DQG�WKH�FU\V�
WDO�DQQHDOLQJ�LQ�=Q�YDSRU��LW�FDQ�EH�DVVXPHG
WKDW� WKH� X�� W�� U�� E�� )�� V� FHQWHUV� LQ� WKH
DQQHDOHG� FU\VWDOV� DUH�3=Q���=QL��3*H��93���9*H±��2��=Q*H��=Q3��UHVSHFWLYHO\��7KH�GLVDS�SHDUDQFH� RI� WKH� R� FHQWHUV� DW� WKH� DQQHDOLQJ
FDQ� EH� H[SODLQHG� E\� WKH� 3=Q� HQWHULQJ� LQWR3=Q���=QL� DVVRFLDWHV� ZKLOH� WKH� GLVDSSHDU�DQFH�RI�S�FHQWHUV��E\�RFFXSDQF\�RI�JHUPD�
QLXP�YDFDQFLHV� E\� ]LQF� DWRPV��$V� D� UH�
VXOW�� WKH�R� �3=Q�� DQG�S� �9*H�� GLVDSSHDUDQG� QHZ� X� �3=Q���=QL�� DQG�)� �=Q*H�� RQHVDSSHDU�
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