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DEVRUSWLRQ� HGJH� VKLIW�� WKH� QLFNHO� FRQFHQWUDWLRQ� LQ� WKH� VWXGLHG� FU\VWDOV� LV� FDOFXODWHG��7KH
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���,QWURGXFWLRQ
7KH� ]LQF� VXOILGH� VLQJOH� FU\VWDOV� GRSHG

ZLWK�WUDQVLWLRQ�PHWDO�LRQV�DUH�XVHG�DV�DFWLYH
PHGLD�IRU�WKH�PLG�LQIUDUHG��,5��VSHFWUDO�UH�
JLRQ�ODVHUV��,Q�SDUWLFXODU��WKH�HIIHFWLYH�ODVHU
JHQHUDWLRQ�LQ�WKH�VSHFWUDO�UHJLRQ�RI������PP
KDV�EHHQ�UHDOL]HG�LQ�WKH�=Q6�&U�FU\VWDOV�>�@�
$W� WKH� VDPH� WLPH�� HVVHQWLDOO\� QRWKLQJ� LV
NQRZQ�DERXW�SRVVLELOLW\�RI�LQIUDUHG�ODVHU�UD�
GLDWLRQ�UHDOL]DWLRQ�XVLQJ�=Q6�1L�FU\VWDOV�

7KH�=Q6�FU\VWDO�GRSLQJ�GXULQJ�WKH�JURZ�
LQJ� SURFHVV� LV� GLIILFXOW� EHFDXVH� WKH� WUDQVL�
WLRQDO� PHWDO� HYDSRUDWLRQ� WHPSHUDWXUHV� H[�
FHHG�FRQVLGHUDEO\�WKDW�RI�]LQF�VXOILGH�VXEOL�
PDWLRQ�� ,Q� >�@�� ZH� KDYH� GHVFULEHG� WKH
SURFHGXUH�RI�SXUH�=Q6�FU\VWDOV�ZLWK�FREDOW�
$�PHWKRG�IRU�GLIIXVLRQ�GRSLQJ�RI�=Q6�VLQJOH
FU\VWDOV�ZLWK�QLFNHO� LV� RIIHUHG� LQ� WKLV�ZRUN
WKDW� SURYLGHV� FU\VWDOV� ZLWK� NQRZQ� QLFNHO
LPSXULW\� FRQFHQWUDWLRQ�� 7KH� VWUXFWXUH� RI
WKH� RSWLFDO� DEVRUSWLRQ� DQG� OXPLQHVFHQFH
VSHFWUD� IRU� WKH� =Q6�1L� FU\VWDOV� KDV� EHHQ

VWXGLHG�DQG�LGHQWLILHG�LQ�WKH�YLVLEOH�DQG�LQ�
IUDUHG� UHJLRQV�� %DVLQJ� RQ� WKH� RSWLFDO� DE�
VRUSWLRQ�HGJH�VKLIW��WKH�QLFNHO�FRQFHQWUDWLRQ
KDV�EHHQ�GHWHUPLQHG��

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�GHYHORS�D
SURFHGXUH� IRU� GLIIXVLRQ� 1L� GRSLQJ� RI� =Q6
FU\VWDOV� DQG� WR� LGHQWLI\� WKH� RSWLFDO� DEVRUS�
WLRQ�DQG�OXPLQHVFHQFH�VSHFWUD�

���([SHULPHQWDO
7KH�VDPSOHV�IRU�WKH�VWXG\�ZHUH�SUHSDUHG

E\� 1L� GLIIXVLRQ� GRSLQJ� RI� SXUH� =Q6� VLQJOH
FU\VWDOV�� 7KH� XQGRSHG� FU\VWDOV� ZHUH� RE�
WDLQHG�E\�IUHH�JURZWK�RQ�D�=Q6�VLQJOH�FU\V�
WDO� VXEVWUDWH� ZLWK� WKH� ������ JURZWK� SODQH�
1R�SRO\W\SHV�ZHUH�GLVFRYHUHG�LQ�WKH�FU\VWDOV
VWUXFWXUH��7KH�PHWKRG�DQG�WKH�PDLQ�FKDUDF�
WHULVWLFV� RI� WKH�=Q6� FU\VWDOV�ZHUH�GHVFULEHG
LQ� GHWDLO� LQ� >�@�� 7KH� VHOHFWLRQ� RI� WHPSHUD�
WXUH� SURILOHV� DQG� GHVLJQ� RI� WKH� JURZWK
FKDPEHU� H[FOXGHG� DQ\� FRQWDFW� EHWZHHQ� WKH
FU\VWDO� DQG� FKDPEHU� ZDOOV�� 7KH� GLVORFDWLRQ

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

)XQFWLRQDO�PDWHULDOV������������� ��



GHQVLW\� LQ�WKH�FU\VWDOV�REWDLQHG�GLG�QRW�H[�
FHHG�����FPÜ��

7KH�FU\VWDOV�ZHUH�GRSHG�E\�LPSXULW\�GLI�
IXVLRQ� IURP� D� PHWDO� 1L� OD\HU� GHSRVLWHG� RQ
WKH�FU\VWDO�VXUIDFH��1LFNHO�ZDV�GHSRVLWHG�RQ
RQH�RI� WKH� ODUJH�VXUIDFHV�RI�D� FU\VWDO�SODWH
���u�u��PP��� FXW� RXW� SDUDOOHO� WR� WKH� �����
SODQH��7KH�QLFNHO� OD\HU�WKLFNQHVV�ZDV�DERXW
���PP��7KH� FU\VWDOV�ZHUH�DQQHDOHG� LQ�+H��
$U� DWPRVSKHUH� DW� ����Ü�����.�� 7KH� GLIIX�
VLRQ�SURFHVV�ZDV���K�ORQJ��$IWHU�DQQHDOLQJ�
WKH� =Q6�1L� FU\VWDOV� ZHUH� FKDUDFWHUL]HG� E\
WKH� SUHVHQFH� RI� GLIIXVLRQ� SURILOH� ZLWK� D
WKLFNQHVV� LQFUHDVLQJ� ZLWK� WKH� DQQHDOLQJ
WHPSHUDWXUH� HOHYDWLRQ�� 7KH� SURILOH� FRORU
YDULHG� IURP� OLJKW� \HOORZ� WR� GDUN� \HOORZ� DV
WKH�WHPSHUDWXUH�LQFUHDVHG��LQ�FRQWUDVW�ZLWK
FRORXUOHVV�XQGRSHG�FU\VWDOV�

7KH�QLFNHO�OD\HU�UHPDLQLQJ�RQ�WKH�FU\VWDO
VXUIDFH� ZDV� HWFKHG� RXW� XVLQJ� K\GURFKORULF
DFLG��7KHQ�WKH�ODUJH�VXUIDFHV�RI�WKH�FU\VWDO
SODWH�ZHUH�SROLVKHG��7R�VWXG\�SKRWROXPLQHV�
FHQFH�� WKH� VDPSOHV� ZHUH� HWFKHG� LQ� ERLOLQJ
K\GURFKORULF� DFLG� WR� REWDLQ� D� PDW� VXUIDFH�
EHFDXVH� WKH� OXPLQHVFHQFH� ZDV� H[DPLQHG� LQ
WKH� UHIOHFWHG� OLJKW� WR� HOLPLQDWH� WKH� UHDE�
VRUEWLRQ�LQIOXHQFH��

7KH� RSWLFDO� GHQVLW\� VSHFWUD� ZHUH� PHDV�
XUHG� XVLQJ� D� 0'5��� PRQRFKURPDWRU� ZLWK
�����������DQG�����JURRYHV�PP�GLIIUDFWLRQ
JUDWLQJV��7KH�ILUVW�JUDWLQJ�ZDV�XVHG�WR�DQD�
O\]H� WKH� DEVRUSWLRQ� VSHFWUD� LQ� WKH� ���Ü
����H9�SKRWRQ�HQHUJ\�UDQJH��WKH�VHFRQG��LQ
WKH� ���Ü���� H9� RQH�� DQG� WKLUG�� LQ� WKH� ���Ü
����H9�RQH��$�)(8�����SKRWRPXOWLSOLHU�ZDV
XVHG� DV� D� OLJKW� IORZ� UHFHLYHU� LQ� WKH� YLVLEOH
VSHFWUDO�UHJLRQ��ZKLOH�D�)7*���SKRWRWUDQVLV�
WRU� DQG� D�3E6� SKRWRUHVLVWRU�ZRUNLQJ� LQ� DO�
WHUQDWLQJ�FXUUHQW�PRGH�LQ�PLGGOH�,5�UHJLRQ�
7KH� RSWLFDO� GHQVLW\� VSHFWUD� ZHUH� PHDVXUHG
DW� ��� DQG� ���� .�� 7KH� RSWLFDO� ZLQGRZV� RI
FU\RVWDW� FKDPEHU� XVHG� WR� VWXG\� WKH� RSWLFDO
DEVRUSWLRQ�ZHUH�RI���PP�LQ�GLDPHWHU�

7KH� SKRWROXPLQHVFHQFH� VSHFWUD� ZHUH
PHDVXUHG� XVLQJ� DQ� ,63���� SULVP� VSHFWUR�
JUDSK��7KH�OXPLQHVFHQFH��ZDV�H[FLWHG��DW�DQ
DQJOH� RI� a����� XVLQJ� DQ� ('(9��/$�� OLJKW�

HPLWWLQJ� GLRGH� KDYLQJ� WKH� HPLVVLRQ� VSHF�
WUXP�LQ�WKH�YLVLEOH�UHJLRQ�RI�=Q6�1L�FU\VWDO
LPSXULW\� DEVRUSWLRQ�� :KHQ� DQDO\]LQJ� WKH
OXPLQHVFHQFH� VSHFWUD�� WKH� HPLWWHG� OLJKW� UH�
DEVRUEWLRQ�ZDV�QRW�WDNHQ�LQWR�DFFRXQW�

���2SWLFDO�GHQVLW\�VSHFWUD�RI�WKH
=Q6�1L�FU\VWDOV�LQ�WKH

IXQGDPHQWDO�DEVRUSWLRQ�HGJH
UHJLRQ

7KH� RSWLFDO� GHQVLW\� VSHFWUD� RI� WKH� XQ�
GRSHG� =Q6� FU\VWDOV� DW� ��� .� DUH� FKDUDF�
WHUL]HG� E\� DEVRUSWLRQ� HGJH� DW� ����� H9
�)LJ�����FXUYH�����1R�SHFXOLDULWLHV�ZHUH�IRXQG
LQ� WKH� RSWLFDO� GHQVLW\� VSHFWUD� RI� XQGRSHG
FU\VWDOV�LQ�����Ü����H9�HQHUJ\�UHJLRQ�

7KH� QLFNHO� GRSLQJ� RI� FU\VWDOV� UHVXOWV� LQ
WKH�DEVRUSWLRQ�HGJH�VKLIW�WRZDUGV�ORZHU�HQ�
HUJLHV� �)LJ����� FXUYHV��Ü����7KH�VKLIW�YDOXH
LQFUHDVHV�ZLWK�DQQHDOLQJ�WHPSHUDWXUH�DQG�LV
GXH� WR�E\� WKH� LQWHULPSXULW\�&RXORPE�LQWHU�
DFWLRQ�� 7KH� EDQG� JDS� ZLGWK� YDULDWLRQ� DV� D
IXQFWLRQ� RI� LPSXULW\� FRQFHQWUDWLRQ�ZDV� GH�
WHUPLQHG�LQ�>�@�DV

)LJ�����2SWLFDO�GHQVLW\�VSHFWUD�RI�=Q6�����DQG
=Q6�1L� =Q6H� ��Ü��� FU\VWDOV� REWDLQHG� DW� � DQ�
QHDOLQJ�WHPSHUDWXUHV��.���������������������
DQG����������

7DEOH����&DOFXODWLRQ�UHVXOWV�RI�1L�FRQFHQWUDWLRQ�IURP�=Q6�1L�RSWLFDO�DEVRUSWLRQ�HGJH�VKLIW�
7\SH�RI�FU\VWDO ��rK��^{(J��H9 '(J��PH9 1��FPÜ�

=Q6��LQLWLDO ���� Ü Ü
=Q6�1L�DQQHDOHG�DW������. ���� �� ������
=Q6�1L�DQQHDOHG�DW������. ���� ��� ������
=Q6�1L�DQQHDOHG�DW������. ���� ��� ������
=Q6�1L�DQQHDOHG�DW������. ���� ��� ������
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ZKHUH�'(J� LV�PHDVXUHG� LQ�PH9�� H�� HOHFWURQFKDUJH��1�� LPSXULW\�FRQFHQWUDWLRQ� LQ� FPÜ��
HV� ����� LV�=Q6�GLHOHFWULF� FRQVWDQW�� H��� HOHF�WULF� FRQVWDQW�� 7KH� QLFNHO� FRQFHQWUDWLRQ� LQ
WKH�VWXGLHG�FU\VWDOV�ZDV�FDOFXODWHG�IURP�WKH
EDQG�JDS�ZLGWK�FKDQJLQJ��VHH�7DEOH�����7KH
PD[LPXP�1L� FRQFHQWUDWLRQ� ������FPÜ���ZDV
REVHUYHG� IRU� WKH� VDPSOHV� DQQHDOHG� DW
�����.�

���$EVRUSWLRQ�DQG�OXPLQHVFHQFH
RI�=Q6�1L�FU\VWDOV�LQ�WKH�YLVLEOH

VSHFWUDO�UHJLRQ
7KH�=Q6�1L� FU\VWDOV� VKRZ�D� VHULHV� RI� DE�

VRUSWLRQ� OLQHV� LQ� WKH� YLVLEOH� UHJLRQ� �)LJ����
FXUYH� ���� ,Q� WKLV� UHJLRQ�� WKH� OLJKW� DEVRUS�
WLRQ� LQFUHDVHV�ZLWK�1L� FRQFHQWUDWLRQ�� 6HYHQ
DEVRUSWLRQ� OLQHV� DW� ������ ������ ������ �����
������������DQG������H9�DUH�REVHUYHG�LQ�ORZ�
GRSHG� FU\VWDOV� REWDLQHG� DW� ����� .� �)LJ����
FXUYH� ���� 7KH� RSWLFDO� DEVRUSWLRQ� VWXGLHV� LQ
WKH���Ü����.�WHPSHUDWXUH�UDQJH�KDV�VKRZQ
WKDW� WKH� ILUVW� VHYHQ� OLQH� SRVLWLRQV� GR� QRW
FKDQJH�DW�WHPSHUDWXUH�LQFUHDVLQJ��7KXV��WKH
LQGLFDWHG�DEVRUSWLRQ� OLQHV�DUH�FDXVHG�E\� LQ�
WUDFHQWHU� WUDQVLWLRQV�� 7KH� KLJK�HQHUJ\� DE�
VRUSWLRQ�OLQH�DW������H9�FKDQJHV�LWV�SRVLWLRQ
DV�WKH�WHPSHUDWXUH�DQG�1L� LPSXULW\�FRQFHQ�

WUDWLRQ�YDU\��7KLV�OLQH�ZDV�IRXQG�LQ�>�@�DQG
LGHQWLILHG�DV�WKH�FKDUJH�WUDQVIHU�EDQG��7KLV
LV� DOVR� FRQILUPHG� E\� D� SKRWRFRQGXFWLYLW\
SUHVHQFH�LQ�WKLV�UHJLRQ�

2SWLFDO� WUDQVLWLRQV� LQ� WKH�=Q6�1L��� FU\V�
WDOV� DUH� SUHVHQWHG� LQ� 7DEOH��� WKDW� LV� EXLOW
EDVLQJ�RQ�RXU�H[SHULPHQWDO�UHVXOWV�DQG�FDO�
FXODWLRQV� RI� WKH�1L��� LRQ� HQHUJ\� VWDWHV� IRU
WKH� ]LQF� VXOILGH� FXELF� ODWWLFH�� ,Q� >�Ü�@�� WKH
1L���LRQ�HQHUJ\�VWDWHV�DUH�FDOFXODWHG�UHVSRQ�
VLEOH� IRU� WKH� YLVLEOH� VSHFWUDO� UHJLRQ� DEVRUS�
WLRQ�� 7KH� DEVRUSWLRQ� OLQH� DW� ����� H9� ZDV
REVHUYHG�EHIRUH�LQ�>�@�

)LJ�����2SWLFDO�GHQVLW\� ����DQG�SKRWROXPLQHV�
FHQFH� ���� VSHFWUD� RI� =Q6�1L� FU\VWDOV� LQ� WKH
YLVLEOH�UHJLRQ�

7DEOH����2SWLFDO�WUDQVLWLRQV�LQ�=Q6�1L���FU\VWDOV

/LQH
1R�

$EVRUSWLRQ /XPLQHVFHQFH
(H[Sr
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7KH� OXPLQHVFHQFH� VWXGLHV� RI� KLJK�GRSHG
FU\VWDOV�LQ�WKH�YLVLEOH�VSHFWUDO�UHJLRQ�REWDLQHG
DW� ����Ü����� .� KDYH� UHYHDOHG� DOVR� D� EURDG
QRQHOHPHQWDU\� HPLVVLRQ� EDQG� LQYROYLQJ� ILYH
OLQHV� DW� ������ ������ ������ ������ DQG� ����� H9
DW�7� ����.��)LJ�����FXUYH�����7KH� OLQH�SRVL�
WLRQV� UHPDLQ� XQFKDQJHG� DV� WKH� WHPSHUDWXUH
LQFUHDVHV� IURP� ��� WR� ���� .�� 7KXV�� WKH� RE�
VHUYHG� HPLVVLRQ� OLQHV� DUH� UHODWHG� WR� WUDQVL�
WLRQV� EHWZHHQ� WKH� KLJK�HQHUJ\� H[FLWHG� VWDWHV
DQG� WKH� JURXQG� VWDWH� �7��)�� RI� 1L��� LRQ�7DEOH����� $V� LV� VHHQ� LQ� 7DEOH���� WKH� 6WRNHV
VKLIW� YDOXH� RI� OXPLQHVFHQFH� OLQHV� LQ� UHODWLRQ
WR�FRUUHVSRQGLQJ�DEVRUSWLRQ� OLQHV������������
����������������H9�LV����PH9��7KH�OLQH�RI�WKH
=Q6�1L� YLVLEOH� HPLVVLRQ� DW� ����� H9� ZDV� RE�
VHUYHG�EHIRUH�LQ�>�@�

���$EVRUSWLRQ�DQG�OXPLQHVFHQFH�RI
=Q6�1L�FU\VWDOV�LQ�,5�VSHFWUDO

UHJLRQ�
7KH�QLFNHO�GRSLQJ�RI�FU\VWDOV�KDV�EHHQ�IRXQG

UHVXOW�LQ�D�VHULHV�RI�DEVRUSWLRQ�OLQH�LQ�WKH�QHDU
,5�UHJLRQ��,Q�DOO�LQYHVWLJDWHG�FU\VWDOV��WKHUH�DUH
WKUHH� DEVRUSWLRQ� OLQHV� DW� ������ ������ ����� H9�
)LJ���� �FXUYHV���� ��� VKRZV� WKH� RSWLFDO� GHQVLW\
DQG� SKRWROXPLQHVFHQFH� VSHFWUD� RI� WKH� =Q6�1L
FU\VWDOV� REWDLQHG� DW� �����.�� ,W� LV� HVWDEOLVKHG
WKDW�WKH�QLFNHO�FRQFHQWUDWLRQ�LQFUHDVH�UHVXOWV�LQ
LQFUHDVHG� DEVRUSWLRQ� LQ� WKH� REVHUYHG� VSHFWUDO
UHJLRQ��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�WHPSHUDWXUH
FKDQJH� IURP���� WR�����.�GRHV�QRW� FDXVH� DQ\
QRWLFHDEOH�VKLIWLQJ�RI�WKHVH�OLQHV��7KLV�WHVWLILHV
WR� WKH� LQWUDFHQWHU� FKDUDFWHU� RI� RSWLFDO� WUDQVL�
WLRQV�� 7KH� DEVRUSWLRQ� OLQH� DW� ����� H9�ZDV� RE�
VHUYHG�EHIRUH�LQ�>��@�DQG��DFFRUGLQJ�WR�FDOFXOD�
WLRQV� RI� 1L��� LRQ� HQHUJ\� VWDWHV� LQ� WKH� ]LQF

VXOILGH� FXELF� ODWWLFH� >��@�� LW� LV� GXH� WR� WKH
�7��)�o�7��3�� WUDQVLWLRQV� �7DEOH����� 7ZRRWKHU� OLQHV� DUH� REVHUYHG� IRU� WKH� ILUVW� WLPH�
7KRVH�DUH�REYLRXVO\�FDXVHG�E\�WKH�WUDQVLWLRQV
WR�WKH��7��3��VWDWHV�RI�WKH�1L���LRQ�ZKLFK�DUHVSOLW�GXH�WR�WKH�VSLQ�RUELW�LQWHUDFWLRQ�

7KH� OXPLQHVFHQFH� LQYHVWLJDWLRQV� LQ� WKH
QHDU�,5�UHJLRQ�H[SRVHG�DOVR�DQ�HPLVVLRQ�OLQH
DW������H9�DW�7� ����.��)LJ�����FXUYH�����7KLV
HPLVVLRQ�OLQH�ZDV�REVHUYHG�EHIRUH�LQ�>��@�DQG
FRUUHVSRQGV�WR�WKH��7��3�o�7��)��WUDQVLWLRQVLQ�1L��� LRQ��7DEOH�����7KH�6WRNHV�VKLIW�YDOXH
RI� OXPLQHVFHQFH� OLQH�DW������H9�LQ�UHODWLRQ
WR�WKH�DEVRUSWLRQ�OLQH�DW������H9�LV����PH9�
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