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���,QWURGXFWLRQ
*G�6L2��&H��*62�&H��VWDQGV�LQ�D�VSHFLILFSRVLWLRQ� DPRQJ� WKH� ODQWKDQLGH� RUWKRVLOL�

FDWHV�� ,W� LV� XVHG� DV� D� IDVW� VFLQWLOODWRU� WR
GHWHFW� J� TXDQWD� LQ� QXFOHDU� UHVHDUFK� DV�ZHOO
DV� LQ� WKH� SRVLWURQ� HPLVVLRQ� WRPRJUDSK\�� $
SRRU� PHFKDQLFDO� VWUHQJWK� LV� D� FRQVLGHUDEOH
GUDZEDFN� RI� WKRVH� FU\VWDOV� WKDW� RIWHQ� UH�
VXOWV�LQ�WKH�IDLOXUH�WKHUHRI�GXULQJ�WKH�JURZ�
LQJ��$�W\SLFDO�IDLOXUH�W\SH�RI�*62�&H�LV�WKH
GHODPLQDWLRQ� �XS� WR� WKH� FRPSOHWH� FOHDYDJH�
DORQJ� WKH� SHUIHFW� FOHDYDJH� SODQH� ������� 7R
HOLPLQDWH� WKDW� GUDZEDFN�� LQVHUWLRQ� RI� \W�
WULXP�LQ�DQ�DPRXQW�RI����WR����PRO����LQWR
*62�&H�ZDV�SURSRVHG�>�@�

7KH�RSWLFDO�FKDUDFWHULVWLFV�RI�WKRVH�FU\V�
WDOV� ZHUH� QRW� VWXGLHG� LQ� GHWDLO�� ,Q� >�@�� WKH
WUDQVPLVVLRQ� VSHFWUD� RI� *62� DQG� *�<�62
ZHUH�VWXGLHG��KRZHYHU��WKH�DXWKRUV�KDYH�UH�
VWULFWHG�WKHPVHOYHV�E\�D�QDUURZ�ZDYHOHQJWK

UDQJH� RI� ���� WR� ���� QP�� QR� VLQJXODULWLHV
KDYH�EHHQ�IRXQG�LQ�WKH�89�VSHFWUDO�UHJLRQ�
,Q� WKLV� ZRUN�� WKH� RSWLFDO� WUDQVPLVVLRQ� DQG
OXPLQHVFHQFH� DUH� LQYHVWLJDWHG� ZLWKLQ� D
EURDG� UDQJH� ����� WR� ���� QP�� IRU� *�<�62�
*�<�62�&H� �����PRO����&H�� VLQJOH� FU\VWDOV
DW�GLIIHUHQW�\WWULXP�FRQFHQWUDWLRQV���������
���PRO������7KH�ZRUN�LV�WR�HOXFLGDWH�WKH�&H
DQG�<� LPSXULW\� HIIHFWV�RQ� WKH�FU\VWDO� WUDQ�
VSDUHQFH�DV�ZHOO�DV�WKH�<�HIIHFW�RQ�WKH�OXPL�
QHVFHQFH� DQG� VSHFWUDO� FRPSRVLWLRQ� RI
*�<�62�&H�FU\VWDOV�

7KH� FU\VWDOV� ZHUH� JURZQ� E\� &]RFKUDOVNL
WHFKQLTXH� LQ� DQ� LQHUW� PHGLXP� >�@�� 7KH
JURZQ� FU\VWDOV� KDG� WKH� VSDFH� V\PPHWU\
JURXS�3���F��WKH�*62�VWUXFWXUH���7KH�SODWH�VKDSHG� VDPSOHV� RI� ��u��u��PP�� VL]H� ZLWK
SROLVKHG� VXUIDFHV�ZHUH� XVHG� LQ� WKH� VWXGLHV�
7KH� ;�UD\� VWUXFWXUH� RI� WKH�*�<�62� FU\VWDO
VDPSOHV� ZDV� H[DPLQHG� XVLQJ� D� ;FDOLEXU��
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VLQJOH� FU\VWDO� GLIIUDFWRPHWHU� �2[IRUG� 'LI�
IUDFWLRQ�� 0R.D� HPLVVLRQ�� O� ���������c�
JUDSKLWH�PRQRFKURPDWRU��D�6DSSKLUH���&&'
GHWHFWRU��Z�T�VFDQQLQJ�LQ�WKH��Td����UDQJH�
WKH� DEVRUSWLRQ� EHLQJ� WDNHQ� LQWR� DFFRXQW
XVLQJ�HTXLYDOHQW� UHIOHFWLRQV���7KH�VWUXFWXUH
ZDV�FDOFXODWHG�XVLQJ�6+(/;����DQG�:LQ*;
VRIWZDUH��7KH�XQLW�FHOO�SDUDPHWHUV�ZHUH�UH�
ILQHG�XVLQJ�WKH�5LHWYHOG�PHWKRG�WR�GLIIUDF�
WLRQ�SDWWHUQV�IURP�SRZGHUHG�WKH�VDPH�FU\V�
WDO� VDPSOHV� XVLQJ� D� 6LHPHQV� '���� SRZGHU
GLIIUDFWRPHWHU� LQ� WKH� %UDJJ�%UHQWDQR� JH�
RPHWU\�� WKH� DQJXODU� UDQJH� EHLQJ
��d�Td������ 7KH� FRUUHVSRQGLQJ� UHVXOWV� RE�
WDLQHG�E\�VLQJOH�FU\VWDO�PHWKRG�ZHUH�XVHG�DV
WKH�LQLWLDO�GDWD�IRU�WKH�5LHWYHOG�UHILQHPHQW�

7KH� WUDQVPLVVLRQ�� OXPLQHVFHQFH� H[FLWD�
WLRQ� DQG� HPLVVLRQ� VSHFWUD� ZHUH� PHDVXUHG
XVLQJ� VWDQGDUG� PHWKRGV�� )RU� ORZ�WHPSHUD�
WXUH�PHDVXUHPHQWV��D�YDFXXP�FKDPEHU�ZLWK
IOXRULWH�ZLQGRZV�ZDV�XVHG��7KH�PHDVXUHPQW
DSSDUDWXV�FRPSULVHG�D� OLJKW� VRXUFH� �LQFOXG�
LQJ� D� ''&����� ODPS� DQG� DQ� LQFDQGHVFHQFH
RQH��� WZR� '05��� PRQRFKURPDWRUV�� D
YDFXXQ� FKDPEHU� DQG�307V� �)(8������� 7KH
DSSDUDWXV�LV�VKRZQ�VFKHPDWLFDOO\�LQ�>�@�

���5HVXOWV�DQG�GLVFXVVLRQ
)LJ���� SUHVHQWV� W\SLFDO� RSWLFDO� WUDQVPLV�

VLRQ� VSHFWUD� RI� WKH� *62�� *�<�62� DQG
*�<�62�&H� ����� PRO�� �� &H�� VDPSOHV� ZLWK
GLIIHUHQW�\WWULXP�FRQFHQWUDWLRQV��7KH�LQVHU�
WLRQ�RI�\WWULXP��������LQWR�WKH�*62�PDWUL[
UHVXOWV� LQ� D� JHQHUDO� LQFUHDVH� RI� WKH� WUDQV�
PLVVLRQ� �FXUYHV� ��� ���� 0RUHRYHU�� VRPH
FKDQJH�RFFXU� LQ� WKH� VSHFWUXP��6R� WKH�ZHDN
DEVRUSWLRQ�EDQGV�DW�����DQG�����QP�GLVDS�

SHDU� DOPRVW� FRPSOHWHO\�� ZKLOH� WKH� DEVRUS�
WLRQ�LQ�WKH�����DQG�����QP�EDQGV�LQKHUHQW
LQ� JDGROLQLXP� >�@� LQFUHDVHV� QRWLFHDEO\�� 7KH
FDXVHV�WKHUHRI�DUH�VWLOO�XQFOHDU��VR�D�VSHFLDO
VWXG\�LV�QHFHVVDU\�WR�HOXFLGDWH�WKHP��,Q�WKH
VDPH�ZRUN��DQ�LQFUHDVHG�WUDQVPLVVLRQ�RI�WKH
FU\VWDOV� GXH� WR� <� LQVHUWLRQ� KDV� EHHQ� RE�
VHUYHG��$�FRPSDULVRQ�RI�VSHFWUD�IRU�*�<�62
DQG� *�<�62�&H� VDPSOHV� ZLWK� WKH� VDPH� \W�
WULXP�FRQFHQWUDWLRQ��FXUYHV���DQG����UHVSHF�
WLYHO\�� HYLGHQFHV� WKDW� WKH� &H��� LQVHUWLRQ
LQWR�*�<�62�FDXVHV�FRQVLGHUDEOH�FKDQJHV��6R
WKH� WUDQVPLVVLRQ� YDOXH� LQ� WKH� ���Ü���� QP
UDQJH� GURSV� E\� DERXW� WZR� GHFLPDO� RUGHUV�
:LWKLQ�WKH����Ü����QP�UDQJH��D�ZHDN����Ü
����QP�WUDQVPLVVLRQ�EDQG�DSSHDUV�LQVWHDG�RI
WKH� ���� QP� RQH�� KRZHYHU�� DV� D� ZKROH�� WKH
WUDQVPLVVLRQ� LQ� WKDW� UDQJH� LV� RQH� GHFLPDO
RUGHU�ORZHU�WKDQ�WKDW�LQ�FHULXP�IUHH�VDPSOHV�

7KH� WUDQVPLVVLRQ� GHSHQGHQFH� RQ� <� FRQ�
FHQWUDWLRQ� IRU� *�<�62�&H� VDPSOHV� LV� QRW
PRQRWRQRXV��6R�WKH�<�FRQWHQW�LQFUHDVH�IURP
���WR����PRO����UHVXOWV�LQ�WKH�WUDQVPLVVLRQ
LQFUHDVH�ZLWKLQ�WKH�ZKROH�ZDYHOHQJWK�UDQJH�
EXW� WKH� IXUWKHU� LQFUHDVH� XS� WR� ��� PRO�� �
FDXVHV�WKH�WUDQVPLVVLRQ�GURSSLQJ�GRZQ�WR�WKH
OHYHO�W\SLFDO�RI�VDPSOHV�FRQWDLQLQJ����PRO���
<��7KH�WUDQVPLVVLRQ�PD[LPXP�DW�����QP�LQ�
FUHDVHV�LQ�WKLV�FDVH��FXUYHV����������

7KH�WUDQVPLVVLRQ�YDULDWLRQV�LQ�WKH�YLVLEOH
UHJLRQ� FRQQHFWHG� ZLWK� WKH� <� FRQFHQWUDWLRQ
LQFUHDVH� DUH� VKRZQ� LQ� )LJ����� 7KH� SUHVHQFH
RI� ���PRO���<� LQ� WKH�*62� PDWUL[� FDXVHV
DERXW� GRXEOHG� WUDQVPLVVLRQ� LQ� WKH� OXPLQHV�
FHQFH� UHJLRQ� DV� FRPSDUHG� ZLWK� WKH� QRPL�
QDOO\� SXUH� FU\VWDO�� 7KH� <� FRQWHQW� LQFUHDVH
IURP����WR������UHVXOWV�LQ�D�IXUWKHU�WUDQV�
PLVVLRQ� LQFUHDVH� LQ� WKH� OXPLQHVFHQFH�PD[L�
PXP�DUHV�E\�DGGLGLWRQDO�������$W�WKH�IXU�

)LJ�����7UDQVPLVVLRQ�VSHFWUD�LQ�89�UHJLRQ�IRU
*�<�62� DQJ�*�<�62�&H� VDPSOHV� ZLWK� GLIIHU�
HQW� <� FRQFHQWUDWLRQV�� ��� *62� �<�� DQG� &H�
IUHH������*�<�62�����PRO����<������*�<�62�&H
����PRO����<������PRO����&H������*�<�62�&H
����PRO����<������PRO����&H������*�<�62�&H
����PRO����<������PRO����&H���

)LJ�����7UDQVPLVVLRQ�VSHFWUD�LQ�YLVLEOH�UHJLRQ
IRU�*�<�62�DQJ�*�<�62�&H�VDPSOHV�ZLWK�GLI�
IHUHQW�<�FRQFHQWUDWLRQV��&XUYHV�DUH�QXPEHUHG
DV�LQ�)LJ�����
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WKHU� HQULFKPHQW� LQ� <�� WKH� FU\VWDO� WUDQ�
VSDUHQFH�GURSV��

)LJ���� VKRZV� WKH�SKRWROXPLQHVFHQFH� �3/�
H[FLWDWLRQ�VSHFWUXP�IRU�WKH�*�<�62�&H�FU\V�
WDO��<�����PRO�����&H������PRO������7KH�3/
H[FLWDWLRQ�VSHFWUXP�LV�VHHQ�WR�LQFOXGH�PD[�
LPD� QHDU� WKH� DEVRUSWLRQ� EDQGV� W\SLFDO� RI
FHULXP�IUHH�VDPSOHV��FXUYHV���DQG���LQ�)LJ�����
7KH� UDWKHU� ZLGH� 3/� H[FLWDWLRQ� EDQGV� DUH
REVHUYHG�DW����������������DQG�����QP�DUH
REVHUYHG�� ,W� LV� WR� QRWH� WKDW� WKH� H[FLWDWLRQ
HIILFLHQF\�YDOXHV�LQ�VDLG�EDQGV�DUH�GLIIHUHQW
DQG�FRUUHVSRQG�QRW�DOZD\V�WR�WKH�DEVRUSWLRQ
RQHV��7KXV��WKH�3/�LQWHQVLW\�XQGHU�����QP
H[FLWDWLRQ� LV� KLJKHU� WKDQ� WKDW� XQGHU� ���Ü
���� QP� UDQJH�� ZKLOH� LQ� FRQWUDVW�� WKH� DE�
VRUSWLRQ�DW����Ü����QP�UDQJH�H[FHHGV�WKDW
DW� ���� QP�� 7KLV� HYLGHQFHV� D� SDUDOOHO� FKDQ�
QHO�RI�WKH�H[FLWDWLRQ�HQHUJ\�WUDQVIRUPDWLRQ�

7KH�VSHFWUDO�SRVLWLRQ�RI�WKH�3/�PD[LPXP
DQG� LWV� LQWHQVLW\� GHSHQG� DOVR� RQ� \WWULXP
FRQFHQWUDWLRQ� �)LJ������ $W� ��� PRO�� �� � \W�
WULXP� �FXUYH� ���� WKH� 3/� PD[LPXP� LV� DW
����QP��7KH�<�FRQFHQWUDWLRQ�LQFUHDVH�XS�WR
��� PRO�� �� �FXUYH� ���� WKH� PD[LPXP� LV

VKLIWHG� WRZDUGV� VKRUWHU� ZDYHOHQJWKV�� ZKLOH
LWV�LQWHQVLW\�JURZV�E\�������7KXV��WKH�H[FL�
WDWLRQ� HQHUJ\� ORVV� GHFUHDVHV� DQG� LWV� HIIL�
FLHQF\� LQFUHDVHV�� 7KH� IXUWKHU� LQFUHDVH� LQ�<
FRQFHQWUDWLRQ�XS�WR�������FXUYH����GRHV�QRW
FKDQJH� VLJQLILFDQWO\� WKH� VSHFWUDO� SRVLWLRQ� RI
WKH� 3/� PD[LPXP� EXW� FDXVHV� LWV� LQWHQVLW\
GURS�E\������DV�FRPSDUHG�WR�WKDW�DW������<�
7KXV�� WKH� RSWLPXP� <� FRQFHQWUDWLRQ� LV
���PRO�����7KH�3/� WHPSHUWDXWU� TXHQFKLQJ
VWDUWV�DW�WHPSHUDWXUHV�DERYH�����&�
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� ���$�%�7VDSHQNR�� %�3�7VDSHQNR�� 9�*�%RQGDU� HW
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� ���(�-�%RV]H�� *�$�+LUDWD�� /�(�6KHD�5RKZHU�
-�0F.LWWULFN�� -��/XPLQHVFHQFH�� ����� ��
�������

)LJ����� 3KRWROXPLQHVFHQFH� H[FLWDWLRQ� VSHF�
WUXP� RI� D�*�<�62�&H� FU\VWDO� ����PRO����<�
����PRO����&H���

)LJ�����3KRWROXPLQHVFHQFH�VSHFWUD�RI�*�<�62�&H
�����PRO����&H��VDPSOHV�ZLWK�GLIIHUHQW�<�FRQ�
FHQWUDWLRQV��PRO��������������������������
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