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� ,QWURGXFWLRQ�2EMHFWLYHV
7KH REMHFWLYH RI WKLV VWXG\ LV WR SHUIRUP VWDWLVWLFDO DQDO\VLV RQ H[LVWLQJ WXEH VWUHQJWK
H[SHULPHQWDO GDWD LQ RUGHU WR GHYHORS HTXDWLRQV IRU VWUHQJWK SUHGLFLWRQ� ,Q SDUWLFX�
ODU� LW LV RI LQWHUHVW WR SUHGLFW oDW FUXVK VWUHQJWK �)&� EDVHG RQ VHYHUDO WXEH� GHVLJQ
DQG SDSHU SURSHUWLHV� QDPHO\�

q LQVLGH GLDPHWHU �,'� �LQ LQFKHV�
q WKLFNQHVV �W� �LQ LQFKHV�
q VSLUDO DQJOH �n�
q SDSHU SURSHUWLHV� 3�$� 3�% DQG 3� �LQ SVL�
q WXEH SURSHUWLHV� )(�� )(�
7ZR HTXDWLRQV ZLOO EH FRQVLGHUHG �NQRZQ DV �PRGH �� DQG �PRGH �� IDLOXUHV��

7KH\ KDYH EHHQ DGDSWHG IURP WKH RQHV XVHG WR SUHGLFW VWUHQJWK RQ ZRRG� DQG WKHLU
IRUPDWV DUH JLYHQ EHORZ�

q PRGH � IDLOXUH�
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3�$ e 3�% e )(�
3�%�VLQ�n� � 3�$�FRV�n� ���

q PRGH � IDLOXUH�
)&  N e 3� e )(� ���

,W LV DOVR RI LQWHUHVW WR PRGLI\ WKRVH HTXDWLRQV LQ RUGHU WR WDNH LQWR DFFRXQW D
VL]H HmHFW JLYHQ E\ � �
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� 7KH )ODW &UXVK 6WUHQJWK 'DWD
7KH GDWD DYDLODEOH LV RQ oDW FUXVK VWUHQJWK �)&� PHDVXUHPHQWV IRU ��� WXEHV RI
GLmHUHQW VL]HV� ��WZR� LQFKHV LQVLGH GLDPHWHU WXEHV �D WRWDO RI ���� � LQ� ,' WXEHV
����� � LQ� ,' WXEHV ���� DQG �� LQ� ,' WXEHV �����
)RU HDFK WXEH� LQIRUPDWLRQ LV DYDLODEOH RQ SDSHU JUDGH� LQVLGH GLDPHWHU �,'��

VSLUDO DQJOH �n�� 3�$� 3�%� 3�� )(� DQG )(�� 7KH YDOXHV RI )(� DQG )(� ZHUH
REWDLQHG IURP D WKHRUHWLFDO HTXDWLRQ RQ ,'� W DQG n� ,QIRUPDWLRQ RQ WKH IRUPDW RI
WKLV HTXDWLRQ ZDV QRW SURYLGHG� $OWKRXJK WKH REVHUYHG ,' YDOXHV DUH QRW �H[DFW�
�L�H D � LQ� ,' WXEH KDV DFWXDOO\ DQ REVHUYHG ,' YDOXH RI ����� LQ��� WKH REVHUYHG
YDOXHV ZLOO EH XVHG VLQFH WKRVH ZHUH WKH RQHV XVHG LQ WKH WKHRUHWLFDO HTXDWLRQV ZKLFK
SURGXFHG WKH JLYHQ YDOXHV RI )(� DQG )(��
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� $QDO\VLV�5HVXOWV
,Q D nUVW DWWHPSW WR LQFRUSRUDWH D VL]H HmHFW WR WKH JHQHUDO HTXDWLRQV ��� DQG ����
WKH UHVHDUFKHUV DW 6RQRFR KDYH GHYHORSHG WKH IROORZLQJ RQHV�
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q PRGH � IDLOXUH
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7KH UHVXOWV REWDLQHG XVLQJ WKH PRGHO GHYHORSHG E\ WKLV VWDWLVWLFDO DQDO\VLV ��QHZ�
PRGHO� ZLOO EH FRPSDUHG ZLWK WKH RQHV REWDLQHG XVLQJ WKH HTXDWLRQV ��� WR ����

��� 0RGH � )DLOXUH
7KH IRUPDW RI WKH HTXDWLRQ XVHG IRU PRGH � IDLOXUH� WDNLQJ LQWR DFFRXQW D VL]H HmHFW
LV JLYHQ E\�

)&  N e ,'����
e

3�$ e 3�% e )(�
3�%�VLQ�n� � 3�$�FRV�n� �

7KH UHVXOWV RI WKH PRGHO nWWLQJ DUH VKRZQ LQ 7DEOHV � DQG �� 7KH $129$ WDEOH
LV LQ WKH $SSHQGL[�
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7DEOH �� 3DUDPHWHU VXPPDU\ IRU WKH PRGHO nWWHG WR WKH oDW FUXVK VWUHQJWK GDWD
�0RGH � IDLOXUH
7KH DSSUR[LPDWH W UDWLRV DUH KLJKO\ VLJQLnFDQW LQGLFDWLQJ WKDW WKH SDUDPHWHUV

XQGHU FRQVLGHUDWLRQ VKRXOG QRW EH GHOHWHG IURP WKH PRGHO� ,Q DGGLWLRQ� WKH SDUDP�
HWHU DSSUR[LPDWH FRUUHODWLRQ PDWUL[ �7DEOH �� GRHV QRW H[KLELW DQ\ KLJK FRUUHODWLRQ
DPRQJ WKH SDUDPHWHUV� $ KLJK FRUUHODWLRQ DPRQJ DQ\ WZR ZRXOG LQGLFDWH RYHU�
SDUDPHWUL]DWLRQ�


