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UHVWRUHG� OLQHDU� SRODUL]DWLRQ� <�� XQGHU� VXU�
IDFH� SRODULWRQV� H[FLWDWLRQ� E\� .UHWFKPDQ
PHWKRG�>�@�FDQ�EH�FDOFXODWHG�XVLQJ�$LU\�IRU�
PXODV� >�@� EXW� LW� KDV� QRW� EHHQ� HYHU� XVHG� LQ
DQ\�NQRZQ�PRQRJUDSK�DLPHG�DW�VXUIDFH�SR�
ODULWRQV�>����@��,Q�RUGHU�WR�FKHFN�H[SHULPHQ�
WDOO\�WKH�SRVVLELOLW\�RI�$LU\�IRUPXODV�XVDJH
XQGHU� VXUIDFH� SRODULWRQV� H[FLWDWLRQ� E\
.UHWFKPDQ�PHWKRG�� WKLQ� ILOPV�RI�&U� DQG�7L
ZHUH�LQYHVWLJDWHG�

7KH�ILOPV�ZHUH�GHSRVLWHG�RQWR�JODVV�VXE�
VWUDWHV� E\� WKH� YDFXXP� HYDSRUDWLRQ� XQGHU
��Ü��3D�SUHVVXUH�XVLQJ�DQ�HOHFWURQ�JXQ��7KH
ILOP� WKLFNQHVV�G� ZDV� GHWHUPLQHG� E\� TXDUW]

WKLFNQHVV� PHDVXULQJ� GHYLFH� DQG� ZDV� ��� c
IRU�7L� ILOP�DQG����DQG�����c� IRU�&U� ILOPV�
7KHQ� SDUDOOHO�VLGHG� SODWHV� ZLWK� WKLQ� ILOPV
WKHUHRQ�ZHUH�SDVWHG�E\�DQ�RLO�ZLWK�Q� �����
RQWR�D�JODVV� VHPL�F\OLQGHU� �WR�HOLPLQDWH� WKH
LQWHUIHUHQFH� HIIHFWV� LQ� WKH� JDS� EHWZHHQ� WKH
JODVV� SODWH� DQG� VHPL�F\OLQGHU�� DQG� ZHUH
SODFHG� RQ� WKH� WDEOH� RI� VSHFWURHOOLSVRPHWHU
IRU� PHDVXUHPHQWV� E\� .UHWFKPDQ� PHWKRG�
7KH� HOOLSVRPHWULF� SDUDPHWHUV�<� DQG�'�ZHUH
PHDVXUHG�XVLQJ�WKH�%HDWW\�PHWKRG�>�@��7ZR
PHDVXUHPHQWV� ZHUH� FDUULHG� RXW�� DW� WKH� DLU
VLGH� DQG� DW� WKH� VHPL�F\OLQGHU� VLGH� �VXUIDFH
SRODULWRQ�H[FLWDWLRQ�E\�.UHWFKPDQ�PHWKRG��
7KH� ZDYHOHQJWK� O� ZDV� �����c�� 7KH� PHDV�
XUHPHQWV� ZHUH� GRQH� DW� GLIIHUHQW� DQJOHV� RI
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LQFLGHQFH�M��8VLQJ�GDWD�REWDLQHG�IRU�WKH�DLU
VLGH��WKH�UHIUDFWLYH�LQGH[�Q�DQG�DEVRUSWLRQ�FR�
HIILFLHQW� N� ZHUH� GHWHUPLQHG�� ,Q� >�@�� WKH� IRU�
PXOD�IRU�SKDVH�VKLIW�ZDV�GHULYHG�IRU�WKH�FDVH
RI�PHWDO�ILOPV��ZKHQ�WKH�ILOP�WKLFNQHVV�G���O�
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ZKHUH�Q�� LV�WKH�UHIUDFWLYH�LQGH[�RI�PHGLXP
DERYH� WKH� ILOP� �DLU��� Q�� WKDW� RI� WKH� VXE�
VWUDWH��M��WKH�DQJOH�RI�LQFLGHQFH��O��WKH�OLJKW
ZDYHOHQJWK�� N�� WKH� ILOP� DEVRUSWLRQ� FRHIIL�
FLHQW��G��WKH�ILOP�WKLFNQHVV�

8VLQJ� ZHOO�NQRZQ� YDOXHV� Q�� ��� DQGQ�� ������ DQG� WKH� WKLFNQHVV�G�� IRUP�PHDV�
XUHG�'�YDOXHV�IRU�WZR�DQJOHV�RI�LQFLGHQFH�M�
LW� LV�SRVVLEOH�WR�ILQG�Q�DQG�N�IURP�IRUPXOD
����� 7DEOH��� SUHVHQWV� WKH� REWDLQHG� Q� DQG� N
YDOXHV�IRU�WKH�ILOPV�VWXGLHG���

7KH� WKLFNQHVV� YDOXHV� RI� WKH� LQYHVWLJDWHG
ILOPV� ZHUH� FKRVHQ� LQ� VXFK� D� ZD\� WKDW� IRU�
PXOD�����JDYH�KLJK�DFFXUDF\�UHVXOWV��,Q�>�@�
WKH� DFFXUDF\� RI� GLIIHUHQW� DSSUR[LPDWH� IRU�
PXODV� IRU� UHIOHFWLRQ� DQG� WUDQVPLVVLRQ� FRHI�
ILFLHQWV� RI� WKLQ� ILOPV� KDV� EHHQ� FRQVLGHUHG�
7KRVH�DSSUR[LPDWH�IRUPXODV�DUH�REWDLQHG�E\
H[SDQGLQJ� WKH� DFFXUDWH�$LU\� IRUPXODV� LQ� D
VHULHV� ZLWK� UHVSHFW� WR� G�O� DQG� QHJOHFWLQJ
VRPH�WHUPV�RI�WKH�VHULHV��'HSHQGLQJ�RQ�KRZ
PDQ\�WHUPV�DUH�LJQRUHG��GLIIHUHQW�IRUPXODV
DUH�REWDLQHG��)RUPXOD� ���� LV�GHULYHG�IRU�HO�
OLSVRPHWULF� SDUDPHWHU� '� LQ� WKH� VDPH� ZD\�
$V�LV�VKRZQ�LQ�>�@��GLIIHUHQW�DSSUR[LPDWH�IRU�
PXODV� JDYH� VDWLVIDFWRU\� DFFXUDF\� IRU� GLIIHU�
HQW�PHWDOV� DW� ILOP� WKLFNQHVV�YDU\LQJ� IURP��
WR� DERXW� ���� c�� 7KLFNQHVV� RI� WKH� VWXGLHG
ILOPV�FKRVHQ�E\�XV�IDOO�ZLWKLQ�WKDW�UDQJH�

7KH� REWDLQHG� RSWLFDO� FRQVWDQWV� �VHH�7DEOH��
DUH� VXEVWLWXWHG� LQ� WKH� NQRZQ� $LU\� IRUPXODV
>�@��ZKLFK�DUH�DFFXUDWH�IRU�VPDOO�WKLFNQHVV�
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ZKHUH� 5aS� DQG� 5aV� DUH� FRPSOH[� DPSOLWXGHVRI�WKH�ZDYH�UHIOHFWHG�IURP�WKH�ILOP��U���S�VDQG� U���S�V�� WKH� )UHVQHO� UHIOHFWLRQ� FRHIIL�FLHQWV� DW� WKH� LQWHUIDFH� RI� PHGLD� �Ü�� DQG
�Ü��IRU�¯���È� V�� FRPSRQHQWV�� UHVSHFWLYHO\�
Ea� ���SeO�Qa�FRVFa�G��Qa�� �Q���LN�� �Fa��� WKH�FRP�
SOH[� DQJOH� RI� UHIUDFWLRQ� DW� WUDQVLWLRQ� IURP
WKH�PHGLD���WR�WKH�PHGLD���

,I�ZH� FRQVLGHU� WKH� UHIUDFWLRQ� DW� WKH� DLU�
ILOP�LQWHUIDFH��WKHQ�WKH�PHGLD���LV�DLU����LV
WKH�PHWDO�ILOP���� LV�JODVV�� ,I�WKH�UHIUDFWLRQ
ZLWK�VXUIDFH�SRODULWRQ�H[FLWDWLRQ�E\�.UHWFK�
PDQ�PHWKRG� LV� FRQVLGHUHG�� WKHQ�PHGLD��� LV
JODVV���� LV�WKH�PHWDO�ILOP�DQG��� LV�DLU��7KH
UDWLR� RI� WKH� ILUVW� ���� DQG� VHFRQG� IRUPXODV
����ORRNV�OLNH�
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8VLQJ�FRUUHODWLRQ� ����� LW� LV�SRVVLEOH� WR�RE�
WDLQ�<�M��DQG�'�M��GHSHQGHQFHV�XQGHU�VXUIDFH
SRODULWRQ�H[FLWDWLRQ�E\�.UHWFKPDQ�PHWKRG��

7KH�FXUYHV�WJ<�M��IRU�WKLQ�7L�ILOP��G� ����c�
DUH�VKRZQ�LQ�)LJ�����7KH�FXUYH�FRUUHVSRQGV
WR�H[SHULPHQWDO�GDWD�DQG�WKH���RQH��WR�WKHR�
UHWLFDO� FDOFXODWLRQV�� $V� LW� LV� REYLRXV� IURP
)LJ����� H[SHULPHQWDO� DQG� WKHRUHWLFDO� GDWD
DUH� LQ� JRRG� TXDOLWDWLYH� DFFRUGDQFH� DQG� WKH
WUHQG� RI� WJ<� GHSHQGHQFH� RQ� WKH� DQJOH� RI
LQFLGHQFH� M� LV� WKH� VDPH�� 6LPLODU� GHSHQG�
HQFHV� IRU� WKLQ� &U� ILOPV� �G� ����c� DQG

7DEOH��2EWDLQHG�RSWLFDO�FRQVWDQWV�Q�DQG�N�IRU
WKLQ�7L�DQG�&U�ILOPV�
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)LJ�� ��� 7KH� FXUYHV� WJ<� IURP� WKH� DQJOH� RI
LQFLGHQFH�M�IRU�7L�ILOP��G� ����c��
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G� �����c��DUH�SUHVHQWHG�LQ�)LJV��������7KH
WUHQG�RI�WJ<�M��FXUYHV�LV�LGHQWLFDO�KHUH��WRR�
7KH�TXDQWLWDWLYH�FRLQFLGHQFH�RI�WKH�FXUYHV��
DQG���FDQ�EH�FRQVLGHUHG�VDWLVIDFWRU\�

7KXV��LW� LV�SRVVLEOH�WR�GR�D�JHQHUDO�FRQFOX�
VLRQ� WKDW� WKH� $LU\� IRUPXODV� FDQ� EH� XVHG� WR
FDOFXODWH�WKH�DPSOLWXGH�DQG�SKDVH�FRUUHODWLRQV
LQ� WKH� UHIOHFWHG� OLJKW�ZDYH� XQGHU� VXUIDFH� SR�
ODULWRQV�H[FLWDWLRQ�E\�.UHWFKPDQ�PHWKRG�
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