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7KH LQLWLDO LUUHYHUVLEOH FDSDFLW\ �,,&� RI D KDUG FDUERQ GXULQJ WKH FKDUJH�GLVFKDUJH UHDFWLRQ LV VWURQJO\ DIIHFWHG E\ ERWK WKH

LQLWLDO LUUHYHUVLEOH FDSDFLW\ RQ WKH FDUERQ VXUIDFH �,,&6� DQG WKH LQLWLDO LUUHYHUVLEOH OLWKLXP LQVHUWLRQ LQWR FDUERQ �,,&%�� 7KH LQL�

WLDO FRXORPELF HIILFLHQF\ RI WKH LQVHUWLRQ DQG WKH GHVHUWLRQ RI OLWKLXP �,,(� FDQ EH XVHG DV D SHUIRUPDQFH WR FODVVLI\ ,,&% RI

WKH FDUERQ� 7KH ,,&% ZDV SURSRUWLRQDO WR WKH VSHFLILF GLVFKDUJH FDSDFLW\ ZLWK D VORSH� ,,(−� − �� 7KH ,,( RI KDUG FDUERQ KDG

IRXU UHJLRQV� ,,($ IRU WKH UHJLRQ RI �a�� P$K�J RI 4'� ZDV ������ ,,(% DQG ,,(& IRU WKH UHJLRQV RI ��a��� P$K�J DQG ���a

��� P$K�J KDG ����� DQG ������ UHVSHFWLYHO\� ,,(' ZDV DSSHDUHG DERYH ��� P$K�J� %XW� WKH ,,(' ZDV UHGXFHG WR �����

FRPSDUHG ZLWK ,,(&� 7KHVH ,,( PLJKW EH FRUUHVSRQGLQJ WR OLWKLXP GHVHUWLRQ IURP FDUERQ DW WKH UHJLRQ RI �a��� P$K�J UDQJH�

OLWKLXP GHVHUWLRQ IURP WKH PLFURSRUH RI FDUERQ DW WKH UHJLRQ RI ���a��� P$K�J UDQJH� DQG WR WKH OLWKLXP VWULSSLQJ RI WKH

SODWHG OLWKLXP IRU WKH UHJLRQ DERYH ��� P$K�J� UHVSHFWLYHO\�

.H\ZRUGV � ,QLWLDO /L� ,QWHUFDODWLRQ� +DUG &DUERQ� ,QWHUFDODWLRQ (IILFLHQF\� ,QLWLDO ,UUHYHUVLEOH &DSDFLW\ RI 6XUIDFH 	 %XON

�� ,QWURGXFWLRQ

/LWKLXP LRQ FHOO >�� �@ LV WKH RXWVWDQGLQJ EDWWHU\ V\VWHP
EHFDXVH RI JRRG SHUIRUPDQFHV VXFK DV KLJK RSHUDWLQJ YROW�
DJH� KLJK HQHUJ\ GHQVLW\� ORQJ F\FOH OLIH� QR PHPRU\ HIIHFW�
DQG HQYLURQPHQWDO FRPSDWLELOLW\�
7KH PRVW SURPLVLQJ OLWKLXP LQWHUFDODWLRQ DQRGH PDWHULDO LV

WKH OD\HU VWUXFWXUHG FDUERQ >�@ DOWKRXJK LW KDV VRPHZKDW ORZ
VSHFLILF FDSDFLW\ FRPSDUHG WR WKDW RI OLWKLXP PHWDO�
7KH XVH RI DQ RUJDQLF HOHFWURO\WH FDXVHV WKH LUUHYHUVLEOH

GHFRPSRVLWLRQ RI RUJDQLF PROHFXOHV DW WKH DQRGH VXUIDFH
EHFDXVH RI FDWKRGLF UHDFWLRQ ZLWK WKH UHVXOWDQW FXUUHQW ORVV�
7KH GHFRPSRVHG PDWHULDOV >���@ DUH JDVHRXV SURGXFWV DQG
LQVROXEOH VDOWV WKDW DUH GHSRVLWHG WR WKH HOHFWURGH VXUIDFH�
'HVSLWH RI WKH JRRG F\FOH SHUIRUPDQFH RI WKH FDUERQ� WKH

LQLWLDO LUUHYHUVLEOH FDSDFLW\ >����@ RI WKH FDUERQ PD\ DIIHFW
PDWHULDO EDODQFLQJ RI WKH FDWKRGH DQG WKH DQRGH� 0DWHULDO
EDODQFLQJ LV UHODWHG WR WKH FDSDFLW\ DQG WKH F\FOH OLIH�
7KH FDWKRGLF UHDFWLRQ RI WKH FDUERQ FDQ EH FDWHJRUL]HG WR

WKUHH� �L� WKH LUUHYHUVLEOH VROYHQW GHFRPSRVLWLRQ DW WKH FDUERQ
VXUIDFH� �LL� WKH OLWKLXP LQWHUFDODWLRQ LQWR WKH FDUERQ� DQG �LLL�
WKH OLWKLXP SODWLQJ� 7KH LQFRPSOHWH GLVFKDUJH RI OLWKLXP OHDGV
WKH FXUUHQW ORVV� ZKLFK PDLQO\ DSSHDUHG DW WKH ILUVW FKDUJH�
DQG LV FDOOHG WKH LQLWLDO LUUHYHUVLEOH FDSDFLW\ �,,&�� 7KH FKDUJH
LV RFFXUUHG GXULQJ SRWHQWLDO GHFUHDVH RI WKH FDUERQ HOHFWURGH
YHUVXV /L�/L� UHIHUHQFH HOHFWURGH� *HQHUDOO\� WKH ,,& RI WKH
FDUERQ DQRGH LV NQRZQ DV IROORZV >�@� �L� WKH VROYHQW GHFRP�
SRVLWLRQ DW WKH FDUERQ HOHFWURGH VXUIDFH� �LL� WKH LUUHYHUVLEOH
UHDFWLRQ RI WKH OLWKLXP ZLWK IXQFWLRQDO JURXSV RI FDUERQ VXU�
IDFH VXFK DV FDUER[\O� K\GUR[\O DQG FDUERQ K\GULGH >�@� �LLL�

WKH LUUHYHUVLEOH LQVHUWLRQV RI WKH OLWKLXP LQWR WKH EXON RI FDU�
ERQ DQG �LY� WKH LUUHYHUVLEOH OLWKLXP SODWLQJ�VWULSLQJ� ZKLFK LV
QRW DSSHDU LQ WKH QRUPDO RSHUDWLRQ UDQJH� 7KHUHIRUH� ,,&
FRXOG EH FKDUDFWHUL]HG DV WKH VXPPDWLRQ RI ,,& RI WKH VXU�
IDFH UHDFWLRQ �,,&6� DQG WKH EXON UHDFWLRQ �,,&%� DV VKRZQ
HTXDWLRQ ���� $QG� ,,& LV WKH GLIIHUHQFH EHWZHHQ WKH ILUVW VSH�
FLILF FKDUJH FDSDFLW\ �4&�� DQG WKH ILUVW VSHFLILF GLVFKDUJH
FDSDFLW\ �4'��� 7KH LUUHYHUVLEOH VROYHQW GHFRPSRVLWLRQ DQG
WKH LUUHYHUVLEOH UHDFWLRQ RI OLWKLXP ZLWK IXQFWLRQDO JURXSV RI
FDUERQ VXUIDFH WDNH SODFH SULRU WR WKH OLWKLXP LQWHUFDODWLRQ
>��� ��@�

,,&  ,,&% � ,,&6  4&� − 4'� ���

'DKQ HW DO� >�@ SUHVHQWHG TXDOLWDWLYH DQG TXDQWLWDWLYH DQDO�
\VHV ZLWK WKH UHDFWLRQ RI IXQFWLRQDO JURXSV RI FDUERQ VXUIDFH�
7KH H[SRVHG FDUERQ VXUIDFH WR WKH UHDFWLYH JDVHV VXFK DV
VWHDP� DLU DQG R[\JHQ KDV WKH KLJKHU ,,& WKDQ WKH SULVWLQH
FDUERQ� 0DWVXPXUD HW DO� >�@ DOVR VWXGLHG RQ WKH LUUHYHUVLEOH
FDSDFLW\ RI FDUERQ E\ WKH SRWHQWLDO VWHS PHWKRG� ,Q WKH FDVH
RI WKH ULEERQ�OLNH FDUERQ ILOP� KHDW�WUHDWHG DW ����R&� WKH
LUUHYHUVLEOH FDSDFLW\ EHWZHHQ ���� 9/L�/L

� DQG ���� 9/L�/L
� LV

��� RI WKH WRWDO LUUHYHUVLEOH FDSDFLW\� 7KH\ FRQILUPHG DOVR
WKDW WKH OLWKLXP FRQWHQW LQ WKH FDUERQ PDWHULDO LV ��� E\ WKH
FKHPLFDO DQDO\VLV� 7KH\ FRQFOXGHG WKDW OLWKLXP UHPDLQV RQ
WKH VXUIDFH DQG LQ WKH EXON RI GLVFKDUJHG FDUERQ HOHFWURGH�
,Q WKLV VWXG\� ZH REWDLQHG WKH LQLWLDO LUUHYHUVLEOH FDSDFLW\

�,,&� SDWWHUQ DV D IXQFWLRQ RI WKH VSHFLILF GLVFKDUJH FDSDFLW\
�4'�� WKURXJK WKH WHVW RI HOHFWURFKHPLFDO FHOOV FRQWDLQLQJ
KDUG FDUERQ� $QG WKH UHODWLRQVKLS EHWZHHQ ,,&� ,,&6� ,,&%�
DQG ,,( ZDV GLVFXVVHG�

&DUERQ

6FLHQFH
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�� ([SHULPHQWDO

���� &DUERQ

6WUXFWXUDO FKDUDFWHULVWLFV RI WKH KDUG FDUERQ XVHG ZDV
LQYHVWLJDWHG� /DWWLFH SDUDPHWHUV ZHUH PHDVXUHG E\ ;5'
�$3' ����� 3KLOOLSV &RUS�� ZLWK WKH VFDQ UDWH RI ���� GHJ�
VHF� 7KH G��� VSDFLQJ RI WKH KDUG FDUERQ ZDV ���� c� 7KH
GHJUHH RI JUDSKLWL]DWLRQ ZDV ]HUR EHFDXVH WKH G��� VSDFLQJ
H[FHHGV ���� c >��@� 7KH ;5' SDWWHUQ ZDV VKRZQ LQ )LJ� ��
7KH PRUSKRORJ\ RI WKH KDUG FDUERQ SRZGHU ZDV REVHUYHG

ZLWK D VFDQQLQJ HOHFWURQ PLFURVFRSH �6(0� 6������ +LWDFKL�
DQG VKRZQ LQ )LJ� ��

���� 7KH (OHFWURFKHPLFDO &HOO

7KUHH�HOHFWURGH�WHVW�FHOOV ZHUH FRQVWUXFWHG ZLWK D KDUG
FDUERQ >��@� 7KH FDUERQ HOHFWURGHV �� Ó � FP� RQ WKH VLQJOH
VLGH RI &X IRLO� ZDV PDGH E\ WKH FRDWLQJ RI WKH FDUERQ SRZ�
GHU VOXUU\ RQWR WKH FRSSHU IRLO FXUUHQW FROOHFWRU� 3RO\YLQ\OL�
GHQH IOXRULGH �39')� DQG ��PHWK\O S\UUROLGRQH �103� ZHUH
XVHG DV D ELQGHU DQG D VOXUU\ VROYHQW� UHVSHFWLYHO\� 7KH FDU�
ERQ HOHFWURGHV FRQWDLQHG �� ZW�� ELQGHU� 7KH FDUERQ HOHF�
WURGHV ZHUH GULHG DW ���R& DQG WKHQ FDOHQGHUHG E\ WKH WZLQ
UROO� 7KH FDUERQ HOHFWURGHV KDG D FRYHUDJH RI a� PJ�FP��
H[FOXGLQJ 39') DQG WKH FRSSHU FXUUHQW FROOHFWRU� 7KH
DSSDUHQW GHQVLW\ RI WKH FDUERQ HOHFWURGHV ZDV ��� J�FP�� 7KH
UHIHUHQFH HOHFWURGH XVHG ZDV OLWKLXP PHWDO RQ D QLFNHO WDE�
/LWKLXP IRLO ���� Ó ��� FP�� ZDV XVHG DV FRXQWHU HOHFWURGH� $
VHSDUDWRU �&HOOJDUG ����� +RHFKVW� ZDV VDQGZLFKHG EHWZHHQ
WKH FDUERQ HOHFWURGH DQG WKH OLWKLXP FRXQWHU HOHFWURGH� 7KH
VWDFN RI WKH FDUERQ HOHFWURGH� VHSDUDWRU� DQG OLWKLXP FRXQWHU
HOHFWURGH ZDV ZRXQG WR PDNH D MHOO\ UROO E\ WKH ZLQGLQJ
PDFKLQH� 7KH MHOO\ UROOV ZHUH GULHG XQGHU YDFXXP DW URRP
WHPSHUDWXUH IRU DW OHDVW �� KRXUV� 7KH WHVW FHOO ZDV FRQ�
VWUXFWHG RQ 3\UH[ JODVV WXEH ZLWK MHOO\ UROO� WKH OLWKLXP UHIHU�
HQFH HOHFWURGH� DQG WKH HOHFWURO\WLF VROXWLRQ RI � 0 /L3)� LQ
D PL[HG SURS\OHQH FDUERQDWH �3&� DQG GLHWK\O FDUERQDWH
�'(&� VROYHQW �� � � E\ YROXPH� ZLWK ��33'(&� EDWWHU\�
JUDGH� 0LWVXELVKL 3HWURFKHPLFDO &R���

���� (OHFWURFKHPLFDO 7HVWV

7\SLFDO FKDUJH�GLVFKDUJH WHVWV IRU WKH FDUERQ HOHFWURGHV
ZHUH FDUULHG RXW XVLQJ WKH JDOYDQRVWDWLF WHFKQLTXH ZLWK �
P$�FHOO ����� P$�FP�� FD� �� KRXU UDWH� DW � WR � 9 YV� /L�
/L� E\ XVLQJ WKH 0DFFRU VHULHV ���� FKDUJH�GLVFKDUJH WHVWHU�
2QH KRXU RI WKH UHVW WLPH ZDV DOORZHG EHWZHHQ FKDUJH DQG
GLVFKDUJH VWHS� $OO H[SHULPHQWV ZHUH FDUULHG RXW DW ��R& LQ D
GU\ DUJRQ DWPRVSKHUH� $ VHULHV RI FKDUJH�GLVFKDUJH WHVWV
ZHUH SHUIRUPHG E\ WKH YDULDWLRQ RI WKH ILUVW VSHFLILF FKDUJH
FDSDFLW\ �4&�� ZLWK HDFK IUHVK FHOOV�

�� 5HVXOWV DQG 'LVFXVVLRQ

$ SRWHQWLDO SURILOH DJDLQVW WKH VSHFLILF GLVFKDUJH FDSDFLW\�
DQG D GLIIHUHQWLDO�FDSDFLW\ SURILOH DJDLQVW WKH SRWHQWLDO ZHUH
SUHVHQWHG LQ )LJ� � DQG )LJ� �� UHVSHFWLYHO\� 'XULQJ WKH ILUVW
FKDUJH� D SRWHQWLDO SODWHDX DW ��� 9/L�/L

� ZDV NQRZQ DV WKH
LUUHYHUVLEOH UHDFWLRQ DW WKH FDUERQ VXUIDFH >�� �� �@� 7KH OLWK�
LXP LQWHUFDODWLRQ LQWR FDUERQ SURFHHGHG WR FD� �� P9/L�/L

��
$QG WKHQ WKH OLWKLXP LQVHUWLRQ LQWR WKH FDUERQ LQFOXGLQJ OLWK�
LXP SODWLQJ SURFHHGHG IURP FD� �� P9/L�/L

� WR −�� P9/L�/L
��

'XULQJ WKH ILUVW GLVFKDUJH LQ )LJ� � DQG )LJ� �� WKH OLWKLXP
GHVHUWLRQ SURFHHGHG ZLWK IRXU SDWWHUQV� 7KH\ ZHUH a���
P$K�J �UHJLRQ '�� ���a��� P$K�J �UHJLRQ &�� ���a��
P$K�J �UHJLRQ %� DQG ��a� P$K�J �UHJLRQ $� EDVHG RQ WKH
UHYHUVH VFDOH RI WKH VSHFLILF FDSDFLW\ VWDUWLQJ IURP WKH HQG RI
GLVFKDUJH� 7KH HQG SRWHQWLDO RI UHJLRQV '� &� %� DQG $ ZHUH

)LJ� �� ;5' SDWWHUQ RI D KDUG FDUERQ SRZGHU�

)LJ� �� 6(0 LPDJHV RI D KDUG FDUERQ SRZGHU� �D� Ó ��� �E�
Ó ������



�� &KLO�+RRQ 'RK HW DO� � &DUERQ 6FLHQFH 9RO� �� 1R� � ������ �����

�� P9/L�/L
�� ��� P9/L�/L

�� ��� P9/L�/L
�� DQG ����� P9/L�/L

��
UHVSHFWLYHO\� 7KH GLIIHUHQW VORSH ZDV PHDVXUHG DW HDFK UHJ�
LRQV DV GHSLFWHG LQ )LJ� ��
7R REWDLQ WKH LQLWLDO FKDUJH�GLVFKDUJH FKDUDFWHULVWLFV DV D

IXQFWLRQ RI 4'�� D VHULHV RI WHVWV ZHUH SHUIRUPHG E\ FRQWURO�
LQJ 4&�� )LJ� � SUHVHQWV D W\SLFDO FKDUJH SRWHQWLDO SURILOH �R�
XQWLO DERXW ��� P$K�J�FDUERQ DQG D VHULHV RI GLVFKDUJH
SRWHQWLDO SURILOHV �DaR�� )URP WKHVH H[SHULPHQWV� 4&� DQG
4'� ZHUH FROOHFWHG DQG SORWWHG LQ )LJ� � LQ IRXU GLVWLQJXLVK�
DEOH OLQHDU UHJLRQ� 5HJLRQV $ DQG % PD\ FRUUHVSRQG WR WKH
OLWKLXP LQVHUWLRQ�GHVHUWLRQ� 5HJLRQ & FRUUHVSRQGV WR WKH OLWK�
LXP SODWLQJ LQWR WKH PLFURSRUH �RU FDYLW\ >��@ DQG UHJLRQ '
FRUUHVSRQGV WR WKH OLWKLXP SODWLQJ RQ WKH FDUERQ VXUIDFH DQG
LQWR WKH PDFURSRUH� UHVSHFWLYHO\�
7KH ILWWHG OLQH DW )LJ� � KDYH WKH UHODWLRQ RI HTXDWLRQV

���a��� WR VKRZ WKDW WKH GLVFKDUJH FDSDFLW\ LV SURSRUWLRQDO WR
WKH FKDUJH FDSDFLW\ LQ WKH JLYHQ UHJLRQ� 7KLV UHODWLRQ LV
VKRZQ LQ )LJ� � DQG HTXDWLRQ ���� 7KH LQLWLDO FRXORPELF HIIL�
FLHQF\ RI WKH LQVHUWLRQ DQG WKH GHVHUWLRQ RI OLWKLXP �,,(� LV D
SDUDPHWHU RI WKH OLWKLXP LQVHUWLRQ�GHVHUWLRQ UHYHUVLELOLW\ DV
VKRZQ LQ HTXDWLRQ ���� ZKLFK LV D GLIIHUHQWLDO RI HTXDWLRQ ����
)URP HTXDWLRQ ��� DQG ���� ,,&% LV SURSRUWLRQDO WR 4'� DV

VKRZQ LQ HTXDWLRQ ���� ,Q WKH LGHDO HOHFWURGH�HOHFWURO\WH V\V�
WHP� ,,&6 LV � P$K�J DQG ,,( LV ����� $ SUHYLRXV VWXG\ RQ
WKH ,,& ZDV SHUIRUPHG ZLWK WKH JUDSKLWH >��@�

)RU UHJLRQ $� 4&�  4'������� � ��� ���

)RU UHJLRQ %� 4&�  4'������� � ���� ���

)LJ� �� $ SRWHQWLDO SURILOH RI D KDUG FDUERQ�/L FHOO E\ WKH JDO�
YDQRVWDWLF FKDUJH�GLVFKDUJH� FDUERQ PDWHULDO� �� PJ� HOHFWURO\WH�
� 0 /L3)��(& � '(& �� � � Y�Y� FXUUHQW GHQVLW\� � P$�FHOO�
FKDUJH FXW�RII� ��� P$K�J�&� GLVFKDUJH FXW�RII� � 9 YV� /L�/L�

)LJ� �� $ GLIIHUHQWLDO�FDSDFLW\ SURILOH RI D KDUG FDUERQ�/L FHOO
E\ WKH JDOYDQRVWDWLF FKDUJH�GLVFKDUJH� FDUERQ PDWHULDO� �� PJ�
HOHFWURO\WH� � 0 /L3)��(& � '(& �� � � Y�Y� FXUUHQW GHQVLW\� �
P$�FHOO� FKDUJH FXW�RII� ��� P$K�J�&� GLVFKDUJH FXW�RII� � 9
YV� /L�/L�

)LJ� �� 3RWHQWLDO SURILOHV RI D KDUG FDUERQ�/L FHOO DV D IXQFWLRQ
RI WKH VSHFLILF FKDUJH FDSDFLW\ E\ WKH JDOYDQRVWDWLF FKDUJH�GLV�
FKDUJH� HOHFWURO\WH� � 0 /L3)��(& � '(& �� � � Y�Y�� FXUUHQW
GHQVLW\� � P$�FHOO FKDUJH FXW�RII� FRQWURO RI WKH 4&�� GLVFKDUJH
FXW�RII� � 9 YV� /L�/L�

)LJ� �� 7KH LQLWLDO VSHFLILF FKDUJH FDSDFLW\ DV D IXQFWLRQ RI WKH
LQLWLDO VSHFLILF GLVFKDUJH FDSDFLW\ IRU D KDUG FDUERQ�/L FHOO�

)LJ� �� 5HODWLRQ EHWZHHQ WKH ILUVW VSHFLILF FKDUJH DQG GLVFKDUJH
FDSDFLW\�
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)RU UHJLRQ &� 4&�  4'������� � ���� ���

)RU UHJLRQ '� 4&�  4'������� � ���� ���

4&�  ,,(
−�  4'� � ,,&6 ���

,,(  ∆4'��∆4&� ���

,,&%  �,,(
−� − ��  4'� ���

7KHUHIRUH� ,,&6 DQG ,,( IRU WKH UHJLRQ $ ZHUH ���� P$K�J
DQG ������ UHVSHFWLYHO\� ,,( IRU UHJLRQV %� & DQG ' ZHUH
DOVR HYDOXDWHG DV ������ ����� DQG ������ UHVSHFWLYHO\�
7KHUHIRUH� WKH UHYHUVLELOLW\ RI OLWKLXP ZDV LQFUHDVHG IURP
UHJLRQ $ WR UHJLRQ &� EXW WKDW ZDV GHFUHDVHG IRU UHJLRQ '
FRPSDUHG WR UHJLRQ &� 7KHVH ,,( PLJKW EH FRUUHVSRQGLQJ WR
WKH OLWKLXP GHVHUWLRQ IURP WKH FDUERQ PDWUL[ IRU D UHJLRQ RI
�a��� P$K�J �5HJLRQ $ DQG %� DQG IURP WKH PLFURSRUH RI
FDUERQ IRU UHJLRQ RI ���a��� P$K�J �5HJLRQ &�� DQG WR WKH
OLWKLXP VWULSSLQJ RI WKH SODWHG OLWKLXP IRU UHJLRQ DERYH ���
P$K�J �5HJLRQ '�� UHVSHFWLYHO\ >��� ��� ��@�
,,& FRXOG EH ZULWWHQ DV IURP HTXDWLRQ ��� WR HTXDWLRQ ����

WKURXJK HTXDWLRQV ���� ��� DQG ������ DV VKRZQ LQ )LJ� ��

)RU UHJLRQ $� ,,&  �����4'� � ��� ���

)RU UHJLRQ %� ,,&  �����4'� � ���� ����

)RU UHJLRQ &� ,,&  �����4'� � ���� ����

)RU UHJLRQ '� ,,&  �����4'� � ���� ����

(TXDWLRQV ���a��� DQG ���a���� ZHUH VXPPDUL]HG LQ 7DEOH ��
$ SRO\QRPLDO RI ,,& IRU DOO UHJLRQ ZDV GHSLFWHG XVLQJ

HTXDWLRQ ����� DV VKRZQ LQ )LJ� � ZLWK GRWWHG OLQH� 7KH HTXD�
WLRQ ���� FDQ EH XVHG IRU WKH GHVLJQ RI WKH SUDFWLFDO FHOO�

,,&  ���� � �����4'� − ������4'�
�

� �( − �4'�
� � �( − �4'�

� ����

-HDQ HW DO� >��@ VKRZHG WKDW WKH ,,& RI D SHWUROHXP FRNH YDU�
LHV ZLWK WKH LQLWLDO FKDUJH FDSDFLW\� ,Q )LJ� �� -HDQ
V GDWD �)LJ�
��E� LQ 5HIHUHQFH ��� ZDV UHGUDZQ DV D IXQFWLRQ RI WKH LQLWLDO
GLVFKDUJH FDSDFLW\� 7KH OLQHDU ILW RI 4&� DQG ,,& DJDLQVW 4'�

KDV JRRG DFFRUGDQFH� 7KHUHIRUH� ZH FRXOG HYDOXDWH WKH UHOD�
WLRQVKLS RI HTXDWLRQ ���� DQG ����

����

,,&  ����4'� � ��� ����

(TXDWLRQV ���� DQG ���� DUH WKH VDPH IRUPDW ZLWK HTXDWLRQV
���� ��� DQG ���� )RU -HDQ
V GDWD� ,,( DQG ,,&6 DUH ��� DQG
��� P$K�J� UHVSHFWLYHO\�
7KURXJK WKHVH UHVXOWV� ,,& FRXOG EH GLVWLQJXLVKHG ZLWK ,,&6

DQG ,,&%� ,,&% KDG D OLQHDU UHODWLRQVKLS ZLWK 4'� KDYLQJ D
VORSH �,,(−� − �� DV VKRZQ LQ HTXDWLRQ ���� ,,&6 DQG ,,( FDQ
EH XVHG DV WKH SDUDPHWHU WR HYDOXDWH WKH FKDUDFWHULVWLFV RI
FDUERQ DQRGH DQG HOHFWURO\WH�

�� &RQFOXVLRQV

7KH LQLWLDO LUUHYHUVLEOH FDSDFLW\ RI D KDUG FDUERQ ZDV GLV�
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