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7KH ��� UHDFWLRQV LQ PRODU UDWLR RI UXWKHQLXP�,,� ,,,� SLYDODWH GLPHU DQG S\ULG\O QLWURQ\O QLWUR[LGH

JDYH FKDLQ FRPSOH[HV� >5X��2�&&0H����/�@Q�%)��Q� /  �����S\ULG\O����������WHWUDPHWK\O�����GLK\GUR�

�+�LPLGD]RO\O���R[\O���1±R[LGH DQG �����S\ULG\O����������WHWUDPHWK\O�����GLK\GUR��+�LPLGD]RO\O���

R[\O���1�R[LGH� )RU WKH FRPSOH[ ZLWK WKH IRUPHU UDGLFDO� WKH FKDLQ VWUXFWXUH PDGH XS E\ DQ DOWHUQDWHG

GLPHU�UDGLFDO DUUDQJHPHQW GXH WR WKH D[LDO FR�RUGLQDWLRQ RI S\ULG\O QLWURJHQ DQG RQH RI WZR QLWUR[LGH

R[\JHQV RI WKH UDGLFDO ZDV FRQILUPHG E\ WKH ;�UD\ GLIIUDFWLRQ PHWKRG� 0DJQHWLF SURSHUWLHV RI WKH FRP�

SRXQGV ZHUH DQDO\]HG E\ FRQVLGHULQJ PDJQHWLF LQWHUDFWLRQV EHWZHHQ 5X�,,� ,,,� GLPHU DQG UDGLFDO WKURXJK

S\ULG\O DQG 1±2 JURXSV� UHVSHFWLYHO\�

.H\ ZRUGV� 5X�,,� ,,,� GLPHU� S\ULG\O QLUR[LGH UDGLFDO� FKDLQ FRPSOH[HV

���,QWURGXFWLRQ

7KHUH KDV EHHQ PXFK LQWHUHVW GHYRWHG WR WKH PHWDO FRPSOH[HV ZLWK QLWUR[LGH UDGL�

FDOV EHFDXVH RI WKHLU LQWHUHVWLQJ PDJQHWLF SURSHUWLHV EDVHG RQ WKH LQWHUDFWLRQ EHWZHHQ

WKH SDUDPDJQHWLF PHWDO FHQWHUV DQG UDGLFDOV >�±�@� :H KDYH EHHQ HQJDJHG LQ WKH PDJ�

QHWLF VWXG\ RQ UXWKHQLXP�,,� ,,,� SLYDODWH GLPHUV �>5X��2�&&0H���@
�
� FR�RUGLQDWHG E\

WKH UDGLFDOV� WKH 5X�,,� ,,,� GLPHULF FDWLRQ KDV WKUHH XQSDLUHG HOHFWURQV UHVLGLQJ LQ LWV

GHJHQHUDWHG S


DQG G



RUELWDOV DQG KDV D ODUJH ]HUR�ILHOG VSOLWWLQJ �' a �� FP

±�
� >�� �@�

:H KDYH VKRZQ WKDW WKH D[LDO ERQG DQJOH �5X±2D[±1 �QLWUR[LGH� LV WKH PRVW LPSRUWDQW

VWUXFWXUDO IDFWRU WR DIIHFW WKHLU PDJQHWLF EHKDYLRXUV� WKH REVHUYHG D[LDO ERQG DQJOHV
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 7KH SDSHU ZDV SUHVHQWHG DW WKH ��WK :LQWHU 6FKRRO RQ &RRUGLQDWLRQ &KHPLVWU\� .DUSDF]� 3RODQG�

�±�� 'HFHPEHU� �����
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EHLQJ LQ WKH UDQJH RI ���±���q IRU WKH QLWUR[LGH 5X�,,� ,,,� FRPSOH[HV� 7KH IHUURPDJ�

QHWLF LQWHUDFWLRQ LV RSHUDWLYH EHWZHHQ 5X�,,� ,,,� GLPHU DQG UDGLFDO ZKHQ WKH DQJOH LV

GHFUHDVHG WR EH FORVH WR �5X±2D[±1  ���q� 2Q WKH RWKHU KDQG� WKH DQWLIHUURPDJQHWLF

LQWHUDFWLRQ LV RSHUDWLYH ZKHQ WKH DQJOH �5X±2D[±1 LV FORVH WR ���q >�@� 7KLV UHVXOW LQGL�

FDWHV WKDW IHUUL� RU IHUURPDJQHWLF EHKDYLRXU ZRXOG EH REVHUYHG LI WKH DOWHUQDWHG FKDLQ

VWUXFWXUH RI WKH 5X�,,� ,,,� GLPHU DQG WKH UDGLFDO FRXOG EH DFKLHYHG LQ WKLV FRPELQDWLRQ

>�@� +RZHYHU� WKH FKDLQ FRPSOH[ >5X��2�&&0H����QLWSK�@Q�%)��Q ��� �QLWSK  ��SKHQ\O�

��������WHWUDPHWK\O�����GLK\GUR��+�LPLGD]RO\O���R[\O���1�R[LGH� UHYHDOHG RQO\ D FRQ�

VWDQW GHFUHDVH RI WKH PDJQHWLF PRPHQW XQWLO � .� QHLWKHU IHUUL� QRU IHUURPDJQHWLF

EHKDYLRXU ZDV REVHUYHG� 7KH WHPSHUDWXUH�GHSHQGHQW SURILOH ZDV FRQFOXGHG WR EH GXH

WR WKH IDFW WKDW RQH RI WKH WZR D[LDO ERQG DQJOHV KDSSHQHG WR EH ORFDWHG DW WKH DQJOH

JLYLQJ QR PDJQHWLF LQWHUDFWLRQ WKURXJK WKH D[LDO ERQG >�� �@� ,Q VSLWH RI RXU HIIRUWV WR RE�

WDLQ WKH DOWHUQDWHG FKDLQ FRPSOH[ ZLWK YDULRXV QLWUR[LGH UDGLFDOV� WKH FKDLQ FRPSOH[ ZLWK

QLUR[LGH R[\JHQV DW WKH ERWK D[LDO SRVLWLRQV RI 5X�,,� ,,,� GLPHUV KDV QRW EHHQ REWDLQHG VR

IDU RWKHU WKDQ WKH FRPSOH[ ��>����@� $V DQ DOWHUQDWLYH ZD\ WR SURGXFH VXFK FKDLQ FRP�

SOH[HV� ZH VHOHFWHG WKH QLWUR[LGH UDGLFDOV ZLWK D S\ULG\O JURXS ������S\ULG\O����������

WHWUDPHWK\O�����GLK\GUR��+�LPLGD]RO\O���R[\O���1�R[LGH �S�QLWS\� DQG �����S\ULG\O��

��������WHWUDPHWK\O�����GLK\GUR��+�LPLGD]RO\O���R[\O���1�R[LGH �P�QLWS\��� ZKLFK PD\

WDNH SDUW LQ WKH D[LDO FR�RUGLQDWLRQ WR WKH 5X�,,� ,,,� GLPHU WRJHWKHU ZLWK WKH 1±2

JURXS� +HUH� ZH UHSRUW WKH 5X�,,� ,,,� FKDLQ FRPSOH[HV REWDLQHG E\ WKH XVH RI WKH QL�

WUR[LGH UDGLFDOV ZLWK WKH S\ULG\O JURXS� $ SUHOLPLQDU\ UHSRUW KDV EHHQ SXEOLVKHG IRU

D FRPSOH[ ZLWK S�QLWS\ >��@�

���([SHULPHQWDO

3UHSDUDWLRQ� 7KH WHWUDIOXRURERUDWH VDOW >5X��2�&&0H����+�2��@%)� ZDV SUHSDUHG

DFFRUGLQJ WR WKH PHWKRG GHVFULEHG LQ WKH OLWHUDWXUH >��@� 7KH QLWURQ\O QLWUR[LGH UDGL�

FDOV S�QLWS\ DQG P�QLWS\ ZHUH REWDLQHG DFFRUGLQJ WR WKH PHWKRG GHVFULEHG LQ WKH

HOVHZKHUH >��� ��@�

>5X��2�&&0H����S�QLWS\�@Q�%)��Q ���� �� PJ ������ PPRO� RI >5X��2�&&0H���
�+�2��@%)� ZDV SXW LQWR D 6FKOHQN WXEH DQG KHDWHG DW �� q& XQGHU YDFXXP ������

PP +J� IRU �� PLQ LQ RUGHU WR UHPRYH WKH D[LDO ZDWHU PROHFXOHV� 'XULQJ WKH WUHDW�

PHQW WKH WHWUDIOXRURERUDWH VDOW WXUQHG \HOORZLVK EURZQ IURP RUDQJH� 7KH &+�&O�
VROXWLRQ �� FP

�

� RI S�QLWS\ ���� PJ ������ PPRO�� ZDV VXEVHTXHQWO\ DGGHG LQWR WKH

WXEH DQG VWLUUHG ZLWK WKH ZDWHU�UHPRYHG WHWUDIOXRURERUDWH VDOW XQGHU DUJRQ� +H[DQH

��� FP
�

� ZDV VORZO\ DGGHG LQWR WKH UHDFWHG VROXWLRQ� WKH UHVXOWLQJ VROXWLRQ ZDV DO�

ORZHG WR VWDQG IRU VHYHUDO GD\V DW URRP WHPSHUDWXUH WR GHSRVLW GDUN�JUHHQ FU\VWDOV�

ZKLFK ZHUH FROOHFWHG E\ ILOWUDWLRQ DQG ZDVKHG ZLWK KH[DQH� 7KH \LHOG ZDV �� PJ

������ $QDO� IRXQG &� ������ +� ����� 1� ����� &DOFG� IRU &��+��%)�1�2��5X�� &� ������

+� ����� 1� ����� ,5 �LQ .%U� Q�12� ����� Q�&22� ����� ����� ����� Q�%)�

±

� ���� FP
±�

�

'LIIXVH UHIOHFWDQFH VSHFWUXP� OPD[ ��� �VK�� ���� ���� ���� �EU� QP�



0DJQHWLVP RI S\ULG\O QLWUR[LGH FRPSOH[HV RI UXWKHQLXP�,,� ,,,� SLYDODWH GLPHUV ���

>5X��2�&&0H����P�QLWS\�@Q�%)��Q��Q+�2 ���� 7KLV FRPSRXQG ZDV REWDLQHG DV GDUN�

JUHHQ FU\VWDOV E\ WKH UHDFWLRQ RI >5X��2�&&0H����+�2��@%)� ��� PJ� ����� PPRO� ZLWK

P�QLWS\ ���� PJ� ����� PPRO� LQ &+�&O��KH[DQH XVLQJ WKH VDPH PHWKRG DV WKDW RI ��

7KH \LHOG ZDV �� PJ ���� EDVHG RQ >5X��2�&&0H����+�2��@%)��� $QDO� IRXQG

&� ������ +� ����� 1� ����� &DOFG� IRU &��+��%)�1�2��5X�� &� ������ +� ����� 1� �����

,5 �LQ .%U� Q�12� ����� Q�&22� ����� ����� ����� Q�
�

�
%) � ���� FP

±�

� 'LIIXVH UH�

IOHFWDQFH VSHFWUXP� OPD[ ���� ���� ���� ���� ���� ���� �EU� QP�

0HDVXUHPHQWV� (OHPHQWDO DQDO\VHV IRU FDUERQ� K\GURJHQ� DQG QLWURJHQ ZHUH FDU�

ULHG RXW XVLQJ 3HUNLQ�(OPHU 6HULHV ,,� &+1�2 $QDO\]HU� ,QIUDUHG VSHFWUD �.%U SHOOHWV�

DQG HOHFWURQLF VSHFWUD ZHUH PHDVXUHG ZLWK -$6&2 ,5���� DQG 6KLPDG]X 89�����

VSHFWURPHWHUV� UHVSHFWLYHO\� 7HPSHUDWXUH GHSHQGHQFHV RI WKH PDJQHWLF VXVFHSWLELOLWLHV

ZHUH PHDVXUHG RQ D 4XDQWXP 'HVLJQ 0306��6 648,' VXVFHSWRPHWHU RSHUDWLQJ DW

D PDJQHWLF ILHOG RI ��� 7 EHWZHHQ � DQG ��� .� 7KH VXVFHSWLELOLWLHV ZHUH FRUUHFWHG IRU

GLDPDJQHWLVP RI FRQVWLWXHQW DWRPV XVLQJ 3DVFDOcV FRQVWDQW >�@� 7KH HIIHFWLYH PDJQHWLF

PRPHQWV ZHUH FDOFXODWHG IURP WKH HTXDWLRQ PHII  ������F7�
���

� ZKHUH F LV WKH PDJ�

QHWLF VXVFHSWLELOLW\ SHU 5X�,,� ,,,��UDGLFDO XQLW� 7KH ;�5D\ 'LIIUDFWLRQ GDWD IRU

�����Q&+�&O�ZHUH FROOHFWHG RQ DQ (QUDI�1RQLXV &$'� GLIIUDFWRPHWHU XVLQJ JUDSKLWH�

PRQRFKURPDWHG 0R .D UDGLDWLRQ DW ���r�� q&� 7KH FU\VWDO VWUXFWXUH ZDV VROYHG E\

GLUHFW PHWKRGV DQG UHILQHG E\ IXOO�PDWUL[ OHDVW�VTXDUHV� 1RQ�K\GURJHQ DWRPV ZHUH

UHILQHG ZLWK DQLVRWURSLF WKHUPDO SDUDPHWHUV� 7KH K\GURJHQ DWRPV ZHUH LQVHUWHG DW

WKHLU FDOFXODWHG SRVLWLRQV DQG IL[HG WKHUH� 7KH FDOFXODWLRQV ZHUH FDUULHG RXW RQ D 9$;

VWDWLRQ ���� ��$ FRPSXWHU XVLQJ D 0RO(1 SURJUDP SDFNDJH >��@� &U\VWDOORJUDSKLF

GDWD IRU �����Q&+�&O�� &����+��&O�%)�1�2��5X�� )�:�  �������� PRQRFOLQLF� VSDFH

JURXS 3���F� D  ���������� E  ���������� F  ��������� c� E� ��������q�

9  ������� c
�

� =  �� 'P  ����� 'F  ���� J FP
±�

� P�0R .D�  ���� FP
±�

� )�����

 ����� FU\VWDO GLPHQVLRQV ����u����u���� PP� ���� UHIOHFWLRQV FROOHFWHG ��TPD[
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���5HVXOWV�DQG�GLVFXVVLRQ

7KH FU\VWDO VWUXFWXUH RI �����Q&+�&O� LV VKRZQ LQ )LJ� �� 6HOHFWHG ERQG GLVWDQFHV

DQG DQJOHV DUH OLVWHG LQ 7DEOH �� 7KH ]LJ]DJ FKDLQ ZLWK DOWHUQDWHG DUUDQJHPHQW RI WKH

5X�,,� ,,,� GLPHU DQG WKH UDGLFDO LV H[WHQGHG DORQJ WKH E D[LV� 7KH 5X�±5X� ERQG GLV�

WDQFH LV �������� c� ZKLFK LV LQ WKH UDQJH RI WKRVH RI WKH RWKHU >5X��2�&5��@
�

FRPSRXQGV �����±���� c� >�� �@� 2QH RI WKH D[LDO VLWHV RI WKH 5X�,,� ,,,� GLPHU LV RF�

FXSLHG E\ WKH S\ULG\O QLWURJHQ RI S�QLWS\ ZLWK D VHSDUDWLRQ RI 5X�±1��  �������� c�

ZKLFK LV FRPSDUDEOH WR WKRVH RI ELV�DGGXFW 5X�,,� ,,,� GLPHUV ZLWK P� DQG S�QLWS\

��������� c IRU >5X��2�&&0H����P�QLWS\��@%)� DQG �������� c IRU >5X��2�&&0H���
�S�QLWS\��@%3K�� >��@� 2QH RI WKH WZR 1±2 JURXSV LV FR�RUGLQDWHG ZLWK D GLVWDQFH RI
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5X�±2�  �������� c� 7KH QLWUR[LGH R[\JHQ 2�� VWD\V IUHH IURP DQ\ FR�RUGLQDWLRQ�
7KH 1±2 ERQG GLVWDQFHV ������� �IRU 1�±2�� DQG ������� c �IRU 1�±2��� LPSO\ WKDW
WKH S�QLWS\ OLJDQG H[LVWV DV D JHQXLQH UDGLFDO >�@� 7KH D[LDO ERQG DQJOH 5X�±2�±1�
 ��������q LV LQ WKH UDQJH IRU JLYLQJ IHUURPDJQHWLF LQWHUDFWLRQ EHWZHHQ WKH 5X�,,� ,,,�

GLPHU FRUH DQG WKH UDGLFDO �YLGH LQIUD��
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)LJ� �� 9LHZ RI WKH VWUXFWXUH RI >5X��2�&&0H����S�QLWS\�@Q�%)��Q����Q&+�&O� ������Q&+�&O��� VKRZLQJ

WKH DWRP�ODEHOOLQJ VFKHPH� 7KHUPDO HOOLSVRLGV DUH DW WKH ��� SUREDELOLW\ OHYHO�

0HWK\O JURXSV RI SLYDOLF DFLG PRLHWLHV� %)� LRQV� DQG &+�&O� PROHFXOHV DUH RPLWWHG IRU FODULW\� 3ULPHV
DQG GRXEOH SULPHV UHIHU WR WKH HTXLYDOHQW SRVLWLRQV �[� ò ± \� ò � ]� DQG �[� ò ± \� ±����]�� UHVSHFWLYHO\

7DEOH �� 6HOHFWHG ERQG GLVWDQFHV �c� DQG DQJOHV �q� RI �����Q&+�&O�
ZLWK WKHLU HVWLPDWHG VWDQGDUG GHYLDWLRQV �LQ SDUHQWKHVHV�

%RQG 9DOXH %RQG 9DOXH

5X�±5X� �������� 5X�±2� ��������

5X�±2� �������� 5X�±2� ��������

5X�±2� �������� 5X�±1�´� ��������

5X�±2� �������� 1�±2� �������

5X�±2� �������� 1�±2�� �������

5X�±2� �������� 5X�±5X�±2� ��������

5X�±2� �������� 5X�±5X�±1�cc

� ��������

5X�±2� �������� 5X�±2�±1� ��������

�'RXEOH SULPH UHIHUV WR WKH HTXLYDOHQW SRVLWLRQ �[� ò ± \� ±��� � ]��



0DJQHWLVP RI S\ULG\O QLWUR[LGH FRPSOH[HV RI UXWKHQLXP�,,� ,,,� SLYDODWH GLPHUV ���

7HPSHUDWXUH GHSHQGHQFHV RI PDJQHWLF PRPHQWV IRU � DQG � DUH GLVSOD\HG LQ

)LJV� � DQG �� UHVSHFWLYHO\� $OWKRXJK WKH PDJQHWLF PRPHQWV DW D URRP WHPSHUDWXUH

���� .� DUH VLPLODU �����P% IRU � DQG ����P% IRU ��� WKHLU WHPSHUDWXUH�GHSHQGHQW SUR�

ILOHV DUH TXLWH GLIIHUHQW� 7KH PRPHQW RI � LQFUHDVHV XSRQ ORZHULQJ WKH WHPSHUDWXUH

GRZQ WR � . DQG WKHQ UDSLGO\ GHFUHDVHV IURP WKH PD[LPXP YDOXH RI ����P% �DW � .� WR

UHDFK WKH YDOXH RI ����P% �DW � .�� 2Q WKH RWKHU KDQG� WKH PRPHQW RI � LV QHDUO\ FRQ�

VWDQW GRZQ WR ��� .� DQG WKHQ IDOOV WR WKH YDOXH RI ����P% �DW � .��
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)LJ� �� 7HPSHUDWXUH GHSHQGHQFH RI HIIHFWLYH

PDJQHWLF PRPHQW �P
HII
�P% � RI �� 7KH VROLG OLQH ZDV

FDOFXODWHG ZLWK WKH SDUDPHWHUV OLVWHG LQ 7DEOH �

)LJ� �� 7HPSHUDWXUH GHSHQGHQFH RI HIIHFWLYH

PDJQHWLF PRPHQW �P
HII
�P% � RI �� 7KH VROLG OLQH ZDV

FDOFXODWHG ZLWK WKH SDUDPHWHUV OLVWHG LQ 7DEOH �

7KHLU PDJQHWLF EHKDYLRXUV ZHUH DQDO\]HG E\ WDNLQJ WZR PDJQHWLF LQWHUDFWLRQV

EHWZHHQ WKH 5X�,,� ,,,� GLPHU DQG WKH UDGLFDO �6FKHPH �� LQWR DFFRXQW� RQH LV WKURXJK

WKH D[LDO 1±2 JURXS DQG WKH RWKHU WKURXJK WKH S\ULG\O JURXS� 7KH PDJQHWLF VLPXOD�

WLRQV RI WKH EHKDYLRXUV ZHUH PDGH XVLQJ WKH SDUDPHWHUV - DQG - c �LQ 6FKHPH ��

WRJHWKHU ZLWK WKH SDUDPHWHUV J0 �J IDFWRU IRU 5X�,,� ,,,� GLPHU�� J5 �J IDFWRU IRU UDGL�

FDO�� DQG ' �]HUR�ILHOG VSOLWWLQJ IRU 5X�,,� ,,,� GLPHU �� ZKHUH - c ZDV FRQVLGHUHG WR EH

VXEVWDQWLDOO\ VPDOOHU LQ LWV DEVROXWH YDOXH WKDQ - DQG ZDV HYDOXDWHG EDVHG RQ WKH PR�

OHFXODU±ILHOG DSSUR[LPDWLRQ >�@�

�5X��5X���QLWS\�

6� ���6� ���

--


12S\ �5X��5X���QLWS\�
--


S\

6� ��� 6� ���

-


12

6FKHPH �

7KH UHVXOWV DUH VXPPDUL]HG LQ 7DEOH �� 7KH IHUURPDJQHWLF LQWHUDFWLRQ WKURXJK WKH

FR�RUGLQDWHG 1±2 JURXS �-  �� FP
±�
� LQ � LV UHDVRQDEO\ H[SODLQHG E\ FRQVLGHULQJ WKH

D[LDO ERQG DQJOH ��5X�±2�±1�  ��������q�� ZKLFK LV ORFDWHG DW WKH VPDOOHU HQG IRU

WKRVH RI WKH QLWUR[LGH 5X�,,� ,,,� FRPSOH[HV SUHSDUHG E\ RXU UHVHDUFK JURXSV >�±���

��� ��@� WKH LQWHUDFWLRQ LV IHUURPDJQHWLF ZKHQ WKH D[LDO ERQG DQJOH LV GHFUHDVHG WR EH
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FORVH WR ���q� WKRXJK WKH LQWHUDFWLRQ LV DQWLIHUURPDJQHWLF ZKHQ WKH DQJOH LV LQFUHDVHG

WR EH FORVH WR ���q� 7KH FRPSOH[ � PLJKW KDYH D ODUJHU D[LDO ERQG DQJOH FRPSDUHG

ZLWK WKDW RI � EHFDXVH LWV IHUURPDJQHWLF LQWHUDFWLRQ �-  ��� FP
±�
� LV PXFK ZHDNHU

WKDQ WKDW IRU �� 7KH LQWHUDFWLRQV WKURXJK WKH S\ULG\O JURXS DUH ZHDN IRU ERWK WKH SUHV�

HQW FRPSOH[HV OLNH WKH FDVHV RI ELV�DGGFXW FRPSOH[HV >5X��2�&&0H����P�QLWS\��@;

DQG >5X��2�&&0H����S�QLWS\��@; �;  %)� DQG %3K�� >��@� LQ ZKLFK WKH LQWHUDFWLRQV

RI 5X�,,� ,,,� GLPHU ZLWK S�QLWS\ DUH ZHDNO\ IHUURPDJQHWLF �- c  ��� DQG ��� FP
±�
� DQG

WKRVH ZLWK P�QLWS\ DUH ZHDNO\ DQWLIHUURPDJQHWLF �- c  ±��� FP
±�
�� 7KH FRPSOH[ � KDV

D IHUURPDJQHWLF LQWHUDFWLRQ WKURXJK WKH S\ULG\O JURXS RI S�QLWS\ �- c  ���� FP
±�
� DV

ZHOO DV WKDW WKURXJK WKH 1±2 JURXS �-  �� FP
±�
�� ZKLFK PD\ EH UHODWHG WR WKH UHOD�

WLYHO\ VWHHS LQFUHDVH LQ WKH PRPHQW ZKHQ WKH WHPSHUDWXUH JRHV GRZQ QHDU LWV

PD[LPXP WHPSHUDWXUH �� .� �)LJ� ���

7DEOH �� )LWWLQJ SDUDPHWHUV IRU WKH PDJQHWLF GDWD

&RPSRXQG
3DUDPHWHU

� �

J0 ���� ����

J5 ���� ����

'�FP±� �� ��

-�FP±� �� ���

- c


�FP±� ���� ±���

5���±�

 ���� ����


(VWLPDWHG E\ PROHFXODU ILHOG DSSUR[LPDWLRQ�




5  6�FREVG ± FFDOFG�
��6�FREVG�

�� ZKHUH F LV WKH PDJQHWLF VXVFHSWLELOLW\ SHU

5X�,,� ,,,��UDGLFDO XQLW�

�

�

�

�

� ���� ��� ���� � ����

+  / 7

)LJ� �� )LHOG �+�7� GHSHQGHQFH RI WKH PDJQHWL]DWLRQ �0�1P%� IRU

>5X��2�&&0H����S�QLWS\�@Q�%)��Q ��� DW ��� . �¨� DQG �� .�2��

7KHRUHWLFDO FXUYHV DW ��� . ������ DQG �� . �±�

�J0  ����� J5  ����� DQG '  �� FP
±�
�



0DJQHWLVP RI S\ULG\O QLWUR[LGH FRPSOH[HV RI UXWKHQLXP�,,� ,,,� SLYDODWH GLPHUV ���

7KH IHUURPDJQHWLF EHKDYLRXU RI � ZDV FRQILUPHG E\ PHDVXULQJ WKH PDJQHWL]DWLRQ RI

� YHUVXV WKH DSSOLHG ILHOG �)LJ� ��� 7KH PDJQHWL]DWLRQ FXUYH RI � OLHV DERYH WKH FXUYH RI

WKH %ULOORXLQ IXQFWLRQ IRU WKH V\VWHP RI 6�  ��� �IRU 5X�,,� ,,,� GLPHU� DQG 6�  ��� �IRU

S�QLWS\� XQGHU WKH FRQVLGHUDWLRQ RI ]HUR�ILHOG VSOLWWLQJ� 7KH UDSLG GHFUHDVH LQ WKH PR�

PHQW EHORZ � . LV FRQVLGHUHG WR FRPH IURP WKH ]HUR�ILHOG VSOLWWLQJ �'  �� FP
±�
� ZLWKLQ

WKH 5X�,,� ,,,� GLPHU �)LJ� ��� 7KH FRPSOH[ � KDV DQ DQWLIHUURPDJQHWLF LQWHUDFWLRQ

WKURXJK WKH S\ULG\O JURXS RI P�QLWS\ �- c  ���� FP
±�
�� %RWK WKH LQWHUDFWLRQV HVWLPDWHG

ZLWK -  ��� FP
±�
DQG - c  ±��� FP

±�
DUH ZHDN� KHQFH LW PD\ QRW EH DSSURSULDWH WR

HVWLPDWH WKH - c YDOXH XVLQJ WKH PROHFXODU�ILHOG DSSUR[LPDWLRQ� +RZHYHU� LW LV FHUWDLQ

WKDW � KDV WKH IHUUR� DQG DQWLIHUURPDJQHWLF LQWHUDFWLRQV DOWKRXJK WKH DQWLIHUURPDJQHWLF

LQWHUDFWLRQ LV VOLJKWO\ SUHGRPLQDQW EHFDXVH � GRHV QRW VKRZ DQ\ IHUULPDJQHWLF EHKDY�

LRXU� ZKLFK VKRXOG RFFXU LI ERWK WKH LQWHUDFWLRQV DUH DQWLIHUURPDJQHWLF LQ D VLPLODU

PDJQLWXGH >�@� 7KH DVVLJQPHQW RI WKH DQWLIHUURPDJQHWLF LQWHUDFWLRQ - c  ±��� FP
±�
LV

LQ DFFRUGDQFH ZLWK WKH SUHYLRXV UHVXOWV IRU >5X��2�&&0H����P�QLWS\��@; �;  %)�

DQG %3K��� ZKLFK KDYH D ZHDN PDJQHWLF LQWHUDFWLRQ WKURXJK WKH S\ULG\O JURXS

�-c  ±��� FP
±�
� >��@�

���&RQFOXVLRQV

7KH PDJQHWLF LQYHVWLJDWLRQ RQ FKDLQ FRPSOH[HV ZLWK DQ DOWHUQDWHG DUUDQJHPHQW RI

UXWKHQLXP�,,� ,,,� SLYDODWH GLPHUV DQG S\ULG\O QLWUR[LGH UDGLFDOV� �����S\ULG\O����������

WHWUDPHWK\O�����GLK\GUR��+�LPLGD]RO\O���R[\O���1±R[LGH �S�QLWS\� DQG �����S\ULG\O��

��������WHWUDPHWK\O�����GLK\GUR��+�LPLGD]RO\O���R[\O���1�R[LGH �P�QLWS\�� ZDV SHU�

IRUPHG� ,W ZDV IRXQG WKDW WKH S\ULG\O JURXS RQ WKH UDGLFDO ZHDNO\ PHGLDWHV D IHUUR� RU

DQWLIHUURPDJQHWLF LQWHUDFWLRQ ZLWK 5X�,,� ,,,� GLPHU GHSHQGLQJ RQ WKH HPSOR\HG UDGLFDOV�

S�QLWS\ JLYHV WKH IHUURPDJQHWLF LQWHUDFWLRQ� EXW P�QLWS\ JLYHV WKH DQWLIHURPDJQHWLF LQWHU�

DFWLRQ� 7KH REVHUYHG IHUURPDJQHWLF LQWHUDFWLRQ WKURXJK WKH D[LDOO\ FR�RUGLQDWHG 1±2

JURXS IRU WKH FKDLQ FRPSOH[ ZLWK S�QLWS\ �FRPSOH[ �� LV FRQFOXGHG WR EH DVVRFLDWHG ZLWK

WKH IDFW WKDW WKH D[LDO ERQG DQJOH LV ORFDWHG DW FD� ���q�

$FNQRZOHGJHPHQW

7KH SUHVHQW ZRUN ZDV SDUWLDOO\ VXSSRUWHG E\ *UDQWV�LQ�$LG IRU 6FLHQWLILF 5HVHDUFK 1R� ��������

IURP WKH 0LQLVWU\ RI (GXFDWLRQ� &XOWXUH� 6SRUWV� 6FLHQFH DQG 7HFKQRORJ\�
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