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7KH� EDFN� VXUIDFH� UHIOHFWRUV� �%65�� FRQ�
VLVWLQJ�RI�6L2��DQG�$O�ILOPV�GHSRVLWHG�OD\HU�E\�OD\HU� RQWR� RQH� SODQDU� VXUIDFH� RI� VLOLFRQ
EDVH� FU\VWDO� �6L�%&�� DUH� WKH� PDMRU� SDUW� RI
WKH� VRODU� VSHFWUXP� SKRWRDFWLYH� FRPSRQHQW
WUDSSLQJ�DQG�FRQILQHPHQW�V\VWHP�LQ�WKH�VLQ�
JOH�MXQFWLRQ� VLOLFRQ� SKRWRYROWDLF� FRQYHUWHUV
�6L�39&��� 6XFK� 6L�39&� IUDJPHQWV� DUH� SUH�
VHQWHG� VFKHPDWLFDOO\� LQ� )LJ���� �D�� E��� �È�

3(5/�VWUXFWXUH� �3DVVLYDWHG� (PLWWHU�� 5HDU
/RFDOO\�GLIIXVHG� >�@� Û� SDVVLYDWHG� HPLWWHU�
ORFDO� GLIIXVLRQ� RI� DFFHSWRU� LPSXULW\� RQ� WKH
VLGH�RI�FU\VWDO�EDFN�VXUIDFH��DQG��E��3(57�
VWUXFWXUH��3DVVLYDWHG�(PLWWHU��5HDU�7RWDOO\�
GLIIXVHG�>�@�Û�SDVVLYDWHG�HPLWWHU��WRWDO�GLI�
IXVLRQ� RI� DFFHSWRU� LPSXULW\� RQ� WKH� VLGH� RI
FU\VWDO� EDFN� VXUIDFH��� 7KH� 3(5/� VWUXFWXUH
GHYLFHV�VKRZ�LQLWLDO�HIILFLHQF\�XS�WR�������
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>�@�� KRZHYHU�� WKH� SKRWRQ�GHJUDGDWLRQ� LV� LQ�
KHUHQW�WKHUHLQ��7KH�3(57�VWUXFWXUH�GHYLFHV
KDYH�LQLWLDO�HIILFLHQF\�XS�WR���������EXW�DUH
QRW� GHJUDGHG� XQGHU� LOOXPLQDWLRQ� >����@�� ,W
ZDV�VKRZQ�>�@�WKDW�LQ�ODUJH�VFDOH�SURGXFWLRQ
RI�VLQJOH�MXQFWLRQ�VLQJOH�FU\VWDO�6L�39&��WKH
GRXEOH�OD\HU�7L2��$O�%65�LV�JRRG�DOWHUQDWLYHWR�GRXEOH�OD\HU�6L2��$O�%65�$W�WKH�VDPH�WLPH��DV�LW�LV�VHHQ�LQ�)LJ����
LQ� FDVH� RI� %65�ZLWK� GLHOHFWULF� R[LGH� OD\HU�
WKH�HOHFWULFDO�FRQWDFW�RI�$O�OD\HU��WKDW�VLPXO�
WDQHRXVO\� IXQFWLRQV� DV� WKH� EDFN� VROLG� HOHF�
WURGH�� ZLWK�6L�%&� LV� UHDOL]HG� YLD� QXPHURXV
WKURXJK� KROHV� LQ� WKH� %65� GLHOHFWULF� OD\HU�
WKH�WRWDO�DUHD�WKHUHRI�PDNLQJ�OHVV�WKDQ����
RI� WKH� WRWDO�6L�%&�EDFN�VXUIDFH�DUHD� >�@�� ,Q
FRQWUDVW� WR� WKH� FRQWLQXRXV�6L�$O� FRQWDFW� LQ
WKH�DEVHQFH�RI�LQWHUPHGLDWH�GLHOHFWULF�R[LGH�
VXFK�PXOWLSRLQW�FRQWDFW�FKDUDFWHU�UHVXOWV�LQ
VRPHZKDW�LQFUHDVHG�6L�39&�VHULHV�UHVLVWDQFH
WKDW�FRPSHQVDWHV�LQ�SDUW�WKH�HIILFLHQF\�JDLQ
DWWDLQHG�GXH�WR�UHGXFWLRQ�RI�VRODU�UDGLDWLRQ
SRZHU� ORVVHV� UHVXOWLQJ� IURP�XVLQJ� WKH� GRX�
EOH�OD\HU� %65� ZLWK� GLHOHFWULF� R[LGH�� 7KHUH�

IRUH�� ZKHQ� PDQXIDFWXULQJ� 6L�39&� ZLWK
3(57�VWUXFWXUH�� LW� VHHPV� WR� EH� UHDVRQDEOH
WR� UHSODFH� WKH� %65� SHUIRUDWHG� GLHOHFWULF
R[LGH� OD\HU� E\� D� FRQWLQXRXV� OD\HU� RI� WUDQV�
SDUHQW� FRQGXFWLYH� PDWHULDO� ZKLFK�� VLPLODU
WR�6L2���KLQGHUV�WKH�GLIIXVLRQ�LQWHUDFWLRQ�RI6L� ZLWK� $O�� ,Q� WKLV� FRQQHFWLRQ�� WKH� JRDO� RI
WKLV� ZRUN� ZDV� WR� GHWHUPLQH� WKH� RSWLPXP
GHVLJQ� IRU� GRXEOH�OD\HU� %65� FRQVLVWLQJ� RI
VXFK� WUDQVSDUHQW� FRQGXFWLYH� PDWHULDO� DQG
DOXPLQXP��SURYLGLQJ�D�KLJK�LQWHJUDO�UHIOHF�
WLRQ�FRHIILFLHQW�RI�VRODU�UDGLDWLRQ�SKRWRHOHF�
WULFDOO\� DFWLYH� FRPSRQHQW� � DQG� WR� GHFUHDVH
WKH�VHULHV�UHVLVWDQFH�RI�WKH�GHYLFH�PHQWLRQHG�
7KH�SUREOHP�FDQ�EH�VROYHG�E\�XVLQJ�WKH�WUDQV�
SDUHQW� LQGLXP�WLQ� R[LGH� �,72�� >�Ü�@� LQ� GRX�
EOH�OD\HU� %65� VWUXFWXUH� LQVWHDG� RI� 6L2�� RU

)LJ�� ��� 6FKHPDWLF� LPDJH� RI� 6L�39&� ZLWK
3(5/�� �È�� >�@� DQG� 3(57�� �E�� >�@� VWUXFWXUH
IUDJPHQWV�� �� Ü� IURQW� FXUUHQW�FROOHFWLQJ� HOHF�
WURGH�� �� Ü� LQYHUWHG� S\UDPLGV� W\SH� WH[WXUH�
�� Ü� DQWLUHIOHFWLRQ� FRDWLQJ�� �� Ü� 6L2�� SDVVL�YDWLRQ� OD\HU�� �� Ü� Q��6L� GLIIXVLRQ� OD\HU�� �� Ü
S�6L� �È��RU�Q�6L� �E��EDVH�FU\VWDO����Ü�¯��6L��È�
RU� ¯�¯��6L� �E�� GLIIXVLRQ� DUHD���� Ü�6L2�� OD\HURI�EDFN�VXUIDFH�UHIOHFWRU����Ü�$O�OD\HU�RI�EDFN
VXUIDFH�UHIOHFWRU��DOVR�IXQFWLRQV�DV�EDFN�FXU�
UHQW�FROOHFWLQJ�HOHFWURGH�

)LJ�����'HSHQGHQFHV�FDOFXODWHG�IRU�,72�$O�EDFN
VXUIDFH�UHIOHFWRU��O2;RSW �RQ�O��È���5�RQ�O�IRU��O2;RSW�
��Ü������PP��O�� �����PP�����Ü������PP��O�� 
����PP�����Ü������PP��O�� �����PP�����Ü������PP
�O�� �����PP��DW�Q�� ������E��DQG�DW�Q�� ������F��
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7L2��� 7KH� PRGHUQ� PHWKRGV� RI� ,72� ILOPGHSRVLWLRQ�PDNH�LW�SRVVLEOH�WR�FDUU\�RXW�WKDW
SURFHVV� DW� WHPSHUDWXUHV� EHORZ� ����&� >�Ü��
��@� WKDW� DUH� LQ� DJUHHPHQW� ZLWK� WKH� VLQJOH�
FU\VWDO� 6L�39&� PDQXIDFWXULQJ� WHFKQRORJ\
>��Ü��@�
,Q�WKLV�FDVH��LW�LV�QHFHVVDU\�WR�GHWHUPLQH

WKH�,72�OD\HU�WKLFNQHVV�O2;RSW�PD[�DW�ZKLFK�WKH
,72�$O�%65�ZLOO�SURYLGH�WKH�PD[LPXP�LQWH�
JUDO� UHIOHFWDQFH� ZLWKLQ� WKH� UHTXLUHG� ZDYH�
OHQJWK�O�UDQJH��$V�VKRZQ�LQ�>�@��WKLV�UDQJH
GHSHQGV� RQ� WKH� PDWHULDO� 39&� EDVH� FU\VWDO
DQG� WKLFNQHVV� W� DQG� LQ� FDVH�RI�6L�39&�DW
W� ����Ü����PP� �W\SLFDO� YDOXHV� RI� PRGHUQ
VHULDO� 6L�39&��� LV� ����dOd�����PP�� 7KH
O2;RSW�PD[�GHWHUPLQDWLRQ�PHWKRG�IRU�,72�OD\HU
ZDV� VLPLODU� WR� WKDW� XVHG� LQ� >�@� WR� ILQG
O2;RSW�PD[� IRU� GRXEOH�OD\HU� 6L2��$O� %65� DQG
7L2��$O�%65�R[LGH�OD\HUV�$FFRUGLQJO\� WR� >��@�� WKH� RSWLPXP� WKLFN�
QHVV� O2;RSW� RI� R[LGH� SURYLGLQJ� WKH� PD[LPXP
UHIOHFWLRQ�FRHIILFLHQW�5�IRU�VSHFLILF�O�YDOXHV
IURP�WKH������WR������PP�UDQJH�ZHUH�GHWHU�
PLQHG�ILUVW�RI�DOO��7KH�O2;RSW �O��GHSHQGHQFH�RE�
WDLQHG� IRU� ����dOd�����PP� UDQJH� DW� P� ��
DQG�Q2;�O��YDOXHV�IRU�,72�WDNHQ�IURP�>�@�DVZHOO� DV� Q0�O�� DQG� N0�O�� IRU� $O� WDNHQ� IURP>������@�LV�VKRZQ�LQ�)LJ���È��)XUWKHU��IURP�WKH
UHFHLYHG� O2;RSW�O�� GHSHQGHQFH�� WKH� O2;RSW� YDOXHV
ZHUH�VHOHFWHG�FRUUHVSRQGLQJ�WR�O�� �����PP�O�� �����PP�� O�� �����PP� DQG� O�� �����PP�
EHLQJ� O2;�RSW �|�����PP�� O2;�RSW �|�����PP�
O2;�RSW �|�����PP� DQG� O2;�RSW �|�����PP�� UHVSHF�
WLYHO\�� )RU� WKHVH� O2;RSW� YDOXHV�� WKH� VSHFWUDO
GHSHQGHQFHV� RI�5�O�� LQ� WKH� ����dOd�����PP
UDQJH�DFFRUGLQJ�WR�>��@�

:KHQ� FDOFXODWLQJ� 5�O��� WKH� VSHFWUDO� GH�
SHQGHQFH� RI�Q6L�O�� ZDV� WDNHQ� IURP� >��@�� ,QFDVH�RI�6L�39&�IURQWDO�VXUIDFH�FRQWDFW�ZLWK
DLU�� Q�� ������ DQG� LQ� FDVH� RI� WKLV� VXUIDFHFRQWDFW�ZLWK�SURWHFWLYH�JODVV��LW�LV�VXSSRVHG
WKDW�Q�� ������E\�DQDORJ\�WR�>��@��7KH�5>�O��O2;RSW�O�@�GHSHQGHQFHV�DW�Q�� �����DQG�Q�� ����
IRU�,72�$O�%65�DUH�SUHVHQWHG�LQ�)LJ���E���F�
7KH� DQDO\VLV� RI� DOO� WKH�5>O�� O2;RSW�O���Q�@� GH�
SHQGHQFHV�VHW�VKRZV�ZKDW�IROORZV��7KH�RSWL�
PDO� R[LGH� WKLFNQHVV� O2;RSW�PD[� SURYLGLQJ� WKH
PD[LPXP� LQWHJUDO� UHIOHFWLYLW\� RI� ,72�$O
%65� LQ� WKH� VSHFLILHG� ZDYHOHQJWK� UDQJH� LV
�����PP�DW�ERWK�Q��YDOXHV��7KH�5�O��JDLQ�RIVXFK� UHIOHFWRU� LQ� FRPSDULVRQ� ZLWK� WKH
7L2��$O� %65� >�@� LV� VHHQ� PRVW� GLVWLQFWO\� LQ)LJ���� DQG� LQ� WKH� 7DEOH�� :LWKLQ� WKH
����dOd�����PP�UDQJH��WKH�,72�$O�%65�SUR�
YLGHV� WKH� UHIOHFWLRQ� FRHIILFLHQW� H[FHHGLQJ
WKDW�IRU�7L2��$O�%65�E\��Ü����
,Q�FDVH�RI�D�WH[WXUHG�IURQWDO�VXUIDFH�ZLWK

WKH�LQYHUWHG�S\UDPLGV�IDFHWHG�E\�������W\SH
VXUIDFHV� �H�J��� )LJ������ WKH� RSWLPDO� R[LGH
WKLFNQHVV�IRU�,72�$O�%65�LV�QRW�VR�FULWLFDO�
7KLV� LV� GXH� WR� WKH� VSHFLILFLW\� RI� OLJKW� UD\

)LJ�����'HSHQGHQFHV�RI�5�RQ�O�DQG�RQ�Q��IRU,72�$O�DQG�7L2��$O�>�@�EDFN�VXUIDFH�UHIOHFWRUV
ZLWK��O2;� �O2;RSW�PD[�

7DEOH�� 9DOXHV� RI� 5�O�� IRU� ,72�$O� DQG
7L2��$O�>�@�EDFN�VXUIDFH�UHIOHFWRUV�ZLWK�WKHRSWLPDO� WUDQVSDUHQW� R[LGH� WKLFNQHVV� LQ
����dOd�����PP�ZDYHOHQJWK�UDQJH�

5HIOHFWRU ,72�$O 7L2��$O
O2;RSW�PD[��PP ���� ����
Q�� ���� ����y���� ����y����

5������y5���������
Q�� ���� ����y���� ����y����

5������y5���������

)LJ�����6FKHPDWLF� LPDJH�RI� OLJKW�UD\V�WUDMHF�
WRU\� LQVLGH� WKH� 6L�%&� RI� WKH� VLQJOH�MXQFWLRQ
SKRWRYROWDLF� FRQYHUWHU� ZLWK� WH[WXUHG� IURQWDO
VXUIDFH�DQG�VPRRWK�EDFN�VXUIDFH�>��@�
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WUDMHFWRU\� LQVLGH�6L�%&� VKRZQ� LQ� )LJ���� DF�
FRUGLQJ�WR�>��@��7KH�DQJOHV�RI�OLJKW�LQFLGHQFH
RQ�D�VPRRWK�EDFN�VXUIDFH�RI�VXFK�6L�39&�H[�
FHHG������,W�KDV�EHHQ�VKRZQ�EHIRUH�>��@�WKDW
WKH� OLPLWLQJ� WRWDO� UHIOHFWLRQ� DQJOH� JPLQ� DWOLJKW�LQFLGHQFH�IURP�VLOLFRQ�RQWR�,72�PDNHV
DERXW� ����� 7KXV�� WKH� DERYH�PHQWLRQHG� WH[�
WXUH� RQ� WKH� IURQWDO� VXUIDFH� VLGH� PDNHV� LW
SRVVLEOH� WR� XVH� D� TXLWH� RWKHU� DSSURDFK� WR
O2;RSW�PD[� GHWHUPLQDWLRQ� EDVHG� RQ� WKH� DFFRXQW
IRU� OLJKW� WRWDO� UHIOHFWLRQ� IURP� WKH� 6L�,72
LQWHUIDFH�� ,Q� WKLV� FDVH�� WR� VXSSUHVV� WKH
SRVVLEOH� SDUWLDO� UDGLDWLRQ� SRZHU� ORVVHV� LQ
WKH� PHWDO� >��@� EHLQJ� LQ� FRQWDFW� ZLWK� ,72
DQG� DOVR� WR� PLQLPL]H� WKH� ,72� OD\HU� UHVLV�
WDQFH�� WKH� ,72� OD\HU� WKLFNQHVV� VKRXOG� EH
H[SHULPHQWDOO\� RSWLPL]HG� LQ� WKH
����O2;RSW�PD[�����PP�UDQJH��DV�LQ�>��@�

5HIHUHQFHV
� ���-�=KDR�� $�:DQJ�� )�<XQ� HW� DO��� 3URJUHVV� LQ

3KRWRYROWDLFV����������������
� ���816:�$QQXDO� 5HSRUW� ������ 7KH� 8QLYHUVLW\

RI� 1HZ� 6RXWK�:DOHV� 3KRWRYROWDLF� &HQWUH� RI
([FHOOHQFH� RI� WKH�$XVWUDOLDQ�5HVHDUFK� &RXQ�
FLO��3DUW����S�����KWWS���ZZZ�SY�XQVZ�HGX�DX�

� ���816:�$QQXDO� 5HSRUW� ������ 7KH� 8QLYHUVLW\
RI� 1HZ� 6RXWK�:DOHV� 3KRWRYROWDLF� &HQWUH� RI
([FHOOHQFH� RI� WKH�$XVWUDOLDQ�5HVHDUFK� &RXQ�
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