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0DJQHWURQ�VSXWWHULQJ�LV�XVHG�ZLGHO\�IRU�FRDW�
LQJ�FXWWLQJ�DQG�SXQFKLQJ�WRROV��WKDW�UHTXLUHV�WR
XVH�ZHDU�DQG�FRUURVLRQ�UHVLVWDQW�PDWHULDOV�ZLWK
KLJK�ZRUNLQJ�WHPSHUDWXUH������&��DQG�VXIILFLHQW
WKHUPDO� FRQGXFWLRQ� IRU� KHDW� UHPRYDO� IURP� WKH
WUHDWPHQW�]RQH��7L$O1�FRDWLQJV�REWDLQHG�E\�PXO�
WLVHFWLRQDO� �$O� DQG�7L� EORFNV�� WDUJHW� VSXWWHULQJ
DUH�XVHG�ZLGHO\�IRU�WKHVH�SXUSRVHV�>�Ü�@�

$V� D� UXOH�� FRPSRVLWH� PDWHULDOV� FRQWDLQ�
LQJ� WKUHH� DQG� PRUH� FRPSRQHQWV� PHHW� VXFK
UHTXLUHPHQWV�WR�WKH�FRDWLQJV��%XW�PXOWLVHF�
WLRQDO�WDUJHW�DSSOLFDWLRQ�ERWK�OLPLWV�WKH�XVH
RI� QHZ�PXOWLSKDVH�PDWHULDOV�ZKLFK� SURYLGH
YDULDWLRQ�RI�WKH�FRDWLQJ�SURSHUWLHV�LQ�D�ZLGH
UDQJH�� DQG� GRHV� QRW� SURYLGH� REWDLQLQJ� WKH
FRDWLQJ� FRPSRVLWLRQ� FRUUHVSRQGLQJ� WR� WKH
WDUJHW�RQH��7KDW�LV�ZK\��LW�LV�PRUH�DSSURSUL�
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DWH�WR�XVH�ORZ�SRURVLW\�FRPSRVLWH�VLQJOH�VHF�
WLRQDO� WDUJHWV� SUHSDUHG� E\� WKH� SRZGHU�PHW�
DOOXUJ\�PHWKRGV�

+LJK� FRUURVLRQ� UHVLVWDQFH� DQG� WKHUPDO
FRQGXFWLRQ�RI�DOXPLQXP�QLWULGH�LQ�FRPELQD�
WLRQ�ZLWK� KLJK� KDUGQHVV� DQG� HOHFWULFDO� FRQ�
GXFWLRQ�RI�WUDQVLWLRQ�PHWDO�ERULGHV�DOORZ�WR
FRQVLGHU� WKH� DOXPLQXP� QLWULGH�UHIUDFWRU\
ERULGH�FHUDPLFV�DV�D�QHZ�JHQHUDWLRQ�RI�WDU�
JHWV�PDWHULDOV�IRU�VSXWWHULQJ�RI�ZHDU��FRUUR�
VLRQ� UHVLVWDQW� FRDWLQJV� DV� ZHOO� DV� EDUULHU
OD\HUV� GHSRVLWHG� E\� WDUJHW� VSXWWHULQJ�
7KH� DLP� RI� WKLV� ZRUN� LV� WR� LQYHVWLJDWH� WKH
VWUXFWXUH�� FRPSRVLWLRQ�� PHFKDQLFDO� SURSHU�
WLHV� DQG� KLJK�WHPSHUDWXUH� FRUURVLRQ� UHVLV�
WDQFH� RI� PXOWLOD\HUHG� ILOPV� REWDLQHG� E\
PDJQHWURQ� VSXWWHULQJ� RI�$O1±7L&U%�� FHUDP�LFV��7KH�ELQDU\�WLWDQLXP�FKURPLXP�ERULGH�LV
D�7L%���������&U%�� VROLG� VROXWLRQ� WKDW� KDVKLJKHU� ZHDU� DQG� FRUURVLRQ� UHVLVWDQFH� WKDQ
WLWDQLXP� ERULGH�� 7KH� $O1±7L&U%�� FHUDPLFVGLVWLQFWLYH�IHDWXUH�LV�WKH�IRUPDWLRQ�RI�KLJK�
WHPSHUDWXUH�FRUURVLRQ�UHVLVWDQW�FRPSRXQGV�
E�WLDOLWH� �EÜ$O�7L2���� �$O�&U��2��� DQG� DOXPL�QXP�ERUDWHV�DW�KLJK�WHPSHUDWXUH�R[LGDWLRQ�
+HUHZLWK�� E�WLDOLWH� FDQ� SOD\� WKH� UROH� RI� D
VROLG� OXEULFDQW� LQ� GU\� IULFWLRQ� FRQGLWLRQV
OLNH�)H$O�2��DQG�)H$O2��FRPSRXQGV�>�@�$O1±7L&U%��WDUJHWV�RI�HTXLPRODU�FRPSRVL�WLRQ��RI����PP�LQ�GLDPHWHU�DQG���PP�KLJK
ZHUH�SUHSDUHG�E\�KRW�SUHVVLQJ��7KH�UHVLGXDO
SRURVLW\�RI�WKH�WDUJHWV�GLG�QRW�H[FHHG������
6LOLFRQ�DQG�DOXPLQD�VLQJOH�FU\VWDOV�ZLWK�WKH
VXUIDFH� RULHQWDWLRQ� SDUDOOHO� WR� >����@� DQG
JDOOLXP�DUVHQLGH�VLQJOH�FU\VWDOV�RI�>���@�RUL�
HQWDWLRQ�ZHUH�XVHG�DV� VXEVWUDWHV��7KH�FRDW�
LQJV�ZHUH�GHSRVLWHG�E\�UDGLR�IUHTXHQF\�PDJ�
QHWURQ� VSXWWHULQJ� LQ� SXULILHG� DUJRQ� DWPRV�
SKHUH�� 7KH� GHSRVLWLRQ� ZDV� FDUULHG� RXW� DW
DUJRQ�SUHVVXUH�RI�������Ü��3D�DQG�GLVFKDUJH
FXUUHQW� RI� ����$��+HUHZLWK�� WKH� GHSRVLWLRQ
UDWH�ZDV����QP�PLQ�DQG�WKH�WKLFNQHVV�VFDW�
WHU� IURP�WKH�FHQWHU� WR� WKH�HGJHV�ZDV�DERXW
�� ��� 7KH� FRDWLQJV� ZHUH� FKDUDFWHUL]HG� LQ
WHUPV� RI� WKHLU� VWUXFWXUH�� FRPSRVLWLRQ�� DQG
SURSHUWLHV� XVLQJ� YDULRXV� DQDO\WLFDO� DQG
PHDVXUHPHQW� WHFKQLTXHV�� LQFOXGLQJ� VFDQ�
QLQJ� HOHFWURQ� PLFURVFRS\� �6(0��� HOHFWURQ
SUREH�PLFURDQDO\VLV��(30$���;�5D\�GLIIUDF�
WLRQ��;5'���$XJHU�VSHFWURVFRS\��7KH�PLFUR�
PHFKDQLFDO� WHVWLQJ� �PLFUR�KDUGQHVV�+P� DQG
WRXJKQHVV� FRHIILFLHQW�.�F�� ZDV� FDUULHG� RXWE\� PLFURKDUGQHVV� PHDVXULQJ� LQVWUXPHQW
307���DW����Ü��1� ORDG��7KH�FRDWLQJ� WKLFN�
QHVV�ZDV�����PP��7KH� WRXJKQHVV�FRHIILFLHQW
ZDV�FDOFXODWHG�DV�>�@

E.�F� �3&��e�� ���

ZKHUH�&� LV�WKH�UDGLDO�FUDFN�OHQJWK��3��ORDG�
E� �S���WJT��SURSRUWLRQDOLW\�IDFWRU�������IRU
9LFNHUV�LQGHQWHU���T��VORSH�DQJOH�RI�&Ü����3�
GHSHQGHQFH�� 7KH� +P� DQG� .�F� YDOXHV� ZHUHPHDVXUHG� ERWK� IRU� LQLWLDO� VDPSOHV� DQG� IRU
WKRVH�DQQHDOHG�XS�WR������&��7KH�KLJK�WHP�
SHUDWXUH� FRUURVLRQ� UHVLVWDQFH� RI� PDWHULDOV
DQG� FRDWLQJV� ZHUH� LQYHVWLJDWHG� LQ� QRQ�LVR�
WKHUPDO� FRQGLWLRQV� E\� WKHUPRJUDYLPHWU\
DQG� GLIIHUHQWLDO� WKHUPDO� DQDO\VLV� DW� VFDQ�
QLQJ�UDWH�RI����GHJ�PLQ�XS�WR������&�

� ,Q� SULQFLSOH�� WKH� UHDFWLRQV� WDNLQJ� SODFH
DW�KLJK�WHPSHUDWXUH�R[LGDWLRQ�RI�$O1±7L&U%�PDJQHWURQ� ILOPV� PXVW� FRLQFLGH� ZLWK� WKRVH
IRU�WKH�WDUJHW�PDWHULDO�R[LGDWLRQ�

�$O1����2�� ��$O�2�����1������� ���

�7L%�����2�� ��7L2�����%�2���� ���

�&U%�����2�� ��&U�2�����%�2�� ���
$W� KLJK�WHPSHUDWXUH� R[LGDWLRQ�� FRP�

SRXQGV� OLNH� WLDOLWH� $O�7L2��� �$O�&U��2��&U�7L2��DQG�ERUDWHV�DUH�EHLQJ�IRUPHG�LQ�WKHWDUJHW� VNLQ��7KRVH� VHHP�WR�SOD\� WKH�UROH� RI
VROLG� OXEULFDWLRQ� DW� XQOXEULFDWHG� VOLGLQJ
IULFWLRQ�� $O1±7L&U%�� R[LGDWLRQ� FXUYHV
�)LJ�����WRJHWKHU�ZLWK�WKH�UHVXOWV�RI�(30$�
6(0� RI� WKH� PDWHULDO� ZKLFK� KDYH� EHHQ� R[L�
GL]HG�DW�GLIIHUHQW� WHPSHUDWXUHV� >�@� FRQILUP
WKLV� VWDWHPHQW�� 7KH� SURFHVV� KDV� WKUHH
VWDJHV��,Q�WKH�LQLWLDO�RQH������Ü��������GRX�
EOH� WLWDQLXP�FKURPLXP� ERULGH� LV� R[LGL]HG
UHVXOWLQJ� LQ� IRUPDWLRQ� RI� 7L2��� &U�2�� DQG%�2�� R[LGHV�� 7KHUH� DUH� HORQJDWHG� 7L2�JUDLQV�DOOR\HG�ZLWK�FKURPLXP�WKDW�DUH�VLWX�
DWHG� DORQJ� WKH� ERXQGDULHV� RI� R[\QLWULGH
SKDVH� LQ� WKH� VWUXFWXUH� RI� WKLV� ILOP�� ,Q� WKH
VHFRQG� VWDJH� �����Ü�������� DOXPLQXP� QL�
WULGH� LV� R[LGL]HG�� ,Q� WKH� WKLUG� R[LGDWLRQ
VWDJH� �����Ü�������� KLJK�WHPSHUDWXUH� FRU�
URVLRQ� UHVLVWDQW� FRPSRVLWHV� OLNH� $O�7L2��&U�7L2�� DQG� DOXPLQXP� ERUDWHV� DUH� IRUPHGGXH�WR�VROLG�SKDVH�LQWHUDFWLRQ�LQ�$O�2�±7L2��&U�2�±7L2��DQG�$O�2�±%�2��V\VWHPV��UHVSHF�WLYHO\�

7KH� VXEVWUDWH� PDWHULDO� LQIOXHQFHV� ERWK
LQLWLDO� DQG� R[LGL]HG� ILOP� FRPSRVLWLRQ�� 7KH
(30$� UHVXOWV� LQGLFDWH� WKDW� 7L�� $O�� &U�� 2�
DQG�VPDOO�TXDQWLWLHV�RI�6L�DUH�SUHVHQW�LQ�WKH
FRPSRVLWLRQ� RI� WKH� �Ü�� PP� WKLFN� ILOP� RE�
WDLQHG� E\� $O1±7L&U%�� WDUJHW� VSXWWHULQJ� RQVLOLFRQ�VLQJOH� FU\VWDO� LQ�WKH�WHFKQLFDO�DUJRQ
DWPRVSKHUH�� 7KH� KRPRJHQHLW\� RI� HOHPHQW
OLQH� LQWHQVLW\� DQG� WKH� VPDOO� SHDN� ZLGWK
DORQJ� WKH� HOHFWURQ� SUREH� VFDQQLQJ�� HVSH�
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FLDOO\� IRU� $O�� LQGLFDWH� WKH� IRUPDWLRQ� RI
XOWUD�GLVSHUVHG� ILOP� VWUXFWXUH� �JUDLQ� VL]H
d���Ü����PP��� $IWHU� KLJK� WHPSHUDWXUH� R[L�
GDWLRQ� RI� �$O1±7L&U%��±6L� FRPSRVLWH� XS� WR����Ü�����&�� WKH� GLVSHUVHG� ILOP� VWUXFWXUH
LV�UHWDLQHG�EXW�VLOLFRQ�TXDQWLW\�LQFUHDVHV�E\
D� IDFWRU� RI� �� LQ� FRPSDULVRQ� WR� WKH� LQLWLDO
VXUIDFH�� GXH� WR� LWV� GLIIXVLRQ� IURP� WKH� VXE�
VWUDWH��7KH� FRLQFLGHQFH� RI�$O��7L��2� DQG�$O�
2�FRQFHQWUDWLRQ�PD[LPD�LQ�WKH�(30$�VSHFWUD
RI�R[LGL]HG�VXUIDFH�SRLQWV�WR�WKH�SRVVLEOH�H[�
LVWHQFH� RI� WZR� SKDVHV� LQ� WKH� ILOP�� E�WLDOLWH
DQG� DOXPLQXP� R[\QLWULGH�� +HUHZLWK�� WKH
ILOP� KDV� WKH� VWUXFWXUH� �)LJ����� UHLQIRUFHG
ZLWK�$O�2�� ILEHUV� DW� WKH� OHQJWK�WR�GLDPHWHUUDWLR� RI� ������ ����� DQG�PRUH�� 7KH� DYHUDJH
JUDLQ� OHQJWK� LV� ����Ü����� PP�� $V� LV� ZHOO
NQRZQ�>�@��WKH�VROLG�VROXWLRQ�IRUPDWLRQ�LQ�D
FRDWLQJ�VXEVWUDWH�V\VWHP�LQFUHDVHV�WKH�DGKH�
VLRQ�ERQG�VWUHQJWK��7KHUHIRUH��WKH�VROLG�VR�
OXWLRQ� IRUPDWLRQ� LQ�$O�2�±7L2���$O�2�±6L2�V\VWHPV� DW� KLJK� WHPSHUDWXUH� R[LGDWLRQ� RI
WKH� ILOP�VXEVWUDWH� FRPSRVLWH� SURYLGHV� KLJK
DGKHVLRQ� ERQG� VWUHQJWK� RI� R[LGH� ILOP� DQG
VLOLFRQ�� $W� WHPSHUDWXUHV� H[FHHGLQJ� �����&�
WKH�LQWHUDFWLRQ�RI�WKHVH�VROLG�VROXWLRQV�WDNHV
SODFH� ZLWK� WKH� IRUPDWLRQ� RI� D� GHQVH� R[LGH
ILOP�� ZKLFK� SUHYHQWV� VLOLFRQ� IURP� SHQHWUD�
WLRQ�LQWR�WKH�R[LGH�VFDOH��

7KH� XOWUD�GLVSHUVHG� ILOP� LV� IRUPHG� RQ
VLOLFRQ� VLQJOH� FU\VWDO� DOVR� DW� $O1� WDUJHW
VSXWWHULQJ� LQ� WHFKQLFDO� DUJRQ� DWPRVSKHUH
>�@�� $FFRUGLQJ� WR� (30$� GDWD� DIWHU� $O1±6L
FRPSRVLWH� KLJK� WHPSHUDWXUH� R[LGDWLRQ� XS� WR
�����&��WKH�$O�DQG�2�GLVWULEXWLRQ�FRUUHVSRQGV
WR� DOXPLQD�� VLOLFRQ� LV� QRW� REVHUYHG� LQ� WKH
ILOP��7KHUHIRUH�� WKHUH� LV�QR�VLOLFRQ�GLIIXVLRQ
DFURVV�WKH�ILOP��+HUHZLWK��WKH�PDVV�JDLQ�DQG
KHDW�JHQHUDWLRQ�HIIHFW�DUH�QRW�REVHUYHG��7KLV
WHVWLILHV� WR� GHQVH� DOXPLQD� ILOP� IRUPDWLRQ
EHLQJ�D�EDUULHU�WR�R[\JHQ�GLIIXVLRQ�

7KH� OHYHO�WR�OHYHO�$XJHU�VSHFWUXP�DQDO\�
VLV� RI� �$O1±7L&U%��±$O�2�� FRPSRVLWH� >����@VXUIDFH� DW� YDULRXV� LRQ� HWFKLQJ� GXUDWLRQ� W
WHVWLILHV� WKH� IRUPDWLRQ� RI� R[LGH� SKDVHV� LQ
WKH� ILOPV�� HYHQ� LQ� SXULILHG� DUJRQ� DWPRV�
SKHUH� �)LJ������$OXPLQXP� H[LVWV� LQ� FRQGHQ�
VDWH�LQ�D�FRPELQHG�VWDWH�Û�PDLQO\��DV�R[LQL�
WULGH�DQG�SRVVLEO\�DV�DOXPLQD��+HUHZLWK��WLWD�
QLXP�ERULGH�DQG�DOXPLQXP�R[LQLWULGH��R[LGH�
FRH[LVW�DORQJ�WKH�ZKROH�ILOP�WKLFNQHVV��+RZ�
HYHU�� WKH� R[\JHQ� FRQFHQWUDWLRQ� LQ� D� WKLQ
XSSHU� OD\HU� WKDW� FRUUHVSRQGV� WR� W������V� GH�
FUHDVHV�VKDUSO\��7KLV�LV�GXH�WR�WKH�IDFW�WKDW
DW�WDUJHW�VSXWWHULQJ��R[\JHQ�LV�DFWLYHO\�FRQ�
VXPHG�IRU�WKH�IRUPDWLRQ�RI�DOXPLQXP�R[LQL�
WULGH� �R[LGH�� EHLQJ� GHSRVLWHG� RQ� WKH� VXE�
VWUDWH�� 7KLV� FDXVHV� ERWK� WKH� GHFUHDVLQJ� RI
R[\JHQ�SDUWLDO�SUHVVXUH�ZLWK�WKH�WLPH�LQ�WKH
ZRUNLQJ� YROXPH� DQG� R[\JHQ� FRQFHQWUDWLRQ
GHFUHDVH� LQ� WKH� XSSHU� OD\HU�� 7KHUHIRUH�� DF�
FRUGLQJ� WR� $XJHU� VSHFWUXP� DQDO\VLV�� WKH
ILOP�VXUIDFH��W������VHF��FRQWDLQV�PDLQO\�WL�
WDQLXP�GLERULGH�

�7KH��$O1±7L&U%��±$O�2��������ILOP�LQ�WKHLQLWLDO� VWDWH� LV� DPRUSKRXV�� $W� DQQHDOLQJ

)LJ�����7*�DQG�'7$�R[LGDWLRQ�FXUYHV�RI�$O1±
7L&U%��WDUJHW�PDWHULDO����Ü�'7$����Ü�7*�

)LJ����� �$O1±7L&U%��±6L� ILOP� PLFURVWUXFWXUHDIWHU�KLJK�WHPSHUDWXUH�R[LGDWLRQ�DW������&�

)LJ����� $XJHU� VSHFWUD� RI� �$O1±7L&U%��±$O�2�������ILOP����Ü�2����Ü�%����Ü�$O����Ü�7L����Ü
1����Ü�&U����Ü�6L�
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WHPSHUDWXUH� ����&�� VHSDUDWH� FU\VWDOOL]DWLRQ
QXFOHL� RI� WKH� R[LGH� SKDVH� RI� �Ü�� PP� VL]H
DSSHDU��)LJ������7KHLU�TXDQWLW\�DQG�VL]H�DUH
JURZLQJ�ZLWK�WKH�LQFUHDVLQJ�DQQHDOLQJ�WHP�
SHUDWXUH���$W������&��D� WKLQ�R[LGH� OD\HU�RI
FU\VWDOOLQH� VWUXFWXUH� LV� IRUPHG� �WKH� JUDLQ
VL]H� LV� QR� PRUH� WKDQ� �Ü�� PP��� 7KH� (30$
VSHFWUD� IURP� WKH� DQQHDOHG� FRQGHQVDWH� VXU�
IDFH� LQGLFDWH� WKH� SUHVHQFH� RI� DOXPLQD� DQG
WLWDQLXP�R[LGHV��+HUHZLWK��WKH�DOXPLQD�GLV�
SHUVLW\� LV� KLJKHU�� 7KH� FRLQFLGHQFH� RI�$O��7L
DQG�2� FRQFHQWUDWLRQ�PD[LPD� LQ� WKH� (30$
VSHFWUD� RQ� WKH� VXUIDFH� RI� FRPSRVLWH� DQ�
QHDOHG�DW������&�LQGLFDWHV�WKDW�E�WLDOLWH�DS�
SHDUV� LQ� WKH� ILOP� DW� ORZHU� WHPSHUDWXUH� LQ
FRPSDULVRQ�ZLWK� LWV� WHPSHUDWXUH� IRUPDWLRQ
LQ�VWDWLRQDU\�FRQGLWLRQV��7|�����&��

7KH�1P�3��GHSHQGHQFHV�IRU� �$O1±7L&U%��±$O�2�� ������ DQG� �$O1±7L&U%��±*D$V� �����SULRU� WR� DQG� DIWHU� DQQHDOLQJ� DW� GLIIHUHQW
WHPSHUDWXUHV�DUH�VKRZQ�LQ�)LJ�����7KH�FRDW�
LQJ� PLFURKDUGQHVV� GHFUHDVHV� ZLWK� WKH� LQ�
FUHDVLQJ�LQGHQWHU�ORDG�3�EHFDXVH�RI�LWV�VPDOO
WKLFNQHVV� ����� PP��� DQG� DLPV� WR� WKH� VXE�
VWUDWH�PLFURKDUGQHVV��$W�3� �����1�DQG�K� 
����PP�� WKH� ILOP� PLFURKDUGQHVV� LV� UDWKHU
KLJK�DQG�LV����*3D�RQ�ERWK�VXEVWUDWHV��7KLV
YDOXH� FDQ� EH� DVVXPHG� WR� FKDUDFWHUL]H� WKH
KDUGQHVV� RI� WKH� ILOP� PDWHULDO�� 7KH� $O�2�DQG�*D$V� VXEVWUDWH� PLFURKDUGQHVV� FKDQJHV
VOLJKWO\� DW� ���� 1� ORDG� DQG� DPRXQWV� RI� ��
DQG� ���� *3D�� UHVSHFWLYHO\�� $W� 7DQQd����&�WKH� 1P�3�� GHSHQGHQFH� GRHV� QRW� FKDQJH�� $W
7DQQ� �����&�� WKH� PLFURKDUGQHVV� GHFUHDVHVVOLJKWO\��SUREDEO\�GXH�WR�LQFUHDVLQJ�QXPEHU
RI� R[LGH� SKDVH� FU\VWDOOL]DWLRQ� QXFOHL� LQ� WKH
FRDWLQJ�� $W� 7DQQ� ������&�� WKH� PLFURKDUG�QHVV�DW����Ü��1�ORDG�GHFUHDVHV�VKDUSO\�DQG

HTXDOV� DW� DERXW� ��� *3D�� 7KLV� WHVWLILHV� WR
SKDVH� DQG� VWUXFWXUDO� FKDQJH� LQ� WKH� ILOP� DW
WKLV� WHPSHUDWXUH� ZKLFK� DUH� GXH� WR� FU\VWDO�
OL]DWLRQ�SURFHVVHV�DQG�WKH�EHJLQQLQJ�RI�DOX�
PLQXP� QLWULGH� R[LGDWLRQ�� $V� D� UHVXOW�� WKH
ILOP�LV�JHWWLQJ�PRUH�URXJK�DQG�EHFRPHV�\HO�
ORZLVK�

7KH�GHSHQGHQFH�RI�UDGLDO�FUDFN�OHQJWK�RQ
LQGHQWHU� ORDG� IRU� WKH� ILOP�*D$V� V\VWHP� LV
VKRZQ�LQ�)LJ�����7KH�FUDFNV�QHDU�WKH�LQGHQ�
WDWLRQV� DSSHDU� DW� UDWKHU� ORZ� ORDGV� ����Ü
����1��� ,Q�&���Ü3� FRRUGLQDWHV�� WKH� GHSHQG�
HQFHV�DUH�OLQHDU��H[FHSW�IRU�7DQQ� ������&��7KLV� SRLQWV� WR� WKH� DSSOLFDELOLW\� RI� IRUPXOD
���� IRU� WRXJKQHVV� FRHIILFLHQW� �.�F�� FDOFXOD�WLRQ��7KH�VXEVWUDWH�PDWHULDO�LV�FKDUDFWHUL]HG
E\� WKH� PD[LPXP� &����3�� FXUYH� VORSH�� DQG�
WKHUHIRUH�� LW� KDV� ORZ� WRXJKQHVV� IDFWRU��7KH
FXUYH� VORSH� GHFUHDVHV� VKDUSO\� IRU� WKH� ILOP�
VXEVWUDWH� V\VWHP� DQG� LV� PLQLPXP� IRU� WKH
FRDWHG� XQDQQHDOHG� VDPSOH�� 7KLV� LQGLFDWHV
WKDW� WKH� ILOP� SURYLGHV� KLJK� UHVLVWDQFH� WR

)LJ�����1P�3��GHSHQGHQFHV�IRU��$O1±7L&U%��±$O�2���������D��DQG��$O1±7L&U%��±*D$V��������E��SULRU�WR
DQG� DIWHU� DQQHDOLQJ�� LQLWLDO� VDPSOH� �������� VDPSOHV�DQQHDOHG� DW� WHPSHUDWXUHV� ��&������K�GXUDWLRQ��
����������������������������*D$V�����������������������������

)LJ����� &����3�� GHSHQGHQFH� IRU� �$O1±7L&U%��±$O�2��������ILOP�SULRU�WR�DQG�DIWHU�DQQHDOLQJ�*D$V������������LQLWLDO�VDPSOH������DQQHDOHG�DW
����&�IRU�����K������DW������&�IRU������K�����
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FUDFN� H[WHQVLRQ�� SHUKDSV� EHFDXVH� RI� LWV
ORZHU�WKHUPDO�H[SDQVLRQ�FRHIILFLHQW�DV�FRP�
SDUHG� WR� WKDW� RI� WKH� VXEVWUDWH�� 7KH� ODWWHU
IDFW�SURPRWHV�FRPSUHVVLRQ�VWUHVV�RFFXUUHQFH
LQ� WKH� VXUIDFH� OD\HU�� 7KH� LQFUHDVLQJ� RI
&����3�� FXUYH� VORSH� ZLWK� ULVLQJ� DQQHDOLQJ
WHPSHUDWXUH� WHVWLILHV� WKH� GHFUHDVLQJ� HIIHF�
WLYH� FUDFN� JURZWK� UHVLVWDQFH� RI� ILOP�VXE�
VWUDWH� FRPSRVLWHV�� 7KH� GHFUHDVH� RI� FDOFX�
ODWHG� .�F� ZLWK� WKH� WHPSHUDWXUH� 7DQQ�� LQ�FUHDVH� �VHH� 7DEOH��� LQ� RXU� RSLQLRQ�� LV
FRQQHFWHG�ZLWK� FKDQJHV� LQ� ERWK�SKDVH� FRP�
SRVLWLRQ� �EHFDXVH� RI� R[LGDWLRQ�� DQG� VWUHVV
VWDWH�RI�WKH�VXEVXUIDFH�ILOP�OD\HU����

7KH�;5'� UHVXOWV� LQGLFDWH� WKDW� DIWHU� DQ�
QHDOLQJ� DW�����&�� WKH�$O�2�� ODWWLFH�SDUDPH�WHU� GRHV� QRW� FKDQJH�� $V� IRU� *D$V�� LW� LQ�
FUHDVHV��SHUKDSV�GXH�WR�FRDWLQJ�FRPSRQHQWV
GLVVROXWLRQ�LQ�JDOOLXP�DUVHQLGH�DQG�WKHUPDO
WHQVLRQ�VWUHVVHV�DSSHDULQJ� LQ�WKH�VXEVWUDWH�
DQG�� FRQVHTXHQWO\�� FRPSUHVVLRQ� RQHV� LQ� WKH
ILOP�� WKDW� UHVXOWV� LQ� WKH� REVHUYHG� FKDQJLQJ
RI�WRXJKQHVV�IDFWRU�

7KXV�� WKH�FRDWLQJV�REWDLQHG�RQ�6L��$O�2�DQG� *D$V� VLQJOH� FU\VWDOV� E\� PDJQHWURQ
VSXWWHULQJ�RI�$O1±7L&U%�� WDUJHW�KDYH�XOWUD�GLVSHUVHG�VWUXFWXUH��7KH�FRDWLQJ�SKDVH�FRP�
SRVLWLRQ� FDQ� GLIIHU� IURP� WKDW� RI� WKH� WDUJHW
EHFDXVH� RI� DOXPLQXP� QLWULGH� R[LGDWLRQ� GXH
WR� LWV� GLVVRFLDWLRQ� XQGHU� LRQ� ERPEDUGPHQW
GXULQJ� GHSRVLWLRQ�� 7KH� PDLQ� FRDWLQJ
SKDVHV� DUH� ELQDU\� WLWDQLXP�FKURPLXP
ERULGH�� DOXPLQXP� QLWULGH� �SRVVLEO\� R[\QL�
WULGH��� DQG� DOXPLQD�� $IWHU� KLJK� WHPSHUD�
WXUH� R[LGDWLRQ� XS� WR� �����&�� WKH� FRDWLQJ
GLVSHUVLW\�DQG�LWV�KLJK�DGKHVLRQ�WR�WKH�VXE�
VWUDWH�DUH�UHWDLQHG��+HUHZLWK��WKH�VWUXFWXUH

FRPSULVLQJ� UHLQIRUFLQJ� HORQJDWHG� $O�2�JUDLQV� DV� WZLVWHG� ILEHUV� LV� IRUPHG�� 7KH
�$O1Ü7L&U%��Ü$O�2�� DQG� �$O1±7L&U%��±*D$V� FRDWLQJV� DUH� WKHUPDOO\� VWDEOH�XS� WR
�����&�� KDYH� UDWKHU� KLJK� PLFURKDUGQHVV
1P� ���� *3D� DQG� WRXJKQHVV� IDFWRU� .�F� ���Ü����01�P����� $W� 7DQQt�����&�� VWUXF�WXUDO� DQG� SKDVH� FKDQJHV� WDNH� SODFH�� 7KRVH
DUH� DFFRPSDQLHG� E\� ZRUVHQLQJ� RI� PHFKDQL�
FDO�SURSHUWLHV��7KH�KLJK�KDUGQHVV�RI�FRQGHQ�
VDWHV�FRPELQHG�ZLWK�D�KLJK�WHPSHUDWXUH�FRU�
URVLRQ�UHVLVWDQFH�PDNH�LW�SRVVLEOH�WR�SURSRVH
WKH�$O1±7L&U%��WDUJHW�PDWHULDO�IRU�WKH�GHSR�VLWLRQ�RI�ZHDU�DQG�FRUURVLRQ�UHVLVWDQW�FRDW�
LQJV�RQ�WKH�WRROV�DQG�DUWLFOHV�ZRUNLQJ�DW�WKH
H[WUHPH�FRQGLWLRQV�

5HIHUHQFHV
� ���<�7DQDND��7�0�*XU��0�.HOO\�HW�DO���-��9DF��6FL�

7HFKQRO��$������������������
� ���+DUWH� 6FKLFKWHQ� =DKOHQ� 6LFK� $XV�7HFKQ�

5HSW�����������������
� ���-�<�5DXFK�� &K�5RXVVHORW�� 1�0DUWLQ� HW� DO��

(XURS��&HUDP��6RF������������������
� ���$�5DYLNLUDQ��:HDU������������������
� ���%�5�/DZQ�� )UDFWXUH� RI� %ULWWOH� 6ROLGV�� �QG

(GLW��� &DPEULGJH� 8QLY��3UHVV�� &DPEULGJH
�������

� ���9�$�/DYUHQNR��$�'�3DQDV\XN��0��'HVPDLVRQ�
%UXW��-�'HVPDLVRQ��.H\�(QJ��0DW������Ü����
������������

� ���$�'�9HUNKRWXURY��,�$�3RGFKHUQLDHYD��3�3�(JRURY�
(OHFWURGH�0DWHULDOV�IRU�(OHFWULF�6SDUN�'HSRVL�
WLRQ��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

� ���3�$�$QGUL\HYVN\�� 9�$�/DYUHQNR�� -�'HVPDLVRQ�
'RNODG\�5$1�����������������

7DEOH��(IIHFW�RI�DQQHDOLQJ�RQ�FRDWLQJV�WRXJKQHVV�IDFWRU�.�F��01�P���

6DPSOH $QQHDOLQJ�FRQGLWLRQV��7���&��W��PLQ�
,QLWLDO �������� �������� �������� �������� ���������

�$O1±7L&U%��±$O�2� ��� Ü ��� ��� Ü ���
�$O1±7L&U%��±*D$V ��� ��� Ü Ü ��� Ü

*D$V �������
� Ü Ü Ü Ü Ü
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