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7KH�HIIHFWV�RI�QLWURJHQ�SUHVVXUH�RQ�VLOLFRQ�FRQWHQW�LQ�7L±6L±1�FRDWLQJV�GHSRVLWHG�E\�WKH

YDFXXP�DUF�PHWKRG�XVLQJ�7L����±6L�����DOOR\�DV�D�FRQVXPDEOH�FDWKRGH�PDWHULDO�ZHUH�LQYHVWL�JDWHG��,W�KDV�EHHQ�IRXQG�WKDW�WKH�VLOLFRQ�FRQWHQW�LQ�WKH�FRDWLQJV�XQGHU�DQ\�FRQGLWLRQV�RI
GHSRVLWLRQ�LV�EHORZ�LWV�FRQFHQWUDWLRQ�LQ�WKH�FDWKRGH��,Q�WKH�SUHVVXUH�UDQJH�IURP�����Ü��WR
��Ü�� 7RUU� WKH� FRQFHQWUDWLRQ� RI� VLOLFRQ� LQ� WKH� FRDWLQJ� LV� WKH� ORZHVW� �a���� ZW�� ���� DQG
KDUGQHVV�RI�WKH�FRQGHQVDWH�LV�WKH�KLJKHVW�����*3D���7KH�H[WUHPDO�FKDUDFWHU�RI�GHSHQGHQFHV�RI
WKH� VLOLFRQ� FRQFHQWUDWLRQ� DQG� KDUGQHVV� RI� WKH� FRDWLQJV� RQ� QLWURJHQ� SUHVVXUH� LV� D� UHVXOW� RI
GLIIHUHQFH�LQ�VWUXFWXUH�SKDVH�FRPSRVLWLRQ�RI�WKH�FRDWLQJV�REWDLQHG�DW�GLIIHUHQW�SUHVVXUHV�
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,��,QWURGXFWLRQ
0XOWLFRPSRQHQW� ILOPV� EDVHG� RQ� QLWULGHV

RI�WZR�DQG�PRUH�PHWDOV�GLIIHU�IURP�XQLFRP�
SRQHQW� ILOPV� E\� WKHLU� KLJKHU� SK\VLFR�PH�
FKDQLFDO� FKDUDFWHULVWLFV� DQG� KLJKHU� WKHUPDO
VWDELOLW\�� 7KH\� ILQG� ZLGH� DSSOLFDWLRQ� DV
ZHDUSURRI� DQWLIULFWLRQ� FRDWLQJV� LQ�PHFKDQL�
FDO�HQJLQHHULQJ��DQG�DV�EDUULHU� OD\HUV�Û�LQ
PLFURHOHFWURQLFV�>����@��6XFK�FRDWLQJV�FDQ�EH
PDGH�E\�YDFXXP�DUF�PHWKRG�XVLQJ�D�WDUJHW

�FDWKRGH��PDGH�RI�D�FRPSRVLWH�PDWHULDO�RI�D
VSHFLILHG� VWUXFWXUH�� ,Q� WKLV� FDVH� WKH� PRVW
XQFHUWDLQ� LV� WKH� TXHVWLRQ�RI� WKH�SHUFHQWDJH
RI� WKH� FDWKRGH� PDWHULDO� FRPSRQHQWV� LQ� WKH
FRDWLQJ�� 7UDQVIHU� RI� WKH�PDWHULDO� IURP� WKH
ZRUNLQJ� VXUIDFH� RI� WKH� FDWKRGH� WR� WKH� VXE�
VWUDWH� LQ� DWPRVSKHUH� RI� UHDFWLRQ� JDVHV� LV
GHWHUPLQHG� E\� D� QXPEHU� RI� SK\VLFDO� SURF�
HVVHV��2Q� WKH� FDWKRGH� VXUIDFH� HURVLRQ�SURRI
FRPSRXQGV� �WLWDQLXP� QLWULGHV� LQ� WKLV� FDVH�
DUH� V\QWKHVL]HG�� LQ� WKH� GULIW� VSDFH� EHWZHHQ
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WKH�FDWKRGH�DQG�VXEVWUDWH�WKH�HURVLRQ�SURG�
XFWV�DUH�VFDWWHUHG�RQ�JDV�PROHFXOHV��DQG�WKH
FRQGHQVDWH� RQ� WKH� VXEVWUDWH� LV� VXEMHFW� WR
VSXWWHULQJ�E\�FRQGHQVHG�SDUWLFOHV��$OO�WKHVH
IDFWRUV�FDQ�OHDG�WR�VXEVWDQWLDO�GLIIHUHQFH�LQ
WKH�FRPSRVLWLRQ�RI�WKH�FDWKRGH�PDWHULDO�DQG
WKH�REWDLQHG�FRDWLQJ�FRPSRVLWLRQ��

,Q�>�@��WDNLQJ�FRPSRVLWH�FDWKRGLF�PDWHUL�
DOV� �7L±6L� DQG� 7L±$O�� DV� DQ� H[DPSOH�� WKH
WUDQVIHU� RI� FRPSRQHQWV�RI� WKHVH�PDWHULDOV� WR
FRDWLQJV�GHSRVLWHG�E\�YDFXXP�DUF�PHWKRG�ZDV
H[SHULPHQWDOO\�VWXGLHG�DW�UHVLGXDO�SUHVVXUH�LQ
WKH� YDFXXP� FKDPEHU� ����Ü�� 7RUU�� ,W� ZDV
VKRZQ� WKDW� WKH� FRDWLQJ� FRPSRVLWLRQ� FRXOG
FRQVLGHUDEO\� GLIIHU� IURP� WKH� FRPSRQHQW
UDWLR�RI�WKH�FDWKRGH��7KH�HIIHFWV�RI�QLWURJHQ
RQ� WKH� WUDQVIHU� SURFHVV� RI� WKH� GHSRVLWHG
FDWKRGLF�PDWHULDO� FRPSRQHQWV� UHPDLQHG�XQ�
FHUWDLQ�� &OHDULQJ� RI� WKLV� TXHVWLRQ� ZDV� DQ
REMHFWLYH� RI� WKH� SUHVHQW� ZRUN�� 7DNLQJ� WLWD�
QLXP�VLOLFRQ� FRPSRVLWHV� DV� DQ� H[DPSOH�� ZH
VWXGLHG�SHFXOLDU� IHDWXUHV�RI� WKH� WUDQVIHU�RI
FDWKRGH�PDWHULDO�FRPSRQHQWV�WR�WKH�FRDWLQJ
LQ�WKH�SUHVHQFH�RI�QLWURJHQ�

���([SHULPHQW
,Q� RXU� H[SHULPHQWV�� ZH� XVHG� D� YDFXXP�

DUF� SODVPD� VRXUFH� ZLWK� PDJQHWLF� VWDELOLVD�
WLRQ� RI� D� FDWKRGH� VSRW� DQG� SODVPD� IOX[� IR�
FXVLQJ� >����@�� 7KH� VRXUFH� FRQWDLQHG� D� WXEX�
ODU� DQRGH� ZLWK� WKH� IRFXVLQJ� FRLO� �)LJ�����
7KH�GLVWDQFH�IURP�WKH�HQG�IDFH�RI�WKH�FDWK�
RGH� WR� WKH� VXEVWUDWH� KROGHU� ZDV� ���� PP�
7KH� FRDWLQJV� ZHUH� GHSRVLWHG� RQ� � VWDLQOHVV
VWHHO� VDPSOHV� �VXEVWUDWHV�� RI� ��u��u��PP�
VL]H��ZKLFK�ZHUH�IL[HG�RQ�D�VXEVWUDWH�KROGHU
�D� FRSSHU� GLVF� RI� ��� PP� LQ� WKLFNQHVV� DQG
���PP� LQ� GLDPHWHU�� SODFHG� RSSRVLWH� WR� WKH
FDWKRGH��7L±6L�FRPSRVLWHV�ZLWK���ZW����DQG
�� ZW�� �� RI� VLOLFRQ� ZHUH� XVHG� DV� FDWKRGH
PDWHULDOV��7KH�DUF�FXUUHQW�IRU�FRDWLQJ�GHSR�
VLWLRQ�ZDV���Ü����$��$�QHJDWLYH�ELDV�SRWHQ�
WLDO��Ü���RU�Ü����9��ZDV�DSSOLHG�WR�WKH�VXE�
VWUDWH� KROGHU�� 7KH� HIIHFWV� RI� WKH� IRFXVLQJ
PDJQHWLF� ILHOG�+I� RQ� WKH� VLOLFRQ� FRQWHQW� LQWKH�FRQGHQVDWHV�GHSRVLWHG�RQ�WKH�VXEVWUDWHV
ZHUH� VWXGLHG�� ZLWK� WKH� FXUUHQW� LQ� IRFXVLQJ
FRLO� -I� ��� RU� ���� $�� 3UHVVXUH� RI� UHVLGXDOJDVHV�S��LQ�WKH�YDFXXP�FKDPEHU�EHIRUH�HDFKSURFHGXUH�RI� WKH�FRDWLQJ�GHSRVLWLRQ�GLG�QRW
H[FHHG�����Ü�� WRUU��&RQFHQWUDWLRQ�RI�VLOLFRQ
LQ� WKH� FRDWLQJV� &6L� ZDV� GHWHUPLQHG� E\� WKH;�UD\� IOXRUHVFHQFH� PHWKRG�� �7KH� YDOXH� RI
&6L� DQG� &7L� ZDV� GHILQHG� FRQVLGHULQJ� &6L��&7L� ��������ZKHUH�&7L� LV� WLWDQLXP� FRQFHQ�WUDWLRQ�LQ�WKH�FRDWLQJ��L�H��WKH�QLWURJHQ�FRQ�
FHQWUDWLRQ�ZDV�QRW�WDNHQ�LQWR�DFFRXQW���7KH
GHSRVLWLRQ�UDWH�ZDV�PHDVXUHG�E\� WZR�PHWK�
RGV�� �L�� DQ�RSWLFDO�PHWKRG� �9V��PP�K��XVLQJ

DQ� LQWHUIHUHQFH�PLFURVFRSH�0,,��� DQG� �LL�� D
JUDYLPHWULF�PHWKRG� �9S�� PJ�PP��K���0LFUR�
KDUGQHVV� RI� WKH� FRDWLQJV� ZDV� PHDVXUHG
XVLQJ�D�307���DSSDUDWXV�ZLWK�9LFNHUV�S\UD�
PLG� DW� ORDGLQJ�RI���� DQG�����*�DQG� WKLFN�
QHVV�RI�WKH�FRQGHQVDWH�a���PP�

���5HVXOWV
,Q�)LJ����WKH�GDWD�RQ�WKH�FRDWLQJ�GHSRVL�

WLRQ� UDWH� DV� IXQFWLRQ� RI� QLWURJHQ� SUHVVXUH
9�S�� DUH� JLYHQ�� 7KH� FXUYHV� ZHUH� REWDLQHG� DW
WKH� VXEVWUDWH� ELDV� YROWDJH� Ü��� DQG� Ü���� 9�
7KH�FXUYH�IRU�WKH�7L�FDWKRGH��IRU�8ELDV� �Ü���OD\�D�OLWWOH�DERYH�WKH�VLPLODU�FXUYH�REWDLQHG
ZLWK� WKH� FDWKRGH� RI� WLWDQLXP�ZLWK� DGGLWLRQ
RI� VLOLFRQ�� )URP� )LJ���� LW� IROORZV� DOVR� WKDW
DW�ORZ�SUHVVXUHV�RI�QLWURJHQ�WKH�FRQGHQVDWH
GHSRVLWLRQ� UDWH� UHPDLQV� SUDFWLFDOO\� DW� WKH
VDPH� OHYHO� DQG� SURPSWO\� GHFUHDVHV� ZLWK
SUHVVXUH� JURZWK� DERYH� a����Ü�� WRUU�� �7KH
GHSRVLWLRQ� UDWH� GHFUHDVH� RQ� WKH� GLVN�VXE�
VWUDWH� KROGHU� HGJHV� LQ� FRPSDULVRQ� ZLWK� LWV
FHQWUH� GLG� QRW� H[FHHG� �Ü��� �� LQ� DOO� WKH
H[SORUHG� UDQJH� RI� QLWURJHQ� SUHVVXUHV��� ,Q
WKH� SUHVVXUH� UDQJH� XS� WR� ��Ü�� 7RUU� DSSUH�
FLDEOH� GHFUHDVH� LQ� GHSRVLWLRQ� UDWH� ZDV� RE�
VHUYHG� XQGHU� KLJKHU� VXEVWUDWH� ELDV� YROWDJH
�8V�  � Ü���� 9��� ZKLFK� FDQ� EH� DWWULEXWHG� WRVHOI�VSXWWHULQJ� RI� WKH� FRQGHQVDWH� LQ� WKH
FRXUVH� RI� LWV� GHSRVLWLRQ�� $W� SUHVVXUHV� DERYH
��Ü�� 7RUU�� WKLV� SURFHVV� EHFRPHV� QHJOLJLEOH
RZLQJ�WR�GLVSHUVLRQ�RI�WKH�HQHUJ\�RI�LPSLQJ�
LQJ�SDUWLFOHV�RQ�D�PRUH�GHQVH�JDV�WDUJHW�

,Q� WKH� VDPH� UDQJH� RI� SUHVVXUHV�� GHSHQG�
HQFHV� RI� FRQFHQWUDWLRQ� RI� VLOLFRQ� &6L�S�� LQWKH� FRDWLQJV� GHSRVLWHG� DW� GLIIHUHQW� SRWHQ�

)LJ����� 'HSRVLWLRQ� UDWH� RI� FRQGHQVDWH� DV� D
IXQFWLRQ� RI�QLWURJHQ�SUHVVXUH�� VFKHPH�RI� DU�
UDQJHPHQW�RI�VDPSOHV�VXEVWUDWHV��8V� �Ü���9��������8V� �Ü����9������7KH�FDWKRGH�PDGH�RI7L������7L�����ZW����6L��������
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WLDOV� RQ� D� VXEVWUDWH� ZHUH� REWDLQHG� XVLQJ� D
7L±6L� FDWKRGH� �)LJ������ :LWK� LQFUHDVH� RI
SUHVVXUH�RI�WKH�ZRUNLQJ�JDV��QLWURJHQ��XS�WR
S#��Ü�� 7RUU� WKHUH� LV� D� VPRRWK� GHFUHDVH� LQ
FRQFHQWUDWLRQ� RI� WKH� VLOLFRQ�� 2Q� RQH� KDQG�
DFFRUGLQJ� >�@�� LW� PD\� EH� FDXVHG� E\� KLJKHU
PHGLXP� NLQHWLF� HQHUJ\� RI� WKH� WLWDQLXP
HPLWWHG� IURP� WKH� FDWKRGH� ����� H9�� DV� FRP�
SDUHG� ZLWK� VLOLFRQ� LRQV� ���� H9��� &RQVH�
TXHQWO\�� RZLQJ� WR� FROOLVLRQV� RI� LRQV� ZLWK� D
JDV� WDUJHW�� WKH�SODVPD�VWUHDP�ZDV�GHSOHWHG
E\� OHVV� YLROHQW� SDUWLFOHV��2Q� WKH� RWKHU� KDQG�
WKLV� SURFHVV� LV� SURPRWHG� DOVR� E\� VHOHFWLYH
VSXWWHULQJ�RI�VLOLFRQ�E\�WKH�LQFLGHQW�VWUHDP�RI
SDUWLFOHV� >�@�� $W� IXUWKHU� ULVH� RI� SUHVVXUH�
WKHUH� LV� D� UDWKHU� DEUXSW� LQFUHDVH� LQ� WKH� 6L
FRQWHQW�LQ�WKH�FRDWLQJ��7KH�FXUYH����REWDLQHG
DW� KLJKHU� ELDV� SRWHQWLDO� RQ� WKH� VXEVWUDWH�� LO�
OXVWUDWHV� WKH� LQIOXHQFH� RI� WKH�HQHUJ\�RI� FRQ�
GHQVHG�SDUWLFOHV�RQ�&6L��FRQFHQWUDWLRQ�RI�VLOL�FRQ� LQ� WKH� FRQGHQVDWH� DW� 8V� �Ü����9� GH�FUHDVHV�E\�VHYHUDO�WHQV�SHUFHQW��

)RU� WKH� SXUSRVH� RI� GHWHFWLRQ� RI� SRVVLEOH
FRUUHODWLRQV� EHWZHHQ� EHKDYLRXU� RI� &6L� �S�DQG�PLFURKDUGQHVV�+P�S�� FXUYHV�� WKH� FRUUH�VSRQGLQJ�GLDJUDPV�ZHUH�SODFHG�LQ�RQH�GUDZ�
LQJ��)LJ������,W�FDQ�EH�VHHQ�WKDW�LQ�WKH�UDQJH
RI� SUHVVXUHV� ��Ü�y��Ü�� 7RUU�� WKH� GHSHQG�
HQFHV� RI� WKH� FRQWHQW� RI� VLOLFRQ� LQ� WKH� FRQ�
GHQVDWH�DQG�WKH�PLFURKDUGQHVV�RI�WKHVH�FRQ�
GHQVDWHV� DUH� �LQ� DQWLSKDVH���+P� LV� JURZLQJZLWK� UHGXFWLRQ� RI�&6L� DQG�� RQ� WKH� FRQWUDU\Û�JURZWK� RI� WKH� VLOLFRQ� FRQWHQW� OHDGV� WR� D
GHFUHDVH� LQ� PLFURKDUGQHVV�� 7KLV� GHGXFWLRQ
LV�YDOLG�ERWK�IRU�WKH�FDWKRGH�ZLWK�WKH�DGGL�
WLYH� RI� ���� 6L�� DQG� IRU� WKH� FDWKRGH� ZLWK
DERXW� �� �� RI� VLOLFRQ�� $W� PRUH� KLJK� SUHV�
VXUHV� RI� QLWURJHQ� �DSSUR[LPDWHO\� IURP

DERYH���Ü��7RUU��WKH�EHKDYLRXU�RI�+P�EHJLQVWR� FRUUHODWH�ZLWK� WKH� VLOLFRQ� FRQWHQW� LQ� WKH
FRDWLQJ�� DQG� WKLV� FRUUHODWLRQ� EHFRPHV
VWURQJHU� ZLWK� KLJKHU� FRQWHQW� RI� VLOLFRQ� LQ
WKH�FDWKRGH�

7R� HVWLPDWH� D� UROH� RI� VPDOO� DGGLWLYHV� RI
6L�RQ�+P�S��� WZR�VHULHV�RI�VDPSOHV�ZLWK�WKHFRDWLQJV�GHSRVLWHG�LQ�LGHQWLFDO�WHFKQRORJLFDO
FRQGLWLRQV�KDYH�EHHQ�SUHSDUHG��RQH�ZLWK�WL�
WDQLXP� FDWKRGH�� DQG� WKH� RWKHU�Û�ZLWK� WKH
FDWKRGH�PDGH�RI�WLWDQLXP�ZLWK�VLOLFRQ�DGGL�
WLYH� ���ZW������7KH�REWDLQHG�+P�S��GHSHQG�HQFHV� IRU� WZR� YDOXHV� RI� QHJDWLYH� SRWHQWLDO
RQ�WKH�VXEVWUDWH�DUH�VKRZQ�LQ�)LJ�����,W�FDQ
EH�VHHQ�WKDW�WKH�YDOXHV�RI�PLFURKDUGQHVV�RI
WKH�FRDWLQJV�REWDLQHG�ZLWK�FDWKRGHV�RI�ERWK
PDWHULDOV� DOVR� LQFUHDVH� ZLWK� SUHVVXUH� LQ�
FUHDVH� XS� WR� ��Ü�� 7RUU�� VOLJKWO\� GLIIHULQJ
IURP� HDFK� RWKHU�� ,Q� WKH� UDQJH� RI� SUHVVXUHV
��Ü�y��Ü�� 7RUU�� WKH� GHSHQGHQFH� +P�S�� IRUWKH� FDVH� RI� 7L�FDWKRGH� LV� FKDUDFWHUL]HG� E\
WKH�SUHVHQFH�RI�D�ZLGH�SODWHDX��DQG�IRU�WKH
FDWKRGH�ZLWK� DGGLWLRQDO�6L�� D� QDUURZ�PD[L�
PXP�QHDU�����Ü��7RUU�LV�REVHUYHG��

7KH� URXJKQHVV� 5D�� RI� WKH� REWDLQHG� 7L1DQG�7L±6L±1� FRDWLQJV�ZDV�VWXGLHG� LQ�D�ZLGH
UDQJH� RI� SUHVVXUHV� RI� WKH� ZRUNLQJ� JDV
���Ü�Ü��Ü��7RUU���DQG�WKH�UHVXOWV�DUH�VKRZQ
LQ�)LJ�����,W�FDQ�EH�VHHQ�WKDW�WKH�DULWKPHWL�
FDO�PHDQ�YDOXH�RI�URXJKQHVV�IRU�ERWK�W\SHV
RI� FRQGHQVDWHV� LV� LQ� WKH� UDQJH� ���Ü���� PP
DW� DOO� SUHVVXUHV� RI� JDV�� H[FHSW� D� UHODWLYHO\
QDUURZ� JDS� FORVH� WR� S� ���Ü��7RUU� �DW�ZKLFK
DQ�HVVHQWLDO�H[FHVV�RI�WKH�PHDVXUHG�SDUDPHWHU
LV� QRWHG� IRU� FRDWLQJV� EDVHG� RQ� WKH� 7L±6L±1��
,Q� WKLV� UDQJH� RI� SUHVVXUHV� IODNLQJ� RI� IUDJ�
PHQWV� RI� FRDWLQJV� WR� GHSWKV� XS� WR� VHYHUDO
PLFURQV�LV�REVHUYHG��)LJ������7KH�XSSHU�DQG

)LJ�����5HODWLYH�FRQWHQW�RI�VLOLFRQ�LQ�FRQGHQ�
VDWH�GHSHQGLQJ�RQ�QLWURJHQ�SUHVVXUH��&DWKRGH
PDGH�RI�7L�����ZW����6L��

)LJ�����5HODWLYH�FRQWHQW�RI�VLOLFRQ�LQ�7L±6L�FRQ�
GHQVDWH��������DQG�PLFURKDUGQHVV�RI�FRDWLQJV����
��� GHSHQGLQJ� RQ� QLWURJHQ� SUHVVXUH�� &6L� LQ� WKHFDWKRGH�LV���ZW�����������DQG���ZW������������
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ORZHU�URZV�RI�SKRWRV�FRUUHVSRQG�WR�VDPSOHV
ZLWK� FRDWLQJV� REWDLQHG� DW� GLIIHUHQW� SUHV�
VXUHV�RI�QLWURJHQ�

$V� IROORZV� IURP� )LJ����� WKH� FRDWLQJV
GHSRVLWHG�DW�SUHVVXUHV�LQ�WKH�UDQJH�RI�S� 
��y�����Ü�� 7RUU� VKRZ�SHDN�YDOXHV� RI�PLFUR�
KDUGQHVV�� ZKLFK� XQGHU� LQIOXHQFH� RI� LQWHULRU
VWUHVVHV�OHDGV�WR�ODUJH�VFDOH��IUDFWLRQV�RI�PP�
VXUIDFH�HURVLRQ�REVHUYHG�LQ�H[SHULPHQWV��)LJ�
�D��E���,W�VKRXOG�EH�QRWHG�WKDW�VXFK�SDWWHUQ�RI
HURVLYH� GHVWUXFWLRQ� LV� REVHUYHG� RQ� FRDWLQJV
���PP� LQ� WKLFNQHVV� DQG� LW� LV�DEVHQW�RQ� WKLQ�
QHU�FRQGHQVDWHV��%HVLGHV��WKH�YDOXH�RI�URXJK�
QHVV�5D�IRU�FRDWLQJV�RI���PP�WKLFNQHVV�LV�WZR
WLPHV� ORZHU� WKDQ� IRU� ��� PP� FRDWLQJV�� 7KH
FRDWLQJV�REWDLQHG�DW�KLJKHU�SUHVVXUHV� �LQ�WKH
UDQJH���y�����Ü��7RUU��DUH�DOVR�FKDUDFWHULVHG
E\�KLJK�PLFURKDUGQHVV��%XW��EHFDXVH� LQ�WKH
FRDWLQJV� FRPSRVLWLRQ� WKH� SKDVH� 6L�1�� EH�
JLQV� WR�SUHYDLO�� WKH\�KDYH�URXJKQHVV� �FKDU�
DFWHULVWLF� IRU� WKH� VXUIDFHV� GHSRVLWHG� IURP
XQILOWHUHG� VWUHDP� �)LJ���F�G��� EXW� ZLWKRXW
WUDFNV�RI�IODNLQJ��

,W� ZDV� RI� LQWHUHVW� WR� FRQVLGHU� WHPSRUDO
VWDELOLW\�RI�SURSHUWLHV�RI� WKH�REWDLQHG�FRDW�
LQJV�� )RU� WKLV� SXUSRVH�� ZLWK� WKDW� HQG� LQ
YLHZ��+P�YDOXHV� IRU� VDPSOHV�ZLWK� � FRDWLQJVGHSRVLWHG� DW�GLIIHUHQW�SUHVVXUHV� DQG�GLIIHU�
HQW� SHUFHQWDJH� RI� VLOLFRQ� LQ� WKH� FDWKRGH
ZHUH� UHSHDWHGO\�PHDVXUHG� DIWHU����PRQWKV�
7KH�UHVXOWV�REWDLQHG�DUH�SUHVHQWHG�LQ�)LJ����
,W� FDQ� EH� VHHQ� WKDW� GLIIHUHQW� VHJPHQWV� RI
+P�S�� FXUYHV� DUH� FKDUDFWHULVHG� E\� GLIIHUHQWWHPSRUDO� VWDELOLW\� LQ� KDUGQHVV�� ZLWK� ZKLFK
RWKHU�PHFKDQLFDO�SURSHUWLHV�RI�FRDWLQJV�DOVR
FRUUHODWH�WR�D�FHUWDLQ�GHJUHH��7KH� LQFUHDVHG
VLOLFRQ� FRQWHQW� LQ� WKH� FDWKRGH� PDWHULDO� LV

DFFRPSDQLHG� E\� WKH� WHQGHQF\� WR� LPSURYH�
PHQW�RI�VWDELOLW\�RI�WKH�FRDWLQJV�

,Q� GLIIHUHQW� H[SHULPHQWV� FDUULHG� RXW
XVLQJ�GLIIHUHQW�;�UD\�LQVWDOODWLRQV��'521��
GLIIUDFWRPHWHUV��� ZH� REWDLQHG� ;�UD\� SDW�
WHUQV� RI� WKH� FRDWLQJV� GHSRVLWHG� DW� YDULRXV
SUHVVXUHV�RI�QLWURJHQ� LQ� VLPLODU�H[SHULPHQ�
WDO� FRQGLWLRQV� �GLVWDQFH� IURP� WKH� FDWKRGH
DQG�QHJDWLYH�ELDV�SRWHQWLDO�RQ�WKH�VXEVWUDWH�
XVLQJ�7L� FDWKRGH� DQG� FDWKRGH�PDGH� RI� WLWD�
QLXP� ZLWK� �� �� VLOLFRQ�� )RU� FRPSDULVRQ�
WKH\�DUH�SUHVHQWHG� LQ�)LJ����� ,Q�ERWK�FDVHV�
LQ� WKH� FRQGLWLRQV� RI� ORZ� SUHVVXUH� RI� QLWUR�
JHQ� �FORVH� WR� ��Ü�� 7RUU�� ;�UD\� VSHFWUD� RI
WKH� LQYHVWLJDWHG� FRDWLQJV� DUH� FKDUDFWHUL]HG
E\� WKH� SUHVHQFH� RI� D� PXOWLSKDVH� PDWHULDO�

)LJ�����5RXJKQHVV�RI�7L1�DQG�7L6L1�FRDWLQJV�GH�
SHQGLQJ�RQ�QLWURJHQ�SUHVVXUH�RI���Ü�FRUUHVSRQGV
WR� 7L6L1� FRDWLQJ� RI� �� PP� LQ� WKLFNQHVV�� DQG
SRLQWV���Ü� WR��FRDWLQJV�RI����PP�LQ� WKLFNQHVV�
7KLFNQHVV�RI�7L1�FRDWLQJV�LV����PP�

)LJ�����6XUIDFH�RI�WKH�7L±6L±1�FRDWLQJV�GHSRVLWHG
DW�QLWURJHQ�SUHVVXUHV�����Ü��7RUU��D��E���DQG�����Ü
��7RUU��F��G���7R�WKH�ULJKW��IUDJPHQWV�RI�WKH�SLFWXUHV
ORFDWHG�WR�WKH�OHIW�DUH�VKRZQ��EXW�DW�PDJQLILFDWLRQ
u�������7KH�FDWKRGH�Û�7L�����ZW����6L��

)LJ�����0LFURKDUGQHVV�RI�FRDWLQJV�DV�IXQFWLRQ
RI�QLWURJHQ�SUHVVXUH��7KH�FDWKRGH�PDGH�RI�7L
��������DQG�7L�����ZW����6L�����
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6R�� LQ� V\VWHP�7L±1� DW� WKLV� SUHVVXUH� RI�JDV�
EHVLGHV�SKDVH�7L1��IRUPDWLRQ�RI�SKDVHV�ZLWK
WKH�VPDOOHU�FRQWHQW�RI�QLWURJHQ�RFFXUV��7L�1Û�ZLWK� WHWUDJRQDO� ODWWLFH�� DQG� DOVR� 7L1����ZLWK� KH[DJRQDO� ODWWLFH�� ,Q� V\VWHP� 7L±6L±1
WKH�;�UD\�SDWWHUQ�DW�ORZ�SUHVVXUH�DOVR�WHVWL�
ILHV� WR� KHWHURSKDVH� FKDUDFWHU� RI� WKH� GHSRV�
LWHG�PDWHULDO��$QG� RQ� WKH� GLIIUDFWRJUDP�RI
VDPSOHV�� DORQJVLGH� ZLWK� WKH� GLIIUDFWLRQ
SHDNV� RI� WKH� EDVLF� SKDVH�� 7L1�� WKHUH� LV� D
ZLGH� FXUYH� ZLWK� SRVLWLRQ� RI� WKH� QLWULGH
SKDVH�PD[LPXP�FKDUDFWHULVWLF� IRU� WLWDQLXP
QLWULGH�ZLWK�WHWUDJRQDO�ODWWLFH�DQG�WKH�QLWUR�
JHQ�FRQWHQW�ORZHU�WKDQ�VWRLFKLRPHWULF��:LWK
JURZWK� RI� QLWURJHQ� SUHVVXUH�� WKH� FRDWLQJV
GHSRVLWHG�IURP�FDWKRGHV�RI�GLIIHUHQW�FRPSR�
VLWLRQ�Û�ERWK�7L��DQG�7L�������6L�Û�EHFRPH
VLQJOH�SKDVH�DQG�UHSUHVHQW�7L1�ZLWK�D�FXELF
ODWWLFH� RI�1D&O� W\SH�� &KDUDFWHULVWLF� IHDWXUH
IRU� WKHVH�FRDWLQJV� LV� WKH� RFFXUUHQFH�RI� WH[�
WXUH� >���@��1R� RWKHU� SKDVHV�� LQFOXGLQJ� VLOL�
FRQ�QLWULGH��ZHUH�UHYHDOHG��

,W�LV�UDWKHU�SUREDEOH�WKDW�DW�ORZ�FRQFHQ�
WUDWLRQ� RI� VLOLFRQ� WKH� �7L�� 6L�� 1� SKDVH� LV
IRUPHG��ZKLFK�UHSUHVHQWV�VROLG�VROXWLRQ�RI
6L� LQ� 7L1� ODWWLFH�� 7KH� ODWWLFH� FRQVWDQW� RI
WKH� WLWDQLXP� QLWULGH� LV� ������� QP�� ZKLFK
H[FHHGV� D� OLWWOH� WKH� WDEXODU� YDOXH� FKDUDF�
WHULVWLF� IRU� PDVVLYH� 7L1� RI� VWRLFKLRPHWULF
FRPSRVLWLRQ� �������� QP��� 6XFK� GLYHUVLRQ
FDQ�EH�FDXVHG�E\�WKH�LQIOXHQFH�RI�KLJK�FRP�
SUHVVLRQ� UHVLGXDO� VWUHVVHV� LQ� WKH� ILOPV�
ZKLFK� LV� FKDUDFWHULVWLF� IRU� LRQ�SODVPD� FRQ�
GHQVDWHV��$W�QLWURJHQ�SUHVVXUH�RI�����Ü��7RUU
D�VWURQJ�WH[WXUH�RI�D[LDO�W\SH�ZLWK�WKH�D[LV
SHUSHQGLFXODU� WR� WKH� VXEVWUDWH� SODQH� LV� UH�
YHDOHG�� L�H��� FU\VWDOORJUDSKLF� SODQHV� �����
DUH� ORFDWHG� SUHIHUHQWLDOO\� SDUDOOHO� WR� WKH
VXEVWUDWH� SODQH�� 7KH� VL]H� RI� FRKHUHQW� VFDW�
WHULQJ� UHJLRQ� �&65�� LQ� ILOPV� LV� DERXW
��� QP�� 2Q� � ;�UD\� SDWWHUQV� RI� VDPSOHV� GH�
SRVLWHG�DW�KLJKHU�SUHVVXUH������Ü��7RUU���WKH
OLQHV� RI� 7L1� SKDVH� DUH� DOVR� ZHOO� YLVLEOH�
WKRXJK�ZLWK�GLIIHUHQW� LQWHQVLW\�UDWLR�RI� UH�
IOH[HV� LQGLFDWLQJ� D� WH[WXUH� FKDQJH�� ,Q� WKH
FRQGHQVDWH�� WKH� WH[WXUH� RI� D[LDO� W\SH� ZLWK
>���@� D[LV� SHUSHQGLFXODU� WR� WKH� VXEVWUDWH
SODQH�LV�IRUPHG��L�H��FU\VWDOORJUDSKLF�SODQHV
������ DUH� SUHIHUHQWLDOO\� ORFDWHG� LQ� SDUDOOHO
ZLWK�WKH�VXEVWUDWH�SODQH��7KH�UHIOH[�������LV
HQKDQFHG� RQ� WKH�;�UD\� SDWWHUQ� LQ� FRPSDUL�
VRQ� ZLWK� QRW� WH[WXUHG� VDPSOHV�� 7KH� ODWWLFH
FRQVWDQW�LV��������QP��ZKLFK�LV� ORZHU�WKDQ
DW� QLWURJHQ� SUHVVXUH� RI� ����Ü�� 7RUU�� ,W� FDQ
EH� FRQGLWLRQHG� E\� D� QXPEHU� RI� FDXVHV�� LQ�
FUHDVH� LQ� FRQFHQWUDWLRQ� RI� VLOLFRQ�� GHFUHDVH
LQ� UHVLGXDO� VWUHVVHV�� GHYLDWLRQV� IURP
VWRLFKLRPHWULF�QLWURJHQ�FRQWHQW��7KH�&65�LQ
WKH�ILOP�LV���Ü���QP��

���'LVFXVVLRQ�
)RU� DQDO\]LQJ� &6L�S�� GHSHQGHQFHV� SUH�VHQWHG� LQ�)LJ�����ZH�ZLOO�HVWLPDWH�WKH�QXP�

EHU�RI�PHWDO�DWRPV�FRPLQJ�WR�WKH�VXEVWUDWH
Q0H��DFFRXQWLQJ�IRU�WKH�GHSRVLWLRQ�UDWH�DQGQLWURJHQ� PROHFXODU� IORZ� Q1�� DW� GLIIHUHQWSUHVVXUHV� RI� WKLV� JDV�� 6XFK� HVWLPDWH� VKRZV
WKDW�DW���Ü��7RUU�Q1��Q0H#�����DW���Ü��7RUUQ1��Q0H�#�����DW���Ü��7RUU�Q1��Q0H#����DQGDW� ��Ü�� 7RUU� Q1��Q0H� #����� ,W� VKRXOG� EHQRWHG� WKDW� DW� VPDOO� SUHVVXUHV� LW� LV� PDLQO\
WKH� PROHFXODU� QLWURJHQ� WKDW� FRPHV� WR� WKH
VXEVWUDWH��ZKLOH�DW�LQFUHDVLQJ�QLWURJHQ�SUHV�
VXUH� FRQVLGHUDEOH� DPRXQW� ZLOO� FRPH� WR� WKH
VXEVWUDWH� LQ� WKH� DWRPLF� VWDWH� RZLQJ� WR
KLJKHU� IUHTXHQF\� RI� FROOLVLRQV� RI� JDV�PROH�
FXOHV�ZLWK�LRQV�LQ�WKH�JDS�EHWZHHQ�WKH�FDWK�
RGH� DQG� WKH� VXEVWUDWH�� ,W� VLPSOLILHV� SURFHVV
RI� IRUPDWLRQ� RI� WKH� QLWULGH�� VLQFH� LQ� WKH
FDVH�RI�PROHFXODU�QLWURJHQ�WKH�PROHFXOH�DG�

)LJ����� 0LFURKDUGQHVV� RI� FRDWLQJV� GHSHQGLQJ
RQ� QLWURJHQ� SUHVVXUH�� 7KH� FDWKRGH� RI� 7L��
��ZW�����6L� �D��� WKH�FDWKRGH�RI�7L�����ZW���
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VRUEHG�RQ� WKH� VXUIDFH� VKRXOG�DW� ILUVW�GLVVR�
FLDWH� LQWR� DWRPV�� DQG� RQO\� DIWHU� WKDW� WKH
QLWULGH�IRUPDWLRQ�FDQ�EH�UHDOL]HG�E\�IRUPD�
WLRQ�RI�WZR�FRYDOHQW�ERQGV�PHWDO�QLWURJHQ�

6XFK�SURFHVV�WKHUPRG\QDPLFDOO\�LV�SRVVL�
EOH�� VLQFH� WKH� FKDQJH� LQ� *LEEV� HQHUJ\� LV
QHJDWLYH�DV�D�UHVXOW�RI�WKLV�UHDFWLRQ��5HDOO\�
WKH� HQHUJ\� RI� GLVVRFLDWLRQ� RI� WLWDQLXP� QL�
WULGH� LV� HTXDO� WR� ������� N-�PROH�� $SSDU�
HQWO\�� WKHVH� YDOXHV� H[FHHG� RQH�KDOI� RI� WKH
QLWURJHQ� PROHFXOH� GLVVRFLDWLRQ� HQHUJ\�
ZKLFK� LV� HTXDO� WR� ������� N-�PROH� >�@��7KLV
WHVWLILHV� WKDW� WKH� DFWLYDWLRQ� HQHUJ\� RI� IRU�
PDWLRQ�RI�QLWULGH�RQ�WKH�FRQGHQVDWH�VXUIDFH
DV� D� UHVXOW� RI� D� GLVVRFLDWLYH� FKHPRVRUSWLRQ
RI� WKH� DGVRUEHG�PROHFXODU� QLWURJHQ� ZLOO� EH
HTXDO�WR�WKH�HQHUJ\�RI�QLWURJHQ�GLVVRFLDWLRQ�
$W� WKH� VDPH� WLPH�� IRU� IRUPDWLRQ� RI�QLWULGH
IURP� DWRPLF� QLWURJHQ� VXFK� DFWLYDWLRQ� EDU�
ULHU�LV�QRW�SUHVHQW��

,Q� WKH� FDVH� RI� V\VWHP�7L±6L±1�� DORQJVLGH
ZLWK� IRUPDWLRQ� RI� WLWDQLXP� QLWULGH�� IRUPD�
WLRQ� RI� VLOLFRQ� QLWULGH� LV� SUREDEOH�� 6XFK
SURFHVV� LV� DOVR� HQHUJHWLFDOO\� IDYRUDEOH� EH�
FDXVH� WKH� HQHUJ\� RI� VXFK� UHDFWLRQ� LV� QHJD�
WLYH�� +RZHYHU�� GHSHQGLQJ� RQ� FRQFHQWUDWLRQ
RI� WKH� DUULYLQJ�QLWURJHQ�� LW� FDQ� EH� UHDOL]HG
E\� GLIIHUHQW� WUDMHFWRULHV�� 2QH� WUDMHFWRU\� LV
UHDOL]HG� DW� UDWKHU� ORZ� SUHVVXUHV�� ZKHQ
Q1��Q0Hd��� ,Q� WKLV� FDVH�� DV� VKRZQ>������@�WKHUH� FDQ� EH� IRUPDWLRQ� RI� SKDVH� 6L1� ZLWK
FXELF�ODWWLFH�RI�7L1�PDWUL[�W\SH��7KH�JDLQ�RI
IUHH�HQHUJ\� LV�WKXV�UDWKHU�VPDOO�DQG�PDNHV

Ü���� N-�PROH�� $QRWKHU� WUDMHFWRU\� LV� UHDO�
L]HG� DW� VWURQJ� IORZV� RI� QLWURJHQ� RQWR� WKH
VXUIDFH� RI� JURZWK�� ZKHQ�� DFFRUGLQJ� WR� WKH
WKHUPRG\QDPLF� DSSURDFK� EDVHG� RQ� PLQLPL�
]DWLRQ� RI�*LEEV� IUHH� HQHUJ\�� DW� VXIILFLHQWO\
KLJK� DFWLYLW\� RI� QLWURJHQ� WKH� UHDFWLRQ� �6L1
�����1�� �6L�1�� FDQ� EH� UHDOL]HG�� JLYLQJ� WKHJDLQ�Ü����N-�PROH�DWRP�>��@��7KLV�LQGLFDWHV
KLJK� WKHUPRG\QDPLF� JDLQ� LQ� WKH� V\VWHP� LQ
IRUPDWLRQ�RI�WKHUPRG\QDPLFDOO\�PRUH�VWDEOH
6L�1�� �WKH�IUHH�HQHUJ\�JDLQ� LQ�IRUPDWLRQ�RI6L�1�� GLUHFWO\� IURP� DWRPV� 6L� DQG�1� PDNHVÜ������N-�PROH�LQ�V\VWHP�7L1±�6L1�6L�1����7KXV� LW� FDQ� EH� DVVXPHG� WKDW� FKDQJHV� LQ
FRQFHQWUDWLRQ� &6L� REVHUYHG� LQ� RXU� H[SHUL�PHQWV�RQ�LQFUHDVLQJ�SUHVVXUH��)LJV����DQG���
FDQ�EH�UHODWHG� WR� IRUPDWLRQ�RI� WLWDQLXP�QL�
WULGH� DQG� WZR� WUDMHFWRULHV� RI� V\QWKHVLV� RI
WKH� VLOLFRQ� QLWULGH�� ,Q� SDUWLFXODU�� DW� SUHV�
VXUHV� IURP� DERYH� ��Ü�� 7RUU�� WKH� KLJK� JDLQ
RI� IUHH� HQHUJ\� LQ� IRUPDWLRQ� RI�6L�1�� SKDVHLV� UHVSRQVLEOH�� DSSDUHQWO\�� IRU� LQFUHDVHG
UHODWLYH� FRQWHQW� RI� VLOLFRQ� LQ� WKH� FRDWLQJ�
5HDOO\�� LQ�WKLV�FDVH�IRUPDWLRQ�RI�WKH�ERXQG
FRPSOH[�RI�DWRPV�ZLWK�KLJK�QHW�PDVV�VKRXOG
OHDG� WR�GHFUHDVH� LQ�VSXWWHULQJ�DFWLRQ�RI�WKH
WLWDQLXP� DWRPV� LQ� WKH� FRXUVH� RI� FRQGHQVD�
WLRQ�>��@��

)LQDOO\�� ZH� ZLOO� SD\� DWWHQWLRQ� WR� FXU�
UHQWO\� DYDLODEOH� PRGHOV� RI� IRUPDWLRQ� RI� D
WZR�SKDVH� PDWHULDO� LQ� FRDWLQJV� RI� WHUQDU\
V\VWHP�7L±6L±1��/L�HW�DO��LQ�WKHLU�DUWLFOH�>��@
KDYH�VXSSRVHG� WKDW�FRQVLGHUDEOH� LQFUHDVH� LQ

)LJ�����;�UD\�SDWWHUQV�RI�WKH�FRDWLQJV�GHSRVLWHG�DW�GLIIHUHQW�SUHVVXUHV�RI�QLWURJHQ��7KH�XSSHU�EORFN
Û� IRU� WKH� FDWKRGH� RI� 7L�� ������Ü��7RUU� ����� ����Ü��7RUU� ����� ����Ü��7RUU� ����� ����Ü��7RUU� ����� 7KH
ORZHU�EORFN�Û�IRU�WKH�FDWKRGH�RI�7L�����ZW����6L�
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KDUGQHVV� IRXQG� LQ� 7L±6L±1� FRDWLQJV� FDQ� EH
DWWULEXWHG� WR� IRUPDWLRQ� RI� QDQRFU\VWDOOLQH
7L1� SDUWLFOHV� VXUURXQGHG� ZLWK� DPRUSKRXV
6L�1�� SKDVH�� +RZHYHU�� ZKHQ� WKHVH� HIIHFWVZHUH� DQDO\VHG� LQ�PRUH� GHWDLO� DQG� WKH� VL]HV
RI� FU\VWDO� JUDLQV� ZHUH� GHWHUPLQHG� >��@�� LW
EHFDPH� FOHDU� WKDW� WKLV� H[SODQDWLRQ�ZDV� QRW
FRUUHFW�� VLQFH� VXFK�6L�1�� SUHFLSLWDWHV� FRXOGQRW�EH�JHQHUDWHG�ZLWKLQ�VPDOO�FU\VWDO�JUDLQV
LQ�WKH�VL]H�RI�VRPH�QDQRPHWHUV��$�QHZ�FRQ�
FHSW�� EDVHG� RQ� VWURQJ� WKHUPRG\QDPLFDOO\
JRYHUQHG�DQG�GLIIXVLRQ�FRQWUROOHG��VSLQRGDO�
SKDVH� VHJUHJDWLRQ� OHDGLQJ� WR� IRUPDWLRQ� RI
VWDEOH� QDQRVWUXFWXUDO� VHOI�RUJDQLVDWLRQ�� KDV
EHHQ� GHYHORSHG�� 6HOI�RUGHULQJ� LQ� WKH� ELQDU\
V\VWHPV��IRXQG�RXW�E\�.QRWHN�DQG�%DULPDQL
>��@�� DQG� ODWHU� E\� $QGULHYVN\� >��@�� LV� UH�
ODWHG� WR� FRQVHFXWLYH� FRQFHQWUDWLRQ� RVFLOOD�
WLRQV�DW�VSLQRGDO�GHFRPSRVLWLRQ�

/HW�XV�UHPLQG�WKDW�VSLQRGDO�SKDVH�VHJUH�
JDWLRQ� LV�UHDOL]HG� LQ�D�PL[HG�ELQDU\�V\VWHP
$�±[%[�� IRU� FRQFHQWUDWLRQ� LQWHUYDO� LQ�ZKLFKWKH� VHFRQG� GLIIHUHQWLDO� FRHIILFLHQW� RI� WKH
IUHH�HQHUJ\�RI�WKH�PL[HG�SKDVH�LV�QHJDWLYH�
DQG� HQHUJ\� RI� LQWHUSKDVLF� VWUDLQ� LV� D� TXDQ�
WLW\� HVVHQWLDOO\� VPDOOHU� LQ� FRPSDULVRQ� ZLWK
WKH� OD\HULQJ�HQHUJ\�RI�WKLV�SKDVH��DQG�XOWL�
PDWH�VWDEOH�SKDVHV�DUH�FRKHUHQW�>��@��$W�ORZ
SUHVVXUH�RI�QLWURJHQ�WKLV�LV�DSSOLFDEOH�WR�IFF
ODWWLFH�RI�7L�±[6L[1\�V\VWHP��ZKHUH�WKH�OD\HU�LQJ�HQHUJ\� LV���N-�PROH�DWRP� >��@�� DQG� WKH
UHVXOWLQJ� VWDWH� LV� UHSUHVHQWHG� E\� WZR� ODW�
WLFHV��IFF�7L1�DQG�IFF�6L1���

,W�VKRXOG�EH�QRWHG�WKDW�WR�DFFRXQW�IRU�WKH
FRQWULEXWLRQ� RI� GHIRUPDWLRQ� HQHUJ\� LQ� FR�
KHUHQW� VSLQRGDO� FXUYH� LW� LV� QHFHVVDU\� WR
NQRZ�WKH�LQWHUSKDVH�GLVFUHSDQF\��7KH�FDOFX�
ODWHG� GLVFUHSDQF\� EHWZHHQ� WKH� YROXPH� SHU
RQH� DWRP� LQ� IFF�7L1� DQG� IFF�7L����6L����1� LV��������DQG� LQ� IFF�6L1� DQG� IFF�7L����6L����1Û� ����� ��� ZKLFK� LV� PXFK� OHVV� WKDQ� WKH
GLVFUHSDQF\� RI� ���� �� IRU� E�6L�1�� DQG� IFF�7L����6L����1� >��@�� +HQFH�� LQ� FRQGLWLRQV� RIVWDWLRQDU\� YDOXH� RI� VWRLFKLRPHWU\�� WKH� PH�
WDVWDEOH� IFF�7L����6L����1� VKRXOG� GHFRPSRVHLQ� WKH� EHJLQQLQJ� LQWR� IFF�7L1� DQG� IFF�6L1
ZLWK� VPDOO� GLVFUHSDQF\� RI� ODWWLFH�� VLQFH
WUDQVLWLRQ� LQ� HTXLOLEULXP� E�6L�1�� VWDWH� LVFRQQHFWHG� ZLWK� PDMRU� YROXPH� FKDQJHV� DQG
JURZWK�RI�WKH�QLWURJHQ�FRQWHQW��

7KXV�� LW� LV�SRVVLEOH�WR�FRQFOXGH�WKDW�IRU�
PDWLRQ� RI�6L�1�� SKDVH� FDQ� EH� UHDOL]HG� MXVWLQ� WKH� FRXUVH� RI�7L±6L±1� FRDWLQJ� GHSRVLWLRQ
DW� KLJK� QLWURJHQ� SUHVVXUH� �!��Ü�� 7RUU��� ,Q
WKLV� FDVH� MXVW� LQ� WKH� FRXUVH� RI� FRDWLQJ� IRU�
PDWLRQ� WKHUH� LV� D� SRVVLELOLW\� RI� OD\HULQJ� RI
WKH� VROLG� VROXWLRQ� E\� GLIIXVLRQ� LQWR� WZR
SKDVHV�� SKDVH� 7L1� DQG� HQHUJ\�IDYRXUDEOH�

WKRXJK� ZLWK� PRUH� FRPSOH[� KH[DJRQDO� ODW�
WLFH��SKDVH�6L�1��,I� QRZ� WR� FRQVLGHU� WKH� VWUXFWXUDO� VWDWH� RI
WKH�IRUPHG�FRDWLQJ��LW�VKRXOG�EH�QRWHG��WKDW�LQ
WKH� SUHVVXUH� UDQJH� IURP���Ü�� WR� ����Ü��7RUU�
ZKHQ� WKH� PRQRWRQRXV� LQFUHDVH� LQ� KDUGQHVV
LV�REVHUYHG��DW�ORZ�SUHVVXUH�RI�QLWURJHQ�WKH
ORZHVW� WLWDQLXP� QLWULGH� 7L�1� LV� EHLQJ
IRUPHG�� ZKLFK�� ZLWK� WKH� SUHVVXUH� ULVH� LQ
WKLV� LQWHUYDO�� WUDQVIHUV� WR� 7L1� RI
VWRLFKLRPHWULF� FRPSRVLWLRQ� ZLWK� ������ WH[�
WXUH�� �7KH� GHQRWHG� VWUXFWXUDO� WUDQVIRUPD�
WLRQV�LQ�WKH�VDLG�LQWHUYDO�RI�SUHVVXUHV�SUDF�
WLFDOO\�FRLQFLGHV�ZLWK�VWUXFWXUH�HYROXWLRQ�LQ
WKH� VLPLODU� LQWHUYDO� RI� SUHVVXUHV� GXULQJ� WL�
WDQLXP�QLWULGH�SUHSDUDWLRQ�E\�VSXWWHULQJ�RI
D�SXUH�WLWDQLXP�WDUJHW���$Q\�SKDVHV�RI�VLOL�
FRQ�QLWULGH�DUH�QRW�UHYHDOHG��DQG�DOVR�VLOLFRQ
DW� UDWKHU� ORZ� VWUHDP� RI� QLWURJHQ�� FKDUDF�
WHULVWLF� IRU� WKLV� LQWHUYDO� RI� SUHVVXUHV�� DS�
SDUHQWO\��RFFXUV�LQ�WKH�VROLG�VROXWLRQ��7L��6L�
1��,W�LV�SRVVLEOH�WR�DVVXPH�WKDW��XQOLNH�SXUH
7L1� IRU� ZKLFK� WKH� WH[WXUH� GRHV� QRW� FKDQJH
ZLWK�ULVH�RI�SUHVVXUH��LQ�WKH�FDVH�RI�7L±6L±1
V\VWHPV� DW� SUHVVXUH� ����Ü�� 7RUU� WKH� �����
WH[WXUH�LV�EHLQJ�IRUPHG���

6XPPDUL]LQJ�WKH�REWDLQHG�GDWD��LW�VKRXOG
EH�QRWHG�WKDW�WKH�LQFUHDVH�LQ�KDUGQHVV�ZLWK
VLPXOWDQHRXV� UHODWLYH� UHGXFWLRQ� RI� 6L� FRP�
SRQHQW� LQ�FRDWLQJV�REWDLQHG� LQ�WKH�SUHVVXUH
UDQJH� RI� ��Ü�Ü����Ü�� 7RUU� FRUUHODWHV� ZLWK
HYROXWLRQ� RI� SKDVH� FRPSRVLWLRQ� IURP� WKH
ORZHVW� QLWULGH� SKDVH� 7L�1� WR� VWDEOH
VWRLFKLRPHWULF� 7L1� SKDVH� ZLWK� D� FXELF� ODW�
WLFH�� 2ZLQJ� WR� WKH� KLJK� JDLQ� RI� HQHUJ\� LQ
IRUPDWLRQ� RI� WKH� WLWDQLXP� QLWULGH
�Ü������� N-�PROH�Û� VHH� DERYH�� LQ� WKLV� LQ�
WHUYDO� RI� SUHVVXUHV�� WKH� VLOLFRQ� FRPLQJ� WR
WKH� FRDWLQJ� FDQ� IRUP� RQO\� PRQRQLWULGH� RI
VLOLFRQ�ZLWK�UDWKHU�ORZ�HQHUJ\�RI�IRUPDWLRQ
DQG� PDVV�� 6XFK� VLOLFRQ� FDQ� EH� LQWHQVLYHO\
GHVRUEHG�IURP�WKH�VXUIDFH�DV�D�UHVXOW�RI�VHF�
RQGDU\� VSXWWHULQJ� E\� KHDYLHU� DWRPV� RI� WLWD�
QLXP�� ,W� FDQ� EH� FRQVLGHUHG� DV� WKH� UHDVRQ� RI
GHSUHVVLRQ�RI�WKH�UHODWLYH�FRQWHQW�RI�6L�LQ�WKH
FRDWLQJV�� +LJK� KDUGQHVV� LV� WKXV� FDXVHG� VXE�
VWDQWLDOO\� E\� IRUPDWLRQ� RI� SUHIHUHQWLDOO\� RUL�
HQWHG� QDQRFU\VWDOV� ���Ü��� QP�� RI� WKH� WLWD�
QLXP�QLWULGH� �ZLWK�KLJK�ELQGLQJ�HQHUJ\�� DQG
WKXV�Û�ZLWK�KLJK�PHFKDQLFDO�SHUIRUPDQFH���

$W� KLJKHU� QLWURJHQ� SUHVVXUH�� WKH� KLJK
GHQVLW\�RI� WKH�VWUHDP�RI�QLWURJHQ�DWRPV�RQ
WKH� VXEVWUDWH� LQ� WKH� FRXUVH� RI� FRDWLQJ
JURZWK� DOORZV� IRUPDWLRQ� RI� QRW� RQO\� WLWD�
QLXP�QLWULGH��EXW�DOVR�WKH�VHFRQG�SKDVH�ZLWK
KLJK� HQHUJ\� RI� IRUPDWLRQ�Û�6L�1��� )RUPD�WLRQ�RI�VXFK�VWDEOH�SKDVH�SURPRWHV�FRQWDLQ�
PHQW� RI�KLJKHU� UHODWLYH� FRQFHQWUDWLRQ�RI�6L
DWRPV�LQ�FRDWLQJV�WR�EH�IRUPHG��
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3HUFHQWDJH�RI�FRDWLQJ�FRPSRQHQWV�GLIIHUV

IURP�WKHLU�FRQFHQWUDWLRQ�LQ�WKH�FDWKRGH�DQG
YDULHV� RYHU� D� ZLGH� UDQJH� GHSHQGLQJ� RQ� SD�
UDPHWHUV�RI�WKH�GHSRVLWLRQ�SURFHVV�Û�VXEVWUDWH
ELDV�YROWDJH�DQG�SUHVVXUH�RI�ZRUNLQJ�JDV�LQ�WKH
UHDFWLRQDU\�FKDPEHU��7KH�FRQFHQWUDWLRQ�RI�VLOL�
FRQ�LQ�WKH�FRDWLQJ�LV�DOZD\V�ORZHU�WKDQ�LQ�WKH
7L±6L�FDWKRGH��,Q�WKH�FRQGLWLRQV�RI�RXU�H[SHUL�
PHQW�LW�ZDV�IURP����WR������ZLWK�UHVSHFW�WR
LWV�FRQWHQW�LQ�WKH�FDWKRGH��

'HSHQGHQFH� RI� WKH� VLOLFRQ� FRQWHQW� LQ� WKH
FRDWLQJ�RQ�WKH�JDV�SUHVVXUH�LQ�WKH�FRXUVH�RI
GHSRVLWLRQ� LV� RI� QRQPRQRWRQLF� FKDUDFWHU
ZLWK� D� PLQLPXP� FORVH� WR� ��Ü�� 7RUU�� ,Q� WKH
VDPH� UHJLRQ� WKHUH� LV� D�PD[LPXP�RQ� WKH� GH�
SHQGHQFH�RI�KDUGQHVV�XSRQ�QLWURJHQ�SUHVVXUH�

,Q� WKH� FRDWLQJV� REWDLQHG� LQ� WKH� VSHFLILHG
SUHVVXUH�UHJLRQ��WKH�WHQGHQF\�WR��JUHDWHU�WHP�
SRUDO�VWDELOLW\�RI�PLFURKDUGQHVV�LV�REVHUYHG��

7KH� DQDO\VLV� RI� H[SHULPHQWDO� GDWD� RE�
WDLQHG�JLYHV�WKH�JURXQGV�WR�VXSSRVH�WKDW�WKH
PHFKDQLVP�RI�IRUPDWLRQ�RI�FRDWLQJV�LQ�FRQ�
GLWLRQV�XQGHU�FRQVLGHUDWLRQ�LV�EDVHG�RQ�IRU�
PDWLRQ� RI� VLOLFRQ� QLWULGHV� RI� YDULRXV
VWRLFKLRPHWU\�� DORQJVLGH� ZLWK� WLWDQLXP� QL�
WULGH�� LQ� WKH� FRQGHQVDWH�� 6L1� Û� LQ� FRQGL�
WLRQV�RI�ORZ�SUHVVXUH�DQG�6L�1��Û�DW�KLJKHU
QLWURJHQ�SUHVVXUH�
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