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$FQH�WUHDWPHQW�LV�VWLOO�RQH�RI�WKH�DFWXDO�SUREOHPV
RI� GHUPDWRORJ\�� $FFRUGLQJ� WR� WKH� OLWHUDWXUH� GDWD
���� RI� WKH� SRSXODWLRQ� DW� WKH� DJH� RI� ������ DQG
�������RI�SHRSOH�DIWHU����\HDUV�ROG�VXIIHU�IURP�DFQH�
$FQH� LV� WKH�PRVW� FRPPRQ� FRVPHWLF� SDWKRORJ\�� LW
KDV�WKH�WKLUG�SODFH�LQ�WKH�IUHTXHQF\�RI�DGGUHVVLQJ�RI
WKH�SDWLHQWV�VXIIHUULQJ�IURP�DFQH�WR�WKH�GHUPDWRORJLF
FOLQLFV��$FQH�LV�WKH�SRO\�HWLRORJLFDO�GLVHDVH�DQG�LW�LV
QHFHVVDU\�WR�WDNH�LQWR�FRQVLGHUDWLRQ�GLIIHUHQW�IDFWRUV
FDXVLQJ�WKLV�SDWKRORJ\�ZKLOH�WUHDWLQJ�LW��7KH�EDVLF
SULQFLSOHV�RI�WKH�DFQH�WUHDWPHQW�EDVHG�RQ�WKH�OLWHUD�
WXUH�GDWD�DQG�WKH�UHVXOWV�RI�RZQ�LQYHVWLJDWLRQV�KDYH
EHHQ�IRUPXODWHG��7KH�JXLGHOLQHV�WR�DFQH�WUHDWPHQW
GHSHQGLQJ� RQ� WKH� VHYHULW\� RI� GLVHDVH� KDYH� EHHQ
VKRZQ�� WKH�PDLQ�PRGHUQ�PHGLFLQHV� IRU� ORFDO� DQG
V\VWHPLF�DFQH�WUHDWPHQW�KDYH�EHHQ�JLYHQ��$�JUHDW
DVVRUWPHQW�RI�PHGLFLQHV�DW�WKH�SKDUPDFHXWLFDO�PDU�
NHW� DOORZV� FKRRVLQJ� WKH� LQGLYLGXDO� WUHDWPHQW� DQG
DFKLHYLQJ�WKH�WKHUDSHXWLF�HIIHFW�LQ�DFQH�WUHDWPHQW
RI�HDFK�SDUWLFXODU�FDVH�
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0HGLFLQHV� RQ� WKH� JHO� EDVLV� DUH� ZLGHO\� DSSOLHG� LQ
PHGLFDO� SUDFWLFH� DEURDG�� 7KH� JHO� EDVLV� KDV� KLJKHU
ELRDYDLODELOLW\�DQG�PD\�EH�XVHG�IRU�GUXJ�LQWURGXFWLRQ
RI�ERWK�ORFDO�DQG�V\VWHPLF�DFWLRQ��)RULGRQ�JHO�LV�WKH
ILUVW�LQ�8NUDLQH�FDOFLXP�FKDQQHO�EORFNHUV�IRU�WUDQVGHU�
PDO�LQWURGXFWLRQ�RI�WKH�DFWLYH�VXEVWDQFH�LQ�WKH�V\V�
WHPLF�EORRG�FLUFXODWLRQ��7KH�VWXG\�RI�WKH�DQWLK\SHUWHQ�
VLYH� DFWLRQ� RI� GLIIHUHQW� PHGLFLQDO� IRUPV� RI� IRULGRQ
GLK\GURS\ULGLQH�GHULYDWLYHV�FDOFLXP�FKDQQHO�EORFNHUV
VXFK� DV� IRULGRQ� JHO� DQG� IRULGRQ� WDEOHWV� LQ� WUHDWLQJ
SDWLHQWV� ZLWK� WKH� HVVHQWLDO� K\SHUWHQVLRQ� KDV� EHHQ
SHUIRUPHG��7KHUH�ZHUH����SDWLHQWV��PDOH�DQG�IHPDOH�
XQGHU�PHGLFDO�REVHUYDWLRQ��7KH�DQWLK\SHUWHQVLYH�DF�
WLRQ�RI�WKH�PHGLFLQDO�IRUPV�KDV�EHHQ�HVWLPDWHG�E\�WKH
UDQGRP�PHDVXULQJ�RI�EORRG�SUHVVXUH�DQG�WZHQW\�IRXU
KRXUV� EORRG� SUHVVXUH� PRQLWRULQJ�� $FFRUGLQJ� WR� WKH
PHDVXUHPHQWV�RI�WKH�EORRG�SUHVVXUH�LQ�WKH�FRQVXOWLQJ
URRP�DQ�HTXDO�DQWLK\SHUWHQVLYH�DFWLRQ�RI�WKH�PHGLFLQHV
VWXGLHG� KDV� EHHQ� IRXQG�� 7KH� GDWD� REWDLQHG� GXULQJ
WZHQW\�IRXU�KRXUV�EORRG�SUHVVXUH�PRQLWRULQJ�KDYH�VKRZQ
WKDW�IRULGRQ�JHO�SUHVFULEHG�DV�D�VLQJOH��GUXJ�WKHUDS\�IRU
��ZHHNV�GHFUHDVHV�WKH�WZHQW\�IRXU�KRXUV�EORRG�SUHVVXUH
PRUH� HIIHFWLYHO\� DQG� HYHQO\� FRPSDULQJ� ZLWK� IRULGRQ
WDEOHWV��%HVLGHV��IRULGRQ�JHO�FDQ�QRUPDOL]H�WKH�DEQRUPDO
WZHQW\�IRXU�KRXU�VFKHGXOH�RI�WKH�EORRG�SUHVVXUH��
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7KH�DQDO\VLV�RI�WKH�PRGHUQ�VWDWH�RI�DWRSLF�GHUPDWLWLV
�$'��SKDUPDFRWKHUDS\�KDV�EHHQ�SHUIRUPHG��7KH�DFWX�
DOLW\� RI� WKH� SUREOHP� LV� GHWHUPLQHG� QRW� RQO\� E\� WKH
FRQVWDQW� JURZWK� RI� WKLV� GLVHDVH�� EXW� DOVR� E\� WKH
FRQWUDGLFWLRQ�LQ�HVWLPDWLQJ�GLIIHUHQW�SDWKRJHQHWLF�PH�
FKDQLVPV� RI� LWV� GHYHORSPHQW� DQG�� DV� D� UHVXOW�� QRW
DOZD\V�E\�WKH�HIIHFWLYH�WKHUDSHXWLF�UHVXOWV��DV�ZHOO�DV
LWV�KLJK�FRVW��7KH�DQDO\VLV�RI�WKH�H[WHPSRUDO�SUHVFULS�
WLRQ� LQ� WKH� FKHPLVW�V� VKRSV� RI� .KDUNRY� KDV� EHHQ
FRQGXFWHG��,W�KDV�EHHQ�IRXQG�WKDW�WRJHWKHU�ZLWK�WKH
PDQXIDFWXUHG� VRIW� PHGLFDWLRQV� IRU� WUHDWLQJ� $'� WKH
RLQWPHQWV� SUHSDUHG� LQ� FKHPLVW�V� DUH� VWLOO� RI� JUHDW
LPSRUWDQFH��%\�WKHLU�DVVRUWPHQW�DQG�HIILFLHQF\�WKH\
GR�QRW�\LHOG�WR�WKH�PDQXIDFWXUHG�PHGLFDWLRQV�DQG�E\
WKHLU�DYDLODELOLW\�IRU�SDWLHQWV�WKH\�KDYH�GHILQLWH�DGYDQ�
WDJHV��0RUH� WKDQ���� IRUPXODWLRQV� RI� VRIW�PHGLFLQDO
IRUPV� KDYH� EHHQ� DQDO\]HG��'LPHGURO�� VDOLF\OLF� DFLG�
SUHFLSLWDWHG�VXOSKXU��PHQWKRO�DQG�ORFDO�DQDHVWKHWLFV
DUH�XVHG�PRUH�RIWHQ�LQ�WKHP��DQWLELRWLFV�DQG�DQWLIXQJDO
VXEVWDQFHV�DUH�DGGLWLRQDOO\�LQWURGXFHG�FRPELQLQJ�WKH
EDFWHULDO�RU�IXQJXV�IORUD��7KH�QHFHVVLW\�RI�FUHDWLRQ�RI
WKH�FRPELQHG�RLQWPHQW�RQ�WKH�HPXOVLRQ�EDVH�IRU�ORFDO
WKHUDS\�RI�WKH�SDWKRORJ\�LQGLFDWHG�KDV�EHHQ�JURXQGHG�
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7KH�WUHDWPHQW�TXDOLW\�DQDO\VLV�RI�WKH�GLDEHWLF�SDWLHQWV
ZKR�KDG�WKH�SUHPHGLFDO�DLG�LQ�%XOJDULD�IRU�WKH�SHULRG
IURP������WLOO������KDV�EHHQ�SHUIRUPHG��7KLV�DLG�KDV
EHHQ�UHQGHUHG�E\�WKH�GUXJV�RI�GLIIHUHQW�SKDUPDFRORJL�
FDO�JURXSV�XVHG�ERWK�DV�PRQR�DQG�FRPELQHG�WKHUDS\�
7KH�UHVXOWV�REWDLQHG�WHVWLI\�WKDW�QRZDGD\V�WKH�PRU�
ELGLW\�ZLWK�GLDEHWHV�PHOOLWXV�KDV�LQFUHDVHG��HVSHFLDOO\
LQ�ZRPHQ�SDWLHQWV��,Q�PRVW�FDVHV�WKHUH�LV�QR�DGHTXDWH
WKHUDS\�RI�WKH�GLDEHWLF�SDWLHQWV� LQ�WKH�FRXQWU\�DV�D
ZKROH�DQG�WKH�WDUJHW�OHYHOV�RI�+E$�F�DQG�WKH�EORRG
VXJDU�RQ�DQ�HPSW\�VWRPDFK�DUH�QRW�DFKLHYHG�DQG�LW
OHDGV�WR�VHYHUH�FRPSOLFDWLRQV��7KH�RUJDQL]DWLRQ�RI�WKH
GUXJ�UHLPEXUVHPHQW�LQWHUIHUV�WKH�UDWLRQDO�XVH�RI�WKH
SRVVLELOLWLHV�IRU�WKH�FRPELQHG�WKHUDS\�DQG�LW�OHDGV�WR
XQVDWLVIDFWRU\� UHVXOWV� RI� WKH�GUXJ� WKHUDS\��7KHUH� LV
DOVR�QR�VXIILFLHQW�DWWHQWLRQ�WR�WKH�WUDLQLQJ�RI�GLDEHWLF
SDWLHQWV��L�H��WKH�SHUIRUPDQFH�RI�VHOI�FRQWURO��WKH�ULVN
IDFWRUV�UHVWULFWLRQ��WKH�GLHWDU\�FRPSOLDQFH�DQG�WKH�XVH
RI� SK\VLFDO� ORDGV�� HWF���� 7KHUH� LV� WKH� QHFHVVLW\� RI
FRQGXFWLQJ�WKH�ILQDQFLDO�DQG�HFRQRPLF�HYDOXDWLRQ�RI
WKH�GUXJ�WKHUDS\�LQ�SDWLHQWV�ZLWK�GLDEHWHV�PHOOLWXV��DV
ZHOO� DV� WKH� HVWLPDWLRQ� RI� WKHLU� OLIH� TXDOLW\� DQG� WKH
GHFUHDVH�RI�WKHLU�LQGLYLGXDO�DELOLW\�WR�ZRUN�DQG�SURGXF�
WLYLW\�EHFDXVH�RI�WKH�GLVHDVH�
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7KH� UHYLHZ� RI� WKH� SKDUPDFHXWLFDO� PDUNHW� RI� WKH
KRUPRQH� PHGLFLQDO� SURGXFWV� LQ� 8NUDLQH� KDV� EHHQ
SUHVHQWHG��7KH�UHVXOWV�RI� WKH�PDUNHWLQJ�UHVHDUFK�RI
WKH�KRUPRQH�PHGLFLQDO�SURGXFWV�PDUNHW�DFFRUGLQJ�WR
WKH�WUDGH�QDPHV��PDQXIDFWXUHUV�DQG�PHGLFLQDO�IRUPV
KDYH�EHHQ�JLYHQ��7KH�PDUNHWLQJ�UHVHDUFK�KDV�VKRZQ
WKH�VXIILFLHQW�PDUNHW�VDWXUDWLRQ�E\�WKH�KRUPRQH�GUXJV
IRU�RUDO�FRQWUDFHSWLRQ�DQG�VXEVWLWXWLRQ�KRUPRQH�WKH�
UDS\�� ,W� KDV� EHHQ� IRXQG� WKDW� WKH� OHDGLQJ� SRVLWLRQV
DPRQJ�WKH�PDQXIDFWXUHUV�RI�KRUPRQH�PHGLFLQHV�DUH
RFFXSLHG� E\� Ù*HGHRQ� 5LFKWHU� /WGµ� �+XQJDU\�� DQG
Ù6KHULQJ�$*µ��*HUPDQ\���7KH�FULWHULD�RI�FKRLFH�RI�WKH
KRUPRQH�UHPHGLHV�IRU�WKH�DVVRUWPHQW�RI�WKH�FKHPLVW�V
KDYH�EHHQ�GHWHUPLQHG��7KH�EDVLV�IRU�IRUPDWLRQ�RI�WKH
FKHPLVW�V�DVVRUWPHQW�SROLF\�LV�WKH�FRPELQDWLRQ�RI�VXFK
SDUDPHWHUV� DV� WKH� VDOHV� YROXPHV� LQ� 8NUDLQH�� WKH
VSHFLILF�ZHLJKW�RI�GUXJV�LQ�SURILWDELOLW\�DQG�WKH�OHYHO
RI�WKH�FRQVXPHU�V�GHPDQG��7KH�UHVXOWV�REWDLQHG�DUH
GLUHFWHG�WR�WKH�RSWLPL]DWLRQ�RI�WKH�KRUPRQH�PHGLFLQDO
SURGXFWV�DVVRUWPHQW�LQ�SKDUPDFLHV�DQG�SKDUPDFHXWL�
FDO�ZKROHVDOH� DQG� UHWDLO� ILUPV� WR�PDNH� GHFLVLRQV� RI
WKHLU�PDQXIDFWXUH�DQG�GLVWULEXWLRQ�DW�WKH�PDUNHW�
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$�KLJK�VRFLDO�LPSRUWDQFH�RI�SUREOHPV�FRQQHFWHG�ZLWK
WKH�DEXVH�RI�QDUFRWLF�DQG�SV\FRWURSLF�GUXJV�WRGD\�KDV
QR�GRXEWV��1RZDGD\V�GUXJ�DGGLFWLRQ�LV�FRQVLGHUHG�DV
VRFLDO�SDWKRORJ\�EHFDXVH�LWV�ZLGH�GLVWULEXWLRQ�LV�WKH
FDXVH�RI�VRFLDO�FRQGLWLRQV�VXFK�DV�XQHPSOR\PHQW��ODFN
RI�FRQILGHQFH�LQ�WRPRUURZ��GDLO\�VWUHVVHV��DQG�VHYHUH
QHUYRXV�DQG�PHQWDO�VWDWHV��7KH�VRFLDO�IDFWRUV�LQIOXHQF�
LQJ�RQ� WKH�GLVWULEXWLRQ�RI�GUXJ�DGGLFWLRQ�KDYH�EHHQ
GHWHUPLQHG��WKH�EDVLF�SULQFLSOHV�RI�WKH�SKDUPDFHXWLFDO
DLG�IRU�GUXJ�GHSHQGHQW�SDWLHQWV�DQG�WKH�JHQHUDO�SULQ�
FLSOHV�RI�WUHDWLQJ�GUXJ�DGGLFWLRQV�KDYH�EHHQ�LQYHVWL�
JDWHG��2Q�DQ�H[DPSOH�RI�/\XERWLQ��.KDUNRY�UHJLRQ�
WKH�VWDWH�RI�WKH�SUREOHP�RI�WUHDWLQJ�GUXJ�DGGLFWLRQ�KDV
EHHQ�VWXGLHG��7KH�UHVXOWV�RI�WKH�DQRQ\PRXV�TXHVWLRQ�
LQJ�RI�GUXJ�GHSHQGHQW�SHRSOH��ZKR�QHHGHG�KHOS�LQ�WKH
QDUFRORJLFDO�URRP�RI�WKH�/\XERWLQ�&HQWUDO�7RZQ�KRV�
SLWDO�KDYH�EHHQ�SUHVHQWHG��2Q�WKH�EDVLV�RI�WKHVH�UHVXOWV
WKH�OHYHO�RI�VHOI�HVWLPDWLRQ�RI�WKH�RZQ�VWDWH�RI�GUXJ�
GHSHQGHQW�SDWLHQWV��EDVLF�FDXVHV�DIIHFWLQJ�WKHLU�GHFL�
VLRQ�PDNLQJ�FRQFHUQLQJ�WKH�WUHDWPHQW�DQG�WKH�PRVW
RIWHQ�XVHG�ZD\V�RI�WKHUDS\�KDYH�EHHQ�GHWHUPLQHG��
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$�SURJUHVVLYH�LQFUHDVH�RI�WKH�YROXPHWULF�UDWH�RI�WKH
JDVWULF�EORRG�FLUFXODWLRQ�KDV�EHHQ�VKRZQ�WR�RFFXU�LQ
WKH�H[SHULPHQWV�LQ�WKH�QDUFRWL]HG�FDWV�DIWHU�D�VLQJOH
LQWUDYHQRXV�LQMHFWLRQ�RI�RPHSUD]ROH����PJ�NJ��DQG
IDPRWLGLQH����PJ�NJ��WR�WKH�DPLQDOV��7KLV�DFWLRQ�RI
ERWK�GUXJV��ZKLFK�GHFUHDVH�JDVWULF�VHFUHWLRQ��PDQL�
IHVWHG�IURP�WKH����WK�PLQ�RI�WKH�H[SHULPHQW�DQG�ODVWHG
PRUH�WKDQ����PLQ��%\�WKH�DPRXQW�RI�LWV�YDVRGLODWLQJ
HIIHFW�RPHSUD]ROH�H[FHHGV�IDPRWLGLQH�LQ�����WLPHV��$W
WKH�VDPH�WLPH�WKHVH�GUXJV�FDXVHG�WKH�LQFUHDVH�RI�WKH
R[\JHQ� FRQVXPSWLRQ� E\� WKH� JDVWULF� WLVVXHV�� 6RPH
H[SHULPHQWV� VKRZHG� WKDW� WKH� R[\JHQ� FRQVXPSWLRQ
LQFUHDVHG�JUHDWHU�WKDQ�WKH�JDVWULF�EORRG�FLUFXODWLRQ��,W
PD\�OHDG�WR�WKH�DSSHDUDQFH�RI�WKH�WLVVXH�ORFDO�K\SR[LD�
7KH�FRQFOXVLRQ�KDV�EHHQ�PDGH�WKDW�WKH�DELOLW\�RI�WKH
GUXJV�XQGHU�UHVHDUFK�WR�VWLPXODWH�RI�WKH�JDVWULF�EORRG
FLUFXODWLRQ�LV�RQH�RI�WKH�PHFKDQLVPV�RI�WKHLU�JDVWUR�
SURWHFWLYH�DFWLRQ�
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7KH�DUWLFOH�JLYHV�WKH�UHVHDUFK�UHVXOWV�RI�WKH�LQIOXHQFH
RI�WKH�VXEVWDQFH��ZKLFK�LV�FRQGLWLRQDOO\�FDOOHG�FDUERUHQ
V\QWKHVL]HG�DW�WKH�3KDUPDFHXWLFDO�&KHPLVWU\�GHSDUW�
PHQW�DW�WKH�183K�XQGHU�WKH�VXSHUYLVLRQ�RI�SURIHVVRU
,�9�8NUDLQHWV��RQ�WKH�NLGQH\V�H[FUHWRU\�IXQFWLRQ�FKDQ�
JHV�LQ�WKH�FRQGLWLRQV�RI�/�DUJLQLQ�LQWURGXFWLRQ��,W�KDV
EHHQ�IRXQG�LQ�WKH�SUHYLRXVO\�SHUIRUPHG�H[SHULPHQWV
WKDW�FDUERUHQ�KDV�D�PDUNHG�GLXUHWLF�DQG�GHK\GUDWLRQ
DFWLRQ��&DUERUHQ�DQG�/�DUJLQLQ�ZHUH�LQWURGXFHG�LQWUD�
JDVWULFDOO\�LQ�WKH�GRVHV�RI������PJ�NJ�DQG�����PJ�NJ
UHVSHFWLYHO\��2Q�WKH�EDFNJURXQG�RI�/�DUJLQLQ�LQWURGXF�
WLRQ� FDUERUHQ� SUHVHUYHV� WKH� DELOLW\� WR� LQFUHDVH� WKH
JORPHUXODU�ILOWUDWLRQ�UDWH��UHGXFH�WKH�FUHDWLQLQ�FRQFHQ�
WUDWLRQ�LQ�WKH�EORRG�SODVPD�DQG�GHFUHDVH�WKH�SURWHLQ
H[FUHWLRQ� ZLWK� XULQH�� 7KH� LQFUHDVH� RI� WKH� QLWURJHQ
R[LGH�OHYHO�LQ�WKH�RUJDQLVP�UHGXFHV�WKH�VRGLXP�XUHWLF
DFWLRQ�RI�FDUERUHQ��
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)RU� WKH� ILUVW� WLPH� WKH� SUHOLPLQDU\� SKDUPDFRORJLFDO
UHVHDUFK�KDV�SURYHG�WKH�SUHVHQFH�RI�DQWLR[LGDQW�DFWLY�
LW\� RI� WKH� %HWD� 9XOJDULV� RYHUJURXQG� SDUW� H[WUDFWV�
6LQFH�RQH�RI�WKH�NH\�PHFKDQLVPV�RI�LQIODPPDWLRQ�LV
WKH�DFWLYDWLRQ�RI�WKH�FHOO�PHPEUDQHV�OLSLG�SHUR[LGDWLRQ�
WKH�H[SHULPHQWV�RQ� UHYHDOLQJ� WKH� LPSDFW�RI� WKH�H[�
WUDFWV�XQGHU� UHVHDUFK�RQ� WKH�FRXUVH�RI� WKLV�SURFHVV
KDYH�EHHQ�FDUULHG�RXW��7KH�FRPSDUDWLYH�DQDO\VLV�RI�WKH
H[SHULPHQWDO�GDWD�DOORZHG�GHWHUPLQLQJ�WKH�PRVW�DFWLYH
DQWLR[LGDQW� H[WUDFW�� ZKLFK� ZDV� FRQGLWLRQDOO\� FDOOHG
%HYXKHSDWLQ��$�GRVH�GHSHQGHG�FKDUDFWHU�RI�WKH�HIIHFW
VWXGLHG�KDV�EHHQ�VKRZQ��,Q�WKH�H[SHULPHQWV�LQ�YLWUR
DQG� LQ� YLYR� WKH� FRQGLWLRQDOO\� WKHUDSHXWLF� GRVH� RI
%HYXKHSDWLQ�KDV�EHHQ�GHWHUPLQHG��,W�KDV�EHHQ�SURYHQ
WKDW�WKH�DFWLRQ�RI�WKH�%HYXKHSDWLQ�H[WUDFW�H[FHHGV�WKH
DFWLYLW\�RI� WKH�UHIHUHQFH�GUXJ�Û�YLWDPLQ�(��D�ZHOO�
NQRZQ�DQWLR[LGDQW��7KH�DQWLR[LGDQW�HIIHFW�RI�WKH�H[�
WUDFW�VWXGLHG� LV�FRQGLWLRQHG�E\� WKH�SRO\SKHQRO�FRP�
SRXQGV�FRQWHQW��ELRIODYRQRLGV�DQG�FRXPDULQV��SUHVHQW
LQ�WKH�FRPSRVLWLRQ�RI�WKH�UDZ�PDWHULDO��
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7KH�DQWL�DUUK\WKPLF�DFWLRQ�RI� WKH�%$6�FRPSOH[� IURP
*UDGHV� VDWLYXP� LQ� WKH� FRQGLWLRQV� RI� DFXWH� UHJLRQDO
P\RFDUGLXP�LVFKHPLD�KDV�EHHQ�VWXGLHG��7KH�H[SHULPHQWV
LQ�WKH�DVVHVVPHQW�RI�WKH�SDUDPHWHUV�RI�KHPRG\QDPLFV
DQG� WKH�KHDUW�DFWLYLW\�KDYH�EHHQ�FDUULHG�RXW� LQ�DGXOW
DQHVWKHWL]HG�FDWV��7KH�SDUDPHWHUV�RI�KHPRG\QDPLFV�DQG
WKH�KHDUW�DFWLYLW\�KDYH�EHHQ�GHWHUPLQHG�E\�WKH�SDUDPH�
WHUV�RI�DQDO\VHV�RI� WKH�SKDVH�EORRG� IORZ�FXUYH� LQ�WKH
DVFHQGLQJ� SDUW� RI� WKH� DRUWLF� DUFK� �DUWHULDO� DQG� OHIW
YHQWULFOH�SUHVVXUH��(&*���7KH�DFXWH�UHJLRQDO�P\RFDU�
GLXP�LVFKHPLD�KDV�EHHQ�PRGHOHG�E\�WKH�5�%�-HQQLQJV
PHWKRG�E\�DQ�LQVWDQW�GUHVVLQJ�RI�WKH�GHVFHQGLQJ�EUDQFK
RI�WKH�OHIW�FRURQDU\�DUWHU\�RQ�WKH�ERUGHU�RI�WKH�WRS�DQG
PHGLXP� RI� LWV� WKLUG�� 7KH� H[SHULPHQWDO� GDWD� REWDLQHG
WHVWLI\� WKH�SUHVHQFH�RI� DQWL�DUUK\WKPLF�DFWLYLW\� LQ� WKH
%$6�FRPSOH[�IURP�*UDGHV�VDWLYXP�LQ�WKH�FRQGLWLRQV�RI
WKH�UHJLRQDO�P\RFDUGLXP�LVFKHPLD��7KH�UHVXOWV�RI�WKH
ZRUN�SHUIRUPHG�KDYH�VKRZQ�WKDW�WKH�%$6�FRPSOH[�IURP
*UDGHV�VDWLYXP�VWDELOLVHV�WKH�PDLQ�SDUDPHWHUV�RI�WKH
KHDUW�DFWLYLW\�DQG�KHPRG\QDPLFV�DW�WKH�VDWLVIDFWRU\�OHYHO
IRU�VXSSRUWLQJ�WKH�V\VWHPLF�EORRG�FLUFXODWLRQ��
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7RGD\� WKH�SHSWLF�XOFHU� UHPDLQV� UDWKHU�ZLGHVSUHDG
GLVHDVH� WDNLQJ� RQH� RI� WKH� ILUVW� SRVLWLRQV� LQ� WKH
JHQHUDO�VWUXFWXUH�RI�WKH�KXPDQ�SDWKRORJ\��$�MXVWL�
ILHG�LQWHUHVW�LV�SURPSWHG�E\�WKH�SRVVLELOLW\�RI�XVLQJ
KHUEDO�PHGLFLQHV�LQ�LWV�WUHDWPHQW�GXH�WR�WKHLU�ORZ
WR[LFLW\�DQG�PLOG�FRPSOH[�DFWLRQ��7KH�H[SHULPHQWV
LQ�VWXG\LQJ�DQWL�XOFHU�WKH�DFWLYLW\�RI�KXPXOXV�OXSX�
OXV� FRQHV�H[WUDFW�RQ� WKH�PRGHOV�RI�ERWK�DOFRKROLF
DQG�SUHGQLVRORQH��DQG�DVSLULQ�LQGXFHG�XOFHUV�LQ�UDWV
KDYH�EHHQ�FDUULHG�RXW��7KH�H[SHULPHQWV�KDYH�SURYHQ
WKH�PDUNHG� DQWL�XOFHURJHQLF� HIIHFW� RI� WKH� H[WUDFWV
�����DQG� ���� UHVSHFWLYHO\�� FRPSDULQJ�ZLWK� WKH
UHIHUHQFH�GUXJ�Ù$OWDQµ��7KH�VWXG\�RI�WKH�PRWRU�DQG
HYDFXDWLYH� IXQFWLRQ� KDV� VKRZQ� WKDW� WKH� H[WUDFW
XQGHU� UHVHDUFK� DIIHFWV� DOVR� V� WKH� IXQFWLRQ� RI� WKH
JDVWURLQWHVWLQDO�WUDFW�PHQWLRQHG�DERYH�DQG�LQKLELWV
WKH�LQWHVWLQDO�SHULVWDOVLV��ZKLFK�LV�LQGLFDWLYH�RI�WKH
H[WUDFW�V�DQWLVSDVPRGLF�DFWLRQ�
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���¢Ì�ÎÌÅÁÉÝÂÑ�ÍÎÆÇÊ¾ÜÐÚÏÝ�ÌÎÆÁ�Ë¾ÉÚË��Ð¾��ËÖ�
ÀÆÂÆ�ÏÐ¾ÐÃÇ��ÂÌ���ÏÐÌÎ�ËÌÈ���ÍÎÆÏÀÝÕÃË��ÍÎÌ¿ÉÃÊ¾Ê
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Î�ËÈÆ�ÄÑÎË¾ÉÑ�Ë¾Â¾ÜÐÚÏÝ�Ð¾ÈÌÄ�Ê¾ÐÃÎ�¾É¾Ê�Å�ÈÉ��
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���°ÃÈÏÐ�ÏÐ¾ÐÐ��ÂÎÑÈÑ�ÐÚÏÝ�ÈÃÁÉÃÊ�����ÕÃÎÃÅ����
�ËÐÃÎÀ¾ÉÆ�Ë¾�¾ÎÈÑÖ��ÒÌÎÊ¾ÐÑ�����ÖÆÎÆË¾�ÍÌÉ�À�
ÅÉ�À¾�x���ÏÊ��ÏÍÎ¾À¾�x���ÏÊ��ÅÀÃÎÓÑ�Ð¾�ÅËÆÅÑ�x�ÍÌ
��ÏÊ�� ��ÍÌÕÆË¾�ÐÚÏÝ�Å�Ð¾ÈÆÓ�Â¾ËÆÓ��Ë¾ÅÀÆ�ÏÐ¾ÐÐ��
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�����ª¾ÐÃÎ�¾ÉÆ�Ð¾�ÊÃÐÌÂÆ��­¾Ô��ËÐÆ�Ð¾�ÊÃÐÌÂÆ��
�����®ÃÅÑÉÚÐ¾ÐÆ�Ð¾��Ó�Ì¿ÁÌÀÌÎÃËËÝ��ª�ÏÐÝÐÚ�ÎÃ�

ÅÑÉÚÐ¾ÐÆ�ÂÌÏÉ�ÂÄÃËÚ��ÅÎÌ¿ÉÃËÆÓ�¾ÀÐÌÎÌÊ�
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ÀÆ×¾�ÀÏ�Ó�¾ÀÐÌÎ�À�
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ÊÆ�Ñ�ÒÌÎÊ¾Ð��&RUHO�'UDZ����������&KHP�:LQ��,6,6GUDZ�
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¿ÑÐÆ� ÍÎÃÂÏÐ¾ÀÉÃË�� Ò¾ÇÉ¾ÊÆ� 7,))� �������GSL� *UD\
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ÁÆÇ�ÃÈÅÃÊÍÉÝÎ�ÏÐ¾ÐÐ��Í�ÂÍÆÏÑ�ÐÚÏÝ�ÀÏ�Ê¾�¾ÀÐÌÎ¾ÊÆ�

����¯Ð¾ÐÐÝ�ÏÑÍÎÌÀÌÂÄÑ�ÐÚÏÝ�Ë¾ÍÎ¾ÀÉÃËËÝÊ�À�Â
ÌÎÁ¾Ë�Å¾Ô����À�ÝÈ�Ç�ÀÆÈÌË¾Ë¾�ÎÌ¿ÌÐ¾��Ë¾��ÊsÝ�ÁÌÉÌÀ�
ËÌÁÌ�ÎÃÂ¾ÈÐÌÎ¾�

����¢Ì�ÏÐ¾ÐÐ��Ë¾�ÌÈÎÃÊÌÊÑ�¾ÎÈÑÖ��ÂÌÂ¾ÜÐÚÏÝ�À�ÂÌ�
ÊÌÏÐ��ÍÎÌ�¾ÀÐÌÎ�À��ÝÈ��Ê�ÏÐÝÐÚ��ÑÕÃËÃ�ÅÀ¾ËËÝ��ÑÕÃËÆÇ
ÏÐÑÍ�ËÚ�� ÍÎ�ÅÀÆ×Ã�� �ÊsÝ� Ð¾� ÍÌ� ¿¾ÐÚÈÌÀ�� �ÍÌÀË�ÏÐÜ��
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