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7KH�SDSHU�SUHVHQWV�RZQ�GDWD�DERXW�WKH�GLIIHUHQFHV�LQ�OLSLG
H[FKDQJH�GLVRUGHUV�LQ�SDWLHQWV�ZLWK�&+)�GXH�WR�,+'��DV�ZHOO
DV�LQ�ZRPHQ�ZLWK�K\SHUWHQVLRQ�LQ�SRVW�PHQRSDXVH�GHSHQGLQJ
RQ� WKH� SUHVHQFH�DEVHQFH� RI� LQVXOLQ� UHVLVWDQFH� �,5��� 7KH
DEVROXWH� K\SRDOIDFKROHVWHUROHPLD� DQG� HYHQ� K\SHUWU\JO\FH�
ULGHPLD�LI�,5�LV�SUHVHQW��WKH�OHYHO�RI�7*�H[FHHGV�WKH�LQGH[�RI
WKH�QRUP�V�XSSHU�OHYHO�LQ���������WLPHV��LQ�DOO�RI�SDWLHQWV�ZLWK
&+)�UHJDUGOHVV�RI�SUHVHQFH�DEVHQFH�RI�,5��+\SHU�SUH�EHWD�
DQG�K\SHU�EHWD�OLSRSURWHLQHPLDV�RFFXU�LQ�ZRPHQ�ZLWK�K\SHU�
WHQVLRQ� LQ� SRVWPHQRSDXVH�� /LSLGHPLD� RI� WKH� W\SH� ,9� LV
FKDUDFWHULVWLF�IRU�SDWLHQWV�ZLWK�&+)�DQG�,5��7KH�UHVXOWV�RI
HVWLPDWLRQ� RI� WKH� OLSLG� H[FKDQJH� VWDWH� LQ� ZRPHQ� ZLWK
K\SHUWHQVLRQ�LQ�SRVWPHQRSDXVH�DOORZ�WR�GHWHUPLQH�OLSLGHPLD
RI�WKH�W\SH�,,��7R�FRUUHFW�PHWDEROLF�GLVRUGHUV�SDWLHQWV�ZLWK
&+)�DQG�,5�DUH�VXJJHVWHG�WR�SUHVFULEH�PHWKIRUPLQ�LQ�WKH
GRVH�RI�����PJ�GDLO\���HSDGRO�LQ�WKH�GRVH�RI���PJ�GDLO\�
:LWK�WKH�VDPH�SXUSRVH�ZRPHQ�ZLWK�K\SHUWHQVLRQ�LQ�SRVW�
PHQRSDXVH�DUH�VXJJHVWHG�WR�KDYH�WKH�UHSODFHPHQW�KRUPRQH
WKHUDS\�DV�HVWUDGLRO�YDOHUDWH�LQ�WKH�GRVH�RI���PJ�GDLO\��GUDJHH
Ù3URJLQRYDµ��6KHULQJ��LQ�FRPELQDWLRQ�ZLWK�HSDGRO�LQ�WKH�GRVH
RI���PJ�GDLO\��LQ�SDWLHQWV�ZLWKRXW�,5��DQG�ORYDVWDWLQ�LQ�WKH
GRVH�RI����PJ�GDLO\���HSDGRO�LQ�WKH�GRVH�RI���PJ�GDLO\��LQ
SDWLHQWV�ZLWK�,5���
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���FKLOGUHQ�ZLWK�WKH�GROLFKRVLJPD�DW�WKH�DJH�IURP���WR���
KDYH�EHHQ�H[DPLQHG��0RVW�SDWLHQWV�FRPSODLQHG�DERXW�WKH
SDLQ�LQ�WKH�DEGRPHQ��FKURQLF�FRQVWLSDWLRQ�DQG�PHWHRULVP�
7KH�PL[HG�IRUP�RI�WKH�GLVHDVH�LV�FKDUDFWHULVWLF�IRU�WKHVH
SDWLHQWV�� ,W� KDV� EHHQ� UHYHDOHG� WKDW� D� ODUJH� QXPEHU� RI
SKHQRW\SLF�VLJQV�RI�WKH�FRQQHFWLYH�WLVVXH�G\VSODVLD�LV�IRXQG
ZLWK�D�KLJK�IUHTXHQF\�LQ�FKLOGUHQ�ZLWK�WKH�GROLFKRVLJPD�
7KH�FKDUDFWHULVWLF�IHDWXUH�LV�WKH�FRPELQDWLRQ�RI�WKH�GROLFKR�
VLJPD�ZLWK�RWKHU�DEQRPDOLHV�RI�WKH�ODUJH�LQWHVWLQH��FRORQRS�
WRVLV�DQG�WKH�3D\U±V�GLVHDVH��7KH�ODFWXORVH�PHGLFLQH�ZDV
DGGHG�WR�WKH�VFKHPH�RI�WKH�EDVLF�GUXJ�WKHUDS\�RI�DOO�FKLOGUHQ�
7KH�GRVH�RI�ODFWXORVH�ZDV�VHOHFWHG�LQGLYLGXDOO\��7KH�GUXJ
WKHUDS\�RI�SDWLHQWV�ZDV�SHUIRUPHG�LQ�FRPELQDWLRQ�ZLWK�WKH
DGMXVWPHQW�RI�WKH�DSSURSULDWH�GLHW��2Q�WKH�EDFNJURXQG�RI
WKH� WUHDWPHQW�SHUIRUPHG� WKH� UHGXFWLRQ�RI� WKH�FOLQLFV�RI
FRQVWLSDWLRQ��PHWHRULVP�DQG�DOJHVLD�LQ�WKH�SDWLHQWV�H[DP�
LQHG� KDV� EHHQ� IRXQG�� $IWHU� EHLQJ� GLVFKDUJHG� IURP� WKH
KRVSLWDO�DOO�FKLOGUHQ�ZHUH�UHFRPPHQGHG�WR�FRQWLQXH�WKH
DGPLQLVWUDWLRQ�RI�ODFWXORVH�ZLWK�WKH�FRQWURO�RI�WKH�VWRRO�V
IUHTXHQF\��7KH�PHGLFLQHV�ZLWK�ODFWXORVH�DUH�LQGLFDWHG�IRU
WKH�WKHUDS\�RI�FKLOGUHQ�ZLWK�GROLFKLVLJPD��
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7KH�FRPSXWDWLRQDO�PRGHOV�WKDW�GHVFULEH�VXFK�ELRSKDU�
PDFHXWLFDO�SURSHUWLHV�RI�GUXJV�DV�VROXELOLW\�DQG�SHU�
PHDWLRQ�WKURXJK�ELRPHPEUDQHV�KDYH�EHHQ�REWDLQHG�DV
WKH� UHVXOW� RI� WKH� UHVHDUFK� SHUIRUPHG�� $OO� PRGHOV
SRVVHVV�D�JRRG�SUHGLFWLRQ�DELOLW\�DQG�FDQ�EH�XVHG�IRU
GHWHUPLQLQJ�WKH�SRVLWLRQ�RI�FRPSRXQGV�LQ�WKH�ELRSKDU�
PDFHXWLFDO�FODVVLILFDWLRQ�V\VWHP��7KH�VWUXFWXUDO� IDF�
WRUV� �OLQNHUV�� IXQFWLRQDO� JURXSV�� WHUPLQDO� IUDJPHQWV
DQG�F\FOHV��WKDW�LQWHUIHUH�RU�SURPRWH�UHYHDOLQJ�RI�WKH
SURSHUWLHV�VWXGLHG�KDYH�EHHQ�GHWHUPLQHG��7KH�SUHVHQFH
RI� WHUW�EXW\ODPLQR�� RU� LVRSURS\ODPLQRJURXSV� LQ� WKH
FRPSRXQGV� LQKLELWV� SHUPHDWLRQ� JUHDWO\�� DQG� ZKHQ
LQFUHDVLQJ�WKH�SRO\PHWK\OHQH�FKDLQ�OHQJWK���v�s���DQG
PRUH�� WKH� SHUPHDWLRQ� GHJUHH� GRHV� QRW� SUDFWLFDOO\
FKDQJH�� KRZHYHU�� WKH� VROXELOLW\� GHFUHDVHV� FRQVLGHU�
DEO\�� ,Q� WKH� UDQJH� RI� VDWXUDWHG� F\FOHV� KHWHURF\FOHV
GHFUHDVH�WKH�SHUPHDWLRQ�GHJUHH�FRPSDUHG�ZLWK�FDUER�
F\FOHV��DV�ZHOO�DV�LQ�WKH�UDQJH�RI�DFLG�DPLGH�HWKHU��WKH
YDOXH�� ZKLFK� FKDUDFWHUL]HV� WKH� SHUPHDWLRQ� RI� VXE�
VWDQFHV�WKURXJK�ELRPHPEUDQHV��LQFUHDVHV�LQ�VSLWH�RI
WKH� IDFW� WKDW� FDUER[\OLF� DFLG� DPLGHV� DUH� GLVVROYHG
EHWWHU�WKDQ�HWKHUV��
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,W�KDV�EHHQ�SURYHQ�WKDW�LVRODWLRQ�RI�IOXR[HWLQH�IURP
WKH�ELRORJLFDO�PDWHULDO�E\�QHXWUDO�DFHWRQH��DFFRUGLQJ
WR� 9�$�� .DUWDVKRY� PHWKRG�� LV� PRUH� DYDLODEOH� IRU
IRUHQVLF�WR[LFRORJLFDO�H[DPLQDWLRQ�WKDQ�LVRODWLRQ�E\
DFLGLILHG� DFHWRQLWULOH� �DFFRUGLQJ� WR� ,�� 6]U]HG]LQVNL
PHWKRG���5HVROXWLRQ�RI�WKH�PHWKRGV�PHQWLRQHG�DER�
YH�ZLWK�UHJDUG�WR�IOXR[HWLQH�ZDV������±������DQG
�����±�������UHVSHFWLYHO\��'HWHFWLRQ�RI�IOXR[HWLQH
LVRODWHG�IURP�WKH�ELRORJLFDO�PDWHULDO�ZDV�FDUULHG�RXW
E\� 7KLQ� /D\HU� &KURPDWRJUDSK\�� FRORXU� UHDFWLRQV�
89�VSHFWURVFRS\�� 7KH� QHFHVVLW\� RI� WKH� SUHYLRXV
DGGLWLRQDO�SXULILFDWLRQ�RI�WKH�H[WUDFWV�IURP�UHODWLQJ
VXEVWDQFHV�REWDLQHG�E\�9�$�.DUWDVKRY�PHWKRG�KDV
EHHQ�VKRZQ��)RU�WKLV�SXUSRVH�EDFN�H[WUDFWLRQ�DQG
7/&�ZDV�XVHG��7KH�TXDQWLWDWLYH�FRQWHQW�RI�WKH�GUXJ
LQ�WKH�H[WUDFWV�KDV�EHHQ�GHWHUPLQHG�E\�WKH�H[WUDF�
WLRQ� SKRWRPHWU\� PHWKRG� LQ� WKH� UHDFWLRQ� RI� LRQLF
DFFRVLDWH�ZLWK�D]RG\H�PHWK\O�RUDQJH��$EVRUEDQFH
RI� WKH� FRORXUHG� VROXWLRQV� ZDV� VXEMHFWHG� WR� WKH
%RXJXHU�/DPEHUW�%HKU�ODZ�ZLWKLQ�WKH�UDQJH�RI�FRQ�
FHQWUDWLRQV�IURP����WR�����µJ�RI�IOXR[HWLQH�LQ����PO
RI�WKH�ILQDO�YROXPH��7KH�UHODWLYH�HUURU�RI�WKH�DVVD\
GLG�QRW�H[FHHG�������
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7KH�FRQVXPLQJ�FKDUDFWHULVWLFV�RI�IDFLOLWLHV�IRU�LQVXOLQ
DGPLQLVWUDWLRQ� KDYH� EHHQ� VWXGLHG� E\� TXHVWLRQQDLUHV
DQG�LQWHUYLHZV�RI�����SDWLHQWV�ZLWK�LQVXOLQ�GHSHQGHQW
GLDEHWHV� PHOOLWXV�� ,W� KDV� EHHQ� IRXQG� WKDW� ���� RI
SDWLHQWV�XVHG�RQO\�V\ULQJHV������Û�RQO\�SHQ�V\ULQJHV
DQG� ��� Û� XVHG� ERWK� IDFLOLWLHV�� ���� DQG� ���
SDWLHQWV��ZKR�XVHG�V\ULQJHV��VDWLVILHG�E\�WKHLU�TXDOLW\
DQG� SULFH�� 7KH� FKDUDFWHULVWLFV� IRU� SHQ�V\ULQJHV� DQG
QHHGOHV�WR�WKHP�ZHUH�����DQG����������DQG�����
UHVSHFWLYHO\�� 'HIHFWV� LQ� TXDOLW\� RI� WKH� IDFLOLWLHV� IRU
LQVXOLQ� DGPLQLVWUDWLRQ� �V\ULQJH� LOOHJLEOH� JUDGXDWLRQ�
QRQ�TXDOLWDWLYH� QHHGOH�� SHQ�V\ULQJH� SHUPHDWLRQ��� DV
ZHOO�DV�LQ�WKHLU�DSSOLFDWLRQ��H[FHHGLQJ�IUHTXHQFLHV�RI
XVH�� SUREOHPV� ZLWK� XWLOL]DWLRQ� LQ� KRPH� FRQGLWLRQV�
LQFRPSOLDQFH� RI� LQVXOLQ� DGPLQLVWUDWLRQ�� KDYH� EHHQ
IRXQG�RXW��7KH�QHFHVVLW\�RI�GHYHORSPHQW�UHFRPPHQ�
GDWLRQV�IRU�LQIRUPDWLRQ�VXSSRUW�RI�WHFKQRORJ\�RI�IDFLOL�
WLHV�IRU�LQVXOLQ�DGPLQLVWUDWLRQ�DV�D�FRQVWLWXHQW�RI�WKH
FRUUHVSRQGLQJ�VWDQGDUG�RI�WKH�SKDUPDFHXWLFDO�FDUH�KDV
EHHQ�GHWHUPLQHG��
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7KH�JUHDW�FKDQJHV�LQ�VRFLHW\�DQG�VFLHQFH�WRRN�SODFH
LQ�WKH�HQG�RI� WKH�;;�WK�FHQWXU\��$V�D�UHVXOW�QHZ
GLUHFWLRQV� LQ� SKDUPDFHXWLFDO� SUDFWLFH� �UHVSRQVLEOH
VHOI�WUHDWPHQW��SKDUPDFHXWLFDO� FDUH��GLDJQRVLV�DQG
SURSK\OD[LV��KDYH�EHHQ�DSSHDUHG��0RGHUQ�WHFKQROR�
JLHV�LQ�WUDGH�DQG�PDUNHWLQJ�PHDVXUHV�EHJDQ�WR�EH
PRUH�LPSRUWDQW�LQ�RUJDQL]LQJ�WKH�HIIHFWLYH�SKDUPD�
FHXWLFDO�DLG��7KH�HVVHQFH�RI�WKH�SKDUPDFHXWLFDO�DLG
DQG� WKH�SDUDPHWHUV� RI� LWV�TXDOLW\�HVWLPDWLRQ�KDYH
FKDQJHG�JUHDWO\��7KH�UHVXOWV�RI�WKH�WKHRUHWLFDO�UH�
VHDUFK�LQ�V\VWHPL]LQJ�WKH�LQIRUPDWLRQ�LQ�WKH�ILHOG�RI
RUJDQL]DWLRQ�RI�WKH�KLJK�TXDOLW\�SKDUPDFHXWLFDO�DLG
LQ�WKH�FRQGLWLRQV�RI�FRQVWDQW�HQYLURQPHQWDO�FKDQJHV
DUH�JLYHQ�LQ�WKH�DUWLFOH��$�PRGHUQ�GHILQLWLRQ�RI�EDVLF
SKDUPDFHXWLFDO� WHUPV� JLYHQ� LQ� WKH� DUWLFOH� FDQ� EH
XVHG�ZKLOH� IRUPLQJ� WKH� VFLHQWLILF� DQG� LQIRUPDWLRQ
EDVH� RI� WKH� EUDQFK�� DV�ZHOO� DV�ZKLOH� FUHDWLQJ� WKH
SKDUPDFHXWLFDO� ODZV� UHJXODWHG� WKH�SKDUPDFHXWLFDO
DFWLYLW\�LQ�8NUDLQH��
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7KH�VWUXFWXUH�RI�WKH�SKDUPDFHXWLFDO�PDUNHW�RI�GUXJV
IRU�WUHDWLQJ�SURVWDWLWLV�DQG�EHQLJQ�K\SHUWURSK\�RI�WKH
SURVWDWH�JODQG�KDV�EHHQ�DQDO\]HG��7KH�OHDGLQJ�SRVLWLRQ
DW� WKH�SUHVHQW�PDUNHW�VHJPHQW�EHORQJV�WR�8NUDLQH�
WKH� GUXJ� DVVRUWPHQW� FRPSULVHV� ����� 7DEOHWV� DQG
UHFWDO� VXSSRVLWRULHV� ����� HDFK� RI� WKHP�� DUH� WKH
OHDGHUV�RI�WKH�PRVW�IUHTXHQWO\�XVHG�PHGLFLQDO�IRUPV�
%\�WKH�TXDQWLW\�RI�WKH�SDFNDJHV�VROG�LQ������3URVWDOLQ
Û��������WDNHV�WKH�ILUVW�SODFH��DQG�E\�WKH�VXP�RI
UHWDLO� SULFHV� 3URVWDW\OHQ�%LRSKDUPD� LV� LQ� WKH� OHDG
��������� 7KH� SKDUPDFRHFRQRPLFDO� DQDO\VLV� E\� WKH
H[SHQVHV�PLQLPL]DWLRQ�PHWKRG�KDV� GHWHUPLQHG� WKDW
WKH�RSWLPDO�GUXJ�IRU�WUHDWLQJ�SURVWDWLWLV�LV�3URVWDSRO
OLTXLG�H[WUDFW��8NUDLQH��3KDUPDN���
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7KH�UHVXOWV�RI�WKH�H[SHULPHQWDO�VWXG\�RI�WKH�DQDOJHVLF
DFWLYLW\�RI�7HUDIOH[�$GYDQFH�DQG�7HUDIOH[�PHGLFLQHV
FRPSDULQJ�ZLWK�WKH�FRPSRQHQWV�WKDW�DUH�LQFOXGHG�LQWR
WKHLU�FRPSRVLWLRQ�DORQJ�DQG�LQ�GLIIHUHQW�FRPELQDWLRQV
KDYH�EHHQ�SUHVHQWHG��7KH�UHVHDUFK�ZDV�FDUULHG�RXW�RQ
WKH� PRGHO� RI� WKH� DFHWLF� DFLG� VWLPXODWHG� DEGRPLQDO
LUULWDQW�WHVW�LQ�PLFH��7KH�UHVXOWV�RI�WKH�LQYHVWLJDWLRQ
GHPRQVWUDWH�WKDW�7HUDIOH[�$GYDQFH�PHGLFLQH�XVHG�LQ
WKH�GRVH�HTXLYDOHQW� WR�D�VLQJOH�DYHUDJH� WKHUDSHXWLF
GRVH�LQ�KXPDQV�KDV�WKH�PDUNHG�DQDOJHVLF�DFWLRQ��7KH
PHGLFLQH�VWXGLHG� LV�QRW� LQIHULRU� WR� LEXSURIHQ�E\� WKH
OHYHO�RI�WKH�DFWLYLW\�UHYHDOHG�LQ�WKH�GRVH��ZKLFK�ZDV
���WLPHV�KLJKHU�WKDQ�LQ�LWV�FRPSRVLWLRQ��7KLV�IDFW�PD\
EH� H[SODLQHG� E\� WKH� SRWHQWLDWLQJ� LQIOXHQFH� RI� JOX�
FRVDPLQH� DQG� FKRQGURLWLQ� VXOIDWH� RQ� WKH� LEXSURIHQ
DQDOJHVLF� SURSHUWLHV��8QOLNH� WKLV� VXFK�PHGLFLQHV� DV
7HUDIOH[��FKRQGURLWLQ�VXOIDWH�DQG�JOXFRVDPLQH�GHULYD�
WLYHV�DV�PRQRGUXJV�RQ�WKH�JLYHQ�H[SHULPHQWDO�PRGHO
KDYH�QRW�SUDFWLFDOO\�UHYHDOHG�WKH�DQDOJHVLF�HIIHFW�DQG
LW� LV� H[SODLQHG�E\� WKH�DEVHQFH�RI�D�GLUHFW�DQDOJHVLF
DFWLRQ�LQ�WKH�VSHFWUXP�RI�WKHLU�SKDUPDFRG\QDPLFV�
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7KH�LQIOXHQFH�RI���R[RLQGROLQ���JO\R[\OLF�DFLG�GHULYD�
WLYHV�ZLWK�WKH�ODERUDWRULHV�FRGHV���)��.����7��%6z����
%6z���������*k.�RQ�WKH�UDWV��HPRWLRQDO�VSKHUH�LQ�WKH
3RUVROW�V� IRUFHG� VZLPPLQJ� WHVW� KDYH� EHHQ� LQYHVWL�
JDWHG��7KH�H[SHULPHQWV�KDYH�EHHQ�SHUIRUPHG�RQ����
ZKLWH�9LVWDU�UDWV�ZLWK�WKH�ERG\�ZHLJKW�RI���������J�
7KH�VXEVWDQFHV�H[�WHPSRUH�ZHUH�VXVSHQGHG�LQ�ZDWHU
IRU�LQMHFWLRQV�XVLQJ�7ZLQ����HPXOVLILHU�DQG�LQWURGXFHG
WR�DQLPDOV�LQ�WKH�GRVH�RI����PJ�SHU�NJ�RI�WKH�ERG\
ZHLJKW�LQWUDSHULWRQHDOO\�DQ�KRXU�EHIRUH�WKH�EHJLQQLQJ
RI�WKH�WHVW��,PLSUDPLQ�ZDV�XVHG�DV�D�UHIHUHQFH�GUXJ
LQ�WKH�GRVH�RI����PJ�SHU�NJ�RI�WKH�ERG\�ZHLJKW��6XFK
VXEVWDQFHV�DV�*$.������%6.�����%6.�������)�DQG�WKH
UHIHUHQFH�GUXJ�KDYH�EHHQ�VKRZQ�WR�LQFUHDVH�WKH�RQVHW
WLPH�RI�WKH�ILUVW�SHULRG�RI�LPPRELOLW\�DQG�GHFUHDVH�WKH
WRWUDO�WLPH�RI�LPPRELOLW\��,W�WHVWLILHV�WKH�SUHVHQFH�RI
WKH�DQWLGHSUHVVLYH�DFWLYLW\�RI�WKH�VXEVWDQFHV�VWXGLHG�
WKLV�DFWLYLW\�LV�WKH�PRVW�H[SUHVVHG�LQ�*$.�VXEVWDQFH�
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7KH� SUDFWLFH� RI� WKH� ORQJ�WHUP� DSSOLFDWLRQ� RI� V\QWKHWLF
PHGLFLQHV�IRU�WUHDWLQJ�K\SHUWHQVLRQ�KDV�QXPHURXV�IDFWV�RI
WKHLU�LQVXIILFLHQW�WKHUDSHXWLF�HIIHFWLYHQHVV�EHFDXVH�RI�WKHLU
VLGH�HIIHFWV��ILUVW�RI�DOO��7KH�SUREOHP�RI�WKH�DQWLK\SHUWHQVLYH
SKDUPDFRWKHUDSHXWLF�FRPSOLFDWLRQV�LV�HVSHFLDOO\�LPSRUWDQW
LQ�WUHDWLQJ�DJHG�SDWLHQWV��7KH�HIIHFWLYH�ORQJ�WHUP�SKDUPD�
FRWKHUDS\� IRU� WUHDWLQJ� K\SHUWHQVLRQ� LQ� VXFK� SDWLHQWV� LV
SRVVLEOH�RQO\�LQ�WKH�FDVH�RI�XVLQJ�SODQW�PHGLFLQHV��2QH�RI
WKH�DOWHUQDWLYHV�RI�VXFK�RSWLPL]DWLRQ�IRU�DQWLK\SHUWHQVLYH
WKHUDS\�LV�D�PHGLFLQH�IURP�DURQLD��$URQLD�IUXLWV�DUH�XVHG
FOLQLFDOO\� LQ� K\SHUWHQVLRQ� RI� WKH� ,�VW� DQG� ,,�QG� VWDJHV�
&OLQLFDO� WULDOV� KDYH� SURYHQ� WKDW� DURQLD� IUXLW� MXLFH
GHFUHDVHV�%3�LQ�SDWLHQWV�ZLWK�K\SHUWHQVLRQ�RI�WKH�,�VW

DQG� ,,�QG� VWDJHV� DQG� KDV� D� SRVLWLYH� HIIHFW� RQ� WKH
SDWLHQW�V�JHQHUDO�VWDWH�LQ�K\SHUWHQVLRQ�RI�WKH�,,,�G�VWDJH
DQG�GHFUHDVHV�WKH�FRXUVH�RI�WKHUDS\��7KH�XVH�RI�DURQLD
IUXLWV� LQ� WUHDWLQJ�K\SHUWHQVLRQ� IRU� GHFUHDVLQJ�%3� LV
H[SODLQHG�E\�WKH�DFWLRQ�RI�VXEVWDQFHV�ZLWK�3�YLWDPLQ
DFWLYLW\�� DQG� WKH� FRPSOH[� RI� SRO\VDFFKDULGHV� IURP
DURQLD� OHDYHV� LQFUHDVHV�UHVLVWDQFH�DQG�DEVRUSWLRQ�RI
WKHVH�QDWXUDO�SRO\SKHQROLF�VXEVWDQFHV��
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7KH�DLP�RI�WKH�UHVHDUFK�ZDV�WR�VWXG\�DQWLR[LGDQW�HIIHFW
RI� WKH� /LSLQ� �OLSRVRPDO� SKRVSKRWLG\OFKROLQH�� LQ� WKH
PRGHO� RI� DFXWH� WHWUDFKORUPHWKDQH�LQGXFHG� SODFHQWDO
LQVXIILFLHQF\��7KH�FHOOXODU�ELRPHPEUDQHV�RI�WKH�XWHU�
LQH�SODFHQWDO�FRPSOH[�DUH�GDPDJHG�VLJQLILFDQWO\�XQGHU
WKH�LQIOXHQFH�RI�WHWUDFKORUPHWKDQH��7KH�UHVHDUFK�ZDV
FDUULHG�RXW�LQ����SUHJQDQW�ZKLWH�UDWV��IHPDOHV���7KH
UHIHUHQFH�GUXJ�ZDV�(VVHQWLDOH1��7KH�VWXG\�RI�WKH
DQWLR[LGDQW�Û�SURR[LGDQW�VWDWXV�ZDV�FDUULHG�RXW�LQ
WKH�EORRG� VHUXP�� WLVVXHV�RI� WKH�P\RPHWULXP��SOD�
FHQWD�DQG�OLYHU�RI�SUHJQDQW�UDWV��7KH�UHVXOWV�RI�RXU
LQYHVWLJDWLRQ� SURYHG� WKDW� Ù/LSLQµ� GHFUHDVHV� IUHH
UDGLFDO�R[LGDWLRQ�SURFHVV��LQFUHDVHV�WKH�DQWLR[LGDQW
VWDWXV�RI�WKH�RUJDQLVP�ERWK�LQ�WKH�EORRG�VHUXP�DQG
LQ� WKH�XWHULQH�SODFHQWDO� FRPSOH[� WLVVXHV��/LSLQ� UH�
YHDOV�WKH�PHPEUDQH�SURWHFWLYH�DFWLRQ��WR�OLYHU�DQG
SODFHQWD��LQ�WKH�PRGHO�RI�WHWUDFKORUPHWDQH�LQGXFHG
SODFHQWDO� LQVXIILFLHQF\� DQG� GHFUHDVHV� VLJQLILFDQWO\
WKH� OHYHO� RI� OLYHU�HQ]\PHV��7KLV� IDFW� WHVWLILHV� WKDW
/LSLQ� LV�DEOH� WR�HOLPLQDWH�GHVWUXFWLYH�SURFHVVHV� LQ
WKH� RUJDQLVP� RI� SUHJQDQW� UDWV�� DV� ZHOO� DV� LQ� WKH
RUJDQV�OLVWHG�DERYH�
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�DFFRUGLQJ� WR� WKH� PDLQWHQDQFH� VFKHPH�� KDV� EHHQ
FDUULHG�RXW�DV�FRPSDUHG�WR�WKH�FODVVLFDO�FHUHEURSUR�
WHFWLYH� PHGLFLQH� S\UDFHWDP�� ,W� KDV� EHHQ� IRXQG� WKH
GRVH�GHSHQGLQJ�GHFUHDVH�LQ�OHWKDOLW\�LQ�UDWV�ZLWK�WKH
JOREDO� FHUHEUDO� LVFKHPLD� ZKHQ� XVLQJ� ,/��5D�� 7KH
FHUHEUDO�LVFKHPLD�LQ�UDWV�GHFUHDVHV�SURJUHVVLYHO\�WKHLU
RULHQWLQJ�OHDUQLQJ� DQG�PRWRU� DFWLYLWLHV�� DQG� WKH� DG�
PLQLVWUDWLRQ�RI�������PJ�NJ�RI�,/��5D�UHVWRUHG�WKH
EHKDYLRXU�UHDFWLRQV�SDUDPHWHUV�DOPRVW�WR�WKH�LQLWLDO
OHYHO��7KH�DSSOLFDWLRQ�RI�,/��5D�GHFUHDVHG�WKH�H[SUHV�
VLYHQHVV�RI�WKH�FHUHEUDO�HGHPD�LQ�������LQ�UDWV�DIWHU
WKH�FHUHEUDO�LVFKHPLD��,Q�����RI�DOO�FRQWURO�DQLPDOV
DW�WKH�ILIWK�PLQXWH�RI�WKH�FHUHEUDO�LVFKHPLD�WKH�(.*
VLJQV�RI�WKH�FHUHEURFDUGLDO�V\QGURPH�ZHUH�GHYHORSHG��LW
ZDV�EORFNHG�LQWURGXFWLRQ�RI�,/��5D�ZLWK�QRUPDOL]DWLRQ
RI�WKH�V\VWROLF�SDUDPHWHU�DQG�GHFUHDVH�RI�WDFK\FDUGLD��
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7KH�DLP�RI�WKH�VWXG\�ZDV�WR�VWXG\�SRWHQWLDO�K\SRJO\�
FHPLF�SURSHUWLHV�RI�D�QHZ�DQWLGLDEHWLF�SK\WRFRPSRVL�
WLRQ� �� 3K\WRJOXQRU� FRPSDULQJ� LW� ZLWK� WKH� RIILFLQDO
DQWLGLDEHWLF�SK\WRFRPSRVLWLRQ���$USKD]HWLQ��7KH�K\SR�
JO\FHPLF�DFWLYLW\�RI�D�QHZ�DQWLGLDEHWLF�SK\WRFRPSRVL�
WLRQ� ZDV� VWXGLHG� LQ� UDWV� LQ� WKH� FRQGLWLRQV� RI� WKH
LQWUDSHULWRQHDO�WHVW�RI�WROHUDQFH�WR�JOXFRVH��7KH�LQWUD�
JDVWULF�DGPLQLVWUDWLRQ�RI�3K\WRJOXQRU�SK\WRFRPSRVL�
WLRQ�KDV�EHHQ�SURYHQ�WR�SURPRWH�PRUH�UDSLG�JOXFRVH
XWLOL]DWLRQ�FRPSDULQJ�ZLWK�LQWDFW�DQLPDOV��7KH�HIIHF�
WLYH� GRVH� RI� WKH� 3K\WRJOXQRU� FRPSRVLWLRQ� KDV� EHHQ
IRXQG� WR� EH� ���PO�NJ�� 7KH� LQWURGXFWLRQ� RI� D� QHZ
SK\WRFRPSRVLWLRQ�WR�WKH�H[SHULPHQWDO�UDWV�ZLWK�DEVR�
OXWH�LQVXOLQ�LQVXIILFLHQF\�FDXVHG�E\�DOR[DQH�LV�DFFRP�
SDQLHG� ZLWK� WKH� QRUPDOL]DWLRQ� RI� WKH� FDUERK\GUDWH
PHWDEROLVP� RI� DQLPDOV�� ZKLFK� UHGXFHV� WKH� JOXFRVH
OHYHO�LQ�EORRG�FRQVLGHUDEO\��7KH�GDWD�REWDLQHG�LQGLFDWH
WKH�H[SLGLHQF\�RI�IXUWKHU�H[SHULPHQWDO�LQYHVWLJDWLRQV
ZLWK�WKH�DLP�RI�FUHDWLQJ�DQ�DQWLGLDEHWLF�PHGLFLQH��
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7KH�DUWLFOH�SUHVHQWV�WKH�LQIRUPDWLRQ�DERXW�WKH�UHVXOWV
RI� D� FRPSDUDWLYH� UHVHDUFK�RI� WKH�DQWL�DOWHUDWLYH�DQG
DQWLSUROLIHUDWLYH�DFWLRQ�RI�JOXFRVDPLQH�K\GURFKORULGH�
SDUDFHWDPRO��DV�ZHOO�DV�WKHLU�FRPELQDWLRQV�LQ�WKH�UDWLRV
RI� ��������� *OXFRVDPLQH� K\GURFKORULGH� LQKLELWHG� WKH
SURFHVVHV�RI�WKH�DOWHUDWLYH�LQIODPPDWLRQ�UDWKHU�HIIHF�
WLYHO\� GXULQJ� WKH�ZKROH� H[SHULPHQW�� DV�ZHOO� DV� GH�
FUHDVHG�WKH�DFWLYLW\�RI�SUROLIHUDWLYH�SURFHVVHV�LQ�WKH
H[SHULPHQWDO�DQLPDOV��3DUDFHWDPRO�GLG�QRW�VKRZ�WKH
VXEVWDQWLDO�DQWL�DOWHUDWLYH�DQG�DQWLSUROLIHUDWLYH�DFWLY�
LW\��7KH�DQWL�DOWHUDWLYH�DQG�DQWLSUROLIHUDWLYH�HIIHFW�RI
FRPELQDWLRQV�RI�SDUDFHWDPRO�ZLWK�JOXFRVDPLQH�K\GUR�
FKORULGH�LQFUHDVHG�ZLWK�WKH�LQFUHDVLQJ�RI�JOXFRVDPLQH
SRUWLRQ� IURP� ������ WR� ������� :KHQ� FRPELQLQJ
JOXFRVDPLQH� K\GURFKORULGH� ZLWK� SDUDFHWDPRO� LQ� WKH
UDWLRV� VWXGLHG� WKHUH� ZDV� WKH� HIIHFW� RI� WKH� VLPSOH
VXPPDWLRQ�RI�DQWL�DOWHUDWLYH�DQG�DQWLSUROLIHUDWLYH�HI�
IHFWV�RI�WKH�FRPSRQHQWV�ZLWKRXW�WKHLU�SRWHQWLDWLRQ��
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