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7KH�DUWHULDO�K\SHUWHQVLRQ��$+��RFFXUV�LQ��������RI
DGXOW�SRSXODWLRQ�RI�WKH�HFRQRPLFDOO\�GHYHORSHG�FRXQ�
WULHV��LQFOXGLQJ�8NUDLQH��,Q�WKH�ODVW�������\HDUV�WKHUH
LV�DQ�LQFUHDVHG�LQWHUHVW�WR�PHWDEROLF�GLVRUGHUV�UHODWHG
ZLWK�$+��$FFRUGLQJ�WR�WKH�RSLQLRQ�RI�WKH�PDMRULW\�RI
H[SHUWV��LQVXOLQ�UHVLVWDQFH��,5��LV�D�OHDGLQJ�IDFWRU�LQ
IRUPLQJ�RI�WKH�PHWDEROLF�V\QGURPH�V\PSWRP�FRPSOH[�
7KH� RZQ� GDWD�� ZKLFK� WHVWLI\� WKDW� WKH� DEVHQFH� RI
PHWDEROLF�PHGLFLQHV�LQ�VWDQGDUG�WKHUDS\��FDQGHVDUWDQ
�� SHULQGRSULO�� GRHV� QRW� SURPRWH� DQ\� FKDQJHV� LQ
SDWLHQWV�ZLWK�K\SHUWHQVLRQ�DVVRFLDWHG�ZLWK�,5�FRQFHUQ�
LQJ�WKH�LQGH[HV�RI�FDUERQK\GUDWH�PHWDEROLVP�DQG�WR
RYHUFRPLQJ� RI� ,5� �JURXS� ���� DUH� SUHVHQWHG� LQ� WKH
DUWLFOH��7KH�LQFOXVLRQ�RI�URVLJOLWD]RQH��JURXS����LQWR
VWDQGDUG�WKHUDS\��FDQGHVDUWDQ���SHULQGRSULOXP��SUR�
YLGHV� IRU� GHFUHDVH� RI� ERWK� JO\FHPLD� RQ� DQ� HPSW\
VWRPDFK�DQG�JO\FHPLD�LQ���KRXUV�DIWHU�JOXFRVH�ORDGLQJ�
DV�ZHOO�DV�VXEVWDQWLDO��¯�������GHFUHDVH�RI�+20$�,5
LQGH[��7KH�LQFOXVLRQ�RI�URVLJOLWD]RQH�DQG�WKLRWULD]ROLQH
�JURXS����WR�WKH�FRPELQDWLRQ�RI�FDQGHVDUWDQ���SHULQ�
GRSULO� KDV� WKH� PRVW� VLJQLILFDQW� LQIOXHQFH� RQ� ,5� LQ
SDWLHQWV� ZLWK� K\SHUWHQVLRQ�� DQG� LW� UHVXOWV� LQ� PRUH
H[SUHVVHG�GHFUHDVH�RI�JO\FHPLD�RQ�DQ�HPSW\�VWRPDFK
DQG�JO\FHPLD�LQ���KRXUV�DIWHU�JOXFRVH�ORDGLQJ��HVSH�
FLDOO\�RI�+20$�,5�LQGH[�� LWV�YDOXH�ZDV�VWDWLVWLFDOO\
�¯�������KLJKHU�WKDQ�RQH�LQ�SDWLHQWV�RI�JURXS����
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7KH� RSLQLRQ� RI� WKH� VWXGHQWV� WUDLQHG� LQ� VSHFLDOLW\
Ù&RVPHWRORJ\µ� DW� WKH� 9RFDWLRQDO� 7UDLQLQJ� &HQWUH
Ù7RS� EHDXW\µ� LQ� 6RILD� KDV� EHHQ� LQYHVWLJDWHG�� 7KH
WUDLQLQJ� LV� FDUULHG�RXW�DFFRUGLQJ� WR� WKH�FXUULFXOXP�
ZKLFK�FRUUHVSRQGV�WR�WKH�UHTXLUHPHQWV�RI�WKH�(XUR�
SHDQ�8QLRQ�IRU�WUDLQLQJ�FRVPHWRORJ\��7KH�UHVXOWV�VKRZ
WKDW� È�JUHDW�QXPEHU� RI� VWXGHQWV� GR�QRW�KDYH�EDVLF
NQRZOHGJH�LQ�KHDOWK�DQG�FRVPHWLF�FXOWXUH��DQG�LW�FDQ
OHDG� WR� GHWHULRUDWLRQ� RI� WKH� TXDOLW\� RI� WKH� FRVPHWLF
VHUYLFHV�SURYLGHG�WR�WKH�SRSXODWLRQ��
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7KH�VWXG\�RI�NLQHWLFV�RI�WKH�SURFHVVHV�RI�DEVRUSWLRQ�
WUDQVLW�DQG�UHDEVRUSWLRQ�RI���&�EXW\ULF�DFLG��D�UHS�
UHVHQWDWLYH�RI�VKRUW�FKDLQ�IDWW\�DFLGV��LQ�WKH�RUJDQ�
LVP�RI�H[SHULPHQWDO�DQLPDOV�KDV�EHHQ�FDUULHG�RXW�
7KH�UHVXOWV�REWDLQHG�VKRZ�D�KLJK�UDWH�RI�DEVRUSWLRQ
RI�WKH�FRPSRXQG�LQ�EORRG�SODVPD�ERWK�ZLWK�LQWUDYH�
QRXV�DQG�RUDO�DGPLQLVWUDWLRQ��3KDUPDFRNLQHWLF�SD�
UDPHWHUV� RI� DEVRUSWLRQ� DQG� HOLPLQDWLRQ� RI� ��&�EX�
W\ULF�DFLG�IURP�EORRG�SODVPD�KDYH�EHHQ�FDOFXODWHG�
:KHQ�VWXG\LQJ� WKH�FRUUHODWLRQ�RI�DUHDV�XQGHU� WKH
ÙFRQFHQWUDWLRQ�Û� WLPHµ�FXUYHV� LW�ZDV� IRXQG� WKDW
DERXW������RI�WKH�GRVH�FRPHV�WR�WKH�EORRG�SODVPD�
$EVRUSWLRQ�KDV�EHHQ�VKRZQ�WR�RFFXU�ZLWK�D�VXIILFLHQW
VSHHG�LQ�WKH�ORZHU�JDVWURLQWHVWLQDO�WUDFW��7KH�FRQ�
VWDQWV�RI�DEVRUSWLRQ�DQG�HOLPLQDWLRQ�RI���&�EXW\ULF
DFLG�IURP�DOO�VHFWLRQV�RI�WKH�*,7�KDYH�EHHQ�FDOFX�
ODWHG��,W�VKRXOG�EH�QRWHG�WKDW�WKH�FRPSRXQG�VKRXOG
EH� LQ� XQGLVVRFLDWHG� IRUP� WR� DIIHFW� WKH� LQWHVWLQDO
PRWLOLW\��$IWHU�DEVRUSWLRQ�EXW\ULF�DFLG�LV�TXLWH�HDVLO\
GLVWULEXWHG��VR�ZH�FDOFXODWHG�WKH�FRQVWDQWV�RI�HOLPL�
QDWLRQ�UDWH�IURP�WKH�UHOHYDQW�RUJDQV�DQG�WLVVXHV��,Q
DGGLWLRQ��WKH�SRVVLELOLW\�RI�UHDEVRUSWLRQ��LW�KDV�EHHQ
FOHDUO\�GHPRQVWUDWHG�E\�LQWUDYHQRXV�LQMHFWLRQ��DQG
HQWHURKHSDWLF�FLUFXODWLRQ��WKH�SUHVHQFH�RI�D�UDGLRDF�
WLYH�PDWHULDO�LQ�WKH�JDOOEODGGHU��KDV�EHHQ�VKRZQ�
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5HVROXWLRQ�RI�WKH�JHQHUDOO\�DFFHSWHG�LQ�IRUHQVLF�DQG
WR[LFRORJLFDO�DQDO\VLV�GUXJ�LVRODWLRQ�PHWKRGV�KDV�EHHQ
VWXGLHG�ZLWK�UHJDUG�WR�WUD]RGRQH�E\�WKH�PHWKRGV�RI
2�2�9DVLO\HYD�� 6WDV�2WWR�� 9�3K�.UDPDUHQNR�� ZKLFK
DOORZHG�WR�LVRODWH�����±����������±����������±����
RI�WKH�DQWLGHSUHVVDQW�XQGHU�UHVHDUFK��UHVSHFWLYHO\��7KH
SRVVLELOLW\�RI�XVLQJ�WKH�7KLQ�/D\HU�&KURPDWRJUDSK\
PHWKRG��FRORXU�UHDFWLRQV��89�VSHFWURVFRS\�WR�GHWHFW
WUD]RGRQH� LVRODWHG� IURP�WKH�ELRORJLFDO�PDWHULDO�DIWHU
WKH�SUHYLRXV�DGGLWLRQDO�SXULILFDWLRQ�RI�WKH�H[WUDFWV�IURP
FRQFRPLWDQW�DGPL[WXUHV�E\�EDFN�H[WUDFWLRQ�DQG�7/&
KDV� EHHQ� VKRZQ�� 7KH� TXDQWLWDWLYH� FRQWHQW� RI� WKH
PHGLFLQH�LQ�WKH�H[WUDFWV�ZDV�GHWHUPLQHG�ZLWK�WKH�KHOS
RI�WKH�H[WUDFWLRQ�SKRWRHOHFWURFRORULPHWU\�PHWKRG�E\
WKH�UHDFWLRQ�ZLWK�PHWK\O�RUDQJH��WKH�DFLGLF�D]RG\H�
/LJKW�DEVRUSWLRQ�RI� WKH�FRORXUHG�VROXWLRQV�ZDV�VXE�
MHFWHG� WR� WKH�%RXJXHU�/DPEHUW�%HKU� ODZ�ZLWKLQ� WKH
UDQJH�RI�FRQFHQWUDWLRQV�IURP����WR�����µJ�RI�WUD]RGRQH
LQ����PO�RI�WKH�ILQDO�YROXPH��7KH�UHODWLYH�HUURU�RI�WKH
DVVD\�GLG�QRW�H[FHHG��������7KH�UHVXOWV�REWDLQHG�FDQ
EH�XVHG�IRU�IRUHQVLF�DQG�WR[LFRORJLFDO�LQYHVWLJDWLRQV�RI
WKH�ELRORJLFDO�PDWHULDO�LQ�OHWKDO�WUD]RGRQH�SRLVRQLQJV�
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$TXHRXV�JHOV�DV�RQH�RI�WKH�PRVW�ZLGHVSUHDG�PHGLFL�
QDO� IRUPV� OLPLW� WKH�SRVVLELOLW\�RI� LQWURGXFWLRQ�RI�D
QXPEHU� RI� K\GURSKRELF� PHGLFLQDO� VXEVWDQFHV�� IRU
H[DPSOH�LPLGD]RO�GHULYDWLYHV��7KH�SUHYLRXV�UHVHDUFK
ZRUNHG�RXW�WKH�FRPSRVLWLRQ�RI�DQK\GURXV�JHOV�ZLWK
FORWULPD]RO�� ELIRQD]RO� DQG� NHWRNRQD]RO�� :LWK� WKH
SXUSRVH�RI�WKHLU�LQWURGXFWLRQ�LQWR�PHGLFDO�SUDFWLFH
WKH�VHQVLWL]LQJ�DQG�ORFDO�LUULWDWLQJ�DFWLRQ�RI�DQWLP\�
FRWLF�JHOV�KDV�EHHQ�LQYHVWLJDWHG�E\�WKH�PHWKRG�LQ
YLYR��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�SUHFOLQLFDO�WULDOV�LW
KDV�EHHQ�IRXQG�WKDW�WKH�PHGLFLQHV�GHYHORSHG�GR�QRW
UHYHDO� VHQVLWL]LQJ� DQG� ORFDO� LUULWDWLQJ� SURSHUWLHV�
$FFRUGLQJ�WR�WKH�WR[LFLW\�LQGLFHV�DQK\GURXV�JHOV�RI
FORWULPD]RO��ELIRQD]RO�DQG�NHWRNRQD]RO��ZKLFK�EDVH
FRQWDLQV�°DUERPHU�DQG�K\GURSKLOLF�QRQ�DTXHRXV�VRO�
YHQWV��HWKDQRO��JO\FHURO��SURS\OHQHJO\FRO�DQG�3p|�
�����FRUUHVSRQG�WR�WKH�OHYHO�RI�WR[LFLW\�RI�UHIHUHQFH
PHGLFLQHV� �� VXFK�FUHDPV�DV����&ORWULPD]RO� �SUR�
GXFHG� E\� *OD[R6PLWK.OLQH� 3KDUPDFHXWLFDOV� 6�$�
3RODQG������1L]RUDO��SURGXFHG�E\�-DQVVHQ�3KDUP��
%HOJLXP������%LIXQDO���SURGXFHG�E\�$FWDYLV���%DO�
NDQIDUPD��%XOJDULD���,W�DOORZV�WR�UHFRPPHQG�WKH�JHOV
IRU�IXUWKHU�UHVHDUFK�ZLWK�WKH�SXUSRVH�RI�LQWURGXFWLRQ
WKHP�LQWR�SUDFWLFDO�PHGLFLQH�DV�DQWLP\FRWLFV��
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7KH�LQIOXHQFH�RI�QRYHO�FLV���DULOLGHQ�KHWDULOLGHQ������GL�
K\GUR��+�����EHQ]RGLD]HSLQH���RQHV�GHULYDWLYHV�RQ�UDW�V
DSSHWLWH� KDV� EHHQ� VWXGLHG�� ,W� KDV� EHHQ� VKRZQ� WKDW
DQRUH[LJHQLF�DFWLYLW\�RI�WKH�FRPSRXQGV�LQYHVWLJDWHG
GHSHQGV�VLJQLILFDQWO\�RQ�WKHLU�VWUXFWXUH��)RU�WKH�ILUVW
WLPH�WKH�FRPSRXQGV��ZKLFK�LQ�ORZ�GRVHV����PJ�NJ�
GHFUHDVH�IRRG�LQWDNH�DQG�DSSHWLWH�LQ�UDWV��KDYH�EHHQ
IRXQG��$�KLJK�DQRUH[LJHQLF�DFWLYLW\�RI�WKH�FRPSRXQGV
VWXGLHG�LV�H[SUHVVHG�LQ�UHOLDEOH�GHFUHDVH������WLPHV��RI
WKH�YROXPH�RI�WKH�OLTXLG�IRRG�WDNHQ�E\�UDWV�FRPSDUHG
WR�WKH�FRQWURO�JURXS��7KH�PRVW�DFWLYH�FRPSRXQG���
ZLWK�WKH�DWRP�RI�P�FKORULQH�DV�D�VXEVWLWXHQW�LQ�WKH
EHQ]LOLGHQ� IUDJPHQW� RI� WKH� PROHFXOH�� UHGXFHG� WKH
YROXPH�RI�WKH�OLTXLG�IRRG�WDNHQ�LQ���WLPHV�FRPSDUHG
WR�WKH�FRQWURO��7KH�UHVHDUFK�FRQGXFWHG�WHVWLILHV�WKDW
WKH� RUH[LJHQLF� HIIHFW� DV� D� VLGH� IRU�PDMRULW\� RI� EHQ�
]RGLD]HSLQHV�LV�DEVHQW�LQ�WKLV�UDQJH��7KH�FRPSRXQGV
LQYHVWLJDWHG�DUH�ZLWK�D�ORZ�WR[LFLW\��/'���!�����PJ�NJ��
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7KH� FUHDWLRQ� RI� QHZ� DQWLPLFURELF� PHGLFLQHV� IRU
SUHYHQWLRQ�DQG�WUHDWPHQW�RI�GLVHDVHV�RI�WKH�SHULR�
GRQWLXP�LV�D�SURPLVLQJ�GLUHFWLRQ�LQ�VWRPDWRORJ\��$
PRGHUQ� JHO� EDVH� IRU� D� GHQWDO� PHGLFLQH� KDV� EHHQ
GHYHORSHG� E\� WKH� VWUXFWXUDO� DQG� PHFKDQLFDO� DQG
WHFKQRORJLFDO�UHVHDUFK��7KH�PLFURELRORJLFDO�UHVHDUFK
RI� WKH� VDPSOHV�RI�GHQWDO�JHOV� FRQWDLQLQJ�HVVHQWLDO
RLOV� RI� WHD� WUHH� DQG�RU� HXFDO\SWXV� LQ� GLIIHUHQW
FRQFHQWUDWLRQV� ��� DQG� ����KDYH� EHHQ� FRQGXFWHG�
7KH�DQWLPLFURELDO�DFWLYLW\�RI�WKH�H[SHULPHQWDO�VDP�
SOHV�KDV�EHHQ� VWXGLHG� LQ� UHODWLRQ� WR�JUDP�SRVLWLYH
�6WDSK\ORFRFFXV� DXUHXV�� %DFLOOXV� VXEWLOLV��� JUDP�
QHJDWLYH� �(VFKHULFKLD� FROL�� FXOWXUHV� DQG� &DQGLGD
DOELFDQV��7KH�V\QHUJLVWLF�EDFWHULFLGDO�DFWLRQ�RI�HV�
VHQWLDO�RLOV�KDV�EHHQ�IRXQG�LQ�UHODWLRQ�WR�6WDSK\OR�
FRFFXV�DXUHXV�DQG�RI�&DQGLGD�IXQJL��%DVHG�RQ�WKH
UHVXOWV�REWDLQHG�D�JHO�VDPSOH�ZLWK�HVVHQWLDO�RLOV�RI
WHD� WUHH�DQG�HXFDO\SWXV�ZLWK� WKH�FRQFHQWUDWLRQ�RI
���LQ�LWV�FRPSRVLWLRQ�KDV�EHHQ�FKRVHQ�IRU�IXUWKHU
UHVHDUFK�ZLWK� WKH� SXUSRVH� RI� FUHDWLRQ� RI� D� GHQWDO
PHGLFLQH�IRU�WUHDWLQJ�GLVHDVHV�RI�WKH�SHULRGRQWLXP�
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7KH�UHVXOWV�RI�WKH�ELRFKHPLFDO�UHVHDUFK�RI�PHWDEROLVP
FKDQJLQJ��DFFXPXODWLRQ�RI�DUWLFXODU�FDUWLODJH�PDWUL[
PDFURPROHFXOHV�DQG�LQIODPPDWRU\�WHVWV�LQ�H[SHULPHQ�
WDO�DQLPDOV�ZLWK�WKH�PRGHO�RI�FRUWLFRVWHURLGDO�G\VWUR�
SK\�RI� WKH�FRQQHFWLYH� WLVVXH�XQGHU� WKH� LQIOXHQFH�RI
WKHUDS\�ZLWK�JOXFRVDPLQH�K\GURFKORULGH�DQG�JOXFRV�
DPLQH�DFHW\OVDOLF\ODWH�FRPSRVLWLRQV�LQ����������	����
E\�ZHLJKW�LQ�WKH�GRVH�RI�����PJ�NJ�DUH�SUHVHQWHG��,W
KDV�EHHQ�IRXQG�WKDW�WKHVH�FRPSRVLWLRQV�LQ�WKH�UDWLRV
RI�����DQG�����VKRZHG�D�VWURQJ�DQWL�DUWKURWLF�HIIHFW�
KRZHYHU��WKH�FRPSRVLWLRQ�ZLWK�WKH�JLYHQ�FRPSRQHQWV
LQ�WKH�UDWLR�RI�����ZDV�PXFK�OHVV�DFWLYH��2Q�WKH�EDVLV
RI�WKH�UHVHDUFK�UHVXOWV�WKH�FRPSRVLWLRQ�RI�JOXFRVDPLQH
K\GURFKORULGH�ZLWK�JOXFRVDPLQH�DFHW\OVDOLF\ODWH�LQ�WKH
UDWLR�RI�����E\�ZHLJKW�KDV�EHHQ�UHFRPPHQGHG�DV�WKH
PDLQ�RQH�IRU�FUHDWLQJ�D�QHZ�DQWL�DUWKURWLF�PHGLFLQH��
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&KURQLF�LQIODPPDWLRQ�RI�SHOYLF�RUJDQV�LV�RQH�RI�WKH�PRVW
FRPPRQ�FDXVHV�RI� UHSURGXFWLYH�GLVRUGHUV��7KH� UHVXOWV�RI
LQIHUWLOLW\� WUHDWPHQW�ZLWK�DVVLVWHG�UHSURGXFWLYH�WHFKQLTXHV
�$57�� LQ� SDWLHQWV� RI� WKLV� JURXS� DUH� QRW� KLJK� HQRXJK�
3UHVXPDEO\��FKURQLF�LQIODPPDWLRQ�PD\�ZRUVHQ�WKH�UHVXOWV
RI�VXSHURYXODWLRQ�LQGXFWLRQ�E\�H[RJHQRXV�JRQDGRWURSLQV��WKH
QXPEHU�DQG�TXDOLW\�RI�RRF\WHV�DQG�HPEU\RV��$Q�LPSRUWDQW
SUREOHP�LV�WR�VWXG\�WKH�SDWKRJHQLF�PHFKDQLVPV�RI�UHSURGXF�
WLYH�GLVRUGHUV�LQ�SDWLHQWV�ZLWK�LQIHUWLOLW\�FDXVHG�E\�FKURQLF
SHOYLF�GLVHDVHV��8QGHUVWDQGLQJ�RI�PHFKDQLVPV�UHGXFLQJ�WKH
HIIHFWLYHQHVV�RI�LQIHUWLOLW\�WUHDWPHQW�VKRXOG�VSHFLI\�WKH�VHDUFK
GLUHFWLRQ�RI�SDWKRJHQHWLF�WUHDWPHQW�PHWKRGV��7KH�HIIHFW�RI
FKURQLF�LQIODPPDWLRQ�RI�RYDULHV�RQ�WKH�UHVXOWV�RI�VXSHURYX�
ODWLRQ�LQGXFWLRQ��RRF\WH�DQG�HPEU\R�TXDOLW\�LQ�PLFH�KDV�EHHQ
VWXGLHG��&KURQLF�RYDU\�LQIODPPDWLRQ�LQ�PLFH�KDV�EHHQ�VKRZQ
WR� DIIHFW� VLJQLILFDQWO\� WKH� UHVXOWV� RI� VXSHURYXODWLRQ�� 7KH
TXDQWLW\�RI�RRF\WHV��]\JRWHV�DQG���FHOO�HPEU\RV�GHFUHDVH
VLJQLILFDQWO\�LQ�PLFH�ZLWK�H[SHULPHQWDO�RYDU\�LQIODPPDWLRQ�
7KHUH�ZDV�DOVR�D�WUHQG�WRZDUGV�GHWHULRUDWLRQ�RI�WKH�PRUSKRO�
RJ\�RI�HPEU\RV�LQ�LQIODPPDWLRQ��7KHVH�GDWD�VXJJHVW�WKDW
FKURQLF�LQIODPPDWLRQ�LQ�SHOYLV�KDV�D�QHJDWLYH�LPSDFW�RQ�WKH
$57�RXWFRPH��7KH�VHDUFK�IRU�SDWKRJHQHWLF�WUHDWPHQW�DLPHG
DW�LPSURYLQJ�$57�UHVXOWV�LQ�LQIHUWLOLW\�RI�LQIODPPDWRU\�RULJLQ
VKRXOG�EH�SHUIRUPHG�
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7KH�UHVXOWV�RI�VWXG\LQJ�DQJLRSURWHFWLYH��DQWLDWKHUR�
JHQLF�� K\SROLSLGHPLF�� DQG� DQWL�R[LGDWLYH� DFWLRQ� RI
9HQRWRQ� FDSVXOHV� RQ� WKH� H[SHULPHQWDO� PRGHO� RI
K\SHUYLWDPLQRVLV�'�FRPSDULQJ�WR�(VNXYLW�WDEOHWV��,Q
WKH�FRQGLWLRQV�RI�K\SHUYLWDPLQRVLV�'�9HQRWRQ�FRU�
UHFWHG�WKH�GLVRUGHUHG�PHWDEROLF�SURFHVVHV�DQG�VKR�
ZHG�DQWLWR[LF�SURSHUWLHV��$�FRPSDUDWLYH�DQDO\VLV�RI
SKDUPDFRWKHUDSHXWLFDO�HIILFDF\�RI�9HQRWRQ�FDSVXOHV
DQG�(VNXYLW�WDEOHWV�KDV�EHHQ�FRQGXFWHG�IRU�WKH�PRVW
LQIRUPDWLYH�LQGLFHV�LQ�WKH�FRQGLWLRQV�RI�K\SHUYLWDPL�
QRVLV�'��DV�ZHOO�DV�SHFXOLDULWLHV�RI�WKHLU�DFWLRQ�RQ
FDOFLXP�H[FKDQJH��OLSLG�PHWDEROLVP�DQG�WKH�V\VWHP
RI� OLSLG� SHUR[LGDWLRQ� DQG� DQWL�R[LGDQW� V\VWHP� LQ
ODERUDWRU\�DQLPDOV�KDV�EHHQ�HYDOXDWHG��,W�DOORZHG�WR
GHWHUPLQH� WKH� PRVW� PDUNHG� DQJLRSURWHFWLYH� �DQ�
WLDWKHURJHQLF��K\SROLSLGHPLF��DQG�DQWL�R[LGDWLYH�DF�
WLRQ�RI�9HQRWRQ�FDSVXOHV��7KH�SKDUPDFRORJLFDO�DF�
WLYLW\�RI�9HQRWRQ�FDSVXOHV�LV�SURYLGHG�E\�WKH�FRP�
SOH[�FRPSRVLWLRQ�RI�ELRORJLFDOO\�DFWLYH�VXEVWDQFHV�RI
VHYHQ� PHGLFLQDO� SODQWV�� ZKLOH� D� GU\� H[WUDFW� RI
FKHVQXW�IUXLW�DV�D�PRQRFRPSRQHQW�LQ�WKH�FRPSRVL�
WLRQ�RI�(VNXYLW�WDEOHWV�FDQQRW�SURYLGH�VXFK�LQWHQVLW\
DQG�FRPSUHKHQVLYH�SKDUPDFRORJLFDO�DFWLRQ��
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7KH�DUWLFOH�LV�GHYRWHG�WR�WKH�VFUHHQLQJ�RI�JOXFRVDPLQH
K\GURFKORULGH�DV�D�PHGLFLQH�ZLWK�WKH�IULJRSURWHFWLYH
DFWLRQ��7KH�H[SHULPHQWDO�VWXGLHV�ZHUH�FRQGXFWHG� LQ
ZKLWH�PLFH��7KH�IULJRSURWHFWLYH�HIIHFW�RI�JOXFRVDPLQH
K\GURFKORULGH�ZDV�VWXGLHG�RQ�D�PRGHO�RI�DFXWH�JHQHUDO
FRROLQJ��7KH�VXEVWDQFH�VWXGLHG�ZDV�LQMHFWHG�LQ�GRVHV
RI�������PJ�NJ�DV�DQ�LQWUDSHULWRQHDO�VROXWLRQ��$FH�
W\OVDOLF\OLF�DFLG�LQ�WKH�GRVH�RI�����PJ�NJ�DQG�EHPLW\O
LQ�WKH�GRVH�RI����PJ�NJ�ZHUH�VHOHFWHG�DV�UHIHUHQFH
PHGLFLQHV�ZLWK�WKH�IULJRSURWHFWLYH�DFWLRQ��,W�KDV�EHHQ
IRXQG�WKDW�JOXFRVDPLQH�RQ�WKH�PRGHO�RI�DFXWH�JHQHUDO
FRROLQJ�UHYHDOHG�D�SURQRXQFHG�IULJRSURWHFWLYH�HIIHFW�DV
LW�SURYHG�E\�WKH�LQFUHDVH�LQ�WKH�OLIHWLPH�RI�WKH�DQLPDOV
VWXGLHG��7KH� UHVXOWV�REWDLQHG�DOORZ� WR�VXSSRVH� WKDW
DSSOLFDWLRQ� RI� JOXFRVDPLQH� K\GURFKORULGH� ZRXOG� EH
SHUVSHFWLYH�LQ�IXWKHU�FOLQLFDO�SUDFWLFH�RI�FROG�WUDXPD
WUHDWPHQW��
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7KH�DUWLFOH�VKRZV�WKDW�WKH�WUHDWPHQW�RI�H[SHULPHQWDO
DQLPDOV�ZLWK�FRUWLFRVWHURLGDO�G\VWURSK\�RI�WKH�FRQQHFW�
LQJ�WLVVXH�E\�SDUDFHWDPRO�LQ�WKH�UDQJH�RI�GRVHV�����
PJ�NJ�� DQG� DV� ZHOO� DV� E\� FRPELQDWLRQV� RI� JOX�
FRVDPLQH�K\GURFKORULGH�ZLWK�SDUDFHWDPRO�LQ�WKH�UDWLR
UDQJH�RI���������LQ�WKH�GRVH�RI����PJ�NJ�UHVXOWHG�LQ
D� SRVLWLYH� HIIHFW� RQ�PHWDEROLVP� RI� FROODJHQ�� DQG� LW
WHVWLILHV�WKH�SUHVHQFH�RI�SDUDFHWDPRO��DV�ZHOO�DV�WKH
DERYHPHQWLRQHG� FRPELQDWLRQV�ZLWK� WKH� FKRQGURSUR�
WHFWLYH�HIIHFW��7KH�FRPSDUDWLYH�DQDO\VLV�RI�ELRFKHPLFDO
LQGH[HV� RI� FROODJHQ� PHWDEROLVP� LQ� ZKLWH� UDWV� ZLWK
FRUWLFRVWHURLGDO�G\VWURSK\�WUHDWHG�E\�FRPELQDWLRQV�RI
JOXFRVDPLQH� K\GURFKORULGH� ZLWK� SDUDFHWDPRO� LQ� WKH
UDWLR�UDQJH�RI���������LQ�WKH�GRVH�RI����PJ�NJ��DV�ZHOO
DV�VLPLODU�DQLPDOV� WUHDWHG�ZLWK�SDUDFHWDPRO�RQO\� LQ
WKH�DSSURSULDWH�GRVHV�KDV�GHPRQVWUDWHG�WKDW�DGGLWLRQ
RI�JOXFRVDPLQH�K\GURFKORULGH�LQ�WKH�WKHUDSHXWLF�VFKH�
PHV�RI�DQLPDOV��LQFOXGLQJ�SDUDFHWDPRO��GLG�QRW�FDXVH
VXEVWDQWLDO�FKDQJHV�LQ�WKH�FRXUVH�RI�UHQHZDO�SURFHVVHV
RI�WKH�ÙFROODJHQ�Û�K\GUR[\SUROLQHµ�V\VWHP�PHWDER�
OLVP�RI�WKH�FRQQHFWLQJ��WLVVXH�GDPDJHG�E\�WKH�H[FHV�
VLYH�GRVHV�RI�FRUWLFRVWHURLGDO�KRUPRQHV�
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7KH�DQWL�LQIODPPDWRU\�DFWLYLW\�RI�D�GHQVH�H[WUDFW�IURP
ZDUW\�ELUFK�OHDYHV��'(:%/��KDV�EHHQ�VWXGLHG�LQ�WKH
PRGHOV� RI� YLQHJDU� XOFHUV� RQ� WKH� VNLQ� RI� UDWV�� &DU�
UDJHHQDQ�LQGXFHG�DQG�]\PRVDQ�LQGXFHG�HGHPD�RI�WKH
UDW�V�SDZ�DQG�ZDGGLQJ�JUDQXORPD��DQG�WKH�DQDOJHVLF
DFWLYLW\� KDV� EHHQ� VWXGLHG� LQ� WKH� PRGHO� RI� YLQHJDU
ÙVTXLUPVµ�LQ�PLFH�LQ�WKH�GRVH�RI���PJ�NJ�FRPSDULQJ
WR� Ù.DQHIURQ+µ� LQ� WKH� GRVH� RI� ��� PJ�NJ� DQG
FODVVLFDO�DQWL�LQIODPPDWRU\�PHGLFLQHV�Û�Ù2UWRSKHQ�
+HDOWKµ�WDEOHWV�LQ�WKH�GRVH�RI���PJ�NJ�DQG�Ù)HGLQ���µ
FDSVXOHV�LQ�WKH�GRVH�RI����PJ�NJ��7KH�DQWL�LQIODPPD�
WRU\�DFWLYLW\�RI�WKH�H[WUDFW�VWXGLHG�ZDV�UHYHDOHG�LQ�WKH
SKDVHV�RI�DOWHUDWLRQ�DQG�H[XGDWLRQ��EXW�WKLV�HIIHFW�ZDV
DEVHQW�LQ�WKH�SKDVH�RI�SUROLIHUDWLRQ��7KH�UHVHDUFK�RI
WKH�LQIOXHQFH�RI�'(:%/�RQ�WKH�H[VXGDWLYH�SKDVH�LQ
WKH�PRGHO�RI�&DUUDJHHQDQ�LQGXFHG�HGHPD�RI�UDW�V�SDZ
LQGLFDWHV�LQGLUHFWO\�WKH�VXSSUHVVLRQ�RI�NLQLQHV�UHOHDVH�
DQG�WKH�VWXG\�LQ�WKH�PRGHO�RI�]\PRVDQ�LQGXFHG�HGHPD
VKRZV�D�PRGHUDWH�VXSSUHVVLRQ�RI�OHXNRWULHQHV�UHOHDVH�
%\�LWV�DQWL�LQIODPPDWRU\�DFWLRQ�D�GHQVH�H[WUDFW�IURP
ZDUW\�ELUFK�OHDYHV�H[FHHGV�Ù.DQHIURQ+µ�GUDJHH�DQG
\LHOGV� WR� WKH� UHIHUHQFH�PHGLFLQHV��7KH� VWXG\�RI� WKH
DQDOJHVLF� DFWLRQ� VKRZV� WKDW� '(:%/� SRVVHVVHV� D
UDWKHU� KLJK� DQDOJHVLF� HIIHFW� FRPSDULQJ� WR� Ù.DQH�
IURQ+µ��EXW�\LHOGV�WR�Ù2UWRSKHQ�+HDOWKµ�WDEOHWV�
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7KH�UHVXOWV�RI�WKH�FRPSOH[�WR[LFRPHWULFDO�UHVHDUFK�RI
D�QHZ�PHGLFLQH�Ù&RPELWXVVLQµ�RQ�WKH�EDVLV�RI�VDOEX�
WDPRO�VXOSKDWH��DPEUR[RO�K\GURFKORULGH��DFHW\OF\VWHLQ�
DQLVH�RLO�DQG�DVFRUELF�DFLG�LQ�WKH�IRUP�RI�HIIHUYHVFHQW
WDEOHWV�DUH�SUHVHQWHG�LQ�WKH�DUWLFOH��7KH�GDWD�REWDLQHG
WHVWLI\� WKDW� ZKHQ� LQWURGXFLQJ� WKH�PHGLFLQH� LQYHVWL�
JDWHG�LQ�WKH�GRVHV�RI������PJ�NJ�������PJ�NJ�DQG
������PJ�NJ�GHDWK�RI�DQLPDOV�ZDV�QRW�REVHUYHG��7KH
UHVXOWV�RI�PRQLWRULQJ�RI�FOLQLFDO�PDQLIHVWDWLRQV�LQGLFDWH
WKDW�DIWHU�DGPLQLVWUDWLRQ�RI�WKH�PHGLFLQH�LQ�WKH�GRVHV
PHQWLRQHG� DERYH� QR� GLVRUGHUV� RI� WKH� FHQWUDO� DQG
YHJHWDWLYH�QHUYRXV�V\VWHP��DV�ZHOO�DV�WKH�V\PSWRPV
FKDUDFWHULVWLF�RI�WKH�FDUGLRYDVFXODU�LQVXIILFLHQF\�KDYH
QRW�EHHQ�UHYHDOHG��,W�KDV�EHHQ�IRXQG�WKDW�WKH�PHGLFLQH
XQGHU�UHVHDUFK�EHORQJV�WR�WR[LFLW\�FODVV�9�Ù3UDFWLFDOO\
QRQWR[LFDO� VXEVWDQFHVµ��/'���!�������PJ�NJ��DF�
FRUGLQJ� WR� WKH� FODVVLILFDWLRQ�RI�6LGRURY�.�.��� DQG� LW
LQGLFDWHV�LWV�SUDFWLFDOO\�FRPSOHWH�VDIHW\�LQ�WKH�FRQGL�
WLRQV�RI�D�VKRUW�WHUP�HIIHFW�RQ�WKH�DQLPDO�V�RUJDQLVP�
,WV� DOVR� SURYHV� H[SHGLHQF\� DQG� SHUVSHFWLYLW\� RI� WKH
IXUWKHU� UHVHDUFK� IRU� WKH� SXUSRVH� RI� GHYHORSLQJ� D
PHGLFLQH�IRU�XVLQJ�LW�LQ�WKH�WKHUDS\�RI�SXOPRQRORJLFDO
GLVHDVHV��
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7KH�UHVXOWV�RI�WKH�H[SHULPHQWDO�UHVHDUFK�RI�SHFXOL�
DULWLHV�RI�WKH�QRRWURSLF�DFWLYLW\�RI�WKH�UHFRPELQDQW
DQWDJRQLVW�RI� LQWHUOUXNLQ��� UHFHSWRUV��$5,/�����QD�
PHO\�RI�WKH�DQWL�DOFRKROLF�DQG�DQWL�DPQHVWLF�DFWLYLW\�
,W�KDV�EHHQ�IRXQG�WKDW�$5,/���VKRZV�WKH�H[SUHVVHG
GRVH�LQGHSHQGHQW�DQWL�DPQHVWLF�HIIHFW�WKDW�H[FHHGV
WKH�DFWLRQ�RI�S\UDFHWDP�LQ�����WLPHV�RQ�WKH�PRGHO
RI� WKH� VFRSRODPLQH� DPQHVLD�� 7KH� FRPELQDWLRQ� RI
DQWL�DPQHVWLF� DQG� DQWL�LQIODPPDWRU\� DFWLYLWLHV� RI
$5,/���JLYHV�WKH�UHDVRQ�WR�H[SHFW�WKH�HIILFLHQF\�LQ
$O]KHLPHU�V�GLVHDVH��2Q�WKH�PRGHO�RI�WKH�QDUFRWLF
GUHDP�$5,/��� UHYHDOV� WKH�H[SUHVVHG�DQWL�DOFRKROLF
HIIHFW� WKDW� H[FHHGV� WKH� DFWLRQ� RI� WKH� UHIHUHQFH
PHGLFLQH�LQ�����WLPHV��7KH�UHVXOWV�RI�WKH�UHVHDUFK
FRQGXFWHG� FRQILUP� WKH� SUHVHQFH� RI� WKH� QRRWURSLF
SURSHUWLHV� RI� $5,/���� E\� ZKLFK� LW� H[FHHGV� S\UD�
FHWDP�� DQG� SURYHV� WKH� H[SLGLHQF\� RI� WKH� IXUWKHU
VWXG\�RI�$5,/���DV�D�QRRWURSLF�PHGLFLQH��

�iz������������������������������
j~� psjp� wnnpz�j{s|v�j� s|{|q� lk~j
sk�l|ip�j�spk��pc�j pvz|�|�z|s�kz��
s|�|�ipclk�j�k
��{�Ð}ºmãËmÈ��|�{��}È�ËmÈ

sÈ�äº�ËãÒ�ÓËÈããË¯�Ò�Ë°}º�º�}ºÓ�È}�Óº�º��Ë¯äÈ�Ò�È
�� }¯©°� ÒÏ��ËÓÈ� °¹Ë�ÒÁÒ�Ë°}È«� È}�ÒmÓº°�
� Óºmº®
}ºä­ÒÓÒ¯ºmÈÓÓº®�äÈÏÒ���Ë®°�m���ÒäÒ�}ºä¹ºÓËÓ�È�
äÒ�}º�º¯º®�«mã«��°«�ª}°�¯È}��}º¯©���­È�Ò�ªÁÒ¯ÓºË
äÈ°ãº� }º¯ÒÈÓ�¯È�� �¯Ë¹È¯È�ºä� °¯ÈmÓËÓÒ«� °ã�ÎÒãÈ
äÈÏ
�Ùkã
�ºÁÒÓµ�Û�ÈÓÈãº��¹º�ãË}È¯°�mËÓÓº®�Áº¯äË�
¹¯Ò¯º�Óºä��¹¯ºÒ°²ºÎ�ËÓÒ���Ë®°�m���Ò²�mË�Ë°�m�Ò
ÁÈ¯äÈ}ºãº�Ò�Ë°}ºä���Ë®°�mÒ����°�ÈÓºmãËÓº����º�Óº�
mÈ«�}ºä­ÒÓÒ¯ºmÈÓÓÈ«�äÈÏ
�°¹º°º­°�mºmÈãÈ��º°�ºmË¯�
Óºä��°ÓÒÎËÓÒ��mº°¹ÈãËÓÒ«��ÒÓ�ËÓ°ÒmÓº°�Ò�¹º¯ÈÎË�
ÓÒ«�� �ºã�ÒÓ©� }ºÎÓº®� °}ãÈ�}Ò� Ò� mº°°�ÈÓºmãËÓÒ�
­Òº²ÒäÒ�Ë°}Ò²�¹º}ÈÏÈ�ËãË®���º�mãÒ«ÓÒ��ÓÈ�­Òº²Ò�
äÒ�Ë°}ÒË�¹º}ÈÏÈ�ËãÒ�ÓºmÈ«�äÈÏ
�¯ÈmÓÈ�ªÁÁË}�ÒmÓº°�
�Ò�¹¯Ë¹È¯È�È�°¯ÈmÓËÓÒ«��È�¹º�¹¯º�Òmºmº°¹ÈãÒ�Ëã
Óº�
ä�� �Ë®°�mÒ�� Óºm©®� ¹¯Ë¹È¯È�� ¹¯Ëm©°Òã� È}�ÒmÓº°�

äÈÏÒ�Ùkã
�ºÁÒÓµ��rºãËË�m©¯ÈÎËÓÓºË�¹¯º�Òmºmº°¹È�
ãÒ�Ëã
ÓºË��Ë®°�mÒË�Óºmº®�äÈÏÒ�º­�°ãºmãËÓº�°ÒÓË¯�
�ÒÏäºä� ÈÓ�Òº}°Ò�ÈÓ�Óº®� Ò� äËä­¯ÈÓº°�È­ÒãÒÏÒ¯���
�Ë®�È}�ÒmÓº°�Ò��Ë®°�m���Ò²�mË�Ë°�m�¹¯Ë¹È¯È�È�Ò
Ë�º� ªä�ã
°ÒºÓÓº®� º°Óºm©�� �ºã��ËÓÓ©Ë� ¯ËÏ�ã
�È�©
º­º°Óºm©mÈ��� �ËãË°ºº­¯ÈÏÓº°�
� ¹¯ÒäËÓËÓÒ«� Óºmº®
}ºä­ÒÓÒ¯ºmÈÓÓº®�äÈÏÒ��ã«�äË°�Óº�º�ãË�ËÓÒ«�ÓËÈã�
ãË¯�Ò�Ë°}Ò²�mº°¹ÈãÒ�Ëã
Ó©²�ÏÈ­ºãËmÈÓÒ®�}ºÎÒ�

8'&������������������������������
7+(�678'<�2)�()),&,(1&<�2)�$�1(:�2,17�
0(17� ,1� 7+(�121�$//(5*,&� &217$&7�'(5�
0$7,7,6�02'(/�
/�9�<DNRYOHYD��2�9�7NDFKRYD

7KH� VSHFLILF� DFWLYLW\� RI� D� QHZ� FRPELQHG� RLQWPHQW�
ZKLFK�DFWLYH�FRPSRQHQWV�DUH�WKH�H[WUDFW�RI�RDN�EDUN
DQG�WKH�HVVHQWLDO�RLO�RI�FRULDQGHU��KDV�EHHQ�VWXGLHG�LQ
WKH�PRGHO�RI�QRQ�DOOHUJLF�FRQWDFW�GHUPDWLWLV� LQ�UDWV�
$OJRILQ�RLQWPHQW��EHLQJ�WKH�DQDORJXH�E\�WKH�PHGLFLQDO
IRUP��SKDUPDFRORJLFDO�DFWLRQ�DQG�WKH�FRPSRVLWLRQ�RI
QDWXUDO�FRPSRQHQWV��ZDV�DV�D�UHIHUHQFH�PHGLFLQH��7KH
QHZ�FRPELQHG�RLQWPHQW�KDV�EHHQ�IRXQG�WR�SURPRWH
WKH� UHOLDEOH� GHFUHDVH� RI� LQIODPPDWLRQ�� LQWHQVLW\� RI
GDPDJH�� WKLFNQHVV� RI� D� VNLQ� IROG� DQG� UHQHZDO� RI
ELRFKHPLFDO� LQGH[HV�� %\� WKH� HIIHFW� RQ� ELRFKHPLFDO
QGH[HV�WKH�QHZ�RLQWPHQW�LV�HTXDO�WR�HIILFLHQF\�RI�WKH
UHIHUHQFH�PHGLFLQH��DQG�E\�LWV�DQWL�LQIODPPDWRU\�DF�
WLRQ�WKH�QHZ�PHGLFLQH�ZDV�KLJKHU�WKDQ�WKH�UHIHUHQFH
PHGLFLQH� �� $OJRILQ� RLQWPHQW�� 7KH� PRUH� H[SUHVVHG
DQWL�LQIODPPDWRU\�DFWLRQ�RI�WKH�QHZ�RLQWPHQW�LV�FDXVHG
E\�V\QHUJLVP�RI�DQWL�R[LGDWLYH�DQG�PHPEUDQH�VWDELOL]�
LQJ�DFWLYLW\�RI�LWV�DFWLYH�VXEVWDQFHV�DQG�LWV�HPXOVLRQ
EDVH��7KH�UHVXOWV�REWDLQHG�SURYH�WKH�H[SHGLHQF\�RI�WKH
QHZ�FRPELQHG�RLQWPHQW�DSSOLFDWLRQ�IRU�ORFDO�WUHDWPHQW
RI�QRQ�DOOHUJLF�LQIODPPDWRU\�GLVHDVHV�RI�WKH�VNLQ�
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