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�SKDVH�,,��LQ�FDSVXOHV�SURGXFHG�E\�WKH�MRLQW�VWRFN�FRPSDQ\
VFLHQWLILF�DQG�PDQXIDFWXULQJ�FHQWUH�Ù%RUVFKDJRYVNL\�FKH�
PLFDO� DQG� SKDUPDFHXWLFDO� SODQWµ� �8NUDLQH�� KDYH� EHHQ
FDUULHG�RXW�LQ�����SDWLHQWV�ZLWK�DVWKHQRQHXURWLF�V\QGURPH
RQ� WKH� EDFNJURXQG� RI� WKH� �VW� VWDJH� K\SHUWHQVLRQ� RU
YHJHWR�YDVFXODU�G\VWRQLD�RI�K\SHUWHQWLRQ�W\SH��3DWLHQWV�RI
WKH�PDLQ�JURXS�����SDWLHQWV��WRRN�WKH�GUXJ�VWXGLHG��DQG
Ù3HUVHQµ�GUXJ�LQ�GUDJHHV�SURGXFHG�E\�Ù/HNµ��6ORYHQLD�
ZDV�XVHG�LQ�WKH�JURXS�RI�FRPSDULVRQ�����SDWLHQWV���7KH
GRVDJH�LQ�ERWK�JURXSV�ZDV���FDSVXOH�GUDJHH���WLPHV�D
GD\��7KH�WKHUDS\�GXUDWLRQ�ZDV����GD\V��$V�D�UHVXOW�RI�WKH
WUHDWPHQW�SHUIRUPHG�WKH�VWDWH�RI�WKH�SDWLHQWV�HVVHQWLDOO\
LPSURYHG�� WKH� DQ[LHW\� LQGH[� VXEVWDQWLDOO\� GHFUHDVHG�� D
QXPEHU�RI�SHUVRQV�ZLWK�V\PSDWKLFRWRQLD�GHFUHDVHG�SUR�
JUHVVLYHO\��7KH�QXPEHU�RI� WKH�SHUVRQV�ZLWK�HLWRQLD� LQ�
FUHDVHG�� DV� ZHOO� DV� WKH� LQGH[HV� RI� WKH� EORRG� SUHVVXUH
DXWKHQWLFDOO\�GHFUHDVHG��%HVLGHV��WKH�GUXJV�KDG�DQ�DQWL�
DU\WKPLF� DFWLRQ�� 7KH� SRVVLELOLW\� WR� XVH�0HQRYDOHQ� IRU
SDWLHQWV�ZLWK�WKH�WHQGHQF\�WR�GLDUUKHD�KDV�EHHQ�IRXQG�
0HQRYDOHQ� LV� ZHOO� WROHUDWHG� DQG� LW� GRHVQ�W� FDXVH� VLGH
HIIHFWV��0HQRYDOHQ�HIILFLDF\�FRUUHVSRQGV�WR�WKH�UHIHUHQFH
GUXJ�DQG�LW�LV�UHFRPPHQGHG�IRU�D�ZLGH�DSSOLFDWLRQ��
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$UWHULDO�K\SHUWHQVLRQ��$+��LV�UHYHDOHG�LQ��������RI�WKH
DGXOW�SRSXODWLRQ�LQ�WKH�HFRQRPLFDOO\�GHYHORSHG�FRXQWULHV
LQFOXGLQJ�8NUDLQH��&DUGLRYDVFXODU�FDWDVWURSKHV�VWLSXODWHG
E\�$+�LQ�D�JUHDW�GHDO�GHWHUPLQH�WKH�VWUXFWXUH�RI�PRUWDOLW\�
1RZDGD\V�WKH�DWWHQWLRQ�RI�UHVHDUFKHUV�LV�ULYHWHG�RQ�WKH
VHDUFK�RI�PHWDEROLF�GLVRUGHUV��ZKLFK�DUH�FKDUDFWHULVWLF�IRU
FDUGLRYDVFXODU�SDWKRORJ\��7KLV�PDNHV�WKH�VHDUFK�RI�HWLR�
ORJLF�IDFWRUV�DQG�OLQNV�RI�SDWKRJHQHVLV�RI�k+�H[WUHPHO\
DFWXDO�EHFDXVH�LW�FDQ�OHDG�WR�WKH�GHWHUPLQDWLRQ�RI�QHZ
SDWKZD\V� RI� LWV� HIIHFWLYH� SKDUPDFRWKHUDS\�� 7KH� DUWLFOH
SUHVHQWV�WKH�RZQ�GDWD�DERXW�WKH�SUHYDOHQFH�RI�GLDEHWHV
PHOOLWXV� W\SH� ,,� �'0�,,��DQG� LQVXOLQ� UHVLVWDQFH��,5�� LQ
SDWLHQWV� ZLWK� D� SULPDU\� $+�� ,W� KDV� EHHQ� IRXQG� WKDW
FDUERK\GUDWHV�PHWDEROLVP�GLVRUGHUV�DUH�PDUNHG�LQ������
RI�WKH�SDWLHQWV�VXIIHULQJ�IURP�WKH�SULPDU\�$+��$QG�'0
W\SH�,,�DQG�,5�ZHUH�UHYHDOHG�LQ�������DQG�������RI�WKH
FDVHV�UHVSHFWLYHO\��7KH�FDUERK\GUDWHV�PHWDEROLVP�GLVRU�
GHUV�ZHUH�PDUNHG�WKH�PRVW�IUHTXHQWO\�LQ�ZRPHQ�Û���
��������RI�WKH�SDWLHQWV��DV�ZHOO�DV�LQ�SHUVRQV�ROGHU�WKDQ
���\HDUV�Û����SDWLHQWV����������
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,Q�VSLWH�RI�D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�SDWKRJHQH�
VLV�RI�FHUHEUDO�K\SR[LF��LVFKHPLF�GDPDJH��QR�HVVHQ�
WLDO�GHFUHDVH�RI�PRUELGLW\�DQG�WKH�GLVWDQW�FRPSOLFD�
WLRQV� VHYHULW\� RI� FHUHEUDO� K\SR[LD�LVFKHPLD� DUH
REVHUYHG��7KHUH�LV�D�JURZLQJ�LQWHUHVW�LQ�WKH�WKHUD�
SHXWLF� SRWHQWLDO� RI� QHXUDO� VWHP� FHOOV� IRU� WUHDWLQJ
LQVXOWV��WUDXPDV��K\SR[LF�LVFKHPLF�HQFHSKDORSDWKLHV
DQG�RWKHU�G\VIXQFWLRQV�RI�WKH�FHQWUDO�QHUYRXV�V\V�
WHP��7KH�H[SHULPHQWDO�GDWD�REWDLQHG�DOORZ�WR�VXJ�
JHVW�WKDW�KXPDQ�16&�PLJKW�EH�FDSDEOH�RI�UHSODFLQJ
VRPH�QHXUDO�FHOO�SRSXODWLRQV�ORVW�GXULQJ�K\SR[LF�LV�
FKHPLF�GDPDJH��,Q�RXU�UHYLHZ�ZH�KDYH�FRYHUHG�WKH
DVSHFWV�RI�WKH�QHUYRXV�VWHP�FHOO�ELRORJ\�ZKLOH�XVLQJ
LW� LQ� FHUHEUDO� K\SR[LF�LVFKHPLF� GDPDJH� DQG� RWKHU
GHJHQHUDWLYH�&16�GLVHDVHV��
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7KH�PDWHULDOV�RI�VWXG\LQJ�WKH�HIILFDF\�DQG�WROHUDQFH
RI�6HUPLRQ�GUXJ� IRU� SUHYHQWLRQ�RI� DFXWH�PLJUDLQH
DWWDFNV�KDYH�EHHQ�SUHVHQWHG��,W�LV�QHFHVVDU\�WR�KDYH
D�FRXUVH�RI�D�SUHYHQWLYH�WUHDWPHQW�EHVLGHV�VWRSSLQJ
WKH�DFXWH�DWWDFNV�RI�PLJUDLQH�LQ�WKH�FDVH�RI�KHDY\
RU�IUHTXHQW�DWWDFNV��PRUH�WKDQ���WLPHV�D�PRQWK���$
FRXUVH�WUHDWPHQW�ZLWK�6HUPLRQ��1LFHUJROLQH��GUXJ
LV� WKH�PRVW� DYDLODEOH� LQ� WKLV� FDVH�� 7KH� UHVXOWV� RI
FOLQLFDO�WULDOV�DOORZ�WR�FRQFOXGH�WKDW�6HUPLRQ�KHOSV
WR�LPSURYH�WKH�FOLQLFDO�VWDWXV�DQG�ELRHOHFWULFDO�EUDLQ
DFWLYLW\�LQ�SDWLHQWV�ZLWK�PLJUDLQH��6HUPLRQ�LV�ZHOO�
WROHUDWHG�LQ�WKH�GRVH�RI����PJ�WKUHH�WLPHV�D�GD\�
1R�VLGH�HIIHFWV�DQG�RU� UHDFWLRQV�FRQQHFWHG� WR� LWV
DGPLQLVWUDWLRQ�KDYH�EHHQ�UHJLVWHUHG�GXULQJ�WKH�FRXU�
VH�RI�LQYHVWLJDWLRQ��
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7KH�WKHUDSHXWLF�HIILFLHQF\�RI�$GDSWRO�GUXJ�LQFOXGHG
LQWR� WKH� WUDGLWLRQDO� DQWL�XOFHU� WKHUDS\� RI� VWXGHQWV
ZLWK�WKH�GXRGHQDO�SHSWLF�XOFHU��ZKR�KDG�D�GLDJQRVLV
RI� WKH� YHJHWDWLYH� G\VIXQFWLRQ�� KDV� EHHQ� VWXGLHG�
:KLOH�UHVHDUFKLQJ�WKH�VWDWH�RI�916�D�GLUHFWLRQ�RI
YHJHWDWLYH�GLVRUGHUV�UHYHDOHG�WKH�WRQXV�GRPLQDWLRQ
RI�WKH�916�SDUDV\PSDWKHWLF�VHFWLRQ��LW�LV�FRQILUPHG
E\� WKH� LQFUHDVHG�YHJHWDWLYH� UHDFWLYLW\�� LQVXIILFLHQW
YHJHWDWLYH�PDLQWHQDQFH�RI�WKH�DFWLYLW\��SDUDV\PSD�
WKHWLF�GLUHFWLRQ�RI�WKH�YHJHWDWLYH�WRQXV��HVSHFLDOO\
LQ�WKH�GLJHVWLYH�V\VWHP��$�SRVLWLYH�LQIOXHQFH�RI�WKH
GUXJ� RQ� WKH� VXEMHFWLYH� YHJHWDWLYH� V\PSWRPV� KDV
EHHQ� SURYHQ�� WKHLU� IUHTXHQF\� DIWHU� WKH� WUHDWPHQW
GLIIHUHG�DXWKHQWLFDOO\�IURP�WKH�IUHTXHQF\�UHJLVWHUHG
LQ� WKH�JURXS�RI� SDWLHQWV� WUHDWHG� WUDGLWLRQDOO\��7KH
LPSURYHPHQW�RI�WKH�YHJHWDWLYH�LQGH[HV�RI�UHVWRUDWLRQ
LQ� WKH� YHJHWDWLYH� HTXLOLEULXP� �97�� 93$��� WKH� DE�
VHQFH�RI�VLGH�HIIHFWV��D�JRRG�WROHUDQFH�DQG�DYDLODELO�
LW\�RI�WUHDWPHQW�KDYH�EHHQ�VWDWHG�LQ�SDWLHQWV�WUHDWHG
E\�WKH�WKHUDS\�RIIHUHG��7KLV�VWLSXODWHV�WKH�H[SHGL�
HQFH�RI�LQFOXGLQJ�$GDSWRO�LQ�WKH�WKHUDS\�V�FRXUVH�RI
WKH�VWXGHQWV�ZLWK�D�GXRGHQDO�XOFHU�WKDW�KDG�WKH�VLJQV
RI�WKH�YHJHWDWLYH�G\VIXQFWLRQV�
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7KH� SXUSRVH� RI� WKLV� ZRUN� ZDV� WKH� HVWLPDWLRQ� RI
HIILFLHQF\� IRU� WKH� FRPSOH[� DQWLK\SHUWHQVLYH� WKHUDS\
LQFOXGLQJ�WKH�VXEVWLWXWLRQ�KRUPRQRWKHUDS\�LQ�ZRPHQ
RI�WKH�SRVWPHQRSDXVDO�SHULRG�E\�WKH����KRXU�PRQLWRU�
LQJ�RI�EORRG�SUHVVXUH��%30���7ZR�JURXSV�RI�ZRPHQ
VXIIHULQJ�IURP�WKH�HVVHQWLDO�K\SHUWHQVLRQ��$+��RI�WKH
,�,,�VWDJH�LQ�WKH�SRVWPHQRSDXVH�SHULRG�WRRN�SDUW�LQ�WKH
UHVHDUFK��(VWUDGLRO�YDOHUDWH�ZDV�DGGHG�WR�WKH�VWDQGDUG
SKDUPDFRWKHUDS\� LQ� WKH� JURXS� XQGHU� UHVHDUFK�� 7KH
GXUDWLRQ�RI�WKH�WKHUDS\�ZDV���ZHHNV��7KH�JHQHUDOO\
DFFHSWHG�LQGH[HV�RI�%30�ZHUH�DQDO\]HG��7KH�UHVXOWV
REWDLQHG�DOORZ�FRQFOXGLQJ�WKDW�WKH�SKDUPDFRWKHUDS\
ZLWK�HVWUDGLRO�YDOHUDWH�JLYHV�DQ�DQWLK\SHUWHQVLYH�DF�
WLRQ�PRUH�HIIHFWLYHO\�WKDQ�WKH�VWDQGDUG�WUHDWPHQW�LQ
ZRPHQ� ZLWK� $+� LQ� WKH� SRVWPHQRSDXVDO� SHULRG�� ,W
UHYHDOV�LQ�WKH�UHOLDEOH�GHFUHDVH�RI�WKH�LQWHJUDO�LQGH[HV
RI�WKH�RUJDQLVP�V�ORDGLQJ�E\�SUHVVXUH��GHFUHDVH�RI�WKH
EORRG�SUHVVXUH�YDULDELOLW\��LW�KDV�D�SRVLWLYH�LQIOXHQFH
QRW�RQO\�RQ�WKH�FRXUVH�EXW�RQ�WKH�SURJQRVLV�RI�WKH
GLVHDVH�DV�ZHOO��
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7KH�LQIOXHQFH�RI�WKH�FRQWHPSRUDU\�K\SROLSLGHPLF�WKHUDS\
RQ�WKH�TXDOLW\�RI�OLIH�RI�WKH�SDWLHQWV�ZLWK�WKH�FRURQDU\
DWKHURVFOHURVLV� IURP� WKH� SRLQW� RI� YLHZ� RI� WKH� HYLGHQW
PHGLFLQH�WRJHWKHU�ZLWK�WKH�VLGH�HIIHFWV�RI�K\SROLSLGHPLF
GUXJV�DIIHFWHG�WKLV�YDOXH�KDV�EHHQ�UHYLHZHG��$PRQJ�WKH
FRQWHPSRUDU\� K\SROLSLGHPLF� GUXJV� PXFK� DWWHQWLRQ� LV
SDLG�WR�WKH�PRVW�ZLGHVSUHDG�FODVVHV��VXFK�DV�VWDWLQV�DQG
ILEUDWHV��7KH�K\SROLSLGHPLF�SURSHUWLHV�DQG�WKH�PHFKD�
QLVPV�RI�DFWLRQ�RI�WKHVH�GUXJV��DV�ZHOO�DV�G\QDPLFV�RI
VRPH� OLSLG�PHWDEROLVP�YDOXHV�GXH� WR� WKH� WKHUDS\�DUH
JLYHQ��%DVHG�RQ�WKH�UHVXOWV�RI�WKH�ORQJ�WHUP�PXOWL�FHQWHU
WULDOV� WKH� LQIOXHQFH� RI� WKH� K\SROLSLGHPLF� WKHUDS\� RQ
SDWLHQWV�� SURJQRVLV� LV� GLVFXVVHG�� 7KH� GDWD� DERXW� WKH
LQIOXHQFH�RI� K\SROLSLGHPLF�GUXJV�RQ� WKH� VHQVLWLYLW\�RI
SHULSKHUDO� WLVVXHV� WR� LQVXOLQ� DQG� WKHLU� HIILFDF\� LQ� WKH
SULPDU\� DQG� VHFRQGDU\� SUHYHQWLRQ� RI� FDUGLR�YDVFXODU
FRPSOLFDWLRQV�LQ�SDWLHQWV�ZLWK�GLDEHWHV�PHOOLWXV�RI�W\SH
��DUH�SUHVHQWHG��7KH�QRQ�OLSLG�UHODWHG�HIIHFWV�RI�VWDWLQV
DQG�ILEUDWHV�DQG�WKHLU�UROH� LQ�WKH�LPSURYHPHQW�RI�WKH
TXDOLW\�RI�SDWLHQWV��OLIH�DUH�WDNHQ�D�FHUWDLQ�SODFH�LQ�WKH
UHYLHZ�� 7KH� PDLQ� VLGH� HIIHFWV� RI� WKH� K\SROLSLGHPLF
WKHUDS\��ZKLFK�FDQ�GHFUHDVH�WKH�TXDOLW\�RI�SDWLHQWV��OLIH
DUH�DOVR�HOXFLGDWHG��7KH�SKDUPDFRHFRQRPLF�DGYDQWDJHV
RI� WKH�HIILFDF\�RI�K\SROLSLGHPLF�GUXJV�FRPSDUHG�ZLWK
RWKHU�LQWHUYHQWLRQV�ZKLOH�WUHDWLQJ�DWKHURVFOHURVLV�DQG�LWV
FRPSOLFDWLRQV�KDYH�EHHQ�GHPRQVWUDWHG��7KH�TXHVWLRQ�RI
WKH� RSWLPDO� FKRLFH� RI� K\SROLSLGHPLF� GUXJV� EDVHG� RQ
SKDUPDHFRQRPLFV�KDV�EHHQ�FRQVLGHUHG��
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,Q� WKH� FRQGLWLRQV� RI� WKH� JURZLQJ� FRPSHWLWLRQ�� H[�
FHHGLQJ�RI�GHPDQG�RYHU�VXSSO\�DQG�GHFUHDVLQJ�WKH
SXUFKDVLQJ�SRZHU�RI�WKH�PDMRULW\�RI�WKH�8NUDLQLDQ
SRSXODWLRQ�WKH�SUREOHPV�RI�PDUNHW�VHJPHQWDWLRQ�DUH
NH\� RQHV�ZKLOH� RUJDQL]LQJ� WKH�PDUNHWLQJ�ZRUN�RI
GRPHVWLF� SKDUPDFHXWLFDO� HQWHUSULVHV�� 7KH� DUWLFOH
UHYLHZV�WKH�VHJPHQWDWLRQ�RI�QRRWURSLF�GUXJV�XVHUV�
7KH� PDLQ� VHJPHQW� RI� VXFK� GUXJ� XVHUV� KDV� EHHQ
UHYHDOHG�� 7KH� JHQHUDO� FRQVXPHUV�� SUHIHUHQFHV�� DV
ZHOO�DV�WKH�PDUNHW�EHKDYLRXU�RI�YDULRXV�JURXSV�RI
XVHUV�KDYH�EHHQ�VWXGLHG��7KH�UHVSRQGHUV��DWWLWXGH�WR
QRRWURSLF�GUXJV�DQG�WKH�PDLQ�FULWHULD�RI�WKHLU�FKRLFH
KDYH� EHHQ� GHWHUPLQHG�� 7KH� GDWD� REWDLQHG� LQ� WKH
UHVHDUFK�FDQ�EH�XVHG�E\�SKDUPDFHXWLFDO�HQWHUSULVHV
ZLWK�WKH�SXUSRVH�RI�VXEVWDQWLDWLRQ�RI�WKH�QHFHVVDU\
PDUNHWLQJ�VWUDWHJ\��IRU�GHFLVLRQ�PDNLQJ�LQ�GHYHORS�
LQJ�PHGLFDWLRQV��WKHLU�PDQXIDFWXUH�DQG�SURPRWLRQ
WR�WKH�PDUNHW�DFFRUGLQJ�WR�WKH�FKRVHQ�VHJPHQWV�RI
WKH�PDUNHW��
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7KH� SUREOHP� RI� EURQFKR�SXOPRQDU\� WUDFW� WUHDW�
PHQW�LV�DQ�DFWXDO�RQH�ERWK�LQ�8NUDLQH�DQG�LQ�WKH
ZKROH�ZRUOG��2QH�RI� WKH�SURPLVLQJ�GLUHFWLRQV�RI
QHZ�GUXJV�GHYHORSPHQW�LV�WKH�UHVHDUFK�RI�QDWXUDO
VXEVWDQFHV�DQG�FUHDWLRQ�RI�QHZ�FRPSHWLWLYH�GUXJV
RQ�WKHLU�EDVLV��7KH�SUHVHQW�SDSHU�JLYHV�WKH�UHVXOWV
RI�VWXG\LQJ�DQ�DQWL�WXVVLYH�HIIHFW�RI�D�QHZ�GUXJ�Û
Ù%URQFKRSK\WHµ�FRPSRXQG�WLQFWXUH�Û�LQ�FDVHV�RI
WKH�DFXWH�H[SHULPHQWDO�EURQFKLWLV�LQ�JXLQHD�SLJV�
7KH�UHIHUHQFH�GUXJ�ZDV�D�ZHOO�NQRZQ�OLTXLG�GUXJ
Û�Ù%URQFKLFXPµ�HOL[LU�SURGXFHG�E\�Ù1DWWHUPDQQµ
ILUP� �*HUPDQ\��� 7KH� SODQLPHWULF� FKDUDFWHULVWLFV
RI�Ù%URQFKRSK\WHµ�HIIHFW�LQ�WKH�PRGHO�RI�WKH�DFXWH
EURQFKLWLV�VKRZ�WKDW�LWV�DQWL�WXVVLYH�HIIHFW�LV�HYHQ
PRUH�DSSDUHQW�WKDQ�WKH�RQH�RI�WKH�UHIHUHQFH�GUXJ�
7KH�UHVXOWV�REWDLQHG�DOORZ�IRUHFDVWLQJ�WKH�SHUVSHF�
WLYHQHVV�RI�WKH�IXUWKHU�FOLQLFDO�WULDOV�RI�Ù%URQFKR�
SK\WHµ� ZLWK� WKH� DLP� RI� LWV� DSSOLFDWLRQ� LQ� EURQ�
FKRSXOPRQDU\�WUDFW�GLVHDVHV�WKHUDS\��

�iz�����������������������
j~� psjp�k��pc�j~jc��ujt�v{|qv�{�v���
�|~j�|cjp{�Ù�|�jsnpsµ
��{�Ð}ºmãËmÈ��p�r��ËÓÒ�}È«��k�{�~È®�ËÓ}º

{�°m«ÏÒ�°�º�¯ÈÓÒ�ËÓÓ©ä�È°°º¯�ÒäËÓ�ºä�º�Ë�Ë°�mËÓÓ©²
ãË}È¯°�mËÓÓ©²�°¯Ë�°�m�¹¯Ò¯º�Óº�º�¹¯ºÒ°²ºÎ�ËÓÒ«��¹¯Ë��
ÓÈÏÓÈ�ËÓÓ©²��ã«�ãË�ËÓÒ«�mº°¹ÈãÒ�Ëã
Ó©²�ÏÈ­ºãËmÈÓÒ®
¹¯Ë�°�È�Ëã
Óº®�ÎËãËÏ©��m������²¯ºÓÒ�Ë°}Ò²�¹¯º°�È�Ò�ºm�
��ËÓ©äÒ�}ÈÁË�¯©�È¹�Ë�Óº®��Ë²Óºãº�ÒÒ�ãË}È¯°�m�snÈ�
ÓÈ�º°ÓºmË�¹¯º��}�ºm�¹�Ëãºmº�°�mÈ��̄ ÈÏ¯È­º�ÈÓ©�°�¹¹ºÏÒ�
�º¯ÒÒ�Ù�ºãÒÓÁËÓµ��{�²º�Ë��º}ãÒÓÒ�Ë°}Ò²�Ò°°ãË�ºmÈÓÒ®
ÓÈ�̄ ÈÏãÒ�Ó©²�äº�Ëã«²�¹¯º°�È�Ò�È�°�¹¹ºÏÒ�º¯ÒÒ�Ù�ºãÒÓ�
ÁËÓµ�¹º}ÈÏÈãÒ�m©°º}���¹¯º�Òmºmº°¹ÈãÒ�Ëã
Ó���Ò�¹¯º�
°�È�º¹¯º�Ë}�º¯Ó���È}�ÒmÓº°�
��{�°ºº�mË�°�mÒÒ�°�°ºm¯Ë�
äËÓÓ©äÒ� �¯Ë­ºmÈÓÒ«äÒ�� ¹¯Ë��«mã«Ëä©äÒ� }� ÒÏ��ËÓÒ�
Óºm©²� ãË}È¯°�m�� ÓÈäÒ� ­©ãÒ� ÒÏ��ËÓ©� ¹º�ËÓ�ÒÈã
Ó©Ë
ÈããË¯�º�ËÓÓ©Ë�°mº®°�mÈ�°�¹¹ºÏÒ�º¯ÒËm���°�ÈÓºmãËÓº����º
°�¹¹ºÏÒ�º¯ÒÒ�Ù�ºãÒÓÁËÓµ�ÓË�¹¯º«mã«���ÈããË¯�ÒÏÒ¯���
�Ë�º�ªÁÁË}�È�}È}�m��Ë°�È²�Ù}ºÓ��Ó}�ÒmÈã
ÓÈ«�¹¯º­Èµ�LQ
YLYR���È}�Ò�m�¯ËÈ}�Ò«²�ÓË¹¯«äº®��Ë�¯ÈÓ�ã«�ÒÒ����Ó©²
}ãË�º}�LQ�YLWUR�ÓÈ�ÎÒmº�Ó©²��

8'&�����������������������
7+(�678'<�2)�$//(5*,=$7,1*�3523(57,(6�2)
32/<13+(1�683326,725,(6
/�9�<DNRYOHYD��<H�%�/HQLWVND\D��$�9�=D\FKHQNR

%HFDXVH�RI�WKH�OLPLWHG�DVVRUWPHQW�RI�GRPHVWLF�PHGL�
FDWLRQV�RI�QDWXUDO�RULJLQ�LQGLFDWHG�IRU�WKH�WUHDWPHQW�RI
LQIODPPDWRU\� GLVHDVHV� RI� SURVWDWH� LQFOXGLQJ� FKURQLF
SURVWDWLWLV� WKH�VFLHQWLVWV�RI� WKH�'UXJ�3KDUPDF\�'H�
SDUWPHQW� RI� WKH� 183KD� KDYH� GHYHORSHG� 3RO\SKHQ
VXSSRVLWRULHV�RQ�WKH�EDVLV�RI�WKH�SURGXFWV�RI�DSLFXOWXUH�
3RO\SKHQ�VXSSRVLWRULHV�KDYH�VKRZQ�D�KLJK�DQWL�LQIODP�
PDWRU\� DQG� SURVWDWH�SURWHFWLYH� DFWLYLW\� LQ� GLIIHUHQW
PRGHOV� RI� SURVWDWLWLV� GXULQJ� WKH�SUH�FOLQLFDO� VWXGLHV�
$FFRUGLQJ�WR�WKH�PRGHUQ�UHTXLUHPHQWV�WR�WKH�UHVHDUFK
RI�QHZ�GUXJV�ZH�KDYH�VWXGLHG�SRWHQWLDO�DOOHUJRJHQLF
SURSHUWLHV� RI� VXSSRVLWRULHV�� ,W�KDV�EHHQ�SURYHQ� WKDW
3RO\SKHQ� VXSSRVLWRULHV� GR� QRW� UHYHDO� DOOHUJL]DWLQJ
HIIHFW�ERWK�LQ�ÙFRQMXQFWLYDO�VDPSOHµ�WHVW�LQ�YLYR�DQG
LQ� LQGLUHFW�GHJUDQXODWLRQ� UHDFWLRQV� LQ�PDVWRF\WHV� LQ
YLWUR�LQ�DQLPDOV��
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7KH�UHVHDUFK�UHVXOWV�RI�WKH�PLFURELRORJLFDO�DFWLYLW\
RI�WKH� OLTXLG�H[WUDFWV� IURP�WKH�EXGV�DQG�OHDYHV�RI
ELUFK�DQG�WKH�ORWLRQV�RQ�WKHLU�EDVLV�DUH�JLYHQ��,W�KDV
EHHQ�IRXQG�WKDW�WKH�OLTXLG�H[WUDFWV�VWXGLHG�UHYHDO�D
KLJK� DQWLPLFURELDO� DQG� DQWLIXQJDO� DFWLYLW\� DQG�DUH
WKH� SURPLVLQJ� DJHQWV� IRU� IXUWKHU� GHYHORSPHQW� RI
PHGLFLQHV�RQ�WKHLU�EDVLV��7KH�PLFURELRORJLFDO�DFWLY�
LW\� RI� WKH� ORWLRQV� EDVHG� RQ� WKH� OLTXLG� H[WUDFWV
GHYHORSHG� KDV� EHHQ� VWXGLHG� FRPSDULQJ� ZLWK� WKH
Ù=\QHULWµ�ORWLRQ��<DPDQRXFKL��1HWKHUODQGV���,W�KDV
EHHQ�IRXQG�WKDW�WKH�DFWLYLW\�RI�WKH�H[DPLQHG�ORWLRQV
DJDLQVW�6��DXUHXV�DQG�6��HSLGHUPLGLV�LV�QRW�OHVV�WKDQ
WKH�DFWLYLW\�RI�Ù=\QHULWµ��7KH�ORWLRQV�XQGHU�UHVHDUFK
VKRZ� OHVV� DFWLYLW\� DJDLQVW� 6WU�� IDHFDOLV�� EXW� LQ
FRPSDULVRQ�WR�Ù=\QHULWµ�KDYH�D�KLJK�DFWLYLW\�DJDLQVW
&DQGLGD�DOELFDQV��7KH�UHVXOWV�REWDLQHG�WHVWLI\�WKDW
WKH�ORWLRQV�EDVHG�RQ�WKH�OLTXLG�H[WUDFWV�IURP�WKH�EXGV
DQG� OHDYHV� RI� ELUFK� FDQ� EH� XVHG� DV� HIIHFWLYH� DQG
LQH[SHQVLYH�DQWLPLFURELDO�DQG�DQWLIXQJDO�PHGLFLQHV�IRU
WKH�H[WHUQDO�WUHDWPHQW�RI�PDQ\�LQIHFWLRXV�GLVHDVHV�
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,W�KDV�EHHQ�SURYHQ�RQ�WKH�DOOR[DQ�GLDEHWHV�PHOOLWXV�PRGHO
LQ�UDWV� WKDW� WKH�XVH�RI�)LWRJOXQRUµ�SK\WRFRPSRVLWLRQ� LQ
SUHYHQWLYH�DQG�WKHUDSHXWLF�FRXUVH�SUHYHQWV�WKH�GHYHORS�
PHQW� RI� DFXWH� LQVXOLQ� LQVXIILFLHQF\� DQG� LQFUHDVHV� WKH
VXUYLYDELOLW\�RI�DQLPDOV��$V�D�UHVXOW�RI�WKH�ORQJ�WHUP�LQWDNH
RI�WKH�SK\WRFRPSRVLWLRQ�Ù)LWRJOXQRUµ�LQFUHDVHV�WKH�WROHU�
DQFH�RI�WKH�H[SHULPHQWDO�DQLPDOV�WR�JOXFRVH��UHGXFHV�WKH
PHWDEROLF�SURSHUWLHV��QDPHO\�EDVDO�JO\FHPLD�OHYHOV�FKROHV�
WHURO��E�OLSRSURWHLGV�DQG�XUHD�GHFUHDVH��DQG�SURWHLQ�FRQFHQ�
WUDWLRQ�LQFUHDVHV�LQ�WKH�EORRG�VHUXP�RI�H[SHULPHQWDO�UDWV�
Ù)LWRJOXQRUµ�SK\WRFRPSRVLWLRQ�H[FHHGV�ÙkUID]HWLQµ�SK\WR�
FRPSRVLWLRQ�LQ�LWV�HIILFLHQF\��Ù)LWRJOXQRUµ�SK\WRFRPSRVL�
WLRQ�VKRZV�D�PDUNHG�KHSDWRSURWHFWLYH�DFWLRQ��ZKLFK�GH�
FUHDVHV�WKH�DFWLYLW\�RI�$O�$W�DQG�$F�$W�HQ]\PHV��QRUPDOL]HV
WKH�V\QWKHVLV�RI�JO\FRJHQ�DQG�GHFUHDVHV�WKH�PDVV�FRHIILFLHQW
RI�WKH�OLYHU�WR�LQWDFW�FRQWURO�YDOXHV��7KH�PDUNHG�DQWLR[LGDQW
SURSHUWLHV�DUH�LQ�WKH�EDVLV�RI�WKH�KHSDWRSURWHFWLYH�DFWLRQ�RI
WKH� SK\WRFRPSRVLWLRQ�� 7KH� GDWD� REWDLQHG� VWLSXODWH� WKH
H[SHGLHQF\�RI�IXUWKHU�UHVHDUFK�RI�)LWRJOXQRU�SK\WRFRPSR�
VLWLRQ�ZLWK�WKH�SXUSRVH�RI�FUHDWLQJ�D�GUXJ�IRU�FRUUHFWLRQ�RI
PHWDEROLVP�GLVRUGHUV�RI�GLDEHWHV�PHOOLWXV��
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7KH�UHVXOWV�LQ�GHYHORSLQJ�DQG�LPSURYLQJ�WKH�FRPSRVL�
WLRQ�DQG�IRUPXODWLRQ�RI�REWDLQLQJ�D�K\SRJO\FHPLF�GUXJ
LQ�WKH�IRUP�RI�WDEOHWV�DUH�SUHVHQWHG��7KH�SKDUPDFR�
WHFKQRORJLFDO�DQG�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI
WKH�VXEVWDQFH�Û�*OLVXOIDVLGH�Û�KDYH�EHHQ� LQYHVWL�
JDWHG�� 7KH� HIIHFW� RI� WKH� W\SH� DQG� FRQFHQWUDWLRQ� RI
KXPHFWDQWV�DQG�DX[LOLDU\�VXEVWDQFHV�RQ�WKH�WHFKQR�
ORJLFDO�SURSHUWLHV�RI�WKH�WDEOHW�PDVVHV�DQG�WKH�TXDOLW\
LQGH[HV�RI�WKH�WDEOHWV�REWDLQHG�KDV�EHHQ�VWXGLHG��$Q
LQWHVWLQH�VROXEOH�FRDWLQJ�XVLQJ�DTXHRXV�GLVSHUVLRQ�RI
SRO\DFU\ODWHV�KDV�EHHQ�RIIHUHG��$�K\SRJO\FHPLF�DFWLY�
LW\� RI� *OLVXOIDVLGH� WDEOHWV� FRPSDULQJ� ZLWK� *OLEHQ�
FODPLGH�KDV�EHHQ�LQYHVWLJDWHG��,W�KDV�EHHQ�IRXQG�WKDW
WKH�GUXJ�RIIHUHG�QRUPDOL]HV�WKH�VXJDU�FRQWHQW�EHWWHU
WKDQ�*OLEHQFODPLGH� LQ�WKH�EORRG�RI�WKH�GLDEHWLF�DQL�
PDOV��,WV�ORZ�WR[LFLW\�KDV�EHHQ�SURYHQ�E\�WKH�UHVHDUFK
RI�DFXWH�DQG�FKURQLF�WR[LFLW\�LQ�WKH�FRQGLWLRQV�RI�WKLV
GUXJ�V�LQWURGXFWLRQ�LQ�KLJK�GRVHV��7KH�QRUPDO�DQWLWR[LF
IXQFWLRQ� RI� WKH� OLYHU� LQ� WKH� HQG� RI� WKH� �� PRQWKV
H[SHULPHQW�KDV�EHHQ�°FRQILUPHG�E\�SDWKRPRUSKRORJL�
FDO�UHVHDUFK��
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