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$%675$&7�$ VXUYH\�ZDV�FDUULHG�RXW� LQ�,VPDLOLD�JRYHUQRUDWH�(J\SW�WR�DVFHUWDLQ�WKH�GLVWULEXWLRQ�RI�$HURPRQDV� VSS� LQ�GLIIHUHQW� IRRG�VRXUFHV�DQG�KXPDQ�LQIHFWLRQV��7KLUW\�ILYH�IRRGVWXIIV��FKLSV��EDE\�IRRG��FDNH��WHD�FUHDPHU��FDQQHG�GULQNV��ELVFXLWV��SUH�VHPL�FRRNHG�PHDOV�DQG�UDZ�YHJHWDEOHV��ZHUH�LQYHVWLJDWHG��2XW�RI�����VWUDLQV�LVRODWHG�IURP�DOO�WKH�VWXGLHG�IRRG�VRXUFHV� DQG� SLFNHG� XS� IURP� GLIIHUHQW� SUHSDUHG� FXOWXUH� PHGLD�� RQO\� ��� LVRODWHV�FRPSULVLQJ� ����ZHUH� LGHQWLILHG� DV�$HURPRQDV� VSS��7KUHH� VSHFLHV�ZHUH� FRQILUPHG�$��K\GURSKLOD� ���� LVRODWHV��� $�� SXQFWDWD� ���� LVRODWHV�� DQG� $�� VDOPRQLFLGD� ���� LVRODWHV���1LQHW\�HLJKW�KXPDQ�KRVSLWDO�FDVHV�VXIIHULQJ�IURP�ILYH�GLIIHUHQW�W\SHV�RI�LQIHFWLRQV�ZHUH�LQYHVWLJDWHG�� 7KH� VWXGLHG� FDVHV� LQFOXGHG� IRXUWHHQ� RWLWLV�� VHYHQ� FRQMXQFWLYLWLV�� VHYHQ�YDJLQLWLV�� IRXUWHHQ�UHQDO�IDLOXUHV��VHYHQ�S\HORQHSKULWLV�DQG�IRUW\�QLQH�DQHPLF�SHRSOH����G/�J���KDHPRJORELQ������G/�J���$V�PDQ\�DV�����RI�WKH�����LVRODWHV�IURP�WKHVH�FDVHV�ZHUH� LGHQWLILHG� DV� $HURPRQDV� LQ� D� GLVWULEXWLRQ� SDWWHUQ� RI�� $�� K\GURSKLOD� �������$��SXQFWDWD� ������ DQG�$�� VDOPRQLFLGD� �������$OO� LVRODWHG� VWUDLQV� IRXQG��PRUH� RU� OHVV��LQYROYHG� LQ� DOO� LQIHFWLRQV�� H[FHSW� FRQMXQFWLYLWLV�� $�� K\GURSKLOD� GRPLQDWHG� � LQ� UHQDO�IDLOXUH� ������ DQG� S\HORQHSKULWLV� ������ FDVHV�� ZKLOH� � $�� VDOPRQLFLGD� GRPLQDWHG� LQ�YDJLQLWLV� RQHV�� $QWLELRWLF� UHVLVWDQFH� SURILOHV� RI� UHSUHVHQWDWLYH� VHOHFWHG� LVRODWHV� ���LVRODWHV�� WR� �� DQWLELRWLFV� QDPHO\�� DPSLFLOOLQ�� FKORUDPSKHQLFRO�� WHWUDF\FOLQH��VWUHSWRP\FLQ�DQG�YDQFRP\FLQ��ZHUH�SORWWHG��)RUWXQDWHO\�DOO�WKH�LVRODWHG�VWUDLQV�VKRZHG�VHQVLWLYLW\� WR� WKH�WHVWHG�DQWLELRWLFV��7ZR�DPSLFLOOLQ�YDQFRP\FLQ�UHVLVWDQW�$��K\GURSKLOD�LVRODWHV� RI� FOLQLFDO� RULJLQ�ZHUH� H[DPLQHG� IRU� WKH� SUHVHQFH� RI� SODVPLG�'1$�� (DFK� RI�WKHP� IRXQG� WR� FRQWDLQ� RQO\� RQH� SODVPLG� ZLWK� PROHFXODU� VL]H� RI� ��� DQG� ��� NES��UHVSHFWLYHO\�� 7UDQVIRUPDWLRQ� FRHIILFLHQW�� UHVLVWDQFH� H[SUHVVLRQ�ZLWKLQ�(�� FROL� +%� ����DQG�(��FROL�'+���DQG�FXULQJ�RI�WKH�SODVPLGV��LQGLFDWHG�WKDW�WKH�DPSLFLOOLQ��UHVLVWDQFH�RI�WKHVH� WZR� LVRODWHV� LV� SODVPLG�OLQNHG�� 7KH� VWXG\� FRQFOXGHG� D�ZLGH� GLVWULEXWLRQ� RI� WKLV��VXSSRVHG� WR� EH� RSSRUWXQLVWLF�� DV� D� SUREDEOH� LQIHFWLRXV� RUJDQLVP�� DPRQJVW� PDQ\�)RRGVWXIIV��DV�ZHOO�DV�EHLQJ�LQYROYHG�LQ�YDULDEOH�KXPDQ�LQIHFWLRQV�LQ�,VPDLOLD��(J\SW��
�.H\ZRUGV�� $HURPRQDV� VS�� � 'LVWULEXWLRQ�� � 3ODVPLGV�� )RRG6WXIIV�� 2SSRUWXQLVWLF� +XPDQ�,QIHFWLRQV��

�
,1752'8&7,21��$OWKRXJK� WKH� RUJDQLVPV� DUH� FRQVLGHUHG� QDWXUDO� LQKDELWDQWV� LQ� WKH� DTXDWLF� HQYLURQPHQW��$HURPRQDV�VSS��FDQ�EH�LVRODWHG�IURP�D�YDULHW\�RI�IRRGV��LQFOXGLQJ�PHDW��SRXOWU\��PLON�DQG�PLON� SURGXFWV�� ILVK� DQG� VKHOOILVK�� DQG� YHJHWDEOHV� �.QRFKHO� 	� -HSSHVHQ�� ����� DQG�1LVKLNDZD�	�.LVKL��������7KHUH� LV�DQ� LQFUHDVLQJ�DPRXQW�RI�HYLGHQFH�WKDW�DW�OHDVW�VRPH�VWUDLQV� RI� $HURPRQDV� VSS�� DUH� LQYROYHG� LQ� WKH� HWLRORJ\� RI� JDVWURLQWHVWLQDO� GLVHDVHV� LQ�KXPDQ� EHLQJV� DQG� WKDW� WKH\� FDXVH� VHULRXV� LQIHFWLRQV� LQ� LPPXQRFRPSURPLVHG� SDWLDQWV��9LOODUL�HW�DO� �������,Q�UHFHQW�VWXGLHV�$HURPRQDV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�WKUHH�W\SHV�RI�KXPDQ� LOOQHVVHV� LQFOXGLQJ�H[WUD�LQWHVWLQDO��ZRXQGHG��DQG�JDVWURLQWHVWLQDO� LQIHFWLRQV��7KH�VSHFWUXP� RI� V\PSWRPV� LQFOXGHV� JDVWURHQWHULWLV�� FHOOXOLWLV�� PHQLQJLWLV�� EDFNHUDHPLD� VRIW�WLVVXH�LQIHFWLRQ��SHULWRQLWLV�DQG�EURQFKRSXOPRQDU\�LQIHFWLRQV��3LQ�HW�DO�������DQG�7DQLRV�HW� DO�� �������$HURPRQDV� VSHFLHV�� VSHFLDOO\� PRWLOH� RQHV�� KDYH� ORQJ� EHHQ� UHFRJQL]HG� DV�
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�
SULPDU\�SDWKRJHQV���.KDVKH�HW�DO��������DQG�LQFUHDVLQJO\�NQRZQ�DV�DHWLRORJLFDO�DJHQW�RI�GLVHDVH�V\QGURPHV�VXFK�DV�JDVWURHQWHULWLV�� �$OWZHJJ�HW�DO��������RWLWLV�� �9L]PDQRV�HW�DO�������� YDJLQLWLV� DQG� NLGQH\� LQIHFWLRQV� LQFOXGLQJ� S\HORQHSKULWLV�� �.KHGU� HW� DO�� ����� DQG�5XVLQ�HW�DO�������D	E���$HURPRQDV�VSHFLHV�DUH�DOVR�QRWHG�WR�EH� LPSRUWDQW�SDWKRJHQV�RI�SHGLDWULFV� DQG� LPPXQR�FRPSURPLVHG�SDWLHQWV� FDXVLQJ� GLDUUKRHD� RU� G\VHQWHU\� OHDGLQJ� WR�GU\QHVV� DQG� HYHQ�PRUH� WR� GHDWK� LQ�PDQ\� FDVHV�� �(VVHUV� HW� DO�� ������� 7KLV� LQLWLDWHG� WKH�SUHVHQW�VWXG\�VR�DV�WR�LQYHVWLJDWH�WKH�GLVWULEXWLRQ�DQG�GHJUHH�RI�LQYROYHPHQW�RI�$HURPRQDV�VSHFLHV�LQ�GLIIHUHQW�IRRG�VRXUFHV�DQG�KXPDQ�FOLQLFDO�LQIHFWLRQV��6SHFLDO�UHIHUHQFH�ZDV�SDLG�WR�$��K\GURSKLOD��$��SXQFWDWD�DQG�$��VDOPRQLFLGD� $OVR�WR�LQYHVWLJDWH�DQ\�UHODWLRQ�EHWZHHQ�WKH�DQWLELRWLF�UHVLVWDQFH�RI�$HURPRQDV�VSHFLHV�LVRODWHG�DQG�WKH�SUHVHQFH�RI�SODVPLGV��7KH�FRQWULEXWLRQ� GHJUHH� RI� WKHVH� SODVPLGV�� LI� WKHUH� LV� DQ\�� LQ� DQWLELRWLF�UHVLVWDQFH� DQG� WKH�FKDUDFWHUV� RI� WKHVH� SODVPLGV� LQFOXGLQJ� WUDQVIHUDELOLW\� DQG� H[SUHVVLRQ� FDSDFLW\�ZDV� DOVR�WDUJHWHG�����
0$7(5,$/6�$1'�0(7+2'6��0LFURELRORJLFDO�6WXGLHV�)RRG�6DPSOLQJ�DQG�6DPSOH�3URFHVVLQJ��7KLUW\�ILYH�IRRG�VRXUFHV�ZHUH�FKRVHQ�DQG�FODVVLILHG�DV�IROORZV��FKLSV��EDE\�IRRG��FDNH��WHD�FUHDPHU�� GULQNV�� ELVFXLWV�� FRRNHG� IRRG�� VHPL� FRRNHG� IRRGV�� UDZ� IRRG� DQG� YHJHWDEOHV��2EYLRXVO\��WKHVH�IRRGV�DUH�RI�SDUWLFXODU�FRQFHUQ��EHFDXVH�WKH\�DUH�JUHDWO\�GHPDQGHG�E\�DOO�SHRSOH�LQFOXGLQJ�FKLOGUHQ��6DPSOHV�����JP��ZHUH�ZHLJKWHG�DVHSWLFDOO\�LQ�VWRPDFKHU�EDJV�FRQWDLQLQJ� ��� P/� RI� DONDOLQH� SHSWRQH� ZDWHU� �$3:�� ��� SHSWRQH�� S+� ������ DQG�KRPRJHQL]HG� LQ�D�EOHQGHU� IRU���PLQ��$IWHU�GHFLPDO�GLOXWLRQV������P/IURP�HDFK�GLOXWLRQ�ZDV�VSUHDG�RQWR�VWDUFK�DPSLFLOOLQ�DJDU�PHGLD��/XJRO�LRGLQH��,����J��SRWDVVLXP�LRGLGH����J�LQ�����PO�GLVWLOOHG�ZDWHU��DSSOLHG�WR����K�LQFXEDWHG�VWDUFK�DPSLFLOOLQ�DJDU�SODWHV�WR�FRQILUP�$HURPRQDV�FRORQLHV�ZLWK�FOHDU�]RQHV�DURXQG�WKHP��3ODWHV�ZHUH�LQFXEDWHG�IRU����K�DW�����&��9LOODUL�HW�DO����������
+XPDQ�&OLQLFDO�,QIHFWLRQ�6DPSOLQJ�DQG�6DPSOH�3URFHVVLQJ�1LQHW\� HLJKW� FOLQLFDO� YROXQWHHUV� VXIIHULQJ� IURP� GLIIHUHQW� W\SHV� RI� LQIHFWLRQV� ZHUH�LQYHVWLJDWHG�� 2WLWLV�� FRQMXQFWLYLWLV� DQG� YDJLQLWLV� FDVHV� ZHUH�VDPSOHG� DV� URXWLQHO\� XVLQJ�VWHULOL]HG�FRWWRQ�VZDEV��6ZDEV�ZHUH��VHSDUDWHO\��ZDVKHG�LQ�����PO�DONDOLQH�SHSWRQH�ZDWHU��$3:�����SHSWRQH��S+�������WKHQ���PO�DOLTXRWV�IURP�WKH�UHVXOWLQJ�EDFWHULDO�VXVSHQVLRQV�ZHUH� GLVSHQVHG� RQWR� QXWULHQW�� 0DF&RQNH\� DQG� VWDUFK� DPSLFLOOLQ� DJDU� SODWHV� IROORZLQJ�VSUHDG�SODWH�PHWKRG��/XJRO�ZDV�DSSOLHG�WR����K�LQFXEDWHG�VWDUFK�DPSLFLOOLQ�DJDU�SODWHV�WR�FRQILUP�$HURPRQDV�FRORQLHV�ZLWK�FOHDU�]RQHV�DURXQG�WKHP��8ULQH�VDPSOHV�ZHUH�FROOHFWHG�DV�GHVFULEHG�E\�&ROOLQV�HW�DO���������IURP�WKH����UHQDO�FDVHV�LQFOXGHG����UHQDO�IDLOXUH�DQG�� S\HORQHSKULWLV�FDVHV��7KH�FROOHFWHG�PLG�VWUHDP�XULQH�VDPSOHV�LQ�����VWHULOH�JODVV�YLDOV�ZHUH�SODWHG�������O��RQ�WKH�VDPH�SUHYLRXVO\�GHVFULEHG�FXOWXUH�PHGLD��6WRRO�VDPSOHV����J��IURP����DQHPLF�FDVHV����G/�J���KDHPRJORELQ������G/��J��ZHUH�H[WUDFWHG�HDFK�LQ�����PO�VDOLQH�VROXWLRQ�����1D&O�DQG������O�RI������VHULDOO\�GLOXWHG�H[WUDFWV�ZHUH�GLVSHQVHG�RQWR�QXWULHQW� DJDU� DQG� RWKHU� FXOWXUH�PHGLD� XVHG� LQ� WKH� VWXG\��$OO� SODWHV�ZHUH� LQFXEDWHG� IDFH�GRZQ�DQG�WKH�EDFWHULDO�ZHUH�DOORZHG�WR�JURZ�DW�����&�IRU�������K�SULRU�WR�HQXPHUDWLRQ�DQG�IXUWKHU�LGHQWLILFDWLRQ���
,GHQWLILFDWLRQ�RI�%DFWHULD�,GHQWLILFDWLRQ�RI�ZHOO�LVRODWHG�SXUH�FRORQLHV�SURFHHGHG�WR�WKH�VSHFLILF�OHYHO�DGRSWLQJ�+ROW�HW� DO�� ������� EDVHG� RQ� ELRFKHPLFDO� WHVWV�� 7KLV� LQYROYHG� WKH� JOXFRVH� R[LGDWLRQ��IHUPHQWDWLRQ��ODFWRVH�IHUPHQWDWLRQ��R[LGDVH�WHVW��QLWUDWH�UHGXFWLRQ��LQGROH�UHDFWLRQ��XUHDVH�SURGXFWLRQ��9RJHV�3URVNDXUH��DUJLQLQH�DQG�RUQLWKLQH�XWLOL]DWLRQ�DV�FDUERQ�VRXUFHV��
�
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�

$QWLELRWLF�5HVLVWDQFH�6WXGLHV�$OO�H[SHULPHQWV�ZHUH�FRQGXFWHG�XVLQJ�WKH�RULJLQDO�VWRFN�FXOWXUHV�QXWULHQW�DJDU�WR�DYRLG�WKH�VSRQWDQHRXV�ORVV�RI�DQWLELRWLF�UHVLVWDQFH�VRPHWLPHV�DVVRFLDWHG�ZLWK�IUHTXHQW�VXEFXOWXULQJ��%DUU\������DQG�0FNHRQ�HW�DO���������$QWLELRWLF�UHVLVWDQFH�ZDV�DVVD\HG�XVLQJ�D�PRGLILHG�.LUE\�%DXHU�GLVN�GLIIXVLRQ�PHWKRG��5REHUW�HW�DO���������%DFWHULDO�VWUDLQV�ZHUH�LQRFXODWHG�LQWR���P/�RI�VWHULOH�EURWK�DQG�LQFXEDWHG�DW���R&�IRU����KRXUV��$�ORRSIXO�ZDV�WKHQ�GLOXWHG�LQ���P/�VWHULOH�SKRVSKDWH�EXIIHUHG�VDOLQH��3%6��DQG�VHHGHG�RQWR�0XOOHU�+LQWRQ�PHGLXP��$IWHU�WKH�LQRFXOXP�KDV�GULHG�DQWLELRWLF�GLVFV�ZHUH�DSSOLHG�WR�WKH�LQRFXODWHG�PHGLXP�ZLWK�VWHULOH�IRUFHSV�DQG�SUHVVHG�GRZQ�JHQWO\�WR�HQVXUH�HYHQ�FRQWDFW��3ODWHV�ZHUH�LQFXEDWHG�DW���R&�IRU����KRXUV�DQG�DQWLELRWLF�UHVLVWDQFH�UHSUHVHQWHG�E\�WKH�SUHVHQFH�RU�DEVHQFH�RI�FOHDU�]RQHV�DURXQG�WKH�JURZWK�RI�EDFWHULD��&ROOHH�HW�DO�������DQG�&ROOLQV�HW�DO���������$QWLELRWLF�6WDQGDUG� GLVFV� ³2[RLG´� FRQFHQWUDWLRQV�ZHUH� VKRZQ� LQ� WDEOH� ����� 7KHVH� DQWLELRWLFV�ZHUH�FKRVHQ� WR� IXOILOO� DQG�XVHG� LQ� WKH�SUHYHQWLRQ�DQG�RU� WUHDWPHQW� RI�KXPDQ�RFXODU� LQIHFWLRQ��0FNHRQ� HW� DO�� ������� 'LDPHWHU� LQ�PP� RI� FOHDU� ]RQHV� VXUURXQGLQJ� WKH� DQWLELRWLF� GLVFV�LQGLFDWLQJ� EDFWHULDO� JURZWK� LQKLELWLRQ�ZDV�PHDVXUHG� DIWHU� ��� KRXUV� LQFXEDWLRQ� DW� ��R&��%DFWHULDO�LVRODWHV�ZHUH�FKDUDFWHUL]HG�DV�³UHVLVWDQW¶��³LQWHUPHGLDWH´�RU�µVHQVLWLYH´�DFFRUGLQJ�WR�WKH�PDQXIDFWXUH�JXLGH�OLQHV��2[RLG�0DQXDO��������0LQLPXP�LQKLELWRU\�FRQFHQWUDWLRQV��0,&V�� ZHUH� GHWHUPLQHG� E\� WKH� EURWK� GLOXWLRQ� PHWKRG�� $� VWRFN� VROXWLRQ� ZDV� XVHG� WR�SUHSDUH� D� UDQJH� RI� DQWLELRWLF� FRQFHQWUDWLRQV� LQ� �P/� RI�0XOOHU�+LQWRQ� EURWK�� %DFWHULDO�VXVSHQVLRQ����P/�FRQWDLQLQJ�DSSUR[LPDWHO\������î����FHOOV��RI�HDFK�UHVLVWDQW�LVRODWH�WR�D�SDUWLFXODU�DQWLELRWLF�ZDV�XVHG�WR�LQRFXODWH�HDFK�FRQFHQWUDWLRQ�DQG�JURZWK�RI�EDFWHULD�ZDV�FKHFNHG�DIWHU�RYHUQLJKW�LQFXEDWLRQ�DW���R&��/RULDQ��������
3ODVPLG�6WXGLHV�3ODVPLG� ,VRODWLRQ�� /%� EURWK� SOXV� DSSURSULDWH� DQWLELRWLFV�LQ� FXOWXUH� WXEHV� ZLWK� HDFK�LQGLYLGXDO�EDFWHULDO�FRORQ\�ZHUH�VKDNHG�DW���R&�RYHUQLJKW��&HOO�SHOOHWV�DUH�UHVXVSHQGHG�LQ���� �/�DONDOLQH�H[WUDFWLRQ�ZLWK�VROXWLRQ� FRPSRVHG�RI����P0�JOXFRVH�����P0�WULV��S+������ DQG� ��� P0� ('7$�� FRPELQHG� ZLWK� IUHVK� ���� VRGLXP� GRGF\OH� VXOSKDWH� �6'6���VROXWLRQ�,,�E\�FRPELQLQJ���P/���0�1D2+������P/�����6'6�DQG�����P/�+�2�������/�RI�LFH�FROG�VROXWLRQ�,,,����0�.2$&�ZHUH�DGGHG��EURXJKW�WR�S+�����E\�DGGLQJ�JODFLDO�DFHWLF�DFLG��WR�HDFK�WXEH��$�ZKLWH�SUHFLSLWDWH�RI�GHQDWXUHG�SURWHLQV�DQG�FHOO�GHEULV�ZDV�IRUPHG��7ZR�KDQGHUGV�PLFUROLWHU�SKDVH�VHSDUDWLRQ�PL[WXUH�RI�SKHQRO�FKORURIRUP�������ZDV�DGGHG�WR�HDFK�7XEH��&ORVHG�PLFURIXJH�ZLWK�LQYHUWHG�WXEHV�ZDV�FHQWULIXJHG�VHYHUDO�WLPHV�WR�PL[�WKH� SKDVHV� ZHOO�� 7KH� VDPSOHV� ZHUH� FHQWULIXJHG� IRU�� PLQXWH� LQ� D� PLFURIXJH�� 8VLQJ� D�SLSHWWRU�RU�D�3DVWHXU�SLSHW�� WKH�XSSHU��DTXHRXV��SKDVH�ZDV� WUDQVIHUUHG�WR�QHZ�PLFURIXJH�WXEHV��7KH�'1$�ZDV�SUHFLSLWDWHG�XVLQJ�����/�FROG� LVRSURSDQRO� WR�HDFK�WXEH��)UHVK�7(�>��� P0�7ULV� �S+� ������ ��� P0�1DFO� DQG� �� P0�('7$@� SOXV� GLJHVWLRQ� RI� 51$� XVLQJ�51DVH� E\� DGGLQJ� ����/� ���PJ�P/��51DVH� LQ�7(� EXIIHU�ZDV� SUHSDUHG��$���/� RI� ��0�VRGLXP�DFHWDWH�DQG�����/�FROG�HWKDQRO�ZHUH�DGGHG�WR�'1$��6DPSOHV�ZHUH�VWRUHG�DW�±���R&�LQGHILQLWHO\��7KH�SHOOHWV�ZHUH�UHVXVSHQGHG�LQ�����/���P0�7ULV�DQG�����P0�('7$��S+������6DPEURRN�HW�DO����������3ODVPLG�'1$�&RQFHQWUDWLRQV�DQG�3XULW\�'HWHUPLQDWLRQ��&RQFHQWUDWLRQV�DQG�SXULW\�RI�'1$�ZHUH�HVWLPDWHG�VSHFWURSKRWRPHWULFDOO\�XVLQJ�6SHFWUR�����/DER�0HG��,QF���DQG�86$��7KH� FRQFHQWUDWLRQ� RI� SODVPLG� '1$�ZDV� GHWHUPLQHG� DW� ���� QP�� 7KH� SXULW\� RI� SODVPLG�'1$�ZDV�FDOFXODWHG�E\�WKH�UDWLR�RI�DEVRUEDQFH�DW�����QP�DQG�����QP��6DPEURRN�HW�DO����������$JDURVH� *HO� (OHFWURSKRUHVLV� RI� WKH� 3ODVPLG� '1$��$JDURVH� JHO� HOHFWURSKRUHVLV� ZDV�FDUULHG�RXW�XVLQJ�WKH� WULV�ERUDWH�('7$�EXIIHU��7%(���*HOV�ZHUH�SUHSDUHG�E\�DGGLQJ����DJDURVH�DQG����/�HWKLGLXP�EURPLGH� �VWRFN�VROXWLRQ�RI����PJ�P/�� WR� WKH�7%(�EXIIHU� DV�GHVFULEHG�E\�+DPPDG�	�'RUD�������
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�
&XULQJ� DQG�7UDQVIRUPDWLRQ� 3URWRFROV�� 6HULDO� GLOXWLRQV� RI� DFULGLQH� RUDQJH�ZHUH� XVHG� IRU�FXULQJ� �5DPWHNH�HW� DO�� ������� 7ZR�GLIIHUHQW� DPSLFLOOLQ�VHQVWLYH� DQG� SODVPLG�IUHH�(�FROL�VWUDLQV��'+��DQG�+%�����ZHUH�XVHG�DV�UHFLSLHQW�FHOOV�LQ�WKH�WUDQVIRUPDWLRQ�H[SHULPHQWV�XVLQJ�&KORULGHV�PL[WXUH�PHWKRG�H[DFWO\�DV�GHVFULEHG�E\�6DPEURRN�HW�DO��������������
5(68/76��0LFURELRORJLFDO�6WXGLHV��7RWDO�YLDEOH�EDFWHULDO�79%�FRXQWV�FIX�����P/�ZDV�YHU\�KLJK�LQ�DOPRVW� DOO� NLQGV� RI� LQYHVWLJDWHG� IRRG� VRXUFHV�� )RU� DOO� WKH� IRRG� VRXUFHV� RXW� RI� WKH� ����LVRODWHV�SLFNHG�XS�IURP�GLIIHUHQW�SUHSDUHG�FXOWXUH�PHGLD��2QO\����LVRODWHV�FRPSULVLQJ�����ZHUH�LGHQWLILHG�DV�$HURPRQDV�VSS��7KUHH�$HURPRQDV�VSHFLHV�ZHUH�FRQILUPHG�K\GURSKLOD����� LVRODWHV��� SXQFWDWD� ���� LVRODWHV�� DQG� VDOPRQLFLGD� ���� LVRODWHV��� 7KH� SDUWLFLSDWLRQ�SHUFHQWDJH� RI� HDFK� RI� WKHVH� WKUHH� VSHFLHV� LQ� WKH� VWXGLHG� IRRG� VRXUFHV�ZDV� DV� VKRZQ� LQ�)LJXUH�������

)LJ�����3DUWLFLSDWLRQ�RI�WKH�VWXGLHG�$HURPRQDV�VSS��SHUFHQW�LQ�IRRG�VRXUFHV��
2XW�RI�WKH�����LVRODWHV�SLFNHG�XS�IURP�GLIIHUHQW�SUHSDUHG�FXOWXUH�PHGLD�LQ�WKLV�VWXG\��RQO\���� LVRODWHV� FRPSULVLQJ� ���� ZHUH� LGHQWLILHG� DV�$HURPRQDV� VSS�� 7KUHH� VSHFLHV� ZHUH�FRQILUPHG��$��K\GURSKLOD������LVRODWHV���$� SXQFWDWD�����LVRODWHV��DQG�$��VDOPRQLFLGD�����LVRODWHV���7KH�SDUWLFLSDWLRQ�SHUFHQWDJH�RI�HDFK�RI�WKHVH�WKUHH�VSHFLHV�LQ�WKH�VWXGLHG�KXPDQ�LQIHFWLRQV�ZDV�DV�VKRZQ�LQ�)LJXUH����7KH�GLVWULEXWLRQ�SDWWHUQ�SHUFHQW�RI�WKHVH�VSHFLHV�LQ�HDFK� LQIHFWLRQ� VLWH� ZDV� DV� SORWWHG� LQ� )LJXUH� ��� $�� K\GURSKLOD� VKRZHG� WKH� KLJKHVW�SDUWLFLSDWLRQ�SHUFHQWDJH������� ��GLVWULEXWHG� LQ�UHQDO�IDLOXUH��������S\HORQHSKULWLV� ������DQG� LQ�DQHPLD� � ������ �� )LJXUH� ���� )RUW\�WZR�$��SXQFWDWD� UHSUHVHQWLQJ������RI� LWV� WRWDO�LVRODWHV� ZHUH� LQYROYHG� LQ� DQHPLD� FDVHV�� 9DJLQDO� LQIHFWLRQV� ZHUH� GRPLQDWHG� E\� $��VDOPRQLFLGD� $�� VDOPRQLFLGD� FRPSULVHG�RQO\�����RI� LVRODWHV� IURP�RWLWLV� FDVHV�DQG�����IURP�S\HORQHSKULWLV�FDVHV��3\HORQHSKULWLV� LQIHFWLRQ�ZDV� WKH�RQO\� WKDW�KDUERUHG�DOO�RI� WKH�WKUHH� LQYHVWLJDWHG�$HURPRQDV� VSHFLHV� LQ� WKH� SUHVHQW� VWXG\�� DOWKRXJK�$�� K\GURSKLOD�ZDV�GRPLQDWHG��)LJXUH�����,VRODWLRQ�H[SHULPHQWV�UHYHDOHG�WKDW� WKH�EHVW�JURZWK�RI�$HURPRQDV�IURP� VWRRO� VSHFLPHQV�ZDV� RQ� QXWULHQW� DJDU�PHGLXP��5HFRYHU\� RI�$HURPRQDV� IURP� HDU��RWLWLV� FDVHV�� DQG� YDJLQD� �YDJLQLWLV� FDVHV�� EHWWHU� LVRODWHG� RQ� VWDUFK� DPSLFLOLQ� DJDU��0DF&RQNH\� DQG� VWDUFK� DPSLFLOLQ� DJDU�PHGLD� DUH� SUHIHUDEOH� ZKHQ� LVRODWLQJ�$HURPRQDV�IURP� XULQH� VDPSOHV� RI� S\HORQHSKULWLF� DV� ZHOO� DV� UHQDO� IDLOXUH� SDWLHQWV�� $OWKRXJK� WKH�EDFWHULDO� FRXQWV� IURP� WKH� VWXGLHG� H\H� LQIHFWLRQV� ��� FRQMXQFWLYLWLV� FDVHV�� ZHUH�
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���VSS$HURPRQDVKDUDFWHUL]DWLRQ�RI�LQYROYHPHQW�DQG�SODVPLG�F��'LVWULEXWLRQ���HW�DO$EGHO�$]L]���

ÎÓ

�
FRPSDUDWLYHO\� KLJK� UHSUHVHQWLQJ� ����� RI� WKH� WRWDO� VWXGLHG� LVRODWHV��� QRQ� RI� WKHP� ZDV�LGHQWLILHG�DV�$HURPRQDV� 7KH�PDMRULWLHV�ZHUH�IRXQG�JUDP�SRVLWLYH�FRFFL��

)LJ�����3DUWLFLSDWLRQ�RI�WKH�VWXGLHG�$HURPRQDV�VSS��SHUFHQW�LQ�KXPDQ�FOLQLFDO�LQIHFWLRQV���

)LJ�����7KH�FRQWULEXWLRQ�RI�HDFK�RI�WKH�WKUHH�LQYHVWLJDWHG�$HURPRQDV�VSHFLHV��K\GURSKLOD��SXQFWDWD�DQG�VDOPRQLFLGD�LQ�WKH����VWXGLHG�FOLQLFDO�FDVHV���$QWLELRWLF�5HVLVWDQFH�6WXGLHV��5HSUHVHQWDWLYHV�RI�WKH�LGHQWLILHG�VSHFLHV����LVRODWHV��ZHUH�FKRVHQ� WR� SHUIRUP� VHQVLWLYLW\� WHVW� DJDLQVW� ILYH� FRPPRQO\� XVHG� DQWLELRWLFV� EHORQJV� WR�GLIIHUHQW�IDPLOLHV��DPSLFLOOLQ��FKRUDPSKHQLFRO��WHWUDF\FOLQH��VWUHSWRP\FLQ�DQG�YDQFRP\FLQ��7KH� UHVXOWV� RI� WKH� GLVN� GLIIXVLRQ� VXVFHSWLELOLW\� WHVWLQJ� �7DEOH� ��� VKRZHG� WKDW� DOO� RI� WKH�LVRODWHV�ZHUH�VHQVLWLYH�WR�DQWLELRWLFV��EXW�RQO\�WZR�KXPDQ�FOLQLFDO�LVRODWHV�$��+\GURSKLOD��� DQG����ZHUH�UHVLVWDQW�WR�DPSLFLOOLQ�DQG�YDQFRP\FLQ��)URP�WKH�UHVXOWV�ZH�KDV�WDNHQ�WZR�UHVLVWDQW� LVRODWHV� WR� PDNH� PLQLPXP� LQKLELWRU\� FRQFHQWUDWLRQV� �0,&V�� DQG� WKH� SODVPLG��0,&V�RI�WKH�WHVWHG�DQWLELRWLFV�DJDLQVW�WKH�WZR�LVRODWHV�$��+\GURSKLOD����DQG����ZHUH�����J�P/�DQG�����J�P/�UHVSHFWLYHO\��
3ODVPLG�6WXGLHV��3ODVPLG�SURILOHV�RI�WKH�WZR�DQWLELRWLFV�UHVLVWDQFH�EDFWHULDO�LVRODWHV�XQGHU�VWXG\� ZHUH� GHWHUPLQHG�� 7KH� WZR� EDFWHULDO� LVRODWHV� ZHUH� IRXQG� WR� FRQWDLQ� RQH� SODVPLGV��7DEOH���DQG�)LJXUH�����0ROHFXODU� VL]HV�RI� WKH�GHWHFWHG�SODVPLGV�ZHUH� IRXQG����NES� LQ�$�K\GURSKLOD� ��� DQG� ��� NES� LQ�$�� K\GURSKLOD� ��� �)LJ�� ����&RQFHQWUDWLRQ� DQG� GHJUHH� RI�SXULW\�RI�WKH�SODVPLG�'1$�6��ZHUH�DV�LQ�WDEOH����3ODVPLG�FXULQJ�LQ�FRPELQDWLRQ�ZLWK�0,&�GHWHUPLQDWLRQ�UHYHDOHG�WKDW�RI�WKH�LVRODWHG�SODVPLGV�UHVLVWDQFH�WR�YDQFRP\FLQ�LV�SODVPLG�
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���VSS$HURPRQDVKDUDFWHUL]DWLRQ�RI�LQYROYHPHQW�DQG�SODVPLG�F��'LVWULEXWLRQ���HW�DO$EGHO�$]L]���

ÎÔ

�
OLQNHG�ZKLOH�IRU�UHVLVWDQFH�WR�DPSLFLOOLQ�ZHUH�IRXQG�SODVPLG�DQG�FKURPRVRPDO�OLQNDJH��(��FROL�+%�����WKDW�LV�SODVPLG�IUHH�DQG�DPSLFLOOLQ�VHQVLWLYH�VWUDLQ���WUDQVIRUPHG�ZLWK�HDFK�RI�WKH�WZR�LVRODWHG�SODVPLGV��LQ�VHSDUDWH�WUDLOV�ZKLOH�(��FROL�'+���VWUDLQ�ZDV�QRW��6WUDLQ�+%������UHFHLYHG�WKH�SODVPLG��DQG�H[SUHVVHG�WKH�DPSLFLOOLQ�UHVLVWDQFH�WR�0,&�6��YHU\�FORVH�WR�WKDW�RI�WKH�RULJLQDO�GRQRU��7DEOH������
7DEOH����$QWLELRWLF�UHVLVWDQFH�SURILOH�RI�WKH�EDFWHULDO�LVRODWHV�IURP�RFXODU�LQIHFWLRQ���

$HURPRQDV�,VRODWHV�
$ $PSLFLOOLQ��

��� J�
& &KORUDPSKHQLFRO��

��� J�
7( 7HWUDF\FOLQH�

��� J�
6 6WUHSWRP\FLQ�

��� J�
9$ 9DQFRP\FLQ�

��� J�

$��VDOPRQLFLGD��� �� �� �� �� ��

$��3XQFWDWD��� �� �� �� �� ��

$��+\GURSKLOD��� �� �� �� �� ��

$��VDOPRQLFLGD���� �� �� �� �� ��

$��+\GURSKLOD���� �� �� �� �� ��

$��3XQFWDWD��� �� �� �� �� ��

$��+\GURSKLOD���� �� �� �� �� ��

$��+\GURSKLOD���� �� �� �� �� ��

$��+\GURSKLOD���� �� �� �� �� ��

$EEUHYLDWLRQV�� �� �5HVLVWDQW����� �6HQVLWLYH��
�7DEOH����&KDUDFWHUL]DWLRQ�RI�LVRODWHG�SODVPLGV�LQFOXGLQJ�VL]H��FRQFHQWUDWLRQ��SXULW\�DQG�0,&6�RI�WKH�RULJLQDO�DQG�WUDQVIRUPHG�LVRODWHV���
$HURPRQDV�,VRODWHV� 3ODVPLG�6L]H���.ES��� &RQF�� J�P/��3XULW\� 0,&�0RWKHU�&HOO� � J�P/��7UDQVIRUPHG�(�FROL�
$��+\GURSKLOD���� ��� �������� ��� ���
$��+\GURSKLOD���� ��� �������� ��� ���

� ����������������������������������������������������

)LJXUH� ���0ROHFXODU� VL]H� RI� UHFRYHUHG� SODVPLGV� DJDLQVW� /DPEGD� � � '1$� GLJHVWHG� ZLWK�+LQG� ,,,� ��(FR5� ,�� DV� D� UHIHUHQFH�� ODQH� ��� SXUH� SODVPLGV� SUHSDUDWLRQ� IURP�$�� +\GURSKLOD� ���� ODQH� ��� IURP� $��+\GURSKLOD�����ODQH�����
',6&866,21��
7KHUH� DUH� UHODWLYHO\� IHZ� SXEOLVKHG� FDVHV� LQ�ZKLFK�$HURPRQDV� VSS��KDV� EHHQ� DVVRFLDWHG�ZLWK�IRRGERUQH�JDVWURHQWHULWLV��6XVSHFW�IRRGV�SUHVXPDEO\�ZHUH�HLWKHU�LQDGHTXDWHO\�FRRNHG�EHIRUH�FRQVXPSWLRQ�RU�FRQVXPHG�GLUHFWO\�RU�DIWHU�PLQLPDO�FRRNLQJ��9LOODUL�HW�DO� �������7KH�FRQWDPLQDWLRQ�E\�$HURPRQDV�VSS��RI�EDE\�IRRG�DQG�UHDG\�WR�HDW�IRRGV�LV�RI�SDUWLFXODU�FRQFHUQ��EHFDXVH�WKHVH�SURGXFWV�UHFHLYH�QR�IXUWKHU�FRRNLQJ�DQG�WKHUHIRUH�PD\�UHSUHVHQW�D�PDMRU� VRXUFH� RI� LQIHFWLRQ� IRU� KXPDQ� EHLQJ�� 7KH� UHVXOWV� RI� WKLV� VWXG\� LQGLFDWH� WKDW�
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���VSS$HURPRQDVKDUDFWHUL]DWLRQ�RI�LQYROYHPHQW�DQG�SODVPLG�F��'LVWULEXWLRQ���HW�DO$EGHO�$]L]���

ÎÕ

�
$HURPRQDV�VSS��DUH�FRPPRQ�LQ�IRRG�VRXUFHV�FRQVXPHG�LQ�(J\SW�FRQILUPLQJ�WKH�ILQGLQJ�RI�RWKHU� VXUYH\V�FRQGXFWHG�LQ�RWKHU�FRXQWULHV� �.QRFKHO�	�-HSSHVHQ������DQG�9LOODUL�HW�DO��������$HURPRQDV�VSS�LQ�WKLV�VWXG\� FRPSULVHG�����RI�WKH�WRWDO�EDFWHULDO�FRXQWV�LVRODWHG�IURP� GLIIHUHQW� KXPDQ� FOLQLFDO� LQIHFWLRQV�� 7KLV� SUHVHQWHG� JHQXV�$HURPRQDV� DV� WKH�PRVW�FRPPRQ� RSSRUWXQLVWLF� KXPDQ� SDWKRJHQ� WKDW� LV� QRW� OLPLWHG� WR� FHUWDLQ� VLWHV� RU�DFRPSDQLRQLQJ�VSHFLILF�GLVHDVH�DJHQWV��$OWZHJJ�HW�DO����������9L]PDQRV�HW�DO���������	�5XVLQ�HW�DO�������D	E��DUH�VRPH�RI�WKH�UHVHDUFKHUV�ZKR�JRW�VLPLODU�UHVXOWV�DQG�DODUPHG�WKH�LQFUHDVLQJ�LQYROYHPHQW�RI�$HURPRQDV�LQ�KXPDQ�LQIHFWLRQV��0RUH�SUHFLVHO\��$ K\GURSKLOD�$��SXQFWDWD�DQG�$��VDOPRQLFLGD�RFFXSLHG�UHVSHFWLYHO\��LQ�WKH�SUHVHQW�ZRUN��WKH�ILUVW�WKUHH�SRVLWLRQV� DPRQJVW� $HURPRQDV� VSHFLHV�� $OWKRXJK� $� K\GURSKLOD� KDG� EHHQ� H[WHQVLYHO\�VWXGLHG�DW�GLIIHUHQW� OHYHOV� LQ�KXPDQ�KHDOWK� ULVNV�� �'LDE�������&DUQDKDQ�	�-RVHSK�������.KHGU�HW�DO��������+DQQLQHQ�	�6LOWRQHQ�������.HUVWHUV�HW�DO��������.KDVKH�HW�DO��������0DVVD�HW� DO�� ������;LDQJ�HW� DO�� ������(VVHUV�HW�DO�� ����� DQG�.R]LQVND�	�$QW\FKRZLF]������� LW� VKRZHG�KHUH� LWV� VXSHULRULW\� ������� LQ�S\HORQHSKHULWLV�DQG�RWKHU�UHQDO�SUREOHPV�LQFOXGLQJ�UHQDO�IDLOXUH��&XOWXUH�SUHVHUYDWLRQ�LQ�UHIULJHUDWRUV��FKLOOLQJ���FRPSULVHV�D�VWUHVV�IDFWRU� WKDW� DIIHFW� WKH� ELRFKHPLFDO� DFWLYLWLHV� RI� WKHVH� FXOWXUHV�� 5HVSRQVH� RI� GLIIHUHQW�$HURPRQDV�LVRODWHV�WR�FKLOOLQJ�FRQVLGHUHG�DV�RQH�RI�WKH�LPSRUWDQW�RQ�ZKLFK�DQDO\VLV�ZDV�EDVHG�DQG�IRXQG�GLIIHUHQWLDO��.HUVWHUV�HW�DO�� ��������/LWWOD�HW�DO�� �������DQG�8GGLQ�HW�DO���������UHFRJQL]HG�WKLV��EXW�WKH\�QHLWKHU�LQFOXGHG�LW�LQ�WKHLU�GDWD�PDWUL[�QRU�UHOD\�RQ�LW�LQ�WKHLU�DQDO\VLV��7KH�VWXG\�JDYH�DOVR�D�VKRUWFXW�IRU�WKH�FXOWXUH�PHGLD�FKRLFH�VXLWDEOH�IRU�WKH�LVRODWLRQ� RI� GLIIHUHQW� $HURPRQDV� VSS�� EDVHG� RQ� WKH� VLWH� DQG� W\SH� RI� LQIHFWLRQ�� 7KH�RFFXUUHQFH�RI�PXOWLSOH�DQWLELRWLF�UHVLVWDQW��0$5��RUJDQLVPV�KDV�DWWUDFWHG�WKH�DWWHQWLRQ�RI�PDQ\�ZRUNHUV�WR�WKH�SKHQRPHQRQ�RI�WUDQVIHUDEOH�GUXJ�UHVLVWDQFH�IDFWRUV�EHWZHHQ�EDFWHULD��3DWKDN�	�*RSDO�� ������� ,QFUHDVLQJ� DQWLELRWLF� UHVLVWDQFH� LV� D� IDFWXDO�SUREOHP�� ,W� RFFXUV�IURP�WKH� LQIHFWHG�SDWLHQW�ZKR�UHVSRQG�SRRUO\� WR� WUHDWPHQW�DQG�LQ�D�KRVSLWDO��ZKLFK�PD\�SHUIRUP� LQIHFWLRQ� FRQWURO� DQG� SUHYHQWLRQ� SURJUDPV�� &OLQLFDO� SUHVHQWDWLRQV� DUH� QRW�GLDJQRVWLF� RI� WKH� FDXVH��0LFURELRORJLFDO� DQDO\VLV�ZLWK� F\WRORJ\�� FXOWXUHV� DQG�PLFURELDO�VHQVLWLYLWLHV� LV� PDQGDWRU\�� ,Q� UHFHQW� VWXGLHV� SODVLPG�OLQNHG� UHVLVWDQFH�� HVSHFLDOO\� IRU�SDWKRJHQLF�EDFWHULDO�LVRODWHV��DUH�VWLOO�RI�FULWLFDO�LPSRUWDQFH��%HNRZLW]������DQG�'HPDLQ�	 'DYLHV��������7UDQVIRUPHG�(��FROL�+%������LQLWLDOO\�H[SUHVVHG�DPSLFLOOOLQ�UHVLVWDQFH�DW�DOPRVW� WKH� VDPH� 0,&� RI� WKH� RULJLQDO� PRWKHU� VWUDLQ�� WKH� VWUDLQ� WKDW� RULJLQDOO\� EHDU� WKH�SODVPLG��EXW�JUDGXDOO\�ORVH�UHVLVWDQFH�UHVXOWLQJ�LQ�DPSLFLOOLQ�VHQVLWLYH�DQG�SODVPLG�IUHH�(��FROL�� 3ODVPLG� LQVWDELOLW\� KDV� EHHQ� UHSRUWHG� WR� EH� GXH� WR� VHYHUDO� UHDVRQV� VXFK� DV�IUDJPHQWDWLRQ��PXWDWLRQ�RU�GURS�LQ�FRS\�QXPEHU��5XVVHOO��������'HWDLOHG�FKDUDFWHUL]DWLRQ�RI� WKHVH� SODVPLGV�� JHQRPH� DQG� OHYHO� RI� PROHFXODU� KHWHURJHQHLW\� RI�$HURPRQDV� VSS�� LV�QHHGHG� LQ� IXWXUH� IRU� PRUH� XQGHUVWDQGLQJ� DERXW� WUDQVIHUDELOLW\�� JHQH� H[SUHVVLRQ� DQG�VWDELOLW\��
�$&.12/'*(0(176��7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�VWDII�PHPEHUV�LQ�*HQHUDO�+RVSLWDO�DQG�6XH]�&DQDO�8QLYHUVLW\�+RVSLWDO��,VPDLOLD��IRU�GLDJQRVLQJ�DQG�SURYLGLQJ�WKH�FOLQLFDO�VDPSOHV�ZKLFK�ZHUH�WKH�VRXUFH�RI�LVRODWLRQ�RI�$HURPRQDV�VSS���
5()(5(1&(6��$OWZHJJ�0��/XFFKLQL�*0��/XWK\�+RWWHQVWHLQ�-�	�5RKUEDFK��0��������$HURPRQDV�DVVRFLDWHG�JDVWURHQWHULWLV�DIWHU� FRQVXPSWLRQ� RI� FRQWDPLQDWHG� VKULPS�� (XURSHDQ� -RXUQDO� RI�0HGLFDO�0LFURELRORJ\� ��8QLYHUVLW\�RI�=XULFK�������������%DUU\�$/��������3URFHGXUHV�DQG� WKHRUHWLFDO�FRQVLGHUDWLRQ� IRU� WHVWLQJ�DQWLPLFURELDO�DJHQWV�LQ�DJDU�PHGLXP��,Q��$QWLELRWLFV�LQ�ODERUDWRU\�PHGLFLHQH��/RULDQ��9��HGLWLRQ��������7KLUG�HGLWLRQ��:LOOLDPV�	�:LONLQV��%DOWLPRUH��SS�������%HNRZLW]�)(��������$QWLELRWLF�UHVLVWDQFH�LQ�EDFWHULD��6RXWK�0HG��-��������������������



���VSS$HURPRQDVKDUDFWHUL]DWLRQ�RI�LQYROYHPHQW�DQG�SODVPLG�F��'LVWULEXWLRQ���HW�DO$EGHO�$]L]���

ÎÖ

�
&DUQDKDQ�$0�	�-RVHSK�6:���������6\VWHPDWLF�DVVHVVPHQW�RI�JHRJUDSKLFDOO\�DQG�GLYHUVH�DHURPRQDGV��6\VW��

$SSO��0LFURELRO� ����������
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