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5DG�MH�REXKYDWLR�GYD�QDaLQD�GHWHNFLMH����GHORYDQMH�QD�PHPEUDQX�VD�aLVWLP�OHNWLQRP����GHORYDQMH�QD�PHPEUDQX�OHNWLQRP�SUHWKRGQR�NXSORYDQLP�VD�SHURN �VLGD]RP3UYL�QDaLQ0HPEUDQD�VD�LPRELOLVDQLP�SURWHLQLPD�LQNXELUDQD�MH���VDW�X�UDVWYRUXaLVWRJ�OHNWLQD�GD�EL�VH�PROHNXOL�OHNWLQD�MHGQLP�VYRMLP�YH]LYQLP�PHVWRPYH]DOL�]D�JOLNRSURWHLQH��=DWLP�MH�LVSLUDQD�SULEOLCQR����PLQXWD��GYD�SXWD�SR���PLQXWD�X�W7%6�X�L�MHGDQSXW�X�7%6�X���SD�LQNXELUDQD���VDW�VD�UD]EOD �CHQRP�SHURNVLGD]RP����P/+53�X���P/�W7%6��GD�EL�VH�GUXJLP�YH]LYQLPPHVWRP�OHNWLQ�YH]DR�]D�PROHNXO�SHURNVLGD]H��NRML�MH�SR�VWUXNWXUL�JOLNRSUR �WHLQ��0HPEUDQD�MH�SRWRP�SRQRYR�LVSLUDQD����PLQXWD��GYD�SXWD�SR����PL �QXWD�X�W7%6�X�L�MHGQRP�X�7%6�X��'UXJL�QDaLQ/HNWLQ�MH�NXSORYDQ�VD�SHURNVLGD]RP�QD�VOHGH`L�QDaLQ��X����P/UDVWYRUD�OHNWLQD�GRGDWR�MH���P/�UD]EODCHQH�SHURNVLGD]H����P/�SHURNVLGD]HL]�UHQD�DNWLYQRVWL���8��X���P/�W7%6�D��D�]DWLP�MH�GRGDWR�����µ/�JOX�WDUDODOGHKLGD��,QNXEDFLMD�MH�WUDMDOD����PLQXWD�QD�VREQRM�WHPSHUDWXUL��0HPEUDQD�VD�LPRELOLVDQLP�SURWHLQLPD�LQNXELUDQD�MH���VDWD�VDXPUHCHQRP�SHURNVLGD]RP�L�OHNWLQRP��D�SRWRP�LVSLUDQD����PLQ��GYD�SXWDSR����PLQXWD�X�W7%6�X�L�MHGQRP�X�7%6�X��9LGOMLY�UH]XOWDW�]D�RED�QDaLQD�PHWRGH�GRELMHQ�MH�LQNXEDFLMRP�PHP�EUDQH����PLQ�VD�����PJ�GLDPLQREHQ]LGLQD��'$%��UDVWYRUHQRJ�X���P/����P0�75,6�S+����� VD���/�+�2���3RVWXSDN�]D�REH�YDULMDQWH�PHWRGHSRQRYOMHQ�MH�MR^�GYD�SXWD�EH]�KHPRJORELQD��D�]DWLP�VX�UD_HQH�SUREH�VDUD]OLaLWLP�UD]EODCHQMLPD�UDVWYRUD�OHNWLQD�NRMD�VX�L]QRVLOD��������������������L�������SXWD�
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3UL�UD]EODCHQMLPD�UDVWYRUD�OHNWLQD�RG�����SXWD�������SXWD�SRQRYR�VXGHWHNWRYDQL�7/3�L�LQYHUWD]D��DOL�RYRJ�SXWD�GHWHNWRYDQ�MH�L�;�SURWHLQ��2YDSRMDYD�MH�XRaHQD�SULOLNRP�RED�QDaLQD�PHWRGH��VOLND����3UL�NRQFHQWUDFLMDPD�OHNWLQD�RG�������SXWD�UD]EODCHQMD�SUYLP�QDaLQRPPHWRGH�GHWHNWRYDQL�VX�7/3��LQYHUWD]D�L�;��D�X�GUXJLP�VDPR�;�SURWHLQ
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)LJXUH����*O\FRSURWHLQV�GHWHFWHGRQ�WKH�PHPEUDQH����DQG��WLPHV�GLOOXWLRQ
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�VOLND�����'RND]DQR�MH�GD�MH�;�JOLNRSURWHLQ��0RJX`H�MH�GD�;�SURWHLQ�LPDUD]OLaLWH�^H`HUQH�RVWDWNH�RG�RVWDOLK�GHWHNWRYDQLK�SURWHLQD�L�GD�MH�SRWUHEQDQLCD�NRQFHQWUDFLMD�OHNWLQD�GD�EL�VH�YH]DOL�]D�WDM�^H`HU�2G�VYLK�SURWHLQD�NRUL^`HQLK�]D�DQDOL]X�JOLNRSURWHLQD�GRND]DQR�MH�GDVX�7/3��LQYHUWD]D�L�;�SURWHLQ�JOLNRSURWHLQL��7/3�L�LQYHUWD]D�ELOL�VX�GHWHN�WRYDQL�X�VYLP�SUREDPD��GRN�MH�;�GHWHNWRYDQ�VDPR�SUL�QLVNLP�NRQFHQWUDFL�MDPD�OHNWLQD��3UYRP�YDULMDQWRP�PHWRGD��GRVWLJQXWD�MH�YH`D�RVHWOMLYRVW�XRGQRVX�QD�GUXJL�QDaLQ�MHU�MH�;�SURWHLQ�SUL�QDMQLCRM�NRQFHQWUDFLML�OHNWLQDGHWHNWRYDQ�VDPR�SUYRP�YDULMDQWRP�PHWRGD��=DNOMXaDN/HQWLO�OHNWLQ�MH�SRJRGDQ�]D�GHWHNFLMX�JOLNRSURWHLQD�NRML�VDGUCH�JOXN�R]QH��PDQR]QH�L�IXNR]QH�RVWDWNH��9H`D�RVHWOMLYRVW�MH�SRVWLJQXWD�DNR�VH�NRU�LVWL�aLVW�UDVWYRU�OHNWLQD�QHJR�UDVWYRU�OHNWLQD�SUHWKRGQR�NXSORYDQRJ�VDSHURNVLGD]RP��3RJRGDQ�MH�MHU�VX�GRYROMQH�L�MDNR�QLVNH�NRQFHQWUDFLMH�OHN�WLQD�GD�EL�VH�GRELOL�UHSUH]HQWDWLYQL�UH]XOWDWL��5DGL�EROMH�NDUDNWHUL]DFLMH�YH]�LYDQMD�OHNWLQD�]D�JOLNRSURWHLQH�SRWUHEQR�MH�XUDGLWL�^LUH�LVWUDCLYDQMH�NRMHXNOMXaXMH�YL^H�UD]OLaLWLK�NRQFHQWUDFLMD�OHNWLQD��YL^H�SURWHLQD�L�]D�DQDOL]X�NDR�L�GUXJH�NRPHUFLMDOQH�OHNWLQH�GD�EL�VH�RGUHGLOD�HILNDVQRVW�OHQWLO�OHNWLQDX�RGQRVX�QD�QMLK��
/LWHUDWXUD&RPSUH�3���-DVSDU�9HUVDOL�0��)���*RIILQHW�*������� *O\FRSURWHLQV�IURPWKH�&XWLFOH�RI�WKH�$WODQWLF�6KRUH�&UDE�&DUFLQXV�PDHQDV��,��(OHFWUR�SKRUHVLV�DQG�:HVWHUQ�%ORW�$QDO\VLV�E\�8VH�RI�/HFWLQV��%LRO��%XOO����������'XERLV�0���*LOOHV��.��$���+DPLOWRQ�-��.���5HEHUV��3��$��DQG�6PLWK�)������$QDO��&KHP�����������(Q]\PHV��%LRFKHPLFDOV��:RUWKLQJWRQ�%LRFKHPLFDO�&RUSRUDWLRQ�¬KWWS���ZZZ�ZRUWKLQJWRQ�ELRFKHP�FRP�&21$�GHIDXOW�KWPO

6OLND����*OLNRSURWHLQLGHWHNWRYDQL�QDPHPEUDQL��UD]EODCHQMH�������SXWD�
)LJXUH����*O\FRSURWHLQV�GHWHFWHGRQ�PHPEUDQH��������WLPHV�GLOOXWLRQ
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*DYULORYL`¬-DQNXORYL`��������,VRODWLRQ�DQG�ELRFKHPLFDO�FKDUDFWHUL]DWLRQRI�D�WKDXPDWLQ�OLNH�NLZL�DOOHUJHQ� -RXUQDO�RI�$OOHUJLHV�DQG�&OLQLFDO,PPXQRORJ\����� ���������+DELEXU�5DKPDQ�0���$\QXO�+DTXH�$NDQG�$��6���<HDVPLQ�7���8GGLQ�6��5��0DKEXEXU��������3XULILFDWLRQ�DQG�SURSHUWLHV�RI�LQYHUWDVH�IURPPDQJR�IUXLW��3DNLVWDQ�-RXUQDO�RI�%LRORJLFDO�6FLHQFHV�� �����������3HWURQLMHYL`�#��������2S^WD�L�SULPHQMHQD�HQ]LPRORJLMD��/HVNRYDF�7HKQROR^NL�IDNXOWHW9DUNL�$���&XPPLQJV�5���(VNR�-���+DUW��*��������7KH�HVVHQWLDOV�RI�JO\FR�ELRORJ\� 1HZ�<RUN��&6+/�3UHVV9XMaL`�=��������(NVSHULPHQWDOQD�ELRKHPLMD�¬�SUDNWLNXP��%HRJUDG��+HPLM�VNL�IDNXOWHW9RHW�'��9RHW�-������ %LRFKHPLVWU\�¬�WKLUG�HGLWLRQ��1HZ�<RUN��:LOH\

9ODGDQ�0DUWLQRYL`
8VH�RI�/HQWLO�/HFWLQ�LQ�'HWHFWLRQ�RI�*O\FRSURWHLQV�RQ�1LWUR�FHOOXORVH�0HPEUDQH

*O\FRSURWHLQV�DUH�PDFURPROHFXOHV�PDGH�RI�SURWHLQ�DQG�FDUERK\ �GUDWHV��7KH\�FDQ�EH�IRXQG�LQ�DOO�OLYLQJ�RUJDQLVPV�DQG�KDYH�QXPHURXV�IXQF �WLRQV��*O\FRSURWHLQV�LQFOXGH�PDQ\�HQ]\PHV��WUDQVSRUW�SURWHLQV��UHFHSWRUV�KRUPRQHV�DQG�VWUXFWXUDO�JO\FRSURWHLQV�/HFWLQV�DUH�SURWHLQV�ZLWK�VSHFLILF�DELOLW\�WR�DJJOXWLQDWH�PROHFXOHVZKLFK�RQ�WKHLU�VXUIDFH�KDYH�VDFFKDULGH�FRPSRXQGV��/HQWLO�OHFWLQ��/F+�/&$��/HQV�FXOLQDULV�DJJOXWLQLQ��LV�OHFWLQ�LVRODWHG�IURP�SODQW� /HQV�FXOL�QDULV��,W�LQFOXGHV���VXEXQLWV��WZR�RI����N'�DQG�WZR�RI��N'��/HQWLO�OHFWLQELQGV�WR�PDQRVH��JOXFRVH�DQG�IXFRVH�UHVLGXHV��/F+�LV�PHWDORSURWHLQ�DQG�LWELQGV�&D�� L�0Q�� LRQV��WKDW�DUH�QHFHVVDU\�IRU�LWV�ELRORJLFDO�DFWLYLW\�3URWHLQV�ZHUH�LPPRELOLVHG�RQ�QLWURFHOOXORVH�PHPEUDQH��,Q�WKH�ILUVWJURXS��SURWHLQV�ZHUH�WUHDWHG�ZLWK�VROXWLRQ�RI�OHFWLQ��LQ�RUGHU�WR�DFKLHYHELQGLQJ�RI�PROHFXOHV�RI�OHFWLQ�WR�JO\FRSURWHLQV�ZLWK�RQH�ELQGLQJ�VLWH��7KHQWKH�PHPEUDQHV�ZHUH�WUHDWHG�ZLWK�WKH�VROXWLRQ�RI�SHUR[LGDVH�VR�DV�WR�ELQGPROHFXOHV�RI�SHUR[LGDVH��ZKLFK�DUH�VWUXFWXUDOO\�JO\FRSURWHLQV��WR�DQRWKHUOHFWLQ±V�ELQGLQJ�VLWH��,Q�WKH�VHFRQG�JURXS��LPPRELOLVHG�SURWHLQV�ZHUHWUHDWHG�ZLWK�OHFWLQ��SUHYLRXVO\�ELQGHG�WR�SHUR[LGDVH��$Q�REYLRXV�UHVXOW�ZDVDFTXLUHG�E\�WKH�UHDFWLRQ�RI�SHUR[LGDVH�ZLWK�LWV�VXSVWUDWHV��'$%�DQG+�2���)LYH�SURWHLQV�ZHUH�XVHG�IRU�GHWHFWLRQ�RI�JO\FRSURWHLQV�ZLWK�OHQWLOOHFWLQ��7KDXPDWLQ�OLNH�SURWHLQ��7/3���LQYHUWDVH��EURPHODLQ��XQIDPLOLDU�SUR �WHLQ�DQG�NLZL�FLVWDWLQH�
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3URFHGXUH�IRU�GHWHFWLRQ�RI�JO\FRSURWHLQV�ZDV�UHSHDWHG�QLQH�WLPHV�ZLWKYDULDWLRQ�RI�FRQFHQWUDFLRQ�RI�OHFWLQ�/HQWLO�OHFWLQ�LV�YHU\�XVHIXO�IRU�GHWHFWLRQ�RI�JO\FRSURWHLQV�ZKLFK�KDYHJOXFRVH��PDQRVH�DQG�IXFRVH�UHVLGXHV��%HFDXVH�RI�LWV�DFFHVLELOLW\�DQG�VLP�SOH�LVRODWLRQ��OHQWLO�OHFWLQ�RIIHUV�PRUH�HIHFWLYH�VROXWLRQ�IRU�GHWHFWLRQ�RI�JO\�FRSURWHLQV��,W�LV�DSSURSULDWH�EHFDXVH�ORZ�FRQFHQWUDWLRQV�DUH�HQRXJK�IRUJHWWLQJ�UHSUHVHQWDWLYH�UHVXOWV��/DUJHU�VHQVLWLYLW\�FDQ�EH�DFKLHYHG�E\�XVLQJSXUH�OHFWLQ��UDWKHU�WKDQ�RQH�ZKLFK�ZDV�ELQGHG�WR�SHUR[LGDVH��)RU�EHWWHUFKDUDFWHULVDWLRQ�RI�ELQGLQJ�RI�OHFWLQ�IRU�JO\FRSURWHLQV��LW�LV�QHFHVVDU\�WRFRQGXFW�D�ZLGHU�UHVHDUFK�ZKLFK�ZRXOG�LQFOXGH�PRUH�GLIHUHQW�FRQFHQWUD�WLRQV�RI�OHFWLQ��PRUH�SURWHLQV�DQG�JO\FRSURWHLQV�IRU�DQDO\VLV�
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