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���� • 3(71,A.(�69(6.(��� '(2��,,



SXIHUX�S+������5H]XODWL�SRND]XMX�GD�MH�GLVPXWDFLMD�XRYDNYRP�VLVWHPX�VPDQMHQD�X�RGQRVX�QD�RQDM�VD+(3(6�SXIHURP��RGQRVQR�GD�6+�JUXSH�PQRJR�EUCHSRGOHCX�RNVLGDFLML�WH�MH�WLPH�L�NROLaLQD�QDVWDORJKLGURNVLODPLQD�PDQMD��2YR�VH�PRCH�REMDVQLWL�UD�GRYLPD�9DQLQ�HW�DO�������NRML�SRND]XMX�GD�IRVIDWQLMRQ�L�VDP�PRCH�ELWL�OLJDQG�]D�JUD_HQMH�'1,&��SRVH�EQR�]D�VOXaDM�NDGD�NROLaLQD�GUXJRJ�OLJDQGD�X�RYRPVOXaDMX�QRVLRFD�6+�JUXSD��SRaQH�GD�RSDGD�1D�VOLFL���MH�VXPLUDQ�FLNOXV�GLVPXWDFLMH�12�SRV�UHGRYDQ�'1,&�NRPSOHNVLPD��6NRULML�UDGRYL�6WR�MDQRYL`�HW�DO�������SRND]DOL�VX�GD�VH�UHDNFLMD�RGYLMDSR�RYRP�QDYHGHQRP�PHKDQL]PX��D�QH�X]�SUHGRPL�QDQWQR�SURGXNRYDQMH�1�2�NDNR�VH�UDQLMH�PLVOLOR�1DVWDOL�12� EL�RGPDK�UHDJRYDR�VD�6+�JUXSDPD�LQDJUDGLR�5612��9DQLQ�HW�DO���������5612�MH�GXJRVPDWUDQ� IL]LROR^NRP� DOWHUQDWLYRP� ]D� 12�� LOLSURGXCHQRP�UXNRP®�D]RW�PRQRNVLGD�]D�GHORYDQMH�QDNUYQH�VXGRYH��9DQLQ HW�DO��������9DQLQ�HW�DO ������6�GUXJH�VWUDQH�QDVWDOL�12¬��PRCH�GD�UHDJXMH�VD�6+JUXSDPD�L�JUDGL�KLGURNVLODPLQ��NRML�VDP�LPD�IL]�LROR^NH�XORJH��DOL�PRCH�L�NDR�WDNDY�GD�GHOXMH�QDQHUYQH�]DYU^HWNH�L�GRYHGH�GR�RVORED_DQMD�&*53�FDOFLWRQLQ�JHQH�UHODWHG�SHSWLGH��NRML�MH�QDMMDaLSR]QDWL�YD]RGLODWDWRU�GR�VDGD��8�VNODGX�VD�QD^LPUH]XOWDWLPD��SURWHLQVNL�'1,&�NRPSOHNVL�EL��VXSURWQRRaHNLYDQLP�UH]XOWDWLPD�L�YDCH`HP�VWDYX��RYGH�PRJOLRGLJUDWL�YDCQX�XORJX�X�PRGXOLVDQMX�RGJRYRUD�RU�JDQL]PD�QD�12�L�SRYH`DWL�QMHJRY�HIHNDW�SUHNR�QDYH�GHQLK�PHKDQL]DPD��6�GUXJH�VWUDQH�QD�RYDM�QDaLQ�VH`HOLMD�L�QMHQD�RNROLQD�^WLWH�RG�SRWHQFLMDOQRJ�QDVWD�MDQMD�SHURNVLQLWULWD�X�UHDNFLML�SULND]DQRM�QD�VOLFL���0H_XWLP��SRUHG�SURWHNWLYQLK�HIHNDWD��VNRULML�UD�GRYL�.LUVFK�	�GH�*URRW������ SRND]XMX�GD�12¬PRCH�UHDJRYDWL�VD�NLVHRQLNRP��NRJD�QDUDYQR�LPD�XIL]LROR^NLP�VLVWHPLPD��L�QDJUDGLWL�SHURNVLQLWULW��.DRSRVOHGLFD�WRJD�MDYLR�EL�VH�QLWURWLUR]LQ�L�GLWLUR]LQ�QDRNROQLP�SURWHLQLPD��'D�EL�RYR�SURYHULOL�PL�VPRX]RUNH�X�NRMLPD�MH�'1,&�SUDYOMHQ�RG�%6$�SRGYUJOL6'6�SROLDNULODPLGQRM�HOHNWURIRUH]L��VOLND�����,�]DLVWDQD�HOHNWRUIRUH]L�VH�PRJX�XRaLWL�GYH�GRGDWQH�WUDNH�XSRUH_HQMX�VD�NRQWURORP��aLMH�PROHNXOVNH�PDVH�RGJR�YDUDMX�GLPHUQLP�L�WULPHUQLP�IRUPDPD�%6$��8�NRO�LNRM�PHUL�SHURNVLQLWULW�]DLVWD�QDVWDMH�X�RYRM�UHDNFLMLRVWDMH�GD�VH�YLGL�X�QDUHGQLP�HNVSHULPHQWLPD�NRML�ELWUHEDOR�GD�RWNULMX�SUDYX�IL]LROR^NX�SULURGX�'1,&�RPSRVUHGRYDQH�GLVPXWDFLMH�D]RW�PRQRNVLGD��RGQRVQRGD�XNDCX�QD�WR�NRML�RG�HIHNDWD�MH�SUHGRPLQDQWDQ�SURWHNWLYDQ�LOL�GHVWUXNWLYDQ�
=DNOMXaDN
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QD�VWDELOQRVW�NRPSOHNVD��D�VDPLP�WLP�L�QD�NLQHWLNXGLVPXWDFLMH��^WR�PRCHPR�YLGHWL�QD�RVQRYX�GRELMHQLKUH]XOWDWD��'1,&�NRPSOHNVL�VD�FLVWHLQRP�NDR�OLJDQ�GRP�SRND]DOL�VX�VH�NDR�QDMQHVWDELOQLML�L�VD�QDMPDQ�MRP�VSRVREQR^`X�GLVPXWDFLMH��*6+�JUDGL�VWDELOQLMH'1,&�NRPSOHNVH�NRML�VH�VSRULMH�UDVSDGDMX�L�GXCHWUDMX��SD�MH�L�DSVROXWQD�HILNDVQRVW�RYDNYLK�NRPSOHNVDPQRJR�YH`D�X�RGQRVX�QD�FLVWHLQVNH�NRPSOHNVH��1D�MSRVWRMDQLMH�L�QDMVWDELOQLMH�NRPSOHNVH�JUDGL�%6$�SDMH�L�GLVPXWDFLRQD�PR`�RYLK�NRPSOHNVD�QDMYH`D��6RE]LURP�QD�VYRMX�VWDELOQRVW��NRPSOHNVL�VD�%6$�QD�MGXCH�WUDMX�L�QDMHILNDVQLMH�GLVPXWXMX�12��'LVPX�WDFLMD�12�MH�SUD`HQD�SDUDOHOQR�X�GYD�SXIHUD��X+(3(6�SXIHUX�NRML�QL�QD�NRML�QDaLQ�QH�LQWHUIHULUD�SULVLQWH]L�NRPSOHNVD�L�.3L�SXIHUX�NRML�L�VDP�PRCH�GDVH�YHCH�]D�JYRC_H�L�]DPHQL�RUJDQVNH�OLJDQGH�SD�QDWDM�QDaLQ�VPDQMXMH�GLVPXWDFLMX�D]RW�PRQRNVLGD��
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9ODGLPLU�3URNRSRYL`
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1LWULF�R[LGH��12��LV�FRQVLGHUHG�WR�EH�YHU\�LP�SRUWDQW�LQWHU�LQWUDFHOOXODU�PHVVHQJHU�UHJXODWLQJ�QX�PHURXV�SK\VLRORJLFDO�SURFHVVHV��6RPH�RI�WKH�HIIHFWVWKDW�DUH�FRQQHFWHG�ZLWK�12�DUH�DFWXDOO\�UHVXOW�RI�WKHDFWLRQ�RI�KLV�FRQJHQHUV��QLWURVRQLXP��12���DQG�QL�WUR[\O��12���VSHFLHV��)UHH�LURQ��ZKLFK�LV�ORRVHO\ERXQG�IRU�WKH�ORZ�PROHFXODU�OLJDQGV�DQG�SURWHLQV�LQKXPDQ�RUJDQLVP��UHDFWV�ZLWK�12�WR�JLYH�'1,&�GLQLWURV\O�LURQ�FRPSOH[��)LJXUH�����,W�KDV�EHHQVKRZQ�WKDW�WKHVH�FRPSOH[HV�FDQ�GLVSURSRUWLRQDWH12��7KLV�SDSHU�H[DPLQHV�WKH�HIIHFWV�RI�GLIIHUHQW�OL�JDQGV��F\VWHLQH��JOXWDWKLRQH�DQG�ERYLQH�VHUXP�DOEX�PLQ��RQ�VWDELOLW\�DQG�IRUPDWLRQ�RI�'1,&�DV�ZHOO�DVRQ�'1,&�PHGLDWHG�12�GLVPXWDWLRQ��+\GUR[\ODPLQHSURGXFWLRQ��)LJXUHV������ZDV�GHWHFWHG�LQ�DOO�VDPSOHVDIWHU�ILUVW�EROXV�DGGLWLRQ�RI�12��7KH�JUHDWHVW�DPRXQWRI�WRWDO�K\GUR[\ODPLQH�ZDV�IRXQG�LQ�'1,&�PDGHIURP�%6$��ZKLOH�WKRVH�PDGH�IURP�F\VWHLQH�SURGXFHGWKH�ORZHVW�K\GUR[\ODPLQH�DPRXQW��,QGHSHQGHQWO\�RQWKH�OLJDQG�W\SH��GLVPXWDWLRQ�NLQHWLFV�VKRZV�D�VDWXUD�WLRQ�SODWHDX�ZKLFK�FRUUHVSRQGV�WR�WKH�GLVDSSHDUDQFHRI�IUHH�6+�JURXSV��([SHULPHQWV�GRQH�LQ����P0+(3(6�EXIIHU�JDYH�KLJKHU�DPRXQW�RI�WRWDO�K\GUR[\�ODPLQH�DQG�PRUH�VWDELOH�'1,&±V�WKDQ�WKRVH�GRQH�LQSRWDVVLXP�SKRVSKDWH�EXIIHU��6'6�3$*(�DQDO\VLV�)LJXUH����RI�WKH�VDPSOHV�FRQWDLQLQJ�%6$�VKRZHGSURWHLQ�DJJUHJDWLRQ�DV�D�FRQVHTXHQFH�RI�SHUR[\QL�WULWH�IRUPDWLRQ��7KH�H[WHQW�LQ�ZKLFK�SHUR[\QLWULWH�LVIRUPHG�LQ�WKLV�UHDFWLRQ�UHPDLQV�WR�EH�VROYHG��JLYLQJXV�D�FOHDU�SLFWXUH�RI�WKH�SUHIHUHQWLDO��SURWHFWLYH�RUGHVWUXFWLYH��HIIHFWV�RI�'1,&�PHGLDWHG�12�GLVPXWD�WLRQ�
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