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������0iUJHQHV�GH�WLHPSR�\�PHFDQLVPRV�GH�OD�LQHVWDELOLGDG�GH�YROWDMH� � �� ����������0HFDQLVPRV�\�HVFHQDULRV�GH�OD�LQHVWDELOLGDG�GH�YROWDMH� � � � ����������0HFDQLVPRV����'LQiPLFD�GH�OD�FDUJD��SXQWRV�GH�HTXLOLEULR�\�� � � � �� UHJLRQHV�GH�DWUDFFLyQ� � � � � � � � � ����������5HTXHULPLHQWRV�GH�PRGHODGR�GHO�6(3�SDUD�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH� ���� ��������&DUJDV� � � � � � � � � � ���� ��������7UDQVIRUPDGRUHV�FRQ�FDPELDGRUHV�GH�WDS�EDMR�FDUJD��8/7&V�� � ���� ��������*HQHUDGRUHV�\�VXV�FRQWUROHV�GH�H[FLWDFLyQ� � � � � ���� ���������/LPLWDGRU�GH�VREUH�H[FLWDFLyQ��� � � � � � ���� ��������6LVWHPDV�HVWiWLFRV�GH�YDUV��6(9V�� � � � � � ���� ��������&RQWURO�DXWRPiWLFR�GH�JHQHUDFLyQ��&$*�� � � � � ���� ���������3URWHFFLRQHV�\�FRQWUROHV� � � � � � � ����������0pWRGRV�GH�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH��DQiOLVLV�HVWiWLFR��\ DQiOLVLV�GLQiPLFR� � �� � � � � � � �����������0pWRGRV�GH�DQiOLVLV�HVWiWLFR�SDUD�HO�HVWXGLR�GH�OD�HVWDELOLGDG�GH�YROWDMH� � �����������6ROXFLRQHV�P~OWLSOHV�\�VX�UHODFLyQ�FRQ�HO�IHQyPHQR�GH�HVWDELOLGDG�GH�YROWDMH� �����������&DUDFWHUtVWLFDV�3�9��9�4�HQ�QRGRV�GH�FDUJD� � � � � � ���� ���������'HVFULSFLyQ�GH�ODV�FXUYDV�3�9� � � � � � ���� ���������'HVFULSFLyQ�GH�ODV�FXUYDV�9�4� � � � � � ���� ���������/LPLWDFLRQHV�GH�RUGHQ�SUiFWLFR�HQ�HO�FiOFXOR�GH�FXUYDV�9�4�� � �����������$QiOLVLV�GH�VHQVLWLYLGDG�YROWDMH�SRWHQFLD�UHDFWLYD�HQ�UHGHV�GH�JUDQ�GLPHQVLyQ� ���� ���������'HWHFFLyQ�GHO�SXQWR�GH�LQHVWDELOLGDG�GH�YROWDMH�PHGLDQWH�WpFQLFDV� � ���� GH�VHQVLWLYLGDG���������0pWRGRV�GH�FRQWLQXDFLyQ�GH�IOXMRV�GH�SRWHQFLD�\�RWURV�HQIRTXHV�GH�DQiOLVLV�� ���
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� '(�/$�(67$%,/,'$'�'(�92/7$-(� � � � ��������,QWURGXFFLyQ�D�ODV�WpFQLFDV�GH�DQiOLVLV�OLQHDO� � � � � � �������������������$QiOLVLV�GH�6HQVLWLYLGDG�9�4� � � � � � � � ����������7pFQLFDV�GH�$QiOLVLV�0RGDO�� � � � � � � � ���� ��������5HTXHULPLHQWRV�HQ�HO�PRGHODGR�GH�GLVSRVLWLYRV�SDUD�DSOLFDFLyQ��� GHO�DQiOLVLV�PRGDO� � � � � � � � ���� ������� 0RGHOR�GHO�JHQHUDGRU� � � � � � � ���� ������� 0RGHOR�GH�FDUJD� � � � � � � ���� ������� 0RGHOR�GHO�PRWRU�GH�LQGXFFLyQ� � � � � ���� ������� 0RGHOR�GHO�FRPSHQVDGRU�HVWiWLFR�GH�YDUV��&(9��� � � �������������7HRUtD�EiVLFD�\�IRUPXODFLyQ�GHO�DQiOLVLV�PRGDO� � � � ���� ������� 6LJQLILFDGR�GH�ORV�PRGRV� � � � � � �������������(LJHQ�$QiOLVLV�GH�-5 \ PRGRV�GH�OD�LQHVWDELOLGDG�GH�YROWDMH� � � ������� )DFWRUHV�GH�SDUWLFLSDFLyQ� � � � � � � � ���� ����� )DFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV� � � � � � ���� ��������)DFWRUHV�GH�SDUWLFLSDFLyQ�GH�UDPDV� � � � � � ������������)DFWRUHV�GH�SDUWLFLSDFLyQ�GH�JHQHUDGRUHV�\�&(9V� � � � ������� $OJRULWPRV�FRPSXWDFLRQDOHV�H�LPSOHPHQWDFLyQ�GH�OD�WpFQLFD�GH�DQiOLVLV�PRGDO� ���� ����� 'HVFULSFLyQ�GHO�SURJUDPD�GH�VRIWZDUH�XWLOL]DGR� � � � ���� ����� (VWUXFWXUD�LQWHUQD�GHO�SURJUDPD�HVWDYROW� � � � ������������������ 'HWHUPLQDFLyQ�GH�PiUJHQHV�GH�HVWDELOLGDG���3UR[LPLGDG�D�OD�LQHVWDELOLGDG�� � ���� ����� 'HWHUPLQDFLyQ�GH�OD�GLVWDQFLD�PiV�FRUWD�D�OD�LQHVWDELOLGDG� � � ���� ������� 7HRUtD�%iVLFD� � � � � � � � ���
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������'HVFULSFLyQ�GH�ORV�SURJUDPDV�GH�VRIWZDUH�XWLOL]DGRV� � � � � ���� ���������3URJUDPD�HVWDYROW� � � � � � � � ���� ���������0LFURVRIW�([FHO�� � � � � � � � ���� ���������3RZHU�6\VWHP�6LPXODWRU�IRU�(QJLQHHULQJ��366�(�� � � � ���� ���������0LFURVRIW�:RUG�� � � � � � � � ���� ���������,QWHUDFFLyQ�GH�ORV�SURJUDPDV�GH�VRIWZDUH�XWLOL]DGRV� � � � ����������$QiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�HQ�XQ�VLVWHPD�VLPSOLILFDGR� � � � ���� ��������'HVFULSFLyQ�GHO�VLVWHPD�GH�SUXHED�XWLOL]DGR� � � � � ���� ��������$QiOLVLV�PRGDO�GHO�VLVWHPD�GH�SUXHED� � � � � � ���� ����������(VWDELOLGDG�GH�YROWDMH�DQWH�LQFUHPHQWRV�HQ�OD�FDUJD��� � ��������������(VWDELOLGDG�GH�YROWDMH�DQWH�FRQWLQJHQFLDV� � � � ����
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����������)DFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV� � � � � ������������2EWHQFLyQ�GH�FXUYDV�9�4� � � � � � � ������������9DOLGDFLyQ�GHO�VRIWZDUH�GHVDUUROODGR�SDUD�UHDOL]DU�HO�DQiOLVLV�PRGDO� � ������� $QiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�HQ�XQ�VLVWHPD�HOpFWULFR�UHDO���6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�� � � � � � ���� ��������&$62������$QiOLVLV�PRGDO�GHO�FDVR�EDVH� � � � � ���� ���������)DFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV� � � � � �������������0iUJHQHV�GH�SRWHQFLD�UHDFWLYD�HQ�QRGRV��&XUYDV�9�4�� � ��������������&XUYDV�3�9�SDUD�HO�FDVR�EDVH��FDVR���� � � � ������� $OWHUQDWLYDV�SDUD�PHMRUDU�OD�HVWDELOLGDG�GH�YROWDMH� � � � � ������� &$62������$QiOLVLV�PRGDO�GHO�VLVWHPD�LQWHUFRQHFWDGR�GH�*XDWHPDOD� � �� FRQVLGHUDQGR�OD�LQVWDODFLyQ�GH�EDQFRV�GH�FDSDFLWRUHV�HQ�QRGRV�GH����N9� � ������� &$62������$QiOLVLV�PRGDO�GHO�VLVWHPD�LQWHUFRQHFWDGR�GH�*XDWHPDOD����FRQVLGHUDQGR��OD��LQVWDODFLyQ��GH��GRV��FRPSHQVDGRUHV��HVWiWLFRV�GH��� YDUV�HQ�QRGRV�GH����N9� � � � � � � � � ������� &$62������$QiOLVLV�PRGDO�GHO��VLVWHPD�LQWHUFRQHFWDGR�GH�*XDWHPDOD��� FRQVLGHUDQGR�OD�LQVWDODFLyQ�GH�XQ�FRPSHQVDGRU�HVWiWLFR�GH�YDUV�HQ�������������������������������������� ����N9�\�EDQFRV�GH�FDSDFLWRUHV�HQ�QRGRV�GH����N9� ���
��� (VWXGLR�FRPSDUDWLYR�GH�ODV�RSFLRQHV�DQDOL]DGDV�� � � � ���������������� ��������&RPSDUDFLyQ�GH�OD�SUR[LPLGDG�D�OD�LQHVWDELOLGDG�GH�YROWDMH� � �����������������������&RPSDUDFLyQ�GH�PiUJHQHV�GH�SRWHQFLD�UHDFWLYD�HQ�QRGRV�FUtWLFRV� �����������������������&RPSDUDFLyQ�GH�PiUJHQHV�GH�HVWDELOLGDG��&XUYDV�3�9�� � �����������������������&RPSDUDFLyQ�GH�UHVHUYDV�GH�SRWHQFLD�UHDFWLYD�D�QLYHO�VLVWHPD� �����������������������&RPSDUDFLyQ�GH�SpUGLGDV�GH�SRWHQFLD�DFWLYD�\�UHDFWLYD�HQ�HO�VLVWHPD�����������������������&RPSDUDFLyQ�GH�SHUILOHV�GH�YROWDMH�HQ�HO�VLVWHPD� � � ������������������� &RQFOXVLRQHV�\�REVHUYDFLRQHV�GHO�HVWXGLR�UHDOL]DGR� � � � ���������������
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5(680(1��(O GHVDUUROOR�HFRQyPLFR�GH� ORV�SDtVHV�KD� OOHYDGR� LPSOtFLWD�XQD�FUHFLHQWH� LQGXVWULDOL]DFLyQ� OD�FXDO��DXQDGD�D�ODV�FDGD�YH]�PD\RUHV�QHFHVLGDGHV�GH�VXV�SREODGRUHV��KD�SURYRFDGR�XQ�FRQVWDQWH�\ SURJUHVLYR�LQFUHPHQWR�HQ�OD�GHPDQGD�GH�HQHUJtD�HOpFWULFD��6LQ�HPEDUJR��HQ�ORV�~OWLPRV�DxRV�HO� FUHFLPLHQWR� GH� OD� UHG� HOpFWULFD� GH� HVWRV� VLVWHPDV� VH� KD� YLVWR� FDGD� YH]�PiV� OLPLWDGR� SRU�GLYHUVRV IDFWRUHV�WDOHV�FRPR�OD�HFRORJtD��OD�HFRQRPtD�\�SRU�ORV�FRVWRV�VRFLDOHV�\�SROtWLFRV�TXH�FDGD�QXHYD�REUD�LPSOLFD������$QWH OD�SUHVHQFLD�GH�HVWDV�UHVWULFFLRQHV�ORV�VLVWHPDV�HOpFWULFRV�HQ�PXFKRV�FDVRV��VH�KDQ�YLVWR�REOLJDGRV�D�VDWLVIDFHU� ORV� LQFUHPHQWRV�HQ� OD�GHPDQGD�KDFLHQGR�XQ�XVR�PiV�H[KDXVWLYR�GH� OD�LQIUDHVWUXFWXUD� TXH� WLHQHQ� GLVSRQLEOH� \� OD� LQFRUSRUDFLyQ� GH� VyOR� XQDV� FXDQWDV� REUDV� QXHYDV��(VWRV� DVSHFWRV� KDQ� SURYRFDGR� TXH� GLFKRV� VLVWHPDV� RSHUHQ� FRQ�PiUJHQHV� GH� VHJXULGDG�PiV�OLPLWDGRV�\�TXH�VX�HVWDELOLGDG�WHQJD�TXH�VHU�DQDOL]DGD�GH�XQD�PDQHUD�FRQILDEOH�\�SUHFLVD���7RPDQGR�HQ�FXHQWD�ORV�DVSHFWRV�DUULED�PHQFLRQDGRV��D�PHGLGD�TXH�ORV�VLVWHPDV�HOpFWULFRV�KDQ�WHQLGR TXH� RSHUDU� HQ� FRQGLFLRQHV�PiV� IRU]DGDV� SDUD� VDWLVIDFHU� OD� GHPDQGD� GH� OD� FDUJD�� ORV�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH�VH�KDQ�SUHVHQWDGR�FRQ�PD\RU�IUHFXHQFLD�SURYRFDQGR�VHULRV�GLVWXUELRV�\�HQ�DOJXQRV�FDVRV��KDVWD�DSDJRQHV�WRWDOHV��$QWH�OD�RFXUUHQFLD�GH�HVWRV�SUREOHPDV��HO�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�KD�FREUDGR�FDGD�YH]�PD\RU�LPSRUWDQFLD�HQ�ORV�HVWXGLRV�GH�ODV FRPSDxtDV� VXPLQLVWUDGRUDV� GH� HQHUJtD� HOpFWULFD� SURYRFDQGR� FRQ� HVWR�� TXH� VH� GHVWLQHQ�PD\RUHV�UHFXUVRV�SDUD�OD�LQYHVWLJDFLyQ�GH�HVWH�IHQyPHQR�FRQ�HO�SURSyVLWR�GH�FRPSUHQGHUOR�\�GHVDUUROODU�WpFQLFDV�\�KHUUDPLHQWDV�TXH�SHUPLWDQ�HVWXGLDUOR�GH�XQD�PDQHUD�PiV�FRPSOHWD�������(O DQiOLVLV� PRGDO� HV� XQD� GH� ODV� PiV� UHFLHQWHV� WpFQLFDV� HQ� HVWDGR� HVWDEOH� OD� FXDO�� GHVGH� VX�DSDULFLyQ�KD� WHQLGR�XQ�JUDQ�DXJH�GHELGR�D� OD�YDOLRVD�\� UiSLGD� LQIRUPDFLyQ�TXH�SURSRUFLRQD��DGHPiV�GH�VX�IDFLOLGDG�GH�LPSOHPHQWDFLyQ�\�HO�SRFR�HVIXHU]R�FRPSXWDFLRQDO�TXH�UHTXLHUH����(Q HVWH�WUDEDMR�VH�UHDOL]D�OD�HYDOXDFLyQ�GH�OD�HVWDELOLGDG�GH�YROWDMH�GH�XQ�VLVWHPD�HOpFWULFR�UHDO�DSOLFDQGR�GH�PDQHUD�FRQMXQWD�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�FRQ�RWUDV�WpFQLFDV�FRQYHQFLRQDOHV�FRPR� ODV� FXUYDV� 3�9� \� 9�4� 6H� LOXVWUD� WDPELpQ� OD� PDQHUD� HQ� TXH� OD� GLVWLQWD� LQIRUPDFLyQ�REWHQLGD GH�HVWDV�WpFQLFDV�VH�FRPSOHPHQWD�SDUD�ORJUDU�XQ�HVWXGLR�GH�HVWDELOLGDG�GH�YROWDMH�PiV�FRPSOHWR�\�UHSUHVHQWDWLYR����$GHPiV GH�DQDOL]DU�OD�HVWDELOLGDG�GH�YROWDMH�SDUD�ODV�FRQGLFLRQHV�QRUPDOHV�GH�RSHUDFLyQ��FDVR�EDVH���VH�HYDO~DQ�WDPELpQ�WUHV�GLVWLQWDV�DOWHUQDWLYDV�GH�FRPSHQVDFLyQ�UHDFWLYD�FDSDFLWLYD�FRQ�REMHWR GH� PHMRUDU� HO� PDUJHQ� R� GLVWDQFLD� D� OD� LQHVWDELOLGDG� GH� YROWDMH� GHO� VLVWHPD�� /RV�UHVXOWDGRV� REWHQLGRV� FRQ� FDGD� XQD� GH� ODV� RSFLRQHV� GH� FRPSHQVDFLyQ� VRQ� DQDOL]DGRV� \�FRPSDUDGRV�HQWUH�Vt�SDUD�ILQDOPHQWH��SURSRQHU�OD�DOWHUQDWLYD�TXH�SUHVHQWH�ODV�PD\RUHV�YHQWDMDV�GHVGH�HO�SXQWR�GH�YLVWD�GH�HVWDELOLGDG�GH�YROWDMH��/D�VHOHFFLyQ�GH�ORV�VLWLRV�PiV�DGHFXDGRV�SDUD�XELFDU OD�FRPSHQVDFLyQ�UHDFWLYD��VH�UHDOL]D�FRQ�EDVH�HQ�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�REWHQLGRV�GHO�DQiOLVLV�PRGDO�UHDOL]DGR�SDUD�HO�FDVR�EDVH���)LQDOPHQWH�� WRPDQGR� HQ� FXHQWD� ODV� KHUUDPLHQWDV� \� ORV� SURFHGLPLHQWRV� XWLOL]DGRV� HQ� HVWH�WUDEDMR�SDUD� OOHYDU� D� FDER�HO� DQiOLVLV�GH� HVWDELOLGDG�GH�YROWDMH�� VH�SUHWHQGH�FRPR�XQR�GH� ORV�REMHWLYRV�SULQFLSDOHV��SURSRQHU�XQD�PHWRGRORJtD�JHQHUDO�TXH�SHUPLWD�LQGLFDU�FLHUWDV�GLUHFWULFHV�TXH D\XGHQ�D�UHDOL]DU�GH�XQD�PDQHUD�PiV�UiSLGD�\�VHQFLOOD�XQ�HVWXGLR�GH�HVWDELOLGDG�GH�YROWDMH���
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7KH HFRQRPLF�GHYHORSPHQW�RI�WKH�FRXQWULHV�KDV�WDNHQ�LPSOLFLW�D�JURZLQJ�LQGXVWULDOL]DWLRQ�WKH�RQH ZKLFK��MRLQHG�WR�WKRVH�HYHU\�WLPH�ELJJHU�UHVLGHQWV
�QHFHVVLWLHV��LW�KDV�FDXVHG�D�FRQVWDQW�DQG�SURJUHVVLYH�LQFUHPHQW�LQ�WKH�HOHFWULF�SRZHU�GHPDQG��+RZHYHU��LQ�WKH�ODVW�\HDUV�WKH�JURZWK�RI�WKH HOHFWULF�QHWZRUN�RI�WKHVH�V\VWHPV�KDV�EHHQ�PRUH�DQG�PRUH�OLPLWHG�IRU�GLYHUVH�VXFK�IDFWRUV�DV�WKH�HFRORJ\�DQG�WKH�HFRQRP\��DV�ZHOO�DV�IRU�WKH�VRFLDO�DQG�SROLWLFDO�FRVWV�WKDW�LPSOLHV�HDFK�QHZ�FRQVWUXFWLRQ�LQ�WKH�V\VWHP��������:LWK WKH�SUHVHQFH�RI�WKHVH�UHVWULFWLRQV�WKH�HOHFWULF�V\VWHPV�LQ�PDQ\�FDVHV��KDYH�EHHQ�IRUFHG�WR�VDWLVI\�WKH�LQFUHPHQWV�LQ�WKH�GHPDQG�PDNLQJ�D�PRUH�H[KDXVWLYH�XVH�RI�WKH�LQIUDVWUXFWXUH�WKDW�WKH\�KDYH�DYDLODEOH�DQG�WKH�LQFRUSRUDWLRQ�RI�RQO\�D�IHZ�QHZ�V\VWHP�HOHPHQWV�RU�FRQVWUXFWLRQV��7KHVH DVSHFWV�KDYH�FDXVHG�WKDW�WKHVH�V\VWHPV�RSHUDWH�ZLWK�PRUH�OLPLWHG�VHFXULW\�PDUJLQV�DQG�WKDW WKHLU�VWDELOLW\�KDV�WR�EH�DQDO\]HG�LQ�D�UHOLDEOH�DQG�SUHFLVH�ZD\�����7DNLQJ� LQWR� DFFRXQW� WKH� SUHYLRXVO\�PHQWLRQHG� DVSHFWV�� DV� WKH� HOHFWULF� V\VWHPV�KDYH�KDG� WKH�QHFHVVLW\� RI� RSHUDWLQJ� XQGHU� IRUFHG� FRQGLWLRQV� WR� VDWLVI\� WKH� ORDG� GHPDQG�� YROWDJH� VWDELOLW\�SUREOHPV�KDYH�EHHQ�SUHVHQWHG�ZLWK�PRUH�IUHTXHQF\�FDXVLQJ�VHULRXV�GLVWXUEDQFHV�DQG�LQ�VRPH�FDVHV�� WRWDO� EODFNRXWV��:LWK� WKHVH� SUREOHPV�� WKH� YROWDJH� VWDELOLW\� DQDO\VLV� KDV� WDNHQ� ELJJHU�LPSRUWDQFH�LQ�WKH�VWXGLHV�WKDW�WKH�HOHFWULF�XWLOLWLHV�FDUU\�RXW��7KLV�LVVXH�KDV�FDXVHG�WKDW�ELJJHU�UHVRXUFHV� DUH� GHGLFDWHG� IRU� WKH� LQYHVWLJDWLRQ� RI� WKLV� SKHQRPHQRQ� ZLWK� WKH� SXUSRVH� RI� WR�XQGHUVWDQG�LW�DQG�WR�GHYHORS�WRROV�WKDW�DOORZ�VWXG\LQJ�LW�LQ�D�PRUH�FRPSOHWH�DQG�PRUH�WUXWKIXO�ZD\���������0RGDO�DQDO\VLV�LV�RQH�RI�WKH�PRVW�UHFHQW�DQG�SRSXODU�VWHDG\�VWDWH�WHFKQLTXHV�WKH�RQH�WKDW��IURP�LWV DSSHDUDQFH�KDV�KDG�D�JUHDW�SHDN�GXH�WR�WKH�YDOXDEOH�DQG�TXLFN�LQIRUPDWLRQ�WKDW�SURYLGHV��EHVLGHV�LWV�LPSOHPHQWDWLRQ�HDVLQHVV�DQG�WKH�OLWWOH�HIIRUW�FRPSXWDFLRQDO�WKDW�LW�UHTXLUHV������,Q�WKLV�ZRUN�LV�FDUULHG�RXW�WKH�YROWDJH�VWDELOLW\�HYDOXDWLRQ�RI�D�UHDO�HOHFWULF�V\VWHP�DSSO\LQJ�LQ�D FRPELQHG� ZD\� WKH� PRGDO� DQDO\VLV� WHFKQLTXH� ZLWK� RWKHU� FRQYHQWLRQDO� WHFKQLTXHV� DV� WKH�FXUYHV�3�9�DQG�9�4��,W�LV�DOVR�LOOXVWUDWHG�WKH�ZD\�LQ�WKDW�WKH�GLIIHUHQW�LQIRUPDWLRQ�REWDLQHG�RI�WKHVH WHFKQLTXHV�LV�VXSSOHPHQWHG�WR�DFKLHYH�D�PRUH�FRPSOHWH�DQG�PRUH�UHSUHVHQWDWLYH�YROWDJH�VWDELOLW\�VWXG\������%HVLGHV� DQDO\]LQJ� WKH�YROWDJH� VWDELOLW\� IRU� WKH�QRUPDO�RSHUDWLRQ�FRQGLWLRQV� �EDVH� FDVH��� DOVR�DUH�HYDOXDWHG�WKUHH�GLIIHUHQW�UHDFWLYH�FRPSHQVDWLRQ�DOWHUQDWLYHV�ZLWK�REMHFW�RI�LPSURYLQJ�WKH�PDUJLQ RU�GLVWDQFH�WR�WKH�V\VWHP�YROWDJH�LQVWDELOLW\��7KH�UHVXOWV�REWDLQHG�ZLWK�HDFK�RQH�RI�WKH�FRPSHQVDWLRQ�RSWLRQV�DUH�FRPSDUHG�WR�HDFK�RWKHU�DQG�FRPPHQWHG�IRU�ILQDOO\�� WR�SURSRVH�WKH�DOWHUQDWLYH� WKDW�SUHVHQWV� WKH�ELJJHVW�DGYDQWDJHV�IURP�WKH�YROWDJH�VWDELOLW\�SRLQW�RI�YLHZ��7KH�VHOHFWLRQ� RI� WKH� PRVW� DSSURSULDWH� SODFHV� WR� ORFDWH� WKH� UHDFWLYH� FRPSHQVDWLRQ� LV� FDUULHG� RXW�EHLQJ�EDVHG�RQ�WKH�EXV�SDUWLFLSDWLRQ�IDFWRUV�REWDLQHG�E\�WKH�PRGDO�DQDO\VLV�IRU�WKH�EDVH�FDVH�����)LQDOO\�� WDNLQJ� LQWR� DFFRXQW� WKH� WRROV� DQG� WKH� SURFHGXUHV� XVHG� LQ� WKLV�ZRUN� WR� FDUU\� RXW� WKH�YROWDJH�VWDELOLW\�DQDO\VLV��RQH�RI�WKH�PDLQ�SXUSRVHV�FRQVLVWV�RQ�SURSRVLQJ�D�PHWKRGRORJ\�WKDW�DOORZV�WR�LQGLFDWH�FHUWDLQ�JXLGHOLQHV�WKDW�KHOS�WR�FDUU\�RXW�YROWDJH�VWDELOLW\�VWXGLHV�LQ�D�TXLFNHU�DQG�VLPSOHU�ZD\�������



Ë1',&(�'(�),*85$6�

,;

Ë1',&(�'(�),*85$6��
3iJ��

)LJXUD������)LJXUD������
)LJXUD������
)LJXUD������)LJXUD������
)LJXUD������
)LJXUD������
)LJXUD������

)LJXUD������)LJXUD�������
)LJXUD�����

)LJXUD������)LJXUD������
)LJXUD������)LJXUD������

&ODVLILFDFLRQHV�GH�OD�HVWDELOLGDG�HQ�6LVWHPDV�(OpFWULFRV�GH�3RWHQFLD��5HODFLRQHV� GH� YROWDMH�� FRUULHQWH� \� SRWHQFLD� SDUD� FDUJD� UHVLVWLYD� \�UHDFWDQFLD�GH�OD�UHG��,VF� �(�;�HV�OD�FRUULHQWH�GH�FRUWR�FLUFXLWR��(MHPSORV�VHQFLOORV�LOXVWUDQGR�VLWXDFLRQHV�H[WUHPDV�SDUD�OD��HVWDELOLGDG�DQJXODU�\�OD�HVWDELOLGDG�GH�YROWDMH��)HQyPHQR�GH�HVWDELOLGDG�GH�YROWDMH�\�UHVSXHVWDV�HQ�HO�WLHPSR��9ROWDMH�\�IUHFXHQFLD�SDUD�HO�VXU�GH�)ORULGD�GXUDQWH�HO�DSDJyQ�GHO��� GH�PD\R�GH�������7UHV� GLIHUHQWHV� PHFDQLVPRV� SDUD� UHVWDEOHFLPLHQWR� GH� FDUJDV� FRQ�VHQVLWLYLGDG�GH�YROWDMH���3RWHQFLD� FRQWUD� YDULDEOH� GH� HVWDGR� GH� OD� GLQiPLFD� GH� FDUJD��$GDSWDGD�GH�9DQ�&XWVHP�>�@��&XUYDV 3�9�QRUPDOL]DGDV�SDUD�XQD�IXHQWH�ILMD��LQILQLWD��\�UHDFWDQFLD�GH OD�UHG�>�@��/RV�IDFWRUHV�GH�SRWHQFLD�FRUUHVSRQGLHQWHV�SDUD�WDQ�φ  
���� �����������������\����VRQ�������������������������\������0iUJHQHV�GH�SRWHQFLD�UHDFWLYD��&XUYDV 9�4� PRVWUDQGR� HO� HIHFWR� GH� FDUJDV� FRQ� VHQVLWLYLGDG� GH�YROWDMH�\�FDPELDGRUHV�GH�WDS�HQ�VX�OtPLWH��'LDJUDPD�GH�IOXMR�GH�OD�LPSOHPHQWDFLyQ�FRPSXWDFLRQDO�GHO�DQiOLVLV�PRGDO��'LDJUDPD�GH�IOXMR�GH�RSHUDFLyQ�GHO�SURJUDPD�HVWDYROW��/D� VXSHUILFLH� VLQJXODU� 6 HQ� HO� SODQR� 3�4�� \� OD� FRQYHUJHQFLD� GHO�SURFHVR�LWHUDWLYR��&iOFXORV�GHO�PDUJHQ�(9�SDUD�HO�FDVR�EDVH�\�FDVRV�GH�FRQWLQJHQFLD��3URFHGLPLHQWR�GH�DSOLFDFLyQ�GH�ORV�SURJUDPDV�GH�VRIWZDUH��XWLOL]DGRV�
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6LVWHPD�HOpFWULFR�GH�SUXHED��&XUYDV�9�4�GH�QRGRV�GHO�VLVWHPD�GH�SUXHED��&DVR ���'LDJUDPD�XQLILODU�GHO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�&RQGLFLRQHV�RSHUDWLYDV�GH�OD�UHG�SDUD�HO�DxR�������)DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR����λ��
)DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR����λ���
)DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR����λ���
&DVR������&XUYDV�9�4�HQ�QRGRV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH��SDUWLFLSDFLyQ�SDUD�HO�PRGR�λ���
&DVR�����&XUYDV�3�9�SDUD�ORV�QRGRV�FRQ�PD\RUHV�IDFWRUHV�GH��SDUWLFLSDFLyQ�GHO�PRGR�λ����&DVR� ��� 'LDJUDPD� XQLILODU� GHO� VLVWHPD� HOpFWULFR� GH� *XDWHPDOD��FRQVLGHUDQGR� OD� LQVWDODFLyQ�GH�EDQFRV�GH� �FDSDFLWRUHV�HQ�QRGRV�GH�������N9�FRQ�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ���&XUYDV�9�4�SDUD�HO�FDVR����FRUUHVSRQGLHQWHV�D�ORV�QRGRV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR���GHO�FDVR�EDVH��&DVR�����&XUYDV�3�9�GH�ORV�QRGRV�FRQ�PD\RUHV�IDFWRUHV�GH��SDUWLFLSDFLyQ�SDUD�HO�PRGR�λ����GHO�FDVR�EDVH���&DVR� ��� 'LDJUDPD� XQLILODU� GHO� VLVWHPD� HOpFWULFR� GH� *XDWHPDOD�FRQVLGHUDQGR�OD� LQVWDODFLyQ�GH�&(9V�HQ� ORV�QRGRV������\������GH������ N9��&XUYDV� 9�4� SDUD� HO� FDVR� FRQ� &(9V� HQ� QRGRV� GH� ��� N9��FRUUHVSRQGLHQWHV� D� ORV� QRGRV� FRQ� ORV� PD\RUHV� IDFWRUHV� GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR���GHO�FDVR�EDVH��&DVR� ��� � &XUYDV� 3�9� GH� ORV� QRGRV� FRQ� ORV� PD\RUHV� IDFWRUHV� GH�SDUWLFLSDFLyQ�FRUUHVSRQGLHQWHV�DO�PRGR����λ��� GHO�FDVR�EDVH��&DVR� ��� � 'LDJUDPD� XQLILODU� GHO� VLVWHPD� HOpFWULFR� GH� *XDWHPDOD�FRQVLGHUDQGR�OD�LQVWDODFLyQ�GH�XQ�&(9�HQ�OD�UHG�GH�����N9�\�EDQFRV�GH FDSDFLWRUHV�HQ�QRGRV�GH����N9��&XUYDV 9�4�SDUD�HO�FDVR���FRUUHVSRQGLHQWHV�D�ORV�QRGRV�FRQ�ORV��PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR���GHO�FDVR�EDVH�
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&DVR ���&XUYDV�3�9�GH�QRGRV�FRQ�ORV��PD\RUHV�IDFWRUHV�GH��
SDUWLFLSDFLyQ�SDUD�HO�PRGR���� �λ � GHO�FDVR�EDVH�
�&XUYDV�9�4�SDUD�HO�FDVR����&DVR�%DVH���&XUYDV�9�4�SDUD�HO�FDVR����%DQFRV��GH�&DSDFLWRUHV�HQ�QRGRV�GH����N9���&XUYDV�9�4�SDUD�HO�FDVR������&(9V�HQ�QRGRV�GH����N9����&XUYDV�9�4�SDUD�HO�FDVR����&(9�HQ������N9�\�&DSDFLWRUHV��HQ����N9���&RPSDUDFLyQ�GH�PiUJHQHV�GH�HVWDELOLGDG�HQ�HO�EXV������SDUD�HO�FDVR�EDVH�\�ODV�WUHV�RSFLRQHV�GH�FRPSHQVDFLyQ�DQDOL]DGDV��'LDJUDPD�GH�IOXMR�GHO�SURJUDPD�HVWDYROW�
3DQWDOOD�GH�LQLFLR�GHO�SURJUDPD�HVWDYROW��0HQ~ GH�VHOHFFLyQ�SDUD�REVHUYDU�GDWRV�GH�HQWUDGD�R�UHVXOWDGRV�GH�IOXMRV�GH�SRWHQFLD��5HVXOWDGRV�REWHQLGRV�GHO�DQiOLVLV�PRGDO��*UiILFD�GH�HLJHQYDORUHV��*UiILFD�GH�HLJHQYHFWRUHV��1XHYR FiOFXOR�GH�IOXMRV�FRQ�LQFUHPHQWRV�HQ�OD�FDUJD�\�JHQHUDFLyQ��GHO�VLVWHPD��&RQIRUPDFLyQ� GHO� DUFKLYR� HLJYHF�VDO� TXH� FRQWLHQH� ORV� IDFWRUHV� GH�SDUWLFLSDFLyQ�GH�EXVHV��&RQIRUPDFLyQ�GH�OD�PDWUL]�EXV�LQFOXLGD�HQ�HO�DUFKLYR�GH�GDWRV�HQ�IRUPDWR�PDWODE��$UFKLYR�HLJYDO�VDO�TXH�FRQWLHQH�ORV�HLJHQYDORUHV��PRGRV��GHO�VLVWHPD�DQDOL]DGR��)DFWRUHV�GH�SDUWLFLSDFLyQ�D~Q�VLQ�RUGHQDU�SRU�PDJQLWXG��SDUD�ORV ��PRGRV�PiV�FUtWLFRV�GHO�VLVWHPD�DQDOL]DGR��)DFWRUHV�GH�SDUWLFLSDFLyQ�RUGHQDGRV�SRU�PDJQLWXG��SDUD�ORV���PRGRV�PiV FUtWLFRV�GHO�VLVWHPD�DQDOL]DGR�

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

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



Ë1',&(�'(�),*85$6�

;,,

�



Ë1',&(�'(�7$%/$6�

;,,

Ë1',&(�'(�7$%/$6��

7DEOD�������� 0RGHODGR�GH�HOHPHQWRV�GHO�VLVWHPD�SDUD�HVWXGLRV��� � �GH�HVWDELOLGDG�GH�YROWDMH� � � � � � ���������������7DEOD�������� 'DWRV�GH��UDPDV� � � � � � � � ����7DEOD�������� 'DWRV�GH�QRGRV� � � � � � � � �������7DEOD����� &RQGLFLRQHV�GH�FDUJD�GH�VLVWHPD� � � � � � ����7DEOD����� $QiOLVLV�PRGDO�DQWH�LQFUHPHQWRV�GH�FDUJD� � � � � ����7DEOD�������� $QiOLVLV�PRGDO�DQWH�FRQWLQJHQFLDV� � � � � � ����
7DEOD�������� )DFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�SDUD�HO��PRGR� �λ ���
�7DEOD����D� 5HVXOWDGRV�GHO�DQiOLVLV�PRGDO�DQWH�LQFUHPHQWRV�GH�FDUJD�� � � �� REWHQLGRV�HQ�HVWH�WUDEDMR� � � � � � � ����7DEOD����E� 5HVXOWDGRV�GHO�DQiOLVLV�PRGDO�DQWH�LQFUHPHQWRV�GH�FDUJD�� � � �� REWHQLGRV�HQ�OD�UHIHUHQFLD�>��@� � � � � � ����7DEOD�������� 0DJQLWXG�GH�ORV�PRGRV�R�HLJHQYDORUHV�REWHQLGRV�SDUD�HO�FDVR�EDVH� ����7DEOD����� )DFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�SDUD�ORV�WUHV�PRGRV�PiV�� � �� LPSRUWDQWHV�GHO�VLVWHPD�GH�OD�ILJXUD�������FDVR�EDVH�� � � ����7DEOD������ &RPSDUDFLyQ�GH�ODV�PDJQLWXGHV�GH�ORV�PRGRV�R�HLJHQYDORUHV� � �� REWHQLGRV�SDUD�HO�FDVR�EDVH�\�HO�FDVR�FRPSHQVDGR�FRQ�EDQFRV�� GH�FDSDFLWRUHV� � � � � � � � ����7DEOD������ )DFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�SDUD��ORV�WUHV�PRGRV�PiV� �� LPSRUWDQWHV�GHO�VLVWHPD�GH�OD�ILJXUD������FDVR���FRPSHQVDGR��FRQ EDQFRV�GH��FDSDFLWRUHV�� � � � � � � ����7DEOD������ 5HVXOWDGRV�GHO�DQiOLVLV�PRGDO�SDUD�GLIHUHQWHV�XELFDFLRQHV�GH�ORV� � �� &(9V�HQ�QRGRV�GH����N9� � � � � � � ����7DEOD������ &RPSDUDFLyQ�GH�ORV�HLJHQYDORUHV�REWHQLGRV�SDUD�ORV�WUHV�FDVRV� � �� DQDOL]DGRV� � � � � � � � ���������������7DEOD������ )DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV�WUHV�PRGRV�PiV�FUtWLFRV�GHO�� � �� FDVR����&(9V�HQ�QRGRV�GH����N9�� � � � � ��������������
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7DEOD������ 9DORUHV�SURSLRV��PRGRV��REWHQLGRV�SDUD�ORV�GLVWLQWRV�FDVRV�� �����������DQDOL]DGRV� � � � � � � � ����������������7DEOD������ )DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV�WUHV�SULPHURV�PRGRV�GHO�FDVR�FRQ������������� XQ�&(9�HQ�����N9�\�EDQFRV�GH�FDSDFLWRUHV�HQ�QRGRV�GH����N9� � �����7DEOD������ 9DORUHV�SURSLRV��PRGRV��REWHQLGRV�SDUD�ORV�GLVWLQWRV�FDVRV�DQDOL]DGRV� �����7DEOD������ 3RWHQFLD�UHDFWLYD�GH�JHQHUDFLyQ�HQ�XQLGDGHV�GHO�VLVWHPD�SDUD�ORV� �� FXDWUR�FDVRV�DQDOL]DGRV� � � � � � � �����7DEOD������ 3pUGLGDV�GH�SRWHQFLD�DFWLYD�\�UHDFWLYD�SDUD�ORV�FXDWUR�FDVRV�DQDOL]DGRV� �����7DEOD������ 9ROWDMHV�\�iQJXORV�HQ�DOJXQRV�QRGRV�GH�FDUJD�SDUD�ORV�FXDWUR�FDVRV� �� DQDOL]DGRV� � � � � � � � � �����
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6(3V  ��6LVWHPDV�(OpFWULFRV�GH�3RWHQFLD��&(9V� �  ��&RPSHQVDGRUHV�(VWiWLFRV�GH�9DUV��+9'&��  ��$OWR�9ROWDMH�GH�&RUULHQWH�'LUHFWD��&$  ��&RUULHQWH�$OWHUQD��&'  ��&RUULHQWH�'LUHFWD��9�4� �  ��9ROWDMH�FRQWUD�3RWHQFLD�5HDFWLYD��3�9  ��3RWHQFLD�$FWLYD�FRQWUD�9ROWDMH��,(((� �  ��,QVWLWXWR�GH�,QJHQLHURV�HQ�(OHFWULFLGDG�\�(OHFWUyQLFD��8/7&��  ��&DPELDGRU�$XWRPiWLFR�GH�7DS�%DMR�&DUJD��V  ��'HVOL]DPLHQWR��*  ��&RQGXFWDQFLD��7  ��3DU��5$9  ��5HJXODGRU�$XWRPiWLFR�GH�9ROWDMH��6(9V� �  ��6LVWHPDV�(VWiWLFRV�GH�9DUV��&$*  ��&RQWURO�$XWRPiWLFR�GH�*HQHUDFLyQ��
∆9  ��9DULDFLyQ�HQ�HO�9ROWDMH��
�
∆4  ��9DULDFLyQ�HQ�OD�3RWHQFLD�5HDFWLYD�
�9  ��9ROWDMH��4  ��3RWHQFLD�5HDFWLYD��3  ��3RWHQFLD�$FWLYD��0:  ��0HJD�:DWWV��09$� �  ��0HJD�9ROWV�$PSHUHV�
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09$U��  ��0HJD�9ROWV�$PSHUHV�UHDFWLYRV��-  ��0DWUL]�-DFRELDQD�GHO�0pWRGR�GH�1HZWRQ�5DSKVRQ��-5  0DWUL]�-DFRELDQD�5HGXFLGD��6'$6  ��(VWDELOLGDG�$QJXODU�$QWH�3HTXHxRV�'LVWXUELRV��
λ  (LJHQYDORU�R�0RGR�&UtWLFR��)�3�  ��)DFWRUHV�GH�3DUWLFLSDFLyQ�GH�QRGRV�
�#  ��3DUD��
ξ  0DWUL]�GH�(LJHQYHFWRUHV�'HUHFKRV�1RUPDOL]DGRV�GH�-5
η  0DWUL]�GH�(LJHQYHFWRUHV�,]TXLHUGRV�1RUPDOL]DGRV�GH�-5�

Λ  0DWUL]�'LDJRQDO�GH�(LJHQYDORUHV�GH�-5
<1  0DWUL]�GH�$GPLWDQFLDV�GH�1RGR��(9  ��(VWDELOLGDG�GH�9ROWDMH��3&6  ��3DUiPHWUR�&ODYH�GHO�6LVWHPD��2;/V� �  ��/LPLWDGRUHV�GH�0i[LPD�([FLWDFLyQ��7&/V� �  ��&DUJDV�&RQWURODGDV�7HUPRVWiWLFDPHQWH��6,*� �  ��6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD��/7�V� �  ��/tQHDV�GH�7UDQVPLVLyQ��SX  ��3RU�8QLGDG��N9  ��.LOR�9ROWV��&76  ��&DUJD�7RWDO�GHO�6LVWHPD��
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�����,QWURGXFFLyQ��(Q ODV� GRV� ~OWLPDV� GpFDGDV� KDQ� WRPDGR� PD\RU� UHOHYDQFLD� HQ� ORV� 6LVWHPDV� (OpFWULFRV� GH�3RWHQFLD� �6(3V�� XQD� VHULH� GH� IDFWRUHV� GLYHUVRV� �ILQDQFLHURV�� UHJXODWRULRV�� SROtWLFRV� \�DPELHQWDOHV��TXH�KDQ�IRU]DGR�SDXODWLQDPHQWH�D�ODV�FRPSDxtDV�HOpFWULFDV�D�RSHUDU�VXV�VLVWHPDV�HQ�FRQGLFLRQHV�HQ�ODV�FXDOHV��WLHQHQ�TXH�KDFHU�HO�Pi[LPR�XVR�GH�OD�FDSDFLGDG�GH�WUDQVPLVLyQ�GH HQHUJtD�� &RQVLGHUDQGR� HVWH� DVSHFWR�� OD� FDSDFLGDG� GH� WUDQVPLVLyQ� GH� SRWHQFLD� KD�UHSUHVHQWDGR�HQ�ORV�~OWLPRV�DxRV�XQ�DVSHFWR�GH�JUDQ�LQWHUpV�SDUD�OD�SODQHDFLyQ�\�RSHUDFLyQ�GH�ORV 6LVWHPDV�(OpFWULFRV��(VWD�FDSDFLGDG�GH�WUDQVPLVLyQ�KDEtD�HVWDGR�WUDGLFLRQDOPHQWH�OLPLWDGD�SULQFLSDOPHQWH�SRU�IDFWRUHV�FRPR��D� OD�HVWDELOLGDG�DQJXODU�\��E��HO�OtPLWH�WpUPLFR�Pi[LPR�GH�
ODV OtQHDV�GH�WUDQVPLVLyQ� 6LQ�HPEDUJR��FRPR�FRQVHFXHQFLD�GH�OD�FUHFLHQWH�QHFHVLGDG�SRU�KDFHU�XQ XVR�LQWHQVLYR�GH�ODV�UHGHV�GH�WUDQVPLVLyQ��ORV�SUREOHPDV�UHODFLRQDGRV�FRQ�OD�HVWDELOLGDG�GH�YROWDMH�KDQ�DSDUHFLGR� UHFLHQWHPHQWH�FRPR� OD�SULQFLSDO� OLPLWDQWH�SDUD�XQ�Q~PHUR�GH�VLVWHPDV�FDGD�YH]�PD\RU��VXSHUDQGR�LQFOXVR�D�OD�HVWDELOLGDG�DQJXODU�FRPR�OD�UHVWULFFLyQ�SULPDULD��(VWH�IHQyPHQR� VH� KDFH� HYLGHQWH� VL� VH� WRPD� HQ� FXHQWD� TXH� OD� PD\RUtD� GH� ORV� JUDQGHV� FRODSVRV�H[SHULPHQWDGRV� SRU� ORV� VLVWHPDV� HOpFWULFRV� HQ� ORV� ~OWLPRV� DxRV�� KDQ� VLGR� SURYRFDGRV�SULQFLSDOPHQWH� SRU� SUREOHPDV� GH� LQHVWDELOLGDG� GH� YROWDMH�� 'RV� HMHPSORV� GH� HVWRV� JUDQGHV�GLVWXUELRV�VRQ�ORV�RFXUULGRV�HQ�ORV�VLVWHPDV�HOpFWULFRV�GH�&DOLIRUQLD�HQ�PD\R�GH������>�@�\��HQ�7RNLR�HQ�MXOLR�GH������>�@���(V SUHGHFLEOH� TXH� HO� IHQyPHQR�GH� HVWDELOLGDG�GH� YROWDMH� SHUPDQHFHUi� HQ� ORV� SUy[LPRV� DxRV�FRPR� XQ� LPSRUWDQWH� UHWR� GHQWUR� GH� OD� LQGXVWULD� HOpFWULFD� \� TXH�� PX\� SUREDEOHPHQWH�� VX�LPSRUWDQFLD� VH� DFUHFHQWDUi� D~Q�PiV��8QD� IXHUWH� UD]yQ� SDUD� TXH� HVWR� VXFHGD�� HV� OD� FUHFLHQWH�QHFHVLGDG�SRU�KDFHU�XQ�XVR�PiV� LQWHQVLYR�GH� ORV�PHGLRV�GH� WUDQVPLVLyQ�GH�HQHUJtD�HOpFWULFD�GLVSRQLEOHV�� (O� LQFUHPHQWR� HQ� HO� XVR� GH� OD� WUDQVPLVLyQ� H[LVWHQWH� VH� KDFH� SRVLEOH�� HQ� SDUWH��PHGLDQWH�OD�FRPSHQVDFLyQ�GH�SRWHQFLD�UHDFWLYD�OR�FXDO��UHVXOWD�LQKHUHQWHPHQWH�PHQRV�UREXVWR�TXH XQ FDEOH�HQ�HO�DLUH��XQ LQFUHPHQWR�HQ�HO�Q~PHUR�GH�OtQHDV�GH�WUDQVPLVLyQ����
/D HVWDELOLGDG�GH�YROWDMH�HV�XQ�WHPD�WRGDYtD�UHODWLYDPHQWH�MRYHQ�SRU�OR�FXDO��HQ�ORV�VLJXLHQWHV�DxRV�VH�HVSHUDQ�PXFKRV�DYDQFHV�HQ�OD�FRPSUHQVLyQ�GH�HVWH�IHQyPHQR�DVt�FRPR�HQ�HO�GHVDUUROOR�GH VRIWZDUH� FDGD� YH]�PiV� HVSHFLDOL]DGR� SDUD� OD� VLPXODFLyQ� \� DQiOLVLV� GH� WRGRV� ORV� DVSHFWRV�LQYROXFUDGRV�HQ�HVWD�FODVH�GH�HVWDELOLGDG����
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���� $QWHFHGHQWHV�
�(Q OD�6HFFLyQ�GH�(VWXGLRV�GH�3RVWJUDGR�H�,QYHVWLJDFLyQ��6(3,��GH�OD�(6,0(��VH�KDQ�UHDOL]DGR�SUHYLDPHQWH�GRV�WUDEDMRV�GH�WHVLV�UHODFLRQDGRV�FRQ�HO�WHPD�GH�HVWDELOLGDG�GH�YROWDMH�ORV�FXDOHV��VH PHQFLRQDQ�D�FRQWLQXDFLyQ�D�PDQHUD�GH�UHIHUHQFLD��
�
• ³&RQWURO�GH�9ROWDMH�\�3RWHQFLD�5HDFWLYD�0HGLDQWH�&RPSHQVDGRUHV�(VWiWLFRV�GH�9DUV�HQ�6LVWHPDV� (OpFWULFRV� GH� 3RWHQFLD´�� 7HVLV� GH� 0DHVWUtD�� (6,0(�,31�� ������ $XWRU�� $UWXUR�5RPiQ�0HVVLQD�� (Q�HVWH�WUDEDMR�VH�SUHWHQGH�FRPR�REMHWLYR�SULQFLSDO��PHMRUDU�HO�FRQWURO�GH�YROWDMH�GH�XQ�6LVWHPD�(OpFWULFR�GH�3RWHQFLD�0HGLDQWH� OD�DSOLFDFLyQ�GH�&RPSHQVDGRUHV�(VWiWLFRV�GH�9DUV�� 6H� GHVFULEHQ� ODV� FDUDFWHUtVWLFDV� GH� RSHUDFLyQ� GH� HVWRV� FRPSHQVDGRUHV� \� VX�XWLOLGDG�HQ�OD�FRPSHQVDFLyQ�GH�SRWHQFLD�UHDFWLYD�HQ�SXQWRV�FODYH�GHO�VLVWHPD�HOpFWULFR���
• ³$QiOLVLV�GH� OD�(VWDELOLGDG�GH�9ROWDMH�HQ�6LVWHPDV�(OpFWULFRV�GH�3RWHQFLD�(PSOHDQGR� OD�7pFQLFD� GHO� 0tQLPR� 9DORU� 6LQJXODU´�� 7HVLV� GH� 0DHVWUtD�� (6,0(�,31�� ������ $XWRU��*XLOOHUPR�*DOLFLD�&DQR��(Q� HVWH� FDVR� VH� UHDOL]D� HO� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH� HQ� 6LVWHPDV� (OpFWULFRV� GH�3RWHQFLD�PHGLDQWH�OD�DSOLFDFLyQ�GH�OD�WpFQLFD�GHO�PtQLPR�YDORU�VLQJXODU�OD�FXDO��HV�XQD�GH�ODV�WpFQLFDV�OLQHDOHV�XWLOL]DGDV�SDUD�HVWRV�HVWXGLRV��(Q�HVWH�WUDEDMR�VH�OOHYDQ�D�FDER�HMHPSORV�GH�OD�DSOLFDFLyQ�GH�HVWD�WpFQLFD�HQ�VLVWHPDV�HOpFWULFRV�WtSLFRV�GH�SUXHED�FRPR�HO�GH�:DUG�±+DOH�\ HO�GH�1XHYD� ,QJODWHUUD��DVt�FRPR�HQ�XQ�VLVWHPD�UHDO�UHSUHVHQWDGR�SRU�HO�iUHD�SHQLQVXODU�GHO� 6LVWHPD� ,QWHUFRQHFWDGR� 0H[LFDQR�� 6H� SURSRQHQ� ILQDOPHQWH� DOJXQRV� HVTXHPDV� GH�FRPSHQVDFLyQ�UHDFWLYD�FRQ�EDVH�HQ�ODV�SDUWLFLSDFLRQHV�GH�QRGRV�\�GH�UDPDV�REWHQLGDV�GHO�DQiOLVLV�UHDOL]DGR����
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�����5HVHxD�+LVWyULFD��/D HYDOXDFLyQ�GH�OD�HVWDELOLGDG�GH�YROWDMH�XWLOL]DQGR�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�GH�OD�PDWUL]�-DFRELDQD�GH�IOXMRV�GH�SRWHQFLD��KD�VLGR�LOXVWUDGD�PXQGLDOPHQWH�HQ�GLYHUVRV�WUDEDMRV�WpFQLFRV�\�OLWHUDWXUD�GH�HQWUH� ORV� FXDOHV�GHVWDFDQ� ORV�GHVFULWRV�HQ� ODV� UHIHUHQFLDV� >�@�\� >�@��(Q�VX� IRUPD�PiV EiVLFD��HO�PpWRGR�HYDO~D�ORV�HLJHQYDORUHV�GHO�-DFRELDQR�GH�IOXMRV�GH�SRWHQFLD��UHGXFLGR�D�XQD GLPHQVLyQ�DSURSLDGD�HQ�XQ�SXQWR�HVSHFtILFR�GH�RSHUDFLyQ�GHO�VLVWHPD��(O�HLJHQYDORU�PiV�SHTXHxR� �FRQRFLGR� FRPR� PRGR� FUtWLFR�� \� VXV� HLJHQYHFWRUHV� DVRFLDGRV�� GHWHUPLQDQ�UHVSHFWLYDPHQWH�OD�SUR[LPLGDG�GHO�VLVWHPD�DVt�FRPR�OD�FRQWULEXFLyQ�GH�ORV�HOHPHQWRV�GH�GLFKR�VLVWHPD� D� OD� LQHVWDELOLGDG� GH� YROWDMH�� (Q� IRUPD� SDUWLFXODU�� ORV� IDFWRUHV� GH� SDUWLFLSDFLyQ�REWHQLGRV� GH� ORV� HLJHQYHFWRUHV� SXHGHQ� LGHQWLILFDU� HQ� HO� VLVWHPD�� OD� XELFDFLyQ� ySWLPD� SDUD�LPSOHPHQWDU�ODV�PHGLGDV�SUHYHQWLYDV�R�FRUUHFWLYDV�PiV�HIHFWLYDV����/D FDSDFLGDG�GH�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�SDUD�UHYHODU�OD�SUR[LPLGDG�\�ORV�PHFDQLVPRV�GH�OD�LQHVWDELOLGDG�GH�YROWDMH��OD�FRQYLHUWH�HQ�XQD�~WLO�\�UHFRPHQGDEOH�KHUUDPLHQWD�SDUD�OD�RSHUDFLyQ�\ SODQHDFLyQ� GH� ORV� VLVWHPDV� GH� SRWHQFLD�� DVt� FRPR� SDUD� HYDOXDU� OD� HIHFWLYLGDG� GH� ODV��VROXFLRQHV� SUiFWLFDV� SURSXHVWDV�� (VWRV� DVSHFWRV� SUiFWLFRV� KDQ� VLGR� GHVFULWRV� \� DQDOL]DGRV� HQ�YDULRV�WUDEDMRV�FRPSUHQGLGRV�HQWUH�ORV�DxRV������D������>�@��>�@��>�@�\�>�@��(Q�>�@��ORV�DXWRUHV�*DR %���0RULVRQ�\�.XQGXU�GHVFULEHQ�FRPSOHWDPHQWH�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�DSOLFDGD�DO�HVWXGLR� GH� HVWDELOLGDG� GH� YROWDMH� \� GHPXHVWUDQ� HO� XVR� GH� ORV� IDFWRUHV� GH� SDUWLFLSDFLyQ� SDUD�LGHQWLILFDU� ORFDOLGDGHV� FUtWLFDV� GHO� VLVWHPD� \� ORV� SULQFLSDOHV� HOHPHQWRV� TXH� FRQWULEX\HQ� D� OD�LQHVWDELOLGDG�GH�YROWDMH��(Q� ORV�HMHPSORV�GH�DSOLFDFLyQ�GHVFULWRV�HQ�>�@�\�>�@�� ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�REWHQLGRV�GHO�DQiOLVLV�PRGDO�IXHURQ�XVDGRV�GH�PDQHUD�FRQMXQWD�FRQ�ORV�PRGRV�FUtWLFRV�SDUD�HQFRQWUDU�HO�OXJDU�PiV�HIHFWLYR�GRQGH�XELFDU�XQ�FRPSHQVDGRU�HVWiWLFR�GH�YDUV��&(9���HVWR�FRQ�REMHWR�GH�PHMRUDU�OD�HVWDELOLGDG�GH�YROWDMH��(Q�HVWRV�DUWtFXORV�>�@�\�>�@��VH�LQGLFDQ�WDPELpQ�DOJXQDV�FRQVLGHUDFLRQHV�LPSRUWDQWHV�SDUD�DSOLFDU�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�HQ� HVWD� FODVH� GH� HVWXGLRV�� (Q� HO� DUWtFXOR�³69&�3ODFHPHQW�8VLQJ�&ULWLFDO�0RGHV� RI� 9ROWDJH�
,QVWDELOLW\´� >�@�� ORV�DXWRUHV�0DQVXU��:LOVRQ��$OYDUDGR�\�5LQ]LQ�GHGLFDQ�HO� WUDEDMR�FRPSOHWR�H[FOXVLYDPHQWH�D�PHMRUDU�HO�PDUJHQ�GH�VHJXULGDG�GH�YROWDMH�PHGLDQWH�OD�XELFDFLyQ�ySWLPD�GH�&(9V EDViQGRVH�HQ�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV���(O DQiOLVLV�PRGDO�GH� OD�HVWDELOLGDG�GH�YROWDMH�KD�VLGR�REMHWR�GH�JUDQGHV�GLVFXVLRQHV�VREUH� OD�QDWXUDOH]D�HVHQFLDO�GH�HVWH�IHQyPHQR��3RU�HMHPSOR��XQR�GH� ORV�DVSHFWRV�PiV�GLVFXWLGRV�HV�HO�UHIHUHQWH�D�GHILQLU�VL�VH�WUDWD�GH�XQ�IHQyPHQR�HVWiWLFR�R�GLQiPLFR��7DO�GLVFXVLyQ�GLR�OXJDU�D�XQ�WUDEDMR� FRPR� HO� GHVFULWR� HQ� ³9ROWDJH� 6WDELOLW\� $QDO\VLV� 8VLQJ� 6WDWLF� DQG� '\QDPLF�
$SSURDFKHV´� >�@�� GRQGH� ORV�PRGRV� FUtWLFRV� \� ORV� IDFWRUHV� GH� SDUWLFLSDFLyQ� VRQ� XVDGRV� SDUD�GHPRVWUDU�OD�FHUFDQD�FRUUHVSRQGHQFLD�HQWUH�ORV�SURFHGLPLHQWRV�HVWiWLFR�\�GLQiPLFR�HPSOHDGRV�HQ�HO�DQiOLVLV�GH�OD�LQVWDELOLGDG�GH�YROWDMH��(Q�HO�DUWtFXOR�³3ODQQLQJ�0HWKRGRORJLHV�IRU�9ROWDJH�
6WDELOLW\� /LPLWHG� 3RZHU� 6\VWHPV´� >�@�� OD� UHODFLyQ� HQWUH� ORV� GRV� SURFHGLPLHQWRV� IXH� WDPELpQ�LOXVWUDGD�PHGLDQWH� HO� HVWXGLR� GHO�PHFDQLVPR�EiVLFR�GH� OD� LQHVWDELOLGDG�GH�YROWDMH�XWLOL]DQGR�XQD UHSUHVHQWDFLyQ�DGLFLRQDO�GH�OD�GLQiPLFD�GH�OD�FDUJD���
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(O� XVR� H[WHQVLYR� GH� ORV�PRGRV� FUtWLFRV� \� ORV� IDFWRUHV� GH� SDUWLFLSDFLyQ� HPSOHDGRV� HQ� IRUPD�FRQMXQWD�HQ�ORV�WUDEDMRV�GHVFULWRV�HQ�ODV�UHIHUHQFLDV�>�@��>�@��>�@�>�@��KD�GHPRVWUDGR�PXFKR�GH�OD XWLOLGDG�\�YHUVDWLOLGDG�GHO�DQiOLVLV�PRGDO�SDUD�HO�HVWXGLR�GH�OD�HVWDELOLGDG�GH�YROWDMH��(VWR�KD�JHQHUDGR� WDPELpQ�PXFKR� tPSHWX�\�PRWLYDFLyQ�SDUD�DSOLFDUOR�HQ�RWUDV�iUHDV�GH� LQYHVWLJDFLyQ�GHO�IHQyPHQR�GH�HVWDELOLGDG�GH�YROWDMH��(Q�HO�WUDEDMR�³7KH�%HKDYLRU�RI�6HYHUDO�+9'&�/LQNV�
7HUPLQDWLQJ�LQ�WKH�6DPH�/RDG�$UHD´�>�@� VH�OOHYD�D�FDER�HO�DQiOLVLV�PRGDO�HQ�XQ�VLVWHPD�GH�SRWHQFLD FRQ� XQD� FRQILJXUDFLyQ� +9'&� �+LJK� 9ROWDJH� 'LUHFW� &XUUHQW�� PXOWL�HQWUDGDV� GH�FRUULHQWH�DOWHUQD��FRQ�REMHWR�GH�LGHQWLILFDU�QRGRV�GRQGH�SXGLHUDQ�VHU�LPSOHPHQWDGDV�DFFLRQHV�GH FRQWURO��(Q�HO�DUWtFXOR�³9ROWDJH�6WDELOLW\�$QDO\VLV�RI�0XOWL�,QIHHG�+9'&�6\VWHPV´�>��@��VH�SUHVHQWy�XQ�PpWRGR�JHQHUDO�\�VLVWHPiWLFR�EDVDGR�HQ�HO�DQiOLVLV�PRGDO�H�LQFRUSRUDQGR�PHGLGDV�SHUWLQHQWHV�GH�LQWHJULGDG�GHO�VLVWHPD�SDUD�LQWHUFRQH[LRQHV�&$�&'��FRUULHQWH�DOWHUQD�FRUULHQWH�GLUHFWD���WDOHV�FRPR�OD�UHODFLyQ�HIHFWLYD�GH�FRUWR�FLUFXLWR����(Q HVWH�WUDEDMR�GH�WHVLV�VH�UHDOL]D�HO�DQiOLVLV�PRGDO�GH�OD�PDWUL]�-DFRELDQD�GH�IOXMRV�GH�SRWHQFLD�SDUD�LQYHVWLJDU�OD�HVWDELOLGDG�GH�YROWDMH�GH�XQ�VLVWHPD�HOpFWULFR��(Q�FDPELR��HO�DQiOLVLV�PRGDO�HIHFWXDGR�HQ� >�@�� HVWXYR�GLUHFWDPHQWH� HQIRFDGR�DO� DQiOLVLV�GH� OD�HVWDELOLGDG�HOHFWURGLQiPLFD��(Q >��@� VH� GHPRVWUy� WDPELpQ� OD� IRUPD� HQ� TXH� YDULRV� SDUiPHWURV� GHO� VLVWHPD� WDOHV� FRPR� OD�UHODFLyQ HIHFWLYD�GH�FRUWR�FLUFXLWR�� OD�LPSHGDQFLD�GH�DFRSODPLHQWR�HQWUH�ORV�VLVWHPDV�&$�&'�TXH FRQVWLWX\HQ�OD�FRQILJXUDFLyQ�PXOWL�HQWUDGDV�\��OD�UHODFLyQ�UHODWLYD�GH�SRWHQFLD�&'�HQWUH�ORV�VLVWHPDV� &$�&'� FRQVWLWX\HQWHV�� SXHGHQ� DIHFWDU� ORV� HLJHQYDORUHV� GHO� VLVWHPD� \��FRQVHFXHQWHPHQWH�� OD� HVWDELOLGDG� GH� YROWDMH� GH� GLFKR� VLVWHPD�� 3RU� ~OWLPR�� HQ� HO� WUDEDMR�
³$VSHFWV� RI� WKH� &RRSHUDWLRQ� RI� 7KUHH� +9'&� /LQNV� %HWZHHQ� 6RXWKHUQ� 'HQPDUN�� 6RXWKHUQ�
6ZHGHQ \�1RUWKHUQ�*HUPDQ\�-XWODQG´�>��@�VH�DSOLFy�HO�DQiOLVLV�PRGDO�SDUD�HVWXGLDU�XQ�VLVWHPD�+9'&�PXOWL�HQWUDGDV� WUL�FRQYHUWLGRU�� (Q� HVWH� WUDEDMR� HQ� SDUWLFXODU� >��@�� IXHURQ� WUDWDGRV� GH�PDQHUD�PX\� EUHYH� ORV� IDFWRUHV� GH� SDUWLFLSDFLyQ� REWHQLGRV� GHO� DQiOLVLV� PRGDO� \D� TXH� QR� VH�SUHVHQWDURQ�ORV�UHVXOWDGRV�QXPpULFRV�FRUUHVSRQGLHQWHV���
/RV WUDEDMRV�GHVFULWRV�HQ�ORV�SiUUDIRV�DQWHULRUHV�SURSRUFLRQDQ�XQ�SDQRUDPD�PX\�FRPSOHWR�GH�ODV GLYHUVDV�DSOLFDFLRQHV�HQ�ODV�TXH�KDVWD�KR\�HQ�GtD��VH�KD�XWLOL]DGR�FRQ�p[LWR�HO�DQiOLVLV�PRGDO�SDUD�HO�HVWXGLR�GH�OD�HVWDELOLGDG�GH�YROWDMH��'H�DFXHUGR�D�OR�DQWHULRU��UHVXOWD�OyJLFR�SURQRVWLFDU�TXH D�PHGLGD� TXH� VH� DYDQFH�PiV� HQ� HO� FRQRFLPLHQWR� GH� ODV� SRVLELOLGDGHV� TXH� HVWD� WpFQLFD�RIUHFH� FUHFHUi�WDPELpQ�OD�YDULHGDG�GH�HVWXGLRV�UHODFLRQDGRV�FRQ�OD�HVWDELOLGDG�GH�YROWDMH�HQ�ORV�FXDOHV�HVWD�KHUUDPLHQWD�SXHGD�HPSOHDUVH���
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�����2EMHWLYRV�GH�OD�7HVLV�����(O WUDEDMR�GHVDUUROODGR�HQ�HVWD�WHVLV�WLHQH�FRPR�ILQDOLGDG�DOFDQ]DU�ORV�VLJXLHQWHV�REMHWLYRV���
• (VWUXFWXUDU�FRPR�SXQWR�GH�SDUWLGD��XQD�PHWRGRORJtD�YiOLGD�\�DSOLFDEOH�SDUD�HIHFWXDU�HQ�

XQD IRUPD� PiV� FRPSOHWD� \� FRQILDEOH�� HO� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH� HQ� VLVWHPDV�
HOpFWULFRV�GH�SRWHQFLD��

�
• ,PSOHPHQWDU�ORV�DOJRULWPRV�PDWHPiWLFRV�GH�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�HQ�XQ�SURJUDPD�

GH VRIWZDUH�TXH�SHUPLWD�UHDOL]DU�HO�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�HQ�VLVWHPDV�HOpFWULFRV�
GH JUDQ�WDPDxR��

�
• +DFLHQGR�XVR�GHO�SURJUDPD�GH�VRIWZDUH�GHVDUUROODGR��XELFDU�iUHDV�SURSHQVDV�D�SUHVHQWDU�

SUREOHPDV� GH� FRODSVR� GH� YROWDMH� \� D� OD� YH]�� LGHQWLILFDU� WDPELpQ� GHQWUR� GH� HVWDV� iUHDV�
³SUREOHPiWLFDV´� ORV�QRGRV� FRQ�PD\RU� LQIOXHQFLD� \�SDUWLFLSDFLyQ� ORV�FXDOHV�� VRQ� IDFWRUHV�
FODYH�HQ� OD�SpUGLGD�GH�HVWDELOLGDG�GH�YROWDMH��8QD�YH]� LGHQWLILFDGRV� ORV�QRGRV�FRQ�PD\RU�
LQIOXHQFLD� HQ� ORV� ³PRGRV� FUtWLFRV´� GH� YROWDMH�� SURSRQHU� ³SXQWRV� ySWLPRV´� SDUD� OD�
XELFDFLyQ� GH� FRPSHQVDFLyQ� UHDFWLYD� \� PHMRUDU� FRQ� HVWR�� HO� PDUJHQ� GH� HVWDELOLGDG� GH�
YROWDMH�GHO�VLVWHPD�HOpFWULFR�DQDOL]DGR��

�
• $SOLFDU�GH�PDQHUD�FRQMXQWD�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�FRQ�RWUDV�WpFQLFDV�FRQYHQFLRQDOHV�

FRPR�ODV�FXUYDV�3�9�\�9�4�SDUD�ORJUDU�FRQ�HVWR��XQ�HVWXGLR�PiV�FRPSOHWR�\�UHSUHVHQWDWLYR�
GH OD�HVWDELOLGDG�GH�YROWDMH�TXH�SUHVHQWD�XQ�VLVWHPD�HOpFWULFR�HQ�SDUWLFXODU�
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�����0RWLYDFLyQ�\�-XVWLILFDFLyQ�GH�OD�7HVLV��/RV SULQFLSDOHV�DVSHFWRV�TXH�PRWLYDURQ�\� MXVWLILFDQ� OD�HODERUDFLyQ�GH�XQ� WUDEDMR�UHODFLRQDGR�FRQ�OD�HVWDELOLGDG�GH�YROWDMH�HQ�ORV�VLVWHPDV�HOpFWULFRV�GH�SRWHQFLD�VRQ�ORV�VLJXLHQWHV���
• /RV SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH�DSDUHFHQ�FRQ�PD\RU� IUHFXHQFLD�D�PHGLGD�TXH�VH�GHVDUUROOD�\�FUHFH�OD�GHPDQGD�GH�FDUJD�HQ�ORV�VLVWHPDV�HOpFWULFRV�GH�SRWHQFLD��$Vt�PLVPR��VH�HVSHUDQ�SUREOHPDV�GH�YROWDMH�DQWH�OD�WHQGHQFLD�DO� OLEUH�PHUFDGR�GH�HQHUJtD�GH�JUDQGHV�VLVWHPDV�HOpFWULFRV�TXH�DQWHULRUPHQWH� IXQFLRQDEDQ�FRPR�PRQRSROLR�\�TXH�SHUWHQHFtDQ�DO�HVWDGR����
• 8QD UD]yQ�SDUD�TXH�VH�KD\D�GHVSHUWDGR�XQ�UHFLHQWH�LQWHUpV�HQ�ORV�VLVWHPDV�GH�SRWHQFLD�FRQ�DxRV HQ�VHUYLFLR��HV�OD�QHFHVLGDG�FUHFLHQWH�GH�KDFHU�XQ�XVR�PiV�H[WHQVLYR�GH�OD�JHQHUDFLyQ�\ WUDQVPLVLyQ� H[LVWHQWHV�� (VWR� VH� GHEH� SULQFLSDOPHQWH�� D� ODV� FDGD� YH]� PiV� JUDQGHV�GLILFXOWDGHV� GH� WLSR� HFRQyPLFR� \� DPELHQWDO� TXH� VH� WLHQHQ� SDUD� SRGHU� FRQVWUXLU� QXHYDV�SODQWDV� GH� JHQHUDFLyQ� HQ� iUHDV� GH� FDUJD� \�� D� ORV� SUREOHPDV� TXH� UHSUHVHQWD� HO� FRQVWUXLU�OtQHDV�GH�WUDQVPLVLyQ�GHVGH�OXJDUHV�GH�JHQHUDFLyQ�PX\�DOHMDGRV�GH�ORV�FHQWURV�GH�FRQVXPR��
• 8QD VHJXQGD� UD]yQ�HV�HO� LQFUHPHQWR�HQ�HO�XVR�GH�EDQFRV�GH�FDSDFLWRUHV�HQ�SDUDOHOR�SDUD�FRPSHQVDFLyQ�GH�SRWHQFLD�UHDFWLYD��(O�XVR�H[FHVLYR�GH�HVWH�WLSR�GH�EDQFRV�FRQ�REMHWR�GH�H[WHQGHU�ORV�OtPLWHV�GH�WUDQVPLVLyQ��UHSHUFXWH�HQ�XQD�UHG�DOWDPHQWH�FRPSHQVDGD�TXH�HQ�XQ�PRPHQWR�GHWHUPLQDGR�VH�SXHGH�YROYHU�IUiJLO�\�VXVFHSWLEOH�DO�FRODSVR�GH�YROWDMH��
• /RV OtPLWHV�GH� WUDQVIHUHQFLD�GH�SRWHQFLD� LPSXHVWRV�SRU�SUREOHPDV�GH�HVWDELOLGDG�DQJXODU��KDQ VLGR� ~OWLPDPHQWH� PLQLPL]DGRV� SRU� PHGLR� GH� OD� OLEHUDFLyQ� UiSLGD� GH� IDOODV�� HO� DOWR�GHVHPSHxR�GH� ORV�VLVWHPDV�GH�H[FLWDFLyQ��ORV�HVWDELOL]DGRUHV�GH�VLVWHPDV�GH�SRWHQFLD��DVt�FRPR�RWURV�FRQWUROHV��&RQ�HVWDV�UHVWULFFLRQHV�FDVL�HOLPLQDGDV��VROR�OD�FDSDFLGDG�WpUPLFD�R�OD�HVWDELOLGDG�GH�YROWDMH�SRGUtDQ�DKRUD�GLFWDU�ORV�OtPLWHV�GH�WUDQVIHUHQFLD�GH�SRWHQFLD��
• $ SHVDU�GHO�JUDQ�DYDQFH�TXH�VH�KD�ORJUDGR�HQ�ORV�~OWLPRV�DxRV�HQ�OD�FRPSUHQVLyQ�\�DQiOLVLV�GH OD� HVWDELOLGDG� GH� YROWDMH�� QR� H[LVWH� WRGDYtD� XQD�PHWRGRORJtD� FODUD� TXH�SHUPLWD� VHJXLU�DOJXQRV� SDVRV� HVSHFtILFRV� SDUD� UHDOL]DU� SRU� SULPHUD� YH]� XQ� HVWXGLR� GH� HVWH� WLSR� GH�HVWDELOLGDG�
�
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������&RQWULEXFLRQHV��
¾ /RV SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH�VRQ�XQ�IHQyPHQR�UHODWLYDPHQWH�QXHYR�\�D�SHVDU�GH�TXH HQ� OD� DFWXDOLGDG� VH� FXHQWD� FRQ�EDVWDQWH� \� GLYHUVD� LQIRUPDFLyQ� DO� UHVSHFWR�� QR�H[LVWH�WRGDYtD� XQD� PHWRGRORJtD� TXH� PDUTXH� FODUDPHQWH� ORV� SURFHGLPLHQWRV� QHFHVDULRV� SDUD�UHDOL]DU� XQ� HVWXGLR� FRPSOHWR� GH� HVWD� FODVH� GH� HVWDELOLGDG�� (Q� HVWH� VHQWLGR�� DXQTXH� KDQ�YHQLGR� DSDUHFLHQGR� GLVWLQWDV� WpFQLFDV� DVt� FRPR� DOJXQRV� OLQHDPLHQWRV� \� FRQVLGHUDFLRQHV�SDUD HIHFWXDU� HVWD� FODVH� GH� � DQiOLVLV��XQD GH� ODV� SULQFLSDOHV� DSRUWDFLRQHV� TXH� VH� ORJUDQ

DOFDQ]DU�HQ�HVWH�WUDEDMR��HV�HO�KHFKR�GH�SRGHU�HVWDEOHFHU�XQ�SURFHGLPLHQWR�R�PHWRGRORJtD�
TXH�SHUPLWD�HYDOXDU�OD�HVWDELOLGDG�GH�YROWDMH�GH�XQ�VLVWHPD�HOpFWULFR�GH�SRWHQFLD�HQ�XQD�
IRUPD� VHQFLOOD� \� SUHFLVD� $� SHVDU� GH� TXH� ODV� FDUDFWHUtVWLFDV� GH� ORV� VLVWHPDV� HOpFWULFRV�SXHGHQ�VHU�PX\�GLVWLQWDV�HQWUH�Vt��VH FRQVLGHUD�TXH�OD�PHWRGRORJtD�VHJXLGD�HQ�HVWH�WUDEDMR
HV�IiFLO�GH�DSOLFDU�\�SXHGH�VHUYLU�FRPR�XQD�JXtD�TXH�SHUPLWD�UHDOL]DU�GH�XQD�PDQHUD�PiV�
FRPSOHWD�\�FRQILDEOH�HVWD�FODVH�GH�HVWXGLRV�

¾ $XQTXH�ODV�VLPXODFLRQHV�GLQiPLFDV�GH�OD�HVWDELOLGDG�GH�YROWDMH�UHSUHVHQWDQ�OD�PDQHUD�PiV�ILHO GH�REVHUYDU�HO�FRPSRUWDPLHQWR�GHO�VLVWHPD��GLFKDV�VLPXODFLRQHV�FRQVXPHQ�GHPDVLDGR�WLHPSR�GH�FyPSXWR�\��HQ�PXFKRV�FDVRV��RIUHFHQ� UHVXOWDGRV�QR�PX\�IiFLOHV�GH� LQWHUSUHWDU�GHELGR�D�OD�JUDQ�FDQWLGDG�GH�HOHPHQWRV�GHO�VLVWHPD�TXH�LQWHUYLHQHQ�HQ�HO�IHQyPHQR�\�D�ORV�FXDOHV�HV�QHFHVDULR�PRGHODU�HQ�GHWDOOH�SDUD�VX�FRUUHFWD�UHSUHVHQWDFLyQ��&RQVLGHUDQGR�HVWH�DVSHFWR��OD WpFQLFD�GH�DQiOLVLV�PRGDO�HPSOHDGD�HQ�HVWH�WUDEDMR�SHUPLWH�UHDOL]DU�XQD�UiSLGD�
HYDOXDFLyQ� GHO� JUDGR� GH� HVWDELOLGDG� GH� WRGRV� ORV� GLVWLQWRV� FDVRV� TXH� VH� FRQVLGHUHQ�
QHFHVDULRV� 'H� HVWD� IRUPD�� ORV� UHVXOWDGRV� REWHQLGRV� PHGLDQWH� HO� DQiOLVLV� PRGDO� SXHGHQ�
VHUYLU� FRPR�XQD� YDOLRVD� UHIHUHQFLD� SDUD� SRVWHULRUPHQWH�� OOHYDU� D� FDER� ODV� VLPXODFLRQHV�
GLQiPLFDV� ~QLFDPHQWH� GH� DTXHOORV� FDVRV� REVHUYDGRV� FRPR� ORV�PiV� FUtWLFRV� R� GH�PD\RU�
LQWHUpV�

¾ 6H LOXVWUD� D� OR� ODUJR�GHO� FDStWXOR� �� TXH�PHGLDQWH� OD� DSOLFDFLyQ� GH� OD� WpFQLFD�GH�DQiOLVLV�
PRGDO� GH�PDQHUD� FRQMXQWD� FRQ� WpFQLFDV� FRQYHQFLRQDOHV� FRPR� ODV� FXUYDV�3�9� \�9�4�� VH�
KDFH� SRVLEOH� REWHQHU� XQD� LQIRUPDFLyQ� EDVWDQWH� FRPSOHWD� UHVSHFWR� D� OD� HVWDELOLGDG� GH�
YROWDMH�TXH�SUHVHQWDQ�ORV�VLVWHPDV�HOpFWULFRV� (VWH�DVSHFWR�HV�PX\�LPSRUWDQWH�\D�TXH�FRPR�VH SXGR� YHU� HQ� HO� GHVDUUROOR� GHO� FDStWXOR� PHQFLRQDGR�� ORV� UHVXOWDGRV� REWHQLGRV� FRQ� HO�DQiOLVLV� PRGDO� VH� FRPSOHPHQWDQ� GH� PDQHUD� PX\� LQWHUHVDQWH� FRQ� DTXHOORV� UHVXOWDGRV�SURSRUFLRQDGRV�SRU�ODV�FXUYDV�PHQFLRQDGDV�\�YLFHYHUVD���
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�����(VWUXFWXUD�GH�OD�7HVLV����(O WUDEDMR�GHVDUUROODGR�\�UHSRUWDGR�HQ�HVWD�WHVLV�VH�HQFXHQWUD�FRQIRUPDGR�SRU�FLQFR�FDStWXORV�\�GRV DSpQGLFHV��$�FRQWLQXDFLyQ�VH�SUHVHQWD�XQD�EUHYH�GHVFULSFLyQ�JHQHUDO�GHO�FRQWHQLGR�GH�FDGD�XQR GH�HOORV���
(O FDStWXOR� �� FRQWLHQH� XQD� EUHYH� LQWURGXFFLyQ� DO� IHQyPHQR� GH� HVWDELOLGDG� GH� YROWDMH� \� VX�FUHFLHQWH� UHOHYDQFLD� HQ� ORV� HVWXGLRV� QHFHVDULRV� GHQWUR� GH� ODV� HPSUHVDV� GH� HQHUJtD� HOpFWULFD��7DPELpQ HQ�HVWH�FDStWXOR��VH�KDFH�XQD�UHYLVLyQ�GHO�WUDEDMR�SUHYLR�TXH�H[LVWH�DFWXDOPHQWH�VREUH�HO� WHPD�\�VH�PHQFLRQDQ� ORV�REMHWLYRV�TXH�VH�SHUVLJXHQ�HQ�HVWD�WHVLV�DVt�FRPR�ORV�SULQFLSDOHV�DVSHFWRV�TXH�PRWLYDQ�\�MXVWLILFDQ�OD�UHDOL]DFLyQ�GH�pVWD��6H�LQGLFDQ�SRU�~OWLPR��ODV�DSRUWDFLRQHV�PiV LPSRUWDQWHV�TXH�VH�SUHWHQGHQ�REWHQHU�FRQ�OD�UHDOL]DFLyQ�GH�HVWH�WUDEDMR����
(Q HO� FDStWXOR� �� VH� PHQFLRQDQ� HQ� IRUPD� JHQHUDO� ODV� WpFQLFDV� H[LVWHQWHV� SDUD� HO� DQiOLVLV� GH�HVWDELOLGDG� GH� YROWDMH� \� VH� LQFOX\HQ� DGHPiV� HQ� HVWH� FDStWXOR�� DOJXQRV� DVSHFWRV� WHyULFRV� \�FRQFHSWRV� IXQGDPHQWDOHV� SDUD� XQD�PHMRU� FRPSUHQVLyQ� GH� ORV� SUREOHPDV� GH� LQHVWDELOLGDG� GH�YROWDMH� HQ� VLVWHPDV� HOpFWULFRV� GH� SRWHQFLD�� 6H� GHVFULEHQ� FRQ� FLHUWR� GHWDOOH� DOJXQRV�PpWRGRV�WUDGLFLRQDOHV� GH� DQiOLVLV� HVWiWLFR� TXH� VH� XWLOL]DQ� DFWXDOPHQWH� SDUD� HO� HVWXGLR� GH� FRODSVR� GH�YROWDMH��'H�HVWD�IRUPD��HQ�HVWH�FDStWXOR�VH�PHQFLRQDQ�WpFQLFDV�WDOHV�FRPR�ODV�FXUYDV�9�4��ODV�FXUYDV� 3�9�� ODV� VHQVLWLYLGDGHV� YROWDMH�SRWHQFLD� UHDFWLYD� \�� OD� DSOLFDFLyQ� GH� PpWRGRV� GH�FRQWLQXDFLyQ�GH�IOXMRV�GH�SRWHQFLD�SDUD�OD�GHWHUPLQDFLyQ�GH�PiUJHQHV�GH�HVWDELOLGDG��(Q�HVWH�FDStWXOR�VH�GHWDOODQ�WDPELpQ�ORV�UHTXHULPLHQWRV�HQ�HO�PRGHODGR�GH�ORV�GLVWLQWRV�HOHPHQWRV�GHO�VLVWHPD�SDUD�VX�UHSUHVHQWDFLyQ�HQ�ORV�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH����
(O FDStWXOR� �� GHVFULEH� HQ� IRUPD� GHWDOODGD� ORV� DVSHFWRV� WHyULFRV� IXQGDPHQWDOHV� GH� DOJXQDV�WpFQLFDV�GH�DQiOLVLV�OLQHDO�KDFLHQGR�PiV�pQIDVLV�HQ�SDUWLFXODU�HQ�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�OD�FXDO��HV�OD�WpFQLFD�TXH�VH�XWLOL]D�HQ�HO�HVWXGLR�GH�HVWDELOLGDG�GH�YROWDMH�LQFOXLGR�HQ�HO�FDStWXOR������
(Q HO� FDStWXOR� �� VH� SUHVHQWD� FRPR� SDUWH�PHGXODU� GH� HVWH� WUDEDMR�� HO� GHVDUUROOR�� UHVXOWDGRV� \�REVHUYDFLRQHV�GHO�DQiOLVLV�HVWiWLFR�GH�HVWDELOLGDG�GH�YROWDMH�UHDOL]DGR�D�XQ�6LVWHPD�(OpFWULFR�GH�3RWHQFLD� 5HDO� FRUUHVSRQGLHQWH� DO� 6LVWHPD� ,QWHUFRQHFWDGR� GH� *XDWHPDOD�� &RQ� EDVH� HQ� ORV�UHVXOWDGRV� REWHQLGRV� GHO� DQiOLVLV� PRGDO�� VH� SURSRQH� XQD� PHWRGRORJtD� SDUD� RSWLPL]DU� OD�XELFDFLyQ� GH� FRPSHQVDFLyQ� GH� SRWHQFLD� UHDFWLYD� HQ� HO� VLVWHPD�� (Q� HVWH� FDStWXOR� VH� HYDO~DQ��WDPELpQ DOJXQDV�GH�ODV�GLIHUHQWHV�RSFLRQHV�TXH�H[LVWHQ�SDUD�HIHFWXDU�OD�FRPSHQVDFLyQ�UHDFWLYD�FRQ�REMHWR�GH�DOLYLDU�ORV�SUREOHPDV�GH�LQHVWDELOLGDG�GH�YROWDMH�HQ�ORV�FDVRV�HQ�ORV�TXH�H[LVWH�OD�SRVLELOLGDG�GH�TXH�HVWR�RFXUUD���
(O FDStWXOR� �� FRQWLHQH� ODV� FRQFOXVLRQHV� \� REVHUYDFLRQHV� GH� HVWH� WUDEDMR�� DVt� FRPR� ODV�UHFRPHQGDFLRQHV� SDUD� WUDEDMRV� IXWXURV� UHODFLRQDGRV� FRQ� HO� WHPD� GH� DQiOLVLV� HVWiWLFR� GH�HVWDELOLGDG�GH�YROWDMH�HPSOHDQGR�OD�WpFQLFD�GH�DQiOLVLV�PRGDO��
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(O�DSpQGLFH���FRQWLHQH�HO�PDQXDO�GH�RSHUDFLyQ�GHO�SURJUDPD�GH�VRIWZDUH�XWLOL]DGR�SDUD�DSOLFDU�OD WpFQLFD� GH� DQiOLVLV� PRGDO� HQ� ORV� HVWXGLRV� GH� HVWDELOLGDG� GH� YROWDMH�� 6H� GHVFULEH� HQ� HVWD�VHFFLyQ WRGR�HO�SURFHGLPLHQWR�QHFHVDULR�SDUD�HO�DQiOLVLV�GH�ORV�UHVXOWDGRV�REWHQLGRV���
(Q HO�PLVPR�DSpQGLFH���VH�LQFOX\HQ�ORV�OLVWDGRV�GHO�SURJUDPD�GH�DQiOLVLV�PRGDO�DVt�FRPR�XQD�GHVFULSFLyQ� FRPSOHWD� GH� ORV� DUFKLYRV� GH� HQWUDGD� \� VDOLGD� GH� GDWRV��6H� GHVFULEH� WDPELpQ�FRQ�D\XGD�GH�DOJXQRV�GLDJUDPDV�GH�IOXMR��OD�HVWUXFWXUD�GH�ORV�DOJRULWPRV�PDWHPiWLFRV�SURJUDPDGRV�HQ�HO�OHQJXDMH�0DWODE��HVWR�FRQ�REMHWR�GH�LOXVWUDU�HO�SURFHVR�TXH�VH�VLJXH�HQ�ORV�FiOFXORV�TXH�HO�SURJUDPD�UHDOL]D�SDUD�OD�REWHQFLyQ�GH�ORV�UHVXOWDGRV����
3RU ~OWLPR��HQ�HO�DSpQGLFH���VH�SUHVHQWD�HO�DUFKLYR�GH�GDWRV�XWLOL]DGR�HO�FXDO�FRQWLHQH�WRGD�OD�LQIRUPDFLyQ�GH� OD� UHG�HOpFWULFD�GHO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD��(Q�HVWH�DUFKLYR�VH�SXHGHQ REVHUYDU� ORV� GDWRV� GHO� VLVWHPD� GH� WUDQVPLVLyQ�� GH� OD� JHQHUDFLyQ� \� GH� ODV� FDUJDV� TXH�FRQIRUPDQ�HO�VLVWHPD�HOpFWULFR�GH�SRWHQFLD�PHQFLRQDGR�SDUD�FRQGLFLRQHV�GH�GHPDQGD�Pi[LPD�GHO�DxR��������
(Q IRUPD�DQH[D�D�HVWD�WHVLV�VH�SURSRUFLRQD�HQ�XQ�GLVFR�FRPSDFWR�HO�SURJUDPD�FRPSOHWR�SDUD�UHDOL]DU� HO� DQiOLVLV� PRGDO� HQ� OHQJXDMH� 0DWODE�� DVt� FRPR� ORV� DUFKLYRV� GH� GDWRV� GHO� 6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�SDUD�ORV�GLVWLQWRV�FDVRV�DQDOL]DGRV�GXUDQWH�HO�GHVDUUROOR�GH�HVWH�WUDEDMR���



$63(&726�)81'$0(17$/(6�<�+(55$0,(17$6�3$5$�(/�$1È/,6,6�'(�(67$%,/,'$'�'(�92/7$-(�

� ��

�

$63(&726�)81'$0(17$/(6�<�+(55$0,(17$6�3$5$�(/�$1É/,6,6�'(�/$�(67$%,/,'$'�'(�92/7$-(�
�
������,QWURGXFFLyQ��$ PHGLGD� TXH� ORV� VLVWHPDV� HOpFWULFRV� VH� KDQ� YLVWR� HQ� OD� QHFHVLGDG� GH� FUHFHU� SDUD� SRGHU�VDWLVIDFHU� OD� FDGD� YH]�PiV� JUDQGH� GHPDQGD� GH� HQHUJtD�� OD� FDSDFLGDG� GH� HVWRV� VLVWHPDV� SDUD�PDQWHQHU� OD� HVWDELOLGDG� GH� YROWDMH� KD� VXUJLGR� FRPR� XQ� DVSHFWR� GH� YLWDO� LPSRUWDQFLD� HQ� OD�RSHUDFLyQ�\�SODQHDFLyQ�ORV�VLVWHPDV�GH�SRWHQFLD���&RQIRUPH� KD� LGR� FUHFLHQGR� HO� LQWHUpV� SRU� HO� IHQyPHQR� GH� HVWDELOLGDG� GH� YROWDMH�� PXFKDV�HPSUHVDV� H� LQGXVWULDV� GHO� VHFWRU� HOpFWULFR� KDQ� GHGLFDGR� PD\RUHV� UHFXUVRV� SDUD� LQYHVWLJDU� \�GHVDUUROODU� KHUUDPLHQWDV� TXH� SHUPLWDQ� UHDOL]DU� GH� XQD� PDQHUD� PiV� FRPSOHWD� \� FRQILDEOH��HVWXGLRV�UHODFLRQDGRV�FRQ�HVWD�FODVH�GH�SUREOHPDV��&RPR�UHVXOWDGR�GH�HVWR��KDQ�DSDUHFLGR�HQ�OD ~OWLPD� GpFDGD� DOJXQDV� WpFQLFDV� \� KHUUDPLHQWDV� ODV� FXDOHV�� KDQ� VLGR� SDXODWLQDPHQWH�LQFRUSRUDGDV�FRPR�SDUWH�GH�ORV�HVWXGLRV�UXWLQDULRV�GH�RSHUDFLyQ�\�SODQHDFLyQ�GHO�VLVWHPD����/D HVWDELOLGDG�GH�YROWDMH�D�SHVDU�GHO�JUDQ�DXJH�TXH�KD�H[SHULPHQWDGR�HQ�ORV�~OWLPRV�DxRV��HQ�OD�DFWXDOLGDG�VH�HQFXHQWUD�SDUFLDOPHQWH�FRPSUHQGLGD�\D�TXH�H[LVWHQ�PXFKDV�IDFHWDV�GHO�SUREOHPD�ODV FXDOHV��FRPSUHQGHQ�ORV�FRQWUROHV�GHO�JHQHUDGRU��OD�FRPSHQVDFLyQ�GH�SRWHQFLD�UHDFWLYD�GH�OD�UHG GH�WUDQVPLVLyQ��HO�GLVHxR�GH�ODV�UHGHV�GH�GLVWULEXFLyQ�\�ODV�FDUDFWHUtVWLFDV�GH�OD�FDUJD��3RU�OR WDQWR��HO�SUREOHPD�GH�OD�HVWDELOLGDG�GH�YROWDMH�D�SHVDU�GH�ORV�JUDQGHV�DYDQFHV�ORJUDGRV�HQ�ORV�DxRV� UHFLHQWHV��QR�HVWi� WRGDYtD� FRPSOHWDPHQWH� HQWHQGLGR�\D�TXH�FRPR�VH�PHQFLRQy��H[LVWHQ�PXFKRV DVSHFWRV�TXH�LQWHUYLHQHQ�HQ�HO�SUREOHPD�GH�HQWUH�ORV�FXDOHV��ODV�FDUDFWHUtVWLFDV�ItVLFDV�\�ORV PRGHORV�PDWHPiWLFRV�GH�XQD�DPSOLD�JDPD�GH�HTXLSR�GHVHPSHxDQ�XQ�SDSHO�PX\�LPSRUWDQWH�>�@����/D HVWDELOLGDG�GH�YROWDMH�HQ�ORV�~OWLPRV�GLH]�DxRV�KD�DGTXLULGR�FDGD�YH]�PiV�LPSRUWDQFLD�HQ�OD�SODQHDFLyQ�\�RSHUDFLyQ�GH�ORV�6LVWHPDV�(OpFWULFRV�GH�3RWHQFLD��/R�DQWHULRU�GHELGR�HQWUH�RWURV�DVSHFWRV� D� TXH� SUREOHPDV� GH� FRODSVR� GH� YROWDMH� KDQ� GHVHQFDGHQDGR� HQ� JUDQGHV� SpUGLGDV� GH�FDUJD�\�IXHUWHV�GLVWXUELRV�FRPR�ORV�RFXUULGRV�HQ�HO�6XU�GH�)ORULGD�HQ�0D\R�GH������>�@�\�HQ�7RNLR��HQ�-XOLR�GH������>�@���(Q HVWH�FDStWXOR�VH�OOHYD�D�FDER�XQD�UHYLVLyQ�GH�ORV�SULQFLSDOHV�FRQFHSWRV�WHyULFRV�UHODFLRQDGRV�FRQ� OD� HVWDELOLGDG� GH� YROWDMH� DVt� FRPR� WDPELpQ�� VH� GHVFULEHQ� R� PHQFLRQDQ� DOJXQDV� GH� ODV�WpFQLFDV� PiV� XWLOL]DGDV� SDUD� UHDOL]DU� HVWD� FODVH� GH� HVWXGLRV�� 6H� SUHVHQWD� WDPELpQ� HQ� HVWH�FDStWXOR�� XQD� GHVFULSFLyQ� GHO� PRGHODGR� GH� ORV� HOHPHQWRV� PiV� LPSRUWDQWHV� GHO� VLVWHPD� HQ�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH���
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������(O�&RQFHSWR�GH�(VWDELOLGDG�GH�9ROWDMH��/D HVWDELOLGDG�GH�YROWDMH�FXEUH�XQ�DPSOLR�UDQJR�GHO�IHQyPHQR��'HELGR�D�HVWR��OD�HVWDELOLGDG�GH�YROWDMH� VLJQLILFD� GLIHUHQWHV� FRVDV� SDUD� GLVWLQWRV� LQJHQLHURV�� 'H� HVWD� IRUPD�� UHSUHVHQWD� XQ�IHQyPHQR� UiSLGR� SDUD� LQJHQLHURV� LQYROXFUDGRV� FRQ� PRWRUHV� GH� LQGXFFLyQ�� FDUJDV� GH� DLUH�DFRQGLFLRQDGR�\��HQODFHV�GH�DOWR�YROWDMH�HQ�FRUULHQWH�GLUHFWD��(Q�FDPELR��HV�XQ�IHQyPHQR�OHQWR��LQYROXFUDQGR� FDPELDGRUHV� PHFiQLFRV� GH� WDS� SRU� HMHPSOR�� SDUD� RWURV� LQJHQLHURV�� 0XFKRV�LQYHVWLJDGRUHV� H� LQJHQLHURV� GH� UHGHV� HOpFWULFDV� KDQ� GLVFXWLGR� H[WHQVDPHQWH� ORV� PpWRGRV� GH�DQiOLVLV�PiV�DSURSLDGRV��FRQ�XQD�SDUWLFXODU�SROpPLFD�UHIHUHQWH�D�Vt�OD�HVWDELOLGDG�GH�YROWDMH�HV�XQ IHQyPHQR�HVWiWLFR�R�GLQiPLFR�>�@���
/D LQHVWDELOLGDG� GH� YROWDMH� \� HO� FRODSVR� GH� YROWDMH� VRQ� XVDGRV� DOJXQDV� YHFHV� GH� PDQHUD�LQGLVWLQWD�SRU�OD�PD\RUtD�GH�ORV�LQJHQLHURV���
/D HVWDELOLGDG�GH�YROWDMH�KD�VLGR�YLVWD�IUHFXHQWHPHQWH�FRPR�XQD��YLDELOLGDG��GHO�SUREOHPD�HQ�HVWDGR� HVWDEOH� DSURSLDGD� SDUD� HO� DQiOLVLV� HVWiWLFR� �IOXMRV� GH� SRWHQFLD��� /D� FDSDFLGDG� SDUD�WUDQVIHULU�SRWHQFLD�UHDFWLYD�GH�ODV�IXHQWHV�GH�SURGXFFLyQ�KDFLD�ORV�FHQWURV�GH�FRQVXPR�GXUDQWH�FRQGLFLRQHV� HVWDEOHV� GH� RSHUDFLyQ�� HV� XQ� DVSHFWR� UHOHYDQWH� GH� OD� HVWDELOLGDG� GH� YROWDMH�� (V�LPSRUWDQWH� PHQFLRQDU� TXH� HO OtPLWH� Pi[LPR� GH� WUDQVIHUHQFLD� GH� SRWHQFLD� GH� OD� UHG� QR� HV�
QHFHVDULDPHQWH�HO�OtPLWH�GH�HVWDELOLGDG�GH�YROWDMH�>�@�

/D LQHVWDELOLGDG�R�FRODSVR�GH�YROWDMH�HV�XQ�SURFHVR�GLQiPLFR��/D�SDODEUD��HVWDELOLGDG��LPSOLFD�SRU Vt�PLVPD�XQ�VLVWHPD�GLQiPLFR��8Q�VLVWHPD�GH�SRWHQFLD�HV�XQ�VLVWHPD�GLQiPLFR����
(Q FRQWUDVWH� FRQ� OD� HVWDELOLGDG� DQJXODU�� OD� GLQiPLFD� GH� HVWDELOLGDG� GH� YROWDMH� LQYROXFUD�SULQFLSDOPHQWH�ODV�FDUJDV�\�ORV�PHGLRV�SDUD�HO�FRQWURO�GH�YROWDMH��'HELGR�D�HVWR��OD�HVWDELOLGDG�GH YROWDMH�KD�VLGR�OODPDGD�FRP~QPHQWH�HVWDELOLGDG�GH�OD�FDUJD�>�@�
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��������'HILQLFLRQHV���/D HVWDELOLGDG�GH�YROWDMH�HV�XQ�VXEFRQMXQWR�GH�OD�HVWDELOLGDG�GH�VLVWHPDV�HOpFWULFRV�GH�SRWHQFLD�YLVWD� HQ� IRUPD�JOREDO��&RQ�REMHWR� GH� XELFDU� FODUDPHQWH� HVWH� FRQFHSWR�� HQ� HO�GLDJUDPD�GH� OD�ILJXUD ���� VH� LOXVWUD� HQ� IRUPD�JUiILFD�XQD�FODVLILFDFLyQ�FRPSOHWD�GHO�FRQFHSWR�GH�HVWDELOLGDG�>��@���
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��&DSDFLGDG�SDUD�SHUPDQHFHU�HQ�HTXLOLEULR�GH�RSHUDFLyQ

����(TXLOLEULR�HQWUH�IXHU]DV�RSXHVWDV

��&DSDFLGDG�SDUD�PDQWHQHU
��6LQFURQLVPR

��%DODQFH�GHO�SDU�HQ
��PiTXLQDV�VLQFURQDV�

��&DSDFLGDG�SDUD�PDQWHQHU
���OD�IUHFXHQFLD�GHQWUR�GHO
���UDQJR�QRPLQDO

��%DODQFH�GH�FDUJD�JHQHUDFLyQ
��GHO�6LVWHPD

��&DSDFLGDG�SDUD�PDQWHQHU�9ROWDMHV
��GH�HVWDGR�HVWDEOH�DFHSWDEOHV

��%DODQFH�GH�3RWHQFLD�5HDFWLYD�

)LJXUD������&ODVLILFDFLRQHV�GH�OD�(VWDELOLGDG�HQ�6LVWHPDV�(OpFWULFRV�GH�3RWHQFLD�>��@��
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/DV� GHILQLFLRQHV� DGRSWDGDV� HQ� HVWH� WUDEDMR� HVWiQ� EDVDGDV� SULQFLSDOPHQWH� HQ� ODV� GHILQLFLRQHV�GHVDUUROODGDV�SRU�HO�&,*5e�>�@��/DV�GHILQLFLRQHV�GH�HVWDELOLGDG�HQ�HVWH�FDVR�VRQ�DQiORJDV�D�ODV�GHILQLFLRQHV� GH� HVWDELOLGDG� TXH� VH� WLHQHQ� SDUD� RWURV� VLVWHPDV� GLQiPLFRV�� 'H� HVWD� IRUPD�� VH�SUHVHQWDQ�D�FRQWLQXDFLyQ�ODV�VLJXLHQWHV�GHILQLFLRQHV���
• 8Q VLVWHPD�GH�SRWHQFLD�HQ�XQ�HVWDGR�GH�RSHUDFLyQ�GDGR��VH�GLFH�TXH�HV HVWDEOH�HQ�HO�VHQWLGR�
GH YROWDMH� DQWH� SHTXHxRV� GLVWXUELRV� VL�� SRVWHULRUPHQWH� D� FXDOTXLHU� SHTXHxR�GLVWXUELR�� ORV�YROWDMHV�FHUFDQRV�D�ODV�FDUJDV�VRQ�LGpQWLFRV�R�PX\�SDUHFLGRV�D�ORV�YDORUHV�GH�SUH�GLVWXUELR���/D� HVWDELOLGDG� GH� YROWDMH� DQWH� SHTXHxRV� GLVWXUELRV� FRUUHVSRQGH� D� XQ� PRGHOR� GLQiPLFR�OLQHDOL]DGR�FRQ�HLJHQYDORUHV�WHQLHQGR�VXV�SDUWHV�UHDOHV�QHJDWLYDV��3DUD�ILQHV�GH�DQiOLVLV��ORV�PRGHORV�GLVFRQWLQXRV�SDUD�ORV�FDPELDGRUHV�GH�WDS�SRGUtDQ�WHQHU�TXH�VHU�UHHPSOD]DGRV�FRQ�PRGHORV�FRQWLQXRV�HTXLYDOHQWHV��>�@���

• 8Q VLVWHPD� GH� SRWHQFLD� HQ� XQ� HVWDGR� GH� RSHUDFLyQ� GDGR� \� VXMHWR� D� XQ� �[�� GLVWXUELR� HV�HVWDEOH� HQ� HO� VHQWLGR� GH� YROWDMH� VL� ORV� YROWDMHV� FHUFDQRV� D� ODV� FDUJDV� VH� DSUR[LPDQ� D� ORV�YDORUHV�GH�HTXLOLEULR�GH�SRVW�GLVWXUELR���(O�HVWDGR��SHUWXUEDGR��HVWi�GHQWUR�GH�OD�UHJLyQ�GH�DWUDFFLyQ�GHO�HTXLOLEULR�HVWDEOH�GH�SRVW�GLVWXUELR��>�@���
• 8Q VLVWHPD� GH� SRWHQFLD� HQ� XQ� HVWDGR� GH� RSHUDFLyQ� GDGR� \� VXMHWR� D� XQ� �[� GLVWXUELR��H[SHULPHQWD� XQ� FRODSVR� GH� YROWDMH� VL� ORV� YROWDMHV� GH� HTXLOLEULR� GHVSXpV� GHO� GLVWXUELR� VRQ�LQIHULRUHV�D�ORV�OtPLWHV�DFHSWDEOHV��(O�FRODSVR�GH�YROWDMH�SXHGH�VHU�WRWDO��DSDJyQ��R�SDUFLDO���
• /D LQHVWDELOLGDG�GH�YROWDMH�HQ�XQ�VLVWHPD�GH�SRWHQFLD�HV�OD�DXVHQFLD�GH�HVWDELOLGDG�GH�YROWDMH�\ UHVXOWD�HQ�XQ�SURJUHVLYR�GHFUHPHQWR��R�LQFUHPHQWR��GH�YROWDMH��6LQ�HPEDUJR��OD�RSHUDFLyQ�GH FRQWUROHV� FXDQGR� pVWRV� DOFDQ]DQ� VXV� OtPLWHV� \� RWUR� WLSR� GH� DFFLRQHV� GH� FRQWURO� �S�H��GHVFRQH[LyQ�GH�FDUJD���SXHGHQ�HQ�DOJXQRV�FDVRV�HVWDEOHFHU�XQD�HVWDELOLGDG�JOREDO�>�@���
/D HVWDELOLGDG�GH�YROWDMH� LQYROXFUD�QRUPDOPHQWH�JUDQGHV�GLVWXUELRV� �LQFOX\HQGR� LQFUHPHQWRV�UiSLGRV� HQ� OD� FDUJD� R� HQ� OD� WUDQVIHUHQFLD� GH� SRWHQFLD��� $GLFLRQDOPHQWH�� OD� LQHVWDELOLGDG� VH�FDUDFWHUL]D� HQ� OD� PD\RUtD� GH� ORV� FDVRV� SRU� XQ� GHFUHPHQWR� QR� SHULyGLFR� HQ� HO� YROWDMH�� /D�LQHVWDELOLGDG�GH�XQ�YROWDMH�RVFLODWRULR�SXHGH�VHU�SRVLEOH�SHUR��HQ�FDPELR��ODV�LQHVWDELOLGDGHV�GH�FRQWURO�QR�VRQ�SHUPLWLGDV��/DV�LQHVWDELOLGDGHV�GH�FRQWURO�SXHGHQ�RFXUULU��SRU�HMHPSOR��GHELGR�D�XQD PX\� DOWD� JDQDQFLD� HQ� XQ� FRPSHQVDGRU� HVWiWLFR� GH� YDUV� �&(9�� R�� D� XQD� PX\� SHTXHxD��EDQGD PXHUWD�� HQ� XQ� UHOHYDGRU� GH� YROWDMH� FRQWURODQGR� D� XQ� EDQFR� GH� FDSDFLWRUHV� HQ�GHULYDFLyQ��/RV� IHQyPHQRV�GH� VREUHYROWDMHV� H� LQHVWDELOLGDG� WDOHV� FRPR� OD� DXWR�H[FLWDFLyQ�GH�PiTXLQDV� URWDWRULDV�� HVWiQ� IXHUD� GHO� DOFDQFH� GH� ODV� GHILQLFLRQHV� DTXt� PHQFLRQDGDV�� /RV�VREUHYROWDMHV�QRUPDOPHQWH��PiV�TXH�XQ�SUREOHPD�GH�HVWDELOLGDG�GH�VLVWHPDV�GH�SRWHQFLD�VRQ�XQ SUREOHPD�GH�HTXLSR���
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(O�WpUPLQR�VHJXULGDG�GH�YROWDMH�VH�XWLOL]D�WDPELpQ�FRQ�IUHFXHQFLD��eVWH�VH�UHILHUH�D�OD�KDELOLGDG�GH XQ� VLVWHPD�� QR� VRODPHQWH� SDUD� RSHUDU� GH�PDQHUD� HVWDEOH�� VLQR� WDPELpQ� SDUD� SHUPDQHFHU�HVWDEOH� GHVSXpV� GH� FRQWLQJHQFLDV� SUREDEOHV� R� GH� LQFUHPHQWRV� HQ� OD� FDUJD�� /R� DQWHULRU�IUHFXHQWHPHQWH�VLJQLILFD�OD�H[LVWHQFLD�GH�XQ�PDUJHQ�FRQVLGHUDEOH�GHVGH�XQ�SXQWR�GH�RSHUDFLyQ�KDVWD� HO� SXQWR� GH� LQHVWDELOLGDG� GH� YROWDMH� �R� KDVWD� HO� SXQWR� Pi[LPR� GH� WUDQVIHUHQFLD� GH�SRWHQFLD��GHVSXpV�GH�OD�RFXUUHQFLD�GH�XQD�SUREDEOH�FRQWLQJHQFLD�>�@���
$~Q FXDQGR�OD�HVWDELOLGDG�GH�YROWDMH�LQYROXFUD�IHQyPHQRV�GLQiPLFRV��ORV�PpWRGRV�HVWiWLFRV�GH�DQiOLVLV�VRQ�XWLOL]DGRV�FRQ�PiV�IUHFXHQFLD�SRU�VHU�UiSLGRV�\�SRU�VX�IDFLOLGDG�GH�LPSOHPHQWDFLyQ�DGHPiV�GH�OD�LPSRUWDQWH�H�LQPHGLDWD�LQIRUPDFLyQ�TXH�SURSRUFLRQDQ�OD�FXDO��SXHGH�VHUYLU�FRPR�SXQWR�GH�SDUWLGD�SDUD�UHDOL]DU�SRVWHULRUPHQWH�DOJXQDV�VLPXODFLRQHV�GLQiPLFDV�FRQ�OD�YHQWDMD�GH�TXH HQ� HVWH� FDVR�� \D� VH� WHQGUtD� LPSRUWDQWH� LQIRUPDFLyQ� SUHOLPLQDU� SDUD� GHFLGLU� ORV� FDVRV� GH�YHUGDGHUR�LQWHUpV�SDUD�VX�VLPXODFLyQ�HQ�HO�GRPLQLR�GHO�WLHPSR���
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������&RQFHSWRV�%iVLFRV��(Q SULPHUD�LQVWDQFLD��VH�GHVFULEHQ�FRQ�PiV�GHWDOOH�DVSHFWRV�UHODFLRQDGRV�FRQ�OD�LPSHGDQFLD�GH�ODV FDUJDV��8Q� WHRUHPD� EiVLFR� GH� UHGHV� GLFH� TXH� OD� WUDQVPLVLyQ�Pi[LPD� GH� SRWHQFLD� RFXUUH�FXDQGR�OD�PDJQLWXG�GH�OD�LPSHGDQFLD�GH�OD�FDUJD�HV�LJXDO�D�PDJQLWXG�GH�OD�LPSHGDQFLD�GH�OD�IXHQWH��3DUD�PX\�DOWDV�LPSHGDQFLDV�GH�FDUJD��PX\�EDMDV�DGPLWDQFLDV���VH�HQFXHQWUD�HQ�SXQWRV�GH RSHUDFLyQ�FRQ�DOWRV�YROWDMHV�\�EDMDV�FRUULHQWHV��3DUD�DOWDV�DGPLWDQFLDV��VH�HQFXHQWUD�DKRUD�HQ�SXQWRV�GH�RSHUDFLyQ�FRQ�EDMRV�YROWDMHV�\�DOWDV�FRUULHQWHV�>�@����
3DUD HO�FDVR�PiV�VLPSOH��FRPSXHVWR�SRU�XQD�FDUJD�UHVLVWLYD�\�XQD�UHDFWDQFLD�GH�OD�UHG��OD�ILJXUD�����PXHVWUD�ODV�UHODFLRQHV�GH�YROWDMH��FRUULHQWH��\�SRWHQFLD��&RPR�VH�PHQFLRQy�DQWHULRUPHQWH��OD SRWHQFLD�Pi[LPD�RFXUUH�FXDQGR�ODV�PDJQLWXGHV�GH�ODV�LPSHGDQFLDV�GH�OD�IXHQWH�\�OD�FDUJD�VRQ LJXDOHV��$O�YROWDMH�HQ�HO�SXQWR�GH�SRWHQFLD�Pi[LPD�VH�OH�FRQRFH�FRPR�YROWDMH�FUtWLFR�>�@���

�

�)LJXUD������5HODFLRQHV�GH�YROWDMH��FRUULHQWH�\�SRWHQFLD�SDUD�FDUJD�UHVLVWLYD�\�UHDFWDQFLD��GH OD�UHG��,VF (�;�HV�OD�FRUULHQWH�GH�FRUWR�FLUFXLWR�>�@�
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�������5HODFLyQ�(QWUH�(VWDELOLGDG�GH�9ROWDMH�\�(VWDELOLGDG�$QJXODU�
�/D HVWDELOLGDG� GH� YROWDMH� \� OD� HVWDELOLGDG� DQJXODU� HVWiQ� UHODWLYDPHQWH� HQWUHOD]DGDV�� /D�HVWDELOLGDG�GH�YROWDMH�WUDQVLWRULD�HVWi�IUHFXHQWHPHQWH�UHODFLRQDGD�FRQ�OD�HVWDELOLGDG�DQJXODU�\��ODV IRUPDV� PiV� OHQWDV� GH� HVWDELOLGDG� GH� YROWDMH� HVWiQ� tQWLPDPHQWH� UHODFLRQDGDV� FRQ� OD�HVWDELOLGDG�DQJXODU�DQWH�SHTXHxRV�GLVWXUELRV��&RQ�IUHFXHQFLD��ORV�PHFDQLVPRV�GH�ORV�GRV�WLSRV�GH HVWDELOLGDG�VRQ�GLItFLOHV�GH�VHSDUDU��6LQ�HPEDUJR��H[LVWHQ�PXFKRV�FDVRV�GRQGH�XQD�IRUPD�GH�LQHVWDELOLGDG� SUHGRPLQD�� (O� UHSRUWH� ,(((� >��@� GHVFULEH� ODV� VLWXDFLRQHV� H[WUHPDV�� �D� XQ�
JHQHUDGRU�VtQFURQR�UHPRWR��FRQHFWDGR�PHGLDQWH�OtQHDV�GH�WUDQVPLVLyQ�D�XQ�JUDQ�VLVWHPD�GH�
SRWHQFLD �HVWDELOLGDG�DQJXODU�SXUD���FDVR�PiTXLQD�EXV�LQILQLWR��\���E��XQ�JHQHUDGRU�VtQFURQR�
GH XQ� JUDQ� VLVWHPD�� FRQHFWDGR� PHGLDQWH� OtQHDV� GH� WUDQVPLVLyQ� D� XQD� FDUJD� DVtQFURQD�
�HVWDELOLGDG�GH�YROWDMH�SXUD�� /D�ILJXUD�����PXHVWUD�HVWDV�FRQGLFLRQHV�H[WUHPDV�>�@���

D��(VWDELOLGDG�DQJXODU��

E��(VWDELOLGDG�GH�YROWDMH��
�

�)LJXUD� ���� (MHPSORV� VHQFLOORV� LOXVWUDQGR� VLWXDFLRQHV� H[WUHPDV� SDUD� OD� HVWDELOLGDG�DQJXODU�\�OD�HVWDELOLGDG�GH�YROWDMH�>�@��
/D HVWDELOLGDG�DQJXODU�DVt�FRPR�OD�HVWDELOLGDG�GH�YROWDMH��HV�DIHFWDGD�SRU�HO�FRQWURO�GH�SRWHQFLD�UHDFWLYD��(Q�SDUWLFXODU��OD�LQHVWDELOLGDG�DQWH�SHTXHxRV�GLVWXUELRV��HVWDGR�HVWDEOH� LQYROXFUDQGR�LQFUHPHQWRV� QR�SHULyGLFRV� GH� iQJXORV�� IXH� XQ� JUDQ� SUREOHPD� KDVWD� TXH� ORV� UHJXODGRUHV�DXWRPiWLFRV�GH�YROWDMH�UiSLGRV�\�GH�DFFLyQ�FRQWLQXD��KLFLHURQ�VX�DSDULFLyQ��(V�SRVLEOH�REVHUYDU�XQD UHODFLyQ�HQWUH�HVWDELOLGDG�DQJXODU�DQWH�SHTXHxRV�GLVWXUELRV�\� OD�HVWDELOLGDG�GH�YROWDMH�GH�ODUJR� WpUPLQR�� HO� OLPLWDGRU� GH� FRUULHQWH� GHO� JHQHUDGRU� �PHMRU� FRQRFLGR� FRPR� OLPLWDGRU� GH�VREUHH[FLWDFLyQ��HYLWD�OD�UHJXODFLyQ�DXWRPiWLFD�GH�YROWDMH�QRUPDO��(O�OLPLWDGRU�GH�FRUULHQWH�GHO�JHQHUDGRU�HV�PX\�SHUMXGLFLDO�SDUD�DPEDV�IRUPDV�GH�HVWDELOLGDG�>�@���

,PSHGDQFLD�GH�OtQHDV�

,PSHGDQFLD�GH�OtQHDV�
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/D�HVWDELOLGDG�GH�YROWDMH�HVWi�UHODFLRQDGD�FRQ�iUHDV�GH�FDUJD�\�FDUDFWHUtVWLFDV�GH�OD�FDUJD��3DUD�OD HVWDELOLGDG� DQJXODU�� IUHFXHQWHPHQWH� HO� LQWHUpV� UDGLFD� HQ� HO� FDVR� GH� LQWHJUDU� SODQWDV� GH�JHQHUDFLyQ�UHPRWDV�D�XQ�JUDQ�VLVWHPD�GH�SRWHQFLD�D�WUDYpV�GH�ODUJDV�OtQHDV�GH�WUDQVPLVLyQ��/D�HVWDELOLGDG� GH� YROWDMH� HV� EiVLFDPHQWH� HVWDELOLGDG� GH� OD� FDUJD� \�� OD� HVWDELOLGDG� DQJXODU� HV�EiVLFDPHQWH�HVWDELOLGDG�GHO�JHQHUDGRU�>�@���
(Q XQ�JUDQ�VLVWHPD�LQWHUFRQHFWDGR��HO�FRODSVR�GH�YROWDMH�HQ�XQ�iUHD�GH�FDUJD�SXHGH�VHU�SRVLEOH�VLQ QHFHVLGDG�GH�TXH�VH�SUHVHQWH�OD�SpUGLGD�GH�VLQFURQLVPR�GH�QLQJ~Q�JHQHUDGRU���
/D HVWDELOLGDG�GH�YROWDMH�WUDQVLWRULD�JHQHUDOPHQWH�VH�HQFXHQWUD�PiV�FHUFDQDPHQWH�DVRFLDGD�FRQ�OD HVWDELOLGDG� DQJXODU� GHO� URWRU�� (Q� FDPELR�� OD� HVWDELOLGDG� GH� YROWDMH� GH� ODUJR� WpUPLQR� HVWi�PHQRV UHODFLRQDGD�FRQ�OD�HVWDELOLGDG�DQJXODU�>�@���
'H HVWD�IRUPD��VL�HO�YROWDMH�VH�FRODSVD�HQ�XQ�SXQWR�GH�XQ�VLVWHPD�GH�WUDQVPLVLyQ�UHPRWR�GH�ODV�FDUJDV��VH�WUDWD�HQWRQFHV�GH�XQ�SUREOHPD�GH�LQHVWDELOLGDG�DQJXODU��(Q�FDPELR��VL�HO�YROWDMH�VH�FRODSVD�HQ�XQ�iUHD�GH�FDUJD��VH�WLHQH�FRQ�PXFKD�SUREDELOLGDG�XQ�SUREOHPD�GH�LQHVWDELOLGDG�GH�YROWDMH���
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������0iUJHQHV�GH�7LHPSR�\�0HFDQLVPRV�GH�OD�,QHVWDELOLGDG�GH�9ROWDMH���/D LQHVWDELOLGDG�GH�YROWDMH�\�OD�GLQiPLFD�GHO�FRODSVR�VH�H[WLHQGH�HQ�XQ�UDQJR�GH�WLHPSR�GHVGH�XQD IUDFFLyQ�GH�VHJXQGR�KDVWD�GHFHQDV�GH�PLQXWRV���3DUD GHVFULELU� HO� IHQyPHQR� GLQiPLFR� VH� HPSOHDQ� JHQHUDOPHQWH� JUiILFDV� GH� UHVSXHVWD� HQ� HO�WLHPSR >�@�� /D� ILJXUD� ��� PXHVWUD� TXH� PXFKRV� FRPSRQHQWHV� \� FRQWUROHV� GHO� 6LVWHPD� GH�3RWHQFLD� MXHJDQ� XQ� SDSHO� HVSHFtILFR� HQ� OD� HVWDELOLGDG� GH� YROWDMH� VLQ� HPEDUJR�� VRODPHQWH�DOJXQRV�GH�HOORV�SDUWLFLSDUiQ� VLJQLILFDWLYDPHQWH� HQ�XQ� LQFLGHQWH�R�HVFHQDULR�HQ�SDUWLFXODU�GH�DFXHUGR� D� ODV� FDUDFWHUtVWLFDV� GHO� VLVWHPD� \� HO� WLSR� GH� GLVWXUELR�� DVSHFWRV� TXH� ILQDOPHQWH�GHWHUPLQDUiQ�FXDOHV�IHQyPHQRV�VRQ�HQ�YHUGDG�LPSRUWDQWHV���/D ILJXUD�����LOXVWUD�WDPELpQ�XQD�FODVLILFDFLyQ�GH�OD�HVWDELOLGDG�GH�YROWDMH�GHQWUR�GH�PiUJHQHV�GH WLHPSR� WUDQVLWRULRV�\�GH� ODUJR� WpUPLQR��([LVWH�FDVL�VLHPSUH�XQD�FODUD�VHSDUDFLyQ�HQWUH� ORV�GRV PDUFRV�GH�WLHPSR�>�@���

� �� ��� ���� ��������

(VWDELOLGDG�GH�9ROWDMH�7UDQVLWRULD (VWDELOLGDG�GH�9ROWDMH�GH�/DUJR�7pUPLQR

'LQiPLFD�GHO�0RWRU�GH�,QGXFFLyQ
,QFUHPHQWR�GH�OD�3RWHQFLD�7UDQVIHULGD���&DUJD

'LQiPLFD�GH�OD�H[FLWDFLyQ���*HQHUDGRU 5HJXODFLyQ�GLVWDQWH�GH�YROWDMH��\��7UDQVIRUPDGRU�FRQ�FDPELDGRU�GH�FDUJD

&RQWURO�GHO�3ULPR�0RWRU 7HUPRVWDWR���'LYHUVLGDG�GH�&DUJD

&DSDFLWRUHV�6ZLWFKHDGRV�0HFiQLFDPHQWH /tPLWDGRUHV�GH�([FLWDFLyQ $UUDQTXH�GH�7XUELQD�GH�*DV

'LVSDUR�GH�&DUJD�SRU�%DMR�9ROWDMH 2SHUDGRU�GH�&HQWUDO�*HQHUDGRUD

69& $*&���&DPELR�GH�*HQHUDFLyQ

'LQiPLFD�,QHUFLDO�GHO�*HQHUDGRU 'LQiPLFD�GH�OD�&DOGHUD 6REUHFDUJD�GH�/tQHDV�7UDQVIRUPDGRUHV

&RUULHQWH�'LUHFWD /7&V�GH�FRQYHULGRUHV�GH�&' 2SHUDGRU�GHO�6LVWHPD

5HOHYDGRUHV�GH�3URWHFFLyQ�,QFOX\HQGR�3URWHFFLyQ�GH�6REUHFDUJD

��0LQXWR ���0LQXWRV ��+RUD

7LHPSR��>6HJXQGRV@

)LJXUD�������)HQyPHQR�GH�HVWDELOLGDG�GH�YROWDMH�\�UHVSXHVWDV�HQ�HO�WLHPSR�>�@�
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������0HFDQLVPRV�\�(VFHQDULRV�GH�OD�,QHVWDELOLGDG�GH�9ROWDMH���'H DFXHUGR� D� OD� ILJXUD� ����� OD� HVWDELOLGDG� GH� YROWDMH� VH� SXHGH� GLYLGLU� HQ� WUHV� HVFHQDULRV� ORV�FXDOHV�� D\XGDQ� D� ORJUDU� XQD� FODVLILFDFLyQ� VLPSOH� SHUR� LOXVWUDWLYD� GH� HVWH� IHQyPHQR�� (VWRV�HVFHQDULRV�VRQ�GHVFULWRV�EUHYHPHQWH�D�FRQWLQXDFLyQ�>�@���
$����(VFHQDULR���������(VWDELOLGDG�GH�9ROWDMH�7UDQVLWRULD��
�
%����(VFHQDULR��������(VWDELOLGDG�GH�9ROWDMH�GH�/DUJR�3OD]R��
�

&����(VFHQDULR��������,QHVWDELOLGDG�GH�9ROWDMH�GH�/DUJR�3OD]R���
$����(VFHQDULR����� (VWDELOLGDG�GH�9ROWDMH�7UDQVLWRULD���(O PDUJHQ� GH� WLHPSR� HQ� HVWH� FDVR�� YD� GHVGH� FHUR� KDVWD� DSUR[LPDGDPHQWH� GLH]� VHJXQGRV� OR�FXDO��HV�WDPELpQ�HO�SHULRGR�GH�WLHPSR�TXH�FRPSUHQGH�OD�HVWDELOLGDG�DQJXODU��(Q�HVWH�SHULRGR�OD�GLVWLQFLyQ�HQWUH�OD�LQHVWDELOLGDG�GH�YROWDMH�\�OD�LQHVWDELOLGDG�DQJXODU�QR�HV�VLHPSUH�PX\�FODUD�\��HQ�DOJXQRV�FDVRV��SXHGHQ�H[LVWLU�IHQyPHQRV�UHODFLRQDGRV�FRQ�DPERV�DVSHFWRV��&RQ�IUHFXHQFLD��XQD GLV\XQWLYD�TXH�VH�SUHVHQWD�HV�HO�VDEHU�D�FLHQFLD�FLHUWD�VL�HO�FRODSVR�GH�YROWDMH�SURYRFD�OD�SpUGLGD�GH�VLQFURQLVPR�R��SRU�HO�FRQWUDULR�� VL� OD�SpUGLGD�GH�VLQFURQLVPR�FDXVD�HO�FRODSVR�GH�YROWDMH�� (Q� HVWH� VHQWLGR� HV� LPSRUWDQWH� WHQHU� VLHPSUH� HQ� FXHQWD� TXH� HO� FRODSVR� GH� YROWDMH� HV�SURYRFDGR�SRU�FRPSRQHQWHV�GH�FDUJD�GHVIDYRUDEOHV�\�GH�DFFLyQ�UiSLGD�WDOHV�FRPR�PRWRUHV�GH�LQGXFFLyQ�\�FRQYHUWLGRUHV�GH�FRUULHQWH�GLUHFWD���3DUD FDtGDV� VHYHUDV�GH�YROWDMH� �SRU� HMHPSOR�GXUDQWH� FRUWR� FLUFXLWRV� OLEHUDGRV� OHQWDPHQWH��� OD�GHPDQGD� GH� SRWHQFLD� UHDFWLYD� SRU� SDUWH� GH� ORV� PRWRUHV� GH� LQGXFFLyQ� VH� LQFUHPHQWD��FRQWULEX\HQGR�DO�FRODSVR�GH�YROWDMH�D�PHQRV�TXH�OD�SURWHFFLyQ�R�ORV�FRQWDFWRUHV�GLVSDUHQ�ORV�PRWRUHV���(VWR�KD�VLGR�OODPDGR�WDPELpQ�LQHVWDELOLGDG�GHO�PRWRU�GH�LQGXFFLyQ�>��@�� 3RVWHULRU�D OD�RFXUUHQFLD�GH�DOJXQD�IDOOD��ORV�PRWRUHV�WLHQHQ�GLILFXOWDG�SDUD�ORJUDU�XQ�UHDFHOHUDPLHQWR��(O�SDUR�R�IUHQDGR�GH�PRWRUHV�SXHGH�FDXVDU�TXH�RWURV�PRWRUHV�FHUFDQRV�VH�DKRJXHQ�WDPELpQ��(Q�HVWXGLRV�GH�VLPXODFLyQ��ORV�PRWRUHV�SRU�VHU�FDUJDV�LPSRUWDQWHV�GHEHQ�VHU�UHSUHVHQWDGRV�FRPR�GLVSRVLWLYRV� GLQiPLFRV�� /D� FDUDFWHUtVWLFD� GH� OD� FRPSHQVDFLyQ� FRQ� EDQFRV� GH� FDSDFLWRUHV� HQ�SDUDOHOR��SRWHQFLD�UHDFWLYD�SURSRUFLRQDO�DO�FXDGUDGR�GHO�YROWDMH��DXPHQWD�ORV�SUREOHPDV����(O DLVODPLHQWR�HOpFWULFR�\�ORV�HVWXGLRV�GH�GLVSDUR�GH�FDUJD�SRU�EDMD�IUHFXHQFLD�KDQ�PRVWUDGR�XQ�SUREDEOH FRODSVR�GH�YROWDMH�FXDQGR�HO�GHVHTXLOLEULR�HQ�OD�LVOD�HV�PD\RU�DO������(Q�HVWH�FDVR��HO�YROWDMH� GHFDH�PiV� UiSLGR� TXH� OD� IUHFXHQFLD�� HO� GHFUHPHQWR� GH� YROWDMH� D� VX� YH]�� DIHFWD� D� ODV�FDUJDV�FRQ�VHQVLWLYLGDG�GH�YROWDMH��OHQWDPHQWH�OD�IUHFXHQFLD�GHFDH�\�RSHUDQ�ORV�UHOHYDGRUHV�GH�GLVSDUR�GH�FDUJD�SRU�EDMD�IUHFXHQFLD��7DPELpQ�H[LVWH�OD�SRVLELOLGDG�GH�TXH�HVWRV�UHOHYDGRUHV�QR�RSHUHQ GHELGR�D�ORV�EDMRV�YROWDMHV�SRU�OR�TXH��SRGUtD�VHU�QHFHVDULR�HO�GLVSDUR�GH�FDUJD�SRU�EDMR�YROWDMH��&RQ�REMHWR�GH�LOXVWUDU�FODUDPHQWH�HVWRV�~OWLPRV�DVSHFWRV��HQ�OD�ILJXUD�����VH�PXHVWUD�HO�FRPSRUWDPLHQWR�GHO�YROWDMH�\�OD�IUHFXHQFLD�SDUD�XQ�LQFLGHQWH�RFXUULGR�HQ�HO�6XU�GH�)ORULGD��HQ�0D\R GH������>�@���
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(Q� HVWD� ILJXUD� VH� SXHGH� YHU� FRPR� RFXUUH� HO� FRODSVR� GH� YROWDMH� DQWHV� GH� TXH� OD� IUHFXHQFLD�GHFDLJD� D� ORV� SXQWRV� GH� RSHUDFLyQ� GHO� GLVSDUR� GH� FDUJD� SRU� EDMD� IUHFXHQFLD�� /DV� FDUJDV�FRQVWLWXLGDV�SRU�PRWRUHV�GH� LQGXFFLyQ�� LQFOX\HQGR� ORV�PRWRUHV�GH�VHUYLFLRV�DX[LOLDUHV�GH� ODV�SODQWDV��GHVHPSHxDURQ�XQ�SDSHO�PX\�LPSRUWDQWH�HQ�HO�GHVDUUROOR�GHO�LQFLGHQWH���(Q ORV� ~OWLPRV� DxRV�� OD� LQWHJUDFLyQ� GH� HQODFHV� GH� DOWR� YROWDMH� HQ� FRUULHQWH� GLUHFWD� �+9'&��GHQWUR� GH� VLVWHPDV� GH� SRWHQFLD� FRQ� GpELO� VRSRUWH� GH� YROWDMH�� KD� SURYRFDGR� WDPELpQ� VHULRV�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH�WUDQVLWRULD�>��@����

)LJXUD�������9ROWDMH�\�IUHFXHQFLD�SDUD�HO�VXU�GH�)ORULGD�GXUDQWH�HO�DSDJyQ�GHO����GH�0D\R�GH������>�@�

%����(VFHQDULR��������(VWDELOLGDG�GH�9ROWDMH�GH�/DUJR�7pUPLQR��3DUD HVWH� HVFHQDULR� HO� PDUFR� GH� WLHPSR� HV� GH� DOJXQRV� PLQXWRV� �WtSLFDPHQWH� GH� GRV� D� WUHV�PLQXWRV�GH�GXUDFLyQ���(Q�HVWH�FDVR��OD�LQWHUYHQFLyQ�GHO�RSHUDGRU�IUHFXHQWHPHQWH�QR�HV�SRVLEOH��3DUD GHVFULELU�HVWH�HVFHQDULR�KDQ�VLGR�XWLOL]DGRV�WpUPLQRV�FRPR�HVWDELOLGDG�GH�PHGLR�WpUPLQR�\ HVWDELOLGDG�SRVW�WUDQVLWRULD�R�GH�SRVW�GLVWXUELR�

(VWH HVFHQDULR�VH�SUHVHQWD�GHELGR�D�DOWRV�QLYHOHV�GH�FDUJD��JUDQGHV�LPSRUWDFLRQHV�GH�SRWHQFLD�GH SXQWRV�GH�JHQHUDFLyQ�UHPRWD�R��DOJ~Q�GLVWXUELR�V~ELWR�\�JUDQGH��(O�VLVWHPD�HQ�HVWH�FDVR�HV�WUDQVLWRULDPHQWH�HVWDEOH�GHELGR�D�OD�VHQVLWLYLGDG�GH�YROWDMH�GH�ODV�FDUJDV��'LVWXUELRV�WDOHV�FRPR�OD SpUGLGD�GH�JUDQGHV�JHQHUDGRUHV�HQ�XQ�iUHD�GH�FDUJD��R�OD�SpUGLGD�GH�OtQHDV�GH�WUDQVPLVLyQ�LPSRUWDQWHV��SURYRFDQ�DOWDV�SpUGLGDV�GH�SRWHQFLD�UHDFWLYD�\�FRQVHFXHQWHPHQWH��GHSUHVLRQHV�GH�YROWDMH� HQ� ODV� iUHDV� GH� FDUJD��&XDQGR� HVWR� RFXUUH�� ORV� FDPELDGRUHV�GH� WDS�EDMR�FDUJD�GH� ORV�WUDQVIRUPDGRUHV��8/7&��\�ORV�UHJXODGRUHV�GH�YROWDMH�HQ�GLVWULEXFLyQ��VHQVDQ�ORV�EDMRV�YROWDMHV�\ DFW~DQ� SDUD� UHVWDXUDU� ORV� YROWDMHV� GH� GLVWULEXFLyQ� UHFXSHUDQGR� SRU� OR� WDQWR�� ORV� QLYHOHV� GH�SRWHQFLD GH�OD�FDUJD��
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/D� UHVWDXUDFLyQ� GH� OD� FDUJD� SURYRFD� IXHUWHV� GHSUHVLRQHV� HQ� ORV� YROWDMHV� GH� WUDQVPLVLyQ�� /RV�JHQHUDGRUHV� FHUFDQRV� VRQ� VREUHH[FLWDGRV� \� VREUHFDUJDGRV� SHUR�� ORV� OLPLWDGRUHV� GH�VREUHH[FLWDFLyQ� �R� ORV� RSHUDGRUHV� GH� ODV� SODQWDV��� UHWRUQDQ� ODV� FRUULHQWHV� GH� FDPSR� D� VXV�YDORUHV�QRPLQDOHV�WDQ�SURQWR�FRPR�OD�FDSDFLGDG�GHO�WLHPSR�GH�VREUHFDUJD��GRV�D�WUHV�PLQXWRV��H[SLUD��&XDQGR�HVWR�VXFHGH��ORV�JHQHUDGRUHV�OHMDQRV�GHEHQ�HQWRQFHV�SURSRUFLRQDU�OD�SRWHQFLD�UHDFWLYD OR�FXDO��HV� LQHILFLHQWH�\�SRFR�HIHFWLYR�SRU� ORV� LQFRQYHQLHQWHV��PD\RUHV�SpUGLGDV�SRU�HMHPSOR�� TXH� WUDH� FRQVLJR�� (O� VLVWHPD� GH� WUDQVPLVLyQ� \� JHQHUDFLyQ� QR� SXHGH� VRSRUWDU�ODUJDPHQWH� ODV� FDUJDV� \� ODV� SpUGLGDV� UHDFWLYDV� SRU� OR� TXH�� OR� TXH� SURVLJXH� HV� XQ� UiSLGR�GHFUHFLPLHQWR�HQ�HO�YROWDMH�\��ILQDOPHQWH��XQ�SDUFLDO�R�FRPSOHWR�FRODSVR�GH�YROWDMH��/D�HWDSD�ILQDO SRGUtD�LQYROXFUDU�DWDVFDPLHQWRV�GH�PRWRUHV�GH�LQGXFFLyQ�\�RSHUDFLRQHV�GH�UHOHYDGRUHV�GH�SURWHFFLyQ�� 'HSHQGLHQGR� GHO� WLSR� \� FDUDFWHUtVWLFDV� GH� ODV� FDUJDV� �LQFOX\HQGR� PHGLRV� SDUD�GHVFRQH[LyQ�SRU�EDMR�YROWDMH��HO�FRODSVR�SXHGH�VHU�SDUFLDO�R�WRWDO���

&��� ��(VFHQDULR�������,QHVWDELOLGDG�GH�9ROWDMH�GH�/DUJR�7pUPLQR���/D LQHVWDELOLGDG�GH�YROWDMH�VH�GHVDUUROOD�VREUH�XQ�WUDQTXLOR�\�PiV�ODUJR�SHULRGR�GH�WLHPSR�\�HV�RULJLQDGD�SULQFLSDOPHQWH�SRU�LQFUHPHQWRV�JUDQGHV�\�UHSHQWLQRV�GH�OD�FDUJD��ORV�SLFRV�GH�FDUJD�GH OD�PDxDQD�\�OD�WDUGH�SRU�HMHPSOR��\�WDPELpQ��SRU�JUDQGHV�\�PX\�UiSLGRV�LQFUHPHQWRV�HQ�OD�WUDQVIHUHQFLD�GH�SRWHQFLD���
(O FUHFLPLHQWR� GH� OD� FDUJD�� PHGLGR� HQ�PHJDZDWWV�PLQXWR�� SXHGH� VHU� DEVROXWDPHQWH� UiSLGR��$FFLRQHV� GHO� RSHUDGRU�� WDOHV� FRPR� XQD� RSRUWXQD� DSOLFDFLyQ� GH� HTXLSR� SDUD� VXPLQLVWUR� GH�SRWHQFLD UHDFWLYD� R� GLVSDUR� GH� FDUJD�� SXHGHQ� OOHJDU� D� VHU� QHFHVDULDV� SDUD� SUHYHQLU� OD�LQHVWDELOLGDG�� )DFWRUHV� FRPR� HO� OtPLWH� GH� WLHPSR� GH� VREUHFDUJD� GH� OtQHDV� GH� WUDQVPLVLyQ��GHFHQDV�GH�PLQXWRV��\��SpUGLGDV�GH�XQD�GLYHUVLGDG�GH�FDUJD�GHELGR�DO�EDMR�YROWDMH��SXHGHQ�VHU�LPSRUWDQWHV��/D�HWDSD�ILQDO�GH�OD�LQHVWDELOLGDG�LQFOX\H�DFFLRQHV�GH�HTXLSR�PiV�UiSLGR�FRPR�HO�GHVFULWR�HQ�ORV�HVFHQDULRV���\�����
([LVWHQ� PXFKDV� LQWHUDFFLRQHV� HQWUH� ORV� GLIHUHQWHV� HTXLSRV� \� ORV� PiUJHQHV� GH� WLHPSR�� 3RU�HMHPSOR��OD�UHJXODFLyQ�GH�YROWDMHV�PHGLDQWH�FDPELDGRUHV�GH�WDS�YD�D�SUHYHQLU�OD�SpUGLGD�GH�XQD�GLYHUVLGDG�GH�FDUJDV�SRU�PHGLR�GH�OD�UHJXODFLyQ�WHUPRVWiWLFD�GH�FDUJDV�GH�HQHUJtD�FRQVWDQWH��&RPR RWUR�HMHPSOR�� OD�RSHUDFLyQ�GHO� OLPLWDGRU�GH�Pi[LPD�H[FLWDFLyQ�SUHYLHQH� OD� UHJXODFLyQ�QRUPDO GHO�YROWDMH�GHO�JHQHUDGRU��
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������0HFDQLVPRV���'LQiPLFD�GH�OD�&DUJD��3XQWRV�GH�(TXLOLEULR�\�5HJLRQHV�GH�$WUDFFLyQ���/D HVWDELOLGDG� GH� YROWDMH� KD� VLGR� OODPDGD� WDPELpQ�HVWDELOLGDG� GH� OD� FDUJD� /D� �FDUJD�� HV� OD�FDUJD�YLVWD�HQ�ORV�QRGRV�GH�DOWR�YROWDMH�GHO�VLVWHPD�GH�WUDQVPLVLyQ�H�LQFOX\H�ORV�HIHFWRV�GH�ORV�VLVWHPDV� GH� VXEWUDQVPLVLyQ� \� GLVWULEXFLyQ�� /D� UHVWDXUDFLyQ� GH� ODV� FDUJDV� TXH� KDQ� VLGR�WHPSRUDOPHQWH� UHGXFLGDV�SRU� HO�EDMR�YROWDMH� HV�XQ�DVSHFWR�FODYH�GH� OD�HVWDELOLGDG�GH�YROWDMH�>�@���
/D FDUJD�DFWLYD��UHDO��HV�UHVWDXUDGD�PHGLDQWH�WUHV�PHFDQLVPRV�>�@���
�� /RV�PRWRUHV�GH�LQGXFFLyQ�UHVSRQGHQ�UiSLGDPHQWH�SDUD�LJXDODU�VX�FDUJD�PHFiQLFD�GHQWUR�

GH� XQRV� FXDQWRV� VHJXQGRV� SRVWHULRUHV� D� LQHVSHUDGRV� FDPELRV� HQ� HO� YROWDMH��
,QPHGLDWDPHQWH� GHVSXpV� GH� XQ� FDPELR� UHSHQWLQR� HQ� HO� VLVWHPD� IXHQWH�� ORV� PRWRUHV� GH�
LQGXFFLyQ� DFW~DQ� FRPR� LPSHGDQFLDV� GH� FDUJD��� HVWR� HV� HYLGHQWH�GHVGH� HO� ELHQ� FRQRFLGR�
FLUFXLWR� HTXLYDOHQWH�� FRQVLGHUDQGR� TXH� HO� GHVOL]DPLHQWR� QR� SXHGH� FDPELDU�
LQVWDQWiQHDPHQWH�GHELGR�D�OD�LQHUFLD�GHO�PRWRU��3DUD�GLVPLQXFLRQHV�OHQWDV�GH�YROWDMH��OD�
UHVSXHVWD�UiSLGD�GH�PRWRUHV��UDVWUHD��OD�GLQiPLFD�OHQWD�GH�RWURV�HTXLSRV��DFWXDQGR�FRPR�
FDUJDV�GH�SRWHQFLD�DFWLYD�FRQVWDQWH��

�
�� /RV� FDPELDGRUHV� DXWRPiWLFRV� GH� WDS� EDMR� FDUJD� �8/7&�� GH� ORV� WUDQVIRUPDGRUHV� \� ORV�

UHJXODGRUHV�GH�YROWDMH�HQ�GLVWULEXFLyQ�RSHUDQ�VREUH�GHFHQDV�GH�VHJXQGRV�D�YDULRV�PLQXWRV�
SDUD� UHVWDXUDU� HO� YROWDMH� GHO� ODGR� GH� OD� FDUJD� \�� HQ� FRQVHFXHQFLD�� ODV� FDUJDV� FRQ�
VHQVLWLYLGDG�GH�YROWDMH��/D�SRWHQFLD�UHDFWLYD�GH�OD�FDUJD�\�OD�VDOLGD�GH�SRWHQFLD�UHDFWLYD�
GH�OD�FRPSHQVDFLyQ�HQ�SDUDOHOR�VRQ�WDPELpQ�UHVWDXUDGDV��

�
�� /DV� FDUJDV� UHVLVWLYDV� GH� HQHUJtD� FRQVWDQWH� VRQ� UHVWDXUDGDV� SRU� PHGLR� GH� FRQWUROHV�

WHUPRVWiWLFRV� R� PDQXDOHV�� 3DUD� FDUJDV� DGLFLRQDGDV� HVWR� UHVXOWD� HQ� XQD� SpUGLGD� GH�
GLYHUVLGDG�GH�FDUJD�VREUH�XQ�SHULRGR�GH�WLHPSR�SRVWHULRU�D�OD�UHGXFFLyQ�GH�YROWDMH���

&RPR XQD�SULPHUD�DSUR[LPDFLyQ��ODV�GLQiPLFDV�GH�ORV�WUHV�PHFDQLVPRV�GH�UHVWDXUDFLyQ�GH�OD�FDUJD�VRQ�GH�SULPHU�RUGHQ�\�SXHGHQ�VHU�PRGHODGDV�XWLOL]DQGR�XQD�VROD�FRQVWDQWH�GH� WLHPSR���3DUD FDPELDGRUHV�GH�WDS��LQFOXVLyQ�GH�EDQGDV�PXHUWDV��UHOHYDGRUHV�GH�WLHPSR�\�GH�YROWDMH��\�WDSV GLVFUHWRV��HVWD�DSUR[LPDFLyQ�HV�DEVROXWDPHQWH�LPSHUIHFWD���$~Q�FXDQGR�ODV�FRQVWDQWHV�GH�WLHPSR VRQ�GLIHUHQWHV��ODV�HFXDFLRQHV�VRQ�VLPLODUHV�HQ�IRUPD�\�ORV�PHFDQLVPRV�GH�UHVWDXUDFLyQ�GH OD�FDUJD�SXHGHQ�VHU�XQLIRUPL]DGRV�SDUD� ILQHV�GH�DQiOLVLV� >������@��/RV� WUHV� WLSRV�GH�FDUJD�SXHGHQ HVWDU�SUHVHQWHV�HQ�XQ�QRGR�GH�UHSDUWLFLyQ�GH�FDUJD�GH�XQ�VLVWHPD�GH�SRWHQFLD�FRPR�VH�PXHVWUD�HQ�OD�ILJXUD������
�
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�

� )LJXUD�������7UHV�GLIHUHQWHV�PHFDQLVPRV�SDUD�UHVWDEOHFLPLHQWR��GH FDUJDV�FRQ�VHQVLWLYLGDG�GH�YROWDMH�>�@�
/DV� YDULDEOHV� GH� HVWDGR� SDUD� ORV� PRGHORV� GH� SULPHU� RUGHQ� GH� ORV� WUHV� PHFDQLVPRV� GH�UHVWDEOHFLPLHQWR� GH� OD� FDUJD� SXHGHQ� VHU� WRPDGRV�� UHVSHFWLYDPHQWH�� FRPR� GHVOL]DPLHQWR� GH�PRWRU��V��� UHODFLyQ�GH� ORV�FDPELDGRUHV�GH� WDS��Q�� \�FRQGXFWDQFLD�GH�OD�FDUJD��*���&RQIRUPH�FDGD�YDULDEOH�GH�HVWDGR�VH�LQFUHPHQWD�GHVGH�FHUR��OD�SRWHQFLD�GH�OD�FDUJD�DXPHQWD��DOFDQ]D�XQ�Pi[LPR��\�GHVSXpV�GLVPLQX\H��YHU�ILJXUD�������&RQIRUPH�OD�YDULDEOH�GH�HVWDGR�FUHFH��HO�YROWDMH�GHFUHFH�GH�PDQHUD�PRQyWRQD���3DUD PRWRUHV� GH� LQGXFFLyQ�� OD� ILJXUD� ���� HV� VLPLODU� D� ODV� \D� FRQRFLGDV� FXUYDV� 3DU�
GHVOL]DPLHQWR� (Q�HVWH�FDVR��OD�HFXDFLyQ�GLIHUHQFLDO�GH�SULPHU�RUGHQ�DSOLFDEOH�HV���

�+ GV
GW 3 3R HZ = − � ������

�GRQGH 3R HV�OD�SRWHQFLD�PHFiQLFD�LQLFLDO�OD�FXDO��SRU�VLPSOLFLGDG��VH�DVXPH�FRQVWDQWH��
�

�

�)LJXUD�����3RWHQFLD�FRQWUD�YDULDEOH�GH�HVWDGR�GH�OD�GLQiPLFD�GH�FDUJD��$GDSWDGD�GH�9DQ�&XWVHP�>��@���
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3DUD� OD� HVWDELOLGDG� SRVWHULRU� D� XQ� JUDQ� GLVWXUELR�� HO� GHVOL]DPLHQWR� HQ� HO� PRPHQWR� GH� OD�FRQILJXUDFLyQ� ILQDO� GHO� VLVWHPD� RULJLQDO� �HV� GHFLU�� GHVSXpV� GH� OD� OLEHUDFLyQ� GH� OD� IDOOD�� GHEH�HVWDU� GHQWUR� GH� OD� UHJLyQ� GH� DWUDFFLyQ� GH� XQ� SXQWR� HVWDEOH� GH� HTXLOLEULR� [V� /D� UHJLyQ� GH�DWUDFFLyQ�VH�H[WLHQGH�KDVWD�HO�SXQWR�LQHVWDEOH�GH�HTXLOLEULR�[X� �YHU�HFXDFLyQ�������/R�DQWHULRU�VXFHGH SDUD�OD�UHJLyQ�HQWUH�[V \ [X� HVWR�HV�GHELGR�D�TXH�3H HV�PiV�JUDQGH�TXH�OD�SRWHQFLD�LQLFLDO�
3R \ HO�PRWRU�WHQGHUi�D�DFHOHUDUVH��HO�GHVOL]DPLHQWR�GHFUHFHUi��KDVWD�[V�

3DUD XQ� JUDQ� Q~PHUR� GH� FDUJDV� FDORUtILFDV� FRQWURODGDV� WHUPRVWiWLFDPHQWH�� XQD� HFXDFLyQ�DSOLFDEOH�HV�OD�VLJXLHQWH���
7 G*

GW 3 9 *R /= − � ������
�

/D VLWXDFLyQ�HV�VLPLODU�DO�FDVR�GHO�PRWRU�GH�LQGXFFLyQ��3DUD�OD�HVWDELOLGDG�SRVWHULRU�D�XQ�JUDQ�GLVWXUELR��OD�FRQGXFWDQFLD�DO�PRPHQWR�GH�OD�FRQILJXUDFLyQ�ILQDO�GHO�VLVWHPD�RULJLQDO��HV�GHFLU��GHVSXpV� GH� OD� UHVWDXUDFLyQ� GHO� FLUFXLWR� \� OD� LQVHUFLyQ� GHO� FDSDFLWRU� HQ� SDUDOHOR�� GHEH� HVWDU�GHQWUR�GH�OD��UHJLyQ�GH�DWUDFFLyQ��GHO�SXQWR�HVWDEOH�GH�HTXLOLEULR�[V� /D�UHJLyQ�GH�DWUDFFLyQ�VH�H[WLHQGH�KDVWD�HO�SXQWR�LQHVWDEOH�GH�HTXLOLEULR�[X� �YHU�HFXDFLyQ�������/R�DQWHULRU�VXFHGH�SDUD�OD�
UHJLyQ HQWUH�[V \ [X� HVWR�HV�GHELGR�D�TXH�9 */

� HV�PiV�JUDQGH�TXH�3R�\ ORV�WHUPRVWDWRV�UHGXFLUiQ�
OD FRQGXFWDQFLD��H�LQFUHPHQWD�HO�YROWDMH��KDVWD�TXH�HO�SXQWR�[V HV�DOFDQ]DGR���
/D VLWXDFLyQ�FRQ�ORV�FDPELDGRUHV�GH�WDS�HV�VLPLODU�GH�QXHYD�FXHQWD��(Q�HIHFWR��OD�IRUPXODFLyQ�SXHGH VHU� PRGLILFDGD� GH� WDO� PDQHUD� TXH� OD� HFXDFLyQ� ���� VH� SXHGD� DSOLFDU�� GRQGH� *� HV� OD�FRQGXFWDQFLD�UHIHULGD�DO�ODGR�GH�DOWR�YROWDMH�GHO�FDPELDGRU�GH�WDS�>��@���
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������5HTXHULPLHQWRV�GH�0RGHODGR�GHO�6(3�3DUD�(VWXGLRV�GH�(VWDELOLGDG�GH�9ROWDMH�
/D�LQHVWDELOLGDG�GH�YROWDMH�HV�XQ�IHQyPHQR�GLQiPLFR�TXH�LQYROXFUD�OD�LQWHUDFFLyQ�GH�PXFKRV�GLVSRVLWLYRV�\�SXHGH�YHUVH�LQIOXHQFLDGR�SRU�HO�FRPSRUWDPLHQWR�QR�OLQHDO�GH�DOJXQRV�HOHPHQWRV�GHO�VLVWHPD����(Q HVWD�VHFFLyQ�VH�GHVFULEHQ�HQ�IRUPD�JHQHUDO��ORV�UHTXHULPLHQWRV�HQ�HO�PRGHODGR�GH�DOJXQRV�GH ORV�HOHPHQWRV�GHO�6(3�TXH�WLHQHQ�XQ�PD\RU�LPSDFWR�VREUH�OD�LQHVWDELOLGDG�GH�YROWDMH����(V LPSRUWDQWH� VHxDODU� TXH� HQ HO� FDVR� SDUWLFXODU� GH� HVWH� WUDEDMR� GH� WHVLV�� QR� VH� UHDOL]D� HO�
PRGHODGR� GH� WRGRV� HVWRV� HOHPHQWRV� GHELGR� D� TXH� HO� DQiOLVLV� VH� UHDOL]D� HQ� HVWDGR� HVWDEOH� \�
DOJXQRV�GH�HOORV�VROR�LQWHUYLHQHQ�HQ�ODV�VLPXODFLRQHV�GLQiPLFDV� 'H�HVWD�PDQHUD��GLVSRVLWLYRV�FRPR� HO� FRQWURO� GH� JHQHUDFLyQ�� DVt� FRPR� ODV� SURWHFFLRQHV� \� FRQWUROHV� QR� VRQ� FRQWHPSODGDV�SDUD VX�UHSUHVHQWDFLyQ�����(Q OR� TXH� UHVSHFWD� D� ODV� FDUJDV�� pVWDV� VRQ�PRGHODGDV� ~QLFDPHQWH� FRPR� SRWHQFLD� FRQVWDQWH�GHELGR�D�TXH�HO�SURJUDPD�GH�IOXMRV�GH�SRWHQFLD�XWLOL]DGR�VROR�DFHSWD�HVWH�PRGHOR�GH�FDUJD���

����� &DUJDV���/DV FDUDFWHUtVWLFDV� GH� ODV� FDUJDV� SXHGHQ� OOHJDU� D� VHU� XQ� IDFWRU� FUtWLFR� HQ� HO� DQiOLVLV� GH�HVWDELOLGDG�GH�YROWDMH��$�GLIHUHQFLD�GH�ORV�HVWXGLRV�FRQYHQFLRQDOHV�GH�HVWDELOLGDG�DQJXODU�\�GH�ORV DQiOLVLV�GH�IOXMRV�GH�SRWHQFLD��HQ�HO�HVWXGLR�GH�HVWDELOLGDG�GH�YROWDMH�SXHGH�VHU�QHFHVDULR�UHSUHVHQWDU� WDPELpQ�HO� VLVWHPD�GH�VXEWUDQVPLVLyQ�HQ� ODV�iUHDV�GpELOHV�HQ�YROWDMH��/R�DQWHULRU�SXHGH LQFOXLU� OD� DFFLyQ� GH� WUDQVIRUPDGRUHV� FRQ� FDPELDGRU� GH� WDS� EDMR� FDUJD� �8/7&���FRPSHQVDFLyQ�GH�SRWHQFLD�UHDFWLYD�\��UHJXODGRUHV�GH�YROWDMH�HQ�HO�VLVWHPD�GH�VXEWUDQVPLVLyQ���(V PX\�LPSRUWDQWH� WRPDU�HQ�FXHQWD�OD�GHSHQGHQFLD�GH�YROWDMH�\�IUHFXHQFLD�GH�ODV�FDUJDV��(Q�DOJXQRV� FDVRV� UHVXOWD� QHFHVDULR� PRGHODU� ORV� PRWRUHV� GH� LQGXFFLyQ� GH� PDQHUD� HVSHFtILFD� \�GHWDOODGD� \D� TXH�� XQD� DGHFXDGD� UHSUHVHQWDFLyQ� GH� ODV� FDUDFWHUtVWLFDV� GH� OD� FDUJD� DQWH� EDMRV�YROWDMHV�SXHGH�OOHJDU�D�VHU�IXQGDPHQWDO�>�@���&RPR VH�PHQFLRQy�DQWHULRUPHQWH��HQ�HO�FDVR�SDUWLFXODU�GH�HVWH�WUDEDMR�GH�WHVLV��HO�SURJUDPD�
XWLOL]DGR� SDUD� HIHFWXDU� HO� DQiOLVLV�PRGDO� WUDEDMD� ODV� FDUJDV� FRPR� SRWHQFLD� FRQVWDQWH� (VWR�GHELGR�D�TXH�HO�SURJUDPD�GH�IOXMRV�HPSOHDGR�VROR�DFHSWD�HVWH�PRGHOR�GH�FDUJD�SRU�OR�WDQWR��HQ�HVWD� VHFFLyQ� VROR� VH�GHVFULEH� OD� LPSRUWDQFLD�GH� WRPDU� HQ�FXHQWD� OD�GHSHQGHQFLD�GH�YROWDMH�\�IUHFXHQFLD� GH� ODV� FDUJDV� SDUD� UHVDOWDU� OD� QHFHVLGDG� GH� LPSOHPHQWDU� HVWRV� PRGHORV� PDV�FRPSOHWRV�HQ�WUDEDMRV�IXWXURV�UHODFLRQDGRV�FRQ�HO�WHPD�GH�HVWDELOLGDG�GH�YROWDMH��
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��������7UDQVIRUPDGRUHV�FRQ�&DPELDGRUHV�GH�7DS�%DMR�&DUJD��8/7&V����/D DFFLyQ� GH� ORV� WUDQVIRUPDGRUHV� FRQ� FDPELDGRUHV� GH� WDS� EDMR� FDUJD� HV� QRUPDOPHQWH� OD� GH�PDQWHQHU�HO�YROWDMH�GH�QRGR�HQ�HO� ODGR�GH�EDMD� WHQVLyQ��3RVWHULRU�D�XQ�GLVWXUELR��GHELGR�D� OD�GHSHQGHQFLD� GH� YROWDMH� GH� ODV� FDUJDV�� ORV� YROWDMHV� HQ� ORV� QRGRV� GH� FDUJD� SXHGHQ� VXIULU� XQ�GHFUHPHQWR�TXH�D�VX�YH]� UHSHUFXWH�HQ�XQD�GLVPLQXFLyQ�GH� OD�SRWHQFLD�GH�FDUJD�HQ�HO�PLVPR�QRGR� (VWH�DVSHFWR�VH�UHIOHMD�ILQDOPHQWH�HQ�XQD�UHGXFFLyQ�GH�OD�SRWHQFLD�TXH�VH�OHV�GHPDQGD�D�ODV IXHQWHV�GH�SRWHQFLD� �DFWLYD�\�UHDFWLYD�GHO�VLVWHPD��6LQ�HPEDUJR��FRPR�ORV�8/7&V�DFW~DQ�SDUD�UHVWDXUDU�HO�YROWDMH�GHO�QRGR�GH�FDUJD�\��FRQVHFXHQWHPHQWH��OD�SRWHQFLD�GH�OD�PLVPD��ODV�IXHQWHV�GH�SRWHQFLD� DFWLYD�\� UHDFWLYD� VRQ�H[LJLGDV� D� UHFXSHUDU� VXV� LQ\HFFLRQHV�GH�SRWHQFLD� D�YDORUHV�FHUFDQRV�D� ORV�GH�SUH�GLVWXUELR��'HELGR�D�TXH�HO�VLVWHPD�VH�HQFXHQWUD�SUREDEOHPHQWH�GHELOLWDGR� SRU� OD� FRQWLQJHQFLD�� VH� SUHVHQWDUi� FRQ� IUHFXHQFLD� XQD� VREUH�H[LJHQFLD� HQ� ORV�VXPLQLVWURV�GH�SRWHQFLD�H[LVWHQWHV�GHELGR�DO�LQFUHPHQWR�HQ�ODV�SpUGLGDV�R�D�OD�UHGXFFLyQ�HQ�OD�FDSDFLGDG� GH� OD� SODQWD� SURYRFDGD� SRU� OD� FRQWLQJHQFLD� \�� FRPR� FRQVHFXHQFLD� GH� OR� DQWHULRU��SXHGH SUHVHQWDUVH�XQD�LQHVWDELOLGDG�GH�YROWDMH�>�@����/RV 8/7&V�VXHOHQ�WHQHU�XQ�LQWUtQVHFR�UHWDUGR�GH�WLHPSR�DQWHV�GHO�PRYLPLHQWR�GHO�SULPHU�WDS�HO FXDO�HV�GHO�RUGHQ�GH����VHJXQGRV��7tSLFDPHQWH�HV�FRQVLGHUDGR�XQ�WLHPSR�DGLFLRQDO�GH���D���VHJXQGRV�SDUD� FDGD� VXEVHFXHQWH�PRYLPLHQWR�GH� WDS��/D� UHSUHVHQWDFLyQ�GH� ORV�8/7&V�SXHGH�SRU OR� WDQWR�� LQFUHPHQWDU� VLJQLILFDWLYDPHQWH�HO� WLHPSR�GH�VLPXODFLyQ��&XDQGR�VH�UHSUHVHQWDQ�ORV 8/7&V��HV�QHFHVDULR�PRGHODU�FRUUHFWDPHQWH�HO�WDPDxR�GH�ORV�SDVRV��OD�SRVLFLyQ�LQLFLDO�\�HO�UDQJR GHO�WDS�>�@����
��������*HQHUDGRUHV�\�VXV�&RQWUROHV�GH�([FLWDFLyQ���(Q HO� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH�� HV� UHFRPHQGDEOH� \� QHFHVDULR� WHQHU� HQ� FXHQWD� OD�FDUDFWHUtVWLFD� GH� OD� SHQGLHQWH� GHO� FRPSHQVDGRU� GH� UHDFWLYRV� LQFOXLGR� HQ� HO� 5HJXODGRU�$XWRPiWLFR�GH�9ROWDMH��5$9���(V�LPSRUWDQWH�KDFHU�pQIDVLV�HQ�HVWH�DVSHFWR�\D�TXH�HQ�PXFKDV�RFDVLRQHV�VH�DVXPH�TXH�HVWD�SHQGLHQWH�HV�FHUR�VLQ�HPEDUJR��HQ�HVWH�FDVR�UHVXOWD�WUDVFHQGHQWDO�HO KHFKR� GH� FRQVLGHUDU� HVWD� SHQGLHQWH�� 6L� VH� FRQRFH� OD� FRPSHQVDFLyQ� GH� OD� FDUJD�� VH� SXHGH�HQWRQFHV UHSUHVHQWDU� GH� XQD� PDQHUD� PiV� ILHO� HO� HIHFWR� GH� GLFKD� SHQGLHQWH�� 7DPELpQ�� VL� HV�SRVLEOH�� VH� UHFRPLHQGD� PRGHODU� HVSHFtILFDPHQWH� OD� FRUULHQWH� GH� FDPSR� \� ORV� OtPLWHV� GH� OD�FRUULHQWH�GH�DUPDGXUD��HQ�OXJDU�GH�UHSUHVHQWDUORV�FRPR�YDORUHV�ILMRV�GH�ORV�OtPLWHV�Pi[LPRV�GH�SRWHQFLD UHDFWLYD�>�@���
����� /LPLWDGRU�GH�6REUH�H[FLWDFLyQ��/D UHVWDXUDFLyQ�GH�OD�FDUJD�SRU�PHGLR�GH�OD�DFFLyQ�GHO�8/7&�R�ODV�SpUGLGDV�LQFUHPHQWDGDV�GH�SRWHQFLD� UHDFWLYD� FDXVDGDV� SRU� XQD� UHG� GHELOLWDGD�� SXHGHQ� SURYRFDU� TXH� ODV� FRUULHQWHV� GH�FDPSR GH� ORV� JHQHUDGRUHV� H[FHGDQ� ORV� OtPLWHV� FRQWLQXRV� SHUPLWLGRV�� *HQHUDOPHQWH� ODV�XQLGDGHV� HVWiQ� HTXLSDGDV� FRQ� OLPLWDGRUHV� ORV� FXDOHV� DFW~DQ� SDUD� FRQWURODU� HO� H[FHVR� HQ� OD�FRUULHQWH�GH�FDPSR��/RV�GLVHxRV�GH�ORV�OLPLWDGRUHV�GH�VREUH�H[FLWDFLyQ�VRQ�PX\�YDULDGRV����
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(VWRV�GLVSRVLWLYRV�DFW~DQ�SDUD�UHGXFLU�OD�FRUULHQWH�VLQ�QLQJ~Q�WLHPSR�GH�UHWUDVR�HQ�FDVR�GH�TXH�OD FRUULHQWH�GH� FDPSR�H[FHGD�XQ� OtPLWH�Pi[LPR�HVWDEOHFLGR��6L� OD�FRUULHQWH�H[FHGH�HO� OtPLWH�FRQWLQXR�SHUR�HVWi�SRU�GHEDMR�GHO� OtPLWH�Pi[LPR�� OD�FRUULHQWH�HV� UHGXFLGD�DO� OtPLWH�FRQWLQXR�GHVSXpV� GH� XQ� UHWDUGR� GH� WLHPSR� GHWHUPLQDGR� SRU� HO� QLYHO� GH� FRUULHQWH� \� ORV� DMXVWHV� GHO�OLPLWDGRU��'HELGR�D�TXH�HVWH�GLVSRVLWLYR�DFW~D�GH�PDQHUD�LQWHJUDO��HVWR�SRGUtD�WRPDU�XQ�WLHPSR�VLJQLILFDWLYR� SDUD� RSHUDU� HQ� FDVR� GH� TXH� OD� FRUULHQWH� GH� FDPSR� HVWp� OLJHUDPHQWH� DUULED� GHO�OtPLWH�FRQWLQXR�>�@���
����� 6LVWHPDV�(VWiWLFRV�GH�9DUV��6(9V���/RV 6LVWHPDV�(VWiWLFRV�GH�9DUV�PLHQWUDV�VH�HQFXHQWUDQ�RSHUDQGR�GHQWUR�GH�XQ�UDQJR�GH�FRQWURO�GH YROWDMH�QRUPDO��VRQ�FDSDFHV�GH�PDQWHQHU�HO�YROWDMH�GHO�QRGR�HQ�HO�YDORU�HVSHFLILFDGR�R�PX\�FHUFDQR D� GLFKR� YDORU�� 6LQ� HPEDUJR�� FXDQGR� HVWRV� GLVSRVLWLYRV� RSHUDQ� HQ� VXV� OtPLWHV� GH�SRWHQFLD UHDFWLYD�� WLHQGHQ� D� FRPSRUWDUVH� FRPR�XQRV� VLPSOHV� UHDFWRUHV�R� FDSDFLWRUHV� OR� FXDO��SXHGH WHQHU�XQ�HIHFWR� VLJQLILFDWLYR�HQ� OD�HVWDELOLGDG�GH�YROWDMH��&RPR�VH�REVHUYD�� UHVXOWD�GH�VXPD� LPSRUWDQFLD� UHSUHVHQWDU� DSURSLDGDPHQWH� OD� FDUDFWHUtVWLFD� GH� ORV� 6(9V� HQ� HVWXGLRV� GH�HVWDELOLGDG�GH�YROWDMH�>�@��
�
����� &RQWURO�$XWRPiWLFR�GH�*HQHUDFLyQ��&$*����3DUD� FRQWLQJHQFLDV� HQ� ODV� FXDOHV� VH� SUHVHQWD� XQD� GLIHUHQFLD� R� HUURU� VLJQLILFDWLYR� HQWUH�JHQHUDFLyQ� \� FDUJD�� ODV� DFFLRQHV� GHO� FRQWURO� SULPDULR� GH� YHORFLGDG� \�� FRQVHFXHQWHPHQWH�� HO�VXSOHPHQWDULR� FRQWURO� GH� IUHFXHQFLD�� SXHGHQ� FDPELDU� VLJQLILFDWLYDPHQWH� OD� JHQHUDFLyQ� GHO�VLVWHPD DOJXQDV�YHFHV�SDUD�GHWULPHQWR�GH�OD�HVWDELOLGDG�GH�YROWDMH��'H�HVWD�IRUPD��WDPELpQ�VH�KDFH QHFHVDULR�UHSUHVHQWDU�FRUUHFWDPHQWH�HVWH�WLSR�GH�IXQFLRQHV�>�@��
�

����� 3URWHFFLRQHV�\�&RQWUROHV���(Q HVWH� DVSHFWR� VH� LQFOX\HQ� ODV� SURWHFFLRQHV� \� FRQWUROHV� WDQWR� GH� ODV� XQLGDGHV� JHQHUDGRUDV�FRPR�GH�OD�UHG�GH�WUDQVPLVLyQ��$OJXQRV�HMHPSORV�GH�pVWRV�VRQ����
• 3URWHFFLyQ�GH�H[FLWDFLyQ�GHO�JHQHUDGRU�
• 3URWHFFLyQ�GH�VREUHFRUULHQWH�GH�DUPDGXUD�
• 3URWHFFLyQ�GH�VREUHFRUULHQWH�GH�OD�OtQHD�GH�WUDQVPLVLyQ�
• &RQWUROHV�GH�EDQFRV�GH�FDSDFLWRUHV�
• 5HJXODGRUHV�GHIDVDGRUHV�GH�iQJXOR�
• (VTXHPDV�GH�GLVSDUR�GH�FDUJD�SRU�EDMR�YROWDMH��
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������0pWRGRV�GH�$QiOLVLV�GH�(VWDELOLGDG�GH�9ROWDMH��$QiOLVLV�(VWiWLFR�\�$QiOLVLV�'LQiPLFR��/DV KHUUDPLHQWDV� \� WpFQLFDV� GLVSRQLEOHV� SDUD� HO� HVWXGLR� GH� OD�(VWDELOLGDG�GH�9ROWDMH� SXHGHQ�GLYLGLUVH� HQ� GRV� JUDQGHV� JUXSRV�� GLQiPLFDV� \� HVWiWLFDV� (O� DQiOLVLV� GLQiPLFR� XWLOL]D�VLPXODFLRQHV� HQ�HO�GRPLQLR�GHO� WLHPSR�SDUD� UHVROYHU�HFXDFLRQHV�GLIHUHQFLDOHV�DOJHEUDLFDV�QR�OLQHDOHV GHO� VLVWHPD�� (O� DQiOLVLV� HVWiWLFR� HQ� FDPELR�� HVWi� EDVDGR� HQ� OD� VROXFLyQ� GH� ODV�HFXDFLRQHV�FRQYHQFLRQDOHV�R�PRGLILFDGDV�GH�IOXMRV�GH�SRWHQFLD�>��@����
D� $QiOLVLV�'LQiPLFR��
�(O DQiOLVLV�GLQiPLFR��XWLOL]D�XQD�WpFQLFD�QR�OLQHDO�GH�VLPXODFLyQ�HQ�HO�GRPLQLR�GHO�WLHPSR��(V�LPSRUWDQWH� DSXQWDU� TXH� GH� WRGDV� ODV� WpFQLFDV� GLVSRQLEOHV�� HVWH� SURFHGLPLHQWR� HV� HO� TXH�SURSRUFLRQD� OD� UHSUHVHQWDFLyQ� PiV� ILHO� GH� OD� GLQiPLFD� GH� OD� LQHVWDELOLGDG� GH� YROWDMH� VLQ�HPEDUJR�� ORV� UHTXHULPLHQWRV�GH�&38��WLHPSR�GH�FyPSXWR���SDUD�HO�HVWXGLR�GH�HVWDELOLGDG�GH�YROWDMH�XWLOL]DQGR�OD�VLPXODFLyQ�HQ�HO�GRPLQLR�GHO�WLHPSR��OOHJDQ�D�VHU�EDVWDQWH�FRQVLGHUDEOHV�SDUD�JUDQGHV�VLVWHPDV�GH�SRWHQFLD��$Vt�PLVPR��ODV�VLPXODFLRQHV�HQ�HO�GRPLQLR�GHO�WLHPSR�QR�SURSRUFLRQDQ�XQD�LQIRUPDFLyQ�VHQVLWLYD�\�IiFLO�GH�DQDOL]DU�SRU�OR�TXH�UHTXLHUHQ��JHQHUDOPHQWH��GH XQ� WLHPSR� \� HVIXHU]RV� GH� LQJHQLHUtD� DGLFLRQDOHV� SDUD� HO� DQiOLVLV� H� LQWHUSUHWDFLyQ� GH�UHVXOWDGRV��HVWR�GHELGR�HQWUH�RWUDV�FRVDV�D�TXH�PXFKRV�SDUiPHWURV�WLHQHQ�TXH�VHU�PRQLWRUHDGRV�\ H[DPLQDGRV� FXLGDGRVDPHQWH� DQWHV� GH� SRGHU� H[WHULRUL]DU� DOJXQDV� FRQFOXVLRQHV�� (VWDV�OLPLWDFLRQHV�JHQHUDOPHQWH�KDFHQ��SRFR�SUiFWLFR�HO�DQiOLVLV�GLQiPLFR�SDUD�OD�LQVSHFFLyQ�GH�XQ�DPSOLR�UDQJR�GH�FRQGLFLRQHV�GHO�VLVWHPD�R�SDUD�GHWHUPLQDU�OLPLWHV�GH�HVWDELOLGDG�>��@��

E� $QiOLVLV�HQ�(VWDGR�(VWDEOH��
�(O DQiOLVLV�HVWiWLFR�LQYROXFUD�VRODPHQWH�OD�VROXFLyQ�GH�HFXDFLRQHV�DOJHEUDLFDV�\�SRU�OR�WDQWR��HV�FRPSXWDFLRQDOPHQWH�PXFKR�PiV�HILFLHQWH�TXH�HO�DQiOLVLV�GLQiPLFR��(O�DQiOLVLV�HVWiWLFR�HV�LGHDO�SDUD�OD�PD\RUtD�GH�ORV�HVWXGLRV�HQ�ORV�FXDOHV�GHEHQ�VHU�GHWHUPLQDGRV�ORV�OtPLWHV�GH�HVWDELOLGDG�GH YROWDMH�SDUD�PXFKRV�FDVRV�GH�SUH�FRQWLQJHQFLD�\�SRVW�FRQWLQJHQFLD���

'HELGR� D� TXH� HQ� HVWH� WUDEDMR� VH� OOHYD� D� FDER� HO� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH� DSOLFDQGR�H[FOXVLYDPHQWH� WpFQLFDV� HQ� HVWDGR� HVWDEOH� �IOXMRV� GH� SRWHQFLD��� HQ� OD� VLJXLHQWH� VHFFLyQ� VH�SUHVHQWD� XQD� EUHYH� GHVFULSFLyQ� GH� DOJXQDV� GH� ODV� PiV� LPSRUWDQWHV� WpFQLFDV� HVWiWLFDV� TXH�H[LVWHQ�KDVWD�DKRUD�����
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������0pWRGRV�GH�$QiOLVLV�(VWiWLFR�3DUD�HO�(VWXGLR�GH�OD�(VWDELOLGDG�GH�9ROWDMH��/DV WpFQLFDV�HQ�HVWDGR�HVWDEOH�HPSOHDGDV�SDUD�OOHYDU�D�FDER�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH�HVWiQ�EDVDGDV�HQ�OD�IRUPXODFLyQ�GH�IOXMRV�GH�SRWHQFLD��*HQHUDOPHQWH��PHGLDQWH�OD�DSOLFDFLyQ�GH�HVWDV� WpFQLFDV�VH�REWLHQH� LPSRUWDQWH� LQIRUPDFLyQ�UHODFLRQDGD�FRQ� OD�HVWDELOLGDG�GH�YROWDMH�GH�XQ VLVWHPD��&RQ�EDVH�HQ�HVWD� LQIRUPDFLyQ�HV�SRVLEOH�FRQRFHU�HQWUH�RWUDV�FRVDV��VL�HO�VLVWHPD�SUHVHQWD� XQD� HVWDELOLGDG� GH� YROWDMH�SDUD� XQD� FRQGLFLyQ� GH� RSHUDFLyQ� GDGD�� VL� HO� VLVWHPD� HV�HVWDEOH� VH� SXHGH� VDEHU� TXH� WDQ� FHUFD� HVWi� HO� VLVWHPD� GH� OD� LQHVWDELOLGDG� GH� YROWDMH� \�� VL� HO�VLVWHPD�HV�LQHVWDEOH��HV�SRVLEOH�REVHUYDU�GyQGH�\�SRUTXp�RFXUUH�OD�LQHVWDELOLGDG�GH�YROWDMH��(Q�RWUDV SDODEUDV��HO�DQiOLVLV�HVWiWLFR�SURSRUFLRQD�UHVSXHVWDV�UHIHUHQWHV�D�GRV�LPSRUWDQWHV�DVSHFWRV�FRPR�VRQ��HO�PDUJHQ�GH�HVWDELOLGDG�GH�YROWDMH�\�HO�PHFDQLVPR�GH� OD� LQHVWDELOLGDG�GH�YROWDMH�>��@��
�3DUD GHWHUPLQDU�HO�PDUJHQ�GH�HVWDELOLGDG�GH�YROWDMH��HO�VLVWHPD�HV�IRU]DGR�SDXODWLQDPHQWH�KDVWD�HO�SXQWR�HQ�TXH�RFXUUH� OD� LQHVWDELOLGDG�GH�YROWDMH��/DV�FRQGLFLRQHV�GHO� VLVWHPD�HQ�GLIHUHQWHV�QLYHOHV GH�FDUJD�\�GH�HVIXHU]R��VRQ�REWHQLGDV�PHGLDQWH�OD�VROXFLyQ�GH�ODV�HFXDFLRQHV�GH�IOXMRV�GH SRWHQFLD��/D�HVWDELOLGDG�GH�YROWDMH�GH�XQ�VLVWHPD�SDUD�XQD�FRQGLFLyQ�GH�RSHUDFLyQ�GDGD��DVt�FRPR�HO�PHFDQLVPR�GH�OD�LQHVWDELOLGDG�GH�YROWDMH�HQ�FDVR�GH�TXH�pVWD�H[LVWD��VRQ�GHWHUPLQDGRV�XWLOL]DQGR�WpFQLFDV�GH�DQiOLVLV�OLQHDO���/RV SURFHGLPLHQWRV�HQ�HVWDGR�HVWDEOH�WDPELpQ�FRQRFLGRV�FRPR�HVWiWLFRV��FDSWXUDQ�FRQGLFLRQHV�LQVWDQWiQHDV��IRWRJUDItDV��GH�XQ�VLVWHPD�HQ�GLIHUHQWHV�SXQWRV�D�OR�ODUJR�GH�XQD�WUD\HFWRULD�HQ�HO�GRPLQLR GHO�WLHPSR��(Q�FDGD�XQR�GH�HVRV�PDUFRV�GH�WLHPSR��ODV�GHULYDGDV�GH�ODV�YDULDEOHV�GH�HVWDGR��S��H�� �[ � TXH�UHSUHVHQWDQ�D�XQD�VLPXODFLyQ�GLQiPLFD�VRQ�DVXPLGDV�FRPR�FHUR�\�GH�HVWD�
IRUPD�� ODV�YDULDEOHV�GH�HVWDGR� WRPDQ�YDORUHV�DSURSLDGRV�SDUD�HO�PDUFR�GH�WLHPSR�HVSHFtILFR��'H HVWH� PRGR�� HO� VLVWHPD� FRPSOHWR� GH� HFXDFLRQHV� VH� UHGXFH� D� XQ� VLVWHPD� FRQ� HFXDFLRQHV�SXUDPHQWH�DOJHEUDLFDV�SHUPLWLHQGR�FRQ�HVWR��HO�XVR�GH�ODV�WpFQLFDV�HVWiWLFDV�GH�DQiOLVLV�>��@���+DVWD DKRUD��ODV�FRPSDxtDV�GH�VXPLQLVWUR�GH�HQHUJtD�HOpFWULFD�KDQ�GHSHQGLGR�HQRUPHPHQWH�GH�SURJUDPDV� FRQYHQFLRQDOHV� GH� IOXMRV� GH� FDUJD� SDUD� OOHYDU� D� FDER� HO� DQiOLVLV� HVWiWLFR� GH�HVWDELOLGDG� GH� YROWDMH�� /D� HVWDELOLGDG� HQ� HVWH� FDVR� VH� GHWHUPLQD� PHGLDQWH� HO� FiOFXOR� GH� ODV�FXUYDV�3�9�\�9�4�HQ�QRGRV�GH�FDUJD�VHOHFFLRQDGRV�SUHYLDPHQWH��*HQHUDOPHQWH��HVWDV�FXUYDV�VRQ�JHQHUDGDV�UHDOL]DQGR�XQ�JUDQ�Q~PHUR�GH�FiOFXORV�GH�IOXMRV�GH�SRWHQFLD�XWLOL]DQGR�SDUD�HVWR�PRGHORV FRQYHQFLRQDOHV�� $XQTXH� HVWRV� SURFHGLPLHQWRV� GH� JHQHUDFLyQ� GH� FXUYDV� SXHGHQ� VHU�DXWRPDWL]DGRV��pVWRV�FRQVXPHQ�GHPDVLDGR�WLHPSR�GH�FRPSXWR�\�QR�SURSRUFLRQDQ�XQD�UiSLGD�LQIRUPDFLyQ�TXH�SXHGD�VHU�~WLO�SDUD�FRQRFHU�GH�PDQHUD�PiV�FHUWHUD�\�GHWDOODGD��ODV�FDXVDV�TXH�GDQ OXJDU� D� ORV� SUREOHPDV� GH� HVWDELOLGDG� GH� YROWDMH�� 2WUD� GHVYHQWDMD� HV� TXH� HVWRV�SURFHGLPLHQWRV� VH� HQIRFDQ� VREUH� QRGRV� LQGLYLGXDOHV�� HVWR� HV�� ODV� FDUDFWHUtVWLFDV� GH� OD�HVWDELOLGDG� VRQ� HVWDEOHFLGDV� VRPHWLHQGR� D� FRQGLFLRQHV� GH� HVIXHU]R� D� FDGD� QRGR� HQ� IRUPD�LQGHSHQGLHQWH�� (VWR� SRGUtD� HQ� DOJXQRV� FDVRV� GLVWRUVLRQDU� GH�PDQHUD� QR� UHDO� OD� FRQGLFLyQ�GH�HVWDELOLGDG�GHO�VLVWHPD��7DPELpQ��HV�LPSRUWDQWH�KDFHU�QRWDU�TXH�ORV�QRGRV�VHOHFFLRQDGRV�SDUD�HO DQiOLVLV�GH�ODV�FXUYDV�3�9�\�9�4�GHEHQ�VHU�HOHJLGRV�FXLGDGRVDPHQWH�SRU�OR�TXH��VH�UHTXLHUH�XQ HQRUPH�Q~PHUR�GH�HVWD�FODVH�GH�FXUYDV�SDUD�REWHQHU�XQD�LQIRUPDFLyQ�PiV�FRPSOHWD����
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3RU� RWUD� SDUWH�� HQ� DOJXQRV� FDVRV� H[LVWH� HO� LQFRQYHQLHQWH� GH� TXH� QR� HV� SRVLEOH� JHQHUDU�FRPSOHWDPHQWH� HVWH� WLSR� GH� FXUYDV�� SULQFLSDOPHQWH� ODV� 3�9�� (VWR� GHELGR� D� SUREOHPDV� GH�GLYHUJHQFLD�HQ�OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD�RFDVLRQDGRV�SRU�SUREOHPDV�HQ�DOJ~Q�SXQWR�GHO�VLVWHPD�HOpFWULFR���(Q ORV� ~OWLPRV� DxRV� KDQ� VLGR� SURSXHVWDV� HQ� OD� OLWHUDWXUD� DOJXQDV� WpFQLFDV� HVSHFLDOHV� SDUD�UHDOL]DU� HO� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH� XWLOL]DQGR� SURFHGLPLHQWRV� HVWiWLFRV�>���������������@��(Q�VHFFLRQHV�SRVWHULRUHV�GH�HVWH�WUDEDMR�VH�GHVFULELUiQ�DOJXQDV�GH�HOODV��/DV�SULQFLSDOHV� YHQWDMDV� TXH� HVWD� FODVH� GH� WpFQLFDV� RIUHFHQ�� FRQVLVWHQ� SULQFLSDOPHQWH� HQ� OD�LPSRUWDQWH�LQIRUPDFLyQ�TXH�SURSRUFLRQDQ�UHODFLRQDGD�FRQ�OD�HVWDELOLGDG�GH�YROWDMH�GHVGH�XQD�SHUVSHFWLYD� TXH� WRPD� HQ� FXHQWD� DO� VLVWHPD� HOpFWULFR� FRPSOHWR� DGHPiV� GH� TXH�� LGHQWLILFDQ�FODUDPHQWH� D� ODV� iUHDV� TXH� SXHGHQ� WHQHU� SUREOHPDV� SRWHQFLDOHV�� (O� DQiOLVLV� PRGDO� TXH� VH�GHVFULEH� HQ� HO� FDStWXOR� �� HV� XQD� GH� HVWDV� WpFQLFDV� OD� FXDO�� SUHVHQWD� OD� YHQWDMD� DGLFLRQDO� GH�SURSRUFLRQDU�XQD�~WLO�LQIRUPDFLyQ�UHODFLRQDGD�FRQ�HO�PHFDQLVPR�GH�OD�LQHVWDELOLGDG�GH�YROWDMH��
�
�������6ROXFLRQHV�0~OWLSOHV�\�VX�5HODFLyQ�FRQ�HO�)HQyPHQR�GH�(VWDELOLGDG�GH�9ROWDMH�
6H� FRQRFH� GHVGH� KDFH� \D� DOJXQRV� DxRV� TXH� WHyULFDPHQWH� HV� SRVLEOH� REWHQHU� P~OWLSOHV�VROXFLRQHV�D�ODV�HFXDFLRQHV�GH�IOXMRV�GH�SRWHQFLD��'H�KHFKR��EDViQGRVH�HQ�GLYHUVDV�FRQMHWXUDV�VH SUHVXPH�TXH�SXHGHQ�H[LVWLU�KDVWD��Q VROXFLRQHV�SDUD�XQ�FRQMXQWR�GH�HFXDFLRQHV�GH�IOXMRV�GH�SRWHQFLD��/RV�DUJXPHQWRV� HQ� ORV�TXH� VH�EDVDQ�HVWDV� FRQMHWXUDV� VRQ� VLPSOHV�� VH� FRQVLGHUD�XQ�VLVWHPD� TXH� FRQVLVWH� GH� XQ� VROR� JHQHUDGRU� FRPSHQVDGRU� FRQ� XQ� Q~PHUR� Q GH JHQHUDGRUHV�FRQHFWDGRV� UDGLDOPHQWH�� (Q� HVWH� VLVWHPD�� FDGD� JHQHUDGRU� UDGLDO� WLHQH� GRV� VROXFLRQHV�� XQD�VROXFLyQ� SDUD� DOWR� YROWDMH� \� RWUD� VROXFLyQ� SDUD� EDMR� YROWDMH�� HVWR� FRPR� UHVXOWDGR� GH� OD�QDWXUDOH]D�FXDGUiWLFD��GH�OD�HFXDFLyQ�SDUD�XQD�OtQHD�VHQFLOOD��'H�HVWD�IRUPD��GHELGR�D�TXH�WRGDV�ODV� VROXFLRQHV� SDUD� WRGDV� ODV� Q FDUJDV� UDGLDOHV� VRQ� LQGHSHQGLHQWHV�� VH� WLHQH� HQWRQFHV� TXH�SXHGHQ�H[LVWLU�WRGDV�\�FDGD�XQD�GH�ODV�SRVLEOHV�FRPELQDFLRQHV�GH�ODV�VROXFLRQHV�GH�DOWR�\�EDMR�YROWDMH�� (VWH� Q~PHUR� SRU� OR� WDQWR� HV� �Q� 3RU� HO� FRQWUDULR�� FXDQGR� HQ� XQ� VLVWHPD� VH� WLHQHQ�LQWHUFRQHFWDGDV� ODV� FDUJDV� DXQTXH� VHD� GpELOPHQWH�� HO� DQWHULRU� DUJXPHQWR� \D� QR� VH�PDQWLHQH�FRPR YiOLGR�� 6LQ� HPEDUJR�� HVWH� SXQWR� GH� YLVWD� SXHGH� VHUYLU� FRPR� EDVH� SDUD� PpWRGRV�SUR\HFWDGRV�LQWHQFLRQDOPHQWH�D�HQFRQWUDU�VROXFLRQHV�GH�EDMR�YROWDMH��GH�HVWH�PRGR��SDUWLHQGR�GH FDUJDV� HQ� GLIHUHQWHV� HVWLPDFLRQHV� LQLFLDOHV� GH� DOWRV�EDMRV� YROWDMHV�� XVXDOPHQWH� HV� SRVLEOH�REWHQHU�FRQYHUJHQFLD�SDUD�DOWHUQDU�VROXFLRQHV�GH�IOXMRV�GH�SRWHQFLD��/D�LGHD�GH�ORV�PpWRGRV�GH�FRQWLQXDFLyQ� D\XGD� D� HVWD� FODVH� GH� PpWRGRV�� &DEH� VLQ� HPEDUJR� PHQFLRQDU� TXH� HVWR� HQ� OD�SUiFWLFD�UHVXOWD�LQHILFLHQWH�>�@�����7DPELpQ�UHVXOWD��FRQRFLGR�TXH�HO�Q~PHUR�UHDO�GH�VROXFLRQHV�WHyULFDPHQWH�SRVLEOHV��GLVPLQX\H�FRQIRUPH OD�FDUJDELOLGDG�GHO�VLVWHPD�VH�LQFUHPHQWD��0XFKRV�PpWRGRV�GH�VROXFLyQ�UHTXLHUHQ�GH�OD GHWHUPLQDFLyQ�GH�XQ�SXQWR�GH�HTXLOLEULR�LQHVWDEOH�SDUD�SRGHU�RSHUDU��8QD�GH�ODV�SULQFLSDOHV�FDUDFWHUtVWLFDV�GH�ORV�IOXMRV�GH�SRWHQFLD�GH�KRPRWRStD��HV�QR�WDQ�VROR�DOFDQ]DU�HO�Pi[LPR�SXQWR�GH FDUJDELOLGDG��VL�QR�TXH��YLHQGR�PiV�DOOi��GHWHUPLQDU�DOJ~Q�SXQWR�GH�HTXLOLEULR�HQ�HO�PLVPR�QLYHO�GH�FDUJD�TXH�IXH�SUHYLDPHQWH�DVXPLGR�SHUR�HQ�XQ�YROWDMH�PiV�EDMR��(VWH�SURFHGLPLHQWR�ORJUD�PX\�UiSLGDPHQWH�GRV�VROXFLRQHV�\��DOJXQDV�YHFHV��PiV�GH�GRV��OD�VROXFLyQ�RULJLQDO�\�ODV�VROXFLRQHV�GH�EDMR�YROWDMH��JHQHUDOPHQWH�LQHVWDEOHV��>�@���
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(Q� DOJXQRV� FDVRV� H[LVWHQ� RWUDV� VROXFLRQHV� TXH� WDPELpQ� SXHGHQ� VHU� HQFRQWUDGDV� FRQ� HVWH�SURFHGLPLHQWR��1R�REVWDQWH�OR�DQWHULRU��HVWH�VHQFLOOR�SURFHGLPLHQWR�QR�HV�H[KDXVWLYR����
5HFLHQWHPHQWH��HQ�YDULRV�WUDEDMRV�VH�KD�UHSRUWDGR�TXH�HV�SRVLEOH�HQFRQWUDU�GH�PDQHUD�HILFLHQWH�WRGDV ODV�VROXFLRQHV�GH�IOXMRV�GH�SRWHQFLD�XWLOL]DQGR�XQD�YDULDQWH�GHO�PpWRGR�GH�FRQWLQXDFLyQ�GH IOXMRV� >��@��'H�DFXHUGR�D� HVWRV� UHSRUWHV�� HVWH�QXHYR�SURFHGLPLHQWR� UHTXLHUH�GH� VROR�XQDV�FXDQWDV� VLPXODFLRQHV��8QD�REVHUYDFLyQ� FODYH� HQ� HVWRV� DUWtFXORV� HV� TXH� ODV� VROXFLRQHV� GH� ODV�HFXDFLRQHV�GH�IOXMRV�GH�SRWHQFLD�REWHQLGDV�SRU�PpWRGRV�GH�FRQWLQXDFLyQ��VRQ�HQ�HIHFWR��OD]RV�FHUUDGRV��(VWR�HV��FRQIRUPH�VH�LQFUHPHQWD�HO�SDUiPHWUR�GH�FRQWLQXDFLyQ�PiV�DUULED�GH�VX�YDORU�Pi[LPR��OD�VROXFLyQ�HYHQWXDOPHQWH�WLHQGH�D�UHJUHVDU�D�XQ�YDORU�LQLFLDO�SDUD�[�

/D LGHD�SULQFLSDO�GHO�PpWRGR�GH�0D�7KRUS�SRU�HMHPSOR��HV�FRUUHU�XQD�FRQWLQXDFLyQ�VHQFLOOD�GH�IOXMRV�GH�SRWHQFLD�KDVWD� IRUPDU� FRPSOHWDPHQWH�HO� OD]R�FHUUDGR�� LGHQWLILFDQGR�GHQWUR�GH�pVWH��WRGDV ODV�VROXFLRQHV�HQ�HO�QLYHO�GH�FDUJD�GHVHDGR��GRV�R�PiV���6H�WLHQH�HQWRQFHV�TXH��GH�FDGD�VROXFLyQ� DOWHUQDWLYD�� HO�PpWRGR� H[SORUD� OD� SRVLELOLGDG� GH� SURGXFLU� QXHYRV� OD]RV� GH� VROXFLyQ�DOWHUQDWLYRV�� PDQWHQLHQGR� OD� LQIRUPDFLyQ� DQWHULRU� \� UHFKD]DQGR� FXDOTXLHU� VROXFLyQ� \D�DQDOL]DGD�>��@���

�������&DUDFWHUtVWLFDV�3�9��9�4�HQ�QRGRV�GH�FDUJD�
/DV�IRUPDV�PiV�OHQWDV�GH�HVWDELOLGDG�GH�YROWDMH�VRQ�FRQ�IUHFXHQFLD�DQDOL]DGDV�FRPR�SUREOHPDV�GH HVWDGR� HVWDEOH�� SDUD� HVWH� WLSR� GH� DQiOLVLV�� ODV� VLPXODFLRQHV� GH� IOXMRV� GH� SRWHQFLD� VRQ� HO�PpWRGR SULPDULR� GH� HVWXGLR�� &RQ� HVWD� KHUUDPLHQWD�� VRQ� VLPXODGRV� SXQWRV� HVSHFtILFRV� GH�WLHPSR R�IRWRJUDItDV�GHO�VLVWHPD��SRVWHULRUHV�D�XQD�VDOLGD�GH�OtQHD�R�GXUDQWH�FUHFLPLHQWRV�GH�OD�FDUJD�� $GHPiV� GH� HVRV� IOXMRV� GH� SRWHQFLD� DQWH� FRQGLFLRQHV� GH� SRVW�GLVWXUELR�� VRQ� WDPELpQ�DPSOLDPHQWH�XWLOL]DGRV�RWURV�GRV�PpWRGRV�EDVDGRV�HQ�ORV�FiOFXORV�GH�IOXMRV�GH�SRWHQFLD��D� ODV�
FXUYDV�3�9�\��E� ODV�FXUYDV�9�4� (VWRV�GRV�PpWRGRV�GHWHUPLQDQ�ORV�OtPLWHV�GH�FDUJDELOLGDG�HQ�HVWDGR�HVWDEOH�ORV�FXDOHV�D�VX�YH]��HVWiQ�tQWLPDPHQWH�UHODFLRQDGRV�FRQ�OD�HVWDELOLGDG�GH�YROWDMH��/RV SURJUDPDV� FRQYHQFLRQDOHV� GH� IOXMRV� GH� SRWHQFLD� SXHGHQ� VHU� XWLOL]DGRV� SDUD� XQ� DQiOLVLV�DSUR[LPDGR�>�@���
�

�������'HVFULSFLyQ�GH�ODV�&XUYDV�3�9��/DV FXUYDV�3�9�VRQ�PX\�~WLOHV�SDUD�XQ�DQiOLVLV�FRQFHSWXDO�GH�OD�HVWDELOLGDG�GH�YROWDMH�\�SDUD�HO�HVWXGLR� GH� VLVWHPDV� UDGLDOHV�� (VWH�PpWRGR� HV� WDPELpQ� XWLOL]DGR� SDUD� JUDQGHV� UHGHV�PDOODGDV�GRQGH 3 HV� OD� FDUJD� WRWDO� HQ� XQ� iUHD� \�9 HV HO� YROWDMH� HQ� XQ� QRGR� FUtWLFR� R� UHSUHVHQWDWLYR�������������
3 SXHGH VHU� WDPELpQ� OD� SRWHQFLD� GH� WUDQVIHUHQFLD� D� WUDYpV� GH� XQD� OtQHD� GH� HQODFH� R� GH�LQWHUFRQH[LyQ��(Q�HVWDV�FXUYDV�HV�SRVLEOH�JUDILFDU�HO�YROWDMH�HQ�YDULRV�QRGRV�>�@����
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8QD�GHVYHQWDMD�HQ�HVWH�WLSR�GH�FXUYDV�HV�TXH�OD�VLPXODFLyQ�GH�IOXMRV�GH�SRWHQFLD�YD�D�GLYHUJLU�HQ�HO�SXQWR�FHUFDQR�D�OD�QDUL]�R�Pi[LPR�SXQWR�GH�SRWHQFLD�VREUH�OD�FXUYD��2WUD�GHVYHQWDMD�HV�HO�KHFKR�GH�TXH�FRQIRUPH�OD�FDUJD�GHO�iUHD�VH�YD�LQFUHPHQWDQGR��OD�JHQHUDFLyQ�WLHQH�TXH�VHU�UH�GHVSDFKDGD�FRQVLGHUDQGR�GHVSDFKRV�UHDOHV�GH�JHQHUDFLyQ��
�
3DUD�HO�PRGHOR�HOHPHQWDO�FRPSXHVWR�DKRUD�SRU�XQD�IXHQWH�GH�YROWDMH�\�XQD�FDUJD�SXUDPHQWH�UHDFWLYD�� OD�ILJXUD�����PXHVWUD�OD�IDPLOLD�GH�FXUYDV�3�9�QRUPDOL]DGDV�SDUD�GLIHUHQWHV�IDFWRUHV�GH SRWHQFLD��(Q�ORV�IDFWRUHV�GH�SRWHQFLD�FRQ�PiV�DGHODQWR��OD�SRWHQFLD�Pi[LPD�HV�PiV�DOWD��ORV�IDFWRUHV GH�SRWHQFLD�HQ�DGHODQWR�VRQ�REWHQLGRV�PHGLDQWH� OD�FRPSHQVDFLyQ�HQ�GHULYDFLyQ���(O�YROWDMH�FUtWLFR�HQ�HVWRV�FDVRV�HV�WDPELpQ�PiV�DOWR�OR�FXDO��HV�XQ�DVSHFWR�PX\�LPSRUWDQWH�GH�OD�HVWDELOLGDG�GH�YROWDMH�>�@���

)LJ��������&XUYDV�3�9�QRUPDOL]DGDV�SDUD�XQD�IXHQWH�ILMD��LQILQLWD��\�UHDFWDQFLD�GH�OD�UHG�>�@��/RV�IDFWRUHV�GH�
SRWHQFLD�FRUUHVSRQGLHQWHV�SDUD�WDQ�φ  ����������������������\����VRQ�������������������������\������>�@�

�
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�������'HVFULSFLyQ�GH�ODV�&XUYDV�9�4��3DUD JUDQGHV� VLVWHPDV� HOpFWULFRV�� HVWH� WLSR� GH� FXUYDV� VRQ� REWHQLGDV� PHGLDQWH� XQD� VHULH� GH�VLPXODFLRQHV�GH�IOXMRV�GH�SRWHQFLD��/DV�FXUYDV�9�4�JUDILFDQ�HQ�XQ�QRGR�FUtWLFR�R�GH�SUXHED��HO�YROWDMH� FRQWUD� OD� SRWHQFLD� UHDFWLYD� HQ� HO�PLVPR� QRGR�� /D� LQ\HFFLyQ� GH� SRWHQFLD� UHDFWLYD� HV�UHSUHVHQWDGD� SRU�PHGLR� GH� XQ� FRQGHQVDGRU� VtQFURQR� XELFDGR� HQ� HO� QRGR� GH� SUXHED�� (Q� ORV�SURJUDPDV�FRPHUFLDOHV�GH�VRIWZDUH��HO�QRGR�GH�SUXHED�HV�FRQYHUWLGR�D�XQ�QRGR�39�VLQ�OtPLWHV�GH SRWHQFLD� UHDFWLYD�� /RV� FiOFXORV� GH� IOXMRV� GH� SRWHQFLD� VRQ� HIHFWXDGRV� SDUD� XQD� VHULH� GH�PDJQLWXGHV�GH�YROWDMH�DVLJQDGRV�DO�FRQGHQVDGRU�VtQFURQR�\��GH�HVWD�IRUPD��OD�SRWHQFLD�UHDFWLYD�HQWUHJDGD� SRU� HO� FRQGHQVDGRU� HV� JUDILFDGD� FRQWUD� ORV� YROWDMHV� DVLJQDGRV��(Q� HVWDV� FXUYDV�� HO�YROWDMH�HV� OD�YDULDEOH� LQGHSHQGLHQWH�\�HV� OD�YDULDEOH�TXH�VH�XELFD�HQ�HO�HMH�GH�ODV�DEFLVDV��/D�SRWHQFLD UHDFWLYD� FDSDFLWLYD� HV� JUDILFDGD� HQ� OD� GLUHFFLyQ� SRVLWLYD� GHO� HMH� YHUWLFDO�� 6LQ� OD�DSOLFDFLyQ�GH�FRPSHQVDFLyQ�UHDFWLYD�HQ�GHULYDFLyQ�HQ�HO�QRGR�GH�SUXHED��HO�SXQWR�GH�RSHUDFLyQ�VH HQFXHQWUD�HQ�HO�YDORU�FHUR�GHO�HMH�YHUWLFDO��FHUR�UHDFWLYRV��OR�FXDO��FRUUHVSRQGH�D�UHPRYHU�R�HOLPLQDU�HO�FRQGHQVDGRU�VtQFURQR�ILFWLFLR�>�@����&RQ IUHFXHQFLD�� HVWDV� FXUYDV� VRQ� FRQRFLGDV� FRPR� FXUYDV�4�9� VLQ� HPEDUJR�� HV� LPSRUWDQWH�DSXQWDU�TXH�DO�HPSOHDU�OD�WHUPLQRORJtD�9�4 VH KDFH�pQIDVLV�HQ�TXH�OD�YDULDEOH�LQGHSHQGLHQWH�HV�HO� YROWDMH�� �/DV� FXUYDV�4�9 VRQ� SURGXFLGDV� DVLJQiQGROH� XQD� VHULH� GH� YDORUHV� D� OD� SRWHQFLD�UHDFWLYD GH�OD�FDUJD�HQ�OXJDU�GH�KDFHUOR�DO�YROWDMH����
(QWUH ODV�YHQWDMDV�TXH�SUHVHQWDQ�ODV�FXUYDV�9�4�VH�SXHGHQ�PHQFLRQDU�ODV�VLJXLHQWHV�>�@���
• /D�VHJXULGDG�GH�YROWDMH�HVWi�tQWLPDPHQWH�UHODFLRQDGD�D�OD�SRWHQFLD�UHDFWLYD�\��SRU�PHGLR�
GH ODV�FXUYDV�9�4�VH�REWLHQH�HO�PDUJHQ�GH�SRWHQFLD�UHDFWLYD�HQ�HO�QRGR�GH�SUXHED��(Q�HVWH�
FDVR��HO�PDUJHQ�GH�SRWHQFLD�UHDFWLYD�HV�OD�GLVWDQFLD�HQ�09$U�GHVGH�HO�SXQWR�GH�RSHUDFLyQ�
KDVWD� HO� IRQGR� �URGLOOD�� GH� OD� FXUYD� R� ELHQ�� KDVWD� XQ� SXQWR� GRQGH� OD� FDUDFWHUtVWLFD� GHO�
YROWDMH�DO�FXDGUDGR�GH�XQ�FDSDFLWRU�DSOLFDGR��HV�WDQJHQWH�D�OD�FXUYD�9�4��YHU�ILJXUD����E���
&XDQGR�HO�QRGR�GH�SUXHED�HV� VHOHFFLRQDGR�EDViQGRVH�HQ�XQ�FULWHULR�DFHUWDGR��HVWH�QRGR�
SXHGH�VHU�UHSUHVHQWDWLYR�GH�WRGRV�ORV�QRGRV�TXH�VH�HQFXHQWUDQ�GHQWUR�GH�XQ�iUHD�GH�FRQWURO�
GH YROWDMH��XQ�iUHD�GRQGH�ODV�PDJQLWXGHV�GH�YROWDMH�VRQ�FRKHUHQWHV���

�
• /DV�FXUYDV�9�4�SXHGHQ�VHU�FDOFXODGDV�HQ�GLIHUHQWHV�SXQWRV�D� OR� ODUJR�GH�XQD�FXUYD�3�9�
SDUD�DQDOL]DU�OD�UREXVWH]�GHO�VLVWHPD��

�
• 3XHGHQ� VHU� JUDILFDGDV� GLUHFWDPHQWH� VREUH� OD� FXUYD� 9�4�� ODV� FDUDFWHUtVWLFDV� GH�
FRPSHQVDFLyQ� UHDFWLYD� HQ� GHULYDFLyQ� LQVWDODGD� HQ� HO� QRGR� GH� SUXHED� �EDQFRV� GH�
FDSDFLWRUHV�� FRPSHQVDGRUHV� HVWiWLFRV� GH� YDUV�� R� FRQGHQVDGRUHV� VtQFURQRV��� (O� SXQWR� GH�
RSHUDFLyQ� HQ� HVWH� FDVR�� HV� OD� LQWHUVHFFLyQ� GH� OD� FDUDFWHUtVWLFD� 9�4� GHO� VLVWHPD� \� OD�
FDUDFWHUtVWLFD�GH� OD�FRPSHQVDFLyQ�UHDFWLYD� �YHU� ILJXUD����E���(VWH�DVSHFWR�HV�PX\�~WLO� \D�
TXH OD� FRPSHQVDFLyQ� UHDFWLYD� HV� FRQ� IUHFXHQFLD��XQD�EXHQD�VROXFLyQ�D� ORV�SUREOHPDV�GH�
HVWDELOLGDG�GH�YROWDMH��

�
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• /D�SHQGLHQWH� �LQFOLQDFLyQ��GH� OD�FXUYD�9�4�LQGLFD� OD�UREXVWH]�GHO�QRGR�GH�SUXHED��HO�∆9
SDUD XQ�∆4���

�
• 3DUD� XQ� DQiOLVLV� PiV� FRPSOHWR�� OD� SRWHQFLD� UHDFWLYD� GH� ORV� JHQHUDGRUHV� SXHGH� VHU�
JUDILFDGD�VREUH�OD�PLVPD�FXUYD��&XDQGR�ORV�JHQHUDGRV�PiV�FHUFDQRV�DOFDQ]DQ�VXV�OtPLWHV�
GH�9$5V��OD�LQFOLQDFLyQ�GH�OD�FXUYD�9�4�WLHQGH�D�VHU�PHQRV�LQFOLQDGD�\�HO�IRQGR�GH�OD�FXUYD�
HVWi�PiV�SUy[LPR���

)LJXUD�������0iUJHQHV�GH�SRWHQFLD�UHDFWLYD�>�@�

'HVGH� XQ� SXQWR� GH� YLVWD� FRPSXWDFLRQDO�� HO� QRGR� DUWLILFLDO� 39� PLQLPL]D� ORV� SUREOHPDV� GH�GLYHUJHQFLD�GH�IOXMRV�GH�SRWHQFLD��'H�HVWH�PRGR��SXHGHQ�VHU�REWHQLGDV�VROXFLRQHV�LQFOXVR�SDUD�HO�ODGR�L]TXLHUGR�GH�OD�FXUYD��/D�GLYHUJHQFLD�RFXUUH�VRODPHQWH�FXDQGR�ORV�YROWDMHV�HQ�ORV�QRGRV�DOHMDGRV�GHO�QRGR�39� VRQ�DUUDVWUDGRV�D�YDORUHV�PX\�EDMRV��/DV�QHFHVLGDGHV�GH�UH�DVLJQDFLyQ�GH JHQHUDFLyQ� VRQ� PtQLPDV� GHELGR� D� TXH� ORV� ~QLFRV� FDPELRV� HQ� OD� SRWHQFLD� UHDO�� VRQ�SURYRFDGRV� SRU� ORV� FDPELRV� HQ� ODV� SpUGLGDV�� &RQ� REMHWR� GH� TXH� FDGD� VROXFLyQ� GH� IOXMRV� GH�SRWHQFLD VHD� PiV� UiSLGD�� VRQ� XWLOL]DGRV� YDORUHV� LQLFLDOHV� GH� XQD� VROXFLyQ� DQWHULRU� SDUD� XQ�YROWDMH�DVLJQDGR�OLJHUDPHQWH�GLIHUHQWH��(O�SURFHVR�SXHGH�VHU�DXWRPDWL]DGR�GH�WDO�PDQHUD�TXH�VHD SRVLEOH�REWHQHU�OD�FXUYD�HQWHUD�HQ�XQ�VROR�FRQMXQWR�GH�FiOFXORV�FRPSXWDFLRQDOHV��XQD�VROD�FRUULGD�GH�XQ�SURJUDPD�GH�IOXMRV�GH�SRWHQFLD�FRQ�GLIHUHQWHV�VXE�FDVRV����(Q HVWH�WLSR�GH�FXUYDV�WDPELpQ�HV�SRVLEOH�UHSUHVHQWDU�HO�HIHFWR�GH�ODV�FDUJDV�FRQ�VHQVLWLYLGDG�GH�YROWDMH� \� ORV� FDPELDGRUHV� GH� WDS� DOFDQ]DQGR� VXV� OtPLWHV�� /DV� FXUYDV� 9�4 FRQ� FDUJDV� FRQ�VHQVLWLYLGDG� GH� YROWDMH� FDOFXODGDV� DQWHV� GH� TXH� RSHUH� HO� FDPELDGRU� GH� WDS�� YDQ� D� WHQHU� XQ�PDUJHQ GH�SRWHQFLD�UHDFWLYD�PXFKR�PiV�JUDQGH��\�YROWDMHV�FUtWLFRV�PiV�EDMRV��(Q�FDPELR��XQD�YH]�TXH�DFW~DQ�ORV�FDPELDGRUHV�GH�WDS�\�DOFDQ]DQ�VXV�OtPLWHV��ODV�FXUYDV�WLHQGHQ�D�DSODQDUVH�HQ�OXJDU GH�OHYDQWDUVH�R�UHWRUQDU�VREUH�HO�ODGR�L]TXLHUGR��(VWDV�LGHDV�VRQ�LOXVWUDGDV�JUiILFDPHQWH�HQ�OD�ILJXUD�������
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�
�)LJXUD��������&XUYDV�9�4�PRVWUDQGR�HO�HIHFWR�GH�FDUJDV�FRQ�VHQVLWLYLGDG�GH�YROWDMH�� \�FDPELDGRUHV�GH�WDS�HQ�VX�OLPLWH�>�@�

(V�GH�LQWHUpV�DSXQWDU�TXH�DFWXDOPHQWH��ODV�FXUYDV�9�4 VRQ XQD�GH�ODV�SULQFLSDOHV�KHUUDPLHQWDV�XWLOL]DGDV� SDUD� HO� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH� HQ� XQD� JUDQ� FDQWLGDG� GH� FRPSDxtDV�HOpFWULFDV��6LQ�HPEDUJR��GHELGR�D�TXH�HVWH�PpWRGR�KDFH�pQIDVLV�DUWLILFLDOPHQWH�HQ�XQ�VROR�QRGR�GHO� VLVWHPD�� HV� FRQYHQLHQWH� TXH� ODV� FRQFOXVLRQHV� REWHQLGDV� VHDQ� FRQILUPDGDV� SRU�PHGLR� GH�RWURV PpWRGRV�PiV�FRPSOHWRV�\�UHDOLVWDV��
�
���������/LPLWDFLRQHV�GH�2UGHQ�3UiFWLFR�HQ�HO�&iOFXOR�GH�&XUYDV�9�4��/DV FXUYDV�9�4 FRPR VH� KD� PHQFLRQDGR�� VRQ� XQD� GH� ODV� KHUUDPLHQWDV� PiV� XWLOL]DGDV� SDUD�GHWHUPLQDU�OD�SUR[LPLGDG�DO�FRODSVR�GH�YROWDMH�EDViQGRVH�HQ�ORV�PiUJHQHV�GH�SRWHQFLD�UHDFWLYD�GH DOJXQRV�QRGRV�GH�FDUJD�HOHJLGRV�SRU�HO�LQJHQLHUR�DQDOLVWD��VLQ�HPEDUJR��DXQTXH�HVWH�PpWRGR�HV�PX\�~WLO�\�SURSRUFLRQD�LQIRUPDFLyQ�YDOLRVD��HV�LPSRUWDQWH�PHQFLRQDU�TXH�SUHVHQWD�WDPELpQ�DOJXQRV�LQFRQYHQLHQWHV�FRPR�VRQ���
• (Q�XQ� VLVWHPD�HOpFWULFR�PX\�JUDQGH��HV�QHFHVDULR�GHWHUPLQDU�FRQ�DQWHULRULGDG�HQ�FXDOHV�
QRGRV� VH� FRQVLGHUD� FRQYHQLHQWH� FDOFXODU� HVWDV� FXUYDV� \D� TXH� HO� SUHWHQGHU� HIHFWXDU� HVWH�
DQiOLVLV�HQ�WRGRV�ORV�QRGRV�GH�FDUJD��FRQVXPLUtD�GHPDVLDGR�WLHPSR�GH�FyPSXWR��

�
• $O SURGXFLU�XQD�FXUYD�9�4��OD�]RQD�GRQGH�VH�HQFXHQWUD�HO�QRGR�DQDOL]DGR�HV�IXHUWHPHQWH�
HVWUHVDGD�\�SRU�OR�WDQWR��ORV�UHVXOWDGRV�HQ�DOJXQRV�FDVRV�SXHGHQ�VHU�HQJDxRVRV��

�
• 'HELGR� D� TXH� HVWH� PpWRGR� KDFH� pQIDVLV� DUWLILFLDOPHQWH� HQ� XQ� VROR� QRGR� GHO� VLVWHPD�� HV�
FRQYHQLHQWH�TXH�ODV�FRQFOXVLRQHV�REWHQLGDV�VHDQ�FRQILUPDGDV�SRU�PHGLR�GH�RWURV�PpWRGRV�
PiV�FRPSOHWRV�\�UHDOLVWDV��

�
• (Q� DGLFLyQ� D� OR� DQWHULRU�� DO� HQIRFDU� OD� DWHQFLyQ� HQ� XQRV� FXDQWRV� QRGRV�� SXHGHQ� VHU�
HUUyQHDPHQWH�PLQLPL]DGRV�R�QR�UHFRQRFLGRV�ORV�SUREOHPDV�TXH�HQJOREDQ�D�WRGR�HO�VLVWHPD�
HQ�JHQHUDO�OR�FXDO��D�VX�YH]��KDFH�SHUGHU�VHQVLELOLGDG�HQ�HO�DQiOLVLV�UHDOL]DGR���

�
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�������$QiOLVLV�GH�6HQVLWLYLGDG�9ROWDMH�3RWHQFLD�5HDFWLYD�HQ�5HGHV�GH�*UDQ�'LPHQVLyQ���(Q XQ�VLVWHPD�HOpFWULFR�GH�SRWHQFLD��ORV�SUREOHPDV�GH�LQHVWDELOLGDG�GH�YROWDMH�\�OD�XELFDFLyQ�\�FDQWLGDG�GH�ODV�UHVHUYDV�GH�SRWHQFLD�UHDFWLYD�VRQ�GRV�DVSHFWRV�TXH�VH�HQFXHQWUDQ�tQWLPDPHQWH�UHODFLRQDGRV��3RU�OR�WDQWR��HO�FRQRFHU�ODV�FRQGLFLRQHV�GH�OD�UHVHUYD�GH�SRWHQFLD�UHDFWLYD�HV�GH�VXPD LPSRUWDQFLD� SDUD� OD� RSHUDFLyQ� GH� OD� UHG� GH� WUDQVPLVLyQ� GHO� VLVWHPD� \�� WLHQH� XQD� JUDQ�LQIOXHQFLD�HQ�OD�FRQILDELOLGDG�GHO�VLVWHPD�GH�SRWHQFLD����(Q OD�OLWHUDWXUD�KDQ�VLGR�SURSXHVWRV�GLVWLQWRV�PpWRGRV�>������@�SDUD�HYDOXDU�ODV�FRQGLFLRQHV�GH�OD UHVHUYD�UHDFWLYD�\��FRQVHFXHQWHPHQWH��OD�HVWDELOLGDG�GH�YROWDMH�GHO�VLVWHPD��(Q�HVWD�VHFFLyQ�VH GHVFULEH�XQR�GH�pVWRV�PpWRGRV�HO�FXDO��FRQVLVWH�HQ�OD�DSOLFDFLyQ�GH�WpFQLFDV�GH�VHQVLWLYLGDG�SDUD�FDOFXODU�OD�SUR[LPLGDG�DO�FRODSVR�GH�YROWDMH��HQ�09$U��SDUD�XQD�FRQGLFLyQ�GH�RSHUDFLyQ�GDGD���/DV YDULDEOHV� HQ�HO�FiOFXOR�GH� IOXMRV�ySWLPRV�GH�SRWHQFLD�SXHGHQ�FODVLILFDUVH�GH� OD� VLJXLHQWH�PDQHUD�>�@���
[ 9DULDEOHV�GH�HVWDGR��YROWDMHV�\�iQJXORV�HQ�QRGRV�GH�FDUJD��

�
X

S
Z

9DULDEOHV� GH� FRQWURO� �YROWDMHV� HQ� QRGRV� GH� JHQHUDFLyQ�� SURGXFFLyQ� GH� 0:��
FRPSHQVDFLyQ�GH�09$U���
�
SDUiPHWURV��YDORUHV�GH�HQWUDGD�FRPR�0:�\�09$U�GH�FDUJD��
�
9DULDEOHV�GHSHQGLHQWHV��SURGXFFLyQ�GH�SRWHQFLD�UHDFWLYD�GH�JHQHUDGRUHV��SURGXFFLyQ�
GH 0:�HQ�HO�QRGR�GH�UHIHUHQFLD���

(Q ORV�FiOFXORV�GH�VHQVLWLYLGDGHV�VRQ�GH�LQWHUpV�ODV�UHODFLRQHV�HQWUH�ODV�YDULDEOHV�GH�HVWDGR�\�ODV�YDULDEOHV� GH� FRQWURO� R� ORV� SDUiPHWURV�� 6RQ� WDPELpQ� GH� VXPR� LQWHUpV� ODV� UHODFLRQHV� HQWUH� ODV�YDULDEOHV�GHSHQGLHQWHV�\�ODV�YDULDEOHV�GH�FRQWURO�R�SDUiPHWURV���/D HFXDFLyQ�GH�IOXMRV�GH�SRWHQFLD�SXHGH�HVFULELUVH�FRPR��� � �J [ X S� �  � ������
�$SOLFDQGR�OD�H[SDQVLyQ�HQ�VHULHV�GH�7D\ORU�D�OD�HFXDFLyQ�������VH�REWLHQH�OD�VLJXLHQWH�UHODFLyQ���

∆ ∆ ∆ ∆J J [ J X J S[ X S � �  � ������
�'H OD�HFXDFLyQ�������OD�VHQVLWLYLGDG�HQ�ODV�YDULDEOHV�GH�HVWDGR�[ VH SXHGH�H[SUHVDU�FRPR����

∆ ∆ ∆�[ J J X J J S[ X [ S � �� �� � ������
�
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R ELHQ����
∆ ∆ ∆[ 6 X 6 S[X [S � ������

�GRQGH
6[X� VRQ�ODV�VHQVLWLYLGDGHV�HQ�YDULDEOHV�GH�HVWDGR�[ D ODV�YDULDFLRQHV�HQ�ODV�YDULDEOHV�GH FRQWURO�X
6[S� VRQ�ODV�VHQVLWLYLGDGHV�HQ�YDULDEOHV�GH�HVWDGR�[ D ODV�YDULDFLRQHV�HQ�ORV�YDORUHV�GH�HQWUDGD�S

/DV YDULDEOHV� GHSHQGLHQWHV� Z WDPELpQ� VRQ� IXQFLRQHV� GH� ODV� YDULDEOHV� GH� HVWDGR� [� GH� ODV�YDULDEOHV�GH�FRQWURO�X� \�GH�ORV�SDUiPHWURV�S� 3RU�OR�WDQWR�VH�WLHQH�TXH��� � �Z Z [ X S � � � ������
�([SDQGLHQGR�HQ�VHULHV�GH�7D\ORU�OD�HFXDFLyQ�������VH�WLHQH����

∆ ∆ ∆ ∆Z Z [ Z X Z S[ X S � � ������
�,QVHUWDQGR�OD�HFXDFLyQ�������HQ�OD�HFXDFLyQ�������\�FRQVLGHUDQGR�TXH�:S  �� OD�VHQVLWLYLGDG�HQ�ODV�YDULDEOHV�GHSHQGLHQWHV�Z VH SXHGH�H[SUHVDU�FRPR��� � �∆ ∆ ∆�Z Z J J Z X Z J J S[ [ X X [ [ S � � �� �� � ������
� R ELHQ���� ∆ ∆ ∆Z 6 X 6 SZX ZS �
GRQGH��

6ZX� VRQ� ODV� VHQVLWLYLGDGHV� HQ� YDULDEOHV� GHSHQGLHQWHV� Z D ODV� YDULDFLRQHV� HQ� ODV�YDULDEOHV�GH�FRQWURO�X
6ZS� VRQ� ODV� VHQVLWLYLGDGHV� HQ� YDULDEOHV� GHSHQGLHQWHV� Z D ODV� YDULDFLRQHV� HQ� ORV�YDORUHV�GH�HQWUDGD�S

(Q ODV� DQWHULRUHV� HFXDFLRQHV� J[� JX� JS� Z[� ZX� ZS VRQ� PDWULFHV� TXH� HVWiQ� IRUPDGDV� SRU�GHULYDGDV� SDUFLDOHV� GH� ORV� YHFWRUHV� J \ Z FRQ UHVSHFWR� D� ODV� YDULDEOHV� GH� HVWDGR� [� D� ODV�YDULDEOHV�GH�FRQWURO�X� \�D�ORV�SDUiPHWURV�S�
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���������'HWHFFLyQ�GHO�3XQWR�GH�,QHVWDELOLGDG�GH�9ROWDMH�0HGLDQWH�7pFQLFDV�GH�6HQVLWLYLGDG��(Q OD� HFXDFLyQ� ����� OD�PDWUL]� GH� VHQVLWLYLGDG�6[S SURSRUFLRQD� ODV� VHQVLWLYLGDGHV� GH� YROWDMH� D�FDPELRV�HQ�OD�SRWHQFLD�UHDFWLYD�>��@��'H�HVWD�IRUPD��OD�H[SUHVLyQ�SDUD�6[S HV���
6 J J[S [ S � �� �������

�(Q OD� HFXDFLyQ� ����� J[ \ JS VRQ ODV� GHULYDGDV� SDUFLDOHV� GH� ODV� YDULDEOHV� GH� HVWDGR� \� GH� ORV�SDUiPHWURV�� &RQ� XQD� DGHFXDGD� RUJDQL]DFLyQ� GH� ORV� SDUiPHWURV� OD� PDWUL]� JS HV� XQD� PDWUL]�GLDJRQDO�FRQ�WRGRV�VXV�HOHPHQWRV�LJXDO�D�OD�XQLGDG��6H�WLHQH�SRU�OR�WDQWR�TXH�6[S HV�LJXDO�D�OD�PDWUL] -DFRELDQD�LQYHUVD�GH�ORV�FiOFXORV�GH�IOXMRV�GH�SRWHQFLD�>��@��(Q�HVWH�-DFRELDQR�LQYHUVR��SDUD�GHWHFWDU�OD�RFXUUHQFLD�GH�LQHVWDELOLGDG�GH�YROWDMH�HV�QHFHVDULR�DQDOL]DU�OD�VHQVLWLYLGDG�GH�YROWDMH�D�FDPELRV�HQ�OD�SRWHQFLD�UHDFWLYD�GH�HVWH�PRGR��OD�VHQVLWLYLGDG�GH�LQWHUpV�HV�OD�TXH�HVWi�
GDGD�SRU�HO�HOHPHQWR�GLDJRQDO�UHODFLRQDGR�D�∆(L \ ∆4L� HV�GHFLU���

� �YV (
4 JL

L

[ L GLDJRQDO
 ª
¬«

º
¼»  � �

�

δ
δ

� �������
�GRQGH L HV�FXDOTXLHU�QRGR�GH�FDUJD�HQ�OD�UHG���(O Q~PHUR�GH�VHQVLWLYLGDG�YVL LQGLFD�OD�LQFOLQDFLyQ�GH�OD�FXUYD�9�4�GRQGH�HO�YROWDMH�HVWi�GDGR�FRPR�XQD�IXQFLyQ�QR�OLQHDO�GH�OD�HQWUDGD�GH�SRWHQFLD�UHDFWLYD�HQ�HO�PLVPR�QRGR��(VWH�Q~PHUR�WLHQGH�D�LQFUHPHQWDUVH�D�XQ�YDORU�LQILQLWR�FXDQGR�HO�YROWDMH�VH�DSUR[LPD�D�VX�YDORU�FUtWLFR��/D�VHQVLWLYLGDG� YVL SXHGH� VHU� XWLOL]DGD� FRPR� XQ� LQGLFDGRU� GHO� FRODSVR� GH� YROWDMH� VLQ� HPEDUJR��GHELGR D� OD�QR�OLQHDOLGDG�HQ�HO�FRPSRUWDPLHQWR�GH� OD� UHG��YVL HV�YiOLGR�VRODPHQWH�HQ�YDORUHV�FHUFDQRV�DO�YROWDMH�DFWXDO�>��@���
6L VH� GHILQH� XQD� GLUHFFLyQ� SRVLWLYD� GH� SRWHQFLD� HQ� OD� UHG�� ODV� VHQVLWLYLGDGHV� δ

δ
�
�
(
4

L

ª

¬
«

º

¼
»
VRQ� WRGDV�

SRVLWLYDV� HQ� YROWDMHV� GH� RSHUDFLyQ� DUULED� GHO� SXQWR� FUtWLFR�� 3RU� OR� WDQWR�� HO� VLJQR� GH� ODV�VHQVLWLYLGDGHV� YVL GDGDV� SRU� OD� HFXDFLyQ� ���� HV� XVDGR� SDUD� GHWHUPLQDU� VL� XQD� FRQGLFLyQ� GH�RSHUDFLyQ�GH�OD�UHG�VH�HQFXHQWUD�DUULED�R�DEDMR�GHO�SXQWR�GH�LQHVWDELOLGDG�GH�YROWDMH�>��@���/RV SDVRV�FRPSXWDFLRQDOHV�QHFHVDULRV�SDUD�GHWHUPLQDU�ORV�HOHPHQWRV�GLDJRQDOHV�GHSHQGHQ�GH�OD DSOLFDFLyQ�� 6L� OD� PDWUL]� HV� XWLOL]DGD� SDUD� LGHQWLILFDU� QRGRV� FRQ� VHQVLWLYLGDG� GH� YROWDMH� D�FDPELRV�HQ�OD�SRWHQFLD�UHDFWLYD��VRODPHQWH�VRQ�QHFHVDULRV�ORV�HOHPHQWRV�GH�OD�GLDJRQDO��3DUD�PRQLWRUHDU� XQRV� FXDQWRV� QRGRV�� SXHGH� DSOLFDUVH� XQD� VXVWLWXFLyQ� FRPSOHWD� KDFLD� DGHODQWH� \�KDFLD DWUiV�\�GHWHUPLQDU�OD�FROXPQD�FRPSOHWD�HQ�HO�-DFRELDQR�LQYHUVR�SDUD�GLFKRV�QRGRV��3DUD�PRQLWRUHDU�PXFKRV�QRGRV�ORV�FiOFXORV�FRPSXWDFLRQDOHV�SXHGHQ�FRQVXPLU�EDVWDQWH�WLHPSR�GH�FRPSXWR���
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�������0pWRGRV�GH�&RQWLQXDFLyQ�GH�)OXMRV�GH�3RWHQFLD�\�2WURV�(QIRTXHV�GH�$QiOLVLV��(O DQiOLVLV�GH�IOXMRV�GH�SRWHQFLD�HV�XQD�GH�ODV�KHUUDPLHQWDV�PiV�DPSOLDPHQWH�XWLOL]DGDV�SDUD�HO�HVWXGLR�GH�ORV�VLVWHPDV�HOpFWULFRV�GH�SRWHQFLD��&XDQGR�VH�OOHYDQ�D�FDER�HVWXGLRV�UHODFLRQDGRV�FRQ�SUREOHPDV�GH�YROWDMH�\�PX\�SDUWLFXODUPHQWH��HQ�DVSHFWRV�UHODFLRQDGRV�FRQ�IHQyPHQRV�GH�FRODSVR�GH�YROWDMH�� ODV�KHUUDPLHQWDV�GH�IOXMRV�GH�FDUJD�VRQ�PX\�~WLOHV�XQD�YH]�TXH�pVWDV�VRQ�FRPSUHQGLGDV�\�XWLOL]DGDV�GH�XQD�PDQHUD�DGHFXDGD��3RU�GHVJUDFLD��FXDQGR�VRQ�HPSOHDGRV�SDUD�DQDOL]DU�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH��OD�PD\RUtD�GH�ORV�SURJUDPDV�GH�IOXMRV�GH�SRWHQFLD�H[SHULPHQWDQ�GLILFXOWDGHV�HQ�OD�FRQYHUJHQFLD�SDUD�HQFRQWUDU�OD�VROXFLyQ��6LQ�HPEDUJR��FRQ�HO�SURSyVLWR� GH� DOLYLDU� HVWD� FODVH� GH� LQFRQYHQLHQWHV�� VH� KDQ� GHVDUUROODGR� HQ� ORV� ~OWLPRV� DxRV�PpWRGRV GH�FRQWLQXDFLyQ�GH�IOXMRV�GH�SRWHQFLD�ORV�FXDOHV��VRQ�KHUUDPLHQWDV�FDSDFHV�GH�PDQHMDU�ODV GLILFXOWDGHV�PDWHPiWLFDV�TXH�VRQ�HQFRQWUDGDV�GXUDQWH�HO�DQiOLVLV�GH�SUREOHPDV�GH�YROWDMH�HQ�VLVWHPDV�GH�SRWHQFLD��3RU�OR�WDQWR��HQ�JHQHUDO�HV�SRVLEOH�GHFLU�TXH�ORV�PpWRGRV�GH�FRQWLQXDFLyQ�VRQ XQD�KHUUDPLHQWD�TXH�SHUPLWH�KDFHU�PDV�UREXVWD�OD�DSOLFDFLyQ�GH�ORV�IOXMRV�GH�SRWHQFLD���0DWHPiWLFDPHQWH��HO�SUREOHPD�GH�IOXMRV�GH�SRWHQFLD�FRQVLVWH�HQ�OD�VROXFLyQ�GH�XQ�PX\�JUDQGH�\ HVSDUFLGR� FRQMXQWR� GH� HFXDFLRQHV� DOJHEUDLFDV� QR�OLQHDOHV�� /D� VROXFLyQ� GH� HVWD� FODVH� GH�HFXDFLRQHV� UHSUHVHQWD� SRU� Vt� VROD�� XQ� LPSRUWDQWH� SUREOHPD� PDWHPiWLFR�� 6H� WLHQH� DGHPiV�TXH IDFWRUHV� FRPR� OD� H[LVWHQFLD� GH� VROXFLRQHV�� FRQYHUJHQFLD� GH� XQD� VROXFLyQ�� VROXFLRQHV�P~OWLSOHV�� ELIXUFDFLRQHV�� OLQHDOLGDG�� FXUYDWXUD�� DSUR[LPDFLRQHV� \� PpWRGRV� GH� UHGXFFLyQ� VRQ�DOJXQRV�GH�ORV�DVSHFWRV�TXH�VH�HQFXHQWUDQ�JHQHUDOPHQWH�DVRFLDGRV�FRQ�HO�SUREOHPD�GH�UHVROYHU�HFXDFLRQHV� QR�OLQHDOHV�� 'H� HVWD� IRUPD�� HVWD� FODVH� GH� LQFRQYHQLHQWHV� VH� HQFXHQWUDQ� WDPELpQ�SUHVHQWHV�HQ�HO�SUREOHPD�GH�OD�VROXFLyQ�GH�ODV�HFXDFLRQHV�GH�IOXMRV�GH�SRWHQFLD�>��@���/RV PpWRGRV� GH� FRQWLQXDFLyQ�SDUD� UHVROYHU� FRQMXQWRV� GH� HFXDFLRQHV� DOJHEUDLFDV� QR�OLQHDOHV��VRQ PpWRGRV� OHQWRV� SHUR� H[WUHPDGDPHQWH� UREXVWRV� \�SRGHURVRV�SRU� OR� FXDO�� SURSRUFLRQDQ� OD�SRVLELOLGDG�GH�FRQWHVWDU�DOJXQDV�LQWHUURJDQWHV�TXH�HQ�RFDVLRQHV�QR�HV�SRVLEOH�REWHQHU�PHGLDQWH�ORV PpWRGRV� EiVLFRV� GH� DQiOLVLV� GH� IOXMRV� GH� SRWHQFLD�� (VWRV� PpWRGRV� GH� FRQWLQXDFLyQ� VRQ�DGHFXDGRV�QR�VROR�SDUD�UHVROYHU�SUREOHPDV�PDWHPiWLFRV�GLItFLOHV��VLQR�WDPELpQ�SDUD�UHVSRQGHU�XQD EXHQ� Q~PHUR� GH� DVSHFWRV� UHODFLRQDGRV� FRQ� ORV� VLVWHPDV� HOpFWULFRV� GH� SRWHQFLD�� (Q�SDUWLFXODU��UHVXOWDQ�PX\�UHFRPHQGDEOHV�SDUD�HVWXGLDU�SUREOHPDV�VHYHURV�GH�YROWDMH���/RV PpWRGRV�GH�FRQWLQXDFLyQ�KDQ�VLGR�XWLOL]DGRV�GXUDQWH�PXFKRV�DxRV�HQ�XQD�JUDQ�YDULHGDG�GH�DSOLFDFLRQHV�>������@��(Q�6LVWHPDV�(OpFWULFRV�GH�3RWHQFLD��6(3V���ODV�SULPHUDV�DSOLFDFLRQHV�GH�pVWRV�PpWRGRV�R�VXV�YDULDQWHV�LQFOX\HQ�WUDEDMRV�FRPR�ORV�LOXVWUDGRV�HQ�ODV�UHIHUHQFLDV�>���������� \���@��/DV�PiV�UHFLHQWHV�DSOLFDFLRQHV�GH�PpWRGRV�GH�FRQWLQXDFLyQ�HQ�6(3V�VRQ�LOXVWUDGDV�HQ�>�������\���@����
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(Q�UHVXPHQ��DOJXQRV�DVSHFWRV�UHOHYDQWHV�UHVSHFWR�D�ORV�PpWRGRV�GH�FRQWLQXDFLyQ�VRQ�ORV�TXH�VH�LQGLFDQ�D�FRQWLQXDFLyQ�>��@���
• /RV PpWRGRV�GH�FRQWLQXDFLyQ�UHSUHVHQWDQ�XQD�SRGHURVD�KHUUDPLHQWD�SDUD�HO�DQiOLVLV�GH�

IOXMRV�GH�SRWHQFLD�
�
• 6RQ� XWLOL]DGRV� SDUD� UHVROYHU� SUREOHPDV� HQ� ORV� TXH� VH� WLHQHQ� GLILFXOWDGHV� HQ� OD�

FRQYHUJHQFLD�
�
• 3XHGHQ�VHU�HPSOHDGRV�SDUD�FDOFXODU�SXQWRV�GH�³Pi[LPD�FDUJDELOLGDG´�DVt�FRPR�SXQWRV�

GH�FDSDFLGDG�Pi[LPD�GH�WUDQVIHUHQFLD��
�
• 3XHGHQ� FRQVWLWXLU� OD� EDVH� SDUD� UHDOL]DU� ORV� FiOFXORV� FRPSXWDFLRQDOHV� GH� HVWXGLRV� GH�

VHJXULGDG�\�FRODSVR�GH�YROWDMH�XWLOL]DQGR�HO�SURFHGLPLHQWR�GH�³IRWRJUDItDV�LQVWDQWiQHDV´�
GHO�VLVWHPD�SDUD�OD�HYDOXDFLyQ�GH�OD�HVWDELOLGDG�GH�YROWDMH��

• &RQ�HVWRV�PpWRGRV��SXHGHQ�VHU�LGHQWLILFDGRV�SXQWRV�GH�HTXLOLEULR�LQHVWDEOHV�\�HV�SRVLEOH�
HQFRQWUDU�WRGDV�ODV�VROXFLRQHV�SRVLEOHV�D�ORV�SUREOHPDV�GH�IOXMRV�GH�SRWHQFLD��

• (O� SUHFLR� TXH� VH� SDJD� SRU� OD� UREXVWH]� GH� HVWD� KHUUDPLHQWD� HV� HO� GHFUHPHQWR� HQ� OD�
YHORFLGDG� GH� OD� VROXFLyQ�� VLQ� HPEDUJR��XQD� LPSOHPHQWDFLyQ�DGHFXDGD�GH� HVWRV�PpWRGRV�
FRQMXQWDPHQWH�FRQ�OD�DSOLFDFLyQ�GH�WpFQLFDV�GH�HVSDUFLGDG�GH�PDWULFHV��SXHGH�UHVXOWDU�HQ�
XQD�JUDQ�RSWLPL]DFLyQ�PHGLDQWH�OD�FXDO��VH�ORJUDQ�REWHQHU�VROXFLRQHV�GH�IOXMRV�TXH�QR�VRQ�
VXEVWDQFLDOPHQWH�PiV�OHQWDV�TXH�ORV�PpWRGRV�RUGLQDULRV�GH�IOXMRV�GH�SRWHQFLD���
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(Q ORV� ~OWLPRV� DxRV� KDQ� VLGR� SURSXHVWDV� HQ� OD� OLWHUDWXUD� DOJXQDV� WpFQLFDV� HVSHFLDOHV� SDUD�UHDOL]DU�HO�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�XWLOL]DQGR�SURFHGLPLHQWRV�HVWiWLFRV��(Q�VHFFLRQHV�SRVWHULRUHV�GH�HVWH�FDSLWXOR�VH�GHVFULEHQ�DOJXQDV�GH�HVWDV�WpFQLFDV�GH�DQiOLVLV�OLQHDO�FRPR�VH�OHV�FRQRFH� D� ODV� WpFQLFDV� HVWiWLFDV� ODV� FXDOHV�� WLHQHQ� OD� YHQWDMD� GH� SURSRUFLRQDU� LQIRUPDFLyQ�LPSRUWDQWH�UHODFLRQDGD�FRQ�OD�HVWDELOLGDG�GH�YROWDMH�GHVGH�XQD�SHUVSHFWLYD�TXH�WRPD�HQ�FXHQWD�DO� VLVWHPD� HOpFWULFR� FRPSOHWR� DGHPiV�GH� TXH�� LGHQWLILFDQ� FODUDPHQWH� D� ODV� iUHDV� TXH�SXHGHQ�WHQHU SUREOHPDV�SRWHQFLDOHV��8QD��GH�ODV�WpFQLFDV�HVWiWLFDV�PiV�XWLOL]DGDV�HV�HO�DQiOLVLV�PRGDO��&RQ HVWD�WpFQLFD��DGHPiV�GH�VDEHU�HQ�IRUPD�LQPHGLDWD�VL�HO�VLVWHPD�HV�R�QR�HVWDEOH��WDPELpQ�HV�SRVLEOH�REWHQHU�~WLO� LQIRUPDFLyQ� UHODFLRQDGD�FRQ�HO�PHFDQLVPR�GH� OD� LQHVWDELOLGDG�GH�YROWDMH�>��@���
�����,QWURGXFFLyQ�D�ODV�7pFQLFDV�GH�$QiOLVLV�/LQHDO��
�(O DQiOLVLV�OLQHDO�H[DPLQD�OD�HVWDELOLGDG�GH�YROWDMH�DQWH�XQD�FRQGLFLyQ�GH�RSHUDFLyQ�GDGD��/D�PD\RUtD GH�ODV�WpFQLFDV�GH�DQiOLVLV�OLQHDO�HVWiQ�EDVDGDV�HQ�ODV�HFXDFLRQHV�OLQHDOL]DGDV�GH�IOXMRV�GH SRWHQFLD��
/DV WpFQLFDV� GH� DQiOLVLV� OLQHDO� PiV� FRQRFLGDV� VRQ�� � D�� $QiOLVLV� GH� VHQVLWLYLGDG� 9�4������������������
E� 'HVFRPSRVLFLyQ�GHO�YDORU�VLQJXODU�\��F���$QiOLVLV�0RGDO�>��@�
(O DQiOLVLV�GH� VHQVLWLYLGDG�9�4� GHWHUPLQD� OD� HVWDELOLGDG�GH�YROWDMH�GHO� VLVWHPD��EDVDGR�HQ�HO�VLJQR� GH� OD� VHQVLWLYLGDG� GH� OD� PDJQLWXG� GHO� YROWDMH� HQ� HO� QRGR�� UHVSHFWR� D� OD� LQ\HFFLyQ� GH�SRWHQFLD UHDFWLYD�HQ�HO�PLVPR�QRGR��8QD�VHQVLWLYLGDG�9�4 SRVLWLYD�VLJQLILFD�TXH�HO�YROWDMH�HQ�HO�QRGR�VH�LQFUHPHQWD�VL�VH�VXPLQLVWUD�SRWHQFLD�UHDFWLYD�HQ�HO�PLVPR�QRGR��(O�VLVWHPD�SRVHH�HVWDELOLGDG�GH�YROWDMH�VL�WRGDV�ODV�VHQVLWLYLGDGHV�9�4 VRQ SRVLWLYDV�\�HQ�FDPELR��VH�GLFH�TXH�HO�VLVWHPD�HV�LQHVWDEOH�VL�OD�VHQVLWLYLGDG�9�4�HV QHJDWLYD�SDUD�DO�PHQRV�XQ�QRGR���0HGLDQWH� HO� FiOFXOR�GH� ODV� VHQVLWLYLGDGHV�9�4�SDUD WRGRV� ORV�QRGRV�GHO� VLVWHPD�HOpFWULFR��HV�SRVLEOH� REWHQHU� XQD� IRWRJUDItD� LQVWDQWiQHD� UHVSHFWR� D� OD� HVWDELOLGDG� GH� YROWDMH� GH� GLFKR�VLVWHPD��6LQ�HPEDUJR��FRPR�VH�GHVFULELUi�SRVWHULRUPHQWH�HQ�HVWH�FDSLWXOR��OD�LQHVWDELOLGDG�GH�YROWDMH� QR� RFXUUH� VROR� SDUD� QRGRV� LQGLYLGXDOHV� \� Vt� HQ� FDPELR�� VH� SUHVHQWD� SDUD� PRGRV�LQGLYLGXDOHV�SDUD�FDGD�XQR�GH�ORV�FXDOHV��FDGD�QRGR�GHQWUR�GHO�VLVWHPD�SDUWLFLSD�HQ�XQ�JUDGR�GLIHUHQWH��3RU�OR�WDQWR��GHELGR�D�TXH�QR�HV�SRVLEOH�LGHQWLILFDU�PRGRV�LQHVWDEOHV�LQGLYLGXDOHV��OD�WpFQLFD� GH� VHQVLWLYLGDG� 9�4� WLHQH XQD� DSOLFDFLyQ� OLPLWDGD� SDUD� GHWHUPLQDU� HO� YHUGDGHUR�PHFDQLVPR�GH�OD�LQHVWDELOLGDG�GH�YROWDMH��
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/DV�WpFQLFDV�GH�'HVFRPSRVLFLyQ�GHO�9DORU�6LQJXODU�\�GH�$QiOLVLV�0RGDO�H[DPLQDQ�DPEDV�ORV�PRGRV� GH� OD� HVWDELOLGDG� GH� YROWDMH� FRQ� OR� FXDO�� DO� LJXDO� TXH� OD� WpFQLFD� GH� VHQVLWLYLGDG�9�4��SURSRUFLRQDQ�LQIRUPDFLyQ�UHVSHFWR�D�OD�HVWDELOLGDG�GH�YROWDMH�GH�WRGR�HO�VLVWHPD�HQ�HVWXGLR��/D�GLIHUHQFLD� HV� TXH� DGHPiV� GH� OR� DQWHULRU�� GHELGR� D� TXH� HVWDV� GRV� WpFQLFDV� LGHQWLILFDQ�PRGRV�LQGLYLGXDOHV�LQHVWDEOHV��HV�SRVLEOH�REWHQHU�GH�HOODV�XQD�PHMRU�LQIRUPDFLyQ�UHODFLRQDGD�FRQ�HO�PHFDQLVPR�GH�OD�LQHVWDELOLGDG�GH�YROWDMH�>��@���(Q OD� VLJXLHQWH� VHFFLyQ� GH� HVWH� FDSLWXOR�� VH� GHVFULEHQ� GH� PDQHUD� GHWDOODGD� ODV� WpFQLFDV� GH�DQiOLVLV�GH�VHQVLWLYLGDG�9�4 \ OD�WpFQLFD�GH�DQiOLVLV�PRGDO��/D�SULPHUD�GH�HOODV�VH�LQFOX\H�SRU�FRQVLGHUDU� TXH� VLUYH� FRPR�XQD�EXHQD� LQWURGXFFLyQ�SDUD� XQD�PHMRU� FRPSUHQVLyQ�GHO� DQiOLVLV�PRGDO� \D� TXH� HVWD� ~OWLPD�� HV� SUHFLVDPHQWH� OD� WpFQLFD� TXH� VH� XWLOL]D� HQ� HO� GHVDUUROOR� GH� HVWH�WUDEDMR�GH�WHVLV������
������$QiOLVLV�GH�6HQVLWLYLGDG�9�4� >��@�
/DV HFXDFLRQHV�OLQHDOL]DGDV�GH�XQ�VLVWHPD�GH�SRWHQFLD�HQ�HVWDGR�HVWDEOH�VRQ�>��@���
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∆3  FDPELR LQFUHPHQWDO�HQ�OD�SRWHQFLD�UHDO�GHO�QRGR�
�

∆4  FDPELR LQFUHPHQWDO�HQ�OD�LQ\HFFLyQ�GH�SRWHQFLD�UHDFWLYD�HQ�HO�QRGR�
�

∆T  FDPELR LQFUHPHQWDO�HQ�HO�iQJXOR�GH�YROWDMH�GHO�QRGR�
�

∆9  FDPELR�LQFUHPHQWDO�HQ�OD�PDJQLWXG�GH�YROWDMH�GHO�QRGR�

/RV HOHPHQWRV�GH�OD�PDWUL]�-DFRELDQD�SURSRUFLRQDQ�OD�VHQVLWLYLGDG�HQWUH�HO�IOXMR�GH�SRWHQFLD�\�ORV FDPELRV�GH�YROWDMH�HQ�HO�QRGR���6L VH�XVDQ�ORV�PRGHORV�FRQYHQFLRQDOHV�GH�IOXMRV�GH�SRWHQFLD�SDUD�HO�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�� OD� PDWUL]� -DFRELDQD� GH� OD� HFXDFLyQ� ������ WLHQH� OD� PLVPD� IRUPD� TXH� HO� -DFRELDQR�IRUPDGR� SDUD� UHVROYHU� ODV� HFXDFLRQHV� QRUPDOHV� GH� IOXMRV� XWLOL]DQGR� OD� WpFQLFD� GH� 1HZWRQ�5DSKVRQ��(Q�FDPELR��VL�VH�LQFOX\HQ�ORV�PRGHORV�GH�GLVSRVLWLYRV�GH�PDQHUD�TXH�FRQVLGHUHQ�ODV�YDULDEOHV� GH� HVWDGR� GH� pVWRV�� OD� UHODFLyQ� OLQHDOL]DGD� HQWUH� SRWHQFLD� \� YROWDMH� SDUD� FDGD�GLVSRVLWLYR�FXDQGR� �[ = � SXHGH�VHU�H[SUHVDGD�FRPR�VLJXH�>��@��
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�GRQGH
∆3G  FDPELR�LQFUHPHQWDO�HQ�OD�VDOLGD�GH�SRWHQFLD�UHDO�GHO�GLVSRVLWLYR��
∆4G  FDPELR�LQFUHPHQWDO�HQ�OD�VDOLGD�GH�SRWHQFLD�UHDFWLYD�GHO�GLVSRVLWLYR��
∆TG  FDPELR�LQFUHPHQWDO�HQ�HO�iQJXOR�GH�YROWDMH�GHO�GLVSRVLWLYR��
∆9G  FDPELR�LQFUHPHQWDO�HQ�OD�PDJQLWXG�GH�YROWDMH�GHO�GLVSRVLWLYR��/RV WpUPLQRV� GH� OD� PDWUL]� -DFRELDQD� GH� OD� UHG� HQ� OD� HFXDFLyQ� ���� DVRFLDGRV� FRQ� FDGD�GLVSRVLWLYR��VRQ�PRGLILFDGRV�SRU�$��� $��� $���\ $���SDUD�IRUPDU�OD�PDWUL]�-DFRELDQD�GHO�VLVWHPD���/D HVWDELOLGDG�GH�YROWDMH�GH�XQ�VLVWHPD�HV�DIHFWDGD�WDQWR�SRU�OD�SRWHQFLD�UHDO��3� FRPR�SRU�OD�SRWHQFLD�UHDFWLYD��4�� 1R�REVWDQWH��HQ�FDGD�SXQWR�GH�RSHUDFLyQ�VH�SXHGH�PDQWHQHU�FRQVWDQWH�3�\ HYDOXDU�OD�HVWDELOLGDG�GH�YROWDMH�FRQVLGHUDQGR�ODV�UHODFLRQHV�LQFUHPHQWDOHV�HQWUH�4 \ 9� (VWR�HV DQiORJR� DO� SURFHGLPLHQWR� SDUD� IRUPDU� OD� FXUYD� 4�9� $� SHVDU� GH� TXH� ORV� FDPELRV�LQFUHPHQWDOHV�HQ�3 VRQ�LJQRUDGRV�HQ�OD�IRUPXODFLyQ��ORV�HIHFWRV�GH�ORV�FDPELRV�HQ�OD�FDUJD�GHO�VLVWHPD� R� HQ� ORV� QLYHOHV� GH� WUDQVIHUHQFLD� GH� SRWHQFLD�� VRQ� WRPDGRV� HQ� FXHQWD� PHGLDQWH� HO�HVWXGLR�GH� ODV�UHODFLRQHV� LQFUHPHQWDOHV�HQWUH�4 \ 9 DQWH GLIHUHQWHV�FRQGLFLRQHV�GH�RSHUDFLyQ�>��@���

%DVDGRV HQ�ODV�DQWHULRUHV�FRQVLGHUDFLRQHV��VL�VH�DVXPH�∆3  ��HQ�OD�HFXDFLyQ��������VH�WLHQH��
� ' '4 - 95= ������
�GRQGH

- - - - -5 49 4 3 39= − −
T T� � ������

�-5 HV�FRQRFLGD�FRPR�OD�PDWUL]�UHGXFLGD�GHO�VLVWHPD�HQ�HVWDGR�HVWDEOH��(VWD�PDWUL]�-5 UHSUHVHQWD�OD UHODFLyQ�OLQHDOL]DGD�HQWUH�ORV�FDPELRV�LQFUHPHQWDOHV�GH�ODV�PDJQLWXGHV�GH�YROWDMHV�HQ�QRGRV�
�∆9� \�OD�LQ\HFFLyQ�GH�SRWHQFLD�UHDFWLYD�HQ�HO�QRGR��∆4��

'H OD�HFXDFLyQ������VH�SXHGH�HVFULELU���
' '9 - 45= −� ������

�
/D PDWUL]� -5−� HV�HO�-DFRELDQR�9�4�UHGXFLGR��6X�LpVLPR�HOHPHQWR�GLDJRQDO�HV�OD�VHQVLWLYLGDG�9�4
HQ HO�QRGR� L� &RQ�REMHWR�GH�PHMRUDU� OD�HILFLHQFLD�FRPSXWDFLRQDO��HVWD�PDWUL]�QR�HV�JHQHUDGD�H[SOtFLWDPHQWH�SRU�OR�TXH�ODV�VHQVLWLYLGDGHV�9�4 VRQ�FDOFXODGDV�UHVROYLHQGR�OD�HFXDFLyQ������
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/D� VHQVLWLYLGDG�9�4� HQ XQ� QRGR� UHSUHVHQWD� OD� LQFOLQDFLyQ� GH� OD� FXUYD�4�9 HQ XQ� SXQWR� GH�RSHUDFLyQ�GDGR��8QD�VHQVLWLYLGDG�9�4�SRVLWLYD�HV�LQGLFDWLYR�GH�XQD�RSHUDFLyQ�HVWDEOH��/D�PiV�SHTXHxD� GH� ODV� VHQVLWLYLGDGHV� HV� OD� PiV� HVWDEOH� GHO� VLVWHPD�� &RQIRUPH� OD� HVWDELOLGDG�GLVPLQX\H��OD�PDJQLWXG�GH�OD�VHQVLWLYLGDG�VH�LQFUHPHQWD�OOHJDQGR�D�VHU�LQILQLWD�HQ�HO�OLPLWH�GH�HVWDELOLGDG�� 3RU� HO� FRQWUDULR�� XQD� VHQVLWLYLGDG�9�4 QHJDWLYD� HV� LQGLFDWLYR� GH� XQD� RSHUDFLyQ�LQHVWDEOH��8QD�VHQVLWLYLGDG�QHJDWLYD�SHTXHxD�UHSUHVHQWD�XQD�RSHUDFLyQ�PX\�LQHVWDEOH��'HELGR�D OD� QDWXUDOH]D� QR� OLQHDO� GH� ODV� UHODFLRQHV� 9�4� ODV� PDJQLWXGHV� GH� ODV� VHQVLWLYLGDGHV� SDUD�GLIHUHQWHV�FRQGLFLRQHV�GHO�VLVWHPD��QR�SURSRUFLRQDQ�XQD�PHGLGD�GLUHFWD�GHO�JUDGR�UHODWLYR�GH�HVWDELOLGDG�>��@����
������7pFQLFDV�GH�$QiOLVLV�0RGDO�>��@�
/D WpFQLFD� GH� DQiOLVLV� PRGDO�HLJHQYDORU� TXH� DTXt� VH� GHVFULEH�� LQYROXFUD� HO� FiOFXOR�FRPSXWDFLRQDO�GH�ORV�HLJHQYDORUHV�\�HLJHQYHFWRUHV�DVRFLDGRV�GH�XQD�PDWUL]�-DFRELDQD�UHGXFLGD��GHILQLGD�SRU� OD�HFXDFLyQ������JHQHUDGD�D�SDUWLU�GH�XQ�VLVWHPD�GH�SRWHQFLD�HQ�HVWDGR�HVWDEOH��(VWD PDWUL]� UHGXFLGD� FRQWLHQH� OD� UHODFLyQ�4�9 HQ OD� UHG� \�� HQ� HOOD� D� OD� YH]�� VH� LQFOX\HQ� ODV�FDUDFWHUtVWLFDV� DSURSLDGDV� GH� JHQHUDGRUHV�� FDUJDV�� GLVSRVLWLYRV� GH� FRPSHQVDFLyQ� GH� SRWHQFLD�UHDFWLYD \� FRQYHUWLGRUHV� GH� FRUULHQWH� GH� GLUHFWD� �+9'&��� 0HGLDQWH� HO� XVR� GH� OD� PDWUL]�-DFRELDQD�UHGXFLGD�HV�SRVLEOH�H[DPLQDU�OD�UHODFLyQ�TXH�VH�SUHVHQWD�HQWUH�HO�FDPELR�LQFUHPHQWDO�HQ�HO�YROWDMH�GH�QRGR�\�HO�FDPELR�LQFUHPHQWDO�HQ�OD�LQ\HFFLyQ�GH�SRWHQFLD�UHDFWLYD�HQ�HO�PLVPR�QRGR� /RV� HLJHQYDORUHV� GH� OD� PDWUL]� -DFRELDQD� UHGXFLGD� LGHQWLILFDQ� ORV� GLIHUHQWHV� PRGRV� D�WUDYpV� GH� ORV� FXDOHV�� HO� VLVWHPD� SRGUtD� OOHJDU� D� SUHVHQWDU� XQD� LQHVWDELOLGDG� GH� YROWDMH�� /D�PDJQLWXG� GH� ORV� HLJHQYDORUHV� SURSRUFLRQD� XQD� PHGLGD� UHODWLYD� GH� OD� SUR[LPLGDG� D� OD�LQHVWDELOLGDG��/RV�HLJHQYHFWRUHV�SRU�RWUD�SDUWH��SURSRUFLRQDQ�YDOLRVD�LQIRUPDFLyQ�UHODFLRQDGD�FRQ�HO�PHFDQLVPR�GH�OD�SpUGLGD�GH�HVWDELOLGDG�GH�YROWDMH�>�����@���(Q ORV�VLVWHPDV�HOpFWULFRV�GH�SRWHQFLD�VH�KD�XWLOL]DGR�GHVGH�KDFH�\D�DOJ~Q�WLHPSR�OD�WpFQLFD�GH�DQiOLVLV� PRGDO� SDUD� HVWXGLDU� HO� SUREOHPD� GH� HVWDELOLGDG� DQJXODU� DQWH� SHTXHxRV� GLVWXUELRV�
�6'$6��� (O� DQiOLVLV� PRGDO� SDUD� OD� HYDOXDFLyQ� GH� OD� HVWDELOLGDG� GH� YROWDMH� HV� GLIHUHQWH� GHO�DQiOLVLV�6'$6��6PDOO�'LVWXUEDQFH�$QJOH�6WDELOLW\��HQ�ORV�VLJXLHQWHV�DVSHFWRV�>�����@���
�� (O� SURSyVLWR� GHO� HVWXGLR� GH� HVWDELOLGDG� GH� YROWDMH� HV� LGHQWLILFDU� iUHDV� VXVFHSWLEOHV� D� OD�

LQHVWDELOLGDG�GH�YROWDMH�\�REWHQHU�D�OD�YH]��LQIRUPDFLyQ�FRQ�UHVSHFWR�D�FRPR�PHMRUDU�GH�
XQD�PDQHUD�PiV�HIHFWLYD�OD�HVWDELOLGDG�GH�YROWDMH�GH�XQ�VLVWHPD��(O�SURSyVLWR�GHO�HVWXGLR�
GH� 6'$6� HQ� FDPELR�� HV� HO� GH� LGHQWLILFDU�PRGRV� GH� RVFLODFLyQ� ORFDOHV� R� LQWHU�iUHDV� TXH�
VHDQ QHJDWLYRV�R�SREUHPHQWH�DPRUWLJXDGRV�FRQ�UHVSHFWR�D�OD�HVWDELOLGDG�DQJXODU�\��SDUD�
UHFRPHQGDU�ILQDOPHQWH�ODV�PHMRUHV�DOWHUQDWLYDV�SDUD�PHMRUDU�HO�DPRUWLJXDPLHQWR�GH�HVRV�
PRGRV��

�
�� (O�HLJHQ�DQiOLVLV�SDUD�OD�HVWDELOLGDG�GH�YROWDMH�SXHGH�VHU�UHDOL]DGR�VREUH�OD��SRVLEOHPHQWH�

UHGXFLGD��PDWUL]�-DFRELDQD�GH�IOXMRV�GH�SRWHQFLD��IRUPXODGD�VREUH�OD�EDVH�GH�HFXDFLRQHV�
DOJHEUDLFDV�DSURSLDGDV�SDUD�HO�PDUJHQ�GH�WLHPSR��VQDSVKRW��GH�LQWHUpV��3RU�RWUR�ODGR��HO�
HLJHQ�DQiOLVLV�SDUD�HO�HVWXGLR�6'$6�HV�OOHYDGR�D�FDER�EDViQGRVH�HQ�OD�PDWUL]�GH�HVWDGR�
FRPSXHVWD�SRU�HFXDFLRQHV�GLIHUHQFLDOHV�OLQHDOHV��� �
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�������5HTXHULPLHQWRV�HQ�HO�0RGHODGR�GH�'LVSRVLWLYRV�3DUD�$SOLFDFLyQ�GHO�$QiOLVLV�0RGDO��(Q HVWD� VHFFLyQ� VH� GHVFULEHQ� EUHYHPHQWH� ORV� PRGHORV� GH� DTXHOORV� GLVSRVLWLYRV� FODYH� GHO�VLVWHPD� TXH� SDUD� HVWXGLRV� GH� HVWDELOLGDG� GH� YROWDMH�� GLILHUHQ� GH� ORV� PRGHORV� XWLOL]DGRV� HQ�HVWXGLRV�GH�IOXMRV�GH�FDUJD�FRQYHQFLRQDOHV����'HELGR� D� TXH� HO� SURFHGLPLHQWR� EiVLFR� GHO� DQiOLVLV� PRGDO� HVWi� EDVDGR� HQ� ODV� UHODFLRQHV�OLQHDOL]DGDV� GH� YROWDMH�SRWHQFLD� UHDFWLYD� HQ� HVWDGR� HVWDEOH� GHO� VLVWHPD�� HO� LQWHUpV� VH� HQIRFD�KDFLD�OD�PRGLILFDFLyQ�GH�OD�PDWUL]�-DFRELDQD�GH�GLFKR�VLVWHPD�SDUD�LQFOXLU�ORV�QXHYRV�PRGHORV�PHQFLRQDGRV�� 'H� HVWD�PDQHUD�� FRPR� VH�PHQFLRQD� HQ� OD� VHFFLyQ� ����� ODV� UHODFLRQHV� OLQHDOHV�HQWUH�SRWHQFLD�\�YROWDMH�SDUD�FDGD�GLVSRVLWLYR�VH�HQFXHQWUDQ�GDGDV�SRU�OD�HFXDFLyQ�����\��FRPR�WDPELpQ VH�LQGLFD�HQ�OD�PLVPD�VHFFLyQ��ORV�WpUPLQRV�SURSLRV�GH�OD�PDWUL]�-DFRELDQD�GH�OD�UHG�HQ�OD HFXDFLyQ� ���� DVRFLDGRV� FRQ� FDGD� GLVSRVLWLYR�� VRQ�PRGLILFDGRV� SRU�$��� $��� $���\ $���SDUD�IRUPDU�OD�PDWUL]�-DFRELDQD�GHO�VLVWHPD�>�����@���
������� 0RGHOR�GHO�*HQHUDGRU��(O PRGHOR�GH�OD�PiTXLQD�VtQFURQD�WRPD�HQ�FXHQWD�HO�OLPLWH�GH�OD�FRUULHQWH�GH�FDPSR��HO�OtPLWH�GH OD�FRUULHQWH�GH�DUPDGXUD�\�HO�OtPLWH�GH�EDMD�H[FLWDFLyQ��8QD�YH]�TXH�VRQ�DOFDQ]DGRV�\D�VHD�HO OtPLWH�GH�OD�FRUULHQWH�GH�FDPSR�R�HO�OtPLWH�GH�OD�FRUULHQWH�GH�DUPDGXUD��ODV�UHODFLRQHV�HQWUH�
∆3� ∆4 \ ∆θ� ∆9 HVWiQ�GDGRV�SRU�ODV�HFXDFLRQHV�GH�OD�PiTXLQD�VtQFURQD�HQ�HVWDGR�HVWDEOH�>��@�
(O OLPLWDGRU�GH�EDMD�H[FLWDFLyQ�HV�UHSUHVHQWDGR�FRPR�XQ�OtPLWH�UHDFWLYR�LQIHULRU�FRQVWDQWH���&XDQGR XQ�JHQHUDGRU�HVWi�RSHUDQGR�QRUPDOPHQWH�VLQ�WRFDU�FXDOTXLHUD�GH�ORV�OtPLWHV��HO�PRGHOR�FRQVLGHUD�ORV�HIHFWRV�GHO�UHJXODGRU�DXWRPiWLFR�GH�YROWDMH��5$9�����3DUD OD� PD\RUtD� GH� ORV� HVWXGLRV�� ODV� VDOLGDV� GH� SRWHQFLD� DFWLYD� GH� ORV� JHQHUDGRUHV� VRQ�FRQVLGHUDGDV�FRQVWDQWHV��6LQ�HPEDUJR��HQ�HVWXGLRV�GH�FRQWLQJHQFLDV� ORV�FXDOHV�UHVXOWDQ�HQ� OD�SpUGLGD GH� FDUJD� R� GH� JHQHUDFLyQ�� OD� SRWHQFLD� DFWLYD� HV� DMXVWDGD� XWLOL]DQGR� XQ� DOJRULWPR� GH�UHVSXHVWD� GHO� JREHUQDGRU� SDUD� IOXMRV� GH� SRWHQFLD� HO� FXDO�� WRPD� HQ� FXHQWD� OD� YDULDFLyQ� GH�IUHFXHQFLD�\�ODV�FDUDFWHUtVWLFDV�GHO�JREHUQDGRU�SDUD�FDGD�JHQHUDGRU���
������� 0RGHOR�GH�&DUJD��&RPR VH� PHQFLRQD� HQ� OD� VHFFLyQ� ������� HQ� HO� FDVR� SDUWLFXODU� GH� HVWH� WUDEDMR� GH� WHVLV� HO
SURJUDPD� XWLOL]DGR� SDUD� HIHFWXDU� HO� DQiOLVLV� PRGDO� WUDEDMD� ODV� FDUJDV� FRPR� SRWHQFLD�
FRQVWDQWH� /R�DQWHULRU�GHELGR�D�TXH�HO�SURJUDPD�GH�IOXMRV�HPSOHDGR�VROR�DFHSWD�HVWH�PRGHOR�GH�FDUJD VLQ� HPEDUJR�� HQ� HVWD� VHFFLyQ� VH� GHVFULEH� OD� LPSRUWDQFLD� GH� WRPDU� HQ� FXHQWD� OD�
GHSHQGHQFLD�GH�YROWDMH�GH�ODV�FDUJDV�SDUD�UHVDOWDU�OD�QHFHVLGDG�GH�LPSOHPHQWDU�HVWRV�PRGHORV�
PDV�FRPSOHWRV�HQ�WUDEDMRV�IXWXURV UHODFLRQDGRV�FRQ�HO�WHPD�GH�HVWDELOLGDG�GH�YROWDMH���
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/D� GHSHQGHQFLD� GH� YROWDMH� GH� OD� SRWHQFLD� DFWLYD� \� UHDFWLYD� GH� OD� FDUJD� SXHGH� WHQHU� XQ� JUDQ�LPSDFWR�HQ�OD�HVWDELOLGDG�GH�YROWDMH�GHO�VLVWHPD��/D�FDUJD�HV�PRGHODGD�FRPR�OD�VXPD�GH�YDULRV�FRPSRQHQWHV��FDGD�XQR�GH�ORV�FXDOHV�HV�XQD�GLIHUHQWH�IXQFLyQ�H[SRQHQFLDO�GH�YROWDMH�FRPR�VH�LQGLFD�HQVHJXLGD�>�@���
3 3 �9RL

L

L ¦ α ������
�

4 4 �9RL
L

�L ¦ β ������
�
������� 0RGHOR�GHO�0RWRU�GH�,QGXFFLyQ��
8Q PRWRU�GH�LQGXFFLyQ�HV�PRGHODGR�XWLOL]DQGR�VX�FLUFXLWR�HTXLYDOHQWH�GH�HVWDGR�HVWDEOH�\��VH�DVXPH�OD�VLJXLHQWH�UHODFLyQ�HQWUH�HO�WRUTXH�GH�OD�FDUJD��7� \�HO�GHVOL]DPLHQWR��V� >�@��� � �7 7 V/ 2

P �� �����
�/D UHODFLyQ� OLQHDOL]DGD�HQWUH�3 \ 4 \ HO�YROWDMH�HQ�XQD�FRQGLFLyQ�GH�RSHUDFLyQ�GHWHUPLQDGD��SXHGH VHU� GHULYDGD� IiFLOPHQWH� GHO� FLUFXLWR� HTXLYDOHQWH� GH� OD� PiTXLQD� \� OD� FDUDFWHUtVWLFD�
WRUTXH�YHORFLGDG�GH�OD�FDUJD��6L�OD�FRQGLFLyQ�GH�RSHUDFLyQ�HV�WDO�TXH�OD�PiTXLQD�VH�DKRJD�R�VH�DWDVFD�� HQWRQFHV� VH� WLHQH� TXH� V  � �� \ HO� PRWRU� VH� FRPSRUWD� DKRUD� FRPR� XQD� FDUJD� GH�LPSHGDQFLD�FRQVWDQWH���
������� 0RGHOR�GHO�&RPSHQVDGRU�(VWiWLFR�GH�9DUV��&(9��>�@��(Q HVWH�GLVSRVLWLYR�H[LVWHQ�WUHV�UHJLRQHV�GH�RSHUDFLyQ�FRQ�GLIHUHQWHV�FDUDFWHUtVWLFDV�GH�FRQWURO�GH HVWDGR�HVWDEOH�TXH�UHVSRQGHQ�D�ORV�FDPELRV�GH�YROWDMH�>�@����

5HJLyQ�GH�FRQWURO�OLQHDO����4� �.�95()�� 9��5HJLyQ�GH�FDSDFLWDQFLD�FRQVWDQWH����4� �<PD[�9��

5HJLyQ�GH�UHDFWDQFLD�FRQVWDQWH����4� ��<PLQ�9�

/D� FDUDFWHUtVWLFD� OLQHDOL]DGD� 4�9� HQ� ODV� GLIHUHQWHV� UHJLRQHV�� HV� XVDGD� SDUD� GHULYDU� ORV�FRUUHVSRQGLHQWHV�HOHPHQWRV�GLDJRQDOHV�GH�OD�PDWUL]�-DFRELDQD���
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��������7HRUtD�%iVLFD�\�)RUPXODFLyQ�GHO�$QiOLVLV�0RGDO�>��������@����
����������6LJQLILFDGR�GH�ORV�0RGRV���&RQ HO� SURSyVLWR� GH� REVHUYDU� GH� XQD�PDQHUD�PiV� FODUD� \� VHQFLOOD� ODV� YHQWDMDV� GH� XWLOL]DU� HO�HLJHQ�DQiOLVLV� SDUD� UHDOL]DU� HVWXGLRV� GH� HVWDELOLGDG� GH� YROWDMH�� VH� SXHGH� LQLFLDU� FRQ� XQ� FDVR�VHQFLOOR HQ� HO� TXH� VH� FXHQWD� FRQ� XQ� VLVWHPD� GH� SRWHQFLD� FRQ� XQD� VROD� FDUJD�� /D� UHODFLyQ�OLQHDOL]DGD�HQWUH�HO�YROWDMH�HQ�OD�FDUJD�\�VX�SRWHQFLD�UHDFWLYD�GH�OD�PLVPD��SXHGH�UHSUHVHQWDUVH�SRU PHGLR�GH�OD�VLJXLHQWH�HFXDFLyQ��VHQVLWLYLGDG�����

λ ∆ ∆9 4= ������
�
'RQGH�λ SXHGH VHU�FRQVLGHUDGD�FRPR�HO�-DFRELDQR�GH�OD�UHG�R�OD�VHQVLWLYLGDG�9�4� 7DPELpQ�HV�
SRVLEOH�WRPDU�D�λ FRPR�HO�HLJHQYDORU�GHO�-DFRELDQR�GH�OD�UHG��&XDQGR�λ HV GH�XQ�YDORU�FHUFDQR�
D FHUR�� FXDOTXLHU� FDPELR� SHTXHxR� HQ� OD� FDUJD� SXHGH� UHVXOWDU� HQ� XQD� JUDQ� YDULDFLyQ� HQ� HO�YROWDMH��(Q�HVWH� FDVR�� HO�SXQWR�GH�RSHUDFLyQ�HV�FRQVLGHUDGR�FRPR�XQD�FRQGLFLyQ�FRQ�YROWDMH�LQHVWDEOH�GHVGH�HO�SXQWR�GH�YLVWD�GH�IOXMRV�GH�FDUJD���&RQVLGHUDQGR�XQ�VLVWHPD�LGHDO�FX\D�PDWUL]�-DFRELDQD�HV�GH�OD�IRUPD���
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6L λ� HV FHUFDQR� D� FHUR�� XQ� FDPELR� SHTXHxR� HQ� OD� FDUJD� GHO� QRGR�� SXHGH UHSHUFXWLU� HQ� XQ�
FDPELR�JUDQGH�HQ�HO�YROWDMH�GHO�PLVPR�QRGR�VLQ�HPEDUJR��ORV�RWURV�QRGRV�QR�VRQ�DIHFWDGRV��3RU OR�WDQWR��HO�FRODSVR�GH�YROWDMH�VRODPHQWH�VH�SUHVHQWD�HQ�QRGR��� 0HGLDQWH�OD�FRPSDUDFLyQ�GH ORV�YDORUHV�TXH�FRPSRQHQ�D�OD�PDWUL]�-DFRELDQD�HV�SRVLEOH�REVHUYDU�GH�XQD�PDQHUD�VHQFLOOD��ORV�QRGRV�TXH�VH�HQFXHQWUDQ�LQYROXFUDGRV�HQ�HO�FRODSVR�GH�YROWDMH����'HVDIRUWXQDGDPHQWH�� OD� UHDOLGDG� HV� TXH� ODV�PDWULFHV� -DFRELDQDV� GH� ORV� DFWXDOHV� VLVWHPDV� GH�SRWHQFLD�QR�VRQ�PDWULFHV�GLDJRQDOHV�FRPR�OD�GHO�VLVWHPD�LGHDO�DQWHULRU��1R�REVWDQWH��VH�WLHQH�OD�SRVLELOLGDG� GH� GLDJRQDOL]DU� HVWDV�PDWULFHV� XWLOL]DQGR� OD� WpFQLFD� GH� DQiOLVLV�PRGDO�� &RQ� HVWD�WpFQLFD�HV�SRVLEOH�REWHQHU�OD�VLJXLHQWH�UHODFLyQ�WUDQVIRUPDGD�GH�YROWDMH�SRWHQFLD�UHDFWLYD�
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PDWUL]�GH�HLJHQYHFWRUHV�GH
�

/RV YHFWRUHV�>∆Y@ \�>∆T@ WLHQHQ�ODV�PLVPDV�XQLGDGHV�TXH�>∆9@ \�>∆4@ UHVSHFWLYDPHQWH��(VWRV�
YHFWRUHV� VRQ� OD� FRPELQDFLyQ� OLQHDO� GHO� YROWDMH� ItVLFR� \� OD� SRWHQFLD� UHDFWLYD� \� VH� OHV� SXHGH�
OODPDU� D� VX� YH]� �YROWDMH� PRGDO�� \� �SRWHQFLD� UHDFWLYD� PRGDO��� 6L λ�→�� HQWRQFHV� HO� YROWDMH�PRGDO�� YLHQH�D�VHU�PX\�VHQVLWLYR�D�OD�SRWHQFLD�UHDFWLYD�PRGDO�GH�FDUJD��� (VWR�UHVXOWD�HQ�HO�FRODSVR�GHO�YROWDMH��PRGDO����3RU�RWUR�ODGR��ORV�RWURV�YROWDMHV�PRGDOHV�SHUPDQHFHQ�VLQ�HIHFWR�DOJXQR�>�����@����
/D FRQFOXVLyQ� SULQFLSDO� GHO� DQWHULRU� DQiOLVLV� HV� TXH� HO� FRODSVR� GH� YROWDMH� HV� DFWXDOPHQWH� HO�FRODSVR�GHO�YROWDMH�PRGDO��(VWR�HV��TXH�HO�VLVWHPD�GH�SRWHQFLD�QR�SXHGH�VRSRUWDU�XQ�PRGHOR�SDUWLFXODU�GH�FDUJDV�GH�SRWHQFLD�UHDFWLYD��8QD�LOXVWUDFLyQ�JUiILFD�GHO�IHQyPHQR�HV�TXH��VL� ORV�YROWDMHV� PRGDOHV� VRQ� JUDILFDGRV� FRQWUD� HO� QLYHO� GH� FDUJD� GHO� VLVWHPD�� H[LVWH� VRODPHQWH� XQD�FXUYD GH� YROWDMH� PRGDO� TXH� WLHQH� XQ� SXQWR� �QDUL]��� �/RV� SXQWRV� QDUL]� SDUD� RWUDV� FXUYDV� VH�HQFXHQWUDQ�HQ�GLIHUHQWHV�QLYHOHV�GH�FDUJD���(Q�FDPELR��HQ�XQD�FXUYD�WUDGLFLRQDO�GH�3RWHQFLD�
9ROWDMH� WRGRV�ORV�YROWDMHV�ItVLFRV�WLHQHQ�SXQWRV�QDUL]�HQ�HO�PLVPR�QLYHO�GH�FDUJD���
/D SDUWLFLSDFLyQ�GH�FDGD�FDUJD�HQ�HO�PRGR�FUtWLFR��HO�PRGR�UHVSRQVDEOH�GHO�PDUJHQ�GH�FRODSVR�GH YROWDMH� GHO� VLVWHPD�� GHWHUPLQD� OD� LPSRUWDQFLD� GH� OD� FDUJD� HQ� HO� FRODSVR�� $� PDQHUD� GH�
HMHPSOR��HO�VLJXLHQWH�HLJHQYHFWRU�SDUD�HO�PRGR�FUtWLFR�>[FUtWLFR@  � �>�����������������������@�WLHQH�JUDQGHV PXOWLSOLFDGRUHV� SDUD� ORV� QRGRV� ��� �� \� �� SDUD� IRUPDU� HO� YROWDMH� \� SRWHQFLD� PRGDO�FUtWLFRV��&XDOTXLHU�FDPELR�SHTXHxR�HQ�OD�FDUJD�GH�ORV�QRGRV�UHVXOWD�HQ�XQ�FDPELR�PX\�JUDQGH�HQ OD�SRWHQFLD�UHDFWLYD�PRGDO� OR�FXDO�SURYRFD�D�VX�YH]��XQ�FDPELR�PX\�JUDQGH�HQ�HO�YROWDMH�PRGDO�� &RPR� VH� SXHGH� YHU� GH� HVWH� HMHPSOR�� ORV� QRGRV� ��� �� \� �� VRQ� SRU� OR� WDQWR� ORV� PiV�YXOQHUDEOHV�\�SURSHQVRV�DO�FRODSVR�GH�YROWDMH�>��@���
/D LPSOHPHQWDFLyQ� GH� ORV� DQWHULRUHV� FRQFHSWRV� HQ� VLVWHPDV�GH� SRWHQFLD� UHDOHV�� LQYROXFUD� HQ�JHQHUDO�GRV�SDVRV���

��� )RUPDFLyQ�GH�OD�PDWUL]�-DFRELDQD�GH�HVWDGR�HVWDEOH�GHO�VLVWHPD��\�
�
��� $QiOLVLV� GH� ORV� HLJHQYDORUHV� R� HLJHQ�DQiOLVLV� GH� OD� PDWUL]� -DFRELDQD� UHGXFLGD��

FRPR VH�GHVFULEH�HQ�OD�VLJXLHQWH�VHFFLyQ��
�
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�
���������(LJHQ�$QiOLVLV�GH�-5 \ 0RGRV�GH�OD�,QHVWDELOLGDG�GH�9ROWDMH�>����@�
/DV FDUDFWHUtVWLFDV�GH�HVWDELOLGDG�GH�YROWDMH�GH�XQ�VLVWHPD�SXHGHQ�VHU�LGHQWLILFDGDV�PHGLDQWH�HO�FiOFXOR� GH� HLJHQYDORUHV� \� HLJHQYHFWRUHV� GH� OD� PDWUL]� -DFRELDQD� UHGXFLGD� -5 GHILQLGD� SRU� OD�HFXDFLyQ������6H�WLHQH�HQWRQFHV�TXH���

-5 = [ K/ �������
�GRQGH

[  PDWUL]�GH�HLJHQYHFWRUHV�GHUHFKRV�QRUPDOL]DGRV�GH�-5K PDWUL]�GH�HLJHQYHFWRUHV�L]TXLHUGRV�QRUPDOL]DGRV�GH�-5�/  PDWUL]�GLDJRQDO�GH�HLJHQYDORUHV�GH�-5

'H�OD�HFXDFLyQ�������
-5− −=� �[ K�/ �������

�6XVWLWX\HQGR�HQ�OD�HFXDFLyQ�����VH�REWLHQH��
' / '9 4= −[ K� � �������

�R WDPELpQ��
' '69 4

L
L L

L
=

[ K
O �������

�
GRQGH ξL HV�OD�LpVLPD�FROXPQD�HLJHQYHFWRU�GHUHFKR�\�ηL HV�OD�LpVLPD�ILOD�HLJHQYHFWRU�L]TXLHUGR�GH�-5�
&DGD�HLJHQYDORU�λL \ ORV�FRUUHVSRQGLHQWHV�HLJHQYHFWRUHV�GHUHFKR�H�L]TXLHUGR�ξL \ ηL GHILQHQ�HO�LpVLPR�PRGR�GH�UHSXHVWD�4�9�
'HELGR�D�TXH�[ K− =� � OD�HFXDFLyQ������SXHGH�VHU�HVFULWD�FRPR�
�

K K�' / '9 4= −� �������
R

Y T= −/ � �������
�GRQGH

Y 9= K ' HV�HO�YHFWRU�GH�YDULDFLRQHV�GH�YROWDMHV�PRGDOHV�
\
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� T 4= K ' HV�HO�YHFWRU�GH�YDULDFLRQHV�GH�SRWHQFLD�UHDFWLYD�PRGDOHV��
/D GLIHUHQFLD� HQWUH� ODV� HFXDFLRQHV� ���� \� ����� HV� TXH�/��� HV� XQD� PDWUL]� GLDJRQDO� PLHQWUDV�
TXH -5−� � HQ�JHQHUDO��HV�QR�GLDJRQDO��/D�HFXDFLyQ������UHSUHVHQWD�HFXDFLRQHV�GHVDFRSODGDV�GH�SULPHU�RUGHQ����
3RU�OR�WDQWR��SDUD�HO�LpVLPR�PRGR�VH�WLHQH�TXH���

Y TL L L= �
O �������

�
6L λL�! ���HO�LpVLPR�YROWDMH�PRGDO�\�OD�LpVLPD�YDULDFLyQ�GH�SRWHQFLD�UHDFWLYD�PRGDO�HVWiQ�D�OR�ODUJR�GH�
OD PLVPD�GLUHFFLyQ�� LQGLFDQGR�FRQ�HVWR�TXH�HO� VLVWHPD� WLHQH�HVWDELOLGDG�GH�YROWDMH��6L�SRU�HO�
FRQWUDULR�� λL� � ��� HO� LpVLPR� YROWDMH� PRGDO� \� OD� LpVLPD� YDULDFLyQ� GH� SRWHQFLD� UHDFWLYD� PRGDO� VH�
HQFXHQWUDQ� D� OR� ODUJR� GH� GLUHFFLRQHV� RSXHVWDV� LQGLFDQGR� TXH� HO� VLVWHPD� SUHVHQWD� XQD�LQHVWDELOLGDG�GH�YROWDMH����
/D PDJQLWXG�GH�FDGD�YDULDFLyQ�GH�YROWDMH�PRGDO�HV�LJXDO�D�OD�LQYHUVD�GH�λL�YHFHV�OD�PDJQLWXG�GH OD�YDULDFLyQ�GH�SRWHQFLD�UHDFWLYD�PRGDO��6H�WLHQH�HQWRQFHV�TXH�OD�PDJQLWXG�GH�λL�GHWHUPLQD�HO JUDGR�GH�HVWDELOLGDG�GHO�LpVLPR�YROWDMH�PRGDO��/D�PiV�SHTXHxD�PDJQLWXG�SRVLWLYD�GH�λL�LQGLFD�HO LpVLPR�YROWDMH�PRGDO�PiV�FHUFDQR�D�VHU�LQHVWDEOH�>�@��>�@��(Q�HO�FDVR�HQ�HO�TXH�λL  ���HO�LpVLPR�
YROWDMH�PRGDO�VH�FRODSVD�GHELGR�D�TXH�FXDOTXLHU�FDPELR�HQ�OD�SRWHQFLD�UHDFWLYD�PRGDO��SURYRFD�FDPELRV�LQILQLWRV�HQ�HVH�YROWDMH�PRGDO���
6H H[DPLQDQ�HQVHJXLGD�ODV�UHODFLRQHV�HQWUH�ODV�VHQVLWLYLGDGHV�9�4�GH�QRGR�\�ORV�HLJHQYDORUHV������GH -5�� (Q�OD�HFXDFLyQ�������VH�DVXPH� '4 HN= � GRQGH�HN WLHQH�WRGRV�ORV�HOHPHQWRV�LJXDO�D�FHUR�
H[FHSWR�SDUD�HO�NpVLPR�HOHPHQWR�HO�FXDO�HV�LJXDO�D��� 6H�WLHQH�HQWRQFHV�TXH���
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'H�OD�DQWHULRU�HFXDFLyQ�VH�SXHGH�YHU�TXH�ODV�VHQVLWLYLGDGHV�9�4 QR SXHGHQ�LGHQWLILFDU�PRGRV�LQGLYLGXDOHV�GH�FRODSVR�GH�YROWDMH��HQ�FDPELR��pVWDV�SURSRUFLRQDQ�LQIRUPDFLyQ�UHVSHFWR�D�ORV�HIHFWRV�FRPELQDGRV�GH�WRGRV�ORV�PRGRV�GH�ODV�YDULDFLRQHV�GH�YROWDMH�SRWHQFLD�UHDFWLYD�>�@����
(V LPSRUWDQWH�UHVDOWDU�TXH�VL�ODV�UHVLVWHQFLDV�GH�OD�UHG�GH�WUDQVPLVLyQ�VRQ�LJQRUDGDV�\�OD�PDWUL]�GH DGPLWDQFLDV�GH�QRGR�<1 HV�VLPpWULFD��OD�PDWUL]�-DFRELDQD�UHGXFLGD�-5 HV�WDPELpQ�VLPpWULFD��\�HQ HVWH� FDVR�� ORV� HLJHQYDORUHV� \� HLJHQYHFWRUHV� GH�-5 VRQ� UHDOHV�� (Q� DGLFLyQ� D� OR� DQWHULRU�� HO�HLJHQYHFWRU�GHUHFKR�\� HO�HLJHQYHFWRU� L]TXLHUGR�GH�XQ�HLJHQYDORU�GH�-5� VRQ� LJXDOHV��3RU�RWUD�SDUWH�� VL� VH�FXHQWD�FRQ�FDPELDGRUHV�GH� IDVH�HQ� WUDQVIRUPDGRUHV� �OR�FXDO�KDFH�DVLPpWULFD�D� OD�PDWUL]�<1� \�UHVLVWHQFLDV�HQ�ODV�OtQHDV��HQWRQFHV�-5�HV�VRODPHQWH�FHUFDQD�D�VHU�VLPpWULFD��D~Q�HQ�HVWH FDVR�SDUD�SURSyVLWRV�SUiFWLFRV�ORV�HLJHQYDORUHV�GH�-5 VRQ�UHDOHV�>��@���
/D PDJQLWXG�GH�ORV�HLJHQYDORUHV�SXHGH�SURSRUFLRQDU�XQD�PHGLGD�UHODWLYD�GH�OD�SUR[LPLGDG�D�OD�LQHVWDELOLGDG� VLQ� HPEDUJR�� ORV� HLJHQYDORUHV� QR� LQGLFDQ�XQD�PHGLGD� DEVROXWD� GHELGR� D� OD� QR��OLQHDOLGDG� GHO� SUREOHPD�� (VWR� HV� DQiORJR� DO� IDFWRU� GH� DPRUWLJXDPLHQWR� HQ� HO� DQiOLVLV� GH�HVWDELOLGDG�GH�VHxDOHV�SHTXHxDV��iQJXOR��HO�FXDO��HV�LQGLFDWLYR�GHO�JUDGR�GH�DPRUWLJXDPLHQWR�SHUR QR� HV� XQD�PHGLGD� DEVROXWD� GHO�PDUJHQ� GH� HVWDELOLGDG�� 6L� XQ�PHJDZDWW� GH� GLVWDQFLD� HV�UHTXHULGR� SDUD� OOHJDU� D� OD� LQHVWDELOLGDG� GH� YROWDMH�� HO� VLVWHPD� HV� HVWUHVDGR� GH� PDQHUD�LQFUHPHQWDO�KDVWD�TXH�pVWH�OOHJD�D�VHU�LQHVWDEOH�\�HO�DQiOLVLV�PRGDO�HV�DSOLFDGR�HQ�FDGD�XQR�GH�ORV SXQWRV�GH�RSHUDFLyQ��/D�DSOLFDFLyQ�GHO�DQiOLVLV�PRGDO�D\XGD�D�GHWHUPLQDU�TXH�WDQ�HVWDEOH�HV�HO VLVWHPD� \� FXDQWD� FDUJD� H[WUD� R� QLYHO� GH� WUDQVIHUHQFLD� GH� SRWHQFLD� SXHGH� VHU� DJUHJDGR��&XDQGR HO�VLVWHPD�DOFDQ]D�HO�SXQWR�FUtWLFR�GH�HVWDELOLGDG�GH�YROWDMH��HO�DQiOLVLV�PRGDO�UHVXOWD�PX\ ~WLO� SDUD� LGHQWLILFDU� ODV� iUHDV� FUtWLFDV� HQ� HVWDELOLGDG� GH� YROWDMH� \� ORV� HOHPHQWRV� TXH�SDUWLFLSDQ�HQ�FDGD�PRGR����

��� )DFWRUHV�GH�3DUWLFLSDFLyQ��>����@��&RPR VH�PHQFLRQy�DQWHULRUPHQWH��ORV�HLJHQYDORUHV�LQGLFDQ�VL�FDGD�PRGR�WLHQH�HVWDELOLGDG�GH�YROWDMH�\�SURSRUFLRQDQ�XQ�UHODWLYR�JUDGR�GH�HVWDELOLGDG��$GHPiV�GH�pVWD�~OWLPD�LQIRUPDFLyQ��RWUR DVSHFWR�LPSRUWDQWH�GHO�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�HV�HO�GHWHUPLQDU�FXDOHV�HOHPHQWRV�ItVLFRV�HVWiQ�DVRFLDGRV�FRQ�FDGD�PRGR�SDUD�FRQ�HVWR��HVWDEOHFHU�HO�PHFDQLVPR�GH�OD�SRWHQFLDO�LQHVWDELOLGDG�GH�YROWDMH���/RV HOHPHQWRV�FODYH�GHO�VLVWHPD�LQFOX\HQ�WRGRV�ORV�QRGRV��UDPDV�\�JHQHUDGRUHV��3DUD�FDGD�XQR�GH HVRV� HOHPHQWRV�� VH� GHILQH� XQ� IDFWRU� GH� SDUWLFLSDFLyQ� SDUD� FDGD� PRGR� EDVDGR� HQ� ORV�HLJHQYHFWRUHV� GHUHFKR� H� L]TXLHUGR� GH� -5� /D PDJQLWXG� GHO� IDFWRU� GH� SDUWLFLSDFLyQ� HV� XQD�LQGLFDFLyQ�GHO�JUDGR�HQ�HO�FXDO�FDGD�HOHPHQWR�HVWi�DVRFLDGR�FRQ�XQ�PRGR�HQ�SDUWLFXODU�>�@��>��@���
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���������)DFWRUHV�GH�3DUWLFLSDFLyQ�GH�1RGRV�>����@�
/D SDUWLFLSDFLyQ� UHODWLYD�GHO�QRGR�N HQ�HO�PRGR� L�HVWi�GDGD�SRU�HO� IDFWRU�GH�SDUWLFLSDFLyQ�GH�QRGR�

3NL NL LN= [ K� ������
�
7RPDQGR HQ�FXHQWD� OD�HFXDFLyQ������� VH�SXHGH�YHU�HQ� OD�HFXDFLyQ������TXH�3NL�GHWHUPLQD� OD�FRQWULEXFLyQ�GH�λL D OD�VHQVLWLYLGDG��9�4 HQ�HO�QRGR�N�
/RV IDFWRUHV� GH� SDUWLFLSDFLyQ� GH� QRGRV�GHWHUPLQDQ� ODV�iUHDV�DVRFLDGDV� FRQ�FDGD�PRGR� /D�VXPD�GH�WRGDV�ODV�SDUWLFLSDFLRQHV�GH�QRGRV�SDUD�FDGD�PRGR�HV�LJXDO�D�OD�XQLGDG�GHELGR�D�TXH�ORV FRUUHVSRQGLHQWHV�HLJHQYHFWRUHV�GHUHFKR�H�L]TXLHUGR�HVWiQ�QRUPDOL]DGRV��/D�PDJQLWXG�GH�OD�SDUWLFLSDFLyQ�GHO�QRGR�DQWH�XQ�HLJHQYDORU�GDGR�� LQGLFD� OD�HIHFWLYLGDG�GH�DFFLRQHV�FRUUHFWLYDV�DSOLFDGDV�HQ�HVH�QRGR�FRQ�HO�SURSyVLWR�GH�PHMRUDU�HO�PDUJHQ�GH�HVWDELOLGDG�GH�HVH�PRGR�>����@���([LVWHQ�JHQHUDOPHQWH�GRV� WLSRV�GH�PRGRV��(O�SULPHUR�GH�HOORV�WLHQH�XQRV�FXDQWRV�QRGRV�FRQ�JUDQGHV�SDUWLFLSDFLRQHV�\� WRGRV� ORV�UHVWDQWHV�QRGRV�FRQ�SDUWLFLSDFLRQHV�FHUFDQDV�D�FHUR��(VWH�DVSHFWR�LQGLFD�TXH�HO�PRGR�VH�HQFXHQWUD�PX\�ORFDOL]DGR�\�TXH�VH�WUDWD�GH�XQ�PRGR�ORFDO��(O�VHJXQGR�WLSR�WLHQH�PXFKRV�QRGRV�FRQ�SHTXHxDV�SHUR�VLPLODUHV�SDUWLFLSDFLRQHV�\�HO�UHVWR�GH�ORV�QRGRV FXHQWDQ�FRQ�SDUWLFLSDFLRQHV�FHUFDQDV�D�FHUR��(VWH�VHJXQGR�WLSR�LQGLFD�TXH�HO�PRGR�QR�HVWi�FODUDPHQWH�ORFDOL]DGR�\�JHQHUDOPHQWH�VH�WUDWD�GH�XQ�PRGR�GH�VLVWHPD��8Q�PRGR�ORFDOL]DGR�WtSLFR�RFXUUH�FXDQGR�XQ�QRGR�GH�FDUJD�HVWi�FRQHFWDGR�D�XQD�UHG�PX\�UREXVWD�D�WUDYpV�GH�XQD�ODUJD� OtQHD�GH� WUDQVPLVLyQ��(Q�FDPELR��XQ�PRGR�QR�ORFDOL]DGR�WtSLFR�VH�SUHVHQWD�FXDQGR�XQD�UHJLyQ�GHQWUR�GH�XQ�JUDQ�VLVWHPD�HV�VRPHWLGD�D�LQFUHPHQWRV�GH�FDUJD�\�HO�SULQFLSDO�VRSRUWH�GH�SRWHQFLD� UHDFWLYD� GH� HVWD� UHJLyQ� HV� DJRWDGR�� 3DUD� UHDOL]DU� HVWXGLRV� GH� JUDQGHV� VLVWHPDV� HV�LPSRUWDQWH� GLVWLQJXLU� HQWUH�PRGRV� ORFDOL]DGRV�\�PRGRV�QR�ORFDOL]DGRV�GHELGR�D�TXH�DOJXQDV�YHFHV��XQ�PRGR�ORFDOL]DGR�UHSUHVHQWD�VRODPHQWH�XQD�PX\�SHTXHxD�H�LQVLJQLILFDQWH�SRUFLyQ�GHO�VLVWHPD�\�HQ�HVWH�FDVR��VX�LPSDFWR�SXHGH�VHU�GH�PtQLPD�LPSRUWDQFLD���5HVXOWD� SRFR� SUiFWLFR� \� DGHPiV� LQQHFHVDULR� FDOFXODU� WRGRV� ORV� HLJHQYDORUHV� GH� -5 SDUD� XQ�VLVWHPD�UHDO�FRQ�YDULRV�PLOHV�GH�QRGRV��6LQ�HPEDUJR��FDOFXODU�VRODPHQWH�HO�PtQLPR�YDORU�GH�-5SXHGH�QR� VHU� VXILFLHQWH� GHELGR� D� TXH� HQ� ORV� VLVWHPDV� UHDOHV�� H[LVWH� JHQHUDOPHQWH�PiV�GH�XQ�PRGR�GpELO�DVRFLDGR�FRQ�GLIHUHQWHV�SDUWHV�GHO�VLVWHPD�\�HO�PRGR�DVRFLDGR�FRQ�HO�HLJHQYDORU�PtQLPR��SRGUtD�QR�VHU�HO�PRGR�PiV�SUREOHPiWLFR�FRQIRUPH�HO�VLVWHPD�HV�VRPHWLGR�D�XQ�PD\RU�HVIXHU]R��S�H�� LQFUHPHQWR�GH�FDUJD�� (Q OD�SUiFWLFD��GHSHQGLHQGR�GHO�WDPDxR�\�FDUDFWHUtVWLFDV�GHO� VLVWHPD� DQDOL]DGR�� UDUDPHQWH� HV� QHFHVDULR� FDOFXODU�PiV� GH� �� y� ��� GH� ORV�PiV� SHTXHxRV�HLJHQYDORUHV�SDUD�LGHQWLILFDU�WRGRV�ORV�PRGRV�FUtWLFRV�TXH�VH�WLHQHQ�HQ�HO�VLVWHPD���(O IDFWRU�GH�SDUWLFLSDFLyQ�GH�QRGR�GHILQLGR�HQ�OD�HFXDFLyQ�������HVWi�FDOFXODGR�FRQ�EDVH�HQ�ORV�HLJHQYHFWRUHV�GHUHFKR�H� L]TXLHUGR�GH� -5� $Vt�PLVPR�� ORV� HOHPHQWRV�GHO�HLJHQYHFWRU�GHUHFKR�SXHGHQ�WDPELpQ�VHU�XWLOL]DGRV�FRPR�XQ�LQGLFDWLYR�GH�OD�SDUWLFLSDFLyQ�GH�FDGD�QRGR�D�XQ�PRGR�
HQ�SDUWLFXODU�
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���������)DFWRUHV�GH�3DUWLFLSDFLyQ�GH�5DPDV�>�� ��@�
(Q HVWH�WUDEDMR�QR�VH�UHDOL]D�HO�FiOFXOR�GH�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�UDPDV�VLQ�HPEDUJR��VH GHVFULEH�HQ�HVWD�VHFFLyQ�XQD�EUHYH�WHRUtD�UHODFLRQDGD�FRQ�HVWRV�IDFWRUHV�DGHPiV�GH�TXH�HQ�HO�GHVDUUROOR� GH� HVWD� WHVLV�� FRQ� OD� REWHQFLyQ� GH� ORV� IDFWRUHV� GH� SDUWLFLSDFLyQ� GH� QRGRV� VH�SURSRUFLRQDQ�LPSRUWDQWHV�DYDQFHV�SDUD�TXH�HQ�WUDEDMRV�IXWXURV�VH�SXHGDQ�FDOFXODU�ORV�IDFWRUHV�GH SDUWLFLSDFLyQ�GH�UDPDV�\�GH�HVWD�PDQHUD��VH�FRPSOHPHQWH�HO�DOFDQFH�DTXt�REWHQLGR���6H FDOFXOD�HQVHJXLGD�HO� IDFWRU�GH�SDUWLFLSDFLyQ�GH�UDPDV�DVRFLDGR�FRQ�HO�PRGR� L��DVXPLHQGR�TXH HO� YHFWRU� GH� YDULDFLRQHV� GH� SRWHQFLD� UHDFWLYD� T WLHQH� WRGRV� VXV� HOHPHQWRV� LJXDO� D� FHUR�H[FHSWR� SDUD� HO� LpVLPR HO� FXDO�� HV� LJXDO� D��� (QWRQFHV� GH� OD� HFXDFLyQ� ������ HO� FRUUHVSRQGLHQWH�YHFWRU GH�YDULDFLRQHV�GH�SRWHQFLD�UHDFWLYD�GH�QRGR�HV���

( )'4 T TL
L= = =−K [ [� �������

�
GRQGH [L HV�HO�LpVLPR�HLJHQYHFWRU�GHUHFKR�GH�-5�
&RQVLGHUDQGR�DGHPiV�TXH�WRGRV�ORV�HLJHQYHFWRUHV�GHUHFKRV�GH�-5 VRQ�QRUPDOL]DGRV�VH�WLHQH����

M
ML6[ � �= �������

&RQ� HO� YHFWRU� � GH� YDULDFLRQHV� GH� SRWHQFLD� UHDFWLYD� GH� QRGR� LJXDO� D� ( )'4 L � HO� YHFWRU� GH�
YDULDFLRQHV�GH�YROWDMH�GH�QRGR� ( )'9 L � HV��
� ( ) ( )' '9 4L

L

L= �
O �������

�\ HO�FRUUHVSRQGLHQWH�YHFWRU�GH�YDULDFLRQHV�GH�iQJXOR�GH�QRGR�HV���
( ) ( )' 'T T
L

3 39
L- - 9= − −� �������

�&RQ�ODV�YDULDFLRQHV�GH�YROWDMH�\�iQJXOR�FRQRFLGDV�WDQWR�SDUD�HO�H[WUHPR�GH�HQYtR�FRPR�SDUD�HO�GH UHFHSFLyQ��HV�SRVLEOH�FDOFXODU�DKRUD�HO�FDPELR�OLQHDOL]DGR�HQ�ODV�SpUGLGDV�UHDFWLYDV�GH�UDPD���/D SDUWLFLSDFLyQ�UHODWLYD�GH�OD�UDPD�M HQ�HO�PRGR�L HVWi GDGD�SRU�HO�IDFWRU�GH�SDUWLFLSDFLyQ���
3 4 M

4ML
SHUG

SHUG
=

'
'

�

�

SDUD�UDPD��
PD[� � �SDUD�WRGDV�ODV�UDPDV � �������

�/RV IDFWRUHV� GH� SDUWLFLSDFLyQ� GH� UDPD� LQGLFDQ�� SDUD� FDGD�PRGR�� FXDOHV� UDPDV� FRQVXPHQ� OD�PD\RU�FDQWLGDG�GH�SRWHQFLD�UHDFWLYD�HQ�UHVSXHVWD�D�XQ�FDPELR�LQFUHPHQWDO�HQ�OD�FDUJD�UHDFWLYD��/DV UDPDV� FRQ� DOWDV� SDUWLFLSDFLRQHV� UHSUHVHQWDQ� HQODFHV� GpELOHV� R� ELHQ�� UDPDV� DOWDPHQWH�FDUJDGDV��/DV�SDUWLFLSDFLRQHV�GH�UDPDV�VRQ�XWLOL]DGDV�SDUD�LGHQWLILFDU�PHGLGDV�FRUUHFWLYDV�SDUD�PLWLJDU�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH�\�WDPELpQ�SDUD�VHOHFFLyQ�GH�FRQWLQJHQFLDV���
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�������)DFWRUHV�GH�3DUWLFLSDFLyQ�GH�*HQHUDGRUHV�\�&(9V�>����@�
(Q HVWH�WUDEDMR�QR�VH�OOHYD�D�FDER�HO�FiOFXOR�GH�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�JHQHUDGRUHV�QR�REVWDQWH��VH�GHVFULEH�HQ�HVWD�VHFFLyQ�XQD�EUHYH�WHRUtD�UHODFLRQDGD�FRQ�HVWRV�IDFWRUHV�DGHPiV�GH�TXH HQ�HO�GHVDUUROOR�GH�HVWD�WHVLV��FRQ�OD�REWHQFLyQ�GH�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�VH�SURSRUFLRQDQ� LPSRUWDQWHV� DYDQFHV� SDUD� TXH� HQ� WUDEDMRV� IXWXURV� UHODFLRQDGRV�FRQ�HO� WHPD�� VH�SXHGDQ FDOFXODU�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�JHQHUDGRUHV��
�/RV JHQHUDGRUHV�\�&(9V��&RPSHQVDGRUHV�(VWiWLFRV�GH�9DUV��VRQ�ODV�IXHQWHV�PiV�LPSRUWDQWHV�GH SRWHQFLD� UHDFWLYD�HQ�HO� VLVWHPD��/RV� IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�HVWRV�HOHPHQWRV� LQGLFDQ��SDUD� FDGD� PRGR�� FXDOHV� JHQHUDGRUHV� R� &(9V� VXPLQLVWUDQ� OD� PD\RU� FDQWLGDG� GH� SRWHQFLD�UHDFWLYD HQ� UHVSXHVWD�D�XQ�FDPELR� LQFUHPHQWDO�HQ� OD�FDUJD�UHDFWLYD�GHO�VLVWHPD��&DEH�DFODUDU�TXH ORV�&(9V�VRQ� WUDWDGRV�GH� OD�PLVPD�IRUPD�TXH� ORV�JHQHUDGRUHV�GHELGR�D�TXH�DPERV�VRQ�IXHQWHV�GLQiPLFDV�GH�SRWHQFLD�UHDFWLYD��
&RPR HQ� HO� FDVR� GH� ODV� SDUWLFLSDFLRQHV� GH� UDPDV�� SDUD� FDGD� LQ\HFFLyQ� GH� SRWHQFLD� UHDFWLYD�

( )'4 L
L= [ � VRQ�FDOFXODGDV�ODV�YDULDFLRQHV�GH�YROWDMH�\�iQJXOR�HQ�FDGD�WHUPLQDO�GH�PiTXLQD��/D�

YDULDFLyQ� GH� YROWDMH� UHVXOWDQWH� HV� '9 �FRPR� VH� PXHVWUD� HQ� OD� HFXDFLyQ� ������ \� OD�
FRUUHVSRQGLHQWH�YDULDFLyQ�GH�iQJXOR�pVWD�GDGD�SRU�OD�HFXDFLyQ�������(VWRV�YDORUHV�GH�iQJXOR�\�YROWDMH�VRQ�HPSOHDGRV�D�VX�YH]��SDUD�FDOFXODU�HO�FDPELR�HQ�OD�SRWHQFLD�UHDFWLYD�HQWUHJDGD�SRU�FDGD�XQR�GH�ORV�JHQHUDGRUHV�\�&(9V�FRQWHPSODGRV��/D�SDUWLFLSDFLyQ�UHODWLYD�GHO�JHQHUDGRU�R�&(9 P SDUD�HO�PRGR�L� HVWi�GHILQLGD�FRPR���

3 4 P
4PL
P= '

'
SDUD�OD�PDTXLQD�

PD[� � �SDUD�WRGDV�ODV�PDTXLQDV � �������
/DV SDUWLFLSDFLRQHV�GH�JHQHUDGRUHV�\�&(9V�SURSRUFLRQDQ�LQIRUPDFLyQ�LPSRUWDQWH�SDUD�ORJUDU�XQD DGHFXDGD� GLVWULEXFLyQ� GH� UHVHUYDV� UHDFWLYDV� HQWUH� WRGDV� ODV� PiTXLQDV� FRQ� REMHWR� GH�PDQWHQHU�XQ�DGHFXDGR�PDUJHQ�GH�HVWDELOLGDG���([LVWHQ� IRUPDV� DOWHUQDWLYDV� GH� FDOFXODU� ODV� SDUWLFLSDFLRQHV� GH� JHQHUDGRUHV� \� &(9V�� SRU�HMHPSOR��QRUPDOL]DQGR�HO�FDPELR�HQ�OD�VDOLGD�GH�SRWHQFLD�UHDFWLYD�GHO�JHQHUDGRU��EDVDGD�HQ�ORV�09$�GH�VDOLGD�GH�FDGD�PiTXLQD�>�����@���



7e&1,&$6�'(�$1È/,6,6�02'$/�3$5$�(9$/8$&,Ï1�'(�/$�(67$%,/,'$'�'(�92/7$-(�

��

������$OJRULWPRV�&RPSXWDFLRQDOHV�H�,PSOHPHQWDFLyQ�GH�OD�7pFQLFD�GH�$QiOLVLV�0RGDO��(Q HVWD�VHFFLyQ�VH�SUHVHQWD�XQD�GHVFULSFLyQ�GH�OD�LPSOHPHQWDFLyQ�HQ�XQ�SURJUDPD�GH�VRIWZDUH�GH OD�WpFQLFD�GH�DQiOLVLV�PRGDO�DSOLFDGD�DO�HVWXGLR�GH�HVWDELOLGDG�GH�YROWDMH��'H�HVWD�IRUPD��VH�LOXVWUD� DTXt� PHGLDQWH� DOJXQRV� GLDJUDPDV� GH� IOXMR� OD� VHFXHQFLD� GH� RSHUDFLyQ� GHO� SURJUDPD�XWLOL]DGR� SDUD� UHDOL]DU� HO� DQiOLVLV� PRGDO�� DVt� FRPR� OD� HVWUXFWXUD� LQWHUQD� GH� ORV� DOJRULWPRV�PDWHPiWLFRV�TXH�OR�FRQIRUPDQ���/D LQIRUPDFLyQ�DTXt�LQFOXLGD�HV�JHQHUDO�\�UHVXPLGD�\D�TXH�HQ�HO�DSpQGLFH���GH�HVWH�WUDEDMR��VH�UHDOL]D�XQD�GHVFULSFLyQ�PiV�GHWDOODGD�GH� WRGRV� ORV�DVSHFWRV�UHODFLRQDGRV�FRQ�HO�SURJUDPD�GH�VRIWZDUH XWLOL]DGR�� (Q� HVWH� DSpQGLFH� VH� SUHVHQWD� HO� PDQXDO� GH� RSHUDFLyQ� GHO� SURJUDPD�PHQFLRQDGR�DVt�FRPR�WRGD�OD�HVWUXFWXUD�GHWDOODGD�\�OLVWDGRV�GH�ORV�DUFKLYRV�GH�HQWUDGD�\�VDOLGD�GH GDWRV����
��������'HVFULSFLyQ�GHO�SURJUDPD�GH�VRIWZDUH�XWLOL]DGR��&RQ HO� SURSyVLWR� GH� DSOLFDU� OD� WpFQLFD� GH� DQiOLVLV� PRGDO� SDUD� HO� HVWXGLR� GH� HVWDELOLGDG� GH�YROWDMH� HQ� VLVWHPDV� HOpFWULFRV� GH� SRWHQFLD�� VH� WRPy� FRPR� EDVH� XQ� SURJUDPD� GH� IOXMRV� GH�SRWHQFLD TXH� IXH� UHDOL]DGR�HQ� OHQJXDMH�0DWODE�SRU�*UDKDP�5RJHUV�\�DFWXDOL]DGR�SRU�-RH�+��&KRZ��$� HVWH� SURJUDPD� GH� IOXMRV� GH� FDUJD� VH� OH� LPSOHPHQWy� HO� DOJRULWPR�PDWHPiWLFR�GH� OD�WpFQLFD� GH� DQiOLVLV� OLQHDO� WDPELpQ� HQ� HO� OHQJXDMH� GH� SURJUDPDFLyQ� GHO� SDTXHWH� PDWHPiWLFR�0DWODE�YHUVLyQ������HVWR�FRQ�OD�ILQDOLGDG�GH�KDFHU�XVR�\�DSURYHFKDPLHQWR�GH�ODV�DFWLYLGDGHV�\�IXQFLRQHV� SURSLDV� GH� HVWH� VRIWZDUH��$O� SURJUDPD�REWHQLGR� ILQDOPHQWH� VH� OH� LGHQWLILFy�FRQ�HO�QRPEUH GH�HVWDYROW�SDUD�LQGLFDU�SUHFLVDPHQWH�TXH�VH�WUDWD�GH�XQ�SURJUDPD�SDUD�HO�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�����&RPR VH� PHQFLRQy� DQWHULRUPHQWH�� HO� SURJUDPD� HVWDYROW� HV� EiVLFDPHQWH� XQ� SURJUDPD� GH�VROXFLyQ� GH� IOXMRV� GH� SRWHQFLD� DO� FXDO� FRPR� XQD� GH� ODV� DSRUWDFLRQHV� GH� HVWH� WUDEDMR�� VH� OH�DGLFLRQy� HO� DOJRULWPR� PDWHPiWLFR� GH� DQiOLVLV� PRGDO� SDUD� FDOFXODU� ORV� HLJHQYDORUHV� \�HLJHQYHFWRUHV� GH� OD� PDWUL]� MDFRELDQD� FDUDFWHUtVWLFD� GHO� PpWRGR� GH� 1HZWRQ�5DSKVRQ�� (VWH�SURJUDPD�KDFH�XVR�GH�WpFQLFDV�GH�HVSDUFLGDG�GH�PDWULFHV�FRQ�OD�ILQDOLGDG�GH�KDFHU�PiV�UiSLGRV�\ HILFLHQWHV�ORV�FiOFXORV�FRPSXWDFLRQDOHV����
��������(VWUXFWXUD�,QWHUQD�GHO�3URJUDPD�HVWDYROW�
(O SURJUDPD� HVWDYROW HVWi� FRQIRUPDGR� SRU� XQ� SURJUDPD� DX[LOLDU� SDUD� UHDOL]DU� HO� FiOFXOR� GH�IOXMRV�GH�SRWHQFLD�HO�FXDO�D�VX�YH]��VH�HQFXHQWUD�FRPSXHVWR�SRU�YDULDV�VXEUXWLQDV� WRGDV�HOODV�GHVDUUROODGDV�FRPR�VH�PHQFLRQy�DQWHULRUPHQWH�SRU�*UDKDP�5RJHUV�\�DFWXDOL]DGDV�SRU�-RH�+��&KRZ�HQ�OHQJXDMH�0DWODE���
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/DV�VXEUXWLQDV�DX[LOLDUHV�TXH�FRQIRUPDQ�HO�SURJUDPD�HVWDYROW�VRQ�ODV�VLJXLHQWHV���
6XEUXWLQD 'HVFULSFLyQ������ORDGIORZ�P��

����FDOF�P��
�� IRUPBMDF��
����\EXV��
�� FKTBOLP��
����\BVSDUVH���

�� OIBWDS��
�� SVWBYDU�

�3URJUDPD�DX[LOLDU�TXH�UHVXHOYH�ODV�HFXDFLRQHV�GH�IOXMRV�GH SRWHQFLD� XWLOL]DQGR� HO�PpWRGR� GH�1HZWRQ�5DSKVRQ�HQ FRRUGHQDGDV� SRODUHV�� SDUD� FDOFXODU� ORV� YROWDMHV� \�iQJXORV�HQ� ORV�QRGRV��DVt�FRPR�ORV�IOXMRV�HQ�ODV�OtQHDV�GH WUDQVPLVLyQ���&DOFXOD�ORV��HUURUHV��GH�SRWHQFLD�HQ�ORV�EXVHV�\�FKHFD�OD�FRQYHUJHQFLD�GH�OD�VROXFLyQ���)RUPD�OD�PDWUL]� MDFRELDQD�SDUD�HIHFWXDU� OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD���&RQVWUX\H�OD�PDWUL]�GH�DGPLWDQFLDV�SDUD�OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD���'HWHFWD� SRWHQFLD� UHDFWLYD� GH� JHQHUDGRUHV� IXHUD� GH�OtPLWHV���&RQVWUX\H� XQD� PDWUL]� GH� DGPLWDQFLDV� FRQ� HVSDUFLGDG�SDUD� OD� VROXFLyQ� GH� IOXMRV� GH� SRWHQFLD� XWLOL]DQGR�RSHUDFLRQHV�PDWULFLDOHV���0XHYH� ORV� WDSV� GH� WUDQVIRUPDGRUHV� SDUD� DMXVWDU� HO�YROWDMH�GHO�ODGR�GH�EDMD�WHQVLyQ�GHQWUR�GH�OtPLWHV��'HFODUD�DO�SDTXHWH�0DWODE�ODV�YDULDEOHV�JOREDOHV�TXH�VH�XWLOL]DUiQ�HQ�HO�SURJUDPD�HVWDYROW�

(Q OD�VHFFLyQ�$����GHO�DSpQGLFH���VH�GHVFULEH�GH�PDQHUD�GHWDOODGD�FDGD�XQD�GH�ODV�VXEUXWLQDV�DUULED�PHQFLRQDGDV���
/D LPSOHPHQWDFLyQ� FRPSXWDFLRQDO� GH� OD� WpFQLFD� GH� DQiOLVLV�PRGDO� DSOLFDGD� DO� HVWXGLR� GH� OD�HVWDELOLGDG� GH� YROWDMH� HQ� 6LVWHPDV� (OpFWULFRV� GH� 3RWHQFLD�� VH� OOHYD� D� FDER� GH� DFXHUGR� DO�SURFHGLPLHQWR�LOXVWUDGR�HQ�HO�GLDJUDPD�GH�IOXMR�GH�OD�ILJXUD�������
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,QLFLR�GH
$QDOtVLV
0RGDO

)RUPD�PDWUL]�GH�HVSDUFLGDG�<��SDUWLHQGR�GH�OD�VROXFLyQ

REWHQLGD�GH�IOXMRV

3URFHVD�GDWRV�GH�EXVHV�GH�OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD
�1R��EXV��9��$QJ��3��J�4�J��3�/��4�/��*�E��%�E��WLSR�GH��EXV�

&RQ�EDVH�HQ�HO�WLSR�GH�EXV��VH�IRUPDQ�ORV�YHFWRUHV�VZBEQR��OOHQR�GH�XQRV�����H[FHSWR
HQ�EXVHV�6ZLQJ��\��JBEQR��OOHQR�GH�XQRV�����H[FHSWR�HQ�EXVHV�GH�JHQHUDFLyQ�

&RQVWUX\H�OD�PDWUL]�GH�UHGXFFLyQ�GH�iQJXOR��DQGBUHG�

&RQVWUX\H�OD�PDWUL]�GH�UHGXFFLyQ�GH�YROWDMH��YROWBUHG�

$VXPLHQGR�TXH� ∆3 ���5HGXFH�HO�-DFRELDQR�D�VROR�WHUPLQRV

GHSHQGLHQWHV�GH�YROWDMH����-5� �-49���-4θ�-
��
3θ�-39

&DOFXOD�ORV�HLJHQYDORUHV�\�HLJHQYHFWRUHV�GHO

-DFRELDQR�UHGXFLGR�LQYHUVR�����-5
���

5HSRUWD�HO�HLQJHQYDORU�PiV�FULWLFR�\�HO�EXV�FRQ

HO�PD\RU�IDFWRU�GH�SDUWLFLSDFLyQ

(VFULEH�HQ�DUFKLYRV�GH�VDOLGD�HO�YHFWRU�GH�HLQJHQYDORUHV�\
OD�PDWUL]�GH�HLQJHQYHFWRUHV�FRQ�ORV�UHVXOWDGRV�FRPSOHWRV

0HQX�GH
6HOHFFLyQ

5HJUHVD�D�IOXMRV�SDUD�UHDOL]DU
QXHYDV�VLPXODFLRQHV

)LQ�GHO
3URJUDPD

)RUPD�HO�-DFRELDQR�GHO�VLVWHPD

�����������-Sθ -39
����������-4θ -49

)LJXUD������'LDJUDPD�GH�IOXMR�GH�OD�LPSOHPHQWDFLyQ�FRPSXWDFLRQDO�GHO�DQiOLVLV�PRGDO��

7RPDQGR�FRPR�EDVH�HO�SURFHGLPLHQWR�LOXVWUDGR�HQ�OD�ILJXUD������HQ�HO�GLDJUDPD�GH�IOXMR�GH�OD�ILJXUD ����� VH� LQGLFD� GH� PDQHUD� LOXVWUDWLYD� HO� IXQFLRQDPLHQWR� \� OD� IRUPD� HQ� TXH� HQFXHQWUD�HVWUXFWXUDGR�HO�SURJUDPD�HVWDYROW�HQ�SDUWLFXODU�
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,QLFLR

0HQ~�GH�VHOHFFLyQ
GHO�VLVWHPD�HOpFWULFR

D�UHSUHVHQWDU

2SFLyQ�SDUD�HIHFWXDU
LQFUHPHQWRV�HQ�OD

JHQHUDFLyQ�\�FDUJD��GHO
VLVWHPD

&DUJD�GDWRV�GHO�VLVWHPD
HOpFWULFR�HOHJLGR

/ODPD�D�OD�VXEUXWLQD
)OXSRW�P�SDUD�HIHFWXDU
OD�VROXFLyQ�GH�IOXMRV�GH
SRWHQFLD�\�REWHQHU�OD
PDWUL]�-DFRELDQD

2SFLRQHV�SDUD�H[DPLQDU�GDWRV
LQLFLDOHV�GHO�VLVWHPD�y�YROWDMHV�
iQJXORV�\�IOXMRV�GH�OD�VROXFLyQ

0HQ~
�GH�VHOHFFLyQ�SDUD�UHDOL]DU�XQD
VROXFLyQ�PiV�GH�IOXMRV�R�ELpQ�
HIHFWXDU�HO�DQiOLVLV�PRGDO�GH�OD

~OWLPD�VROXFLyQ

6H�UHDOL]D�HO�DQiOLVLV
PRGDO�GHO�~OWLPR

�MDFRELDQR�GH�OD�VROXFLyQ
GH�IOXMRV

6H�DOPDFHQDQ�HQ�GLVFR
ORV�DUFKLYRV

�GH�HLQJHQYDORUHV
\�HLQJHQYHFWRUHV

REWHQLGRV�GHO�DQiOLVLV
PRGDO

2SFLyQ�SDUD�JUDILFDU�HQ
0DWODE�ORV�HLQJHQYDORUHV�\
HLQJHQYHFWRUHV�REWHQLGRV

0HQ~�GH
�VHOHFFLyQ�SDUD�UHDOL]DU�XQD
VROXFLyQ�PiV�GH�IOXMRV�y�VDOLU

GHO�SURJUDPD

)LQ

6DOLU

0HQ~�GH�VHOHFFLyQ
SDUD�UHDOL]DU�XQD�VROXFLyQ

�PiV�GH�IOXMRV��
���3DUWLHQGR�GH�GDWRV�RULJLQDOHV
���&RQ�GDWRV�GH�OD�~OWLPD�VROXFLyQ

���&RQ�GDWRV�DQWHULRUHV�D
OD�~OWLPD�VROXFLyQ

&DUJD�GDWRV�GH�OD�VROXFLyQ
�������DQWHULRU�D�OD�~OWLPD

���6ROXFLyQ��GH�IOXMRV

6HO� ��

6HO� ��

6HO� ��

6HO� ��
6HO� ��

8QD�VROXFLyQ
PiV�GH�IOXMRV

�)LJXUD�������'LDJUDPD�GH�IOXMR�GH�RSHUDFLyQ�GHO�SURJUDPD�HVWDYROW�
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������'HWHUPLQDFLyQ�GH�0iUJHQHV�GH�(VWDELOLGDG����3UR[LPLGDG�D�OD�,QHVWDELOLGDG����(Q XQ� VLVWHPD� HOpFWULFR� HV� SRVLEOH� FDOFXODU� OD� SUR[LPLGDG� D� OD� LQHVWDELOLGDG� GH� YROWDMH� DQWH�SHTXHxRV� GLVWXUELRV�� (VWR� VH� OOHYD� D� FDER� LQFUHPHQWDQGR� JUDGXDOPHQWH� OD� FDUJD�JHQHUDFLyQ�KDVWD�HO�SXQWR�HQ�HO�TXH�HO�VLVWHPD�VH�YXHOYH�LQHVWDEOH�R�ELHQ��KDVWD�TXH�OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD \D�QR�ORJUH�OD�FRQYHUJHQFLD��(O�LQFUHPHQWR�TXH�VH�UHDOL]D�HQ�OD�FDUJD�SXHGH�VHU�SRU�iUHD��SRU�]RQD��R�HQ�QRGRV�LQGLYLGXDOHV��3RU�VX�SDUWH��HO�LQFUHPHQWR�HQ�OD�JHQHUDFLyQ�VLJXH�XQ�RUGHQ TXH�JHQHUDOPHQWH�HV�HVSHFLILFDGR�SRU�HO�SURSLR�VLVWHPD��5HVXOWD�GH�VXPD�LPSRUWDQFLD�HQ�HVWH�FDVR��LGHQWLILFDU�ODV�QR�OLQHDOLGDGHV�HQFRQWUDGDV�FXDQGR�VH�SDVD�GH�XQ�HVWDGR�GHO�VLVWHPD��FRQGLFLyQ�GH�RSHUDFLyQ��D�RWUR�>�@���(O DQiOLVLV� PRGDO� UHDOL]DGR� HQ� SXQWRV� GH� RSHUDFLyQ� HVSHFtILFRV�� SURSRUFLRQD� LQIRUPDFLyQ�LPSRUWDQWH� UHVSHFWR� D� ODV� iUHDV� PiV� VXVFHSWLEOHV� D� OD� LQHVWDELOLGDG�� DGHPiV� GH� FDOFXODU� ORV�IDFWRUHV GH�SDUWLFLSDFLyQ�HQ�QRGRV��JHQHUDGRUHV�\�UDPDV���(Q HO� SXQWR� GH� FRODSVR�� HO� HLJHQYHFWRU� L]TXLHUGR� LGHQWLILFD� OD� GLUHFFLyQ� PiV� HIHFWLYD� SDUD�PDQLSXODU� HO� VLVWHPD� FRQ� REMHWR� GH�PD[LPL]DU� OD� HVWDELOLGDG� GH� YROWDMH��$GLFLRQDOPHQWH�� VH�WLHQH TXH� LQIRUPDFLyQ� DGLFLRQDO� FRPR�� SpUGLGDV�� UHVHUYDV� GH� UHDFWLYRV� \� YROWDMHV� HQ� QRGRV��SURSRUFLRQDQ�WDPELpQ�XQD�YDOLRVD�LQIRUPDFLyQ�UHIHUHQWH�DO�PHFDQLVPR�GH�OD�LQHVWDELOLGDG���$FWXDOPHQWH�� HQ� OD� OLWHUDWXUD� HVSHFLDOL]DGD� HV� SRVLEOH� HQFRQWUDU� GLVWLQWDV� WpFQLFDV� XWLOL]DGDV�SDUD�GHWHUPLQDU�HO�SXQWR�GH�FRODSVR�GH�YROWDMH�\�OD�SUR[LPLGDG�D�OD�LQHVWDELOLGDG�GHO�PLVPR��(Q HVWD�VHFFLyQ��VH�GHVFULEH�VROR�XQD�GH�HVWDV�WpFQLFDV�SDUD�LOXVWUDU�VX�IXQFLRQDOLGDG���
�������'HWHUPLQDFLyQ�GH�OD�'LVWDQFLD�PiV�&RUWD�D�OD�,QHVWDELOLGDG��>�@�
/D GLVWDQFLD�D�OD�LQHVWDELOLGDG�GH�YROWDMH�HV�QRUPDOPHQWH�GHWHUPLQDGD�PHGLDQWH�HO�LQFUHPHQWR�GH OD�FDUJD�GHO�VLVWHPD�GH�XQD�PDQHUD�SUHGHWHUPLQDGD�UHSUHVHQWDQGR�FRQ�HVWR��ORV�HVFHQDULRV�PiV SUREDEOHV�\�HVIRU]DGRV�EDVDGRV�HQ�GDWRV�KLVWyULFRV�\�HQ�GDWRV�SUHYLVWRV�R�FRQWHPSODGRV�D�IXWXUR� 6LQ�HPEDUJR��HQ�HVWH�FDVR�LQWHUHVD�FRQRFHU�WDPELpQ�HO�SDWUyQ�GH�FDUJD�TXH�UHVXOWD�HQ�HO�PDUJHQ GH�HVWDELOLGDG�PiV�SHTXHxR�>�@��6H�GHVFULEH�HQWRQFHV�D�FRQWLQXDFLyQ��XQ�PpWRGR�SDUD�GHWHUPLQDU�HO�PtQLPR�PDUJHQ�GH�HVWDELOLGDG�HQ�09$���
���������7HRUtD�%iVLFD��>�@
(Q HVWH� PpWRGR� UHVXOWD� GH� LQWHUpV� HQFRQWUDU� XQ� FRQMXQWR� GH� LQFUHPHQWRV� GH� FDUJD� �0:� \�09$U��FX\R�YHFWRU�VXPD�HV�XQ�PtQLPR�\�HO�FXDO��XQD�YH]�TXH�HV�DJUHJDGR�VREUH�OD�FRQGLFLyQ�LQLFLDO�GH�RSHUDFLyQ��SURYRFD�TXH�HO�-DFRELDQR�GH�IOXMRV�GH�SRWHQFLD�VHD�VLQJXODU��/R�DQWHULRU�SXHGH VHU�OOHYDGR�D�FDER�RUJDQL]DQGR�ODV�HFXDFLRQHV�GH�IOXMRV�GH�SRWHQFLD�HQ�OD�IRUPD���
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GRQGH��
[ 9 3

4=


















T U  

(Q�HVWH�FDVR�[ HV HO�YHFWRU�GH�HVWDGR�GHO�VLVWHPD�\�U� HV HO�YHFWRU�SDUiPHWUR�FX\RV�HOHPHQWRV�
VRQ OD�SRWHQFLD�DFWLYD�\�UHDFWLYD�GH�OD�FDUJD�\��OD�SRWHQFLD�DFWLYD�GHO�JHQHUDGRU��$PEDV�[ \ UVRQ 1  ��134���139� YHFWRUHV�GLPHQVLRQDOHV��FRQ�134�FRPR�HO�Q~PHUR�WRWDO�GH�QRGRV�34 \ 139�HO� Q~PHUR� WRWDO� GH� QRGRV�39�� /D� GLPHQVLyQ�GHO� YHFWRU� QR�OLQHDO� GH� OD� IXQFLyQ� I� HV� WDPELpQ�LJXDO D�1�

&RQVLGpUHVH�TXH�-[ \ -ρ VRQ ODV�PDWULFHV�-DFRELDQDV�GHO�YHFWRU�IXQFLyQ�I FRQ UHVSHFWR�D�[ \ U�
UHVSHFWLYDPHQWH��/D�PDWUL]�-[�HV�OD�PLVPD�TXH�OD�PDWUL]�-DFRELDQD�GH�IOXMRV�GH�SRWHQFLD�GH�OD�HFXDFLyQ��������3DUD�XQ�YHFWRU�SDUiPHWUR�GDGR�UL� XQ�YHFWRU�GH�HVWDGR�GHO�VLVWHPD�[L SXHGH�VHU�REWHQLGR�UHVROYLHQGR�OD�HFXDFLyQ���������XWLOL]DQGR�FXDOTXLHUD�GH�ODV�WpFQLFDV�SDUD�VROXFLyQ�GH�
ODV� HFXDFLRQHV� GH� IOXMRV� GH� SRWHQFLD�� &DGD� YHFWRU� SDUiPHWUR� UL UHSUHVHQWD� XQD� FRQGLFLyQ�HVSHFtILFD� GHO� VLVWHPD� HQ� WpUPLQRV� GH� FDUJDV� DFWLYDV� \� UHDFWLYDV� \�� GH� JHQHUDFLyQ� DFWLYD�� (O�
VLVWHPD�DOFDQ]D�VX�SXQWR�FUtWLFR�GH�HVWDELOLGDG�GH�YROWDMH�FXDQGR�HO�YHFWRU�SDUiPHWUR�U
� \ HO�FRUUHVSRQGLHQWH�YHFWRU�GH�HVWDGR�GHO�VLVWHPD�[
 VRQ�WDOHV�TXH�OD�PDWUL]�-DFRELDQD�-[ GH�IOXMRV�
GH SRWHQFLD� HV� VLQJXODU�� 6XSyQJDVH� TXH� 6 GHQRWD� OD� KLSHUVXSHUILFLH� HQ� HO� 1�GLPHQVLRQDO�
SDUiPHWUR�GH�HVSDFLR�WDO�TXH�-[�[

∗
� U

∗
� HV VLQJXODU�Vt�U∗ HVWi HQ�XQ�SXQWR�VREUH�6 �

'DGR XQ�SXQWR�LQLFLDO�GH�RSHUDFLyQ�GHO�VLVWHPD��[�� U0
���VH�GHVHD�HQWRQFHV�HQFRQWUDU�HO�YHFWRU�

SDUiPHWUR�U
∗
VREUH�6 GH WDO�IRUPD�TXH�OD�GLVWDQFLD�HQWUH�U

0
\ U

∗
� N� �_�U

∗
� U� _ ��HV�XQ�PtQLPR�

ORFDO�SDUD�OD�GLVWDQFLD�HQWUH�U� \ 6�

$VXPLHQGR� TXH� 6 HV� XQD� KLSHUVXSHUILFLH� XQLIRUPH� FHUFDQD� D� U
 � XQ� YHFWRU� QRUPDO� D� HVWD�
KLSHUVXSHUILFLH�HQ��[

∗
� U

∗
� HVWi�GDGD�SRU��

� K U
 
Z= - ��������
GRQGH Z

∗
HV�HO�HLJHQYHFWRU�L]TXLHUGR�GH�-[�[∗

� U
∗
� FRUUHVSRQGLHQWH�DO�HLJHQYDORU�FHUR�\��K

∗
HV�

QRUPDOL]DGR�GH�WDO�IRUPD�TXH�_K
∗| = 1.
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�
3DUWLHQGR� GH� XQ� SXQWR� LQLFLDO� GH� RSHUDFLyQ� GHO� VLVWHPD� �[�� U���� HO� VLVWHPD� HV� HVWUHVDGR�LQFUHPHQWDQGR�U JUDGXDOPHQWH�D�OR�ODUJR�GH�XQD�GLUHFFLyQ�SDUWLFXODU��'H�HVWD�IRUPD��FDGD�YH]�
TXH VH� LQFUHPHQWD�U� VH� UHVXHOYH� OD� HFXDFLyQ� ������� SDUD� REWHQHU� HO� YHFWRU� GH� HVWDGR� [ GHO�
VLVWHPD��$�VX�YH]��U VH�LQFUHPHQWD�FRQWLQXDPHQWH�D�OR�ODUJR�GH�OD�PLVPD�GLUHFFLyQ�KDVWD�TXH�
HQ HO�SXQWR�FUtWLFR�GH�HVWDELOLGDG�GH�YROWDMH��[

∗
� U

∗), OD PDWUL]�-DFRELDQD�-[ GH�IOXMRV�GH�SRWHQFLD�OOHJD�D�VHU�VLQJXODU��HVWR�HV��� U U K
 N= +� �������
�
GRQGH N HV OD�GLVWDQFLD�HQWUH�HO�SXQWR�LQLFLDO�GH�RSHUDFLyQ�GHO�VLVWHPD��[�� U�� \�HO�SXQWR�FUtWLFR�GH HVWDELOLGDG�GH�YROWDMH��[

∗
� U

∗
� \�VH�GHILQH�FRPR�N� �_�U

∗ − U� _����
3DUD XQ�GHWHUPLQDGR�SXQWR�LQLFLDO�GH�RSHUDFLyQ���[�� U����U SXHGH VHU�LQFUHPHQWDGR�HQ�GLVWLQWDV�GLUHFFLRQHV�� 2EYLDPHQWH�� HO� YDORU� GH� N GHSHQGHUi� GH� OD� GLUHFFLyQ� D� OR� ODUJR� GH� OD� FXDO� VHD�
LQFUHPHQWDGR�U� (O�REMHWLYR�TXH�VH�SHUVLJXH� ILQDOPHQWH��HV�HQFRQWUDU� OD�GLUHFFLyQ�GHO�YHFWRU�
SDUiPHWUR�U GH WDO�IRUPD�TXH�N VHD�HO�PtQLPR�ORFDO���
(O SURFHGLPLHQWR�TXH�VH�PXHVWUD�D�FRQWLQXDFLyQ�GHWHUPLQD�HO�YHFWRU�K

∗
D OR�ODUJR�GHO�FXDO��OD�

GLVWDQFLD�HQWUH�HO�SXQWR�LQLFLDO�GH�HTXLOLEULR��[�� U�� \�HO�SXQWR�VLQJXODU���[∗
� U

∗
� HV�OD�PDV�FRUWD���

�
�D� 6H�DVXPH�TXH�K

0
HV�XQ�YDORU�LQLFLDO�HVWLPDGR�SDUD�OD�GLUHFFLyQ�K∗� _K0

| = 1. 
 
�E�� 6H�IRU]D�HO�VLVWHPD�LQFUHPHQWDQGR�JUDGXDOPHQWH�U D OR�ODUJR�GH�OD�GLUHFFLyQ�K

L
KDVWD�TXH�

-[ VHD�VLQJXODU��HVWR�HV��GHWHUPLQDU�NL� UL
\ [L WDO�TXH�UL  U

� � N�KL
HVWp�VREUH�OD�VXSHUILFLH�

6�
�F� 6H�HVWDEOHFH�KL� ZL -U � \��_KL��

| = 1. 
 
�G�� 6H�HMHFXWDQ�GH�PDQHUD�LWHUDWLYD�ORV�SDVRV�D���E��\�F��KDVWD�TXH�KL FRQYHUJH�D�XQ�YDORU�K∗�(QWRQFHV��U

∗
 U

�
� N

∗
K

∗ HV�OD�FRUUHVSRQGLHQWH�FRQGLFLyQ�GH�HTXLOLEULR��
/D ILJXUD� ����PXHVWUD� OD� VXSHUILFLH� VLQJXODU�6 HQ XQ�HVSDFLR�SDUiPHWUR�FRQ�FRPSRQHQWHV�GH�FDUJD� DFWLYRV� \� UHDFWLYRV� FRPR� FRRUGHQDGDV�� (Q� HVWD� ILJXUD�� HO� SXQWR� �3�� 4�� UHSUHVHQWD� OD�FRQGLFLyQ� LQLFLDO� GH� RSHUDFLyQ�� /D� VXSHUILFLH� 6� SRU� VX� SDUWH�� UHSUHVHQWD� HO� iUHD� GH� WRGDV� ODV�FRPELQDFLRQHV�GH�3 \ 4 ODV�FXDOHV�UHVXOWDQ�HQ�XQ�YDORU�HLJHQYDORU�FHUR�GHO�-DFRELDQR��7RGRV�ORV SXQWRV� ORFDOL]DGRV� DEDMR� GH�6� UHSUHVHQWDQ� FRQGLFLRQHV� GH� YROWDMH� HVWDEOH� \�� HQ� FDPELR��WRGRV ORV�SXQWRV�DUULED�GH�6 VLJQLILFDQ�FRQGLFLRQHV�LQHVWDEOHV���
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� )LJXUD������/D�VXSHUILFLH�VLQJXODU�6�HQ�HO�SODQR�3�4���\�OD�FRQYHUJHQFLD�GHO�SURFHVR�LWHUDWLYR��>�@��
������� 'HVFULSFLyQ�*HQHUDO�GHO�3URFHGLPLHQWR�>�@��3DUD FXDOTXLHU�VLVWHPD��HO�SURFHGLPLHQWR�JHQHUDO�SDUD�HQFRQWUDU�OD�GLVWDQFLD�PtQLPD�SDUWLHQGR�GH XQ�QLYHO�LQLFLDO�GH�FDUJD�3�� 4� KDVWD�6 HV FRPR�VLJXH���
��� ,QFUHPHQWDU�FDUJD�GHVGH�3�� 4� HQ�DOJXQD�GLUHFFLyQ��OD�HOHFFLyQ�GH�OD�GLUHFFLyQ�LQLFLDO�VH�GLVFXWLUi�SRVWHULRUPHQWH��KDVWD�TXH�XQ�HLJHQYDORU�GHO�-DFRELDQR�GH�IOXMRV�GH�SRWHQFLD�VHD�

SUiFWLFDPHQWH�FHUR��(O�QLYHO�GH�FDUJD�3�� 4� FRUUHVSRQGLHQWH�D�HVWH�SXQWR�HV�HO�OtPLWH�GH�HVWDELOLGDG��(VWH�3XQWR�3�� 4� VH�XELFD�VREUH��R�PX\�FHUFDQDPHQWH�D�6���
��� 3DUD�ODV�FRQGLFLRQHV�HQ�3�� 4�� VH�UHDOL]D�HO�DQiOLVLV�PRGDO�\�VH�GHWHUPLQD�HO�HLJHQYHFWRU�L]TXLHUGR� GH� OD� PDWUL]� -DFRELDQD� FRPSOHWD�� (O� HLJHQYHFWRU� L]TXLHUGR� FRQWLHQH� ORV�

HOHPHQWRV�TXH�SURSRUFLRQDQ�ORV�LQFUHPHQWRV�GH�0:�\�09$U�GH�OD�FDUJD�SDUD�FDGD�QRGR��
(VWR VH�HQFXHQWUD�GHWHUPLQDGR�SRU�ORV�SXQWRV�GH�HLJHQYHFWRUHV�HQ�OD�PiV�FRUWD�GLUHFFLyQ�
D OD�VLQJXODULGDG�OD�FXDO�HV�SRU�OR�WDQWR��QRUPDO�D�6���

�
��� 6H�UHJUHVD�DO�FDVR�EDVH�FRQ�HO�QLYHO�GH�FDUJD�3�� 4� \ VH�FDUJD�HO�VLVWHPD�GH�QXHYD�FXHQWD�SHUR HQ� HVWD� RFDVLyQ�� VH� KDFH� HQ� OD� GLUHFFLyQ� LQGLFDGD� SRU� HO� HLJHQYHFWRU� L]TXLHUGR�

HQFRQWUDGR�HQ�HO�LQFLVR������'H�HVWD�IRUPD��FXDQGR�VH�DOFDQ]D�6��HV�FDOFXODGR�HQWRQFHV�XQ�
QXHYR�HLJHQYHFWRU�L]TXLHUGR��
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���� 6H�UHJUHVD�QXHYDPHQWH�DO�FDVR�EDVH�3�� 4� \ VH�FDUJD�GH�QXHYD�FXHQWD�HO�VLVWHPD�DKRUD�HQ�OD GLUHFFLyQ� GHO� QXHYR� HLJHQYHFWRU� L]TXLHUGR� REWHQLGR� HQ� HO� LQFLVR� ����� (VWH� SURFHVR� VH�
UHSLWH�LWHUDWLYDPHQWH�KDVWD�TXH�HO�HLJHQYHFWRU�FDOFXODGR�QR�SUHVHQWH�QLQJ~Q�FDPELR�DQWH�
FDGD QXHYD� LWHUDFLyQ� UHDOL]DGD��&XDQGR� HVWR� VXFHGD�� VH� SXHGH� GHFLU� TXH� HO� SURFHVR� KD�
FRQYHUJLGR����

8QD YH]� TXH� HO� SURFHVR� KD� REWHQLGR� FRQYHUJHQFLD�� OD� VROXFLyQ� HQFRQWUDGD� SURSRUFLRQD� HO�YHFWRU� GLVWDQFLD� PtQLPR� �3 \ 4� KDVWD� 6 GHVGH� 3�� 4�� (VWH� SURFHVR� SXHGH� VHU� DSOLFDGR� D�JUDQGHV VLVWHPDV�UHDOHV��VLQ�HPEDUJR��HQ�HVWH�FDVR�6�QR�HV�XQ�VLPSOH�VLWLR�VLQR�PiV�ELHQ�XQD�KLSHUVXSHUILFLH� HQ� XQ� HVSDFLR� SDUiPHWUR� GH� GLPHQVLyQ� �1� GRQGH�1 HV HO� Q~PHUR� WRWDO� GH�QRGRV GH� FDUJD� �DXQTXH� VH� WLHQH� OD� OLEHUWDG� GH� HOHJLU� HO� HVSDFLR� SDUiPHWUR� TXH� VH� GHVHD�XWLOL]DU���/D�IRUPD�GH�HVWD�KLSHUVXSHUILFLH�QR�HV�FRQRFLGD�\��SRU�OR�WDQWR��HV�SRVLEOH�HQWRQFHV�HVSHUDU TXH�HVWH�SURFHVR�HQFRQWUDUi�VRODPHQWH�XQ�PtQLPR�ORFDO�

'HELGR D�ODV�QR�OLQHDOLGDGHV�HQFRQWUDGDV�DO�FDUJDU�HO�VLVWHPD�GHVGH�3�� 4� KDVWD�6� HO�PtQLPR�ORFDO�TXH�VH�HQFXHQWUH�VHUi�GHSHQGLHQWH�GH�OD�GLUHFFLyQ�LQLFLDO�TXH�VH�KD\D�HOHJLGR�SDUD�FDUJDU�HO VLVWHPD�� $� SHVDU� GH� TXH� VH� SRGUtD� XWLOL]DU� HO� HLJHQYHFWRU� L]TXLHUGR� FRUUHVSRQGLHQWH� DO�PtQLPR� HLJHQYDORU� GHO� -DFRELDQR� HQ� 3�� 4� SDUD� HVWD� GLUHFFLyQ� LQLFLDO�� VH� FRQVLGHUD� PiV�DSURSLDGR� FDUJDU� HO� VLVWHPD� GH� XQD� PDQHUD� XQLIRUPH� GH� DFXHUGR� D� XQ� HVFHQDULR� GH� FDUJD�HVSHUDGR���
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���� � �'HVDUUROOR�GH�XQ�3URFHGLPLHQWR�6LVWHPiWLFR�3DUD�(YDOXDFLyQ�GH� OD�(VWDELOLGDG�GH���
9ROWDMH��$ PHGLGD� TXH� ORV� SUREOHPDV� UHODFLRQDGRV� FRQ� OD� HVWDELOLGDG� GH� YROWDMH� VH� KDQ� YHQLGR�LQFUHPHQWDQGR�� ODV�HPSUHVDV�HOpFWULFDV�KDQ�GHFLGLGR�SRQHU�PiV�DWHQFLyQ�HQ�HVWH�IHQyPHQR�\�GHVWLQDU�PD\RUHV�UHFXUVRV�SDUD�VX�LQYHVWLJDFLyQ��&RPR�UHVXOWDGR�GH�HVWR��VH�KDQ�GHVDUUROODGR�KDVWD�DKRUD�XQ�EXHQ�Q~PHUR�GH�WpFQLFDV�SDUD�HVWXGLDU�HO�SUREOHPD��$�PHGLGD�TXH�ODV�WpFQLFDV�\�KHUUDPLHQWDV�GHVDUUROODGDV�KDQ�VLGR�PiV�FRPSOHWDV�\�HILFLHQWHV��ODV�HPSUHVDV�KDQ�HPSH]DGR�D�FRQVLGHUDU� HO� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH� FRPR� SDUWH� LQGLVSHQVDEOH� GH� ORV� HVWXGLRV�QHFHVDULRV� SDUD� OD� SODQHDFLyQ� \� RSHUDFLyQ� GH� VX� VLVWHPD�� 6LQ� HPEDUJR�� D� GLIHUHQFLD� GH� ORV�HVWXGLRV� GH� HVWDELOLGDG� DQJXODU�� HQ� ORV� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH� GH� XQ� VLVWHPD� QR�H[LVWHQ�WRGDYtD�FULWHULRV�QRUPDOL]DGRV�\�ELHQ�GHILQLGRV�DVt�FRPR�SURFHGLPLHQWRV�HVWDEOHFLGRV�SDUD�OOHYDU�D�FDER�XQ�HVWXGLR�GH�HVWH�WLSR��+R\�HQ�GtD��WRGDYtD�PXFKDV�HPSUHVDV�HQ�HO�PXQGR�FRQWLQ~DQ� XVDQGR� HO� GHFOLYH� GH� YROWDMH� GH� SRVW�FRQWLQJHQFLD� FRPR� XQ� LQGLFDGRU� GH� OD�HVWDELOLGDG�GH�YROWDMH��PLHQWUDV�TXH�DOJXQDV�RWUDV��XWLOL]DQ�FULWHULRV�EDVDGRV�HQ�OD�REWHQFLyQ�GH�FXUYDV� 3�9� R� 9�4� 7RPDQGR� HQ� FXHQWD� OR� DQWHULRU�� VH� REVHUYD� FODUDPHQWH� TXH� H[LVWH� XQD�FUHFLHQWH� QHFHVLGDG� SRU� GHVDUUROODU� \� SURSRQHU� XQ� SURFHGLPLHQWR� SUiFWLFR� \� HILFD]� HO� FXDO��SXHGDQ DSOLFDU�ODV�HPSUHVDV�GH�HQHUJtD�HOpFWULFD�FRPR�SDUWH�GH�VXV�HVWXGLRV�FRWLGLDQRV����

(Q HVWD�VHFFLyQ�VH�SURSRQH�\�GHVFULEH�XQ�SURFHGLPLHQWR�VHQFLOOR�TXH�SXHGH�VHU�XWLOL]DGR�SDUD�UHDOL]DU�ORV�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH��(O�SURFHGLPLHQWR�VH�HQFXHQWUD�FRQIRUPDGR�SRU�ORV VLJXLHQWHV�VHLV�SDVRV�����
�� (VWDEOHFLPLHQWR�GHO�FDVR�EDVH�
�
�� 6HOHFFLyQ� GH� XQD� VHULH� GH� SUREDEOHV� FRQWLQJHQFLDV� SDUD� ODV� FXDOHV� VH� GHVHD� DQDOL]DU� OD�
HVWDELOLGDG�GH�YROWDMH�GHO�VLVWHPD�

�
�� 'HILQLFLyQ�GH�XQ�SDUiPHWUR�FODYH�GHO�VLVWHPD�SDUD�HO�FiOFXOR�GH�PiUJHQHV�GH�HVWDELOLGDG�
GH YROWDMH��PiUJHQHV�(9��

�
�� (VSHFLILFDFLyQ�GH�XQ�FULWHULR�GH�HVWDELOLGDG�GH�YROWDMH�GHO�VLVWHPD�
�
�� 'HWHUPLQDFLyQ�GH�ORV�PiUJHQHV�GH�HVWDELOLGDG�GH�YROWDMH�SDUD�HO�FDVR�EDVH�\�SDUD�WRGDV�ODV�
SUREDEOHV�FRQWLQJHQFLD�DVXPLGDV�

�
�� 'LVHxR�\�YDOLGDFLyQ�GH�PHGLGDV�FRUUHFWLYDV�SDUD�DTXHOORV�FDVRV�HQ�ORV�TXH�QR�VH�VDWLVIDJD�
HO�FULWHULR�GH�HVWDELOLGDG�GH�YROWDMH�HVWDEOHFLGR��
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��������(VWDEOHFLPLHQWR�GHO�&DVR�%DVH��(VWDEOHFHU� HO� FDVR�EDVH�SDUD� OD� HYDOXDFLyQ�GH� OD� HVWDELOLGDG�GH�YROWDMH� LQYROXFUD�GHWHUPLQDU��
�D�� $� TXH� JUDGR� GH� GHWDOOH� VH� GHVHDQ� UHSUHVHQWDU� ORV� VLVWHPDV� LQWHUQR� �iUHD� GH� HVWXGLR�� \�
H[WHUQR�\���E��FRPR�PRGHODU�WRGRV�ORV�GLVSRVLWLYRV�TXH�VRQ�LPSRUWDQWHV�SDUD�OD�HVWDELOLGDG�GH�
YROWDMH�GHO�VLVWHPD�HQ�HVWXGLR���,GHDOPHQWH� VH� SXHGH� GHFLU� TXH� VH� GHEHUtD� UHSUHVHQWDU� HQ� WDQWR� GHWDOOH� FRPR� VHD� SRVLEOH� DO�VLVWHPD� LQWHUFRQHFWDGR� FRPSOHWR� LQFOX\HQGR� WDQWR� HO� VLVWHPD� H[WHUQR� FRPR� HO� LQWHUQR�� 6LQ�HPEDUJR�� HQ� OD� SUiFWLFD� JHQHUDOPHQWH� HV� QHFHVDULR� UHFXUULU� D� DOJXQD� IRUPD�GH� UHGXFFLyQ�GHO�VLVWHPD�FRQ�REMHWR�GH�PDQWHQHU�XQ� WDPDxR�PDQHMDEOH�GH�GLFKR�VLVWHPD��'HELGR�D� OD�GLVWLQWD�QDWXUDOH]D� � GH� OD� HVWDELOLGDG� GH� YROWDMH� \� GH� ORV� SUREOHPDV� GH� HVWDELOLGDG� DQJXODU�� FRQ�IUHFXHQFLD�VRQ�UHTXHULGRV�GLIHUHQWHV�PpWRGRV�GH�UHGXFFLyQ�SDUD�REWHQHU�ORV�PRGHORV�UHGXFLGRV�GHO�VLVWHPD�SDUD�ORV�GRV�WLSRV�GH�HVWXGLRV�GH�HVWDELOLGDG��(Q�HVWH�VHQWLGR�FDEH�PHQFLRQDU�TXH�OD�PD\RUtD GH� ODV� WpFQLFDV� GH� UHGXFFLyQ� DFWXDOPHQWH� GLVSRQLEOHV� IXHURQ� GHVDUUROODGDV� FRQ� HO�SURSyVLWR� GH� VHU� XWLOL]DGDV� HQ� HVWXGLRV� GH� HVWDELOLGDG� DQJXODU�� 3RU� OR� WDQWR�� SDUD� DQiOLVLV� GH�HVWDELOLGDG� GH� YROWDMH� HV� QHFHVDULR� XWLOL]DU� XQD� WpFQLFD� GH� UHGXFFLyQ� GLIHUHQWH� OD� FXDO� HVWp�IXQGDPHQWDOPHQWH� HQIRFDGD� D� UHWHQHU� ODV� PLVPDV� FDUDFWHUtVWLFDV� GHPDQGD�VXPLQLVWUR� GH�SRWHQFLD UHDFWLYD�SDUD�HO�VLVWHPD�RULJLQDO�\�SDUD�HO�VLVWHPD�UHGXFLGR���(Q HVWXGLRV�GH�HVWDELOLGDG�DQJXODU��HVSHFLDOPHQWH�HQ�HO�FDVR�GH�DQiOLVLV�GH�RVFLODFLRQHV�LQWHU�iUHD��HV�QHFHVDULR�UHSUHVHQWDU�HQ�GHWDOOH�XQD�JUDQ�SDUWH�GH� ORV�VLVWHPDV�LQWHUFRQHFWDGRV��3DUD�HVWXGLRV� GH� HVWDELOLGDG� GH� YROWDMH� HQ� FDPELR�� GHELGR� D� OD� QDWXUDOH]D� UHODWLYDPHQWH� ORFDO� GHO�IHQyPHQR��OD�UHSUHVHQWDFLyQ�GHO�VLVWHPD�H[WHUQR�SXHGH�QR�VHU�WDQ�H[WHQVLYD�FRPR�HQ�HO�FDVR�GH�ORV HVWXGLRV� GH� HVWDELOLGDG� DQJXODU�� VLQ� HPEDUJR�� Vt� VH� UHTXLHUH� XQD� UHSUHVHQWDFLyQ� PiV�GHWDOODGD� GH� OD� UHG� GH� GLVWULEXFLyQ� GHO� VLVWHPD� LQWHUQR� �iUHD� GH� HVWXGLR�� SDUD� ORJUDU� XQD�GHWHUPLQDFLyQ�PiV�SUHFLVD�GH�ORV�OtPLWHV�GH�HVWDELOLGDG�GH�YROWDMH���$GLFLRQDOPHQWH�D�WRGRV�ORV�GLVSRVLWLYRV�TXH�VH�FRQVLGHUDQ�HQ�ORV�HVWXGLRV�FRQYHQFLRQDOHV�GH�HVWDELOLGDG�DQJXODU��HQ�ORV�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH�HV�QHFHVDULR�UHDOL]DU�XQ�PRGHODGR�DSURSLDGR� GH� WUDQVIRUPDGRUHV� FRQ� FDPELDGRUHV� DXWRPiWLFRV� GH� WDS� EDMR� FDUJD� �8/7&V���OLPLWDGRUHV� GH� Pi[LPD� H[FLWDFLyQ� GH� JHQHUDGRUHV� �2;/V��� FDUJDV� FRQWURODGDV�WHUPRVWiWLFDPHQWH� �7&/V��� \�PRWRUHV� GH� LQGXFFLyQ� >��@� �YHU� VHFFLyQ� ���� HQ� FDSLWXOR� ���� /R�DQWHULRU�FRQ�REMHWR�GH�REWHQHU�XQD�HYDOXDFLyQ�PiV�UHDO�GH�OD�HVWDELOLGDG�GH�YROWDMH�GHO�VLVWHPD���(Q OD� WDEOD� ���� VH� LQFOX\H� XQD� EUHYH� GHVFULSFLyQ� GH� ORV� HOHPHQWRV� GHO� VLVWHPD� TXH� GHEHQ�UHSUHVHQWDUVH� DSURSLDGDPHQWH� HQ� HVWXGLRV� GH� HVWDELOLGDG� GH� YROWDMH�� (Q� OD� VHFFLyQ� ���� GHO�FDStWXOR���VH�SUHVHQWD�XQD�GHVFULSFLyQ�PiV�GHWDOODGD�GHO�PRGHODGR�GH�HVWRV�HOHPHQWRV���&DEH PHQFLRQDU�TXH�GH�ORV�HOHPHQWRV�PHQFLRQDGRV�HQ�OD�WDEOD������HO SURJUDPD�GH�IOXMRV�GH�
SRWHQFLD XWLOL]DGR�HQ�HVWH�WUDEDMR��QR�WLHQH�OD�FDSDFLGDG�GH�PRGHODU�ORV�PRWRUHV�GH�LQGXFFLyQ�
SHUR�VL� VRSRUWD� VDWLVIDFWRULDPHQWH� OD� UHSUHVHQWDFLyQ�GH� ORV�FDPELDGRUHV�DXWRPiWLFRV�GH� WDS�
GH ORV� WUDQVIRUPDGRUHV� \� ORV� OtPLWHV� Pi[LPRV� \� PtQLPRV� GH� SRWHQFLD� UHDFWLYD� HQ� ORV�
JHQHUDGRUHV� (Q� OR� TXH� UHVSHFWD� D� ODV� FDUJDV�� pVWDV� VRQ� WRGDV� PRGHODGDV� FRPR� SRWHQFLD�FRQVWDQWH��
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8/7&V� /RV�PRGHORV�HVWiWLFRV�GHO�8/7&��GHEHQ�FRQVLGHUDU�OD�EDQGD�PXHUWD�SDUD�HO�FRQWURO� GH�YROWDMH�GHO�QRGR�\�HO� WDPDxR�GHO� WDS��$GLFLRQDOPHQWH�D�HVWR�� ORV�PRGHORV�GLQiPLFRV�GHEHQ� WRPDU�HQ�FXHQWD� ORV� WLHPSRV�GH�UHWUDVR�DVRFLDGRV�FRQ�FDGD�PRYLPLHQWR�GH�WDS���

2;/V�

(Q�VLPXODFLRQHV�HVWiWLFDV��ORV�HIHFWRV�GH�ORV�2;/V�VRQ�PRGHODGRV�XWLOL]DQGR�ODV� FXUYDV� GH� FDSDELOLGDG� GHO� JHQHUDGRU�� (VWR� HV� YiOLGR� DVXPLHQGR� TXH��������;G  ;T  ;V�
(Q� ORV�PRGHORV� GLQiPLFRV� GHO�2;/�� HO� YROWDMH� GH� FDPSR� \� SRU� OR� WDQWR� OD�FRUULHQWH� GH� FDPSR� VRQ� UHGXFLGRV� LQPHGLDWDPHQWH� DO� OtPLWH� LQVWDQWiQHR� VL�UHEDVDQ�GLFKR�OtPLWH��6L�OD�FRUULHQWH�GH�FDPSR�H[FHGH�HO�OtPLWH�FRQWLQXR�SHUR�VH�HQFXHQWUD�SRU�GHEDMR�GHO� OtPLWH� LQVWDQWiQHR��HVWD�FRUULHQWH�HV� UHGXFLGD�DO�OtPLWH� FRQWLQXR� GHVSXpV� GH� XQ� WLHPSR� GH� UHWDUGR� GHWHUPLQDGR� SRU� HO� QLYHO�DFWXDO�GH�OD�FRUULHQWH�GH�FDPSR�\�ORV�DMXVWHV�GHO�2;/���

7&/V��

�(VWDV� VRQ� FDUJDV� GH� HQHUJtD� FRQVWDQWH� ODV� FXDOHV� VRQ� FRQWURODGDV� PHGLDQWH�WHUPRVWDWRV��(O� HIHFWR� DJUHJDGR�GH� ODUJR� WpUPLQR�GH� ODV�7&/V�HV�PRGHODGR�FRPR� FDUJDV� GH� SRWHQFLD� FRQVWDQWH�� (Q� DOJXQRV� SURJUDPDV� HV� XWLOL]DGR� XQ�PRGHOR�GH�VHJXQGR�RUGHQ�SDUD�VLPXODU�ORV�DVSHFWRV�GLQiPLFRV�GH�ODV�7&/V��/D� UHVSXHVWD� GH� OD� FRQVWDQWH� GH� WLHPSR� GH� ODV� 7&/V� HVWi� HQ� HO� RUGHQ� GH�PLQXWRV���

0RWRUHV�GH�,QGXFFLyQ�
�/DV� FDUDFWHUtVWLFDV� GH� ORV� PRWRUHV� GH� LQGXFFLyQ� DQWH� EDMRV� YROWDMHV� HQ�WHUPLQDOHV� GHEH� PRGHODUVH� DGHFXDGDPHQWH�� 3DUD� HVWXGLRV� GLQiPLFRV� GH�HVWDELOLGDG�GH�YROWDMH�VRQ�XWLOL]DGRV�FRQ�IUHFXHQFLD�PRGHORV�GH�SULPHU�RUGHQ�VLPSOLILFDGRV�FRQ�HO�GHVOL]DPLHQWR�FRPR�OD�~QLFD�YDULDEOH�GH�HVWDGR���

7DEOD�������0RGHODGR�GH�HOHPHQWRV�GHO�VLVWHPD�SDUD�HVWXGLRV�GH�(VWDELOLGDG�GH�9ROWDMH����

���������6HOHFFLyQ�GH�&RQWLQJHQFLDV��/DV FRQWLQJHQFLDV�FUtWLFDV�SDUD�OD�HVWDELOLGDG�GH�YROWDMH�GH�XQ�VLVWHPD�SXHGHQ�VHU�GLIHUHQWHV�GH�DTXHOODV�FRQWLQJHQFLDV�FUtWLFDV�SDUD�OD�HVWDELOLGDG�DQJXODU�\�VRQ��JHQHUDOPHQWH��PX\�GLItFLOHV�GH�LGHQWLILFDU��(Q�PXFKRV�GH� ORV�FDVRV��DQWHV�GH�SRGHU�HVWDEOHFHU�XQD� OLVWD�GH� ODV�FRQWLQJHQFLDV�FUtWLFDV��HV�QHFHVDULR�OOHYDU�D�FDER�XQ�DQiOLVLV�H[KDXVWLYR�GH�WRGDV�ODV�SRVLEOHV�FRQWLQJHQFLDV��SRU HMHPSOR�� WRGDV� ODV� FRQWLQJHQFLDV� VHQFLOODV� SDUD� OtQHDV� GH� WUDQVPLVLyQ�� \� WRGDV� ODV�FRQWLQJHQFLDV� UHODFLRQDGDV� FRQ� OD� SpUGLGD� GH� DOJ~Q� JHQHUDGRU� R� DOJ~Q� HOHPHQWR� GH�FRPSHQVDFLyQ�UHDFWLYD���$IRUWXQDGDPHQWH��OD�GHWHUPLQDFLyQ�GH�ORV�PiUJHQHV�GH�HVWDELOLGDG�GH�YROWDMH��(9��GHO�VLVWHPD�HV�FRPSXWDFLRQDOPHQWH�IDFWLEOH�XWLOL]DQGR�DOJ~Q�SURJUDPD�GH�DQiOLVLV�HVWiWLFR���



7e&1,&$6�'(�$1È/,6,6�02'$/�3$5$�(9$/8$&,Ï1�'(�/$�(67$%,/,'$'�'(�92/7$-(�

��

������ �'HILQLFLyQ� GHO� 3DUiPHWUR�&ODYH� GHO� 6LVWHPD� �3&6�� SDUD� HO�&iOFXOR� GHO�0DUJHQ�GH�(VWDELOLGDG�GH�9ROWDMH��(9���(O PDUJHQ�(9�HV�XQD�PHGLGD�GH�OD�FHUFDQtD�GHO�VLVWHPD�D�OD�LQHVWDELOLGDG�GH�YROWDMH��(O�PDUJHQ�(9 VH� GHILQH� JHQHUDOPHQWH� FRPR� OD� GLIHUHQFLD� HQWUH� ORV� YDORUHV� GH� XQ� SDUiPHWUR� FODYH� GHO�VLVWHPD��3&6��HQ�OD�FRQGLFLyQ�GH�RSHUDFLyQ�DFWXDO�\�HO�SXQWR�FUtWLFR�GH�HVWDELOLGDG�GH�YROWDMH��'H DFXHUGR�D� VXV� LQWHUHVHV�SDUWLFXODUHV�� FDGD�HPSUHVD�SXHGH�HOHJLU�GLIHUHQWHV�3&6� �FRPR� OD�WUDQVIHUHQFLD� GH� SRWHQFLD� HQ� XQ� HQODFH� LPSRUWDQWH� R� HO� LQFUHPHQWR� WRWDO� GH� FDUJD� HQ� DOJXQD�]RQD R�iUHD�GHO�VLVWHPD�����
���������(VSHFLILFDFLyQ�GHO�&ULWHULR�GH�(VWDELOLGDG�GH�9ROWDMH��(O FULWHULR�GH�HVWDELOLGDG�GH�YROWDMH�GHILQH�TXH�WDQWR�PDUJHQ�HV�FRQVLGHUDGR�VXILFLHQWH�SDUD�HO�FDVR�EDVH�DVt�FRPR�WDPELpQ�SDUD�WRGDV�ODV�SRVLEOHV�FRQWLQJHQFLDV���8QD YH]�GHILQLGR�HO�PDUJHQ�(9�XWLOL]DQGR�HO�3&6��HO�FULWHULR�GH�HVWDELOLGDG�GH�YROWDMH�SXHGH�VHU GHILQLGR�FRPR��HO VLVWHPD� WLHQH�TXH�VHU�HVWDEOH�HQ�YROWDMH�SDUD�HO�FDVR�EDVH�\� WRGDV� ODV�
SRVLEOHV�FRQWLQJHQFLDV��FXDQGR�HO�YDORU�GHO�3&6�HVWp�[��DUULED�GH�VX�YDORU�HQ�OD�FRQGLFLyQ�GH�
RSHUDFLyQ�DFWXDO���3RU�HMHPSOR��VH�SXHGH�LQGLFDU�TXH�HO�FULWHULR�GH�HVWDELOLGDG�GH�YROWDMH�SDUD�HO�VLVWHPD�HVWi�GHILQLGR�FRPR�HO�����GH�LQFUHPHQWR�GH�OD�FDUJD�HQ�HO�iUHD�GH�HVWXGLR��SDUD�HO�FDVR�EDVH�\�SDUD�WRGDV�ODV�FRQWLQJHQFLDV�SRVLEOHV��(Q�RWUDV�SDODEUDV��HVWR�TXLHUH�GHFLU�TXH�SDUD�FXDOTXLHU� FDVR� GRQGH� HO� PDUJHQ� VHD� PHQRU� DO� ���� HV� QHFHVDULR� LPSOHPHQWDU� PHGLGDV�FRUUHFWLYDV�SDUD�LQFUHPHQWDU�HO�PDUJHQ�(9�\�SRGHU�FXPSOLU�FRQ�HO�FULWHULR�HVSHFLILFDGR�>��@���
���������'HWHUPLQDFLyQ�GHO�0DUJHQ�GH�(VWDELOLGDG�GH�9ROWDMH�GHO�6LVWHPD����&RQ HO� 3&6� GHILQLGR� \� OD� OLVWD� GH� FRQWLQJHQFLDV� FUtWLFDV� VHOHFFLRQDGDV�� HO� VLJXLHQWH� SDVR� HV�FDOFXODU�ORV�PiUJHQHV�(9�GHO�VLVWHPD�SDUD�HO�FDVR�EDVH�\�WRGRV�ORV�FDVRV�GH�FRQWLQJHQFLD���7HyULFDPHQWH�� SDUD� FDOFXODU� ORV� PiUJHQHV� (9� GHO� VLVWHPD� SXHGHQ� XWLOL]DUVH� WDQWR� ODV�KHUUDPLHQWDV� HVWiWLFDV� FRPR� ODV� GLQiPLFDV�� /RV�PiUJHQHV� (9� FDOFXODGRV� XWLOL]DQGR� ORV� GRV�PpWRGRV GHEHQ� VHU� PX\� SDUHFLGRV�� FRPSUREDQGR� FRQ� HVWR� TXH� VRQ� XWLOL]DGRV� PRGHORV�FRQVLVWHQWHV�HQ�DPERV�SURJUDPDV�\�TXH�OD�LQHVWDELOLGDG�GH�YROWDMH�QR�RFXUUH�GXUDQWH�HO�SHULRGR�WUDQVLWRULR��6LQ�HPEDUJR��GHELGR�D�ORV�DOWRV�UHTXHULPLHQWRV�GH�WLHPSR�GH�FyPSXWR�SDUD�UHDOL]DU�XQD VLPXODFLyQ�GLQiPLFD��HQ�OD�UHDOLGDG�UHVXOWD�SRFR�SUiFWLFR�FDOFXODU�ORV�PiUJHQHV�(9�SDUD�WRGDV ODV� FRQWLQJHQFLDV� XWLOL]DQGR� HVWH� WLSR� GH� KHUUDPLHQWD�� 3RU� OR� WDQWR�� XQ� SURFHGLPLHQWR�UHFRPHQGDEOH� FRQVLVWH� HQ�FDOFXODU� ORV�PiUJHQHV�GH�HVWDELOLGDG�SDUD� HO� FDVR�EDVH�\� WRGDV� ODV�FRQWLQJHQFLDV�XWLOL]DQGR�DOJXQD�KHUUDPLHQWD�HVWiWLFD�\��SRVWHULRUPHQWH��XWLOL]DU�DOJ~Q�SURJUDPD�GH VLPXODFLyQ�GLQiPLFD�VROR�SDUD�FRWHMDU�ORV�UHVXOWDGRV�HVWiWLFRV�REWHQLGRV�\��SDUD�GHWHUPLQDU�OD FURQRORJtD� GH� OD� LQHVWDELOLGDG� GH� YROWDMH� SRVWHULRU� D� XQDV� FXDQWDV� FRQWLQJHQFLDV� FUtWLFDV�VHOHFFLRQDGDV�ODV�FXDOHV�QR�VDWLVIDJDQ�ORV�FULWHULRV�GH�HVWDELOLGDG�HVWDEOHFLGRV���
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(O� SURFHGLPLHQWR� EiVLFR� SDUD� FDOFXODU� ORV� PiUJHQHV� (9� SDUD� HO� FDVR� EDVH� \� ORV� FDVRV� GH�FRQWLQJHQFLD� VH� GHVFULEH� HQ� OD� ILJXUD� ����� (Q� HVWD� ILJXUD� VH� PXHVWUD� OD� UHODFLyQ� HQWUH� OD�PDJQLWXG�GH�YROWDMH�HQ�XQ�QRGR�VHOHFFLRQDGR�\�HO�3&6��SDUiPHWUR�FODYH�GHO�VLVWHPD��HO�FXDO��HQ�HVWH�FDVR�HVWi�GHILQLGR�FRPR�HO�LQFUHPHQWR�WRWDO�GH�OD�FDUJD�GHO�iUHD�GH�LQWHUpV��/RV�GHWDOOHV�GH HVWH�SURFHGLPLHQWR�VH�GHVFULEHQ�D�FRQWLQXDFLyQ���
��� &iOFXOR�GHO�PDUJHQ�(9�SDUD�HO�FDVR�EDVH��(O 3&6�VH�YD�LQFUHPHQWDQGR�\�VH�REWLHQHQ�ODV�VROXFLRQHV�GH�IOXMRV�GH�SRWHQFLD�SDUD�FDGD�QXHYR�LQFUHPHQWR��(O�SXQWR�FUtWLFR�GH�HVWDELOLGDG�GH�YROWDMH�HV�REWHQLGR�HQ�HO�YDORU�GHO�3&6�SUHYLR�DO�SXQWR�HQ�HO�TXH�QR�H[LVWH�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD���&RQVLGHUDQGR�TXH�HQ�HVWH�FDVR�HO�3&6�HVWi�UHSUHVHQWDGR�SRU�HO�LQFUHPHQWR�WRWDO�GH�OD�FDUJD�GHO�iUHD�GH�LQWHUpV��HQ�OD�ILJXUD�����ORV�SXQWRV��� ���������1�UHSUHVHQWDQ�FRQGLFLRQHV�GH�RSHUDFLyQ�GHO�VLVWHPD�DQWH�GLIHUHQWHV�QLYHOHV�GH�FDUJD��FRQ�HO�SXQWR�� FRPR HO�SXQWR�LQLFLDO�GH�RSHUDFLyQ�\�HO�SXQWR�1 �QDUL]�GH�OD�FXUYD�39��FRPR�HO�SXQWR�FUtWLFR�GH�HVWDELOLGDG�GH�YROWDMH��/D�GLIHUHQFLD�HQWUH�OD�FDUJD�DFWLYD�WRWDO�HQ�HO�SXQWR�1 \ OD�FDUJD�HQ�HO�SXQWR�� HV�HO�PDUJHQ�(9�SDUD�HO�FDVR�EDVH��3DUD�REWHQHU� ORV�SXQWRV��� ������1� VH� LQFUHPHQWD�FRQ�XQ�FULWHULR�GHILQLGR�OD�FDUJD�HQ�HO�iUHD�GH�HVWXGLR�\�VH�XWLOL]D�XQ�HVTXHPD�GH�GHVSDFKR�GH�JHQHUDFLyQ�SDUD�FXEULU�HO�LQFUHPHQWR�HQ�OD SRWHQFLD� DFWLYD� GH� OD� FDUJD�� (Q� FDGD� QXHYR� QLYHO� GH� FDUJD�� VH� REWLHQHQ� ODV� VROXFLRQHV� GH�IOXMRV� GH� SRWHQFLD� FRQ� ODV� FDUJDV� PRGHODGDV� FRPR� SRWHQFLD� FRQVWDQWH� \� FRQ� ORV� 8/7&V� \�HOHPHQWRV�VZLWFKHDEOHV�HQ�GHULYDFLyQ�KDELOLWDGRV���
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�����&iOFXOR�GH�PiUJHQHV�(9�SDUD�WRGRV�ORV�FDVRV�GH�FRQWLQJHQFLD��'H QXHYD� FXHQWD� VH� DVXPH� TXH� HO� 3&6� HV� OD� FDUJD� WRWDO� GHO� iUHD� GH� HVWXGLR�� 9DOH� OD� SHQD�PHQFLRQDU�TXH�ORV�SULQFLSLRV�TXH�VH�GHVFULEHQ�HQVHJXLGD��DSOLFDQ�WDPELpQ�SDUD�RWURV�FDVRV�HQ�ORV FXDOHV�VH�HVSHFLILTXH�FRPR�3&6�D�FXDOTXLHU�RWUR�SDUiPHWUR���/DV VROXFLRQHV�GH�IOXMRV�GH�SRWHQFLD�HQ�ORV�GLIHUHQWHV�QLYHOHV�GH�FDUJD��SXQWRV��� ������1� VRQ�REWHQLGDV�GH�OD�PLVPD�IRUPD�TXH�HQ�HO�SDVR��� (Q�FDGD�QLYHO�GH�FDUJD��ODV�FRQWLQJHQFLDV�VRQ�DSOLFDGDV� XQD� SRU� XQD�� /RV� FDVRV� GH� SRVW�FRQWLQJHQFLD� VRQ� VROXFLRQDGRV� FRQ� ODV� FDUJDV�PRGHODGDV�FRPR�GHSHQGLHQWHV�GH�YROWDMH��(V�QHFHVDULR�SHUPLWLU�HO�OLEUH�PRYLPLHQWR�GH�8/7&V�\ GH� FDSDFLWRUHV� VZLWFKHDGRV� DXWRPiWLFDPHQWH� PLHQWUDV� TXH�� ORV� FDSDFLWRUHV� VZLWFKHDGRV�PDQXDOPHQWH�SRGUtD�R�QR�SHUPLWLUVH�VX�PRYLPLHQWR�GHSHQGLHQGR�GHO�PDUFR�GH� WLHPSR�HQ�HO�FXDO�VHUi�HYDOXDGR�HO�FRPSRUWDPLHQWR�GHO�VLVWHPD�\�GH�OD�SROtWLFD�GH�RSHUDFLyQ�GHO�VLVWHPD����3DUD FDGD� FRQWLQJHQFLD�� HO� PDUJHQ� (9� GH� SRVW�FRQWLQJHQFLD� GHO� VLVWHPD� HVWi� GDGR� SRU� OD�GLIHUHQFLD�HQWUH�OD�SRWHQFLD�DFWLYD��LQLFLDO�GH�OD�FDUJD�\�OD�SRWHQFLD�DFWLYD�WRWDO�GH�OD�FDUJD�HQ�HO�~OWLPR�SXQWR�GRQGH�H[LVWH�XQD�VROXFLyQ�GH�IOXMRV�GH�FDUJD�GH�SRVW�FRQWLQJHQFLD��(V�LPSRUWDQWH�UHVDOWDU� TXH�GH� DFXHUGR� D� OD� H[SHULHQFLD�REWHQLGD�� VH�KD�SRGLGR�REVHUYDU�TXH� ORV� DOJRULWPRV�FRQYHQFLRQDOHV� GH� VROXFLyQ� GH� IOXMRV� GH� SRWHQFLD�� SXHGHQ� REWHQHU� FRQYHUJHQFLD� KDVWD��FRQGLFLRQHV�GHO�VLVWHPD�PX\�FHUFDQDV�DO�SXQWR�FUtWLFR�GH�HVWDELOLGDG�GH�YROWDMH��3RU�OR�WDQWR��OD�QR�H[LVWHQFLD�GH�XQD�VROXFLyQ�GH� IOXMRV�XWLOL]DQGR�DOJ~Q�DOJRULWPR�GH�VROXFLyQ�FRQYHQFLRQDO�FRPR�HO�PpWRGR�GHVDFRSODGR�UiSLGR��SRU�HMHPSOR��HV�XQ�LQGLFDGRU�FRQILDEOH�GH�TXH�HO�VLVWHPD�KD DOFDQ]DGR�VX�SXQWR�FUtWLFR�GH�HVWDELOLGDG�GH�YROWDMH�R�HVWi�PX\�SUy[LPR�D�pVWH����(Q UHIHUHQFLD�D�OD�ILJXUD������ORV�SXQWRV�GH�RSHUDFLyQ�GH�SRVW�FRQWLQJHQFLD�FRUUHVSRQGLHQWHV�D�ORV QLYHOHV�GH�FDUJD��� �� \�� HVWiQ�GDGRV�SRU�ORV�SXQWRV��
� �
�\��
 UHVSHFWLYDPHQWH��3DUD�FDGD�QLYHO GH�FDUJD�VH�SXHGH�YHU�TXH�HQ�HO�SXQWR�GH�RSHUDFLyQ�GH�SRVW�FRQWLQJHQFLD��S�H��HO�SXQWR�
�¶�� OD�FDUJD�WRWDO�HV�PHQRU�TXH�HQ�HO�SXQWR�GH�RSHUDFLyQ�GH�SUH�FRQWLQJHQFLD��SXQWR���� GHELGR�D OD�FDtGD�GH�YROWDMH�SURYRFDGD�SRU�OD�FRQWLQJHQFLD��$~Q�FRQ�ODV�DFFLRQHV�GH�ORV�8/7&V��ODV�FDtGDV� GH� YROWDMH� GH� SRVW�FRQWLQJHQFLD� HQ� ORV� QRGRV� GH� FDUJD� VLJXHQ� H[LVWLHQGR� GHELGR� D� OD�EDQGD�PXHUWD�\�ORV�OtPLWHV�GH�WDS�DVRFLDGRV�FRQ�HO�FRQWURO�GH�ORV�8/7&V��3DUD�HO�FDVR�GHVFULWR�HQ� OD� ILJXUD������QR�H[LVWHQ�VROXFLRQHV�GH�IOXMRV�GH�SRVW�FRQWLQJHQFLD�SDUD�FXDOTXLHU�QLYHO�GH�FDUJD�PD\RU�DO�FRUUHVSRQGLHQWH�DO�SXQWR��� 'H�HVWD�IRUPD��HO�PDUJHQ�(9�GH�SRVW�FRQWLQJHQFLD�GHO�VLVWHPD�HVWi�GDGR�SRU�OD�GLIHUHQFLD�HQWUH�OD�SRWHQFLD�DFWLYD�WRWDO�GH�FDUJD�HQ�HO�SXQWR�� \DTXHOOD�HQ�HO�SXQWR���

��� &iOFXOR� GH� ORV�PiUJHQHV�(9� SDUD� XQDV� FXDQWDV� FRQWLQJHQFLDV� FUtWLFDV� VHOHFFLRQDGDV�XWLOL]DQGR�DOJ~Q�SURJUDPD�GH�VLPXODFLyQ�HQ�HO�WLHPSR��(O SURFHGLPLHQWR�HQ�HVWH�FDVR�HV�HO�PLVPR�TXH�HO�TXH�VH�VLJXH�HQ�HO�SDVR����H[FHSWR�TXH�DKRUD�OD HVWDELOLGDG� GH� YROWDMH� GHO� VLVWHPD� SRVWHULRU� D� XQ� GLVWXUELR� HV� GHWHUPLQDGD� PHGLDQWH�VLPXODFLRQHV� HQ� HO� GRPLQLR� GHO� WLHPSR� XWLOL]DQGR� DOJ~Q� VRIWZDUH� TXH� SHUPLWD� HVWH� WLSR� GH�HVWXGLRV��
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3DUWLHQGR�GH�ORV�FDVRV�UHVXHOWRV�FRUUHVSRQGLHQWHV�D�ORV�GLIHUHQWHV�QLYHOHV�GH�FDUJD��SXQWRV�����
�� \�� GH� OD�ILJXUD�������HO�VLVWHPD�HV�VRPHWLGR�D�XQ�GLVWXUELR�DSOLFDQGR�OD�FRQWLQJHQFLD�\�VH�FDOFXOD�OD�UHVSXHVWD�GLQiPLFD�GHO�VLVWHPD�SRVWHULRU�D�OD�FRQWLQJHQFLD�VLPXODGD��6L�OD�VLPXODFLyQ�HQ� HO� GRPLQLR� GHO� WLHPSR�PXHVWUD� TXH� HO� VLVWHPD� DOFDQ]D� VX� SXQWR� GH� HTXLOLEULR� GH� HVWDGR�HVWDEOH� GH� SRVW�FRQWLQJHQFLD� GHVSXpV� GH� XQ�SHULRGR� ILQLWR�GH� WLHPSR�� HQWRQFHV� HO� VLVWHPD�HV�HVWDEOH��6L�SRU�HO�FRQWUDULR��HO�HTXLOLEULR�GH�HVWDGR�HVWDEOH�GHO�VLVWHPD�GH�SRVW�FRQWLQJHQFLD�QR�H[LVWH��OD�VLPXODFLyQ�HQ�HO�GRPLQLR�GHO�WLHPSR�PRVWUDUi�TXH�ORV�YROWDMHV�GH�QRGR�FRQWLQXDUiQ�GHFD\HQGR� \� SRU� OR� WDQWR�� HO� VLVWHPD� HV� LQHVWDEOH� GHVGH� HO� SXQWR� GH� YLVWD� GH� YROWDMH�� 3RU�HMHPSOR�� ORV� SXQWRV� �
�� �
� \� �
 UHSUHVHQWDQ� HO� HTXLOLEULR� GHO� VLVWHPD� GH� SRVW�FRQWLQJHQFLD�FRUUHVSRQGLHQWHV�D�ORV�QLYHOHV�GH�FDUJD��� �� \��� (Q�FDPELR��VH�SXHGH�REVHUYDU�HQ�OD�PLVPD�ILJXUD ����TXH�QR�H[LVWH�HTXLOLEULR�GH�HVWDGR�HVWDEOH�GH�SRVW�FRQWLQJHQFLD�SDUD�FXDOTXLHU�QLYHO�GH FDUJD�PD\RU�TXH�HO�QLYHO���

��������'LVHxR�\�9DOLGDFLyQ�GH�0HGLGDV�&RUUHFWLYDV��(Q ORV�FDVRV�SDUD� ORV�FXDOHV�QR�VH�VDWLVIDFH�HO�FULWHULR�GH�HVWDELOLGDG�GH�YROWDMH��HV�QHFHVDULR�GLVHxDU PHGLGDV� FRUUHFWLYDV� TXH� SXHGDQ� UHIRU]DU� HO� VLVWHPD� FRQ� REMHWR� GH� VDWLVIDFHU� GLFKR�FULWHULR���3DUD PHMRUDU� OD� HVWDELOLGDG� GH� YROWDMH� GH� XQ� VLVWHPD� SXHGHQ� VHU� DSOLFDGDV� GLVWLQWDV�PHGLGDV�FRUUHFWLYDV��'HO�PLVPR�PRGR��SXHGHQ�VHU�UHIRU]DGDV�GLIHUHQWHV�SDUWHV�GHO�VLVWHPD��JHQHUDFLyQ��WUDQVPLVLyQ��GLVWULEXFLyQ�\�FDUJDV�GHO�VLVWHPD��FRQ�HO�SURSyVLWR�GH�PHMRUDU�GH�PDQHUD�JOREDO�OD�HVWDELOLGDG�GH�YROWDMH�GHO�VLVWHPD��/D�IDFWLELOLGDG�\�GLVSRQLELOLGDG�GH�FDGD�RSFLyQ�GHSHQGH�GH�FDGD�VLVWHPD�HQ�SDUWLFXODU��$OJXQDV�GH�ODV�SRVLEOHV�PHGLGDV�SUHYHQWLYDV�\�FRUUHFWLYDV�LQFOX\HQ�FRQWURO�GH�SRWHQFLD�DFWLYD��FRPSHQVDFLyQ� UHDFWLYD�HQ�VHULH�\�HQ�GHULYDFLyQ��GLVSDUR�GH�FDUJD�SRU EDMR�YROWDMH��EORTXHR�GH�8/7&V�\��DXWRPDWL]DFLyQ�GH�GLVWULEXFLyQ����3DUD FDVRV�HQ�ORV�FXDOHV�QR�VH�VDWLVIDFH�HO�FULWHULR�HVWDEOHFLGR�SDUD�HO�PDUJHQ�GH�HVWDELOLGDG�GH�YROWDMH�� VH� DSOLFD� HO� DQiOLVLV� PRGDO� GHVFULWR� HQ� OD� VHFFLyQ� ���� SDUD� LGHQWLILFDU� ODV� PHMRUHV�XELFDFLRQHV� GRQGH� VH� GHEHQ� DSOLFDU� ODV� PHGLGDV� FRUUHFWLYDV�� (O� DQiOLVLV� PRGDO� FDOFXOD� ORV�HLJHQYDORUHV�PiV�SHTXHxRV�GH�OD�PDWUL]�-DFRELDQD�UHGXFLGD��-5� \�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ��GH QRGRV��UDPDV�\�JHQHUDGRUHV��YHU�VHFFLRQHV��������������\�������(O�HLJHQYDORU�PiV�SHTXHxR�\�VXV HLJHQYHFWRUHV� DVRFLDGRV� GH� -5 HQ� OD� QDUL]� GH� OD� FXUYD� 3�9�� GHILQHQ� HO� PRGR� FUtWLFR� GH�HVWDELOLGDG� GH� YROWDMH�� /DV� FRUUHVSRQGLHQWHV� SDUWLFLSDFLRQHV� GH� QRGRV�� UDPDV� \� JHQHUDGRUHV�LGHQWLILFDQ�HO�iUHD�FUtWLFD�GH�HVWDELOLGDG�GH�YROWDMH�\�ORV�HOHPHQWRV�TXH�WLHQHQ�PD\RU�LPSDFWR�HQ�OD�HVWDELOLGDG�GH�YROWDMH�GH�HVH�PRGR�FUtWLFR��/DV�PHGLGDV�FRUUHFWLYDV�HQ�FXDOTXLHUD�GH�VXV�IRUPDV��GHEHQ�VHU�DSOLFDGDV�HQ�ODV�XELFDFLRQHV�LGHQWLILFDGDV�SRU�ORV�PHQFLRQDGRV�IDFWRUHV�GH�SDUWLFLSDFLyQ� SDUD� PHMRUDU� FRQ� HVWR�� OD� HVWDELOLGDG� GH� YROWDMH� GHO� iUHD� FUtWLFD� \� PLWLJDU� HO�LPSDFWR�QHJDWLYR�GH�HVRV�HOHPHQWRV�HQ�OD�HVWDELOLGDG�GH�YROWDMH�GHO�VLVWHPD�HQ�JHQHUDO��
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$SOLFDFLyQ�GH�OD�7pFQLFD�GH�$QiOLVLV�0RGDO��
������,QWURGXFFLyQ��(Q HVWH� FDStWXOR� VH� OOHYD�D� FDER� OD� DSOLFDFLyQ�SUiFWLFD�GH� OD� WpFQLFD�GH�$QiOLVLV�0RGDO�SDUD�UHDOL]DU�HYDOXDFLRQHV�GH�OD�HVWDELOLGDG�GH�YROWDMH�HQ�VLVWHPDV�HOpFWULFR�UHDOHV���(Q SULPHUD�LQVWDQFLD��VH�UHDOL]D�HO�$QiOLVLV�0RGDO�GH�XQ�VLVWHPD�HOpFWULFR�GH�SUXHED�LQFOXLGR�HQ� HO� DUWtFXOR� ³9ROWDJH 6WDELOLW\� $QDO\VLV� 8VLQJ� 6WDWLF� DQG� 'LQDPLF� $SSURDFKHV´� GH� ORV�DXWRUHV�*DR�%���*�.��0RULVRQ��\�3��.XQGXU�>�@��/R�DQWHULRU�FRQ�REMHWR�GH�LOXVWUDU�GH�PDQHUD�YLVLEOH�\�VLPSOLILFDGD�OD�IXQFLRQDOLGDG�GH�HVWD�WpFQLFD�GH�DQiOLVLV��&RQ�HVWH�PLVPR�VLVWHPD�GH�SUXHED VH� UHDOL]D� OD� YDOLGDFLyQ� GHO� VRIWZDUH� GHVDUUROODGR� SDUD� SRVWHULRUPHQWH�� UHDOL]DU� HO�DQiOLVLV�PRGDO�GH�XQ�VLVWHPD�HOpFWULFR�UHDO��/D�YDOLGDFLyQ�VH�HIHFW~D�PHGLDQWH�OD�FRPSDUDFLyQ�GH ORV� UHVXOWDGRV� REWHQLGRV� HQ� HVWH� WUDEDMR�� FRQWUD� ORV� UHVXOWDGRV� TXH� SDUD� HVWH� VLVWHPD� GH�SUXHED VH�LQFOX\HQ�HQ�HO�DUWtFXOR�PHQFLRQDGR�DQWHULRUPHQWH�>�@���8QD YH]�FRPSUHQGLGRV�ORV�SULQFLSLRV�EiVLFRV�\�OD�IXQFLRQDOLGDG�GH�GLFKD�WpFQLFD��VH�SURFHGH�D�UHDOL]DU�VX�DSOLFDFLyQ�HQ�XQ�VLVWHPD�HOpFWULFR�UHDO�HO�FXDO�HVWi�FRQIRUPDGR�SRU�����QRGRV������UDPDV�\����JHQHUDGRUHV� 'LFKR�VLVWHPD�FRUUHVSRQGH�DO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD��6,*�� TXH� DO� LJXDO� TXH� XQ� EXHQ� Q~PHUR� GH� ORV� VLVWHPDV� HOpFWULFRV� GH� SDtVHV� HQ� GHVDUUROOR��SUHVHQWD�VHULRV�SUREOHPDV�UHODFLRQDGRV�FRQ�OD�HVWDELOLGDG�GH�YROWDMH����5HVXOWD LPSRUWDQWH� VHxDODU� TXH� VH� HOLJLy� SDUD� HVWH� WUDEDMR� DO� 6LVWHPD� ,QWHUFRQHFWDGR� GH�*XDWHPDOD�\�QR�DO�,QWHUFRQHFWDGR�1DFLRQDO�0H[LFDQR�SRU�FRQVLGHUDU�TXH�HO�SULPHUR�SUHVHQWD�YDULDV� YHQWDMDV� SULQFLSDOPHQWH� SDUD� ORV� SURSyVLWRV� GLGiFWLFRV� TXH� VH� SHUVLJXHQ� HQ� XQD� WHVLV��$OJXQD GH�ODV�YHQWDMDV�TXH�VH�SXHGHQ�PHQFLRQDU�VRQ�ODV�VLJXLHQWHV���
• (O 6LVWHPD� ,QWHUFRQHFWDGR�GH�*XDWHPDOD� SUHVHQWD� SUREOHPDV�PiV� VHYHURV� GH� FRQWURO� GH�YROWDMH� \D� TXH� KDVWD� ������ QR� WHQtD� D~Q� QLQJ~Q� HOHPHQWR� GH� FRPSHQVDFLyQ� UHDFWLYD�FDSDFLWLYD��&(9�R�EDQFR�GH�FDSDFLWRUHV��HQ�VX�UHG�GH�WUDQVPLVLyQ�OR�FXDO�FRPR�VH�YHUi�HQ�HO� GHVDUUROOR� GH� HVWH� WUDEDMR�� SURYRFD� TXH� VXV� FRQGLFLRQHV� RSHUDWLYDV� SDUD� OD� GHPDQGD�Pi[LPD�HVWpQ�FRQ�XQ�PDUJHQ�PX\�UHGXFLGR�UHVSHFWR�D�OD�LQHVWDELOLGDG�GH�YROWDMH���
• (O 6LVWHPD�,QWHUFRQHFWDGR�0H[LFDQR�SRU�VX�SDUWH��SUHVHQWD�DOJXQRV�SUREOHPDV�GH�VRSRUWH�GH YROWDMH�SULQFLSDOPHQWH�HQ�HO�iUHD�FHQWUDO�TXH�FRPSUHQGH�IXQGDPHQWDOPHQWH�D� OD�=RQD�0HWURSROLWDQD�GH�OD�&LXGDG�GH�0p[LFR�\D�TXH�HVWD�]RQD��HV�XQ�JUDQ�FHQWUR�GH�FRQVXPR�GH�FDUJD�SRU� VX� HQRUPH�SREODFLyQ�H� LQGXVWULDV� LQVWDODGDV��6LQ� HPEDUJR�� HVWRV�SUREOHPDV�GH�VRSRUWH�GH�YROWDMH�VH�KDQ�YLVWR�VLJQLILFDWLYDPHQWH�DOLYLDGRV�FRQ�OD�HQWUDGD�HQ�RSHUDFLyQ�GH�ORV�&RPSHQVDGRUHV�(VWiWLFRV�GH�9DUV�XELFDGRV�HQ�ODV�VXEHVWDFLRQHV�GH�����N9�GH�7RSLOHMR�\ 7H[FRFR�\�HQ�����N9�HQ�OD�VXEHVWDFLyQ�&HUUR�*RUGR��
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• (O WDPDxR��Q~PHUR�GH�VXEHVWDFLRQHV��JHQHUDGRUHV�\�UDPDV��GHO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�HV�LGHDO�SDUD�UHDOL]DU�HO�DQiOLVLV�PRGDO�\D�TXH�SHUPLWH�XELFDU�UiSLGDPHQWH�ODV�]RQDV� FUtWLFDV� HQ� YROWDMH� VLQ� SHUGHUVH� HQ� XQ� HQRUPH� VLVWHPD� HQ� HO� FXDO�� UHVXOWDUtD� PiV�FRPSOHMD� OD� VHOHFFLyQ�GH� ORV� FDVRV� RSHUDWLYRV� D� HVWXGLDU� \� FRQVHFXHQWHPHQWH�� VH� YXHOYH�WDPELpQ�PiV�FRPSOHMR�HO�DQiOLVLV�QHFHVDULR�DVt�FRPR�OD�H[SOLFDFLyQ�GH�pVWH����
7RPDQGR� HQ� FXHQWD� HVWRV� DVSHFWRV� \� WHQLHQGR� VLHPSUH� SUHVHQWH� TXH� XQR� GH� ORV� SULQFLSDOHV�REMHWLYRV�GH�HVWH�WUDEDMR�FRQVLVWH�HQ�SUHVHQWDU�XQD�PHWRGRORJtD�FODUD�\�FRQILDEOH�SDUD�UHDOL]DU�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH��VH�GHFLGLy�TXH�UHVXOWD�PiV�FRQYHQLHQWH�XWLOL]DU�XQ�6LVWHPD�(OpFWULFR� FRPR� HO� GH� *XDWHPDOD� HO� FXDO� FRPR� \D� VH� PHQFLRQy� DQWHULRUPHQWH�� SUHVHQWD�FDUDFWHUtVWLFDV�LGHDOHV�SDUD�DSOLFDU�H�LOXVWUDU�HVWH�WLSR�GH�HVWXGLRV���
(Q HO�DQiOLVLV�PRGDO� UHDOL]DGR�DO�6LVWHPD� ,QWHUFRQHFWDGR�GH�*XDWHPDOD� �6,*��� VH� LGHQWLILFDQ�HQWUH RWURV�DVSHFWRV�OD�SUR[LPLGDG�GHO�VLVWHPD�D�OD�LQHVWDELOLGDG�GH�YROWDMH��DVt�FRPR�ODV�iUHDV�\ QRGRV�PiV�SURSHQVRV�D�SUHVHQWDU�SUREOHPDV�GH�FRODSVR�GH�YROWDMH��$GHPiV��VH�DQDOL]DQ�\�VH�SURSRQHQ� DOJXQDV� PHGLGDV� FRUUHFWLYDV� TXH� XQD� YH]� LPSOHPHQWDGDV�� DOLYLDUtDQ� GH� PDQHUD�VLJQLILFDWLYD�HVWD�FODVH�GH�SUREOHPDV���
/RV� UHVXOWDGRV� REWHQLGRV� PHGLDQWH� HO� DQiOLVLV� PRGDO� VRQ� FRPSDUDGRV� FRQ� OD� LQIRUPDFLyQ�SURSRUFLRQDGD� SRU� RWUDV� WpFQLFDV� FRQYHQFLRQDOHV� FRPR� ODV� FXUYDV� 9�4� \� 3�9�� HVWR� FRQ� OD�ILQDOLGDG�GH�LOXVWUDU�OD�XWLOLGDG�GH�DPEDV�WpFQLFDV�\�OD�PDQHUD�HQ�TXH�pVWDV��SXHGHQ�FRPELQDUVH�SDUD�ORJUDU�XQ�DQiOLVLV�PiV�FRPSOHWR���
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�������'HVFULSFLyQ�GH�ORV�3URJUDPDV�GH�6RIWZDUH�8WLOL]DGRV���3DUD OD�HODERUDFLyQ�GH�HVWH�WUDEDMR�GH�WHVLV�VH�XWLOL]y�SULQFLSDOPHQWH�HO�SURJUDPD�(VWDYROW�SDUD�DSOLFDU� OD� WpFQLFD� GH� DQiOLVLV� PRGDO� \� VH� FRPSOHPHQWDURQ� ORV� UHVXOWDGRV� GH� HVWDELOLGDG� GH�YROWDMH�PHGLDQWH�HO�XVR�GH�SURJUDPDV�GH�VRIWZDUH�FRPHUFLDOHV�FRPR�HO�366�(��3RZHU�6\VWHP�6LPXODWRU�IRU�(QJLQHHULQJ��\�ORV�SDTXHWHV�([FHO�\�:RUG�GH�0LFURVRIW����6H GHVFULEH�HQVHJXLGD�OD�DSOLFDFLyQ�TXH�WXYR�FDGD�XQR�GH�HVWRV�SURJUDPDV�HQ�HO�GHVDUUROOR�GH�HVWH�WUDEDMR���
������ 3URJUDPD�(VWDYROW��&RQ HO� SURSyVLWR� GH� DSOLFDU� OD� WpFQLFD� GH� DQiOLVLV� PRGDO� SDUD� HO� HVWXGLR� GH� HVWDELOLGDG� GH�YROWDMH� HQ� VLVWHPDV� HOpFWULFRV� GH� SRWHQFLD�� VH� WRPy� FRPR� EDVH� XQ� SURJUDPD� GH� IOXMRV� GH�SRWHQFLD TXH� IXH� UHDOL]DGR�HQ� OHQJXDMH�0DWODE�SRU�*UDKDP�5RJHUV� \�DFWXDOL]DGR�SRU�-RH�+��&KRZ��$� HVWH� SURJUDPD�GH� IOXMRV� GH� FDUJD� VH� OH� LPSOHPHQWy� HO� DOJRULWPR�PDWHPiWLFR�GH� OD�WpFQLFD� GH� DQiOLVLV� OLQHDO� WDPELpQ� HQ� HO� OHQJXDMH� GH� SURJUDPDFLyQ� GHO� SDTXHWH� PDWHPiWLFR�0DWODE�YHUVLyQ������HVWR�FRQ�OD�ILQDOLGDG�GH�KDFHU�XVR�\�DSURYHFKDPLHQWR�GH�ODV�DFWLYLGDGHV�\�IXQFLRQHV� PDWHPiWLFDV� SURSLDV� GH� HVWH� VRIWZDUH�� $O� SURJUDPD� REWHQLGR� ILQDOPHQWH� VH� OH�LGHQWLILFy� FRQ� HO� QRPEUH�GH�HVWDYROW� SDUD� LQGLFDU� SUHFLVDPHQWH� TXH� VH� WUDWD� GH� XQ�SURJUDPD�SDUD�HO�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�����&RPR VH� PHQFLRQy� DQWHULRUPHQWH�� HO� SURJUDPD� HVWDYROW� HV� EiVLFDPHQWH� XQ� SURJUDPD� GH�VROXFLyQ� GH� IOXMRV� GH� SRWHQFLD� DO� FXDO�� VH� OH� DGLFLRQy� HO� DOJRULWPR� PDWHPiWLFR� GH� DQiOLVLV�PRGDO�SDUD�FDOFXODU�ORV�HLJHQYDORUHV�\�HLJHQYHFWRUHV�GH�OD�PDWUL]�MDFRELDQD�FDUDFWHUtVWLFD�GHO�PpWRGR GH�1HZWRQ�5DSKVRQ��(VWH�SURJUDPD�KDFH�XVR�GH� WpFQLFDV�GH�HVSDUFLGDG�GH�PDWULFHV�FRQ�OD�ILQDOLGDG�GH�KDFHU�PiV�UiSLGRV�\�HILFLHQWHV�ORV�FiOFXORV�FRPSXWDFLRQDOHV����(Q HO�DSpQGLFH���VH�LQFOX\H�XQD�GHVFULSFLyQ�PiV�GHWDOODGD�GH�OD�HVWUXFWXUD�\�FRQIRUPDFLyQ�GHO�SURJUDPD�(VWDYROW�DVt�FRPR�GH�VX�IXQFLRQDPLHQWR�\�SURFHGLPLHQWRV�SDUD�VX�XWLOL]DFLyQ���
������ 0LFURVRIW�([FHO��(O SDTXHWH� 0LFURVRIW� ([FHO� HV� XQD� KRMD� GH� FiOFXOR� TXH� HV� XWLOL]DGD� HQ� HVWH� WUDEDMR� SDUD�RUJDQL]DU� \� ILOWUDU� FRQYHQLHQWHPHQWH� ORV� UHVXOWDGRV� GHO� DQiOLVLV� PRGDO� HIHFWXDGR� SRU� HO�SURJUDPD�(VWDYROW�
'H HVWD�PDQHUD��HQ�([FHO�VH�DEUHQ�ORV�DUFKLYRV�GH�UHVXOWDGRV�HLJYDO�VDO�\�HLJYHF�VDO�JHQHUDGRV�SRU HO�SURJUDPD�(VWDYROW�\�VH�SURFHGH�D� LGHQWLILFDU� ORV�PRGRV�PiV�FUtWLFRV�HQFRQWUDGRV�SDUD�SRVWHULRUPHQWH�� RUJDQL]DU� ORV� IDFWRUHV� GH� SDUWLFLSDFLyQ� GH� QRGRV� GH�PDQHUD� TXH� VHD� SRVLEOH�REVHUYDU�FODUDPHQWH�DTXHOORV�QRGRV�TXH�SUHVHQWDQ�ORV�PiV�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV PRGRV�PiV�GpELOHV��(O�SURFHGLPLHQWR�VHJXLGR�SDUD�UHDOL]DU�HVWDV�DFWLYLGDGHV�VH�HQFXHQWUD�GHVFULWR�D�GHWDOOH�HQ�OD�VHFFLyQ�$������GHO�DSpQGLFH�����
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������ 3RZHU�6\VWHP�6LPXODWRU�IRU�(QJLQHHULQJ��366�(���(O 6LPXODGRU�GH�6LVWHPDV�GH�3RWHQFLD�SDUD�,QJHQLHUtD��366�(�SRU�VXV�VLJODV�HQ�LQJOpV��HV�XQ�SURJUDPD� GH� VRIWZDUH� WpFQLFR� FRPSXHVWR� SRU� YDULRV� PyGXORV� ORV� FXDOHV� SHUPLWHQ� UHDOL]DU�HVWXGLRV�GH�IOXMRV�GH�SRWHQFLD��IOXMRV�ySWLPRV��HVWDELOLGDG�DQJXODU��FRUWRFLUFXLWR��HQWUH�RWURV���(Q HVWH�WUDEDMR�VH�XWLOL]y�HO�PyGXOR�GH�IOXMRV�GH�SRWHQFLD�GHO�SURJUDPD�366�(�SDUD�JHQHUDU�ODV�FXUYDV� 9�4� \� 3�9�� DVt� FRPR� SDUD� REWHQHU� ORV� GLDJUDPDV� XQLILODUHV� GH� OD� UHG� HOpFWULFD� GHO�6LVWHPD ,QWHUFRQHFWDGR� GH� *XDWHPDOD� FRQ� ORV� UHVXOWDGRV� GH� IOXMRV� GH� FDUJD� REWHQLGRV� SDUD�FDGD�XQR�GH�ORV�FDVRV�VLPXODGRV���(O XVR� GH� PDQHUD� FRQMXQWD� GH� ORV� SURJUDPDV� (VWDYROW� \� 366�(� SHUPLWH� XQ� DQiOLVLV� GH�HVWDELOLGDG� GH� YROWDMH� PiV� FRPSOHWR�� FRQILDEOH� \� HILFD]� \D� TXH� PHGLDQWH� HO� 366�(� VRQ�REWHQLGDV�ODV�FXUYDV�9�4�\�3�9�VROR�HQ�DTXHOORV�QRGRV�FRQ�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV PRGRV�PiV�FUtWLFRV�HQFRQWUDGRV�HQ�HO�DQiOLVLV�PRGDO�UHDOL]DGR�FRQ�HO�SURJUDPD�(VWDYROW��

������ 0LFURVRIW�:RUG��(O SDTXHWH�0LFURVRIW�:RUG�HV�XQ�SURFHVDGRU�GH� WH[WR�PX\� FRPSOHWR�TXH�HV� HPSOHDGR�SDUD�HIHFWXDU�WRGD�OD�HVFULWXUD�GH�HVWH�WUDEDMR�GH�WHVLV�LQFOX\HQGR�WRGDV�ODV�HFXDFLRQHV�PDWHPiWLFDV�LQFOXLGDV��DVt�FRPR�SDUD�UHDOL]DU�DOJXQDV�GH�ODV�ILJXUDV�\�WDEODV�QHFHVDULDV���
������ ,QWHUDFFLyQ�GH�ORV�3URJUDPDV�GH�6RIWZDUH�8WLOL]DGRV��&RQ REMHWR�GH�LOXVWUDU�HQ�XQD�IRUPD�FODUD�\�VHQFLOOD�OD�PDQHUD�HQ�TXH�VH�XWLOL]DQ�ORV�SURJUDPDV�GH VRIWZDUH�GHVFULWRV�DQWHULRUPHQWH��HQ�OD�ILJXUD�����VH�SUHVHQWD�JUiILFDPHQWH�XQD�GHVFULSFLyQ�GH OD�IRUPD�\�OD�VHFXHQFLD�HQ�TXH�VH�DSOLFDQ�GLFKRV�SURJUDPDV����
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)LJXUD������3URFHGLPLHQWR�GH�DSOLFDFLyQ�GH�ORV�SURJUDPDV�GH�VRIWZDUH�XWLOL]DGRV��

$UFKLYR� $6&,,� FRQ� GDWRV� GHO�VLVWHPD� HOpFWULFR� D� VLPXODU� HQ�IRUPDWR�0DWODE��
�P��

3URJUDPD�(VWDYROW�HQ�0DWODE��5HVXHOYH� IOXMRV�GH�SRWHQFLD \ UHDOL]D� HO� DQiOLVLV�PRGDO� JHQHUDQGR� ORV� UHVXOWDGRV� HQ� ODV� PDWULFHV
HLJYDO�VDO�\�HLJYHF�VDO�

(Q�XQD�KRMD�GH�FiOFXOR�FRPR�0LFURVRIW�([FHO��VH DEUHQ�ORV� DUFKLYRV� HLJYDO�VDO� \� HLJYHF�VDO SDUD� RUJDQL]DU� \�ILOWUDU�ORV�UHVXOWDGRV�FRQ�REMHWR�GH�LGHQWLILFDU�ORV�PRGRV�PiV� FUtWLFRV� \� ORV� QRGRV FRQ� ORV� PD\RUHV� IDFWRUHV� GH�
SDUWLFLSDFLyQ�SDUD�FDGD�XQR�GH�ORV�PRGRV�GH�LQWHUpV�

8QD�YH]�LGHQWLILFDGRV�ORV�QRGRV FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�� HQ� HO� SURJUDPD�366�(� �3RZHU�6\VWHP�6LPXODWRU�IRU�(QJLQHHULQJ��VH�FDOFXODQ�ODV�FXUYDV�9�4 \�3�9� HQ� HVWRV� QRGRV� FRQ� HO� SURSyVLWR� GH� REVHUYDU� ORV�PiUJHQHV� GH� HVWDELOLGDG� GH� YROWDMH� HQ� XQLGDGHV� ItVLFDV��09$U�\�0:�UHVSHFWLYDPHQWH��

6H�PRGLILFD�HO�DUFKLYR�GH�GDWRV�GHO�VLVWHPD�HOpFWULFR�SDUD�DJUHJDU� ODV� RSFLRQHV� GH� FRPSHQVDFLyQ� UHDFWLYD�FDSDFLWLYD� HQ� ORV� QRGRV FRQ� ORV� PD\RUHV� IDFWRUHV� GH�SDUWLFLSDFLyQ� SDUD� ORV� PRGRV� PiV� FUtWLFRV� \� VH� UHDOL]D�QXHYDPHQWH� HO� SURFHGLPLHQWR�GH� DQiOLVLV� TXH� VH� KL]R� DO�FDVR�EDVH�
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������$QiOLVLV�GH�(VWDELOLGDG�GH�9ROWDMH�HQ�XQ�6LVWHPD�6LPSOLILFDGR��&XDQGR VH�UHDOL]D�HO�HVWXGLR�GH�VLVWHPDV�HOpFWULFRV�PX\�JUDQGHV��ODV�LQWHUDFFLRQHV�GH�DOJXQRV�GLVSRVLWLYRV�VRQ�JHQHUDOPHQWH�PX\�FRPSOLFDGDV�\�FRPR�UHVXOWDGR�GH�HVWR��HV�PiV�FRPSOLFDGR�DLVODU� \� HQWHQGHU� D� ORV� IDFWRUHV� HOHPHQWDOHV� TXH� WLHQHQ� XQD� PD\RU� LQIOXHQFLD� VREUH� OD�HVWDELOLGDG� GH� YROWDMH�� 3RU� HVWD� UD]yQ�� HQ� HVWD� VHFFLyQ� VH� FRQVLGHUD� LPSRUWDQWH� DQDOL]DU� HQ�SULPHUD�LQVWDQFLD�XQ�VLVWHPD�GH�SUXHED�SHTXHxR�>�@�HO�FXDO�VH�PXHVWUD�HQ�OD�ILJXUD������&DEH�UHVDOWDU�TXH�HVWH�VLVWHPD�HV�VHQFLOOR�SHUR�LQWHQFLRQDOPHQWH�SRVHH�FDUDFWHUtVWLFDV�PX\�VLPLODUHV�D ORV�VLVWHPDV�HOpFWULFRV�UHDOHV��FRQ�OD�YHQWDMD�DGLFLRQDO�GH�TXH�HQ�HVWH�FDVR��UHVXOWD�PiV�IiFLO�VHJXLU HO�DQiOLVLV�H�LQWHUSUHWDU�IiFLOPHQWH�ORV�UHVXOWDGRV��(O�XVR�GH�HVWH�VLVWHPD�SHUPLWH�HQIRFDU�OD DWHQFLyQ� VREUH� ORV� IDFWRUHV� HVSHFtILFRV�TXH� LQIOX\HQ�GH�PDQHUD�PiV� VLJQLILFDWLYD� VREUH� OD�HVWDELOLGDG�GH�YROWDMH���
/D�YDOLGDFLyQ�GH�ORV�DOJRULWPRV�GHVDUUROODGRV�H�LPSOHPHQWDGRV�HQ�HO�VRIWZDUH�TXH�VH�XWLOL]D�HQ�HVWH� WUDEDMR�� VH� OOHYD�D�FDER�PHGLDQWH� OD� FRPSDUDFLyQ�GH� ORV� UHVXOWDGRV�REWHQLGRV�FRQWUD� ORV�UHVXOWDGRV�TXH�SDUD� HVWH�PLVPR�VLVWHPD� VH� LQFOX\HQ�HQ� OD� UHIHUHQFLD� >�@� �YHU� VHFFLyQ���������3RVWHULRU� D� pVWD� FRPSUREDFLyQ�� VH� UHDOL]D� WDPELpQ� XQD� FRPSDUDFLyQ� FRQ� ORV� UHVXOWDGRV�REWHQLGRV�PHGLDQWH�WpFQLFDV�FRQYHQFLRQDOHV�GH�DQiOLVLV�FRPR�OD�REWHQFLyQ�GH�FXUYDV�9�4�SDUD�GLFKR VLVWHPD��6H�PXHVWUD�TXH�XQD�GH�ODV�SULQFLSDOHV�YHQWDMDV�GH�ODV�PHWRGRORJtDV�GH�DQiOLVLV�OLQHDO HV� OD� FDSDFLGDG� GH� LGHQWLILFDU� iUHDV� FRQ� WHQGHQFLDV� D� LQHVWDELOLGDG� GH� YROWDMH�� OD�HYDOXDFLyQ� GH� tQGLFHV� GH� VHJXULGDG� GHO� VLVWHPD� \�� HQ� JHQHUDO�� OD� FDSDFLGDG� GH� SHUPLWLU� XQD�PHMRU FRPSUHQVLyQ�GH�OD�QDWXUDOH]D�GHO�IHQyPHQR�HQ�HVWXGLR���
��������'HVFULSFLyQ�GHO�6LVWHPD�GH�3UXHED�8WLOL]DGR��&RPR VH� SXHGH� YHU� HQ� OD� ILJXUD� ����� HO� VLVWHPD� GH� SUXHED� XWLOL]DGR� HQ� HVWD� VHFFLyQ� HV� XQ�VLVWHPD�VHQFLOOR�HO�FXDO�VH�HQFXHQWUD�FRQIRUPDGR�SRU���JHQHUDGRUHV�\����QRGRV�>�@��(Q�GLFKR�VLVWHPD�� VH� DOLPHQWDQ�GRV�JUDQGHV� FDUJDV� FRQ�JHQHUDFLyQ� UHPRWD� D� WUDYpV�GH�FLQFR� OtQHDV�GH���� N9��(O� VXPLQLVWUR�GH�SRWHQFLD�D� ODV�GRV�FDUJDV�VH� UHDOL]D�SRU�PHGLR�GH� WUDQVIRUPDGRUHV�FRQ�FDPELDGRUHV�GH�WDS�EDMR�FDUJD��8/7&V��SDUD�FRQWURODU�HO�YROWDMH�GHO�ODGR�GH�EDMD�WHQVLyQ��6H REVHUYD� SRU� RWUR� ODGR� TXH� HO� iUHD� GH� FDUJD� SUHVHQWD� XQD� DOWD� FRPSHQVDFLyQ� UHDFWLYD�PHGLDQWH�ORV�FDSDFLWRUHV�XELFDGRV�HQ�ORV�QRGRV������\�����
(Q HVWH�VLVWHPD�GH�SUXHED�VH�LOXVWUD�OD�DSOLFDFLyQ�GH�WpFQLFDV�GH�DQiOLVLV�OLQHDO�SDUD�HO�HVWXGLR�GH HVWDELOLGDG� GH� YROWDMH� DQWH� FDPELRV� LQFUHPHQWDOHV� HQ� OD� FDUJD� \�� SDUD� OD� RFXUUHQFLD� GH�FRQWLQJHQFLDV� HQ� OD� UHG� GH� WUDQVPLVLyQ�� (O� HQIRTXH� GH� DQiOLVLV� DGRSWDGR� VH� EDVD� HQ� OD�UHSUHVHQWDFLyQ�LQFUHPHQWDO�GH�ODV�HFXDFLRQHV�GH�IOXMRV�GH�SRWHQFLD��REWHQLGDV�SDUD�LQVWDQWHV�GH�WLHPSR FRUUHVSRQGLHQWHV�D�LQFUHPHQWRV�JOREDOHV�HQ�OD�FDUJD�UHDFWLYD�GHO�VLVWHPD��6REUH�OD�EDVH�GH HVWD�IRUPXODFLyQ��VH�GLVFXWH�OD�DSOLFDFLyQ�GHO�DQiOLVLV�PRGDO�GH�OD�PDWUL]�-DFRELDQD�GH�ODV�HFXDFLRQHV�GH�IOXMRV�GH�SRWHQFLD�SDUD�UHDOL]DU�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH���
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�)LJXUD������6LVWHPD�HOpFWULFR�GH�SUXHED�>�@��
/RV�GDWRV�GH�FDGD�XQR�GH�ORV�HOHPHQWRV�TXH�FRQIRUPDQ�HVWH�VLVWHPD�GH�SUXHED��VH�LQFOX\HQ�HQ�ODV�WDEODV�����\������� 'DWRV�GHO�6LVWHPD�GH�3UXHED
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��������$QiOLVLV�0RGDO�GHO�6LVWHPD�GH�3UXHED���3DUD HO� VLVWHPD�PRVWUDGR�HQ� OD� ILJXUD������ VH� UHDOL]D�HO�DQiOLVLV�PRGDO�SDUD�GRV�FRQGLFLRQHV��������D� FRQVLGHUDQGR�HO� VLVWHPD�FRPSOHWR�\��E�� VLPXODQGR� OD� VDOLGD�GH�XQD�GH� ODV�FLQFR� OtQHDV�GH�WUDQVPLVLyQ�XELFDGDV�HQWUH�ORV�QRGRV���\����%��\�%�����6H VLPXODQ�DGHPiV�SDUD�HO�FDVR�D���WUHV�GLIHUHQWHV�VXE�FDVRV�FRQ�GLVWLQWRV�QLYHOHV�GH�FDUJD�HQ�HO� VLVWHPD��(VWR� FRQ� HO�SURSyVLWR� GH� LOXVWUDU� HO� HIHFWR� TXH� VH� WLHQH� DQWH� HO� FUHFLPLHQWR� GH� OD�GHPDQGD�HQ�XQ�VLVWHPD�VXVFHSWLEOH�D�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH���/DV�WUHV�FRQGLFLRQHV�GH�FDUJD�WRWDO�GHO�VLVWHPD�VRQ���
&RQGLFLyQ� &DUJD�7RWDO�GHO�6LVWHPD��&76��

0:� 09$U�
� ����� �����
� ����� �����
� ����� �����

7DEOD�������&RQGLFLRQHV�GH�FDUJD�GHO�VLVWHPD��
3DUD� FDGD� XQR� GH� ORV� FDVRV� VLPXODGRV�� VH� UHDOL]D� HO� DQiOLVLV� PRGDO� \� VH� UHSRUWDQ� ORV�HLJHQYDORUHV�PiV�VLJQLILFDWLYRV��PRGRV�PDV�FUtWLFRV��DVt�FRPR�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV SDUD�HO�PRGR�PiV�FUtWLFR�HQ�HO�QLYHO�GH�FDUJD�����&RPR VH� PHQFLRQy� DQWHULRUPHQWH�� SDUD� OOHYDU� D� FDER� HO� HVWXGLR� GH� (VWDELOLGDG� GH� 9ROWDMH�KDFLHQGR�XVR�GH�OD�WpFQLFD�GH�DQiOLVLV�PRGDO��VH�XWLOL]y�XQ�SURJUDPD�GH�VRIWZDUH�HQ�HO�OHQJXDMH�GH SURJUDPDFLyQ�GHO�SDTXHWH�0$7/$%��(O�SURJUDPD�HVWDYROW�HV�EiVLFDPHQWH�XQ�SURJUDPD�GH�VROXFLyQ� GH� IOXMRV� GH� SRWHQFLD� DO� FXDO� FRPR� XQD� GH� ODV� DSRUWDFLRQHV� GH� HVWH� WUDEDMR�� VH� OH�DGLFLRQy� HO� DOJRULWPR� PDWHPiWLFR� GH� DQiOLVLV� PRGDO� SDUD� FDOFXODU� ORV� HLJHQYDORUHV� \�HLJHQYHFWRUHV� GH� OD�PDWUL]� MDFRELDQD� FDUDFWHUtVWLFD� GHO�PpWRGR� GH�1HZWRQ�5DSKVRQ��&RQ� HO�SURJUDPD�(VWDYROW� VH�DQDOL]y�HO�VLVWHPD�HOpFWULFR�GH�SUXHED�LOXVWUDGR�HQ�OD�ILJXUD�����SDUD�ODV�FRQGLFLRQHV�GH�RSHUDFLyQ�D� \ E��DUULED�GHVFULWDV��\�VH�REWXYLHURQ�ORV�VLJXLHQWHV�UHVXOWDGRV���
����������(VWDELOLGDG�GH�9ROWDMH�$QWH�,QFUHPHQWRV�HQ�OD�&DUJD���(Q OD�WDEOD������VH�PXHVWUDQ�ORV�PRGRV��HLJHQYDORUHV��PiV�FUtWLFRV�SDUD�HO�VLVWHPD�FRPSOHWR�GH�OD ILJXUD������DQWH�ODV�WUHV�GLIHUHQWHV�FRQGLFLRQHV�GH�FDUJD�WRWDO�GHO�VLVWHPD���

(LJHQYDORU� &DUJD�7RWDO�GHO�6LVWHPD��&76��
1LYHO��� 1LYHO��� 1LYHO���

λ� ������ ������ �����
λ� ������� ������� �������
λ� ������� ������� �������

7DEOD�������$QiOLVLV�PRGDO�DQWH�LQFUHPHQWRV�GH�FDUJD��
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��

&RPR�VH�REVHUYD�HQ�OD�WDEOD������D�PHGLGD�TXH�VH�LQFUHPHQWD�HO�QLYHO�GH�FDUJD��OD�PDJQLWXG�GH�ORV HLJHQYDORUHV� WLHQGH� D� VHU�PiV� SHTXHxD�� 'H� OR� DQWHULRU� VH� SXHGH� YHU� TXH� HQ� XQ� VLVWHPD�HOpFWULFR� FRQ� XQ� VRSRUWH� GH� SRWHQFLD� UHDFWLYD� GHILFLHQWH�� D~Q� HQ� FRQGLFLRQHV� QRUPDOHV� GH�RSHUDFLyQ��HO�VLPSOH� LQFUHPHQWR�GH�PDQHUD�VLJQLILFDWLYD�\�QR�SUHYLVWD�HQ� OD�GHPDQGD��SXHGH�VHU VXILFLHQWH�SDUD�TXH�HO�VLVWHPD�SUHVHQWH�SUREOHPDV�GH�FRODSVR�GH�YROWDMH���
����������(VWDELOLGDG�GH�9ROWDMH�$QWH�&RQWLQJHQFLDV��(Q OD�WDEOD������VH�SUHVHQWD�HO�DQiOLVLV�PRGDO�GHO�VLVWHPD�GH�OD�ILJXUD�����DQWH�OD�VDOLGD�SRU�IDOOD�GH XQD�GH�ODV�FLQFR�OtQHDV�GH�WUDQVPLVLyQ�GHO�12'2���DO�12'2�����

&$62�$1$/,=$'2�
(LJHQYDORU� 6LVWHPD�&RPSOHWR� � /7�V��VLQ�8/7&�� � /7�V�FRQ�8/7&��

λ� ������ ����� �����
λ� ������� ������� ������
λ� ������� ������� �������

� 7DEOD�������$QiOLVLV�PRGDO�DQWH�FRQWLQJHQFLDV���(Q HVWH�FDVR��VH�REVHUYD�TXH�OD�PDJQLWXG�GHO�PRGR�PiV�VLJQLILFDWLYR�\�SRU�OR�WDQWR��GH�PD\RU�LQWHUpV �λ���� GLVPLQX\H� FRQVLGHUDEOHPHQWH� FXDQGR� VH� SUHVHQWD� OD� FRQWLQJHQFLD� \�� DXQTXH�
PHGLDQWH� OD� DFFLyQ� GHO� FDPELDGRU� GH� WDS� EDMR� FDUJD� GHO� WUDQVIRUPDGRU� �8/7&��� VH� ORJUD�UHFXSHUDU�HO�YROWDMH�GHO�QRGR����D�VX�YDORU�GH�SUH�FRQWLQJHQFLD��������SX���HO�LQFUHPHQWR�TXH�VH REWLHQH�HQ�HO�YDORU�GH�λ� QR�HV�PX\�FRQVLGHUDEOH��GH������D������SRU�OR�TXH��ILQDOPHQWH��HO�
PDUJHQ�GH�HVWDELOLGDG�GH�YROWDMH�VH�UHGXFH�FRQVLGHUDEOHPHQWH�\�HO�VLVWHPD�HQ�HVWH�FDVR��WHQGUi�PHQRU�FDSDFLGDG�SDUD�VRSRUWDU� ORV� LQFUHPHQWRV�HQ� OD�FDUJD��DQWHV�GH�SUHVHQWDU�SUREOHPDV�GH�FRODSVR�GH�YROWDMH��
�
����������)DFWRUHV�GH�3DUWLFLSDFLyQ�GH�1RGRV��(Q OD�WDEOD������VH�LQFOX\HQ�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�FRUUHVSRQGLHQWHV�DO�PRGR�λ�SDUD�GRV�GH�ODV�FRQGLFLRQHV�GH�RSHUDFLyQ�LQFOXLGDV�HQ�OD�WDEOD�������
�

)DFWRUHV�GH�3DUWLFLSDFLyQ�
12'2� 6LVWHPD�&RPSOHWR� � /7�V�FRQ�8/7&��

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

�7DEOD�������)DFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�SDUD�HO�PRGR�λ��
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/RV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�LQGLFDQ�ODV�]RQDV�PiV�SURSHQVDV�D�SUHVHQWDU�SUREOHPDV�GH HVWDELOLGDG�GH�YROWDMH��'H�OD�WDEOD�����VH�REVHUYD�TXH�HQ�DPERV�FDVRV��ORV�QRGRV���\����VRQ�ORV TXH�WLHQHQ�XQ�PD\RU�IDFWRU�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR�PiV�FUtWLFR��λ�� SRU�OR�TXH��GH�DFXHUGR�D�OD�WHRUtD�GHVFULWD�HQ�OD�VHFFLyQ�������GHO�FDStWXOR����HV�SUHFLVDPHQWH�HVD�]RQD�OD�PiV�YXOQHUDEOH� DO� FRODSVR� GH� YROWDMH�� &DEH� UHVDOWDU� TXH� OD� LQIRUPDFLyQ� TXH� VH� REWLHQH� GH� ODV�SDUWLFLSDFLRQHV�GH�QRGRV�SDUD�XQ�PRGR�HQ�SDUWLFXODU��SURSRUFLRQD�XQ�PX\�~WLO�SXQWR�GH�SDUWLGD�SDUD GHILQLU� OD� XELFDFLyQ� GH� SRVLEOH� FRPSHQVDFLyQ� FDSDFLWLYD� \�� REWHQHU� FRQ� HOOR�� XQ�PHMRU�VRSRUWH GH� YROWDMH� GRQGH� PiV� VH� UHTXLHUD� PHMRUDQGR� ILQDOPHQWH� FRQ� HVWR�� HO� PDUJHQ� GH�VHJXULGDG�GH�HVWDELOLGDG�GH�YROWDMH���
����� 2EWHQFLyQ�GH�&XUYDV�9�4���/DV�FXUYDV�9�4 VRQ�XQD�GH�ODV�KHUUDPLHQWDV�PiV�XWLOL]DGDV�SDUD�GHWHUPLQDU�OD�SUR[LPLGDG�DO�FRODSVR�GH�YROWDMH��YHU�&DS����VHFFLyQ����������'LFKDV�FXUYDV�VH�EDVDQ�HQ�OD�REWHQFLyQ�GH�ORV�PiUJHQHV�GH�SRWHQFLD�UHDFWLYD�HQ�DOJXQRV�QRGRV�GH�FDUJD�HOHJLGRV�SUHYLDPHQWH�VLQ�HPEDUJR��DXQTXH HVWH� PpWRGR� HV� PX\� ~WLO� \� SURSRUFLRQD� LQIRUPDFLyQ� YDOLRVD�� SUHVHQWD� WDPELpQ� HQ�FDPELR�DOJXQRV�LQFRQYHQLHQWHV�GH�HQWUH�ORV�FXDOHV�VH�SXHGHQ�PHQFLRQDU�ORV�VLJXLHQWHV���
• (Q XQ�VLVWHPD�HOpFWULFR�PX\�JUDQGH��HV�QHFHVDULR�GHWHUPLQDU�FRQ�DQWHULRULGDG�HQ�FXDOHV�QRGRV VH� FRQVLGHUD� FRQYHQLHQWH� FDOFXODU� HVWDV� FXUYDV�� \D� TXH� HO� SUHWHQGHU� HIHFWXDU� HVWH�DQiOLVLV�HQ�WRGRV�ORV�QRGRV�GH�FDUJD��FRQVXPLUtD�GHPDVLDGR�WLHPSR�GH�FyPSXWR���
• $O SURGXFLU�XQD�FXUYD�9�4��OD�]RQD�GRQGH�VH�HQFXHQWUD�HO�QRGR�DQDOL]DGR�HV�IXHUWHPHQWH��HVWUHVDGD��\��SRU�OR�WDQWR��ORV�UHVXOWDGRV�HQ�DOJXQRV�FDVRV�SXHGHQ�VHU�HQJDxRVRV���
• (Q DGLFLyQ� D� OR� DQWHULRU�� DO� HQIRFDU� OD� DWHQFLyQ� HQ� XQRV� FXDQWRV� QRGRV�� SXHGHQ� VHU�HUUyQHDPHQWH PLQLPL]DGRV�R�QR�UHFRQRFLGRV�ORV�SUREOHPDV�TXH�HQJOREDQ�D�WRGR�HO�VLVWHPD�HQ JHQHUDO��OR�FXDO�D�VX�YH]��KDFH�SHUGHU�VHQVLELOLGDG�HQ�HO�DQiOLVLV�UHDOL]DGR����
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(Q� OD� ILJXUD� ���� VH�PXHVWUDQ� D�PDQHUD� GH� FRPSOHPHQWR�� ODV� FXUYDV�9�4 GH ORV� QRGRV�PiV�UHSUHVHQWDWLYRV�GHO� VLVWHPD�GH� SUXHED�GH� OD� ILJXUD����� �VLVWHPD� FRPSOHWR���(VWRV�QRGRV� D� VX�YH]�� VRQ� ORV� TXH� SUHVHQWDQ� ORV� PHQRUHV� PiUJHQHV� GH� SRWHQFLD� UHDFWLYD� OR� FXDO�� FRLQFLGH�FRPSOHWDPHQWH�FRQ�ORV�UHVXOWDGRV�TXH�VH�REWXYLHURQ�HQ�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HVWRV�PLVPRV�QRGRV��YHU�WDEOD���������(V LPSRUWDQWH�QRWDU�TXH�DXQTXH�ORV�QRGRV�SUHVHQWDGRV�HQ�OD�ILJXUD�����VRQ�ORV�TXH�WLHQHQ�ORV�PHQRUHV PiUJHQHV� GH� SRWHQFLD� UHDFWLYD�� ODV� PDJQLWXGHV� GH� HVWDV� UHVHUYDV� GH� UHDFWLYRV� VRQ�EDVWDQWH�FRQVLGHUDEOHV��DSUR[LPDGDPHQWH�����09$U��OR�FXDO��VH�GHEH�SULQFLSDOPHQWH�DO�DOWR�QLYHO GH�FRPSHQVDFLyQ�TXH�HVWH�VLVWHPD�SUHVHQWD���
&859$6�4�9�3$5$�(/�6,67(0$�'(�358(%$�
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)LJXUD�������&XUYDV�9�4�GH�QRGRV�GHO�VLVWHPD�GH�SUXHED��
&RQ EDVH�HQ�ORV�UHVXOWDGRV�LOXVWUDGRV�HQ�OD�ILJXUD������VH�FRPSUXHED�OD�HIHFWLYLGDG�GHO�DQiOLVLV�PRGDO�\D�TXH�FRPR�VH�REVHUYD�� ORV�QRGRV�FRQ�PHQRU�PDUJHQ�GH�SRWHQFLD�UHDFWLYD�FRLQFLGHQ�FRQ� ORV�QRGRV�TXH�SUHVHQWDQ� ORV�PiV�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ�HQ�HO�DQiOLVLV�PRGDO��/R�DQWHULRU� UHVXOWD� GH� VXPD� XWLOLGDG� \D� TXH� FRPR� VH� PHQFLRQy� DQWHULRUPHQWH�� HQ� ORV� JUDQGHV�VLVWHPDV� GH� SRWHQFLD� VH� FRQVXPHQ� FRQVLGHUDEOHV� FDQWLGDGHV� GH� WLHPSR� GH� FyPSXWR� \� GH�LQJHQLHUtD�SDUD�HODERUDU�ODV�FXUYDV�9�4� SRU�OR�WDQWR��VH�FRQILUPD�TXH�PHGLDQWH�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�� HV� SRVLEOH� XELFDU� iUHDV� \� QRGRV�SUREOHPiWLFRV� GH� XQD�PDQHUD�PiV� UiSLGD� \�HILFD]��
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��������9DOLGDFLyQ�GHO�6RIWZDUH�'HVDUUROODGR�3DUD�5HDOL]DU�HO�$QiOLVLV�0RGDO���(Q HVWD� VHFFLyQ� VH� OOHYD� D� FDER� OD� YDOLGDFLyQ� GHO� SURJUDPD� GHVDUUROODGR� � SDUD� UHDOL]DU� HO�DQiOLVLV� PRGDO�� 'LFKD� YDOLGDFLyQ� VH� HIHFW~D� PHGLDQWH� OD� FRPSDUDFLyQ� GH� ORV� UHVXOWDGRV�REWHQLGRV�HQ�HVWH�WUDEDMR�SDUD�HO�VLVWHPD�GH�SUXHED�GH�OD�ILJXUD������FRQWUD�ORV�UHVXOWDGRV�TXH�SDUD�HVH�PLVPR�VLVWHPD�VH�LQFOX\HQ�HQ�HO�DUWtFXOR��9ROWDJH�6WDELOLW\�$QDO\VLV�8VLQJ�6WDWLF�DQG�'\QDPLF�$SSURDFKHV��>�@��'H�HVWD�IRUPD��FRQ�D\XGD�GH�HVWH�DQiOLVLV�FRPSDUDWLYR�VH�SUHWHQGH�LOXVWUDU� OD� JUDQ� VLPLOLWXG� HQWUH� DPERV� UHVXOWDGRV� \� FRQ� HVWR�� PRVWUDU� OD� IXQFLRQDOLGDG� \�FRQILDELOLGDG�GHO�VRIWZDUH�XWLOL]DGR�HQ�HVWH�WUDEDMR�����(Q ODV�WDEODV����D \ ���E VH PXHVWUDQ�ORV�UHVXOWDGRV�TXH�VH�REWXYLHURQ�HQ�HVWH�WUDEDMR�\�HQ�HO�DUWtFXOR�DUULED�GHVFULWR�UHVSHFWLYDPHQWH��$PERV�UHVXOWDGRV�FRUUHVSRQGHQ�DO�VLVWHPD�GH�SUXHED�LOXVWUDGR�HQ�OD�ILJXUD�������
(LJHQYDORU� &DUJD�7RWDO�GHO�6LVWHPD��&76�

1LYHO��� 1LYHO��� 1LYHO���
λ� ������ ������ �����
λ� ������� ������� �������
λ� ������� ������� �������

7DEOD� ���D�� � 5HVXOWDGRV� GHO� DQiOLVLV� PRGDO� DQWH�LQFUHPHQWRV�GH�FDUJD�REWHQLGRV�HQ�HVWH�WUDEDMR��

(LJHQYDORU� &DUJD�7RWDO�GHO�6LVWHPD��&76�
1LYHO��� 1LYHO��� 1LYHO���

λ� ����� ����� ����
λ� ������ ������ ������
λ� ������ ������ ������

7DEOD� ���E� 5HVXOWDGRV� GHO� DQiOLVLV� PRGDO� DQWH�LQFUHPHQWRV�GH�FDUJD�REWHQLGRV�HQ�UHIHUHQFLD�>��@�

&RPR�VH�SXHGH�YHU�HQ�ODV�WDEODV����D \ ���E� ORV�UHVXOWDGRV�REWHQLGRV�VRQ�PX\�SDUHFLGRV��(V�LPSRUWDQWH� PHQFLRQDU� TXH� QR� VH� REWXYLHURQ� UHVXOWDGRV� LGpQWLFRV� HQ� ODV� PDJQLWXGHV� GH� ORV�PRGRV GHELGR�SULQFLSDOPHQWH�D�TXH�HQ�HO�DUWtFXOR� WRPDGR�FRPR�UHIHUHQFLD�>�@��QR�VH�UHDOL]D�XQD GHVFULSFLyQ�GHWDOODGD�GH�DOJXQRV�GDWRV�GH�ORV�HOHPHQWRV�XWLOL]DGRV��6LQ�HPEDUJR��FRPR�VH�SXHGH YHU�HQ�HVWDV�WDEODV��H[LVWH�XQD�JUDQ�VLPLOLWXG�HQWUH�ORV�UHVXOWDGRV�GH�DPERV�FDVRV�SDUD�ORV WUHV�QLYHOHV�GH�FDUJD�DQDOL]DGRV�SRU�OR�TXH��FRQ�EDVH�HQ�HVWR��VH�KDFH�SRVLEOH�YDOLGDU�HVWH�SURJUDPD�\�YHULILFDU�OD�FRQILDELOLGDG�GHO�PLVPR���
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���� $QiOLVLV� GH� (VWDELOLGDG� GH� 9ROWDMH� HQ� XQ� 6LVWHPD� (OpFWULFR� 5HDO� �6LVWHPD���,QWHUFRQHFWDGR�GH�*XDWHPDOD���+R\�HQ�GtD��ORV�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH�VRQ�FDGD�YH]�PiV�WRPDGRV�HQ�FXHQWD�SRU�ODV FRPSDxtDV� VXPLQLVWUDGRUDV� GH� HQHUJtD� HOpFWULFD� HQ� WRGR� HO� PXQGR�� (V� LPSRUWDQWH�PHQFLRQDU�TXH�HVWD�FODVH�GH�SUREOHPDV��DXQTXH�VRQ�FRPXQHV�\�VH�YHQ�PiV�DFHQWXDGRV�HQ�ORV�VLVWHPDV�HOpFWULFRV�GpELOHV�� WDPELpQ�VH�KDQ�SUHVHQWDGR�HQ�VLVWHPDV�HOpFWULFRV�UREXVWRV�GH� ORV�SDtVHV�GHO�SULPHU�PXQGR�FRPR�-DSyQ�\�(�8��SRU�PHQFLRQDU�DOJXQRV���
&RPR VH�PHQFLRQD�HQ�HO�SiUUDIR�DQWHULRU��ORV�SDtVHV�VXEGHVDUUROODGRV�ORV�FXDOHV�HQ�VX�PD\RUtD�FXHQWDQ�FRQ�VLVWHPDV�HOpFWULFRV�GpELOHV��VRQ�ORV�PiV�SURSHQVRV�D�H[SHULPHQWDU�SUREOHPDV�GH�FRODSVR�GH�YROWDMH�DGHPiV�GH�RWUDV�GLILFXOWDGHV���
(Q HVWD� VHFFLyQ� VH� DQDOL]D� HO� 6LVWHPD� ,QWHUFRQHFWDGR� GH�*XDWHPDOD� �6,*�� HO� FXDO� D� VX� YH]��IRUPD SDUWH� GH� OD� UHJLyQ� &HQWURDPHULFDQD� GH� QXHVWUR� FRQWLQHQWH�� 'LFKR� VLVWHPD� HVWi�FRPSXHVWR�SRU�����QRGRV�����JHQHUDGRUHV�\�����UDPDV��OtQHDV�\�WUDQVIRUPDGRUHV����
&DEH DSXQWDU�TXH�FRPR�VH�PHQFLRQy�HQ�OD�VHFFLyQ������VH�HOLJLy�HVWH�VLVWHPD�SDUD�UHDOL]DU�OD�DSOLFDFLyQ�GHO�DQiOLVLV�PRGDO�GHELGR�D�TXH�HV�XQ�VLVWHPD�TXH�SUHVHQWD� FDUDFWHUtVWLFDV�TXH�VH�FRQVLGHUDQ�LQWHUHVDQWHV��GpELO�VRSRUWH�GH�SRWHQFLD�UHDFWLYD��EDMRV�YROWDMHV��HWF���SDUD�HO�HVWXGLR�GH HVWDELOLGDG�GH�YROWDMH����
(Q OD�ILJXUD�����VH�LOXVWUD�HO�GLDJUDPD�XQLILODU�GHO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD��6,*���/DV�FRQGLFLRQHV�RSHUDWLYDV�VRQ�ODV�UHDOHV�\�FRUUHVSRQGHQ�D�OD�GHPDQGD�Pi[LPD�GH�������(Q�GLFKR GLDJUDPD�FRQVLGHUDGR�HQ�HVWH�WUDEDMR�FRPR�HO�FDVR�EDVH��VH�LQFOX\H�WDPELpQ�HO�UHSRUWH�GH IOXMRV�GH�SRWHQFLD��YROWDMHV�HQ�QRGRV�\�IOXMRV�HQ�UDPDV��SDUD�FRQGLFLRQHV�GH�HVWDGR�HVWDEOH����
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)LJ��������&DVR����'LDJUDPD�XQLILODU�GHO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD��&RQGLFLRQHV�RSHUDWLYDV�GH�OD�UHG�SDUD�HO�$xR�������
�

λ�

λ�
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��������&$62������$QiOLVLV�0RGDO�GHO�&DVR�%DVH��'H DFXHUGR�D� ODV�FRQGLFLRQHV�GH�RSHUDFLyQ��YROWDMHV�\�IOXMRV��TXH�VH� LOXVWUDQ�HQ�HO�GLDJUDPD�XQLILODU� GH� OD� ILJXUD� ����� VH� SURFHGH� D� UHDOL]DU� HO� DQiOLVLV� PRGDO� GH� HVWH� VLVWHPD� HOpFWULFR�REWHQLHQGR�ORV�VLJXLHQWHV�UHVXOWDGRV���
0DJQLWXG
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7DEOD�������0DJQLWXG�GH�ORV�PRGRV�R�HLJHQYDORUHV�REWHQLGRV�SDUD�HO�FDVR�EDVH��(Q OD� WDEOD�����VH� LQFOX\HQ� ORV�HLJHQYDORUHV�REWHQLGRV�PHGLDQWH�HO�DQiOLVLV�PRGDO�DO� VLVWHPD�LOXVWUDGR�HQ�OD�ILJXUD������$XQTXH�VH�PXHVWUDQ�HQ�HVWD�WDEOD�ORV����PRGRV�PiV�VLJQLILFDWLYRV��HQ OD� PD\RUtD� GH� ORV� FDVRV� HV� VXILFLHQWH� FRQ� DQDOL]DU� GH� �� D� �� PRGRV� GHSHQGLHQGR� GH� ODV�FDUDFWHUtVWLFDV�GH�FDGD�VLVWHPD�HQ�SDUWLFXODU���7RPDQGR� HQ� FXHQWD� TXH� ORV� HLJHQYDORUHV� �λ�� SURSRUFLRQDQ� XQD� PHGLGD� UHODWLYD� GH� OD�
SUR[LPLGDG�D�OD�LQHVWDELOLGDG�GH�YROWDMH��VH�REVHUYD�HQ�OD�WDEOD�����TXH�ODV�PDJQLWXGHV�GH�ORV�SULPHURV���PRGRV�VRQ�PHQRUHV�D�����SRU�OR�WDQWR��HVWR�LQGLFD�XQ�PDUJHQ�GH�HVWDELOLGDG�PX\�SHTXHxR \D� TXH� HVWDV� PDJQLWXGHV� HVWiQ� PX\� SUy[LPDV� DO� YDORU� FHUR� GRQGH� HO� VLVWHPD�SUHVHQWDUtD�XQD�LQHVWDELOLGDG�GH�YROWDMH���(V LPSRUWDQWH�UHFDOFDU�TXH�ODV�PDJQLWXGHV�GH�ORV�HLJHQYDORUHV�SURSRUFLRQDQ�VROR�XQD�PHGLGD�UHODWLYD�GH�OD�SUR[LPLGDG�D�OD�LQHVWDELOLGDG \D�TXH�FRQ�HVWD�LQIRUPDFLyQ��WRGDYtD�QR�VH�SXHGH�FRQRFHU�HQ�XQLGDGHV�ItVLFDV��0:�R�09$U��OD�GLVWDQFLD�D�GLFKD�LQHVWDELOLGDG��(VWR�VH�UHDOL]D�PHGLDQWH� OD� DSOLFDFLyQ� GH� ODV� FXUYDV� 3�9� \�9�4�� 6LQ� HPEDUJR�� XQ� DVSHFWR� TXH� Vt� VH� SXHGH�DSUHFLDU�HV�FRPR�FDPELD�HVWD�PDJQLWXG�OD�FXDO�JHQHUDOPHQWH��VH�UHGXFH�DQWH�OD�RFXUUHQFLD�GH�FXDOTXLHU� FRQWLQJHQFLD� HQ� HO� VLVWHPD�� /D� UHGXFFLyQ� HQ� OD�PDJQLWXG�GH� ORV� HLJHQYDORUHV� DQWH�FDGD�FRQWLQJHQFLD�VLPXODGD�YD�D�GHSHQGHU�SULQFLSDOPHQWH�GH�DVSHFWRV�FRPR�HO�WLSR�GH�IDOOD��OD�WRSRORJtD GH�OD�UHG�\�GH�OD�UREXVWH]�GHO�VLVWHPD�
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���������)DFWRUHV�GH�3DUWLFLSDFLyQ�GH�1RGRV��/RV� IDFWRUHV� GH� SDUWLFLSDFLyQ� GH� QRGRV� LQGLFDQ� SDUD� FDGD�PRGR�� FXDOHV� VRQ� ORV� QRGRV� TXH�WLHQHQ XQD�PD\RU�SDUWLFLSDFLyQ�H�LQIOXHQFLD�HQ�HO�PHFDQLVPR�GH�OD�SpUGLGD�GH�HVWDELOLGDG�GH�YROWDMH�� 'H� HVWD� IRUPD�� XELFDQGR� ORV� QRGRV� FRQ� ORV� PiV� DOWRV� IDFWRUHV� GH� SDUWLFLSDFLyQ�� HV�SRVLEOH� ORFDOL]DU� ODV�iUHDV�PiV�SURSHQVDV�D�SUREOHPDV�GH�FRODSVR�GH�YROWDMH�\�� D� VX�YH]�� ORV�QRGRV GHQWUR� GH� HVWDV� iUHDV� LQGLFDQ� ORV� VLWLRV� PiV� DGHFXDGRV� SDUD� XELFDU� VXPLQLVWURV� GH�SRWHQFLD UHDFWLYD�FRQ�REMHWR�GH�PHMRUDU�HO�VRSRUWH�GH�YROWDMH����&RQ EDVH�HQ�SUHYLRV�DQiOLVLV� VH� OOHJy�D� OD�FRQFOXVLyQ�GH�TXH�SDUD�HVWH�FDVR�HQ�SDUWLFXODU��HV�VXILFLHQWH�FRQ�DQDOL]DU�OR�WUHV�SULPHURV�PRGRV�ORV�FXDOHV��VRQ�ORV�PiV�LPSRUWDQWHV�\�XELFDQ�ODV�SULQFLSDOHV� iUHDV� FRQ� SUREOHPDV� GH� VRSRUWH� GH� YROWDMH�� 7RPDQGR� HQ� FXHQWD� OR� DQWHULRU�� VH�LQFOX\HQ�HQ� OD� WDEOD����� ~QLFDPHQWH� ORV� IDFWRUHV�GH�SDUWLFLSDFLyQ�FRUUHVSRQGLHQWHV� D� ORV� WUHV�PRGRV�PiV�VLJQLILFDWLYRV�LQFOXLGRV�HQ�OD�WDEOD�������
2UGHQ�GH )$&725(6�'(�3$57,&,3$&,Ï1�3$5$�(/�&$62�%$6(��&$62���
,PSRUWDQFLD %86 )�3��#�O� %86 )�3��#�O� %86 )�3��#�O�
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1RWD���)�3��#�λL = )DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR�L�
�7DEOD�������)DFWRUHV�GH�SDUWLFLSDFLyQ�GH�QRGRV�SDUD�ORV�WUHV�PRGRV�PiV�LPSRUWDQWHV�GHO�VLVWHPD�GH�OD�ILJXUD������FDVR�EDVH����

(Q�ODV�ILJXUDV����������\�����VH�PXHVWUDQ��GH�PDQHUD�JUiILFD��ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV WUHV�SULQFLSDOHV�PRGRV�GHO�VLVWHPD�GH�OD�ILJXUD�������
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)DFWRUHV�GH�3DUWLFLSDFLyQ�SDUD�HO�0RGR����O��
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���������0iUJHQHV�GH�3RWHQFLD�5HDFWLYD�HQ�1RGRV��&XUYDV�9�4���(Q OD�ILJXUD�����VH�PXHVWUDQ�ORV�PiUJHQHV�GH�SRWHQFLD�UHDFWLYD�FRUUHVSRQGLHQWHV�D�ORV�QRGRV�FRQ�ORV�PiV�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR�λ� �YHU�ILJXUD��������
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)LJXUD������&DVR�����&XUYDV�9�4�HQ�QRGRV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR�λ�

'H��DFXHUGR�D�ORV�UHVXOWDGRV�LOXVWUDGRV�HQ�OD�WDEOD�����\�HQ�ODV�ILJXUDV���������������\������VH�SXHGHQ FRPHQWDU�SDUD�HVWH�FDVR�EDVH�ORV�VLJXLHQWHV�DVSHFWRV�UHOHYDQWHV���
• (Q HO� VLVWHPD� GH� OD� ILJXUD� ���� �FDVR� EDVH�� H[LVWHQ� IXQGDPHQWDOPHQWH� GRV� ]RQDV� FRQ�SUREOHPDV��GH�HVWDELOLGDG�GH�YROWDMH��
• (Q OD�SULPHUD�]RQD��FRUUHVSRQGLHQWH�DO�PRGR����VH�HQFXHQWUDQ�ORV�QRGRV����������������������� \������ORV�FXDOHV��VRQ�ORV�TXH�SUHVHQWDQ�ORV�PiV�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HVWH�PRGR���\��SRU�OR�WDQWR��VRQ�ORV�TXH�PiV�LQIOX\HQ�HQ�OD�HVWDELOLGDG�GH�YROWDMH�GH�HVWD�]RQD \�GHO�VLVWHPD�HQ�JHQHUDO��
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• /D�]RQD���SRU�VX�SDUWH��FRQWLHQH�WDPELpQ�DOJXQRV�QRGRV��GpELOHV��GHVGH�HO�SXQWR�GH�YLVWD�GH HVWDELOLGDG�GH�YROWDMH�GH�HQWUH�ORV�FXDOHV���VRQ�ORV�QRGRV������������������������\������ORV�TXH�WLHQHQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HVWH�PRGR����
• ([LVWHQ� HQ� HVWH� VLVWHPD� YDULRV� QRGRV� FRQ� YROWDMHV� VLJQLILFDWLYDPHQWH� PHQRUHV� DO� YROWDMH�QRPLQDO�OR�FXDO��GD�OXJDU�D�XQ�SHUILO�GH�YROWDMH�FRQ�PX\�DOWR�ULHVJR�\�FRQ�WRGRV�ORV�SHOLJURV�TXH HVWR�LPSOLFD��
• &RQ�EDVH� HQ� ORV� UHVXOWDGRV� LOXVWUDGRV� HQ� OD� ILJXUD� ����� VH� SXHGH� YHU� FODUDPHQWH� TXH� ORV�PiUJHQHV�GH�SRWHQFLD�UHDFWLYD�SDUD�HVWH�FDVR�EDVH�VRQ�PX\�SHTXHxRV����D�����09$U��\��HQ�HO�FDVR�SDUWLFXODU�GHO�QRGR�������QR�H[LVWH�GLFKR�PDUJHQ�\D�TXH�FRPR�VH�YH��HO�SXQWR�ILQDO�GH OD�FXUYD�TXHGD�DSUR[LPDGDPHQWH���09$U�DUULED�GHO�HMH�FHUR�OR�FXDO��LQGLFD�ORV�VHULRV�SUREOHPDV� GH� SRWHQFLD� UHDFWLYD� TXH� SUHVHQWD� HVWH� QRGR�� 'H� HVWD� IRUPD�� HV� LPSRUWDQWH�PHQFLRQDU�TXH��FXDOTXLHU�FDPELR�TXH�VH�SUHVHQWH�HQ�ODV�FRQGLFLRQHV�RSHUDWLYDV�FRPR�SRU�HMHPSOR�� XQ� LQFUHPHQWR� SDXODWLQR� HQ� ODV� FDUJDV�� XQD� VDOLGD� GH� XQ� JHQHUDGRU� R� ELHQ�� HO�GLVSDUR� GH� XQD� OtQHD� GH� WUDQVPLVLyQ�� SRGUtD� FRQVXPLU� LUUHPHGLDEOHPHQWH� HO� PDUJHQ� GH�SRWHQFLD� UHDFWLYD� GH� ORV� QRGRV� ������ ������ ����� \� ����� SURYRFDQGR� FRQ� HOOR�� VHYHURV�SUREOHPDV�GH�LQHVWDELOLGDG�GH�YROWDMH��
• 3RU� ~OWLPR�� DQDOL]DQGR� HO� PRGR� �� VH� SXHGH� YHU� TXH� SDUD� HVWH� PRGR�� OD� PD\RUtD� GH� ORV�QRGRV�FRQ�ORV�PiV�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ�\D�HVWiQ�LQFOXLGRV�HQ�ORV�PRGRV���\���SRU�OR� TXH�� HV� SRVLEOH� GHGXFLU� TXH� FRQ� VROR� DQDOL]DU� HVWRV� GRV� SULPHURV�PRGRV�� HV�PiV� TXH�VXILFLHQWH�SDUD�FRQFOXLU�TXH�HO�VLVWHPD�GH�OD�ILJXUD�����SUHVHQWD�SULQFLSDOPHQWH�GRV�]RQDV�FRQ�LQVXILFLHQFLD�GH�SRWHQFLD�UHDFWLYD���
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����������&XUYDV�3�9�3DUD�HO�&DVR�%DVH��&DVR�����&RPR VH�GHVFULEH�HQ�OD�VHFFLyQ��������GHO�FDStWXOR����ODV�FXUYDV�3�9�VRQ�WDPELpQ�XQD�PX\�~WLO�KHUUDPLHQWD� SDUD� HO� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH�� 3RU�PHGLR� GH� HVWDV� FXUYDV� HV� SRVLEOH�REVHUYDU�HO�PDUJHQ�GH�HVWDELOLGDG�TXH�SUHVHQWD�HO�VLVWHPD�WRPDQGR�FRPR�UHIHUHQFLD�HO�SXQWR�GH RSHUDFLyQ�R�FDUJD�EDVH�DVXPLGD��(Q�HVWH�WUDEDMR�ODV�FXUYDV�3�9�VRQ�JHQHUDGDV�JUDILFDQGR�HO�YROWDMH�HQ�ORV�QRGRV�HOHJLGRV��FRQWUD�OD�SRWHQFLD�DFWLYD��HQ�0:��GH�OD�FDUJD�WRWDO�GHO�VLVWHPD����(Q OD�ILJXUD�����VH�PXHVWUDQ�ODV�FXUYDV�3�9�REWHQLGDV�SDUD�ORV�QRGRV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH SDUWLFLSDFLyQ�FRUUHVSRQGLHQWHV�DO�PRGR����λ������
&859$6�3�9�(1�%86(6�&21�$/726�)$&725(6�'(�3$57,&,3$&,Ï1�3$5$�(/�02'2�O�
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�)LJXUD������&DVR�����&XUYDV�3�9�SDUD�ORV�QRGRV�FRQ�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GHO�PRGR λ�

(Q�HVWD� ILJXUD����� VH�SXHGH� DSUHFLDU�TXH� HO�SXQWR�FUtWLFR�GH� HVWDELOLGDG� �QDUL]�GH� ODV� FXUYDV�����3�9� FRUUHVSRQGH�D�XQD�GHPDQGD�WRWDO�GHO�VLVWHPD�GH�����0:��6L�VH�WRPD�HQ�FXHQWD�TXH�OD�GHPDQGD�Pi[LPD�GH�HVWH�VLVWHPD�HV�GH�����0:��VH�SXHGH�YHU�TXH�HO�PDUJHQ�GH�VHJXULGDG�HV�GH WDQ�VROR���0:�OR�FXDO��HTXLYDOH�D�PHQRV�GH�XQ�����������GH� LQFUHPHQWR�GH�FDUJD��(VWH�PDUJHQ�GH�VHJXULGDG�WDQ�SHTXHxR�LQGLFD�TXH�HO�VLVWHPD�VH�HQFXHQWUD�RSHUDQGR�HQ�FRQGLFLRQHV�PX\�FUtWLFDV� \�TXH�FXDOTXLHU� LQFUHPHQWR�GH� FDUJD�PD\RU� DO�������� � FRQ� UHVSHFWR�D� ORV�����0: GH�OD�GHPDQGD�Pi[LPD��SURYRFDUi�TXH�HO�VLVWHPD�VH�YXHOYD�LQHVWDEOH���6H REVHUYD� WDPELpQ� HQ� OD� ILJXUD� ���� TXH� SDUD� HVWRV� QRGRV�� ODV� FXUYDV� 3�9� SUHVHQWDQ� XQ�FRPSRUWDPLHQWR�PX\�VLPLODU�OR�FXDO�UHVXOWD�OyJLFR�\D�TXH�GLFKRV�QRGRV�SHUWHQHFHQ�D�OD�PLVPD�]RQD GHO� VLVWHPD��(VWH�~OWLPR�DVSHFWR� LOXVWUD� OD� UD]yQ�SRU� OD�TXH� ORV�QRGRV�FRQ� ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�XQ�PRGR�FUtWLFR��JHQHUDOPHQWH� VRQ�QRGRV�FHUFDQRV�HQWUH� Vt� OR�FXDO�D�VX�YH]��SHUPLWH�LGHQWLILFDU�ODV�]RQDV�GpELOHV�GHO�VLVWHPD��
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�����$OWHUQDWLYDV�3DUD�0HMRUDU�OD�(VWDELOLGDG�GH�9ROWDMH��(Q ORV�UHVXOWDGRV�FRUUHVSRQGLHQWHV�DO�FDVR�EDVH�LOXVWUDGRV�HQ�OD�VHFFLyQ�DQWHULRU��VH�REVHUYDQ�FODUDPHQWH�ODV�FRQGLFLRQHV�FUtWLFDV�TXH�HVWH�VLVWHPD�SUHVHQWD�HQ�OR�UHIHUHQWH�D�SRWHQFLD�UHDFWLYD�\ HVWDELOLGDG� GH� YROWDMH�� &RQ� EDVH� HQ� HVWR�� VH� KDFH� QHFHVDULR� H� LQGLVSHQVDEOH� SURSRQHU� H�LPSOHPHQWDU�PHGLGDV�FRUUHFWLYDV�TXH�ORJUHQ�DOLYLDU�HVWD�FODVH�GH�SUREOHPDV���'H DFXHUGR�D�XQD�DPSOLD�JDPD�GH� LQIRUPDFLyQ�FRQWHQLGD�HQ� OD� OLWHUDWXUD� WpFQLFD��GRV�GH� ODV�RSFLRQHV�PDV�XWLOL]DGDV�SDUD�PHMRUDU�HO�FRQWURO�GH�SRWHQFLD�UHDFWLYD�\�HO�SHUILO�GH�YROWDMH�HQ�ORV VLVWHPDV� HOpFWULFRV� VRQ�� D� DSOLFDFLyQ� GH� EDQFRV� GH� FDSDFLWRUHV� \�� E�� LQVWDODFLyQ� GH�&RPSHQVDGRUHV�(VWiWLFRV�GH��9DUV��&(9V���(Q�HVWH�FDStWXOR�VH�DQDOL]DQ�DGHPiV�GHO�FDVR�EDVH��WUHV RSFLRQHV�PiV�FRQ�GLVWLQWDV�DOWHUQDWLYDV�SDUD�PHMRUDU�OD�HVWDELOLGDG��GH�YROWDMH�GHO�VLVWHPD��/D�GHVFULSFLyQ�GH�FDGD�XQR�GH�ORV�FDVRV�TXH�VH�DQDOL]DQ�HQ�HVWH�WUDEDMR�HV�OD�VLJXLHQWH���
&$62� '(6&5,3&,Ï1�
&DVR����
&DVR ���&DVR ���&DVR ��

�&DVR�EDVH�FRQ�ODV�FRQGLFLRQHV�RSHUDWLYDV�UHDOHV�GHO�VLVWHPD�FRUUHVSRQGLHQWHV�D�OD GHPDQGD�Pi[LPD�GHO�DxR��������$QDOL]DGR�HQ�OD�VHFFLyQ���������&DVR�TXH�LQFOX\H�OD�LQVWDODFLyQ�GH�EDQFRV�GH�FDSDFLWRUHV�HQ�EXVHV�GH����N9��&DVR�FRQVLGHUDQGR�GRV�&RPSHQVDGRUHV�(VWiWLFRV�GH�9DUV�HQ�EXVHV�GH����N9��&DVR�TXH�FRQWHPSOD�XQ�&RPSHQVDGRU�(VWiWLFR�GH�9DUV�HQ� OD� UHG�GH�����N9�\�EDQFRV�GH�FDSDFLWRUHV�HQ�EXVHV�GH����N9�
7RGRV�ORV�FDVRV�DQDOL]DGRV�FRUUHVSRQGHQ�D�FRQGLFLRQHV�RSHUDWLYDV�HQ�GHPDQGD�Pi[LPD�SDUD�HO�DxR� GH� ������ 6H� H[DPLQDQ� GLFKDV� DOWHUQDWLYDV� FRQ� OD� ILQDOLGDG� GH� GHWHUPLQDU� FXDO� GH� HOODV�UHSUHVHQWD�OD�PHMRU�RSFLyQ�SDUD�DOLYLDU�ORV�SUREOHPDV�GH�(VWDELOLGDG�GH�9ROWDMH�HQ�HO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�HQ�HVWH�FDVR���
�����&$62�����$QiOLVLV�0RGDO�GHO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�&RQVLGHUDQGR�OD�,QVWDODFLyQ�GH�%DQFRV�GH�&DSDFLWRUHV�HQ�%XVHV�GH����N9��(Q OD�ILJXUD������VH�LOXVWUDQ�ODV�FRQGLFLRQHV�RSHUDWLYDV�HQ�HVWDGR�HVWDEOH��IOXMRV�GH�SRWHQFLD��GHO� 6LVWHPD� ,QWHUFRQHFWDGR� GH� *XDWHPDOD�� FRQVLGHUDQGR� OD� LQVWDODFLyQ� GH� EDQFRV� GH�FDSDFLWRUHV�HQ�DOJXQRV�GH�ORV�EXVHV�FRQ�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ��FRUUHVSRQGLHQWHV�D�ORV�PRGRV�FUtWLFRV�GH�HVWDELOLGDG�GH�YROWDMH�HQFRQWUDGRV�HQ�OD�VHFFLyQ���������
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)LJXUD���������&DVR�����'LDJUDPD�XQLILODU�GHO�VLVWHPD�HOpFWULFR�GH�*XDWHPDOD�FRQVLGHUDQGR�OD�LQVWDODFLyQ�GH�EDQFRV�GH�FDSDFLWRUHV�� HQ�EXVHV�GH����N9��FRQ�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ��
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(Q�HO�GLDJUDPD�GH�OD�ILJXUD������VH�REVHUYDQ�HQWUH�RWURV�DVSHFWRV�TXH�DQWH�OD�LQFRUSRUDFLyQ�GH�ORV EDQFRV�GH�FDSDFLWRUHV��VH�PHMRUD�FRQVLGHUDEOHPHQWH��DUULED�GH�����SX��HO�SHUILO�GH�YROWDMH�HQ� ORV� EXVHV� GH� ��� N9� OR� FXDO�� UHSHUFXWH� HQ� XQD� GLVPLQXFLyQ� GHO� IOXMR� GH� SRWHQFLD� UHDFWLYD�HQWUH� ODV� OtQHDV� GH� WUDQVPLVLyQ� \�� SRU� OR� WDQWR�� VH� UHGXFHQ� WDPELpQ� ODV� SpUGLGDV� GH� SRWHQFLD�DFWLYD�HQ�HO�VLVWHPD��3RU�RWUR�ODGR��DQWH�OD�LQ\HFFLyQ�GH�SRWHQFLD�UHDFWLYD�TXH�VH�WLHQH�SRU�SDUWH�GH ORV�FDSDFLWRUHV��VH�ORJUD�TXH�ORV�JHQHUDGRUHV�GLVPLQX\DQ�VX�DSRUWDFLyQ�GH�GLFKD�SRWHQFLD�DO�VLVWHPD� FRQVLJXLHQGR� FRQ� HVWR�� FRQWDU� FRQ� XQD� PD\RU� UHVHUYD� GH� SRWHQFLD� UHDFWLYD� HQ� HO�VLVWHPD�\��FRQVHFXHQWHPHQWH���XQ�PHMRU�FRQWURO�GH�YROWDMH���
(Q ODV�WDEODV������\�������VH�PXHVWUDQ��ORV�UHVXOWDGRV�GHO�DQiOLVLV�PRGDO�FRUUHVSRQGLHQWH�D�HVWH�VLVWHPD�FRPSHQVDGR�SRU�EDQFRV�GH�FDSDFLWRUHV��&RQ�REMHWR�GH�DSUHFLDU�\�FRPSDUDU�GH�PDQHUD�VHQFLOOD ORV� FDPELRV� REWHQLGRV� FRQ� UHVSHFWR� DO� FDVR�EDVH� �DQDOL]DGR� HQ� OD� VHFFLyQ��������� VH�LQFOX\HQ�WDPELpQ�HQ�OD�WDEOD������ORV�UHVXOWDGRV�GHO�DQiOLVLV�PRGDO�SDUD�HVWH�SULPHU�FDVR���

&DVR�����%DVH� &DVR����&RQ�&DSDFLWRUHV�
0RGR ��O O ��O O
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�� ������ ������ ������ ������

7DEOD��������&RPSDUDFLyQ�GH�ODV�PDJQLWXGHV�GH�ORV�PRGRV�R�HLJHQYDORUHV�REWHQLGRV�� SDUD�HO�FDVR�EDVH�\�HO�FDVR�FRPSHQVDGR�FRQ�EDQFRV�GH�FDSDFLWRUHV�

&RPR VH�SXHGH�YHU�HQ�OD�WDEOD�������SDUD�HO�FDVR���OD�PDJQLWXG�GH�ORV�HLJHQYDORUHV�R�PRGRV�HV�PD\RU��PiV�OHMDQD�GH�FHUR��LQGLFDQGR�FRQ�HVWR��XQD�PHMRUtD�HQ�HO�PDUJHQ�GH�SUR[LPLGDG�D�OD�LQHVWDELOLGDG�GH�YROWDMH����(Q OD�WDEOD�������VH�UHSRUWDQ�ORV�EXVHV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV�WUHV�PRGRV PiV�FUtWLFRV�FRUUHVSRQGLHQWHV�DO�FDVR����
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� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

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

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

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

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

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

�� ���� ������ ���� ������ ���� ������
�1RWD���)�3��#�λL = )DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR�L�

�7DEOD��������)DFWRUHV�GH�SDUWLFLSDFLyQ�GH�EXVHV�SDUD�ORV�WUHV�PRGRV�PiV�LPSRUWDQWHV�GHO�VLVWHPD�GH�OD��� ILJXUD������FDVR���FRPSHQVDGR�FRQ�EDQFRV�GH�FDSDFLWRUHV���
(Q HVWD�WDEOD�������VH�REVHUYD�TXH�ORV�EXVHV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV�WUHV�PRGRV�LQFOXLGRV��VRQ�GLIHUHQWHV�HQ�PDJQLWXG�\�RUGHQ�FRQ�UHVSHFWR�D�ORV�REWHQLGRV�SDUD�HO�FDVR�EDVH��YHU�WDEOD������VLQ�HPEDUJR��FRQ�REMHWR�GH�FRPSDUDU�ORV�FDPELRV�HQ�ORV�PiUJHQHV�GH�SRWHQFLD�UHDFWLYD�GHO�FDVR�EDVH��FDVR����FRQWUD�HO�FDVR�FRPSHQVDGR��FDVR�����HQ�OD�ILJXUD�������VH LOXVWUDQ�ODV�FXUYDV�9�4�SDUD�HO�FDVR�FRPSHQVDGR��FRUUHVSRQGLHQWHV�D� �ORV�FLQFR�EXVHV�FRQ�ORV PiV�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR���GHO��FDVR�EDVH���
�
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&XUYDV�4�9�3DUD�HO�0RGR����O��
&DVR�FRQ�&DSDFLWRUHV�
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�)LJXUD�������&XUYDV�9�4�SDUD�HO�FDVR����FRUUHVSRQGLHQWHV�D�ORV�EXVHV�FRQ�ORV�� PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR���GHO�FDVR�EDVH���
(Q OD�ILJXUD������VH�SXHGH�YHU�TXH�ORV�PiUJHQHV�GH�SRWHQFLD�UHDFWLYD�SDUD�HO�FDVR�FRPSHQVDGR�PHMRUDQ� VXVWDQFLDOPHQWH� \D� TXH�� SRU� HMHPSOR�� PLHQWUDV� HQ� HO� FDVR� EDVH� ORV� PiUJHQHV� GH�SRWHQFLD�UHDFWLYD�GH�ORV�EXVHV�DQDOL]DGRV�HVWDEDQ�HQWUH���\���09$U��PHQRV�HO�EXV������TXH�QR WHQtD�PDUJHQ��HQ�FDPELR��HQ�HO�FDVR�FRPSHQVDGR�HVWRV�PiUJHQHV�VH�HQFXHQWUDQ�HQWUH���\����09$U� OR�FXDO�� LQGLFD�TXH�HVWRV�EXVHV�\� HO� VLVWHPD�HQ�JHQHUDO��FRQWDUiQ�DKRUD�FRQ�XQ�PHMRU�VRSRUWH GH�YROWDMH�FXDQGR�DVt�VH�UHTXLHUD���
(Q OD� ILJXUD� ����� VH�PXHVWUDQ�SDUD� HO� FDVR���� ODV� FXUYDV�3�9�GH� ORV� EXVHV� FRQ� ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�FRUUHVSRQGLHQWHV�DO�PRGR����λ�� GHO�FDVR�EDVH���
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)LJXUD��������&DVR�����&XUYDV�3�9�GH�ORV�EXVHV�FRQ�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR λ�GHO�FDVR�EDVH�

(Q�OD�ILJXUD������VH�DSUHFLD�TXH�SDUD�HO�FDVR����HO�OtPLWH�Pi[LPR�GH�HVWDELOLGDG��QDUL]�GH�ODV�FXUYDV�� FRUUHVSRQGH� D� XQD� FDUJD� WRWDO� GHO� VLVWHPD� GH� DSUR[LPDGDPHQWH� ���� 0:�� 6L� VH�FRPSDUD�HVWH�YDORU�FRQWUD�ORV�����0:�GHO�FDVR����VH�SXHGH�YHU�TXH�HO�PDUJHQ�GH�VHJXULGDG�KD�FUHFLGR�HQ����0:�OR�FXDO�UHVXOWD�VLJQLILFDWLYR����
7RPDQGR�HQ�FXHQWD�TXH�OD�GHPDQGD�Pi[LPD�EDVH�HV�GH�����0:�\�HO�OtPLWH�GH�HVWDELOLGDG�HV�GH ����0:��VH�WLHQH�HQWRQFHV�TXH�SDUD�HVWH�FDVR���OD�GLVWDQFLD�HQ�0:�DO�FRODSVR�GH�YROWDMH�HV�DKRUD� GH� ��� 0:�� (VWRV� ��� 0:� GH� PDUJHQ� UHSUHVHQWDQ� OD� SRVLELOLGDG� GH� VRSRUWDU�DSUR[LPDGDPHQWH� KDVWD� XQ� ����� GH� LQFUHPHQWR� HQ� OD� GHPDQGD�Pi[LPD� VLQ� TXH� HO� VLVWHPD�VXIUD LQHVWDELOLGDG�GH�YROWDMH���
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������&$62�����$QiOLVLV�0RGDO�GHO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�&RQVLGHUDQGR�OD�,QVWDODFLyQ�GH�'RV�&RPSHQVDGRUHV�(VWiWLFRV�GH�9DUV�HQ�%XVHV�GH����N9��'H DFXHUGR�D�OR�REVHUYDGR�HQ�OD�VHFFLyQ��������SDUD�HO�FDVR�EDVH�H[LVWHQ�IXQGDPHQWDOPHQWH�GRV�]RQDV FULWLFDV�GHVGH�HO�SXQWR�GH�YLVWD�GH�HVWDELOLGDG�GH�YROWDMH�SRU�OR�TXH��FRQ�EDVH�HQ�HVWR��HQ�OD SUHVHQWH�VHFFLyQ�VH�DQDOL]D�OD�XELFDFLyQ�GH�XQ�&(9�HQ�FDGD�XQD�GH�HVWDV�GRV�]RQDV����'HELGR�D�TXH�HQ�ODV�GRV�]RQDV�FUtWLFDV�DQDOL]DGDV�H[LVWHQ�YDULRV�EXVHV�GpELOHV��HQ�HVWD�VHFFLyQ�VH DQDOL]DQ� HQ� SULPHUD� LQVWDQFLD� ORV� UHVXOWDGRV� GHO� DQiOLVLV� PRGDO� TXH� VH� REWLHQHQ� SDUD��XELFDFLRQHV�GH�ORV�GRV�&(9V�HQ�GLIHUHQWHV�EXVHV�GH����N9�SHUWHQHFLHQWHV�D�GLFKDV�]RQDV����(Q OD� WDEOD� ����� VH� LQFOX\HQ� ORV� UHVXOWDGRV� GHO� DQiOLVLV� PRGDO� TXH� VH� REWLHQHQ� SDUD� FLQFR�GLIHUHQWHV�XELFDFLRQHV�GH�ORV�GRV�&(9V�HQ�EXVHV�GH����N9�GH�ODV�GRV�]RQDV�PiV�FUtWLFDV����
(,*(19$/25(6�2%7(1,'26�3$5$�',)(5(17(6�8%,&$&,21(6�'(�&(9V�(1����.9�
2SFLyQ��� 2SFLyQ��� 2SFLyQ��� 2SFLyQ��� 2SFLyQ���

0RGR %XVHV������\����� %XVHV������\����� %XVHV������\����� %XVHV������\����� %XVHV������\�����
��O� O ��O� O ��O� O ��O� O ��O� O
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7DEOD��������5HVXOWDGRV�GHO�DQiOLVLV�PRGDO�SDUD�GLIHUHQWHV�XELFDFLRQHV�GH�ORV�&(9V�HQ�EXVHV�GH����N9��
&RPR VH�SXHGH�REVHUYDU�HQ� OD� WDEOD������� ORV�PHMRUHV�UHVXOWDGRV�GHVGH�HO�SXQWR�GH�YLVWD�GHO�PDUJHQ�D�OD�LQHVWDELOLGDG�GH�YROWDMH�HQ�HO�VLVWHPD��VH�REWLHQHQ�FRQ�OD�RSFLyQ���HQ�OD�FXDO��VH�FRQVLGHUD TXH�ORV�GRV�&(9V�VH�HQFXHQWUDQ�XELFDGRV�HQ�ORV�EXVHV������\������GH����N9����'H DFXHUGR� D� ORV� UHVXOWDGRV� REWHQLGRV�� HQ� HVWD� VHFFLyQ� VH� DQDOL]D� HO� FRPSRUWDPLHQWR� GHO�6LVWHPD�,QWHUFRQHFWDGR���GH�*XDWHPDOD�SDUD�OD�RSFLyQ���GH�OD�WDEOD������FRQVLGHUDQGR�TXH�ORV�GRV &(9V�VH�HQFXHQWUDQ�XELFDGRV�HQ�ORV�EXVHV������\������UHVSHFWLYDPHQWH����(Q OD�ILJXUD������VH�LOXVWUDQ�ODV�FRQGLFLRQHV�RSHUDWLYDV�HQ�HVWDGR�HVWDEOH��IOXMRV�GH�SRWHQFLD��GHO 6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�SDUD�HO�FDVR����FRQVLGHUDQGR�OD�LQVWDODFLyQ�GH�ORV�GRV�&RPSHQVDGRUHV��(VWiWLFRV�GH�9DUV��&(9V��HQ�ORV�EXVHV�GH����N9�GH�OD�RSFLyQ�����
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� )LJXUD��������&DVR����'LDJUDPD�XQLILODU�GHO�VLVWHPD�HOpFWULFR�GH�*XDWHPDOD�FRQVLGHUDQGR�OD�LQVWDODFLyQ�GH�&(9V�HQ�ORV��EXVHV������\������GH����N9��
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(Q�HO�GLDJUDPD�GH�OD�DQWHULRU�ILJXUD������VH�REVHUYDQ�ORV�VLJXLHQWHV�DVSHFWRV���
• (O SHUILO� GH� YROWDMH� HQ� ORV� EXVHV� GH� ��� N9� PHMRUD� QRWDEOHPHQWH� FRQ� UHVSHFWR� D� ODV�FRQGLFLRQHV� GHO� FDVR� EDVH� �VHFFLyQ� �������� VLQ� HPEDUJR�� VH� SXHGH� YHU� TXH� QR� VH� ORJUD�DOFDQ]DU�XQ�SHUILO�GH�YROWDMH�WDQ�FHUFDQR�D�����SX�FRPR�HQ�HO�FDVR�FRPSHQVDGR�SRU�EDQFRV�GH FDSDFLWRUHV�� (VWR� UHVXOWD� OyJLFR� VL� WRPDPRV� HQ� FXHQWD� TXH� OD� FRPSHQVDFLyQ� FRQ�FDSDFLWRUHV� HV� XQD� FRPSHQVDFLyQ� GLVWULEXLGD� TXH� VH� UHDOL]D� ORFDOPHQWH� HQ� YDULRV� EXVHV�HOHJLGRV�GHQWUR�GH�FDGD�]RQD�FUtWLFD�\��HQ�FDPELR��OD�FRPSHQVDFLyQ�PHGLDQWH�&(9V�HV�XQD�FRPSHQVDFLyQ�FRQFHQWUDGD�TXH�VH�OOHYD�D�FDER�HQ�XQ�VROR�EXV�GH�FDGD�]RQD�FRQ�OR�FXDO��VH�ORJUD OOHYDU�HO�YROWDMH�GH�HVH�EXV�D�XQ�YDORU�GH�����SX�R�VXSHULRU�SHUR��D�PHGLGD�TXH� OD�GLVWDQFLD� HOpFWULFD� YD� DXPHQWDQGR�� ORV� YROWDMHV� HQ� RWURV� EXVHV� FUtWLFRV� FRQWLQ~DQ�SUHVHQWDQGR�PDJQLWXGHV�GH�YROWDMH�PHQRUHV�D�����SX���

• (Q HVWH� FDVR� ��� VH� REVHUYD� WDPELpQ� XQD� GLVPLQXFLyQ� HQ� HO� IOXMR� GH� SRWHQFLD� UHDFWLYD� HQ�OtQHDV� GH� WUDQVPLVLyQ� \� WUDQVIRUPDGRUHV� OR� FXDO�� UHSHUFXWH� HQ� PHQRUHV� SpUGLGDV� GH�SRWHQFLD�DFWLYD�\��FRQVHFXHQWHPHQWH��XQ�VLJQLILFDWLYR�DKRUUR�GH�GLQHUR���
• 3RU VX� SDUWH�� OD� SRWHQFLD� UHDFWLYD� TXH� HQWUHJDQ� DO� VLVWHPD� ODV� XQLGDGHV� JHQHUDGRUDV�H[SHULPHQWD� WDPELpQ� XQ� GHFUHPHQWR� SRU� OR� TXH�� FDGD� XQD� GH� HVWDV� XQLGDGHV� WHQGUi� XQD�PD\RU� UHVHUYD� GH� SRWHQFLD� UHDFWLYD� \� SRU� OR� WDQWR�� HO� VLVWHPD� HQ� JHQHUDO� PHMRUDUi� VX�FDSDFLGDG�GH�FRQWURO�GH�YROWDMH�FXDQGR�DVt�VH�UHTXLHUD����
(Q ODV� WDEODV� ����� \� ������ VH� PXHVWUDQ� ORV� UHVXOWDGRV� GHO� DQiOLVLV� PRGDO� REWHQLGRV� SDUD� HO�6LVWHPD GH�OD�ILJXUD�������FDVR�����FRQVLGHUDQGR�ORV�&(9V�XELFDGRV�HQ�ORV�QRGRV�������\������GH ���N9����
(Q OD� WDEOD� ������ FRQ� OD� ILQDOLGDG� GH� FRPSDUDU� ORV� UHVXOWDGRV� REWHQLGRV�� DGHPiV� GH� ORV�HLJHQYDORUHV� SDUD� HO� FDVR� ��� VH� LQFOX\HQ� WDPELpQ� ORV� HLJHQYDORUHV� FRUUHVSRQGLHQWHV� DO� FDVR�EDVH��FDVR����\�DO�FDVR�FRPSHQVDGR�FRQ�FDSDFLWRUHV��FDVR�������
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7DEOD�������&RPSDUDFLyQ�GH�ORV�(LJHQYDORUHV�REWHQLGRV�SDUD�ORV�WUHV�FDVRV�DQDOL]DGRV��

(Q OD� WDEOD������HV�SRVLEOH�DSUHFLDU�TXH�HQ�HO�FDVR�FRQ�&(9V�HQ����N9�� OD�PDJQLWXG�GH� ORV�HLJHQYDORUHV� �PHMRUD�QRWDEOHPHQWH�FRQ� UHVSHFWR�D� ORV�RWURV�GRV�FDVRV��HO�YDORU���λ HVWi�PiV�
DOHMDGR�GHO�FHUR���5HVXOWD�LPSRUWDQWH�DSXQWDU�HVWH�~OWLPR�DVSHFWR�\D�TXH�FRPR�VH�REVHUYD�HQ�ORV GLDJUDPDV�XQLILODUHV�FRUUHVSRQGLHQWHV��DXQTXH�HO�SHUILO�GH�YROWDMH�HV�PHQRV�SODQR��FHUFDQR�D ����SX��UHVSHFWR�DO�FDVR�FRQ�EDQFRV�GH�FDSDFLWRUHV��D�SHVDU�GH�HVWR�VH�ORJUD�XQ�PHMRU�PDUJHQ�GH HVWDELOLGDG�GH�YROWDMH�HQ�HO�FDVR���OR�FXDO�D�VX�YH]��LQGLFD�TXH�QR�QHFHVDULDPHQWH�FRQ�WHQHU�YROWDMHV�FHUFDQRV�DO�QRPLQDO�VH�PHMRUD�PiV�HO�PDUJHQ�GH�HVWDELOLGDG�GH�YROWDMH�\D�TXH�FRPR�VH�YH� VH� GHEHQ� WRPDU� HQ� FXHQWD� WDPELpQ� RWURV� DVSHFWRV� FRPR� HO� WLSR� GH� FRPSHQVDFLyQ� \� OD�XELFDFLyQ�GH�pVWD���
(Q OD�WDEOD�������VH�PXHVWUDQ�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�EXVHV�SDUD�ORV�WUHV�PRGRV�PiV�LPSRUWDQWHV�FRUUHVSRQGLHQWHV�DO�FDVR�FRQ�&(9V��EXVHV�GH����N9��FDVR������
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1RWD���)�3��#�λL = )DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR�L�
�7DEOD��������)DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV�WUHV�PRGRV�PiV�FUtWLFRV�GHO�FDVR�����&(9V�HQ�EXVHV�GH������� ���N9���
�(Q��OD�ILJXUD������VH�LOXVWUDQ�SDUD�HO�FDVR���� ORV�UHVXOWDGRV�GH�ODV�FXUYDV�9�4�SDUD�ORV�EXVHV�PiV FUtWLFRV� GHO� FDVR� EDVH� �FDVR� ���� FRQVLGHUDQGR� DKRUD�� OD� XELFDFLyQ� GH� ORV� GRV� &(9V�GHVFULWRV�HQ�HVWD�VHFFLyQ��
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�)LJXUD�������&XUYDV�9�4�SDUD�HO�FDVR�FRQ�&(9V�HQ�EXVHV�GH����N9��FRUUHVSRQGLHQWHV�D�ORV�EXVHV��FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR���GHO�FDVR�EDVH��
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(Q� OD� DQWHULRU� ILJXUD� ������ VH� SXHGH�YHU� FRQ� D\XGD�GH� ODV� FXUYDV�9�4�TXH� ORV�PiUJHQHV� GH�SRWHQFLD UHDFWLYD�HQ�ORV�EXVHV�TXH�SDUD�HO�FDVR�EDVH�UHVXOWDEDQ�ORV�PiV�FUtWLFRV��DKRUD�HQ�HVWH�FDVR�FRQ�ORV�&(9V�HQ����N9��GLFKRV�PiUJHQHV�VRQ�VLJQLILFDWLYDPHQWH�PiV�JUDQGHV�\D�TXH�VH�HQFXHQWUDQ� HQ� XQ� UDQJR� GH� �� D� ���09$U�� 8Q� DVSHFWR� LQWHUHVDQWH� GH� HVWRV� UHVXOWDGRV� HV� HO�KHFKR� GH� TXH� FRPR� VH� SXHGH� YHULILFDU�� ORV� PiUJHQHV� GH� SRWHQFLD� UHDFWLYD� REWHQLGRV� VRQ�WDPELpQ PHMRUHV�TXH�ORV�REWHQLGRV�SDUD�HO�FDVR���FRQ�EDQFRV�GH�FDSDFLWRUHV��FRPSDUDU�ILJXUDV�������\��������HVWR�D�SHVDU�GH�TXH�FRPR�VH�PHQFLRQy�DQWHULRUPHQWH��HO�SHUILO�GH�YROWDMH�HV�PDV�SODQR PHGLDQWH�OD�XELFDFLyQ�GH�GLFKRV�FDSDFLWRUHV��VLQ�HPEDUJR��WDQWR�ORV�UHVXOWDGRV�LOXVWUDGRV�HQ�OD�WDEOD�������PRGRV�REWHQLGRV���FRPR�ODV�FXUYDV�9�4�GH�OD�ILJXUD�������LQGLFDQ�FODUDPHQWH�ODV YHQWDMDV� TXH� VH� REWLHQHQ� HQ� HO� VRSRUWH� GH� YROWDMH� FXDQGR� VH� FXHQWD� FRQ� OD� D\XGD� GH�GLVSRVLWLYRV�WDQ�FRPSOHWRV�FRPR�VRQ�ORV�&RPSHQVDGRUHV�(VWiWLFRV�GH�9DUV����
(Q OD� ILJXUD� ����� VH�PXHVWUDQ�SDUD� HO� FDVR���� ODV� FXUYDV�3�9�GH� ORV� EXVHV� FRQ� ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�FRUUHVSRQGLHQWHV�DO�PRGR����λ�� GHO�FDVR�EDVH���
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)LJXUD�������&DVR�����&XUYDV�3�9�GH�ORV�EXVHV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�
FRUUHVSRQGLHQWHV�DO�PRGR����λ�� GHO�FDVR�EDVH�

(Q OD�ILJXUD������VH�REVHUYD�TXH�SDUD�HO�FDVR����HO�OtPLWH�Pi[LPR�GH�HVWDELOLGDG��QDUL]�GH�ODV�FXUYDV� FRUUHVSRQGH�D�XQD�FDUJD�WRWDO�GHO�VLVWHPD�GH�DSUR[LPDGDPHQWH�����0:��&RPSDUDQGR�HVWH YDORU�FRQWUD�ORV�����0:�GHO�FDVR����VH�SXHGH�YHU�TXH�HO�PDUJHQ�GH�VHJXULGDG�KD�FUHFLGR�HQ ���0:�PDJQLWXG�TXH�SDUD�HVWH�VLVWHPD�UHVXOWD�EDVWDQWH�DSUHFLDEOH����
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7RPDQGR�HQ�FXHQWD�TXH�OD�GHPDQGD�Pi[LPD�EDVH�HV�GH�����0:�\�HO�OtPLWH�GH�HVWDELOLGDG�HV�GH ����0:��VH�WLHQH�HQWRQFHV�TXH�SDUD�HVWH�FDVR���OD�GLVWDQFLD�HQ�0:�DO�FRODSVR�GH�YROWDMH�HV�DKRUD�GH�����0:��(VWRV�����0:�LQGLFDQ�XQ�PDUJHQ�GH� VHJXULGDG�EDVWDQWH� FRQVLGHUDEOH� \�UHSUHVHQWDQ�OD�SRVLELOLGDG�GH�VRSRUWDU�DSUR[LPDGDPHQWH�KDVWD�XQ�������GH�LQFUHPHQWR�HQ�OD�GHPDQGD�Pi[LPD�VLQ�TXH�HO�VLVWHPD�VXIUD�LQHVWDELOLGDG�GH�YROWDMH���

������&DVR������$QiOLVLV�0RGDO�GHO��6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�&RQVLGHUDQGR�OD�,QVWDODFLyQ� GH� XQ� &RPSHQVDGRU� (VWiWLFR� GH� 9DUV� HQ� ���� N9� \� %DQFRV� GH�&DSDFLWRUHV�HQ�%XVHV�'H����N9��
(Q HO� GLDJUDPD� XQLILODU� GH� OD� ILJXUD� ����� VH� LOXVWUDQ� ODV� FRQGLFLRQHV� RSHUDWLYDV� HQ� HVWDGR�HVWDEOH��IOXMRV�GH�SRWHQFLD���TXH�SUHVHQWD�HO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�SDUD�HO�FDVR�� HQ�HO�FXDO��VH�LQFOX\H�XQ�&RPSHQVDGRU�(VWiWLFR�GH�9DUV�HQ�HO�EXV������GH�����N9�\�DOJXQRV�EDQFRV�GH�FDSDFLWRUHV�HQ�EXVHV�GH����N9����
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)LJXUD��������&DVR������'LDJUDPD�XQLILODU�GHO�VLVWHPD�HOpFWULFR�GH�*XDWHPDOD�FRQVLGHUDQGR�OD�LQVWDODFLyQ�GH�XQ�&(9�HQ�OD�UHG�GH�����N9�\�EDQFRV�GH�FDSDFLWRUHV�HQ�EXVHV�GH����N9��
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/RV�UHVXOWDGRV�GHO�DQiOLVLV�PRGDO�HIHFWXDGR�SDUD� ODV�FRQGLFLRQHV�RSHUDWLYDV�FRUUHVSRQGLHQWHV�DO� FDVR� �� VH� UHSRUWDQ� HQ� ODV� WDEODV� ����� \� ����� HQ� ODV� FXDOHV�� VH� LQFOX\HQ� ORV� PRGRV��HLJHQYDORUHV��\�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�EXVHV�UHVSHFWLYDPHQWH���(Q OD�WDEOD������VH�UHSRUWDQ�DGHPiV�GH�HVWH�~OWLPR�FDVR��ORV�UHVXOWDGRV�GH�ORV�FDVRV������\����/R�DQWHULRU� FRQ�REMHWR�GH�SRGHU� DSUHFLDU� \� FRPSDUDU� ORV� UHVXOWDGRV�REWHQLGRV�SDUD� FDGD�RSFLyQ�DQDOL]DGD�\��GH�HVWD�IRUPD��FRQWDU�FRQ�ORV�DUJXPHQWRV�QHFHVDULRV�SDUD�SURSRQHU�OD�DOWHUQDWLYD�TXH VH�FRQVLGHUH�PiV�UHFRPHQGDEOH���
(,*(19$/25(6�3$5$�/26�&$626�$1$/,=$'26
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7DEOD�������9DORUHV�SURSLRV��PRGRV��REWHQLGRV�SDUD�ORV�GLVWLQWRV�FDVRV�DQDOL]DGRV��

'H ORV�UHVXOWDGRV�LQFOXLGRV�HQ�OD�WDEOD������VH�REVHUYD�TXH�SDUD�HO�FDVR����VH�ORJUD�WDPELpQ�XQD�QRWDEOH PHMRUtD�HQ�OD�PDJQLWXG�GH�ORV�PRGRV�FDOFXODGRV�\�SRU�OR�WDQWR��HQ�OD�SUR[LPLGDG�D�OD�LQHVWDELOLGDG� GH� YROWDMH� \D� TXH� pVWD� VH� HQFXHQWUD�PiV� GLVWDQWH� FRQ� UHODFLyQ� D� ORV� UHVXOWDGRV�REWHQLGRV SDUD�HO�FDVR�EDVH��FDVR����\�HO�FDVR�FRQ�EDQFRV�GH�FDSDFLWRUHV��FDVR�����8Q�DVSHFWR�GH VXPD�LPSRUWDQFLD�TXH�YDOH�OD�SHQD�UHVDOWDU�HV�HO�KHFKR�GH�TXH��DXQTXH�HO�FDVR�FRQ�&(9V�HQ��� N9��FDVR����SUHVHQWD�PD\RUHV�PDJQLWXGHV�GH�ORV�PRGRV�TXH�HO�FDVR����FRQ�HO�&(9�HQ�XQ�EXV GH�����N9�H[LVWHQ�RWURV� DVSHFWRV� HQ� ORV�TXH� VH�PHMRUD� \�PHGLDQWH� ORV� FXDOHV� VH� ORJUDQ�FRQGLFLRQHV� RSHUDWLYDV� GHO� VLVWHPD� PiV� DGHFXDGDV�� $OJXQRV� GH� HVWRV� DVSHFWRV� VRQ� ODV�SRVLFLRQHV�GH� WDS�V�HQ� WUDQVIRUPDGRUHV��SRWHQFLD� UHDFWLYD� HQ�JHQHUDGRUHV��SHUILO�GH�YROWDMH� \�SpUGLGDV�GH�SRWHQFLD�UHDO�D�QLYHO�VLVWHPD���
(Q OD�WDEOD������VH�UHSRUWDQ�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�EXVHV�FRUUHVSRQGLHQWHV�D�ORV�WUHV�PRGRV�PiV�FUtWLFRV�SDUD�HVWH�FDVR�FRQ�XQ�&(9�HQ�����\�EDQFRV�GH�FDSDFLWRUHV�HQ����N9���



$3/,&$&,Ï1�'(�/$�7e&1,&$�'(�$1È/,6,6�02'$/�

���

1R��GH )$&725(6�'(�3$57,&,3$&,21�3$5$�(/�&$62����&(9�(1�����<�&$3$&,725(6�(1����.9�

,PSRUWDQFLD %86 )�3��#�O� %86 )�3��#�O� %86 )�3��#�O�

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

� ���� ������ ���� ������ ���� ������

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

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

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

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

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

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

1RWD���)�3��#�λL = )DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR�L�
�7DEOD��������)DFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV�WUHV�SULPHURV�PRGRV�GHO�FDVR�FRQ�XQ�&(9�HQ�����N9���\ %DQFRV�GH�&DSDFLWRUHV�HQ�EXVHV�GH����N9��

(Q OD�ILJXUD������VH�LOXVWUDQ�ODV�FXUYDV�9�4�SDUD�HO�FDVR���FRUUHVSRQGLHQWHV�D�ORV�EXVHV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GHO�FDVR�EDVH��VHFFLyQ����������
&XUYDV�4�9�3DUD�HO�0RGR����O��

&DVR�FRQ�XQ�&(9�HQ�����\�&DSDFLWRUHV�HQ����N9�

-15.0

-10.0

-5.0

0.0

5.0

10.0

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

9ROWDMH��>SX@

3
R
WH
Q
FL
D�
5
HD
FW
LY
D�
�>
0
9
$
U@

BUS 5102

BUS 6113

BUS 6124

BUS 5105

BUS 5106

�)LJXUD�������&XUYDV�9�4�SDUD�HO�FDVR���FRUUHVSRQGLHQWHV�D�ORV�EXVHV�FRQ�ORV�PD\RUHV��IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR���GHO�FDVR�EDVH���



$3/,&$&,Ï1�'(�/$�7e&1,&$�'(�$1È/,6,6�02'$/�

���

(Q� OD� ILJXUD� ����� VH�PXHVWUDQ�SDUD� HO� FDVR���� ODV� FXUYDV�3�9�GH� ORV� EXVHV� FRQ� ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�FRUUHVSRQGLHQWHV�DO�PRGR����λ�� GHO�FDVR�EDVH���
&859$ 6 �3 �9 �(1 �%86(6 �&21 �$ /726 �)$ &725(6 �'( �3$ 57,& ,3$& ,Ï1 �3$ 5$ �(/ �0 2'2 �O�

&$62 �����&$62 �&21 �81 �&(9 �(1 �/$ �5(' �'( �����.9 �< �&$3$& ,725(6 �(1 �%86(6 �'( ����.9

0 .8

0 .8 3

0.8 6

0.8 9

0.9 2

0.9 5

0.9 8

1.0 1

1.0 4

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

'(0$1'$ �727$ /�'(/ �6 ,67(0$ ��>0: @

����

����

����

����

����

'HPDQGD�0 i[LP D�3 DUD
H O�$ xR ����� ���0:

)LJXUD�������&DVR�����&XUYDV�3�9�GH�EXVHV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ��
� SDUD�HO�PRGR����λ�� GHO�FDVR�EDVH�

(Q OD�ILJXUD������VH�REVHUYD�TXH�SDUD�HO�FDVR����HO�OtPLWH�Pi[LPR�GH�HVWDELOLGDG��QDUL]�GH�ODV�FXUYDV��FRUUHVSRQGH�D�XQD�FDUJD�WRWDO�GHO�VLVWHPD�GH�DSUR[LPDGDPHQWH�����0:��&RPSDUDQGR�HVWH�YDORU�FRQWUD�ORV�����0:�GHO�FDVR����VH�SXHGH�YHU�TXH�HO�PDUJHQ�GH�VHJXULGDG�KD�FUHFLGR�HQ�����0:�PDJQLWXG�TXH�SDUD�HVWH�VLVWHPD�UHVXOWD�EDVWDQWH�DSUHFLDEOH����
7RPDQGR�HQ�FXHQWD�TXH�OD�GHPDQGD�Pi[LPD�EDVH�HV�GH�����0:�\�HO�OtPLWH�GH�HVWDELOLGDG�HV�GH ����0:��VH�WLHQH�HQWRQFHV�TXH�SDUD�HVWH�FDVR���OD�GLVWDQFLD�HQ�0:�DO�FRODSVR�GH�YROWDMH�HV�DKRUD� GH� ����0:��'H� DFXHUGR� DO� WDPDxR� \� FDUDFWHUtVWLFDV� GHO� VLVWHPD� DQDOL]DGR�� HVWRV� ����0: LQGLFDQ�XQ�PDUJHQ�GH�VHJXULGDG�EDVWDQWH�FRQVLGHUDEOH�\�PX\�GLItFLO�GH�DOFDQ]DU�\D�TXH�UHSUHVHQWDQ�OD�SRVLELOLGDG��GH�VRSRUWDU�DSUR[LPDGDPHQWH�KDVWD�XQ�������GH�LQFUHPHQWR�HQ�OD�GHPDQGD�Pi[LPD�VLQ�TXH�HO�VLVWHPD�VXIUD�LQHVWDELOLGDG�GH�YROWDMH���



$3/,&$&,Ï1�'(�/$�7e&1,&$�'(�$1È/,6,6�02'$/�

���

������(VWXGLR�&RPSDUDWLYR�GH�ODV�2SFLRQHV�$QDOL]DGDV����(Q HVWD�VHFFLyQ�VH�OOHYD�D�FDER�XQ�HVWXGLR�FRPSDUDWLYR�GH�ODV�RSFLRQHV�DQDOL]DGDV�HQ�ORV�FDVRV��� ��\����/R�DQWHULRU�FRQ�REMHWR�GH�LOXVWUDU�ODV�FDUDFWHUtVWLFDV�SDUWLFXODUHV�GH�GLFKDV�RSFLRQHV��DVt�FRPR�GH�REVHUYDU�ODV�YHQWDMDV�\�GHVYHQWDMDV�TXH�FDGD�XQD�GH�HOODV�RIUHFH�SDUD�ILQDOPHQWH��FRQ�EDVH�HQ�ORV�UHVXOWDGRV�REWHQLGRV��SURSRQHU�OD�RSFLyQ�TXH�VH�FRQVLGHUH�PDV�DGHFXDGD�SDUD�HVWH�VLVWHPD�HQ�SDUWLFXODU���&RQ HO�SURSyVLWR�GH�OOHYDU�D�FDER�XQD�HYDOXDFLyQ�FRPSOHWD�GH�ORV�UHVXOWDGRV�TXH�RIUHFHQ�FDGD�XQD GH�ODV�RSFLRQHV�GH�FRPSHQVDFLyQ�DQDOL]DGDV��VH�UHDOL]D�XQ�DQiOLVLV�GHVGH�GLVWLQWRV�SXQWRV�GH YLVWD��WRPDQGR�HQ�FXHQWD�YDULRV�DVSHFWRV�FRQVLGHUDGRV�LPSRUWDQWHV�SDUD�GHWHUPLQDU�FXDO�GH�HVWDV�RSFLRQHV�SUHVHQWD�ODV�PD\RUHV�YHQWDMDV�SDUD�ORV�ILQHV�TXH�VH�SHUVLJXHQ���/RV� DVSHFWRV� DQDOL]DGRV� SDUD� HIHFWXDU� OD� FRPSDUDFLyQ� GH� ORV� UHVXOWDGRV� REWHQLGRV� VRQ� ORV�VLJXLHQWHV��� D� 3UR[LPLGDG�D�OD�,QHVWDELOLGDG�GH�9ROWDMH�0HGLDQWH�$QiOLVLV�0RGDO��E� 0iUJHQHV�R�5HVHUYD�GH�3RWHQFLD�5HDFWLYD�HQ�%XVHV�&UtWLFRV��&XUYDV�9�4��F��0iUJHQHV�GH�(VWDELOLGDG�R�'LVWDQFLD�DO�&RODSVR�GH�9ROWDMH��&XUYDV�3�9��G� 5HVHUYDV�GH�3RWHQFLD�5HDFWLYD�D�1LYHO�6LVWHPD�H�� 3pUGLGDV�GH�3RWHQFLD�$FWLYD�\�5HDFWLYD�D�1LYHO�6LVWHPD�I�� 3HUILOHV�GH�9ROWDMH�HQ�%XVHV�GHO�6LVWHPD��
��������&RPSDUDFLyQ�GH�OD�3UR[LPLGDG�D�OD�,QHVWDELOLGDG�GH�9ROWDMH��(Q OD�WDEOD������VH�LQFOX\HQ�ODV�PDJQLWXGHV�GH�ORV�PRGRV�FRUUHVSRQGLHQWHV�DO�DQiOLVLV�PRGDO�UHDOL]DGR�SDUD�ORV�FXDWUR�FDVRV�DQDOL]DGRV���

(,*(19$/25(6�3$5$�/26�&$626�$1$/,=$'26
&DVR�� &DVR�� &DVR�� &DVR����&(9�HQ�����\

0RGR �&DVR�%DVH� �&DSDFLWRUHV�HQ����N9� �&(9
V�HQ����N9� &DSDFLWRUHV�HQ����N9�
��O O ��O O ��O O ��O O

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

7DEOD�������9DORUHV�SURSLRV��PRGRV��REWHQLGRV�SDUD�ORV�GLVWLQWRV�FDVRV�DQDOL]DGRV��



$3/,&$&,Ï1�'(�/$�7e&1,&$�'(�$1È/,6,6�02'$/�

���

&RPR� VH� SXHGH� REVHUYDU� HQ� OD� WDEOD� ������ OD�PDJQLWXG� GH�λ PiV� GLVWDQWH� GHO� YDORU� FHUR� VH�
REWLHQH�FRQ�OD�RSFLyQ���OD�FXDO�FRQVLGHUD�OD�LQVWDODFLyQ�GH�GRV�&(9V�HQ�EXVHV�GH����N9��(VWR�LQGLFD�TXH�GHVGH�HO�SXQWR�GH�YLVWD�GH�SUR[LPLGDG�DO�FRODSVR�GH�YROWDMH��HVWD�RSFLyQ�SXGLHUD�VHU�OD PiV� UHFRPHQGDEOH�� 6LQ� HPEDUJR�� SDUD� REWHQHU� XQD� SHUVSHFWLYD� JOREDO� \� UHDOL]DU� XQD�SURSXHVWD�ELHQ�IXQGDPHQWDGD��HV�QHFHVDULR�HYDOXDU�WDPELpQ�ORV�RWURV�DVSHFWRV�PHQFLRQDGRV���
����� &RPSDUDFLyQ�GH�0iUJHQHV�GH�3RWHQFLD�5HDFWLYD�HQ�%XVHV�&UtWLFRV��(Q ODV�ILJXUDV�����D�D�����G�VH�LOXVWUDQ�ORV�PiUJHQHV�GH�SRWHQFLD�UHDFWLYD�SDUD�ORV�FXDWUR�FDVRV�DQDOL]DGRV�FRUUHVSRQGLHQWHV�D�ORV�EXVHV�PiV�FUtWLFRV�GHO�FDVR�EDVH��FDVR������

&XUYDV�4�9�3DUD�HO�0RGR����O��
&DVR�%DVH�

-6.0

-4.0

-2.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

0.75 0.80 0.85 0.90 0.95 1.00 1.05

9ROWDMH��>SX@

3
RW
HQ
FL
D�
5
HD
FW
LY
D�
�>0
9
$
U@

BUS 6113

BUS 6124

BUS 5105 BUS 5102

BUS 5106

� )LJXUD�����D��&XUYDV�9�4�SDUD�HO�FDVR���� �&DVR�%DVH���
&XUYDV�4�9�3DUD�HO�0RGR����O��

&DVR�FRQ�&(9
V�HQ�%XVHV�GH����N9�

-30.0

-25.0

-20.0

-15.0

-10.0

-5.0

0.0

5.0

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

9ROWDMH��>SX@

3
RW
HQ
FL
D�
5
HD
FW
LY
D�
�>0
9
$
U@

BUS 5102

BUS 6124

BUS 6113

BUS 5105

BUS 5106

�)LJXUD�����F��&XUYDV�9�4�SDUD�HO�FDVR������ ��&(9V�HQ�EXVHV�GH����N9����

&XUYDV�4�9�3DUD�HO�0RGR����O��
&DVR�FRQ�&DSDFLWRUHV�

-14.0

-12.0

-10.0

-8.0

-6.0

-4.0

-2.0

0.0

2.0

4.0

6.0

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

9ROWDMH��>SX@

3
RW
HQ
FL
D�
5
HD
FW
LY
D�
�>0
9
$
U@

BUS 5102

BUS 6113

BUS 6124

BUS 5105

BUS 5106

�)LJXUD�����E��&XUYDV�9�4�SDUD�HO�FDVR����%DQFRV���� GH�&DSDFLWRUHV�HQ�EXVHV��GH����N9���
&XUYDV�4�9�3DUD�HO�0RGR����O��

&DVR�FRQ�XQ�&(9�HQ�����\�&DSDFLWRUHV�HQ����N9�

-15.0

-10.0

-5.0

0.0

5.0

10.0

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

9ROWDMH��>SX@

3
RW
HQ
FL
D�
5
HD
FW
LY
D�
�>0
9
$
U@

BUS 5102

BUS 6113

BUS 6124

BUS 5105

BUS 5106

�)LJXUD�����G��&XUYDV�9�4�SDUD�HO�FDVR����&(9�HQ��� ����N9�\�&DSDFLWRUHV�HQ����N9��



$3/,&$&,Ï1�'(�/$�7e&1,&$�'(�$1È/,6,6�02'$/�

���

'H�DFXHUGR�D� ORV� UHVXOWDGRV� LOXVWUDGRV�HQ� ODV� ILJXUDV�����D D�����G� VH�SXHGH�YHU�TXH�GH� ORV�FDVRV�DQDOL]DGRV��HV�HO�FDVR���HQ�HO�TXH�VH�ORJUDQ�ORV�PHMRUHV�PiUJHQHV�GH�SRWHQFLD�UHDFWLYD�OR�FXDO�D�VX�YH]��LQGLFD�XQ�PD\RU�VRSRUWH�GH�YROWDMH�HQ�HVRV�EXVHV�FUtWLFRV�\��FRQVHFXHQWHPHQWH��HQ�ORV�EXVHV�FHUFDQRV�D�HVWRV��&RPR�VH�REVHUYD��ORV�UHVXOWDGRV�DUURMDGRV�SRU�HVWDV�FXUYDV�9�4�FRLQFLGHQ�FRPSOHWDPHQWH�FRQ�ORV�UHVXOWDGRV�LOXVWUDGRV�HQ�OD�WDEOD��������
�������&RPSDUDFLyQ�GH�0iUJHQHV�GH�(VWDELOLGDG��&XUYDV�3�9���(Q OD�ILJXUD������VH�PXHVWUDQ�ODV�FXUYDV�3�9�REWHQLGDV�SDUD�HO�FDVR�EDVH�\�ORV�FDVRV������\���FRUUHVSRQGLHQWHV�D�ODV�RSFLRQHV�GH�FRPSHQVDFLyQ�DQDOL]DGDV�HQ�HVWH�WUDEDMR���
�
�

)LJXUD������ � �&RPSDUDFLyQ�GH�PiUJHQHV�GH�HVWDELOLGDG�HQ�HO�EXV������SDUD�HO�FDVR�EDVH�\� ODV� WUHV�RSFLRQHV�GH�FRPSHQVDFLyQ�DQDOL]DGDV���'H DFXHUGR�D� ORV� UHVXOWDGRV� LOXVWUDGRV�HQ� ODV�FXUYDV�3�9�GH� OD� ILJXUD������VH�SXHGH�YHU�TXH�SDUD�HO�FDVR����VH�ORJUD�XQ�OtPLWH�Pi[LPR�GH�HVWDELOLGDG�GH�����0:��&RPR�VH�SXHGH�YHU��HVWH�OtPLWH�HV�FRQVLGHUDEOHPHQWH�PD\RU�TXH�ORV�OtPLWHV�REWHQLGRV�SDUD�ORV�FDVRV������\��������������\ ����0:�UHVSHFWLYDPHQWH���&RQVLGHUDQGR�TXH� OD�GHPDQGD�Pi[LPD�EDVH�GHO� VLVWHPD�HV�GH�����0:��SDUD� HO� FDVR��� VH� WLHQH�XQ�PDUJHQ�GH� VHJXULGDG�GH�����0:�HO� FXDO�� UHVXOWD�PX\�GLItFLO GH�DOFDQ]DU�SDUD�HVWH�WLSR�GH�VLVWHPDV��&RQ�EDVH�HQ�HVWRV�DVSHFWRV�VH�REVHUYD�FODUDPHQWH�TXH GHVGH� HO� SXQWR� GH� YLVWD� GHO�PDUJHQ� GH� HVWDELOLGDG�� HO� FDVR� �� SUHVHQWD� YLVLEOHV� YHQWDMDV�UHVSHFWR�D�ODV�RSFLRQHV�GH�FRPSHQVDFLyQ�PDQHMDGDV�HQ�ORV�FDVRV���\�����

&859$6�3�9�(1�(/�%86�������%86�&21�(/�0$<25�)$&725�'(�3$57,&,3$&,Ï1�3$5$�(/�02'2�O��
&203$5$&,Ï1�'(�/26�0È5*(1(6�'(�(67$%,/,'$'�3$5$�/26�&8$752�&$626�$1$/,=$'26

0.83

0.86

0.89

0.92

0.95

0.98

1.01

1.04

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

'(0$1'$�727$/�'(/�6,67(0$��>0:@

&DVR�%DVH

&DVR��

&DVR��

&DVR��

'HPDQGD�0i[LPD�3DUD
HO�$xR����� ����0:



$3/,&$&,Ï1�'(�/$�7e&1,&$�'(�$1È/,6,6�02'$/�

���

��������&RPSDUDFLyQ�GH�5HVHUYDV�GH�3RWHQFLD�5HDFWLYD�D�1LYHO�6LVWHPD��
�(Q� OD� WDEOD� ����� VH� UHSRUWD� OD� SRWHQFLD� UHDFWLYD� JHQHUDGD� SRU� ODV� XQLGDGHV� JHQHUDGRUDV� GHO�VLVWHPD� SDUD� ORV� FXDWUR� FDVRV� DQDOL]DGRV�� /R� DQWHULRU� FRQ� REMHWR� GH� HYDOXDU� OD� UHVHUYD� GH�SRWHQFLD UHDFWLYD�D�QLYHO�VLVWHPD�TXH�VH�REWLHQH�SDUD�FDGD�FDVR�HQ�SDUWLFXODU���

327(1&,$�5($&7,9$�(1�*(1(5$'25(6�3$5$�/26�&$626�$1$/,=$'26
1RPEUH 1~PHUR &$62�� &$62�� &$62�� &$62��

GHO�%XV GH�%XV 4�>09$U@ 4�>09$U@ 4�>09$U@ 4�>09$U@

&+;�+� ���� ������� ������� ������� ������

&+;�+� ���� ������� ������� ������� ������

&+;�+� ���� ������� ������� ������� ������

&+;�+� ���� ������� ������� ������� ������

&+;�+� ���� ������� ������� ������� ������

$*8�+� ���� ������� ������� ������� ������

$*8�+� ���� ������� ������� ������� ������

$*8�+� ���� ������� ������� ������� ������

-85�+� ���� ������ ������ ������ ������

-85�+� ���� ������ ������ ������ ������

-85�+� ���� ������ ������ ������ ������

/(6�+* ���� ������ ������� ������� ������

5%2�+* ���� ������ ������ ������� ������

60$�+* ���� ������ ������� ������� ������

6$/�+* ���� ������ ������ ������ ������

325�+* ���� ������ ������ ������ ������

(6&�*� ���� ������ ������ ������ ������

(6&�*� ���� ������ ������ ������� �������

(6&�*� ���� ������ ������ ������ ������

(6&��� ���� ������ ������ ������ ������

3%$�' ���� ������ ������� ������� ������

/$*�*� ���� ������ ������ ������ ������

/$*�*� ���� ������ ������ ������ ������

(15�%� ���� ������� ������� ������� ������

(15�%� ���� ������� ������� ������� ������

6,'�%� ���� ������� ������� ������� ������

7$0�*� ���� ������� ������� ������� ������

7$0�*� ���� ������� ������� ������� ������

&21�9� ���� ������ ������ ������ ������

/81�9� ���� ������� ������� ������� �������

0$*�9� ���� ������ ������ ������ ������

07,�9� ���� ������ ������� ������� ������

317�9� ���� ������ ������ ������� ������

=25�9� ���� ������ ������ ������ ������

4 727$/�>09$U@ �������� �������� �������� �������
7DEOD�������3RWHQFLD�UHDFWLYD�GH�JHQHUDFLyQ�HQ�XQLGDGHV�GHO�VLVWHPD�SDUD�ORV�FXDWUR�FDVRV��



$3/,&$&,Ï1�'(�/$�7e&1,&$�'(�$1È/,6,6�02'$/�

���

&RPR�VH�REVHUYD�HQ� OD� WDEOD�������SDUD�HO�FDVR��� OD�SRWHQFLD�UHDFWLYD� WRWDO�GHO�VLVWHPD�HV�GH������FRQWUD�PDV�GH�������GH�ORV�RWURV�WUHV�FDVRV��(VWR�LQGLFD�TXH�FRQ�HVWD�RSFLyQ����VH�ORJUD�XQ�DKRUUR�GH��������09$5V�HQ�OD�UHVHUYD�GH�SRWHQFLD�UHDFWLYD�GHO�VLVWHPD�UHVSHFWR�D�OD�RSFLyQ���OD FXDO�� GH� DFXHUGR� D� ORV� UHVXOWDGRV� GH� ODV� VHFFLRQHV� ������ \� ������ SUHVHQWDED� PHMRUHV�FDUDFWHUtVWLFDV� HQ� ORV� DVSHFWRV� DQDOL]DGRV� HQ� HVDV� VHFFLRQHV�� (V� LPSRUWDQWH� DSXQWDU� TXH� FRQ�HVWH�FDVR���VH�ORJUD�XQD�QRWDEOH�PHMRUtD�HQ�OD�SRWHQFLD�UHDFWLYD�GH�ODV�PiTXLQDV�\D�TXH��FRPR�VH YH��pVWDV�TXHGDQ�EDVWDQWH�GHVDKRJDGDV�R�FDVL�OLEUHV�GHELGR�D�TXH�HQWUHJDQ�R�DEVRUEHQ�HQ�VX�FDVR��FDQWLGDGHV�PX\�SHTXHxDV�GH�SRWHQFLD�UHDFWLYD�OR�FXDO��SHUPLWH�D�QLYHO�VLVWHPD�XQ�PHMRU�FRQWURO�GH�YROWDMH����
��������&RPSDUDFLyQ�GH�3pUGLGDV�GH�3RWHQFLD�$FWLYD�\�5HDFWLYD�HQ�HO�6LVWHPD��(Q OD� WDEOD� ����� VH� LQFOX\HQ� ODV� SpUGLGDV� GH� SRWHQFLD� DFWLYD� \� UHDFWLYD� D� QLYHO� VLVWHPD�� 6H�SXHGH YHU�HQ�HVWD�WDEOD�TXH�HQ�HO�FDVR����VH�UHGXFHQ�KDVWD�HQ������\�������09$U�ODV�SpUGLGDV�GH SRWHQFLD� UHDFWLYD� HQ� ODV� OtQHDV� GH� WUDQVPLVLyQ� GH� ���� \� ��� N9� UHVSHFWLYDPHQWH� OR� FXDO��UHGXFH�FRQVHFXHQWHPHQWH�ODV�SpUGLGDV�GH�SRWHQFLD�DFWLYD�HQ�HVRV�QLYHOHV�GH�WHQVLyQ�\�D�QLYHO�VLVWHPD�HQ�JHQHUDO���
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������&RQFOXVLRQHV�\�2EVHUYDFLRQHV�GHO�(VWXGLR�5HDOL]DGR��&RQ EDVH�HQ�ORV�DVSHFWRV�DQDOL]DGRV�HQ�ODV�GLVWLQWDV�VHFFLRQHV�GH�HVWH�FDStWXOR���\��WRPDQGR�HQ�FXHQWD� OD�FRPSDUDFLyQ�GH� ORV� UHVXOWDGRV� LOXVWUDGRV�HQ� ODV� WDEODV����� D ����� \� HQ� ODV� ILJXUDV�����D�D ����� VH�SXHGHQ�KDFHU�ORV�VLJXLHQWHV�FRPHQWDULRV���
¾ 6H REVHUYD�TXH�OD�RSFLyQ�GH�FRPSHQVDFLyQ�SURSXHVWD�HQ�HO�FDVR���HQ�JHQHUDO�SUHVHQWD�PiV�YHQWDMDV�UHVSHFWR�D�ODV�RWUDV�GRV�RSFLRQHV�GH�FRPSHQVDFLyQ�GH�ORV�FDVRV���\����9DOH�OD�SHQD�UHFRUGDU�TXH�OD�RSFLyQ�GH�FRPSHQVDFLyQ�DVXPLGD�HQ�HO�FDVR���FRQVLVWH�HQ�OD�LQVWDODFLyQ�GH�EDQFRV� GH� FDSDFLWRUHV� HQ� DOJXQRV� EXVHV� FUtWLFRV� GH� ��� N9� \� OD� XELFDFLyQ� GH� XQ�FRPSHQVDGRU�HVWiWLFR�GH�YDUV�HQ�XQ�EXV�HVWUDWpJLFR�GH�����N9����
¾ (Q HO� GHVDUUROOR� GH� HVWH� FDStWXOR� VH� LOXVWUDQ� ODV� YHQWDMDV� TXH� VH� REWLHQHQ� DO� XWLOL]DU� GH�PDQHUD� FRQMXQWD� OD� WpFQLFD�GH�DQiOLVLV�PRGDO� FRQ�DOJXQDV� WpFQLFDV� FRQYHQFLRQDOHV� FRPR�ODV�FXUYDV�9�4�\�3�9��'H�HVWD�PDQHUD��PLHQWUDV�TXH�FRQ�HO�DQiOLVLV�PRGDO�VH�REWLHQH�XQD�UiSLGD�LQIRUPDFLyQ�GH�OD�SUR[LPLGDG�D�OD�LQHVWDELOLGDG�DVt�FRPR�GH�ORV�EXVHV�\�]RQDV�PiV�GpELOHV�GHO�VLVWHPD��PHGLDQWH�ODV�FXUYDV�9�4�\�3�9�VH�KDFH�SRVLEOH�FXDQWLILFDU�HQ�XQLGDGHV�ItVLFDV��09$U�\�0:�UHVSHFWLYDPHQWH��ORV�PiUJHQHV�GH�VHJXULGDG�TXH�VH�WLHQHQ�DQWHV�GH�TXH VH�SUHVHQWH�HO�FRODSVR�GH�YROWDMH���
¾ 6H PXHVWUDQ�ODV�IDFLOLGDGHV�\�OD�FRQILDELOLGDG�TXH�SURSRUFLRQD�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�SDUD XELFDU�ODV�]RQDV�GHO�VLVWHPD�PiV�GpELOHV�HQ�VRSRUWH�GH�YROWDMH��/RV�EXVHV�FRQ�ORV�PiV�DOWRV IDFWRUHV� GH� SDUWLFLSDFLyQ� ORFDOL]DGRV� SUHFLVDPHQWH� HQ� HVWDV� ]RQDV�� UHSUHVHQWDQ� ORV�VLWLRV�PiV�UHFRPHQGDEOHV�SDUD�XELFDU�DOJ~Q�HOHPHQWR�GH�FRPSHQVDFLyQ�UHDFWLYD�OR�FXDO��VH�OOHYD�D�FDER�HQ�HVWH�WUDEDMR�DQDOL]DQGR�GLVWLQWDV�DOWHUQDWLYDV���
¾ 'HELGR�DO�DOWR�FRVWR�TXH�UHSUHVHQWD�XELFDU�XQ�FRPSHQVDGRU�HVWiWLFR�GH�YDUV�HQ�XQ�EXV�GH���� N9��FRQ�VX�GHELGR�WUDQVIRUPDGRU���VH�SXGLHUD�SHQVDU�TXH�OD�RSFLyQ�GH�FRPSHQVDFLyQ�PDQHMDGD� HQ� HO� FDVR� �� SXHGH� QR� VHU� FRPSDUDEOH� HFRQyPLFDPHQWH� FRQ� ODV� RWUDV� GRV�RSFLRQHV�GH�ORV�FDVRV���\���VLQ�HPEDUJR��VL�VH�DQDOL]DQ�D�GHWDOOH�ORV�DKRUURV�HQ�ODV�SpUGLGDV�GH SRWHQFLD�\�VH�OH�GD�XQ�SUHFLR�LPSRUWDQWH�D�OD�FRQILDELOLGDG�JDQDGD�HQ�HO�VLVWHPD�FRQ�HVWD�RSFLyQ�� VHJXUDPHQWH� VH� SRGUtDQ� REVHUYDU� LPSRUWDQWHV� EHQHILFLRV� HFRQyPLFRV� DGHPiV� GH�ODV�YHQWDMDV�WpFQLFDV�LOXVWUDGDV�HQ�HVWH�UHSRUWH��(VWRV�DVSHFWRV�HFRQyPLFRV�QR�VH�DQDOL]DQ�HQ HVWH�WUDEDMR�\D�TXH�FDEH�UHFRUGDU��TXH�XQR�GH�ORV�SULQFLSDOHV�REMHWLYRV�GH�HVWH�WUDEDMR�HV�PRVWUDU� OD� DSOLFDFLyQ� GH� OD� WpFQLFD� GH� DQiOLVLV� PRGDO� SDUD� HYDOXDU� GH� PDQHUD� UiSLGD� \�FRQILDEOH� OD� HVWDELOLGDG� GH� YROWDMH� GH� XQ� VLVWHPD� \�� HQ� ORV� FDVRV� TXH� DVt� OR� UHTXLHUDQ��HYDOXDU�WDPELpQ�ODV�DOWHUQDWLYDV�FRQWHPSODGDV�SDUD�PHMRUDU�GLFKD�HVWDELOLGDG���
¾ 'H DFXHUGR� D� ORV� GLYHUVRV� UHVXOWDGRV� LOXVWUDGRV� HQ� HVWH� FDStWXOR�� XQR� GH� ORV� DVSHFWRV�FRQVLGHUDGRV� FRPR�PiV� LPSRUWDQWHV� HQ� HVWH� WUDEDMR� HV� HO� KHFKR� GH� SRGHU� HVWDEOHFHU� XQ�SURFHGLPLHQWR�R�PHWRGRORJtD�SDUD� UHDOL]DU�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH��$�SHVDU�GH�TXH ODV� FDUDFWHUtVWLFDV� GH� ORV� VLVWHPDV� HOpFWULFRV� SXHGHQ� VHU� PX\� GLVWLQWDV� HQWUH� Vt�� VH�FRQVLGHUD� TXH� OD�PHWRGRORJtD� VHJXLGD� HQ� HVWH� FDStWXOR� SXHGH� VHUYLU� FRPR� XQD� JXtD� TXH�PDUTXH�DOJXQRV�OLQHDPLHQWRV�SDUD�UHDOL]DU�HVWD�FODVH�GH�HVWXGLRV����
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������ 5HVXPHQ�GH�$VSHFWRV�*HQHUDOHV���(Q OD�~OWLPD�GpFDGD�ORV�6LVWHPDV�(OpFWULFRV�GH�3RWHQFLD�HQ�JHQHUDO��VH�KDQ�YLVWR�FDGD�YH]�PiV�UHVWULQJLGRV�HQ�VXV�SRVLELOLGDGHV�GH�FUHFLPLHQWR�WDQWR�HQ�OD�JHQHUDFLyQ�FRPR�HQ�VXV�UHGHV�GH�WUDQVPLVLyQ��(VWDV� UHVWULFFLRQHV� VH� KDQ� GDGR� SULQFLSDOPHQWH� GHELGR� D� GLYHUVRV� IDFWRUHV� WDOHV�FRPR� OD� GLILFXOWDG� SDUD� FRQVHJXLU� QXHYRV� GHUHFKRV� GH� YtD�� DVSHFWRV� GH� WLSR� HFROyJLFR� \��SULQFLSDOPHQWH��ODV�JUDQGHV�OLPLWDQWHV�HFRQyPLFDV�GH�ORV�SDtVHV�HQ�GHVDUUROOR�ORV�FXDOHV��HVWiQ�PX\ OHMRV� GH� FRQWDU� FRQ� HO� SRGHUtR� HFRQyPLFR�GH� ODV� JUDQGHV� SRWHQFLDV�PXQGLDOHV��'H� HVWD�IRUPD� ODV� HPSUHVDV� GH� HQHUJtD� HOpFWULFD� KDQ� YHQLGR� REVHUYDQGR� TXH� DQWH� ODV� SRFDV�SRVLELOLGDGHV� GH� XQ� FUHFLPLHQWR� VDWLVIDFWRULR�� XQD� EXHQD� DOWHUQDWLYD� HV� HO� DSURYHFKDU� DO��Pi[LPR \�GH�PDQHUD�PiV�HILFLHQWH�ORV�UHFXUVRV�TXH�DFWXDOPHQWH�VH�WLHQHQ��6XUJH�HQWRQFHV��XQD�FUHFLHQWH�QHFHVLGDG�SDUD�KDFHU�XQ�XVR�PiV�LQWHQVLYR�GH�ORV�PHGLRV�GH�WUDQVPLVLyQ�GH�HQHUJtD�HOpFWULFD�GLVSRQLEOHV�SRU�OR�FXDO��VH�SUHWHQGH�WUDQVSRUWDU�OD�PD\RU�FDQWLGDG�GH�HQHUJtD�SRVLEOH�SRU ODV� OtQHDV�GH� WUDQVPLVLyQ�H[LVWHQWHV��&RQ�EDVH�HQ�OR�DQWHULRUPHQWH�GHVFULWR��VH�SXHGH�YHU�TXH OD�FDSDFLGDG�GH�WUDQVPLVLyQ�GH�SRWHQFLD�KD�UHSUHVHQWDGR�HQ�ORV�~OWLPRV�DxRV�XQ�DVSHFWR�GH�JUDQ LQWHUpV�SDUD�OD�SODQHDFLyQ�\�RSHUDFLyQ�GH�ORV�6LVWHPDV�(OpFWULFRV�GH�3RWHQFLD��6(3V���(VWD�FDSDFLGDG�GH�WUDQVPLVLyQ�KD�HVWDGR�WUDGLFLRQDOPHQWH�OLPLWDGD�SULQFLSDOPHQWH�SRU�IDFWRUHV�WDOHV�FRPR��D��/D�HVWDELOLGDG�DQJXODU��E�(O� OtPLWH� WpUPLFR�Pi[LPR�GH�ODV�OtQHDV�GH�WUDQVPLVLyQ�\��
F�/D�(VWDELOLGDG�GH�9ROWDMH�>�@��
$IRUWXQDGDPHQWH�� ODV� UHVWULFFLRQHV� UHODFLRQDGDV� D� OD� HVWDELOLGDG� DQJXODU� KDQ� GLVPLQXLGR�~OWLPDPHQWH�GH�PDQHUD�FDGD�YH]�PiV�VDWLVIDFWRULD��HVWR�GHELGR�SULQFLSDOPHQWH�D��ORV�PRGHUQRV�GLVSRVLWLYRV� \� HTXLSRV�FRQ�TXH� VH� FXHQWD� DFWXDOPHQWH�SDUD� UiSLGRV� OLEUDPLHQWRV�GH� IDOODV�GH�FRUWR� FLUFXLWR�� VLVWHPDV� GH� H[FLWDFLyQ� SRGHURVRV� \� D� GLYHUVRV� FRQWUROHV� GH� HVWDELOLGDG�HVSHFLDOHV�� 3RU� VX� SDUWH�� HO� OtPLWH� WpUPLFR� GH� ODV� OtQHDV� VH� KD� PHMRUDGR� WDPELpQ�VLJQLILFDWLYDPHQWH� FRQ� OD� LPSOHPHQWDFLyQ�GH�QXHYRV�\�PHMRUHV� FRQGXFWRUHV��6LQ� HPEDUJR��D�PHGLGD TXH�ODV�GRV�SULPHUDV�UHVWULFFLRQHV�DUULED�PHQFLRQDGDV�KDQ�VLGR�GLVPLQXLGDV��OD�~OWLPD�\ WHUFHU�OLPLWDQWH�UHSUHVHQWDGD�SRU�ORV�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH��KD�YHQLGR�WRPDQGR�FDGD�YH]�PD\RU� LPSRUWDQFLD�HQ� OD�GHWHUPLQDFLyQ�GH� ORV� OtPLWHV�Pi[LPRV�GH� WUDQVIHUHQFLD�GH�SRWHQFLD HQ�XQ�VLVWHPD�HOpFWULFR���
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'H�HVWD�IRUPD��OD�HVWDELOLGDG�GH�YROWDMH�HQ�OD�~OWLPD�GpFDGD�KD�DGTXLULGR�XQD�PD\RU�UHOHYDQFLD�HQ� OD� SODQHDFLyQ� \� RSHUDFLyQ�GH�6LVWHPDV�(OpFWULFRV� GH�3RWHQFLD� �6(3V���(VWR� GHELGR� D� TXH�SUREOHPDV�GH�FRODSVR�GH�YROWDMH�KDQ�GHVHQFDGHQDGR�HQ�JUDQGHV�SpUGLGDV�GH�FDUJD�\�HQ�IXHUWHV�GLVWXUELRV�FRPR�HO�RFXUULGR�HQ�7RNLR�HQ�-XOLR�GH������>�@����
$ SHVDU�GH�TXH�VH�KDQ�ORJUDGR�JUDQGHV�DYDQFHV�HQ�OD�FRPSUHQVLyQ�GH�OD�HVWDELOLGDG�GH�YROWDMH��H[LVWHQ� WRGDYtD� PXFKDV� IDFHWDV� GHO� SUREOHPD� ODV� FXDOHV� FRPSUHQGHQ� ORV� FRQWUROHV� GHO�JHQHUDGRU�� OD� FRPSHQVDFLyQ� GH� SRWHQFLD� UHDFWLYD� GH� OD� UHG� GH� WUDQVPLVLyQ�� HO� GLVHxR� GH� ODV�UHGHV GH� GLVWULEXFLyQ� \� ODV� FDUDFWHUtVWLFDV� GH� OD� FDUJD�� &RPR� VH� SXHGH� YHU�� HO� SUREOHPD� GH�HVWDELOLGDG� GH� YROWDMH� QR� HVWi� WRGDYtD� FRPSOHWDPHQWH� HQWHQGLGR� \D� TXH� H[LVWHQ� PXFKRV�DVSHFWRV� TXH� LQWHUYLHQHQ� HQ� HO� SUREOHPD� GH� HQWUH� ORV� FXDOHV�� ODV� FDUDFWHUtVWLFDV� ItVLFDV� \� ORV�PRGHORV�PDWHPiWLFRV�GH�XQD�DPSOLD�JDPD�GH�HTXLSR�GHVHPSHxDQ�XQ�SDSHO�PX\�LPSRUWDQWH����
(V SRVLEOH�SUHGHFLU�TXH�HO� IHQyPHQR�GH�HVWDELOLGDG�GH�YROWDMH�SHUPDQHFHUi� HQ� ORV�SUy[LPRV�DxRV� FRPR� XQ� LPSRUWDQWH� UHWR� GHQWUR� GH� OD� LQGXVWULD� HOpFWULFD� \� TXH�� PX\� SUREDEOHPHQWH��WHQGHUi� D� LQFUHPHQWDUVH� VX� LPSRUWDQFLD�� /D� HVWDELOLGDG� GH� YROWDMH� HV� XQ� WHPD� WRGDYtD� PX\�MRYHQ \� SRU� OR� WDQWR�� PXFKRV� DYDQFHV� HQ� VX� FRPSUHQVLyQ� \� GHVDUUROOR� GH� VRIWZDUH� SDUD� VX�VLPXODFLyQ��SRGUtDQ�VHU�OOHYDGRV�D�FDER�HQ�ORV�SUy[LPRV�DxRV��

3DUD�UHDOL]DU�ORV�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH�VH�KDQ�GHVDUUROODGR�GLIHUHQWHV�WpFQLFDV�ODV�FXDOHV��VH�HQFXHQWUDQ��GLYLGLGDV�HQ�GRV�JUDQGHV�JUXSRV�>��@���
D� 7pFQLFDV�GH�$QiOLVLV�HQ�(VWDGR�(VWDEOH�\���
�
E� 7pFQLFDV�GH�6LPXODFLyQ�'LQiPLFD��

/DV WpFQLFDV�GH�VLPXODFLyQ�GLQiPLFD�HQ�HO�GRPLQLR�GHO�WLHPSR�VRQ�HQ�JHQHUDO�SRFR�XWLOL]DGDV�GHELGR�SULQFLSDOPHQWH�D�ODV�JUDQGHV�FDQWLGDGHV�GH�WLHPSR�GH�FyPSXWR�TXH�pVWDV�UHTXLHUHQ�\��D�OD FRPSOHMLGDG� TXH� VH� SUHVHQWD� WDQWR� SDUD� PRGHODU� WRGRV� ORV� GLVSRVLWLYRV� GHO� VLVWHPD� TXH�LQWHUYLHQHQ� HQ� HO� IHQyPHQR�� DVt� FRPR� SDUD� OD� LQWHUSUHWDFLyQ� GH� UHVXOWDGRV� ORV� FXDOHV�� QR�SUHVHQWDQ�LQIRUPDFLyQ�IiFLO�GH�DQDOL]DU�D�VLPSOH�YLVWD�� �'H�DFXHUGR�D�HVWR��VH�WLHQH�TXH�GH�OD�DQWHULRU�FODVLILFDFLyQ�KDQ�VLGR�HQWRQFHV�ODV�WpFQLFDV�HQ�HVWDGR�HVWDEOH�ODV�TXH�KDQ�WHQLGR�XQD�PD\RU DSOLFDFLyQ��HVWR�GHELGR�D� OD� IDFLOLGDG�SDUD�VX� LPSOHPHQWDFLyQ�\�D�TXH�GLFKDV� WpFQLFDV�HVWiQ�EDVDGDV�SULQFLSDOPHQWH�HQ�OD�IRUPXODFLyQ�FRQYHQFLRQDO�GH�IOXMRV�GH�SRWHQFLD���
+DVWD� KR\� HQ� GtD�� ODV� FRPSDxtDV� GH� VXPLQLVWUR� GH� HQHUJtD� HOpFWULFD� KDQ� GHSHQGLGR�HQRUPHPHQWH� GH� SURJUDPDV� FRQYHQFLRQDOHV� GH� IOXMRV� GH� FDUJD� SDUD� OOHYDU� D� FDER� HO� DQiOLVLV�HVWiWLFR�GH�HVWDELOLGDG�GH�YROWDMH��/D�HVWDELOLGDG�HQ�HVWH�FDVR�VH�GHWHUPLQD�PHGLDQWH�HO�FiOFXOR�GH ODV�FXUYDV�3�9 \ 9�4 HQ�QRGRV�GH�FDUJD�VHOHFFLRQDGRV�SUHYLDPHQWH����
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/DV� FXUYDV� 3�9 \ 9�4 VRQ JHQHUDGDV� UHDOL]DQGR� XQ� JUDQ� Q~PHUR� GH� FiOFXORV� GH� IOXMRV� GH�SRWHQFLD XWLOL]DQGR� SDUD� HVWH� ILQ� PRGHORV� FRQYHQFLRQDOHV�� $XQTXH� HVWRV� SURFHGLPLHQWRV� GH�JHQHUDFLyQ�GH�FXUYDV�SXHGHQ�VHU�DXWRPDWL]DGRV��FRQVXPHQ�GHPDVLDGR�WLHPSR�GH�FRPSXWR�\�QR�SURSRUFLRQDQ�XQD�UiSLGD�LQIRUPDFLyQ�TXH�SXHGD�VHU�~WLO�SDUD�FRQRFHU�GH�PDQHUD�PiV�FHUWHUD�\�GHWDOODGD�� ODV� FDXVDV� TXH�GDQ� OXJDU� D� ORV�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH��$GHPiV�GH� OR�DQWHULRU��HVWRV�SURFHGLPLHQWRV�VH�HQIRFDQ�VREUH�QRGRV�LQGLYLGXDOHV��HVWR�HV��ODV�FDUDFWHUtVWLFDV�GH OD�HVWDELOLGDG�VRQ�HVWDEOHFLGDV�VRPHWLHQGR�D�FRQGLFLRQHV�GH�HVIXHU]R D FDGD�QRGR�HQ�IRUPD�LQGHSHQGLHQWH�� (VWR� SRGUtD� HQ� DOJXQRV� FDVRV� GLVWRUVLRQDU� GH�PDQHUD� QR� UHDO� OD� FRQGLFLyQ�GH�HVWDELOLGDG�GHO�VLVWHPD��7DPELpQ��HV�LPSRUWDQWH�KDFHU�QRWDU�TXH�ORV�QRGRV�VHOHFFLRQDGRV�SDUD�HO� DQiOLVLV� GH� ODV� FXUYDV�3�9� \�9�4� GHEHQ� VHU� HOHJLGRV� FXLGDGRVDPHQWH� \� SRU� OR� WDQWR�� VRQ�UHTXHULGDV� XQ� HQRUPH� Q~PHUR� GH� HVWH� WLSR� GH� FXUYDV� SDUD� REWHQHU� XQD� LQIRUPDFLyQ� PiV�FRPSOHWD�� 3RU� RWUD� SDUWH�� VH� SXHGH� SUHVHQWDU� HO� FDVR� HQ� HO� TXH� QR� VHD� SRVLEOH� JHQHUDU�FRPSOHWDPHQWH� HVWDV� FXUYDV� GHELGR� D� SUREOHPDV� GH� GLYHUJHQFLD� HQ� ORV� IOXMRV� GH� SRWHQFLD�RFDVLRQDGRV�SRU�SUREOHPDV�HQ�DOJ~Q�OXJDU�GHO�VLVWHPD�HOpFWULFR���(Q ORV� ~OWLPRV� FLQFR� DxRV� VLQ� HPEDUJR�� KDQ� YHQLGR� DSDUHFLHQGR� HQ� OD� OLWHUDWXUD� DOJXQDV�WpFQLFDV�HVSHFLDOHV�SDUD�UHDOL]DU�HO�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�XWLOL]DQGR�SURFHGLPLHQWRV�HVWiWLFRV� EDVDGRV� HQ� HO� DQiOLVLV� OLQHDO�� /DV� WpFQLFDV� GH� DQiOLVLV� HQ� HVWDGR� HVWDEOH� WDPELpQ�FRQRFLGDV�FRPR�WpFQLFDV�GH�$QiOLVLV�/LQHDO��H[DPLQDQ�GH�PDQHUD�FRQILDEOH�OD�HVWDELOLGDG�GH�YROWDMH� HQ� XQD� FRQGLFLyQ� GH� RSHUDFLyQ� GDGD�� /RV� SURFHGLPLHQWRV� HQ� HVWDGR� HVWDEOH� FDSWXUDQ�FRQGLFLRQHV�LQVWDQWiQHDV��IRWRJUDItDV��GH�XQ�VLVWHPD�HQ�GLIHUHQWHV�HVFHQDULRV�D�OR�ODUJR�GH�XQD�WUD\HFWRULD� HQ� HO� GRPLQLR� GHO� WLHPSR�� &RPR� VH�PHQFLRQy� DQWHULRUPHQWH�� OD� PD\RUtD� GH� ODV�WpFQLFDV�GH�DQiOLVLV�OLQHDO�HVWiQ�EDVDGDV�HQ�ODV�HFXDFLRQHV�OLQHDOL]DGDV�GH�IOXMRV�GH�SRWHQFLD��

/DV WpFQLFDV�GH�DQiOLVLV�OLQHDO�PiV�FRQRFLGDV�KDVWD�HO�PRPHQWR�VRQ�ODV�VLJXLHQWHV���
D�� $QiOLVLV�GH�VHQVLWLYLGDG�9�4���
E�� 'HVFRPSRVLFLyQ�GHO�YDORU�VLQJXODU��
�
F� $QiOLVLV�0RGDO���

(VWDV WpFQLFDV�FRQ�VXV�GHELGDV�SDUWLFXODULGDGHV��WLHQHQ�FRPR�EDVH�FRP~Q�OD�GHVFRPSRVLFLyQ�\�PDQLSXODFLyQ� PDWHPiWLFD� GH� OD� PDWUL]� -DFRELDQD� GHO� PpWRGR� GH� 1HZWRQ�5DSKVRQ� SDUD� OD�VROXFLyQ� GH� ODV� HFXDFLRQHV� GH� IOXMRV� GH� SRWHQFLD�� (Q� HVWH� WUDEDMR� VH� XWLOL]y� OD� WpFQLFD� GH�
DQiOLVLV�PRGDO�SDUD� OOHYDU�D�FDER� ORV�HVWXGLRV�GH�HVWDELOLGDG�GH�YROWDMH�QHFHVDULRV�GXUDQWH�HO�GHVDUUROOR�GH�OD�WHVLV����/D WpFQLFD�GH�DQiOLVLV�PRGDO�SURSRUFLRQD� LQIRUPDFLyQ�PX\�~WLO� H� LPSRUWDQWH� UHIHUHQWH� D�GRV�LPSRUWDQWHV�DVSHFWRV�FRPR�VRQ��D��HO�PDUJHQ�GH�HVWDELOLGDG�GH�YROWDMH�\��E��HO�PHFDQLVPR�GH�
OD LQHVWDELOLGDG�GH�YROWDMH� (VWRV�GRV�IXQGDPHQWDOHV�DVSHFWRV�SXHGHQ�VHU�REVHUYDGRV�PHGLDQWH�OD REWHQFLyQ� GH� ORV� HLJHQYDORUHV� R� PRGRV� FUtWLFRV� \� VXV� FRUUHVSRQGLHQWHV� HLJHQYHFWRUHV�DVRFLDGRV��
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/D� WpFQLFD� GH� DQiOLVLV� PRGDO� DSOLFDGD� DO� HVWXGLR� GH� OD� HVWDELOLGDG� GH� YROWDMH� REWLHQH� ORV�HLJHQYDORUHV�GH� OD�PDWUL]�-DFRELDQD� ORV�FXDOHV�� UHSUHVHQWDQ� ORV�PRGRV�FUtWLFRV�GH�YROWDMH�GHO�VLVWHPD��/D�PDJQLWXG�GH� ORV�HLJHQYDORUHV�SURSRUFLRQD�XQD�PHGLGD� UHODWLYD�GH� OD�SUR[LPLGDG�GHO� VLVWHPD� D� OD� LQHVWDELOLGDG� GH� YROWDMH��$GHPiV� GH� OR� DQWHULRU��PHGLDQWH� HO� FiOFXOR� GH� ORV�HLJHQYHFWRUHV� L]TXLHUGR� \� GHUHFKR� DVRFLDGRV� D� FDGD� HLJHQYDORU�� HO� DQiOLVLV� PRGDO� RIUHFH� OD�SRVLELOLGDG� GH� FDOFXODU� IDFWRUHV� GH� SDUWLFLSDFLyQ� GH� QRGRV�� UDPDV� \� JHQHUDGRUHV� GHO� VLVWHPD��YHU VHFFLyQ� ������ (Q� HVWH� WUDEDMR� HQ� SDUWLFXODU�� VH� REWLHQHQ� ORV� IDFWRUHV� GH� SDUWLFLSDFLyQ� GH�QRGRV \� VH� VXJLHUH� SDUD� WUDEDMRV� IXWXURV�� LPSOHPHQWDU� HO� FiOFXOR� GH� ORV� IDFWRUHV� GH�SDUWLFLSDFLyQ�GH�UDPDV�\�JHQHUDGRUHV���/RV HLJHQYDORUHV�LQGLFDQ�VL�FDGD�PRGR�WLHQH�HVWDELOLGDG�GH�YROWDMH�\�SURSRUFLRQDQ�XQ�UHODWLYR�JUDGR GH� HVWDELOLGDG�� 2WUR� DVSHFWR� LPSRUWDQWH� GHO� DQiOLVLV� GH� HVWDELOLGDG� GH� YROWDMH� HV� HO�GHWHUPLQDU�FXDOHV�HOHPHQWRV�ItVLFRV�HVWiQ�DVRFLDGRV�FRQ�FDGD�PRGR�SDUD�FRQ�HVWR��HVWDEOHFHU�HO�PHFDQLVPR�GH�OD�SRWHQFLDO�LQHVWDELOLGDG�GH�YROWDMH��/RV�HOHPHQWRV�FODYH�GHO�VLVWHPD�LQFOX\HQ�WRGRV�ORV�QRGRV��UDPDV�\�JHQHUDGRUHV��3DUD�FDGD�XQR�GH�HVRV�HOHPHQWRV��HV�GHILQLGR�XQ�IDFWRU�GH SDUWLFLSDFLyQ�SDUD� FDGD�PRGR�EDVDGR� HQ� ORV� HLJHQYHFWRUHV� GHUHFKR� H� L]TXLHUGR�GH�-5� /D�SDUWLFLSDFLyQ�HV�XQD�LQGLFDFLyQ�GHO�JUDGR�HQ�HO�FXDO�FDGD�HOHPHQWR�HVWi�DVRFLDGR�FRQ�XQ�PRGR�HQ SDUWLFXODU���/D DSOLFDFLyQ� GHO� DQiOLVLV�PRGDO� D\XGD� D� GHWHUPLQDU� TXH� WDQ� HVWDEOH� HV� HO� VLVWHPD� SDUD� XQD�FRQGLFLyQ�GH� RSHUDFLyQ�GDGD� \D� VHD� HQ�FRQGLFLRQHV�QRUPDOHV�R� HQ�FRQGLFLRQHV�GH�SRVW�IDOOD�FRQVLGHUDQGR� OD� VDOLGD� GH� DOJ~Q� HOHPHQWR� GH� OD� UHG�� $GHPiV�� HV� SRVLEOH� � WDPELpQ� REVHUYDU�FXDQWD�FDUJD�H[WUD�R�QLYHO�GH�WUDQVIHUHQFLD�GH�SRWHQFLD�SXHGH�VHU�DJUHJDGR�DQWHV�GH�LQFXUULU�HQ�SUREOHPDV�GH�LQHVWDELOLGDG�GH�YROWDMH��&XDQGR�HO�VLVWHPD�DOFDQ]D�HO�SXQWR�FUtWLFR�GH�HVWDELOLGDG�GH YROWDMH��HO�DQiOLVLV�PRGDO�UHVXOWD�PX\�~WLO�SDUD�LGHQWLILFDU�ODV�iUHDV�FUtWLFDV�HQ�HVWDELOLGDG�GH�YROWDMH�\�ORV�HOHPHQWRV�TXH�SDUWLFLSDQ�HQ�FDGD�PRGR����3DUD SRGHU� DSOLFDU� OD� WpFQLFD� GH� DQiOLVLV� PRGDO� HQ� HVWH� WUDEDMR�� VH� XWLOL]y� XQ� SURJUDPD� GH�VRIWZDUH HQ� HO� FXDO� VH� LPSOHPHQWy� HO� DOJRULWPR� PDWHPiWLFR� FDUDFWHUtVWLFR� GH� HVWD� WpFQLFD�SDUWLHQGR� GH� XQ� SURJUDPD� GH� IOXMRV� GH� FDUJD� FRQYHQFLRQDO� \D� H[LVWHQWH�� (VWH� VRIWZDUH� IXH�SURJUDPDGR�HQ�OHQJXDMH�0DWODE�FRQ�REMHWR�GH�DSURYHFKDU��ODV�YHQWDMDV�TXH�RIUHFH�XQ�SDTXHWH�PDWHPiWLFR�FRPR�HO�PHQFLRQDGR����(Q SULPHUD� LQVWDQFLD�� VH� OOHYy� D� FDER� HO� $QiOLVLV�0RGDO� GH� XQ� VLVWHPD� HOpFWULFR� GH� SUXHED�DPSOLDPHQWH� XWLOL]DGR� HQ� OD� OLWHUDWXUD�� HVWR� FRQ� REMHWR� GH� LOXVWUDU� GH� PDQHUD� YLVLEOH� \�VLPSOLILFDGD�OD�IXQFLRQDOLGDG�GH�HVWD�WpFQLFD�GH�DQiOLVLV��&RQ�HVWH�PLVPR�VLVWHPD�GH�SUXHED�VH�UHDOL]y�OD�YDOLGDFLyQ�GHO�VRIWZDUH�GHVDUUROODGR�SDUD�UHDOL]DU�SRVWHULRUPHQWH��HO�DQiOLVLV�PRGDO�GH XQ� VLVWHPD� HOpFWULFR� UHDO�� /D� YDOLGDFLyQ� VH� HIHFWXy� PHGLDQWH� OD� FRPSDUDFLyQ� GH� ORV�UHVXOWDGRV�REWHQLGRV�HQ�HVWH�WUDEDMR��FRQWUD�ORV�UHVXOWDGRV�TXH�SDUD�HVWH�VLVWHPD�GH�SUXHED�VH�LQFOX\HQ�HQ�RWURV�UHSRUWHV�WpFQLFRV���
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8QD�YH]� FRPSUHQGLGRV� ORV� SULQFLSLRV� EiVLFRV� GH� OD� WpFQLFD�GH�DQiOLVLV�PRGDO�� VH�SURFHGLy�D�UHDOL]DU�VX�DSOLFDFLyQ�HQ�XQ�VLVWHPD�HOpFWULFR�UHDO�HO�FXDO�HVWi�FRQIRUPDGR�SRU�����QRGRV������
UDPDV�\����JHQHUDGRUHV� 'LFKR�VLVWHPD�FRUUHVSRQGH�DO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD��6,*� HO�FXDO��DO�LJXDO�TXH�XQ�EXHQ�Q~PHUR�GH�ORV�VLVWHPDV�HOpFWULFRV�GH�SDtVHV�HQ�GHVDUUROOR��SUHVHQWD�VHULRV�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH���
������ &RQFOXVLRQHV�GHO�(VWXGLR�GH�(VWDELOLGDG�GH�9ROWDMH�5HDOL]DGR��
• (Q HO� DQiOLVLV�PRGDO� HIHFWXDGR�DO�6LVWHPD� ,QWHUFRQHFWDGR�GH�*XDWHPDOD�� VH� LGHQWLILFDURQ�HQWUH RWURV�DVSHFWRV�� OD�SUR[LPLGDG�GHO� VLVWHPD�D� OD� LQHVWDELOLGDG�GH�YROWDMH�\� ODV�iUHDV�\�QRGRV�PiV�SURSHQVRV�D�SUHVHQWDU�SUREOHPDV�GH�FRODSVR�GH�YROWDMH��$GHPiV��VH�DQDOL]DURQ�\�VH� SURSXVLHURQ� DOJXQDV� PHGLGDV� FRUUHFWLYDV� TXH� XQD� YH]� LPSOHPHQWDGDV�� DOLYLDUtDQ� GH�PDQHUD�VLJQLILFDWLYD�ORV�SUREOHPDV�UHODFLRQDGRV�FRQ�OD�HVWDELOLGDG�GH�YROWDMH���
• /RV UHVXOWDGRV�REWHQLGRV�PHGLDQWH�HO�DQiOLVLV�PRGDO�IXHURQ�FRPSDUDGRV�FRQ�OD�LQIRUPDFLyQ�SURSRUFLRQDGD�SRU�RWUDV� WpFQLFDV�FRQYHQFLRQDOHV�FRPR�ODV�FXUYDV�3�9 \ 9�4� HVWR�FRQ�OD�ILQDOLGDG� GH� LOXVWUDU� OD� XWLOLGDG� \� FRPSDWLELOLGDG� GH� DPEDV� WpFQLFDV� \� OD�PDQHUD� HQ� TXH�pVWDV��SXHGHQ�FRPELQDUVH�SDUD�ORJUDU�XQ�DQiOLVLV�PiV�FRPSOHWR���
• 8QD YH]�UHDOL]DGR�HO�DQiOLVLV�PRGDO�DO�6LVWHPD�(OpFWULFR�GH�*XDWHPDOD�SDUD�HO�FDVR�EDVH�GHVFULWR�HQ�OD�VHFFLyQ��������VH�SXGLHURQ�REVHUYDU�VHULRV�SUREOHPDV�GH�VRSRUWH�GH�SRWHQFLD�UHDFWLYD�\�FRQWURO�GH�YROWDMH��'H�DFXHUGR�D�XQD�DPSOLD�JDPD�GH�LQIRUPDFLyQ�FRQWHQLGD�HQ�OD� OLWHUDWXUD� WpFQLFD�VREUH�HVWH� WHPD��VH�VDEH�TXH�GRV�GH� ODV�RSFLRQHV�PDV�XWLOL]DGDV�SDUD�PHMRUDU�HO�FRQWURO�GH�SRWHQFLD�UHDFWLYD�\�HO�SHUILO�GH�YROWDMH�HQ�ORV�VLVWHPDV�HOpFWULFRV�VRQ��������������������

D� DSOLFDFLyQ�GH�EDQFRV�GH�FDSDFLWRUHV�\��E��,QVWDODFLyQ�GH�&RPSHQVDGRUHV�(VWiWLFRV�GH��
9DUV �&(9V���(Q�HVWH� WUDEDMR�VH�DQDOL]DURQ�DGHPiV�GHO�FDVR�EDVH�� WUHV�RSFLRQHV�PiV�FRQ�GLVWLQWDV�DOWHUQDWLYDV�SDUD�PHMRUDU�OD�HVWDELOLGDG��GH�YROWDMH�GHO�VLVWHPD��/D�GHVFULSFLyQ�GH�FDGD�XQR�GH�ORV�FDVRV�TXH�VH�DQDOL]DURQ�HV�OD�VLJXLHQWH���

&$62� '(6&5,3&,Ï1�
&DVR���

�
&DVR���

�
&DVR���

�
&DVR���

�
&DVR�EDVH�FRQ� ODV�FRQGLFLRQHV�RSHUDWLYDV�UHDOHV�GHO�VLVWHPD�FRUUHVSRQGLHQWHV�D�OD�GHPDQGD�
Pi[LPD�GHO�DxR��������$QDOL]DGR�HQ�OD�VHFFLyQ��������
�
&DVR�TXH�LQFOX\H�OD�LQVWDODFLyQ�GH�EDQFRV�GH�FDSDFLWRUHV�HQ�QRGRV�GH����N9�
�
&DVR�FRQVLGHUDQGR�GRV�&RPSHQVDGRUHV�(VWiWLFRV�GH�9DUV�HQ�QRGRV�GH����N9�
�
&DVR� TXH� FRQWHPSOD� XQ� &RPSHQVDGRU� (VWiWLFR� GH� 9DUV� HQ� OD� UHG� GH� ���� N9� \� EDQFRV� GH�
FDSDFLWRUHV�HQ�QRGRV�GH����N9�
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7RGRV� ORV� FDVRV� DQDOL]DGRV�FRUUHVSRQGHQ�D� FRQGLFLRQHV�RSHUDWLYDV� HQ�GHPDQGD�Pi[LPD�SDUD� HO� ~OWLPR� VHPHVWUH� GHO� DxR� GH� ������ 6H� H[DPLQDURQ� GLFKDV� DOWHUQDWLYDV� FRQ� OD�ILQDOLGDG�GH�GHWHUPLQDU�FXDO�GH�HOODV�UHSUHVHQWD�OD�PHMRU�RSFLyQ�SDUD�DOLYLDU�ORV�SUREOHPDV�GH�(VWDELOLGDG�GH�9ROWDMH�HQ�HO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD���
• (Q� HO� FDStWXOR� �� GH� HVWH� WUDEDMR� IXHURQ� SUHVHQWDGRV� FRQ� GHWDOOH� ORV� GLVWLQWRV� UHVXOWDGRV�REWHQLGRV� SDUD� FDGD�XQD�GH� ODV�RSFLRQHV�GH�FRPSHQVDFLyQ�DQDOL]DGDV��'LFKRV� UHVXOWDGRV�VRQ�HYDOXDGRV�WRPDQGR�HQ�FXHQWD�VX�HIHFWR�HQ�YDULRV�DVSHFWRV�GHO�VLVWHPD�WDOHV�FRPR���

��� 3UR[LPLGDG�D�OD�,QHVWDELOLGDG�GH�9ROWDMH�FRQ�EDVH�HQ�ODV�PDJQLWXGHV�GH�ORV�PRGRV�R�
HLJHQYDORUHV�PiV�FUtWLFRV�REWHQLGRV�GHO�DQiOLVLV�PRGDO�

�
��� 0iUJHQHV�GH�3RWHQFLD�5HDFWLYD�HQ�1RGRV�&UtWLFRV��(VWR�HV�OOHYDGR�D�FDER�PHGLDQWH�OD�

JHQHUDFLyQ�GH�FXUYDV�4�9�HQ�ORV�QRGRV�PHQFLRQDGRV�
�

��� 0iUJHQHV�GH�6HJXULGDG�R�'LVWDQFLD�DO�FRODSVR�GH�YROWDMH��(VWR�HV�UHDOL]DGR�FRQ�D\XGD�
GH�ODV�FXUYDV�3�9�

�
��� 5HVHUYDV� GH� 3RWHQFLD� 5HDFWLYD� D� 1LYHO� 6LVWHPD�� (VWH� DVSHFWR� WRPD� HQ� FXHQWD� OD�

SRWHQFLD� UHDFWLYD� JHQHUDGD� SRU� FDGD� XQD� GH� ODV� XQLGDGHV� \�� OD� VXPDWRULD� WRWDO� GH�
SRWHQFLD� UHDFWLYD�TXH�VH� WLHQH�GLVSRQLEOH�FRPR�UHVHUYD�HQ� WRGRV� ORV�JHQHUDGRUHV�GHO�
VLVWHPD�

�
��� 3pUGLGDV� GH� 3RWHQFLD� $FWLYD� \� 5HDFWLYD� D� QLYHO� HO� 6LVWHPD�� (Q� HVWH� FDVR� IXHURQ�

LOXVWUDGDV� ODV� SpUGLGDV� WRWDOHV� GH� SRWHQFLD� DFWLYD� \� UHDFWLYD� TXH� VH� WLHQHQ� HQ� ORV�
GLIHUHQWHV�QLYHOHV�GH�YROWDMH�GH�OD�UHG�GH�WUDQVPLVLyQ�

�
��� 3HUILOHV�GH�9ROWDMH�HQ�HO�6LVWHPD��(Q�HVWH�DVSHFWR�IXHURQ�REVHUYDGDV�ODV�PDJQLWXGHV�\�

iQJXORV� GH� YROWDMH� TXH� VH� SUHVHQWDQ� HQ� ORV� QRGRV� GH� FDUJD� SDUD� FDGD� XQD� GH� ODV�
RSFLRQHV�DQDOL]DGDV�

�
• (Q�HO�PLVPR�FDStWXOR���� FRQ�REMHWR�GH�FRPSDUDU�GH�XQD�PDQHUD�PiV�FODUD�\�VHQFLOOD� ODV�YHQWDMDV� \� GHVYHQWDMDV� GH� ODV� GLVWLQWDV� RSFLRQHV� GH� FRPSHQVDFLyQ� FRQVLGHUDGDV�� VRQ�PRVWUDGRV�HQ�IRUPD�VLPXOWiQHD�PHGLDQWH�XQDV�WDEODV�FRPSDUDWLYDV�ORV�UHVXOWDGRV�REWHQLGRV�SDUD�FDGD�XQR�GH�ORV�FDVRV�DQDOL]DGRV��'H�HVWD�IRUPD��FRQ�EDVH�HQ�OD�FRPSDUDFLyQ�GH�ORV�UHVXOWDGRV� LOXVWUDGRV� HQ� ODV� WDEODV������ D������ \� HQ� ODV� ILJXUDV�����D�D� ����� IXH�SRVLEOH�GHWHUPLQDU�ODV�YHQWDMDV�TXH�WLHQH�OD�RSFLyQ�FRQVLGHUDGD�HQ�HO�FDVR���UHVSHFWR�D�ODV�RWUDV�GRV�RSFLRQHV� GH� FRPSHQVDFLyQ� GH� ORV� FDVRV� �� \� ��� 9DOH� OD� SHQD� UHFRUGDU� TXH� OD� RSFLyQ� GH�FRPSHQVDFLyQ�DVXPLGD�HQ�HO�FDVR���FRQVLVWH�HQ�OD�LQVWDODFLyQ�GH�EDQFRV�GH�FDSDFLWRUHV�HQ�DOJXQRV�QRGRV�FUtWLFRV�GH����N9�\�OD�XELFDFLyQ�GH�XQ�FRPSHQVDGRU�HVWiWLFR�GH�YDUV�HQ�XQ�QRGR�HVWUDWpJLFR�GH�����N9����
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• &RQ�EDVH�HQ�ORV�GLYHUVRV�UHVXOWDGRV�LOXVWUDGRV�D�OR�ODUJR�GHO�FDStWXOR����VH�REVHUYD�TXH�OD
RSFLyQ�GH�FRPSHQVDFLyQ�SURSXHVWD�HQ�HO�FDVR���HQ�JHQHUDO�SUHVHQWD�PiV�YHQWDMDV�UHVSHFWR�
D ODV�RWUDV�GRV�RSFLRQHV�GH�FRPSHQVDFLyQ�GH�ORV�FDVRV���\��� 'H�HVWD�IRUPD��GHVSXpV�GH�ORV�DQiOLVLV�UHDOL]DGRV�VH�SXHGH�UHFRPHQGDU�TXH�OD�RSFLyQ�GH�FRPSHQVDFLyQ�FRQVLGHUDGD�HQ�HO�FDVR ���HV�OD�PiV�DGHFXDGD�SDUD�DOLYLDU�ORV�SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH�GHO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD��

• 'HELGR�DO�DOWR�FRVWR�TXH�UHSUHVHQWD�XELFDU�XQ�FRPSHQVDGRU�HVWiWLFR�GH�YDUV�HQ�XQ�QRGR�GH���� N9��FRQ�VX�GHELGR�WUDQVIRUPDGRU���VH�SXGLHUD�SHQVDU�TXH�OD�RSFLyQ�GH�FRPSHQVDFLyQ�PDQHMDGD� HQ� HO� FDVR� �� SXHGH� QR� VHU� FRPSDUDEOH� HFRQyPLFDPHQWH� FRQ� ODV� RWUDV� GRV�RSFLRQHV�GH�ORV�FDVRV���\���VLQ�HPEDUJR��VL�VH�DQDOL]DQ�D�GHWDOOH�ORV�DKRUURV�HQ�ODV�SpUGLGDV�GH SRWHQFLD�\�VH�OH�GD�XQ�SUHFLR�LPSRUWDQWH�D�OD�FRQILDELOLGDG�JDQDGD�HQ�HO�VLVWHPD�FRQ�HVWD�RSFLyQ��VHJXUDPHQWH�VH�SRGUtDQ�REVHUYDU�LPSRUWDQWHV�EHQHILFLRV�HFRQyPLFRV�DGHPiV�GH�ODV�YHQWDMDV� WpFQLFDV� LOXVWUDGDV�HQ�HVWH�UHSRUWH��(VWRV�DVSHFWRV�HFRQyPLFRV�QR�VH�DQDOL]DQ�HQ�HVWH WUDEDMR�\D�TXH�FDEH�UHFRUGDU��TXH�XQR�GH� ORV�SULQFLSDOHV�REMHWLYRV�GH�HVWH� WUDEDMR�HV�PRVWUDU� OD� DSOLFDFLyQ� GH� OD� WpFQLFD� GH� DQiOLVLV� PRGDO� SDUD� HYDOXDU� GH� PDQHUD� UiSLGD� \�FRQILDEOH� OD� HVWDELOLGDG� GH� YROWDMH� GH� XQ� VLVWHPD� \�� HQ� ORV� FDVRV� TXH� DVt� OR� UHTXLHUDQ��HYDOXDU�WDPELpQ�ODV�DOWHUQDWLYDV�FRQWHPSODGDV�SDUD�PHMRUDU�GLFKD�HVWDELOLGDG�
• (Q GLYHUVRV� WUDEDMRV� VH� LQGLFD� TXH� OD�PD\RU� XWLOLGDG� GH� OD� WpFQLFD� GH� DQiOLVLV�PRGDO� VH�REWLHQH�FXDQGR�HVWH�DQiOLVLV�VH�OOHYD�D�FDER�HQ�HO�SXQWR�Pi[LPR�GH�FDUJD�SDUD�HO�FXDO�D~Q�VH�REWLHQH�FRQYHUJHQFLD�HQ� OD� VROXFLyQ�GH� IOXMRV�GH�SRWHQFLD��9LVWR�VREUH�XQD�FXUYD�3�9��YHU VHFFLyQ� ��������� VH� UHFRPLHQGD� HIHFWXDU� HO� DQiOLVLV� PRGDO� HQ� HO� SXQWR� Pi[LPR� GH�RSHUDFLyQ� FHUFDQR� D� OD� QDUL]� GH� OD� FXUYD��(Q� FXDOTXLHUD� GH�DPERV�FDVRV� VH�SUHVHQWDQ�HQ�HVRV SXQWRV� ODV�FRQGLFLRQHV�GRQGH�HO� VLVWHPD�VH�HQFXHQWUD�PiV�HVWUHVDGR�\��SRU� OR� WDQWR��HVWi PiV�SUy[LPR�D�SUHVHQWDU�SUREOHPDV�GH� LQHVWDELOLGDG�GH�YROWDMH�HQ�FDVR�GH�TXH�HVWRV�H[LVWDQ�� 3DUD� HQFRQWUDU� ORV� SXQWRV� FUtWLFRV� GHVFULWRV� DQWHULRUPHQWH�� XQ� SURFHGLPLHQWR�VXJHULGR�FRQVLVWH�HQ�LU�UHDOL]DQGR�LQFUHPHQWRV�JUDGXDOHV�GH�FDUJD�\�FRQVHFXHQWHPHQWH�GH�JHQHUDFLyQ��FRQ�REMHWR�GH�LU�HVWUHVDQGR�DO�VLVWHPD�KDVWD�HO�SXQWR�Pi[LPR�SUHYLR�D�SHUGHU�FRQYHUJHQFLD�HQ�OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD���
• (V LPSRUWDQWH�PHQFLRQDU�TXH�HQ�HVWH�WUDEDMR��HO�SXQWR�Pi[LPR�GH�FDUJD�HVWDED�GDGR�SRU�OD�GHPDQGD�Pi[LPD�TXH� VH� SUHVHQWy�HQ�HO�SHULRGR�HVWXGLDGR�\�SDUD� ODV� FRQGLFLRQHV�GH� UHG�FRQVLGHUDGDV��&RPR�VH�SXHGH�YHU�HQ�OD�ILJXUD������HO�SXQWR�GH�RSHUDFLyQ�FRUUHVSRQGLHQWH�D�OD�GHPDQGD�Pi[LPD��VH�HQFXHQWUD�SUiFWLFDPHQWH�HQ�OD�QDUL]�GH�OD�FXUYD�\D�TXH�HO�PDUJHQ�H[LVWHQWH�HV�GH�VROR���0:��7RPDQGR�HQ�FXHQWD�HVWDV�FUtWLFDV�FRQGLFLRQHV��QR�VH�FRQVLGHUy�QHFHVDULR� OOHYDU� D� � FDER� ORV� LQFUHPHQWRV�JUDGXDOHV�GH� FDUJD� VXJHULGRV� HQ� OD� OLWHUDWXUD�\D�TXH� HO�LQWHUpV�HQ�HVWH�FDVR�HQ�SDUWLFXODU��HVWi�HQIRFDGR�D�REVHUYDU�SRVLEOHV�SUREOHPDV�\�D�SURSRQHU�DOWHUQDWLYDV��SUHFLVDPHQWH�SDUD�ODV�FRQGLFLRQHV�HQ�ODV�TXH�HO�VLVWHPD�VH�HQFXHQWUH�HQ FRQGLFLRQHV�GH�GHPDQGD�Pi[LPD��6LQ�HPEDUJR��FDEH�PHQFLRQDU�TXH�HQ�DTXHOORV�FDVRV�HQ ORV�TXH�VH�UHDOLFH�HO�DQiOLVLV�PRGDO�HQ�VLVWHPDV�HQ�ORV�FXDOHV�VH�GHVFRQR]FD�OD�GHPDQGD�Pi[LPD�� HO� SURFHGLPLHQWR� GH� LQFUHPHQWDU� OD� FDUJD� SDXODWLQDPHQWH� UHVXOWD�PX\� ~WLO� SDUD�SRGHU�UHDOL]DU�HO�DQiOLVLV�HQ�ORV�SXQWRV�GH�YHUGDGHUR�LQWHUpV���
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������&RQWULEXFLRQHV��
¾ /RV SUREOHPDV�GH�HVWDELOLGDG�GH�YROWDMH�VRQ�XQ�IHQyPHQR�UHODWLYDPHQWH�QXHYR�\�D�SHVDU�GH�TXH HQ� OD� DFWXDOLGDG� VH� FXHQWD� FRQ�EDVWDQWH� \� GLYHUVD� LQIRUPDFLyQ� DO� UHVSHFWR�� QR�H[LVWH�WRGDYtD�XQ�FULWHULR�FRPSOHMDPHQWH�GHILQLGR�TXH�LQGLTXH�ORV�SURFHGLPLHQWRV�QHFHVDULRV�SDUD�UHDOL]DU� XQ� HVWXGLR� FRPSOHWR� GH� HVWD� FODVH� GH� HVWDELOLGDG�� (Q� HVWH� VHQWLGR�� DXQTXH� KDQ�YHQLGR� DSDUHFLHQGR� GLVWLQWDV� WpFQLFDV� DVt� FRPR� DOJXQRV� OLQHDPLHQWRV� \� FRQVLGHUDFLRQHV�SDUD HIHFWXDU�HVWD�FODVH�GH��DQiOLVLV��VH�FRQVLGHUD�TXH�XQD GH�ODV�SULQFLSDOHV�DSRUWDFLRQHV�

TXH� VH� SUHWHQGHQ� DOFDQ]DU� HQ� HVWH� WUDEDMR�� HV� HO� KHFKR� GH� SRGHU� HVWDEOHFHU� XQ�
SURFHGLPLHQWR�R�PHWRGRORJtD�TXH�SHUPLWD�HYDOXDU�OD�HVWDELOLGDG�GH�YROWDMH�GH�XQ�VLVWHPD�
HOpFWULFR�GH�SRWHQFLD� $�SHVDU�GH�TXH�ODV�FDUDFWHUtVWLFDV�GH�ORV�VLVWHPDV�HOpFWULFRV�SXHGHQ�VHU�PX\�GLVWLQWDV�HQWUH�Vt��VH�FRQVLGHUD�TXH�OD�PHWRGRORJtD�VHJXLGD�HQ�HVWH�WUDEDMR�HV�IiFLO�GH DSOLFDU� \� SXHGH� VHUYLU� FRPR� XQD� JXtD� TXH� LQGLTXH� DOJXQRV� OLQHDPLHQWRV� SDUD� UHDOL]DU�HVWD FODVH�GH�HVWXGLRV�����

¾ $XQTXH�ODV�VLPXODFLRQHV�GLQiPLFDV�GH�OD�HVWDELOLGDG�GH�YROWDMH�UHSUHVHQWDQ�OD�PDQHUD�PiV�ILHO GH�REVHUYDU�HO�FRPSRUWDPLHQWR�GHO�VLVWHPD��GLFKDV�VLPXODFLRQHV�FRQVXPHQ�GHPDVLDGR�WLHPSR�GH� FyPSXWR� \� HQ�PXFKRV� FDVRV� RIUHFHQ� UHVXOWDGRV�QR�PX\� IiFLOHV�GH� LQWHUSUHWDU��&RQVLGHUDQGR�HVWH�DVSHFWR��OD WpFQLFD�GH�DQiOLVLV�PRGDO�HPSOHDGD�HQ�HVWH�WUDEDMR�SHUPLWH�
UHDOL]DU�XQD�UiSLGD�HYDOXDFLyQ�GHO�JUDGR�GH�HVWDELOLGDG�GH�WRGRV�ORV�GLVWLQWRV�FDVRV�TXH�VH�
FRQVLGHUHQ�QHFHVDULRV� 'H�HVWD�IRUPD��ORV UHVXOWDGRV�REWHQLGRV�PHGLDQWH�HO�DQiOLVLV�PRGDO�
SXHGHQ� VHUYLU� FRPR� XQD� YDOLRVD� UHIHUHQFLD� SDUD� SRVWHULRUPHQWH�� OOHYDU� D� FDER� ODV�
VLPXODFLRQHV�GLQiPLFDV�~QLFDPHQWH�GH�DTXHOORV�FDVRV�REVHUYDGRV�FRPR�ORV�PiV�FUtWLFRV�R�
GH PD\RU�LQWHUpV�

¾ (O FiOFXOR� GH� ORV�PRGRV� �HLJHQYDORUHV��PiV� FUtWLFRV� GH� XQ� VLVWHPD� SHUPLWH� REVHUYDU� GH�PDQHUD�LQPHGLDWD�VL�SDUD�ODV�FRQGLFLRQHV�GH�RSHUDFLyQ�DVXPLGDV��HVH�VLVWHPD�SUHVHQWD�XQD�LQHVWDELOLGDG�GH�YROWDMH�R�QR��$GLFLRQDOPHQWH��PHGLDQWH� ORV� IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�
QRGRV� REWHQLGRV� GHO� DQiOLVLV� PRGDO� HV� SRVLEOH� LGHQWLILFDU� GH� PDQHUD� UiSLGD� \� HILFLHQWH�
DTXHOODV� VXEHVWDFLRQHV� FRQ� PiV� GpELO� VRSRUWH� GH� YROWDMH� \� HQ� ODV� FXDOHV�� UHVXOWD� PiV�
HIHFWLYR�LPSOHPHQWDU�HOHPHQWRV�GH�FRPSHQVDFLyQ�UHDFWLYD�FDSDFLWLYD� (VWDV�VXEHVWDFLRQHV�VRQ�ODV�TXH�SDUWLFLSDQ�GH�PDQHUD�PiV�LPSRUWDQWH�SDUD�TXH�XQ�PRGR�FUtWLFR�SXHGD�OOHJDU�D�VHU�LQHVWDEOH�\�SURYRFDU�FRQVHFXHQWHPHQWH�SUREOHPDV�GH�FRODSVR�GH�YROWDMH����

¾ /RV IDFWRUHV� GH� SDUWLFLSDFLyQ� GH� QRGRV� LQGLFDQ� WDPELpQ� DTXHOODV� VXEHVWDFLRQHV� GRQGH�UHVXOWD�LPSRUWDQWH�FDOFXODU�ODV�FXUYDV�9�4�\�3�9�SDUD�REVHUYDU�ORV�PiUJHQHV�GH�HVWDELOLGDG�GH YROWDMH�HQ�XQLGDGHV�ItVLFDV��09$U�\�0:�UHVSHFWLYDPHQWH���'H�HVWD�PDQHUD��PHGLDQWH�
OD� LGHQWLILFDFLyQ� GH� ORV� QRGRV� PiV� GpELOHV� VH� HOLPLQD� OD� QHFHVLGDG� GH� FDOFXODU� HQ�
GHPDVLDGRV�QRGRV�GHO�VLVWHPD�ODV�FXUYDV�9�4�\�3�9�FRPR�VH�KDFtD�DQWHULRUPHQWH�\�OR�FXDO��UHVXOWDED�FRPSXWDFLRQDOPHQWH�PX\�ODERULRVR���
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¾ 6H LOXVWUD� D� OR� ODUJR�GHO� FDStWXOR� �� TXH�PHGLDQWH� OD� DSOLFDFLyQ� GH� OD� WpFQLFD�GH�DQiOLVLV�
PRGDO� GH�PDQHUD� FRQMXQWD� FRQ� WpFQLFDV� FRQYHQFLRQDOHV� FRPR� ODV� FXUYDV�3�9� \�9�4�� VH�
KDFH SRVLEOH� REWHQHU� XQD� LQIRUPDFLyQ� EDVWDQWH� FRPSOHWD� UHVSHFWR� D� OD� HVWDELOLGDG� GH�
YROWDMH�TXH�SUHVHQWDQ�ORV�VLVWHPDV�HOpFWULFRV� (VWH�DVSHFWR�HV�PX\�LPSRUWDQWH�\D�TXH�FRPR�VH� SXGR� YHU� HQ� HO� GHVDUUROOR� GHO� FDStWXOR� PHQFLRQDGR�� ORV� UHVXOWDGRV� REWHQLGRV� FRQ� HO�DQiOLVLV� PRGDO� VH� FRPSOHPHQWDQ� GH� PDQHUD� PX\� LQWHUHVDQWH� FRQ� DTXHOORV� UHVXOWDGRV�SURSRUFLRQDGRV�SRU�ODV�FXUYDV�PHQFLRQDGDV�\�YLFHYHUVD��

�
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�����5HFRPHQGDFLRQHV�\�7UDEDMRV�)XWXURV��
¾ (Q HVWH�WUDEDMR�HO�DOJRULWPR�GHO�DQiOLVLV�PRGDO�LPSOHPHQWDGR�HQ�HO�SURJUDPD�XWLOL]DGR�VROR�FRPSUHQGH� HO� FiOFXOR� GH� ORV� HLJHQYDORUHV� R� PRGRV� GHO� VLVWHPD� \� ORV� IDFWRUHV� GH�SDUWLFLSDFLyQ�GH�QRGRV� ORV�FXDOHV�� LQGLFDQ�SDUD�HO�PRGR�FUtWLFR�DQDOL]DGR�DTXHOORV�QRGRV�TXH WLHQHQ�XQD�PD\RU�SDUWLFLSDFLyQ�SDUD�TXH�HVH�PRGR�SXHGD�SHUGHU�HVWDELOLGDG�GH�YROWDMH��7RPDQGR� HQ� FXHQWD� TXH� OD� WpFQLFD� GH� DQiOLVLV� PRGDO� SHUPLWH� FDOFXODU� IDFWRUHV� GH�SDUWLFLSDFLyQ� SDUD� QRGRV�� UDPDV� \� JHQHUDGRUHV�� XQ WUDEDMR� IXWXUR� TXH� VH� VXJLHUH� HV�

FRPSOHPHQWDU�HO�DOJRULWPR�SURJUDPDGR�GH�PDQHUD�TXH�VHD�SRVLEOH�FDOFXODU�WDPELpQ�ORV�
IDFWRUHV� GH� SDUWLFLSDFLyQ� GH� UDPDV� \� JHQHUDGRUHV� \D� TXH� HVWD� LQIRUPDFLyQ�� HV� GH� VXPD�
LPSRUWDQFLD�SDUD�FULWHULRV�RSHUDWLYRV�\�GH�SODQLILFDFLyQ�GHO�VLVWHPD�

¾ (Q WRGRV� ORV� FDVRV� DQDOL]DGRV� HQ� HO� FDStWXOR���� OD� FDUJD� VH� UHSUHVHQWD� WRWDOPHQWH� FRQ�XQ�PRGHOR� GH� SRWHQFLD� FRQVWDQWH�� (VWR� VH� GHEH� D� TXH� HO� SURJUDPD� GH� IOXMRV� GH� SRWHQFLD�XWLOL]DGR� HQ� HVWH� WUDEDMR� VROR� SHUPLWH� HVWH� PRGHOR� GH� FDUJD� VLQ� HPEDUJR�� WRPDQGR� HQ�FXHQWD� TXH� ODV� FDUDFWHUtVWLFDV� GH� OD� FDUJD� WLHQHQ�XQD� JUDQ� LQIOXHQFLD� HQ� OD� HVWDELOLGDG�GH�YROWDMH�GHO�VLVWHPD��VH UHFRPLHQGD�TXH�SDUD�WUDEDMRV�IXWXURV�VH�FRPSOHPHQWH�HO�SURJUDPD�
GH IOXMRV�GH�WDO�IRUPD�TXH�pVWH��VRSRUWH�XQ�PRGHODGR�PDV�GHWDOODGR�GH�ORV�GLVWLQWRV�WLSRV�
GH FDUJD� WRPDQGR� VLHPSUH� HQ� FXHQWD�� OD� GHSHQGHQFLD� GH� YROWDMH� TXH� GLFKDV� FDUJDV�
SUHVHQWDQ�

¾ (O DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�UHDOL]DGR�HQ�HVWH�WUDEDMR�VH�OOHYD�D�FDER�WRWDOPHQWH�HQ�HVWDGR� HVWDEOH� HV� GHFLU�� DSOLFDQGR� WpFQLFDV� OLQHDOHV� EDVDGDV� IXQGDPHQWDOPHQWH� HQ� OD�KHUUDPLHQWD�GH�IOXMRV�GH�SRWHQFLD��$�SHVDU�GH�TXH�WRGD�OD�LQIRUPDFLyQ�REWHQLGD�FRQ�HVWDV�WpFQLFDV� HV�PX\� YDOLRVD�� VH� FRQVLGHUD� UHFRPHQGDEOH� HQ� WUDEDMRV� SRVWHULRUHV�� HYDOXDU� HO�
FRPSRUWDPLHQWR�GLQiPLFR�GHO�VLVWHPD�SDUD�FRUURERUDU�ORV�DVSHFWRV�REVHUYDGRV�HQ�HVWDGR�
HVWDEOH�\�REVHUYDU�GH�PDQHUD�GLUHFWD��HO�FRPSRUWDPLHQWR�HQ�HO� WLHPSR�TXH�SUHVHQWDQ�ORV�
GLVWLQWRV� HOHPHQWRV� GLQiPLFRV� GHO� VLVWHPD� DQDOL]DGR� /D� LPSOHPHQWDFLyQ� GH� ODV�VLPXODFLRQHV� GLQiPLFDV� UHTXLHUH� XQ� PRGHODGR� PiV� GHWDOODGR� GH� DOJXQRV� GLVSRVLWLYRV�LPSRUWDQWHV�SRU�OR�TXH��VX�DSOLFDFLyQ�H�LQWHUSUHWDFLyQ�UHVXOWD�XQ�SRFR�PiV�FRPSOHMD�TXH�ORV�HVWXGLRV�HQ�HVWDGR�HVWDEOH���

¾ (Q ORV�~OWLPRV�DxRV�OD�WHQGHQFLD�D�QLYHO�PXQGLDO�KDFLD�OD�LPSOHPHQWDFLyQ�GH�ORV�PHUFDGRV�DELHUWRV�GH�HQHUJtD�HQ�ORV�VLVWHPDV�HOpFWULFRV��KD�SURYRFDGR�TXH�OD�HVWDELOLGDG�GH�YROWDMH�VH�KD\D FRQYHUWLGR�HQ�XQD�GH�ODV�PiV�LPSRUWDQWHV�OLPLWDQWHV�SDUD�OD�WUDQVPLVLyQ�UHTXHULGD�\�TXH VHD� FRQVLGHUDGD� KR\� HQ� GtD�� FRPR� XQR� GH� ORV� SULQFLSDOHV� FULWHULRV� GH� VHJXULGDG� \�FRQILDELOLGDG� GH� OD� UHG�� 3RU� OR� WDQWR�� VH� SXHGH� YHU� TXH� UHVXOWD� GH� YHUGDGHUR� LQWHUpV�
GHVDUUROODU� WUDEDMRV� UHODFLRQDGRV� FRQ� OD� HVWDELOLGDG� GH� YROWDMH� HQ� HVFHQDULRV� FRPR� HO�
GHVFULWR� GRQGH� VH� WHQJD� XQ� OLEUH�PHUFDGR� GH� HQHUJtD� \� HQ� ORV� FXDOHV�� VH� WLHQH� XQD� DOWD�
GHPDQGD�HQ�HO�XVR�GH�OD�UHG�WUDQVPLVLyQ� &RQ�HVWRV�DVSHFWRV�LQYROXFUDGRV��DGTXLHUHQ�XQD�JUDQ UHOHYDQFLD� ORV�GHVSDFKRV�GH�SRWHQFLD� UHDFWLYD�\� OD�HILFLHQWH�DSOLFDFLyQ�GH�HVTXHPDV�PRGHUQRV�GH�FRPSHQVDFLyQ�FDSDFLWLYD�SDUD�PHMRUDU�OD�VHJXULGDG�GH�YROWDMH���
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¾ /D DSDULFLyQ�GH�ORV�6LVWHPDV�)OH[LEOHV�GH�7UDQVPLVLyQ�GH�&RUULHQWH�$OWHUQD��)$&76�SRU�VXV�VLJODV�HQ�LQJOpV���UHSUHVHQWD�XQD�JUDQ�KHUUDPLHQWD�SDUD�PHMRUDU�OD�HVWDELOLGDG�GH�YROWDMH�GH XQ�VLVWHPD��6H UHFRPLHQGD�SRU�OR�WDQWR�TXH�HQ�WUDEDMRV�IXWXURV��VH�UHDOLFHQ�HVWXGLRV�HQ�
ORV�TXH�VH� LQYROXFUH�GH�PDQHUD�FRQMXQWD� OD� WpFQLFD�GH�DQiOLVLV�PRGDO�\� OD�DSOLFDFLyQ�GH�
HVWRV�PRGHUQRV�GLVSRVLWLYRV�SDUD�PHMRUDU�HO�PDUJHQ�GH�VHJXULGDG�GH�YROWDMH�
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>�@� '��0F,QQLV��³6RXWK�)ORULGD�%ODFNRXW�´�XQSXEOLVKHG�)ORULGD�3RZHU�	�/LJWK�UHSRUW���>�@� &DUVRQ�:��7D\ORU��3RZHU�6\VWHP�9ROWDJH�6WDELOLW\�� 0F�*UDZ�+LOO��,QF���������>�@ *DR� %��� *�.�� 0RULVRQ�� DQG� 3�� .XQGXU�� 9ROWDJH� 6WDELOLW\� (YDOXDWLRQ� 8VLQJ� 0RGDO�

$QDO\VLV� ,(((�7UDQVDFWLRQV�RQ�3RZHU�6\VWHPV��������1RYHPEHU��������>�@ .XQGXU� 3��� ³3RZHU� 6\VWHP� 6WDELOLW\� DQG� &RQWURO´��(35, 3RZHU� 6\VWHP� (QJLQHHULQJ�6HULHV��0F*UDZ�+LOO�,QF����������>�@ .XQGXU� 3��� .LS� 0RUULVRQ�� *DR� %�� ³3UDFWLFDO� &RQVLGHUDWLRQV� LQ� 9ROWDJH� 6WDELOLW\�
$VVHVVPHQW´� ,QWHUQDWLRQDO�-RXUQDO�RI�(OHFWULFDO�3RZHU�DQG�(QHUJ\�6\VWHPV��YRO�����QR��� $XJ�������SS�����������>�@ 0DQVXU�<���;X�:LOVRQ��$OYDUDGR�)���5LQ]LQ�&���³69& 3ODFHPHQW�8VLQJ�&ULWLFDO�0RGHV�
RI 9ROWDJH� ,QVWDELOLW\´� ,(((�7UDQVDFWLRQV� RQ�3RZHU�6\VWHP�� YRO���� QR�� ���0D\�������SS�����������>�@� ;X�:LOVRQ��0DQVXU�<���+DUULQJWRQ�3�*�� ³3ODQQLQJ�0HWKRGRORJLHV�IRU�9ROWDJH�6WDELOLW\�
/LPLWHG�3RZHU�6\VWHPV´� ,QWHUQDWLRQDO�-RXUQDO�RI�(OHFWULFDO�3RZHU�DQG�(QHUJ\�6\VWHPV��YRO�����QR���$XJ�������SS�����������>�@ 0RULVRQ� *�.��� *DR� %��� .XQGXU� 3��� ³9ROWDJH� 6WDELOLW\� $QDO\VLV� 8VLQJ� 6WDWLF� DQG�
'\QDPLF�$SSURDFKHV´� ,(((�7UDQVDFWLRQV�RQ�3RZHU�6\VWHP� YRO����QR����$XJ�������SS�������������>�@ 6]HFKWPDQ�0���HW�DO� ³�7KH�%HKDYLRXU�RI�6HYHUDO�+9'&�/LQNV�7HUPLQDWLQJ�LQ�WKH�6DPH�
/RDG�$UHD´��&,*5(������6HVVLRQ��3DULV��3DSHU���������SS�������>��@� 'HQLV�/HH�+DX�$LN��$QGHUVVRQ�*�� ³9ROWDJH�6WDELOLW\�$QDO\VLV�RI�0XOWL�,QIHHG�+9'&�
6\VWHPV´� 3DSHU����60�����3:5'� 3UHVHQWHG�DW�,(((�3RZHU�(QJLQHHULQJ�6RFLHW\������6XPPHU�0HHWLQJ��'HQYHU��&RORUDGR���>��@� $UQROY� %��� $QGHUVVRQ� *�%�2��� /MXQJTXLVW� 5��� 6WRYULQJ�+DOOVRQ� 6�� ³$VSHFWV� RI� WKH�
&RRUSHUDWLRQ�RI�7KUHH�+9'&�/LQNV�%HWZHHQ�6RXWKHUQ�'HQPDUN��6RXWKHUQ�6ZHGHQ�DQG�
1RUWKHUQ�*HUPDQ\�-XWODQG´� &,*5(�6\PSRVLXP��7RN\R��3DSHU��������������SS�������>��@� 3�� .XQGXU�� *�� .�� 0RULVRQ�� ³$� 5HYLHZ� RI� 'HILQLWLRQV� DQG� &ODVVLILFDWLRQ� RI� 6WDELOLW\�
3UREOHPV�LQ�7RGD\�V�3RZHU�6\VWHPV´� ,(((�3(6�0HHWLQJ��)HE�������������1HZ�<RUN��1<���
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>��@� ,(((� &RPPLWWHH� 5HSRUW�� 9ROWDJH� 6WDELOLW\� RI� 3RZHU� 6\VWHPV� &RQFHSWV�� $QDO\WLFDO�
7RROV��DQG�,QGXVWULD�([SHULHQFH� ,(((�SXEOLFDWLRQ���7+�������3:5���>��@� +�.�&ODUN��³9ROWDJH�6WDELOLW\�&ULWHULD��3ODQQLQJ�7RROV��/RDG�0RGHOLQJ´��(35,�1(5&�)RUXP� RQ� 2SHUDWLRQDO� DQG� 3ODQQLQJ� $VSHFWV� RI� 9ROWDJH� 6WDELOLW\�� %UHFN�HQULGJH��&RORUDGR��������6HSWHPEHU��������>��@� &,*5e�:RUNLQJ�*URXS�������DQG�,(((�:RUNLQJ�*URXS�����������*XLGH�IRU�3ODQQLQJ�
'& /LQNV�7HUPLQDWLQJ�DW�$&�6\VWHPV�/RFDWLRQV�+DYLQJ�/RZ�6KRUW�&LUFXLW�&DSDFLWLHV�
3DUW�,� $&�'&�,QWHUDFWLRQ�3KHQRPHQD� &,*5e��-XQH��������>��@� 0�� .�� 3DO�� ³9ROWDJH� 6WDELOLW\� &RQGLWLRQV� &RQVLGHULQJ� /RDG� &KDUDFWHULVWLFV´�� ,(((�
7UDQVDFWLRQV�RQ�3RZHU�6\VWHPV� 9RO����1R�����SS����������)HEUXDU\��������>��@� 7��9DQ�&XVWHP��³'\QDPLF DQG�6WDWLF�$VSHFWV�RI�9ROWDJH�&ROODSVH´� 3URFHHGLQJV� %XON�
3RZHU�6\VWHP�9ROWDJH�3KHQRPHQD�9ROWDJH�6WDELOLW\�DQG�6HFXULW\� (35,�(/�������SS�������������-DQXDU\��������>��@� ,(((�� 6SHFLDO� 3XEOLFDWLRQ� ��7+�� ������ 3:5�� 6XJJHVWHG� 7HFKQLTXHV� IRU� 9ROWDJH�
6WDELOLW\�$QDOLVLV� (GLWHG�E\�<DNRXW�0DQVRXU���������>��@� 1�� )ODWDER�� $�� -RKDQQHVHQ�� 7�� &DUOVHQ�� /�� +ROWHQ� ³(YDOXDWLRQ� RI� 5HDFWLYH� 3RZHU�
5HVHUYHV�LQ�7UDQVPLVVLRQ�6\VWHPV´� 3URF��,)$&�6\PSRVLXP�RQ�3ODQQLQJ�DQG�2SHUDWLRQ�RI (OHFWULF�(QHUJ\�6\VWHPV��5LR�GH�-DQHLUR���������>��@� -��&DUSHQWLHU��5��*LUDUG��(��6FDQR��³9ROWDJH�&ROODSVH�3UR[LPLW\� ,QGLFDWRUV�&RPSXWHG�
)URP�DQ�2SWLPDO�3RZHU�)ORZ´� 3URFHHGLQJV�RI�WKH��WK�36&&��+HOVLQNL��������SS�����������>��@� 9��$MMDUDSX�DQG�&��&KULVW\� ³7KH�&RQWLQXDWLRQ�3RZHU�)ORZ��$�7RRO�)RU�6WHDG\�6WDWH�
9ROWDJH� 6WDELOLW\� $QDO\VLV´� ,Q� 3,&$� &RQIHUHQFH� 3URFHHGLQJV��0D\� ������ %DOWLPRUH��0DU\ODQG��SDJHV�����������>��@� :��0D�DQG�-��6��7KRUS��³$Q HIILFLHQW�$OJRULWKP�WR�/RFDWH�$OO�WKH�/RDG�)ORZ�6ROXWLRQV´�SUHVHQWHG�DW�WKH�,(((�3(6�6XPPHU�0HHWLQJ��6HDWWOH��:DVKLQJWRQ��-XO\�������SDSHU����60�������3:56���>��@� +�� 6��+RXWKDNNHU��³7KH� FDSDFLW\�0HWKRG� RI� TXDGUDWLF� 3URJUDPPLQJ´�� (FRQRPHWULFD��YROXPH�����QXPEHU����-DQXDU\�������SDJHV���������>��@� *��+��0H\HU��³2Q�VROYLQJ�QRQOLQHDU�HTXDWLRQV�ZLWK�D�SDUDPHWHU�RSHUDWRU�HPEHGGLQJ´�6,$0�-RXUQDO�RQ�1XPHULFDO�$QDO\VLV��YROXPH����QXPEHU����'HFHPEHU�������SDJHV����������
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>��@� $��)DKPLGHK�9RMGDQL�DQG�)��'��*DOLDQD� ³7KH�FRQWLQXDWLRQ�PHWKRG�DQG�LWV�DSSOLFDWLRQ�
LQ� V\VWHP� SODQQLQJ� DQG� RSHUDWLRQV´� &,*5(� 6\PSRVLXP� ������� )ORUHQFH�� ,WDO\��6HSWHPEHU��������>��@� )��*DOLDQD��$��)DKPLGHK�9RMGDQL��0��+XQHDXOW�DQG�0��-XPDQ� ³2SWLPDO�3RZHU�6\VWHP�
'LVSDWFK�7KURXJK�WKH�&RQWLQXDWLRQ�0HWKRG��9DULDWLRQ�RI�)XQFWLRQDO�,QHTXDOLW\�/LPLWV´��,Q�3URFHHGLQJV�RI� WKH� ,(((�&LUFXLWV�DQG�6\VWHPV�,QWHUQDWLRQDO�6\PSRVLXP��&DOLIRUQLD��0D\�������>��@� <��7DPXUD�DQG�+��0RUL�DQG�6��,ZDPRWR��³5HODWLRQVKLS�EHWZHHQ�9ROWDJH�,QVWDELOLW\�DQG�
0XOWLSOH�/RDG�)ORZ�6ROXWLRQV�LQ�(OHFWULF�3RZHU�6\VWHPV´��,(((�7UDQVDFWLRQV�RQ�3RZHU�$SSDUDWXV�DQG�6\VWHPV��YROXPH������QXPEHU����SDJHV������������0D\�������>��@� 5�7KRPDV��5��'��%DUQDUG�DQG�-��0HLVHO� ³7KH�*HQHUDWLRQ�RI�4XDVL�6WHDG\�6WDWH�/RDG�
)ORZ�7UDMHFWRULHV´� ,(((�7UDQVDFWLRQV� RQ�3RZHU�$SSDUDWXV� DQG�6\VWHPV��YROXPH�����QXPEHU����6HSWHPEHU�2FWREHU�������SDJHV��������������>��@� &��$��&DxL]DUHV�DQG�)��/��$OYDUDGR� ³3RLQW�RI�&ROODSVH�DQG�&RQWLQXDWLRQ�0HWKRGV�IRU�
/DUJH� $&�'&� 6\VWHPV´�� ,(((�3(6�:LQWHU�0HHWLQJ�� 1HZ�<RUN�� -DQXDU\� ������ SDSHU�:0�������3:5'���>��@ &��$��&DxL]DUHV�DQG�)��/��$OYDUDGR��&��'H0DUFR��,��'REVRQ�DQG�:�)��/RQJ��³3RLQW RI�
&ROODSVH� 0HWKRGV� $SSOLHG� WR� DF�GF� 3RZHU� 6\VWHPV´� ,(((� 7UDQVDFWLRQV� RQ� 3RZHU�6\VWHPV��YROXPH����QXPEHU����SDJHV����������0D\��������>��@� 3��.XQGXU� DQG�3�� /��'DQGHQR� �,PSOHPHQWDWLRQ� RI� 6\QFKURQRXV�0DFKLQH�0RGHOV� LQWR�
3RZHU� 6\VWHPV� 6WDELOLW\� 3URJUDPV��� ,(((� 7UDQV�� 9RO�� 3$6������ SS� ����������� -XO\��������>��@� %�� *DR�� *�.�� 0RULVRQ� DQG� 3�� .XQGXU�� ³7RZDUGV� WKH� 'HYHORSPHQW� RI� D� 6\VWHPDWLF�
$SSURDFK�IRU�9ROWDJH�6WDELOLW\�$VVHVVPHQW�RI�D�/DUJH�6FDOH�3RZHU�6\VWHPV´��,(((�3(6�6XPPHU�0HHWLQJ��-XO\��������������3RUWODQG�25���
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$��� 'HVFULSFLyQ�GHO�SURJUDPD�GH�VRIWZDUH�XWLOL]DGR��&RQ HO�SURSyVLWR�GH�DSOLFDU�OD�WpFQLFD�GH�DQiOLVLV�PRGDO�SDUD�HO�HVWXGLR�GH�HVWDELOLGDG�GH�YROWDMH�HQ�VLVWHPDV�HOpFWULFRV�GH�SRWHQFLD��VH�WRPy�FRPR�EDVH�XQ�SURJUDPD�GH�IOXMRV�GH�SRWHQFLD�TXH�IXH�UHDOL]DGR� HQ� OHQJXDMH� 0DWODE� SRU� *UDKDP� 5RJHUV� \� DFWXDOL]DGR� SRU� -RH� +�� &KRZ�� $� HVWH�SURJUDPD�GH�IOXMRV�GH�FDUJD�VH�OH�LPSOHPHQWy�HO�DOJRULWPR�PDWHPiWLFR�GH�OD�WpFQLFD�GH�DQiOLVLV�OLQHDO WDPELpQ�HQ�HO�OHQJXDMH�GH�SURJUDPDFLyQ�GHO�SDTXHWH�PDWHPiWLFR�0DWODE�YHUVLyQ������HVWR�FRQ� OD�ILQDOLGDG�GH�KDFHU�XVR�\�DSURYHFKDPLHQWR�GH�ODV�DFWLYLGDGHV�\�IXQFLRQHV�SURSLDV�GH�HVWH�VRIWZDUH��$O�SURJUDPD�REWHQLGR�ILQDOPHQWH�VH�OH�LGHQWLILFy�FRQ�HO�QRPEUH�GH�HVWDYROW�SDUD�LQGLFDU�SUHFLVDPHQWH�TXH�VH�WUDWD�GH�XQ�SURJUDPD�SDUD�HO�DQiOLVLV�GH�HVWDELOLGDG�GH�YROWDMH�����&RPR VH�PHQFLRQy�DQWHULRUPHQWH��HO�SURJUDPD�HVWDYROW�HV�EiVLFDPHQWH�XQ�SURJUDPD�GH�VROXFLyQ�GH IOXMRV� GH� SRWHQFLD� DO� FXDO� FRPR� XQD� GH� ODV� DSRUWDFLRQHV� GH� HVWH� WUDEDMR�� VH� OH� DGLFLRQy� HO�DOJRULWPR� PDWHPiWLFR� GH� DQiOLVLV� PRGDO� SDUD� FDOFXODU� ORV� HLJHQYDORUHV� \� HLJHQYHFWRUHV� GH� OD�PDWUL] MDFRELDQD� FDUDFWHUtVWLFD� GHO� PpWRGR� GH� 1HZWRQ�5DSKVRQ�� (VWH� SURJUDPD� KDFH� XVR� GH�WpFQLFDV�GH�HVSDUFLGDG�GH�PDWULFHV�FRQ�OD�ILQDOLGDG�GH�KDFHU�PiV�UiSLGRV�\�HILFLHQWHV�ORV�FiOFXORV�FRPSXWDFLRQDOHV����
$��� (VWUXFWXUD�,QWHUQD�GHO�3URJUDPD�HVWDYROW�
(O SURJUDPD�HVWDYROW HVWi FRQIRUPDGR�SRU�XQ�SURJUDPD�DX[LOLDU�SDUD�UHDOL]DU�HO�FiOFXOR�GH�IOXMRV�GH SRWHQFLD� HO� FXDO� D� VX� YH]�� VH� HQFXHQWUD� FRPSXHVWR� SRU� YDULDV� VXEUXWLQDV� WRGDV� HOODV�GHVDUUROODGDV�HQ�OHQJXDMH�0DWODE���/DV VXEUXWLQDV�DX[LOLDUHV�TXH�FRQIRUPDQ�HO�SURJUDPD�HVWDYROW�VRQ�ODV�VLJXLHQWHV���

6XEUXWLQD 'HVFULSFLyQ������ORDGIORZ�P�� 3URJUDPD�DX[LOLDU�TXH�UHVXHOYH�ODV�HFXDFLRQHV�GH�IOXMRV�GH SRWHQFLD� XWLOL]DQGR� HO�PpWRGR� GH�1HZWRQ�5DSKVRQ�HQ FRRUGHQDGDV� SRODUHV�� SDUD� FDOFXODU� ORV� YROWDMHV� \�iQJXORV�HQ� ORV�QRGRV��DVt�FRPR�ORV�IOXMRV�HQ�ODV�OtQHDV�GH WUDQVPLVLyQ���
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����FDOF�P��
����IRUPBMDF��
�� \EXV��
�� FKTBOLP��
�� \BVSDUVH���

�� OIBWDS��
�� SVWBYDU�

&DOFXOD�ORV��HUURUHV��GH�SRWHQFLD�HQ�ORV�EXVHV�\�FKHFD�OD�FRQYHUJHQFLD�GH�OD�VROXFLyQ���)RUPD�OD�PDWUL]� MDFRELDQD�SDUD�HIHFWXDU� OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD���&RQVWUX\H�OD�PDWUL]�GH�DGPLWDQFLDV�SDUD�OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD���'HWHFWD� SRWHQFLD� UHDFWLYD� GH� JHQHUDGRUHV� IXHUD� GH�OtPLWHV���&RQVWUX\H� XQD� PDWUL]� GH� DGPLWDQFLDV� FRQ� HVSDUFLGDG�SDUD� OD� VROXFLyQ� GH� IOXMRV� GH� SRWHQFLD� XWLOL]DQGR�RSHUDFLRQHV�PDWULFLDOHV���0XHYH� ORV� WDSV� GH� WUDQVIRUPDGRUHV� SDUD� DMXVWDU� HO�YROWDMH�GHO�ODGR�GH�EDMD�WHQVLyQ�GHQWUR�GH�OtPLWHV��'HFODUD�DO�SDTXHWH�0DWODE�ODV�YDULDEOHV�JOREDOHV�TXH�VH�XWLOL]DUiQ�HQ�HO�SURJUDPD�HVWDYROW�

(Q OD� VHFFLyQ� $���� VH� GHVFULEH� GH� PDQHUD� GHWDOODGD� FDGD� XQD� GH� ODV� VXEUXWLQDV� DUULED�PHQFLRQDGDV���
3DUD� LQGLFDU� GH� PDQHUD� PiV� LOXVWUDWLYD� HO� IXQFLRQDPLHQWR� \� OD� IRUPD� HQ� TXH� HQFXHQWUD�HVWUXFWXUDGR�HO�SURJUDPD�HVWDYROW��VH�SUHVHQWD�HO�VLJXLHQWH�GLDJUDPD�GH�IOXMR���
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,QLFLR

0HQ~�GH�VHOHFFLyQ
GHO�VLVWHPD�HOpFWULFR

D�UHSUHVHQWDU

2SFLyQ�SDUD�HIHFWXDU
LQFUHPHQWRV�HQ�OD

JHQHUDFLyQ�\�FDUJD��GHO
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���� LI�LVHPSW\�OIBQHZ��OIBQHZ� ���HQG�� LI�OIBQHZ�  ������ SORWBSU� �>@��� EUHDN�� HQG�� LI�OIBQHZ�  ����� SUBSUH� �SUDW��� EUHDN�� HQG�HQG�� HQG�� LI�OIBQHZ�  ��� �5HDOL]D�HO�DQDOLVLV�PRGDO�GHO�-DFRELDQR�GH�IOXMRV�GH�SRWHQFLD�� �)RUPD�OD�PDWUL]�GH�HVSDUFLGDG�<�� ><�Q6:�Q39�Q34�6%@� �\BVSDUVH�EXVBVRO�OLQHBVRO���� � SURFHVD�GDWRV�GH�EXVHV�� EXVBQR� �EXVBVRO�������� 9� �EXVBVRO�������� DQJ� �EXVBVRO�����
SL������� 3J� �EXVBVRO�������� 4J� �EXVBVRO�������� 3O� �EXVBVRO�������� 4O� �EXVBVRO�������� *E� �EXVBVRO�������� %E� �EXVBVRO�������� EXVBW\SH� �URXQG�EXVBVRO���������� VZBEQR RQHV�QEXV������ JBEQR VZBEQR��� � 'HWHUPLQD�LQGLFH�SDUD�FDOFXOR�GHO�-DFRELDQR�� ���)RUPD�349BQR�DQG�34BQR�EXVB]HURV ]HURV�QEXV������ EXVBLQGH[ >����QEXV@
��� VZLQJBLQGH[ ILQG�EXVBW\SH  ������ VZBEQR�VZLQJBLQGH[� EXVB]HURV�VZLQJBLQGH[���� 349BQR ILQG�EXVBW\SH�! ����� 34BQR ILQG�EXVBW\SH  ����� JHQBLQGH[ ILQG�EXVBW\SH  ����� JBEQR�JHQBLQGH[� EXVB]HURV�JHQBLQGH[�������� �VZBEQR�HV�XQ�YHFWRU�TXH�WLHQH�SXURV�XQRV�����H[FHSWR�HQ�ODV��� XELFDFLRQHV�GH�ORV�EXVHV�VZLQJ��JBEQR�(V�XQ�YHFWRU�FRPSXHVWR�GH�SXURV�XQRV�H[FHSWR�HQ�ODV�XELFDFLRQHV��� GH�ORV�EXVHV�GH�JHQHUDFLyQ�� ��&RQVWUX\H�OD�PDWUL]�GH�HVSDUFLGDG�GH�UHGXFFLRQ�GH�DQJXOR�
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� LO� �OHQJWK�349BQR���� LL� �>����LO@
��� DQJBUHG� �VSDUVH�LL�349BQR�RQHV�LO����LO�QEXV���� � &RQVWUX\H�OD�PDWUL]�GH�HVSDUFLGDG�GH�UHGXFFLRQ�GH�YROWDMH�LO� �OHQJWK�34BQR���� LL� �>����LO@
��� YROWBUHG� �VSDUVH�LL�34BQR�RQHV�LO����LO�QEXV���� �)RUPD�HO�-DFRELDQR�GHO�VLVWHPD����� >-���-���-���-��@ IRUPBMDF�9�DQJ�<�DQJBUHG�YROWBUHG���� �5HGXFH�HO�-DFRELDQR�D�VROR�WpUPLQRV�GHSHQGLHQWHV�GH�YROWDMH�-�� -���-��
LQY�-���
-����� �(QFXHQWUD�ORV�HLJHQYDORUHV�\�HLJHQYHFWRUHV�GHO�-DFRELDQR�UHGXFLGR��� LQYHUVR�� >\�/@ HLJ�IXOO�LQY�-�������� �5HJUHVD�D�ODV�PDWULFHV�FRPSOHWDV�GH�EXVHV�SDUD�VDOLGDV�JUDILFDV�� \ YROWBUHG

\
YROWBUHG��� / YROWBUHG

GLDJ�/���� GLVS�
 
�GLVS�
OD�PDWUL]�GH�HLJHQYDORUHV�HV�OD�VLJXLHQWH�
�GLVS�
 
�� GLVS�
���HLJYDO�
��� HLJYDO /�� ILG� �IRSHQ�
G�?OHRQ?HVWXGLRV?JXDWHPDO?JXDW���?UHS�RFWXEUH?HLJYDO�VDO
�
Z
���� ISULQWI�ILG�
����I?Q
�HLJYDO���� IFORVH�ILG��� HLJYHF DEV�\���� VDYH�G�?OHRQ?HVWXGLRV?JXDWHPDO?JXDW���?UHS�RFWXEUH?HLJYHF�VDO�HLJYHF��DVFLL�� >P\�L\@ PD[�DEV��/������ OGBVWU� �QXP�VWU�/�L\����� GLVS�
 
�GLVS�>
(O�(LJHQYDORU�GRPLQDQWH�HV��
�OGBVWU@���
>OPD[�LE@ PD[�DEV�\���L\������ OPBVWU� �QXP�VWU�OPD[���� LEBVWU� �QXP�VWU�EXV�LE������� GLVS�
 
�GLVS�>
(O�Pi[LPR�(LJHQYHFWRU�5HJLVWUDGR�HV��
�OPBVWU@��� GLVS�
 
�GLVS�>
(O�1~PHUR�GH�%XV�&RUUHVSRQGLHQWH�HV��
�LEBVWU@��� GLVS�
 
�HLJBSORW LQSXW�
¢�GHVHDV�JUDILFDU�ORV�HLJHQYDORUHV�"���\�Q>\@
�
V
���� LI�HLJBSORW�a �
1
�� LI�HLJBSORWa 
Q
�� EDU�EXVBQR��/���� WLWOH�
*5$),&$�'(�(,*(19$/25(6
�[ODEHO�
(LJHQYDORUHV�'RPLQDQWHV
�\ODEHO�
0DJQLWXG�GHO�(LJHQYDORU
�JULG�RQ�� HQG�HQG�� GLVS�
 
�HLJBSORW LQSXW�
¢'HVHDV�JUDILFDU�ORV�(LJHQYHFWRUHV"���\�Q>Q@
�
V
���� LI�LVHPSW\�HLJBSORW���HLJBSORW� �
1
�HQG�� LI�HLJBSORW�a �
1
�
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� LI�HLJBSORWa 
Q
�� EDU�DEV�\���L\������ WLWOH�
3$57,&,3$&,21(6�'(�%86(6
�[ODEHO�
1~PHUR�LQWHUQR�GH�EXV
�\ODEHO�
0DJQLWXG�GHO�HLJHQYHFWRU
�JULG�RQ�������������� HQG�� HQG�� GLVS�
 
�GLVS�
 
�GLVS�
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� GLVS�
 
�GLVS�
/DV�PDWULFHV�GH�HLJHQYDORUHV�\�HLJHQYHFWRUHV�KDQ�VLGR�VDOYDGDV
�GLVS�
HQ�ORV�DUFKLYRV�HLJYDO�VDO�\�HLJYHF�VDO�UHVSHFWLYDPHQWH
�GLVS�
 
�GLVS�































































�
� GLVS�
 
�GLVS�
 
�GLVS�
 (VFULEH���SDUD�LQLFLDU�SDUWLHQGR�GH�ORV�GDWRV�RULJLQDOHV�GH�EXVHV
�GLVS�
 (VFULEH���SDUD�HMHFXWDU�IOXMRV�GH�FDUJD�FRQ�ORV�GDWRV�DFWXDOHV�GH�EXVHV
�GLVS�
 (VFULEH���SDUD�HMHFXWDU�IOXMRV�GH�FDUJD�FRQ�ORV�DQWHULRUHV�GDWRV�GH�EXVHV
�GLVS�
 (VFULEH���SDUD�VDOLU�GHO�SURJUDPD
�GLVS�
 
�OIBQHZ� �LQSXW�
6HOHFFLyQ��������>�@��!!��
���� LI�LVHPSW\�OIBQHZ��OIBQHZ ��HQG�� LI�OIBQHZ  ��� UHWXUQ�� HQG�� HQG�HQG��
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6XEUXWLQD�������/RDGIORZ

3URSyVLWR��� � � �5HVROYHU�ODV�HFXDFLRQHV�GH�IOXMRV�GH�FDUJD�GH�XQ�VLVWHPD�HOpFWULFR�GH�SRWHQFLD�XWLOL]DQGR�HO�PpWRGR�GH�1HZWRQ�5DSKVRQ�HQ�FRRUGHQDGDV�SRODUHV���
6LQRSVLV��� >EXVBVRO��OLQHBVRO��OLQHBIOZ@� �ORDGIORZ�EXV��OLQH��WRO��LWHUBPD[��DFF��GLVSOD\���

� IODJ���
'HVFULSFLyQ��� >EXVBVRO��OLQHBVRO��OLQHBIOZ@� �ORDGIORZ�EXV��OLQH��WRO��LWHUBPD[��DFF��GLVSOD\��

IODJ�� SURSRUFLRQD� OD� VROXFLyQ� GH� IOXMRV� GH� FDUJD� GH� XQ� VLVWHPD� GH� SRWHQFLD�XWLOL]DQGR�ORV�GDWRV�GH�EXVHV�\�GH�UDPDV�LQFOXLGRV�HQ�ODV�PDWULFHV�EXV�\�OLQH�TXH FRQIRUPDQ� HO� DUFKLYR� GH� GDWRV� GH� HQWUDGD� GHO� VLVWHPD� D� VLPXODU�� (O�DOJRULWPR�GH�VROXFLyQ�GH�1HZWRQ�5DSKVRQ�ILQDOL]D�FXDQGR�HO�HUURU�PiV�JUDQGH�GH SRWHQFLD� HQ� XQ� EXV�� HV� PHQRU� TXH� OD� WROHUDQFLD� WRO�� R� ELHQ�� FXDQGR� HO�Q~PHUR�GH�LWHUDFLRQHV�H[FHGH�HO�YDORU�GH�LWHUBPD[�

9DULDEOHV�*OREDOHV��
EXVBLQW� ËQGLFH�LQWHUQR�GH�Q~PHURV�GH�QRGRV�
4J� 9HFWRU�GH�SRWHQFLD�UHDFWLYD�GH�JHQHUDGRUHV�
EXVBW\SH� �� SDUD� QRGR� FRPSHQVDGRU�� �� SDUD� QRGRV� GH�JHQHUDFLyQ����SDUD�QRGRV�GH�FDUJD�
JBEQR� 9HFWRU�SDUD�LGHQWLILFDU�QRGRV�GH�JHQHUDFLyQ�
349BQR� ËQGLFH�GH�QRGRV�GH�JHQHUDFLyQ�
34BQR� ËQGLFH�GH�QRGRV�GH�FDUJD�
DQJBUHG� 0DWUL]�SDUD�HOLPLQDU�iQJXORV�GH�QRGRV�FRPSHQVDGRUHV�
YROWBUHG� 0DWUL]�SDUD�HOLPLQDU�YROWDMHV�HQ�QRGRV�FRPSHQVDGRUHV�\�GH�JHQHUDFLyQ�
4 3RWHQFLD�UHDFWLYD�HQ�QRGRV�
4O� 3RWHQFLD�UHDFWLYD�GH�FDUJD�HQ�QRGRV�

(QWUDGDV����
EXV 0DWUL]�GH�HVSHFLILFDFLyQ�GH�QRGRV��
OLQH� 0DWUL]�GH�HVSHFLILFDFLyQ�GH�OtQHDV�\�WUDQVIRUPDGRUHV�
WRO� 7ROHUDQFLD�SDUD�OD�FRQYHUJHQFLD�GH�IOXMRV�GH�SRWHQFLD�
LWHUBPD[� 1~PHUR�Pi[LPR�GH�LWHUDFLRQHV�GH�IOXMRV�GH�SRWHQFLD�
DFF� )DFWRU� GH� DFHOHUDFLyQ� �DFF!��� R� GHVDFHOHUDFLyQ� �DFF���� SDUD� PHMRUDU� OD�FRQYHUJHQFLD�GH�OD�LWHUDFLyQ�GH�1HZWRQ�5DSKVRQ�
GLVSOD\� µ\¶� JHQHUD� XQ� UHSRUWH� GH� OD� VROXFLyQ�GH� IOXMRV� GH� FDUJD�� µQ¶� VXSULPH�HVWD�VDOLGD�
IODJ� &RQ�µ�¶�VH�FDOFXOD�XQ�QXHYR�MDFRELDQR�HQ�FDGD�LWHUDFLyQ�
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6DOLGDV����
EXVBVRO� &RQWLHQH�ORV�GDWRV�GH�EXVHV�GH�OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD�
OLQHBVRO� &RQWLHQH�ORV�GDWRV�GH�OtQHDV�GH�OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD�
OLQHBIOZ� &RQWLHQH�ORV�IOXMRV�GH�SRWHQFLD�DFWLYD�\�UHDFWLYD�HQ�ODV�OtQHDV��

8WLOL]D�ODV�VXEUXWLQDV���\BVSDUVH��FDOF��IRUPBMDF��OIBWDS��FKTBOLP��

$OJRULWPR����(Q FRRUGHQDGDV�SRODUHV��ODV�YDULDEOHV�GHVFRQRFLGDV�VRQ�ORV�YROWDMHV�\�iQJXORV�HQ�ORV�QRGRV�GH�FDUJD��'H�HVWD�IRUPD��HV�JHQHUDGD�HQ�FDGD�LWHUDFLyQ�XQD�PDWUL]�MDFRELDQD�HQ�WpUPLQRV�GH�HVDV�YDULDEOHV�\�HV�XVDGD�SDUD�DFWXDOL]DU�OD�PDJQLWXG�\�iQJXOR�GH�ODV�YDULDEOHV�PHQFLRQDGDV��3DUD�IRUPDU HO�MDFRELDQR�VRQ�XWLOL]DGDV�PDWULFHV�GH�HVSDUFLGDG�FRQ�REMHWR�GH�UHGXFLU�OD�FDSDFLGDG�GH�DOPDFHQDPLHQWR�UHTXHULGR�\�PHMRUDU�FRQ�HOOR�OD�YHORFLGDG�GHO�DOJRULWPR�GH�VROXFLyQ���
/LVWDGR GH�OD�VXEUXWLQD�ORDGIORZ��
IXQFWLRQ�>EXVBVRO�OLQHBVRO�OLQHBIORZ@� ������ ORDGIORZ�EXV�OLQH�WRO�LWHUBPD[�DFF�GLVSOD\�IODJ��� 6\QWD[�����>EXVBVRO�OLQHBVRO�OLQHBIORZ@� �� ORDGIORZ�EXV�OLQH�WRO�LWHUBPD[�DFF�GLVSOD\�IODJ��� ��������� 3XUSRVH����VROYH�WKH�ORDG�IORZ�HTXDWLRQV�RI�SRZHU�V\VWHPV�� PRGLILHG�WR�HOLPLQDWH�GR�ORRSV�DQG�LPSURYH�WKH�XVH��� VSDUVH�PDWLFHV�� ,QSXW�����EXV���������EXV�GDWD�� OLQH��������OLQH�GDWD�� WRO���������WROHUDQFH�IRU�FRQYHUJHQFH�� LWHUBPD[����PD[LPXP�QXPEHU�RI�LWHUDWLRQV�� DFF���������DFFHOHUDWLRQ�IDFWRU�� GLVSOD\�����
\
��JHQHUDWH�ORDG�IORZ�VWXG\�UHSRUW�� HOVH��QR�ORDG�IORZ�VWXG\�UHSRUW�� IODJ�����������IRUP�QHZ�-DFRELDQ�HYHU\�LWHUDWLRQ�� ���IRUP�QHZ�-DFRELDQ�HYHU\�RWKHU��� LWHUDWLRQ��� 2XWSXW����EXVBVRO�����EXV�VROXWLRQ��VHH�UHSRUW�IRU�WKH�� VROXWLRQ�IRUPDW��� OLQHBVRO����PRGLILHG�OLQH�PDWUL[�� OLQHBIORZ���OLQH�IORZ�VROXWLRQ��VHH�UHSRUW���� 6HH�DOVR�����
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� $OJRULWKP��1HZWRQ�5DSKVRQ�PHWKRG�XVLQJ�WKH�SRODU�IRUP�RI��� WKH�HTXDWLRQV�IRU�3�UHDO�SRZHU��DQG�4�UHDFWLYH�SRZHU����� &DOOV������<BVSDUVH��FDOF��IRUPBMDF�FKTBOLP���� �F��&RS\ULJKW������-RH�+��&KRZ���$OO�5LJKWV�5HVHUYHG��� +LVWRU\��LQ�UHYHUVH�FKURQRORJLFDO�RUGHU��� 0RGLILFDWLRQ�WR�FRUUHFW�JHQHUDWRU�YDU�HUURU�RQ�RXWSXW��� *UDKDP�5RJHUV�1RYHPEHU������� 9HUVLRQ��������� $XWKRU������*UDKDP�5RJHUV�� 'DWH�������2FWREHU������� 3XUSRVH����7R�DGG�JHQHUDWRU�YDU�OLPLWV�DQG�RQ�ORDG�WDS�FKDQJHUV�� 9HUVLRQ��������� $XWKRU�����*UDKDP�5RJHUV�� 'DWH�������0DUFK������� 9HUVLRQ��������� $XWKRUV����.ZRN�:��&KHXQJ��-RH�+��&KRZ�� 'DWH�������0DUFK�������� 


























































�JOREDO�EXVBLQW�JOREDO�4J�EXVBW\SH�JBEQR�349BQR�34BQR�DQJBUHG�YROWBUHG��JOREDO�4 4O�JOREDO�JHQBFKJBLG[�JOREDO�DFBOLQH�QBGFO�WW� �FORFN������� VWDUW�WKH�WRWDO�WLPH�FORFN�MD\� �VTUW������ORDGBEXV� ����JHQBEXV� ����VZLQJBEXV� ����LI�H[LVW�
IODJ
�   ���� IODJ� ����HQG�OIBIODJ� ����� VHW�VROXWLRQ�GHIDXOWV�LI�LVHPSW\�WRO��WRO� ��H���HQG�LI�LVHPSW\�LWHUBPD[��LWHUBPD[� ����HQG�LI�LVHPSW\�DFF��DFF� ������HQG�LI�LVHPSW\�GLVSOD\��GLVSOD\� �
\
�HQG�
LI�IODJ����_�IODJ�!���� HUURU�
/2$')/2:��IODJ�QRW�UHFRJQL]HG
�HQG�>QOLQH�QOF@� �VL]H�OLQH������� QXPEHU�RI�OLQHV�DQG�QR�RI�OLQH�FROV�>QEXV�QFRO@� �VL]H�EXV�������� QXPEHU�RI�EXVHV�DQG�QXPEHU�RI�FRO�� VHW�GHIDXOWV�� EXV�GDWD�GHIDXOWV�LI�QFRO����� � VHW�JHQHUDWRU�YDU�OLPLWV�� LI�QFRO����� EXV������� �����
RQHV�QEXV������ EXV������� ������
RQHV�QEXV������ HQG��LI�QFRO����EXV������� �RQHV�QEXV����HQG�� EXV������� ����
RQHV�QEXV������ EXV������� ����
RQHV�QEXV������ YROWBPLQ� �EXV��������� YROWBPD[� �EXV��������
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HOVH�YROWBPLQ� �EXV��������� YROWBPD[� �EXV��������HQG�QRBYPLQBLG[� �ILQG�YROWBPLQ  ����LI�aLVHPSW\�QRBYPLQBLG[��� YROWBPLQ�QRBYPLQBLG[�� ����
RQHV�OHQJWK�QRBYPLQBLG[������HQG�QRBYPD[BLG[� �ILQG�YROWBPD[  ����LI�aLVHPSW\�QRBYPD[BLG[��� YROWBPD[�QRBYPD[BLG[�� ����
RQHV�OHQJWK�QRBYPD[BLG[������HQG�QRBP[Y� �ILQG�EXV������  ����QRBPQY� �ILQG�EXV������  ����LI�aLVHPSW\�QRBP[Y��EXV�QRBP[Y���� ����
RQHV�OHQJWK�QRBP[Y�����HQG�LI�aLVHPSW\�QRBPQY��EXV�QRBPQY����� ������
RQHV�OHQJWK�QRBPQY�����HQG�QRBYUDWH� �ILQG�EXV������  ����LI�aLVHPSW\�QRBYUDWH��EXV�QRBYUDWH����� �RQHV�OHQJWK�QRBYUDWH�����HQG�WDSBLW� ����WDSBLWBPD[� �����QRBWDSV� ����� OLQH�GDWD�GHIDXOWV��VHWV�DOO�WDS�UDQJHV�WR�]HUR���WKLV�IL[HV�WDSV�LI�QOF������� OLQH��������� �]HURV�QOLQH������ QRBWDSV� ����� � GLVDEOH�WDS�FKDQJLQJ�HQG��� RXWHU�ORRS�IRU�RQ�ORDG�WDS�FKDQJHUV��PPBFKN ���ZKLOH��WDSBLW�WDSBLWBPD[	PPBFKN��� WDSBLW� �WDSBLW����� � EXLOG�DGPLWWDQFH�PDWUL[�<�><�Q6:�Q39�Q34�6%@� �\BVSDUVH�EXV�OLQH���� � SURFHVV�EXV�GDWD�� EXVBQR� �EXV�������� 9� �EXV�������� DQJ� �EXV�����
SL������� 3J� �EXV�������� 4J� �EXV�������� 3O� �EXV�������� 4O� �EXV�������� *E� �EXV�������� %E� �EXV�������� EXVBW\SH� �URXQG�EXV���������� TJBPD[� �EXV��������� TJBPLQ� �EXV��������� VZBEQR RQHV�QEXV������ JBEQR VZBEQR��� � VHW�XS�LQGH[�IRU�-DFRELDQ�FDOFXODWLRQ�� ���IRUP�349BQR�DQG�34BQR�EXVB]HURV ]HURV�QEXV������ VZLQJBLQGH[ ILQG�EXVBW\SH  ������ VZBEQR�VZLQJBLQGH[� EXVB]HURV�VZLQJBLQGH[���� 349BQR ILQG�EXVBW\SH�! ����� 34BQR ILQG�EXVBW\SH  ����� JHQBLQGH[ ILQG�EXVBW\SH  ����� JBEQR�JHQBLQGH[� EXVB]HURV�JHQBLQGH[����� �VZBEQR�LV�D�YHFWRU�KDYLQJ�RQHV�HYHU\ZKHUH�EXW�WKH�VZLQJ�EXV�ORFDWLRQV�� �JBEQR�LV�D�YHFWRU�KDYLQJ�RQHV�HYHU\ZKHUH�EXW�WKH�JHQHUDWRU�EXV�ORFDWLRQV�
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� � FRQVWUXFW�VSDUVH�DQJOH�UHGXFWLRQ�PDWUL[�� LO� �OHQJWK�349BQR���� LL� �>����LO@
��� DQJBUHG� �VSDUVH�LL�349BQR�RQHV�LO����LO�QEXV���� � FRQVWUXFW�VSDUVH�YROWDJH�UHGXFWLRQ�PDWUL[�� LO� �OHQJWK�34BQR���� LL� �>����LO@
��� YROWBUHG� �VSDUVH�LL�34BQR�RQHV�LO����LO�QEXV���� LWHU� ��������� LQLWLDOL]H�LWHUDWLRQ�FRXQWHU�
� FDOFXODWH�WKH�SRZHU�PLVPDWFK�DQG�FKHFN�FRQYHUJHQFH�� >GHO3�GHO4�3�4�FRQYBIODJ@� ����� FDOF�QEXV�9�DQJ�<�3J�4J�3O�4O�VZBEQR�JBEQR�WRO����
VW� �FORFN������� VWDUW�WKH�LWHUDWLRQ�WLPH�FORFN�� ���VWDUW�LWHUDWLRQ�SURFHVV�IRU�PDLQ�1HZWRQB5DSKVRQ�VROXWLRQ�ZKLOH��FRQYBIODJ�  ���	�LWHU���LWHUBPD[��� LWHU� �LWHU������� � )RUP�WKH�-DFREHDQ�PDWUL[�FOHDU�-DF�� -DF IRUPBMDF�9�DQJ�<�DQJBUHG�YROWBUHG���� � UHGXFHG�UHDO�DQG�UHDFWLYH�SRZHU�PLVPDWFK�YHFWRUV�UHGBGHO3� �DQJBUHG
GHO3��� UHGBGHO4� �YROWBUHG
GHO4��� FOHDU�GHO3�GHO4�� � VROYH�IRU�YROWDJH�PDJQLWXGH�DQG�SKDVH�DQJOH�LQFUHPHQWV�� WHPS� �-DF?>UHGBGHO3��UHGBGHO4@��� � H[SDQG�VROXWLRQ�YHFWRUV�WR�DOO�EXVHV�GHO$QJ� �DQJBUHG

WHPS���OHQJWK�349BQR������� GHO9� �YROWBUHG

WHPS�OHQJWK�349BQR����OHQJWK�349BQR��OHQJWK�34BQR������� � XSGDWH�YROWDJH�PDJQLWXGH�DQG�SKDVH�DQJOH�9  �9���DFF
GHO9��� 9� �PD[�9�YROWBPLQ����� YROWDJH�KLJKHU�WKDQ�PLQLPXP�� 9  �PLQ�9�YROWBPD[����� YROWDJH�ORZHU�WKDQ�PD[LPXP�DQJ� �DQJ���DFF
GHO$QJ��� � FDOFXODWH�WKH�SRZHU�PLVPDWFK�DQG�FKHFN�FRQYHUJHQFH�� >GHO3�GHO4�3�4�FRQYBIODJ@� ����FDOF�QEXV�9�DQJ�<�3J�4J�3O�4O�VZBEQR�JBEQR�WRO���� � FKHFN�LI�4J�LV�RXWVLGH�OLPLWV�� JHQBLQGH[ ILQG�EXVBW\SH  ����� 4J�JHQBLQGH[�� �4�JHQBLQGH[����4O�JHQBLQGH[���� OLPBIODJ� �FKTBOLP�TJBPD[�TJBPLQ���� LI�OLPBIODJ�  ������ GLVS�
4J�DW�YDU�OLPLW
���� HQG�� HQG�LI�LWHU�  �LWHUBPD[�� LPVWU� �LQW�VWU�LWHUBPD[���� ZDUQLQJ�>
LQQHU�DF�ORDG�IORZ�IDLOHG�WR�FRQYHUJH�DIWHU�
� LPVWU�
LWHUDWLRQV
@��� HOVH�� GLVS�
LQQHU�ORDG�IORZ�LWHUDWLRQV
�GLVS�LWHU��� HQG�� LI�QRBWDSV�  ���
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� OIWDS�� HOVH�� PPBFKN� ����� HQG�HQG�LI�WDSBLW�! �WDSBLWBPD[�� WLWVWU� �LQW�VWU�WDSBLWBPD[���� GLVS�>
WDS�LWHUDWLRQ�IDLOHG�WR�FRQYHUJH�DIWHU
�WLWVWU�
 LWHUDWLRQV
@��HOVH�� GLVS�
 WDS�LWHUDWLRQV�
�GLVS�WDSBLW��HQG����VWH� �FORFN������� HQG�WKH�LWHUDWLRQ�WLPH�FORFN�YP[BLG[� �ILQG�9  YROWBPD[���YPQBLG[� �ILQG�9  YROWBPLQ���LI�aLVHPSW\�YP[BLG[��� GLVS�
YROWDJHV�DW
�EXV�YP[BLG[���
��� GLVS�
DUH�DW�WKH�PD[�OLPLW
�HQG�LI�aLVHPSW\�YPQBLG[��� GLVS�
YROWDJHV�DW
�EXV�YPQBLG[���
��� GLVS�
DUH�DW�WKH�PLQ�OLPLW
���HQG��JHQBLQGH[ ILQG�EXVBW\SH  ����ORDGBLQGH[� �ILQG�EXVBW\SH  ����3J�JHQBLQGH[�� �3�JHQBLQGH[����3O�JHQBLQGH[���4J�JHQBLQGH[�� �4�JHQBLQGH[����4O�JHQBLQGH[���JHQGBLG[� �ILQG��EXV������  ��	�EXVBW\SHa �����LI�aLVHPSW\�JHQGBLG[��� GLVS�
WKH�IROORZLQJ�JHQHUDWRUV�DUH�DW�WKHLU�YDU�OLPLWV
�GLVS�
 EXV�����4J
�GLVS�>EXV�JHQGBLG[�����4J�JHQGBLG[�@��� 4OJ� �4O�JHQGBLG[��EXV�JHQGBLG[����� WKH�JHQHUDWRU�YDU�SDUW�RI�WKH�ORDG�� 4J�JHQGBLG[� 4J�JHQGBLG[��4OJ�� UHVWRUH�WKH�JHQHUDWRU�YDUV�� 4O�JHQGBLG[� EXV�JHQGBLG[����� UHVWRUH�WKH�RULJLQDO�ORDG�YDUV�HQG�3O�ORDGBLQGH[�� �3J�ORDGBLQGH[����3�ORDGBLQGH[���4O�ORDGBLQGH[�� �4J�ORDGBLQGH[����4�ORDGBLQGH[����3J�6%�� �3�6%����3O�6%���4J�6%�� �4�6%����4O�6%���99� �9�
H[S�MD\
DQJ����� VROXWLRQ�YROWDJH��� FDOFXODWH�WKH�OLQH�IORZV�DQG�SRZHU�ORVVHV�WDSBLQGH[� �ILQG�DEV�OLQH������!����WDSBUDWLR� �RQHV�QOLQH�����WDSBUDWLR�WDSBLQGH[� OLQH�WDSBLQGH[�����SKDVHBVKLIW������ �OLQH�������WSV� �WDSBUDWLR�
H[S�MD\
SKDVHBVKLIW
SL�������IURPBEXV� �OLQH�������IURPBLQW� �EXVBLQW�URXQG�IURPBEXV����WRBEXV� �OLQH�������WRBLQW� �EXVBLQW�URXQG�WRBEXV����U  �OLQH�������U[� �OLQH�������FKUJ� �OLQH�������]  �U���MD\
U[��\  �RQHV�QOLQH�����]���0:BV� �99�IURPBLQW��
FRQM��99�IURPBLQW����WSV�
99�WRBLQW���
\������ 99�IURPBLQW��
�MD\
FKUJ�������WSV�
FRQM�WSV����
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3BV� �UHDO�0:BV�������� DFWLYH�SRZHU�VHQW�RXW�E\�IURPBEXV�� WR�WRBEXV�4BV� �LPDJ�0:BV�������� UHDFWLYH�SRZHU�VHQW�RXW�E\��� IURPBEXV�WR�WRBEXV�0:BU� �99�WRBLQW��
FRQM��99�WRBLQW������� 99�IURPBLQW���WSV��
\������ � 99�WRBLQW��
�MD\
FKUJ������3BU� �UHDO�0:BU�������� DFWLYH�SRZHU�UHFHLYHG�E\�WRBEXV��� IURP�IURPBEXV�4BU� �LPDJ�0:BU�������� UHDFWLYH�SRZHU�UHFHLYHG�E\��� WRBEXV�IURP�IURPBEXV�LOLQH� �>����QOLQH@
��OLQHBIIURP� �>LOLQH�IURPBEXV�WRBEXV�3BV�4BV@��OLQHBIWR��� �>LOLQH�WRBEXV�IURPBEXV�3BU�4BU@��� NH\ERDUG�3BORVV� �VXP�3BV����VXP�3BU����4BORVV� �VXP�4BV����VXP�4BU����EXVBVRO >EXVBQR��9��DQJ
����SL�3J�4J�3O�4O�*E�%E����� EXVBW\SH�TJBPD[�TJBPLQ�EXV�������YROWBPD[�YROWBPLQ@��OLQHBVRO� �OLQH��OLQHBIORZ���QOLQH������ >LOLQH�IURPBEXV�WRBEXV�3BV�4BV@��OLQHBIORZ���QOLQH��
QOLQH���� �>LOLQH�WRBEXV�IURPBEXV�3BU�4BU@��� *LYH�ZDUQLQJ�RI�QRQ�FRQYHUJHQFH�LI�FRQYBIODJ�  ���� GLVS�
DF�ORDG�IORZ�IDLOHG�WR�FRQYHUJH
�HUURU�
VWRS
�HQG��� GLVSOD\�UHVXOWV�LI�GLVSOD\�  �
\
�FOF�� GLVS�
 /2$'�)/2:�678'<
�GLVS�
 5(3257�2)�32:(5�)/2:�&$/&8/$7,216�
�GLVS�
 
�GLVS�GDWH��� ISULQWI�
6:,1*�%86��������������������%86��J�?Q
� 6%��� ISULQWI�
180%(5�2)�,7(5$7,216����������J�?Q
� LWHU��� ISULQWI�
62/87,21�7,0(�����������������J�VHF�?Q
�HWLPH�VWH�VW���� ISULQWI�
727$/�7,0(��������������������J�VHF�?Q
�HWLPH�FORFN�WW���� ISULQWI�
727$/�5($/�32:(5�/266(6�������J�?Q
�3BORVV��� ISULQWI�
727$/�5($&7,9(�32:(5�/266(6���J�?Q?Q
�4BORVV��� LI�FRQYBIODJ�  ����� GLVS�
 *(1(5$7,21�������������/2$'
�GLVS�
 %86�����92/76�����$1*/(������5($/��5($&7,9(������5($/��5($&7,9(�
�GLVS�EXVBVRO���������� VDYH�EXVBUHV�VDO�EXVBVRO��DVFLL�� GLVS�
 /,1(�)/2:6���������������������
�GLVS�
 /,1(��)520�%86����72�%86������5($/��5($&7,9(���
�GLVS�OLQHBIIURP��� GLVS�OLQHBIWR��� VDYH�OWBUHV�VDO�OLQHBIIURP��DVFLL�� HQG�HQG� �LI�LWHU�!�LWHUBPD[��� GLVS�
1RWH��6ROXWLRQ�GLG�QRW�FRQYHUJH�LQ��J�LWHUDWLRQV�?Q
� LWHUBPD[��� OIBIODJ� ���HQG��UHWXUQ�
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6XEUXWLQD�������FDOF
3URSyVLWR������&DOFXODU�HO�HUURU�GH�SRWHQFLD�HQ�QRGRV�\�UHYLVDU�FRQYHUJHQFLD��
6LQRSVLV��� >GHO3��GHO4��3��4��FRQYBIODJ@� �FDOF�QEXV��9��DQJ��<��3J��4J��3O��4O��VZBEQR��JBQER��WRO���
'HVFULSFLyQ���>GHO3��GHO4��3��4��FRQYBIODJ@� �FDOF�QEXV��9��DQJ��<��3J��4J��3O��4O��VZBEQR��

JBQER� WRO���SURSRUFLRQD�ORV�HUURUHV�GH�SRWHQFLD�DFWLYD�\�UHDFWLYD�HQ�ORV�QRGRV�\�
ODV SRWHQFLDV�DFWLYD�\�UHDFWLYD��3 \ 4� HVWLPDGDV��/D�EDQGHUD�FRQYBIODJ�HV���VL�
HO HUURU� HV�PHQRU� TXH� OD� WROHUDQFLD� HVSHFLILFDGD� �WRO�� \� HV� FHUR� VL� HVWR� QR� VH�FXPSOH��

(QWUDGDV����
QEXV 1~PHUR�WRWDO�GH�EXVHV�
9 9HFWRU�ILOD�GH�PDJQLWXGHV�GH�YROWDMH�GH�QRGRV�
DQJ� 9HFWRU�ILOD�GH�iQJXORV�GH�YROWDMH�GH�QRGRV�
< 0DWUL]�GH�DGPLWDQFLDV�HQ�IRUPD�GH�PDWUL]�GH�HVSDUFLGDG�
3J� 9HFWRU�ILOD�GH�SRWHQFLD�DFWLYD�GH�JHQHUDFLyQ�
4J� 9HFWRU�ILOD�GH�SRWHQFLD�UHDFWLYD�GH�JHQHUDFLyQ�
3O� 9HFWRU�ILOD�GH�SRWHQFLD�DFWLYD�GH�FDUJD�
4O� 9HFWRU�ILOD�GH�SRWHQFLD�UHDFWLYD�GH�FDUJD�
VZBEQR� (V XQ�YHFWRU�IRUPDGR�HQ�OD�VXEUXWLQD�ORDGIORZ� GH ORQJLWXG�QEXV��FRQ�WRGRV�ORV�GDWRV LJXDO� D� �� H[FHSWR� SDUD� DTXHOORV� TXH� FRUUHVSRQGHQ� D� ORV� QRGRV�FRPSHQVDGRUHV�ORV�FXDOHV�VRQ�FHUR��
JBEQR� (V XQ�YHFWRU�IRUPDGR�HQ�OD�VXEUXWLQD�ORDGIORZ� GH ORQJLWXG�QEXV��FRQ�WRGRV�ORV�GDWRV LJXDO� D� �� H[FHSWR� SDUD� DTXHOORV� TXH� FRUUHVSRQGHQ� D� ORV� QRGRV� GH�JHQHUDFLyQ�ORV�FXDOHV�VRQ�FHUR��
WRO� 0DJQLWXG�GHO�Pi[LPR�HUURU�SHUPLWLGR�SDUD�DOFDQ]DU�OD�VROXFLyQ�GH�IOXMRV�
6DOLGDV����
GHO3� 9HFWRU�ILOD�GH�FDPELRV�HQ�OD�LQ\HFFLyQ�GH�SRWHQFLD�DFWLYD�HQ�QRGRV�
GHO4� 9HFWRU�ILOD�GH�FDPELRV�HQ�OD�LQ\HFFLyQ�GH�SRWHQFLD�UHDFWLYD�HQ�QRGRV�
3 ,Q\HFFLyQ�HVWLPDGD�GH�SRWHQFLD�DFWLYD��
4 ,Q\HFFLyQ�HVWLPDGD�GH�SRWHQFLD�UHDFWLYD�
FRQYBIODJ� (V ��VL�HO�HUURU�HV�PHQRU�TXH�WRO \ FHUR�VL�HO�HUURU�HV�PiV�JUDQGH�TXH�WRO�
$OJRULWPR���
�/D FRUULHQWH� LQ\HFWDGD� HQ� FDGD� QRGR� HV� REWHQLGD� SUH�PXOWLSOLFDQGR� HO� YHFWRU� GH� YROWDMH�FRPSOHMR�GH�QRGR�SRU�OD�PDWUL]�GH�DGPLWDQFLDV�<��3RVWHULRUPHQWH��D�SDUWLU�GH�ODV�FRUULHQWHV�\�YROWDMHV�VH�FDOFXODQ�ODV�SRWHQFLDV�DFWLYD��3��\�UHFWLYD��4���/RV�HUURUHV�GH�SRWHQFLD�UHVXOWDQWHV�VRQ�

33O3JGHO3 −−= � 44O4JGHO4 −−=
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/LVWDGR�GH�OD�VXEUXWLQD�FDOF�
�IXQFWLRQ�>GHO3�GHO4�3�4�FRQYBIODJ@� ������ FDOF�QEXV�9�DQJ�<�3J�4J�3O�4O�VZBEQR�JBEQR�WRO��� 6\QWD[���>GHO3�GHO4�3�4�FRQYBIODJ@� ��� FDOF�QEXV�9�DQJ�<�3J�4J�3O�4O�VZBEQR�JBEQR�WRO���� 3XUSRVH��FDOFXODWHV�SRZHU�PLVPDWFK�DQG�FKHFNV�FRQYHUJHQFH�� DOVR�GHWHUPLQHV�WKH�YDOXHV�RI�3�DQG�4�EDVHG�RQ�WKH��� VXSSOLHG�YDOXHV�RI�YROWDJH�PDJQLWXGH�DQG�DQJOH�� 9HUVLRQ������HOLPLQDWHV�GR�ORRS�� ,QSXW����QEXV��������WRWDO�QXPEHU�RI�EXVHV�� EXVBW\SH����ORDGBEXV�����JHQBEXV�����VZLQJBEXV����� 9�����������PDJQLWXGH�RI�EXV�YROWDJH�� DQJ���������DQJOH�UDG��RI�EXV�YROWDJH�� <�����������DGPLWWDQFH�PDWUL[�� 3J����������UHDO�SRZHU�RI�JHQHUDWLRQ�� 4J����������UHDFWLYH�SRZHU��RI�JHQHUDWLRQ�� 3O����������UHDO�SRZHU�RI�ORDG�� 4O����������UHDFWLYH�SRZHU�RI�ORDG�� VZBEQR���D�YHFWRU�KDYLQJ�]HURV�DW�DOO��VZLQJBEXV�ORFDWLRQV�RQHV��� RWKHUZLVH�� JBEQR����D�YHFWRU�KDYLQJ�]HURV�DW�DOO��JHQHUDWRU�EXV�ORFDWLRQV�RQHV��� RWKHUZLVH�� WRO���������D�WROHUDQFH�RI�FRPSXWDWLRQDO�HUURU��� 2XWSXW���GHO3��������UHDO�SRZHU�PLVPDWFK�� GHO4��������UHDFWLYH�SRZHU�PLVPDWFK�� 3�����������FDOFXODWHG�UHDO�SRZHU�� 4�����������FDOFXODWHG�UHDFWLYH�SRZHU�� FRQYBIODJ������FRQYHUJHG�� ���QRW�\HW�FRQYHUJHG��� 6HH�DOVR������ &DOOV���� &DOOHG�%\����ORDGIORZ�
� �F��&RS\ULJKW������-RH�+��&KRZ���$OO�5LJKWV�5HVHUYHG��� +LVWRU\��LQ�UHYHUVH�FKURQRORJLFDO�RUGHU��� 9HUVLRQ��������� $XWKRU�����*UDKDP�5RJHUV�� 'DWH�������-XO\�������� 9HUVLRQ��������� $XWKRU�����.ZRN�:��&KHXQJ��-RH�+��&KRZ�� 'DWH�������0DUFK�������� 



























































�MD\� �VTUW������VZLQJBEXV� ����JHQBEXV� ����ORDGBEXV� ����� YROWDJH�LQ�UHFWDQJXODU�FRRUGLQDWH�9BUHFW� �9�
H[S�MD\
DQJ������ EXV�FXUUHQW�LQMHFWLRQ�FXUBLQM� �<
9BUHFW��� SRZHU�RXWSXW�EDVHG�RQ�YROWDJHV��
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6  �9BUHFW�
FRQM�FXUBLQM���3  �UHDO�6���4� �LPDJ�6���GHO3� �3J���3O���3��GHO4� �4J���4O���4��� ]HUR�RXW�PLVPDWFKHV�RQ�VZLQJ�EXV�DQG�JHQHUDWLRQ�EXV�GHO3 GHO3�
VZBEQR��GHO4 GHO4�
VZBEQR��GHO4 GHO4�
JBEQR��� WRWDO�PLVPDWFK�>SPLV�LS@ PD[�DEV�GHO3����>TPLV�LT@ PD[�DEV�GHO4����PLVP� �SPLV�TPLV��LI�PLVP�!�WRO��� FRQYBIODJ� ����� HOVH�� FRQYBIODJ� ����HQG�UHWXUQ��



0$18$/�'(�23(5$&,Ï1�'(/�352*5$0$�(67$92/7�

���

6XEUXWLQD����FKTBOLP
3URSyVLWR��� 'HWHFWDU�SRWHQFLD�UHDFWLYD�GH�JHQHUDGRUHV�IXHUD�GH�OtPLWHV��
6LQWD[LV��� I� �FKTBOLP�TJBPD[��TJBPLQ���
9DULDEOHV�*OREDOHV��
4J 9HFWRU�GH�SRWHQFLD�UHDFWLYD�GH�JHQHUDGRUHV�
EXVBW\SH� 9HFWRU� GH� WLSRV� GH� QRGRV�� �� SDUD� QRGR� FRPSHQVDGRU�� �� SDUD� QRGRV� GH�JHQHUDFLyQ����SDUD�QRGRV�GH�FDUJD�
JBEQR� 9HFWRU�SDUD�LGHQWLILFDU�QRGRV�GH�JHQHUDFLyQ�
349BQR� ËQGLFH�GH�QRGRV�GH�JHQHUDFLyQ�
34BQR� ËQGLFH�GH�QRGRV�GH�FDUJD�
DQJBUHG� 0DWUL]�SDUD�HOLPLQDU�iQJXORV�GH�QRGRV�FRPSHQVDGRUHV�
YROWBUHG� 0DWUL]�SDUD�HOLPLQDU�YROWDMHV�HQ�QRGRV�FRPSHQVDGRUHV�\�GH�JHQHUDFLyQ�
4 ,Q\HFFLyQ�HVWLPDGD�GH�SRWHQFLD�UHDFWLYD��
4O� 3RWHQFLD�UHDFWLYD�GH�FDUJD��
'HVFULSFLyQ� �� 6L OD� SRWHQFLD� UHDFWLYD� GH� JHQHUDFLyQ� VH� HQFXHQWUD� IXHUD� GH� ORV� OtPLWHV�

HVSHFLILFDGRV�SRU�TJBPD[�\�TJBPLQ�HQWRQFHV�I  �FKTBOLP�TJBPD[��TJBPLQ��UHDOL]D�OR�VLJXLHQWH���
• $MXVWD OD�SRWHQFLD�UHDFWLYD�GH�JHQHUDFLyQ�D�FHUR��
• /D�FDUJD�UHDFWLYD�GH�QRGR�D�QHJDWLYR�GHO�OtPLWH�FRUUHVSRQGLHQWH�
• &DPELD�HO�WLSR�GH�QRGR�D����QRGR�GH�FDUJD���(QWRQFHV�FDOFXOD�QXHYDPHQWH��
• /DV�PDWULFHV� DQJBUHG� \� YROWBUHG� ODV� FXDOHV� VRQ� XVDGDV� SDUD� HOLPLQDU� ORV�QRGRV FRPSHQVDGRUHV�\�GH�JHQHUDFLyQ�GHO�FiOFXOR�GH�IOXMRV�GH�FDUJD��
• &DOFXOD�QXHYDPHQWH�HO�tQGLFH�GH�JHQHUDGRUHV�

�
(QWUDGDV������TJBPD[�\�TJBPLQ VRQ�ODV�FROXPQDV����\����GH�OD�PDWUL]�GH�GDWRV�GH�QRGRV��
6DOLGDV���
�
I HV DMXVWDGD�D�FHUR�VL�QR�VH�DOFDQ]D�HO�OtPLWH��R�D���HQ�FDVR�GH�TXH�VL�VH�DOFDQFH�DOJ~Q�OLPLWH��
$OJRULWPR����/DV SRWHQFLDV� UHDFWLYDV� GH� ORV� JHQHUDGRUHV� VRQ� FRPSDUDGDV� FRQ� ORV� OtPLWHV� GHVSXpV� GH� OD�
FRQYHUJHQFLD�GHO�DOJRULWPR�GH�1HZWRQB5DSKVRQ�HQ� ORDGIORZ� (QWRQFHV��HV�XVDGD� OD� IXQFLyQ�
FKNBOLP�SDUD�GHWHUPLQDU�VL�KDQ�VLGR�H[FHGLGRV�ORV�OtPLWHV�GH�SRWHQFLD�UHDFWLYD�\�SDUD�FDPELDU�OD FRQILJXUDFLyQ�GH�IOXMRV�GH�FDUJD�VL�HVWR�KD�VXFHGLGR��
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/LVWDGR�GH�OD�VXEUXWLQD�FKTBOLP�
�IXQFWLRQ�I  �FKTBOLP�TJBPD[�TJBPLQ���6\QWD[��� I� �FKTBOLP�TJBPD[�TJBPLQ��� IXQFWLRQ�IRU�GHWHFWLQJ�JHQHUDWRU�YDUV�RXWVLGH�OLPLW�� VHWV�4J�WR�]HUR�LI�OLPLW�H[FHGHG��VHWV�4O�WR�QHJDWLYH�RI�OLPLW�� VHWV�EXVBW\SH�WR����DQG�UHFDOFXODWHV�DQJBUHG�DQG�YROWBUHG�� FKDQJHV��JHQHUDWRU�EXVBW\SH�WR�W\SH���� UHFDOFXODWHV�WKH�JHQHUDWRU�LQGH[�� LQSXWV��TJBPD[�DQG�TJBPLQ�DUH�WKH�ODVW�WZR�FOXPQV�RI�WKH�EXV�PDWUL[�� RXWSXWV�I�LV�VHW�WR�]HUR�LI�QR�OLPLW�UHDFKHG��RU�WR���LI�D�OLPLW�LV�UHDFKHG�� 9HUVLRQ�������� $XWKRU��*UDKDP�5RJHUV�� 'DWH����0D\������� 3XUSRVH��$GGLWLRQ�RI�YDU�OLPLW�LQGH[�� 9HUVLRQ�������� $XWKRU����*UDKDP�5RJHUV�� 'DWH������2FWREHU�������� �F��FRS\ULJKW�-RH�&KRZ������JOREDO�4J�EXVBW\SH�JBEQR�349BQR�34BQR�DQJBUHG�YROWBUHG��JOREDO�4 4O�JOREDO�JHQBFKJBLG[�� JHQBFKJBLG[�LQGLFDWHV�WKRVH�JHQHUDWRUV�FKDQJHG�WR�34�EXVHV�� JHQBFJTBLG[� �RQHV�Q�RI�EXV����LI�QR�JHQ�DW�YDUV�OLPLWV��  ���DW�WKH�FRUUHVSRQGLQJ�EXV�LI�JHQHUDWRU�DW�YDU�OLPLW���I  ����OLPBIODJ� ���� LQGLFDWHV�ZKHWKHU�OLPLW�KDV�EHHQ�UHDFKHG�JHQBLG[� �ILQG�EXVBW\SH�  ����TJBPD[BLG[� �ILQG�4J�JHQBLG[�!TJBPD[�JHQBLG[����TJBPLQBLG[� �ILQG�4J�JHQBLG[��TJBPLQ�JHQBLG[����LI�aLVHPSW\�TJBPD[BLG[��� �VRPH�T�H[FHGHV�PD[LPXP�� �VHW�4J�WR�]HUR�4J�JHQBLG[�TJBPD[BLG[��� �]HURV�OHQJWK�TJBPD[BLG[������� � PRGLI\�4O�� 4O�JHQBLG[�TJBPD[BLG[��� �4O�JHQBLG[�TJBPD[BLG[������� TJBPD[�JHQBLG[�TJBPD[BLG[����� � PRGLI\�EXVBW\SH�WR�34�EXV�� EXVBW\SH�JHQBLG[�TJBPD[BLG[��� ��
RQHV�OHQJWK�TJBPD[BLG[������� JHQBFKJBLG[�JHQBLG[�TJBPD[BLG[��� �]HURV�OHQJWK�TJBPD[BLG[������� OLPBIODJ� ����HQG�LI�aLVHPSW\�TJBPLQBLG[��� �VRPH�T�OHVV�WKDQ�PLQLPXP�� �VHW�4J�WR�]HUR�4J�JHQBLG[�TJBPLQBLG[��� �]HURV�OHQJWK�TJBPLQBLG[������� � PRGLI\�4O�� 4O�JHQBLG[�TJBPLQBLG[��� �4O�JHQBLG[�TJBPLQBLG[������� TJBPLQ�JHQBLG[�TJBPLQBLG[����� � PRGLI\�EXVBW\SH�WR�34�EXV�� EXVBW\SH�JHQBLG[�TJBPLQBLG[��� ��
RQHV�OHQJWK�TJBPLQBLG[������� JHQBFKJBLG[�JHQBLG[�TJBPLQBLG[��� �]HURV�OHQJWK�TJBPLQBLG[������� OLPBIODJ� ����HQG�LI�OLPBIODJ�  ���� �UHFDOFXODWH�JBEQR�
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� QEXV� �OHQJWK�EXVBW\SH���� JBEQR� �RQHV�QEXV������ EXVB]HURV ]HURV�QEXV������ EXVBLQGH[ >����QEXV@
��� 349BQR ILQG�EXVBW\SH�! ����� 34BQR ILQG�EXVBW\SH  ����� JHQBLQGH[ ILQG�EXVBW\SH  ����� JBEQR�JHQBLQGH[� EXVB]HURV�JHQBLQGH[����� � FRQVWUXFW�VSDUVH�DQJOH�UHGXFWLRQ�PDWUL[�� LO� �OHQJWK�349BQR���� LL� �>����LO@
��� DQJBUHG� �VSDUVH�LL�349BQR�RQHV�LO����LO�QEXV���� � FRQVWUXFW�VSDUVH�YROWDJH�UHGXFWLRQ�PDWUL[�LO� �OHQJWK�34BQR���� LL� �>����LO@
��� YROWBUHG� �VSDUVH�LL�34BQR�RQHV�LO����LO�QEXV���HQG�I  �OLPBIODJ��UHWXUQ�
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6XEUXWLQD����IRUPBMDF
3URSyVLWR��� )RUPDU�OD�PDWUL]�MDFRELDQD�SDUD�HO�FiOFXOR�GH�IOXMRV�GH�FDUJD��
6LQRSVLV��� -DF� �IRUPBMDF�9��DQJ��<��DQJBUHG��YROWBUHG��� >-DF����-DF����-DF����-DF��@� �IRUPBMDF�9��DQJ��<��DQJBUHG��YROWBUHG���
'HVFULSFLyQ� �� IRUPBMDF� IRUPD HO� MDFRELDQR� SDUD� OD� IRUPD� SRODU� GHO� PpWRGR� GH�1HZWRQB5DSKVRQ�DSOLFDGR�D�OD�VROXFLyQ�GH�IOXMRV�GH�FDUJD��7RGDV�ODV�VDOLGDV�

VRQ XWLOL]DQGR� OD� HVSDUFLGDG� GH� PDWULFHV�� � -DF  � IRUPBMDF�9�� DQJ�� <��
DQJBUHG��YROWBUHG��JHQHUD OD�PDWUL]� MDFRELDQD�FRQ�HVSDUFLGDG�XWLOL]DQGR�OD�PDWUL]� <� WDPELpQ� FRQ� HVSDUFLGDG�� (O� MDFRELDQR� FRQVLVWH� GH� ODV� GHULYDGDV�SDUFLDOHV� GH� ODV� SRWHQFLDV� DFWLYD� \� UHDFWLYD� FRQ� UHVSHFWR� D� ODV� PDJQLWXGHV��S�X�� \�iQJXORV��UDG��GH�YROWDMH�GH�QRGRV��

(QWUDGDV����
9 9HFWRU�ILOD�GH�ODV�PDJQLWXGHV�GH�YROWDMH�HQ�S�X��
DQJ� 9HFWRU�ILOD�GH�ORV�iQJXORV�GH�YROWDMH�HQ�UDGLDQHV�
DQJBUHG� (V�XQD�PDWUL]�GH�WUDQVIRUPDFLyQ�JHQHUDGD�HQ�ORDGIORZ��OD�FXDO�HOLPLQD�GHO�MDFRELDQR�OD�PDJQLWXG�\�iQJXOR�GH�YROWDMH�GH�ORV�QRGRV�FRPSHQVDGRUHV��
YROWBUHG� (V�XQD�PDWUL]�GH�WUDQVIRUPDFLyQ�JHQHUDGD�HQ�ORDGIORZ��OD�FXDO�HOLPLQD�GHO�MDFRELDQR�OD�PDJQLWXG�GH�YROWDMH�GH�ORV�QRGRV�GH�JHQHUDFLyQ�
6DOLGDV����
-DF���

δ∂
∂3 � iQJXOR�GH�QRGRV�FRPSHQVDGRUHV�HOLPLQDGR��

-DF���
9
3

∂
∂ � 9ROWDMHV�HOLPLQDGRV�HQ�QRGRV�FRPSHQVDGRUHV�\�GH�JHQHUDFLyQ��

-DF���
δ∂

∂4 � iQJXOR�GH�QRGRV�FRPSHQVDGRUHV�HOLPLQDGR�
-DF���

9
4

∂
∂ � 9ROWDMHV�HOLPLQDGRV�HQ�QRGRV�FRPSHQVDGRUHV�\�GH�JHQHUDFLyQ�

/DV� GLPHQVLRQHV� GH� ODV�PDWULFHV� -DFRELDQDV� LQGLYLGXDOHV� VRQ�Q [ Q� Q�[ P��P�[ Q \�P�[ PUHVSHFWLYDPHQWH�� 'RQGH� Q HV� HO� Q~PHUR� GH� QRGRV� QR�FRPSHQVDGRUHV�� \�P HV HO� Q~PHUR� GH�QRGRV ORV�FXDOHV��QR�VRQ�QL�QRGRV�FRPSHQVDGRUHV�QL�QRGRV�GH�JHQHUDFLyQ���
$OJRULWPR����/RV HOHPHQWRV�GHO�-DFRELDQR�VRQ�REWHQLGRV� WRPDQGR�ODV�GHULYDGDV�SDUFLDOHV�GH� ODV�SRWHQFLDV�DFWLYD� \� UHDFWLYD� GH� WRGRV� ORV� EXVHV� HQ� FRRUGHQDGDV� SRODUHV�� 3RVWHULRUPHQWH�� VH� HIHFW~DQ�UHGXFFLRQHV� GH� ILODV� \� FROXPQDV� SDUD� HOLPLQDU� DTXHOODV� HQWUDGDV� FRUUHVSRQGLHQWHV� D�FRPSRQHQWHV�HVSHFLILFDGRV�GH�YROWDMH�\�iQJXOR�GH�QRGRV��
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/LVWDGR�GH�OD�VXEUXWLQD�IRUPBMDF�
�
IXQFWLRQ�>-DF���-DF���-DF���-DF��@ IRUPBMDF�9�DQJ�<�DQJBUHG�YROWBUHG��� 6\QWD[���>-DF@� �IRUPBMDF�9�DQJ�<�DQJBUHG�YROWBUHG��� >-DF���-DF���-DF���-DF��@� �IRUPBMDF�9�DQJ�<������ DQJBUHG�YROWBUHG���� 3XUSRVH��IRUP�WKH�-DFRELDQ�PDWUL[�XVLQJ�VSDUVH�PDWUL[�WHFKQLTXHV��� ,QSXW����9����������PDJQLWXGH�RI�EXV�YROWDJH�� DQJ��������DQJOH�UDG��RI�EXV�YROWDJH�� <����������DGPLWWDQFH�PDWUL[�� DQJBUHG����PDWUL[�WR�HOLPLQDWH�VZLQJ�EXV��YROWDJH�PDJQLWXGH�DQG�DQJOH��� HQWULHV�� YROWBUHG���PDWUL[�WR�HOLPLQDWH�JHQHUDWRU�EXV�YROWDJH�PDJQLWXGH�� HQWULHV�� 2XWSXW���-DF��������MDFRELDQ�PDWUL[�� -DF���-DF���-DF���-DF�����VXEPDWULFHV�RI��� MDFRELDQ�PDWUL[���� 6HH�DOVR������� &DOOV���� �F��&RS\ULJKW�����������-RH�+��&KRZ���$OO�5LJKWV�5HVHUYHG��� +LVWRU\��LQ�UHYHUVH�FKURQRORJLFDO�RUGHU��� 9HUVLRQ��������� $XWKRU�����*UDKDP�5RJHUV�� 'DWH�������0DUFK������� 3XUSRVH����HOLPLQDWHG�GR�ORRSV�WR�LPSURYH�VSHHG�� 9HUVLRQ��������� $XWKRU�����.ZRN�:��&KHXQJ��-RH�+��&KRZ�� 'DWH�������0DUFK�������� 


























































�MD\� �VTUW������H[SBDQJ� �H[S�MD\
DQJ���� 9ROWDJH�UHFWDQJXODU�FRRUGLQDWHV�9BUHFW� �9�
H[SBDQJ��&9BUHFW FRQM�9BUHFW���<BFRQ� �FRQM�<����YHFWRU�RI�FRQMXJDWH�FXUUHQWV�LBF <BFRQ
&9BUHFW��� FRPSOH[�SRZHU�YHFWRU�6 9BUHFW�
LBF��6 VSDUVH�GLDJ�6����9GLD VSDUVH�GLDJ�9BUHFW����&9GLD FRQM�9GLD���9PDJ VSDUVH�GLDJ�DEV�9�����6� 9GLD
<BFRQ
&9GLD��W� ��6�6���9PDJ�
YROWBUHG
��W� �6�6��
DQJBUHG
��-�� �DQJBUHG
LPDJ�W����-�� DQJBUHG
UHDO�W����-�� YROWBUHG
UHDO�W����-�� YROWBUHG
LPDJ�W����LI�QDUJRXW�!���� -DF��� �-����FOHDU�-���
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� -DF��� �-����FOHDU�-���� -DF��� �-����FOHDU�-���� -DF��� �-����FOHDU�-���HOVH�� -DF��� �>-���-����� -���-��@��HQG��
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6XEUXWLQD����OIBWDS

3URSyVLWR�����0XHYH�ORV�WDSV�GH�WUDQVIRUPDGRUHV�SDUD�DMXVWDU�HO�YROWDMH�GHO�ODGR�GH�EDMD�WHQVLyQ�GHQWUR GH�OtPLWHV��

6LQWD[LV��� OIBWDS��
'HVFULSFLyQ������/IBWDS HV�XQ�DUFKLYR�HQ�IRUPDWR�VFULSW�GH�0DWODE�HO�FXDO�HV�XVDGR�HQ�ORDGIORZ��(VWD VXEUXWLQD� FDOFXOD� ORV� DMXVWHV� GH� WDS� UHTXHULGRV�SDUD�PDQWHQHU� HO�YROWDMH�GHO ODGR�GH�EDMD�WHQVLyQ�GHQWUR�GH�ORV�OtPLWHV�HVWDEOHFLGRV����

$OJRULWPR����(O YROWDMH�GHO�ODGR�GH�EDMD�WHQVLyQ�HV�UHYLVDGR�\�VL�pVWH�VH�HQFXHQWUD�IXHUD�GH�OtPLWHV��HO�HUURU�HQWUH�HO�YROWDMH�\�HO�OtPLWH�HV�FDOFXODGR�\�XWLOL]DGR�SDUD�DOWHUDU�ORV�DMXVWHV�GH�WDS�SDUD�UHGXFLU�HO�HUURU�H[LVWHQWH��(Q�FDVR�GH�TXH�VH�DOFDQFHQ�ORV�OtPLWHV�GH�WDS�\�QR�VH�KD\D�FRUUHJLGR�HO�HUURU�GH�YROWDMH��DSDUHFH�XQ�PHQVDMH�LQGLFDQGR�XQ�HUURU���
/LVWDGR GH�OD�VXEUXWLQD�OIBWDS��
� P�ILOH�IRU�FDOFXODWLQJ�RQ�ORDG�WDS�FKDQJLQJ�� FDOOHG�E\�/RDGIORZ�� FDOFXODWHV�GHVLUHG�WDS�DVVXPLQJ�+7�IURP�EXV��YROWDJH�IL[HG�� DQG�WKH�WR�EXV�YROWDJH�LV�VHW�WR�WKH�YROWDJH�OLPLW�� WKH�WDS�LV�VHW�WR�DQ�DOORZDEOH�WDS�VHWLQJ�� DQG�WKH�OLQH�PDWUL[�WDS�VHWWLQJ�HQWU\�LV�FKDQJHG�� LI�DOO�YROWDJHV�DUH�ZLWKLQ�OLPLWV�WKH�ORDGIORZ�LV�WDNHQ�DV�FRQYHUJHG���$XWKRU��*UDKDP�5RJHUV��'DWH����2FWREHU����������PD[BYBLG[� �ILQG�9! YROWBPD[���PLQBYBLG[� �ILQG�9� YROWBPLQ���PPBFKN� ����LI��aLVHPSW\�PD[BYBLG[�_aLVHPSW\�PLQBYBLG[���� PPBFKN� ����� LI�aLVHPSW\�PD[BYBLG[��� � FKDQJH�RQ�ORDG�WDSV�WR�FRUUHFW�YROWDJH�� ��DVVXPHV�WKDW�EXV�WR�EH�FRUUHFWHG�LV�WKH�WR�EXV�� IRU�IE� �����OHQJWK�PD[BYBLG[��� FKNBIE� �ILQG�OLQH������  �EXV�PD[BYBLG[�IE�������� LI�aLVHPSW\�FKNBIE��� � IUHH]H�GF�WDSV�
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� LI�aLVHPSW\�QBGFO��� IRU�NW� ����
QBGFO��� GFBFKN� �ILQG�FKNBIE  DFBOLQH�NW����� LI�aLVHPSW\�GFBFKN��FKNBIE�GFBFKN� >@�HQG�� HQG�� HQG�� HQG�� LI�aLVHPSW\�FKNBIE��� LI�OLQH�FKNBIE���a ��� � FDQ�FKDQJH�WDS�� ��JHW�IURP�EXV�YROWDJH�GLVS�
YROWDJH�KLJK�FKDQJLQJ�WDS�RQ�OLQH
��GLVS�FKNBIE��� YP�� �YROWBPD[�PD[BYBLG[�IE����� YHUURU� �9�PD[BYBLG[�IE���YP���� � YROWDJH�WRR�KLJK��WDS�PXVW�EH�LQFUHDVHG�� LI�YHUURU�YP��OLQH�FKNBIE������ � LQFUHDVH�WDS�E\�RQH�VWHS�WDS� �OLQH�FKNBIE������OLQH�FKNBIE������� HOVH�� WDS� �OLQH�FKNBIE������YHUURU�YP���� WDSBVHW� �FHLO���WDS�OLQH�FKNBIE�����OLQH�FKNBIE�������� WDS� �WDSBVHW
OLQH�FKNBIE�������OLQH�FKNBIE������ HQG�WDS� �PLQ�OLQH�FKNBIE����PD[�WDS��OLQH�FKNBIE�������� � UHVHW�WDS�LQ�OLQH�GDWD�� GLVS�
WDS�UHVHW�WR
��WDS�� OLQH�FKNBIE���� �WDS��� HQG�� HQG�HQG�� HQG��� LI�aLVHPSW\�PLQBYBLG[��� � FKDQJH�RQ�ORDG�WDSV�WR�FRUUHFW�YROWDJH�� ��DVVXPHV�WKDW�EXV�WR�EH�FRUUHFWHG�LV�WKH�WR�EXV�� IRU�IE� �����OHQJWK�PLQBYBLG[��� FKNBIE� �ILQG�OLQH������  �EXV�PLQBYBLG[�IE�������� LI�aLVHPSW\�FKNBIE��� � IUHH]H�GF�WDSV�LI�aLVHPSW\�QBGFO��� IRU�NW� ����
QBGFO��� GFBFKN� �ILQG�FKNBIE  DFBOLQH�NW����� LI�aLVHPSW\�GFBFKN��FKNBIE�GFBFKN� >@�HQG�� HQG�� HQG�HQG�� LI�aLVHPSW\�FKNBIE��� LI�OLQH�FKNBIE���a ��� � FDQ�FKDQJH�WDS�� GLVS�
YROWDJH�ORZ�FKDQJLQJ�WDS�RQ�OLQH
��GLVS�FKNBIE��� YP�� �YROWBPLQ�PLQBYBLG[�IE����� YHUURU� �YP����9�PLQBYBLG[�IE����� � YROWDJH�WRR�ORZ�WDS�PXVW�EH�UHGXFHG�LI�YHUURU�YP��OLQH�FKNBIE������ � UHGXFH�WDS�E\�RQH�LQFUHPHQW�� WDS� �OLQH�FKNBIE����OLQH�FKNBIE������� HOVH�� WDS� �OLQH�FKNBIE������YHUURU��YP���� WDSBVHW� �IL[���WDS�OLQH�FKNBIE�����OLQH�FKNBIE�������� WDS� �WDSBVHW
OLQH�FKNBIE�������OLQH�FKNBIE������ HQG�
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� WDS� �PLQ�OLQH�FKNBIE����PD[�WDS��OLQH�FKNBIE�������� GLVS�
WDSV�UHVHW�WR
��WDS�� � UHVHW�WDS�LQ�OLQH�GDWD�� OLQH�FKNBIE���� �WDS��� HQG�� HQG�� HQG�HQG�HQG�
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6XEUXWLQD�����\BVSDUVH

3URSyVLWR����&RQVWUXLU XQD�PDWUL]�GH�DGPLWDQFLDV�FRQ�HVSDUFLGDG�SDUD�OD�VROXFLyQ�GH�IOXMRV�GH�FDUJD XWLOL]DQGR�RSHUDFLRQHV�PDWULFLDOHV��
6LQRSVLV����><��Q6:��Q39��Q34��6%@� �\BVSDUVH�EXV��OLQH���
'HVFULSFLyQ��� ><� Q6:��Q39��Q34��6%@� �\BVSDUVH�EXV��OLQH��XWLOL]D�ORV�GDWRV�GH�QRGRV�\�

GH OtQHDV� LQFOXLGRV� HQ� ODV� PDWULFHV� EXV \ OLQH� SDUD� JHQHUDU� OD� PDWUL]� GH�
DGPLWDQFLDV�< XWLOL]DQGR�WpFQLFDV�GH�HVSDUFLGDG��)RUPD�OD�PDWUL]�JOREDO�GH�tQGLFHV�EXVBLQW���

(QWUDGDV��
�
%XV 0DWUL]�GH�HVSHFLILFDFLyQ�GH�GDWRV�GH�QRGRV�GHO�VLVWHPD�GH�SRWHQFLD�VLPXODGR�
OLQH� 0DWUL]�GH�HVSHFLILFDFLyQ�GH�GDWRV�GH�OtQHDV�\�WUDQVIRUPDGRUHV�

6DOLGDV����
< 0DWUL]�GH�DGPLWDQFLDV�FRQ�HVSDUFLGDG��FRUUHVSRQGLHQWH�D�OD�UHG�GHO�VLVWHPD�GH�SRWHQFLD�VLPXODGR�
Q6:� 1~PHUR�GH�QRGRV�FRPSHQVDGRUHV�
Q39� 1~PHUR�GH�QRGRV�GH�JHQHUDFLyQ�
Q34� 1~PHUR�GH�QRGRV�GH�FDUJD�
6%� 1~PHUR�GHO�EXV�FRPSHQVDGRU�

9DULDEOH�*OREDO��
EXVBLQW HV�XQD�PDWUL]�tQGLFH�GH�QXPHUDFLyQ�LQWHUQD�GH�QRGRV��
$OJRULWPR���
/D PDWUL]� tQGLFH� EXVBLQW� HV� XQ� YHFWRU� GH� ORQJLWXG� LJXDO� DO� Q~PHUR� GH� QRGR� PiV� DOWR�
HVSHFLILFDGR�HQ�OD�SULPHUD�FROXPQD�GH�OD�PDWUL]�EXV� (V�FHUR�HQ�FXDOTXLHU�SXQWR�H[FHSWR�SDUD�ODV XELFDFLRQHV�FRUUHVSRQGLHQWHV�D�ORV�Q~PHURV�GH�EXV�HVSHFLILFDGRV��(Q�HVDV�XELFDFLRQHV��OD�
HQWUDGD�HV�HO�FRUUHVSRQGLHQWH�Q~PHUR�GH�ILOD�HQ�OD�PDWUL]�EXV� 3RU�OR�WDQWR��EXVBLQW�EXV�������
GD HO�YHFWRU�>��������««�Q~PHUR�GH�EXVHV@��
�
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/LVWDGR�GH�OD�VXEUXWLQD�\BVSDUVH�
�
IXQFWLRQ�����><�Q6:�Q39�Q34�6%@� �\BVSDUVH�EXV�OLQH��� 6\QWD[�����><�Q6:�Q39�Q34�6%@� �\BVSDUVH�EXV�OLQH����� 3XUSRVH����EXLOG�VSDUVH�DGPLWWDQFH�PDWUL[�<�IURP�WKH�OLQH�GDWD��� ,QSXW������EXV����EXV�GDWD�� OLQH���OLQH�GDWD��� 2XWSXW�����<������DGPLWWDQFH�PDWUL[�� Q6:����WRWDO�QXPEHU�RI�VZLQJ�EXVHV�� Q39����WRWDO�QXPEHU�JHQHUDWRU�EXVHV�� Q34����WRWDO�QXPEHU�RI�ORDG�EXVHV�� 6%�����LQWHUQDO�EXV�QXPEHUV�RI�VZLQJ�EXV��� 6HH�DOVR������ &DOOV�������� &DOOHG�%\����ORDGIORZ��IRUPBM��FDOF��� �F��&RS\ULJKW�����������-RH�&KRZ���$OO�5LJKWV�5HVHUYHG��� +LVWRU\��LQ�UHYHUVH�FKURQRORJLFDO�RUGHU���� 9HUVLRQ��������� $XWKRU�����*UDKDP�5RJHUV�� 'DWH�������$SULO������� 9HUVLRQ��������� $XWKRU�����.ZRN�:��&KHXQJ��-RH�+��&KRZ�� 'DWH�������0DUFK�������� 



























































�JOREDO�EXVBLQW��MD\� �VTUW������VZLQJBEXV� ����JHQBEXV� ����ORDGBEXV� �����QOLQH� �OHQJWK�OLQH������������� QXPEHU�RI�OLQHV�QEXV� �OHQJWK�EXV������������� QXPEHU�RI�EXVHV�U ]HURV�QOLQH�����U[ ]HURV�QOLQH�����FKUJ ]HURV�QOLQH�����] ]HURV�QOLQH�����\ ]HURV�QOLQH������<  �VSDUVH�������QEXV�QEXV����� VHW�XS�LQWHUQDO�EXV�QXPEHUV�IRU�VHFRQG�LQGH[LQJ�RI�EXVHV�EXVPD[� �PD[�EXV��������EXVBLQW� �]HURV�EXVPD[�����LEXV� �>����QEXV@
��IRU�L  ���QEXV�� EXVBLQW�URXQG�EXV�L������ �L��HQG��
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� SURFHVV�OLQH�GDWD�DQG�EXLOG�DGPLWWDQFH�PDWUL[�<�U  �OLQH�������� U[� �OLQH�������� FKUJ� MD\
VSDUVH�GLDJ�����
OLQH���������� ]� �U���MD\
U[������� OLQH�LPSHGDQFH�� \  �VSDUVH�GLDJ�RQHV�QOLQH�����]������ GHWHUPLQH�FRQQHFWLRQ�PDWULFHV�LQFOXGLQJ�WDS�FKDQJHUV�DQG�SKDVH�VKLIWHUV�� IURPBEXV� �URXQG�OLQH��������� IURPBLQW� �EXVBLQW�IURPBEXV���� WRBEXV� �URXQG�OLQH��������� WRBLQW� �EXVBLQW�WRBEXV���� WDSBLQGH[� �ILQG�DEV�OLQH������!����� WDS RQHV�QOLQH������ WDS�WDSBLQGH[� �����OLQH�WDSBLQGH[������ SKDVHBVKLIW� �OLQH�������� WDS� �WDS�
H[S��MD\
SKDVHBVKLIW
SL�������� � VSDUVH�PDWUL[�IRUPXODWLRQ�LOLQH� �>����QOLQH@
��� &BIURP� �VSDUVH�IURPBLQW�LOLQH�WDS�QEXV�QOLQH�QOLQH���� &BWR� �VSDUVH�WRBLQW�LOLQH�RQHV�QOLQH����QEXV�QOLQH�QOLQH���� &BOLQH� �&BIURP���&BWR���� IRUP�<�PDWUL[�IURP�SULPDWLYH�OLQH�\V�DQG�FRQQHFWLRQ�PDWULFHV�< &BIURP
FKUJ
&BIURP
���&BWR
FKUJ
&BWR
���� <� �<���&BOLQH
\
&BOLQH
��� *E� �EXV������������ EXV�FRQGXFWDQFH�%E� �EXV������������ EXV�VXVFHSWDQFH��� DGG�GLDJRQDO�VKXQW�DGPLWWDQFHV�<  �<���VSDUVH�LEXV�LEXV�*E�MD\
%E�QEXV�QEXV����LI�QDUJRXW�!���� � FRXQW�EXVHV�RI�GLIIHUHQW�W\SHV�� Q6:� ����� Q39� ����� Q34� ����� EXVBW\SH URXQG�EXV���������� ORDGBLQGH[ ILQG�EXVBW\SH  ����� JHQBLQGH[ ILQG�EXVBW\SH  ����� 6% ILQG�EXVBW\SH  ����� Q6: OHQJWK�6%���� Q39 OHQJWK�JHQBLQGH[���� Q34 OHQJWK�ORDGBLQGH[���HQG�
UHWXUQ��
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$������0DQHMR�GHO�3URJUDPD�HVWDYROW�
'HELGR�D�TXH�HO�SURJUDPD�HVWDYROW�IXH�GHVDUUROODGR�HQ�HO�SDTXHWH�0DWODE��SDUD�HMHFXWDU�GLFKR�SURJUDPD�HV�QHFHVDULR�SULPHUDPHQWH�HQFRQWUDUVH�GHQWUR�GH�XQD�YHQWDQD�GH�FRPDQGRV�0DWODE�\�GHQWUR� GH� HOOD� WHFOHDU�HVWDYROW� HO� FXDO�� HV� HO� FRPDQGR� HMHFXWDEOH�SDUD�GDU� LQLFLR� DO�SURJUDPD�
HVWDYROW� 8QD�YH]�TXH�VH�HVFULEH�HO�FRPDQGR�HVWDYROW� DSDUHFHUi�OD�SDQWDOOD�TXH�VH�PXHVWUD�HQ�OD�ILJXUD $������

)LJXUD�$������3DQWDOOD�GH�LQLFLR�GHO�SURJUDPD�HVWDYROW��&RPR VH� SXHGH� REVHUYDU� HQ� OD� ILJXUD� $����� HQ� SULPHUD� LQVWDQFLD� VH� LQJUHVD� HO� FRPDQGR�HMHFXWDEOH�HVWDYROW�\�DSDUHFH�HQWUH�DVWHULVFRV�OD�SUHVHQWDFLyQ�GHO�SURJUDPD�SDUD�SRVWHULRUPHQWH��SHGLU� DO� XVXDULR� TXH� RSULPD� FXDOTXLHU� WHFOD� SDUD� HOHJLU� HO� DUFKLYR� GH� GDWRV� GH� HQWUDGD� GHO�VLVWHPD�D�VLPXODU��(Q�OD�SDQWDOOD�TXH�DSDUHFH�DO�RSULPLU�FXDOTXLHU�WHFOD��DSDUHFHQ�ORV�DUFKLYRV�PDWODE�TXH�VH�WHQJDQ�GLVSRQLEOHV�VLHPSUH�\�FXDQGR�VH�HVWp�XELFDGR�HQ�HO�GLUHFWRULR�FRUUHFWR��(Q FDVR�GH�HQFRQWUDUVH�HQ�RWUR�GLUHFWRULR��VHUi�QHFHVDULR�HOHJLU�HQWRQFHV�HO�GLUHFWRULR�GRQGH�VH�WHQJDQ� ORV� DUFKLYRV� GH� GDWRV� FRUUHVSRQGLHQWHV�� HVWR� QR� LPSOLFD� QLQJXQD� GLILFXOWDG� SDUD�FXDOTXLHU�SHUVRQD�TXH�HVWp�IDPLOLDUL]DGD�FRQ�HO�PDQHMR�GH�ZLQGRZV��
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&RPR�VH�SXHGH�YHU�HQ�OD�ILJXUD�$�����XQD�YH]�TXH�VH�HOLJH�HO�DUFKLYR�GH�GDWRV�FRQ�HO�VLVWHPD�HOpFWULFR� TXH� VH� GHVHD� HVWXGLDU�� HO� SURJUDPD� OOHYD� D� FDER� OD� VROXFLyQ� GH� IOXMRV� GH� SRWHQFLD�XWLOL]DQGR�HO�PpWRGR�GH�1HZWRQ�5DSKVRQ�\�SUHVHQWD�HQ�SDQWDOOD�ORV�UHVXOWDGRV�GH�OD�VROXFLyQ��'HVSXpV� GH� UHVROYHU� IOXMRV�� HO� SURJUDPD� SUHVHQWD� XQ� PHQ~� GH� RSFLRQHV� GRQGH� VH� WLHQH� OD�SRVLELOLGDG�GH�HOHJLU�DOJXQD�GH� ODV�RSFLRQHV�GLVSRQLEOHV�SDUD�DQDOL]DU� ORV�GDWRV�GH�HQWUDGD�R�ELHQ� ORV�UHVXOWDGRV�GH�OD�VROXFLyQ�GH�IOXMRV�GHO�FDVR�HQ�HVWXGLR���6L OD�VROXFLyQ�GH�IOXMRV�GH�SRWHQFLD�DOFDQ]y�OD�FRQYHUJHQFLD�\�QR�VH�GHVHDQ�UHYLVDU�ORV�GDWRV�DUULED�PHQFLRQDGRV��VH�HOLJH�OD�RSFLyQ���SDUD�VDOLU�GH�IOXMRV�\�HO�SURJUDPD�LQGLFDUi�ORV�QRPEUHV�GH ORV�DUFKLYRV�HQ�ORV�FXDOHV�DOPDFHQy�ORV�UHVXOWDGRV�GH�OD�VROXFLyQ�GH�IOXMRV�REWHQLGD����

)LJXUD�$������0HQ~�GH�VHOHFFLyQ�SDUD�REVHUYDU�GDWRV�GH�HQWUDGD�R�UHVXOWDGRV�GH�IOXMRV�GH��
� SRWHQFLD��(Q OD�PLVPD�ILJXUD�$����VH�REVHUYD�TXH�GHVSXpV�GH�UHSRUWDU�ORV�QRPEUHV�GH�ORV�DUFKLYRV�GH�UHVXOWDGRV�GH�IOXMRV��DSDUHFH�XQ�QXHYR�PHQ~�HQ�HO�FXDO�VH�WLHQH�OD�RSFLyQ�GH�YROYHU�D�FDOFXODU�IOXMRV� GH� SRWHQFLD� FRQ� DOJXQRV� FDPELRV� HQ� HO� VLVWHPD� �RSFLyQ� ��� R� ELHQ�� UHDOL]DU� HO� DQiOLVLV�PRGDO�GH�OD�VROXFLyQ�GH�IOXMRV�HQFRQWUDGD��RSFLyQ�����6L�QR�VH�GHVHD�HIHFWXDU�QLQJXQD�GH�HVWDV�RSFLRQHV��VH�HOLJH�OD�RSFLyQ���\�HO�SURJUDPD�WHUPLQDUi���
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&RPR�HO�REMHWLYR�SULQFLSDO�GH�HVWH�SURJUDPD�HV�FDOFXODU�HO�DQiOLVLV�PRGDO�VH�HOLJH�HQWRQFHV�OD�RSFLyQ ��SDUD�OOHYDU�D�FDER�HVWD�DFWLYLGDG��8QD�YH]�HOHJLGD�HVWD�RSFLyQ����VH�HIHFW~D�HO�DQiOLVLV�PRGDO�\�DSDUHFH�HQ�SDQWDOOD�OD�LQIRUPDFLyQ�LOXVWUDGD�HQ�OD�ILJXUD�$������

)LJXUD�$�����5HVXOWDGRV�REWHQLGRV�GHO�DQiOLVLV�PRGDO��
(Q OD�ILJXUD�$����VH�SXHGHQ�YHU�ORV�YDORUHV�FDUDFWHUtVWLFRV��HLJHQYDORUHV�R�PRGRV��REWHQLGRV�GH OD�PDWUL]�-DFRELDQD�GH�IOXMRV�GH�SRWHQFLD��/RV�HLJHQYDORUHV�GH�OD�PDWUL]�-DFRELDQD�UHGXFLGD�LGHQWLILFDQ�ORV�GLIHUHQWHV�PRGRV�D�WUDYpV�GH�ORV�FXDOHV��HO�VLVWHPD�SRGUtD�OOHJDU�D�SUHVHQWDU�XQD�LQHVWDELOLGDG�GH�YROWDMH��/D�PDJQLWXG�GH�ORV�HLJHQYDORUHV�SURSRUFLRQD�XQD�PHGLGD�UHODWLYD�GH�OD SUR[LPLGDG� D� OD� LQHVWDELOLGDG�� /RV� HLJHQYHFWRUHV� SRU� RWUR� ODGR�� SURSRUFLRQDQ� YDOLRVD�LQIRUPDFLyQ�UHODFLRQDGD�FRQ�HO�PHFDQLVPR�GH�OD�SpUGLGD�GH�HVWDELOLGDG�GH�YROWDMH��YHU�WHRUtD�GHO�DQiOLVLV�PRGDO�HQ�FDStWXOR������&RPR VH� LQGLFD� HQ� OD� ILJXUD� $����� ORV� UHVXOWDGRV� GH� ORV� HLJHQYDORUHV� � \� ORV� HLJHQYHFWRUHV�REWHQLGRV� VRQ� DOPDFHQDGRV� HQ� ORV� DUFKLYRV� HLJYDO�VDO� \� HLJYHF�VDO� UHVSHFWLYDPHQWH�� (VWRV�DUFKLYRV�SXHGHQ�VHU�XWLOL]DGRV�SRVWHULRUPHQWH�SDUD�UHYLVDU�WRGD�OD�LQIRUPDFLyQ�FRQWHQLGD�HQ�HO�DQiOLVLV�PRGDO�UHDOL]DGR�� �
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/RV�HLJHQYHFWRUHV�FDOFXODGRV�UHSUHVHQWDQ�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�EXVHV�ORV�FXDOHV�D�VX�YH]��GHWHUPLQDQ�ODV�iUHDV�DVRFLDGDV�FRQ�FDGD�PRGR��HLJHQYDORU���(O�WDPDxR�GH�OD�SDUWLFLSDFLyQ�GHO�EXV�DQWH�XQ�HLJHQYDORU�GDGR��LQGLFD�OD�HIHFWLYLGDG�GH�DFFLRQHV�FRUUHFWLYDV�DSOLFDGDV�HQ�HVH�EXV FRQ�REMHWR�GH�PHMRUDU�HO�PDUJHQ�GH�HVWDELOLGDG�GH�HVH�PRGR���
(Q OD� ILJXUD� $���� VH� SXHGH� YHU� TXH� HO� SURJUDPD� HVWDYROW� WLHQH� WDPELpQ� OD� SRVLELOLGDG� GH�JUDILFDU ORV� UHVXOWDGRV�GH� ORV�HLJHQYDORUHV�\�HLJHQYHFWRUHV�REWHQLGRV��(Q� ODV�ILJXUDV�$���D�\�$���E�VH�PXHVWUDQ�ODV�JUiILFDV�FRUUHVSRQGLHQWHV�D�HVWRV�UHVXOWDGRV��
�

)LJXUD�$���D��*UiILFD�GH�HLJHQYDORUHV� � �����������)LJXUD�$���E��*UiILFD�GH�HLJHQYHFWRUHV��
8QD YH]�REWHQLGRV�ORV�UHVXOWDGRV�GHO�DQiOLVLV�PRGDO��HO�SURJUDPD�HVWDYROW SUHVHQWD�XQ�~OWLPR�PHQ~ �YHU�ILJXUD�$�����FRQ�ODV�VLJXLHQWHV�RSFLRQHV����
� SDUD�LQLFLDU�SDUWLHQGR�GH�ORV�GDWRV�RULJLQDOHV�GH�EXVHV�
� SDUD�HMHFXWDU�IOXMRV�GH�FDUJD�FRQ�ORV�GDWRV�DFWXDOHV�GH�EXVHV�
� SDUD�HMHFXWDU�IOXMRV�GH�FDUJD�FRQ�ORV�DQWHULRUHV�GDWRV�GH�EXVHV�
� SDUD�VDOLU�GHO�SURJUDPD��(Q HVWH�PHQ~��HO�XVXDULR�SXHGH�HOHJLU�FXDOTXLHUD�GH�ODV�RSFLRQHV���D���VL�GHVHD�UHDOL]DU�QXHYDV�VLPXODFLRQHV�R�ELHQ��FRQ�OD�RSFLyQ���DEDQGRQDU�HO�SURJUDPD��(Q�FDVR�GH�HOHJLU�DOJXQD�GH�ODV�RSFLRQHV���D���FRPR�VH�PXHVWUD�HQ�OD�ILJXUD�$�����HO�SURJUDPD�YXHOYH�D�LQLFLDU�\�DSDUHFH�XQD�QXHYD RSFLyQ�TXH�SHUPLWH� UHDOL]DU�XQ� LQFUHPHQWR�HQ� OD�FDUJD�\�JHQHUDFLyQ� WRWDO�GHO� VLVWHPD��(VWD DFWLYLGDG� EULQGD� OD� SRVLELOLGDG� GH� LU� IRU]DQGR� HO� VLVWHPD� KDVWD� DOFDQ]DU� HO� SXQWR� GH�RSHUDFLyQ� GRQGH� VH� SUHVHQWD� HO� FRODSVR� GH� YROWDMH�� (V� LPSRUWDQWH�PHQFLRQDU� TXH� SDUD� FDGD�QXHYR LQFUHPHQWR�GH�FDUJD��VH�SXHGH�FDOFXODU�VX�FRUUHVSRQGLHQWH�DQiOLVLV�PRGDO�FRQ�REMHWR�GH�LU REVHUYDQGR�OD�SUR[LPLGDG�D�OD�LQHVWDELOLGDG�GH�YROWDMH�
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)LJXUD�$������1XHYR�FiOFXOR�GH�IOXMRV�FRQ�LQFUHPHQWRV�HQ�OD�FDUJD�\�JHQHUDFLyQ�GHO�VLVWHPD��
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$���� $QiOLVLV�GH�ORV�DUFKLYRV�GH�UHVXOWDGRV�SURSRUFLRQDGRV�SRU�HO�SURJUDPD���(O SURJUDPD�HVWDYROW DOPDFHQD�ORV�UHVXOWDGRV�GHO�DQiOLVLV�PRGDO�HQ�ORV�VLJXLHQWHV�GRV�DUFKLYRV���
(LJYDO�VDO� �&RQWLHQH�ORV�HLJHQYDORUHV�R�PRGRV�REWHQLGRV�GH�OD�PDWL]�-DFRELDQD���
(LJYHF�VDO� �&RQWLHQH� OD� PDWUL]� GH� HLJHQYHFWRUHV� FRUUHVSRQGLHQWHV� D� ORV� HLJHQYDORUHV�FDOFXODGRV���

7RPDQGR�FRPR�HMHPSOR�ORV�UHVXOWDGRV�REWHQLGRV�SDUD�XQ�VLVWHPD�HOpFWULFR�SHTXHxR��HO�DUFKLYR�GH HLJHQYDORUHV�VH�HQFXHQWUD�FRPSXHVWR�GH�OD�VLJXLHQWH�PDQHUD��� �����������������������������������������������������������������������
&RPR�VH�SXHGH�YHU��HO�PRGR�PiV�UHSUHVHQWDWLYR��λ1� VH�HQFXHQWUD�HQ�OD�ILOD�FXDWUR�\�WLHQH�XQ�YDORU�GH���λ1  �������SRU�OR�TXH�λ1  ������OR�FXDO��QRV�SURSRUFLRQD�XQD�LGHD�GH�OD�GLVWDQFLD�D�
OD LQHVWDELOLGDG�GH�YROWDMH��YHU�WHRUtD�GH�DQiOLVLV�PRGDO����
3RU VX� SDUWH�� HO� DUFKLYR� HLJYHF�VDO� TXH� FRQWLHQH� ORV� HLJHQYHFWRUHV� VH� HQFXHQWUD� FRQIRUPDGR�FRPR�VLJXH���
%86 &ROXP��� &ROXP��� &ROXP��� &ROXP��� &ROXP��� &ROXP��� &ROXP��� &ROXP��� &ROXP��� &ROXP����

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

)LJXUD�$������&RQIRUPDFLyQ�GHO�DUFKLYR�HLJYHF�VDO�TXH�FRQWLHQH�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�GH�EXVHV��
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(Q�HVWH�DUFKLYR��VL�VH�GHVHDQ�DQDOL]DU�ORV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�HO�PRGR����λ1� HO�FXDO�HV HO�PRGR�PiV�FUtWLFR, VH WLHQH�HQWRQFHV�TXH�REVHUYDU�OD�FROXPQD�Q~PHUR�FXDWUR�\D�TXH�pVWD�
FRQWLHQH�OD�LQIRUPDFLyQ�FRUUHVSRQGLHQWH�DO�PHQFLRQDGR�PRGR�λ1 SDUD�HVWH�FDVR�HQ�SDUWLFXODU��(VWR VH�SXHGH�HQWHQGHU�PiV�IiFLOPHQWH�REVHUYDQGR�TXH�FDGD�XQD�GH�ODV�FROXPQDV�GHO�DUFKLYR�
HLJYHF�VDO� FRQWLHQH� ORV� HLJHQYHFWRUHV� FRUUHVSRQGLHQWHV� D� ORV� HLJHQYDORUHV� LQFOXLGRV� HQ� HO�DUFKLYR�HLJYDO�VDO�HQ�HO�RUGHQ�HQ�TXH�HVWRV�~OWLPRV�DSDUHFHQ�HV�GHFLU��HQ�HO�HMHPSOR�LOXVWUDGR��
HQ HO�DUFKLYR�HLJYDO�VDO�VH�SXHGH�YHU�TXH�HO�PRGR�λ1 DSDUHFH�HQ�OD�FXDUWD�ILOD�SRU�OR�TXH�VXV�
FRUUHVSRQGLHQWHV� HLJHQYHFWRUHV� VH� HQFXHQWUDQ� XELFDGRV� HQ� OD� FROXPQD� FXDWUR� GHO� DUFKLYR�
HLJYHF�VDO� (Q�HVWD�FROXPQD�FXDWUR��HO�IDFWRU�GH�SDUWLFLSDFLyQ�PDV�DOWR�VH�HQFXHQWUD�XELFDGR�HQ�OD ILOD����OR�TXH�D�VX�YH]�LQGLFD��TXH�HO�EXV����HV�HO�TXH�SDUWLFLSD�GH�PDQHUD�PDV�VLJQLILFDWLYD�SDUD HO� PRGR� DQDOL]DGR�� &DEH� PHQFLRQDU� TXH� SDUD� LGHQWLILFDU� HO� Q~PHUR� GH� EXV�FRUUHVSRQGLHQWH�D�FDGD�HLJHQYHFWRU��HV�QHFHVDULR�DQH[DU�GHO� ODGR� L]TXLHUGR�XQD�FROXPQD�FRQ�ORV Q~PHURV�GH�EXVHV�HQ�HO�H[WUHPR�L]TXLHUGR�GHO�DUFKLYR�HLJYHF�VDO��(VWD�FROXPQD�VH�FRSLD�
GHO DUFKLYR�GH�GDWRV�RULJLQDO�HQ�IRUPDWR�PDWODE��∗�P� \�FRQWLHQH�ORV�Q~PHURV�UHDOHV�GH�EXVHV�
HQ HO�RUGHQ�HQ�HO�TXH�DSDUHFHQ�HQ�OD�PDWUL]�EXV��YHU�ILJXUD�$�������(VWR�HV�VLJQLILFDWLYDPHQWH�~WLO�SDUD�ORV�FDVRV�HQ�ORV�TXH�VH�WUDEDMD�FRQ�VLVWHPDV�UHDOHV�GH�FLHQWRV�GH�EXVHV��
�

1R��GH�EXV�

EXV� �>������������������������������������������������������������ ����������������������������������������������������������� ����������������������������������������������������������� ������������������������������������������������������������� ������������������������������������������������������������� ������������������������������������������������������������� ����������������������������������������������������������� ����������������������������������������������������������������� ����������������������������������������������������������������� ���������������������������������������������������������@��
�

)LJXUD�$�����&RQIRUPDFLyQ�GH�OD�PDWUL]�EXV�LQFOXLGD�HQ�HO�DUFKLYR�GH�GDWRV�HQ�IRUPDWR�PDWODE�
�

$O�HIHFWXDU�HO�DQiOLVLV�PRGDO� UHVXOWD�GH� LQWHUpV�REVHUYDU� ORV�PRGRV�PiV�FUtWLFRV�HV�GHFLU�� ORV�PiV FHUFDQRV� DO� YDORU� FHUR� \�� SDUD� FDGD� XQR� GH� HVWRV� PRGRV� FUtWLFRV�� UHVXOWD� LPSRUWDQWH�LGHQWLILFDU�ORV�EXVHV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ��HLJHQYHFWRUHV�PiV�JUDQGHV���(Q�HVWH� DVSHFWR� FRPR� VH� SXHGH� YHU� HQ� OD� ILJXUD� $����� HO� SURJUDPD� GH� DQiOLVLV� PRGDO� QR�SURSRUFLRQD�RUGHQDGRV�SRU�PDJQLWXG�ORV�HLJHQYHFWRUHV�LQFOXLGRV�HQ�FDGD�XQD�GH�ODV�FROXPQDV�GHO� DUFKLYR� HLJYHF�VDO� SRU� OR� WDQWR�� SDUD� LGHQWLILFDU� FODUDPHQWH� ORV� PDV� DOWRV� � IDFWRUHV� GH�SDUWLFLSDFLyQ�GH�EXVHV��HV�FRQYHQLHQWH�RUGHQDU�HVWDV�FROXPQDV�HQ�RUGHQ�DVFHQGHQWH�GH�DFXHUGR�D OD�PDJQLWXG�GH�VXV�HLJHQYHFWRUHV��(VWD�DFFLyQ�VH�SXHGH�UHDOL]DU�IiFLO�\�UiSLGDPHQWH�HQ�XQD�KRMD GH�FiOFXOR�FRPR�HO�H[FHO��
�
&RQ�HO�SURSyVLWR�GH�LOXVWUDU�PiV�FODUDPHQWH�HO�SURFHGLPLHQWR�SDUD�HO�DQiOLVLV�GH�ORV�UHVXOWDGRV�SURSRUFLRQDGRV� SRU� HO� SURJUDPD� HVWDYROW� VH� LQFOX\H� D� FRQWLQXDFLyQ� XQ� HMHPSOR�
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FRUUHVSRQGLHQWH� D� XQ� VLVWHPD� HOpFWULFR� UHDO� HQ� HO� FXDO� VH� PXHVWUD� SDVR� D� SDVR� GLFKR�SURFHGLPLHQWR��
$���� (MHPSOR� GHO� SURFHGLPLHQWR� SDUD� HO� DQiOLVLV� GH� ORV� DUFKLYRV� GH� UHVXOWDGRV�SURSRUFLRQDGRV�SRU�HO�SURJUDPD�HVWDYROW�SDUD�XQ�VLVWHPD�HOpFWULFR�UHDO���(Q OD�ILJXUD�$����VH�PXHVWUD�HO�DUFKLYR�GH�UHVXOWDGRV�HLJYDO�VDO�HQ�OD�IRUPD�RULJLQDO�FRPR�ORV�JHQHUD� HO� SURJUDPD� HVWDYROW� (VWRV� DUFKLYRV� VRQ� FUHDGRV� XQD� YH]� TXH� VH� KD� UHDOL]DGR� HO�SURFHGLPLHQWR� SDUD� UHDOL]DU� HO� DQiOLVLV�PRGDO�GH� DFXHUGR�D� ORV�SDVRV�GHVFULWRV� HQ� OD� VHFFLyQ�$����\�FRUUHVSRQGHQ�DO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD���3DUD HO�FDVR�VLPXODGR�HO�DUFKLYR�HLJYDO�HVWi�FRQIRUPDGR�GH�OD�VLJXLHQWH�PDQHUD���
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� )LJXUD�$�����$UFKLYR�HLJYDO�VDO�TXH�FRQWLHQH�ORV�HLJHQYDORUHV��PRGRV��GHO�VLVWHPD�DQDOL]DGR��
$TXt VROR�VH�PXHVWUDQ�D�PDQHUD�GH�HMHPSOR�XQRV�FXDQWRV�HLJHQYDORUHV�\D�TXH�HO�Q~PHUR�GH�pVWRV� HV� LJXDO� DO� Q~PHUR� GH� EXVHV� GHO� VLVWHPD� VLPXODGR�� &DEH�PHQFLRQDU� TXH� HO� SURJUDPD�
HVWDYROW�SURSRUFLRQD�ORV�YDORUHV�GH���λ SRU OR�WDQWR��SDUD�REWHQHU�OD�PDJQLWXG�GH�ORV�PRGRV��λ�
HV�QHFHVDULR�REWHQHU�HO�YDORU�UHFtSURFR�GH�ODV�PDJQLWXGHV�REWHQLGDV��'H�HVWD�PDQHUD�VH�WLHQH�
TXH λ�  ��������� � ������� 6H� SXHGH� YHU� HQ� OD� ILJXUD� $���� TXH� HO� YHFWRU� FROXPQD� GH� ORV�
HLJHQYDORUHV� VH� HQFXHQWUD� RUGHQDGR� HQ� IRUPD�GHVFHQGHQWH� GH� DFXHUGR�DO�YDORU�GH���λ SRU OR�
WDQWR�� ORV� SULPHURV� YDORUHV� VHUiQ� ORV� FRUUHVSRQGLHQWHV� D� ORV� PRGRV� �λ� PDV� SHTXHxRV� \�
FRQVHFXHQWHPHQWH�PiV� FUtWLFRV�� &RQ� HVWD� LQIRUPDFLyQ�� XQD� YH]� TXH� VH� REWLHQHQ� ORV� YDORUHV�UHFtSURFRV�HV�SRVLEOH�FRQWDU�FRQ�XQD�SULPHUD�LQIRUPDFLyQ�UHODFLRQDGD�FRQ�OD�PDJQLWXG�GH�ORV�PRGRV PiV� FUtWLFRV� \� HO� Q~PHUR� GH�PRGRV� TXH� UHVXOWD� GH� LQWHUpV� DQDOL]DU� GH� DFXHUGR� D� VX�FHUFDQtD�D�FHUR���
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�
$�������,GHQWLILFDFLyQ�GH�ORV�EXVHV�FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV�PRGRV�PiV�FUtWLFRV��(O DUFKLYR�HLJYHF�VDO�TXH�JHQHUD�HO�SURJUDPD�HVWDYROW�HV�XQD�PDWUL]�GH�Q�[�Q�GRQGH�Q�HV�LJXDO�DO��Q~PHUR�GH�EXVHV�TXH�FRQIRUPDQ�HO�VLVWHPD��'H�HVWD�PDQHUD�SDUD�XQ�VLVWHPD�GH�����EXVHV�VH�WHQGUtD XQD� PDWUL]� GH� ���� [� ����� GRQGH� OD� FROXPQD� �� UHSUHVHQWD� D� ORV� HLJHQYHFWRUHV�
FRUUHVSRQGLHQWHV� DO�PRGR�λ� �HO�PRGR�PiV�FUtWLFR��\� OD� FROXPQD���FRQWLHQH� ORV� IDFWRUHV�GH�
SDUWLFLSDFLyQ�SDUD�HO�PRGR�λ� \�DVt�VXFHVLYDPHQWH��6L�SRU�HMHPSOR��VH�GHVHDQ� LGHQWLILFDU� ORV�
EXVHV FRQ�ORV�PD\RUHV�IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD�ORV�WUHV�PRGRV�PiV�FUtWLFRV�GHO�VLVWHPD�DQDOL]DGR��HQWRQFHV�EDVWD�FRQ�DEULU�HO�DUFKLYR�HLJYHF�VDO�HQ�XQD�KRMD�GH�FiOFXOR�FRPR�H[FHO�\�FRSLDU�ODV�WUHV�SULPHUDV�FROXPQDV�D�XQD�QXHYD�KRMD�R�DUFKLYR�\�DKt��SHJDUOH�D�FDGD�FROXPQD�HG�HLJHQYHFWRUHV� OD�FROXPQD�TXH�FRQWLHQH� ORV�Q~PHURV�GH�EXVHV�� �(VWD�~OWLPD�FROXPQD�VH�FRSLD�GHO�DUFKLYR�HQ�IRUPDWR�PDWODE��
�P��TXH�FRQWLHQH�ORV�GDWRV�GHO�VLVWHPD�DQDOL]DGR�\�FRQ�HO�FXDO�VH REWXYLHURQ�ODV�PDWULFHV�HLJYDO�VDO�\�HLJYHF�VDO����(Q OD�ILJXUD�$�����VH�PXHVWUDQ�ODV�WUHV�SULPHUDV�FROXPQDV�GHO�DUFKLYR�HLJYHF�VDO��FDGD�XQD�GH�HOODV� FRQWLHQH� D� VX� ODGR� L]TXLHUGR� OD� FROXPQD� TXH� LQGLFD� ORV� Q~PHURV� GH� EXVHV� GHO� VLVWHPD�DQDOL]DGR��(Q�HVWD�ILJXUD�VROR�VH�PXHVWUDQ�D�PDQHUD�GH�HMHPSOR�DOJXQRV�GH�ORV�HLJHQYHFWRUHV�TXH FRPSRQHQ� ODV�FROXPQDV�\D�TXH�SDUD�HO�VLVWHPD�DQDOL]DGR�VH� WLHQHQ�FROXPQDV�GH�PDV�GH�����ILODV���
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)LJXUD�$������)DFWRUHV�GH�SDUWLFLSDFLyQ�D~Q�VLQ�RUGHQDU�SRU�PDJQLWXG��SDUD�ORV���PRGRV�PiV�FUtWLFRV�GHO�VLVWHPD�DQDOL]DGR��(Q OD� ILJXUD�$����� VH�PXHVWUDQ� ORV� IDFWRUHV�GH�SDUWLFLSDFLyQ�SDUD� ORV� WUHV�PRGRV�DQDOL]DGRV�SHUR� HQ� HVWH� FDVR�� \D� VH� HQFXHQWUDQ�RUGHQDGRV� SRU� VX�PDJQLWXG�GH�PD\RU� D�PHQRU��'H� HVWD�PDQHUD�VH�LGHQWLILFDQ�UiSLGDPHQWH�ORV�EXVHV�TXH�WLHQHQ�ORV�PiV�DOWRV�IDFWRUHV�GH�SDUWLFLSDFLyQ�ORV FXDOHV�� VRQ� ORV� TXH� WLHQHQ� XQ� PiV� GpELO� VRSRUWH� GH� YROWDMH� \� HQ� GRQGH� UHVXOWD� PDV�FRQYHQLHQWH�WRPDU�DFFLRQHV�GH�FRPSHQVDFLyQ�\D�VHD�SUHYHQWLYDV�R�FRUUHFWLYDV���
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)LJXUD�$������)DFWRUHV�GH�SDUWLFLSDFLyQ�RUGHQDGRV�SRU�PDJQLWXG��SDUD�ORV���PRGRV�PiV�FUtWLFRV�GHO�VLVWHPD�DQDOL]DGR��
&RPR VH� SXHGH� REVHUYDU� HQ� OD� WDEOD� $������ DO� RUGHQDU� GH� PD\RU� D� PHQRU� ORV� IDFWRUHV� GH�SDUWLFLSDFLyQ� GH� EXVHV� SDUD� FDGD� XQR� GH� ORV� PRGRV� DQDOL]DGRV�� VH� ORJUD� XQD� UiSLGD�LGHQWLILFDFLyQ� GH� ODV� VXEHVWDFLRQHV� TXH� SUHVHQWDQ� XQ�PiV� GpELO� VRSRUWH� GH� YROWDMH� \� TXH� XQ�PRPHQWR�GDGR��LQIOXLUiQ�GH�PDQHUD�PiV�GHWHUPLQDQWH�HQ�OD�HVWDELOLGDG�GH�YROWDMH�GHO�PRGR�R�HLJHQYDORU�FRUUHVSRQGLHQWH���'H DFXHUGR�D�OR�REVHUYDGR�HQ�HVWD�VHFFLyQ�VH�SXHGH�YHU�GH�XQD�PDQHUD�VHQFLOOD�\�UiSLGD�TXH�FRQ OD�D\XGD�GH�XQD�KRMD�GH�FiOFXOR�FRPR�([FHO��VH�SXHGHQ�RUJDQL]DU�ORV�UHVXOWDGRV�TXH�JHQHUD�HO SURJUDPD� HVWDYROW� GH� WDO� IRUPD� TXH� SURSRUFLRQHQ� OD� LQIRUPDFLyQ� GH� XQD�PDQHUD� FODUD� \�FRQILDEOH���
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$5&+,92�'(�'$726�'(/�6,67(0$�(/e&75,&2�'(�*8$7(0$/$��(Q HVWH�DSpQGLFH�VH��PXHVWUD�HO�DUFKLYR�GH�GDWRV�GH�HQWUDGD�TXH�FRQWLHQH�OD�LQIRUPDFLyQ�GH�OD�UHG�HOpFWULFD�GHO�6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD��(O�IRUPDWR�GH�HVWH�DUFKLYR�GH�GDWRV�FRUUHVSRQGH�DO HPSOHDGR�SRU�HO�SURJUDPD�(VWDYROW�WDO�\�FRPR�VH�LQGLFD�HQ�OD�VHFFLyQ�$�����GHO�DSpQGLFH������'H HVWD� IRUPD�� WRGD� OD� LQIRUPDFLyQ� GH� OD� UHG� GH� WUDQVPLVLyQ�� JHQHUDFLyQ� \� FDUJDV� GHO� 6LVWHPD�,QWHUFRQHFWDGR�GH�*XDWHPDOD�SDUD�FRQGLFLRQHV�GH�GHPDQGD�Pi[LPD�GHO�DxR�������VH�LQFOX\H�HQ�ODV�GRV�VLJXLHQWHV�PDWULFHV���
$UFKLYR�GH�'DWRV�GH�OD�5HG�(OpFWULFD�8WLOL]DGD
)RUPDWR�GH�GDWRV�GH�EXVHV�
�
EXV��QXPHUR�GH�EXV�YROWDMH�SX��iQJXOR�JUDGRV��SBJHQ�SX��TBJHQ�SX���
� SBFDUJD�SX���TBFDUJD�SX���FRQGXFWDQFLD�SX���VXVFHSWDQFLD�SX��7LSRBEXV���
� TBPD[��TBPLQ�
� 7LSRBEXV������EXV�FRPSHQVDGRU�
� �����EXV�GH�JHQHUDFLyQ��EXV�39��
� �����EXV�GH�FDUJD��EXV�34��
�
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