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5(680(1
/D� PRGHOL]DFLyQ� GH� ORV� SUHFLRV� GH� OD� HQHUJtD� HOpFWULFD� QHJRFLDGRV� HQ� HO� SRRO� HVSDxRO� HVWi�DGTXLULHQGR�XQD�LPSRUWDQFLD�FUHFLHQWH�SDUD�ORV�GLYHUVRV�DJHQWHV�GH�PHUFDGR��D�PHGLGD�TXH�ODV�PHGLGDV�GHVUHJXODGRUDV�YDQ�VLHQGR�PiV�HIHFWLYDV��(O�YROXPHQ�GH�GDWRV�VLJQLILFDWLYRV�GH�TXH�VH�GLVSRQH��VL�ELHQ�QR�PX\�H[WHQGLGR�HQ�HO�WLHPSR��SURSRUFLRQD�\D�XQD�EDVH�VREUH�OD�TXH�FRQWUDVWDU�GLYHUVRV� PRGHORV� GH� HYROXFLyQ� GH� ORV� SUHFLRV�� /RV� PRGHORV� TXH� VH� SUHVHQWDQ� DTXt� SUHWHQGHQ�DQDOL]DU�HO�FRPSRUWDPLHQWR�GH�UHYHUVLyQ�D�OD�PHGLD�GH�ORV�SUHFLRV�GHO�SRRO��ELHQ�FRQ�XQ�PRGHOR�VLPSOH� GH� UHYHUVLyQ� R�ELHQ�FRQ�XQ�PRGHOR�GH� VHJXQGR�RUGHQ� �GRQGH� OD�PDJQLWXG�GH� OD� IXHU]D�UHVWDXUDGRUD� GHO� SUHFLR� D� XQ� QLYHO� SURPHGLR� GHSHQGH� GHO� SURSLR� QLYHO� GH� SUHFLRV��� $PERV�PRGHORV� GH� UHYHUVLyQ� D� OD�PHGLD� FRQWHPSODQ�HO� HIHFWR� GH� XQ� UXLGR�EODQFR� VREUH� OD� HYROXFLyQ�SURPHGLR�GH� ORV�SUHFLRV��3RU�RWUR�ODGR��XQ�DVSHFWR� LPSRUWDQWH�GHULYDGR�GH�OD�REVHUYDFLyQ�GHO�FRPSRUWDPLHQWR�GH�ORV�SUHFLRV�HV�HO�V~ELWR�LQFUHPHQWR�GH�ORV�PLVPRV�SRU�HQFLPD�GH�ORV�QLYHOHV�HVSHUDEOHV�GH�XQ�UXLGR�EODQFR��(VWR�SXHGH�VHU�GHELGR��SRU�HMHPSOR��D�OD�HQWUDGD�HQ�HO�PHUFDGR�RIHUHQWH�GH� ODV� XQLGDGHV� WpUPLFDV�PiV�FDUDV� �IUHQWH�D�DXPHQWRV�SXQWXDOHV�GH� OD�GHPDQGD���(O�HIHFWR� GH� HVWRV� DXPHQWRV� GH� SUHFLR� UHSHQWLQRV� VH� KD� PRGHOL]DGR� LQFOX\HQGR� XQ� WpUPLQR�HVWRFiVWLFR� GH�SURFHVR�GH�QDFLPLHQWR�\�PXHUWH� HQ� ODV� HFXDFLRQHV��/RV�GLYHUVRV PRGHORV� VH�KD�HYDOXDGR�\�FRQWUDVWDGR�HVWDGtVWLFDPHQWH��6H�FRQVLGHUD�TXH�VRQ�XQ�SDVR�PiV�HQ�OD�HODERUDFLyQ�GH�PRGHORV�PiV�FRPSOHWRV��TXH�LQFOX\DQ�HOHPHQWRV�HQGyJHQRV�DO�VLVWHPD�GH�RIHUWD�\�FDVDFLRQHV�GHO�PHUFDGR�



� ,QWURGXFFLyQ
(O�(VWDGR�KD�WXWHODGR�WUDGLFLRQDOPHQWH�OD�DFWLYLGDG�GH�ODV�HPSUHVDV�GH�HQHUJtD�HOpFWULFD�SRU� VX� LPSRUWDQFLD� HVWUDWpJLFD�� (O� PRQRSROLR� CCQDWXUDO

� GH� TXH� KDQ� GLVIUXWDGR� ODV�HPSUHVDV�GH�JHQHUDFLyQ��WUDQVSRUWH�\�GLVWULEXFLyQ��FRQ�SUHFLRV�GH�OD�HQHUJtD�ILMDGRV�SRU�WDULID�� VH� KD� YLVWR� PRGLILFDGR� HQ� DOJXQRV� SDtVHV� �5HLQR� 8QLGR�� 6XHFLD�� 1RUXHJD��)LQODQGLD�� +RODQGD�� (VWDGRV� 8QLGRV�� &KLOH�� $UJHQWLQD� \� (VSDxD�� SRU� HMHPSOR�� FRPR�FRQVHFXHQFLD� GH� ODV� WHQGHQFLDV� OLEHUDOL]DGRUDV� HQ� OD� HFRQRPtD� PXQGLDO� \� SRU� HO�LQFUHPHQWR�GH�OD�HILFLHQFLD�\�GHVFHQVR HQ�OD�LQYHUVLyQ�LQLFLDO�QHFHVDULD�HQ�OD�SURGXFFLyQ�GH�HQHUJtD�HOpFWULFD� �WXUELQDV�FRQ�PHMRUHV�FXUYDV�GH�FDXGDO��SHUPLVR�GH�OD�H[SORWDFLyQ�GHO�JDV��FHQWUDOHV�GH�FLFOR�FRPELQDGR���7RGR�HOOR�IDYRUHFH�OD�HQWUDGD�GH�QXHYRV�DJHQWHV�RIHUHQWHV� HQ� HO� PHUFDGR�� UHDOLPHQWDQGR� HO� SURFHVR� OLEHUDOL]DGRU� \� MXVWLILFDQGR� OD�H[LVWHQFLD�GH�XQ�PHUFDGR�GH�LQWHUFDPELR�OLEUH�
/D� OLEHUDOL]DFLyQ� GHO� VHFWRU� HOpFWULFR� WUDH� FRQVLJR� OD� VHSDUDFLyQ� GH� ODV� DFWLYLGDGHV� GH�JHQHUDFLyQ�� WUDQVSRUWH�\�GLVWULEXFLyQ��(O�JUDGR�GH�GHVLQWHJUDFLyQ� YHUWLFDO�H[LVWHQWH�KR\�HQWUH� JHQHUDGRUHV� \� GLVWULEXLGRUHV� HV� PX\� YDULDEOH�� HQ� ORV� SDtVHV� QyUGLFRV� OD�GHVLQWHJUDFLyQ� SURYRFD� TXH� ODV� HPSUHVDV� GH� GLVWULEXFLyQ� GLYHUVLILTXHQ� ULHVJRV�HVWDEOHFLHQGR�DOLDQ]DV�FRQ�HPSUHVDV�GH�VHUYLFLRV�GH�OD�PiV�YDULDGD�tQGROH��(Q FXDOTXLHU�FDVR��WDQWR�JHQHUDFLyQ�FRPR�GLVWULEXFLyQ�GHEHQ�DUPDUVH�GH�ODV�KHUUDPLHQWDV�QHFHVDULDV�SDUD�FDOLEUDU�GH�IRUPD�DGHFXDGD�VX�H[SRVLFLyQ�DO�ULHVJR�HQ�ORV�FRQWUDWRV�GH�VXV�FDUWHUDV��(O�DQiOLVLV�GH�ULHVJRV�SDUHFH�FRQILJXUDUVH�FRPR�XQ�HOHPHQWR�FODYH�HQ� OD�JHVWLyQ�GH�ODV�HPSUHVDV� HOpFWULFDV� HQ� ORV� HQWRUQRV� PX\� GHVUHJXODUL]DGRV�� GRQGH� HO� PHUFDGR� GH�GHULYDGRV�GH�OD�HQHUJtD�HOpFWULFD�HVWi�GHVDUUROODGR�
(Q�HO�FRUD]yQ�GH�OD�JHVWLyQ�GH�ULHVJRV�VH�HQFXHQWUDQ�GRV�HOHPHQWRV�FODYH��HO�PRGHODGR�GH� ORV� SUHFLRV� \� OD YDORUDFLyQ� GH� ORV� FRQWUDWRV� GHULYDGRV� GH� OD� FDUWHUD� GH� OD� HPSUHVD��'HQWUR�GHO�PRGHODGR�GH�SUHFLRV��FDEH�GLVWLQJXLU��JURVVR�PRGR��HQWUH�PRGHODGR�D�FRUWR�SOD]R� �SUHGLFFLyQ� HQ�GtDV�� \�PRGHODGR�D� ODUJR�SOD]R� �PHVHV�R�DxRV���(O� LQWHUpV�GH� ORV�SULPHURV� PRGHORV� UDGLFD� HVHQFLDOPHQWH� HQ� VX� FDSDFLGDG� SUHGLFWLYD� LQPHGLDWD�� TXH�SHUPLWD� SODQLILFDU� DGHFXDGDPHQWH�� SRU� HMHPSOR�� HO� IXQFLRQDPLHQWR� GH� ODV� FHQWUDOHV� GH�JHQHUDFLyQ�� (O�PRGHODGR� D� ODUJR� SOD]R� WLHQH� XQD� LQFLGHQFLD� FODUD� HQ� OD� YDORUDFLyQ� GH�DFWLYRV� FRQ� YLGD� PHGLD� SURORQJDGD� �GH� KHFKR�� FXDOTXLHUD� GH� ODV� FHQWUDOHV� GH�SURGXFFLyQ���DVt�FRPR�HQ�OD�YDORUDFLyQ�GH�FRQWUDWRV�FRQ�YHQFLPLHQWR�HQ�PHVHV�
/RV�FRQWUDWRV�GHULYDGRV�PiV�XVXDOHV�HQ�HO�PHUFDGR�HOpFWULFR�HVSDxRO��VL�ELHQ�HVFDVRV�HQ�YROXPHQ�WRGDYtD��VRQ�ODV�RSFLRQHV�VREUH�IXWXURV�\�ORV�VZDSV�
(O�REMHWLYR�GHO�SUHVHQWH�WUDEDMR�HV�SUHVHQWDU�XQD�VHULH�GH�PRGHORV�GH�SUHFLRV�\�EULQGDU�ORV�HOHPHQWRV�DQDOtWLFRV�QHFHVDULRV�SDUD�VX�HVWLPDFLyQ�GH�SDUiPHWURV��GH�PDQHUD�TXH�VH�SXHGD� FRQWUDVWDU� VX� YDOLGH]� FRQ� ORV� GDWRV� UHDOHV� PHGLDQWH� OD� UHDOL]DFLyQ� GH� IRUZDUG�WHVWLQJ�VREUH�ORV�PLVPRV�GDWRV�KLVWyULFRV�
� 0RGHOR�GH�SULPHU�RUGHQ
(O�PRGHOR�GHO�TXH�VH�SDUWH�HV�HO�VLJXLHQWH�



�G]�3�GW3N�G3 V� 
\� OR� TXH� VH� SUHWHQGH� HV�� D� SDUWLU� GH� XQRV� GDWRV� KLVWyULFRV�� HVWLPDU� ORV� YDORUHV� GH� ORV�SDUiPHWURV�N�� 3 \�V GLVFUHWL]DQGR�DGHFXDGDPHQWH�HO�SURFHVR�
$�WDO�HIHFWR��QHFHVLWDPRV�FDOFXODU�HQ�SULPHU�OXJDU�OD�HVSHUDQ]D�FRQGLFLRQDGD�GH�3��TXH�QR�HV�VLQR�OD�VROXFLyQ�D�OD�HFXDFLyQ�GLIHUHQFLDO�3�GW3N�G3  HV�GHFLU��OD�HVSHUDQ]D�FRQGLFLRQDGD�D�OD�ILOWUDFLyQ�HQ�HO�WLHPSR� W¶ HV�> @ > @� �33WWN33( W ���� 
�
�H[S
8VDQGR�PpWRGRV�VLPLODUHV�D�ORV�GHVFULWRV�HQ�>�@��VH�REWLHQH�OD�YDULDQ]D�FRQGLFLRQDGD�D�OD�PLVPD�ILOWUDFLyQ� > @ > @� ��
�H[S�� � N�W�W��N33�9DU V 
/D� IRUPXODFLyQ� GHO� PRGHOR� GLVFUHWR� GHEH� VHU� FRQVLVWHQWH� FRQ� ORV� GRV� PRPHQWRV�FDOFXODGRV�DQWHULRUPHQWH��(V�GHFLU��VH�GHEH�FXPSOLU��> @ > @� �33WN33( WWW �'�� '� H[S
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6H�WUDWD�DKRUD�GH�HVWLPDU�ORV�SDUiPHWURV�N�� 3 \�V ��$�WDO�HIHFWR� VH�UHDOL]D�OD�UHJUHVLyQ

WWWWW E3D33 H�� �'�
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� 0RGHOR�GH�VHJXQGR�RUGHQ
(O�PRGHOR�GHO�TXH�VH�SDUWH�HV�HO�VLJXLHQWH�

3�G]�3�3GW3N�G3 V� 
(O� FDiOFXOR� GHLUHFWR� GH� ORV� PRPHQWRV� PXHVWUD� TXH� HV� LPSRVLEOH� UHSUHVHQWDU� HO� SDVR�DOHDWRULR�PHGLDQWH�XQ�$5��6LQ�HPEDUJR��HO�FDPELR�[ �?3 WUDQVIRUPD�OD�HFXDFLyQ�HQ
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/D�YRODWLOLGDG��DO�VHU�HO�WpUPLQR�TXH�PXOWLSOLFD�DO�SURFHVR�GH�:LHQHU�GH�OD�IRUPD� [V ��VH�SXHGH�HVWLPDU�GH�OD�IRUPD�
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OR� TXH� FRPSOHWD� OD� HVWLPDFLyQ� GH� SDUiPHWURV� GHO�PRGHOR� GH� UHYHUVLyQ� D� OD�PHGLD� GH�VHJXQGR�RUGHQ�
� 5HYHUVLyQ�D�OD�PHGLD�GH�SULPHU�\�VHJXQGR�RUGHQ�FRQ�VDOWRV
6H� WUDWD� D� FRQWLQXDFLyQ� GH� HVWXGLDU� XQ� IDFWRU� DGLFLRQDO� HQ� ORV� PRGHORV�� ORV� VDOWRV�UHSHQWLQRV�GH�SUHFLRV�REVHUYDGRV�RFDVLRQDOPHQWH�HQ�HO�PHUFDGR�HOpFWULFR��(VWRV�VDOWRV�SXHGHQ� REHGHFHU� D�PXFKDV� FDXVDV�� 8QD� GH� HOODV�� OD� HVFDVD� HODVWLFLGDG� GH� OD� FXUYD� GH�GHPDQGD� \� OD� FRQVLJXLHQWH� VHQVLELOLGDG� GHO� SUHFLR� GH� HTXLOLEULR� GHO� PHUFDGR� D� ORV�FDPELRV� HQ� OD� PLVPD�� (Q� GHWHUPLQDGDV� FLUFXQVWDQFLDV�� OD� FXUYD� GH� GHPDQGD� SXHGH�PRYHUVH�D�OD�GHUHFKD�SDUD�FRUWDU�D�OD�GH�OD�RIHUWD�HQ�OD�]RQD�GH�GLVSDUR�GH�ODV�WpUPLFDV�FDUDV�� VL� OD� FDQWLGDG� GH� DJXDQ� HQ� ODV� UHVHUYDV� QR� HV� PX\� DFXVDGD�� HVWH� PRYLPLHQWR�SXHGH��HQ�HIHFWR��REOLJDU�D�OD�HQWUDGD�HQ�IXQFLRQDPLHQWR�GH�ODV�FHQWUDOHV�GH�SURGXFFLyQ�PiV�FRVWRVDV��DXPHQWDQGR�GH�IRUPD�DFXVDGD�HO�SUHFLR�GH�HTXLOLEULR�GHO�PHUFDGR�
(O� IHQyPHQR� GHO� DXPHQWR� GHO� SUHFLR� VH� UHSUHVHQWD� HQ� HO�PRGHOR� FRPR�XQ� SURFHVR� GH�3RLVVRQ� DxDGLGR� DO� SURFHVR� GH�:LHQHU� JHQHUDOL]DGR� �HQ� HVWH� FDVR�� D� OD� UHYHUVLyQ� D� OD�PHGLD�GH�SULPHU�RUGHQ�� > @ GT�G]GW�3�3N�G3 ��� VOG
GRQGH

®̄­ GWGWGT OOI ��DGSUREDELOLGFRQ� DGSUREDELOLGFRQ
FRQ� > @IG ( ��/D�GLVFUHWL]DFLyQ�GHO�PRGHOR��HOLPLQDQGR�HO� WpUPLQR� GT��HV�VLPLODU�D� OD�GHVDUUROODGD�DQWHULRUPHQWH��FRQ�XQ� 3 PRGLILFDGR�LJXDO�D� N�3 OG ��(O�HOLPLQDU�HO�WpUPLQR�GT SDUD�OD�GLVFUHWL]DFLyQ�DVXPH�TXH�GLFKR�WpUPLQR�QR�DxDGH�YRODWLOLGDG�DO�SURFHVR�



3DUD� HO� SURFHVR� GH� UHYHUVLyQ� D� OD� PHGLD� GH� VHJXQGR� RUGHQ�� VH� DxDGHQ� ORV� PLVPRV�WpUPLQRV� > @ 3GT3�G]GW�3�3N�3G3 ��� VOG
WHQLHQGR�HQ�FXHQWD�TXH��HQ�HVWH�FDVR��ORV�VDOWRV�KDQ�GH�VHU�PiV�SURQXQFLDGRV�D�PHGLGD�TXH�HO�SUHFLR�FUHFH��DO�UHVXOWDU�OD�PDJQLWXG�GHO�VDOWR�SURSRUFLRQDO�DO�QLYHO�GH�SUHFLRV�
� 5HVXOWDGRV(VWLPDFLyQ�GH�OD�IUHFXHQFLD�GH�3RLVVRQ
(O�SURJUDPD�VLPXOD�HO�FRPSRUWDPLHQWR�GH�XQD�VHULH�FRQ�SUHFLR�PHGLR�D�ODUJR�SOD]R�GH���SHVHWDV�N:K�\�VDOWRV��VLHPSUH�SRVLWLYRV�\�GHWHUPLQLVWDV��GH���SHVHWDV�N:K�FRQ�GLYHUVDV�IUHFXHQFLD�PHGLDV�GH�VDOWRV�GtD��(O�SHULRGR�HV�GH������GtDV

*UiILFD����5HYHUVLyQ�D�OD�PHGLD�GH�SULPHU�RUGHQ�FRQ�VDOWRV�GH�IUHFXHQFLD�PHGLD�GH�������GtD�

*UiILFD����5HYHUVLyQ�D�OD�PHGLD�GH�SULPHU�RUGHQ�FRQ�VDOWRV�GH�IUHFXHQFLD�PHGLD�GH�������GtD�



*UiILFD����5HYHUVLyQ�D�OD�PHGLD�GH�SULPHU�RUGHQ�VLQ�VDOWRV��
(O�SURFHVR�GH�VHOHFFLyQ�GH�OD�IUHFXHQFLD�GH�VDOWRV�DGHFXDGD�VH�UHDOL]D�FRPR�VLJXH�

x 6H�HVWDEOHFHQ�ODV�EDQGDV�GH�FRQILDQ]D�SDUD�HO�SURFHVR�GH�UHYHUVLyQ�D�OD�PHGLD�VLQ�VDOWRV� �HQ� HVWH� FDVR�� GHQWUR�GHO� ����VH� VLW~DQ� ORV� QLYHOHV�GH�SUHFLRV�GH������\�������x 0HGLDQWH�YDULDV�VLPXODFLRQHV��VH�REWLHQH�XQ�YDORU�SURPHGLR�GH�ODV�YHFHV�TXH�ORV�SUHFLRV�H[FHGHQ�GHO�YDORU�VXSHULRU�GH�OD�EDQGD�VXSHULRU�x 6H� FRPSDUD�� SDUD� YDULRV� YDORUHV� GH� OD� IUHFXHQFLD�� FRQ� ORV� GDWRV� UHDOHV�� \� VH�REWLHQH�OD�IUHFXHQFLD�DGHFXDGD�������
6HOHFFLyQ�GHO�RUGHQ�GH�OD�UHYHUVLyQ

*UiILFD����5HYHUVLyQ�D�OD�PHGLD�GH�VHJXQGR�RUGHQ�VLQ�VDOWRV��
/D�JUiILFD�DQWHULRU�PXHVWUD�TXH�OD�UHYHUVLyQ�GH�VHJXQGR�RUGHQ�HV�VLJQLILFDWLYDPHQWH�PiV�RVFLODQWH� �D� SHVDU� GH� TXH� ORV� SDUiPHWURV� VH� KDQ� HVWLPDGR� GH� PDQHUD� LQGHSHQGLHQWH���HVSHFLDOPHQWH�SRU�OD�GHSHQGHQFLD�GH�OD�µIXHU]D�GH�UHYHUVLyQ¶�FRQ�ORV�QLYHOHV�GH�SUHFLRV��



/DV� VLJXLHQWHV� JUiILFDV� PXHVWUDQ� HO� HIHFWR� GH� OD� LQFOXVLyQ� GH� ORV� VDOWRV� HQ� DPERV�PRGHORV�� SDUD� ���� GtDV� �FRQ� REMHWR� GH� GLVFULPLQDU� YLVXDOPHQWH� HO� WLHPSR� GH�SHUPDQHQFLD�HQ�QLYHOHV�DOWRV�GH�SUHFLRV�\�ORV�QLYHOHV�Pi[LPRV�DOFDQ]DGRV���6H�VXSRQH�HQ�DPERV�FDVRV�OD�PLVPD�IUHFXHQFLD�GH�3RLVVRQ�GH�������

*UiILFD����5HYHUVLyQ�D�OD�PHGLD�GH�VHJXQGR�RUGHQ�

*UiILFD����5HYHUVLyQ�D�OD�PHGLD�GH�SULPHU�RUGHQ�
/DV� SULPHUDV� FRQFOXVLRQHV� TXH� VH� REWLHQHQ� WUDV� FRPSDUDU� SUHOLPLQDUPHQWH� HO�FRPSRUWDPLHQWR�GH�ORV�PRGHORV�FRQ�ORV�GDWRV�GH�PHUFDGR�VRQ�

x 3DUHFH�H[LVWLU�XQ�PHMRU�FRPSRUWDPLHQWR�GH�OD�UHYHUVLyQ�GH�VHJXQGR�RUGHQ�HQ�OR�TXH�VH UHILHUH�D�OD�HVWLPDFLyQ�GH�SHUPDQHQFLD�HQ�QLYHOHV�VXSHULRUHV�GH�SUHFLRVx /D� GHSHQGHQFLD� IXQFLRQDO� GH� ORV� SDUiPHWURV� HQ� OD� UHYHUVLyQ� D� OD� PHGLD� GH�VHJXQGR� RUGHQ� HV� PiV� FRKHUHQWH� HQ� ODV� HVWLPDFLRQHV� IXWXUDV� GH� QLYHOHV� GH�SUHFLRV� TXH� OD� GH� VHJXQGR� RUGHQ�� DXQTXH� ODV� GLIHUHQFLDV� VRQ� SHTXHxDV� \�SUREDEOHPHQWH�QR�VLJQLILFDWLYDV�



&RPR�WUDEDMR�LQPHGLDWR��VH�GHEH�
x $QDOL]DU� FRQ� SUHFLVLyQ� ORV� HUURUHV� HQ� OD� HVWLPDFLyQ� GH� SDUiPHWURV� FRQ� GDWRV�UHDOHVx (VWLPDU�OD�ILDELOLGDG�GH�ODV�SUHGLFFLRQHV�FRQ�ORV�PRGHORV�

� 5HIHUHQFLDV>�@�5XL]�� )��� )HUQiQGH]��0��&��� 6RODQD� 3���0RGHOL]DFLyQ� GH� ORV� SUHFLRV� GH� OD� HQHUJtD�HOpFWULFD� PHGLDQWH� GLVWULEXFLRQHV� ORJQRUPDO� \� PRGHORV� GH� UHYHUVLyQ� D� OD� PHGLD�� ,�:RUNVKRS�GH�,QJHQLHUtD�GH�2UJDQL]DFLyQ�%LOEDR��������GH�6HSWLHPEUH�GH�����
>�@� 'L[LW�� $��� 3\QGLFN� 5��� ,QYHVWPHQW� XQGHU� XQFHUWDLQLW\�� 3ULQFHWRQ� 8QLYHUVLW\� 3UHVV�������
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