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2� FDIp� FRQVWLWXL� JUDQGH� IRQWH� JHUDGRUD� GH� UHFHLWDV� SDUD� R� %UDVLO�� DGHVSHLWR�GH�WHU�GLPLQXtGR�VXD�SDUWLFLSDomR�UHODWLYD�QR�YDORU�GDV�H[SRUWDo}HV�FRPD�GLYHUVLILFDomR�GH�SURGXWRV�H[SRUWDGRV�$�UHJLmR�VXO�GH�0LQDV�*HUDLV�p�D PDLRU�SURGXWRUD�GH�FDIp�GR�(VWDGR��$DWLYLGDGH�GH�SURGXomR�FDIHHLUD�p�JUDQGH�JHUDGRUD�GH�HPSUHJR�H�IL[DGRUD�GH�PmR�GH�REUD� QR�PHLR� UXUDO��$� FDIHLFXOWXUD� WHP�SRVLomR� tPSDU� QD� HFRQRPLD� GDGR� RQ~PHUR� GH� SHVVRDV� TXH� HPSUHJD�� (VWLPDWLYDV� DSRQWDP� D� DWLYLGDGH� FRPRHPSUHJDGRUD� GH� TXDWUR�PLOK}HV� GH� SHVVRDV� QD� SURGXomR� H� GH� ��� PLOK}HV�� VHFRQVLGHUDGRV�RV�RXWURV�VHJPHQWRV��WDLV�FRPR�FRPpUFLR��LQG~VWULD�H�VHUYLoRV�$� H[SDQVmR� GD� FDIHLFXOWXUD� HP� /DWRVVRORV� RFRUUH� FRP� LQYHVWLPHQWRVHOHYDGRV�HP�YDULHGDGHV��DGXEDo}HV�� LUULJDo}HV�H�FRQWUROH�GH� SUDJDV� H�GRHQoDV�6RORV� LQWHQVDPHQWH� FXOWLYDGRV� FRP� D� FXOWXUD� GR� FDIHHLUR� QmR� UDUDPHQWHDSUHVHQWDP�SUREOHPDV�QDV�SURSULHGDGHV�ItVLFDV�GR�VROR��DIHWDQGR�WRGR�R�SURFHVVRGH� FRQVHUYDomR� GR� VROR� H� DVVLP� FRPSURPHWHQGR� D� VXVWHQWDELOLGDGH� GH� WRGR� RSURFHVVR�DJUtFROD�$V�SODQWDV�GDQLQKDV�LQIHVWDQWHV�GRV�FDIH]DLV�GHYHP�VHU�FRQWURODGDV�SDUDVH�HYLWDUHP�SHUGDV�QD�SURGXomR�H�IDFLOLWDU�R�PDQHMR�GD�FXOWXUD�H�GD�RSHUDomR�GHFROKHLWD�� 3RU� RXWUR� ODGR�� VH� EHP� PDQHMDGDV�� SRGHP� VHU� EHQpILFDV�� SHORVRPEUHDPHQWR� GR� VROR�� HYLWDQGR� D� LQFLGrQFLD� GLUHWD� GRV� UDLRV� VRODUHV�DPHQL]DQGR� RV� HIHLWRV� GD� HURVmR� QD� pSRFD� GH� PDLRU� LQFLGrQFLD� GDV� FKXYDV�DXPHQWR�R�WHRU�GH�PDWpULD�RUJkQLFD�GR�VROR�SHOD�GHFRPSRVLomR�GH�UDt]HV�H�SDUWHVDpUHDV��DVVLP�FRPR�LQFRUSRUDQGR�QXWULHQWHV�DR�VROR�$� PDWpULD� RUJkQLFD� H[HUFH� SDSHO� LPSRUWDQWH� QRV� SURFHVVRV� ItVLFRV�TXtPLFRV� H� ELROyJLFRV� TXH� RFRUUHP� QR� VROR�� DOpP� GH� UHSUHVHQWDU� XPD� GDVPDLRUHV�UHVHUYDV�GH�FDUERQR�QR�FLFOR�JOREDO�
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2�FUHVFLPHQWR� HP�SURGXWLYLGDGH� GHYH� VHU� IHLWR� SRU�PHLR� GR� HTXLOtEULRHQWUH� DV� H[LJrQFLDV� GDV� FXOWXUDV� H� RV� UHFXUVRV� GR� VROR�� SHOR� XVR� GH� WpFQLFDVDGHTXDGDV�GH�PDQHMR�GR�VROR�(QWUH�DV�GLYHUVDV�WpFQLFDV�GH�PDQHMR��R�FRQWUROH�GH�SODQWDV�GDQLQKDV� VHGHVWDFD�FRPR�XPD�GDV�PDLV� LPSRUWDQWHV�RSHUDo}HV�FXOWXUDLV�QDV� ODYRXUDV��SRLVFRQVWLWXL�XPD�RSHUDomR�QHFHVViULD�H�IXQGDPHQWDO�SDUD�VH�REWHU�UHVXOWDGR�SRVLWLYRQD�SURGXomR��VHMD�HP�FXOWXUDV�DQXDLV�RX�SHUHQHV�2� PDQHMR� GDV� SODQWDV� GDQLQKDV� HP� ODYRXUDV� GH� FDIp� WHP� VLGR�WUDGLFLRQDOPHQWH��UHDOL]DGR�SRU�PHLR�GH�WpFQLFDV�PDQXDLV��PHFkQLFDV�H�TXtPLFDV�VHP�XPD�SUHRFXSDomR�FRQVHUYDFLRQLVWD�RX�VHP�DYDOLDomR�FUtWLFD�GH�VHXV�HIHLWRVVREUH�DV�SURSULHGDGHV�GR�VROR�(VVH� WUDEDOKR� WHP�FRPR�REMHWLYR�R�HVWXGR�GR�HIHLWR�GH�DOJXQV�PpWRGRVGH�FRQWUROH�GH�SODQWDV�GDQLQKDV�QD�FXOWXUD�GR�FDIHHLUR�VREUH�D�DJUHJDomR�GR�VRORH�WDPEpP�VREUH�IUDo}HV�GD�PDWpULD�RUJkQLFD�GR�VROR�
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����$JUHJDGRV�H�VLVWHPDV�GH�PDQHMR�GR�VROR$�HVWUXWXUD�GR�VROR�UHIHUH�VH� j� DJOXWLQDomR� GDV� SDUWtFXODV�SULPiULDV� HPSDUWtFXODV�FRPSRVWDV��GHOLPLWDGDV�XPDV�GDV�RXWUDV�SRU�VXSHUItFLHV�GH�IUDTXH]D�RXVHSDUDGDV� SRU� GHVFRQWLQXLGDGHV�� GDQGR� RULJHP� D� DJUHJDGRV� GH� FRQILJXUDo}HVSHFXOLDUHV� LQHUHQWHV� j� RUJDQL]DomR� QDWXUDO� GD� PDWpULD� VyOLGD� FRQVWLWXWLYD� GRVKRUL]RQWHV�FRPSRQHQWHV�GR�SHUILO�GR�VROR��2OLYHLUD�HW�DO���������$� HVWUXWXUD� p� IRUWHPHQWH� DIHWDGD� SHODV� PXGDQoDV� FOLPiWLFDV�� SHODDWLYLGDGH�ELROyJLFD�H�SHODV�SUiWLFDV�GH�PDQHMR�GR�VROR�H�p YXOQHUiYHO�jV� IRUoDVGHVWUXWLYDV� GH� QDWXUH]D� PHFkQLFD� H� ILVLFR�TXtPLFD�� 2� WDPDQKR�� IRUPD� HHVWDELOLGDGH�GRV�DJUHJDGRV�GR�VROR�GHWHUPLQDP�D�SRURVLGDGH�WRWDO��R�WDPDQKR��DGLVWULEXLomR�H�D�IRUPD�LQGLYLGXDO�GRV�SRURV��e�SRU�LVVR�TXH�D�HVWUXWXUD�GR�VROR�HPERUD�QmR�VHMD�FRQVLGHUDGD�HP�VL�XP�IDWRU�GH�FUHVFLPHQWR�SDUD�DV�SODQWDV��DIHWDD�UHWHQomR�H�D�WUDQVPLVVmR�GH�IOXLGRV�QR�VROR�� LQFOXLQGR�D�LQILOWUDomR�H�DHUDomR�H[HUFHQGR�LQIOXrQFLD�QRV�VXSULPHQWRV�GH�iJXD�H�DU�jV�UDt]HV�GDV�FXOWXUDV��$OpPGLVVR��FRPR�D�HVWUXWXUD�GR�VROR�LQIOXHQFLD�DV�SURSULHGDGHV�PHFkQLFDV�GR�VROR��HODSRGH� WDPEpP� DIHWDU� GH� PDQHLUD� GLIHUHQWH� IHQ{PHQRV� FRPR� JHUPLQDomR�GHVHQYROYLPHQWR� H� SHQHWUDomR� GH� UDt]HV�� GLVSRQLELOLGDGH� GH� QXWULHQWHV�� DVFXOWXUDV�� R� PRYLPHQWR� GD� PDFURIDXQD� GR� VROR�� R� WUiILFR� WHUUHVWUH� H� D� HURVmR�+LOOHO�������H�/\QFK��������$� IRUPDomR� H� D� HVWDELOL]DomR� GRV� DJUHJDGRV� GR� VROR� RFRUUHPPHGLDQWH�D�DWXDomR�GH�SURFHVVRV�ItVLFRV��TXtPLFRV�H�ELROyJLFRV��(VVHV��SRUVXD� YH]�� DWXDP� SRU� PHFDQLVPRV� SUySULRV�� QRV� TXDLV� VmR� HQYROYLGDVVXEVWkQFLDV� TXH� DJHP� QD� DJUHJDomR� H� QD� HVWDELOL]DomR�� HQWUH� DV� TXDLV� DVSULQFLSDLV� VmR� DUJLOD�� VtOLFD� FRORLGDO�� FRPSRVWRV� RUJkQLFRV�� PHWDLVSROLYDOHQWHV��FDUERQDWR�GH�FiOFLR��y[LGRV�H� KLGUy[LGRV�GH� IHUUR�H�DOXPtQLR�H[VXGDWRV� RUJkQLFRV� H� VXEVWkQFLDV� RUJkQLFDV� SURYHQLHQWHV� GD� DomR� GRV
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PLFURUJDQLVPRV� �6LOYD� 	� 0LHOQLF]XN�� ������� $OpP� GDV� VXEVWkQFLDVDJUHJDQWHV�� H[LVWHP� RV� DJHQWHV� GH� DJUHJDomR� UHSUHVHQWDGRV� SRU� FOLPD�UDt]HV��PLFURUJDQLVPRV�H�SHOD�SUySULD�FRQWUDomR�GR�VROR�'H�XPD�PDQHLUD�VLPSOHV�SRGH�VH�GL]HU�TXH�XP�DJUHJDGR�p�FRQVWLWXtGR�GHSDUWtFXODV� SULPiULDV� LQWLPDPHQWH� DJUXSDGDV� HP� XPD� XQLGDGH� VHFXQGiULD�� 2VDJUHJDGRV� YLVtYHLV�� RV� TXDLV� VmR� JHUDOPHQWH� GD� RUGHP� GH� YiULRV�PLOtPHWURV� DYiULRV� FHQWtPHWURV�� VmR� GHQRPLQDGRV� GH� PDFURDJUHJDGRV� �DJUHJDGRV� PDLRUHVTXH� �����PP��� TXH� VmR�� FRPXPHQWH�� D� XQLmR� GH� DUUDQMRV� PHQRUHV�� FKDPDGRVPLFURDJUHJDGRV� �DJUHJDGRV�PHQRUHV�TXH������PP��� RV�TXDLV�� SRU� VXD� YH]�� VmRUHVXOWDQWHV�GD�XQLmR�GH�SDUWtFXODV�SULPiULDV�2V� DJHQWHV� RUJkQLFRV� HQYROYLGRV� QD� HVWDELOL]DomR� GRV� DJUHJDGRV� VmRGLVWULEXtGRV� HP� WUrV� JUXSRV� SULQFLSDLV� FRP� EDVH� QD� LGDGH� H� GHJUDGDomR� GDPDWpULD� RUJkQLFD� �7LVGDOO� 	� 2DGHV�� ������� � 2V� YiULRV� OLJDQWHV� GHWHUPLQDP� DLGDGH��R�WDPDQKR�H�D�HVWDELOLGDGH�GRV�DJUHJDGRV��VHQGR�RV�WUrV�JUXSRV�GH�OLJDQWHVGHQRPLQDGRV� WUDQVLWyULRV�� WHPSRUiULRV� H� SHUVLVWHQWHV�� /LJDQWHV� WUDQVLWyULRV� VmRPDWHULDLV� RUJkQLFRV� TXH� VmR� UDSLGDPHQWH� GHFRPSRVWRV� SRU�PLFURUJDQLVPRV��2JUXSR� PDLV� LPSRUWDQWH� p� FRQVWLWXtGR� SHORV� SROLVVDFDUtGHRV�� LQFOXLQGRSROLVVDFDUtGHRV� PLFURELDQRV� SURGX]LGRV� TXDQGR� PDWHULDLV� RUJkQLFRV� VmRDGLFLRQDGRV� DR� VROR� H� DOJXQV� GRV� SROLVVDFDUtGHRV� DVVRFLDGRV� FRP� UDt]HV� H� DELRPDVVD�PLFURELDQD�QD�UL]RVIHUD�$OJXQV�SROLVVDFDUtGHRV�SRGHP�VHU�SURWHJLGRV�GD�GHJUDGDomR�PLFURELDQDSHOD� DVVRFLDomR� FRP� tRQV�PHWiOLFRV� RX� SRU� DGVRUomR� QD� VXSHUItFLH� GDV� DUJLODV�7DLV�VXEVWkQFLDV�H�VXD�DomR�OLJDQWH�WRUQDP�VH�SHUVLVWHQWHV�SRU�YiULRV�DQRV�/LJDQWHV�WHPSRUiULRV�VmR�UDt]HV�H�KLIDV�GH�IXQJRV��SDUWLFXODUPHQWH�KLIDVGH� PLFRUUL]DV� YHVLFXODU�DUEXVFXODU� �7LVGDOO� 	� 2DGHV�� ������� 7DLV� OLJDQWHVIRUPDP�VH�QR�VROR�HP�SRXFDV�VHPDQDV�j�PHGLGD�TXH�VLVWHPDV�UDGLFXODUHV�H�KLIDVDVVRFLDGDV�VH�GHVHQYROYHP��(OHV�SHUVLVWHP�SRU�PHVHV�RX�DQRV��VmR�DIHWDGRV�SHORPDQHMR� GR� VROR� �7LVGDOO� 	� 2DGHV�� ������ 7LVGDOO� 	� 2DGHV�� ����D�� H� WDPEpP
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DWXDP�HVWDELOL]DQGR�PDFURDJUHJDGRV��LVWR�p��DJUHJDGRV�FRP�GLkPHWUR�!������PP�7LVGDOO�	�2DGHV�����E��$V�KLIDV��QmR� QHFHVVDULDPHQWH� YLYDV�� XQHP�VH� H� ILFDP� LQFUXVWDGDV�FRPSDUWtFXODV� GH� DUJLOD�� FRQVHUYDQGR� RV� DJUHJDGRV� HVWiYHLV� HP� iJXD� �7LVGDOO� 	2DGHV�� ������� (PERUD� LQGLYLGXDOPHQWH� DV� KLIDV� QmR� VHMDP� IRUWHV�� D� IRUoDFRPELQDGD� GH� WRGDV� DV� KLIDV� H� UDt]HV� ILQDV�� HVSHFLDOPHQWH� QXPD� UHGHWULGLPHQVLRQDO��VHJXUD�SDUWtFXODV�PDLV�RX�PHQRV�LJXDOPHQWH�HP� WRGDV�GLUHo}HV�GH�PDQHLUD�TXH�RV�DJUHJDGRV�ILFDP�HVWiYHLV�TXDQGR�UDSLGDPHQWH�XPHGHFLGRV�$OpP�GH�IRUQHFHUHP�UHVtGXRV�RUJkQLFRV�DR�VROR�H�PDQWHUHP�XPD�JUDQGHSRSXODomR�PLFURELDQD�QD�UL]RVIHUD��DV�UDt]HV�GH�DOJXPDV�SODQWDV��HVSHFLDOPHQWHGH�JUDPtQHDV��SRU�VL�Vy�DJHP�FRPR�OLJDQWHV��(ODV�IRUPDP�XP�DJORPHUDGR�FRPSDUWtFXODV�ILQDV�GR�VROR�HP�PDFURDJUHJDGRV�HVWiYHLV��PHVPR�DSyV�D�VXD�PRUWH�2� H[WHQVR� VLVWHPD� UDGLFXODU�GH� JUDPtQHDV� IDYRUHFH� D� HVWUXWXUD� GR� VRORHP�YLVWD�GD�FLPHQWDomR�GH�PDFURDJUHJDGRV�SRU�UDt]HV�ILQDV�H�KLIDV�GH�PLFRUUL]DVYHVLFXODU�DUEXVFXODU� H� FLPHQWDomR� GH� PLFURDJUHJDGRV� SRU� PDWHULDO� K~PLFR� HPXFLODJHP�IRUPDGRV�GXUDQWH�D�GHFRPSRVLomR�GDV�UDt]HV�H�KLIDV��2DGHV��������/LJDQWHV� SHUVLVWHQWHV� FRQVLVWHP� GH� PDWHULDO� K~PLFR� DURPiWLFRGHJUDGDGR�� DVVRFLDGR� FRP� IHUUR� DPRUIR�� DOXPtQLR� H� DOXPLQRVVLOLFDWRV�� SDUDIRUPDU�D�JUDQGH�IUDomR�RUJDQR�PLQHUDO�GR�VROR��0HXUHU��������2V� PDWHULDLV� FRORLGDLV� GR� VROR� FDXVDP� D� FLPHQWDomR� GDV� SDUWtFXODVSULPiULDV�HP�DJUHJDGRV�HVWiYHLV�H�VH�GLVWLQJXHP�HP�WUrV�JUXSRV������DV�SUySULDVSDUWtFXODV� GH� DUJLOD�� ���� RV� FROyLGHV� LQRUJkQLFRV� LUUHYHUVtYHLV� RX� SRXFRUHYHUVtYHLV��FRPR�RV�y[LGRV�GH�IHUUR�H�GH�DOXPtQLR�������RV�FROyLGHV�RUJkQLFRV�VXJHULQGR� D� SRVVLELOLGDGH� GH� H[LVWrQFLD� GH� LQWHUDo}HV� HQWUH� PDWHULDO� FRORLGDOPLQHUDO� H� RUJkQLFR� SDUD� IRUPDU� FRPSOH[RV� DUJLORVR�RUJkQLFRV� �%DYHU� HW� DO�������� (VWXGDQGR�D�HVWDELOLGDGH�HVWUXWXUDO�GRV� DJUHJDGRV� HP� FRQGLo}HV� GHPDWR� H� FDPSR� QDWLYR�� YHULILFRX�VH� TXH� KRXYH� GLPLQXLomR� GD� DJUHJDomR
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TXDQGR�HVWHV� IRUDP�VXEPHWLGDV�j� ODYUDomR�H�j JUDGDJHP�SDUD�R� FXOWLYR� GRWULJR�H�VRMD��&DUSHQHGR�	�0LHOQLF]XN��������$V� FXOWXUDV�� TXDQGR� DGHTXDGDPHQWH� PDQHMDGDV�� HVSHFLDOPHQWH� HPVLVWHPDV�GH�URWDomR��VmR�DJHQWHV�LPSRUWDQWHV�TXH�DWXDP�QD�DJUHJDomR�GR�VROR��$DomR�GDV�FXOWXUDV�p�GHYLGD�j�SURGXomR�GH�UHVtGXRV�RUJkQLFRV�TXH�VmR� IRQWHV�GHHQHUJLD�SDUD�DWLYLGDGH�PLFURELDQD�QD�IRUPDomR�GH�FRPSRVWRV�K~PLFRV�QR�VROR�RFRUUH� D� DWXDomR� GR� VLVWHPD� UDGLFXODU� DSUR[LPDQGR� DV� SDUWtFXODV� GR� VROR� SRUFRPSUHVVmR� H� YDULDomR� GH� XPLGDGH�� DOpP� GD� FRQWULEXLomR� GH� XPLGDGH�� GDVH[FUHo}HV�H� UHVtGXRV�SURGX]LGRV��D�FREHUWXUD� YHJHWDO�� DVVLP� FRPR�RV� UHVtGXRV�SURWHJH�RV�DJUHJDGRV�GD�VXSHUItFLH�FRQWUD�D�DomR�GLUHWD�GDV�JRWDV�GH�FKXYD�H�GRVRO��LQIOXLQGR�WDPEpP�QD�YDULDomR�GD�WHPSHUDWXUD�H�XPLGDGH�GR�VROR�$V�SODQWDV�H[HUFHP�PDLRU�EHQHItFLR�QD�DJUHJDomR�TXDQGR�SRVVXHP�XPYROXPH�GH�ILQDV�UDt]HV�TXH�VH�UDPLILFDP�DWUDYpV�GR�VROR��H[HUFHQGR�SUHVVmR�TXHSRGH�DMXGDU�QD�IRUPDomR�GH�DJUHJDGRV��$R�DEVRUYHU�iJXD��DV�UDt]HV�TXH�HVWmR�HPFRQWDWR� FRP� DV� SDUWtFXODV� GR� VROR� SURGX]HP� HVIRUoR� H� WHQVmR� TXH�� SRU� ILP�IRUQHFHP� DOLPHQWRV� DRV� PLFURUJDQLVPRV� GD� UL]RVIHUD�� RV� TXDLV� GLUHWD� RXLQGLUHWDPHQWH� LQIOXHP� QD� DJUHJDomR� �$OLVVRQ�� ������� $V� UDt]HV� SRGHPRFDVLRQDOPHQWH� SHQHWUDU� QRV� DJUHJDGRV� H� TXHEUi�ORV�� PDV� LVWR� QmR� p� R� PDLRUHIHLWR�� VHX� FUHVFLPHQWR� p� SULQFLSDOPHQWH� HQWUH� DJUHJDGRV�� 3ODQWDV� FRP� UDt]HVJURVVDV�H�OLPLWDGDV�UDt]HV�ILQDV��WDLV�FRPR�R�DOJRGmR�H�D�VRMD��VmR�PHQRV�HIHWLYDVQD�DJUHJDomR�TXH�DV�JUDPtQHDV�$� FRQVRUFLDomR� GH� JUDPtQHDV� H� OHJXPLQRVDV� p� PDLV� HILFLHQWH� QDUHDJUHJDomR� GR� TXH� VRPHQWH� OHJXPLQRVDV� RX� JUDPtQHDV�� 1RUPDOPHQWH�OHJXPLQRVDV� QmR� WrP� JUDQGH� TXDQWLGDGH� GH� UDt]HV� ILQDV�� SRUpP� FRQWrP� PDLVQLWURJrQLR� H� VXD� GHFRPSRVLomR� p�PDLV� UiSLGD� GR� TXH� DV� UDt]HV� GDV� JUDPtQHDV�FRP�DOWR�FRQWH~GR�GH�FDUERQR��$OLVVRQ��������$� DomR� GDV� UDt]HV� GDV� SODQWDV� QD� IRUPDomR� H� HVWDELOL]DomR� GRVDJUHJDGRV� GR� VROR� p� HQIDWL]DGD� SRU� 7LVGDOO� 	� 2DGHV� �������� (QWUHWDQWR�
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�7LVGDOO� 	� 2DGHV�� ����E��� (VVHV� DXWRUHV� DFUHVFHQWDP� TXH� D� HVWDELOLGDGH� GHDJUHJDGRV�FRP�GLkPHWUR�LQIHULRU�D������PP�GHSHQGH�PDLV�GH�FDUDFWHUtVWLFDV�GRVROR�GR�TXH�GR�PDQHMR�&XOWXUDV� H� VLVWHPDV� GH� FXOWXUDV� TXH� SURSRUFLRQDP� SRXFD� FREHUWXUDYHJHWDO�IRUQHFHP�SRXFR�UHVtGXR�RUJkQLFR�SURQWDPHQWH�GHFRPSRQtYHO�DR�VROR�HTXH�UHTXHUHP�LQWHQVDV�RSHUDo}HV�GH�SUHSDUR�H�GH�FXOWLYR��VmR�DV�PHQRV�FDSD]HVGH�PDQWHU� R� VROR� HP� ERDV� FRQGLo}HV� GH� XWLOL]DomR�� $R� FRQWUiULR�� FXOWXUDV� RXVLVWHPDV�GH�FXOWXUDV�TXH�SRVVXHP�VLVWHPDV�UDGLFXODUHV�H[WHQVRV�DSUHVHQWDP�XPFRQWtQXR�IRUQHFLPHQWR�GH�PDWpULD�RUJkQLFD�EHP�EDODQFHDGD��SURSRUFLRQDP�XPDERD�H�HILFD]�FREHUWXUD�SURWHWRUD��PHOKRUDP�D�DJUHJDomR�GR�VROR�H�PDQWrP�XPDHOHYDGD�DWLYLGDGH�ELROyJLFD�H�D�SURGXWLYLGDGH�GR�VROR�DXPHQWD��$�FREHUWXUD�GRVROR�UHGX]�R�HIHLWR�GD�GHVDJUHJDomR��HYLWDQGR�R�VHODPHQWR�VXSHUILFLDO�SURYRFDGRSHOD�REVWUXomR�GRV�SRURV�SRU�SDUWtFXODV�ILQDV�GHVDJUHJDGDV��&DVWUR�HW�DO���������4XDQGR�R� VROR� SDVVD� GH� XPD� FRQGLomR� QDWXUDO��PDWR�RX�FDPSR�QDWLYR�SDUD� R� FXOWLYR� DQXDO�� RFRUUHP� PRGLILFDo}HV� QDV� FDUDFWHUtVWLFDV� ItVLFDV�� VHQGRHVWDV�PDLV�DIHWDGDV�TXDQWR�PDLRU�D�LQWHQVLGDGH�GH�SUHSDUR�GR�VROR��$V�SULQFLSDLVDOWHUDo}HV� VmR� HYLGHQFLDGDV� SRU� GLPLQXLomR� GH� PDFURSRURV�� WDPDQKR� GRVDJUHJDGRV��WD[D�GH�LQILOWUDomR�GH�iJXD�H�DXPHQWR�GD�GHQVLGDGH�GR�VROR��0DFKDGRHW�DO���������$�XWLOL]DomR�GH�LPSOHPHQWRV�FRPR�D�JUDGH�SHVDGD�UHVXOWD�QD�TXHEUD�GRVDJUHJDGRV�GR�VROR��H[SRQGR�D�PDWpULD�RUJkQLFD�DR�DWDTXH�GRV�PLFURUJDQLVPRV�HWHQGR��FRPR�FRQVHT�rQFLD��D�SHUGD�GR�FDUERQR�GR�VROR��(P�VLWXDo}HV�GH�EDL[DGLVSRQLELOLGDGH�GH�FDUERQR�H�FRP�D�HVWUXWXUD�GHVWUXtGD��D�LQILOWUDomR�GD�iJXD�QRVROR� p� SUHMXGLFDGD� H� R� VROR� UHVLVWH� PHQRV� DR� LPSDFWR� GH� JRWDV� GH� FKXYDV�LQLFLDQGR�VH�� DVVLP��R�SURFHVVR� HURVLYR��$OpP�GLVVR�� HVWH� LPSOHPHQWR� SURSLFLDXP�SHTXHQR�YROXPH�GH�VROR�FRUULJLGR�H�D�IRUPDomR�GH�XPD�FDPDGD�FRPSDFWDGDD�������FP�GH�SURIXQGLGDGH��5HVFN�HW�DO��������H�5HVFN��������
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$� XWLOL]DomR� LQWHQVLYD� GH� HTXLSDPHQWRV� DJUtFRODV� HP� WRGDV� DVRSHUDo}HV�DJUtFRODV��VHPHDGXUD�� WUDWRV�FXOWXUDLV�H�FROKHLWD�� WHP�SURPRYLGRDXPHQWR�GD�FRPSDFWDomR��SULQFLSDOPHQWH�QD�]RQD�GH�H[SORUDomR�GR�VLVWHPDUDGLFXODU�GD�SODQWD��$�SULQFLSDO�UD]mR�GHVVH�IHQ{PHQR�p�D�UHSHWLWLYLGDGH�GDVRSHUDo}HV�UHDOL]DGDV�DR� ORQJR�GRV�DQRV� �2OLYHLUD��������� ,Q~PHURV�DXWRUHVVXJHUHP� TXH� D� FRPSDFWDomR� GR� VROR� VHMD� LGHQWLILFDGD� WDQWR� SRU� PHLR� GHDWULEXWRV� ItVLFRV�� WDLV� FRPR� GHQVLGDGH� GR� VROR�� GLVWULEXLomR� GH� SRURV� SRUWDPDQKR� H� HVWDELOLGDGH� GH� DJUHJDGRV� HP� iJXD�� FRPR� SRU� PHLR� GDUHVLVWrQFLD�GR�VROR�j�SHQHWUDomR��$VVLV�	�/DQoDV��������1RV� VLVWHPDV� GH� PDQHMR� HP� TXH� Ki� XWLOL]DomR� GH� LPSOHPHQWRV� GHSUHSDUR� GR� VROR�� RFRUUH� R� IUDFLRQDPHQWR� GRV� DJUHJDGRV� HP� XQLGDGHVPHQRUHV��PRGLILFDQGR�VLJQLILFDWLYDPHQWH�DV�FDUDFWHUtVWLFDV�RULJLQDLV��VHQGRHVWDV�PDLV�DIHWDGDV�TXDQWR�PDLRU�D�LQWHQVLGDGH�GH�SUHSDUR�GR�VROR��'D�5RVHW�DO���������(P�iUHD�GH�FHUUDGR�SRU�GXDV�GpFDGDV�HP�VLVWHPD�GH� SODQWLR� GLUHWR�2OLYHLUD� ������� REVHUYRX� TXH� R� WUiIHJR� GH� PiTXLQDV� H� D� DXVrQFLD� GHUHYROYLPHQWR� SURPRYHUDP� DOWHUDo}HV� QD� HVWUXWXUD� GR� VROR�� SULQFLSDOPHQWHQD�PDFURSRURVLGDGH� QD� SURIXQGLGDGH� GH� ���� FP�� (P� /DWRVVROR� 9HUPHOKRGLVWUyILFR��$OEXTXHUTXH HW�DO���������FRQVWDWDUDP�TXH�DR�ILQDO�GH� VHWH�DQRVQmR� RFRUUHUDP�GLIHUHQoDV� GH� GHQVLGDGH� GR� VROR�� SRURVLGDGH� WRWDO��PDFUR� HPLFURSRURVLGDGH�HQWUH�R�VLVWHPD�SODQWLR�GLUHWR�H�R�SUHSDUR�FRQYHQFLRQDO�2� WUiIHJR� GH� PiTXLQDV� H� R� SUHSDUR� GH� VRORV� DUJLORVRV�� FRP� XPLGDGHHOHYDGD��QR�HVWDGR�SOiVWLFR��VmR�SUiWLFDV�LQGHVHMiYHLV��SRLV�RFRUUH�D�IRUPDomR�GHFDPDGDV�FRPSDFWDGDV��FRQVHT�HQWHPHQWH�FRP�SRXFD�DHUDomR��EDL[D� LQILOWUDomRGD�iJXD�H�LPSHGLPHQWR�SDUD�DV�UDt]HV�$�XWLOL]DomR�GH�VLVWHPD�GH�PDQHMR�FRP�PHQRU�UHYROYLPHQWR�GR�VRORH�TXH�SURSRUFLRQD�DF~PXOR�GH�UHVtGXRV�GDV�FXOWXUDV�QD�VXSHUItFLH��HP�iUHDVDQWHULRUPHQWH� GHJUDGDGDV� SHOR� SUHSDUR� LQDGHTXDGR� GR� VROR�� HVWi
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SRVVLELOLWDQGR� D� UHFXSHUDomR� GDV� FDUDFWHUtVWLFDV� ItVLFDV�� 7UDEDOKRV� FRP� RHPSUHJR� GH� VLVWHPD� GH� SODQWLR� GLUHWR� WrP� GHPRQVWUDGR� GLPLQXLomR� GDHURVmR� H� DXPHQWR� GD� WD[D� GH� LQILOWUDomR� GH� iJXD�� GR� GLkPHWUR� GRVDJUHJDGRV�� GD� DWLYLGDGH� PLFURELDQD� H� GD� SURGXWLYLGDGH� GDV� FXOWXUDV�&DPSRV�HW�DO���������2� VLVWHPD� GH� SODQWLR� GLUHWR�� SRU� YiULRV� DQRV�� SRGH� GLPLQXLU� DGHQVLGDGH� GHYLGR� DR� DF~PXOR� GH� UHVtGXRV� FXOWXUDLV� QD� VXSHUItFLH�� TXHIDYRUHFHP�D� UHHVWUXWXUDomR� GR� VROR��(VWXGR� IHLWR� SRU�'D�5RV� HW� DO��������DSyV� WUrV� H� VHLV� DQRV� GH� SODQWLR� GLUHWR� HP�/DWRVVROR�9HUPHOKR�� HQFRQWURXPHQRU�GHQVLGDGH�H�PDLRU�SRURVLGDGH�WRWDO�H�PDFURSRURVLGDGH�HP�UHODomR�DRSUHSDUR�FRQYHQFLRQDO�H�DR�SUHSDUR�PtQLPR�(P�SODQWLR�GLUHWR�RFRUUH�XP�DXPHQWR�GR�GLkPHWUR�PpGLR�JHRPpWULFRGRV�DJUHJDGRV�� VHQGR�HVVH�DXPHQWR�PDLV� DFHQWXDGR�QRV� SULPHLURV� DQRV� GHLQVWDODomR� GR� VLVWHPD�� $SyV� FLQFR� DQRV� GH� FXOWLYR�� 'D� 5RV� HW� DO�� ������REVHUYDUDP� TXH� R� GLkPHWUR� PpGLR� JHRPpWULFR� HP� SODQWLR� GLUHWR� pHVWDWLVWLFDPHQWH�HTXLYDOHQWH�DR�GR�FDPSR�QDWLYR�(P� /DWRVVROR� 9HUPHOKR� VRE� VHPHDGXUD� GLUHWD� IRUDP� REVHUYDGRVYDORUHV�GH�GLkPHWUR�PpGLR�JHRPpWULFR�PDLRUHV�TXH�RV�YDORUHV�HQFRQWUDGRVVRE�VLVWHPD�DUDGR�GH�GLVFRV��2OLYHLUD�HW�DO����������6HJXQGR�HVVHV�DXWRUHV�LVWR�SRGH�VHU�GHYLGR�DRV�PDLRUHV�WHRUHV�GH�FDUERQR�RUJkQLFR�SUHVHQWHV� QRVVLVWHPDV�VHP�UHYROYLPHQWR�GR�VROR�$�PDLRU� DJUHJDomR� QR� VLVWHPD�0DWD�1DWLYD� p� UHVXOWDQWH� GR� JUDQGHDF~PXOR�GH�PDWpULD�RUJkQLFD�DR�ORQJR�GRV�DQRV��HP�YLUWXGH�GD�DXVrQFLD�GHDomR�DQWUySLFD�SRU�PDLV�GH����DQRV�� LQIOXHQFLDQGR� IRUWHPHQWH�D� DJUHJDomRGR� VROR� �$VVLV� 	� /DQoDV�� ������� 2� GLkPHWUR� PpGLR� JHRPpWULFR� IRLFUHVFHQWH� FRP� R� WHPSR� GH� DGRomR� QR� VLVWHPD� SODQWLR� GLUHWR�� QDSURIXQGLGDGH�GH�����FP��H�D PDWD�QDWLYD�DSUHVHQWRX�PDLRU�'0*�HP�DPEDVDV�SURIXQGLGDGHV������H�������FP�
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2� XVR� GH� JUDGDJHQV� SHUPDQHQWHV� HP� SRPDU� GH� ODUDQMD� UHGX]LX� RWDPDQKR� GRV� DJUHJDGRV� H� D� DJUHJDomR� GR� VROR�� DSyV� ��� DQRV�� DOpP� GHIRUPDU�XPD�FDPDGD�FRPSDFWDGD�QD�SURIXQGLGDGH�GH����D����FP��&LQWUD�HWDO��� �������+RXYH� UHGXomR� QRV� YDORUHV� SHUFHQWXDLV� GR� GLkPHWUR�PpGLR� GRVDJUHJDGRV� DSyV� TXDWUR� DQRV� GH� XVR� GH� HQ[DGD� URWDWLYD� HP� XP� $UJLVVROR�6LOYHLUD�	�.XUDVKL���������2�XVR� GH� KHUELFLGDV� SUp�HPHUJHQWHV� LQGX]LX� DIRUPDomR�GH�FURVWDV�VXSHUILFLDLV��DOWHUDQGR�DV�SURSULHGDGHV�ItVLFDV�GR�VROR�HUHGX]LQGR�D�YHORFLGDGH�GH�LQILOWUDomR�GH�iJXD��&LQWUD�HW�DO���������
����ÈJXD�GR�VROR¬�PHGLGD� TXH� D� WHQVmR� DXPHQWD�� PDLV� iJXD� p� UHWLUDGD� GR� VROR� H� GRVSRURV� PDLRUHV�� RV� TXDLV� QmR� FRQVHJXHP� UHWHU� D� iJXD� H�� FRQWUD� XPD� WHQVmRDSOLFDGD�� HVYD]LDP�VH�� 3RGH�VH� GL]HU� TXH� XP� DXPHQWR� JUDGXDO� QD� WHQVmR� LUiUHVXOWDU�QR�HVYD]LDPHQWR�GRV�SRURV�SURJUHVVLYDPHQWH�PHQRUHV��DWp�TXH��HP�DOWRVYDORUHV�GH�WHQVmR��VRPHQWH�RV�SRURV�PXLWR�SHTXHQRV�UHWrP�iJXD��+LOOHO��������'D�PHVPD�IRUPD��XP�DXPHQWR�QD�WHQVmR�GD�iJXD�GR�VROR�HVWi�DVVRFLDGR�FRP�DUHGXomR�GD�HVSHVVXUD�GD�VXSHUItFLH�GH�KLGUDWDomR�TXH�FREUH�DV�SDUWtFXODV�GR�VRORH��DVVLP��Ki�D�GLPLQXLomR�GD�XPLGDGH�GR�VROR�$�TXDQWLGDGH�GH�iJXD�TXH�SHUPDQHFH�QR�VROR�QR�HTXLOtEULR�p�XPD�IXQomRGRV�WDPDQKRV�H�YROXPHV�GRV�SRURV�FKHLRV�GH�iJXD�H��FRQVHT�HQWHPHQWH��p�XPDIXQomR�GD�WHQVmR�PiWULFD��(VWD�IXQomR�p�XVXDOPHQWH�PHGLGD�H[SHULPHQWDOPHQWHH�p UHSUHVHQWDGD�JUDILFDPHQWH�SRU�XPD�FXUYD�FRQKHFLGD�FRPR�FXUYD�GH�UHWHQomRGH�iJXD�GR�VROR�RX�FRPR�XPLGDGH�GR�VROR�(P�HVWXGR� UHDOL]DGR�HP�/DWRVVROR�9HUPHOKR�REVHUYRX�VH�TXH� QD� IDL[DGH� XPLGDGH� GR� VROR� FRUUHVSRQGHQWH� jV� WHQV}HV� HQWUH� �� H� ���� N3D�� KRXYH� XPGHVORFDPHQWR� SDUD� FLPD� GDV� FXUYDV� GH� XPLGDGH� GR� VROR�� WDQWR� QR� VLVWHPD� GHSUHSDUR�FRP�DUDGR�GH�GLVFRV�TXDQWR�QD�VHPHDGXUD�GLUHWD��HP�UHODomR�jV�FXUYDVGH�XPLGDGH�GR�VROR�VRE�YHJHWDomR�GH�&HUUDGR��2OLYHLUD�HW�DO�����������,VWR�LQGLFD
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PDLRU�UHWHQomR�GH�iJXD�SHOR�VROR�QRV�VLVWHPDV�VRE�PDQHMR�QHVWD�IDL[D�GH�WHQVmR�5HVHQGH� HW� DO��� ������� $LQGD� FRQVLGHUDQGR� R� HVWXGR� IHLWR� SRU� 2OLYHLUD� HW� DO���������QD� IDL[D�GH� WHQVmR�HQWUH�����H������N3D��SDUWLFXODUPHQWH� QRV� VLVWHPDVTXH� HQYROYHP�FXOWLYR�� QDV� YiULDV� SURIXQGLGDGHV� HVWXGDGDV�� DV� FXUYDV� H[LELUDPDVSHFWR�SUy[LPR�DR�UHWLOtQHR��DVVLQWyWLFR�DR�HL[R�GD�DEVFLVVD��D�H[HPSOR�GR�TXHIRL�UHODWDGR�SRU�5HVFN�HW�DO����������LQGLFDQGR�D�H[LVWrQFLD�GH�PLFURSRURV�PXLWRSHTXHQRV��FRP�EDL[D�FDSDFLGDGH�GH�DUPD]HQDPHQWR�GH�iJXD�(P� VRORV� DOWDPHQWH� LQWHPSHUL]DGRV�� D� iJXD� GLVSRQtYHO� SDUD� DV� SODQWDVHP� JHUDO� HVWi� UHWLGD� QD� IDL[D� GH� WHQV}HV� HQWUH� �� H� ���� N3D� �6DQWRV�� ������3RUpP��HQWUH���H���N3D��PDFURSRURV��� D�FRQGXWLYLGDGH� KLGUiXOLFD� p� DOWD�� VHQGRSDUWH�FRQVLGHUiYHO�GD�iJXD�GUHQDGD�HP�SRXFR�WHPSR��R�TXH�MXVWLILFD�R�FiOFXOR�GHGLVSRQLELOLGDGH�GH�iJXD�SDUD�DV�SODQWDV��HP�/DWRVVRORV�GD�UHJLmR�GRV�&HUUDGRV�FRP� EDVH� QD� XPLGDGH� UHWLGD� VRE� WHQV}HV� HQWUH� �� H� ���� N3D�� HP� FRQFRUGkQFLDFRP�5HVFN��������
����0DWpULD�2UJkQLFD�GR�6ROR$� PDWpULD� RUJkQLFD� p� WRGD� VXEVWkQFLD� QR� VROR� TXH� p� SURYHQLHQWH� GHUHVtGXRV�GH�SODQWDV��PLFURUJDQLVPRV��PLFUR��PHVR�H�PDFURIDXQDV�H�GH�H[FUHo}HVGH� JUDQGHV� DQLPDLV� �5HVFN�� ������ HP� YiULRV� HVWiJLRV� GH� GHFRPSRVLomR�� � $PDWpULD� RUJkQLFD� p� PXLWR� LPSRUWDQWH� QRV� SURFHVVRV� ItVLFRV�� TXtPLFRV� HELROyJLFRV�TXH�RFRUUHP�QR�VROR��DOpP�GH�UHSUHVHQWDU�XPD�GDV�PDLRUHV� UHVHUYDVGH�FDUERQR�QR�FLFOR�JOREDO�$�PDWpULD� RUJkQLFD� SRGH� VHU� FODVVLILFDGD� HP� GRLV� JUXSRV� SULQFLSDLV� GHFRPSRQHQWHV�� DV� VXEVWkQFLDV� QmR�K~PLFDV� H� DV� VXEVWkQFLDV� K~PLFDV�� $VVXEVWkQFLDV� QmR�K~PLFDV� VmR� RV� UHVWRV� LQDOWHUDGRV� GH� WHFLGRV� GH� SODQWDV� HDQLPDLV� H� DV� K~PLFDV� VmR� VXEVWkQFLDV� PRGLILFDGDV� TXtPLFD� H� ELRORJLFDPHQWH�FRP�SRXFD�RX�QHQKXPD�FDUDFWHUtVWLFD�GRV�FRPSRVWRV�FRQKHFLGRV� �1DVFLPHQWR�������
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2�SURGXWR�VLQWpWLFR� UHVXOWDGR�GR� WUDEDOKR�GD�SRSXODomR�PLFURELDQD� QRVUHVWRV�RUJkQLFRV�p�FRQKHFLGR�FRPR�K~PXV��R�TXDO� UHSUHVHQWD�XPD� FRPSRVLomRH[WUHPDPHQWH�YDULiYHO��QmR�KDYHQGR��SRUWDQWR��XP�FRPSRVWR�RX�PROpFXOD�~QLFDFDSD]�GH�GHILQL�OR��3RUpP��GH�DFRUGR�FRP�D�VXD�VROXELOLGDGH��R�K~PXV�SRGH�VHUIUDFLRQDGR�HP�KXPLQDV��iFLGRV�K~PLFRV�H�iFLGRV�I~OYLFRV��7KHQJ�HW�DO���������$� JHUDomR� GH� FDUJDV� QD� VXSHUItFLH� GRV� FROyLGHV� RUJkQLFRV� p� IXQomRH[FOXVLYD�GR�S+�GR�PHLR�HP�TXH�VH�HQFRQWUDP�HVVHV�PDWHULDLV��RX�VHMD��D�FDUJDGD�PDWpULD�RUJkQLFD�p�GHSHQGHQWH�GH�S+��1RV�VRORV�GRV�&HUUDGRV��RV�TXDLV� VmRPXLWR�LQWHPSHUL]DGRV��Ki�D�GHSHQGrQFLD�GR�S+�QD�UHODomR�HQWUH�&7&�H� WHRU�GHPDWpULD�RUJkQLFD��/RSHV�	�&R[���������'HVVD�IRUPD��YDULDQGR�VH�R�S+�GR�VROR�DV�FDUJDV�QD�VXSHUItFLH�GRV�FROyLGHV�DOWHUDP�VH��GHSHQGHQGR�GD� UHODomR�HQWUH�RS+�GR�PHLR�H�R�3&=��SRQWR�GH�FDUJD�]HUR��GRV�FRPSRVWRV��2DGHV�HW�DO���������$�OLJDomR�GH�FiWLRQV�PHWiOLFRV�FRP�D�PDWpULD�RUJkQLFD�WHP�XPD�JUDQGHLQIOXrQFLD�QDV�SURSULHGDGHV�ItVLFDV�H�TXtPLFDV�GR�VROR��$�FDSDFLGDGH�GH�WURFD�GHFiWLRQV�GRV�VRORV�RUJkQLFRV�p�TXDVH�WRWDOPHQWH�GHYLGD�j�PDWpULD�RUJkQLFD�H�VXDFRQWULEXLomR�SDUD�D�FDSDFLGDGH�GH�WURFD�GH�FiWLRQV�GRV�VRORV�PLQHUDLV�SRGH�VHUGD� RUGHP�GH� ���� FPROF�NJ�� GH�PDWpULD� RUJkQLFD��$V� VXEVWkQFLDV� K~PLFDV� VmRLPSRUWDQWHV� QD� UHWHQomR� GH�PLFURQXWULHQWHV� H� QR� VHX� WUDQVSRUWH� QD� VROXomR� GRVROR��$� OLJDomR�GR� IHUUR�H�DOXPtQLR�FRP�VXEVWkQFLDV�K~PLFDV�p�XP� LPSRUWDQWHIDWRU�QD�HVWDELOL]DomR�GH�DJUHJDGRV�GR�VROR��%UDG\��������$�PDWpULD�RUJkQLFD�HVWi�FRQWLGD�HP�WUrV�UHVHUYDWyULRV�QR�VROR��TXH�VmR�ROiELO� RX� SURQWDPHQWH� GLVSRQtYHO�� D�PDWpULD� RUJkQLFD� ILVLFDPHQWH� SURWHJLGD� H� DTXLPLFDPHQWH�SURWHJLGD��$�PDWpULD� RUJkQLFD� OiELO� p� FRPSRVWD� SRU�PDWHULDO� GHSODQWD���IROKDV��UDt]HV�H�FDXOHV��SDVVtYHLV�GH�VHUHP�GHFRPSRVWRV��FRPR�WDPEpPSHOR� PDWHULDO� UHVLVWHQWH� H� D� ELRPDVVD�PLFURELDQD�� H� QRUPDOPHQWH� R� WHPSR� GHUHVLGrQFLD� GHVWD� IUDomR� QR� VROR� p�PHQRU� GR� TXH� ��� DQRV�� $�PDWpULD� RUJkQLFDILVLFDPHQWH� SURWHJLGD� p� DTXHOD� DVVRFLDGD� DR� DJUHJDGR� GH� PDQHLUD� D� VHULQDFHVVtYHO�DR�DWDTXH�GRV�PLFURUJDQLVPRV��H�R�VHX�WHPSR�GH�UHVLGrQFLD�HVWi�HQWUH
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��� H�����DQRV�� 3RU� ILP�� WHP�VH� D�PDWpULD� RUJkQLFD� TXLPLFDPHQWH� SURWHJLGD�� DTXDO� DFUHGLWD�VH� VHU� GHULYDGD� GH� FRPSRQHQWHV� GH� SODQWDV� SDUFLDOPHQWHGHFRPSRVWRV� �XQLGDGH� IHQLO� SURSDQyLGHV� GH� OLJQLQD�� H� PLFURUJDQLVPRV�SROLIHQyLV� H� DPLQRiFLGRV��� RV� TXDLV� VH� FRPELQDP� �DWUDYpV� GD� IRUPDomR� GHTXLQRQDV�� SDUD� IRUPDU� FRPSRVWRV� TXH� VmR� UHVLVWHQWHV� j� GHFRPSRVLomR�� 3RGHPRFRUUHU��DLQGD��OLJDo}HV�FRPR�DUJLOD��$O��)H��0�2���$O�)H��DUJLOD��FXMR�WHPSR�GHUHVLGrQFLD�QR�VROR�HVWi�HQWUH�����H������DQRV��5HVFN�HW�DO���������2V�GRLV� UHVHUYDWyULRV��PDWpULD�RUJkQLFD� ILVLFDPHQWH�SURWHJLGD� H�PDWpULDRUJkQLFD�TXLPLFDPHQWH�SURWHJLGD��FRQVWLWXHP�RV�DJUHJDGRV�GR� VROR�� VHQGR�TXHRV� PDFURDJUHJDGRV� �!����� PP� GH� GLkPHWUR�� HVWmR� QR� UHVHUYDWyULR� HP� TXH� DPDWpULD�RUJkQLFD�HVWi�ILVLFDPHQWH�SURWHJLGD�H�RV�PLFURDJUHJDGRV��������PP�GHGLkPHWUR��� QR� UHVHUYDWyULR� HP� TXH� D� PDWpULD� RUJkQLFD� HVWi� TXLPLFDPHQWHSURWHJLGD��5HVFN��������$�PDFURDJUHJDomR�p�FRQWURODGD�SHOR�PDQHMR�TXH�VH�Gi�DR�VROR�DWUDYpV�GHSUiWLFDV�FRPR�URWDomR�GH�FXOWXUDV��,VWR�SRUTXH�D�URWDomR�LQIOXHQFLD�R�FUHVFLPHQWRGDV�UDt]HV�GDV�SODQWDV�H�D R[LGDomR��SHUGD��GR�FDUERQR�RUJkQLFR��8P�IDWRU�TXH�pPXLWR�LPSRUWDQWH�QD�PDQXWHQomR�GRV�DJUHJDGRV�p�R�VLVWHPD�GH�SUHSDUR�GR�VROR�,PSOHPHQWRV� FRPR� URWRYDWRU� H� JUDGH� SHVDGD� TXHEUDP� D� HVWUXWXUD� GR� VROR�H[SRQGR� D�PDWpULD� RUJkQLFD� DR� DWDTXH� GRV�PLFURUJDQLVPRV� H� FDXVDQGR�� FRPRFRQVHT�rQFLD��D�SHUGD�GR�FDUERQR�GR�VROR�QD�IRUPD�GH�&2� �5HVFN��������2V�SURFHVVRV�GH�GHFRPSRVLomR�GD�OLWHLUD��D�IRUPDomR�H�PLQHUDOL]DomR�GDPDWpULD�RUJkQLFD�GR�VROR�VmR�GHWHUPLQDGRV�SHOR�FOLPD��SHODV�FRQGLo}HV�GR�VROR�XPLGDGH� H� DHUDomR��� SHOD� TXDOLGDGH� GR� PDWHULDO�� SHODV� DWLYLGDGHV� GDV� UDt]HV�SHORV�PLFURUJDQLVPRV� H� SHOD� PHVRIDXQD� �$QGHUVRQ� 	� )ODQDJDQ�� ������� (VVDVYDULiYHLV� JHUDOPHQWH� DWXDP� GH� DFRUGR� FRP� XPD� KLHUDUTXLD�� PDV� HP� XPDGHWHUPLQDGD� VLWXDomR� HP� TXH� RV� SURFHVVRV� ELROyJLFRV� LQWHUDJHP� FRP� DVFRQGLo}HV�GR�VROR��SRGHP�GHL[DU�GH�VHU�VLJQLILFDQWHV�RV�HIHLWRV�GR�FOLPD�VREUH�DGHFRPSRVLomR� GD� OLWHLUD� $�TXDOLGDGH� GR�PDWHULDO� H� DV� FRQGLo}HV� HGiILFDV� VmR
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SDUkPHWURV�FKDYHV�TXH�LQIOXHQFLDP�D�HVWDELOL]DomR�GD�PDWpULD�RUJkQLFD�GR�VRORSHORV�PLFURUJDQLVPRV��2V�WpUPLWDV�H�DV�PLQKRFDV�FRQWULEXHP�SDUD�D�GLQkPLFD�GDPDWpULD� RUJkQLFD� WDQWR� GLUHWDPHQWH� �LQIOXHQFLDQGR� RV� SURFHVVRV� PHWDEyOLFRV�TXDQWR� LQGLUHWDPHQWH� �DIHWDQGR� D� GHFRPSRVLomR� GD� OLWHLUD�� IRUPDQGR� HTXHEUDQGR�DJUHJDGRV�H�DOWHUDQGR�DV�FRQGLo}HV�ItVLFDV�GR�VROR�TXH�FRQWURODP�RVSURFHVVRV�PLFURELDQRV���$V� UDt]HV� WDPEpP� WrP� VHXV� HIHLWRV� GLUHWRV� H� LQGLUHWRVVREUH�D�IRUPDomR�H�FLFODJHP�GD�PDWpULD�RUJkQLFD�� Mi�TXH�HVVDV� VmR� LPSRUWDQWHVIRUQHFHGRUDV� GH� PDWpULD� RUJkQLFD� DR� VROR� H� DIHWDP� DV� FRQGLo}HV� GR� VROR� SRUVHUHP�GUHQR�GH�iJXD��QXWULHQWH�H�R[LJrQLR�$�IUDomR� OiELO�GD�PDWpULD�RUJkQLFD�p� IRUPDGD�SRU�FRPSRQHQWHV�GH� IiFLOPLQHUDOL]DomR�� RV� TXDLV� SHUPDQHFHP� SRU� SRXFR� WHPSR� QR� VROR�� *UDQGH� SDUWHGHVVD� IUDomR� p� FRPSRVWD� SRU� DPLQRiFLGRV�� SHSWtGHRV�� Do~FDUHV�� FDUERLGUDWRV� HOLStGHRV��$OpP�GHVWHV�FRPSRQHQWHV�RFRUUHP� WDPEpP�� QD� IUDomR� OiELO�� SURGXWRVUHVXOWDQWHV�GR�PHWDEROLVPR�GD�ELRPDVVD�PLFURELDQD�� WDLV�FRPR�JUD[DV�� UHVLQDV�OLJQLQD�H�KHPLFHOXORVH��$QGHUVRQ�	�)ODQDJDQ��������$V� EDFWpULDV� DWXDP� QD� GHFRPSRVLomR� GH� SURWHtQDV�� DPLGR� H� FHOXORVH�UHVXOWDQGR� HP� 1+��� +�6�� &2��� iFLGRV� RUJkQLFRV� H� RXWUDV� VXEVWkQFLDV� QmRFRPSOHWDPHQWH�R[LGDGDV��(P�VHJXLGD��RV�FRPSRVWRV�RUJkQLFRV�LQWHUPHGLiULRV�HRV� WHFLGRV� GD� ELRPDVVD� VmR� DWDFDGRV� SRU� XPD� JUDQGH� YDULHGDGH� GHPLFURUJDQLVPRV� FRP�D�SURGXomR�GH�XPD� ELRPDVVD�� H� LVVR� UHVXOWD� QD� SHUGD� GHFDUERQR� QD� IRUPD� GH� &2��� 3RU� ILP�� WHP�VH� D� GHFRPSRVLomR� JUDGXDO� GHVXEVWkQFLDV�PDLV�UHVLVWHQWHV�FRPR�D�OLJQLQD��QD�TXDO�DWXDP�RV�DFWLQRPLFHWRV�H�RVIXQJRV� �6WHYHQVRQ�� ������� 1RWD�VH�� HQWmR�� TXH� D� PDWpULD� RUJkQLFD�� DOpP� GHH[HUFHU� XP� LPSRUWDQWH� SDSHO� QDV� SURSULHGDGHV� ItVLFDV�� TXtPLFDV� H� ILVLFR�TXtPLFDV� GR� VROR�� DWXD� WDPEpP� VREUH� D� ELRPDVVD� PLFURELDQD� DR� VHUYLU� FRPRIRQWH�GH�HQHUJLD�SDUD�HVVD�
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����$UPD]HQDPHQWR�GH�FDUERQR�QR�VROR2� FDUERQR� GR� VROR� p� R� SULQFLSDO� FRPSRQHQWH� GR� FLFOR� WHUUHVWUH� GRFDUERQR��2V�VRORV�GR�PXQGR�FRQWrP�PDLV�FDUERQR�GR�TXH�R�WRWDO�FRPELQDGR�TXHRFRUUH�QD�YHJHWDomR�H�QD�DWPRVIHUD��6ZLIW���������&RQVHT�HQWHPHQWH��RV� VRORVVmR� XP� JUDQGH� UHVHUYDWyULR� GH� FDUERQR� H� XP� LPSRUWDQWH� GUHQR�� 'HYLGR� DRSHUtRGR�GH� WHPSR� UHODWLYDPHQWH� ORQJR�TXH� R� FDUERQR�SHUPDQHFH� QR� VROR�� HVVHUHWHQGR� R� FDUERQR� GD� DWPRVIHUD�� R� PHVPR� p� jV� YH]HV� UHIHULGR� FRPR� VHQGRVHT�HVWUDGR�2�DXPHQWR�QD�FDSDFLGDGH�GRV�VRORV�HP�UHWHU�FDUERQR�SURSRUFLRQD�XPDPHGLGD�SDUFLDO�GH�DMXGDU�D�PHOKRUDU�RV�FUHVFHQWHV�QtYHLV�GH�&2� QD�DWPRVIHUD�TXH� DXPHQWDP�D�SDUWLU�GD�TXHLPD�GH� FRPEXVWtYHLV� IyVVHLV� H� GHVPDWDPHQWR� GHJUDQGHV�iUHDV��7DO�SURFHVVR�DMXGDUi�D�DOLYLDU�RV�FUHVFHQWHV�LPSDFWRV�DPELHQWDLVGHYLGR�DR�DXPHQWR�GR�&2� QD�DWPRVIHUD�2� SRWHQFLDO� GH� VHT�HVWUR� GH� FDUERQR� SHOR� VROR� GHSHQGH� GH� VXDFDSDFLGDGH�GH�DUPD]HQDU�FRQVWLWXLQWHV�UHVLVWHQWHV�GH�SODQWDV�HP�XP�SUD]R�PpGLRH� GH� SURWHJHU� H� DFXPXODU� VXEVWkQFLDV� K~PLFDV� �6+�� IRUPDGDV� D� SDUWLU� GHWUDQVIRUPDo}HV� RX� PDWHULDLV� RUJkQLFRV� SUHVHQWHV� QR� VROR�� 2� SRWHQFLDO� GHVHT�HVWUR�GH�XP�VROR�GHSHQGH�GD�YHJHWDomR�TXH�HVVH�VXSRUWD��GH�VXD�FRPSRVLomRPLQHUDOyJLFD�� GD� SURIXQGLGDGH� GR� VROXP�� GD� GUHQDJHP� GR� VROR�� GDGLVSRQLELOLGDGH�GH�iJXD�H�DU�H�GD�WHPSHUDWXUD�GR�DPELHQWH�VROR��6ZLIW���������2SRWHQFLDO�GH�VHT�HVWUR�WDPEpP�GHSHQGH�GDV�FDUDFWHUtVWLFDV�TXtPLFDV�GD�PDWpULDRUJkQLFD�GR�VROR�H�GH�VXD�FDSDFLGDGH�GH�UHVLVWLU�j�GHFRPSRVLomR�PLFURELDQD�$�PDWpULD�RUJkQLFD�GR�VROR�H[HUFH�XP�SDSHO�FUXFLDO�QR�GHVHQYROYLPHQWRH�PDQXWHQomR�GD� IHUWLOLGDGH�� SULQFLSDOPHQWH� SRU�PHLR� GD� FLFODJHP�� UHWHQomR� HIRUQHFLPHQWR�GH�QXWULHQWHV�SDUD�DV�SODQWDV��H�WDPEpP�QD�IRUPDomR�H�PDQXWHQomRGD� HVWUXWXUD� GR� VROR� �6WHYHQVRQ�� ������� 2� GHFOtQLR� IUHT�HQWH� GRV� QtYHLV� GDPDWpULD� RUJkQLFD� HP� PXLWRV� VRORV� FXOWLYDGRV� H� LQWHQVDPHQWH� SDVWHMDGRV� VmRLQGLFDWLYRV� GH� XPD� H[WHQVLYD� GHJUDGDomR� GR� VROR� SRU� PHLR� GD� SHUGD� WDQWR� GD
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HVWUXWXUD�GR�VROR�FRPR�GH�VXD� IHUWLOLGDGH� �6SDLQ�HW�DO���������FLWDGR�SRU�6ZLIW�������� $V� FRQVHT�rQFLDV� GD� GHJUDGDomR� GR� VROR� TXH� UHVXOWDP� GH� SHUGDV� GDPDWpULD� RUJkQLFD� GR� VROR� WrP� VLGR� UHFRQKHFLGDV� Ki� PXLWR� WHPSR� H� H[LVWH�DWXDOPHQWH�� XPD� YDULHGDGH� GH� GDGRV� TXH� HQIDWL]DP� D� H[WHQVD� GHJUDGDomR� GDPDWpULD� RUJkQLFD� FRPR� UHVXOWDGR� GH� XP� ORQJR� SHUtRGR� GH� FXOWLYR�,QHYLWDYHOPHQWH�� D� GHJUDGDomR� GD� HVWUXWXUD� GR� VROR� OHYD� D� SHUGDV� SRU� HURVmRHyOLFD�H�KtGULFD�H��HP�VHT�rQFLD�j�HURVmR��WHP�VH�D�SHUGD�GH�PDWpULD�RUJkQLFD�5HFHQWHPHQWH�� LPSRUWkQFLD� WHP� VLGR� GDGD� j� QHFHVVLGDGH� GH� VHT�HVWUDUFDUERQR�SURYHQLHQWH�GR�&2� DWPRVIpULFR�SDUD�R�VROR��GHYLGR�D�XPD�SUHRFXSDomRLQWHUQDFLRQDO� VREUH� D� HPLVVmR� GH� JDVHV� TXH� SURYRFDP� R� HIHLWR� HVWXID� H� RDTXHFLPHQWR�JOREDO��(VVD�SUHRFXSDomR�UHVXOWRX�QR�3URWRFROR�GH�.\RWR��QR�DQRGH�������TXH�SUHWHQGH�OLPLWDU�D�HPLVVmR�GH�JDVHV�SHORV�SDtVHV�GHVHQYROYLGRV�$�GLVWULEXLomR�GH�&2� QD�DWPRVIHUD�QmR�p�XQLIRUPH��PDV�DSHVDU�GH�WXGR�WHP� VLGR� HVWLPDGR� TXH� DOJR� DFLPD� GH� ���� 7J� &�� DQR�� ��� 7J�  � ����J�� pVHT�HVWUDGR�SHOR�VLVWHPD�VROR�SODQWD��+RXJKWRQ�HW�DO����������(VVDV�REVHUYDo}HVPRVWUDP�FODUDPHQWH�R�SRWHQFLDO�GR�VLVWHPD�VROR�SODQWD�HP�VHT�HVWUDU�FDUERQR�2�FRQKHFLPHQWR�GR�YROXPH�GD�TXHLPD�GH�FRPEXVWtYHLV� IyVVHLV�SHUPLWHID]HU� ERDV� HVWLPDWLYDV� GDV� HPLVV}HV� GH� &2��� (QWUH� RV� DQRV� ���� H� ������ DFRQFHQWUDomR�GH�&2��QD�DWPRVIHUD�HUD�HVWLPDGD�FRPR� VHQGR� DOJR� HP� WRUQR� GH����SSPY��SDUWHV�SRU�PLOKmR�SRU�YROXPH���$�FRQFHQWUDomR�DXPHQWRX�SDUD����SSPY� HQWUH� RV�DQRV������ H������H� IRL� HVWLPDGD�HP����� SSPY� HP� ����� �/DO������� 6LOYD� 	�0DFKDGR�� ������� $WXDOPHQWH�� D� FRQFHQWUDomR� DWPRVIpULFD� WHPDXPHQWDGR� D� XPD� WD[D� GH� ����� SRU� DQR�� 2V� DXPHQWRV� GHVGH� ����� WrP� VLGRDWULEXtGRV� D� PXGDQoDV� QR� XVR� GD� WHUUD� ����� �� ���� 3J&�DQR�� ��� 3HWDJUDPD�  ����J���H�j TXHLPD�GH�FRPEXVWtYHO�IyVVLO������������3J&�DQR�����/DO�HW�DO���������6H� D� WHQGrQFLD� GH� DXPHQWR� GH� HPLVVmR� GH� FDUERQR� FRQWLQXDU�� HVWLPD�VH� TXH� DFRQFHQWUDomR� GH�&2�� QD� DWPRVIHUD� DOFDQoDUi� ���� �RX� WDOYH]� ����� SSPY� QHVVHVpFXOR�
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$�HVWDELOLGDGH�GDV�IUDo}HV�GH�FDUERQR�RUJkQLFR�GR�VROR�HVWi�UHODFLRQDGDFRP�R�FRPSRUWDPHQWR�GRV�PDWHULDLV�YHJHWDLV�D�SDUWLU�GR�TXDO�D�PDWpULD�RUJkQLFDp� RULJLQDGD�� 6DEH�VH� TXH� FRPSRVWRV� GH� SODQWDV� PRUWDV� HVWmR� VXMHLWRV� jGHFRPSRVLomR�PLFURELDQD�SDUD�VHUHP�LQFRUSRUDGRV�DR�VROR��7DPEpP�HVWi�FODURTXH�GLIHUHQWHV�FRQVWLWXLQWHV�GRV�YHJHWDLV� VH�GHFRPS}HP�D�GLIHUHQWHV� WD[DV��3RUH[HPSOR�� Do~FDUHV� VLPSOHV� H� SURWHtQDV� VH� GHFRPS}HP�PXLWR� UDSLGDPHQWH�� HPTXHVWmR� GH� KRUDV� RX� GLDV�� SRU� RXWUR� ODGR�� RXWURV� FRQVWLWXLQWHV�� FRPR� OLJQLQD�FHUDV� H� VXEHULQD�� QHFHVVLWDP� GH� PXLWR� PDLV� WHPSR� SDUD� VHUHP� GHFRPSRVWRV�6DQWRV�	�&DPDUJR��������(PERUD� R� DTXHFLPHQWR� JOREDO� VHMD� XPD� SUHRFXSDomR�� DXPHQWDU� DVTXDQWLGDGHV� GH�PDWpULD� RUJkQLFD� QRV� VRORV� H� HQWHQGHU� FRPR� HOD� p� HVWDELOL]DGDGHYHULD� VHU�XPD�SULRULGDGH��GHYLGR�j�QHFHVVLGDGH�GH�PHOKRUDU�D� IHUWLOLGDGH�H� DFRQVHUYDomR�GRV�VRORV��2�LQWHUHVVH�QR�VROR�FRPR�GUHQR�GH�FDUERQR�GRV�JDVHV�TXHSURYRFDP�R�HIHLWR�HVWXID�HVWi�FULDQGR� XPD�PHOKRU�FRQVFLrQFLD� QD� FRPXQLGDGHFLHQWtILFD� VREUH� D� LPSRUWkQFLD� GD�PDWpULD� RUJkQLFD�� ,VVR� SRGH� OHYDU� D� DYDQoRVVLJQLILFDWLYRV� QR� HQWHQGLPHQWR� GD� FRPSRVLomR�� SURSULHGDGHV� H� IXQo}HV� GDPDWpULD�RUJkQLFD�QRV�VRORV��6ZLIW��������2�SULQFLSDO� SURFHVVR�TXH� OHYD� D�XP�DF~PXOR� VXVWHQWiYHO� GRV� QtYHLV� GHFDUERQR�RUJkQLFR�QRV�VRORV�SRGH�VHU�UHVXPLGR�HP�WHUPRV�GH�GLVSRQLELOLGDGH�GHXPLGDGH� DGHTXDGD� SDUD� R� FUHVFLPHQWR� GDV� SODQWDV� �HVSHFLDOPHQWH� VLVWHPDUDGLFXODU���ELRWUDQVIRUPDo}HV�RX�KXPLILFDomR�GH�UHVtGXRV�GH�SODQWDV�H�DQLPDLV�IRUPDomR� H� HVWDELOLGDGH� GH� DJUHJDGRV� GR� VROR�� SURIXQGLGDGH� GR� VROXP�SURIXQGLGDGH� GR� VLVWHPD� UDGLFXODU� H� FLFOR� QDWXUDO� H� UHVHUYD� GH� QXWULHQWHV�� +iQHFHVVLGDGH�GH�DGHTXDU�D�XPLGDGH��DVVLP�FRPR�Ki�QHFHVVLGDGH�GH�DHUDomR�SDUDSHUPLWLU� D� KXPLILFDomR� GRV� UHVtGXRV� YHJHWDLV�� (PERUD� D� KXPLILFDomR�� RXWUDQVIRUPDomR� ELROyJLFD� GH� UHVtGXRV� GH� SODQWDV� HP� K~PXV�� VHMD� LPSRUWDQWH�� pLJXDOPHQWH�LPSRUWDQWH�TXH�R�SURGXWR�KXPLILFDGR�VHMD�SURWHJLGR�
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([LVWHP� ERDV� FRUUHODo}HV� HQWUH� TXDQWLGDGH� GH� PDWpULD� RUJkQLFD� HHVWDELOLGDGH� GH� DJUHJDGRV� HP� VRORV� FRP� WH[WXUDV� H� FRQWH~GR� PLQHUDOyJLFRVLPLODUHV��3HUGD�GD�HVWUXWXUD�GR�VROR�p�XPD�GDV�SULQFLSDLV�FDXVDV�GH�GHJUDGDomRGR�VROR��H�GHJUDGDomR�GR�VROR�OHYD�D�SHUGD�SRU�HURVmR�GH�FRPSRQHQWHV�FRORLGDLVSRU� HURVmR�� LQFOXLQGR� D�PDWpULD�RUJkQLFD� DVVRFLDGD� D� HVVHV� FROyLGHV��$GHPDLV�TXDQGR� D� HVWUXWXUD� GRV� DJUHJDGRV� p� TXHEUDGD�� SDUWH� GRV� PHFDQLVPRV� TXHSURWHJHP� D� PDWpULD� RUJkQLFD� GR� DWDTXH� PLFURELDQR� p� GHVWUXtGD� �=HFK� HW� DO��������� 'HVVH� PRGR�� D� SUHVHUYDomR� GH� XPD� ERD� HVWUXWXUD� GR� VROR� p� PXLWRLPSRUWDQWH�SDUD�DV�UHVHUYDV�GH�PDWpULD�RUJkQLFD��4XDQGR�R�GHFOtQLR�QRV�QtYHLV�GHPDWpULD� RUJkQLFD� p� UHYHUWLGR�� VDEH�VH� TXH� RFRUUH� PHOKRUD� QD� HVWUXWXUD� H� QDIHUWLOLGDGH�GR�VROR�6HQGR� DVVLP�� D� UHVWDXUDomR� GD� HVWUXWXUD� GR� VROR� p� LPSRUWDQWH� SDUDDXPHQWDU�D�PDWpULD�RUJkQLFD�HP�XP�VROR�GHJUDGDGR��e�SURYiYHO�TXH�R�SURFHVVRGH� DJUHJDomR� GR� VROR� VHMD� LQLFLDGR� SRU� XPD� SHTXHQD�� SRUpP� DWLYD�� IUDomR� GHFDUERLGUDWRV�GD�PDWpULD�RUJkQLFD��+D\QHV�	�6ZLIW��������6ZLIW���������(PERUDSROLVVDFDUtGHRV�PLFURELDQRV�WHQKDP�XP�SDSHO�YLWDO�QD�IRUPDomR�GH�DJUHJDGRV��DVXEVWkQFLD� K~PLFD� DGVRUYLGD� WHP� XP� SDSHO� SULQFLSDO� QD� PDQXWHQomR� GDHVWDELOLGDGH�GRV�DJUHJDGRV�SRU�XP�ORQJR�WHPSR��+D\QHV�	�6ZLIW��������2DGHV������� (P� VRORV� WURSLFDLV�� DV� SHUGDV� GH� FDUERQR� DSyV� D� UHWLUDGD� GD� YHJHWDomRQDWXUDO� H� FXOWLYR� GR� VROR� VmR� PDLV� HOHYDGDV� GR� TXH� HP� UHJL}HV� WHPSHUDGDV�6DQFKH]�HW�DO����������$�GHFRPSRVLomR�GD�PDWpULD�RUJkQLFD�p�EDVWDQWH�DFHOHUDGDHP�VRORV�WURSLFDLV�� OHYDQGR�j�UHGXomR�GH�DWp�����GRV�HVWRTXHV�GH�FDUERQR�HPSHUtRGR�PHQRU�TXH����DQRV��6KDQJ�	�7LHVVHQ���������)RUDP�REVHUYDGDV�SHUGDVVLVWHPiWLFDV�GH�PDWpULD�RUJkQLFD�GXUDQWH�FLQFR�DQRV�GH�SODQWLR�GH�VRMD�HP�VRORVGH� FHUUDGR�GR�RHVWH�EDLDQR��RQGH� KRXYH� UHGXomR� GH� ���� ��� H� ���� GR� HVWRTXHLQLFLDO� GH� PDWpULD� RUJkQLFD� HP� 1HRVVROR� 4XDUW]DUrQLFR�� /DWRVVROR� 9HUPHOKR�$PDUHOR� WH[WXUD� PpGLD� H� /DWRVVROR� 9HUPHOKR�$PDUHOR� DUJLORVR�
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microbiana é formada pela decomposição de compostos orgânicos presentes no

solo e, em razão disso, sua quantidade total e fração ativa, segundo Moreira &

Siqueira (2002), são determinadas em parte pela quantidade do substrato

oxidável incorporado ao solo, originado das raízes, de restos culturais ou de

qualquer outro tipo de resíduo orgânico.2� TXRFLHQWH� PHWDEyOLFR� �T&2��� QD� SURIXQGLGDGH� ����� FP� IRLHVWDWLVWLFDPHQWH� LJXDO� QRV� PpWRGRV� GH� FRQWUROH� GH� SODQWDV� GDQLQKDV� URoDGHLUD�JUDGH�� HQ[DGD� URWDWLYD�� KHUELFLGD� SUp�HPHUJrQFLD� H� KHUELFLGD� SyV�HPHUJrQFLD
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��

JUDPtQHDV�TXH�VH�GHVHQYROYHP�H�IDYRUHFHP�D�IRUPDomR�GH�DJUHJDGRV�GHYLGR�DRVHX�VLVWHPD�UDGLFXODU�2�PpWRGR�KHUELFLGD�HP�SUp�HPHUJrQFLD�PDQWpP�D�VXSHUItFLH�GR�VROR�VHPYHJHWDomR�H��SRU�FRQVHJXLQWH��QmR�Ki� IRUPDomR�GH� VLVWHPD� UDGLFXODU�TXH� SRVVDLQIOXHQFLDU�D�IRUPDomR�GH�DJUHJDGRV�QD�SURIXQGLGDGH�������FP�(QWUH� RV� PpWRGRV� GH� FRQWUROH� GH� SODQWDV� GDQLQKDV� TXH� SURPRYHP� XPUHYROYLPHQWR�PDLV� LQWHQVR� GR� VROR�� FRPR� JUDGH� H� HQ[DGD� URWDWLYD�� REVHUYD�VHTXH�D�HQ[DGD�URWDWLYD�IRL�R�PpWRGR�TXH�PDLV�IDYRUHFHX�D�TXHEUD�GH�DJUHJDGRV�GRVROR��)LJXUD��������$�JUDGH�WDPEpP�DIHWD�D�DJUHJDomR�GR�VROR��PDV�QmR�SURPRYHD�TXHEUD�GRV�PHVPRV�FRPR�D�HQ[DGD�URWDWLYD�2V� YDORUHV� GH� GLkPHWUR� PpGLR� JHRPpWULFR� QD� SURIXQGLGDGH� ������ FP�7DEHOD� ����� IRUDP� PDLRUHV� TXH� QD� FDPDGD� ����� FP� SDUD� WRGRV� RV� VLVWHPDVDYDOLDGRV�7RPDQGR� FRPR� UHIHUrQFLD� R�PpWRGR� VHP� FDSLQD�� WRGRV� RV�PpWRGRV� GHFRQWUROH�GH�SODQWDV�GDQLQKDV�SURSLFLDUDP�YDORUHV�GH�GLkPHWUR�PpGLR�JHRPpWULFRPHQRUHV� QD� SURIXQGLGDGH� ������ FP� GR�TXH� QD� SURIXQGLGDGH� ����� FP� �7DEHOD�����



��

7$%(/$�����'LkPHWUR�PpGLR� JHRPpWULFR� H� WHRU�GH�FDUERQR�RUJkQLFR�GR� VRORHP� /DWRVVROR� 9HUPHOKR� GLVWURIpUULFR� VRE� GLIHUHQWHV� PpWRGRV� GHFRQWUROH�GH�SODQWDV�GDQLQKDV��6mR�6HEDVWLmR�GR�3DUDtVR���0*�
'0* &PP J�NJ��0pWRGRV�GH�FRQWUROH�GHSODQWDV�GDQLQKDV 3URIXQGLGDGH������FP5' �����D ������D*5 �����D ������E(5 �����D ������E+& �����D ������D+3 �����D ������E&0 �����D ������D6& �����D ������D3URIXQGLGDGH�������FP5' �����D ������E*5 �����D ������E(5 �����E ������E+& �����D ������E+3 �����E ������E&0 �����D ������E6& �����D ������D'0*��GLkPHWUR�PpGLR�JHRPpWULFR��&��WHRU�GH�FDUERQR�GR�VROR��5'�� URoDGHLUD�*5��JUDGH��(5��HQ[DGD�URWDWLYD��+&�� KHUELFLGD� SyV�HPHUJrQFLD��+3�� KHUELFLGDSUp�HPHUJrQFLD�� &0�� FDSLQD� PDQXDO�� 6&�� VHP� FDSLQD�� 0pGLDV� VHJXLGDV� SRUOHWUDV�LJXDLV�QD�YHUWLFDO�GHQWUR�GD�PHVPD�SURIXQGLGDGH�QmR�GLIHUHP�HQWUH�VL�SHOR7HVWH�GH�6FRWW�.QRWW��3��������



��

�����FP

&DUERQR�RUJkQLFR��J�NJ ����� �� �� �� �� �� �� �� �� ��

'0*
��PP�

���
���
���
���
���
���
���

+3 *5
(5

+&
5' &0

6&

\� �������[���������U�  �����

),*85$�����5HODomR�HQWUH�GLkPHWUR�PpGLR�JHRPpWULFR�GH�DJUHJDGRV��'0*��HFDUERQR�RUJkQLFR�HP�/DWRVVROR�9HUPHOKR�GLVWURIpUULFR�VXEPHWLGRD� GLIHUHQWHV� PpWRGRV� GH� FRQWUROH� GH� SODQWDV� GDQLQKDV� QDSURIXQGLGDGH�����FP�

������FP

&DUERQR�RUJkQLFR��J�NJ ����� �� �� �� �� �� �� �� ��

'0*
��PP�

���
���
���
���
���
���
���
���

+3
(5

5'*5
+& &0 6&

\� �������[���������U�  �����

),*85$������5HODomR�HQWUH�GLkPHWUR�PpGLR�JHRPpWULFR�GH�DJUHJDGRV��'0*��HFDUERQR�RUJkQLFR�HP�/DWRVVROR�9HUPHOKR�GLVWURIpUULFR�VXEPHWLGRD� GLIHUHQWHV� PpWRGRV� GH� FRQWUROH� GH� SODQWDV� GDQLQKDV� QDSURIXQGLGDGH������FP�



��

����(VWRTXH�GH�FDUERQR�GR�VROR&RQVLGHUDQGR� D� SURIXQGLGDGH� ����� FP� �)LJXUD� ������� RV� PpWRGRV� GHFRQWUROH�GH�SODQWDV�GDQLQKDV�URoDGHLUD��5'���JUDGH��*5���HQ[DGD�URWDWLYD��(5��KHUELFLGD�SUp�HPHUJrQFLD��+3���KHUELFLGD�SyV�HPHUJrQFLD��+&��H�FDSLQD�PDQXDO�&0�� IRUDP�HVWDWLVWLFDPHQWH� LJXDLV�HQWUH� VL�H�GLIHULUDP�GR�PpWRGR� VHP� FDSLQD�6&��

+RXYH� XPD� UHGXomR� QR� HVWRTXH� GH� FDUERQR� HP� WRGRV� RV� PpWRGRV�URoDGHLUD��JUDGH��HQ[DGD�URWDWLYD��KHUELFLGD�SUp�HPHUJrQFLD�H�FDSLQD�PDQXDO��HPUHODomR�DR�PpWRGR�FRQWUROH� VHP�FDSLQD�� LQGLFDQGR�D� LQIOXrQFLD�GHVVHV�PpWRGRVQD�PDQXWHQomR�GR�FDUERQR�QR�VROR��RX�VHMD��Ki�XPD�SHUGD�GH�FDUERQR�GR�VRORSDUD�D�DWPRVIHUD�

� �� � �FP

0 pWR GR V �GH �F RQ WUR OH5 ' *5 (5 + & + 3 & 0 6&

(VWR
TXH�G

H�FDU
ERQR

��0J
�KD�� �

�
��
��
��
��
��
��
��

E E E E E E
D

),*85$� ����� (VWRTXH� GH� FDUERQR� VRE� GLIHUHQWHV� PpWRGRV� GH� FRQWUROH� GHSODQWDV�GDQLQKDV�QD�SURIXQGLGDGH������FP�



��

&RPSDUDQGR� RV� PpWRGRV� KHUELFLGD� SyV�HPHUJrQFLD� H� KHUELFLGD� SUp�HPHUJrQFLD�� REVHUYD�VH� XPD� GLIHUHQoD� QRV� HVWRTXHV� GH� FDUERQR�� FXMR� PRWLYRSULQFLSDO�p�D�PHQRU�TXDQWLGDGH�GH�UHVtGXRV�YHJHWDLV�TXH�VmR�DGLFLRQDGRV�DR�VRORQR�PpWRGR�KHUELFLGD�SUp�HPHUJrQFLD��FRPR�REVHUYDGR�HP�FDPSR�$�XWLOL]DomR�GH�LPSOHPHQWRV�FRPR�D�JUDGH�SHVDGD�RFDVLRQD�TXHEUD�GRVDJUHJDGRV�GR�VROR��H[SRQGR�D�PDWpULD�RUJkQLFD�DR�DWDTXH�GRV�PLFURUJDQLVPRV�HFDXVDQGR��FRPR�FRQVHT�rQFLD��D�SHUGD�GR�FDUERQR�GR�VROR��5HVFN�HW�DO��������H5HVFN� ������� � (VVH� IHQ{PHQR� IRL� REVHUYDGR� HQWUH� RV� PpWRGRV� GH� FRQWUROH� GHSODQWDV�GDQLQKDV��HP�TXH�D�JUDGH�DSUHVHQWRX�R�PHQRU�HVWRTXH�GH�FDUERQR�
4.6 Fracionamento físico densimétrico matéria orgânica do solo

A fração leve (FL) corresponde à matéria orgânica do solo (MOS) livre e

não complexada, também denominada, segundo Silva  & Resck (1997), de

matéria macroorgânica, e constitui um dos menores compartimentos da MOS

morta. Os teores de C nessa fração, segundo Janzen et al. (1992), variam com o

tipo de solo, o clima e as práticas de manejo adotadas, sendo o tempo de

ciclagem do carbono associado à fração leve (C-FL) menor do que o da MOS.

A FL é quimicamente parecida com o líter (serapilheira) e tem, em geral, uma

taxa de decomposição muito alta.

Os teores de carbono da fração leve nas profundidades 0-10 e 10-20 cm

dos métodos de controle de plantas daninhas e a distribuição nos três tamanhos

de agregados avaliados (7,93-4,0 mm, 4,0-2,0 mm e < 2 mm) são apresentados

na Tabela 4.4.

O método de controle de plantas daninhas com uso de herbicida em pré-

emergência apresentou praticamente o mesmo teor de carbono nos três tamanhos

de agregados para a profundidade 0-10 cm. A roçadeira e a capina manual

também apresentaram o mesmo comportamento.
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O herbicida em pós-emergência apresentou um aumento nos teores de

carbono dos agregados maiores (7,93-4,0 mm) para os menores (< 2,0 mm), ou

seja, a fração leve foi maior nos dois sistemas nos agregados < 2,0 mm.

A grade teve o maior teor de carbono da fração leve nos agregados < 2,0

mm. A enxada rotativa, herbicida pós-emergência, herbicida pré-emergência e

capina manual foram maiores nos agregados de 4,0-2,0 mm e menores nos

agregados de 7,93-4,0 mm. No método sem capina, o teor foi maior nos

agregados de 7,93-4,0 mm e 4,0-2,0 mm.

Esses comportamentos mostram que os métodos de controle de planta

daninha influenciam de forma diferente o teor de carbono da fração leve nos

diferentes tamanhos de agregado. Métodos como a grade e a enxada rotativa, por

favorecem a quebra dos agregados, influem na taxa de decomposição dessa

fração orgânica e, assim, o teor é maior nos agregados menores. Para outros

métodos, como herbicida pré-emergência, roçadeira e capina manual, que não

promovem o revolvimento intenso do solo, a distribuição da fração leve entre os

diferentes tamanhos de agregado é mais ou menos uniforme, ou seja, a

decomposição do carbono orgânico não é tão favorecida.

Os métodos roçadeira, grade e sem capina apresentaram os maiores

teores de carbono da fração leve nos agregados de 7,93-4,0 mm e 4,0-2,0 mm, o

que é motivado pelo não revolvimento do solo e pelo aporte de resíduos na

superfície do solo.

Os maiores teores de carbono da fração leve ocorreram na camada

superficial do solo, mais afetada pelos diferentes sistemas de manejo. Observa-

se, na profundidade 10-20 cm (Tabela 4.4), um teor mais elevado do teor de

carbono nos tamanhos 7,93-4,00 mm e 4,00-2,00 mm para o método grade, o

que pode estar associado com a incorporação dos resíduos depositados na

camada superficial, mesmo sendo a grade um implemento que trabalha em

profundidades menores.
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A fração pesada se associa aos minerais do solo e apresenta grau

avançado de decomposição e densidade mais elevada que a fração leve,

contribuindo com a maioria do carbono presente nos solos, englobando frações

quimicamente mais estáveis, portanto mais recalcitrantes (Christensen, 1992),

com uma taxa de decomposição muito baixa.

Em experimento realizado em Latossolo Vermelho-Amarelo, verificou-

se que a fração pesada da matéria orgânica do solo contribuiu com cerca de 70-

80% do carbono total em solo sob cerrado, esta contribuição foi ainda maior em

solos cultivados, passando a representar mais de 90% da matéria orgânica do

solo (Freixo et al., 2002). Nos métodos de controle de plantas daninhas o

comportamento não foi diferente, a contribuição da fração pesada da matéria

orgânica do solo para o carbono total do solo foi de mais de 90% nas duas

profundidades avaliadas, mostrando-se pouco afetada em razão dos diferentes

sistemas de manejo.
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