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5HVXPR� 1R�%UDVLO��XPD�GDV�FDXVDV�GH�GHVJDVWH�TXH�PDLV�FRODERUD�SDUD�D�LPSURGXWLYLGDGH�GR�VROR�
p��VHP�G~YLGD��D�HURVmR�KtGULFD��$�HURVmR�KtGULFD��GH�PRGR�DFHOHUDGD�GHYLGD�D�DomR�DQWUySLFD�p�
WUDWDGD�JOREDOPHQWH��FRPR�XPD�GDV�DPHDoDV�PDLV JUDYHV�GH�GHJUDGDomR�GDV�WHUUDV�DWULEXtGDV�j�
DJURSHFXiULD�TXH�OHYD�j�SHUGD�GH iJXD�H VROR�ULFRV�HP�QXWULHQWHV�HVVHQFLDLV�jV�SODQWDV��SRGHQGR�
WDPEpP�HOHYDU�DV�SHUGDV�GH�VROR�PDLRUHV�TXH�R�OLPLWH�GD�WROHUkQFLD�GH�SHUGD�GH�VROR��GH�FDGD�iUHD��
$�³7ROHUkQFLD�GH�3HUGD�GH�6ROR´�p�XP�WHUPR�PXLWR�XWLOL]DGR�QD�iUHD�DJURQ{PLFD�SDUD�GLUHFLRQDU�R�
XVR�GR�VROR�H�DV�SUiWLFDV�FRQVHUYDFLRQLVWDV� &RP�R�SUHVHQWH�SURMHWR�SUHWHQGHX�VH�HVWXGDU�R�
IHQ{PHQR�GH�SHUGD�GH�VROR�FRP�D�DMXGD�GH�WUDoDGRUHV�HP�FRQGLo}HV�FRQWURODGDV��RX�VHMD��HP�
ODERUDWyULR��0RQLWRUDPRV�H�DYDOLDPRV�D�SHUGD�GH�VROR�HP�XP�PLQLSDUFHOD�VRE�FKXYD�VLPXODGD�H�RV�
UHVXOWDGRV�PRVWUDUDP�TXH�IRUDP�FDSD]HV�GH�GHVFUHYHU�RV�IHQ{PHQRV�GR�SURFHVVR�HURVLYR�H�R�
GHVORFDPHQWR�KRUL]RQWDO�GRV�VHGLPHQWRV�

3DODYUDV�FKDYH� HURVmR�KtGULFD��WUDoDGRU�H�SHUGD�GH�VROR�
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$EVWUDFW� ,Q�%UD]LO��RQH�RI�WKH�FDXVHV�RI�HURVLRQ�WKDW�FRQWULEXWHV�PRVW�WR�VRLO�XQSURGXFWLYLW\�LV�
XQGRXEWHGO\�ZDWHU�HURVLRQ��$FFHOHUDWHG�ZDWHU�HURVLRQ�GXH�WR�WR�DQWKURSLF�DFWLRQ�LV�WUHDWHG�JOREDOO\�
DV�RQH�RI�WKH�PRVW�VHULRXV�WKUHDWV�WR�ODQG�GHJUDGDWLRQ�DWWULEXWHG�WR�DJULFXOWXUH�WKDW�OHDGV�WR�ORVV�RI�
ZDWHU�DQG�VRLO�ULFK�LQ�QXWULHQWV�HVVHQWLDO�WR�SODQWV�DQG�PD\�DOVR�LQFUHDVH�VRLO�ORVVHV�JUHDWHU�WKDQ�WKH�
VRLO�ORVV�WROHUDQFH�OLPLW�RI�HDFK�DUHD���6RLO�/RVV�7ROHUDQFH��LV�D�WHUP�ZLGHO\�XVHG�LQ�WKH�DJURQRPLF�
ILHOG�WR�GLUHFW�ODQG�XVH�DQG�FRQVHUYDWLRQ�SUDFWLFHV��7KLV�SURMHFW�DLPHG�WR�VWXG\�WKH�SKHQRPHQRQ�RI�
VRLO�ORVV�ZLWK�WKH�KHOS�RI�WUDFHUV�XQGHU�FRQWUROOHG�FRQGLWLRQV��LH�LQ�WKH�ODERUDWRU\��:H�PRQLWRUHG�DQG�
HYDOXDWHG�VRLO�ORVV�LQ�D�PLQL�SORW�XQGHU�VLPXODWHG�UDLQ�DQG�WKH�UHVXOWV�VKRZHG�WKDW�WKH\�ZHUH�DEOH�WR�
GHVFULEH�WKH�HURVLYH�SURFHVV�SKHQRPHQD�DQG�WKH�KRUL]RQWDO�VHGLPHQW�GLVSODFHPHQW�

.H\ZRUGV��ZDWHU�HURVLRQ��WUDFHU�DQG�VRLO�ORVV�

���,QWURGXomR
$�HURVmR�GR�VROR�p�XP�GRV�SUREOHPDV�UHOHYDQWHV�TXH�DWLQJHP�R�HTXLOtEULR�GR�PHLR�DPELHQWH��

YLVWR�TXH�SUHMXGLFD�VXD�IHUWLOLGDGH�H�DIHWD�H[WUHPDPHQWH�DV�SUiWLFDV�DJUtFRODV��
�%$/$68%5$0$1,�HW�DO���������:$1*�HW�DO����������1DV�UHJL}HV�WURSLFDLV��D�FKXYD�p�
FRQVLGHUDGD�D�SULQFLSDO�FDXVD�GD�HURVmR�KtGULFD��TXH DWXD�GH�IRUPD�QDWXUDO�QD�PRGHODJHP�GR�UHOHYR�
GHYLGR�D�UHPRomR��DUUDVWH�H�VHGLPHQWDomR�GR�VROR��JHUDOPHQWH�DVVRUHDQGR�RV�FRUSRV�G¶iJXD�
�&Æ1','2�HW�DO���������
1RV�SUy[LPRV�DQRV��D�iUHD�DJUtFROD�QR�%UDVLO�VH�H[SDQGLUi��HVWD�H[SDQVmR�WHUi�HIHLWRV�DGYHUVRV�TXH�
LQFOXHP�HURVmR�GR�VROR��VHGLPHQWDomR�GR�UHVHUYDWyULR��SUREOHPDV�GH�TXDOLGDGH�GH�iJXD�H�SHUGD�GD�
ELRGLYHUVLGDGH���0(57(1��0,1(//$���������$�³7ROHUkQFLD�GH�3HUGD�GH�6ROR��736�´�p�XP�WHUPR�
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FRQVDJUDGR�H�PXLWR�XWLOL]DGR�QD�iUHD�DJURQ{PLFD�SDUD�GLUHFLRQDU�R�XVR�GD�WHUUD�H�DV�SUiWLFDV�
FRQVHUYDFLRQLVWDV��:LVFKPHLHU�H�6PLWK��������D�GHILQHP�FRPR�D�³WD[D�Pi[LPD�GH�HURVmR�DQXDO�GR�
VROR�TXH�SRGH�RFRUUHU�H�DLQGD�SHUPLWLU�XP�DOWR�QtYHO�GH�SURGXWLYLGDGH�D�VHU�REWLGR�HFRQRPLFDPHQWH�
H�LQGHILQLGDPHQWH´�

$� ³7ROHUkQFLD� GH� 3HUGD� GH� 6ROR´� p� XP� WHUPR� FRQVDJUDGR� H� PXLWR� XWLOL]DGR� QD iUHD�
DJURQ{PLFD� SDUD� GLUHFLRQDU� R� XVR� GD� WHUUD� H� DV� SUiWLFDV� FRQVHUYDFLRQLVWDV�� :LVFKPHLHU H� 6PLWK
������ D�GHILQHP�FRPR�D�³WD[D�Pi[LPD�GH�HURVmR�DQXDO�GR�VROR�TXH�SRGH�RFRUUHU�H�DLQGD�SHUPLWLU�
XP�DOWR�QtYHO�GH�SURGXWLYLGDGH�D�VHU�REWLGR�HFRQRPLFDPHQWH�H�LQGHILQLGDPHQWH´��1RWD�VH��SRU�HVWD�
GHILQLomR��D�SUHRFXSDomR�FRP�D�HURVmR�GR�VROR�GR�SRQWR�GH�YLVWD�GH�VXD�IHUWLOLGDGH�H�GD�PDQXWHQomR�
GR�PHVPR�FRPR�XP�UHFXUVR�QDWXUDO�QHFHVViULR�DR�GHVHQYROYLPHQWR�YHJHWDO�
1HVWH�FRQWH[WR�R�SUHVHQWH�SURMHWR�WHYH�FRPR�SURSyVLWR HVWXGDU�R�IHQ{PHQR�GH�SHUGD�GH�VROR�FRP�D�
DMXGD�GH�WUDoDGRUHV�HP�FRQGLo}HV�FRQWURODGDV��RX�VHMD��HP�ODERUDWyULR��3URFXUDQGR�VH�PRQLWRUDU�D�
SHUGD�GH�VROR�H�DYDOLDU�R�FRPSRUWDPHQWR�GR�PHVPR��3DUD�LVVR�IRL�XWLOL]DGR�XPD�PLQLSDUFHOD�
FRQWHQGR�WUDoDGRUHV�PDUFDGRV�FRP�RV�HOHPHQWRV�WHUUDV�UDUDV��(75V��RQGH�IRL FRORFDGD�HP�
GLIHUHQWHV�FRQGLo}HV GH�FKXYDV VLPXODGDV�H�GHFOLYLGDGHV��YLVDQGR�DFRPSDQKDU�D�SHUGD�GH�VROR�H�GH�
WUDoDGRUHV��2V UHVXOWDGRV GDGRV�GH�VHGLPHQWRV�H�HVFRDPHQWRV�FROHWDGRV�DSyV�RV�H[SHULPHQWRV�
PRVWUDUDP�SRWHQFLDO�SDUD�HQWHQGHU�PHOKRU�RV�SURFHVVRV�GH�HURVmR�FRPR�XP�IHQ{PHQR�GH�SHUGD�GH�
VROR�

���0DWHULDLV�H�0pWRGRV
�����'HOLQHDPHQWR�H[SHULPHQWDO

2V�HQVDLRV�IRUDP�UHDOL]DGRV�HP�XPD�PLFURSDUFHOD�FRP�GLPHQV}HV����������H����FP���VHQGR�
SRVLFLRQDGD�VRE�WUrV�GHFOLYLGDGHV�GH�������� H���� VXEPHWLGDV�D�TXDWUR�LQWHQVLGDGHV�GLIHUHQWHV�GH�
FKXYDV����PP�K�����PP�K�����PP�K�H�����PP�K�VLPXODGDV��RX�VHMD��IRUPDQGR�GR]H�FRQILJXUDo}HV�
GLVWLQWDV��)RL�XWLOL]DGR�XP�VLPXODGRU�GH�FKXYD�TXH SRVVXL�XP�FRQMXQWR�ERPED��WDQTXH�H�WXEXODo}HV��
DOpP� GH� ELFRV� &+�0DJQR -HW� IL[RV� HP� VXSRUWH� SRVLFLRQDGR� D� ���� P� DFLPD� GD� PLFURSDUFHOD��$�
PLFURSDUFHOD�IRL�SUHHQFKLGD�FRP�R�QHRVVROR�TXDUW]DUrQLFR��QD�TXDO�R�WUDoDGRU�PDUFDGRU�IRL�LQVHULGR�
HP� TXDQWLGDGHV� FRQKHFLGDV� QD� SDUWH� VXSHULRU�� IRUPDQGR� XPD� OLQKD�� H� SRVWHULRUPHQWH� IRUDP�
VLPXODGDV�FKXYDV�FRP�GXUDomR�GH����PLQXWRV��'XUDQWH�DV�VLPXODo}HV�IRUDP�FROHWDGRV�DPRVWUDV�GH�
VHGLPHQWR�H�iJXD�HP�LQWHUYDORV�GH���PLQXWR�H�DUPD]HQDGRV�HP�UHFLSLHQWHV�DGHTXDGRV�

$SyV� DV� VLPXODo}HV� GH� FKXYD�� D� iJXD� H� RV� VHGLPHQWRV� FROHWDGRV� VHUmR� VHFRV� HP� HVWXID� H�
VXEPHWLGRV� D� DQiOLVHV� TXtPLFDV� SDUD� GHWHUPLQDU� D� TXDQWLGDGH� GH� VHGLPHQWRV� H� WUDoDGRUHV� TXH�
FKHJDUDP�DWp�R�SRQWR�GH�FROHWD��IDVH�DWXDO�GR�SURMHWR��

�������6tQWHVH�GR�WUDoDGRU
3DUD�D VtQWHVH�GD�DUJLOD�PDUFDGD��WURFD�GH�FiWLRQV���IRL�XWLOL]DGD�XPD�WpFQLFD�Mi�FRQKHFLGD�

SDUD�FiWLRQV�PRQR�H�ELYDOHQWH��0225(��'��0���5(<12/'6��5��&��-���������2�SURFHGLPHQWR�
FRQVLVWLX�HP�DGLFLRQDU��J�GH�PRQWPRULOORQLWD�QDWXUDO�D����PO�GH�XPD�VROXomR�GH�&ORUHWR�GH�
ODQWkQLR��HP�XP�EpTXHU�SRU���K��$SyV�SHUPDQHFHU���K�VHP�DJLWDU��R�PDWHULDO�IRL�FHQWULIXJDGR�SRU�
�PLQ�D������USP�SDUD�TXH�IRVVH�UHWLUDGR�R�PDWHULDO�VREUHQDGDQWH��)HLWR�LVVR��XPD�QRYD�VROXomR�GH�
�� PO�GH�&ORUHWR�GH�ODQWkQLR�IRL�DGLFLRQDGD�DR�PDWHULDO�FHQWULIXJDGR�H�GHL[DGR�HP�UHSRXVR�SRU�PDLV�
���K��0DLV�XPD�YH]�R�VREUHQDGDQWH�IRL�UHWLUDGR�SRU�PHLR�GH�XPD�FHQWULIXJDomR�D������USP�SRU�
�PLQ��3DUD�UHPRomR�GR�H[FHVVR�GRV�tRQV�ODQWkQLR�H�FORUHWR�GD�DPRVWUD��IRUDP�IHLWDV�LQ~PHUDV�
ODYDJHQV�FRP�iJXD�GHVWLODGD��VHJXLGR�GH�FHQWULIXJDo}HV��H�PHGLGD�D�FRQGXWLYLGDGH�GD�VROXomR� $�
VROXomR�GH�&ORUHWR�GH�ODQWkQLR IRL�IRUQHFLGD SHODV�,QG~VWULDV�1XFOHDUHV�GR�%UDVLO��,1%���7UDWD�VH�GH�
XP�UHVtGXR�JHUDGR�SHOR�SURFHVVR�GH�H[WUDomR�GH�WHUUDV�UDUDV�FRPSRVWD�SRU������GH�ODQWkQLR�������GH�
QHRGtPLR�H�������GH�SUDVHRGtPLR�

�������&DOLEUDomR�GR�VLPXODGRU�GH�FKXYDV�
2�HTXLSDPHQWR�VLPXODGRU�GH�FKXYDV�GH�PRWRU�D�SDVVR�IRL�DMXVWDGR�GH�PRGR�TXH�D�SUHVVmR�GD�

iJXD�IRVVH�LJXDO�HP�WRGRV�RV�ELFRV��HQWUH�����H�����EDU��2�VXSULPHQWR�GH�iJXD�GHX�VH�GLUHWDPHQWH�GH�
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XP�WDQTXH�GH�FDSDFLGDGH������/�DFRSODGR�D�XPD�ERPED�G¶iJXD��$�SUHVVmR�IRL�DMXVWDGD�D�SDUWLU�GD�
DEHUWXUD�GD�YD]mR�GD�ERPED�G¶iJXD��

3DUD�FDOLEUDU�D�LQWHQVLGDGH�GDV�FKXYDV�IRL�FRORFDGD�VRE�R�VXSRUWH�TXH�VXVWHQWDP�RV�ELFRV��
XPD�ORQD�HVWLFDGD�FREULQGR�D�VXSHUItFLH�WRWDO�GH�����Pð�GD�PLFURSDUFHOD� D�����PHWURV�GR�QtYHO�GRV�
ELFRV��ID]HQGR�FRP�TXH�WRGR�YROXPH�GH�iJXD�VLPXODGD�TXH�FDtVVH�VREUH�D�VXSHUItFLH�GD�
PLFURSDUFHOD�IRVVH�FROHWDGD�H�DUPD]HQDGD�HP�XP�EDOGH�JUDGXDGR��

&RP�R�VLPXODGRU�OLJDGR�H�RV�ELFRV�DEHUWR�IRL�OLJDGR�R�VXSULPHQWR�GH�iJXD��$MXVWRX�VH�D�
SUHVVmR�H�HQWmR�IRL�FROHWDGR�GXUDQWH����PLQXWRV��FURQRPHWUDGRV�D�SDUWLU�GR�LQtFLR�GD�SUHFLSLWDomR�

(QFHUUDGD�D�SUHFLSLWDomR��PHGLX�VH�R�YROXPH�GH�iJXD�FRQWLGD�QR�EDOGH�JUDGXDGR�HP�XPD�
SURYHWD�JUDGXDGD��SDUD�PDLRU�SUHFLVmR��$�LQWHQVLGDGH�GH�SUHFLSLWDomR�IRL�REWLGD�SHOD�VHJXLQWH�
IRUPXOD�
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6HQGR�, �LQWHQVLGDGH�GD�FKXYD�HP�PP�K�
9 �YROXPH�WRWDO�FROHWDGR�SHOD�ORQD�QD�VXSHUItFLH�GD�PLFURSDUFHOD�HP�/�
W �WHPSR�GH�FKXYD�VLPXDGD�HP�K�H
$ �iUHD�WRWDO�GD�VXSHUItFLH�GD�PLFURSDUFHOD�HP�Pð�

(VVH�SURFHGLPHQWR�IRL�UHSHGLGR�SDUD�RV�TXDWURV�LQWHQVLGDGHV�GH�FKXYDV��DGLFLRQDQGR�ELFRV�H�
PXGDQGR�VXDV�SRVLo}HV�SDUD�DV�UHVSHFWLYDV�LQWHQVLGDGHV�

3DUD�FDOLEUDU�D�KRPRJHQHLGDGH�GDV�FKXYDV�IRUDP�FRORFDGRV����EpTXHUHV�QLYHODGRV�HQWUH�VL��
QR�OXJDU�GD�ORQD��&RPSOHWDQGR�D�iUHD�WRWDO�GD�VXSHUItFLH�GD�PLFULSDUFHOD��VHQGR�RV�EpTXHUHV�GH������
FP�GH�GLkPHWUR�H������FP�GH�DOWXUD�

&RP�R�VLPXODGRU�OLJDGR�H�RV�ELFRV�DEHUWR�IRL�OLJDGR�R�VXSULPHQWR�GH�iJXD��$MXVWRX�VH�D�
SUHVVmR�H�HQWmR�IRL�FROHWDGR�GXUDQWH����PLQXWRV��FURQRPHWUDGRV�D�SDUWLU�GR�LQtFLR�GD�SUHFLSLWDomR��

(QFHUUDGD�D�SUHFLSLWDomR��PHGLX�VH�R�YROXPH�GH�iJXD�FRQWLGD�HP�FDGD�EpTXHU�HP�SURYHWD�
JUDGXDGD��SDUD�PHOKRU�SUHFLVmR�

(VVH�SURFHGLPHQWR�IRL�UHSHGLGR�SDUD�RV�TXDWURV�LQWHQVLGDGHV�GH�FKXYDV��DGLFLRQDQGR�ELFRV�H�
PXGDQGR�VXDV�SRVLo}HV�SDUD�DV�UHVSHFWLYDV�LQWHQVLGDGHV�

2�FRHILFLHQWH�GH�XQLIRUPLGDGH�IRL�FDOFXODGR�SHOD�IyUPXOD�GH��&+5,67,$16(1��������
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6HQGR�&8& �FRHILFLHQWH�GH�XQLIRUPLGDGH��HP���
˪ܺ �SUHFLSLWDomR�REVHUYDGD�HP�FDGD�FROHWRU�
തܺ �PpGLD�GDV�SUHFLSLWDo}HV�H
݊ �Q~PHUR�GH�FROHWRUHV�

�������7LSR�GH�VROR�H�ORFDOL]DomR
2�VROR�HP�HVWXGR�HVFROKLGR�IRL�DGTXLULGR�GD�ID]HQGD�6mR�-RVp��SURSULHGDGH�GD�&RQTXLVWD�

$JURSHFXiULD��QR�PXQLFtSLR�GH�,WLUDSLQD�± 63��FRRUGHQDGDV�870�:*6���������.��������(�±
��������6��2/,9(,5$��1($5,1*��:(1'/$1'���������3RUWDQWR��R�WLSR�GH�VROR�XWLOL]DGR�QR�
HVWXGR�p�R�1HRVVROR�4XDUW]DUrQLFR��UHSUHVHQWDWLYR�GD�UHJLmR�2HVWH�GR�HVWDGR�GH�63��iUHDV�GH�
RFRUUrQFLD�GRV�VHGLPHQWRV�GR�*UXSR�%DXUX���TXH�DSUHVHQWD�WH[WXUD�DUHQRVD������DUHLD������DUJLOD�H�
���VLOWH���2/,9(,5$��1($5,1*��:(1'/$1'��������

���5HVXOWDGRV�H�'LVFXVVmR
����6HGLPHQWR�H�HVFRDPHQWR

$V�WDEHODV���H���PRVWUDP�RV�GDGRV�FROHWDGRV�GH�VHGLPHQWR�H�HVFRDPHQWRV�DR�ILQDO�GH�FDGD�
VLPXODomR�GH���KRUD��SDUD�FDGD�FRQILJXUDomR�GH�LQWHQVLGDGH�GH�FKXYD�H�GHFOLYLGDGH��3RGHPRV�QRWDU�
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D�KRPRJHQHLGDGH�QRV�GDGRV�GH�HVFRDPHQWR�SDUD�FDGD�VLPXODomR�GH�FKXYD��PRVWUDQGR�D�HVWDELOLGDGH�
GR�VLPXODGRU�GH�FKXYDV��-i�RV�GDGRV�GH�VHGLPHQWR�QmR�VHJXHP�XPD�OLQHDULGDGH�LVVR�GHYLGR�D�
FRPSOH[LGDGH�GRV�SURFHVVRV�HURVLYR�

7DEHOD��� 'DGRV�GH�VHGLPHQWRV�SDUD�FDGD�FRQILJXUDomR�FRP�GXUDomR�GH���KRUD�GH�VLPXODomR�

'ƌĂŵĂƐ
й

ϲ ϭϬ ϭϮ

ŵŵͬŚ

ϰϬ ϰϵ͕ϴϱ ϮϬϯ͕ϭϭ ϱϮϵ͕Ϭϰ
ϲϬ Ϯϯϴ͕ϰϭ ϲϬϯ͕ϵϯ ϭϭϯϬ͕Ϭϰ
ϴϬ ϮϭϬ͕ϰϱ ϲϰϰ͕ϴϴ ϴϬϰ͕ϱϯ
ϭϮϬ ϯϰϳ͕ϴϴ ϭϬϴϴ͕ϳϳ Ϯϯϭϲ͕ϴϱ

7DEHOD��� 'DGRV�GH�HVFRDPHQWR�SDUD�FDGD�FRQILJXUDomR�FRP�GXUDomR�GH���KRUD�GH�VLPXODomR�

>ŝƚƌŽƐ
й

ϲ ϭϬ ϭϮ

ŵŵͬŚ

ϰϬ ϭϴ͕ϱϯ ϭϴ͕ϳϱ ϭϴ͕ϯϵ
ϲϬ Ϯϴ͕ϰϰ Ϯϴ͕ϵϬ Ϯϴ͕ϰϯ
ϴϬ ϯϵ͕Ϯϰ ϯϳ͕ϭϲ ϯϰ͕ϴϰ
ϭϮϬ ϲϭ͕Ϭϴ ϲϭ͕Ϯϲ ϲϬ͕Ϭϵ

�����7UDoDGRU�WHUUDV�UDUDV
$�WDEHOD���PRVWUD�RV�WHRUHV�GH�WHUUDV�UDUDV�LQFRUSRUDGR�QD�DUJLOD��TXDQWLILFDGR�SHOD�WpFQLFD�

,&3�2(6��FRQILUPDQGR�D�LQFRUSRUDomR�GD�DVVLQDWXUD�TXtPLFD��(75V��

7DEHOD����7HRUHV�GH�WHUUDV�UDUDV�SUHVHQWH�QR�WUDoDGRU
7UDoDGRU

/D���� �����������
1G��� �����������
3U��� �����������
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