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$%675$&7�

/RRNLQJ�IRU�DOWHUQDWLYH�VROXWLRQV�WR�PLQLPL]H�WKH�SUREOHPV�FDXVHG�E\�WKH�ZDWHU�FULVLV�LQ�ODUJH�XUEDQ�FLWLHV��
WKLV�SDSHU�SUHVHQWV�WKH�XVH�RI�UDLQZDWHU�DV�D�VROXWLRQ�RI�ZDWHU�VXSSO\��+RZHYHU��UDLQZDWHU�PD\�VKRZ�DFLGLF�
FKDUDFWHU�GXH�WR�WKH�SROOXWLRQ�RI�WKH�DWPRVSKHUH��7KHUHIRUH��WKH�REMHFWLYH�RI�WKLV�VWXG\�LV�WKH�DONDOLQL]DWLRQ�
RI� UDLQZDWHU� ZLWK� WKH� XVH� RI� GRORPLWH� VWRQHV�� DV� DQ� RSSRUWXQLW\� WR� PDNH� WKH� XVH� RI� UDLQZDWHU� PRUH�
DFFHVVLEOH�DQG�ZLWK�ORZ�FRVW�PDWHULDOV��7KUHH�W\SHV�RI�WHVWV�ZHUH�SHUIRUPHG�ZLWK�VDPSOHV�RI�UDLQZDWHU��ZLWK�
GLIIHUHQW� FRQFHQWUDWLRQV�RI�GRORPLWH� VWRQHV�� �L�� VXEPHUJHG� LQ� WKH� VDPSOH�� �LL�� ILOWHULQJ�RI�GRORPLWH� VWRQHV�
DQG� �LLL�� ILOWHULQJ� RI� ZDVKHG� GRORPLWH� VWRQHV�� 7KHQ�� WKH� S+� DQG� WXUELGLW\� SDUDPHWHUV� RI� WKH� FROOHFWHG�
VDPSOHV�ZHUH�DQDO\]HG��$V�IURP�WKH�ODERUDWRU\�DQDO\VLV�SHUIRUPHG��WKH�H[SHULPHQW�ZLWK�WKH�GRORPLWH�VWRQHV�
VXEPHUJHG�LQ�WKH�VDPSOH�KDG�KLJK�S+��7KH�EUXWH�GRORPLWH�VWRQH�ILOWHU�KDG�KLJK�S+�DQG�WXUELGLW\��)LQDOO\��
WKH� ILOWHU� RI� ZDVKHG� GRORPLWH� VWRQHV� VKRZHG� D� VDWLVIDFWRU\� UHVXOW�� DFFRUGLQJ� WR� WKH� SDUDPHWHUV� RI� 1%5�
���������IRU�S+�DQG�WXUELGLW\��,Q�WKLV�FRQWH[W��WKH�XVH�RI�GRORPLWH�VWRQHV�LQ�WKH�WUHDWPHQW�RI�UDLQZDWHU�LV�
FKDUDFWHUL]HG�DV�DQ�HIILFLHQW��LQQRYDWLYH�DQG�ORZ�FRVW�VROXWLRQ�

.H\ZRUGV��5DLQZDWHU��5DLQZDWHU�7UHDWPHQW��$ONDOLQL]DWLRQ��'RORPLWH�6WRQH���

���,1752'8d2��

1D� RFXSDomR� GHVFRQWURODGD� GH� iUHDV� XUEDQDV�� VREUHWXGR� HP� FRPXQLGDGHV� H� DVVHQWDPHQWRV�
LQIRUPDLV��VmR�REVHUYDGDV�VLWXDo}HV�GH�LQVWDODo}HV�LQDGHTXDGDV�GR�FRQWH[WR�XUEDQR�QD�PHGLGD�HP�TXH�
DV�LQWHUYHQo}HV�GH�LQIUDHVWUXWXUD�XUEDQD�QmR�VmR�PDLV�FDSD]HV�GH�VXSRUWDU�D�GHPDQGD�SURMHWDGD�SDUD�R�
VDQHDPHQWR� DPELHQWDO�� FRPR� GH�� DEDVWHFLPHQWR� GH� iJXD�� HVJRWDPHQWR� VDQLWiULR�� JHVWmR� GH� UHVtGXRV�
VyOLGRV�H�GUHQDJHP�GH�iJXDV�SOXYLDLV��&(548(,5$�H�3,0(17(/�'$�6,/9$���������

$OWHUQDWLYDV� WrP� VLGR� SURSRVWDV� QR� VHQWLGR� GH� DWHQXDU� RV� HIHLWRV� DGYHUVRV� GD� SUREOHPiWLFD�
DPELHQWDO�H�GDV�FULVHV�GH�LQIUDHVWUXWXUD�XUEDQD��$�FULVH�KtGULFD�REVHUYDGD�HP�GHWHUPLQDGDV�UHJL}HV�GR�
%UDVLO�QRV�DQRV������H�������$1$���������VREUHWXGR�GH�HVWLDJHQV�SURORQJDGDV��WHP�PRWLYDGR�D�EXVFD�
SRU�PHGLGDV�DOWHUQDWLYDV�GH�VLVWHPDV�GH�DEDVWHFLPHQWR�GH�iJXD��

$V� WHFQRORJLDV� GH� FDSWDomR�� WUDWDPHQWR�� DUPD]HQDPHQWR� H� DSURYHLWDPHQWR� GH� iJXD� GD� FKXYD��
TXDQGR� SURMHWDGRV� H� RSHUDGRV� GH� IRUPD� DGHTXDGD�� WrP� VLGR� FRQVLGHUDGRV� VLVWHPDV� TXH� DSUHVHQWDP�
EHQHItFLRV� FRPSHQVDWyULRV� GRV� HIHLWRV� GD� XUEDQL]DomR� H� GR� XVR� UDFLRQDO� GD� iJXD�� 3RLV�� DOpP� GR�
DPRUWHFLPHQWR� QD� GHWHQomR� GH� YROXPHV� GH� FKHLDV� RX� GH� iJXDV� SOXYLDLV� H[FHGHQWHV� SDUD� D� UHGH�
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FRQYHQFLRQDO�GH�GUHQDJHP��WDPEpP�WHP�VH�D�SRVVLELOLGDGH�GH�RIHUWD�GH�iJXD�QD�VXEVWLWXLomR�GH�iJXD�
SRWiYHO� SRU� iJXD� GD� FKXYD� HP� GHWHUPLQDGDV� UHJL}HV� FRPR�PHGLGD� SDUD� FRPSHQVDU� RV� SHUtRGRV� GH�
FULVHV� GH� GHVDEDVWHFLPHQWR�� HVSHFLDOPHQWH� QRV� FDVRV�RQGH� Ki� HYLGrQFLDV� QD� SHUGD� GD� TXDOLGDGH� QRV�
YROXPHV�DUPD]HQDGRV�GDV�iJXDV�SOXYLDLV��

'HVVD�IRUPD��D�VXEVWLWXLomR�GH�iJXD�WUDWDGD�SRU�iJXD�GH�FKXYD�UHYHOD�VH�FRPR�XPD�DOWHUQDWLYD�QD�
JHVWmR� GH� RIHUWD� GH� iJXD� SDUD� DWHQGHU� GHPDQGDV� QmR� SRWiYHLV�� HVSHFLDOPHQWH� HP� UHJL}HV�
PHWURSROLWDQDV�GH�HOHYDGD�GHQVLGDGH�GHPRJUiILFD��&+$,%�HW�DO�����������

���5(9,62�%,%/,2*5È),&$�

$� iJXD� SOXYLDO� QmR� p� LVHQWD� GH� SROXHQWHV� DWPRVIpULFRV� TXH� DIHWDP� D� TXDOLGDGH� GH� YROXPHV�
DUPD]HQDGRV� H� SUHFLSLWDGRV�� FRQIRUPH� GHWHUPLQDGRV� SDUkPHWURV� HVWDOHFLGRV� SDUD� DWHQGLPHQWR� jV�
QHFHVVLGDGHV� KXPDQDV�� 2V� SROXHQWHV� GD� iJXD� GD� SOXYLDO� SRGHP� VXUJLU� GR� DU� SROXtGR�� GDV� iUHDV� GH�
FROHWD��RX�GR�UHVHUYDWyULR�GH�DUPD]HQDPHQWR��.:$$'67(1,(7�HW�DO�� ��������

$� SROXLomR� GD� iJXD� SOXYLDO� p� DWULEXtGD� jV� VXEVWkQFLDV� GD� DWPRVIHUD�� HVSHFLDOPHQWH� TXDQGR�
SURYHQLHQWH�GH��LQG~VWULDV��DWLYLGDGHV�DJUtFRODV��PLQHUDomR��FRQVWUXomR�FLYLO��FRPEXVWmR�GH�OtTXLGRV�RX�
VyOLGRV��H�WUiIHJR�YHLFXODU�SRU�IRQWHV�PyYHLV��*,.$6�	�76,+5,17=,6��������$V�IRQWHV�GH�SROXLomR�
TXtPLFD�VmR�D�GHSRVLomR�DWPRVIpULFD�~PLGD�H�VHFD��iUHDV�GH�FDSWDomR��FRPSRVLomR�GRV�UHVHUYDWyULRV��
GXUDomR�H�TXDQWLGDGH�GH�FKXYDV��

$� XWLOL]DomR� GD� iJXD� GD� FKXYD� UHTXHU� FRQWUROH� GH� TXDOLGDGH� H� YHULILFDomR� GD� QHFHVVLGDGH� GH�
WUDWDPHQWR��D�ILP�GH�SURSLFLDU�VHJXUDQoD�j�VD~GH�GR�XVXiULR�H�R�QmR�FRPSURPHWLPHQWR�GD�YLGD�~WLO�GRV�
FRPSRQHQWHV�GR�VLVWHPD�GH�DSURYHLWDPHQWR�GH�iJXD�SOXYLDO��3526$%���������2�QtYHO�GR�WUDWDPHQWR�
GD�iJXD�SOXYLDO�GHSHQGH�GLUHWDPHQWH�GD�ILQDOLGDGH�GR�XVR�D�TXH�VH�GHVWLQD�

&RQVLGHUDQGR�VH�D�HVIHUD�QDFLRQDO�QmR�H[LVWH�XPD�OHJLVODomR�HVSHFtILFD�DFHUFD�GRV�SDUkPHWURV�GH�
TXDOLGDGH� GH� iJXD� SOXYLDO�� 1R� HQWDQWR�� Mi� H[LVWHP� DOJXPDV� OHJLVODo}HV� PXQLFLSDLV� H� HVWDGXDLV� TXH�
WUDWDP�GR�PDQHMR�GH�iJXDV�SOXYLDLV��HVVDV�DLQGD�VmR�UHFHQWHV�H�QmR�PXLWR�GLIXQGLGDV��$�1%5���������
LQWLWXODGD�ÈJXD�GH�FKXYD�� $SURYHLWDPHQWR�GH�FREHUWXUDV�HP�iUHDV�XUEDQDV�SDUD�ILQV�QmR�SRWiYHLV�±
5HTXLVLWRV HVWDEHOHFH�GLUHWUL]HV�GRV�SDUkPHWURV�GH�TXDOLGDGH�GD�iJXD�SDUD�ILQV�QmR�SRWiYHLV� FRQIRUPH�
D�7DEHOD���

7DEHOD����3DUkPHWURV�GH�TXDOLGDGH�GH�iJXD�GH�SOXYLDO�SDUD�XVRV�UHVWULWLYRV�QmR�SRWiYHLV��

3DUkPHWUR $QiOLVH 9DORU

&ROLIRUPHV�WRWDLV 6HPHVWUDO $XVrQFLD�HP�����P/

&ROLIRUPH�WHUPRWROHUDQWHV 6HPHVWUDO $XVrQFLD�HP�����P/

&ORUR�UHVLGXDO�OLYUH 0HQVDO ����D���PJ�/

7XUELGH] 0HQVDO
����X7�SDUD�XVRV�PHQRV�UHVWULWLYRV

��X7

&RU�DSDUHQWH 0HQVDO ����X+

'HYH�SUHYHU�DMXVWH�GH�S+�SDUD�SURWHomR�GH�
UHGHV�GH�GLVWULEXLomR��FDVR�QHFHVViULR

0HQVDO
S+�GH���D���QR�FDVR�GH�WXEXODomR�GH�

DoR�FDUERQR�RX�JDOYDQL]DGR
)RQWH��1%5������������

'HYLGR� j� SROXLomR� HQFRQWUDGD� GRV� JUDQGHV� FHQWURV� XUEDQRV�� D� iJXD� SOXYLDO� WHP� DSUHVHQWDGR�
FDUiWHU� iFLGR�� GHYLGR� D� UHDomR� GD� iJXD� GD� FKXYD� FRP� FHUWRV� JDVHV� QD� DWPRVIHUD�� FRPR�� GLy[LGR� GH�

����
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FDUERQR��&2����GLy[LGR�GH�HQ[RIUH��62���H�y[LGRV�GH�QLWURJrQLR��12[���$�DVVRFLDomR�GHVVHV�JDVHV�FRP�
D� FKXYD� IRUPD� iFLGRV� TXH� GLPLQXHP� R� S+� GD� iJXD� GD� FKXYD� �720$=�� ������� 6HJXQGR� R� HVWXGR�
UHDOL]DGR�SRU�*XLPDUmHV��HW�DO�� �������R�S+�GH�GHWHUPLQDGDV�DPRVWUDV�GH�iJXD�SOXYLDO�FROHWDGDV�QD�
UHJLmR�PHWURSROLWDQD�GR�5LR�GH�-DQHLUR�DSUHVHQWRX�S+�GH�������(� WDPEpP��QD�SXEOLFDomR�GH�7RPD]�
��������D�FLGDGH�GH�3RUWR�$OHJUH�Mi�DSUHVHQWRX�FKXYD�FRP�S+�GH����H�6mR�3DXOR�FRP�S+�PHQRU�TXH�
������

)HLWRVD� HW� DO�� ������� XWLOL]DUDP� R� FDOFiULR� FRPR� XPD� DOWHUQDWLYD� GH� DOFDOLQL]DomR� GD� iJXD��$V�
SULQFLSDLV� URFKDV� FDUERQDWDGDV�PDLV� FRPHUFLDOL]DGDV� QR� PXQGR� VmR� R� FDOFiULR� H� D� GRORPLWD�� (VVDV�
URFKDV� VmR� FRQVLGHUDGDV� VHGLPHQWDUHV� H� FRPSRVWDV� EDVLFDPHQWH� SRU� FDOFLWD� �&D&2���� HQTXDQWR� RV�
GRORPLWRV� VmR� WDPEpP� URFKDV� VHGLPHQWDUHV� FRPSRVWDV� SHOR� PLQHUDO� GRORPLWD� �&D0J�&2������ 6XD�
RULJHP�SRGH�WHU�VLGR�VHFXQGiULD��SRU�PHLR�GD�VXEVWLWXLomR�GR�FiOFLR�SHOR�PDJQpVLR��$V�SHGUDV�WUDWDP�
VH�GH�XP�VLVWHPD�FULVWDOLQR�KH[DJRQDO��HP�FULVWDLV�URPERpGULFRV�FRP�IDFHV�FXUYDGDV��FRPXPHQWH�QDV�
FRUHV�EUDQFD�H�UyVHD��/8=�(�/,16���������

'HVVD�IRUPD��WHP�VLGR�UHFRPHQGDGR�D�FRUUHomR�GR�S+�GD�iJXD�SOXYLDO��HVSHFLDOPHQWH�TXDQGR�QmR�
VH�HQFRQWUD�HP�XP�LQWHUYDOR�GH���D���VXJHULGR�SHOD�1%5�������������'H�IRUPD�JHUDO��HVSHUD�VH�XP�
S+� GD� iJXD� HP� WRUQR� GH� �� GH� PRGR� D� QmR� DSUHVHQWDU� FDUDFWHUtVWLFDV� FRUURVLYDV� H� LQFUXVWDQWHV�� 2�
REMHWLYR�GHVVH�WUDEDOKR�p�SURSRU�XP�VLVWHPD�GH�WUDWDPHQWR�GD�iJXD�GD�FKXYD�SRU�PHLR�GH�DOFDOLQL]DomR�
FRP�XVR�GH�SHGUDV�GH�GRORPLWD���

���0(72'2/2*,$�

(VWH�WUDEDOKR�XWLOL]D�XP�VLVWHPD�GH�FDSWDomR�H�DUPD]HQDPHQWR�GH�iJXDV�SOXYLDLV�SDUD�D�FROHWD�GH�
DPRVWUD�GH� iJXDV�SOXYLDLV�HQFRQWUD�VH� ORFDOL]DGR�QR� ,QVWLWXWR�GH�$SOLFDomR�)HUQDQGHV�5RGULJXHV�GD�
6LOYHLUD� �&$S�±�8(5-��QR�EDLUUR�GR�5LR�&RPSULGR�� UHJLmR�FHQWUDO�GR�PXQLFtSLR�GR�5LR�GH�-DQHLUR��
7UDWD�VH� GH� XP� EDLUUR� FRP� HOHYDGR� DGHQVDPHQWR� SRSXODFLRQDO� H� LQWHQVDPHQWH� XUEDQL]DGR�� (P
RSHUDomR�GHVGH�������DOpP�GR�UHVHUYDWyULR�SULQFLSDO�GH�DUPD]HQDPHQWR�GD�iJXD�GD�FKXYD��R�VLVWHPD�p�
FRPSRVWR�GH�FDOKDV��FRQGXWRUHV�YHUWLFDLV�H�KRUL]RQWDLV��VLVWHPD�VHSDUDGRU�GH�VyOLGRV�H�GLVSRVLWLYR�GH�
VHSDUDomR�GR�IOX[R�GH�GHVFDUWH�LQLFLDO�RX�ILUVW�IOXVK��GHILQLGR�FRPR�D�UHODomR�HQWUH�R�YROXPH�LQLFLDO�H�D�
iUHD� GH� FREHUWXUD� GR� WHOKDGR� �3,&&2/,�� �������2� VLVWHPD� GH� DUPD]HQDPHQWR� GH� iJXDV� SOXYLDLV� GR�
&$S�8(5-� XWLOL]D� iUHD� GH� FDSWDomR� GH� ���P�� FRUUHVSRQGHQWH� j� FHUFD� GH�ó� GD� FREHUWXUD� GD� TXDGUD�
SROLHVSRUWLYD��FRP�YROXPH�GR�HVFRDPHQWR�VXSHUILFLDO�GLUHFLRQDGR�SDUD�XP�UHVHUYDWyULR�GH������OLWURV��
&ROHWDV�PHQVDLV�WrP�VLGR�UHDOL]DGDV�HP�SRQWRV�HVSHFtILFRV�GR�VLVWHPD��D�ILP�GH�YHULILFDU�D�TXDOLGDGH�
GD�iJXD�SOXYLDO�HP�GLIHUHQWHV�VLVWHPDV�GH�DUPD]HQDPHQWR�H�DPRVWUDJHP���

(VWH� WUDEDOKR� REWHYH� SHGUDV� GH� GRORPLWD� HP� ORMD� HVSHFLDOL]DGD� GH� DTXiULRV�� GD� PDUFD� )UDQFR�
*DJQRU��FRQIRUPH�)LJXUD���

)LJXUD����3HGUDV�GH�GRORPLWD�XWLOL]DGDV�QHVVH�WUDEDOKR�

����
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)RQWH��$XWRUHV��������
([LVWHP�VLVWHPDV�FRPHUFLDLV�GH�WUDWDPHQWR�GH�iJXD�SOXYLDO�TXH�XWLOL]DP�SHGUDV�GH�FDOFiULR�SDUD�D�

DOFDOLQL]DomR� GD� iJXD�� QR� HQWDQWR� VmR� WHFQRORJLDV� TXH� DSUHVHQWDP� DOWR� FXVWR� GH� LQYHVWLPHQWR�� (VWH�
WUDEDOKR� VH� FRQFHQWUD� QR� WUDWDPHQWR� GD� FRUUHomR� GR� S+� FRP� D� XWLOL]DomR� GH� PDWHULDLV� HILFLHQWHV� H�
LQRYDGRUHV�GH�EDL[R�FXVWR���

3RU�WHU�SRXFRV�WUDEDOKRV�GH�UHIHUrQFLD�DFHUFD�GH�XWLOL]DomR�GH�SHGUDV�GH�GRORPLWD�QD�DOFDOLQL]DomR�
GD�iJXD��IRUDP�UHDOL]DGRV����WUrV��HQVDLRV�ODERUDWRULDLV�GH�PRGR�D�FRPSDWLELOL]DU�D�DPRVWUD�GDV�SHGUDV��
GH�PDQHLUD�TXH�D�iJXD�HVWDEHOHoD�XP�S+�LGHDO�HQWUH�����H������6HQGR�TXH�D�TXDQWLGDGH�GH�SHGUD�IRL�
WHVWDGD�GH�IRUPD�DOHDWyULD��Mi�TXH�Ki�XP�GpILFLW�GH�UHIHUrQFLDV�ELEOLRJUiILFDV�DFHUFD�GR�DVVXQWR��'HVVD�
IRUPD��R� H[SHULPHQWR� ����XWLOL]RX�SHGUDV� VXEPHUVDV�QD� DPRVWUD�GH� iJXD�SOXYLDO��2�H[SHULPHQWR� ����
XWLOL]RX�VH�XPD�WHOD�GH�Q\ORQ�SDUD�VHJXUDU�DV�SHGUDV�EUXWDV�VHP�HVWDUHP�ODYDGDV��H�SHUPLWLU�R�IOX[R�GH�
iJXD�SOXYLDO�SHODV�SHGUDV�H�WHOD�GH�Q\ORQ��2�H[SHULPHQWR�����XWLOL]RX�XPD�WHOD�GH�Q\ORQ�SDUD�VHJXUDU�DV�
SHGUDV�GH�GRORPLWD�ODYDGDV�FRP�iJXD�GD�WRUQHLUD�H�HP�VHJXLGD�FRP�iJXD�GHVWLODGD�H�SHUPLWLX�R�IOX[R�
GH�iJXD�SOXYLDO�SHODV�SHGUDV�H�WHOD�GH�Q\ORQ��2V�SURFHGLPHQWRV�PHWRGROyJLFRV�HP�FDGD�XP�GRV�WHVWHV�
VmR�GHVFULWRV�DGLDQWH��

����3HGUDV�GH�GRORPLWD�VXEPHUVDV�

)RUDP� HODERUDGRV� �� WHVWHV� FRP� DV� SHGUDV� GH� GRORPLWD� VXEPHUVDV� QD� DPRVWUD� FROHWDGD� QR�
UHVHUYDWyULR�GH�iJXD�SOXYLDO�GR�VLVWHPD�LPSODQWDGR��$�DPRVWUD�IRL�FROHWDGD�QR�ILQDO�GR�PrV�GH�PDUoR�
GH��������

1R�SULPHLUR�WHVWH�XWLOL]RX�����PO�GH�DPRVWUD�H������J�GH�GRORPLWD�LQWHLUD��H������J�GH�GRORPLWD�
PRtGD��$�PRDJHP�GDV� �����J� GH� GRORPLWD� IRL� UHDOL]DGD� FRP� XVR� GR� JUDO� FRP� SLVWLOR�� HTXLSDPHQWR�
XVDGR� SDUD�PDFHUDomR� GH� VXEVWkQFLDV� VyOLGDV��$V� SHGUDV� GH� GRORPLWD� IRUDP� SHVDGDV� QD� EDODQoD� GD�
PDUFD�8QL�%ORFN�FRP���FDVDV�GHFLPDLV�GH�SUHFLVmR��$�)LJXUD���PRVWUD�D�SUHSDUDomR�GR�PDWHULDO�GRV�
HQVDLRV��

)LJXUD����3HVDJHP�GH������J�GH�GRORPLWD�LQWHLUD�H�PRtGD�SDUD�RV�WHVWHV�HP�VXEPHUVmR�GH�iJXD�SOXYLDO��

)RQWH��$XWRUHV��������

$SyV� VXEPHUVDV�� DV� SHGUDV� LQWHLUDV� H�PRtGDV� HP� ����PO� GH� DPRVWUD� GH� iJXD� GH� FKXYD�� IRUDP�
PRQLWRUDGRV�RV�YDORUHV�GH�WHPSHUDWXUD�H�S+�HP�XP�LQWHUYDOR�GH�����KRUDV��(VVH�LQWHUYDOR�IRL�XWLOL]DGR�
SDUD�TXH�SXGHVVH�REWHU�UHVXOWDGRV�DR�ORQJR����GLDV���

WĞĚƌĂƐ�ŝŶƚĞŝƌĂƐ ƵƚŝůŝǌĂĚĂƐ�ŶŽ�
ƚĞƐƚĞ

WĞĚƌĂ�ŵŽşĚĂ�ƵƚŝůŝǌĂĚĂ�ŶŽ�
ƚĞƐƚĞ

'ƌĂů�Ğ�ƉŝƐƚŝůŽ�ƵƚŝůŝǌĂĚŽƐ�ŶĂ�
ŵĂĐĞƌĂĕĆŽ�ĚĂ�ƉĞĚƌĂ
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2� VHJXQGR� WHVWH� HODERUDGR� FRP� DV� SHGUDV� VXEPHUVDV� RSWRX�VH� SRU� FRQFHQWUDo}HV� PHQRUHV� GH�
GRORPLWD�VXEPHUVD�HP�����PO�QDV�FRQFHQWUDo}HV�GH������PJ������PJ��H������PJ��3DUD�HVVDV�SHTXHQDV�
FRQFHQWUDo}HV�WDPEpP�XWLOL]RX�R�JUDO�H�SLVWLOR�SDUD�D�PDFHUDomR�GDV�SHGUDV�H�D�EDODQoD�GH�SHVDJHP��2�
FRPSRUWDPHQWR�GR�S+�IRL�PRQLWRUDGR�DR�ORQJR�GH����KRUDV��2�WHVWH�IRL�HQFHUUDGR�DSyV����KRUDV��SRLV�
D�SDUWLU�GHVVH�PRPHQWR�D�YDULDomR�GH�S+�Mi�QmR�HUD�JUDQGH���

2� WHUFHLUR�H�~OWLPR� WHVWH�FRP�DV�SHGUDV� VXEPHUVDV�HP�����PO�GH�iJXD�REWHYH�XPD�TXDQWLGDGH�
PDLRU�GH�SHGUDV�GH�GRORPLWD��QR�HQWDQWR�LQWHLUDV��$V�YDULDo}HV�GD�FRQFHQWUDomR�GDV�DPRVWUDV�XWLOL]DGDV�
QHVVH�HQVDLR�IRUDP�GH������J��������J��������J�H������J��2�FRPSRUWDPHQWR�GR�S+�IRL�PRQLWRUDGR�DR�
ORQJR�GH� ����KRUDV�� (VVH� LQWHUYDOR� IRL� XWLOL]DGR� SDUD�TXH� SXGHVVH� REWHU� UHVXOWDGRV� DR� ORQJR��� GLDV��
VHQGR�TXH�DR�ILQDO�GHVVH�LQWHUYDOR�D�YDULDomR�GH�S+�Mi�QmR�HUD�VLJQLILFDQWH���

(P�WRGRV�RV�FDVRV��WDPEpP�HUD�PRQLWRUDGD�XPD�DPRVWUD�GH�����PO�GH�iJXD�GD�FKXYD�EUXWD��FRP�
D�PHGLomR�GR�S+�H�GD�WHPSHUDWXUD�QR�PHVPR�PRPHQWR�GDV�DPRVWUDV�FRP�D�SHGUD�GH�GRORPLWD��$SyV�D�
PHGLomR�GRV�SDUkPHWURV��RV�EpTXHUHV�FRP�DV�DPRVWUDV�HUDP�FREHUWRV�FRP�SDSHO� ILOPH�SDUD�HYLWDU�D�
HYDSRUDomR�GD�iJXD��)RUDP�XWLOL]DGDV�GLIHUHQWHV�TXDQWLGDGHV�GH�SHGUDV�EUXWDV�H�PRtGDV�QRV��� WHVWHV�
SRLV� D� DOFDOLQL]DomR� GD� iJXD� HP� SHGUD� PRtGD� GDU�VH�i� PDLRU� GHYLGR� DR� DXPHQWR� GD� VXSHUItFLH� GH�
FRQWDWR�HQWUH�DV�SHGUDV�H�D�iJXD���

����)LOWUR�GH�SHGUDV�GH�GRORPLWD��EUXWD��

2�H[SHULPHQWR�����FRP�XVR�GR�ILOWUR�GH�SHGUDV�GH�GRORPLWD�LQWHLUDV�EUXWDV�FRQVLVWLX�QD�XWLOL]DomR�
GH�XPD�WHOD�GH�Q\ORQ�HP�FLPD�GR�EpTXHU�SDUD�VHJXUDU�DV�SHGUDV�EUXWDV�VHP�HVWDUHP�ODYDGDV��H�SHUPLWLU�
R�IOX[R�GH�iJXD�SOXYLDO�SHODV�SHGUDV�H�WHOD�GH�Q\ORQ��(UDP�PHGLGDV�����PO�GH�DPRVWUD�GH�iJXD�SOXYLDO�
FROHWDGD�QR�UHVHUYDWyULR�GR�VLVWHPD�LPSODQWDGR��$VVLP�FRPR�QR�WHVWH�DQWHULRU��D�DPRVWUD�IRL�FROHWDGD�
QR�ILQDO�GR�PrV�GH�PDUoR�GH�������$�DPRVWUD�HUD�SDVVDGD�SHODV�SHGUDV�H�WHOD�GH�Q\ORQ�XPD�~QLFD�YH]�
H� FROHWDGD� HP� XP� EpTXHU� D� MXVDQWH�� H� HQWmR�� HUDP� PRQLWRUDGRV� R� S+�� WXUELGH]� H� WHPSHUDWXUD� GDV�
DPRVWUDV�QR�DR�ORQJR�GH�����KRUDV��(VVH�LQWHUYDOR�IRL�XWLOL]DGR��SRLV�DR�ILQDO�GHOH�D�YDULDomR�GH�S+�Mi�
QmR� HUD� VLJQLILFDQWH�� )RUDP� XWLOL]DGDV� DV� SHGUDV� LQWHLUDV�� H� DV� FRQFHQWUDo}HV� GH� ������J�� ������J�� H�
������J���

����)LOWUR�GH�SHGUDV�GH�GRORPLWD��ODYDGDV��

2�H[SHULPHQWR�����FRP�XVR�GR�ILOWUR�GH�SHGUDV�LQWHLUDV�GH�GRORPLWD�ODYDGDV�FRP�iJXD�GD�WRUQHLUD�
H�HP�VHJXLGD�FRP�iJXD�GHVWLODGD��FRQVLVWLX�QD�XWLOL]DomR�GH�XPD�WHOD�GH�Q\ORQ�HP�FLPD�GR�EpTXHU�SDUD�
VHJXUDU�DV�SHGUDV� ODYDGDV�H�SHUPLWLU�R�IOX[R�GH�iJXD�SOXYLDO�SHODV�SHGUDV�H� WHOD�GH�Q\ORQ�XPD�~QLFD�
YH]��(UDP�PHGLGDV�����PO�GH�iJXD�SOXYLDO��H�HVVD�iJXD�HUD�SDVVDGD�SHODV�SHGUDV�H�WHOD��H�FROHWDGD�HP�
XP�EpTXHU�D�MXVDQWH��H�HQWmR��HUDP�PRQLWRUDGRV�R�S+��WXUELGH]�H�WHPSHUDWXUD�GDV�DPRVWUDV�QR�DR�ORQJR�
GH�����KRUDV��(VVH�LQWHUYDOR�IRL�XWLOL]DGR��SRLV�DR�ILQDO�GHOH�D�YDULDomR�GH�S+�Mi�QmR�HUD�VLJQLILFDQWH��
)RUDP�XWLOL]DGDV�DV�SHGUDV�LQWHLUDV��QDV�FRQFHQWUDo}HV�GH�������J��������J��H��������J���

2V�HQVDLRV�UHDOL]DGRV�IRUDP�FRQWURODGRV�GH�PRGR�D�PDQWHU�D�PHVPD�TXDQWLGDGH�GH�SHGUDV��QDV�
SHGUDV� EUXWDV� H� ODYDGDV�� QR� HQWDQWR�� FRPR� D� VLWXDomR� GHSHQGH� GR� WDPDQKR� H� YROXPH�GDV� SHGUDV�� DV�
SHVDJHQV�GDV�DPRVWUDV�REWLYHUDP�UHVXOWDGRV�DSUR[LPDGRV���

���5(68/7$'26�(�',6&866®(6
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����3HGUDV�GH�GRORPLWD�VXEPHUVDV�QD�DPRVWUD�

&RQIRUPH�GHVFULWR�QD�PHWRGRORJLD��R�SULPHLUR�HQVDLR�UHDOL]DGR�FRP�DV�SHGUDV�GH�GRORPLWD�IRL�D�
SDUWLU�GD�VXEPHUVmR�QD�IRUPD�EUXWD�H�PRtGD�������J��HP�XPD�DPRVWUD�GH�iJXD�SOXYLDO�GH�����PO��FRP�
DQiOLVHV�GH�S+�HP�IXQomR�GR�WHPSR�GH�H[SRVLomR��)LJXUD������

1DV� SULPHLUDV� KRUDV�� D� DPRVWUD� DSUHVHQWRX� XP� S+� EDVWDQWH� DOFDOLQR� FRP� D� SHGUD� PRtGD�� QR�
HQWDQWR�� RV� YDORUHV� GHFDtUDP� GH� ���� SDUD� ���� QR� SHUtRGR� ���� KRUDV� GH� PRQLWRUDPHQWR�� $� VLWXDomR�
RSRVWD� DFRQWHFHX�FRP�DV�SHGUDV�EUXWDV�RX� LQWHLUDV�� D�DPRVWUD� LQLFLDOPHQWH� WLQKD�XP�S+�QHXWUR�SDUD�
DOFDOLQR�GH������QR�HQWDQWR��RFRUUHX�R�DXPHQWR�GR�S+�SDUD�����DR�ORQJR�GR�SHUtRGR�GH�����KRUDV�GH�
PRQLWRUDPHQWR��$PEDV�DV�DPRVWUDV�FRP�XVR�GH�GRORPLWD�EUXWD�H�PRtGD�DSUHVHQWDUDP�XP�YDORU�GH�S+�
SUy[LPR�� HP� WRUQR� GH� ����� 2� S+� ILQDO� REWLGR� GDV� DPRVWUDV� IRL� FRQVLGHUDGR� QmR� VDWLVIDWyULR� SRU�
UHVXOWDGR� GHPDVLDGR� DOFDOLQR�� FRP� YDORU� DFLPD� GR� SHUPLWLGR� SHOD� 1%5� ����������� H� GD� SRUWDULD�
EUDVLOHLUD������������UHIHUHQWH�D�iJXD�SRWiYHO���

)LJXUD����9DULDomR�GR�S+�H�WHPSHUDWXUD�DR�ORQJR�GH�����KRUDV�GH�PRQLWRUDPHQWR�GDV������J�GH�GRORPLWD�

VXEPHUVDV�QD�DPRVWUD�

)RQWH��$XWRUHV��������

2�VHJXQGR�HQVDLR�UHDOL]DGR�IRL�FRP�DPRVWUDV�GH�GRORPLWD�FRQWHQGR�����PJ������PJ�H������PJ��
PRQLWRUDGR� DR� ORQJR�GH� ��� KRUDV� �)LJXUD� ���� 3RU� VH� WUDWDUHP�GH� GRVDJHQV�PHQRUHV� GH� GRORPLWD�� R�
FRPSRUWDPHQWR�GDV�DPRVWUDV�LQGLFRX��GHFUpVFLPR�GR�S+�HQWUH�D�KRUD���H�D�KRUD����DXPHQWR�GR�S+�GD�
KRUD���D�KRUD�����H�SRU�~OWLPR�GHFUpVFLPR�GR�S+�HQWUH�D�KRUD����H�D�KRUD������

)LJXUD����9DULDomR�GR�S+�H�WHPSHUDWXUD�DR�ORQJR�GH����KRUDV�GH�PRQLWRUDPHQWR�GDV�GLIHUHQWHV�FRQFHQWUDo}HV�GH�

GRORPLWD�VXEPHUVDV�QD�DPRVWUD�

)RQWH��$XWRUHV��������

Ϭ
ϱ
ϭϬ
ϭϱ
ϮϬ
Ϯϱ
ϯϬ

ϲ͘ϱ
ϳ

ϳ͘ϱ
ϴ

ϴ͘ϱ
ϵ

ϵ͘ϱ
ϭϬ

Ϭ Ϯϱ ϱϬ ϳϱ ϭϬϬ ϭϮϱ ϭϱϬ ϭϳϱ ϮϬϬ ϮϮϱ ϮϱϬ Ϯϳϱ ϯϬϬ

dĞ
ŵ
Ɖ͘
�Σ�

Ɖ,
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ϭϵ
ϭϵ͘ϱ
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Ϯϭ
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ϮϮ
ϮϮ͘ϱ

ϲ͘ϰ

ϲ͘ϲ

ϲ͘ϴ

ϳ

ϳ͘Ϯ

ϳ͘ϰ

Ϭ Ϯ ϰ ϲ ϴ ϭϬ ϭϮ ϭϰ ϭϲ

dĞ
ŵ
ƉĞ

ƌĂ
ƚƵ
ƌĂ
�Σ�

Ɖ,

�ŽŶĐĞŶƚƌĂĕĆŽ�;ŵŐͿ
Ɖ,�ƚϬ Ɖ,�ƚϭ Ɖ,�ƚϮϰ Ɖ,�ƚϮϲ dĞŵƉ͘
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2�WHUFHLUR�H�~OWLPR�HQVDLR�IRL�UHDOL]DGR�FRP�DV�SHGUDV�LQWHLUDV�GH�GRORPLWD�FRP�DV�FRQFHQWUDo}HV�
GH������J��������J��������J�H�������J��)LJXUD������

'H� DFRUGR� FRP� R� JUiILFR� GD� )LJXUD� ��� KRXYH� XP� DXPHQWR� GR� S+� SURSRUFLRQDO� D� GRVDJHP� GH�
GRORPLWD��1R�HQWDQWR��RV�YDORUHV�GH�S+�DLQGD�ILFDUDP�EDVWDQWH�DOWRV��PHVPR�FRP�DV�PHQRUHV�GRVDJHQV�
GH�GRORPLWD���

)LJXUD��� 9DULDomR�GR�S+�DR�ORQJR�GH�����KRUDV�GH�PRQLWRUDPHQWR�GDV�GLIHUHQWHV�FRQFHQWUDo}HV�GH�GRORPLWD�

VXEPHUVDV�QD�DPRVWUD�

)RQWH��$XWRUHV��������

����)LOWUR�GH�SHGUDV�GH�GRORPLWD��EUXWD��

$R�XWLOL]DU�DV�FRQFHQWUDo}HV�GH�SHGUD�GH�GRORPLWD�FRP�SHVRV�GH�������J��������J�H�������J�GH�
SHGUD�GH�GRORPLWD�VHP�D� ODYDJHP�SUpYLD�QDV�DPRVWUDV�GH�iJXD�GD�FKXYD��REWHYH�VH�RV� UHVXOWDGRV�GD�

)LJXUD����

)LJXUD��� 9DULDomR�GR�S+�DR�ORQJR�GH�����KRUDV�GH�PRQLWRUDPHQWR�GDV�GLIHUHQWHV�FRQFHQWUDo}HV�GH�GRORPLWD�

EUXWDV�ILOWUDGDV�QD�DPRVWUD�

)RQWH��$XWRUHV��������

2V�UHVXOWDGRV�GH�S+�QmR�IRUDP�VDWLVIDWyULRV��SRLV�DSyV����KRUDV�RV�YDORUHV�DXPHQWDUDP�GHPDLV��
HP�GHVDFRUGR�FRP�RV�SDUkPHWURV�GH�TXDOLGDGH�GD�iJXD�GD�1%5������������H�GD�SRUWDULD�EUDVLOHLUD�
�����������UHIHUHQWH�D�iJXD�SRWiYHO��

2XWUR�SDUkPHWUR�TXH�QmR�VH�PRVWURX�VDWLVIDWyULR�IRL�D�WXUELGH]��SRLV�DVVLP�TXH�D�DPRVWUD�SDVVDYD�

ϲ͘ϱ

ϳ

ϳ͘ϱ

ϴ

ϴ͘ϱ

ϵ

ϵ͘ϱ

Ϭ ϱ ϭϬ ϭϱ ϮϬ

Ɖ,

�ŽŶĐĞŶƚƌĂĕĆŽ�;ŐͿ
Ɖ,�ƚϬ Ɖ,�ƚϮϰ Ɖ,�ƚϰϴ Ɖ,�ƚϳϮ Ɖ,�ƚϵϲ
Ɖ,�ƚϭϮϬ Ɖ,�ƚϭϰϰ Ɖ,�ϭϵϮ Ɖ,�Ϯϭϲ

ϲ

ϲ͘ϱ

ϳ

ϳ͘ϱ

ϴ

ϴ͘ϱ

Ϭ ϱ ϭϬ ϭϱ ϮϬ Ϯϱ ϯϬ ϯϱ ϰϬ ϰϱ ϱϬ ϱϱ ϲϬ ϲϱ ϳϬ ϳϱ ϴϬ ϴϱ ϵϬ ϵϱ ϭϬϬ ϭϬϱ

Ɖ,

�ŽŶĐĞŶƚƌĂĕĆŽ�;ŐͿ
Ɖ,�ƚϬ Ɖ,�ƚ�Ϭ͕Ϯϱ Ɖ,�ƚϰϴ Ɖ,�ƚϭϮϬ Ɖ,�ƚϭϰϰ
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SHOR� ILOWUR� GH� GRORPLWD� FDUUHDYD� LPSXUH]DV� H� SLRUDYD� DVVLP� D� WXUELGH]� GD� DPRVWUD�� $� )LJXUD� �
DSUHVHQWD�RV�UHVXOWDGRV�GH�WXUELGH]�SDUD�GLIHUHQWHV�FRQFHQWUDo}HV�GH�GRORPLWD���

$�PDLRU� WXUELGH]� REVHUYDGD� RFRUUHX� QR�PRPHQWR� LPHGLDWDPHQWH� DSyV� D� SDVVDJHP� GD� iJXD� GD�
FKXYD�SHOR�ILOWUR�GH�SHGUDV�GH�GRORPLWD��$R�ORQJR�GR� WHPSR��D� WXUELGH]�GLPLQXLX��QR�HQWDQWR��DLQGD�
DSUHVHQWDUDP�YDORUHV�PDLRUHV�VH�FRPSDUDGRV�FRP�D�FKXYD�EUXWD���

)LJXUD��� 9DULDomR�GD�WXUELGH]�DR�ORQJR�GH ����KRUDV�GH�PRQLWRUDPHQWR�GDV�GLIHUHQWHV�FRQFHQWUDo}HV�GH�

GRORPLWD�EUXWDV�ILOWUDGDV�QD�DPRVWUD�

)RQWH��$XWRUHV��������

����)LOWUR�GH�SHGUDV�GH�GRORPLWD�ODYDGDV�

1R� WHUFHLUR� H� ~OWLPR� H[SHULPHQWR�� RFRUUHX� D� ODYDJHP� SUpYLD� GDV� SHGUDV� EUXWDV� GH� GRORPLWD��
)RUDP�XWLOL]DGDV�SHGUDV�LQWHLUDV��FRP�DV�FRQFHQWUDo}HV�GH�������J��������J�H��������J��2V�UHVXOWDGRV�
GD�YDULDomR�GH�S+�VmR�PRVWUDGRV�QD�)LJXUD�����

)LJXUD��� 9DULDomR�GR�S+�DR�ORQJR�GH�����KRUDV�GH�PRQLWRUDPHQWR�GDV�GLIHUHQWHV�FRQFHQWUDo}HV�GH�GRORPLWD�

ODYDGDV�ILOWUDGDV�QD�DPRVWUD�

)RQWH��$XWRUHV��������
(VWH�~OWLPR�HQVDLR�REWHYH�YDORUHV�VDWLVIDWyULRV�HP�UHODomR�DR�S+��2V�YDORUHV�VH�PDQWLYHUDP�FRP�

FDUDFWHUtVWLFDV� QHXWUDV�� GH� PRGR� D� JDUDQWLU� D� TXDOLGDGH� GD� iJXD� GD� FKXYD� GHQWUR� GD� IDL[D� GH� S+�
DFHLWiYHO��

ͲϭϬ
ϭϬ
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ϵϬ

Ϭ ϮϬ ϰϬ ϲϬ ϴϬ ϭϬϬ ϭϮϬ
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$�SUp�ODYDJHP�GDV�SHGUDV�GH�GRORPLWD�QmR�OLEHUDUDP�LPSXUH]DV�QD�iJXD��'HVVD�IRUPD��D�WXUELGH]�
WDPEpP�DSUHVHQWRX�UHVXOWDGRV�VDWLVIDWyULRV��)LJXUD������

)LJXUD��� 9DULDomR�GD�WXUELGH]�DR�ORQJR�GH�����KRUDV�GH�PRQLWRUDPHQWR�GDV�GLIHUHQWHV�FRQFHQWUDo}HV�GH�

GRORPLWD�ODYDGDV�ILOWUDGDV�QD�DPRVWUD�

)RQWH��$XWRUHV��������

���&20(17È5,26�),1$,6

(VWH�WUDEDOKR�SHUPLWH�FRQFOXLU�TXH���

��� R�HQVDLR�FRP�DV�SHGUDV�GH�GRORPLWD�VXEPHUVDV�QD�DPRVWUD��WDQWR�QD�IRUPD�EUXWD�FRPR�PRtGD��
REWHYH�XP�S+�HP�WRUQR�GH�����DSyV�����KRUDV��(VVH�YDORU�GH�S+�HQFRQWUD�VH�DFLPD�GR�YDORU�
VXJHULGR� SHOD� 1%5������������� -i� R� VHJXQGR� H[SHULPHQWR�� FRP� R� ILOWUR� GH� SHGUDV� GH�
GRORPLWD� EUXWD� D� IDL[D� GH� S+� ILFRX� HP� WRUQR� GH� �� DSyV� ��� KRUDV� GH� WHVWH�� YDORUHV� GH� S+�
WDPEpP�DFLPD�GR�UHFRPHQGDGR�SHOD�QRUPD��(�SRU�~OWLPR��R�ILOWUR�GH�SHGUDV�FRP�GRORPLWDV�
ODYDGDV��PDQWHYH�D�IDL[D�GH�S+�HQWUH������D������DSUR[LPDGDPHQWH��DR�ORQJR�GDV�����KRUDV��
YDORU�HVVH�VDWLVIDWyULR�FRP�DV�UHFRPHQGDo}HV�GD�QRUPD�EUDVLOHLUD�GH�iJXD�SOXYLDO�H�SRUWDULD�
EUDVLOHLUD������������UHIHUHQWH�D�iJXD�SRWiYHO��

��� R�ILOWUR�GH�SHGUDV�FRP�GRORPLWDV�EUXWDV��R�SDUkPHWUR�GD�WXUELGH]�DSUHVHQWRX�XP�DXPHQWR�GH�
LPSXUH]DV��GH�PRGR�D�FRQWULEXLU�SDUD�XP�UHVXOWDGR�LQVDWLVIDWyULR��3RU�RXWUR�ODGR��R�ILOWUR�GH�
SHGUDV�FRP�GRORPLWDV�ODYDGDV�REWHYH�UHVXOWDGR�VDWLVIDWyULR�SDUD�R�S+�H�D�WXUELGH]��FRQIRUPH�
D�1%5��������������

��� R� ILOWUR� GH� SHGUDV� FRP� GRORPLWDV� ODYDGDV� DSUHVHQWRX� UHVXOWDGR� DGHTXDGR� jV� H[LJrQFLDV� GD�
1%5�������������SRU�PDQWHU�R�S+�PDLV�SUy[LPR�GR�DFRQVHOKiYHO�SDUD�D�XWLOL]DomR�GD�iJXD�
GD� FKXYD�SDUD� ILQV�QmR�SRWiYHLV� H�SRU�QmR� FDUUHDU� LPSXUH]DV�QDV� DPRVWUDV��REVHUYDGDV�QRV�
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