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5HVXPR��$SyV�FLUXUJLDV��R�FRQWtQXR�PRQLWRUDPHQWR�GD�
UHVSLUDomR� GH� SDFLHQWHV� p� LQGLFDGR�� KDMD� YLVWD� TXH�
FRPSOLFDo}HV� UHVSLUDWyULDV� IUHTXHQWHPHQWH� RFRUUHP��
(QWUH� RXWUDV� WpFQLFDV�� UHJLVWURV� GH� GHVORFDPHQWRV� GR�
WyUD[�FRP�DFHOHU{PHWURV�WrP�VLGR�LQYHVWLJDGRV�D�ILP�GH�
UHODFLRQi�ORV� FRP� D� IRUPD� GH� RQGD� UHVSLUDWyULD�� 1R�
HQWDQWR�� H[LVWHP� YiULRV� DVSHFWRV� WpFQLFRV� VREUH� D�
XWLOL]DomR� GH� DFHOHU{PHWURV� TXH� UHTXHUHP� LQYHVWLJDomR�
DGLFLRQDO�� SRU� H[HPSOR�� QmR� Ki� UHFRPHQGDo}HV� GH�
PHOKRUHV� ORFDLV� �VHQVLELOLGDGH� H� UHMHLomR� GH� DUWHIDWRV��
SDUD�D�FRORFDomR�GRV�WUDQVGXWRUHV��(VWH�WUDEDOKR�GHVFUHYH�
XP�VLVWHPD�GHVHQYROYLGR�SDUD�DGTXLULU�VLQDLV�GH�DWp����
DFHOHU{PHWURV� H�� DLQGD�� XPD� UHIHUrQFLD� SDGUmR�RXUR� GH�
VLQDO�UHVSLUDWyULR��2V�VLQDLV�DPRVWUDGRV�VmR�WUDQVPLWLGRV�
D� XP� PLFURFRPSXWDGRU� RQGH� VmR� DUPD]HQDGRV� HP�
DUTXLYRV� SDUD� DQiOLVH� RII�OLQH�� 3DUD� YDOLGDU� R�
IXQFLRQDPHQWR�GR�HTXLSDPHQWR�H�YHULILFDU�VXD�DFXUiFLD�
IRUDP� UHDOL]DGRV� H[SHULPHQWRV� HVWiWLFRV�� GLQkPLFRV� H�
FRP� YROXQWiULR�� 5HVXOWDGRV� VmR� DSUHVHQWDGRV� H�
DQDOLVDGRV� 
3DODYUDV�FKDYH�� WD[D� UHVSLUDWyULD�� PRQLWRUDPHQWR��
LQVWUXPHQWDomR�ELRPpGLFD��DFHOHU{PHWUR� 
 
$EVWUDFW�� $IWHU� VXUJHU\�� FRQWLQXRXV� PRQLWRULQJ� RI�
EUHDWKLQJ� IURP� SDWLHQWV� VKRXOG� EH� FDUULHG� RXW�� VLQFH�
UHVSLUDWRU\� FRPSOLFDWLRQV� RIWHQ� RFFXU�� $PRQJ� RWKHU�
WHFKQLTXHV�� WKRUD[� GLVSODFHPHQWV� UHJLVWHUHG� ZLWK�
DFFHOHURPHWHUV�KDYH�EHHQ�LQYHVWLJDWHG�LQ�RUGHU�WR�UHODWH�
LWV�PHDVXUHPHQWV�WR�UHVSLUDWRU\�ZDYHIRUP��1HYHUWKHOHVV��
WKHUH�DUH�VHYHUDO�WHFKQLFDO�DVSHFWV�RQ�WKH�DFFHOHURPHWHUV�
XWLOL]DWLRQ�WKDW�UHTXLUH�DGGLWLRQDO�UHVHDUFK��IRU�LQVWDQFH��
WKHUH� DUH� QR� LQGLFDWLRQV� RI� EHVW� VLWHV� �VHQVLWLYLW\� DQG�
DUWLIDFWV�UHMHFWLRQ��IRU�WUDQVGXFHUV�SODFHPHQW��7KLV�ZRUN�
GHVFULEHV� D� V\VWHP� GHVLJQHG� WR� DFTXLUH� UHVSLUDWRU\�
VLJQDOV� XVLQJ� ��� DFFHOHURPHWHUV� DQG� D� JROG� VWDQGDUG�
UHIHUHQFH�� 7KH� VDPSOHG� VLJQDOV� DUH� WUDQVPLWWHG� WR� D�
PLFURFRPSXWHU�ZKHUH� WKH\�DUH� VWRUHG� LQWR� ILOHV� IRU�RII�
OLQH�DQDO\VLV��7R�YDOLGDWH�WKH�GHYHORSHG�V\VWHP�DQG�YHULI\�
LWV� DFFXUDF\�� VWDWLF�� G\QDPLF�� DQG� H[SHULPHQWV� ZLWK� D�
YROXQWHHU� ZHUH� SHUIRUPHG�� UHVXOWV� DUH� SUHVHQWHG� DQG�
DQDO\]HG� 
.H\ZRUGV�� UHVSLUDWRU\� UDWH�� PRQLWRULQJ�� ELRPHGLFDO�
LQVWUXPHQWDWLRQ��DFFHOHURPHWHU� 
 
 
 

,QWURGXomR 
 

$� IRUPD� GH� RQGD� GR� IOX[R� UHVSLUDWyULR� p� XWLOL]DGD��
HQWUH� RXWUDV� DSOLFDo}HV�� SDUD�GLDJQRVWLFDU� HQIHUPLGDGHV�
�WDLV�FRPR�D�HPEROLD�SXOPRQDU��SQHXPRQLD��LQVXILFLrQFLD�
FDUGtDFD� FRQJHVWLYD� >�@��� SDUD� PRQLWRUDU� SDFLHQWHV� QR�
SyV�FLU~UJLFR�>���@�H�SDUD�PRGHODU�R�FRQWUROH�DXWRQ{PLFR�
GR� VLVWHPD� FDUGLRYDVFXODU� >�@�� 2� FRQWtQXR�
PRQLWRUDPHQWR� GD� UHVSLUDomR� QR� SyV�FLU~UJLFR� SHUPLWH��
SRU�H[HPSOR��LGHQWLILFDU�D�LPLQrQFLD�GH�DWDTXH�FDUGtDFR��
KDMD�YLVWD�VXD�FRUUHODomR�FRP�WD[DV�UHVSLUDWyULDV�DFLPD�GH�
���FLFORV�SRU�PLQXWR�>�@� 

3DUD� UHDOL]DU� D�PHGLomR�GD� WD[D� UHVSLUDWyULD� p� XVXDO�
TXH�XP�SURILVVLRQDO�GD�iUHD�PpGLFD�UHDOL]H�D�REVHUYDomR�
GR� PRYLPHQWR� GR� DEG{PHQ� H� GD� FDL[D� WRUiFLFD�� QR�
HQWDQWR��WDO�DQiOLVH�p�LPSUHFLVD�GHYLGR�j�VXEMHWLYLGDGH�H�
WHP�DOWR�FXVWR�SRU�GHPDQGDU�XP�SURILVVLRQDO�GHGLFDGR�D�
HVVD�WDUHID�>���@��$OWHUQDWLYDPHQWH��R�UHJLVWUR�HOHWU{QLFR�
GR�IOX[R�UHVSLUDWyULR�UHTXHU�TXH�R�SDFLHQWH�UHVSLUH�DWUDYpV�
GH� GLVSRVLWLYRV�� WDLV� FRPR�PiVFDUDV� RX� FkQXODV� QDVDLV��
(P� YiULDV� VLWXDo}HV� FOtQLFDV�� D� XWLOL]DomR� GHVWHV�
GLVSRVLWLYRV� REVWUXWLYRV� QmR� p� UHFRPHQGDGD�� R�
GLVSRVLWLYR�SRGH�DIHWDU�D�DWLYLGDGH�UHVSLUDWyULD�RX�QmR�VHU�
WROHUDGR�SRU�SDFLHQWHV�HP�HVWDGR�FUtWLFR�>���@� 

7DLV�OLPLWDo}HV�WrP�PRWLYDGR�SHVTXLVDV�UHFHQWHV�FRP�
R� HPSUHJR� GH� DFHOHU{PHWURV� SDUD� R� UHJLVWUR� GD� WD[D�
UHVSLUDWyULD�>���@��2V�UHVXOWDGRV�REWLGRV�VmR�SURPLVVRUHV��
FRQWXGR��GLYHUVRV�DVSHFWRV�QmR�IRUDP�DLQGD�HOXFLGDGRV��
WDLV� FRPR�� PHOKRUHV� ORFDLV� SDUD� R� UHJLVWUR� GR�
GHVORFDPHQWR� GR� WyUD[� SHORV� DFHOHU{PHWURV� H� WpFQLFDV�
SDUD� UHPRomR� GH� DUWHIDWRV� GH� PRYLPHQWRV�� &RP� R�
SURSyVLWR�GH�FRQWULEXLU�FRP�DV�DWXDLV�LQYHVWLJDo}HV��HVWH�
WUDEDOKR�GHVFUHYH�R�GHVHQYROYLPHQWR�GH�XP�VLVWHPD�SDUD�
D�DTXLVLomR�GH�VLQDLV�GH�DWp����DFHOHU{PHWURV�GLVSRVWRV�
VREUH� R� WyUD[� H� GH� VLQDO� GH� UHIHUrQFLD� FDSWDGR� FRP�
PiVFDUD� QDVDO�� $SUHVHQWD� WDPEpP�� XP� FRQMXQWR� GH�
H[SHULPHQWRV� TXH� YHULILFDP� D� FDSDFLGDGH� GR� VLVWHPD�
GHVHQYROYLGR� SDUD� VHU� IXWXUDPHQWH� HPSUHJDGR� QD�
LQYHVWLJDomR�GRV�DVSHFWRV�PHQFLRQDGRV� 
 
0DWHULDLV�H�PpWRGRV 
 

$�)LJXUD���DSUHVHQWD�R�GLDJUDPD�GH�EORFRV�GR�VLVWHPD�
GHVHQYROYLGR�� 
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)LJXUD����'LDJUDPD�GH�EORFRV�GR�VLVWHPD�SURSRVWR� 

 
7UDQVGXWRUHV� ±� 2V� DFHOHU{PHWURV� $';/����

�$QDORJ� 'HYLFHV�� VmR� XWLOL]DGRV� SDUD� UHJLVWUDU� RV�
PRYLPHQWRV�GR� WyUD[��2�$';/����p� WUL�D[LDO�FRP�DOWD�
VHQVLELOLGDGH� �DWp� ���PJ�/6%��� VHQGR� DGHTXDGR� SDUD�
GHWHFWDU�PRYLPHQWRV�GH�SHTXHQD�DPSOLWXGH��FRPR�RV�TXH�
RFRUUHP�QD�UHVSLUDomR�HP�UHSRXVR��2�$';/����FRQWpP�
FLUFXLWRV� GH� FRQGLFLRQDPHQWR�� FRQYHUVmR� DQDOyJLFR�
GLJLWDO� H� FRPXQLFDomR� VHULDO� GDV� PHGLGDV� �63,� H� ,�&���
VLPSOLILFDQGR�D�DTXLVLomR�GH� VLQDLV�FRP�EDL[R�QtYHO�GH�
UXtGR�� 1HVWH� SURMHWR�� RSWRX�VH� SHOR� SURWRFROR� GH�
FRPXQLFDomR�63,��VHQGR�XWLOL]DGD�D�WD[D�GH���0+]�SDUD�
WUDQVPLVVmR� GH� GDGRV�� 2V� ��� DFHOHU{PHWURV� SRGHP�
FRPSDUWLOKDU� R� PHVPR� EDUUDPHQWR� VHULDO� 63,� GR�
PLFURFRQWURODGRU�� VHQGR� VHOHFLRQDGRV� LQGLYLGXDOPHQWH�
�DWUDYpV�GH�SLQR�³&KLS�6HOHFW´���&6��SDUD�TXH�HQYLHP��XP�
SRU�YH]��VXDV�PHGLGDV�GH�DFHOHUDomR��2�XVR�GR�SURWRFROR�
,�&� IRL� GHVFDUWDGR� SRLV� R� DFHOHU{PHWUR� $';/���� Vy�
VXSRUWD� �� HQGHUHoRV� GLIHUHQWHV� QHVVH� SURWRFROR�� LVWR�
GHPDQGDULD� �� LQWHUIDFHV� ,�&�� QmR� GLVSRQtYHLV� QR�
PLFURFRQWURODGRU� 

2� VLVWHPD� FDSWD� WDPEpP�� VLQDO� GH� XP� WUDQVGXWRU�
GLIHUHQFLDO�GH�SUHVVmR��'&���1'&��±�+RQH\ZHOO��SDUD�
VHU�XWLOL]DGR�FRPR�UHIHUrQFLD�SDUD�D�DQiOLVH��(VWH�UHJLVWUD�
D�TXHGD�GH�SUHVVmR�DWUDYpV�GH�GLVSRVLWLYR�TXH�DSUHVHQWD�
UHVLVWrQFLD�DR�IOX[R�GH�DU��SQHXPRWDFyJUDIR���D�TXHGD�GH�
SUHVVmR� p� SURSRUFLRQDO� DR� IOX[R� GH� DU� UHVSLUDWyULR�� 2�
SQHXPRWDFyJUDIR�p�DFRSODGR�j�PiVFDUD�IDFLDO�TXH�FREUH�
DV�YLDV�QDVDLV�H�D�ERFD�GR�YROXQWiULR��2�'&���1'&��WHP�
FRPR�VDtGD�XP�VLQDO�GH�WHQVmR�SURSRUFLRQDO�DR�IOX[R�TXH�
GHYH�VHU�FRQYHUWLGR�SDUD�YDORU�ELQiULR��$SyV�VHU�ILOWUDGR�
SRU�XP�SDVVD�EDL[D�DQWL�DOLDVLQJ����+]��%XWWHUZRUWK����
SyORV��� p� DWHQXDGR� SRU� XP� GLYLVRU� GH� WHQVmR� SDUD� VH�
DGHTXDU� j� IDL[D� GH� HQWUDGD� ��� D� ���9�� GR� FRQYHUVRU�
DQDOyJLFR�GLJLWDO��$'&��GR�PLFURFRQWURODGRU�� 

6LVWHPD� PLFURFRQWURODGR� ±� $� SODFD� GH�
GHVHQYROYLPHQWR� )5'0�./��]� �1;3�6HPLFRQGXFWRUV�
���IRL�XWLOL]DGD�FRPR�EDVH�SDUD�R�KDUGZDUH�GH�DTXLVLomR�
GH� GDGRV�� SRLV� SRVVXL� RV� SHULIpULFRV� QHFHVViULRV��86%��
63,� H�$'&� GH� ��ELWV�� 2� ILUPZDUH�� LPSOHPHQWDGR� QD�
SODWDIRUPD�$50�0%('��FRQWUROD�D�DPRVWUDJHP�GR�VLQDO�
GR�IOX[R�UHVSLUDWyULR�SHOR�'&���1'&���D�DTXLVLomR�GH�
PHGLGDV� GRV� DFHOHU{PHWURV� SHOD� LQWHUIDFH� 63,� H� D�
WUDQVIHUrQFLD�GHVWHV�GDGRV�SDUD�PLFURFRPSXWDGRU�3&�SRU�
LQWHUIDFH� 86%��$WUDYpV� GHVWD� PHVPD� LQWHUIDFH�� UHFHEH�
FRPDQGRV�GH�DSOLFDWLYR��GHVFULWR�D�VHJXLU��HP�H[HFXomR�
QR�3&��$�DPRVWUDJHP�GR�VLQDO�RFRUUH�HP����636��HVWD�
WD[D� DWHQGH� DR� FULWpULR� GH� 1\TXLVW� SDUD� R� ILOWUR� DQWL�
DOLDVLQJ� XWLOL]DGR�� VHQGR� EHP� VXSHULRU� j� Pi[LPD�

IUHTXrQFLD� GR� VLQDO� UHVSLUDWyULR� ��+]�>�@�� SHUPLWLQGR�
PHOKRU�UHVROXomR�QD�DQiOLVH�HVSHFWUDO�GHVWHV� 

$SOLFDWLYR�±�2�VRIWZDUH�SDUD�3&�IRL�GHVHQYROYLGR�HP�
&�� QD� SODWDIRUPD� 9LVXDO� 6WXGLR� SDUD�:LQGRZV�� FRP�
EDVH�HP�XP�WUDEDOKR�DQWHULRU�GHVVH�JUXSR�>�@��$�LQWHUIDFH�
FRP�R�XVXiULR�SHUPLWH�TXH�VHMDP�VHOHFLRQDGRV�GH�TXDLV�
DFHOHU{PHWURV� RV� VLQDLV� VHUmR� DPRVWUDGRV� �SRGHP� VHU�
HPSUHJDGRV� GH� �� D� ���� H� R� IXQGR� GH� HVFDOD� GRV�
DFHOHU{PHWURV��(VWHV�YDORUHV�VmR�HQYLDGRV�SDUD�R�)5'0�
./��]��DVVLP�FRPR�FRPDQGRV�SDUD�LQLFLDU�RX�HQFHUUDU�D�
DTXLVLomR�GH�VLQDLV�GRV�WUDQVGXWRUHV��2�DSOLFDWLYR�SHUPLWH�
DLQGD�JHUDU�DUTXLYRV�GH�WH[WR�H�QR�IRUPDWR�0DWODE��FRP�
RV�VLQDLV�FDSWDGRV��3DUD�FDGD�VLQDO�DPRVWUDGR��XP�JUiILFR�
p� DSUHVHQWDGR� QD� WHOD� GR� PRQLWRU� GR� 3&� RQGH� D�
FRUUHVSRQGHQWH�IRUPD�GH�RQGD�p�PRVWUDGD��3DUD�WUDoDU�DV�
IRUPDV�GH�RQGD� HP� WHPSR� UHDO�� XWLOL]RX�VH� D� ELEOLRWHFD�
=HG*UDSK� 

3URFHGLPHQWR�H[SHULPHQWDO�±�3DUD�DYDOLDU�R�VLVWHPD��
IRUDP� UHDOL]DGRV� WHVWHV� HVWiWLFRV�� GLQkPLFRV� H� FRP�
YROXQWiULR�� 1RV� WHVWHV� HVWiWLFRV�� R� DFHOHU{PHWUR� IRL�
PDQWLGR� HP� UHSRXVR� GXUDQWH� R� GHFRUUHU� GD� FROHWD� GH�
GDGRV�SDUD�PHGLU�DSHQDV�D�PDJQLWXGH�GD�DFHOHUDomR�GD�
JUDYLGDGH��2�DFHOHU{PHWUR�IRL�IL[DGR�QD�IDFH�GH�XP�FXER��
VHQGR�HVWH�~OWLPR�FRORFDGR�HP�VHLV�SRVLo}HV�GLIHUHQWHV��
&DGD�SRVLomR�VXEPHWH�XP�GRV�HL[RV�GR�DFHOHU{PHWUR�DR�
FDPSR�JUDYLWDFLRQDO�PHGLQGR����J�RX����J��GHSHQGHQGR�
GR� VHQWLGR��$V� PHGLGDV� QRV� HL[RV� SHUSHQGLFXODUHV� VmR�
QXODV�� 2� FXER� p� UHSRVLFLRQDGR� DR� ILQDO� GH� XPD�
DPRVWUDJHP� DWp� TXH� WRGRV� RV� HL[RV� GR� DFHOHU{PHWUR�
WHQKDP�VLGR�VXEPHWLGRV�jV�DFHOHUDo}HV�GH����J�H�±��J��
)RUDP��SRUWDQWR��FROHWDGDV�PHGLGDV�GH�DFHOHUDomR�HP���
SRVLo}HV�GLIHUHQWHV�GXUDQWH���VHJXQGRV�FDGD�D�XPD�WD[D�
GH� ��636�� 2V� YDORUHV� PHGLGRV� VmR� XWLOL]DGRV� SDUD�
FDOFXODU� RV� SDUkPHWURV� GH� FDOLEUDomR� GR� DFHOHU{PHWUR�
�HVFDOD�H�RIIVHW�SDUD�FDGD�HL[R�GH�FDGD�DFHOHU{PHWUR���$V�
(TXDo}HV���H���IRUDP�XWLOL]DGDV�SDUD�R�HL[R�;� 
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6HQGR�ܺሺାሻHܺሺିሻ�RV�YDORUHV�PHGLGRV�QD�GLUHomR�;�
HP� TXH� D� JUDYLGDGH� WHP� R� PHVPR� VHQWLGR� H� VHQWLGR�
FRQWUiULR��UHVSHFWLYDPHQWH��3RU�ILP��R�VLQDO�UHVXOWDQWH�p�
FDOFXODGR�FRQIRUPH�D�(TXDomR����� 
 

ܺௗ � ൌ � ൫ܺ െ � ܺ௦௧൯ כ � ܺ௦���������� 
 

$V� (TXDo}HV� ��� �� H� �� VmR� WDPEpP� XWLOL]DGDV� SDUD�
FDOFXODU� RV� YDORUHV� UHODWLYRV� DRV� HL[RV� <� H� =��
VXEVWLWXLQGR�VH�DSHQDV�R�HL[R� 

1R� WHVWH� GLQkPLFR�� R� DFHOHU{PHWUR� IRL� IL[DGR� QD�
H[WUHPLGDGH�GH�XP�SrQGXOR�UtJLGR�FRP������FP��WHQGR�R�
VHX�HL[R�DFRSODGR�D�XP�HQFRGHU�ySWLFR�+('6������$���
�$YDJR� 7HFKQRORJLHV��� FRP� VDtGD� HP� TXDGUDWXUD� GH�
���SSU��SXOVRV�SRU�URWDomR���2�SrQGXOR�p�HQWmR�GHVORFDGR�
PDQXDOPHQWH�D�XP�kQJXOR�GH�DSUR[LPDGDPHQWH����JUDXV�
H�OLEHUDGR��VHQGR�DPRVWUDGRV�RV�VLQDLV�GR�DFHOHU{PHWUR�H�
GR� HQFRGHU��$� SDUWLU� GR� Q~PHUR� GH� SXOVRV� JHUDGR� SHOR�
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HQFRGHU��R�kQJXOR�GR�SrQGXOR�p�FDOFXODGR��$�(TXDomR���
IRL� XWLOL]DGD� SDUD� GHWHUPLQDU� D� DFHOHUDomR� UDGLDO� QD�
H[WUHPLGDGH�GR�SrQGXOR�D�SDUWLU�GDV�PHGLGDV�GH�kQJXOR�
>��@�� (VVD� DFHOHUDomR� VHUi� FRPSDUDGD� j� PHGLGD� SHOR�
DFHOHU{PHWUR�SDUD�YHULILFDU�VXD�HTXLYDOrQFLD� 
 

ܽሺݐሻ ൌ ݈ כ ௗ
మఏሺ௧ሻ
ௗ௧మ

  ����������������������ሻߠሺݏܿ݃
 

$SyV� RV� HQVDLRV� GHVFULWRV�� XP� UHJLVWUR� SLORWR� IRL�
UHDOL]DGR�HP�XP�YROXQWiULR�SDUD�DYDOLDU�R�GHVHPSHQKR�
GR� VLVWHPD� QD� DSOLFDomR� SURSRVWD�� 2V� SURFHGLPHQWRV�
IRUDP�DSURYDGRV�SHOR�&RPLWr�GH�eWLFD�HP�3HVTXLVD�FRP�
6HUHV� +XPDQRV� �&(36+�� GD� 8QLYHUVLGDGH� )HGHUDO� GH�
6DQWD�&DWDULQD��&$$(�QR��������������������������3DUD�
HVWH� UHJLVWUR��RV�DFHOHU{PHWURV� IRUDP�GLVSRVWRV� VREUH�R�
WyUD[�H�DEG{PHQ�FRQIRUPH�D�)LJXUD����1HVWH�H[SHULPHQWR��
XWLOL]RX�VH� DSHQDV� �� DFHOHU{PHWURV�� 2V� RXWUR� �� HVWmR�
VHQGR� DLQGD� DGTXLULGRV�� 2V� UHJLVWURV� IRUDP� UHDOL]DGRV�
GXUDQWH����VHJXQGRV��HVWDQGR�R�YROXQWiULR�VHQWDGR�VHP�
UHDOL]DU� TXDOTXHU� PRYLPHQWR�� $� REWHQomR� GR�
GHVORFDPHQWR� GR� WyUD[� D� SDUWLU� GRV� VLQDLV� GRV�
DFHOHU{PHWURV� IRL� REWLGD� FRP� WpFQLFD� SUHYLDPHQWH�
GHVFULWD�>�@�� 

 

�   
)LJXUD����3RVLFLRQDPHQWR�GRV�DFHOHU{PHWURV� 
 
5HVXOWDGRV 
 

2� SULPHLUR� H[SHULPHQWR� SHUPLWH� GHWHUPLQDU� D�
DFXUiFLD�GR�VLVWHPD�HP�PHGLU�DFHOHUDo}HV�FRQVWDQWHV��2�
DFHOHU{PHWUR�p�PDQWLGR�HP�UHSRXVR�GXUDQWH�R�GHFRUUHU�GD�
FROHWD�GH�GDGRV��SRVVLELOLWDQGR�PHGLU�DSHQDV�D�PDJQLWXGH�
GD�DFHOHUDomR�GD�JUDYLGDGH�� 

$� )LJXUD� �� PRVWUD� KLVWRJUDPD� GD� GLVWULEXLomR� GDV�
PDJQLWXGHV�GH�DFHOHUDomR�SDUD�XP�PHVPR�DFHOHU{PHWUR�
HP� SRVLomR� HVWiWLFD�� DQWHV� H� DSyV� D� FDOLEUDomR�� $SyV�
FDOLEUDomR��SHUFHEH�VH�XPD�GLVWULEXLomR�JDXVVLDQD��RQGH�
D�PpGLD�VH�DSUR[LPD�GH���J�H�R�GHVYLR�SDGUmR�p�EDVWDQWH�
UHGX]LGR��REWHQGR�VH�PHQRUHV�HUURV�QD�PHGLGD��$�7DEHOD�
�� DSUHVHQWD� YDORUHV� PpGLRV� H� GHVYLRV�SDGUmR� GD�
DFHOHUDomR�PHGLGD� FRP��� DFHOHU{PHWURV� DQWHV� H� DSyV� D�
FDOLEUDomR�� 

5HVXOWDGR� WtSLFR� GR� WHVWH� GLQkPLFR� p� PRVWUDGR� QD�
)LJXUD����$V�FXUYDV�REWLGDV�SRVVXHP�XPD�FRUUHODomR�GH�
����� LQGLFDQGR� HTXLYDOrQFLD� HQWUH� DV� PHGLGDV� GH�
DFHOHUDomR� HVWLPDGDV� �(TXDomR� ��� H� DV� UHDOL]DGDV� SHOR�
DFHOHU{PHWUR��2�KLVWRJUDPD�GD�GLIHUHQoD�HQWUH�DV�FXUYDV�
p�DSUHVHQWDGR�QD�)LJXUD����LOXVWUDQGR�D�SHTXHQD�GLIHUHQoD�
HQWUH�DV�PHVPDV� 

 
 
)LJXUD����'LVWULEXLomR� UHIHUHQWH�D� WRGDV�DV�FROHWDV�SDUD�
XP�GRV�DFHOHU{PHWURV�DQWHV�H�DSyV�D�FDOLEUDomR 
 
7DEHOD����0pGLDV�H�GHVYLRV�SDGUmR�GD�DFHOHUDomR�PHGLGD�
SRU�GRLV�DFHOHU{PHWURV�DQWHV�H�DSyV�R�SURFHGLPHQWR�GH�
FDOLEUDomR� 
 
 $FHOHU{PHWUR�� $FHOHU{PHWUR�� 
3DUkPHWURV $QWHV �'HSRLV $QWHV 'HSRLV 
0pGLD�J� ������ ������ ������ ������ 
'HVYLR�3DGUmR��J� ������ ������� ������ ������ 
 

 
 
)LJXUD����&XUYDV�GH�DFHOHUDomR�FDOFXODGDV�D�SDUWLU�GH��D��
DPRVWUDV� GR� DFHOHU{PHWUR� H� �E�� PHGLGDV� GH� kQJXOR�
�(TXDomR����� 
 

&RPR� H[HPSOR� GH� UHVXOWDGRV� WtSLFRV� REWLGRV� GH�
YROXQWiULR�� D� )LJXUD� ��D� DSUHVHQWD� R� UHJLVWUR� GR� IOX[R�
UHVSLUDWyULR� PHGLGR� FRP� PiVFDUD� IDFLDO�� D� )LJXUD� ��E�
PRVWUD� D� HVWLPDomR� GR� GHVORFDPHQWR� GD� FDL[D� WRUiFLFD�
UHDOL]DGR�FRP�XP�SDU�GH�DFHOHU{PHWURV�>�@�H�D�)LJXUD���F�
DSUHVHQWD�RV�GRLV�VLQDLV�VREUHSRVWRV�SDUD�FRPSDUDomR�� 

 

 
 

)LJXUD� ��� 'LVWULEXLomR� GD� GLIHUHQoD� HQWUH� D� DFHOHUDomR�
FDOFXODGD� SHOR� HQFRGHU� �(TXDomR� ��� H� REWLGD� SHOR�
DFHOHU{PHWUR 

1 2 3
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)LJXUD� ���5HJLVWUR� GR� VLQDO� UHVSLUDWyULR� REWLGR� FRP� �D��
PiVFDUD�IDFLDO���E��DFHOHU{PHWURV�H��F��VLQDLV�VXSHUSRVWRV�
DSyV�UHPRomR�GH�DWUDVR�GHWHUPLQDGR�SRU�FRUUHODomR� 
 
'LVFXVVmR�H�FRQFOXVmR 
 

2� VLVWHPD� GHVHQYROYLGR� p� FDSD]� GH� UHJLVWUDU� DWp� ���
VLQDLV�GH�DFHOHU{PHWURV�H�R�VLQDO�GR�SQHXPRWDFyJUDIR��2V�
HQVDLRV�HVWiWLFRV�SHUPLWLUDP�FDOLEUDU�RV�DFHOHU{PHWURV�H�
GHWHUPLQDU� R� VHX� QtYHO� GH� UXtGR�� PHOKRU� TXH� R�
DSUHVHQWDGR�HP�VLVWHPD�VLPLODU�DQWHULRU�>��@��2V�HQVDLRV�
GLQkPLFRV� PRVWUDUDP� D� DGHTXDomR� GR� VLVWHPD� SDUD�
UHJLVWUDU�GHVORFDPHQWRV�FRP�SHTXHQD�DPSOLWXGH�DQJXODU��
EHP� FRPR�� DYDOLDUDP� TXDQWLWDWLYDPHQWH� VHX�
FRPSRUWDPHQWR��WHQGR�FRPR�UHIHUrQFLD�PHGLGDV�REWLGDV�
FRP� R� HQFRGHU�� R� YDORU� GH� FRUUHODomR� HQWUH� DV� FXUYDV�
REWLGDV�IRL� LJXDO�D������3DUD� LOXVWUDU�D�YLDELOLGDGH�GH�VH�
XWLOL]DU� DFHOHU{PHWURV� SDUD� REWHU� D� IRUPD� GH� RQGD� GR�
IOX[R� UHVSLUDWyULR�� D� FXUYD� REWLGD� GRV� DFHOHU{PHWURV��
EDVHDGD� QD� WpFQLFD� SURSRVWD� HP� >�@�� IRL� FRPSDUDGD� j�
FXUYD� REWLGD� D� SDUWLU� GH� TXHGD� GH� SUHVVmR� HP�
SQHXPRWDFyJUDIR��H[LELQGR�XPD�FRUUHODomR�GH�����HQWUH�
RV�GRLV�VLQDLV� 

$� SRVVLELOLGDGH� GH� VH� REWHU� VLQDLV� GH� DWp� ���
DFHOHU{PHWURV� SURSRUFLRQDUi� D� UHDOL]DomR� GH�
FRPSDUDo}HV� PDLV� FRQVLVWHQWHV� VREUH� DV� PHOKRUHV�
SRVLo}HV�SDUD�R�UHJLVWUR�GD�IRUPD�GH�RQGD�UHVSLUDWyULD�HP�
LQGLYtGXRV� FRP� GLIHUHQWHV� FDUDFWHUtVWLFDV� ItVLFDV�� 1R�
H[SHULPHQWR� SLORWR�� Mi� IRL� SRVVtYHO� REVHUYDU� XPD�
RVFLODomR� PDLRU� QRV� VLQDLV� GRV� DFHOHU{PHWURV�
SRVLFLRQDGRV� QR� DEG{PHQ� HP� UHODomR� DRV� GR� WyUD[��
(QWUHWDQWR��p�QHFHVViULR�DYDOLDU�R�SURFHGLPHQWR�HP�PDLV�
YROXQWiULRV� SDUD� LQGLFDU� RV� PHOKRUHV� ORFDLV� GH�
SRVLFLRQDPHQWR� GRV� DFHOHU{PHWURV�� REMHWR� GH�
LQYHVWLJDomR� IXWXUD�� 7DLV� LQYHVWLJDo}HV� HQYROYHUmR�
WDPEpP� D� DYDOLDomR� GH� WpFQLFDV� GH� SURFHVVDPHQWR�
YLVDQGR�R�HPSUHJR�GH�DFHOHU{PHWURV�SDUD�PRQLWRUDomR�GD�
UHVSLUDomR�HP�GLYHUVRV�FRQWH[WRV�FOtQLFRV� 

(VWH� WUDEDOKR� GHVFUHYHX� R� GHVHQYROYLPHQWR� GH� XP�
VLVWHPD� GH� PRQLWRUDPHQWR� UHVSLUDWyULR� XVDQGR�
DFHOHU{PHWURV��2V�UHVXOWDGRV�H[SHULPHQWDLV�PRVWUDP�TXH�
R� VLVWHPD� SURSRVWR� SRVVXL� UHVROXomR� VXILFLHQWH� SDUD�
GHWHFWDU� DFHOHUDo}HV� GD� SDUHGH� GR� WyUD[� JHUDGDV� SHOD�
UHVSLUDomR�� 6XDV� FDUDFWHUtVWLFDV� SHUPLWHP� VXD� IXWXUD�
XWLOL]DomR� QD� LQYHVWLJDomR� GH� QRYDV� WpFQLFDV� GH�
SURFHVVDPHQWR�� DOpP� GDV� SRVLo}HV� PDLV� DGHTXDGDV� D�
IL[DomR� GRV� DFHOHU{PHWURV� SDUD� R� UHJLVWUR� GD� IRUPD� GH�
RQGD�UHVSLUDWyULD� 
 

$JUDGHFLPHQWRV 
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