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2 WUDEDOKR REMHWLYRX GHWHUPLQDU R PHOKRU WLSR GH
H[SODQWH H D PHOKRU pSRFD GH FROHWD GHVWHV/ YLVDQGR DR
HVWDEHOHFLPHQWR GH FXOWLYR LQ YLWUR GD SHUHLUD1 1R H[SHULPHQWR ,/
JHPDV H PHULVWHPDV GH SHUHLUD GDV FXOWLYDUHV &DUULFN H *DUEHU
IRUDP LVRODGDV 5; GLDV DSyV R LQtFLR GD EURWDomR GDV SODQWDV
PDWUL]HV1 1R H[SHULPHQWR ,,/ PHULVWHPDV GDV FXOWLYDUHV &DUULFN/
*DUEHU H 6PLWK IRUDP LVRODGRV DRV 5;/ 68/ 75/ 7< H 89 GLDV DSyV R
LQtFLR GD EURWDomR1 2 PHLR GH FXOWXUD XWLOL]DGR IRL R 06/
DFUHVFLGR GH %$3 +7/77µ0,/ $1$ +3/387µ0, H $*6 +3/5<µ0,1
$SyV D LQRFXODomR/ RV H[SODQWHV IRUDP VXEPHWLGRV DR HVFXUR VRE
WHPSHUDWXUD GH 58 ± 5�& SRU XP SHUtRGR GH 7 GLDV H/ HP VHJXLGD/
WUDQVIHULGRV SDUD VDOD GH FUHVFLPHQWR FRP 49 KRUDV GH
IRWRSHUtRGR FRP UDGLDomR GH 58�PR"HV1P051V04 H WHPSHUDWXUD GH
58 ± 5�&1 2V UHVXOWDGRV SHUPLWLUDP FRQFOXLU TXH/ SDUD R
HVWDEHOHFLPHQWR LQ YLWUR GD FXOWLYDU &DUULFN/ IRL SRVVtYHO D
XWLOL]DomR GH JHPDV RX PHULVWHPDV1 -i SDUD D FXOWLYDU *DUEHU/ R
PHOKRU H[SODQWH IRL R PHULVWHPD> DV pSRFDV GH LVRODPHQWR GRV
PHULVWHPDV PRVWUDUDP FRPSRUWDPHQWR OLQHDU SDUD D
SHUFHQWDJHP GH HVWDEHOHFLPHQWR/ REWHQGR0VH <5/<( GH
HVWDEHOHFLPHQWR QRV PHULVWHPDV LVRODGRV DRV 89 GLDV DSyV R
LQtFLR GD EURWDomR1

3DODYUDV0FKDYH= IUXWLFXOWXUD/ FXOWXUD GH WHFLGRV/ 3\UXV/
PHULVWHPDV/ JHPDV/ LQ YLWUR1

6800$5<

7KH ZRUN KDG WKH SXUSRVH WR GHWHUPLQH WKH EHVW W\SH
RI H[SODQW DQG LWV EHVW WLPH RI FROOHFWLRQ DLPLQJ WR HVWDEOLVK WKH LQ
YLWUR FXOWXUH IRU SHDU1 ,Q WKH ILUVW WULDO/ SHDU EXGV DQG PHULVWHPV
IURP &DUULFN DQG *DUEHU FXOWLYDUV ZHUH LVRODWHG 5; GD\V DIWHU WKH
EHJLQQLQJ RI PRWKHU SODQWV VKRRWLQJ1 ,Q WKH VHFRQG WULDO/
PHULVWHPV IURP &DUULFN/ *DUEHU DQG 6PLWK SHDU FXOWLYDUV ZHUH
LVRODWHG DW 5;/ 68/ 75/ 7< DQG 89 GD\V DIWHU VKRRWLQJ1 7KH FXOWXUH

PHGLXP XVHG ZDV WKH 06 VDOWV DGGHG ZLWK %$3 +7177µ0,/ 1$$
+3138µ0, DQG *$6 +315<µ0,1 $IWHU WKH LQRFXODWLRQ WKH H[SODQWV
ZHUH VXEMHFWHG WR D GDUN URRP IRU IRXU GD\V DW WHPSHUDWXUH 58 ±
5�& DQG WKHQ WUDQVIHUUHG WR D JURZWK URRP LQ D 49 ± KRXU
SKRWRSHULRG/ 58�PR"HV1P051V04 UDGLDWLRQ DQG DW 58 ± 5�&1 ,W FRXOG
EH FRQFOXGHG WKDW= +L, IRU WKH LQ YLWUR HVWDEOLVKPHQW RI WKH &DUULFN
FXOWLYDU EXGV DQG PHULVWHPV FRXOG EH XVHG/ DOWKRXJK IRU *DUEHU
FY1/ PHULVWHP LV WKH EHVW H[SODQW> DQG +LL, WKH WLPH RI PHULVWHP
LVRODWLRQ VKRZHG D OLQHDU EHKDYLRU WR HVWDEOLVK SHUFHQWDJH
DFKLHYLQJ <51<( IRU WKH PHULVWHPV FROOHFWHG DW 89 GD\V DIWHU
VKRRWLQJ1

.H\ ZRUGV= KRUWLFXOWXUH> WLVVXH FXOWXUH> 3\UXV> PHULVWHPV> EXGV>
LQ YLWUR1

,1752'8d2

$ HVFROKD GR H[SODQWH DSURSULDGR
FRQVWLWXL R SULPHLUR SDVVR SDUD R HVWDEHOHFLPHQWR
GRV FXOWLYRV LQ YLWUR +052*,16., ) 52&$/
4<<4,1 'LYHUVRV H[SODQWHV SRGHP VHU XWLOL]DGRV SDUD
LQLFLDU D SURSDJDomR LQ YLWUR GH XPD SODQWD1 1D
VHOHomR GHVWHV/ GHYHP VHU FRQVLGHUDGRV DVSHFWRV
FRPR R QtYHO GH GLIHUHQFLDomR GR WHFLGR XWLOL]DGR H D
ILQDOLGDGH GD PLFURSURSDJDomR +*5$77$3$*/,$
)0$&+$'2/ 4<<;,1

7HRULFDPHQWH/ TXDOTXHU WHFLGR SRGH VHU
XWLOL]DGR FRPR H[SODQWH/ WHQGR HP YLVWD D
WRWLSRWrQFLD GDV FpOXODV YHJHWDLV +*5$77$3$*/,$
) 0$&+$'2/ 4<<;,1 4XDQGR RV H[SODQWHV VmR GH
SHTXHQDV GLPHQV}HV +FXOWLYR GH PHULVWHPDV,/ D
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PXOWLSOLFDomR JHUDOPHQWH YLVD HOLPLQDU YLURVHV1 2
FXOWLYR GH iSLFHV GH PDLRUHV GLPHQV}HV p HPSUHJDGR
FRP R REMHWLYR GH PXOWLSOLFDomR YHJHWDWLYD TXDQGR D
LQIHFomR SRU YtUXV QmR p XP SUREOHPD LPSRUWDQWH
+0$5*$5$/ 4<;;,1 1D PDLRULD GRV WUDEDOKRV
HQYROYHQGR PLFURSURSDJDomR GH IUXWtIHUDV/ RV
H[SODQWHV HVFROKLGRV JHUDOPHQWH VmR REWLGRV GH
JHPDV DSLFDLV RX D[LODUHV +)$&+,1(//2 HW DO1/
4<<8,1

$ LGDGH GR H[SODQWH p XP IDWRU FUtWLFR
SDUD R HVWDEHOHFLPHQWR LQ YLWUR GH HVSpFLHV OHQKRVDV
+%RQJ DSXG 9,//$/2%26 ) 7+253(/ 4<<4,1
6DEH0VH TXH TXDQWR PDLV QRYR H PHQRV GLIHUHQFLDGR
R WHFLGR D VHU SURSDJDGR/ PHOKRU VHUi D UHVSRVWD LQ
YLWUR +9LOODORERV HW DO1 DSXG 9,//$/2%26 )
7+253(/ 4<<4,1

'HYH0VH OHYDU HP FRQVLGHUDomR D
LQFLGrQFLD GH RXWURV IDWRUHV TXH WDPEpP SRGHP
DOWHUDU DV UHVSRVWDV GRV H[SODQWHV FXOWLYDGRV/ HQWUH
HVWHV/ D pSRFD GR DQR HP TXH VH UHDOL]DP RV FXOWLYRV/
HVSHFLDOPHQWH TXDQGR RV H[SODQWHV VmR REWLGRV GH
SODQWDV GR FDPSR +052*,16., ) 52&$/ 4<<4,1
(P FRQGLo}HV DPELHQWDLV DGYHUVDV/ DV SODQWDV
DSUHVHQWDP XPD SDUDOLVDomR WHPSRUiULD GH
FUHVFLPHQWR/ QXP HVWDGR FRQKHFLGR SRU GRUPrQFLD1
1HVVD FRQGLomR/ DV H[LJrQFLDV GH WHUPR H
IRWRSHUtRGR SDUD VXSHUDU D GRUPrQFLD GHYHP VHU
VDWLVIHLWDV DQWHV GH XWLOL]DU D SODQWD FRPR IRQWH GH
H[SODQWHV +7255(6 HW DO1/ 4<<;,1

$ UHWLUDGD GRV H[SODQWHV GHYH VHU IHLWD GH
SUHIHUrQFLD D SDUWLU GH EURWDo}HV QRYDV TXH VmR
IRUPDGDV GXUDQWH D IDVH DWLYD GH FUHVFLPHQWR GD
SODQWD/ DSyV R ILQDO GR SHUtRGR GH GRUPrQFLD/
GXUDQWH RV PHVHV PDLV TXHQWHV GR DQR
+*5$77$3$*/,$ ) 0$&+$'2/ 4<<;,1
&RQWXGR/ PHVPR TXH VH WHQKD GHOLPLWDGR D LGDGH GR
PDWHULDO/ R PHOKRU H[SODQWH GHYH VHU GHWHUPLQDGR
H[SHULPHQWDOPHQWH +9,//$/2%26 ) 7+253(/
4<<4,1

$WUDYpV GR SUHVHQWH WUDEDOKR/ REMHWLYRX0VH
GHWHUPLQDU R H[SODQWH PDLV DGHTXDGR H D pSRFD PDLV
SURStFLD SDUD LVRODPHQWR GR PHULVWHPD GH SODQWDV
PDWUL]HV GH SHUHLUD +3\UXV VSS1,/ YLVDQGR DR
HVWDEHOHFLPHQWR HP FXOWLYR LQ YLWUR1

0$7(5,$/ ( 0e72'26

2V HQVDLRV IRUDP FRQGX]LGRV QR
/DERUDWyULR GH &XOWXUD GH 7HFLGRV GD (PEUDSD
&OLPD 7HPSHUDGR/ HP 3HORWDV ± 56/ QR DQR GH 53331

1R H[SHULPHQWR ,/ QR TXDO VH WHVWRX R WLSR
GH H[SODQWH/ JHPDV H PHULVWHPDV GH SHUHLUD GDV
FXOWLYDUHV &DUULFN +31 FRPPXQLV /1, H *DUEHU +31
FRPPXQLV ; 31 S\ULIROLD,/ SURYHQLHQWHV GH
EURWDo}HV QRYDV GH SODQWDV PDQWLGDV QR FDPSR/

IRUDP XWLOL]DGRV FRPR H[SODQWHV H FRQVWLWXtUDP RV
WUDWDPHQWRV1 2 WUDWDPHQWR JHPDV FRQVWLWXLX GH
JHPDV LQWDFWDV/ LVWR p/ VHP UHPRomR GDV HVFDPDV/
TXH IRUDP LVRODGDV GRV VHJPHQWRV QRGDLV1 $V
EURWDo}HV QRYDV GDV SODQWDV PDWUL]HV/ GH RQGH IRUDP
LVRODGRV RV PHULVWHPDV H DV JHPDV/ IRUDP FROHWDGDV
5; GLDV DSyV R LQtFLR GD EURWDomR1

1R H[SHULPHQWR ,,/ IRL DYDOLDGD D pSRFD
GH FROHWD GH H[SODQWHV SDUD LVRODPHQWR GH
PHULVWHPDV1 2V WUDWDPHQWRV FRQVLVWLUDP HP FLQFR
GLIHUHQWHV pSRFDV GH LVRODPHQWR GR PHULVWHPD DSyV R
SHUtRGR GH GRUPrQFLD GDV SODQWDV PDWUL]HV +5;/ 68/
75/ 7< H 89 GLDV/ DSyV R LQtFLR GD EURWDomR,1
0HULVWHPDV GH SHUHLUD GDV FXOWLYDUHV &DUULFN +31
FRPPXQLV /1,/ *DUEHU +31 FRPPXQLV [ 31 S\ULIROLD,
H 6PLWK +31 FRPPXQLV [ 31 S\ULIROLD,/ SURYHQLHQWHV
GH EURWDo}HV QRYDV GH SODQWDV PDQWLGDV QR FDPSR/
IRUDP XWLOL]DGRV FRPR H[SODQWHV1 3DUD GLPLQXLU D
FRQWDPLQDomR LQ YLWUR/ DV SODQWDV PDWUL]HV GR FDPSR
IRUDP SXOYHUL]DGDV VHPDQDOPHQWH FRP R DQWLELyWLFR
$JULPLFLQD +2[LWHWUDFLFOLQD H 6XOIDWR (VWUHSWRPLFLQD
0 3IL]HU, H R IXQJLFLGD 'LWKDQH +0DQFR]HE, QDV
GRVHV GH 5/7J"04 H 4/3J"04/ UHVSHFWLYDPHQWH1 (P
DPERV RV H[SHULPHQWRV/ DV SXOYHUL]Do}HV LQLFLDUDP
GH] GLDV DQWHV GD SULPHLUD FROHWD1

$V EURWDo}HV QRYDV FROHWDGDV QR FDPSR
WLYHUDP VXDV IROKDV UHPRYLGDV QR DWR GD FROHWD/
VHQGR GHVLQIHVWDGDV QR ODERUDWyULR/ SRVWHULRUPHQWH1
2 PDWHULDO FROHWDGR SULPHLUDPHQWH IRL LPHUVR HP
iOFRRO j :3( SRU 53 VHJXQGRV SDUD DV JHPDV H 43
VHJXQGRV SDUD RV PHULVWHPDV H/ HP VHJXLGD/
GHVLQIHFWDGR FRP KLSRFORULWR GH VyGLR 5( SRU 48
PLQXWRV/ DGLFLRQDQGR XPD JRWD GH 7ZHHQ 531 1D
VHT�rQFLD/ R PDWHULDO GHVLQIHFWDGR IRL ODYDGR WUrV
YH]HV FRP iJXD GHVWLODGD H DXWRFODYDGD HP FkPDUD
GH IOX[R ODPLQDU/ SDUD SRVWHULRU LVRODPHQWR GRV
H[SODQWHV1

2 PHLR GH FXOWXUD XWLOL]DGR IRL R 06
+085$6+,*( ) 6.22*/ 4<95,/ DFUHVFLGR GH
7/77µ0 %$3/ 3/387µ0 $1$ H 3/5<µ0 $*6/ VHQGR
R S+ DMXVWDGR SDUD 8/; DQWHV GD LQFOXVmR GR iJDU QD
FRQFHQWUDomR GH 9J1"04 H/ SRVWHULRUPHQWH/
DXWRFODYDGR D 454R& H 4/8DWP SRU 48 PLQXWRV1
)RUDP XWLOL]DGRV WXERV GH HQVDLR +483[53PP, FRP
43P" GH PHLR GH FXOWXUD1

$SyV D LQRFXODomR/ RV H[SODQWHV IRUDP
PDQWLGRV HP VDOD GH FUHVFLPHQWR QR HVFXUR/ D 58 ±
5�&/ SRU XP SHUtRGR GH TXDWUR GLDV SDUD GLPLQXLU D
R[LGDomR IHQyOLFD1 (P VHJXLGD/ IRUDP WUDQVIHULGRV
SDUD VDOD GH FUHVFLPHQWR FRP 49 KRUDV GH
IRWRSHUtRGR FRP UDGLDomR GH 58�PR"HV1P051V04 H
WHPSHUDWXUD GH 58 ± 5�&1
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8WLOL]RX0VH R GHOLQHDPHQWR H[SHULPHQWDO
HP EORFRV DR DFDVR/ FRP 68 UHSHWLo}HV SRU
WUDWDPHQWR H XP H[SODQWH SRU WXER1

$SyV D LQRFXODomR IRUDP UHDOL]DGDV
DYDOLDo}HV GD SHUFHQWDJHP GH FRQWDPLQDomR DRV :/
54 H 68 GLDV GH FXOWLYR/ H GH R[LGDomR DRV 54 H 68
GLDV GH FXOWLYR1 $V SHUFHQWDJHQV GH VREUHYLYrQFLD H
GH HVWDEHOHFLPHQWR IRUDP DYDOLDGDV DRV 78 GLDV GH
FXOWLYR1 $ VREUHYLYrQFLD IRL LQGLFDGD SHOD FRORUDomR
YHUGH GR H[SODQWH +JHPD RX PHULVWHPD,1 2
HVWDEHOHFLPHQWR IRL GHWHUPLQDGR SHOR
GHVHQYROYLPHQWR GRV SULPyUGLRV IROLDUHV QDV JHPDV
H SHOD SUHVHQoD GH SULPyUGLRV IROLDUHV YLVtYHLV QRV
PHULVWHPDV1 2V GDGRV IRUDP VXEPHWLGRV j DQiOLVH GH
YDULkQFLD H DV PpGLDV GRV WUDWDPHQWRV FRPSDUDGDV
HVWDWLVWLFDPHQWH SHOR WHVWH GH 'XQFDQ RX DQDOLVDGRV
SRU UHJUHVVmR SROLQRPLDO/ DWUDYpV GR XVR GR VRIWZDUH
6$1(67 +=217$ )0$&+$'2/ 4<;:,1 2V GDGRV
HP SHUFHQWDJHQV IRUDP WUDQVIRUPDGRV HP DUFR VHQR
GD UDL] TXDGUDGD1

5(68/7$'26 ( ',6&8662

([SHULPHQWR , ± WLSR GH H[SODQWH
$ FRQWDPLQDomR WRWDO +EDFWHULDQD PDLV

I~QJLFD, DRV :/ 54 H 68 GLDV GH FXOWLYR/ IRL PDLRU QDV
JHPDV/ LQGHSHQGHQWHPHQWH GD FXOWLYDU +)LJXUD 4,1 $
FRQWDPLQDomR EDFWHULDQD RFRUUHX DWp RV VHWH GLDV GH
FXOWLYR/ FRP 78/:( GH JHPDV H 4;/;( GH
PHULVWHPDV FRQWDPLQDGRV1 $ FRQWDPLQDomR I~QJLFD
RFRUUHX VRPHQWH QDV JHPDV/ RQGH DOFDQoRX </<( H
44/8( DRV 54 H 68 GLDV GH FXOWLYR/ UHVSHFWLYDPHQWH1
(VWHV UHVXOWDGRV HVWmR GH DFRUGR FRP 7255(6 HW DO1
+4<<;,/ TXH DILUPD TXH/ TXDQWR PHQRU R H[SODQWH/
PDLRU D FKDQFH GH VH REWHU UHJHQHUDQWHV LVHQWRV GH
FRQWDPLQDomR1 6HJXQGR *5$77$3$*/,$ )

0$&+$'2 +4<<;,/ FRQVLGHUDQGR PLFURUJDQLVPRV
FRQWDPLQDQWHV VXSHUILFLDLV/ R IDWR GH OHYDU PHQRV
WHFLGR SDUD FRQGLo}HV DVVpSWLFDV UHGX] D TXDQWLGDGH
GHVVHV PLFURUJDQLVPRV H DXPHQWD D FKDQFH GH
VXFHVVR GH HOLPLQDU DOJXP PLFURUJDQLVPR1

4XDQWR j VREUHYLYrQFLD DYDOLDGD DRV 78
GLDV GH FXOWLYR/ REVHUYRX0VH TXH/ QD FXOWLYDU &DUULFN/
QmR KRXYH GLIHUHQoD VLJQLILFDWLYD HQWUH RV H[SODQWHV
JHPDV H PHULVWHPDV/ HQTXDQWR QD FXOWLYDU *DUEHU/
PHULVWHPDV WLYHUDP PDLRU SHUFHQWDJHP GH
VREUHYLYrQFLD +)LJXUD 5,1 &RP D XWLOL]DomR GH
JHPDV/ KRXYH GLIHUHQoD VLJQLILFDWLYD GH
VREUHYLYrQFLD HQWUH DV FXOWLYDUHV/ FRP 8:/4( SDUD D
&DUULFN H 8/:( SDUD D *DUEHU1 $ EDL[D VREUHYLYrQFLD
GDV JHPDV GD FXOWLYDU *DUEHU GHYHX0VH j IRUPDomR
GH FDOR VHJXLGD GH HVFXUHFLPHQWR SURYRFDGR/
SRVVLYHOPHQWH/ SHOD TXDQWLGDGH GH DX[LQD QR PHLR1
6HJXQGR *5$77$3$*/,$ ) 0$&+$'2 +4<<;,/
TXDQWLGDGHV H[FHVVLYDV GH DX[LQD HVWLPXODP D
SURGXomR GH FDOR1 60,7+ ) 085$6+,*( +4<:3,/
VXJHUHP TXH DV ]RQDV SURGXWRUDV GH DX[LQDV QmR VmR
SURSULDPHQWH RV PHULVWHPDV/ H VLP RV SULPyUGLRV
IROLDUHV H DV IROKDV HP H[SDQVmR/ R TXH SRGHULD
H[SOLFDU D UD]mR SHOD TXDO D DX[LQD QmR IRL WmR
QHFHVViULD QD FXOWLYDU *DUEHU/ TXDQGR JHPDV IRUDP
XWLOL]DGDV SDUD R FXOWLYR1 3RU RXWUR ODGR/ TXDQGR
IRUDP XWLOL]DGRV PHULVWHPDV/ QmR KRXYH GLIHUHQoD
VLJQLILFDWLYD HQWUH DV FXOWLYDUHV TXDQWR j
VREUHYLYrQFLD/ REWHQGR0VH ;8/:( QD FY1 &DUULFN H
:4/7( QD FY1 *DUEHU +)LJXUD 5,1 .,0 HW DO1 +4<<4,
QmR REWLYHUDP VXFHVVR QR FXOWLYR LQLFLDO GH
PHULVWHPDV GH SHUHLUD FXOWLYDUHV :KDQJNHXPEDH/
&KXZKDQJEDH H <HRQJVDQEDH HP PHLR VyOLGR> XPD
DOWD WD[D GH VREUHYLYrQFLD VRPHQWH IRL DOFDQoDGD
TXDQGR VH XWLOL]RX PHLR OtTXLGR FRP XPD SRQWH GH
SDSHO ILOWUR/ GH] GLDV DQWHV GR FXOWLYR HP PHLR VyOLGR1

$ SHUFHQWDJHP GH
HVWDEHOHFLPHQWR DYDOLDGD DRV 78 GLDV
GH FXOWLYR/ QmR GLIHULX
VLJQLILFDWLYDPHQWH HQWUH JHPDV H
PHULVWHPDV SDUD D FXOWLYDU &DUULFN1 -i
QD FXOWLYDU *DUEHU/ R HVWDEHOHFLPHQWR
IRL PDLRU FRP D XWLOL]DomR GH
PHULVWHPDV/ R TXH HVWi GH DFRUGR FRP
%$112 HW DO1 +4<;<, TXH/ QR HVWiGLR
GH HVWDEHOHFLPHQWR GH FXOWLYR GH 3\UXV
S\ULIROLD GDV FXOWLYDUHV .RVXL/ +RVXL/
2VD0QLMLVVHLNL H <DJXPR/ XWLOL]DUDP
iSLFHV FDXOLQDUHV H REWLYHUDP R PHOKRU
GHVHQYROYLPHQWR H SUROLIHUDomR GH
EURWDo}HV1 &RP JHPDV/ REWHYH0VH D
PDLRU SHUFHQWDJHP GH HVWDEHOHFLPHQWR

)LJXUD 4 0 3HUFHQWDJHP GH FRQWDPLQDomR WRWDO +EDFWHULDQD PDLV I~QJLFD, HP PHULV0
WHPDV H JHPDV GH SHUHLUD/ DRV :/ 54 H 68 GLDV GH FXOWLYR1 3HORWDV256/
533310pGLDV QmR VHJXLGDV GH PHVPD OHWUD GLIHUHP SHOR WHVWH GH 'XQFDQ
HP QtYHO GH 8( GH SUREDELOLGDGH GH HUUR1
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QD FXOWLYDU &DUULFN H/ TXDQGR VH XWLOL]DUDP
PHULVWHPDV/ QmR KRXYH GLIHUHQoD VLJQLILFDWLYD HQWUH
DV FXOWLYDUHV +)LJXUD 6,1

([SHULPHQWR ,, ± pSRFD GH FROHWD GH
H[SODQWHV SDUD LVRODPHQWR GH
PHULVWHPDV

3DUD D YDULiYHO FRQWDPLQDomR
EDFWHULDQD/ KRXYH GLIHUHQoD VLJQLILFDWLYD
HQWUH DV FXOWLYDUHV/ LQGHSHQGHQWH GD pSRFD
GH LVRODPHQWR GRV PHULVWHPDV/
DOFDQoDQGR YDORUHV GH 4:/:(/ 46/8( H
8/4( QDV FXOWLYDUHV *DUEHU/ 6PLWK H
&DUULFN/ UHVSHFWLYDPHQWH +)LJXUD 7,1 (VWD
FRQWDPLQDomR IRL REVHUYDGD DWp VHWH GLDV
GH FXOWLYR1 $ FRQWDPLQDomR I~QJLFD IRL
PDLV UDUD/ SRLV Vy RFRUUHX DSyV RV 68 GLDV
GH FXOWLYR1 6HJXQGR *5$77$3$*/,$ )
0$&+$'2 +4<<;,/ DV FRQWDPLQDo}HV
EDFWHULDQDV HQGyJHQDV IUHT�HQWHPHQWH
UHSUHVHQWDP VpULR SUREOHPD QR
HVWDEHOHFLPHQWR GDV FXOWXUDV1 %8=&$1
HW DO1 +4<<:,/ LVRODQGR PHULVWHPDV GH
JHPDV WHUPLQDLV H D[LODUHV GH FHUHMHLUD
GRFH FROHWDGDV QD SULPDYHUD/ YHUmR H
RXWRQR/ REVHUYDUDP TXH D FRQWDPLQDomR
EDFWHULDQD IRL VXSHULRU HP PHULVWHPDV
FROHWDGRV QR YHUmR1

$ VREUHYLYrQFLD GRV
PHULVWHPDV/ DYDOLDGD DRV 78 GLDV GH
FXOWLYR/ QmR DSUHVHQWRX GLIHUHQoD
VLJQLILFDWLYD HQWUH DV FXOWLYDUHV/ EHP
FRPR SDUD DV pSRFDV GH LVRODPHQWR GRV
PHULVWHPDV1 2EVHUYRX0VH XPD
VREUHYLYrQFLD PpGLD GH ;6/9(1 %8=&$1
HW DO1 +4<<:, REWLYHUDP R PHOKRU
UHVXOWDGR GH VREUHYLYrQFLD GH PHULVWHPDV
GH FHUHMHLUD GRFH TXDQGR HVWHV IRUDP
LVRODGRV QD SULPDYHUD/ H D PDLV EDL[D
VREUHYLYrQFLD TXDQGR HVWHV IRUDP
LVRODGRV QR RXWRQR1 3(5(=07251(52
HW DO1 +4<<<D, REVHUYDUDP TXH/ QR LQtFLR
GR LQFKDPHQWR GD JHPD/ RFRUUH D PHOKRU
pSRFD SDUD LVRODU R PHULVWHPD GH
GDPDVTXHLUR GD FXOWLYDU &DQLQR1

2 HVWDEHOHFLPHQWR GRV
PHULVWHPDV/ DYDOLDGR DRV 78 GLDV GH
FXOWLYR/ IRL PDLRU QD FXOWLYDU 6PLWK FRP
<8/3( GH HVWDEHOHFLPHQWR/
LQGHSHQGHQWHPHQWH GD pSRFD GH
LVRODPHQWR1 3DUD DV FXOWLYDUHV *DUEHU H
&DUULFN QmR KRXYH GLIHUHQoD VLJQLILFDWLYD/
FRP ;7/6( H :8/7(/ UHVSHFWLYDPHQWH
+)LJXUD 8,1 %8=&$1 HW DO1 +4<<:,
WUDEDOKDQGR FRP FHUHMHLUD GRFH FXOWLYDU
*L06HO $O +31 IUXWLFRVD [ 31 DYLXP, QmR

REWLYHUDP SUROLIHUDomR D SDUWLU GH PHULVWHPDV1 1HVWH
FDVR/ D PDLRU SDUWH GRV H[SODQWHV PRUUHUDP 5 D 6
VHPDQDV DSyV R HVWDEHOHFLPHQWR1

)LJXUD 5 0 3HUFHQWDJHP GH VREUHYLYrQFLD HP JHPDV H PHULVWHPDV GH SHUHLUD FYV1
&DUULFN H *DUEHU/ DRV 78 GLDV GH FXOWLYR1 3HORWDV256/ 53331 0pGLDV QmR
VHJXLGDV GH OHWUD PLQ~VFXOD SDUD PHVPD FXOWLYDU H PDL~VFXOD HQWUH FXOWL0
YDUHV GLIHUHP SHOR WHVWH GH 'XQFDQ HP QtYHO GH 8( GH SUREDELOLGDGH GH
HUUR1
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&DUULFN H *DUEHU/ DRV 78 GLDV GH FXOWLYR1 3HORWDV256/ 53331 0pGLDV QmR
VHJXLGDV GH OHWUD PLQ~VFXOD SDUD PHVPD FXOWLYDU H PDL~VFXOD HQWUH FXOWL0
YDUHV GLIHUHP SHOR WHVWH GH 'XQFDQ HP QtYHO GH 8( GH SUREDELOLGDGH GH
HUUR1
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)LJXUD 7 0 3HUFHQWDJHP GH FRQWDPLQDomR EDFWHULDQD HP PHULVWHPDV GH SHUHLUD FYV1
*DUEHU/ 6PLWK H &DUULFN/ DRV : GLDV GH FXOWLYR1 3HORWDV256/ 53331 0pGLDV
QmR VHJXLGDV GH PHVPD OHWUD GLIHUHP SHOR WHVWH GH 'XQFDQ HP QtYHO GH
8( GH SUREDELOLGDGH GH HUUR1
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(VWDEHOHFLPHQWR GH SHUHLUD +3\UXV VSS1, LQ YLWUR D SDUWLU GH PHULVWHPDV H JHPDV1
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2EVHUYRX0VH FRPSRUWDPHQWR
OLQHDU GDV pSRFDV GH LVRODPHQWR GRV
PHULVWHPDV SDUD D YDULiYHO
HVWDEHOHFLPHQWR +)LJXUD 9,1 2EWLYHUDP0VH
<5/<( GH HVWDEHOHFLPHQWR GRV
PHULVWHPDV TXDQGR HVWHV IRUDP LVRODGRV
DRV 89 GLDV DSyV R LQtFLR GD EURWDomR GDV
SODQWDV PDWUL]HV1 3(5(=07251(52 HW
DO1 +4<<<E, REWLYHUDP UHVXOWDGR
VHPHOKDQWH LQYHVWLJDQGR R SHUtRGR yWLPR
SDUD REWHQomR GR PHULVWHPD GH
GDPDVTXHLUR +HP UHODomR j GRUPrQFLD,/
HQFRQWUDQGR R PHOKRU HVWiGLR/ TXDQGR D
JHPD YHJHWDWLYD LQLFLDYD R FUHVFLPHQWR1

&21&/86®(6

&RP RV UHVXOWDGRV REWLGRV
QHVWHV H[SHULPHQWRV/ FRQFOXL0VH TXH/ SDUD
R HVWDEHOHFLPHQWR LQ YLWUR GD FXOWLYDU
&DUULFN/ SRGH0VH XWLOL]DU JHPDV RX
PHULVWHPDV/ SDUD D FXOWLYDU *DUEHU/ R
PHOKRU H[SODQWH p R PHULVWHPD> H RV
PHULVWHPDV LVRODGRV DRV 89 GLDV DSyV R
LQtFLR GD EURWDomR DSUHVHQWDUDP D PDLRU
SHUFHQWDJHP GH HVWDEHOHFLPHQWR1

5()(5Ç1&,$6 %,%/,2*5È),&$6

%$112/ .1/ <26+,'$/ .1/ +$<$6+,/ 61/ HW DO1
,Q YLWUR SURSDJDWLRQ RI -DSDQHVH SHDU FXOWLYDUV1
-RXUQDO RI WKH -DSDQHVH 6RFLHW\ IRU
+RUWLFXOWXUDO 6FLHQFH/ 7RNLR/ Y18;/ Q14/ S16:0
75/ 4<;<1

%8=.$1/ 11/ &(7,1(5/ 61/ <$/&,100(1',/ <1/ HW DO1
&ORQDO SURSDJDWLRQ RI GLVHDVH ± IUHH URRWVWRFNV IRU VRXU DQG
VZHHW FKHUU\ E\ PHULVWHP FXOWXUH1 $FWD +RUWLFXOWXUDH/ 7KH
+DJXH/ Q1774/ S165<±665/ 4<<:1

)$&+,1(//2/ -1&1/ +2))0$11/ $1/ 1$&+7,*$// -1&1/ HW
DO1 3URSDJDomR GH SODQWDV IUXWtIHUDV GH FOLPD WHPSHUDGR1
51HG1 3HORWDV = 8)3HO/ 4<<81 4:<S1

*5$77$3$*/,$/ '1/ 0$&+$'2/ 01$1 0LFURSURSDJDomR1
,Q= 7255(6/ $1&1> &$/'$6/ /161/ %862/ -1$1 XOWXUD GH
WHFLGRV H WUDQVIRUPDomR JHQpWLFD GH SODQWDV1 %UDVtOLD =
(PEUDSD ± 63, 2 (PEUDSD ± &13+/ 4<<;1 914/ S14;6±5931

.,0/ 71&1/ 6+,1/ <181/ +21*/ .1+1/ HW DO1 6WXGLHV RQ LQ YLWUR
SURSDJDWLRQ RI DSLFDO PHULVWHP LQ SHDU FXOWLYDUV1 5HVHDUFK
5HSRUWV RI WKH 5XUDO 'HYHORSPHQW $GPLQLVWUDWLRQ
%LRWHFKQRORJ\/ 6XZHRQ/ Y166/ Q16/ S1:±45/ 4<<41

0$5*$5$/ -1 0XOWLSOLFDFLRQ YHJHWDWLYD \ FXOWLYR LQ YLWUR1
0DGULG =0XQGL ± 3UHQVD/ 4<;;1 565S1

052*,16.,/ /1$1/ 52&$/ :101 (VWDEOHFLPLHQWR GH FXOWLYRV
GH WHMLGRV YHJHWDOHV LQ YLWUR1 ,Q= 52&$/ :101/
052*,16.,/ /1$1 &XOWLYR GH WHMLGRV HQ OD DJULFXOWXUD=
)XQGDPHQWRV \ $SOLFDFLRQHV1 &DOL/ &RORPELD = &,$7
+&HQWUR ,QWHUQDFLRQDO GH $JULFXOWXUD 7URSLFDO,/ 4<<41 S14<±
731

085$6+,*(/ 71/ 6.22*/ )1 $ UHYLVHG PHGLXP IRU UDSLG
JURZWK DQG ELRVVD\ ZLWK WREDFFR WLVVXH FXOWXUHV1 3K\VLRORJLD
3ODQWDUXP/ .REHQKDYQ/ Y148/ S17:607<:/ 4<951

3(5(= ± 7251(52/ 21/ %85*26/ /1/ (*($/ -1 ,QWURGXFWLRQ
DQG HVWDEOLVKPHQW RI DSULFRW LQ YLWUR WKURXJK UHJHQHUDWLRQ RI
VKRRWV IURP PHULVWHP WLSV1 ,Q YLWUR &HOOXODU DQG
'HYHORSPHQWDO %LRORJ\ 3ODQW/ 1HZ <RUN/ Y168/ Q16/ S157<±
586/ 4<<<D1

3(5(= ± 7251(52/ 21/ %85*26/ /1/ (*($/ -1/ HW DO1 $SULFRW
PHULVWHP WLS FXOWXUH1 $FWD +RUWLFXOWXUDH/ 7KH +DJXH/ Q17;;/
S1744±749/ 4<<<E1

60,7+/ 6101/ 085$6+,*(/ 71 ,Q YLWUR GHYHORSPHQW RI WKH
LVRODWHG VKRRW DSLFDO PHULVWHP RI DQJLRVSHUPV1 $PHULFDQ
-RXUQDO RI %RWDQ\/ 1HZ <RUN/ Y18:/ S1895±89;/ 4<:31

7255(6/ $1&1/ 7(,;(,5$/ 6131/ 32==(5/ /1 &XOWXUD GH iSLFHV
FDXOLQDUHV H UHFXSHUDomR GH SODQWDV OLYUHV GH YtUXV1 ,Q=
7255(6/ $1&1/ &$/'$6/ /161/ %862/ -1$1 &XOWXUD GH
WHFLGRV H WUDQVIRUPDomR JHQpWLFD GH SODQWDV1 %UDVtOLD=
(PEUDSD ± 63, 2 (PEUDSD ± &13+1 4<<;1 Y14/ S1466±4781

)LJXUD 8 0 3HUFHQWDJHP GH HVWDEHOHFLPHQWR GH PHULVWHPDV GH SHUHLUD FYV1 6PLWK/
*DUEHU H &DUULFN/ DRV 78 GLDV GH FXOWLYR/ LQGHSHQGHQWHPHQWH GD pSRFD GH
LVRODPHQWR1 3HORWDV256/ 533310pGLDV QmR VHJXLGDV GH PHVPD OHWUD/ GLIH0
UHP SHOR WHVWH GH 'XQFDQ HP QtYHO GH 8( GH SUREDELOLGDGH GH HUUR1
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)LJXUD 9 0 3HUFHQWDJHP GH HVWDEHOHFLPHQWR GH PHULVWHPDV GH SHUHLUD/ LQGHSHQGHQ0
WHPHQWH GD FXOWLYDU/ DRV 78 GLDV GH FXOWLYR/ LVRODGRV DRV 5;/ 68/ 75/
7< H 89 GLDV DSyV R LQtFLR GD EURWDomR1 3HORWDV256/ 53331
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9,//$/2%26 $1/ 9101/ 7+253(/ 71$1 0LFURSURSDJDFLyQ=
FRQFHSWRV/ PHWRGRORJtD \ UHVXOWDGRV1 ,Q= 52&$/ :101/
052*,16.,/ /1$1 &XOWLYR GH WHMLGRV HQ OD
DJULFXOWXUD= )XQGDPHQWRV \ $SOLFDFLRQHV1 &DOL/
&RORPELD = &,$7 +&HQWUR ,QWHUQDFLRQDO GH $JULFXOWXUD

7URSLFDO,/ 4<<4/ S145:±4741

=217$/ (131/ 0$&+$'2/ $1$1 6$1(67 ± 6LVWHPD GH
DQiOLVH HVWDWtVWLFD SDUD PLFURFRPSXWDGRUHV1 3HORWDV =
'0(&2,)028)3HO/ 4<;:1 46;S1


