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$ HVWRFDJHP GR VrPHQ SRU XP ORQJR SHUtRGR/
SHUPLWLQGR R VHX SRVWHULRU XVR UHSUHVHQWD XPD LPSRUWDQWH
IHUUDPHQWD SDUD FULDGRUHV TXH GHVHMDP UHVJXDUGDU R SRWHQFLDO
JHQpWLFR GH VHXV UHSURGXWRUHV1 2 REMHWLYR GR SUHVHQWH WUDEDOKR
IRL DYDOLDU R HIHLWR GD iJXD GH FRFR/ JHPD GH RYR H JOLFHURO VREUH
R UHVIULDPHQWR H D FULRSUHVHUYDomR GH VrPHQ FDQLQR1 $ IUDomR
HVSHUPiWLFD GR HMDFXODGR GH 45 FmHV IRL DYDOLDGD PDFUR H
PLFURVFRSLFDPHQWH H/ HP VHJXLGD/ GLYLGLGD HP TXDWUR DOtTXRWDV/
VXEPHWLGDV j FRQJHODomR HP TXDWUR GLOXLGRUHV/ VHQGR WRGRV j
EDVH iJXD GH FRFR H GLIHULQGR TXDQWR j SUHVHQoD RX QmR GD JHPD
GH RYR H JOLFHURO1 'XUDQWH R UHVIULDPHQWR/ QmR VH REVHUYRX
GLIHUHQoD HQWUH RV JUXSRV/ HQWUHWDQWR/ DSyV R FRQJHODPHQWR H
GHVFRQJHODPHQWR/ R GLOXLGRU DGLFLRQDGR GH JHPD GH RYR H
JOLFHURO +$&**, IRL VXSHULRU DRV GHPDLV TXDQWR j PRWLOLGDGH/
YLJRU H PRUIRORJLD HVSHUPiWLFD1 1HVVH JUXSR/ RV YDORUHV GH
PRWLOLGDGH +(,/ YLJRU +308, H DOWHUDo}HV PRUIROyJLFDV WRWDLV +(,
DSyV D GHVFRQJHODomR IRUDP 89/: ± 49/4/ 6/7 ± 3/8 H 56/; ± ;/7/
UHVSHFWLYDPHQWH1 'LDQWH GRV UHVXOWDGRV/ FRQFOXLX0VH TXH D DGLomR
GH JHPD GH RYR H JOLFHURO DR GLOXLGRU IRL QHFHVViULD SDUD D
SUHVHUYDomR GD TXDOLGDGH HVSHUPiWLFD DSyV FULRSUHVHUYDomR GH
VrPHQ FDQLQR1

3DODYUDV0FKDYH= VrPHQ/ FmR/ iJXD GH FRFR/ JOLFHURO/ JHPD GH
RYR/ HVSHUPDWR]yLGH1

6800$5<

7KH ORQJ0WHUP VWRUDJH RI IUR]HQ VHPHQ UHSUHVHQWV D
WRRO IRU EUHHGHUV WKDW ZDQW WR SUHVHUYH WKH JHQHWLF SRWHQWLDO RI
WKHLU VLUHV1 7KH DLP RI WKLV H[SHULPHQW ZDV WR HYDOXDWH WKH HIIHFW
RI FRFRQXW ZDWHU/ HJJ \RON DQG JO\FHURO RQ FDQLQH VHPHQ FRROLQJ
DQG IUHH]LQJ1 7KH VSHUP ULFK IUDFWLRQ RI 45 GRJV ZDV VXEPLWWHG WR

PDFURVFRSLF DQG PLFURVFRSLF HYDOXDWLRQ1 7KLV IUDFWLRQ ZDV
GLYLGHG LQWR IRXU DOLTXRWV DQG IUR]HQ ZLWK FRFRQXW ZDWHU H[WHQGHU
UHJDUGLQJ WKH SUHVHQFH RI HJJ \RON DQG JO\FHURO1 $IWHU FRROLQJ/
WKHUH ZDV QR GLIIHUHQFH DPRQJ JURXSV1 +RZHYHU/ DIWHU WKDZLQJ/
FRFRQXW ZDWHU SOXV HJJ \RON DQG JO\FHURO +$&**, ZDV VXSHULRU
WKDQ RWKHUV FRQFHUQLQJ WR VSHUP PRWLOLW\/ YLJRU DQG
PRUSKRORJLFDO DEQRUPDOLWLHV1 ,Q WKLV JURXS/ PRWLOLW\ +(,/ YLJRU
+308, DQG DEQRUPDOLWLHV +(, ZHUH 891: ± 4914/ 617 ± 318 H 561; ±
;17/ UHVSHFWLYHOO\1 ,Q FRQFOXVLRQ/ LW LV QHFHVVDU\ WR DGG HJJ \RON
DQG JO\FHURO WR WKH FRFRQXW ZDWHU H[WHQGHU WR LPSURYH WKH
FU\RSUHVHUYDWLRQ RI FDQLQH VHPHQ1

.H\ ZRUGV= VHPHQ/ GRJ/ FRFRQXW ZDWHU/ JO\FHURO/ HJJ \RON/
VSHUPDWR]RD1

,1752'8d­2

$R VH GHVHQYROYHUHP WpFQLFDV SDUD
FULRSUHVHUYDomR GH VrPHQ/ R REMHWLYR SULQFLSDO p
PLQLPL]DU RV GDQRV FDXVDGRV DRV HVSHUPDWR]yLGHV
GXUDQWH R FRQJHODPHQWR H GHVFRQJHODPHQWR H/ DVVLP/
UHFXSHUDU XP PDLRU Q~PHUR SRVVtYHO GH FpOXODV
YLiYHLV1 8P GRV IDWRUHV TXH FRQWULEXL SDUD R VXFHVVR
GD FULRSUHVHUYDomR p R GLOXLGRU XWLOL]DGR1 8P ERP
GLOXLGRU FDUDFWHUL]D0VH SHOD DXVrQFLD GH WR[LFLGDGH j
FpOXOD HVSHUPiWLFD> SHOD LVRWRQLFLGDGH/ SRGHU
QXWULWLYR H WDPSmR HILFD]> SHOD DomR HVWDELOL]DGRUD GH
PHPEUDQD> SHOR SRWHQFLDO KLGURJHQL{QLFR +S+, TXH
IDYRUHFH D VREUHYLYrQFLD HVSHUPiWLFD H/ SRU ~OWLPR/
SRU VHU GH IiFLO SUHSDUR H EDL[R FXVWR +0,(6 ),/+2/
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4<;:> &21&$1121 ) %$77,67$/ 4<;<,1 2
GLOXLGRU GHYH FDUDFWHUL]DU0VH GHVVD PDQHLUD DQWHV GD
DGLomR GH SURWHWRUHV GH UHVIULDPHQWR H 2RX
FULRSURWHWRUHV1

'LYHUVRV GLOXLGRUHV Mi IRUDP XWLOL]DGRV SDUD
D FRQJHODomR GH VrPHQ FDQLQR +)227(/ 4<97>
$1'(56(1/ 4<:8> 6,/9$ ) 9(567(*(1/ 4<<8,1
1R HQWDQWR/ QHP WRGRV SRVVXHP WRGRV RV SUp0UHTXLVLWRV
SDUD VHUHP FRQVLGHUDGRV XP ERP GLOXLGRU1
5HFHQWHPHQWH/ IRL XWLOL]DGR FRP VXFHVVR XP GLOXLGRU j
EDVH GH iJXD GH FRFR SDUD D FRQJHODomR GH VrPHQ
FDQLQR +&$5'262 HW DO1/ 5333,1 7DO GLOXLGRU/ DOpP GH
SUHVHUYDU D TXDOLGDGH HVSHUPiWLFD/ DLQGD DSUHVHQWD XP
EDL[R FXVWR H IiFLO SUHSDUR1 (VWHV DXWRUHV HQFRQWUDUDP
PHOKRUHV UHVXOWDGRV GH PRWLOLGDGH H YLJRU HVSHUPiWLFR
XWLOL]DQGR R GLOXLGRU j EDVH GH iJXD GH FRFR DFUHVFLGR
GH JHPD GH RYR H JOLFHURO GR TXH TXDQGR QmR
DGLFLRQDQGR HVWDV VXEVWkQFLDV1 1R HQWDQWR/ DLQGD QmR
IRL HVWXGDGR R HIHLWR GD DGLomR GH JHPD GH RYR H GR
JOLFHURO VHSDUDGDPHQWH1

2V REMHWLYRV GHVWH WUDEDOKR IRUDP DYDOLDU
R HIHLWR SURWHWRU GD JHPD GH RYR FRQWUD R FKRTXH
WpUPLFR GR VrPHQ FDQLQR VXEPHWLGR DR UHVIULDPHQWR
HP GLOXLRU j EDVH GH iJXD GH FRFR/ EHP FRPR R
HIHLWR GD JHPD GH RYR/ GR JOLFHURO RX GD DVVRFLDomR
GH DPERV VREUH D YLDELOLGDGH GR VrPHQ FDQLQR
FRQJHODGR FRP HVWH PHVPR GLOXLGRU1

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

)RUDP XWLOL]DGRV 45 FmHV/ VHQGR 8
3DVWRUHV $OHPmHV/ 5 %R[HUV/ 5 $PHULFDQ
6WDUIRUGVKLUH 7HUULHUV/ 5 5RWWZHLOHUHV H 4 6DPRLHGD/
FRP LGDGH HQWUH 4; PHVHV H 9 DQRV/ SHUWHQFHQWHV DR
FDQLO GD 3ROtFLD 0LOLWDU GR &HDUi H D FDQLV
SDUWLFXODUHV1 2V DQLPDLV IRUDP DOLPHQWDGRV XPD YH]
DR GLD FRP UDomR FRPHUFLDO H UHFHEHUDP iJXD j
YRQWDGH1 )RL FROHWDGR XP HMDFXODGR GH FDGD DQLPDO
DWUDYpV GD WpFQLFD GH PDQLSXODomR GLJLWDO/ VHSDUDGR
QDV VXDV WUrV IUDo}HV +&+5,67,$16(1/ 4<;;,1 $
IUDomR ULFD HP HVSHUPDWR]yLGHV IRL UHWLGD SDUD
DYDOLDomR H FRQJHODomR1 1D DYDOLDomR PDFURVFySLFD/
FRQVLGHURX0VH R YROXPH/ R DVSHFWR/ FRU H
YLVFRVLGDGH1 1D DYDOLDomR PLFURVFySLFD/ RV
SDUkPHWURV PHQVXUDGRV IRUDP= PRWLOLGDGH
+SHUFHQWDJHP GH HVSHUPDWR]yLGHV PyYHLV FRP
PRYLPHQWR UHWLOtQHR SURJUHVVLYR,/ YLJRU
HVSHUPiWLFR/ PHQVXUDGR HP XPD HVFDOD GH 3 +VHP
PRYLPHQWR, D 8 +PRYLPHQWR YLJRURVR/ UHWLOtQHR H
SURJUHVVLYR> &%5$/ 4<<;, H D PRUIRORJLD
HVSHUPiWLFD1 $ DQiOLVH GD PRWLOLGDGH H GR YLJRU IRL
UHDOL]DGD FRP DX[tOLR GD PLFURVFRSLD ySWLFD +433[,1
3DUD D DYDOLDomR GD PRUIRORJLD HVSHUPiWLFD/ IRL
UHDOL]DGR XP HVIUHJDoR GH VrPHQ/ R TXDO IRL FRUDGR
HP XPD VROXomR TXH FRQWLQKD iJXD GHVWLODGD H

*LHPVD QD SURSRUomR GH 4P"=433µ"1 $V OkPLQDV
IRUDP LPHUVDV QHVVD VROXomR SRU 48 PLQXWRV/ VHQGR
GHSRLV ODYDGDV HP iJXD FRUUHQWH H VHFDGDV
+&$5'262 HW DO1/ 5333,1 (VVD DYDOLDomR WDPEpP
IRL UHDOL]DGD FRP R HPSUHJR GH XP PLFURVFySLR
ySWLFR/ SRUpP/ D XP DXPHQWR GH 4333[/ ID]HQGR0VH D
FRQWDJHP GH 533 FpOXODV SRU HVIUHJDoR1 $V
DOWHUDo}HV PRUIROyJLFDV IRUDP FODVVLILFDGDV HP
SULPiULDV H VHFXQGiULDV +6($*(5/ 4<9<,1

8WLOL]DUDP0VH DSHQDV RV HMDFXODGRV
FRQVLGHUDGRV GH H[FHOHQWH TXDOLGDGH/ RQGH RV
PHVPRV DSUHVHQWDUDP DVSHFWR QRUPDO/ FRU EUDQFD
RSDOHVFHQWH H YLVFRVLGDGH OHLWRVD H FRP SDUkPHWURV
PDFUR H PLFURVFySLFRV +7DEHOD 4, GHQWUR GD
QRUPDOLGDGH SDUD D HVSpFLH FDQLQD
+&+5,67,$16(1/ 4<;;,1

$SyV D DYDOLDomR/ FDGD HMDFXODGR IRL
GLYLGLGR HP TXDWUR DOtTXRWDV/ XPD SDUD FDGD GLOXLGRU
D VHU WHVWDGR1 2 SULPHLUR GLOXLGRU IRL GHQRPLQDGR GH
$&/ VHQGR FRPSRVWR SRU 83( GH iJXD GH FRFR/ 58(
GH iJXD GHVWLODGD H 58( GH FLWUDWR GH iJXD GHVWLODGD
H 58( GH FLWUDWR GH VyGLR D 8(1 2 VHJXQGR/ $&*/
HUD FRPSRVWR SHOR GLOXLGRU $& DFUHVFLGR GH 53( GH
JHPD GH RYR1 2 WHUFHLUR IRL GHQRPLQDGR GH $&*/ H
FRQVLVWLX QR GLOXLGRU $& DGLFLRQDGR GH 9( GH
JOLFHURO1 (/ SRU ~OWLPR/ R TXDUWR GLOXLGRU +$&**,
HUD FRQVWLWXtGR SHOR GLOXLGRU $& DFUHVFLGR GH 53(
GH JHPD GH RYR H 9( GH JOLFHURO1 2V GLOXLGRUHV DQWHV
GR DFUpVFLPR GH JHPD GH RYR H GH JOLFHURO/ WLYHUDP
D RVPRODULGDGH DMXVWDGD HQWUH 6330643 PPR"2NJ/
DWUDYpV GD DGLomR GH iJXD GHVWLODGD RX iJXD GH FRFR
SRLV D RVPRODULGDGH GR VrPHQ GR FmR VLWXD0VH QHVVD
IDL[D +%$77/ 4<<5,1 2V GLOXLGRUHV $& H $&* IRUDP
DGLFLRQDGRV DR VrPHQ GH XPD Vy YH] ORJR DSyV D
DYDOLDomR LQLFLDO/ FRP DPERV D 6:°&/ QD SURSRUomR
GH4=41 2V GLOXHQWHV $&*/ H $&** IRUDP GLYLGLGRV
HP GXDV SDUWHV LJXDLV +D H E,1 $ GLOXLomR LQLFLDO IRL
IHLWD FRP D SRUomR ³D´ TXH QmR FRQWLQKD JOLFHURO H
IRL DGLFLRQDGD DR VrPHQ D XPD WHPSHUDWXUD GH 6:°&/
QD SURSRUomR GH 5=41 $SyV R UHVIULDPHQWR GR VrPHQ
GLOXtGR FRP RV TXDWUR GLOXLGRUHV HP EDQKR0PDULD
SRU DSUR[LPDGDPHQWH 73 PLQXWRV/ HVWHV DWLQJLDP

7DEHOD 4 0 &DUDFWHUtVWLFDV GR VrPHQ IUHVFR FROHWDGR GRV FmHV
XWLOL]DGRV QR H[SHULPHQWR1

3DUkPHWURV 0pGLD ± GHVYLR
SDGUmR

9ROXPH GD IUDomR HVSHUPiWLFD +P", 4/7 ± 3/;
0RWLOLGDGH +(, <9/: ± 6/6
9LJRU +308, 7/< ± 3/5
$OWHUDo}HV PRUIROyJLFDV WRWDLV +(, 45/: ± 8/;
$OWHUDo}HV VHFXQGiULDV 3/8 ± 3/;
$OWHUDo}HV SULPiULDV 45/5 ± 9/3
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HQWUH 45 048°&1 $SyV HVWH SHUtRGR/ R VrPHQ GLOXtGR
IRL WUDQVIHULGR SDUD XP UHIULJHUDGRU DWp DWLQJLU XPD
WHPSHUDWXUD GH 7°&1 4XDQGR HVWD WHPSHUDWXUD IRL
DWLQJLGD/ D SDUWH ³E´/ DFUHVFLGD GH 45( GH JOLFHURO/
IRL LQFRUSRUDGD DR VrPHQ/ D 7°&/ REWHQGR0VH XPD
FRQFHQWUDomR ILQDO GH JOLFHURO GH 9(1 (VWD VHJXQGD
GLOXLomR/ QD TXDO VH XWLOL]DUDP SDUWHV LJXDLV GR
GLOXLGRU +SDUWH E,/ IRL UHDOL]DGD HP WUrV HWDSDV FRP
LQWHUYDORV GH FLQFR PLQXWRV1 (P WRGRV RV JUXSRV/ D
GLOXLomR IRL UHDOL]DGD QD SURSRUomR GH 4=4
+VrPHQ=GLOXLGRU,1

(P VHJXLGD/ R VrPHQ IRL HQYD]DGR HP
SDOKHWDV GH 3/58P" IHFKDGDV FRP iOFRRO SROLYLQtOLFR1
$V SDOKHWDV/ GLVSRVWDV KRUL]RQWDOPHQWH/ IRUDP
H[SRVWDV DRV YDSRUHV GH QLWURJrQLR SRU FLQFR
PLQXWRV D XPD DOWXUD GH 8FP GR QtYHO GH QLWURJrQLR
OtTXLGR H/ SRVWHULRUPHQWH/ DFRQGLFLRQDGDV HP ERWLMmR
FULRELROyJLFR +04<9°&,1 )RUDP SURFHVVDGDV
DYDOLDo}HV TXDQWR j PRWLOLGDGH H YLJRU HVSHUPiWLFRV
DSyV D SULPHLUD GLOXLomR/ UHVIULDPHQWR H VHJXQGD
GLOXLomR1 $SyV XPD VHPDQD/ IRL UHDOL]DGD D
GHVFRQJHODomR HP EDQKR0PDULD D 6:°& /
SURFHGHQGR0VH QRYDV DQiOLVHV GH PRWLOLGDGH/ YLJRU H
PRUIRORJLD HVSHUPiWLFD1

2V GDGRV TXDQWLWDWLYRV +YROXPH GD IUDomR
HVSHUPiWLFD/ PRWLOLGDGH/ YLJRU H DOWHUDo}HV
PRUIROyJLFDV, IRUDP H[SUHVVRV QD IRUPD GH PpGLD H
GHVYLR SDGUmR1 $ PRWLOLGDGH H R SHUFHQWXDO GH
DOWHUDo}HV PRUIROyJLFDV IRUDP FRPSDUDGRV HQWUH RV
TXDWUR JUXSRV/ EHP FRPR HQWUH R VrPHQ IUHVFR H
FDGD JUXSR DWUDYpV GR WHVWH W GH 6WXGHQW1 2 YLJRU IRL
FRPSDUDGR GD PHVPD IRUPD/ SRUpP/ IRL XWLOL]DGR R
WHVWH GH 0DQQ0:KLWQH\1 (P WRGRV RV WHVWHV/ RV
UHVXOWDGRV IRUDP FRQVLGHUDGRV VLJQLILFDWLYRV TXDQGR
S?3/381 2 Q~PHUR GH UHSHWLo}HV IRL GH 45 SDUD FDGD
WUDWDPHQWR1

5(68/7$'26 ( ',6&866­2

2V UHVXOWDGRV GDV DYDOLDo}HV UHDOL]DGDV
GXUDQWH DV HWDSDV GR SURFHVVR GH FRQJHODomR H DSyV D
GHVFRQJHODomR HVWmR VXPDUL]DGRV QD WDEHOD 51 1mR
IRL HYLGHQFLDGD GLIHUHQoD VLJQLILFDWLYD QRV
SDUkPHWURV PRWLOLGDGH H YLJRU +S!3/38, HQWUH RV
TXDWUR JUXSRV DWp D HWDSD GH DGLomR GH JOLFHURO1
1HVVD HWDSD/ Vy IRL UHDOL]DGD FRPSDUDomR HQWUH RV
GLOXLGRUHV $&*/ H $&**/ YLVWR TXH VRPHQWH HVWHV
GLOXLGRUHV DSUHVHQWDYDP JOLFHURO/ QmR VHQGR
REVHUYDGDV GLIHUHQoDV +S!3/38,1

$Wp D HWDSD GH DGLomR GH JOLFHURO/ R VrPHQ
DSUHVHQWRX ERD TXDOLGDGH HP WRGRV RV JUXSRV/ FRP
PRWLOLGDGH YDULDQGR GH :3/< D :5/6(1 3DUD R
UHVIULDPHQWR RX PHVPR FULRSUHVHUYDomR GH VrPHQ/
ID]0VH QHFHVViULR D DGLomR GH SURWHWRUHV GH

UHVIULDPHQWR FRPR D JHPD GH RYR/ OHLWH H SURWHtQDV
GR OHLWH1 6HJXQGR 6,/9$ +4<<<,/ WDLV VXEVWkQFLDV
SURWHJHP FRQWUD R FKRTXH WpUPLFR H/ QR FDVR GD
JHPD GH RYR/ HOD SDUHFH DJLU QD VXSHUItFLH GD
PHPEUDQD SODVPiWLFD/ DSDUHQWHPHQWH LQGX]LQGR
XPD DOWHUDomR QmR SHUPDQHQWH QD FRPSRVLomR GD
PHPEUDQD/ SUHYHQLQGR XPD UXSWXUD GD PHVPD1
(QWUHWDQWR/ QHVWH H[SHULPHQWR/ D VROXomR j EDVH GH
iJXD GH FRFR VR]LQKD RX DGLFLRQDGD GH 53( GH JHPD
GH RYR PRVWURX0VH LJXDOPHQWH HILFD] QD SURWHomR
FRQWUD R FKRTXH WpUPLFR GXUDQWH R UHVIULDPHQWR1
3(5(,5$ HW DO1 +4<<<, WDPEpP REWLYHUDP ERQV
UHVXOWDGRV FRP D VROXomR j EDVH GH iJXD GH FRFR
VHP D DGLomR GH RXWUDV VXEVWkQFLDV QR UHVIULDPHQWR
GR VrPHQ FDQLQR SRU DWp VHLV KRUDV1

$SyV D GHVFRQJHODomR/ RV PHOKRUHV
UHVXOWDGRV IRUDP REWLGRV TXDQGR VH XWLOL]RX D
GLOXLomR FRP $&**1 $OpP GLVVR/ HVVH JUXSR GLIHULX
VLJQLILFDWLYDPHQWH GRV GHPDLV TXDQWR D PRWLOLGDGH H
YLJRU HVSHUPiWLFR1 $ PRWLOLGDGH SyV0GHVFRQJHODomR
REWLGD QHVVH JUXSR +89/: ± 49/4(, HVWi QD IDL[D LGHDO
+83098(, SDUD UHDOL]DomR GH LQVHPLQDomR DUWLILFLDO
FRP VrPHQ FRQJHODGR VHJXQGR &21&$1121 )
%$77,67$ +4<;<,1 &$5'262 HW DO1 +5333,
REWLYHUDP 83( GH HVSHUPDWR]yLGHV PyYHLV H XP
YLJRU 6/3 DSyV D GHVFRQJHODomR XWLOL]DQGR R GLOXLGRU j
EDVH GH iJXD GH FRFR DFUHVFLGR GH 53( GH JHPD GH
RYR H 7( GH JOLFHURO1 2V PHOKRUHV UHVXOWDGRV FRP
$&** IRUDP SURYDYHOPHQWH GHYLGR D XPD
DVVRFLDomR GRV HIHLWRV FULRSURWHWRUHV GD JHPD GH RYR
H JOLFHURO1 $SHVDU GH R HVSHUPDWR]yLGH FDQLQR VHU
FRQVLGHUDGR UHODWLYDPHQWH UHVLVWHQWH jV FULRQM~ULDV/
2/$5 +4<;7, REVHUYRX TXH D FRQJHODomR GH VrPHQ
FDQLQR QD DXVrQFLD GH XP FULRSURWHWRU/ DVVLP FRPR
HP RXWUDV HVSpFLHV/ UHVXOWD HP XPD DOWD UHGXomR QR
Q~PHUR GH HVSHUPDWR]yLGHV PyYHLV DSyV D
GHVFRQJHODomR1 (VVH HIHLWR SURWHWRU GR JOLFHURO GHYH0
VH DR IDWR GR PHVPR WUDQVSRU D PHPEUDQD FHOXODU/
SHUPLWLQGR D GHVLGUDWDomR GD FpOXOD DWUDYpV GD VDtGD
GH iJXD SRU RVPRVH ++$00(567('7 HW DO1/ 4<<3,/
HYLWDQGR D IRUPDomR GH FULVWDLV GH JHOR TXH SRGHUmR
SURPRYHU D UXSWXUD GD PHPEUDQD SODVPiWLFD GR
HVSHUPDWR]yLGH1 3URYDYHOPHQWH/ R JOLFHURO WHYH XPD
PDLRU SDUWLFLSDomR QD DWLYLGDGH FULRSURWHWRUD/ YLVWR
TXH R JUXSR RQGH GLOXLGRU j EDVH GH iJXD GH FRFR IRL
DGLFLRQDGR GH JHPD GH RYR +$&*, QmR IRL FDSD] GH
SUHVHUYDU D TXDOLGDGH HVSHUPiWLFD1

1R WRFDQWH jV DOWHUDo}HV PRUIROyJLFDV/ R
GLOXLGRU $&** IRL VXSHULRU DRV GHPDLV/
DSUHVHQWDQGR XP PHQRU SHUFHQWXDO GH DOWHUDo}HV
WRWDLV H VHFXQGiULDV +7DEHOD 6,1 7DLV DOWHUDo}HV
SRGHP WHU VLGR RFDVLRQDGDV SHODV GLYHUVDV PXGDQoDV
WpUPLFDV jV TXDLV R HVSHUPDWR]yLGH p VXEPHWLGR
+)$567$5'/ 4<<9,1
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'LDQWH GRV UHVXOWDGRV/
SRGH0VH FRQFOXLU TXH iJXD GH
FRFR H D JHPD GH RYR FRQIHUHP
SURWHomR FRQWUD R FKRTXH WpUPLFR
GXUDQWH R UHVIULDPHQWR GH VrPHQ
FDQLQR1 $OpP GLVVR/ D DGLomR GH
JHPD GH RYR H JOLFHURO DR
GLOXLGRU j EDVH GH iJXD GH FRFR p
QHFHVViULD SDUD D SUHVHUYDomR GD
TXDOLGDGH HVSHUPiWLFD DSyV D
GHVFRQJHODomR/ SRGHQGR WDO
GLOXLGRU VHU UHFRPHQGDGR SDUD D
FULRSUHVHUYDomR GH VrPHQ FDQLQR1

$*5$'(&,0(1726

2V DXWRUHV DJUDGHFHP DR 'U1
'RPLQJRV %1 GH 2OLYHLUD SHOD DVVLVWrQFLD
WpFQLFD H DRV 'RXWRUHV -RVp )HUUHLUD 1XQHV H 5LFDUGR 7RQLROOL
SHODV VXJHVW}HV GDGDV QD HVFULWD GR WUDEDOKR1

5()(5Ç1&,$6 %,%/,2*5È),&$6

$1'(56(1/ .1 ,QVHPLQDWLRQ ZLWK IUR]HQ VHPHQ EDVHG RQ D QHZ
LQVHPLQDWLRQ WHFKQLTXH1 =XFWK\JLHQH/ Y143/ Q14/ S1407/ 4<:81

%$77/ 31 &DQLQH VHPHQ1 ,Q= $UWLILFLDO LQVHPLQDWLRQ LQ GRJV1
3URFHHGLQJV1 6\GQH\ = 3RVW JUDGXDWH &RPLWWHH/ 4<<51 PS171

&$5'262/ 51&161/ 6,/9$/ $151/ 8&+2$/ '1&1/ HW DO1
&RQJHODomR GR VrPHQ FDQLQR FRP XP GLOXLGRU j EDVH GH
iJXD GH FRFR DFUHVFLGR GH JHPD GH RYR H JOLFHURO1 &LrQFLD
$QLPDO/ )RUWDOH]D/ Y143/ S15<069/ 53331

&%5$0 0DQXDO SDUD H[DPH DQGUROyJLFR1 $YDOLDomR GH VrPHQ
DQLPDO1 51 HG1 61O1 = V1H1/ 4<<;1 S1451

&+5,67,$16(1/ ,1-1 5HSURGXomR QR FmR H QR JDWR1 6mR 3DXOR
=0DQROH/ 4<;;1 696S1

&21&$1121 31:1/ %$77,67$ 01 &DQLQH VHPHQ IUHH]LQJ

DQG DUWLILFLDO LQVHPLQDWLRQ1 ,Q= .,5./ 51:1 &XUUHQW
YHWHULQDU\ WKHUDS\0 6PDOO DQLPDO SUDFWLFH/ ;1
3KLODGHOSKLD= 6DXQGHUV/ 4<;<1 S1457:045;<1

)$567$5'/ :1 6HPHQ FU\RSUHVHUYDWLRQ LQ GRJV DQG IR[HV1
$QLPDO 5HSURGXFWLRQ 6FLHQFH/ Y175/ S15840593/ 4<<91

)227(/ 51+1 ([WHQGHUV IRU IUHH]LQJ GRJ VHPHQ1 $PHULFDQ
-RXUQDO RI 9HWHULQDU\ 5HVHDUFK/ Y158/ Q1437/ S16:073/ 4<971

+$00(567('7/ 51/ *5$+$0/ -1/ 12/$1/ -1
&U\RSUHVHUYDWLRQ RI PDPPDOLDQ VSHUP= ZKDW ZH DVN WKHP WR
VXUYLYH1 -RXUQDO RI $QGURORJ\/ Y1441S1:60;;/ 4<<31

0,(6 ),/+2/ $1 5HSURGXomR GRV DQLPDLV GRPpVWLFRV H
LQVHPLQDomR DUWLILFLDO1 3RUWR $OHJUH = 6XOLQD/ 4<;:1
7HFQRORJLD GR VrPHQ0,1,,0 'LOXLomR/ FRQVHUYDomR H WUDQVSRUWH
GH VrPHQ = S174</ 7:3/ 7:<07;31

2/$5/ 7171 &U\RSUHVHUYDWLRQ RI GRJ VHPHQ1 &RORUDGR/ 4<;71
7HVH +'RXWRUDGR, 0 &RORUDGR 6WDWH 8QLYHUVLW\/ 4<;71

3(5(,5$/ %161/ 8&+2$/ '1&1/$48,12/ &1$1 HW DO1 2 HIHLWR GR
XVR GH GLOXHQWHV j EDVH GH iJXD GH FRFR QR UHVIULDPHQWR GR
VrPHQ FDQLQR D 7°&1 ,Q= 6,03Ï6,2 &($5(16( '(
&,Ç1&,$ $1,0$// 4<<</ )RUWDOH]D/&(1 $QDLV111 )RUWDOH]D=
6RFLHGDGH &HDUHQVH GH &LrQFLD $QLPDO/ 4/ 4<<<1 Y141 S1<71

7DEHOD 5 0 &DUDFWHUtVWLFDV GR VrPHQ DSyV D SULPHLUD GLOXLomR/ UHVIULDPHQWR/ JOLFHUROL]DomR H GHVFRQJHODomR QRV TXDWUR GLOXLGRUHV XWLOL]DGRV
+$&> $&*> $&*/ H $&**,1

$& $&* $&*/ $&**

3ULPHLUD GLOXLomR 0RWLOLGDGH +(, <8/; ± 7/4 D <8/; ± 7/4 D <8/; ± 7/4 D <8/; ± 7/4 D
9LJRU +308, 7/; ± 3/7 D 7/; ± 3/7 D 7/; ± 3/7 D 7/; ± 3/7 D

5HVIULDPHQWR 0RWLOLGDGH +(, ;8/3 ± 45/3 D ;9/: ± 44/4 D ;7/9 ± 44/; D ;9/: ± 44/4 D
9LJRU +308, 7/4 ± 3/: D 6/; ± 3/: D 7/3 ± 3/9 D 6/; ± 3/: D

6HJXQGD GLOXLomR 0RWLOLGDGH +(, 0 0 :3/< ± 57/9 :5/6 ± 57
9LJRU +308, 0 0 6/9 ± 3/; 6/9 ± 3/;

'HVFRQJHODomR 0RWLOLGDGH +(, 5/4 ± 6/6 F 5/4 ± 8/; F 55/8 ± </7 E 89/: ± 49/4 D
9LJRU +308, 3/7 ± 3/9 F 3/8 ± 4/4 EF 5/9 ± 4/3 E 6/7 ± 3/8 D

D/E/F /HWUDV GLIHUHQWHV QD PHVPD OLQKD LPSOLFDP GLIHUHQoD VLJQLILFDWLYD +S? 3/38,
$&0 83( GH iJXD GH FRFR . 58( GH iJXD GHVWLODGD . 58( GH FLWUDWR GH VyGLR D 8(> $&*0 GLOXLGRU $& . 53( GH JHPD GH RYR> $&*/0
GLOXLGRU $& . 9 ( GH JOLFHURO> $&**0 GLOXLGRU $& . 53( GH JHPD GH RYR . 9 ( GH JOLFHURO1

7DEHOD 6 0 3HUFHQWXDO GH DOWHUDo}HV PRUIROyJLFDV WRWDLV/ SULPiULDV H VHFXQGiULDV QR VrPHQ
IUHVFR DSyV D GHVFRQJHODomR QRV TXDWUR GLOXLGRUHV XWLOL]DGRV +$&> $&*> $&*/ H
$&**,1

6rPHQ D
IUHVFR

$& $&* $&*/ $&**

$OWHUDo}HV WRWDLV +(, 45/: ± 8/; F 7</8 ± 53/: E 7; ± 54/6 E 7:/8 ± 4;/5 E 56/; ± ;/7 D

$OWHUDo}HV
SULPiULDV +(, 3/8 ± 3/; D 3/8 ± 3/9 D 3/8 ± 3/9 D 3/6 ± 3/7 D 3/6 ± 3/8 D

$OWHUDo}HV VHFXQGi0
ULDV +(, 45/5 ± 9/3 F 7</3 ± 53/; E 7:/8 ± 54 E 7:/4 ± 4;/5 E 56/7 ± ;/6 D

D/E/F /HWUDV GLIHUHQWHV QD PHVPD OLQKD LPSOLFDP GLIHUHQoD VLJQLILFDWLYD +S?3/38,1
$&0 83( GH iJXD GH FRFR . 58( GH iJXD GHVWLODGD . 58( GH FLWUDWR GH VyGLR D 8(> $&*0
GLOXLGRU $& . 53( GH JHPD GH RYR> $&*/0 GLOXLGRU $& . 9 ( GH JOLFHURO> $&**0 GLOXLGRU
$& . 53( GH JHPD GH RYR . 9 ( GH JOLFHURO1
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6($*(5/ 61:1-1 6XFFHVVIXO SUHJQDQFLHV XWLOL]LQJ IUR]HQ GRJ
VHPHQ1 $ , 'LJHVW/ Y14:1 S190:/ 4<9<1

6,/9$/ /1'101 7HFQRORJLD GR VrPHQ FDQLQR1 ,Q= 6,03Ï6,2
&($5(16( '( &,Ç1&,$ $1,0$// 4/ 4<<</ )RUWDOH]D/ &H1
$QDLV111 )RUWDOH]D = 6RFLHGDGH &HDUHQVH GH &LrQFLD $QLPDO/

4<<<1 Y141 S17607<1

6,/9$/ /1'101> 9(567(*(1/ -131 &RPSDULVRQV EHWZHHQ WKUHH
GLIIHUHQWV H[WHQGHUV IRU FDQLQH LQWUDXWHULQH LQVHPLQDWLRQ ZLWK
IUR]HQ0WKDZHG VSHUPDWR]RD1 7KHULRJHQRORJ\/ Y177/ S18:40
8:</ 4<<81


