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2 REMHWLYR GHVWH WUDEDOKR IRL DYDOLDU D XWLOL]DomR GR
HWLOHQR JOLFRO/ DGLFLRQDGR DR PHLR 7ULV0JHPD/ QD FULRSUHVHUYDomR
GH VrPHQ FDQLQR/ FRQVLGHUDQGR RV VHXV HIHLWRV VREUH D
PRWLOLGDGH/ R YLJRU H D PRUIRORJLD HVSHUPiWLFD SUp H SyV0
FRQJHODPHQWR1 &RPR GRDGRUHV/ XWLOL]DUDP0VH TXDWUR FmHV GD UDoD
3DVWRU $OHPmR FROHWDGRV SRU PDQLSXODomR GLJLWDO RV TXDLV QR
HMDFXODGR DSUHVHQWDUDP SDGU}HV PtQLPRV GH <3( GH PRWLOLGDGH/
FLQFR GH YLJRU HVSHUPiWLFR +3 0 8, H QR Pi[LPR 68( GH GHIHLWRV
PRUIROyJLFRV WRWDLV1 $V FRQFHQWUDo}HV GH HWLOHQR JOLFRO WHVWDGDV
IRUDP GH 3/ 58> 3/8 H 4/30/ VHQGR HPSUHJDGRV FRPR FRQWUROH
3/;0 GH JOLFHURO1 )RUDP IHLWDV FLQFR DYDOLDo}HV GH PRWLOLGDGH H
YLJRU/ UHVSHFWLYDPHQWH/ QD REWHQomR GD IUDomR ULFD/ GHSRLV GD
SULPHLUD GLOXLomR/ DR DWLQJLU 7�&/ DSyV XPD KRUD GH HVWDELOL]DomR
D 7�& H QR GHVFRQJHODPHQWR1 $YDOLRX0VH D PRUIRORJLD
HVSHUPiWLFD HP VrPHQ D IUHVFR H DSyV R GHVFRQJHODPHQWR GDV
DPRVWUDV GH FDGD WUDWDPHQWR1 1mR KRXYH GLIHUHQoD QD PRWLOLGDGH
H QD PRUIRORJLD HVSHUPiWLFD GRV JUXSRV DSyV R GHVFRQJHODPHQWR1
1R YLJRU HVSHUPiWLFR SyV0 GHVFRQJHODPHQWR/ DV FRQFHQWUDo}HV GH
3/58 H 3/80 GH HWLOHQR JOLFRO IRUDP VHPHOKDQWHV HQWUH VL H FRP D
FRQFHQWUDomR GH 3/;0 GH JOLFHURO +FRQWUROH,/ PDV GLIHULUDP GD
FRQFHQWUDomR GH 40/ D TXDO DSUHVHQWRX YLJRU LQIHULRU DR
FRQWUROH1 &RQFOXL0VH TXH/ SDUD D FULRSUHVHUYDomR GH VrPHQ
FDQLQR/ R JOLFHURO 3/;0 SRGH VHU VXEVWLWXtGR SHOR HWLOHQR JOLFRO
QDV FRQFHQWUDo}HV GH 3/58/ 3/8 H 4/301

3DODYUDV0FKDYH= VrPHQ/ FmR/ FRQJHODPHQWR/ HWLOHQR JOLFRO1

6800$5<

7KH REMHFWLYH RI WKH SUHVHQW ZRUN ZDV WR HYDOXDWH WKH
HIILFLHQF\ RI HWK\OHQH JO\FRO RQ FULRSUHVHUYDWLRQ RI FDQLQH VHPHQ/
FRQVLGHULQJ LWV SRVVLEOH GHOHWHULRXV HIIHFWV XSRQ VHPHQ PRWLOLW\/
YLJRU DQG PRUSKRORJ\ DW WKH SUH DQG SRVW IUHH]LQJ VWDJHV/ XVLQJ D

WULV0HJJ \RON H[WHQGHU1 )RXU DGXOW JHUPDQ VKHSDUGV ZHUH XVHG DV
GRQRUV1 6DPSOHV ZHUH REWDLQHG E\ GLJLWDO PDQLSXODWLRQ/ DQG RQO\
HMDFXODWHV SUHVHQWLQJ D PLQLPXP RI <3( PRWLOLW\ DQG 8 +308,
YLJRU DQG QR PRUH WKDQ 68( RI WRWDO PRUSKRORJLFDO GHIHFWV ZHUH
FRQVLGHUHG1 (WK\OHQH JO\FRO FRQFHQWUDWLRQV WHVWHG ZHUH 3158/ 3183
DQG 4130 DQG 31;30 JO\FHURO VHUYHG DV FRQWURO1 0RWLOLW\ DQG
YLJRU ZHUH HYDOXDWHG LQ WKH ULFK IUDFWLRQ/ DIWHU ILUVW DQG VHFRQG
GLOXWLRQ/ DIWHU 4 KRXU RI VWDELOL]DWLRQ DW 7�& DQG DIWHU WKDZLQJ1
6SHUP PRUSKRORJ\ ZDV H[DPLQHG LQ WKH IUHVK VDPSOH DQG DIWHU
WKDZLQJ LQ HDFK RI WKH WUHDWPHQWV1 7KHUH ZHUH QR GHWHFWDEOH
GLIIHUHQFHV DPRQJ WKH JURXSV LQ VSHUP PRWLOLW\ DQG PRUSKRORJ\
DIWHU WKDZLQJ1 7KHUH ZHUH QR GLIIHUHQFHV LQ YLJRU DPRQJ WKH 3158/
31830 HWK\OHQH JO\FRO DQG WKH 31;0 JO\FHURO/ EXW WKH 40 HWK\OHQH
JO\FRO KDG ORZHU YLJRU VFRUHV DIWHU WKDZLQJ1 :H FRQFOXGH WKDW
HWK\OHQH JO\FRO FDQ EH XVHG DV D FU\RSURWHFWDQW LQ WKH
FRQFHQWUDWLRQ RI 3158/ 3183 DQG 4130 LQVWHDG RI JO\FHURO1

.H\ :RUGV= VHPHQ/ GRJ/ IUHH]HQ/ HWK\OHQH JO\FRO1

,1752'8d2

'HVGH R LQtFLR/ DV ELRWpFQLFDV GH
UHSURGXomR DVVLVWLGD IRUDP GLUHFLRQDGDV SDUD
HVSpFLHV GH LQWHUHVVH HFRQ{PLFR/ VHQGR TXH HVSpFLHV
GH SHTXHQR SRUWH Vy DGTXLULUDP PDLRU H[SUHVVmR
FRP R FUHVFLPHQWR GD UHODomR VHQWLPHQWDO HQWUH
KRPHP H DQLPDO1 $ SRVVLELOLGDGH GH LQWHUFkPELR GH
PDWHULDO JHQpWLFR H D SUHVHUYDomR GH JDPHWDV GHVVDV
HVSpFLHV GH YDORU VHQWLPHQWDO/ FRPR RV FmHV GH
FRPSDQKLD/ EHP FRPR GH RXWURV HFRQRPLFDPHQWH
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LPSRUWDQWHV/ FRPR D 5DSRVD $]XO +$ORSHV
ODJRSRJXV, H D 5DSRVD 3UDWHDGD +9XOSHV YXOSHV,/
SRUWDGRUHV GH JHQHV PXWDQWHV GH DOWR YDORU FRPHUFLDO
SDUD D LQG~VWULD GH FXUWXPH HXURSpLD/ FRP D
SUHVHUYDomR GH DQLPDLV GD IDXQD EUDVLOHLUD HP ULVFR
GH H[WLQomR/ FRPR R /RER *XDUi %UDVLOHLUR
+&KU\VRF\RQ EUDFK\XUXV, H D 5DSRVLQKD GR &DPSR
+3VHXGDORSH[ VS1,/ WrP VXVFLWDGR D QHFHVVLGDGH GH
HVWDEHOHFLPHQWR GH XP HILFLHQWH SURWRFROR SDUD D
FULRSUHVHUYDomR GH VrPHQ FDQLQR +)$567$'/
4<<9,1

2 SULPHLUR FRQJHODPHQWR GH VrPHQ
FDQLQR IRL QRWLILFDGR HP 4<87 SRU 5RZVRQ H/ QR DQR
GH 4<9</ 6HDJHU REWHYH D SULPHLUD SUHQKH] FRP
VrPHQ FULRSUHVHUYDGR1 'HVGH HQWmR/ GLYHUVDV
SHVTXLVDV IRUDP HPSUHHQGLGDV/ D ILP GH VH
GHWHUPLQDUHP PpWRGRV GH SUHVHUYDomR GH
HVSHUPDWR]yLGHV FDQLQRV SRU FRQJHODPHQWR
+(1*/$1' ) 321=,2/ 4<<9,1 $WXDOPHQWH/ DV
WD[DV GH FRQFHSomR/ XWLOL]DQGR0VH VrPHQ FRQJHODGR/
RVFLODP HQWUH 9: H ;3(/ DV TXDLV VmR REWLGDV DWUDYpV
GD GHSRVLomR LQWUD0XWHULQD/ FRP XPD FRQFHQWUDomR
GH 83 D 483 PLOK}HV GH HVSHUPDWR]yLGHV/ SRU
LQVHPLQDomR/ VHQGR HPSUHJDGDV GXDV LQVHPLQDo}HV/
FRP XP LQWHUYDOR GH 57 KRUDV +)$567$'/ 5333,1

2V GLOXLGRUHV XWLOL]DGRV SDUD R
UHVIULDPHQWR H FRQJHODPHQWR GH HVSHUPDWR]yLGHV GH
FmHV IRUDP DGDSWDGRV GH RXWUDV HVSpFLHV
+)$67$5'/ 4<<9,/ VHQGR LQLFLDOPHQWH HPSUHJDGRV
PHLRV j EDVH GH OHLWH GHVQDWDGR/ ODFWRVH0JHPD/
FLWUDWR0JHPD/ WULV0JHPD/ HQWUH RXWURV1 $WXDOPHQWH/ D
PDLRULD GRV SHVTXLVDGRUHV TXH WUDEDOKDP FRP
FULRSUHVHUYDomR GH VrPHQ FDQLQR HPSUHJDP
GLOXLGRUHV j EDVH GH 7ULV H2RX FLWUDWR GH VyGLR/ FRP
XP Do~FDU FRPR IUXWRVH/ JOLFRVH RX ODFWRVH PDLV
JHPD GH RYR/ DVVRFLDGR DR FULRSURWHWRU JOLFHURO HP
GLIHUHQWHV FRQFHQWUDo}HV +52'5,*8(6 )
52'5,*8(6/ 4<<;,1

2 JOLFHURO p R FULRSURWHWRU PDLV XVDGR QR
FRQJHODPHQWR GH VrPHQ QDV HVSpFLHV GRPpVWLFDV
+)$567$'/ 4<<9,1 (QWUHWDQWR/ VHXV HIHLWRV
GHOHWpULRV VREUH RV HVSHUPDWR]yLGHV VmR UHODWDGRV
SRU 0F/$8*+/,1 HW DO1 +4<<5,/ H RFRUUHP/
SURYDYHOPHQWH/ SHODV DOWHUDo}HV FDXVDGDV QD VXD
PHPEUDQD SODVPiWLFD GR HVSHUPDWR]yLGH
++$00(567('7 ) *5$+$1/ 4<<5,1

&RP D HYROXomR GD ELRWHFQRORJLD/ RXWURV
FULRSURWHWRUHV IRUDP HVWXGDGRV1 'HQWUH RV PHQRV
Wy[LFRV/ HQFRQWUD0VH R HWLOHQR JOLFRO1 3/$729
+4<98,/ FRQJHODQGR VrPHQ RYLQR/ REWHYH UHVXOWDGRV
VHPHOKDQWHV QR FRQJHODPHQWR FRP 3/7:0 GH
JOLFHURO H HWLOHQR JOLFRO QDV FRQFHQWUDo}HV GH 3/5: H
3/690/ REVHUYDQGR/ SRUpP/ HIHLWR QHJDWLYR FRP D

FRQFHQWUDomR GH 3/;<0 GH HWLOHQR JOLFRO1
6$/$021 ) 0$;:(// +4<<8,/ DR FRQJHODUHP
VrPHQ RYLQR HP SHOOHWV/ GHWHUPLQDUDP TXH R HWLOHQR
JOLFRO IRL VXSHULRU DR JOLFHURO QDV FRQFHQWUDo}HV GH
3/64 H 3/960/ VHQGR TXH RV PHOKRUHV UHVXOWDGRV
IRUDP REWLGRV FRP 3/5:0 GH HWLOHQR JOLFRO1
025$(6 HW DO1 +4<<;,/ TXDQGR FRQJHODUDP VrPHQ
RYLQR HP SHOOHWV/ FRQFOXtUDP TXH 3/80 GH HWLOHQR
JOLFRO SURSRUFLRQRX PRWLOLGDGH H YLJRU VHPHOKDQWHV
D 3/:50 GH JOLFHURO/ SRUpP FRP XPD PHOKRU
SURWHomR DFURVVRPiWLFD1 0(5&$17( HW DO1 +4<<8,
FRPSDUDUDP D HILFLrQFLD GRV GRLV FULRSURWHWRUHV HP
VrPHQ HT�LQR/ YHULILFDQGR XPD PHOKRU SHUIRUPDQFH
GR HWLOHQR JOLFRO WDQWR FRP UHODomR j PRWLOLGDGH H DR
YLJRU TXDQWR QR WHVWH GH WHUPR0UHVLVWrQFLD1 1(9(6
1(72 HW DO1 +4<<8,/ FRPSDUDQGR R JOLFHURO DR
HWLOHQR JOLFRO/ REWLYHUDP PDLRUHV tQGLFHV GH SUHQKH]
FRP VrPHQ HT�LQR FRQJHODGR FRP HWLOHQR JOLFRO1 -i
$/9$5(1*$ HW DO1 +5333, QmR REVHUYDUDP
GLIHUHQoDV HQWUH R JOLFHURO H HWLOHQR JOLFRO QD
FULRSUHVHUYDomR GH VrPHQ HT�LQR1

2 REMHWLYR GR SUHVHQWH WUDEDOKR IRL DYDOLDU
D FDSDFLGDGH FULRSURWHWRUD GR HWLOHQR JOLFRO HP
GLOXHQWH 7ULV0JHPD QD PDQXWHQomR GD PRWLOLGDGH/ GR
YLJRU H GD PRUIRORJLD HVSHUPiWLFD GR VrPHQ FDQLQR1

0$7(5,$/ ( 0e72'2

&RPR GRDGRUHV GH VrPHQ/ XWLOL]DUDP0VH
TXDWUR FmHV GD UDoD 3DVWRU $OHPmR/ FRP LGDGH PpGLD
GH 6/9 DQRV/ SHUWHQFHQWHV DR &DQLO 9HQWR 'LYLQR GD
%DVH $pUHD GH 6DQWD 0DULD +%$60,1 7RGRV RV
DQLPDLV IRUDP VXEPHWLGRV DR PHVPR PDQHMR
VDQLWiULR H DOLPHQWDU/ UHFHEHQGR UDomR FRPHUFLDO
XPD YH] DR GLD H iJXD DG OLELWXP1 $V FROHWDV GH
VrPHQ IRUDP UHDOL]DGDV DWUDYpV GD WpFQLFD GH
PDQLSXODomR GLJLWDO/ FRP REVHUYDomR GDV WUrV IDVHV
GD HMDFXODomR H VHOHomR GD VHJXQGD IUDomR/ ULFD HP
HVSHUPDWR]yLGHV +&+5,67,$16(1/ 4<;9,1 )RUDP
UHDOL]DGDV GXDV FROHWDV HP PpGLD SRU VHPDQD/ HQWUH
RV PHVHV GH RXWXEUR H QRYHPEUR1 $SyV D FROHWD/ RV
HMDFXODGRV IRUDP PDQWLGRV D 5:�& HP EDQKR0PDULD
GXUDQWH D VXD DYDOLDomR1 )RUDP XWLOL]DGRV SDUD
FRQJHODomR VRPHQWH RV HMDFXODGRV FRP SDGU}HV
PtQLPRV GH <3( GH PRWLOLGDGH SURJUHVVLYD/ YLJRU
HVSHUPiWLFR 8 QD HVFDOD GH 3/$7= ) 6($*(5
+4<::, H FRP/ QR Pi[LPR/ 68( GH GHIHLWRV
PRUIROyJLFRV WRWDLV1 3DUD D GHWHUPLQDomR GDV
FRQFHQWUDo}HV HVSHUPiWLFDV XWLOL]RX0VH +[4392PP6,
FkPDUD KHPDWLPpWULFD/ GLOXLomR 4=433 HP VROXomR GH
IRUPRO0FLWUDWR D 7(/ PLFURVFRSLD yWLFD/ FRP REMHWLYD
GH DXPHQWR GH 733; +)(/'0$1 ) 1(/621/
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4<<9,1 $V DOWHUDo}HV PRUIROyJLFDV IRUDP
FODVVLILFDGDV HP SULPiULDV H VHFXQGiULDV +6($*(5/
4<;9,1

2 GLOXLGRU XVDGR IRL R 7ULV0JHPD/
FRPSRVWR SRU 6/35;J GH 7ULV
+WULPHWK\OK\GUR[\DPLQRPHWKDQH, +DFUHVFLGR GH
4/:8J GH iFLGR FtWULFR PRQRKLGUDWR/ 4/58J GH '0
IUXWRVH GLOXtGRV HP 433PO +TVS, GH iJXD GHVWLODGD
+52'5,*8(6 ) 52'5,*8(6/ 4<<;, H 53( GH
JHPD GH RYR +GLOXLGRU ,,1 $ SDUWLU GR GLOXLGRU ,/
FRQVWLWXLX0VH R GLOXLGRU ,, SHOD DGLomR GRV
FULRSURWHWRUHV GH DFRUGR FRP RV WUDWDPHQWRV/ VHQGR
WHVWDGDV DV FRQFHQWUDo}HV GH 3/58> 3/8 H 40 GH
HWLOHQR JOLFROD H 3/;0 GH JLFHUROD +FRQWUROH,1

2V HMDFXODGRV FRQVLGHUDGRV DSWRV IRUDP
GLOXtGRV LQLFLDOPHQWH SHOD DGLomR GR GLOXLGRU , D
5:�& QD SURSRUomR GH GXDV SDUWHV GH GLOXHQWH SDUD
XPD SDUWH GR HMDFXODGR/ VHJXLQGR0VH GD VHJXQGD
DYDOLDomR GD PRWLOLGDGH H YLJRU HVSHUPiWLFR H GR
LQtFLR GR UHVIULDPHQWR HP iJXD FRP JHOR1 $R DWLQJLU
D WHPSHUDWXUD GH 7/3�&/ HIHWXRX0VH D VHJXQGD
GLOXLomR/ DGLFLRQDQGR0VH R GLOXLGRU ,, LVRWpUPLFR/ QD
PHVPD SURSRUomR GR GLOXLGRU ,/ VHJXLGD GD WHUFHLUD
DYDOLDomR GD PRWLOLGDGH H GR YLJRU HVSHUPiWLFR1
$SyV HVVDV DYDOLDo}HV/ DV DPRVWUDV IRUDP
VXEPHWLGDV j HVWDELOL]DomR HP 7/3�& GXUDQWH R
SHUtRGR GH XPD KRUD1 &RQFOXtGD D HVWDELOL]DomR/
SURFHGH0VH XPD TXDUWD DYDOLDomR GD PRWLOLGDGH H GR
YLJRU HVSHUPiWLFR DQWHV GR HQYDVH +(, GH FLQFR
SDOKHWDV GH 3/8P// SUHYLDPHQWH LGHQWLILFDGDV GH
DFRUGR FRP R UHVSHFWLYR WUDWDPHQWR GH FDGD
UHSHWLomR1 (VVDV SDOKHWDV IRUDP VHODGDV FRP iOFRRO
SROLYLQtOLFR H GHSRVLWDGDV VREUH XP VXSRUWH
IOXWXDQWH/ R TXH SHUPLWLX VXD H[SRVLomR KRUL]RQWDO DR
YDSRU GH QLWURJrQLR OtTXLGR +15, D XPD DOWXUD GH
6/8FP GXUDQWH 53 PLQXWRV1 $SyV HVVH SHUtRGR/ DV
SDOKHWDV IRUDP GHSRVLWDGDV GLUHWDPHQWH QR 15/ RQGH
IRUDP DFRQGLFLRQDGDV HP UDTXHV H
DUPD]HQDGDV HP ERWLMmR FULRJrQLFR D 0
4<9R&1 2 SURFHVVR GH GHVFRQJHODPHQWR
IRL UHDOL]DGR HP EDQKR0PDULD D 6:R&
+6,/9$ HW DO1/ 4<<;,/ VHJXLGR GD TXLQWD
DYDOLDomR GD PRWLOLGDGH H GR YLJRU
HVSHUPiWLFR H GDV DOWHUDo}HV
PRUIROyJLFDV/ H[HFXWDGD HP SUHSDUDomR
~PLGD VRE PLFURVFRSLD GH FRQWUDVWH GH
IDVH + REMHWLYD 433;,/ WHQGR VLGR
FRQWDGDV 533 FpOXODV SRU DPRVWUD1 2
GHOLQHDPHQWR H[SHULPHQWDO IRL R GH
EORFRV DR DFDVR FRP TXDWUR UHSHWLo}HV/
VHQGR R DQLPDO R FULWpULR GH
EORTXHDPHQWR1 $V DQiOLVHV HVWDWtVWLFDV

LQFOXtUDP D DQiOLVH GH YDULkQFLD H R ³7HVWH )´1
'LIHUHQoDV VLJQLILFDWLYDV D 8( HQVHMDUDP D DSOLFDomR
GR ³7HVWH GH 7XNH\´ SDUD D FODVVLILFDomR GDV PpGLDV
QR PHVPR QtYHO GH VLJQLILFkQFLD1 $V YDULiYHLV
PRWLOLGDGH QR VrPHQ IUHVFR/ DSyV D DGLomR GR
GLOXLGRU , H GR GLOXLGRU ,,/ DQWHV GR HQYDVH H DSyV R
GHVFRQJHODPHQWR/ EHP FRPR YLJRU/ DSyV R
GHVFRQJHODPHQWR IRUDP DQDOLVDGDV GHSRLV GH
VRIUHUHP D WUDQVIRUPDomR 5DL] 4XDGUDGD1 2V
GHIHLWRV PRUIROyJLFRV SULPiULRV/ VHFXQGiULRV H WRWDLV
QR VrPHQ IUHVFR H RV GHIHLWRV PRUIROyJLFRV
SULPiULRV QR VrPHQ GHVFRQJHODGR WDPEpP SDVVDUDP
SHOR PHVPR SURFHVVR GH WUDQVIRUPDomR1
2UJDQL]DUDP0VH RV GDGRV UHIHUHQWHV j PRUIRORJLD
HVSHUPiWLFD QXP HVTXHPD IDWRULDO 7 [ 5 +7
VXEVWkQFLDV WHVWDGDV [ PRUIRORJLD HVSHUPiWLFD GR
VrPHQ IUHVFR H GHVFRQJHODGR,1 3DUD D DQiOLVH GRV
GDGRV/ HPSUHJRX0VH R SDFRWH HVWDWtVWLFR 6$6 +6$6/
4<;;,1

5(68/7$'26

$V FDUDFWHUtVWLFDV GD IUDomR HVSHUPiWLFD
GRV HMDFXODGRV VmR DSUHVHQWDGRV QD WDEHOD 41 'HQWUR
GRV SDUkPHWURV FRQVLGHUDGRV QRUPDLV SDUD D HVSpFLH/
FLWDGRV SRU %85.( +4<;9, RV YDORUHV HQFRQWUDGRV
VmR H[FHOHQWHV SDUD D UDoD XWLOL]DGD QR H[SHULPHQWR1
1D WDEHOD 5/ VmR DSUHVHQWDGRV RV GHIHLWRV
PRUIROyJLFRV QR VrPHQ GHVFRQJHODGR/ VHQGR
DYDOLDGRV FRQIRUPH FLWDGR SRU %85.( +4<;9,1 2
DFRPSDQKDPHQWR GD PRWLOLGDGH H GR YLJRU
HVSHUPiWLFR/ GXUDQWH WRGDV DV HWDSDV GR SURFHVVR GH
FRQJHODPHQWR/ SHUPLWLX DYDOLDU D LQIOXrQFLD GRV
FULRSURWHWRUHV HWLOHQR JOLFRO QDV FRQFHQWUDo}HV GH
3/58/ 3/83 H 40/ H GR JOLFHURO 3/;0 +FRQWUROH,1

1D ILJXUD 4/ VmR GHPRQVWUDGRV RV UHVXOWDGRV
GH PRWLOLGDGH QDV GLIHUHQWHV IDVHV GR SURFHVVR GH

7DEHOD 4 0 &DUDFWHUtVWLFDV GDV IUDo}HV HVSHUPiWLFDV GH TXDWUR FmHV GD UDoD 3DVWRU
$OHPmR XWLOL]DGRV QR H[SHULPHQWR/ UHSUHVHQWDGRV SRU YDORUHV PtQLPRV/
PpGLD ± HUUR SDGUmR GD PpGLD +(30, H YDORUHV Pi[LPRV +Q 43
HMDFXODGRV,1

3DUkPHWURV $YDOLDGRV 0tQLPR 0pGLD 0i[LPR

9ROXPH GD 5� IUDomR +PO, 3/8 4/38 ± 3/45 5/3
&RQFHQWUDomR HVSHUPiWLFD +[ 4392PP6, 3/67 3/8; ± 3/3: 4/38
1~PHUR WRWDO GH HVSHUPDWR]yLGHV +[ 4392PO, 595/83 8<:/58 ± :</:5 4383
0RWLOLGDGH +(, <3 <6/:8 ± 3/96 <8
9LJRU +308, 8 8/33 ± 3/33 8
'HIHLWRV PRUIROyJLFRV SULPiULRV +(, 8 43/;: ± 3/57 4;
'HIHLWRV PRUIROyJLFRV VHFXQGiULRV +(, 7 43/<6 ± 3/59 57
'HIHLWRV PRUIROyJLFRV WRWDLV +(, 9 54/;3 ± 3/63 68
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FRQJHODPHQWR1 1mR IRUDP REVHUYDGDV GLIHUHQoDV
HVWDWtVWLFDV TXDQWR j PRWLOLGDGH QR VrPHQ IUHVFR/ DSyV D
DGLomR GR GLOXLGRU , H GR GLOXLGRU ,,1 $R HQYDVH/ DV
FRQFHQWUDo}HV GH 3/58 H 3/830 GH HWLOHQR JOLFRO H GH
3/;0 GH JOLFHURO QmR DSUHVHQWDUDP GLIHUHQoDV TXDQWR j
PRWLOLGDGH TXDQGR FRPSDUDGDV HQWUH VL/ HP WRGDV DV
HWDSDV/ QR HQWDQWR/ 3/58 H 3/830 GH HWLOHQR JOLFRO
WLYHUDP PDLRU FRQFHQWUDomR GH 40/ D TXDO DSUHVHQWRX
UHVXOWDGRV VHPHOKDQWHV DR JOLFHURO11R GHVFRQJHODPHQWR/
QmR VH REVHUYDUDP GLIHUHQoDV HQWUH RV JUXSRV HWLOHQR
JOLFRO H JOLFHURO TXDQGR FRPSDUDGRV HQWUH VL1

2 YLJRU HVSHUPiWLFR GR VrPHQ/
GHPRQVWUDGR DR ORQJR GR SURFHVVR GH FRQJHODPHQWR
H YLVXDOL]DGR QD ILJXUD 5/ GHPRQVWURX QmR KDYHU
GLIHUHQoDV HQWUH RV JUXSRV QR VrPHQ D IUHVFR H QD
DGLomR GR GLOXLGRU ,1 $SyV D DGLomR GR GLOXLGRU ,,/
QmR KRXYH GLIHUHQoDV HQWUH DV FRQFHQWUDo}HV GH 3/58/
3/830 GH HWLOHQR JOLFRO/ VHQGR TXH DV PHVPDV IRUDP
VHPHOKDQWHV DR FRQWUROH +3/;0 GH JOLFHURO,/ PDV
GLIHULUDP GD FRQFHQWUDomR GH 40/ D TXDO VH PRVWURX
VHPHOKDQWH DR FRQWUROH1

$R HQYDVH/ R YLJRU QRV JUXSRV 3/58 H
3/830 GH HWLOHQR JOLFRO/ IRL VLPLODU1 1R HQWDQWR/
DPERV RV JUXSRV IRUDP VXSHULRUHV DR YLJRU GRV
JUXSRV 3/;0 GH JOLFHURO H 40 GH HWLOHQR JOLFRO1 $SyV
R GHVFRQJHODPHQWR/ DV GLIHUHQoDV HQFRQWUDGDV HQWUH
RV JUXSRV QR YLJRU HVSHUPiWLFR/ IRUDP VHPHOKDQWHV jV
DFLPD GHVFULWDV/ QmR DSUHVHQWDQGR GLIHUHQoDV HQWUH VL/
PDV VH PRVWUDQGR VXSHULRUHV jV FRQFHQWUDo}HV GH
3/;0 GH JOLFHURO H 40 GH HWLOHQR JOLFRO1

$ DYDOLDomR GRV GHIHLWRV PRUIROyJLFRV
WRWDLV QR SyV0GHVFRQJHODPHQWR GHPRQVWURX QmR
KDYHU GLIHUHQoDV HQWUH DV GLIHUHQWHV FRQFHQWUDo}HV GH
HWLOHQR JOLFRO WHVWDGDV TXDQGR FRPSDUDGDV HQWUH VL H
FRP R FULRSURWHWRU FRQWUROH +JOLFHURO,1

',6&8662

2V YDORUHV REVHUYDGRV QDV WDEHOD 4
GHPRQVWUDP TXH RV HMDFXODGRV VH HQFRQWUDYDP

GHQWUR GRV SDGU}HV ILVLROyJLFRV GD
HVSpFLH/ VHJXQGR
&+5,67+,$16(1 +4<;9, H/
SRUWDQWR/ HVWDYDP DSWRV D VHUHP
XWLOL]DGRV QR H[SHULPHQWR1 $
DYDOLDomR GD PRWLOLGDGH GR VrPHQ
DQWHV GR HQYDVH/ GHPRQVWUDGR QD
ILJXUD 4/ GHPRQVWURX D RFRUUrQFLD
GH XPD PHQRU PRWLOLGDGH
HVSHUPiWLFD QD FRQFHQWUDomR GH
40 GH HWLOHQR JOLFRO1 7DO IDWR
UDWLILFD RV UHVXOWDGRV REWLGRV SRU
52'5,*8(6 ) 52'5,*8(6
+4<<;,/ RV TXDLV REVHUYDUDP TXH DR

DGLFLRQDUHP R FULRSURWHWRU JOLFHURO DR VrPHQ FDQLQR
SUp0GLOXtGR RFRUULD XPD GLPLQXLomR DFHQWXDGD GD
PRWLOLGDGH SURJUHVVLYD GRV HVSHUPDWR]yLGHV1 $SHVDU
GD GLIHUHQoD REVHUYDGD HQWUH RV WUDWDPHQWRV QD
DYDOLDomR HVSHUPiWLFD DQWHV GR HQYDVH/ HVVD YDULDomR
QmR ILFRX HYLGHQFLDGD QRV WUDWDPHQWRV DSyV R
GHVFRQJHODPHQWR1 5HVXOWDGRV VHPHOKDQWHV IRUDP
REWLGRV SRU 025$(6 HW DO1 +4<<;, TXH/ FRQJHODQGR
VrPHQ RYLQR FRP 3/830 GH HWLOHQR JOLFRO/ QRWDUDP
XPD PDQXWHQomR GD PRWLOLGDGH VHPHOKDQWH D GR
JOLFHURO +3/:50,/ H SRU $/9$5(1*$ HW DO1 +5333,
TXH/ DR FRQJHODUHP VrPHQ HT�LQR/ QmR REVHUYDUDP
GLIHUHQoDV HQWUH D XWLOL]DomR GH JOLFHURO H HWLOHQR
JOLFRO1

$ LQH[LVWrQFLD GH YDULDo}HV QR YLJRU
HVSHUPiWLFR +)LJXUD 5, QR VrPHQ IUHVFR GHYH0VH j
TXDOLGDGH GRV HMDFXODGRV XVDGRV QR H[SHULPHQWR1 1R
HQWDQWR/ D PDQXWHQomR GHVVH YLJRU/ DSyV D DGLomR GR
GLOXLGRU ,/ RFRUUHX HP UD]mR GR IRUQHFLPHQWR GH XP
VXEVWUDWR HQHUJpWLFR SDUD RV HVSHUPDWR]yLGHV1 $SyV
D DGLomR GR GLOXLGRU ,,/ KRXYH XP GHFUpVFLPR
VLJQLILFDWLYR QR YLJRU HVSHUPiWLFR GDV FRQFHQWUDo}HV
GH 3/;0 GH JOLFHURO H 40 GH HWLOHQR JOLFRO1 ,VVR SRGH
WHU RFRUULGR HP IXQomR GD DOWHUDomR GD RVPRODULGDGH
+)$567$'/ 4<<9,/ H GD DomR GR DJHQWH FULRSURWHWRU
VREUH RV HVSHUPDWR]yLGHV/ EHP FRPR GR VHX HIHLWR
Wy[LFR UHODWDGR SRU 025$(6 HW DO1 +4<<;, TXH
REVHUYDUDP XP SLRU GHVHPSHQKR GR HWLOHQR JOLFRO QD
FRQFHQWUDomR GH 3/:01 0F/$8*+/,1 HW DO1 +4<<5,
GHVFUHYH RV HIHLWRV Wy[LFRV GR JOLFHURO VREUH RV
HVSHUPDWR]yLGHV/ IDWR TXH RFRUUH SURYDYHOPHQWH HP
IXQomR GD LQWHUDomR PROHFXODU GR JOLFHURO FRP D
PHPEUDQD SODVPiWLFD GRV HVSHUPDWR]yLGHV/
DOWHUDQGR VXD IOXLGH] SHOD LQWHUFDODomR QD GXSOD
FDPDGD OLStGLFD/ R TXH PRGLILFD D YLVFRVLGDGH
FLWRSODVPiWLFD H/ GHVVD PDQHLUD/ DIHWD WRGDV DV
UHDo}HV PHWDEyOLFDV ++$00(567('7 )
*5$+$1/ 4<<5,1

$ DYDOLDomR GRV GHIHLWRV PRUIROyJLFRV
WRWDLV QR VrPHQ GHVFRQJHODGR HQWUH DV FRQFHQWUDo}HV
WHVWDGDV GHPRQVWURX KDYHU VHPHOKDQoDV HQWUH RV

7DEHOD 5 0 9DORUHV PpGLRV GH DOWHUDo}HV PRUIROyJLFDV HVSHUPiWLFDV QR VrPHQ FDQLQR SyV
GHVFRQJHODPHQWR1 +PpGLD ± HUUR SDGUmR GD PpGLD,1

&ULRSURWHWRUHV 'HIHLWRV PRUIROyJLFRV
SULPiULRV +(,

'HIHLWRV PRUIROyJLFRV
VHFXQGiULRV +(,

'HIHLWRV PRUIROyJLFRV
WRWDLV +(,

-(*+3/580, 8/33 � 3/;4D 4;/:8 ± 5/;9DE 56/:8 ± 6/4< D

-(*+3/830, 9158 � 4/:<D 4</:8 ± 5/4:DE 59/33 ± 6/;: D

-(*+40, 7/83 ± 5/35D 46/83 ± 6/5:E 4;/33 ± 8/54 D

-*/ ;/33 ± 6/57D 59/33± 7/39D 67/33 ± :/47D

DEF 0pGLDV VHJXLGDV GH OHWUDV GLIHUHQWHV QR PHVPD FROXQD/ VmR VLJQLILFDWLYDPHQWH GLIHUHQWHV
HQWUH VL SHOR 7HVWH GH 7XNH\ +S ? 3/38,1
-(* +(WLOHQR JOLFRO,/ */ +JOLFHURO,1



(WLOHQR JOLFRO QD FULRSUHVHUYDomR GH VrPHQ FDQLQR1

&LrQFLD 5XUDO/ Y1 65/ Q1 7/ 53351

986

WUDWDPHQWRV WHVWDGRV1 5HVXOWDGRV VHPHOKDQWHV
IRUDP REWLGRV SRU 3(f$ HW DO1 +4<<;,/ DYDOLDQGR
RV GDQRV DFURVVRPDLV GH HVSHUPDWR]yLGHV
FRQJHODGRV FRP JOLFHURO SHOD WpFQLFD GH FRORUDomR
QLJURVLQD0HRVLQD1 2V DXWRUHV REVHUYDUDP
PDQXWHQomR GH HOHYDGDV SRUFHQWDJHQV GH
HVSHUPDWR]yLGHV FRP DFURVVRPD LQWDFWR1
(QWUHWDQWR/ 52'5,*8(=00$57,1(= HW DO1
+4<<6, REVHUYDUDP TXH/ DSHVDU GH XPD DSDUHQWH
PDQXWHQomR GD PRUIRORJLD DFURVVRPDO/ QD
PLFURVFRSLD HOHWU{QLFD GH WUDQVPLVVmR IRUDP
YHULILFDGDV SHUGDV GH FRQWH~GR H YHVLFXODomR GDV
PHPEUDQDV DFURVVRPDLV DSyV R GHVFRQJHODPHQWR1
(VVH IDWR SRGH MXVWLILFDU D EDL[D SHUFHQWDJHP GH
DQRUPDOLGDGHV DFURVVRPDLV/ XVXDOPHQWH UHODWDGDV
TXDQGR XVDGD PLFURVFRSLD GH FRQWUDVWH GH IDVH1
6RPHQWH XPD DQiOLVH SRU PLFURVFRSLD HOHWU{QLFD/
RX FRP VRQGDV IOXRUHVFHQWHV RX FRUDQWHV FRPR D

FORUWHWUDFLFOLQD SRVVLELOLWDULD XPD REVHUYDomR
PDLV GHWDOKDGD GRV HVSHUPDWR]yLGHV
FULRSUHVHUYDGRV SHODV FRQFHQWUDo}HV WHVWDGDV/ R
TXH GHILQLULD TXDO D PHOKRU FRQFHQWUDomR D VHU
HPSUHJDGD1

&21&/86®(6

2 HWLOHQR JOLFRO QDV FRQFHQWUDo}HV GH
3/58/ 3/83 H 401 p XP FULRSURWHWRU TXH SRGH
VXEVWLWXLU R JOLFHURO HP GLOXHQWHV j EDVH GR WULV0
JHPD1

$*5$'(&,0(1726

$R &DQLO 9HQWR 'LYLQR GD %DVH $pUHD GH
6DQWD 0DULD +%$60, SHOD FHGrQFLD GRV DQLPDLV1

)LJXUD 4 ± 3RUFHQWDJHP GH HVSHUPDWR]yLGHV PyYHLV QR VrPHQ FDQLQR IUHVFR +), DSyV D SULPHLUD GLOXLomR +'4,/ VHJXQGD GLOXLomR +'5,/ QR
PRPHQWR GR HQYDVH +(, H QR GHVFRQJHODPHQWR +'F,/ HPSUHJDGR GLIHUHQWHV FRQFHQWUDo}HV GH HWLOHQR JOLFRO +(*, H JOLFHURO +*/,
FRPR FULRSURWHWRU1
D/E /HWUDV GLIHUHQWHV QD PHVPD DYDOLDomR LPSOLFDP GLIHUHQoDV HVWDWtVWLFDV SHOR 7HVWH GH 7XNH\ +3?3/38,1
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)217(6 '( $48,6,d2

D 6LJPD &KHPLFDO &RPSDQ\1 6W1 /RXLV10R1 86$1

5()(5Ç1&,$6 %,%/,2*5È),&$6

$/9$5(1*$/ 01$1/ /$1',00$/9$5(1*$/ )1&1/
025(,5$/ 5101/ HW DO1 $FURVRPDO XOWUDVWUXFWXUH RI VWDOOLRQ
VSHUPDWR]RD FU\RSUHVHUYHG ZLWK HWK\OHQH JO\FRO XVLQJ WZR
SDFNDJLQJ V\VWHPV1 (TXLQH 9HWHULQDU\ -RXUQDO/ Y165/ Q19/
S18740878/ QRY/ 53331

%85.(/ 71-1 6PDOO DQLPDO UHSURGXFWLRQ DQG LQIHUWLOLW\1 $
FOLQLFDO DSSURDFK WR GLDJQRVLV DQG WUHDWPHQW1 3KLODGHOSKLD =
/HD ) )HELJHU/ 4<;91 S154305441

&+5,67,$16(1/ ,1-1 5HSURGXomR QR FmR H QR JDWR1 6mR 3DXOR
=0DQROH/ 4<;91 696S1

(1*/$1'/ *1&1 :1/ 321=,2/ 31 &RPSDUDVLRQ RI WKH TXDOLW\
RI IUR]HQ0WKDZHG DQG FRROHG0UHZDUPHG GRJ VHPHQ1
7KHULRJHQRORJ\/ Y179/ S149804:4/ 4<<91

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

)$567$'/ :1 $VVLVWHG UHSURGXFWLYH WHFKQRORJ\ LQ FDQLG
VSHFLHV1 7KHULRJHQRORJ\/ Y186/ S14:804;9/ 53331

)(/'0$1/ (1'/ 1(/621/ 51&1 &OLQLFDO DQG GLDJQRVWLF
HYDOXDWLRQ RI PDOH UHSURGXFWLYH WUDFW1 ,Q= )(/'0$1/
(1'> 1(/621/ 51&1 &DQLQH DQG IHOLQH HQGRFULQRORJ\
DQG UHSURGXFWLRQ1 3KLODGHOSKLD = 6DXQGHUV/ 4<<91
S19:609<31

+$00(567('7/ 51+1/ *5$+$1/ -1.1 &U\RSUHVHUYDWLRQ RI
PDPPDOLDQ VSHUP= WKH HQLJPD RI JOLFHURO1 &U\RELRORJ\/
Y15</ S15906;/ 4<<51

0F/$8*+/,1/ (1$1/ )25'/ :1&1/1/ +8/// 01*151 7KH
FRQWULEXWLRQ RI WKH WR[LW\ RI D JO\FHURO0HJJ \RON0FLWUDWH
FU\RSUHVHUYDWLYH WR WKH GHFOLQH LQ KXPDQ VSHUP PRWLOLW\
GXULQJ FU\RSUHVHUYDWLRQ1 -RXUQDO RI 5HSURGXFWLRQ DQG
)HUWLOLW\/ Y1<8/ S1:7<0:87/ 4<<51

)LJXUD 5 0 9LJRU HVSHUPiWLFR QR VrPHQ FDQLQR IUHVFR +), DSyV D SULPHLUD GLOXLomR +'4,/ VHJXQGD GLOXLomR +'5,/ QR PRPHQWR GR HQYDVH +(, H
QR GHVFRQJHODPHQWR +'F,/ HPSUHJDQGR GLIHUHQWHV FRQFHQWUDo}HV GH HWLOHQR JOLFRO +(*, H JOLFHURO +*/, FRPR FULRSURWHWRU1
D/E/F /HWUDV GLIHUHQWHV QD PHVPD DYDOLDomR LPSOLFDP GLIHUHQoDV HVWDWtVWLFDV SHOR 7HVWH GH 7XNH\ +3?3/38,1
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0(5&$17(/ &1)1-1/ $558'$/ 5131/ 1(9(6 1(72/ -151/ HW DO1
&RQJHODomR GH VrPHQ HTXLQR HP HWLOHQR JOLFRO RX JOLFHURO=
PRWLOLGDGH/ YLJRU H WHVWH GH WHUPRUHVVLVWrQFLD1 ,Q=
&21*5(662 %5$6,/(,52 '( 5(352'8d2
$1,0$// 4<<81 $QDLV111 %HOR +RUL]RQWH/ 0* = &RQJUHVVR
%UDVLOHLUR GH 5HSURGXomR $QLPDO/ 4<<81 S15<31

025$(6/ &111/ 1(9(6/ -131/ *21d$/9(6/ 31%1'1/ HW DO1
&ULRSUHVHUYDomR GR VrPHQ RYLQR HP SHOOHWV FRP HWLOHQR
JOLFRO1 &LrQFLD 5XUDO/ 6DQWD 0DULD/ Y15;/ Q15/ S15;:05<5/
4<<;1

1(9(6 1(72/ -151/ 0(5&$17(/ &1)1-1/ $558'$/ 5131/ HW
DO11 )HUWLOLGDGH GR VrPHQ HTXLQR FRQJHODGR FRP HWLOHQRJOLFRO
RX JOLFHURO1 ,Q= &21*5(662 %5$6,/(,52 '(
5(352'8d2 $1,0$// 4<<8/ %HOR +RUL]RQWH 0 0*1
$QDLV111 0LQDV *HUDLV = &RQJUHVVR %UDVLOHLUR GH 5HSURGXomR
$QLPDO/ 4<<81 S15<51

3(f$/ $1,1/ %$55,2/ )1/ 48,17(/$/ /1$1/ HW DO1 (IIHFW RI
GLIIHUHQW JO\FHURO WUHDWPHQW RQ IUR]HQ0WKDZHG GRJ VSHUP
ORQJHYLW\ DQG DFURVVRPDO LQWHJULW\1 7KHULRJHQRORJ\/ Y183/
S149604:7/ 4<<;1

3/$729/ (101 7KH IUHH]LQJ RI UDP VHPHQ LQ D ODFWRVH0\RON
HWKLOHQHJO\FRO GLOXHQW1 $QLPDO %UHHGLQJ $EVWUDFW/ S1:90::/
4<981

3/$7=/ &1&1/ 6($*(5/ 61:1-1 6XFFHVVIXO SUHJQDQFLHV ZLWK
FRQFHQWUDWHG IUR]HQ FDQLQH VHPHQ1 /DERUDWRU\ $QLPDO
6FLHQFH/ Y15:/ Q19/ S1434604349/ 4<::1

52'5,*8(6/ %1$1> 52'5,*8(6/ -1/1 (IHLWR GD DGLomR GH
GLIHUHQWHV FRQFHQWUDo}HV GH DOEXPLQD VpULFD ERYLQD +%6$, DR
GLOXLGRU j EDVH GH WULV VREUH D YLDELOLGDGH LQ YLWUR GR VrPHQ
FDQLQR FULRSUHVHUYDGR1 $UTXLYRV GD )DFXOGDGH GH
9HWHULQiULD GD 8)5*6/ 3RUWR $OHJUH/ Y159/ Q15/ S16507</
4<<;1

52'5,*8(=00$57,1(=/ +1/ (.:$/// +1/ /,1'(0
)256%(5*/ &1 )LQH VWUXFWXUH DQG HOHPHQWDO FRPSRVLWLRQ RI
IUHVK DQG IUR]HQ GRJ VSHUPDWR]RD1 -RXUQDO RI 5HSURGXFWLRQ
DQG )HUWLOLW\1 Y17: +6XSSO1,/ S15:<05;8/ 4<<61

6$/$021/ 61/ 0$;:(/// :101&1 )UR]HQ VWRUDJH RI UDP
VHPHQ ,1 3URFHVVLQJ/ IUHH]LQJ/ WKDZLQJ DQG IHUWLOLW\ DIWHU
FHUYLFDO LQVHPLQDWLRQ1 $QLPDO 5HSURGXFWLRQ 6FLHQFH/ Y16:/
S14;8057</ 4<<81

6$61 6WDWLVWLFDO $QDO\VLV 6\VWHP/ 9136HG1 &DU\/ 1&/ 86$ =
6$6 ,QVWLWXWH ,1&/ 4<;;1 435;S1

6($*(5 61:1-1 $UWLILFLDO ,QVHPLQWLRQ LQ GRJV1 ,Q= %85.(/
71-1 6PDOO DQLPDO UHSURGXFWLRQ DQG LQIHUWLOLW\= $ FOLQLFDO
DSSURDFK WR GLDJQRVLV DQG WUHDWPHQW1 3KLODGHOSKLD = /HD )
)HELJHU/ 4<;91 &DS16/ S153:054:1

6,/9$/ $151/ &$5'262/ 51&161/ 6,/9$/ /1'101 (IHLWR GR
SURFHVVR GH GHVFRQJHODomR VREUH D YLDELOLGDGH GR VrPHQ
FDQLQR LQ YLWUR1 &LrQFLD $QLPDO/ Y1;/ Q15/ S1:80;3/ 4<<;1


