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YiFXR +? 6/3 [ 4306 3D, FRP D WHPSHUDWXUD YDULDQGR GH ;53R& D <43R& H R WHPSR GH : PLQ

D 53 PLQ SURSRUFLRQDUDP ERD PROKDELOLGDGH GR ILOPH GH 7L SDUD DPEDV WpFQLFDV GH

PHWDOL]DomR1 'R SRQWR GH YLVWD PDFURHVWXWXUDO/ DV XQL}HV DSUHVHQWDUDP ERP DVSHFWR YLVXDO

HP WRGRV DV FRQGLo}HV DQDOLVDGDV/ QmR VHQGR REVHUYDGD D SUHVHQoD GH WULQFDV/ SRURVLGDGH

VLJQLILFDWLYD H2RX GHIHLWRV QD LQWHUIDFH1 7HVWHV GH HVWDQTXHLGDGH HP FRUSRV GH SURYD GH

$O5262)H01L0&R LQGLFDUDP TXH DV MXQWDV VmR WHFQLFDPHQWH HVWDQTXHV1 $ FDUDFWHUL]DomR

GHWDOKDGD GD PLFURHVWUXWXUD GD ]RQD GH OLJDomR PHWDO0FHUkPLFD/ SRU PLFURVFRSLD HOHWU{QLFD

GH YDUUHGXUD/ SHUPLWLX GLVFXWLU D LQIOXrQFLD GRV SDUkPHWURV GH SURFHVVR +WHPSHUDWXUD GH

EUDVDJHP/ WHPSR GH SDWDPDU H WLSR GH PHWDOL]DomR, QD IRUPDomR GD FDPDGD GH UHDomR H QD

H[WHQVmR GD ]RQD GH SUHFLSLWDomR QD LQWHUIDFH GD MXQWD1 2V HQVDLRV PHFkQLFRV WLYHUDP

UHVXOWDGRV VDWLVIDWyULRV WDQWR SDUD PHWDOL]DomR PHFkQLFD FRPR SRU PDJQHWURQ VSXWWHULQJ/

FRP DV MXQWDV DSUHVHQWDQGR XPD ERD UHVLVWrQFLD PHFkQLFD H HYLGHQFLDQGR D IRUPDomR GH XPD

XQLmR HIHWLYD DWUDYpV GH OLJDo}HV TXtPLFDV IRUWHV1 9HULILFRX0VH DLQGD/ TXH SDUD R FDVR GDV

MXQWDV FHUkPLFD2FHUkPLFD/ DOpP GH VHU SRVVtYHO PHWDOL]DU DSHQDV XPD GDV VXSHUItFLHV/ HVWD p D

FRQGLomR PDLV DGHTXDGD WDQWR GR SRQWR GH YLVWD PHFkQLFR H PLFURHVWUXWXUDO TXDQWR

HFRQ{PLFR1



[L

$%675$&7

,Q WKLV LQYHVWLJDWLRQ/ WKH LQIOXHQFHV RI PHWDOL]DWLRQ WHFKQLTXHV DQG WKHUPDO F\FOHV RQ

WKH TXDOLW\ RI $O5262$O526 DQG $O5262)H01L0&R MRLQWV ZHUH GHPRQVWUDWHG1 7KHVH MRLQWV ZHUH

SURGXFHG E\ LQGLUHFW EUD]LQJ/ XVLQJ WKH FRQYHQWLRQDO ILOOHU DOOR\ 9+0:;3 +:5($J05;(&X>

7IXVLRQ  :;3�&,1 7KH FRDWLQJ RI WKH FHUDPLF FRPSRQHQW ZDV DFKLHYHG E\ PHFKDQLF

PHWDOL]DWLRQ DQG PDJQHWURQ VSXWWHULQJ/ XVLQJ 7L DV WKH DFWLYH PHWDO1 7HVWV LQ D KLJK YDFXXP

RYHQ +? 6/3 [ 4306 3D, ZLWK WKH WHPSHUDWXUH YDU\LQJ IURP ;53R& WR <43R& DQG WKH WLPH IURP

:PLQ WR 53PLQ SURYLGHG JRRG ZHWWLQJ RI WKH 7L ILOP IRU ERWK PHWDOL]DWLRQ WHFKQLTXHV1 :LWK

UHJDUGV WR WKH PDFURVWUXFWXUH/ WKH XQLRQV SUHVHQWHG D JRRG YLVXDO DVSHFW IRU DOO WKH DQDO\]HG

FRQGLWLRQV/ ZLWKRXW REVHUYLQJ DQ\ SUHVHQFH RI FUDFNV/ VLJQLILFDQW SRURVLW\ DQG2RU GHIHFWV LQ

WKH LQWHUIDFH1 /HDN0WLJKWQHVV WHVWV LQ $O5262)H01L0&R WHVW VSHFLPHQ LQGLFDWHG WKDW WKH MRLQWV

DUH WHFKQLFDOO\ OHDNSURRI1 7KH GHWDLOHG FKDUDFWHUL]DWLRQ RI WKH PLFURVWUXFWXUH RI WKH PHWDO0

FHUDPLFV OLQNLQJ ]RQH/ ZLWK VFDQQLQJ HOHFWURQLF PLFURVFRS\/ DOORZHG GLVFXVVLRQ RI WKH

LQIOXHQFH RI WKH SDUDPHWHUV RI WKH SURFHVV +EUD]LQJ WHPSHUDWXUH/ WLPH DQG VRUW RI

PHWDOL]DWLRQ, IRU WKH IRUPDWLRQ RI WKH UHDFWLRQ OD\HU DQG WKH H[WHQVLRQ RI WKH SUHFLSLWDWLRQ

]RQH LQ WKH LQWHUIDFH RI WKH XQLRQ1 7KH PHFKDQLFDO WHVWLQJ RI WKH MRLQWV SURGXFHG VDWLVIDFWRU\

UHVXOWV/ DV PXFK DV IRU PHFKDQLFDO PHWDOL]DWLRQ DV IRU PDJQHWURQ VSXWWHULQJ1 7KH MRLQWV

DFKLHYHG JRRG PHFKDQLFDO UHVLVWDQFH/ GHPRQVWUDWLQJ HYLGHQFH RI WKH IRUPDWLRQ RI DQ

HIIHFWLYH XQLRQ ZLWK VWURQJ FKHPLFDO ERQGV1 ,Q WKH FDVH RI WKH FHUDPLF2FHUDPLF MRLQWV/

EHVLGHV EHLQJ SRVVLEOH WR PHWDOL]H MXVW RQH RI WKH VXUIDFHV/ LW ZDV DOVR YHULILHG WKDW

PHFKDQLFDOO\ DQG PLFURVWUXFWXUDOO\/ DV ZHOO DV IURP DQ HFRQRPLFDO SRLQW RI YLHZ/ WKLV LV WKH

PRVW VXLWDEOH FRQGLWLRQ1
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$V FHUkPLFDV DSUHVHQWDP HP JHUDO EDL[R SHVR HVSHFtILFR/ HOHYDGD GXUH]D/ ERD

UHVLVWrQFLD PHFkQLFD H DR GHVJDVWH HP WHPSHUDWXUDV HOHYDGDV/ UHVLVWrQFLD j FRUURVmR H LQpUFLD

TXtPLFD >4/5@1 3RUpP/ D SUHVHQoD GH WULQFDV LQHUHQWH D HVWHV PDWHULDLV/ SURYHQLHQWH GD PDLRULD

GRV SURFHVVRV GH IDEULFDomR/ GLILFXOWD D REWHQomR GH FRPSRQHQWHV GH JUDQGH GLPHQVmR H FRP

JHRPHWULD FRPSOH[D/ SRLV SURYRFD XPD JUDQGH GLVSHUVmR QDV SURSULHGDGHV PHFkQLFDV1 >6@1

$OpP GLVWR/ D UHGX]LGD GXFWLOLGDGH H WHQDFLGDGH GDV FHUkPLFDV/ GHYLGR jV IRUWHV

OLJDo}HV TXtPLFDV +FRYDOHQWHV RX L{QLFDV, H DR UHGX]LGR Q~PHUR GH VLVWHPDV GH

HVFRUUHJDPHQWR H GLVFRUGkQFLDV >7/8@/ UHSUHVHQWD XP OLPLWH QD VXD XWLOL]DomR HP PXLWDV

DSOLFDo}HV FRP ILQDOLGDGH HVWUXWXUDO >4/9@1 0HVPR FRP D XWLOL]DomR GH PHFDQLVPRV GH

WHQDFLILFDomR/ REMHWLYDQGR PHOKRUDU D WHQDFLGDGH j IUDWXUD +.,&, GHVWHV PDWHULDLV/ HVWD DLQGD p

EHP LQIHULRU j GRV PHWDLV >:@1

3RUpP HVWDV OLPLWDo}HV HVWmR VHQGR UHGX]LGDV GLD D GLD H R DXPHQWR QD VXD XWLOL]DomR

GHYH0VH SULQFLSDOPHQWH DR GHVHQYROYLPHQWR WDQWR GDV WpFQLFDV GH XQLmR FHUkPLFD2FHUkPLFD

TXDQWR HQWUH PDWHULDLV FHUkPLFRV H RXWURV FRPSRQHQWHV/ FRPR/ SRU H[HPSOR/ FRPELQDQGR

SURSULHGDGHV GD FHUkPLFD FRP DV GR PHWDO/ Mi TXH HVWHV DSUHVHQWDP XPD H[FHOHQWH WHQDFLGDGH

H GXFWLOLGDGH/ DOpP GD IDFLOLGDGH GH REWHU0VH FRPSRQHQWHV FRP DV PDLV YDULDGDV JHRPHWULDV H

SURSULHGDGHV DWUDYpV GH YiULRV SURFHVVRV GH IDEULFDomR >;/<044@1

$ QHFHVVLGDGH GH SURGXWRV QD LQG~VWULD DHURHVSDFLDO/ PLFURHOHWU{QLFD H GH PHFkQLFD

ILQD WHP FULDGR PXLWDV QRYDV FRQGLo}HV GH VHUYLoR1 'H HQFRQWUR DRV VHYHURV UHTXLVLWRV GHVWDV

RSHUDo}HV/ QmR VRPHQWH IRL QHFHVViULR GHVHQYROYHU QRYRV PDWHULDLV/ PDV WDPEpP QRYRV

PpWRGRV GH IDEULFDomR SDUD XWLOL]i0ORV QD IRUPD GH FRPSRQHQWHV GH HQJHQKDULD YLiYHLV >;/43@1

'LYHUVRV FRPSRQHQWHV SURYHQLHQWHV GH XQL}HV HQWUH PHWDO H FHUkPLFD Mi VmR XWLOL]DGRV

QRV PRWRUHV GH FRPEXVWmR LQWHUQD/ QRV TXDLV DV HOHYDGDV WHPSHUDWXUDV GH WUDEDOKR/

PRYLPHQWR FtFOLFR H UHODWLYR GH XPD VpULH GH FRPSRQHQWHV/ DPELHQWH TXLPLFDPHQWH

DJUHVVLYR/ H D QHFHVVLGDGH GH VH UHGX]LU R SHVR GDV SDUWHV PyYHLV SDUD RWLPL]DomR GR

UHQGLPHQWR H UHGXomR GR FRQVXPR/ FRQIHUHP XP JUDQGH SRWHQFLDO SDUD VHX XVR >;/46@1

2XWUDV DSOLFDo}HV DLQGD SRGHP VHU YLVWDV HP FRPSRQHQWHV GH PRWRUHV GH FRPEXVWmR

LQWHUQD/ FRPR QD XQLmR GH SDVWLOKDV FHUkPLFDV FRP R FRUSR GH XP EDODQFLP/ QR UHYHVWLPHQWR

GH XP SLVWmR PHWiOLFR H WXUELQDV RQGH HL[RV PHWiOLFRV VmR XQLGRV D URWRUHV FHUkPLFRV/ RX

DLQGD HP IHUUDPHQWDV SDUD XVLQDJHP/ H[HPSOLILFDGRV QD )LJXUD 4 >:@1
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)LJXUD 4= ([HPSORV GH XQL}HV HQWUH PHWDO H FHUkPLFD1

(QWUH RV PpWRGRV GH XQLmR HQYROYHQGR FRPSRQHQWHV FHUkPLFRV/ SRGH0VH FLWDU D MXQomR

PHFkQLFD/ D MXQomR DGHVLYD/ D EUDVDJHP H D GLIXVmR QR HVWDGR VyOLGR/ GHVWDFDQGR0VH RV GRLV

~OWLPRV SRU VHUHP UHVSRQViYHLV SRU PHOKRUHV FDUDFWHUtVWLFDV GH UHVLVWrQFLD WpUPLFD H PHFkQLFD

>47@1

$ EUDVDJHP p XPD GDV WpFQLFDV GH XQLmR TXH VH GHVWDFD SHOD HOHYDGD UHSURGXWLELOLGDGH/

DOpP GD VLPSOLFLGDGH H GD IiFLO DXWRPDomR/ QD SURGXomR GH XQL}HV FRP ERD UHVLVWrQFLD

PHFkQLFD HP DOWDV WHPSHUDWXUDV GH VHUYLoR/ H[FHOHQWH FRQGXWLYLGDGH WpUPLFD H HOpWULFD/

UHSUHVHQWDQGR XP JUDQGH SRWHQFLDO GH DSOLFDomR SDUD FHUkPLFDV HVWUXWXUDLV H HOpWULFDV FRP

JHRPHWULDV FRPSOH[DV/ SHUPLWLQGR WDPEpP D SURGXomR HP VpULH SRU XP FXVWR LQIHULRU j

GLIXVmR QR HVWDGR VyOLGR >4804:@1

2 SURFHVVR GH EUDVDJHP GH SHoDV FHUkPLFDV SRGH VHU H[HFXWDGR HP SDVVR ~QLFR

+EUDVDJHP GLUHWD,/ H[LJLQGR OLJDV GH DGLomR FRP XP PHWDO DWLYR +7L/ 7D/ 1E RX 9, FDSD] GH
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UHGX]LU VXSHUILFLDOPHQWH D FHUkPLFD SHUPLWLQGR R VHX PROKDPHQWR H D IRUPDomR HIHWLYD GH

XPD MXQWD1 2XWUD DOWHUQDWLYD p D EUDVDJHP LQGLUHWD/ TXH FRQVLVWH QD PHWDOL]DomR SUpYLD GR

VXEVWUDWR FHUkPLFR FRP XP PHWDO DWLYR SDUD XPD SRVWHULRU EUDVDJHP FRP OLJD GH DGLomR

FRQYHQFLRQDO VHP PHWDO DWLYR >4;053@1

'LYHUVDV WpFQLFDV GH PHWDOL]DomR GH FHUkPLFDV/ WDLV FRPR RV SURFHVVRV TXtPLFRV/

PHFkQLFRV/ SRU GHSRVLomR ItVLFD D YDSRU +39' ± 3K\VLFDO 9DSRU 'HSRVLWLRQ, H 0R00Q/ HVWmR

HP FRQWtQXR GHVHQYROYLPHQWR H WrP SURSRUFLRQDGR XPD UHGXomR GR FXVWR GD XQLmR H D

SURGXomR GH MXQWDV HVWDQTXHV H FRP ERD UHVLVWrQFLD PHFkQLFD1 (VWD FRQVWDQWH HYROXomR YHP

LPSXOVLRQDQGR R FUHVFLPHQWR GD XWLOL]DomR GD EUDVDJHP LQGLUHWD >54/55@1 3DUD D VHOHomR GR

PpWRGR PDLV DGHTXDGR GHYH0VH FRQVLGHUDU DOJXQV FULWpULRV FRPR D JHRPHWULD GD MXQWD/ D

GLVSRQLELOLGDGH GH HTXLSDPHQWRV/ R WLSR GH PHWDOL]DomR H R FXVWR HQYROYLGR >47@1

$ FDPDGD PHWDOL]DGD GD FHUkPLFD IXQFLRQD FRPR IRQWH GH PHWDO DWLYR TXH/ SRU XP

ODGR/ SHUPLWH D UHGXomR GD VXSHUItFLH FHUkPLFD TXH DSUHVHQWD OLJDo}HV FRYDOHQWHV RX L{QLFDV

PXLWR HVWiYHLV/ SRUpP/ SRU RXWUR ODGR/ HVWDV UHDo}HV GH UHGXomR UHVXOWDP QD IRUPDomR GH XPD

FDPDGD GH UHDomR H GLYHUVDV IDVHV LQWHUPHWiOLFDV TXH SRGHP VHU LQGHVHMiYHLV SDUD DV

SURSULHGDGHV PHFkQLFDV GD XQLmR >:/47@1

$ UHJLmR RQGH RFRUUHP DV UHDo}HV HQWUH D OLJD GH DGLomR H R ILOPH GH PHWDO DWLYR/ QR

FDVR D VHU HVWXGDGR R 7L/ UHVXOWDQGR QD QXFOHDomR GH IDVHV LQWHUPHWiOLFDV p GHQRPLQDGD GH

]RQD GH SUHFLSLWDomR1 $ PLFURHVWUXWXUD GH XQL}HV PHWDOL]DGDV EUDVDGDV DSUHVHQWD XPD EHP

GHILQLGD ]RQD GH SUHFLSLWDomR/ PDV SRU RXWUR ODGR/ D FDPDGD GH UHDomR QHP VHPSUH p YLVtYHO H

FRQWtQXD >47@1

$ FDPDGD GH UHDomR H D ]RQD GH SUHFLSLWDomR SUHVHQWHV QD LQWHUIDFH HQWUH D OLJD GH

DGLomR HXWpWLFD $J0&X H R VXEVWUDWR FHUkPLFR GH MXQWDV EUDVDGDV VmR LOXVWUDGDV

HVTXHPDWLFDPHQWH QD )LJXUD 51
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)LJXUD 5= ,OXVWUDomR HVTXHPiWLFD GD LQWHUIDFH GH MXQWDV FHUkPLFDV EUDVDGDV1

$V IDVHV LQWHUPHWiOLFDV HQFRQWUDGDV QD ]RQD GH SUHFLSLWDomR/ TXH WrP FRPR

FDUDFWHUtVWLFDV YDORUHV GH PyGXOR GH HODVWLFLGDGH H GXUH]D HOHYDGRV/ SRGHP FDXVDU D

IUDJLOL]DomR GD XQLmR1 2 HQULTXHFLPHQWR GD OLJD GH DGLomR SHOR 7L QD UHJLmR GR UHYHVWLPHQWR

PHWiOLFR p SURYDYHOPHQWH R UHVSRQViYHO SHOD IRUPDomR GD ]RQD GH SUHFLSLWDomR >47@1

$V UHDo}HV HQWUH R PHWDO GH DGLomR H D FHUkPLFD SRGHP VHU FRQWURODGDV SHODV YDULiYHLV

GR SURFHVVR GH EUDVDJHP/ FRPR D WHPSHUDWXUD H R WHPSR GH SDWDPDU/ DOpP p FODUR/ GRV

PDWHULDLV HQYROYLGRV +FHUkPLFD/ PHWDO GH DGLomR H ILOPH GH PHWDO DWLYR,1

$ PLQLPL]DomR GDV WHQV}HV WpUPLFDV p RXWUR IDWRU HVVHQFLDO SDUD R DXPHQWR GD

FRQILDELOLGDGH GD MXQWD PHWDO2FHUkPLFD/ H SRGH VHU FRQVHJXLGD DWUDYpV GD UHGXomR GDV

GLIHUHQoDV HQWUH RV FRHILFLHQWHV GH H[SDQVmR WpUPLFD GR PHWDO H GD FHUkPLFD H GR XVR GH

PDWHULDLV PHWiOLFRV FDSD]HV GH VH GHIRUPDUHP SODVWLFDPHQWH DEVRUYHQGR DV WHQV}HV JHUDGDV

QD XQLmR1 /LJDV )H01L0&R SRGHP WHU R FRHILFLHQWH GH H[SDQVmR WpUPLFD DMXVWDGR DR GD

FHUkPLFD HP TXHVWmR/ DWUDYpV GH YDULDo}HV QD FRPSRVLomR H SDUkPHWURV GH SURFHVVDPHQWR/

VHQGR DPSODPHQWH XWLOL]DGDV QD SURGXomR GH MXQWDV FRP $O526 H FRPR PDWHULDO LQWHUPHGLiULR

QDV XQL}HV GH $O526 FRP DoRV LQR[LGiYHLV/ Mi TXH WDPEpP SRGHP VH GHIRUPDU SODVWLFDPHQWH

SHUPLWLQGR XP PHOKRU DFRSODPHQWR HQWUH R DoR H D FHUkPLFD >46/56@1

'DQGR FRQWLQXLGDGH DR WUDEDOKR GHVHQYROYLGR HP UHFHQWH WHVH GH GRXWRUDGR GHIHQGLGD

QR 3*0$7 2 8)6& SRU 1DVFLPHQWR >47@/ QHVWD GLVVHUWDomR SURS{V0VH HVWXGDU DV LQIOXrQFLDV

GRV SDUkPHWURV GH EUDVDJHP +WHPSHUDWXUD/ WHPSR, H GD HVSHVVXUD H TXDOLGDGH GR UHYHVWLPHQWR

GH WLWkQLR QRV PHFDQLVPRV GH IRUPDomR GDV PLFURHVWUXWXUDV GDV XQL}HV PHWDO2FHUkPLFD H

FHUkPLFD2FHUkPLFD/ FRPR R VXUJLPHQWR GH IDVHV LQWHUPHWiOLFDV/ GD FDPDGD GH UHDomR H GD



,1752'8d­2 8

]RQD GH SUHFLSLWDomR1 7DPEpP IRUDP DQDOLVDGDV/ DWUDYpV GH HQVDLRV GH IOH[mR HP WUrV SRQWRV/

FRPR HVWDV YDULiYHLV LQIOXHQFLDP QDV UHVLVWrQFLDV PHFkQLFDV GHVWDV MXQWDV1

&RP HVWH WUDEDOKR HVSHUD0VH FRQWULEXLU FRP D RWLPL]DomR GRV SDUkPHWURV GH XP

SURFHVVR GH XQLmR GH FHUkPLFDV PLQLPL]DQGR D SUHVHQoD GH IDVHV LQWHUPHWiOLFDV IUDJLOL]DQWHV H

SURGX]LQGR MXQWDV FRP ERDV SURSULHGDGHV PHFkQLFDV/ DPSOLDQGR R XVR GDV PHVPDV HP

IXQo}HV HVWUXWXUDLV FRP PDLRU FRQILDELOLGDGH H JHUDQGR VXEVtGLRV TXH IDFLOLWDUmR R SURMHWR

GHVWDV XQL}HV1



5(9,6­2 %,%/,2*5È),&$ 9
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$ MXQomR HQWUH GRLV PDWHULDLV SRGH VHU HQWHQGLGD FRPR D XQLmR HQWUH GXDV RX PDLV

SDUWHV DWUDYpV GD IRUPDomR GH OLJDo}HV TXtPLFDV/ ItVLFDV RX PHFkQLFDV/ RX DLQGD XPD

FRPELQDomR GHVWDV >47@1 8PD PXOWLSOLFLGDGH GH PDWHULDLV/ WDLV FRPR PHWDLV/ FHUkPLFRV/

SROtPHURV/ PDGHLUD RX SRVVtYHLV DVVRFLDo}HV HQWUH HVWHV/ SRGHP VHU VXEPHWLGDV D XP SURFHVVR

GH MXQomR SDUD VHUHP HPSUHJDGDV FRPR FRPSRQHQWHV SDUD DSOLFDo}HV GH HQJHQKDULD1

2V SURFHVVRV GH MXQomR TXH UHVXOWDP QD IRUPDomR GH OLJDo}HV TXtPLFDV H ItVLFDV/ FRPR

D VROGDJHP H D EUDVDJHP/ VmR PRYLGRV SHOR SULQFtSLR WHUPRGLQkPLFR XQLYHUVDO GD

PLQLPL]DomR GH HQHUJLD GR VLVWHPD1 $WUDYpV GD UHGXomR GD HQHUJLD VXSHUILFLDO GRV

FRPSRQHQWHV/ RQGH GXDV VXSHUItFLHV VmR HOLPLQDGDV SDUD D IRUPDomR GH DSHQDV XPD1 1R FDVR

GH PDWHULDLV TXLPLFDPHQWH GLIHUHQWHV IRUPD0VH HQWmR XP JUDGLHQWH GH SRWHQFLDO TXtPLFR QD

LQWHUIDFH HQWUH RV GRLV PDWHULDLV >7/57@1

$ MXQomR FHUkPLFD2FHUkPLFD p XVDGD SULQFLSDOPHQWH QD SURGXomR GH FRPSRQHQWHV GH

JUDQGH GLPHQVmR H FRP JHRPHWULDV FRPSOH[DV/ D SDUWLU GH IRUPDV VLPSOHV >47@/ XPD YH] TXH

TXDQWR PDLRU R YROXPH GD SHoD FHUkPLFD/ PDLRU D SUREDELOLGDGH GH H[LVWrQFLD GH GHIHLWRV H

PHQRU D VXD UHVLVWrQFLD PHFkQLFD H FRQILDELOLGDGH >6/7/58@1

$ LPSRUWkQFLD GR GHVHQYROYLPHQWR GH MXQo}HV TXH UHVXOWHP HP FRPSRQHQWHV FRP

HOHYDGD FRQILDELOLGDGH/ SRGH VHU GLPHQVLRQDGD DWUDYpV GD SURGXomR GH LPSODQWHV RUWRSpGLFRV/

UHYHVWLPHQWRV ELRFRPSDWtYHLV/ YiOYXODV SDUD R FRUDomR H FDWHWHUHV/ RQGH D IDOKD HP XPD MXQWD

UHVXOWD HP ULVFR GH YLGD >7/:/48@1 $ FRQILDELOLGDGH HVWi GLUHWDPHQWH UHODFLRQDGD FRP D

PLFURHVWUXWXUD GD MXQWD/ DVVLP FRPR FRP RV GHIHLWRV LQHUHQWHV GRV PDWHULDLV GH EDVH >46/48@ H

GR PHWDO GH DGLomR/ QR FDVR GD EUDVDJHP >:@1

$ DVVRFLDomR GH PDWHULDLV FHUkPLFRV H PHWiOLFRV HP FRPSRQHQWHV SDUD DSOLFDo}HV HP

HQJHQKDULD RFRUUH VHPSUH TXH VH GHVHMD SURGX]LU HP FRPSRQHQWH KtEULGR FRP SURSULHGDGHV

LQGLYLGXDLV RX DGLWLYDV GHVWHV PDWHULDLV/ UHVXOWDQGR HQWUH RXWURV HP PDWHULDLV FRPSyVLWRV/

UHYHVWLPHQWRV FHUkPLFRV HP VXEVWUDWRV PHWiOLFRV H MXQWDV PHWDO2FHUkPLFD >47@1

2V FRPSyVLWRV HVWUXWXUDLV VmR IRUPDGRV SRU UHIRUoRV GH ZKLVNHUV4/ SDUWLFXODGRV RX

ILEUDV FHUkPLFDV GLVSHUVRV HP XPD PDWUL] PHWiOLFD RX FHUkPLFD/ SRGHQGR VHU SURGX]LGRV

DWUDYpV GD PHWDOXUJLD GR Sy RX SRU SURFHVVRV GH LQILOWUDomR1 2V FRPSyVLWRV UHIRUoDGRV SRU

4 :KLVNHUV ± 0RQRFULVWDLV FRP GLkPHWUR HQWUH 3/8 H 43µP1
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ZKLVNHUV DSUHVHQWDP H[FHOHQWHV SURSULHGDGHV GR SRQWR GH YLVWD PHFkQLFR1 1R HQWDQWR/ DV

GLPHQV}HV QDQRPpWULFDV GRV ZKLVNHUV SHUPLWHP TXH R VLVWHPD UHVSLUDWyULR KXPDQR DEVRUYD

HVWDV SDUWtFXODV/ SRUpP R RUJDQLVPR GLILFLOPHQWH FRQVHJXH HOLPLQi0ODV/ R TXH SRGH SURYRFDU

VpULDV OHV}HV >6/47@1

$ GHSRVLomR GH ILOPHV FHUkPLFRV VREUH PDWHULDLV PHWiOLFRV FRPHoRX D VHU HVWXGDGD

SRU YROWD GH 4<93/ FRP R UHFREULPHQWR GH DoRV IHUUDPHQWD H PHWDO GXUR SRU ILOPHV ILQRV GH

7L& SRU VXD DOWD GXUH]D/ UHVLVWrQFLD DR GHVJDVWH PHFkQLFR H D FRUURVmR1 $ LQG~VWULD

PHWDO2PHFkQLFD p XPD GDV iUHDV TXH PDLV XWLOL]D HVWH WLSR GH UHYHVWLPHQWR/ YLVDQGR

SULQFLSDOPHQWH DXPHQWDU D GXUH]D GH IHUUDPHQWDV GH FRUWH/ PHOKRUDU D UHVLVWrQFLD DR GHVJDVWH

H SURWHJHU HVWHV FRPSRQHQWHV GD FRUURVmR/ FRQVHT�HQWHPHQWH DXPHQWDQGR VXD YLGD ~WLO

>47/59@1

$WXDOPHQWH GLYHUVRV WLSRV GH ILOPHV FHUkPLFRV VmR GHSRVLWDGRV HP PDWHULDLV

PHWiOLFRV/ SURFXUDQGR DWLQJLU QD VXSHUItFLH GRV FRPSRQHQWHV SURSULHGDGHV HVSHFtILFDV GH

FDUiWHU PHFkQLFR/ TXtPLFR/ WpUPLFR/ yWLFR H HOpWULFR >59/5:@1 2V GLYHUVRV SURFHVVRV

HPSUHJDGRV SDUD VH SURGX]LU ILOPHV FHUkPLFRV HP VXEVWUDWRV PHWiOLFRV VmR IXQGDPHQWDGRV HP

GXDV WpFQLFDV EiVLFDV/ D GHSRVLomR TXtPLFD D YDSRU +&9' ± &KHPLFDO 9DSRU 'HSRVLWLRQ, H D

GHSRVLomR ItVLFD D YDSRU +39', >47@1

$ MXQomR PHWDO2FHUkPLFD p MXVWLILFDGD TXDQGR VH QHFHVVLWD LQFRUSRUDU D XP PDWHULDO

PHWiOLFR XPD FHUkPLFD PRQROtWLFD/ FRP D ILQDOLGDGH GH VH SURGX]LU XP FRPSRQHQWH FDSD] GH

DWHQGHU jV H[LJrQFLDV ORFDOL]DGDV GH WHQDFLGDGH/ LVRODPHQWR HOpWULFR H WpUPLFR/ GHVJDVWH/

UHVLVWrQFLD j FRUURVmR H WHPSHUDWXUDV HOHYDGDV >47@1

3RUpP SDUD D XQLmR GH PDWHULDLV FRP QDWXUH]D GLVWLQWD VmR HQFRQWUDGDV GLILFXOGDGHV/

EDVLFDPHQWH HP IXQomR GRV GLIHUHQWHV WLSRV GH OLJDo}HV TXtPLFDV/ HVWUXWXUDV FULVWDOLQDV H

SURSULHGDGHV PHFkQLFDV/ WDLV FRPR PyGXOR GH HODVWLFLGDGH +(,/ FRHILFLHQWH GH H[SDQVmR

WpUPLFD +α, H WHQDFLGDGH j IUDWXUD +.,&,1 3DUD WUDQVSRU HVWHV REVWiFXORV H SURGX]LU MXQWDV

FRQILiYHLV GHYH0VH JHUDU XPD LQWHUIDFH TXH FRQVLJD DFRPRGDU RV GLIHUHQWHV WLSRV GH OLJDo}HV

TXtPLFDV/ GHVGH D OLJDomR PHWiOLFD DWp DV OLJDo}HV L{QLFDV H FRYDOHQWHV GR ODGR FHUkPLFR1 (P

JHUDO/ WDQWR SDUD DV MXQWDV FHUkPLFD2FHUkPLFD FRPR PHWDO2FHUkPLFD/ RV SURFHVVRV GH XQLmR

PDLV HPSUHJDGRV VmR D GLIXVmR QR HVWDGR VyOLGR H D EUDVDJHP >7/44/57@1

2V PpWRGRV XWLOL]DGRV SDUD SURGX]LU XQL}HV HQYROYHQGR PDWHULDLV FHUkPLFRV SRGHP

VHU FODVVLILFDGRV FRPR= MXQomR PHFkQLFD/ MXQomR LQGLUHWD H MXQomR GLUHWD >47/48@1 8PD YLVmR

HVTXHPiWLFD GHVWHV SURFHVVRV GH MXQomR p PRVWUDGR QD )LJXUD 61
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)LJXUD 6= 3URFHVVRV GH XQLmR SDUD MXQWDV FHUkPLFD2FHUkPLFD H PHWDO2FHUkPLFD1

51414 -XQomR 0HFkQLFD

(P YLUWXGH GH VXD VLPSOLFLGDGH H UHGX]LGR FXVWR/ DV WpFQLFDV GH MXQomR PHFkQLFD

+IL[DomR SRU SDUDIXVR/ HQFDL[H PHFkQLFR H EUDoDGHLUDV, WrP VLGR ODUJDPHQWH XWLOL]DGDV HP

DSOLFDo}HV RQGH D UHVLVWrQFLD PHFkQLFD +HQWUH 43 H 83 03D, H DV WHPSHUDWXUDV +DWp 783°&,

VHMDP PRGHUDGDV1 $V UHVWULo}HV GH SURMHWR H D JUDQGH SUREDELOLGDGH GH RFRUUrQFLD GH ORFDLV

FRP HOHYDGDV FRQFHQWUDo}HV GH WHQV}HV/ SULQFLSDOPHQWH QR FRPSRQHQWH FHUkPLFR VmR DOJXPDV

GDV GHVYDQWDJHQV GR PpWRGR >4/48/4;@1

8P H[HPSOR HP TXH D MXQomR SRU HQFDL[H PHFkQLFR WHP FRQFRUULGR FRP D EUDVDJHP p

HP MXQo}HV GH WXUELQDV GH 6L617 FRP HL[RV PHWiOLFRV +)LJXUD 7,1 (VWH VLVWHPD p XWLOL]DGR

SULQFLSDOPHQWH QRV PRWRUHV GRV DXWRPyYHLV MDSRQHVHV TXH DWUDYpV GD UHGXomR GR SHVR

GLPLQXLQGR D LQpUFLD GR VLVWHPD H GD SRVVLELOLGDGH GH WUDEDOKDU D WHPSHUDWXUDV PDLV HOHYDGDV/

FRQVHJXH0VH DXPHQWDU R UHQGLPHQWR H RWLPL]DU R FRQVXPR GH FRPEXVWtYHO >47/5;/5<@1 2

DSHUIHLoRDPHQWR GRV URWRUHV FHUkPLFRV JHURX LQRYDo}HV QDV WpFQLFDV GH MXQomR
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PHWDO2FHUkPLFD1 8PD GDV DOWHUQDWLYDV PDLV UHFHQWHV p D DVVRFLDomR GR HQFDL[H PHFkQLFR j

VROGDJHP SRU IULFomR/ SHUPLWLQGR XPD PHOKRU UHIULJHUDomR GRV PDQFDLV H UHGXomR GDV WHQV}HV

UHVLGXDLV DVVRFLDGDV j XQLmR >63/64@1 1HVWD WpFQLFD/ XPD OXYD PHWiOLFD p XQLGD DR URWRU

FHUkPLFR SRU HQFDL[H PHFkQLFR H R HL[R p VROGDGR QD OXYD SRU IULFomR >47@1

)LJXUD 7= 'HVHQKR HVTXHPiWLFR GD MXQomR GH XP URWRU FHUkPLFR FRP HL[R PHWiOLFR1

1D ELRPHGLFLQD WDPEpP p FRPXP D MXQomR SRU HQFDL[H HQWUH PHWDO H FHUkPLFD HP

SUyWHVHV1 0XLWDV YH]HV VH ID] QHFHVViULR XQLU OLJDV GH &R/ &U/0R RX 7L FRP FHUkPLFDV/ VHP D

LQWURGXomR GH PDWHULDLV DGLFLRQDLV TXH SRVVDP FDXVDU UHMHLomR RX FRUURHU GHQWUR GR FRUSR

KXPDQR/ UHVXOWDQGR QR PtQLPR/ QD GHWHULRUDomR SUHPDWXUD GD XQLmR1 $ MXQomR SRU HQFDL[H

SRGH VHU DVVRFLDGD j VLQWHUL]DomR GH PDWHULDLV PHWiOLFRV/ FRPR QR FDVR GH DOJXPDV XQL}HV HP

PRWRUHV GH FRPEXVWmR LQWHUQD +FDQDLV GH H[DXVWmR GH JDVHV H YiOYXODV,1 1HVWD WpFQLFD D SDUWH

PHWiOLFD p SURGX]LGD SRU PHWDOXUJLD GR Sy/ VHQGR PRQWDGD QD FRQGLomR D YHUGH QR

FRPSRQHQWH FHUkPLFR/ GH PRGR TXH GXUDQWH D UHWUDomR QD VLQWHUL]DomR/ XQD0VH DR PHVPR >47@1

51415 -XQomR 'LUHWD

$ MXQomR GLUHWD p DTXHOD HP TXH D IRUPDomR GD MXQWD RFRUUH GLUHWDPHQWH HQWUH DV

VXSHUItFLHV GRV PDWHULDLV D VHUHP XQLGRV/ QmR KDYHQGR QHFHVVLGDGH GH VH LQWURGX]LU XP

WHUFHLUR PDWHULDO/ SRGHQGR VH GDU DWUDYpV GR WUDQVSRUWH GH FDUJDV QD LQWHUIDFH GRV PDWHULDLV/
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SURGX]LQGR XPD OLJDomR ItVLFD +IRUoDV GH 9DQ GHU :DDOV,/ RX SRU GLIXVmR GRV iWRPRV/ JHUDQGR

XPD LQWHUIDFH GLIXVD HVWDEHOHFHQGR DV OLJDo}HV TXtPLFDV >4/65@1

$ VROGDJHP SRU GLIXVmR QR HVWDGR VyOLGR p XPD WpFQLFD GH MXQomR XWLOL]DGD TXDQGR

UHTXLVLWRV HVWUXWXUDLV VmR LPSRUWDQWHV H VH QHFHVVLWD GH HVWUHLWDV WROHUkQFLDV GLPHQVLRQDLV/

SULQFLSDOPHQWH HP YLUWXGH GD H[FHOHQWH UHVLVWrQFLD PHFkQLFD +433 0 4333 03D, H DOWD

WHPSHUDWXUD GH WUDEDOKR +! 4333°&,1 2 SURFHVVR FRQVLVWH HP MXQWDU DV VXSHUItFLHV SODQDV GRV

GRLV PDWHULDLV H/ VRE DomR GH SUHVVmR H WHPSHUDWXUDV HOHYDGDV/ SURPRYHU D IRUPDomR GD

LQWHUIDFH VHP D IXVmR GRV FRPSRQHQWHV >4/48/4:/66@1 3DUD TXH D XQLmR SRU GLIXVmR QR HVWDGR

VyOLGR RFRUUD/ p H[LJLGR XP tQWLPR FRQWDWR LQWHUDW{PLFR GRV PDWHULDLV D VHUHP XQLGRV/ DOpP GH

XPD ERD GLIXVmR DW{PLFD GRV HOHPHQWRV1 $ DSUR[LPDomR GRV iWRPRV Gi0VH SHOD DSOLFDomR GD

SUHVVmR/ GD OLPSH]D SUpYLD GDV VXSHUItFLHV H GH XP DFDEDPHQWR VXSHUILFLDO TXH PLQLPL]H VXD

UXJRVLGDGH1 $ GLIXVmR p LQHUHQWH j QDWXUH]D GRV PDWHULDLV HQYROYLGRV/ SRGHQGR VHU DWLYDGD

SHOR DXPHQWR GD WHPSHUDWXUD GXUDQWH R SURFHVVR GH XQLmR >4/47/67/68@1

&RPR GHVYDQWDJHQV GD VROGDJHP SRU GLIXVmR/ SRGH0VH FLWDU R VXUJLPHQWR GH WHQV}HV

UHVLGXDLV QD XQLmR GH PDWHULDLV GLVWLQWRV/ D SURGXomR DWUDYpV GH SHTXHQRV ORWHV/ WHPSRV GH

SURFHVVR DOWRV/ R FXVWR HOHYDGR H DV OLPLWDo}HV QD JHRPHWULD GD XQLmR +XPD XQLmR QmR SODQD p

SRVVtYHO/ PDV H[LJH D DSOLFDomR GH XPD SUHVVmR LVRVWiWLFD/ DXPHQWDQGR FRQVLGHUDYHOPHQWH R

FXVWR GR SURFHVVR,/ DOpP GH H[LJLU XPD GHPRUDGD H H[WUHPDPHQWH FXLGDGRVD SUHSDUDomR GDV

VXSHUItFLHV D VHUHP XQLGDV/ DWUDYpV GD OLPSH]D H GLPLQXLomR GD UXJRVLGDGH >4/67@1

$ VROGDJHP SRU DWULWR/ LOXVWUDGD HVTXHPDWLFDPHQWH QD )LJXUD 8/ WDPEpP p XP SURFHVVR

GH XQLmR GH HVWDGR VyOLGR1 2 SURFHVVR SRGH VHU GLYLGLGR HP GXDV HWDSDV= QD SULPHLUD DV GXDV

VXSHUItFLHV GH XQLmR VmR DWULWDGDV DWUDYpV GD URWDomR GH XPD GHODV VRE DomR GH XPD SHTXHQD

IRUoD GH DWULWR/ VXILFLHQWH DSHQDV SDUD FDXVDU R DTXHFLPHQWR QHFHVViULR SDUD D FRQFUHWL]DomR

GD XQLmR1 1D VHJXQGD/ DSyV DV VXSHUItFLHV GH XQLmR HVWDUHP DTXHFLGDV/ GHL[D GH H[LVWLU

PRYLPHQWR UHODWLYR GH URWDomR HQWUH HODV/ VHQGR DSOLFDGD XPD IRUoD GH FRPSUHVVmR GH HOHYDGD

PDJQLWXGH/ GHQRPLQDGD GH IRUoD GH UHFDOTXH >47@1 (VWD WpFQLFD QmR SRGH VHU XWLOL]DGD SDUD

XQL}HV FHUkPLFD2FHUkPLFD/ Mi TXH p QHFHVViULR TXH R DR PHQRV XP GRV PDWHULDLV VHMD G~FWLO

SDUD VH GHIRUPDU SODVWLFDPHQWH1
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)LJXUD 8= 'HVHQKR HVTXHPiWLFR GR SURFHVVR GH VROGDJHP SRU DWULWR1

$ XQLmR PHWDO2FHUkPLFD SRU DWULWR SRGH VHU H[HFXWDGD HP XPD PiTXLQD GH VROGDJHP

SRU DWULWR FRQYHQFLRQDO/ VHQGR QHFHVViULR DSHQDV D LQWURGXomR GH XPD DWPRVIHUD SURWHWRUD1

9DOH D SHQD UHVVDOWDU TXH p HVVHQFLDO SDUD R VXFHVVR GR SURFHVVR XP UtJLGR FRQWUROH

JHRPpWULFR GRV FRPSRQHQWHV HQYROYLGRV/ SULQFLSDOPHQWH GD FHUkPLFD/ XPD YH] TXH D IDOWD GH

SODQLFLGDGH H SDUDOHOLVPR HQWUH DV VXSHUItFLHV GD FHUkPLFD H GR PHWDO SRGH SURYRFDU D UXSWXUD

GR PDWHULDO FHUkPLFR QDV ERUGDV/ DVVLP FRPR D JHUDomR GH PLFURWULQFDV QD VXD VXSHUItFLH/

DOpP GH XP DTXHFLPHQWR QmR XQLIRUPH H/ FRQVHT�HQWHPHQWH/ D SURGXomR GH GHIHLWRV QD XQLmR

>47@1

$ DSOLFDomR GD VROGDJHP SRU DWULWR HP XQL}HV PHWDO2FHUkPLFD DLQGD VH HQFRQWUD HP

VXD IDVH LQLFLDO GH GHVHQYROYLPHQWR/ WDOYH] HP IXQomR GDV UHVWULo}HV JHRPpWULFDV GR SURFHVVR/

XPD YH] TXH VHPSUH p QHFHVViULD D XWLOL]DomR GH JHRPHWULDV GH UHYROXomR H D XQLmR RFRUUH

DSHQDV DWUDYpV GH VXSHUItFLHV SODQDV1 &RPR YDQWDJHQV/ SRGH0VH FLWDU R IDWR GR SURFHVVR VHU

H[WUHPDPHQWH UiSLGR/ FRP WHPSRV GD RUGHP GH VHJXQGRV1 $ PDLRU SDUWH GDV XQL}HV HQWUH

PHWDO2FHUkPLFD H[HFXWDGDV SRU DWULWR/ HQFRQWUDGDV QD OLWHUDWXUD/ HQYROYH =U25 FRP OLJDV GH

DOXPtQLR >47@1
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$ VROGDJHP SRU IXVmR p XPD WpFQLFD GH MXQomR GLUHWD PHWDO2FHUkPLFD IXQGDPHQWDGD QD

IXVmR ORFDOL]DGD GH XP GRV PDWHULDLV +JHUDOPHQWH R PHWDO,/ TXH SRGH RFRUUHU DWUDYpV GR

DTXHFLPHQWR SRU ODVHU/ VHQGR FDUDFWHUL]DGD/ SRU UHVLVWrQFLDV PHFkQLFDV GD RUGHP GH 83 0 533

03D/ SRU UHVLVWrQFLD HP WHPSHUDWXUDV HOHYDGDV +! 4333°&, H FXVWR TXH SRGH YDULDU EDVWDQWH

HP IXQomR GRV PDWHULDLV HQYROYLGRV1 &RPR GHVYDQWDJHQV/ FLWDP0VH R FUHVFLPHQWR GH JUmRV H R

VXUJLPHQWR GH WHQV}HV UHVLGXDLV GH RULJHP WpUPLFD >4/46/47@1

51416 -XQomR ,QGLUHWD

2V PpWRGRV LQGLUHWRV GH MXQomR VmR FODVVLILFDGRV FRPR DTXHOHV HP TXH VH LQWURGX] XP

PDWHULDO GH DGLomR HQWUH RV PDWHULDLV TXH VH GHVHMD XQLU1 (VWH WLSR GH XQLmR SHUPLWH XPD DPSOD

XWLOL]DomR/ DEUDQJHQGR GHVGH DSOLFDo}HV HP TXH RV UHTXLVLWRV PHFkQLFRV H DV WHPSHUDWXUDV GH

WUDEDOKR VmR HOHYDGRV +DFLPD GH 833°&,/ DWp RV FDVRV FXMD XQLmR WUDEDOKD QD WHPSHUDWXUD

DPELHQWH H FRP PRGHUDGD QHFHVVLGDGH GH UHVLVWrQFLD PHFkQLFD >4/46@1

$ MXQomR DGHVLYD p XP PpWRGR VLPSOHV H EDUDWR GH XQLU FHUkPLFDV/ FRQVLVWLQGR QD

XWLOL]DomR GH XP DGHVLYR RUJkQLFR TXH/ DWUDYpV GDV IRUoDV GH DGHVmR SURPRYH D OLJDomR HQWUH

DV VXSHUItFLHV TXH VHUmR XQLGDV1 1RV FDVRV GH WHPSHUDWXUDV GH VHUYLoR UHODWLYDPHQWH HOHYDGDV

+PDLRUHV TXH 4:8�&,/ XP DGHVLYR YtWUHR SRGH VHU XWLOL]DGR SDUD D XQLmR1 2 HQJDVWH GH

FHUkPLFDV PDJQpWLFDV QRV PRWRUHV HOpWULFRV p H[HFXWDGR FRP R HPSUHJR GH UHVLQD HSy[L/

DVVLP FRPR D IL[DomR GH UHYHVWLPHQWR FHUkPLFR QR LQWHULRU GH WXERV TXH FRQGX]HP SHWUyOHR/

FRP D ILQDOLGDGH GH SURWHJr0OR GR SRQWR GH YLVWD TXtPLFR H GR GHVJDVWH1 &RPR H[HPSOR GD

XWLOL]DomR GH DGHVLYR YtWUHR/ SRGH0VH FLWDU D XQLmR GH $O526 FRP 1E QDV OkPSDGDV D YDSRU GH

VyGLR >4/7/46@1

2 DGHVLYR p HP JHUDO DSOLFDGR QDV VXSHUItFLHV TXH VHUmR XQLGDV QR HVWDGR OtTXLGR/

SDVVDQGR SRU XPD HWDSD GH FXUD SDUD JDQKDU ULJLGH] H UHVLVWrQFLD PHFkQLFD1 2 SURFHVVR GH

HQGXUHFLPHQWR GR DGHVLYR +FXUD, SRGH VHU H[HFXWDGR QD WHPSHUDWXUD DPELHQWH +IULR, RX VRE

DomR GH FDORU +TXHQWH,/ GHSHQGHQGR GR WLSR GH DGHVLYR XWLOL]DGR1 $ HVFROKD GR WLSR GH DGHVLYR

PDLV DSURSULDGR SDUD FDGD DSOLFDomR/ UHTXHU D DYDOLDomR GH YiULRV FULWpULRV/ HQWUH RV TXDLV

SRGH0VH FLWDU= WHPSHUDWXUD GH WUDEDOKR/ WLSR GH OLJDomR TXtPLFD H SRURVLGDGH GD VXSHUItFLH

FHUkPLFD/ WDPDQKR H JHRPHWULD GRV FRPSRQHQWHV H D UHDWLYLGDGH HQWUH R DGHVLYR H RV

FRPSRQHQWHV D VHUHP XQLGRV >47@1

1D 7DEHOD 4 VmR DSUHVHQWDGDV DOJXPDV GDV FDUDFWHUtVWLFDV GRV SULQFLSDLV DGHVLYRV

XWLOL]DGRV QDV XQL}HV GH FHUkPLFD1
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7DEHOD 4= &DUDFWHUtVWLFDV GH DOJXQV DGHVLYRV SDUD XQL}HV GH FHUkPLFD1

$GHVLYR 0RGR GH &XUD 0i[LPD 7HPSHUDWXUD GH
7UDEDOKR +� &,

(Sy[L 4XHQWH 4:30553

3ROLXUHWDQR 4XHQWH . )ULR 45304;3

6LOLFRQH )ULR 4;30553

&LDQRFULODWR )ULR 4830583

(ODVW{PHUR 4XHQWH <30443

&LPHQWRV 4XHQWH 4833

$ EUDVDJHP p R SULQFLSDO PpWRGR GH MXQomR LQGLUHWD/ VHQGR XWLOL]DGD TXDQGR VH

QHFHVVLWD GH MXQWDV FRP HOHYDGD UHSURGXWLELOLGDGH PHFkQLFD H ERD UHVLVWrQFLD D DOWDV

WHPSHUDWXUDV/ UHSUHVHQWDQGR XP JUDQGH SRWHQFLDO GH DSOLFDomR SDUD FHUkPLFDV HVWUXWXUDLV H

HOpWULFDV FRP JHRPHWULDV FRPSOH[DV/ SHUPLWLQGR/ WDPEpP/ D SURGXomR HP VpULH/ SRU XP FXVWR

LQIHULRU j GLIXVmR QR HVWDGR VyOLGR >46/49/4:@1

515 %5$6$*(0

$ EUDVDJHP WHP VLGR H[WHQVLYDPHQWH DSOLFDGD HP IXQomR GH YiULRV DVSHFWRV

YDQWDMRVRV= DOWD UHVLVWrQFLD PHFkQLFD H WHPSHUDWXUD GH VHUYLoR GD MXQWD SURGX]LGD>

VLPSOLFLGDGH H IiFLO GLVSRQLELOLGDGH GRV HTXLSDPHQWRV QHFHVViULRV> IiFLO DXWRPDomR GR

SURFHVVR HP HVFDOD LQGXVWULDO> H[FHOHQWH FRQGXWLYLGDGH WpUPLFD H HOpWULFD> FXVWR UHGX]LGR1

2XWUD FDUDFWHUtVWLFD LPSRUWDQWH GD EUDVDJHP p D SRVVLELOLGDGH GH VH PDQWHU LQWDFWDV DV

SURSULHGDGHV LQWUtQVHFDV GRV PDWHULDLV GH EDVH >7/48/49@1

$ $VVRFLDomR $PHULFDQD GH 6ROGDJHP +$:6 0$PHULFDQ :HOGLQJ 6RFLHW\, GHILQH D

EUDVDJHP FRPR VHQGR XP SURFHVVR GH XQLmR TXH XWLOL]D XP PHWDO GH DGLomR TXH VH IXQGH

DFLPD GH 783°& SRUpP DEDL[R GD WHPSHUDWXUD VROLGXV GR PDWHULDO GH EDVH H IOXL SRU IRUoDV GH

RULJHP FDSLODU1 $V OLJDV GH DGLomR GHYHP WHU ERD DGHUrQFLD jV VXSHUItFLHV GRV PDWHULDLV GH

EDVH D VHUHP EUDVDGRV >57/69/6:@1

-i D QRUPD DOHPm ',1 ;838 GLVWLQJXH HQWUH EUDVDJHP IUDFD/ EUDVDJHP IRUWH H

EUDVDJHP HP DOWD WHPSHUDWXUD +)LJXUD 9,/ OHYDQGR HP FRQVLGHUDomR QmR DSHQDV D IDL[D GH
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WHPSHUDWXUD QD TXDO D XQLmR p H[HFXWDGD/ PDV WDPEpP D OLJD GH DGLomR/ R XVR RX QmR GH IOX[R

H D DWPRVIHUD GH EUDVDJHP >67@=

D, EUDVDJHP IUDFD ± 7? 783�&>

E, EUDVDJHP IRUWH ± 783°& ? 7 ? 4433�&>

F, EUDVDJHP HP DOWD WHPSHUDWXUD ± 7 ! <33�&1

3

+�&,

4933

4733

4533

4333

;33

933

733

533

%UDVDJHP HP $OWD 7HPSHUDWXUD
/LJDV GH DGLomR GRV VLVWHPDV=

$X/ 1L/ )H/ &X/ 3G03W

%UDVDJHP )RUWH
/LJDV GH DGLomR D EDVH GH=

$O/0J/ &X0=Q/ &X/ $J/ &X03/ 1L/ $X

%UDVDJHP )UDFD
/LJDV GH DGLomR GRV VLVWHPDV=

*D/ %L/ 6Q03E/ 6Q/ 3E/ &G/ =Q/ $O/0J

)LJXUD 9= &ODVVLILFDomR GD EUDVDJHP HP IXQomR GD WHPSHUDWXUD H SULQFLSDLV OLJDV GH DGLomR1

$ UHGX]LGD WHPSHUDWXUD GH SURFHVVR QD EUDVDJHP IUDFD PLQLPL]D D SRVVLELOLGDGH GH

GLVWRUomR WpUPLFD/ SRUpP DV ]RQDV GH GLIXVmR ILFDP OLPLWDGDV1 2 DTXHFLPHQWR GDV SHoDV SRGH

VHU UHDOL]DGR HP IRUQRV UHVLVWLYRV/ SRU XOWUD0VRP/ FKDPD RX LQGXomR1 $ EUDVDJHP IUDFD p

XVDGD SUHGRPLQDQWHPHQWH SDUD SURGX]LU HVWDQTXHLGDGH RX EUDVDJHP GH FRQWDWR HOpWULFR1 1D
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PDLRU SDUWH GRV FDVRV/ R PHWDO GH DGLomR p XPD OLJD D EDVH GH 3E RX =Q/ VHQGR XWLOL]DGR IOX[R

FRP D IXQomR GH HYLWDU D R[LGDomR H IDFLOLWDU R PROKDPHQWR GR VXEVWUDWR VyOLGR/ Mi TXH

QRUPDOPHQWH XWLOL]D0VH R DU FRPR DWPRVIHUD >67/6:06<@1

$ EUDVDJHP IRUWH +783�& ? 7 ? 4433�&, SRGH VHU H[HFXWDGD FRP RX VHP D SUHVHQoD GH

IOX[R/ HP DWPRVIHUD JDVRVD +JiV UHGXWRU RX LQHUWH,/ VRE YiFXR RX DLQGD DR DU1 $V OLJDV GH

DGLomR HP JHUDO VmR j EDVH GH &X/ &X0=Q RX $J1 2 DTXHFLPHQWR SRGH VHU UHDOL]DGR HP IRUQRV

UHVLVWLYRV/ SRU LQGXomR/ FRP FKDPD/ DWUDYpV GH ODVHU RX IHL[H HOHWU{QLFR/ HQWUH RXWURV

>47/6:/6;@1

$ EUDVDJHP HP DOWD WHPSHUDWXUD p H[HFXWDGD VHPSUH VRE DWPRVIHUD SURWHWRUD RX D

YiFXR/ FRP DTXHFLPHQWR DWUDYpV GH IRUQRV UHVLVWLYRV/ SRU ODVHU/ IHL[H HOHWU{QLFR RX LQGXomR1

$V OLJDV GH DGLomR PDLV FRPXPHQWH XWLOL]DGDV VmR j EDVH GH 1L/ &X H2RX PHWDO QREUH +$X/ $J/

3G03W, >47/67/6:06<@1

1R FDVR GDV XQL}HV PHWDO2FHUkPLFD H FHUkPLFD2FHUkPLFD/ RV SURFHVVRV GH LQWHUHVVH VmR

D EUDVDJHP IRUWH H D EUDVDJHP GH DOWD WHPSHUDWXUD1 $ SDUWLU GHVWH SRQWR GR WH[WR/ R WHUPR

EUDVDJHP VHUi HPSUHJDGR GH IRUPD JHQHUDOL]DGD HQJOREDQGR D EUDVDJHP IRUWH H D EUDVDJHP

HP DOWD WHPSHUDWXUD1

3DUD D SURGXomR GH XQL}HV HQYROYHQGR FHUkPLFDV DWUDYpV GD EUDVDJHP p IXQGDPHQWDO

TXH R OtTXLGR +PHWDO GH DGLomR, FRQVLJD UHDJLU FRP R FRPSRQHQWH FHUkPLFR/ PRGLILFDQGR D

LQWHUIDFH SDUD DFRPRGDU DV GLIHUHQWHV OLJDo}HV DW{PLFDV +PHWiOLFD H L{QLFDV H2RX FRYDOHQWHV,

DWUDYpV GD PLQLPL]DomR GD HOHYDGD HQHUJLD VXSHUILFLDO FDXVDGD SHOD GLVFRQWLQXLGDGH

HOHWU{QLFD/ H IRUPH OLJDo}HV TXtPLFDV FRP R PHVPR >73075@1 $ LQWHUDomR HQWUH R PHWDO GH

DGLomR OtTXLGR H D VXSHUItFLH FHUkPLFD p FRQWURODGD/ HQWUH RXWURV IDWRUHV/ SHOD SURSULHGDGH

VXSHUILFLDO GD FHUkPLFD/ SHOD DWPRVIHUD GH EUDVDJHP H SULQFLSDOPHQWH SHOD UHDWLYLGDGH GR

PHWDO FRP D FHUkPLFD >73/74@1

51514 0ROKDPHQWR

2 PROKDPHQWR GH XP VyOLGR SRU XP OtTXLGR HVWi UHODFLRQDGR FRP D UHDWLYLGDGH

VXSHUILFLDO HQWUH RV FRPSRQHQWHV/ GHSHQGHQGR GD PDJQLWXGH GDV WHQV}HV VXSHUILFLDLV

HQYROYLGDV +VyOLGR/ OtTXLGR H YDSRU, >73/74/76@1 3RGH0VH GHVWDFDU GHQWUH RV SULQFLSDLV IDWRUHV

TXH FRQWURODP R PROKDPHQWR GRV PDWHULDLV FHUkPLFRV SRU PHWDLV/ DV SURSULHGDGHV VXSHUILFLDLV

H D PLFURHVWUXWXUD GR PDWHULDO FHUkPLFR/ D UHDWLYLGDGH GR PHWDO HP UHODomR DR FHUkPLFR H D

DWPRVIHUD GD UHDomR >74@1
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4XDQGR D HQHUJLD GH DWUDomR HQWUH R VyOLGR H R OtTXLGR p SURYHQLHQWH GH IRUoDV GH

RULJHP ItVLFD UHYHUVtYHLV/ FRPR DV IRUoDV GH 9DQ GHU :DDOV/ R PROKDPHQWR p FODVVLILFDGR

FRPR ItVLFR1 1R PROKDPHQWR TXtPLFR RFRUUH XPD UHDomR HQWUH DV LQWHUIDFHV GR VyOLGR H GR

OtTXLGR/ VHQGR TXH OLJDo}HV IRUWHV VmR UHVSRQViYHLV SHOR PROKDPHQWR1 $ GLIHUHQoD EiVLFD HQWUH

D IRUoD0PRWUL] +HQHUJLD, UHVSRQViYHO SHOR PROKDPHQWR ItVLFR H TXtPLFR HVWi QD VXD PDJQLWXGH/

VHQGR D SULPHLUD GD RUGHP GH 4 D 43 -2PRO/ HQTXDQWR D GDV OLJDo}HV TXtPLFDV p GH 43 D 433

-2PRO >73/74@1

2 WHUPR VXSHUItFLH p DSOLFDGR GH PRGR XVXDO SDUD D iUHD HQWUH XPD IDVH FRQGHQVDGD

+VyOLGR RX OtTXLGR, H XPD IDVH JDVRVD/ HQTXDQWR TXH R WHUPR LQWHUIDFH p DSOLFDGR SDUD VLVWHPDV

HQYROYHQGR IDVHV FRQGHQVDGDV/ WDLV FRPR/ VyOLGR0VyOLGR/ VyOLGR0OtTXLGR H OtTXLGR0OtTXLGR1 2V

iWRPRV H DV PROpFXODV TXH HVWmR QD VXSHUItFLH H QDV LQWHUIDFHV SRVVXHP HQHUJLD H UHDWLYLGDGH

VLJQLILFDWLYDPHQWH VXSHULRUHV jTXHODV GR Q~FOHR GR PDWHULDO1 (VWD HQHUJLD DUPD]HQDGD QD

LQWHUIDFH p HQWHQGLGD FRPR HQHUJLD LQWHUIDFLDO RX VXSHUILFLDO +-2Pð, >74/77@1 $ WHQVmR JHUDGD

QDV PROpFXODV GD UHJLmR LQWHUIDFLDO +OtTXLGR2YDSRU,/ HP YLUWXGH GR GHVEDODQFHDPHQWR HQWUH DV

IRUoDV GH UHSXOVmR H DWUDomR/ p GHQRPLQDGD GH WHQVmR VXSHUILFLDO +12P, >77@1

$ HQHUJLD OLYUH WRWDO GH XP VLVWHPD FRQWHQGR XPD LQWHUIDFH GH iUHD $ H HQHUJLD OLYUH

SRU XQLGDGH GH iUHD γ p GDGD SHOD HTXDomR 4=

*  *� . $1γ HTXDomR 4

RQGH *� p D HQHUJLD OLYUH GR VLVWHPD/ DVVXPLQGR TXH WRGR R PDWHULDO WHP DV PHVPDV

SURSULHGDGHV GR VHX Q~FOHR/ VHQGR SRUWDQWR γ D HQHUJLD H[FHGHQWH GHYLGR j LQWHUIDFH1

&RQVLGHUDQGR WHPSHUDWXUD H SUHVVmR FRQVWDQWH/ GHPRQVWUD0VH SDUD R FDVR GH XPD LQWHUIDFH

OtTXLGR0YDSRU TXH D VXSHUItFLH FRP XPD HQHUJLD OLYUH γ +-2Pð, H[HUFH QR OtTXLGR XPD WHQVmR

VXSHUILFLDO σ +12P, >74@1

$ VXSHUItFLH GH XP VyOLGR WDPEpP WHP XPD HQHUJLD VXSHUILFLDO DVVRFLDGD/ HQWUHWDQWR/

HVWD QmR SRGH VHU FDUDFWHUL]DGD SHODV WpFQLFDV XWLOL]DGDV SDUD VXSHUItFLHV IOXtGDV1 (P UHODomR

DRV OtTXLGRV/ D VXSHUItFLH GH XP VyOLGR p PDLV GLItFLO GH VHU TXDQWLILFDGD H WUDWDGD GR SRQWR GH

YLVWD WHyULFR1 1DV LQWHUIDFHV HQYROYHQGR VyOLGRV/ QmR p REYLR TXH D HQHUJLD LQWHUIDFLDO γ VHMD

LQGHSHQGHQWH GD iUHD H FRPR FRQVHT�rQFLD D HQHUJLD OLYUH H D WHQVmR VXSHUILFLDO QmR VmR

LGrQWLFDV >74@1

2 PROKDPHQWR GH XP VyOLGR SRU XP OtTXLGR SRGH VHU DYDOLDGR SHOR kQJXOR GH FRQWDWR

RX GH PROKDPHQWR +θ,/ DWUDYpV GD HTXDomR GH <RXQJ +HTXDomR 5,/ YiOLGD QD FRQGLomR GH
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HTXLOtEULR WHUPRGLQkPLFR H DGPLWLQGR TXH QmR H[LVWH DGVRUomR QD LQWHUIDFH1 $GLFLRQDOPHQWH/ p

QHFHVViULR FRQVLGHUDU TXH RV YDORUHV GDV WHQV}HV VXSHUILFLDLV VmR REWLGRV GLVWDQWHV GD OLQKD GH

FRQWDWR >7/47/56/78@=

( ) OYVOVY γγγθ 2FRV −= HTXDomR 5

RQGH=

γVY ± HQHUJLD LQWHUIDFLDO VyOLGR0YDSRU +DU,>

γVO ± HQHUJLD LQWHUIDFLDO VyOLGR0OtTXLGR>

γOY ± HQHUJLD LQWHUIDFLDO OtTXLGR0YDSRU +DU,>

$V HQHUJLDV LQWHUIDFLDLV SRGHP VHU UHSUHVHQWDGDV HP WHUPRV GDV WHQV}HV VXSHUILFLDLV/

FRQIRUPH p LOXVWUDGR QD )LJXUD :/ RQGH VH REVHUYD WDPEpP/ R kQJXOR GH FRQWDWR HP HTXLOtEULR

SDUD DV FRQGLo}HV GH PROKDPHQWR +θ ? <3R, H GH QmR0PROKDPHQWR +θ ! <3R, >47@1

6XEVWUDWR &HUkPLFR

θ
γOY

γVOγVY

0HWDO /tTXLGR

6XEVWUDWR &HUkPLFR

γOY
γVY γVOθ

0HWDO /tTXLGR
E,

D,

6XEVWUDWR &HUkPLFR

θ
γOY

γVOγVY

0HWDO /tTXLGR

6XEVWUDWR &HUkPLFR

γOY
γVY γVOθ

0HWDO /tTXLGR
E,

D,

)LJXUD := ÆQJXOR GH FRQWDWR> D, 1mR0PROKDPHQWR> E,0ROKDPHQWR1
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$ HTXDomR GH <RXQJ FRQVLGHUD DSHQDV R HTXLOtEULR VHJXQGR D GLUHomR KRUL]RQWDO/ YLVWR

TXH QD GLUHomR YHUWLFDO D FRPSRQHQWH γOY1VHQ+θ, p EDODQFHDGD SHOD IRUoD GH UHDomR GR VXEVWUDWR

HP VHQWLGR FRQWUiULR SURYRFDQGR XPD LQVLJQLILFDQWH GHIRUPDomR QD VXSHUItFLH GR VyOLGR

>47/74/77@1

2V PDWHULDLV FHUkPLFRV SRGHP VHU FDUDFWHUL]DGRV SHOD LRQLFLGDGH H2RX FRYDOrQFLD GH

VXDV UHGHV FULVWDOLQDV/ TXH WrP FRQILJXUDo}HV HOHWU{QLFDV HVWiYHLV FRP OLJDo}HV DW{PLFDV IRUWHV

H VDWXUDGDV1 $ LQWHUDomR GH PHWDLV OtTXLGRV FRP VyOLGRV FHUkPLFRV p SRVVtYHO DSHQDV DWUDYpV

GD GLVVRFLDomR SDUFLDO RX FRPSOHWD GDV OLJDo}HV DW{PLFDV GD FHUkPLFD >47/74/75@1

$ VXSHUItFLH GDV FHUkPLFDV y[LGDV/ SUHGRPLQDQWHPHQWH L{QLFDV/ p IRUPDGD SRU kQLRQV1

/RJR DSUHVHQWD XPD HOHYDGD GHVFRQWLQXLGDGH GH FDUJD H DOWD IRUoD GH OLJDomR HOHWU{QLFD1 $

LQWHUDomR GHVWDV FHUkPLFDV FRP PHWDLV OtTXLGRV p GHWHUPLQDGD SULQFLSDOPHQWH SHOD LQWHUDomR

GR PHWDO FRP RV kQLRQV GR FRUSR FHUkPLFR >47/74/79@1 2 PROKDPHQWR GH XP y[LGR FHUkPLFR

GHSHQGH GD DILQLGDGH GR PHWDO OtTXLGR FRP R R[LJrQLR1 0HWDLV UHDWLYRV FRPR 7L/ =U/ 6L/ $O H

/L HVSDOKDP0VH FRPSOHWDPHQWH HP DOJXPDV FHUkPLFDV/ WDLV FRPR= $O526/ =U25/ 7L25/ 6L25 H

0J2 >74@1

&HUkPLFDV FRYDOHQWHV +QmR0y[LGDV,/ FRPR= GLDPDQWH/ 6L617/ 6L&/ %1/ HQWUH RXWUDV/

WDPEpP VmR FDUDFWHUL]DGDV SRU XPD FRQILJXUDomR HOHWU{QLFD HVWiYHO H OLJDo}HV DW{PLFDV IRUWHV1

'R PHVPR PRGR VHX PROKDPHQWR SRU XP PHWDO OtTXLGR p SRVVtYHO DSHQDV SRU PHLR GH

UHDo}HV TXtPLFDV QD LQWHUIDFH/ jV FXVWDV GD GLVVRFLDomR GDV OLJDo}HV GD IDVH VyOLGD1 /RJR/ D

OLJD GH DGLomR GHYH WHU HOHPHQWRV FRP HOHYDGD DILQLGDGH DRV iWRPRV GD FHUkPLFD/ HP JHUDO

PHWDLV GH WUDQVLomR/ FRPR :/ )H/ 7L H 7D >74@1 1D 7DEHOD 5 VmR DSUHVHQWDGRV R kQJXOR GH

FRQWDWR GH DOJXQV VLVWHPDV FHUkPLFD2OLJD GH DGLomR/ LOXVWUDQGR R HIHLWR GR HOHPHQWR UHDWLYR QR

PROKDPHQWR GDV FHUkPLFDV ></44/67/7:083@1
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7DEHOD 5= ÆQJXOR GH FRQWDWR HQWUH FHUkPLFD H OLJD GH DGLomR OtTXLGD1

6XEVWUDWR
FHUkPLFR /LJD GH DGLomR +OtTXLGD, 7HPSHUDWXUD

+�&,
ÆQJXOR GH
&RQWDWR +�,

&R2 6Q <33 3

=U25 +8/35(<526, $J05:(&X06(7L 4333 63

6L617 &X 4483 473

6L617 &X053(*D0;(7L +(DW1, 4483 53

6L617 $X06:/:(1L07/;(9 +(DW1, 4383 78

$O1 $J0:<(,Q05(7L :83 5

$O1 ,Q04(7L :83 63

6L& +3/6,- $J05;(&X <63 493

6L& +3/6,- $J068(&X04/8(7L
+&XVLO $%$, ;83 43

$O526 )H 4883 474

$O526+!<</<8(, $J059/:(&X07/8(7L +7LFXVLO, <33 43

- 3/6 ± VLQWHUL]DGR VHP SUHVVmR1

51515 %UDVDJHP 'LUHWD

$ EUDVDJHP FRP PHWDO DWLYR RX EUDVDJHP GLUHWD p DTXHOD HP TXH D UHDWLYLGDGH GD OLJD

GH DGLomR p DOWHUDGD DWUDYpV GD LQWURGXomR GH XP HOHPHQWR DWLYR/ WRUQDQGR0D FDSD] GH UHDJLU

VXSHUILFLDOPHQWH FRP R VXEVWUDWR FHUkPLFR/ UHGX]LQGR D VXD VXSHUItFLH H SURGX]LQGR XPD

OLJDomR HIHWLYD >47/4</73@1

$ EUDVDJHP GLUHWD p ODUJDPHQWH XWLOL]DGD LQGXVWULDOPHQWH/ SULQFLSDOPHQWH SRU VHU XP

SURFHVVR GH SDVVR ~QLFR H TXH QmR H[LJH HTXLSDPHQWRV HVSHFtILFRV H WHPSHUDWXUDV GH SURFHVVR

PXLWR HOHYDGDV/ VHQGR FDUDFWHUL]DGD SHOD LQWURGXomR GH XP HOHPHQWR DWLYR QD OLJD GH DGLomR

+1E/ 7L/ 7D/ +I/ =U,/ TXH UHDJH TXLPLFDPHQWH FRP D VXSHUItFLH FHUkPLFD/ GLVVRFLDQGR0D H

OHYDQGR j IRUPDomR GH XPD LQWHUIDFH FHUkPLFD2FHUkPLFD RX PHWDO2FHUkPLFD >4/4</73@1

1RV ~OWLPRV DQRV YrP VH EXVFDQGR R GHVHQYROYLPHQWR H XWLOL]DomR GDV OLJDV GH DGLomR

FRP PHWDO DWLYR VHP D SUHVHQoD GH PHWDLV QREUHV +$J/ $X, SDUD D EUDVDJHP GLUHWD

PHWDO2FHUkPLFD1 1HVWH VHQWLGR/ WHP0VH HVWXGDGR D XWLOL]DomR GH OLJDV GH &X1L7L%/ &X*D7L H

,Q07L SDUD D EUDVDJHP GH QLWUHWRV >7:/7</84/85@1 $ VXEVWLWXLomR GR WLWkQLR FRPR HOHPHQWR
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DWLYR SHOR ]LUF{QLR/ QD EUDVDJHP GH $O526 FRP DoRV FRP DOWR WHRU GH OLJD/ WDPEpP IRL

UHFHQWHPHQWH HVWXGDGD >86@1 $OpP GLVVR/ FRQWLQXD0VH LQYHVWLJDQGR IRUWHPHQWH DV UHDo}HV

PHWDOXUJLFDV QDV XQL}HV GH GLYHUVRV PDWHULDLV FHUkPLFRV FRP DV OLJDV GH DGLomR H FRP R

FRPSRQHQWH PHWiOLFR GD XQLmR/ SURGX]LGD DWUDYpV GD EUDVDJHP GLUHWD RX GD EUDVDJHP LQGLUHWD/

DVVLP FRPR D WHUPRGLQkPLFD DVVRFLDGD j IRUPDomR GDV LQWHUIDFHV H jV OLJDV GH DGLomR/ QmR

GHL[DQGR GH ODGR D SUHRFXSDomR FRP D RWLPL]DomR GR SURMHWR GDV XQL}HV H DYDOLDomR GDV

WHQV}HV WpUPLFDV UHVLGXDLV >44/45/49/87089@1

$ EUDVDJHP GLUHWD PHWDO2FHUkPLFD H FHUkPLFD2FHUkPLFD/ SDUD DOWD WHPSHUDWXUD +MXQWDV

UHIUDWiULDV,/ WHP VLGR LQYHVWLJDGD DWUDYpV GD XWLOL]DomR GH OLJDV GH DGLomR FRP WHPSHUDWXUD GH

IXVmR HOHYDGD/ j EDVH GH $X/ 1L H 0R WHQGR 9 FRPR HOHPHQWR DWLYR1 $OpP GHVWDV/ OLJDV FRP

1L/ &U H 6L WrP VLGR SHVTXLVDGDV SDUD D EUDVDJHP GH 6L617 ></8:/8;@1

51516 %UDVDJHP ,QGLUHWD

1D EUDVDJHP LQGLUHWD D VXSHUItFLH GD FHUkPLFD p PHWDOL]DGD GH IRUPD TXH D EUDVDJHP

SDVVD D RFRUUHU HQWUH R PHWDO H R ILOPH PHWiOLFR GHSRVLWDGR QR VXEVWUDWR FHUkPLFR/ VHP D

QHFHVVLGDGH GH XWLOL]DomR GH OLJDV GH DGLomR DWLYDV1 (VWH SURFHVVR WDPEpP p GHQRPLQDGR GH

P~OWLSORV SDVVRV/ HQJOREDQGR D HWDSD GH PHWDOL]DomR H D EUDVDJHP SURSULDPHQWH GLWD1 2

SURFHVVR GH PHWDOL]DomR p H[HFXWDGR FRPR XPD HWDSD SUHSDUDWyULD DR SURFHVVR GH EUDVDJHP/

FRQVWLWXLQGR0VH HP XPD HWDSD DGLFLRQDO SDUD D XQLmR >47@1

2V SURFHVVRV GH EUDVDJHP PHWDO2FHUkPLFD FRPHoDUDP D VHUHP GHVHQYROYLGRV FRP

rQIDVH QD EUDVDJHP LQGLUHWD/ QD TXDO R PDWHULDO FHUkPLFR HUD PHWDOL]DGR SUHIHUHQFLDOPHQWH

DWUDYpV GR SURFHVVR0RO\00Q1 (VWD WHQGrQFLD SRGH VHU DWULEXtGD j GLILFXOGDGH GH VH REWHU OLJDV

GH DGLomR FRP PHWDO DWLYR H DR ERP GRPtQLR GR SURFHVVR GH PHWDOL]DomR FRP RV SyV GH 0R0

0Q1 &RP R GHVHQYROYLPHQWR GDV OLJDV FRP PHWDO DWLYR D EUDVDJHP GLUHWD H[SDQGLX0VH/

EDVLFDPHQWH SHOD IDFLOLGDGH GH VH H[HFXWDU WRGR R SURFHVVR GH EUDVDJHP HP XP ~QLFR SDVVR/

DSHVDU GR DOWR FXVWR GDV OLJDV DWLYDV >7/73@1

$ DGLomR GH SHTXHQRV WHRUHV GH 7L +HQWUH 4 ( H 8 (, ID] FRP TXH R SUHoR GD OLJD

DXPHQWH DWp 53 YH]HV HP UHODomR D HTXLYDOHQWH VHP R PHWDO DWLYR1 1RYDV WpFQLFDV GH

PHWDOL]DomR FRP FXVWR UHODWLYDPHQWH EDL[R WrP GHVSHUWDGR QRYDPHQWH R LQWHUHVVH QD

EUDVDJHP LQGLUHWD >57@1 'HQWUR GHVWH FRQWH[WR/ SRGH0VH FLWDU R Mi FRQKHFLGR SURFHVVR 7L+5/ HP

TXH VH DSOLFD PDQXDOPHQWH +SLQWXUD, XPD VXVSHQVmR GH SyV GH 7L+5 HP XP VROYHQWH

+JHUDOPHQWH QLWURFHOXORVH,/ H GXUDQWH R FLFOR GH EUDVDJHP FRP OLJD GH DGLomR VHP PHWDO DWLYR/
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R KLGUHWR p GLVVRFLDGR +HP WRUQR GH 783�&, H D VXSHUItFLH FHUkPLFD ILFD HP FRQWDWR GLUHWR

DSHQDV FRP R 7L >8<@1

$LQGD SRGH0VH FLWDU FRPR H[HPSOR D PHWDOL]DomR PHFkQLFD GH FHUkPLFDV FRP 7L/ XPD

WpFQLFD UHODWLYDPHQWH UHFHQWH H D PHWDOL]DomR SRU PDJQHWURQ VSXWWHULQJ/ XP SURFHVVR GH

GHSRVLomR ItVLFD +39' ± 3K\VLFDO 9DSRXU 'HSRVLWLRQ, >47@1 (VWDV GXDV WpFQLFDV GH

PHWDOL]DomR VHUmR GHVFULWDV GHWDOKDGDPHQWH HP XP FDStWXOR SRVWHULRU1

51517 )RUPDomR GD ,QWHUIDFH 0HWDO2&HUkPLFD

$ XWLOL]DomR GH WLWkQLR SDUD PHWDOL]DomR GH FHUkPLFDV y[LGDV +$O526, HVWi

IXQGDPHQWDGD EDVLFDPHQWH QR IDWR GR PHVPR FRQVHJXLU GLVVRFLDU VXSHUILFLDOPHQWH D DOXPLQD

H IRUPDU y[LGR GH 7L H2RX y[LGRV PLVWRV +7L/$O,1 (VWHV y[LGRV DLQGD TXH PHQRV HVWiYHLV TXH R

VXEVWUDWR FHUkPLFR +$O526, SRVVLELOLWDP D PROKDELOLGDGH GR PHVPR SHOD OLJD GH DGLomR >47@1

$V SRVVtYHLV UHDo}HV TXtPLFDV HQWUH R WLWkQLR H D DOXPLQD SRGHP VHU UHSUHVHQWDGDV SHODV

VHJXLQWHV HTXDo}HV=

$O526 +V, . 67L +V, → 5$O +O, . 67L2 +V,
D 4333R&

. :8 N-2PRO
HTXDomR 6

RX

$O526 +V, . 625 7L +V, → 5$O +O, . 625 7L25 +V,
D 4333R&

. 567 N-2PRO
HTXDomR 7

&RQVLGHUDQGR0VH XPD WHPSHUDWXUD GH 4333�& WHP0VH SDUD D UHDomR GHVFULWD SHOD

HTXDomR 6 XPD HQHUJLD OLYUH GH *LEEV +∆*34333, GH :8 N-2PRO1 1R FDVR GD HTXDomR 7 D ∆*34333

p LJXDO D 567 N-2PRO >93@1 2 YDORU SRVLWLYR GD HQHUJLD OLYUH SDUD DV GXDV UHDo}HV PRVWUD/ TXH

WHUPRGLQDPLFDPHQWH DV PHVPDV QmR GHYHP RFRUUHU/ RX VHMD/ D DOXPLQD p PDLV HVWiYHO TXH RV

y[LGRV GH WLWkQLR1 (QWUHWDQWR/ DV OLJDV GH DGLomR FRP 7L FRQVHJXHP PROKDU RV VXEVWUDWRV GH

DOXPLQD1 8PD SRVVtYHO H[SOLFDomR SDUD HVWH FRPSRUWDPHQWR GHYH FRQVLGHUDU TXH D IRUPDomR

GD VROXomR VyOLGD GR $O H GD LQWHUIDFH FRQWULEXL FRP R ∆*3 GD HTXDomR/ WRUQDQGR0D SRVVtYHO

>47@1

6HJXQGR &KLGDPEDUDP >73@/ RXWUD H[SOLFDomR p TXH D UHDomR RFRUUH DSHQDV QD

VXSHUItFLH GD DOXPLQD/ VHQGR QHFHVViULD/ SRUWDQWR/ PHQRV HQHUJLD TXH SDUD D UHGXomR GD

PHVPD IDVH QR LQWHULRU GD FHUkPLFD +∆*$O526
6XS1 !∆*$O526

R,1 $GPLWH0VH FRPR PDLV SURYiYHO D
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IRUPDomR GR PRQy[LGR GH WLWkQLR +HTXDomR 6,/ XPD YH] TXH R PHVPR p PDLV HVWiYHO TXH R

7L25 H SUHFLVD GH XP PHQRU WHRU GH R[LJrQLR SDUD D VXD IRUPDomR HVWHTXLRPpWULFD >45/76/94@1

1D HTXDomR 6 R DOXPtQLR OLEHUDGR SHOD UHGXomR GD $O526 SRGH VHU GLVVROYLGR SHOD OLJD

GH DGLomR QR HVWDGR OtTXLGR H2RX UHDJLU FRP 7L TXH VREURX GD GLVVRFLDomR GD VXSHUItFLH

FHUkPLFD/ IRUPDQGR GXUDQWH R UHVIULDPHQWR QRYRV FRPSRVWRV1 3DUDOHODPHQWH/ RXWURV

HOHPHQWRV SUHVHQWHV QD OLJD GH DGLomR/ FRPR SRU H[HPSOR &X/ SRGHP UHDJLU FRP RV y[LGRV GH

7L IRUPDGRV QD VXSHUItFLH GD FHUkPLFD H LPHGLDWDPHQWH QXFOHDU XP y[LGR PLVWR >76/94@1 e

SHUIHLWDPHQWH SRVVtYHO TXH R 7L TXH UHDMD FRP D VXSHUItFLH GD DOXPLQD/ Mi FRQWHQKD XP

SHTXHQR WHRU GH RXWUR HOHPHQWR HP VROXomR VyOLGD +&X,/ R TXH WDPEpP FRQWULEXL SDUD TXH VH

IRUPHP y[LGRV PLVWRV >47@1

1D VXSHUItFLH GD FHUkPLFD IRUPD0VH/ GHYLGR j UHDomR GR 7L FRP D DOXPLQD/ XPD ILQD

FDPDGD GH y[LGRV GH WLWkQLR +7L2/ 7L526/ 7L628/ 7L72:/ 7L25,/ FXMD HVWHTXLRPHWULD GHSHQGH GD

DWLYLGDGH GR WLWkQLR QD OLJD GH DGLomR >4:/95097@1 8PD VHJXQGD FDPDGD GH SURGXWRV GH UHDomR

p IRUPDGD VREUH HVWD FDPDGD SULPiULD GH y[LGRV +y[LGR GH WLWkQLR,/ DWUDYpV GH VXD UHDomR FRP

R 7L H FRP RV GHPDLV HOHPHQWRV GD OLJD GH DGLomR/ UHVXOWDQGR QD IRUPDomR GH VLVWHPDV

FRPSOH[RV >76/94@1

$ FDPDGD GH UHDomR p FRQVWLWXtGD SRU SURGXWRV GD UHDomR HQWUH D FHUkPLFD H R PHWDO

DWLYR HQFRQWUDGR QD OLJD GH DGLomR RX GHSRVLWDGR SRU DOJXP SURFHVVR GH PHWDOL]DomR/ HVWDQGR

ORFDOL]DGD QD LQWHUIDFH FRP D VXSHUItFLH FHUkPLFD WHQGR HVSHVVXUD TXH SRGH YDULDU GHVGH

DOJXPDV FDPDGDV DW{PLFDV DWp GH]HQDV GH PLFURPHWURV >9/45/76@1 1D )LJXUD ; p DSUHVHQWDGD

XPD WtSLFD FDPDGD GH UHDomR GH XPD XQLmR EUDVDGD FRP OLJD GH DGLomR DWLYD >:@1
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&DPDGD GH 5HDomR

)LJXUD ;= &DPDGD GH UHDomR HP XQLmR EUDVDGD FRP PHWDO DWLYR +,QFXVLO $%$, >:@1

2 DXPHQWR QD HVSHVVXUD GD FDPDGD GH UHDomR RFRUUH DWUDYpV GH SURFHVVRV GLIXVLYRV

PRYLGRV SHOD VXSHUVDWXUDomR GH 7L QD OLJD GH DGLomR/ REHGHFHQGR D XPD IXQomR SDUDEyOLFD QR

WHPSR >9/76@1 &KLGDPEDUDP HW DOL1 HVWXGDUDP D FLQpWLFD GH IRUPDomR GD FDPDGD GH UHDomR

SDUD R VLVWHPD $O5262&X07L/ FRQVWDWDQGR TXH R FUHVFLPHQWR GD FDPDGD QmR p XQLIRUPH DR

ORQJR GH WRGD D VXSHUItFLH FHUkPLFD H TXH R PHVPR RFRUUH D XPD WD[D SDUDEyOLFD TXDQGR XPD

PRQRFDPDGD GH SURGXWRV GH UHDomR p IRUPDGD >76@1

1RWD0VH TXH RV y[LGRV GH WLWkQLR IRUPDGRV QR LQtFLR GD FDPDGD GH UHDomR VmR TXDVH WmR

HVWiYHLV TXDQWR D DOXPLQD/ QmR SHUPLWLQGR R PROKDPHQWR DGHTXDGR SHOD OLJD GH DGLomR

FRQYHQFLRQDO +S1 H[1 $J0&X,1 2 VHJXQGR ILOPH GD FDPDGD GH UHDomR p XP y[LGR PLVWR TXH

SRGH VHU PROKDGR SHOD OLJD GH DGLomR H/ SRU VXD YH]/ FRQVHJXH PROKDU R y[LGR GH WLWkQLR GD

FDPDGD DQWHULRU/ SHUPLWLQGR DVVLP R PROKDPHQWR GD OLJD GH DGLomR/ JHUDQGR XPD HVWUXWXUD GH

WUDQVLomR UHVSRQViYHO SHOD FRQH[mR HVWUXWXUDO HQWUH D FHUkPLFD H D OLJD GH DGLomR >76@1

516 5(6,67Ç1&,$0(&Æ1,&$

$V SURSULHGDGHV PHFkQLFDV GDV XQL}HV PHWDO2FHUkPLFD GHSHQGHP GLUHWDPHQWH GH

IDWRUHV FRPR D QDWXUH]D GD OLJD GH DGLomR H RV PDWHULDLV GH EDVH/ SDUkPHWURV GH
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SURFHVVDPHQWR +WHPSR/ WHPSHUDWXUD/ WD[DV GH DTXHFLPHQWR H UHVIULDPHQWR H DWPRVIHUD,/ WLSR

GH MXQWD/ JHRPHWULD GDV DPRVWUDV H IRUPD GH FDUUHJDPHQWR >98@1

(QWUH RV PpWRGRV SDUD DYDOLDU D UHVLVWrQFLD PHFkQLFD GDV MXQWDV SRGHP0VH FLWDU D WUDomR

XQLD[LDO/ D IOH[mR +6 H 7 SRQWRV, H R FLVDOKDPHQWR/ FRQIRUPH p LOXVWUDGR QD )LJXUD < >5/45@1
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D,

E,

F,

G,

H,

0DWHULDO GH %DVH

/LJD GH $GLomR

0DWHULDO GH %DVH

/LJD GH $GLomR

)LJXUD <= (QVDLR PHFkQLFR SDUD MXQWDV> D,7UDomR> E, )OH[mR 63> F, )OH[mR 73> G, &LVDOKDPHQWR SODQR>

H, &LVDOKDPHQWR DQHO2FLOLQGUR >4/5@1

$ UHVLVWrQFLD PHFkQLFD GH XQL}HV GH PDWHULDLV FHUkPLFRV p IRUWHPHQWH GHSHQGHQWH GDV

IDVHV GD LQWHUIDFH1 $ IRUPDomR GH y[LGRV H2RX FRPSRVWRV LQWHUPHWiOLFRV/ DVVLP FRPR D

HVSHVVXUD/ FRPSRVLomR H PRUIRORJLD GD FDPDGD GH UHDomR SRGHP DOWHUDU VLJQLILFDWLYDPHQWH D

UHVLVWrQFLD PHFkQLFD GD XQLmR1 $ SUHVHQoD GH PDWHULDO RUJkQLFR H SDUWtFXODV GH LPSXUH]DV QDV

VXSHUItFLHV D VHUHP XQLGDV H QD OLJD GH DGLomR FRPSURPHWH D PLFURHVWUXWXUD DWUDYpV GR

VXUJLPHQWR GH GHIHLWRV/ R TXH SRGH SURSLFLDU D QXFOHDomR H FUHVFLPHQWR GH WULQFDV SRU

FRQFHQWUDomR GH WHQVmR1 'HYLGR j JUDQGH VHQVLELOLGDGH GRV PDWHULDLV FHUkPLFRV j SUHVHQoD GH

WULQFDV H GH RXWURV GHIHLWRV PLFURHVWUXWXUDLV/ QD FDUDFWHUL]DomR GDV XQL}HV PHWDO2FHUkPLFD p
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FRQYHQLHQWH R HPSUHJR GH PpWRGRV HVWDWtVWLFRV/ FRPR SRU H[HPSOR R PRGHOR GH :HLEXOO/ SDUD

VH FRQVHJXLU FRPSLODU R YDORU GD UHVLVWrQFLD PHFkQLFD FRP D VXD GLVSHUVmR >4/47@1

'H DFRUGR FRP D WHRULD GR HOR IUDFR GH :HLEXOO SDUD DYDOLDU R FRPSRUWDPHQWR

PHFkQLFR GH PDWHULDLV FHUkPLFRV/ R WHVWH GH WUDomR XQLD[LDO p WHRULFDPHQWH R PDLV DGHTXDGR/

XPD YH] TXH R YROXPH WUDFLRQDGR p PD[LPL]DGR H R UHVXOWDGR GHYHUi VHU UHSUHVHQWDWLYR GH

WRGR R FRUSR GH SURYD >58/99@1 (QWUHWDQWR/ DV H[LJrQFLDV GH HVWUHLWR FRQWUROH GDV

FDUDFWHUtVWLFDV VXSHUILFLDLV H JHRPpWULFDV GRV FRUSRV GH SURYD/ DOpP GD FRQFHQWUDomR GH WHQVmR

TXH VXUJH HQWUH D JDUUD GD PiTXLQD H R FRUSR GH SURYD/ ID]HP FRP TXH HVWH HQVDLR QmR VHMD

PXLWR XWLOL]DGR XPD YH] TXH LVWR LQGX] D GLVSHUV}HV H[DJHUDGDV >99@1

1RV HQVDLRV GH IOH[mR/ DSHVDU GD QHFHVVLGDGH GH XP ERP DFDEDPHQWR VXSHUILFLDO H

HVWUHLWR FRQWUROH GH SODQLFLGDGH H SDUDOHOLVPR QRV FRUSRV GH SURYD/ RV SUREOHPDV UHIHUHQWHV DR

DOLQKDPHQWR DPRVWUD2PiTXLQD H D LQWHUDomR GDV JDUUDV FRP R FRUSR GH SURYD VmR

PLQLPL]DGRV/ ID]HQGR FRP TXH HVWH WLSR GH HQVDLR VHMD GH PDLV IiFLO H[HFXomR H PDLRU

FRQILDELOLGDGH1 2 IDWR GH R YROXPH VRE WUDomR/ QR HQVDLR GH IOH[mR/ VHU LQIHULRU DR YROXPH

WUDFLRQDGR QR HQVDLR XQLD[LDO ID] FRP TXH VH REWHQKDP YDORUHV GH UHVLVWrQFLD PDLV HOHYDGRV

SDUD RV PDWHULDLV HQVDLDGRV HP IOH[mR/ HP UHODomR DR PHVPR PDWHULDO VXEPHWLGR D HQVDLR GH

WUDomR >7/6:/99@/ RX VHMD=

9WUDomR ! 9IOH[mR 7S ! 9IOH[mR 6S ⇒ σWUDomR ? σIOH[mR 7S ? σIOH[mR 6S

1D 7DEHOD 6 VmR PRVWUDGRV YDORUHV WtSLFRV GD UHVLVWrQFLD PHFkQLFD GH DOJXPDV MXQWDV

PHWDO2FHUkPLFD H FHUkPLFD2FHUkPLFD SURGX]LGDV SRU EUDVDJHP >47/58@1 $ LQWHJULGDGH

PHFkQLFD GD XQLmR PHWDO2FHUkPLFD p GH IXQGDPHQWDO LPSRUWkQFLD SDUD R GHVHQYROYLPHQWR GDV

WpFQLFDV GH XQLmR H/ SULQFLSDOPHQWH/ SDUD D FRQILDELOLGDGH GD MXQWD PHWDO2FHUkPLFD SURGX]LGD1

3RU LVVR D IUDWXUD GH XQL}HV/ DVVLP FRPR RV PHFDQLVPRV GH QXFOHDomR H SURSDJDomR GH WULQFDV

YrP VHQGR SHVTXLVDGRV >8:/49/98/9:@1
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7DEHOD 6= 5HVLVWrQFLD PHFkQLFD GH XQL}HV PHWDO2FHUkPLFD H FHUkPLFD2FHUkPLFD >47/58/9;@1

6LVWHPD 5HVLVWrQFLD
+03D,

/LJD GH
$GLomR 0HWDOL]DomR 7LSR GH (QVDLR 2

2EVHUYDomR

$O5262)H01L0&R ;3 $J0&X 0R20Q )OH[mR HP 7 SRQWRV

$O5262)H01L0&R 453 $J0&X0,Q 0R20Q )OH[mR HP 7 SRQWRV

$O5262)H01L0&R 98 $J0&X :20Q )OH[mR HP 7 SRQWRV
$WPRVIHUD GH DUJ{QLR

$O5262$O526
5;6 +PyGXOR GH
:HLEXOO ± 48/5, 1LRUR ± $%$ 0HWDO $WLYR )OH[mR HP 7 SRQWRV

$O5262$O526 493 $J0&X0,Q 0R20Q )OH[mR HP 7 SRQWRV

$O5262)H01L0&R
6LQWHUL]DGR 464 7LFXVLO 0HWDO $WLYR )OH[mR HP 6 SRQWRV

7  ;;8R&> W  48PLQ

$O5262)H01L0&R
6LQWHUL]DGR 456 7LFXVLO 0HWDO $WLYR )OH[mR HP 6 SRQWRV

7  ;;8R&> W  63PLQ

$O5262)H01L0&R
6LQWHUL]DGR 43: 7LFXVLO 0HWDO $WLYR )OH[mR HP 6 SRQWRV

7  ;88R&> W  48PLQ

$O5262)H01L0&R
6LQWHUL]DGR 435 7LFXVLO 0HWDO $WLYR )OH[mR HP 6 SRQWRV

7  ;;8R&> W  63PLQ

$O5262)H01L0&R 63 9+0:;3 7L +PHFkQLFD, 7UDomR

$O5262)H01L0&R 8 9+0<83 7L +PHFkQLFD, 7UDomR

517 7(16®(6 5(6,'8$,6

$ GLIHUHQoD QR FRHILFLHQWH GH H[SDQVmR WpUPLFD H QR PyGXOR GH HODVWLFLGDGH HQWUH RV

PDWHULDLV GH EDVH p UHVSRQViYHO SHODV WHQV}HV WpUPLFDV UHVLGXDLV JHUDGDV QDV XQL}HV

PHWDO2FHUkPLFD +)LJXUD 43, >:@1 1R UHVIULDPHQWR DSyV D XQLmR/ D LQWHUIDFH IXQFLRQD FRPR

UHVWULomR j FRQWUDomR GRV PDWHULDLV/ H FRPR FRQVHT�rQFLD WHP0VH R VXUJLPHQWR GDV WHQV}HV

UHVLGXDLV >4/47@1 $ DPSOLWXGH H D GLVWULEXLomR GDV WHQV}HV UHVLGXDLV QDV XQL}HV GHSHQGH GH

IDWRUHV/ WDLV FRPR= JHRPHWULD GD MXQWD/ JUDGLHQWH GH WHPSHUDWXUD/ HVSHVVXUD GD FDPDGD GH

UHDomR/ IDVHV IRUPDGDV QD LQWHUIDFH/ PyGXOR GH HODVWLFLGDGH H FRHILFLHQWH GH H[SDQVmR WpUPLFD

GRV PDWHULDLV HQYROYLGRV >4/46/66@1
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)LJXUD 43= 7HQV}HV WpUPLFDV UHVLGXDLV HP XQL}HV PHWDO2FHUkPLFD1

$ H[LVWrQFLD GH WHQV}HV WpUPLFDV UHVLGXDLV QDV XQL}HV DOWHUD D PDJQLWXGH GD UHVLVWrQFLD

PHFkQLFD GD MXQWD H DXPHQWD D VXD GLVSHUVmR >4/46@1 2 DXPHQWR QD GLVSHUVmR SRGH VHU

H[SOLFDGR SHOD FRQFHQWUDomR GDV WHQV}HV UHVLGXDLV HP ORFDLV SUHIHUHQFLDLV QD XQLmR/ FRPR QDV

SUR[LPLGDGHV GH GHIHLWRV H SDUWtFXODV y[LGDV QD LQWHUIDFH1 (P DPRVWUDV FLOtQGULFDV/ REVHUYRX0

VH TXH TXDQWR PDLRU R GLkPHWUR/ PDLRU D DPSOLWXGH GDV WHQV}HV WpUPLFDV/ DV TXDLV DWLQJHP R

Pi[LPR QD H[WUHPLGDGH OLYUH1 1R FDVR GH DPRVWUDV GH VHomR UHWDQJXODU/ RV FDQWRV IXQFLRQDP

FRPR SRQWRV GH FRQFHQWUDomR GH WHQV}HV >4/46/4;@1

3DUD D UHGXomR GDV WHQV}HV WpUPLFDV UHVLGXDLV/ XP GRV PpWRGRV PDLV XWLOL]DGRV p D

LQWURGXomR GH XP PHWDO G~FWLO HQWUH RV PDWHULDLV D VHUHP EUDVDGRV +PHWDO2FHUkPLFD,/ GH PRGR

TXH HVWD LQWHUFDPDGD PHWiOLFD VH GHIRUPH FRP IDFLOLGDGH/ PLQLPL]DQGR/ DVVLP/ DV WHQV}HV QD
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FHUkPLFD/ FRPR XWLOL]DGR HP MXQWDV GH 6L6172.RYDU5 FRP LQWHUFDPDGD GH DOXPtQLR RX QDV

XQL}HV GH $O5262$oR LQR[LGiYHO FRP LQWHUFDPDGD GH 7L >4;/9</:3@1

2XWUD IRUPD GH PLQLPL]DU DV WHQV}HV/ EDVWDQWH GLIXQGLGD QD EUDVDJHP GH FHUkPLFDV

FRP DoRV/ p D XWLOL]DomR GH OLJDV PHWiOLFDV LQWHUPHGLiULDV FRP FRHILFLHQWH GH H[SDQVmR

WpUPLFD +α, FRQWURODGR DWUDYpV GD FRPSRVLomR +,QYDU6/ .RYDU H 6XSHULQYDU,/ SHUPLWLQGR XPD

WUDQVLomR JUDGDWLYD GR α GR PHWDO DWp R GD FHUkPLFD >4/46/4;@1 $V WHQV}HV WpUPLFDV UHVLGXDLV

QDV XQL}HV VmR PDLV FRPXPHQWH DYDOLDGDV H[SHULPHQWDOPHQWH SRU GLIUDomR GH QrXWURQV H

GLIUDomR GH UDLRV0; H/ QXPHULFDPHQWH/ SHOR PpWRGR GRV HOHPHQWRV ILQLWRV +0(), >4@1

$ XWLOL]DomR GDV WpFQLFDV GH GLIUDomR HVWi IXQGDPHQWDGD QR GHVORFDPHQWR GRV SLFRV GH

GLIUDomR HP YLUWXGH GDV GHIRUPDo}HV GR PDWHULDO1 $ GHIRUPDomR PHGLGD DWUDYpV GD GLIUDomR/

DVVRFLDGD jV SURSULHGDGHV GRV PDWHULDLV +PHWDO H FHUkPLFD,/ SHUPLWH TXH VH FDOFXOH DV WHQV}HV

UHVLGXDLV DV TXDLV R PDWHULDO HVWi VXEPHWLGR1 $ WpFQLFD GD GLIUDomR GH UDLRV ; p PDLV XWLOL]DGD

TXH D GLIUDomR GH QrXWURQV/ HP IXQomR GD PDLRU GLVSRQLELOLGDGH GH HTXLSDPHQWR >4/47@1

$ GHVYDQWDJHP GD GLIUDomR GH UDLRV ; FRQVLVWH QD VXD UHGX]LGD SHQHWUDomR QR PDWHULDO/

ID]HQGR FRP TXH D DQiOLVH GDV WHQV}HV VHMD UHVWULWD j UHJLmR VXSHUILFLDO GD XQLmR1 $ GLIUDomR GH

QrXWURQV WHP FRPR YDQWDJHP D PDLRU SHQHWUDomR/ SHUPLWLQGR D GHWHUPLQDomR GD GLVWULEXLomR

GH WHQV}HV UHVLGXDLV HP WRGR R FRPSRQHQWH1 (QWUHWDQWR/ QHFHVVLWD GH XP UHDWRU QXFOHDU SDUD D

SURGXomR GRV QrXWURQV/ DOpP GR HQVDLR VHU EHP PDLV OHQWR TXH D GLIUDomR GH UDLRV ; >4@1

2 PpWRGR GRV HOHPHQWRV ILQLWRV +0(), WHP VLGR ODUJDPHQWH HPSUHJDGR QR HVWXGR GDV

WHQV}HV UHVLGXDLV >79/9<@/ SULQFLSDOPHQWH SHOD VXD VLPSOLFLGDGH H[SHULPHQWDO/ UHGX]LGR FXVWR H

SRVVLELOLGDGH GH VH REWHU UDSLGDPHQWH XP PDSHDPHQWR FRPSOHWR GDV WHQV}HV QD UHJLmR

DQDOLVDGD >79/9</:3@1 $ FRQVWUXomR GH XP PRGHOR PDWHPiWLFR SDUD R FiOFXOR GDV WHQV}HV

UHVLGXDLV DWUDYpV GR 0()/ QHFHVVLWD TXH VH IDoDP VXSRVLo}HV DFHUFD GDV SURSULHGDGHV GRV

PDWHULDLV HQYROYLGRV/ DOpP GH VLPSOLILFDo}HV VREUH RV PHFDQLVPRV GH IRUPDomR GDV LQWHUIDFHV

>4/47@1

518 7e&1,&$6 '(0(7$/,=$d­2

9iULRV HVWXGRV DFHUFD GR GHVHQYROYLPHQWR H DSHUIHLoRDPHQWR GDV WpFQLFDV GH

PHWDOL]DomR GH VXSHUItFLHV FHUkPLFDV HVWmR VHQGR UHDOL]DGRV/ FRP R LQWXLWR GH VH FRQVHJXLU

H[HFXWDU D XQLmR SRU EUDVDJHP VHP D XWLOL]DomR GH OLJDV FRP PHWDO DWLYR D XP FXVWR UHGX]LGR

5 .RYDU p PDUFD UHJLVWUDGD GD :HVWLQJKRXVH &RUS1 ± )H69(1L

6 ,QYDU p PDUFD UHJLVWUDGD GD 6RF1 $QRQ1 'H &RPPHQWU\0)RXUFKDPEDXOW HW 'HFD]LYLOOH1 ± )H05;(1L04;(&R
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>5;063@1 'LYHUVRV SURFHVVRV HVWmR GLVSRQtYHLV DWXDOPHQWH FXMD VHOHomR GHSHQGH EDVLFDPHQWH

GDV FDUDFWHUtVWLFDV PLFURHVWUXWXUDLV GHVHMDGDV/ GD GLVSRQLELOLGDGH GH HTXLSDPHQWRV H GD

ILQDOLGDGH GD GHSRVLomR >54/55/59/:4/:5@1

2V SURFHVVRV GH GHSRVLomR ItVLFD +39' ± 3K\VLFDO 9DSRXU 'HSRVLWLRQ, VmR

FDUDFWHUL]DGRV SHOR IDWR GD SURGXomR H R WUDQVSRUWH GR YDSRU DWp R VXEVWUDWR RFRUUHU SRU PHLRV

ItVLFRV/ SRGHQGR VHU UHDOL]DGR HP EDL[D SUHVVmR1 (QWUH RV GLYHUVRV SURFHVVRV GH GHSRVLomR

39'/ SRGH0VH FLWDU D WpFQLFD GHQRPLQDGD GH ³,RQ 3ODWLQJ´ +,3,/ QD TXDO R PHWDO p YDSRUL]DGR

H LRQL]DGR SDUD HP VHJXLGD VHU DFHOHUDGR HP GLUHomR j VXSHUItFLH GR VXEVWUDWR FHUkPLFR1 8PD

YDULDomR GHVWD WpFQLFD p R FKDPDGR *$UF ,RQ 3ODWLQJ* +$,3,/ QR TXDO XPD IRQWH GH FRUUHQWH

FRQWtQXD +'&, H XPD WHQVmR PDLRU GH WUDEDOKR DXPHQWDP D HILFLrQFLD GD LRQL]DomR GR PHWDO

>47/59/:4@1

2 VSXWWHULQJ/ TXH p XPD WpFQLFD 39'/ WHP VLGR DPSODPHQWH XWLOL]DGR SDUD GHSRVLomR

GH PHWDO HP FRPSRQHQWHV yWLFRV H HP FDEHoDV PDJQpWLFDV GH VLVWHPDV GH LQIRUPiWLFD1 1HVWH

SURFHVVR +VSXWWHULQJ,/ XP JiV/ HP JHUDO DUJ{QLR/ p LRQL]DGR DWUDYpV GH XPD IRQWH '& RX GH

UiGLR IUHT�rQFLD +5), H DFHOHUDGR HP GLUHomR DR DOYR PHWiOLFR/ RQGH iWRPRV DUUDQFDGRV SRU

ERPEDUGHDPHQWR VmR LRQL]DGRV H DFHOHUDGRV HP GLUHomR DR VXEVWUDWR FHUkPLFR1 8PD

FDUDFWHUtVWLFD LQWHUHVVDQWH GR VSXWWHULQJ p TXH VH FRQVHJXH D IRUPDomR GH ILOPHV FRP XPD

FRPSRVLomR HVWHTXLRPpWULFD/ VHQGR SRVVtYHO WUDEDOKDU FRP HOHPHQWRV FRP JUDQGH GLIHUHQoD

GH SUHVVmR GH YDSRU HP XPD PHVPD WHPSHUDWXUD >59/:4@1

2V SURFHVVRV GH GHSRVLomR TXtPLFD +&9' ± &KHPLFDO 9DSRXU 'HSRVLWLRQ, VmR

FDUDFWHUL]DGRV SHOD H[LVWrQFLD GH UHDo}HV TXtPLFDV KHWHURJrQHDV QD VXSHUItFLH GR VXEVWUDWR/

SRGHQGR RFRUUHU VHP D QHFHVVLGDGH GH DPELHQWHV FRP EDL[D SUHVVmR1 $ SUHVVmR GR JiV QD

FkPDUD GH UHDomR SRGH FKHJDU D YDORUHV GD RUGHP GH 436 D 437 3D1 (P JHUDO/ SDUD VH FRQVHJXLU

XP ERP UHYHVWLPHQWR XWLOL]DQGR &9' p QHFHVViULR PDQWHU D WHPSHUDWXUD GR VXEVWUDWR HP

WRUQR GH 4333°&/ H[LJLQGR XP UHDWRU FRP FDUDFWHUtVWLFDV HVSHFLDLV1 &RP R GHVHQYROYLPHQWR

GRV SURFHVVRV &9' DX[LOLDGRV SRU SODVPD WHP0VH FRQVHJXLGR D REWHQomR GH ILOPHV HP

WHPSHUDWXUDV PDLV EDL[DV FRPR R FDVR GRV ILOPHV GH VLOtFLR DPRUIR XWLOL]DGRV HP FpOXODV SDUD

FRQYHUVmR GH HQHUJLD VRODU HP HOpWULFD H GRV ILOPHV ILQRV DSOLFDGRV HP WUDQVLVWRUHV >47/59/:4@1

2 SURFHVVR 0R00Q p XPD WpFQLFD GH PHWDOL]DomR EDVWDQWH GLIXQGLGD SDUD D EUDVDJHP

H FRQVLVWH QD VLQWHUL]DomR GH SyV PHWiOLFRV QD VXSHUItFLH FHUkPLFD1 3DUD D $O526/ HP IXQomR GD

VXD HOHYDGD WHPSHUDWXUD GH VLQWHUL]DomR/ D PHWDOL]DomR p H[HFXWDGD FRP PHWDLV UHIUDWiULRV1

0ROLEGrQLR H WXQJVWrQLR VmR HP JHUDO XVDGRV HP IXQomR GR EDL[R FRHILFLHQWH GH H[SDQVmR

WpUPLFD >7/4;@1 1R SURFHVVR 0R00Q XPD SDVWD FRQWHQGR EDVLFDPHQWH XP VROYHQWH/ DOpP GRV

SyV GH 0R H GH 0Q/ H HP DOJXQV FDVRV/ XPD IDVH YtWUHD DGLFLRQDO +7DEHOD 7 >67@, p XWLOL]DGD
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SDUD PHWDOL]DU D VXSHUItFLH GD FHUkPLFD1 $ SDVWD FRP D SUHVHQoD GH XPD IDVH YtWUHD p

HPSUHJDGD TXDQGR D FHUkPLFD TXH VH GHVHMD PHWDOL]DU WHP XPD HOHYDGD SXUH]D H QmR

DSUHVHQWD QD VXD FRPSRVLomR XP PtQLPR GH 6 ( GH IDVH YtWUHD/ VHQGR SRUWDQWR QHFHVViULD D

VXD DGLomR SDUD SHUPLWLU D PHWDOL]DomR GR VXEVWUDWR +FHUkPLFDV y[LGDV H DOJXQV WLSRV GH 6L617,

>7/56/67@1

7DEHOD 7= &RPSRVLomR GH DOJXPDV SDVWDV SDUD PHWDOL]DomR FRP 0R00Q1

0R +( 3HVR, 0Q +( SHVR, (OHPHQWRV DGLFLRQDLV +( SHVR,

;3 53 0

;3 43 43 7L+5
:8 53 8 6L

:8 53 80R5%8
:8 53 8 9LGUR

;3 47 9 )HUUR06LOtFLR

:8 53 8 9528
;3 0 53 YLGUR +0Q20$O52606L25,

:3 53 430R%7

1R SURFHVVR 0R00Q/ DSUHVHQWDGR HVTXHPDWLFDPHQWH QD )LJXUD 44 >67@/ XPD ILQD

FDPDGD GD SDVWD GH PHWDOL]DomR p DSOLFDGD QD VXSHUItFLH FHUkPLFD TXH VH GHVHMD EUDVDU/ HP

VHJXLGD D FHUkPLFD DVVLP UHYHVWLGD p WUDWDGD WHUPLFDPHQWH HP XPD WHPSHUDWXUD TXH YDULD

HQWUH 4633�& DWp 4933�&/ HP XP IRUQR FRP DWPRVIHUD ~PLGD GH QLWURJrQLR0KLGURJrQLR

+:8(15 ±58(+5,1 1HVWD FRQGLomR/ D IDVH YtWUHD SUHVHQWH QD FHUkPLFD PLJUD SRU IRUoDV GH

RULJHP FDSLODU SDUD D VXD VXSHUItFLH/ UHDJLQGR HP WRUQR GH 4733�& FRP R 0Q GD SDVWD GH

PHWDOL]DomR H IRUPDQGR HVSLQpOLRV 0Q$O527 +QR FDVR GR VXEVWUDWR GH DOXPLQD,1

3DUDOHODPHQWH/ DV SDUWtFXODV GH 0R GD SDVWD VmR VLQWHUL]DGDV HP FLPD GD FDPDGD GH HVSLQpOLR/

D TXDO WHP D IXQomR GH SHUPLWLU D OLJDomR HQWUH R VXEVWUDWR FHUkPLFR H R ILOPH PHWiOLFR

IRUPDGR >67/7:/:6@1 8PD GDV GHVYDQWDJHQV GHVWH SURFHVVR p D QHFHVVLGDGH GH XWLOL]DomR GH

XP SDVVR DGLFLRQDO/ HQWUHWDQWR p SRVVtYHO VH DGTXLULU FRPHUFLDOPHQWH R FRPSRQHQWH FHUkPLFR

Mi FRP D VXSHUItFLH TXH VHUi EUDVDGD QD FRQGLomR PHWDOL]DGD FRP R SURFHVVR 0R00Q/ SRUpP

LVWR HOHYD R FXVWR GR FRPSRQHQWH FHUkPLFR HP WRUQR GH 63 ( >67@1
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)LJXUD 44 = (VTXHPD GR SURFHVVR GH PHWDOL]DomR 0R00Q1

1D WpFQLFD GH PHWDOL]DomR GH 6L617 FRP VDLV FRQWHQGR 7L/ XPD PLVWXUD FRP 1D&O0.&O

H XP FRPSRVWR D EDVH GH 7L/ ) H . p SUHSDUDGD H FRORFDGD HP XP IRUQR FRP DWPRVIHUD GH

DUJ{QLR j WHPSHUDWXUD HQWUH :33 H 4433�&1 2 6L617 p HQWmR PHUJXOKDGR QHVWH EDQKR IXQGLGR

SRU GLYHUVDV YH]HV HP LQWHUYDORV GH WHPSR GHWHUPLQDGRV SDUD TXH RV VDLV UHDMDP FRP D

FHUkPLFD SURGX]LQGR R ILOPH PHWiOLFR> HP VHJXLGD DV DPRVWUDV FHUkPLFDV PHWDOL]DGDV

SUHFLVDP VHU OLPSDV H VHFDV DQWHV GH VHUHP VXEPHWLGDV j HWDSD GH EUDVDJHP >54/:5@1 &RPR

GHVYDQWDJHQV GD WpFQLFD/ HVWi R IDWR GH VH PHWDOL]DU WRGD D FHUkPLFD/ H QmR DSHQDV D VXSHUItFLH

TXH VH QHFHVVLWD EUDVDU/ DOpP GD QHFHVVLGDGH GH XP IRUQR GH IXVmR SDUD VDLV/ GH XP HOHYDGR

WHPSR GH SURFHVVR H D WR[LGDGH LQHUHQWH DRV FRPSRVWRV TXtPLFRV XWLOL]DGRV1

2XWUD WpFQLFD TXH YDOH D SHQD FLWDU SRU VHX FDUiWHU FRPHUFLDO/ p R FKDPDGR ³SURFHVVR

GH PHWDOL]DomR FRP VROXomR´/ GHVHQYROYLGR SHOD 6DPHHU +6RFLHW\ IRU $SSOLHG 0LFURZDYH

(OHWURQLFV (QJLQHHULQJ DQG 5HVHDUFK/ ,QGLD,/ QR TXDO XPD WLQWD VRO~YHO HP iJXD FRP FHUFD GH

<3 ( GH PROLEQDWR GH DP{QLD H 43 ( GH SHUPDQJDQDWR GH SRWiVVLR p DSOLFDGD QD VXSHUItFLH GD

DOXPLQD TXH VH GHVHMD EUDVDU1 (P VHJXLGD/ D DPRVWUD p FRORFDGD QR IRUQR HP DWPRVIHUD GH

KLGURJrQLR ~PLGR D XPD WHPSHUDWXUD GH 4383�&1 &RPR GHVYDQWDJHQV/ FLWD0VH R IDWR GH VHU

QHFHVViULR UHSHWLU SHOR PHQRV WUrV YH]HV D DSOLFDomR GD WLQWD H R WUDWDPHQWR WpUPLFR/ D ILP GH

VH FRQVHJXLU REWHU XP ILOPH PHWiOLFR TXH SRVVLELOLWH D EUDVDJHP SRVWHULRU/ R TXH LPSOLFD HP

HOHYDGR FRQVXPR GH HQHUJLD >55@1
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$ PHWDOL]DomR PHFkQLFD p XP SURFHVVR UHODWLYDPHQWH UHFHQWH FDUDFWHUL]DGR SHOD

VLPSOLFLGDGH RSHUDFLRQDO/ UDSLGH] H EDL[R FXVWR/ VHQGR REMHWR GH SDWHQWH GR

)RUVFKXQJV]HQWUXP -�OLFK GD 5HS~EOLFD )HGHUDO GD $OHPDQKD +&HQWUR GH 3HVTXLVDV GH

-�OLFK,1 2 SURFHVVR IRL HVWXGDGR H FDUDFWHUL]DGR SDUD D PHWDOL]DomR GH SHoDV GH $O526
FLOtQGULFDV H SODQDV/ HQWUHWDQWR Mi IRL WHVWDGR SUHOLPLQDUPHQWH WDPEpP SDUD ]LUF{QLD/ QLWUHWR GH

VLOtFLR H FDUERQHWR GH VLOtFLR >47@1

$V FDUDFWHUtVWLFDV GD FDPDGD GH UHDomR IRUPDGD GHSHQGHP HQWUH RXWURV IDWRUHV GD OLJD

GH DGLomR/ GR WHPSR GH EUDVDJHP H SURYDYHOPHQWH GD HVSHVVXUD GR ILOPH GH 7L GHSRVLWDGR1

8P ILOPH PXLWR HVSHVVR SRGH UHVXOWDU HP XPD FDPDGD GH UHDomR PXLWR ODUJD/ DVVLP FRPR D

IRUPDomR GH FRPSRVWRV LQWHUPHWiOLFRV QD LQWHUIDFH/ IUDJLOL]DQGR D XQLmR1 2 LGHDO p TXH R ILOPH

GH WLWkQLR WHQKD XPD HVSHVVXUD GD RUGHP GH DOJXPDV FDPDGDV DW{PLFDV >47@1

51814 0DJQHWURQ 6SXWWHULQJ

1HVWH SURFHVVR XP JiV p LRQL]DGR DWUDYpV GH XPD IRQWH GH FRUUHQWH FRQWtQXD RX UiGLR

IUHT�rQFLD H DFHOHUDGR HP GLUHomR D XP DOYR PHWiOLFR +FiWRGR,1 2 SURFHVVR GH

ERPEDUGHDPHQWR FDXVD R DUUDQFDPHQWR GH iWRPRV GR DOYR/ TXH VmR LRQL]DGRV H DFHOHUDGRV HP

GLUHomR DR VXEVWUDWR D VHU UHFREHUWR/ FRQGHQVDQGR0VH QD IRUPD GH XP ILOPH ILQR1 (OpWURQV

VHFXQGiULRV WDPEpP VmR HPLWLGRV GD VXSHUItFLH GR DOYR FRPR UHVXOWDGR GR ERPEDUGHDPHQWR

GH tRQV >:7@1

)D]HQGR XVR GR IDWR TXH XP FDPSR PDJQpWLFR SDUDOHOR j VXSHUItFLH OLPLWD D

PRYLPHQWDomR GRV HOpWURQV VHFXQGiULRV j YL]LQKDQoD GR DOYR/ PDJQHWRV VmR DUUDQMDGRV GH

IRUPD TXH XP SyOR p SRVLFLRQDGR QR HL[R FHQWUDO GR DOYR H R RXWUR SyOR p IRUPDGR SRU XP

DQHO GH LPmV DR UHGRU GR ODGR H[WHUQR1 &DSWXUDQGR RV HOpWURQV GHVWD IRUPD DXPHQWD0VH D

SUREDELOLGDGH GH RFRUUHU XPD FROLVmR HOpWURQ0iWRPR1 2 DXPHQWR GD HILFLrQFLD GH LRQL]DomR

IRUPD XP SODVPD GHQVR QD UHJLmR GR DOYR +)LJXUD 45, >:7@1 ,VWR/ SRU VXD YH]/ OHYD DR DXPHQWR

GR ERPEDUGHDPHQWR GR DOYR/ DXPHQWDQGR D WD[D GH DUUDQFDPHQWR GRV iWRPRV/ H HQWmR XPD

PDLRU GHSRVLomR QR VXEVWUDWR >:4/:7@1
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)LJXUD 45= 5HSUHVHQWDomR HVTXHPiWLFD GR DSULVLRQDPHQWR GR SODVPD QR PDJQHWURQ VSXWWHULQJ1

51815 0HWDOL]DomR 0HFkQLFD

2 SURFHVVR GH PHWDOL]DomR PHFkQLFD FRQVLVWH HP DWULWDU R PDWHULDO PHWiOLFR +7L, FRP D

VXSHUItFLH D VHU UHYHVWLGD1 2 SURFHVVR p FRQGX]LGR HP PiTXLQDV0IHUUDPHQWDV FRQYHQFLRQDLV

XWLOL]DQGR0VH GLVSRVLWLYRV DGHTXDGRV SDUD VH JHUDU PRYLPHQWR UHODWLYR VRE SUHVVmR HQWUH R

PHWDO H D FHUkPLFD/ FRP R LQWXLWR GH SURSRUFLRQDU R DWULWR QHFHVViULR j IRUPDomR GR

UHYHVWLPHQWR >47@1

$ GHVFULomR GR SURFHVVR GH PHWDOL]DomR PHFkQLFD VHUi IHLWD QHVWH WySLFR/ FRQVLGHUDQGR

R WLWkQLR FRPR HOHPHQWR PHWiOLFR SULQFLSDO1 'XUDQWH R SURFHVVR GH PHWDOL]DomR R PDWHULDO

PHWiOLFR p DWULWDGR FRQWUD R FHUkPLFR SURYRFDQGR R GHVJDVWH GR FRPSRQHQWH PHWiOLFR +PHQRU

GXUH]D, H D VXD GHSRVLomR QD VXSHUItFLH FHUkPLFD1

2 SURFHVVR PHFkQLFR GH PHWDOL]DomR SDUD SRVWHULRU EUDVDJHP DSUHVHQWD XPD VpULH GH

YDQWDJHQV/ GHQWUH DV TXDLV SRGH0VH GHVWDFDU >47@=

D, R UHYHVWLPHQWR p IHLWR SRU HTXLSDPHQWRV FRQYHQFLRQDLV QD WHPSHUDWXUD DPELHQWH H

HP HWDSD ~QLFD>
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E, QmR VmR QHFHVViULDV VXEVWkQFLDV TXtPLFDV/ TXH HP JHUDO SUHFLVDULDP VHU

SRVWHULRUPHQWH UHPRYLGDV/ VHQGR SRUWDQWR WDPEpP XP SURFHVVR TXH DWHQGH PHOKRU jV

H[LJrQFLDV DPELHQWDLV/ QmR OLEHUDQGR UHVtGXRV QRFLYRV DR PHLR>

F, R PDWHULDO GH UHYHVWLPHQWR SRGH VHU DGTXLULGR FRP IDFLOLGDGH/ VHP QHQKXP UHTXLVLWR

GH IRUPD H DFDEDPHQWR HVSHFLDO>

G, R UHYHVWLPHQWR SRGH VHU DSOLFDGR DSHQDV QDV iUHDV TXH VH GHVHMD PROKDU FRP R PHWDO

GH DGLomR>

H, SURFHVVR GH IiFLO DXWRPDWL]DomR H TXH QmR H[LJH PmR0GH0REUD HVSHFLDOL]DGD>

I, HP YLUWXGH GH VXD VLPSOLFLGDGH H UiSLGD H[HFXomR/ SRGH VHU XWLOL]DGR FRP YDQWDJHQV

HFRQ{PLFDV SDUD SHTXHQRV H JUDQGHV ORWHV GH SHoDV1

$ SULQFLSDO GHVYDQWDJHP GHVWH SURFHVVR p D GLILFXOGDGH GH VH SURGX]LU ILOPHV

FRQWtQXRV H FRQWURODU D HVSHVVXUD GD FDPDGD PHWiOLFD GHSRVLWDGD VH FRPSDUDGR D RXWUDV

WpFQLFDV FRPR SRU H[HPSOR R PDJQHWURQ VSXWWHULQJ1 (VWD FDUDFWHUtVWLFD p GHYLGR DR

PHFDQLVPR GH GHVJDVWH TXH RFRUUH HQWUH D IHUUDPHQWD GH PHWDO DWLYR H D VXSHUItFLH FHUkPLFD

>47@1

2 WLWkQLR H DV VXDV SULQFLSDLV OLJDV DSUHVHQWDP SREUHV SURSULHGDGHV WULEROyJLFDV/ FRP

XP HOHYDGR H LQVWiYHO FRHILFLHQWH GH DWULWR H XP VHYHUR GHVJDVWH DGHVLYR1 $ MXVWLILFDWLYD

PHWDO~UJLFD SDUD R EDL[R GHVHPSHQKR GR WLWkQLR GR SRQWR GH YLVWD WULEROyJLFR SRGH VHU

IXQGDPHQWDGD QD VXD HVWUXWXUD HOHWU{QLFD/ QD HVWUXWXUD FULVWDOLQD H/ SULQFLSDOPHQWH/ QDV VXDV

FDUDFWHUtVWLFDV VXSHUILFLDLV +IRUPDomR GH ILOPHV y[LGRV,/ R TXH H[SOLFD R JUDQGH LQWHUHVVH QRV

WUDWDPHQWRV VXSHUILFLDLV GDV OLJDV GH WLWkQLR >:7@1 1R FDVR GD GHSRVLomR PHFkQLFD GH WLWkQLR

HP VXEVWUDWRV FHUkPLFRV/ R DFHQWXDGR GHVJDVWH SRGH VHU XP SRQWR SRVLWLYR SDUD D REWHQomR GH

ILOPHV GH ERD TXDOLGDGH1 3RUpP/ SRU RXWUR ODGR R WLWkQLR SRGH DEVRUYHU JUDQGHV TXDQWLGDGHV

GH 25/ 15 H +5 IRUPDQGR VROXo}HV VyOLGDV LQWHUVWLFLDLV TXH IDYRUHFHP R VHX HQGXUHFLPHQWR D

IULR >:8@1

2 GHVJDVWH DGHVLYR p HQWHQGLGR FRPR D SHUGD GH PDWpULD HQWUH VXSHUItFLHV DQWDJRQLVWDV

GHYLGR j DGHVmR GH DVSHULGDGHV +UXJRVLGDGH,/ VHQGR UHODWLYDPHQWH VHYHUR H SUHVHQWH HP

TXDOTXHU VLWXDomR RQGH QmR H[LVWD OXEULILFDomR HIHWLYD QD LQWHUIDFH HQWUH RV GRLV FRUSRV HP

FRQWDWR1 8PD FXUYD WtSLFD GR GHVJDVWH DGHVLYR DSUHVHQWD GRLV UHJLPHV GLVWLQWRV/ WHQGR FRPR

QtYHO FUtWLFR D SUHVVmR DSDUHQWH HTXLYDOHQWH j WHQVmR GH HVFRDPHQWR GR PDWHULDO PDLV PROH1

$EDL[R GHVWH YDORU/ D WD[D GH GHVJDVWH p SURSRUFLRQDO j SUHVVmR DSDUHQWH/ H DFLPD FUHVFH

UDSLGDPHQWH FRP D SUHVVmR DSDUHQWH GH FRQWDWR WRUQDQGR0VH H[WUHPDPHQWH VHYHUR >47@1
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1R GHVJDVWH DEUDVLYR D SHUGD GH PDWpULD p GHYLGR DR PRYLPHQWR UHODWLYR GH GXDV

VXSHUItFLHV H GHFRUUHQWHV GD DomR GH DVSHULGDGHV GXUDV HP XPD GDV VXSHUItFLHV/ RX SHOD

SUHVHQoD GH SDUWtFXODV DEUDVLYDV OLYUHV RX HQJDVWDGDV HP XPD GDV VXSHUItFLHV1 7UrV

PLFURPHFDQLVPRV GH DEUDVmR VmR FRQKHFLGRV= PLFUR0VXOFDPHQWR/ PLFUR0FRUWH H PLFUR0

ODVFDPHQWR1 2 PLFUR0VXOFDPHQWR p FDUDFWHUL]DGR SRU GHIRUPDo}HV SOiVWLFDV VHP SHUGD GH

PDWpULD/ JHUDQGR XP VXOFR FRP FRQVHT�HQWH IRUPDomR GH DF~PXORV IURQWDLV H ODWHUDLV GR

PDWHULDO GHVORFDGR1 2 PLFUR0FRUWH FRQVLVWH QD IRUPDomR GH PLFUR0FDYDFRV +SDUWtFXODV, VHP

GHIRUPDomR SOiVWLFD ODWHUDO H/ R PLFUR0ODVFDPHQWR p D IRUPDomR GH JUDQGHV SDUWtFXODV GH

DEUDVmR/ GHYLGR j QXFOHDomR H LQWHUDomR GH ILVVXUDV1 2 PLFUR0ODVFDPHQWR VXUJH TXDQGR DV

WHQV}HV JHUDGDV QR SURFHVVR GH GHVJDVWH VmR VXSHULRUHV j WHQVmR FUtWLFD SDUD QXFOHDomR H

SURSDJDomR GH WULQFDV QR PDWHULDO/ VHQGR/ SRUWDQWR/ XP PHFDQLVPR FDUDFWHUtVWLFR GRV

PDWHULDLV IUiJHLV >47@1

1R SURFHVVR GH PHWDOL]DomR GHVHMD0VH PLQLPL]DU R PLFUR0VXOFDPHQWR +YLGD ~WLO GD

IHUUDPHQWD, H PD[LPL]DU R PLFUR0FRUWH1 ([LVWH XPD WUDQVLomR HQWUH HVWHV PLFURPHFDQLVPRV

GHILQLGRV SHOR kQJXOR HQWUH D IDFH DWLYD GD SDUWtFXOD DEUDVLYD H D VXSHUItFLH/ VHQGR

LQIOXHQFLDGR WDPEpP SHOR FRHILFLHQWH GH DWULWR1 2 GHVJDVWH SRU IDGLJD GH FRQWDWR VXUJH

TXDQGR VXSHUItFLHV HP RSRVLomR VmR VXEPHWLGDV D WHQV}HV QRUPDLV FtFOLFDV SURYHQLHQWHV GH

LPSDFWR RX PRYLPHQWR URWDWLYR1 (VWDV WHQV}HV SURGX]HP PLFUR0GHIRUPDo}HV WDQJHQFLDLV TXH

JHUDP PLFUR0WULQFDV VXSHUILFLDLV H VXE0VXSHUILFLDV GHJUDGDQGR D VXSHUItFLH >47@1

1D )LJXUD 46 p DSUHVHQWDGD XPD PDFURJUDILD GH XPD UHJLmR GH ILOPH GH 7L GHSRVLWDGR

PHFDQLFDPHQWH HP $O5261 1RWD0VH TXH RV GHIHLWRV HVWmR GLVWULEXtGRV GH IRUPD KRPRJrQHD H

YHULILFDGR SRU 1DVFLPHQWR TXH/ SDUD SDUkPHWURV RWLPL]DGRV GH PHWDOL]DomR/ FHUFD GH ;3 (

GRV GHIHLWRV WrP GLkPHWURV HTXLYDOHQWHV HQWUH 43 µP H 56 µP +:/;< [ 4308 ± 7/59 [ 4307 PPð,

H TXH <8/8; ( GH WRGRV RV GHIHLWRV WrP GLkPHWURV HTXLYDOHQWHV LQIHULRUHV D 83µP

+4/<8 [ 4306 PPð, >47@1
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833 �P

)LJXUD 46= 0DFURJUDILD GR ILOPH GH 7L +93 V> 5RWDomR GR FRQH GH 7L GH 5:1333 530> 5RWDomR GR WRUQR

GH ;33 530,1

([SHULPHQWRV FRPSURYDP TXH D SUHVHQoD GH GHIHLWRV +GHVGH TXH FRP GLkPHWUR

HTXLYDOHQWH LQIHULRU D 83µP, QmR LPSHGHP R PROKDPHQWR GH VXEVWUDWRV GH DOXPLQD1 (VWHV

ILOPHV GH 7L GHSRVLWDGRV PHFDQLFDPHQWH SRU 1DVFLPHQWR DSUHVHQWDUDP HVSHVVXUDV HQWUH

5 H : µP1 'HYLGR j HOHYDGD HVSHVVXUD GR UHFREULPHQWR PHWiOLFR IRUDP REVHUYDGDV HP FHUWDV

FRQGLo}HV FDPDGDV GH SUHFLSLWDomR PXLWR HVSHVVDV DSyV D UHDOL]DomR GDV EUDVDJHQV >47@1
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61 352&(',0(172 (;3(5,0(17$/

3DUD DOFDQoDU RV REMHWLYRV GR WUDEDOKR/ XPD VpULH GH H[SHULPHQWRV IRL SODQHMDGD H

H[HFXWDGD GH IRUPD VHT�HQFLDO1 ,QLFLDOPHQWH IRL UHSURGX]LGR R SURFHVVR GH PHWDOL]DomR

PHFkQLFD GD DOXPLQD VHJXQGR RV SDUkPHWURV RWLPL]DGRV GH 0DULERQGR >47@1

7DPEpP IRUDP GHSRVLWDGRV ILOPHV ILQRV GH WLWkQLR VREUH R VXEVWUDWR FHUkPLFR SHOD

WpFQLFD GH PDJQHWURQ VSXWWHULQJ H QD VHT�rQFLD FDUDFWHUL]DGD D TXDOLGDGH H HVSHVVXUD GRV

ILOPHV GHSRVLWDGRV SRU DPERV RV PpWRGRV1 (P VHJXLGD IRUDP UHDOL]DGRV RV HQVDLRV GH

PROKDPHQWR/ DV EUDVDJHQV H RV WHVWHV GH HVWDQTXHLGDGH1 $ FDUDFWHUL]DomR PLFURHVWUXWXUDO IRL

HVWXGDGD GH IRUPD D EXVFDU DV FRQGLo}HV GH WHPSR H WHPSHUDWXUD PDLV DGHTXDGDV SDUD/ HQWmR

ILQDOPHQWH H[HFXWDU RV HQVDLRV PHFkQLFRV GDV XQL}HV1

7RGR R SODQHMDPHQWR H[SHULPHQWDO IRL FRQFHELGR H H[HFXWDGR FRP EDVH QDV

LQIRUPDo}HV WHFQROyJLFDV GLVSRQtYHLV QD OLWHUDWXUD DFHUFD GRV SDUkPHWURV GRV SURFHVVRV GH

PHWDOL]DomR/ DVVLP FRPR VREUH D TXDOLGDGH H HILFLrQFLD GRV ILOPHV GHSRVLWDGRV H GDV XQL}HV

FHUkPLFD2FHUkPLFD H PHWDO2FHUkPLFD UHVXOWDQWHV1

'R SRQWR GH YLVWD GD H[HFXomR/ D GLVVHUWDomR SRGH VHU GLYLGLGD HP WUrV HWDSDV=

• 0HWDOL]DomR FRP WLWkQLR GDV VXSHUItFLHV FHUkPLFDV DWUDYpV GD PHWDOL]DomR PHFkQLFD

H SRU PDJQHWURQ VSXWWHULQJ H FDUDFWHUL]DomR GRV ILOPHV>

• (QVDLR GH PROKDELOLGDGH/ EUDVDJHQV GH MXQWDV FHUkPLFD2FHUkPLFD H PHWDO2FHUkPLFD H

HQVDLRV GH HVWDQTXHLGDGH>

• &DUDFWHUL]DomR PLFURHVWUXWXUDO H HQVDLRV PHFkQLFRV GDV MXQWDV1

614 0$7(5,$,6

&RUSRV GH SURYD FLOtQGULFRV FRP ;/3 PP GH GLkPHWUR H 43/3 PP GH FRPSULPHQWR FRP

XP WHRU GH <</: ( GH $O526 +$O6LQW<</: ± :1 +DOGHQZDQJHU 7HFKLQLVFKH .HUDPLN *PE+ )

&R1, IRUDP XWLOL]DGRV FRPR FRPSRQHQWH FHUkPLFR QHVWH WUDEDOKR1 $V SURSULHGDGHV ItVLFDV H

PHFkQLFDV GD DOXPLQD HPSUHJDGD QR WUDEDOKR/ IRUQHFLGDV SHOR IDEULFDQWH/ VmR DSUHVHQWDGDV QD

7DEHOD 81
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7DEHOD 8= 3URSULHGDGHV GRV FRPSRQHQWHV FHUkPLFRV1

&DUDFWHUtVWLFDV23URSULHGDGHV $OVLQW<</: ± &LOLQGUR

)DEULFDQWH
:1 +DOGHQZDQJHU 7HVFKQLVFKH .HUDPLN

*PE+ ) &R1 .* $OHPDQKD

7HRU GH $O526 +(, <</:

7HRU GH $OFDOLV +(, 3/38

$EVRUomR GH iJXD +(, ≤ 3/5

'HQVLGDGH ± ρ +J2FPñ, 6/:8 ± 6/<7

0yG1 GH HODVWLFLGDGH ± ( +*3D, 63306;3

&RHI1 'H ([SDQVmR 7pUPLFD ± α +.04, ;/9 [ 4309 +53�& ± 4333�&,

0i[1 WHPSHUDWXUD GH WUDEDOKR +�&, 4:33

&RQGXWLYLGDGH 7pUPLFD 0 λ +:2P1., 58 +53�& ± 433�&,

2 FRPSRQHQWH PHWiOLFR GD XQLmR IRL D OLJD )H05;(1L04;(&R FRP XP EDL[R

FRHILFLHQWH GH H[SDQVmR WpUPLFD +α,/ SUy[LPR GR GD DOXPLQD/ PLQLPL]DQGR DVVLP RV HIHLWRV

GDV WHQV}HV WpUPLFDV UHVLGXDLV1 $ OLJD IRL SURGX]LGD SRU PROGDJHP GH SyV SRU LQMHomR D SDUWLU

GH SyV HOHPHQWDUHV GH )H/ 1L H &R/ ILFDQGR FRP GHQVLGDGHV GH DSUR[LPDGDPHQWH <6 ( GD

GHQVLGDGH WHyULFD DSyV D VLQWHUL]DomR1

1D VHT�rQFLD RV FRPSRQHQWHV IRUDP XVLQDGRV/ UHVXOWDQGR HP FRUSRV GH SURYD FRP

GXDV JHRPHWULDV GLVWLQWDV1 $ SULPHLUD SDUD HQVDLRV GH HVWDQTXHLGDGH H D VHJXQGD FRP DV

PHVPDV GLPHQV}HV GRV FRPSRQHQWHV FHUkPLFRV1

$ OLJD GH DGLomR XWLOL]DGD IRL R HXWpWLFR $J0&X/ SURGX]LGD FRPHUFLDOPHQWH QD IRUPD

GH OkPLQD SHOD 'HJXVVD +9+0:;3 0 :5($J05;(&X, FRP HVSHVVXUD GH 3/38 PP H WHPSHUDWXUD

GH IXVmR GH :;3�&1 $V PHWDOL]Do}HV IRUDP UHDOL]DGDV DWUDYpV GD GHSRVLomR SRU DWULWR GH XPD

SRQWHLUD F{QLFD GH WLWkQLR SXUR H DWUDYpV GD WpFQLFD GHSRVLomR GH ILOPHV ILQRV SRU PDJQHWURQ

VSXWWHULQJ1

615 0(7$/,=$d­2

(VWD HWDSD WHYH FRPR SULQFLSDO REMHWLYR UHFREULU FRP 7L D VXSHUItFLHV GRV FRUSRV GH

SURYD D VHUHP EUDVDGRV1 $V PHWDOL]Do}HV IRUDP UHDOL]DGDV SRU GRLV SURFHVVRV= PHWDOL]DomR

PHFkQLFD H PHWDOL]DomR SRU PDJQHWURQ VSXWWHULQJ1 $ FDUDFWHUL]DomR GRV ILOPHV GHSRVLWDGRV IRL

UHDOL]DGD XWLOL]DQGR PLFURVFRSLD yWLFD1
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61514 0HWDOL]DomR 0HFkQLFD

$ PHWDOL]DomR SRU HVWH SURFHVVR IRL UHDOL]DGD SRU XP VLVWHPD PRQWDGR HP WRUQR

PHFkQLFR/ FRQIRUPH LOXVWUDGR QD )LJXUD 471 $ SHoD D VHU PHWDOL]DGD p IL[D QD SODFD GR WRUQR/

TXH JLUD VRE XPD URWDomR FRQKHFLGD1 8PD EDUUD GH WLWkQLR XVLQDGD QD IRUPD GH XP FRQH p

DFRSODGD HP XPD UHWLILFDGRUD PDQXDO GH DOWD URWDomR H DWULWDGD FRQWUD D SHoD FHUkPLFD/ TXH

IL[D QD SODFD GR WRUQR JLUD HP VHQWLGR DQWL0KRUiULR HP UHODomR DR RSHUDGRU1

)LJXUD 47= 5HSUHVHQWDomR HVTXHPiWLFD GR VLVWHPD GH PHWDOL]DomR HP WRUQR PHFkQLFR1

'XUDQWH R FRQWDWR HQWUH D VXSHUItFLH GR VyOLGR GH UHYROXomR H D SRQWHLUD GH WLWkQLR/ R

PRYLPHQWR UHODWLYR/ DVVLP FRPR D IRUoD GH DWULWR SURYRFD R GHVJDVWH GR HOHPHQWR DWLYR H D

VXD GHSRVLomR QD VXSHUItFLH GR VXEVWUDWR FHUkPLFR1

$ JHRPHWULD GD IHUUDPHQWD GH WLWkQLR +)LJXUD 48, IRL GHILQLGD GH IRUPD TXH R VHX

FRQWDWR FRP D VXSHUItFLH FHUkPLFD RFRUUHVVH DWUDYpV GD PHQRU iUHD SRVVtYHO/ FRP R REMHWLYR

GH WHQWDU UHGX]LU R WDPDQKR GRV GHIHLWRV GR ILOPH PHWiOLFR DWUDYpV GD PD[LPL]DomR GR FRQWDWR

GR 7L QD VXSHUItFLH GD $O526 H PLQLPL]DU R HIHLWR GRV HUURV JHRPpWULFRV H GH SRVLFLRQDPHQWR
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GD FHUkPLFD1 $V SRQWHLUDV GH PHWDOL]DomR IRUDP FRQVWDQWHPHQWH VXEVWLWXtGDV H2RX XVLQDGDV/

VHPSUH TXH HUD YLVtYHO R GHVJDVWH RX YDULDomR GH VXD JHRPHWULD1

φ 49

5<

)LJXUD 48= )HUUDPHQWD GH PHWDOL]DomR1

1D 7DEHOD 9 HVWmR RV YDORUHV GRV SDUkPHWURV GH YHORFLGDGH H WHPSR GH PHWDOL]DomR

XWLOL]DGRV QDV PHWDOL]Do}HV PHFkQLFDV GRV VXEVWUDWRV FHUkPLFRV1 (VWHV QtYHLV IRUDP

VHOHFLRQDGRV SRU DSUHVHQWDUHP DV PHOKRUHV FDUDFWHUtVWLFDV GRV ILOPHV GH 7L GHSRVLWDGRV

PHFDQLFDPHQWH HP $O526 VHJXQGR 1DVFLPHQWR >47@1

7DEHOD 9= 3DUkPHWURV GH YHORFLGDGH H WHPSR GH PHWDOL]DomR XWLOL]DGRV

5RWDomR GD )HUUDPHQWD GH
7L +530,

5RWDomR GD &HUkPLFD
+530,

7HPSR GH
0HWDOL]DomR +V,

661333 4733 a 93

$SyV D PHWDOL]DomR GD FHUkPLFD FRP R PHWDO DWLYR RV ILOPHV REWLGRV IRUDP DYDOLDGRV

TXDOLWDWLYDPHQWH DWUDYpV GH PLFURVFRSLD yWLFD1 $ HILFLrQFLD GRV ILOPHV IRL DYDOLDGD DWUDYpV GH

HQVDLR TXDOLWDWLYR GH PROKDPHQWR/ QR TXDO REVHUYRX0VH/ DSyV R FLFOR WpUPLFR/ R HVSDOKDPHQWR

RX QmR GD OLJD GH DGLomR QR VXEVWUDWR FHUkPLFR PHWDOL]DGR1
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61515 0HWDOL]DomR SRU 0DJQHWURQ 6SXWWHULQJ

3DUD SURGXomR GH ILOPHV UHODWLYDPHQWH PDLV ILQRV QD VXSHUItFLH GRV VXEVWUDWRV

FHUkPLFRV GH DOXPLQD IRL XWLOL]DGR XP UHDWRU D SODVPD GH PDJQHWURQ VSXWWHULQJ +)LJXUD 49,/

FHGLGR JHQWLOPHQWH SHOD 8'(6&2-RLQYLOOH DWUDYpV GRV SURIHVVRUHV -RHO 5HQp /RXLV 0X]DUW H

/XtV &pVDU )RQWDQD1

)LJXUD 49= 5HDWRU D SODVPD GH 0DJQHWURQ 6SXWWHULQJ1

2V SDUkPHWURV GH GHSRVLomR GRV ILOPHV GH PHWDO DWLYR SRU PDJQHWURQ VSXWWHULQJ QD

VXSHUItFLH GRV FRPSRQHQWHV FHUkPLFRV VmR PRVWUDGRV QD 7DEHOD :1 (VWHV YDORUHV IRUDP

EDVHDGRV QD H[SHULrQFLD GR RSHUDGRU GR HTXLSDPHQWR/ FRP R LQWXLWR GH UHDOL]DU GHSRVLo}HV GH

ILOPHV GH 7L FRP HVSHVVXUD GH DSUR[LPDGDPHQWH 4/3 µP HP FRUSRV GH SURYD GH $O5261
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7DEHOD := 3DUkPHWURV GH GHSRVLomR GRV ILOPHV GH 7L SRU PDJQHWURQ VSXWWHULQJ1

)OX[R GH $UJ{QLR
+FP62PLQ,

3UHVVmR
+3D,

7HPSHUDWXUD
+R&,

6/89 3/7 583

7HQVmR GH 'HVFDUJD
+9,

&RUUHQWH GH 'HVFDUJD
+$,

7HPSR GH 'HSRVLomR
+PLQ,

833 4/3 7/3

$VVLP FRPR SDUD D PHWDOL]DomR PHFkQLFD/ DSyV D PHWDOL]DomR GD FHUkPLFD FRP R

PHWDO DWLYR RV ILOPHV REWLGRV IRUDP DYDOLDGRV TXDOLWDWLYDPHQWH DWUDYpV GH PLFURVFRSLD yWLFD H

D HILFLrQFLD GRV ILOPHV IRL DYDOLDGD DWUDYpV GH HQVDLR TXDOLWDWLYR GH PROKDPHQWR1

616 (16$,26 '(02/+$0(172

3DUD D H[HFXomR GRV HQVDLRV GH PROKDPHQWR H GDV EUDVDJHQV IRL XWLOL]DGR XP IRUQR

UHVLVWLYR GH DOWR0YiFXR IDEULFDGR SHOD *HUR/ HTXLSDGR FRP ERPED GH YiFXR WXUER PROHFXODU H

WHPSHUDWXUD Pi[LPD GH WUDEDOKR GH 5533�&1

2V HQVDLRV GH PROKDPHQWR IRUDP UHDOL]DGRV SDUD/ DOpP GH DYDOLDU TXDOLWDWLYDPHQWH RV

ILOPHV REWLGRV WDQWR SHOD PHWDOL]DomR PHFkQLFD TXDQWR SDUD SRU PDJQHWURQ VSXWWHULQJ/

GHWHUPLQDU RV OLPLWHV GRV SDUkPHWURV GH EUDVDJHP= WHPSHUDWXUD H WHPSR PDLV DSURSULDGRV/ H D

YHULILFDomR GH RFRUUrQFLD RX QmR GH R[LGDomR QRV ILOPHV PHWiOLFRV1

1R HQVDLR GH PROKDPHQWR HP DOWR0YiFXR VHPSUH DEDL[R GH 6/3 [ 43±6 3D +6/3 [ 4308

PEDU,/ DSyV R FLFOR WpUPLFR/ DV DPRVWUDV IRUDP DYDOLDGDV TXDOLWDWLYDPHQWH TXDQWR j RFRUUrQFLD

RX QmR GR PROKDPHQWR GR VXEVWUDWR FHUkPLFR PHWDOL]DGR SHOD OLJD GH DGLomR/ QmR VHQGR

PHGLGR R kQJXOR GH FRQWDWR ILQDO1 (P VHJXLGD/ DV DPRVWUDV IRUDP SUHSDUDGDV

PHWDORJUDILFDPHQWH SDUD FDUDFWHUL]DomR PLFURHVWUXWXUDO GD LQWHUIDFH HQWUH D OLJD GH DGLomR H R

VXEVWUDWR FHUkPLFR PHWDOL]DGR1

2V FRUSRV GH SURYD GH DOXPLQD WLQKDP JHRPHWULD FLOtQGULFD FRP DOWXUD GH 43 PP H

GLkPHWUR GH ;/3 PP1 $ OkPLQD GH OLJD GH DGLomR HXWpWLFD $J0&X FRP 3/38 PP GH HVSHVVXUD

HUD FRUWDGD HP IRUPD FLUFXODU GH PHVPR GLkPHWUR H HQWmR SRVLFLRQDGD DFLPD GHVWH FLOLQGUR1

2 FLFOR WpUPLFR HPSUHJDGR SDUD R HVWXGR GD PROKDELOLGDGH FRQVLVWLX GH GRLV

SDWDPDUHV GH WHPSHUDWXUD/ FRPR SRGH VHU YLVWR QD )LJXUD 4:1 2 SULPHLUR/ D :83�& SRU 48

PLQXWRV/ WHYH R REMHWLYR GH KRPRJHQHL]DU D WHPSHUDWXUD GDV DPRVWUDV1 2 VHJXQGR SDWDPDU IRL
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H[HFXWDGR QD WHPSHUDWXUD GH PROKDELOLGDGH GHVHMDGD +HQWUH ;53�& H <43�&,/ SRU WHPSRV HQWUH

: H 53 PLQXWRV1

&LFOR 7pUPLFR

3

533

733

933

;33

4333

4533

3 83 433 483 533 583 633 683 733

7HPSR +PLQ,

7H
P
SH
UD
WX
UD
+R
&
,

)LJXUD 4:= &LFOR WpUPLFR GRV HQVDLRV GH PROKDPHQWR H GH EUDVDJHP1

617 %5$6$*(0

2V FRUSRV GH SURYD GH XQL}HV PHWDO2FHUkPLFD H FHUkPLFD2FHUkPLFD IRUDP SURMHWDGRV GH

PRGR D SRVVLELOLWDU D FDUDFWHUL]DomR PLFURHVWUXWXUDO/ HQVDLRV PHFkQLFRV H WHVWHV GH

HVWDQTXHLGDGH GDV XQL}HV1

'LVSRVLWLYRV GH EUDVDJHP +)LJXUD 4;, IRUDP FRQVWUXtGRV SDUD JDUDQWLU R

SRVLFLRQDPHQWR GDV DPRVWUDV GXUDQWH R SURFHVVR GH EUDVDJHP/ GH IRUPD D UHGX]LU D WHQGrQFLD

j GHVFHQWUDOL]DomR/ R TXH SURYRFD YD]DPHQWRV QDV XQL}HV/ LPSRVVLELOLWD D DYDOLDomR GD

UHVLVWrQFLD PHFkQLFD H/ SULQFLSDOPHQWH/ UHVXOWD HP XQL}HV IRUD GDV HVSHFLILFDo}HV GH SURMHWR1

:83R& 2
48 PLQ

43R&2PLQ

6 R&2PLQ

7/ W +EUDVDJHP 2
PROKDPHQWR,

5R&2PLQ

43R&2PLQ
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)LJXUD 4;= 'LVSRVLWLYR GH EUDVDJHP1

$QWHV GD EUDVDJHP RV FRPSRQHQWHV IRUDP LPHUVRV HP DFHWRQD H OLPSRV HP

HTXLSDPHQWR GH XOWUD0VRP1 $V EUDVDJHQV IRUDP FRQGX]LGDV HP IRUQR UHVLVWLYR GH DOWR0YiFXR

+)LJXUD 4<,/ TXH GXUDQWH WRGR R SURFHVVR IRL PDQWLGR DEDL[R GH 6/3 [ 43±6 3D1 2 FLFOR WpUPLFR

GH EUDVDJHP/ DVVLP FRPR SDUD R HQVDLR GH PROKDPHQWR/ FRQVLVWLX GH XP SDWDPDU GH

KRPRJHQHL]DomR VHJXLGR GH XP SDWDPDU GH EUDVDJHP/ FRQIRUPH p DSUHVHQWDGR QR JUiILFR GD

)LJXUD 4:1
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)LJXUD 4<= )RUQR UHVLVWLYR j YiFXR *HUR1

61714 %UDVDJHQV GH MXQWDV $O5262)H01L0&R

3DUD D EUDVDJHP GDV MXQWDV PHWDO2FHUkPLFD IRUDP XWLOL]DGDV GXDV FRQILJXUDo}HV GH

FRUSRV GH SURYD/ VHQGR XP SDUD RV WHVWHV GH HVWDQTXHLGDGH H XP VHJXQGR WLSR SDUD

FDUDFWHUL]DomR PLFURHVWUXWXUDO GDV XQL}HV H HQVDLRV GH UHVLVWrQFLD PHFkQLFD +)LJXUD 53,1 2V

HQVDLRV GH HVWDQTXHLGDGH FRP JiV KpOLR IRUDP FRQGX]LGRV DWUDYpV GR IXUR FHQWUDO GR

FRPSRQHQWH PHWiOLFR GRV FRUSRV GH SURYD EUDVDGRV D ;53R&2:PLQ1
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φ 49/3

φ ;/5

53/3

φ 6/3

6/3

)H01L0&R

/LJD GH
$GLomR

43/3$O526

6XSHUItFLH
0HWDOL]DGD

φ ;/3

φ ;/3

43/3

43/3

)H01L0&R

$O526

/LJD GH
$GLomR

φ 49/3

φ ;/5

53/3

φ 6/3

6/3

)H01L0&R

/LJD GH
$GLomR

43/3$O526

6XSHUItFLH
0HWDOL]DGD

φ ;/3

φ 49/3

φ ;/5

53/3

φ 6/3

6/3

)H01L0&R

φ 49/3

φ ;/5

φ 49/3

φ ;/5φ ;/5

53/353/3

φ 6/3φ 6/3

6/36/3

)H01L0&R)H01L0&R

/LJD GH
$GLomR
/LJD GH
$GLomR
/LJD GH
$GLomR

43/3$O526

6XSHUItFLH
0HWDOL]DGD

φ ;/3

43/343/3$O526$O526

6XSHUItFLH
0HWDOL]DGD
6XSHUItFLH
0HWDOL]DGD

φ ;/3φ ;/3

φ ;/3

43/3

43/3

)H01L0&R

$O526

/LJD GH
$GLomR

φ ;/3φ ;/3

43/343/3

43/343/3

)H01L0&R)H01L0&R

$O526$O526

/LJD GH
$GLomR
/LJD GH
$GLomR

)LJXUD 53= 'HVHQKR GR FRUSR GH SURYD SDUD= D, HQVDLR GH HVWDQTXHLGDGH H E, GH UHVLVWrQFLD PHFkQLFD1

1D 7DEHOD ; VmR DSUHVHQWDGDV RV SDUkPHWURV GH EUDVDJHP SDUD DV XQL}HV

PHWDO2FHUkPLFD/ EHP FRPR R WLSR GH UHYHVWLPHQWR DSOLFDGR QD VXSHUItFLH FHUkPLFD1

E,D,
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7DEHOD ;= 4XDGUR JHUDO GH H[SHULPHQWRV SDUD DV XQL}HV $O5262)H01L0&R1

;53 R & ;93 R & <43 R & ;53 R & ;93 R & <43 R &

3:
P
LQ

9 9 0 9 9 0
47

P
LQ

9 9 0 9 9 0

53
P
LQ

9 9 9 9 9 9

$O 52 6 +0HWDOL]DGD,

0DJQHWURQ 6SXWWHULQJ 0HFkQLFD

)H
01
L0&

R

61715 %UDVDJHQV GH MXQWDV $O5262$O526

3DUD D EUDVDJHP GDV XQL}HV FHUkPLFD2FHUkPLFD DSHQDV XPD ~QLFD FRQILJXUDomR GH

FRUSRV GH SURYD IRL GHVHQKDGD/ XPD YH] TXH QmR IRUDP UHDOL]DGRV WHVWHV GH HVWDQTXHLGDGH

SDUD HVWDV MXQWDV1 3DUD FDGD FRUSR GH SURYD EUDVDGR/ XWLOL]DYD0VH XP SDU GH FLOLQGURV GH

DOXPLQD FRP ;/3 PP GH GLkPHWUR H FRP 43/3 PP GH FRPSULPHQWR/ FRQIRUPH D LOXVWUDomR GD

)LJXUD 541
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φ φ φ φ ;/3

43/3

43/3

$O526

/LJD GH
$GLomR

$O526

6XSHUItFLH
0HWDOL]DGD

φ φ φ φ ;/3

43/3

43/3

$O526

/LJD GH
$GLomR

$O526

6XSHUItFLH
0HWDOL]DGD

φ φ φ φ ;/3

43/3

43/3

$O526

/LJD GH
$GLomR

$O526

φ φ φ φ ;/3φ φ φ φ ;/3

43/343/3

43/343/3

$O526$O526

/LJD GH
$GLomR
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9 $PEDV DV )DFHV 0HWDOL]DGDV 9 $SHQDV 4 )DFH 0HWDOL]DGD

)LJXUD 54= 'HVHQKR HVTXHPiWLFR GR FRUSR GH SURYD GDV XQL}HV $O5262$O261

1D 7DEHOD < VmR DSUHVHQWDGDV DV FRQGLo}HV GH EUDVDJHP SDUD DV XQL}HV

FHUkPLFD2FHUkPLFD H D WpFQLFD GH UHYHVWLPHQWR XWLOL]DGD1 'HYH0VH DWHQWDU SDUD R IDWR TXH HP

DOJXQV FDVRV DSHQDV XP GHVWHV FLOLQGURV HUD PHWDOL]DGR/ RX SRU PHWDOL]DomR PHFkQLFD RX SRU

PDJQHWURQ VSXWWHULQJ/ DVVLP DSHQDV XPD GDV IDFHV GD MXQWD SRVVXtD ILOPH GH PHWDO DWLYR1
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7DEHOD <= 4XDGUR JHUDO GH H[SHULPHQWRV SDUD DV XQL}HV $O5262$O5261

;53 R & ;93 R & <43 R & ;53 R & ;93 R & <43 R &
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618 &$5$&7(5,=$d­20,&52(6758785$/ '$6 81,®(6

$ PLFURHVWUXWXUD GDV XQL}HV PHWDO2FHUkPLFD H FHUkPLFD2FHUkPLFD IRL FDUDFWHUL]DGD SRU

PHLR GH XP PLFURVFySLR yWLFR/ HTXLSDGR FRP VLVWHPD GH DTXLVLomR GLJLWDO GH LPDJHQV/ XP

HVWHUHRVFySLR H DWUDYpV GH PLFURVFRSLD HOHWU{QLFD GH YDUUHGXUD +3KLOLSV ;/063,1

3DUD SUHSDUDomR PHWDORJUiILFD/ DV DPRVWUDV IRUDP FRUWDGDV FRP XP GLVFR GH FREUH

DGLDPDQWDGR/ HPEXWLGDV FRP UHVLQD GH FXUD D IULR/ OL[DGDV FRP OL[DV GH 6L&/ VHJXLQGR D

VHT�rQFLD 553/ 653/ 833/ ;33/ 4533 H SROLGDV FRP SDVWDV GH GLDPDQWH +9 �P/ 4�P,1

$V DQiOLVHV TXtPLFDV IRUDP UHDOL]DGDV XWLOL]DQGR HVSHFWURPHWULD GH HQHUJLD GLVSHUVLYD

GH UDLRV ; SDUD D LGHQWLILFDomR H D TXDQWLILFDomR GRV HOHPHQWRV FRQVWLWXLQWHV GD PLFURHVWUXWXUD

GD LQWHUIDFH GDV XQL}HV1 2V YDORUHV GDV FRPSRVLo}HV TXtPLFDV FLWDGDV VmR VHPSUH HP( SHVR1

619 &$5$&7(5,=$d­2 '26 ),/0(6

$ TXDOLGDGH H HVSHVVXUD GRV ILOPHV GHSRVLWDGRV QR VXEVWUDWR FHUkPLFR IRUDP

FDUDFWHUL]DGDV SRU PLFURVFRSLD yWLFD1 2 SDUkPHWUR DGRWDGR SDUD PHGLU R WDPDQKR GRV GHIHLWRV



352&(',0(172 (;3(5,0(17$/ 83

QRV ILOPHV PHWiOLFRV GHSRVLWDGRV VREUH D FHUkPLFD IRL R GLkPHWUR HTXLYDOHQWH +'HT,/ RX VHMD/ R

GLkPHWUR GH XP FtUFXOR FXMD iUHD p LJXDO j iUHD $ GR GHIHLWR DYDOLDGR/ FRQIRUPH PRVWUDGR QD

HTXDomR 81

π
$'HT
17= HTXDomR 8

3DUD DYDOLDU DV HVSHVVXUDV GRV ILOPHV PHWiOLFRV GHSRVLWDGRV/ DSyV D PHWDOL]DomR DV

DPRVWUDV IRUDP FXLGDGRVDPHQWH FRUWDGDV WUDQVYHUVDOPHQWH HP UHODomR DR ILOPH/ VHQGR QD

VHT�rQFLD HPEXWLGDV H SUHSDUDGDV PHWDORJUDILFDPHQWH1 $ WpFQLFD GH SUHSDUDomR GDV DPRVWUDV

XWLOL]DGD IRL HVSHFLDOPHQWH GHVHQYROYLGD SDUD HYLWDU R DUUDQFDPHQWR GR ILOPH H PLQLPL]DU D

VXD DOWHUDomR SHOR SURFHGLPHQWR GH SUHSDUDomR1

&RPR H[LVWHP GHIHLWRV QRV ILOPHV GHSRVLWDGRV/ WDQWR SHOD PHWDOL]DomR PHFkQLFD FRPR

SRU PDJQHWURQ VSXWWHULQJ/ SDUD D FDUDFWHUL]DomR GD HVSHVVXUD DV PHGLo}HV RFRUUHUDP DSHQDV

RQGH KDYLD D SUHVHQoD GR PHWDO DWLYR GHSRVLWDGR1

61: (16$,260(&Æ1,&26

$V UHVLVWrQFLDV PHFkQLFDV GDV XQL}HV IRUDP PHGLGDV XWLOL]DQGR R HQVDLR GH IOH[mR HP

WUrV SRQWRV/ XWLOL]DQGR XPD PiTXLQD XQLYHUVDO GH HQVDLRV 0761 2V HQVDLRV IRUDP UHDOL]DGRV

QD WHPSHUDWXUD DPELHQWH +53�&, H FRP YHORFLGDGH GH DYDQoR GR SLVWmR DWXDGRU GH 3/8

PP2PLQ1 1D )LJXUD 55 p DSUHVHQWDGR R GHVHQKR HVTXHPiWLFR FRP D FRQILJXUDomR GR

GLVSRVLWLYR GH HQVDLR GH IOH[mR XWLOL]DGR1
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43/3 PP

53/3 PP

$SRLR
&LOtQGULFR

/LJD GH
$GLomR

φ ;/3 PP

43/3 PP 43/3 PP

43/3 PP

53/3 PP

$SRLR
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/LJD GH
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43/3 PP 43/3 PP

43/3 PP

53/3 PP

$SRLR
&LOtQGULFR

/LJD GH
$GLomR

φ ;/3 PP

43/3 PP 43/3 PP

)LJXUD 55= 'HVHQKR HVTXHPiWLFR GR GLVSRVLWLYR GH HQVDLR GH IOH[mR HP 6 SRQWRV1

6HJXLQGR RV UHVXOWDGRV REWLGRV SHOD FDUDFWHUL]DomR PLFURHVWUXWXUDO/ IRUDP HQVDLDGDV

PHFDQLFDPHQWH DV DPRVWUDV EUDVDGDV HP WHPSHUDWXUD GH ;53R& H ;93R& SRU WHPSR GH 47 PLQ/

FRQIRUPH R TXDGUR GD 7DEHOD 431 (P FDGD XPD GDV FRQGLo}HV HVWXGDGDV IRUDP WHVWDGRV 38

FRUSRV GH SURYD1
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7DEHOD 43= 4XDGUR JHUDO GH DPRVWUDV HQVDLDGDV PHFDQLFDPHQWH1
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$O 52 6 +0HWDOL]DGD,

0DJQHWURQ 6SXWWHULQJ0HFkQLFD

2 WHVWH GH HVWDQTXHLGDGH IRL UHDOL]DGR FRP GHWHFWRU GH YD]DPHQWR GH KpOLR/ PRGHOR

9/533 GD /H\EROG/ HP XQL}HV $O5262)H01L0&R EUDVDGRV D ;53R& SRU 3: PLQ1 2 GHWHFWRU ILFD

DFRSODGR DR REMHWR GH HQVDLR +FRUSR GH SURYD,/ TXH ILFD VRE YiFXR/ H R +H p ODQoDGR FRP

SLVWROD QR ODGR H[WHULRU GDV XQL}HV1
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71 &$5$&7(5,=$d­2 '$ 48$/,'$'( ( (63(6685$ '26

),/0(6 '(326,7$'26

$ GHSRVLomR GH WLWkQLR SRU PHWDOL]DomR PHFkQLFD H SRU PDJQHWURQ VSXWWHULQJ QDV

VXSHUItFLHV FHUkPLFDV/ GH DFRUGR FRP RV SDUkPHWURV HVFROKLGRV/ FRQIHULUDP FDUDFWHUtVWLFDV

EHP GLVWLQWDV DR ILOPH PHWiOLFR/ FRPR SRGH VHU REVHUYDGR QD )LJXUD 561

)LJXUD 56= 9LVmR JHUDO GH DPRVWUDV GH DOXPLQD PHWDOL]DGD PHFDQLFDPHQWH H SRU PDJQHWURQ VSXWWHULQJ1

1D PHWDOL]DomR PHFkQLFD RV ILOPHV GH WLWkQLR DSUHVHQWDP GHIHLWRV GH PDLRU WDPDQKR H

HP PDLRU TXDQWLGDGH GR TXH RV REWLGRV DWUDYpV GD PHWDOL]DomR SRU PDJQHWURQ VSXWWHULQJ1 $

PDLRULD GRV GHIHLWRV PHGLGRV HP VXSHUItFLHV PHWDOL]DGDV PHFDQLFDPHQWH +)LJXUD 570D,

DOFDQoRX QR Pi[LPR GLkPHWUR HTXLYDOHQWH LJXDO D 83µP +4/<8 [ 4306 PP5,/ FRQFRUGDQGR FRP

RV UHVXOWDGRV REWLGRV SRU 1DVFLPHQWR >47@ HP TXH PDLV GH <8 ( GRV GHIHLWRV REWLGRV HUDP

LQIHULRUHV D HVWH YDORU1 3DUD RV ILOPHV REWLGRV DWUDYpV GH PHWDOL]DomR SRU PDJQHWURQ

5PP
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VSXWWHULQJ/ D PDLRU SDUWH GRV GHIHLWRV DWLQJLX GLkPHWUR HTXLYDOHQWH Pi[LPR GH 8 µP/ FRPR

SRGH VHU YLVWR QD )LJXUD 570E1

)LJXUD 57= 'HIHLWRV QR ILOPH GH 7L REWLGR SRU= D, PHWDOL]DomR PHFkQLFD> E, PDJQHWURQ VSXWWHULQJ

+PLFURVFRSLD yWLFD,1

D,

E,
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3HOD WpFQLFD GD PHWDOL]DomR PHFkQLFD +)LJXUD 580D,/ DV HVSHVVXUDV GRV ILOPHV YDULDUDP

GH 5µP DWp :µP/ HQTXDQWR SDUD D PHWDOL]DomR SRU PDJQHWURQ VSXWWHULQJ +)LJXUD 580E, RV

ILOPHV WLYHUDP HVSHVVXUDV YDULDQGR GH 3/:µP DWp 4/6µP1

)LJXUD 58= (VSHVVXUD GR ILOPH GH 7L REWLGR DWUDYpV GH= D, PHWDOL]DomR PHFkQLFD> E, PDJQHWURQ

VSXWWHULQJ +PLFURVFRSLD yWLFD,1

D,

E,
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$ JUDQGH YDULDomR QD HVSHVVXUD GR ILOPH GH WLWkQLR GHSRVLWDGR PHFDQLFDPHQWH SRGH

VHU DWULEXtGD D UXJRVLGDGH GD VXSHUItFLH FHUkPLFD1 &RPR SRGH VHU YLVWR QD )LJXUD 580D/ DV

UHJL}HV PDLV HVSHVVDV GR ILOPH DFRPSDQKDP RV YDOHV H DV PDLV ILQDV RV SLFRV1 -i SDUD D

PHWDOL]DomR SRU PDJQHWURQ VSXWWHULQJ/ D HVSHVVXUD GR ILOPH QmR p LQIOXHQFLDGD SHOD

UXJRVLGDGH/ VHQGR TXH HVWH p EHP PDLV KRPRJrQHR H DFRPSDQKD DV LUUHJXODULGDGHV GD

VXSHUItFLH1

2 ILOPH SURGX]LGR SHOD PHWDOL]DomR PHFkQLFD PRVWUDGR QD )LJXUD 580D DSUHVHQWD

DSDUHQWHPHQWH XPD EDL[D DGHUrQFLD j VXSHUItFLH FHUkPLFD/ SRUpP R GHVWDFDPHQWR GR ILOPH

SRGH WHU RFRUULGR GXUDQWH D SUHSDUDomR PHWDORJUiILFD GD DPRVWUD/ DSHVDU GH WRGR R FXLGDGR

WRPDGR1

7HRULFDPHQWH D SUHVHQoD GH DSHQDV XPD FDPDGD DW{PLFD GH PHWDO DWLYR/ GHVGH TXH

VREUH WRGD VXSHUItFLH FHUkPLFD/ VHULD VXILFLHQWH SDUD R PROKDPHQWR GD DOXPLQD SHOR PHWDO GH

DGLomR >47@/ H GHYLGR j SHTXHQD TXDQWLGDGH GH WLWkQLR VHULD IRUPDGD PXLWR SRXFD RX QHQKXPD

IDVH LQWHUPHWiOLFD1 'HVWD IRUPD DV FDUDFWHUtVWLFDV FRQIHULGDV SHOD PHWDOL]DomR SRU PDJQHWURQ

VSXWWHULQJ DSUHVHQWDP WHRULFDPHQWH FDUDFWHUtVWLFDV PDLV YDQWDMRVDV SDUD D EUDVDJHP TXH D

PHWDOL]DomR PHFkQLFD1 3RUpP GR SRQWR GH YLVWD HFRQ{PLFR/ R SURFHVVR GH PHWDOL]DomR

PHFkQLFD HQYROYH HTXLSDPHQWRV H RSHUDo}HV PXLWR PDLV VLPSOHV H WHPSR GH SURFHVVR

UHGX]LGR/ FRP LVWR RV FXVWRV VmR EDL[RV FRPSDUDWLYDPHQWH DRV GHPDLV SURFHVVRV FRQKHFLGRV1
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$ DYDOLDomR GR PROKDPHQWR GRV ILOPHV FRP D OLJD GH DGLomR 9+0:;3 +$J05;(&X, IRL

UHDOL]DGD GH IRUPD TXDOLWDWLYD YLVDQGR LQLFLDOPHQWH REWHU XPD IDL[D GH WHPSHUDWXUD D VHU

HVWXGDGD QD HWDSD VXEVHT�HQWH GH EUDVDJHP/ DVVLP FRPR D FRPSOHPHQWDomR GD FDUDFWHUL]DomR

GD TXDOLGDGH GRV ILOPHV GHSRVLWDGRV WDQWR SDUD D PHWDOL]DomR PHFkQLFD TXDQWR SDUD

PHWDOL]DomR SRU PDJQHWURQ VSXWWHULQJ1

3RGH0VH DILUPDU TXH HP WRGDV DV FRQGLo}HV HVWXGDGDV IRL REVHUYDGR R PROKDPHQWR GR

VXEVWUDWR FHUkPLFR UHYHVWLGR FRP R ILOPH GH WLWkQLR SHOD OLJD GH DGLomR1 ,QGHSHQGHQWHPHQWH

GR WHPSR H GD WHPSHUDWXUD XWLOL]DGD QR HQVDLR/ QmR IRL SRVVtYHO GHWHFWDU YLVXDOPHQWH

GLIHUHQoDV HQWUH RV PROKDPHQWRV REWLGRV VREUH RV ILOPHV GHSRVLWDGRV SHODV WpFQLFDV GH

PHWDOL]DomR PHFkQLFD H SRU PDJQHWURQ VSXWWHULQJ1

1D )LJXUD 59 VmR DSUHVHQWDGDV DV IRWRV GR VXEVWUDWR FHUkPLFR PHWDOL]DGR

PHFDQLFDPHQWH DSyV R HQVDLR GH PROKDPHQWR UHDOL]DGR D ;53R& SRU 3: PLQ/ RQGH YHULILFD0VH

R HVSDOKDPHQWR FRPSOHWR GD OLJD GH DGLomR VREUH R ILOPH GHSRVLWDGR H XP kQJXOR GH FRQWDWR

+θ, SUy[LPR GH ]HUR1 3DUD WRGDV DV GHPDLV FRQGLo}HV IRL YHULILFDGR XP PROKDPHQWR

VHPHOKDQWH/ LQGLFDQGR TXH DV IDL[DV GH WHPSHUDWXUD +;53 ± <43R&, H WHPSR +3: PLQ ± 53 PLQ,

HVWXGDGDV QR HQVDLR GH PROKDPHQWR VmR DGHTXDGDV SDUD D UHDOL]DomR GDV EUDVDJHQV1

)LJXUD 59= 0ROKDPHQWR FRP D OLJD 9+0:;3 VREUH $O526 PHWDOL]DGD PHFDQLFDPHQWH1
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(VWH UHVXOWDGR LQGLFRX TXH/ DSHVDU GR DTXHFLPHQWR/ GXUDQWH D PHWDOL]DomR PHFkQLFD R

ILOPH GH 7L PHWiOLFR QmR R[LGD D SRQWR GH LPSHGLU R PROKDPHQWR H/ FRQVHT�HQWHPHQWH/ D

SRVWHULRU EUDVDJHP1 6HJXQGR DQiOLVHV GH GLIUDWRPHWULD GH UDLRV0[ UHDOL]DGDV SRU 0DULERQGR

>47@ HP VXSHUItFLHV GH DOXPLQD PHWDOL]DGDV PHFDQLFDPHQWH Vy p FRQVWDWDGD D SUHVHQoD GH

WLWkQLR KH[DJRQDO H GH QHQKXP y[LGR1

3DUD XPD FRPSDUDomR VmR DSUHVHQWDGDV QD )LJXUD 59 DV IRWRV GD FRQGLomR GH QmR

PROKDPHQWR GR VXEVWUDWR FHUkPLFR DSyV R HQVDLR/ HP TXH D OLJD GH DGLomR QmR FRQVHJXH VH

HVSDOKDU VREUH D FHUkPLFD H DSUHVHQWD XP kQJXOR GH FRQWDWR HOHYDGR1

)LJXUD 5:= &RQGLomR GH QmR0PROKDPHQWR GD OLJD 9+0:;3 VREUH $O5261
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$V MXQWDV PHWDO2FHUkPLFD H FHUkPLFD2FHUkPLFD EUDVDGDV IRUDP FDUDFWHUL]DGDV YLVDQGR

R HQWHQGLPHQWR GD LQIOXrQFLD GD TXDOLGDGH H HVSHVVXUD GH UHYHVWLPHQWR GH PHWDO DWLYR/ GR

WHPSR H GD WHPSHUDWXUD GH EUDVDJHP QD PLFURHVWUXWXUD GD LQWHUIDFH GD XQLmR1

'R SRQWR GH YLVWD PDFURHVWXWXUDO/ DV XQL}HV DSUHVHQWDUDP ERP DVSHFWR YLVXDO H ERD

DGHUrQFLD HQWUH D OLJD GH DGLomR H RV FRPSRQHQWHV PHWiOLFRV H FHUkPLFRV HP WRGRV DV

FRQGLo}HV GH EUDVDJHP DQDOLVDGDV/ QmR VHQGR REVHUYDGD D SUHVHQoD GH WULQFDV/ SRURVLGDGH

VLJQLILFDWLYD H2RX GHIHLWRV QD LQWHUIDFH1

2V WHVWHV GH HVWDQTXHLGDGH QRV FRUSRV GH SURYD GH $O5262)H01L0&R EUDVDGRV D ;53R&

SRU 3: PLQ LQGLFDUDP TXH DV MXQWDV VmR WHFQLFDPHQWH HVWDQTXHV/ FRP WD[D GH YD]DPHQWR

LQIHULRU D 7/3 [ 430<PEDU1O2V1

914 ()(,72 '2 7(032 ( 7(03(5$785$ 1$ 0,&52(6758785$ '( 81,®(6 $/5262$/526

,QLFLDOPHQWH VHUmR DSUHVHQWDGRV RV UHVXOWDGRV H DV GLVFXVV}HV HP UHODomR j LQIOXrQFLD

GR WHPSR H WHPSHUDWXUD SDUD FRQILJXUDomR HP TXH D PHWDOL]DomR/ WDQWR PHFkQLFD TXDQWR SRU

PDJQHWURQ VSXWWHULQJ/ RFRUUHX HP DSHQDV XPD GDV IDFHV GD XQLmR1 1D VHT�rQFLD VHUmR

PRVWUDGRV UHVXOWDGRV GD EUDVDJHP HP DPRVWUDV HP TXH DPEDV DV VXSHUItFLHV D VHUHP XQLGDV

VRIUHUDP PHWDOL]DomR SHODV GXDV WpFQLFDV1

91414 8QL}HV $O5262$O526 PHWDOL]DGDV PHFDQLFDPHQWH HP DSHQDV XPD GDV IDFHV

1D VXSHUItFLH FHUkPLFD HP TXH IRL RULJLQDOPHQWH GHSRVLWDGR R WLWkQLR HQFRQWUDP0VH D

FDPDGD GH UHDomR H D ]RQD GH SUHFLSLWDomR1 $ ]RQD GH SUHFLSLWDomR p IRUPDGD SRU GLYHUVRV

HOHPHQWRV/ VHQGR FRPSRVWD SRU $J H &X SURYHQLHQWHV GD OLJD GH DGLomR/ $O GD GLVVRFLDomR GD

DOXPLQD SHOR WLWkQLR H GR SUySULR 7L1 (VWD ]RQD HVWi ORFDOL]DGD HQWUH D ]RQD GH UHDomR H R

PLFURFRQVWLWXLQWH HXWpWLFR/ FRPR SRGH VHU YLVWR QD )LJXUD 5;1
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)LJXUD 5;= D, 8QLmR $O5262$O526 PHWDOL]DGD PHFDQLFDPHQWH EUDVDGD D ;53R&23: PLQ> E, 'HWDOKH GD

UHJLmR 4 0 IDFH PHWDOL]DGD GD XQLmR> F, 'HWDOKH UHJLmR 5 0 IDFH QmR PHWDOL]DGD GD XQLmR1

a 6;(7L

&DPDGD GH
5HDomR$O526

E,

7L

=RQD GH
3UHFLSLWDomR
a 8 µP

(XWpWLFR $J0&X
+? 3/8( 7L,

5HJLmR 4

5HJLmR 5

D,

5( 7L

$O526

F,
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1DV MXQWDV EUDVDGDV D ;53R&23:PLQ D FRPSRVLomR TXtPLFD GD ]RQD GH SUHFLSLWDomR p

FRQVWLWXtGD SRU DSUR[LPDGDPHQWH 79(&X06;(7L046($J/ DOpP GH $O H 2 IHFKDQGR R EDODQoR

HVWHTXLRPpWULFR1 1HVWD FRQGLomR QmR p REVHUYDGD XPD JUDQGH LQWHUDomR HQWUH RV HOHPHQWRV

SURYHQLHQWHV GD OLJD GH DGLomR +$J H &X, H GD FHUkPLFD +$O, QD ]RQD GH SUHFLSLWDomR QR ODGR

PHWDOL]DGR GD XQLmR1 ,VWR ILFD HYLGHQFLDGR SHOD HOHYDGD FRQFHQWUDomR GH WLWkQLR/ FHUFD GH

6; (/ QD ]RQD GH SUHFLSLWDomR/ PRVWUDGR HP GHWDOKH QD )LJXUD 5;0E1

0HVPR QHVVD DPRVWUD EUDVDGD HP WHPSHUDWXUD PDLV EDL[D H WHPSR PHQRU/ Mi p

SRVVtYHO REVHUYDU R LQtFLR GD IRUPDomR GD FDPDGD GH UHDomR H SUHVHQoD GH DOJXQV SUHFLSLWDGRV

MXQWR j IDFH QmR PHWDOL]DGD/ UHYHODGD LQGLUHWDPHQWH SHOD SUHVHQoD GH DSUR[LPDGDPHQWH 5 (

GH WLWkQLR SDUD HVWH FLFOR WpUPLFR +)LJXUD 5;0F,1

1D ]RQD FHQWUDO GD IROJD +UHJLmR HXWpWLFD $J0&X, D SUHVHQoD GH WLWkQLR p PXLWR

SHTXHQD/ PHQRU TXH 3/8 ( +)LJXUD 5;0D,1 ,VWR LQGLFD TXH R 7L GLIXQGH0VH DWUDYpV GD OLJD $J0

&X H HQULTXHFH D ]RQD GD LQWHUIDFH RSRVWD/ RQGH UHDJH FRP D DOXPLQD1

-i SDUD DV MXQWDV EUDVDGDV D ;93R& SRU 3: PLQXWRV/ D ]RQD GH SUHFLSLWDomR QR ODGR

PHWDOL]DGR GD XQLmR/ PRVWUDGD QD )LJXUD 5<0E/ p FRPSRVWD SRU FHUFD GH 7;($J05<(&X0

53(7L H 6(+$O/2,1 $ PHQRU FRQFHQWUDomR GH WLWkQLR HQFRQWUDGD QHVWD UHJLmR SDUD HVWH FDVR

UHYHOD XPD PDLRU UHDWLYLGDGH GRV HOHPHQWRV VH FRPSDUDGD j DPRVWUD DQWHULRU1
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)LJXUD 5<= D, 8QLmR $O5262$O526 PHWDOL]DGD PHFDQLFDPHQWH EUDVDGD D ;93R&23: PLQ> E, 'HWDOKH GD

UHJLmR 4 0 IDFH PHWDOL]DGD GD XQLmR> F, 'HWDOKH UHJLmR 5 0 IDFH QmR PHWDOL]DGD GD XQLmR1

&DPDGD GH 5HDomR

a 9( 7L

$O526

&DPDGD GH
5HDomR

$O526

a 53(7L

5
HJ
Lm
R
4

5
HJ
Lm
R
5

E,

D,

F,

=RQD GH
3UHFLSLWDomR

a 7 µµµµP
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$OpP GLVVR D FDPDGD GH UHDomR WRUQD0VH PDLV YLVtYHO TXDQGR EUDVDGD D WHPSHUDWXUD

PDLV HOHYDGD/ WDQWR SDUD D UHJLmR FRP IDFH PHWDOL]DGD +)LJXUD 5<0E, TXDQWR SDUD D UHJLmR QmR

PHWDOL]DGD GD XQLmR +)LJXUD 5<0F,/ HP TXH D FRQFHQWUDomR GH 7L p GH DSUR[LPDGDPHQWH 9(1

3RUpP DSHVDU GH D WHPSHUDWXUD IRUQHFHU XPD PDLRU HQHUJLD SDUD D GLIXVmR GR WLWkQLR H IDFLOLWDU

D IRUPDomR GD FDPDGD GH UHDomR/ DLQGD DVVLP QmR p IRUPDGD XPD ]RQD GH SUHFLSLWDomR

HVSHVVD QDV SUR[LPLGDGHV GD IDFH QmR PHWDOL]DGD GD MXQWD1

1DV DPRVWUDV GH XQL}HV EUDVDGDV D ;93R& SRU 53 PLQXWRV/ D FRQFHQWUDomR GH PHWDO

DWLYR HQFRQWUDGD QD ]RQD GH SUHFLSLWDomR QR ODGR PHWDOL]DGR GD XQLmR/ TXH SRGH VHU YLVWD HP

GHWDOKH QD )LJXUD 630E/ p DLQGD PHQRU1 (VWD UHJLmR p FRPSRVWD SRU DSUR[LPDGDPHQWH ;3($J0

43(&X0;(7L H 5(+$O/2,1 $ FDPDGD GH UHDomR QD IDFH PHWDOL]DGD GD FHUkPLFD PRVWUD0VH

VHPHOKDQWH j HQFRQWUDGD QD DPRVWUD EUDVDGD QD FRQGLomR GH ;93R&23: PLQ WDQWR HP VXD

HVSHVVXUD FRPR HP VXD FRQWLQXLGDGH1

$ FDPDGD GH UHDomR GD UHJLmR SUy[LPD D IDFH QmR PHWDOL]DGD GD MXQWD EUDVDGD D

;93R&253 PLQ +)LJXUD 630F, WHP XPD FRQFHQWUDomR GH WLWkQLR GH : ( GH VXD FRPSRVLomR HP

SHVR/ FRQVLGHUDYHOPHQWH PDLRU VH FRPSDUDGR D GH DPRVWUDV EUDVDGDV D WHPSHUDWXUD GH

;53R&23: PLQ +)LJXUD 5;0F,/ TXH SRVVXL DSHQDV 5 (/ GDGR TXH R WLWkQLR WHP PDLV WHPSR SDUD

VH GLIXQGLU H FRP D PDLRU WHPSHUDWXUD R ID] PDLV UDSLGDPHQWH1 3RUpP VH FRPSDUDGD j DPRVWUD

EUDVDGD D ;93R&23: PLQ p YHULILFDGR DSHQDV XP GLVFUHWR DXPHQWR QD TXDQWLGDGH GH PHWDO

DWLYR GH 4 (/ TXH QmR SRGH VHU FRQVLGHUDGR WmR UHOHYDQWH1
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)LJXUD 63= D, 8QLmR $O5262$O526 PHWDOL]DGD PHFDQLFDPHQWH EUDVDGD D ;93R&253 PLQ> E, 'HWDOKH GD

UHJLmR 4 0 IDFH PHWDOL]DGD GD XQLmR> F, 'HWDOKH GD UHJLmR 5 0 IDFH QmR PHWDOL]DGD GD XQLmR1

=RQD GH
3UHFLSLWDomR
a 7 µµµµP

5HJLmR 4

5HJLmR 5

D,

a ;(7L

&DPDGD GH
5HDomR $O526

&DPDGD GH 5HDomR

+a :( 7L, $O526

E,

F,
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1D )LJXUD 64 p PRVWUDGD XPD YLVWD JHUDO GD LQWHUIDFH GH XQLmR GH XP FRUSR GH SURYD

$O5262$O526 PHWDOL]DGR PHFDQLFDPHQWH HP DSHQDV XPD GDV IDFHV EUDVDGR D <43R&253 PLQ1

1HOD p YLVtYHO XPD JUDQGH SRURVLGDGH/ FDXVDGD SHOD WHPSHUDWXUD H[FHVVLYD1 $ FRPSRVLomR GD

]RQD GH SUHFLSLWDomR QmR GLIHUH VLJQLILFDWLYDPHQWH GD DPRVWUD EUDVDGD D ;93R& SRU 53

PLQXWRV1

)LJXUD 64= 8QLmR $O5262$O526 PHWDOL]DGD PHFDQLFDPHQWH HP XPD GDV IDFHV EUDVDGD D <43R&253 PLQ1

91415 8QL}HV $O5262$O526 PHWDOL]DGDV SRU PDJQHWURQ VSXWWHULQJ HP DSHQDV XPD GDV

IDFHV

1R FDVR GD XQLmR $O5262$O526 PHWDOL]DGD SRU PDJQHWURQ VSXWWHULQJ/ PHVPR TXDQGR

EUDVDGD D ;93R&23: PLQ/ DLQGD p SRVVtYHO LGHQWLILFDU YLVXDOPHQWH D FDPDGD GH UHDomR/ DSHVDU

GD SHTXHQD TXDQWLGDGH GH 7L GLVSRQtYHO/ H QHVWH FDVR WDPEpP QmR p SRVVtYHO LGHQWLILFDU

FODUDPHQWH XPD ]RQD GH SUHFLSLWDomR +)LJXUD 650E,1

=RQD GH
3UHFLSLWDomR

a 8 µµµµP
3RURVLGDGH

$O526$O526
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)LJXUD 65= D, 8QLmR $O5262$O526 PHWDOL]DGD SRU PDJQHWURQ VSXWWHULQJ EUDVDGD D ;93R&23: PLQ>

E, 'HWDOKH GD UHJLmR 4 0 IDFH PHWDOL]DGD GD XQLmR> 'HWDOKH UHJLmR 5 0 IDFH QmR PHWDOL]DGD GD XQLmR1

5
HJ
Lm
R
4

5
HJ
Lm
R
5D,

$
O 52

6

E,

F,

=RQD GH 3UHFLSLWDomR
a 3/; µµµµP

a 3/: 7L

$O526

$O526

a 3/8 7L
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9LVXDOPHQWH DV MXQWDV EUDVDGDV GH $O5262$O526 PHWDOL]DGDV SRU PDJQHWURQ VSXWWHULQJ

GLVWLQJXHP0VH GDV MXQWDV REWLGDV FRP DV FHUkPLFDV PHWDOL]DGDV PHFDQLFDPHQWH SHOD ]RQD GH

SUHFLSLWDomR PDLV HVWUHLWD QD UHJLmR SUy[LPD j FHUkPLFD PHWDOL]DGD H SHOD UHGX]LGD TXDQWLGDGH

GH WLWkQLR HQFRQWUDGD HP DPEDV DV IDFHV GD XQLmR1

3RUpP DSHVDU GH R PHWDO DWLYR GLVSRQtYHO DLQGD VHU VXILFLHQWH SDUD VH GLIXQGLU DWUDYpV

GD OLJD GH DGLomR H UHGX]LU D VXSHUItFLH QmR PHWDOL]DGD GD FHUkPLFD H DV UHJL}HV HP TXH R

ILOPH DSUHVHQWD GHIHLWRV/ QmR p R EDVWDQWH SDUD D IRUPDomR GH XPD ]RQD GH SUHFLSLWDomR

HVSHVVD1

7DQWR QR ODGR PHWDOL]DGR +)LJXUD 650E, FRPR QD IDFH QmR PHWDOL]DGD GD XQLmR

$O5262$O526 +)LJXUD 650F, PHWDOL]DGD SRU PDJQHWURQ VSXWWHULQJ EUDVDGD D ;93R&23: PLQ/ D

FRQFHQWUDomR GH WLWkQLR ILFRX DEDL[R GH 4/3 (/ FRPSURYDQGR TXH p QHFHVViULD DSHQDV XPD

SHTXHQD TXDQWLGDGH GH 7L SDUD TXH RFRUUD D XQLmR1

3DUD WRGRV RV FDVRV HP TXH DSHQDV XP GRV FRPSRQHQWHV FHUkPLFRV IRL PHWDOL]DGR/ WDQWR

SDUD PHWDOL]DomR PHFkQLFD FRPR SRU PDJQHWURQ VSXWWHULQJ/ SHUFHEH0VH TXH Ki D GLOXLomR GR

WLWkQLR SHOD D OLJD GH DGLomR OtTXLGD WUDQVIRUPDQGR0D HP XPD OLJD DWLYD1 2 WLWkQLR SUHVHQWH QD

OLJD HQWmR VH GLIXQGH HP GLUHomR DRV GHIHLWRV SUHVHQWHV QRV ILOPHV GD VXSHUItFLH FHUkPLFD

PHWDOL]DGD H HP GLUHomR j VXSHUItFLH GR FRPSRQHQWH FHUkPLFR QmR PHWDOL]DGR/ UHGX]LQGR VXD

VXSHUItFLH H SRVVLELOLWDQGR R PROKDPHQWR SHOD OLJD1

$V LQIOXrQFLDV GD WHPSHUDWXUD H GR WHPSR GH EUDVDJHP VmR YLVtYHLV QD ]RQD GH

SUHFLSLWDomR QR ODGR PHWDOL]DGR GD XQLmR SHOD PDLRU LQWHUDomR HQWUH RV HOHPHQWRV TXDQGR

EUDVDGDV HP PDLRUHV WHPSHUDWXUDV H WHPSRV PDLV ORQJRV/ HQTXDQWR QR ODGR QmR PHWDOL]DGD GD

XQLmR RFRUUH XPD PDLRU SUHVHQoD GH WLWkQLR/ FDXVDGR SHOD PDLRU GLIXVmR GR PHVPR QHVWDV

FRQGLo}HV1 &RP LVVR DV FDPDGDV GH UHDomR GH DPERV RV ODGRV VmR WmR PDLV YLVtYHLV TXDQWR

PDLRUHV DV WHPSHUDWXUDV H PDLV ORQJRV RV WHPSRV XWLOL]DGRV1 )RL YHULILFDGR WDPEpP TXH D

WHPSHUDWXUD LQIOXHQFLD GH IRUPD PDLV YLVtYHO TXH R WHPSR/ FRPR SRGH VHU YLVWR FRPSDUDQGR

DV HVSHVVXUDV H D FRQWLQXLGDGH GDV FDPDGDV GH UHDomR GR ODGR PHWDOL]DGR GD XQLmR H WDPEpP

GDV FRQFHQWUDo}HV GR PHWDO DWLYR SUHVHQWHV QDV IDFHV QmR PHWDOL]DGDV GDV XQL}HV EUDVDGDV QDV

GLIHUHQWHV FRQGLo}HV GH WHPSHUDWXUD H WHPSR1

3RUpP/ DSHVDU GH DPRVWUDV EUDVDGDV FRP FLFORV GH EUDVDJHP PDLV ORQJRV H2RX

WHPSHUDWXUDV PDLV HOHYDGDV DSUHVHQWDUHP XPD PDLRU FRQFHQWUDomR GH WLWkQLR QD IDFH QmR

PHWDOL]DGD GD MXQWD/ HVWD TXDQWLGDGH DLQGD QmR p VXILFLHQWH SDUD SURGX]LU ]RQDV GH

SUHFLSLWDomR WmR HVSHVVDV TXDQWR QD UHJLmR RQGH R PHWDO DWLYR IRL RULJLQDOPHQWH GHSRVLWDGR1

(VWH WLSR GH PLFURHVWUXWXUD p LQWHUHVVDQWH XPD YH] TXH QmR VmR GHVHMDGDV JUDQGHV

TXDQWLGDGHV GH SUHFLSLWDGRV/ JHUDOPHQWH IRUPDGRV GH IDVHV FRPSOH[DV IUiJHLV1 $OpP GLVVR D
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SUHVHQoD GD FDPDGD GH UHDomR UHYHOD TXH D FHUkPLFD y[LGD p UHGX]LGD SHOR WLWkQLR/ ID]HQGR

FRP TXH D OLJD GH DGLomR FRQVLJD PROKDU R VXEVWUDWR FHUkPLFR H SURGX]D OLJDo}HV TXtPLFDV

IRUWHV1

91416 8QL}HV $O5262$O526 PHWDOL]DGDV PHFDQLFDPHQWH HP DPEDV DV IDFHV

$V XQL}HV FHUkPLFD2FHUkPLFD/ HP TXH DPEDV DV VXSHUItFLHV D VHUHP XQLGDV

DSUHVHQWDYDP R ILOPH GH PHWDO DWLYR/ SRVVXHP FDPDGDV GH UHDomR PDLV HVSHVVDV TXH DV

FDPDGDV HQFRQWUDGDV HP XQL}HV HQWUH FRUSRV GH SURYD GH $O526 PHWDOL]DGRV HP DSHQDV HP

XPD GDV IDFHV GD MXQWD1

$V ]RQDV GH SUHFLSLWDomR TXDQGR DV DPRVWUDV VmR PHWDOL]DGDV PHFDQLFDPHQWH HP

DPEDV DV VXSHUItFLHV D VHUHP XQLGDV H EUDVDGDV D ;93R&23: PLQ DWLQJHP HVSHVVXUD GH DWp

; µP HP FDGD XPD GDV IDFHV/ FRPR SRGH VHU YLVWR QD )LJXUD 66/ HQTXDQWR SDUD DV DPRVWUDV

PHWDOL]DGDV HP DSHQDV XPD GDV IDFHV H EUDVDGDV QD PHVPD FRQGLomR DWLQJLUDP HVSHVVXUDV GH

QR Pi[LPR 7 µP QR ODGR GD VXSHUItFLH PHWDOL]DGD GD XQLmR +)LJXUD 5<,1

(VWD PHQRU HVSHVVXUD GDV DPRVWUDV PHWDOL]DGDV HP DSHQDV XPD GDV IDFHV FRQILUPD TXH

Ki D GLOXLomR GR WLWkQLR SHOD OLJD GH DGLomR OtTXLGD WUDQVIRUPDQGR0D HP XPD OLJD DWLYD H R

PHVPR VH GLIXQGH HP GLUHomR j VXSHUItFLH GR FRPSRQHQWH FHUkPLFR QmR PHWDOL]DGR/

UHGX]LQGR VXD VXSHUItFLH H SRVVLELOLWDQGR D XQLmR GRV FRUSRV GH SURYD1 &RPR D FRQILJXUDomR

HP TXH DPEDV DV IDFHV VmR PHWDOL]DGDV DSUHVHQWDP XPD FDPDGD GH WLWkQLR VXILFLHQWH SDUD

UHGX]LU D VXSHUItFLH FHUkPLFD RQGH IRL GHSRVLWDGD/ R PHWDO DWLYR p UHVSRQViYHO VRPHQWH SRU VH

GLIXQGLU HP GLUHomR DRV GHIHLWRV SUHVHQWHV QR SUySULR ILOPH1
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)LJXUD 66= 8QLmR $O5262$O526 PHWDOL]DGD PHFDQLFDPHQWH HP DPEDV DV IDFHV EUDVDGD D ;93R&23: PLQ1

91417 8QL}HV $O5262$O526 PHWDOL]DGDV SRU PDJQHWURQ VSXWWHULQJ HP DPEDV DV IDFHV

3DUD DV MXQWDV PHWDOL]DGDV SRU PDJQHWURQ VSXWWHULQJ HP DPEDV DV IDFHV H EUDVDGDV D

;93R&23: PLQ +)LJXUD 67,/ WDPEpP IRL YHULILFDGD D SUHVHQoD GH XPD ]RQD GH SUHFLSLWDomR

PDLV H[WHQVD TXH QDV XQL}HV PHWDOL]DGDV HP DSHQDV XPD GDV IDFHV EUDVDGDV QDV PHVPDV

FRQGLo}HV +)LJXUD 650E,1 $ ]RQD GH SUHFLSLWDomR GD DPRVWUD UHFREHUWD QDV GXDV VXSHUItFLHV D

VHUHP XQLGDV FKHJRX D HVSHVVXUD GH DWp 5 µP/ HQTXDQWR SDUD D MXQWD PHWDOL]DGD HP VRPHQWH

XPD GDV IDFHV/ D HVSHVVXUD SUy[LPD D LQWHUIDFH PHWDOL]DGD DWLQJLX QR Pi[LPR 3/; µP1

=RQD GH 3UHFLSLWDomR
a ; µµµµP



5(68/7$'26 ( ',6&866®(6 :3

)LJXUD 67= D, 8QLmR $O5262$O526 PHWDOL]DGD SRU PDJQHWURQ VSXWWHULQJ HP DPEDV DV IDFHV EUDVDGD D

;93R&23: PLQ> E, 'HWDOKH GD UHJLmR 4 0 ]RQD GH SUHFLSLWDomR1

3DUD WRGDV DV FRQGLo}HV GH EUDVDJHP GH XQL}HV $O5262$O526 DQDOLVDGDV/

LQGHSHQGHQWHPHQWH GH VHUHP PHWDOL]DGDV HP DSHQDV XPD RX DPEDV DV IDFHV/ IRUDP

HQFRQWUDGDV FDPDGDV GH UHDomR QRV GRLV ODGRV GD MXQWD/ DSHVDU GH QHP VHPSUH FRQWtQXDV RX

IDFLOPHQWH YLVtYHLV1 (VWD SUHVHQoD GD FDPDGD GH UHDomR p XP LQGLFDWLYR TXH KRXYH XPD ERD

PROKDELOLGDGH GDV VXSHUItFLHV FHUkPLFDV SHOD OLJD GH DGLomR/ PHVPR SDUD DV IDFHV QmR

PHWDOL]DGDV GD XQLmR1 -i D ]RQD GH SUHFLSLWDomR PDLV H[WHQVD HQFRQWUDGD SDUD D FRQGLomR GH

=RQD GH 3UHFLSLWDomR
a 5 µµµµP
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PHWDOL]DomR HP DPEDV DV IDFHV HYLGHQFLD TXH D TXDQWLGDGH GH WLWkQLR GLVSRQLELOL]DGR p

H[FHVVLYD/ SULQFLSDOPHQWH SDUD R FDVR GD PHWDOL]DomR PHFkQLFD1

$OpP GLVVR D EUDVDJHP GH MXQWDV HP TXH DPEDV DV VXSHUItFLHV D VHUHP XQLGDV VmR

PHWDOL]DGDV/ FRQGX] D WHPSRV GH SURFHVVR PDLV ORQJRV H PDLRU TXDQWLGDGH GH WLWkQLR

FRQVXPLGR VH FRPSDUDGD D EUDVDJHP XWLOL]DQGR DSHQDV XPD GDV DPRVWUDV PHWDOL]DGD/ R TXH

UHVXOWD HP PDLRUHV FXVWRV1

915 ()(,72 '2 7(032 ( 7(03(5$785$ 1$ 0,&52(6758785$ '( 81,®(6

$/5262)(01,0&2

91514 8QL}HV $O5262)H01L0&R PHWDOL]DGDV PHFDQLFDPHQWH

1DV XQL}HV $O5262)H01L0&R PHWDOL]DGDV PHFDQLFDPHQWH/ GD PHVPD IRUPD TXH QDV

DPRVWUDV GH MXQWDV $O5262$O526/ D FDPDGD GH UHDomR H D ]RQD GH SUHFLSLWDomR HQFRQWUDP0VH QD

VXSHUItFLH GD FHUkPLFD PHWDOL]DGD/ VHQGR TXH D SULPHLUD QHP VHPSUH p YLVtYHO1

$ ]RQD GH SUHFLSLWDomR GD DPRVWUD EUDVDGD D ;53R& SRU 3: PLQXWRV +)LJXUD 68, p

IRUPDGD SRU XPD ~QLFD IDVH FRP XPD FRPSRVLomR TXtPLFD GH DSUR[LPDGDPHQWH 69(7L/

57(&X/ 48()H/ 47(1L H ;($J DOpP GH $O H 2 IHFKDQGR R EDODQoR HVWHTXLRPpWULFR1 1HVWD

FRQGLomR QmR IRL SRVVtYHO REVHUYDU FODUDPHQWH D IRUPDomR GH XPD FDPDGD GH UHDomR QR ODGR

FHUkPLFR GD XQLmR/ SRUpP p YLVtYHO XPD FHUWD GLVVROXomR GR FRPSRQHQWH PHWiOLFR SHOD OLJD GH

DGLomR H SHOR WLWkQLR GLOXtGR QD PHVPD/ OHYDQGR D IRUPDomR GH FRPSRVWRV LQWHUPHWiOLFRV QHVWD

UHJLmR FRQVWLWXtGRV SULQFLSDOPHQWH SRU XPD IDVH ULFD HP )H H 7L/ FRQWHQGR DOJXP WHRU GH &X H

&R H RXWUD IDVH D EDVH GH 1L H 7L FRP IUDo}HV GH )H H &X1
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)LJXUD 68= D, 8QLmR $O5262)H01L0&R PHWDOL]DGD PHFDQLFDPHQWH EUDVDGD D ;53R&23: PLQ> E,'HWDOKH GD

]RQD GH SUHFLSLWDomR1

$ PLFURHVWUXWXUD GD MXQWD EUDVDGD D WHPSHUDWXUD GH ;53R& SRU 53 PLQXWRV PRVWURX0VH

EDVWDQWH VHPHOKDQWH j GD DPRVWUD DQWHULRU/ DSUHVHQWDQGR DSHQDV D IRUPDomR GLVFUHWD GH XPD

QRYD IDVH QD ]RQD GH SUHFLSLWDomR/ FRQIRUPH YLVWD QR GHWDOKH GD )LJXUD 691

5HJLmR 4

$
O 52

6
$
O 52

6

)H
01
L0&

R

(XWpWLFR
$J0&X

D,

E,

=RQD GH
3UHFLSLWDomR

a : µµµµP

)DVHV
,QWHUPHWiOLFDV



5(68/7$'26 ( ',6&866®(6 :6

)LJXUD 69= D, 8QLmR $O5262)H01L0&R PHWDOL]DGD PHFDQLFDPHQWH EUDVDGD D ;53R&253 PLQ> E, 'HWDOKH

GD IRUPDomR GH XPD QRYD IDVH QD ]RQD GH SUHFLSLWDomR1

$ ]RQD GH SUHFLSLWDomR GHVWD DPRVWUD p FRPSRVWD DSUR[LPDGDPHQWH SRU 69(7L/

5<($J/ 46()H/ 44(1L/ 8(&X/ 8(&R H 5(+$O/2,/ SRUpP QmR IRL SRVVtYHO UHDOL]DU FRP

SUHFLVmR D DQiOLVH GD FRPSRVLomR TXtPLFD GD QRYD IDVH IRUPDGD GHYLGR DR VHX UHGX]LGR

WDPDQKR1

$ DPRVWUD EUDVDGD D WHPSHUDWXUD PDLV DOWD +;93R&,/ PHVPR TXH SRU DSHQDV 3: PLQXWRV

+)LJXUD 6:,/ Mi DSUHVHQWDYD XPD ]RQD GH SUHFLSLWDomR IRUPDGD SRU GLYHUVDV QRYDV IDVHV1 1D

5HJLmR 4

=RQD GH
3UHFLSLWDomR

a : µµµµP

,QtFLR GH XPD
QRYD IDVH

$O526

$O526

D,

E,
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UHJLmR GD ]RQD GH SUHFLSLWDomR IRL HQFRQWUDGD XPD IDVH FRPSRVWD SULQFLSDOPHQWH SRU FREUH

SUHFLSLWDGD QD IRUPD GH EDVWRQHWHV/ XPD IDVH SUy[LPD j VXSHUItFLH FHUkPLFD FRP FRPSRVLomR

TXtPLFD EDVLFDPHQWH IRUPDGD SRU 7L H )H/ DOpP GH RXWUDV IDVHV LQWHUPHWiOLFDV1

)LJXUD 6:= D, 8QLmR $O5262)H01L0&R PHWDOL]DGD PHFDQLFDPHQWH EUDVDGD D ;93R&23: PLQ> E, 'HWDOKH

GDV IDVHV IRUPDGDV QD ]RQD GH SUHFLSLWDomR/ QD UHJLmR FHQWUDO GD IROJD H QR ODGR PHWiOLFR GD XQLmR1

$OpP GLVVR IRL REVHUYDGD D SUHVHQoD GH XP JUDQGH Q~PHUR GH SUHFLSLWDGRV QD UHJLmR

FHQWUDO GD LQWHUIDFH GH XQLmR H D SUHVHQoD PDLV LQWHQVD GH IDVHV LQWHUPHWiOLFDV QD UHJLmR

PHWiOLFD GD MXQWD VH FRPSDUDGD D GH DPRVWUDV EUDVDGDV D WHPSHUDWXUD LQIHULRU1 (VWDV IDVHV

5HJLmR 4

=RQD GH
3UHFLSLWDomR

a 9 µµµµP

$O526

$O526

)H01L0&R

7L/ )H

%DVWRQWHV
GH &X

3UHFLSLWDGRV
)LQRV

D,

E,

)DVHV
,QWHUPHWiOLFDV
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LQWHUPHWiOLFDV WrP D IRUPD GH ULSDV/ GLIHUHQWH GDV IDVHV VHP XPD JHRPHWULD EHP GHILQLGD

DSUHVHQWDGD SHOD PLFURHVWUXWXUD GH XQL}HV EUDVDGDV D WHPSHUDWXUD GH ;53R&1 $ FRPSRVLomR

TXtPLFD GRV SUHFLSLWDGRV ILQRV QmR SRGH VHU TXDQWLILFDGD GHYLGR DR VHX WDPDQKR UHGX]LGR1

1R FDVR GDV DPRVWUDV EUDVDGDV SRU WHPSR H WHPSHUDWXUD PDLRU +;93R&253 PLQ, IRL

QRWDGD DSHQDV D IRUPDomR PDLV LQWHQVD H GH WDPDQKR OLJHLUDPHQWH PDLRU GRV SUHFLSLWDGRV

ILQRV +)LJXUD 6;, FRPR GLIHUHQoD SDUD D PLFURHVWUXWXUD GDV XQL}HV EUDVDGDV D PHVPD

WHPSHUDWXUD SRU 3: PLQXWRV1 -i DV GHPDLV IDVHV GD ]RQD GH SUHFLSLWDomR/ FRPR RV SUHFLSLWDGRV

GH &X HP IRUPD GH EDVWRQHWHV/ DV IDVHV ULFDV HP 7L H DV IDVHV LQWHUPHWiOLFDV PRVWUDUDP0VH

VHPHOKDQWHV DR FDVR DQWHULRU/ QmR VHQGR SRVVtYHO GHWHFWDU DOWHUDo}HV VLJQLILFDWLYDV QD

TXDQWLGDGH/ WDPDQKR/ IRUPD H FRPSRVLomR GRV SUHFLSLWDGRV1

)LJXUD 6;= 8QLmR $O5262)H01L0&R PHWDOL]DGD PHFDQLFDPHQWH EUDVDGD D ;93R&253 PLQ1

91515 8QL}HV $O5262)H01L0&R PHWDOL]DGDV SRU PDJQHWURQ VSXWWHULQJ

$V XQL}HV GRV FRUSRV GH SURYD PHWDOL]DGRV SRU PDJQHWURQ VSXWWHULQJ EUDVDGRV D

;53R&/ PHVPR FRP WHPSR GH 53 PLQ +)LJXUD 6<,/ QmR IRUDP REVHUYDGDV FODUDPHQWH XPD ]RQD

GH SUHFLSLWDomR QHP XPD FDPDGD GH UHDomR/ SRUpP D SUHVHQoD GH 5 ( GH 7L LQGLFD

LQGLUHWDPHQWH TXH KRXYH D IRUPDomR GH SHOR PHQRV XPD HVWUHLWD FDPDGD GH UHDomR1

=RQD GH
3UHFLSLWDomR

a 9 µµµµP

$
O 52

6

)H01L0&R)DVHV
,QWHUPHWiOLFDV

D,

7L/ 1L

%DVWRQWHV
GH &X
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)LJXUD 6<= D, 8QLmR $O5262)H01L0&R PHWDOL]DGD SRU PDJQHWURQ VSXWWHULQJ EUDVDGD D ;53R&253 PLQ>

E, 'HWDOKH GD UHJLmR 40 IDFH FHUkPLFD PHWDOL]DGD1

-i SDUD DV DPRVWUDV EUDVDGDV D ;93R& SRU 53 PLQXWRV/ DSHVDU GH DLQGD QmR VHU YLVtYHO

XPD FDPDGD GH UHDomR RX XPD ]RQD GH SUHFLSLWDomR EHP GHILQLGD/ IRUDP HQFRQWUDGDV IDVHV

LQWHUPHWiOLFDV SUy[LPDV GD IDFH GR FRPSRQHQWH FHUkPLFR/ FRPR YLVWR QD )LJXUD 73/ SRUpP HP

PHQRU TXDQWLGDGH H WDPDQKR VH FRPSDUDGDV jV GH DPRVWUDV PHWDOL]DGDV PHFDQLFDPHQWH1

7DPEpP SDUD HVWD WHPSHUDWXUD IRUDP HQFRQWUDGRV RV SUHFLSLWDGRV ILQRV GLVSHUVRV QD UHJLmR

FHQWUDO GD MXQWD1

$O526

)H01L0&R

$O526

5HJLmR 4

D,

E,

a 5( 7L
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)LJXUD 73= 8QLmR $O5262)H01L0&R PHWDOL]DGD SRU PDJQHWURQ VSXWWHULQJ EUDVDGD D ;93R&253 PLQ1

$ SUHVHQoD GD FDPDGD GH UHDomR QR FDVR GDV XQL}HV $O5262)H01L0&R QmR p WmR YLVtYHO

FRPR QDV EUDVDJHQV GH $O5262$O526/ SRVVLYHOPHQWH SHOR FRQVXPR GR WLWkQLR TXDVH TXH

WRWDOPHQWH SDUD IRUPDomR GH SUHFLSLWDGRV H GDV IDVHV LQWHUPHWiOLFDV1 6DEH0VH GDV EUDVDJHQV

H[HFXWDGDV FRP PHWDO DWLYR HQWUH OLJDV )H01L0&R H $O526 TXH D OLJD GH DGLomR $J0&X07L UHDJH

FRP R FRPSRQHQWH PHWiOLFR/ VHQGR SRVVtYHO TXH R )H/ 1L H R &R VHMDP GLVVROYLGRV SHOD OLJD

GH DGLomR H UHDMDP FRP R 7L H FRP R &X/ IRUPDQGR GLYHUVDV IDVHV >:@1 'HYLGR D HVWD

GLVVROXomR GR PHWDO GH EDVH/ D UHJLmR GR PLFURFRQVWLWXLQWH HXWpWLFR DSUHVHQWD0VH EDVWDQWH

UHGX]LGD VH FRPSDUDGD DV GH DPRVWUDV $O5262$O526/ FRP HVSHVVXUDV PpGLDV HQWUH 48 µP H

53µP/ HQTXDQWR SDUD R FDVR GDV XQL}HV FHUkPLFD2FHUkPLFD D HVSHVVXUD PpGLD IRL GH 83 µP1

3DUD WRGDV DV FRQGLo}HV DQDOLVDGDV D UHJLmR HXWpWLFD JXDUGD D PLFURHVWUXWXUD RULJLQDO

GD OLJD GH DGLomR/ FRP D FRPSRVLomR GR VLVWHPD HXWpWLFR $J0&X/ QmR VHQGR DIHWDGD SHODV

UHDo}HV FRPR ILOPH GH 7L H FRP D OLJD )H01L0&R/ DSHVDU GH DOJXPDV YH]HV VHU SRVVtYHO D

IRUPDomR GH XP SUHFLSLWDGR ILQR FRPR QR FDVR GDV DPRVWUDV EUDVDGDV D ;93R& LQGHSHQGHQWH

GR WLSR GH PHWDOL]DomR XWLOL]DGR1

$SHVDU GH D SUHVHQoD GH DSHQDV XPD IDVH QD ]RQD GH SUHFLSLWDomR GDV DPRVWUDV

PHWDOL]DGDV PHFDQLFDPHQWH H EUDVDGDV D ;53R& IRUQHFHU XP DVSHFWR GH SRXFD LQWHUDomR HQWUH

R ILOPH GH 7L/ D OLJD GH DGLomR H R PHWDO GH EDVH/ D SUHVHQoD GH )H H 1L SURYHQLHQWHV GR

FRPSRQHQWH PHWiOLFR LQGLFD TXH KRXYH WHPSR H WHPSHUDWXUD VXILFLHQWH SDUD D OLJD GH DGLomR

FRP D SUHVHQoD GH WLWkQLR GLVSHUVR/ GLVVROYHU SDUWH GD OLJD )H01L0&R H ID]HU FRP TXH HVWHV

)DVHV
,QWHUPHWiOLFDV

$O526

3UHFLSLWDGRV
)LQRV
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HOHPHQWRV GLIXQGDP0VH HP GLUHomR j VXSHUItFLH FHUkPLFD/ DOpP GH IRUPDU FRPSRQHQWHV

LQWHUPHWiOLFRV QD UHJLmR GD IDFH PHWiOLFD GD XQLmR1 3RUpP QHVWDV FRQGLo}HV DLQGD QmR IRL

SRVVtYHO XPD FODUD IRUPDomR GD FDPDGD GH UHDomR H QHP GH IDVHV LQWHUPHWiOLFDV QR ODGR GD

FHUkPLFD1

$V DPRVWUDV EUDVDGDV D ;93R&/ LQGHSHQGHQWHPHQWH GR WHPSR/ DSUHVHQWDP GLYHUVDV

IDVHV QD ]RQD GH SUHFLSLWDomR/ LQFOXLQGR LQWHUPHWiOLFRV/ SUHFLSLWDGRV ILQRV QD UHJLmR FHQWUDO GD

MXQWD/ H RXWUDV IDVHV LQWHUPHWiOLFDV QD UHJLmR SUy[LPD DR FRPSRQHQWH PHWiOLFR/ QmR

HQFRQWUDGDV SDUD D FRQGLomR GH WHPSHUDWXUD PDLV EDL[D1

'D PHVPD IRUPD SDUD DV XQL}HV PHWDOL]DGDV SRU PDJQHWURQ VSXWWHULQJ/ VRPHQWH D

WHPSHUDWXUD GH ;93R& p QRWDGD D SUHVHQoD GH IDVHV LQWHUPHWiOLFDV GR ODGR FHUkPLFR GD

LQWHUIDFH H GRV SUHFLSLWDGRV ILQRV QD UHJLmR GR HXWpWLFR1 3RGH0VH DILUPDU GHVWD IRUPD TXH D

WHPSHUDWXUD WHP XPD LQIOXrQFLD PDLRU QD IRUPDomR GDV IDVHV SUHVHQWHV QDV XQL}HV $O5262)H0

1L0&R TXH R WHPSR GH EUDVDJHP/ WDQWR SDUD PHWDOL]DomR PHFkQLFD TXDQWR SDUD PHWDOL]DomR

SRU PDJQHWURQ VSXWWHULQJ1

2 PyGXOR GH HODVWLFLGDGH GDV IDVHV LQWHUPHWiOLFDV IRL PHGLGR SRU QDQRLQGHQWDomR SRU

1DVFLPHQWR >47@ H RV YDORUHV HQFRQWUDGRV VmR FRQVLGHUDGRV HOHYDGRV/ LQGLFDQGR TXH VH WUDWDP

GH IDVHV FRP WHQGrQFLD D IUDJLOL]DomR GD XQLmR1 'HVWD IRUPD GHYH0VH EXVFDU XPD WHPSHUDWXUD

RWLPL]DGD SDUD TXH VH FRQVLJD XPD PLFURHVWUXWXUD TXH HTXLOLEUH D IRUPDomR GH XPD FDPDGD

GH UHDomR SDUD JDUDQWLU D XQLmR GRV PDWHULDLV GH EDVH H D SUHVHQoD GHVWDV IDVHV LQWHUPHWiOLFDV1

1R FDStWXOR VHJXLQWH VHUmR DSUHVHQWDGRV RV UHVXOWDGRV H GLVFXVV}HV GRV HQVDLRV PHFkQLFRV/

EXVFDQGR DYDOLDU D PHOKRU FRQGLomR GH EUDVDJHP WDQWR SDUD DV XQL}HV $O5262)H01L0&R FRPR

$O5262$O5261

916 ',6&866®(6 62%5( $ )250$d­2 '$ &$0$'$ '( 5($d­2 ( '$ =21$ '(

35(&,3,7$d­2

3DUD WRGDV DV XQL}HV $O5262$O526 H $O5262)H01L0&R HVWXGDGDV HQFRQWURX0VH D SUHVHQoD

GH WUrV UHJL}HV GLVWLQWDV= D FDPDGD GH UHDomR/ D ]RQD GH SUHFLSLWDomR H D UHJLmR FRPSRVWD SHOR

PLFURFRQVWLWXLQWH HXWpWLFR $J0&X GD OLJD GH DGLomR1

'H PRGR VLPLODU j EUDVDJHP FRP PHWDO DWLYR/ DGPLWH0VH TXH HQWUH R UHYHVWLPHQWR GH

7L H D FHUkPLFD/ QD WHPSHUDWXUD GH EUDVDJHP/ RFRUUD XPD UHDomR GH GLVVRFLDomR GD VXSHUItFLH

GD DOXPLQD SHOR 7L1 $ IRUPDomR GH XP FRPSRVWR FRP HVWUXWXUD VLPLODU j PHWiOLFD +FDPDGD GH

UHDomR,/ TXH IXQFLRQD FRPR WUDQVLomR HQWUH R PDWHULDO FHUkPLFR H R PHWiOLFR/ SHUPLWH R VHX

PROKDPHQWR SHOD OLJD GH DGLomR >47@1
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$ FDPDGD GH UHDomR p IRUPDGD SHOD UHDomR HQWUH R R[LJrQLR GD DOXPLQD H R WLWkQLR

GLVSRQLELOL]DGR SHOD PHWDOL]DomR GD VXSHUItFLH FHUkPLFD/ VHQGR FRPSRVWD SULQFLSDOPHQWH SRU

XPD ILQD FDPDGD GH y[LGRV GH WLWkQLR1 0DV VHJXQGR &KLGDPEDUDP >76@ p SRVVtYHO TXH HVWD

UHDomR OLEHUH $O H 2 GD FHUkPLFD SDUD D OLJD GH DGLomR H R $O UHDMD FRP 7L TXH VREURX GD

GLVVRFLDomR GD VXSHUItFLH FHUkPLFD/ EHP FRPR R 7L TXH UHDJH FRP D VXSHUItFLH GD DOXPLQD

FRQWHQKD XP SHTXHQR WHRU GH RXWUR HOHPHQWR HP VROXomR VyOLGD/ FRPR SRU H[HPSOR &X

RULXQGR GR PHWDO GH DGLomR/ R TXH SRGH OHYDU WDPEpP D IRUPDomR GH y[LGRV PLVWRV QHVWD

UHJLmR1

'R SRQWR GH YLVWD LGHDO/ R UHYHVWLPHQWR GH 7L GHYHULD WHU D HVSHVVXUD GH DOJXPDV

FDPDGDV DW{PLFDV H VHU FRQWtQXR/ HP TXDQWLGDGH VXILFLHQWH DSHQDV SDUD UHDJLU FRP D

VXSHUItFLH FHUkPLFD H SHUPLWLU R VHX PROKDPHQWR1 2 H[FHVVR GH 7L p FRQVXPLGR QR DXPHQWR

GD HVSHVVXUD GD FDPDGD GH UHDomR H2RX LQWHUDJH FRP R PHWDO OtTXLGR VDWXUDQGR D OLJD GH

DGLomR FRP PHWDO DWLYR H QXFOHDQGR FRPSRVWRV LQWHUPHWiOLFRV TXH RULJLQD D ]RQD GH

SUHFLSLWDomR1

$ GLVVROXomR GR 7L SHOD OLJD GH DGLomR IRUPDQGR XPD OLJD ULFD HP PHWDO DWLYR SHUPLWH

TXH DV UHJL}HV GD FHUkPLFD FRP GHIHLWR GR ILOPH H D VXSHUItFLH GD IDFH FHUkPLFD VHP R

UHYHVWLPHQWR GH 7L GH XQL}HV $O5262$O526 PHWDOL]DGD HP DSHQDV XP GRV ODGRV VHMDP

PROKDGDV1 8WLOL]DQGR0VH XP FRHILFLHQWH PpGLR GH GLIXVmR PpGLR GR 7L +4/3 [ 4309 PPð2V, QD

OLJD GH DGLomR IXQGLGD >:9@/ FDOFXOD0VH TXH QR WHPSR HP TXH D OLJD GH DGLomR SHUPDQHFH

OtTXLGD/ DSUR[LPDGDPHQWH 73 PLQ QR FDVR GDV EUDVDJHQV D ;53R&23: PLQ R FDPLQKR PpGLR

SHUFRUULGR SHOR 7L p GH FHUFD GH 83 µP1 (VWD GLVWkQFLD p DSUR[LPDGDPHQWH D ODUJXUD GD IROJD

FHQWUDO GDV XQL}HV/ H SRUWDQWR p SHUIHLWDPHQWH SRVVtYHO TXH R WLWkQLR FRQVLJD GLIXQGLU0VH GR

ODGR PHWDOL]DGR GD LQWHUIDFH GH XQLmR SDUD R ODGR TXH QmR IRL PHWDOL]DGR1 'D PHVPD IRUPD D

OLJD GH DGLomR DWLYD SRGH PROKDU D VXSHUItFLH FHUkPLFD/ HOLPLQDQGR R SUREOHPD GRV GHIHLWRV

QR UHYHVWLPHQWR PHWiOLFR1 'D DYDOLDomR TXDQWLWDWLYD GRV GHIHLWRV GR UHYHVWLPHQWR VDEH0VH TXH

D PDLRU SDUWH GRV PHVPRV WHP R GLkPHWUR HTXLYDOHQWH LQIHULRU D 83 µP1

(VWXGRV FLQpWLFRV GR FUHVFLPHQWR GD FDPDGD GH UHDomR SDUD OLJDV GH DGLomR FRP PHWDO

DWLYR PRVWUDP TXH XPD PRQRFDPDGD GH SURGXWRV GH UHDomR FREUH UDSLGDPHQWH WRGD D

VXSHUItFLH FHUkPLFD VHQGR TXH R DXPHQWR QD VXD HVSHVVXUD GHYH REHGHFHU D XPD IXQomR

SDUDEyOLFD >;/76@1 $ FDPDGD GH UHDomR GDV XQL}HV DQDOLVDGDV DSUHVHQWDYD HVSHVVXUD YDULiYHO H

QHP VHPSUH HUD FRQWtQXD1 ,VWR VHULD H[SOLFDGR SHOD YDULDomR GD HVSHVVXUD H GHVFRQWLQXLGDGH

GR ILOPH GH 7L1 1DV UHJL}HV GH GHIHLWR/ R PROKDPHQWR DFRQWHFH SRUTXH D OLJD GH DGLomR WRUQD0

VH DWLYD/ HQWUHWDQWR D GLVSRQLELOLGDGH ORFDO GH 7L p PHQRU QHVWHV SRQWRV FRQWULEXLQGR SDUD TXH

D HVSHVVXUD GD FDPDGD GH UHDomR VHMD PHQRU/ RX TXH D PHVPD VHMD ILQD R VXILFLHQWH D SRQWR GH
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QmR SRGHU VHU GHWHFWDGD FRP R 0(91 $ DQiOLVH TXtPLFD SRU ('6 FRPSURYRX TXH PHVPR QRV

SRQWRV HP TXH QmR VH YLVXDOL]D D FDPDGD GH UHDomR/ p SRVVtYHO VH GHWHFWDU 7L QD VXSHUItFLH

FHUkPLFD1 $OpP GLVVR/ FRPR KRXYH PROKDELOLGDGH FRQFOXL0VH TXH R 7L UHDJLX H IRUPRX XPD

FDPDGD GH OLJDomR QD VXSHUItFLH FHUkPLFD1

1R DTXHFLPHQWR SDUD D WHPSHUDWXUD GH EUDVDJHP R WLWkQLR GR ILOPH PHWiOLFR HVWi

LQLFLDOPHQWH QR HVWDGR VyOLGR HQTXDQWR TXH D OLJD GH DGLomR Mi p OtTXLGD D SDUWLU GH :;3R&1

&RP R WUDQVFRUUHU GR SURFHVVR R 7L YDL VHQGR HURGLGR SHOR PHWDO GH DGLomR DWUDYpV GD

LQWHUIDFH VyOLGR2OtTXLGR+7L2PHWDO GH DGLomR,/ IRUPDQGR XPD OLJD DWLYD1 2 HQULTXHFLPHQWR GD

OLJD GH DGLomR SHOR 7L QD UHJLmR GR UHYHVWLPHQWR PHWiOLFR p UHVSRQViYHO SHOD IRUPDomR GD

]RQD GH SUHFLSLWDomR1

&RQVLGHUDQGR XP ILOPH GH 7L FRP HVSHVVXUD PpGLD GH 8 µP +HTXLYDOHQWH j

PHWDOL]DomR PHFkQLFD, H TXH WRGR HOH IRVVH GLVVROYLGR GH IRUPD KRPRJrQHD SHOR PHWDO GH

DGLomR/ D OLJD DWLYD IRUPDGD WHULD FHUFD GH 6 ( 7L/ TXH p DSUR[LPDGDPHQWH D FRQFHQWUDomR GH

7L QDV OLJDV FRPHUFLDLV FRP PHWDO DWLYR GR VLVWHPD $J0&X1 9DOH UHVVDOWDU TXH QD EUDVDJHP

FRP PHWDO DWLYR/ R 7L HVWi GLVVROYLGR QD OLJD GH DGLomR/ HQTXDQWR TXH DR XWLOL]DU D PHWDOL]DomR

FRPR SURFHVVR GH SUHSDUDomR/ R PHVPR HQFRQWUD0VH LQLFLDOPHQWH QR HVWDGR VyOLGR H HP

FRQWDWR GLUHWR FRP D FHUkPLFD1

$ PLFURHVWUXWXUD ILQDO GDV XQL}HV VHUi HQWmR UHVXOWDGR GH GRLV SURFHVVRV FRPSHWLWLYRV

HQYROYHQGR D UHDWLYLGDGH GR 7L1 3RU XP ODGR UHDJLQGR FRP D $O526 QXFOHDQGR H FUHVFHQGR D

HVSHVVXUD GD FDPDGD GH UHDomR/ H SRU RXWUR ODGR SDVVDQGR SDUD R PHWDO GH DGLomR OtTXLGR/

FRQWULEXLQGR SDUD D IRUPDomR GH IDVHV LQWHUPHWiOLFDV1
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:1 $9$/,$d­2 0(&Æ1,&$ '$6 81,®(6 %5$6$'$6

:14 81,®(6 $/5262$/526

$V DQiOLVHV GDV VXSHUItFLHV GDV IUDWXUDV QRV FDVRV GH XQL}HV FHUkPLFD2FHUkPLFD

UHYHODP TXH SDUD WRGDV DV FRQGLo}HV HQVDLDGDV R URPSLPHQWR RFRUUH QD VHomR WUDQVYHUVDO

FHQWUDO GR FRUSR GH SURYD1 (VWH UHVXOWDGR HUD HVSHUDGR/ XPD YH] TXH HP HQVDLRV GH IOH[mR D 6

SRQWRV/ HVWD p D VHomR VXEPHWLGD D PDLRU WHQVmR1 1mR IRL SRVVtYHO GLVWLQJXLU TXDOTXHU DOWHUDomR

QD IRUPD GH UXSWXUD HQWUH MXQWDV PHWDOL]DGDV PHFDQLFDPHQWH HP XPD RX HP DPEDV DV IDFHV/

VHQGR VHPSUH REVHUYDGD D RFRUUrQFLD GH IUDWXUD GR FRPSRQHQWH FHUkPLFR1

1R FDVR GDV MXQWDV HP TXH DSHQDV XPD GDV IDFHV p PHWDOL]DGD/ DV IUDWXUDV RFRUUHUDP

WDQWR QR ODGR GD DPRVWUD PHWDOL]DGD FRPR GD DPRVWUD QmR PHWDOL]DGD/ QmR VHQGR SHUFHSWtYHO

TXDOTXHU WHQGrQFLD/ FRPR SRGH VHU YLVWR QD )LJXUD 741

)LJXUD 74= 6XSHUItFLH GH IUDWXUD GH XQLmR $O5262$O526 PHWDOL]DGD PHFDQLFDPHQWH HP XPD GDV IDFHV

EUDVDGD D ;53R&247 PLQ1

$O526

/LJD GH $GLomR
.

0HWDO $WLYR
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$V DPRVWUDV PHWDOL]DGDV SRU PDJQHWURQ VSXWWHULQJ WDPEpP DSUHVHQWDUDP R PHVPR

FRPSRUWDPHQWR/ URPSHQGR0VH QD UHJLmR FHQWUDO H VHPSUH RFRUUHQGR D IUDWXUD GR VXEVWUDWR

FHUkPLFR +)LJXUD 75,1

)LJXUD 75= 6XSHUItFLH GH IUDWXUD GH XQLmR $O5262$O526 PHWDOL]DGD SRU PDJQHWURQ VSXWWHULQJ EUDVDGD D

;53R&247 PLQ1

3RGH0VH LQIHULU EDVHDGR QD IRUPD GD IUDWXUD H QRV HQVDLRV PHFkQLFRV UHDOL]DGRV/ TXH R

UHYHVWLPHQWR PHWiOLFR QmR p R SRQWR IUDFR GD XQLmR PHWDO2FHUkPLFD1 $ IRUPD FRPR D WULQFD VH

SURSDJD QD DOXPLQD/ DWp SURYRFDU R FRODSVR QD XQLmR p XP IRUWH LQGLFDWLYR GH TXH R ILOPH

GHSRVLWDGR PHFDQLFDPHQWH FRQVHJXLX UHDJLU GH IRUPD DGHTXDGD FRP HVVH VXEVWUDWR/ IRUPDQGR

XPD LQWHUIDFH FRP ERD DGHUrQFLD1

1D 7DEHOD 44 VmR DSUHVHQWDGRV RV UHVXOWDGRV GD UHVLVWrQFLD PHFkQLFD D IOH[mR HP 6

SRQWRV GH XQL}HV $O5262$O526 EUDVDGDV FRP D OLJD GH DGLomR 9+0:;3 DSyV UHYHVWLPHQWR GD

VXSHUItFLH FHUkPLFD FRP 7L SHODV WpFQLFDV GH PHWDOL]DomR PHFkQLFD H SRU PDJQHWURQ

VSXWWHULQJ1

$O526

/LJD GH $GLomR
.

0HWDO $WLYR
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7DEHOD 44= 5HVLVWrQFLD PHFkQLFD D IOH[mR HP 6 SRQWRV GH XQL}HV $O5262$O526

3DUkPHWURV GH %UDVDJHP

7HPSHUDWXUD
+R&,

7HPSR
+PLQ,

7LSR GH 0HWDOL]DomR
7HQVmR GH 5XSWXUD

±±±± 'HVYLR 3DGUmR
+03D,

0DJQHWURQ 6SXWWHULQJ +5 ODGRV, 45; ± 76

0HFkQLFD +4 ODGR, 448 ± 5;;53 47

0HFkQLFD +5 ODGRV, 434 ± 43

0HFkQLFD +4 ODGR, 49< ± 58
;93 47

0HFkQLFD +5 ODGRV, 4;< ± 5:

3DUD DV DPRVWUDV EUDVDGDV D ;53R&247 PLQ QmR p SRVVtYHO GLVWLQJXLU HVWDWLVWLFDPHQWH

+WHVWH ), GHQWUH DV WUrV FRQILJXUDo}HV HVWXGDGDV TXDO p D RWLPL]DGD SDUD D UHVLVWrQFLD D IOH[mR

HP 6 SRQWRV1 $SHVDU GH D DPRVWUD PHWDOL]DGD SRU PDJQHWURQ VSXWWHULQJ WHU DSUHVHQWDGR XP

YDORU OHYHPHQWH VXSHULRU DR GDV DPRVWUDV PHWDOL]DGDV PHFDQLFDPHQWH/ FRPR HUD GH VH HVSHUDU

SHOD DQiOLVH PLFURHVWUXWXUDO/ R GHVYLR SDGUmR GRV UHVXOWDGRV p FRQVLGHUDYHOPHQWH PDLRU/ FRPR

PRVWUDGR SHOR JUiILFR GD )LJXUD 761

0DJQHWURQ 6SXWWHULQJ 0HFkQLFD
83

433

483

533

583 $O5262$O526 +7  ;53R&,

5H
VLV
Wr
QF
LD
j
)O
H[
mR
+0

3D
,

0HWDOL]DomR

)LJXUD 76 ± (IHLWR GD WpFQLFD GH PHWDOL]DomR QD UHVLVWrQFLD PHFkQLFD GDV MXQWDV $O5262$O526
PHWDOL]DGDV HP DPEDV DV IDFHV EUDVDGDV D ;53R&247 PLQ1
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$WUDYpV GHVWD DQiOLVH DILUPD0VH TXH SDUD HVWHV SDUkPHWURV GH EUDVDJHP

+;53R&247 PLQ,/ DV MXQWDV PHWDOL]DGDV PHFDQLFDPHQWH VmR WmR UHVLVWHQWHV TXDQWR DV XQL}HV

XWLOL]DQGR PHWDOL]DomR SRU PDJQHWURQ VSXWWHULQJ/ DSUHVHQWDQGR XP PHQRU GHVYLR SDGUmR GRV

YDORUHV/ R TXH OHYD D SURGXomR GH MXQWDV FRP PDLRU FRQILDELOLGDGH1 3RUpP HVWD DILUPDomR

GHYH VHU WRPDGD FRP FXLGDGR1

e LQWHUHVVDQWH QRWDU TXH QHVWD FRQGLomR/ D GLPLQXLomR QD TXDQWLGDGH GH PHWDO DWLYR

GLVSRQtYHO UHVXOWD HP GLVSHUV}HV FDGD YH] PDLRUHV PDV WDPEpP YDORUHV PpGLRV GH UHVLVWrQFLDV

FDGD YH] PDLV HOHYDGRV/ VHQGR SHOD RUGHP D PHWDOL]DomR PHFkQLFD HP DPEDV DV IDFHV D TXH

GHSRVLWD PDLV 7L/ VHJXLGD SHOD PHWDOL]DomR HP DSHQDV XP GRV ODGRV H ILQDOPHQWH SHOD

PHWDOL]DomR SRU PDJQHWURQ VSXWWHULQJ1 $V LQFHUWH]DV UHODFLRQDGDV DR HQVDLR GH IOH[mR HP 6

SRQWRV/ GHYLGR D HUURV GH SRVLFLRQDPHQWR H DOLQKDPHQWR GDV DPRVWUDV/ QmR SHUPLWHP DILUPDU

TXH D PHQRU TXDQWLGDGH GH PHWDO DWLYR SDUD UHDJLU FRP D VXSHUItFLH FHUkPLFD SRGH VHU

FRQVLGHUDGD UHVSRQViYHO SHOD PDLRU YDULDomR GD TXDOLGDGH GD MXQWD1 'HYH0VH HQWmR UHDOL]DU HP

WUDEDOKRV IXWXURV HQVDLRV GH IOH[mR HP TXDWUR SRQWRV/ TXH PLQLPL]DQGR HVWHV HUURV/ SRGHUi

JHUDU UHVXOWDGRV PDLV FRQILiYHLV1

$ DQiOLVH HVWDWtVWLFD GRV UHVXOWDGRV HYLGHQFLD TXH DV XQL}HV EUDVDGDV D ;93R&247 PLQ

DSUHVHQWDP XPD WHQVmR GH UXSWXUD PpGLD VXSHULRU j GDV MXQWDV EUDVDGDV D WHPSHUDWXUD GH

;53R&247 PLQ/ WDQWR SDUD XQL}HV XWLOL]DQGR DPRVWUDV PHWDOL]DGDV PHFDQLFDPHQWH QDV GXDV

IDFHV FRPR HP DSHQDV XPD GDV IDFHV/ FRPR PRVWUDGR QD )LJXUD 771
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)LJXUD 77 ± (IHLWR GD WHPSHUDWXUD QD UHVLVWrQFLD PHFkQLFD GH XQL}HV $O5262$O526 PHWDOL]DGDV

PHFDQLFDPHQWH D, HP XPD IDFH> E, HP DPEDV DV IDFHV1

3RGH0VH DILUPDU HVWDWLVWLFDPHQWH/ DWUDYpV GH FiOFXORV SRU WHVWH )/ TXH DV WHQV}HV GH

UXSWXUD SDUD HVWHV FDVRV VmR GLIHUHQWHV FRP XPD FHUWH]D GH <</8 (/ H SRUWDQWR/ FRQFOXLU TXH GR

SRQWR GH YLVWD GD UHVLVWrQFLD j IOH[mR/ D EUDVDJHP D WHPSHUDWXUDV PDLV HOHYDGDV FRQGX] D

MXQWDV PDLV UHVLVWHQWHV TXH DV EUDVDGDV D WHPSHUDWXUDV PDLV EDL[DV1

$ HVWD WHPSHUDWXUD DV DPRVWUDV PHWDOL]DGDV PHFDQLFDPHQWH HP DSHQDV XPD GDV IDFHV

PRVWUDUDP0VH WmR UHVLVWHQWHV H FRP GLVSHUV}HV WmR EDL[DV TXDQWR jV PHWDOL]DGDV HP DPEDV DV

IDFHV/ FRQIRUPH YLVWR QD )LJXUD 78 H D DILUPDomR IHLWD DQWHULRUPHQWH SDUD D WHPSHUDWXUD GH

;53R& GH TXH D GLPLQXLomR QD TXDQWLGDGH GH PHWDO DWLYR GLVSRQtYHO UHVXOWD HP GLVSHUV}HV

FDGD YH] PDLRUHV/ QmR p YiOLGD SDUD D WHPSHUDWXUD GH ;93R&/ XPD YH] TXH R WLWkQLR D HVWD

D,

E,
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WHPSHUDWXUD WHP WHPSR R VXILFLHQWH SDUD VHU GLVVROYLGR SHOD OLJD GH DGLomR H GLIXQGLU0VH DWp

DOFDQoDU DV UHJL}HV QmR PHWDOL]DGDV1
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$O5262$O526 +7  ;93R&,

0HWDOL]DomR

)LJXUD 78 ± (IHLWR PHWDOL]DomR PHFkQLFD HP XPD RX HP DPEDV DV IDFHV HP XQL}HV $O5262$O526
EUDVDGDV D ;93R&247 PLQ1

'HVWD IRUPD/ D FDPDGD GH UHDomR IRUPDGD D WHPSHUDWXUD PDLV HOHYDGD p PDLV HVSHVVD H

FRQWtQXD FRPR GHPRQVWUDGR DQWHULRUPHQWH QR FDStWXOR 914/ UHYHODQGR TXH D FHUkPLFD y[LGD p

UHGX]LGD SHOR WLWkQLR/ ID]HQGR FRP TXH D OLJD GH DGLomR FRQVLJD PROKDU R VXEVWUDWR FHUkPLFR

SURGX]LQGR OLJDo}HV TXtPLFDV IRUWHV/ OHYDQGR D IRUPDomR GH MXQWDV PDLV UHVLVWHQWHV1

'H DFRUGR FRP R TXH IRL YHULILFDGR QD DQiOLVH PLFURHVWUXWXUDO/ R WLWkQLR p UHVSRQViYHO

SHOD IRUPDomR WDQWR GD FDPDGD GH UHDomR FRPR GD ]RQD GH SUHFLSLWDomR/ VHQGR TXH D SULPHLUD

OHYD HIHWLYDPHQWH D XQLmR GD MXQWD DWUDYpV GD IRUPDomR GH XP FRPSRVWR FRP HVWUXWXUD

LQWHUPHGLiULD HQWUH R PHWDO GH DGLomR H D FHUkPLFD H D VHJXQGD p IRUPDGD SRU IDVHV

LQWHUPHWiOLFDV/ IUDJLOL]DQWHV GD XQLmR1 3RUWDQWR/ DV XQL}HV PHWDOL]DGDV HP DPEDV DV IDFHV/ SRU

SRVVXtUHP XPD PDLRU TXDQWLGDGH GH WLWkQLR/ IRUPDP XPD FDPDGD GH UHDomR PDLV YLVtYHO H

FRQWtQXD/ LVWR p VLQDO GH XPD PDLRU LQWHUDomR HQWUH R PHWDO DWLYR H R VXEVWUDWR FHUkPLFR1

(QWUHWDQWR/ D ]RQD GH SUHFLSLWDomR WDPEpP p PDLV H[WHQVD/ RFRUUHQGR R VXUJLPHQWR GH IDVHV

LQGHVHMiYHLV1

&RPSDUDQGR DV XQL}HV GH DPRVWUDV PHWDOL]DGDV PHFDQLFDPHQWH HP DPERV RV ODGRV H

HP DSHQDV XPD GDV IDFHV/ QmR VH SRGH DILUPDU TXDO DSUHVHQWD UHVLVWrQFLD VXSHULRU/
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LQGHSHQGHQWHPHQWH GD WHPSHUDWXUD GH EUDVDJHP/ R TXH OHYD D FRQFOXVmR GH TXH PHWDOL]DQGR

DSHQDV XP GRV FRPSRQHQWHV FHUkPLFRV GD MXQWD p R VXILFLHQWH SDUD JDUDQWLU D XQLmR1

$VVLP VHQGR SRGH0VH FRQFOXLU TXH SDUD DV XQL}HV $O5262$O526 PHWDOL]DGDV

PHFDQLFDPHQWH/ D EUDVDJHP D WHPSHUDWXUD GH ;93R&247 PLQ H FRP DSHQDV XPD GDV IDFHV

FRQWHQGR R ILOPH GH PHWDO DWLYR p D FRQGLomR PDLV DGHTXDGD/ GHQWUH DV HQVDLDGDV

PHFDQLFDPHQWH/ WDQWR GR SRQWR GH YLVWD PHFkQLFR H PLFURHVWUXWXUDO TXDQWR HFRQ{PLFR1

$V UHVLVWrQFLDV PHFkQLFDV GH FRUSRV GH SURYD EUDVDGRV D WHPSHUDWXUD GH ;93R&

DOFDQoDUDP ERQV UHVXOWDGRV/ TXH VmR FRPSDUiYHLV D GH XQL}HV $O5262$O526 HQFRQWUDGRV QD

OLWHUDWXUD +7DEHOD 6,1

:15 81,®(6 $/5262)(01,0&2

'D PHVPD IRUPD TXH SDUD DV XQL}HV $O5262$O526/ DV DQiOLVHV GDV VXSHUItFLHV GDV

IUDWXUDV QRV FDVRV GH XQL}HV PHWDO2FHUkPLFD UHYHODP TXH R URPSLPHQWR RFRUUH QD UHJLmR

FHQWUDO GR FRUSR GH SURYD LQGHSHQGHQWHPHQWH GD WHPSHUDWXUD GH EUDVDJHP1

1HVWH FDVR/ DV IUDWXUDV RFRUUHUDP QD LQWHUIDFH HQWUH D OLJD GH DGLomR H D FHUkPLFD/ PDV

SUHIHUHQFLDOPHQWH QR ODGR FHUkPLFR GD XQLmR/ R TXH p QRYDPHQWH XP IRUWH LQGLFDWLYR GH TXH R

ILOPH GHSRVLWDGR PHFDQLFDPHQWH FRQVHJXLX UHDJLU FRP HVVH VXEVWUDWR/ IRUPDQGR XPD

LQWHUIDFH FRP ERD DGHUrQFLD1 $ )LJXUD 79 PRVWUD D VXSHUItFLH IUDWXUDGD GD OLJD )H01L0&R/

PRVWUDQGR DGHVmR GH DOXPLQD H OLJD GH DGLomR QR VXEVWUDWR PHWiOLFR1
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)LJXUD 79= 6XSHUItFLHV GH IUDWXUD GH XQLmR $O5262)H01L0&R PHWDOL]DGD PHFDQLFDPHQWH EUDVDGD D

;53R&247 PLQ1

1D 7DEHOD 45 VmR DSUHVHQWDGRV RV UHVXOWDGRV GD UHVLVWrQFLD PHFkQLFD D IOH[mR HP 6

SRQWRV GH XQL}HV $O5262)H01L0&R EUDVDGDV FRP D OLJD GH DGLomR 9+0:;3 DSyV UHYHVWLPHQWR

GD VXSHUItFLH FHUkPLFD FRP 7L SHOD WpFQLFD GH PHWDOL]DomR PHFkQLFD1

7DEHOD 45= 5HVLVWrQFLD PHFkQLFD D IOH[mR HP 6 SRQWRV GH XQL}HV $O5262)H01L0&R

3DUkPHWURV GH %UDVDJHP

7HPSHUDWXUD

+R&,

7HPSR

+PLQ,

7LSR GH 0HWDOL]DomR
7HQVmR GH 5XSWXUD

+03D,

;53 47 0HFkQLFD 8< ± 39

;93 47 0HFkQLFD ;5 ± 4;

$O526

)H01L0&R

/LJD GH $GLomR
.

0HWDO $WLYR
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$ DQiOLVH GRV UHVXOWDGRV HYLGHQFLD TXH DV MXQWDV PHWDO2FHUkPLFD SRVVXHP XPD

UHVLVWrQFLD PXLWR PDLV EDL[D VH FRPSDUDGD FRP RV GDV MXQWDV FHUkPLFD2FHUkPLFD1 ,VWR HVWi GH

DFRUGR FRP R HVSHUDGR XPD YH] TXH HVWDV MXQWDV SRVVXHP XPD WHQVmR WpUPLFD UHVLGXDO GHYLGR

j PXLWR PDLRU SUHVHQoD GH YiULRV FRPSRQHQWHV LQWHUPHWiOLFRV IUiJHLV/ DOpP GD GLIHUHQoD GRV

FRHILFLHQWHV GH H[SDQVmR WpUPLFD +&(7, GDV OLJDV )H01L0&R FRP D GD DOXPLQD/ SULQFLSDOPHQWH

QDV WHPSHUDWXUDV PDLV HOHYDGDV +;93R&,1

$VVLP FRPR SDUD DV MXQWDV $O5262$O526/ SRGH0VH DILUPDU FRP VHJXUDQoD GH <</8 (

TXH DV MXQWDV EUDVDGDV D ;93R& DSUHVHQWHP UHVLVWrQFLD PDLV HOHYDGD TXH DV EUDVDGDV D ;53R&/

FRQIRUPH R JUiILFR GD )LJXUD 7:1 $ PDLRU LQWHUDomR GR 7L FRP R FRPSRQHQWH FHUkPLFR H FRP

D OLJD GH DGLomR/ SURSRUFLRQDGD SHOR DXPHQWR GD WHPSHUDWXUD/ ID] FRP TXH VH IRUPH MXQWDV

PDLV UHVLVWHQWHV1

;53 ;93
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:3

;3
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$O5262)H01L0&R

)LJXUD 7: ± (IHLWR GD WHPSHUDWXUD QD UHVLVWrQFLD PHFkQLFD GH XQL}HV $O5262)H01L0&R PHWDOL]DGDV

PHFDQLFDPHQWH1

$V XQL}HV EUDVDGDV D WHPSHUDWXUD PDLV HOHYDGD DSUHVHQWDP XP GHVYLR SDGUmR GRV

YDORUHV GH UHVLVWrQFLD D IOH[mR SURSRUFLRQDOPHQWH PDLRU TXH DV MXQWDV EUDVDGDV D WHPSHUDWXUD

GH ;53R&1 ,VWR SRGH VHU H[SOLFDGR XPD YH] TXH DR PHVPR WHPSR HP TXH D WHPSHUDWXUD PDLV

HOHYDGD IDYRUHFH D IRUPDomR GH OLJDo}HV PDLV IRUWHV HQWUH RV FRPSRQHQWHV PHWiOLFRV H D

FHUkPLFD/ ID] FRP TXH DSDUHoDP GLYHUVDV IDVHV LQWHUPHWiOLFDV IUiJHLV1 $OpP GLVVR D PDLRU
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WHQVmR UHVLGXDO SURYRFDGD SHOD PDLRU GLIHUHQoD HQWUH RV &(7¶V GD OLJD )H01L0&R H GD $O526
WDPEpP ID] FRP TXH HVWHV UHVXOWDGRV DSUHVHQWHP XPD PDLRU GLVSHUVmR1

1DVFLPHQWR HW DOL >9;@ HQVDLDUDP PHFDQLFDPHQWH SRU IOH[mR D WUrV SRQWRV FRUSRV GH

SURYD GH XQL}HV $O5262)H01L0&R SRU EUDVDJHP GLUHWD XWLOL]DQGR D OLJD GH DGLomR DWLYD

FRPHUFLDO 7LFXVLO1 2 YDORU PpGLR GD WHQVmR GH UXSWXUD HQFRQWUDGR SDUD D FRQGLomR GH

;88R&248 PLQ IRL GH 43: 03D FRP GHVYLR SDGUmR GH 66 03D1 $ UHVLVWrQFLD PHFkQLFD GDV

DPRVWUDV $O5262)H01L0&R PHWDOL]DGDV PHFDQLFDPHQWH EUDVDGDV FRP D OLJD GH DGLomR 9+0:;3

D ;93R&247 PLQ/ PRVWURX0VH XP SRXFR LQIHULRU +;5 03D,/ PDV DSUHVHQWD XP GHVYLR SDGUmR

+4;03D, LQIHULRU DR HQFRQWUDGR QD EUDVDJHP FRP D OLJD DWLYD1
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2V ILOPHV GH WLWkQLR GHSRVLWDGRV HP VXSHUItFLHV GH $O526 REWLGRV SRU PHWDOL]DomR

PHFkQLFD H SRU PDJQHWURQ VSXWWHULQJ PRVWUDUDP0VH EHP GLVWLQWRV/ WDQWR HP UHODomR j

TXDQWLGDGH H WDPDQKR GRV GHIHLWRV TXDQWR HP UHODomR j HVSHVVXUD GR ILOPH1 3RUpP/ DSHVDU

GHVWD GLIHUHQoD/ DV DQiOLVHV PLFURHVWUXWXUDLV H RV HQVDLRV PHFkQLFRV FRPSURYDUDP TXH DV GXDV

WpFQLFDV GH PHWDOL]DomR VmR DSOLFiYHLV FRPR HWDSD SUHOLPLQDU SDUD EUDVDJHP WDQWR GH XQL}HV

$O5262$O526 TXDQWR GH $O5262)H01L0&R FRP D OLJD GH DGLomR VHP PHWDO DWLYR 9+0:;3 +$J0

5;(&X,1 $ UHVLVWrQFLD PHFkQLFD H D PLFURHVWUXWXUD GDV XQL}HV SRGHP VHU RWLPL]DGDV DWUDYpV

GD VHOHomR GH SDUkPHWURV DGHTXDGRV +WHPSHUDWXUD GH EUDVDJHP H WHPSR GH SDWDPDU,1 $V

FRQFOXV}HV HVSHFtILFDV H[WUDtGDV GH GLYHUVDV HWDSDV GR WUDEDOKR H[HFXWDGR VmR OLVWDGDV D

VHJXLU=

9 $ PHWDOL]DomR SRU PDJQHWURQ VSXWWHULQJ SURGX] ILOPHV FRP HVSHVVXUD PpGLD +4/3µP,/

TXDQWLGDGH H WDPDQKR GH GHIHLWRV LQIHULRUHV DR SURFHVVR GH PHWDOL]DomR PHFkQLFD1

9 (P WRGRV RV FDVRV HVWXGDGRV/ Ki WHPSR SDUD VROXELOL]DomR GR 7L H VXD GLIXVmR QD OLJD

$J0&X/ PROKDQGR iUHDV GH GHIHLWR GR ILOPH RQGH R 7L HVWDYD DXVHQWH/ H D VXSHUItFLH GD

IDFH FHUkPLFD VHP R UHYHVWLPHQWR GH 7L GH XQL}HV $O5262$O526 PHWDOL]DGD HP DSHQDV

XP GRV ODGRV/ IRUPDQGR XPD FDPDGD GH UHDomR1

9 $ FDPDGD GH UHDomR p PDLV QLWLGDPHQWH REVHUYDGD DR 0(9 QDV XQL}HV $O5262$O526
TXH QDV $O5262)H01L0&R/ Mi TXH QDV XQL}HV PHWDO2FHUkPLFD/ R FRQVXPR GR WLWkQLR

RFRUUH TXDVH TXH WRWDOPHQWH QD IRUPDomR GH SUHFLSLWDGRV H GDV IDVHV LQWHUPHWiOLFDV1

9 2 7L HP H[FHVVR/ TXH QmR p FRQVXPLGR QD IRUPDomR RX DXPHQWR GD HVSHVVXUD GD

FDPDGD GH UHDomR/ LQWHUDJH FRP R PHWDO OtTXLGR VDWXUDQGR D OLJD GH DGLomR FRP PHWDO

DWLYR H QXFOHDQGR FRPSRVWRV LQWHUPHWiOLFRV/ RULJLQDQGR D ]RQD GH SUHFLSLWDomR1

9 $ WHPSHUDWXUD GH EUDVDJHP WHP XPD PDLRU LQIOXrQFLD QD IRUPDomR GD FDPDGD GH

UHDomR H QD H[WHQVmR GD ]RQD GH SUHFLSLWDomR TXH R WHPSR GH SDWDPDU/ WDQWR SDUD DV

XQL}HV $O5262$O526 FRPR SDUD XQL}HV $O5262)H01L0&R/ LQGHSHQGHQWHPHQWH GR WLSR GH

PHWDOL]DomR XWLOL]DGD1

9 2V HQVDLRV PHFkQLFRV SDUD WRGDV DV FRQGLo}HV DQDOLVDGDV WLYHUDP ERQV UHVXOWDGRV/ FRP

DV MXQWDV DSUHVHQWDQGR XPD HOHYDGD UHVLVWrQFLD PHFkQLFD +DFLPD GH 434 03D SDUD

DPRVWUDV $O5262$O526 H DFLPD GH 8< 03D SDUD DPRVWUDV $O5262)H01L0&R,/

HYLGHQFLDQGR D IRUPDomR GH XPD XQLmR HIHWLYD DWUDYpV GH OLJDo}HV TXtPLFDV IRUWHV1
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9 3DUD DV XQL}HV $O5262$O526 EUDVDGDV D ;53R&247PLQ/ DV DPRVWUDV PHWDOL]DGDV

PHFDQLFDPHQWH PRVWUDP0VH WmR UHVLVWHQWHV TXDQWR jTXHODV PHWDOL]DGDV SRU PDJQHWURQ

VSXWWHULQJ1

9 2V HQVDLRV PHFkQLFRV PRVWUDUDP TXH D WHPSHUDWXUD PDLV HOHYDGD/ DSHVDU GH IDYRUHFHU

R VXUJLPHQWR GH IDVHV LQWHUPHWiOLFDV LQGHVHMiYHLV/ DSUHVHQWD XPD PHOKRUD QD

UHVLVWrQFLD WDQWR GDV MXQWDV GH $O5262$O526 FRPR GH $O5262)H01L0&R/ R TXH PRVWUD D

LPSRUWkQFLD GD FDPDGD GH UHDomR1

9 $V XQL}HV $O5262$O526 PHWDOL]DGDV HP DSHQDV XP GRV ODGRV/ FRPSDUDGDV FRP DV

PHWDOL]DGDV HP DPEDV DV IDFHV/ DSHVDU GH GHVIDYRUHFHUHP D IRUPDomR GD FDPDGD GH

UHDomR/ OHYDP j IRUPDomR GH XPD ]RQD GH SUHFLSLWDomR PDLV HVWUHLWD1 ,VWR ID] FRP TXH

QmR VH SRGH DILUPDU TXDO DSUHVHQWD UHVLVWrQFLD VXSHULRU1

9 3DUD DV XQL}HV $O5262$O526 PHWDOL]DGDV PHFDQLFDPHQWH/ D EUDVDJHP D WHPSHUDWXUD GH

;93R&247PLQ H FRP DSHQDV XPD GDV IDFHV FRQWHQGR R ILOPH GH PHWDO DWLYR p D

FRQGLomR PDLV DSURSULDGD/ WDQWR GR SRQWR GH YLVWD PHFkQLFR H PLFURHVWUXWXUDO TXDQWR

HFRQ{PLFR1

1
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(VWH WUDEDOKR GH SHVTXLVD UHYHORX DVSHFWRV LQWHUHVVDQWHV GR SURFHVVR GH EUDVDJHP

LQGLUHWD GH FHUkPLFDV/ HYLGHQFLDQGR R VHX JUDQGH SRWHQFLDO SDUD D DPSOLDomR GD DSOLFDomR GH

XQL}HV PHWDO2FHUkPLFD H FHUkPLFD2FHUkPLFD1 3DUD VHTXrQFLD GD SHVTXLVD DTXL LQLFLDGD RV

VHJXLQWHV WHPDV SRGHP VHU HVWXGDGRV=

D, (VWXGDU D LQIOXrQFLD GH WHPSHUDWXUDV LQWHUPHGLiULDV HQWUH ;53R& H ;93R&/ H ;93R&

H <43R&/ FRPR SRU H[HPSOR ;73R& H ;;3R&1

E, 5HDOL]DU RV HQVDLRV PHFkQLFRV SDUD DV GHPDLV FRQGLo}HV GH WHPSHUDWXUD/ WHPSR/

WpFQLFD GH PHWDOL]DomR H FRQILJXUDomR GDV DPRVWUDV +$O5262$O526 PHWDOL]DGD HP

DSHQDV 4 RX HP DPERV RV ODGRV H $O5262)H01L0&R, QmR DYDOLDGDV1

F, (VWXGDU DV WpFQLFDV GH PHWDOL]DomR SDUD EUDVDJHP LQGLUHWD GH RXWUDV FHUkPLFDV

y[LGDV H QmR0y[LGDV/ FRPR= =U25/ 6L617/ 6L&1

G, $QDOLVDU D LQIOXrQFLD GD UXJRVLGDGH GD FHUkPLFD QD TXDOLGDGH GR UHYHVWLPHQWR

DSOLFDGR PHFDQLFDPHQWH1

H, &DUDFWHUL]DU R SURFHVVR GH GHSRVLomR GR ILOPH GH 7L FRP rQIDVH QRV PHFDQLVPRV

GH GHVJDVWH HQYROYLGRV1

I, (VWXGDU R HPSUHJR GH 1E H2RX 7D SDUD D PHWDOL]DomR GH FHUkPLFDV1
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431 5()(5Ç1&,$6 %,%/,2*5È),&$6

>4@ ± 0$57,1(//,/ $1 (1 'LIIXVLRQ ERQGLQJ RI VLOLFRQ FDUELGH DQG VLOLFRQ QLWULGH WR

PRO\EGHQXP1 7HVH GH GRXWRUDPHQWR/ 0F*LOO 8QLYHUVLW\/ 4<<91

>5@ ± &+(',$./ -1 $1 &HUDPLF HQJLQHHUV LQ WKH 54WK FHQWXU\1 7KH $PHULDQ &HUkPLF

6RFLHW\ %XOOHWLQ/ 9RO1 :8/ 1R1 4/ SS1 85088/ 4<<91

>6@ ± 5,&+(5621/ '1:1 0RGHUQ &HUDPLF (QJLQHHULQJ/ 6HFRQG (GLWLRQ UHYLVHG H[SDQGHG/

0DUFHO 'HNNHU/ 1HZ <RUN/ 4<<51

>7@ ± (QJLQHHUHG 0DWHULDOV +DQGERRN1 &HUDPLFV DQG *ODVVHV/ 7KH 0DWHULDOV ,QIRUPDWLRQ

6RFLHW\/ $60/ 9RO1 7/ 4<<41

>8@ ± .,1*(5</ :1 '1/ %2:(1/ +1 .1/ 8+/0$11/ '1 51/ ,QWURGXFWLRQ WR FHUDPLFV/

6HFRQG (GLWLRQ/ -RKQ :LOH\ ) 6RQV/ 4<:91

>9@ ± 7,//0$11/ :1/ /8*6&+(,'(5/ (1/ ;8/ 51/ ,1'$&2&+($/ -1 (1 .LQHWLF DQG

PLFURHVWUXWXUDO DVSHFWV RI WKH UHDFWLRQ OD\HU DW FHUDPLF2PHWDO EUD]H MRLQWV1 -RXUQDO RI

0DWHULDOV 6FLHQFH/ 9RO1 64/ SS1 7780785/ -DQ1 4<<91

>:@ ± 1$6&,0(172/ 51 01 8QL}HV $O5262$O526 H )H01L0&R2$O526 SURGX]LGDV SRU

EUDVDJHP FRP PHWDO DWLYR/ 'LVVHUWDomR GH PHVWUDGR/ 8)6&/ )ORULDQySROLV/ 4<<:1

>;@ ± (,&+/(5/ .1/ 276&+,./ 31/ 6&+$))5$7+/ :1/ 62/2:/*1 )�JHQ YRQ .HUDPLF1

)UDXQKRIHU ,.76 -DKQHVEHULFKW/ SS1 93094/4<<;1

><@ ± 3(7(9(6/ 61 '1/ 3$8/2672/ 01/ &(&&21(/ *1/ 67$026/ 91 7KH UHDWLYH URXWH WR

FHUDPLF MRQLQJ= )DEULFDWLRQ/ LQWHUIDFLDO FKHPLVWU\ DQG MRLQW SURSHUWLHV1 $FWD 0DWHULDOLD/ 9RO1

79/ 1R1 :/ SS1 573:05747/ 4<<;1

>43@ ± &+$,/ <1 +1/ :(1*/ :1 31/ &+8$1*/ 71 +1 5HODWLRQVKLS EHWZHHQ ZHWWDELOLW\ DQG

LQWHUIDFLDO UHDFWLRQ IRU 6Q43$J77L RQ $O526 DQG 6L& VXEVWUDWHV1 &HUDPLFV ,QWHUQDWLRQDO/

9RO1 57/ SS1 5:605:</ 4<<;

>44@ ± &+8$1*/ 71 +1/ <(+/ 01 61/ &+$,/ <1 +1 %UD]LQJ RI ]LUFRQLD ZLWK $J&X7L DQG

6Q$J7L DFWLYH ILOOHU PHWDOV1 0HWDOOXUJLFDO DQG 0DWHULDOV 7UDQVDFWLRQV $/ 9RO1 64$/ SS1

48<4048<:/ 53331

>45@ ± 3$8/$672/ 01/ .,9,/$+7,/ -1 0HWDOOXUJLFDO UHDFWLRQV FRQWUROOLQJ WKH EUD]LQJ RI

$O526 ZLWK $J0&X07L ILOOHU DOOR\V1 -10DWHU1 5HV1/ 9RO1 46/ 1R1 5/ SS1 6760685/4<<;1

>46@ ± 68*$180$/ .1 5HYLHZ 0 5HFHQW DGYDQFHV LQ MRLQLQJ WHFKQRORJ\ RI FHUDPLFV WR

PHWDOV/ ,6,- ,QWHUQDWLRQDO/ 9RO1 63/ 1R1 45/ SS1 43790438;/ 4<<31

>47@ ± 1$6&,0(172/ 51 01 0HWDOL]DomR PHFkQLFD GH $O526 SDUD EUDVDJHP

PHWDO2FHUkPLFD/ 7HVH GH GRXWRUDPHQWR/ 8)6&/ )ORULDQySROLV/ 53341
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>48@ ± 68*$180$/ .1 5HOLDELOLW\ LQ FHUDPLF2PHWDO MRLQLQJ1 0DWHULDOV 5HVHDUFK 6RFLHW\

V\PS1 SURF1/ 9RO1 647/ SS1 84093/ 4<<61

>49@ ± 3$,9$/ 21 &1/ %$5%26$/ 01 $1 %UD]LQJ SDUDPHWHUV GHWHUPLQH WKH GHJUDGDWLRQ DQG

PHFKDQLFDO EHKDYLRU RI DOXPLQD2WLWDQLXP EUD]HG MRLQWV1 -RXUQDO RI 0DWHULDOV 6FLHQFH/ 9RO1

68/ SS1 4498044:8/ 53331

>4:@ ± $.6(/6(1/ 21 01 5HYLHZ ± $GYDQFHV LQ EUD]LQJ RI FHUDPLFV1 -RXUQDO RI 0DWHULDOV

6FLHQFH/ 9RO1 5:/ SS1 4<;<05333/ 4<<51

>4;@ ± ./203/ -171 $1' :,7+/ *1 '(1 6WURQJ PHWDO0FHUDPLF MRLQWV1 0DWHULDOV )

0DQXIDFWXULQJ 3URFHVVHV/ 9RO1 ;/ 1R1 5/ SS1 45<048:/ 4<<61

>4<@ ± /8*6&+(,'(5/ (1/ 7,//0$11/ :1 0HWKRGV IRU EUD]LQJ FHUDPLFV DQG PHWDO0

FHUDPLF -RLQWV10DWHULDOV )0DQXIDFWXULQJ 3URFHVVHV/ 9RO1 ;/ 1R1 5/ SS1 54<056;/ 4<<61

>53@ ± ,175$7(5/ -1 5HYLHZ RI VRPH SURFHVVHV IRU FHUDPLF0WR0PHWDO MRLQLQJ1 -RXUQDO RI

0DWHULDOV 6FLHQFH/ 9RO1 ;/ 1R1 6/ SS1 68606:6/ 4<<61

>54@ ± &+(1/ -1/ :(,/ 31//,$1/ -1/ '8/ /0+1/ +8$1*/ <1 -RLQLQJ RI PROWHQ VDOW UHDFWLRQ

WLWDQLXP0PHWDOOL]HG 6L617 WR 6L6171 -10DW1 6FL1 /HWWHUV1 9RO1 4:/ SS1 544605448/ 4<<;1

>55@ ± '$6/ 61/ 7,:$5,/ $1 11/ .8/.$51,/ $1 51/ 6<815</ 71 61 (FRQRPLF

PHWDOL]DWLRQ WHFKQLTXH IRU FHUDPLF0WR0PHWDO VHDOV1 7KH $P1 &HU1 6RFLHW\ %XOOHWLQ/ SS1 ;80;:/

4<<<1

>56@ ± 025(7/ )1/ (867$7+2328/26/ 11 &HUDPLF WR PHWDO GLUHFW EUD]LQJ1 -RXUQDO GH

3K\VLTXH ,9/ 9RO1 6/ SS1 437604385/ 4<<61

>57@ ± $0(5,&$1 :(/',1* 62&,(7<1 :HOGLQJ +DQGERRN1 :� (G1 9RO1 5/ 4<:;1

>58@ ± :DFKWPDQ/ -1 %1 0HFKDQLFDO 3URSHUWLHV RI &HUDPLFV1 -RKQ :LOH\ ) 6RQV/ 4<<91

>59@ ± '2,/ $1/ .$:$,/ +1/ <26+,2.$/ 71/ <$0$1$.$/ 61/ 9DSRU GHSRVLWLRQ FHUDPLF

FRDWLQJ= 6WDWXV DQG 3URVSHFW1 &RQIHUHQFH +LJK 3HUIRUPDQFH &HUDPLF )LOPV DQG &RDWLQJ1

(OVHYLHU 6FLHQFH 3XEOLVKHUV/ (GLWDGR SRU 31 9LQFHQ]LQL1 SS1 ::0<5/ 4<<41

>5:@ ± 0$57,1/ 31 01 9HUVDWLOH WKLQ0ILOP FHUDPLF FRDWLQJ PDWHULDOV1 &HUDPLF ,QGXVWU\/

9RO1 478/ 1R1 7/ 4<<81

>5;@ ± 7$.$0$/ .1/ 6$6$.,/ 61/ 6+,0,=8/ 61/ .$0,<$/ 11 'HVLJQ DQG HYDOXDWLRQ RI

VLOLFRQ QLWULGH WXUERFKDUJHU URWRUV1 -RXUQDO RI (QJLQHHULQJ IRU *DV 7XUELQHV DQG 3RZHU/

9RO1 448/ SS1 4:055/ 4<<61

>5<@ ± ,72+/ 71/ .,085$/ +1 6WDWXV RI WKH DXWRPRWLYH FHUDPLF JDV WXUELQH GHYHORSPHQW

SURJUDP1 -RXUQDO RI (QJLQHHULQJ IRU JDV WXUELQHV DQG SRZHU1 9RO1 448/ SS1 75083/ 4<<61
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>63@ ± .$7$12/ <1/ $1'2/ 01/ ,72+/ 71/ 6$6$.,/ 01 $SSOLFDWLRQ RI FHUDPLFV WR

WXUERFKDUJHU URWRUV IRU SDVVHQJHU FDUV1 -RXUQDO RI (QJLQHHULQJ IRU *DV 7XUELQHV DQG

3RZHU1 9RO1 448/ SS1 <048/ 4<<61

>64@ ± .$:$6(/ +1/ .$72/ .1/ 0$768+,6$/ 71/ 0,=812/ 71 'HYHORSPHQW RI FHUDPLF

WXUERFKDUJHU URWRUV IRU KLJK0WHPSHUDWXUH XVH1 -RXUQDO RI (QJLQHHULQJ IRU *DV 7XUELQHV DQG

3RZHU/ 9RO1 448/ SS1 5605</ 4<<61

>65@ ± 2.$0272/ 71 5HYLHZ 0 ,QWHUIDFLDO VWUXFWXUH RI PHWDO0FHUDPLF MRLQWV1 ,6,-

,QWHUQDWLRQDO/ 9RO1 63/ 1R 45/ SS1 436604373/ 4<<31

>66@ ± (/661(5/ *1 / 3(7=2:/ *1 5HYLHZ ± 0HWDO2FHUDPLF MRLQLQJ1 ,6,- ,QWHUQDWLRQDO/

9RO1 63/ 1R 45/ SS1 434404365/ 4<<31

>67@ ± /,621/ 51 :HJH ]XP 6WRIIVFKOXββββ �EHU 6FKHLββββ 0 XQG /|WSUR]HVVH1 )DFKEXFKUHLKH

6FKHLβWHFKQLN/ %DQG 4641 9HUODI I�U 6FKHLβHQ XQG YHUZDQGWH 9HUIDKUHQ '96 ± 9HUODJ

*PE+/ '�VVHOGRUI/ 4<<;1

>68@ ± 25+$1/ 11/ $.62</ 01/ (52*/8/ 01 $ QHZ PRGHO IRU GLIIXVLRQ ERQGLQJ DQG LWV

DSSOLFDWLRQ WR GXSOH[ DOOR\V10DWHULDOV 6FLHQFH ) (QJLQHHULQJ $/ 9RO1 64$/ SS1 48<4048<:/

53331

>69@ ± %5,7,6+ 67$1'$5'6 ,167,787,211 *XLGH WR EUD]LQJ1 3DUW 5 %UD]LQJ/ %6 4:56/

4<;91

>6:@ ± 12*,/ .1/ 2,6+,/ .1/ 2*,12/ .1 :HWWDELOLW\ RI VROLG R[LGHV E\ OLTXLG SXUH PHWDOV1

0DWHULDOV 7UDQVDFWLRQV/ 9RO1 63/ 1R1 5/ SS1 46:0478/ 4<;<1

>6;@ ± '251/ /1/ '251(5/ 31 ,9(56(1/ .1/ .,1=(// -1/ 3(/67(5/ +1/

/8*6&+(,'(5/ (1/ 6&+&+,1*(5/ +1 +DUWO|WHQ= *UXQGODJHQ XQG $QZHQGXQJHQ1 ([SHUW

9HUODJ/ 6LQGHOILQJHQ/ 4<;81

>6<@ ± 6&+:$57=/ 01 01 %UD]LQJ1 $60 ,QWHUQDWLRQDO/ 4<<81

>73@ ± &+,'$0%$5$0/ 31 51/ (':$5'6/ *1 51/ 2/621/ '1 /1 $ WKHUPRG\QDPLF

FULWHULRQ WR SUHGLFW ZHWWDELOLW\ DW PHWDO0DOXPLQD LQWHUIDFHV1 0HWDOOXUJLFDO 7UDQVDFWLRQV %/

9RO1 56+%,/ SS1 5480555/ 4<<51

>74@ ± +$',$1/ $1 01/ -RLQLQJ RI VLOLFRQ QLWULGH0WR0VLOLFRQ QLWULGH DQG WR PRO\EGHQXP

IRU KLJK0WHPSHUDWXUH DSSOLFDWLRQV1 3K1'1 7KHVLV/ 0F*LOO 8QLYHUVLW\/ 0RQWUHDO/ &DQDGD/

4<<61

>75@ ± 6$0$1',/ 01/ *8'=(/ 01/ (9$16/ 31 $SSOLFDWLRQ RI LRQ LPSODQWDWLRQ WR

FHUDPLF2PHWDO MRLQLQJ1 1XFOHDU ,QVWUXPHQWV DQG 0HWKRGV LQ 3K\VLFV 5HVHDUFK %1 9RO1

45:245;/ SS1 99<09:5/ 4<<:
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>76@ ± &+,'$0%$5$0/ 31 51/ (':$5'6/ *1 51/ 2/621/ '1 /1 .LQHWLFV RI LQWHUOD\HU

IRUPDWLRQ RQ SRO\FU\VWDOOLQH α0$O5262FRRSHU0WLWDQLXP DOOR\ LQWHUIDFH1 0HWDOOXUJLFDO DQG

0DWHULDOV 7UDQVDFWLRQV $/ 9RO1 58$/ SS1 53;6/43<3/ 4<<71

>77@ ± 0$5725$12/ .1 01 0ROKDPHQWR H HVSDOKDPHQWR GH HVWDQKR H GD OLJD 93(6Q0

73(3E VREUH FKDSDV GH FREUH H OLJDV FREUH0HVWDQKR1 7HVH GH GRXWRUDPHQWR/ (3863/ 53341

>78@ ± &$:/(</ '1 -1 ,QWURGXFWLRQ WR FHUDPLF0PHWDO MRLQLQJ10HWDO0&HUDPLF -RLQLQJ1 (GLWHG

E\ 31 NXPDU DQG 91 $1 *UHHQKXW 0 7KH 0LQHUDOV/ 0HWDOV )0DWHULDOV 6RFLHW\/ SS1 6044/ 4<<41

>79@ ± +2:(/ -1 $1 %RQGLQJ/ VWUXFWXUH/ DQG SURSHUWLHV RI PHWDO2FHUDPLF LQWHUIDFHV= 3DUW 4

&KHPLFDO ERQGLQJ/ FKHPLFDO UHDFWLRQ/ DQG LQWHUIDFLDO VWUXFWXUH1 ,QWHUQDWLRQDO 0DWHULDOV

5HYLHZV/ 9RO1 6;/ 1R1 8/ SS1 5660589/ 4<<61

>7:@ ± 352.23(1.2/ $1 $1/ =+85$9/(9/ 91 61/ 1$,',&+/ <1 91 %UD]LQJ RI 6L617 E\

DFWLYH &X0*D07L ILOOHU DOOR\V1 -RXUQDO RI 0DWHULDOV 6FLHQFH /HWWHUV/ 9RO1 4: SS1 545405456/

4<<;1

>7;@ ± /23(=0&8(9$6/ -1/ -21(6 +1/ $7.,1621 +1 91 7KH HIIHFW RI VXUIDFH

SUHR[LGDWLRQ RI VLQWHUHG VLOLFRQ FDUELGH RQ LVW ZHWWDELOLW\ E\ VLOYHU0FRSSHU EDVHG EUD]LQJ

DOOR\V LQ YDFXR10DWHULDOV 6FLHQFH ) (QJLQHHULQJ $1 9RO 599/ SS1 4940499/ 4<<<1

>7<@ ± +8+ '1/ .,0/ '10+1 -RLQLQJ RI $O1 WR &X XVLQJ ,Q0%DVH DFWLYH EUD]LQJ ILOOHUV1 -1

0DWHU1 5HV1 9RO1 45/ 1R17/ SS1 437;04388/ 4<<:1

>83@ ± 6+,8(/ 51 .1/ :8/ 61 .1/ -1 01 21/ :$1*/ -1 <1/ 0LFURVWUXFWXUDO HYROXWLRQ DW WKH

ERQGLQJ LQWHUIDFH GXULQJ WKH HDUO\BVWDJH LQIUDUHG DFWLYH EUD]LQJ RI DOXPLQD1 0HWDOOXUJLFDO

DQG 0DWHULDOV 7UDQVDFWLRQV $19RO164$/ SS1 585:05869/53331

>84@ ± :$1/ &1/ ;,21* +1/ =+28/ =1 -RLQLQJ RI 6L61726L617 ZLWK &X1L7L% SDVWH EUD]LQJ

ILOOHU PHWDOV DQG LQWHUIDFLDO UHDWLRQV RI WKH MRLQWV1 -RXUQDO RI 0DWHULDOV 6FLHQFH1 9RO 67/ SS1

63460634</ 4<<<1

>85@ ± ;,21*/ +1/ :$1/ &1/ =+28/ =1 'HYHORSPHQW RI D QHZ &X1L7L% EUD]LQJ DOOR\ IRU

MRLQLQJ 6L617 WR 6L6171 0HWDOOXUJLFDO DQG 0DWHULDOV 7UDQVDFWLRQ $1 9RO1 5<$/ SS1 58<40

58<9/ 4<<;1

>86@ ± <22/ <1 &1/ .,0/ -1 +1/ 3$5./ .1 0LFURHVWUXFWXUDO FKDUDFWKHUL]DWLRQ RI $O5262 $,6,

;983 VWHHO MRLQW EUD]HG ZLWK $J0&X06Q0=U DOOR\1 0DWHULDOV /HWWHUV/ 9RO1 75/ 1R1 9/ SS1 6950

699/ 53331

>87@ ± :(,/ 31 521*7,/ /1 -,$1/ &1/ 58,)(1*/ 61/ -,(/ /1 7KHUPRG\QDPLF SURSHUWLHV RI 7L

LQ $J07L DOOR\V10DWHULDOV 6FLHQFH DQG (QJLQHHULQJ/ 9RO1 $5;:/ SS1 :50::/ 53331

>88@ ± +$2/ +1/ :$1*/ <1/ -,1/ =1/ :$1*/ ;1 ,QWHUIDFLDO PRUSKRORJLHV EHWZHHQ DOXPLQD

DQG VLOYHU0FRSSHU0WLWDQLXP DOOR\1 -RXUQDO RI 0DWHULDOV 6FLHQFH/ 65/ SS1 834408348/ 4<<:1
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>89@ ± 6(/9(5,$1/ -1 +1 'HVLJQ RSWPL]DWLRQ RI 0HWDO0WR0&HUDPLF MRLQWV1 7KH $PHULFDQ

&HUDPLF 6RFLHW\ %XOOHWLQ1 SS194097/ -DQXDU\/ 53341

>8:@ ± 5,-1'(56/ 01 51/ 3(7(9(6/ 61 '1 -RLQLQJ RI DOXPLQD XVLQJ D 90$FWLYH ILOOHU PHWDO1

6FULSWD 0DWHULDOLD/ 9RO1 74/ 1R1 43/ SS1 446:04479/ 4<<<11

>8;@ ± +$',$1/ $1 01/ '5(:/ 51 $1 /1/ 'LVWULEXWLRQ DQG FKHPLVWU\ RI SKDVHV GHYHORSHG LQ

WKH EUD]LQJ RI VLOLFRQ QLWULGH WR PRO\EGHQXP1 -RXUQDO RI (XURSHDQ &HUDPLF 6RFLHW\1 9RO1

4</ 1R1 ;/ SS1 49560495</ 4<<<1

>8<@ ± 0$57,1(//,/ -1 51/ %$6726 -51/ $1 &1/ 3$6&+2/$7,/ 31 51/ 7$.$+$6+,/ -1 (

:8/)+2567/ $1 3URSULHGDGHV PHFkQLFDV H FDUDFWHUL]DomR PLFURHVWUXWXUDO GH MXQWDV

FHUkPLFD0PHWDO REWLGDV SHOR SURFHVVR 7L+51 6<R &RQJUHVVR %UDVLOHLUR GH &HUkPLFD1 $QDLV/ SS1

<<40<<91 -XQKR24<<81

>93@ ± .8%$6&+(:6.,/ 21/ $/&2&./ &1 %1/ 0HWDOOXUJLFDO WKHUPR0FKHPLVWU\1 8WK (GLWLRQ

UHYLVHG DQG HQODUJHG1 ,QWHUQDWLRQDO VHULHV RQ 0DWHULDOV 6FLHQFH DQG WHFKQRORJ\1 9RO1 571

3HUJDPRQ 3UHVV/ 4<:<1

>94@ ± 68(1$*$/ 61/ 1$.$+$6+,/ 01/ 0$58<$0$/ 01/ )8.$6$:$/ 71 ,QWHUIDFLDO

UHDFWLRQV EHWZHHQ VDSSKLUH DQG VLOYHU0FRSSHU0WLWDQLXP WKLQ ILOP ILOOHU PHWDO1 -RXUQDO RI WKH

$PHULFDQ &HUDPLF 6RFLHW\/ ;3>5@/ SS1 76<0777/ 4<<:1

>95@ ± 1,&+2/$6/ 01 *1/ 0257,0(5/ '1 $1 &HUDPLF2PHWDO MRLQLQJ IRU VWUXFWXUDO

DSSOLFDWLRQV10DWHULDOV 6FLHQFH DQG 7HFKQRORJ\1 SS1 98;0998/ 4<;81

>96@ ± 3$./ -1 -1/ 6$17(//$/ 01 /1/ )58(+$1/ 51 -1 7KHUPRG\QDPLFV RI 7L LQ $J0&X

DOOR\V10HWDOOXUJLFDO 7UDQVDFWLRQV %/ 9RO1 54%/ SS1 67<0688/ 4<<31

>97@ ± .(/.$5/ *1 31/ 63($5/ .1 (1/ &$5,0/ $1 +1 7KHUPRG\QDPLF HYDOXWLRQ RI UHDFWLRQ

SURGXFWV DQG OD\HULQJ LQ EUD]HG DOXPLQD MRLQWV1 -RXUQDO RI 0DWHULDOV 5HVHDUFK/ 9RO1 </ 1R </

SS1 557705583/ VHSW1 4<<71

>98@ ± 62<(=/ *1/ (/661(5/ *1/ 5h+/(/ 01/ 5$-/ 51 &RQVWUDLQHG \HOGLQJ LQ 1LRELXP

VLQJOH FU\VWDOV ERQGHG WR VDSSKLUH1 $FWD 0DWHU1 9RO1 79/ 1R1 43/ SS1 68:4068;4/ 4<<;1

>99@ ± '$9,'*(/ 51 :1 0HFKDQLFDO EHKDYLRXU RI FHUDPLFV1 &DPEULGJH 8QLYHUVLW\ 3UHVV/

4<:<1

>9:@ ± 62<(=/ *1/ (/661(5/ *1/ 5h+/(/ 01/ 5$-/ 51/ &UDFN IRUPDWLRQ LQ

VDSSKLUH2QLRELXP2VDSSKLUH MRLQWV XQGHU FRPSUHVVLRQ1 -RXUQDO RI 0DWHULDOV 6FLHQFH1 9RO1 68/

SS1 43;:043<9/ 53331

>9;@ ± 1$6&,0(172/ 51 01/ 0$57,1(//,/ $1 (1/ %86&+,1(//,/ $1 -1 $1/ ./(,1/ $1 11/

%UD]LQJ $O526 WR VLQWHUHG )H01L0&R DOOR\V1 -RXUQDO RI 0DWHULDOV 6FLHQFH/ 1R167/ SS1 8;6< ±

8;78/ 4<<<1
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>9<@ ± 75$9(66$/ '1 11/ )(55$17(/ 01/ 28'(1/ *1 )LQLWH HOHPHQW PHWKRG

VLPXODWLRQRI UHVLGXDO VWUHVVHV LQ $O5260$,6, 637 VWHHO MRLQWV1 0DWHULDOV 6FLHQFH DQG

7HFKQRORJ\/ 9RO1 49/ SS1 9;:09<4/ 53331

>:3@ ± 9(*7(5/ 51 +1/ 28'(1/ *1 GHQ/ 7KH LQIOXHQFH RI UHVLVXDO VWUHVVHV RQ WKH PHFKDQLFDO

EHKDYLRXU RI =U2521L2$,6, 649 'LIIXVLRQ ERQGV1 0DWHULDOV 6FLHQFH )RUXP1 7UDQV 7HFK

3XEOLFDWLRQV1 9RO1 67:067</ SS1 967096</ 53331

>:4@ ± )217$1$/ /1 &1 (VWXGR GD GHSRVLomRGH ILOPHV GH 7L H 7L1 H GHVHQYROYLPHQWR GR

VLVWHPD PRGLILFDGR WULRGR0PDJQHWURQ0VSXWWHULQJ1 7HVH GH GRXWRUDPHQWR/ (QJHQKDULD

0HFkQLFD28)6&/ 4<<:1

>:5@ ± :(,/ 31/ &+(1/ -1/ +8$1*/ <1/ 7LWDQLXP PHWDOOL]DWLRQ RI 6L617 FHUDPLFV E\ PROWHQ

VDOW UHDFWLRQ=0HFKDQLVP DQG LQWHUIDFLDO VWUXFWXUH1 -RXUQDO RI 0DWHULDOV 6FLHQFH1 9RO1 68/ SS1

69;8069;</ 53331

>:6@ ± <$1*/ 61 +1/ .$1*/ 61/ )UDFWXUH EHKDYLRXU DQG UHOLDELOLW\ RI EUD]HG DOXPLQD MRLQWV

YLD 0R00Q SURFHVV DQG DFWLYH PHWDO EUD]LQJ1 -RXUQDO RI 0DWHULDOV 5HVHDUFK1 9RO1 48/ 1R1

43/ SS1 556;05576/ 53331

>:7@ ± .(//</ 31 -1/ $51(/// 51 '10DJQHWURQ VSXWWHULQJ= D UHYLHZ RI UHFHQW GHYHORSPHQWV

DQG DSSOLFDWLRQV1 9DFXXP/ 1R1 89/ SS1 48<04:5/ 53331

>:8@ ± '21*/ +1/ /,/ ;1 <1 2[\JHQ ERRVW GLIIXVLRQ IRU WKH GHHS0FDVH KDUGHQLQJ RI WLWDQLXP

DOOR\V10DWHULDOV 6FLHQFH DQG (QJLQHHULQJ $/ 9RO1 5;3/ 1R15/ SS1 6360643/ 53331

>:9@ ± '$9,(6/ *1 -1/ &$0326 ),/+2/01 31 &1/ 6ROLGLILFDomR H IXQGLomR GH PHWDLV H VXDV

OLJDV1 /7&/ ('863/ 4<:;1


