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$JUDGHFLPLHQWRYV

$PLSDGUH TXLHQ PHLQFXOFYyHO FDULXR SRUHODSUHQGHU\HO FR
GLFLRQDO IXHIXQGDPHQWDO DORODUJR GH ORV DxRVHQ OD FDUUHUL
/HOD\ D@D QGUD TXLHQ VLHPSUH HVWXYR DKt SDUD D\XGDUPH

$0DWW SRUVXFRQILDQ]D\ SDFLHQFLD VLQ VX DSR\R\JUDQ D\XGD
SRVLEOH

$ &ERQVWDQ]D PLVDPLJRVN\FRPSDXHURV GH OD VDOD GH WHVLVWDYV
GHDSR\R\PH D\XGDURQ FXDQGR OR QHFHVLWp DGHPiVGHDPHQL]DU I

PRV



$ GRVIJHQHUDFLRQHY GH 'DJREHUWR &LIXHQWHY DEX



EQGLFH JHQHUDO

L QWURGXFFLYQ
2EMHWLYRYV
2EMHWLYRV JHQHUDOHYV
2EMHWLYRV HVSHFtILFRV
(VWUXFWXUD GHO WUDEDMR
+LSYWHVLV

=RQD GH (VWXGLR
5HJLYyQ GH $\VpQ \OD 3HQtQVXOD GH 7DLWDR
&DUDFWHUtVWLFDV JHRJUIILFDV
*HRORJtD UHJLRQDO

ODUFR 7HYULFR
IRFDOL]DFLYQ
/RFDOL]DFLYQ FRQ XQD HVWDFLYQ
/RFDOL]DFLYQ FRQ XQD UHG GH HVWDFLRQHYV
7HRUtD WRPRJUIILFD
7RPRJUDItD
5HVROXFLYQ GHO PRGHOR
9HORFLGDG GH ODV RQGDYV
9HORFLGDG GH RQGD 3

5D]y@ 9

OHWRGRORJtD
'"HVFULSFLYQ GH OD EDVH GH GDWRYV
7TUDWDPLHQWR SUHYLR GH GDWRV \ ORFDOL]DFLYQ GHHYHQWRYV
OHWRGRORJtD GH ,QYHUVLYQ
ORGHOR '"GH YHORFLGDG
7TRPRJUDItD 'GH YHORFLGDG

5HVXOWDGRV HLQWHUSUHWDFLRQHYV
$QiOLVLVY GHUHVROXFLYQ
7HVW GH WDEOHUR GH DMHGUH]
)XQFLYQ GHHVSDUFLPLHQWR
7RPRJUDItDV
3HUILO % %1
3HUILO & &1
'"HVFULSFLRQHV HLQWHUSUHWDFLRQHYV
6XEGXFFLYQ GH OLWyVIHUD RFHIQLFD

[



E1',&(*(1(5%/
9ROFDQLVPR GH DUFR
9HQWDQD $VWHQRVIPpULFD

&RQFOXVLRQHV\GLVFXVLYQ

$
$ '"HILQLFLYQ PYGXOR GH 3RLVVRQ

$ $UFKLYRILQDO &17/ GHFRQWURO GH 6,08/

$ $QH[RYV
JRUPXODFLYQ HFXDFLYQ GHPRPHQWR VtIVPLFR\REWHQFLYQ GH ODV Y&t



EQGLFH GH ILJXUDYV

O0DSDJHROYJLFRVLPSOLILFDGR GHODG5HJLYQ GHS$\VpQ\GH OD 3+
OtQHDV EODQFDV GHQRWDQ ORV OtPLWHYV GH ODV SODFDV WHFWy
FD\6$ 6XGDPHULFDQD /D OtQHDEODQFDFRQWULIQJXORV GHQFR
SODFDV 1=\$1EDMR 6% /D OtQHD QHJUD HQ WDQWR PXHVWUD OD
GH$JXUWRHWW]®IOPRGLILFDGD GH 6(51$*(20,1

JLIXUD HVTXHPiWLFD GHO FRQWH[WR JHRWHFWYQLFR\YROFIiQLF
UDGD HQ OD HVTXLQD LQIHULRU GHUHFKD PXHVWUD OD XELFDFLYy
DVWHQRVIpPULFD SUHVHQWH HQ OD HRQDO([WUDtGD GH 'fRUD]LR

OD SRVLFLYQ KLVWYULFD GHODV SODFDVKDVLGRUHFRQVWUXLG
FDV\DQRPDOtDV PDJQpWLFDV /DILJXUD PXHVWUD ODV SRVLFLR(
WH GHO ERUGH GH ODV SODFDV GH 1D]FD \$QWiUWLFD GHVGH KDF
)LIXUD H[WUDtGD GH &DQGH /HVOLH

&RQILIXUDFLYQ GHODV GRUVDOHV VXEGXFWDQWHVHQHO 3DFtIL
DVWHQRVIpPULFDV DVRFLDGDV D HYWDV GXUDQWH HO (RFHQR ([\
7KRUNHOVRQ

)LIXUD HVTXHPiWLFD H[SOLFDWLYD GH OD PRUIRORJtD GH OD Yt
WUDtGD GH %UHLWVSUHFKHU 7KRUNHOVRQ

(VTXHPD GH OD HYROXFLYQ GH OD YHQWDQD DVWHQRVIpULFD ED
GHVGH HO OLRFHR R DVWD HO SUHVHQWH \ GH OD JHQHUDFLYQ G
PHVHWDV GH ODYDV )LJXUD H{WUDtGD GH %UHLWVSUHFKHU 7KR

JLIXUD HVTXHPIWLFD GHO FIOFXOR GHO D]LPXW KDFLD OD IXHQW!|
WUHV FRPSRQHQWHYV ([WUDtGD GH ,QIRUPDWLRQ 6KHHW ,6 6 H
-HQV +DYVNRY

3DUD HO FIOFXOR GH OD WRPRJUDItD HO YROXPHQ FRQ HO TXH
WUL]DGR HQ EORTXHV GH YHORFLGDG XQLIRUPH GLVFUHWL]DQG
VX IXHQWH KDVWD XQ UHFHSWRU HQ GLVWLQWDV FHOGDV SRU O
GLUHFFLYQ\ORQJLWXG )LIJXUD H[WUDtGD 6KHDUHU 3

(VTXHPD GHO YROXPHQ GH ) URX) WIODOHDXEHWID R ) GHQRWD XQ S X«
DUELWUDULR GHO YROXPHQ /D FLUFXQIHUHQFLD GHVFULWD SRU
XQ SODQR SHUSHQGLFXODU D HOOD TXH SDVD SRU 2 (VWD GHVFU
,PDJHQ H[WUDtGD GH &HUYHQé& 6RDUHV > @
'LVWULEXFLRQHV GH UD\RV TXH FUX]DQ XQD FHOGD GHO PRGHOR
HVFUX]DGD SRUPXFKRVUD\RV\FRQDOWRHQWUHFUX]DPLHQWR F
VXHOWD % HV FUX]DGD SRUPXFKRV UD\RV SHURVLQ HQWUHFUX]
PRGHUDGD & UHSUHVHQWD XQD FHOGD FUX]DGD SRU SRFRV UD\R
VLHQGR UHVXHOWD GH PDOD P D Q6HLD PILE X B B R WLDK G/IH EW X U H
)DOO 6HPHVWHU 6WRISK,DIP 2K\BHXOH ;b XDmbbB2mX7 f #Qb+?BHf
iQKQ;  T?viG2+im 29nkjRRkyRRXT/7

z


http://hestia.lgs.jussieu.fr/~boschil/tomography/Lecture4_23112011.pdf
http://hestia.lgs.jussieu.fr/~boschil/tomography/Lecture4_23112011.pdf
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5HODFLYQ GHO YDORU GH OD IXQFLYQ GH HVSDUF{LPLHQWR GHO PRGHC
6SUHDG )X QFDLIRBO SHUILO WRPRJUIILFR % %Y YHU ILIXUD SDUD U
OD GLVWULEXFLYQ GHUD\RV GDGD SRU ORV WHUUHPRWRY GH OD EDVH ¢
(MHPSORGHHVWLPDFLYQ GHOD UHVROXFLYQ GHXQD WRPRJUDItD D SDL
ORFLGDGVLQWpPWLFRY (QODILODVXSHULRUVHPXHVWUD XQPRGHOR G
HQ ODLQIHULRUVHPXHVWUD XQ WHVW GH WDEOHUR GHDMHGUH] /D SU
HO PRGHOR VLQWpWLFR OD VHJXQGD OD JHRPHWUtD GH ORV UD\RV TX
OD WRPRJUDItD \ OD ~OWLPD PXHVWUD HO UHVXOWDGR GH OD LQYHUV
6KHDUHU 3

5HODFLYQ HQWY B;0MQWPY B OR GH 3RQ WYY BH PXHVWUD

HQ XQD OtQHD KRUL]JRQWD CFHD QYGRBMWVEBHHY GHFLU FXDQGR

DPERV SDUIPHWURV GH /DPp VRQ LIXDOHV 9DOH PHQFLRQDU TXH OD U
UD]yQ GH ODV YHORFLGDGHW \ GF BDWQOHQ@QWDB HQ HVSHFLDO SDUD
YDORUHV JUDyQI H. BHID H[WUDtGD GH 7TDWKDP

(Q WULIQJXORV D]XOHV LQYHUWLGRV VH PXHVWUD OD ORFDOL]DFLYQ
DPEDV UHGHV FRQ ORV TXH VH FXHQWD GDWRV UHJLVWUDGRY FRQWLQ
PXHVWUD DTXHOORV LQVWUXPHQWRY FRQ ORV TXH QR VH FXHQWD FRQ
FLYQ DORHVWH GHO FRQWLQHQWHHQ HO RFHIQR FRUUHVSRQGH D OD U
TXH ORVRWURV LQVWUXPHQWRY FRUUHVSRQGHQ D OD UHG GH OD 8QLY
(MHPSOR GH SLFNV FRQ FDOLGDG HQ OD HVWDFLYQ GHUHIHUHQFLD &/
3ULPHUDV ORFDOL]DFLRQHVY REWHQLGDV FRQ HO SURJUDPD +<32 3& \
GLVWDQFLD KDFLD OD IRVD D OD DOWXUD GHO 37& /D ILJXUD GH OD L
ORFDOL]DFLRQHV REWHQLGDV HQ SULQFLSLR PLHQWUDV OD ILJXUD
ODV ORFDOL]DFLRQHV GH ORV HYHQWRYV FXAR\*$3X®06 VRQ PHQRUHYV
UHVSHFWLYDPHQWH /RV WULiIiQJXORV LQYHUWLGRV D]XOHV PXHVWUDC
HVWDFLRQHV GH OD UHG
/RFDOL]DFLRQHV GHHYHQWRV VtVPLFRV TXH RFXUULHURQ HQWUH ORYV
$IJXUWR 'HW]BI® /D ILIJXUD GH OD L]TXLHUGD PXHVWUD OD GLVWULEXF
VLVPLFLGDG FRORUHDGD FRQ OD SURIXQGLGDG PLHQWUDV OD ILIJXUD
WULEXFLYQ FRORUHDGD FRQ OD PDJQLWXG GHORVHYHQWRYV /RV VLVPF
H@EOXVVBHUNVRY FXDOHY ORV DXWRUHV LGHQWLILFDQ (O FOXVWHU$ FR
GDG GHO YROFiQ +XGVRQ VLHQGR HVWD OD PiVQXPHURVD % HVWi DVR
PLQHUD GH OD OLQD &HUUR %D\R HO JUXSR & WHQGUtD UHODFLYQ FRQ C
PLHQWUDV AFGKVONRWHVWiQ DVRFLDGRV D JODFLDUHV XELFDGRV HQ OD
,PDJHQ H{WUDtGD GH $XD®WR 'HW]HO
ORGHORY GH YHORFLGDG 'REWHQLGRV GHODLQYHUVLYQ FRQ 9(/(67
UDGRV FRQ HO PRGHORLQLFLDO HQJULV /DILJXUD GHODL]TXLHUGD
V, OD FHQWUDO PXHVWUPHOPRGEGBHWORMGH JXUD GH OD GHUHFKD PXHVWL

UD]YR
/IRFDOL]DFLYQ ILQDO GH ORV HYHQWRYV VtVPLFRY GH OD EDVH GH GDWF
PRGHOR '"ILQDO SURGXFWR GH OD LQYHUVLYQ FRQ 9(/(67 /RV WULIQ.

D]XOHV FRUUHVSRQGHQ D ODV HVWDFLRQHV GH OD UHG

5HVLGXRV GH ODV IDVHV SDUD ODV ORFDOL]DFLRQHV FRQ HO PRGHOR
QDO SDUD ODV IDVHV 3 L]T \6 GHU 6HFXHQWD FRQ REVHUYDFL
REVHUYDFLRQHV 6 WRWDOL]DQGR ODV PHQFLRQDGDV HQ HO FXDGUI|
'LVWULEXFLRQHV GHORV UHVLGXRV GH ODV IDVHV SDUD ODV ORFDOL]D
YHORFLGDG 'ILQDO SDUDODVIDVHV3 L]T \6 GHU MXQWRD XQD IX¢
GH SUREDELOLGDG QRUPDO FRQ PHGLD\GHVYLDFLYQ HVWiQGDU LJXDO
YRV UHVLGXRV /D OtQHD SXQWHDGD D]XO FRUUHVSRQGH D OD PHGLD G
OtQHDV URMDV PDUFDQ XQD GHVYLDFLYQ HVWiQGDU
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7LHPSRV GH UHWDUGR GH ODV HVWDFLRQHYV SDUD ODV IDVHV 3 L
D]XOHV PXHVWUDQ HVWDFLRQHYV FRQ WLHPSRV GH UHWDUGR QH.
PXHVWUDQ HVWDFLRQHVY FRQ WLHPSRV SRVLWLYRV /D HVWDFL)
PXHVWUD FRQ XQ WULIQJXOR QHJUR

7TULIQJXOR GH YHORFLGDG GHODV SODFDV GH 1D]FD 1] $QWiUw
6D $VXPLHQGR TXH OD GRUVDO HVWi HQ PHGLR GH ODV SODFD)
YHORFLGDG UHODWLYD GHOD GRUVDO\HO D]JLPXW GHHVWD

'LVWULEXFLYQ GH OD VLVPLFLGDG XWLOL]DGD HQ ODLQYHUVLYQ
LQGLFDQ HSLFHQWURYVY GH ORV VLVPRV \ WULIQJXORV D]XOHV PX
WUD]JRV JULVHV LQGLFDQ ORVUD\RVUHFLELGRVHQ FDGD HVWDFI

'LVWULEXFLYQ GHODV WUD\HFWRULDV GH ORV UD\RV VtVPLFRV X'
ILIXUD PXHVWUD XQD SUR\HFFLYQ HQ XQ SODQR FRQ RULHQWDFL:
UHJLVWUDGRY SRU FDGD VLVPYyJUDIR SDUD FDGD HYHQWR /DV OF
WRV VtVPLFRVY VRQ GDGDV SRU OD UHORFDOL]DFLYQ KHFKD SRU 6
ILQDO

'LVSRVLFLYQ GH ORV QRGRV GH ORV SHUILOHV ILQDOHV HQ ORYV
JUDItD VtVPLFD 6H H[FOX\H ORV QRGRV GH ORV H[WUHPRV \D TXH
FIOFXORDGMUDIARULQQIXORY QHIJURV PXHVWUDQ ODV XELFDFLRQH\
OD =96 WULIQJXORVLQYHUWLGRV D]XOHV PXHVWUDQ ODV ORFDC

&XUYDV GH YDORUHY GHO IDFWRODRILRIPRODVWIDKQPHHYWR '
JUXHVD /D ILIJXUD GH OD L]TXLHUGD PXIBEMWD Bl ¢ BRVRSHDO\R G H
PLHQWUDY OD GH OD GHUHFKD FRW UHRWSRGRIUMNY BRI®GHIORWRU Gl
DPRUWLIJXDPLHQWR HOHJLGRV IXHURQ SDUDHO FDVR GH OD Y+
SDUD OD UD]yQ HQWUH ODV YHORFLGDGHYV

7TRPRJUDItD 'JUXHVD D OR ODUJR GH OD WUDQVHFWD $ $1 FRQ
VREUHSXHVWRYV SDUD OD HOHFFLYQ GHODV ]RQDV GRQGH GHQVL
IRV SXQWRV QHJURV PXHVWUDQ OD SRVLFLYQ GH ORV WHUUHPRMW
XELFDFLYQ GHORV QRGRYV /DV SRVLFLRQHVY GH ODV HVWDFLRQH\
HO SHUILO VHPXHVWUDQ FRQ WULIQJXORVLQYHUWLGRYV

&XUYDV GH YDORUHV GHO IDFW WD B$iL [3MRIDWOLD X EDFYIHHQW RQ
'ILQD /D ILJXUD GH OD L]TXLHUG D PXSINWUD M D GVRGH\O & H
PLHQWUDV OD GH OD GHUHFKD\ERAY BHWSRIQIE K DOSMRI®H O R
SD VDVs

5HVXOWDGRY GHO WHVW GH WDEOHUR GH DMHGUH] UHDOL]DGR F
Ve /DILIXUDL]TXLHUGD PXHVWUDHO PRGHORLQLFLDOHQ WDEOH
VH FRPSDUD ODV GLIHUHQFLDVY SRUFHQWXDOHYV HQWUH HO PRGH
FRQ ORV FRQWRUQRYV \ GH OD IXQFLYQ GH HVSDUFLPLHQWR T
ELHQ UHVXHOWDV GHO PRGHOR (PRQWRD QR \E PROQIPRGR)IQGH HV
SRVLEOH UHFXSHUDU GH PHMRU PDQHUD ODV HVWUXFWXUDV GHC
JULV>6)PXHVWUD OD ]JRQD GRQGH VH SLHUGH OD UHVROXFLYQ

5HVXOWDGRY GHO WHVW GH WDEOHUR GH DMHGUH] UHDOL]DGR F
Ve/Vs /D ILIJXUD GH OD L]TXLHUGD PXHVWUD HO PRGHOR LQLFLDO |
OD GHUHFKD VH FRPSDUD HO PRGHOR UHFXSHUDGR FRQ ORV FRQ\
GHHVSDUFLPLHQWR GHOLPLWDQGR ODV ]RQDV ELHQ UHVXHOWD
HQPDUFD ODV ]RQDV GRQGH HV SRVLEOH UHFXSHUDU GHPHMRU P
PHGLR HO FRQWRU®RHVWMWUBOD JRQD GRQGH QR HV UHFXSHUDEC
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5HVXOWDGRY GHO WHVW GH WDEOHUR GHDMHGUH] UHDOL]DGR HQ HO ¢
Ve /DILIJXUD GH OD L]TXLHUGD PXHVWUD HO PRGHOR LQLFLDO HQ WDEO
WUDV D OD GHUHFKD VH FRPSDUD ODV GLIHUHQFLDV SRUFHQWXDOHYV H(
FRQ HO PRGHOR LQLFLDO FRQ ORV FRQWRUQRV \ GH OD IXQFLYQ GH |
GHOLPLWDQ ODViUHDVELHQ UHVXHOWDV\ F PXHVWUD HO PRGHOR UH|
LQYHUVLYQ FRQ FRQWRUQRV GHOD IXQFLYQ GHHRVSDUFLPLHQWR HOF
HQPDUFD ODV]RQDV GRQGH HV SRVLEOH UHFXSHUDU GHPHMRU PDQHUI
PHGLR HO FRQWRUPRHVMWUBOD JRQD GRQGH VH SLHUGH OD UHVROXFL
5HVXOWDGRY GHO WHVW GH WDEOHUR GHDMHGUH] UHDOL]DGR HQ HO ¢
Ve/Vs D PXHVWUD HO PRGHOR LQLFLDO HQ WDEOHUR GH DMHGUH] E F
UHFXSHUDGR FRQ ORV FRQWRUQRV \ GH OD IXQFLYQ GH HVSDUFLPLH
DTXHOODV JRQDV PHMRU UHVXHOWDV \ F PXHVWUD HO PRGHOR UHFXS
WRPRJUDItD MXQWR FRQ FRQWRUQRYV GH OD IXQFLYyQ GH HVSDUFLPLHQ
6k PXHVWUDODV]RQDVFRQEXHQD UHV RO XFi $Q HVHBDRDWRUQR JULV
HO OtPLWH GRQGH VH GHMD GH WHQHU FDSDFLGDG GH UHFXSHUDU HVYV
GHO PHGLR

9DORUHV GH OD IXQFLYQ GH HVSDUFLPLHQWR SDUD ORV PRGHORYV GHC
WRUQRV GH OD PLVPD (O FRQWRUQR EODQFR 6) PXHVWUD HO OtPLYV
FRQVLGHUD XQD EXHQD UHVROXFLYQ PLHQWUDV HO FRQWRUQR JULV
WH KDVWD GRQGH VH SXHGH UHFXSHUDU HVWUXFWXUDV 9DORUHV PiV
PHMRU UHVROXFLYQ \ YLFHYHUVD $ OD L]JTXLHUGD VH PXHVWUD ORV Y|
HO PR&HCRHQWUDYV OD ILJXUD GH OD GHUHFKD PXHVWUD ORV YDORUH"
Ve / Vs

9DORUHY GH OD IXQFLYQ GHHVSDUFLPLHQWR SDUD ORV PRGHORV GHO
QRVGHODPLVPD (OFRQWRUQREODQFR 6) HQPDUFDOD]RQDFRQVLC
UHVROXFLYQ PLHQWUDV HO FRQWRUQR JULV 6) PXHVWUD HO OtPLW
VROXFLYQ 9DORUHV PiVEDMRY GH OD IXQFLYQ LQGLFDQ PHMRU UHVRO
ILJXUD GH OD L]TXLHUGD PXHVW U DVO DO®) ISDXD MG H R G HEOHRJ 8 AK D
PXHVWUD OD 6) HH® FDVR GH

7RPRJUDItDV ILQDOHY GHO SHUILO % %Y /DV]RQDV FRQ EXHQD UHVRO X
\ VH HQPDUFDQ FRQ XQ FRQWRUQR EODQFR $TXHOODV FRQ EDMD R QX
VRPEUHDGDV (O FRQWRUQR JULV PXHVWUD HO OtPLWH KDVWD GRQGH
SXQWRVY QHJURV PXHVWUDQ OD SRVLFLYQ GH ORV WHUUHPRWRY ORFD(
GHO SHUILO HVWDFLRQHV TXHHVWiQ VREUHHO PLVPRVHPDUFDQ FRQ
QHJURV D PXHVWUD OB WR PRIHW\DWIDDGBID W\RARJIJUDItD GH
7RPRJUDItDV ILQDOHV GHO SHUILO & &7 /DV]RQDV FRQ EXHQD UHVROX
\ VH HQPDUFDQ FRQ XQ FRQWRUQR EODQFR $TXHOODV FRQ EDMD R QX
VRPEUHDGDV (O FRQWRUQR JULV PXHVWUD HO OtPLWH KDVWD GRQGH
SXQWRY QHJURV PXHVWUDQ OD SRVLFLYQ GH ORV WHUUHPRWRY ORFD(
GHO SHUILO HVWDFLRQHV TXHHVWiQ VREUHHO PLVPRVHPDUFDQ FRQ
QHJURV D PXHVWUD OB WR PRIW\DWIDDOGBID WWRARJIJUDItD GH
7RPRJUDItD GHUXLGR 'GHOD 3HQtQVXOD GH 7DLWDR 5HVXOWDGRYV P!
WDMH GH YDULDFLYQ GH OD YHORFLGDG GH RQGD GH FRUWH FRQ UHVS
6H REVHUYD XQD ]JRQD GH EDMD YHORFLGDG EDMR HO /DJR 3UHVLGHQW
REVHUYDGD HQ HO SHUILO & &7 )LHWDOQOWUDtGD GH *DOOHJR

(VITXHPD GH XQD EDUUD VRPHWLGD D XQD IXHU]D D OR ODUJR GH XQR C
GHIRUPDFLRQHV DVRFLDGDV D HVWD ([WUDtGD GH)XQGDPHQWDOV RI *



EQGLFH GH FXDGURYV

/RFDOL]DFLRQHV JHRJUIILFDV GH ODV HVWDFLRQHV GH OD UHG
UUHVWUH GH OD 8QLYHUVLGDG GH/LYHUSRRO

/IRFDOL]DFLRQHV JHRJUIILFDV GH ODV HVWDFLRQHV GH OD UHG
2%6 GH OD -$067(& 'DGD VX FDOLGDG GH LQVWUXPHQWRYV GH |
HOHYDFLYQ VH SUHVHQWD HQ QHJDWLYR

3DUIPHWURV XWLOL]DGRYV SDUD SLFDGR GH IDVHV FRQ DOJRULW
SHVWULFFLRQHV D UHVLGXRV SDUD FDGD LWHUDFLYQ
&DQWLGDG GH HYHQWRV \ UD\RV LQGLYLGXDOHV XWLOL]DGRV S|
HQ FDGD LWHUDFLYQ

ORGHORV GH YHORFLGDG 'ILQDOHVY REWHQLGRV GH OD LQYHUYV
GH (YHQWRYV 6LPXOWiQHRV

'LVSRVLFLYQ GH QRGRV XWLOL]DGRVHQODLQYHUVLYQ WRPRJUIlI
D OD WUDQVHFWD $ $71 /RV QRGRV GH OD LQYHUVLYQ 'HVWIiQ H
YDULDFLRQHVY GHO PRGHOR GH YHORFLGIXGHY RODPHQWH HQ ODV ¢
'LVSRVLFLYQ GHQRGRV XWLOL]DGRV HQ OD SULPHUDLQYHUVLYQ
ODV OtQHDV GH QRGRVHQ \ NP FRUUHVSRQGLHQWHV D ODV \
UHVSHFWLYDPHQWH /RV QRGRV HQ ODV LQYHUVLRQHV 'QRHVW
ODV YDULDFLRQHV GHO PRGHOR GH YHORFLGDG SXHGHQ VHU HQ
'LVSRVLFLYQ GH QRGRV \ IDFWRUHV GH DPRUWLJXDPLHQWR XWL
PRJUIILFD 'ILQD VH DJUHJDQ OD OtQHD GH QRGRV D ORV NP
LQYHUVLRQHV 'QRHVWiIQ HQOD]DGRYV SRUORTXHODV YDULDFL
FLGDG SXHGHQ VHUHQ WRGDV ODV GLUHFFLRQHYV

6XPDULR GH ORV SDUiIPHWURY GHWRGRYV ORV SD¥®V GH OD LQYH
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5HVXPHQ

/D 3HQtQVXOD GH 7DLWDR XELFDGD HQ OD UHJLYQ GH $\V®Q DSURJLP
ORV 6 HVWiHQPDUFDGD HQ XQ FRQWH[WR JHROYJLFR JHRJUIILFR\JH
JDXQJUDQ YDORUHLQWHUpPV FLHQWtILFR 6LQ HPEDUJR SRUORDSDU
FRQHFWLYLGDG WHUUHVWUH GHEXHQD FDOLGDG \ODV GLILEFXOWDGH)\
GHXQHVWXGLRDPHGLDQD RJUDQ HVFDOD ODLQYHVWLJDFLYQ GHHV
PRHQRWUDV UHJLRQHV GHO SDtV (VHQ HVWD UHJLYQ GRQGH ODV SOD
VHHQFXHQWUDQ GLYHUJLHQGR FUHDQGR OD 'RUVDO GH &KLOH \ VXE«
QD (O SXQWR GRQGHVHHQFXHQWUDQ ODV WUHV SODFDV HV FRQRFLGF
OXJDU GRQGH OD 'RUVDO GH &KLOH VXEGXFH (VWH SURFHVR HV OD FDX
OyJLFRV GHQWUR GH ORV PiV SURPLQHQWHYV VH HQFXHQWUD OD YHQW
SODFD FRQWLQHQWDO GRQGH PDWHULDO GH OD DVWHQYVIHUD VH HQF

OHGLDQWH WRPRJUDItD VtVPLFD GHWHQRFSGDWGH BB GDWREHGH VL
GDG ORFDO VHEXVFDHVWXGLDUHYLGHQFLDV GHOD YHQWDQD DVWHQ
3HQtQVXOD GH 7DLWDR 6H FXHQWD FRQ UHJLVWURV HQ XQ ODSVR GH X
XQD WHUUHVWUH TXH FXHQWD FRQ QXHYH LQVWUXPHQWRV \ XQD UHG
37& TXH FXHQWD FRQ FLQFR

3DUD OD UHDOL]DFLYQ GH OD WRPRJUDItD VH VLJXLy XQD PHWRGROR

FRQHOILQ GHPLQLPL]DU OD DSDULFLYQ GHDUWHIDFWRYV VHLQYLHU!



X 5(680(1

FRPSOHMLGDG GHO PRGHOR HQ FDGD XQR GHHOORV /RVUHVXOWDGRY GH H
DDQiOLVLY GHUHVROXFLYQ SDUD HVWXGLDU ORV DOFDQFHY GH OD LQYHUVI

ELHQ UHVXHOWDYV

6H ORJUD UHVROYHU GH EXHQD PDQHUD KDVWD R >NP@ DSUR[LPDGDP
SODFDVVXEGXFHQ EDMR OD SODFD6XGDPHULFDQD PLHQWUDV TXH ODV SRU
HVWiQ ELHQ UHVXHOWDY KDVWD SURIXQGLGDGHYVY GH FHUFD GH NLOYyPHWL
GHORWULGLPHQVLRQDO TXHPXHVWUD FDUDFWHUtVWLFDV JHROYJLFDV LPS
DVRFLDGRV SRVLEOHPHQWH D OD SUHVHQFLD GH XQD YHQWDQD DVWHQRVIpL
YXOFDQLVPR\OD =RQD GH)DOODV GH/LTXLxH 2ITXL HQWUH RWURV 6H ORJ
ODV 3ODFDVGH 1D]FD\$QWiUWLFD DVtFRPRDFWLYLGDG PDQWpOLFD SRVLE
GHPDWHULDO UHODFLRQDGR FRQ HO YROFIQ +XGVRQ 6HHYLGHQFLD DGHPi\
GD FRQ HVWH YROFIQ\ FRQ OD =RQD GH )DOOD GH /LTXLxH 2ITXL (Q HO SHUI
ORJUD REVHUYDU XQDHVWUXFWXUD GHWDPDXxR\H[WHQVLYQ FRQFRUGDQWH
GLRVGHOD YHQWDQD DVWHQRVIpULFD ORTXHVXJLHUH TXHHYV SRVLEOH HV

VtVPLFDV



&DStWXOR

QWURGXFFLYQ

/D SDODEUD WRPRJUDItD S WRPIRADHFE JQODSHB®NRFULSFLYQ RLPDJHQ
HVWR HV HO ILQ ~OWLPR GH OD WRPRJUDItD UHDOL]DU XQD GHVFULSFL
&RORTXLDOPHQWH FXDQGR VH KDEOD GH WRPRJUDItD VH KDFH UHIHU!
XVDGD HQ PHGLFLQD SDUD HO UDGERT 6 PDRyWRMRFRF L R FRRRH U
R XQD HFRWRPRJUDItD DPEDV FRPSDUWHQ HO ILQ OD XWLOL]DFLYQ G
XOWUDVRQLGR UHVSHFWLYDPHQWH SDUD SRGHU YLVXDOL]DU ORV yl
DDOJ~Q GLDJQYyVWLFR $QiORJDPHQWH XQD WRPRJUDItD VtVPLFD XWL
HVWUXFWXUDV SUHVHQWHY HQ HO PHGLR SRUHO FXDO VH SURSDJD HV

PHGLR SDUD VX HVWXGLR

$PEDV WpFQLFDYVY VRQ UHODWLYDPHQWH PRGHUQDV \ VH RULJLQDUF
SLRV GH OD GpFDGD GH ORYV | D VWRORRIMUWE B WPHPRBEERPSOHWR [IXH LQY
HQ HO DxR \XWLOL]DGD SRU SULPHUD YH] HQWUH ORV DxRYV \
HQ OD GpFDGD GH ORV 3RURWUR ODGR OD SULPHUD LPSOHPHQWDF

OHDWULEX\HD .HLLWL $NL TXLHQ HQ SXEOLFy XQ WUDEDMR VREUF

&RPSXWHG $[LDO 7RPRRUDWSRD@GHBRGH WRPRJUDItD D[LDO FRPSXWDUL]DGD HQ HVSDx|
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GHV EDMR &DOLIRUQLD D SDUWLU GH VLVPLFLGDG ORFDO $NL /HH 6LQ
FLWDGR FRQ WDQWD IUHFXHQFLD FRPR HO WUDEDMR GH $NL H[LVWH XQD LC
%RHW DO SUHVHQWD XQD PHWRGRORJtD VLPLODU D XQD WRPRJUDItD VtVPL
FURVV SOOH® H[DPLQDU XQ FDPSR GH SHWUYOHR HQ HW M®U GH )UDQFLD 5D
SRVWHULRUPHQWH D HVWRV HVWXGLRYV RWURY DXDERHWHNMHEO 'JLHZRQVNL
+LFMW DO KDQ XWLOL]DGR HVWD WpFQLFD \YDULDFLRQHV GHHOOD S
HVWUXFWXUDV LQWHUQDV GH OD 7LHUUD
(Q&KLOHHQ ORV~OWLPRVDXRVVHKDQOOHYDGRD FDERHVWXGLRV WRPR.
+LFMW DO \$]~D HQ OD 3HQtQVXOD GH $HUWw BOR\ GIHOIMHIIRD/I X H ]
(VWRV ~ OWLPRV GRV WUDEDMRY SUHFLVDPHQWH VLHQWDQ XQ SUHFH
HVWD tQGROH HQ ODV YHFLQGDGHY GHO 3IXQWR 7ULSOH &KLOHQR HQ OD 3HC

JUDItD GH UXLGR VtVPLFR\ XQD WHOHVtVPLFD GHRQGD 3 UHVSHFWLYDPHQW

/D UHJLYQ GH $\VpQ HV XQD JRQD GH JUDQ LQWHUpV JHRItVLFR SRU VXV SI
FDVWHFWYyQLFDV\JHROYJLFDV YHUFDStWXOR ORFDOL]JIQGRVHHQHVWD |
ODV SODFDV GH 1D]FD\$QWiUWLFD EDMR OD 6 XGDPHULFDQD HO 3XQWR 7ULS
OD =RQD GH )DOODV /LTXLxH 2ITXL =)/2 R /2)=VHJ~Q VXV VLJODV HQ LQJOpV
YHQWDQD DVWHQRVIpULFD HQWUHRWURY DGHPiIVGHVXLQWULQFDGD JHRJ
HO UHVWR GHO SDtV SUHVHQWD XQD EDMD IUHFXHQFLD GHHYHQWRY WHO-~
VLVPRV XQRULJHQ YROFIQLFR DVtFRPRRWURV GHRUtJHQHV YDULRV FRPR S
\JODFLDO $IXUBWRDAHWM® HPEDUJR OD UHJLYQ QR HVWi H[HQWD GH OD RF
WHUUHPRWRY FRPR HO RFXUULGR HO GH DEULO GH HQ 3 XHUWR $\VpQ
DFRPSDxDGR SRU XQ WVXQDPL SURYRFDGR SRUHO GHVOL]DPLHQWR GH ODG

1DUDBW® O

1R IXH VLQR KDVWD GHVSXpVY GHO WHUUHPRWR \ WVXQDPL GHO TXH VH



JHQHUDOL]DGR HQ HVWD UHJLYQ \ XQD UHG GH PRQLWRUHR VLVPROYJ
UHJLYQ GH $\VpQ IDFLOLWIQGRVH OD UHDOL]DFLYQ GHHVWXGLRV H LC
BUHYLR D HVWR ORV HVWXGLRV UHDOL]DGRV HQ OD ]RQD HQ JHQHUDC
GH 7T/DLWDR HVWDQGR FHQWUDGRV HQ IRQMWPDOWDPSOALRVUBILFDIQRDD
LPSRUWDQFLD GHHVWXGLRV FRPRHO GH3DUUDJXH|W DO RBIO $JX
SUHVHQWH WHQGLHQWHYVY D D\ XGDUD GLOXFLGDU ODFRPSOHMD JHRO
GLPLHQWR GHORYV SURFHVRV WHO~ULFRV\WHFWYQLFRYV IDFWRU LPSF

GHGHVDVWUHY SRUHMHPSOR

(O SUHVHQWH WUDEDMR VH FHQWUD HQ OD UHDOL]DFLYQ GH XQD W|
GH WHUUHPRWRY ORFDOHVY UHJLVWUDGRVY HQWUH ORV DxRYV \ SF
GH FDWRUFH HVYWDFLRQHYVY HQ WRWDO \ GRFH FRQ PHGLFLRQHYVY GLVSR
VXEPDULQDV 2%6 \ QXHYH WHUUHVWUHY YHU VHFFLYQ FX\R REMH
YHORFLGDG EDMR OD 3HQtQVXOD GH 7TDLWDR DVRFLDGDV D OD VXEGXF
PiVHVSHFtILFDPHQWH VHHVSHUD SRGHU YLVXDOL]DUHYLGHQFLDV GH

QRVIPULFD SUHVHQWH HQ HO iUHD

/ID VXEGXFFLYQ GH ODV 30O0DFDV GH 1D]FD \ $QWiUWLFD EDMR OD 6XG
JHQFLD HQWUH HVWDV GRVY SULPHUDYV SURGXFH HO ~QLFR HMHPSOR C
RFHIQLFD OD 'RUVDO GH &KLOH EDMR XQD SODFD FRQWLQHQWDO (Q |
FDV D XQD WD]D GH FMHWXRO % B@IOXIDU D OD FUHDFLYQ GH FRUWHI]EL
PD\RU IORWDELOLGDG SRU OR TXH VH HVWLPD TXH HO iQJXOR GH VXE

VRPHUR VLQ HPEDUJR HQ HVWDV ODWLWXGHV QR KD\ FHUWH]D GH HV\

/D 'RUVDO GH &KLOH FRPHQ]y D VXEGXFWDU H®@ HHQ&®GI RRRIDFBRXW D U (

WUDO GH &KLOH )RUVI\WKH 1HOVRQ &DQGH /HVOLH %UHLW\



&$3ET78/2 ,1752'8&&,11

\'IXHPLIJUDQGR KDFLD HO QRUWH D PHGLGD TXH DPEDV SODFDV VXEGXFWDE
HQ ODV TXH VXEGXFHQ ]JRQDV GH GLYHUJHQFLD \IDOODV WUDQVIRUPDQWHV
GDG OD]RQD GRQGH LQWHUDFW~DQ HVYWDV WUHV SODFDV LQWHUVHFWIQGHF
VHHQFXHQWUD DOUHERGIKWHWGB 5DPRYV \HV FRQRFLGD FRPR HO 3XQWR
&KLOHQR 37& XQ SXQWRPWXHSWR BAU GRV ERUGHYV GH VXEGXFFLYQ \ XQD C
HQJUDQ PHGLGD OD VXEGXFFLYQ GH OD 'RUVDO GH &KLOH\HO 37& OD IXHU]I
JHRJUDItD GH OD 3HQtQVXOD GH 7/DLWDR

/IDSODFD$QWIUWLFD VXEGXFHFRQ GLUHFFLYQ SUHGRPLQDQWHPHQWH ( 2
OD SODFD GH 1D]FD OR KDFH HQ ®IPUB¥F L'\H® H W\D (VWD GLIHUHQFLDHQ OD
YHORFLGDGHV \ODV GLUHFFLRQHY GH VXEGXFFLYQ SURYRFD XQD JRQD EDM|
FRUWH]D RFHIiQLFD EDMR OD FRUWH]D FRQWLQHQWDO HVWDQGR HVWD HQ FI
ILIXUD (VWHHVSDFLRHY FRQRFLGR FRPR9HQWDQD $VWHQRVIpULFD \ VH
XQERUGH GLYHUJHQWH VXEGXFH EDMR XQD SODFD FRQWLQHQWDO H J 9H
VXEGXFFLYQ GHO VLVWHPD 3KRHQL[ $QWiUWLFD\OD YHQWDQD 3DWDJyQLFD
OD'RUVDO GH &KLOH\SURWDJRQLVWD GHO SUHVHQWH HVWXGLR (VWD YHQ
SURFHVRV PDJPIWLFRVHQ ODUHJLYQ FRPROD HUXSFLYQ GHPHVHWDYV GH OI
GHO 9LHQWR OHVHWD GH OD 0OXHUWH OHVHWD &HQWUDO R OD LQWHUUXSFL
IDYRUHFLHQGR OD DSDULFLYQ GHYROFDQHV DGDTXtWLFRV FRPRHO9LHGPD
FKHU 7KRUNHOVRQ HW'NOQUDDWVRFRPRHYLGHQFLDV JUDYLPpWULFDV \GH IC
FDORU OKW®IOH OXUGHW DO UHVSHFWLYDPHQWH

$ SHVDU GH TXH YDULDGRVY DXWRUHV KDQ HVYWXGLDGR OD 9HQWDQD $VWHC
HW DO \ WUHLWVSUHFKHU 7KRUNHOVRQ 5XVVR HW DO HQ)\

VLYQ\GHOLPLWDFLYQ H[DFWDV QR HVWiQ WRWDOPHQWH HVFODUHFLGDV

/DWRPRJUDItD VtVPLFDUHDOL]DGDHQ HVWHWUDEDMR FXHQWD FRQ WUHYV

6HJ~Q OD QRWIIXFHL§RGLG YRIUWHU & T WBHQBK5LGJIH



PHQWHD OD GLUHFFLYQ GHOD VXEGXFFLYyQ GHOD'RUVDO FDOFXODGR
XQDLQLFLDO GH UHIHUHQFLD\GRV ILQDOHV VLHQGR OD PiV VHSV
GDHQ OD HVWDFLYQ &/(0 YHU ILIXUDV  \ /D HOHFFLYQ GH HVWD t
GHELYD VX XELFDFLYQ FHUFDQD DO FHQWUR GHOD UHG VX EDMD HOHY
HQ FRPSDUDFLYQ FRQ HO UHVWR GH ODV HVWDFLRQHV WHQLHQGR HVV
/D HOHFFLYQ GH OD GLVWULEXFLYQ PHULGLRQDO GH ODV WUDQVHF\
FREHUWXUD GH GRV GLVWLQWRY UHJtPHQHYV GH VXEGXFFLYQ FRQ OD W
WDQGR DO QRUWH GHO 37& D OD DOWXUD GH OD GRUVDO TXH HVWi DFW
OD GRUVDO VXEGXFWDGD KDFH 0D VHJ~Q ODVHVWLPDFLRQHV GH %U'*t
HVWDV HV SRVLEOH GLVWLQJXLU FDUDFWHUtVWLFDV JHROYJLFDV DVF
JHROYJLFDV GH OD ]JRQD
3DUD UHDOL]DU OD WRPRJUDItD VH XWLOL]y XQD HYWUDWHJILD HVFD
REWHQFLYQ GH XQ PRGHOR GH YHORFLGWQ& GH PQYEDR3X @ A FO®HWDR]y Q
3JUXHVR- FRQ EDMD GHQVLGDG GH QRGRV SDUD OXHJR DXPHQWDU ¢
OXJDUHV GRQGH OD GHQVLGDG GH UD\RV VtVPLFRV VHD FRPSDUDWLYE
JRQD REWHQLHQGR XQD WRPRJUDItD '3ILQD" $Vt ILQDOPHQWH D SD
VHDXPHQWD HO Q~PHUR GHWUDQVHFWDYV SDUD UHDOL]DU XQD LQYHU\
OHV (VWH HVTXHPD GHWUDEDMR KD VLGR XWLOL]DGRW®RWUDYV WRPI
&ROOHQJINVO +LFMW DO \VHVLIJXHFRQHOILQ GHWUDWDU GHPLQLPL]

DUWHIDFWRYVY GHLQYHUVLYQ

/D HMHFXFLYQ GH HVWH HVWXGLR VH FLPHQWY HQ HO XVR GH VRIWZ
WRV HLQYHUVLYQ WRPRJUIILFD WDQWR ' FRPR "\ ' 6H QHFHVLWy
\'$ZN SDUD HO PDQHMR GH ODV JUDQGHYVY FDQWLGDGHY GH DUFKLYRV \
HO WUDWDPLHQWR DQiOLVLVY LQLFLDO\SLFDGR GHIDVHV GHORV UHJ

6HLVPLF $QDO\VLYV &RODMDROBGYWMHQREWHQLGRY ORV WLHPSRV GH O
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IDVHV ORVHYHQWRVLQGLYLGXDOHVIXHURQ ORFDOL]DGRYVY XWLOL]JDQGR +<3
UD OXHJR FRPHQ]DU HO SURFHVR GHLQYHUVLYQ FRQ HO SURJUDPD 9(/(67 HC
HW DO FRQHOILQ GHREWHQHU HO PRGHOR LQLFLDO ' 3DUD ORV FIiOFXOF
"VHFRQWY FRQ OD UXWLQD 6,08/ 7TKXUEHU (EHUKDUW 3KLOOLSYV

(Q VHFFLRQHYVY SRVWHULRUHY VH UHWRPDUiIi FLHUWRY WHPDV LOQWURGXFL(

GHWDOOH

2EMHWLYRYV

(Q HVWD VHFFLYQ VHOLVWDUIi ORVREMHWLYRV JHQHUDOHV \ HVSHFtILFRV

HVWH WUDEDMR

2EMHWLYRV JHQHUDOHYV

5HDOL]DU HVWXGLRVY GH ODV FDUDFWHUtVWLFDV JHROYJLFDV \ WHFWYQLI
OL]DFLYQ XQ PRGHOR GH WHORFVCGIG WIMPQ¥BFWDYV SDUDOHODYV D OD GLUHI
VXEGXFFLYQ GHODVIDOODVWUDQVIRUPDQWHV DVRFLDGDV DOD 'RUVDO GH
GDGHOD YHQWDQD DVWHQRVIpULFD D SDUWLU GH XQD WRPRJUDILiIi VtVPLFD

XQDUHG ORFDO GH VLVPYJUDIRYV

2EMHWLYRV HVSHFtILFRV
= 5 HDOL]DU XQDQiOLVLV\WUDWDPLHQWR JHQHUDO GH OD EDVH GH GDWRYV

= 5SHDOL]DU XQD E~VTXHGD\SLFDGR GHHYHQWRY SDUD OD DPSOLDFLYQ GF

OD WHVLV GH)HOLSH 'LD]
= /RFDOL]DU ORVHYHQWRY HQFRQWUDGRV\SLFDGRV HQ ORV SXQWRV DQW

= S5 HDOL]DU XQPRGHOR GH YHORFLGDG 'SDUD OD]JRQD GHHVWXGLR



(6758&785% '(/ 75$%$-2

= $SDUWLUGHO PRGHOR ' UHDOL]DUODLQYHUVLYQ WRPRJUIILFD S

GHOD]RQD SDUD YHORFL&E®MG GHRQGD 31\ 9
» $XPHQWDU OD GHQVLGDG GHQRGRV GHO PRGHOR D SDUWLU GH OR\

= 5SHDOL]DUDQiIiOLVLVY GHUHVROXFLYQ '":6 IXQFLYQGHHVSDUFLPLHC

DORVUHVXOWDGRV GHODLQYHUVLYQ

»  QWHUSUHWDU ORV UHVXOWDGRY REWHQLGRYVY WHQLHQGR HQ FXH

FRQWH[WR JHROYJLFR GH OD ]RQD

(VWUXFWXUD GHO WUDEDMR

(VWHWUDEDMR HVWi HYWUXFWXUDGR HQ RFKR FDStWXORV VHLV GH
VLRQHV XQ FDStWXOR TXHUH~QH ODV UHIHUHQFLDYV ELEOLRJUIILFDV
~OWLPR FDStWXOR FRQ PDWHULDO DQH[R GH DSR\R 3UHYLDPHQWH D F

WUDEDMR HLQWURGXFH DO OHFWRU DO HVYWXGLR /RV FDStWXORV HVV
,QWURGXFFLYQ
=RQD GH (VWXGLR
ODUFR 7HYULFR
OHWRGRORJtD
5HVXOWDGRV HLQWHUSUHWDFLRQHYV
&RQFOXVLRQHV\GLVFXVLYQ
%LEOLRJUDItD

$QH[RYV
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(O SULPHU\SUHVHQWH FDStWXOR GH ,QWURGXFFLYQDGHQWUD DO OHFWRU
GH OD WRPRJUDItD VtVPLFD ORVDQWHFHGHQWHY UHOHYDQFLD\PRWLYDFL

IRUPXODFLYQ GHO HVWXGLR FRQHO GHWDOOHGH VXV REMHWLYRV D GHVDU

(QHO VHIXQGR VHUHDOL]D XQD GHVFULSFLYQ JHRJUIILFD JHROYJLFD \ JHF
GLR\VXVDOUHGHGRUHY H[SOLFDQGR VXV SDUWLFXODULGDGHV \HO SRU T>

VXVFLWD HVWD JRQD

(QHO WHUFHU FDStWXOR GH ODUFR 7THYULFR VH VLHQWDQ ODV EDVHV WHyU|
XWLOLIDGDVHQ HVWH HVWXGLR 'HWDOODQGR ORV SURFHVRV GH ORFDOL]D!

VtVPLFD

(OFDStWXORGHOHWRGRORJtDDGHQWUD DOOHFWRUHQORV SDVRV VHIXLG
SUHVHQWDGRVHQFDStWXORV SRVWHULRUHY DVtFRPRH[SOLFDFLRQHYV GHW
FHVDULRV SDUD OOHJDU D HVWWRKIWZSQHRDLADBERNMY GHYOROMWDGRY LQWHUPHC

ORVTXHVHEDVDQ ORVUHVXOWDGRVILQDOHYV

(OFDStWXORGH5HVXOWDGRV\&RQFOXVLRQHVYH[SRQHDO OHFWRU WRGRYV
DSDUWLU GH OD WRPRJUDItD VtVPLFD UHDOL]DGD DQiOLVLVY GH OD UHVROX
WDFLRQHV \ DQiOLVLY GH ORV UHVXOWDGRV REWHQLGRVY HQ WpUPLQRV GH

HVWXGLRYVY SUHYLDPHQWH KHFKRYV

(Q HO FDStWXOR GH 'LVFXVLYQ VH KDEOD GH ODV UHSHUFXVLRQHV \ DOFD

GHORV SRUPHQRUHYVY GH HVWRYV

/ID %LEOLRJUDItD SUHVHQWD XQD UHFRSLODFLYQ GH OD ELEOLRJUDItD GH



+,317(6,6

HVWXGLR

J)LQDOPHQWH HQ$QH[RV VH SUHVHQWD XQD UHFRSLODFLYQ GH PDWH|

VHU UHVXOWDU ~-WLO DO OHFWRU SDUD FRPSOHPHQWDU OR H[SXHVWR

+LSYWHVLV

9DULDGRV DXWRUHV HQ ORV~OWLPRVDXxRVKDQH[SXHVWRHYLGHQF
YHQWDQD DVWHQRVIpULFD EDMR OD 3HQtQVXOD GH 7DLWDR \HO VXU LC
WDQD 3DWDJyQLFD SURYRFDGD SRU OD VXEGXFFLYQ GH OD 'RUVDO GH
HJ &DQGH /HVOLH HW D®UGXHGHW DO O5XVWHRV DO 'ff2UD]LR
HW DO %UHLWVSUHFKHU 7KRUNHOVRQ 3DUDUHVSDOGDU HVWD
JHROyJLFD FHVH GHO YROFDQLVPR FDOFR DOFDOLQR IR DPBLYQ GH
%QUHLWVSUHFKHU 7KRUNHOVRQ \JHRItVLFD DQRPDOtDV GH .
WLYDV SRODUL]DFLYQ GHWQ@GDV SXVWRWGDKW UHVSHFWLYDPHQWH GH

H[LVWHQFLD GH GLFKD YHQWDQD

6HSURSRQHFRPR KLSYWHVLVHQHVWHHVWXGLRTXHODVXEGXFFLY
WLFD WUDGXFLGD HQ ODVXEGXFFLYQ GH OD 'RUVDO GH &KLOHHQ OD 3
KDFLD ODDVWHQYVIHUD GHELGR D GH OD GLYHUJHQFLD GH HVWDYV SOI
QXHYD FRUWH]D HV SRVLEOH UHVROYHU HVWUXFWXUDV GH YHORFLGD

DWUDYpV GH XQD WRPRJUDItD VtVPLFD
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&DStWXOR

=RQD GH (VWXGLR

5HIJLYQ GH $\VpQ \ OD 3HQtQVXOD GH 7DLWDR

&DUDFWHUtVWLFDV JHRJUIILFDV

/ID5HIJLYQ GH $\VpQ ODVHIXQGD UHJLYQPiIVDXVWUDO GH &KLOH HVW
\ GH ODWLWXG VXU DSUR[LPDGDPHQWH (VWD HV OD WHUFHUD UH
GHODV UHJLRQHV GHODJDOODQHV\$QWRIDIJDVWD (O GHVXVXSHUI

HO 6LVWHPD 1DFLRQDO GH EUHDV 6LOYHVWUHV 3URWHJLGDV &218%)

ERVTXH QDWLYR GH &KLOH\FHUFD GHO GH ODV UHVHUYDV GH DJX
$\VpQ (VWR FRQYLHUWH D $\VpQ HQ OD UHJLYQ FRQ PD\RU FDQWI
&KLOH

/D 3HQtQVXOD GH 7/DLWDR HV OD PiVJUDQGH GH OD UHJLYQ VLHQGR
JUIILFDV PiV SURPLQHQWHYV GH $\VpQ \OD HI[WHQVLYQ GH WLHUUD TXI
GHO sDtV (VWi FRQHFWDGD DO FRQWLQHQWH SRUHO ,VWPR GH 2ITXL

PHQWHHQWUIB O®BRY 6 DO QRUWH SRUORV $UFKLSLpODJRV GH &KRQR
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\DO VXU SRUHO *ROIRGH3HQDV 'HVX H[WUHPR VXURHVWH QDFH OD 3HQtQV
VHH[WLHQGH KDFLDHO RHVWH IRUPDQGR DO KRPYQLPR *ROIR7UHV ORQWH\

&HUFD GH OD WRWDOLGDG GH OD VXSHUILFLH GH OD 3HQtQVXOD GH 7DLWD
HVWDGR VLHQGR QRWDEOHV HO 3DUTXH 1DFLRQDO /DJXQD 6DQ 5DIDHO \ OD
WHFDV ORV TXHFXHQWDQ XQDJUDQ SUHVHQFLD GHERVTXHV GHIUEROHYV St
XQD JHRJUDItD DFFLGHQWDGD PDUFDGD SRU XQD LQWULQFDGD UHG GH ILRI
DYDQFH GH PDVDV GH KLHOR TXH VH RULIJLQDURQ KDFHDSUR[LPDGDPHQWH
URQYXXDINQ DYDQFH KDFH XQRV PLOFDROBYV ZWRQ FRDWHFXHQFLD GH ORYV
JODFLDUHVHVHO/DJR3UHVLGHQWH5tRVY XELFDGRFDVLHQHOFHQWURGHZC
ODJR PIVIJUDQGH GH &KLOH \GH ORV ~OWLPRVHQ VHU GHVFXELHUWRV \FDU
OD SULQFLSDO DFWLYLGDG JODFLDU HQ OD ]JRQD VH FRQFHQWUD DO HVWH G
+LHOR 1RUWH FRPR SXHGH YHUVHHQ OD ILIJXUD

/ID & RUGLOOHUD GH ORV $QGHV HQ HVWDV ODWLWXGHV FRPLHQ]D DIUDJPH
VHQWDQGR DOWXUDV HQWUH ORYV \ PV QP +DOOHU /DSLGR ) X
GH 7DLWDR VHHQFXHQWUDQ ORV SLFRV PiVDOWRY GH OD ]JRQD VREUHVDOL!

KDVWD ORYV PV QP

(Q ODV ODWLWXGHV GHO ,VWPR GH 2ITXL FRPLHQ]D XQD GLVFRQWLQXLGI
H[WLHQGH SRU XQRYV NLOyPHWURYV VHSDUDQGR OD =RQD 9ROFIiQLFD 6XU
9ROFIQLFD $XVWUDO =9% DO VXU /DVFDXVDV GHHVWD GLVFRQWLQXLGDG "
XOWHULRUHV /D=RQD9ROFiQLFD6XUGH OD &RUGLOOHUD GHORV $QGHV HV |
QLFD FRPSUHQGLGRSHQWWVIA GRVILIXUD PXHVWUD OD VHFFLYQ VXU GH OD =¢
OD GLVFRQWLQXLGDG /RV YROFDQHV FDOFR DOFDOLQRV GH HVWD VH FDUD
SUHGRPLQDQWHPHQWH G H,RPDWVD@OHRM WIDAREHQ GW L FD V

/D =RQD 9ROFiQLFD $XVWUDO SRURWUD SDUWH VH H[WLHQGH GHVGH HO"

7LHUUD GHO )XHJR \GHEH SULQFLSDOPHQWH VX DFWLYLGDG D OD VXEGXFFL
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*HRORJtD UHJLRQDO

/D XQLGDG PiVH[WHQVD HQ ORV $QGHYV GHO 6XU\ SUHVHQWH D OR OD
HV HO %DWROLWR 3DWDJyQLFR YHU ILJXUD FRQIRUPDQGR OD PD\F
YHFLQGDGHV GHO *ROIR GH 3HQDV &RQVLVWH GH URFDV GH QDWXUDO
JDEUR DO JUDQLWR FX\DV HGDGHV YDQ GHVGH HO -XUiVLFR 6XSHULRL
HVWH GHO EDWROLWR H[LVWH XQD VHULH GH SOXWRQHV GHO OLRFHQF
OD PLVPD pSRFD (VWRV VH ORFDOL]DQ HQ XQD OtQHD SDUDOHOD D OD
DGHQWUR &DQGH /HVOLH (QHVWD UHJLYQ HVWiQ SUHVHQWHV O
PiVVXUHXRV DO RHVWH GH ORV $QGHYV

/D3HQtQVXOD GH 7DLWDR HVWi SULQFLSDOPHQWH FRPSXHVWD SRU X
WLWX\H OD XQLGDG PiVDQWLJIJXD GHOD UHJLYQ FRQ URFDV TXH SUHFF
RULJHQ 3DOHR]JRLFR )RUV\WKH (Q HO HIWUHPR VXU HQ OD 3HQt
FXHQWUD HPSOD]DGR XQ FRPSOHMR 2ILROtWLFR iUHD YHUGH RVFXUF
ILIXUD )XHUD GH OD 3HQtQVXOD HVWHEDVDPHQWR VH SUHVHQWD
SLpODJRV GH &KRQRV \GH ODV *XDLWHFDV DVt FRPR DO VXU HVWH GH(

(VWDV GRV XQLGDGHV HO %DWROLWR 3DWDJYQLFR\HO %DVDPHQWF
HQ ODUHJLYQ HVWDQGR DFRPSDXDGDV SRUFRPSOHMRV PiV SHTXHXRV
GR DGHPiV GH URFDV YROFIQLFDV PiVMyYHQHY GH RULJHQ OHVR]RLFF
WDULDV H tJQHDV GHO &XDWHUQDULR )RUV\WKH

/ID5HJLYQ GH$\VpQ HV FUX]DGD SRUXQ FRPSOHMR GHIDOODV GHQRP
2ITXL =)/2 TXHVHH[WLHQGH SRUPIiV GH NP SDUWLHQGR GHVGHHO
OD]RQD GH/LTXLxH HQODS5HJLYQ GHORV 5tRV (VWD FRUUHVSRQGH D |
FXDOHV PRUIROYJLFDPHQWH FRQVLVWHQ GH VHIJPHQWRY UHFWRYV ST
XQLGRV SRU OLQBRHOBWFMWOR@DGDY QRUHVWH +HHWpDO &HPEUDC

(VWD ]JRQD GHIDOODYV DIHFWD DO %DWROLWR 1RUSDWDJYQLFR FRQ XQ
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PRGD SDUWH GH OD FRPSRQHQWH SDUDOHOD D OD IDOOD GH OD FRQYHUJHQF
EDMR OD 6XGDPHULFDQBWSDROUWRUMWMW]HO &HPEUDQR /DUD SURSR

QHQ TXH HI[LVWH XQ YtQFXOR HQWUH HVWD DFWLYLGDG WHFWYQLFD \HO YRC

UHFRUUH OD IDOOD

/IDILIXUD PXHVWUD ODHVWUXFWXUD GHOD =)/2HQ XQD OtQHD VyOLGD Q
GHOD 3HQtQVXOD GH 7DLWDR KDVWD HO $UFKLSLpODJR GH ODV *XDLWHFDV |

37& HVWD VH ELIXUFD HQ GRV EUD]RV XQLGRV SRU pRVHREHRIFLRQDGRY OLQHEL

ARGENTINA

ElCoyhaiquel

100 km
B Quaternary
L 4805 Z 3 Volcanic Rocks
R Il Taitao Ophiclites
o Tertiary
Basin Rocks
North Patagonian
Batholith

. Mesozoic Volcanic-
Sedimantary Rocks

[ Paleozoic Basement

)LIXUD ODSD JHROYJLFR VLPSOLILFDGR GH OD 5HJLYQ GH $\VpQ \ GH OD 3t
OtQHDV EODQFDV GHQRWDQ ORV OtPLWHV GHODYVY SODFDV WHFWYQLFDV 1=
DPHULFDQD /DOtQHDEODQFDFRQWULIQJXORVGHQRWDODVXEGXFFLYQ GH

OtQHD QHJUD HQ WDQWR PXHVWUD OD =)/2 )LHW DD H PRGLIGBOISED$ I X UWR 'H
GH 6(51$*(20,1

/IDUHIJLYQ GHHVWXGLRVHHQFXHQWUD HQ HO HIWUHPRVXUGHOD]RQD GH
GH1D]FD\6XGDPHULFDQD\DO QRUWH GHO PDUJHQ VXEGXFWLYR HQWUH OD\

ULFDQD YHU ILJXUDV \ OXJDU GRQGH OD 'RUVDO GH &KLOH VXEGXFH EI
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+HUURMDO DO HVWH GH OD 3HQtQVXOD GH 7DLWDR HQ HO OODPDGR 3
VLWLR GRQGH LQWHUDFW~DQ ODV WUHV SODFDV PHQFLRQDGDV DQWH
WXDOPHQWH DFWLYR GRQGH XQD GRUVDO FROLVLRQD FRQ XQD IRVD \ ¢
OLWYVIHUD FRQW HQHImAV DHA X-+HNURJ RHYWY THD

/D 30DFD GH 1D]JFD YDUtD HQ HGDG GHVGH ORV D PL®MRQHV GH D
0D HQ HO 37& GRQGH VH FUHD QXHWID®ODEADWDHOHWBWVSOD]D FRQ VHQ
1 (D FP DxR PLHQWUDV TXH OD 30DFD $QWiUWLFD HV PiV MRYHQ F
HQ HO 37& \ DXPHQWDQGR KDF LR ®DBMWIPOHQWEDGODFD VH GHVSOD]D F
OHQWDPHQWHD FP DxRFRQ GHWBOLYYXEGKBHMYGR DPEDV EDMR O
FD 6XGDPHULFDQD (O PRYLPLHQWR UHODWLYR HQWUH DPEDV SODFD\
~OWLPRV PLOORQHV GH DXxRV &DQGH /HVOLH (VWD VXEGXFFL
HQWUH Vt FUHD XQD GRUVDO OODPDGD 'RUVDO GH &KLOH FRPSXHVWI
OODV WUDQVIRUPDQWHYV HJ =RQDGH)DOODV &KLORp *XDIR *XDPE(

QXHYD FRUWH]D HV FUHDGD

/D 'RUVDO GH &KLOH VXEGXFH FRQ XQ iRRQY QR GHHFMUFD GB IRVD 'T
JLRIW DO 'HELGR D TXH ODV VHFFLRQHV GLYHUJHQWHV VXEGXFHQ GH |
GHODIRVD HO37&PLJUD UiISLGDPHQWH KDFLD HO QRUWHD UD]yQ GH FI
ODV VHFFLRQHV GH IDOODV WUDQVIRUPDQWHY WLHQHQ XQD RULHQWLE
37& PLJUD KDFLDHO VXUD WDVD GH PP DxR /DILJXUD PXHVWUD Pi\
GHIDOOD WUDQVIRUPDQWH\GLYHUJHQWHY GH OD 'RUVDO GH &KLOH V

/DIJHRPHWUtD GHO VLVWHPD IRVD GRUVDO GH OD VXEGXFFLYQ GH DP
QPWLFDV PDULQDV VXJLHUHQ TXH XQD VHFFLYQ GLYHUJHQWH GH XQR\
FRQ OD IRVD GH &KLOH DO HVWH GH 7LHUUD GHO )XHJR KDFH 0D SR
PLJUy KDFLD HO QRUWH UiSLGDPHQ WB KDXQMVO OMHD DADFH DOUHGHGR!

PLOORQHVY GHDxRVHO 37& PLIJUy KDVWD OD DOWXUD GH OD 3HQtQVXOTL
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JLIXUD J)LIXUD HVTXHPIWLFD GHO FRQWH[WR JHRWHFWYQLFR \YROFIQLF

UDGD HQ ODHVTXLQD LQIHULRU GHUHFKD PXHVWUD OD XELFDFLYQ DSURJ[LPEC
SUHVHQWH HQ OD ]RQD ([WHWDD®D GH '{RUD]LR

TXHVXEGXFHHQWUH ODV ]JRQDV GH IDOOD GH 7DLWDR \'DUZLQ DUULEY D OD |
DSUR[LPDGDPHQWH &DQGH /HVOLH /IDHYROXFLYQ GH OD SRVLFLYQ Gt
UHVSHFWR DO FRQWLQHQWH VXGDPHULFDQR HVWi HVTXHPDWL]DGD HQ OD I

HVWH KDFH OD\OD PLJUDFLYQ GHO 3 XQWR 7ULSOH &KLOHQR KDVWD OD DFW

/D FRQILIXUDFLYQ GH HVYWH SXQWR WULSOH VLQ HPEDUJR QR KD VLGR V
PHQFLRQDGDV DQWHULRUPHQWH /D 3DWDJRQLD \ OD 3HQtQVXOD $QWiUWLF
GRUVDOHY GHVGH DO PHQRYV HO & U HODi F LFFRRP RHXGIL B RKIVMHD FUHDGD SRU OD V
SDUDFLYQ GH ODV SODFDV GH 3KRHQL[\)DUDOORQ GHVGH HO &UHWIiFLFR DO

GH DxRV OD ILJXUD PXHVWUD OD FRQILIJXUDFLYQ GH ODV GRUVDOHYV VX
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@Mz 1OMe gMe

18Me

Y_TAITAQ PEN.
;RES MONTES

GOLFO DEPENAS

POSITION OF RIDGE CREST
RELATIVE TO SOUTH AMERICA
18 Ma TO PRESENT

)LIXUD OD SRVLFLYQKLVWYULFDGHODV SODFDVKDVLGRUHFRQVWL
\DQRPDOtDV PDJQpWLFDV /D ILIXUD PXHVWUD ODV SRVLFLRQHVY UHOD
SODFDVGH 1D]FD\$QWiUWLFD GHVGHKDFH ODDODDFWXDOLGDG )L.

)DUDOORQ 3KRHQL[ \3HQtQVXOD $QWIiUWLFD $QWiUWLFD 3KRHQL[ S
FDV PHQFLRQDGDV HQ HO (RFHQR (Q HO OLRFHQR 7HPSUDQR OD 30DFI
30DFD GH &RFRV DO QRUWH \ HQ OD GH 1D]JFD DO VXU +DFH 0D HO S
SODFDV GH 1D]JFD 3KRHQL[ $QWiUWLFD HYWDED D XQRV NP GH OD 3I
ED KDFLD HOOD HYHQWXDOPHQWH GHULYDQGR HQ OD FRQILJXUDFLY(
ERUGHV GLYHUJHQWHY GH ODV SODFDV $QWiUWLFD 1D]FD \ 3KRHQLJ §
EDMR OD 3DWDJRQLD\OD 3HQtQVXOD $QWiUWLFD UHVSHFWLYDPHQWH
7KRUNHOVRQ /D VXEGXFFLYQ GH HVWDV GRUVDOHV FUHY GRV YH

OD 3HQtQVXOD $QWiUWLFD\RWUDHQ OD 3IDWDJRQLD YHU FXxDV DPDU
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LGR DPSOLIQGRVH KDFLDHO QRUWH D PHGLGD TXHHO SXQWR WULSOH PLJUI

80°W

«0%

60 °W

)LIXUD &RQILIXUDFLYQ GH ODV GRUVDOHVY VXEGXFWDQWHY HQ HO 3DFtIL
DVWHQRVIpULFDVDVRFLDGDVD HVWDV GXUDQWHHO (RFHQR ([WUDtGD GH %!

1RUPDOPHQWH ORV ERUGHV GLYHUJHQWHYV RFHIQLFRVHQWUH SODFDV FRQI
WH]D VH FUHD D SDUWLU GH PDWHULDO TXH HPDQD GH HVWDV GRUVDOHYV \ \
JRZOHU & 0 5 VLQ HPEDUJR FXDQGR XQD GRUVDO VXEGXFHEDMR FRUWH]D
HOQWUH ODV SODFDV FRQWLQ~D EDMR OD SODFD WHFKR IRUPIQGRVH XQD GL)\
FRUWH]D (VWR WUDH FRQVLJR XQD YHQWDQD UHOOHQD GH PDWHULDO DVW
PHQWHHQWUH ORV ERUGHVY GH ODV SODFDV TXHWROORUORDQLGFLFKD GRUVDO

5XVVR "1 2 BBV IDFO

/IDILIXUD HY XQHVTXHPD H[SOLFDWLYR GHOD YHQWDQD DVWHQRVIpULF
FLYQ\FRQWLQXD GLYHUJHQFLD GH OD 30DFD GH 1D]JFD HQ PRUDGR \ GH O]

VLHQGR UHOOHQDGD SRUOD VXUJHQFLD GHPDWHULDO SURYHQLHQWH GH Ol
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inboard volcanic belt
- D S TS o
non-arc ———parc R

)LIXUD JLIXUD HVTXHPIWLFD H{SOLFDWLYD GHOD PRUIRORJtD GH O
GH %UHLWVSUHFKHU 7KRUNHOVRQ

/D 9HQWDQD 3DWDJYQLFD KD VLGR YLQFXODGD D GLYHUVRV SURFHVRYV
FRPR OD LQWHUUXFSFLYQ GHO YROFDQLVPR FDOFR DOFDOLQR FUHDC
OD =9% VLHQGR UHHPSOD]DGR SRU YROFDQHV FRQ ODYDV FRQ FRPSR
9LHGPD $JXLOHUD \OD HUXSFLYyQ GH PHVHWDV FRQ FRPSRVLFLRQHYV
GH/DYDV 1HyJHQDV HQWUH \ PLOORQHV GHDXxRV RULJLQDGDV HQ
7DUGtR H J 3DPSD &HQWUDO %XHQRV $LUHV OXHUWH HRRP® PXHVW

%UHLWVSUHFKHU 7KRUNHOVRQ 2WURV IHQYPHQRV TXH HYLC
YHQWDQD VRQ ODVDQRPDOtDV JUDYLWDFLRQDOHV GH %RXJXHU QHJD\
GHPDWHULDO PHQRV GHQVR TXH HO FLUFX\W 6GDQ W 8 OMFVYGHFDIOR B K
DOWRY GH OR QRHWID® 0XODGEREOH SRODUL]DFLYQ GHWRQGDV 6.6 5XVV
XQD WRPRJUDItD GHUXLGR VtVPLFR TXHPXHVWUD XQBWRIQD GH PHQRU
6LELHQ VRQ YDULRYV ORV HVWXGLRV UHMORPDG RV U bIH WSHBEM R KX G
7KRUNHOVRQ HWRQOVRDOOHWRDO OD ORFDOL]DFLYQ\GHOLPLWDFL

GHOD YHQWDQD QR VRQ D~Q FODUDV
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'XUDQWH HO OLRFHQR OD 'RUVDO GH &KLOH FROLVLRQyYy FRQ HO VXU GHO |
WDQD 3DWDJyQLFD 'DGR TXH OD GLQiPLFD GHO PRYLPLHQWR GH ODV SODFD
XQD PLJUDFLYQ KDFLD HO QRUWH GHO SXQWR WULSOH HO RULJHQ GH OD YHQ
FRUGDQFLD FRQHO SXQWR GRQGH VXEGXFH OD GRUVDO 'HHVWD PDQHUD O
JRQD GHLQIOXHQFLD KD DXPHQWDGR GHVGH VX FUHDFLYQ KDVWD HO SUHVHQC
WUR IDVHY GH OD HYROXFLYQ GH OD 9HQWDQD 3DWDJYyQLFD HQ VX Pi[LPD H[V
WDPDXR SRUHURVLYQ WHUPDO SURGXFWR GH OD UHFRQVWUXFFLYQ FLQHP
7KRUNHOVRQ HQ HO OLRFHQR 0D OLRFHQR 7DUGtR 0D 3OLRFHQR
6H PXHVWUD DGHPiV OD SRVLFLYQ GHPHVHWDYV GH ODYDV\YROFDQHV DFWL)
GH HVWDV PHVHWDV VH HQFXHQWUD PiV DO HVWH TXH HO ERUGH GH OD 30DF
OR TXH OD HUXSFLYyQ GH HYWRV QR HV DWULEXLGD FRPSOHWDPHQWH DO HIH
ORV FHQWURY YROFIQLFRV 5tR 0XUWD \ & HUUR +XGVRQ VLWXDGRV DO VXU \
ERUGH QRUWH GH OD YHQWDQD WLHQHQ FDUDFWHUtVWLFDV JHRTXtPLFDV T
SURGXFWR GH OD VXUJHQFLD GH PDWHULDO DVRFLDGR D OD VXEGXFFLyYQ GH

HO ERUGH VXU FRLQFLGH FRQ OD RFXUUHQFLD GH YROFDQHV DGDTXtWLFRV C

ORGHORV QXPpULFRVY WHUPDOHV FRPR HO SURSXHVWR SRU ,ZDPRUL
VXEGXFFLYQ GH XQD GRUVDO VH IRUPDQ Pi[LPRVY GH WHPSHUDWXUD HQ OD ¢
GXFWDGD D ORODUJR GHODLQWHUID] ORV FXDOHY SUHVHQWDQ XQD GXUDF

DQFKR PD\RU VLODV SODFDVTXHIRUPDQ ODGRUVDO VHVHSDUDQ IRUPDQGI
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C Pliocene (4 Ma) D Present (0 Ma)

a5

YLIXUD (VTXHPD GHOD HYROXFLYQ GHOD YHQWDQD DVWHQRVIpULFE
HO OLRFHQRD KDVWDHO SUHVHQWH \GH OD JHQHUDFLYQ GHYROFDQH\
H[WUDtGD GH %UHLWVSUHFKHU 7KRUNHOVRQ
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&DStWXOR

ODUFR 7HYULFR

(O WUDEDMR UHDOL]DGR HQ HO FRQWH[WR GH HVWH HVWXGLR SXHG|
XQD SULPHUD GHWUDEDMR FRQ VLVPRJUDPDV \ORFDOL]DFLYQ GH WHU

GHLQYHUVLYQ WRPRJUIiILFD (VWD VHFFLYQ H[SOLFDUi ODV EDVHV WHyY

IRFDOL]DFLYQ

/DORFDOL]DFLYQ GHWHUUHPRWRV HVY GHORYVY SUREOHPDYV SULQFLSEC
VLHQGR IXQGDPHQWDO XQD UHVROXFLYQ SUHFLVD GHO KLSRFHQWUR (
HVWXGLRVR WUDEDMRYV PiVFRPSOHMRY FRPR OD WRPRJUDItD VtVPLF

3DUD OD ORFDOL]DFLYQ GHO KLSRFHQWUR GH XQ WHUUHPRWR VH UH

ORQJIJLWXGBRIXQG LNGIBDGWLHPSR GH@WRW D BQRSDJIJDFLYQ GH OD HQHUJ
FD (VSHFtILFDPHQWH OD ORFDOL]DFLYQ GHVLVPRV ORFDOHV HV XQ S
DsSbuwLU GH ORV WLHPSRV GH OOHJDGD GH ODV IDVHV VtVPLFDV D VL
DOUHGHGRU GH OD IXHQWH GH OD HQHUJtD VtVPLFD $Vt OD ORFDOL]
JURVVR PRBBR GHVFULWD FRPR OD UHVROXFLYQ GH XQ SUREOHPD LQYF

UHJLVWURV GHVLVPYJUDIRVA\ XQPRGHORGH YHORFLGDG VHGHEHHQF
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HO KLSRFHQWUR 3DUD OD ORFDOL]DFLYQ VH QHFHVLWD LQIRUPDFLYQ GHO \
FDV (Q RFDVLRQHV VROR VH XVD OD LQIRUPDFLYQ GHWLHPSR GHDUULER GH
VX GHWHUPLQDFLYQ VLQ HPEDUJR HO XVR GH OD IDVH 6 PHMRUD FRQVLGHU
ORFDOL]DFLYQ HVSHFLDOPHQWH OD GHWHUPLQDFLYQ GHOD SURIXQGLGDG
HQFXHQWUD IXHUD GH OD UHG GH HVWDFLRQHV OD SUHFLVLYQ GH OD ORFDC
QHJDWLYD (Q HVWH WUDEDMR VH XWLOL]y LQIRUPDFLYQ GH ODV RQGDV SUL

]DFLYQ GH ORV WHUUHPRWRYV XVDGRV HQ OD WRPRJUDItD

(VSRVLEOH UHDOL]DU OD ORFDOL]DFLYQ GHWHUUHPRWRY FRQ GLVWLQWR
GLVSRQLELOLGDGHY GHHVWDFLRQHY VLHQGR SRVLEOH ORFDOL]DU FRQ VR

HVWDFLRQHV

/IRFDOL]DFLYQ FRQ XQD HVWDFLYQ

/D ORFDOL]DFLYQ XVXDOPHQWHHYV FDOFXODGD FRQP~-OWLSOHVY HVYWDFLR
FRQWUDUODORFDOL]DFLYQ GHOKLSRFHQWURDWUDYpVGHVRORXQDHVWDEF
'DGR TXHHO YHFWRU GHPRYLPLHQWR GH OD RQGD 3 HVWi SRODUL]DGR HQ H
FLyQ HVWH SXHGH VHU GHVFRPSXHVWR HQ XQD FRPSRQHQWH GHPRYLPLHQ\
SHUPLWH HO FIiOFXOR GHEDPN P XWKOMKW HOLRRIJILFHQWUR VLHQGR HVWH HO iC
ODHVWDFLYQ KDFLHHOHSLFHQWUR PHGLGRHQ VHQWLGR KRUDULRFRQ UHYV
GHWUHV FRPSRQHQWHV HV SRVLEOH REWHQHU OD FRPSRQHQWH UDGLDO Gt
ODV OOHJDGDVY GHOD IDVHHQ DPEDVY FRPSRQHQWHY KRUL]JRQWDOHYV 1 6\ (
SXHGH VHU FDOFXODGR D WUDYpVY GHO DUFRWDQJHWH GH OD UD]yQ HQWUH H

Ag

az = arctan —
An

&DEH GHVWDFDU TXH OD HFXDFLYQ SXHGH WHQHU BERVDUROX FAIR@MY VHSEL
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M
s
| BAZ = AZ|

To Epicenter

BAZ = AZ| + 180°

up S
ZZL | A
owni AZ| = arctan —£&
| An
1
Y)LIXUD Y)LIXUD HVTXHPiIiWLFD GHO FIOFXOR GHO D]JLPXW KDFLD OD I.

WUHV FRPSRQHQWHV ([WUDtGD GH ,QIRUPDWLRQ 6KHHW ,6 6HLVPLF

TXH OD OOHJDGD GH OD SULPHUD IDVH SXHGH WHQHU XQD SRODULGD
HQ VX FRPSRQHQWH YHUWLFDO 6ROR VL OD SRODULGDG GH OD SULPF
SDUWtFXODV KRULJRQWDOHV DVRFLDGRV PRVWUDUIQ XQ PRYLPLHQWR
AZI =BAZ SRUHO FRQWUDULR VL OD SROIBAZ GBI HV[padV N IF X P IS DX H

SDUD XQD H[SOLFDFLYQ HVTXHPiWLFD

7HQLPQGRVH OD GLUHFFLYQ KDFLD HO HSLFHQWUR EDVWDUtD HQFR
FDOL]DU HO WHUUHPRWR (VWD VH SXHGH G H IV HHOPA QD O B WWUIDHR &/ RG/H(
OOHJDGD GHODV RQGDV3\6\0DV YHORFLGDGHY GHODV RQGDV (VWR
VLGHUD TXH DPEDV WLHQHQ XQW% YXWO R E H®D\AL FR @ W\M RUWHLQY HQ XQ WL

HQWRQFHV ODV OOHJDGDV GH ODV RQtg Oy RHFXUHRAW LY B RHIRVHN ERP RRS\
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YHUVHHQ ODV HFXDFLRQHYV

tS:tO+V
(OLPLOQID REBRVLEOHI HVGHMIRWGR D OD HFXDFLYQ

Vs

V
D=(ts to)y—,
p S

8QD YH] FDOFXODGRV HO D]JLPXW \OD GLVWDQFLD HVY SRVLEOH FRQRFHU HO |
PHQWH HVWR HV XQD EXHQD DSUR[LPDFLYQ VRORHQHO FDVR GH ORFDOL]D!
TXHHOHUURUDQJXODUHQHOFIiOFXORGHO DJLPXW VH YHDPSOLILFDGR D PH
3DUD FIiOFXORV PiV SUHFLVRV \YiOLGRVY HQ iUHDV PiV HIWHQVDYVY HV QHFHYV

HVWDFLRQHV

/IRFDOL]DFLYQ FRQ XQD UHG GH HVWDFLRQHYV

&XDQGR VHFXHQWD FRQ XQD UHG GHWUHV RPiIiVHVWDFLRQHY HV SRVLEO
JHQ HQOFRQWUDQGR WRGRVY ORVY SDUIPHWURYVY GHO KLSRFHQWUR ODWLWXG
RULIJHQ (VWHFIOFXORSXHGHKDFHUVHPDQXDOPHQWHFRQ XQPpPpWRGRGH LC
FLDV\FXHUGDVRELHQ SXHGHKDFHUVHFRQDOJRULWPRV FRPSXWDFLRQDO
FRPRHO PpWRGR GH ORFDOL]DFLYQ GH *HLJHU *HLJHU / HQ HO TXH HV
+<32 3& /HH 9DOGpV VRIWZDUH XWLOLIDGRHQ HVWHHVWXGLR (VWH I
GHO PpWRGR GH *DXVV 1HZWRQ HO FXDO HV XQ PpWRGR LWHUDWLYR SDUD C
YHUVRV QR OLQHDOHV D WUDYpV GHPtQLPRVY FXDGUDGRYV

$ SHVDU GH TXH HVWH PpWRGR HV PiV SUHFLVR TXH HO PHQFLRQDGR HQ O

WDPELpQ YDULDUi DXQTXHHVWD YH] QR GHSHQGHUi GHOD GLVWDQFLD DO H



12&$/,=%$&,11

FRPRODFDOLGDG GHORV SLFDGRVGHODVIDVHV FXDQFHUFDQR VHD I

XWLOL]DGR\OD GLVWULEXFLYQ GHODV HVWDFLRQHV HQ ODUHG XWLO

3DUD OD GHWHUPLQDFLYQ GHO KLSRFHQWUR HV QHFHVDULR HQFRC
QHQ OD ORQ DIDVKGSXUR I X QB MGG PSR G HoR UG H PO Q H WKR; : X; k)
GRQ&HY HO KLSRFHQWUR 3DUD HVYWR HV QHFHVDULR FRQWDU FRQ OR\
D ODV HVYWDFLRQHV FRQ ORV TXH VH SXHGH UHVROYHU XQ SUREOHPD
(VWRV WLHPSRV GHSHQGHUIQ GH O Dp&RW;zF L y@HEHKQ B RIVMDEURQ GH Ol
WUXFWXUD GH(WHQRWRMDWLHPSRY GH DUULER GH XQD RQGD D OD L pV|
SXHGHQ VHU GHILRQLERV(KRBRz) (Q DGLFLYQ VH SXHGH FDOFXODU XQ
OOHJDGD WHYULFR GDGD OD SRVLFLYQ GH OD HVWDFLYQ \XQ KLSRFHQ\
ODL pVLPD HVWDFLYQ SXH G HTY;HUTK[;SiUzH WB R G REMBHY HO WLHPSR GH
YLDMH GH XQD RQGD FRPR IXQFLYQ GH ORV SDUIPHWURY GHO KLSRFHQ

HO PRGHOR GH YHORFLGDG XWLOL]DGR

(VWD HFXDFLYQ WLHQH FXDWUR LQFYJQLWDV SRU OR TXH VH UHTXI
QHVY GH WLHPSRV GH OOHJDGD GH DO PHQRY WUHV HVYWDFLRQHV GLVW
FRQ PiVHVWDFLRQHV \ REVHU YD RER/GHW DFL R MM RMFHWHQBUtD XQ VL
HFXDFLRQHV FRPR OD TXH GHILQH HO Wj HPG R XSIUM & H BKIR XGG! \DLO/WIID S
GHWHUPLQDGR FX\D VROXFLYQ SXHGH HQFRQWURU VK PIQQYBH]ORGR H

WLHPSRV REVHUYDGRV \SUHGLFKRYV

/D QR OLQHDIQ IK®FE GMH QR VHD SRVLEOH UHVROYHU HVWH VLVWHP

FRVA\TXHVHGHED DSOLFDU PpWRGRY GHOLQHDUL]DFLYQ SDUD UHVRC
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(VWR SXHGH ORJUDUVH SDUWLHQGR FROXFALH YRBAXKIH QD YRFELDOFAYQ UHD O H\
VXILFLHQWHPHQWH FHUFDQD FRPR SDUD TXH ORV UHVLGXRV GH HVWD SULPH
IXQFLRQHV OLQHDOHY GH ODV FRUUHFFLRQHV TXH GHEDQ HIHFWXDUVH SDUI
QXOR HO UHVLGXR 6L VH GHILQH HXWBV ERUUMNBBLRRAXHRPR DV VRQ
SHTXHXxDV VH SXHGH DSUR[H®DWDHOVWDALGRYR. pVLPD FRQ XQD H[SDQVLYQ G
XVDQGR VROR HO SULPHU WpUPLQR FRPRLQGLFD OD HFXDFLyQ

—@Tx+@T +@T
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"=ax " ey’ ez

(VWD HFXDFLYy @ FPWHWUOD¥VLRQHY SXHGH VHU HVFULWD HQ IRUPD PDWULFLDC

'RQGHHY OD PDWUL] FRQ ODVGHWHWOOPODYDUFERQKWMY FRUUHFFLRQHV D HQ
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<DVt HVWD VROXFLYQ SXHGH VHU XWLOL]DGD FRPR SXQWR GH SDUWLGD SDU

SRUHMHPSOR VHSXHGH SDUWLU FRQ XQD ORFDOL]DFLYQ FHUFDQD D OD HVWDFLYQ TXHUHJL
WLHPSRttRPR
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UDFLYQ 6H SXHGH FRQWLQXDU XQ Q~PHUR SUHGHWHUPLQDGR GH LWt
GH UHVLGXRV :DFHSWDEOH” GHILQLGR FRQ DQWHULRULGDG KDVWD T

GHVSUHFLDEOHV HQWUH LWHUDFLRQHYV

7HRUtD WRPRJUIILFD

/TRPRJUDItD

/IDVRQGDV VtVPLFDV DO YLDMDU SRU XQ PHGLR VH YHQ DIHFWDGDV S
YDQGR  FRQVLIJR LQIRUPDFLYQ GHO PHGLR SRUHO FXDO VH SURSDJDGC
WRPRJUDItD VtVPLFD SRVLELOLWD HOHVWXGLR GHHVWDV SURSLHGDG
GLR TXH ODV SURGXFHQ PX\VLPLODUPHQWH D OD WRPRJUDItD UDGLR
LQWHUQDY GHO FXHUSR KXPDQR D WUDYpV GH XQ SURFHGLPLHQWR DQi
HO FDVRFEHDREY7 6FDR XOWUDVRQLGR HQ HO FDVR GH HFRWRPRJUD ItI
SRVLEOH GLOXFLGDU OD HVWUXFWXUD '"GHOD 7LHUUD LQILULHQGR\
GH GLFKDV HVWUXFWXUDYV

IRV SULPHURVY HVWXGLRVY VH UHDOL]DURQ HQ OD GpFDGD GH ORV F
HOQWUH RWURYV VHQWDQGR ODV EDVHV SDUD XQ PPpWRGR GH SURVSHFF
HQ ODDFWXDOLGDG SRUOD YHUVDWLOLGDG GHVXV DSOLFDFLRQHV \|
GD SDUD HVWXGLDU ODVY SURSLHGDGHY GHO PHGLR LQILULHQGR ODV )

HO IDFWRUGHFDOLGDG 4GHO PLVPR PHGLGD GHOD DWHQXDFLYQ GH

(O SUREOHPD GH OD WRPRJUDItD FRQVLVWH HQ LQIHULU LQIRUPDFL
OD LQIRUPDFLYQ VLVPROYJLFD UHFDEDGD SRU VLVPYyJUDIRV (VWRLPS
UHODGELY®HQWUH ORV GDVRX YDWAMWRXFWRUD VtVPLFD

IRV GDWRV VtVPLFRV XWLOL]DGRV SRUHVWD PHWRGHRORVY{IDYVYRY CFD/ W
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GRVSRUODGLIHUHQFLD HQWUH HO,WG&H P®F GHVHIYH GHOGMHRI BUQDER SRU HO SL
GHHVWDVHQORV VLVPRJUDPDV § HHHOW MWFNPR GEHHRRROQHQ D T XH

$VXYH] HOWLHPSRGHYLDMHGHSHQGH G GHO FDPLQR SRUHO TXHVH SURSTC
XQDRQGD GHFXHUSRGHDOWD IUHFXHQFLD GHPDQHUD TXHQR VHYHD DIHF\
TXHVXORQJLWXG GHRQGD VHD PHQRU TXHHO WDPDXR GHODV KHWHURJHQH
GH YLDMH 3G HI®NRYHU H[SUHVDGR HQ WpUPLQRVY GH OD OHQWLWXG \ HO FD

FRPR
Z

v =

ds
)

GRQEBHY XQ GLIHUHQFLDO GH@HDPPML AR EBIPSIRDGRIYHORFLGDG GHO PHGLR
/IDHFXDFLYQ PXHVWUD HO FIOFXOR GHO WLHPSR GH YLDMHHQ XQ PHGLR
PoWRGRV FRPSXWDFLRQDOHY QR SHUPLWHQ OD VROXFLYQ GH SUREOHPDYV F

GLVFUHWL]DU HO FDPLQR GHO UD\R HQ FHOGDV FRQ YHORFLGDG FRQVWDQW

1\2 3 4 5 6 7/8

9 10 11 etc.
G B4
17

\\ "

25

J)LIXUD B3DUDHO FIOFXOR GH OD WRPRJUDItD HO YROXPHQ FRQ HO TXH VH
HQ EORTXHV GH YHORFLGDG XQLIRUPH GLVFUHWL]DQGR HO FDPLQR GHO U
UHFHSWRUHQ GLVWLQWDV FHOGDV SRUODV T TXHDWUDYLHVD FRQ GLVWLQW
6KHDUHU 3

SULPHUD LQVWDQFLD HVYWDV FHOGDVY UHSUHVHQWDQ XQ PRGHOR GH YHORF
GH FDSDV KRUL]JRQWDOHV D SDUWLU GHO FXDO VH SXHGH FRQFXODU UHVLG

ORV WLHPSRV SUHREQ HWRWH PRGHOR GH PDQHUD TXH

res = v p



7(25E$ 7202*5E),&$

6L HO UD\R DWUDYHVyYy XQ UHJLYQ FRQ XQD YHORFLGDG UHDO PD\RU D
WLHPSR GH YLDMH REVHUVDGR VHUi PHQRU TXHHO WLHPSR SUHGLFKR
QHIJDWLYR SRUHO FRQWUDULR VLDWUDYHVY XQD ]J]RQD FRQ XQD YHOR

GHOR HO UHVLGXR VHUiIi SRVLWLYR

(VSRVLEOH HQFRQWUDU XQ PRGHOR GH YHORFLGDG SDUD FDGD FH
FDGD UD\R 3DUD HVYWR HV QHFHVDULR HVWDEOHFHU OD JHRPHWUtD G
GHGLIHUHQWHV PDQHUDV VLHQDRVWKRRINKPDDGIVHOXHVWUHD GLI
iQIXORV GH GHVSHJXH KDVWD FRQYHUJHU H®QDO E X@BROQBQ VX BB XQHF
UD\RHVY OLJHUDPHQWH GHIRUPDGR KDVWD TXH VHFRQYHUJH DO UHFH
JHRPHWUtD GHO UD\R\ SRU FXiOHVY GH ODV FHOGDV SDVD HVWH FRPR |
HOWLHPSRGHYLDMHGHO UD\R (O UHV LIIGXRWHLW IGHPS B G HWHIDHMAL 1D F
VXPD GHO SURGXFWR GHO WLHPSR GH YLDMH HQ FDGD FHOGD SRU OD S

HQWUHHO PRGHOR LQLFLDO\HO PHGLR $Vt OD HFXDFLyQ SXHGH VI

res = b v

GRQKHY HO WLHPSR GH YLDMH HQ 8D 8 pSHRPWRHEDBPLYQ SRUFHQWXDO

HVWD HV DGLPHQVLRQDO \HV FRQVWDQWH SDUD FDGD FHOGD $GHPiV

FLGDG DIHFWDQ GLUHFWDPHQWH HO FDPLQR GHO UD\R HVWD UHSUHV

YDORUHV SHTVXHXRY GRR TXH FRQWDU FRQ XQ PRGHOR 'SHUWLQHQWH |

6LVHILMD FRPR HO YDORUGHO WLHPSRGHYLDMHHQ ODVFHOGDV QI

SXHGH VHU JHQHUDOL]DGD GHILQLHQGR HO UHVLGXR SDUD HO L pV
X0

res; — b v
i=1
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VLH@GRO WRWDO GHFHOGDV by MHEVMH SBYVWBBVU WRIEDY ODM FIRPELQDFLRQHYV C
SRUTXHFDGD UD\R FUX]D SRFRV EORTXHVY GHO YROXPHQ GH OD WRPRJUDItD

SDUWD\RV SXHGH VHU HVFULWD GH OD VLIJXLHQWH PDQHUD

0 1 O 10 1
r 0 0 0 010 0 2
ro 0O 031 014 O o ::: Vo
rs¢ = RBO013 Gg21 O 0 0 V3

Mn 0 0 0 0 018 ::: Vi
I—{Zl—} | {z }I—{ZI}

GRQGHORV Q~PHURV UHSUHVHQWDQ WLHPSRV SDUD FUX]DU XQ EORTXH SDU
(VWD SXHGH VHU JHQHUDOL]DGD FRPR

*P= G

FX\D VROXFLYQ SRU PtQLPR¥ PXPGUDGRYGMPEDUJR GDGR TXH HQ ORV SUR
EOHPDV GH WRPRJUDItD OD PD\RUtD GH ORV UD\RV VRQ VLPLODUHV \ OD PD\F
FUX]DGRV SRU DOV QDHWRQHUDO GHILFLIHQOMMH\GHUBQD Y RQ GH

PDVLDGR JUDQGHVY ORV PpWRGRV XVXDOHV GHUHVROXFLYQ FRPR HO 69' QF

DSOLFDU XQ PpPWRGR GHUHJXODUL]DFLYQ XVXDOPHQWHPtQLPRY FXDGUDGH

/IDLPSOHPHQWDFLYQ GHORV PtQLPRV FXDGUDGRVDPRUWLJXDGRV UHTXLH

SRU 23 2 3
§%-§2r
GRQGHV XQ SDUIPHWUR TXH GHWHUPLQD HO, & VYIOP®WDR R UG/H Q YWILRSLHDW R

P\GVRQ ORVWLHPSRVYVGHYLDMH HO PRGHOR\ORV GDWRV UHVSHFWLYDPHQ
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/IDVROXFLYQ DHVWH SUREOHPD YLHQH GH OD PLQLPL]DFLYQ GH

i*P g%+ Z%jPj?

GRQGH HO SULPHU WpUPLQR VRQ ORV UHVLGXRV \HO VHIXQGR HVWi D
$MXVWDQGR HOVHDSXRHGEH RGLILFDU HO SHVR TXH VH OH GD D ORV UH)
GHO PRGHOR &DEH GHVWDFDU TXH HVWD UHJXODUL]DFLYQ PLQLPL]D
YDULDFLRQHVY HQWUH EORTXHV DG\DFHQWHYVY QR DVHJIJXUIQGRVH OD V
HVWR VHSXHGH VXDYL]DU 130 0D 88 FXIDDARWRHGGHHEH UHHPSOD,JDU HQ OD

SRU OD DSUR[LPDFLYQ SRU GLil B UHMRL®R HIOQLMWXY KMWH IXQFLRQDO D

i*P g%+ Zj/Pji?

(QHVWH FBRRWUROD OD FRPSHQVDFLYQ HQWUH ORV UHVLGXRV \OD V>

/IDYHQWDMD GH OD XWLOL]DFLYQ GH HVWRYVY PpWRGRV GH UHJXODUL
PiVHVWDEOHV \ VXDYHV VLQ HPEDUJR QR VH JDUDQWL]D TXH HVWH L
/IRVYDORUHVY GH OD YHORFLGDG HQ EORTXHV TXH QR VRQ FUX]DGRV SF
TXHHVWpQ HQ ORV ERUGHVY GHO PRGHOR VHUIQ LQWHUSRODGRV \ H[V
UHVXOWDGRYVY QR QHFHVDULDPHQWH FRUUHFWRV \ RFRQILDEOHYV (QUT L
UHVXOWDQWHY GH PHQRU RLIJXDO WDPDxR TXH ORV EORTXHV R HVWU]

QRVRQ ELHQUHVXHOWRY QL VH GHEH QHFHVDULDPHQWH FRQILDU HC

SHVROXFLYQ GHO PRGHOR

3DUD XQ DQiOLVLV IXQGDPHQWDGR GH ORV UHVXOWDGRYVY REWHQLGI

QHFHVDULR VDEHU OD FDOLGDG GHOUHVXOWDGR REWHQLGR (VWD FD
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HQ HO iUHD GH OD WRPRJUDItD SXGLHQGR KDEHU JRQDVY UHVXHOWDV GH PH
FDOLGDG GHOD VROXFLYQHVY OODPDGD UHVROXFLYQ \FRQRFHU FyPR VH FR|
FLDO SDUD VDFDU FRQFOXVLRQHV VREUH ORV UHVXOWDGRV VLQ FRUUHU HO

LQYHUVLYQ FRPRHVWUXFWXUDV UHDOHVY SUHVHQWHV HQ HO iUHD GH HVWXG

/D UHVROXFLYQ GH XQD WRPRJUDItD VtVPLFD SXHGH VHU YLVWD GHVGH GF
SXQWR GH YLVWD ItVLFR \ GHVGH XQR PDWHPiIWLFR )tVLFDPHQWH OD UHVF
WDPDxXxR GH ORV YRO~PHQHV TXH SXHGH UHVROYHU HO PRGHOR (VWH WDPD:
FLRQDGR FRQ OD IUHFXHQFLD GHOD RQGD TXH SDVD SRUHVWD JRQD

(VWH YROXPHQ TXH DIHFWD D O 9RO R HV/QGGH) RAHAMBBGER Q LPR WD P D xR
TXH SXHGH VHU UHVXHOWR SRUHO PLVPR .UDWVRY 2UORY GHILQHQ DO
OD FROHFFLyQ GHDSOHMWIRAH S D UBPR@ IUBIRK H@ALYDD GHVGH X QG3HX Q WR

6RXUKHD VWD XQ SXQMWRHIL YGHUF XPSOH TXH

i (FiS)+ (FR)  (RiS)<of =T

'RQGH;S) HY HO WLHPSR GH YLDMH GHO UD\R GHVGHFR) 6 (8$)LJXDO PDQHUD S
(VWR TXLHUH GHFLU TXH DTXHOORYV SXQWRV TXH QR FXPSOHQ FRQ HVWD FR
VLIJQLILFDWLYDPHQWHHQ YHFLQGDGHY GH5 VLHQGR:LQYLVLEOHV  SDUD H

(Q HO FDVR PiV VLPSOH GH XQ PHGLR KRPRJpQHR \ XQD RQGD DUPYQLFD F
HOLSVRLGH GH UHYROXFLYQ FX\R VHPLHMH PD\RU VH H{WLHQGH HQWUH 6\ 5
GLFXODU D OD WUD\HFWRULD GHO UD\R

IRV YRO~PHQHV GH )UHVQHO GHILQHQ WDPELPQ ODV JRQDV GH )UHVQHO (
OD WUD\HFWRULD GHO UD\R H@®»JBYARWR PUGHH® HD\RY XQD VHFFLYQ WUDQ\
SHUSHQGLFXI®DYROXPHQ GH )UHVQHO (VWDV ]RQDV VRQ HQ FRQVHFXHQFLD

GH XQD FHOGD TXH SXHGH UHVROYHU XQ UD\R
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/

A

YLIXUD (VITXHPD GHO YROXPHQ GHTXHVYQBRBGEK® IR GHQRWD XQ
DUELWUDULR GHO YROXPHQ /D FLUFXQIHUHQFLD GHVFULWD SRU OD L
SHQGLFXODUDHOOD TXH SDVD SRU2 (VWD GHVFULEH XQD]RQD GH )UH
6RDUHYV > @

(Q VHIXQGR OXJDU GHVGH XQ SXQWR GH YLVWD PDWHPi{WLFR OD UHV
FRQ OD FDOLGDG GH OD VROXFLYQ REWHQLGD HQ OD LQYHUVLYQ WRPR
ODUJR GHO iUHD GH OD WRPRJUDItD\ GHSHQGH SULQFLSDOPHQWH GH
LQWHUpV

'DGR TXH OD FREHUWXUD GHUD\RV D OR ODUJR GH OD WUDQVHFWD H
VRQ FXELHUWRV R®FUX]DGRV’  SRUOD PLVPD FDQWLGDG GH UD\RV QL O
HV VLPLODU 3RU HVYWR HO PRGHOR GH YHORFLGDG REWHQLGR GH OD
PDQHUD HQ OD WUDQVHFWD (Q JHQHUDO DTXHOODV JRQDV TXH VRQ
HVWRYV VH HQWUHFUX]DQ HQ VX WUD\HFWRULD VRQ UHVXHOWDV GH P

FDVRV SRVLEOHV GH FyPR VH SXHGHQ GLVWULEXLU ORV UD\RV HQ XQD

3DUDHVWLPDU ODFDOLGDG GHOD VROXFLYQ HI[LVWHQ YDULDGDV PH



&$3ET78/2 0$5&2 7(15,&2

A B C
)LIXUD 'LVWULEXFLRQHY GH UD\RV TXH FUX]DQ XQD FHOGD GHO PRGHOR
HV FUX]DGD SRUPXFKRV UD\RV\FRQ DOWR HQWUHFUX]DPLHQWR HQWUH HO(
FUX]DGD SRU PXFKRV UD\RV SHURVLQ HQWUHFUX]DPLHQWR VX UHVROXFLY
XQD FHOGD FUX]DGD SRUSRFRVUD\RVVLQHQWUHFUX]DPLHQWR VLHQGR UH

HIWUDt6BLG/HPLF 7TRPRJUDSK\/HFWXUH )DOO 6HPHYWHWUf?2biBWMHSKDQ +XVHQ
H;bXDmbbB2mX7 ' f #Qb+?BHfiQKQ;  T?vfiG2+im 29nkjRRkyRRXT/7

TXH FUX]DQ XQHLMHERGODW XPD FRQ SHVRV GHGHYWRWDGHB Y'HE IJKW VXP

TXHHV XQD PHGLGD GHO ODUJR GHO UD\R TXH SDVD SRU XQD FHOGD \ GH OD (
DQiOLVLVGHOD PDWUL]GH FRYDULDQ]D DQiOLVLVGHOD PDWUL]GHUHVROX
PLHOWR RHOXVRGHPRGHORV VLOQWpWLFRVY FRPRWHVWGHWDEOHUR GH D!

ORV WUHV ~-OWLPRV PpWRGRY SDUDHYDOXDU ODUHVROXFLYQ GHO PRGHOR

6XPD GH GHULYDGDV FRQ SHVR

/ID VXPD GH GHULYDGDV FRQ SHVR ":6 HV XQ HVYWLPDGR GHO ODUJR WRW
DFDGD HOHPHQWR GHO PRGHOR SURYH\HQGR XQD PHGLGD GH OD GHQVLGEL
YHFLQGDGHVGHXQQRGRGHYHORFLGDG 7RRPH\ )RXOJHU VLHQGR GH |
PiVDSURSLDGD GHOD FREHUWXUD GH UD\RVTXHHO FRQWHR GH UD\RV TXHTEL
PRGHOR 5HWIDOU VLQHPEDUJR DOLJXDOTXHHOFRQWHROD '":6 QRFRQWLH

DFHUFD GHOD GLUHFFLYQ QL GHO *HQWUHFUX]DPLHQWR”  GH ORV UD\RYV


http://hestia.lgs.jussieu.fr/~boschil/tomography/Lecture4_23112011.pdf
http://hestia.lgs.jussieu.fr/~boschil/tomography/Lecture4_23112011.pdf
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7RRPH\ )RXOJHU GHILQMpODP A SHWDI PHWUR GHFRIPERFLGDG

7 !
X X
DWS( ,)= N 'h(X) G

i Pi

'RQGIH WRQ HO tQGLFH GHO HYHQWR \ OD H!VWW FHIOy @ HMRV $WP @/R HIPGI D \
WHUSRODFLYQ OLQHDO \ GHSHQGK; GtV ¢ F®WPILRLR @ >GHW RRIGIRO UD\R G
HYHQWRD HVWINFHWQXQ IDFWRU GH QRUPDOL]DFLYQ EDVDGR HQ HO YRC
QRGR 1RGRV FUX]DGRV SRU SRFRV UD\RV FRQWDUIQ FRQ YDORUHV ED
HPEDUJR QR H[LVWH XQ LQWHUYDOR R YDORUHV GHILQLGRV TXH LQGI
TXHSURYHHLQIRUPDFLYQ FRPSDUDWLYD GHTXp VHFWRUHV HVWiQ PH|

3RURWUD SDUWH GDGR TXHHO YDORU GH OD VXPD GHSHQGH GH OD
WDPDxR GH OD JULOOD GLVSRVLFLYQ GHQRGRV HQWUH RWURV HVW
SDUD VHOHFFLRQDU XQD FRQILIJXUDFLYQ QRGDO TXH SURSRUFLRQH XC
GD QRGR 7RRPH\ )RXOJHU +XVHQ 6

6L ELHQ QR H[LVWH XQD UHODFLYQ GLUHFWD HQWUH OD ":6 \ OD IXQF
SHQGHQ IXHUWHPHQWH GH OD GLVWULEXFLYQ GHORV UD\RV XVDGRV S
VLUYHQ SDUD HVWLPDU OD UHVROXFLYQ GHO PRGHOR OLJDGD D HVWD
PXHVWUD TXHDPEDV WLHQHQ XQD UHODFLYQ LQYHUVD PLHQWUDYV PiV
OXFLYyQ PLHQWUDV  TXHHQHOFDVRGHODIXQFLYQ GHHVSDUFLPLHQW
HV OD UHVROXFLyYQ /D ILJXUD PXHVWUD OD GLVWULEXFLYQ GH ORYV
HO YDORU GH OD IXQFLYQ HQ HO SHUWL G5t REVSDYD AR REXHIORORYV O
PiVFXELHUWRY SRU UD\RV SUHVHQWDQ XQ PHQRU YDORU YDORU GH H\
PLWH FRPSDWLELOL]DU HO XVR GH DPEDV KHUUDPLHQWDYV SDUD MX]JI

WRPRJUDItD
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YLIXUD 5HODFLYyQ GHO YDORU GH OD IXQFLYQ GH HVSDYFLPLHQWR GHO
6SUHDG )XQFDNWUIRKYO SHUILO WRPRJUIILFR % %Y YHU ILJXUD SDUD UHIHUF

GHUD\RV GDGD SRUORV WHUUHPRWRY GHOD EDVHGH GDWRYV

)XQFLYQ GH HVSDUFLPLHQWR

/IDIXQFLYQ GHHVS® HALRQBOXWRLYyQ GHOD PDWUL]GHUHVROXFLYQ TXHRW
GHHVWLPDU OD UHVROXFLYQ GH XQ PRGHOR /D5P BYWLQ WG H.B B \HROOKHFV.JR G H C
GHODVROXFLYyQ GDGD SRUXQDLQYHUVD JHQHUDOL]DGD 6H GHEH FDOLILFD
DOPRGHOR UHDO DVXPLHQGR TXH QR KD\HUURUHV HQ ORV GDWRV

6L VH FRQVLGHUD XQ PRGHOR *UHDO’" TXH UHSOLFD SAYIHDFOVDPHQWH OR ¥
VHU PXOWLS®LVADBRWHRQG UtD XQD PDWU LGS HFRP\W FB\K HGHDYHHWV H HQ OD

HFXDFLYQ

*Prea = Geal

6LQ HPEDUJR D PHQRV PXEBFHOHIDQIRKRDO D OD GLPHQVLYQ GHO HVSDFLR GHC
n FDVRLGHDO GRQGH HO HVSDFLRH®X\OR GHDOP RGBIORAXFLYQ GHO SUREQO

YHUVR FRQWHQGUI XQ VHVJR (Q HVWH FDVR HVWD VROXFLYQ SXHGH REWH(
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JHQHUDOGHO G PDWUL] GH ¥DBLPHWAIFOWLSOLFD OD HRXDREWLHQIKRU
*y Geal = *y*PreaI = I:)y

GRQBHV OD VROXFLYQ SRULQYHUVD JHQHUDOL]DGD ,GHDOPHQWH OFE
OXFLYQ SRULQYHUVD JHQP,GDRQL]DGD= H\6W GG APEDUJR D PEH@RV TXH
OD VROXFLYQ WHQGUi XQ*VHNIRQWDIPPMULILAXiQWR VH DOHMDQ HVWDV
/D PDWUL] GH UBVR@HALQ® HQ FRQVHB X HQF LMDOFARE RH5 Poyy $V t

HQ HO FDVR Pi\B¥*P5*OHQ HVWH FDVR DTXHOORVY QRGRV GH OD WRPRJL

WHQGUIQ YDORUHV DVRFLD GRPVWHEHUEF CQRYRQ DY GHHYHUVD

&RPRIXHPHQFLRQDGR HV SRVLEOHHVWLPDU ODV ]RQDV PHMRU UH\
OD IXQFLYQ GH HVSDUFLPLHQWR H J 7RRPHW DRXOTKH FRPRSYWXQHUYV
QRPEUH ORLQGLFD SHUPLWH MX|BB D U&R XSG WHRIH@WE R QRGR KD
QRGRV DG\DFHQWHV D pOHQ ODJULOOD HYDOXDQGR ODV UD]JRQHV HQ
PDWUL] FRQ ORV HOHPHQWRY QR GLDJRQDOHYV

'DGR TXH LQFOXVR VL VH FRQWDUD FRQ GDWRV VLQ UXLGR QL HUUR
XQ PRGPQRIQ XQ SUREOHPD FRQ GHILFLHQ@EDD oW LLOOLQD R GRRQYEHL Q Y H
JHQHUDOL]DGD VLQR T TXHHQ FDPELR VH REWHQGERLD 8RBWRR X KHy Q 3+
HQ XQ SUREOHPD FRQ GHILFLHQFLD GH UDQJR OD PDWUL] GH UHVROX!
HVSDUFLPLHQWR HV LUUHYHUVLEOH /D PDWUL] GHUHVROXFLYQ FRQW
VPHDULQE®DD PDQHUD GH FXDQWLILFDUOR HV D WUDYpV GH OD IXQFLYQ

OLFKHOLQL OF(YLOO\ HQ OD HFXDFLYQ

" #

Xt .
Sj = ORj.ﬂjj 1 rlfk

— Djk
k= 111

&RPR SRUHMHPSOR OD SVHXGR LQYHUVD GH ORRUH 3HQURVH HQ HO FDVR GH XQD VI
YDORUHV VLQJXODUHYV
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'RQQGHj HV OD QRUPD GHOD M pVLPD ILOD Gff BN PDVHOIHFGHWHR/ R @ X E PYRQG H
ODM pVLMPR IKODD GLVWDQFLD HQWUH ORV QRGRV M\ N HQ NLOyPHWURYV
7RRPH\ )RXOJHU P X HASN B GX M@IBWIHRQQV D XQD FRUUHODFLYQ QHJDWL)
OD':6 DVt QRGRVFRQEXHQDFREHUWXUD GHUD\RVFRQWDUIQFRQXQDOWR"
GB DGHPiV GDGD OD IXHUWH GHSHQGHQFLD GHO YDORU GH OD IXQFLYQ FRQ
HVWXGLR QR H[LVWH XQ UDQJR GH YDORUHV SUHGHILQLGR SDUD HYDOXDU ¢
OR TXHHQ HVWH WUDEDMR VH GHILQLUi XQ UDQJR D SDUWLU GH ORV UHVXO'

DTXHOODV ]RQDV UHVXHOWDY GHPHMRU PDQHUD

7THVW GH WDEOHUR GHDMHGUH]

(O XVR GH GDWRYV VLQWpWLFRY SDUD HYDOXDU OD FDSDFLGDG GH OD LQY
GHWDOOHV HYWUXFWXUDOHV HQ OD ]JRQD GH HVWXGLR HV RWUD HVWUDWHJ|
PLQDFLYQ GH]RQDV FRQ EXHQD UHVROXFLYQ GHVGH ORV FRPLHQ]RV GH OD V
6SDNPDQ 1ROHW 5DZOLQVRQ .H@@WOW (VWBVAHNEDVD HQ H[DPLQDU
OD FDSDFLGDG GHUHFXSHUDU XQ PRGHOR VLQWpPWLFR GH YHORFLGDG D SDL
TXHVHFXHQWD SDUD OD WRPRJUDItD

(O QRPEUH GH WHVW GH W DFEKG{H MR G EIRIBMUHEGWIMDYW YLHQH GH OD PDQHUD HQ
OD TXH VH FRQVWUX\H HO PRGHOR VLQWpPWLFR TXH VH EXVFD UHFXSHUDU F
DOWHUQDGDV GH DOWDV \ EDMDV DQRPDOtDVY GH YHORFLGDG $ SHVDU GH VH
FUHDU PRGHORV VLQWpWLFRY RWURVY WLSRV GH HVWUXFWXUDV KDQ VLGR X
GHPRGHORV FRPR SLFRV GLVFUHWRYV JRQDV DOWHUQDQWHV FRQ GLVWLQW

EXVFDQ LPLWDU FDUDFWHUtVWLFDVY FRERFRGDY GHO WHUUHQR 5DZOLQVRQ

3bUD HMHFXWDU HVWH DQiOLVLY GH UHVROXFLYQ VHLQLFLD FRQ OD VRO
SDUWLU GH XQ PRGHOR GH YHORFLGDG FRQ HVWUXFWXUDVY DOWHUQDQWHYV

GH OD WRPRJUDItD SDUD HQFRQWUDU ORV WLHPSRV GH YLDMH GH GLFKRV U



7(25E$ 7202*5E),&$

VLOQWpWLFR (Q JHQHUDO SDUD HPXODU ORV HUURUHYVY GHO SLFDGR G
HVYWRV WLHPSRVY GH YLDMH 8QD YH] TXH VH WLHQH OD VROXFLYQ GH H
FXHQWHYV WLHPSRVY GH YLDMH VH SURFHGH D UHVROYHU HO SUREOHPI
SDUWLU GH GLFKRV WLHPSRVY SDUD LQWHQWDU UHFXSHUDU HO PRGHO
EOHPD GLUHFWR /DViUHDV GRQGH OD UHFXSHUDFLYQ GHHVWHPRGHC
SHUWXUEDGR LQLFLDO WHQGUIQ XQD PHMRU UHVROXFLYQ TXH DTXH(

PRGHOR VLQWpWLFR

Synthetic model Ray geometry Inversion result
7 /
‘\ IA
A 1
, -
N D ’I// = @
<
L A
’-/ i 7~
& -
[ ([
() (
@
JLIXUD (MHPSOR GH HVWLPDFLYQ GH OD UHVROXFLYQ GH XQD WRP

YHORFLGDG VLQWpWLFRY (Q OD ILOD VXSHULRU VH PXHVWUD XQ PRG
LQIHULRUVHPXHVWUD XQWHVWGHWDEOHUR GHDMHGUH] /D SULPHU]
OD VHIJXQGD OD JHRPHWUtD GH ORV UD\RV TXH FUX]DQ HO iUHD GH OD "
UHVXOWDGR GHOD LQYHUVLYQ )LIJXUD HIWUDtGD GH6KHDUHU 3

/D ILIXUD PXHVWUD XQ HMHPSOR GH GRV WLSRV GH WHVWYV GH UHVI
WLFRVY GH YHORFLGDG FRQ GLVWLQWDYV FRQILIJXUDFLRQHVY HQ ORV SD
VHSUHVHQWD VROR XQ EORTXHFRQ XQD SHUWXUEDFLYQ GH YHORFLGI
XQD FRQILIXUDFLYQ HQ WDEOHUR GHDMHGUH] GH SHUWXUEDFLRQHV
/ID~OWLPD FROXPQD PXHVWUD FRPR ORV PRGHORV LQLFLDOHV VRQ
JHRPHWUtD GH ORV UD\RV MXHJD XQ SDSHO FUXFLDO HQ OD FDOLGDG

JRQDVGRQGHHO UHVXOWDGR HVPIVRPHQRV VLPLODUDO LQLFLDO (O
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SHUWXUEDFLYQ HVHVSDUFLGD HQ XQ iUHD PD\RU D OD LQLFLDO \ FUHD DUWF
VXSHULRU GHO UHFXDGUR (O LQIHULRU HQ WDQWR PXHVWUD FRPR OD JHRF
FXSHUDU GH EXHQD PDQHUD ODV SHUWXUEDFLRQHY GH YHORFLGDG GHO PRC
VLQ HPEDUJR HQ OD SDUWH LQIHULRU GHUHFKD HO PRGHOR QR HV UHVXHOW

]JRQD LQGLFDQGR TXHHQHVWDiUHD HO PRGHOR QR HV FDSD]GH UHFXSHUDL

8QD GH ODV JUDQGHYVY YHQWDMDY GH HVWH DQiOLVLY GH UHVROXFLYQ HV
FLYQHLPSOHPHQWDFLYQ UHODWLYDPHQWH VHQFLOOD \ GH EDMR FRVWR FR
DOJXQDV OLPLWDFLRQHY FRPR XQD GHSHQGHQFLD HQ ODV HVFDODV HOHJL
UR M@YXH PRVWUYy TXHQR QHFHVDULDPHQWH OD UHFXSHUDFLYQ GH GHW
TXHGHWDOOHVJUDQGHV WDPELpPQ SXHGHQ VHUUHFXSHUDGRV WDPELpPQ (V\
DFRPSDXDQGR D HVWHWHVWGHUHVROXFLYQFRQRWUDV PDQHUDV GHHYDO?

RFRQ WHVWY GHWDEOHUR GHDMHGUH]D GLVWLQWDV HVFDODYV

9HORFLGDG GH ODV RQGDV

6H KD FRPSDUDGR D OD WRPRJUDItD VtVPLFD FRQ OD WRPRJUDItD PpGLFD
DQDORJtD SRUORV PpWRGRV TXH VH XWLOL]DQ SDUD REWHQHUVH VLQ HPEL
DPEDV HV TXH OD WRPRJUDItD PpGLFD HQWUHJD XQD LPDJHQ PiV GHWDOOD
FXHUSR KXPDQR SXGLHQGR PiVGLUHFWDPHQWHLQWHUSUHWDUVH HO UHVX
JUDItD VtVPLFD GRQGH DSDUWH GH FRQWDU FRQ PHQRYV GDWRV TXH HQ HO ¥
FDPSR GH YHORFLGDGHY GHO LQWHULRU HQ HVWH FOR K GB RRDGBI @\ GH OD U
GLUHFWD GHHVWH (VWR GLILFXOWD OD LQWHUSUHWDFLYQ GH ORV UHVXOW

IRQGR OD UHODFLYQ HQWUH ODVY YHORFLGDGHVY GHODV RQGDV \ODV SURSLH
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9HORFLGDG GH RQGD 3

(QXQPHGLR FRQWLQXR ODV IXHU]DV VREUH XQ HOHPHQWR LQILQLW

@u

ot - @i th
GRQGHY OD GHQWH\GEHG GHVSOD]BRLH®DWRAHWMQO WpUPLQR GH ODV IXH
GH FXHUSR &DGD XQR GH HVWRV WpUPLQRV HV XQD IXQFLYQ GH OD SR\
EDMDV IUHAXNQXFLIDFWRU LPSRUWDQWH VLQ HPEDUJR SDUD RQGDV G|
GHVSUHFLDEOH REWHQLPQGRVH OD HFXDFLYQ TXHJRELHUQD OD SUR

FDPSROHMDQR GH OD IRUPD

Gu _ g,
@ =@

(Q XQPHGLR KRPRIJpQHR LVRWUYSLFR\HOiIVWLFR HOHVWUpPV\OD GHI

SRU

i = 0 ok T2

GRQGH VRQ ORV SDUIPHWURWGEHMDWHQVRU GHIRUPDFLYQ 5HHPSOD]I

\RUGHQDQGR ORVH\REW LB R M

h i
X=r (r X+r FX+H(r X7 +( +2 ) X rr X

6L VH FRQVLGHUD TXH HO PHGLR HV KRPRJpQHR ORV GRV SULPHURYV \
SDUIPHWURY GH /IDPp VRQ QXORV SRU OR TXH HVWD HFXDFLYyQ VH SX|

HFXDFLYQ GH PRPHQWR SDUD XQPHGLR KRPRJpQHR

X=( +2 )rr X rr X

YHUDQH[RVY SDUD ODIRUPXODFLYQ FRPSOHWD
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(VWD HFXDFLYyQ SXHGH VHU VHSDUDGD SDUD REWHQHU VROXFLRQHYV SDUD C
GLYHUJHQFLD\HO URWRU UHVSHFWLYDPHQWH GH ODHFXDFLYQ $O FDO

SXHGH UHVROYHU ODHFXDFLYQ GHRQGD SDUD REGVHEHERAD YHORFLGDG GH

+2

$QiORJDPHQWH SDUD ODRQGD 6 VHREWLHQH

TDQWRRPRGHSHQGHQ GH OD GHQVLGDG \ GH ORV SDUIPHWURYV GH /DPp 8VX
YDULDEOHYV DXPHQWDQ FRQ OD SURIXQGLGDG SHUR ORV SDUIPHWURYV DXPH
GHQVLGDG GHPDQHUD TXHDPEDV YHORFLGDGHV VXHOHQ HQ FRQVHFXHQF

GDG DPHQRV TXHH[LVWDQ DQRPDOtDVHQ HOLQWHULRU GH OD 7LHUUD

1R H[LVWH XQD FRUUHVSRQGHQFLD GLUHFWD HQWUH YHORFLGDGHV \ WLSF
WDV FRPSRVLFLRQHV SXHGHQ SUHVHQWDU XQD FRPELQDFLYQ GH GHQVLGDGC
TXH OD YHORFLGDG VHD OD PLVPD (Q JHQHUDO DTXHOORV VXHORV PHQRV F
PHQRUHV YHORFLGDGHVY GH RQGDV 316 PLHQWUDV DTXHOORV PiV UHVLVWF
PiVUHVLVWHQFLD GH FRUWH WLHQGHQ D SUHVHQWDU PD\RUHV YHORFLGDG
GLUHFWDV GH OD OLWRORJtD D SDUWLU GH PHGLFLRQHY GH VX YHORFLGDG C
SRU OR TXH ORV UHVXOWDGRY GH HVYWXGLRV WRPRJUIILFRV GHEHQ VHU FRP
GHRQGD®6 \HO FIOFXORGHO PYGXOR GH3RLVVRQRDOJXQD FRQVWDQWH HO

OyJLFR GHOD ]RQD SDUD ODLQWHUSUHWDFLYQ FRUUHFWD GH ORV GDWRYV

/D FRUWH]D RFHIQLFD HV PiV GHOJDGD TXH OD FRUWH]D FRQWLQHQWDO \
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>NP@ GHDQFKR \HVWiHQ VX PD\RUtD FRPSXHVWD SRUURFDV UHODWL
(Q JHQHUDO HV MRYHQ FRQ XQD HGDG PHQRU D 0D (Q ODV FHUFDQ
PiVMRYHQ DO VHU SURYRFDGR SRUOD VXEGXFFLYQ GHOD 'RUVDO GH &
RFHIQLFD (Q WDQWR OD FRUWH]D FRQWLQHQWDO HV PXFKR PiV DQFK
\ SUHVHQWD XQD OLWRORJtD PiVYDULDGD VH SXHGH HQFRQWUDU YLL
WHQWHYV &RQWLHQH DGHPiV ORVPLQHUDOHV PIVDQWLJIXRV GHOD 7
PD\RUHV TXH OD FRUWH]D RFHIiQLFD 7D\ORU OF/HQQDQ IDYHORF
FRPSUHVLRQDOHV HV GH >NP V@ HQ OD FRUWH)D FRQLW QAWHJDWD O
TXH HQ OD RFHiIiQLFD VX YHORFLGDG HQ ODV SULPHUDV FDSDV WLHQG
VHGLPHQWRY SRFR FRQVROLGDGRV \ HO DJXD OOHJDQGRWDID@ORUHYV
PiVSURIXQGR GHQWUR GH OD FRUWH]D ODV YHORFLGDGHV DOFD(
>NP V@
(VWRVYDORUHVY SURPHGLR VLQHPEDUJR YDUtDQFRQVLGHUDEOHP|
SHUDWXUD \ FRPSRVLFLYQ GHODV SODFDV SRUOR TXH VXV YDORUHV"
UHQFLD \ODGLVFULPLQDFLYQ GHFRUWH]DV D SDUWLUGHPHGLFLRQH'

HV FRQILDEOH

SD]yd9d 9

(O SDUIPHWUR GIV/ID®PYyGXOR GHULJLGH]\UHSUHVHQWD OD UHVLVW
]JR FRUWDQWH @RHOWAQHWLIQLILFDGR ItVLFR (V SRVLEOH H[SUHVDU
VRORHQ WpPUPLQRV GH SDUIPHWURV TXH VtWHQJDQEXOGPIRBXGRVtVLF
PYyGXOR GH FRPSUHVLELOLGDG TXHUHSUHVHQWD FXiQWR VH RSRQH X

S

+
Wl
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\ SHUPDQHFH LQDOWHUDGR GDGR TXH HV IXQFLYQ GH SDUIPHWURV FRQ V|
SULQFLSLR 6LHQGR OD ~QLFD SURSLHGDG HOiVWLFD TXH FRQWUROD OD YH
PYGXORFRUWBR®RTXH ORVIOXLGRY SRUGHILQLFLYQ QRWLHQHQ UHVLVWHGC
HV QXOR SDUD JDVHV \ OtTXLGRV \OD RQGD 6 QR SXHGH SURSDJDUVH SRU }
XQ PHGLR VYOLGR SHUR FRQ FRQWHQLGR IOXLGR YHUi UHGXFLGD VX ULJLGH
RQGD GHFRUWH WDPELPQ VHUi PHQRUHQ FRPSDUDFLYQ FRQHO PLVPR PHGLF

6LVHVXVWUDHQ ODV HFXDFLRQHV \ VH SXHGH REWHQHU TXH

wl b

3RU GHILQLFLYQ HO PYGXOR GH FRPSUHVLELOLGDG HV SRVLWLYR HQ HO FL

FRQILQH D XQPHGLR FDXVDUtD XQ DXPHQWR HQ VX YROXPHQ ORTXHHV LPS

g —
->0\SRU OR WD(%WRVWR WLHQH FRPR FRQVHFXHQFLD GLUHFWD TXH VLHPSU

Vi
Vs

wl N

6LQ HPEDUJR FRPRVH YHUi PiVDGHODQWH YDORZH\EGKLHUMD TXH Q PHQRL
HO PDWHULDO WHQJD XQ FRHILFLHQWH GH 3RLVVRQ QHJDWLYR \HQ FRQVHF
QR VXHOH VXFHGHU

2WUR SDUIPHWUR LPSRUWDQWH XVDGR SDUD GHVFULELUHO FRPSRUWDPL|
GH 3RLVWRXDOPHQWH UHSUHRVHQWDBHGRySROR UHSUHVHQWD OD UHODFLYQ H
FRPSRQHQWHY WUDQVYHUVDOHV \ D[LDOHV GH OD GHIRUPDFLYQ \VH GHILQH

XQD WHQVLYQ D OK,OFERPIR GHO BRRH[RYV SDUD XQD GHILQLFLYQ PiVGHWDOODC

2 _ 33
11 11

+RPYQLPR GHO PDWHPiIWLFR IUDQFpV GHO VLJOR ;,; 6LPpRQ '"HQLV 3RLVVRQ
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'ROQOGHHV HO HOHPHQWR GH OD GLDJRQDO GHO WHQVRU &H GHIRUPDFL:
(QWpUPLQRV GH ORV SDUIPHWUR GHG B RH WHBWHGXVORFRPR
T2(+)

/IRVYDORUHV GH HVWH PYGXOR VHPXHYHQ HQ XQ LQWHUYDOR FRPSUH

WUDFFLYQ ODWHUDO GHO PDWHULDO \ XQ Pi[LPR GH QR KD\ XQ FDPE

GXURV\UtJLGRY FRPRWHDAQUBQH®RU GH PLHQWUDYVY TXH PDWHULD ¢
WRVY SRFR FRQVROLGDGRV VX YDORUHV FHUFDQR D (QHO LQWHULI
PYyGXOR GH 3RLVVRQ RVFLOD HQWUH \ 8Q FXHUSR GRQGH DPERYV

LIXDOHVHVOODPDGR XQVYOLGR GH SRIAVWBQWHWHVKXQMIFEQ YDGBGRE &

GHVWDFDU TXH SDUD PDWHULDOHYV BRIHGRIWHWSQHARYVWH®RDORU GH

8VXDOPHQWH OD 7LHUUD HV DSUR[LPDGD D XQ VYOLGR GH 3RLVVR(
PDFLYQ HVSHFLDOPHQWH D JUDQGHYVY HVFDODV 6LQ HPEDUJR ORV GL
OD 7LHUUD SUHVHQWDQ SHTXHXxDV YDULDFLRQHV HQ HO PYGXOR GHEL
VLFLRQHV ULJLGHFHV\FRQWHQLGR GHIOXLGRV &RPR HWISHR¢HEOH F
XQ HIHFWR GLUHFWR VREUH ODV YHORFLGDGHY GH ODV RQGDV GH FXF

SUREDUVH TXH OD UD]yQ GHHOBXHGI® RFLGBGMHYWYV H H QGW pdJP LRARADG H

$vt HV SRVLEOH H{WUDHU LQIRUPDFLYQ VREUH ORV SDUiIPHWURV HOiV
FLGDGHV GH ODV RQGDV GH FXH&@RJWDX)LR—LUMP\HMRJLHPVVWEIDIWCD.YRV(
HY VROR SRVLEOHHQ PDWHULDOHV DQLVRWUYSLFRYV /DUD]yQ DXPHQ\

GH 3RLVVRQ /D ILJXUD PXHVWUD OP I FRQHQG @ BEXOR GH]$QRIOVVRQ
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UD]JyQHQWUHHO PYGXOR GH FRPSUHYQBDLRHERWDED\WMRD/ UQRIVBEBEIORUHY GH 9
DXPHQWDQ D PHGLGD TXHDXPHQWDQ ORV YDORUHV GH ORV RWURYV SDUIiPH!'
OLQHDO HQWUH DRED 9y/WBp |RHRMBWHFLDOPHQWH SDUD YDOPRUEMMMRY DOWRYV GH 9
SXHGHH[SOLFDUVH SRUTXHODRQGD 3HVFRPSUHVLRQDO\GHSHQGH GLUHF
FRPSUHVLYQ GHO PHGLR PLHQWUDV ODRQGD 6 HV GH FLIDOOH\GHSHQGH Gl
DO FRUWHGHO PHGLR SRUHO TXH VH SURSDJD WHQLHQGR DPEDV UD]JRQHV F
GRUHV\GHQRPLQDGRUHYV

(QIJHQHUDO OD YDULDFLYQ UHODWLYD GH FXDOTXLHU SDULQGHSHQGLHC

| )
1.5 20 25 3.0 35 40

Vo/ Vs

YLIXUD 5HODFLYQ HQ BUH®PYEX@R & H 3RQBWDPY BH PXHVWUD HQ

XQD OtQHD KRUL]JRQW DO F)XODYQIEIFRRIHB B HV GHFLU FXDQGR DPERV SDUiIPHWUR'
GH/DPp VRQ LIXDOHV 9DOH PHQFLRQDU TXH OD UHODFLYQ HQWUH OD UD]yQ
HQWUHHV FDVL OLQHDO HQ HVSHFLDO SD%D)Y DXORL H MIWDE®HIHGHD W K D P

VDUi FDPELRV D §BgUDIYYOQHPEDUJR SDUD HVWH D g MBLHALNDOH BIiIG-WH. O
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9DORUHV PiVDOWRY GH OD UD]yQ HQWUH ODV YHORFLGD GHNVX#VWiQ DV
VLIQLILFDQ PHQRU ULJLGH] HQ HO PHGLR PLHQWUDV TXH YDORUHYV Pi\
\UHVLVWHQWHYV DO FRUWH 6H SXHGH KDFHU XQ DQiOLVLV DQiORJR FR

(O PyGXOR GH 3RLVVRQ HQDGLFLYQ SXHGHRWRUJDULQIRUPDFLYQ
OLWROYJLFD GHO PHGLR VLHQGR SDUWLFXODUPHQWH VHQVLEOH DO F
GHORVPLQHUDOHV TXHFRQIRUPDQ ODNKHRATF. @D &8 GO YBORUHYV GRL
WUDV TXHHO FXDU]JR WLHQH XQ MIVCCR GH/WR SROEIWRRNXH XWLOL]DQ ¢
GH YHORFLGDGHV GH RQGDV 316 VHD SRVLEOH OD GLVWLQFLYQ HQW U
GH FXDU]JR \URFDV PilLFDV FRQ EDMR FRQWHQLGR GH FXDUJR OR TX
VROR FRQ YHORFLGDGHV GH RQGD 3

/D UDJWQ%s HV HVYSHFLDOPHQWH VHQVLEOH DO FRQWHQLGR GH IOXLG
PHGLR HVSHFLDOPHQWH VL HVWi VDWXUDGR SRU OtTXLGRV 7DWKDP
DJXD DOLJXDO TXHDTXHOORV SRFRFRQVROLGDGRV R GHEDMD ULJLG

DVRFLDGDV D EDMRR YDORUMHY GRPSDUDWLYPBR&G QW M EHDAMARR/ [5 H
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&DStWXOR

OHWRGRORJtD

(QHVWH SUHVHQWH FDStWXOR VH GHVFULELUIi GHWDOODGDPHQWH ¢
PPWRGRV XWLOL]DGRV\SDVR VHIXLGRVHQ HO WUDEDMR SDUD HO DQi
GDWRV\OD REWHQFLYQ GHORV UHVXOWDGRVILQDOHY SDUDDVtFRQ\

HVWXGLR

'HVFULSFLYQ GH OD EDVH GH GDWRYV

6HFXHQWD FRQ XQD EDVH GH GDWRV GH UHJLVWURV VLVPROYJLFRYV
KDVWD PDUJ]R GHO bxR VLIXLHQWH PHGLGRV SRUGRV UHGHV WHPS
SRUGRVHQWLGDGHV HIWUDQMHUDY HQ OD 3HQtQVXOD GH 7DLWDR \ VX

VLVPYJUDIRV GRFHGHORV FXDOHV FXHQWDQ FRQ PHGLFLRQHV FRQW

/D SULPHUD GH HOODY FRUUHVSRQGH D XQD UHG WHPSRUDO WHUUH
GH/LYHUSRRO FRPSXHVWD SRUQXHYH VLVPYJUDIRV GHWUHV FRPSRQ
HQ OD SHQtQVXOD GHVEGHQ@WRXY SDUWH PiV VHSWHQWULRQDOGBKDVWD FH

HQ VX SXQWR PiV PHULGLRQDO =RQDOPHQWH HVWRV FRPSUHQGHQ G
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OD SHQtQVXOD HGPOPRQILWXG RHVWH KBIVOORIMORWXG RHVWH HQ VX SDUWH P
RULHQWDO YHU WDEOD HVYWRYV UHDOL]DURQ XQ UHJLVWUR FRQWLQXR G}t

GHHO YHLQWLVLHWH GHIHEUHUR GHO DxR KDVWD HO YHLQWLXQR GH PDU

/DVHIXQGD FRUUHVSRQGH D XQD UHG GH VLVPYyJUDIRVY GHWULD[LDOHYV XEI
2%6 SRU VXV VLIJODAFHQ Q @FOBWRP 6 HBWRRIH@ISKLH QW H VDS BSD 6 7 (&
$JHQF\IRU ODULQH (DUWK 6FLHQ@RH BRIGVAMB SK®RRICRIDFR VLVPYJUDIRV VXEPD
GHEDQGD FRUWD GHVSOHJDGRY FRQ XQD JHRPHWUtD WDO TXH URGHDQ HO 3
YH] FXHQWDQ FRQ GDWRV DGTXLULGRYV GH PDQHUD LQLQWHUUXPSLGD HQW L

KDVWD HO YHLQWLXQR GH PDU]R GHO DxR

t 3BHUtRGR GH DGTXLVLFLYQ GHGDWRYV
1IRPEUH /DWLMQGLWX@®HYDFLYQ >PVQP@
(17
75*1
+$5&

&1 (0
75%1
6$15
)5$3
36/,

/$9%

&XDGUR /IRFDOL]DFLRQHV IJHRJUIiIILFDVGHODVHVWDFLRQHVGHODUHG VL
GHODB8QLYHUVLGDG GH/LYHUSRRO

f SBHUtRGR GHDGTXLVLFLYQ GHGDWRYV
1RPEUH /DWLMRALWX®HYDFLYQ >PVQP@

/&
/&
/&
/&
/&

&XDGUR /IRFDOL]DFLRQHV IJHRJUIiIILFDVGHODV HVWDFLRQHVGHODUHG VL
GHOD -%$067(& 'DGDVXFDOLGDGGHLQVWUXPHQWRVY GHIRQGR RFHIQLFR OD
QHIJDWLYR

/D I1LIXUD PXHVWUD XQ PDSD GH OD ]JRQD FRQ OD GLVWULEXFLYQ GH HVWDT



'(6&5,3&,11 (/% %$6('('$726

UHGHVY &DEHGHVWDFDUTXHKD\GRVHVWDFLRQHV GHODUHG EULWIQL

VtVPRJUIiIILFRV ODV HVWDFLRQHV /$9%\75*1

Red de estaciones.

T T T
-458 KENT
Y
TRGN
v
CLvEM H/gRC
-463
S/g\lR TRVAN
-478
LAVA
\4
-485 § — — —
-77% -763 -75% =743 -73% =723
W : Estacién con datos disponibles. W : Estacién sin datos disponibles.
)LIXUD (Q WULIQJXORV D]XOHV LQYHUWLGRV VH PXHVWUD OD ORFD

EDVUHGHV FRQ ORV TXH VH FXHQWD GDWRV UHJLVWUDGRYV FRQWLQXLEL
LQVWUXPHQWRYVY FRQ ORV TXH QR VH FXHQWD FRQ UHJLVWURYV /D DJUX
RFHIQR FRUUHVSRQGH D OD UHG -$067(& PLHQWUDYV TXH ORV RWURV L
UHG GHOD 8QLYHUVLGDG GH/LYHUSRRO

&RPRHV SRVLEOHREVHUYDUHQODILJXUD ODUHGWRWDOURGHDDO
GH 7UHV ORQWHY GHMDQGR DO FHQWUR GH HVWD DO /DJR B3UHVLGHQW
UHG FRUUHVSRQGHDSUR[LPDGDPHQWHDOLQLFLRGHOD9HQWDQD 3D\

R %UHLWVSUHFKHU\ 7KRUNHOVRQ 'DQGR XQD UHODWLYD EX

JRQD GHLQWHUpV
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7TUDWDPLHQWR SUHYLR GH GDWRV \ORFDOL]DFLY

3DUD UHDOL]DUODLQYHUVLYQ GHO PRGHOR GH YHORFLGDG 'SDUD OD 3H
XQ FRQMXQWR DPSOLR SUHIHULEOHPHQWH GH ORFDOL]JDFLRQHV GH HYHQ
HIHFWRV VH XWLOL]y ORV GDWRV GH ODV UHGHV GH OD 8QLYHUVLGDG GH /L®
HQWUH IHEUHUR GH \PDU]R GH WRWDOL]DQGR PiVGH XQ DxR GHDGTX
GHGDWRYV

(O SUHSURFHVDPLHQWR GH ORV GDWRV SUHYLR DO SLFDGR PDQXDO GH C
WUDEDMR GH 'LD] (OIOXMR GH WUDEDMR D VHJXLU SDUD OLGLDU FRQ
FRQVLVWLY HQ SULPHU OXJDU HQ ILOWUDU ODV VHXDOHV HQWUH \ +] SD

SULPHU SLFDGR DXWRPiIWLFR KDFLHQGR XVR GHO DOJRULWPR 67% /7% FRQ O

OD WDEOD
&XDGUR 3DUIPHWURYV XWLOL]DGRV SDUD SLFDGR GH IDVHV FRQ DOJF
3DUIPHWUR 9DORU
*DWLOOR 67% /7%
9HQWDQD 67$% >V@
9HQWDQD /7% >V @

7TLHPSR PtQLPR HQ" >VIGWLOORYV

'HHVWH SURFHVR VH REWXYR XQ WRWDO GH FDQGLGDWRV DHYHQWRY GFH
LQVSHFFLYQ YLVXDO SDUD VHOHFFLRQDU DTXHOORY FRQ SLFDGRV DXWRPiV

REWXYR XQ FRQMXQWR ILQDO GH  HYHQWRYV

(VWRV HYHQWRV IXHURQ SLFDGRVY PDQXDOPHQWH XVDQGR HO SURJUDPF
VLVPROYJLFBNIGBWRLF $QDO\VAHN GRBGALYHUVLGDG GH &DOLIRUQLD /D YHQWD
IDVHV FRQ HVWD KHUUDPLHQWD HV OD JHQHUDFLYQ GH DUFKLYRV +3) DUFKL
IRUPDFLYQ GHORV SLFNVUHDOL]DGRV\FX\RIRUPDWRHV FRPSDWLEOHFRQ |
VX SRVWHULRU ORFDOL]DFLYQ

3DUDHO SURFHVR GH SLFDGR PDQXDO GHIDVHV DO FRQWUDULR GHO SURF
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GDWRV RULJLQDOHV VLQ ILOWUDU /D FDOLGDG GH ORV SLFNV UHODF!

GHFDGD IDVH VHGLYLGLYHQ JUXSRV HQXPHUDGRV GHO DO GRQG

(URU >V@

= (UKRU >V@

= (UKRU >V@

= (UKRU >V@

= (UURU >V@

3DUDODVLQYHUVLRQHV D UHDOL]DUVH SRVWH SULFERQEFD B LGRGRIVH F
\' FRQHOILQGHQRLQWURGXFLU SRVLEOHY HUURUHV DO SURFHVR GH
XQ HMHPSOR GH SLFDGR GH ODV IDVHV3\6 HQ OD HVWDFLYQ &/(0 FRQ F
IDVH 3 VH FRQVLGHUYy OD FRPSRQHQWH YHUWLFDO = GH ORV UHJLVWL

IDVH6 VHFRQVLGHUy DPEDV FRPSRQHQWHY KRUL]JRQWDOHYV GH ORV Ul

CLEM BHE ]
MAR 17 (076), 2010

AN o N s
4

X 10+5

X 10+5
T

CLEM BHZ

O, b :514”%
m'l% N
S 2 EPDO  |ESDO ]
x 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | L L L L | L L L
0 50 100 150 200
JLIXUD (MHPSOR GH SLFNV FRQ FDOLGDG HQ OD HVWDFLYQ G

8QD YH] TXH OD UHYLVLYQ\SLFDGR PDQXDO GHO JUXSR GH FDQGL

FKLYRV +3) FRQLQIRUPDFLYQ GHOD FDOLGDG\HO WLHPSR GHDUULER |
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SURVLJIJXLY D ORFDOL]DU ORVHYHQWRYV XWLOL]JDQGR HO SURJUDPD +<32 3&
ORFDOL]DGRY SRUHO SURJUDPD\ HYHQWRV QR FRQYHUJLHURQ QR DUURM
HVWH WRWDO GH VLVPRV ORFDOL]DGRVIXHURQ VHOHFFLRQDGRV DTXHOO|
GRV\506 PHQRUHVD >V@ SDUD ODVLQYHUVLRQHV TXH SURVLJXHQ

/D 1LIXUD PXHVWUD ODV ORFDOL]DFLRQHV REWHQLGDV FRQ +<32 3& H(
HYHQWRY ORFDOL]DGRV\OXHJR DTXHOORV VHOHFFLRQDGRYV VHJ~Q VX *$3\

ULRUHV HVWRV IXHURQ UHORFDOL]DGRV YHU VHFFLYQ

-76% -743 -72%

Distancia hacia la fosa [km] Distancia hacia la fosa [km]
0 1T 0 O O
E o ?AMM SEREROED € 2 o Se
=0 B ol 16| oalas =0 g B 1 %1 alas
E L 3e- 9Lopq ® EL S 8 o ©
EZO ¥ ° ° e ° . Ezo ° 9
530 a L | gso a
-50 0 50 100 150 200 250 -50 0 50 100 150 200 250
JLIXUD 3ULPHUDY ORFDOL]DFLRQHVY REWHQLGDY FRQ HO SURJUDPD +<32

WDQFLD KDFLD ODIRVD DODDOWXUD GHO 37& /DILJXUD GHOD L]JTXLHUGD
REWHQLGDV HQ SULQFLSLR PLHQWUDV OD ILJXUD GHOD GHUHFKD PXHVWUD
WRV FX\R *$3\506 VRQ PHWQRUWVW@®DUHVSHFWLYDPHQWH /RVWULIQJXORV LQYH
PXHVWUDQ ODV XELFDFLRQHV GH ODV HVWDFLRQHV GHOD UHG

/IDV ORFDOL]DFLRQHY REWHQLGDVY HQ HVWD VHFFLYQ XWLOL]DQGR +<32 3&

WUDEDMRY GH ORFDOL]DFLYQ GH WHUUHPRWRNMWKEBKRWHQEMIMU]RQD FRPR C
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DO R$IXUWR HAMWIBO PiVUHFLHQWHPHQWH REVHUYIQGRVH SDWU
ODV GLVWULEXFLRQHYVY GH OD VLVPLFLGDG ORFDO 6LQ HPEDUJR HVWIF
2%6 SDUDOD ORFDOL]DFLYQ SRUORTXHORVUHVXOWDGRV DO RHVWH (

FRPSDUDEOHV FRQ ORVHVWXGLRVY PHQFLRQDGRVDQWHULRUPHQWH

=77 -76 -75" 74" -78° -72° -71°° 0 10 20 30 40
- s L @
= 7 [276 Events -4

Depth(km)
Depth(km)

304 . [ 1 P s

T T T T T T
77" 76" 75  -74’ 73’  —72° 71" 02 4 6 810121416
Depth (km)

)LIXUD /IRFDOL]DFLRQHY GH HYHQWRYV VtVPLFRV TXH RFXUULHURQ
$IJXUWR 'HW]H® /D ILIJXUD GH OD L]JTXLHUGD PXHVWUD OD GLVWULEXF
ORUHDGD FRQ OD SURIXQGLGDG PLHQWUDYV OD ILIXUD GHUHFKD PXH"
PDJQLWXG GH ORV HYHQWRYV /RV VLVPR®XWMEPIGHRY IF B D 0 XS DARNH DDQN
LGHQWLILFDQ (O FOXVWHU$FRUUHVSRQGHDDFWLYLGDG GHO YROFI
VD % HVWi DVRFLDGR D DFWLYLGDG PLQHUD GH OD 0OLQD &HUUR %D\R
DFWLYLGDG GHO 37& FLODQMWWHBMAT X MRRFLDGRY D JODFLDUHV XELFDG
,PDJHQ H[WUDtGD GH $#/ XDWR 'HW]HO

$IXUWR HWIH@® LGHQWLILFY XQ WRWDO GH VLVPRV HOLJLpQGR'
HYHQWRYV FX\DV HOLSVHVY GHHUURU WLHQHQ VHPL HMHV PHQRUHV D
RFXUUHQ SUL QF LIEDXOWHIWVHL B QU D PLHOQWUDY TXHDTXHOORV TXH
GRV FRQ RWURV WLHQGHQ D HVWDU UHODFLRQDGRY FRQ DFWLYLGDG
GLVWULEXFLRQHYVY VRQ WDPELpQ REVHUYDEOHV HQ ORV UHVXOWDGRYV

EUHWRGRDTXHOORV WHUUHPRWRYV DVRFLDGRV DO YROFIQ +XGVRQ §$
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') &RQ UHVSHFWR D ODV SURIXQGLGDGHY HVWDV WDPELpQ VRQ FRQVLVYV
ORV HVWXGLRV PHQFLRQDGRV JHQHUIQGRVH OD PD\RUtD GH ORV WHUUHPR\
DPHQRV GH >NP@ YHU ILIXUDV \ \ QXQFD VXSHUDQGR ORV NP GH S
WLHQGHQ D DXPHQWDU VX SURIXQGLGDG KDFLD HO HVYWH D PHGLGD TXH OR
]JRQD GH FRQYHUJHQFLD H[FHSWR SRU VLVPRV TXHRFXUUHQ HQ OD YHFLQGT
HQWUH ORP@ \ QRYNP@ GH SURIXQG HMDEBO * DO HHRV DIVQ SURFHVR

PXHVWUDQ OD H[LVWHQFLD GHWUHPRUHV QR YROFiQR:FRV (VMDY 3I7R. FRQ WL
FDOL]DFLRQHV VRQ HVWLPDFLRQHV LQLFLDOHV ODV FXDOHV VHUIiQ PHMRUD

TXHFRQVLGHUDQ PRGHORV GH YHORFLGDG PiVDSURSLDGRYV

OHWRGRORJtD GH ,QYHUVLYQ

/D PHWRGRORJtD GHLQYHUVLYQ XWLOL]DGD HQ HVWH HVWXGLR SUHVHQW
FDORQDGD GH YAMVDRBHEBG YHORFLW\ L®IYH U IFRIGD\DOF K& R 6 OHL\W J V

DO +DEHUBW@® (O FXDO FRQVLVWHHQ UHDOL]DU OD LQYHUVLYQ SDUD
GLVWLQWRYV SDVRV VXFHVLYRV GH PDQHUD GH PLQLPL]DU OD SRVLELOLGDG
GXFWR GHO PRGHOR ' HQ ODV SDUWHV FRQ PHQRU UHVROXFLYQ GHO PRGHO
HVWRY SDVRV FRQVLVWHQ HQ OD LQYHUVLYQ SDUD XQ PRGHOR ' OXHJR SI

UHVROXFLYQ JUXHVD SDUDILQDOPHQWHREWHQHU HO PRGHOR "'"ILQDO FRC

ORGHOR "GHYHORFLGDG

3bub HO SULPHU SDVR GHO HVTXHPD PHQFLRQDGR DOQWHULRUPHQWH VH’
YHUVLYQ HWDAL QI XH HV XQD UXWLQDHQ)2575%1 GLVHxXxDGD SDUD FDOF>
ORV GH YHORFLGDG 'SDUD OD ORFDOL]DFLYQ GHVLVPRV R SDUD VHU PRGH(

HVWXGLRVY GHWRPRJUDItD VtVPLFD (VWH SURJUDPD QHFHVLWD FRPR HQWUD
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GHOD ORFDOL]DFLYQLQLFLDOGHORVHYHQWRYV D VHUXWLOL]DGRV X

FRQLQIRUPDFLYQ GHOD XELFDFLYQ GHODV HVWDFLRQHYV

3DUD OD LQYHUVLYQ 'GHLJXDO PDQHUD VH VLIXLy XQ HVTXHPD HV
YLHUWLHQGR SDUD FDOFXODU HO PRGHOR 'TXHPHMRU VHDMXVWD D
QHD FRQ HO ORGR GH (YHQWR P %0 RO iRMERIRESXpY UHORFDOL]DQGR F
SRUHYHQWR FRQ HO QXHYR PRGHOR ' FRQ HO 6RGFROGIH Y HIQGMOR\G H) G
(Q FDGD LWHUDFLYQ VHLPSXVR PD\RUHV UHVWULFFLRQHV SDUD ORV U
HO PRGHOR SDVR D SDVR DO LU HOLPLQDQGR VLVWHPi{WLFDPHQWH DT
D XPEUDOHY GHILQLGRYV SDUD FDGD LWHUDFLYQ 6H HIHFWXy WUHV LW
FRQ9(/(67 HOLPLQDQGRHQFDGDLQVWDQFLDDTXHOORV UD\RV TXH QR

LPSXHVWDV (VWDV HVWiIiQ UHVXPLGDV HQ ODWDEOD

7UDV OD UHORFDOL]DFLYQ FRQ 9(/(67 VH FXHQWD FRQ VLVPRV FRL
ORV FXDOHV VHVHOHFFLRQY DTXHOCGCR®@TXH3IVXKEMUHIQ XQGREH XQ FR(

MXQWR LQLFLDO GH HYHQWRYV

&XDGUR 5SHVWULFFLRQHV D UHVLGXRV SDUD FDGD LWH!
'WHUDFLYyQ S5HVWULFFLYOQ
o (YHQWR FRQ 59%@
2 5HVLGXR\3 \>8/ @
3 SHVLGXRV 3>V @<\ 6>V @

&RPR PRGHOR GH YHORFLGDG LQLFLDO GH RQGD 3 VH XWLOL]y XQ PI

GH +LHNWDO SDUD OD 3HQtQVXOD GH$UDXFR \ XQ YBOR U' GIH] SDUD

PXHVWUD TXHHVWHPRGHOR SHUPLWHREWHQHU EXHQDV SULPHUI
3HQtQVXOD GH 7DLWDR

3RURWUD SDUWH FRQFHUQLHQWHD ODV HVWDFLRQHV 9(/(67 FRQV|
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VHHQFXHQWUDQHQ OD FDSD PiVVXSHUILFLDO GHO PRGHOR (VWR HV HVSHF|
UHG GH HVWDFLRQHV FRQ OD TXH VH FXHQWD GHELGR D TXH GHQWUR GH HVYV
TXHHQ SURPHGLR VXSHUDQ ORV >NP@ GH SURIXQGLGDG 3DUD VXSHUDU H
UHWUDVR GHFDGD HVWDFLYQ D SDUWLU GHO PRGHOR GH YHORFLGDG LQLFLC
GDHVWDFLYQ &RPRHVWDFLYQ GHUHIHUHQFLD VHHOLJLYD &/(0 HVWD HV DC
FHOWURGHODUHG VXHOHYDFLYQFHUFDQD DO QLYHO GHOPDU\SRU WHQHL
GH ODV IDVHV ORJUIQGRVH SLFNV GH PiVFDOLGDG FRQ HVWD HVWDFLYQ 3F

HVWDFLYQ GHUHIHUHQFLD HVWD WLHQHDVLIJQDGR XQWLHPSR GH UHWDUGI

9(/(67 FXHQWD FRQ GRV PRGRV GH IXQFLRQDPLHQWR SULQFLSDOHV HO 0
WiQHRMP XOWDQHRXW®BBEGR GH (YHQW R \6 LG DL (@ HIMOMHWRKRN WLHQHQ

IXQFLRQHV\ILQDOLGDGHYVY GLIHUHQWHYV

(O SULPHUR WLHQH FRPR ILQDOLGDG HQFRQWUDU XQ PRGHOR GH YHORFL
OR '"LQLFLDO ORFDOL]DFLRQHV GHHYHQWRV VtVPLFRV ORV WLHPSRV GH (
HVYWDFLRQHV GHOD UHG XWLOL]DGDHLQIRUPDFLYQGHWLHPSRV GHUHWDUC
FLRQHV (VWRORWOWR BRERWXUEDQGR HO PRGHOR 'LQLFLDO\D WUDYpV GH
OLQHDOHV LWHUDWLYDPHQWH UHVROYLHQGR QXHYDV ORFDOL]DFLRQHV K
PLQLPLFHORV UHVLGXRVY GHWRGDVY ODV OOHJDGDVY GHODV IDVHV 3\6 GH HQ
GH ORVWLHPSRVY GHUHWUDVR GH ODV IDVHV 3\6 SDUD FDGD HVWDFLYQ VRC

FRQ ORVWLHPSRV GH YLDMH GH ORV UD\RV UHJLVWUDGRY SDUD FDGD VLVPR

(O VHIXQGR PRGR WLHQH FRPR ILQDOLGDG FDOFXODU ODV ORFDOL]DFLRQ
PHQWH EXVFDQGR XQD VROXFLYQ TXHPLQLPLFH ORV UHVLGXRYV GH ODV IDV}
SDUDGDPHQWH RWRUJDQGR PiVLQIRUPDFLYQ VREUH ORVY UHVLGXRV GH OD

DOWHULRUPHQWH GLVFXWLGR (VWR HV ORJUDGR D SDUWLU GHO PRGHOR GH
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HOORGR GH (YHQWRV 6LPXOWIQHRY ORV QXHYRV WLHPSRV GHOOHJDG
FLRQHV D ORVWLHPSRVYGHUHWDUGR SDUD ODV HVWDFLRQHYV

(Q SULPHUD LQVWDQFLD VH XWLOL]y ORV GDWRYV GH ORFDOL]DFLYQ F

VLVPRVY \HOPRGHOR GH YHORFLGDG EDVDGRHQHO GHOD 3HQtQVXO
6LPXOWDQHRXREOMRKBEBLPQGRVH HO SULPHU PRGHOR GH YHORFLGDG
SRVGHUHWDUGR SDUD ODVHVWDFLRQHVA\XQ QXHYRDUFKLYR FRQ ORF
VH UHORFDOL]D ORV VLVPRVY HMHFXWDQGR 9(/(67 HQ ORGR GH (YHQWR
ORFDOL]DFLRQHV VH OHV LPSXVR OD UHVWULFFLYQ PRVWUDGD HQ OD
LQGLYLGXDOHYV TXHWXYLHUDQ XQ UHVLGXR PD\RUD >V@ SDUD VHU
PXOWIQHR /RVUD\RVLQGLYLGXDOPHQWHHOLPLQDGRVY VRQDTXHOOR
DOKLSRFHQWURUHVXOWDGRGHODLQYHUVLYQ HVWRHQFXHQWUD HJS
GH SLFNV HUUYQHRYVY SRUORTXHVXFRQWULEXFLYQHQ HO FIOFXOR Gt
DOUHVXOWDGR GHOD VROXFLYQ UHDO

(VWHHVTXHPD VHUHSLWLY KDVWD KDEHU HMHFXWDGR 9(/(67 WUHV Y

PXHVWUD XQ UHVXPHQ FRQ OD FDQWLGDG GHHYHQWRV\UD\RV XWL(

&XDGUR &DQWLGDG GHHYHQWRV \UD\RVLQGLYLGXDOHV XWLOL]DC
SDUD OD HMHFXFLYQ GH 9(/(67 HQ FDGD LWHUDFLYQ

S WHUDFR2YH HIY HQW W UD\RV
1a
2a
3a

&DEH UHFDOFDU TXH SDUD OD WHUFHUD LQYHUVLYQ \VLIXIHMDGR OD P
DO ObV SULPHUDV FDSDV GHO PRGHOR IXHURQ XQLGDV FUHDQGR F
DTXHODVWUD\HFWRULDV GHORV UD\RVTXHFUX]DQ HVWDV FDSDV VR
SURIXQGLGDGHV 3DVDQGR GH WHQHU FDSDV GH >NP@ HQ ORV SULPH

HVSHVRU



&$3ET78/2 0(72'2/2*E$

JLODOPHQWH VH REWXYR ORV VLIXLHQWHYVY PRGHORYV GH YHORFLGDG SDL

HQ OD WDEOD /D ILIXUD P XHVW U DZHS RY PIRGHPRYD OD UD]yQ
&XDGUR ORGHORV GH YHORFLGDG 'ILQDOHV REWHQLGRV GHOD LQYHUVI

(YHQWRV 6LPXOWiQHRYV

V
BURIXQGLGDR ¥INP®R 0 3

V, [kms™] V, [kms?] ViV
2345678910 1 2 3 4 5 6 1216202428
1 | | | | | |

0

Profundidad [km]
'S
o

=]
o
]

~
(=
]

— Modelo Final A - B
— Modelo Inicial

80

)LIXUD ORGHORVGHYHORFLGDG 'REWHQLGRVGHODLQYHUVLYQ FRQ 9(/
FRQHOPRGHORLQLFLDO HQJULV /DILIJXUD GM;OORLFHQWUBD PXHVWUD HO

HO PRGHWRPEGHQWUDYV OD ILJXUD GH OD GI—%SUHFKD PXHVWUD OD UD]yQ
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&RQHVWHQXHYRPRGHOR 'GHYHORFLGDGVHUHORFDOL]yORVHYHQV
PRGRGHHYHQWRV LQGLYLGXDOHY GH9(/(67 (VWRV UHVXOWDGRV SXH
QXHYD ORFDOL]DFLYQ ORJUD VXSHUDU HO SUREOHPD TXH SUHVHQWDI

GRQGH PXFKRV GH ORV VLVPRV HUDQ GHILQLGRYV FRQ XQD SURIXQGLGLIL

Distancia hacia la fosa [km]

0 )
T » 8g @98:@ oy
=, g, o
g ° of ©°
o 1 o © ©
3 !
) ‘
50 0 50 100 150 200 250
JLIXUD /IRFDOL]DFLYQILQDO GHORVHYHQWRV VtVPLFRVY GHODEDVH
OR 'ILQDO SURGXFWR GH OD LQYHUVLYQ FRQ 9(/(67 /RV WULIQJXORYV

DODVHVWDFLRQHY GHOD UHG

(QDGLFLYQ VHDQDOL]yORVUHVLGXRVGHODVIDVHVORFDOL]DGDV
ILIXUDV  \ HQ SULPHUD LQVWDQFLD TXH HVWDV VLIXHQ XQD GLVYV

SRGUtDQDVRFLDUVHFRQ XQD GLVWULEXFLYQ QRUPDO VLQHPEDUJR X
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LOQGLFD TXH SDUD DPERV FDVRV EDMR XQ GHFRQILDQ]D HVWDV QR OR VLJX
OD FRPSDUDFLYQ GHOD GLVWULEXFLYQ GHORV UHVLGXRYVY FRQ XQD GLVWULE
YLDFLYQ HVWiIiQGDU GH ORV PLVPRV

(VWRV UHVLGXRV VH GLVWULEX\HQ GHPDQHUD VLPpWULFD FHQWUDGRYV L
VHIXQGRY ORTXHLQGLFD TXH SRVLEOHPHQWH QR H[LVWD XQ HUURU HQ HO
VREUHVWLPH R VXEHVWLPH ORV WLHPSRVY GHOOHJDGD SRUORTXHHV SRVL
REWHQLGRHV UHSUHVHQWDWLYR GH OD ]JRQD SRVLELOLWDQGR OD REWHQF
GDG /RVYDORUHVGHWHIRCREBGLPHNR® VRQ HVWLPDFLRQHV LQLFLDOHYV
GHPiV EDMR O6RF@ GH SURIXQGLGDG HO PRGHOR SLHUGH SUHFLVLYQ GDGR T

FUXFHQ FDSDV D HVWDV SURIXQGLGDGHYV

Residuos P. Residuos S.
Single Event Mode, #3 Single Event Mode, #3

2-

Residuos (s)
Residuos (s)

)LIXUD 5HVLGXRYVY GH ODV IDVHVY SDUD ODV ORFDOL]DFLRQHYVY FRQ HO PRC
SbUD ODV IDVHV 3 L]T \6 GHU 6H FXHQWD FRQ REVHUYDFLRQHYV 3\
WRWDOL]DQGR ODV PHQFLRQDGDV HQ HO FXDGUR

/IRVUHVLGXRVY GHODVIDVHV 6 SUHVHQWDQ XQD PD\RUGLVSHUVLYQ FRQ UH
GHVYLDFLYQ HVWIQGSHDY @HPD\RU TXH OD GHVYLDFLYQ GHORV UHVLGXRV GH

=0;373> V@ PLHQWUDV TXH HQ SURPHGLR HVWRV VRQ XQ SRFR PiV EDMRV TX
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Densidad de distribucién de residuos P. Densidad de distribucién de residuos S.

Single Event Mode, #3 Single Event Mode, #3
15-

Densidad
Densidad

05 10 15 10 05

05 00 05
Residuos (s) Residuos (s)

)LIXUD 'LVWULEXFLRQHVY GH ORV UHVLGXRV GH ODV IDVHV SDUD OEL
YHORFLGDG 'ILQDO SDUDODVIDVHV3 L]T \6 GHU MXQWRD XQD IX(
QRUPDOFRQPHGLD\GHVYLDFLYQ HVWIiQGDU LJXDO D ODV GHORV UHV S
D]XO FRUUHVSRQGH D OD PHGLD GHORV UHVLGXRV\ODV OtQHDV URMD

WHQLHQGR XQB®RGBE:2VD@ YHUVXVpCD;RIOGNVIE GH ODV IDVHYV 3

&RQ UHVSHFWR D ORVY WLHPSRY GH UHWUDVR GH ODV HVWDFLRQHYV
URQFRQUHVSHFWR D ORV SULPHURV FRQVLGHUDGRY SDUD OD ORFDOI
HVYWDFLRQHVY WHUUHVWUHYVY GHOD UHG $Vt VHREWLHQH TXHHQ JHQH
VHU QHIJDWLYRVY FRQ UHVSHFWR DOD HVWDFLYQ GHUHIHUHQFLD FRQ

FDGDHQ OD /DJXQD 6DQ 5DIDHO HQ ODVLQPHGLDFLRQHYV GHO ,VWPR G

(VWRV WLHPSRVY GH UHWUDVR VH FRQGLFHQ IXHUWHPHQWH FRQ ODV F
TXHDO XWLOL]DU 9(/(67 \SXHVWR TXHHO SURJUDPD FRQVLGHUD TXH W
ODFDSDPiVVXSHUILFLDOFRQHOHYDFLYQ QXOD VHGHEHFRPSHQVDU
SRVGHUHWUDVR SDUD DMXVWDU ORV WLHPSRV GH OOHJDGD GH ODV
HVWDFLRQHV (VWR VH REVHUYD IXHUWHPHQWH HQ HVWD UHG GRQGH |

IXQGLGDGHVY GH PiV GH PHWURY KDELHQGR FHUFD PHWURYV GH



&$3ET78/2 0(72'2/2*E$

Tiempos de retraso de onda P. Tiempos de retraso de onda S.
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)LIXUD 7LHPSRVGHUHWDUGRGHODVHVWDFLRQHVY SDUDODVIDVHV 3 L]T
PXHVWUDQ HVWDFLRQHV FRQ WLHPSRVY GH UHWDUGR QHJDWLYRV \ ORV FtUF
FRQ WLHPSRV SRVLWLYRYV /D HVWDFLYQ GHUHIHUHQFLD &/(0 VHPXHVWUD FI

PiVSURIXQGD\OD HVWDFLYQ PiVHOHYDGD (VWD GLIHUHQFLD GHDOWXUDYV
SDUD H[SOLFDUFRPSOHWDPHQWHHO YDORUGHORVWLHPSRVGHUHWUDVR |
HVSHUDGR VROR SRUFRQFHSWRV GHHOHYDFLYQ VXJLULHQGR TXH HVWUXF\
FLGDGGHODVRQGDVGHPDQHUD GLIHUHQFLDO D ORODUJR\DQFKR GH OD 3H
YDULDFLRQHV HQ HVWRV WLHPSRV (Q JHQHUDO WLHPSRV GH UHWUDVR QHJ

WXUDV GH YHORFLGDG PD\RUHVY EDMR ODV HVWDFLRQHV PLHQWUDV TXH WL

DHVWUXFWXUDV GHPiVEDMD YHORFLGDGHQ FRPSDUDFLYQ FRQ ODHVWDFL

/RPRJUDItD "GH YHORFLGDG

/D WRPRJUDItD 'GH YHORFLGDG VHUHDOL]y WDPELpPQ GHPDQHUD HVFDOTF
WUDQVHFWD FHQWUDGD HQ OD HVWDFLYQ GH UHIHUHQFLD &/(0\DXPHQWDQUC
QRGRVHQ LWHUDFLRQHV VXFHVLYDV VHIJ~Q ORV YDORUHV GH'":6 DXPHQWDQ
OXJDUHV FX\RVYDORUHV GH ":6 LQGLFDUDQ XQD EXHQD FREHUWXUD\GHQVL

PXHVWUD OD GLVSRVLFLYQ GHOD SULPHUD WUDQVHFWD\ORVY QRGRV TXH OD
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3DUD OD GHILQLFLYQ GH ORV FRUWHY WUDQVYHUVDOHYV VH EXVFy T
UHFFLYQ GHVXEGXFFLYQ GH ORV VHIJPHQWRY WUDQVIRUPDQWHY GH O
GLVSRVLFLYQ GH HVWRYV FRUWHYV IXHUD SHUSHQGLFXODU DO HMH FHQ
VH FDOFXOy D SDUWLU GH ODV YHORFLGDGHYVY GH ODV SODFDV GH 1D]FCL
GLUHFFLRQHYVY GH VXEGXFFLYQ HQ FRQFRUGDQMHW DO PRGHOR/LEI(/
GHHVWRY GDWRV VH GHILQLY XQ WULIiQJXOR GH YHORFLGDGHV FRPR H

6HDVXPLY SRUVLPSOLFLGDG OD SRVLFLYQ GHOD 'RUVDO GH &KLOI
WLFHV VRQ ODV SODFDV GH 1D]FD \$QWiUWLFD OR TXH LPSOLFD TXHE

GHOD'RUVDO HV VLPpWULFD

77.8 mm/ano

_ Sa
_ 49 mm/ano
58.8 mm/ano

An

)LIXUD 7ULIQJXOR GH YHORFLGDG GH ODV SODFDV GH 1D]FD 1] $¢(
6D $VXPLHQGR TXHOD GRUVDO HVWi HQ PHGLR GH ODV SODFDV 1]\%$Q
GHOD GRUVDO\HO D]JLPXW GHHVWD

$ SDUWLU GH HVWH WULIQJXOR GH YHORFLGDGHV ILJXUD VH SXHG|
ORFLGDG \DJLPXW FRQ OD TXH OD 'RUVDO GH &KLOH VXEGXFH EDMR OD
OD VHSDUDFLYQ GH OD 'RUVDO HV VLPpWULFD

$ SDUWLU GH HVWR VH REWLHQH TXH OD 'RUVD @9¢XE &® FOH LFRQAVX QD Y
GH HVWH ~OWLPR YDORU IXH HO HVYFRJLGR SDUD OD GLVSRVLFLYQ ¢

UHDOL]DUiIi OD WRPRJUDItD
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8QD YH] GHILQLGR HO D]JLPXW GH ODV WUDQVHFWDYV SDUD ODV WRPRJUDItI
\ XELFDFLYQ GHHVWDV 3DUD OD GHWHUPLQDFLYQ GHHVWR VH WRPYHQ FXH(
GHHYHQWRV\UD\RV VIiVPLFRV FRQ ORV TXHVHFXHQWD SDUDHO FiIOFXOR GH
PXHVWUD OD GLVWULEXFLYQ GHOD VLVPLFLGDG\FRPRVHFRPSRUWD HVWD C
SURIXQGLGDG DGHPiVGHOD GLVWULEXFLYQ GHORV UD\RV VtVPLFRV \ FXiQ\

SRUVLVPR SRUHVWDFLYQ
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Longitud (°) Profundidad (km)
JLIXUD 'LVWULEXFLYQ GH OD VLVPLFLGDG XWLOL]DGD HQ ODLQYHUVLYC

LQGLFDQ HSLFHQWURY GH ORV VLVPRV \ WULIQJXORV D]XOHV PXHVWUDQ OL
LQGLFDQ ORVUD\RVUHFLELGRVHQ FDGD HVWDFLYQ XWLOL]DGRV SDUD OD L
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&RPR SXHGH YHUVHHQ OD ILJXUD ODV HVWDFLRQHV 2%6 VRQ ODV
FRQFHQWUIQGRVH HVSHFLDOPHQWH HQ ORV VLVPRV RFXUULGRV HQ O
7UHV ORQWHV\GH3HQDV HVWRHQFXHQWUD H[SOLFDFLYQHQ TXH HVW
VHXDO D UXLGR SRUVX XELFDFLYQ EDMR HO RFpDQR\DVHQWDGRYV VRE
ODV VHXDOHV GH WHUUHPRWRYV PiVOHMDQRY QR ORJUDQ VHU FDSWDG!
]DUXQ SLFDGRGHODV IDVHV FRQILDEOH 3RURWURODGR ODPD\RU GH
OD 3HQtQVXOD GH 7DLWDR HQ OD SDUWH VXU GHHVWD FRQFHQWUDGD
&/(0 \HO VXU GHO /DJR 3UHVLGHQ®WH 5tR&/DEQR[URDGDPHQWH FXEUL}
SDUWH GH OD ]JRQD GRQGH VHHVSHUD HQFRQWUDU HYLGHQFLDV GH OD
GLRVGHDXWRUHV FRPR %UHLWVSUHFKHU 7KRUNHOVRQ R5XVVR
GH ORV VLVPRV VH FRQFHQWUDQ HQWUH ORV \ NLOYPHWURYV GH SUR
REWHQHU XQD EXHQD UHVROXFLYQ DJUDQGHV SURIXQGLGDGHYV /D ILJ
ODV WUD\HFWRULDV GH ORV UD\RV GHVGH HO RULJHQ KDVWD OD HVWD
IXHURQ SUR\HFWDGDV HQ XQ FRUWH FRQ GLUHFFLYQ HVWH RHVWH (V'
WXUD GH ORV UD\RV OOHJD KDVWD DSUR[LPDGDPHQWH ORV NLOYPH
H[SXHVWR DQWHULRUPHQWH VREUH TXH QR VHHVSHUD EXHQD UHVROX

D ORV R NLOYPHWURYV

(Q EDVH D OD GLVWULEXFLYyQ GH ORV GDWRV VH HVFRJLy UHDOL]DU
VXEGXFFLYyQ GH OD GRUVDO HQ OD IRVD \ XQD TXH PXHVWUD OD GRUVI
PDGDPHQWH H[WHQGLPQGRVH ORQJLWXGLQDOPHQWH GHVGH HO RHV\
=RQD GH )DOOD GH /LTXLXxH 2\ TORVHQWIUSHJR[LPDGDPHQWH \ ODWLWXG|L
HQWUH 6D ORV 6 FXEULHQGRHOLQWHUYDORGHPD\RUGHQVLGDG GH
D]RQDV GRQGH QR VH HVSHUD HQFRQWUDU JUDQGHV LQIOXHQFLDV GH
D]RQDV GRQGH Vt VH HVSHUD HQFRQWUDU LQIOXHQFLD GH HVWD HQ

$QWIUWLFD /D ILJXUD PXHVWUD OD GLVSRVLFLYQ GHORV FRUWHYV I
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Longitud (°)

YLIXUD 'LVWULEXFLYQ GH ODV WUD\HFWRULDV GH ORV UD\RV VtVPLERYV X
ILIXUD PXHVWUD XQD SUR\HFFLYQ HQ XQ SODQR FRQ RULHQWDFLYQ HVWH RH
FDGD VLVPYJUDIR SDUD FDGD HYHQWR /DV ORFDOL]DFLRQHYV GH ORV HYHQW
UHORFDOL]DFLYQ KHFKD SRU 6,08/ HQ ODLQYHUVLYQ ILQDO

JUDItD ILQDO ILQD

6LIXLHQGR HO HVTXHPD HVFDORQDGR GH LQYHUVLYQ SURSXHVWR SDUD OD |
SDUWLY FRQ XQD WUDQVHFWD FRQ XQ EDMR Q~PHUR GH QRGRV KRUL]JRQWDO
UHVXOWDGRY REWHQLGRYV D WUDYpV GH XQ DQiOLVLY GH UHVROXFLYyQ ':6 D
HQ DTXHOODV ]JRQDV GRQGH OD UHVROXFLYQ GHO PRGHOR ORDPHULWDUD \

PHUR GH SHUILOHV

&RPR IXH PHQFLRQDGRHQ VHFFLRQHV DQWHULRUHY OD HVWDFLYQ &/(0 IX
GH UHIHUHQFLD SRU VX XELFDFLYQ UHODWLYDPHQWH FHQWUDO HQ OD UHG
PDU\ XQD EXHQD FODULGDG HQ OD OOHJDGD GH ODV IDVHV YHU ILJXUD \
REWHQHU XQD EXHQD FDOLGDG HQ ORV SLFNV GH HVWD HVWDFLYQ $ SDUWL
XELFDFLYQ GH ORVIQRGROBWUDQVHFWD $ $1 TXHFRUUHVSRQGLY D OD SULF

FDOFXODGD
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)LIXUD 'LVSRVLFLYQ GHORV QRGRV GHORYV SHUILOHVILQDOHV HQ
VtVPLFD 6HH[FOX\HORVQRGRVGHORVH[WUHPRV\D TXKB\WRWIRFLRQ XVI
7ULIQIJXORV QHJURV PXHVWUDQ ODV XELFDFLRQHYV GH YROFDQHV GH C
PXHVWUDQ ODV ORFDOL]DFLRQHV GH ODV HVWDFLRQHYV

/D WRPRJUDItD IXH FDOFXODGD XWLOL]DQGR HO VRIWZDUH 6,08/
SURJUDPD TXH XWLOL]D XQ PpPWRGR GH PtQLPRV FXDGUDGRV DPR
FRQYHUJHU D XQD VROXFLYQ (VWH SURJUDPD SRVLELOLWD OD LQYHU
RQGD 3\ Wp]¥Q SRUTXHHQ JHQHUDO VH FXHQWD FRQ XQ Q~PHUR PHQRU
6 FRQ UHVSHFWR D ORV 3 HO SURJUDPD XWLOL]D OD GLIHUHQFLD HQW L
VLYyQ DVt FRPR SDUD HO I® FMQRIWGPHWIDLGYWDQFLD SHUILO $ $7 VH X
HQWUH QRGRY FRQVWDQWH GH PDQHUD TXH ORV SHUILOHV QR SUHVF
VHQWLGRBWD ODV LQYHUVLRQHY SRVWHULRUHY HO HQODFH HQWUH Q|
(O GLVWDQFLDPLHQWR GH ORV QRGRY HVWH RHVWH GH OD SULPHUI

JUXHVD IXH GH NP SDUD ORV SULPHURV WUHV QRGRV \ SRVWHULRUP
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PHQWH SDUD ORV QRGRV VLIJXLHQWHYV (QHOVHQWLGR YHUWLFDO ORV QR
NLOyPHWURYV 3DUDHQFRQWUDUORVYDORUHV GHOIDFWRUGHDPRUWLJXDP
GLVWLQWRY YDORUHY GHDPRUWLJXDPLHQWR YDULDQGR HQWUH \ W
VLYQ SDUD YHORFLGDGWW RQRGDAPBEQRWMH VH UHDOL]y VHQGDV FXUYDV FRPSD
YDORUHVGHOD YDULDQ]D GHO PRGHOR\OD YDULDQ]DGHORVUHVLGXRV FR
6H GHEH HVFRJHU HO YDORU GH DPRUWLJXDPLHQWR TXH FRPSHQVH OD UHG X
FRPSOHMLGDG GHO PRGHOR YDORU TXH FRUUHVSRQGH D OD ®HVTXLQD" GH

(QHVWH FDVR VH HVFRJLW, \W/V; BDMBHFWLYDPHQWH &RPR PRGHOR G
YHORFLGDG GHRQGD 3 LQLFLDO VH XWLOL]y HO PRGHOR 'REWHQLGR D SDU
EDVDGRHQ HO PRGHOR GH YHORFLGDG XWLOL]DGR SRU +LFNV SDUD OD

WUDV TXH FRPR BRGUIORWHOL]y XQ PRGHOR FRQVWDQWH FRQ XQ YDORU GH
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)LIXUD &XUYDV GH YDORUHY GHO IDBWRSL&H DP DML X BBV HYQVR'

JUXHVD /DILJXUD GH OD L]TXL H UGDPBXIPIANDUHDOY BFORMHBIRWGID V OD GH OD
GHUHFKD FRUUHVSRRG&GH/RY FR@RORY GHO IDFWRU GHDPRUWLJXDPLHQWR H
SDUDHO FDVR GH OD YHORFLGDG GHRQGD 3\ SDUD OD UD]yQ HQWUH OD

$QiOLVLV GH OD ':6 GH HVWH UHVXOWDGR PXHVWUDQ TXH HV SRVLEOH DXPH
HQWUHORV \ NPWDQWRHQHOODGRHVWHFRPRRHVWHGHO FHQWUR GH
EDMD SURIXQGLGDG VHPDQWLHQHODFDQWLGDG GHQRGRYV FRQ XQD VHSDL

NLOYPHWURY GH SURIXQGLGDG DXPHQWDQGR OXHJR D
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)LIXUD 7TRPRJUDItD 'JUXHVD D OR ODUJR GH OD WUDQVHFWD $ $
VREUHSXHVWRY SDUD OD HOHFFLYyQ GH ODV JRQDVY GRQGH GHQVLILFD
QHJURYV PXHVWUDQ OD SRVLFLYQ GH ORVY WHUUHPRWRY ODV FUXFHV |
/IDV SRVLFLRQHV GH ODV HVWDFLRQHV TXH VH HQFXHQWUDQ VREUH H
LOQOYHUWLGRYV

&RQODQXHYD GLVSRVLFLYQGHQRGRVGHILQLGD VHGHILQHGRV QX
ORVFULWHULRVPHQFLRQDGRVY FRQDQWHULRULGDG 3DUD HVWR VH F1
FRPRVHDSUHFLD HQ OD ILJXUD SDUD PHGLU OD YHORFLGDG DO QF
DFWXDOPHQWH \ VREUH HO iUHD GRQGH VH HVSHUD TXH HVWp OD 9HQ
KDFH OD 8QD YH]GHILQLGDY WRGDV ODV WUDQVHFWDYV VH YXHOYH
E~VTXHGD GH ORV IDFWRUHY GH DPRUWLJXDPLHQWR SDUD HO FiOFXO
YDV SXHGHQ YHUVH HQ OD ILJXUD (QHVWH FDVR ORV YDORUHV GH
PHQRUHV HVSHUDEOH SDUD XQD FRQILIXUDFLYQ GHQRGRV PiVGHQVLE
PRGHORVXFHGHDPHQRUHVHVFDODV 'HORV HYHQWRVFRQORV TXH
VD GHO SHUILO $ $1 VH HOLPLQY FXDWUR FX\RV *$3 VREUHSDVDEDQ OF
ODV ~-OWLPDV LQYHUVLRQHY GHHVWDPDQHUD VH SDVyY GH REVHUY

GH HVWDV REVHUYDFLRQHVY GH OD OOHJDGD GH RQGD 3\ GH RQGL

HQFRQWUDUVH XQ UHVXPHQ FRQ OD FDQWLGDG GH HYHQWRYV GLVSRQL
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)LIXUD &XUYDV GHYDORUHV GHO |IDGIWRAU BIWDIPED WQ YXDFILHQWRILQD
/IDILIXUD GHOD L]TXLHUGD 8RR%8®D ¥ BlORRBHEFRWV UDY OD GH OD GHUHFKD
FRUUHVSRQGHVPDQ PRGHOIRILY V, $SDUBD WPVs

JLQDOPHQWH VHHOLJLY ORVYDORUHY SDUDHO IDFWRU GHDPRUWLJXDPL
ODV FXUYDV GHOD ILJXUD VHVXOCWBEMG RRRGBBWYWRY YDORUHV VH YROYLYy
DUHDOL]DUODLQYHUVLYQ WRPRJUIILFD FRQVLGHUDQGR HVWD YH] ODV VRC
WRPDQGR HQ FXHQWD $ $1

/IRVUHVXOWDGRVY GHHVWD QXHYDLQYHUVLYQ HQ ODVWUDQVHFWDV % %Y
GHOR GHHQWUDGD SDUD XQD QXHYD WRPRJUDItD FRQ XQD OtQHD H[WUD GH
SURIXQGLGDG SDUDWHQHU XQDPHMRU GHOLPLWDFLYQ HQ SURIXQGLGDG Gl

HQFXHQWUDQ HQ HVWDV SULPHUDV FDSDV 6LHQGR HVWHHO PRGHOR ILQDO

IRV QRGRV XWLOL]DGRV HQ ODV LQYHUVLRQHY WRPRJUIILFDV VH HQFXHQ
GURYV \ /DV GLVWDQFLDV PRVWUDGDV HQ OD GLVSRVLFLYQ GH QRGR
KDFLD OD HVWDFLYQ GH UHIHUH QP DQ&/ID WIQYRD/GLQHIEFDYRDFLD HO RHVWH

FDVRYGRHIJDWLYR VLJQLILFD KDFLD HO VXU

1 GHQRGRV 'LVSRVLFLYQ GH QRGRV >NP@

IRGR)
1RGRV
1RGR)

&XDGUR 'LVSRVLFLYQ GH QRGRV XWLOL]DGRV HQ ODLQYHUVLYQ WRPRJUI
DODWUDQVHFWD $ $1 /RV QRGRVY GH OD LQYHUVLYQ '"HVWIiQ HQOD]DGRV !
PRGHOR GH YHORFLGDG VRODPEHMGWH HQ ODV GLUHFFLRQHYV
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1 GHQRGRV 'LVSRVLFLYQ GHQRGRV >NP@

IRGR)
1RGRV
1RGR)

&XDGUR 'LVSRVLFLYQ GH QRGRV XWLOL]DGRV HQ OD SULPHUD LQYH
ODV OtQHDV GHQRGRVHQ \ NP FRUUHVSRQGLHQWHVDODVWUDQV
WH /RV QRGRV HQ ODV LQYHUVLRQHY 'QR HVWiQ HQOD]DGRV SRU O]
GH YHORFLGDG SXHGHQ VHU HQ WRGDV ODV GLUHFFLRQHYV

1 GHQRGRV 'LVSRVLFLYQ GHQRGRV >NP@

TRGR\

1RGRV

1RGR)
&XDGUR 'LVSRVLFLYQ GH QRGRV \ IDFWRUHV GHDPRUWLJXDPLHQW|
JUIILFD 'ILQD VH DJUHJDQ OD OtQHD GH QRGRV D ORV NP /RV QR

QR HVWIQ HQOD]DGRY SRUORTXH ODYVY YDULDFLRQHY GHO PRGHOR GH
GLUHFFLRQHYV

IRV SDUIPHWURV\FDUDFWHUtVWLFDY GHWRGRVY ORV SDVRV GH OD WR
HO PRGHOR '"ILQDO VHHQFXHQWUDQ UHVXPLGDV HQ HO FXDGUR

OD YDULDQ]D WLHQGHQ D GLVPLQXLU HVSHFLDOPHQWH SDUD HO FDV
ObV RQGDV 3 PLHQWUDV TXHHQ HO FDVR GH OD UHVWD 6 3 HVWD VXI

SUREDEOHPHQWH FDXVDGR SRUOD GLVPLOQXFLYQ GHO HVSDFLR YHUWL

3DUD HVWLPDU OD UHVROXFLYQ GH OD WRPRJUDItD WDQWR ODV ]RQD"
ORV WDPDxRV GH ODV HVWUXFWXUDV TXH HV SRVLEOH UHFXSHUDU FR
HYSDUFLPLHQWR\ XQ WHVW GH WDEOHUR GH DMHGUN{/Ve DYMUDPERYV SF
HO FIOFXOR GH ORV WLHPSRV GH YLDMH VLQWpWLFRYV VH XWLOL]y XQ F

GHOR PtQLPR ' GHFDSDV REWHQLGRHQ ODLQYHUVLYQ 'FRQ 9(/(67
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3DVR *$3 1 GHHYHQWRY ) GH DPRBRUWELBXD
Pi[ PLHQWR
ORGHOR A
Vp/ Vs
ORGHOR ' VA
Vp/ Vs
ORGHOR Ve
sJUXHVR Vp/ Vs
ORGHOR ' VA
3ILQR”’ Vp / Vs
&XDGUR 6XPDULR GH ORV SDUIPHWURYV GH WRGRV ORV §DVRV GH OD LQY

Vp \ XQ PRGHOR KRPRIJpQHR FRQ YDORW/Vs $SIMUDLNERPREABRB XWLOL]J]DGR SDU
OD REWHQFLYQ GHHVWH PRGHOR PtQLPR ' /RV PRGHORY SDUD HO WHVW 1X
SHUWXUEDFLRQHY DOWHUQDGDPHQWH SRVLWLYDV\QHJIJDWLYDV GHO GH
FDSDV \ KRPRIJpQHR FRQ XQ WDPDxR GH GRVY QRGRV SRU GRV QRGRV HQ HO
JRQWDO FRQVLIJXLHQGRDVtORVPRGHORHQ WDEOHURGHDMHGUH] /XHJR YV
VLOQOWpWLFRV REWHQLGRVY FRQHVWRV PRGHORYV SDUDLQWHQWDU UHFXSHUD
FRPR VHH[SOLFDHQODVHFFLYQ

/IDV]IRQDV GRQGH VH ORJUD UHFXSHUDU HO PRGHOR FRQ PD\RU FODULGDG
FRQWRUQRY GH IXQFLYQ GH HVSDUFLPLHQWR GH YDORU LJXDO D PLHQWULIL
TXHxDV SRVLEOHV GHUHFXSHUDU WLHQHQ XQ WDIPEX RBREBR[XPIDHORHGD >NP
GLVWULEXFLYQ GHUD\RV PRVWUDGD HQ OD ILJXUD OD WUDQVHFWD GHO
TXHVX SDUDO VXU FRLQFLGLHQGR FRQ OD PD\RUGHQVLGDG GHUD\RV HQ OI
GHHVWDV VHPXHVWUDQ HQ ODV ILJXUDYV \ \VHUIQ GLVFXWLGRV F

VLIXLHQWH FDStWXOR

/IRVUHVXOWDGRVGHODLQYHUVLYQILQD\VXVHVWXGLRVYGHUHVROXFLYQ
GHODVWUDQVHFWDV % %fM\& &T\HQHODQIOLVLVYVGHUHVROXFLYQ TXHFRPS
GHHVSDUFLPLHQWR 7RRPH\ )RXOJXHU DVt FRPR XQD LQWHUSUHWDFL

JHRORJtD GHO OXJDU VH HQFXHQWUDQ HQ HO VLIXLHQWH FDStWXOR GH S5HV



&DStWXOR

SHVXOWDGRVHLQWHUSUHMW

$QiOLVLV GHUHVROXFLYQ

(Q HVYWD SULPHUD VHFFLYQ VH PXHVWUD ORV UHVXOWDGRY GH ORV |
UHDOL]DGRY SDUD MX]JDU OD FDOLGDG GH ORV UHVXOWDGRYV XQ HVW:
FKHOLQL OF(YLOO\ \ XQ WHVW GH MANEHIUHERD 08 WWAN@/SHUPLWHQ
HVWLPDU GYyQGH OD LQYHUVLYQ SXHGH UHFXSHUDU HVWUXFWXUDV GH
SRVLEOH GH UHFXSHUDU FRQ HVWD 6H UHDOL]y VHQGRV DQiOLVLV SDU
3\SDUD OD WRPRJUDM} I GHSDP @PERYV SHUILOHV % %Y\ & & $PERV
FRPSOHPHQWDQ SDUD GHOLPLWDU ODV JRQDV FRQ EXHQD UHVROXFLY(

(VWRV VXJLHUHQ TXH H[LVWH EXHQD UHVROXFLYQ HQ SUNRIGDGLGDG
PHWURV GH SURIXQGLGDG D ORODUJR GHORV SHUILOHV \HQHO FHQW
/IDV]RQDV GH VXEGXFFLYQ HQ DPERV FRUWHY VH HQFXHQWUDQ HQ SDU\
LIXDO TXHHQ ORV H{[WUHPRV HVWH GHDPERV SHUILOHV $ QLYHO GH W1
DWUDYpV GHOD WRPRJUDItD VHDSUHFLD FRQ HO WHVW GH WDEOHUR

HV GHO RUGHQ GH NLOYPHWURY HQ VHQWLGR KRULJRQWDO\ HQ HO
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GHOLPLWDU GHPDQHUD FRUUHFWD OD JHRPHWUtD GH ORV FXHUSRV H[LVWH

VH GHWDOOD PiVHO DQiOLVLY GHUHVROXFLYQ UHDOL]DGR

7THVW GH WDEOHUR GHDMHGUH]

6H UHDOL]y WHVWY GHUHVROXFLYQ FRQ HO PPWRGR GHO WDEOHUR GH DMt}
SHUILOHV SDUD DPERV PRGH OBRIVGE HDXBGRARGRGHUWXUEDFLRQHY DOWHUQE
WH SRVLWLYDV \ QHJDWLYDV GHO RUGHQ GHO GH OD YHORFLGDG DO PRG#
OD LQYHUVLYQ 'VHQ BOXBOPARGHOR KRPR7DYDBIRDGHIO FBWR GM
WDV SHUWXUEDFLRQHV DxDGLGDV WLHQHQ XQ WDPDXR GH QRGRV SRU QRC
PXHVWUDQ HQ ODV ILIJXUDV D D D \ D $ SDUWLU GH HVWRV
WLHPSRV GH YLDMH VLQWpWLFRV SDUD ORV UD\RV XWLOL]DGRY HQ OD WRPR
LQWHQWDU UHFXSHUDU ORV PRGHORYV FRQ SH UW YHEIDFY. RMy KQIHIGRD VR C
VROR GDWRYV GH WLHPSR GH YLDMH G H/R @G\DH/ X3WR.IOH. QyAGIIDW R™\X Bl \SED B O{ VW R V
UHVXOWDGRV FRQ FRIUMDGQRV HOGIWEREQWUDQ HQ OD SDUWH E GH ODV

\

6HREVHUYD GHPDQHUD JHQHUDO TXHODV HVWUXFWXUDV VH UHFXSHUDQ ¢
\ NLOYyPHWURY GH SURIXQGLGDG \ OOHJiQGRVH KDN\WPPHMWURVRHRQGLGD G
HOFHQWUR GH ORV SHUILOHV /D SURIXQLGDG KDVWD OD FXDO VH SXHGH UHF
QXLU KDFLD ORV H[WUHPRV /DDPSOLWXG GH ODV SHUWXUEDFLRQHVY UHFXSH
OD WUDQVHFWD VLHQGR PD\RU HQ HOMFQ@VER DORIK@IEERBD G H®IRMWP LQX\HQC
QXHYDPHQWH KDFLD ORV H[WUHPRV (Q DGLFLyQ ODV SHUWXUEDFLRQHV W
KDFLD ]JRQDV PiV SURIXQGDYV

(Q DPERV SHUILOHV ODV ]JRQDV FHUFDQDV D OD VXEGXFFLYQ \ DO H[WUHPR
WLYD EXHQD UH VR O F\\ Q/s W\DLQQMRPIEQ UJR HQ HO % %Y HVWD HV PHMRU \ FRQ

VPHDUBSQKGLLPQGRVH UHFXSHUDU GHEXHQD PDQHUD @DW¥W SHUWXDNEDFLRQHYV H
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PLHOQWUDYV TXH HQ HO FDVR GHO SHUILO & &9 ORV SDUFKHV QHJDW
DPSOLWXG JUDQGH YHU ILJXUD /D WUDQVHFWD & &1 SUHVHQWD X
HQ OD ]RQD FHQWUDO\HVWH DVtFRPR XQD PHQRUiUHD UHVXHOWD HQ

'DGRTXHORVYDORUHV GHOD IXQFLYQ GHHVSDUFLPLHQWR GHSHQG
\ RWURV IDFWRUHV QR H[LVWH XQ LQWHUYDOR ILMR TXH GLFWDPLQH
VHOQWLGR GH HVWRY YDORUHV VH FRPSDUy FIKdF RR Q EERRDVB BHMM{D WY G |
E GHODVILIXUDV PHQFLRQDGDVDQWHULRUPHQWH 6HREVHUYD TXI
WLHQGHD FRLQFLGLUFRQHOiIUHDGRQGHVHUHFXSHUD GHPHMRU PDQC
HQPDUFIiQGROD GH EXHQD PDQHUD PLHQWUDV TXH HO FRQWRUQR Gt
UHFXSHUD GH PDQHUD VLJQLILFDWLY F IODF/NHHVUVBBE P EDE S D D W IGUH G HP R @ W (
REVHUYDFLRQHV VH GHILQH TXH DTXHOODV ]JRQDVY GRQGH HO YDORU G
FRPRELHQ UHVXHOWDV HQWUH \ OD UHVROXFLYyQ HVPHQRU \SRUV
SHUPLWD LQWHUSUHWDU ORV UHVXOWDGRV $Vt ODV JRQDV FRQ EXH

FROWRUQR EODQFR \ODV]RQDV VLQ UHVROXFLYQ VRQ GHOLPLWDGDYV
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SHUILO % %9

= \p

YLIXUD 5HVXOWDGRYV GHO WHVW GH WDEOHUR GHDMHGWH] UHDOL]DGR HQ
/DILIXUD L]TXLHUGD PXHVWUD HO PRGHOR LQLFLDO HQ WDEOHUR GH DMHGU
GLIHUHQFLDV SRUFHQWXDOHY HQWUH HO PRGHOR UHFXSHUDGR FRQ HO LQL
IXQFLYQ GH HVSDUFLPLHQWR TXH GHOLPLWDQ ODV JRQDV ELHQ UHVXHOWD\
6 HQPDUFD ODV]RQDVGRQGHHV SRVLEOHUHFXSHUDUGHPHMRUPDQHUD
PLHQWUDV HO FR QW RAKQ}R/ WILLY O®) JRQD GRQGH VH SLHUGH OD UHVROXFLYQ

L] Vp/VS

YLIXUD 5HVXOWDGRY GHO WHVW GH WDEOHUR GH DMHGUH] UHDOL]DGR F
Vp/Vs /D ILIJXUD GH OD L]TXLHUGD PXHVWUD HO PRGHOR LQLFLDO HQ WDEOHU
FRPSDUD HOPRGHORUHFXSHUDGR FRQ ORVFRQWRUQRV \ GHODIXQFLYQ G
ODV]RQDVELHQUHVXHOWDYV <(O if @ BWRADQGRIEWO|RQPR GRQGH HV SRVLEOH UHF
GHPHMRU PDQHUD ODV HVYWUXFWXUDV &H® RH&WR DHODF FRRIM RARXFCHIQ R HY
UHFXSHUDEOH HO PRGHOR
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HUILO & &9

= \p

)LIXUD 5HVXOWDGRY GHO WHVW GH WDEOHUR GHDMHGUNH] UHDOL]D
/D ILIXUD GH OD L]TXLHUGD PXHVWUD HO PRGHOR LQLFLDO HQ WDEOH
VH FRPSDUD ODV GLIHUHQFLDY SRUFHQWXDOHY HQWUH PRGHOR UHF X
FRQWRUQRV \ GHODIXQFLYQGHHVSDUFLPLHQWR TXHGHOLPLWDQ O
HO PRGHOR UHFXSHUDGR D WUDYpV GH OD LQYHUVLYQ FRQ FRQWRUQ
FRQWRUQR EOD@PRRDA)FD ODV JRQDV GRQGH HV SRVLEOH UHFXSHUDU
HVWUXFWXUDV GHO PHGLR HOXHROWRUQRB JRQY GBRQGH VH SLHUGH OD

L] Vp/Vs

)LIXUD 5HVXOWDGRY GHO WHVW GH WDEOHUR GH DMHGUH] UHDOL]
Vp/Vs D PXHVWUD HO PRGHORLQLFLDOHQ WDEOHUR GHDMHGUH] E F
ORV FRQWRUQRV \ GHODIXQFLYQ GHHVSDUFLPLHQWR TXHPXHVWU
\ F PXHVWUD HO PRGHOR UHFXSHUDGR D WUDYpV GH OD WRPRJUDItD M
HVSDUFLPLHQWR HO FRQWRUDRVEDD@IFR]BHPDYV FRQ EXHQD UHVROXFL
JULV<6)UHSUHVHQWD HO OtPLWH GRQGH VH GHMD GH WHQHU FDSDFLC
YHORFLGDG GHO PHGLR
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)XQFLYQ GHHVSDUFLPLHQWR

&RPRIXH PHQFLRQDGR HQ OD VHFFLYQ DQWHULRU SDUD FRPSOHPHQWDU ¢
FKRFRQHOWHVW GHWDEOHURGHDMHGUH]WDPELPQ VHFDOFXOyOD IXQFLYC
VHPXHVWUD ORVUHVXOWDGRV REWHQLGRV MXQWR D ORVFRQWRUQRV GH OL
ODV JRQDV GHILQLGDV FRPR BLHQ HB8WUHDWWDW FRQDV VLQ UHVROXFLYQ VRQ
GDV SRUHO FRQWRIWQR JUIDMWB) PXHVWUD ORV YDORUHV GH OD IXQFLYQ GH
SDUD HO SHUILO PiV VHSWHQW U L RQ\DHQ HEQ SID/MRD UM I OXFURDG HOB Qi OR
JDPHQWH PXHVWUD ORV UHVXOWDGRY SDUD HO SHUILO GHO VXU

/RV YDORUHVY GH OD 6) SDUB ORIVUPRIG DO BH®HD V ILIXUDV  \ WLHQGHQ |
PHQRUHV TXH ORV YDBRRWHORBARHFDXRLHUH TXH RS PRGHOWRD G KQD
PiVDOWD UHVROXFLWRHXBLEBREIQRQRGRY DG\DFHQWHV (VWRV YDORUHV YDUtI
GH ORV SHUILOHV SUHVHQWDQGR ORV PHQRUHYV YDORUHY HQ SURIXQGLGD(
NLOyPHWURV \DOWRY YDORUHV D SURIXQGLGDGHYV PD\RUHV D NLOYPHWUF
WH HQ OD SDUWH FHQWUDO GH ORV SHUILOHV \HQ ORV H[WUHPRV (Q DPERYV
SUHVHQWD EDMRY YDORUHVY GH 6) VLHQGR PiV EDMRYV HQ HO SHUILO & &9 TX
GHORW GW/Vs VXJLULHQGR TXHHVWDV ]RQDV SUHVHQWDQ XQD EXHQD UHVR
EDMRY YDORUHYV GHI6H QXHQWUD DO HVWH GH ORV SHUILOHVY FHQWUDGD HQ
SURIXQGLGDG (QODVILIXUDV \ HVWDV]RQDV GHEXHQD UHVROXFLYQ V
SRUFRQWRUQRV GH YDORUHV \ GH 6)

(Q JHQHUDO ODV ]JRQDV GRQGH ORV YDORUHYV GH 6) VRQ EDMRV VH FRUUHC
FRQ ODV JRQDV GRQGH VH UHFXSHUD PiV ORV PRGHORYV GH WDEOHUR GH DM
FRLQFLGLHQGR ORV FRQWRUQRV GH 6) FRQ HVYWDV ]JRQDV 6H REVHUYD TXH H
WR HQPDUFD DTXHOODV ]JRQDV GRQGH OD FDSDFLGDG GH UHFXSHUDFLYQ GH
TXH HO FRQWRUQR GHOLPLWD OD JRQD GRQGH \D QR VH UHFXSHUDQ ODV S

FROQWRUQRY OD UHVROXFLYQHV GHPHQRUFDOLGDG
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SHUILO % %

)LIXUD 9DORUHV GH OD IXQFLYQ GHHVSDUFLPLHQWR SDUD ORV PRG
GH OD PLVPD (O FRQWRUQR EODQFR 6) PXHVWUD HO OtPLWH KDVWI
UHVROXFLYQ PLHQWUDV HO FRQWRUQRJULV 6) PXHVWUD HO OtPLW|
WUXFWXUDV 9DORUHV PiIVEDMRV GHG6)LQGLFDQPHMRUUHVROXFLYQ\

ORVYDORUHV GH OD 6 VSDRIMIHQWRRE MR LIXUD GHOD GHUHFKD PXHVW
HO PRGH®GR

HUILO & &9

)LIXUD 9DORUHYV GH OD IXQFLYQ GHHVSDUFLPLHQWR SDUD ORV PR
QRV GH OD PLVPD (O FRQWRUQR EODQFR 6) HQPDUFD OD JRQD FRQV
PLHQWUDV HO FRQWRUQR JULV 6) PXHVWUD HO OtPLWH KDVWD GRQUC
GHOD IXQFLYQLQGLFDQ PHMRU UHVROXFLYQ\YLFHYHUVD /DILJXUD G
PRGHOW G®ID ILIXUD GH OD GHUHFKD PXHWN/WH OD 6) HQ HO FDVR GH
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/RPRJUDItDV

$ FRQWLQXDFLYQ VH PXHVWUD ODV WRPRJUDItDV GH ORV SHUILOHV % %Y \
Ve \Vp/Vs /DV]RQDV ELHQ UHVXHOWDV VH HQFXHQWUDQ GHOLPLWDGDV SRU X
SRQGLHQWH DO YDORU GH IXQFLYQ GHHVSDUFLPLHQWR HLOXPLQDGDV /D
HQWUH ORV FRQW R U QRO<E ODIQHFRHQWID\Q XQD PiV EDMD UHVROXFLYQ 0iVDOO
WRUQR JULVO®Y ]JRQDV VLQ LOXPLQDFLYQ PXHVWUDQ XQD UHVROXFLyQ EDN
QHJURV PXHVWUDQ ORV HSLFHQWURY GH ORV WHUUHPRWRY TXH RFXUULHUR
OD WUDQVHFWD /DV FUXFHV PXHVWUDQ ODV SRVLFLRQHV GH ORV QRGRV /D!

VREUHHO iIUHD GHOLPLWDGD SRUOD WUDQVHFWD VRQLQGLFDGDV FRQ WULI
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SRVLFLYQ GH ORV WHUUHPRWRY ORFDOL]DGRY GHQWUR GHO iUHD GHO SHU|
PLVPR VH PDUFDQ FRQ WULIQJXORV LQYHUWLGRY QHJERY X HDVWYIBVWUD OD V

OD WRPRJWOWD GH
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'HVFULSFLRQHV HLOQWHUSUHWDFLRQHYV

6 XEGXFFLYQ GHOLWYVIHUD RFHIQLFD

(Q DPERV SHUILOHY VH REVHUYD iUHDV GH DOWD WHORMNBE Y@ GH RQ
FRQ XQJUDQ JUDGLHQWMNIN BYWHEOWD WHSLGDPHQWH HQ SURIXQGLGDG
(VWR VH FRQGLFH FRQ IVO/WLRW /WD® R8EH W @128 DO HVWH \ D OD DOWXUD ¢
IRVD DOFDQ]DQGR XQ Pi[LPRMXVWR GHEDMR GH HVWD (VWR HVWi DVF
IHUD RFHIiQLFD EDMR HO FRQWLQHQWH 30DFD GH 1D]JFD HQ SHUILO % ¢
GMp VREUH OD JRQD GH DOWD Y HOWR/MA% G/IXG L\ HODHEOMDDSWIHY B QFLD GH VHC
KLGUDWDGRYV &RQUMUBIODR BIHHBWX QD DOWD SUHVLYQ GH SRURV SUHVXI
GHVKLGUDWDFLYQ GHVHGLPHQWRYV \ GHHO/WD FQ US\H [DHRWHIQLFD ORUHQ
ORUHBW DO UHODFLRQD WDPELpQ HVWRYV GRPIFIRRYV]GR DO ®H EBIOR F
DFRSODPLHQWR (Q HO SHUIL OV% H¥IPHY /DR QM Q BLHDBMMRKH HQ HO SHUIL
JLULHQGR TXHVREUH OD SODFD $QWiUWLFD SRGUtD H[LVWLU XQD PHQF
GH 1D]FD &RQWUHUDV 5H\HV PXHVWUDRXB HOWWH BIRVLGHQFLD G
OD IRUPDFLYQ GH XQ SULVPD GHDFUHFLYQ JUDQGH IDFLOLWDGR SRU ¢
OD RUWRJRQDOLGDG GH HVWD /D VXEGXFFLYQ GH PDWHULDO VHGLPH
ERUGHVY GRQGH OD YHORFLGDG GH FRQYHUJHQFLD HV PD\RU SXGLHQG
PiVPDWHULDO (VWR H[SOLFDUtD OD SUHVHQFLD GH XQ FDQDO GH VXE
ORp PLHQWUDV TXH DO VXU GHO 37& OD EDMD WDVD GH FRQYHUJHQFL
IRUPDFLYQ GH XQ SULVPD FRPSDUDWLYDPHQWH PiV JUDQGH TXH DO Q
HW DO $O HVWH GH OD OD IRVD VH REVHUYD XQ BNPD\VGAH EMMDPERVR F
SHUILOHV GHDSUR[LPDGDPHQWH NLOYPHWURV GHDQFKRHQWUH OR\
PDGDPHQWH VLQ HPEDUJR VXV GLPHQVLRQHV H[DFWDV QR SXHGHQ VH

GWPHDUSLQRVHQWH (VWD ]JRQD GH EDMD YHORFLGDG VHWRAHJUHVSRQG
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VXSHULRUHV D \'VHYHDFRPSDXxDGD HQ HO SHUILO & &1 SRU VLVPLFLGDG
FRQ SURIXQGLGDGHYV HQMLOMFOHRWURY XELFDGRV HQWUH \ >NP@ GH GLVW
IRVD HQ ORVDOUHGHGRUHV GH *ROIR GH 3HQDV ORTXH WLHQGH D UHIRU]D

GH XQ SULVPD GHDFUHFLYQ GHJUDQGHV GLPHQVLRQHV HQ HVWD iUHD

'H ORV UHVXOWDGRY GH OD WRPRJUDItD \ OD GLVWULEXFLYQ GH OD VLVPL
QL FRQVWUHXLU FRQ SUHFLVLYQ OD JHRPHWUtD GH OD VXEGXFFLYQ VLQ HP
HO iQJXOR LQLFLDO GH VXEGXFFLYQ HV VRPHUR GH XQRV D JUDGRV HQ
GHHVWD KDFLPQGRVH PiVSURQXQFLDGR KDFLD HO RHVWH /D JHRPHWUtD TX
OD VLVPLFLGDG SUHVHQWH HQ HO SHUILO % %7 JXDUGIWVR@®LOLWXG FRQ OD
SDUDHO DUFKLSLpODJR GH &KLORp FRQ XQ LQLFLRVRPHUR\XQD SURJUHVLY
VXEGXFFLYyQ /DIDOWD GH WHUUHPRWRYV PiV SURIXQGRV TXH >NP@ GLILFX

GH XQD JHRPHWUtDHLPSLGH KDFHU SDUDOHORYV PINWWIQGHY FRQ HO HVW X

9ROFDQLVPR GH DUFR

/ID=RQD 9ROFiQLFD 6XU WHUPLQD FRQ HO FHQWUR YROFIQLFR OXUWD YHU
YROFiIiQ +XGVRQHV HO ~OWLPRLPSRUWDQWH\FRQDFWLYLGDG UHFLHQWH C
(OYROFIQ+XGVRQHVWiIi HPSOD]DGRHQ HO HIWUHPR HVWH GHO SHUILO % %
GDG DVRFLDGD DO YROFiIiQ D DOUHGHGRU GH NLOYyPHWURYV GH GLVWDQFLD
GH DSUR[LPDGDPHQWH >NP@ FRPR SXHGH YHUVH HQ OD ILJXUD (Q HVW
DOWDV GH YHORFLGDG GH>R Q@GP AMR® SOVHR/AIRDQEIDOY D\ OMWRY YDORUHYV GH
FDUDFWHUtVWLFDV TXH QR HVWiQ SUHVHQWHY HQVO BQ/HDWDHRWD & &Y F X\
VRQ PiVEDMDV DO LJXDO WxXNsODXH HOCFFLRMHY WRUQR D OR TXH SRGUt
LQGLFDWLYRGHPDWHULDO UtJLGR\VLQ PD\RUFRQWHQLGR GHIOXLGRV FR!

DO VXU GHO YROFiQ +XGVRQ (VWD REVHUYDFLYQ VLQ HPEDUJR VH HQFXHQ
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SUHVHQWH HQ HO WUDEDMR SRUOR TXH VH QHFHVLWD PiVHVWXGLRYV
ILUPDUOD (Q FRQWWD\WWY 19Q % DOWBMGLFDUtDQ OD VXUJHQFLD GH PD
KLGUDWDGR KDFLD ODNWSHUILBIRHT XHPANHVYHUtD UHIRU]JDGR SRU OD S

WHUPDV HQ ODV LQPHGLDFLRQHYVY FRPR ODV WHUPDV GH 4XLWUDOFR

9HQWDQD $VWHQRVIpULFD

(Q OD WUDQVHFWD & &7 VH REVHUYD OD SUHVHQFLD GH XQD UHJLYQ
DQFKRTXHVHH[WLHQGHKDVWD FHUFDGH >NP@ GHSURIXQGLGDG XE

\ NLOYPHWURV GH GLVWDQFLD D OD IRVD VLHQGR VX GHOLPLWDFI
EOH SUHVHQFLD GH HVSDUFLPVHRWR GHROWDRDHEDDFRYQYHILRQHV G|
EDMD UD]yQ /DIDOWD GH UHVROXFLYQ HQ ]JRQDV GHEDMD SURIXQGLGLE
HVWD PDVD HQ VXSHUILFLH '"HQWUR GHHVWD iUHD QRKD\HYHQWRYV Vt
LQIHULRU DOUHGHGRU GH >NP@ GH SURIXQGLGDG VHHYLGHQFLD C
HQ XFD XVIWBH@UHGHGRU GH >NP@ GH SURIXQGLGDG (Q NOWHVR GHO |
HYLGHQFLD YHORFLGDGHY PRGHUDGDV GH FHUFD GH >NP V@ HQ HO
GHDOWD VH@BDAVWOR SRGUtD GHEHUVH D OD VXUJHQFLD GHPDWHULDO
Vp D XQD ]JRQD FRQ EDMD YHORFLGDG HV GHFLU OD FRUWH]D FRQWLQH
OD 9HQWDQD $VWHQRVIpPULFD (O DQFKR GH HVWD DQRPDOtD HV FRQFF
YHORFLGDG GH VXEGXFFLYQ GHOD GRUVDO\OD HGDG GHHVWD VHFFLY
NHOVRQ 6H HVWLPyYy XQD YHORFLGDG GH >PP DxR@ TXH SRU PL
XQD YHQWDQD GH FHUFDGH NLOYPHWURV GHDQFKR EDMR OD VXSRYV
DIRUPDUVH DSHQDV HPSLH]D OD VXEGXFFLYQ GH OD GRUVDO (Q HO St
GHGRV JRQDWGMDOWRORY \ NLOYyPHWURVY GH GLVWDQFLD GHOD
WLHQGHQ GHVGH ORV >NP@ GH SURIXQGLGDG KDVWD ORV  DSURJLF

D ORV >NP@ SUHVHQWD VLVPLFLGDG DJUXSDGD D DSUR[LPDGDPHQV
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(VWD DQRPDOtDHVY WDPELpQ REVHUYDEOHHQ HO SHUILO & &1

*DOOHWRDO PXHVWUD HO UHVXOWDGR GH XQD WRPRJUDItD GH UXLGR VtVF
HPEDUJR SRU OD IDOWD GH HVWDFLRQHYV 2%6 HVWH HVWXGLR DGROHVFH G
GH OD 3HQtQVXOD GH 7DLWDR ]JRQD TXHHV UHVXHOWD HQ HVYWH WUDEDMR
PXHVWUDQ XQ GplILFLWGH YHORFLGDG GHRQGD GHFRUWHHQHO LQWHULRU
/IDJR 3UHVLGHQWH 5tRV GHVGH ORYV NLOYPHWURY GH SURIXQGLGDG \ TXI
HVWH (VWR VHFRQGLFHFRQ ORVUHVXOWDGRV REWHQLGRVY HQ HVWH HVWX
DOWD VYDVYQSURGXFWR GH OD EDMD YHORFLGDG GHRQGD ®H FRUWH \ YHOR

>NP V@

/D UHFRQVWUXFFLYQ FLQHPIWLFD GH OD YHQWDQD UHDOL]DGD SRU %UHL\
PXHVWUD TXH OD YHQWDQD PLJUy KDFLD HO QRUWH HQ FRQMXQWR FRQ HO 3°
YHQHQODDFWXDOLGDG EDMR OD 3HQtQVXOD GH 7DLWOR YHWWBXUD (VV
"HQ GLFKD ILJXUD D OD DOWXUD GHO SHUILO & &Y VREUH HO /DJR 3UHVLGH
PXHVWUD XQDQFKR GH FHUFD GH >NP@ VHJ~-Q ODHVFDOD GHODILJXUD
HO UHVXOWDGR REWHQLGR HQ OD WRPRJUDItD UHIRU]DQGR OD LGHD GH TXt
3DWDJYyQLFD
/ID WRPRJUDItD WHOHVtYMLPD GHPXXWWRUD XQ iUHD TXH HV LGHQWLILFDGD S
DXWRUHYV FRPR XQD YHQWDQD DVWHQRVIpULFD SURGXFLGD SRU OD VXEGXF
OD 'RUVDO GH &KLOH VXE@XXFWBGBRKDPH VXUHVWH GH OD YHQWDQD UHVXH(

HVWXGLR
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Y)LIXUD 7JRPRJUDItD GHUXLGR 'GHOD3HQtQVXOD GH 7DLWDR 5HVX
GH YDULDFLYQ GHOD YHORFLGDG GHRQGD GH FRUWH FRQ UHVSHFWR D
GH EDMD YHORFLGDG EDMR HO /DJR 3UHVLGHQWH 5tRV VLPLODU D OD
(IWUDtGD GH HWOIDMH JR
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&DStWXOR

&RQFOXVLRQHV \GLVFXVLYC

/IDLQFOXVLYQ GHHVWDFLRQHV 2%6 HQ ODV FHUFDQtDV GHO 37& IXH
WH WUDEDMR SHUPLWLHQGR ORFDOL]DU HYHQWRYV VtVPLFRV FRQ OD
VHOWLGRHVWH RHVWH SDUDWRGD OD UHJLYQ DGHPiIiVGHSHUPLWLU O
UUHQHQ ODV YHFLQGDGHVGHO 37&\ODIRVD (VWDV HVWDFLRQHV HQF

FRQWDUFRQXQ *$3 UHODWLYDPHQWHEDMRHQ OD ORFDOL]DFLYQ GH O

/D UHODWLYD EDMD FDQWLGDG HVWDFLRQHV \ GH GDWRV \ OD FRQV
SHUPLWH SRGHUUHVROYHUGHPDQHUDILQD ODVHVWUXFWXUDV GH YH
GDVHQ HYWH WUDEDMR QR SHUPLWLHQGR FRQVWUHXLU FRQFOX\HQW
GLILFXOWDQGR VX GHOLPLWDFLYQHQ VHQWLGR KRULJRQWDO $GHPiV
HVWUXFWXUDV GH WDPDxRV PHQRUHV D XQRV >NP@ GH DQFKR SRU
VLIXLHQWH HVWXGLR FRQ PD\RU UHVROXFLYQ \ TXH SHUPLWD GHOLPL\
UDV SUHVHQWHV HQ OD JRQD HV QHFHVDULD OD LQFOXVLYQ GH PiV HVW

DVt FRPRDXPHQWDUHO WLHPSRGHUHJLVWUR SDUDJDUDQWL]DU XQD |
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/D VLVPLFLGDG HQ OD ]JRQD GH HVWXGLR WLHQGH D VHU VRPHUD \ D WHQl
FRVFRPRWHFWYQLFRV DJUXSIQGRVH HQ UDFLPRV GLVWLQWLYRV DVRFLDGI
\D DFWLYLGDG HQ HO 37& SULQFLSDOPHQWH FRPRIMKID B YBEHQFLDGR HQ $J
REVHUYD DGHPiVDFWLYLGDG VtVPLFD FRQ SURIXQGLGDGHV TXH OOHJDQ KD\
VLFLYQ GHO 37& TXH SRGUtD HYWDU DVRFLDGD D DFWLYLGDG WHFWYQLFD GF
OR H[SXHVWR BWWEISIRVLFLYQ HQ ;9 &RQJUHVR *HROYJLFR &KLOHQR TXLHQ
HYLGHQFLD GH WUHPRUHVY QR YROFiIQLFRV EDMR HO 37& D SURIXQGLGDGHV \

HVWH WUDEDMR

IRV UHVXOWDGRY GH OD LQYHUVLYQ WRPRJUIILFD \ OD ORFDOL]DFLYQ GH \
WHUL]DU HVYWUXFWXUDV JHROYJLFDV DVRFLDGDV D OD VXEGXFFLYQ GH OD "I
DUFR YROFiIQLFR 1R HV SRVLEOH FRQVWUHXLU SUHFLVDPHQWH OD JHRPHW L
HO FDVR GH OD 30DFD GH 1D]FD FRPR$QWiUWLFD SHURHV SRVLEOH HVER]D!
HOiQJXORHV VRPHUR GH ARMDXPHQWD D PHGLGD TXHDYDQ]D OD VXEGXFFL
FLDGDV D OD VXEGXFFLyYQ VH HQF X IQ WO CE\D D] VR Q I & RTEXLH\D)GIHL YA U H

OD SUHVHQFLD GHVHGLPHQWRV\GHVKLGUDWDFLYQ GHHVWRV\GH OD SODF

IRV UHVXOWDGRY REWHQLGRY EDMR OD 3HQtQVXOD YDUtDQ GUiIVWLFDPH
GHQFLDQGR JUDQGHYV GLIHUHQFLDY HVWUXFWXUDOHY HQWUH HVWRYVY 5HVD
DOWRGH ODV FXDOHV OD PiVRULHQWDO VH H[SUHVD HQ OD WUDQVHFWD VXU
DOW RDOW/Rs TXHSRGUtD VXJHULUODVXUJHQFLD GHPDWHULDO PDQWPpPOLFR
(QHVWD WUDQVHFWD & &Y VREUHVDOH QRWDEOHPWNQWHWD SUHVHQFLD Gt
PRGHUDGR DDOWRTXHFRLQFLGHIXHUWHPHQWHFRQOD SRVLFLYQ\H[WHQV
VXJHULGD SRURWURV HVWXGLRY HJ %UHLWVISWHDEK HBXVMIRUNHOVRQ

DO ORTXHVRSRUWD HYLGHQFLD WHQGLHQWH D FRQILUPDU OD KLSYyWHVL



(VWHHVWXGLR HVY HO SULPHUR HQ REVHUYDU OD YHQWDQD DVWHQF
VXEGXFWDGDOKWDFRQ OD UHVROXFLYQ VXILFLHQWH SDUD HVWLPDU VXV
UHVXOWDGRYVY REWHQLGRYV VXJLHUHQ TXH OD GLYHUJHQFLD GH ODV S|

OD GRUVDO A\ TXH ODIRUPDFLYQ GH OD YHQWDQD FRPLHQ]D SRFR WLH

VXEGXFWDGR
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\%

>

>

>

@ $NL . /HH : + . '"HWHUPLQDWLRQ RIWKHWKUHH GLPHQVLRGQ
VHLVPLFDUUD\XVLQJILUVW3DUULYDOWLPHVIURP ORFDO HDUWKT

- *HRSK\V 5HYV +

@ $IJXUWR 'HW]HO + O5LHWEURFN $ %DWDLOOH . OLOOHU 0 2
6HLVPLFLW\GLVWULEXWLRQLQWKHYLFLQLW\RIWKH&KLOH7ULSOI

-RXUQDO RI 6RXWK $PHULFDQ (DUWK 6FLHQFHYV +

@ $VWHU 5 %RUFKHUV % 7KXUEHU & SDUDPHWHU HVWLPD\

GHPLF 3UHVYV

@ $]~D . 7RPRJUDItD 6tVPLFD HQ OD YHFLQGDG GH OD SHQtQV
ODV UpSOLFDV GHO WHUUHPRWR GHO ODXOH 0Z GH 7HVLV SD
GH *HRItVLFR SUHVHQWDGD D OD 8Q L¥iHU ¥l & X & i GH-H &R QFBIISTILLIEG f

h2bBbE2HH2M xm XT/7

@ %RLV 3 /D3RUWH 0 /DYHUJQH O 7KRPDV * "HOO WR ZHC
*HRSK\VLFV +
@ %YUHLWVSUHFKHU . 7KRUNHOVRQ IHRJHQH NLQHPDWL

3KRHQL[ VODE ZLQGRZV EHQHDWK 3DWDJRQLD DQG WKH $QWDUFWL



> @ &DQGH 6 % /HVOLH 5

%,%/,2*5$)E$

/IDWH &HQR]RLF 7THFWRQLFV RI WKH 6RX

-RXUQDO RI *HRSK\VLFDO 5HVHDUFK $WPRVSKHUHYV % L% S
> @ &HPEUDQR - +HUYp ) /DYHQX $ 7KH/LTXLXxH 2ITXLIDXOW JRQH I
IDXOW VIVWHP LQ VRXWKHUQ &KLOH 7HFWRQRSK\VLFV H

> @ 90DVWLVODY &HUYHQ\

\%

>

\%

\%

+

-RVH (GXDUGR 3 6RDUHYV J)UHVQHO YROXPH UD\"

@ &ROOLQJV 5 /DQJH ' 5LHWEURFN $ 7LOPDQQ ) 1DWDZLGMDMD

6DXO - 6WUXFWXUHDQG VHLVPRJHQLF SURSHUWLHV RIWKHOHQWDZ

VXEGXFWLRQ ]JRQHUHYHDOHG E\ORFDO HDUWKTXDNH WUDYHOWLPH WRP

% KWWS G[ GRL RUJ

@ &RQWUHUDV 5H\HV ( ( 5

-%

JOXHK DQG , *UHYHPH\HU THFWRQL

PHQW DFFUHWLRQ DQG VXEGXFWLRQ RIl VRXWK FHQWUDO &KLOH ,PSC

WXUH SURFHVVHV RI WKH

GRL 7&

@ 'H/IRQJ 6 ( JR[ 3 -

(ZLQJB6HULHYV * GRL

DQG PHIDWKUXVW HDUWKTXDNHV 7HF

*HRORJLFDO FRQVHTXHQFHV RI ULGJH VXE(

PH S

@ 'tD] ) /IRFDOL]DFLYQ GHVLVPRVHQ ODV FHUFDQtDVY GHO 3XQWR 7U

RSWDU DO WtWXOR SURIHVLRQDO GH *HRItVLFR SUHVRIQWDGD D OD 8QLY

ffrreX/;2QXm/2+X+HfrT@+QMi2MifmTHQ /bfkyR3fy3fh2bBb62HBT2.B x_XT/7

@ 'f2UD]JLR 0 ,QQRFHQWL )

ODQHWWL 3 7DPSRQL 0 7RQDULQL 6 *F

VHQ $ 2PDULQL 5 7TKH4XDWHUQDU\FDOF DONDOLQHYROFDQLVP |

FORVH WR WKH &KLOH WULSOH MXQFWLRQ JHRFKHPLVWU\DQG SHWURJH

&D\DQG ODFD YROFDIQRKVOH

-RXUQDO RI 6RXWK $PHULFDQ (DUWK 6FLHC
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> @ '|JLHZRQVNL $ O "RRGKRXVH - + *OREDO LPDJHV RI WKH (D

\Y

@ )ROJXHUD $ 5DPRV 9 OHOQLFN' 3DUWLFLYQ GH OD GHIR
YROFIQLFR GH ORV $QGHV GHHDXARRYOWLPRY PLOORQHV GH DxI

*HROyYyJLFD GH &KLOH 9RO 1R S JLIV /[iPV 'LFLHPEU

\

@ )RUVIWKH 5 1IHOVRQ ( *HRORJLFDO PDQLIHVWDWLRQV
FH TURP WKH *ROIR GH 3HQDV 7DLWDR %DVLQ VRXWKHUQ &KLOI

GRL WF L S

\%

@ )RZOHU & 0 5 7KH 6ROLG (DUWK DQ ,QWURGXFWLRQ WR *O|

&DPEULGJH 8QLYHUVLW\3UHVYV

\

@ *DOOHJR $ 5XVVR 5 &RPWH ' ORFDQX 9 OXUGLH 5 1RQ

PRULQ WKH &KLOH 7ULSOH -XQFWLRQ 5HJLRQ $*8)DOO OHHWLQJ $E

\%

@ *DOOHJR $ O5XVVR 5 &RPWH ' ORFDQX 9 O0OXUGLH 5 9DQGH

PLF QRLVH WRPRJUDSK\ LQ WKH &KLOH ULGJH VXEGXFWLRQ UHJLR

+

\Y

@ *HLJHU / SUREDELOLW\PHWKRG IRUWKHGHWHUPLQDWLRQ

DUULYDOWLPHRQO\ WUDQVODWHGIURP *HLJHUTV *HUPDQDUWL

\

@ +DOOHU 0 - DQG/DSLGR 2 5 7KH -XUDVVLF &UHWDFHRXV YF

3DWDJRQLDQ $QGHV (DUWK 6FL 5HY

\%

@ +DEHUODQG & 5LHWEURFN $ /DQJH ' %DWDLOOH . 'DKP 7
PRIJHQLF JRQH RI WKH VRXWKFHQWUDO &KLOHDQ PDUJLQ UHYHDOH

WRPRJUDSK\ - *HRSK\V 5HV % KWWS G[ GRL RUJ
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\%

\

\%
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@ +HUURQ ( &DQGH 6 +DOO % $Q DFWLYH VSUHDGLQJ FHQWHU F
]JRQH DJHRSK\WLFDO VXUYH\ RI WKH &KLOH ODUJLQ 7ULSOH -XQFWLRQ ,Q

PDWLRQDQG $QGHDQ &RQYHUJHQFH *HRO 6RF $P OHP YRO SsS

@ +LFNV 6 3 5LHWEURFN $ 5\GHU , /HH & 6 OLOOHU O $QDWRP\
0 ODXOH &KLOH HDUWKTXDNH UXSWXUH JRQH LPDJHG XVLQJ VHLVPI

DQG 30DQHWDU\ 6FLHQFH /HWWHUYV +

@ +ROEURRN 6 ORRQH\ : &KULVWHQVHQ 1 7KH VHLVPLF YHORFLYV

FROWLQHQWDO FUXVW 'HYHORSPHQWV LQ *HRWHFWRQLFV

@ +XVHQ 6 6HLVPLF 7RPRJUDSK\ )DOO VHPHVWHUBIiiT,>3UHVHQWDFL:

ff?22biB XH;bXDmbbB2mX7 f #Qb+?BHfiQKQ;  T?2vfG2+im 29nkjRRkyRRXT/7

@ ,ZDPRUL + 7TKHUPDO HIITHFWV RI ULGJH VXEGXFWLRQ DQG LWV LP

JUDQLWLF EDWKROLWK DQG SDLUHG PHWDPRUSKLF EHOWYVY (DUWK DQG

@ .LVVOLQJ ( ./ (OOVZRUWK ' (EHUKDUW 3KLOOLSVY 8 .UDGROIHU

PRGHOV LQ ORFDO HDUWKTXDNH WRPRJUDSK\ - *HRSK\V 5HYV %
-%

@ .UDYWVRY <X $ 2UORY <X , *HRPHWULFDORSWLFVRILQKRPRJHC

ORVFRZ 1DXND 7UDQVODWLRQ WR (QJOLVKEV\G6SULQJHU %HUOLQ

@ /HH : + . 9DOGHV & O +<3 3& $SHUVRQDO FRPSXWHU YHUVLRQ

HDUWKTXDNH ORFDWLRQ SURJUDP 8 6 *HRORJLFDO 6XUYH\2SHQ )LOH 51

@ /pYrTXH - - 5LYHUD / :LWWOLQJHU * 2Q WKHXVHRIWKHFKHFN

WKHUHVROXWLRQ RI WRPRJUDSKLFLQYHUVLRQV *HRSK\VLFDO -RXUQDO

@ /RZULH : )XQGDPHQWDOV RI *HRSK\VLFV &DPEULGJH &DPEULGJF
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> @ OLFKHOLQL $ OF(YLOO\ 79 6HLVPRORJLFDO VWXGLHV DW
VLRQ IRUYHORFLWA\VWUXFWXUHDQG K\SRFHQWHUV XVLQJFXELF %

WKH 6HLVPRORJLFDO 6RFLHW\ RI$PHULFD

\%

@ OLOOHU 0 %DWDLOOH . SULHVWOH\ . ,ZDPRUL + &DOLVWR

VXEGXFWHG ULGJH VRXWKHUQ &KLOH $*8 )DOO OHHWLQJS$SEVWUDF

\

@ ORUHQR 0 +DEHUODQG & 2QFNHQ 2 5LHWEURFN $ $QJLERX
JRENLQJRIWKH &KLOH VXEGXFWLRQ]JRQHFRQWUROOHG E\IOXLG SU

IDWXUH *HRVFLHQFH * GRL QJHR

\%

@ 0eOOHU 5 ' 6GUROLDV 0 *DLQD & 5RHVW : 5 $JH VSUEL
GLQJ DV\PPHWU\ RI WKH ZRUOGYTV RFHDQ FUXVW *HRFKHPLVWU\ *

Q D+tQ D GRL JF

\%

@ 0OXUGLH 5 ( 3ULRU ' - 6W\OHV 3 )OLQW 6 6 3HDUFH 5 * $

UHVSRQVHV WR ULGJH WUDQVIRUP VXEGXFWLRQ &KLOH WULSOH M>

\%

@ 0OXUGLH 5 6W\OHV 3 3ULRU ' 'DQLHO % $QHZIUDYLW\ PI

SUHOLPLQDU\LQWHUSUHWDWLRQ 5HYLVWD *HRORJLFD 'H &KLOH

\Y

@ 0XUGLH 5 5XVVR 5 6HLVPLF DQLVRWURSY LQ WKH UHJLF

MXQFWLRQ -RXUQDO RIBRXWK $PHULFDQ (DUWK 6FLHQFHV

\%

@ 1DUDQMR - $ $UHQDV 0 &ODYHUR - O0XxR] 2 ODVV PRYHF
PDLQ HITHFWV GXULQJ WKH 3DWDJRQLDQ )MRUGODQG VHLVPLF FULV

JHRORJ\ KWWSV G[ GRL RUJ 6

\Y

@ 3DUUDJXH] % 7TRPRJUDItD THOHVtVPLFD GH RQGD 3 HQ OD 5H
RSWDU DO WtWXOR SURIHVLRQDO GH *HRItVLFR SUHVRIQWDGD D OD

firrrX/;2QXm/2+X+HfrT@+QMi2MifmTHQ /bfkyRjfydf#2;:QW*jW"R XT/7
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@ 5DZOLQVRQ 1 .HQQHWW % / 1 7THOHVHLVPLF WRPRJUDSK\ RI WK

WKHVRXWKHUQ /DFKDQ 2URJHQ $XVW 3K\V (DUWK30ODQHW ,QWHU

@ 5DZOLQVRQ 1 3R]JD\ 6 )LVKZLEN 6 6HLVPLF WRPRJUDSK\ $ Z
(DUWK 3K\VLFV RI WKH (DUWK DQG 30DQHWDU\,QWHULRUV +
@ 5DZOLQVRQ 1 )LWFKQHU $ 6DPEULGJHO <RXQJ O . 6HLVPLF W

DVVHVVPHQW RI XQFHUWDLQW\ $GYDQFHV LQ *HRSK\VLFV

@ 5H\QHUV 0 (EHUKDUW 3KLOOLSV ' 6WXDUW * $ WKUHH GLPHQ
VXEGXFWLRQ &UXVWDO VWUXFWXUHRIWKHS5DXNXPDUD 3HQLQVXOD 1HZ

L, QWHUQDWLRQDO

@ 5H]DHLIDU 0 .LVVOLQJ ( 6KRPDOL =+ 6KDKSDVDQG =DGHK 0
RI WKH QRUWKZHVW $OERU] UHJLRQ ,UDQ IURP ORFDO HDUWKTXDNH W]

*HRVFLHQFHV

@ 5XVVR 5 *DOOHJIR $ &RPWH ' ORFDQX 9 OXUGLH 5 O9DQ'HFDU - &

VLGHVKHDUZDYHVSOLWWLQJDQG XSSHUPDQWOHIORZLQ WKH &KLOHS5L(

@ 0 6iH] 6 5XL] 6 ,GH + 6XJLRND 1RQ 9ROFDQLF7UHPRUDFWLYLW\LQ W

GHWHFWHG E\ 2%6 VWDWLRQV 3UHVHQWDFLYQ ;9 &RQJUHVR *HROYJLFR &

@ 6KHDUHU 3 L, QWURGXFWLRQ WR 6HLVPRORJ\ &DPEULGJH &DPEUL

@ 6SDNPDQ : 1ROHW * ,PDIJLQJDOJRULWKPV DFFXUDF\DQG UHV
WRPRJUDSK\ ,Q1 - 90DDU * 1ROHW 0 - 5 :RUWHO 6 $ 3 &0RHWLQJK
JHRSK\WVLFV $VXUYH\RIUHFHQW GHYHORSPHQWV LQ VHLVPRORJ\DQG JH|

IHWKHUODQGYVY 6SULQJHU
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> @ 6SXGLFK 3 2UFXWW - $ QHZ ORRN DW WKH VHLVPLF YHORF

FUXVW 5HYLHZV RI JHRSK\VLFVDQG VSDFH SK\VLFV

> @ 7DWKDP 5 + 9S 9V DQG OLWKRORJ\ *(23+<6,&6
GRL
> @ 7D\ORU6 5 OF/HQQDQ®6 0 7KH &RQWLQHQWDO &UXVW ,WV

%ODFNZHOO 2[IRUG

\%

@ 7TRRPH\ "5 )JRXOJHU * 5 7TRPRIJUDSKLFLQYHUVLRQ RIORFDC(

+HQJLOO *UHQVGDOXU FHQWUDO YROFDQR FRPSOH[ ,FHODQG - *F
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$SPQGLFH $

$QH[RYV

$ JRUPXODFLYQ HFXDFLYQ GH PRPHQWR VtVPL

GH ODV YHORFLGDGHYV

/IDVIXHU]DV TXHDFW~DQ VREUH XQ FXERLQILQLWRHX-1>8D®OXHQ XQ VLV
GHQ VHU GLYLGLGDV HQ GRV JUXSRV DTXHOODV IXHU]DV GH VXSHUIL
FXER\DTXHOODV IXHU]DV GH FXHUSR TXHDFW~DQ VREUHHO YROXPHGQ

/IDVIXHU]DV GHVXSHUILFLHVREUH HO FXERHVWIiQ GDGDV SRUHO SU
HO YHFWRU GH VXSHUILFLH GH FDGD FDUD (Q XQ FDPSR GH HVWUHVHYV
HO FXER VHUIi QXOD SRUTXH ODV WUDFFLRQHV HQ FDUDV RSXHVWDYV V
GHH[LVWLUJUDGLHQWHV HVSDFLDOHVHQHO FDPSR ODIXHU]D QHWD"

SRUOD VXPDGHHVWRVJUDGLHQWHY VREUH WRGDV ODV FDUDV GH OD

X @
Fi = g—”dxldxzdxg = @ ; dx:dxzdxs $
= X
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/IDVIXHU]DV GH FXHUSRHQ WDQWRDFW~DQ VREUHHO YROXPHQ GHO PDWHUL

FXHUSR SXHGH VHU H[SUHVDGD FRPR

Fic = fidX1dX2dX3 $

GRQfGWLHQH XQLGDGHV GHIXHU]D VREUH YROXPHQ 6LVHH[SUHVD OD PDVD
VX GHQVLG DG FRPdR,dx3 VH SXHGH HVFULELU OD VHIXQGD OH\GH 1HZWRQ SD
FRPR

@:@ij"‘fi $

GRQGHIY OD GHQMHMGHD@WGYHFWRU GHV S0 KO A VMDA XHU]D GH FXHUSR TXH

FRQVLVWHHQ ODJUDYHGDG \ RWUDV IXHU]DV PiVGpPELOHVY HQ FRPSDUDFLYC
DFWXDQGR VREUH URFDV FRQ FRQGXFWLYLGDG SRU HMHPSOR /D JUDYHGEL
RQGDV GHPX\EDMD IUHFXHQFLD R SHUWIL\R®& RG R RGHOWKRD/S BIHWH FRPR I XHU]IL
UHVWDXUDGRUD QR HVY GHVSUHFLDEOH VLQ HPEDUJR HQ HO FDVR GH ODV R(

HIHFWR SXHGH VHU GHVSUHFLDGR \OD HFXDFLYQ GHPRPHQWR SXHGH VHU U|

@ui

ot~ @ ?

/IDTXHFRQWUROD OD SURSDJDFLYQ GHODV RQGDV VtVPLFDV HQ HO FDPSR O]

3DUD UHVROYHU OD HFXDFLYQ $ VH QHFHVLWD GH DOJXQD H[SUHVLYQ T
HO GHVSOD]DPLHQWR 3DUD HVWR VH SXHGH FRQVLGHUDU OD UHODFLYQ HQ

XQPHGLR OLQHDO KRPRIJpQHR HLVRWUYSLFR

i = jekt2ej $
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GRQGHYV OD IXQFLYQ ' HOWD GHVEBR @OHRMNFWUIiPHWURWHEHDOWHOQVRU GH

GHIRUPDFLYQ HO FXDO VH GHILQH FRPR
eij:%(@uj"'@ui) $

6LVHUHHPSODID$ HQ$ VHREWLHQH
i = i @Qu+  (@Qu + Qui) $

TXHHV OD UHOD FHOQGHWEOBD]DPLHQWR TXH VH GHVHDED )LQDOPHQW!

OD HFXDFLYQ$ VHREWLHQH

@g;i= @[ i @Qu+ (@Qu + Qui)]
%J{: @Auc+ @Quc+ @ (Qu + Qu)+ @Gy + @Qu
@@;;‘i= @@+ @ (@Qu + QU+ @QU+ @Qu + @ Qui ¥

WUDQVIRUPDQGR GH QRWDFLYQ LQGLFLDO D QRWDFLYQ YHFWRULDO H
h i
X=r (r X+r rX+(r X7 +( + ) X+ r2Xx $
BWLOLIDQGR ODLGHQWLGDG YHFWRULDO
r2x=rm Xrr X
VHREWLHQH

h i
X=r (r X+r rX+(r 37 +( +2 ) X rr X $
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6HSXHGHFRQVLGHUDUTXHOD YHORFLGDG HV VRORIXQFLYQ GHOD SURIXQG!
VHU FRQVLGHUDGR FRPR XQD VHULH GH FDSDV KRPRIJpQHDV GRQGHHO JUDG
IDPpHV QXOR SRUORTXHORV GRV SULPHURV WpUPLQRV GH OD HFXDFLYQ DC

GRV REWHQLpQGRVHILQDOPHQWH OD HFXDFLYQ GHPRPHQWR SDUD XQ PHGI
X=( +2 )rr X rr X $

/IDRQGD 3HV FRPSUHVLRQDO PLHQWUDV TXHODRQGD 6 HV GH FL]DOOH HVW
FLYQ HQ VROXFLRQHV SDUD DPEDV RQGDV WRPDQGR OD GLYHUJHQFLD \ HO L
RQGD 3\ODRQGD 6 UHVSHFWLYDPHQWH

&DOFX0OiQGRVH OD GLYHUJHQFLD VHREWLHQH

@(r@%»: 2y $

'HHVWD VHREWLHQH TXH OD YHORFLGDG GH OD RQGD 3 HV

,_ 2

$QIORJDPHQWH FDOFXODQGR HO URWRU GHODHFXDFLYQ VHREWLHQH

@r 3

@t
CIG

@t

= —rr (r R

=—r?r X $

'HGRQGH VH REWLHQH TXH OD YHORFLGDG GHOD RQGD 6 HV
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&RQ HVWDV YHORFLGDGHV HV SRVLEOH UHHVFULELU OD HFXDFLYyQ GH

GHODIRUPD

(FXDFLYQTXHFRQWURODHOFRPSRUWDPLHQWRGHODVRQGDV VtVPLFI

OHMDQR

$ 'HILQLFLYQ PYGXOR GH 3RLVVRQ

(Q XQFXHUSRHOIVWLFR VRPHWLGR D XQD WHQXLY®IN GRIRDPIRFGR X
QHVWUDQVYHUVDV D OR OD IRGERIRVYR R WURNWSHOQKM- HQWHY GH OD GH

ORODUJRGHO HMH VREUH HQ;TXH DFW~D OD WHQVLYQ

&RQVLGHUH OD EDUUDxGHy GAHPHRUILWRD HY OD ILJXUD $ SRU OD OtQH
VRPHWLGD D XQD I XHY NORHEWHWYVHWB SULQFLSDO (VWD IXHU]D GHIRUP
GROD D OR ODUJR GHO HMH VREUBWNWOHKXKIiQ6WeD BDUDOHODPHQWH D
HQy\ z KDVWD OOHJDU D VXV GXPRHQVYLR@HN ILOFARFR SXHGH YHUVH

HQ OD ILJXUD $ HODGHOJD]DPLHQWR WUDQVYHUVDO HV VLPpWULEFR
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JLIXUD $ (VITXHPD GH XQD EDUUD VRPHWLGD D XQD IXHU]D D OR ODUJR GH
GHIRUPDFLRQHV DVRFLDGDYV D HVWD ([WUDtGD GH)XQGDPHQWDOV RI*HRSK

/IDVGHIRUPDFLRQHV WY QWY HEYDY VRQGHVLIQRRSXHVWRDOD HIWHQVL
ORQJILWXBHLOQKO SHUR SURSRUFLRQDOHYV DHVWD $Vt ODV GHIRUPDFLRQHYV

VDGDV FRPR

yy — XX 2z — XX

(VWD FRQVWDQWH GH SURSRUFLRQDOLGDG HV HO OyGXOR GH 3RLVVRQ \ UH
FRPSRQHQWHY WUDQVYHUVDOHV \ D[LDOHVY GH OD GHIRUWPIDIALIQ (V LPSRUV

SDUDDPERVHMHV WUDQVYHUVDOHYV

yo4
— Yy — $

XX XX
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