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7KLV VWXG\ LQYHVWLJDWHV WKH 0|ELXV VWULS DQG LWV NH\ JHRPHWULF SURSHUWLHV IURP WKHRUHWLFDO�
KLVWRULFDO� DQG PDWKHPDWLFDO SHUVSHFWLYHV� KLJKOLJKWLQJ LWV DSSOLFDWLRQV DFURVV YDULRXV ILHOGV
RI NQRZOHGJH� 7KH UHVHDUFK EHJLQV ZLWK D KLVWRULFDO RYHUYLHZ²WUDFLQJ WKH VXUIDFH¶V HDUO\
UHSUHVHQWDWLRQV WR LWV ��WK�FHQWXU\ PDWKHPDWLFDO IRUPDOL]DWLRQ E\ $XJXVW )HUGLQDQG 0|ELXV
DQG -RKDQQ %HQHGLFW /LVWLQJ²DQG HPSKDVL]HV LWV VLJQLILFDQFH WR WKH GHYHORSPHQW RI
PRGHUQ WRSRORJ\� 7KH SULPDU\ REMHFWLYH LV WR DQDO\]H WKH IXQGDPHQWDO FKDUDFWHULVWLFV RI WKH
0|ELXV VWULS DQG XQGHUVWDQG KRZ LWV SURSHUWLHV PDQLIHVW LQ ERWK PDWKHPDWLFDO FRQVWUXFWLRQV
DQG SUDFWLFDO� HYHU\GD\ VLWXDWLRQV� 7R WKLV HQG� D TXDOLWDWLYH� GHVFULSWLYH� DQG ELEOLRJUDSKLF
VWXG\ ZDV FRQGXFWHG� GUDZLQJ RQ ERRNV� VFLHQWLILF DUWLFOHV� GLVVHUWDWLRQV� DQG DFDGHPLF
PDWHULDOV UHODWHG WR WKH VXEMHFW� 7KH VWXG\ H[DPLQHG SURSHUWLHV VXFK DV RQH�VLGHGQHVV�
QRQ�RULHQWDELOLW\� SDUDPHWHUL]DWLRQ� DQG WKH VXUIDFH¶V EHKDYLRU ZKHQ VXEMHFWHG WR ORQJLWXGLQDO
FXWV� 7KH UHVXOWV UHYHDOHG WKDW WKH 0|ELXV VWULS SRVVHVVHV FKDUDFWHULVWLFV WKDW EUHDN ZLWK
WUDGLWLRQDO JHRPHWULF FRQFHSWV� H[KLELWLQJ EHKDYLRUV WKDW GHI\ LQWXLWLYH VSDWLDO SHUFHSWLRQ�
)XUWKHUPRUH� LW ZDV REVHUYHG WKDW WKHVH SURSHUWLHV H[WHQG EH\RQG WKH WKHRUHWLFDO UHDOP�
ILQGLQJ DSSOLFDWLRQV LQ ILHOGV VXFK DV PHFKDQLFDO HQJLQHHULQJ� FKHPLVWU\� QDQRWHFKQRORJ\�
DUW� DUFKLWHFWXUH� DQG PDWKHPDWLFV HGXFDWLRQ� 7KH VWXG\ FRQFOXGHV WKDW WKH 0|ELXV VWULS
VHUYHV DV D VLJQLILFDQW H[DPSOH RI WKH UHODWLRQVKLS EHWZHHQ PDWKHPDWLFDO DEVWUDFWLRQ DQG
SUDFWLFDO DSSOLFDWLRQ� XQGHUVFRULQJ WKH LPSRUWDQFH RI VWXG\LQJ JHRPHWULF VWUXFWXUHV WKDW
FRQWULEXWH WR XQGHUVWDQGLQJ SKHQRPHQD DFURVV GLYHUVH VFLHQWLILF DQG HYHU\GD\ FRQWH[WV�

.H\ZRUGV� 0|ELXV VWULS� *HRPHWU\� 1RQ�RULHQWDELOLW\� $SSOLFDWLRQV�

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH

MXOKR GH �����
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HVWUXWXUDGR H FRQKHFLGR� R TXH UHVXOWRX QD FULDomR GH PDLV XPD iUHD GD PDWHPiWLFD�

DEULQGR FDPLQKRV SDUD R QDVFLPHQWR GD WRSRORJLD PRGHUQD��

2 SUHVHQWH WUDEDOKR WHP FRPR REMHWLYR H[SORUDU D )DL[D GH 0|ELXV VRE XPD SHUVSHFWLYD

KLVWyULFD� JHRPpWULFD H SUiWLFD� e LPSRUWDQWH UHVVDOWDU TXH HPERUD HVVD VXSHUItFLH VHMD XP

GRV REMHWRV PDLV VLPEyOLFRV H OHPEUDGRV QR HVWXGR GD WRSRORJLD� HVWD SHVTXLVD VH GHOLPLWD H

QmR VH DSURIXQGDUi QRV ULJRUHV H QDV DEVWUDo}HV GHVVD iUHD GDPDWHPiWLFD� (P YH] GLVVR� R

IRFR VHUi GHVPLVWLILFDU D VXSHUItFLH� DSUHVHQWDQGR VXDV SULQFLSDLV SURSULHGDGHVPDWHPiWLFDV

H GHPRQVWUDU FRPR HVVH FRQFHLWR VH PDWHULDOL]D QR QRVVR GLD D GLD�

$ UHOHYkQFLD GHVWH HVWXGR MXVWLILFD�VH SHOD QHFHVVLGDGH GH HYLGHQFLDU TXH D PDWHPiWLFD

QmR VH UHVXPH D IyUPXODV� PDV FRQVWLWXL XPD FLrQFLD YLYD H DSOLFiYHO� FDSD] GH VHPDQLIHVWDU

QR GHVLJQ� FRQWULEXLU SDUD D RWLPL]DomR GH SURFHVVRV HP GLYHUVDV iUHDV H H[SUHVVDU�VH

QDV DUWHV� &RPSUHHQGHU D )DL[D GH 0|ELXV p� SRUWDQWR� FRPSUHHQGHU XPD SRQWH HQWUH R

SHQVDPHQWR DEVWUDWR H D UHDOLGDGH FRWLGLDQD�

3DUD FRPSUHHQGHU PHOKRU R WHPD SURSRVWR� HVWH WUDEDOKR DGRWD XPD DERUGDJHP

WHyULFD H DSUHVHQWD XP UHVJDWH KLVWyULFR VREUH D )DL[D GH 0|ELXV� TXH YmR GHVGH DV VXDV

DSDULo}HV LQWXLWLYDV QD DQWLJXLGDGH DWp D VXD IRUPDOL]DomR SHORV PDWHPiWLFRV 0|ELXV H

/LVWLQJ� HP VHJXLGD� VmR DQDOLVDGDV DV SULQFLSDLV SURSULHGDGHV PDWHPiWLFDV� GHWDOKDQGR

VRE XPD SHUVSHFWLYD JHRPpWULFD� VXDV FDUDFWHUtVWLFDV FRPR D VXD XQLODWHUDOLGDGH� D QmR

RULHQWDELOLGDGH H D VXD SDUDPHWUL]DomR� 3RU ILP� GLVFXWH�VH D DSOLFDomR GHVVHV FRQFHLWRV�

UHYHODQGR FRPR DV SURSULHGDGHV ~QLFDV GHVVD VXSHUItFLH VmR XWLOL]DGDV QD DWXDOLGDGH HP

GLIHUHQWHV FDPSRV GD FLrQFLD� GD WHFQRORJLD H GD VRFLHGDGH�

� )81'$0(17$d­2 7(Ï5,&$

1HVWH WySLFR� VHUi DSUHVHQWDGR XP EUHYH KLVWyULFR HQYROYHQGR RV PDWHPiWLFRV $XJXVW

)HUGLQDQG 0|ELXV H -RKDQQ %HQHGLFW /LVWLQJ� UHVSRQViYHLV SHOD IRUPDOL]DomR DFDGrPLFD

GD )DL[D GH 0|ELXV� QR HQWDQWR� DQWHV GH DGHQWUDUPRV QD PDWHPiWLFD GR VpFXOR ;,;� p

QHFHVViULR GHVWDFDU TXH D KXPDQLGDGH Mi KDYLD WLGR FRQWDWR FRP DV SURSULHGDGHV GHVVH

REMHWR PXLWR DQWHV GH VXD FRQFHLWXDomR WHyULFD DWUDYpV GDV DUWHV�

��� $3$5,d®(6 1$ $17,*8,'$'(

0XLWR DQWHV GH VHU IRUPDOL]DGD WHRULFDPHQWH� D IRUPD YLVXDO GD )DL[D GH 0|ELXV Mi

DSDUHFLD HP DUWHIDWRV DQWLJRV� 2 UHJLVWUR KLVWyULFR PDLV FRQKHFLGR� VHJXQGR &DUWZULJKW

H *RQ]iOH] ������� IRL HQFRQWUDGR HP XP PRVDLFR URPDQR FRQVWUXtGR SRU YROWD GH ��� D

��� G�&�� QD FLGDGH GH 6HQWLQXP� DWXDO 6DVVRIHUUDWR� QD ,WiOLD� $ REUD UHWUDWD R GHXV $LRQ�

GLYLQGDGH GD HWHUQLGDGH TXH UHSUHVHQWD R WHPSR VHP LQtFLR H VHP ILP� QR LQWHULRU GH XPD

IDL[D URGHDGD SHORV VtPERORV GR ]RGtDFR� FRPR SRGH VHU REVHUYDGR QD )LJXUD ��

�$ WRSRORJLD p R UDPR GD PDWHPiWLFD TXH HVWXGD DV SURSULHGDGHV GDV ILJXUDV H HVSDoRV TXH VH PDQWrP
LQDOWHUDGDV VRE GHIRUPDo}HV FRQWtQXDV� FRPR HVWLFDU RX WRUFHU� VHP UDVJDU RX FRODU�

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH

MXOKR GH �����









�

$VVLP FRPR 0|ELXV� DV LQYHVWLJDo}HV GH /LVWLQJ R OHYDUDP D VH GHSDUDU FRP D ILJXUD

XQLODWHUDO H QmR RULHQWiYHO HP ����� HPERUD WHQKD VLGR R SULPHLUR D SXEOLFDU DQRWDo}HV VREUH

D VXSHUItFLH TXDWUR DQRV DQWHV GD SXEOLFDomR GH 0|ELXV FRPR DSRQWDGR SRU (GLWRUHV GD

%ULWDQQLFD ������� R ULJRU H D FRQH[mR FRP D WHRULD GRV SROLHGURV DSUHVHQWDGRV SRU 0|ELXV

DFDEDUDP SRU HWHUQL]DU R QRPH GH 0|ELXV QD IDL[D� $LQGD DVVLP� D FRQWULEXLomR GH /LVWLQJ

IRL IXQGDPHQWDO SDUD R GHVHQYROYLPHQWR GD WRSRORJLD PRGHUQD�

$ IRUPDOL]DomR GD )DL[D GH 0|ELXV IRL XP JUDQGH DYDQoR QD PDQHLUD TXH DV IRUPDV

HVSDFLDLV HUDP YLVWDV H FRPSUHHQGLGDV QD PDWHPiWLFD� R TXH IH] D IDL[D VH WRUQDU PXLWR

FRQKHFLGD SRU DSUHVHQWDU FDUDFWHUtVWLFDV LQpGLWDV H IDVFLQDQWHV SDUD DTXHOH WHPSR� DQWHV

GHVVD GHVFREHUWD WRGDV DV VXSHUItFLHV HUDP HQWHQGLGDV GH PDQHLUD SXUDPHQWH LQWXLWLYD H

HXFOLGLDQD� RX VHMD� SRVVXtDP REULJDWRULDPHQWH GRLV ODGRV GLVWLQWRV H LQGHSHQGHQWHV� ( FRP

D FKHJDGD GHVVD QRYD GHVFREHUWD ILFRX HYLGHQWH TXH HUD SRVVtYHO XPD VXSHUItFLH DSUHVHQWDU

XPD ~QLFD ERUGD H XPD ~QLFD IDFH� FRP LVVR� IRL QHFHVViULR QRYDV DERUGDJHQV DQDOtWLFDV H

GH YLVXDOL]DomR PDWHPiWLFD R TXH FRQVROLGRX D IDL[D FRPR XP LPSRUWDQWH REMHWR GH HVWXGR

HP GLYHUVDV iUHDV GDV H[DWDV�

� 0(72'2/2*,$

$ SUHVHQWH SHVTXLVD FDUDFWHUL]D�VH FRPR XP HVWXGR GH QDWXUH]D TXDOLWDWLYD H GHVFULWLYD�

GHVHQYROYLGR SRU PHLR GH SHVTXLVD ELEOLRJUiILFD� FRPR DSRQWD *LO ������� HVVH WLSR

GH SHVTXLVD p XPD LPSRUWDQWH IHUUDPHQWD TXH DX[LOLD QD H[SDQVmR GR FRQKHFLPHQWR

WUDoDQGR QRYRV KRUL]RQWHV� $ SURSRVWD GHVWH WUDEDOKR p H[SORUDU D )DL[D GH 0|ELXV

VRE XPD SHUVSHFWLYD KLVWyULFD� JHRPpWULFD H SUiWLFD� 3DUD LVVR� D SHVTXLVD GHOLPLWD�VH

D GHVPLVWLILFDU D VXSHUItFLH� DSUHVHQWDQGR VXDV SULQFLSDLV SURSULHGDGHV H GHPRQVWUDQGR

FRPR HVVH FRQFHLWR VH PDWHULDOL]D QR GLD D GLD� VHP DSURIXQGDU�VH H[FHVVLYDPHQWH QRV

ULJRUHV DEVWUDWRV GD WRSRORJLD� 3DUD DOFDQoDU HVVH REMHWLYR� R GHVHQKR PHWRGROyJLFR IRL

HVWUXWXUDGR QDV VHJXLQWHV HWDSDV�

�� 'HILQLomR GR WHPD� 2 HVWXGR GD )DL[D GH 0|ELXV IRFDQGR HP VHX UHVJDWH KLVWyULFR�

SULQFLSDLV SURSULHGDGHV H DOJXPDV DSOLFDo}HV�

�� /HYDQWDPHQWR GH GDGRV� $ UHYLVmR ELEOLRJUiILFD IRL UHDOL]DGD D SDUWLU GH EXVFDV

HP SODWDIRUPDV H UHSRVLWyULRV DFDGrPLFRV� HVSHFLILFDPHQWH QR DFHUYR GR 0HVWUDGR

3URILVVLRQDO HP 0DWHPiWLFD HP 5HGH 1DFLRQDO �352)0$7�� QR *RRJOH $FDGrPLFR

H QD %LEOLRWHFD 'LJLWDO %UDVLOHLUD GH 7HVHV H 'LVVHUWDo}HV �%'7'�� &RP XP UHFRUWH

WHPSRUDO GH WUDEDOKRV DFDGrPLFRV GRV ~OWLPRV �� DQRV� XWLOL]DQGR�VH WDPEpP R

*RRJOH SDUD FRPSOHPHQWDU H H[HPSOLILFDU DOJXPDV LQIRUPDo}HV FRP DUWLJRV� VLWHV H

OLYURV� OHYDQGR HP FRQVLGHUDomR SDUD D VHOHomR GRV WUDEDOKRV SHVTXLVDGRV R UHVJDWH

KLVWyULFR� DV SULQFLSDLV SURSULHGDGHV H DOJXPDV DSOLFDo}HV�

�� /HYDQWDPHQWR KLVWyULFR� $ SULPHLUD HWDSD FRQVLVWLX HP XPD UHYLVmR GH OLWHUDWXUD

IRFDGD QR UHVJDWH KLVWyULFR GD VXSHUItFLH� )RUDP DQDOLVDGRV UHJLVWURV GRFXPHQWDLV

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH

MXOKR GH �����
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TXH DERUGDP GHVGH DV VXDV UHSUHVHQWDo}HV YLVXDLV LQWXLWLYDV QD DQWLJXLGDGH� FRPR

QR PRVDLFR URPDQR GR GHXV $LRQ� DWp D VXD IRUPDOL]DomR PDWHPiWLFD QR VpFXOR ;,;

SHORV HVWXGLRVRV $XJXVW )HUGLQDQG 0|ELXV H -RKDQQ %HQHGLFW /LVWLQJ�

�� $QiOLVH GDV SURSULHGDGHVPDWHPiWLFDV� $ SHVTXLVD FRQFHQWURX�VH QD IXQGDPHQWDomR

JHRPpWULFD GD VXSHUItFLH� 8WLOL]DQGR UHIHUHQFLDLV WHyULFRV� R IRFR IRL GHVFUHYHU H

VLVWHPDWL]DU DV FDUDFWHUtVWLFDV FHQWUDLV GD IDL[D� DERUGDQGR HVSHFLILFDPHQWH VXD

XQLODWHUDOLGDGH� QmR RULHQWDELOLGDGH� SDUDPHWUL]DomR H FRPSRUWDPHQWR TXDQGR

VXEPHWLGD D FRUWHV ORQJLWXGLQDLV�

�� 0DSHDPHQWR GH DSOLFDo}HV� (VVD HWDSD FRQVLVWLX QD FROHWD GH H[HPSORV SUiWLFRV H

YLVXDLV TXH FRPSURYDP D PDWHULDOL]DomR GHVVH FRQFHLWR PDWHPiWLFR QD VRFLHGDGH� 2

OHYDQWDPHQWR DEUDQJHX HQJHQKDULD PHFkQLFD� QDQRWHFQRORJLD� DUWH H DUTXLWHWXUD�

�� 5HFXUVRV WHFQROyJLFRV� )RUDP XWLOL]DGRV R 2YHUOHDI SDUD GLJLWDomR H RUJDQL]DomR

GR WH[WR DFDGrPLFR� EHP FRPR R VRIWZDUH *HR*HEUD SDUD UHSUHVHQWDomR JUiILFD�

2 HVWXGR DVVXPLX XP FDUiWHU TXDOLWDWLYR� ELEOLRJUiILFR H GHVFULWLYR� WHQGR FRPR

FHQWUDOLGDGH D GHVPLVWLILFDomR GHVVD VXSHUItFLH WRSROyJLFD SDUD FRQHFWDU R ULJRU PDWHPiWLFR

DEVWUDWR j UHDOLGDGH SUiWLFD GR FRWLGLDQR� 3DUD VXVWHQWDU HVVD DQiOLVH� RV SULQFLSDLV

FRQFHLWRV DERUGDGRV WUDQVLWDP HQWUH D WRSRORJLD VHP PXLWR DSURIXQGDPHQWR H D

JHRPHWULD DQDOtWLFD� FRP IRFR GLUHWR QD XQLODWHUDOLGDGH� QD QmR RULHQWDELOLGDGH� QD

SDUDPHWUL]DomR WULGLPHQVLRQDO H QDV FDUDFWHUtVWLFDV HVWUXWXUDLV UHYHODGDV SRU FRUWHV

ORQJLWXGLQDLV� &RPSOHPHQWDUPHQWH� D SHVTXLVD DERUGD D LQWHUGLVFLSOLQDULGDGH GHVVH

FRQFHLWR� HYLGHQFLDQGR FRPR HVVDV SURSULHGDGHV VH PDWHULDOL]DP HP DSOLFDo}HV�

� 35235,('$'(6 0$7(0È7,&$6

$ )DL[D GH 0|ELXV� p XPD VXSHUItFLH TXH GHVDILD DV QRo}HV JHRPpWULFDV FOiVVLFDV

DR FRUURPSHU RV FRQFHLWRV IXQGDPHQWDLV GH VXSHUItFLH� IURQWHLUD H HVSDoR� HQTXDQWR DV

ILJXUDV JHRPpWULFDV FRQYHQFLRQDLV FRP DV TXDLV LQWHUDJLPRV QR QRVVR FRWLGLDQR FRPR D

HVIHUD� R FLOLQGUR RX DWp PHVPR FRP XPD VLPSOHV IROKD GH SDSHO TXH SRVVXHP GXDV IDFHV

GLVWLQWDV H LQGHSHQGHQWHV� D HVWUXWXUD UHVXOWDQWH GD XQLmR GH XPD PHLD WRUomR HP XP

SHGDoR UHWDQJXODU GH SDSHO URPSHX FRP YiULDV FRQFHSo}HV UHYHODQGR VXDV FDUDFWHUtVWLFDV

IDVFLQDQWHV H LQRYDGRUDV�

��� 81,/$7(5$/,'$'( ( 1­2 25,(17$%,/,'$'(

$ SURSULHGDGH PDLV PDUFDQWH H LQWXLWLYD GD )DL[D GH 0|ELXV p D VXD XQLODWHUDOLGDGH� LVWR

p� R IDWR GH SRVVXLU DSHQDV XPD ~QLFD IDFH� 3RGH�VH GHPRQVWUDU HVVD FDUDFWHUtVWLFD DR

WUDoDU XPD OLQKD FRQWtQXD� D SDUWLU GH XP SRQWR LQLFLDO� DR ORQJR GR FHQWUR GD IDL[D� $R ID]HU

LVVR� QRWD�VH TXH D OLQKD SHUFRUUH WRGD D H[WHQVmR GD VXSHUItFLH VHP TXH VHMD QHFHVViULR

WLUDU D FDQHWD GR SDSHO� 3RUWDQWR� HVVH SHTXHQR H[SHULPHQWR FRPSURYD TXH D )DL[D GH

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH

MXOKR GH �����
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HN(ū, v̄)� FRLQFLGHP QDV LQWHUVHo}HV� 6HQGR DV FRRUGHQDGDV FRQVWUXtGDV D SDUWLU GR SURGXWR

YHWRULDO� N p XPD DSOLFDomR GLIHUHQFLiYHO�

6H H[LVWH R FDPSR GLIHUHQFLiYHO N � &REUH�VH S FRP YL]LQKDQoDV FRRUGHQDGDV FRQH[DV�

3HOD FRQWLQXLGDGH GR FDPSR QRUPDO� H LQWHUFDPELDQGR RV SDUkPHWURV u H v VH IRU QHFHVViULR�

SRGHPRV JDUDQWLU TXH� SDUD FDGD YL]LQKDQoD�

'HPRQVWUDomR�

N(p) =
xu ∧ xv

|xu ∧ xv|
���

2 SURGXWR LQWHUQR D VHJXLU VHUi XPD IXQomR FRQWtQXD QD YL]LQKDQoD �TXH p FRQH[D�� ORJR

DVVXPLUi XP VLQDO FRQVWDQWH�

〈

N(p),
xu ∧ xv

|xu ∧ xv|

〉

= f(p) = ±1 ���

6H f = −1� WURFDPRV u H v SDUD REWHU f = 1� $R ID]HU LVVR SDUD WRGDV DV YL]LQKDQoDV�

DQDOLVD�VH D LQWHUVHomR GH TXDLVTXHU GXDV� GDGDV SRU x(u, v) H x̄(ū, v̄)� 2 -DFRELDQR GD

PXGDQoD GH FRRUGHQDGDV�

∂(u, v)

∂(ū, v̄)
���

GHYH VHU HVWULWDPHQWH SRVLWLYR� &DVR IRVVH QHJDWLYR� WHUtDPRV D VHJXLQWH FRQWUDGLomR QD

LQWHUVHomR�

x̄ū ∧ x̄v̄

|x̄ū ∧ x̄v̄|
= N(p) ���

−
xu ∧ xv

|xu ∧ xv|
= −N(p) ���

&RPR HVVD FRQWUDGLomR QmR SRGH RFRUUHU �SRLV N p EHP GHILQLGR H GLIHUHQFLiYHO�� R

-DFRELDQR p VHPSUH SRVLWLYR� SURYDQGR TXH D IDPtOLD GH YL]LQKDQoDV FRRUGHQDGDV VDWLVID]

D FRQGLomR GH RULHQWDELOLGDGH SDUD S�

3RUWDQWR� GR SRQWR GH YLVWD LQWXLWLYR� DILUPDU TXH XPD VXSHUItFLH p QmR RULHQWiYHO

HTXLYDOH D GL]HU TXH HOD QmR SRVVXL D GLVWLQomR HQWUH ´ODGR GH GHQWUR´H ´ODGR GH IRUD´� 2XWUD

SURSULHGDGH JHRPpWULFD QRWiYHO GD )DL[D GH 0|ELXV SRGH VHU REVHUYDGD DR UHDOL]DUPRV

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH

MXOKR GH �����
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FRUWHV ORQJLWXGLQDLV� HP VXD HVWUXWXUD� 5HWRPDQGR R H[HPSOR GD OLQKD WUDoDGD QR FHQWUR

GD IDL[D� VH D VXSHUItFLH IRU FRUWDGD DR ORQJR GH WRGD D H[WHQVmR GHVVD OLQKD� GH IRUPD

FRQWUD�LQWXLWLYD� R UHVXOWDGR QmR VHUi D GLYLVmR HP GXDV )DL[DV GH 0|ELXV LQGHSHQGHQWHV�

(P YH] GLVVR� REWpP�VH XPD ~QLFD IDL[D PDLV ORQJD� FRQWHQGR GXDV WRUo}HV �ILJXUD ���

$OpP GLVVR� VH XP QRYR FRUWH FHQWUDO IRU UHDOL]DGR DR ORQJR GHVVD QRYD IDL[D UHVXOWDQWH�

HOD ILQDOPHQWH VH GLYLGLUi� 1R HQWDQWR� R UHVXOWDGR VHUmR GXDV ILWDV GLVWLQWDV� FDGD XPD FRP

GXDV WRUo}HV TXH SHUPDQHFHUmR HQWUHODoDGDV HQWUH VL� FRQIRUPH LOXVWUDGR QD ILJXUD ���

)LJXUD � ± 8P FRUWH

)RQWH� ?iiTb,ffrrrX+B2Mb�+�QXQ`;f2tT2`BK2MiQnK�QnM�nK�bb�f28yjkKnKQ2#BmbX?iKH

)LJXUD �� ± 'RLV FRUWHV

)RQWH� ?iiTb,ffrrrX+B2Mb�+�QXQ`;f2tT2`BK2MiQnK�QnM�nK�bb�f28yjkKnKQ2#BmbX?iKH

(VVHV IHQ{PHQRV REVHUYDGRV H[SHULPHQWDOPHQWH GHPRQVWUDP TXH D )DL[D GH 0|ELXV

SRVVXL SURSULHGDGHV ~QLFDV H VLQJXODUHV� 6H R PHVPR H[SHULPHQWR GH FRUWH IRVVH UHDOL]DGR

HP XPD VXSHUItFLH FRQYHQFLRQDO �ILJXUD ���� FRPR R DQHO FLOtQGULFR� UHVXOWDULD HP GXDV

VXSHUItFLHV LQGHSHQGHQWHV� &RQWXGR� D DSOLFDomR GD PHLD�WRUomR �180◦� PRGLILFD D WRSRORJLD

GR REMHWR� DVVLP� XP FRUWH ORQJLWXGLQDO QmR VHSDUD D SHoD� PDV DOWHUD R VHX FRPSULPHQWR H

R Q~PHUR GH WRUo}HV LQWHUQDV�

�&RUWHV ORQJLWXGLQDLV VmR FRUWHV UHDOL]DGRV QR VHQWLGR GR FRPSULPHQWR GH XP REMHWR RX VXSHUItFLH� LVWR p�
DFRPSDQKDQGR VXD PDLRU H[WHQVmR� H QmR DWUDYHVVDQGR VXD ODUJXUD� (P XPD WLUD GH SDSHO� SRU H[HPSOR�
XP FRUWH ORQJLWXGLQDO VHULD IHLWR GH XPD H[WUHPLGDGH j RXWUD� VHJXLQGR R VHX FRPSULPHQWR�

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH
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��

x =
(

2− v̄ VLQ
(π

4
+

ū

2

))

FRV ū,

y =
(

2− v̄ VLQ
(π

4
+

ū

2

))

VLQ ū,

z = v̄ FRV
(π

4
+

ū

2

)

���

FXMD YL]LQKDQoD FRRUGHQDGD RPLWH R LQWHUYDOR u = π/2� (VVDV GXDV YL]LQKDQoDV FRRUGHQDGDV

FREUHP D IDL[D GH 0|ELXV� H PRVWUDP TXH HOD p XPD VXSHUItFLH UHJXODU�

2EVHUYH TXH D LQWHUVHomR GDV GXDV YL]LQKDQoDV FRRUGHQDGDV QmR p FRQH[D� PDV FRQVWLWXtGD

GH GXDV FRPSRQHQWHV FRQH[DV�

W1 =
{

x(u, v) :
π

2
< u < 2π

}

,

W2 =
{

x(u, v) : 0 < u <
π

2

}

.
���

$ PXGDQoD GH FRRUGHQDGDV p GDGD SRU�

ū = u− π

2

v̄ = v

}

HP W1, ���

H

ū = 3π

2
+ u

v̄ = −v

}

HP W2. ����

'HFRUUH TXH�

∂(ū, v̄)

∂(u, v)
= 1 > 0 HP W1, ����

H

∂(ū, v̄)

∂(u, v)
= −1 < 0 HP W2. ����

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH
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3DUD PRVWUDU TXH D IDL[D GH 0|ELXV p QmR�RULHQWiYHO� YDPRV VXSRU TXH VHMD SRVVtYHO

GHILQLU XP FDPSR GLIHUHQFLiYHO GH YHWRUHV QRUPDLV N : M → R
3� ,QWHUFDPELDQGR u H v VH

QHFHVViULR� SRGHPRV DGPLWLU TXH�

N(p) =
xu ∧ xv

|xu ∧ xv|
����

SDUD WRGR p QD YL]LQKDQoD FRRUGHQDGD GH x(u, v)� $QDORJDPHQWH� SRGHPRV DGPLWLU TXH�

N(p) =
x̄ū ∧ x̄v̄

‖x̄ū ∧ x̄v̄‖
����

SDUD WRGRV RV SRQWRV GD YL]LQKDQoD FRRUGHQDGD x̄(ū, v̄)� (QWUHWDQWR� R -DFRELDQR GD

PXGDQoD GH FRRUGHQDGDV GHYH VHU −1 HP W1 RX HP W2 �GHSHQGHQGR GDV HYHQWXDLV

PXGDQoDV GR WLSR u → v� ū → v̄ TXH WHQKDP VLGR IHLWDV�� 6H p p XP SRQWR GHVVD

FRPSRQHQWH GD LQWHUVHomR� HQWmR N(p) = −N(p)� R TXH p XPD FRQWUDGLomR�

3RUWDQWR� D VXSRVLomR GH TXH D IDL[D GH 0|ELXV DGPLWH XP FDPSR GLIHUHQFLiYHO

H JOREDO GH YHWRUHV QRUPDLV XQLWiULRV p LQVXVWHQWiYHO� HVVD FRQWUDGLomR OLTXLGD D

KLSyWHVH GH RULHQWDELOLGDGH� SURYDQGR DQDOLWLFDPHQWH TXH D )DL[D GH 0|ELXV p XPD

VXSHUItFLH UHJXODU QmR�RULHQWiYHO� &RP LVVR� FRQFOXL�VH TXH D RULHQWDELOLGDGH QmR p

XPD SURSULHGDGH SXUDPHQWH ORFDO� PDV VLP XPD FDUDFWHUtVWLFD JOREDO GD VXSHUItFLH D

LPSRVVLELOLGDGH GH HVWHQGHU FRQWLQXDPHQWH XP YHWRU QRUPDO XQLWiULR SRU WRGD D VXD

H[WHQVmR UHIOHWH JHRPHWULFDPHQWH D DXVrQFLD GH XPD GLVWLQomR FRQVLVWHQWH HQWUH ´GHQWUR´H

´IRUD´� FRQVROLGDQGR D )DL[D GH 0|ELXV FRPR R H[HPSOR FOiVVLFR GH XPD VXSHUItFLH TXH

SRVVXL XPD ~QLFD IDFH HP R
3�

� $3/,&$d®(6

&RPR GLVFXWLGR DQWHULRUPHQWH� D )DL[D GH 0|ELXV WUDQVFHQGH D DEVWUDomR PDWHPiWLFD H

RV FRQFHLWRV HXFOLGLDQRV FOiVVLFRV� D XQLODWHUDOLGDGH H D QmR RULHQWDELOLGDGH� SURSULHGDGHV

TXH HP XP SULPHLUR PRPHQWR SDUHFLDP VHU DSHQDV FXULRVLGDGHV PDWHPiWLFDV FULDGDV SHOD

PHQWH GH JH{PHWUDV GR VpFXOR ;,;� UHYHODUDP�VH VROXo}HV JHQLDLV H LPSRUWDQWtVVLPDV

SDUD SUREOHPDV SUiWLFRV� WHFQROyJLFRV H LQGXVWULDLV QR PXQGR UHDO� $ WUDQVLomR GD WRSRORJLD

WHyULFD SDUD D DSOLFDELOLGDGH SUiWLFD GHPRQVWUD D LQWHUGLVFLSOLQDULGDGH GD PDWHPiWLFD D

FDSDFLGDGH GH XWLOL]DU XPD ~QLFD VXSHUItFLH GH IRUPD FRQWtQXD H LQLQWHUUXSWD SHUPLWLX

TXH HQJHQKHLURV� ItVLFRV� TXtPLFRV H DUWLVWDV RWLPL]DVVHP SURFHVVRV� FULDVVHP QRYRV

FRPSRQHQWHV H H[SUHVVDVVHP D LGHLD GR LQILQLWR GH IRUPD PDWHULDO H WDQJtYHO� $ VHJXLU�

H[SORUDP�VH GH IRUPD GHWDOKDGD DV SULQFLSDLV H PDLV LPSDFWDQWHV DSOLFDo}HV GD )DL[D GH

0|ELXV HP GLYHUVDV iUHDV GR FRQKHFLPHQWR KXPDQR�

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH
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SHUFRUUHU WRGD D H[WHQVmR GD HVWUXWXUD� (P XPD VXSHUItFLH FRQYHQFLRQDO� DSyV XPD YROWD

FRPSOHWD� R YHWRU UHWRUQDULD DR SRQWR LQLFLDO PDQWHQGR D PHVPD RULHQWDomR� (QWUHWDQWR�

QD )DL[D GH 0|ELXV� REVHUYRX�VH TXH DR FRPSOHWDU R SHUFXUVR R YHWRU UHWRUQD DR SRQWR

GH RULJHP DSRQWDQGR SDUD D GLUHomR RSRVWD� DSUHVHQWDQGR XPD LQYHUVmR HP VHX VHQWLGR

LQLFLDO� (VVH FRPSRUWDPHQWR HYLGHQFLD GH IRUPD YLVXDO H JHRPpWULFD D SURSULHGDGH GD QmR

RULHQWDELOLGDGH�

'R SRQWR GH YLVWD PDWHPiWLFR� HVVH UHVXOWDGR SRVVXL LPSRUWkQFLD VLJQLILFDWLYD� SRLV

GHPRQVWUD TXH QmR H[LVWH XPD GHILQLomR FRQVLVWHQWH GH RULHQWDomR DR ORQJR GH WRGD D

VXSHUItFLH� (P WHUPRV DQDOtWLFRV� HVVD LQYHUVmR SRGH VHU LQWHUSUHWDGD SHOR FRPSRUWDPHQWR

GDVPXGDQoDV GH FRRUGHQDGDV DVVRFLDGDV j SDUDPHWUL]DomR GD IDL[D� HP TXH GHWHUPLQDGDV

WUDQVLo}HV DSUHVHQWDP LQYHUVmR GH RULHQWDomR� 'HVVD IRUPD� FRQFHLWRV LQWXLWLYRV FRPR

³DFLPD´ H ³DEDL[R´� ³LQWHUQR´ H ³H[WHUQR´� GHL[DP GH SRVVXLU XPD LQWHUSUHWDomR EHP GHILQLGD�

$ DQiOLVH SHUPLWLX FRPSUHHQGHU TXH D RULHQWDELOLGDGH QmR FRUUHVSRQGH DSHQDV D XPD

SURSULHGDGH ORFDO GD VXSHUItFLH� PDV FRQVWLWXL XPD FDUDFWHUtVWLFD DVVRFLDGD j HVWUXWXUD

FRPSOHWD GR REMHWR�

2XWUR UHVXOWDGR LPSRUWDQWH REWLGR GXUDQWH D LQYHVWLJDomR UHODFLRQD�VH DR FRPSRUWDPHQWR

GD )DL[D GH 0|ELXV TXDQGR VXEPHWLGD D FRUWHV ORQJLWXGLQDLV� ,QLFLDOPHQWH� UHDOL]RX�VH XP

FRUWH H[DWDPHQWH DR ORQJR GD OLQKD PpGLD GD VXSHUItFLH HPERUD D H[SHFWDWLYD LQWXLWLYD IRVVH

D GLYLVmR GD HVWUXWXUD HP GXDV SDUWHV LQGHSHQGHQWHV� R UHVXOWDGR REVHUYDGR PRVWURX D

IRUPDomR GH XPD ~QLFD IDL[D FRQWtQXD� PDLV HVWUHLWD� FRP FRPSULPHQWR DPSOLDGR H FRQWHQGR

GXDV WRUo}HV FRPSOHWDV� (VVH FRPSRUWDPHQWR DSUHVHQWRX�VH FRQWUiULR DR HVSHUDGR TXDQGR

FRPSDUDGR DR FRPSRUWDPHQWR GH XPD ILWD FRQYHQFLRQDO�

$ DQiOLVH GHVVH UHVXOWDGR HYLGHQFLD TXH SHTXHQDV DOWHUDo}HV QD HVWUXWXUD JHRPpWULFD

SRGHP SURYRFDU PXGDQoDV VLJQLILFDWLYDV QDV SURSULHGDGHV GR REMHWR� 'LIHUHQWHPHQWH GH

VXSHUItFLHV RULHQWiYHLV FRPXQV� D SUHVHQoD GD PHLD WRUomR PRGLILFD D RUJDQL]DomR HVSDFLDO

GD IDL[D� DOWHUDQGR D PDQHLUD FRPR VXDV UHJL}HV SHUPDQHFHP FRQHFWDGDV DOpP GLVVR� DR

UHDOL]DU XP QRYR FRUWH ORQJLWXGLQDO QD HVWUXWXUD UHVXOWDQWH� REVHUYRX�VH D IRUPDomR GH GXDV

IDL[DV GLVWLQWDV TXH SHUPDQHFHP HQWUHODoDGDV HQWUH VL� (VVH UHVXOWDGR GHPRQVWUD TXH DV

SURSULHGDGHV WRSROyJLFDV GD VXSHUItFLH LQIOXHQFLDP GLUHWDPHQWH R FRPSRUWDPHQWR REWLGR

DSyV GHWHUPLQDGDV WUDQVIRUPDo}HV�

$OpP GRV DVSHFWRV WHyULFRV� RV UHVXOWDGRV SHUPLWLUDP LGHQWLILFDU D SUHVHQoD GHVVDV

SURSULHGDGHV HP DSOLFDo}HV SUiWLFDV UHODFLRQDGDV D GLIHUHQWHV iUHDV GR FRQKHFLPHQWR QD

HQJHQKDULD PHFkQLFD� REVHUYRX�VH TXH R FRQFHLWR GD )DL[D GH 0|ELXV SRGH VHU DSOLFDGR

QD FRQVWUXomR GH FRUUHLDV LQGXVWULDLV H VLVWHPDV GH WUDQVPLVVmR� SHUPLWLQGR XP GHVJDVWH

PDLV XQLIRUPH GR PDWHULDO H FRQWULEXLQGR SDUD R DXPHQWR GH VXD YLGD ~WLO� (P iUHDV FRPR

DUTXLWHWXUD� DUWH H GHVLJQ� VXD HVWUXWXUD FRQWtQXD LQVSLUD FRQVWUXo}HV H UHSUHVHQWDo}HV

YLVXDLV TXH H[SORUDP LGHLDV UHODFLRQDGDV j FRQWLQXLGDGH� DR PRYLPHQWR H DR LQILQLWR�

1R FRQWH[WR HGXFDFLRQDO� RV UHVXOWDGRV REWLGRV WDPEpP UHIRUoDP D UHOHYkQFLD

SHGDJyJLFD GHVVD VXSHUItFLH PDWHPiWLFD D XWLOL]DomR GH UHFXUVRV YLVXDLV H H[SHULPHQWDLV

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH
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SRVVLELOLWD TXH FRQFHLWRV IUHTXHQWHPHQWH WUDWDGRV GHPDQHLUD DEVWUDWD VHMDP FRPSUHHQGLGRV

GH IRUPD PDLV FRQFUHWD� $OpP GLVVR� D LQYHVWLJDomR GD )DL[D GH 0|ELXV HVWLPXOD D

FXULRVLGDGH H LQFHQWLYD D FRQVWUXomR GR FRQKHFLPHQWR SRU PHLR GD REVHUYDomR� GD

IRUPXODomR GH KLSyWHVHV H GD H[SHULPHQWDomR�

2V UHVXOWDGRV REWLGRV HYLGHQFLDP� SRUWDQWR� TXH D )DL[D GH 0|ELXV FRQVWLWXL XP H[HPSOR

VLJQLILFDWLYR GH FRPR FRQFHLWRV PDWHPiWLFRV DEVWUDWRV SRGHP VHU FRPSUHHQGLGRV SRU PHLR

GH UHSUHVHQWDo}HV JHRPpWULFDV H LQWHUSUHWDo}HV YLVXDLV� $V REVHUYDo}HV UHDOL]DGDV

UHIRUoDP D UHODomR HQWUH WHRULD H SUiWLFD� GHPRQVWUDQGR TXH SURSULHGDGHV LQLFLDOPHQWH

WUDWDGDV DSHQDV HP kPELWR PDWHPiWLFR SRGHP FRQWULEXLU SDUD DSOLFDo}HV FRQFUHWDV HP

GLIHUHQWHV iUHDV GR FRQKHFLPHQWR� 'HVVD PDQHLUD� RV UHVXOWDGRV HQFRQWUDGRV FRQILUPDP

RV REMHWLYRV SURSRVWRV QHVWD SHVTXLVD� HYLGHQFLDQGR TXH D PDWHPiWLFD XOWUDSDVVD RV

OLPLWHV GD DEVWUDomR H VH PDQLIHVWD GH PDQHLUD SUHVHQWH H DSOLFiYHO HP GLYHUVRV FRQWH[WRV

GD UHDOLGDGH�

� &216,'(5$d®(6 ),1$,6

$R ORQJR GHVWH WUDEDOKR IRL SRVVtYHO FRPSUHHQGHU TXH D )DL[D GH 0|ELXV UHSUHVHQWD

PXLWR PDLV GR TXH XPD FXULRVLGDGH PDWHPiWLFD� VHX HVWXGR SHUPLWLX REVHUYDU FRPR

FRQFHLWRV TXH� LQLFLDOPHQWH� SDUHFHP GLVWDQWHV GD UHDOLGDGH FRWLGLDQD SRGHP DSUHVHQWDU

DSOLFDo}HV H LQWHUSUHWDo}HV UHOHYDQWHV HP GLIHUHQWHV iUHDV GR FRQKHFLPHQWR� $

LQYHVWLJDomR UHDOL]DGD HYLGHQFLRX TXH D PDWHPiWLFD QmR VH OLPLWD j UHVROXomR GH FiOFXORV

RX j XWLOL]DomR GH IyUPXODV� PDV FRQVWLWXL XP FDPSR DPSOR FDSD] GH H[SOLFDU IHQ{PHQRV�

HVWLPXODU TXHVWLRQDPHQWRV H HVWDEHOHFHU UHODo}HV HQWUH WHRULD H SUiWLFD�

3RU PHLR GR UHVJDWH KLVWyULFR DSUHVHQWDGR� REVHUYRX�VH TXH DV FDUDFWHUtVWLFDV

DVVRFLDGDV j )DL[D GH 0|ELXV Mi HVWDYDP SUHVHQWHV HP PDQLIHVWDo}HV DUWtVWLFDV H FXOWXUDLV

PXLWR DQWHV GH VXD IRUPDOL]DomR PDWHPiWLFD� 3RVWHULRUPHQWH� FRP DV FRQWULEXLo}HV GH

$XJXVW )HUGLQDQG 0|ELXV H -RKDQQ %HQHGLFW /LVWLQJ� HVVD HVWUXWXUD SDVVRX D VHU HVWXGDGD

GH PDQHLUD VLVWHPiWLFD� WRUQDQGR�VH XP LPSRUWDQWH REMHWR SDUD R GHVHQYROYLPHQWR GD

WRSRORJLD PRGHUQD� (VVH SHUFXUVR KLVWyULFR HYLGHQFLD TXH D FRQVWUXomR GR FRQKHFLPHQWR

PDWHPiWLFR RFRUUH GH IRUPD JUDGXDO� VHQGR UHVXOWDGR GH REVHUYDo}HV� LQYHVWLJDo}HV H

DSHUIHLoRDPHQWRV DR ORQJR GR WHPSR�

1R TXH VH UHIHUH jV SURSULHGDGHV PDWHPiWLFDV DERUGDGDV� YHULILFRX�VH TXH D )DL[D

GH 0|ELXV URPSH FRP SHUFHSo}HV LQWXLWLYDV FRQVWUXtGDV D SDUWLU GD JHRPHWULD WUDGLFLRQDO�

6XDV FDUDFWHUtVWLFDV GH XQLODWHUDOLGDGH H QmR RULHQWDELOLGDGH GHPRQVWUDP TXH QHP WRGDV

DV VXSHUItFLHV SRGHP VHU FRPSUHHQGLGDV D SDUWLU GDV QRo}HV FRQYHQFLRQDLV GH LQWHULRU

H H[WHULRU� RX GH ODGRV LQGHSHQGHQWHV� $OpP GLVVR� RV H[SHULPHQWRV UHODFLRQDGRV DRV

FRUWHV ORQJLWXGLQDLV UHYHODUDP FRPSRUWDPHQWRV LQHVSHUDGRV� PRVWUDQGR TXH SHTXHQDV

PRGLILFDo}HV HVWUXWXUDLV SRGHP JHUDU UHVXOWDGRV VLJQLILFDWLYDPHQWH GLIHUHQWHV GR HVSHUDGR�

7DPEpP IRL SRVVtYHO SHUFHEHU TXH D LPSRUWkQFLD GHVVD VXSHUItFLH XOWUDSDVVD RV OLPLWHV

GD WHRULD PDWHPiWLFD� $V DSOLFDo}HV DSUHVHQWDGDV GHPRQVWUDP VXD SUHVHQoD HP GLIHUHQWHV

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH
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FRQWH[WRV� DEUDQJHQGR GHVGH SURFHVVRV LQGXVWULDLV H HVWXGRV TXtPLFRV DWp PDQLIHVWDo}HV

DUWtVWLFDV� DUTXLWHW{QLFDV H HGXFDFLRQDLV� ,VVR UHIRUoD D LGHLD GH TXH PXLWRV FRQFHLWRV

PDWHPiWLFRV FRQVLGHUDGRV DEVWUDWRV SRVVXHP LPSDFWR GLUHWR QR GHVHQYROYLPHQWR FLHQWtILFR

H WHFQROyJLFR� FRQWULEXLQGR SDUD D FULDomR GH VROXo}HV SUiWLFDV H SDUD D FRPSUHHQVmR GH

GLYHUVRV IHQ{PHQRV SUHVHQWHV QD VRFLHGDGH�

$OpP GLVVR� R HVWXGR GD )DL[D GH 0|ELXV DSUHVHQWD UHOHYDQWH SRWHQFLDO SHGDJyJLFR�

XPD YH] TXH SRVVLELOLWD XPD DERUGDJHP PDLV GLQkPLFD H LQYHVWLJDWLYD GR HQVLQR GH

PDWHPiWLFD� $ XWLOL]DomR GH FRQVWUXo}HV� REVHUYDo}HV H H[SHULPHQWDo}HV SHUPLWH TXH

R SURFHVVR GH DSUHQGL]DJHP VH WRUQH PDLV VLJQLILFDWLYR� GHVSHUWDQGR D FXULRVLGDGH H

LQFHQWLYDQGR R GHVHQYROYLPHQWR GR SHQVDPHQWR FUtWLFR� 'HVVD IRUPD� R HVWXGDQWH GHL[D GH

RFXSDU DSHQDV XPD SRVLomR SDVVLYD GLDQWH GRV FRQWH~GRV H SDVVD D SDUWLFLSDU DWLYDPHQWH

GD FRQVWUXomR GR FRQKHFLPHQWR�

(PERUD RV REMHWLYRV SURSRVWRV QHVWH HVWXGR WHQKDP VLGR DOFDQoDGRV DR H[SORUDU D )DL[D

GH 0|ELXV VRE DV SHUVSHFWLYDV KLVWyULFD� JHRPpWULFD H SUiWLFD� p IXQGDPHQWDO UHJLVWUDU DV

OLPLWDo}HV PHWRGROyJLFDV H WHyULFDV TXH FHUFDUDP D HODERUDomR GHVWD SHVTXLVD� $ SULQFLSDO

GLILFXOGDGH SUiWLFD HQIUHQWDGD UHVLGLX QD UHDOL]DomR GR OHYDQWDPHQWR ELEOLRJUiILFR HP OtQJXD

SRUWXJXHVD� D HVFDVVH] GH OLWHUDWXUD FLHQWtILFD GHQVD H GHWDOKDGD SXEOLFDGD RULJLQDOPHQWH

HP QRVVR LGLRPD VREUH R WHPD� D PDLRU SDUWH GDV SURGXo}HV QDFLRQDLV GLVSRQtYHLV

OLPLWD�VH D DERUGDJHQV H[WUHPDPHQWH UHVXPLGDV H LQWURGXWyULDV� (P FRQIRUPLGDGH FRP DV

GHOLPLWDo}HV HVWDEHOHFLGDV QD LQWURGXomR� HVWH WUDEDOKR RSWRX SRU QmR DGHQWUDU GH PDQHLUD

GHWDOKDGD QR IRUPDOLVPR PDWHPiWLFR DEVWUDWR H QRV ULJRUHV WHyULFRV SUySULRV GD WRSRORJLD

JHUDO� FRQFHQWUDQGR�VH HP GHVPLVWLILFDU D VXSHUItFLH GH IRUPD DFHVVtYHO H FRUUHODFLRQi�OD

FRP R FRWLGLDQR� 'LDQWH GHVVDV OLPLWDo}HV H FRP R SURSyVLWR GH LQFHQWLYDU D FRQWLQXLGDGH

DFDGrPLFD H D H[SDQVmR GDV LQYHVWLJDo}HV VREUH HVWD HVWUXWXUD JHRPpWULFD� VXJHUHP�VH

DV VHJXLQWHV SURSRVWDV SDUD HVWXGRV IXWXURV�

�� $SURIXQGDPHQWR )RUPDO QR &DPSR GD 7RSRORJLD *HUDO H $OJpEULFD� 8PD

SHVTXLVD YROWDGD SDUD D PDWHPiWLFD SXUD H DEVWUDWD HP YH] GH IRFDU QD FRQVWUXomR

YLVXDO RX ItVLFD GD )DL[D GH 0|ELXV� TXH EXVTXH HVWXGDU R REMHWR SRU PHLR GH

HVWUXWXUDV DOJpEULFDV�

�� (VWXGR *HRPpWULFR SRU PHLR GD *HRPHWULD 'LIHUHQFLDO� )RFDGR QR FiOFXOR

DYDQoDGR� QD DQiOLVH GH IXQo}HV FRRUGHQDGDV H QDV SURSULHGDGHV PpWULFDV ORFDLV GD

IDL[D FRPR FXUYDWXUD H YHWRUHV WDQJHQWHV�

�� 'HVHQYROYLPHQWR H $YDOLDomR GH 6HTXrQFLDV 'LGiWLFDV QR (QVLQR GH0DWHPiWLFD�

8P WUDEDOKR GH FDPSR YROWDGR SDUD D HGXFDomR PDWHPiWLFD DWUDYpV GD HODERUDomR GH

XPD VHTXrQFLD GLGiWLFD IRFDGD QD )DL[D GH 0|ELXV H DSOLFi�OD FRP DOXQRV EDVHDGDV

HP H[SHULPHQWRV GH PDQLSXODomR ItVLFD H FRUWHV ORQJLWXGLQDLV GD IDL[D�

,QVWLWXWR )HGHUDO GH 3HUQDPEXFR� &DPSXV 3HVTXHLUD� &XUVR GH /LFHQFLDWXUD HP 0DWHPiWLFD� �� GH
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�� 0RGHODJHP *HRPpWULFD &RPSXWDFLRQDO ,QWHUDWLYD H ,PSUHVVmR �'� 8QLU D

PDWHPiWLFD DEVWUDWD FRP GHPRQVWUDo}HV YLVXDLV H IDEULFDomR XVDQGR LPSUHVVRUDV

�' SDUD GHPRQVWUDo}HV PDLV FRPSOH[DV�

�� $QiOLVH &RPSDUDWLYD GH 6XSHUItFLHV 1mR 2ULHQWiYHLV H XQLODWHUDLV� 8P HVWXGR

FRPSDUDWLYR TXH EXVTXH QRYRV KRUL]RQWHV JHRPpWULFRV SDUD DOpP GD IDL[D� DQDOLVDQGR

RXWUDV IRUPDV TXH WDPEpP GHVDILDP D SHUFHSomR HVSDFLDO FRQYHQFLRQDO H SRXFR

FRQKHFLGRV�

3RU ILP� FRQFOXL�VH TXH RV REMHWLYRV SURSRVWRV QHVWH WUDEDOKR IRUDP DOFDQoDGRV� XPD

YH] TXH IRL SRVVtYHO H[SORUDU D )DL[D GH 0|ELXV VRE SHUVSHFWLYDV KLVWyULFDV� JHRPpWULFDV H

SUiWLFDV� HVWDEHOHFHQGR UHODo}HV HQWUH VHXV IXQGDPHQWRV PDWHPiWLFRV H VXDV DSOLFDo}HV

QR FRWLGLDQR� (VSHUD�VH TXH HVWD SHVTXLVD SRVVD FRQWULEXLU SDUD D FRPSUHHQVmR
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