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'LVVHUWDOmMR DSUHVHQWDGD j )DFXOGDG
8QLYHUVLGDGH )HGHUDO GH 8EHUOKQGLD
SDUD D REWH Q o0nHR/ \8 B HWH\W X Q RH®HK DULD &

2ULHQWDGRU 3URI 'U -RVp (GXDUGR $0OD

SBEHUOKkQGLD PDUOR GH



'DGRVY _ QWHUQDFLRQDLY GH &DWDORJDomR QD 3XEOLFDCc
6LVWHPD GH %LEOLRWHFDV GD 8)8 0* %UDVLO

5HLV $0DQ
'HVHQYROYLPHQWR GD IHUUDPHQWD
PRGHODJHP GHUDWXUDWGRW XWLOL]DQGR
H FRQGXWRV HTXLYDOHQWHY $0DQ 5HLV
Il LO

2ULHQWDGRU -RVp (GXDUGR $ODP\ )LOKR
'LVVHUWDomR PHVWUDGR S8QLYHWIVLGDGH )HGHUD

3URJUDPD GH 3yV *UDGXDomR HP (QJHQKDULD &LYLO
'LVSRQtYHO HP KWWS G[ GRL RUJ XIX GL
,QFOXL ELEOLRJUDILD

(QIHQKDULD FLYLO 7THVHV GS5HBXKtIHURYV THVHV
KtGULFRV 7THVHV , $ODP\ )LOKRKED-RWpPpHGMDDGR ,, 8QL
GH 8EHUOKkQGLD 3URJUDPD GH 3yV *UDGXDomR HP (QJH
7TtWXOR

&'8

ODULD 6DOHWH GH 8% WDV 3LQKHLUR



SERVICO PUBLICO FEDERAL
MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DE UBERLANDIA
FACULDADE DE ENGENHARIA CIVIL
PROGRAMA DE POS-GRADUACAO EM ENGENHARIA CIVIL

ATA DA DEFESA DE DISSERTA(}AO DE MESTRADO ACADEMICO DO
PROGRAMA DE POS-GRADUAGAO EM ENGENHARIA CIVIL - PPGEC

ATA N°: 206/2018
CANDIDATO: Alan Reis N°. Matricula: 11522ECV017
ORIENTADOR: Prof. Dr. José Eduardo Alamy Filho

TITULO: “Desenvolvimento de ferramenta computacional FRATCOND, para modelagem de aquiferos
fraturados, utilizando redes de fraturas discretas e condutos equivalentes”.

AREA DE CONCENTRAGAO: Engenharia Urbana, Recursos Hidricos e Saneamento Ambiental
LINHA DE PESQUISA: Recursos Hidricos e Saneamento

PROJETO DE PESQUISA: Gestdo de Reservatorios

DATA DA DEFESA: 21 de marco de 2018.

LOCAL.: Sala de Projegdes Prof. Celso Franco de Gouvéa, bloco 1Y.

HORARIO INicIO/TERMINO: 0745 . 1/: 30

b

Reuniu-se na Sala de Reunides Prof. Celso Franco de Gouvéa, bloco 1Y - Campus Santa Ménica da
Universidade Federal de Uberlandia, a Banca Examinadora, designada pelo Colegiado do PPGEC, assim
composta: Professores Doutores: Carlos Eugénio Pereira — FECIV/UFU; Edson Cezar Wendland —
EESC/USP e José Eduardo Alamy Filho orientador do candidato. Ressalta-se que o Prof. Dr. Edson
Cezar Wendland participou da defesa por meio de video conferéncia desde a cidade de S3o Carlos (SP) e
os demais membros da banca e o aluno participaram in loco.

Iniciando os trabalhos o presidente da mesa Prof. Dr. José Eduardo Alamy Filho apresentou a Comissao
Examinadora e concedeu ao discente a palavra para a exposicdo do trabalho. A sequir, o senhor presidente
concedeu a palavra aos examinadores, que passaram a arguir o candidato. Ultimada a arguigao, a Banca,
em sessao secreta, atribuiu os conceitos finais. Em face do resultado obtido, a Banca Examinadora considerou
o candidato 1 fwx r(rd'p . Esta defesa de Dissertacdo de Mestrado Académico é parte dos requisitos
necessarios a cfbtengao do tltulo de Mestre. O competente diploma serd expedido apds cumprimento dos
demais requisitos, conforme as normas do Programa, a legislagdo pertinente e a regulamentagdo interna da
UFU. Nada mais havendo a tratar foram encerrados os trabalhos e foi lavrada a presente ata que apos lida
e aprovada foi assmada pela Banc Exa ma

) Joly /f/zz/u/ I,

rt#s r Orlentador rof. Dr. .'% Eduardo Alamy Filho — FECIV/UFU

,,_6- 1(7 // Ay Cc’; ~-«#7,

Memhpd externo: Prof. Dr. Edson Cezar Wendland — EESC/USP

Membro interno: Prof. Dr. Carlos Eugénio Pereira — FECIV/UFU
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SULPHLUDPHQWH DJUDGHoR D 'HXV DFRBHDHLTOH AHGEHXGH
H WUDQVPLWLU FRQKHFLPHQWR

$JUDGHOR DRV PHXV SDLV -RVp 6LOYHVWUH HH@R QDR
LOQOFHQWLYR DR ORQJR GH WRGD D PLQKD IRUPDomR HGXFI

$JUDGHOR j PLQKD QDPRUDGD $OHVVDQGUD BRULQYRER R
SDFLrQFLD HVSHFLDOPHQWH QRV PRPHQWRW\GMHUDGWRLHGL

$JUDGHOR DR RULHQWDGRU GHVWH WUDEDORRDBIURIGHU
FRQVWDQWH SHOR HVWtPXOR HP FRQKHFERUPIYRGRREVHKS
H DWHQomR QR GHVHQYROYLPHQWR GHVWD GLVVHUWDOMEF

$JUDGHoOR WDPEpP DRV GHPDLV SURIHVVRUHV GRD3URJUD
&LYLO 33*(& 8)8 SRU WRGRV RV HQVLQDPERWWR\DS[DOMR
SUHVWDGRYV

$JUDGHoOR DRV FROHJDV GH PHVWUDGR SHDE8NQOCIL DIRUMRAF
FULDGD QHVWH SHUtRGR

$JUDGHOR j )XQGDomR GH $PSDUR j 3HVTXL$B O&RH DOSRLR/
ILQDQFHLUR IRUQHFLGR QD IRUPD GD EROVD GH PHVWUD



S([LVWHP PXLWDV KLSYWHVHV
TXH HVWmR HUUDGDV ,VVR p
DFHLWiIYHO HODV VmR D DEHU
DV TXH HVWmR FHUWDV”~ &DU



5HLY $ 'HVHQYROYLPHQWR GD IHUUDPHQWD FRFASXWDFL
DTXtIHURV IUDWXUDGRY XWLOL]DQGR UHGCHYHQM HYWD W X S|
'LVVHUWDomR GH OHVWUDGR )DFXOGDGH EHHGHQDIOQKBU
SBEHUOKQGLD

R(e802

$ )RUPDomR 6HUUD *HUDO QR 6XO H 6XGHWWD GIRQRUDDLW
1RUGHVWH GR %UDVLO VMR H[HPSORYV BHKHWWR X WX\ X WI
VREUH RV TXDLV H[LVWHP GLYHUVRV SRRRY~-WREKRKR HUGIN X
QDV DWLYLGDGHV DJUtFRODV H LQGXPR\GUH@M®™DIH B SHRVIDYUFRH
QHVWH WLSR GH DTXtIHUR DLQGD p SRXKNRGHV WEKSWDHGVH Q R/ |
GRV DTXtIHURV IUDWXUDGRV Mi VmRPOL\GWMDIW QWD © RWPHRUETH/
UHGHV GH IUDWXUDV GLVFUHWDYV TXH WXWD @WK SGHWHQW
ORFDOL]DomR H D JHRPHWULD GDV GHMFR@QW.MWDUW GRE HRD
IDFLOLGDGH $ PRGHODJHP GDV UHGHVHIEKHUDDIV X BDWX 0GR
HTXDo}HV GH HVFRDPHQWR HP UHGHV WULG L RHQIXIORDQIHLW
RX SRU UHGHV GH FRQGXWRV XQLGLPHQYVLRXBEUHN HQ WLDY
JUDQGH YDQWDJHP FRPSXWDFLRQDO IERVHUGHP IGH I HX P IQC
H UHSUHVHQWDQGR DGHTXDGDPHQWH R [IHQ{FPHRHQWRW X
TXDQWR GH WUDQVSRUWH GH FRQWDPIHPD Q@ WHR/ REHNAWH
DSUHVHQWDU D IHUUDPHQWD FRPSXWDFLRQDO )DDW&RQ
PRGHODJHP GH DTXtIHURV IUDWXUDGRW KRBV WLURDIPRHHQWH
UHGH GH IUDWXUDV GLVFUHWDV DQBEDIMNWIMW YRR IGPBRW Gk
GR VLVWHPD IUDWXUDGR HP DQiIiOLVH $ PRGHRODRIHE@ WKL
SHUPDQHQWH XWLOL]D R FRQFHLWR GH FRUEIBFRWRYyY X QL C
JHUDomR GDV IUDWXUDV H SHUPLWLQGR [ DREWHQ®WR
GHVFRQWLQXLGDGHV 2V UHVXOWDGRYV REMPRRW W UTDRU Y
YiULDV SRWHQFLDOLGDGHYV GD IHUUDPH(MAIVH;HARPAOTRW DL
DTXtIHURV IUDWXUDGRV WDQWR HP WHUPRFUGHOLHFRRFHW U

SDODYUDV$HFKDMHMRURY IUDWXUDGRY 5HGHV GH IUDWXUDV C
*HUDomR GH IUDWXUDV &RQGXWRV HTXLYDOHQWHYV



5HLV $ )UDW&RQG FRPSXWDWLRQDO WRRO GHYHXIRSPHQ
GLVFUHWH IUDFWXUH QHWZRUNY DQG HTXLOBOH QRW &LLYSLHO.
(QIJILQHHULQJ )HGHUDO 8QLYHUVLW\ RI 8EHUOKQGLD

\ %6T5$8&7

7KH 6HUUD *HUDO )RUPDWLRQ LQ W KHRERXWKQ DB QMEKEGR & WK/
%DVLQ LQ WKH 1RUWKHDVW %UD]LO L D\QWWHFIWRQU HOW W/ KD |
IUDFWXUHG DTXLIHUV ZKHUH WKHUH DUH WWSEXOD DIUQ BHIRE
XVH LQ DJULFXOWXUDO DQG LQGXVWVYHD OORRWALRGWQ BV QI
DTXLIHU W\SH LV SRRUO\ UHVHDUFKHG LQ R4UILDBW XU HH
DTXLIHUV DUH DOUHDG\ VHHQ LQ RNV KWHKHYW HWQW WH. FSQ. IV 6 C
QHWZRUN PRGHO ')1 ZKLFK DLPV WR D FA\NXUDQWHOR QR & QF
GHWDLOLQJ WKH GLVFRQWLQXLW LHW HOREF\D W IRRW UIDQG/ 1 WRH
7KH PRGHOLQJ Rl GLVFUHWH IUDFWXUHL@BWRIRWNWH X RI
HTXDWLRQV LQ WKUHH GLPHQVLRQDO QHWZRUWYRBNVPHG
RI ' HTXLYDOHQW SLSHVY 7KH ODWWHU PRBHOHSXHV DQ WAk
TXDQWLW\ Rl YDULDEOHVY WR EH GHWHKH ISKH® RRHQRE@HTY
ERWK LQ WHUPV RI IORZ DQG WUDQVSREWLYD WRLYUWUN®@Y
FRPSXWDWLRQDO WRRO JUDW&RQG GHYHORSHG/ KRVO$7/$9
WRRO LV DEOH WR VWRFKDVW L F DUDEWHILHMW CEVD N HDG QRIQV ¥ R/
RI WKH PDLQ GHVFULSWLYH YDULDEOHV RTKMKK\GWDKW®X E
PRGHOLQJ LQ WHUPV RI VWHDG)\ IORZ XV HREWRHQHRX PH\S
WKH IUDFWXUHV JHQHUDWLRQ DQG DOWRHKLQR IR REMAD L
GLVFRQWLQXLWLHYV 7KH UHVXOWY REWDL@QHKGE MORPLFOX \K
SRWHQWLDOLWLHV RI WKH GHYHOR SRIGWKXRIRIQ DF &/X R HIGQ D
ERWK LQ WHUPV Rl JHRPHWU\ DQG K\GUDXOLF FKDUDFWH

H\ZRUBGIWDFWXUHG URFNV GLVFUHWH IUDFWXUUWDGEM\WXPDRUN
JHQHUDWRU "HTXLYDOHQW SLSHYV
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SRU FHQWR
NP8 TXLO{PHWUR TXDGUDGR
NPA TXLO{PHWUR F~ELFR
Pi PHWUR F~ELFR
PAi K+ PHWUR F~ELFR SRU KRUD
PA GLD + PHWUR F~ELFR SRU GLD

6,*/$6

$%$6$¥ VRFLDOomMR %UDVLOHLUD GH EJXDV 6XEWHUUKQHDYV

$1$ $JrQFLD 1DFLRQDO GDV EJXDV

&350 &RPSDQKLD GH 3HVTXLVD GH 5HFXUVRV OLQHUDLV ¢

"Y1 + 'LVFUHWH J)UDFWXSRUWWDPDRVNUHGHV GH IUDWXUDV (

(30 £+ (TXLYDOHQW 3RPRXRUMWHDGIXXF PRGHOR SRURVR HTXL

)'3 )XQomR GH GHQVLGDGH GH SUREDELOLGDGH

0$7/$% DWUL[ /DERUDWRU\

00$+ OLQLVWpPULR GR OHLR $PELHQWH

6$1(3$5 &RPSDQKLD GH 6DQHDPHQWR GR (VWDGR GR 3DUD

6,+ 6LVWHPD ,QWHUQDFLRQDO GH 8QLGDGHYV

9(5 ®ROXPH (OHPHQWDU 5HSUHVH PMBWHYRQWMP W RYB rOH
9ROXPH



L 679E Fieesse

J)LIXUD + &LFOR +LGUROYJLFR

J)LIXUD + 'LVWULEXLomR GD iJXD HP SURIXQGLGDGH QR V
JLIXUD + $TXtIHURV HP IXQomR GD FRQGLOomMR KLGUiXOLF
J)LIXUD + $TXtIHURV HP IXQomR GD SRURVLGDGH GD IRUP
J)LIXUD + 'RPtQLRV KLGUROLWYORJLFRY GR WHUULWYULR

)LIXUD + 6LVWHPDV IUDWXUDGRYVY HP URFEWDRHWDPYy!L
E

JLIXUD *+ S HSUHVHQWDomR HVTXHPiIWDIGIR GBI X8 HV XYYW H P |
VLVWHPD IUDWXUDGR FRP GXSOD SRURVLGDGH E H GH X
)LIXUD + $EHUWXUD H UXJRVLGDGH GDV IUDWXUDV
)LIXUD + AQJXORV GH RULHQWDomR GH IUDWXUDV
JLIXUD + 'LDJUDPD GH URVHWD LQGLFDQIGERDG DO XD QWL
GLUHomR

)LIXUD + OHGLomR GH HVSDoDPHQWR UHDO HQWUH IUDYV
)LIXUD + 9DULDOomR GR JUDX GH IUMWKD IsSDAVQWR WR U X Q
JLIXUD + $YDOLDomR GD FRQHFWLYLGDGHzBWY WERS\WRW W+
GH WHUPLQDomR

)LIXUD + BHVXOWDGRYV GH IUHTXrQFLD GHRU®IW XUDYV
WpFQMHADQGABLQH

JLIXUD + 8VR GD UpJXD FRPSDUDGRUDGSEDUD W XAHY D QW
QD WpFYEPD GUHQH

)LIXUD + 9ROXPH (OHPHQWDU 5HSUHVHOQMOOWHYR 9(5
)LIXUD + (([HPSOR GH PRGHOR ELGLPHQVLRMMDOWDHUDG
HHP SHUVSHFWLYDYV

JLIXUD + (YROXomR KLVWYyULFD GRV PROHORGH®HR IUDW
RUWRJRQDO E ORGHOR GH %DHFKHU F ORGHOR GFt
ORGHOR %$57 H ORGHOR GH 'HUVKRZLW] | ORGHOR G&H
J ORGHOR SROLJRQDO UDQG{PLFR



)LIXUD + 'LIHUHQWHY DERUGDJHQV SDUDRNRGHODJH
IUDWXUDGRYV D VLVWHPD IUDWXUDGR UHD® GiE PRGHOI
GXSOD SRURVLGDGH H G PRGHOR GH UHGHV GH IUDWXUL
)LIXUD 'LIHUHQWHYVY JHRPHWULDYV GR PRGHOR GH GXSC
)LIXUD + &XUYD GH UHEDL[DPHQWR WtSLFD SDUD DTXtIH
)LIXUD *+ SHSUHVHQWDomR GD IUDWXUD QR PRGHOR GH
)LIXUD + 'LVFUHWL]DomR GH XP SODQRRGR GRDMWXUD ¢
HOHPHQWRYV ILQLWRYV

)LIXUD + )RUPDV GH UHSUHVHQWDOmMR GDV IUDWXUDV S
)LIXUD + 3DUKkPHWURY SDUD FIOFXOR GD FRQGXWKQFLD
)LIXUD + )RUPDomR GRV FRQGXWRYV XQLGLPHQVLRQDLV
)LIXUD + &RQILIXUDomR GRV FRQGXWRV XQLGLPHQVL
'"HUVKRZLW]

)LIXUD + )UDWXUDV UHSUHVHQWDGDV SRU XPD UF
XQLGLPHQVLRQDLY RQGH RFRUUHP D PDLRULD GR HVFRD

I+

J)LIXUD + (WDSDV GH H[HFXomR GHRQ® XODomR QD IHUUL
JLIXUD + 'LVWULEXLomR XQLIRUPH QR LQWHUYDOR >D E
J)LIXUD + 'LVWULEXLcGmR BRRIQRUARW HWRPDORUHY GH GH
J)LIXUD + 2EWHQomR GR YHWRU QRUPDO XQLWiULR DR St
J)LIXUD + 5RWDomR GR YHWRU QRUPDO XQLWiULR WRUQ
JLIXUD + 2EWHQOMR1GRGXUDRWR ¥HWROWLFDomR GD GL\
JLVKHU

J)LIXUD + 5HVXPR GRV SDVVRV GH LPSIOHPHQWDOmMR GD (
J)LIXUD + )RUPD GR DUPD]JHQDPHQWR GRV GDGRV JHUDG
J)LIXUD + 5HSUHVHQWDoOmMR HVTXHPiWDRMDXE&RY GLVFRV U
J)LIXUD + 7UDoDGR GRV FRQGXWRV XQLGLPHQVLRQDLV H
J)LIXUD + 3URFHGLPHQWR SDUD GHWHDRMLOQIDOWMNR GDV LQ

YLIXUD + SGHSUHVHQWDOMR VLQWpWQ R HG R \R BR.Y B RYF L
UHSUHVHQWDWLYRV GH IUDWXUDYV

J)LIXUD + (VTXHPD GH SDVVRV SDUD GHRWY SPIQIRW R G D
J)LIXUD + ,OXVWUDOMR GR SDVVR UG D\G HWHFXRVG DV L ¢
YLIXUD + 5HSUHVHQWDOMR GRV SRQWRN ToXH/ FARLWP L W I
UHSUHVHQWDWLYRYV



J)LIXUD + ([HPSOR GH REWHQomR GD PDWWWL], BH LQWHUYV
JLIXUD + )DFHV GR YROXPH GH VLPXOH\ GR SROQW RWQER F
YLIXUD + '"HWHUPLQDomR GD ODUJXUD GR FRQGXWR
VHIXQGR 'HUVKRZLW]

JLIXUD + $GDSWDomR QD GHWHUPLQDomR GD ODUJXUD
YLIXUD + ([HPSOR GH REWHQomR GDV PDWRVY]HV ,17 H
WUHFKRY GH FRQGXWRY FRP PDLV FRQH[}HV

YLIXUD + (YLGHQFLDOMR GD QHFHVVLGH GR GMRWQRQV S
DRV SRQWRV PDLV H[WUHPR GDV UHGHV GH FRQGXWRYV
J)LIXUD + 9DULiIYHLV HQYROYLGDYV i B RQUWRUWORUrQFLD G
J)LIXUD + ,QWHUIDFH JUIILFD GD IHUUDPHQWD )UDW&RQ
YLIXUD + -DQHODV GH DGYHUWTrQFIMD GBOIMHUWQBGRIFQYG
YDORUHV LQFRUHQWHY RX IDOWD GH YDORWBRNMM. QE HVDQH
F MDQHOD LQGLFDWLYD GH VXFHVVR QD H[HFXomR GD UF
JLIXUD + OHQXV SDUD H[SORUDomR GRV UHVWKOWDGRYV R
GD IHUUDPHQWD J)UDW&RQG

YLIXUD + 3RVLOmMR GRV FHQWURYV GDV |UDVWLFRDV JHUI
SURSRVWR

J)LIXUD + 9DORUHV GH DEHUWXUD GH $SORWX SR WHRVR PR R
SURSRVWR

YLIXUD + 9DORUHV GH FRPSULPHQWR GH IUDWXUD HF
KLSRWpWLFR SURSRVWR

JLIXUD + 9LVMR JHUDO GR YROXPH GH DWRX®Vo@HR FRI
IUDWXUDV SDUD R H[HPSOR KLSRWpWLFR SURSRVWR
JLIXUD + 9LVMR GR SODQR \] GR YROXPHRWHWLLPRKODom
SURSRVWR

J)LIXUD + /RFDOL]DomR GRV SRQWR \HB8 80R) WIHIRM pW RFRI
SURSRVWR

YLIXUD + &RQGXWRVY XQLGLPHQVLRQDLV HTXLYDOHQ\
KLSRWpWLFR SURSRVWR

J)LIXUD + $ED GD SODQLOKD FRP RV GRGRV REWLGH
SURSRVWR

+



)LIXUD + $ED GD SODQLOKD FRP RV GLGRV REWLGI
SURSRVWR

)LIXUD + $ED GD SODQLOKD FRP RV GDLGRV REWLGI
SURSRVWR

)LIXUD + 9DORUHV GH FRQGXWKQFLD HPWIHFR REWLG
SURSRVWR

)LIXUD + O9DORUHV GH FRQGXWKQFLD BRWORQFRQVLG
REWLGRY SDUD R HIHPSOR KLSRWpWLFR SURSRVWR
)LIXUD + 9DORUHV GH JUDGLHQWH KRGH[KPEBGR HP P
KLSRWpWLFR SURSRVWR

)LIXUD + 9ODORUHYVY GH YDImR HP Pi VR BEWBBRWREBDUD R
)LIXUD + 9DORUHV GH FDUJD KLGUIXOLFR@Q@®RXYWRW HP
REWLGRY QR H[HPSOR KLSRWpWLFR SURSRVWR

)LIXUD *+ 9ODORUHV GH FDUJD KLGUiIXOLFB@&FRIWWRW HP
REWLGRYVY QR H[HPSOR KLSRWpWLFR SURSRVWR

)LIXUD + $ED GD SODQLOKD FRP RV GDLGRV REWLGI
SURSRVWR

)LIXUD + $ED GD SODQLOKD FRP RV GLGRV REWLGI
SURSRVWR



L 67DE | $9% (16

7DEHOD + $EHUWXUD H FODVVLILFDomR HP IXQomR GR \
7TDEHOD = 5HVXPR GRV GDGRV GH HQWURERMSDUD R PyG
fDEHOD + /LVWD GRV JUIILFRV H SODQHOKDYHI)WBROQ't

JUDW&RQG
7DEHOD + /LVWD GRV JUIILFRV H SODQHOKDY HQWBRQ't

JUDW&RQG
7DEHOD + 'DGRV GR H[HPSOR KLSRWpWLFR VLPXODGR Q

+
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,1752'8d-2
&RQVLGHUD
2EMF
“XVWL
VWUXWXUD

5(9,6-2 %,%/,2*5E),&$
EJXDV 6XEW
$TXtIHURV H VXDV FODVVLILFDoO}HV
6LVWHPDV
&DUDFWHUL]DomR GDV IUDWXUDYV
OpWRGRYV GH LQYHVWLJDomR
$ERUGDJHP HVWDWtVWLFD H HVWRFiIVWLFD
*HUDomR GH IUDWXUDV SDUD PRGHODJHP
ORGHODJHP GH EJXLHP PHLRV IL
ORGHORYV KLGUiIXOLFRV SDUD PHLRV IUDWXUDGC
&RQGXWRV H FDQDLVY QD PRGHODJHP GH PHLR"

0(72'2/2*,%

*HUDGRU HVWRFiIVWLFR
*HUDomR GH UHGHV GH FRC(
6LPXODomR

([LEmR GRV UIIRUQH

5(68/7$'26
,QWHUIDFH JUIILFD)UDW:
([SORUDOmMR GRV UHVXOWDGWY NRIDMEREGRY SHOD I}
H[HPSOR KLSRWpWLFR
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&DStWXOR ,QWURGXomR

™ .
C $3ETO

lirs2isdia

(VWH FDStWXOR DSUHVHQWD DV KRQ WRIRADQ BR [RQQ HIL IMF
DVVXQWR TXH VHUiIi WUDWDGR DR ORQJRFIGFD WH RER H$\EL
EXVFDGRV H D MXVWLILFDWLYD SDUTR BPRUB HY/IW D X'VRX GH
WUDEDOKR FRP RV SULQFLSDLVY SRQWRV WUDWDGRV QRYV

&216,'(5$d®(6 ,1,&,$,6

$ iJXD VXEWHUUKQHD SRGH VHU HQWHQ GR GID F/RFSRY W RFELDH |
7HUUD SUHHQFKHQGR RV SRURV RX YD]LRW H\DWRMX DM Q
IUDWXUDV IDOKDV H ILVVXUDV GDV URFKDW ¥RWFBRPWIRVp
SUDWLFDPHQWH FRPXP HP WRGRV RV SDtVHRWDRO ARXQG
FRPSOHPHQWDU GH GHPDQGDV GH DEDNMWHEQB M HWIRQG R F |
GHQWUH RXWURYV

2V PDQDQFLDLV VXEWHUUKQHRY VmR UHSUHVH@EWBGRYV
vDWXUDGDV FRP VXILFLHQWH SHUPHDELOSGDGHWHF RRUF
DUPDJHQDPHQWR H D WUDQVPLVVMR GHDVJIXDV RE JIUDGLW
QDWXUDLV &/($5< I1HVWH VHQWLGR RQ DOVIPH QHAHRW
QDWXUDLYVY PDQWHQGR RV FXUVRV GH iJRRQWVEUHXItIE R VD®F
KRPHP YLVDQGR VXSULU GHWHUPLQDGD IRQWH GH FRQVX

$ PRGHODJHP KLGUIXOLFD GHVWDYV IRUBD&}IBH R HRRMH OHILUPL
GR IOX[R GD iJXD VXEWHUUKQHD HQWUH X®HRRQWLR BloRRV
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ORFDLVY SRWHQFLDLVY SDUD D LQVWDODomRtIIHGWHRVSRERYV
HVWDEHOHFLPHQWR GH PRGHORV KLGDVXNQLERD/0o®BBRUB®HLN WX
IXQomR GH VXD SRURVLGDGH 1HVWH VHQWHIFRFRVFRRXF
DTXtIHURV SRURVRV RV DTXtIHURV I UDWXUDGRV H RV DT>

2V DTXtIHURV IUDWXUDGRV TXH VHUmMR DERUGR&RV QF
IRUPDO}HV FRP GRLV PHLRV GLVWLQWRYV XFIDLRDWUL]
SHUPHDELOLGDGH H EDL[D FRQGXWLYLGDGH KWV GUiXOL
GHQRPLQDGDV FRPXPHQWH FRPR IUDWXUDD/ i EXDVWD Q QWL
SUHIHUHQFLDOPHQWH 5RFKDV tJQHDV H nPRIVWDRPS OLREWD \C
PDWHULDLY TXH FRPS}HP HVWH WLSR GH DSIWXRIGD)URN RT XIH
DUPD]JHQDPHQWR GLUHWDPHQWH LQIO X HQ@R WDED\Q R R GH Tv
DEHUWXUDV H SHOD VXD LQWHUFRQHFWLYLGDGH

$ GLIHUHQoD GH SURSULHGDGHV KLGUIiXO RFRW H@QWUDB I
HVFRDPHQWRY HP UHJLPHV WXUEXOHQWRDVVREBBHR WIHx
GHPRQVWUDGD SDUD PHLRV SRURVRV FRPD GOSN\ U oPHDW LL
PRGHODJHP KLGUIXOLFD GHVWH WLSR GH RBUHPIRo/MRYV W ih
SUHVHQWHY QD ELEOLRJUDILD FRUUHQWHXI& NWETHNVPDRGHR] @ |
IUDWXUDGR FRPR XP PHLR SRURVR FRQWtQXRFKRF 5 HRGD!
IUDWXUDV D PRGHORV PDLV FRPSOH[RV TXIREXYIFDB nXmw
GD JHRPHWULD GDV IUDWXUDV H GR IOX[R SUHIHUHQFLDO

&RQVLGHUDQGR D VHIXQGD FDWHJRULD p GRPXKPHRVRVR HF
LQIJOLWFUHWH )UDFWXUH 1HWZRWVWWHRRBHOR GHVFRQW
UHSUHVHQWDU R PHLR IUDWXUDGR EDVHDQGRUBDH HP

GHWHUPLQDomR GD ORFDOL]DomR H GD RU&BIQDVDR MR

HVWDEHOHFLPHQWR GRV FDPLQKRV TXHQD/ LWD WHOQRSUWHH W
DEHUWXUD GH IUDWXUD GHQVLGDGH kKQJXORVY GH GDGIRG
REWLGRYV $V UHVSHFWLYDV SURSULHGDGH® DKGE.BW i SOIURD
OHYDQWDPHQWR GH YD]}HV H YHORFLGDGHV GR IOXLGR Q

2 OHYDQWDPHQWR GHVWHYV GDGRV HP FD®BERDp XXRD GIDW USH
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GH IUDWXUDV GLVFUHWDV XPD YH] T>XP WDQ R UBP G W RIM
URFKDV RX SRU PHLR GH DPRVWUDV UHWLUDGKDWX\GR{ G O
PRGHORVY HVWDWtVWLFRY DFRSODGRV DR '")GDGMW LQ
LPSRUWDQWHY YIiOLGRYV SDUD WRGR R DTXtIHHRQU]DVEOWL
HP UHJL}HV OLPLWDGDV 'HVWD IRURMLUpGIRPYOGAHDY HIV G/H
SDGU}HV GDV SURSULHGDGHV FRPR DV IUBIWKRDN HVHVRL @G
iJXD QD IRUPDomR

(P SHUtRGRV PDLV UHFHQWHY GHQWUR GD PREHBWIHP KL
IRL LPSOHPHQWDGR HP DOJXQV HVW YGRNVEF BRW Y DKILGLDGMH
FRQGXWRV RX FDQDLV D ILP GH VH YHULDLNDP SR IWUKDYL
UHGX]LQGR R HVIRUOR FRPSXWDFLRQDO GIW ML\PEK@W b &RV \
RV SURGX]LGRV SRU &DFDV HW DO D 'HUVKRZLW]

DO 2XWUR DVSHFWR TXH VH WRUQR R KSRV DIQYilDQ VAR F
IHQ{PHQFRK B®IQ HOR®XP QRV PHLRV IUDWXUDGRV IDFLOPHQ
FDPSR FRP WUDODGRUHV PDV SRXFR FRQVLGO UBDGH BQRPR
p FDUDFWHUL]DGR SHOD RFRUUIQFLD GR FMXPRBGRHBWRHH
DYDOLDGR DR ORQJR GD VXSHUItFLH G ¥ GHVFR D \G DQH[LL DV
GH FRQGLO}HV PDLV IDYRUiIYHLV HP GHM RDPRQ DISDHU WKL
IJUDWXUD RX XPD PHQRU UXJRVLGDGH QD VIXFS BUS DAL\HDG B PG
GD iJXD

8PD GDV IRUPDV GH XWLOL]DU RV FRQGXMRW |Q D WRIGIHER\
SRU PHLR GR HVWDEHOHFLPHQWR GH FRQG&XWHDW Bl IYX LWnDF
FRQVWUXtGRY DSyV D JHUDomR GD UHGHRSHG DU DWDIAXOW/D G
FHQWUR GD LQWHUVHFomR FRP D IUDWXWGDPHQOVQRDDBUG
FRQGXWRYV 7DLV FHQWURYV VMR FRQVLGHUDGRY¥YRPRQYV G
UHIHUrQFLD SDUD D VROXomR GR VLVVWHKXD G HVHUKD®}HYD
EDODQoR GH PDVVD HP FDGD XP GRV QyVWDORK IGHMDP YHDQ
HVWHYV OHYDQGR HP FRQWD DV SURSULMAIDDEHAP KV GIUYKGL
D DEHUWXUD GD IUDWXUD H R FRPSULPHQWR GR FRQG
UHSUHVHQWDGDYV SRU FDUJDV KLGUWIRVLFDV IIURQW KLHYDH\P
GR VLVWHPD IUDWXUDGR PRGHODGR SHUPLWLQGR DVVLP
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2%-(7,926

&RQVLGHUDQGR RV DVSHFWRY DSUHVHM®QW DNGURD/E Q D K R RVHW
REMHWLYR JHUDO DSUHVHQWDU R GHVHQYROYQWHQWR
0$7/$% HODERUDGD SDUD D PRGHODJHP G@WI %t RDBRD O
JHUDU UHGHV GH IUDWXUDV GLVFUHWDV R\ IGE®LM 8QNVQ RIQI
YDULIiYHLV GHVFULWLYDV GR VLVWHRQJXUOIRVXG B GRU HIPQD\K
PHUJXOKR FRPSULPHQWR H DEHUW XU D VGMHP IFWIPVMOQUAR USS RR
D UHIHULGD IHUUDPHQWD XWLOL]D R FRQHRMWHY GHXHRWQMG
REWLGRY DSyV D JHUDomR GDV I UDWXUDVXGILEBVRLWDQGF
QDV GHVFRQWLQXLGDGHYV GH IRUPD VLPSOLHLFDGD FRQV

&RPR REMHWLYRV HVSHFtILFRVY SRGH VH OLVWDU

x 2 HVWDEHOHFLPHQWR GH XPD ERD UHWDWNVR RLEBOIHR
GHVHQYROYLPHQWR GD IHUUDPHQWD SURSRVWD

x $ HODERUDomR GH XP JHUDGRU HVWRFiIVWRHFR GH |
IHUUDPHQWD TXH SRVVLELOLWDVVH D JH UB&BR FOMRLVY |
VLPXODomR KLGUIXOLFD

x $ UHDOL]DomR GH WHVWHV LQLFLDLVWARIP GH |H[HP>ERD
KLSRWpWLFRVY D ILP GH VH YHULILFDU VHXDXQFLR
IRUQHFLGRYV

-867,),&%$7,9%

$ UHDOL]DomR GHVWH WUDEDOKR[IM H ¥XYWILGLDF®OH LH PN D O
%UDVLO TXH WUDWHP D PRGHODJHP KLGUIKRQNDXOGWHD D TL
OLWHUDWXUD QRWD VH D PDLRULDI RPVY (PGIDR RAH |G B W XD ®
FKHIDQGR D WUuDWDU SURSULDPHQWH GRV HVFRDPHQWRYV

e LPSRUWDQWH FRQVLGHUDU TXH R SDIR B RWRFXID ¥ [R\OHE@ VD
H PHWDPyUILFDV WDLV FRPR D )RUPDOoHWRNIBHGR DS B D&
(PEDVDPHQWR &ULVWDOLQR QR 1RUGHVW[ISORWDADOWBRE
IRQWH GH DEDVWHFLPHQWR S~EOLFR FRVEOUHPH QMWDLY LREC
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DJUtFRODV H LQGXVWULDLYVY 'HVWD IRUPR GRQ VWU XEMLWR
IUDWXUDGRV H GH FRPR SRGHP VHU GHYLGRFHQWHYXOW D®
R WUDEDOKR

$ JHUDomR HVWRFiIVWLFD GH IUDWXXWVOGILN&EMWRWIR PRQIE
FRQGXWRY HTXLYDOHQWHY QD PRGHODJKQRVEB HVDV 8 LWIHSFD
ORFDO $VVLP DERUGDU WDO DVVXQWR HWHQ D ERR®AH X\N
WDPEpP p XP SRQWR MXVWLILFDWLYR SDUDWX®RV WAHD E
DTXtIHURV IUDWXUDGRYV HP WHUPRV FRPSD/HDWIHAR \Q OF K
OLWHUDWXUD

(6758785% '2 753%%/+2

2 WHIWR GHVWD GLVVHUWDomR GH PHVWUDGR HVWi GLYLC(

&DStWXOR + ,QWURGXomR DSUHVHQWDRJDRIQERPGIR WHH [R
GHVWDFDQGR RV DTXtIHURV IUDWXUDGRYV LRWD WK R®PW
GHVFRQWLQXLGDGHVY FRPR FRQGXWRV XQNG I( P HMHIXR.GDL V
VMR DSUHVHQWDGRYV RV REMHWLYRV JHUD LV WL H\WDHAFLE NLIF |

&DStWXOR *+ S5HYLVMR %LEOLRJUIILFDIUIDARU KWRH QWUD ED (
DSUHVHQWDQGR RV SULQFLSDLV DVSHBWR Y VSHED B IOPPH MG
PRGHODJHP GH DTXtIHURV IUDWXUDGRV 'HWWWDFBVV G HD
SURSULHGDGHYV JHRPpWULFDV H KLGUIX@RFH \GHHDER 3GDQ
GHVWDV FDUDFWHUtVWLFDV DOpP GRY FUPROEDSMER GHR @
IUDWXUDGRY SUHVHQWHY QD OLWHUDWXUD

&DStWXOR + OHWRGRORJLD DSUHVHQWD LROVL JDU R ISDOLDY
FRQVWUX0omR GD IHUUDPHQWD J)UDW&RQG GHRWIH DEGRW
GH IUDWXUDV GLVFUHWDV GH IRUPDFBVRMRPFR/ WY RDGH jFRQ
XQLGLPHQVLRQDLY HTXLYDOHQWHYV

&DStWXOR + 5SHVXOWDGRV H GLVFXVV}HVR KLSHRWHQMN. B F
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VLPXODGR QR )UDW&RQG GH IRUPD D WIHWSRDQUWY HLN [ IHE IR
UHVXOWDGRY SDVVtYHLYVY GH DQiOLVH D SDUWLU GR XVR G

&DStWXOR +* &RQFOXV}HV H UHFRPHQGD o }H\R PBHUHD/GHERRNV
DV FRQFOXV}HVY REWLGDV H DV UHFRPHQGDo}HV SDUD WU

$R ILQDO WDPEpP VMR DSUHVHQWDGDWGBDWRIMH BIGIFER WL
GHVWH WUDEDOKR
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C$3ET0 2
Ri(91:6<2061 %0 2#58)4 & $

(VWH FDStWXOR DSUHVHQWD HP DOJXQ\W @WS&IVFR M | BXUPHDQ W
iJXDV VXEWHUUKQHDV H D VXD PRGHODIHPWXVBEERYD GH
DSUHVHQWDGRY GHVGH FRQFHLWRV EiVLRRV B LHRQWHF®F
UHODFLRQDGRV DR WHPD H TXH SRVYURHGDP HERHWR CROIR
SURSRVWD QHVWH WUDEDOKR 'HVWD IRURDG DI|FRDYDFIBD V
FRPSUHHQVmMR GR WHPD H GR WUDEDOKR FRPR XP WRGR

E*8$6 68%7(55/£&1($6

EJXD VXEWHUUKQHD p R WHUPR XWLOLRDMRUBSGD DD BBIV[R]
VXSHUItFLH WHUUHVWUH % ($5 7 DR RALRBSWR@QFILLF R HL

TXH FRUUHVSRQGH DR IOX[R FRQWtQXR GHDWR ROAMXULIS
$SyV D SUHFLSLWDomR XPD SDUFHOD GIDSIHXB RTOXM @RVLQY
GD VXSHUItFLH SRU HQWUH YD]JLRV LQW HUWBIDEDX\O B RN X
IUDWXUDV H GHVFRQWLQXLGDGHV GH IRUPR&IH\SFRHO/ R
LPSRUWDQWH DR VHU IRQWH GH XPLGDGH SDUD R VROR F
GH DOLPHQWDU QDVFHQWHY GH ULRM W>XWDDA\G R BXQWRY,
VXSHUILFLDLV

$ LPSRUWKQFLD GDV iJXDV VXEWHUUKQHDV p OLIXDGD DR \
VXSHUILFLDLY $R VH FRQVLGHUDU WRGR R YROX®H GH iJ
TXH HVWHMD QD IRUPD GH JHOR QRV SRORV H QDV UH
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)LIXUD + &LFOR +LGUROYJLFR

v

Procipitoqdol l

JRQWH 00$

HVWHMD GLVSRQtYHO QR VXEVROR H DQBDO/DIRVHN WH
6+,./20%$129 'HVWD IRUPD QRWD VH TXK)BN VYHRHIDYL
RUGHP GH FHP YH]HV PDLRUHV TXH DV GH iJXD VXSHUILFL

1R %UDVLO HVWLPD VH TXH DV UHVHUYBDVRWUXEWHGHKQHD
NP i WULOK}HV GH PA  'HVWDV UHVHUYDV FHUFD GH

GHVFDUJD GRV ULRV $R VH FRQVLGHUDU 0QRXRHWH GUHIW pW
EUDVLOHLUR p GD RUGHP GH NPA REVHUYIWRH R T
LPSRUWDQWHY SDUD D ULTXH]D GH iJXD GRFH TXH R SDtV

(P WHUPRVY GH DEDVWHFLPHQWR S~EOLARJURQRDY GILINDG
UHVSRQVIYHLY SHOR VXSULPHQWR SOHQR GB UY N \ERKDC
TXDOLGDGH SDUD FRQVXPR KXPDQR H R EDL[RVFR®R SO
REVHUYD VH GLVSRQLELOLGDGH $OpP GL¥VRBRL\D FRWD WD PR
GRPpVWLFRV H HIOXHQWHYV LQGXVWULDODLAH @WK dDGHRNX DR
RXWUR LQFHQWLYDGRU DR XVR GH iJXDV VXEWHUUKQHDYV
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S5LEHLUmR 3UHWR 63 1DWDO 51 ORVVRUYBOpRODFHLY
ODQDXV $0 SHILmMR OHWURSROLWDQD GHHiJHPBIGHR V3 (G HH
Q~FOHRV XUEDQRV TXH XWLOL]DP DV SBIXIDYFYRXEPW HWIXKRGER
6mR 3DXOR H 3LDXt WHP VXDV FHUFD L&GHDYV SBH SRORVFL
ODUDQKmMR HVVD WD[D FKHJD D 00% 6 H DAQIGYRD D $1
GH TXH QR %UDVLO H[LVWDP FHUFD GWHUPRIVOGSR ¥ R Y} HH\P
%UDVLO HQFRQWUDP VH GHVGH SRoORV FRP SURXbmR LQ
PAi K 5(%28d$6 HW DO

$R VH DQDOLVDU R XVR GH iJXDV VXEW H UDRHQIWH QR RSARD/
SDtVHV GHVHQYROYLGRV RX QmR XWLOLHVN LGXDGWXE WHDU
GH DEDVWHFLPHQWR TXDQWR SDUD RXW UKW NI \H VWL A PH ]
XVR DQXDO GH ELOK}HV GH Pfi GH iJXD VXEWHUWYHKQ HPD LN

iuULGDV GR SDtV +%$55,1*721 HW DO 1RV YD\WDRG RV 8
H[SORWDGD GH FHUFD GH PA V 0JDOS®tWGHVH®@ B R/ >
TXH GHVWLQD VH D LUULJDomR GH FXGHVEXWDNMWD&D OG YK

XWLOL]DP VR]JLQKRYV GHVWD SURGXomR O0$®3,1 HGDDO
SRSXODOmMR p GHSHQGHQWH GH iJXDV RULJISQ@iMP DY KDR HV X
(VSDQKD XWLOL]DUDP UHVSHFWLYDPHQWH{UUKQHHD Q I LD0J
GH (85267%$7

7TRGRV RV GDGRVY DFLPD FLWDGRV FRPSURY®SPUD IDPSRG W |
KXPDQD 3RUpP p LPSRUWDQWH VDOLHQWD/HUTXH WDt
SDUD XVR GH IRUPDo}HV JHROyYJLFDV TWRGD&QWPNVHIMVHAR
SRVVLELOLWHP R DWHQGLPHQWR SRQWXNMOSRBH PHGRD&FRM
SRoRV (VWDV IRUPDoOo}HV VmMR FRQKHFLGDNVBERIFR ROV AinH
DSUHVHQWDGRYVY FRP GHWDOKH QR LWHP D VHJXLU

$TXtIHURV H VXDV FODVVLILFDoO}HV

&RQIRUPH Mi FRPHQWDGR QDV FRQVLGHUDOHDULQLFLDLYV
DTXtIHURV SRGHP VHU HQWHQGLGRV FRPR XPDLHRWPH om F
SHUPHDELOLGDGH H SRURVLGDGH LOQWHUFRQMHWDGHB VSI
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VLIQLILFDWLYDV GH iJXD VRE JUDGLHQWHYV KLGUiIXOLFRYV

2 HQOWHQGLPHQWR GHVWD GHILQLomR SBIVED SHDHWVRRI
}]RUPDomR JHROYJLFD VDWXUDGD" $ PHGDGMHB H®RT X MEWHR (
p FRPXP D VHSDUDomR GD iJXD VXEWHUURNDPNMDX BIPo@®RDGED
IRUPDo}HVY TXH D UHFHEH RX VHMD GR YROMPOMHXRHAXGH GF
YD]LRVY GD URFKD RX VROR HP DQiOLVH )LJXUD

)LIXUD + 'LVWULEXLomR GD iJXD HP SURIXQGLGLEL
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JROQWH =DYRXGDNLYV

$ JRQD YDGRVD RX DHUDGD RX QmR VDWXUDSRJRWX GQRVEL
IRUPDomR JHROYJLFD HVWmMR SUHHQPRIF®R\L |DREW DR HRi DXE
OLPLWH GD VXSHUItFLH GR WHUUHQRVDGIR YR @R QS5RUD H R
GH DWUDomR PROHFXODU H DomR GH WHQV}HV VXSHUILFL

(VWD J]RQD SRGH DLQGD VHU VXEGLYLGLGD HHPSRXWUDV S
),/ +2

Xx =RQD GH XPLGDGH GR VROR VLWXDGD JHQWDWwih R\H HD[

VXSHUItFLH GR WHUUHQR FRP HVSHVVXUD SHRBHRDOGLF

Xx =RQD LQWHUPHGLIULD FRPSUHHQGLGD HIQWINNHH R OLF
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OLPLWH GH DOFDQFH GDV UDt]JHVY GDV SODQWDYV

x )UDQMD FDSLODU TXH VH HVWHQGH GIDP VWSHH®Ht BIVH K5
FDSLODU GD iJXD 1HVWD UHJLMR SRGHRRGR WJWHNIR V@H
WHQV}IHV VXSHUILFLDLY QD LQWHUIDFH iJXPDGRTXH
QtYHO IUHIWLFR 7DO VXELGD p GLUHWDPHR®WHROLJD(
AXDQWR PHQRUHV RV SRURV PDLRU p DLIGBDWQMD DFDS
IlUDQMD FDSLODU FRPR SHUWHQFHQWH D J]RQD VDWXU

&RQIRUPH VH DYDQoD HP SURIXQGLGDGH D THMQ@WUGHBH
YLUWXGH GD DomR GD JUDYLGDGH VRE D iDXR QI N DWW
RX IUHIWLFD ORFDO RQGH WRGRV RV DBHEADVGORIR WPCC
(VWD UHJLmMR IRUPD HQWmR RV DTXtIHURV VHR GFD WNXVDO
GH ULRV H ODJRV +i HVYWXGLRVRV GD KLG RXHERHRUIWDQ A
OtTXLGR SUHVHQWH DSHQDV QD JRQD VDWXQWB DQ DG HR/F R
YDGRVD e LPSRUWDQWH VDOLHQWDU TXMH @mRRE LQLGRBEF
SRU SURFHVVRV VXSHUILFLDLVY VHQGR WRQYWWRGFDGEDGRUH
JHROYJLFR

$ VXSHUItFLH OLPLWH HQWUH D JRQD V IR XKD G RD QR ®
IUHIWLFR RX VXSHUItFLH IUHIWLFD RX QRYHRO X®HOXXMDU V
JHRPpWULFR GRV SRQWRVY HP TXH D iJXD DXBWHWWKkQH
DWPRVIPULFD )(,726% H 0$12(/ ),/+2 VHIO | Y KISGIRJH (FF\L
GHILQLGD D SDUWLU GR OHYDQWDPH®M B RHIR B ROPL d i B DA
XPD WHQGIrQFLD GD VXSHUItFLH IUHiVGIDF B XSA-RPISLKG R VN
3RUpP TXDQGR R QtYHO GTiJXD LQWHUFHSVRL RP B QMBY U
JHUDQGR QDVFHQWHY GH FYyUUHJRV H ULRV 7(,;(,5$%$ HW LT

2XWUR SRQWR LPSRUWDQWH SDUD R HQWHQO omRQARR ®D
FDSDFLGDGH GH DUPD]JHQDPHQWR H W HYWLILVRWRDG M Ri J
DTXLWDUGHV DTXLFOXGHV H DTXtIXJRV S$UHILQNDN HDVF
PHWDPyYUILFDV IUDWXUDGDV H URFKDWHRDWUERRK i W HFDNWXU
IRUPDP DTXtIHURYV
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&DPDGDV GH DUJLOD VLOWH H IROKHOQKRDYMRXH[HRS®RA
JUDQGH FDSDFLGDGH GH DUPD]JHQDPHQWR X®H EIDX[D 3R
SHUPHDELOLGDGH QmR FRQVHJXHP VXSULUFBRUYREHIUDERR
DTXtIHURV VHQGR FKDPDGRV GH DTXLWDUGHV SRVY DTXL
HIWHQVDV iUHDV IXQFLRQDQGR FRPR IRQWH GH UHFDUJD

-i R WHUPR DTXLFOXGH HUD XWLOL]DGR DDDR@ELPMMUIiD®
IRUPDO}HV TXH WUDQVPLWHP IOX[RV H[VWUR MCHUHRRWIAHT K DI X[
LQGLFDYD WRGDV DV XQLGDGHV LPSHUPHiIYHDWD&NMBR56&H

TXH QmR H[LVWH PDWHULDO LPSHUPHKDIH® R LUV RX RXURX'
PHVPR HP PLOKDUHV GH DQRV R WHUPRWHPSRYVI D WML
DTXLFOXGH LQGLFD IRUPDo}HV GH PHQRU SHUPHDELOLG
DTXLWDUGHYV 5RFKDV FULVWDOLQDY QmR ITUDXMHUDGDYV Vi

2 ~OWLPR SRQWR GD GHILQLomR GH DTXtIRRRTIXOH GHE& B G/
VLIQLILFDWLYDV™ (VWD ORFXomRLOQVWiI GRS RB R PTHKGWH SOQF
GR DTXtIHUR 4XDQGR HVWH p GHVWLQDGR DR DEDVWHFLF

PAi GLD VmR FRQVLGHUiIYHLY HQTXDQWR TKBDEDHID R
UHVLGHQFLDO YD]}HV LQIHULRUHV D PA GLD Mi VmR YiC

&RPSUHHQGLGD D GHILQLomR GH DTXtIHURBDHJ WV W BDINYQHOI
GH VXDV FODVVLILFDo}HV 'XDV FODX@VIIQAD K}IH3/U R 8iH B DXRt.
SULPHLUD OHYD HP FRQWD D FRQGLomR KR GBPXOLFDHEFRNR nD
GD iJXD QD VXD VXSHUItFLH OLPtWURIH )(,726%$ H 0$12(/)

1IHVWH VHQWLGR GHQWUR GHVWD BODIVNUR FRYNFR QU XQDE
DUWHVLDQRY H RV OLYUHV RX IUHIWLFRV RX QmR FRQILC
FRQILQDGRVY VmR IRUPDO}HV JHROYJLFDV SBRBHI D WIHW LR
UHODWLYDPHQWH LPSHUPHiIYHLV TXH SRGHPVWHILR D/TREWH
SUHVV}HV PDLRUHV TXH D SUHVVmMR DWPRVIpIRER T&IHKS$S5<
SHQHWUD QHVWD IRUPDOMR WHP QtYHO GH BB BGX/NULL R
DEXQGKQFLD GH SUHVVMR &DVR KDMD LHQHU DL D X\BXIU RIEH 6
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D QHFHVVLGDGH GH ERPEDV R SRoR p GLWIRRD WWIRWLID XR
SRoR QmR DUWHVLDQR

J)LIXUD = $TXtIHURV HP IXQomR GD FRQGLomR K
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JRQWH 7HL[HLUD HW DO

&RQIRUPH WDPEpPP LQGLFDGR QD )LJXUD D BRERDWHU GR
HP iUHDV GH DIORUDPHQWR RQGH D UBIHKMR. GRPIFDUPRS B
GR WHUUHQR SRQWR $ GD UHIHULGD ILJXUD SRGHQ
SUHFLSLWDO}HV 2XWUD IRUPD GH UHFDUXDWIHVGHW DRARR
DV IRUPDO}HV PDLV SHUPHiIYHLV OHVP R JHDP DFRD/S SROBD G F
DTXLWDUGHY SRGHP IRUQHFHU OHQWDPH®WH SIR UJ RB LTRX &
IHQ{PHQR GH GUHQDQoD YHUWLFDO

-i RV DTXtIHURV OLYUHV VmR IRUPD® HYLRBHW®RBYGIHF VD VEX
FRLQFLGH FRP D VXSHUItFLH IUHIWLHR DG WD/ WR UPIE PB W
SUHVVmMR DWPRVIpULFD $VVLP XP SRoR HWMBBIYDGR MWD
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DWLQJLU D VXSHUItFLH ILFDQGR GHSHQGHQWSRGRVERPE
FRPXQV WDPEpP FRQKHFLGRV HP DOJXPDWVNVWHIUQBV FRMR
H[HPSORV GH HVFDYDo}HV XWLOL]DGDVFRWNU DPHWIHWRPWRIVO @
UHFDUJD RV DTXtIHURV IUHIWLFRV UHFMHWEHDBP GIR QW WOESKHLL
GR WHUUHQR

8P WLSR HVSHFLDO GH IRUPDomR IUHiWILMPD pFRPKIRBRMNER
DTXtIHUR VXVSHQVR (VWH WLSR GH DTXtIHRIRHOPHUHH P IRX
VHPLSHUPHIYHO GH H[WHQVmMR OLPHWDHG W LH D LWHXID & Q CHXR
GR WHUUHQR (VVHV DTXtIHURV SRU YH]H\GLK[DWPHPXHP
GUHQDP SDUD R QtYHO IUHIWLFR VXEMDFHQWH )(,726% H

(VWD SULPHLUD IRUPD GH DJUXSDPHQWR RBHKIDGIXIiXBURN
PRVWUD VH LQWHUHVVDQWH SDUD GHWBUIRWPDomR FRS Y\
HVFDYDomR GH SRoRV $ UHWLUDGD GH QPR G®SVHMALA
PHFDQLVPRV GLIHUHQWHV (QTXDQWR RV WIHLRVYQR\WUW"
SURJUHVVLYDPHQWH DSyV R LQtFLR GXHGDIVOQRDGIY HMD IiU K
RV DTXtIHURV FRQILQDGRYVY WHQGHP D SHUPD@HPHIRNFRP S(
HVSDoRV SRURVRV 2 VXSULPHQWR GH iJXDOFYHPDGODHFRIES G
GH IRUPDo}HV DGMDFHQWHY (VWD GLIHUHQOWHGPRWRP
PDWHPIWLFRVY SRU PHLR GR FRHILFLHQWH M BPRUPW PHIQ\DW
GLIHUHQoD GH PHFDQLVPR

$ QHFHVVLGDGH H D HVFROKD GH ERMDBEDWRQG UGHUITFQERLC
SUHVV}HV HILVWHQWHY QR DTXtIHUR SRGHKPL (DGR ML /MW rD
ERPEDV RX PHVPR GLVSHQVDQGR VXD DSRPFDGHRLQ@LRKV
FRUUHWD GR WLSR GH DTXtIHUR FRP UHODomR D FRQGLoOmMm

$ VHIXQGD FODVVLILFDomR XWLOL]DGB YD HA G B R WHR @ RW
SRURVLGDGH GD IRUPDomR $ SRURVLGDGH poXHRD HQURSGH L
R YROXPH GH YD]JLRV HR YROXPH WRWDO GH XP FHUWR P|
SRURVLGDGH p XPD FDUDFWHUtVWLpPDFR@WR tOMHHDN WIR PW
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VHMD GLUHWDPHQWH OLJDGR DR WLSRQGH R OBRORX QM BB
FRQVLGHUDP HVWD FODVVLILFDomR FRPR GESGBQGHQWH G

(P URFKDV H VRORV D SRURVLGDGH p FRQWURODGD SRU ¢
D GLVWULEXLomR GRV JUmRYV FRQVW®hLRVEHYWHY IUJMRRKS ORF
I UDWXUDPHQWR H GLVVROXomR TXtPLFD GRIRRO/HUEFDY &}
LGHQWLILFDGRY GRLVY WLSRV EiVLFRV GH SRURVLGDGH G
YD]LRV D VDEHU
X 3BRURVLGDGH SULPiULD FDUDFWHUtVWLFD G B FSBRHIGW H(
p GHVHQYROYLGR DR ORQJR GR VXUJLPHQWR GD IR
*837%
X 3BRURVLGDGH VHFXQGiULD p GHVHQYROYLGDGHSYV R
SURFHVVRV JHROYJLFRV WDLV FRPR IUGWXHY PEID W
GLVVROXomR TXtPLFD 6,1*+$%$/ H *8378%

$ SDUWLU GHVWHV GRLV WLSRV GH SRURWIGDNGMNVSRWV DRF
VHIXQGD FODVVLILFDomR )LJXUD RV DHXtHHR\NR D BRIWHRWH

FIUVWLFRV

)LIXUD + $TXtIHURV HP IXQomR GD SRURVLGDGH

FISSURAL CARSTICO

/

JRQWH %RVFDUGLQ %YRUJKHWWL HW DO
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2V DTXtIHURV SRURVRV RX LQWHUJUDRX®DEBFRQYWLGR BITDX
JUmMRYV TXH FRPS}HP D URFKD HP YD]LRV GNH RULSRPV&R
UHSUHVHQWDGRYV SRU VHGLPHQWRYV LQQEPRKERWRMLSBGRV WA
VHGLPHQWDUHY TXH DSUHVHQWHP GH ERMBR DD UHQXWRWY
FRQJORPHUDGRYV

'H IRUPD JHUDO WDLV IRUPDoO}HV DSUHNHRDNYBDE® CRY)BRLRUWD §
YROXPHV GH iJXD H RFRUUHQGR HP JUDQ GIXW iWXXBW H B UTKCH
QHVWHYVY GHSYyVLWRYV (VWH WLSR GH GAXWHURS PSR Y VE DGV
VHPSUH KRPRJrQHD DR ORQJR GH VXD H[WHR VXD ILO/RDN U
HP TXDOTXHU GLUHomR D SDUWLU GD H[LWWr@HIQDN GERX |
PRGHODJHP KLGUIiXOLFD H D FRQVHTXHQWHUGKNWH U ®IDQNo
YD]}HV H YHORFLGDGHV p VLPSOLILFDGD

2V DTXtIHURYVY IUDWXUDGRY RX ILVVXUDXN HMWR DVXROHN
SUHVHQoD GH GHVFRQWLQXLGDGHV QD URBRKLDEFH IBOIKIHF
IUDWXUDV 00$ 7DLV DTXtIHURV RFRUUMKHWY HRHJRRKD
SbvvbU SRU GHIRUPDo}HV GH RULJHP WHFWRQMWDR X R m
VmR IUDWXUDGDV (VWDV IUDWXUDV SRKRGUWWXKS\WGDVLQOH
FDUJDV GDV FDPDGDV VXSHULRUHV j |RRHXIDR nVRHPY JXQ PYL
UHJLRQDO GH FDPDGDV RX SHOD HURVMR &[S DURFAK® VG bV
DEHUWXUDV H R FRQVHTXHQWH IOX[R ®WRJRV |IUDW XO R F
FRPS}HP R VLVWHPD HVWHMDP LQWHUFRQHFWDGDV 7(,;(

3RoRV SHUIXUDGRV QHVVDYV URFKDV HP JHUDOHNMR PH
DTXtIHURV SRURVRV VHQGR TXH D SRVVLELOLGIW®&®H GH V
VRPHQWH GHVVH SRoR LQWHUFHSWDU IUDWKXTDODIWVHRRYD |BI
iJXD Vy SRGH IOXLU RQGH KRXYHUHP IUDWXUQWD®XHHV TX
SUHIHUHQFLDLY 6mR GLWRV SRUWDQWR o&mRtGLWRHV IDRXQED
GDV SURSULHGDGHYV KLGUiIXOLFDV $%%$6

-i RV DTXtIHURV FIiUVWLFRY VmR DTXHOHWFBQWRRLDDLGGRG B |
URFKD WDPEpP GH RULJHP VHFXQGiULD POERQLWDRGDV DW
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FRPR PiUPRUHV FDOFiULRV H GRORPLWR VP LTDL®P BV VRROWK
PPWULFRV FXMDV GLPHQV}HV SRGHP YDULQWHEXYQLLPWER
IHQ{PHQR TXtPLFR HQYROYLGR $%$6 (P UHNGHHP CH V W F
DTXtIHUR SURGXWRU GH JUDQGHV YROXPHV DSHVDU

GHVFRQWLQXLGDGH SRVVLYHOPHQWH RFBVRBIAWRERI VD G
JUDQGH YROXPH FRP SRORV WRWDOPHQWH VHFRV )(,726¢

2V DTXtIHURV FiUVWLFRVY VmMR XVXDOPB®WHK DU U RRDRB\R\G
XWLOL]DGR FRPXPHQWH QD GHILQLomR QRUW DS R K H(\WP\R 8 HX
GH PRGHODJHP OHYD HP FRQWD DOpP GRLEDGEVEMW R GLH |
VHEXQGIULD FRQGXWRV RULXQGRV GD GLVVRRXGR RS H R
LQWHUVWtFLRY GD PDWUL] URFKRVD GR DTXtUHDR SR
6+2(0%$.(5 HW DO

1HVWH VHQWLGR VXUJHP FRQWULEXLO}HV X®CH@QMODPHD DI
TXDQWLGDGH GH iJXD WUDQVHXQWH QHVWHYV WFDR LRIKRN S
HOHYDGDV TXDQWR PDLRU D SRURVLGDGH SHNVPIERPRGD
PDWUL] URFKRVD p IRUPDGD SRU URFKDV FDUERQQWRFDYV
GHVSUH]JtYHO DV FRQWULEXLo}HV RULXQGDV GD PDWUL] C

$ GXSOD SRURVLGDGH SRGHULD VHU D QIROR JIRAHPW HRPFPIR
HP IRUPDo}HVY GHVWH WLSR FRPR QR EDVDOMWRDIS[®U BIYHF
FRQWULEXLo}HV GH iJXD GD PDWUL] jV 1UDWXWUIIMN WDE®EY F
7DO IDWR VHUiIi HYLGHQFLDGR QRYDPHOVRH RI@GIHVHIQ \D BRL
UDSLGDPHQWH R HTXDFLRQDPHQWR HQYROYLGR QD PRGH

(VWD VHIXQGD IRUPD GH FODVVLILFDOMRG®HIRURD IRV V
PRVWUD LPSRUWDQWH SDUD D PRGHODVHR KR®RiXOQLHIDG G
RX QmR GRV YDJLRV GDV IRUPDO}HV p GLIHUHRR LTXH QD
UHSUHVHQWH R HVFRDPHQWR VXEWHRRDRGBR/ RS 56 VWHUPL @n
WXUEXOHQWR WDPEpPP p RXWUD FRQGLo0mMR ToHS HQI®K®\W A |
GLUHWDPHQWH QD HVWLPDWLYD GH JUDQGH]DV GH LQWH L
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2XWUD DYDOLDomR SRVVtYHO p R HVWDEHRGO ¥ILIPFHDQMWRMGE
IDYRUIYHLVY D RFRUUrQFLD H D H[SORWDXDR VWFEWROXRA!
1HVWH VHQWLGR p FRPXP D HODERUDomR GHMmMHRRD/SDV Q
UHVSRQViIYHLY SRU HVWXGRV H DYDOLDO}HVPGWHYHERWVVF
IRUPDo}HVY GH PHVPD FDUDFWHUtVWLHADVALWRIGRYIRDPB O} H\
VLOQWHWL]DGDV GDV FRQGLo}HV KtGULFDNUWXEWR U GI@HA
VXEVtGLRYV LQLFLDLVY SDUD HVWXGRV OWRAD UH B HM\D QIRD%
DLQGD p UHFHQWH TXDQGR FRPSDUDGR D RDXOWRRGESDt)
HYVSHFLDOLVWDVY HP KLGUIXOLFD H JBROR LY HRVGHK BRI |
WUDEDOKR SRGH VHU YLVWR GH IRUPD G HWDh®KKOLS/MDW MUAHF®@
QDV SXEOLFDo}HV GH 3HVVRD HW DO FHLWRVD HW LC
DSXG OHQWH $1% H &350

'H IRUPD UHVXPLGD D )LJXUD DSUHVHRERWDP D X3Lom R nGAR G
GH OLWRORJLD RX VHMD VH DV IRUPDUOHWXDD)XGDHR B \F iU
$R VH REVHUYDU WDO ILJXUD QRWD VH XP FFREHGRRR LR
WHUULWYULR QDFLRQDO (VWLPD VH TXHHUWRER SRIW GIRRY(
IUDWXUDGRYVY R TXH HTXLYDOH D NPd e IRUPDGR
LQFOXHP JQDLVVHV [LVWRV ILOLWRWRVUWRGWRVGH HEDG
D PLOK}HVY GH DQRV H TXH GmR RULJHP DPRINQ WH WGUHH C
FULVWDOLQRV &RPSUHHQGHP DV 3URYtQFL®DV2YILGQRVIOHAR C
OHULGLRQDO 2 GRPtQLR IUDWXUDGR DSWRW H®W DS RMPH QHH
KtGULFR LQIHULRU JTXHOHVY SHUWHQFHQWHXHD R\ G\RPUBRRF
GH YROXPH HVWH WLSR GH IRUPDomR WHQKD UHVHUYDYV

1HVWH WLSR GH IRUPDOmMR GHVWDFED V H IH\QMWHPD REVT YOt T BX bl
BHUUD *HUDO TXH SRVVXL XPD iUHD DIORUBR®HV & BHRU
%UDVLO 6XD HVSHVVXUD PpGLD p GH PFRAR @R THOQ W |
GD %DFLD 6HGLPHQWDU GR 3DUDQi HVWH YDDBRVSWGR F¥
SURIXQGLGDGHV PpGLDV GH PH YDImR PpGLD GH Pr
&RPSDQKLD GH 6DQHDPHQWR GR 3DUDQi XWLOL]D S
PXQLFtSLRVY SDUD DEDVWHFLPHQWR S~EORFRHBRBEP HIDDO
(VWDGR GR 3DUDQi 2 UHJLPH GH ERPEHDPHQWRYDP]mRP P
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2XWUR VLVWHPD IUDWXUDGR LPSRUWDQWH p TRK H PERW\DXPLH
XPD iUHD GH FHUFD GH NP GRV TXDLV DSDE®RMWMWDGD
QR VHPLIULGR QRUGHVWLQR 3RUpP D SURGXWLWHIPGDGH
YLUWXGH GDV EDL[DV SUHFLSLWDo}HV GD JBIGRNBDBRX\WLR M
LOWHPSpULFR TXDQGR QmR DXVHQWH HHF REHRWRRDUPHH QW .
VXSHUILFLDO HP GHWULPHQWR GD LQILOWHDWDR 2N]BRW
HQWUH H PAi K H D iJXD SRVVXL HOHMP®GDGWRDOLRBILW B C
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SRWDELOLGDGH $SHVDU GLVVR HP PXLWDW@WWHDRHYVWHN
SRoRV FRQVWLWXHP D IRQWH GH DEDVWHFLPHQWR GLVSR

1D 3URYtQFLD +LGURJHROYJLFD 6HWS$TOWIHLRR B@ D GH \WW/DI
RFRUUH QD SRUOomR QRUGHVWH GR (VWDGR GH 5RUDLPD

HVSHVVXUD Pi[LPD HVWLPDGD HP P ]OOR1 Pp &R D TXit | H PR
SDUD XPD SURIXQGLGDGH PpGLD GH SRoORV GHR SDWDLPS]
D FLGDGH GH %RD 9LVWD FRQWULEXLQGR FRP GD GHPI

6,67(0$6 )5$785%$'26

$ SDUWLU GRVY GDGRVY DSUHVHQWDGRYV DROILIP G R WX B QRMRF
DTXtIHURV IUDWXUDGRY HVWmR SUHVHQWHYV QR ®&/HHVXDWYy
HIWHQVMR WHUULWRULDO H DSUHVHQW®SDGRHXQRV S RNWPH QI 1
TXH SRVVXHP UHJLPHV UHJXODUHYV GH FKH®Y O RWIIRIWG HR/R\R-
WDLV IRUPDo}HV VXUJHP HP DOJXPDV DRFDVWHGDEBEHYWRRE
GD EDL[D SURGXWLYLGDGH H GD HOHYDGD VDOLQLGDGH G

3RUpP SDUD TXH HVWH DSURYHLWDPHQWR UUHHWDD P H QMR-
FRPSRUWDPHQWR H D FRPSRVLomR GRV VLLLWHPBBEQWBINW )
ITUDWXUDYVY VmR SDVVtYHLV GH LQIOXIGHRL B H) RRHVPBR hRH QN
VHQWLGR HVWH QRYR WySLFR WHP FREBRWEWWMBGRY R BBWI
RV SULQFLSDLY SDUKPHWURY LQIOXHQWHY QR HVFRDPHQ\

(P WHUPRV JHUDLV RV VLVWHPDV IUDW XR DUFRRFK BRIE\H FF R/A
SODQRV VRE RV TXDLV WHQV}HV HOH YDR DFHEDXY® WIRP PI°H
(VWHV SODQRV VmR JHQHULFDPHQWH GREBRPIUPMNGRM \EH
LPSRUWDQWH VDOLHQWDU TXH HP WHUPRXWIHRL] PILA RB\D |
GHILQLU XP WLSR GH GHVFRQWLQXLGD G RYHEDODKBRRY HFHDUH
YLILQKRV 6XD RULJHP HVWi OLJDGD SIb WHQV GV IHQHRK B
WHFW{QLFRYVY GH WHQV}HV UHVLGXDLV RULXQGDWRGH I
FRQWUDoO}HV WpUPLFDV PRYLPHQWRY S&H WHKHW DO VY BM W
FRQVHTXHQWH GH IHQ{PHQRYVY HURVLYRV LQWHPSHULVPR
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$ DXVrQFLD GH PRYLPHQWR HQWUH RV XORWRWPG W HILRFR
JHROYJLFRV GH RXWURV WLSRV GH GHVHRPWLDXUOGDG&GEYV
RQGH YHULILFD VH PRYLPHQWDomR DSDUHQWMHWGE R\ E ORF
TXH FRUUHVSRQGHP DV LQWHUIDFHYV BROADIRB BW V HS B RG/L BH
GH IROLDomR RX FOLYDJHP FRPXQV HP GHRFODWY GPKRDNPBIRW
SDUDOHOR GH PLQHUDLYVY 3RUpP QHVWH WUIDHD @OR  F|
GHILQLomR DV IUDWXUDYVY HQJOREDUMR GHQRUPDGH QHOL
TXDLV SRGH RFRUUHU H SRGH SURPRYHU LQIOXrQFLD QR

2V VLVWHPDV IUDWXUDGRYV FRPXPHQWHMLYMRO GLDLREDLE B NV] H
TXH FRUUHVSRQGH D SDUWH TXH SHUPD@HF HUP WKUDYV DIS
FRUUHVSRQGHP DRV SODQRV SUHHQFKLGRVDSRHWUIGR DGR X
FRHVmR FDXVDGD SHODV WHQV}HV HOHWYWOGD VS UH WH Q W HL |
FRUUHVSRQGH DRV PDWHULDLYV ILQRV TXH ViIMRDOWXUDNMD
DIHWDQGR D SHUPHDELOLGDGH H R WUKQVLWR GH IOXLGR

$ )LIXUD LOXVWUD GRLV VLVWHPDV URHKR\QRWYWH I U DQNHAUHD
IRUPDomR GD HVTXHUGD FRUUHVSRQGH D XPD WRFKD PH
RULJHP VHGLPHQWDU 3RGH VH REVHUY D/KH GQMIIYPLHDHHYDY
FROWLQXLGDGH ODWHUDO H DSDUHFHP FRBR & RMHMWHRY GLC

)LIXUD + 6LVWHPDV IUDWXUDGRYV HP URFKD PHWDPyL
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$LQGD QR TXH WDQJH D GLYLVmMR GDV UWHRMDPHV GRYUWRISW |
TXH DV IRUPDo}HV VHMDP FODVVLILFDOCQGRHP BXWPRNEWC
GD PDWUL] SRURVD HD SUHVHQoD GH PDWHULDLV & N BRLHI
TXH DV IUDWXUDYV DVVXPHP R SDSHO GOWBWVLERRY SUW XL
VXD HOHYDGD FRQWULEXLomR D SRURVLGDGH G®RRIRUPDC
EDVDOWRY SRU H[HPSOR DV IUDWXUDVIRUBD &Y R QXVCP YW
TXH D PDWUL] URFKRVD DSUHVHQWD EDL[tVVLPD ISRRIRVLG
GD iJXD QHVWD UHJLmMR SRXFR FRQWULEXLQGRRSGUDHR H
XP QRPH GH VLVWHPD SXUDPHQWH IUDWXUDGR RV TXDLV

)LIXUD + 5HSUHVHQWDoOomR HVTXHPIWLFD GH XP VLVWH
VLVWHPD IUDWXUDGR FRP GXSOD SRURVLGDGH E H C

.
7

(P RXWURV WLSRV GH URFKD WDLV PRERXDY VHTGXIF HQDNPD
DSUHVHQWDP IUDWXUDPHQWR DV FRQWULEXLBMHYV GD
GHVFRQVLGHUDGDYV XPD YH] TXH D SHURHUDEDOQGWXSGH
FRQWULEXLQGR GH IRUPD VLIQLILFDWLNWPR SRQBHA IHE/FEWR bR
GXSOD SRURVLGDGH GLIHUHQFLDGDV HP WHUPRM GH PF
SRURVLGDGH GDV IUDWXUDV $VVLP RFRWXUDY XPR \HRRNVTUX
D PDLRU FRQWULEXLomR HP WHUPRV GH YDJmR SDUWD G

b c“

JRQWH 6WUHOWVRYD

$ WHUFHLUD FODVVLILFDomR FRQVLGHUDR 3 SHRRQEW UMHDQW
WRWDO GDV IUDWXUDV SRU PDWHWVLUDIARQRWVRYL GDOIBLIRN FRR
SHUPHDELOLGDGH GR TXH D PDWUL] URFKRNBQWR/ BB NXPUF
VLVWHPD KHWHURJrQHR FRPSRVWR SRIUQIREDN P B R/M WLPCEL
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FRQWULEXLQGR SDUD R HVFRDPHQWR PDWE&RVFBRE BRWW K
XPD YH] TXH D SHUPHDELOLGDGH GDV IUDWXUDV p UHGX]L

&DUDFWHUL]DomR GDV IUDWXUDV

&RQVLGHUDQGR R IDWR TXH D TXDQWLGDGH GH IUDWXUD\
SHUPHDELOLGDGH GRV VLVWHPDYV |UDNDWMXUDBRW DWHRD JH R
FRQKHFHQGR DOJXPDV GH VXDV YDULIYHLORFDRRD]|CaMmM® UD
GDV VXDV DEHUWXUDV GDV IUDWXUDVDFAWRHH{VWEBOBY G
QRV HVFRDPHQWRY HP PHLRV IUDWXUDGEBMVHRWONH ¥BDQW
GHvVWDV SURSULHGDGHV TXH FDUDFWHUL]DWDIRW HFHRIPRV
ODQRHO )LOKR LGHQWLILFDP HVWDVIHRPPWWIHRDOV WL
IlUDWXUDYV

$EHUWXUD H UXJRVLGDGH

$V SULPHLUDV FDUDFWHUtVWLFDV LRRGHY WIRVDG DK HIUW\
UXJRVLGDGH $ DEHUWXUD p FDUDFWHT{HDWGDS BH O D & LSYDAI
URFKD DGMDFHQWHY D XPD GHVFRQWLQXLGDIX® BXHR SR(
FRPXPHQWH PHGLGRV HP DIORUDPHQWRY FRRRUBX[GHF
HVSHVVXUD RX HP ODERUDWYULR SRU PHLROBUHREPRVDWI
GHWHUPLQDGDV LQGLUHWDPHQWH SRU PHLR GPIV&SHJRSUL
H *837%

$ 7TDEHOD UHVXPH YDORUHV WtSLFRV G DEHNSWRXKWDY
FODVVLILFDomR GHVWD SURSULHGI@H DF&B X PIRFWMK B VXWEQ
FRP R DYDQoR GD SURIXQGLGDGH DV |UDMROQMHT XD GBI FG
DYDQoR GDV SUHVV}HV OLWRVWiIWLFDV SURYRFDGDV SHOI

e FRPXP D GLIHUHQFLDomR GH GRLV BRQREHUWRV 05 R HFKIQU
UHDO GHILQLGD FRPR D GLVWKQFLD PPRLORRQRV UWIH DAH
FRPSULPHQWR HQTXDQWR D DEHUWXW G5 B LGHIOX00 MARD HQ @/
YDULIYHO H D WUDQVPLVVLYLGDGH GO0 D RHIDR M&RXHGRX HH B
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WUKkQVLWR 7DO UHODomR VHUiI DSUHYVPHIHPDGB IQWRFRD BHX
VXEWHUUKQHRY ([SHULPHQWRYVY GHPRVWUDPBGHXHRP DEH I
DEHUWXUD KLGUIXOLFD DWp YDORUHWRBHITXMH® DV FRL WDHD
KLGUIXOLFD SHUGH UDSLGDPHQWH D YDOLGDGH 3%$,7%1

7DEHOD + $EHUWXUD H FODVVLILFDomR HP IXQot
$EHUWXUD PP &ODVIVLILFDomR
OXLWR HVWUHLWD
(VWUHLWD
SDUFLDOPHQWH DEHUWD
$SEHUWD
ORGHUDGDPHQWH ODUJD
! /IDUJD
JRQWH $GDSWDGR GH 6LQJKDO H *XSWD

I+

I+

I+

I+

$V SDUHGHV GDV IUDWXUDV QmR VmR WRMWEDIEHWQ D/RI OR @I
VHX FRPSULPHQWR )LJXUD 1HVWH RR QWLUBRL DERP 3P
IUDWXUDV DVVLP FRPR p IHLWR SDWLDRY KR\QLOX\MRG/RE H®
SURMHWRY KLGUiXOLFRV $QDORJDPHQWH DRR WWERWRDG
IOXLGR FRP DV SDUHGHV FEDXVDQG RPRDMRR HVL 8 HY)XGHYFG B
TXDQWLGDGH GH YD]mR TXH SDVVD HP GHWH®PG® DS VXD
LQIOXrQFLD GLUHWD QR UHJLPH GR HVFRDPHQW®DWBRGHQ
UHJL}HV

)LIXUD + $EHUWXUD H UXJRVLGDGH GDV IUD

|

Abertura

l

Rugosidades

JRQWH $GDSWDGR GH 6LQJKDO H *XSWD
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2ULHQWDoOmR

2XWUD YDULIYHO LPSRUWDQWH SDUD FDUDR®W D b hibRo m(R/ V@& |
SDUKkPHWUR YLVD LQGLFDU D SRVLomR RFRYDBQJIIRD UWH\L
&RPXPHQWH VmMR XWLOL]DGRV GRLVMKR JX GRV IS®WD 6 RI PO
GD IUDWXUD RX FRPR IHLWR QD JHRORJR H HRVRHIXMBOKRO 7
kQJXORV VmMR LOXVWUDGRYV QD )LJXUD

)LIXUD + £AQJXORV GH RULHQWDomR GH IUD

N'.f'"“" Direcéin

(sfrike)

h
\
LY

Direcio de mergulho
plirection)

JRQWH 7HOOHYV

$ GLUHBOMWRPNGIHILQLGD SHOR kQJXOR TXH D LQWHUVHoOmMR
KRULJRQWDO ID] FRP D GLUHomR 1RUW H H® VG Rk Q JXDRWYLL
1RUWH PDJQPWLFR QR VHQVBLER K RQIXIOR GH HQFOQR® omi
IUDWXUD FRP R SODQR KRUL]JRQWDO (VVH kQXXWR RDUL
KHPLVIPULR LQIHULRU $GG& 5UGLOWRABKMEGIN O RXIRKWRP DGR SHO
KRULJIRQWDO GD OLQKD GH PHUJXOKR PHGDG®HHER DHODon
Hp PHGLGR D SDUWLU GR 1RUWH PDJQpWLFRSRRI WHBQWHG
QRWDU TXH RV kQ ¥X\ORHNGHH GLLWHHoMASGS 6 HUN @ K\RHP S U H
SHUSHQGLFXODUHV HQWUH VL

&RQVLGHUDQGR TXH D RULHQWDomR GDV IUDWXURYVY VHMD
H PHUJXOKR R SDU GH YDORUHV p H[SUHVVR GD VHJXLQ
IUDWXUD SRVVXL XP kQJXOR GH PHUJXOKR GH f QD GLI
PDIJQpWLFR QR VHQWLGR KRUIULR
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1R FDPSR DV LPSUHFLV}HV JHUDOPHGVOHW D 8in B HFH\VP IQDW
SRUWDQWR D DQiOLVH HVWDWtVRRXP b BEWVYBM]FHOR GHV
JUIILFRVY SDUD UHSUHVHQWDOomR GD WHQGrQBbPHELRHFLF
GLDJUDPD GH URVHWD p XPD GDV |IRLUPDW GR ®BQYGR HPRW I/
ORQJR GH HL[RV UDGLDLY YDORUHV GH TXDRWRQGDBHWHR.
GHWHUPLQDGD GLUHomR 3DUWH VH VHPRQURUGR RDIRFWUI
H Or VH D RFRUUrQFLD GH IUDWXUDV HHPFRBEBRWNHRHNWR 8E
EDUUDV HP FDGD JUXSR SHUPLWH D LGHUHF¥FLIR®DOmMRRUVE V!
IUDWXUDGR 1RWD VH DLQGD TXH DV HD[RUDNUWLEF O I@H W
XPD YH] TXH RV kQJXORV GH GLUHomR QRV TXDGUDQWHYV |

$ )LIXUD DSUHVHQWD XP GLDJUDPD BQWRGHWDL UHHHWRO
IUDWXUDYV HP XPD IRUPDomR URFKRVD 1RWDhG&HQWIHLEFYD &
SRU DOJDULVPRYVY URPDQRV H FRUUHVSRQGNP JIJHUDXPRIND WH
LGHQWLILFDGDYVY SHOR WHUPR IDPtOLDLGIHDGRWXHMANH WD
FDUDFWHUL]DomR $OpP GD RULHQWDOmRH HV®9BHBADBHRIF
VHPHOKDQWHY DR ORQJR GR YROXPH REDSRURFB QM GRVI
VHIXLGD (P JHUDO R Q~PHUR GH IDPtOWBRSEBN BROUWDRWIP\D
VHP FRQVLGHUDU SRVVtYHLY DQRPDOLDYV ORFDLYV

(VSDoDPHQWR H IUHTXrQFLD

2 HVSDoDPHQWR H D IUHTXrQFLD GH XVPHVVYVWHRBURKRDN
HVSDoDPHQWR FRUUHVSRQGH D GLVWKQRIDXBEEDGSHE GlLH X¢
PHVPD IDPtOLD (P JHUDO HVWDSDUWWKQGH DX PL@HDQKDP 8H!
HP DIORUDPHQWRY SDUHGHV GH W~QHLV H SRDRV GHY
SHUSHQGLFXODU SRVVtYHO DR SODQR GDV DWPHWMWURDEH &B \
VHU FRUULJLGD D SDUWLU GH UHODo}HV WULJRQRPpPpWULTF

-l D IUHTXrQFLD p D PHGLGD GD TXDQWLGIDIERH URH KB B R/ X
UHSUHVHQWD R JUDX GH IUDWXUDPHQR BIHWV WW LRODLF D GR



&DStWXOR

5HYLVmMR ELEOLRJUIILFD

JLIXUD

+

'LDJUDPD GH URVHWD LQGLFDQGR D TXDQW|
GLUHomR

a= 0l -

JRQWH &RRN

)LIXUD

+

Linha de

amostragem

OHGLomR GH HVSDoDPHQWR UHDO HQ
Comprimento L

NGmero de

fraturas N

\

|

—

\
\
\
|
\

\
Normal ao plano das
fraturas

Angulo 6 entre a normal
e a linha de amostragem

Espacamento aparente=L/N =dm
Espacamento real = dm cos 6

JRQWH $GDSWDGR GH 6LQJKDO H *XSWD
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OLQHDU TXH FRUUHVSRQGH DR Q~PHUR PpXHR @WHUDBMWSXW
XP FRPSULPHQWR XQLWIULR GH XPD OLQKD BEPELPPRVWUL
FRQKHFLGD FRPR GHQVLGDGH GH IUDWXUDV GFH QGRWXWID
SRU PHWUR GH IRUPDomR VHUYLQGR FRPR QW KFH\R UR D3H
$ GHQVLGDGH GH iUHD H D GHQVLGD GHi[ YIR@XHRp & H /. AID WriDF
FRUUHVSRQGHQGR DR Q~PHUR GH IUDWXUDWWER YXPTHG MW\
AXDQWR PDLRU D IUHTXrQFLD GH IUDWHKODY HPPHADRIRRIU pp RRH
GH IUDWXUDPHQWR GR PHLR URFKRVR &RPR FRQVHTXr
SHUPHDELOLGDGH H PHOKRUHYVY FRQGLo}HV SDUD R WUKQV

&RPSULPHQWR

2XWUD YDULIiYHO TXH SHUPLWH HVWDEHIDHRHBDRMRI PX R
FRPSULPHQWR GD IUDWXUD WDPEpPP LG HQWQIRLFD G RV WL
FDUDFWHUtVWLFD p D PHGLGD GD H[WHQ® B 5 BRFGQWHLQXR
H FDUUHJD FRQVLJR D QRomR GH WDPDQK®P IS DY H D' K U D
DSUHVHQWD JUDQGH YDULDOomR HP WHUPRV pGREG HUN ®GR
SDUWLU GR FRPSULPHQWR GR WUDOR GD G HWWARIQM/[IS@RX MG
SRGHQGR VHU PHGLGD DR ORQJR GD GLUHomR HMRDQGR F
WHUPRV GH PHUJXOKR TXDQGR R DIORUDPHQWR p YHUWL

2 FRPSULPHQWR GH IUDWXUD REVHUYDGR @CQRSWHOQDYRXBP P H
YDORU DSDUHQWH GHVWD FDUDFWHUSRWIHFPD VHP REWW&EB
PHGLo}HVY GH FDPSR 'HQWUH HOHV D LPSBWVIULHLWXGDWGH >
QmR HVWHMDP WRWDOPHQWH H[SRVWDV QRV®UGBGHBPGHV
TXH QXPD iUHD GH PHGLomR SUHYDOHoD/ BB\HTXB®DXW D
LQWURGX]LQGR HUURYV QRV YDORUHV PRWILEYD H6/,W*D-EH GIH |
*837% 1D ELEOLRJUDILD FRUUHQWH pSPRBDXP HD KRIUV
HVWLPDWLYD GR FRPSULPHQWR GDV IUDWXQWDG&ERRPRHRH
WUDWDGRV UHVXOWDGRY REWLGRY GLUHWDPHQWH HP FD

$ PDLRU SHUVLVWrQFLD GDV IUDWXUDV QMR HHQQWADU HD D/
GHVFRQWLQXLGDGHY DXPHQWDQGR DVVLP WUKDPWLER GF
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IOXLGRVY QR LQWHULRU GD IRUPDomR $YIDXGHB | UDSWHMHX
GD IRUPDomR D SDUWLU GD YDULDomR G3R | BRWXWLIAH QM
GLIHUHQWHY RULHQWDO}HV

)LIXUD + 9DULDomR GR JUDX GH IUDWXUDPHQWR HP [X

S \~"
N\ A\ /\/
N\ AKX«
ALY AT
- N\ 7 \/ 7 S~
25 TN N
P ~

a

Aumento do comprimento das fraturas

Aumento do grau de fraturamento

A

JRQWH $GDSWDGR GH 6LQJKDO H *XSWD

&RQHFWLYLGDGH

2 FUX]IDPHQWR GDV IUDWXUDV WDPEpP PWDLI¥EDD GR GHRHIF |
FRPR FRQHFWLYLGDGH .QXGE\ HW DO DIXE BIIPWRPE
KLGURJHRORJLD R WHUPR FRQHFW SYIH/H®H p X WILLOD |®HS RF
DOWD RX EDL[D FRQGXWLYLGDGH KLGUIiIXOUBW X(WD ERWIFROW
XP FDPLQKR GH DOWD FRQGXWLYLGDGHRKLEBWUWHO VED W HXRI
DGPLWLGR FRPR SRVVXLQGR ERD FRQHFWLYLGDGH

1HVWH VHQWLGR TXDQWR PDLRU R JUDX GH INDWRUDPH
FRQHFWLYLGDGH 2 DXPHQWR GR FRPSULPGID WR D&M GUD\
GH IDPtOLDV FRP GLIHUHQWHYV RULHQUOBWHFN ¢IMRHWRWHC
DXPHQWR GH FUX]DPHQWRY HQWUH DVLNBGBG/DGWHDEGDHIBHVBI
( XP VLVWHPD FRP HOHYDGD FRQHFWLYDQUSRUMNRH GXLIPHXL
TXH XP VLVWHPD FRP EDL[D FRQH[MR HQUWDWXDN QHDRVKRI QK
QmR FRQWULEXL HIHWLYDPHQWH DR HVFRDPHQWR GH |I0OX
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$OpP GHVWD QRomR LQWXLWLYD D UWFRWXEBN YSIREDHS M HGUH D)
SDUWLU GD IRUPD GH WHUPLQDomR GDVDNMMVWEXRDEGD V(\EW
IDXEDFK DSXG 6LQJKDO H *XSWDEOLQGHIXWVBIVDMWP HR 1C
GLIIXMHFRQHFWDGDNR QG®HE®HBZYWXUDV GR WLSR FHJD V
DSUHVHQWDP WHUPLQDo}HV VHP LQWBWXHIWR GHRR RV IRSRNV C
DSUHVHQWDP WHUPLQDO}HV UDPLILFDGPNJHBEPHPDRRF RHHQRF
FRPSULPHQWR HQTXDQWR DV IUDWXUDV FR@EHRWWGDV V
IUDWXUDV DSUHVHQWDQGR UHDOPHQWHSRKRRD HHR® BDRR &1
)LIXUD D LOXVWUD FDGD XP GHVWHV WLSRV GH IUDWXL

$ SDUWLU GR OHYDQWDPHQWR GRV WLS RV DEH MHUPW Q Do R
GDGRV QD IRUPD GH XP GLDJUDPD WHUQIULR FRIQURRPH L
DVVXPH D IRUPD WULDQJXODU WHQGR ED¢DDXPINVWDY RB®D
QR FHQWUR GR JUIiIILFR SHUPLWH UHSUHVID@WWXDD DHSRUWPIE
DVVLP UDSLGDPHQWH TXDO D WHQGr@RKUD W IDWXDAOLLOB KD 6
GLVSRVLomR LQFOLQD VH DR WLSR FRRPHPWDRSR | DAFHLP IVED |
WUKQVLWR GH IOXLGRV

)LIXUD + $YDOLDomR GD FRQHFWLYLGDGH SRV XE3HVLVW
WHUPLQDomR

v, Blind
B — S
— _7/C7— ‘(/]D B /c B
,/ D “*:“""-'«B /
// o D C "/
?/ DA
-7B B——— 7-\\0-9// .
B e .
_ Diffuse Connected
(a) N

B: blind / cegas D: diffuse / difusas C: connected / conectada

JRQWH $GDSWDGR GH 6LQJKDO H *XSWD
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OpWRGRYVY GH LQYHVWLJDomR

2 OHYDQWDPHQWR GH FDGD XPD GDVUDWOHFIHUDBWHNBQ
LWHP DQWHULRU p IHLWD HP FDPSR HGE HSHAHVHV GIDD XWR
SHUPLWDP D REWHQomR GH GDGRV GH L&RVHAHHRKVH DWW B UF
2V SDUIJUDIRV D VHJIJXLU GLVFRUUHP VXPBEQWORHRW I? D\LR
XWLOL]DGRV SRU SURILVVLRQDLY GD KLGURJHRORJLD

2V PPWRGRV GH LQYHVWLJDomR GH FDPSR SDGDGRWLRF U
GRLV WLSRV SULQFLSDLV 2 SULPHLUR WL R H'QJORE B niRv
EDVHDGRYV HP REVHUYDO}HV UHDOL]DGD ¥ SHRJ IDFQ R U HH@
VXEVXSHUItFLH SRVVLELOLWDQGR D DTXLDamMRHGWXDBW (
UHGRQGH]DV 6mR H[HPSORV G MFRDQN\RGREN H U MOpIFR) IGRHD X
IXURV HVFDYDGRV D DQiOLVH GH DPRVWUDPFQHBYUBE
VHQVRULDPHQWR UHPRWR SRU PHLR GD XWLOL]DomR GH

$ WpFQVFD GRIXQMpFQLFD GD OLQKD GH DPRVWUDMP FRQ)
FDUDFWHUtVWLFDV GH XPD URFKDGDRVREQD R/ XCHHX PF ICH @ K
IRUPDomR TXH SRGH VHU XP DIORUDPHQWR WX3SHRJ GLH DXPO
W~QHO RX PLQD GHYLGDPHQWH VHOHWREIDGD RHUPBIE MR I
PPWRGR p XP GRV PDLV DSOLFDGRV QD FDUDRFWHWXIDIDo
VLPSOLFLGDGH H EDL[R FXVWR

$ SDUWLU GHVWD OLQKD GH UHIHUrQRIEUHGD YV HUDIW REV
FUX]DP $ ORFDomR GD/ED@IRKYWUDBRHGW UBDIVXUD D RUL
H R KQJXOR IIEIWROERWLBR GH WHUPLQDOmMR GD IUDWXUD
VXD FRQHFWLYLGDGH D VXD DEHUWNXpDXDDFRPSW UD GU B
GHQVLGDGH H IUHTXrQFLD VmR H[HPSOR\WW B GDW B RW HW\
WpFQLFD

$ )LIXUD DSUHVHQWD XP DIORUDPHQWBG®HDUWRIPBKDY FBD
VFDQORQH QVHULGR VREUH D IRWR GD IRUPDOMRTXMHKLVW
LQGLFD D IUHTXrQFLD GDV GHVFRQWLQXLGPEMWWURHELWHDE
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+

J)LIXUD + 5HVXOWDGRYV GH IUHTXrQFLD GH IUPMFDUDV R
GNFDQOLQH

Fraturas,/m
(i Sl 8 L _'I_.-'. 0

gy BT o A

YRQWH OLUDQGD HW DO

$ DEHUWXUD GDV IUDWXUDV p RXWUD YWpWFIQYHD GRQUAWV
LOXVWUDGR SHOD )LJXUD 2 XVR FROMXQWR GRPXHPD UplJ
SDUD D LQGLFDomR FRUUHWD GHVWDRQDVULOKHGDGBED $B U
D OLQKD GH DPRVWUDJHP

2XWUD WpPFQLFD ELGLPHQVLRQDO DV WIEF®IPF 3D UG VGIR
FRWLGLDQR GDV FLIQFLDV GD WHUUDRYPURRKRRR\G H RBXH
GHPDUFD VH XPD VXSHUItFLH GH XP DIORUGRH@W RH @ X D yU
RX HVSDFLDLV GH RQGH VH REWpP LQLRDRD®PHVI GBIWOWIK
JHUDO RV UHVXOWDGRYV REWLGRV VmRGWFDQOWBEERY jT
TXH R VHQVRULDPHQWR UHPRWR p PDLV FREQMRMQW
VXSHUILFLDLV

$ SUHVHQoD GH YHJHWDomR RX GH UHJRGH ®BUHWRGCWWD L
DFHVVLELOLGDGH H D YLVLELOLGD @® GIHW WHYLPHUR P DARF
UHPRomR GH FDPDGDV VXSHUILFLDLV H]GHMRH GHWDWMRY % T
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J)LIXUD + 8VR GD UpJXD FRPSDUDGRUD SDUD R OHYDQ\
WpFQLWFADQBALQH

PHVPR GH PHLRV IUDWXUDGRYV ORFDOL]DGRVQF RDEHXWR W |
6,1*+$/ H *837%

$ REVHUYDOmMR GH IXURV SRORV WULQFKHLDJDRURDSGHIH
FDUDFWHUL]DU R PHLR IUDWXUDGR HPHGRWH VR DQ DGH GH\
D IRUPDomR HP WHUPRV GH SURIXQGLGDGHPHOQWR BQi\DL
IUDWXUDV GH IRUPD ORFDO RX SWRRDH) OWE®RBBGRR 500IGEPK D
DPRVWUDJHP FRPR UHIHUrQFLD 7DLV IXU®WR % RGHRPRYIPD
LQFOLQDGD EXVFDQGR DVVLP LQWHUFHBFRWDRIUX PD P DR RO KQ
IRUPDomR &RPR HP JHUDO HVFDYDo}®RVWWHUBRY K D g DQrR
TXDQWR GH HTXLSDPHQWRY DGHTXDGRV GRQWM X @ WX \FRIP
RV DQWHULRUHV PD[LPL]DQGR DV LQIRUPDO}HV REWLGDV

$V DPRVWUDV LQGHIRUPDGDV GH NDGHH WUDROV UHH B/R.JADVG W/\D F
GH LQWHUHVVH SDUD D FDUDFWHUL]DDOHYYD GRBV NRVWHPRDWY
SRGHP IRUQHFHU SULQFLSDOPHQWH D RULKQWYomR YV IDRE
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FRPR SHUPLWLU D DQiIOLVH GD UXJRVIVNGDHQEGB GHBHVPOGWWHRRO®
SUHHQFKLPHQWR QDV GHVFRQWLQXLGDGHYV

e LPSRUWDQWH VDOLHQWDU TXH FRPR Mi LQUDPWPOUIR/ FRWF
GDGRV H[WUDtGRV GH PpWRGRV ELGLPHWVLRQDARVSWOILNDWI
IUDWXUDGRYVY SRGHP DSUHVHQWDU HUURYV KB GUPHQWR jv
OLQKD GH DPRVWUDJHP RX DR HL[R GHRHMHNMWH " R QGRL G
QHFHVVIULD D DSOLFDomR GH FRUUHO}H$*SURSRNMSXG/ SR
6,1*+$/ H *837% 1HVWH WUDEDOKR VHUXWRQV LGdRD
GH GDGRV GH FDUDFWHUL]DomR TXHQMMWBGHVTIXBGRVID
DSUHVHQWDP HVWHYVY HUURYV

2 RXWUR JUDQGH JUXSR GH PpWRGRYV GH LQYHWWGFRDW MR
WULGLPHQVLRQDLVY RX ' TXH YLDELOL]DPYD REQYWDGMDRHF
XP YROXPH GH URFKD SRU PHLR GH PpWRGREBWY @&pUWKOW RN VF
WULGLPHQVLRQDLY RV WHVWHYV GH SRoR\HRRMW MFHRWW I @\
RV TXDLV VH LQFOXHP WpFQLFDV VtVpbMALWF DNO BWQWWDH R.

2V WHVWHV KLGUiIXOLFRV GH SRoRV FRPSDHWHQGHP G3L It
DTXtIHURV ITUDWXUDGRYVY RX QmR SDUD D GHWRBRLQDom
FRQGXWLYLGDGH KLGUiIXOLFD H D WUDQINMBPDVRYYDTGOGHU
IUDWXUDGRY GDGRV GD LQWHUFRQHFWLYLGDGH GDV

GHVFRQWLQXLGDGHYVY SRGHP VHU REWLGRYV GHIPIRDPBR. QG

(P WHUPRV GH WHVWHY KLGUiIXOLFRV XWPHR) WB LN SEORERIGRL
DTXtIHURV IUDWXUDGRYV
X (QVDLR GH ERPBK®PBEBRRQ WRADWWLU GD UHWLUDGD GH X
GH XP SRoR PHGH VH R UHEDL[DPHQWR GR RtYHO IL
ORFDOL]DGRV QDV SUR[LPLGDGHV GR OR D/ @G ®IDERW R
XPD VLWXDomR GH HTXLOtEULR HQVGUHHIRUYIHMIRP HQWR
DTXtIHUR $ SDUWLU GH UHODoO}HV PDWWHBIWML.GDWVL RFDWS
IXQo}HV GH SRoR YDULIYHLV HP IXQomR GR WLSR GH
KLGUIXOLFRV GH LQWHUHVVH (P DTXtIH®R W JUBDQ XO
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XQLIRUPH QDV GLUHo}HV UDGLDLY DR SRoR DVVXPLQ
(P DTXtIHURYVY IUDWXUDGRYV HP YLUWXGH GD DQLVRW
DVVXPH IRUPDV QmR XQLIRUPH WHQGR PDNRUBY GH.
RQGH RFRUUH R IOX[R SUHIHUHQFLDO DR SRoR 6,1*+4

Xx 60XJ WRWWHFLGR QR % UDAMMIXH ¥RPRHGMBWR VBIRP FRPF
PRQLWRUDU D SRVLomR GR QtYHO GH iJXD DRMRPRQJR
RX UHEDL[DPHQWR FXMD YDULDomR p FDXRD/GELDNSD |
GH XP VyOLGR FLOtQGULFR GH YROXPH FRQKHFLGR
PRQLWRUDPHQWR GD YDULDomR GR Qt¥W¥WHRDGVHH PJ WD FHD K
SURSRVWDYVY WDLV FRPR RV PpWRGRV GH +YRUVOH
SDUKkPHWURY KLGUiIXOLFRV EXVFDGRV 2/,9%$ HW DO

Xx 3DFNHUWWDHP\EWP FRQKHFLGR FRPR WHVWH GH[LQMWHO MR
LQIOiIYHLY SDFNHUV SDUD LVRODU GHWHURIWBGR W
QHVWH WUHFKR PRQLWRUDU DV YDULDO}MHMDQRRQtYH
UHWLUDGD GH iJXD GR SRoR REWHQGR GHWHURIPQORG B
KRULIRQWH YHUWLFDO (P WHUPRV GH DWOUHURM VUL
RQGH R SRoR UHDOPHQWH LQWHUVHFWD IUDXWXQJRV T
ORFDO GH HIWUDomR SHUPLWLQGR D RERWQG®MBKRHRE LHnV
GD GHVFRQWLQXLGDGH 6,1*+%$/ H *837%

$ HYFROKD GHQWUH RV WHVWHV KLGUiXR® HF RXD®HB HYE B @
LQYHVWLIJDomR GHILQLGD 3DUD SUREOHRDA\HVAH JDt THKA
JHRWpPFQLFDV LQILOWUDO}HV HP PLQDH GIHW-RH B PH GBI
W HV WHOLHBBIF NH W iR PWLY XWLOL]DGRV -i SDUD SODQHME
iJXDV VXEWHUUKQHDV HP QtYHLV UHJLR QUM HRW QIFLDDOLRS
XVDGRV 6,1*+$/ H *837$

-i RV WHVWHYV KLGURTXtPLFRV VH XWQBUWHVGHX W WVIhdD B R\
D iJXD VXEWHUUKQHD H TXH QmR DOWHQ@D&®mMRXOBY SWUR S0t
HVFRDPHQWR VXEWHUUKQHR H UHVSHFWLYIROW WHROWRWH VG |
VROXWRV H FRQWDPLQDQWHY DOpP GHIODWIXWBGROWH BRE
VHUYLU FRPR LQGLFDGRU GD FRQHFWLY IH/IFRBD FGHDQYW R D M/
XP SRoR RQGH R WUDoDGRU IRL LQVHULGR REY DURDWHORYV
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3RGH VH PHGLU DLQGD TXDO R WHPSR GHGR BANH ®NQHALAD D
YHORFLGDGH GR HVFRDPHQWR VXEWHUUKQHR 6,1*+$%/ H *¢

(VWHV WHVWHY WrP FRPR SULQFLSDHRKD QWDW K P 0GR (BIHW
DOWHUDQGR DVVLP R FRPSRUWDPHQWR GRRWVHRDEP HDQW
FDUDFWHUtVWLFDV GR DTXtIHUR (QWUHWDGQWRTXERIPAFR V
UHTXHUHP XP JUDQGH Q~PHUR GH SRoRV GH RER HWYDomF
SOXPD GH WUDoDGRU XPD YH] TXH Qm8 R/ HVFRRIOKFHHMHWMERY L3
GLVVR DPRVWUDV GH iJXD GHYHP VHU FROHWHSRB®R/ GIl? GL
REVHUYDomR D ILP GH VH YHULILFDU DGRDULRRo@RQGRI G
SURIXQGLGDGH 1HVWH VHQWLGR WDLGRWHMWEHP BQRGEBL
WHPSR SDUD D VXD FRPSOHWD H[HFXomR 15&

2V PpWRGRV JHRItVLFRV WDPEpP VmRLHDERKROW NV LGH P LA
XWLOL]DGDV QD KLGURJHRORJLD G6HP TXHWDMDG@D SHY WV
PPWRGRYV VH EDVHLDP QD PHGLomRL GLH DMK GHH] IVY\H X1W IERO
TXH SHUPLWHP GH IRUPD LQGLUHWD R UHFRQUPDRLPINQW
DVVLP FRPR D GHWHFomR GD SUHVHQoD GH iJXD

'"HQWUH DV JUDQGH]DV ItVLFDV PHGHMD B B O/RHVDR/p R/IRIGR X'
X 9HORFLGDGH GH RQGDV VtVPLFDV tNRGEGWY QRW KKV
GH RQGDV DUWLILFLDOPHQWH JHUDGDV SRU PHLR GH
SHVDGRV QD VXSHUItFLH RX HP DOJXPD SURIXQGLGI
RQGDVY UHIOHWLGDV QDV LQWHUIDFHV GIDNLHDPDGD
UHJLVWUDGD SRU PHLR GR XVR GH GHWHFFWRRPRHV GH
JHRIRQHV $ UHODOomR GLVWKQFLD RWHRBRUGERAK BRI
SHUPLWH D GHWHUPLQDomR GDV VXD W iR QRFLLGIHEHD/
WLSR GDV IRUPDo}HV $ YDULDomR GR WLSR GH RQGD’
IOXLGRV FRPR D iJXD RX R SHWUYOHR SRU H[HPS
GHVFRQWLQXLGDGHY DWHQXD D SDVWHMPRGCEHHRDHVD K L
GHVWDV RQGDV D VXSHUItFLH
X SHVLVWLYLGDGH XWLOL]DGD QR FRYMMKQWER SWHREPE
p GHILQLGD FRPR D UHVLVWrQFLD [ RVYNDBHPGIHSKRRI
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YROXPH XQLWiIULR GH URFKD VHQGR XPD FDUDFWHUt’
7DO SURSULHGDGH p PHGLGD D SDUWD W G O RWAVDHomRR t
HP VHIXLGD SHOD GHWHFomR GD GLDHWYWHHD QD &b SSHRUNY t
HQWUH GRLVY SRQWRYV VRE RV TXDLV VmMROGQUWWODG
REWpP VH D GLVWULEXLomR GH WLSR GHIIPHFDNHULDO
YDULDomR GR SRVLFLRQDPHQWR H GD TXDQWH @WDGH (
FDUDFWHUL]DomR JHROYJLFD UHJLRXRGR2SUUHD/H GW H/ |
YD]JLRV HD SRURVLGDGH GR YROXPH URFKRYR W ® ID
UHVLVWLYLGDGH H TXH VmMR LGHQWLILFDGDYV UDSLGDI
x &DPSRV JUDYLWDFLRQDLVY H PDJQPWLFRYV XWLOL]
JUDYLWDFLRQDLY H PDJQpPpWLFRYV TXH BEVHHYDW D'
UHODFLRQDP FRP D GLIHUHQoD GH GH®WSGBBH HQ
GHWHUPLQDGD IRUPDomR WDQWR HP SURIDXQGLNVGDGH
VmR SHTXHQDVY PDV VmR SDVVtYHLV GH PHGHomR S
PDIQHW{PHWURYV &RPR UHVXOWDGR SULQFLSYDIG®OGHVW
HVWUDWLJUIILFR GD IRUPDomR (P WHUPRV}E8M PHLR'
EUXVFDV GRV UHIHULGRYV FDPSRV TXDQGR Ki D RFRU!
HOHYDGRYVY GH FDPSRV JUDYLWDFLRQDLY LQGNVFDP PD)
EDL[RV LQGLFDP PDWHULDLY LQFRQVROLGDGRYVY RX GtF

&RQVLGHUDQGR RV DVSHFWRYV DSUHVHQWRYR QKR B UH RN
FRP VHX XVR p SRVVtYHO R GHOLQHDRHGWR GHYLRQUODDWV'
HVWDEHOHFLPHQWR FRUUHWR GH ORARJBEYY RILDWDNRD G VIW
VXEWHUUKQHD H GH RXWURV UHFXUVRV GR VRROQRV®DR) WHIWV
QD SHUIXUDomR GH IXURV TXH SRUYHQWXUD QmR VHMDP ¢

$SHVDU GH VHX SRWHQFLDO QD LGHQWDILGFHDWHROGIR IRH R
VXEWHUUKQHD p LPSRUWDQWH TXH RV PpWRGRWREBBGEDLF
FRPR ~QLFD IRQWH GH LQIRUPDomR G HMHOQ®RsH QWM R WL
H DR FRQKHFLPHQWR SUpYLR GD JHRORGRY GD GRI\ LRERN L$G
SDUWLU GDV JUDQGH]DV ItVLFDV PHGLREDD/GP IDFV Y HW DR DI
RXWURV ORFDLYV
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$ERUGDJHP HVWDWtVWLFD H HVWRFiIVWLFD

&RPR YLVWR QRV WySLFRV DQWHULRUHYV SRVVXHP GL)Y
LQIOXrQFLD QD PRGHODJHP KLGUiIXOLFRVGRIpWR/GRAPDSAQUE
Sbub OHYDQWDPHQWR GHVWDV FDUDFWHBHQWRDGDMP
FDUDFWHUtVWLFDV LQGLYLGXDLV GH RGERYV IGBWRYDBD VRHVY
GLVSRQtYHLY DLQGD p OLPLWDGR $OpP GLVVR GRHP VHP:
GH WRGDV DV GHVFRQWLQXLGDGHV SUHVHG@WBAY]HQIdNMRR G|
LQIHUrQFLD SDUD GHWHUPLQDomR GDV BUIRGEUDLWE WV AW N
DVSHFWRY DOHDWYULRY QD DQiOL@R GoHFRHPLXRPV DI IDCSVDX B D ¢
DERUGDJHQV HVWDWtVWLFDV H HVWRFIVWRLFDV QD PRGHO

3DUD HVWD DSOLFDomR p LPSRUWDQW3IR OXRH VOB ALHQQWNUL
SHSUHVHQWDWLYR 9(5 O6HJXQGR 6LQJKDO H *XB®W)OPH

GR PHLR JUDQXODU RX URFKRVR TXH p FDSWHGUGPRVHGH H
SURSULHGDGHV WDQWR OLJDGDV D FWHDPWRW GLH DSURRS G Di
KLGUiIXOLFDV 2X VHMD HVWH FRQFHLWRRQRROGKIPXWDLEL
QHFHVViIiULD SDUD D DPRVWUDJHP GD IRWP DO 8MRY LIFDIWP GWQ
GHVWD GLPHQVmMR VHMDP YiOLGDV SDUPHWNWWH }SVVWIOUQRLC
XPD FDUDFWHUL]DomR

3DUD H[HPSOLILFDU WDO FRQFHLWR IRBUBRDXUBDYV LOXNVADWL
R 9ROXPH (OHPHQWDU 5HSUHVHQWDWLYR SBXGWDDV\DXPLU
LOXVWUD XP PHLR JUDQXODU VHP GHVFRQ®WR (PO B GIHD/O
SHUPLWH TXH DSHQDV D DYDOLDomR GDV SURGDLREWBQVYTr
GH GDGRV YiOLGRYVY SDUD WRGD PDVVD GH URFKD

-i D )LIXUD E DSUHVHQWD XP PHLR IUDIWRWXEPRYV FF
SHUSHQGLFXODUHYV HQWUH VL 1RWD VH TDAHRRBR G TGHY B G
SULPHLUR FDVR D ILP GH VH HQJOREDU X3PIDUDXD @QWHGR D ¢
FDUDFWHUL]DomR GD IRUPDomR
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)LIXUD + 9ROXPH (OHPHQWDU 5HSUHVHQWDWLYR 9(5

Falha

/

/

N

I LTI TITT L

Fraturas

Q
o

Fraturas Cc

JRQWH $GDSWDGR GH 6LQJKDO H *XSWD

$ )LJIXUD F WDPEpPP DSUHVHQWD XP PHLRJDWDXNDWD GR P
PDLRUHV FRPSULPHQWRY H PHQRU IUHTXIGH L&®L PH@W HU\F |
UHJLRQDLYV 2EVHUYD VH TXH QHVWH FDWR5Q 18R LWH DYSHHQLD A
D UHJLMR LOXVWUDGD QD LPDJHP QmR mRK X'1HFWDQ VRH D U
FRQFHLWR SRGH VH WRUQDU LQYLiYHO S®UBVGIHYGDQGHD FIH3
UHJLRQDLYV RX GLTXHV IRUPDO}HV Y XOFKIXQFL\R QQ R FRWVPIRY
GHVFRQWLQXLGDGHY VHP HVWDV UHJL}HV WUDWDGDV FF

2 FUHVFLPHQWR GR FRPSULPHQWR GDV IUDWXUBVDWY R
GHVFRQWLQXLGDGHY VmR UD]}HV SDUD RLRDIG\RANL PREG RV
9(5 SRGH QmR VHU GHILQLGR HP YLUWXGHHYB DBIDOGE & v
FDUDFWHUtVWLFDV GR VLVWHPD IUDWXUD/PR BRBR$/HR *¢
IRUPDO}HV RQGH DV IUDWXUDV QmR VH DSUHGHQWEFP VX Q
FRQFHLWR GH 9(5 SRGH QmR VHU WmR FODUDPHQWH GHIL

$ GHILQLOmMR GR YROXPH HOHPHQW D UL UBEWR \GHRY WDWDLE/IRO
FDPSR SDUD D FDUDFWHUL]DomR GR VLV@HPDQ W DRHXQMD S
YDORUHV GH DEHUWXUD GH IUDWXUD FRPSUQFHRWRWVRL
GHVFRQWLQXLGDGHV &RPR HVWHV YD ORK® W IICRR VEHIJ & H
YDULDoO}HV HQWUH FDGD IUDWXUD DQDOLVDKBDOLGBY HXPH
WUDWDPHQWR HVWDWtVWLFR GRV GDGRV REWLGRV SHOD
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(VWH WUDWDPHQWR YLVD D GHWHRW LRXDLOUN R RE®EX CBVD ik FF M &
UHIHUHQWHY j DPRVWUD DYDOLDGD IUBD@\WU B W RBWHNU Y\DHH
FRPR D PpGLD D YDULKQFLD H R GHVYLR SD&O PR GIDMW R X I
p FRPXP D UHSUHVHQWDoOomR GH KLVWRXUDHFDW 6 RPRP R/
GDV UHIHULGDV YDULiIYHLYV

(VWD UHSUHVHQWDOmMR SHUPLWH D GHIEQOD&LGR &GH HX3D o MR
SHUPLWH HVWLPDU TXDO D SUREDELOLGDWG I DAHD RARILUY (
UHIHULGD HP IXQomR GD VXD GLVWULERNo@GR HNRWIRNt\HW
IRUPD p SRVVtYHO D UHSURGXomR GH JHDRNWR IHRP K H V
HIWHQVmMR GHVWDV GLVWULEXLo}HV D IRYVPDo}HV FRP FDU

9iULRV WUDEDOKRYV Mi SXEOLFDGRV REMbIYRI UHD/RNV DW YKV M
PHLRYVY IUDWXUDGRY DVVLP FRPR DV GHVSURWDOEF DY L DG
FDGD XPD GDV FDUDFWHUtVWLFDV PIOHWY DRBIR KWD @ WP N OK
QDV )'3V HQFRQWUDGDV SRU GLYHUVRV DXWRWRD/ TXD
FDUDFWHUtVWLFD GR VLVWHPD PBNRRUHEBFOVIHUHQWH VW |
GHVWDFD VH DEDL[R DOJXQV WUDEDDIKRDoHmR TKR |IRQ ouH
YDULIYHO H GD IXQomR GHQVLGDGH GH SUREDELOLGDGH F

Xx &RPSULPHQWR GDV IUDWXUDV EHP FDUDFWHUL]DGI
ORJQRUPDO FRQIRUPH YHULILFDGR QRV WUDEDOKR
D /RQJ H %LOODX]| &DFDV HW DO LQJD +H\

H :HEPDQ 1LHPL HW DO
x $EHUWXUD GDV IUDWXUDV WDPEpP p ERR BERUWEWRU
ORJQRUPDO 7DO IDWR p YHULILFDGR QRV6QWRDEDOKI
%RXUNH HW DO IRQJ H %LOODX][ ORU

DO H . .HOOHU HW DO

X 2ULHQWDomR GDV IUDWXUDV IRUDP YHWVMWUEE& Do/} HM
UHSUHVHQWDWLYDV D HVWD YDULIiYM® RDHG® L&VDAPUDLCH X X
'LWKHUVSRRQ H /RQJ IRQJ D :HL HW DC
HW DO H D GLVWULEXLomR GH )LVKSHU LQGLFDC
'YHUVWURS H $QGHUVRQ &DFDV HW DO D H
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x (VSDoDPHQWR p EHP GHVFULWD SRU XPD GLMWULEXL
DSUHVHQWDGR SRU 3ULHVW H +XGVRQ +XGVR!
'DWKXJDOD H 6WHSKDQVVRQ H /LP $KQ H &KL
GLVWULEXLomR p SRVVtYHO DLQGD REWHUMHADIYH]T XrQ
TXH HVWDV GXDV YDULIYHLV VMR L@YHVUYDI/DRAQYWR ¥
IUHTXrQFLD VMR SUHWHULGRYV HP WHUPRV GH SURED
GH VLVWHPDV IUDWXUDGRY SDUD VLPXOD@ERWKLGRIX
GH IUHTXrQFLD GH IUDWXUDV SDUD R PRGHHOR XRE VH
GHWHUPLQDGD iUHD RX YROXPH e GDGLDRIRRGBWHI
IUDWXUDV FRQIRUPH GHILQLGR D VHJXLU

x /IRFDOL]DomR VH UHIHUH D SRVLomR G RRRUBMOQP GIDW
HVSDFLDLV [ \ ] *(,(5 HW DO DSXG /,0 $ S
VH R FRPSULPHQWR GD IUDWXUD VHQGR REWDGR HF
RSRVWR VHJIJXLQGR RV kQJXORV GH RULHQWDomR H
GHQVLGDGH GH SUREDELOLGDGH p FRPXAWR@WR R
FRQIRUPH LGHQWLILFDGR QRV WUDEDOKRYV GH %DHFK

&DFDV HW DO D TXDQWR R XVR GD MKQomR |
OLQJXDJHQV GH SURJUDPDomR HP FRQMXQWR FRP XP
FRQIRUPH YLVWR HP .XODWLODNH HW DO H 3LWF

2XWUD DERUGDJHP EDVWDQWH FRPXP QODDD@iR LOMH VB QHE
HVWRFIVWLFDV TXH XWLOL]DP R FDUIWHGOGHDQOHDW@UL K
SUREDELOLGDGH SDUD D JHUDomR D UWanIRF XIWA. @GLIH DUGHROMH |
GDGR GH HQWUDGD DSHQDV YDORUHV G HFDJAJDLHONH Gt WML
VLVWHPD IUDWXUDGR DOpP GH FRHILFLHQWUHDNomMRH &RPRK
UHVXOWDGR REWpPP VH XPD UHGH TXH GHRUGBPH\HWWDYILDW
GD DOHDWRULHGDGH SUHVHQWH QD JHWDWW RF [’ D9 G XHD \GH
FDGD YDULiIiYHO H TXH SHUPLWH D PRGHRDUVUHDPNKUGGRCG
GHWHUPLQDGD UHJLmMR

2 PPWRGR GH ORQWH &DUOR WDPEpP SRGH WHDU X8 DOMW DG
GH XP HOHYDGR Q~PHUR GH VLPXODO}HV (PXBDUWHAWD\G B O |
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HQWUDGD EXVFD VH D GHWHUPLQD onGH GPBRQMGHK) X IXE DRI
SRU PHLR GH XPD DQiOLVH GH LQFHUWH]D ¥ VOIQDWHQWHG |

&RQVLGHUDQGR HVWHV GRLV WLSRV GH BPERKBDIBPGRVYV
SUHYDOrQFLD GD SULPHLUD PHWRGRORJLD HPDWIWRVRE M W
PRGHODJHP FRPSDUDGD D VHIXQGD IRUPD TXH}KWHPDQGLEL
$SHVDU GR JDQKR HP SUHFLVmMR GDGR SHOR YAHWHPE H pW
IUDWXUDV GLVFUHWDYV QRWD VH TXH 6BURDIBBR VAPWXQ T3/} H
JDUDQWH ERQV UHVXOWDGRYV D XP PRGHGRUDRGWRH VH@W
PDLV FRPXQV SDUD FDGD XPD GDV YDUGDY QLDV | HRIDPW D
SURSRVWD QHVWH WUDEDOKR

ODLVY GHWDOKHV VREUH DV DERUGDJHQVQR VWRUDEW DKIRW
&DFDV HW DO D H&DFDV HW DO EW R KiW \W IWA_FOM |90P
D PRGHODJHP GR VLVWHPD IUDWXUDGR GD V) D D/t \$W 1 & RI
OHYDQWDGRYVY SUHYLDPHQWH HP FDPSKREZY WP 3FRRRNVHPH-

H &KLOQqV RQGH VmR YLVWDV UHYLV}HV VREUFE
HVWRFiIVWLFD

*HUDomR GH IUDWXUDYVY SDUD PRGHODJHP

&RPR YLVWR QRV WySLFRVY DQWHULRUBY YV DM RJ B YWXKWHR/D IR |
FRPSOH[DV HP YLUWXGH GDV GLILFXOGDGHV GH OHYL
FDUDFWHUL]DomR HP FDPSR 1HVWH VWQWIiGW L XML GILHY W
sbub b JHUDomR GH UHGHV GH IUDWXUDV 8®8DUWD PR
GHVFRQWLQXLGDGHYV

1R PHUFDGR Mi H[LVWHP GLIHUHQWHR XSWEGRW B & FFR BOX\U L
DUWLILFLDO GH UHGHV GH IUDW X UB g WUH. G IVRHHDA LSRROEDH. W |
R )UDFODQ )5%$&08$1 R 1DSVDF +DUWOH\(FW3DO
HR)5$&17:. .XODWLODNH 7 R G D VRHP\RWDH/ ¥ © QVLLFE
GH SHVTXLVDV YROWDGDV D H[SORUDOmMR VGHXPHNEHY D &R
LQYHVWLPHQWR QD LQYHVWLJDomR H DXGOIL\GD GH DRHLH
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LPSRUWKQFLD HFRQ{PLFD GHVWH IOXLGR QIDWXDBRWIKRF
WDPEpP HQJOREDUDP PYGXORV GH JHUDANR GH BHRBHYHPH
HQJHQKDULD FLYLO WDLV FRPR D DQICRWH GDYHVWIDEDO I
FRPSRUWDPHQWR GH DTXtIHURV I UDWXUDGRY DOb@WHV H D

7HOOHYV WDPEpP HODERURX XPD IHUUDPH@WP FRPS
GLVFUHWDV GH IUDWXUDV WULGLPHQVLRQD LL\Q FRRSHR®DL
DQiOLVH GH IOX[R H WUDQVSRUWH HP PHLB® 5 RWRNFDWE WU
WDPEpP VmR JHUDGDV GH IRUPD HVWRFHWRBPHBAQYRXYD Y
UHVROYLGDV XWLOL]DQGR R OpWRGR GRV (BUHPBBMRWD
DQWHULRUHV R JUDF*HQ ' WDPEpP IRL GHVHQBROWUGR G
SHWUYOHR

2 XVR GH SURJUDPDV SURQWRY DSUHVHQW BXAVRPR GH VXL
OLFHQoDV TXH PXLWDV YH]HV LQYHDPLQDGPVVEDBOXWD O]
LQGLVSRQLELOLGDGH GRV FyGLJRV IRQWHRPW XKWIDPIGRYDQ'
WDPEpP SRGH VHU GHVYDQWDMRVD QmR SHDPAWILOQIER @D
SHOR VRIWZDUH H TXDO D VXD LQIOXrQFLDSRRW LWEH\OAGW O
GDTXHOH SURJUDPD FRPSXWDFLRQDO QmR HQJOREDU F
GHWHUPLQDGR SUREOHPD GHPDQGDQGR D VHDRDGDSWL
VLPSOLILFDomR GH XP PRGHOR VHMD SHG SHRBPXB8HBOGE
GHVHQYROYLPHQWR GH PYGXORV HVSHFtILERVGDIURBDNRH\
FXVWR ILQDQFHLUR H WHPSRUDO 3RUpP R GHVURPQWRIOYLF
D UHDOL]DomR GH PRGLILFDo}HV HP PRPHQRQAWRM FRR) YGIH,
PYyGXORV DGLFLRQDLY GH DFRUGR FRP DDQHBHMNYMBDGH
IHUUDPHQWDYV SUySULDV SDUD D PRGHODJHP GH GLIHUHQ

1R TXH WDQJH D JHUDomR GH IUDWXUDWVDSWHLtBWWRRGM !
GHVFRQWLQXLGDGHY OHYDQWDGDV HRBRHNDPAYR HWGDWL BBIN
FRPXQV SDUD FDGD XPD GHVWDV YDULiIYHLVY GRLV R
FRPSOHPHQWDUHY SDUD D GHILQLomR FRPGH KWPH®RYHRR
FRQVLGHUDGDY SDUD R PRGHOR VHQGR PDLV FRAXQV D F
WULGLPHQVLRQDLY H D IRUPD JHRP PW UWHHDP BQWAHP DRY R
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WULGLPHQVLRQDLV XPD YH] TXH HVWD FFHDQ\DXWCHut R VIHIPF B
ILFDQGR D FULWpPULR GR PRGHODGRU BRHGWH®RRO KDD G IIRW |
VHUmMR H[SODQDGRV QRV SDUiIJUDIRV TXH VHJIXHP

2V PRGHORYV ELGLPHQVLRQDLY VMR FRP XPHIQWBH FRIGSW HXF
FRQGL]JHQWHY FRP RV FRPSULPHQWRY G HJ HGMHV X®EHD WV ¥ DW\L
SRORV LQGLFDQGR D DXVIQFLD GH GDGRVXWUDG PG RW LSAX
D FULDOomR GH PRGHORYV YHUWLFEDLV RX KRUNLIRQWIIGIRV §B
D JHUDomR GD UHGH GH IUDWXUDV

'RV GDGRV TXH FDUDEFWHUL]DP DV GHVFRQ®UIQPHGW B HV R
kQJXOR GH RULHQWDomR VmR HOHPHQWRELGWP 8 QMNLGRRAD 5
(P PRGHORV VLPSOLILEFDGRY R FRPSULPHQWRUSRGHGRHU
9ROXPH (OHPHQWDU 5HSUHVHQWDWLYR FROW GDWDIGER QR
LQGLFDWLYD GR kQJXOR GH PHUJXOKR HIGDWRUBD QHRF
LQFRUSRUDGD DRV PRGHORV ' 'H IRUPD DQi®®RGB DRUFR
FRQVLGHUDGD FRPR LQILQLWD GHQW UIRPS{EUMNDIQON N [B®RJ C
PRGHORV p D GHQVLGDGH GH IUDWXUDYR W F= R\PFSWR.R ¥ GBWM R
SRU iUHD SHUPLWLQGR D GHILQLomR GH TXDQWDV IUDWX

$ )LIJXUD DSUHVHQWD XP PRGHOR ' KR ULR RO DJ HHUIDI
SHUVSHEWLYD 2 FRPSULPHQWR GDV |UDVDXGUWRD V QQHYMWWAHR
UHVSHLWDQGR XPD IXQomR GH GHQVLGDGHUGEB UHMEDEDG
SHOD DOWXUD GDV IUDWXUDV RFXSRX WRGRH %ZBWRQ)
GHVFRQWLQXLGDGHY VMR XVDGDV SDUDVGG DHIRM 6 HDRQGX
SDUD D JHUDomR

7DLV PRGHORV VmR ~WHLV SDUD D DY ROGR tHVFE BLMHHOQ W RC
PHLRV IUDWXUDGRY SRU PHLR GH IHUUDPBEWBDW \QUPRS C
GHPDQGDQGR HOHYDGD TXDQWLGDGH GH 05 DEB W H WHQWIRo
JUIILFD GRV VLVWHPDV IUDWXUDGRYV BPRGBURAD ULIMHDG
HVWRFDVWLFDPHQWH p D FRQHFW LGRS RXW UFRR\P & DGR X CGBWM
WDLV FRPR FRPSULPHQWR H RULHQWDOmMRN®B ¥ HUWMN KWD E
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5HQDUG H $00DUG H $OJKDODQGLV HVWMHR HI[I
DVSHFWR IRL REVHUYDGR

)LIXUD + ([HPSOR GH PRGHOR ELGLPHQVLRQDO JHUDGI
SHUVSHFWLYDYV

JRQWH 3LWRPEHLUD HW DO

2 DYDQOR GDV IHUUDPHQWDV FRPSXWDFHRQDUWLVLFPRPA BH
SURFHVVDPHQWR LQFHQWLYD R XVR GH UH®KB\D CH || PDWWX
D UHSUHVHQWDOMR UHDO GDV GHVFRQW HWOIGD G B VWWGRIRIE F
GLPHQVmMR QRV PRGHORV WHYH FRPR SULQBHRPWAH\FDI L
DVVXPLGD SHODV IUDWXUDV XPD YH] TIXAiHW® D RR UPHL [
IUDWXUDGRY QDWXUDLV $SUR[LPDO}HV SARRG WR N 6IGREW V
PDUFDGRUHV TXH SRVVDP VHU LGHQWLILED GRAR \BRWROHR
3RUpP FRPR WDLV PDUFDGRUHV QmR VH GLWSHUWHD B DAH

IUDWXUDV D IRUPD JHRPpWULFD H[DWD GDV IUDWXUDV Qr

$VVLP FRPR YLVWR QD )LJXUD RQGH ILRQUADULR IV B LDVW H G
UHSUHVHQWDOMR ELGLPHQVLRQDO DV IUDWXUDRVXDR VX |
SODQRV LQILQLWRY GHQWUR 9(5 FRQVLGHUDBGRVH®H SR
FRQVLGHUDQGR RV FRPSULPHQWRYV OLP L WMIELRN DGIRWY IDUMDMN
QD PRGHODJHP WULGLPHQVLRQDO GHIRWRBIHW \GHR | G D WXR)
HVSDFLDOPHQWH D SDUWLU GH VHXV FN@WWRVWERRY I\GiH
QR LWHP H WDPEpP OHYDQGR HP FRQWMD B R MGNILFGRDA
YROXPpWULFRV 2XWUDV FDUDFWHUDMWEDLG LGPHHVON U R Q@D
FRPSULPHQWRY GDV IUDWXUDV LQVHULGRYV DQRDWDGRVRD L
HDRULHQWDOMR GDV GHVFRQWLQXLGDk®RHXORNS BR?XB M
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XWLOL]DGRV QD FDUDFWHUL]DomR kQUYRAKEBH RQUMQWL
PHUJXOKR H kQJXOR GH GLUHomR GH PHUJXOKR

$R VH REVHUYDU D OLWHUDWXUD QR TXH M@HI K HD IRJIDG\HX
GLVFUHWDYV YHULILFD VH XPD HYROXomR Q& WHKNDSURRWY
PRGHORYV EDVWDQWH FRPSOH[RV TXH XWIG®U AR oRDR\G B
GHVFRQWLQXLGDGHYV $OpP GLVVR R UHODHURQWMRKNQ\
FDUDFWHUtVWLFDV WDLV FRPRBLQB&FDDODWR CDMRUBPWXKUB
HVFROKLGDYVY JHUDP DV SDUWLFXODULGDGHY SUHVHQWHYV

$ )LIXUD GHVWDFD DOJXQV GHVWHV PRGHORV RQGH
FRPSOH[LGDGH TXH WDLV VLVWHPDV SRGHWNPFRWPVXIRQD 0 HIRY
RULJHP H D DSOLFDELOLGDGH GHVWHNSHR GHPRXMW RQ PRREM
QRV WUDEDOKRV GH 'HUVKRZLW] H (LQVWHLQ 15&
$0JKDODQGLYV

)LIXUD + (YROXomR KLVWYyULFD GRV PRGHORYV GH IUD)

RUWRJRQDO ' E ORGHOR GH %DHFKHU F ORGHOR GH !

%$57 H ORGHOR GH 'HUVKRZLW] I ORGHOR GH "HQVLG
SROLJRQDO UDQG{PLFR

JRQWH $GDSWDGR GH $0OJKDODQGLV
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$ HVYFROKD GR PRGHOR GH JHUDomR GD QWB HJ B @ DIRLCRQDU
SUHPLVVDV IHLWDV FRP EDVH QRV GDGRVF®N FOPIBRo H 7H P
$/ &RQVLGHUDQGR R FDUIWHU HVWRFIVWYERBDSURSH
QHVWH WUDEDOKR H WDPEpP R XVR GR PRGHORWLSRIiXOL
GH UHGH GLVFUHWD GH IUDWXUDV D VHBURMBIRYVIWRGRR Y HWI
HW DO SDUD R TXDO VH DSUHVHIQRVWHYi GRI EOQOKMNW GH
PRGHORV H SDUD UHIHUrQFLDYV DGLFLRHQUDQRVLDWHRFRHGGG
SDUiIJUDIR DQWHULRU

2 ORGHOR GH %DHFKHU FRQVLGHUD TXH R\WRY GRURGLEBR
FLUFXODUHYV ORFDGRV HVSDFLDOPHQ@MWWND ISEXUWINEBR &R LMF
SbuUwLU GHVWHV FHQWURYV RV FtUFXBWVYRMIRRRUWLVDBGERW H
PRGHORV VLPSOLILFDGRVY RX TXH WDPEBP Ve L HRP XD G
DGRomR GH GLVWULEXLo}HV GR WLSR ORERRIUPIDAH PRRVRE
I UDWXUDV GR VLVWHPD HP DQiOLVH FRUUHYVGWRDQGEHYRWR D\
FRPR IHLWR SRU &DFDV HW DO D $ RBRRKWDWGHRR GMHD
HQWUDGD QD JHUDomR GD UHGH OHYDQG8R 8H FIRKKWL X$
TXDQWLGDGH GH IUDWXUDV p FRQWURODGD SHOD VXD GH

2 PRGHOR GH IUDWXUDYV ILQDO WHP D PHYPD [ESDURQHL IV H
TXH QDV SUR[LPLGDGHYV GRV OLPLWHY GR YROXWMUDOMHPH
VmR WUXQFDGDV 3RUpP DR ORQJR GD JHWDWNNJIDEERp PRERF
GH HYLWDU HIHLWRY GH IURQWHLUDV GNWFRRSHo@*PL G DE>
WUXQFDPHQWR p UHDOL]DGR DR ILQDO OLPLWDQGR VH DI

6HIXQGR 6WDXE HW DO R ORGHOR GH %DHMHPHU IRL
UHSUHVHQWRX DV IUDWXUDV GH IRUPD GLYIFIJXHMD VRXEVV
TXH DWp HQWmR HUD XWLOL]DGR PDV HHUWHP BDH/WWPIRQYWGE F
UHSUHVHQWDU GLIHUHQWHY kQJXORV GH WHRIJIJRORR PEODNVF
FLUFXODU GRV GLVFRV TXH IRUPDP D UHGHRGSRIWBWWURBYV
DXWRUHV PDV QmR LQGLFDGR SRU 6WDXE HW PWULFD $
VHU H[SOLFDGD VRE D yWLFD GD PHFIGRLF DGO/ RURXRNIRD @
PRGHOR
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$LQGD VHIXQGR 6WDXE HW DO R ORGIBEROGSH D% BIH
TXDQGR VH GLVS}H GH SRXFRV GDGRV HVWBWDWGWLARVFOGR
GH PRGHORV HVWRFiIVWLFRVY FRPR R SURSFKRWR/IQUIN R/ IS R/
GH SDUWLGD SDUD D JHUDomR GD UMHHHGE& HY HU B WX IR\L J&L
WHUPRYVY GH TXDQWLGDGH H TXDOLGDGH GRV OMHYDWDWDP
KLGUIXOLFR R ORGHOR GH %DHFKHU WDPE®P JHFPU H\HWQWHLC
VHQWLGR WUDEDOKRVY FRPR RV GH (LQVWHLQ HW DO
E &DFDV HW DO D &DFDV HW DO ® DOXWWH
GHQWUH RXWURV DSURYHLWDUDP GHVWLR XRLAHEBR G
KLGUIXOLFDV GH GLIHUHQWHYV IRUPDo}HV DR UHGRU GR JC

2 ORGHOR GH %DHFKHU DSUHVHQWD DOJXWWM QDPIEWD:«
UHSUHVHQWDomR GH EORFRV URFKRVRV TPRDHHOR HWWWHYV
UHSUHVHQWDomR ILFD UHVWULWD D PRGHOIRW TRXH VSESVMIANLE
DR GR YROXPH HOHPHQWDU FRQVLGHUDW K HAX¥X\R QW IOQ R I &/
PRGHODGDYV VHUHP SODQDUHYV HOLPLQDQBRBPIR\DWOIHL & H
I UDWXUDV P~-OWLSODV H QmR SODQDUHYV UHDWOYKRZGE W/ JQHHW
WUDEDOKR WDLV IDWRV QmR FDXVDP JUDQ@H\DSURE WHPE
UHSUHVHQWDomR GRV EORFRV URFKRVRGDN YUHDWNHNEFDY DF
IRUPD R PRGHOR p DGHTXDGR SDUD R ILP SURSRVWR

02'(/$*(0 '( E*8$6 68%7(55&1($6 (0 0(,26
)5$785$'26

(VWH WYySLFR YLVD DSUHVHQWDU RV BGHQBUSPL&RDN G FR DV
GH iJXDV VXEWHUUKQHDY HP PHLRV |UDW XAURD@GKRM L@ HO B/R
GRV FRQFHLWRY GDV SULQFLSDLV SURSULHGD &R KX RPWUIVDN
DSDUHFHP QR HTXDFLRQDPHQWR GHVWHVOQH\ FIR\D FHIRWIRW |
DTXL UHYLVDGDV &DVR VHMD QHFHVViIULD KPR B \GHR
6LQJKDO H *XSWD &OHDU\ JUHH]H H &KHUU\
JHLWRVD HW DO 158& H 6DKLPL

1HVWH WySLFR HP XP SULPHLUR PRPHQWRYV \GWwR DHERW 8 B C
OLWHUDWXUD SDUD RV VLVWHPDV IUDHWPXKDGRNXOQRD T >X6H



&DStWXOR 5HYLVmMR ELEOLRJUIILFD

DSUHVHQWDGRY EUHYHPHQWH WUrV PRGHOR\G HRGPR®HO R
SRURVLGDGH H R PRGHOR GH UHGHV GLVFUHWOQVY BH IU
GHVYDQWDJHQV GH VHX XVR QD PRGHODomR 3RVWHULRU!
H FDQDLV XQLGLPHQVLRQDLV HP FRQMXQKNWRD ¥ RFPH DIVG D
HVWRFEDVWLFDPHQWH QD VLPXODomR R U MOV G 1Y IQV
GRHKDQQHOLQJ

ORGHORV KLGUiIXOLFRYV SDUD PHLRV IUDWXUD

(VWH WySLFR DSUHVHQWD DV SULQFLSDLUWMKRGG DJIMIAD >
iJXDV VXEWHUUKQHDYV HP DTXtIHURV IUDWXUDGRY &RPR
DVSHFWRYVY DSUHVHQWDGRYV DWp HQGHME@EDQMR/GWHO W UHDHE [GR K/ |
IUDWXUDGRV HVWi OLJDGD D DQLVRWDRISR DF BHSY/RVHNYDPH I
KHWHURJrQHR DVVRFLDGR DV IUDWXUDV UHWOWH VYV HPQR\E H®H
FRQFHLWXDLV TXH YLVDP FRQVLGHUDUXHANVWRWHVEHORGHD
UHSUHVHQWDomR GR UHIHULGR IHQ{PHQR HVWXGDGR

6HIXQGR ODQRHO )LOKR PRGHOR FRQFHLWXDO p XP |
GH PDQHLUD LGHDO DV SULQFLSDLV IHRpWR/GERGRHRRGHKIL
FRQFHLWXDO p FRQVLGHUDGR XPD GDV MHJGLDRBHNBD UH
LQYHVWLIJDU VLVWHPDV FRPSOLFDGRVIL FPXWR SVDM BB HE
LPSRVVtYHO 'H DFRUGR FRP HVWH PpWRXGHR VRVWHNRDH P D LU
VLPSOHV SDVVtYHO GH WUDWDPHQWR RDWHRVWUBRBRY BF
GHVWHV FDVRV XPD YH] TXH D JHRPHWUWL B HRPG®M [D
VLPSOLILFDoO}HYV

'D DQiOLVH GR VLVWHPD LGHDO VmMRRXEWHGRY} W \POOWHP
HQWUH RV GLYHUVRV SDUKPHWURY GR VLY@H® IV IH V AWDXaGDRC
TXmMR DV YDULiIiYHLY HQYROYLGDV VmMR GHEBQGR @WRAEHM GR)
FRPR XP WRGR &RPR ~OWLPR SDVVR p QHEFRWRGHD ® Dk
SDUWLU GD FRPSDUDomR GH UHVXOWE®RRYYD VFRWPL RV HRKWHD/F
YDOLGDQGR DV UHODo}HVY PDWHPIWLFDV REWLGDV 0$12(/
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&RQVLGHUDQGR RV PRGHORYV FRQFHLW X DA X UIRZRVD REV HU
VH QD ELEOLRJUDILD XPD YDULHGDGH GH HFE RWG D JH@P\Q GT
JUXSRV )LJIXUD D DERUGDJHP GR PHLR SRURVR HTX
SRURVLGDGH H D DERUGDJHP GDV UHG NW GrHRI BHDPSWOXLFID\G B\
WySLFRV D VHJXLU PRVWUDQGR VH NVGHYWDIFV SC9 WR YLDRD
1HVWH WUDEDOKR R WHUFHLUR PRGHOR FRQ@FHIWXDO
GHVHQYROYLPHQWR GD IHUUDPHQWD SURSRNVVBR GHPHVBU
HQFRQWUDGRY QD OLWHUDWXUD FRUUHQWHORERWGDWR Y
DSURYHLWDQGR GH VXDV YDQWDJHQV

'‘HYH VH VDOLHQWDU TXH WUrV IDWRUHV LQVHRJIEGRWHP W
QR PRPHQWR GDV VLPXODo}HV D JHRORQWHGRVAHIL B DUOW
HR SURSyVLWR VRE R TXDO R PRGHOR HVWi VHQGRJREK IR
GR PHLR IUDWXUDGR UHVXOWDGRYVY GD VADDOWSHVQYEUIDDI
FDUDFWHUtVWLFDV GR VLVWHPD WIFRPFROQR QSVWHR\S UL REHDL
WHQV}HV H KLVWyULFR JHROyYJLFR GR PDHROo&RWHQRWMHWY
LQIOXrQFLD GLUHWD QR WUKQVLWR GXDN XN R®RIRDRDS MR
FRQVLGHUDGDY OLPLWHYV H[WUHPRV X WVWRWEHPDLFRKF SHR \
PDWUL] URFKRVD LPSHUPHIYHO URFKY»W HPWL -\ B/GILQQ/D\P |
IUDWXUDGR FRP XPD PDWUL] URFKRVD SHUPHiIYHO URFKD

(P WHUPRV GH HVFDOD GH LQWHUH VR H XXDQ WIRP ROW B iR B Q K
YROXPH HOHPHQWDU UHSUHVHQWDWLYR LHORHQBMDX QDG
SRGH VH DSUHVHQWDU EDVWDQWH FRQHFWPRBR SRGHQGHR!
GRPLQDGR SRU XP Q~PHUR SHTXHQR GH IUDWXUDV ODU.
PHQRU $ QRomR PDLV WUDGLFLRQDO SDUNMHODEPH FPRBP I/
HVFDOD GH LQWHUHVVH GD VLPXOD omMRFIRGDTXH [HRIRL G ISk
D XP PHLR XQLIRUPH HTXLYDOHQWH &22.

&RP UHODomR D SURSRVWD GH XVR GR PR G HGOR FHD/ARRO KL (
GHVWLQDGD D DYDOLDomR GH YD]}HV TXHH GV MROIOPXW BV H
FRQWDPLQDQWHYV 3DUD R SULPHLUR FDVIRR D/BER URGLILHIGWY M
D FRPSUHHQVmMR GR IHQ{PHQR HQTXDQWR SDWOWDP®MHJIXQ
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UHILQDGR p QHFHVVIULR SDUD ERD SUHYLVWHR HBWRYPWQ R/
LQIOXHQFLDGRYVY SHOD KHWHURJHQHLGDGH GRV VLVWHPD\

)LIXUD + 'LIHUHQWHY DERUGDJHQV SDUD PRGHODJHP K
VLVWHPD IUDWXUDGR UHDO E PRGHOR SRURVR HTXLYD
G PRGHOR GH UHGHYV GH IUDWXUDV GLVFUL

O ———e

.4/ - A
S ]
s o
iy
L

(©) (d)

JRQWH $GDSWDGR GH &RRN

ORGHOR FRQWtQXR HTXLYDOHQWH

2 PRGHOR FRQWtQXR HTXLYDOHQWH WDPEpR ISRGRNRGR
HTXLYDOHQWH HP LQJOf(VXLS'HD@WMH YWJOR pFRXPE OBHERDGD JH I
XWLOL]DGD SDUD VLPXODomR GH PHLRWmRDAWXWDFRRNUHHA
LQGLYLGXDOPHQWH 'i VH SUHIHUrQFLDGR GRIYUXK H/QW WD éir
SRURVR FRP FDUDFWHUtVWLFDV KLGUIiXOLF@&EXWLXILYSDOGH
KLGUIXOLFD FDSDFLGDGH GH DUPD]J]HQDPHQWRQ\WRUYVR GH®I
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GH XP YROXPH HOHPHQWDU UHSUHVHQWDW IVY BHVEX OWDPFPE® R
GD PRGHODJHP VmR YiIiOLGRY DSHQDV SDUD HVFDODV PDLI

(P WHUPRV GH WUDWDPHQWR PDWHPiIWLER DRHTRK®I @R BRQ
GH iJXDV VXEWHUUKQHDV (TXDomR FRRXFHQWR EWVIOD]
QD /HL GH 'DUF\ H QR SULQFtSLR GH mRQVHUYDO mRQGH PLDH
XWLOL]DQGR R PpWRGR GDV GLIHUHQODWIRQLWHY GRX TR H
SURSULHGDGHYV KLGUiXOLEFDV QHFHVViIiULDVVSDURER DXG/MRY
FRQVLGHUDQGR D UHODomR PDWUL] URFKRVD H HUPWXUD
XWLOL]DGR

0 oD _o oD _o oD oD
51 ¢ eP Bl ol Bov e P 0 F g
(P TXH
- 7 - FRQGXWLYLGDGHY KLGUiIXOLFDV QDV GLUHo}HV [ \

9 WHUPR IRQWH VXPLGRXUR TXH LQGLFD R YROXKDIGH
VLQEQDO QHJDWLYR GR VLVWHPD HP GHWHUPLQDGR SRQWETF

099 JUDGLHQWHV KLGUIXOLFRV QDV GLUHO}HV [ \ H ] U

re 11

5% FRHILFLHQWH GH DUPDJHQDPHQWR HVSHFtILFR GR PHLF
%; YDULDomR WHPSRUDO GD FDUJD KLGUiIXOLFD P V

2V FRHILFLHQWHY GD HTXDomR DFLEDMRNRT XBQ&R RLIE RAU B
HVWXGR ORFDO RX XWLOL]D VH YDORUHVWMWRSD¥R®L®BDW
PRGHOR FRQWtQXR HTXLYDOHQWH p GLWR GHWBUPLQt
GHWHUPLQDGDV SRU WHVWHYV GH SRoRWV BHRXBDVKUWYLHLYRY
FDPSR GHWDOKDGDV GR VLVWHPD IUDWXURX RS DY D HMIF®K
UHJLRQDLY SRGHP VHU FDOLEUDGDV HP HRRURMMQOQVDR [HRAN
GH QtYHO GH SRoRV H GH JUDGLHQWHYV KHQWHNX®LVFRK YIK
FRPR YDULIYHLY DOHDWyULDV DR ORQJR GRVWRIQEKRKHODND !
SUREDELOLGDGH R PRGHOR DVVXPH FRKRIGD HQWREWHN LC
SDUKPHWURYV GH HQWUDGD GHSHQGH GD KHWHGRJHQHL
FROQKHFLPHQWR GH VXDV SURSULHGDGHV 15&
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6HIXQGR 6LQJKDO H *XSWD R PRGHOR FROQWtQXR
VLPXODo}HV GH PHLRV IUDWXUDGRYV TXHD®BRKWDYDPMHOMM I
DXPHQWR GR IUDWXUDPHQWR FRUUHVSRQGHGDGBFHpVF
SHUPHDELOLGDGH IDJHQGR FRP TXH RV FBNVRKL GBJDWXURBC
PDLV SUy[LPDV GRV PHLRVY SRURVRV 3RVWX{XU 5B RVINHDRF
H WHU RULHQWDo}HV SUHIHUHQFLDOPHRDVHLGGYWDGBEXtGR
DXWRU SDUD TXH WDO DERUGDJHP VHMD XWLOL]DGD

(P WHUPRV GH SURSYVLWR GH XWLOL]DomR GR PRIBHOR W
D DYDOLDomR GRV YDORUHV GH YD]}HV AHYHORAL.GOGWM (
VH TXH DV HTXDo}HV FRQYHQFLRQDLV @WMH JXONTXBBW M US
VLPXODomR GHVWHVY PHLRV 3RUpP HWBRREGHPRVGWGRQ
FRQVLGHUDU DV GLIHUHQWHY FRQGLO}HM |GHRBEKREPH@DE®
IUDWXUDV 1HVWH WLSR GH SUREOHPD Q®INVSIWLIPHMXURBRV
UHWLUDGD UDSLGDPHQWH (P PRPHQWRD BRNRHWUREXM
HVFRDPHQWR DWp TXH KDMD HTXLOtEULR HIQWRUH VRV D H W
GLIHUHQOD SRGH OHYDU D UHVXOWDGRYV LQBR HUMK®W HW Q
FRQYHQFLRQDLV (P PHLRVY RQGH R JUDX GH IUDWXUDPHQ
GR FRPSRUWDPHQWR GR PHLR IUDWXUDGR FRP R GH XP
JUDQGHV LQIRUW~QLRY GHYLGR D GLIHUHQ dDWG & X GmDI5]H
&22.

1R TXH WDQJH D PRGHODJHP GH WUKQR LRMRG IGBIRV RRQY W)
HTXLYDOHQWH QmR DSUHVHQWD ERD F& G B HS/MBRRRG KQ\ALMDL ]
SDUD WDO ILP TXDQGR FRPSDUDGR D RXWUDV DERUC
GHVFRQWLQXLGDGHV 3DUD WDO XVR G HYGH VHH HOMWHDUR L
SURSULHGDGHY GH GLVSHUVMR GH VROXWRWkKBHWW R VP & DF
HTXDomR GH DGYHFomR GLVSHUVMR FRPXPHQMDHERV@®IED (
DERUGDJHP GR PHLR HTXLYDOHQWH $SH®BW HUP PR & DS §
WHVWHV GH WUDODGRUHV HP SHTXHQO5B®RDOD H FHPEDW |
RQGH R PRGHOR FRQWtQXR HTXLYDOHQWH p FFLRPKAPH QW F
SUHIHUHQFLDLY JHUDGRV SHODV IUDW X WR¥F KR I DF RADW B L H
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DSUHVHQWH SHUPHDELOLGDGH FRQVLGHUYDROR MR RN
PRGHOR VLPSOLILFDGR 15& H &22.

4XDQGR VH REVHUYD RV WUDEDOKRY SXEOLFDGRV XWLOL]
VH TXH D PDLRULD VH GHVWLQD D DY.IROL DbObINWRXEDG RV FRBP
UHJLRQDLYVY HP GLIHUHQWHYV ORFDXVLIGYDH p\D GO U0 RBE L AL
R XVR GH WDO DERUGDJHP RQGH DV SUPSWIR{GPGMHGRIT
FRPSRUWDPHQWR UHDO GR PHLR /RQJ HWVDRDBRV XW pO4R D3,
D UHIHULGD DERUGDJHP RQGH D SDUWMWLEGRVPR@BORVLEV
DV FDUDFWHUtVWLFDYVY VmR PDLV WXIOXER WHH\Q KD UFIR PIrSKRAL
VHPHOKDQWH DR GH XP PHLR SRURVR (VWH DXWRU QRWR
GH I UDWXUDV GDV DEHUWXUDV FRQVWDQWHYVY H GD YDULL
DPRVWUDYV DYDOLDGDYVY PDLRU HUD D WRYPDQGW X5 HDMRRP GPh
PDLRUHV HVFDODV VmR PDLVY DGHTXDGDYV DR UHIHULGR PF

2XWURV WUDEDOKRY GHVHQYROYLGRYV FRQVLGHQW®GH D
TXH VmR LQWHUHVVDQWHY SDUD D VXD FREREUXWOQV MR XV
PRGHOR SDUD D PRGHODJHP GH iJXDV VXBAMHIWWDRKHDD/GIRP
UHJLmMR GH 2QWIiULR QR &DQDGi %HUNRZLW]JUWW O€&

FRQWDPLQDQWHY XWLOL]DQGR D DERIUGODIMNE®HF K R VW RGKHDOH
HVWH ILP REVHUYDQGR D QHFHVVLGDGHGGEHGRE®HDWMR (
VROXWRYVY SRU PHLR GD DQiIiOLVH GH FRGRDW\G HH® MPFS\RWA
ODERUDWYULR 3DQDJRSRXORYV H*KDVHPR]PREGHKORN C
HTXLYDOHQWH SDUD D PRGHODJHP GH @RWXt(VWWRG R US/QW
UHVSHFWLYDPHQWH IDJHQGR DOJXPDV DD DGH B bMHU QDA
lUDWXUDV GH PDLRU SRUWH FRPXPHQWH FOUMHRY BQMIRY R |
SDFRWH FRPSXWDFLRQDO 02')/2: FRPXPHQWH XRMLOL]DG
HPSUHJDGR SDUD D IRUPDomR IUDWXUDGD UHSUHVHQWDC

5HVXPLGDPHQWH R PRGHOR FRQWtQXR HTXLYLDDHIDMRH VH
HP TXH QmR Ki QHFHVVLGDGH GH GHWDOKD P B®W & DA&IH WGH5
GDGRV UHTXHULGRVY 7DO DERUGDJHP SRVWPL PRDLIRRUHD S
HVFDODV JHUDOPHQWH HP WHUPRV UHQMRRQDIHP SHUIDP!
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SHUPDQHQWHY $V SULQFLSDLV OLPG&EW BGd} HR G N /R B COLLD D
GH SUREOHPDV GH UHJLPH WUDQVLHWRPDHH B PHQWRK GIH) W D
URFKRVD H IUDWXUDV H SDUD D YHULWH ohn I/ RERX WWRI\D C
GLILFXOGDGH HP VH GHWHUPLQDU GH IRHWAONRGIDr XID&D o
GH DGYHFomR GLVSHUVmMR e DVVXPLGR DLREBED(5X®Dp SR
IRUPDomR DYDOLDGD H GH TXH RV UHVXOWD &R PRKH G B
PDLRU HVFDOD GR TXH R UHSUHVHQWDWLYR XWLOL]DGR

ORGHOR GH GXSOD SRURVLGDGH

&RQVLGHUDQGR D FODVVLILFDomR DSUHWXRQWIRGPDQR RL\
DSUHVHQWD GXSOD SRURVLGDGH TXDQGR VXIL ®DODGH WR
FRQWULEXL HIHWLYDPHQWH SDUD R W U KIQQXIWGRD GHIV I OKR./S|
H[HPSOR GHVWDV IRUPDoO}HV WHP VH DWDULRFRRRRVEGHPH
DUJLOLWRY IUDWXUDGRV $ HVWDV IRUPDRRHKHFXKBRPRBRH
PRGHOR GH GXSOD SRURVLGDGH IRL GHVHQYROWLXG/R SDU
YD]JLRV

(VWH PRGHOR FRQFHELGR LQLFLDOPHQWH SRHIQWBUHQ
DSULPRUDGR SRU RXWURV DXWRUHV GHQWUH RV TXDLV
6WUHOWVRYD $GDPV H*ULQJDUWB®DV UHUDMWXPGILD W
D PDWUL] URFKRVD SRURVD H DV IUDWXUDV QRRPV FRP
PRGHODGRY SRU HTXDo}HV GLVWLQWDV $LJHR BHW.WIWD DY
ELEOLRJUDILD HP WUrV IRUPDV PDLV FRRXQV HR FIRRPFG DL
DOWHUQDGDV )LJXUD D HP EORFRV HVERBRWRVLJKIDOL
F $SHVDU GH VH DSUHVHQWDUHP HP VG3BGHPLNHQV
HVWHQGLGDV SDUD PRGHORV WULGLPHQVLRQDLV

$ PRGHODJHP PDWHPiIWLFD GR PRGHOR GBOGXRSGD SRIUBW
'DUF\ H GR SULQFtSLR GD FRQWLQXLGDIM D¥V UHXDO}H\
FRPXPHQWH DSOLFDGDV QHVWD DERUGDJHHQNRRYD®H U
$QDORJDPHQWH WDLV HTXDo}HV SRGHP VHU HVWHQGLGD"
GXDV HTXDo}HV D SUHVHQOD GH WHUPR FRPX®PRHAKRVIDQIE L |
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)LIXUD + 'LIHUHQWHYV JHRPHWULDYVY GR PRGHOR G
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JRQWH $GDSWDGR GH 6LQJKDO H *XSWD

DV IUDWXUDV VRE D IRUPD GH XP VXSULPR§WBRHOPLHRRI® Bi(
FRP D GLIHUHQoD GH FDUJD KLGUIXOLFD HQWUH HVWHV F

o~p _ 0B "
b7l voph & 't

o~P 0l -
AR TR -“’

(P TXH

RV tQ@HFHYGLFDP UHVSHFWLYDPHQWH DV YDULiIYHLV SDU
6 WUDQVPLVVLYLGDGH GR PHLR DYDOLDGR

5 FRHILFLHQWH GH DUPD]JHQDPHQWR GR PHLR DYDOLDGR

D FDUJD KLGUiXOLFD GR PHLR DYDOLDGR TXH SRGH

WHPSRUDOPHQWH

8 WD[D GH WUDQVIHUrQFLD GH iJXD GD FRHWWH]P SR U Q XP
SULVPD GH iUHD KRUL]JRQWDO XQLWiULD H[SUHVVR GD VH
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&(L_—;: kPF Q0 TV
(P TXH
s FRQGXWLYLGDGH KLGUiXOLFD GD PDWUL] SRURVD P V

HGLPHQVmMR FDUDFWHUtVWLFD GR EORFR URFKRVR

2 FROQMXQWR GDV WUrV HTXDo}HV p DU RUHWYDFRDPWH @ RRSQ B
UHJL}HV HVWDEHOHFHQGR XPD UHODUWMR FXQHVD HP BI\WD V] S
SRVVXL EDL[D WUDQVPLVVLYLGDGH TXDQDBRI®RPBRWIRG MR

WHWBPRE QD (TXDomR SRGH VHU GHVSUH]DGR %DUHQEOL

'HVWD IRUPD DV (TXDo}HV H SRGRPWHUP R HOHD
WUDQVIHUrQFLD HQWUH PDWUL] H 1UDWXUDNQWW LYDD Q
HVFRDPHQWR HP WHUPRV WUDQVLHQWHY (TXDomR

—@ E kDF QR o W

2XWURV GRLVY SDUKkPHWURY TXH FDUDFWHUD]BRUIRVRBBRU
VmR D WD[D GH DURDDPH®@DPH GW RV UD QVPGALVNVDLERE8 GO DV (1
H 2 SULPHLUR SDUKPHWUR p LQGLFDGRW O5AH @ WRD B IX
I UDWXUDYV HP UHODomR DR FRQMXQWR GD YRUORD®&NWRV nBRDH
WRUQR BH .586(0%$1 H '( 5,"'(5 DSXG 6,1*+%/ H *837%
1XP FDVR HVSHFLDO VH IRU LJXDO D WHP YWHEKKPX@EBEBH
SDUKkPHWUR LQGLFD D IDFLOLGDGH RX GDIPBX\OUED GHR FRWYDI
DV IUDWXUDV FRQVLGHUDQGR D UHGRoGR HHRWPUHWWUXD W E
SDUD R PRGHOR 6HXV YDORMWHVA2BR(GD RD&SEX® 6H*+3$/ H
*837% VHQGR TXH YDORUHV PDLRUHV LQGLEBXPWHQR
UHJL}HV R DSUR[LPDQGR D VLWXDomR GH XP PRGHOR HTX

AL Sy
HE 5 U
(P TXH
% 5 FDSDFLGDGH GH DUPD]JHQDPHQWR GDV IUDWXUDV H C
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U IDWRU GHSHQGHQWH GD JHRPHWULD XW5ROVH &IV IQCR. DR
JHRPHWULD HP FDPDGDV VXFHVVLYDV

aLUSNS Y
“u

(P TXH
U IDWRU JHRPpWULFR TXH UHODFLRQD D]iSRDR&DVHIWD!

GLPHQVMR FDUDFWHUtVWLFD DVVXVL\G)U:HW@DNQBRIPHWI
2

T, p D HVYSHVVXUD GD FDPDGD GD PDWUL]HSRmBLgé) SDUD L
(%)

RQG&Hp R FRPSULPHQWR GR ODGR GR FXER RX R GLkPHWUF
N UDLR GR SRoR GH SURGXomR XWLOL]J]DGR FRPR UHIHUTrQ

&RPR SRGH VHU YLVWR SHODV HTXDo}HV D@MWHMWM/RUBY FBI
TXH D DQiOLVH GRV HVFRDPHQWRYV HP BRRGHDR YO B@JI B XEHD
HVFDOD WHPSRUDO 7DO IDWR p MX\HWKILGMEGR RS O DNVQHDEX
GH IOXLGR HQWUH D PDWUL] SRURVDFHD DYDM R IWXWiXD LB DU
PHLRV

2 DVSHFWR WUDQVLHQWH GHVWDYV HTXD Q}ii®V WHD® H pPUREW
SRoORV XPD YH] TXH R PRGHOR GH GXSOD SRURVLGDGH
FRQWtQXR HTXLYDOHQWH HP YLUWXGH G [FD®DOTXMHOGHR/HP
D VXD HTXDomR H UHVSHFWLYDV SURSULPGDGHV H1HVW
*ULQJDUWHOQ FULDUDP UHODo}HW DG} S R/ RE/DM PS D U Xt
GH GXSOD SRURVLGDGH FRQVLGHUDQGR WDORDGR®HFWR
UHEDL[DPHQWR DR ORQJR GR WHPSR QHVWH WLSR GH IRU

6HIJIXQGR 6LQJKDO H *XSWD DV GLIHWHXuUoDW H5 IR DBMHW
SRURVD R PHFDQLVPR GH HVFRDPHQWR WUBPQWHHRPQGW®RW p
LQLFLDLY LQWHUPHGLIULRY H ORQJRV K HOKRBRHD RHE W RI
VRPHQWH GDV IUDWXUDV QmR KDYHQGR FRORVBHERLYH R
FRPSRUWD FRPR XP PHLR SRURVR FRP SHUPHDHLEERFEKEDGH
DPEDV DV UHJL}HV FRQWULEXLQGR L JXD)XAPHUPHIG Di HRAF RR



&DStWXOR 5HYLVmMR ELEOLRJUIILFD

XPD WUDQVLomR FRP R LQtFLR GD FRQW BRLEXE®m RD 8B QPD
SHUPDQHFH OLJHLUDPHQWH FRQVWDQWN HRQW D LEKW di}®lo
UHJL}HV

4XDQGR D FXUYD GH UHEDL[DPHQWR SRU WRPBBLMW BDRRVL
IRUPD DVVXPLGD p VHPHOKDQWH j PRVWUBK®L QDD L@ XUHF
LGHQWLILFDGD SHOD RFRUUIrQFLD GH RRVHHEDAXDPH QR FG
IDVH p GHSHQGHQWH GD \W DfDDGW D) D RDH HMDUBIPHBRYFWYD @ L G L
QRWD VH TXH DSyV D WUDQVLomR DU DHDIDXIHVURNQEP P
SRURVRV FRQWtQXRV WDPEpP VmR DSOLFiYM IV UHRXBHK AR
HTXLOtEULR GDV FRQWULEXLO}HV GDV GXDV UHJL}HV

)LIXUD + &XUYD GH UHEDL[DPHQWR WtSLFD SDUD DT

— tlog \

JRQWH $GDSWDGR GH 6LQJKDO H *XSWD

$OpP GH VHU EDVWDQWH XWLOL]DGR QD RR&SR®H JHRJ GHL\D
QRV WUDEDOKRYVY GH ORHQFK *HUNH H *HQXFKWHQ
ORXWVRSRXORV H 7VLKULQW]LV $FNHUHU HW DO
SRURVLGDGH WDPEpP p PXLWR DSOLFDGR QDW§BKRY GHR
SHWUyOHR FRPR SRGH VHU YLVWR HP :X H 3WHXZHWVVH
*KDIRXUL %RUELDX]|[ 3DLYD 6DDOIHOG HV
WUDEDOKR GH PRGHODJHP GRV UHVHUYDWRWGHODGRPSGR
PHLR FRQWtQXR HTXLYDOHQWH H GH GXSOD WRRRIVDGRGH
SHOD VLPSOLFLGDGH GD JHRPHWULD XWEOD]M®MH YDHIIR |
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IRUPDoO}HV IUDWXUDGDV FRP PDWUL]J]HV SRBRNMONHQWH R
SHWUYyOHR WDPEpP HVWLPXODUDP DV CVWHTWLSRVGEH RAUP]

(P WHUPRVY GH WUDQVSRUWH GH VROXWRWVRH IFKRQGH WLDPEQ
SRGHP LQFRUSRUDU DV FDUDFWHUtVWLFDWHQWRVLHON Y®HK
SRWHQFLDO GH WUDQVSRUWH GH VXEVWKRXICALD Y Q WHNUH DVI
TXH R PRGHOR FRQWtQXR HTXLYDOHQWH HSHWPFPWWUQRGRH |
SUHYLVmMR DGHTXDGD GD FRQWULEXLomR WDUGLD RUL.:
LOQWHUHVVDQWHY QHVWH VHQWLGRD/ONnR R GH SHMYB8®H W
TXH DERUGDP DQiOLVHV GHVWH WLSR HP GLIHUHQWHYV OF

&RPR GHVYDQWDJHQV R PRGHOR GH GXSOD \&SIRPSFROMU GBI
JHRPHWULD GD IRUPDomR HP XP IRUPDWRMYRI ®@IDG\RH B DAULDF C
SURSRVWD PDV TXH GLIHUH EDVWDQWH GODXG&IGDSRAIAL0 B |
GHWHUPLQDomR GDV HVSHVVXUDV GDVDPDBDEFDWX KHR/ ¥ IDWI
GR WDPDQKR GRV EORFRV F~ELFRV H HVIpUL¥FRRPXRWDVF
GHYH VHU FXLGDGRVDPHQWH IHLWD D THRP G/Hi \RHE HHY L WID@F
ELEOLRJUDILD HP WUDEDOKRYV PDLV UHFEBQWRVYRD LIGOF®RH
PRGHOR GH UHGHV GH IUDWXUDYV GLYVFUHRPHW GLHDWE K/D §
IUDWXUDGR H FRQVLGHUDQGR D FRQWULEXLomR GD PDWU

$ GHWHUPLQDOMR GH 9(5 DGHTXDGR WDPE@P R RPWURIBRC
TXH HOH QmR GHYH DVVXPLU JUDQGHV HWRFBROQW!tQXR HP
GHWULPHQWR DR PRGHOR GH GXSOD SRURR BGHH \1FVOL
LQWHUPHGLIULDY SDUD R PRGHOR GH G X $ARD FRROWR QIX®RD G
UHVXOWDGRY REWLGRYV QD DERUGDJHP S H UDXH©BDRURYVL
RX VXSHULRUHV D GR YROXPH FRQVLGHUDGR

ORGHOR GH UHGHV GLVFUHWDV GH IUDWXUDYV
(P WHUPRVY GH JHRPHWULD GR PRGHOR D DERUGDOXHP GD

EXVFD PDLV VH DSUR[LPDU H[SOLFLWDPHNQWW HFD VRIWMDN KR
HP PHLR UHDO 7YRGDV DV FDUDFWEGHtYWHPDV D SAHY XQM (
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SDUD D FULDomR GH XPD UHGH GH GHVFRQWNVNRXLD DXBDD |
IOXLGRVY WUDQVLWDP 1HVWH VHQWLGEHSBWRSWL HGRGHWAQI
R FRPSULPHQWR D GHQVLGDGH H D UXJRKRRGW GIHFO W X!
SHODV IUDWXUDV FRQIRUPH LWHP ] D omAn B HWW H PRLAH.G
PROQWDJHP GD UHGH SDUD VLPXODomR KLGUUWGHFGDGRN
GHWHUPLQtVWLFRY RX SRU PHLR GHFDEFERBRBQ IRWQRAHHWWIPWV

2 PRGHOR GH UHGHV GH IUDWXUDV GLVFUHWD\D $UHV B IWI
PDWUL] URFKRVD FRP EDL[D SHUPHDELOLGD®®HIUBWXRPD V!
%DVDOWRYV H URFKDV FULVWDOLQDNVRPXR HOMPAE BRNF BRIGHX
FRP HYWH PRGHOR 3RUpP IRUPDO}HV FRP PDLWNXDIDSHDWP H
GHVGH TXH VH FRQVLGHUH D FRQWU LE XSIDuWWRLG HEDV D QUWHHL
XP WHUPR FRQWULEXLQWH TXH HVWDEHQKLE DG HW O Db\
IRUPD R PRGHOR DVVXPH FDUDFWHUtVWLPDV G D HYVEHRU)®DI
UHSUHVHQWDomR GD JHRPHWULD UHDOJDSMWMRHERW WD B OLC
VLPXODomR HVWH WUDEDOKR XWLOLHRQVRGRHRDHOR ERHQ U
GD PDWUL] URFKRVD UHSURGX]LQGR DVVIUFP NDWXDIOGHD 6
VLPSOLILFDQGR R PRGHOR HVWXGDGR

$ XWLOL]DomR GH GDGRV GD JHRPHWWWDUHB GG R DPR GLHIOMN
luUbWXuUubDV GLVFUHWDV SHUPLWLQGR DVVLHE XADD O HSSDMAREE
VLPXODomR TXDQGR FRPSDUDGR DV DERUGXWIQO/L]|DPUH
JHRPHWULDYV VLPSOLILFDGDV H EXVFDPWD WG HIHQU bl R QG\H
1HVWH VHQWLGR p SRVVtYHO REWHU GDGRWHVREQWIRQOKV B
GH IRUPD LQGLYLGXDO H QDV VXDV EQWWMHUE B ol | VO XOrQp-R.
GRV GLIHUHQWHY IDWRUHYVY GD JHRPHWULD QR FRPSRUWD|

3RUpP FRQVLGHUDQGR TXH RV OHYDQWDPHR®WRINRGH G
DIORUDPHQWRV H D ORFDLV RQGH KJIGGNDD HDPHG SR WL & RVGOHI
GLVFUHWDV p FRPXPHQWH XWLOL]DGD DB\ O UBPHPRGE 9B JBIRPF
$OpP GLVVR Ki D GHSHQGrQFLD GD REWHQomR GH GD GRYV
FRP HVWHY SDUD D UHSUHVHQWDOomRWIHHMWD SIIH FPIRIW BR D
FRPR Mi UHDOL]DGD DQWHULRUPHQWH VVHH QREIRPRY NGO ORD A
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FRQVLGHUDGRY FRPR GDGRV GH HQWUDGD SDUDLBBUDOMR
HD SRVWHULRU VLPXODomR KLGUIXOLFD PHWROMRR VH I

2XWUD OLPLWDomR OLJDGD D DERUGDJWHPp G®HH RIUHEGHHR/
FRPSXWDFLRQDO $ UHSUHVHQWDOMRRGIOIHIWID GEBGHBR
UHGHV FRPSOH[DV SDUD VLPXODomR DNV SHIPLCOIOFPMH@GARH DHCR
GH SURFHVVDPHQWR GH LQIRUPDO}HVYDGRPSOGHDVRIPWR (Fd:
UHVXOWDGRY 1HVWH VHQWLGR p FRRMXPSOLQERSODIRHQU
WHUPRV GH PRGHODJHP KLGUIXOLFD VIR VD USHUWAIL YGRRA
HVFRDPHQWR QDV IUDWXUDV 2 FUHVFLPRQWMR/ DNDXPIED FG D A
UHGX]LQGR HVWD GHVYDQWDJHP GR UHIHULGCRORROGHOR |
UHFHQWHYV

3buD D PRGHODJHP KLGUiIXOLFD D DERURPIHPWGEHOWHDBE
PRGHOR GH SODFDV SDUDOHODV 612: SUWNWHQPRGGEOD S |
GXDV SODFDV UHWDQJXODUHYV F R @MHNOPARQ/WH @OXMPD/G H5 HH
SHOD UHVSHFWLYD DEHUWXUD GD |1UDW XQWL PHROQWRV D) Q YWHU

I1mR Ki FRQWULEXLomR GD PDWUL] URFKRVGHDROKNVNGRD
TXH WUDQVLWD QXPD ~QLFD IUDWXUD QIXCPUHRPDSRBGUHHWH
REWLGD SHOD IyUPXOD FRQKHFLGD FRPRDOWDUA+¥HBDF R{FP
FXER GR YDORU GD DEHUWXUD GD IUDWXUD (TXDomR (
6WRNHVY FRQVLGHUDQGR DOJXPDV VLPSWHIUFPRY} W\ DWQD LV
XPD YH] TXH WDO UHODomR EXVFD DYDWHD® RHV PRSI PHH @\
FRQVLGHUDQGR D WHQGrQFLD GH EDL[D Y HIOXXPAMH U B PISE R
FRQVLGHUDGRYVY QR UHJLPH ODPLQDU DOpP SOHARRQYHGWU
7DO GHPRQVWUDomR SRGH VHU HQFRQWUDI D6 FFIRP UGHIW/ OX

0=
S3LFFGH9 H+ 1Z
st a

(P TXH

3 YDJmR HVFRDGD HP XPD ~QLFD IUDWXUD Pf V
ODUJXUD GD IUDWXUD P

U0 SHVR HVSHFtILFR GR IOXLGR N1 P

©
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4 YLVFRVLGDGH GLQKPVYFD GR IOXLGR 3D
DEHUWXUD PpGLD GD IUDWXUD P
JUDGLHQWH KLGUIXOLFR HQWUH GRLV SRQWRGEGDGP IRIDW

+

)LIXUD *+ SHSUHVHQWDomR GD IUDWXUD QR PRGH!

JRQWH 6DUNDU HW DO

$R VH REVHUYDU XPD IDPtOLD GH IUDWXDO W b RHD NGO WR
GH FDGD XPD GDV IUDWXUDV GHWHUPLQDGD LQGLYLGXDC

$ YDOLGDGH GD OHL F~ELFD p TXHVWLR®IWH\W FRBPY LYGH UD
SDUD VXD IRUPXODomR QmR VmR HQFRQWUDGDXUQR FDP:
FRQVWDQWHY DR ORQJR GH VHX FRPSULRKQWFG X3RGHI\D Gif
DOJXQV SRQWRV H OLJHLUDPHQWH PDBRVD/EMH® BW HPHRX
PDWHULDLY GH SUHHQFKLPHQWR QDV GHW SRQWGOAXLWDBE
QMR VMR WRWDOPHQWH OLVDV DSUHMVHOWWDQ/G RD RIQ\G X DX
SRQWR TXHVWLRQiIYHO p DGPLVVmMR GH PXW RG B VIF R/BiR h@W
IUDWXUD $R VH FRQVLGHUDU D YDULDXLGR GHHQEHUWSUR
FDPLQKRV PDLV IiFHLV SDUD R VHX WUYKQ\DIMVERE HHYW W D Q\G
HOHYDGD UXJRVLGDGH 'HVWD IRUPD R@HV/H\R BIOHQY\D B D\
GHWHUPLQDGRV WUHFKRV GDV IUDWXUDVPBDNV\QNQRGR DF
FRQVLGHUDGR QDV KLSyWHVHV GD OHL F~ELFD
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2 IHQ{PHQR GHVFULWR DFLPD UHODWLYR D EXWHRP GR 10
PDLRUHVY DEHUWXUDV H PHQRUHYV UXJRVLGD®HY LW R UMK
FRPRKDQQHTML @O RPH HVWi OLJDGR D IRUPDomR GH SHTXH
GD IUDWXUD VRE RV TXDLV D PDLRU SDUWHHIRPIKXRRpRI
FRPXP H FRPSURYDGD D SDUWLU GH HQVDDEWR GIHWWUDRD G
DPRVWUDY VmR H[SRVWDV DR HVFRDPHQWR VKEBHA WM XKEMWNG
IUDWXUD VHUYLQGR FRPR LQGLFDGRU GRV ORHRWLMORQGH!

H 2GHQ HW DO I1HVWH VHQWLGR5 Dp VORS\HWMUEMHDHT @
IUDWXUD QmR UHFHEDP QHQKXPD YDImR UHGXWDXMGW RE5 DC
D VHomR GD IUDWXUD p PROKDGD

$0IJXQV SHVTXLVDGRUHV FOIiIVVLFRV EXVFEUBP BRVV¥XDN
SXEOLFDo}HV VHP DLQGD OHYDU WRWDOPHQWHUNB FRQ W |
HW DO DYDOLDUDP D YDOLGDGH GD Wd}HW HGHRMWVUP WX
YDULDomR GH WHQV}HV (VWHV DXWRUNVORGWHL YCCHHIPN X
VXSHULRRUHY \DRE WHQV}HV LQIHULRUHV D 03D /RXLV
HVWDEHOHFHX DOJXPDV UHODO}HADHPSHSM ERQW L EBIVIDL
YDULDomR GR WLSR GH UHJLPH GR HVFRDPHQWRD W XD DU
UHSUHVHQWDQGR R FRPSRUWDPHQWR GR HVFRDRHIHVNR H
SH\QROGV FRP D UXJRVLGDGH UHODWLYD GD IUDWXUD

%HDU HW DO DSUHVHQWD DOJXPDV mRU® XX} PN GLX
DEHUWXUD HIHWLYD TXH OHYD HPt¥RQWD MRYDRQ DR nGAR G-I
GD IUDWXUD PDV QmR FRQVLGHUD D PXGDQoD GHDUXJRVL
QD OLWHUDWXUD p FRQKHFLGD FRPIRWAANOP-oELR D GRRUMNA |
RULJHP DV (TXDo}HV GH 1DYLHU 6WRNHV OHHEDD/QOGR HP
FDUDFWHUtVWLFDYV 7UDEDOKRYV FRPR RV GH &RRPHUPNDR
HW DO 2URQ H %HUNRZLW] 1LFKROO HW DO
WDO PRGLILFDomR ORFDO

6HIXQGR 6LQJKDO H *XSWD HP VLPXEKIDQ WO QI ILF
UDUDPHQWH OHYDGR HP FRQWD QD HQGH WHYNWHNoBR WHI
GH VROXWR VHQGR R PHLR IUDWXUDGR VIWXBPGRPBHOF
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DEHUWXUD PpGLD GH IUDWXUD FRQVWODWWH~EL FDPH OLVKXC
DSOLFDELOLGDGH HVSHFLDOPHQWH P [JUHDRAXAUI AL FHD[\S RA
SRVVXHP HVSDoDPHQWRY DEHUWRYV D R G HRW DV iRRU PXW R\
1HVWH VHQWLGR DSHVDU GH VXD YDOLEBPXPHTOWHN W LR®Q DY
OLWHUDWXUD HVSHFLDOPHQWH QD FRPSDUDoOomR H QD YD

(VWH ~OWLPR IDWR SRGH VHU REVHUYDGR SR® H[HPSOR Q
RQGH KRXYH XPD FRPSDUDomR HQWUH UHVXOWDRBSROHREW L
D SDUWLU GDV HTXDo}HV GH 1DLYHRBWMRNHYY din B HIOOCDQ G HA
DEHUWXUD H GD UXJRVLGDGH DR ORQJR GHRNSDODQR GD C
XWLOL]RX D UHIHULGD IRUPXODomR QD YRDGDGIHD ohn RG 35
WUDQVPLVVLYLGDGH GH VLVWHPDV IUMHW XK FRR VD BPRRUGGHIDIL
HVWRFiIVWLFD YDULDQGR VH RV GDGRVHJIBRPpPpWDULKBNYV
RULHQWDomR H R FRPSULPHQWR GDV GHVFRORRXUBB® GH
UHVXOWDGRY GH XPD PRGHODJHP GH HVFRDPHQWE&DHP PH
GLQkPLFD GRV IOXLGRV FRPSXWDFLRQDO FRP YDORUHV R

8PD VHJXQGD DERUGDJHP SDUD PRGHODJHP IKIDGNXXONFLC
GLVFUHWDV HVWi H{DWDPHQWH OLGB GD LB UVARVMRMHYD tiR R
FRP D HTXDomR GH FRQVHUYDomR GH PDWYIR G RH HQ{PMIONR
GRKDQQH®LIHWUDO HVWD GLVFUHWL]DomRR[E UHL R/ [3 GHQIR |
IUDWXUD LJQRUDQGR SRVVtYHLV PRGLIRED® HOW GH. BW K|
HQWUH RV SODQRV XPD YH] TXH HVWD \G ICPXDQN @ RP i @ DM
2XWUD VLPSOLILFDomR FRPXP p FRQVLB HIXD R \DLSHDQETHY IR YA
GD GLUHOomR GR HVFRDPHQWR PDQWHQGGLHXW D UY B WLDBUr
SODQR GD IUDWXUD

3bUD UHVROXomR GHVWD IRUPXODomR VBDRRNFREVWXIDXMC
UHVSHFWLYDV LQWHUVHoOo}HV H XWLOL]D FRPXQYX QAR BR V
GLIHUHQoDV ILQLWDV YROXPHV ILQLWRVVRX% HOQEKRHQW R\
DSUHVHQWD XPD PDOKD WULDQJXODU FRP@PWDUXS$GD RADREWR!
PoPWRGR GRVY HOHPHQWRYV ILQLWRYV QD VRBOXWDR XGHR HY )R-
OLQKDV TXH UHSUHVHQWDP D LOQOWHUVHomR GR UHIHULGR
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J)LIXUD + 'LVFUHWL]DOomR GH XP SODQR GH IUDWXUD SD
ILQLWRYV

JRQWH :LOFRFN

$ FRQVWUXomR GHVWDV PDOKDV H D YAIHF B W\R N]HD\6 nRH R0
HOHYDGRV UHFXUVRV FRPSXWDFLRQDLVOMRQ@IRIBURGD} K
LOQWHQVDPHQWH IUDWXUDGDV 6HJXQGR 15& SDUVRWVPR
DV PDOKDV FRQVWUXtGDY SDUD D UHVROXomR ®R HVFRDF
QyvV VRE RV TXDLV YHORFLGDGHV H SUHVVXHV MWMD@RKRFDO
GH HOHYDGD FDSDFLGDGH GH SURFHVVDPHQWWRWH QHBD C
SULQFLSDO GHVYDQWDJHP GHVWD DERWXDIHWR RRPXEBR HEH
IDFH D RXWURV PpWRGRYV VLPSOLILFDGRYV TXH WDPEpP IR

$0IJXQV SDFRWHV FRPSXWDFLRQDLV FRP&HWELGHYVIUDXHX W
HVWRFIVWLFDV Mi WUD]JHP PyGXORV QRS OMDPGER W EFRDUED .
(([HPSORV GHVWHY VmR R )UDFODQ )5%&0%1 DO H R 1DS
$0IJXQV WUDEDOKRYV TXH WDPEpP HPSUHIIRX VDO FL BRWPGE I
DOJXQV GHVWHV SDFRWHV FRPSXWDFLRQDIHW EHWRV RV G

/IRQJ HW DO TXH DSUHVHQWD U P R\GLHDCHDIGIKR
KLGUIXOLFD GD PLQD GH 6WULSSD QD 6RpFED6$E HPOFRF
FRQMXQWR FRP XPD WpFQLFD EDVHDGD QPR PRV G RWGEHR\S F
FRPSXWDFLRQDO QDV VLPXODO}HYV
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=LPPHUPDQ HW DO DSUHVHQWDURP GOPD HETRXID A} HY L &
1DYLHU 6WRNHV H GH VXDV UHVSHFWLPY BGR WHVFR®DLA HRMOR I
PHLRYVY IUDWXUDGRYV 'HVWDFD VH D VDNBo®RG G FH\RAHHD/ \
GRLVY UHVXOWDGRY GH VLPSOLILFD®RXWURKH W hREDDWKWRD X
GH PRGHODJHP GD (TXDomR GH 6WRNHV HKPXOD¥iHBWmMRHOL
GD (TXDomR GH 5H\QROGYVY RXWUD IRUPD VRE D TXDO p FR

%DVKD HW DO WUDEDOKDUDP FRP HDTXDR SO\ I& A DIoDnyR-
6WRNHV H FRQVLGHURX D LPSOHPHQWDONP®D G H LY WBLJW R
EDVHDGR QD /HL GH 'DUF\ 7DO FRQERGHH D&ERK ¢ DSIRDPF R4 K L
GD QHFHVVLGDGH GH VLPSOLILFDom&®DGEBVGBVXDR PHX\W } FKB\D L
GLVVR FRPR H[LVWH YDULDomR WHPSRUDW WHVYWDV WJF
UHSUHVHQWDomR UHDO GH WDO IHQ{PHQR SRGH OHYDU D

7HOOHYV LQFRUSRURX D VXD IHUUDPHQWDQG® LVHUG Bm
HVFRDPHQWRY TXH XWLOL]D R PpWRGR GWRVHTHOHRHQWI
JRYHUQDQWHY HP UHJLPHV SHUPDQHQBWXUD &N G\BI\G X
$ DSOLFDomR GHVWD DXWRUD DOpP GH QWRR DR EDR QRX |
PYGXOR FRPSOHPHQWDU SDUD DQiOLVH GRTWI®IGVSEHW }
DGHYFomR GLIXVmMR QD PDOKD SURSRVWD

.R\DPD 1HUHWQLHNV H -LQJ WDPHTPRDOWH O LF B UIDCPY Df
6WRNHY GH IRUPD FRPSDUDWLYD D ORBSRUYBNBPHQRMRDC
HVFRDPHQWR HP XPD IUDWXUD VLPSOKWDVVREUR GHYL VR WEY
IRL IHLWR R PDSHDPHQWR GD VXSHUItFLH GHHXNVNBEBUYDXV&HY
EDVH SDUD D LQVHUomR GD YDULDomR GD UXJRVLGDGH H

(P WRGRV RV WUDEDOKRV FLWDGRV REVHUXY®GDK H XGH R
PRGHODJHP FRP R XVR GDV HTXDo}HV GH 1DnRLBGR W RRNUO\R
FRPSXWDFLRQDO QHFHVVIULR SDUD D VXP YROXo}HR RER
VROXo}HV GHFRUUHQWHV GH VLPSOLILFDoQBV OGWWHWDW X
EXVFDQGR VH PRVWUDU TXH DV IRUPXODO}HYXORDDLERVLP
VDWLVIDWYyULRY HP WHUPRV GH PRGHODJHRPD WISXHP\DD/U G
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KLSyWHVHV DVVXPLGDV 1HVWH VHQWLGR DRWERWGIDIH |
PHFkQLFD GRV IOXLGRYV QHP VHPSUH p CPIRDRY DIWMDMOXAUYDG
VHQGR PXLWDV YHIHV SUHWHULGDV SRU PRGHORYV VLPSOL

$ WHUFHLUD DERUGDJHP FRPXPHQWH XWLOWPIRY @DDPF
FRQVWUX0OmMR GH UHGHV GH FRQGXWRV RX FD/HMDI/FP XQL
UHSUHVHQWDWLYRY GR HVFRDPHQWR Q RHS/\DID B SAR LI DD
p DUHGX0omR GR HVIRUOR FRPSXWDF XRP@DYHG I X H/ DPXOWDR P
GR HVFRDPHQWR p UHGX]LGD D HTXDd}HME RUBDO HIL OB®IRM
R IDWR GH TXH VREUH RV SODQRV GDV IUDWXUDV HP Y
FKDQQHMM @HJILIHV SRU RQGH Ki SDVVDJHP GH ICDARWGR WH
GH FRQGXWRV H FDQDLV XQLGLPHQVLRQDLYV

&RQVLGHUDQGR R XVR GHVWD DSUR[LPDomR GQH\DVWGEIR WUD
DSUHVHQWDomR GHVWHYVY PRGHORV H GRV WUDHBOKRYV GH
LPSRUWDQWH VDOLHQWDU TXH R XVR GHY®WD WHQHIRBEDGBH
PRGHORV GH UHGHV GH IUDWXUDV GLVFUKWDWYW SDSDRDF
FRQVWUXomR GR PRGHOR KLGUIXOLFR

&RQGXWRV H FDQDLV QD PRGHODJHP GH PHLF

&RQIRUPH FRPHQWDGR DR ILP GR WYySLFR DQWHUVRU R
XQLGLPHQVLRQDLY HTXLYDOHQWHY p XPD GIRVHRWPDV
WUDQVSRUWH GH VROXWRYV HP PHLRV IUDWXWDGRV 7|
KHWHURJHQHLGDGH GD RFRUUrQFLD GRGHVGE R DHP[HQPWRQ BIH
FDPLQKRV SUHIHUHQFLDLVY FRPR FRQVHTXrQG&GD B HVD QDU
IUDWXUDV 6HJXQGR 8EHUWRVL HW DO RMEBD@RQKR
GAKDQQHEBQHVHQWDP DSHQDV GD iUHD GD VXSHUItFLH
UHJL}HVY GHVWHV SODQRV SRGHP SHUPDQHFHU VHFRV

3DUD D FRQVWUXomR GHVWD UHGH XQLGUPAHQUYMRQGBID XPWL
UHGH GH IUDWXUDV GLVFUHWDV GRVIBHRDHM DY WPIFMQWR \
(P VHIXLGD HVWD UHGH GH IUDWXUDV DPHQNGR]L SR GIHRNG
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DVVXPLU XPD GDV GXDV IRUPDV LQGLFDGDV QOWDLWAYR

&DFDV HW DO D TXH LQWHUOLHURNFOHROWBRFE BDVUI
YLILQKDV )LJXUD D RX XPD UHGH DU¥DWWiULD GEKHR
VH DVVHPHOKD D XPD PDOKD VREUH R SODQR GD IUDWXU

)LIXUD + )RUPDV GH UHSUHVHQWDomR GDV IUDWXUD

Conduto equivalente

(@) (b)

JRQWH $GDSWDGR GH -LQJ

e HYLGHQWH TXH WDLV FRQGXWRYV GHYHW NGO KDSDDD PHW P L
SURSULHGDGHV GDV IUDWXUDV HP WHUPRVD®H WUKQVLW
SDUD FDVRV UHDLY QHP VHPSUH WBWD FBQWFWH S DAUMLLEWD \
FDPSR VHQGR WDO IDWR WDPEpP UHFRidR HZDWH(DXPR BHM
GH 1DYLHU 6WRNHV RQGH DOJXPDV SURSWILLHGD\G BW \WDPH
HVWRFiIVWLFDV 1HVWH VHQWLGR RRVUKUYDD &H T >GD \H 8 WR:
GR PHLR IUDWXUDGR SDUD D GHVFULomMRGGPNQWNDEDRBPWW
YDULDQGR FRQIRUPH D IRUPD GRV FRQGXWRYV BYXQOKLG!
DXWRUHV FRPR ORUHQR H 1HUHWQLHNV H GHUOWKRZL
HP XPD ~QLFD FRQVWDQWH FKDPDGD GH FRQGXWKQF
SURSRUFLRQDOLGDGH HQWUH D YD]JmMR H R JWWDHKR\GR
FRQGXWR XQLGLPHQVLRQDO

8P WUDEDOKR FOiIVVLFR TXH XWLOL]JRX D DER WGP XM &R
GH PHLRV IUDWXUDGRY p R GH 7VDQJ WWLFBYV H H[SH I DB M
GD pSRFD TXH DSUHVHQWDYDP DV BRDHWHEYWLEFD \D XCO\RRIW
DYDOLDUDP R IOX[R H R WUDQVSRUWHRBHINEDXWEW BERHU
YDULIiYHO UHVSHLWDQGR XPD IXQomR GH AR WRFDGH
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FRPSULPHQWRY HVSDFLDOPHQWH FRUUHODFLEBRDGRR/ $
PRGHOR SURSRVWR FRP UHVXOWDGRV H[SHUKXKRQEGH WD
DERUGDJHP 3RUpP D PHWRGRORJLD GH IHUDODWHRQ W R G OF
FRQIXVD HQmR OHYD HP FRQWD RXWURYWHNRBHR VDRR/ULHHRPN
$OpP GLVVR R PRGHOR GH FIiOFXOR KLGARX GLFRFXOWDIJ C
FRPSUHHQVmMR GR TXH HVWiI VHQGR IHLWR QD VLPXODomR

&DFDV HW DO D H &DFDV HW DO E IRUDP SLRQHL
~QLFR FDQDO UHSUHVHQWDWLYR SDUD D |URWXWL F(IY & HV
XPD UHGH GLVFUHWD GH IUDWXUDV XW L OIS|DH\NGRQ R [PRRKS K
LWHP H FRQVWUXLQGR GLVFRV FLUFGODWHGDGHL G
IUDWXUDV ORFDO H XPD GLVWULEXLo0oMMRGHV$UREQERORG [
HVWDWtVWLFRY GRV FRPSULPHQWRW @R \F RIODAMWMMIKD 8 R (P DV ¥
LQWHUOLJDOmMR HQWUH RV FHQWURWGHDWH.YLGKDFRRUP D
HQWmR XPD UHGH SRU RQGH RFRUUH R WUk @KID/QRVB H GDX
)LIXUD D 2V QyV GD UHGH VmR VHPISW HH \RWHNHR QGHR \
GHWHUPLQDGDV DV FDUJDV KLGUiXO GPDNVSKRR RHLIRF KR/ VY D]
QyV $V UHODO}HV DSUHVHQWDGDV QD\VSDTMD 6INMWH VHFiO K/
UHODFLRQDQGR VH RV FRPSULPHQWRY GRVDWXDFKRVSBFR\
FRQGXWLYLGDGH KLGUiXOLFD DOpP GR EDODQOR GH PDV\

S
3L X F *6; {
~2 E-6
"5 "6

i3 Lt

(P TXH

s ¢ FRPSULPHQWR GRV WUHFKRV GR FRQGXWR HP FDGD
-5 -6 SURGXWR HQWUH iUHD GD VHOmMR FRQVLG3HWLIRGDFHD U
GD UHVSHFWIEYD IUDWXUD

*. *, FDUJDV KLGUiIXOLFDV HP FDGD XPDIGDV H[WUHPLGDC
3 YD]mR TXH WUDQVLWD HQWUH GRLV QyV GR FDQDO
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7DO DXWRU QmR LQGLFRX XPD JHRPHWULDREGUSHFPI L\MOD S
VLPXODomR HPEXWLQGR -H\\@ B LYDIEROU QDY FHRIQ\DW FHOMDHF L P
IRL LQVHULGD QR PRGHOR SRU PHLR GH XPDDWGVNRVWDLEX!I
YDULDomR GH SURSULHGDGHYV KLGUIiXOLFEDOD GR 1R URH
GHVWD FRQVWDQWH e LPSRUWDQWH @YW 0D WH IHVD UY BURG
FRQGXWLYLGDGH KLGUiIXOLFD FRPXPHQWMW MADFDEpP LQOLH
&DFDV HW DO E DSUHVHQWDP D DSO LFIDQ S K& RDRDG H
$XJqUHV QD )UDQoD WDQWR QD PRGHODJHP GR HVFRDPH
(P DPERV RV FDVRV IRL REVHUYDGD ERD DSOLFDELO
XQLGLPHQVLRQDLV

ORUHQR HW DO LQGLFRX XP WHUPRSGR SRUANMODELG
HQWUH D YDJmR TXH WUDQVLWD HP W UFF KHRQ W UM ®IM HWUX
HIWUHPLGDGHVY GH FRQGXWRYV XQLGLPHQVLR@DIRUPEV (T
FRPR R UHIHULGR DXWRU UHODFLRQD DRWDRQyR FIRWPVDPGERH
p REWLGD D UHIHULGD FRQVWDQWH GH SURS FOHAL R ODLAFIDG |
OHL GH 'DUF\ e LPSRUWDQWH VDO LHIGDD ¥PT & R VR G&IVO DX
WDPEpPP FRQWLQXD YiOLGR QHVWD DERUGDJHP

3L 4yvHIKE 20 'SS;
4--Y'LxéiTSESG .5t
IR o

(P TXH
45y UHVLVWIQFLD GR WUHFKR GR FRQGXWR XQLGLPHQVLRC

2V GHPDLVY WHUPRY GHVWDV HTXDo}HNV SRGXH WN[HIWP YQ VM F
FDVR GH XPD DEHUWXUD FRP YDULDomR DRXAOR@YWRU GHH F
UHVLVWrQFLD GHILQLGR SHOD UHIHULGD HRIEX NdhORD o mARRWI
FRPSULPHQWR H D ODUJXUD GD IUDWXUD DW3IRUMRPRWHR
VDOLHQWDU TXH ORUHQR H 1HUHWQLHNYV HUPRHUVKI
VHPHOKDQWH H FRQKHFLGR FRPR FRQ§XWKQFLD H LQGLFI
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$ FRQGXWKQFLD DFLPD LQGLFDGD IRLGBHSDQIQRY 05 DU/
VLPSOHV ELGLPHQVLRQDLV FRP DEHUWXLEX\L ofiDRJ ICRIGQR U
FRP FRPSULPHQWRY FRUUHODFLRQDGRYV WD SRNL IREPHIQW F
VH FODUDPHQWH D RFRUWRKDEQBRER) FHQRHOR SHRFXUDQG
SUHIHUHQFLDLY SDUD R VHX WUKQVLWR ORUHQR HW DO

)LIXUD + 3DUKPHWURY SDUD FIiOFXOR GD FRQGXWKQF|

- AX——
Ry Poq S
v i ) b
’( ——————e Pl I
i
b, -
JRQWH ORUHQR HW DO
ORUHQR H 1IHUHWQLHNYV Mi FRQVLGHURDQIFPRHOIRQ GLFI

DSOLFRX R FRQFHLWR GH UHVLVWIQFLD B WWHFRBFDGE
SURSULDPHQWH GLWD $QDORJDPHQWHHNRD MW RRHS R&H& P
WDO FRQVWDQWH GH SURSRUFLRQDOLGDGH FRPIRGBBEHQC
GR WLSR ORJQRUPDO QmR HVWDEHOHFHQGRWXREDVHGDY
IUDWXUDV GHL[DQGR TXH D KHWHURJHQHHL BN GUHL FR G DHURIE
GLVWULEXLomR 7DO DXWRU REVHUYRX TXH R FWHVFLPH
SURPRYLD XP FUHVFLPHQWR QD RRRQQHERDS GRY DH)F{R HI
REVHUYDO}HV SRU HOH REWLGDV HP VHX WUDEDOKR DQW &

1RWD VH DLQGD TXH D REWHQomR GD UHGH GHHWR@GRXWR
DXWRU p GLIHUHQWH GD REVHUYDGD HP &DFB¥/mRWHD W UH
DV IUDWXUDV WDPEpP VH DSUHVHQMWR HRPRDFFCHQW R R $0pHP
R Qy EDVH HVWDEHOHFLGR p FRORFDGRXQRVFHRGHR) GB® H
UHFHEHU DSHQDV WUHFKRVY GH FRQGXWRYV XQLB8LPHQVL
IUDWXUDV H UHIHUHQWHYV j LQWHUVGIHOD&mRLEFREB DU H O OHd
SRVVtYHO FDPLQKR SUHIHUHQFLDO DVV RRIL®G&RGERDHVFWRE BN
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RFRUUH UHDOPHQWH VRE R SODQR GDV 1UDDMXYURDY m R HIJE k
JUDQGHPHQWH RV UHVXOWDGRY REWLGRYV

)LIXUD + )RUPDomR GRV FRQGXWRYV XQLGLPHQVLRQDL

JRQWH ORUHQR HW DO

'"HUVKRZLW] WDPEpP XWLOL]JRX R FRQFBDRWR &GHH FF
SURSRUFLRQDOLGDGH HQWUH YDImR HHGWBEPHQIBHGEHDBD
UHODo}HV SDUD R FIiOFXOR GDV SURSULHGDGHMVGRYV FF
OHYDQGR HP FRQWD DV FDUDFWHUUWOWDEBERVGRM FRW G XMORY
GH IRUPD DQIiORJD DR Mi YLVWR LQWHUWX®IDIDQHBWXWOFARY
LQWHUVHFomR GD IUDWXUD YL]LQKD IRUPDQ®RGBWVRY XP
WUHFKRYVY VmMR VHPSUH RV SRQWRV UHIHUHQWHY DR FHQW

2V FRQGXWRYV XQLGLPHQVLRQDLV SURSRVWRV SRVVXHF
FDUDFWHUtVWLFD GH SODFDV SDUNOHRIDW FREB8HODUJIXGI
FRPSULPHQWR GHILQLGRV GLIHUHQWHPHQ®EHSRPYOL GWRW
GLPHQV}HV HUD HVWHQGLGD SRU WRGR R WROXRQGXERI
RFEXSDP DSHQDV XPD UHJLmMR GD IUDWXUD FRYRGHQGLF
SURSULHGDGHYV JHRPpWULFDV GRV FRQGXWRYV 'BUWKRZLYV
VXD HVWLPDWLYD DVVLP FRPR 2XVWAWHUXWHW DA R QHV WD
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H VHUIi PHOKRU GHWDOKDGR QR FDStWXORFE&R PHWRER D
'"HUVKRZLW] SURS}H D UHVROXomR GR YHOWW KD X®H }HHT

H SDUD REWHQoOomR GDV FDUJDV KLBW ITOCH MDU/D Q R VWD
FDGD WUHFKR

JLIXUD + &RQILIJXUDomR GRV FRQGXWRYV XQLGLPHQVLRQ

Abertura :

JRQWH $GDSWDGR GH 2XWWHUV HW DO

3 L %y Huy 'Su;
i3 Lr SV

(P TXH
%y FRQGXWKQFLD P# V
4y JUDGLHQWH KLGUiIXOLFR HQWUH GRLV QyV GR FRQGXWI

(P RXWUR WUDEDOKR 'HUVKRZLW] H )LGHOLEXWHQOMRGHVF
GRVY YDORUHV GH FRQGXWKQFLD SDUD RV FR@GBRWRAD XQ
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HTXLYDOrQFLD DV SURSULHGDGHYV GDV |UDW®M WIRQ WD
HP LQJOrV FRQKHBRXR GRU\%OHP HR WpOWRECKRSURS}IH D LP
LWHUDWLYD GH FRQGLO}HV HVSHFtIWH\W BY WGH P0G PH MW BW
KLGUiIXOLFDV GHL[DQGR DVVLP D FRQG XWkQ@GH\WD HRPLR) ¥ O
(P WHUPRV GH FRPSDUDOmMR R DXWRU D PBQMRX SHUPDIQHQ
GH XPD UHGH GH IUDWXUDV XWLOL]DQGR ®RF HWVDRRRIGKJI G
FRQGXWKQFLD H D SRVWHULRU PRQWDJHP BPRW®H HEH GE
GLVFUHWL]DOMR GDV HTXDo}HV QD VXSHUItFLH WGIRW HYD W X
D VHQGR FRQVLGHUDGRY SHTXHQRV DR VH DYDOLDU D

*\OOLQJ H *\OOLQJ HW DO WUDEDOKRX QR
FRPSXWDFLRQDO &+$1 ' TXH LPSOHPHQWRX D PHWRGRO

SDUD D FRQVWUXomR GD UHGH GH FRQGXM®RY XQLGL
IUDWXUDV GLVFUHWDV 7DO DXWRU WD®EPP ®WLOGL R X obn
YDORUHV GH FRQGXWKQFLD DR ORQJR GRV FDQRIDVHRUPD
GHVYLR SDGUMR SDUD D VXD DSOLFDomR $OpMRXGIRVVR
SRVLFLRQDPHQWR GRV FDQDLV HP XPID®BDOKDVXBW D@
PRQWDJHP GD UHGH GH FDQDLV TXH GMHD PR X\WRNE KV DS
IHLWR SRU ORUHQR H 1HUHWQLHNV BLOFY DG b M ¥ REPH R
UHIHULGR FYyGLJR FRPSXWDFLRQDO FRPSDUDQ®R QIMVXOW
GH bVS| QD 6XpFLD

X HW DO DSOLFRX D DERUGDJHP GR FRQ&RWR XQ
PRGHOR VLPSOLILFDGR GR UHVHUYDWYULR 72BHQWpPUWRER
XWLOL]JRX WRGRV RV DYDQoRV REWLGRV SRBEQDKIN RAUHV
'HUVKRZLW] HW DO FRP R XVR GR %(0 SDUD GHW
HOHPHQWRYV XQLGLPHQVLRQDLYV UHILQDQGRKIDG DBFOLE DYt
LPSRVWDV DRV YDORUHV GH WUDQVPLVAHGLBBOGWRG ER Q
UHVXOWDGRYV IRUDP REWLGRYV SHOR DXWRU DXBAG®RRFRP
SODQR GDV IUDWXUDV FRP DV HTXDo}HV JHUDLV GH HVERI

&RQVLGHUDQGR D VHJIJXQGD IRUPD GH XWLOQVY]RODR VG I OF
PRGHODJHP GH PHLRV IUDWXUDGRV HP TXH BHQ@DWXED G
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FRQGXWR HTXLYDOHQWH H SDVVD D VHWIVLY MREWRAH RRYO
GD GHVFRQWLQXLGDGH )LJXUD VHUMR GHVWDFDGRYV C

)LIXUD + )UDWXUDV UHSUHVHQWDGDV SRU XPD UHGH P
RQGH RFRUUHP D PDLRULD GR HVFRDPHQWR G

JRQWH $GDSWDGR GH 8EHUWRVL HW DO

SEHUWRVL HW DO SURS{V XPD QRYD DERU® IVIH B H33H |
P~-OWLSOD GH FDQDLVY FRQVLGHUDQGR D FHXD\WLW rR FIOX IGH
SDVVD D SDUWLU GD H[LVWrQFLD BRIQX P GHUUDIEA MR \WRL KYLHA
SDUWLU GD VLPXODomR GH HVFRDPHQWRRBB XRRGHGRG
KLGUIXOLFD GLVWULEXtGD SRU XPD IXQomR ORQQRURPO F
WHUPRYV GH HTXDo}HV KLGUiXOLFDV [D/WhRGBSOUFDGRR E
GHWHUPLQDomR GDV YD]}HV H GDV FDUJDV KLGUiIXOLFDV

1yV HP TXH PDLV GR HVFRDPHQWR HQWUH D IRQWH |
LQYDULDQWHY VRE R SRQWR GH YLVWD GH SOIE®U B &MRR
GHVWDV UHGHV TXH SRGHP VHJXLU RX QSBSHHRVD R GIHH G MDD A
GH IRUPD LQWHUHVVDQWH R HVFRDP HQWRRHGRH LHPQ{P HD K
FKDQQHDURWPD GH REWHQomR GD UHGH P~OWLSOD GH F
SHOR DXWRU QmR p GH VLPSOHV DSOLFDELOLGYGBHIVHD SDL
VHUHP VLPXODGDV SRGH VH WRUQDU FRPSXWDFLRQDOPH

%RGLQ HW DO GHVHQYROYHX D IHUUDPHBR#D FRPS)
GHVWLQDGD D VLPXODomR GH WUDQVSRUWUBHGH \PROXM B Y
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GH FDQDLV XQLGLPHQVLRQDLY VREUH R SODLKRDEDVPDIDYV
TXH VHIXQGR RV DXWRUHV SRGH VHU W®DBYWIDEVWHDRGHY |
SULPHLUDPHQWH REWHU RV YDORUHV GH WDP EPD K p G IV
XWLOL]DQGR VH D /HL GH 'DUF\ H R EDHPIDQGR G HAXDDYMD OAF
3RGH VH REVHUYDU TXH DSHVDU GHW HP GX®R @ HKNMWDGHR
VLPXODomR GH WUDQVSRUWH GH VROXWRMWVDPDGCGRXWOC
FRPSDUDGD D DOJXPDV VROXo}HVY DQDOtWLFDV

$SyV D YHULILFDomR GH WRGDV DV \§XDEDPX®R H\Q RMADHWH
XWLOL]DomR GH FDQDLV H FRQGXWRYV XQLGLPRD VP RFEGILRN
GH UHGHV GLVFUHWDV HVWi EDVWDQN HVSILMDY ISQWB Bl VIH
GRV HVFRDPHQWRY H GR WUDQVSRUWH G H Y\DROXDNIRIP KR F
UHIHULGR PpWRGR p D PHQRU GHPDQGD GH FIDBNL ®IRG H
VH XWLOL]DU XP FRQMXQWR GH HTXDo}HV OGQHRWHW BB VI
1RWD VH FRPR SULQFLSDO GHVDILR QHWANGHDERVGDWHPFD
HVFRDPHQWR HP WHUPRV GH XPD FRQVWR QHVBUG B LHQR\S
KLGUIXOLFR TXH SRGH VHU LQGLFDGD SRU PHLR GH XF
FDOFXODGD D SDUWLU GH UHODO}HV FRPHDWHSURSH QMG
DGHTXDGDPHQWH D KHWHURJHQHLGDGH GDV GHVFRQWLQ:
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C$3E7i0 3
(M ran2i2,s

(VWH FDStWXOR DSUHVHQWD RV SULQFDS&RW SDJWEHFRV
GHVHQYROYLPHQWR GD IHUUDPHQWD F R PASEX WLRJALEHROQOK®R ) Y
DSOLFDomR YLVD PRGHODU R FRPSRUWDP@GER WRP& B HOK tGEl
UHGHV GH IUDWXUDV GLVFUHWDYV FRP D DERUGWDJHP GH FI

3bUD LVVR D IHUUDPHQWD )UDW&RQG FRQWHMPHEHER 6RQVLF
HP XP JHUDGRU HVWRFiIVWLFR GH IUDWKODSWWG X 3 UP HEH/Q
XP YROXPH HOHPHQWDU LQVHULGR SHOR XVXiULRDHGHRQV
IUDWXUDV XPD UHGH GH GHVFRQWLQXWICGDRIID LG/L VX Q 61\WM
GHQVLGDGH GH SUREDELOLGDGH SDUNLNWGEIPDKROD®WIXWL
FRPXPHQWH HP XVR QD OLWHUDWXUD RWHQGDGRIM DNV W
FRQVLGHUDGRY GDGRVY GH HQWUDGD GHYHQGR VHU LQVH

$ SURGXomR GDV UHGHV GH IUDWXUDV GiH FAUHH\WR Y GpX \E B
XQLGLPHQVLRQDLY HTXLYDOHQWHYV XWLRRQUEW RWD VQWKC
R FHQWUR GDV IUDWXUDV DWp R FHQWDWR XGD WH VISHKEDV LG |
VXFHVVLYD FULDQGR DVVLP XPD L QWHUNDDRV DV RD $IOHWUH!
FRQHFWDGDV )RL LPSOHPHQWDGD XPD R VB HYIV B G LFRR®@X
HOLPLQH DTXHOHV TXH SRVVLYHOPHQWIK R nSRJ HHIVWW H @ B PDI
HVFRDPHQWR UHSUHVHQWDQGR DVVLP GHVFRQWLQXLC
SHUPHDELOLGDGH GR PHLR DYDOLDGR
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&RP D UHGH GH FRQGXWRYV XQLGLPHQVLR @DUN DHTX DY B @& H
VLPXODomR KLGUiIXOLFD SURSRVWD UHDOR]IUEDN&RQE ViH
YHULILFDomR UHDOL]DGD p GH XP HVFRDPHQWRPBR WLS
HOHPHQWDU UHSUHVHQWDWLYR FRQVLGHUDGR D 6mR Q
SULPHLUDPHQWH DV FRQGLO}HV GH FRQWRR QGRH G0 P RIG\H (
KLGUiIXOLFDV UHODWLYDV D SHOR P HQROVXRHADVGBXOIDER V|
VHIJXLGD D IRUPD GHVHMDGD SDUD D GH W HLFPLHQDWINRRY B DV
HTXLYDOHQWHVY 2 XVXiULR GD IHUUDPHQW Di GRGHR iGRIS/\WD
FRQVWDQWH GH SURSRUFLRQDOLGDGH VHIJXQGR XHPHWR
DLQGD VHUi GHWDOKDGD QHVWH FDStWiRFRG R W RSO R JRHR
FRPR YHULILFDGR QRV WUDEDOKRY GH ORUHQROH 1 @ I HHWWC
DO LQVHULQGR DVVLP GDGRV GH PpGLNHI HBH\GILR
GLVWULEXLomR

3DUD D H[HFXomR GD VLPXODomR KLGUHX®DMDDB FOVS RVI\M H
FRPSXWDFLRQDO UHVROYH R VLVWHPD OL@®RHOW FRPSR \HPR
FDGD XP GRV QyV GD UHGH GH FRQGXWR W QI K LG iXiDQ I
WHQGR D FRQGXWKQFLD FRPR FRQVWDQWH GH SWR®RUFLF
FDUJD KLGUiIXOLFD HP FDGD XP GRV @O/D HGR VY W|urHF KXW
FRQGXWRV 7DO VLVWHPD p UHVROYLGR X®DOQDDQIGWRHXMD
SRU /645 VLJOD HPHDEWO BT XSDUHN ZLWK 45H VOHRQWRRWLY] DGV
3DLJH H 6RXQGHUV SDUD D UHVRRXok R R WILR/MAHPL
FRPR p R FDVR REWLGR QHVWD VLPXODomR

$Syv HVWDV HWDSDV p SRVVtYHO REWHUWRVDUHNXO @D
HVWRFDVWLFDPHQWH H HP WHUPRV GH WDHDERWOGDIRWP K
VLPSOLILFDGD GRV FRQGXWRY XQLGLPHG®RVRDUFLMWILUNYR
XVXIiULR GR )UDW&RQG D YLVXDOL]D omRRHSMUGDV H5 HD E QWL
REWLGRV WDQWR QR SULPHLUR TXDQWR QR VHWXG@RBR Py(
DOJXPDV GDV SRVVLELOLGDGHV GH DQiOHWUWHD BRYWWDH VX C
H[SORUDGRVY QHVWD GLVVHUWDOmMR

$ )LIXUD UHVXPH DV HWDSDV PHWRBH@W HL HDIVX B VXH.UGHRV
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HWDOKDGDV QRV WySLFRV D VHIJXLU 7HRGW WV DHOWN OWK HH W E
LWDGRV H FRPHQWDGRY DR ORQJR GHWHUH G\RM VERIORDKV
P XPD LQWHUIDFH JUIILFD DPLJIiIYHCC pIPGGEHV HRSARRHOW ERP <
HIHULGD IHUUDPHQWD 'HVWD IRUPD R XVXiUWRR OQmR
HVHQYROYLGR HYLWDQGR SRVVtYHLVY DOWHUDO}HV RX Y
JLIXUD + (WDSDV GH HI[HFXomR GH VLPXODomR QD
- T g S ——— ~ , Médulo2 . _ _ _ _ _ -~
s \ | \
Geragdo da rede de [
Ge['ac!or condutos : Simulagdo |
EStocaSt_ICOde unidimensionais hidraulica [
fraturasI discretas equivalentes I l I I
e ey / e — e "
A partir de dados estatisticos Com a rede de fraturas Considerando o balango de

da formacgdo avaliada, sdo
utilizadas fungdes de
distribuicdo de probabilidade
para a geragdo da rede de
fraturas discretas

discretas gerada, traga-se os
condutos unidimensionais,
interligando o centro das
fraturas ao centro das
intersecgdes, de forma
sucessiva, formando a rede a
ser hidraulicamente simulada.

massa nos noés da rede de
condutos e a respectiva relacdo
linear entre vazdo e gradiente
hidraulico nos trechos, obtém-se
os valores de vazdo e carga
hidraulica nas fraturas, por meio
da solugdo de um sistema linear.

g - |
Analise dos Plotagem dos resultados em gréficos e planilhas, permitindo a avaliagdo do
resultados comportamento hidraulico do meio fraturado, a partir dos dados de entrada

obtidos inseridos.

JROQOWH $XWRU

IHUUDPHQWD J)UDW&RQG IRL GHVHQYROYLGDGOR B@ERW H
V VHIXLQWHY UD]}HV HP GHWULPHQWR D RXWURV SDER\
X $ SRVVLELOLGDGH GH FULDomR GH URWLQDHP SURJU
SUYSULD GH IiFLO XWLOL]DomR H GH LHPPS GRHKPWHDDAYD o
OLQJXDJHQV WDLV FRPR R & R )RUWUDQ H R 9LVXDO
3RVVXLU IXQo0}HV SUp GHILQLGDV GH LQWRBHIVWH SC
IXQo}HV GH GHQVLGDGH GH SUREDELOLGDGIHJ RIXRIV S
GH IRUPD UiSLGD H IiFLO DVVLP FRPR DTXHIODHNYROW
QmR GHPDQGDQGR D FULDomR GH URWLQDV DGLFLRQE
Xx 3HUPLWLU R XVR GLUHWR GH PDWUL]JHV H YHWRUHV S
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VHU DUPD]HQDGDV VHP D QHFHVVLGDGH SUpYLD GH C
X $ SRVVLELOLGDGH GH H[LELomR JUilLFDR ®WR\E LLHHAXIBD W
SRU IXQo}HV GH SORWDJHP LQFRUSRUDGDYV
X $ SRVVLELOLGDGH GH FULDomR GH XPD QWW HWIDHREK KD
GH SURJUDPDomR LPSHGLQGR R DFHVVR DR FyGLJR L

*(5$'25 (672&E67,8&2 '( )5$785%$6 ',6&5(7$6

&RPR YLVWR QD UHYLVMR ELEOLRJUIILHFDWRRVW LGD DR UH
GH UHGHV GH IUDWXUDV GLVFUHWDV SEDDWDRRGHPRUHPT
WDPEpP ID] SDUWH GD PHWRGRORJLD GHVWHHW U D BEDXDIXRD
HIHFXWDGD SHOR PyGXOR GD IHUUDPHQWD UDDN&RQG

VHQGR GHSHQGHQWH GH DOJXQV GDGRV GH HQWUDGD TX

2 SULPHLUR GDGR D VHU LQVHULGR p R WO/PDWKRRGIR WH
VLPXODGR 7DO YROXPH SRGH VHU HVWLPHDGPRERD TRMHWL
IRUQHFHUDP RV GDGRV HVWDWtVWYFRNVNVGIDWWRUDVWHXIHV
GH EDVH SDUD D PRGHODJHP 2XWUD @ GCGWHVIQOMWL GH 5 R&
REVHUYDomR TXH GHOLPLWHP XP YROXPH HXHSWRWKWBNV VL
IRUQHFHUMR DV FRQGLo}HV GH FRQWRUQR QHFHVVIULDYV ¢

(P JHUDO WDO YROXPH DVVXPH D IRUPDURHEW BD HYHRHIRUL
GDGR D VHU IRUQHFLGR SHOR XVXiULR GD IHBYOPHQR/ D F
$LQGD p SRVVtYHO D LQVHUomR GH XP Y R@K A XGHRI BOPI)
KRUL]IRQWDO SRVVD DVVXPLU GLPHQV}HV GLIHUHQWHYV GD
HP WHUPRV GH DQIiOLVH GH ORQJRV DIORUD®MRAWIRYV DYVHW
GLPHQV}HV TXH IRUPDUMR R YROXPH D VHU VLPXODGR

2 VHIXQGR GDGR D VHU IRUQHFLGR SHOR XNVNXVUGR GJD WHUL
FRQWLGDV QR UHIHULGR YROXPH UHSUHYVH®QWBWLWHR WHL P
TXDQWLGDGH GH JUXSRV GH GHVFRQWLQXLGDVGHMW DIVX H

VHPHOKDQWHY WDLV FRPR D RULHQWRNGR FR ol\VRS B 610V RHAC
p LPSRUWDQWH SRLV HP JHUDO DV I1UDWWXWDW LRRN¥L SDRIS
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FDUDFWHUL]DGDV MXQWDV HP WRUQR GH XPVPRORU Pp(
GLDJUDPD GH URVHWD SDUD D LQGLFDBEREMXH WRBLGE Y WWDD
p FRQVWUXtGR HP LQWHUYDORYV GH HP RX GH HP JL

&RPR REVHUYDGR QD OLWHUDWXUD FRUUHQWYWH DVPHPH X P D
IRUPDomR YDULD GH D VHP D FRQVOBGRDDYME GHHI R R\
VLPXODo}HV p UDUR HQFRQWUDU PRGHORV JUDW&EB®DVFR
DVVXPLQGR TXDVH VHPSUH GLUHoO}HV SHG®R H Q GIHRXUCICPHH
JUDW&RQG SHUPLWH TXH R XVXiULR RSWF CBHID D HIUDWOHNUR
HVWRFiVWLFD GD UHGH GLVFUHWD GHIY HJ VWX UFIDW DFRV A H Q]
TXH D VLPXODomR VHMD SRVVtYHO

2V SUy[LPRVY GDGRV GH HQWUDGD GHYHP VHU LQVHULGRYV
HVSHFLDOPHQWH GDV FDUDFWHUtVRPLSHBIWY |2V WFHDWF B DWRI
VHIXLQGR D RUGHP LQLFLDO FRUUHVSRQGHLD GRQVYBD(
wubwbDU GD JHUDomR GH XP PRGHOR GHD WHUXUQ@VYHWUG!
YROXPpWULFD RX VHMD FRUUHVSRQGH DR Q~PHUR GH
UHSUHVHQWDWLYR LQVHULGR SDUD D WLIR XOPHWUR SHRPRRP X
D FRQWDJHP GRVY FHQWURY GH IUDWXUD$VXHPH \P\H RRL QX/H
D IUDWXUD QmR HVWHMD FRP iUHD LRBWBH SRGH QN H UQ 8DIL
FRQWDJHP GHVGH TXH VHX FHQWUR HVWHMD Oi FRQWLGR

2 GDGR GH GHQVLGDGH YROXPpWULFD p HVWHGH LD DWXOWD
TXH D UHIHULGD IDPtOLD SRVVXL QR LQWHUHRWD dRR YARIONHF
QD IRUPD GH XP SURGXWR HQWUH DV GLPHQWSHF®R YI(5
GHQVLGDGH SDUD HVWD GHWHUPLQDOmMR W RPFHOWH R 0@
IUDWXUDV QR YROXPH D VHU VLPXODX®on® WH LZNRV ML
SUREDELOLGDGH GR WLSR XQLIRUPH RX UDQGRWHWRPR |
FRPSXWDFLRQDLY SDUD JHUDomR DOHBDOWWURLY GDYW FBBRW
QR LOWHULRU GR YROXPH GHILQLGR SDUDTXDVMMRXODHmMR
LOXVWUDGD SHOD )LJXUD

S
BT, L—— =0OTGO, > ISW
> F =
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(P TXH

T YDULIYHO DOHDWyULD

> p R OLPLWH VXSHULRU GR LQWHUYDOR TXH FRQWpP RV
p R OLPLWH LQIHULRU GR LQWHUYDOR TXH FRQWpP RV )

JLIXUD + 'LVWULEXLomR XQLIRUPH QR LQWHU
fx(x)

&

1/(b-a

¥
<

o | PIST——

Q) |rmmmmem—————

0

JRQWH 7HOOHV

$ JHUDOmMR GH XP Q~PHUR DOHDWYULR VHJIXWQGR]DQGIRV Y
(TXDomR 3ULPHLUDPHQWH JHUDQRI DOPVBUFBOR B QMWD
3RVWHULRUPHQWH PXOWLSOLFD VH HOW+4a SPRIHDUR BXDO
GHVHMD VH R Q~PHUR JHUDGR 6RPD V H QIW HAHRIEOVRK Q B/ G |
VH SRU ILP R YQRORU EXVFDGR

QL=E>F5HQ 1S X;

1R 0$7/$% WDO SURFHGLPHQWR p UHDOREDG/RQTHO ONX Dd J¢

H FRQVLGHUDQGR FDGD XPD GDV FRRUGH\QRGDY T
e QHFHVVIULR LQIRUPDU RV OLPLWHV VXSKWRMUTXHLQI
FRUUHVSRQGHP DRV OLPLWHV GR YROXRIE OSGH V& R X@-DPoHILR
DOHDWYULRV D VHUHP JHUDGRV TXH FR UNRH\DIRQIEGIPOMD VD

LN=J@KQJIJBHEIEJATIZ2TAJBAS
 LN=J@KQJBRIIEJAUIZT,4JBas
<LN=J@KQJ®B/IEJAVIZT,aJBas
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(P TXH

:4;4<YDULIiYHLV PDWULFLDLY TXH UHFHRWPHRVRFRRUGH QL
UHVSHFWLYDPHQWH

TIEJATIZ2TA UIEJAUIZ2Ta WIERAWHM LQIHULRU H VXSHULRU
VLPXODGR DR ORQJR GH FDGD XP GRV HL[RV FRRUGHQDG
JB4sQ~PHUR GH OLQKDV H FROXQDVATXH \DAX DR L DrSHW T
JHUDOomR GDV FRRUGHQDGDV GRV FH@WBEBRUWHDWPWERFR V)
YHWRU FROXQD FRP Q~PHUR GH OLQKDV LJXDDOBDR Q~PHU

&RP RV FHQWURY GDV IUDWXUDV ORFDGRRD DHRFPHWRD FHDN
IUDWXUDV TXH VHUmR JHUDGDV 1HVWH WUDBROIOKRKHWHU I
SDUD UHSUHVHQWDomR GDV IUDWXUDV \GAD IRUPHOWRILGD B |
LPSOHPHQWDOmMR H GD VXD DGHTXDonm® LDBGRR GHOR PIRIGG
UHSUHVHQWD DV IUDWXUDV SRU GIOWMFR\D HDEWOD W3V VB R
FXMDV FRRUGHQDGDYV VmR REWLGDV ¥V SRGWRWED 8 WKPS
FRQVWDQWHY RX DVVXPLUHP XPD GLVWU IGHRX Ro¥x1\RRGEHH SXURRO
GLVWULEXLomR GR WLSR ORJQRUPDO WHRGRRRVGMHMDIOBW
XWLOL]DGRVY FRPR EDVH SDUD REWHQomR GRV GLKkPHWUR\

$ IXQomR GH GHQVLGDGH GH SUREDELOLGIOGH KHMRWW GHR Q
(TXDomR VHQGR GLUHWDPHQWH GHSHQGHQWYHGD Pp(
DYDOLDGD $ )LJXUD LOXVWUD HVWD )'3 PoREQVWLGRBDAQ
GLIHUHQWHY GHVYLRV SDGUmMR 2EVHUYD VH BRMDQGH
GLIHUHQWHPHQWH GR TXH VH REVHUYD HP RXWUDV GLVW!I

F.Z+TF4&;~

B:T, L ATES——K

&1e

(P TXH
T YDULiYHO DOHDWYULD
44 6PpGLD H GHVYLR SDGUmMR GD YDULiYHO DQDOLVDGD
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)LIXUD + 'LVWULEXLoanRr 8 RGQIRUPMQAWHMVR¥FDORUHYV GH (

f(x)
2.0

— o0=10
— 0=3/2
o=1
o=1/2
I — o=1/4 1
1.0 — o0=1/8 7]

15

0.5

0.0 0.5 1.0 15 2.0 2.5 3.0

JROQOWH $XWRU

$ REWHQOMR GH XP Q~PHUR DOHDWYULR NHIXD XGR. OLFLY
UHODOomR DSUHVHQWDGD QD (TXDomR 3W ¥ BHR SDRHNQLW H
GH XPD GLVWULEXLomR GR &VH SGRH @ RIURR SERGARFRUR [RE/PHH Q W
H[SRQHQGLPRUGHVSRQGH DR YDORU EXVFMQ&R QD GLVWULI

QL s’ 9 ts;

$VVLP QRWD VH TXH R ORJDULWPR GH XPD ¥YRWLiIYHO
SDUKPHWURVAHY WDHWPtKWDFRWVWWULEXLomR QRUPRBM FRP R

é

1R 0$7/$% D JHUDomR GH Q~PHURYV UHV SKLWD@GHR \DH UH I0H
GH FYGLJR LQGLFDGD QD (TXDomR D TXD @@ BW WGCALIMKF RWYI
UHSUHVHQWDWLYRV GDV I UDWXUDV
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(P TXH

& YDULIiYHO PDWULFLDO TXH UHFHEH RV YWD GRUHWYIBRNVG
GLVWULEXLomR

448 PpGLD H GHVYLR SDGUMR GR FRPSULPHQWRH®DV IU
LQIRUPDGRY SHOR XVXiULR GD IHUUDPHQWD
JBA4SDQDORJDPHQWH DR YLVWR QD JH U DDRIURHE RAR B H &8 WIRG
DR Q~PHUR GH OLQKDV H FROX@DMW XRH [D 3 PW Di YIH O POMWMRU (
GRV GLKPHWURYV 1HVWH FDVR WDO YDULIFRIFO QAP A B R SRH
OLQKDV LJXDO DR Q~PHUR GHJBDWXUDV GD UHIHULGD IDF

2XWUR GDGR GD FDUDFWHUL]DomR GDV Iy DWXBHUWWIX UW/IH G
IUDWXUDV TXH VHUiI FRQVLGHUDGD QRPHQWROBDGDSOWBD
GR PRGHOR KLGUiIXOLFR &RPR UHIHUHQ A DVMDRP BP EDL\EDA RE
XPD GLVWULEXLomR HVWDWtVWLFD GRGRWDR O RIHMNH INAJ
'"HVWD IRUPD DV HTXDo}HV SUHYLDPRQWHRDGRW \GHQ WD D
GLVFRV UHSUHVHQWDWLYRV GDV IUDWKWV DG/D W DHEEHPPWWXID R
PpGLD HR GHVYLR SDGUmMR GHVWH HYVG® cO/PHQMRR SHIYBI D |
HI[HFXomR GD GLVWULEXLomR $QDGCRYIGR HHWDDRY GHIG RV
FROXQD FRP D TXDQWLGDGH GH OLQKDV LXXIDW IDRtQtEPM
JHUDGDV

$ GHWHUPLQDOomR GD VXD RULHQWDomMRB HhVREXWWURRSGDY PV
&RQIRUPH YLVWR QD OLWHUDWXUD D\ OG 1LLYG\DUWM. EXD 0 PH
FDUDFWHUL]DomR GHVWD SURSULHGDGH AMKHUDWKQOR Y
~OWLPD PDLVY DSOLFDGD SDUD PRGHO R\ WLICHXPLHEO\RL BEQIC
(TXDomR WDPEpP VHUi XWLOL]DGD QiRWHD WHD BOLE BRI |
SRU ODUGLD

G DAamq,i, a

B:aaijlL Ve i-3G

(P TXH
4 kQJXOR GH GLYHUJrQFLD FRP UHODomR D GLUHomR PpG
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G SDUKPHWUR GH )LVKHU TXH FRQVLGHUD XPDp&SRBVtYHO

2EVHUYDQGR D ELEOLRWHFD GH IXQo}HV GR O0$XBBP QRW
IXQomR GLUHWD SDUD JHUDomR GH Q~PHURV FRQVLGHUD
IRL QHFHVVIULR R GHVHQYROYLPHQWR GH XPRORRWGERD L
RULHQWDomR GDV IUDWXUDV JHUDGDGEDH)N 8V RFDY W IRFADLPCHIL
GHVHQYROYLGD FRP DGDSWDo}HV D SDUWLU GDV LGHLD\

$ GLVWULEXLomR GH )LVKHU p IHLWD FRIRAL GHDYWDIQ®RY RV D

REWHQomR GHVWHV YHWRUHV )LJXUD FROUWRVGRQGH
GLVWULEXLomR GH )LVKHU VHQGR FDOWXQBDBRVH)LEDG WYV
(TXDo}HV H (VWDV HTXDo}HV VmR GHBODAHQWGEIN |

GLUHYWRIINBH PHGBISGRRSODQR GD IUDWXUD FRQVLGHUD
HQWUDGD D VHUHP IRUQHFLGRY SHOR XVXiULR GD IHUUDP

)LIXUD + 2EWHQOmMR GR YHWRU QRUPDO XQLWIiULR I

z

y (Norte)

X (Leste)

JROQOWH $XWRU

QLOAJ aefei -t
RLOAJ &..'¢1]
SL?KO a
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(P TXH

QaRA4PRPSRQHQWHY GR YHWRU QRUPDO XQLWiPHR ®RVSOD
HL[IRV [ \H] UHVSHFWLYDPHQWH

4 kQJXOR GH GHYPXQKKUDGR HP UHODomR DR HL[R ] (\

GLUHWDPHQWI—@SQQ‘H%QXVXiULR

" KQJXOR GHVWUURB@RXUDGR HP UHODomR DR HL[R \ (\
GLUHWDPHQWHr H@Rt&X VXiULR

SHVVDOWD VH TXH FDGD XPD GDV IDPtOLDV GH IWBHWXUDYV
D SDUWLU GRVY GDGRV DQJXODUHYV IRUD FHHGR XVIVWVILR S\RF

IDPtOLDYV YHWRUHY EDVH VHUmMRDBWIH\LIPOW R & D GHOLPWL
GH IRUPD DQIiORJD SDUD RXWUDV TXDQWLGDGHYV GH IDPt(

$SyV D JHUDomR GRV YHWRUHV QRUPDGVY VR SIDE/ P i R JXH C
p URWDFLRQDU R YHWRU REWLGR GH IRUFPDRTXH AR WD ®
SDUD VLPSOLILFDU D LPSOHPHQWDomHA DG D(VWMWHDH U R®/D oGl
UHDOL]DGD HP GXDV HWDSDV FRQIRUPH M[HP Y®WDEDIRRI |
UHDOL]DGD QR VHQWLGR DQWL KRUIULR E{WL @/RI\W RV HAD D
DQWHULRU VmR PXOWLSOLFDGRV SRU PDWWRLYBWOQ®H RM\
FRQIRUPH PRVWUDGR QDV (TXDo}HYV H

SULPHLUD URWDomR

12°L # H 12 ty;
Q" .1 OAJ 1T rQ
eRiI'Letel ...'¢7T iHRI
S" r r S S
6HIJIXQGD URWDoOmR
127 ¢ H 12" tz;
Q"" s r r Q
eR''"L & ‘ea FOAH @&
S"" r OAJ a ‘e S
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(P TXH
#4$PDWUL]JHV GH URWDomR GH YHWRUHV HP WRUQR GRV F

14 YHWRU QRUPDO XQLWiULR JHUDGR QD HWDSD DQWHULTH
12 YHWRU UHVXOWDQWH GD SULPHLUD URWDomR
12" YHWRU UHVXOWDQWH GD VHIJXQGD URWDomR

)LIXUD + 5SRWDomR GR YHWRU QRUPDO XQLWIiULR W

y (Norte)

X (Leste) z

Rotacionar ¢, em torno do
eixo z, encaixando o vetor

no plano yz.
y (Norte)
z X (Leste)
PII [
A /] ]
/ | Rotacionar 8, em torno
kY | do eixo x, colocando o
/ | vetor sobre o eixo z.
o) 4 “ y (Norte)

X (Leste)

JROQOWH $XWRU
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$SyV HVWD URWDomR D WHUFHLUR SDVN\R KSOW B RIDS/Q IVRADH
DSOLFDomR GH XPD URWLQD HVWDEHOHFLEWDSPDW 7HOOH\
x JHUD VH XP Q~PIQUR ®PDWW MYy BIHR XPD GLVWULEXLomR |
> @
x JHUD VH XP kQJXOR YOIDoHDRVy ULRV D QEBRIBEDAXRORRBR SHV\
DQWHULRU DOpP GRG/®H RILVERUS LRPHHW.GR SHOR XV
GH HQWUDGD ODLV GHWDOKHVY VREUH HVWH SDUKPHW
2 E Q.

x JHUD VH XP QRYR Q+PBHBURD DWHOWH DRPD GLVWULEXL

LQWHUYDOR > f f@
X '"HWHUPLQD VH{RDYBWRWLU GD W & WSHORR/ GRHWOWRR U
)LIXUD

)LIXUD + 2EWHQOMR 4 RGXHDWRBWH ¥ ®WQUFDomR GD GLVW

1¢: girar 6°emtorno
do eixo x; |

29: girar T° em torno do !
y (Norte) g eikoz: '

X (Leste)

JRQWH $XWRU

2 SDUKFGHGMURVKHU SUHVHQWH QD (TXDomR H SHGLGR F
GD IHUUDPHQWD )UDW&RQG SRGH VHU HQWBYQ GLWH ¢-}RIR/RG
YHWRUHV QRUPDLY DRV SODQRYV GDV IUDWXRDYR GH JWKHG
HVWLPDGR SDUD XPD DPRVWUD GH IUDWRUDXCoBRUW LT K
OHYD HP FRQWD R4YGHWWRR GWRAHW RWIHNRUHY GD DPRVWUD

/| GHQWUR GD DPRVWUD DYDOLDGD
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~
M
(2]

-ur;

~
Tn
SN

6HIXQGR 9DUJDV DSXG 7THOOHYV VH RV YEWRUHYV
VmR TXDVH SDUDOHORYV LPSOLFDQGR HR VXDAMNWMNMNWGHNVD P E
VH DSUR[LPDDJHIHGR BRWAHDXGHD DR LQILQLWR 1R VHQWLGR F
DSUHVHQWDP EDVWDQWH G4 YSHWKAH YWHIE\HWWRDDV Bl VXKD KR

3DUD ILQDOL]DU D JHUDomR GR YHWRU DQNRWYU IGRHYBIHWI

SURPRYHU D URWDOMRAL Q¥WUOD]|IBRGRHDMWRBDWUL]HV $ H
(TXDo}HYV H UHWRUQDQGR DVVLP R YHWRHN BRHUDHGR D
&RPR DV URWDo0}HV SURPRYLGDV SHO DQRUWH R WILGIRVDRDMLUH
GHYH VH VXEVWLWXUrYFRRWXQ FXQMWBRWLQGR TXH D URWD
GH IRUPD LQYHUVD

e LPSRUWDQWH VDOLHQWDU TXH R WHU Bl mRRGID VHARU [ RJHH
JUDW&RQG D TXDQWLGDGH GH YH]HV QHPEHVWIBIUL 3 DD Pt
$VVLP VH XPD IDPtOLD SRVVXL ITUDWXUDV¥RNHWNE& DIGIRN\D |
IRUQHFLGRYV SDUD D IDPtOLD QR SULPHLURHHURHIBDYER S
YHWRUHY VHUmMR JHUDGRV VHJIJXLQGR D GLVWULEXLomR G

$ )LIXUD UHVXPH RV SDVVRV H[SOLFDGRVL@Y@RVDPOWLP
LPSOHPHQWDoOomR GD URWLQD GH JHUDOWBRLEKLY -hW R3HH YL §
&RPR GDGRV GH VDtGD GHVWD URWLQD VHUWR Wa\s6DV YV |
XQLWiUuLDY GRV YHWRUHYV JHUDGRYV DVVK® KR AR GV GHME
GHVWHYV YHWRUHY TXH UHSUHVHQWDUMR D RULHQWDomR
IHUUDPHQWD )UDW&RQG

,QVHULGRV WDLV GDGRV D FDUDFWHUQD®IMPR GID Ve IDP$RL
UHOHPEUDU TXH RV GDGRV GH GHQVLGDGR HRDEKRPWWXUE
GHYHP VHU LQVHULGRYVY SDUD FDGD XPD GDWVWDOPFLIODLW S
YLVXDOL]DomR GRV GDGRV GH HQWUDGD } HV 7T®HHIOBD V HW
IRUQHFLGDY SHOR XVXiULR SDUD H[HFXomR GR PYyGXOR ¢
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LWHUDWLYD IRL FRQVWUXtGD SDUD

| HUDJ B PVDCGBW DG $HU RIS R X/

GHVWH WH[WR &RP HOD p SRVVtYHO TXDBLR BDGCRVYRGEMHYI

LOQVHULGRYV

)LIXUD + S HVXPR GRV SDVVRV GH LPSOHPHQWDoOomR

7 s i st S 5 S S S S S ;
Il Média do angulo de mergulho (dip) :
,:'_:'_:'_:'_:'_:'_:::::::'_:'_:'_::'_:'_:'_'_'_:'_i

Dados de entrada -< l Média do angulo de diregdo (strike) :

[ et b e it it e i i b o et el o et e 5
Il Pardmetro k de Fisher :
I S L S S S S A 553 08 SRS 1 B
— T T T T T T T T T T T T T T s s s s s s e - N
1 10 . 5 P 0P)-
Obtencio do vetor 1 12 passo: obten¢do do vetor normal unitdrio ao plano da fratura (OP);

base, a partir dos
dados fornecidos
pelo usudrio

Execucdo da rotina —<

Obtencdo do

NN M L Ll mmmoo_ -
/ 7 FE SIS AT S NS SO TS TR TSRS T e TS PR T e A Y
Il Componentesx, y, z dos vetores gerados :
Dados de saida —< fmm e e e e e e e — - N
Il Angulos de diregdo e mergulho dos vetores gerados :
___________________________________ -~
N~

vetores individuais

1 torne paralelo ao eixo z, gerando OP"’

-~

22 passo: rotacionar o vetor obtido no passo 1, de forma que elese 1

___________________________________

1 32 passo: aplicar a sequéncia de passos indicada por Telles (2006)
: - Geragdo do nimero aleatério u

1 - Geragdodo angulo 8

: - Geragdodoangulot

1 - Rotagéo do vetor OP”, gerando OR’

|

™ Rotag3o do vetor OR’, retornando-o as proximidades do vetor base.

JROQWH $XWRU

7TDEHOD + 5HVXPR GRV GDGRV GH HQWUDGD SDUD R P\

JRUPDWR H G
GR YROXPH

)RUPD F~ELFD

'LPHOVmMR GD DUHVWD P
LPHQV[EHV _
)GRHUP SULVPIWLEFED

&RPSULPHQWR P GLPHQVINR DR C

VLPXODomR

/IDUJXUD P GLPHQVMR DR
BURIXQGLGDGH P GLPHQV

1~-PHUR GH ID
IUDWXUDYV QD

PIOPBVRGHLQWHLUR GH IDP
HWPDW mRWLFDPHQWH H TXH

ORQJR
mR DR

tOLDV
VHUmMR
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&ERQWLQXDomR 7DEHOD

'HQVLGDGH YROXPHWR LGHD IUDWXUDV SRU PHWUR F
GH IUDWXUDVPi

&RPSULPHQWR ®DPU@LD P
IUDWXUDVYé GHVYLR SDGUmMmR P

$EHUWXUD GD\‘/E ILPJ WXUDV

€ G R SDGUmR PP
pPGLD GR kQJXOR GH PHUPXOKR
\p/GLD GR kQJXOR GH GLUHomR f
( SDUKPHWUR GH GLVSHUVmMR GD Gl

JRQWH $XWRU

wvo T

2ULHQWDomR G
C
IUDWXUDY

&RP UHODomR DRV GDGRV GH VDtGD REWWUDBRYV WHGRNUIBC
DVVXPLUMR D IRUPD GH XP YHWRU FROXIPDWUICFSIDRY B
YDULiIiYHLY FULDGDYV QR DPELHQWH GR OB3GLH % P $G RX/DYQNN S
p LIJIXDO DR Q~-PHUR WRWDO GH IUDWXUGUWGNMCQRGERG HRIBD AF
VHTXrQFLD SDUWLQGR GD IDPtOLD DY DJDWRKIOLY VHI
LGHQWLILFDGDYVY D SDUWLU GD OLQKD VKHHHV WHRX YHXD (
IDFLOPHQWH GHQWUR GDV YDULiIYHLY FULDGDV SDUD R V&t

$ )LIXUD DSUHVHQWD D UHSUHVHQWDomR GHRUDEPWD]F
HVYWRFDVWLFDPHQWH QD IRUPD GH XRDQWMHWHRO DG $I\Q WU L (L
GH FDGD XPD GDV IUDWXUDV JHUDGDVRYWRWDQ@GERHDNNDLWP X
-i DV FROXQDV FRUUHVSRQGHP D FDGD X R BV WRFRWWL
&UX]DQGR OLQKDV H FROXQDV REWpPP VH UDSLAEDPHQWF
IUDWXUD IDFLOLWDQGR R XVR GDV YDULIQBLYVHDBDOGRQY
JUDW&RQG

-i D )LIXUD DSUHVHQWD HVTXHPDWRADEBYWHDRWX GD V FH
QHVWD SULPHLUD HWDSD GR PYyGXOR GD IHUUDPRHIQ WD )
HWDSD VmR XWLOL]DGRVY QHVWD UHSUIKBHHUGWPEHH b D ¥ FBARIVC
luUbwxXxub UHDO FRP R UHVSHFWLYR GLVFR UHSUHVHQWDW
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+ )RUPD GR DUPD]J]HQDPHQWR GRV GDGRV JH

Localizagao Diametro Abertura . > . =
4 Orientagao — Orientacao -
dos dos discos das o -
. vetor unitario angulos
centros representativos | fraturas
XS Y 7 D a u v w

)LIXUD

angl ang2

Ny

JRQWH $XWRU

)LIXUD + 5SHSUHVHQWDomR HVTXHPIWLFD GRV GLVFR

&

fratura

direcao
(strike)

diregao
__ (strike)

vetor perpendicular
ao plano do disco

mergulho
(dip)

mergulho
(dip)

C: centro do disco (X, Y, z)
D: diametro do disco

p;?arlzrc;a disco representativo da
fratura

YJRQWH $XWRU
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*(5$d-2 '( 5('(6 '( &21'8726 81,',0(16,21$,6

$SyvV D JHUDomR GD UHGH GH IUDWXUDm®BD GHFRHPYWOGXOR V
IHUUDPHQWD )UDW&RQG p D JHUDomR GRW X\MYHDEKHRQWGEH FF
VHUMR XWLOL]DGRV QD VLPXODomR KLGUDXWHWV WL EW VF
IlUDWXUDV HP WHUPRV GH RULHQWDomR VHQGRHWLDGR
UHSUHVHQWDWLYRV GDV I UDWXUDV JHUDGRV QD HWDSD

$ FULDomR GRVY WUHFKRYV GH FRQGXWRND XIQR GLPW QN LRRWQ Bt
GDV IUDWXUDV FXMDV FRRUGHQDGDYV IRUDIP GHWW IGIDE/X Q®n
XQLIRUPH H DUPD]J]HQDGDV QD IRUPD PDWMHILHFUD®D HUD WHNQ
D IUDWXUD YL]JLQKD TXH VmR GHWHUPLQDGGDOL ]|@PHB\RWQDH
LOWHUVHFomR GHYH VHU LOWHUOLJDGR DR FRH@OWHRKRD
FRPSOHWR

JHPEUD VH TXH RV QyV GH UHIHUrQFLD GR\W W EFHPKRIR X QG|
IUDWXUDV XPD YH] TXH QHVWHV SRQWR W VM Krh B UGXIOWHU
UHSUHVHQWDWLYRY SDUD FDGD IUDWXUD HQOFRPQGH R X HH QQ
GLIHUHQWHVY WUHFKRV GHPDQGDQGR D UHPOQYDWR RG B\H
LQWHUVHFO}HV VmR DSHQDV EDVH SDUD RDWUPPRDER GR
SURSULDPHQWH GLWR Mi TXH QmR WHQHR WXR SBQWR X!
HQFRQWUR GH GLIHUHQWHY WUHFKRV QHMRWSIWDRSDR AD\QDG B
SRQWR

$ )LIXUD DSUHVHQWD HVTXHPDW L FDPMHERN 6 RWD BPRQGBK
XQLGLPHQVLRQDLY DSHVDU GH ILIJXUDV DQWHWHWHR
HOXFLGDGR WDO SURFHVVR 1RWD VH TXH RRQWULKEHKUDQ IRF
DLOWHUOLJDomR SULPHLUR FHQWUR LQWHWY ¥R GG W
QRV SRQWRV GH LOWHUVHomR RV FRQGXWRV XQLGLPHQV
DFRPSDQKDU D RULHQWDomR GR SODQR GD IUDWXUD FRQ

GD IHUUDPHQWD )UDW&RQG $ UHSHWLDUTRVNXHDW OF RV IF R\
HQWUH VL SHUPLWH D REWHQoOomR GD UHGIH' B GRQGEXWRY
IUDWXUDGR HP HVWXGR JHUDGR GH IRUPD HVWRFiIVWLFD
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)LIXUD 7TUDoDGR GRV FRQGXWRYV XQLGLPHQVLR

&'/ centro da fratura
centro da intersecgao

interseccgao entre fraturas

condutos unidimensionais

T1=T1a+T1b
T2=T2a + T2b
T3=T3a + T3b

JRQWH $XWRU

7RGD IUDWXUD TXH VH DSUHVHQWH FREMPWDHFK BVXG B FR(
XQLGLPHQVLRQDLY HTXLYDOHQWHY W U D oDRSRW U DPWDIW R WX\
QmR WHUMR FRQGXWRV UHSUHVHQWDW L YR\D VGDDo@S RV V K
SDUD HVWDEHOHFLPHQWR GH XP FRQGXWR XQLGLPHQVLR(

e LPSRUWDQWH VDOLHQWDU TXH SDUD D VLPX®LRWR KLG
FRQH[}HV HQWUH IUDWXUDV H[LVWHQW HM@REMR GBI VF EFR@X|
XQLGLPHQVLRQDLY HTXLYDOHQWHY TXH SRVVLFROPHQMW
7UHFKRVY VHEXQGIULRVY FRP PHQRU Q~PHURHGE MR W WW WM
FRQHFWDGRY DR WUHFKR PDLV ORQJR QmMRVD®GRRDVL]
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UHSUHVHQWDU IUDWXUDV TXH QmR FRQWILOE&EK HFR HR HWR
URFKRVR VLPXODGR

&RPR Mi FRPHQWDGR RV VHIPHQWRY GRV WRHHAKIRQLGRFR
D SDUwWLU GD OLJDomR GH SRQWRV QRWIiIiYHLWi WmRRRU
FRQKHFLGDVY GD HWDSD DQWHULRU UHVWD®DB\R I CGMXIUPL
1HVWH VHQWLGR IRL GHVHQYROYLGD XPR BRWLWLMHD RS/D G DV(
UHSUHVHQWDWLYRYV GDV IUDWXUDV H D SRVWHULRU REWE

$ )LIXUD UHVXPH RV TXDWUR SDVVRV WBHBUPRWDQ@ D RL RS
LQWHUVHomR GDV IUDWXUDV QD IHUUWPIDEWDL G RV MWELHRIXE L
HIHFXWDGRV VHPSUH GH GXDV HP GXDV | WRWGHLIIVG DHO BHR
SRQWR GH LQWHUVHomR TXH VHUYLUi SDUD RURWDQDGR
WDPEpP IRUQHFH FRPR GDGR GH VDtGD XPDOLFDWIUXDLGH
IUDWXUDV WLYHUDP LQWHUVHomR GIHWHFRMORG B D (\DWID DR
UHVXOWDGRV TXDQWR SDUD D GHWHUPLQDMINRL |® RF T
VLPXODomR KLGUiIXOLFD

)LIXUD + SBURFHGLPHQWR SDUD GHWHUPLQDOomR GDV

[ Nao ha intersecdo entre os discos representativos de fraturas ]

A

Nzo | Nao | Nao

12 passo: verificar se ha 22 passo: verificar se a reta o .
392 passo: verificarse a

intersecdo entre os planos de intersegao dos planos oA
s X ; ; distancia entre os centros
gue contém os discos passa no interior de ambos . :
. Si . . Si dos discos € menor que a
representativos das im os discos representativos im .
soma de seus raios
fraturas das fraturas
‘ Sim I

Dados de saida:
42 passo: determinacao do : - - Coordenadas do ponto
L. Intersecao entre os discos . o
ponto médio do segmento 4 de intersecao
. ~ representativos das L
de intersegao entre os . X - Matriz indicadora das
. fraturas é bem definida

discos fraturas que se

interceptam

JRQWH $XWRU
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2 FUX]DPHQWR HQWUH GRLV GLVFRV SGIMNDD UWH\P UM b & @ WIR
GHVWHV GLVFRV $ GHWHUPLQDOMR GH\HWH SHUWH Q VERD R
GRV SODQRV VREUH RV TXDLV WDLV GLVARMWHMSREBGH® W
SODQR GH PHUJXOKR GDV IUDWXUDV HP Do@iRLVH $ )LIXU

JLIXUD + 5SHSUHVHQWDOmMR VLQWpPWLFD GD RFRUUTrQF
UHSUHVHQWDWLYRVY GH IUDWXUDV

retar
intersecao entre os planos

Caso (a): planos das fraturas se interceptam, mas
nao no interior dos discos representativos das fraturas

Nao é considerado como intersecao entre fraturas

retar
intersecdo entre os planos

e segmento de intersecao entre
os discos representativos das fraturas

Caso (b): planos das fraturas se interceptam,
no interior dos discos representativos das fraturas

B E considerado como intersecio entre fraturas

JRQWH $XWRU
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6H RV SODQRV VREUH RV TXDLV RV GLWE KD \HRAWYRRGS K 8 RA
X 4XH D LQWHUVHOMR HQWUH RV SODQRV B@®WR DRFRVURN
XPD YH] TXH DV IUDWXUDV WrP FRPSULRNQ W& TXIDRQ W
RV SODQRV VmR LQILQLWRYV FDVR D GDQmRXYB
LQWHUFHSWDP
X 4XH D LQWHUVHomR HQWUH RV SODQRV RFRUUD QR
UHSUHVHQWDWLYRVY HQTXDQWR R RXWUR IQWMRDFUX]
WDPEpPP QmR Ki LQWHUVHOMR GHILQLGD HQWUH DV IU
X 4XH HVWD LQWHUVHomR RFRUUD QR LQWHYRWU GH
SHUPLWLQGR D REWHQOomR GR VHJPHQWRH®N HOHVRD G
HQWUH RV GRLV SODQRV TXH FRQWpP RV UNLHPULGRYV
WHP VH XPD LQWHUVHOMR HQWUH IUDWXUDV FRQILJX

$ YHULILFDOmMR GD LQWHUVHOomMR HQ VBWH \RWQSA\OCDVDIRAR V XGDF
IRL R SULPHLUR SDVVR GD URWLQD GHVHQYROYLGD (V
GHVHQYROYLGR SRU 1DVVLP .KDOHG GLVSRQtYHO SDUL
ODWKZRUNV D TXH UH~QH HP XPD FRPXQR.BPBIHHRQOHL
0$7/$% SDUD GLIHUHQWHV ILQV

(VWH FYyGLJR XWLOL]D FRQFHLWRR ®HS UHRFRERXHNRU Y. B VDRIUDLD: O
HVFDODU SDUD D GHWHUPLQDomR GIBG RQVMRHPIRVEID G R G QW@
SDUD DPERV RV SODQRV HP DQiOLVH R Y HWRWAR RJPDOG! |
&RPR GDGR GH VDtGD D URWLQD UHWRUQGQDORW L WE DvormAR
FRLOQFLGHQWHY RX VH SRVVXHP XPD LQWHUVHOmMWRR&DVR |
GLUHWRU GD UHWD GH LQWHUVHoOomR H RPVZROQGH LH O W R
WUDoODGR $ )LJXUD DSUHVHQWD HVTXHPDWLFDPHQWH R

&RQVLGHUDQGR R XVR QD IHUUDPHQWD )UQWER RS/ HO® I\
TXH FRQWpP DV IUDWXUDV XWLOL]JRX FRPR GDGR GH HQW
x 9HWRU QRUPDO DR SODQR RV YHWRUHV QRUBDLV XQ
SDUWLU GD GLVWULEXLomR GH )LVKHU
x 3RQWR SHUWHQFHQWH DR SODQR RV EHOVRERM GR\Q D
FDUDFWHUL]DomR HVWRFiVWLFD GDV IUDWXUDYV



&DStWXOR * OHWRGRORJLD

)LIXUD + (VTXHPD GH SDVVRV SDUD GHWHUPLQDOMR ¢

Plano 1: Plano 2:
N1: vetor normal ao plano N2: vetor normal ao plano
Al: ponto pertencente aele A2: ponto pertencente aele
(centro do disco representativo da (centro do disco representativo da
fratura) fratura)
v
[ N: Produto vetorial entre N1 e N2 ]
|
v 4
~ : vetor
Se anormadeN Planos sdo Produto escalar
e —7 formado pelos
é inferior a 10 paralelos entre Ve N1
pontos Al e A2
N N
A 4
. . \
Se igual a zero: Se diferente de
Planos zero: Planos sdo
coincidem disjuntos
4 )
Se anormadeN Determinagdo
& . Planos se .
nao é inferior a ) da reta de Vetor diretor: N
_7 interceptam , -
10 intersecdo
Ponto
pertencente a
reta: P
N
A
I

=

( d1: produto escalar entre N1 e o vetor ) /

. Coordenadas de P:
entre Al e a origem

- Zera-se a maxima componente

[ d2: produto escalar entre N2 e o vetor ) de N

L entre A2 e a origem ) - Obtém-se as demais

coordenadas a partirde d1,d2 e
K as demais componentes de N /

maxc: maxima componente do vetor
L N

a I

Exemplo: se a maxima componente de N (N, Ny, N;) é N,

_d2 x N1, —d1 xN2, = _dl X N2, —d2 xN1,

B,
L o N, z N, )

JROQOWH $XWRU
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&RQVLGHUDQGR R LQWHUHVVH DSHQDV QRYV )AJMMNERQ G X H
vDOYD GRV GDGRV GH VDtGD GD URWWRD IS HWR/UREDGL
LOQWHUVHomR H R SRQWR TXH SHUWHQFMIR @HWWHDVVHWRV X
RV SDVVRV VHIXLQWHYV

2 VHIXQGR SDVVR GD DYDOLDomR GH LWWRW B &imIRJ @ XL
YHULILFDomR GD SDVVDJHP GD UHWDQ@&H WORMH G W HOPER M R
DYDOLDGRV 7DO YHULILFDomR SRGH ¢GHWUWWKK®BOD] B QI WHSH
GR GLVFR H D UHWD REWLGD QD HWD ) BPICDVHQWRIH SRQWP
(TXDomR

@24éNL'252!4R; R& .
(P TXH
2 SRQWR SHUWHQFHQWH D UHWD GH LQWH UV VHRU L&RRIU U
2, SRQWR GR TXDO VH GHVHMD FRQKHFHU DRGDYW®QBGR
$ H$ GR SDVVR DQWHULRU

RRYHWRU GLUHWRU GD UHWD GH LQWHUVHomR &RUUHVSR

6H D GLVWKQFLD FDOFXODGD SHOD (TXDDR®RDGRRBHVHHUYI
TXH D UHWD GH LQWHUVHOmMR SDVVD QRSRUWHWVRK GIROG H
WDO YHULILEFDomR GHYH VHU YHUGDGHRGD 8 PHHX ®R E R3O RJ
GH IRUPD D JDUDQWLU TXH HVWHV VH FUX]HP ERPR Mi IR

8PD YHULILFDomR DGLFLRQDO IRL QHHHYMR UHOQOWSIHU R VJ U
UHSUHVHQWDWLYRY GDV IUDWXUDVTAXHLSRGEGBULD RRRWWUHK
DSHQDV R VHIJXQGR SDVVR IRVVH LPSOHPHQWIXGRVHRLYV
LOQWHUFHSWDP H TXH FUX]DP D UHVSHFWLWDDWUM WD \GAR Y
VH LOQOWHUFHSWDP HIHWLYDPHQWH

$ ILP GH FRUULJLU WDO SUREOHPD R WHUWF HRQWRJBDRW B LG
GDV IUDWXUDV FRPSDUD RV YDORUHV GRVY GLRW RDPFRARDWHA
VHXV UDLRV FRQIRUPH LOXVWUDGR QD )LJXUD E H LQGL
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)LIXUD + ,0XVWUDomR GR SDVVR GD GHWHFomR GD

a

(A)

retar
intersecao entre os planos

(B)

d1

d2

B
JRQWH $XWRU

GLVWKQFLD HQWUH RV FHQWURV H HVWH UHVXORRMGR p FF
FRP EDVH QR 7THRUHPD GH 3LWiJRUDV HARQELGR UDR GR XU
'"HVWD IRUPD JDUDQWH VH TXH RV GLVFRV UHDOPHQWH V

@L @%aYL 8 ToF F,°E:UF W,8E :YF \;~ U

@Q 4A:@ ¢\ @ QS4E X
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&RPR ~OWLPR SDVVR GD URWLQD GH GHW RF8RQWFD ? plGL\R
VHIPHQWR GH LQWHUVHOmMR 3DUD LVVFEUDP HLWDPRAWHD
SRQWRV GH FUX]DPHQWR GD UHWD GH L QGDHU MHDWIRUDR/P 1
SRQWRV VMR LQGLFDGRY SHODV OHWUMBKBY %RQIHIX QDo)
SRVVtYHLY GD LQWHUVHOMR HQWUH RV GLWFRNUPLSOL FEHRIF
XP GLVFR SRVVXLQGR XPD SDUWH LQWHUR DY H] LRXVRU H HY
VHIXQGD )LIJXUD E GH IRUPD LQWHJUDCP BRP R0 GRVFR
VHX YL]JLQKR

)LIXUD + SHSUHVHQWDomR GRV SRQWRV TXH QYRMNVDP LC

retar

(A) (B)

JROQOWH $XWRU

$ GHWHUPLQDomR GRV SRQWRV OLPLWHYV GD WQ WHUW B & F
GLVFRV WULGLPHQVLRQDLV (TXDo}HYV H H GDV UH)

TLEE4 H?KO 1s HAQH OAJ is H R
PULKYE4 H?KO T, H4QHOAJ i, H R
VLYE4 H?KO i, H4QH OAJ i; H R
(P TXH
TAUAARRUGHQDGDV GRV SRQWRV TXH FRPS}HP R GLVFR W
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% Adddy FRRUGHQDGDV GR FHQWUR GR GLVFR WULGLPHQV
4 UDLR GR GLVFR WULGLPHQVLRQDO

Q k@A @ A RaBRP FRPSRQHQWHY GRV YHWRUHV XQLWIiULF
VLVWHPD GH FRRUGHQDGDV HP XP SODQR G GHH QUDLW X O
DYDOLDGD

T kQJXOR FHQWUDO GH UHIHUrQFLD SDUD R TXDO R SRQV

TLR2ZEP HzO tuy;
PULZEP H; O ‘uz;
VL2EP H; O cu{;

(P TXH

TAUSARRUGHQDGDYV GRV SRQWRV TXH FRPS}HP D UHWD

2 2,22 SRQWR SHUWHQFHQWH D UHWD FRQVLGHUDGD

0 :Qapap; FRPSRQHQWHYV GR YHWRU GLUHWRU GD UHWD FR

$V HTXDo}HV GRV GLVFRV WULGLPHQVLRQ DAR/QMMIQMEHP |
IRUPD JHRPpWULFD WHQGR FRPR SDUKPHWXR SR®H XP WK
GH fD f 2 YHWRU QRUPDO GR SODQR H P HDXH R BN SO
D REWHQomR GRV YHWRUHV XQLWIiULRV TXH FRPSHHP D

FRRUGHQDGDV ORFDO VREUH R SODQR GD |WRWX RDU 2 XRV |
GR GLVFR WDPEpP VMR XWLOL]DGRV 7RGRV HVWHV GDGR

&RPR D HTXDomR IRUQHFH FDGD XP GRV SROMWRNKWE R UBL G
UHSHWLomR TXH SDUD REWHU WRGR R KREB XYDORJ MDWInR. RSt
kQJXOR FHQWUDO GH f DILP GH IDFLOLWDU ®HFRPSD
LOQWHUVHomR H D ERD REWHQOomR GRV SRQWRV OLPLWHYV (

(P VHIXLGD YROWD VH D DWHQoOomMM® D2V HYTDX@R:UEHN ; ZTHJU D P p W
HO :Qapap, Mi VmMmR FRQKHFLGRYV 3DUD JDUDQWLYDD RIQMAM U
GHAaU&WYHP VHU LIJXDLV RX EDVWDQWH SUy[LPRV &RQVL
GLVFRV REWpP PHORSBDWKHRH@BWH RPD GDV OLQKDV GDV HTX
1DV GXDV UHODo}HV UHVWDQWHY FDOFXGR YWHLGM UTLRRGR:
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SDUKPRPREMRLGR 'HVWD IRUPD WHP TH R&DGRORWOIN BHXBI
GR GLVFR H GHTRXNWDRRBAWR HTXDomR GD UHWD 6H D
FRRUGHQDGDV IRU LQIHULRU D FRQV LIGHQMDHVH GXHL B E
XP SRQWR GH LQWHUVHOmMR HQWUH R GLVFRFB @D UHWBR
IRUQHFHUiIi SRQWRV HP FRPXP FRP D UHW 5 B UDQWEHRID\G
GLVS}H GH YDULiIYHLVY LQGHSHQGHQWHY SDUD UHFHEHU

2 LQWHUHVVH ILQDO GHVWH SURFHGLPHQWSRUp \DHG MDD HRJ F
PPGLR GR VHIJPHQWR GH LQWHUVHOMRGRQS\DUID RV VGUD ERE
FRQGXWRV XQLGLPHQVLRQDLV (VWD GHWHUWRP GODG MRWIRQ
HQWUH RV SRQWRV GH FUX]DPHQWR HQWUWXH UG ®IDRD B ROL S
@,4@3@4 @3 @ A,@ 2 SRQWR , p R SRQWR PpGLR HQWUH F
GLVWKQFLD HQWUH VL VHQGR DV FRRUGBIQIVGPPMWE R DL YL B!
(VWH GDGR p DUPD]JHQDGR HP XPD PDWULXF® @MRQQ ~ FERPRC
LQWHUVHO}HVY HQFRQWUDGDV QD VLPXODomR

$VVLP FRP D GHILQLomR GR SRQWR , UHDOVIR®@D LR B/RI®H
VHU HIHWLYDPHQWH UHDOL]DGR e LPQRWWDQW VD OQkh
QHFHVViULD D GHWHUPLQDOmMR GRV SDUKPBWINRYD GHR LX\P DF
VHMD FHQWUR LQWHUVHOomR LQWH UY B®ERHHON OR7 /B IYD W
SRVVXL XPD IXQomR TXH UHDOL]D HVWD HQW MUWDXDD &R
JUIILFD GD UHGH GH FRQGXWRYV 7DO IXQonFR VUM i VRRHEQKIRI
H[LELomR GH UHVXOWDGRY GD IHUUDPHQWD JUDW&RQG

2XWUR UHVXOWDGR LPSRUWDQWH REWLGR D GINVEWYU C
UHSUHVHQWDWLYRV p D FKDPDGD AFWUMR,GD VT XUHD W K LDy
LQWHUFHSWDUDP HIHWLYDPHQWH (VW DGRD®LWQKDBWR Y YXD O
Q~PHUR GH LQWHUVHO}HV REWLGDV QD RV FHXGDHDFOHNRWHR[W R
RV LGHQWLILFDGRUHYV GDV IUDWXUDV VH L G\W HULFMKSIV B D B
FDUDFWHUtVWLFDV OLVWDGDV QD )LJXFH QW BV RRP UHIQ B W
LGHQWLILFDGRU VHQGR TXH DV OLQKDVDNVQL®WHULN &®} HP\
IUDWXUDV GH PHQRU LGHQWLILFDGRU HVHQW MDUWDP L
LQWHUVHOMR $ )LJXUD DSUHVHQWD XBH |[HPS\OXR B\H FRF
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UHVSHFWLYD PDWUL] ,17 QD IRUPD FRPR @ WHEVMHD HD/S yJ/|
VHIXQGR PYGXOR GD IHUUDPHQWD )UDW&RQG

)LIXUD + ([HPSOR GH REWHQomR GD PDWUL] GH LQWH

P
S

INT =

NN ==
Ul DD W
BN -

Identificador da intersegao =
n? da linha na matriz INT

JROQWH $XWRU

SHVvVDOWD VH TXH R UHJLVWUR GD LQWHQNVHD m® n(RD Kl DKW
UHSHWLoOomR QHVWD DQRWDomR 3RU HRIFPPEORDWNKUD | UDX\R]
OLQKDV GD PDWUL] ,17 VHUIi > @ LQGLFDQGR HVWH FRQ
XPD YH] TXH HVWH FUX]DPHQWR Mi KDY LR UWLDG RD UHDILMOY Q
SDUD SHVTXLVD QD PDWUL] ,17 p VHPSUH D IUDWXUD FRP

$ PDWUL] ,17 p XWLOL]DGD SDUD LQIRURDDVRV¥VXQWHRUEDS
QR PRPHQWR GD H[SRUWDomR GRVY UHVXOWDGSRSHREWUWUGHF
WUDEDOKDGD HP FRQMXQWR FRP R SRQW&RDGH LGRV HALRH® X1
XQLGLPHQVLRQDLY HP WHUPRV GH FUX]DPHQWR GH GDGR

$R ILQDO GD H[HFXomR GDV URWLQDV DS U HNWQMPHEDND
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JUDW&RQG H REWpP VH D JHRPHWULD GR PRG&&RHR D VH
UHVXOWDGRYVY SULQFLSDLV GHVWDPRPOUBM DD JSINDWNR GRV
HVWDWtVWLFRY IRUQHFLGRV SHOR XVRM LRD \D XRIEDW HH) &m\R
GRV FRQGXWRYV XQLGLPHQVLRQDLV HTXLYDOHWQWHNM 7RGF
VmR H[HFXWDGRV D SDUWLU GD DWLYDoo#® GB X UUDPLPAHRQ
8PD FRQILUPDomR GH H[HFXomR EHP VXFHGL®&D p1GNV®/DOH D
PRPHQWR R XVXiULR WHP GXDV RSo}HV WRRO/OGWDIWH RFHWH
GR PRGHOR FXMD PHWRGRORJLD p DSUHVHQWXIAD QR W
VLPXODomR KLGUIXOLFD D SDUWLU GD H[HFXR@IR WGHRH V H.
SURFHGLPHQWRY PRVWUDGRYV QR WySLFR D VHJXLU

6,08/$d-2 +,'5E8/,&%

&RP D JHUDomR HVWRFIVWLFD GDV IUDWXUB@VHRBER®RVD
HTXLYDOHQWHY HVWDEHOHFLGD D UMHDQLHD&EMARRGBHB DB RC
VH SRVVtYHO (VWD WDUHID p UHDOL]DOW&EHDR FYXEXDR
GHWHUPLQDU DV FDUJDV KLGUIXOLFDV QDV HQWURBRIDANG H
HTXLYDOHQWHY TXH FRUUHVSRQGHP DRV XHBRQW URO/p B RB\R X
YDORUHVY GH YDImR TXH WUDQVLWDP HQWWXD GNVWHMRQ B
FDPLQKRV SRU RQGH VH HVFRD PDLV iJXD QD IRUPDomR

e LPSRUWDQWH UHOHPEUDU TXH D VLBXO®PDbhR K LFRO XM QF
FRQGXWRYV FRP PDLRU HIWHQVmMR TXH FRUUHVSRQGH D |
HQWUH DV IUDWXUDV GR PRGHOR VLPXODE&®R QUPMWWXR DGH
FRQH[}HV H IUDWXUDV WRWDOPHQWH LVR@QMNGDVVHQGR
FRQVLGHUDGDYV FRPR IUDWXUDV 3VHFDVUDT %H UPHBD FIRIIVEL
GR PHLR VLPXODGR

3DUD H[HFXomR GR PyGXOR GD IHUUDPHQWD ) UDW&R QG
LQIRUPDoO}HVY DGLFLRQDLY GHYHP VHU IRUQHFLGBY\WHOR
HTXDo}HV KLGUiIiXOLFDV $0JXQV FDPSRV HVWDU@QWHG/LVSR
LQIRUPDO}HV

X 9DORUHV GH FDUJDV KLGUiIXOLFDV QRV QICP DNVNUGR
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VLPXODGD SDUD TXH IXQFLRQHP FRPR FRQGLomR GH

X $§ HVFROKD GD IRUPD GH GHWHUPLQDOmR GD FI
SURSRUFLRQDOLGDGH HQWUH D YD]mMR H RBQDBGMWRQW
XQLGLPHQVLRQDO HTXLYDOHQWH

(P WHUPRV GH FRQGLO}HVY GH FRQWRUQR R X\GUIXM®LEB YH
GH XPD GDV IDFHV SHUSHQGLFXODUHV D RRXODULR/ PV WILFHR
FRQVLGHUDGR QD VLPXODomR $ )LIXQBR \DOX\B\RY Do iRV
UHODomR D RULJHP GR VLVWHPD FDUWHNWBRR G R'GWMGHHRU
TXH
x $ IDFH HVTXHUGD H D IDFH GLUHLWDHQIGER SDOROMHY D
FRQGLomR GH FRQWRUQR TXH SHUPLWHP D REWHQomF
GR HL[R [ GR YROXPH GH VLPXODomR
x $ IDFH IURQWDO H D IDFH GH IXQGR \OBR YMWRWHWDS
FRQGLomR GH FRQWRUQR TXH SHUPLWHP D REWHQomF
GR HL[R \ GR YROXPH GH VLPXODomR

)LIXUD + )DFHVY GR YROXPH GH VLPXODomR SDUD LQG

Face de Fundo
(y max)

Face Esquerda ——
(x min) —— Face Direita
(x max)

y
Ve \
* \
Face Frontal
(y min)

JRQWH $XWRU
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$ LQVHUOMR GHVWDV FRQGLO}HV GH FRQWRUGRISBIUPR. W }
UHJLRQDO LQGLFDQGR TXDO D WHQGIQFLD QR VHQWLGR
PRGHOR GH VLPXODomR FRQVWUXtGR &DVR R XRXiULR
DGHTXDGD p SRVVtYHO D LQVHUOMR GHVMW FLFMRIGLY m&D
DSHQDV XPD GDV IDFHV VHMD XWUDG PD/GPR P ¥ DGHMD K V GUH ¥
e LPSRUWDQWH VDOLHQWDU TXH HVWDV FREGLIPBER GHRBR
PHLR GH SRORV GH REVHUYDOmMR GR QtYMROXHPHIXWLEP]D
SDUD D VLPXODomR RX PHVPR VHUHP H\GRMP BGERIRBERD R X
QmR QHFHVVDULDPHQWH HVWHMDP QRV SHUtPHWURV GR

$ VHIXQGD LQGLFDomR D VHU IHLWD HP WHLNPRYVP®HFEP B F
VHUi WUDWDGD D GHWHUPLQDomR GD FRQBIXWkKQFDRDHW®WRE
SDUKkPHWUR VHUYH FRPR FRHILFLHQWHU®H SHRW R UKFLLERWDI X
SRGH VHU GHILQLGR WDQWR SRU PHLBLFHGDNO D ®W X ULRP
SRU PHLR GD DWULEXLomR GH YDORUHMVMRKRVEHD & LNRE IDER D Lt
GR WLSR ORJQRUPDO $PERV RV PpWRGRV HYWDWIhRG L\
XVXiULR GD IHUUDPHQWD

$ SULPHLUD IRUPD XWLOL]D DV UHODO}HVIEBESHUHYH@MWD SRV
SDVVR D SDVVR D VHJXLU 7DLV HTXDRBPHW G HMRHUB RQMRPQ|
XQLGLPHQVLRQDO HTXLYDOHQWH WDLV ¥WRPBRR-RPSWOLEH(J
DVVLP FRPR D WUDQVPLVVLYLGDGH H D KRRQ &GRW KQ RIDID
UHSUHVHQWDWLYR GD IUDWXUD e LPSRHWWDWW H WEWD G P] B
RV SDUKkPHWURY JHRPpWULFRY DTXL FDOFXODGRYV

X &RPSULPHQWR GR FRQGXWR (TXDomR GDGR SHOD
IUDWXUDV FRQVHEXWLYDV GDGR SHOD VRAPDUGDD®@/IpV \
D LOQOWHUVHFDNMRVWKQFLD GR FHQWUR GD VHRIXRGD |U
-6

.3 L.sE . VA g

x IDUJXUD GR FRQGXWR (TXDomR p SRU XPD SR
FRPSULPHQWRY GH LQWHUVHomR HQWUH GKERVQIL DWX
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)LIXUD 2 IDWRU GH SRUFHQWDJHP PDLV WVMDA@GR p
DSXG 2XWWHUV HW DO

9, L @Hrayw EHarayw VS
(P TXH
@ @ FRPSULPHQWR GR VHIPHQWR GH LQWHUVHO}HYV
IRUPDP R WUHFKR GR FRQGXWR P

)LIXUD + " HWHUPLQDoOomR GD ODUJXUD GR FRQGXWR XQ
'"HUVKRZLW]

_ Interseces

JRQWH $GDSWDGR GH ;X HW DO

JRL IHLWD XPD DGDSWDomR QHVWH FIiOFXOR $&RDV®DUJ
FRQVLGHUDU D SRVVLELOLGDGH GH XP GRVW¥RK G\HFRM YV
WHP VH XPD FRPSOLFDomR HP VH GHWHObWPR GBHY H KX VIH
XWLOL]DGRV SDUD FDOFXODU D ODUJXBD R¥XW U R FIKORN
FRPHoDP H WHUPLQDP QRV FHQWURYV GOWDUIRWXHDYV
XWLOL]DGD KDYHULD XPD LQFRPSDWLEDGWDDE&H QRLN
QmR FRQVLGHUD D PpGLD GRV FRPSUMRHGWRVDAHXVE
FRQVHFXWLYDV PDV DSHQDV R FRPSULPHQWW®RWGR VH.
YDORU FROQWLQXD VHQGR PXOWLSOLFDGR SRU XP IDW
$ (TXDomR H[SOLFLWD HVWH FIiOFXOMRH D )LIJXUD
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9, L @H rayw Vit
(P TXH
@ FRPSULPHQWR GR VHIJPHQWR GH LQWHUVKKHWWDV H(
GLPHQVMR Mi p FRQKHFLGD H IRL XWLOL]D@GW HUD/ & iR

)LIXUD + $G6DSWDomR QD GHWHUPLQDomR GD ODUJXI

JROQWH $XWRU

x $SEHUWXUD PpGLD GH WUDQVSRUWH (TXDomHmR FRL
UHWDQJXODU
= Lraw H% VU
(P TXH
6, WUDQVPLVVLYLGDGH PpGLD GDV IUDWXUDV Po
FRPSULPHQWRY GRV WUHFKRV GH FDGD GHVFRQWLC(
XQLGLPHQVLRQDO (TXDomR
6dL.5H@E.6H@ v:

-a

,QGLYLGXDOPHQWH D WUDQVPLVVLYLGDGHHSRHR D/H L

UHBEO FRQIRUPH LQGLFDGR QD (TXDomR $ DEHUWX
JHUDomR HVWRFiIVWLFD FRQVLGHUDQGR D GLVWULEX
UH=-
6, L VW
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X EUHD VXSHUILFLDO GR FRQGXWR UHWDQJXODU (TX
VXSHUILFLDO GLVSRQtYHO SDUD R HVFR®PHRHNRVRG B G
D ODUJXUD SUHYLDPHQWH GHILQLGRYV

#3 L 93 H 4 VX,

X &RQGXWKQFLD GR FRQGXWR UHWDQJXODU (TXDomR
HQWUH YDImMR GR WUHFKR H D GLIHUG®DWIMH[GWHHFPRYDG
FRQGXWR

% L 9 H ;6 VY,

$ VHIXQGD IRUPD GH GHWHUPLQDOMR GD FEQGRWEQFLD
GLVWULEXLomR ORJQRUPDO 'HVWD IRUPIPpR LDV NKi GLHRY GLH
SDGUMR GD FRQGXWKQFLD D VHUHP FRQXMGAKWDI RY QD XQ
GLVSRQtYHO QR DPELHQWH 0$7/$% D QD QPIDWPHIQIWW LFR W
IUDWXUDV WDLV FRPR RV GLKPHWURV GRPW GUB WKW DWSUK
DV (TXDOo}HV H

$ REWHQomR GRV YDORUHV GH PpGLD H GHVYRRGBDGUmMmM
GLVWULEXLomR ORJQRUPDO p IHLWD SRU FPPRGARORY NWYWX®O
FRP GDGRV GH FDPSR XPD YH] TXH D FRQ G KB P D QDGR
GLUHWDPHQWH QRV PHLRV IUDWXUDGRV 16GNMNWBmM®RHQWL
DOHDWRULHGDGH VXUJH FRPR XPD IRUPD GHPUWHEUHVHC(
VLPXODGR SRVVLELOLWDQGR D FDOLEUDG®GH YR JHHNUG E
VDtGD GR YROXPH VmR SUHYLDPHQWH FRQKHFLGDYV

3DUD DPERV RV PpPWRGRV RV YDORUHV GH FERG XWUKFKLRV
GH FRQGXWRYV XQLGLPHQVLRQDLY VMR DUPD]|GI) DERK P .
LIJXDO DR Q~PHUR GH LQWHUVHO}H\RBHMWHQRVBIYP@DHQLIPKRK
VHP FRQVLGHUDU R LVRODPHQWR GR FRQM®PQWRQGHR AR®IG
R XVXiULR YHULILTXH HVWH SDUKPHWUR SQ@WPR SMRGBRIF RS}
HIHWLYDPHQWH GD VLPXODomR KLGUiIXOHEPL@DWDR DG 3
FRQGXWKQFLD WRGRV RV GHPDLV GDGRMQDWGRRVIEPDE & E
GLVSRVLOMR GR XVXiULR SDUD H[SRUWDomR GRV UHVXOW
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$SyV b GHWHUPLQDomR H R DUPD]JHQDPHQWRURRW G'HDWD U
HIHFXomR GR FIiOFXOR GDV JUDQGH]DXORIb&WRI X¥ HRI\R GIHD
FDUJDV KLGUiIiXOLFDV H DV YD]}HVHUHPEED O/HXDBIG DWD KW I
VLVWHPD OLQHDU FRPSRVWR SHODV (TXDo}HVQORHGH LWI
PDVVD HP FDGD XP GRV QyV GD UHGH GH FRQ&KWR VY QLD G
HQWUH YDImR H JUDGLHQWH KLGUiIXOLFR WHQER D

SURSRUFLRQDOLGDGH

BUHYLDPHQWH DR FiOFXOR KLGUiXOLFR SAHRSIUR GR-HADAOHK [
HP VHIJXLGD DLQGD VMR QHFHVViULD YV LSXDD dnfD G ILJ®W inXF
6mR HODV
Xx ,VRODPHQWR GR FRQMXQWR GH FRQGXWRV XQLGLPI
HIWHQVmMR HP UHODoOomR D WUHFKRV VHBEUDW WIHPV F
FRQH[mMR
Xx TUDQVSRUWH GDV FRQGLO}HVY GH FRQWRUQRQWYDV IDF
PDLV H{WUHPRV GDV UHGHV GH FRQGXWRYV XQLGLPHQ
X ORQWDJHP GR VLVWHPD OLQHDU QD IRRPIDRD®UR KAV
PPWRGRYV GLVSRQtYHLYV QR DPELHQWH 0$7/$%

1R TXH WDQJH DR LVRODPHQWR GRV WUHFKRV BBILRRQG?’
HIWHQVmMR REVHUYD VH QRV PHLRV IUDWSHIDERWQHRBROQWT
LVRODGRVY RX PHVPR FRQHFWDGRV D DO RCPPHQOQWRLAK DIYXI
QR PHLR 2 PHVPR RFRUUH QDV VLPXODW&ER/QIE[HRE @ WD GBIV
XPD LPSRVVLELOLGDGH GH FRQVLGHUDWR WRGDNMKOVFIU DRV}
GHPDQGDULD P~OWLSODV FRQGLO}HV GH FRQWRUQR TXH

$VVLP D RSomR HVFROKLGD IRL PDQWH W Wb UBDV DWILHPEKIRD/L
VH HQFRQWUHP FRQHFWDGRV H WRWDOL]JHPERPLWRB GR WRH (
YROXPH VLPXODGR 7DLV WUHFKRYV [RUDMD G ROIDLOGEHDV (DR SHy!

GD IHUUDPHQWD H TXH LQIRUPD WR8DYV $YDRRQIHJ }GIN G |
VH RXWUDV GXDV PDWUL]HVY D PDWUL] ,27 H D PDWUL] ,1

$ PDWUL] ,17 p LIJXDO D PDWUL] ,IROXRONVV BPYV GRDX GL) LF
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DGLFLRQDGD DSUHVHQWDQGR XP LGHQWLILFDGRWHGH F
HQFRQWUDP FRQHFWDGDV HP YLUWXGH GH IQWHXEDG RIP
GH FRQH[mMR (VWH Q~PHUR p REMISGR VSR tPrHHLR HFD YIKX Q6 }
UHFHQWHY GR 0$7/$% YHUV}HV SRVWHULRUHPIDWH L] BH (
GXDV FROXQDV DR HVWLOR GD PDWURPR1QY ¥ RQ VQ GRUDIY
TXDLV FDPLQKRV IRUPDGRV SRU HVWHV QYR GHVWmMR FI
LGHQWLILFDGRU GH FRQH[MR ODLV GHWD/QKMNDOLREGR VH
ODWK:RUNYV E

$ PDWUL] ,17 p FRQVWUXtGD D SDUWLWHGDVPDW OLIQ KIYV
SRVVXHP R LGHQWLILFDGRU GH FRQH[nOR @IOLV GDHPRMWYW]
QmR SRVVXtUHP HVWH Q~PHUR QD WHUFHLODWBRIOXGD V
&RQVHTXHQWHPHQWH HVWD PDWUL] SRVVXLVPHQRWD WX I
PDWUL]JHV ,17 H ,17 XPD YH] TXH HOD ROHARYR 1 TVHHXM\G LL
$ )LIXUD DSUHVHQWD XP H[HPSOR QXPpULFRHFMVHPR GH
XP VLVWHPD IUDWXUDGR VLPSOHV D SDUWLU GD VXD PDW

)LIXUD + ((HPSOR GH REWHQomR GDV PDWUL]JHVH,17 H ,:
FRQGXWRYVY FRP PDLV FRQH[}HV

1 3 1 3 1
1 4 1 4 1 131
1 5 1 5 1 141
3 4 3 4 1 151

INT=(3 5 Q> INT2=|3 5 1 INT3=(3 4 1
5 5 7 1 3 51
5 9 5 9 1 5 7 1
6 10 6 10 2 59 1
6 11 6 11 2

Matriz INT de um
sistema fraturado,
apresentadoas
intersegodes
existentes. Cada
fratura tem seu ID
em cor diferente.

Matriz INT2: replica as
duas primeiras colunas
da matrizINT. A
terceiracolunaé o
identificadorde
conexao, indicando
guais os caminhos
conectados entre si.
Cada corindica as
fraturas pertencentes
a cada caminho.

JROQWH $XWRU

Matriz INT3: preserva
de INT2 apenas as
linhas que possuem o
identificadorde
conexao mais
frequente
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&RP R HYWDEHOHFLPHQWR GD PDWULRQVXOMWDP G/IH XLRDNGIF
DJRUD FRQVLGHUDQGR DSHQDV RV WUHPKRW \NRPPPBRY
SDUD DV SUY[LPDV HWDSDV D UHIHUrQFLDHX\H&B QR TXH

$ HWDSD VHIJXLQWH FRQVLVWH QR WUDOQINESRWWR &R U XHR{D
VLPXODomR SDUD RV SRQWRV PDLV H[WWHRRW B D XWPHG ¥H
TXH QHP VHPSUH DV H[WUHPLGDGHV GDWHVGIBRHWYW@RPF
FRQVLGHUDGR IDJHQGR FRP TXH DV FRQGLBHBIDWDLBRNGQWHG
DTXHODV TXH RFRUUHULDP QD UHGH G HDARR GXRARAM G$# YLDJ
TXH R XVXiULR LQVHULX DSHQDV XPD FRQ®LUYMHEB H Bl HRIAD@GW
IRL FRQVWUXtGD QD UHJLMR PDLV j] GLUBLWR SE®DYRONP
FRPSOHPHQWD HVWD YLVXDOL]DomR

)LIXUD *+ (YLGHQFLDomR GD QHFHVVLGDGH GH WUDQV¢
SRQWRYV PDLV HIWUHPR GDV UHGHV GH FRQG

Condi¢do de contorno
inserida pelo usuario
(face esquerda)

Rede obtida
na simulagédo

Visédo geral do volume de
simulagao

Condicao de contorno
inserida pelo usuario «

//
=
(face esquerda)
o o

X “Rede obtida
na simulagédo

Vista do plano xz

JROQOWH $XWRU
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$ WUDQVIHUrQFLD SURSRVWD IRL UHDOU]DERQYR G HRIHLERG
JUDGLHQWHY IRUPDGRY DR ORQJR GRVIBEHRWGRHMNROXRHRVI
WHP D SRVVLELOLGDGH GH LQVHUSRR SMHUMDHIJ GIRVXK/IXGWUWIL RO

LOXVWUD DV YDULiIYHLVY HQYROYLGIOR Q H3RVO RQU R QB/R HH
\' R SURFHVVR p DQIORJR

)LIXUD + 9DULiIiYHLY HQYROYLGDV QD WUDQVIHUrQFI

Face esquerda Face direita
Trechos com
condutos
e — — " -
e — — -
At — - - -
] — e -
CH Bk -
esq
Cmein CH
xmax CH
dir
0
Xmin
Xmax
Xmax volume

JROQOWH $XWRU

&RQVLGHUDQGR DV YDULIYHLVY LQGLFDGDW%HHPPWHUPRYV G

FRUUHVSRQGHP DRV YDORUHV GH FDUJD KLNGMHVIXIHROG DQH/
GLUHLWD GR YROXPH D VHUHP FRQVLGHUDGRYYD®RPFREHRC

VHQGR WDPEpP XP YDORU LQVHULGR SHOR XVXiULR QR LQ

2V GHPDLV YDORUHV LQGLEBRGRY %359 L%BXUBUHFLVDP VHL
GHWHUPTL@DMGRWRUUHVSRQGHP DFtRRRDEHQPIGIDADY GRV F
GRV GLVFRV UHSUHVHQWDWLYRV TXH SHWRPL\GDURGD RE
FRQGXWRYV DQDOLVDGD (VWHV YDORUHV VMR REEWLGRYV S|
TXH OLVWD R LGHQWLILFDGRU GDV GUD RRKQ®XWIRM R-DAW mHR
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HDPDWUXH OLVWD DVGHR RMRGHRYDBD¥HQWURY GDV IUDW X
B8WLOL]DQGR XPD IXQomR GH Pi[LPR H PtQ LEPLR QRMRP\KX FHD
SURJUDPDomR REWpPP VH DV FRRUGHQDGDV YZHO RD HRUFR P
RV LGHQWLILEFDGRUHV FRUUHVSRQGHQWHV

$V FDUJDV KB GUiKOsFEDWMR DV FDUJDV KLGUiIXOLFDV D VHI
H[WUHPRV GD UHGH GH FRQGXWRV FRP FRRHGW®D GDDR!tC(
VMR FDOFXODGDV D SDUWLU GH $BOWLW\G DV QHDADHW ¥
DSUHVHQWDGDYV QDV (TXDo}HV p D LBIFOLD B®RPGHDNURWD
FDUJDV KLBYid®EFDYHWD WUDFHMDGD HP YHUPHOKR QD )
YHULILFD VH VH R XVXiULR LQVHULX DODKPR FDWRYRQ I HDK
VH R WUDQVSRUWH DWp R Qy PDLV SUY[LPRIDSREH WRQ WL
GH FDUJD KLGUiIXOLFD LQVHULGD PDLRUWRNYWRHD RY WL DL
HTXDo}HV FRQVLGHUDQGR XPD UHWD FUHVFHQWH RX GHV

| TAUE St

OA HR %bal %davadl %Ndek | Hialua

* . .

OA M T 1 A g0 %iba\ %éaod %= | His v
OA BwR %ba\ %daoel %dak | Hiloe

OA M L Oa gD %bal %daoel %= | Hibe o

$R ORQJR GR HL[R \ D WUDQVIHUrQF LDV ph GHIWIDQ GIRGDVGWH D
FRUUHVSRQGrQFLDV GH YDULIYHLYV

X %%k % aascorFDUIJD KLGUIXOLFD LQVHULGD QD IDFH
VLPXODomR

X %%yd %*yeaxa FDUJD KLGUiIXOLFD LQVHULGD QD IDFH ¢
VLPXODomR

X Taga\ Woa FRRUGHQDGD GH FHQWUR HP \ PtQLPD

X Taos \ Yos FRRUGHQDGD GH FHQWUR HP \ Pi[LPD

X T veasead W veaseagWDPDQKR GD DUHVWD GR YROXPH GH
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HL[R [
X %%s0s\ %%us FDUJD KLGUIXOLFD D VHU LPSRVWD QRYV
FRQGXWRV FRP FRRUGHQDGD PtQLPD DR ORQJR GR
X %%i0s\ %ios FDUJD KLGUIXOLFD D VHU LPSRVWD QRYV
FRQGXWRV FRP FRRUGHQDGD Pi[LPD DR ORQJR GR H

JRL LQVHULGD XPD URWLQD DGLFLRQDO FR®YLUGDWXQPGR
SRVVXLU D FRRUGHQDGD PtQLPD RX Pi[LPD VWB@E®DRRR
KDYHULD XPD SRVVtYHO VREUHSRVLomR GDV FRQGLO}H\
WUDQVSRUWH 'HVWD IRUPD PDQWpP VH DGR DM\[R FRQ
LJQRUDQGR D FRQGLOMR GR HL[R \ XPD YH|GRAN §DARIUS!
RFRUUHQGR QXP PHVPR Qy GD UHGH GH FRQGXWRV XQLGL

4XDQGR D VREUHSRVLomR GH FRQGLo}HV GH FFDAM/RKDR R
GH UHVXOWDGRYVY H[SRUWDGD D SDUWLBX®MD dhkBRUDIPGID W
$OpP GLVVR QHVWD PHVPD SODQLOKDVR @VMULIERRERWHVY
GR YROXPH H RV UHVSHFWLYRYV YDORUHYV WHBVQSRUURBRRK
GD LQWHUSRODOmMR SURSRVWD DVVLP FRFRJRDLKIH®GW X OLLF
LPSRVWD

JHLWD D WUDQVIHUrQFLD GDV FDWDW IKIDGWXXO VF DV SV yHL
QHFHVViIULD p D PRQWDJHP GR VLVWHRQW»RQ BV UJUDPRFG B
KLGUIXOLFDVY GH LQWHUHWVH $QB»WRIUPDRFEBIW URARMWR p QH
IDFLOLWDU D VXD UHVROXomR GHVWD%% TSXRYYH ¥ L GIHEQ MY
XVR GH URWLQDV Mi GLVSRQtYHLY QR UHIHULGR VRIWZDU

$V (TXDo}lHV H UHOHPEUDP R VLVWHPD OL@LFD DMYHU
DSUHVHQWDGR DQWHULRUPHQWH -i D OXD]JOnGD Q D SHIHK\Dh
GH FDGD XP GRV QyV FRQVLGHUDQGR XP Yy HD VEKDW B UARIR
PDLV DEHUWD

3uyk %y Hoy 'L=N= ?=@= PNA?DK; ‘WS,

]i3Lr L=N=?=@= Jx,
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8PD UHODomR VHPHOKDQWH D (TXDomR UBEMHGWHRR QB XMW
XQLGLPHQVLRQDLY HTXLYDOHQWHY FRQVLGHUDID B8R QWRG
TXH UHFHEHUMR FDUJDV KLGUIXOLFIRWQR S\RWVD\DAS BH O DG |
VH DGLFLRQDU XPD OLQKD D PDLV FRQWDS AR P RGURHDHILILX®D
GHWHUPLQDGR

2EVHUYDQGR D (TXDomR REVHUYD VH K HH [DW D® FHyQW HV
FDUJDV KLGUiIXOLFDV TXH GHYHUmMR VHPEDHQE®QOIWI DEFD V
HVFUHYHU HVWDV HTXDOoAHY: QB3 SRGRDVPDMROI\FLOKWUDU FD
OLQKDV GDV PDWUL]JHV GHVWLQDGD DRUE IRXD\QR DG RR @Qyy G
VHX EDODQOR IHLWR QD + OLQKD GD |RUPWHP RWY RF XP(
GHWHUPLQDGR Qy QmR SHUWHQoD DR FDPHQKR P®DRV W Q¢
H[FOXtGD SRVWHULRUPHQWH 1DV ~OWLPDV OLQKDV LQVH
GHPDQGDU GH DWp OLQKDV DGLFLRQRIUHVHEH ¥XQROQGR
FRQWRUQR LQVHULGDV SHOR XVXiULR

$ LQVHUOmMR GRVY HOHPHQWRY HP FDGD XPD GDG/LPBQWR]H
p LOXVWUDGR QD (TXDomR D SDUWLU GJIRXTXBD otPRD G DM
FDUJDV KLGUiXOLFDV LJXDO D XP YDORUNRIEDWILQVHR 0@ &
FRQGLomR GH FRQWRUQR

Xx 1D PDWUL]

R RV YDO%@Q-ID/VG@-ILQKDV HP TXH VmR UHDOL]DGRYV EI
(0]

6 XD SRVLomR HP OLQKD H FROXQD GHYVPAVXKBRVLG
TXH VmMR FRQHFWDGDV SHOR WUHFKRETGADGWKE R \

QD OEQE&B®IRUPD TX—E?R SRHAVUMR YR SDENBFRHHOHPH
(@]
QHJDWLYR SD UIHRE HO/HIPW® WRPDU R WHUPR LQVH

TXH SUHYLDPHQWH HVWHMDP QDTXHOH H®OHPHQW
FRP RXWURV WUHFKRYV
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R YDORUHV LIJXDLV D HP OLQKDV DGLFLBBADLV S
FRQWRUQR WUDQVSRUWDGDYV DRV QyV H[WUHPRV
x 1D PDWURY YDORUHV GH 05 DUV B UKHFG BDOAXFDD GRYV (VW
SUHFLVD VHU PRQWDGD VHQGR DSHQDV R UHVXOWDG

x 1D PDWUL]
R YDORUHV LIXDLV D JHUR SDUD OLQ KIH PPV VR HQ RN

QyV

R YDORUHV GDV FRQGL0o}HV GH FRQWRUQR WUDQVS

% % %
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$ PRQWDJHP GR VLVWHPD QD IRUPD PDWXQWID O |y BBOHRSWHHY
FRQKHFLGRVY H GHWHUPLQDGRV HP HWDSDV XOMIQWMULRU

LGHQWLILFDGRUHYV GDV IUDWXUDV TX hnR H R QWHHW B HSDV B R
GRV WHUPRW GV FFIRQGLIW KQR Y DRVR P S Ujly®H QRRIVP FDOF X OD

DQWHULRUPHQWH H SRGHP VHU UHO%I?BR)Q)ID’GCRHNS\D-WDYFDEW
(@]

DV FDUJDV KLGUiIXOLFDV D VHUHP LBHRWDPYpPRMiI QRW L
GHWHUPLQDGDYVY SRGHQGR WDPEpP VHU SRVLFLRQDGDV Q

&RQIRUPH GLWR DQWHULRUPHQWH FDGD [© IGHDN GRNGPD
UHDOL]DomR GR EDODQOR GRV QyV FRQVLGHMUDHERR HF
LGHQWLILFDGRU )UDWXUDV TXH QmR SDUWRGGS VR \G RV MR
VXD OLQKD SHUPDQHQWHPHQWH JHUDGBUBEGDX QDR TH(IF O
HP XPD ~OWLPD HWDSD D ILP GH VXOURDN UXYH Q@R KiQF R OF
GH IUDWXUDV TXH QmR SHUWHQoODP DR FDPIQKRXRDLV O
DSUHVHQWDUiIi RV UHVXOWDGRYV GDV R RWIDHQ R IGRWYi XHPL RD
FUHVFHQWH GRV LGHQWLILFDGRUHV GDV |UDWIXFRLS\D PFER"
FDPLQKR PDLV H[WHQVR TXH IRL VLPXODGR KLGUDXOLFED]!
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$ SDUWLU GD PRQWDJHP GR VLVWHPD O LHGHW HXDWIRR FOD \
UHVROXomR (VWH SURFHGLPHQWR IRL UHBOHMHERNHERPQ
0$7/$% VHP R GHVHQYROYLPHQWR GH URWGBDW VFRPBOM
OLQHDUHV &RQVLGHUDQGR TXH RV HOHPHQWRY GDW PDWV
WRGRV JHUDGRV H TXH DV UHIHULGDV RDW UU]KNWD BBRQ K R
HIWHQVRV HP IXQomR GD TXDQWLGDGH GH FIRNDWX U \D \ELXF
SRU PpWRGRV GH VROXomR GH VLVWHPDV OLQHDUHYV HVSI

I1HVWH VHQWLGR XWLOL]RX VH R PpWDER/ /68D VHYODL WI
J)DFWRUL]|BWNVNRQYROYLGR SRU 3DLJH H 6RXQGHUV H
DPELHQWH 0%$7/$% (VWH PpWRGR p XVDGRLQBDU B VDHY\DRJ
FRP HOHYDGD TXDQWLGDGH GH HOHPHQWR]W\W X\AM\Q VIS RM
GLIHUHQWHY GDV PDWUL]HV RULJLQDLVWRGAR FEoRWRIERD (6 IEH
FROQOMXJIJDGRY FRPXPHQWH XVDGR QD VROMG&RWR PG HVWIOVGARE
FDUDFWHUtVWLFDV QXPpULFDV PDLV IDUHRUKQYHRYY LEPHOQN
PDWHPiIWLFR GR /645 SRGHP VHU HQFRQWUDGRYVY QR WUDE

1R 0$7/$% D LPSOHPHQWDOmMR p IHLWD QD HOUHH QAVGRLVF G ¢
ODGR HVTXHUGR GD LIXDOGDGH FRQVL\WDWRHP HPOUGY X¥R\W X
HQTXDQWR RV HOHPHQWRY GR ODGR GLUHLWAFXO®OR\GBK&R"
1645

D4 BH=C & N AM NHOMASRAANKHA I=TEP
(P TXH
D FRUUHVSRQGB RO VALDAWUWHP|BI OLY ARQWHQGR RV UHVXOWD
KLGUIXOLFD QRV QyV EXVEDGRV
BH=GCRUUHVSRQGH DR LQGLFDGRU GH FRQYHUJrQFLD GR P
FRQILDELOLGDGH GRV UHVXOWDGRY &DVR QKRXVUHLMDpR E \
LQIRUPDGR H VXJHUH VH D UHPRGHODJHP GD JRRRHWULI
IUDWXUDV
NAHNRRUUHVSRQGH DR HUUR UHVLGXDO REWLGR QD H[HF}
EPAR~PHUR GH LWHUDO}HV H[HFXWDGDV SHOR PpWRGR SD
#4% PDWWLAHSER VLVWHERDH OLQHIROQWDGDV FRQIRUPH SUR
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PRVWUDGR DQWHULRUPHQWH

PKHHUUR UHVLGXDO Pi[LPR WROHUDGR QD HDPHWR®HR K& P
LJX D@ 8D

I=TEPQ~PHUR Pi[LPR GH LWHUDO}HV D VHUHP H[RXXWDGD)\
XPD TXDQWLGDPAMWHWOOPHY FRPR Q~PHUR Pi[LPR

&RP DV FDUJDV KLGUiIXOLFDV FDOF XWODGLHNQ WHYR K VEYUHXOO ¢
YD]}HV HP FDGD XP GRV WUHFKRV 3DUDIRVHQIDGL HQW M Y
FDUJDV KLGUIXOLFDV REWLGDV H GLYLGHREK®DYRIH@HRFUNYV 8U
D FULDomR GH XPD PDWUL] DX[LOLMWMRGEKDOPUADDW/XBDVXH
FDPLQKR PDLV H[WHQVR GH IRUPD ~QLHADNHLHMXYUGHPU
UHODFLRQDGDDFRRUPPODWYER D REWHQOmMR UiSLGD GDV Sk
GD PDWUL] GDV UHVSHFWLYDV FDUWDQKIRGR i RKMAOO/RFE®
KLGUIXOLFR EXVFDGR 2XWUD PDWUL] DX[WOLDBHRWDN RM
FRPSULPHQWRY GRV WUHFKRYV SUHVHQWHYV QRQHMDRP IVBKR F
WHP LOWHUHVVH QHVWH PRPHQWR

-i SDUD R FIOFXOR GDV YD]}HV XWLOULHRXVVE G RODHWEPHEQ
SDUD FDGD XP GRV WUHFKRYV VLPXODGRIL\8 U D H BB UPHD\ V.
PDWUL] DX[LOLDU IRL FULDGD OLVWDQRR WEHERRVRSE UWD/
QD VLPXODomR 'HVWD IRUPD XP SURGXWR VWOIHPHXJWRL SE
RV JUDGLHQWHY KLGUiIXOLFRV FDOFXOWD GRYV FDGW N U IGRHU FR-
RUGHQDGD

&RP HVWHV FIOFXORV UHDOL]DGRV D VLIPXGDB &R KPLRPUH R
R XVXiULR SRGH H[SORUDU RV UHVXOWDGRW RWWERERR S
GLVSRQtYHLVY QR PYyGXOR '"HVWD IRUPD HWE8RWVGEHHIOQ YWILH/L
GHVWD VLPXODomR WDLV FRPR DV FRQ®XWKDQFHNVH R ¥ DG
XP GRV WUHFKRVY GRV FRQGXWRV XQLGLPHQVURINDLV H
KLGUIXOLFDV REWLGDV HP FDGD XP GRV FIHNQWXRYY VG RAD IC
IXQFLRQDOLGDGHY VmR DSUHVHQWDGDVVRREMYISEBRB HN

DSUHVHQWDomR GRV UHVXOWDGRV GD IHBYVDREWMWODRYUQ!
HIHFXomR GR PYyGXOR TXDQWR GR PyYyGXOR
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$SyV D UHDOL]DomR GDV VLPXODOo}HV HP DPERRHRWLPY
JUDW&RQG R XVXiULR SRGH HQWMR H[SORUDUWW UHVX
SODQLOKDV H[SRUWIiIYHLV (VWH WySLFRQWRW DHEPDWKR PR
DVSHFWRY PHWRGROYJLFRV LPSRUWDMVWHYSRWLELDLGRYN
IHUUDPHQWD SURGX]LGD $ YLVXDOL]D&/mMRMERHDSRIMHR/ MW B
XVXiULR p PRVWUDGD QR FDStWXOR GH 5HVXOMDIGFRY O
XWLOL]DGR QHVWH WUDEDOKR

$v 7TDEHODV H DSUHVHQWDP RV JUXMFIRVY RH 86 DFPLEIXK KV
PYGXORV GD IHUUDPHQWD )UDW&RQG $R WR ®KDNVIDWD G
H[SORUDomR GRV UHVXOWDGRY REWLGRFRE@P\WSBUPXGIDQW B
XP UHVXPR GR FRQWH~GR DERUGDGR SRU FDGD XPD GHVW

fDEHOD +

/ILVWD GRV JUIILFRV H SODQLOKDV RQ/GRQtYH

1RPH GR JUIilL &RQWH~GR DSUHVHQWDGR

SFSQSCLEHF?\\//HQWD D SRVLomR GRV SRQWRYV
HSUHVHQWDWLYRYV GDV IUDWXUDV Q
DWXUDYV

VLPXODomR

+

*UIILFR IRF D
FHQWURYV GDV

(0]
I

m
U
U

VHQWD RV YDORUHV GH
HWURV REWLGRV SRU P
ORJQRUPDO

DEHUW)]
HLR GH

+

*UIILFR 9DO
DEHUWXUD

RPSULP|
1 XPD G

\|{IHQWD RV YDORUHV GH F
+

*UIlILFR = 9DO

FRPSULPHQWR G

GLVFRV UHSUH

WVLGRV SRU PHLR GH
HV FRUUHVSRQGHH
HVHQWDWLYRYV GD

» DRV G
vV UDW)

=+

*UIILFR "LV
UHSUHVHQWDWL)
YLVMR JHUL

VMR JHUDO (
QWHULRU GH

i+

RV GL\
! YROXP

+

*UIilILFR 'LV
UHSUHVHQWDWL)

FRV$SUHVHQWD XPD YLVMR GR S
Y RV LPDXNO DWW XBRY &LVFRV UHSU

DDQR \]
HVHQW
5bH PHUJ

SODQR \]

YLVXDOL]DomR GRV kQJXORYV (
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&ERQWLQXDomR 7DEHOD

+

*UIILFR IRF D
SRQWRYV GH LQ(

on$S GHRWHQWD D SRVLomR GH LQV
) WHIDWHX thIRV JHUDGDV QR LQWHU

VHUVHO
JLRU GR

=+

*UilLFR &RQ
SRQWRV GH L

$SUHVHQWD R WUDoDGR GRV H
GXWRYV H
HTXLYDOHQWHY GHILQLGRYV HH
DWHUVHOMR
LOWHUVHoOomR H RV FHQWU

FRQGXW
FRQM X
RV GDV

3ODQLOKD
VLPXODomR

+

DGBVYKDHQWD HP WHUPRV QXPp
REWLGRYVY QD H[HFXomR G

\

JLFRV
R PyGXC

JRQWH $XWRU

7DEHOD + /LVWD GRV JUIILFRV H SODQLOKDV RIQGRQtYH
1RPH GR JUill &RQWH~GR DSUHVHQWDGR
, $SUHVHQWD WRGRV RV WUHFKRV G
*UiILFR + &RQGXWKQFLDV
XQLGLPHQVLRQDLY HP HVFDOD GH FR!
WRGRV RV WUHEKRYV
YDORUHV GH FRQGXWKQFLD REWLG
, $SUHVHQWD DSHQDV RV WUHFKRYV C
*UilILFR + &RQGXWKQFLDV
XQLGLPHQVLRQDLY SHUWHQFHQWHYV DR
DSHQDV WUHFKRY FRQHFWDGRV DR
HP HVFDOD GH FRUHV FRQVLGHUDQ
FDPLQKR PDLV| ORQJR
FRQGXWKQFLD REWLGRV| HP Pii
$SUHVHQWD DSHQDV RV WUHFKRYV C
*UilLFR + *UDGKBQ@®MHPHQVLRQDLY SHUWHQFHQWHYV DF
KLGUIXOLFRWP HVFDOD GH FRUHV FRQVLGH[UDQGR
KLGUiIXOLFRV REWLGRV [HP P P
$SUHVHQWD DSHQDV RV WUHFKRYV C
_ XQLGLPHQVLRQDLY SHUWHQFHQWHYV DR
*UilLFR i9D”H8
HP HVFDOD GH FRUHV FRQVLGHUDQGR
REWLGRV HP PfA V
$SUHVHQWD RV QyV GD UHGH GH FRQG!.
*UilLFR + &D|UJ®® HVEFDOD GH FRUHV FRQVLGHUDQGF
KLGUIXOLFDV = QYNVGUWOHFRRREWLGRY HP P HP|FRQMX

WUHFKRV




&DStWXOR * OHWRGRORJLD

&RQWLQXDomR 7DEHOD

, $SUHVHQWD VRPHQWH RV QyYV GD UH
*UiILFR + &DUJDV

) XQLGLPHQVLRQDLYVY HP HVFEDOD GH FR!
KLGUIXOLFDV = VRP $WH QY_IV )
DORUHV GH FDUJD KLGUIXQOLFD RE

S3ODQLOKD =+ 'DGBVYKDHQWD HP WHUPRV QXPpULFRV '
VLPXODomR KLGUIKBWEBRY QD H[HFXomR GR PyGXOR

JROQWH $XWRU

$ SORWDJHP GRV JUIILFRV H SODQLOKDYHQR XXMXUDPR QW B |
GH XP PHQX SRS XS GLVSRQtYHO QD LQWHUIDFH JUIILFD
WLSR SDUD D HVFROKD GRV JUIILFRYV DD REIQRIL ADS0UHRY HIQRW
SURGX]LGDV FRQVXOWDP DV PDWUL]JHV H MRVSPWHDVIHXWD B F
LPDJHQV SURSRVWDV XWLOL]DQGR IXQo0o}HV GLVSRQtYHLYV

&DGD UHSUHVHQWDOmMR p SORWDGD GH IRIGXD Q@ Q Q kh&HDKS
VREUHSRQGR D RXWUR TXH SRVVLYHOPHQW D JWIPHVRM MD
JUIILFRV p UHDOL]DGD GHQWUR GR DPELHQWHOPHVSBHU I X |
GHILQLGDV SDUD HVWH WUDEDOKR IHD&GMRH®DIW \L PIDG@ HE
DSUHVHQWDGDV WDLV FRPR DMXVWH GH PRR[Polh R FEARL JIUR D
FRQVLGHUDQGR DV WUrV GLPHQV}HV 2 WHH{BRER MdER H3,
LPDIJHQV SHUPLWLQGR R VDOYDPHQWR WBVYW IR RRWR | RV
R 31* 1R FDVR GDV SODQLOKDV p FULDGR/¥®R DDEHKUWR H
GLUHWDPHQWH QR OLFURVRIW 2IILFH ([FHO SHGPIGWMNQG
GLVSRQtYHLY QHVWH ~OWLPR VRIWZDUH DOpP GBP H[SORU
WHUPRYVY GH DQiOLVH QXPpULFD

$R HVFROKHU R JUIILFR R XVXiULR YLVGROLGH VEFRER
UHSUHVHQWDWLYRYV GDV IUDWXUB@®WHB WV G/DiR HSVONRRAFIDG R
IXQoWMRDWWHWYWSRQtYHO QR 0$7/$% SDUD D SORWDJHP G
WULGLPHQVLRQDO 8WLOL]D VH SDUD BRWIFISQWRWWRVHFPDIMVI
JHUDGDV D SDUWLU GH XPD GLVWULEXLomR RQLS8R®YH GRY
WHP VHX FRQWRUQR HP GLIHUHQWHYV PBRIWHDW XAR) VIHGRWHNY
ID] SDUWH LGHQWLILFDGD D SDUWLU GBRQPWRYH JHRREDMRFI
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R Q~PHUR LGHQWLILFDGRU GD IUDWXUD SR\RERIPODWDQ
IUDWXUD TXH UHSUHVHQWD 2 FRQWRUQRHGRVIBRXFAR QHQ
WUDFHMDGD SHUPLWLQGR XPD YLVXD@P]DOD dH R CDO VGRX
PHLR VLPXODGR

-i R JUIILFR DSUHVHQWD RV YDORUHVY GH DEHUWXUD GH
ORJQRUPDO QD H[HFXomR GR PyGXOR (VWHDWWHBR V
GLVSRQtYHO QR 0%$7/$% 3ORWD VH QRYDPHQWHGRBRRQWRYV
FHOQWURY GDV IUDWXUDV 3RUpP WDLV SREYKNWRVMER SDDIR
GH DEHUWXUD REWLGR HVWRFDVWLFDWHQ VFI©O DMVHHY YIBDQE
FDGD FODVVH SRVVXL XPD FRU HVSHRH@ WD UQ 6V ¥ DB DpHIR
D GHWHUPLQDomR GH TXDO LQWHUYDOR KW\ D FIR@QMALGHD ¢
$QDORJIJDPHQWH DR JUIILFR WRGDV RV SRQWRWVWRVmMR L
LGHQWLILFDGRU GD IUDWXUD TXH UHSUHVH@OWPEpPR FRQ\
FRORFDGR QHVWH JUIiILFR HP OLQKDV WUDFHMDGDYV

2 JUIILFR p FRQVWUXtGR GH IRUPD LJXDOYD®RUHIVL GR
FRPSULPHQWR GH IUDWXUD REWLGRV QD GLVWWLEXLoml
IHUUDPHQWD e LPSRUWDQWH UHOHPEUDWHWXIR @BVVGYLNE
UHSUHVHQWDWLYRYV GDV IUDWXUDV HDWQ XP i UM®R B AXCSDMEHD
IUDWXUD H D WHQGrQFLD GH RFRUUVQIFMDWXH OFWW X1 B F B ® M/C
YDORUHYV REWLGRV QD GLVWULEXLomR V&R BDADXEBH G/RN |
LGHQWLILFDGD SRU XPD FRU LQGLFDGD HRWIHIHDGRURRF
IUDWXUD H R FRQWRUQR GR YROXPH GH VLPXODbmIRR WDPE

2 JUIILFR DSUHVHQWD XPD YLVMR JHU DR GRV YR\O YCRI F
UHSUHVHQWDWLYRV GDV IUDWXUDV (VWHR SDYPRYWRUBP
GLVFRV WULGLPHQVLRQDLY Mi DSUHVHQMMH FDIEPW SR QR
IRUPDGRU GR GLVFR D SDUWLU GH XP kQRXGR FED @\ UB ®HH
D IRUPD PDLV SUY[LPD GDGD SRU HVWHRVBSRE®IRWX KW LOL
LQWHUOLJD XP FRQMXQWR GH SRQWRV FRP FRREGHQDG
DQJXODU HQWUH RV SRQWRYV GDGRV SHOD RTX®W HRHEMD
EHP D IRUPD FLUFXODU EXVEDGD 2V GLVFRRNPRPRFRQRWVRDG
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GLIHUHQFLDGR HP WHUPRV GH FRUHV HRONQGEHUDDQIGR FIR
VmR LGHQWLILFDGDV HP XPD OHJHQGD FRFPH UYHPHQW®HWR
WDPEpP p LOGLFDGR FRP OLQKDV WUDFHMDGDYV

$ GHSHQGHU GD TXDQWLGDGH GH IUDWXURVI Wi IGR FER BRGIH
VH WRUQDU GH GLItFLO LQWHUSUH W OoHn R X Bl V SRHUALLHDQDVP B 6} ¥
VHQWLGR IRL SURSRVWR D FRQVWUXomR GRGRUMRPRPHTX
GH VLPXODomR FRP RV UHVSHFWLYRWYD®LWFRVVYBSUHVHT
SODQR SHUPLWH XPD PHOKRU LGHQWLILED&MFH GRGKIM XDE
GDV SRVVtYHLV LQWHUVHO}HV TXH RFRUHH M QMINPBIKD W N W
JUIILFR DQWHULRU R JUIILFR DSUHVHQWD R Q~PHUR
LGHQWLILFDGRU GDV LQWHUVHO}HV DOpP \GRY FRROVMRUQ 8
GR YROXPH GH VLPXODomR WDPEpP HVWi SUHVHQWH FRP

2 JUIILFR DSUHVHQWD D ORFDOL]D0@RVGREWR \UR MV UTH/
FRQVLGHUDGRY SDUD R WUDODGR GRV FRQG XK RVWXQILLGD P |
VH D IXMFOMRBHYSRQtYHO QR 0$7/$% SDUD D SORWDJHP «
UHVSHEFWLYDV FRRUGHQDGDV [ \ ] 7RGRVURYUSRNDN RS
FRQWRUQRY DSDUHQWHV -XQWR DRV SRQW\GRMBINEGP \p
LQWHUVHO}HV TXH UHSUHVHQWDP SHUPLWILINGRU X DT ¥H
DSUHVHQWDP 2 FRQWRUQR GR YROXPH GH VLPXQB®WR V
WUDFHMDGDV SHUPLWLQGR XPD YLVXEHWL HR R QB @R 05 I
R PHLR VLPXODGR

-i R JUIILFR DSUHVHQWD R WUDODGR GRWFREGGREORIWK QW |
FRP RV SRQWRV FHQWUDLY GRV GLVFRV iR S&HW H Q MDB/DIGY
1HVWH JUIILFR XWLOL]D VH GXDV IXQo}HV GR GXYRIWD GHRP/
QRYDPHQWH SYEODWWHEWKIRQGR D PHVPD OyJLFD GRV JU
FRQVLGHUDQGR DV FRRUGHQDGDV [ \ ] GHRWQPFPXDQWRWRV
WUHFKRY GH FRQGXWRYV VORQ™MKWD b Q RV GGLHD®D XIPX @ &RYR1 X (
IRUQHFLGRY HP VHTXrQFLD SRU OLQKDH/PBHUHM GH 7BIPVY C
SRQWRYV FRQVLGHUDQGR D VHTXrQFLD FHQWURGHQWHU\
FRQGXWRV 2V SROWRV GH FHQWUR GH IUDWKRQW FNth@RL C
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QD FRU URVD HQTXDQWR RV SRQWRV GH LQ\§HHWHRonVRI R/ n
FRQWRUQR DSDUHQWH -XQWR DRV SRQWRVYLPOZRDOVY]B D
IUDWXUDV H GDV LQWHUVHO}HV IDFLOLWPHGRB R PRRUIHDR
VLPXODGR 2 FRQWRUQR GR YROXPH GH VLPX®MMInGD WD P
SHUPLWLQGR D YLVMR JHUDO GD SRVLomR GRVPXROQPG MR R\

&RPR ~OWLPR HOHPHQWR GH H[SORUDomR GRV UHVXOWD
GLVS}H VH GD SODQLOKD TXH UHVXPH WRGR\GRWRGDGHR
VLPXODGR $ JHUDOmMR GD SODQLOKDSR®@WIHLLY]DQRHD®EQ#
0$7/$% TXH VMR OLJHLUDPHQWH VHP@PB OKRQXIHNH P DITKX¥ED0-
H TXH SHUPLWHP D H[SRUWDomR GRV GDGRV JHUWBRYV S|
VHQWLGR D VHUHP XWLOL]DGRVY QHVWH VHQWLGR SRGHF

(VWD SODQLOKD SRVVXL DEDV FRQFHEXGWD GPDW D P HRK
QXPpULFD $ DED OLVWD WRGRV RV GDGRVJIGWDHQWR WGIDG
JHRPHWULD DQDOLVDGD $VVLP DV GLREHDMHYDGR W ROX®
HVWDWtVWLFRY GH FRPSULPHQWR DEMWW XPD & RW LB PN\
VLPXODGDV VMR DSUHVHQWDGRY DR XVXiURDBRY BEDIR WL
HVWRFiVWLFD SDUD FDGD XPD GDBVIWCRNXBEBYWHIRVLB R
UHSUHVHQWDWLYRV RV UDLRV DV DERVWWKVYBMF R LYHRVRKLE
GH GLUHOMR H GH PHUJXOKR WHP VHXV Y®OBUMBD QXPp
DSUHVHQWD RV GDGRV GDV LQWHUVHO}H\ | REMARGWDHYN Gh
LQWHUVHOMR TXDLV DV IUDWXUDV VH5 RQSRHWERI SSHDIPQ M A
HQWUH HVWDV IUDWXUDYV

$R VHU H[SRUWDGD DV SODQLOKDV VMR 'RRPXRPOWRW \
FRQVLGHUDQGR D H[HFXomR GD URWLQD QR DPELHQV
JUDW&RQGBGDGRVBVLPXBQRGRRDGOGMWWDKRIUD KRUD FRUUH)
KRUIULR GH H[SRUWDOmMR GR UHIHULGR UKVXOWRGRR GHL
H[SRUWDU D PHVPD SODQLOKD YiULDV YHRW PRFP FKHDANPRU
QRPH 3RUpP SDUD YHULILFDU D TXDO PRGIER o\DHO KRVHGE
DEDV FRQWDP FRP XPD FpOXOD TXH DSD¢NR @GDDJ B REDBIWI
ILIDGD QR PRPHQWR GD H[HFXomR GR PYyGXOR UH$ FRP:
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GLIHUHQWHY DUTXLYRV SHUPLWH D LGHQR LGLH DPoRRH QRS
VLPXODGRYV

&RQVLGHUDQGR DJRUD RV JUIILFRV GLVSROQItHfHU W POIHI)YW DD
JUDW&RQG UHODWLYR j VLPXODomR KIDBORMABVFOH FRQGXKT]
REWLGRY SDUD WRGRV RV WUHFKRYV GH FRQGXWRW X®Q GHEI
R JUIILFR FRQVWUXtGRVWYWEIHDIFCH B VRIKQWWJHVKRY VmF
HP HVFDOD GH FRUHV FRQVLGHUDQGR RVORWOBIRUSR/GER WKk
DJUXSDGRV HP DWp FODVVHV SDUDHARRRSEO®R @WDIWU LUQ FI
DR XVXiULR RV LQWHUYDORYVY GH FODV WD GDDXPF& R W WHRRWF
XP Q~-PHUR LGHQWLILFDGRU p LQVHULGR TXH FRUUHVSRQ
Mi XWLOL]DGR DQWHULRUPHQWH 1RYDPHQWHMI[LELFKRRWRI
SHUPLWLQGR D YLVXDOL]DomR GD SRVLomR JHUDO GRV W!

2V JUIILFRV H VMR FRQVWUXtGRV GSH®DWY D \GHPH OKC
GH YDULIYHO DQDOLVDGD VHQGR H[LELGRN OVFRRQH BW KQ
UHVSHEWLYDPHQWH (VWHV JUIILFRV BRVWLRD F DPS KRV PR
HIWHQVR TXH IRL HIHWLYDPHQWH VLPRYDGRR KNGDDBBXG!
FRQVLGHUDQGR R XNRWHDHQHRYPMHERQVXOWDQGR RV GD(
PDWUL] ,17 1RYDPHQWH RV WUHFKRV ORDB[EE LHGR ¥ RHPW
YDORUHV GDV YDULIYHLY DQDOLVDGDWV$WGEILFRW VVHEY GH
XPD OHJHQGD FRPSOHPHQWDU LQIRUPD RINGWRVX\2 Y QMUHHUFKI
VMR LGHQWLILEFDGRY SHORV UHVSHEWLYRYV Q~PHURV LGH

2V JUIILFRV H VmMR FRPSOHPHQWDUHVPHRM U HVWXIO WKIP®
REWLGRYVY SDUD DV FDUJDV KLGUiIXOLFDW BPERHEEUIUIILF
VXD SORWDJHP VHQGR TXH R GHVWDTXH PDLRRVp DGR
JUIILFR RV FRORFD HP HVFDOD GH RRXK\D GHRRQ VLHQULOX
DWp FODVVHV LQIRUPDGDV HP XPD PDWWHYGQRYY¥RRYOWR
WDPEpP VmMR HVTXHPDWL]DGRY SHUPLWLQGRJRDYQWRXDOI
LQWHULRU GDV IUDWXUDV 7DQWR RV QyWH TXDIQWR B AR
VHXV UHVSHFWLYRV 'V 2V QyV TXH UHFHEHSBVYWOAD Q3D
PRGHOR WrP VHX Q~PHUR LGHQWLILFDGRU GHVWDFDGR SEF
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2 JUIILFR DSUHVHQWD DSHQDV RV QyV GDO/RVHEGUWNF&R WF
FRQGXWRYVY 'HVWD IRUPD D TXDQWLGDGH GH LEIRWPDO}F
OHLWXUD GDV FDUJDV KLGUIXOLFD?PRY RPRWRH UMY BRV DGHE H
XWLOL]DGRV HP UHODomR DR JUIILFRULGP Q HQWRH PDid MARF
DRV QyV p R YDORU QXPpULFR SURSULDPHQMWX5 R LDWR/ IGPD

XPD UISLGD YLVXDOL]DomR GHVWH UHMWK®OWHSGCGRQ MHPD D

LGHQWLILFDomR GDV IUDWXUDV H R GHYXW®U XH DRD/N QRS |
SHOD FRQGLomR GH FRQWRUQR WDPEpP FRQWLQXDP SUHYV

3RU ILP D SODQLOKD UH~QH RV UHVXOWDGRXYDREMR GRV
PYGXOR GD IHUUDPHQWD )UDW&RQG FRQVLGHUDQGR |
FRQFHELGD GH IRUPD DQiORJD D SODQIH)BRUWDWh@ LGHQGEL
GR 0$7/$% SDUD R OLFURVRIW ([FHO $R YBUQB[SRYVW D GOH >
'RFXPHQWRY FRQVLGHUDQGR R XVR HP DPELHQWH

JUDW&RQGBGDGRVBVLP XO0DomRBXELR DDXDWMBDHGD W R KR BR L
PRPHQWR GH H[SRUWDomR GHVWH DUTXLYR

$ SODQLOKD FRQWpP DEDV GLVWULEXRGDUHEKOWRDBR\D
SULPHLUDYV DEDV VMR VHPHOKDQWHR @MW GE D P QR RN QG\}
HQWUDGD H RV UHVXOWDGRY UHODWL&RKLR QHRWVPH W DED G
GDGRV GH HQWUDGD GD VLPXODomR KLGUiX|®bRIR GOQVHL
VLPXODomR $VVLP DV FRQGLO}HV GH PRQIWARWRR QDRUPP
GHWHUPLQDOmMR GD FRQGXWKQFLD VmR H[L EIQ¥BW IHEPRFR Qi
DV DEDV H QmR DSUHVHQWDP GLIHUHQoDV HP UHODomF

$V DEDV DGLFLRQDLY GD SODQLOKD DBSW HV H QWD R BMA VX
VLPXODomR KLGUiIXOLFD $ DED OLVWDXRVGEPBRVLEBRD
JHUDGRV 'LVS}H VH DTXL R LGHQWLILFDRGRUWHL RIQWDHPU R
WUHFKR VHX FRPSULPHQWR WRWDOXORpPpFPDGAFRYODRRUBY VL
FRPR D ODUJXUD GR FRQGXWR HTXLY D OM QWD QL FOLE/H/UL W X
PpGLD GR FRQGXWR H D UHVSHFWLYD FRQGRW &0Q BIDDWRREG\F
RV WUHFKRV REWLGRYVY LQGHSHQGHQWH GD VXDDHIDHVHQO
OLVWD GRV GDGRV GR FDPLQKR PDLV H[WBRDI Rp ¥ RRXODDH5
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REWHU SDUD FDGD XP GRV WUHFKRV VLPXQGBWEKQRM Y DE
FDUJDV KLGUiIXOLFDV QRV QyV GH H[WIIHPLHCDVBH IGLRG WilXHDR
YD]}HV FDOFXODGDV 2XWUDV LQIRUPDD}NWY DG OMLAR.@EMLDP
FDUJDV KLGUiIXOLFDV WUDQVSRUWDGDV OQ8WiInGG R VR
UHVSHFWLYR YDORU LPSRVWR DOpP GD\WRGRQXPJHVFRE\@
TXH WDQJH D TXDQWLGDGH GH LWHUDGR VH UM D/QMW R B &N
FRQYHUJrQFLD GR PpWRGR
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(VWH FDStWXOR DSUHVHQWD RV UHVXOVEIDGRSOREWQLIGR V!
PHWRGRORJLD DSUHVHQWDGD QR FDStWXOR DOEMWEHRQLRU C
e GDGR XP PDLRU HQIRTXH DRV SURGXWRY REWLGRV SDU
FRQWDWR GLUHWR FRP D SURJUDPDomR [DNVQURMIO@MH/Q @
DSUHVHQWD VH D LQWHUIDFH JUIILFD PROQ@QWGDGHDEDUD
VLPXODomR D VHUHP LQIRUPDGRYV 'HVWDINHDHNMH OKXDDG RW |
FRQWD H FRPR R XVXiULR GHYH DJLU SDUD\W FRWHBRWDGB][!
GHVWDFD VH GH IRUPD FRPHQWDGD RVIBUIUDPPRN W DS & DT
SRGHP VHU H[SORUDGRVY SHOR XVXiULPLQDOHORPHIQOMWRGEG HV
YLVXDOL]DGRV D SDUWLU GH XP HIHPSORMR Y FGWBWRVFWR DY E
VHUMR DSUHVHQWDGRYVY HP VHJXLGD

$R ILQDO GHVWH FDStWXOR HVSHUD VH TXHRQWHLWRU
IHUUDPHQWD UHODFLRQDQGR R FRP WRGD W H HVDR 8 RAOR/ ¥
p SRVVtYHO YHULILFDU WRGDV DV SRV M LIHUMDLEPHEHNYDG MV D
WDQJH D JHUDomR HVWRFiIVWLFD GH IUDWEKUHDDU T XtXDQRW
IUDWXUDGRYVY FRQVLGHUDQGR R XVR GH FRQGXWRYV XQLGLI

,17(5)$&( *5E),&%$ '$ )(55$0(17% )5$7&21"

'H IRUPD D LVRODU R FYGLJR LPSOHPHQW IDGE&D¥RSX\ RIRULLURL
HWDSDV UHDOL]DGDV QR GHVHQYROYLPHRWR o&}R |G UCPH
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LOQWHUIDFH JUIILFD DPLJiIYHO DR XVXiJULIXKUD/WDW R W WWIDPH
R REMHWLYR GH UHFHEHU WRGRV RV GDGRV GH HQWUL
VLPXODo}HV DOpP GH FRQWDU FRP ERWRHW R XD FR Q WIJARH
SURSRVWD

$R YLVXDOL]DU D LQWHUIDFH R XVXiUIQR GID\8 HDUB H E H SD nGA
GDGRV GH HQWUDGD GH DPERV RV PyGXORV GQDIGL WDPH
UHFHEHU RV GDGRV SDUD D JHUDomR HW®WRRFPRYIGHON R\
XQLGLPHQVLRQDLY HQTXDQWR D SDUWH LRVYHSDRWD ®HYV
H[HFXomR GD VLPXODomR KLGUIXOLPPGXQRSRUMRD® W H B X
VHP TXH R PyGXOR WHQKD VLGR SUHYLDPHQWH URGDGR

$ VHTXrQFLD GH LQVHUOmMR GRV GD G RVORDUIR \GDI RHW B GR
H[HFXWDQGR SULPHLUDPHQWH R PyGXOR SUHHQFKHQGR
GD LQWHUIDFH GD IHUUDPHQWD $VVLP GHYH VH
x (VFROKHU TXDO R WLSR GH YROXPH D VHU VLPXODGR
X ,QVHULU DV GLPHQV}HV GR YROXPH GH VLPXODomR
X ,QGLFDU D TXDQWLGDGH IDPtOLDV D VHUHP VLPXODGI
X ,QVHULU RV YDORUHV HVWDWtVWLFRVHWH]BD@R BB\
IDPtOLDV
R '"HQVLGDGH GDV IUDWXUDV HP WHUPRV YROXPpW
R OpGLD H GHVYLR SDGUmMR GR FRPSULPHQWR GDV |
R OpGLD H GHVYLR SDGUmMR GD DEHUWXUD GDV IUDV
R 9DORUHV GH PpGLD GRV kQJXORV GH RULXORNDomHF
GH PHUJXOKR GLS H KQJXOR GH GLUHomR VWULN
Xx (VFROKHU D RSomR **HUDU IUDWXUDV’' SDYBGXH[RIFXom|
GD IHUUDPHQWD

e LPSRUWDQWH VDOLHQWDU TXH QD )LJXSIDHHQWIRIGPRMN) W
GLVSRQtYHLY DR XVXiULR VmR PRVWUDGRV 3HRWBU®QRP
YLVtYHLVY GHVWDFDQGR VH DV VHIXLQWHY VLWXDo}HV
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)LIXUD + QWHUIDFH JUIiIILFD GD IHUUDPHQWD )UDW&RQG

4 untitled - 5
FratCond - Gerador estocastico de fraturas e modelagem hidraulica de aquiferos fraturados, usando condutos equivalentes Sobre...
Médulo 1 - Gerador Estocastico de Fraturas
Dados iniciais do modelo
. . i Mimere de familias de
Volume da simulacdo. | Clbico Comprimento (m): i r R [ w
Familia 1 Farmilia 2 Familia 3 i Familia 4 Familia &
Densidade de fraturas (1/m3): Densidade de fraturas (1/m): Densidade de fraturas (1/m?): Densidade de fraturas (1/m3): Densidade de fraturas (1/m3):
Comprimento das fraturas (m}): Comprimento das fraturas (m): Comprimento das fraturas (m): Comprimento das fraturas (m): Comprimento das fraturas (m):
Média: Média: Média: | Média: | Média:
Desvio padrio: Desvio padrédo:; Dezvio padrio: Desyio padréo; Desvio padréo:
Abertura das fraturas (mmj}: Abertura das fraturas (mmj: Abertura das fraturas (mm}: Abertura das fraturas (mm): Abertura das fraturas (mm):
Média: Média: Média: Média: Média:
Desvio padrio: Desvio padrido: Desvio padrdo: Desvio padrio; Desyie padrio:
Crientagio das fraturas (°): Orientagdo das fraturas (*): Orientagio das fraturas (*): Orientagido das fraturas (*): Orientagio das fraturas (*):
Meédia do dngulo de Wedia do dngulo de Media do dngulo de \eédia do dngulo de | Media do dngulo de
mergulho (dipy: mergulho (dip): mergulho (dip): merguiho (dipk merguiho (dip):
Media do dngulo de Media do dngulo de Media do dngule de Media do dngulo de Media do dngulo de
direcdo (strikel; direcdo (strike): direcio (strike): direcio (strike): direcio (strike):
Pardmetro k Pardmetro k Pardmetro k Pardmetro k Pardmetro k
de Fisher: de Fisher: de Fisher: de Fisher: de Fisher:
Limpar dados Gerar fraturas Explorar resultados: | <escolha uma opcio a ser exibida e cligue em ok= hal Ok
Moédulo 2 - Simulacao Hidraulica
Condigbes de contorna Determinagdo da condutincia
In=sira valores de carga hidraulica ao menos em uma das faces do volume simulado: X i
@ Calculada a partir das propriedades das fraturas
Face ezguerda (m}: 0 Face direita {m}: | 0
CJ Seguindo uma distribuicdo lognormal
Face de fundo (m): 0 Face frontal (m}: 0
Limpar dados Simulagdo Hidraulica Explorar resultados: <escolha a opcdo a ser exibida e clique em ok> N Ok

JROQWH $XWRU
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x $ HVFROKD GR WLSR GH YROXPH DOWHUQDDN H[LEL
GLPHQV}HV 6H R YROXPH p F~ELFR DSH@R/D&FHDQOGNVPH
XP FDPSR D GLVSRVLomR GR XVXiULR &PBVRWRILYRORPH
] GLVSRVLomR SDUD LQFOXVmMR GH FRPSULPHQWR O
VLPXODGR

x 2V FDPSRV SDUD LQVHUomR GRV GDBRHP HMMDVUD WPV VL
IXQomR GR Q~PHUR GH IDPtOLDYV GHVLIJQDGR SHOR XV
HI[HPSOR VH R XVXiULR RSWD SRU VLPXONMUD&SDQIRWU P |
DV iUHDV GDV IDPtOLDV H ILFDUmMR GLWRSRWQiVHDW SI
GHVWLQDGDV DV IDPtOLDV H SHUPDREGQWHRK RF)
GHVQHFHVVIULRV

Xx 2 ERWmMR 32N" GHVWLQDGR D H[SORUDomR GRV UHVXO
SRS XS GHVWLQDGR D HVFROKD GR JUIiIIGRRPIR FHQWRLE
HP TXH D JHUDomR GDV IUDWXUDV IRL HIHFXWDGD 2 |

3DUD H[HFXWDU R PyGXOR DSyV D H[HRXDWRUDHP RXEHA
GHYH SUHHQFKHU RV GDGRYVY GH HQWUDGD QD UHJLmMR LQ|
X ,QVHULU DR PHQRV XPD FRQGLomR GH FRQWRAHMR Q
GR YROXPH GH VLPXODomR
x (VFROKHU D IRUPD GH GHWHUPLQDOmMR GR KR@GXIVkQ
GLVWULEXLomR ORJQRUPDO RV FDPSRV BRUDFD®VHU
GLVSRQtYHLYV SDUD SUHHQFKLPHQWR
x &OLFDU VREUH R ERWmR *6LPXODomR KLGUDVMODRD SO
PYGXOR GD IHUUDPHQWD

e LPSRUWDQWH UHVVDOWDU TXH VH RBVERIUXKR QTXVHWU XWP
SDUKPHWURY HQYROYLGRV QD VLPXODomR VHMD QR Py
DGYHUWrQFLD VmMR HPLWLGRV DR WP S\GROW®LW B RH VHHRX\D B
QHIJDWLYRY SDUD DV PpGLDV GH FRPSULPHQWRVHY DBOHRUWW X
VmR GLPHQVLRQDLVY H QmR DVVXPHP UHVXOMLDG KR PHC
SUHHQFKLPHQWR GDV FRQGLo}HV GH FRQWRUQR
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$QDORJDPHQWH GXUDQWH D H[HEFX0omR GD QHQD drQRs GIDW
GR SURJUHVVR GD URWLQD 7DO MDQHOOBX®R LQYRILM GIBF
IXQomR GD TXDQWLGDGH GH IUDWXUDWBHBOHY $RGBIGWHD C
GXUDomR 'HVWD IRUPD R XVXiULR GHYH [IKORSIOIK R QGR
R SURJUHVVR QHVWD MDQHOD LQGLFD@MW MDH [&F ¥R [D&DVR
MDQHOD LQGLFD R XVXiULR R VXFHVVR QRVA H B Xt Yh\R D&/RMF
GH DGYHUWTrQFLD QD IRUPD FRP DSDUHFHP DR XVXiULR G

J)LIXUD + -DQHODV GH DGYHUWTIQFLD G DQIGIR YDPHRYW U )
LQFRHUHQWHY RX IDOWD GH YDORUHV E WNDQBQOBOG.L
LQGLFDWLYD GH VXFHVVR QD H[HFXomR GD U

(A) (B)
4. Erro - X = - =
Insira o comprimento do volume de simulagdo Por favor, aguarde...
[— ]

(9]

4. Operagdo bem sucedida - X

Geragdo de fraturas executada com sucesso

JRQWH $XWRU

3DUD DJLOL]DU D PXGDQoD GH GDGRW QR WPD LMA\PEKWDLD3ORN
ERW}HV VHQGR XP SDUD FDGD PYyGXOR GD IHUW/DH HRW h RC
GHOHWD RV YDORUHV TXH HVWHMDP SUHHQWVWWHRRG R DVRGR
XVXiULR UHDOL]JH PXLWDV VLPXODoO}HV HFRHPQIGOWH TR HP X
DSOLFDomR VHMD UHLQLFLDOL]DGD @HIPRVAHXH D LAV D B ESIRA
GH GDGRV QDV YDULiIiYHLVY TXH IDJHP SDUWHVEBMBPURW
FRUUHWDPHQWH OLPSDV FRP R XVR GRV ERW}HV GLVSRQt
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$SyV D H[HEXomR EHP VXFHGLGD GH FDGD XPRGRMWPIHLERO R
H SODQLOKDV GLVSRQtYHLV QD IHUUDPHRW RY UDHXR/QER :
HIWHQVtYHLY GLVSRQtYHLV QD SDUWH LQIHWH@W Gp FD
QHFHVViIULR HVFROKHU TXDO GRV JUilLFROLYB Ui\VSRERMADR E
SRN° GLVSRQtYHO ORJR DR ODGR GDHOKV®D D SJUHMHQWD
XPD MDQHOD DGLFLRQDO &DVR XPD SODQKQKR WIBEKDWH
GLUHWDPHQWH QR OLFURVRIW ([FHO 8PDSOBR@HIHBPGHRD E}Y
VXFHGLGD $ )LJXUD DSUHVHQWD D IRUPD LFQRW R UD DOFIHV &/
IHUUDPHQWD HP FDGD XP GRV PyGXO RQFODWDX 0D VI B HVTEK
DSUHVHQWDGD QD PHWRGRORJLD GHVWH WUDEDOKR

)LIXUD + OHQXV SDUD H[SORUDomR GRV UHVXOWDGRYV |
IHUUDPHQWD )UDW&RQG

JROQOWH $XWRU
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$ LQOWHUIDFH DLQGD GLVS}H GH XP ERWmMR QD UHRNMR V X ¢
ERWmMR R XVXiULR SRGH REWHU R FRQWDWR GR¥EBWRVHQY
GH G~YLGDV RX SUREOHPDYVY HQFRQWUDGRY QD VXD XWLO!

5HVVDOWD VH TXH SDUD D XWLOL]DOomRGG&D SIRU UDRP IB® WIDH
0$7/$% LQVWDODGR QR FRPSXWDGRU XPD YH] TXH R VHX
QHVWH SURJUDPD FRPSXWDFLRQDO $ IHUMXB PHIQW D YRR DR\A
D H{IWHR)VWXR FRQWpP WRGDV DV URWLQDV SURJUDPDGDV ¢
FRP D H[WH@QMWHWRFRQWpPP R GHVLJQ GD LQWHUIDFEH JUIJILF
DUTXLYRV VH UHODFLRQDP GLUHWDPHQWH SDUDRR FRU!
PRPHQWR GD DEHUWXUD GR 0$7/$% SDUD XRHIOUDPH QWM L
DEULU R PUYMPYR QHFHVVLGDGH GH DOWHUi OR DSR FKDTF
LQWHUIDFH JUIILFD p GLUHWDPHQWH DEERAMJ\WE HHWPD®D
UHDOL]DomR GDV VLPXODo}HV FRQIRUPH RV SDVVRV DTXL

(;3/25$d-2 '26 5(68/7$'26 )251(&,'26 3(/$
)(55$0(17$ )5%$7&21' $ 3$57,5 '( (;(03/2
+,327€7,82

$Syv D DSUHVHQWDomR GD LQWHUIDFH JUWWHDNVHMSEBRHY3
HISRU DV SRVVLELOLGDGHYV GH H[SORUDomm® ¢RYNWEHRX® W
FRQVLGHUDQGR RV JUIILFRV H SODQLOKDMUWI LHER/Pt DHED U
GH XP HIHPSOR GH IRUPDo}HV IUDWXUD GROWPRLGRG M. EPBD 3
LOXVWUDomR GR XVR GD IHUUDPHQWD SURYRKWDGOQBRW
DSUHVHQWDGRY QD 7DEHOD H QD )LIJXUDHFH\RQVLEW BIX
D UHDOL]DomR GDV VLPXODo}HV Mi WUDWDGRYV HVWDWLWV!

e LPSRUWDQWH UHVVDOWDU TXH D UMB G R DR W W HD HR
GH UHVXOWDGRY H[DWDPHQWH LJXDLVY DRV DTXL PRVWUD!
HVWRFiIVWLFD FRQVLGHUDQGR DVGVYI|IHRQBLHAVRGQDWGRL I
JHRPHWULD GR PRGHOR KLGUiIXOLFR VLPX®DDB&U HDHB@WHD[
UHVXOWDGRYVY QXPHULFDPHQWH GLIHUHQOWHY¥RPS\DWD diR B P
UHVXOWDGRV HP WHUPRV GH RUGHP GH JUPD &MWL DIoXHR C
TXDQGR FRPSDUDGD DRV H[HPSORV VLPXODGRYV
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5HVXOWDGRYV

7TDEHOD

+

9ROXPH GH VLPXODon

nR & ~ B

12z GH IDPtOLDV

'HQVLGDGH

P i

&RPSULPHQWR GDV

)DPtOL

$EHUWXUD GDV IU

2ULHQWDomR GD

'HQVLGDGH
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)DPtOL

$EHUWXUD GDV IU

2ULHQWDomR GDV
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'UDWXBV ff
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&RPSULPHQWR GDV

)DPtOL

$EHUWXUD GDV IU
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'UDWXWRV ff
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JRQWH $XWRU
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'DGRVY GR H[HPSOR KLSRWpWLFR VLPXODG
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)LIXUD +  QWHUIDFH JUIiIILFD SUHHQFKLGD FR®PRRVY GDGRV GH HQWUDG

JROQOWH $XWRU
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&RPR LOXVWUDGR DFLPD R H[HPSOR KLSRWpPWERHRVWNRS
JUDW&RQG VLPXOD XPD IRUPDomR IUDWXUDGD FRRVXP YR
GH FRPSULPHQWR WRWDOL]DQGR PA 7DGHRUBWXW® \p
FRP YDORUHV GLIHUHQWHYV HP WR/GDNVIWD ¥ R DM FIDAHD RWSHDL
N GH )LVKHU GHVWDV IRUPDo}HV KLSRWpPpWLWDWRERIHBUR B
FRP SHTXHQDV YDULDo}HV HP WHUPRV GH FRWVHQWWDOWIMHR
HIHPSOR 3DUD D VLPXODomR KLGUiXO GHDF RRWORPU QRQHR G/
DV IDFHV GR YROXPH GH VLPXODomR LDQ pPQEGHR D XU GIL
GDV IUDWXUDV

$R HIHFXWDU R PyGXOR R XVXiULR REWPF B DHEBDWHR RH\
GDV LQWHUVHoO}HY HQWUH HODV SHUPLWLQGGKIRY /OBDQ WG|
$SyV HVWD H[HFXomR R XWLOL]DGRU SRGH H[SORUDU RV
FRQWpP RV UHVXOWDGRY GD VLPXODomR QHVWH PYyGXOR

3DUD R H[HPSOR KLSRWpPWLFR DYDOLDGRQBHLUKUWILVXDS!
SRVLOMR GRV FHQWURYV GDV IUDWXUDV Jd SRS DNL GG\
SDUWLU GD DSOLFDomR GH XPD GLVWULBEXIHoRR RBQMRURY
SORWDGRV VHP SUHHQFKLPHQWRY FRP FROQWRURMR VUG X
D TXH VH UHIHUH GD VHJXLQWH IRUPD

x )DPtOLD + SRQWRYV D]XLV

x )DPtOLD + SRQWRV URVDYV

X )DPtOLD + SRQWRV YHUPHOKRYV

X )DPtOLD + SRQWRV YHUGHYV

X )DPtOLD + SRQWRV SUHWRYV

/IRIJR DFLPD GRV FtUFXORV p FRORFDGRRUKBIYHMUBEWKRKR DN
LGHQWLILFDGRU p FRORFDGR HP RUGHP HOQHAWE HDQ/WIKR D WEKC
FRP LGHQWLILFDGRUHYV PDLV EDL[GNQWDItBDWERDHD RPtL\D
2 PDLRU LGHQWLILFDGRU FRUUHVSRQGH G HXOMRQ W IDGEIRG & H
UHODomR GLUHWD HQWUH R YROXPH GH VLPXOD®WR GIRD G

SDUD D IDPtOLE G HPs Il tw BN=PQ&B0R HVWH FiOFXOR



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + 3RVLomR GRVY FHQWURYV GDV IUDWXUDV JHUDGDV SDUD R H[H

JROQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

QHoD UHVXOWDGRY LQWHLURY D TXDQWBEGDOGH IGRD | UBBIRWX!
REVHUYDU D )LJXUD REVHUYD VH TXH R H[HPSOR SUR
SHUWHQFHQWHYV D IDPtOLD SHUWHQFHRDWHY D IDPtOLI

$ DQIiOLVH GD SRVLomR GRV FHQWURXP®DEFHW B WKXIU@LVo BRV:
GD ORFDOL]DomR GRV SRQWRV GH PDLRUYHQWKMH HV \&1D WG/
GHOHV RV GLVFRV UHSUHVHQWDWLYRMW B W HODIRWD § HW
VH WHU XPD LGHLD GR TXmR IUDWXUDGRFRQPHURBRoWIRP R& D
GRV SRQWRYV UHSUHVHQWDGRY QR LQWHULRU GRI ¥HROXP I
HVWHMDP SRVVLYHOPHQWH LVRODGDVUDVXGHHYRE& W RQURL ¢
SRUpP HVWD DQiOLVH GHYH VHU IHLWDPF SWHL PRAHPDRF B QWXXF]
SHODV I UDWXUDV

$ )LIXUD SHUPLWH DLQGD YLVXDOL]DWmRrN MRRUWRHQR\D
HP OLQKD WUDFHMDGD 7DO UHSUHVHQ@WDBRR SDRWDIGRIVU
GD IHUUDPHQWD p IHLWD FRQVLGHUDQGR®HDWR XNVXHQLVR H ¥
RULJHP GR VLVWHPD GH FRRUGHQDGDV XWGG@LUMHGRUERIRC
YROXPH $ SDUWLU GHOH DV GHPDLV GLPHGQMIHRW VmR
FRRUGHQDGRYV

e LPSRUWDQWH UHVVDOWDU TXH RV JUIILFRF VIX® VHUF
YLVXDOL]DomR QD IRUPD GH SURMHomR LHVYRRY IV U L RBIR UpPRPP |
p SRVVtYHO PDQLSXODU D SRVLomR GHIYHDXGCBVMDMRGCE F
UHWKQJXOR YHUPHOKR QD EDUUD GH IHWMIDBHQWDWVDEMH Q\
GH ]RRP H GH JLUR GR UHIHULGR YROXPH DGHTX®QGR D
XVXiULR 2XWUD IHUUDPHQWD LPSRUWD@®R QKON FEHDWRI
DR XVXiULR YHULILFDU GH IRUPD UiSLGD QWDGDR $HBHOR!
SRQWRV GR JUIILFR DOpP GH SRVVLEWEUWRU & D WBFRDRWHDM H
QHVWD EDUUD GH IHUUDPHQWDV QR ODNGR HYWRHU GRS (GH. Y
GD LPDJHP SORWDGD

-i D )LIXUD DSUHVHQWD R JUIILFR T X EX ADLERRMG B HRO\D WY
IlUDWXUDYVY JHUDGDV DSyV D DSOLFDomR GrDRGREW UG E X LFORr



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + ODORUHVY GH DEHUWXUD GH IUDWXUD HP PP REWLGRYV SDUD R

JROQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

GHUDQGR RV YDORUHV HVWDWtVWLFRV LQVRURBBR SROR
SRQWRV SRVLFLRQDGRV QDV PHVPDV FRRURWPSDGDVY GRV
SRVLomR GRV SRQWRV QRV JUIILFRV H XUD$DBWUWEHER
TXH RV SRQWRV VH HQFRQWUDP QD PHVPD G RINHLLOHIRW i P H;
GR YLVWR QR SULPHLUR JUIILFR RV SRQWRADGR GWi IERRBRH\
HP IXQomR GR YDORU GH DEHUWXUD HP P SOHP\HWURLIVP DY
HVFDOD GH FRUHV YDULD GH WRQV HVRNWUBGHWBRBAV A BLX¥
PDLV FODURV D PDLV HVFXURV L QG DFMHIRVIWLFRUKVLFEDL
OHJHQGD GD ILJXUD LQIRUPD DR XVXiULR RV LRWHUYDOR)

$R VH DYDOLDU RV UHVXOWDGRV PRVWUDGRVQ@WDGIDXUL
LQVHULGRYVY QR H[HPSOR KLSRWpWLFR HVWXGDBt® LHD FU X]
SHUWHQFH FDGD IUDWXUD FRQIRUPH R JPDLRBHYV RWAR W
LQGLFDGDYVY SHORV FtUFXORV HP WRQ\G G HDIPIpOA. DV m R D8CGH UL
FODUDPHQWH MXVWLILFDGR SHORYV QMHURIGHRW G UPH GOV 1B
TXH VmR VXSHULRUHYV DRV YDORUHW®NVGOPYOLOWLPBYV I
WLYHUDP FRPR GDGR GH HQWUDGD YDORUHNUBYGERK SU
YDORUHY GH DEHUWXUDYV WDPEpP SUY[LPRV RHIOLEFDKBWR TX|
SHORV FtUFXORV HP WRQV HVYHUGHDGRYVY TXH GRPLQDP F

$ DEHUWXUD GDV IUDWXUDV p XP SDUkPHW®ER DH[MQW R DHPA
PHLRV IUDWXUDGRV 1R PRGHOR GH VLPXODOmMR XWLC
HTXLYDOHQWHY WDO LQIOXrQFLD p YLVRRI @RWkYBDRUHM
GHSHQGHP GLUHWDPHQWH GRV YDORUHV F\D W HVEHIMNVXGR
PRVWUDGRY SHOR JUIILFR QRWD VH TOUD D \F RUPDY\DXORDUMH Y
DV FODVVLILFDP FRPR IUDWXUDV DEHUWPNOD FYRE XD O P HE
7DEHOD GHVWH WUDEDOKR 'HVWD |RWPRD MH/QW R VPXRUIDYW
GR PHLR VLPXODGR

$ )LIXUD DSUHVHQWD R JUIILFR SDUD R IHFHRPB ®BRHR/IHIRW
RV YDORUHV GH FRPSULPHQWR GH IUDWXUD®® L WW UALHEW U drriv/
ORJQRUPDO FRQVLGHUDQGR RV YDORUHV HVWDWINWLGR V
LPDJHP p FRQVWUXtGD GH IRUPD DQiORJD PRAHULWRX®RWYD



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + ODORUHV GH FRPSULPHQWR GH IUDWXUD HP P REWLGRV SDUD |

JRQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

ORFDGRYVY QDV PHVPDV FRRUGHQDGDV GRV FHQWHmRY GDV
HVFDODV GH FRUHV HP IXQomR GR YDORUGH WFHRFPIBRILIR Q O\
$ PHVPD HVFDOD GH FRUHV XWLOL]D&ED IS§PR DYDEH DW &R DH/
WRQV HVYHUGHDGRV SDUD RV YDORUNY ®®UMVEPBD[RNVHOH
GD UHIHULGD FDUDFWHUtVWLFD 8PDVGHBHRQGD RORLOMNGRJ!
FODVVH XWLOL]DGRYV

$R VH DYDOLDU RV UHVXOWDGRYV REWLGRYVV3ID URHRKHDHYH
SHTXHQD YDULDomR QRV YDORUHV JHWDGR YV FO\DW R HY VIADLLF
UHSUHVHQWDomR ,VWR HP RFRUUHX®BIGWD V @OHBW HYHQWDW [
SDGUmMR QXORV FRQFHQWUDGR RV YDORB$HW HPDF LIPRt @LHD
TXH DSUHVHQWD GHVYLR SDGUMR WHP YDORUH PDpLG/L RQ IM(R)
SURYRFDQGR H[WUHPD YDULDomR QR FRQMXQWR GRV YI
PDLRUHV FRPSULPHQWRY VmR REWLGRYV SDULF DY GRDWHOU |
PDLRU YDORU PpGLR GRPLQDQGR DV IUDWXUDYV GQ % LUDBPGQ

H DSUHVHQWDP YDORUHV LQIHULR UHN UGIR/HLQDDME&IR IH |
HVYHUGHDGR

e LPSRUWDQWH UHOHPEUDU TXH RV FRPSULPHQWRYV Gt
FRUUHVSRQGHP DR GLKkPHWUR GRV GLVFRV UHRSWBRARQWDYV
Mi GLWR QD UHYLVmMR ELEOLRJUIILFD R D>XRPWQUWRDXRW Q\N
DV SRVVLELOLGDGHY GH LQWHUVHomR TEK@\W WHH DX FHQMW R
IDFLOLGDGH GH WUDQVSRUWH GH iJXD @RV SRH PR WRD/WG
IUDWXUD GHQRWDP XPD QRomR GH HVSDoR RFXSDGR SHOLI
GH VLPXODomR

$ )LIXUD DSUHVHQWD R JUIILFR SDXDDRPHRWWSORXHP DI
JHUDO GR YROXPH GH VLPXODomR FRP B\GLYPWXUDV RX{H
VHIXLQGR D LGHLD GR PRGHOR GH %DHFKHWD BYUXDMNGDJ D
VXDV UHVSHFWLYDV IDPtOLDV D IEPVIGAHD SGDJ RRIUVRHUPDGYI
FDUDFWHUtVWLFDV ItVLFDV HQWUHFRYV BWVORIDWGID) K LK PG
JUIILFR IDPtOLD + D]XO IDPtOLIDPH#HOUBVD: YIDPEBILDID |
SUHWR 8PD OHJHQGD DX[LOLDU SHUPLWH SHFOWHQWVIER



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + 9LVmMR JHUDO GR YROXPH GH VLPXODomRJDLOF RPHRWPG O\RF R I SIRMSIUWHLNVARQ SU

JROQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

&RPR LQGLFDGR QD PHWRGRORJLD RV GLVFR@HVMRDWRQYV
HTXDo}HV SDUDPpWULFDV FRQVLGHUDQGR XPIDRVDUWN®omR
LQWHUOLJDGRY D SDUWLU GH XPD IXQomR76G#6S Q\RWMD JHF
IRUPD GH SORWDJHP QOQmR FDXVD PDLRUMBWYXSUREDHBRRVUB IH
JUIILFR XPD YH] TXH HOHV ILFDP EHP GHILQLGRYVY FRPR S

$R VH WUDoDU RV GLVFRV UHSUHVHQW BWLDYAYXQV VGHMWW
GHVHQKDGRV DOpP GRV OLPLWHV GR YROKXP$URBEOWPBDXO
UHODFLRQDGRV D FRQWDJHP GDV IUDWXUDAM QWHRY EQMH
PHVPR QR PRGHOR KLGUIXOLFR TXH LQW HUDARQWAHIPVQ
LOWHULRU GR YROXPH GH VLPXODomR 2SWRXDVYUID GWDWD
YLVXDOL]DomR GH WRGD D HIWHQV MR GRDG®I'KHRS WHSXUMHF/IHF
RX LQWHUUXSomR

$ SORWDJHP GD YLVmMR JHUDO GR YROXPH GH \VIRAVXODom
UHSUHVHQWDWLYRY GDV IUDWXUDYV [18BDWAWDH/ VR XGMX/iW UR
VXD WRWDOLGDGH DR VH UHODFLRQDUORBHRPSUKPHOYWR
GLVFR UHSUHVHQWDWLYR H D VXDVHUMNVEHEWWURD (VRMDDQ
GLVWULEXLomR SRGH VHU IHLWD FRQVLIG®RUDIQNE ROWRBEE R
FRQWD DV FRUHV XWLOL]DGDV QD SORWIVRW S RVIWN P 05 Y
FRP PDLRUHY GLKPHWURYVY H DSDUHQWDP XP RDERO BoRMR Q|
WDO TXDO SRGH VHU YLVXDOL]DGR SDUD DV IUDWXUDV GLEC

&RP HVWD SHUFHSomR R XVXiULR SRGH YHURIDEDHO GsH |
IUDWXUDPHQWR GR PHLR VLPXODGR DRRUHOU®SPOR GERU MR
RFXSDGR H R WDPDQKR GR YROXPH GH VLPXOIDDWIR R$R V
HIHPSOR KLSRWpWLFR DQDOLVDGR QRWBWIDAIXIHEBDUTKOI
RFXSDGR p HOHYDGR FRQVLGHUDQGR R YROXKPHGGN VIRXHK
VH FRQVLGHUDU WDO PHLR FRPR EHP IUDWXUDGR

$ YLVXDOL]DomR GD RULHQWDoOomR GDVJIWiDMWRU D\ RUH P N/ MK
GH XPD ILJXUD HVSDFLDO EDVWDQWHLFRRPS®EOH)BR® ISHUGH
RULHQWDomR GDV IUDWXUDV HVSHFLD ORH®DIW IBDMPXXOR



&DStWXOR * 5HVXOWDGRYV

WHUPRV GH SURIXQGLGDGH D IHUUDPHQWD )UDWFRQG

DSUHVHQWD H[FOXVLYDPHQWH D YLVWIDGRIJZODQRRY GRHY
DV IlUDWXUDV DSUHVHQWDP FROQWRUQRYV TXHHUHODWHREGRN
VHIXLQGR D PHVPD HVFDOD LQGLFDGD SODUDFR JWLIVRRH |
Q~PHUR LGHQWLILFDGRU GDV IUDWXUDV Q~PRUBRVHP Y&
SRQWRY GH LOQWHUVHomR REWLGRV HQWUH DVILEFDWRUDYV
GH LQWHUVHomR Q~PHURV HP SUHWR DFLPD GRV SRQWR

$R VH DYDOLDU R UHVXOWDGR REWLGR H[LELGRUQBDLJX
XWLOL]DGRV SDUD R H[HPSOR KLSRWpWLER &M VWXGKHR G &
WRGDV DV IDPtOLDV IRL HOHYDGR DV |UDH®PXU BQ DIHILRD ®
RULHQWDOmMR PpGLD LQVHULGD $V\SLUPDWL\F DB BIW WWHD K RGD
VHIXLQGR R PHUJXOKR PpGLR QXOR TXH D HODV GOV LQ'
IDPtOLDY H VHJXHP RV YDORUHV R@OLRR GH P HUHXOK
UHVSHFWLYDPHQWH

1D H[LELomR GHVWH JUIILFR DOJXPDVUDLQ\GFD X} SAR\GVH R
YDULDomR QRV GDGRV GH HQWUDGD RR QDD X 8N UM HS/DUKP
GGH )LVKHU EDL[RV SHUFHEH VH TXH DW UUBXDOURY DI®iH D
QmR VH SHUFHEHQGR XPD XQLIRUPLGDGH HQWDB D RRILHC
H[HPSOR UHDOL]DGR 7DO IDWR p FRQVLGHWD GFO KR XLV VR
FDVR R XVXiULR XWLOL]JH kQJXORV GH GKPDHYMDR LDEWIOD GHR
PDLRU GRV kQJXORV GH RULHQWDOMR GDW IEPDRXPUDV .
FRQVLGHUDQGR TXH DPERV RV kQJXORV LQIOXHQFLDP ¢
PHWRGRORJLD 1HVWHV FDVRV DV IUDWRUDH WBBERW QMR
QR H[HPSOR DTXL UHDOL]DGR PDV QDVIRHP ¥ LGHVXGHSE R \F
HVSDFLDO GD YLVXDOL]DomR

$ )LIXUD WDPEpP PRVWUD RV SRQWRV RPRRGGRYV GRVFRK
UHSUHVHQWDWLYRV GDV IUDWXUDV RRWDGRDV & RE@JISRRJPW I
QRWDU TXH QHP VHPSUH R FUX]DPHQWR GRVUMHYB&RRNMG H [L
XPD LQWHUVHoOomR YHUGDGHLUD 7DO IDWHR SR®&H WHHU LONRRY
LQIHULRU HVTXHUGD GR YROXPH GH VLPXODomRR WQBJIRNH



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + 9LVmMR GR SODQR \] GR YROXPH GH VLPXODomR SDUD R H[HPS!

JROQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

TXH UHSUHVHQWDP DV IUDWXUDV QmR KYISPXERVY & H Q QX\
GH YLVXDOL]DomR GR YROXPH GH VLP XOD olnCR DSHWF HEH
IUDWXUDV QmR VH WRFDP SRU HVWDUHP HP GLIHUHQWHYV

$LQGD QR TXH WDQJH D GHILQLomR G IPH Q@MRN UNVIW LHV R F
H D RFRUUIrQFLD YHUGDGHLUD GH SRQWRE®HGWHL Q R\W D UHD!
SRQWRVY QHJURV QmR VH HQFRQWUDP H[BWDW HDMH IDRVER
H[SOLFDGR SHOD EDL[D SUHFLVMR FRQVHGW U B GDV SHTUD &
SDUDPpWULFDV GRV GLVFRV H GDV UHWDVHMR GRW R UIVDH 0
DXPHQWR GD SUHFLVMR QmR VH PRV WUR QB VHNV GY RL FRQOG/I
QD GHILQLOomR GRV SRQWRV GH LQWHU\PIONRD LN V8D HR U
TXH QMR SUHMXGLFD HIHWLYDPHQWH RV GHPDLV UHVXOW

&RQVLGHUDQGR R H[HPSOR KLSRWpWLFR HVWXGIRGR ILFD
FRPSULPHQWR SHUWHQFHP D IDPtOLD HREBUL @ W& WIRW
LQWHUPHGLIULRY H D IDPtOLD FRP FRP\BRR FER®WR N CPHYDR
TXDQWLGDGH GH IUDWXUDV QR PRGHOR GHIWFBBR \pH WX
LQWHQVD )RUDP REWLGDV XP WRWDQYGH HV IMPW HUMHDR IR Y
QD SDUWH LQIHULRU GLUHLWD GR YROXPRUGH VLR XOP b QR
PDLV HIWHQVR D VHU VLPXODGR KLGUDXOKPBPH@®RR D$O.
SDUWH VXSHULRU GLUHLWD H D SDUWWHWHDYDY DG HXI
SUHVHQOD GH IUDWXUDV 1HVWH VHQWLHRF RDE X WELHDAR B
HVWDUHP FRQHFWDGDV DRV RXWURV FDPLQKRY SUHIHUHC

$ ILP GH SHUPLWLU XPD YLVXDOL]DomREHWSPDLRKARPYD GR P RBE
GH VLPXODomR D IHUUDPHQWD )UDW&RQG GLVS}IH GR JUL
ORFDOL]DomR GRV SRQWRV GH LQWHUVHomR HBHFRQMX
VLPXODomR 'HVWD IRUPD WHP VH XPDRYLGMR GFWHSEBMVFH
WHUPRV HVSDFLDLV HP UHODomR DRQIMIDFRLN@W H3H XKW
SODQRV GR YROXPH 7HP VH DTXL XP JUIIULFPR PDRRWQORPS
DSUHVHQWD RV GLVFRV UHSUHVHQWDWLY RYWGEDYV HDRY X
UHSUHVHQWDGR SRU XP SRQWR FRP SUHHQFKLPHQWR S
LGHQWLILFDGRU ORFDGR DFLPD GHVWHV SRQWRYV



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + /IRFDOL]DomR GRVY SRQWRV GH LQWHUVHWRR GHILQLGRV SDUD F

JRQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

$R VH DYDOLDU RV UHVXOWDGRYV REWLGRV QD UHIHULGD |
GH LQWHUVHomR RFRUUHP QD UHJLMR LQIHULRRJ 6 R UFRHEX
VH TXH WDLV SRQWRV HVWmR PDLV FR QEFHMHY WIDGH G I DX QS
UHIHULGR YROXPH UHJL}HV QDV TXDLV WDPRPCEWRN KL
XQLGLPHQVLRQDLY HTXLYDOHQWHY 1DR SWUDR$IDRIVGH WEX\b H
TXDQWR QD SDUWH LQIHULRU GR YROXPH REVHUYD VH TX

&RPR ~OWLPD LPDJHP GLVSRQtYHO SDUD H[SXXFRXDWIbFR GF
GLVS}H GR JUIILFR )LIXUD TXH DSUHVHQWD/ R WUD
HTXLYDOHQWHY REWLGRV QD VLPXODomR JXHRMWPWIRJEDL
PHWRGRORJLD Mi FRPHQWDGD SDUD R WRYYoPH:GRWG RV WG
IlUDWXUDV DRV UHVSHFWLYRV SRQWRYV GKoH QWHWXHDMRV
UHSUHVHQWDGRYV SRU FtUFXORV FRP FRQWRUGRWRHAP UF
FROQOWLQXDP D VHU UHSUHVHQWDGRY SRU SRQWRYRHRG BB H
DRV WUDOoORV D]XLV 2V LGHQWLILFDGRUWHYV m&RH Hf HRBWEWRRNV
YHUPHOKR H SUHWR UHVSHFWLYDPHQWH

$QDOLVDQGR R UHVXOWDGR REWLGR SDUD R H[HPSOR KLS
JUIILFRVY DQWHULRUHY QHP WRGDV DWQWDW XWLDV H\WWD G
WDPEpPP VH SHUFHEH D REWHQOmMR GH WUHFWRG RB\H BRIQG\X
GR YROXPH GH VLPXODomR 3RGH VH QRWDU PTXH RV
SULRULWDULDPHQWH QDV UHJL}HV VXSHUVRR HRF MQUMHE B €
HQFDEHODGRYV SHORV QyV H QDV SU®YNVPLGD G HV S3D RD
QyV H QDV SUR[LPLGDGHV GD IDFH GLUHLRWDQRIKH F
HIWHQVmR

&RQIRUPH GLWR SUHYLDPHQWH GHYLGR D PDILRUORQIGW L
H FRQHFWDGRY GH FRQGXWRY HTXLYDOH@WRHYORBRU BIRJ K
VHU REVHUYDGR TXH R WUHFKR GH PDLRU H[WH@®W¥WmR H
UHVWULQJLX DV SUR[LPLGDGHV GD |DEFD® MRHW\I PE®R BRG]
GR HL[R [ GH IRUPD SDUDOHOD j IDFH | GRI@WDOF I PDQW W
H[HFXomR GR PyGXOR



&DStWXOR +* 5HVXOWDGRYV

)LIXUD *+ SRQGXWRYV XQLGLPHQVLRQDLY HTXLYDOHQWHY REWLGRV SDU

JROQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

e LPSRUWDQWH VDOLHQWDU TXH DVDLPBMHRUMHO GHFRQBR(
HQFRQWURY GH IUDWXUDV GH GLIHUHQW H\ LERtPHQVL 8BS H
QmR GDU rQIDVH D HVWH DFRQWHFLPHQWERRVHQHPBHERW
LGHQWLILFDGRUHYV GDV IUDWXUDV HP YNURHILKE®P |GB QW
SHUWHQFHQWHY j PHVPD IDPtOLD H Q WX DQQNGR. AOBAH QUADLWIXF
GLIHUHQWHYV IDPtOLDV 'HVWD IRUPD DRDVGDRENHUGDDVV
SHUFHSWtYHO SRGHQGR WDPEpP VHU FRQILUPDGD SHOR

$LQGD FRP RV UHVXOWDGRV GR PYyGXOR RPXWRIGRR BY V.
GDGRV JHUDGRV HVWRFDVWLFDPHQWH H TXHWWRNSGIBD MR VI
HISRUWDGRYV QD IRUPD QXPpULFD R XWLOL]DNGRXOWHPFGR \
REWLGRV QD VXD IRUPD PDLV SXUD SRGHQWRQWRGCIEODD
DQiOLVH TXDQWR SDU D JHUDomR GH RXWURVWHMIDFR\
FRQWHPSODGRV SHOD IHUUDPHQWD )UDW&RQG KDk ® WAL
FRPSDUDomR GH VLPXODo}HV HQWUH XVXiULRV

$ SODQLOKD DSUHVHQWD DEDV LOXVWWDHGHRYRYDEDGE R
REWLGRY SDUD R H[HPSOR KLSRWpPpWLFR SURESRWWEH (VW
HQWUDGD  3'DGRV GDV IUDWXUDV'  HLY¥DBREWIHDV7RQ DM L
DSUHVHQWDP XP FDEHODOKR FRPXP TXH URH@N XPHWW.
LQIRUPDomR GH TXH VH WUDWD GD SEBDQo@MRDHNRR G D &R
IUDWXUDV $EDL[R GHVWH WtWXOR VmR RBUHMRYW D GRV. G
FRUUHVSRQGH DR PRPHQWR HP TXH R PyGXOR RRL H[HF
S*HUDU IUDWXUDV’ SUHVHQWH QD LQKRHWUD R Hp J4Q LLFFRD S DW
JHRPHWULD JHUDGD H GHYH VHU XW DQL VMG R VF RIPRP bi MM b U
LIXDLV RX QmR RX PHVPR SDUD FRPSDH\D didR PGV UHDX O\
VHIXQGR FDPSR FRUUHVSRQGH DR PRPHQWR HP T™XH D SO
GH HVFROKD GRV UHVXOWDGRY GLVSRQtYHODQ®D ®mMU W H
KRUIULR VHUYH SDUD QRPHDU R DUTXLYRG®Q\B A G5 H BUW?}
H[SRUWDGRV HP GLIHUHQWHY PRPHQWRYV $HRQRHDWP RS R/IH\P §
SRVVtYHO TXH VHMDP H[SRUWDGDV SODQL OKHVFRQ WHDED
RV PHVPRVY UHVXOWDGRYV $VVLP GHYH VH FRYQLMWDIQGR S
HVWH WLSR GH UHSHWLomR



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + $ED GD SODQLOKD FRP RV GDGRV REWLGRYV SDUD R H[HP.

JRQWH $XWRU



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + $ED GD SODQLOKD FRP RV GDGRV REWLGRYV SDUD R H[HP.

JRQWH $XWRU



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + $ED GD SODQLOKD FRP RV GDGRV REWLGRYV SDUD R H[HP.

JRQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

1D DED REVHUYD VH WRGRV RV GDGRV GBH BQWUDGIDRL
HVWRFIVWLFD GDV IUDWXUDV QR PRGHOR HPV TXHHDWRH
LQGLFDGDYVY SDUD R YROXPH GH VLPXODomHRR RF GDHDREHRIR
IRUQHFLGRY SDUD FDGD XPD GDV IDPtORY W D@OHRVWUEHN B \GW D
GH FDGD XPD GDV FDUDFWHUtVWLBDL®Q GO/ IREDWH U HRV /PP B B 1
IlUDWXUDVY JHUDGDV QR PRGHOR DVVLP FRPR D TTOLDL@WLGI
YDORUHVY VmR REWLGRV FRPR Mi FRPHQWDLGR I DR WHHUN. RH
GHQVLGDGHYV GDV IDPtOLDV H R YROXPH FRQVLGHUDGR

$ bDED VH PRVWUD LPSRUWDQWH SDUDLRHQDVWHUDWLMRR GD
PRGHOR 'HVWD IRUPD HYLWD VH TXH R XMWPL@WIHD GRHJ LMW
DGHTXDGDPHQWH RV GDGRV GH HQWUDGRPERQWIoOE&HRU BB IR
RXWURV PRGHORYV URGDGRYV QD IHUUDPHQWD YWD &/1&]® QB

IHUUDPHQWD SDUD P~-OWLSODV VLPXODO}HYV

-i D DED DSUHVHQWD RV GDGRV GDW 6thIRWEXLW \G LKW LG
HVWDWtVWLFDVY FRQVLGHUDGDV $#HDOD FMMHIUO P WQ WDV &SDWD
GDGRV VmR RUGHQDGRYV HP IXQomR GR Q~-PHURHVBEHQWH I
IDFLOLWDQGR D FRQVXOWD GR XVXiULR D TXDOTQXDW GD
HQFRQWUD VH RV GDGRV GD UHIHULGD IUDW 2DD W4 U XD &/

GD SODQLOKD FRUUHVSRQGH D TXDQWEEBWVDBH GH )UDW?

QmR DSUHVHQWDU WRGDV HVWDV OLQKDW XIJ W [HHUL®D
HIHPSOR KLSRWpWLFR FRQVLGHUDGR

&RPR LQGLFDGRYVY QRV FDEHODOKRYV GDXDQW HNVGBR@RXQMB K
QD JHUDomR HVWRFiIVWLFD QD VHIJXLQWH RUGHP
x $V FRRUGHQDGDV [ \' ] GRV FHQWURYV GDV IUDWXUD
x 2 YDORU GRV UDLRV GRV GLVFRV UHSUHVHQWDWLY
REYLDPHQWH D PHWDGH GRV YDORUHV GH GLKPHWUR
x 2 YDORU GDV DEHUWXUDV GH IUDWXUDV HP PLOtPHW!I
X 2 YHWRU XQLWiULR QRUPDO DR SODQR GD IUDWXUD
XQLWiULDV
X 2V YDORUHV GRV kQJXORV GH GLUHomR H PHUJXOKR C



&DStWXOR * 5HVXOWDGRYV

$ REVHUYDomR GD DED p LOQWHUHVVDQWHMH RREYR CSRRUHNV
QXPpULFRV Mi YLVXDOL]DGRVY SRU PHLR ®IH § R YWtHYHYL LY OFD
R PyGXOR $OpP GLVVR p SRVVtYHO SBHHWHFGIWHUY B LD/SAOULFE
HVWDWtVWLFDV XWLOL|DGDGRYY IJHIM X hRVG DW VIDRJ B R WR| D1
GDGRV GH HQWUDGD QRYVY GDGRV JHUDGR\G DVNDHMWPED QDPEBE
TXDQWR DTXHODV SHUWHQFHQWHY D GLIHUHQWHY JUXSR)

$R VH REVHUYDU RV GDGRV REWLGRYV SDUD R HPHGRSWR KL
HI[LELGRV QD )LJXUD FRUUHVSRQGHQWHY DV I UDWXUDYV
D DXVrQFLD GH GHVYLR SDGUmMR SDUDRRWDRQRUG®REHRABU
TXH RV GLkPHWURYV GRV GLVFRV UHSUHVHQWD @ IDY Ry GAL®U L
FRQVLGHUDQGR R XVR GD GLVWULEXLomR ORJRUPDO

SHUPDQHFHUDP FRQVWDQWHY SDUD WRGDV DVSDWDWBHXUD
DEHUWXUD TXH WDPEpP XWLOL]D D PHVPDo@aRVORM EOLDR
JHUDGRV HP YLUWXGH GH XP YDORU GH GCHNVEZDLR G B GUMQRV
GH IUDWXUDV QRWD VH XPD DOHDWRULERO GQLIRRFPAHP GD
RV kQIXORV H RV YHWRUHYVY GH RULHQWDomR G3HH WE BEGIRWH
GH PHUJXOKR H XPD FRQVWKQFLD QRV kQJXFORR\VG B DEILR\H «
GH HQWUDGD IRUQHFLGRY SDUD HVWHYVY SDUKPHWURYV

-i DED GD SODQLOKD DSUHVHQWDV GREWGG BR\WQ R HPAROIBWM IO
VH UHIHUH 1D UHJLmMR VXSHULRU GD DED G DGIHR WHDNORO DC
IUDWXUDV D TXDQWLGDGH WRWDO GHRRRWHUNRIPRHDW RE
DQWHULRUPHQWH R H[HPSOR KLSRWpWLARIRBPWNKYBWRLD
OLQKDV DEDL[R VmMR OLVWDGRV RV GBGR)\D BHHQ MWRW HHRUGIW
GHVFRQWLQXLGDGHV RUGHQDGRV HP RUGH R MHUWHHWRH
2V GDGRV OLVWDGRYV DR ORQJR GDV FROXQDV VmR

X 2V LGHQWLILFDGRUHYV GDV [IUDWXUDV TXH IRUPDP D

x $V FRRUGHQDGDV [ \' ] GRV SRQWRV PpGLRV GRV VF
'‘"HVWD IRUPD SRU H[HPSOR DR VH OHU DL QKDQW B@GHON
TXH D LOQWHUVHOmMR LGHQWLILFDGD SHOR QVPIHUDRV X UD MR U
H VHQGR R SRQWR GH LQWHUVHomR REWLGR FRUUHVS



&DStWXOR * 5HVXOWDGRYV

e LPSRUWDQWH UHOHPEUDU TXH D RUGHOQHD B8 UFDAH Q QMW E
Sbub D PDWUL] ,17 FULDGD SDUD R DUP B]@\W DR HQWIR B\WR)
$R VH REVHUYDU QD SODQLOKD H[LELGD @QDV)RJJXU& TXH)\
OLVWDP DV IUDWXUDV TXH VH FUX]DUDPUYDWDTDMHJ RDQ~B HI
LGHQWLILFDGRU OLVWDGR QD VHIXQGD HRAOQWH ¥ ¥ B PSH b
FROXQD $OpP GLVVR OLQKDV VXEVHVKX&HWHYHOHLWYMWEDR T
PHVPD IUDWXUD FRPR SRGH VHU QRWDGR 1YV IOMWHKDPV
FRQVHTXrQFLD GD IRUPD GH LPSOHPHQWDVYMHB}IBGW URWLQ!
XPD GDV IUDWXUDV H D FRPSDUD FRPSRVWHDWXKWHW BRF L
RFRUUH UHSHWLomR WDQWR QD DQIiORWBJUIPD®RYDGDBVXIDC
QD UHIHULGD SODQLOKD

$SUHVHQWDGRV RV SULQFLSDLV DVSHRFWREFRYVHOBDOOWRYF
PYyGXOR GD IHUUDPHQWD H[S}H VH HP VHJIJXVEGDGRW SU
UHVXOWDGRY GR PYyGXOR QR TXDO R XVXiURR ULO WEKXW G H
REWLGR QR SULPHLUR PYyGXOR (VWD DQiOIRWH QRBHUDHE RV
GH D DOpP GD SODQLOKD TXH FRQWpPpPRRZHVWDXO\
VLPXODomR

$ )LIXUD DSUHVHQWD XP H[HPSOR GR @R IiPlyR O RUHYXO M
HIHPSOR KLSRWpWLFR SURSRVWR 7DO HMIGHR FRUGEHNHDV
FDOFXODGRV SDUD WRGRV RV WUHFKRV GH FRPE&GOGRRV X
WDQWR DTXHOHV TXH IDJHP SDUWH GR FDPMRCORD ERLYV |
5HOHPEUD VH TXH D FRQGXWKQFLD p R SDUKPHRWHRR GH
JUDGLHQWH KLGUiIXOLFR SUHVHQWH QDAD ® TIXRDQ@YAAM GW I
GHILQLGD SDUD RV WUHFKRV GH FRQGXWRVFRPBEBDQRNVLU
HIHPSOR SURSRVWR H FRQIRUPH FIOFXOR GHVFRHMRR QD
GR XVR GH XPD GLVWULEXLomR GR WLSR ORJQRUPDO

2 JUIILFR H[LEH RV WUHFKRV GH FRQGXRVRV YD BRBBURE
SDUD D FRQGXWKQFLD $ HVFDOD GHWWIRQRYV XWLIOARY @IS P H
DQWHULRUPHQWH HP TXH RV WRQV HVR\H UBGTDXIRMWIRQ B Y. F
D]XODGRYV DSUHVHQWDP RV PDLRUHV YDORUHV GARRUSDUKPt



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + 9DORUHVY GH FRQGXWkKQFLD HP PiAV REWLGRV SDUD R H[HP

JROQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

FKRV GH FRQGXWRV XQLGLPHQVLRQDLV VmMRQGIFDWB® RIH
SHTXHQRV SRQWRV URVDV QD UHIHULGD LP®HAWLREMFBR G
SRQWRY GH LQWHUVHOMR HQWUH DV IUDW>XJQRO¥RQGEBW RRF
FRQVLGHUDQGR D YDULDOomR GH RULHQW DHthRo & R VQIR) ¥ IV & |
GR SDUKPHWUR GH SURSRUFLRQDOLGDGH P$ \LBRI QWP HUF® C
LGHQWLILFDGRU GDV LQWHUVHO}HV WDRERPGBGWV SIHWA
PXGDQoD GH GLUHomR

2V YDORUHV GH FRQGXWKQFLD FRQVLGHUDSGRSDLURGBOGF
GDV IUDWXUDV SRGHP YDULDU EDVWDQWH DHEPM UMXILDRG B
GHVFRQWLQXLGDGHV H GRVY FRPSULPHQWRY G RV /AW Pl H QWA
LQIOXHQFLD GLUHWDPHQWH QD WUDQVPLVVLYLGDGH G
WUDQVPLVVLYLGDGH PpGLD GDV |UDWMUHD W XX 5 DVUHNV LLRLVS
GHWHUPLQDOmMR GD FRQGXWKQFLD -i @DVEDXQ®EDDFO B DR
XQLGLPHQVLRQDO REWLGR TXH GHSHQGH RAL GH WIDW R QS\DH
REWHQOmMR GD FRQGXWKQFLD

&RQVLGHUDQGR RV UHVXOWDGRV REWLGRYV SDUD R H[HF
FRQGXWKQFLD DSUHVHQWDBUbDPENDPRVHYZVGPDRBGHR HOR
YLVXDOL]DGRV QD SDUWH FHQWUDO GR YHRO PN VBT X HPXId
D]XO PDLV IRUWH QD UHIHULGD ILJXUD VDRR/PWU HFXWR X UMDY
Q~PHUR TXH DSUHVHQWD XP YDORU GH DEH®RAMKUD G
UHVXOWDGRYV GD SODQLOKD (VWH YDORU G HQMEMHWMIWPX U D
DOJXP FUX]DPHQWR FRP IUDWXUDV YL]LQKBWURQIGVEPR ®F
REWHQoOmMR GD FRQGXWKQFLD 1RWD VH DXWEGQ@FTLOH DSO®DDJ
GR FRQGXWR REWLGR IRL D VHIJXQGD PDLRU HQWUH WR
SDUWLFLSDomR GR FRPSULPHQWR GH VHIJPHQWRUBH LQWH

9DORUHY PDLV EDL[RVY GH FRQGXWKQFLD VMRPXIOWDMRR KR
HIHPSOR SURSRVWR FRPR SRGH VHU YLVXDOL]DBRHIHDHRW
HP GLIHUHQWHY UHJL}HV GR PHLR VLPXO QGR D1RLY IDEHQWH
GDV IUDWXUDV QHVWH SDUKkPHWUR SRLNVHNWRYD VDM BERR\



&DStWXOR * 5HVXOWDGRYV

PHQRV XPD IUDWXUD GD IDPtOLD TXH DWUHRNH GWDDE W WPy
GHQWUH DV IDPtOLDYV VLPXODGDY QHVWH PRGHOR

2 JUIILFR SHUPLWH XPD DQiOLVH DPSOD GH FRQGXWRQY|
XQLGLPHQVLRQDLYV JHUDGRV QD VLP XOID®MRDQBBOR]DED |
GHVWH SDUKPHWUR FRP RV GHPDLV FRP SRGHODNVHVXE RQPIR
WRGRV HVWHV FDPLQKRY SDUWLFLSD® HSRW LV\D\? Bl Q WRH LG/
RX FRQHFWDGRY D WUHFKRV VHFEXQGiUIORW PX®HFRIFY)M LI
VLPXODomR SURSRVWD QR PyGXOR GD IHUUDPHQEHMD 'HV
RV YDORUHV GH FRQGXWKQFLD GRV WUHRKXR GHPREBOR
VLPXODGR

$ IRUPDWDOmMR GHVWH JUIILEFR p VHPHR®DIQMHU P ¥ GRWD RH
HVFDOD GH FRUHV Mi XWLOL]DGD @F LK) GRADWIR FIFRWV Y B QF
VDOLHQWDU TXH RV LQWHUYDORYV GHIPSO BIVYHWYPHQW B H PRIV,
XPD YH] TXH H[LVWH D SRVVLELOLGDGH GULE UGIRR\KoBR &P
JUIILFR SDUD RXWUR DOWHUDQG RH DI WLHV &N F@VLLFYLIDN FR O®
WUHFKR PHVPR VHP DOWHUDOmMR GR SDUKPHWUR DQDOLV

8P HI[HPSOR GHVWD VLWXDomR SRGH VHUSVYRYMPR QIRGCGW VY HF
IDFH TURQWDO GR YROXPH GH VLPXODomR FRQV¥VRGHDDOQG
)LIXUD VXD FRORUDOmMR p XP WRP GH IR A @WHW FIO®IUIR
GH FRQGXWkKQFLD FRQVLGHUDQGR WRGRV RIW RRUWRIKIRF\K R |
VH DSUHVHQWD HP XP WRP GH D]XO PDW HJJMUH R GLFID
GHQWUH RV H[LELGRV QD UHIHULGD ILJXRLD FROXYD GDSEM
UHGXomR GD DPSOLWXGH GRV YDORUHV HWBHERR RWYmMmR
VHPHOKDQWHY XPD YH] TXH QmR KRXYH PRGLILFDomR GR

&RQIRUPH Mi HYWLPDGR DQWHULRUPHQWR FDFLYPKFRODQYN
ORQJR QD UHJLMR LQIHULRU GR YROXPH GHLWIDP XdRIFPo KiRD C
UDPLILFDomR QD GLUHomR GD IDFH HRRVTXHU/GD LQDWHBWUYRD
REWLGDV QR PRGHOR SHUWHQFHP DR FDPLGKHIRP PD\LV O
IRUPDP FDPLQKRV VHFXQGIULRY RX LVRODGRW¥VRORPR@ERQW



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + 9DORUHYV GH FRQGXWKQFLD HP PA V FRQRLIBHPEZOQRRKRSRONPALY KIRRPDU R

JROQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

WR YHULILFDGR QHVWD VLPXODomR 1RWDWBR ¥XBDHAHLE@®BERR
PDLVY HIWHQVR DSUHVHQWDP YDORUHW BDNLEGRAD \G H GFIRVQVGHX
PHQRUHY YDORUHYVY LQGLFDGDV SHORV WRQV HWYWHUGHD (
$SHQDV TXDWURV RXWURV WUHFKRV DSUHRWHMWWDRYVYWDIRN
LQGLFDGDV SHORV WRQV D]XODGRYV

$R VH FUX]DU HVWHV UHVXOWDGRY FRMMRWXGMHPDHV B®GWKP
TXH QD IRUPDomR GR FDPLQKR PDLV H[WHQW¥R GHREKRRGX
SDUWLFLSDomR VHPHOKDQWH GDWUNJHIYNKVDYVREDWY MQWW | D
GH IUDWXUD VH PRVWURX FRPR SDUKPHWUR SUHISIRQGHUD
WUHFKR TXH DSUHVHQWD R PDLRU YDORW KRKEBD UPH W
UHVWDUDP QR FDPLQKR PDLV HIWHQVR p HRRBHMDQAR YXOUD L
$ SULPHLUD IUDWXUD LQGLFDGD p D TXH \BRYXWXERRPILRW YV
LQWHUVHo}HVY SUHVHQWHYVY QD UHIHULGDKPHWWR LQY/E&ERD!
FRHILFLHQWH GH SURSRUFLRQDOLGDGH DQDOLVDGR

$ )LIXUD DSUHVHQWD R JUIILFR SDUD R H[HPIDOR KLSF
RV UHVXOWDGRY REWLGRYV SDUD RV JUDBKRD\®H VFRRQGXW
XQLGLPHQVLRQDLY HTXLYDOHQWHYV TXH FRRSYB®® R UFDIPALR)
p FRQVWUXtGR GH IRUPD DQiORJD DRV DNRWHQLEDGRY BF
HVFDODV GH FRUHV FRQVLGHUDQGR RV $YDORQW VI REMING
WUHFKRY WDPEpPP p YLVtYHO QHVWH H[LELFERVWODFDLBPW LGRE R
GH LQWHUVHomR

2V YDORUHV GRV JUDGLHQWHY KLGUiXOBGRRV LWVMWRI R \OXLQ
UHVROYLGR QHVWD VLPXODOmR KLGUiIXODFORWXPID YR HX}
FDUJDV KLGUiIXOLFDV HQWUH RV QyV H[WUHPRVFERWR W
FRPSULPHQWR OLQHDU 'H XPD IRUPD JHUDOLFRD VRIRHV

LQGLFDWLYRVY GH PDLRUHV YDORUHV GH YDPERYV QR WUF
SDUKPHWURY VMR GLUHWDPHQWH SURSRDFRRQ B RY) GXMWR
XQLGLPHQVLRQDLY $0OpP GLVVR R JUDGLHQVBH WKED WGKOL
FDUJD QR UHIHULGR WUHFKR DR UHRPHGRQ BIUQRYV | HMMHW
VHIPHQWR GH FRQGXWR



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + 9DORUHV GH JUDGLHQWH KLGUIXOLFR SHPRERVWEWLGRY SDUD

JRQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

$R VH DYDOLDU RV UHVXOWDGRYV QXPpULFRWREREGHRYY®D
VH TXH DSHQDV TXDWUR LQWHUYDORW @B dnomD G\RH [IRHNDXO
GRV VHLV GLVSRQtYHLV QD URWLQD LPSOBHPHQGOEDP 8DOI
QRV YDORUHYVY HQWUH D WHUFHLUDWR 5 HR&B URFR FOHDW V&
DXVrQFLD GH YDORUHYV QDV FODVVHV QHnRQWHBLYG®IOWR VUH C
QR JUIILFR H IDFLOLWDQGR D LQWHUSUHWDOmMR GR XVXiUl

*UDGLHQWHV EDVWDQWH HOHYDGRV IRUDP REW&@RV QR)
FRQIRUPH GHVWDTXH IRUQHFLGR SHOD GPRRR UDH nFR DG X @
&RPR VHUi YLVWR QR JUIILFR WDLV WUHFKRV WDPEpPP S
H[SOLFDU D EUXVFD GLIHUHQOD G H\DWMKV LW UHHFWEW RDIE
TXH JDQKDVVHP YDORUHV HOHYDGRV ®H WH\DIQWQ W HAD O
LQIHULRUHYV GH JUDGLHQWHY HP YLUWXG}H & DTXHHN. HIQWDF
R SDUWLFLRQDPHQWR GR HVFRDPHQWR HDDIRHUBXo0 D RS IBDG
GH HQHUJLD HQWUH RV QyV LQLFLWDRQIE RLIOD IP\H PP P G
KLGUiXOLFRYV

i D)LIJIXUD DSUHVHQWD R JUIILFR PS®R K RS/RWHWKLI\R DSGJ
(VWH JUIILFR DSUHVHQWD RV YDORUH&DGXP Y®RWRW HPFRR
FRQGXWRV XQLGLPHQVLRQDLY VLPXODGRBQBRUWM RRJMAK
HP GLIHUHQWHY FRUHV FRQVLGHUDQGR RV UHWHMWRDGR\
HQWUH D FRQGXWKQFLD H R JUDGLHQWH KLGH iIKRQBR WR
XQLGLPHQVLRQDO

B8WLOL]DQGR HVWH JUIILFR R XVXiULRTWMBP R YRDWXPH. G H
WUDQVLWD SRU LQWHUYDOR GH WHPSR WHWFGADBQGORR I
UHVSHFWLYR FRQGXWR XQLGLPHQVLRQDO e ERSRWDWD\QW
FRQGLO}HV GH FRQWRUQR LQVHULGDNADGIP DMBIXTRALBDVAWD
GH FDPLQKDPHQWR GD iJXD DVVLP FRPR Q®RVYXWN QWEIGRD\G
$OpP GLVVR HVWH JUIILFR GHYH VHUFBYDIXUHD B R EPPFR) W D
KLGUIXOLFDV QRV QyV GH H[WUHPLGDGHV BRWLWHEHGHKR
FDPLQKDPHQWR GD iJXD GDV PDLRUHFDSD WH QW IPGIR) RV W\H
p IRUQHFLGR GH IRUPD GLUHWD QR JUIILFR GH YD]}HV



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + 9DORUHV GH YDImR HP PiA V REWLGRV SDUD R H[HPSOR K

JRQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

$R VH DYDOLDU RV UHVXOWDGRYV GR H[HPRB @R WIHIR W p/\R HE)|
RV WUHFKRYV H WDPEpP VH GHVWDFDB LRHWHW HY DDiRIUAR
YDImMR HQWUH WRGRV RV WUHFKRV '"H/OWELRDHWHGH FHROQW
QHVWH UHVXOWDGR XPD YH] TXH GHQWWH IRG/DYD@IRW HIVF
YROXPH GH VLPXODomR XPD PDLRU GIRHULHRJD (v WHWYXW O
VH HQFRQWUDP SUDWLFDPHQWH SDUDOHRIRYD D R QBMQIEG
GLUHWD GHVWH JUDGLHQWH UHVXOWDQWH GWUM REYBUYH
XPD PDLRU YDImMR WUDQVLWDQGR QHVRW G HHD PWH QW RIV KR
YDORUHYVY HQFRQWUDGRYV VmR FRHUHQWHN DARVRQUDGHQB R G
SHOR XVXiULR HVSHFLDOPHQWH D DEHUWWXUWH H RQMRRPLEQ
FRQVLGHUDGDYV

3RGHP KDYHU VLWXDo}HV HP TXH HP YLUWWRN GHDOWD]BG
QD REWHQOmMR GRV UHVXOWDGRV KDMIE ISHR X HIQDS/HIEQ BRI
QR TXH WDQJH DR EDODQOR GH YD]mMR QRVWXD/OLFADGOIX B
UHVXOWDGRYV H[LELGRV QDV SODQLOKDV 8PVBIHRSAR G
FRQWLQXDomR GRV WUHFKRV H DS UHWH GWRW LXORV R
PXGDQGR GH FODVVH QD H[LELomR GR JWUJ FLRHRU rD¥WD DQ M\
UHVXOWDGRY p D VXSRVWD REWHQomR 516 Dy DLPKW ) H J DHAP
VXD SULPHLUD FODVVH DSUHVHQWDU X®© DY@RO R H UQ H/IHDRASLL
SRVLWLYR XPD YH] TXH DV YD]}HV VmR REWLSRWVL D LSYORMA\
$VVLP DOJXP SUREOHPD QD JHUDomR GD OHJHQ®D SRGH
GR JUIILER

2V JUIILFRYV H VMR ~OWLPRV GLVSR@RWLG/DYDWLIP BOH&
UHDOL]DGDV QD IHUUDPHQWD )UDW&RQ)&EJIJXWDDV JUHLFRYV
FRQVLGHUDQGR RV UHVXOWDGRYV GR H[HPSORDWLE&RWpPpWL
YDORUHVY GH FDUJD KLGUiIXOLFD REWLGRV HP FDGD X
XQLGLPHQVLRQDLYVY RV TXDLV WDPEpP FRURXIOBERGHFRD
PRGHOR SURSRVWR

(VWHV QyV VmR SUHHQFKLGRV XWLOL]DQGRRXFD OHRW ARD
SDUKkPHWUR DQDOLVDGR FRQIRUPH Mi IDIBMRIWWRUD B BRBE



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + 9DORUHYV GH FDUJD KLGUiIXOLFD QRV QYyYRHHHP FRP KNS VW BHWKRR & U RS

JROQWH $XWRU



&DStWXOR +* 5HVXOWDGRYV

)LIXUD + 9DORUHYV GH FDUJD KLGUiIXOLFD QRV QyV PB®R KHBRWpWUHRRKRWVRGSR VAW

JROQWH $XWRU



&DStWXOR * 5HVXOWDGRYV

FRPSULPHQWR GH IUDWXUDYVY JHUDGDV 2V Q$R\FRPHPEUMHH C
PDLRUHYV FDUJDV KLGUIXOLFDV HQTXDQWR RVY PRQWRBMVFI
YDORUHV $PERV RV JUIILFRVY DSUHVHQWDP D LGHQWLILFEL
LGHQWLILFDGRUHV Q~PHURV HP YHUPHOKR UHGRDTEXRYV (
WHQKDP UHFHELGR DV FRQGL0Oo}HV GH FRQG\RRYREB XW H D Q/\HS
VHXV LGHQWLILFDGRUHY HQYROWRYV SRU XPD IRUPD UHW

$SHVDU GH H[LELUHP RV PHVPRV UHV X0 W D@BRLPRIH KRRV
GLIHUHQoDV 2 JUIILER DOpP GH DBHMWVWQWDWPRIN QXY M
R WUDoDGR GRV WUHFKRVY HP PHQRU HVSHVVXUDWDBHR IR
FDPLQKR WRPDGR SHOD iJXD DR SDVVDU SRRV GMWHAKAR\S
WDPEpPP p YLVXDOL]DGD SHOD QXPHUDOMR I HFEBUH®RL[B][
GH H[LELU RV WUDODGRY GRV VHJPHQWRVY GH RBBGXWR
QXPpULFRV GH FDUJD KLGUIXOLFD REWIQMRD/QIBR PDBDFRP
FRUHV H[LELGD QD OHJHQGD 'HVWD IRUFRP XBRM@GFRG HIRQG
WHP D SRVVLELOLGDGH GH FRQVXOWDQH¥EBMVY IYODRK K\H GH
D SODQLOKD GLVSRQtYHO QR PyGXOR

$R VH REVHUYDU RV UHVXOWDGRYV REWLGRYV TRHMRWR GIYyMP ¢
PDUFDGRV FRPR UHFHSWRUHV GDV FRQGLO}HVSRBWRWQWR
HIWUHPRVY GD UHGH DR ORQJR GRV HL[RYJUHVHIQNDED @
HVWD LPSRVLomR p UHDOPHQWH UHVSHLWDGD KRR/ IRR
YROXPH SRVVtYHLVY GH VH LQVHULU HVWD RYIRBUWHPHIMB P T
UHFHEHU WDO LPSRVLomR $VVLP RVKQ®ViXOHFDW IGPHE
HVTXHUGD H GLUHLWD HQTXDQWR RV QyWYV H FHWYHIRHREHN
HGHIXQGR UHVSHFWLYDPHQWH

$R VH FRQVLGHUDU DV FRQGLO0Oo}HV GH FRQD\RKQRUIRORWF
FDOFXODGDYV UHVSHLWDP D WHQGrQRLIothHRUD D BR GIVIFIRID
ORQJR GR HL[R [ H HP GLUHomR j IDFHVDJ RRWPIDO RIER HURYC
TXH DV PDLRUHV FDUJDV KLGUiIXOLFDV RN BDQIPREEWANIX HP
TXH UHSUHVHQWDP DV IUDWXUDYV H G DEEGH GHYHH Q/®R RIC
PHQRU YDORU p YLVWR QR Qy UHSUHVHQWDWLYR GD IUDW
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4XDQGR VH REVHUYD R JUIILFR GH YD]}HYDROROAHX\O B & DAD L
KLGUiIXOLFD WDPEpP VH QRWD D PHVPBQWRQGDQIFXMD FHDUM
GDV H[WUHPLGDGHV GHILQLGDV SHORV QyV H D ADLRIUWH
FRQWULEXLomR YHP GD UDPLILFDomR SBKROHOD DR HL[R
HQTXDQWR RV GHPDLV WUHFKRYVY DSUHVHQWDP XRD/VARQW L
UHIRUODU TXH WDO REVHUYDomR GHYH OHYDU HRRRRQWD
JUIILFR GH YD]}HV HP YLUWXGH GH DU UFH GRQSIDPIH @ WFROHF
GR VLVWHPD OLQHDU

&RPR ~OWLPR HOHPHQWR GH DQiOLVH G HXVUMKMXY RWDLE/RYHG
H[SRUWDOomR GD SODQLOKD TXH FRQWpP RV H)ORXIHVRQ
GR PYyGXOR H GR PyGXOR GD IHUUDPHQWD VH®RFRRWDPDV
VHQGR TXH DV SULPHLUDV VMR VHPHOKDQWBHYUBY HDEWD Y
DQWHULRUPHQWH H TXH QmR VHUMR EB YHWILGD VQQ HS/GDHD |
D DED TXH FRQWpP RV GDGRV GH HQWUDGW UWOWR QO LGDGF
LQIRUPDGRY SDUD D H[HEFXomR GR PyG XOIP F HSV 8 RR \DR/OKIP
GH VLPXODOomR H D IRUPD GH GHWHUP IRQ®VXIR IGRH ¥R GXDWF
OLVWDGRV QHVWD DED $V DEDV H QmR VRIUHP PRGLIL

$vV DEDV DGLFLRQDLY GD SODQLOKDWUIBDRE NWHQDoMRXAJBOL
FRQVLGHUDQGR RV UHVXOWDGRYV REWLGRV SDUDMR H[HF
QRPHDGDV GH 3'DGRV GRV WUHFKRV™ H &DPHQWRHDDVW O
TXH R FDEHoODOKR GD SODQLOKD GLVS}BWIHYRDDLKN KR PHIP
HP TXH R XVXiULR H[HFXWRX D VLPXODoNMRXQRRPiEK OR KDL D2
R KRUIULR HP TXH R XVXiULR UHDOL]RX D H®EPROGWR O osR G|
GLVSRQtYHO QD SDUWH LQIHULRU GD LQWHUIDFH JUIILFD

$ DED DSUHVHQWD RV GDGRYVY GH WRGRV RVUDVGRHVFER®Y RS
PRGHOR VLPXODGR PHVPR TXH HVWHV QmR FRMHIRKDPKDP
HIHWLYDPHQWH VLGR VLPXODGR KLGUDXULFRPHIQOWSR Q¥cH
TXDQWLGDGH GH LQWHUVHo}HV GHILQLGDVXSBGRBY 3SBDW
HIHPSOR WHP VH WUHFKRYV GH FRQGXWR ¥ DXGID GPPE DWW I
WUHFKRY OLVWD VH RV SDUKkPHWURY XWLOL]D-BWR QRDFIiO
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)LIXUD + $ED GD SODQLOKD FRP RV GDGRV REWLGRYV SDUD R H[HP S

JRQWH $XWRU
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)LIXUD + $ED GD SODQLOKD FRP RV GDGRV REWLGRYV SDUD R H[HP S

JROQWH $XWRU
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GD VXD GHWHUPLQDomR D SDUWLU GDV SR RSAXLH GR GHR\G K
UHVIJDWDU RV YDORUHV XWLOL]DGRV QR WHO EQ® OWRX 1GH LID
PRGHOR GH VLPXODomR KLGUIXOLFR SURSRVWR SHOD IHU

$VVLP FRPR DSUHVHQWDGR QD )LJXUD RU G WO DGR 'S CHF
RUGHP FUHVFHQWH GH Q~PHUR LGHQWLILFDGRU
X 2V LGHQWLILFDGRUHV GDV IUDWXUDV TXH IRUPDP R W
x 2 FRPSULPHQWR GR WUHHARRPHW URWV@MI®R SHOD VRP
IRUPDGDV SHOD OLJDomR FHQWUR LQWHUVHOmMR H LQ'
X $ ODUJXUD GR FRQGXWR XQI9GLPMPOFHRQBY HIKILQD G
GR FRPSULPHQWR GR VHJPHQWR GH LQWHUVHoOmR |
x $ DEHUWXUD PpGL® GH WHIWQRYRUFWRHUHVSRQGHQWH j
XQLGLPHQVLRQDO HTXLYDOHQWH
x $ WUDQVPLVVLYLGDGH P®GIHP ®PRW FRE@GOWRBNMOD Pp
WUDQVPLVVLYLGDGHV GDV IUDWXUDV TXH FRPS}HP R
X $ FRQGXWKQFLD UHVXOWDRWH \GRGWGHFEROR SURG]
WUDQVPLVVLYLGDGH PpGLD H D ODUJXUD GR FRQGXW
&DVR R XVXiULR RSWH SRU XWLOL]DU D GLHWIDEKRIWR FO
GH SURSRUFLRQDOLGDGH HVWD DED ILRP UHCXIQER BWR
WUHFKRV H DRV YDORUHV JHUDGRV ®&H FIR\Q GKXRWKEVFEUDF BV
FDOFXODGDV

$R VH DYDOLDU RV UHVXOWDGRV REWLGRYRYNVUDHR K [HHPLS (
SHORVY YDORUHV GH FRPSULPHQWRYV TXH D&RRW WIRGWHPND
SHUFRUUHU JUDQGHYV H[WHQV}HV OLQHDUHV¥mMRHYRRE HPWVRP
YDORUHV GH FRPSULPHQWR GH WUHFKRV IP\DD&RR HVM RXWYMI
HVWUDQKRY HP YLUWXGH GD PHGLomR HWSDNFHD O BEGIR WHH
FRPSULPHQWR QmR FDXVDP LQIOXrQFLD QRQnYyR GHROUWHWD 8 F
QR FIOFXOR SURSRVWR SRU "HVUVKRZLW] GEQBWR DSFH
PpGLDV -i RV YDORUHV GH ODUJXUD GRVFRRP@G X WHRYW & LAJA
VHIPHQWRYV GH LQWHUVHomR DSUHVHQWLW UHIPORBIYW H
DOHDWyULD XPD YH] TXH GHSHQGH GDDYRUPDWRUWPRYRR/FRI
&RP UHODomR DV DEHUWXUDV PpGLDV GH HMWDD GREPRDWI
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WUDQVPLVVLYLGDGH PpGLD GRV WUHFKRYV PDXBQWWR WU R
DOWXUDYV GRV FRQGXWRV UHWDQJXODUHV OHGDBWHQWD
SDVVDJHP GD iJXD VREUH DV IUDWXUDV TXPHQMWDGRY HC
DQWHULRUPHQWH RV YDORUHV GH FRQUGXWRQFRY HRIYER
XQLGLPHQVLRQDLVY H GDV WUDQVPLVVLYLGDGHYV PpGLDV

$ DED GD SODQLOKD DSUHVHQWD RRXOBVYVXKRWILGRVXRI
UHDOL]DGD DR ORQJR GR FDPLQKR PDLV H[WHQ@V¥RRGH

HVWDEHOHFLGRYVY QR PRGHOR VLPXODGR GHWNDHIRWYHP SR
PHQRU TXH R WRWDO JHUDGR QD JHRPEBMMDOM®RL GIRAL HQH A9
GDV LQWHUVHO}HV LQLFLDLY DSHQDVV ORHAIBYV CGHIQ WV W
PHLR ITUDWXUDGR VLPXODGR $V GHPDLV IUDWXUDV ||
GHVFRQWLQXLGDGHY LVRODGDV QmR VHQGR VLPXODGDYV

&RPR YLVWR DR ORQJR GD PHWRGRORJLDD GHYMAHX /W D BV
VROXomR GH XP VLVWHPD OLQHDU SRU PHLR IRR FPpW RER
XVXiULR VH D DSOLFDomR GR PpWRGR IRROQVHBNWXBPEOBLG
VLPXODomR D DED GLVS}H ORJR DEDL[RO®R & B E HO®D@KIR
TXH LQGLFDP DR XWLOL]DGRU GD IHUUDPHSHNOR P QR E R
QXPpULFR R HUUR UHVLGXDO Pi[LPR REWLIGHRP BDRJ ¥ VW DW\RX
GH FRQYHUJrQFLD GR PpWRGR

'H IRUPD JHUDO R HUUR UHVLGXDO HHLGEIR DNLDQ DHI BUIIDH
YLVXDOL]D VH SRXFRV SUREOHPDV GH FRQYHUJrQFLD GF
RFRUUD R XWLOL]DGRU p DYLVDGR SRRB PHIIROGGEIDXH [H M
GR PyGXOR DVVLP FRPR SRGH YHULILFDU HVWDVWLWXDo
3DUD H[HPSOR KLSRWpWLFR HVWXGDGR G@GRVWDWYHN REWHRU
GH UHVXOWDGRYVY FRP HUUR UHVLGXDEH LQIHUURR jIBUBDF
HOQOFROQWUDGRY SUREOHPDV QD FRQYHUJrQFLD GR PpWRGR

$LQGD DEDL[R GR FDEHODOKR GD SOD @UFOD RFRD B DGR i@L
IRUPD FRPR DV FRQGLo}HVY GH FRQWRUQR IRUDP IL[DGDV
$V FpOXODV GD SODQLOKD OLVWDP/ RV LYADO/RIHO RGKVXDWULUIR
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XPD GDV IDFHV GR YROXPH GH VLPXODomRRURPRRIVRQY I GH
UHGH TXH UHFHEHUDP D UHIHULGD FRQRUOGHR FIHJFB XWR U]
DSyV D LQWHUSRODOmMR OLQHDU SURSRVWH $RQIVRUWRD C
IDFH DWp R Qy /HPEUD VH TXH RV YDORUHV VmHR[RQWHUSI
OLPLWDGD SHODV IDFHV HVTXHUGOLH LGN DG DWSH OHD \D I® EBIR
GH IXQGR

3DUD R HIHPSOR KLSRWpWLFR UHDOL]DGRD KRBR iMOEBRLN WH

QyV H UHFHEHUDP DV FRQGLO}HVY GH FRQWRUQ
QyV H[WUHPRV QD GLUHomR GR HL[R [ WH®@ICFRRWBER VY DE
LQWHUYDOR GH D P TXH IRUDP RV RDOBRDERJIJBGP W QWVF

RV QyV H VmR RV QyV H[WUHPRV QD GLWHOXALERVHL
OLPLWDGDYVY DR LQWHUYDOR GH D HVPO YBIORDGIW HHW W HV W

1DV OLQKDV VXEVHTXHQWHY GD SODQLOKIFDWGBRXR[IGRN\G F
WUHFKRYV TXH FRPS}H R FDPLQKR PDLV ORQDRR G HOQIDVGDD \
D SDUWLU GR Q~PHUR LGHQWLILFDGRU GRNWW HRKWRXOIWDF
FRQIRUPH PRVWUDGR QD )LJXUD
X 2V LGHQWLILFDGRUHY GDV IUDWXUDV TXH FRPS}HP R
x 2 FRPSULPHQWR GR WUHHRRPHWURWV®WbDO®RR SHOD VRP
IRUPDGDY SHOD OLJDomR FHQWUR LQWHUVHOmR H LQ
X $ FRQGXWKQFLD UHWKXOMWMWPDRWWY GR WUHFKR
X 2V YDORUHV GH FDRJHDV HKPFPHWUORRMD VR Qy LQLFLDO
WUHFKR HP TXHVWmMR 7DLV YDORUHYV VnWRLOGGEPBE®R/\
QDV FROXQDV H 3RU H[HPSOR QD )LJIJBWXUDW WU
D FDUJD KLGUIXOLFD HP p LIJXDO D P HQTXD(
LIXDO D P
X 2 JUDGLHQWH KLGUIXOLFR REFWRBEPR SDGBR B HOWHGE KRH
FDUJDV KLGUIXOLFD LQLFLDO H ILQDO GLYLGLGR SHC
X $ YDImMR REWLGD3SDHP RAWUKMBEKEIRR SHOR SURGXWR HQ
R JUDGLHQWH KLGUIXOLFR
e LPSRUWDQWH VDOLHQWDU TXH RV UHVKEBGWRGEBUGRMI
FRQVLGHUDQGR FDVDV GHFLPDLV DSR @DYITHRIUKD B RP &HHM
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GDGRV VmR H[LELGRV &DVR R XVXiULR GH]\DHIMRIVRXHY K BNV
QD VXD IRUPD RULJLQDO FOLFDQGR VREUH DU @HOD F
lyUPXODV GR ([FHO TXH RQGH R Q~PHUR Vi HD POHIDHQWDRF
VLIQLILFDWLYRYVY GLVSRQtYHLV

$ SDUWLU GRV GDGRV GD SODQLOKD R XMVXHVX® VERGRI
LQLFLDGD D SDUWLU GRV JUIILFRVY GLVSRQtYHLNRQRDPyYG X
PDLV SXUD H FRPSOHWD 'HVWDFD VHXDRIKDW QB WPR BHIOR
WRGDV H[LELGDV FRP VLQDO SRVLWLYR WHFUHR G QMWHRRDW
YDORUHY QHIJDWLYDGRYV

$VVLP WHUPLQD VH D DSUHVHQWDOmMR GRW pWH VRO SWULRER\
QHVWH WUDEDOKR FRPR IRUPD GH WHHMWH RIUGIE nCRS GHIVE I
UHVXOWDQWHY GDV VLPXODo}HV GD |HWPUDPHWYXWDH) GRW-ER
HVSDFLDO GH DOJXQV JUIILFRV D VXD H[MMEA DR mMo8BUWI
IRUPD FRPR UHDOL]DGD DR ORQJR GHVWWHHWXQOWMD GRR/G K \S
UHFRPHQGD VH DR XWLOL]J]DGRU GD IHUGBPHQRW®PDHT&EH DLSL
GDV LPDJHQV WULGLPHQVLRQDLYV IRUQHFLEBAVROQR Y QiDL X (
GRV JUIILFRVY GLVSRQtYHLYV
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&$3E78/2

Eo18/86®(6 D(a20(1'sd® (6

(VWH FDStWXOR DSUHVHQWD DV KR D/ GHHWUHD@WMDWQ AL XIP\D G
DVVXQWRY FRPHQWDGRY DR ORQJR GR WHRERVLDW. P SRR
GD HODERUDomR GD IHUUDPHQWD )UDW&RQ WOJDED G KRWY
IXWXURYV TXH SRGHP VHU GHULYDGRV GHVWD GLVVHUWDO®

$ PRGHODJHP KLGUIXOLFD GH DTXtIHURV IUPWXHBQRMRy >
GRV HVFRDPHQWRY GH iJXD VXEWHUUKQRBUIRGR(WUYDQWXR
GD SUHVHQoOD GH GXDV UHJL}HV EHP GHILQQ®MHW Y)OROD 8 D W
I UDWXUDV H D UHVSHFWLYD YDULDOMWMRKGHFIXDYY PRREHOLU
GHVWDV IRUPDo}HV GHPDQGD XP WUDWDPHRXWRURLVIIPHHR ¥
TXH VH DSUHVHQWDP FRP FDUDFWHUtVWLFDV PDLV XQLIR!

'LYHUVRV VmR RV PRGHORV SUHVHQWH W)Do @ RWGDIMD WRXUUPD
lubwXxXxubGebVv YDULDQGR VH HVSHFLILFDPHQWHMKRD IRU
UHSUHVHQWDGDYV QDV VLPXODo}HV 3PBWHOR FRHWGEGtD XOR F
SURSULHGDGHV PpGLDV GH DPEDV DV UHJL}HVFBGR PHLR
UHSUHVHQWDU ILHOPHQWH DV IUDWXUDYOQLARUPDWHRRE
GHVWDFD VH DV UHGHV GH IUDWXUDV GHVFODRWMB VSDUCH I
GHWHUPLQDomR GD SRVLomR H GD RULHQQPRGAHOR NG DYDIWO
SRVWHULRU VLPXODomR KLGUiIXOLFD &RQWIRGBUHDWR & DL
IlUDWXUDYV SUHVHQWHY HP XP PHLR pDARIRX\PL BRSO IH\DVE R
Sbub D JHUDomR GH IUDWXUDV UHSUHVHQWDWLYDV GH XF
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3DUD D PRGHODJHP KLGUiXOLFD FRQVLGHUDQGR QMPD Ul
VROXomR GH HTXDo}HV GH HVFRDPHQWRM B® ®HRE R W WDIOG
HVWXGRV PRVWUDUDP D SRVVLELOLGDBRQGMNWRHS BHYHQ
XQLGLPHQVLRQDLYV 'HVWH PRGR IRUPD VM}XWVIEHWHGBWRE
HILVWHQWHY QR PRGHOR H OHYDQGR HP FRQDMIXDBVUF
SHUPLWLQGR DVVLP R OHYDQWDPHQW RWUHDED/UWIDD/PKQ B WiX
GRV PHLRV IUDWXUDGRYV

&RQVLGHUDQGR HVWHV DVSHFWRYV H EXVADUWRORIBRYWUDB
HVWD GLVVHUWDOmMR DSUHVHQWRX R GHVHBLRDDQ PHIR W
DPELHQWH 0$7/$% EDWL]DGD GH )UDW &R QBR D® HQW/IRYD C
SHUPDQHQWHY QHVWHV PHLRV 7DO GHWEDMNDWDREW LG D)\
GH XPD JHUDOmMR HVWRFiIVWLFD UH VXDAMDYW Y WELIF D& @ DA
SDUD RV SDUKPHWURV ItVLFRV GDV |WBN\SXHD K Q (WIVDDN GIHR
GH GLVFRV WULGLPHQVLRQDLVY VHJIJXLQGR KLGBXOAR DG H
IUDWXUDV VmR DQDOLVDGDV QD IRUPD GH WRPGRWERYV & L
GDV LQWHUVHOIHV H GRVY FHQWURYV GHVWDR GH VWHTRQ@DW LK
VLPSOLILFDGDV GHWHUPLQD VH Y DORIWH VX& HWRIDUQI\DL \K D
FDPLQKRV PDLV H[WHQVRV GD IRUPDomR IUDWXUDGD VLP>

$ IHUUDPHQWD JUDW&RQG SRVVXL GRLV PHBXGDRYHRPWHWLQ
GR PRGHOR H D SRVWHULRU VLPXODomR KL GWiX QUH[DV R% D\
IRUPD GH LPSOHPHQWDOmMR XWLOL]DGD BEDQ 0B FD VAR @ VIWVIRXE
GLVWULEXLO}HVY HVWDWtVWLFDV QUDRKW B § arkiR) BONVF DUG |
GDV LQWHUVHO}HV HQWUH DV IUDWXUDV R WHIPWIEBR GR
GHWHUPLQDOmMR GDV FRQGXWKQFLDV D SIDUWPUGKRDW 8 WRIP
OLQHDU SDUD D VLPXODomR KLGUIXQGED}HVDGHHFB 8RR UYX
HVWD VLPXODomR

$ VHomR GH UHVXOWDGRYV DSUHVHQWR®@WD | RRUWPH FLLQIDRD P
HP WHUPRV GH LQWHUIDFH JUIILFD GLVS®RWUDHED SDWHDI
XWLOL]DGRV QD VLPXODomR SURSRVWDI XHH HRP X\\WH.OR. RIVGRHY
SDUD D HISORUDomR GRV UHVXOWDGRYV REMFIDGEM |WDW ¥WUWR
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TXDQWR QD H[HFXomR GH XPD VLPXODomR HKLOBALIKQDED
HTXLYDOHQWHYV

$ DSUHVHQWDOmMR GRV SURGXWRY UHVXOWD@WNWBR KF R

JUIILFRV H SODQLOKDV IRL UHDOL]DGD D SDBWLU GH
(VWH H[HPSOR SRVVLELOLWRX D YLVXDO L]®bhDR m&RH HV 8 B
H[SORUDomR GH UHVXOWDGRYV GDV VLPXODoOPHWM B DPER
JHRPHWULD GR PRGHOR TXDQWR QD UH VISIH B IVY\DD PIRFGR-VO!
HP FRQMXQWR FRP RXWUDV VLPXODO}HRCGHIHPS\WDGDV @H
WH[WR p SRVVtYHO DVVHJXUDU HP SULQFESURFLDXH BERB !
TXDOLGDGH QD UHIHULGD PRGHODJHP

&RP D XWLOL]DomR GD IHUUDPHQWD )UDBW &RQUF HES bind R/ DGF
YDULDO}HV QD JHUDomR HVWRFiVWLFBV GD3RYDMHXHQ W UFX
RV SDUKPHWURV ItVLFRV GHVWDV GHVFRQWQW R QGOHIH \G |
H[HFXomR GR PYGXOR SHUPLWHP DR XV XilWLIRN B UDLW XGR
YDORUHV GH FRPSULPHQWRV H DEHUWXUDWLYRY GIL\GDRA
YDULDO}HV GH RULHQWDomR DOpP GRV FRGWRWUDKBGR VG
FRQGXWRV XQLGLPHQVLRQDLV $ SDUWLU GD HJHEXomR
FRPSRUWDPHQWR GD JHRPHWULD QD VLPXORWHR IGHGUI.
FRQGXWKQFLD GH FDUJDV KLGUiXOLFDIW H GHD IY\DHM 8 RREW
DR XVXiULR QHVWH PyGXOR

e LQWHUHVVDQWH GHVWDFDU D SRVVLELGPGDBEREHRYU)
PYGXORV H D YHULILFDomR GDV LQIOXrQF IXP\D HDQ@WQLH/ HH C
FRPSOHWD GD IRUPDomR VLPXODGD &RPR H[SPROURG RDSHI
DSUHVHQWDomR GD IHUUDPHQWD QRWD VH D SHRSRUFI
JUDGLHQWH KLGUIXOLFR H D GHSHQSDQKP B VGUWR W WD GHDS M|
HQWUH D DEHUWXUD GDV IUDWXUDVFR @W.DXLRG D& H W HPQ
GD LQIOXrQFLD GHVWH SDUKPHWUR ItVLF R QHQW/HDP G \DRLIV \¢
FRQGXWKQFLD D YDULDomR GR GLKkPHWUR GIFPH @R ®GXNVR
LQWHUVHOMR HQWUH DV IUDWXUDV TXH R IRUPDP GHQWU
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2XWUR DVSHFWR LQWHUHVVDQWH D VHU BRVWBEPBWR
FRPSXWDFLRQDLV QD H[HFXomR GDV \ORPKXOBRXWMRVHYRRBWVH
VH TXH R WHPSR GH H[HFXomR GR PyGXOR p GHGWER®SHQW
QR PHLR VLPXODGR 7DO IDWR p H[SOLFIRGEBDSULDRFHBEUD®
HQWUH DV IUDWXUDV TXH GHPDQGD XPD DQROGMH I$SRDo&IR
GD JHRPHWULD -i SDUD R PyGXOR REVHGBORW B JHPHGRM
JUIILFRVY DSHQDV RV JUIILFRV H VERBUHVMIDOWRP HPAH YWDV
PDUFDomR SRQWR D SRQWR QD PRQWDJHP GRW QWWFRYV

VDOLHQWDU TXH WDLV DILUPDO}HV VRIS &WBBERE HQWHOM &I
XVXiULR $ UDSLGH] QD H[HFXomR DTXL GGR/W BRDGDOWIRWL M
XP DPELHQWH :LQGRZV FRP SURFHVVDGRU ,QWH®RRUH L
0$7/$% QD YHUVmMR E

(P WHUPRV GH OLPLWDomR GH XVR GB MHXUWHUBR XNWQAWD RUDLW &
GH YHUV}HV PDLV UHFHQWHY GR DPEHQ@MWHDIXHO®® V PDXSH
D YHUVmMR E $VVLP IJDUDQWH VH TXHEWRGWWY BIVXMXIQO Lk
QDV URWLQDV SURSRVWDV VHMDP H[HFXWBGBNHQHWYDS hRE
UHDOL]DGD QD YHUVmMR PtQLPD FLWDGD

(P WHUPRV GH UHFRPHQGDoO}HV DLQGD p QRWWHRWEW D
TXH SRVVLELOLWHP XPD YDOLGDomR GIHWVXINV LGDRGADO OC
FRPSDUDomR FRP GDGRV UHDLV UHSUHYV HQMWDXNUD/GRR/V G H >
FRQVLGHUHP D PHWRGRORJLD XWLOL]DGD GHWW HY WUM EB
FRQIURQWDomR 7DLV Do}HV SRGHP VHU UHD®WJOKDN HF
FRQWLQXDomR GHVWH WUDEDOKR TXDQWR D QDWO GH
GLVVHUWDo}HV RX PHVPR QD HODERUDOMRL BBV F REWWHD- (
IRUPD DSURYHLWD VH GH WRGD D LPSGHPWIQUWDD orRRUHH Y G
VH D UHDO SRWHQFLDOLGDGH GD IHUUDPHQWD SURSRVWL

2XwWubDV Do}HV SDUD WHVWH H PHOKRULD QRHPVRWDGIHW
GHQWUH DV TXDLYV

X THVWHV GH DQiIOLVH GD FRQVHTXrQFLD |]GDbmMR) IG®XVYQF

IUDWXUDV QD JHUDomR HVWRFiVWLRD G3D V QGHMRRHOV)
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HQWUH IUDWXUDV H QR WUDODGR GRV FRQGXWRYV X
WUHFKRV IRUPDGRUHV GR FDPLQKR PDLV H[WHQVR

X $QiOLVHV GD LQIOXrQFLD GDV FRQGLO}HV GH FRQWRU
QtYHO GH WUDQVSRUWH H LPSRVLomR GHVYWDYWRQ®&L
FIOFXOR GDV FDUJDV KLGUiXOLFDV QDV GHPDLV IUDW

x &RPSDUDomR HQWUH DV IRUPDV GH GHWHUPLQDoOmM
IHUUDPHQWD

X ,PSOHPHQWDOMR GH XP PYyGXOR DGLFLRQDOHWXHISHU]I
SUHYLDPHQWH JHUDGD QD IHUUDPHQWD SDUD XVR Gl

X (VWXGRV DGLFLRQDLYV SDUD LPSOHPHQW DommR GHH X P
WUDQVSRUWH GH FRQWDPLQDQWHYV TXH XWLOIDJE RV
HVWXGR SRGH VH LQLFLDU QRV FRQWH~GRV WUD]LGR



SHIHUrQFLDYV

50 (5c1&,%6

$%$6BVVRFLDOMR %UDVLOHLUD GH EJXDV 6 X RWIHWHUX@RDV 4
'LVSRQtYHO HP KWWS ZzZzzZ DEDV RUJ! $FHVVR HP GH]

$%5(8 ) $ 0 &$9%$/&$17( , 1 0$77% 0 $X6lHURLANMNDIQRSM
$PD]{QLD + 6%$*$ XP ,PHQVR 3RWHQFLDO GK EJXD,§XE\
&21*5(662 ,17(51%$&,21$/ '( 0(,2 $0%,(17( 68% 7 GSBIEIM 2

$&.(5(5 3 75277,(5 1 '(/$< ) )ORZ LQ GR)X>SOMDBRWRWL
HVWLPDWLRQ XVLQJ DQ DGHGWRYFHRXIOW LIV BIY H5 R VIROKURFGH
+ KWWSV GRL RUJ M DGYZDWUHYV

$1$$JrQFLD 1DFLRQDO GH EJXDV %UDVLOULRRY RNV
$JrQFLD 1DFLRQDO GH EJXDV %UDVtOLD S 5H

$/*+$/$1',6 < GWRFKDVWLF ORGHOOLQJ Rl )UDFWXUHV LQ
7HVH 'RXWRUDGR HP (QJHQKDULD &LYLO = 7HVWQLIHD VI

$/7,1956 $ 9g1'(5 + $ GRXEOH SRURVLW\ PRGHO IRU D Il
'DUFLDQ IORZ IQGIWDERNEFBDY 6FLHQFHVQ-RX8QDO
KWWSV GRL RUJ K\V M




SHIHUrQFLDYV

$1'(56621 - '9(567253 % &RQGLWLRQDO VLRWOLHMLRQ\
GLPHQVLRQDO QHWZRUN VD RIHG LYHFWRIXVUH H WD FMWXQCHME KS
KWWSV GRL RUJ 5 L S

%$(&+(5 * % /$11(< 1 $ (,167(,1 + HLEWDRQVRVMLBRS
SURSHUWLHV DQG VDPSOLQJ ,Q 7+ 86 6<0326,80 21
3URFHHGHRHIWLFDQ ,QVWLWXWH RI OLQLQJ (QJLQHHUYV

%$5(1%/$77 * ( =+(/729 , 3 .2&+,1$ , 1 V6RN LW KAHRRQR HMB
KRPRJHQHRXV OLTXLGMXQ QDWRXHSSOULRIBNVDWKHPDWLFV

8665 Y Q S +tKWWSV GRL RUJ

%$6+$ + $ (/ $60$5 : 7KH IUDFWXUH IORIZRRTXR WX \R QRE
:DWHU 5HVRXUFHV  YHVHDUFKQ S

KWWSV GRL RUJ 5

%($5 +\GUDXOLFV RI JURZQGIZDWHE*UDZ +L0OO S
%($5 - 76%1* &) '( 0$5BQ/RZ DQG &RQWDPLQDQW WU

IUDFWXUH®FDRBHRLF 3UHVV

%,$1&+, |/ 612: ' 7 3HUPHDELOLW\ RI AURRVBBDYRUHGF
RULHQWDWLRQV DQG BQRDWXURHVWRIHI WD E @ XA RS

%(,&,3 )JUDFWXUHG SHVHUYRLUV'LVPRORPHIDRZ HP KW
KWWS ZZZ EHLFLS FRP IUDFWXUHG UHVHUYRLUV! $FHVV]

%(5.2:,7= % %($5 - %5$(67(5 & &RQWLQXXP ORGHO
7UDQVSRUW LQ )UDFW X UM H3R 5RXR X)RUHPYD B/H RN U SK
KWWSV GRL RUJ 5 L S




SHIHUrQFLDYV

%2',1 - ‘'(/$< ) '( 0$56,/< * BROXWH OWI DQNBS\WKKNWHLDL
QHJOLJLEOH PDWUL[ SHUPHDELOLWGURJIKRGR PHYRXD Q PO F
S + KWWSV GRL RUJ Vv

%2',1 - 325(/ * '(/$< ) 8%(5726, ) %(5185< 6 '( '5

6LPXODWLRQ DQG DQDO\VLV Rl VROXIRU MW DTKHE B DAYS & ©
SURJUDRXUQDO RI &RQWDPLQDOQW +\GURGQRJ\
KWWSV GRL RUJ M MFRQK\G

%21),0 / ) & ODSD GH GRPtQLRV VXEGRPtQHLR D AHELICHIRA H F
6,* FRQFHSomR H PHWRGRORJLD ,1 9, &2E*B$662 %5$
68%7(55/A41($6 ( ;9,, (1&21752 1$&,21%$/ '( 3(5)85$'25(6 "
32d26$QDL&MR /XtV

%25%,%$8; % )UDFWXUHG 5HVHUYRLU 6LPXQDWLYDXOH D &K
*DV 6FLHQFH DQG 7THFKQRORJ\Qt 5HY )3

%26&$5',1 %25*+(77, 1 5 9%25*+(77, - 5 GS58BXtJHYR ( )
*XDUDQL D YHUGDGHLUD LQWHJUDPNRGORMS BREHUGR OF

%285.( 3 - '81%$1&( ( 0O +($7+ 0 - +2'* UBFWXUH
K\GURORJ\ UHOHYDQW WR UDNRRIFXFDHIEH BHND Q V SFDEW + D |
.LQJGRP

%5,**6 6 .$51(< % : 6/((3 % ( 1XPHUWRZF DQ G RGHIDVISF
LQ URXJK I[HRXFMDOWHRI 5REN OHFKDQLFV DQG *MRWHFKQLF
KWWSV GRL RUJ M MUPJH

%5,72 1(9(6 % % 0$12(/ ),/+2 - *HRORJLIHROJURNDYFGD
%DKLD ,Q :;9,, &RQJUHVVR %QDLKMHOPPR GH *HRORJLD



SHIHUrQFLDYV

%586+ ' - 7+20621 1 5 )OXLG IORZ LQ VVOQOXN\WKBHAW LD YIRKU
6WRNHYVY O6WRNHYV DQG ORFIDOWHXELIHVEAEED AH\P XOIRWDR QK
KWWSV GRL RUJ 5

&$&$6 0 & /('28:; ( 0$56,/< * 7,0/, ( % %$5%5($8 $
( )(8*% % 3($8'(&(5) 3 ORGHOLQJ 1UDKW XWH FI GGRZ/ FALK
IUDFWXUH QHWZRUN &DOLEUDWLRQ D QBN M D OFHB\DRAKLLRFQ \
SHVHDWFK Q S KWWS®P GRL RUJ ‘5 L S

&$&%6 0 & /('28; ( 0$56,/< * %$5%5($8 $ &$/0(/¢€
*$,//$5' % 0$5*5,77$% 5 ORGHOLQJ 1UDFWORU B LNOFRIZH WIH
IUDFWXUH QHWZRUN &DOLEUDWLRQ DQ® WP LGDARXRG H\
5HVHDWYFK Q S KWWSE GRL RUJ 5 L S

&$55(5% - +(5(',$ - 920925,6 - +8)6&+0,(' 3 REIRGHOLQ
VPDOO IUDFWXUHG PRQ]JRQGWRBHBRQRUVVRIEQREN 3HUPHI
(QYLURQPSIQWY

&+,/E6 - 3 B6WRFKDVWLF PRGHOLQJ RI QBIVXUPO IUI
/(8$1*7+21* 2 '(876&+ & 9 ('6 *(267$7,67,86 %$1))

2) 48%$17,7$7,9( *(2/2*< $1' *(267%$7,BURFHHGEARUNQIHU
IHWKHUODQGYV SKWWSV GRL RUJ B

&/1($5< 5 EJXDV VXEWHSWKRHDDOMR %UDVLOHLUD GH 5
$%5+

&22. 3 $ *XLGH WR 5HJLRQDO *URXQGZDWHU )BIR¥ LQ )U
&6,52

&350&RPSDQKLD GH 3HVTXLVD GH 5HFXUVRV OLQHUDRV: 6
ODSD +LGURJHROYJLFR GR %UDVLO'LVBRQtYHOLR®@PV
KWWS ZzZzZ FSUP JRY EU! $FHVVR HP MDQ



SHIHUrQFLDYV

'(56+2:,7= : 6 (,167(,1 + + &KDUDFWHUW]W\QZLWRKF N RLK
VIVWHP PREHQWBO RI 5RFN OHFKDQLFV DQG 5BFN (QJLQHHL

KWWSV GRL RUJ %)

'(56+2:,7= :$//0%$11 3 L1'5("LWFUHWH )UDFWXUH ORGH
WKH 6WULSD 6LWH &KDUDFWHUL]DWL RBQ MR QN O LG B WSIHRSC
6ZHGLVK 1XFOHDU 3RZHU DQG :DVWH ODQDJHPHQW &F

'(56+2:,7= : 6 5RFN PHFKDQLFYVY DSSURDFKHWURQ \XSRGAHU
SDWKZD\V ,Q (852%&. ,650 ,17(51%$7,21%/ 6<@F28180 21 3

$1' 3(5)250$1&( ,1 52&. 0(&+$1,&6 $1' 52&. (1*,1((5,1*
3URFHHGQQWWUQDWLRQDO 6RFLHW\ RI 5RFN OHFKDQLFV 7]

'(56+2:,7= : 6 ),'(/,%86 & 'HULYDWLRQ RI| BODOORIXHYW
IRU WKUHH GLPHQVLRQDO GLVFUHWH |UDRFWKW:DREHW ZR U N
SHVRXUFHV 5HVWDUFK Q S

KWWSV _GRL RUJ 5

'"(56+2:,7= : 32,17( 3/ '2( 7 : $GYDQFHXUHQQG MVZFRIHW

PRGHOLQJ ,1 86 (3% 1*:$ )5$&785(' 52&. ZQRFHHUHRQJIV
3RUWODQG ODLQH 86$%

'1,= - $ 2 0217(,52 $ % )(,726% ) $ &3()5L¥36)0 $
& OHWRGRORJLD SDUD (ODERUDomR GH 0DSDV ZLGURJH
%5%$6,/(,52 '( E*8%$6 68%7(55A&1($6 ( ;9,,, (1&21752(1$&,21$,
3(5)85$'25(6 '( 32dBOQDLBRQLWR

'875% -5 7 9 $=,= . $ QHZ GRXEOH SRURVIHW\ IOHRZHU Y
SUREGRFYHW\ RI SBHWURO¥HYHXP QQJIJLQHHUYV

'9(567253 % $1'(56621 - $SSOLFDWLRQ RARWKHFRBQVHSMA
ZLWK ILHOG GDWD 3RVVLELOLWLHV RIDMWRHWHGOHNVNRAUEUBIR
SHVHDWYFK Q S KWWSV GRL RUJ :5 L S




SHIHUrQFLDYV

(,167(,1 + + %$(&+(5 * % 9(1FEVINBQDO\VLV IRU 5RFN 6
2SHQ 3LW OLQHV )LQDO 7HFKQLEROS55HSRQWGHYEIR FDV
'HSDUWPHQW RI &LYLO (QJLQHHULQJ ODVV&BREWYH®IMHYV
ODVVDFKXVHWWYV 5HODWYULR

(85267%$7 :DWHU B6WDWLVWLFV 'LOSRQIYROH HP KW
KWWS HF HXURSD HX HXURVWDW VWDWEVW I$FW W KROHDR Q
MDQ

)(,726% ) $ & 0$12(/ )#HGURJIJHRORJLD + &RQFHLWRV H $
JRUWDOH]D &350 5()2 /$%+,' 8)3( S

)5$&0%1 )UDFPDQ +* 'LVFUHWH )UDFWXUH'LIMBRDRYMNO 6 HIPX
KWWS zZzZZ IUDFPDQ FRP! $FHVVR HP IHY

)5((=( 5 $ &+(55<*UR$QGZBWHQWLFH +DOO
*(5.( + + *(18&+7(1 0 7 $ GXDO SRUR\QLWN PR GHE IHRWHYQ

PRYHPHQW RI ZDWHU DQG VROXWBWHD ¥MMRXFIWFHYHEHS RO
Q S KWWSV GRL RUJ :5

*+$6(0,=$'(+ 5 <8 ; %876&+(5 & +(//:(*(5/$) , 3%,/
$/6+$:$%.(+ $ (TXLYDOHQW 3RURXV OHGLD (30 6LPXO
+\GUDXOLFV DQG &RQWDPLQDQW37TR®QYSRUW RQ .DUVW $
KWWSV GRL RUJ MRXUQDO SRQH

*5,1*$57(1 $ & )ORZ WHVW HYDOXDW L5RHF HRQ W UDUFNQXGM G
+\GURJHRORJ\ *HRO 6RF $P Q6SHFBEDO 3IDSHU
KWWSV GRL RUJ 63 ( S

*</1,1* %HYHORSPHQW DQG $SSOLFDWLRQV RI WKH &KD
6LPXODWLRQV RI )ORZ DQG 6ROXWH 7UDQVISRK W RXQW)RJUDIF



SHIHUrQFLDYV

HP (QJHQKDULD 4XtPLFD 'HSDUWPHQW RI RKHPBERDDO(QJ
, QVWLWXWH RI THFKQRORJ\ 6WRFNKROP

*<[/,1* % 025(12 / 1(5(71,(.6 , 7KH &KDQQMHW&RRWZARUN
WUDQVSRUW VLPXODWLRQVWVURRQGUDMMXIUHGQ PHGLD
KWWSV GRL RUJ M WE [

+$55,1*721 6 &22*UBRXQGZDWHU LQ $XVWUDOLD 1DWL
*URXQGZDWHU 5HVHDURBK\DWGDOLMLQLQJ

+$57/(< | - +2/721 +2/&+1$36%% 7HFKQLFDO 6XPPD
'‘REXPHQW

+$860%1 ®VBURYtQFLDV +LGURJHROYJLFDV GR 5LR *UDQGH
6HFUHWDULD GH (VWDGR GRV 1HJyFLRV GDV 2EUDV 3~EOL

+$:6 1 5$2 3 6 & 6,081(. - 32<(5 , BROQGLERXDG SF
SRURVLW\ PRGHOLQJ RI ZDWHU IORZ DQG VRGWWXVWQD Q
HITHFWLYH ILHOG V-RXXQH D8® RO P HVWERHBRWD R JS *

KWWSV GRL RUJ M MK\GURO

+(5% (57 $ *$/1( - /1$1<21 * 0$&RGH®LQJ IRU WKH 6WU

FKDUDFWHUL]DWLRQ DQG YDOLGDWLRQ &WULUWHWXOREG SR
6. % SHSRUW6ZHGLVK 1XFOHDU 3RZHU DQG :DVWH 0DQDJ
SHODWYULR

+(67,5 . /[21* - & 6 $QDO\WLFDO H[SIWHVRLRQ®W GREP WK
GLPHQVLRQDO 3RLVVRQ IUDFWXUH QHWZRDQUG HDXHGDR® (
PHGLD WKRIMRUQB® RI *HRSK\VYFDO%HVHDUFK S

+8'621 - % 35,(67 6 ' 'LVFRQWLQXLWLHW QG RIRFRIFRD
OHFK OLQ ©6FL *MRPHBK KWWSV GRL RUJ




SHIHUrQFLDYV

,1'5$5871% % 5$1- ¥MGWBRPHFKDQLFDO $VSHFWV DQG 8QV
-RLQWHG $SR®BWODONHPD 3XEO 7RN\R S

-,1* / $ UHYLHZ RI WHFKQLTXHV DGYDQFHYODPRGR OW V Q.
IRU URFN PHFKDQLFV DQ@GVNURFHNRIFE JLHEY WL@IQ6FLS +
KWWSV GRL RUJ 6

.$5%$< * +$-1$/ * ORGHOOLQJ RI JURXQGZINWHU1IORZ LQ
*5281':$7(5 6<0326,80 2) 7+( ,17(51$7,21%$/ $662825%7,21
+<'52 (19,5210(17 (1*,1((5,1* $1' 5(6($5&+ 3IFHRBFHHGLQIV

(/I(5 $ $ 52%(576 39 %/817 O - (IIHFWURIDWDEQ\X R
WKH GLVSHUVLRQ :RWHFRQIHRUQIFGW V5 HV BDUFR

KWWSV GRL RUJ 5

.2<$0$ 7 1(5(71,(.6 , -$1OXPHULFDO VWXG\ RQ GLIIHU

1IDYLHU6WRNHY DQG 5H\QROGY HTXDWLRQV IRBRBWGHOLC
VLQJOH URFN IUDFWWUH\VSREWKHNKHDILQ SFL

KWWSV GRL RUJ M LMUPPV
.8/$7,/1$.( 3 + 6 : :$7+8*$/$ ' 1 67(3+$1@6RIQHRLWZRIUN
PRGHOLQJ ZLWK D YDOLGDWLRQ H[HW FL\5HR N GAVAKL SO @ L ¢
*HRPHFKEVWU Y Q S KWWSYV GRL RUJ
(
.8/%$7,/$.( 3 + 6 &+(1 - 7(1* - 6+8)$1* ; AL * 'LV

JHRPHWU\ FKDUDFWHUL]DWLRQ LQ DOWXQQWMRLEORWVN W B H
7TKUHH *RUJHYV 'DP MQWH-LQI&GRKN OHFK OLQ SEVWU*HRP
Y Q S KWWSV GRL RUJ




SHIHUrQFLDYV

.8/$7,/$.( 3 + 66RIWZDUH PDQXDO IRU )5$&17:. + D FRPSX
WR PRGHO GLVFRQWLQXLW\ JHRMHFWQLFD®D WRFNR PBD VVXI
OHWURSROLWDQ :DWHU 'LVWULFW RI 6RXWKHP &DOLIRUQL

.80%$5 * 6 ODWKHPDWLFDO ORGHOLQJ RI *WRXQYGRWH UQ
6DWXUDWHG )UDFWXUHG 5RFN 8VLQRRXI QRDORIRURKMIROR

(QJLQHHUYLQJ Q

I(:,6 5 *+$)285, + 5 $ QRYHO ILQLWHWAOMRPGKAV IBR
PXOWLSKDVH IORZ WKURXJK GHIRURBRMNEOH) DWDLFRM)XPOUH GR X B
1XPHULFDO DQG $QDO\WLFDO OHWKRGW LQ *®IRPHFKDQLF
KWWSV GRL RUJ 6,&, $," 1$* !

/,0 ' $+1 - &+$0%5QDBOVVLV RI ZDWHU IORZ WKURXJK D
LQ WKH QHDU ILHOG 'HSDUWPHQ8V&R I %KEFOHODM\ (@ &LQ HH U

/,0 " +0DVV 7UDQVSRUW $QDO\VLV LQ WKH 1HDBK)LHOG R
'LVVHUWDWLRQ 8QLYHUVLW\ RI &DOLIRUQLD %HUNHOH\

/121* - & 6 5(0(5 - 6 ,/621 & 5 D, 7+ (REBRRY 03H GH D3
(TXLYDOHQWYV IRU 1HWZRUNV RDWHUF BRAWRRERXY SHUVAWNXE
Q S KWWSV GRL RUJ 5 L S

/121* - & ,@YHVWLIDWLRQ RI (TXLYDOHQW 3RURXV OHGLXP

Rl "LVFRQWLQXRXWK'UDIPWYXWAWOWLRQ (DUWK 6FLHQFHYV
%HUNHOH\ /I DERUDWRU\ 8QLYHUVLW\ RI &DOLIRUQLD %HU

/121* - & 9BIULILFDWLRQ DQG FKDUDFWHUL]DWLRWHRBI FRQ\
URFN DW $(&/ XQGHUJURXQG UH¥KRQUFE G BDEKRDW RAIA/



SHIHUrQFLDYV

/[21* - & 6 $ ORGHO IRU 6WHDG\ )OXLG )ORZHWZRNERRI 7

'LVN 6KDSHG )DWHWXIHMWRXUFHW 5HVHDUF IS E
KWWSV GRL RUJ 5 L S

/21* - & 6 %,//$8; ' 0 )URP ILHOG GDWD WIRQI BiDFNXQUH
LOQFRUSRUDWLQJ :\DS\DHAL BIOVRW U K AW 6 Bl NG D U BK

KWWSV GRL RUJ 5 L S

/21* - & 6 0$8/'21 $ 1(/621 . 0$57(/ 6 )8/%(5 3 .$5!

SUHGLFWLRQ RI IORZ DQG GUDZGRZQ |IRUL®BEW LMILQVHLMKHD
WKH 6WULSD PLQH ©6.6ZBBERKWXFOHDU 3RZHU DQG :DVWI
6WRFNKROP SHODWYULR

0$1$66e6 &DUDFWHUL]DomR +LGURTXtPLFD GD EJXD 6XEV
6HUUD *HUDO QD 5HILmMR 6 XGRHVWH GR (Y WDHRV®R MBR UODK
HP *HRORJLD $PELHQWDO + 8QLYHUVLGDGH )HGHUDO GR

0$12(/ ),/1+2 ORGHOR GH GLPHQVMR IUDFWDO SDUD DYD
KLGUIXOLFRV HP PHLR ILVVYXUBOH 'RXWRUDGR HP *HR
B8QLYHUVLGDGH GH 6mR 3DXOR 6mR 3DXOR

0$12(/ ),/+2 EIJXDV 6XEWHUUKQHDV QR+BHER&&ULVWDOLQR
0$5',$ . GSWDWLVWLFV Rl 'LUHBWLRRIDEG HPWD 6DQ 'LHJR
0$7+:25.6 30DQH ,QWHUVHFWLRQ * YHULILFDOMRSEDtY®IW H
HP KWWSV ZZZ PDWKZRUNV FRP PDWODEGW®WYBPWLRE
$FHVVR HP MD Q D

0$7+:25.6 *UDSK DQG 1HWZRUN S$QYBBOWKHPY HP

KWWSV ZZZ PDWKZRUNV FRP KHOS PDWODE J3FHHK/ RQG ¢
HP MDQ E



SHIHUrQFLDYV

0$7+:25.6 :ULWH 'DWD WR ([FHO 6SUHDGVKWHFHRNQ t&\HC H B |
KWWSV ZZZ PDWKZRUNV FRP KHOS PDWOXDSS D AIO/MDIEBQ [B
DQ DXWRPDWLRQ FOLHQW KWPO! $FHVVR HP MDQ F

0$83,1 0$ .(ll< -) +87621 66 /[29(/3®&(5-1/ %$
/,16(< . 6VWLPDWHG XVH RI ZDWHU LQ WEH 8 QLRI LEADD

6XUYH\ &LUFXODU S

0(17( $$QiOLVH GDV LQIRUPDO}HV VREUH UV XQR/VBDtKtG L

%UDVtOLD OLQLVWPULR GH OLQDV H (QHUJLD 5HODW,)
0,5%$1'$ 7 6 %$5%26% - $ *20(6 , ) 1(80$BB1926 O
5 ) 9 & 0$726 * & *8,0$85-(6 / - 1 )/25C1&,2 5 4 $

/| $SOLFDomR GD WpFQLFD GH VFDQPHRKQ | FPIR GHOWLIWW HIRA
IUDWXUDPHQWR QRV GHSYyVLWRYV FDUEBRQUWEHRM (HGRY®BR
%YROHWLP GH *HRFLrQBLRVGH IBDWHREBRDY Q S

00$ OLQLVWpULR GR OHLR $PELHQWH t+V&RRORHOGLEBF
KWWS zZzz PPD JRY EU! $FHVVR HP MDQ

00% 30DQR 1DFLRQDO GH 5HFXUVRV +tGULFRV tGDRRRNADPD
GR %UDVLO 9BRDXPHWHWpPpULR GR OHLR $PELHQWH 6HFUHWD

%UDVtOLD 00% Y LO &RORU FP

02(1&+ $ ) 'RXEOH SRURVLW\ PRGHOV IRU D | IDWWKXJWHK JU

VNLQDWHU B5HVRXUFHV YHVHDUBK S +
KWWSV GRL RUJ 5 L S
025(12 / 76%$1* < : 76%$1* & ) +$/( ) 9 ,1(®RZI,D.GG

WUDFHU WUDQVSRUW LQ D VLQJOH VUDHWIXWHRG WW RFKR
REVHUYDWWRQ@Y 5HVRXUFHYV YS5HVHDQY FK S
KWWSV GRL RUJ 5 L S




SHIHUrQFLDYV

025(12 / 1(5(71,(.6 , )OXLG IORZ DQG YRONXVRH RKUDIQIMED
-RXUQDO RI &RQWDPLQDQW +\GURORIJ\
KWWSV GRL RUJ /

02+5/2. 8 7(876&+ * 'RXEOH FRQWLQXXP SRURXV HTXI
GLVFUHWH PRGHOLQDUWVWNDDWWUW HUHUQ@FIHVRY PH@WDO LP:

0285=(1.2 9 7+29(57 - ) $'/(5 3 3HUPHDIEADDAWMURI C
9DOLGLW\ RI WKH 5HYQR3IXGY HTIXDWLRQ S +

KWWSV GRL RUJ MS

028762328/26 . 1 76,+5,17=,6 9 $ DO \NQGE D6Q PORIDW
$SSURDFKHV IRU 'RXEOH 3H+HDUNPHHID B IHWIRX\U § HXL OMQWD JSH PHQ\
+ KWWSV GRL RUJ V

15& 5RFN )UDFWXUHV DQG )OXLG )ORZ &RQWHPSRUD
$SSOLFDWLRQV &RPPLWWHH RQ )UDFW X URZ S&KDNLIRFQNDHDU |
SHVHDUFK &RXQFLO

1(9,//1( & 6ROXWH WUDQVSRUW LQ IUDFWXUHG SRQRXV PH!
ZLWK 076 6 3DSDGRSXORV $VVRFLDWHV ,QF SHODW

1,&+2// 0 - 5%$-$5%0 + */$66 5 - '(7:,/(5R5 LQDIVXUQWNH-
IUDFWXUH (YDOXDWLRQ RI WKH 5 H\QROGOWHXBWVR®URKH K
SHVHDUFK Q S + KWWSV GRL RUJ 5

1,(0, $ .217,2 . .886(/$ /$+7,1(1 $ +\GUHNQDW LD DO
XSVFDOLQJ RI IUDFWXUH QHWZRUNV E D\DHAGH B G5 HP\KROXWLFS-O\
SHVHDWFK Q S KWWSV GRL RUJ 5




SHIHUrQFLDYV

2'(1 O 1,(0, $ 7681* & ) 2+0%$1 - SHHGR YLD FKDORLV
IUDFWXUHG PHGLD ZLWK PDWUL[:BWHXVIHRWREKQBHY LEHMHD
Q KWWSV GRL RUJ :5
2'7,1* 1 ( (%0%1 , $ &RQGXFWDQFH PHVKLOBWURIOFK
QDWXUDO DQG VLPXODWHIGUIBENWXUHHYDYHWHODQV IS
KWWSV GRL RUJ 5
2/,9% $ L8l & O+ &$(7%$12 &+%$1* 0 5 'HYGEXWLYDGDEH

KLGUIXOLFD GD IRUPDomR 5LR &0DUR $§ HO 1V B QRRIPFSHPINDW
HQVDLRV FRP SHUPHKPHW U R EXDO/S & XH WHYWKIDWE B\H 6 O X J

2521 $ 3 %(5.2:,7= % )ORZ LQ URFN IUD¥WXIWLVR QN K
UHH[DPLOMGU S5HVRXUFHV Y5HVHD®FK S
KWWSV GRL RUJ 5

2877(56 1 6+8776HQVLWLYLW\N DQDO\VLV RI D GLVFUHWH
IRU SHUIRUPDQFH DVVHRORGHHUWNSRV REHDWHY 6ZHGHQ S

3%$,*( & 6%81'(56/6@85 $Q $OJRULWKP IRU 6SDUVH /LQHDU
6SDUVH /HDVWs &0 XI\JWDDHQOW DFWLRQV RQ ODWKHPDWLFDO 6RI
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5(%28d%6 $ & %5%*% % 78EJXDV- GRFHV QD QAWDWL O
HFROYJLFR XVR H FRQVHUYDomR 6mRD3BYXOR. O(¥ F L WXIUd
S
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7(,;(,5% : 72/('2 0 & 0O )$,5&+,/' 7 5'HFBIEOQGR D 7HUU
6mR 3DXOR 2ILFLQD GH 7H[WRYV S
7(/1/1(6 , HVHQYROYLPHQWR GH XP VLVWHPD LI@QWHJI WD GR

WUDQVSRUWH HP PHLRV SRURVRVI H7 HYHWXGIRRXGVWRW DGR *
8QLYHUVLGDGH &DWyOLFD GR 5LR GH -DQHLUR 'HSDUWDP

76$1* < : 76%$1* & ) 1(5(71,(.6 , 025(1@UDPORIVDQGYV
LQ IUDFWXUHG PHGLD D YDULDEOH DUSMHLBWXHIH SFHR/IRXM IF @ \
SHVHDWYFK Q S KWWSV GRL RUJ 5 L S




SHIHUrQFLDYV

8% (5726, ) '(/$< ) %2',1 - 325(/ * $ QHWVPRHWBRRG SRL
QHWZRUN WR KDQGOH FKDQQKOB HGI RWRDHQ@FHED FWXUHG L
KWWSV GRL RUJ M FUWH

'$1* / &$5'(1$6 0 % 6/27.( ' 7 .(7&+$0355$% -60$5
ORGLILFDWLRQ RI WKH /RFDO &XELF /DZ RVRUWRWXUM\ | @
URXJKQHWWHU S5HVRXUFHV YHVHDUFRK +

KWWSV GRL RUJ 5

:$5%85721 3 0 $ 6WHUHRORJLFDO ,QW HU, WHNMW MR D
-RXUQDO RI 5RFN OHFKDQLFV DQG OLQEQJ 6FLHQFHYV
KWWSV GRL RUJ

:$55(1 - ( 5227 3 - 7KH %HKDYLRU RI 1DWX2UPRXUQDDFW;
Y Q S + KWWSV GRL RUJ 3%

:,/&2&. 3 7KH 1$36%& IUDFWXUHYQGIOWAERHRIWRGKY *HRWH

(QJLQHHUYLQJ S + KWWSV GRL RUJ 6

:,7+(563221 3 $ :$1* - 6 < 2%, . *FW\ RI FXELF ODZ

IOXLG IORZ LQ GHIRUPD®WGIW BRFNRXUPHW%SUNBDUFK +
KWWSV GRL RUJ 5 L S

:,7+(563221 3 $ /21* - & 6 7KH 5HODWLRQWIKIWUS RO QHKH\
WR 3HUPHDELOLW\ LQ-RDRWRUR *HRIRWNW DO %H \H D BFK
KWWSV GRL RUJ -% L% S

8 6 < 358(66 . $ 0OXOWLSOH 3RURVLWWOHWKIRIG )R D FBW R
SHWUROHXP S5BYHUYRVYHMYRLU (QIXQHHUL®@J
KWWSV GRL RUJ 3%




SHIHUrQFLDYV

'8 & ),'(/, %86 & '2:' 3 $ 5HDOLVWLF SIC50LPR G QO YVRWH
JUDFWXUH 1HWZRUNV ,Q ,17(51$7,21%$/ ',6&5(7( )53$&7¢€
(1*,1((5,1* &21)(5(1@URFHHGLQJV

=$928'$.,6 (PSDFWRV GD XUEDQL]DomR VREUH D TXDOLGI
iUHDV GH 9LWyULD (6 'LVVHUWDoOomR OHVWUDGR HP (QJH
&HQWUR 7THFQROYJLFR 8QLYHUVLGDGH )HGHUDO GR (VStU

=,00(50%$1 5 : .80$5 6 %2'9$56621 * 6 /XBEQDODWLRAIW
WKH SHUPHDELOLW\ Rl URWJK ZBDROFNH GHIRKD FOLQUWYL *HRP
Q S + KWWSV GRL RUJ )

=,00(50$1 5 : <(2 , : )OXLG IORZ LQ URBN LIKD FBWHRUHHX

HTXDWLRQV WR'\WRRLFXERF YOXA GV LQ )WDFWXUHG BRFN
KWWSV GRL RUJ *0O S




