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,QJULG\ 'D\DQH GRV 6DQWRV 6LOYD
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&DPSLQD *UDQGH + 3%



,QJULG\ 'D\DQH GRV 6DQWRV 6LOYD

&,1e7,8&%'( &85%$ '26 &20326726 (31;, 3/$

'LVVHUWDOmMR GH OHVWL
DSUHVHQWDGR DR 3URJUDPD
*UDGXDOMR HP &LrQFLD H (QJHC
GH ODWHULDLY FRPR UHTXLVLW
REWHQOMR GR MHWXOR &M

&LrQFLD H (QJHQKDULD GH ODW|

2ULHQWDIRU D’ 5 HQDWH ODULD 5DPRV :HOOHQ
2ULHQWBGBRU 'U ODUFXV 9LQLFLXV /LD )RRN
$JrQFLD )LQDQFLDGRUD &13T

&DPSLQD *UDQGH + 3%



6LOYD ,QJULG\'D\DQHGRVG6DQWRYV

&LQPWLFD GH FXUD GRV FRPSRVWRV (9

6DQWRV 6LOYD + &DPSLQD *UDQGH
| LO FRORU

'LVVHUWDOmMR OHVWUDGR HP &LrQFLD4
8QLYHUVLGDGH )HGHUDO GH &DPSLQD H
7HFQRORJLD

2ULHQWDomR 3URID 'UD 5HQDWHUODUL
ODUEXV 9LQLFELXV /LD )RRN’

SHIHUrQFLDV

5HVLQD (Sy[L 3/$ )7,5 '6& &LQ

7TUDEDOKDELOLGDGH , :HOOHQ 5WH QMM
9LQLFLXV /LD ,,, 7TtWXOR

&'8
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$V DSOLFDo}HV FRPHUFLDLV H FLHQWtILFDVWGIRPEHYDOMDR HSy|
GR FDUIWHU UHDFLRQDO HQWUH UHVLGQDEQRBXUH KGR FED W
UHDWLYR EDVWDQWH FRPSOH[R 1HVWH WUDBDROXIRFER P S R
GH ELVIHQRO $ '*(%$ DQLGULGR PHWB® WRWR B XG& & WU RFW R

H WULV GLPHWLODPLQRPHWLO IHGRO QBb FROERRRWODWDx
IL[D IRL LQLFLDOPHQWH SURFHVVDGR/ RECRPHR REWIW WRIY |
HSy[L FRP FDWUWHERLOIRIY BPOGLFLRQDGR R SROL iFLGR OiFWLFR

GH H SFU DR FRPSRVWR HSy[L $QiOLVHWBGHDUHVVR

QXFOHDU GH KLGUJrQLR 501 + HVSHFW URVWRSIDVORUPDIG D GH
JRXULHU )7,5 H FDORULPHWULD H[SORR DWR WL B FXWDGHY F DIC
GH REWHU HYLGrQFLDV GH LQWHUDO}HV TXtPLBSRW IHOFHWY pWLF
LQYHVWLIJDGDV $ SDUWLU GRV HVSHEWURYV GHVG&EHODW H )
SDUFLDO PLVFLELOLGDGH HQWUH HSy[L Hj 3$JB0}HYFGSDOP
KLGURJrQLR HQWUH D FDUERQLOD GR 3/$ W LKALO5 G R [F. O \GHRI M B §
SHOR FDORU OLEHUDGR GXUDQWH DV YDXUGtER GDVGGE P VA& DGE
GH UHWLFXODomR DSyV D DGLomR GR 3/$ FRPRWDREPPYPIHQRU
SXUR $ HVWUXWXUD HP UHGH GR HSy[L GLILFXORVRN QG RULVYV
YHULILFDGR QDV EFXUYDV GH '6& H[RWHUPDWRWA MRDBRWH L
FULVWDOL]DomR H IXVmMR UHVSHEWLYDPHQWN IDNVHNLDO \
WHUPRSOiIVWLFD WHUPRUUtJLGD p VXJHULD DG W DPXQBOFRHP R ¢
RUJDQL]DomR UHRUJDQL]DomR HVWUXWXSDODER BBV &XP F)XQWD
GLPLQXLomR GD WD[D GH FRQYHUVmMR H GLRUQPLREW LGSR N @R D ¢
FRPSRVWRYV HSy[L FRP 3/$ OHGLDQWH GHIHPLlGHR GOV IGHINH W |
H SDUKPHWURY FLQPWLFRY GH FXUD R FRQW UIR® 8 H3LRP § WRIFD V/ \
PDQLSXODOmMR GR VLVWHPD RSHUDFLRQDO H B$OLQR@RRRG DV
FDPSR GH DSOLFDomR GRV SURGXWRV ILQDLYV

3DODYUDV HEP[YH3/$ 501 + )7,5 '6& FLQpPWLFD GHGHUD WUDE



$%675%&7

7KH FRPPHUFLDO DQG VFLHQWLILF DSSOLFDWRRQWKRI HSR]
FRPELQDWLRQ DQG UHDFWLRQ FKDUDFWHUY DR RBPLQUIHY lYG LK\D
FRPSOH[UHDFWLYH VIVWHP ,Q WKLV ZRUN WJIOH FHISRQ FRFKIRNX
RI ELVSKHQRO $ '*(%$ PHWK\O WHW UD KO\GHBRSRW KD O GFHR & K\ (
DQG WULV GLPHWK\ODPLQRPHWK\O BE&HMNRODW+IL[HGD
FRQFHQWUDWLRQ ZDV LQLWLDOO\ BREFB \Z\RHG! DO RU
HSR[\ VIVWHP SRO\ ODFWLF DFLG 3/$ ZDV DG®HGEDW FRQW|
SKU WR WKH HSR[\ FRPSRXQG $QDO\VLV RI KtOARRIH@FBAXFOHD
105 )JRXULHU WUDQVIRUP LQIUDUHG VSHF\QWRDORSFD)TQL QD
FDORULPHWU\ '6& ZHUH SHUIRUPHG LQ RRIGHKHWIRFREWD !
LQWHUDFWLRQV DQG FXULQJ NLQHWLFV RIWRMHVIWEIDYGE G FR
)7,5 VSHFWUD SDUWLDO PLVFLELOLW\ EHW ZGHQHEGS F[D DQG\ 3/
GXH WR WKH K\GURJHQ ERQGY EHWZHHQ WKIiGBR{\PIVUFRE\O D
FXULQJNLQHWLFV IROORZHG E\ WKH UH O HPDAM B & B B WUGHDWLHRLIC
WKH FURVVOLQN GHQVLW\ DIWHU 3/$ DG GWWGRQR M\H R WOHS R YA
7KH HSR[\ QHWZRUN IRUELGGHQ 3/$ FU\VWD GIQR YWDRHILRPY @RHL
HQGRWKHUPV ZHUH GLVSOD\HG LQ '6& VFDRQRQ WDHN® B & DQVIL QW \
UHVSHFWLYHO\ 3DUWLDO VROXELOLWPRKNWXMHQ WK K DVKNURR
VXJJHVWHG DV GULYLQJ IRUFH IRU WKH FRRKOWH B 5JD\W UPOPMLR.
,QFUHDVHG FXULQJ WHPSHUDWXUHYV GHFUHDWHIG FROLYQIUV LF
HQWKDOS\ ZHUH REWDLQHG LQ HSR[\ 3/$ FRIXIRXDEDHW\IBY |
FKHPLFDO UHDFWLRQV DQG NLQHWLFV SDUWBBR®HVWRKENYHG
ZKLFK DOORZV PDQLSXODWLRQ RI WKH RE® WRIWLURIS M UMMHPY
H[SDQGLQJWKHILHOG RIILQDO SURGXFWV DSSOLFDWLRQ

H\ZRUGWSR[\ 3/$ + 105 )7,5 '6& FXULQJNLQHWLFV ZRUNDELC
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GRV 6DQWRV 6LOYD , ' 6FKIIHU + -DTXHV50IHY $HLTHHLUD
6RX]D ORUDLV " ' HOOHQ 5 0 5 $Q LQYHUWVIDRRIAR® RI
FU\VWDOOL]DWRRQOQ\ND@Q RWAKHNWUPDO $QDO\VLVSDQG &DORULPHW

6LOYD , ' 6 -DTXHV 1 * %DUURV - - 3 BofPHLAEGD ' ( 2
$UD~MR 5 1 &HVDULR / 9 6LTXHLUD OHYHDOXHHRSD 3G/ D W
NLQHWLF FRQWUROOHU 0LWSHAYL B&ONETHMH®OWFK ([GQUHVSE

6LOYD , ' 6 %DUURV - - 3 $OEXTXHUTXN $LQDFLXHN/LD *
JRRN 0 9 / :HOOHQ 5 0 5 ,QVLJKWV LQWRSWHKHMXULQJ N
,PSOLFDWLRQV WR WKH QHWZRUNBSQHVW BRX 6 WX1JUH/ HW & PHLIUW W H (

-DTXHV 1 %DUURV - 6LOYD , 3RSS 0 ZROEHRDFKHIOHQ
FXULQIJDQG GHIJUDGDWLRQ RQ (SRRRBIRKNHWEB ¥FRPEIRNIKLWHYV
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)LIXUD $QHO R[LUDQR HVHXPHFDQLVPR GH UXSWXUD
)LIXUD (VWUXWXUDV GDV PROpFXODVGOGB HSLFORULGULQD H
)LIXUD OHFDQLVPR GH VtQWHVH GR GLJOIFE GLO pWHU GH EL"
)LIXUD (VWUXWXUD TXtPLFDGR 3% ++3$HO07+3$%

J)LIXUD 5HDomR GH FXUD GD UHVLQD HSY[EHGRS D/LDIPIR
GD UHDomR GH DEHUWXUD GRDQHO HSyJ[L

)LIXUD $EHUWXUD GRDQHO R[LUDQR QD SUHVHQOD GHDPLQC
)LIXUD SHSUHVHQWDOmMR HVTXHPIWLFD GR SIRRFHVVR GH FXU
)LIXUD (VWUXWXUD GR 3ROL iFLGR OiFWLEFR 3/%

)LIXUD (VWHUHRLV{PHURV GR ODFW®RIBRH GLRBWK\O C
YLIXUD BULQFLSDLVY URWDV SDUD D VtQWHVH GR 3/$

YLIXUD 3ROLPHUL]DomR GR 3/$ SRU D E HRUVDXF D 033D DSRHUOX®R
iOFRRO

YLIXUD &XUYD LOXVWUDWLYD GH '6& GR 3ROL iFLGR

DTXHFLPHQWR UHVIULDPHQWR D f& PL@ XGEDXYDUBK GIRVRIV H
WUDQVLOmMR YtWUHD 7J FUYLVYXADOR W & RVOIWIQAR]D& mR D SDU!
IXQGLGR &

)LIXUD SLFR H[RWpUPLFR GH FULVWDOL]DomR

)LIXUD (YROXomR GD FULVWDOL]DomR HP BXQomR GR WHPSR
)LIXUD (VWUXWXUDV TXtPLFDV GDVWDWpULDV SULPDV XWLC
)LIXUD (VTXHPD GD REWHQomR GRV FRPSRVWRV ( 3 0

)LIXUD &XUYD GH '6& WtSLFD GH UHVLQD HSY[LHFXUDGD FR
WD[DVGHDTXHFLPHQWR UHVIULDPHQWRSIHUDfRLPDQ SLFR H[R

)LIXUD (VSHRFWoWR SBUD R "*(%$ 3/$ ( 3HFRPSRVWRV (3 0"

)LIXUD (VSHFWURV )7,5 GR 3/$ 3 GD UHVIHQBRWSY[L "*(
FRPSRVWRV GH ( 3

)LIXUD BURSRVWD GH SRQWHV GHKLGURJrQLR HQWUH HSy[L
)LIXUD (VSHFWURV GH )7,5 GHFRPSRVWR QmR FXUDGR ( 3 0 !

YLIXUD (VSHFWURV GH )7,5 GH FRPSRVWR W {H B 9HUDGVIXXULIV G
LQGLFDGDYVY D (3 O'H E (3 0°

YLIXUD (VSHFWURV GH )7,5 GRV FRPSRVWRYV $BUDWXR DXQo|
SDUD (3 O

YLIXUD 5HDo}HV GH UHWLFXODomR SRU WDEHBWSRWDWERR/ D Q
(30"

)LIXUD *UDX GHFRQYHUVMR HVWLPDGR XWWQGR D/HL GH %H



YLIXUD FXUYDV '6& GH D (0' E (3 0 G FE 3 30 'OH
H (3 0' &RPSRVWRV HWD[DV GHDTXHFLPHQWR LQGLFDGDV

)LIXUD &XUYDV GH '6& GRV FRPSRVWRYV ( 3 0f &SDLOD EV WD [D
f& PLQ F f& PLQ G f& PLQ H H f& PL{DV&BPISRVLO}
DTXHFLPHQWR LQGLFDGDYV

)LIXUD 7J GRV FRPSRVWRV D (0 E (8 '0G F (3
(3 0O0'HH (3 0' &RPSRVLO}HVHWD[DVQGHPBDEBNLPHQWR L

YLIXUD *UDX GH FRQYHUVmMR SDUD D (@3 BY(3 0' F
(3 0'HH (3 0' &RPSRVLO}HV HWD[DVQE&HLBPOIEBFLPHQWR L

Y)LIXUD *UDX GH FRQYHUVmMR GRV FRPSRVWRYV (f&0PLDUD D
E f& PLQ F f&PLQ G f& PLQH H f& MLOYD&RPBRVL
DTXHFLPHQWR LQGLFDGDV

)LIXUD 7D[D GH JUDX GH FRQYHUVmMR HP IXQoR 6D WHPSt
(3 0' F H G 7D[DGHFRQYHUVMR DG MIXDUHBGIRFPHQW\RW DHD V
f& PLQUHVSHFWLYDPHQWH

)LIXUD 7D[D GR JUDX GH FRQYHUVmMR GH OHQJ®DX GH E \
FRQYHUVmMR GH FRPSRVWRYV SURGX]LGRV DI EQWRUL &SR VPQQ WD |[LC

)LIXUD (IHLWR GDV WD[DVGHDTXHFLPHQ&R PALGR WHRU GH 3
/s *& H F "+ -]

Y)LIXUD 5HJUHVVMR OLQHDUYGBHVABZD SIRUD ( 0 ' DQG
(30"
YLIXUD &RPSDUDOmMR HQWUH GDGRV HYySHBRRFHEWIERO ROLC

FDOFXODGRY XVDQGR R PRGHOR 2]DZD QDV WD GHOD'TXHFLP
E (3 0' F(3 0' G (3 O0'HHI( o

YLIXUD 'LVFUHSKQFLD HQWUH GDGRV WHYDWBRR AR B FSGRJ L F
2]DZD jV WD[DV GHDTXHFLPHQWR LQGLFDGDVF D 3( 00'' E ( 3
G (3 0O'HH( o0

YLIXUD 5HJUHVVmMR OLQHDU BHYHVUVXYJHSDW® ( 0 ' H
(30"
YLIXUD &RPSDUDomR HQWUH GDGRV HYySHBRFH @ WIERO ROL

FDOFXODGRV XVDQGR R PRGHOR GH .LVVLQJHGWLED@DWD [DV GH
(0' E (3 0' F (3 0' G (3 0'HOH (

)LIXUD 'LVFUHSKQFLD HQWUH GDGRV WS PWIDFR \P RGH HRUIIP I
.LVVLQJHU jVv WD[DV GH DTXHFLPHQWR LQGLFDGDW D (0
(3 0' G (3 O'HH( o0

)LIXUD 5HJUHVVmMR OLQHDU LVRFRQYH®WLRBADOX&H )UIZHGP
SDUD D (O0' E (3 0' F (3 0' G (K (0 'H' QRV
JUDXV GH FRQYHUVMR LQGLFDGRYV

)LIXUD SDUKkPHWURY FLQpWLFRVY GR PREBGRQVRFBQYYHUV
YHUVXV . BYHUV XV .
)LIXUD &RPSDUDomR HQWUH GDGRV HYSHBRFH @ WIEIRWO ROL C

PHGLGRY XVDQGR R PRGHOR LVRFRQYHUVLR QD RHFH B HIQNMGP D (
LQGLFDGDV D (O0' E (3 0' F (3 00H B (30"



Y)LIXUD 'LVFUHSKQFLD HQWUH GDGRV WHYDUB R AR B ORI L F
LVRFRQYHUVLRQDO GH JULHGPDQ jV WD[DV G OTXHFLPHQWF
(3 0' F (3 0' G (3 O0O'HHI( o0

)LIXUD BORWV GR 0Q>%1 . @ YHUVXVWR PHFOWVDERRSGUHD
UHDomR ( 3 o '
)LIXUD &RPSDUDomR HQWUH GDGRV HYSHBRNFH @ WEIRWO RO/L C

FDOFXODGRV D SDUWLU GR PRGHOR DXW RNVDADDTW H F R PG WR
LQGLFDGDVY D (0' E (3 O0' F (3 00H B (30"

)LIXUD 'LVFUHSKQFLD HQWUH GDGRV WHSDWB R AR B FSORJ L F
DXWRFDWDOtWLFR GH ULHGPDQ QDV WD[DY GH DTXHFLPHOQ\
(3 0' F (3 0' G (3 O0O'HHI( o0

JLIXUD \. H]. QRUPDOL]DGR D (0 'F E3(30'0°G

(3 0'H H ( 0' DV WD[DV GH DTXHFLPHQSRR WilRLRR VW U
SRQWRYV H f& PLQ

8 D

oV 74, ,
JLIXUD  S5HJUHVVmMReGHONE@HMXNV> SDUD (3 0
)LIXUD *UIILFRVY FRPSDUDWLYRYVY GH GDGARRNV HJSBUEBPRQWL

PRGHORVY GHVFULWRY SDUD RV FRPSRVWRYV (B OPRQYHUY& RLQ
YHUVXV7H E 'LVFUHSkKkQFLD HQWUH GDGRYV WHHYyVK¥RV H H[SHU

)LIXUD &XUYDV GH '6& GR 3/$ SXUR QDV WD[DV Gft& PIXHFLPH
E f& PLQ F f& PLQ G f& PLQH H f& PLQ
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7TDEHOD &RPSRVLO}HV GRV FRPSRVWRYV

7TDEHOD 9DORUHY GDV LQWHHMHIDLY GRVUWADILXQEFHRQDO (
l*(%$

7TDEHOD $SWULEXLomR GDVEDQGDV GHIUHTXrQFLD GR O07+3%$ H
7TDEHOD '"HVORFDPHQWR GDV SULQFLSDLASRYQIXDRLBRWHUH

UHDWLYRV GRV FRPSRVWRV ( 3 0

7TDEHOD SDUKkPHWURY GH FXUD SDUD RVFRPSRVWRV ( 3 0
7TDEHOD 7J GRVFRPSRVWRV (3 0 "GXUDQWHR VHIXQGR DTXFH
7TDEHOD SDUKPHWURY FLQpWLFRV GH ( OQGILFBB®GRWRYVY PRGHO
7TDEHOD SDUKkPHWURY FLQpWLFRYVY GH OiOHN
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. *UDX GHFRQYHUVMR GH FXUD
7D[D GHDTXHFLPHQWR
0+ £+ (QWDOSLD GDUHDomR GH FXUD

+ 7D[DGHUHDOmMR

I+

%DQGD GH UHIHUrQFLD

o\

I+

%DQGD GH FXUD

0\
$+£)DWRU SUp H[SRQHQFLDO

Co(+

(£+5HVLQD HSY[L '"*(%$

(b (QHUJLD GHDWLYDomR

Il . £+)XQomR GR PHFDQLVPR GHUHDOmMR

., &t SHVLVWrQFLD DIUDWXUD

N 7 #)XQomR GH $UUKHQLXV

P Q +t2UGHP WRWDO GD UHDomR GH FXUD

0+07+3%

3 3/%

3FU £ 3DUWHYV SRU FHP

5+ &8RQVWDQWH XQLYHUVDO GRV JDVHYV

7J+ THPSHUDWXUD GHWUDQVLOomR YtWUHD

7 £+ 7THPSHUDWXUD LQLFLDO GHGHFRPSRVLOomMR

Fppiz 7D[D Pi[LPD GH GHJUDGDomR QD WHPSHUDWXUD GH SLFR Gl
7 z7HPSHUDWXUD GHGHJUDGDOmMR HP GHFRQYHUVmMR

W+ 7HPSR HP GHFRQYHUVmMR

7 +*7HPSHUDWXUD HP GHJUDX GHFRQYHUVmMR DVVXPLGRF
UHDomR

/st THPSHUDWXUD GH SLFR

7 + 7THPSHUDWXUD HP GHJUDX GH FRQYHUVHRODDRVXPLGR

I+
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'(+ + 1RPHFRPHUFLDO GR FRPSRVWR R/ WPLHW LD @1 BQRIDW L ¢
(5 1RPH FRPHUFLDO GD UHVLQD '*(%$

'*(%$ + GLJOLFLGLO pWHU GH ELVIHQRO $

'*(%) + GLJOLFLGLO pWHU GH ELVIHQRO )

'6& + &DORUtPHWUR H[SORUDWYULR GLIHUHQFLDO

)7,5 +(VSHFWURVFRSLD QRLQIUDYHUPHOKR SRUWUDQVIRUPDC
0(9 + OLFURVFRSLD HOHWU{QLFD GH YDUUHGXUD
07+3% + $QLGULGR PHWLOWHWUDKLGURIWIiOLFR

3& 3ROLFDUERQDWR

3&/ 3ROL H FDSURODFWRQD

501 5HVVRQKQFLD PDJQpPWLFD QXFOHDU

I+



680E5,2

,1752'8d-2
5(9,6-2 %,%/,2*5E),&$
5HVLQDV HSyJ[L
OHFDQLVPRV GH FXUD GHUHVLQDV HSyJ[L
3ROtPHURVY WHUPRSOiIVWLFRV ELRGHJUDGIiYHLV
3ROL iFLGR OIFWLFR 3/%
&ULVWDOL]DomR GH SROtPHURYV
5HVLQD HSy[L UHIRUoDGD FRP WHUPRSOIiIVWLFR
0$7(5,$,6 (0e72'26
ODWHULDLYV
OHWRGRORJLD
&RPSRVWRV HSy[L 3/%
&RPSRVWRV HSy[L 3/$ 07+3% '(+ QmMR FXUDGRYV

&RPSRVWRV HSy[L 3/$ 07+38% '(+ FXUDGR&DVRE LQI
WHPSHUDWXUD

&DUDFWHUL]DO}HV
,QYHVWLJDomR GDV UHDo0}HV GH FXUD SRU)7,5
5HVVRQKQFLD PDJQpWLFD QXFOHDU 501 +
,QYHVWLJDomR GD FLQpWLFD GH FXUD XVDQGR )7,5
,QYHVWLJDomR GD FLQpWLFD GH FXUD SRU '6&
ORGHODJHP FLQPWLFD GH &XUD
ORGHOR GH 2]DZD
ORGHOR GH .LVVLQJHU
ORGHOR GH)ULHGPDQ
ORGHOR GH 0iOHN
5(68/7%$'26
,QYHVWLJDO}HV GHLQWHUDO}HV HUHDO}BV TXtPLFDV SRU 5
,QYHVWLJDomR GD FRQYHUVmMR GH FXUD SRU HVSHFWURYV G
OHGLOIHV '6&
ORGHODJHP GD FLQpPWLFD GH FXUD
ORGHOR GH 2]DZD
ORGHOR GH .LVVLQJHU
ORGHOR GH )ULHGPDQ ,VRFRQYHUVLRQDO
ORGHOR GH)ULHGPDQ DXWRFDWDOtWLFR



ORGHOR GH O0OIiOHN
&RPSDUDomR GRV PRGHORYV
&21&/86®(6
(675$7e*,$6 3$5$ (7$3$6 )8785%$6
5()(5C1&,$6
$1(;2
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2 GLJOLFLGLO pWHU GH ELVIHQRO $ '*(%3$D h @®-S\OWD B HI) WHHP X
DSOLFDo}HV HOHWURHOHWU{QLFDV H DHURHWS/D\FLLADLW FEARL
DGHUrQFLD EDL[R HQFROKLPHQWR DOW P HQNVR \HONWUDF RH [H
UHVLVWIQFLD j FRUURVmMR +RXUVWRQ H /D@HSUR S B3IDHJGIDHG H.\P
GD UHVLQD HSY[L GHSHQGHP GD HVWUXWXUXH %tPRBG XJ[\BHQV
SHORV SURFHVVRV FLQPWLFRV H FRQGLO}HV LGHIRLGHH FXUIL
UHVLQDV HSy[L '*(%$ DQLGULGR IRL UKSIRINPBIG R \Q D XN RWHHMD V
HQWDQWR D FLQPWLFD GH FXUD GD UH VL Q DRISYV W FR VDM & | |
FRPXPHQWH UHODAWDIED 6RREBUW DO

$ IDVH WHUPRSOiIVWLFED SRGH DMUXCDED BB YR-BOND LD WHH UP R I L[L
/IXRHW DO .KRWW DO OHGLDQWH R FRQWUROH GDV FRQGLO}H
PRUIRORJLD GH IDVHV DV FDPDGDV ILVVXUDGIPV VR PLFUR
UHSDUDGDV HP QtYHO PROHFEXODU DW U DR\ V XCSHUDHP IR OHFXIC D U th
LQWHUDO}HY VHFXQGiULDVY HVSHFLDOPHQ@®WIIDHLQYDmPHY GH

%DONHQHWQ ®  /XRW DO SURGX]LUDP XPD PLVWXUD t
'*(%$ SROLFDSURODFWR@WDBRORRPHSURSULHGDGHY DGHYV
UHYHUVtYHLY DWULEXtGDV jV LQWHU DX SIR BHMHUKELRSQLROID GBLIR 38Q
R JUXSR KLGUR[LOD GD UHVLQD HSY[L '*(%$ W&FDXOIHZIH I’RR O
VLOQWHWL]DGBIWRIW.KKWVDQGR TXDQWLGDGHY YDULiIYHLV GH U
UHDJLQGR FRP R WHUPRSOiIVWLFR GH XUHLGWRHY AL BWDP I$FRVDW [
TXtPLFDV HPSUHJDGDV GHPRQVWUDUDP D | R FRDOM R \G HQGD GHt
OLJDO}HV QMR UHYHUVtYHLVY FRYDOHQWH V HSWXICPGULIDDN H $W!
LQWHUDO}HV VHEXQGiULDV IRUDP DW UL EXtR BI\D WUGILR B allBIX/ SR
FDUERQLOD KLGUR[LODV IRUPDGDV GX8RQMWMH D FXUD GR HSy|[L

2 '*(%$ DSUHVHQWD HP VXD HVWUXWXUD JUXSRV TXtPLFI
DQHO HSY[L H JUXSRV KLGUR[LOD RV TWDXVPERDVLERL® DW DRQ\
WHUPRSOiIVWLFRY FRPRADDBR/ S®ODURDUERQDWRHW®AD O$EED W]

SROL KLGUR[LDOFDQRDWRVHW £ .X®R/®U HMWKMKBHWR Q

)DVH TXH DSUHVHQWD OLJDo}HV GH EDL[DGDPHOQIWB VXHGHR'GHMQEH
VH UH OLJDU VRE D LQIOXrQFLD GH DJHDRRHOMWHR W H URXR W HEOR/RTRR D V K
GDQLILFDUFRQVLGHUDYHOPHQWHD PLFURHVWUXWXUD



3((. )UDQRAMV DO H SROL iFLGR OiFWLFRHW3D® &RUUH
(VSHFLILFDPHQWH D HVWUXWXUD TXtPLFD GR BERFIRIDNHEP JU
KLGUR[LOD RV TXDLV IDYRUHFHP LQWHUDO}®ItWW HMXRPLAEBXW H |
DSUHVHQWDP JUXSRV IXQFLRQDLYV UHDWLY®RYV SHRFRLG® UER
LVRFLDQDWR RX HYW.GR &RWWHRUGR FRPH®FBBR D
DGLomR GH GR FRSROtPHUR GH SROL HWX Q& DRLIQPXL@M R 3D
WD[D GH FXUD GR '*(%$ GHYLGR j EDL[D PRELQNGVGHRGDV H'
UHSRUWDGD XPD PHOKRUD QD UHVLVWrQFLD DR YBSI(FWR GH
3/$ HP FRPSDUDOMR DR '*(%$ SXUR H VHSDUDOMR I HHIMVHY Qm
FRQGLO}HV WpUPLFDV DSURSULDGDV D GHQRVWRFH*GHIUHWLF
3(, 3/$ GLPLQXLX j PHGLGD TXH DV OLJDo0}H V$p W\M HDH. WY DSYUDHPV H Q
OHYDQGR j WUDEDOKDELOLGHB®HDWpUFHEUL | HPHIHGOLJDO}HYV
KLGURJrQLR QD PLVWXUD QDQR HVWUXWXUDGD GH '*(%$ 3.
PHWLOHQRGLDQLOLQD 0'$ LQWHUD® PR LMLVRHRIFPRRUOLHHAXID H 6
RV JUXSRV KLGUR[LOD GR '*(%$ HJUXSRV FDUERQLOD GD 3&/
$V UHDO}HV TXtPLFDV GHVHQYROYLGDV GXUDQWH D FXL
WHUPRSOIVWLFRV LQIOXHQFLDP D PRUIRORJL@DHHBYFLQpWLF
JHUDOPHQWH VmMR YHULILFDGDV DOWHUDO}HW®HIGH LFDWL
UHWLFXODomR SDUKPHWURYV GD FLQPWLFD GH BRUJD oEHRP FRF
SDUD WHUPRSOiIVWLFRY FULVWDOLJiYHLV SUXRSSURGRGEHVD
7KRPBIW DO $WUDYpV GH DQiOLVHV WpUPLFDV H TXtPLFDV
SRGHP VHU HOXFLGDGD HR FRQWUROH UDFLH ®DPHOH VIHXR P H
GHVHPSHQKR DGHTXDGR SDUD GLYHUVDV DSCLHDWHW UDEDK K
IRL GHILQLU RV PHFDQLVPRV GH UHDomR GRV FREBRVWRYV
HVSHEFWURVFRSLD QR LQIUDYHUPHOKR SRB WUDHMMRQRQEIDDG
PDJQpPWLFD QXFOHDU SRU KLGURJIQLR 501VHJXLD B XYDWQIGFD C
FDORULPHWULD H[SORUDWYULD G L IHRWHSFUIDRH WEER V | RIUDEPWDL ¥
WHUPRGLQKPLFRY PDWHPDWLFDPHQWH PRGWGMHGR\W XI¥DQGR
.LVVLQJHU )ULHGPDQ LVRFRQYHUVLRQDO B GRVMWREDNWDIDG\R \ F
DOpP GH IXQGDPHQWDU R HQWHQGLPHQWR GMDL WD Y H
RFRUUHUDP GXUDQWH RV SURFHGLPHQWRY GUHUBPHQXWIDV H F
DSURSULDGDVY SDUD FRQWURODU R JUDX ®HPEX UB HOHNVHWD)GWR
SUHWHQGLGD



5(9,6-2 %,%/,2*5E),&$
SHVLQDV HSyJ[L

$V UHVLQDV HSy[L VH FDUDFWHUL]DP SHOD S WH\WQHRQoD GH
)LIXUD TXH SRGHP HVYWDU QR PHLR GD PROWBEROPD ®)GBRPR
FDGHLD SROLPPULFD 2 JUXSR HSY[L FRQVLVWP HRALIPOLRHO Gt
OLJDGR D GRLV FDUERQRV IRUPDQGR kQJXfOR\N B ®ISWHALPD
GHYLGR j HOHWURQHJDWLYLGDGH GR KW HRRQWRP/RL RW H Q QRG
DQHO QmR VmR LJXDLV R TXH WRUQD VXDV ORIJDWIHNVXH[WUHI
QXFOHRItOLFR HP XP GRV iWRPRV GH FDUEMRQRH RXLHEOHWUR It
TXHEUD R DQHO R[LUDQR IRUPDQGR SRQWRNQGHIDS\LY\RM G (
TXtPLFD GDV UHVLQDV HSy[L GHSHQGH G Dy [LH RWLXDLGG P B M LGARR/
PDLV UHDWLYR GR TXH RV pWHUHV QmR FtF @ DRV G WD HUWHHD/W
FtFOLFRV pGHYLGR jWHQVMR GRDQHO (DMDLFLPHQWHRUQIQGH]

X /
/

)LIXUD $QHO R[ILUDQR HVHXPHFDQLVRR GHUXSWXUD 1DVFLPHQW

$V UHVLQDV HSy[L VMR WHUPRIL[RV FRQKHFbL@&RYV SRU D
VLQJIJXODU GH SURSULHGDGHVY FRPR UHVLVW/IQELWrDMLWDDom
TXtPLFD j XPLGDGH H j FRUURVMR ERDV SVRSDV HHGHWHNUW B D K
VHQGR VXD DSOLFDomR DWUDWLYD TXDQGR VH DEWRMD S
GHVHPSHQKR HP HQJHGIK\DDOD 2LKWSIWML PDLV FRPXPHQWH XWLC
PRGLIJOLFLGLO pWHU GHELVIHQRO $ '*(%$ GHODWRYREPLLR
FXVWR GHVHPSHQKR DGHTXDGR H VXSHULRU HR @RLREMLEGSOL
DWUDYpV GD UHDOmMR HQWUH HSLFORULGRM/ QR H EUNPHQRO $ (
+HUQIQGH]



$ HSLFORULGULQD p FRPXPHQWH XVDGD SDUB BIKURGXon
UHVLQDV HSyY[L SRLV R JUXSR HSy[L SUHVHRRPH RP S/RDWRAMV U
KLGUR[tOLFRV QD SUHVHQOD GH XP FDWD O L RDBEHODIDFYO L QR
SRGH VHU IRUPDGR SRU GHVLGURFORUD o0 wWR QP HISL\FLORNINQGEU DQ
FRUURVMR UHVLVWIQFLD TXtPLFD H j VROYHQWYVWRXUH]D |
KLGUR[tOLFRV XVDGRV QD UHDomR VMR PXOVWWLRX®BLRQDLYV
XWLOL]DGR SDUD D SURGX0mR GH UHVLQDV HSYRIG XMWR PRPS
SDUWLU GH DFHWRQD H IHQRO FRP XP F D W DBELLO/IDGRGHi BLHA/R/ H M
UHDJHQWHY DOpP GD IiFLO PDQXIDWXUDUWAR BANWRHQ 8 B DHOWR-
FXVWR VHQGR HVWD XPD GDV UD]}HV SHOD TXHD O HVEQBNULG
HSYy[L $ HVYWUXWXUD GDV PROpPFXODV GH MRLEORVWG DGO K I
)LIXUD (OOLV +HUQIQGH] 1IDVFLPHQWR

CH;—CH—CH,—CI

Epicloridrina

Bisfenol A

)LIXUD (VWUXWXUDV GDV PROpFXODHWVQEGOHS )RQRHL GOCQY H GR EL\

$ UHDomR GH VtQWHVH GD HSLFORULGULQD FRP ELVIHC(
KLGUY[LGR GH VYyGLR QD TXDO R SURGXWR IGRID/QQPVWVRHYHoI3VR/ P |
LOXVWUDGR QD )LIJXUD 2 HIFHVVR GH 1D2+ GHVWQ@HDRHLD X
"*(%%$ HD HSLFORULGULQD SHOR ELVIHQR® BHOQVRHI HPJE G IR D&/R (
FRQFHQWUDO}HVY GH HSLFORULGULQD R '"*(%$%$ UHDILRW FRP F
TXDQWLGDGH SURPRYHQGR D IRUPDomR GH UBMHNUWQM™WGIH DOV
IRUPD D UDJmR HQWUH HSLFORULGULQD WEVWIDHQIRYHLWY XRH
GHWHUPLQD D GLVWULEXLomR GD PDVVD PR O®H KXOMUHP [SE&IUDNV L
GD UHVLQD (OOLV 8JOHD
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‘LJOLFLGLO eWHU GH %LVIHQRO $ '*(%$
J)LIXUD OHFDQLVPR GH VIQWHVH GRGBIOI(®ISGLO pWHU GH ELVIHQR

2 XVR GH DJHQWHYV GH UHWLFXODomR p QHFHVW[IlULR SDUL
HP UHGHV WHUPRIL[DV GXUDV H LQIXVtYHHQWHWXBD ¥XUDHIGOHG
FRQWULEXHP SDUD DV FDUDFWHUtVWLFDV | 1IRYDL YH&INMVHWYHGH QLC
FXUD PDLY DPSODPHQWH XVDGRYVY HP VLVWHPDW &H FoHMLQD H
DPLQD HVWmMR HP YiULDV IDPtOLDV TXtPLFDNWXAFDNVQ P@XBP\DV
FLFORDOLIIWLFDVHDPLQDV DURPIWLFDV (OOLV

SBROLpVWHUHV IXQFLRQDLV GH IiFLGR FDUE®RDtOOLAFFROHID QL G
PDLV LPSRUWDQWH GH DJHQWHYV GH FXUDVSDXIDVUHH V¥ HQBH\Q WHW
SURSULHGDGHY HOpWULFDV ERD UHVLVWGHRALDIVIXRBVFO R E
HQWDQWR R PHFDQLVPR GH FXUD GRV DQLGUG®GRWEFPPQDV FRP
GHYLGR D YiULDV UHDo}HV FRQFRUUHQWHY TXWHSR®EBQ GRRFR U
VMR DGLFLRQDGRV DFHOHUDGRUHY SDUDIDIXPHQWHDW MY WDI[D\

2 PHFDQLVPR GH FXUD GDV UHVLQDV HSY[IGBRBR @@LGULC
VWHomR



$ FXUD FRP DQLGULGR p JHUDOPHQWH FDWRW® IP\DD®D SRU
FRPXQV LQFOXHP DQLGULGR IWIiOLFR &% GWRJWGOLBR \
7+3% DQLGULGR PHWLO WHWUD KL&8 WKRIMIi®LBR RIWi ®% F D Q4@
DQLGULGR PHWLO KH[D KLGURIWVWDDPOR 6t®YD HWF $-LIQXUD
PRVWUD DV HVWUXWXUDV TXtPLFDV GH 3$ ++8$H 07+3$ UHVS

0 /0
\
0) O CHy 0

)LIXUD (VWUXWXUD TXtPLFDGR 3% ++3$HO07+3% )RQWH 6LOYD

1D JUDQGH PDLRULD GRVY FDVRV D FXUD GH UHVLQDV HSy
XP FDWDOLVDGRU WRUQD R SURFHVVR LQYLIIXH® WHBYWRULD
RFRUUH HP WD[DV OHQWDY JHUDQGR FXVWRWDRWRR GH SURC
FDWDOLVDGRUHY SDUD DFHOHUDU D UHDom®R 8GHORHOJD WRUQD
6RX]BW DO LQYHVWLIDUDP D FLQpWLFD GH FXUD@PpPpWHWLQD
GH ELVIHQRO $ UHVLQD DQLGULBEHWHIFH GRIW U DK LW U
GLPHWLODPLQRPHWLO IHQRO FDWD®OLVDGRYV DXWREUBT+3$
REVHUYDUDP TXH VHP D SUHVHQoD GR FDWDOLVDGRWLR SURFH
QmR IRL FRQFOXtGR GHQWUR GD IDL[D GHDMGRPSHUDWXUD GR F
IR HQWDQWR DDGLomR GH FDWDOLVDGRU DFHOHGEREKR N>SWRFH
ILQDOL]DomR HP IDL[DV GH WHPSHUDWXUDV f@GH DEURWPDEEDP |
GHDTXHFLPHQWR GH f& PLQ

OHFDQLVPRV GH FXUD GHUHVLQDV HSy[L

2 SULQFLSDO SURFHVVR TXH FRQIHUH DV SURBGIHHGDGHYV
UHVLQDV HSY[L '*(%$ p D FXUD R TXDO SURPR YRRD AHVDIDAX O D ¢
OLQHDUHV SRU PHLR GD DEHUWXUD GR DQHOQMWSty [GHQMXSDH Vt
8JOHD $V UHDO}HV SRGHP RFRUUHU MRP GWIHGH@PXHD W
FRPR YLVWR QD VHomR

$ UHDomR GH UHWLEXODomR GD UHVLQD HSy[L FRP D
WHPSHUDWXUDV HOHYDGDV H R PHFDQLVPR ®® FXIXOUP FRPSO



VHP SUHVHQoD GH FDWDOLVDGRU SULPHIGRRDP § QGVHL GRRF R |
FRP RV JUXSRV 2+ GDV UHVLQDV HSy[L IRUPDRIGRERRIQREFRWH U
HP VHIXLGD RV JUXSRV GH iFLGR FDUER[tOLRER DD IHP F
RULJLQDQGR XP GLpVWHU H XP QRYIRXDOX$HRDKHGRARRA LROXOW UR J|
DQLGULGR SURSDIJDQGR D UHDomR GHUHWLFXODomR
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)LIXUD 5HDomR GH FXUD GD UHVLQD HS¥YUIHFHGR WD @QMVEWRLGRY Q0 ®H
GHDEHUWXUD GRDQHO HSy]J[L

1D SUHVHQoD GH XPD DPLQD WHUFLIULD FRPROESMWDOLYV D!
SRLVY WDPEpP RFRUUH DWUDYpV GD DEHUWXIU®RGIRWALY DG R [S.RIU
XPD DPLQD LOXVWUDGR QD )LJIJXUD (ooLv 8JOHD

5HDomR GH DEHUWXUD GR DQpO HSy[L WKB&TRRH 6 WAR ACLGERR [OQ B
DQHO R[LUDQR GD UHVLQD '*(%$

2 5 2
5
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+
5 2 4



2
2
<« 1 5 /
5 <15  f DWLYDomR GR DQLGULGR S
( \2 DPLQD
&+ 2 - 2

2

2
/<_+1 s [P
27 4\ ? f DEHUWXUD GR D
‘ kazt SHOR DQLGULGR D)
2 2

&+ /S &+ 2

5
)LIXUD $EHUWXUD GRDQHO R[LUDQRIQRBUHVHQOD GHDPLQD WHUF

$V SURSULHGDGHV ItVLFDV H PHFKQLFDV GDV UHVLQD!
GHSHQGHQWHY GD HVWUXWXUD GR DJHQWHB GHR UWHMPLSRX B 6dn R
WHPSHUDWXUD GH FXUD 3OD]HN $ W UWDHY [ & mGRR GHHV RVWXXUECR pF L
SRVVtYHO REWHU LQIRUPDO}HV GDV FRQGLO}HVHGHOSBBRBHV VI
GLIHUHQoDV HQWUH DV SURSULHGDGHYV [HWLY¥DWWHPBNK IRADNC
HW DO

$ JHOLILFDOomR H D YLWULILFDomR VmR GRLV IHQ{PHQI
RFRUUHP GXUDQWH D FXUD GH VLVWHPDV WHRPRRQWR GRIV $
YLVWD ItVLFR HVWi HVTXHPDWL]DBHGD DID ) L2 XSUIR F H&RK/IRQG H
UHWLFXODomR FRPHoD FRP PRQ{PHURYV RX RCLUHNARURNQWR S
OLQHDU H UDPLILFDGR GDV FDGHLDV REWMQR B KX B PO WHUTLOMC
p SRVVtYHO REVHUYDU XP DXPHQWR QD YLVFRVLGDBH E R !
IRUPDomR GH XPD UHGH UHWLFXODGD LQFRPS®RWMOR F H \
WRWDOPHQWH FXUDGR G ODUN

$ JHOLILFDOMR FRUUHVSRQGH j IRUPDomRVERYIRYSDUMDY HO
XP JHO HOIVWLFR FXMD YLVFRVLGDGH GD DWP\RYV SWROFW W QRS HRD |
DXPHQWR GDV OLJDo}HV FUX]DGDV WRUQD MR- &D PR HIQW.E5 DA
GDV FDGHLDV $ 7J GR VLVWHPD VH HOHYD FRP D RRE®YHUVmMR
PDVVD PRODUH GD GHQVLGDGH GH OLJDomRHFURI{DGD 8JOHD

$ YLWULILEDomR RFRUUH TXDQGR D 7J GR VLVWHPD IR
WHPSHUDWXUD GD UHDomR H SRGH VHU DOFRL@®LEFG Y WORRNR H
QMR LVRWpPUPLFDV $OpP GLVVR HVWH IHQLFIPDQR R LSREHBHERG
DFRQWHFHU DQWHY RX GHSRLY GHSHQGHQGRGB DI WHP SHUDW



FXUD H GD 7J 1HVWH HVWDGR D UHDomR FRPHoD BRAMHU FRQW
UHDJHQWHY R TXH OHYD j GLPLQXLomR VHYHUDRD WD[D GH
DXPHQWR GD 7J GH f& DFLPD GD WHPSHUDWJdURS®RN UHDO!
IXQFLRQDLYVY VHP UHDJLU H FRPR FRQVHTXrQFDNY BIVDSURSU|
UHVLVWrQFLD j VROYHQWHYV VMR DIHWDGDV 8JOHD ODUN

)LIXUD 5HSUHVHQWDOmMR HVTXHPIWLFP WRIBBRFAHRV&RDGHNFXUD GH >

$V SURSULHGDGHV ItVLFDV GDV UHVLQDVWBPH@EWH B®DV
VXD HVWUXWXUD GR JUDX GH FRQYHUVmMR GWXWRQBLIFXRHD W
UHDWLYLGDGH H SURSRUOmMR UHVLQD BIQVRUHARHASBKHHKDMNROG
FLQpWLFD GH EFXUD p SULPRUGLDO D ILP GH REWGIWDUHVLQ
SHUIRUPDQFH 6RXURXU H . BIR\DDO 5R 0 X

$ FLQPWLFD GH FXUD GDV UHVLQDV HSy[L SRGH VHU
FDORULPHWULD H[SORUDWYULD GLIHUHORGRGR' 'R '@&I @X[R
SURSRUFLRQDO DR FDORWMOREHUDBRVDHUGBWRQYHUVmMR SRG
H[SUHVVD SHOD (TXDomR

G4 GD

=2 = 4
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Z
2QGJ%‘ p RIOX[R GH4ADORWDORU WRWDO SURYHQLHQWH

PDWH%EIDCD WD[D GHCAXDPRQYHUVMR GR PDWHULDO N 7 p DF

SURSRUFLRQDOLGDGH 7p D WHPSHUDWXUD I . pRPRGHOR GD
2 PHFDQLVPR GH UHDomR GH FXUD GDV UHVLQDV HSyJ[L
DPEDV RUGHQV GH UHDomR D GH RUGHP Q RXDDGEHXMWARHD &/ OtV
RUGHP Q D WD[D GH FRQYHUVmMR p IXQomR GD FRQ@FHQWUD «
FRQVXPLGR QR GHFRUUHU GD (TXDomR 6RXURXUH .DPDO

| D D

2QGHp D FRQFHQWUDOmMR IUDFLRQiIULD GRV UHDJHQWHV F
JUDX GHFRQYHUVMR HQpPDRUGHP GD UHDomR

$V UHDO}HV GH FXUD DXWRFDWDOtWLFDV DSURMHQWDP X
HQWUH D GD UHDomR WRWDO GH FXUD $ WHHN GHSHQGH
PROpPEXODV IRUPDGDV QR LQtFLR GD UHDOmMBRWDRMW ® FARMR D |
DXWRFDWDOLVDHBRDBYV (BROB&XMR

| D D D~

2QGH P p RUGHP GD UHDomR H P Q p D RUGHP WRWDO G
JUDQGH PDLRULD GDV UHVLQDV WHUPRIL [HDWDWHKXR B DHQHED Q1 |
GH FXUD SRGH VH FRQVLGHUDU TXH HVWD RFRUBHOMXEVWL\
HTXDomR GH SUUKHQLXV

& §(_

GW @5

2QGH 5pD FRQVWDQWH LGHDO GRV JDoWHVHD pl DIW B F5SHH U L

DWLYDomR H $ p GHQRPLQDGR IDWRU GH I WHTXr QHIOD FA RIMIRR
Q~PHUR GH FROLV}HV TXH VmR QHFHVVIULDV SRRUXEGUGID GH (



UHDomR D HQHUJLD GH DWLYDomR GHVFUHYH DIUOKD GWUGD G F
SURSDJDU D UHDomR 3RUWDQWR D YHORFRGBGQGHL®D RKHOWMH F
FRPRDXPHQWR GD WHPSHW DW XUD &RVWD

2V PHFDQLVPRV GDV UHDo}HV GH FXUD GD PDL&RRIML.D GRV V
SRGHP VHU DGHTXDGDPHQWH GHVFULWRYV HP WHMRN GH P
WUDEDOKR VHUmMR HVWXGDGRV RV PRGHORV FUYQpQIHWBKRY GH
JULHGPDQ LVRFRQYHUVLRQDO H D XMWARRMBRWD OtWLFR GHVFULWF

3ROtPHURV WHUPRSOIVWLFRVY ELRGHJUDGIYHLYV

3ROtPHURYV ELRGHJUDGIYHLY VMR SROtPRUWRHW R 8 W D >3ILV
DomR GH PLFURUJDQLVPRYVY GH RFRUUrQFLD QDWRODDVFRPR |
SRGHQGR VHU FRQVXPLGRV HP VHPDQDV RX PHVHWVRE FRQ
ELRGHJUDGDomR (OHV SRGHP VHU REWLGRYV [GIHP SRERWHV lyVV
SROLFDSURODFWRQDV + 3&/ DV SROLHVWHUWRERDMVH RW FR
FRSROLpVWHUHY DURPiIWLFRV $OpP GLVVR pSBRGHHPRQAMMHSBURY
QDWXUDLV UHQRYiYHLVY FRPR PLOKR FHOXORRH VEDWP WD
VLQWHWL]DGRYV SRU EDFWpULDV D SDUWL LFGE RS BX WHQIDARPROR
iFLGR YDOpPULFR GDQGR RULJHP DR SR O LK@ GKIRY URXMELUDIWWID W
YDOHUDWR * 3+% +9 UHVSHFWLYDPHQWH RX DHWIR@WWPR VH
DQLPDO FRPR D TXLWLQD D TXLWRVDBAW BRX SUFRDNHHQDV OR
%RXVPLQD JUDQFKHWWL H ODUFRQDM®R % U IEB\WRDLF K H

3ROL iFLGR OiIFWLFR 3/%

2 SROL iFLGR OiFWLFR = 3/$ p XP SROLpVWHU DOLII
VHPLFULVWDOLQR RXDPRUIR ELRFRP SDMW DYGROCHSHLRW HU GIRG F
OiIFWLFR REWLGR GH IRQWHYV UHQRYIiYHLV FRIRRKRDW B¥Y$D FD(
SRGH VHU XVDGR FRPR VXEVWLWXWR D SROtPIHUHRYRFRBQ YHH Q F L |
SROLSURSLOHQR 33 .RSLQNH 5HPPOHUQHWBBMHQRAH & |
WHPSR GH GHJUDGDomR GR 3/$ QR PHLR DPELHQWBQR®H VHLYV
VHQGR FRPXPHQWH XWLOL]DGR QD FRQIHFomRUMHHWPIEDRGRJIHQ



ILEUDV Wr[WHLV H GLYHUVDY DSOLFDdIWVWDQD i HBYWPD®LFD *U
:DQHWDO 6HIXQGR &DHWMWU DOWFRFHUFD GH GD DSOLFDom
GR 3/$ HVWi GHVWLQDGD j SURGXomR GH HAEGBNJSMYD BRHFL
DUPDIHQDPHQWR HFRQVHUYDomR GH IUXWDWDRBGXKER® BUVD
GR3/$ HVWi HVTXHPDWLFDPHQWH LOXVWUDGD QD )LJXUD

)LIXUD (VWUXWXUD GR 3ROL iFLGR OiIFWLFR 3/%

$ XQLGDGH EiVLFD GR 3/$ p RIiFLGR OiIFWLFR iRLGR KLC
ODFWtGHR p XP GtPHUR FtFOLFR GHULYDGR GRrWwLBRPODIVWLFR
GLIHUHQWHYV / ODFWtGHR ' ODFWtGHRFR SR ®HD VWHUGCHR @X FLL&
DWUDYpV GH GXDV IRUPDV GLVWLQWDYV G R K WPHOQDIWIPI/MERDG t
VIQWHVH TXtPLFD *DUORNWDO 1BXYUDX¥UD VMR PRVWUDGR\
GLIHUHQWHV HVWHUHRLV{PHURV GR ODFWtGHR

& <SHa
.‘» H
O: :O

L,L-lactide D,D-lactide Meso- (or L,D-) lactide

)LIXUD (VWHUHRLV{PHURYV GR ODFWiIER{BQH G PRIQWK\ORQWH $X
HwW DO

'H DFRUGR FRPHM™X DDV R 3/$ GH PDVVD PRODU ‘D
SRGH VHU REWLGR D SDUWLU GRV PpWRGRW BdAMKRR®LWPHW D] Bio
SROLPHUL]DomR DWUDYpV GH DEHUWXUDDGFHQDQHOXGR ODFWt
6HIXQGR +\RQ HW DO D SROLFRQGHQWDGIMRSEHIQEGAWRD p C
SDUD SROLPHUL]DU R 3/$ QR HQWDQWR HGHVEDLRIV P DBMMDG X ]
PROHFXODU 6HQGR DVVLP SDUD DXPHQWDU RRIHLN RHRRNOHM- X O



GH DFRSODPHQWR GH FDGHLD WDLV FRPR IDQVNRWLRERVYXBEY[L
UHDJHP SUHIHUHQFLDOPHQWH FRP R JUXGRARWGHRLOD RX FDU

CH, o] CH, o
- ¥ OM )/\H/O\)J\ | pré-polimero de baixa MM
W I 9 TP (1000-5000 Da)
0 CH, 0 CH

Hice 2 polimerizacao agentes de acoplamento de cadeia
3 OH ndensacdo direta
CL A por condensacéo dir
Ho'
i 0}
Acido L-Lactico CH, o CH, o
— H 0. :
o Nt e o
] 2 ]
H‘c’\ OH O CH, " O CH
Ho” G .
'5 pré-polimero de alta MM
Acido D-Lactico polimerizacéo através| 100,000 Da)
< . o~ F de abertura de anel
polimerizacao através do lactideo
- da formacao do lactideo
0. CH.
CH, 0 . CH, 0 Oge?” oglay
E. .5 i o\)L | |
HOW 1 O T~ “Opoly —>
0 CH "o CH e
3 3 H,C O/ o]

pré-polimero de baixa MM

lactideo
(1000-5000 Da)

)LIXUD BULQFLSDLV URWDV SDUD D OtHHW HDWOH GR 3/$ )RQWH 0XO

*URMRW DO GHVFUHYHUDP TXH D SROLPHUL]DomR DWUDY
DEHUWXUD GHDQHO GRODFWtGHR SHUPLWHX FXa& R BQ$ PRMV U LS
(VWH SURFHGLPHQWR p UHDOL]DGR DWUDYYpRWRQ®H YREFRLWHWDB
UHDomR GH SROLFRQGHQVDoOomR GLUHWD R B & R BW\RI XK RIADXIP

DSUR[LPDGDPHQWH 'D (P VHJXLGDWRSROL BROLPHIGR @ K&
IRUPD D REWHU ODFWtGHRYV G L FPH WIL@®X V WE DR ® D )& 1R Q|

(VWHV ODFWtGHRYV RX GtPHURV FtFOLFRV GHi 3 DGWR S D GRW DVin
DEHUWXUD GH DQHO GR ODFWtGHR HP SROtPIHURV '®H PDVVD F
%HOJDFHP H*DQGLQL HW'MR®HQHN

$ DEHUWXUD GR ODFWtGHR VH Gi SRU DWDTXHSDXFIDHRItC
LQLFLDU D SROLPHUL]DomR $ OLJDomR pVVWHWD GH R D D MOVGGD
UHDOmR GR JUXSR 2+ GR LQLFLDGRU 5 2+ FULRQGR X@DRYR JI
HIWUHPLGDGH GD FDGHLD H XP JUXSR WHUPL@IROi2%D 3RGHP
iOFRRLV HR JUXSR KLGUR[LOD GR iFLGR OIWFRWRWFRD GRQIRUPH )l
8PD SROLPHUL]DomR SRU DEHUWXUD GH D QdhOR GIRR @ DEFRALAG H R
HQDQWL{PHURV / H' iFLGR OiFWLFR R TXDWRNGFPFPDBYRG X
PRODU 'D SHUPLWH R FRQWUROHVG®N J$SVUULBGD\GER |



DMXVWH GDV SURSRUO}HV HVHTXrQFLDV GDVLXRLGDGORVGWD |
% RUGIHWWDO

&+
2 2 25
5—— 2+ Q - +{ 2
2 Q
+ & &+ 2

)LIXUD SROLPHUL]DomR GR 3/$ SRU DEHR WXL BE D YR XGRRiOBRWO

2 3/$ SRGH VHU DPRUIR RX VHPLFULVWDOLQR GHSHQGH!
HVWHUHRTXtPLFD HKLVWYULFR WpUPLFR $CSROLPB GIH DoHnR G
" iFLGR OiIFWLFR JHUDOPHQWH OHYD j VtQWH\GL BG\W WBLH X LDoRRRU |
DOHDWyULD GH XQLGDGHV GH iFLGR / H ' OiIRWLFR$ 1R HQWDC
VHPLFULVWDOLQR H FRQVLVWH GH IDVHV FUHYWVDOLQDV H ID)
/IRSHWW DO TDQWR D 73 TXDQWR D WHPSHUDWXUDVWWHRYXVMR
ItVLFRV LPSRUWDQWtVVLPRY TXH SUHYHHPHRE BRPAYRARNIBHQW
$7JGR 3/$ DPRUIR VLWXD VHHQWUH H & HDRAXIDWQMWLROTXHR VS
VLWXD VH HQWUH H f&HD7PFHUFD GH & RRIWBRSGHIDW X
FULVWDOLQLGDGH GHSHQGHP GD PDVVD PRGRIOLEGR WIROohHRJR
KLVWYULFR WpUPLFR H SXWHQD /R® HNHINO

(P FRQGLoO}HVY DSURSULDGDV WHPSR WD[BQGWHRDH XHFLI
WHPSHUDWXUD R JUDX GH FULVWDOLQLGDHKH IGR[B¥$ GGHRGH |
WHPSHUDWXUD GH H & DROPHQRINHW DO 1RIBIW DO

GHVFUHYHUDP TXH D WD[D OHQWD GH FULVWDOL]Doml
GHVYDQWDJHQV TXH OLPLWD D VXD SURFHVVWODHIORLGBHQRKG R Wi
DVVLP FRPR DV SURSULHGDGHYV PHFkQLFDV HVIWMLE® DY RA/RWNMER C
JRYHUQDGDV SHOD PRUIRORJLD VXSHUPROHRRODDW DT EHOERU
SURFHVVR GH FULVWDOL]DomR R HVWXGR GD FLQPWLFD GH ¥
RWLPL]DU DV FRQGLo}HV GR SURFHVVR H HVWDHHOHFHU LC
SURSULHGDB®HD OX



&ULVWDOL]DomR GH SROtPHURYV

2 PHFDQLVPR H DV FRQGL0o}HV GH FULVWDOL]DomR GH!
LPSRUWDQWHY FRPR R JUDX GH FULVWDOIGR\VGBGHVVWDPW®VI
FRQVHTXHQWHPHQWH D PRUIRORJLD GRISS/RECPHH P HIPKk @ URCB\W
GRV SROtPHURVY GHSHQGHP IRUWHPHQWH GHANVD V¥ UIDVWDEF @/LHUR \
SROtPHUR PDLV HOHYDGDV VMR VXDV SURSIH]|HGDN B/BDE IGAHLG B C
GLPHQVLRQDO UHVLVWrQFLD TXtPLFD UHVLVUDYWXRLD GHDEU
XWLOL]DomR HWF 3RURXWUR ODGR PHQY®RUGVLDMRRSIWARSTIUAWM R
HORQJDomR QD UXSWXUD FODULGDGH ywHGR &DQHYDUROR -U

$ FULVWDOL]DomR VRE HIHLWR GD WHPSHUDWXUD SF
UHVIULDPHQWR GD PDVVD IXQGLGD GHQRRLPRGOQ&GH GRHLE WD QO
RXSRUDTXHFLPHQWR D SDUWLU GR HVWDIBRLYRPOMEBR IBWHRRE& L(
FRQIRUPH LOXVWUDGR QD )LJXUD 2 SLFR ®H) BERLR/FMRIUAQLH Ro m
SURFHVVR GH FULVWDOL]DomR GH XP SROtPHURDWRQWEGHKOOL
PXGDQoD GH IDVH JHUDQGR XP SLARNHDRW p)XMLARKMR B Q J

Exo Up 4

—— PLA 10°C/min

T T T T T T T T
40 60 80 100 120 140 160 180

Temperatura (°C)

)LIXUD &XUYD LOXVWUDWLYD GH '6& GR 3RPLQRIFLGR O
DTXHFLPHQWR UHVIULDPHQWR D f& RIVQ G H ORXXVG\DUDPO@G B HR YD AN H
WUDQVLomR YtWUHD 7J FULYXWDR HDBRVIVDLAIRD&mR D SDUWLU G
&

2 SURFHVVR GH FULVWDOL]DomR DIULR RFRUUBVWFLPD GI
GR SROtPHUR DGTXLUHP PRELOLGDGH VIR LHR X@W H bW U X W KUD
FULVWDOLQD 'XUDQWH XPD DQIiOLVH WpUPLRDpSENHE&Y DG L)



FRPR XP SLFR H[RWpUPLFR HQWUH D 7J H D 7P ERQIRUPH LO
5DEHOOR H :HOOHQ 4XDQGR VH GHVHMR KRPPRORMHULD:C
UHVLVWrQFLD PHFKQLFD PDLRU UHFRPHQGD KD OISR KRVLSR (
PDWHULDO p EUXVFDPHQWH UHVIULDGR H HP XVBURKXG®HFULVYV
FULVWDOLQLGDGH SRGH VHU EDVWDQWHHIQOWHY BG R[L ¥ RWXD Q
DPRVWUD UHVIULDGD OHQWDPHQWH PDV PRP QBHRW @IV EHP F

)XMLV KWW D O

2 GHVHQYROYLPHQWR GH XPD IDVH FULVWDWU®GR QR LQW
XPD WHPSHUDWXUD FRQVWDQWH p FKDPDGR FWUDWRODR]QBmR
TXDO R SURFHVVR GH FULVWDOL]DomR RFRUUH H[GIWFH JUD
FULVWDOL]DomR FRPR WDPEpP QRV SDUKPHWWGRW FARYW L FR
PDWHULDLY SROLPpPULFRV $V FRQGLO}HV Q inlRFL\OR @/ WRLLE-DRY
DQDOLVDGDVY DSUHVHQWDP PDLRU LPSRUWRQEQD XSWAWWLBDYV !
DFRQWHFHP FRP PXGDQoD GH W HMSBIO D WXHWLDANDDUWLQV

'XUDQWH D FULVWDOL]DomR QmR LVRWpUPLFB/$DUD DOJX
REVHUYD VH D IRUPDOMR HR FUHVFLPHQWR GRMHLQW ISONVF RV H\
SDUD R SURFHVVR GH FULVWDOL]DomR pD FULVWBRUH®BR SU
QXFOHDOomR RQGH DV PROpPFXODV GLVSHUVDV FRPW®DP D VH
PDFURPpWULFD 2 FUHVFLPHQWR GR FULVWDO p DVIBXBWXEVHT
IDVHV SRGHP RFRUUHU VLPXOWDQHDPHQWG DH G TKPDMBRROKR X Y
DPRVWUDYV VMR FRPSOHWDPHQWH FRPSRVWD VRFH VVRHBK O LW |
FULVWDOL]DomR VHFXQGiULD RQGH RFRUUH X¥X®WUYRH®RWR Q
PDFURHVWUXWXUD HVIHUXOtWLFD $ FULVWDOLSBEYMBPHFWAR G
GRV FULVWDLVY FUHVELPHQWR GH ODPHOD\D® RYDWWGHHDRMHMHR
FUHVFLPHQWR GH SLOKDV GH ODPHODV IRUWHL UBV W SQWWY B Q
RVHVIHUXOLWRW B3O OXRORMBRN DO :HOOHQ H &DQHGR

$ QXFOHDOomR SULPiULD SRGH RFRUUHU DWRUD ¥YpH\WQGIR GLIH
GRLV GHOHV RV SULQFLSDLV QXFOHDomR KRARRIDQKD H QX
QXFOHDOMR KRPRJIQHD RFRUUH HP DOJXQN PBQGR TXIHY DRE D
FRQGLO}HV HVSHFtILFDV R SUYSULR PRYLPHQMWROPPXDDW ULF
UHVXOWD QR RUGHQDPHQWR GRV PHVPRV (VWHKSORPHEMRR GH
KHWHURJrQHD SRU RXWUR ODGR p FDWDAIMRERGIHIHNV SDMV



TXDLV SRGHP VHU DV PDLV YDULDGHW BRVYVH5RHFPIMARW DOW L QV

$ SDUWLU GD WpFQLFD GH '6& RQGH XPD FXUYD GH IOX]]
WHPSR W RX WHPSHUDWXUD p JHUDGDLDUJXUWD QpWERED HG M
FULVWDOL]DomR SRLV D WD[D GH HYRO XomB8 s R YFRDMXRAmMR SALR S
FULVWDOL]DomR $]JHUHGR

Fluxo de calor (mW) ExXO —>

Tempo (min)

)LIXUD SLFR H[RWpUPLFR GH FULVWDOL]DomR

6HQGR DVVLP SRGH VH FDOFXODU D IUDomR GH PDV)
FULVWDOLQLGDGHRIKXKEGDOHIYQRLGR WHPSR W HP UHODoOmR j
FULVWDOL]DGD D SDUWLU GDUD]ImR GD iURDFS®OUFLDO HWRWDC

3G
G

=20)

W
3G
G

=20)

2QG—€L\ pDYDULDomR GD HQWDOSLD GXUDQWH XWGHILQLG

$VVLP SRGH VH REWHU R JUIILFR GD FWLNAWDXOQOQMEBD&M UH
WHPSR WHPSHUDWXUD )LJXUD



100

80

Cristalizagao secundarial

40 + Cristalizagdo primaria

20

60 1

Cristalinidade Relativa (%)

— PLA

Tempo

)LIXUD (YROXomR GD FULVWDOL]DomRUDPRIZRBomMR GR WHPSR W S

2 SURFHVVR GH FULVWDOL]DomR GRVY SROtPHURV FRPR R
FDUDFWHUL]DGR SRU XPD FXUYD VLIJPRLGDOQ &G DB d¢imURHROWDLW MY
GHVHQYROYH OHQWDPHQWH QRV SULPHLURMFPRPHQWRRVYPGH F
VHIXLGD Ki XPD DFHOHUDomR RQGH FDUDFWHUL]DRYH R SURI
Q~FOHRV RX VHMD FULVWDOL]DomR SULPIULDR3@D ILP K
FULVWDOL]DomR GHILQLGD FRPR FULVWDOL]|RBHRWRI X GiU|
SHUIHLomR GRV FULVWDLVY H HVSDoDPHQWRAOCQWE® MHOODYV  $]

2HQWHQGLPHQWR GRVY SURFHVVRV GH FULVWBQERPWmMR H
VHPLFULVWDOLQRYVY p GH HVVHQFLDO LPSRUWKPFRDWXD|IQGR |
WHUPRIL[D SRLV D SUHVHQoD GRV FULVWDR\W GW H D YHUW HIJP\R
UHDo}HV GH FXUD GD UHVLQD WHUPRIL[D SWRPRYHD GIRODOWHE
JHUDO D IDVH FULVWDOLQD p PHQRV UHDWLPB GRVIGH@VIDYH D|
DSUHVHQWD PDLRU GLVSRQLELOLGDGH GH NVISGQGPRVRSWDGBH DO
RXWURV FRPSRQHQWHYVY FRPR WDPEpP SRVVREVYDVYWHEB GH
SDUKkPHWURYV HVWHV LQYHVWLJDGRV H FRQVLEBSWDGRYW QD D
SURGX]LGR QR SUHVHQWH WUDEDOKR

5HVLQD HSy[LUHIRUoDGD FRP WHUPRSOIiIVWLFR
$ OLWHUDWXUD UHSRUWD WUDEDOKRYV GHRFRWHWRR GRULG RV

SROtPHURV WHUPRSOIVWLFRV H WHUPRIL[RVGHHENWH GRV T X|
FRPSRVWRYV HSy[L D EDVH GH WHWUDJOLFLGLO 1



7*'0 SROLPHWLOPHWDFULODWR 300%$ (6RXF>RIMERW HUWRPXO |F
GLDPLQR GLIHQLOPHWDQR "0 IRL LQYHNW LIOGD BRU )HUQ
HVWXGRYV FLQPWLFRV H UHROYJLFRV LOXVWUDUDR TXH R
7*'0 "'0 3(6 DSUHVHQWDUDP XPD WD[D GH UHDomR GH FXLU
FRPSDUDomR DR 7*'0 "0 1mR KRXYH DOWHUDOMRLRQRAHYDOR
DWLYDomR LQGLFDQGR TXH D DGLOomR GH 300$% H\BR® GDR PRG
UHDomR GH FXUD

OLVWXUDV '*(%$ 3&/ FXUDGD FRP %LV URSDQRIHQR]
%$33 IRUDP LQYHVWLJDGDV BRUDGKHAY HXBHFWURV GH )7,5
LQGLFDUDP LQWHUDO}HV LQWHUPROHFRODQUWUYHSBIVOED D &R R L&
GD 3&/ HDV KLGUR[LODV RULXQGDV GD FXUD GD UHVLQD HSY[L F

%OD®MRDO QmR YHULILFDUDP PXGDQoDV QD WD[D GH EX|
DGLomR GH SROLHWHUVXOIRQD SROLpWHDHDVHOYRQD (B$6 3 ((
(VWH HIHLWR IRL UHODFLRQDGR j QD W XQH]IDVUGHD MRLYPOG RM UR X
DOWD VROXELOLGDGH QR VLVWHPD HSyJ[L

3ROLHWLOHQR WHUHIWDODWR 3(7 IRL YR®KEXO D|®FS RRH
R DX[tOLR GH GRLYV HQGXUHFHGRUHW\G I GLDP FRD WRIY G RHBRN R
3(7 QD UHVLQD HSY[L SURPRYHX DXPHQWR GD WDHFSRIJUD W X U D
DXWRUHV DWULEXtUDP HVVH FRPSRUWDPHQWR BLPXFHPRPROp
JUXSRV UHDWLYRV QD PLVWXUD GH '*(%$ DPLQD IRLWHDJDVGH U
UiSLGD SDUD DV PLVWXUDV FRP PDLRU FRQWH~®RK SRV 3 (7 XI
KLGUR[LOD GRILQDO GD FDGHLD GR 3(7 FDWDOLVDP D UHDomR

OLVWXUDV GH UHVLQD HSy[L '*(%$ 3&/ FRP GRYV WLSRV GH
GLDPLQR GLIHQLO VXOIRQD ''6 HDQRLD®LQRUBIP HY DD PHGD
SRU 3DUDPHVZBWDSLORRIWHYHODGR TXHR VLVWHPD '*(%$ 3&
PLVFtYHO GHYLGR jV LQWHUDO}HV GH SR &®HYDG H \K HQWRIHQR.
JUXSRV FDUERQLOD GD 3&/ H RV JUXSRV KLE HQWODWR WRHV
'*(%$ 3&/ ''6 PRVWURX PRUIRORJLD GR W IVSRI BYIV UG H BIDAIRV | ¥ X
LQWHUDO}HY HQWUH JUXSRV VXOIRQLOD GB GRVHGXUOSRVHKD
UHDomR HSy[L ''6 7RGDV DV PLVWXUDV D SpUHPLHFQ@VWIWED P HEW D |
2 VLVWHPD '*(%$ 3&/ 'O FRQWHQGR SFU GH 3BRSHILEGR BHOKF
GHWUDoOmR DXPHQWR GH HGLPLQXLomR QR PYGXOR GH <RX



=KDRW DO REWLYHUDP UHVLQDV GH YOHR GH VRMD HS
FXUDGDV FRP iFLGR VHEIFLFR 6$ H 3/$ )RL REVGIUSRGD PRU
IDVHV GH (62 GLVSHUVDV HP 3/$ +RXYH DXPHQWRGHD UHVLV\
PyGXOR GH <RXQJ GH H UHVSHFWLYDPHQWH GD UHV
LQFRUSRUDOmMR GH DSHQDV HP SHVR GH 3/$ $OQM GLVVR
UXSWXUD GR (62 IRL PHOKRUDGR GH D DSyV IDPLRHRRR SRUDO!
GH 3/$

JRL UHSRUWDGR TXH GLIHUHQWHYV FRQWHR&RYV HFH FR SR
UHVLQDV FRP GRLV PRQ{PHURV HSYy[L GLIHUHMWFHEGtELIFRHBRF
ELVIHQRO $ '*(%$ H WULJOLFLGLO S DPIE@RRIFRREL¥*$3 FXL
GLHWLODQLOLQD 0'($ PRGLILFRX R FRPSRRIUNPROWIQWR @RVF
VLVWHPD $ WHPSHUDWXUD GH WUDQVLOMR NVYWHEWH7BRP RV W |
DGLomR GH FR3(6 SDUD WRGDV DV UD]J}HV '*(%$ H~GR GHVWXUL
7*$3 VXSHULRU D PRVWUDUDP TXH TXDQWR DR RKXPIDRU FRQW
PRUIRORJLD GH IDVH PDLV KRPRJHQHDPH QW H &G IFNWD LE XtG D |

$ UHVLQD HSy[L "*(%$ IRL PRGLILFDGD SRW IUDPHVZDUD
DWUDYpV GD LQFRUSRUDomR GH FRSROtPBBWRR®RQDLEORAR G
SROL GLPHWLO VLOR[DQR EORFR SB® B &/ FQB WBRIHIVHWYR Q BG H 3«
GLDPLQRGLIHQLOPHWDQR '"'0 2V BXWRWHY GQ Y VWHIUIMDAhD
OLJDomR LQWHUPROHFXODU GH KLGURJrQLRPRRIRFF&RRBRUW D
SURSULHGDGHY WHUPRPHFKQLFDV HXPHFWPRGHN GGRAASRU It
3&&3 3'06 3&/ 2V EORFRV 3&/ GR 3&&3 3'06 3&W WRMRIDIPLVFtY
IDVH HSy[L HQTXDQWR RV EORFRV 3'06 SHUPD®HGHP LPLVF
FRSROtPHUR GLPLQXLX D GHQVLGDGH GH UHHWDRXWDo s Uk
WUDQVLomR YtWUHD 7J GR VLVWHPD $ LQFRUSR3&omR GH
PHOKRURX D UHVLVWIrQFLD j WUDomR R DOBRQROFPHRMNUFHE B AV H(
H UHVSHFWLYDPHQWH $ HVWDELOLGIHGHRWMPWDLPULRD F
FRPDiJXD SHUPDQHFHUDP LQDOWHUDGRYV
2 FRSROtPHUR WULEORFR SROL PHWID®GURBWWRU EODRKF
PHWLOPHWDFULODWR O$HWRDLOXVOORBRSERRGIDIRFDU D UHVLQD
"*(%%$ SDUD PHOKRUDU VXD UHVLVWrQFLD $ DG HFDR) GHPREO Qm
GH FXUD PDV GLILFXOWRX D FXUD GD UHVLQDRHKEL HIDWDIG®i O



TXH R 0$0 DSUHVHQWRX ERD FRPSDWLELOLGDGHQRmRMRP D UH\
SDUWLFLSRX GD UHDomR GH FXUD H QmR DIHRWSR X BWWWWU @ WU |
DR LPSDFWR HP FRPSRVWRV "*(%$ 0$0 FRP XP WHRU GH 0%
DXPHQWDUDP HP FRPSDUDomR FRP "*(%$ SEXItE DSIFGHQGR
QDQRSDUWtFXODV IRUPDGDY GXUDQWHR SURFHVVDPHQWR GH



0$7(5,$,6 (0e72'26

ODWHULDLYV

%LRSROtPHUR SROL iFLGR OiFWLFR 3/% " JUDX GH
DGTXLULGR QD 1DWXUH:RUNV ,QJHR OLGQONVNRRVOGR(BEV I QYRO &
(%% (5 FRP SHVR HTXLYDOHQWH GH HSY[LORLGHLGR J
PHWLO WHWUDKLGURIWIOLFR O07+3$RAHWLO WIHKQROGLRHWLO
IRUQHFLGRYVY SHOD 20LQ &RUSRUDWLRQ WotURD G DIXXQRL POYWDGE DY
PDWpULDV SULPDV EHP FRPR VHXV JUXSRV PHOKR MR XGHMW D
DV LQWHUDoO}HV VXJHULGDV HQWUH 07+3% '(+tUD VMBW I [LELGI
LQIRUPDO}HVY WpFQLFDV GRV PDWHULDLY HVWmMR GLVSRVWDV Q

o
eo

+ 2
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+2 2
H d
2 &+
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&+ Q &+ <] 5HVLQD HSy[L "
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$QLGULGR PHWLO WHWUDKLGURIWi
2 07+3$
\

+&1 (&+ WULV GLPHWLODPLQRPI
| | (+

¥
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2 ‘2
P ~ '’ 07+33 DWLYDGR FRP '(+
- 2° 07+3% '(+
&+ 2 &+ 2

)LIXUD (VWUXWXUDV TXtPLFDV GDGBUWpPULDV SULPDV XWLOL]



OHWRGRORJLD

&RPSRVWRV HSy[L 3/$

&RPR SULPHLUD HWDSD R 3/$ FRP FRQWH~GR GH
PLVWXUDGR FRP D UHVLQD HSy[L SXUD VRE D RILWJHINCR. PIDG Q PW |
f& USP SRU PLQ (P VHIJXLGD RDTXHFHGRGERPBIQpWLFR
PLVWXUD IRLUHVHUYDGD DWp D WHPSHUDWXUD GLPLQXLU SDU

&RPSRVWRV HSy[L 3/$ 07+3% '(+ QmR FXUDGRYV
&RPR VHIXQGD HWDSD R HQGXUHFHGRU 07+3%$ H R FDW
IRUDP DGLFLRQDGRYV DR HSyY[L 3/$ 7RGRWRYGROWHMILQER XPUL

DJLWDGRU PDJQpWLFR SRU PLQ D USP H JHQWHNROQWH -~
FRPSRVWRY SURGX]LGRV HVWMmMR FRGLILFDGRV QD 7DEHOD

7TDEHOD &RPSRVLO}HV GRV FRPSRVWRYV

SHVLQI " 7HUPRSO
&RPSRVLom (Sy[L (QGXUHF &DWDOL R
(5 07+3% SF '(+ SFUL 3/$ SFU
(

(0

(3 0

(3 0

(3 0

(3 0"

3
SHVLQD (Sy[L '*06%%$ 07+3% '(+
&RPSRVWRV HSy[L 3/$ 07+3% '(+ FXUDG®KLD/RED LQI0O X

WHPSHUDWXUD

1D WHUFHLUD HWDSD RV FRPSRVWRV IRUDP FXUDGRYV HF
DTXHFLPHQWR GH f& PLQ GD WHPSHUDWXUD DPELHQWH f &

)XVMR GR 3/$ ,QIRUPDO}HV GD ILFKD Wp FRVMFOHEG® GRBRSRAWWMIR GLVSRVWRYV QRV
$QH[RV



f& RV FRPSRVWRV IRUDP PDQWLGRV QD WHPSHUDWXUL
SRVWHULRUPHQWH RV FRPSRVWRV IRUDP FDUHDEFVHVYWIDGRV S
SURFHGLPHQWR IRL UHDOL]DGR SDUD RMRQOBDW DJUHOQ R BRRIDG BV
GHVHQYROYLPHQWR GD UHDomR H LQWHUDomR®RWRQ B UKHQRIYD JU
HSYy[LGR KLGUR[LOD HFDUERQLOD MXGWDWHD@QWH FBR B WWDDWHHP&

DFLQpPpWLFD GH FXUD

$ PHWRGRORJLD GH SUHSDUDomR GRV FRPSRVWRV HVYV

HVTXHPIWLFD QD )LJXUD

180°C p [4o°c O )
800 rpm N\ \ 800 rpmt

1° ETAPA 2° ETAPA
DER 331
\\_) PLA

B

Néao curado

v

‘ 3 ° ETAPA (tratamento térmico) ‘

20 - 140°C
10°C/min
isoterma 30 min

Caracterizacoes

)LIXUD (VTXHPD GD REWHQoOomR GRV FRPSRVWRV ( 3 0

&DUDFWHUL]DO}HV

,QYHVWLIJDomR GDV UHDo}HV GH FXUD SRU )7,5

$SYyV R DTXHFLPHQWRVHYRWpURM-RRPSRVWRY GD 7DEHOI
IRUDP FDUDFWHUL]DGRV XVDQGR )7,5 H 6l &onrRPR 26/lHVFULWF
HVSHFWURV IRUDP FROHWDGRV QD IDL[D GH FRPFRIPPHQWR GH
YDUUHGXUDV HUHVROBDSORFOKGRPR PRGR $75 2 HTXLSDPHQW
IRLFHUNLQ (OPHU 6SHAWMWKKDP O0DVVDFKXWHDVWRG HEBD JH P
GRVGDGRV IRLUMRONZIDGEB QRHFWUXP

$ & QMR IRLREVHUYDGD HQWDOSLD HERWHpD FIXRUDHR LY DVUVUXRBLDGID \

FRPR FRQFOXtGD

3DUD WHU FRPRJDUDQWLD DHVWDELOL]DomR



5HVVRQKQFLD PDJQpWLFD QXFOHDU 501 +

$V DQiOLVHV GH 501 IRUDP UHDOL]DGDV HP XP @@SHFWU{PHV
%UXNHU %LOOHULFD 0% (8% RSHWDGR BV DPRVODWDYV IRUDP
SUHSDUDGDV HP FORURIyUPLR FRHOXWHQU®RE RV HW&D PHWLOVLO
&+ 6L FRPR SDGUMRLQWHUQR

,QYHVWLIJDomR GD FLQpWLFD GH FXUD XVDQGR )7,5

2 JUDX GH FRQYHUVmMR . IRL FDOFXODGR XVDQGR XPD [
%HHU /I DPEHUW FRPR PRVWUDGR QD (FWDDb@®R Q®BXHXDBEMHUJ
EDQGD GH UHIHUrQFLD XWLOL]DGD p WHRGFDRHRPWHMRRQVWD (C

QHVVH FDVR HVVD p D EDQGD FRUUHVSRQGHQWH JbamBEBDOmMR
& & D FP FDUDFWHUtVWLFD GR DQHO DURPIWLFR D VHJIXQGI
DRVIJUXSRV IXQFLRQDLY UHDWLYRV TXHBUWLRXKSMHMDR BD UF
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WHPSHUDWXUD UHDo}HY GH DEHUWXUD G HDDDQH O LW/SHy [LXWPH.G R D
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& HD GHIRUPDomR GRHAM DDORQUQJ H ODWXDQD 2V HVSHFW
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YLEUDo}HVY GH DORQJDPH@RWR BR &+ FRPH FP GHYLGR R
HVWLUDPHQWR H DORQJDPHQWR & & GR DQHO DURRPIWLFR U
DWULEXtGR DR DORQJDPHQWR GD YLEUEROUIRHGSRQ GHH QW H-FD
DORQJDPHQWR GD YLEUDOmMR & 2 GAARQKIBDYADY L &KHUGRXG

7RGRV RV FRPSRVWRYV ( 3 DSUHVHQWDUDP XP GBIVORFDP
EDQGD FRUUHVSRQGHQWH D FDUERQLOD GR HXSRPWWHU GD
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TXH SRGHP UHSHWLGDPHQWH VH GHVSUHQGHD B IV B JHQ WIH\D U
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UHDFLRQDO H GR SURFHVVR HVVDV LQWHUDBHOQWSRVVGHLOL
W UDED OK DR\OERBPSRVWRYV ( 3

WHJH

OLJDomR GH KEG—U—R—J-LQ,LR

A

)LIXUD BURSRVWD GH SRQWHV GH KLGURJrQLR HQWUH HSy[L H 3/$%$

||IQ°

OLJDomR GH KL

2V HVSHFWURV GH )7,5 GRV FRPSRVWRV QmR FERDGRYV ( 3
QD )LJIXUD $V EDQGDV GRV SULQFLSDLV JWX$RV+TXtPLFRV G
" HVWmMR DSUHVHQWDGDV QD 7DEHOD

$ DGLomR GR 0 ' DRV FRPSRVWRYV ( 3 GHVORFRX DV EDQG
3/$ GH SDUD FRSHQDV R FRPSRVWR (3 0 ' DSUHVHQW
EDQGD FRP SLFR GXSOR BWULEXRGR D OLJDomR GR HVWLUDPHC(
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HVSHFWURV HVWmMR LOXVWUDGRYV QDV )LIJXDDV EBIQGIBVORNOL
SULQFLSDLV JUXSRV TXtPLFRV TXH IRUQHHHP ULKDRPHP\D GIHHYV D
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WDPEpP RFRUUH DWUDYpV GD DEHUWXUD G®RVRYBOGR{ISR[WL &R OFF
DPLQD *RWURH 3ULPH

$V PXGDQoDV QRV HVSHFWURYV GH )7,5 EHP FRPR D HYRO X«
H FP QR GHFRUUHU GR SURFHVVR GH FXUD HP GLIHUHQWF
PRVWUDGDV QD )LIJXUD 2 DXPHQWR GD WHMSHHBPWXUD D
UHWLFXODomR SURPRYHQGR XP DXPHQWRVGMLEDRIGQWP 2+
UHGXomR GD EDQGDGIHRYLG®P ] DEHUWXUD GR DQHO HSyY[L GHVD:
EDQGD HP APPXGDQoD GD EDQGD HP SDGBI YLGRPR
FRQVXPR GR07+3$ DWUDYpV GDV UHDO}HV G HPIRERRNWKWIDGARH D C
QD )LIJXUD (P WRGDV DV WHPSHUDW XU D \FB GMHWPVDDQEHRH Y0 ED
FRQVWDQWH FRPSURYDQGR D HVWDELOLGDGH}HWR @HQHO DL
SURFHVVR XWLOL]DGDV
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$EHUWXUD GR DQHO H
DWLYDGR FRP '(+ (O

)LIXUD 5HDo}HV GH UHWLFXODomR SFODDEHRWIERBDVWGRWQHO HSy[

$ DQIOLVH GH )7,5 IHLWD SRU <LQ H =KHQJ H LQGI
LQWHUDO}HV GH OLJDomR GH KLGURJrQLR HQXWDB R DIGRY DV
SROtPHURYV 3&/ H 3(2 $V OLJDO}HV GH KLGURIVYQAR FHIGHLID MB\R
HSy[L H RV iWRPRV GH R[LJIQLR GR 3(2 IRUDR ®@WE\ DROYM\H & I R
OLJDomR GH KLGURJrQLR HQWUH DV KLGUR[DODVGBR3&SY[L
RULJLQDQGR LQWHUDO}HV FRPSHWLW LDV LQ B X HPQ ¥ WKEHIN W H L
DO LGHQWLILFDUDP PXGDQoDV QR GHVORFDRH®WRGBGDV E



UHVLQD HSy[L SDUD FRPSULPHQWRY GH RQG®H P BEN PROWRYV QI
REVHUYDGR IRUPDOomR GH OLJDO}HV LQWHUPROHAK@®R HDW G |
FDUERQLODV GD 3&/ HDV KLGUR[LODV GD UHNVURPiWS¥ FXUDC
EDQGDV UHIHUHQWHY DV FDUERQLODV GD FPEGWRY GIP 3&/ D
IUHTXrQFLD PDLV EDL[D BM WRGIPV DV PLVWXUDV '*(%$ 3&/ (
FRPSRUWDPHQWR IRL DWULEXtGR j YLEUDo@ROGN BYWLGDW |
DWUDYpV GH OLJDOo}HV GH KLGURJrQLR

7TDEHOD '"HVORFDPHQWR GDV SULQFLSDUXSFOQTGOV LAHRWUHQ WHY DM
FRPSRVWRV (3 0"

EFLGF $QLGU
21Lup $QHO evwi
&RPSRVLOmM [ DURPIiV FDUER] FtFOL
& 2 & & & 2 & 2 & 2

3
(
0
(3
(30'QmRFX

(30 'FXUDG
f&

, QYHVWLIDomR GD FRQYHUVmMR GH FXUD SRUHVSHFWURYV Gl

$SGRWDQGR D EDQGD GHUHIHUSQFELB BIEDQGM®»GH FXUD HP
FP $

& o7

RJUDX GH FXUD SRGH VHU DYDOLDGR XVDQGR D /H

FRQIRUPHPRVWUDGR QD )LJXUD
$V FXUYDV DSUHVHQWDUDP IRUPD VLJPRLGDIQLIRWH GHPRC
GH FXUD LOB8HWUWH KiD IRUPDomR GRV SULPHLURYV FHQWURYV
SHUtRGR GH LQGXomR H LQtFLR GDV SULP RIQUEH DU WDG§PHE HG H
UHDomR p EDL[D H DXPHQWD JUDGO®/HYDPHQVRP RV ABQWHR YV
DWLYRV IRUPDGRV D WD[D GD UHDomR p DFH@IHEIDIDG 5 G LHG R
PRELOLGDGH GH JUXSRV UHDWLYRV SURVVHQMWIGBR MUHDomR
D WD[D GH FXUD GHVDFHOHUD SRLV Ki ®IGH. QRNOJR SR\VG L\
UHDWLYRV HD UHGH UHWLFXODGD IR URDF®I B LD\ & ORI B LPQRER
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)LIXUD *UDX GHFRQYHUVMR HVWLPDGREHWDWGR D/HL GH %HHU /D

2 FRPSRVWR (3 0" DSUHVHQWRX GH FRQYHQW®H®R D D

f& 1R HQWDQWR QDV HWDSDV ILQDLV RVLHPRHV DV RX
DSUHVHQWDUDP PHOKRUHV GHVHPSHQKRV GH FXWR HVSH
(3 0'" 1R HQWDQWR QmR p SRVVtYHO REVNUNDWIFICRFDWD W
LOQWHUPHGLIULRV H ILQDLY GD FXUD SDUD HWVIDY FRPSRVLoO
UHDOL]DUDP XP HVWXGR FLQpWLFR LVRWpUPLFR SRU
'*(%% SROLFDUERQDWR 3& H PRVWUDUDP TXH DWBXHVHQOD
PHFDQLVPR GH FXUD JHUDO PDV GLPLQXL D WBUN @GR ILLH)IDONnR
GRVUHDJHQWHYV

8P GHVHQYROYLPHQWR HVTXHPIWLFR GD PLFURHVWUXW
WHPSHUDWXUD p SURSRVWR QR HVTXHPD D SIDMWFXY VUV NGHR TXEC
DFLPD DOJXPDV VXJHVW}HV SRGHP VHU OHYDQWDGDV

1R HVWIJLR SUHVXPH VHTXH HVWmMR SURBVHIQWHHUBD@PLES BH
3/$ SUHFLSLWDGR HPLFURILVVXUDYV (P WHPBERBHSRMNWR WHY Q/IiH!



QR HVWDGR VYyOLGR UtJLGR QmR VHQGR FPSRWGHH GHVRWP D
HVWDGR DIUDWXUD GR FRPSRVWR HSy[L p T X HIERU@HWHIDD LVWR

1R HVWIiJLR HP WHPSHUDWXUDV SUY[LPDVQWVRAM RER
PDFURPROHFXODUHV GR 3/$ DV LQWH U D o HHYWSHHOH.S P[d nHR3GH K
SRGHP VH PRYHU PRYLPHQWRY URWDFLRQDLWDH K H XHUDQV
RFRUUDP LQWHUDO}HVY H TXHEUD GHVWDV LEMSHHOBGH B'G R G\ U
WHPSHUDWXUD H FRPSRVLOomMR 2 3/$ SUHFLSLWRGR HXYHWi QR |
SRGH IRUQHFHU GHIRUPDO}HV DGLFLRQDLNo MR P GWH Gi ISR IGPX L
GDV PLFURILVVXUDV

1R HVWiJLR HP WHPSHUDWXUDV SUY[LPRV3DS R &/ 4XVmR X
HVWi QR HYWDGR IOXLGR YLVFRVR RV PRYLPWGO\WRVYIRBB GRNRLC
DV PLFURILVVXUDV GR '*(%$ QDV SUR[LPLGDGRWGHHFRVZHE [0OXL
SUHHQFKLGDV LPSHGLQGR D IUDWXUD IUiJLO
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Sol %‘—a" B DGEBA reticulado
a““’ 11 Microfissuras |Microfissuras preenchidas
| T' PLA precipitado | PLA fundido
Q \ y  PLA interagido | PLA sem ligagéo
(VTXHPD '"HVHQYROYLPHQWR GH PLFURHK\WBWUXKRRRID ISQORBRVEGVD S

WHPSHUDWXUD

$V GLIHUHQWHY WHPSHUDWXUDV GH SURFHV\DRRDRQWOLVDG
FRPSRVLFLRQDLY SURSRUFLRQDUDP GLIHUWHAQWHRW J&HD XX WBMH F
'"HVVD IRUPD RV SDUKPHWURYV GD FLQpWLFD GHNKKXODDH FRPR
FRPSRVLomR WHP LQIOXrQFLD GLUHWD QD VDVH®X YUY WXt RL F L



SURFHVVR SURYDYHOPHQWH GHYLGR j DOWH®DGHHGHY)D PR
UHWLFXODomR DIHWDQGR DV SURSULHGQI®GHVHLRHD LF&GIRY SL
XWLOL]DGD SDUD HOXFLGDU FRP PDLV GHWDMHIXMF HLRIVFDPH
PHFDQLVPRV GD FXUD GRV FRPSRVWRV ( 3 0

OHGLO}HV '6&

$V )LIXUDV H PRVWUDP FXUYDV GH '6& QmR LWRWpUPL]
(30" HP WRGDV DV WD[DV GH DTXHFLPHQWR PSQURDGDYV
DTXHFLPHQWR IRL REVHUYDGR XP SLFR H[RWpUPH¥R SDUD
LQGLFDQGR D UHDomR GH FXUD TXH IRL REVH SYDUOWKQW GHI |
SLFR s "¥DULDQGR GH D f& GHSHQGHQGR GD WD[D GH
FRPSRVLomR HP JHUDO RV SLFRV IRUDP GHV DRV DORAD S CARP W |
RDXPHQWR GDV WD[DV GH DTXHFLPHQWR GHEHOD [ & HYIQGRRQ
DR HIHLWR GR WHPSR 7RGDV DV FXUYDV GH '6 &ROUBRIHEHQW DU
VLQR ~QLFR VHP GHVFRQWLQXLGDGHV RX LQGtFHRV GH Sl
FRUUHVSRQGH VXPDULDPHQWH jUHDomR GH.DBQRWX %3 GR D
FRP 07+3% FRUURERUDQGR RV UHVXOWWDGRY GRINQEXPXPDU
HYHQWR WpUPLFR IXVmMR FULVWDOL]DomR RX BXUGREH DRU
SULPHLUD YDUUHGXUD GH DTXHFLPHQWR VXDHPIS®IGR X PH R
IXVMR GD IDVH 3/$ p UD]JRIYHO VXJHULU WDREWR VRB REL® LRXCH
H RX DSULVLRQDGR QD HVWUXWXUD UHW L F XPORADNG P HUGIW RQ D
VLPLODU IRL YLVWR SRU 3DWDOHWMDYDDEHEDDIHSY[L PRGLILFI
FRP 3&/

$SyV D DGLomR GH H SFU GH 3/$ RV SLFRV H[RWp
GHVORFDGRY SDUD WHPSHUDWXUDV PDL\RQOWRYV DIRAMHIIXG RN |
IXQFLRQDLV GH 3/$ TXH FRPSHWHP H RX GLFEXEDXDOWRPDYV BAD o0}
GH 3/$ R HIHLWR p FODUDPHQWH HYLGHQFLPIGWRUBRQIRUPH
6FKQHHMHDO (P UHODOmMR jHQWDOSLD H[RWpUPLFD FRPR S
7DEHOD IRLPHQRU SDUD RV FRPSRVWRYV FRPHRILIQRARPEDW H ~
GLPLQXLomR QD GHQVLGDGH GH UHWLFXOD ofDR/ R&V KB SSRW HW L]
HSY[L WHQKDP LQWHUDO}HV VHFXQGiULD\HBRRXROMIDVGR BXUH
QR FRPSRVWR ( 0 ' UHWLFXODGR
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JLIXUD FXUYDV '6& GH D (0' E (3 00'GF(830"'H H
(3 0' &RPSRVWRV HWD[DV GHDTXHFLPHQWR LQGLFDGDV

ORUHMODO REVHUYDUDP TXH DGLomR GH HP SHVR GH
DPLGD KLSHU UDPLILFDGD KLGURJ[L IXEARLIRMQWRLDEFG D H+PD3I5 RSU
SULPHLURV HVWIiJLRV GD FXUD GR '"*(%%$ FXUDGR EBR PDO38DR T



SURSRUOMR GH JUXSRV KLGUR[LOD SUH YV HORMHHVROFRHF®D § I X PIRS R
QmR FDWDOLVDGR QR LQtFLR GR SURFHVVR GH FXUD

7TDEHOD 3DUKPHWURY GHFXUD SDUD RV FRPSRVWRYV ( 3 (
&RPSRVL - f& PL
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FDORU OLEHUDGR GX'UQSQWIR POFXRD WRWDO GD FXUD HSy[L '"*(%$

FRPR -
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)LIXUD &XUYDV GH '6& GRV FRPSRVWRVD 3 0f&8BUQ@ DE WX IPULQ
F f& PLQ G f& PLQH H f& PLQ BRBSHROVIDOHHVAHHWIMR LQGLFDC

$ )LIXUD LOXVWUD D WHPSHUDWXUD GH WRDWRNomR Y
(30" DGTXLULGD GXUDQWH R VHIXQGR DTXWWRYHQIWBGRX VI
QRV TXDLV DTXHOHV FRP H SFU GH 3/$ DSBGDWRPD 7J |



WRUQR GH f& GHYLGR j7JGRHSY[L HQTHD QR RRFIBRY WRH G
FRP SFUGH3/$ IRUDP YHULILEFDGDV GXDV 7J\f&HSUR[LPDGDP
f& GHSHQGHQGR GD WD[D GH DTXHFLPHQWR RX VHMD S
UHVSHFWLYDPHQWH HYLGHQFLDQGR D VHSDBU®omR GH IDVHV H

H
JLIXUD 7J GRV FRPSRVWRV D (0' E (03" ® '(F (3 H H
(3 0' &RPSRVLO}HVHWD[DV GHDTXHFLPHQWR LQGLFDGDYV

SRHON DO REVHUYDUDP XPD ~QLFD 7J EHP GHILQLGD SDU
FXUDGDV GH "*(%$ 3&/ LQGLFDQGR TXH R VLVWHRMQ@YMHR FXUI



PLVFtYHO $SHQDV XPD 7J IRL RENAM IDYOD G QR FB\RV IAKRIKP DV 3 (6
SROLHWHUVXOIRQD '"*(%$ LQGLFDQGR(%WBOXELOLGDGH HQWU

&RPR PRVWUDGR QD 7DEHOD D 7J GR HSyY[L GHRUQXL FRF
GH 3/$ (P JHUDO D 7J GH UHVLQDV HSy[L WH QG O YOLPRHQWARD U
GD FXUD XPD YH] TXH D UHWLFXODomR WR UQDFX W DVQ &R/ RWI
PRYLPHQWRY URWDFLRQDLY H WUDQVODRLRMWIK GRV JRXSR)\
HQWDQWR QR SUHVHQWH WUDEDOKR G H Y{LGR RDGBIL @ th B REGH3 / $
VHU WUDGX]LGD HP PRYLPHQWRYV TXtPLFRV PDHYRLFBDVWRH R
GH HQHUJLD FRQILJXUDQGR R FDUIWHU PDBPFiY¥HOD®R RFFS R\
(0 "'VHP 3/$

7TDEHOD 7J GRVFRPSRVWRV ( 3 0 ' GXUDKDOWHRR VHIXQGR DTX

&RPSRVL
f& PL. f& PL f& PL f& PL f&PL

(0"
(3
(3
(3
(3

o |O |0 |O

2V JUIILFRV GR JUDX GH FROYWXW WRIPSHUDWXUD SDUD FF
(30" SURGX]LGRV H WD[DV GH DTXHFLPHQWRDGROLRDEDV
)LIXUDV H $ IRUPD VLIJPRLGDO IRL REVHUYRGWRYDUD W
VXJHULQGR R PHFDQLVPR FLQpWLFR GHHAX DD DXWARFDW DOtWL

6HIXLQGR D FXUD DWUDYpV GDV FXUYDV VLURVYRGDLV
SRGHP VHUHQXPHUDGRYV
Z'HVHQYROYLPHQWR GRV FHQWURYV DW LN IRRVGHOHIHWGRXADb @R
TXHRFRUUH HP WD[DV GH FXUDV OHQWDV FRP JUDX GH FRQYHL
z S HWLFXODomR DFRQWHFH HP WD[DV DFHOHUDGP.YVp D HVWL
IRUPDGD QHVVH HVWIiJLR FRPJUDX GH FRQYHUVmMR
z 2 VLVWHPD UHWLFXODGR LPSHGH R OLYUH FPFRIWMWWPHQWR
GHVDFHOHUDQGR D WD[D GH FXUD QHVWH HVWHFLORDVWHDomR
GLIXVLRQDO FRPJUDX GH FRDQHW DWYmR



H

)LIXUD *UDX GH FRQYHUVmMmR SDUD DF(©03 B (& (03 0'H
H (3 0' &RPSRVLO}HV HWD[DV GHDNVXHFLPHQWR LQGLFDGD



H

)LIXUD *UDX GH FRQYHUVMR GRV FRPSR\DWVRW ( 3 p& BD@D BV WI
f& PLQ F f& PLQ G f& PLQH H o}f&VRLQ@DERY SRVDTXHFLPHQ
LQGLFDGDV

§D.
$V )LIXUDV H DSUHVHQWDP D WE['DH B8 HXRRoQivRH B m R
WHPSHUDWXUD HGR JUDX GH FXUD GRV FRPSRVWRV ( 3 0 ' UHV



§&D.-

2 DXPHQWR GDV WD[DV GH DTXHPEBH@WRE DX BN QXRX DV
DSUHVHQWDUDP R SLFR Pi[LPR GH FRQYHUVmM@DHQWYUWHD H |
)RL REVHUYDGR IRUPDWR GH VLQR ~QLFR SD WD WRGRY RF¥RFRP
TXH R PHFDQLVPR GH UHDomR QmR PXGRX QDV FRPSRVLo}F

DTXHFLPHQWR DSOLFDGDV 1DP HHWIBO LV $EDGLH
D E
F G

)LIXUD 7D[D GHJUDX GH FRQYHUVmMR HP IXQoinR ED(VHPSHUDW XU
F H G 7D[D GH FRQYHUVmMR DGTXLULGRWW®YV VWD[DN\& GHQDTXH

UHVSHFWLYDPHQWH



D E

)LIXUD 7D[D GRJUDX GH FRQYHUVmMR GB &H §BD XOG'HHFEQWBUVmMR C
FRPSRVWRYV SURGX]LGRV DGTXLULGRYV  DRPLD GHDTXHFLPHQWR .

2V SDUKPHWURY GH FXUD RX VHMD D aD[® PD[@RD GH FX
UHDomR H[RWpPUPLFD "+ H DV WHPSHWDW X FRP SHWILERYV D
SDUWLU GH YDUUHGXUDYV '6& SDUD RV FRPSBRWRD ( BEBHOWDMR D
HQD)LJXUD 2 DXPHQWR GDV WD[DV GH DTXREHPHQMNRRU HWX
GH &7 & 7 R TXH SRGH HVWDU UHODFLRQDGR DR HIHLW
UHODomR DR HIHLWR GH DGLomR GH 3/$ FRPX PHWBLIRGBGR D
FRQYHUVMR EHP FRPR D HQWDOSLD GH FXUDGRRIWMIPWLFD C
UHODFLRQDGR D IDWRUHV FRPR
X ,QWHUDO}HV HQWUH RV FHQWURYV UHDWLYRWERGL®HE BR '*|
KLGUR[LOD GLPLQXLQGR D KDELOLGDGH \GHGBEHDGHRX V|
UHWLEXODomR
X OHQRU PRELOLGDGH GDV HVSpFLHV UHDWDRYHW DFRPRYLG
PHQFLRQDGDV R TXH WDPEpP SRGH VHU XWLOL]DGR FRPR |



&

)LIXUD  (IHLWR GDV WD[DV GH DTXHFLPHRWR ALGR WKR& GH 3/$ HP
HF "+ -

=YHWNRYDO GHVFUHYHUDP TXHR WHRU GH 3ROL WHUHI
3(7 DFHOHURX D WD[D GH UHDomR GH FXUD GRGH{%$GERKDUGR F
LQWHUDOI}HY HQWUH RV JUXSRV KLGUR[ROIV FRRVDI UYL B DV
HSy[L 6iQFKH] &DEH]XGR HW DO YHULIGR D UBIPF RB\HVOR
H[RWpUPLFRV SDUD WHPSHUDWXUDYV PDL\VGHS/RD\ FRPHRVDPR G
YLQLOD 39%$F QRV FRPSRVWRYV '*(%$ 39$F&DRINVMIDWHRBIDQRBR
FRP GLDPLQR GLIHQLOPHWDQR ''0 (VMDIPV (PIXGD QoD
GHVDFHOHUDOMR GD UHDOmMR GH FXUD GHYLGR D®iB®ILMHVRHG H G
'6& RIHUHFH D SRVVLELOLGDGH GH FRPSUHHQGWW BIVFRQWU
UHDoO}HV GH FXUD DWUDYpV GR FRQWUROH GR BURPHEBWR $ PI
FXUD SHUPLWH D PRGLILFDomR GD PRUIRORJLD MR GDVWHPD
UHWLFXODoOmR D ILP GHDGHTXDU DV SURSULHGDGHV ILQDLV GF



ORGHODJHP GD FLQpWLFD GH FXUD

ORGHOR GH 2]DzZD

$WUDYpV GD UHJUHVVmMB DHQWOW OQ 7 HP GLIHUHQWHV W
DTXHFLPHQWR FRQIRUPH LOXVWUDGR QPU) BU)pUID[SRRWY @ B IORW |
$ HHQHUJLD GH DWILRDWDMREWLGRY D SDUWLU GD LQFOLQDoOT
YDORUHMSGHD WRGRV RV FRPSRVWRY HVYWXGDGRYV HVWmMmMR LOXV

)LIXUD 5HIUHVVMR OLQHDUWGWXN D«IDOMI 0 'DQG ( 3 0 '

$ HQHUJLD GH DWGD WdhVR QD HSY[L ( 0 'p GH N- PRO H DX
DSUR[LPDGDPHQWH H FRP D DGLomR GH H PSRWGH 3/$ L
$XPHQWRoGNWi GLUHWDPHQWH OLJDGR j HQHUJLD QHFHVViUL
QHVWHV VLVWHPDV PDLRU TXDQWLGDGH GH HQWNJLD GH
GHVHQYROYLPHQWR GD UHDomR (P PDLRUHV WHRRKRIXYGH 3/$
YDULDomR QODQEGR FRPSDUDGD D (0' (P FRPSRVWRV ( 3 0
DSUHVHQWDP PHQRU TXDQWLGDGH GH OLJBbPNWV BFRWD DX QD\bHM
H SUHVHQoD GH OLJDO}HV VHFXQGiULDV OLJIHURLE®HpKLGU
UHTXHULGD SDUD SURJUHVVmMR GD UHDomR GH FXUD

$ FRPSDUDOomR HQWUH D FRQYHUVMR WHYULFIGRHRSHULPH
PRGHOR GH 2]DZD p DSUHVHQWDGD QD )LJXUD OR$IGLVFUH S
YHULILFDGD H HVWi PRVWUDGD QD )LJXUD LP GGNRHRWHLPF



VLWXRX VH HQWUH . SDUD WRGDV DWWRPSRVLC
(3 0' PRVWUDQGR R GHVYLR Pi[LPR GH D SURWLWFD G D R B Q[N H
GH FRQYHUVmMR GH (PERUD RV GHVYLRG®RYMM® GHYDF
PRGHODJHP SRU 2]DZD IRUQHFH FRDYIXDROUSRGH R FBWD KRQVLGHUTL
HQWHQGLPHQWR UHDFLRQDO GR VLVWHPD DB IGoHn B VBLRY B/BMIRX |
GD FXUD GR HSy[L 2V GHVYLRV REVHUYDGRV SDBIOT¥RQYHUYV
GLVFUHSKQFLDV RFRUUHP HQWUH D IRUPD o nURi®/R ¥ ¥OQRWLUR YV D

&RQIRUPH PHQFLRQDGR GHVYLR HQWUH FQW D ®US/RIGRHWHHYU L
DWULEXtGR DR IDWR GH TXH D HTXD oonFfR G W2 DPIANDHDRD/XPXHOD G |
UHJUHVVMR OLQHDU D SDUWLU GD (T PRPHR XIFRIS®O MR WHF
WRGD D UHDomR 2]DZD 2V PRGHORYV GH 2HMZAIP KKPLVVLQJ
YDORU GH HQHUJLD GH DWLYDomR JOREDO ni® \SRGPPHDIWHQV
UHDO}HV GH FXUD HQYROYHP YiULDV HWDSDVVFRWR GLVFXWLG]

HVWIiJLR LQLFLDO GHDWLYDomR GDV PROPFEXODIVHQBR*(%$ H
FDUDFWHUL]DGR FRPR HWH\S D HGOHO LM\GRERBUHP TXDQGR DV PR
DWLQJHP XPD HQHUJLD GHDWLYDOomMR HQHUJLD PtQLPD QHFHV"

HVWiJLR LQWHUPHGLIULR GH UHDomR DH/UBRDD /XX DBLVH Q B/
SDUD UHDJLUHP GHYLGR D GLVSRQLELOLGDHE]D GK\WRKEDRA O k\D
IRUQHFLPHQWR GH WHPSHUDWXUD

HRHVWIJLRILQDO GH FXUD QR TXDO R DXPPHRODME ¥@DW IHG H L
PHQRU GLVSRQLELOLGDGH GH JUXSRV UHDWDbWRY GHQGK O W |
QHFHVVIiULD JUDQGH TXDQWLGDGH GH HQHUJLD &4LPRQ

BHQGR DVYQMR(p HP IXQomR DSHQDV GD WHPSHUDWXUD PDV
GH FRQYHUVMR GH FXUD VHQGR XPD MXVWKRREIWLO'D SDUD R (
&ULDHBR DO

(VWIJLRLQLFLDO OHQWR GH XPD UHDomR TXtPLFD



H

YJLIXUD &RPSDUDomR HQWUH GDGRV HYSHBRF HQW B R RO/L GO FX @
XVDQGR R PRGHOR 2]DZD QDV WD[DV GH DT(XMFLEHQWR QQGEFDGDV
(3 0' G (3 O'HH( o0



H

)LIXUD 'LVFUHSKQFLD HQWUH GDGRWWHyYySIDR BB \R HP RSHWUR. 2 HDQ2AW G V
WD[DV GH DTXHFLPHQWR LQGLFDGDV F ((30 'O E G3(3 '0"'H
H ( 0



ORGHOR GH .LVVLQJHU

2 PRGHOR GH .LVVLQJHWHGHWMRRLYDp( H[SRQHQFLDO 0Q $ G
GH FXUD D SDUWLU GRV FRHILFLHQWHYV DFRMXGBIUMY H DI QHD
YHUVXV s PRVWUDGR QD )LIJXUD &RPSRUWDPHQWR VLPLOD!
GH 2]DZD p QRWDGR QDV UHJUHVV}HV OLQ HDIHOVRBRIFHEEHHOR Gt
OQ $ HTXLYDOHQWHY DRV GH 2]DZD VMR REVHOYDGRRZEPHD .LV
TXH DPERV RV PRGHORWVRDOA®OBPRQDQGR D WHPSHUDWXUD F
%o FRQVLGHUDGR XP SRQWR GH FRQYHUVmMR FRQMWDRQWH F

RX VHMD RV PRGHORV FRUURERUDP $ DGLUMRDGRH3/$ D’
DWLYDomR GD FXUD GR HSy[L 2V GHVYLRV REVHUYGGRD/PSDUD
TXH GLVFUHSKQFLDV RFRUUHP HQWUH D IRUPDFURRG®RY FH (
UHWLFXODomR .LVVLQJHU

)LIXUD S5SHIUHVVmMR OLQHD UGG N HWWXANQ dBDAOW( 0 "H ( 3 0

$V )LIXUDV H PRVWUDPD FRQYHUVMR UWHOPWORYWWDO HPHY
IXQomR GD WHPSHUDWXUD HD GLVFUHSKQFLR\HBRWERNWRIW G
(30' 2GHVYLR PIi[LPR GHDSUR[LPDGDPHWWH . VLWXRX VH
SDUD WRGDV DV FRPSRVL0}HV H[FHWR SDUD R Pi[lOP'R FSRIVW UD C
DSUR[LPDGDPHQWH GHQWUR GD IDL[D GH$WRQF HRPRR GH
2]DZD .LVVLQJHUDIMYXRSHQGH GD FRQYHUVmMR DR ORQJR GR F
GH FXUD 2]DZD $V FRQVLGHUDO}HV DFLPBWBRQRFHLRGBIGDV
2]DZD VH DSOLFDP jPRGHODJHP GH .LVVLQJHU



H

JLIXUD &RPSDUDOmMR HQWUH GDGRV HYSHBRFH QW ERD RYV/L GO FX @
XVDQGR R PRGHOR GH .LVVLQJHU QDV WD[®NVGHDD TXHFLFEHQWR |
(3 0' F (3 0' G (3 O'HHI( o0



H

JLIXUD 'LVFUHSKQFLD HQWUH GDGRWWHyUSPRY R IRFSGHQ R HEM
.LVVLQJHU jV WD[DV GH DTXHFLPHQWR(L®GIOFDGD\Y 3D 0 'G E
(3 0O'HH ( o0°



7TDEHOD SDUKPHWURYV FLOQpWLFRV GH (WLAHGLEFDGRMYV PRGHOI
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DXWRFDW

JULHGPD (

&RPSRVLoml VRERQYHU
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N- PR

(0" 0®
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ORGHOR GH )ULHGPDQ ,VRFRQYHUVLRQDO

$ SDUWLU GD UHJUHVVMR OLQHDU OQ G. GWOWP . 7
LOXVWUDGD QD )LJXUD RV YDORUHV &H RQIDWRD SWipDW
H[SRQHQFLDO OQ $ HP GLIHUHQWHY FRQYHUDHVLUS BRGNP V
FRHILFLHQWHY DQJXODUHV HOLQHDUHYV GD (TXDomR

$ HQHUJLD GH W IO/@$ mHRP(I XQomR GD FRQYHUVmMR . HVWmMR
)LIXUD DPERV RV SDUKPHWURY DSUHVHQWHD XB P X Pl [STXH LO0QV
$ SRGH VHU GHWHUPLQDGR HRGIX QMR GH FRQYHUVmMR 2 IDW
H[SRQHQFLDO OQ $ HVWi UHODFLRQDGR F R PAU S URRREDPEFLXAOLIE\D 6 |



YDULD DR ORQJR GR FXUVR GD UHDomR GH FEWB QRV HRWIiJLR\
OQ $ DXPHQWD XPD YH] TXH DV FDGHLDV HVWmMRXMDUDVSUYyY]JL
DXPHQWDQGR DIUHTXrQFLD GH FROLV}HV HQMWULb AR A3pH X G5D V

SURPRYH XP GLVWDQFLDPHQWR HQWUH DV FDGHRPWR GRV FI

FRQVHTXrQFLD GD UHGH PHQRV GHQVD GLPLQADQGRXRIMQ $
DH7DEHOD

H

)LIXUD 5HIJUHVVmMR OLQHDU LVRFRQ GH WGWL RRHDWVEEDUDAGPDQ OQ

(0' E (3 0' F (3 0' G (3 0'HOHQ@RVJUDXVGHFRQYHUVm
LQGLFDGRV

(PLQWHUYDORY GH FRQYHUVmMR " b VYNIRORREMHWUY DGELRRW
QRV FRPSRVWRYV (0 ' (3 0' (3 0'H (3 ][LPDGHPHSURH



H N- PRO UHVSHFWLYDPNQWI RUDEBEHGD ( 2
FRPSXWDGRYVY DWUDYpV GH PRGHODJHP GH )UIHHBIPZQ ARUURE!
.LVVLQJHU DGLomR GH 3/$ FRQGX] DR DXPHQWR GD (

$SOLFDQGR D PRGHODJHP GH )ULHGPDQ PDLREWGBWMHPKDP I
WHUPRYVY GH HQHUJLDYVY UHDFLRQDLVp RXPHQNMMD BR GHFRDUYHU (
UHDo}HV GH FXUD FRP YDORUHV Pi[LPRV GH N- PRO QRV H
FRPSRVWRYV (0" H (3 H 0" UHVSHFWLYDRWYWQDVH )LJ
HWDSD Ki XPD GLPLQXLomR GD WD[D GH FXUD GEN IGRR/ 3 B XIRW
UHDWLYRV H XP DXPHQWR FRQVLGHUiIYHO GD PBYVYDGPROHF)>
UHWLFXODoOomR RPHFDQLVPR FLQpWLFR GH FXUDPRS®VVD D VHU |

@ (VWH SHUILO FDUDFWHUL]D D QDW X UM LH B X@Q/IRVF DIW P[Q t W
FXUDGDV FRP 07+3% YLVWR WBWERP® SRU BDXHEW DO
&RPSRUWDPHQWR GLVWLQWR IRL REVHUYDIGIRGIHP D B LoY® 6 nRRG +
GLPLQXLX JUDGDWLYDPHQWH FRP D FRQYHDVMRKH. SEBUBPRIN VLY
FRPSRVLomR (3 O0' GHYLGRDPHQRU TXDH)QSRGWDBEVGR RHQRE
TXDQWLGDGH GH OLJDo}HV FRYDOHQWHY ANOQRUIHBOQHURDD GBb
FRUURERUDQGR RVGDGRV DFLPD DSUHVHQWDGRYV GH )7,5H '6&

D E
)LIXUD SDUKkPHWURYV FLQpWLFRV GRHARGHOKRPLD/R FIR QOYH § Y HRIY X O
E §YHUVXV .

'H XP PRGR JHUDO QRV HVWIJLRV ILQDLV GH FXUD RV F
DSUHVHQWDUDP PHQRUKWVFRPOSRUBIFRGHRP ( 0 ' 2V FRPSRVW
(30" DSUHVHQWDUDP OLJDo}HV FUX]DGDWHQWH DSMRDSODLPI
IRUPDomR GD UHGH WULGLPHQVLRQDO FRMRR R DWHER>XQGEL UL ®} H
HOQWUH DV FDGHLDV GH "*(%$ 3/$ FRPR YLVWR QRWP®DGRYV GH ]



$V OLJDo}HV GH KLGURJrQLR UHTXHUHP PHGRP PQRUPDD HR FR|
GHOLJDo}HV SULPIULDVY FRYDOHQWHYV

$ )LIXUD PRVWUD GDGRV WHYULFRV H H[$OWWIHYXDN D LWPG D
IXQomR GD WHPSHUDWXUD H D )LJXUD DOGXYWUBSTKQFQ L/ HYQ W
HVVHV GDGRV 2 GHVYLR Pi[LPR GH DSUR[LPDGDPWRWH S
(0" H SDUD (30" VLWXRX VH HQWUH . GH IRBBBGL]HC
DFHLWiIYHO R SURFHVVR GH FXUD SDUD HVVDV FRP®RVLO}HV
Pi[LPR RFRUUHX HP DSUR[LPDGDPHQWH GHQWRKIED IDL[D C

VXJHULQGR PDLRU FRPSOH[LGDGH UHDFLRQDO

H
)LIXUD &RPSDUDOmMR HQWUH GDGRV H}SHUWEFRRH YWTHR/O RO QKHDG IHG

XVDQGR R PRGHOR LVRFRQYHUVLRQDO G HHRLIPHHEPDR) LEDBL MDGDV G
(0' E (3 0' F (3 0' G (3 0'HOH (



H

JLIXUD 'LVFUHSKQFLD HQWUH GDGRVLWHYWULFRWYD HR HPRHBUHLPRY G
LVRFRQYHUVLRQDO GH )ULHGPDQ jV WB[DW GH D DXHFEPHRW®R LQGLF
F (3 0' G (3 O'HH( o0°



ORGHOR GH )ULHGPDQ DXWRFDWDOtWLFR

&RP EDVH QR PRGHOR GH J)ULHGPDQ R PRGHOR GD UHDom
GHWHUPLQDGR HPSUHJDQGR D (T R E W IDG/DT B 3DV RY 1 U i GLIF RT
QmR OLQHDU GH 0Q>%$1 . @ YHUVXV 0Q .GEHQRW®HP GHRFRR
LOXVWUDGR QD )LJ SDUD D UHVLQD ( 3 GDGH2VXHWYUHRXPD O
PHFDQLVPR DXWRFDWDOtWLFR SDUD RV FRPERVDWRWVHDD}HV &R
GH FXUD GDV UHVLQDV WHUPRUUtJLGDYV JHXDIWORPRHDQNADHD Y\M 1 K B P
TXDO R H[SRHQWH P PRVWUD D FRQWULE XL 6RERPGDDSOUWH D X W
1RQDKDW DO 7RGRV RV SDUKPHWURV FLQPWLFRV FDOFXO
LQFOLQDOMR HLQWHUFHSOMR GDV HTXDo}HV HVWmMR UHVXPLG

ov(D o%—?' — oV voVv D
© St Zd

)LIXUD SORWYV GR 0Q>%1 . @ YHUVXYLOQR PHKINQIG\RP DA WHO b MR
3 o '

2 JUDXGHFRQYHUVMR UHODWLYR . YV WHPRSWHHW BW XDD RIUHE
GH . H[SHULPHQWDLY REWLGRV DWUDYIlp&RRD'&ED UW IWUH yGOL\
HTXDo}HV HVWMmMR GLVSRVWRYV QDV )LIJXUDYV BDGRW[RHOHQ
YHULILFDGR SDUD (0 ' H FRPSRVWRYV (3 0'FRP RGDM SFU
WD[DV GHDTXHFLPHQWR HVWXGDGDV 2 GHWQWRHIi[LBRUBH DS
RVFRPSRVWRYV (0 'H SDUD ( 3 0 ' VLWXRXSMUHIEQ WHUHS.R GH
IRUPD DFHLWiIYHO R SURFHVVR GH FXUD SDUD HVVIRV FRPSR\
GHVYLR Pi[LPR RFRUUHX HP DSUR[LPDGDPHIKWRIQ Y HIUHVOWRURHG C



VXJHULQGR PHFDQLVPR FRPSOH[R QmR &R PSQHRWE®P H Q
DERUGDJHP GRPRGHOR GH )ULHGPDQ DXWRFDWDOtWLFR

H

JLIXUD &RPSDUDOMR HQWUH GDGRVHYSHRRWV HQWBRURUL BB O F KD
SDUWLU GR PRGHOR DXWRFDWDOtWLF R 6HP)HQW®R FLIE QPVGDY[D B GHC
E (3 0' F (3 0' G (3 O0'HH{( o0°



H

YJLIXUD 'LVFUHSKQFLD HQWUH GDGRVLWHYULFRYD HR HPREUHLIPRY G
DXWRFDWDOtWLFR GH )ULHGPDQ QDV @MDYDN GHODTXHRLPHQWRRQGL|
(3 0' G (3 O'HH( o0°

ORGHOR GH OiOHN

$VIXQo}HV\N . H] . QRUPDOL]DGDV FRPLQWNHUYNOGRYV . )
IRUDP FDOFXODGDV D SDUWLU GDV (T HOD )IHHHVYWIY mMRDYUHYV
GLIHUHQWHYVY WD[DV GHDTXHFLPHQWR $RRRGHRB R F LpQprWR.FHRUIF



H SRGH VHU IDFLOPHQWH XWLOL]DGD SDUFRGIGWHRPUDQDU |
ORQWVHUUDW H OiOHN (VVD I XQomR p IHRMWHRBQGWH DI
DWLYDeoMBRpbREWLGD SHOR PRGHOR J)ULHGPDQ LVRFRRWHUVLRQ
FIOFXORV GRV SDUKPHWURYV FLQpWLFRV PRGHOR GH OiOHN

H

JLJXUD \. H]. QRUPDOL]DGRD (OF (E3(®'0G (3 O0'H
H ( 0' DV WD[DV GH DTXHFLPHQWR VR\R PRRYWRWGDV SRU YidL
f& PLQ

$V IXQ0}HV\. H]. VMR LQGHSHQGHQWHY GIRWQHFEM DT X|
PiI[LPRV EHP GHILB IsGRWV.SHFWLYDPHQWH H HVYWmMR PRVWUDGR)



YDORUHYV Pi{lPIRVX.QomR\ . HVWmMR HQWUH HEGD IH@V/mMRDORU
] . YDULDP HQWUH H SDUD WRGDV RV FRB$SBVWRYV (
DSUHVHQWDUDP SHUILO F{QFDYRVHJIXLQGR RIHULWPEWRLRXH R

PRGHOR DXWRFDWDOtWLFR p PDLV DGHT XD G K R TUHHOHDWYADI GsRHVD
HP VLVWHPDV GH HSy[L DQLGULGR IHLWRV SRUDTRQWINOBGUUDW |

8PD YH] GHWHUPLQDGR R PRGHOR FLQpWLFR IRWRD WKWPHWU
HISRQHQFLDO SRGHP VHU FDOFXODGRV D SDpVLG RGBORN UH

0s D zo. YHUWVD HRIJUIILFR HVWi LOXVWUDGR QD )LJIXUD
© 1

(7,13

8 D

ov Zd

JLIXUD  5HJUHVVmMROGH OVRHNKY > SDUD (3 0

2V YDORUHV GH OQ $ SRGHP VHU GHWHUPL®D GRWD HRUMOLU
FRPR FRHILFLHQWH DQJXODU HVWMmMR DSUHVIBRWBGR® QOV7DE
SDUKPHWURY pPT H uQT H R IDWRU SUp H[SRQHRPLD GHQ $ C
DTXHFLPHQWR H FRQWH~GR GH 3/$ VXJHUL®K RHUDWHGROomMF
VLVWHPD (VVD DOWHUDOmMR GRV SDUKPHWURWQWIHQpPWLFRYV
UHDO}HV FRPSHWLWLYDV HQWUH RV JUXS8RD\ XEPUERWQ LHODVL G
DQLGULGR GR 3/$ '"*(%$H'*(%$ UHDJLGR FRP 070BSDGH GR\PRI
JUXSRV TXtPLFRV QmR UHDJLGRV GRV FRPSIRFXWRG R G HYDGRL
DV OLJDo}HV UHWLFXODGDV SULPiULDV FRQDR HOMFK\Y Gi OLD D
HQWUH FDGHLDV GH 3/$ 3/$ H 3/$ '*(%$ TXH SRIWDSDWEBH DIH
LQLFLDOmR H SURSDJDomR GR SURFHVVR GH FXUD



7TDEHOD SDUKPHWURYV FLQpWLFRV GH OiOHN
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&RPSDUDomR GRV PRGHORYV

$ FRQYHUVMR UHODWLYD WHYULFD HH[SHUHRNGQW GO GIRD/GL
SDUD FDGD PRGHOR PDWHPIWLFR DERUGDGRIDFLPOWHV®/H LO XV
FRPSDUDU RV PRGHORV H GHOLQHDU D FRQWULEXLomR Gt
LVRFRQYHUVLRQDLY SRUPpWRGRV GH LQ\WHBWV B QD 2DFZHDUH R
GH DSUR[LPDGDPHQWH HQWUH . SRV B WAWRGCERD/GHRRW F R
R TXH HVWi DVVRFLDGR jV PHGLo}HV GD pHQHIHIBDQ&GHH WL Y |
FRQYHUVmMR DR ORQJR GR FXUVR GD UHDomR GH RBX®D 3DUD
FXUDGR FRP 07+38% '(+ Ki XPD YDUDRORQGR GD FRQYHUVmM



SULQFLSDOPHQWH QRV HVWIJLRV ILQDLV RQ@G3D B WDLORGH FX
PHQRU GLVSRQLELOLGDGH GH JUXSRV SWUWH WPHRLKIIRH R WM olnPRS
PROHFXODU XPD YH] TXH VH WHP D IRUPDomR LGX UBIGHB MRPLG
DXPHQWR GD PDVVD PROHFXODU

D E

)LIXUD *UilLFRV FRPSDUDWLYRV GH GIDGRNWRN[PBOLFBPQWRLARIBH
GHVFULWRY SDUD RV FRPSRVWRYV ( 3 0 ' HRQYRURIMQR DPHWD{D GH FE
'LVFUHSKQFLD HQWUH GDGRV WHYULPRWH H[SHULPHQWDLV 0. YHU

JULHGPDQ XWLOL]D XPD IRUPD GLIHUHQFLD G506 DGMT XIDoUTR G
REWHU D HQHUJLD &M SDMWDWGR UHJUHVVMR OLQHDU 2 PpWR
LVRFRQYHUVLRQDO GHWHUPLQD GH IRUPDVSERIFBRNM D RS SDUKP |
QD H[WHQVmMR GR JUDX GH FRQYHUVMR VHP D GMISHRQGrQFL
JULHGPDQ DXWRFDWD OtV R RVEIHQWGRJAVYB Y YDORUHY SDUD D |
GR PRGHOR FLQpWLFR QHVVH FDVR DVVXPLQGR ®RNRRGHOR
JULHGPDQ 7KDQNL H 3DUVDQLD 2VPIPRGHORYV
LVRFRQYHUVLRQDO H )ULHGPDQ DXWR FD W)W WH FIRV DGR/ W C
WHYULFRV H H[SHULPHQWDLYV FRP HUUR Pi[HRRV&H DSUR[LPDGI

(VWHV PRGHORV VH DSOLFDP SDUD GHVFUHYHU RV SUR
FRPSRVWRYV (30 "' FRP H SFU 3/$ QR HQWD®WR SDUD
(30' ERP SFU 3/$ DSUHVHQWDUDP HUURV QRV DMXVWFE
DSUR[LPDGDPHQWH GHQWUR GD IDL[D GH FRQUHHERBR@GH .
LVRFRQYHUVLRQDO H . HP )ULH G P D & \DWNWRFFIOPABIRY WVR. W R
p FRPSOH[D H SRGH VHU GLYLGLGD HP YiULDV QWWDBDVGEH U
LQGXomR HVWIiJLR LQWHUPHGLIULR H HVWIWIURWPROIO GH FXUL



7DEHOD GHSHQ GH GBIWRUHV PRUIROYJLFRV H WHUPRGLQ!
GLVSRQLELOLGDGH GH JUXSRV IXQFLRBE®BY VR EBWHYR\F R Q DR
PRYLPHQWDOmMR PROHFXODU FRPSHWLo0mM&WQWHIGIW U M RRIV SW L
H 3/$ QD IRUPDomR GDV OLJDO}HV SULPiULD\OIF®RYD®GHQWH
VHFEXQGiULDV SRU OLJDOmMR GH KLGURJMVHY LDH/GRIU b N WSURDGEHP
FRQWULEXLU SDUD RV HUURV DVVRFLDGRVHOR\L PHRGWMR FOR M G
PHFDQLVPRV FLQPWLFRV HQYRO YH®FR\OQ HO\DVHEEW HDMo m R 5\ X

(PERUD RV GHVYLRV REVHUYDGRV QRV PRGHOBMYAHP2]DZD +
VHU LJQRUDGRYV YDQRRURHFILFBOBBRU HVYVHY PRGHORV FRUUR
YDORU PpGLREGMLGRY SHORV PRGHORYV GH J)ULHGPDQ LVRFRQY
DXWRFDWDOtWLFR SRGHQGR VHU FRQVLGHB O DGD QR WIQRLH Q
DGLomR GR 3/$ DXPHQWD D HQHUJLD GH DWLYDOMIRD®D FXUL
PROHFEXODUHV GR 3/$ VMR LPSHGLPHQWRY QDV GHDDYHV GH
ROLJRPpULFDV GR '*(%$ H DV PROpFXODV GR 07+38/DR 3/$ DX
PROHFXODU GLPLQXL D PRELOLGDGH GHRW G H X3 RW B HiW R YHRQW
R 3/$ '*(%$% SURPRYHP UHDo}HV FRPSHWLWLYDV BXQWQWW D |
DWLYRV QR HVWIiJLR GH LQGXomR H QR LQtFX W RFAD WIBDW tWKP®
0iOHN VXJHUHP R PRGHOR FLQPWLFR DXWRFDVWDDtWLFR SD!
LQGLFDQGR TXHR 3/$ QMR DOWHURX R PRGHOR FLQpWLFR

'HPRGR JHUDO D FXUD GDV UHVLQDV HSY[LQVBRUHY CRPRQG !
WD[D GH DTXHFLPHQWR H FRPSRVLomR TXtPLFD( WHRU GH 3/$
DSUHVHQWDP PHFDQLVPR DXWRFDWDOtWLFR GHMVWRUBIRALPL
YDORUHV QDV HQHUJLDY HcG B DDWWYDDMRGKH UHDomR GH FXUD
UHVXOWDGRYV LQGLFDP TXH D DGLomR GH 3/$ HIDVHWRIPQDV HS
07+3% '(+ (0' QMR DOWHUD VLIQLILFD\WpWRLFERQ RMHVRDRORNGHU
DFLQPWLFD GD UHDOomR GH FXUD



&218&/86® (6

&RPSRVWRV ( 3 FXUDGRV FRP 0 ' IRUDP SURGX]LGRV FF
OLJDO}HV LQWHUPROHFXODUHV GH KL GSDRWHMLRY B GVl H. DHV DKL
FDUERQLODV GR 3/$ SURPRYHUDP PHQRU PWE O VGBR® G VHI/R
i GLPLQXLomR GD WD[D GH FRQYHUVmMR EHP FRRRGEDGH@HW OSL
UHWLFXODomR

2V HVSHFWURV GH 5+0 + LQGLFDUDP TXH QmR KRXYH U
SULPiULDV HQWUH R 3/$ HR '"*(%$ QR HQWDQWRVRM BVBRFWU
GHVORFDPHQWRY QDV EDQGDV FDUDFWHUtVWWLFRDR/ 33® FDUER
VXJHULQGR LQWHUDO}HV GH OLJDOomR GH KK®SURBRRIUQIZRSHIRW UH F
SRVVtYHO LQYHVWLJDU R SURFHVVR GH FXUIDD SPRWLU GD GL
DVVRFLDGD j OLJDOmMR & 2 GR DQHO R[LUDQR + EHPVFRPR DV P X
YLEUDO}HV GH OLJDomR GD FDUERQLOD FRP D WHPSHUDWXUD G

$WUDYpV GR '6& IRL YLVWR TXH DV FRPSRVLO}HV FRP 3
DXPHQWR GDV WHPSHUDWXUDV GH FXUD H[PHWRWD|DDARFRPSI
JUDX GH FRQYHUVmMR IRL PHQRU SDUD RV FRPSRVDWRV ( 3 0
LQWHUDO}HY HQWUH RV JUXSRV TXtPLFRV GR PRBR® $HHOR ¢hSR [L S
HQWUH RV JUXSRV UHDWLYRV H GLILFXOWBPVDLAYPELOUREDREH. G L
FRPSURPHWHQGR DV UHDo0}HV GH UHWLFXODomR

$ DGLomR GH 3/$ H D WD[D GH DTXHFLPHQWR U®NMOXHQFL!
FLQpPWLFRV 2 DXPHQWR GD WD[D GH DTXH F IRRHQMGHSEI RP R Y H X
7s 1R HQWDQWR D HQWDOSLD IRL IRUWHP NQWHRL RIQ H QIFPL D C
PDLRUHV WHRUHV GH 3/$ PHQRU HQWDGSEDQR U GHDUW HLIDFANGRD | F
GLPLQXtGR

$QiOLVH GD FLQPWLFD GH FXUD GRV FRPSRVWRWR\Y 3 0 ' LQ
GHVYLRV REVHUYDGRV QD PRGHODJHP GH 2]DZDGRUDGRYIHU Q
HVVHV PRGHORYV IRUQHFHP YDIORUKD CP BRIGRHV VEHD (FRQVLGHUD
HQWHQGLPHQWR UHDFLRQDO GR VLVWHPD DB IGoHn B VBLRY B/BMIRX |
GD FXUD GR HSy[L 2V YDORJFRPBRNBIDRBREHDWUDYpVY GD PRGHO
JULHGPDQ FRUURERUDP FRP RV GH 2]DZD H .LVVLQDRU DGLo]
DXPHQWR GR HVWiJLRV GH FXUD HQWUH . ! IRL REVMHUYDGR F
(bH OQ $ QRV FRPSRVWRYV (3 0' XPD YH] TXH HVVHY FRPSRV!



PHQRU JUDX GH FXUD RX VHMD PHQRU TXDQMNMLE®RS HRFPH UHY
(0" H SRUWDQWR PHQRU TXDQWLGDGH GH OLBHQHBYLIFrRYD
UHTXHULGD SDUD IRUPDomR GD UHGH H PHQRUWNHUBKM XrQF|I
PROpFXODV FRUURERUDQGR FRP RV GDGRYV RPRBHORWIGRYV G
JULHGPDQ DXWRFDWDOtWLFR H GH OiOHN DSROWBPRITXH RV FR
VmR UHJLGRYVY SHOR PHFDQLVPR GH FXUD DXWRBLRDB®YW XHD FR
LQGLFDQGR UHDoOo}HV GH FXUD FRPSOH[D SDUD HVVHV FRPSRV)
SRUWDQWR DWUDYpV GR FRQWUROH UHDJFG®RQYDOH XHPD UH
UHWLFXODGDV SRGH VHU DOFDQoDGD $V PBDWBRGRR® RJHDY PSR
FRQILIiYHLY IHUUDPHQWDY EDVHDGDV HP DQySL¥BV ®WpPpUPLFD
FRQWURODU R SURFHVVR GH FXUD GH FRPSRVWRRU( 3 0
FRQILDELOLGDGH DRV UHVXOWDGRV DSUHVHQWDGRYV
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HFDWDOLVDGRUHYV ELREDVH

z $GLomR GH IIUPDFRV HHVWXGR IIUPDFR FLQpPWLFR
z ,QYHVWLIJDomR PLFURELROYJLFDHFLWRWY[LFD
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