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2 0RGHOR &'6

7RGRV RV IHQARPHQRV IurVLFRV GHVFULWRV PDWHPDWLFDPHQWH� HP SULQFurSLR� SRGHP

VHU HVWXGDGRV SRU DERUGDJHQV GLIHUHQWHV� SRGHP VHU GHVFULWRV SRU HTXDzFaRHV

GLIHUHQFLDLV� VLPXODzFaRHV FRPSXWDFLRQDLV D SDUWLU GH SULPHLURV SULQFurSLRV�

HWF� 1R HQWDQWR� HP PXLWRV FDVRV HVVDV HTXDzFaRHV QaDR SRGHP VHU UHVROYLGDV

H[DWDPHQWH� H VRPRV REULJDGRV� HQWaDR� D ODQzFDU PaDR GH PuHWRGRV QXPuHULFRV

DSUR[LPDGRV�

'HYLGR tD FRPSOH[LGDGH TXH DV HTXDzFaRHV GLIHUHQFLDLV JHUDOPHQWH

DSUHVHQWDP� ERDV VROXzFaRHV QXPuHULFDV UHTXHUHP XP DOWR FXVWR FRPSXWDFLRQDO�

'HSHQGHQGR GDV LQIRUPDzFaRHV IurVLFDV TXH TXHLUDPRV H[WUDLU GR VLVWHPD�

SRGHPRV H[SORUDU RXWUDV PDQHLUDV GH GHVFUHYAH�OR� FRPR SRU H[HPSOR� XP

PDSHDPHQWR GR PRYLPHQWR GH XP FRUSR SRU XPD VHT�XAHQFLD GH IRWRV DR

ORQJR GH VXD WUDMHWuRULD SRGH VHU SHQVDGD FRPR XPD GHVFULzFaDR VLPSOHV GR VHX

PRYLPHQWR�

��� 'HVFULzFaDR

2 PRGHOR &'6 DSUHVHQWDGR SRU 2RQR H 3XUL��� SDUD R HVWXGR GD

GLQADPLFD GH VHSDUDzFaDR GH IDVHV H XWLOL]DGR WDPEuHP FRP VXFHVVR QR HVWXGR

GD GLQADPLFD GH SRLOurPHURV�� uH LQVSLUDGR QD LGuHLD GH PDSHDPHQWR GH XP

GHWHUPLQDGR IHQARPHQR� (VVH PDSHDPHQWR uH EDVHDGR QD FRQVWUXzFaDR GH XP

HVSDzFR�WHPSR GLVFUHWR� (VVD GLVFUHWL]DzFaDR GR HVSDzFR FRQVLVWH HP FREUL�OR

FRP XP UHWLFXODGR GH FuHOXODV GH WDPDQKRV n[RV� tDV TXDLV uH DVVRFLDGR XP

SDUADPHWUR GH RUGHP �RX XP FRQMXQWR GHOHV� TXH FDUDFWHUL]DUuD D FRQnJXUDzFaDR

GR VLVWHPD QXP GHWHUPLQDGR LQVWDQWH� u( GHnQLGR DLQGD VREUH HVVH HVSDzFR

XPD FRQYHQLHQWH UHJUD TXH GLUuD FRPR VHUuD D FRQnJXUDzFaDR GH XP VLVWHPD

QXP GHWHUPLQDGR LQVWDQWH D SDUWLU GH VXD FRQnJXUDzFaDR QXP LQVWDQWH

LPHGLDWDPHQWH DQWHULRU� 1XPD OLQJXDJHP PDWHPuDWLFD� SRGHUurDPRV SHQVDU

QXP RSHUDGRU 7/ �nJ� ����� GHnQLGR VREUH XP UHWLFXODGR /� TXH� DWXDQGR

VREUH XP FRQMXQWR GH SDUADPHWURV GH RUGHP ��W�� QR LQVWDQWH W� QRV OHYDUuD DR

PHVPR FRQMXQWR GH SDUADPHWURV WUDQVODGDGR WHPSRUDOPHQWH SDUD R LQVWDQWH

W� ~ � LVWR uH� ��W� ~ �  7/��W��

1XP FHUWR VHQWLGR� SRGHPRV GL]HU TXH R PRGHOR &'6 uH DQuDORJR DR

HVTXHPD GH GLVFUHWL]DzFaDR GH (XOHU SDUD HTXDzFaRHV GLIHUHQFLDLV� QR HQWDQWR�

SDUD R &'6 QaDR WHPRV QHQKXP FRPSURPLVVR HP VDWLVID]HU DV FRQGLzFaRHV
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)LJXUD ���� 5HSUHVHQWDzFaDR HVTXHPuDWLFD GH XP &'6� 2V UHWLFXODGRV UHSUHVHQWDP R FRQMXQWRV GH

FuHOXODV H RV �V UHSUHVHQWDP R FRQMXQWR GH SDUADPHWURV TXH GHVFUHYHUaDR D GLQADPLFD GR VLVWHPD

H[LJLGDV SHODV HTXDzFaRHV GLIHUHQFLDLV� SRUWDQWR� HVWDPRV OLYUHV SDUD LQFRUSRUDU

WHUPRV HPSurULFRV D nP GH PHOKRUDU D GHVFULzFaDR IurVLFD GR VLVWHPD���

1R FDVR GD GLQADPLFD GH VHSDUDzFaDR GH IDVH HP XPD PLVWXUD ELQuDULD���

R SDUADPHWUR GH RUGHP XWLOL]DGR uH D GLIHUHQzFD HQWUH D FRQFHQWUDzFaDR GRV GRLV

HOHPHQWRV $ H % ��  |$ b |%�� TXH REHGHFH XPD HTXDzFaDR GR WLSR &DKQ�

+LOOLDUG�

6KLQR]DNL����� SURSARV D XWLOL]DzFaDR GR PRGHOR &'6 SDUD D GLQADPLFD

GH oXLGRV� GHVFULWD XVXDOPHQWH SHOD HTXDzFaDR GH 1DYLHU�6WRFNHV� $ LGuHLD

SULQFLSDO uH TXH� GHQWUR GH XPD FuHOXOD QHVVH HVSDzFR GLVFUHWR� D GLQADPLFD uH

LQoXHQFLDGD SHODV FuHOXODV YL]LQKDV H SRU VXD GLQADPLFD LQWHUQD� 1R QRVVR

FDVR� YDPRV GHVFUHYHU D GLQADPLFD� QaDR GH XP oXLGR XVXDO� PDV GH XP

oXLGR JUDQXODU� (VWD uH XVXDOPHQWH GHVFULWD SRU HTXDzFaRHV VHPHOKDQWHV tDV

HTXDzFaRHV GH 1DYLHU�6WRFNHV SDUD XP oXLGR PROHFXODU �YHU HTV� �����������

FXMRV SDUADPHWURV GH RUGHP VHUaDR VHPHOKDQWHV tDV YDULuDYHLV KLGURGLQADPLFDV

XVXDLV�

1RVVR REMHWLYR uH FRQVWUXLU QRVVR PRGHOR &'6 LQVSLUDGR QHVVH HVTXHPD

GH GLVFUHWL]DzFaDR� DSOLFDQGR�R tDV FRQKHFLGDV HTXDzFaRHV KLGURGLQADPLFDV �HTV�

����������� 1R DSAHQGLFH �$��� GLVFUHWL]DPRV R /DSODFLDQR SDUD UHGH TXDGUDGD

�'� XWLOL]DQGR HVVH HVTXHPD� (VFUHYHPRV�
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RQGH
3

11 H
3

111 VLPEROL]DP VRPDV VREUH RV SULPHLUR H VHJXQGRV YL]LQKRV�

UHVSHFWLYDPHQWH� $ UHODzFaDR HQWUH R /DSODFLDQR XVXDO H R /DSODFLDQR QR &'6 uH

�U�  �U�

&'6� �YHU HSAHQGLFH $����
u( IuDFLO LQWHUSUHWDU nVLFDPHQWH R ODSODFLDQR

GH XPD GHWHUPLQDGD IXQzFaDR QXP GHWHUPLQDGR SRQWR� HOH uH� HVVHQFLDOPHQWH� D

GLIHUHQzFD HQWUH XPD PuHGLD SRQGHUDGD GRV YDORUHV GD IXQzFaDR QDV YL]LQKDQzFDV

GHVVH SRQWR H VHX YDORU QR SRQWR FRQVLGHUDGR� 3RU LVVR uH XWLOL]DGR SDUD

JRYHUQDU RV SURFHVVRV GH GLIXVaDR� $ WurWXOR GH H[HPSOR� VXSRQKDPRV TXH

TXHLUDPRV VLPXODU D GLIXVaDR GH FDORU HP XPD EDUUD GH FRPSULPHQWR nQLWR /�

WHUPLFDPHQWH LVRODGD �nJ ����� $ GLVFUHWL]DzFaDR GR HVSDzFR QR &'6 FRQVLVWH HP

L

-1 0 1 . . . N N+1 N+2i. . . . . . . . .

)LJXUD ���� 5HSUHVHQWDzFaDR HVTXHPuDWLFD GD GLYLVaDR GH XPD EDUUD HP 1 FuHOXODV XQLWuDULDV� $V

FuHOXODV Ib���� 1 ��� 1 ��J VaDR DV FuHOXODV DGLFLRQDLV TXH IDFLOLWDUaDR D LPSOHPHQWDzFaDR GDV

FRQGLzFaRHV GH FRQWRUQR�

GLYLGLU R FRPSULPHQWR GD EDUUD HP FuHOXODV GH WDPDQKR XQLWuDULR� 6XSRQKDPRV

TXH D EDUUD HVWHMD DR ORQJR GR HL[R [� HQWUH [  � H [  /� 6H DV H[WUHPLGDGHV

GD EDUUD HVWLYHUHP WHUPLFDPHQWH LVRODGDV� GHYHPRV WHU SRU FRQGLzFaRHV GH

FRQWRUQR� -���  -�O�  �� RQGH -�[� uH R oX[R GH FDORU DR ORQJR GD EDUUD�

GDGR SHOD OHL GH )RXULHU�

#7 �[� W�

#W
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-�[� W�  b�#7 �[� W�
#[

� �����

RQGH 7 uH D WHPSHUDWXUD H � uH D FRQGXWLYLGDGH WuHUPLFD� 6H � IRU FRQVWDQWH

WHUHPRV�

#7 �[� W�

#W
 b�U�7 �[� W�� �����

DBD
PUC-Rio - Certificação Digital Nº 0116451/CA



&DSurWXOR �� 2 0RGHOR &'6 ��

1R &'6 DV HT� ����� VHULD�

7 �L� W� ��b 7 �L� W�  b�&'6�� 7 ! b7 �L� W��� �����

RQGH

� 7 ! 
7 �L� �� � 7 �Lb ��

�
� �����

FRP �&'6  ���

3DUD DV FRQGLzFaRHV GH FRQWRUQR� R TXH ID]HPRV uH VLPSOHVPHQWH FULDU

FuHOXODV DGLFLRQDLV �YHMD nJ� ����� LPSRQGR VLPHWULDV FRQYHQLHQWHV� GH PRGR

TXH R oX[R QDV H[WUHPLGDGHV VHMD QXOR� 1HVVH FDVR DV FuHOXODV DGLFLRQDLV

VHULDP LPDJHQV HVSHFXODUHV GDV TXH GH IDWR UHSUHVHQWDP D EDUUD� LVWR uH�

7 �b��  7 ���� QXPD H[WUHPLGDGH H 7 �/ � ��  7 �/ b ��� QD RXWUD� ,VWR
JDUDQWH D VLPHWULD QHFHVVuDULD HP [  � H [  /� 1R FDVR GRV RXWURV

SDUADPHWURV TXH XWLOL]DUHPRV� LPSOHPHQWDUHPRV DV VLPHWULDV FRQYHQLHQWHV�

XWLOL]DQGR D PHVPD LGuHLD� 1D GLVFUHWL]DzFaDR GH WRGDV DV GHPDLV GHULYDGDV TXH

DSDUHFHUaDR QDV HTXDzFaRHV� SURFHGHPRV GH PDQHLUD DQuDORJD�

��� 9DQWDJHQV GR 0RGHOR

1aDR VaDR SRXFDV DV YDQWDJHPV GR PRGHOR &'6� 2 EDL[R FXVWR

FRPSXWDFLRQDO SHUPLWH�QRV HVWXGDU VLVWHPDV JUDQGHV� 'HYLGR D VLPSOLFLGDGH

QD LPSOHPHQWDzFaDR SRGHPRV VLPXODU VLVWHPDV FRP DV PDLV YDULDGDV FRQGLzFaRHV

GH FRQWRUQRV� $OuHP GLVVR uH PXLWR IuDFLO LQWURGX]LU QR &'6 RV PDLV YDULDGRV

LQJUHGLHQWHV IurVLFRV� GH PDQHLUD QDWXUDO� SRVVLELOLWDQGR�QRV DVVLP H[WHQGHU R

HVWXGR D RXWURV UHJLPHV� FRPR SRU H[HPSOR SDUD D SUHVHQzFD GH DJORPHUDGRV�

��� 5HODzFaRHV HQWUH YDORUHV FRPSXWDFLRQDLV H YDORUHV IurVLFRV

UHDLV

1D VLPXODzFaDR� D HVFDOD GH FRPSULPHQWR uH n[DGD SHODV GLPHQVaRHV

�/[� /\� GR VLVWHPD TXH HVWDPRV VLPXODQGR� ,VWR uH IHLWR FRPR VHJXH�

6LPXODzFaDR � +LGURGLQADPLFD�

8QLGDGH GH FRPSULPHQWR � D�

�L� M�� �[  LD� \  MD��

�1[� 1\�� �/[  1[D� /\  1\D��

8QLGDGH GH PDVVD � P�

8QLGDGH GH WHPSR � ~�

��Lh �� M h �� W� ��� ��[h D� \ h D� W� ~ ��
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3RGHPRV HVFUHYHU DV GHULYDGDV XVDGDV QDV HTXDzFaRHV GH &'6 �DWuH 2�D���
FRPR�

�[  D
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7DPEuHP� PDQWHQGR WHUPRV DWuH SULPHLUD RUGHP QDV GHULYDGDV WHPSRUDLV

WHPRV�

��W� ~� { ��W� � ~
#

#W
��W��

����� (VFDODV )urVLFDV

3UHFLVDPRV HVFROKHU YHORFLGDGHV H GHQVLGDGHV GH PDQHLUD D HVWDEHOHFHU

DV FRQGLzFaRHV LQLFLDLV SDUD D VLPXODzFaDR� $ HVFDOD IurVLFD TXH XVDUHPRV HVWuD

UHODFLRQDGD tDV YHORFLGDGHV WurSLFDV GRV JUaDRV YJ�� 2V YDORUHV QXPuHULFRV TXH

XVDPRV QD VLPXODzFaDR FRUUHVSRQGHP D HVVDV XQLGDGHV HVFDODGDV� 'H IDWR� VaDR

HODV�

7 e
J  

7J

PY�J�
� �����

Qe  QG�� �����

Xe  
X

YJ�
� �����

We  
W

~
� ������

Ue  D�U� ������

1R TXH VHJXH� XVDUHPRV DV HTXDzFaRHV ������ ����� H ����� SDUD ID]HU D FRQH[aDR

HQWUH RV YDORUHV H[SHULPHQWDLV H QRVVRV YDORUHV GH VLPXODzFaDR FRPSXWDFLRQDO�

��� $V (TXDzFaRHV GR &'6

$ SDUWLU GDV UHODzFaRHV H[SRVWDV DQWHULRUPHQWH REWHPRV DV HTXDzFaRHV SDUD

R &'6� HTXLYDOHQWHV tDV HTXDzFaRHV GH 1DYLHU�6WRFNHV PRGLnFDGDV� SDUD DV

YDULuDYHLV DGLPHQVLRQDLV GDGDV SHODV HTXDzFaRHV ������ ����� H ������ $ SDUWLU
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GH DJRUD YDPRV WUDEDOKDU QXP VLVWHPD FRQVWLWXurGR SRU XP JuDV JUDQXODU

ELGLPHQVLRQDO� 3DUD WDQWR� UHHVFUHYDPRV DV HTXDzFaRHV KLGURGLQADPLFDV ������

����� ����� SDUD HVWH FDVR���
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2QGH VXSRPRV TXH RV FRHnFLHQWHV GH WUDQVSRUWH� s H w GHSHQGHP DSHQDV GD

WHPSHUDWXUD PuHGLD GR VLVWHPD� ,VWR uH UD]RuDYHO SRLV HVWDPRV FRQVLGHUDQGR

XP VLVWHPD RQGH D WHPSHUDWXUD YDULD PXLWR SRXFR FRP DV FRRUGHQDGDV� LVWR

uH� R VLVWHPD TXDVH KRPRJAHQHRD� 1HVWH FDVR SRGHPRV HVFUHYHU DV HTXDzFaRHV

������ ���� H ������ HP WHUPRV GH VXDV FRPSRQHQWHV FRPR�
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RQGH #[ s #
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H m H n VaDR DV FRRUGHQDGDV FDUWHVLDQDV� 2V urQGLFHV UHSHWLGRV

VaDR VRPDGRV�

$V HTXDzFaRHV GR &'6 FRUUHVSRQGHQWHV D HVWDV uXOWLPDV VaDR HVFULWDV FRPR�
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D1RVVR VLVWHPD GHYH� SRUWDQWR� SHUPDQHFHU VHPSUH oXLGR FRP EDL[D GHQVLGDGH� LVWR uH�
QaDR GHYH FRQWHU DJORPHUDGRV� 3RU LVVR DV JUDQGHV YDULDzFaRHV GH GHQVLGDGH VaDR VXDYL]DGDV
DWUDYuHV GH WURFDV FRP D YL]LQKDQzFD�
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(VWDV VaDR DV HTXDzFaRHV TXH JRYHUQDP D HYROXzFaDR WHPSRUDO GR &'6� 2 IDWRU

o TXH DSDUHFH QDV HTXDzFaRHV DFLPD IRL LQWURGX]LGR D nP GH SHUPLWLU R DMXVWH

GD UDSLGH] FRP TXH R VLVWHPD FRPSXWDFLRQDO HYROXL� (VWDV HTXDzFaRHV VaDR

HTXLYDOHQWHV D XP FRQMXQWR GH HTXDzFaRHV DGLPHQVLRQDLV�
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$ nP GH HVWDEHOHFHU XPD UHODzFaDR HQWUH RV SDUADPHWURV FRPSXWDFLRQDLV H
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$ HVFDOD GH WHPSR uH n[DGD� 2EVHUYDQGR TXH� D nP GH REWHUPRV DV HTXDzFaRHV
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$V TXDQWLGDGHV we� %e H se VaDR YDORUHV FRPSXWDFLRQDLV DGLPHQVLRQDLV�

$ nP GH FRPSDUDU FRP RV GDGRV H[SHULPHQWDLV� REVHUYHPRV TXH SDUD

R FDVR GH XP VLVWHPD ELGLPHQVLRQDO RV FRHnFLHQWHV GH WUDQVSRUWHV VaDR GDGRV

SRU������

s  s�U�  
�
T
P7J�

��G
xs�U�� ������

w  w�U�  
�
T
7J�

��G
S
P
xw�U�� ������

RQGH U uH R FRHnFLHQWH GH UHVWLWXLzFaDR� 'H DFRUGR FRP DV HT� ����� H �����

WHPRV�
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'HVGH TXH SDUD R FDVR TXDVH HOuDVWLFR s�U� { w�U� { � �YHMD UHI� ��� TXH

RV SDUADPHWURV FRPSXWDFLRQDLV se H we GHYHP VHU SHTXHQRV� SRLV D UD]aDR G D

GHYH VHU SHTXHQD� $ UD]aDR IurVLFD GHVWD uXOWLPD DnUPDWLYD UHVLGH QR IDWR GH TXH

FDGD FuHOXOD GLQADPLFD GHYH WHU XP WDPDQKR PXLWR PDLRU TXH R OLYUH FDPLQKR

PuHGLR SDUD TXH DV PuHGLDV LQWHUQDV tD FuHOXOD IDzFDP VHQWLGR H FROLVaRHV SRVVDP

RFRUUHU� 'H IDWR� VHQGR O R OLYUH FDPLQKR PuHGLR� WHPRV�
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3DUD XP JuDV JUDQXODU EDVWDQWH GLOXurGR �Qe { �� ��� G { ���O� ORJR
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$ SURSRVWD RULJLQDO GHVWH WUDEDOKR uH R GHVHQYROYLPHQWR GH XP PRGHOR

&'6 DSOLFDGR D VLVWHPDV JUDQXODUHV� R TXH n]HPRV QHVWH FDSurWXOR� -XOJDPRV�

SRUWDQWR� HVWDU GH SRVVH GH XP PuHWRGR HnFLHQWH SDUD HVWXGDU HVVHV VLVWHPDV�

1RVVR REMHWLYR DJRUD uH HVWXGDU VLVWHPDV FRQVWLWXurGRV SRU JDVHV JUDQXODUHV�

DSOLFDQGR GLUHWDPHQWH QRVVR PRGHOR� DWUDYuHV GH VLPXODzFaRHV FRPSXWDFLRQDLVE�

3DUD WDO� XWLOL]DUHPRV YDORUHV UHDOLVWDV GR SRQWR GH YLVWD GH FRPSDUDzFaDR

FRP UHXOWDGRV DQWHULRUHV��� RX VHMD� w  ������ s  ������ Qe  ���� 6H

SRU H[HPSOR WRPDUPRV YDORUHV JUDQGHV GRV SDUADPHWURV �w !z ����� s !z �����
Qe !z ����� FRPHzFDP D VXUJLU SUREOHPDV QXPuHULFRV LQHUHQWHV DR PRGHOR�

E2 FuRGLJR GR SURJUDPD HVWuD OLVWDGR QR DSAHQGLFH �$����
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