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5HVXOWDGRV 1XPuHULFRV H GLVFXVVaRHV

1HVWH FDSurWXOR DSUHVHQWDUHPRV DOJXQV UHVXOWDGRV TXH REWLYHPRV D SDUWLU GD

VLPXODzFaDR FRP R PRGHOR &'6� $OJXQV UHVXOWDGRV DTXL DSUHVHQWDGRV MuD IRUDP

REWLGRV SRU RXWURV PuHWRGRV� 1R HQWDQWR� QRVVR REMHWLYR HP DSUHVHQWuD�ORV uH

PRVWUDU D FRQnDELOLGDGH GR PRGHOR &'6 SDUD D GHVFULzFaDR GD GLQADPLFD GH

VLVWHPDV JUDQXODUHV�

��� *UaDRV 'HQWUR GH 8PD &DL[D TXDGUDGD ��'�

6LVWHPDV FRQVWLWXurGRV SRU JDVHV JUDQXODUHV FRQnQDGRV HP XPD FDL[D

ELGLPHQVLRQDO MuD WAHP VLGR EHP HVWXGDGR SRU GLYHUVRV DXWRUHV �0HQRQ�

.XGUROOL��� HWF��� HPERUD PXLWRV IHQARPHQRV QaDR HVWHMDP DLQGD EHP

HQWHQGLGRV� 1RVVR SULQFLSDO REMHWLYR DR HVWXGDU XP VLVWHPD VHPHOKDQWH uH

FRPSDUDU QRVVRV UHVXOWDGRV FRP RV GH RXWURV DXWRUHV� 8P UHVXOWDGR QRYR

TXH SRGHUurDPRV REWHU VHULD D UHKRPRJHQL]DzFaDR GR VLVWHPD GHSRLV GH XP

ORQJR WHPSR WUDQVLHQWH� GHYLGR D YROWD GR VLVWHPD tD HODVWLFLGDGH� &RQWXGR�

QRVVR PRGHOR DLQGD QaDR uH FDSD] GH H[SORUDU HVVH FRPSRUWDPHQWR GH PDQHLUD

VDWLVIDWuRULD� ,VVR VHUuD GLVFXWLGR DGLDQWH�

����� *uDV ,QnQLWR

&RQVLGHUDUHPRV XPD FDL[D TXDGUDGD GH ODGR /[  /\  /� FRQWHQGR

1 JUaDRV TXH FROLGHP LQHODVWLFDPHQWH HQWUH VL� $ GHQVLGDGH HP QuXPHUR GH

JUaDRV VHUuD Q  1 /�� 7RPHPRV XP UHWLFXODGR GH /� FuHOXODV XQLWuDULDV SDUD

FREULU R VLVWHPD� ,QLFLDOL]DPRV R VLVWHPD FRP DV VHJXLQWHV FRQGLzFaRHV�

7Je�L� M� ��  7 e
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RQGH RV � � r�L� M� � � VaDR QuXPHURV DOHDWuRULRV FRP GLVWULEXLzFaDR XQLIRUPH�

(VWDV FRQGLzFaRHV JDUDQWHP TXH R VLVWHPD LQLFLDOPHQWH WHP SHTXHQDV oXWXDzFaRHV

QD GHQVLGDGH H WHPSHUDWXUD JUDQXODU �GD RUGHP GH XP GuHFLPR GR VHXV YDORUHV

PuHGLRV�� 6HP HVVDV oXWXDzFaRHV R &'6 JHUDULD HVWDGRV VHPSUH KRPRJAHQHRV�

(VVDV oXWXDzFaRHV LQLFLDLV IDUaDR FRP TXH VXUMDP oXWXDzFaRHV WDPEuHP QR oX[R

GH JUaDRV� (VFROKHPRV RV YDORUHV LQLFLDLV GDV FRQVWDQWHV 7 e

J�  �� H Q
e

�  ���
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&DSurWXOR �� 5HVXOWDGRV 1XPuHULFRV H GLVFXVVaRHV ��

H GHL[DPRV R VLVWHPD HYROXLU DWuH DWLQJLU R HVWDGR HVWDFLRQuDULR� 2 YDORU GH

Q� JDUDQWH D FRQGLzFaDR GH EDL[D GHQVLGDGH H HVWuD GHQWUR GD IDL[D GH YDORUHV

XWLOL]DGRV SRU RXWURV DXWRUHV������ $V FRQGLzFaRHV GH FRQWRUQRV XVDGDV VaDR

SHULuRGLFDV HP WRGRV RV ODGRV GD FDL[D� 2V YDORUHV GH s D w IRUDP �� ���

H �� ��� UHVSHFWLYDPHQWH� 6XEVWLWXLQGR HVVHV YDORUHV QD HT� ����� RX ������

WHPRV� �
G

D

�
{
�

��
� D { ��G� �����

3HOD HT ������ D { ���O� (VVHV YDORUHV IRUDP HVFROKLGRV GH PRGR TXH FDGD

FuHOXOD GH ODGR D FRQWHQKD XP QuXPHUR UD]RuDYHO GH JUaDRV� D nP GH TXH

SRVVDPRV HVWXGDU D HYROXzFaDR GDV YDULuDYHLV GHQWUR GD FuHOXODV� 3DUD HVVHV

YDORUHV GH SDUADPHWURV� SRGHPRV HVSHUDU TXH RFRUUDP PXLWDV FROLVaRHV GHQWUR

GH FDGD FuHOXODD� $OuHP GLVVR QHVVH FDVR XVDPRV /  �� GH PRGR TXH R

WDPDQKR GR VLVWHPD IurVLFR TXH HVWDPRV VLPXODQGR uH GDGR SRU D/ { ��� �O�

'XUDQWH D IDVH LQLFLDO GD VLPXODzFaDR� HQTXDQWR R VLVWHPD VH ?UHVIULD��

LQMHWDPRV HQHUJLD QR PHVPR GH DFRUGR FRP XP PHFDQLVPR GDGR SRU�

7J�L� M� W� ��  7J�L� M� W� � r�L� M�
Q�L� M� W�

Q�
� �����

(VWD IRUPD GH LQMHzFaDR GH HQHUJLD IDYRUHFH D XQLIRUPL]DzFaDR GD GLVWULEXLzFaDR GH

GHQVLGDGH GXUDQWH R HVWDGR HVWDFLRQuDULR� 'HL[DPRV HQWaDR R VLVWHPD DWLQJLU R

HVWDGR HVWDFLRQuDULR� ,VWR RFRUUH SDUD W { ����� $ nJ� ����� PRVWUD D HYROXzFaDR

GD WHPSHUDWXUD JUDQXODU PuHGLD� PRVWUDQGR RV UHJLPHV SHORV TXDLV R VLVWHPD

SDVVD�

2 SULPHLUR GHFOLYH GD FXUYD PRVWUD XP UHJLPH RQGH D WD[D GH HQHUJLD

SHUGLGD GHYLGR tDV FROLVaRHV uH PDLRU GR TXH D WD[D GH LQMHzFaDR� SRUWDQWR D HQHUJLD

GHFUHVFH DWuH DWLQJLU R HVWDGR HVWDFLRQuDULR� )LVLFDPHQWH� LVVR WUDGX] R IDWR GH

TXH tD PHGLGD HP TXH D WHPSHUDWXUD JUDQXODU GHFUHVFH DV YHORFLGDGHV WurSLFDV

GDV SDUWurFXODV �Y� �
T
7J�� WDPEuHP GHFUHVFHP� nFDQGR R VLVWHPD FDGD YH]

PDLV HOuDVWLFR� 1R UHJLPH HVWDFLRQuDULR� DV WD[DV GH SHUGD H LQMHzFaDR GH HQHUJLD

VaDR LJXDLV� 1R UHJLPH GH UHVIULDPHQWR KRPRJAHQHR QaDR KuD LQMHzFaDR GH HQHUJLD

H R VLVWHPD� SRUWDQWR� VHPSUH VH UHVIULDUuD� u( VREUH R UHJLPH GH UHVIULDPHQWR

TXH HVWDPRV LQWHUHVVDGRV�

4XDQGR ?GHVOLJDPRV� D LQMHzFaDR GH HQHUJLD� D WHPSHUDWXUD JUDQXODU

PuHGLD FRPHzFD D GHFUHVFHU REHGHFHQGR D OHL GH +Dm� FRPR PRVWUD D nJXUD������
t$ PHGLGD TXH R VLVWHPD YDL ?FRQJHODQGR� REVHUYDPRV D IRUPDzFaDR GH YuRUWLFHV

�nJ� ����� H D WHQGAHQFLD GH JORPHUDzFaDR�

$ nJ������ PRVWUD XPD VHT�XAHQFLD GH FRQnJXUDzFaRHV GHVGH W  ������

TXDQGR R VLVWHPD FRPHzFD D VH UHVIULDU� DWuH W  ������ 2EVHUYHPRV TXH

D(VWDGR GH UHVIULDPHQWR KRPRJAHQHR�
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&DSurWXOR �� 5HVXOWDGRV 1XPuHULFRV H GLVFXVVaRHV ��

10000 20000 30000 40000 50000
0

1

2

desligamento da 
injeção de energia

estado de resfriamento

estado estacionário

T
0(

t)

tempo (número de iteração)

)LJXUD ���� (VWDGR GR VLVWHPD HP WHUPRV GD HYROXzFaDR WHPSRUDO GD WHPSHUDWXUD JUDQXODU�

R VLVWHPD FRPHzFD HP XP HVWDGR TXDVH KRPRJAHQHR �REVHUYH D DXVAHQFLD GH

YRUWLFHV� HP W  ������ 2EVHUYHPRV DLQGD TXH HPERUD R VLVWHPD QaDR

VHMD KRPRJAHQHR� QaDR REVHUYDPRV GHVYLR QD OHL GH +Dm� ,VVR DFRQWHFH SRLV

QRVVR VLVWHPD uH TXDVH KRPRJAHQHR� 1R UHJLPH HP TXH HVWDPRV HVWXGDQGR�

DLQGD QaDR KuD DJORPHUDGRV� PDV DSHQDV D LQFLSLAHQFLD GHOHV� ,VVR SRGH VHU

YLVWR SHOD SHTXHQD YDULDzFaDR WurSLFD GD GHQVLGDGH� FRPR PRVWUD D nJ������D��

RQGH �� �� � Qe Qe

� � ����� 2EVHUYDQGR DLQGD D nJ������E�� REVHUYDPRV

TXH D WHPSHUDWXUD WDPEuHP YDULD PXLWR SRXFR DWUDYuHV GR VLVWHPD� FRP

�� �� �
7 e

J
�W�

7 e

�
�W�
� �� ��� (VVHV YDORUHV MXVWLnFDP D HVFROKD GR UHJLPH GH EDL[DV

GHQVLGDGHV �Qe

� { ���� H SHTXHQRV JUDGLHQWHV�
u( LQWHUHVVDQWH GHVWDFDU TXH R IDWRU GH HVFDOD � 

T
7 e

� �W� SDUD R FDPSR

GH YHORFLGDGH QD nJ������ IRL LQWURGX]LGR� SRLV uH QHVWD HVFDOD TXH DV

oXWXDzFaRHV DSDUHFHP� FRPR MuD PHQFLRQDPRV DQWHULRUPHQWH TXDQGR UHVFDODPRV

DV oXWXDzFaRHV SHOD HT�������� 8P IDWRU GH �� YH]HV IRL LQWURGX]LGR D nP

GH IDFLOLWDU D YLVXDOL]DzFaDR GDV VHWDV H QaDR GHVHPSHQKD QHQKXP SDSHO QD

GLQADPLFD GR VLVWHPD�
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1000 10000 100000

0,01

0,1

1

tempo (número de iteração)

T
0(

t)

 sistema com flutuação
 sistema homogêneo
 f(t) = 5.17-1.636t (comportamento 

                      assintótico da lei de Haff)

)LJXUD ���� 'HSHQGAHQFLD GD WHPSHUDWXUD JUDQXODU PuHGLD FRP R WHPSR� $ IXQzFaDR I �HP
YHUPHOKR� PRVWUD R FRPSRUWDPHQWR DVVLQWuRWLFR GD OHL GH +Dm�

����� 'LVFXVVaRHV

2V UHVXOWDGRV DFLPD H[SRVWRV HVWaDR HP ERP DFRUGR QXPuHULFR�

TXDOLWDWLYR FRP RV UHVXOWDGRV REWLGRV SRU RXWURV PuHWRGRV� /HPEUHPRV TXH

GH QRVVR PRGHOR QaDR HVSHUDPRV UHVXOWDGRV H[WUHPDPHQWH DFXUDGRV GR SRQWR

GH YLVWD TXDQWLWDWLYR�

9ROWHPRV D ROKDU D nJ������ GR SRQWR GH YLVWD TXDOLWDWLYR� 2EVHUYHPRV

TXH RV YuRUWLFHV VH IRUPDP HP SDUHV �YuRUWLFH H DQWLYuRUWLFH�� ,VVR VH GHYH DR

IDWR GH TXH R PRPHQWR DQJXODU WRWDO GR VLVWHPD GHYH VH FRQVHUYDU� XPD YH]

TXH QaDR KuD WRUTXHV H[WHUQRV DWXDQGR VREUH R PHVPR� $LQGD QD nJ�������

VH IRUPRV FXLGDGRVRV� SRGHPRV REVHUYDU TXH RV YuRUWLFHV PHQRUHV �PHQRUHV

FRPSULPHQWRV GH RQGD� YaDR GHVDSDUHFHQGR� GDQGR OXJDU DRV YuRUWLFHV PDLRUHV

�PDLRUHV FRPSULPHQWRV GH RQGD�� ,VVR MuD KDYLD VLGR SUHGLWR QD QRVVD DQuDOLVH

GH LQVWDELOLGDGHV�

2V YuRUWLFHV DSDUHFHP GHYLGR tD WHQGAHQFLD GDV YHORFLGDGHV VH FROLPDUHP

DSuRV DV FROLVaRHV �YHMD nJ� ���� H FRPR R PRPHQWR WRWDO GHYH VH FRQVHUYDU�

YuRUWLFHV DSDUHFHP�
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&DSurWXOR �� 5HVXOWDGRV 1XPuHULFRV H GLVFXVVaRHV ��

(a) (b) 10 000

(c) 40 000 (d) 85 000

)LJXUD ���� 'LVWULEXLzFaDR GH GHQVLGDGH H &DPSR GH YHORFLGDGH HVFDODGR ���Xe 
T
7 e

� �W��� 1D
nJ� �D� H �E� WHPRV D GLVWULEXLzFaDR GH GHQVLGDGH H R FDPSR GH YHORFLGDGH UHVSHFWLYDPHQWH�
QR LQVWDQWH GR GHVOLJDPHQWR GD LQMHzFaDR GH HQHUJLD� $V GHPDLV nJ� PRVWUDP D HYROXzFaDR GRV
YuRUWLFHV� $V VHWDV UHSUHVHQWDP D YHORFLGDGH GH oX[R GH XPD FuHOXOD� $V YHORFLGDGHV VaDR PXLWR
EDL[DV� SRU LVVR RV YuRUWLFHV DSDUHFHP SDUDGRV�

&RPSDUDQGR RV JUuDnFRV GD GHQVLGDGH H WHPSHUDWXUD JUDQXODU QD

nJ������ REVHUYDPRV TXH HODV VaDR TXDVH TXH FRPSOHPHQWDUHV XPD GD RXWUD�

LVWR uH� RQGH D GHQVLGDGH uH DOWD D WHPSHUDWXUD JUDQXODU uH EDL[D� H YLFH YHUVD�

,VVR uH DQuDORJR DR FDVR GH XP JuDV LGHDO VRE SUHVVaDR XQLIRUPH��� RQGH | � � 7 �
u( IDFLO HQWHQGHU nVLFDPHQWH RV UHVXOWDGRV DFLPD� 'HQWUR GDV UHJLaRHV

GH PDLRU GHQVLGDGH R QuXPHUR GH FROLVaRHV SRU XQLGDGH GH WHPSR DXPHQWD�

ID]HQGR FRP TXH D WHPSHUDWXUD JUDQXODU GLPLQXD PDLV UDSLGDPHQWH� DR

FRQWUuDULR GR TXH RFRUUH QDV UHJLaRHV GH EDL[DV GHQVLGDGHV� &RP D GLPLQXLzFaDR

PDLV UuDSLGD GD WHPSHUDWXUD QHVVDV UHJLaRHV� DV YHORFLGDGHV GRV JUaDRV QHVVDV

UHJLaRHV WDPEuHP GLPLQXHP UDSLGDPHQWH� H� SRUWDQWR� R VLVWHPD GHYH nFDU

DJORPHUDGR H PHQRV LQHOuDVWLFR� &RQWXGR� HVSHUDPRV D KRPRJHQHL]DzFaDR��
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85 000

0.8000

0.8500

0.9000

0.9500

1.000

1.050

1.100

1.150

1.200

85 000

0.8500

0.8938

0.9375

0.9812

1.025

1.069

1.112

1.156

1.200

D� E�

)LJXUD ���� 0DSD GH GLVWULEXLzFaDR GH GHQVLGDGH �D� H WHPSHUDWXUD JUDQXODU �E�� 2V YDORUHV
SORWDGRV VaDR HVFDODGRV FRPR� Qe Qe

� SDUD D GHQVLGDGH H 7 e

J  7
e

� SDUD D WHPSHUDWXUD JUDQXODU�

SDUD W���

2 OHLWRU SRGH OHJLWLPDPHQWH VH SHUJXQWDU� VH R VLVWHPD YDL FDGD YH]

VH WRUQDQGR PDLV HOuDVWLFR FRPR IRL SUHYLVWR� SRUTXAH QaDR IRL GHL[DGR HYROXLU

DWuH TXH YROWDVVH D VH KRPRJHQHL]DU QRYDPHQWH" 2 IDWR uH TXH QRVVR PRGHOR�

EHP FRPR DV SUuRSULDV HTXDzFaRHV KLGURGLQADPLFDV GH 1DYLHU�6WRFNHV� FRPR IRL

LQLFLDOPHQWH GHVWDFDGR� VuR VaDR DSOLFuDYHLV D JDVHV JUDQXODUHV VXnFLHQWHPHQWH

GLOXurGRV� 6H GHL[DUPRV R VLVWHPD HYROXLU LQGHnQLGDPHQWH� HP DOJXPDV UHJLaRHV

D GHQVLGDGH YDL DXPHQWDU PXLWR FRP D IRUPDzFaDR GRV DJORPHUDGRV� GH PRGR

TXH R PRGHOR MuD QaDR FRQVHJXH GHVFUHYHU PDLV D GLQADPLFD GR VLVWHPD GHYLGR D

SUHVHQzFD GHOHV� ,VVR uH GH IDWR XPD OLPLWDzFaDR GR QRVVR PRGHOR TXH GHYHUuD VHU

WUDWDGD FRP D LQWURGXzFaDR GH XP RXWUR SDUADPHWUR TXH GHVFUHYHUuD D LQWHUDzFaDR

GRV DJORPHUDGRVE�

��� )OX[R GH *UaDRV $WUDYuHV GH XP 7XER 5HWDQJXODU �'

3URVVHJXLQGR FRP D DSOLFDzFaDR GR QRVVR PRGHOR� FRQVLGHUDPRV XP WXER

UHWDQJXODU �' GH ODUJXUD /  �� FRP XP JuDV JUDQXODU oXLQGR QR VHX

LQWHULRU� $ nP GH ID]HU R VLVWHPD nFDU PDLV LQWHUHVVDQWH� LPDJLQHPRV XP

HVWUDQJXODPHQWR FDXVDGR SRU XPD YuDOYXOD VHPL DEHUWD LQWHUURPSHQGR D

SDVVDJHP GRV JUaDRV� 6LVWHPDV VHPHOKDQWHV HP �' SRGHP VHU HQFRQWUDGRV�

E(LV DTXL� SRUWDQWR� XPD JUDQGH YDQWDJHP GR &'6 QR HVWXGR GH VLVWHPDV JUDQXODUHV�

D SRVVLELOLGDGH GH LQWURGX]LU QRYRV SDUADPHWURV TXH QaDR HVWaDR SUHVHQWHV QDV HTXDzFaRHV

KLGURGLQADPLFDV� (VVHV QRYRV SDUADPHWURV GH RUGHP QaDR VHUaDR LQWURGX]LGRV QHVWH WUDEDOKR�

PDV VHUaDR LPSOHPHQWDGRV QXP SRVWHULRU WUDEDOKR�
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SRU H[HPSOR� HP WXEXODzFaRHV GH PuDTXLQDV DJUuDULDV FRPR DV GH PRHU PLOKR�

RQGH RV SHTXHQRV SHGDzFRV GH JUaDRV WULWXUDGRV VaDR VRSUDGRV SRU XP WXER DWuH

D VDurGD SDUD R HQYDVDPHQWR�

$ nP GH VLPXODU XP VLVWHPD VHPHOKDQWH D HVVHV FRQVLGHUDUHPRV XPD

FDL[D UHWDQJXODU LGAHQWLFD tD GD VHzFaDR DQWHULRU� 1HVWH FDVR DV FRQGLzFaRHV GH

FRQWRUQR VaDR SHULuRGLFDV HP GXDV SDUHGHV H SDUHGHV UurJLGDV H HOuDVWLFDV QDV

RXWUDV GXDV� 2 oX[R uH HVWLPXODGR SRU XP FDPSR� DGLFLRQDQGR XP WHUPR

oJ tD HT� ������� (VWH WHUPR ID] FRP TXH DXPHQWH D YHORFLGDGH GH oX[R QD

GLUHzFaDR GR HL[R [� $ FRQGLzFaDR SHULuRGLFD GH FRQWRUQR ID] FRP TXH R oX[R VHMD

FRQWurQXR� 2 HVWUDQJXODPHQWR uH IHLWR LQWURGX]LQGR XPD EDUUHLUD UHWDQJXODU

DWUDYuHV GDV FRQGLzFaRHV GH FRQWRUQR�

$ nJ������ PRVWUD D FRQnJXUDzFaDR GD YHORFLGDGH� GHQVLGDGH H

WHPSHUDWXUD JUDQXODU� 3RGHPRV REVHUYDU TXH D GHQVLGDGH DXPHQWD QD UHJLaDR

RQGH RV JUaDRV HQFRQWUDP FRP D EDUUHLUD H GLPLQXL QD UHJLaDR RSRVWD� ,VWR

DFRQWHFH SRLV TXDQGR RV JUaDRV HQFRQWUDP D SDUHGH HOHV VaDR FRPSULPLGRV�

DXPHQWDQGR DVVLP D GHQVLGDGH H R LQYHUVR DFRQWHFH GR RXWUR ODGR� RQGH

KuD XPD UHJLaDR RQGH R JuDV uH UDUHIHLWR� $ GLVWULEXLzFaDR GH WHPSHUDWXUD SRU

VXD YH] QaDR DSDUHFH WDPEuHP XQLIRUPH� 3RGHPRV REVHUYDU TXH HOD DXPHQWD

QD UHJLaDR GH HQFRQWUR GRV JUaDRV FRP D EDUUHLUD H GLPLQXL QR UHJLaDR RSRVWD�

DQDORJDPHQWH DR FRPSRUWDPHQWR GD GHQVLGDGH� ,VWR uH SRUTXH KuD XP DXPHQWR

GD SUHVVaDR QD UHJLaDR GH FKHJDGD� FDXVDQGR R DXPHQWR QD WHPSHUDWXUD

JUDQXODU�

1D nJ� ����� WURFDPRV D EDUUHLUD UHWDQJXODU SRU XPD RXWUD HP IRUPD GH

FXQKD� 1HVWH FDVR DXPHQWDPRV R WDPDQKR GR VLVWHPD SDUD /  ��� D nP GH

PLQLPL]DU D UXJRVLGDGH GR FRQWRUQR GD ?FXQKD�� 3DUD PHOKRU YLVXDOL]DzFaDR�

PRVWUDPRV DSHQDV D FRPSRQHQWH SHUSHQGLFXODU �HP UHODzFaDR tD GLUHzFaDR GR

oX[R QR WXER� GD YHORFLGDGH� 2EWHPRV XP FRPSRUWDPHQWR DQuDORJR DR FDVR

DQWHULRU� ,PHGLDWDPHQWH DSuRV RV JUaDRV GHL[DUHP R FRQWRUQR GD FXQKD HOHV

DYDQzFDP HP GLUHzFaDR tD UHJLaDR GH EDL[D GHQVLGDGH� $R ORQJR GH WRGD D UHJLaDR

LQFOLQDGD KuD XP DXPHQWR GD GHQVLGDGH� GHYLGR tD UXJRULGDGH GR FRQWRUQR�

(VVH UHVXOWDGR uH VLPLODU DR REWLGR SRU 5HULFKD�� HO DO�

$OuHP GDV FRQnJXUDzFaRHV TXH DSUHVHQWDPRV DTXL� SRGHPRV FRP QRVVR

PuHWRGR HVWXGDU VLVWHPDV VXMHLWRV D GLYHUVRV WLSRV GH FRQGLzFaRHV GH FRQWRUQRV�
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(a)

(b) 0.2000

0.4500

0.5750

0.6375

0.7000

0.8250

0.9500

1.200

1.325

1.450

1.513

1.575

1.638

1.700

1.950

2.200

(c) 0.5000

0.6125

0.6406

0.6688

0.6969

0.7250

0.7813

0.8375

0.9500

1.006

1.063

1.091

1.105

1.119

1.133

1.147

1.175

1.231

1.288

1.400

)LJXUD ���� )OX[R GH XP JuDV JUDQXODU DWUDYuHV GH XP WXER UHWDQJXODU �'� FRP XPD EDUUHLUD
TXDGUDGD GH DOWXUD ��O� DSUR[LPDGDPHQWH� D� YHORFLGDGH� E� GHQVLGDGH H F� WHPSHUDWXUD
JUDQXODU�
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-0.6500

-0.5313

-0.4719

-0.4422

-0.4125

-0.3531

-0.2938

-0.1750

-0.1453

-0.1156
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