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2%-(7,92
&RQVLGHUDQGR#DV#FRQGLo}HV#VRFLDLV#H#FXOWXUDLV#GR#EUDVLOHLUR/#SRGHPRV#VXSRU#TXH#DTXHOHV#TXH

WrP# DFHVVR# D# XP# FRPSXWDGRU# H/# HQWUH# HVVHV/# RV# TXH# VH# GHGLFDP# DR# Y{R# VLPXODGR/# WrP# QtYHO# GH
HVFRODULGDGH#LJXDO#RX#VXSHULRU#DR#VHJXQGR#JUDX#GR#(QVLQR#0pGLR1

7HQGR# HP#PHQWH# HVWD# SUHPLVVD/# DERUGDUHPRV# HP# QRVVR# WUDEDOKR# DOJXQV# WySLFRV# GH# )tVLFD
UHODFLRQDGRV#FRP#DV#IRUoDV#TXH#DJHP#QDV#DHURQDYHV#H#RV#VHXV#HIHLWRV1#(PERUD#HVVD#DEVWUDomR#SRVVD
MXVWLILFDU#XPD#DERUGDJHP#VLPSOLILFDGD#GD#PDWpULD/#p#QRVVR#PLVWHU#WHQWDU#VHU#R#PDLV#FODUR#SRVVtYHO1##$RV
TXH#WLYHUHP#DOJXPD#GLILFXOGDGH#HP#FRPSUHHQGHU#QRVVDV#H[SOLFDo}HV/#VXJHULPRV#D#FRQVXOWD#D#XP#OLYUR0
WH[WR#GH#ItVLFD/#EHP#FRPR#GHEDWHU#HP#JUXSRV/#FRP#RXWURV#FROHJDV/#RV#WHPDV#PDLV#GLItFHLV1

(VSHUD0VH#TXH#R#SLORWR#GH#Y{R#VLPXODGR#YHMD#D#ItVLFD#WHyULFD#FRPR#XPD#IHUUDPHQWD#SDUD#DMXGDU
D#FRPSUHHQGHU#FRPR#H#SRU#TXH#XP#REMHWR#PDLV#SHVDGR#GR#TXH#R#DU#SRGH#YRDU#H/#WDPEpP/#TXH#R#WH[WR
SRVVD# VHUYLU# SDUD# HYHQWXDLV# FRQVXOWDV# RX# UHIHUrQFLDV/# SRUTXDQWR# SURFXUDPRV# DJUHJDU# YDULDGRV
HOHPHQWRV#GH#ItVLFD/#DSOLFDGRV#HVSHFLILFDPHQWH#DR#Y{R#VLPXODGR/#HPERUD#UHVXPLGDPHQWH1

1mR#Ki#RULJLQDOLGDGH#GH#QRVVD#SDUWH/#QD#DSUHVHQWDomR#GRV#FRQFHLWRV#GH#ItVLFD1##2ULJLQDLV#IRUDP
*DOLOHR/#TXDQGR#IH]#DV#SULPHLUDV#REVHUYDo}HV#VREUH#RV#PRYLPHQWRV/#1HZWRQ/#TXDQGR#HVFUHYHX#VXDV
OHLV/#DSHUIHLoRDQGR#R#WUDEDOKR#GH#*DOLOHR/#H#(LQVWHLQ/#DR#HVWDEHOHFHU#RV#OLPLWHV#SDUD#HVVDV#OHLV/#TXDQWR#jV
DOWDV#YHORFLGDGHV1##4XDQWR#D#QyV/#VHQWLPR0QRV#KRQUDGRV#HP#VHUPRV#WmR0VRPHQWH#RV#FRQYLGDGRV#SDUD
HVVH#EDQTXHWH#GH#WmR#VHOHWD#DXGLrQFLD1

(YHQWXDLV# HUURV# GHYHUmR# VHU# FRPSUHHQGLGRV# H# WROHUDGRV# QHVWD# SULPHLUD# GLYXOJDomR# GHVWH
GRFXPHQWR1#6XJHVW}HV#H#FRUUHo}HV#VHUmR#EHP0YLQGDV#DR#)RUXP#GH#6LPXODo}HV#$pUHDV#0#)6$/#SDUD#R
DSHUIHLoRDPHQWR#H#XPD#PDLRU#DEUDQJrQFLD#GHVWH#FXUVR#QXPD#SUy[LPD#UHYLVmR1

7DOYH]#YRFr#QmR#IDoD#SRXVRV#SHUIHLWRV#GHSRLV#GHVWH#FXUVR/

PDV#SHOR#PHQRV#VDEHUi#SRU#TXH1

$XWRU=#-RVp#)UDQFLVFR#/{ER

&RQWURODGRU#GH#9{R#0#(VFROD#GH#(VSHFLDOLVWDV#GH#$HURQiXWLFD#²#(($HU#0#*XDUDWLQJXHWi#²#63/#4<952:3

(QJHQKHLUR#0HFkQLFR#²#8)&0&(/#4<:3
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,QWURGXomR

e# LQHJiYHO#R#IDVFtQLR#TXH#R#GHVDILR#GD#JUDYLGDGH#WHP#VREUH#RV#KRPHQV1#'HVGH#D#/HQGD#GH
ÌFDUR/#PXLWRV# WHQWDUDP#VH# LJXDODU#DRV#SiVVDURV/#VHP# WHU#XP#FRPSOHWR#HQWHQGLPHQWR#GDV#KDELOLGDGHV
TXH#D#QDWXUH]D#GHX#D#HVVHV#DQLPDLV#SDUD#SRGHUHP#VH#PRYLPHQWDU#QD#WHUUD/#QD#iJXD#H#QR#HVSDoR1#3RU#TXH
R#KRPHP/#R#PDLV# LQWHOLJHQWH#GRV#DQLPDLV/#QmR#SRGHULD#WDPEpP#PRYLPHQWDU0VH#FRP#WDQWD# OLEHUGDGH"
0XLWRV#SDJDUDP#FRP#D#YLGD#WHQWDQGR#UHVSRQGHU#D#HVVD#SHUJXQWD1#9HUV}HV#PRGHUQDV#GHVVH#FRQVWDQWH
GHVDILR#VmR#HP#IRUPD#GH#DVDV0GHOWDV/#EXQJ0MXPS/#EDO}HV/#SDUDJOLGHUV/#WULNHV/#HWF1

2# HVIRUoR# WHFQROyJLFR# IHLWR# GXUDQWH# D# 6HJXQGD#*XHUUD#0XQGLDO# UHVXOWRX# HP# LQ~PHURV
DSHUIHLoRDPHQWRV/#WDQWR#GH#DHURQDYHV#FRPR#GH#PHLRV#GH#FRPXQLFDomR#H#QDYHJDomR1#2V#YHQFHGRUHV
LQFRUSRUDP#R#TXH#KDYLD#GH#PHOKRU#QD#WHFQRORJLD#GRV#YHQFLGRV#H#D#PXQGR#PRGHUQR#JDQKRX#EDVWDQWH
FRP# LVVR=# DHURQDYHV#PDLV# YHOR]HV/# VHJXUDV# H# FRQIRUWiYHLV/# SDUD# WUDQVSRUWH# GH# SDVVDJHLURV/# FDUJDV/
FRPEDWH/#SDVVHLR#H#DWp#PHVPR#YLDJHQV#LQWHUSODQHWiULDV/#D#FXVWRV#DFHVVtYHLV1

$#XWLOL]DomR#GH#PDWHULDLV#PDLV#OHYHV#H#XPD#YHUGDGHLUD#SDUDIHUQiOLD#GH#HTXLSDPHQWRV#HOHWU{QLFRV
SDUD#QDYHJDomR#H#FRPXQLFDomR#DJUHJDP#PDLV#SRGHU#jV#DHURQDYHV1#(P#WURFD/#H[LJHP#GDTXHOHV#TXH#VH
SURS}HP#D#FRQGX]L0ODV/#XP#FRQKHFLPHQWR#EiVLFR#GH#YiULDV#FLrQFLDV/#FRPR#*HRJUDILD/#&DUWRJUDILD/
0DWHPiWLFD/#&RPSXWDomR#H#QRVVD#TXHULGD#)tVLFD/#REMHWR#GHVWH#SHTXHQR#WUDEDOKR1

1RVVD#LQWHQomR#p#R#Y{R#VLPXODGR/#QmR#UHVWD#DTXL#D#PHQRU#G~YLGD1#0DV/#VHUi#UHDOPHQWH#SUHFLVR
HVWXGDU#)tVLFD##SDUD#XWLOL]DU0VH#R#VLPXODGRU#GH#Y{R#FRPR#GLYHUVmR"#$#UHVSRVWD#p#1®2/#REYLDPHQWH1

7RGDYLD/#RV#SURJUDPDV#GH#VLPXODomR#GH#Y{R#SURFXUDP#VH#DSUR[LPDU#GD#UHDOLGDGH#H#RIHUHFHP
DRV#VHXV#XVXiULRV#D#RSRUWXQLGDGH#GH#´VHQWLUµ#R#FRPSRUWDPHQWR#GD#DHURQDYH#HP#Y{R#H#R#DFHVVR#D
PRGHORV#IXQFLRQDLV#GRV#PDLV#DWXDOL]DGRV#HTXLSDPHQWRV#HOHWU{QLFRV1#$#PtQLPD#FRPSUHHQVmR#H#GRPtQLR
GH# WRGRV# HVVHV# FRPSOH[RV# GLVSRVLWLYRV# UHTXHUHP# XP# SRXFR# GH# HVIRUoR# LQWHOHFWXDO1# # ([SORUDU# RV
UHFXUVRV# GH# XPD# DHURQDYH# QR# Y{R# VLPXODGR# UHTXHU# XP# FRQKHFLPHQWR# EiVLFR# GDV# HVSHFLILFDo}HV/
FDSDFLGDGHV#H#OLPLWDo}HV#GHVVDV#DHURQDYHV#H#GR#DPELHQWH#RQGH#HODV#VH#PRYLPHQWDP/#QmR#GHVDILDQGR/
PDV#VLP/#REHGHFHQGR#DV#OHLV#GRV#KRPHQV#H#GD#1DWXUH]D1
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$#$HURQDYH

2.1 Eixos da Aeronave
2EVHUYHPRV#FRP#DWHQomR#D#)LJ1#514/#TXH# UHSUHVHQWD#XPD#DHURQDYH#HP#Y{R/#GHVWDFDQGR#RV

VHXV#WUrV#HL[RV#GH#PRYLPHQWR1

2EVHUYDomR=# WUrV#SDODYUDV#SDUHFLGDV#QD# VXD# JUDILD/#PDV#GH# VLJQLILFDGRV#SUySULRV/#TXH# VHUmR
XWLOL]DGRV# QR# SUHVHQWH# WH[WR/
FRQIRUPH#DEDL[R=

$WLWXGH# ²# p# D# SRVLomR
GD# DHURQDYH# HP# UHODomR# DRV
VHXV#HL[RV1

$OWLWXGH# ²# p# XPD
PHGLGD# TXH# GHSHQGH# GH
GHWHUPLQDGD# UHIHUrQFLD
EDURPpWULFD1

$OWXUD#²#p#XPD#PHGLGD
VREUH# D# OLQKD# YHUWLFDO# OLJDQGR
GRLV#SRQWRV#GHWHUPLQDGRV1

)LJ1#514#$HURQDYH#H#VHXV#HL[RV

(L[R#ORQJLWXGLQDO#0#p#R#SULQFLSDO#HL[R/#SDVVDQGR#DR#ORQJR#GD#DHURQDYH/#GHVGH#R#QDUL]#DWp#D
H[WUHPLGDGH#GR#FRQH#GH# FDXGD1#8P#SODQR#YHUWLFDO# FRQWHQGR# HVVH# HL[R#GLYLGH# D#DHURQDYH# HP#GXDV
SDUWHV#VLPpWULFDV/#GLUHLWD#H#HVTXHUGD1#1R#Y{R#QLYHODGR/#FRP#YHORFLGDGH#FRQVWDQWH#H#VHP#YHQWR#ODWHUDO/
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R#PRYLPHQWR#SULQFLSDO# VH#SURFHVVD# VRPHQWH# DR# ORQJR#GHVVH# HL[R1#2# FRPSULPHQWR#GD#DHURQDYH# p
PHGLGR#DR#ORQJR#GHVWH#HL[R1

(L[R#ODWHUDO#²#YDL#GH#XPD#SRQWD#j#RXWUD#GDV#DVDV#H#FUX]D#FRP#R#HL[R#ORQJLWXGLQDO/#IRUPDQGR
XP#SODQR#KRUL]RQWDO/#FRPR#XPD# VXSHUItFLH#GH#XP# ODJR/# FRQWHQGR#RV#GRLV# HL[RV1#2#PRYLPHQWR#DR
ORQJR#GHVWH#HL[R#p#VHQWLGR#GXUDQWH#DV#FXUYDV#H#WDPEpP#VRE#D#DomR#GH#YHQWR#GH#WUDYpV1#$#PHGLGD#GD
DHURQDYH#QHVWH#HL[R#p#FKDPDGD#GH#HQYHUJDGXUD1

)LJ1#515#²#3ULQFLSDLV#6XSHUItFLHV#0yYHLV#GH#&RPDQGR

(L[R# YHUWLFDO# 0# p# SHUSHQGLFXODU# DR# SODQR# IRUPDGR# SHORV# RXWURV# GRLV# HL[RV# H# FRQFRUUH# QD
LQWHUVHomR#GRV#PHVPRV1#$#DOWXUD#GD#DHURQDYH#p#PHGLGD#VREUH#HVVH#HL[R1

2V#WUrV#HL[RV#VmR#SHUSHQGLFXODUHV#HQWUH#VL/#GRLV#D#GRLV/#H#HQFRQWUDP0VH#QR#FHQWUR#GH#PDVVD#GD
DHURQDYH1##2#PRYLPHQWR#DR#ORQJR#RX#HP#WRUQR#GH#TXDOTXHU#XP#GRV#HL[RV#LQGHSHQGH#GRV#PRYLPHQWRV
TXH#SRVVDP#HVWDU#DFRQWHFHQGR#QRV#GHPDLV#HL[RV1
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3RUWDQWR/#D#DHURQDYH#HP#Y{R#SRGH#PRYLPHQWDU0VH#WDQWR#DR#ORQJR#GRV#HL[RV#FRPR#HP#WRUQR
GHOHV1# 6mR# WUrV#PRYLPHQWRV# GH# WUDQVODomR# H# WUrV# GH# URWDomR/# TXH# SRGHP# DFRQWHFHU# VLPXOWkQHD# H
LQGHSHQGHQWHPHQWH1

2.2 Principais Superfícies Móveis de Comando
$V#VXSHUItFLHV#PyYHLV#GH#FRPDQGR#+YHU#)LJ1#515,#DOWHUDP#R#VLVWHPD#GH#IRUoDV#DJLQGR#VREUH#D

DHURQDYH/#SURYRFDQGR#RV#PRYLPHQWRV#HP#WRUQR#GRV#VHXV#HL[RV#H#VmR#UHVSRQViYHLV#SHODV#PXGDQoDV#GH
DWLWXGHV1#$V#SULQFLSDLV#VXSHUItFLHV#GH#FRPDQGR#VmR=#DLOHURQV#GLUHLWR#H#HVTXHUGR/#SURIXQGRU#RX#OHPH
KRUL]RQWDO#H#HVWDELOL]DGRU#RX#OHPH#YHUWLFDO1

6REUH# R# HL[R# ORQJLWXGLQDO/# DR# ORQJR# GR# TXDO# D# DHURQDYH# VH# GHVORFD/# HOD# SRGH# JLUDU/
H[HFXWDQGR# XP#PRYLPHQWR# FKDPDGR#GH# URODJHP# +UROO/# HP# LQJOrV,1# 6REUH# R# HL[R# ODWHUDO/# HOD# JLUD/
VXELQGR#RX#GHVFHQGR#R#QDUL]#+RX#D#FDXGD,/#QXP#PRYLPHQWR#FKDPDGR#GH#DUIDJHP#+SLWFK#XS#RX#SLWFK
GRZQ/# HP# LQJOrV,# H# VREUH#R#HL[R#YHUWLFDO# D#DHURQDYH#JLUD#SDUD#D#GLUHLWD#RX#SDUD# D# HVTXHUGD/#QXP
PRYLPHQWR#FKDPDGR#GH#GLUHFLRQDO#RX#GH#JXLQDGD#+\DZ/#HP#LQJOrV,1

1HP#VHPSUH#D#DHURQDYH#HVWi#LQGR#SDUD#RQGH#VHX#QDUL]#DSRQWD1#0RYLPHQWRV#GH#GHUUDSDJHQV
QR#DU#+VNLGGLQJ#H#VOLSSLQJ,/#FRPDQGDGRV#SHOR#SLORWR#RX#LQYROXQWiULRV#VmR#FRPXQV1

1D#UHDOLGDGH/#H[FHWXDQGR0VH#R#Y{R#HVWDELOL]DGR#H#HP#OLQKD#UHWD#GHVORFDQGR0VH#DR#ORQJR#GR#HL[R
ORQJLWXGLQDO/# WRGRV# RV# GHPDLV# PRYLPHQWRV# GD# DHURQDYH# VmR# FRPELQDo}HV# GH# PRYLPHQWRV
LQGHSHQGHQWHV/#WDQWR#GH#WUDQVODomR#FRPR#GH#URWDomR/#DFRQWHFHQGR#VLPXOWDQHDPHQWH#QRV#GHPDLV#HL[RV1

2.3 Acionamento das Superfícies de Comando
([LVWHP#RXWUDV#VXSHUItFLHV#GH#FRPDQGR/#PyYHLV#RX#IL[DV/#FXMD#DERUGDJHP#IRJH#DR#HVFRSR#GHVWH

WUDEDOKR=# IODS/# TXLOKD# YHQWUDO# RX# GRUVDO/# FRPSHQVDGRU# +7ULP# 7DE,# IL[R# H#PyYHO/# VSRLOOHU/# IODS# GH
PHUJXOKR#+DLU#EUDNH,/#FDQDUG/#HWF1#2#SLORWR#GHYH#LGHQWLILFDU#HVVDV#VXSHUItFLHV#HP#VXD#DHURQDYH/##FRQKHFHU
VXDV#IXQo}HV#H#VDEHU#FRPR#H#TXDQGR#SRGH#H#GHYH#DFLRQi0ODV1

2#PRYLPHQWR#GH# URODJHP/# H[HFXWDGR# HP# WRUQR#GR#HL[R# ORQJLWXGLQDO# p#SURYRFDGR#SHODV
VXSHUItFLHV#GH#FRPDQGR#ORFDOL]DGDV#QDV#H[WUHPLGDGHV#GDV#DVDV/#GLUHLWD#H#HVTXHUGD/#QRV#ERUGRV#GH#IXJD
GDV#PHVPDV/#GHQRPLQDGDV#DLOHURQ#GLUHLWR#H#DLOHURQ#HVTXHUGR1 (VVH# PRYLPHQWR# p# FRPDQGDGR
JLUDQGR#R#PDQFKH#SDUD#D#GLUHLWD#RX#SDUD#D#HVTXHUGD/#QD#GLUHomR#GR#HL[R#ODWHUDO

2#PRYLPHQWR#GH#DUIDJHP/#H[HFXWDGR#HP#WRUQR#GR#R#HL[R#ODWHUDO/#p#SURYRFDGR#SHOD#VXSHUItFLH
GH# FRPDQGR# ORFDOL]DGD# QD# H[WUHPLGDGH# SRVWHULRU# GD# DHURQDYH# +HPSHQDJHP# RX# FRQH# GH# FDXGD,
GHQRPLQDGD# OHPH# KRUL]RQWDO# RX# SURIXQGRU1#2# DFLRQDPHQWR# GR# SURIXQGRU# p# IHLWR#PRYHQGR# R
PDQFKH#QD#GLUHomR#GR#HL[R#ORQJLWXGLQDO1/#SDUD#D#IUHQWH#RX#SDUD#WUiV1

2#PRYLPHQWR#GH#JXLQDGD#RX#GLUHFLRQDO/#H[HFXWDGR#HP#WRUQR#GR#HL[R#YHUWLFDO#p#SURYRFDGR
SHOD#VXSHUItFLH#GH#FRPDQGR#ORFDOL]DGD#QD#H[WUHPLGDGH#SRVWHULRU#GD#DHURQDYH#+HPSHQDJHP#RX#FRQH#GH
FDXGD,#GHQRPLQDGD#OHPH#YHUWLFDO#RX#HVWDELOL]DGRU1#2#HVWDELOL]DGRU#p#DFLRQDGR#SUHVVLRQDQGR0VH#RV
SHGDLV1

4XDQGR#D#DHURQDYH#HQFRQWUD0VH#QR# VROR/#RV#SHGDLV# WHP#D# IXQomR#GH# IUHLR#H#GH#GLUHomR#GD
EHTXLOKD/#HVVHQFLDLV#GXUDQWH#DV#PDQREUDV#GH#WD[L1
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6LVWHPDV#0pWULFRV

3.1 Sistema Métrico
4XDOTXHU#VLVWHPD#PpWULFR#p#IXQGDPHQWDGR#HP#WUrV#XQLGDGHV#LQGHSHQGHQWHV=

0#0#PDVVD>

/#0#FRPSULPHQWR#+/HQJWK/#HP#LQJOrV,>#H

7#0#WHPSR1

7RGDV#DV#GHPDLV#XQLGDGHV#VmR#GHILQLGDV#HP#IXQomR#GHVVDV#XQLGDGHV#EiVLFDV1#$#PDVVD#p#XPD
SURSULHGDGH#GD#PDWpULD/#R#FRPSULPHQWR# p#XPD#JUDQGH]D# ItVLFD#GH#XP# FRUSR/#TXH# UHSUHVHQWD# VXDV
GLPHQV}HV# H#SRVLomR# HP# UHODomR# D# XP# UHIHUHQFLDO#GDGR/# H#R# WHPSR# p# D# YDULiYHO# LQGHSHQGHQWH# HP
UHODomR#j#TXDO#WRGRV#RV#IHQ{PHQRV#VmR#UHIHUHQFLDGRV1

1D#DYLDomR/#SUHGRPLQD#R#XVR#GR#VLVWHPD#GH#PHGLGDV#GR#VLVWHPD#PpWULFR# LQJOrV/#DGRWDGR#HP
SDUWH#SHORV#(VWDGRV#8QLGRV1#5HVWD0QRV#FRQYLYHU#FRP#DOJXPDV#PHGLGDV#QHVVH#VLVWHPD#H#R#HTXLYDOHQWH
QR#QRVVR#6LVWHPD#0pWULFR#'HFLPDO/#PDLV#LQWXLWLYR#H#IiFLO#GH#FRPSUHHQGHU1

$V#PHGLGDV#GH#FRPSULPHQWR#VmR#GDGDV#HP=

• 0LOKD#QiXWLFD#>#10#@#0#LJXDO#D#41;85#PHWURV>

• 3ROHJDGD#0#LQFK#>#LQ#@#0#LJXDO#D#5/87#FP1

• 3p#0#)RRW#0#>#IW#@#0#LJXDO#D#3/637;#PHWUR#+4#IW#LJXDO#D#45#LQ,1

• 0LOKD#WHUUHVWUH#RX#PLOKD#>#P#@#+6WDWXWH#PLOH,#0#LJXDO#D#4193<#PHWURV1
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• *DOmR#0#JDOORQ#²#>JO@# #6/:;7#OLWURV#+PHGLGD#GH#OtT�LGRV,

2V#YDORUHV#PDLRUHV/#FRPR#DV#GLVWkQFLDV/#VmR#H[SUHVVRV#HP#PLOKDV#QiXWLFDV/#RV#YDORUHV#PpGLRV/
FRPR#DV#DOWXUDV/#VmR#H[SUHVVRV#HP#SpV#H#RV#SHTXHQRV#YDORUHV/#FRPR#D#SUHVVmR#DWPRVIpULFD/#H[SUHVVRV
HP#SROHJDGDV1#1R#VLVWHPD#PpWULFR/#XWLOL]DUtDPRV=#TXLO{PHWUR/#PHWUR#H#FHQWtPHWUR/#UHVSHFWLYDPHQWH1

3DUD#LQGLFDU#YHORFLGDGH#XWLOL]DPRV#D#PLOKD#QiXWLFD#SRU#KRUD#TXH#WHP#R#QRPH#HVSHFLDO#GH#Qy
+NQRW#,#H#DEUHYLD0VH=#NW/#NWV/#.761#8PD#PLOKD#QiXWLFD#HT�LYDOH#D#913:9#SpV#RX#41;85#PHWURV1#(VVD
PHGLGD# IRL#HVFROKLGD#SRU#FRUUHVSRQGHU#DR#DUFR#GH#FLUFXQIHUrQFLD#GH#XP#PLQXWR/#PHGLGR# VREUH#XP
JUDQGH#FtUFXOR#GD#WHUUD/#FXMD#FLUFXQIHUrQFLD#PHGH#731333#NP1

8P#Qy#HT�LYDOH#D#4/48#PLOKD#WHUUHVWUH/#RX#VHMD/#433#NWV# #448#PSK#RX#433#NWV# #4;8#NP2K1

2XWUDV#XQLGDGHV#~WHLV#+SDUD#FRQVXOWD,=

^35,9$7(`0XOWLSOLTXH
$WPRVSKHUHV
%DUUHOV
%DUUHOV#3HU#'D\
&HQWLJUDGH
&HQWLPHWHUV
&HQWLPHWHUV
&XELF#)HHW
&XELF#0HWHUV
)DKUHQKHLW
)HHW
*DOORQV
*DOORQV
*DOORQV
*DOORQV#SHU#PLQXWH
,QFKHV
,QFKHV
.LORJUDPV
.LORJUDPV
.LORJUDPV#3HU#6T1#&HQWLPHWHU
/E1#2#)W
/LWHUV#3HU#+RXU
/LWHUV
/LWHUV
/LWHUV#3HU#6HFRQG
/LWHUV#3HU#6HFRQG
0HWHUV
0LOOLPHWHUV
3RXQGV
36,
36,

3RU
4719<9
3148;<;
3148958
+&#[#<28,#.#65
31365;3;
316<6:
3135;65
915;<
+)#[#82<,#0#65
31637;
31356;4
31336:;8
61:;8
6715<9
5187
313587
6815:6<
5153795
471556
417;9
313377
315975
3136864
5144;<
481;83:
615;3;
3136<6:
317869
313:364
91;<8

3DUD#REWHU
36,
&XELF#0HWHUV
0HWULF#7RQV#D#'D\
)DKUHQKHLW
)HHW
,QFKHV
&XELF#0HWHUV
%DUUHOV
&HQWLJUDGH
0HWHUV
%DUUHOV
&XELF#0HWHUV
/LWHUV
%DUUHOV#3HU#'D\
&HQWLPHWHUV
0HWHUV
2XQFHV
3RXQGV
3RXQGV#3HU#6T1#,QFK
NJ#2#P
*30
)HHW
&XELF#)HHW#+&),
&)0
*30
)HHW
,QFKHV
.LORJUDPV
N2VT12F
N3D
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'LUHomR#H#6HQWLGR

4.1 Introdução
6H#HVWLYHUPRV#QXPD#FLGDGH#$#H#TXLVHUPRV#LU#SDUD#D#FLGDGH#%#SUHFLVDPRV#FRQKHFHU#DV#SRVLo}HV

UHODWLYDV#GHVVDV#FLGDGHV1#6H#QRVVD#YLDJHP# IRU#SRU# WHUUD/#SRU#XPD#HVWUDGD#GHILQLGD/#XPD# Vy#PHGLGD#p
VXILFLHQWH=#$#',67Ç1&,$#(175(#$6#'8$6#&,'$'(61

6H#D#QRVVD#YLDJHP#IRU#GH#DYLmR/#DOpP#GD#GLVWkQFLD#HQWUH#DV#FLGDGHV/#SUHFLVDPRV#VDEHU#D#GLUHomR#H
R#VHQWLGR#GR#QRVVR#SHUFXUVR#H#D#TXH#DOWXUD#YRDUHPRV/#SDUD#QmR#FROLGLU#FRP#REVWiFXORV#QR#VROR1

5HIHUHQFLDO#p#XP#FRUSR#HP#UHODomR#DR#TXDO#VmR#GHILQLGDV#DV#SRVLo}HV#GH#RXWURV#FRUSRV1

'LUHomR#p#XPD#QRomR#TXH#VH#DVVRFLD#D#XPD#UHWD1#'HVVH#PRGR/#XPD#UHWD#U#WHP#XPD#GLUHomR#H
TXDOTXHU#UHWD#SDUDOHOD#D#HOD#WHP#D#PHVPD#GLUHomR1#$#XPD#GLUHomR#SRGHPRV#DVVRFLDU#GRLV#VHQWLGRV1#3RU
H[HPSOR=#GLUHLWD#RX#HVTXHUGD>#SDUD#FLPD#RX#SDUD#EDL[R>#SRVLWLYR#RX#QHJDWLYR>#1RUWH#RX#6XO>#/HVWH#RX
2HVWH/#HWF1

4.2 Graus de Liberdade
9DPRV#FRQFHLWXDU#JUDX#GH#OLEHUGDGH#FRPR#VHQGR#D#SRVVLELOLGDGH#TXH#XP#FRUSR#WHP#GH#VH

PRYHU#HP#XPD#GDGD#GLUHomR1#1R#HVSDoR#ItVLFR/#WULGLPHQVLRQDO/#HVWDV#SRVVLELOLGDGHV#VmR#WUrV1#3RUWDQWR
WHPRV#XP#Q~PHUR#Pi[LPR#GH#WUrV#JUDXV#GH#OLEHUGDGH#SDUD#RV#PRYLPHQWRV/#FRQIRUPH#VHJXH=

/LQKD=#SHUPLWH#R#PRYLPHQWR# HP#XPD# Vy#GLUHomR# H#GRLV# VHQWLGRV1#3RU# H[HPSOR=# XP# WUHP
YLDMDQGR#HQWUH#DV#FLGDGHV#$#H#%#SRGH#HVWDU#LQGR#QR#VHQWLGR#GH#$#SDUD#%#RX#YLFH0YHUVD1#1HQKXPD#RXWUD
GLUHomR#RX#VHQWLGR#SRGHUi#H[LVWLU1

6HomR
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2#PRYLPHQWR#DR#ORQJR#GH#XPD#OLQKD#QHFHVVLWD#GH#XP#~QLFR#HL[R#SDUD#GHILQL0OR1#(VWDEHOHFLGR
XP# UHIHUHQFLDO/# SRGHPRV# ORFDOL]DU# R# SRQWR# PyYHO# FRP# XPD# ~QLFD# PHGLGD# GH# GLVWkQFLD# RX
GHVORFDPHQWR/#HP#XP#GHWHUPLQDGR#PRPHQWR1

3ODQR=#SHUPLWH#XP#JUDX#GH#OLEHUGDGH#PDLV#DPSOR1#3RU#H[HPSOR=#XP#EDUFR#HP#XP#ODJR#SRGH
GHVORFDU0VH#QXPD# LQILQLGDGH#GH#GLUHo}HV#QR#SODQR#GD# iJXD#GHVVH# ODJR/# OLPLWDGR# VRPHQWH#SHODV# VXDV
PDUJHQV1

&RP#XP#SDU#GH#HL[RV#FRRUGHQDGRV#HQWUH#VL/#RV#PRYLPHQWRV#UHDOL]DGR#VREUH#R#SODQR#SRGHP#VHU
UHSUHVHQWDGRV/#DWUDYpV#GH#VXDV#SURMHo}HV#VREUH#HVVHV#HL[RV/#R#TXH#p#VXILFLHQWH#SDUD#D#ORFDOL]DomR#GHVVH
PyYHO1#3DUD#SORWDU#XPD#SRVLomR#XWLOL]DQGR#XPD#FDUWD#JHRJUiILFD/#VHMD#XP#JXLD#WXUtVWLFR#GH#XPD#FLGDGH/
XP#PDSD#URGRYLiULR#RX#XPD#FDUWD#GH#QDYHJDomR/#ID]HPRV#UHIHUrQFLD#D#GRLV#HL[RV#SHUSHQGLFXODUHV#HQWUH
VL=#HL[R#1RUWH06XO#H#HL[R#/HVWH02HVWH1

(VSDFLDO=#SHUPLWH#R#Pi[LPR#GH#OLEHUGDGH1#2#PHOKRU#H[HPSOR#p#R#Y{R#GH#XP#SiVVDUR1

8PD#DHURQDYH#VH#PRYLPHQWD#QR#HVSDoR#WULGLPHQVLRQDO/#HP#JUDQGHV#YHORFLGDGHV/#UHTXHUHQGR
XP#WHUFHLUR#HL[R#SDUD#GHILQLU#VXD#SRVLomR1#(VVH#WHUFHLUR#HL[R#p#D#OLQKD#TXH#SHUPLWH#FRQKHFHU#VXD#DOWXUD
VREUH#R#WHUUHQR#TXH#HVWi#VHQGR#VREUHYRDGR/#IXQGDPHQWDO#SDUD#HYLWDU#FROLV}HV#FRP#RXWUDV#DHURQDYHV/
REVWiFXORV#H#DFLGHQWHV#JHRJUiILFRV#GD#UHJLmR1
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)RUoDV#HP#$omR

Para voar é preciso: 1 piloto, 2 asas, 3 eixos, 4 forças e 5
letras (avião)

5.1 Grandezas escalares e vetoriais
$V#JUDQGH]DV#SRGHP#VHU#HVFDODUHV#RX#YHWRULDLV1

8PD#JUDQGH]D#HVFDODU# ILFD#GHILQLGD#DSHQDV#SRU# VXD# LQWHQVLGDGH1#6mR#H[HPSORV#GH#JUDQGH]DV
HVFDODUHV=#PDVVD/#WHPSHUDWXUD/#WUDEDOKR/#WHPSR/#SRWrQFLD/#GLPHQV}HV#ItVLFDV/#HWF1

8PD#JUDQGH]D#YHWRULDO/#DOpP#GD#LQWHQVLGDGH/#SRVVXL#XPD#GLUHomR1#6mR#H[HPSORV#GH#JUDQGH]DV
YHWRULDLV=#IRUoD/#DFHOHUDomR/#YHORFLGDGH1#e#UHSUHVHQWDGD#PDWHPDWLFDPHQWH#SRU#XP#YHWRU1

1HVWH#WH[WR#UHSUHVHQWDUHPRV#DV#JUDQGH]DV#YHWRULDLV#HP#QHJULWR/#WDO#FRPR#)/#H#VXD#LQWHQVLGDGH
SRU#_$_/#TXDQGR#IRU#SUHFLVR#HVWDEHOHFHU#XPD#GLVWLQomR#HQWUH#HODV1

2# YHWRU# WHP# XPD# UHSUHVHQWDomR# JUiILFD/# GDGD
SRU# XP# VHJPHQWR# GH# UHWD# RULHQWDGR/# FXMR
FRPSULPHQWR# UHSUHVHQWD# VXD# LQWHQVLGDGH# H# R# kQJXOR
TXH#ID]#FRP#R#HL[R#GH#UHIHUrQFLD#p#D#GLUHomR1

6HomR
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)LJ1#814#²#5HSUHVHQWDomR#JUiILFD#GR#YHWRU

2#YHWRU#SRGH#VHU#GHFRPSRVWR#HP#VXDV#FRPSRQHQWHV/#QDV#GLUHo}HV#GH#GRLV#HL[RV#FRRUGHQDGRV
[#H#\/#FRSODQDUHV1

$V#FRPSRQHQWHV#GH#XP#YHWRU#GHFRPSRVWR/#FRQIRUPH#D#ILJXUD#415#DEDL[R/#YDOH=

$[# #_$_#FRV#θ# #$#FRV#θ

$\# #_$_#VHQ#θ# #$#VHQ#θ1

)LJ1#815#²#'HFRPSRVLomR#GH#XP#YHWRU#HP#GXDV#FRPSRQHQWHV

5.2 Soma de dois vetores

3DUD# VRPDU# GRLV# YHWRUHV
JUDILFDPHQWH# FRQVWUXtPRV# XP
SDUDOHORJUDPR# FXMRV# ODGRV# VmR# UHWDV
SDUDOHODV#jV#GLUHo}HV#GRV#YHWRUHV#GDGRV#H
GH#FRPSULPHQWRV#SURSRUFLRQDLV#jV#VXDV
LQWHQVLGDGHV1# $# GLDJRQDO# GR
SDUDOHORJUDPR# DVVLP# IRUPDGR
UHSUHVHQWD#R#YHWRU#VRPD#RX#UHVXOWDQWH
+5,#GRV#YHWRUHV#$#H#%/#GDGRV1

)LJ1#816#²#5HJUD#GR#SDUDOHORJUDPR#SDUD#VRPD#GH#GRLV#YHWRUHV1
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$#DomR#GR#YHWRU#VRPD#p#D#PHVPD#GRV#YHWRUHV#FRPSRQHQWHV#DJLQGR#HP#FRQMXQWR1#,VWR#SHUPLWH
TXH#D#VXVWHQWDomR#+6,#GD#DHURQDYH#VHMD#UHSUHVHQWDGD#SRU#XP#~QLFR#YHWRU1#'R#PHVPR#PRGR/#R#SHVR
+3,/#HPERUD#GLVWULEXtGR#SRU#WRGD#D#DHURQDYH/#p#UHSUHVHQWDGR#SRU#XP#Vy#YHWRU1

5.3 Momento de uma força
2#PRPHQWR#GH#XPD#IRUoD#p#R#SURGXWR#GD# LQWHQVLGDGH#GD#IRUoD#SHOD#GLVWkQFLD#HQWUH#D#UHWD

VXSRUWH#GD#IRUoD#H#R#SRQWR#GH#DSOLFDomR#GR#PRPHQWR1

#1D#DHURQDYH#WHPRV#D#DSOLFDomR#GH#PRPHQWRV#GH#IRUoDV#QRV#VHJXLQWHV#H[HPSORV=

D,#4XDQGR#R#SLORWR#DFLRQD#R#PDQFKH#+RX#R#MR\VWLFN,#GD#DHURQDYH/#JLUDQGR0R#QDV#GLUHo}HV#GRV
HL[RV#ORQJLWXGLQDO#RX#ODWHUDO>

E,#2#DFLRQDPHQWR#GR#SURIXQGRU#SURYRFD#XPD#IRUoD/#SDUD#FLPD#RX#SDUD#EDL[R/#FXMR#PRPHQWR
p#LJXDO#j#LQWHQVLGDGH#GD#IRUoD#YH]HV#D#GLVWkQFLD#DR#HL[R#ODWHUDO#GD#DHURQDYH1#6HX#HIHLWR#p#D#WHQGrQFLD#GH
EDL[DU#RX#HOHYDU#R#QDUL]#GD#DHURQDYH1

F,#2#DFLRQDPHQWR#GR#HVWDELOL]DGRU#YHUWLFDO#SURYRFD#XPD#IRUoD/#SDUD#D#GLUHLWD#RX#HVTXHUGD/
FXMR#PRPHQWR#p#LJXDO#j#LQWHQVLGDGH#GD#IRUoD#YH]HV#D#GLVWkQFLD#DR#HL[R#YHUWLFDO#GD#DHURQDYH1#6HX#HIHLWR#p
D#WHQGrQFLD#GH#JLUDU#R#QDUL]#GD#DHURQDYH#SDUD#D#HVTXHUGD#RX#GLUHLWD1

5.4 O binário
%LQiULR#p#XP#FRQMXQWR#GH#GXDV#IRUoDV#LJXDLV/#SDUDOHODV#H#GH#VHQWLGRV#FRQWUiULRV1#2#~QLFR#HIHLWR

GR#ELQiULR#p#SURYRFDU#XP#PRYLPHQWR#GH#URWDomR1#1D#DHURQDYH/#VmR#H[HPSORV#GH#ELQiULR#DV#IRUoDV#TXH
JLUDP#D#KpOLFH#+)LJ1#817,#H#R#PRYLPHQWR#GH#URODJHP/#UHVXOWDQWH#GD#DSOLFDomR#GRV#DLOHURQV#+)LJ1#818,1

)LJ1#817#²#%LQiULR#DSOLFDGR#j#KpOLFH1
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)LJ1#818#²#%LQiULR#FULDGR#SHOR#DFLRQDPHQWR#GRV#DLOHURQV1

5.5 Forças agindo sobre a aeronave em vôo
9DPRV#GHILQLU#DOJXPDV# IRUoDV#TXH#DJHP#VREUH#D#DHURQDYH#TXDQGR#HOD#VH#HQFRQWUD#YRDQGR1

$OJXPDV#GHVVDV#IRUoDV#WDPEpP#H[LVWHP#PHVPR#FRP#D#DHURQDYH#HP#UHSRXVR1

3HVR#+3,#0#p#D#IRUoD#GH#DWUDomR#JUDYLWDFLRQDO#TXH#D#7HUUD#H[HUFH#VREUH#D#PDVVD#GD#DHURQDYH1

7UDomR# RX# HPSX[R# GR#PRWRU# +7,# 0# p# D# IRUoD# SURGX]LGD# SHOR#PRWRU# GD# DHURQDYH/# DWUDYpV# GR
PRYLPHQWR# GD# KpOLFH1# 6XD# GLUHomR# p# D# GR# HL[R# GR#PRWRU/# TXH# p#PDLV# RX#PHQRV# SDUDOHOR# DR# HL[R
ORQJLWXGLQDO#GD#DHURQDYH1

6XVWHQWDomR# +6,# 0# p# D# FRPSRQHQWH# GD# IRUoD# DHURGLQkPLFD# JHUDGD# TXDQGR# D# DHURQDYH# VH# GHVORFD
DWUDYpV#GH#XPD#PDVVD#GH#DU1#6XD#GLUHomR#p#SHUSHQGLFXODU#DR#YHQWR#UHODWLYR1

$UUDVWR#+5,#0#p#D#FRPSRQHQWH#GD#IRUoD#DHURGLQkPLFD#JHUDGD#TXDQGR#D#DHURQDYH#VH#GHVORFD#DWUDYpV#GH
XPD#PDVVD#GH#DU1#e#D#UHVLVWrQFLD#DR#DYDQoR1#6XD#GLUHomR#p#SDUDOHOD#DR#YHQWR#UHODWLYR1#2#DUUDVWR#QmR#p
FDXVDGR#VRPHQWH#SHOR#DWULWR#GD#DHURQDYH#FRP#R#DU/#PDV#p#WDPEpP#UHVXOWDQWH#GDV#IRUoDV#DHURGLQkPLFDV
GH#VXVWHQWDomR#SURYRFDGDV#SHOR#PRYLPHQWR#GD#DHURQDYH#HP#UHODomR#j#PDVVD#GH#DU1

1HVWH# WUDEDOKR#QmR# VHUi# DERUGDGR# HP#GHWDOKHV# FRPR# DV# IRUoDV# DHURGLQkPLFDV# VmR# JHUDGDV1
$FHLWDUHPRV# VHP# GHPRQVWUDomR1# (QWUHWDQWR/# HVVDV# IRUoDV# GHSHQGHP/# HQWUH# RXWURV# IDWRUHV/# GD
YHORFLGDGH#GD#DHURQDYH#UHODWLYDPHQWH#j#PDVVD#GH#DU1

5.6 As quatro forças
&HQWUR#GH#*UDYLGDGH#RX#&1*1#0#p#R#SRQWR#SRU#RQGH#SDVVD#D#OLQKD#GH#DomR#GR#SHVR#WRWDO#GD#DHURQDYH1
3RGH#VHU#WDPEpP#FKDPDGR#GH#&HQWUR#GH#0DVVD1
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&HQWUR#GH#VXVWHQWDomR#0#p#R#SRQWR#SRU#RQGH#SDVVD#D#OLQKD#GH#DomR#GD#IRUoD#GH#VXVWHQWDomR/#D#TXDO/
SRU#VXD#YH]/#p#SHUSHQGLFXODU#DR#SODQR#GDV#DVDV1

$#LPSRUWkQFLD#GHVWD#IRUoD#QmR#p#DSHQDV#SDUD#R#Y{R#HVWDELOL]DGR/#PDV#WDPEpP#H#SULQFLSDOPHQWH
SDUD#WRGDV#DV#PDQREUDV#GH#PXGDQoDV#GH#DWLWXGH#H#GH#GLUHomR#GD#DHURQDYH1

9DPRV#REVHUYDU#D#)LJ1# 819/#DEDL[R/# UHSUHVHQWDQGR#D#YLVWD# ODWHUDO#GH#XPD#DHURQDYH# HP#Y{R
QLYHODGR/# HP# OLQKD# UHWD# H# FRP
YHORFLGDGH#FRQVWDQWH/#SRUWDQWR
HP# HTXLOtEULR# GLQkPLFR/
UHDOL]DQGR# XP# PRYLPHQWR
UHWLOtQHR#XQLIRUPH/#HP#UHODomR#D
XP# GHWHUPLQDGR# REVHUYDGRU1
3HOD# 3ULPHLUD# /HL# GH# 1HZWRQ
+SULQFtSLR# GD# LQpUFLD,# HVVD
DHURQDYH# SHUPDQHFHUi# DVVLP
DWp# TXH# DOJXPD# RXWUD# IRUoD# DMD
VREUH#HOD1

)LJ1#819#0#$V#TXDWUR#IRUoDV

2EVHUYH#FRP#DWHQomR#QD#)LJ1#819#D#H[LVWrQFLD#GH#XPD#RXWUD#IRUoD#YHUWLFDO#+LQGLFDGD#VREUH#R
HVWDELOL]DGRU,1#$#DHURQDYH# WHP# FDSDFLGDGH#GH# WUDQVSRUWDU#XPD# FDUJD/# OLPLWDGD# D# XP#GHWHUPLQDGR
SHVR#Pi[LPR1#(VVD#FDUJD#LQFOXL#R#FRPEXVWtYHO#FRORFDGR#HP#VHXV#WDQTXHV/#D#WULSXODomR#H#SDVVDJHLURV#H
WRGRV#RV#GHPDLV#REMHWRV#OHYDGRV#D#ERUGR#H#TXH#GHOD#QmR#ID]HP#SDUWH1#$#GLVWULEXLomR#GHVVD#FDUJD#WHP#R
HIHLWR#GH#GHWHUPLQDU#R#FHQWUR#GH#JUDYLGDGH#+&1*1,1

2#HTXLOtEULR#HVWiYHO#GR#Y{R/#QR#HL[R#ODWHUDO/#p#REWLGR#SHOD#SRVLomR#GR#&1*1/#R#TXDO#GHYH#HVWDU
VHPSUH#j#IUHQWH#GR#FHQWUR#GH#VXVWHQWDomR/#FULDQGR#D#WHQGrQFLD#GH#EDL[DU#R#QDUL]#GD#DHURQDYH/#VH#R
PDQFKH#QmR#HVWLYHU#VHQGR#SX[DGR/#H#HVWDELOL]DQGR#R#Y{R#SDUD#R#kQJXOR#GH#DWDTXH#FRPSDWtYHO1

(QWUHWDQWR/# VH# QmR# FRORFDUPRV# PDLV# XPD# IRUoD# YHUWLFDO/# R# ELQiULR# SHVR0VXVWHQWDomR
FRQWLQXDUi#D#JLUDU#R#QDUL]#GD#DHURQDYH#SDUD#EDL[R1#(VVD#RXWUD# IRUoD# p#XPD# VXVWHQWDomR#QHJDWLYD
FULDGD#DWUDYpV#GR#SURIXQGRU1#2#DFLRQDPHQWR#GR#SURIXQGRU#DXPHQWD#RX#GLPLQXL#HVVH#SHVR#DUWLILFLDO/
SHUPLWLQGR#R#FRQWUROH#GD#DHURQDYH#TXDQWR#DR#VHX#PRYLPHQWR#GH#DUIDJHP1

2V# WUrV# HL[RV# GD# DHURQDYH# VH# HQFRQWUDP# QR# FHQWUR# GH# PDVVD1# ,VWR# VLJQLILFD# TXH# RV
PRYLPHQWRV#HP# WRUQR#GR#HL[RV#QmR#GHSHQGHP#GH#DFHOHUDomR#GR#VHX#FHQWUR#GH#PDVVD1#'XUDQWH#XP
PRYLPHQWR#GH# URWDomR#HP# WRUQR#GH#TXDOTXHU#XP#GRV#HL[RV/#D#SDUWH#GD#DHURQDYH#PDLV#GLVWDQWH#GR
FHQWUR#GH#PDVVD#VRIUH#PDLRU#YDULDomR#GHVVH#PRYLPHQWR1#([HPSOLILFDQGR=#QXPD#DHURQDYH#GH#GRLV
OXJDUHV/#HP#WDQGHP/#R#DVVHQWR#GR#SLORWR#ORFDOL]D0VH#PXLWR#SUy[LPR#DR#FHQWUR#GH#PDVVD#HQTXDQWR#R
VHJXQGR#DVVHQWR/# ORJR#DWUiV/#ILFD#PDLV#GLVWDQWH1#4XHP#HVWLYHU#RFXSDQGR#HVVH#VHJXQGR#DVVHQWR#UHFHEH
PDLV#IRUWHPHQWH#RV#HIHLWRV#GH#XPD#URWDomR1

2#DOLQKDPHQWR#GR#HL[R#GH#WUDomR#QmR#FRLQFLGH#QHFHVVDULDPHQWH#FRP#R#HL[R# ORQJLWXGLQDO1#1D
UHDOLGDGH/# HP# DOJXQV# PRGHORV# GH# DHURQDYHV/# R# HL[R# GH# WUDomR# ILFD# XP# SRXFR# DFLPD# GR# HL[R
ORQJLWXGLQDO/#GH#PRGR#D#FULDU#XP#PRPHQWR#GH#JLUR#GD#IRUoD#GH#WUDomR#HP#UHODomR#DR#FHQWUR#GH#PDVVD/
QR#PHVPR#VHQWLGR#GDTXHOH#FULDGR#SHOR#SURIXQGRU1
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$V#/HLV#GH#1HZWRQ

6.1 Conceitos básicos
2V# SULPHLURV# HVWXGRV# GRV#PRYLPHQWRV# IRFDOL]DUDP# RV# FRUSRV# FHOHVWHV/# QD# WHQWDWLYD# TXH# R

KRPHP# WLQKD# H# WHP# GH# FRPSUHHQGHU# D# REUD# GH#'HXV1#9iULRV# FLHQWLVWDV# VH# SUHRFXSDUDP# FRP# RV
PRYLPHQWRV#SODQHWiULRV/#HQWUH#HOHV#*DOLOHR#*DOLOHL#+489704975,/#TXH#ODQoRX#DV#EDVHV#GD#GLQkPLFD/#FRP
R#VHX#HVWXGR#GRV#FRUSRV#HP#TXHGD#OLYUH1#&RXEH/#QR#HQWDQWR/#D#VLU#,VDDF#1HZWRQ#+497504:5:,/#DSRLDGR
QRV# WUDEDOKRV# GH# *DOLOHR/# DWUDYpV# GR# VHX# OLYUR# ´3ULQFtSLRV# 0DWHPiWLFRVµ# +WtWXOR# RULJLQDO=
´3KLORVRSKLDH# 1DWXUDOLV# 3ULQFLSLD# 0DWKHPDWLFDµ,/# SXEOLFDGR# HP# 49;:/# D# IRUPXODomR# GRV
FRQFHLWRV#GD#ItVLFD#TXH#KRMH#p#HVWXGDGD#QRV#SULPHLURV#DQRV#GRV#FROpJLRV1

1HZWRQ# WHYH#GH#FULDU#FRQFHLWRV#FRPR#PDVVD# +PHGLGD#GD#PDWpULD#EUXWD#GH#XP#REMHWR,/#SHVR
+PHGLGD#TXH#XPD#PDVVD#UHVSRQGH#j#DFHOHUDomR#GD#JUDYLGDGH,/#TXDQWLGDGH#GH#PRYLPHQWR#H#GH#LQpUFLD1

(VVHV#FRQFHLWRV#IRUDP#XWLOL]DGRV#QD#IRUPXODomR#GH#WUrV#OHLV/#TXH#ILFDUDP#FRQKHFLGDV#FRPR#DV
/HLV#GH#1HZWRQ1

$#3ULPHLUD#/HL# GH#1HZWRQ# HVWi# UHODFLRQDGD# FRP# D# LQpUFLD# GRV# FRUSRV/# RX# VHMD/# FRP# D
GLILFXOGDGH#RIHUHFLGD#SHORV#FRUSRV#SDUD#PXGDQoDV#GH#VXDV#YHORFLGDGHV#RX#GH#VHXV#HVWDGRV#GH#UHSRXVR1
2#VHX#HQXQFLDGR#RULJLQDO#p#R#VHJXLQWH=

´7RGR#FRUSR#SHUPDQHFH#HP#VHX#HVWDGR#GH#UHSRXVR#RX#GH#PRYLPHQWR#XQLIRUPH#HP#OLQKD
UHWD/#D#PHQRV#TXH#VHMD#REULJDGR#D#PXGDU#VHX#HVWDGR#SRU#IRUoDV#LPSUHVVDV#QHOHµ1

$#PDVVD#p#XPD#SURSULHGDGH#GH#WRGD#PDWpULD#H#p#HOD#D#UHVSRQViYHO#SHOD#PDLRU#RX#PHQRU#LQpUFLD
GH#XP#FRUSR1#$#XQLGDGH#GH#PHGLGD#GH#PDVVD#p#R#TXLORJUDPD0PDVVD/#DEUHYLDGDPHQWH#NJ1#0XLWDV#YH]HV
XVDPRV#D#PDVVD#FRPR#VLQ{QLPR#GH#SHVR/#R#TXH#QmR#p#FRUUHWR1#$#PDVVD#GH#XP#FRUSR#p#D#PHVPD#HP
TXDOTXHU# OXJDU/#QD#7HUUD/#QD#/XD/#QR#HVSDoR#VLGHUDO/#HQTXDQWR#R#SHVR#p#R#UHVXOWDGR#GD#DWUDomR#GHVVD
PDVVD#SHOD#DFHOHUDomR#GD#JUDYLGDGH#+J,/#FXMR#YDORU#PpGLR/#QD#7HUUD/#p=

6HomR
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J# #</;3#P2VÇ1

# 1D#/XD/#RQGH#D#DFHOHUDomR#GD#JUDYLGDGH#p#GH#429#GHVVH#YDORU/#R#SHVR#GH#XPD#PDVVD# ILFDULD
UHGX]LGR#QD#PHVPD#SURSRUomR1

(QWUHWDQWR#D#LQpUFLD#UHODFLRQD0VH#FRP#D#PDVVD#GR#FRUSR#H#LQGHSHQGH#GH#RQGH#R#FRUSR#HVWHMD1
8P#DVWURQDXWD/#FRUUHQGR#QD#VXSHUItFLH#GD#/XD/#FKRFDQGR0VH#FRP#XPD#SHGUD/#UHFHEH#R#PHVPR#LPSDFWR
TXH#UHFHEHULD#QD#7HUUD1

$#6HJXQGD#/HL#GH#1HZWRQ#p#IRUPXODGD#PDWHPDWLFDPHQWH#FRPR=

)# #P#1#D

RQGH=#)#p#XPD#IRUoD/#P#p#D#PDVVD#GR#FRUSR#H#D#p#XPD#DFHOHUDomR1

2# FRQFHLWR# GH# IRUoD# p# EDVWDQWH# LQWXLWLYR# H# D#PDLV# FRQKHFLGD# GHODV# p# D# IRUoD# JUDYLWDFLRQDO
FRQKHFLGD#FRPR#SHVR1#$V#IRUoDV#VmR#PHGLGDV#HP#TXLORJUDPD0IRUoD#+NJI,#RX#HP#QHZWRQ#+1,1#4#NJI#p
R#SHVR#GH#XPD#PDVVD#GH#4#NJ/#VXMHLWD#j#DFHOHUDomR#GD#JUDYLGDGH/#H#YDOH#</;3#11#1R#FDVR#GD#IRUoD0SHVR/#D
DFHOHUDomR#p#D#GD#JUDYLGDGH#H#WHPRV#D#VHJXLQWH#UHODomR=

3# #P#1#J

RQGH=#3#p#R#SHVR#GR#FRUSR/#P#p#D#VXD#PDVVD#H#J#p#D#DFHOHUDomR#GD#JUDYLGDGH1

2#HQXQFLDGR#GD#5�#/HL#p#R#VHJXLQWH=

´$#PXGDQoD#GR#PRYLPHQWR#p#SURSRUFLRQDO#j#IRUoD#PRWUL]#LPSUHVVD>#H#VH#ID]#VHJXQGR#D
OLQKD#UHWD#SHOD#TXDO#VH#LPSULPH#HVVD#IRUoDµ1

6.2 Aumento de Velocidade: Aceleração Positiva
1D#VHomR#DQWHULRU#YLPRV#DV#TXDWUR#IRUoDV#TXH#DJHP#VREUH#D#DHURQDYH1#4XDQGR#D#DHURQDYH

HVWi#DOLQKDGD#FRP#D#SLVWD/#SURQWD#SDUD#GHFRODU/#R#SLORWR#SLVD#QR#IUHLR#H#JUDGXDOPHQWH#´DFHOHUDµ#R#PRWRU/
RX#VHMD/#SHUPLWH#TXH#R#PRWRU# UHFHED#PDLV#FRPEXVWtYHO/# WUDQVIHULQGR#j#KpOLFH#R#Pi[LPR#GH# URWDomR1
1HVWH# LQVWDQWH/# WHPRV#XPD# IRUoD#GH# WUDomR# +7,# DSOLFDGD# j#DHURQDYH/#TXH# LQLFLD# VHX#PRYLPHQWR# GH
FRUULGD#QD#SLVWD/#WmR#ORJR#R#IUHLR#VHMD#OLEHUDGR1

$#YHORFLGDGH#GD#DHURQDYH#UHODWLYDPHQWH#j#PDVVD#GH#DU#FULD#WDQWR#D#IRUoD#GH#VXVWHQWDomR#+6,
FRPR# D# IRUoD# GH# DUUDVWR# +6,/# TXH# FUHVFHP/# DPEDV/# FRP# D# YHORFLGDGH# DR# TXDGUDGR1#$#PDVVD# GD
DHURQDYH# +P,# HVWi# SRUWDQWR# VXMHLWD# D# YiULDV# IRUoDV/# TXH# QmR# HVWmR# HP# HTXLOtEULR/# VXUJLQGR# XPD
DFHOHUDomR#+D,1

7#²#5# #P#1#D

$#DHURQDYH#GHFROD/#DWLQJH#D#DOWLWXGH#H#D#YHORFLGDGH#GHVHMDGDV#H#R#SLORWR/#JUDGXDOPHQWH/#UHGX]
D#SRWrQFLD#GR#PRWRU#SDUD#XP#SRQWR#HP#TXH#D#WUDomR#GD#KpOLFH#DSHQDV#VH#LJXDOH#DR#DUUDVWR1
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6.3 Redução de Velocidade: Aceleração Negativa
&RQVLGHUHPRV#XP#DXWRPyYHO#GH#PDVVD# LJXDO#D#:33#NJ#H#XPD#SHTXHQD#DHURQDYH#GH#PHVPD

PDVVD/#DPERV#GHVORFDQGR0VH#D#453#NP2K1#6H#R#PRWRULVWD#GR#YHtFXOR#GHVHMDU#UHGX]LU#VXD#YHORFLGDGH
SDUD#;3#NP2K#p#EDVWDQWH#UHWLUDU#R#Sp#GR#DFHOHUDGRU#H#SLVDU#JUDGXDOPHQWH#QR#IUHLR1#(P#SRXFRV#VHJXQGRV
HOH#REWpP#R#HIHLWR#GHVHMDGR1

3RGHULD#R#SLORWR#ID]HU#R#PHVPR#FRP#VXD#DHURQDYH"#&HUWDPHQWH/#QmR1

2#DXWRPyYHO#H#D#DHURQDYH# WrP#D#PHVPD#PDVVD#H#PHVPD#YHORFLGDGH/#SRUWDQWR/#D#PHVPD
LQpUFLD1#$PEDV#SUHFLVDP#GD#PHVPD#IRUoD#SDUD#XPD#LJXDO#UHGXomR#GH#YHORFLGDGH1#2#YHtFXOR#REWpP#HVVD
IRUoD#DWUDYpV#GR#DWULWR#GRV#SQHXV#FRP#D#HVWUDGD1

$#DHURQDYH#QmR#WHP#FRPR#FULDU#XPD#IRUoD#GHVVH#LQWHQVLGDGH#VLPSOHVPHQWH#SHOR#DWULWR#FRP#R
DU1#$# UHGXomR# GD# YHORFLGDGH# VH# GDUi/# SRUWDQWR/# HP# XP# WHPSR#PDLRU/# DWUDYpV# GH# FRPDQGRV#PDLV
FRPSOH[RV#H#PDLV#GHPRUDGRV#GH#DFLRQDPHQWR/#FRPR#RV#)/$361

,VWR#SRVWR/#VLJQLILFD#R#VHJXLQWH=#2#SLORWR#WHP#GH#SODQHMDU#VHXV#PRYLPHQWRV/#FRPR#QXP#MRJR#GH
[DGUH]#HOH#SUHFLVD#WHU#HP#PHQWH#SHOR#PHQRV#R#PRYLPHQWR#VHJXLQWH/#TXDOTXHU#TXH#VHMD#R#PRYLPHQWR#GR
DGYHUViULR=#R#´,PSUHYLVWRµ

6.4 Ação e Reação
$#7HUFHLUD#/HL#GH#1HZWRQ#WHP#SRU#HQXQFLDGR=

´$#XPD#DomR# VHPSUH# VH#RS}H#XPD# UHDomR# LJXDO/#RX# VHMD/#DV#Do}HV#GH#GRLV#FRUSRV#XP
VREUH#R#RXWUR#VHPSUH#VmR#LJXDLV#H#VH#GLULJHP#D#SDUWHV#FRQWUiULDVµ1

(VWD# OHL#GL]#TXH#QmR#Ki# IRUoD# LVRODGD/#RX#VHMD/#DV# IRUoDV#Vy#H[LVWHP#DRV#SDUHV1#3RU#H[HPSOR=
TXDQGR#D#KpOLFH#GR#PRWRU#GD#DHURQDYH# LPSXOVLRQD#R#DU#SDUD#WUiV/#HVVH#UHDJH# LPSXOVLRQDQGR#D#KpOLFH
SDUD#D#IUHQWH1#2XWUR#H[HPSOR=#SDUD#D#KpOLFH#JLUDU#R#PRWRU#DSOLFD#XPD#IRUoD#VREUH#R#HL[R#GD#KpOLFH#R#TXDO
UHDJH#WHQWDQGR#JLUDU#R#HL[R#HP#VHQWLGR#FRQWUiULR/#QXPD#UHDomR#FRQKHFLGD#FRPR#WRUTXH1

3HVVRDOPHQWH/#HX#FKDPDULD#GH#´$# OHL#GR#0DLV#)RUWHµ1#(PERUD#DomR#H# UHDomR# VHMDP# LJXDLV#H
FRQWUiULDV/#QR#FKRTXH#GR#PDLRU#QDYLR#GR#PXQGR#FRP#XP# LFHEHUJ/#R#´7LWDQLFµ#IRL/#H#VHPSUH#VHUi/#D
PRQWDQKD#GH#JHOR1#6H#R#SLORWR#QmR#SRXVDU#VXD#DHURQDYH#VXDYHPHQWH/#PDV#´DWUDFi0ODµ/#D#SLVWD#VRIUH#XQV
DUUDQK}HV/#TXDQWR#j#DHURQDYH111

3RUWDQWR/#R#SLORWR#QR#FRPDQGR#GH#XPD#DHURQDYH#QmR#SRGH#HVTXHFHU#TXH# VXD#PiTXLQD# IRL
SURMHWDGD# H# FRQVWUXtGD# HP# HVWULWD# REHGLrQFLD# DV#/HLV# GD#1DWXUH]D# H# GHYH# VHU# FRQGX]LGD# HP# HVWULWD
REHGLrQFLD#D#HODV/#VRE#SHQD#GH#SHUGD#GH#FRQWUROH#GR#VHX#DSDUHOKR#H/#TXLoi/#GDQRV#D#VXD#VD~GH#H#GH#VHXV
SDVVDJHLURV1

3DUD#QyV/#TXH#SUHWHQGHPRV#VLPXODU#XP#Y{R#FRP#WRGDV#DV#VXDV#FDUDFWHUtVWLFDV#GH#GHVHPSHQKR/
UHOHPEUDU#HVVHV#FRQFHLWRV/#DSOLFDGRV#DRV#PRYLPHQWRV#GD#DHURQDYH/#SRVVLELOLWDUi# HQWHQGHU#PHOKRU#R
FRPSRUWDPHQWR#GD#DHURQDYH#HP#Y{R#H#VXDV#OLPLWDo}HV1
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9HORFLGDGHV#GD#$HURQDYH

7.1 Velocidade Escalar Média
6H#QXP# LQVWDQWH#W4#XP#FRUSR#HVWi#QXPD#SRVLomR#[4#H/#GHFRUULGR#XP# LQWHUYDOR#GH#WHPSR/#QR

LQVWDQWH# W5# R# FRUSR# HVWi# QD# SRVLomR# [5/# GHILQH0VH# VXD# YHORFLGDGH# FRPR# VHQGR# R# HVSDoR# RX# R
FRPSULPHQWR#GD#WUDMHWyULD/#GLYLGLGR#SHOR#LQWHUYDOR#GH#WHPSR#GHFRUULGR#SDUD#SHUFRUUr0OD1#$VVLP=

#9HORFLGDGH/# SRUWDQWR# p# XPD# XQLGDGH# GHULYDGD# GH# GXDV# GDV# XQLGDGHV
IXQGDPHQWDLV/#HVWXGDGDV#QD#VHomR#6/#H#VXD#XQLGDGH#p#P2V1

'D#PHVPD#IRUPD/#SDUD#FRQFHLWXDU#D#DFHOHUDomR#SRGHPRV#GL]HU#TXH#p#D
YDULDomR#GD#YHORFLGDGH#QR#LQWHUYDOR#GH#WHPSR/#RX#PDWHPDWLFDPHQWH=

$# XQLGDGH# SDUD#PHGLU# D# DFHOHUDomR# p#P2V# GLYLGLGR# SRU# V# RX#P2V1V# RX#P2VÇ1# 3RUWDQWR/
VHJXLQGR#HVVH#UDFLRFtQLR#SRGHPRV#GHILQLU#YiULDV#RXWUDV#JUDQGH]DV1#$#XQLGDGH#SDUD#DYDOLDU#XPD#IRUoD#p
XQLGDGH#GH#PDVVD#YH]HV#XQLGDGH#GH#DFHOHUDomR/#QR#FDVR#GD#HQHUJLD/#D#XQLGDGH#p#GDGD#SHOR#SURGXWR#GH
XPD#XQLGDGH#GH# IRUoD#YH]HV#XPD#XQLGDGH#GH#GLVWkQFLD/# H# DVVLP#SRU#GLDQWH#SDUD# XQLGDGHV# HOpWULFDV/
DF~VWLFDV#H#WRGDV#DV#GHPDLV1

'HVVHV#WUrV#HOHPHQWRV#SULQFLSDLV/#VDEHPRV#TXH#R#WHPSR#p#DSHQDV#XP#UHIHUHQFLDO/#HQTXDQWR#D
GLVWkQFLD# UHSUHVHQWD# D#SRVLomR# UHODWLYD# HQWUH#GXDV#PDVVDV/#RX# VHMD/# WDPEpP# p# XP# UHIHUHQFLDO1#5HVWD
VRPHQWH#D#PDVVD/#D#PDWpULD/#QDGD#PDLV/#H#VHXV#UHIHUHQFLDLV#QR#WHPSR#H#QR#HVSDoR1

$V#FULDQoDV#JRVWDP#GH#EULQFDU#FRP#PDVVD#GH#PRGHODU/#FULDQGR# IRUPDV#TXH#H[LVWHP#HP# VXD
LPDJLQDomR1#6HUtDPRV#D#PDVVD#GH#PRGHODU#GH#DOJXPD#&ULDQoD/#TXH#FKDPDPRV#'HXV"#1R#ILQDO#GH#WXGR/
YDOH#OHPEUDU#D#%tEOLD=#´eV#Sy#H#DR#Sy#YROWDUiVµ1#,VWR#QRV#WRUQD/#WRGRV/#LJXDLV1

6HomR
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7.2 Especificações de Velocidade
2#KRPHP#HVWi#VHPSUH#EXVFDQGR#PiTXLQDV#PDLV#YHOR]HV/#TXH#SHUFRUUDP#JUDQGHV#GLVWkQFLDV#HP

SHTXHQRV#LQWHUYDORV#GH#WHPSR#H#VRQKD#FRP#PiTXLQDV#GH#ILFomR#FLHQWtILFD#TXH#SRVVDP#WHOHWUDQVSRUWDU
SHVVRDV# H# REMHWRV/# RX# GHVORFDU0VH# FRPR# GLVFRV# YRDGRUHV/# FRP# DFHOHUDo}HV# H# YHORFLGDGHV
LPSUHVVLRQDQWHV/# GHVDILDQGR# D# JUDYLGDGH1#(QTXDQWR# HVVD# WHFQRORJLD# QmR# FKHJD# DR# QRVVR# DOFDQFH/# D
)tVLFD#1HZWRQLDQD#YDL#UHVROYHQGR#QRVVRV#SUREOHPDV1

'HILQLPRV# YHORFLGDGH# FRPR# VHQGR# D# UD]mR# HQWUH# XPD# GLVWkQFLD# H# R# WHPSR# JDVWR# SDUD
SHUFRUUr0OD1#(QWUHWDQWR/#TXDQGR#SHQVDPRV#HP#XPD#PiTXLQD/#D#YHORFLGDGH#YHP#j#QRVVD# LPDJLQDomR
FRPR#XPD#FDUDFWHUtVWLFD#SUySULD#GDTXHOH#PRGHOR1#e#QHVVH#FRQWH[WR#TXH#YDPRV#IDODU#VREUH#YHORFLGDGH=
FRPR#RV#OLPLWHV#HP#TXH#XPD#GHWHUPLQDGD#DHURQDYH#SRGH#YRDU1

7.3 Velocidade no Eixo Longitudinal
8PD#DHURQDYH#REWpP#VXD#VXVWHQWDomR#SDUD#YRDU#D#SDUWLU#GH#XPD#YHORFLGDGH#PtQLPD/#PHGLGD

HP#UHODomR#j#PDVVD#GH#DU#HP#TXH#HOD#VH#GHVORFD1 2EVHUYHPRV# TXH# D# YHORFLGDGH# HP# UHODomR# DR# VROR
QmR#p#OHYDGD#HP#FRQVLGHUDomR/#QHVVD#DYDOLDomR1#3RU#HVVD#UD]mR/#DV#GHFRODJHQV#H#RV#SRXVRV#VmR#VHPSUH
IHLWRV#QD#SLVWD#FXMD#GLUHomR#p#FRQWUiULD#j#GRV#YHQWRV#SUHGRPLQDQWHV/#QR#PRPHQWR#GR#SRXVR1

$VVLP#FRPR#H[LVWH#XPD#YHORFLGDGH#PtQLPD/# WDPEpP#H[LVWH#XP# OLPLWH# VXSHULRU#GH#YHORFLGDGH
TXH# QmR# SRGH# VHU# H[FHGLGR# SHOD# DHURQDYH/# VRE# SHQD# GH# SHUGD# GH# FRQWUROH# +VWRO# GH# DOWD
YHORFLGDGH,#H#PHVPR#GH#GDQRV#HVWUXWXUDLV#LUUHYHUVtYHLV1#

$TXL#FDEH#XPD#SHTXHQD#REVHUYDomR=#D#GLUHomR#GR#YHQWR#LQIRUPDGD#SHOD#0HWHRURORJLD#p#DTXHOD
´GH#RQGHµ#R#YHQWR#VRSUD/#H#QmR#´SDUD#RQGHµ#R#YHQWR#VRSUD/#FRPR#VHULD#GH#VH#HVSHUDU1#3RUWDQWR#PXLWD
DWHQomR=#YHQWR#GH#<3#JUDXV#VLJQLILFD#YHQWR#YLQGR#GR#/HVWH#H# LQGR#SDUD#R#2HVWH1#1D#HVFROKD#GD#SLVWD
46264#SDUD#SRXVR#RX#GHFRODJHP/#FRP#YHQWR#GH#453#JUDXV/#SRXVH#H#GHFROH#QD#SLVWD#461

7UDWDQGR0VH#GH#XP#GHVORFDPHQWR#GR#SRQWR#$#SDUD#R#SRQWR#%/#D#YHORFLGDGH#HP#UHODomR#DR
VROR#+*URXQG#6SHHG#0#*6,#p#D#PDLV#LPSRUWDQWH#SRLV#p#HOD#TXH#GDUi#D#HVWLPDWLYD#GH#WHPSR#GH#Y{R/#HP
IXQomR# GR# TXDO# VHUi# YHULILFDGD# VH# D# DHURQDYH# SRGH# DOFDQoDU# R# SRQWR# %/# VHP# SUHFLVDU# GH
UHDEDVWHFLPHQWRV1#'XUDQWH#R# Y{R# HP# URWD/# D#GLUHomR#GR# YHQWR#GH# DOWLWXGH# H# R# UXPR# GD# DHURQDYH
SRGHUmR# ID]HU#XP#kQJXOR#TXDOTXHU/#RX#VHMD#D#DHURQDYH# UHFHEHUi#YHQWR#GH#SURD/#YHQWR#GH#FDXGD#RX
YHQWR#GH# WUDYpV1#e#GD# UHVSRQVDELOLGDGH#GR#SLORWR#REWHU# LQIRUPDo}HV#PHWHRUROyJLFDV#SDUD#SURJUDPDU
FRP#VHJXUDQoD#R#VHX#Y{R1

2# WHPSR# Pi[LPR# TXH# D# DHURQDYH# SRGH# SHUPDQHFHU# HP# Y{R/# OLPLWDGR# HP# IXQomR# GD
FDSDFLGDGH#GH#WUDQVSRUWDU#FRPEXVWtYHO#HP#VHXV#WDQTXHV/#FKDPD0VH#DXWRQRPLD1

$V#GHILQLo}HV#GH#9HORFLGDGH#9HUGDGHLUD# +.QRWV#RI#7UXH#$LUVSHHG# 0#.7$6,# H# YHORFLGDGH
LQGLFDGD#+.QRWV#RI#,QGLFDWHG#$LUVSHHG#0#.,$6,#VHUmR#GDGDV#QR#&XUVR#GH#,QVWUXPHQWRV#GH#9{R1

7.4 Velocidade no Eixo Vertical
(YLGHQWHPHQWH/#XPD#DHURQDYH#QmR# VH#GHVORFD#QR# VH#HL[R#YHUWLFDO#FRPR#XP#KHOLFySWHUR1#$

YHORFLGDGH#YHUWLFDO/#RX#VHMD#D#YDULDomR#GH#DOWXUD#RX#DOWLWXGH#GD#DHURQDYH#SRGH#VHU#QXOD#+Y{R#QLYHODGR,/
SRVLWLYD#+YHORFLGDGH#GH#VXELGD,#RX#QHJDWLYD#+YHORFLGDGH#GH#GHVFLGD,#H#FRH[LVWH#FRP#D#YHORFLGDGH#QR
HL[R#ORQJLWXGLQDO1##$ERUGDUHPRV#FRP#PDLRUHV#GHWDOKHV#HVVH#PRYLPHQWR#QD#6HomR#43#GHVWH#WH[WR1
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0RYLPHQWR#&LUFXODU#H#8QLIRUPH

8.1 Curvas e Retas
2#PRYLPHQWR#FRQWURODGR#GH#XPD#DHURQDYH#p#FRPSRVWR#GH#VHJPHQWRV#GH#WUDMHWyULDV#UHWDV#H

FLUFXODUHV1#2#WUHLQDPHQWR#GH#Y{R#LQFOXL#D#SUiWLFD#GH#H[HFXomR#GH#FXUYDV#FRRUGHQDGDV/#RX#VHMD#FXUYDV#HP
TXH# D#EROLQKD#GR# LQFOLQ{PHWUR#SHUPDQHFH# FHQWUDOL]DGD=#R#SLORWR# DSOLFD#RV# FRPDQGRV# GH# DLOHURQV# H
HVWDELOL]DGRU#YHUWLFDO/#QD#SURSRUomR#H[DWD#SDUD#TXH#D#DHURQDYH#QmR#´GHUUDSHµ#QD#FXUYD1

4XDQGR#HVVDV#FXUYDV#VmR#UHDOL]DGDV#FRUUHWDPHQWH/#D#DHURQDYH#GHVFUHYH#XPD#WUDMHWyULD#FLUFXODU
SHUIHLWD#H#FRP#YHORFLGDGH#DQJXODU#FRQVWDQWH/#QR#VHQWLGR#SDUD#R#TXDO#R#QDUL]#+SURD,#DSRQWD1#,VWR#SDUHFH
QDWXUDO/#PDV#YRFr#SRGH#HVWDU#ID]HQGR#XPD#FXUYD/#DSRQWDQGR#R#QDUL]#GD#DHURQDYH#QXPD#GLUHomR#H#D
WUDMHWyULD#VHU#GLIHUHQWH#GDTXHOD#TXH#YRFr#SUHWHQGH#VHJXLU1

6H#YRFr#XWLOL]DU#D#RSomR#GH#Y{R#FRRUGHQDGR#QR#VHX#6LPXODGRU#GH#9{R#H/#QDWXUDOPHQWH/#QmR
XWLOL]DU#SHGDLV/#HVVH#HIHLWR#QmR#p#VHQWLGR1#2#FRPSXWDGRU#VH#HQFDUUHJD#GH#FRRUGHQDU#D#FXUYD1

8.2 Força Centrípeta
3HOD# SULPHLUD# OHL# GH# 1HZWRQ/# Ki# QHFHVVLGDGH# GH# XPD# IRUoD# SDUD# DOWHUDU# R# VHQWLGR# GR

PRYLPHQWR1#1R#PRYLPHQWR#FLUFXODU#H#XQLIRUPH#XPD#IRUoD#VHUi#DSOLFDGD#VREUH#R#PyYHO/#QD#GLUHomR#H
VHQWLGR#GR#FHQWUR#GD#FXUYD#TXH#VH#SUHWHQGH#ID]HU1##e#D#FKDPDGD#IRUoD#FHQWUtSHWD1

0DV#FRPR#´JHUDUµ#HVVD#IRUoD#VREUH#D#DHURQDYH#HP#Y{R"#2#SHVR#3#p#VHPSUH#YHUWLFDO/#D#WUDomR
7#p#DSOLFDGD#VHJXQGR#R#HL[R#ORQJLWXGLQDO#GD#DHURQDYH#H#R#DUUDVWR#5#QRUPDOPHQWH#p#RSRVWR#j#IRUoD#GH
WUDomR1#5HVWD# D# IRUoD# GH# 6XVWHQWDomR# 6/# SHUSHQGLFXODU# DR# SODQR# GDV# DVDV1# ,QFOLQDQGR0VH# DV# DVDV# D
VXVWHQWDomR# SDVVD# D# WHU# XPD# FRPSRQHQWH# YHUWLFDO# SDUD# HTXLOLEUDU# R# SHVR# H# XPD# FRPSRQHQWH
KRUL]RQWDO/#YROWDGD#SDUD#R#FHQWUR#GD#FXUYD#TXH#SUHWHQGHPRV#UHDOL]DU1#9HMD#D#)LJ1#:14/#DEDL[R=

6HomR

;



1Ro}HV#GH#)tVLFD#$SOLFDGD#DR#9{R#6LPXODGR#±#3iJLQD#53

)LJ1;14#)RUoD#&HQWUtSHWD

$# FRPSRQHQWH# KRUL]RQWDO# GD# VXVWHQWDomR# p# D# IRUoD# FHQWUtSHWD/# D# TXDO# p# UHVSRQViYHO# SHOD
PXGDQoD#GH#GLUHomR#GD#WUDMHWyULD1#3RU#VHU#SHUSHQGLFXODU#j#WUDMHWyULD#HVVD#IRUoD#QmR#SURGX]#WUDEDOKR/#RX
VHMD/#QmR#DXPHQWD#D#HQHUJLD#GD#DHURQDYH1#1LYHODQGR#DV#DVDV/#D#FRPSRQHQWH#WRUQD0VH#QXOD#H#D#WUDMHWyULD
DVVXPH#D#GLUHomR#UHWLOtQHD#RXWUD#YH]1

'R#SRQWR#GH#YLVWD#DHURGLQkPLFR/#QmR#p#EDVWDQWH# LQFOLQDU#DV#DVDV#GD#DHURQDYH#SDUD#TXH#HOD
PXGH#GH#GLUHomR1#e#QHFHVViULR#DXPHQWDU#D#IRUoD#GH#VXVWHQWDomR#+6,/#DWUDYpV#GH#XPD#GDV#GXDV#RSo}HV=

D, DXPHQWDU# D# YHORFLGDGH# GD# DHURQDYH# +D# VXVWHQWDomR# p# SURSRUFLRQDO# DR# TXDGUDGR# GD
YHORFLGDGH,>

E, DXPHQWDU#R#kQJXOR#GH#DWDTXH#

6H#D#FRPSRQHQWH#YHUWLFDO#GD#IRUoD#GH#VXVWHQWDomR#+6,#QmR#IRU#VXILFLHQWH#SDUD#HTXLOLEUDU#R#SHVR
GD#DHURQDYH#+3,/#HVVD#LQLFLDUi#XP#PRYLPHQWR#YHUWLFDO/#TXH#SRGH#VHU#FRUULJLGR#WDQWR#QLYHODQGR#DV#DVDV
FRPR#IRUQHFHQGR#PDLV#SRWrQFLD#GR#PRWRU1

2EVHUYH#TXH#QR#Y{R#HVWDELOL]DGR/#LQFOXVLYH#QDV#VXELGDV#H#GHVFLGDV#FRP#YHORFLGDGHV#FRQVWDQWHV
H/#SRUWDQWR/#FRP#DFHOHUDomR#QXOD/#WRGD#D#VXVWHQWDomR#p#XWLOL]DGD#SDUD#HTXLOLEUDU#R#SHVR#GD#DHURQDYH1

$# FRPSRQHQWH# KRUL]RQWDO# GD# VXVWHQWDomR/# RX# VHMD# D# IRUoD# FHQWUtSHWD/# REHGHFH# j# VHJXLQWH
UHODomR/#RQGH=

P# #PDVVD#GD#DHURQDYH#+LQFOXVLYH#FRPEXVWtYHO/#SDVVDJHLURV#H#FDUJD,

Y# #YHORFLGDGH#HVFDODU#GD#DHURQDYH

5# #UDLR#GH#FXUYDWXUD#GD#WUDMHWyULD1

3HOD#HTXDomR#DFLPD/#D#IRUoD#FHQWUtSHWD#p#GLUHWDPHQWH#SURSRUFLRQDO#j#PDVVD#H#DR#TXDGUDGR#GD
YHORFLGDGH#H#LQYHUVDPHQWH#SURSRUFLRQDO#DR#UDLR#GH#FXUYDWXUD#GD#WUDMHWyULD1

5
Y51P

)FS =
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8.3 Planejamento de Curvas
$R#SODQHMDU#XPD#FXUYD#SDUD#LQWHUFHSWDU#XPD#WUDMHWyULD/#SRU#H[HPSOR/#D#UHWD#ILQDO#SDUD#SRXVR#RX

XP# UXPR#GH#DSUR[LPDomR# ,/6/#R#SODQHMDPHQWR#GD#FXUYD#GHYH# VHU# IHLWR#GH#PRGR#TXH#DV# WUDMHWyULDV
FXUYD0UHWD0FXUYD#VHMDP#FRQFRUGDQWHV1

6H#YRFr#JLUDU#D#XPD#YHORFLGDGH#GH#93#NWV#H#IL]HU#XPD#FXUYD#GH#4;3#PHWURV#GH#UDLR/#PDQWHQGR#D
PHVPD#LQFOLQDomR#H#DXPHQWDQGR#D#YHORFLGDGH#SDUD#4;3#NWV/#D#PHVPD#FXUYD#WHUi#XP#UDLR#<#YH]HV#PDLRU
+6#HOHYDGR#DR#TXDGUDGR,1

8.4 Quadros de Valores para Curvas
$SUHVHQWDUHPRV#WUrV#TXDGURV#FRP#YDORUHV#GH#YHORFLGDGHV#YDULDQGR#HQWUH#93#H#4;8#.76/#RX

VHMD/#HQWUH#443#H#663#NP2K/#WDEXODQGR/#SDUD#FDGD#YHORFLGDGH/#D#YHORFLGDGH#GH#URWDomR#RX#YHORFLGDGH
DQJXODU/#D#LQFOLQDomR#GDV#DVDV#QHFHVViULD#SDUD#ID]HU#D#FXUYD/#R#IDWRU#GH#FDUJD#UHVXOWDQWH#GD# LQFOLQDomR
GDV#DVDV#H#R#UDLR#GD#FXUYD1

$# GLIHUHQoD# HQWUH# RV# TXDGURV# p# HP# UHODomR# DRV# SDUkPHWURV# WRPDGRV# FRPR# FRQVWDQWHV# H
YDULiYHLV1# #1R#4XDGUR# ,# IL[DUHPRV# D# LQFOLQDomR#GDV# DVDV# HP# 63�# H/# FRQVHTXHQWHPHQWH/#R# IDWRU#GH
FDUJD/#TXH#UHVXOWDUi#HP#4/481

,QFOLQDomR# #63�#H#)DWRU#GH#&DUJD# #4/48
+FRQVWDQWHV,

9HORFLGDGHV 5DLR#GD#&XUYD

(VFDODU $QJXODU

.76 .P2K �2V ,Q
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DV
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&DUJD 0LOKD
QiXWLFD PHWUR

93 444/4 43/9 63/3 4/48 3/3< 499
:8 46;/< ;/8 63/3 4/48 3/47 58<
<3 499/: :/4 63/3 4/48 3/53 6:6
438 4<7/8 9/4 63/3 4/48 3/5: 83:
453 555/5 8/6 63/3 4/48 3/69 996
468 583/3 7/: 63/3 4/48 3/78 ;6<
483 5::/; 7/6 63/3 4/48 3/89 41369
498 638/9 6/< 63/3 4/48 3/9; 41586
4;3 666/7 6/9 63/3 4/48 3/;4 417<4

4XDGUR#,#²#'DGRV#GH#YHORFLGDGH#H#5DLR#GH#&XUYD/#SDUD#LQFOLQDomR#GH#63�

8.4 Fator de Carga
9LPRV# TXH# SDUD# ID]HU# FXUYDV# D# DHURQDYH# SUHFLVD# GH# XPD# FRPSRQHQWH# GD# IRUoD# GH

VXVWHQWDomR1

2#PyGXOR#GD#IRUoD#GH#VXVWHQWDomR#SDVVD#D#VHU#PDLRU#GR#TXH#D#IRUoD#SHVR1

)5FS356 +=
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&KDPDPRV# GH
)DWRU#GH#FDUJD#D#UD]mR=

'HSHQGHQGR#GR#SURMHWR#GD#DHURQDYH# +SDVVHLR/# WUDQVSRUWH/#DFUREDFLD/#FRPEDWH/#HWF1,
HOD#VXSRUWD#XP#PDLRU#RX#PHQRU#IDWRU#GH#FDUJD/#TXH#QmR#GHYH#MDPDLV#VHU#H[FHGLGR/#VRE#SHQD
GH#FDXVDU#GDQRV#LUUHSDUiYHLV#j#VXD#HVWUXWXUD1

8.5 Exemplo de Cálculo para o Quadro I
9DPRV# FRQVWUXLU# XP# TXDGUR# GH# YDORUHV# UHODFLRQDQGR# DV# YDULiYHLV# HQYROYLGDV# QXPD# FXUYD/

IL[DQGR#HP#63�#D#LQFOLQDomR#GDV#DVDV#+EDQN,#GD#DHURQDYH1

3HOD#)LJ1#819/#YHPRV#TXH#R#SHVR#GD#DHURQDYH# VHUi#HTXLOLEUDGR#SHOD#FRPSRQHQWH#YHUWLFDO#GD
VXVWHQWDomR=

3# #6#1#&RV#θθθθ

3DUD#R#kQJXOR#GH#63�/#WHPRV#TXH#R#&RV#63� 3/;99#H#R#6HQ#63�# #3/81

1DV#RUELWDV#GH#DSUR[LPDomR#H#HVSHUD#R#SLORWR#GHYHUi# ID]HU#FXUYDV#SDGURQL]DGDV/# UHDOL]DQGR
XPD#FXUYD#IHFKDGD#QR#WHPSR#GH#5#PLQXWRV/#LVWR#p/#JLUDQGR#j#UD]mR#GH#6#JUDXV#SRU#VHJXQGR1

5HVXOWDQGR#QXP#IDWRU#GH#FDUJD=#Q# #4/481

4XHU#GL]HU/#D#IRUoD#GH#VXVWHQWDomR#p#GH#4/48#YH]HV#R#SHVR#GD#DHURQDYH1

$#IRUoD#FHQWUtSHWD#VHUi=

1D#SULPHLUD#OLQKD#GD#QRVVD#WDEHOD/#FRQVLGHUDUHPRV#D#YHORFLGDGH#GH#93#NWV/#RX#VHMD/#GH#63/;:
P2V1

2#UDLR#GH#FXUYDWXUD#VHUi#GDGR#SRU=

5# #3/3<#PLOKDV#QiXWLFDV

$#WUDMHWyULD#FRPSOHWD#VHUi#GH#41394#PHWURV#H#VHUi#SHUFRUULGD#HP#67#VHJXQGRV/#JLUDQGR#D#XPD
UD]mR#GH#43/8#JUDXV#SRU#VHJXQGR1

3
6

Q =

63�&RV
4

3
6

63�&RV163 =∴=

1
) FS

Y 51P
5 =

VP49<5
3/8</;P4/48

63/;: 5P5 =∴
⋅⋅⋅

⋅=



1Ro}HV#GH#)tVLFD#$SOLFDGD#DR#9{R#6LPXODGR#±#3iJLQD#56

2EVHUYDPRV#TXH#D#PDVVD#QmR#LQIOXL#QR#YDORU#GR#UDLR#GH#FXUYDWXUD1

9DPRV#SUHHQFKHU#D#WDEHOD#FRP#RXWURV#YDORUHV#SDUD#D#YHORFLGDGH1

9HORFLGDGH#DQJXODU#+5D]mR#GH#*LUR,# #6#JUDXV2VHJ
+FRQVWDQWH,

9HORFLGDGHV 5DLR#GD#&XUYD

(VFDODU $QJXODU

.76 .P2K �2V ,Q
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Do
mR
#G
DV

DV
DV
#+
ED
Q
N,
/

HP
#J
UD
X
V

)DWRU
GH

&DUJD 0LOKD
QiXWLFD PHWUR

93 444/4 6� < 4/34 3/65 8<6
:8 46;/< 6� 45 4/34 3/73 :74
<3 499/: 6� 47 4/36 3/7; ;;<
438 4<7/8 6� 49 4/37 3/89 4136:
453 555/5 6� 4; 4/38 3/97 414;8
468 583/3 6� 53 4/3: 3/:5 41666
483 5::/; 6� 55 4/3; 3/;3 417;5
498 638/9 6� 57 4/43 3/;; 41963
4;3 666/7 6� 59 4/45 3/<8 41:8<

4XDGUR#,,#0#'DGRV#GH#YHORFLGDGH#H#5DLR#GH#&XUYD/#SDUD#UD]mR#GH#JLUR#FRQVWDQWH#H#GH#6�2V1

5DLR#GH#&XUYDWXUD# #943#PHWURV#+FRQVWDQWH,

9HORFLGDGHV 5DLR#GD#&XUYD

(VFDODU $QJXODU
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DV
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&DUJD 0LOKD
QiXWLFD PHWUR

93 444/45 5/< < 4/33 3/66 943
:8 46;/<3 6/9 47 4/33 3/66 943
<3 499/9; 7/6 4< 4/43 3/66 943
438 4<7/79 8/3 59 4/43 3/66 943
453 555/57 8/: 65 4/53 3/66 943
468 583/35 9/7 6< 4/63 3/66 943
483 5::/;3 :/5 78 4/73 3/66 943
498 638/8; :/< 83 4/93 3/66 943
4;3 666/69 ;/9 88 4/:3 3/66 943

4XDGUR#,,,#0#'DGRV#GH#YHORFLGDGH#H#5DLR#GH#&XUYD/#SDUD#XP#5DLR#FRQVWDQWH#H#GH#943P1

3RU#GHSHQGHU#GR#TXDGUDGR#GD#YHORFLGDGH/#R#SODQHMDPHQWR#GH#XPD#FXUYD#GHYH#VHU#FXLGDGRVR/
SULQFLSDOPHQWH#HP#UHFXSHUDomR#GH#PHUJXOKRV1
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(QHUJLD/#7UDEDOKR#H#3RWrQFLD

9.1 introdução
$# HQHUJLD# p# D# DOPD# GH# WXGR/# p# D# SUySULD# YLGD$#1mR# Ki# H[DJHUR# HP# GL]HU# LVWR1#2# KRPHP

FRPSUHHQGHX#HVVH#VLJQLILFDGR#GHVGH#R#SULQFtSLR#GRV#WHPSRV#H#EXVFRX#GRPLQDU/#DUPD]HQDU#H#DSOLFDU#D
HQHUJLD/#HP#VXDV#GLYHUVDV#IRUPDV/#HP#VXDV#DWLYLGDGHV#GH#VREUHYLYrQFLD1#4XHU#IRVVH#XP#SHTXHQR#FXUVR
G·iJXD#SDUD#PRYHU#XPD#URGD/#R#SURGXWR#GH#VXD#LQFLSLHQWH#DJULFXOWXUD/#D#IRUoD#GH#VHXV#DQLPDLV#GH#FDUJD/
D#HQHUJLD#TXtPLFD#GD#TXHLPD#GRV#FRPEXVWtYHLV#RX#GD#SyOYRUD/#HQILP/#RV#UHFXUVRV#HQHUJpWLFRV#JDUDQWLDP
D# VREUHYLYrQFLD# H# WLQKDP#R# VHX#SUHoR1#'H# YH]# HP# TXDQGR/# D#QDWXUH]D# VXUSUHHQGLD# DR# OLEHUDU# VHXV
H[FHGHQWHV#GH#HQHUJLD#HP#IRUPD#GH#YXOF}HV/#WHUUHPRWRV/#IXUDF}HV#RX#GHVFDUJDV#HOpWULFDV/#H#DLQGD#KRMH#R
KRPHP#QmR#VDEH#R#TXH#ID]HU#FRP#HOHV1

9.2 Formas de Energia
$#HQHUJLD#HVWi#SUHVHQWH#QD#QDWXUH]D# VRE#GLYHUVDV# IRUPDV=#HOpWULFD/#QXFOHDU/#TXtPLFD/#DF~VWLFD/

OXPLQRVD/#WpUPLFD/#PHFkQLFD1#'LDULDPHQWH#XWLOL]DPRV#HVVDV#IRUPDV#GH#HQHUJLD#H#WHPRV#GH#SDJDU#SRU#HODV
SURSRUFLRQDOPHQWH#j#TXDQWLGDGH#XWLOL]DGD1#$V#~QLFDV# IRUPDV#GH#HQHUJLD#GHPRFUDWL]DGDV#DLQGD# VmR#R
R[LJrQLR#TXH#UHVSLUDPRV#H#R#VRO#TXH/#GL]HP/#´QDVFHX#SUi#WRGRVµ1

9.3 Trabalho
2#SULPHLUR#VLJQLILFDGR#GD#SDODYUD# WUDEDOKR#TXH#QRV#YHP#j#PHQWH#p# UHODFLRQDGR#DR#HVIRUoR

ItVLFR#RX# LQWHOHFWXDO#SDUD#H[HFXWDU#DOJXPD#FRLVD1#1D#)tVLFD/#R# WHUPR#´WUDEDOKRµ# WHP#XP# VLJQLILFDGR
HVSHFLDO1

'HILQH0VH#R#7UDEDOKR# +7,# FRPR#R#SURGXWR#GH#XPD# IRUoD# +),#SHOD#GLVWkQFLD# +G,#TXH# HOD
GHVORFD#XP#FRUSR/#PHGLGD#QR#VHQWLGR#GHVVD#IRUoD1#$VVLP=

6HomR

<
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7# #)#[#G

6HQGR#D#IRUoD#+),#GDGD#HP#1HZWRQ#+1,#H#D#GLVWkQFLD#+G,#GDGD#HP#PHWUR#+P,/#R#WUDEDOKR#WHP
D#VHJXLQWH#XQLGDGH=

4#8QLGDGH#GH#7UDEDOKR# #4#1#[#4#P

(VVD#XQLGDGH#WHP#R#QRPH#GH#-RXOH1

'D#PHVPD# IRUPD# TXH# R# WUDEDOKR/# D# HQHUJLD# WDPEpP# SRGH# VHU# GHILQLGD# HP# WHUPRV# GDV
JUDQGH]DV#IRUoD#H#FRPSULPHQWR#H#WHP#D#PHVPD#XQLGDGH#TXH#R#WUDEDOKR1#3RGH0VH#GL]HU#TXH#R#WUDEDOKR
p#D#HQHUJLD#HP#WUDQVIRUPDomR1

9.4 Conversão de Energia
$# HQHUJLD#SRGH#SDVVDU#GH#XPD# IRUPD#SDUD#RXWUD1#$# HQHUJLD#TXtPLFD#GH#XPD#SLOKD#YROWDLFD

FRQYHUWH0VH#HP#HOHWULFLGDGH#TXH#SRGH#VHU#FRQYHUWLGD#HP# OX]#RX#FDORU1#2#FRPEXVWtYHO#p#TXHLPDGR#QR
PRWRU#GD#DHURQDYH#JHUDQGR#HQHUJLD#GR#PRYLPHQWR#GD#KpOLFH#H#FDORU1

'H#XPD#PDQHLUD#JHUDO/#WRGDV#DV#FRQYHUV}HV#GH#HQHUJLD#HP#WUDEDOKR#UHVXOWDP#HP#XPD#SDUFHOD
GH#HQHUJLD#FDORUtILFD/#TXDVH#VHPSUH#UHVXOWDQWH#GR#DWULWR1#(VWD#p#D#IRUPD#GH#GHJUDGDomR#GD#HQHUJLD/#SRLV
VXD#UHFRQYHUVmR#p#D#PDLV#GLItFLO1

9.5 Conceito de Potência
8P#PHVPR# WUDEDOKR#SRGH# VHU# IHLWR#SRU#GRLV#GLVSRVLWLYRV#RX#PiTXLQDV/#PDV# HP#GLIHUHQWHV

LQWHUYDORV#GH#WHPSR1

3RU# H[HPSOR=#XPD#GHWHUPLQDGD#DHURQDYH#SRGH# HOHYDU0VH# D# 41333#PHWURV# FRP# 7#SHVVRDV# D
ERUGR/# HP# 8# PLQXWRV/# HQTXDQWR# TXH# XPD# DHURQDYH# VHPHOKDQWH/# GRWDGD/# SRUpP/# GH# XP# PRWRU
WXUELQDGR/#PDLV# SRWHQWH/# HOHYDULD# HVVDV#PHVPDV# SHVVRDV/# j#PHVPD# DOWXUD/# QXP# LQWHUYDOR# GH# WHPSR
PHQRU1#'HILQH0VH/#HQWmR/#D#FDSDFLGDGH#GH#UHDOL]DU#WUDEDOKR#QD#XQLGDGH#GH#WHPSR#FRPR#SRWrQFLD1

'DGD#D#PHVPD#TXDQWLGDGH#GH#WUDEDOKR/#R#GLVSRVLWLYR#TXH#SRGH#UHDOL]DU#QR#PHQRU#WHPSR#WHP
PDLV#SRWrQFLD1#9r0VH/#SRUWDQWR/#TXH#D#SRWrQFLD#GH#XPD#PiTXLQD#p#XPD#FDSDFLGDGH/#p#XPD#UHVHUYD/#TXH
SRGH#VHU#XWLOL]DGD#QR#WRGR#RX#HP#SDUWH1

$#XQLGDGH#GH#3RWrQFLD#+3,#p#D#XQLGDGH#GH#7UDEDOKR#+7,/#-RXOH#+-,#GLYLGLGR#SHOD#XQLGDGH#GH
7HPSR#+W,/#VHJXQGR#+V,=

4#8QLGDGH#GH#3RWrQFLD# #4#-#2#4#V

(VVD#XQLGDGH#WHP#R#QRPH#GH#:DWW1

$#SRWrQFLD#GH#PiTXLQDV#FRVWXPD#VHU#GDGD#HP#RXWUDV#XQLGDGHV#FRPR=

JDVWR#+W,#7HPSR
UHDOL]DGR#+7,#7UDEDOKR

,3RWrQFLD+3 =
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&DYDOR0YDSRU#+&9,# 4#&9# #:68#:

+RUVH0SRZHU#++3, 4#+3# #:79#:

9.6 Energia Mecânica
2# HVWXGR# GD# HQHUJLD#PHFkQLFD# p# LPSRUWDQWH# SRUTXH# HOD# HVWi# DVVRFLDGD# DR#PRYLPHQWR# H# D

SRVLomR#GR#FRUSR1#(OD#WHP#D#IRUPD#FLQpWLFD/#GHSHQGHQWH#GD#YHORFLGDGH#GR#FRUSR#H#D#IRUPD#SRWHQFLDO/
GHSHQGHQWH#GD#SRVLomR#+DOWXUD,#GR#FRUSR/#UHODWLYDPHQWH#D#XP#GDGR#UHIHUHQFLDO1

$#HQHUJLD#SRWHQFLDO#JUDYLWDFLRQDO#p#D#HQHUJLD#UHODFLRQDGD#FRP#D#SRVLomR#GR#FRUSR#DFLPD#GH#XP
QtYHO#GH#UHIHUrQFLD1#6HMD/#SRU#H[HPSOR/#XP#FRUSR#GH#PDVVD#P/#ORFDOL]DGR#D#XPD#DOWXUD#K/#DFLPD#GH#XP
FHUWR#QtYHO#GH#UHIHUrQFLD1

6XD#HQHUJLD#SRWHQFLDO#p#LJXDO#DR#WUDEDOKR#TXH#IRL#IHLWR#SDUD#HOHYi0OR#DWp#HVVH#QtYHO=

7# #)#1#G/#RQGH#)# #SHVR#GR#FRUSR#+P1J,#H#GLVWkQFLD#p#D#SUySULD#DOWXUD#GH#UHIHUrQFLD#D#TXH#R
FRUSR#IRL#HOHYDGR#+K,=

(QHUJLD#3RWHQFLDO#*UDYLWDFLRQDO# #P1J1K

$#GHGXomR#GD#HQHUJLD#FLQpWLFD#+(F,#WDPEpP#OHYD#HP#FRQVLGHUDomR#XP#UHIHUHQFLDO#D#SDUWLU#GR
TXDO#D#YHORFLGDGH#p#PHGLGD/#H#VHX#YDORU#p#GDGR#SRU=

0# #PDVVD#GR#FRUSR/#HP#NJ

9# #YHORFLGDGH/#HP#P2V

$#HQHUJLD#PHFkQLFD#WRWDO#GR#FRUSR#p#GDGD#SHOD#VRPD#GDV#SDUFHODV#GH#HQHUJLD#FLQpWLFD#H#HQHUJLD
SRWHQFLDO1

9.7 Reservas de Energia da Aeronave
$#ILJXUD#DEDL[R#PRVWUD#HP#WUrV#SDVVRV#XP#H[HPSOR#GH#FRQYHUVmR#GH#HQHUJLD1

5

P
(F Y

5

=
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)LJ1#<14#&RQYHUVmR#GH#(QHUJLD#4XtPLFD#HP#(QHUJLD#0HFkQLFD

3DVVR#4#0#8PD#DHURQDYH#HVWi#QD#FDEHFHLUD#GD#SLVWD/#SURQWD#SDUD#GHFRODU1#6XD#YHORFLGDGH#p#QXOD1#2
DHURSRUWR#HVWi# ORFDOL]DGR#QXP# WHUUHQR#SODQR1#6HX# WDQTXH#DUPD]HQD#EDVWDQWH#FRPEXVWtYHO/# VXILFLHQWH
SDUD#XP#ERP#H# ORQJR#Y{R1#(VWD#p#D# VXD# UHVHUYD#GH#HQHUJLD1#6HX#PRWRU#SRGH#FRQYHUWHU#HQHUJLD#GR
FRPEXVWtYHO#HP#IRUoD#GH#WUDomR#QD#KpOLFH1

3DVVR# 5# 0#2#SLORWR# OLEHUD#RV# IUHLRV#H#D#DHURQDYH# LQLFLD#D#FRUULGD#GH#GHFRODJHP1#1R#SRQWR#HP#TXH
DGTXLUH#D#YHORFLGDGH#GH#GHFRODJHP/#DLQGD#QR#VROR/#D#DHURQDYH# WHP#HQHUJLD#FLQpWLFD/#DGTXLULGD#SHOD
FRQYHUVmR#GD#HQHUJLD#TXtPLFD#GR#FRPEXVWtYHO#GH#VHXV#WDQTXHV/#DWUDYpV#GR#FRQMXQWR#PRWRU0KpOLFH1

3DVVR#6#0#$#DHURQDYH#GHFROD1#6REH#DR#PHVPR#WHPSR#TXH#DXPHQWD#VXD#YHORFLGDGH/#DWp#DWLQJLU#R#SRQWR
SUHYLVWR1#2#SLORWR# UHGX]# D#SRWrQFLD#GR#PRWRU#DWp#R# OLPLWH# VXILFLHQWH#SDUD#XP#Y{R# UHWR/#QLYHODGR# H
HVWDELOL]DGR/# FRPSHQVDQGR# VRPHQWH# D# UHVLVWrQFLD# TXH# R# DU# RIHUHFH# DR# DYDQoR# GD# DHURQDYH1#1HVVH
LQVWDQWH/# WHPRV# XPD# UHVHUYD# GH# HQHUJLD# PHFkQLFD/# FRPSRVWD# GH# HQHUJLD# FLQpWLFD# +IXQomR# GH# VXD
YHORFLGDGH,#H#HQHUJLD#SRWHQFLDO#JUDYLWDFLRQDO#+IXQomR#GH#VXD#DOWXUD#VREUH#R#WHUUHQR,1

)LJ1#<15#&RQVHUYDomR#GD#(QHUJLD

9.8 Conservação de Energia
6RE#R#HIHLWR#GH#IRUoDV#FRQVHUYDWLYDV/#D#HQHUJLD#VH#FRQVHUYD/#RX#VHMD/#HP#XP#VLVWHPD#IHFKDGR#D

TXDQWLGDGH# LQLFLDO#H# ILQDO#GH#HQHUJLD#GHYHUi# VHU#D#PHVPD1#1R#FDVR#GD#DHURQDYH# LVVR#QmR# VH#Gi# HP
IXQomR#GH#GXDV#JUDQGHV#GLILFXOGDGHV#RX#LPSRVVLELOLGDGHV=

41 2#DUUDVWR#RX#D#UHVLVWrQFLD#DR#DYDQoR#GH#XPD#DHURQDYH#PRYHQGR0VH#QD#FDPDGD#DWPRVIpULFD#p#XPD
IRUoD#QmR#FRQVHUYDWLYD/#GH#LQWHQVLGDGH#SURSRUFLRQDO#DR#TXDGUDGR#GD#YHORFLGDGH1
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51 $#UHFRQYHUVmR#GD#HQHUJLD#PHFkQLFD#HP#RXWUD#IRUPD#GH#HQHUJLD#TXH#SXGHVVH#VHU#UHDSURYHLWDGD/#R
TXH#KRMH# Mi# VH# ID]#HP#DOJXQV#PHLRV#GH# WUDQVSRUWH/#QHFHVVLWD#GH#PiTXLQDV#GH#GLPHQV}HV# H#SHVR
LQFRPSDWtYHLV1

(QWUHWDQWR/#D#FRQYHUVmR#GH#HQHUJLD#SRWHQFLDO#+UHODWLYD#j#DOWXUD,#HP#HQHUJLD#FLQpWLFD#+UHODWLYD#DR
TXDGUDGR#GD#YHORFLGDGH,#H#YLFH0YHUVD#p#IHLWD#FRP#UHODWLYD#IDFLOLGDGH1#2#SLORWR#GHYH#SUDWLFDU#SRXVRV#GH
HPHUJrQFLD#VLPXODGRV#H# WDPEpP# ORQJRV#Y{RV#GH#SODQHLR/#XWLOL]DQGR# VRPHQWH#D#HQHUJLD#SRWHQFLDO#GD
DHURQDYH/#RX#VHMD/#FRP#D#SRWrQFLD#GR#PRWRU#UHGX]LGD/#SDUD#VH#IDPLOLDUL]DU#FRP#R#FRPSRUWDPHQWR#GD
DHURQDYH1# ,VWR# VHUYH# SDUD# GDU# DR# SLORWR# D# FRQILDQoD# QHFHVViULD# SDUD# DGPLQLVWUDU# VLWXDo}HV# GH
HPHUJrQFLD/#TXDQGR#R#FRPEXVWtYHO#p#LQ~WLO#H#WUDQVIRUPD0VH#HP#SHVR#PRUWR#H#GH#DOWR#ULVFR#GH#H[SORVmR/
VHQGR#FRPXPHQWH#DOLMDGR/#DQWHV#GH#SRXVRV#GH#HPHUJrQFLD#GH#DHURQDYHV#GH#JUDQGH#SRUWH1

)LJ1#<16#2#ORRS

&RPSUDPRV#HQHUJLD#VRE#YiULDV#IRUPDV/#SDUD#QRVVR#XVR#GLiULR1#*iV#GH#FR]LQKD/#FRPEXVWtYHO/
HQHUJLD# HOpWULFD/# SLOKDV# H# EDWHULDV# H# +SRU# TXH# QmR",# DOLPHQWRV1# (FRQRPL]DU# HQHUJLD/# SRUWDQWR/# p
HFRQRPL]DU#GLQKHLUR1#(FRQRPL]DU#VLJQLILFD#FRQVXPLU#UDFLRQDOPHQWH/#FRP#SDUFLP{QLD1

9.9 A Manobras acrobáticas
&RQVLGHUD0VH# DFUREDFLD# TXDOTXHU#PDQREUD# TXH# HQYROYD#PXGDQoDV# EUXVFDV# GH# YHORFLGDGH/

DOWLWXGH# RX# DWLWXGH# GD# DHURQDYH1# 6mR#PDQREUDV# TXH# UHTXHUHP# FRQGLo}HV# HVSHFLDLV# GR# SLORWR# H# GD
DHURQDYH#H#SRUWDQWR#VmR#ID]HP#SDUWH#GD#IRUPDomR#GR#SLORWR#SULYDGR1
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2#WUHLQDPHQWR#GH#PDQREUDV#FRQVLGHUDGDV#DFUREiWLFDV#ID]#SDUWH#GD#IRUPDomR#GR#SLORWR#PLOLWDU/
SRLV#DV#PDQREUDV#GH#DWDTXH#RX#HYDVLYDV/#HP#FRPEDWH#UHDO#RX#VLPXODGR#H[LJHP#D#DSOLFDomR#SUiWLFD#GHVVH
FRQKHFLPHQWR1

8PD#FXUYD#GH#93#JUDXV#GH#LQFOLQDomR#DFDUUHWD#XP#IDWRU#GH#FDUJD#LJXDO#D#5/#LVWR#IXQFLRQD#FRPR
VH# FDGD#SDUWH#GD#DHURQDYH#SHVDVVH#R#GREUR1#([LVWHP#RXWUDV#PDQREUDV#TXH#SRGHP# JHUDU#Q~PHURV
PDLRUHV#GH#IDWRU#GH#FDUJD1#7RGR#R#FRUSR#GR#SLORWR/#SHUQDV/#EUDoRV/#FDEHoD#H#R#VHX#SUySULR#VDQJXH#WHP
R#SHVR#DXPHQWDGR#QD#PHVPD#SURSRUomR/#FDXVDQGR#DR#SLORWR#HVFXUHFLPHQWR#GD#YLVmR/# WRQWXUDV#H#DWp
GHVPDLRV1

1HVWH#WH[WR/#D#DERUGDJHP#GH#PDQREUDV#DFUREiWLFDV#p#WmR0VRPHQWH#GR#SRQWR#GH#YLVWD#GDV#IRUoDV
HQYROYLGDV#H#GD#FRQVHUYDomR#GD#HQHUJLD/#QmR#FDEHQGR#DTXL#GHVFUHYHU# VXDV# WpFQLFDV1# #9DPRV#DQDOLVDU
XPD#GHVVDV#PDQREUDV=#R#ORRS1#7UDWD0VH#GH#XP#FtUFXOR#GHVFULWR#SHOD#DHURQDYH/#QXP#SODQR#YHUWLFDO1#2
SLORWR#YLVXDOL]D#QR#VROR#XPD#HVWUDGD#UHWD#SDUD#VHUYLU#GH#UHIHUrQFLD#H#LQLFLD#H#IHFKD#R#ORRS#VREUH#R#PHVPR
SRQWR1#&RP#D#SRQWD#GD#DVD/#QLYHODGD/#GHVFUHYH#XP#FtUFXOR#LPDJLQiULR#VREUH#D#OLQKD#GR#KRUL]RQWH1#$#)LJ1
<16#PRVWUD#7#SRVLo}HV#GD#DHURQDYH#QD#H[HFXomR#GHVVD#PDQREUD1
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0RYLPHQWRV#GH#6XELGD#H#GH#'HVFLGD

10.1 Introdução
&RPR#YLPRV#DQWHULRUPHQWH/#R#FHQWUR#GH#PDVVD#GH#XPD#DHURQDYH#SRGH#PRYLPHQWDU0VH#´DR

ORQJRµ# H# ´HP# WRUQRµ#GH# VHXV# WUrV# HL[RV/# FDGD#PRYLPHQWR# VH#SURFHVVDQGR# LQGHSHQGHQWHPHQWH#GRV
RXWURV/#FRQIRUPH#DV#OHLV#GH#LQGHSHQGrQFLD#GRV#PRYLPHQWRV#HVWDEHOHFLGDV#SRU#*DOLOHR1

2#SULQFLSDO#PRYLPHQWR/#VHP#G~YLGD/#p#´DR#ORQJRµ#GR#HL[R#ORQJLWXGLQDO1#e#R#VHX#PRYLPHQWR
QDWXUDO/# LQGR#SDUD#RQGH# VHX# QDUL]# DSRQWD1#(QWUHWDQWR/# R#PRYLPHQWR# DR# ORQJR# GR# HL[R# YHUWLFDO/# GH
VXELGDV#H#GH#GHVFLGDV#p#WDPEpP#LPSRUWDQWH/#SRU#TXH#D#DHURQDYH#SUHFLVD#YDULDU#VXD#DOWLWXGH/#HP#YiULDV
IDVHV#GR#Y{R1

/RJR#DSyV#D#GHFRODJHP/#TXDQGR#D#DHURQDYH#DLQGD#HVWi#FRP#SHTXHQD#YHORFLGDGH#H#R#DUUDVWR#p
WDPEpP#UHODWLYDPHQWH#SHTXHQR/#H#WDPEpP#R#UHQGLPHQWR#GR#PRWRU#p#PDLRU/#R#SLORWR#SURFXUD#VXELU#R
PDLV#UiSLGR#SRVVtYHO#SDUD#R#QtYHO#SURJUDPDGR#GH#Y{R1##1HVVD#IDVH/#R#JUDGLHQWH#GH#VXELGD#SRGH#DWLQJLU
YDORUHV#PDLRUHV/# QRV# OLPLWHV# GD# FDSDFLGDGH# GD# DHURQDYH1# #2# HL[R# GD# DHURQDYH# UHDOPHQWH# ID]# XP
DFHQWXDGR#kQJXOR#FRP#D#KRUL]RQWDO1

1D# IDVH#GH#GHVFLGD/#R#SLORWR# UHGX]# D#SRWrQFLD#GR#PRWRU# D# XP#YDORU#PtQLPR/# GHVFH# D# XP
JUDGLHQWH#UD]RiYHO/#SURFXUDQGR#DSURYHLWDU#R#Pi[LPR#VXD#HQHUJLD#SRWHQFLDO1##2#kQJXOR#GD#WUDMHWyULD#GD
DHURQDYH#QmR#p#R#PHVPR#TXH#R#VHX#HL[R#ORQJLWXGLQDO#ID]#FRP#D#KRUL]RQWDO1##8P#SHTXHQR#kQJXOR#GH#5#D
6#JUDXV#p#VXILFLHQWH1##*UDQGHV#DHURQDYHV/#SURYLGDV#GH#6SRLOOHUV/#SRGHP#SHUGHU#DOWLWXGH#PDQWHQGR#XP
kQJXOR#KRUL]RQWDO/#SHOD#TXHEUD#GH#VXD#VXVWHQWDomR1##(QWUHWDQWR/#HVVH#QmR#p#R#SURFHVVR#DSURSULDGR#SDUD#D
WUDQVIRUPDomR#~WLO#GH#VXD#HQHUJLD#SRWHQFLDO1

6HomR

43
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10.2 Movimento Vertical
$#ULJRU/#R#PRYLPHQWR#YHUWLFDO#p#XPD#SURMHomR#GR#PRYLPHQWR#SULQFLSDO#GD#DHURQDYH/#VREUH#R

HL[R#YHUWLFDO1#4XHU#GL]HU=#SDUD#VXELU#RX#GHVFHU/#D#DHURQDYH#LQFOLQD/#HP#UHODomR#j#OLQKD#GR#KRUL]RQWH/#VXD
GLUHomR# GH# Y{R/# GH#PRGR# TXH# DR#PHVPR# WHPSR# TXH# GHVFUHYH# XPD# WUDMHWyULD# KRUL]RQWDO/# WDPEpP
GHVFUHYH#XPD#WUDMHWyULD#YHUWLFDO1#1mR#VH#WUDWDQGR#GH#Y{RV#DFUREiWLFRV/#HVVD#FRPSRQHQWH#YHUWLFDO#SRGH
VHU#GD#RUGHP#GH#DWp#GH#48(#GD#YHORFLGDGH#GD#DHURQDYH/#VHP#FDXVDU#GHVFRQIRUWR#DRV#VHXV#RFXSDQWHV1

)LJ1#4314#*UDGLHQWH

9DPRV# FRQFHLWXDU# JUDGLHQWH#GH# VXELGD/#GDGR# HP#SHUFHQWXDO/# FRPR# VHQGR# D# UD]mR# HQWUH#RV
FDWHWRV#$&# H#$%# +$&2$%,/#PRVWUDGR#QD#)LJ1# 43141# #6HQGR# DVVLP/#XP# JUDGLHQWH#GH# VXELGD#GH# 8(
HT�LYDOH#D#XP# WULkQJXOR#GH# FDWHWRV# LJXDLV# D# 8#XQLGDGHV# +YHUWLFDO,# H# 433#XQLGDGHV# +KRUL]RQWDO,1# #3DUD
JUDGLHQWHV# DWp# FHUFD#GH# 48(/# # D#KLSRWHQXVD#SRGH# VHU# FRQVLGHUDGD# LJXDO# DR# FDWHWR#PDLRU/# FRP# HUUR
LQIHULRU#D#4#SRU#FHQWR1

7DEHOD#4314#²#5HODomR#HQWUH#JUDGLHQWH#H#kQJXOR#GH#LQFOLQDomR/#HP#JUDXV#+DSUR[LPDGDPHQWH,

*UDGLHQWH 6( 7( 8( 9( :( ;( <( 43( 44( 45( 46( 47( 48(

ÇQJXOR+JUDXV, 5/3 5/8 6/3 6/8 7/3 7/8 8/3 9/3 9/8 :/3 :/8 ;/3 ;/8

1HVVH#FDVR/#WHPRV#XP#kQJXOR#GH#SODQHLR#RX#XP#JUDGLHQWH#GH#VXELGD#+RX#GH#GHVFLGD,/#Mi#TXH#VH
WUDWD#GH#XPD#UHODomR#HQWUH#YHORFLGDGHV#H#QmR#SURSULDPHQWH#GH#YHORFLGDGH/#QR#VHQWLGR#HVWULWR#GH#VXD
GHILQLomR1

6HQGR#D#YHORFLGDGH#YHUWLFDO#UHODWLYDPHQWH#SHTXHQD/#FRPSDUDGD#FRP#D#YHORFLGDGH#KRUL]RQWDO/
XWLOL]D0VH# XPD# XQLGDGH#PHQRU# SDUD# VXD# LQGLFDomR=# Sp# SRU# PLQXWR# +IW2PLQ,1# 3DUD# XPD# DHURQDYH
GHVORFDQGR0VH#D#433#.76/#833#IW2PLQ#GH#VXELGD#RX#GH#GHVFLGD/#p#REWLGR#FRP#XP#JUDGLHQWH#GH#8(1#e
FRPXP#FKDPDU#D#YHORFLGDGH#YHUWLFDO#GH#´UD]mR#GH#VXELGDµ#RX#GH#GHVFLGD/#HPERUD#HVVH#QRPH#IRVVH
PDLV#DSURSULDGR#SDUD#UHIHULU0VH#DR#JUDGLHQWH#RX#DR#kQJXOR#GH#SODQHLR1

10.3 Tabela de Parâmetros de Descida/Subida
1D#WDEHOD#DEDL[R/#DSUHVHQWDPRV#GDGRV#VREUH#YHORFLGDGH#+HP#.76,/#GH#UD]mR#GH#VXELGD2GHVFLGD

H#GLVWkQFLD#YRDGD#SRU#PLQXWR/#SDUD#JUDGLHQWHV#GH#SODQHLR#HQWUH#6(#H#43(#H#YHORFLGDGHV#HQWUH#93#H#583
.761#9HMD#XP#H[HPSOR#+HP#QHJULWR/#QD#WDEHOD,=#SDUD#XP#JUDGLHQWH#GH#8(#H#YHORFLGDGH#GH#433.76
+GDGRV# LQLFLDLV# SDUD# HQWUDGD# QD# WDEHOD,/# D# DHURQDYH# GHVFH2VREH# 833# SpV# HP# XP# PLQXWR
+LQIRUPDomR#REWLGD#GD#WDEHOD,#HQTXDQWR#SHUFRUUH/#VREUH#R#VROR/#D#GLVWkQFLD#GH#4/9:#PLOKDV#QiXWLFDV
+VHJXQGD#FROXQD#GD#WDEHOD,1##3DUD#GHVFHU2VXELU#41333#IW/#R#WHPSR#p#GH#5#PLQXWRV1

$

&

%



1Ro}HV#GH#)tVLFD#$SOLFDGD#DR#9{R#6LPXODGR#±#3iJLQD#65

7DEHOD#4314#²#*UDGLHQWHV#GH#3ODQHLR#+(,#H#5D]mR#GH#6XELGD#+IW2PLQ,#FRQWUD#9HORFLGDGH#+.76,

9HORFLGDGH#+.76, 6( 7( 8( 9( :( ;( <( 43(
93 4;3 573 633 693 753 7;3 873 933
:3 543 5;3 683 753 7<3 893 963 :33
;3 573 653 733 7;3 893 973 :53 ;43
<3 5:3 693 783 873 963 :53 ;53 <43
433 633 733 833 933 :33 ;43 <43 41343
443 663 773 883 993 ::3 ;<3 41333 41443
453 693 7;3 933 :53 ;83 <:3 413<3 41543
463 6<3 853 983 :;3 <53 41383 414;3 41643
473 753 893 :33 ;83 <<3 41463 415:3 41743
483 783 933 :83 <43 41393 41543 41693 41843
493 7;3 973 ;43 <:3 41463 415<3 41783 41953
4:3 843 9;3 ;93 41363 41533 416:3 41873 41:53
4;3 873 :53 <43 413<3 415:3 41783 41973 41;53
4<3 8:3 :93 <93 41483 41673 41863 41:63 41<53
533 933 ;43 41343 41543 41743 41953 41;53 51353
543 963 ;83 41393 415:3 417;3 41:33 41<43 51453
553 993 ;<3 41443 41663 41883 41:;3 51333 51553
563 9<3 <63 41493 416<3 41963 41;93 513<3 51653
573 :53 <:3 41543 41783 41:33 41<73 514;3 51763
583 :83 41343 41593 41843 41::3 51353 515:3 51863

10.4 Cálculo de Mudanças de Níveis de Vôo
$V#PXGDQoDV#GH#QtYHLV#GH#Y{R#VmR#IHLWDV#HP#GLYHUVDV#FLUFXQVWkQFLDV#H#SHORV#PDLV#YDULDGRV#PRWLYRV=

$SyV# D# GHFRODJHP/# D# DHURQDYH
SUHFLVD#JDQKDU#DOWXUD/#REHGHFHQGR#D
XP# SURFHGLPHQWR# GH# VXELGD
SDGURQL]DGR/#REHGHFHQGR#LQVWUXo}HV
GR#&RQWUROH#GH#7UiIHJR#$pUHR#RX#D
FULWpULR#GR#SLORWR/#TXDQGR#HVWLYHU#VRE
5HJUDV#GH#9{R#9LVXDO# +9LVXDO#)OLJKW
5XOHV#0#9)5,>

1DV# DSUR[LPDo}HV# H#SURFHGLPHQWRV
GH# GHVFLGDV/# RULHQWDGRV# RX# QmR# SRU
yUJmR#GH#FRQWUROH#GH#WUiIHJR#DpUHR1

)LJ1#4315#'HVFLGD#GD#$HURQDYH

'XUDQWH# R# Y{R# HP# URWD/# SRGHP# WRUQDU0VH# QHFHVViULDV#PXGDQoDV# GH# QtYHO# SDGURQL]DGDV# RX
RFDVLRQDLV/#GHWHUPLQDGDV/#HQWUH#RXWUDV#UD]}HV/##SRU=

41 REHGLrQFLD#jV#UHJUDV#GH#WUiIHJR/#QRV#FUX]DPHQWRV#GH#DHURYLDV#RX#GH#ÉUHD#GH#&RQWUROH#GH#7UiIHJR
RX# PHVPR# PXGDQoDV# SURJUDPDGDV# QR# 3ODQR# GH# 9{R/# SRU# PRGLILFDomR# GH# GHVWLQR# SDUD# R
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DHUyGURPR# GH# DOWHUQDWLYD/# TXDQGR# R# GHVWLQR# HVWLYHU# IHFKDGR# SRU# FRQGLo}HV# WpFQLFDV# RX
PHWHRUROyJLFDV#LPSUHYLVWDV>

51 WXUEXOrQFLDV# GH# JUDQGHV# DHURQDYHV/# WHPSHVWDGHV# RX# QXYHQV# GR# WLSR# &XPXOXV# 1LPEXV# +&%,/
GHVFRQIRUWR#WpUPLFR/#WHPSHUDWXUD#GR#DU/#HWF1>

61 QDWXUH]D# WpFQLFD#FRPR=#GHIHLWRV#GH#SUHVVXUL]DomR#RX#R[LJHQDomR#GD#FDELQD#GD#DHURQDYH/#GHIHLWRV
HP#PRWRUHV#RX#RXWUDV#VLWXDo}HV#GH#HPHUJrQFLD>

71 LQVWUXo}HV#GR#&RQWUROH#GH#7UiIHJR#GH#$HURYLDV/#SDUD#DXPHQWDU#VHSDUDo}HV#YHUWLFDLV#H#KRUL]RQWDLV
FRP#RXWUDV#DHURQDYHV#RX#SRU#SURLELomR#GH#VREUHY{R#GH#iUHDV/#DEDL[R#GH#GHWHUPLQDGDV#DOWLWXGHV1

10.5 Parâmetros de Descida/Subida
4XDOTXHU#TXH#VHMD#D#FDXVD#GHWHUPLQDQWH#GH#XPD#PXGDQoD#GH#QtYHO#GH#Y{R/#R#SURFHGLPHQWR

GHYHUi# DWHQGHU# WDQWR# DRV# FULWpULRV# GD# DHURQDYH# TXDQWR# DRV# GR# WUiIHJR# DpUHR/# KDMD# YLVWD# TXH# R
FUX]DPHQWR/#HP#URWD/#GH#QtYHLV#GH#Y{R#GH#RXWUDV#DHURQDYHV#DFDUUHWD#VLWXDo}HV#GH#FRQIOLWR#GH#WUiIHJR#TXH
SUHFLVDP#VHU#FRUUHWDPHQWH#DGPLQLVWUDGDV#SHOR#&RQWUROH1

'D# SDUWH# GD# DHURQDYH# H[LVWHP# RV# FULWpULRV# WpFQLFRV# H# HFRQ{PLFRV# GHWHUPLQDQWHV# GDV
YHORFLGDGHV#H#GDV#UD]}HV#GH#GHVFLGD2VXELGD#RWLPL]DGDV/#RX#VHMD/#TXH#GmR#PDLRU#UHQGLPHQWR#SRU#JDOmR
GH#FRPEXVWtYHO1##&RP#UHODomR#jV#GHVFLGDV/#D#TXHVWmR#p#GH#JUDQGH#LPSRUWkQFLD/#WHQGR#HP#YLVWD#D#HQHUJLD
PHFkQLFD#GD#DHURQDYH/#SURYHQLHQWHV#GH#VXD#DOWLWXGH#H#GR#TXDGUDGR#GH#VXD#YHORFLGDGH/#D#TXDO#GHYH#VHU
XWLOL]DGD#FRQYHQLHQWHPHQWH#GXUDQWH#R#SURFHGLPHQWR#GH#GHVFLGD1

2V#VHJXLQWHV#SDUkPHWURV#GD#DHURQDYH#VHUmR#FRQVLGHUDGRV=

D, +)OLJKW#/HYHO#0#)/,#0#QtYHO#GH#Y{R#LQLFLDO#+)/4,/#HP#IW#+Sp,>

E, QtYHO#GH#Y{R#D#VHU#DWLQJLGR#+)/5,/#HP#IW#+Sp,>

F, YHORFLGDGH#GD#DHURQDYH/#HP#.76#+QyV,>

G, UD]mR#GH#GHVFLGD2VXELGD#+YHORFLGDGH#YHUWLFDO,/#HP#IW2PLQ#+Sp#SRU#PLQXWR,>

H, GLVWkQFLD#HQWUH#RV# IL[RV#GH# LQtFLR# +$,# H# WpUPLQR# +%,#GR#SURFHGLPHQWR/# HP#01# +PLOKDV
QiXWLFDV,>

I, WHPSR#HVWLPDGR#GR#SURFHGLPHQWR/#HP#PLQXWRV1

J, DOWLWXGH#PtQLPD#GH#VHJXUDQoD/#HP#IW#+Sp,1

$V#DOWLWXGHV#GRV#LWHQV#D/#E#H#J#VmR#WRGDV#HP#UHODomR#DR#QtYHO#PpGLR#GR#PDU#+06/#0#0HDQ#6HD
/HYHO,/#RX#VHMD/#VmR#QtYHLV#EDURPpWULFRV#FRP#UHIHUrQFLD##DR#DMXVWH#GR#DOWtPHWUR#GH#41346/5PE#0#PLOLEDUHV
RX#5</<5LQ2+J#0#SROHJDGDV#GH#PHUF~ULR/#SRU#FRQVHJXLQWH/#YDULiYHLV#HP#IXQomR#GD#SUHVVmR#DWPRVIpULFD
ORFDO1



1Ro}HV#GH#)tVLFD#$SOLFDGD#DR#9{R#6LPXODGR#±#3iJLQD#67

10.6 Exemplo Numérico
6RE#R#DVSHFWR#PDWHPiWLFR/#D#RSHUDomR#p#EDVWDQWH#VLPSOHV1##6XSRQKDPRV#XPD#DHURQDYH#H[HFX0

WDQGR#XP#SURFHGLPHQWR
GH#PXGDQoD#GH#QtYHO#GH
Y{R# +'(6&,'$,/# FRQ0
IRUPH#PRVWUDGR#QD#)LJ1
4316/# RQGH# GHVWDFDP0VH
RV# SRQWRV# FRQVLGHUDGRV
HP#QRVVD#DQiOLVH1

)LJ1#4316#([HPSOR#GH#GHVFLGD

2# SLORWR# GHVHMD#PXGDU# GR# )/4# SDUD# R# )/5# +XPD# GHVFLGD/# QHVWH# H[HPSOR,1# # 'XUDQWH# R
SURFHGLPHQWR/#D#DHURQDYH#GHVFUHYHUi#D#WUDMHWyULD#&$/#FXMD#SURMHomR#VREUH#R#VROR#p#R#VHJPHQWR#$%#GH
FRPSULPHQWR# LJXDO# j# GLVWkQFLD# G# HQWUH# RV# GRLV# SRQWRV1# ,QLFLDQGR# D# GHVFLGD/# R# SLORWR# DFLRQD# XP
FURQ{PHWUR/# FXMD# OHLWXUD# DR# ILQDO# GD# RSHUDomR# VHUi# R# WHPSR# W1# $# DHURQDYH#PDQWHUi# D# YHORFLGDGH
FRQVWDQWH#94/#GXUDQWH#WRGR#R#SURFHGLPHQWR1#7HPRV/#SRUWDQWR=

D, YHORFLGDGH#GD#DHURQDYH#0#94/#HP#.76>

E, GLVWkQFLD#KRUL]RQWDO#$%/#HP#10>

F, WHPSR#GHFRUULGR#+W,#QR#SHUFXUVR#$%/#HP#PLQ>

G, GLIHUHQoD#HQWUH#RV#QtYHLV#)/4#H#)/5#++,/#HP#IW1

2#YHWRU#YHORFLGDGH#GD#DHURQDYH#QD#GLUHomR#&%#SRGH#VHU#GHFRPSRVWR#HP#GXDV#FRPSRQHQWHV
SHUSHQGLFXODUHV/#QDV#GLUHo}HV#&$#H#$%/#GH#DFRUGR#FRP#D#UHJUD#GD#VRPD#GH#YHWRUHV#RX#GD#FRPSRVLomR
GH#GRLV#PRYLPHQWRV1#7XGR#VH#SDVVD#FRPR#VH#D#DHURQDYH#YRDVVH#GH#$#SDUD#%/#FRP#D#FRPSRQHQWH#GD
YHORFLGDGH#QR#VHQWLGR#$%/#94/#DR#PHVPR#WHPSR#HP#TXH#GHVFHVVH#GH#&#SDUD#$/#FRP#D#FRPSRQHQWH#GD
YHORFLGDGH#QR#VHQWLGR#&$/#951##$#FRQWDJHP#GR#WHPSR#p#LJXDO#SDUD#RV#GRLV#PRYLPHQWRV#+WHPSR# #W,1

3RGHPRV#HVFUHYHU#DV#GXDV#HTXDo}HV#VHJXLQWHV=

,JXDODQGR#DV#HTXDo}HV#+,,#H#+,,,/#H#DMXVWDQGR#R#WHPSR#SDUD#PLQXWRV#HP#DPEDV#HTXDo}HV/#WHPRV=

3DUD#VROXFLRQDU#XP#SUREOHPD/#GHYHUHPRV#FRQKHFHU#6#SDUkPHWURV#H#D#SDUWLU#GHVWHV#GHWHUPLQDU#R
YDORU#GHVFRQKHFLGR1###9HMDPRV#XP#H[HPSOR#QXPpULFR/#VHPSUH#OHPEUDQGR#TXH=

H###+,,##PLQ/#HP##
K9
+

W = +,,,#PLQ,#93KRUD+#HP#
V9
6

W ==

V9
693

K9
+ ⋅= #

9K93
9V+

6
⋅

⋅=
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4#10# #913:9#IW

4#.76# #913:9#IW293PLQ#1#1#4#.76# #434/6#IW2PLQ1

´2#SLORWR#QR#FRPDQGR#GH#XPD#DHURQDYH#HP#Y{R#VLPXODGR/#TXH#GHVHQYROYH#D#YHORFLGDGH#GH
433#.76/#GHVHMD#GHVFHU#GR#)/93#SDUD# DWLQJLU#XP# FHUWR#SRQWR#%/#QLYHODGR#QR#)/631#6XD# UD]mR#GH
GHVFLGD# VHUi#GH# 833# IW2PLQ1# # #3HUJXQWD0VH=#D#TXH#GLVWkQFLD#GR#SRQWR#%#HOH#GHYHUi# LQLFLDU#D#GHVFLGD"
4XDQWR#WHPSR#GXUDUi#R#SURFHGLPHQWR"µ

7HPRV#RV#VHJXLQWHV#GDGRV=

+# #)/93#0#)/63# #91333#0#61333# #61333#IW

9V# #433#.76

9K# #833#IW2PLQ1

&É/&8/2#'$#',67Ç1&,$#(175(#26#321726#$#H#%

6# #6333#•#434/6#•#4332833

6# #931:;3#IW 28 6# #931:;32913:9 28 6# #43#101

E,#&É/&8/2#'2#7(032#'(#'(6&,'$

2#WHPSR#FRUUHVSRQGH#D#4243#GD#KRUD#RX#9#PLQXWRV1

10.7 Utilização dos gráficos e tabelas anexos
7DEHOD#²#$#ILQDOLGDGH#GD#WDEHOD#p#GDU#DR#SLORWR#XPD#JUDQGH]D#GR#JUDGLHQWH#GH#GHVFLGD2VXELGD

XWLOL]DGR#H#D#UD]mR#GH#GHVFLGD2VXELGD/#HP#IXQomR#GD#YHORFLGDGH#GD#DHURQDYH1

*UiILFR#²#$SUHVHQWDPRV#GRLV#JUiILFRV/#FRP#RV#GDGRV#GD#WDEHOD#4314/#UHODFLRQDQGR#D#GLIHUHQoD
GH#DOWLWXGH#D#GHVFHU2VXELU#FRP#D#GLVWkQFLD#SHUFRUULGD#VREUH#R#VROR/#SDUD#JUDGLHQWHV#YDULDQGR#GH#6#D#9(/
HP#XP#GHVHQKR#H#GH#:#D#43(#HP#RXWUR#GHVHQKR1

&RQKHFHQGR#D#GLIHUHQoD#GH#DOWLWXGH/#R#kQJXOR#GH#SODQHLR#RX#R#JUDGLHQWH/#UHODFLRQDGRV#FRP#DV
YHORFLGDGHV#YHUWLFDO#H#KRUL]RQWDO/#SURFXUD0VH#QR#JUiILFR#XPD#OLQKD#TXH#UHSUHVHQWD#R#JUDGLHQWH1##7UDoD0VH
XP# OLQKD#KRUL]RQWDO#GHVGH#R#YDORU#GD#GLIHUHQoD#GH#DOWLWXGH#DWp#D# #FXUYD#GR#JUDGLHQWH#H#GHVWH#SRQWR
EDL[D0VH#XPD#OLQKD#DWp#R#HL[R#GDV#GLVWkQFLDV1

#
K993
V9+

6
⋅

⋅
=

#
V9
6

#W =
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1RPyJUDIR# ²#e# XP#PpWRGR# SDUD# VROXFLRQDU# JUDILFDPHQWH# XPD# HTXDomR/# SURSRUFLRQDQGR
VROXo}HV# UiSLGDV# H# SUHFLVDV1# # (VWDPRV# DSUHVHQWDQGR# XP# QRPyJUDIR# EDVHDGR# QDV# HTXDo}HV# GR
PRYLPHQWR#GH#GHVFLGD/#DSUHVHQWDGDV#HP# 43191# #6mR#GXDV#HTXDo}HV# LQGHSHQGHQWHV#H#TXH#SRGHP# VHU
XWLOL]DGDV# VLPXOWDQHDPHQWH# RX# QmR/# LVWR# p# SRGHPRV# IRUPDU# XP# VLVWHPD# GH# GXDV# HTXDo}HV# H# GXDV
LQFyJQLWDV# RX# UHVROYHUPRV# DSHQDV# XPD# GDV# HTXDo}HV/# VH# QmR# WLYHUPRV# LQWHUHVVDGRV# QRV# GHPDLV
SDUkPHWURV1

'HVHQKDPRV#XP#QRPyJUDIR#FRP#8#HL[RV/#VHQGR#XP#HL[R#SDUD#FDGD#SDUkPHWUR/#SDUD#IDFLOLWDU#D
YLVXDOL]DomR#H#D#SUiWLFD#LQLFLDO1##2#PHVPR#QRPyJUDIR#HVWi#GHVHQKDGR#FRP#DSHQDV#6#HL[RV/#VHQGR#TXH
QR#SULPHLUR#HL[R#HVWmR#GHVHQKDGDV#GXDV#HVFDODV=#D#HVFDOD#GDV#GLIHUHQoDV#GH#DOWLWXGHV#++,#H#D#HVFDOD#GDV
GLVWkQFLDV#+6,1##1R#VHJXQGR#HL[R#HVWmR#GHVHQKDGDV#DV#HVFDODV#GD#UD]mR#GH#VXELGD2GHVFLGD#+9K,#H#D#GD
YHORFLGDGH#UHODWLYD#DR#6ROR#+9V,1##$#HVFDOD#GR#WHPSR#+W,#FRQWLQXD#LVRODGD/#QXP#~QLFR#HL[R1

4XHP#QmR# VHQWLU0VH# j# YRQWDGH#SDUD# XWLOL]DU#R#QRPyJUDIR#GH# 6# HL[RV# +FLQFR# HVFDODV$,/#SRGH
XWLOL]DU#R#GH#8#HL[RV1##2#PRGR#GH#FDOFXODU#p#R#PHVPR1

6HQGR#GXDV#HTXDo}HV# LQGHSHQGHQWHV/# UHVROYHPRV#D#SULPHLUD#GHODV#XWLOL]DQGR#RV# 6#SULPHLURV
HL[RV1##3DUD#VROXFLRQDU#D#VHJXQGD#HTXDomR/#XWLOL]DPRV#R#HL[R#LQWHUPHGLiULR#HP#FRQMXQWR#FRP#RV#GRLV
~OWLPRV#HL[RV1##2#HL[R#LQWHUPHGLiULR/#TXH#p#R#HL[R#GRV#WHPSRV/#p#FRPXP#QD#VROXomR#GDV#GXDV#HTXDo}HV/
SRLV#RV#PRYLPHQWRV#YHUWLFDO#H#KRUL]RQWDO#VmR#SURFHVVDGRV#DR#PHVPR#WHPSR/#LVWR#p/#D#DHURQDYH#GHVFH
+RX#VREH,#DR#PHVPR#WHPSR#HP#TXH#SHUFRUUH#VREUH#R#VROR#XPD#WUDMHWyULD1
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Forum de Simulações Aéreas - FSA
Noções de Física Aplicada

a Vôo Simulado
Diferença de Altitude (H) versus Distância (d)

para Gradientes variando de 3% a 6%  

500500500500

1.0001.0001.0001.000

1.5001.5001.5001.500

2.0002.0002.0002.000

2.5002.5002.5002.500

3.0003.0003.0003.000

3.5003.5003.5003.500

4.0004.0004.0004.000

4.5004.5004.5004.500

5.0005.0005.0005.000

5.5005.5005.5005.500

6.0006.0006.0006.000

1,001,001,001,00 6,006,006,006,00 11,0011,0011,0011,00 16,0016,0016,0016,00 21,0021,0021,0021,00 26,0026,0026,0026,00 31,0031,0031,0031,00

Distância (NM)

D
ife

re
nç

a 
de

 A
lti

tu
de

 (
ft)

Gradiente 3%Gradiente 3%Gradiente 3%Gradiente 3% Gradiente 4%Gradiente 4%Gradiente 4%Gradiente 4% Gradiente 5%Gradiente 5%Gradiente 5%Gradiente 5% Gradiente 6%Gradiente 6%Gradiente 6%Gradiente 6%
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Forum de Simulações Aéreas - FSA
Noções de Física Aplicada a

Vôo Simulado
Diferença de Altitude (H) versus Distância (d)

para gradientes variando de 7% a 10%  

500500500500

1.0001.0001.0001.000

1.5001.5001.5001.500

2.0002.0002.0002.000

2.5002.5002.5002.500

3.0003.0003.0003.000

3.5003.5003.5003.500

4.0004.0004.0004.000

4.5004.5004.5004.500

5.0005.0005.0005.000

5.5005.5005.5005.500

6.0006.0006.0006.000

1,001,001,001,00 2,002,002,002,00 3,003,003,003,00 4,004,004,004,00 5,005,005,005,00 6,006,006,006,00 7,007,007,007,00 8,008,008,008,00 9,009,009,009,00 10,0010,0010,0010,00 11,0011,0011,0011,00 12,0012,0012,0012,00 13,0013,0013,0013,00 14,0014,0014,0014,00

Distância (NM)

D
ife

re
nç

a 
de

 A
lti

tu
de

 (
ft)

Gradiente 7%Gradiente 7%Gradiente 7%Gradiente 7% Gradiente 8%Gradiente 8%Gradiente 8%Gradiente 8% Gradiente 9%Gradiente 9%Gradiente 9%Gradiente 9% Gradiente 10%Gradiente 10%Gradiente 10%Gradiente 10%



1Ro}HV#GH#)tVLFD#$SOLFDGD#DR#9{R#6LPXODGR#±#3iJLQD#6<

,QVWUXo}HV#GH#8VR

+6RPHQWH#SDUD#9{R#6LPXODGR,

2# QRPyJUDIR# IRL
FDOFXODGR# H# GHVHQKDGR
SRU# -RVp# )UDQFLVFR
/{ER/# EDVHDGR# QD
UHODomR#DEDL[R=

2QGH=

6# #GLVWkQFLD/#HP#PLOKD#QiXWLFD
+10,>
+# #GLIHUHQoD#GH#DOWLWXGH/#HP#Sp
+IW,>
9V# #YHORFLGDGH#UHODWLYD#DR#VROR/
HP#Qy#+.7,>
9K# #UD]mR#GH#VXELGD2GHVFLGD/
HP#Sp#SRU#PLQXWR#+ISP,>

$#YDULiYHO#W#+WHPSR/#HP#PLQXWR,
p#XPD#GHFRUUrQFLD#GR#FiOFXOR1

2EVHUYH# RV# TXDWUR
H[HPSORV# GDGRV# QR
PRGHOR#DR# ODGR#H#SUR0
SRQKD# RXWURV# WLSRV# GH
SUREOHPDV/# FRQKH0
FHQGR# WUrV# SDUkPHWURV
H# HQFRQWUDQGR# RV# RX0
WURV1

([HPSOR#4 81333 51833 5 633 43
([HPSOR#5 41833 833 6 633 48
([HPSOR#6 833 833 4 4;3 6
([HPSOR#7 41333 533 8 573 53

41 0DUTXH#QR#HL[R#+#D#GLIHUHQoD#GH#DOWLWXGH>
51 0DUTXH#QR#HL[R#9K#D#UD]mR#GH#6XELGD2'HVFLGD>
61 3URORQJXH#D#OLQKD#TXH#XQH#RV#SRQWRV#4#H#5/#DFLPD/#DWp#R#HL[R#W>
71 0DUTXH#QR#HL[R#9V#D#YHORFLGDGH#5HODWLYD#DR#VROR>
81 7UDFH#XPD#OLQKD#UHWD#XQLQGR#RV#SRQWRV#6#H#7/#DFLPD/##DWp#R#HL[R#6/#REWHQGR#D#GLVWkQFLD#KRUL]RQWDO#SHUFRUULGD#QR#SURFHGLPHQWR1

9K93
9V+

6
⋅

⋅=

1RPyJUDIR#SDUD#&iOFXOR#GH#6XELGDV#H#'HVFLGDV#HP#9{RV#
6LPXODGRV
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1RPyJUDIR#SDUD#&iOFXOR#GH#6XELGDV#H#'HVFLGDV#HP#9{RV#
6LPXODGRV
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%,%/,2*5$),$

*/(,6(5/#0$5&(/21#$#'$1d$#'2#81,9(5621# 6®2# 3$8/2=
&203$1+,$#'$6#/(75$6/#4<<:1

%5$1621/# /$1(# .1# (1*,1((5,1*# 0(&+$1,&61# 5,2# '(
-$1(,52=#/,9526#7e&1,&26#(#&,(17Ì),&26/#4<:71

'2&$/# 5,&$5'2# +(/28# (7# $/,1# 7Ð3,&26# '(# )Ì6,&$/
92/80(# 4/# 43�# (',d®2# 5()2508/$'$1# 6®2# 3$8/2=
(',725$#6$5$,9$/#4<<51

'(1.(5/#-2+1#61#6((#+2:#,7#)/,(61,17(51(7=

+773=22:::10210287+1&202a-6'2+2:
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