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Resumo:

A topografia pode ser definida como a ciência, a arte e a tecnologia de definir pontos relativos acima, abaixo ou sobre a 
superfície terrestre, ou estabelecer esses pontos. De modo mais amplo, a topografia engloba métodos para medição e obtenção 
de informações sobre a superfície física da Terra, gerando produtos a partir do processamento dessas informações. Em todo 
tipo de medição existirá erro. Os erros provenientes de valores observados utilizados em cálculos subsequentes são 
denominados de propagação de erros. A lei geral da propagação de variâncias é utilizada para calcular a propagação dos erros 
aleatórios. Na topografia, a fórmula para a propagação de erros pode ser minimizada. O objetivo do presente trabalho resume-
se em analisar a propagação de erros no cálculo das coordenadas X ,Y por meio da contra poligonal, comparando com a 
precisão nominal do equipamento utilizado.
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6HJXQGR�*KLODQL�H�:ROI���������D�WRSRJUDILD�SRGH�VHU�GHILQLGD�FRPR�D�FLrQFLD��
D�DUWH�H�D�WHFQRORJLD�GH�GHILQLU�SRQWRV�UHODWLYRV�DFLPD��DEDL[R�RX�VREUH�D�VXSHUItFLH�
WHUUHVWUH��RX�HVWDEHOHFHU�HVVHV�SRQWRV��'H�PRGR�PDLV�DPSOR��D� WRSRJUDILD�HQJORED�
PpWRGRV�SDUD�PHGLomR�H�REWHQomR�GH�LQIRUPDo}HV�VREUH�D�VXSHUItFLH�ItVLFD�GD�7HUUD��
JHUDQGR�SURGXWRV�D�SDUWLU�GR�SURFHVVDPHQWR�GHVVDV�LQIRUPDo}HV��

$� WRSRJUDILD� WHP�FRPR�SULQFLSDO�REMHWLYR�HIHWXDU�R� OHYDQWDPHQWR� WRSRJUiILFR��
TXH�FRQVLVWH�QD�FROHWD�GDV�PHGLo}HV�GH�kQJXORV�H�GLVWkQFLDV�GH�PRGR�TXH�VHMD�SRV��
VtYHO�UHSUHVHQWDU�XPD�SRUomR�WHUUHVWUH�RQGH�D�FXUYDWXUD�GD�7HUUD�p�GHVFRQVLGHUDGD�
�9(,*$�HW�DO����������'H�DFRUGR�FRP�D�$%17�1%5�����������([HFXomR�GH�/HYDQWD���
PHQWR�7RSRJUiILFR���R�OHYDQWDPHQWR�WRSRJUiILFR�SRGH�VHU�GHILQLGR�FRPR��³&RQMXQWR�GH�
PpWRGRV�H�SURFHVVRV�TXH��DWUDYpV�GH�PHGLo}HV�GH�kQJXORV�KRUL]RQWDLV�H�YHUWL��FDLV��
GH� GLVWkQFLDV� KRUL]RQWDLV�� YHUWLFDLV� H� LQFOLQDGDV�� FRP� LQVWUXPHQWDO� DGHTXDGR� j�
H[DWLGmR�SUHWHQGLGD��SULPRUGLDOPHQWH��LPSODQWD�H�PDWHULDOL]D�SRQWRV�GH�DSRLR�QR�WHU��
UHQR��GHWHUPLQDQGR�VXDV�FRRUGHQDGDV�WRSRJUiILFDV�´�

6HJXQGR�9HLJD�HW�DO����������R� OHYDQWDPHQWR�WRSRJUiILFR�FDUUHJD�FRQVLJR�HU��
URV�TXH�SRGHP�VHU�SURYHQLHQWHV�GR�HTXLSDPHQWR��GR�RSHUDGRU�RX�HUURV�TXH�RFRUUHP�
VHP�XP�SDGUmR��2V�HUURV�VLVWHPiWLFRV�SRGHP�VHU�FRUULJLGRV�VHJXLQGR�OHLV�PDWHPiWL���
FDV�RX�ItVLFDV��RX�SRU�WpFQLFDV�GH�REVHUYDomR��XPD�YH]�TXH�RFRUUHP�SRU�FDXVDV�FR��
QKHFLGDV��HTXLSDPHQWRV���2V�HUURV�JURVVHLURV�VmR�FDXVDGRV�SRU�IDOKDV�QD�RSHUDomR�
GRV�HTXLSDPHQWRV��RX�SRU�OHLWXUDV�HUU{QHDV��H�GHYHP�VHU�HYLWDGRV�PDQWHQGR�R�Pi[L��
PR�GH�DWHQomR�GXUDQWH� D� UHDOL]DomR�GR� OHYDQWDPHQWR��2V�HUURV�DOHDWyULRV�� RX�DFL��
GHQWDLV��SRGHP�VHU�SURYHQLHQWHV�GH�XPD�LQFOLQDomR�GD�EDOL]D�QR�PRPHQWR�GD�OHLWXUD�
RX�DWp�PHVPR�XP�HUUR�GH�SRQWDULD�QD�OHLWXUD�GH�GLUHo}HV�KRUL]RQWDLV��

(P�WRGR�WLSR�GH�PHGLomR�H[LVWLUi�HUUR��2V�HUURV�SURYHQLHQWHV�GH�YDORUHV�RE��
VHUYDGRV�XWLOL]DGRV�HP�FiOFXORV�VXEVHTXHQWHV�VmR�GHQRPLQDGRV�GH�SURSDJDomR�GH�
HUURV��$�OHL�JHUDO�GD�SURSDJDomR�GH�YDULkQFLDV�p�XWLOL]DGD�SDUD�FDOFXODU�D�SURSDJDomR�
GRV�HUURV�DOHDWyULRV��1D�WRSRJUDILD��D�IyUPXOD�SDUD�D�SURSDJDomR�GH�HUURV�SRGH�VHU�
PLQLPL]DGD��*+,/$1,�H�:2/)���������

(VWH�WUDEDOKR�EXVFD�DQDOLVDU�D�SURSDJDomR�GH�HUURV�QR�FiOFXOR�GDV�FRRUGHQD��
GDV� ;����� <� SRU�PHLR�GD�FRQWUD�SROLJRQDO��FRPSDUDQGR�FRP�D�SUHFLVmR�QRPLQDO�GR�
HTXLSDPHQWR�XWLOL]DGR��1D�VHomR����VmR�DSUHVHQWDGRV�RV�HTXLSDPHQWRV�XWLOL]DGRV�H�
GH�TXH�PDQHLUD�IRL�H[HFXWDGR�R�SURFHGLPHQWR�SDUD�UHDOL]DomR�GR�H[SHULPHQWR��$�VH��
omR���DSUHVHQWD�RV�UHVXOWDGRV�REWLGRV�HP�FDPSR��EHP�FRPR�DV�GLVFXVV}HV�UHODFLR��
QDGDV�D�HVWHV�UHVXOWDGRV��3RU�ILP��QD�VHomR���VmR�DSUHVHQWDGDV�DV�FRQVLGHUDo}HV�IL��
QDLV��
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3DUD�R�H[SHULPHQWR�IRUDP�XWLOL]DGRV�RV�VHJXLQWHV�HTXLSDPHQWRV��

�
{� (VWDomR�WRWDO�1LNRQ�13/������
{� %DVH�QLYHODQWH��
{� 7UrV�PDUFRV�GH�FHQWUDJHP�IRUoDGD��
{� %~VVROD��



&RP�R� LQWXLWR�GH�DQDOLVDU�H�FRPSURYDU�D�TXDOLGDGH�GDV�FRRUGHQDGDV�SODQDV�
;����� <� SRU�PHLR�GD�FRQWUD�SROLJRQDO��IRL�UHDOL]DGD�XPD�VpULH�GH�WUrV� OHLWXUDV��+D��
YHQGR�VLPXOWDQHDPHQWH�R�SURSyVLWR�GH�YHULILFDU�RV�HUURV�REWLGRV�GH�DFRUGR�FRP�D�
SUHFLVmR�QRPLQDO�GR�HTXLSDPHQWR���

$V� OHLWXUDV� IRUDP� SRVVtYHLV� FRP� D� XWLOL]DomR� GH� WUrV�PDUFRV� JHRGpVLFRV� GH�
FHQWUDJHP�IRUoDGD��$�HVWDomR�IRL�SRVLFLRQDGD�QR�PDUFR�FHQWUDO��FRPR� LOXVWUDGR�QD�
)LJXUD����

3DUD�DV�REVHUYDo}HV�GH�Q~PHUR����R�SULVPD��MXQWDPHQWH�FRP�D�EDVH�QLYHODQ��
WH��IRL�LQVWDODGR�QR�PDUFR����SDUD�D�H[HFXomR�GD�SULPHLUD�REVHUYDomR�GH�Up��RQGH�IR��
UDP�H[HFXWDGDV�OHLWXUDV�QD�SRVLomR�GLUHWD��3'��H�QD�SRVLomR�LQYHUVD��3,���

3RVWHULRUPHQWH��R�SULVPD�H�D�EDVH�QLYHODQWH�IRUDP�SRVLFLRQDGRV�QR�PDUFR����
�XWLOL]DGR�SDUD�YDQWH�QD�SULPHLUD�REVHUYDomR���H[HFXWDQGR�OHLWXUDV�GH�3'�H�3,�UHSHWL��
GDPHQWH��

2�PHVPR�SURFHVVR�IRL�UHSURGX]LGR�QRYDPHQWH�SDUD�D�FRQWUD�SROLJRQDO��QD�RE��
VHUYDomR�GH�Q~PHUR����FXMR�PDUFR����IRL�XWLOL]DGR�FRPR�Up�H�R�PDUFR����FRPR�YDQ���
WH��

3RU�~OWLPR�IRL�UHDOL]DGD�PDLV�XPD�VpULH�GH�OHLWXUDV�FRUUHVSRQGHQWH�j�SULPHLUD�
REVHUYDomR��

'XUDQWH�WRGD�D�H[HFXomR�GR�H[SHULPHQWR�IRL�XWLOL]DGR�R�PHVPR�HTXLSDPHQWR��
YLVDQGR�SURYDGDPHQWH�QmR�FRQFHEHU�PDLV�HUURV�UHVXOWDQWHV�GR�XVR�GH�HTXLSDPHQ��
WRV�GLIHUHQWHV��

3DUD�RV�SURFHGLPHQWRV�GH�FiOFXORV��R�D]LPXWH�LQLFLDO�IRL�HVWLPDGR�FRP�R�DX[t��
OLR�GH�XPD�E~VVROD�H�DV�FRRUGHQDGDV�LQLFLDLV�IRUDP�DUELWUDGDV��

'H�DFRUGR�FRP�*KLODQL�H�:ROI���������FRQVLGHUDQGR�TXH�D���E���F��������Q�VmR�RV�
YDORUHV�REVHUYDGRV�TXH�FRQWpP�RV�HUURV�(D���(E���(F���������(Q���H�FRQVLGHUDQGR��DLQGD��TXH�
=�p�D�TXDQWLGDGH�GHULYDGD�SRU�FiOFXOR�FRP�DV�TXDQWLGDGHV�REVHUYDGDV�HP�IXQomR�GH���
I������HQWmR��
�
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6XSRQGR�TXH�D���E���F��������Q�VmR�REVHUYDo}HV�LQGHSHQGHQWHV��R�HUUR�FDOFXODGR�
QD�TXDQWLGDGH����=���p��
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(P�TXH�RV�WHUPRV� ��I�l��D���I�l��E����I�l��F����������I�l��Q� VmR�DV�GHULYDGDV�SDUFLDLV�
GH� I� FRP�UHODomR�jV�YDULiYHLV� D���E���F��������Q�� ��

3DUD�R�FiOFXOR�GDV�FRRUGHQDGDV�WRSRJUiILFDV�XWLOL]RX�VH�DV�HTXDo}HV�����H������
GHVFULWDV�SRU�3DVWDQD���������
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$SDUHQWHPHQWH�� DV� FRRUGHQDGDV� FDOFXODGDV� D� SDUWLU� GRV� GDGRV� REWLGRV� HP�
FDPSR��FRP�SRVLo}HV�GLUHWDV�H�LQYHUVDV��WrP�XP�HUUR�Pi[LPR�DSUR[LPDGR�HP�����FP��
FRPR�GHPRQVWUDGR�QD�WDEHOD����

(QWUHWDQWR��p�QHFHVViULR�GHILQLU�TXDQWLWDWLYDPHQWH�VH�R�YDORU�p�DFHLWiYHO�SDUD�
WUDEDOKRV�GH�7RSRJUDILD�GH�3UHFLVmR��3DUD�LVVR��p�SUHFLVR�FRPSDUDU�R�HUUR�HQFRQWUD��
GR�FRP�D�SUHFLVmR�FDOFXODGD�SHODV�GHULYDGDV�SDUFLDLV�GHPRQVWUDGDV�QD�HTXDomR������
XWLOL]DQGR�D�SUHFLVmR�QRPLQDO�GRV�LQVWUXPHQWRV�XWLOL]DGRV��1HVWH�FDVR��D�(VWDomR�WR��
WDO�1LNRQ�13/������FRP����PP����SSP�[�'��GH�SUHFLVmR�OLQHDU�H���´��GH�SUHFLVmR�DQ��
JXODU��
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7DEHOD����3UHFLVmR�QRPLQDO�GR�HTXLSDPHQWR�H�D�SUHFLVmR�REWLGD�QR�OHYDPHQWR��
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� 3UHFLVmR�/HYDQWDPHQWR� 3UHFLVmR�GRV�(TXLSDPHQWRV�
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)RQWH��HODERUDGD�SHORV�DXWRUHV��
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$R�DQDOLVDU�D�WDEHOD���IRL�SRVVtYHO�REWHU�R�UHVXOWDGR�ILQDO�GR�WUDEDOKR��$WUDYpV�
GHVWHV�YDORUHV�VH�SRGH�FRPSURYDU�TXH�D�SUHFLVmR�REWLGD�QD�SROLJRQDomR�HVWi�GHQWUR�
GD�SUHFLVmR�FDOFXODGD�D�SDUWLU�GH�GHULYDGDV�SDUFLDLV��DV�TXDLV�GHILQHP�RV�HUURV�DFHL��
WiYHLV�SDUD�R�OHYDQWDPHQWR��3RUWDQWR��RV�OHYDQWDPHQWRV�WRSRJUiILFRV�UHDOL]DGRV�FRP�
D�(VWDomR�7RWDO�1LNRQ�13/�����HVWmR�GHQWUR�GD�WROHUkQFLD�DFHLWiYHO�GH�HUUR�SDUD�R�
HTXLSDPHQWR�DWp�R�PRPHQWR��
�
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$WUDYpV� GD� DQiOLVH� GD� SURSDJDomR� GH� HUURV� QR� FiOFXOR� GH� FRRUGHQDGDV�� IRL�
SRVVtYHO�YHULILFDU�TXH�D�SUHFLVmR�GR�HTXLSDPHQWR�REWLGD�SRU�PHLR�GD�SROLJRQDomR�p�
FRQGHVFHQGHQWH�FRP�R�HUUR�DFHLWiYHO�SDUD�OHYDQWDPHQWRV��

9DOH�UHVVDOWDU�TXH�HVWD�p�XPD�WpFQLFD�TXH�GHYH�VHU�UHDOL]DGD�SDUD�FDOFXODU�R�
QtYHO�GH�DIHULPHQWR�GH�DSDUHOKRV�WRSRJUiILFRV��HQIDWL]DQGR�D�LPSRUWkQFLD�H�QHFHVVL���
GDGH�GH�PDQWHU�HVWHV�DSDUHOKRV�FRP�PDQXWHQomR�HP�GLD��SDUD�HYLWDU�HUURV�HP�WUD��
EDOKRV�IXWXURV�H�SRVVLELOLWDU�VHUYLoRV�GH�TXDOLGDGH�HP�7RSRJUDILD�GH�3UHFLVmR��
�
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$%17�1%5�����������$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�7pFQLFDV��1RUPD�%UDVLOHLUD�
5HJXODPHQWDGRUD���([HFXomR�GH�OHYDQWDPHQWR�WRSRJUiILFR��������
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*+,/$1,��&��'���:2/)��3��5��*HRPiWLFD�����HG��6mR�3DXOR��3HDUVRQ�(GXFDWLRQ�GR�
%UDVLO�����������S��
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9(,*$��/��$��.���=$1(77,��0��$��=���)$**,21��3��/��)XQGDPHQWRV�GH�7RSRJUDILD��
(QJHQKDULD�&DUWRJUiILFD�H�GH�$JULPHQVXUD��8QLYHUVLGDGH�)HGHUDO�GR�3DUDQi��������


