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Resumo 

 

 

O marine controlled-source electromagnetic method (mCSEM) vem sendo 

crescentemente empregado pela indústria de hidrocarbonetos na redução de riscos 

exploratórios, entretanto a interpretação destes dados ainda é um desafio para a 

indústria petrolífera. Metodologias diretas de geração de perfis ou mapas de anomalia, 

assim como inversões 1D simples, se mostram insatisfatórias, por outro lado, 

algoritmos de inversão 2D e 3D requerem implementação complexa e altos custos 

computacionais. 

Este trabalho apresenta todos os módulos de um fluxo de inversão mCSEM, que 

inverte o dado no domínio do common mid-point (CMP), como um conjunto de 

modelos 1D correspondentes às respectivas células CMP. Incluindo as derivadas 

analíticas das respostas para modelos 1D, em relação às resistividades das camadas, 

que além de tornar a inversão dezena de vezes mais rápida, pode ser útil ao 

entendimento de alguns aspectos do problema eletromagnético. 

Estas técnicas foram aplicadas tanto a dados sintéticos como de campo, recuperando 

em poucos minutos seções geoelétricas com o corpo resistivo em sua posição correta 

assim como uma boa estimativa das resistividades background. Tais resultados 

provaram esta rotina, como ferramenta útil à interpretação exploratória.    
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$*8,+9 3#+ #2+ &'/,+,./&'( 4*., &' %1&41) +,4,&:,+ &. 2'0,+ #+ */ .*5, 0,-/1 #3 .#2+4, *'0 ;#/1
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σ2

HED

"&(2+, GHIJ D#+&K#'/*$ ,$,4/+&4 0&-#$, &' /1, %*/,+ $*8,+ *'0 +,=,4/&#'. 4#,L4&,'/. *;#:,

R(1)−
*'0 0#%' R(1)+

%&/1 +,.-,4/ /# /1, 0&-#$, -#.&/&#'>

E(1)
x = − Idsx

4πδ3
ρ1

(

1

r̄
− 2x̄2

r̄3

)
∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TM
e−ū1(z̄+hs) + R(1)+

TM
eū1(z̄+hs)

]

ū1J1(gr̄)dg

− Idsx

4πδ3
ρ1

x̄2

r̄2

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TM
e−ū1(z̄+hs) + R(1)+

TM
eū1(z̄+hs)

]

ū1gJ0(gr̄)dg

− Idsx

4πδ3
ρ1

(

1

r̄
− 2ȳ2

r̄3

)
∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TE
e−ū1(z̄+hs) + R(1)+

TE
eū1(z̄+hs)

] 2i

ū1
J1(gr̄)dg

− Idsx

4πδ3
ρ1

ȳ2

r̄2

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TE
e−ū1(z̄+hs) + R(1)+

TE
eū1(z̄+hs)

] 2i

ū1
gJ0(gr̄)dg.

7GHI9

E(1)
y = +

Idsx

4πδ3
ρ1

2x̄ȳ

r̄3

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TM
e−ū1(z̄+hs) + R(1)+

TM
eū1(z̄+hs)

]

ū1J1(gr̄)dg

− Idsx

4πδ3
ρ1

x̄ȳ

r̄2

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TM
e−ū1(z̄+hs) + R(1)+

TM
eū1(z̄+hs)

]

ū1gJ0(gr̄)dg

− Idsx

4πδ3
ρ1

2x̄ȳ

r̄3

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TE
e−ū1(z̄+hs) + R(1)+

TE
eū1(z̄+hs)

] 2i

ū1
J1(gr̄)dg

+
Idsx

4πδ3
ρ1

x̄ȳ

r̄2

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TE
e−ū1(z̄+hs) + R(1)+

TE
eū1(z̄+hs)

] 2i

ū1
gJ0(gr̄)dg.

7GH 9

E(1)
z =

Idsx

4πδ3
ρ1

x̄

r̄

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TM
e−ū1(z̄+hs) − R(1)+

TM
eū1(z̄+hs)

]

g2J1(gr̄)dg. 7GHM9
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H(1)
x = − Idsx

4πδ2

2x̄ȳ

r̄3

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TM
e−ū1(z̄+hs) − R(1)+

TM
eū1(z̄+hs)

]

J1(gr̄)dg

+
Idsx

4πδ2

x̄ȳ

r̄2

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TM
e−ū1(z̄+hs) − R(1)+

TM
eū1(z̄+hs)

]

gJ0(gr̄)dg

+
Idsx

4πδ2

2x̄ȳ

r̄3

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TE
e−ū1(z̄+hs) − R(1)+

TE
eū1(z̄+hs)

]

J1(gr̄)dg

− Idsx

4πδ2

x̄ȳ

r̄2

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TE
e−ū1(z̄+hs) − R(1)+

TE
eū1(z̄+hs)

]

gJ0(gr̄)dg. "#$%&

H(1)
y = − Idsx

4πδ2

(

1

r̄
− 2x̄2

r̄3

)
∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TM
e−ū1(z̄+hs) − R(1)+

TM
eū1(z̄+hs)

]

J1(gr̄)g

− Idsx

4πδ2

x̄2

r̄2

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TM
e−ū1(z̄+hs) − R(1)+

TM
eū1(z̄+hs)

]

gJ0(gr̄)dg

− Idsx

4πδ2

(

1

r̄
− 2ȳ2

r̄3

)
∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TE
e−ū1(z̄+hs) − R(1)+

TE
eū1(z̄+hs)

]

J1(gr̄)dg

− Idsx

4πδ2

ȳ2

r̄2

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TE
e−ū1(z̄+hs) − R(1)+

TE
eū1(z̄+hs)

]

gJ0(gr̄)dg. "#$!&

H(1)
z =

Idsx

4πδ2

ȳ

r̄

∫ ∞

0

[

e−ū1(z̄−hs) + R(1)−

TE
e−ū1(z̄+hs) + R(1)+

TE
eū1(z̄+hs)

] g2

ū1
J1(gr̄)dg. "#$'&

()*+* R(1)−
,+* -./0/,+- ,0- R(1)+

12/,+- +*3*456.07 4.*846*057 60 9.5) :; ,0-

:< =.-*7>

:< =.-*

R(1)−
TE

=

ū1 − ū0

ū1 + ū0

(

1 +
ū1 − F TE

2 ū2

ū1 + F TE
2 ū2

e−2ū1(h1−hs)

)

1 − ū1 − ū0

ū1 + ū0

(

ū1 − F TE
2 ū2

ū1 + F TE
2 ū2

)

e−2ū1h1

, "#$?&

R(1)+
TE

=

ū1 − F TE
2 ū2

ū1 + F TE
2 ū2

(

1 +
ū1 − ū0

ū1 + ū0
e−2ū1hs

)

e−2ū1h1

1 − ū1 − ū0

ū1 + ū0

(

ū1 − F TE
2 ū2

ū1 + F TE
2 ū2

)

e−2ū1h1

, "#$@&

/65) :< 75+,56A4,56.0 B,45.+ ,7

F TE
j =

ūj+1F
TE
j+1 + ūj tanh [ūjhj ]

ūj + ūj+1F
TE
j+1 tanh [ūjhj ]

, j = 2, ..., N − 1 "#$C&

F TE
N = 1.
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"#$ %&'$ ()* "+ '),$

R(1)−
TM

=

1 − ρ1ū1 − ρ2F
TM
2 ū2

ρ1ū1 + ρ2F
TM
2 ū2

e−2ū1(h1−hs)

1 +

(

ρ1ū1 − ρ2F
TM
2 ū2

ρ1ū1 + ρ2F
TM
2 ū2

)

e−2ū1h1

, -./012

R(1)+
TM

=

−ρ1ū1 − ρ2F
TM
2 ū2

ρ1ū1 + ρ2F
TM
2 ū2

(

1 + e−2u1hs

)

e−2ū1h1

1 +

(

ρ1ū1 − ρ2F
TM
2 ū2

ρ1ū1 + ρ2F
TM
2 ū2

)

e−2ū1h1

, -./002

345#

F TM
j =

ρj+1ūj+1F
TM
j+1 + ρj ūj tanh [ūjhj ]

ρj ūj + ρj+1ūj+1F
TM
j+1 tanh [ūjhj ]

, j = 2, ..., N − 1 -./0 2

F TM
N = 1.

6#$*$7

J0 &8, J1 &*$ 9$%%$: (;8<54)8% )( =*%5 >48, )( ?$*) &8, =*%5 )*,$* *$%@$<54A$:BC

δ 4% 5#$ 3&5$* %>48/,$@5#C .:: D;&85454$% ;8,$* & E&* &*$ 8)*'&:4?$, EB δ C

j 48,$F *$($*% 5) 5#$ :&B$*7 5#;% j = 0 4% 5#$ &4*7 j = 1 4% 5#$ 3&5$*7 j = N 4% 5#$ #&:(/%@&<$

:&B$*C

ρ &8, h &*$ *$%4%54A454$% &8, 5#4<>8$%%$% )( :&B$*% *$%@$<54A$:BC

hs 4% 5#$ ,$@5# )( 5#$ %);*<$C

z̄ 4% 5#$ ,$@5# )( 5#$ *$<$4A$*C

ūj =

√

g2 + 2i
ρ1

ρj

4% 5#$ ,4G;%4)8 5$*' 48 34<> i =
√
−1 &8, g 4% 5#$ 485$H*&54)8 5$*'7 8)5$

5#&5 ū0 = g %48<$ 5#$ *$%4%54A45B )( 5#$ &4* H) 5) 48=845$C

Idsx 4% 5#$ ,4@):$ ')'$85C

.8 4'@)*5&85 @)485 )( 5#4% ()*';:&54)8 4% 5#&5 &:: D;&85454$% 48A):A$, &*$ 8)*'&:4?$, EB

5#$ 3&5$* %>48/,$@5#7 48 )*,$* 5) 4'@*)A$ 5#$ <)'@;5&54)8C

 !!"#$%& '

$"(%) *%)"+

I8 )*,$* 5) <&:<;:&5$ ,$*4A&54A$% )( 5#$ =$:,%7 )8$ %#);:, J;%5 %;E%545;5$ ,$*4A&54A$% )(

5#$ *$K$<54)8 <)$L<4$85% 345# *$%@$<5 5) 5#$ *$%4%54A45B )( 5#$ :&B$*% 48 @:&<$ 3#$*$ 5#$*$ 4%

5#$%$ <)$L<4$85% 48 5#$ 485$H*&:% &8, 5;*8 5) ?$*) 5#$ =*%5 5$*' )( 5#$ %;'C

")5&: ,$*4A&54A$ )( 5#$ *$K$<54)8 <)$L<4$85% <);:, E$ ()*';:&5$, &%M

dR(1)

dρj

=
∂R(1)

∂ρj

+
∂R(1)

∂F2

∂F2

∂ρj

. -9/02
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 !"#$%&' "( $%)  ! * +,- './"!0'1.

"#$%&'( %')$)* &+ j = 2 = N ,-$ )$%./0 ,$12 ,31/ &/ ,. 4$1.5 &+ j = 2 < N ,-$1$ '1$ 6.,-

,$12)7 8/ -$1$ &) #1$)$/,$0 #'1,&'( 0$1&9',&9$) +.1 ,-$)$ )#$%&'( %')$)*

∂R(1)−
TE

∂ρ2
=

−2ū1ū
′
2F

TE
2

(

e2ū1hs +
ū1 − ū0

ū1 + ū0

)

ū1 − ū0

ū1 + ū0
e−2ū1h1

[

ū1 + ū2F
TE
2 − ū1 − ū0

ū1 + ū0

(

ū1 − ū2F
TE
2

)

e−2ū1h1

]2 , :;< =

∂R(1)−
TE

∂F TE
2

=

−2ū1ū2

(

e2ū1hs +
ū1 − ū0

ū1 + ū0

)

ū1 − ū0

ū1 + ū0
e−2ū1h1

[

ū1 + ū2F
TE
2 − ū1 − ū0

ū1 + ū0

(

ū1 − ū2F
TE
2

)

e−2ū1h1

]2 , :;<>=

∂R(1)+
TE

∂ρ2
=

−2ū1ū
′
2F

TE
2 R(1)+

TE

ū2
1 −

(

ū2F
TE
2

)2 − ū1 − ū0

ū1 + ū0

(

ū1 − ū2F
TE
2

)2
e−2ū1h1

, :;<?=

∂R(1)+
TE

∂F TE
2

=
−2ū1ū2R

(1)+
TE

ū2
1 −

(

ū2F
TE
2

)2 − ū1 − ū0

ū1 + ū0

(

ū1 − ū2F
TE
2

)2
e−2ū1h1

, :;<@=

∂R(1)−
TM

∂ρ2
=

2ρ1ū1F
TM
2 (ū2 + ρ2ū

′
2)

(

1 + e2ū1hs

)

e−2ū1h1

[

ρ1ū1 + ρ2ū2F
TM
2 +

(

ρ1ū1 − ρ2ū2F
TM
2

)

e−2ū1h1

]2 , :;<A=

∂R(1)−
TM

∂F TM
2

=
2ρ1ū1ρ2ū2

(

1 + e2ū1hs

)

e−2ū1h1

[

ρ1ū1 + ρ2ū2F
TM
2 +

(

ρ1ū1 − ρ2ū2F
TM
2

)

e−2ū1h1

]2 , :;<!=

∂R(1)+
TM

∂ρ2
=

2ρ1ū1F
TM
2 (ū2 + ρ2ū

′
2)

(

1 + e−2ū1hs

)

e−2ū1h1

[

ρ1ū1 + ρ2ū2F
TM
2 +

(

ρ1ū1 − ρ2ū2F
TM
2

)

e−2ū1h1

]2 , :;<B=

∂R(1)+
TM

∂F TM
2

=
2ρ1ū1ρ2ū2

(

1 + e−2ū1hs

)

e−2ū1h1

[

ρ1ū1 + ρ2ū2F
TM
2 +

(

ρ1ū1 − ρ2ū2F
TM
2

)

e−2ū1h1

]2 . :;<C=

D.1 N ≥ j > 25 ,-$ %-'&/ 13($ ($'0) ,.

dR(1)

dρj

=
∂R(1)

∂F2

(

j−2
∏

i=2

∂Fi

∂Fi+1

)

(

∂Fj−1

∂ρj

+
∂Fj−1

∂Fj

∂Fj

∂ρj

)

. :;<EF=

8+ j = 3 ≤ N ,-$ G1), ,$12 &/ #'1$/,-$)&) &) $H3'( 17 I.,$ ,-', &+ j = N 5 ,-$ )$%./0

,$12 &/ ,-$ )32 &) /3((7
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"#$% &'( )*+&,*- .(+,/*&,/(0 #1 0&+*&,23*&,#4 1*3&#+0 *+(5

∂F TE
j

∂F TE
j+1

=
ūj ūj+10(3'

2[ūjhj ]
(

ūj + ūj+1F
TE
j+1 tanh [ūjhj ]

)2 , 67899:

∂F TE
j

∂ρj

=
ū′

j

[

ū2
jhj − ūj+1F

TE
j+1

(

1 + ūj+1F
TE
j+1hj

)]

0(3'

2[ūjhj ]
(

ūj + ūj+1F
TE
j+1 tanh [ūjhj ]

)2 , 6789 :

∂F TE
j

∂ρj+1
=

ū′
j+1F

TE
j+1

(

1 − F TE
j tanh [ūjhj ]

)

ūj + ūj+1F
TE
j+1 tanh [ūjhj ]

, 6789;:

∂F TM
j

∂F TM
j+1

=
ρj ūjρj+1ūj+10(3'

2[ūjhj ]
(

ρj ūj + ρj+1ūj+1F
TM
j+1 tanh [ūjhj ]

)2 , 6789<:

∂F TM
j

∂ρj

=

[

ρ2
j ū

2
j ū

′
jhj − ρj+1ūj+1F

TM
j+1

(

ūj + ρj ū
′
j + ū′

jhjρj+1ūj+1F
TM
j+1

)]

0(3'

2[ūjhj ]
(

ρj ūj + ρj+1ūj+1F
TM
j+1 tanh [ūjhj ]

)2 ,

6789=:

∂F TM
j

∂ρj+1
=

F TM
j+1

(

ūj+1 + ρj+1ū
′
j+1

)(

1 − F TM
j tanh [ūjhj ]

)

ρj ūj + ρj+1ūj+1F
TM
j+1 tanh [ūjhj ]

. 6789>:

?'(+( ū′
j =

∂ūj

∂ρj

=
−iρ1

ρ2
j ūj

5

@& ,0 +(3#AA(4.(. &# 0BC0&,&B&( &'( &(+A e−2ū1h1
,4 3*-3B-B0 #1 R(1)+

.,+(3&-D ,40,.( &'(

,4&(E+*-0% &# )+(/(4& 4BA(+,3*- .,/(+E(43(05

 !"! !#$!%

FBG(4% H5% *4. F5 I5 J'+,0&,*40(4%  KK<% L*D(+(. *4. -*&(+*--D 3#40&+*,4(.  . ,4/(+0,#4 #1

+(0,0&,/,&D .*&*M N(#)'D0,30%  !% O= PO>95

FBG(4% H5% F5 I5 J'+,0&,*40(4% 75 Q5 R*3#C0(4% "5 S#E(.% *4. T5 @5 UV+(40(4%  KK=% W,(3($,0(

9. -*&(+*--D 3#0&+*,4( ,4/(+0,#4 #1 +(0,0&,/,&D .*&*M N(#)'D0,3*- W+#0)(3&,4E% "#% <XOP=K>5

7B#4#+*% Y5 W5% F5 Z(+,--,% *4. [5 L*AC+B\\#%  KK!% F./*43,4E A*+,4( 3#4&+#--(. 0#B+3(

(-(3&+#A*E4(&,30 ,4 &'( 0*4&#0 C*0,4% C+*\,M OK&' HFNH J#41(+(43( *4. H]',C,&,#4 ,43#+8

)#+*&,4E UWH H^_`WHJ  KK!% HB+#)5 F00#35 #1 N(#035 *4. H4E5% U(00,#4MNKK!5

J'+,0&(40(4% "5% *4. T5 a#..0%  KKO% Y*+,4( 3#4&+#--(.80#B+3( (-(3&+#A*E4(&,3 A(&'#.0 9.

,4/(+0,#4 *4. +(0#-B&,#4 *4*-D0,0 #1 A*+,4( 30(A .*&*M N(#)'D0,30% $%% ?F OP?F;!5

J#40&*C-(% U5 J5% _5 L5 W*+G(+% *4. J5 N5 J#40&*C-(% 9X!O% `33*Ab ,4/(+0,#4M F )+*3&,3*-

*-E#+,&'A 1#+ E(4(+*&-4E 0A##&' A#.(-0 1+#A (-(3&+#A*E4(&,3 0#B4.,4E .*&*M N(#)'D0,30%

"%%  !XP;KK5
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"#$%&'()*+ ,- "-+ '$. "- /- 0*1%%+  223+ 4'551$6 &71$ 8*%1%&#8% '$. 79.8#:'8(#$% ;1&7

<'81$* *< <*&7#.%= >$%167&% ?8#< @. <'.*)1$6= A*#579%1:%+  !+ ABCDAE@-

F1.*%<#+ G-+ ,- F))1$6%8H.+ I- 4- 4':A8*6#8+ ,- "#$%&'()*+ 4- "- ,1$7'+ ,- /- J- K- L#$6+

'$. M- 0*%&*8.'7)+  22C+ ,*' (*. )#661$6 N%()O+ ' $*; <*&7#. ?#8 8*<#&* '$. .18*:&

1.*$&1P:'&1#$ #? 79.8#:'8(#$ P))*. )'9*8% 1$ .**5;'&*8 '8*'%= J18%& Q8*'R+ "#+ @BBD@E@-

AH5&'%'8<'+ S-+ '$. Q- ,1$67+ @!!T+ K*; .161&') )1$*'8 P)&*8% ?#8 7'$R* U2 '$. U@ &8'$%?#8<%=

A*#579%1:') V8#%5*:&1$6+ $%+ WCDW!-

M'$%*$+ L- X-+ '$. X- 41&&*&+ @!TE+ >$:#85#8'&1$6 %*1%<1: 7#81Y#$% 1$ 1$Z*8%1#$ #? :%*< .'&'=

,*6 M#H%&#$  22! >$&*8$'&1#$') F[5#%1&1#$ '$. \$$H') 4**&1$6+ ,#:- F[5)- A*#579%-+

3!BD3!W-

L*9+ L-+  22!+ @. 1$Z*8%1#$ #? <H)&1:#<5#$*$&+ <H)&1?8*]H*$:9 <'81$* :%*< .'&'= 4*&7#.^

#)#69 '$. %9$&7*&1: %&H.1*% ?#8 8*%#)Z1$6 &71$ 8*%1%&1Z* )'9*8%= A*#579%1:%+  $+ !D 2-

L#$6+ J- K-+  22T+ M'$R*) &8'$%?#8< P)&*8% ?#8 .15#)* '$&*$$' 8'.1'&1#$ 1$ ' :#$.H:&1Z*

<*.1H<= A*#579%1:') V8#%5*:&1$6+ %%+ TBEDT3 -

4'8]H'8.&+ S- 0-+ @!3 + \$ ')6#81&7< ?#8 )*'%&^%]H'8*% *%&1<'&1#$ #? $#$)1$*'8 5'8'<*&*8%=

/- ,#:- >$.H%&- \55)- 4'&7+ !!+ BC@DBB@-

41&&*&+ X-+ L- Q8'H&1+ M- 4'H)'$'+ '$. G- \- 01:R)H$.+  22W+ "<5 1$Z*8%1#$ '$. 5#%&^

1$Z*8%1#$ <#.*))1$6 ?#8 <'81$* :%*< .'&'= P8%& (8*'R+ "&+ E!D3T-

K'(1671'$+ 4- K-+ @!WT+ F)*:&8#<'6$*&1: <*&7#.% 1$ '55)1*. 6*#579%1:%^&7*#89 Z#)H<* @=

,#:- #? F[5)- A*#579%-

G'8'$&#)'+ \-+  22E+ >$Z*8%* 58#()*< &7*#89= ,1'<-

G#:'$&1$%+ _- "- ,-+  22T+ 4#.*)'6*< $H<`81:' .* .'.#% <:%*< C. H%'$.# :#<5H&'ab#

5'8')*)'= V7S &7*%1%+ >$%&1&H&# .* A*#:1c$:1'% ^ d$1Z*8%1.'.* J*.*8') .# V'8e-

d<+ F- ,-+ '$. S- I- \)H<('H67+  22T+ f$ &7* 579%1:% #? &7* <'81$* :#$&8#))*.^%#H8:*

*)*:&8#<'6$*&1: <*&7#.= A*#579%1:%+  "+ 0\@CD0\ 3-

_.**Z+ S- Q-+  22E+ G78**^.1<*$%1#$') *)*:&8#<'6$*&1: <#.*))1$6 '$. 1$Z*8%1#$ ?8#< &7*#89

&# '55)1:'&1#$= ,H8Z*9 1$ A*#579%1:%+ "&+ T3TDT!!-

g.7'$#Z+ 4- ,-+  22@+ A*#579%1:') 1$Z*8%* &7*#89 '$. 8*6H)'81Y'&1#$ 58#()*<%= F)%*Z1*8-

hhD+  22!+ A*#579%1:') *)*:&8#<'6$*&1:') &7*#89 '$. <*&7#.%= F)%*Z1*8-
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Milhares de Livros para Download:
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Baixar livros de Música
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