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PREDIÇÃO DE
DESCONTINUIDADES

UTILIZANDO FILTRAGEM
ESPACIAL E TEMPORAL -
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Índice de Tabelas
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 ,     ́ı  F̧̃ G -

     ̂. E ̧̃   

     B  S.

Megassequência Transicional: N        

  ̧̃    -,  ́  ̧̃  ́  

     A. E     ̂

  ̂ Ṕ-A. N ̃  ,   -

 (F̧̃ A  S  F̧̃ L F  C). E ́ı ́ı

   P̂  S̃ P,   ̧̃  ̧̃  ́

 . T ̧̃   ̧̃        

  ̧̃  ́.

Megassequência Marinha: Ç  A     ́ ̧̃ 

         C. E ́ı ́ ́

     ̂ ́  ̧̃    ́

   .

Á  ̧̃ ́ı -    ,  ̧̃

 ́   (F̧̃ F́)     ̧̃  

(F̧̃ Ǵ)   A. C  ̧̃  ̂ - 

   . Ṕ,   ,   ̧̃  ́

̂,   ̧̃     ́ (F̧̃ I-

́)  N-A  E/C. O     -

  ̧̃      ́ M/T (F̧̃

Íı-A̧),        M (F̧̃ S 

J́). E ̧̃     ̧      ̧̃ 

 (P  M, 1990).

C  ̃  ́  ́ı,   ̧̃  ̂  -

   . N  ́   ̧̃ ́,

    , ́  ̧̃    

  ́ı.

S M (2003)  T́  B  S ́    I/

M,    ́ -  ̧̃ -  

 ̂  ́   ̧̃ . A ̧̃   

̧̃      F̧̃ S,   ̂.
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1.3 Geologia do Alto de Cabo Frio

O A  C F,     22,5º  23,5º S,    P

(2005)            C 

S (F 1.5). S    A  C F -    

   P̂  S̃ P     ̧̃   

 C  S. S M (2004),     ̧̃ 

  C  S   N ́  O    

   M .. (1995)  P (2005).

F 1.5: Ļ̃  A  C F      ́-
,  ̧̃  ́  ,       
̂ ̂. F: M et al., 1995.

N ̃  A  C F ̃   ̧̃ ́, 

   ́     ́ı ́ -

 (M  M, 1992; O, 2006). E ́ ́ ́- 

   ̂  ̃ ı́ (M et al., 1989)  ̧̃

      Ń  É, (F 1.6) (S 

D-N, 1981; M et al., 1990; M  B,1990; A, 1991; M 

M, 1992  M et al., 2007).

N ̃   A  C F,  ́ı ̂  ̂ 

    (  500 )   ı́   

 ̂ ’́   500 ,   ́,  /  

́ (M  M, 1992; M et al., 2003).
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F 1.6: A   C F      -
 , ,       
 B  C (NE)  S (SW). A ̂ ́ı
  ́  Ć  ,     
 (  M, 2001).

B   ́ı, ́, ́ı  ́, M . (1989)

   ̃  ̂ ̂     :

) Ŝ I - C    F̧̃ Ć   É

Ṕ-A (120-130 M). P     F̧̃ Ć  B

 S    F̧̃ S G  B  Ṕ.

) Ŝ II - C      ̃  

C-T (80-90 M),

) Ŝ III - Ŝ     ̃  A  C F 

  P S  E (40-50 M). Ć , ́  

́ (M  M, 1993). E   - 

    (́)  ̧̃  .

S T F  R (1999),      

   ̧  P̧  C, P Q, I, M R-

, T́, T́, R B, Í, M, S, M  S̃ J̃  I

 C F. E   ̧̃ E-W  L S

Ḿ A  P̧  C - C F - M  A S

(S et al. 2005  A 2002).
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1.4 Área de trabalho

A ́   ́   ̃  A  C F,   BḾı 

C  S. D  ̧̃     ,  

  ́ ́- 3D PSTM   F G (F 1.8), 

 2009    ANP. O  ́ı 3D   , 

 ́   5156,25 2 (F 1.7). P ̃  

,   ́    ́ı (   

F 1.7      399,30 2)       

       ̧̃.

F 1.7: Á  Ļ̃   ́ı ́- 3D (́ı )
  B  S  C. O ́ı   
  ́  ́-   ́ı     ́ı
3D    . (F    
   ://.../).
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F 1.8: D ́ı ́- 3D PSTM  ́  A  C F -
  .

1.5 Geologia Local

N ̃      ̧̃        

 ̧̃   B  S, -       

  ́ı 3D        ,   ̃

 ́- (F 1.9). E ̃ ́    ̂    .

D  ̧̃  ̂  ̂ ́     -

  , ́  ̧̃      

́ı.
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F 1.9: V ́ı  PSTM 3D  ́  A  C F  
̃   ̃  ́-,   ́-. A   
   ́        
         ̧̃ 
   .

A ̂    ̃  ̧  A   

 ̧̃            

 C,   ̧   ́  . O

M/T ́      (F̧̃ Íı-A̧) -

      ,    ̂ 

   M (F̧̃ S ́ı   ́ 

 F̧̃ J́       ). E  P

 P, -  ̂  ̧̃     F̧̃

P G    I/M,     ̧̃

I     ̧̃ M. O   ̂ ́  

̧̃ S   ̂,     .



2
Fundamentação Teórica

2.1 Introdução

P  ́  ́  ́,       ́   -

̃    ́    ̧̃. E ̧̃ 

   ̂ ́,     ́   -

̧̃   ,    ,  ̧̃ 

́(F 2.1).

F 2.1: D   ̧̃  ́   (̧̃
̃  -). F: M  H 
O’G, 2017.

27



2.1. INTRODUÇÃO 28

A     (  ́    ̃ )

 ,   ̧̃  ̧̃ ́. M  

,      ̃ ,   -,

                -

         ̃    

   ́ı.

A   ̧̃ ́        

     ́       -

    ̧̃          

 ̧   ́   (D et al., 2005). A  

   ̧̃ ́   ́   3D   ́ı 

      ̂      

. E     ̃,  ́ı ́    

    .

D ̧̃   ́ı    ,    -

  ,  ,         

̧     . U     ́ 

         ̃  

F 2.2 (F et al., 2019).

F 2.2: ) Śı PSDM   ́  B  R Ń, A.
) V  ̂  ́  ́ı PSDM. ) V 
      ̧̃  ́  
̧̃  . F:F et al., 2019.

N      ̧̃       ́ı

́-    ̧̃ ́    ̧̃  ́ı
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̧̃  . A ̧̃   ́   ̂

: N   -   ́  ̧̃   

 -  (F    ̧̃ ́, F

   S  F    F), 

   -. N   -   ́ı  

 ́    H     ̂ ̧̃   ́ı

      . N ́  ́   ̧̃  

    ̂ ̧̃   , ̧   

 . P     ,  ́  

̧̃ ́  ́ . N ́ı 3, ̃  

 ̧̃     ́    ́ı PSTM 3D 

́  A  C F  ́    B  S  C.

2.2 Métodos utilizados para a atenuação de eventos

horizontais e sub-horizontais

2.2.1 Filtragem utilizando ltro de atenuação simétrico

N ́ ́    ̧--̧  ̧̃     ̧̃ -

 ,    -    

 ̃  . E ́   ́     ́ 

,         ́ ́  L  

  ́   ̧̃ .

D D = d(1 :Ns, 1 :Nx, 1 :Ny)    ́ı 3D  Ns,Nx,Ny

  ̧̃  ,   , .

f(n) = f(−L), · · · , f(−1), f(0), f(1), · · · , f(L)

=

{−1

2L
, · · · , −1

2L
, 1,

−1

2L
, · · · , −1

2L

}


(2.1)

O  f(n),   2L+1 , ́   ,   ̧̃

 ,

Dx(:, j, :) = f(n) ∗D(:, j, :), (j = 1, , Nx) (n = −L, , 0, , L) (2.2)

, ,  ̧̃  ,

Dxy(:, :, k) = f(n) ∗Dx(:, :, k), (k = 1, , Ny) (n = −L, , 0, , L) (2.3)

O ∗  ̧̃.
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Pseudo-código para a aplicação do ltro de atenuação simétrico

Valores iniciais:

L− T    

D(1 :Ns, 1:Nx, 1:Ny)−D ́ı 

n = −L, , 0, , L

f(n)− F  ̧̃ ́ E. (2.1)

j = 1, , Nx

• C f(n)    , E. (2.2)

k = 1, , Ny

• C f(n)    , E. (2.3)

2.2.2 Filtragem utilizando derivada de Shepard

C   Aj = (A1, , AN).    ́  -

  ̧̃ A(xj) = Aj. O ́  ̧̃  S (S, 1968),

  A()  ̧̃     ̧̃   ̧̃ ́ı,

́  ̧̃,

Ã(x) =
N∑

j=1

wj(x)Aj (2.4)



wj(x) =

1

dj(x)
N

i=1

1

di(x)

(2.5)

di(x) = [(xi − x)2]1/2 = xi − x, i = 1, , N (2.6)

di(x)   ̂  ̧̃ xi,    ̧̃ Ai,   , 

  Ã(x). O   ́  S (1968)   di(x) 

  ,di(x)
p,      p = 1.



2.2. MÉTODOS UTILIZADOS PARA A ATENUAÇÃO DE EVENTOS HORIZONTAIS E SUB-HORIZONTAIS 31

Propriedades do Método

(I) wj(x) ≥ 0

(II)
N

j=1 wj(x) = 1

(III) Ã(xj) = Aj, ∀j

(IV) x̃ >>> xi, ∀i, wi(x̃) ≈
1

N

(V)
d

dx
(Ã(x))x=xj

= 0, ∀j

Demonstração da propriedade (III)

P x = xj, dj(xj) = xj − xj = 0. R  ̧̃ (2.5), :

wj(x) = [dj(x)
N∑

i=1

1

di(x)
]−1 (2.7)

F    ı́   ́ :

wj(x) = [1 +
∑

i̸=j

dj(x)

di(x)
]−1 (2.8)

N  dj(xj) = 0  wj(xj) = 1. R   wk(xj) = 0, k ̸= j. C

 dk(xj) ̸= 0,   ̧̃ (2.7)   
1

dj(xj)
,

wk(xj) = [
dk(xj)

dj(xj)
+
∑

i̸=j

dk(xj)

di(xj)
]−1 (2.9)

Demonstração da propriedade (IV)

S x̃ >>> xi, ∀i,
dj(x̃)

di(x̃)
≈ 1,  wj(x̃) ≈

1

N
, (̧̃ (2.8)),    

(IV),  ,         ̧̃, ̃  

 ́ ́  ̧̃.

Obtenção da derivada

D  ̧̃ (2.4) :

Ã′(x) =
d

dx
(Ã(x)) =

N∑

j=1

Aj
d

dx
(wj(x)) =

N∑

j=1

Ajw
′
j(x) (2.10)
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Obtenção de w′
j(x)

D  ̧̃ (2.5)  ̧̃  ́ ,

w′
j(x) = Rj(x) + Sj(x) (2.11)



Rj(x) = (
N∑

i=1

1

di(x)
)−1 d

dx
(

1

dj(x)
) = (

N∑

i=1

1

di(x)
)−1(

1

dj(x)

1

xj − x
) (2.12)

T    ̧̃ (2.5) :

Rj(x) =
wj(x)

xj − x
(2.13)

E, Sj(x),

Sj(x) = (
1

dj(x)
)
d

dx
(

N∑

i=1

1

di(x)
)−1 = −(

1

dj(x)
)(

N∑

i=1

1

di(x)
)−2

N∑

i=1

d

dx
(

1

di(x)
) (2.14)

C  ̧̃ (2.5)   ̧̃ (2.14),

Sj(x) = −w2
j (x)dj(x)(

N∑

i=1

(
1

di(x)

1

xi − x
) (2.15)

U ̧̃ (2.13)  (2.15)   ̧̃ (2.11),

w′
j(x) =

wj(x)

xj − x
− w2

j (x)dj(x)
N∑

i=1

(
1

di(x)

1

xi − x
) (2.16)



w′
j(x) = wj(x)(

1

xj − x
− wj(x)dj(x)Q(x)) (2.17)



Q(x) =
N∑

i=1

(
1

di(x)

1

xi − x
) (2.18)



2.2. MÉTODOS UTILIZADOS PARA A ATENUAÇÃO DE EVENTOS HORIZONTAIS E SUB-HORIZONTAIS 33

Demonstração da propriedade (V)

R    ı́   ́,    ̧̃ (2.16):

w′
j(x) = wj(x)[

1

xj − x
− wj(x)

xj − x
− wj(x)dj(x)

∑

i̸=j

(
1

di(x)

1

xi − x
)] (2.19)

D

Q̃(x) =
∑

i̸=j

(
1

di(x)

1

xi − x
) (2.20)

A ̧̃ (2.20) ̃      x = xj ̃  ̃  . R

 ̧̃ (2.19) :

w′
j(x) = wj(x)[

1− wj(x)

xj − x
− wj(x)dj(x)Q̃(x)] (2.21)

N ́   x = xj, dj(xj) = 0, wj(xj) = 1. C ,  :

w′
j(x) = (1)[

1

xj − xj

1

xj − xj

− (1)(0)Q̃(x)] = 0 (2.22)

N ́  x = xj, wi(xj) = 0,  w′
i(xj) = 0. P,  x = xj, w

′
i(xj) =

0,i = 1, , N,  Ã′(xi) = 0, i = 1, , N . D    ().

Obtenção da derivada primeira centrada em xj

O     ̧̃ (2.17),    Ã′(x) = 0, ́ 

-    ̧̃ Aj  ́    ̧̃ xj. C

  ̧   ̃-  ,   ́  -

  ı́   ,    ̧̃ (2.17). [wj(0), w
′
j(0)], j =

±1, ,±N2,       ̧̃    -

,       x = 0. N  w′
0(0) = 0, 

  ̧̃   A0. N ́  di(0) = xi. D  
 ̧̃ (2.18)   :

[wj(0), w
′
j(0)], j = ±1, ,±N2

Q(0) =

N/2∑

i=1

(
1

xi
1

xi

) +

−N/2∑

i=−1

(
1

xi
1

xi

) =

N/2∑

i=1

1

xi
(
1

xi
− 1

xi

) = 0 (2.23)
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D    Sj(x) (̧̃ (2.15)) ́     ́ ́ı 

     = 0,

Sj(x) = −w2
j (0)dj(0)Q(0) = 0 (2.24)

E     ̧̃ (2.17),

w′
j(x) =

wj(x)

xj − x
(2.25)

 ,

w′
j(0) =

wj(0)

xj

, j = ±1, ,±N2 (2.26)

N       ́ -́, w′
j(0) = −w′

−j(0), 

        ́  ̧ ,   F

(T  F   i2πfn). C  -  w′
j 

  ̃  ́      :

Ã′(0) =

N/2∑

j=1

w′
j(Aj − A−j) (2.27)

Obtenção da derivada segunda centrada em xj

D  ́     ,     

   ̃     ́    ı́  

. S     -  ̧̃ (2.25):

w′′
j (x) =

d

dx
w′

j(x) =
d

dx

wj(x)

xj − x
=

w′
j(x)

xj − x
+

wj(x)

(xj − x)2
(2.28)

   ̧̃ (2.25),

w′′
j (x) = (

2

(xj − x)2
)wj(x) (2.29)

  x = 0, :

w′′
j (0) = (

2

x2
j

)wj(0), j = ±1, ,±N2 (2.30)
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N       ́ ́: w′′
j (0) = w′′

−j(0)    

 ́ ,     :

w′′
0(0) = −2

N/2∑

i=1

wj(0)
′′ (2.31)

C    w′′
j    ̃  ́  

,  :

Ã′′(0) =

N/2∑

j=1

w′′
j (Aj − A−j) + A0w

′′
0 (2.32)

O ́    S ́      2D  3D, 

  Â A  B.

Pseudo-código para derivadas primeira e segunda

A  ́   -́  ̧̃     

  (P, 2018),    ̧. P   ̧̃

  ̂  ́     ı́ .

1. D :

Ai, xi, i = 0,±1, ,±2

N =    

2N + 1 =́    

∆x =     ́ı

2. di = xi = i∆x, i = 0,±1, ,±N2

3.S = 2
N

i=1

1

di
4. j = ±1, ,±N2

wj = [djS]
−1 (. (2.7))

w′
j =

wj

j∆x
(. (2.26))

w′′
j = (

2

(j∆x)2
)wj (. (2.30))

5. w′′
0 = −2

N/2
i=1 w

′′
j (. (2.31))

6. Õ̧      (. (2.27)  (2.32)). N  2D 

       (Â A)  ̧̃      
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      ̧̃ . N  3D   

     (Â B)   ,  ,  ̧̃   

  ̧̃             

,  ,    . N ̧̃     ́

2D    ́ı ́- 3D   ,    

        -.

2.2.3 Filtragem utilizando derivada de Fourier

Transformada Discreta de Fourier (DFT)

S  ̂ xm   N      ́ı x (t),

    F (DFT)  N  ́   (Ģ, 2004):

Xk =
N−1∑

m=0

xmW
mk, k = 0, 1, , N − 1 (2.33)

W = e−i 2π
N , i =

√
−1 (2.34)

U    DFT ́     xm  Xk   DFT 

,       ̧̃ (2.33)    

 :

yl =
1

N

N−1∑

k=0

XkW
−lk, l = 0, 1, , N − 1 (2.35)

D-   W   ́    ́    . C

  ̂ (Wj, j ∈ Z) ́    ̧̃,   ̂   

́        .

A T D  F   - gn   ́  g

= [g0, g1, , gN−1]
T       ĝ,   ̧    

̃ N   . (2.33),    . (2.35)   ́  DFT.

E   ́        g     M 

  :

bv = [1,WN
v ,W

N
2v, ,W

N
(N−1)v]

T (2.36)

 bv ́     .
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U  ̧̃        ,  :

< g, h >=
N−1∑

n=0

gnh
∗
n (2.37)

     F    g =< g, bv >,     

  DFT. I     gv  ̧  F ́  

̧̃   g    bv. A N   bv ̃    ,

 :

< bv, b
′
v >= δv−v

′ =

{
1 se v = v

′

0 caso contrário.
(2.38)

P ̂,   bv       ̧  , ,

   ̧     ̧̃       ̧

 F . A DFT   ̧̃   g       ,

 ,    g  ̧̃    .

A ́   ́ı, ̃ ́     ̂  T

D  F,    . (2.33)  .

U  ̧̃  ,  :

N−1∑

x=0

e2πi
rx
N e−2πiux

N =

{
N se r = u

′

0 caso contrário.
(2.39)

 ́  ́ ̧̃,   :

N−1∑

x=0

e
2πi
N

x =
e

2πi
N

(N−1)e
2πi
N − 1

e
2πi
N − 1

= 1 (2.40)

A  ̧̃ (2.35)  F (u), :

F (u) =
N−1∑

x=0

N−1∑

r=0

F (r)e
2πi
N

rxe
−2πi
N

ux =
N−1∑

x=0

F (r)
N−1∑

r=0

e
2πi
N

rxe
−2πi
N

ux (2.41)

Etapas do algoritmo utilizado na aplicação da metodologia de Derivada de Fou-
rier

C  ̧̃ ́  T D  F (DFT)  

D = d(1 :Ns, 1 :Nx, 1 :Ny)    ́ı 3D  Ns,Nx,Ny  

̧̃  ,   , ,      
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 ̧̃    D  F  ́    ́ı 

 :

1. N         F  ́   -

,   ̧̃      ̧̃  ,   

̧̃:

) S  N ́  ́    ̧̃  ( )   ( )

 nft ́  ́       F,   :

n = 0, nft = 1
Enquanto nft < 2N
n = n+ 1, nft = 2n

(2.42)

) É   T D  F    ̧̃ (2.33),  ́ı

  xm     d  ̧̃  ( )   ( ), 

     ck:

ck =
N−1∑

m=0

dmW
mk, k = 0, 1, , N − 1 (2.43)

C c(1) = 00     w2      ck,  

 ĉ          F ́  

̧̃:

w =
2πi

nft

(2.44)

ĉ(i) = c(i)(i− 1)w2, i = 2, ,
nft

2
+ 1 (2.45)

ĉ(nft − i+ 2) = (i− 1)c(nft − i+ 2)w2, i = 2, ,
nft

2
(2.46)

) O ́     ́   T I  F   ck

    ̧̃ (2.45)  (2.46),     ck  Xk  ̧̃

(2.35):

yl =
1

N

N−1∑

k=0

ckW
−lk, l = 0, 1, , N − 1 (2.47)

O yl     ̧̃    F   ́ı D.
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2. N    ,     ̂ - 1D  

  ́ (P  U, 2022)    ̧̃    

-,            :

) C  L          2L+ 1 ,

:

gi = L+ 1− i, i = −L, , 0, , L (2.48)

wi =
giL

m=−L gi
, i = −L, , 0, , L (2.49)

) O  wm ́     ̧̃ ,      Yi,j,k   

   :

Ḑ̃ :

B(i, :, :) =
L∑

m=−L

Y(i−m,:,:)wm, i = 1, , ns (2.50)

Ḑ̃ :

C(:, j, :) =
L∑

m=−L

B(:,j−m,:)wm, j = 1, , nx (2.51)

Ḑ̃ :

Dfilt(:, :, k) =
L∑

m=−L

C(:,:,k−m)wm, k = 1, , ny (2.52)

O Dfilt ́    ̧̃   wm   Y (i, j, k)   

.

3. N ́         F,   ́ı

́   ̧̃:

Res(i, j, k) = D(i, j, k)−Dfilt(i, j, k) (2.53)

C ,      Res    D     1  2

 ,     Dfilt      

̧̃    F   ́ı D.
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Pseudo-código para a aplicação do ltro de Derivada de Fourier

Valores iniciais:

D(1 :Ns, 1:Nx, 1:Ny)−D ́ı 

Etapa 1:

j = 1, , Nx (̧̃  )

• A  T D  F  D,  ck, E. (2.43)

• M ck  w
2, E. (2.45)  E. (2.46)

• A  T I  F  ck    

(E. (2.45)  (2.46)),  yl, E. (2.47)

k = 1, , Ny (̧̃  )

• A  T D  F  D,  ck, E. (2.43)

• M ck  w
2, E. (2.45)  E. (2.46)

• A  T I  F  ck    

(E. (2.45)  (2.46)),  yl, E. (2.47)

Etapa 2:

Y (i, j, k)− R  ̧̃    F   ́ı D, E. (2.47)

L− T    

m = −L, , 0, , L

wm − F  ̂ 1D     ́, E. (2.49)

i = 1, , Ns

• B(i, j, k) = Ç̃  wm  Y (i, j, k)     , E. (2.50)

j = 1, , Nx

• C(i, j, k) = Ç̃  wm  B(i, j, k)   , E. (2.51)

k = 1, , Ny

• Dfilt(i, j, k) = Ç̃  wm  C(i, j, k)   , E. (2.52)

Etapa 3:

• C Res(i, j, k) = D(i, j, k)−Dfilt(i, j, k)

• S Res(i, j, k)  D(i, j, k)     1  2



2.3. OBTENÇÃO DA AMPLITUDE DO VOLUME 3D COMPLEXO 41

2.3 Obtenção da amplitude do volume 3D complexo

2.3.1 Método da transformada de Hilbert

O ́    H ́   ̧    -

. A   H         F

  ́ı   -   ́    

F    ̂    (2.3)  ́  ́   -

́     F    (P, 2016) 

 ̧̃ 2.54.

F 2.3: Q ́    ́    
H ́   ́     F
   ̂   . F: P, 2016.

H[x(t)] = F−1

{
−i

w

wX(w)

}
(2.54)

E ̧̃     H  x(t), 
w

w ́  ̧̃  
    ̂     x(t).

A   H   ̧    -90     . L,

   ̧̃      ́   ̧̃  
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́ı (S, 2017). E    F ́   ı́ 

̧̃     ̂,    H  ı́   

(S, 2014).

A   H       ́   ́  ́

,    ̧ ́ı ́   :

ct = st + iht (2.55)

S,

ct  ̧ ,

st  ̧ ́ı   ,

ht    H  st.

O ́ ̃      ̧ ́ı ́      .

O ̧ ́ı          ́ 

ct = (st, ht),  st ́      ht ́     ́ (L,

2012).

Cálculo da amplitude do volume 3D complexo a partir da Transformada Hilbert

N  ̧  ́    T  H  

̧̃  , Ht[D)] (C, 1976, T  ., 1979). N ̧̃ 

   H, ́  ̧̃  , Hx[D],   , Hy[D]. P

     , -́,    H.

C  C, 1976,  ́      H 

    ́  T Ŕ  F (F F T -

FFT),    ́     F   

̂     -     F   

 ̂,    ̂   i   

 ̂   −i. O   ́      

 , h(n),   ̃ :

h(n) =
1

2π

∫ π

−π

−iω

ω exp(−iωn)dω =





0  

−2π

n
 

(2.56)

A ̧̃     h(n), ́    H
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1D, ́   Â C.

C   ́      n (   

  n = 3)   h(n),         

 H[Dt]             H

 . E       β ́  :

β =

√ 
D2

t
H[Dt]2

 (2.57)

P   ̧̃     ́    ́ 

̧̃     -   ̧̃ 2.2  B = Dxy,

      ̧̃  ,   ,  ,

̧̃ t, x, y, .





Bt = B + iHt[B],

Bx = B + iHx[B],

By = B + iHy[B]

(2.58)

(2.58)

(2.58)

 H[◦][B]     H  B  ̧̃ ◦,  ́ 
̧̃  h(n) (. (2.56))   ̧   B   ̧̃ -

.

A    , Bt, Bx, By,       -
  ((B.8)). O  ́   T  . (1979),  

   ̧ ́ı,     ̧    

 . N ,     ̧ ́ı     

 B     ̧     H  B  ̧̃

t, x  y. 



At =

B2 +Ht[B]2,

Ax =


B2 +Hx[B]2,

Ay =

B2 +Hy[B]2

(2.59)

(2.59)

(2.59)

E     ́  ,

A =

√
A2

t + A2
x + A2

y

3
(2.60)
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2.4 Realce das fraturas e falhas

N   ́   ,      H 

̧̃     ́   (. (2.60)),  ̧̃ t, x, y. Á
 ̧̃   ((2.61)),          

́ı . E  ́     T́ V  A (VA,

B̃  ., 2005)     ̧̃   ́ı.

C =
Ht[Ā] +Hx[Ā] +Hy[Ā]

3
(2.61)

2.5 Pseudo-código utilizado na ltragem do volume

3D

Valores iniciais:

L− T    

D(1 :Ns, 1:Nx, 1:Ny)−D ́ı 

f(n)−Ḿ    ̧̃     -

h(n)−O   (  H) (E. (2.56))

Etapa 1−Atenuação de reexões horizontais e sub-horizontais

• C f(n)   ,

• C f(n)   ,

Etapa 2−Obtenção da amplitude do volume 3D complexo

• C h(n)    , (E. (2.58))

• C h(n)    , (E. (2.58))

• C h(n)    , (E. (2.58))

• Ó  ́  , (E. (2.60))

Etapa 3−Realce das fraturas e falhas

• Ó H   Ā  ̧̃ t, x, y, e
• Ó   ́, (E. (2.61))
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Resultados Numéricos

3.1 Introdução

N ́ı, ̃     ̧̃  ́  

Ćı 2 ́  ̧̃   ́    ́ı PSTM 3D  ́ 

A  C F    B  S  C.

P  ̧̃    ́       -

 F 95    S U  OT   ̧̃  .

3.2 Metodologia aplicada a um dado sintético 2D

N          ̂ ́ 

 Ćı 2, -   ̧̃: 1. O   ̧̃ ́

      S    L = 1  ̂  (́ 

   ́ 2L+1),   ̧̃    

   L > 1; 2. O     F ́  ̧  ̧  ̧̃

  ́ı. O         

    ́ 2D     B. C , - 

  ̧̃     -,   

  -       B. O   C 

   ̧̃    H  ́    (̧̃ 2.3) ̧ 

   -     B   

 ̂  . N ̧̃    H  

L = 1       ́      

45



3.2. METODOLOGIA APLICADA A UM DADO SINTÉTICO 2D 46

 L > 1. A  3.1, 3.2  3.3        ̂

   .

F 3.1: ) D ́ı ́ 2D . ) D  B  
  ̧̃     ̧̃ ́   ́ı
́ 2D. ) D  C     ̧̃  
 H  ́   .

F 3.2: ) D ́ı ́ 2D . ) D  B  
  ̧̃      S   ́ı
́ 2D. ) D  C     ̧̃  
 H  ́   .

O-   3.1, 3.2  3.3,    ̃ ́ 

̧   ̂ ́      ,   

 ́  ́       ́ 2D.
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F 3.3: ) D ́ı ́ 2D . ) D  B 
   ̧̃      F   ́ı
́ 2D. ) D  C     ̧̃  
 H  ́   .

3.3 Metodologia aplicada ao dado PSTM 3D da área

de Alto de Cabo Frio

A   ̧̃ 3.2,         

 ̂ ́   Ćı 2     ̧̃: 1. O 

 ̧̃ ́       S    L = 1  ̂

 (́     ́ 2L+1),   ̧̃ 

      L > 1. A      

́ı PSTM 3D  ́  A  C F (F 3.4)   ( 

 Ćı 2),  , -       ̧̃    

         ̧̃  ; 2. O  

  F   ̧  ̧  ̧̃       

 ̧̃  . O         

   ́ı PSTM 3D  ́  A  C F   

 B (F 3.5, 3.6  3.7)       ̧̃ 

   -       -.
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F 3.4: V ́ı  PSTM 3D  ́  A  C F.

F 3.5: D  B     ̧̃    ̧̃
́   ́ı PSTM 3D  ́  A  C F.
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F 3.6: D  B     ̧̃    
 S   ́ı PSTM 3D  ́  A  C F.

F 3.7: D  B     ̧̃    
 F   ́ı PSTM 3D  ́  A  C F.

C   3.5, 3.6  3.7,      B   

 ̧̃    ̧̃ ́       S ̃ 
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,      . O   B   

 ̧̃      F   ̧    

̧̃   ́  ,      

-,  ́    ́.

O   C (F 3.8, 3.9  3.10)     ̧̃    H

 ́    (̧̃ 3.4) ̧     -

    B     ̂  .

N ̧̃    H   L = 1      

́        L > 1.

F 3.8: D  C     ̧̃    H
 ́   . N , -   
̧̃ ́     .
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F 3.9: D  C     ̧̃    H 
́   . N , -    
 S     .

F 3.10: D  C     ̧̃    H
 ́   . N , -   
  F     .
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C   3.8, 3.9  3.10,      C   

̧̃    ̧̃ ́       S   

    ,      .

O   C    ̧̃      F  

      ̧  ̧̃   ́ -

 ,     ̧̃     -

  , ̧      ̧̃    H 

́   .

O-     ́    (F 3.11, 3.12  3.13),

-     B      ̂   ̂

́ , ́        ̂  

̧̃    ̧̃ ́       S  -

   ́ı . N     B    ̧̃

     F ́      ̂  10 

40 H (F 3.13)   ̧̃     ̂  -

   ́ı . O       ̂ 

 ̂ ́     ̧̃    -

  . O   C   ́   ̂ ́ 5H,

         -    

.
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F 3.11: E   ́      ̂
  ́ı PSTM 3D  A  C F    
̂    B  C. N , -   
̧̃ ́   ́    B.

F 3.12: E   ́      ̂
  ́ı PSTM 3D  A  C F    
̂    B  C. N , -   
  S   ́    B.
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F 3.13: E   ́      ̂
  ́ı PSTM 3D  A  C F    
̂    B  C. N , -   
  F   ́    B.

P,   ̧̃     -   

C     ̧̃        

   ̧̃ 3D (DGB, 2022). I      -

́,            

́ı (F 3.14, 3.15  3.16). N ,    ̂  

    , -       C  

̧̃    ̧̃ ́      ̧̃    

 S ̃ ,     C   ̧̃     

F         - 

   ̧̃       .
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F 3.14: G   OT     
      C. N , -   
̧̃ ́     .

F 3.15: G   OT     
      C. N , -   
  S     .
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F 3.16: G   OT     
      C. N , -   
  F     .

3.4 Resultado da metodologia em um time slice

O-      ́ı PSTM 3D  A  C F (F 3.17)

 -        B  C (F 3.18 

3.23), -   ̧̃       , -

    C,    ̃  ̧. C , -

      ́   ̧̃     

  ̧̃  (,    )    ̧̃  

    ̧̃   .
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F 3.17: T    ́ı  PSTM 3D  A  C F
  ̧̃   1460 (  ).

F 3.18: T     B     ̧̃  
 ̧̃ ́   ́ı PSTM 3D  ́  A 
C F   ̧̃   1460 (  ).
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F 3.19: T     B     ̧̃  
   S   ́ı PSTM 3D  ́  A 
C F   ̧̃   1460 (  ).

F 3.20: T     B     ̧̃  
   F   ́ı PSTM 3D  ́  A 
C F   ̧̃   1460 (  ).
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F 3.21: T     C     ̧̃  -
  H  ́      ̧̃ 
 1460 (  ). N , -  
 ̧̃ ́     .

F 3.22: T     C     ̧̃  -
  H  ́      ̧̃ 
 1460 (  ). N , -  
   S     .
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F 3.23: T     C     ̧̃  -
  H  ́      ̧̃ 
 1460 (  ). N , -  
   F     .

C   3.18, 3.19  3.20,     ̧̃ 3.3, - 

 ̧        B   ̧̃    ̧̃

́        B   ̧̃      S.

C ̧̃    B   ̧̃      F, -

     - ̃     ̧̃

 . O   C    3.21, 3.22  3.23  

, ́    C    ̧̃     

F       ̧̃ ́ı     

C   ̧̃        .

3.5 Resultado da metodologia em uma linha śısmica

F ́ı   ́ı   ́ı PSTM 3D  A  C F (F 3.24)

   ̃       ́   

B  C     ́ı  (F 3.25  3.30). O- 

   2  3,           B 

̧̃     -   ̧̃    

 -        ́ı . O

      C,  ́       

2  3          ́ı .
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F 3.24: D ́ı  PSTM 3D  ́  A  C F (
1460).

F 3.25: D  B     ̧̃    ̧̃
́   ́ı PSTM 3D  ́  A  C F
( 1460).
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F 3.26: D  B     ̧̃    
 S   ́ı PSTM 3D  ́  A  C F
( 1460).

F 3.27: D  B     ̧̃    
 F   ́ı PSTM 3D  ́  A  C F
( 1460).
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F 3.28: D  C     ̧̃    H
 ́    ( 1460). N , -
   ̧̃ ́     .

F 3.29: D  C     ̧̃    H
 ́    ( 1460). N , -
     S     .
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F 3.30: D  C     ̧̃    H
 ́    ( 1460). N , -
     F     .

C   3.25, 3.26  3.27,     ̧̃ 3.3  3.4, -

  ̧    ́ı    B   ̧̃  

 ̧̃ ́    ́ı    B   ̧̃   

  S. A   ́ı    B   ̧̃ 

    F, -      -

̃     ̧̃  . O   C  

 3.28  3.29   , ́    C (F 3.30)

   ̧̃      F     

    ̃     ̧̃  .

O-     ́   1460 (F 3.31, 3.32  3.33),

-        ́   ́ı 3D

    B      ̂   ̂ ́

, ́        ̂   ̧̃ 

  ̧̃ ́       S    

́ı . N     B    ̧̃    

 F ́      ̂  10  45 H (F 3.33),

  ̧̃    ̂  50  85 H   ̧̃ 

̂   85 H     ́ı . A  
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   ́ı 3D,       ́  

 C       ,   ́  

̂ ́ 5H           -.

F 3.31: E   ́      ̂ 
  ́ı   PSTM 3D  ́  A  C F 
   ̂    B  C. N , -
   ̧̃ ́   ́    B.

F 3.32: E   ́      ̂ 
  ́ı   PSTM 3D  ́  A  C F 
   ̂    B  C. N , -
     S   ́    B.
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F 3.33: E   ́      ̂ 
  ́ı   PSTM 3D  ́  A  C F 
   ̂    B  C. N , -
     F   ́    B.

3.6 Desempenho computacional dos métodos utiliza-

dos

A  ̃    (T 3.1),    

   ̧̃  ́   ́    

́      F,       ́

      ̧̃ ́. Q     T-

 3.1,      ̧̃ ́     

4         D  S    8     

   D  F.

T 3.1: Ç̃      ́ RAM 
      .

F  T   () Ḿ RAM (GB)
F  ̧̃ ́ 16,04 5,5
F  D  S 64,27 6,0
F  D  F 130,27 6,4

A ̧               

 F   ́        

  ̧̃     ̧̃ ́   ́ 

,       .



3.7. DISCUSSÃO 67

3.7 Discussão

A  ̧     ̧̃  ̧̃  -

   ̧̃  ̧̃,       ̂, ́  

     ̧ , ́ ́   ̧: 

  ̂    ́ı  ̧ ́ı   -

,      ,  ̧    

  ́ı (F 3.34),       ̧̃

  ́ı  ̧    ̧̃, 

 ̂     ̃ ̃      

 ́       -    . E ̧

 ̧̃  ́   ̧̃      

  ́   ̧̃.

F 3.34: C  ̂   OT (DGB, 2022)   
 ́ı  PSTM 3D  ́  A  C F.
O-       ̃ ̧, ́
   ̧̃ ́ ̃ .

O     ́    ̂ (F 3.35)  -

      ́ı PSTM 3D      B  C, -

 ́      ̂      C, ́  

   ́ı      ̃ ́    
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  ́     ́.

F 3.35: E   ́      ̂
  ́ı PSTM 3D  A  C F    
̂    ̂     B  C.

A       C (̧̃ 3.1),     ̂ 

   ̧̃       ̧̃ 3D (DGB, 2022). C-

   F 3.36, ̃      

   ,      ̂ ́ ̧   

̧̃,    ́   F 3.14, 3.15  3.16   

      C.

F 3.36: G   OT      ̂.
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C     ̧̃  ́ı    ̧̃

    -,        ̧̃,

́  ̧̃         ́ı  

̧̃,        ̧̃ .



4
Conclusão

A   ̧̃       ́

   . O ̂ ́  (F    ̧̃

́, F  D  S  F  D 

F)     ́       

́ı ́- 3D  ́  A  C F,    

  C.

N          B,  

̧       ̧̃ ́      

S,             

   ́ı. N       F   ́ 

  ̧  ̧,         - ̃

. P-  ̧        

 ́ı PSTM 3D  ́ A  C F    Ćı 3.

E   ̂    ̧̃     -

̧̃         ,   ̧̃  

   ̧̃           -,

-    ̧̃       B  C ́ 

           , 

 ́  ́   ̧̃ .

O   C   ́   ,     ̧̃

           ̧̃ 

̧̃ 3D    . N   ̧̃,   

OT (DGB, 2022)           

70
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     C. Ṕ,    ̧̃     

F     ,   ̧   ̧̃ 

      ̧̃      ́ı. O 

   ̧̃      ̧̃  ́ 

.

N     ́ı     ̧̃ ́  -

   ,    ́   ,    ́

          ̧̃.

A ̧̃    ́     -

 ̧̃ (      )   ́ı

́-,     ̧̃,    

 ̧̃    . A ̃     ́  

̃    ̃ /́ı   ́ı,  ,  

  ̃,  ́      . O  -

   ̧̃    ̧̃     -

  ̧̃      -   ́ı 

   ̧̃ ́. Á ,    C  ̧

  ́       , 

   ̧̃  ́  .
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A̧       Ṕ  , ̃  ̃:

C V, D S, G A, V S, A M, M

A    ̂ F B̃  R M,    

J́ L, J́ C  A T.
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Ṕ - CENPES - , R  J, Ŕ I, 1981.
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S  Á  S. I: G  C S- A: Ȩ̃ 
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S, 2016.

PORSANI, M. J., URSIN, B. S   -  

-  . R C G G (CPGG/UFBA)

 N I  S  T  PG (INCT-GP/CNP).

F U  B, I  G, S, B, B, 2022.

RANGEL, H.D.; CORREA, G.A., BISOL, D.L. Ȩ̃ ́   ́
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ApêndiceA
Aplicação do método da derivada de
Shepard no caso 2D

N  2D    ̧̃ (2.4), (2.5)  (2.6)   :

Ã (x, z) =
N∑

j=1

wj (x, z)Aj (A.1)

wj (x, z) =

1

dj (x, z)
N

i=1

1

di (x, z)

(A.2)

di (x, z) =
[
(xi − x)2 + (zi − z)2

]1/2
, i = 1,    , N (A.3)

A    ̧̃ (A.2) ̃   :

∂wj (x, z)

∂x
=

(xj − x)wj (x, z)

d2j (x, z)
− w2

j (x, z) dj (x, z)
N∑

i=1

(
xi − x

di (x, z)

1

(xi − x)2 + (zi − z)2

)

(A.4)

∂wj (x, z)

∂z
=

(zj − z)wj (x, z)

d2j (x, z)
− w2

j (x, z) dj (x, z)
N∑

i=1

(
zi − z

di (x, z)

1

(xi − x)2 + (zi − z)2

)

(A.5)

A   ̧̃ (A.4)  (A.5)        2D  

:
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Q(x) =
N∑

i=1

(
xi − x

di (x, z)

1

(xi − x)2 + (zi − z)2

)
(A.6)

Q(z) =
N∑

i=1

(
zi − z

di (x, z)

1

(xi − x)2 + (zi − z)2

)
(A.7)

Q(x, z) =
N∑

i=1

(
xi − x+ zi − z

di (x, z)

1

(xi − x)2 + (zi − z)2

)
(A.8)

wj
′ (x, z) =

(xj − x+ zj − z)wj (x, z)

d2j (x, z)
− w2

j (x, z) dj (x, z)Q(x, z) (A.9)

U       Aj     ,   

̧̃ (2.10)         :

∂Ã (x, z)

∂x
=

N∑

j=1

Aj
∂wj (x, z)

∂x
(A.10)

∂Ã (x, z)

∂z
=

N∑

j=1

Aj
∂wj (x, z)

∂z
(A.11)

A   ̧̃ ((A.10)  (A.11))        Aj 

 :

Ã′ (x, z) =
N∑

j=1

Ajwj
′ (x, z) (A.12)

A.1 Obtenção da derivada primeira centrada em xj e zj
no caso 2D

A    1D     ̧    ̃-

  ,   ́    ı́   , 

  ̧̃ (A.9). [wj(0, 0), w
′
j(0, 0)], j = ±1, ,±N2,   

   ̧̃    ,      -

 x, z = 0. N  w′
0(0, 0, 0) = 0,    ̧̃   A0,0. N

́  di(0, 0) =

x2
i + z2i . D    ̧̃ (A.8)  

:
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Q(0, 0) =
N

i=1

(
xi + zi
di (0, 0)

1

x2
i + z2i

)
=

N
i=1

(
xi + zi
d3i

)
=

=
N/2

i=1

(
xi + zi
d3i

)
+
−N/2

i=−1

(
xi + zi
d3i

)
=

=
N/2

i=1

(
xi + zi
d3i

)
−
(
xi + zi
d3i

)
= 0

(A.13)

E     ̧̃ (A.9),

w′
j(0, 0) =

(xj + zj)wj (0, 0)

d2j (0, 0)
− w2

j (0, 0) dj (0, 0)Q(0, 0) =

=
(xj + zj)wj (0, 0)

d2j (0, 0)
=

(xj + zj)wj (0, 0)

x2
j + z2j

j = ±1, ,±N2

(A.14)

N       ́ -́, w′
j(0, 0) = −w′

−j(0, 0). C-

  -  w′
j    ̃  ́  

   :

Ã′(0, 0) =

N/2∑

j=1

w′
j(Aj − A−j) (A.15)

A.2 Obtenção da derivada segunda centrada em xj e zj
no caso 2D

D  ́     ,     

   ̃     ́    ı́  

. S     -  ̧̃ (A.14):

w′′
j (0, 0) =

(xj + zj)w
′
j (0, 0)

x2
j + z2j

=
(xj + zj)

x2
j + z2j

(xj + zj)wj (0, 0)

x2
j + z2j

(A.16)

w′′
j (0, 0) =

(xj + zj)
2 wj (0, 0)

(x2
j + z2j )

2
, j = ±1, ,±N2 (A.17)

N       ́ ́: w′′
j (0, 0) = w′′

−j(0, 0)   

  ́ ,     :

w′′
0(0, 0) = −2

N/2∑

i=1

w′′
j (0, 0) (A.18)
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C    w′′
j    ̃  ́  

,  :

Ã′′(0, 0) =

N/2∑

j=1

w′′
j (Aj − A−j) + A0w

′′
0 (A.19)

A.3 Pseudo-código para derivadas primeira e segunda

no caso 2D

A  ́   -́  ̧̃     

 ,    ̧ 2D. P   ̧̃ 

 ̂  ́       ı́   . A ́   

̧̃      ̧̃  ().

1. D :

Ai(i, k), xi(i), zi(k), (i, k) = 0,±1, ,±N2

N =    

4N + 1 =́    

2. di(i, k) =


xi(i)2 + zi(k)2 =
√
i2 + k2, (i, k) = 0,±1, ,±N2

3.S = 2
N

i=1

N
k=1

1

di(i, k)

4. i = ±1, ,±N2

k = ±1, ,±N2

wj(i, k) = [dj(i, k)S]
−1 (. (A.2))

w′
j(i, k) = (i+ k)

wj

i2 + k2
(. (A.14))

w′′
j (i, k) = (i+ k)2

wj

(i2 + k2)2
(. (A.17))

5. w′′
0(0, 0) = −2

N/2
i=1

N/2
k=1 w

′′
j (0, 0) (. (A.18))

6. N  2D         (. (A.15)  (A.19)))

  ̧̃             ̧̃

. N ̧̃     ́ 2D   ̧̃, -

            -.



ApêndiceB
Aplicação do método da derivada de
Shepard no caso 3D

N  3D    ̧̃ (2.4), (2.5)  (2.6)   :

Ã (x, y, z) =
N∑

j=1

wj (x, y, z)Aj (B.1)

wj (x, y, z) =

1

dj (x, y, z)
N

i=1

1

di (x, y, z)

(B.2)

di (x, y, z) =
[
(xi − x)2 + (yi − y)2 + (zi − z)2

]1/2
, i = 1,    , N (B.3)

A    ̧̃ (B.2) ̃   :

∂wj (x, y, z)

∂x
=

(xj − x)wj (x, y, z)

d2j (x, y, z)
− w2

j (x, y, z) dj (x, y, z)
N

i=1


xi−x

di(x,y,z)
1

(xi−x)2+(yi−y)2+(zi−z)2



(B.4)

∂wj (x, y, z)

∂y
=

(yj − y)wj (x, y, z)

d2j (x, y, z)
− w2

j (x, y, z) dj (x, y, z)
N

i=1


yi−y

di(x,y,z)
1

(xi−x)2+(yi−y)2+(zi−z)2



(B.5)
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∂wj (x, y, z)

∂z
=

(zj − z)wj (x, y, z)

d2j (x, y, z)
− w2

j (x, y, z) dj (x, y, z)
N

i=1


zi−z

di(x,y,z)
1

(xi−x)2+(yi−y)2+(zi−z)2



(B.6)

A   ̧̃ (B.4), (B.5)  (B.6)        3D 

 :

Q(x) =
N∑

i=1

(
xi − x

di (x, y, z)

1

(xi − x)2 + (yi − y)2 + (zi − z)2

)
(B.7)

Q(y) =
N∑

i=1

(
yi − y

di (x, y, z)

1

(xi − x)2 + (yi − y)2 + (zi − z)2

)
(B.8)

Q(z) =
N∑

i=1

(
zi − z

di (x, y, z)

1

(xi − x)2 + (yi − y)2 + (zi − z)2

)
(B.9)

Q(x, y, z) =
N∑

i=1

(
xi − x+ yi − y + zi − z

di (x, y, z)

1

(xi − x)2 + (yi − y)2 + (zi − z)2

)
(B.10)

wj
′ (x, y, z) =

(xj − x+ yj − y + zj − z)wj (x, y, z)

d2j (x, y, z)
− w2

j (x, y, z) dj (x, y, z)Q(x, y, z)

(B.11)

U       Aj   ,   ,  

 ̧̃ (2.10)         :

∂Ã (x, y, z)

∂x
=

N∑

j=1

Aj
∂wj (x, y, z)

∂x
(B.12)

∂Ã (x, y, z)

∂y
=

N∑

j=1

Aj
∂wj (x, y, z)

∂y
(B.13)

∂Ã (x, y, z)

∂z
=

N∑

j=1

Aj
∂wj (x, y, z)

∂z
(B.14)

A   ̧̃ ((B.12), (B.13)  (B.14))       

Aj   :

Ã′ (x, y, z) =
N∑

j=1

Ajwj
′ (x, y, z) (B.15)
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B.1 Obtenção da derivada primeira centrada em xj, yj e zj
no caso 3D

A    1D  2D     ̧   -

 ̃-  ,   ́    ı́   ,

   ̧̃ (B.11). [wj(0, 0, 0), w
′
j(0, 0, 0)], j = ±1, ,±N2, -

      ̧̃    ,   

   x, y, z = 0. N  w′
0(0, 0, 0) = 0,    ̧̃

  A0,0,0. N ́  di(0, 0, 0) =


x2
i + y2i + z2i . D   

̧̃ (B.10)   :

Q(0, 0, 0) =
N

i=1

(
xi + yi + zi
di (0, 0, 0)

1

x2
i + y2i + z2i

)
=

N
i=1

(
xi + yi + zi

d3i

)
=

=
N/2

i=1

(
xi + yi + zi

d3i

)
+
−N/2

i=−1

(
xi + yi + zi

d3i

)
=

=
N/2

i=1

(
xi + yi + zi

d3i

)
−
(
xi + yi + zi

d3i

)
= 0

(B.16)

E     ̧̃ (B.11),

w′
j(0, 0, 0) =

(xj + yj + zj)wj (0, 0, 0)

d2j (0, 0, 0)
− w2

j (0, 0, 0) dj (0, 0, 0)Q(0, 0, 0) =

=
(xj + yj + zj)wj (0, 0, 0)

d2j (0, 0, 0)
=

(xj + yj + zj)wj (0, 0, 0)

x2
j + y2j + z2j

j = ±1, ,±N2

(B.17)

N       ́ -́, w′
j(0, 0, 0) = −w′

−j(0, 0, 0).

C  -  w′
j    ̃  ́  

   :

Ã′(0, 0, 0) =

N/2∑

j=1

w′
j(Aj − A−j) (B.18)

B.2 Obtenção da derivada segunda centrada em xj, yj e zj
no caso 3D

D  ́     ,     

   ̃     ́    ı́  

. S     -  ̧̃ (B.17):



B.3. PSEUDO-CÓDIGO PARA DERIVADAS PRIMEIRA E SEGUNDA NO CASO 3D 86

w′′
j (0, 0, 0) =

(xj + yj + zj)w
′
j (0, 0, 0)

x2
j + y2j + z2j

=
(xj + yj + zj)

x2
j + y2j + z2j

(xj + yj + zj)wj (0, 0, 0)

x2
j + y2j + z2j

(B.19)

w′′
j (0, 0, 0) =

(xj + yj + zj)
2 wj (0, 0, 0)

(x2
j + y2j + z2j )

2
, j = ±1, ,±N2 (B.20)

N       ́ ́: w′′
j (0, 0, 0) = w′′

−j(0, 0, 0)  

   ́ ,     :

w′′
0(0, 0, 0) = −2

N/2∑

i=1

w′′
j (0, 0, 0) (B.21)

C    w′′
j    ̃  ́  

,  :

Ã′′(0, 0, 0) =

N/2∑

j=1

w′′
j (Aj − A−j) + A0w

′′
0 (B.22)

B.3 Pseudo-código para derivadas primeira e segunda

no caso 3D

A  ́   -́  ̧̃     

 ,   3D  ̧. P   ̧̃ 

 ̂  ́ ,       ı́ ,   . A ́  

 ̧̃ ,    ̧̃      ̧̃  (). 1.

D :

Ai(i, j, k), xi(i), yi(j), zi(k), (i, j, k) = 0,±1, ,±N2

N =    

6N + 1 =́    

2. di(i, j, k) =

xi(i)2 + yi(j)2 + zi(k)2 =


i2 + j2 + k2, (i, j, k) = 0,±1, ,±N2

3.S = 2
N

i=1

N
j=1

N
k=1

1

di(i, j, k)

4. i = ±1, ,±N2

j = ±1, ,±N2

k = ±1, ,±N2

wj(i, j, k) = [dj(i, j, k)S]
−1 (. (B.2))
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w′
j(i, j, k) = (i+ j + k)

wj

i2 + j2 + k2
(. (B.17))

w′′
j (i, j, k) = (i+ j + k)2

wj

(i2 + j2 + k2)2
(. (B.20))

5. w′′
0(0, 0, 0) = −2

N/2
i=1

N/2
j=1

N/2
k=1 w

′′
j (0, 0, 0) (. (B.21))

6. N  3D         (. (B.18)  (B.22)) 

 ,  ,  ̧̃      ̧̃     

        ,  ,    .

N ̧̃     ́ı ́- 3D   ̧̃, 

           -.



ApêndiceC
Operador de Hilbert 1D

A ̧̃    H 1D     :

1. C       L      

,      Wm,n  ̃ ı́ 2L+1  2L+1

  :

k =
2πi

2L+ 1
(C.1)

Wm,n =
emnk

2L+ 1
, (m,n) = (−L, , 0, , L) (C.2)

2. A     H     ̂ 

     ̂ ,     ̧̃:

Wm,n = 2Wm,n, (m = −L, , 0, , L) (n = 1, , L) (C.3)

Wm,n = 00, (m = −L, , 0, , L) (n = −L, ,−1) (C.4)

3. C   ̧̃ ,      H hm

  :

hm =
L∑

n=−L

Wm,n, m = −L, , 0, , L (C.5)

4. A ̧̃    H hm   ́ı di     ̧ ́

 -   ̧̃:

88
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hd(i) =
L∑

m=−L

di−mhm, i = 1, , ns (C.6)

C  hd(i)     H   ́ı di.


