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A B S T R ACT 

On the base of some preliminary experiments, and a thorough 
review of the respective pUblications, it is suggested, that for 
investigation of local magnetic anomalies, the model of finite 
dipoles is more suitable, as because of the normal distance 
between the charges with different signs in this case, it usually 
has better approximating possibilities. Besides, such model is 
not used yet in the geophysical science and practice. That is 
why, a suitable computer program was worked out and some 
numerical experiments were made with it. The obtained results 
confirm the preliminary assumptions. 

eEQPHTlKA nEIPAMATA AnO TH ~Y~H TOY ANTI~TPO~OY 

MArNHTIKOY npOBhHMATO~ ME nEnEP~MENA hlnOhA 

Zhelev,Zh.P. and Petrova,T.D. 

n E P I ~ H 'i' H 

ME ~do~ oplo~iva TIpOXaTapxTlxa TIElpa~aTlxa aTIOTEAio~aTa xal 
~ETd aTIo TIPOOEXTlX~ El;~hao~ TWV 0XETlXWV o~~oalEuoEwV TIPOTElVETal 
OTl yLa T~ ~EA£T~ TOTIlXWV ~ayv~TLxWV avw~aALWV, TO ~OVT€AO TaU 
TI.ETIEpaO~e;vou OLTIOAOU ELval TIlO xaTaAA~Ao, mpou AOYW T~C; xavoVLxijC; 
aTIOOTaO~C; ~ETal;u TWV ETEPWVU~WV ~OPTlWV OT~V TIEp[TITwa~ aUT~ €XEL 
xaAUTEpEC; TIpOOEyyLOTlXEC; OuvaTOT~TEC;. ETIlTIAEOV, Eva TETOlO 
~ovTEAo OEV EXEl XP~OL~OTIOL~eE( axo~a OT~ YEW~UOLX~ ETILOT~~~ xat 
npaxTlxii. rta TO AOYO aUTO, Eva xaTaAA~Ao TIpoypa~~a H/Y 
EXTIOV~e~XE XaL opLo~Eva aple~~Tlxa aTIOTEAEO~aTa UTIOAOy[oT~xav. 

Ta aTIOTEAEO~aTa aUTd ETIL~E~aLwvouv TLC; TIpOXaTapxTlxEC; UTI08EOEtC;. 

INTRODUCTION 

The method for the solution of the inverse problems of the 
potential fields with a final number of elementary sources, 
proposed already about twenty years ago (Zidarov, 1965, 1968, 
1990), and repeatedly used for solution of local (Georgiev, 1969 
; Zhelev, 1972, 1985, 1990 i Bochev and Georgiev, 1974 ; Zhelev 
and Georgiev, 1985 ; Report of GFI, BAS, 1991) as well as of 
global problems (Zidarov and Bochev, 1965, 1969 ; Bochev, 1976 
; Zidarov and Petrova, 1978, 1979, 1983 ; Zhelev and Georgiev, 
1985) of this kind, is one of the most effective in this field. 
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In the theoretical works (Zidarov, 1965, 1968, 1990) of that 
author for approximating bodies, mainly point masses for the 
gravity case and dipoles and circular loops - for the magnetic, 
are suggested. In practice also only point masses (Georgiev, 1969 
; Zhelev, 1972,1985,1990 i Bochev and Georgiev, 1974 ; Zhelev and 
Georgiev, 1985 ; Report of GFI, BAS, 1991) , dipoles (Zidarov and 
Bochev ,1965, 1969; Bochev, 1976) and circular loops (Zidarov and 
Petrova, 1978, 1979, 1983) are used so far. However, there is 
enough grounds to suppose, that in some cases (as for example ­
in the cases of investigating local and to some extent of 
regional observations, because of the usual large distances 
between the poles with different sings, better approximating 
possibilities can be expected from the final dipoles ( FD ). In 
the present work, the possibilities of this model for the 
solution of the inverse magnetic problem are studied. For this 
purpose, a suitable computer program is worked out and a number 
of numerical experiments are made with it. For determination of 
the corresponding unknown parameters, the method of Marquardt 
(1963) is applied, widely used for problems of this kind. The 
obtained results, undoubtedly confirm the preliminary theoretical 
suggestions. 

MATHEMATICAL FORMULATION OF THE PROBLEM 

The solution of the problem thus formulated can be reduced 
mainly to the solution of the following nonlinear system of 
equations 

f ( x ) = y , 

where x ~x1' x 2 , .•. x n ) is the vector of the unknown parameters 
coordlnates of the gravity center ~k' n k , ~k' the 

corresponding masses - mk ' directional cosines - ~k'. ~\. r~ and 
lengts lk ' k = 1 , ... , nj7 of a system of nj7 flnlte dlpoles 
, which must be determined on the basis of the vector of the 
observations y* (Y1' Y2' ... , y~) , and f* (f1 ' f 2 ' ... , f~) is 
a vector of N nonlinear functions ( the symbol * means 
transposition). specially in this case, the functions f = 1, 
••. , N are defined from the corresponding analytical expr~ssion 
for the magnetic field of a system of nj7 elementary sources of 
this kind in N points of observation with coordinates - x" Y., 
Z , i = 1 , ... , N , located over the Earth's surface. II 

For representation of the background of the field, when 
necessary, a linear regression equation can be used, whose 
coefficients can be determined in the process of optimization, 
together with the rest of the unknowns (Zhelev, 1990). Instead, 
more elementary sources can be included in the model for this 
purpose ( Zhelev, 1990 ) . Their parameters can be specified in 
the same wa y. Usua lly, in order to represent the ba ckground, they 
must lie significantly deeper from the rest. Of course, the best 
thing to do here is to try to remove the background before the 
interpretation, but this is not always possible with the needed 
precision. Regardless of this, here is suggested, that the 
background is successfully removed from the observations, before 
starting the father analyses of the concrete anomalies. 

Obviously in this way solutions, which represent not the 
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real source of the observations but the corresponding maternal 
body (Zidarov, 1968, 1990 i Zidarov and Zhelev, 1970 i Zhelev, 
1977) (the most concentrated element) of the family of bodies 
with identical exterior potential fields, approximately defined 
with the given observations, can be obtained . Of course, from 
the so determined concentrated sources (in the form of finite 
dipoles), on the basis of the method for obtaining equifamily 
bodies (Zidarov, 1968, 1990 i Zidarov and Zhelev, 1970 i Zhelev, 
1977) and some additional information (Zidarov and Zhelev,1970) 
(as for example - other geophysical or geological) , concrete 
bodies from the family can be determined, close (in some sense) 
to the real. But we will not treat this problem in detail here, 
qS it is out of the frames of the present worK. Besides, in a 
number of cases, the so defined concentrated source bodies give 
sUfficiently good idea about the configuration of the real 
disturbers. 

COMPUTER PROGRAM AND PRELIMINARY ~~SULTS 

On the basis of tbe method described above a program in 
fORTRAN for "PRAVETS-16" (equivalent to "IBM-PC") computer was 
worked out and some numerical experiments (clarifying its 
possibilities) were made with it. The optimization was carried 
Qut after the Marquardt method (1963). A part of the results 
obtained are presented in the tables - 1 and 2. Besides the 
parameters of the source of the observations, the initial and 
final (t.e. - the solution) approximations of the unknowns, the 
following parameters are listed there for convenience : 

- the corresponding functional 

N 

F(x) = L [Yi-fi (x) J2, 
i=1 

- the respective mean square deviation (Zhe1ev, 1990) 

(J = [ F (x) ] 1/2, 
(N-n) 

- the gradient of the functional 

N 
G(x) =(" [BF(X) 1/2L.J --J2} 

h1 BXk 

- the coefficient of non-representativeness (Zhelev, 1972) 

N 

K =100(-.£:)1/2 % E=LY1v E ' 
i=l 

at the point of the minimum, etc. 
The values of the functional, the corresponding mean square 

deviation and the coefficient of non-representativeness show 
(see the tables), that satisfactory solutions were found, and 
the models fit the observations comparatively well in almost all 

437 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



T
a

b
le

 
1

. 
S

o
lu

ti
o

n
 
o

f 
th

e
 

in
v

e
rs

e
 
m

a
g

n
e
ti

c
 

p
ro

b
le

m
 
w

it
h

 
a 

sy
st

e
m

 
o

f 
F

D
-

tw
o

 
FD

 
re

p
re

s
e
n

t 
th

e
 
fi

e
ld

 
o

f 
tw

o
 
e
le

m
e
n

ta
ry

 
so

u
rc

e
s 

o
f 

th
e
 

sa
m

e 
k

in
d

 
w

it
h

 
0 

5 
an

d
 

1
0

 
%

 
e
rr

o
rs

 
in

 
th

e
 
o

b
s
e
rv

a
ti

o
n

s
.

I 

P
a
r

a 
m

e 
~

 
e

r
s 

F 
c-:.

 
k 

t 
m

>
k 

'\
 

~ 
Ie 

k 
a 

<X
(~

k 
Y

k 
11

<
k 

3 
"3

I
n

iL
la

1
 

a
p

p
r
o

x
im

a
ti

o
n

s
 

. 
'=

1
6

.1
0

 
.3

5
.1

0
 

1 
9

. 
5

. 
2

6
0

.
8

" 5
2

 
.8

:3
 

.2
1

 
9

.6
4

 
9 

,"
2:

 
.
~

 
8

.5
 

~
3
.

 
1

9
0

. 
5

1
 

.5
1

 
.6

9
 

5
.8

3
 

+>
 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
,-

-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
­

w
 

(
»

 

S
o

Iu
L

l'
.'

))
 

'W
lt

'·)
 

I)
 

~,
;;

 
e
rr

'Q
rs

 
.5

h
l.

l0
-

1
4

 
.3

9
.1

0
 
-
5

 
1 

8
.5

 
L

).
 

5
. 

2
4

0
. 

in
 

th
e
 
o

b
s
e
r
v

a
ti

o
n

s
 

()
 . 

. 
'?

()
 

.6
0

 
.4

0
 

1
0

.0
5

 
2 

1
0

.5
 

'1
.5

 
4

. 
2

0
0

. 
N

u
m

b
er

 
o

f 
I
te

r
a
L

io
n

s
 
~

 
2

5
 

.5
1

 
.5

1
 

.6
9

 
5

.8
3

 

S
o

U
I"

c
e

 
: 

1 
e,

 '3
 

9
. 

5
. 

2
4

0
. 

. '
.,..'

r:. 
.5

0
 

.4
0

 
1

0
.0

5
 

~
I
x

 
=

 N
y 

=
 

? 
; 

X
U

 
=

 Y
O

 
=

 2
0

 
=

 I.
) 

CO
X 

=
 

D
y
 

=
3 

; 
2 

1
0
.
~

 
7 " 

'"
 

~
 

4
. 

2
0

0
. 

'{
m

ax
 

=
 

'3
4

.9
 

.5
1

 
.5

1
 

.6
9

 
'3

.8
'3

 

S
e
e
 
th

e
 
c
o

n
ti

n
u

a
ti

o
n

 
o

n
 
th

e
 

n
e
x

t 
p

a
g

e
: 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



c
o

n
ti

n
u

a
ti

o
n

 
o

f 
T

a
b

le
 

1
. 

b ~
 

P
a
r
 

a 
m

e
t
 

to
· 

r 
s 

S
o

lu
L

lo
n

 
',

"l
L

h
 

'3
 

..
. 

",
rl

·L
.>

1
­

in
 

I.
-h

e 
o

b
s
e
rv

a
L

io
n

s
 

: 

N
u

m
b

er
 

o
f 

L
L

e
ra

tl
o

n
s
 

=
 7

8
 

F 

_ 
.2

3
.1

C
>

 
~

 

-

C
 

;Y
 

_ 
.6

'1
.1

0
 

2
.'

3
8

 

1 

k 1 2 

/.. 
k 

~"
f;

 

8
.0

3
 

.7
4

 
6

. 
/7

 
5

7
 

}
'k

 

f\
 

'7
 

5
2

 
.6

3
 

4
.0

1
 

-.
7

1
 

( 
k 

:rk
 

4
.4

1
 

.2
1

 
3

.4
8

 
.4

2
 

In
k 

1 
k 

4
1

1
.1

0
::

,7
 

'7
.7

0
 

2
6

4
.6

5
 

6
.
~
~

 

S
o

lu
L

io
n

 
w

ll
h

 
1
0
~

 
e
r
r
o

r
 

. ·
'-G

. 
1

0
 

:3
 

.2
9

.1
C

· 
5 

1 
3

.5
8

 
8

.3
7

 
2

.6
2

 
1

4
3

.8
1

 
L

n
 

L
h

. 
o

b
s
e
r
v

a
ti

o
n

s
 

4
.6

5
 

.7
3

 
.6

8
 

.5
7

 
5

.0
7

 
2 

9
.7

7
 

':'
;;

.0
6

 
4

.6
0

 
1

0
8

4
.3

0
 

N
u

m
b

e
l'
 

o
f 

l.
te

r
a

L
l.

o
n

s
 

=
 

:=
;9

 
.7

-"
; 

-
.0

2
 

.6
8

 
2

.7
3

 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

T
a

b
le

 
2

. 
S

o
lu

ti
o

n
 
o

f 
th

e
 

in
v

e
rs

e
 
m

a
g

n
e
ti

c
 

p
ro

b
le

m
 
w

it
h

 
a 

sy
st

e
m

 
o

f 
FD

 
-

tw
o

 
FD

 
re

p
re

s
e
n

t 
th

e
 
fi

e
ld

 
o

f 
to

w
 
e
le

m
e
n

ta
ry

 
s
o

u
rc

e
s
 
o

f 
th

e
 

sa
m

e 
k

in
d

 
w

it
h

 
0 

5 
a
n

d
 

1
0

 
%

 
e
rr

o
rs

 
in

 
th

e
 
o

b
s
e
rv

a
ti

o
n

s
.

I 

,-	
,:

P
a

I'
a

m
e

l 
e

r 
s 

1-
' 

oJ
 

k	
 

)
~
k

 
m

'.
k 

(
k

k 
a 

L
~
k

 
,r
~k

 
t'

k
 

lk
 

4,
 

'3
I 

J
l.

l 
t 

i 
0.

1 
a

p
p

l-
0

:<
1

 m
a

'-
io

n
s
 

. 
1

1
 .

 f
.:i

S
 

. 
4

2
,1

0
 

1 
8

. 
1

0
. 

5
.5

 
2

0
0

 . 
.6

7
 

.6
',

 
.3

3
 

9
.0

 
2	

 
1

0
. 

'3
 

9
. 

4
. 

'3
 

1
6

0
. 

.7
1

 
.5

7
 

.4
2

 
7

.0
7

 
~

 
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

~
 

o	
 

-5
S

o
lu

ti
o

n
 

w
i 
th

 
('1

 
<>

{ 
e

r
r
o

r
s

 
,8

5
.1

0
-1

 '3
 

. 
':

3
9

.1
0

 
1 

9
. 

9
. 

4
. 

'3
 

2
2

0
. 

.I
n

 
th

e
 
o

b
s
e

r
v
a

ti
o

n
s
 

O
. 

.6
7

 
6

7
 

.3
3

 
9

, 
2 

1
0

.'
3

 
9

. 
3

.5
 

1
8

0
. 

N
u

m
b

e
r	

 
o

f 
it

e
r
a

t
io

n
s
 

~
:
3

 
, 

'1
1 

.8
2

 
. 

4
1

 
7

.3
5

 

S
o

u
rc

e
 

1 
9

. 
9

. 
4

,5
 

2
~
0
.

 

e-
' 

.6
7

 
.3

3
 

9
.0

.
/
 

~
N

x 
~

 
N

y
 

=
 

f 
; 

X
C

' 
=

 
fe

' 
-,. 

=
0

 
=

 
0 

['
x
 

=
 L

'y
 

:3
 

2;
 

1
0

. 
'3

 
9

. 
:=

0.
13

 
1

8
0

, 
Y

m
.3

.:<
 

=
	 

5
0

. 
.4

1
 

.8
2

 
. 

11
1 

7
.3

5
 

se
e
 
th

e
 
c
o

n
ti

n
u

a
ti

o
n

 
o

n
 

th
e
 

n
e
x

t 
p

a
g

e
 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



c
o

n
ti

n
u

a
ti

o
n

 
o

f 
T

a
b

le
 

2
. 

-.
--

_
._

-.
 

P 
ct

 
f'

 
~

 
m

 
8

' 
t.

 
'="

 
,~

 
s 

.,.' 
-.:

: 
l-

f 'k
 

O
k 

( 
~ 

m
. k 

(:
" 

" 'j
-:

 
("

1­
i 

~. 
11

. 

S
o

ll
..

.J
ll

,,
:)

n
 

w
lt

h
 

1
5
~
.. 

e
rr

l"
"
rs

 

~
n

 
~
h
e

 
o
b
s
e
r
v
a
~
~
u
n
s

 

N
u

m
b

er
 

01
 
L
L
R
r
3
l
~
o
n
3

 
~

 
5

3
 

1 
~

 
l.

f'
. 

"5
 

. 
b

8
. 

1 
C

' 

'I
, 

'J
i::

: 

_.
;.

.' 

c; 

13
. 

Sr
;. 

c'
''' 

] 
'_'

. 
t:'

c 
1;

,1
.:;

; 

9
.5

3
 

'7
<!

. 
,'

,6
4

· 
,4

4
 

1
. 

8
1

 
.1

9
 

4
,8

7
 

6
"

. 
~

 

T
/'

.8
 

1
2

.9
6

 
3

'1
"3

,8
7

 
8

,1
6

 

-
-
-
_

..
 

.s>
. 

.s>
.	 

.' 
~

 

I-
'	

 
:
:
>
o
1
u
t
.
~
o
n

 
·..I

ll
h

 
1

0
"
i 

e
r
r
o

r
s
 

,8
'3

.1
'.

) 
.6

7
.1

0
 

-1
 

1 
'3

2
 

1
2

,3
0

 
4

.7
D

 
2

'3
1

. 
'7

5 
lf

1
 

t.
h

e
 

o
b

...,
;e

rv
.3

.t
l·

..
.:

·!
l'

S
 

.J 
. 

1.
..
~
C
:

 
~:

:.
..

; 
. 
~
l

 
.2

0
 

1
0

.2
4

 
2.

 
1

0
. 

7
2

. 
9

.1
3

 
2
,
~
7

 
1

9
7

.3
9

 
~
J
~
J
f
l
l
b
e
l
·

 
o

f 
iL

e
r
a

ti
0

n
s
 

= 
"?

B
 

5
9

 
,7

4
 

"3
2 

s.
~.

 
2

8
' 

o
f 

th
e
 

c
a
s
e
s
. 

T
h

e 
c
o

rr
e
sp

o
n

d
in

g
 

g
ra

d
ie

n
t 

p
o

in
ts

 
o

u
t,

 
th

a
t 

in
 

a
ll

 
o

f 
th

em
 

th
e
 

o
p

ti
m

u
m

 
o

f 
th

e
 

fu
n

c
ti

o
n

a
l 

h
a
s 

b
e
e
n

 
a
c
h

ie
v

e
d

. 
A

s 
i
t
 
is

 
n

o
t 

d
if

f
ic

u
lt

 t
o

 u
n

d
e
rs

ta
n

d
, 

tw
o

 d
if

fe
re

n
t 

e
x

a
m

p
le

s 
(w

it
h

 
v

e
ri

o
u

s
 
s
o

u
rc

e
s
 a

n
d

 
in

it
ia

l 
a
p

p
ro

x
im

a
ti

o
n

s)
 

a
re

 c
o

n
si

d
e
re

d
 h

e
re

 
fo

r 
s
ig

n
if

ic
a
n

c
e
 

(p
re

s
e
n

te
d

 o
n

 t
h

e
 t

a
b

le
s
 

1 
a
n

d
 2

 
re

s
p

e
c
ti

v
e
ly

) 
. 

T
h

e 
o

n
ly

 
d

if
fe

re
n

c
e
 

b
e
tw

e
e
n

 
th

e
m

 
is

 
th

a
t 

th
e
 

se
c
o

n
d

 
o

n
e
 

(p
la

c
e
d

 
in

 
th

e
 
ta

b
le

 
2

) 
is

 
w

it
h

 
a 

l
i
t
t
l
e
 

m
o

re
 

ro
u

g
h

 
in

it
ia

l 
a
p

p
ro

x
i-

m
a
ti

o
n

s
. 

T
h

e 
c
o

rr
e
sp

o
n

d
in

g
 
re

s
u

lt
s
 

c
o

n
fi

rm
 

in
 

g
e
n

e
ra

l 
th

e
 

p
re

li
m

in
a
ry

 
th

e
o

re
ti

c
a
l 

s
u

g
g

e
s
ti

o
n

s
. 

S
a
ti

s
fy

in
g

 s
o

lu
ti

o
n

s
 a

re
 
o

b
ta

in
e
d

 
b

o
th

 
a
t 

e
x

a
c
t 

o
b

s
e
rv

a
ti

o
n

s
 

a
n

d
 a

t 
ra

n
d

o
m

 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



errors in them -with zero mean and different dispersions s-, 
representing 5, 10 and 15 % of the corresponding maximum values 
- Y of the observations. However, on the tables only these with 
the~~xact observations and with the first two dispersions are 
shown. As it can be seen from the results, at precise 
observations, the corresponding exact solutions are obtained 
without any difficulties. It must be said however, that exact 
solution of these examples with the models used so far for this 
purpose is Obviously impossible, and no doubt such problems can 
be often met in the geophysical science and practice. At 5 % 
errors in the observations also comparatively precise solutions 
are obtained, which describe the details of the sources' 
configurations sUfficiently well. Despite that at larger errors 
in the observations some indications of unstability are observed, 
and some details of the solution are missing, its main features 
are saved comparatively well. 

CONCLUSIONS 

It can be said in conclusion, that the obtained results 
confirm undoubtedly the preliminary theoretical suggestions. 
Really, the new model has better approximating possibilities, and 
Obviously the corresponding method ( based on it ) is more 
effective of the ones used so far for investigation of local and 
regional anomalies. of course, this inference is based not only 
on the experiments placed on the tables, but on a number of other 
investigations, which because of the space limitations here, are 
not included in this preliminary paper on this sUbject. 

Despite that the obtained results are comparatively good, 
it must be said however, that this problem is so complicated, 
that the achieved solution must not be regarded as a final one. 
That is Why, the investigations in this field must continue in 
the future, mainly with experiments for improvement of thOe 
computer program worked out and with applications in different 
spheres of the geophysical science and practice. 

Probably it is worth mentioned at the end, that the computer 
program developed, with small transformations can be used and for 
analysis of global observations. 

Besides, observations of other celestial bodies, can be 
analyzed analogously. 

The present investigations are carried out with partial 
financial support of the Ministry of Education and Science, 
Project N° = H3 - 25/91. 
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