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Annotation

It is increasingly being used in electrical and magnetic ex-
ploration unmanned aerial vehicles. In this case, the mea-
suring devices are not located on the surface of the earth,
but at a signi�cant height above this surface. Below are the
results  of  mathematical  modeling  for  the  case  when  the
exciter of the normal magnetic �eld is a closed loop of elec-
tric  current  lying  on  the  surface  of  the  earth,  and  the
sources  of  the  anomalous  �eld  are  local  magnetized  ob-
jects located under this surface. �e results of the model-
ing showed what e�ect these objects have on di�erent com-
ponents of the magnetic �eld.
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�eory

In recent years, many studies have been conducted on the use
of unmanned aerial vehicles (UAVs) in electrical and magnet-
ic exploration. Some of the results of such studies have been
published, for example,  in the works [1,2,6].  �is paper pre-
sents  the results  of  mathematical  modeling for  the following
conditions. A rectangular line l of electric current I ("rectangu-
lar loop") lies on the boundary S of a homogeneous lower con-
ducting half-space V2 and an upper half-space V1 (air). Cur-
rent I is the exciter of a normal magnetic �eld . In the
half-space V2 at small depths from the surface S there are �ve
local spherical objects with increased magnetic permeability
μ. �ese objects are the exciters of the anomalous magnetic
f i e l d  .  T o t a l  m a g n e t i c  f i e l d

In the mathematical  modeling,  the Cartesian components  of
the  �elds  were  calculated  in  the  half-space  V1

 at a height h

above the boundary S. �e method for calculating the in�u-
ence of local objects on a constant and variable �eld is given
in the works [3-5].

Note also that (at this stage) the calculation results given be-
low are obtained for direct current I and a constant magnetic
�eld. But it is obvious that these results will remain valid for
the components of the low-frequency harmonically changing
�eld when measuring the reactive components of the magnet-
ic �eld changing in phase or in antiphase with the current I.
Unlike the similar model for the magnetic �eld of alternating
current I,  the expressions for the constant magnetic �eld are
elementary functions, and not improper integrals in the sense
of the principal value.

Figure 1a shows the map  (at height h=5 m) and the
position of the rectangular loop in the plane S. It is clear that
above the line l of the current I component  changes
sign,  and  the  magnitude  decreases  with  distance
from line l.

Figure 1: Component maps 

In Figure 1, b, where the map is shown , the limits of
change of coordinates x, y are less than in Figure 1, a. The
green circles show the position in the plan of �ve local magne-
tized objects located in the lower half-space. In this �gure we
see that for the given parameters of the model, the in�uence
of local objects on the map  is practically unnoticeable.
�is is obviously due to the fact that when the �eld is excited

 rectangular  l ine  l  current  I  absolute  value

Figure  2  shows  the  component  map

 Of course, on this map we see
anomalies caused by the influence of all  local  objects.  But
when comparing the values  in �gures 1,
a ,  2  w e  s e e  t h a t  i n d e e d ,  a s  a l r e a d y  n o t e d ,

. Of course, in mathematical model-
ing the values  could be calculated with very high accu-
racy. And to clarify the question of whether it is possible in
practice to determine  ensure high measurement accu-
racy  calculations  and subsequent calculation
of the di�erence . Experimental
studies are needed.
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Figure 2: Component map 

Figure 3: Component maps 

Figure 3a shows a map of the horizontal component .
According to the Biot-Savart-Laplace law, the maximum val-
ues  we observe those sections of the contour l, the
current I along which is collinear to the direction of the Y
axis.  In  the  central  part  of  the  map,  the  inequality

 (see Figure 1, a). At the same time, it
is very important that the magnetization of local objects and
the values . It depends, of course, not only on the com-
ponent , and from all components of the total field

, including from components . �erefore, the
in�uence of local objects on the component  manifests
itself much more "noticeably" than such an in�uence on the
component .

We see this in Figure 3, b, which shows the map . �is

map clearly shows two anomalies caused by magnetized local
objects. �ese are the objects whose centers have coordinates
x=50 m, y=50 m and x=100 m, y=200 m. �at is, when a nor-
mal magnetic �eld is excited by a rectangular current loop I,
compared to  component  more "sensitive" to
the in�uence of local magnetized objects. In addition, some
influence  on the  component   provide  local  objects
with coordinates of centers x=200 m, y=100 m and x=300 m,
y=100 m.

Similar results were, of course, obtained for the other horizon-
tal  y  -  component of  the magnetic  �eld.  Only the maximum
values  in this case we observe those sections of the
contour l, the current I along which is collinear with the direc-
tion of the X axis.
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Figure 4: Component map 

Figure  4  shows  the  component  map
. Note that for the given model

parameters, the values  reach tenths of mA/m, which
is greater than the values  in the central part of the
map in Figure 3, a.

Conclusions

�e simulation results  showed that  when a  magnetic  �eld is
excited by an ungrounded loop and measurements are made
using  a  UAV when searching  for  local  magnetic  objects,  the
horizontal components of the magnetic �eld are more “sensi-
tive” to the in�uence of these objects.
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