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The paper is based on the methodology that uses the representation of an object of
complex shape as a set of facets, we investigate the characteristics of scattered by this object
in its near zone. It is shown how, using the calculated data to explore the effect of the spatial
configuration of the field on the accuracy of measurement of angular coordinates of the
object. The calculated dependence of the relative field amplitude of the object and the plate
from the corner for the near zone to the far zone. The graphical analysis of the dependencies
shows that in addition to monotonic attenuation length fields exist oscillating damped
oscillations. It is believed that the antenna is moved around the object at random are
averaged over all viewing angles characteristics of the scattered field. After calculating the
parameters of the distribution law of a random variable from section to section, we can
conclude about how changing the process in time. The analysis demonstrates that when we
move from the far zone to the near, there is a shift of peak values of amplitudes and is an
extension of the main lobe of the secondary radiation. The histograms of the distributions of
amplitudes and phases of a complex object, after analysis it was found that the distribution of
instantaneous values of the amplitudes of the scattered field by the object is described by
Rayleigh. If we consider the distribution of the instantaneous phase of the scattered field, the
shape of the histogram is close in form to the histogram of a uniform law. The analysis of the
results allows to assert that the regularities of the distribution of values of amplitudes and
phases of the scattered field related to the far and near zones will be the same.
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Introduction. The problems associated with the consideration of the
phenomena of change of the position of instantaneous centers of radar reflection
that describes an object of complex shape are considered by developers of
communication systems is already long enough [1 — 3]. The analysis is
conducted under the condition of interference of waves scattered by different
elements of the object. The construction of appropriate algorithms for the
estimation of scattering characteristics of objects will allow to reduce the error
of measurement of angular coordinates of objects, such as when the processes of
direction finders.

Angular errors due to fluctuations of the fronts of the scattered objects of
electromagnetic waves, which are propagated to the aperture of the receiving
antenna [1-3]. We can observe fluctuations when there is movement of the
antenna with respect to the analyzed object, since it crosses the spatial structure
of the secondary field of this object. The value of their intensity is determined
by the characteristics of the structure of the object, the trajectory and speed of
the relative motion of the object and the receiving antenna. In addition, there is a
connection of fluctuations that associated with the spatial structure of the
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substance as a result of the fact that there are displacements, rotations, vibrations
of the investigated object and change the properties of the medium in which
propagated electromagnetic wave.

Researchers have found theoretical and experimental way, that there may
be fluctuations in the direction of bearing of objects that are larger than its
angular size [4, 5]. In practice, the solution of this problem can be useful for
controlling movement of a few close subjects.

The purpose of the work. The error of measurement of angular
coordinates of the object appear due to the fact that distorted space-time
structure of the scattered electromagnetic field. Therefore, it is required to
determine the configuration of such a field in the area of location of the object,
particularly in the region, which is adjacent to the object surface because of its
irregularity has a strong influence on the structure of the field. In addition, in
practice interest is the determination of regularities of the distributions of the
instantaneous values of the amplitudes and phases of the scattered fields in the
near zone of the object. Then, based on this data, it is possible to offer technical
solutions leading to the reduction of the influence of the angular noise in the
measurement of angular coordinates of objects in the near zone.

The analysis of literary sources on the problem. In publications on this
topic, discusses various approaches and techniques to conduct the required
assessment. Among the publications we can note the development of models
based on different electrodynamic methods of processing of radar characteristics
of objects having complex shape, for example, [6-8], as research shows that the
more factors related to the formation of scattered fields, we can contribute to the
model, the more opportunities to record and research of thin effects. There are
works that address the statistical parameters of the fluctuations of the radiation
sources of different types [9]. You can get acquainted with the peculiarities of
the mathematical models that describe the amplitude, angular and distance
measuring noise objects close to the boundaries of the media [10].

There are difficulties in the system management objects are also
associated with the fact that the object may enter the components with nonlinear
transfer characteristics. That is, there is a practical necessity in determining the
parameters of nonstationary processes on the input of the antenna, which is
located in the near zone of the object with a complicated shape.

In order to solve the problem, you need to calculate the electromagnetic
field scattered by the object. Solutions based on analytical representations can be
obtained only for a very limited set of objects, for example [11-13]. But with the
use of numerical methods for solving a class of objects analyzed could be
expanded substantially, including in the implementation of calculations for
modern personal computers. This makes it possible for the complete
replacement of physical experiments by calculations, which determines
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significant advantages, as the results for any given precision can be obtained
much faster and cheaper [14, 15].

The technique. An object of complex shape can be represented as a set of
facets [16], which are elements that have the same shape. On the basis of what is
numerical integration of the densities of the surface currents, which are induced
by the incident electromagnetic wave, is the calculation of fields reflected from
each of the facets, and they are summarized. To accelerate the computation
should apply the techniques on the basis of which integrate rapidly oscillating
functions. After the calculations are obtained the amplitude and phase diagrams
of the scattering fields for a given sector of angles. The method of calculation is
characterized by several important advantages, among which we can indicate:
there are no big restrictions on how the geometry of the object and how it
changes, getting an accurate accounting on the phase relations of the fields,
which are dispersed by the facets, capabilities in order to take into account the
internal reflections between the components of the object.

In Figurel shows an example of the object.

¢
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Figure 1- Example of an analyzed object, A=11, B=9A.

Analysis of the results. Let us consider some results of calculations that
were performed on the basis of the methodology. In Figure2 shows a diagram of
the amplitude of the scattered field of the specified object to be combined of
reception at different distances before him.
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In the near zone of the object when there is an integration of fields that are
scattered by the facets, the differences in their amplitudes are quite small, the
calculations required to take into account the phase shift.

The fact that the vectors E and H to diffuse field is in addition to the
transverse and longitudinal component, defines a more complex field structure
in the near field than far field. The dependence on r is similar to the one that is
in a spherical wave exp(-jkr)/r. Also, r there is a dependence and angular
distributions of the amplitudes of the fields.

The analysis of Figure2 shows that when we move from the far zone to
the near, there is a shift of the peak values of the amplitudes (4-5°) and expanded
main lobe of the secondary radiation. When the reduced distance r, then the
observed duplication main lobe angular distribution of the field amplitudes of its
partial merging with lateral petals.

In Figure3 given the dependence of the amplitude of the scattered field on
the distance of the object, having maximum size of 29A. Also, given the
dependence of the amplitude of the field scattered by a perfectly conducting
plate with a size of 30A. The graphical analysis of the dependencies shows that
in addition to monotonic attenuation length fields exist oscillating damped
oscillations. Such oscillation amplitudes for the near-field zone can be explained
by the fact that there is interference of waves, which are point observations from
different Fresnel zones on the surface of the object, the frequency of such
oscillations will be greater the smaller the distance between the observation
point and the surface. Objects with complex surface shape the picture of the
dependence of field amplitude on distance is normal, but there is a change in the
mean amplitude values depending on which view of the movement to the object.

We will assume that the antenna is moved around the object randomly, so
in order to solve the problem, you need to find the average for all viewing angles
characteristics of the scattered field. Let the antenna moves in a straight line to
the object being analyzed with a constant value of the radial speed V. the Value
of r allows to determine the size of a random process at the input of the
receiving antenna at time t. After calculating the parameters of the distribution
law of a random variable from section to section, we can conclude about how
changing the process in time.

The parameters of the distribution law of the random value can be found
based on the accumulation of a certain amount of experimental data and further
processed by the methods of mathematical statistics.

Held the histograms of the distributions of amplitudes and phases of the
scattered field. For example, in Figure4 shows the histogram formed on the basis
of these calculations in the near zone of the object.
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Figure 2 -The dependence of the relative field amplitude of the angle 1 for the near-field zone
2 — to the far zone
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Figure 3-The amplitude of the scattered field on the distance to the object. 1 - object, 2 —
plate.
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Figure 4 - Histograms of the distributions of amplitudes and phases of a complex
object

It was conducted by splitting the entire range of values of random
variables for the number of intervals n=230. The amplitude and phase are


http://moit.vivt.ru/

MopeaupoBanue, ONTUMU3ANMSA U HHPOPMAIMOHHbIE TEXHOJIOTHH. 2017
Hayunbrii :;kypaan Ne2(17) http://moit.vivt.ru/

deposited on the x-axis, relative frequencies that fall into the intervals: —
amplitudes and — phases, respectively, on the y-axis. We solve the problem of
alignment of the statistical series. That is required to determine this smooth
function, based on which we can best make a description of this statistical
distribution. The task associated with the alignment of the statistical series will
be presented as a challenge to determine these parameter values for which the
best match among the statistical and theoretical distributions. After the analysis
Figure4 we determined that the distribution of instantaneous values of the
amplitudes of the scattered field by the object is described by a Rayleigh.

The parameter of this distribution based on numerical method (in our
example 0,00579).

If we consider the distribution of the instantaneous phase of the scattered
field, the shape of the histogram is close in form to the histogram of a uniform
law. The value of the relative frequencies of hit of values of the phase at selected
intervals approximately equal to 0,258. This suggests that the number of
elements in the sample is sufficient to assume that she is wealthy.

The analysis of the results allows to assert that the regularities of the
distribution of values of amplitudes and phases of the scattered field related to
the far and near zones will be the same. In addition, decreasing the distance to
the object is the increase of standard deviation values of instantaneous
amplitudes. This can be explained by the fact that the growing influence of the
curvature of the surface of the object on the mechanism of formation of the
scattered field. The regression function that approximates the many starting
points with the least mean square error will be a straight-line equation where is
the angular size of the considered complex object.

The value of the correlation coefficient among the obtained straight
regression will be equal to 0,967. As a result, it was found that there is a linear
dependence of the standard deviations of amplitudes of the field from the
angular size of the field for both far and near zone.

Conclusions. The appearance of intensity fluctuations of the
instantaneous field of radar reflection center, when there is a rapprochement
between the antenna and the object, is due to two reasons: the antenna moves
through the heterogeneous structure of the scattered field and the object can also
move.

Through analysis of the magnitude of the dispersion of the signal, there is
the possibility of a identification of class of objects according to their transverse
dimensions.
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1O.Credanosuu, E.Pyxunkuit
METO/JIUKA PACUHETA ITAPAMETPOB 2JIEKTPOMAT'HUTHOI'O
11OJISA, PACCESAHHOI'O TEJIOM

CJOKHOM ®OPMbI B BJIN’KHEN 30HE
llan-Esponeiickuti Ynusepcumem, bpamucnasa, Cnosaxus

B oannoti cmamoee paccmampusaemcs npedcmasienue mena ClolCHoU opmsl, 8 ude
COBOKYNHOCMU 2paHell, HA OCHO8e MAKOU MOOeNU UCCIeOVIOMCS XaApaKMepucmuKu
paccesiHno2o nois 6 Oaudxcueu 30He. IIposedeno  cpasHeHue pacuemHou  Yeni06ou
3a6UCUMOCU OMHOCUMENLHOU AMNAUMYObL NOJSL Meld U NAACMUNbL, UMerowel maKoul Jice
nonepeunvlli  pasmep, om  paccmosauus.  Amaiuz  NOAYYUEHHbIX  3asucumocmel
NPOOEMOHCIMPUPOBAL, HMO NOMUMO MOHOMOHHO20 3AMYXAHUSL NOASL C  YBelUYeHUeM
paccmosnus 803HUKAOmM Koiebamenvhvlie 3amyxarowue konebanus. Cuumaemcs, 4mo
AHMEHHA nepemeujaencs 60Kpye meia CiyHaubimM 00pazom, npo8edeHo YCpeOHeHue Ollsi 6cex
Yeno8 naoeHusi dNeKmpomacHumuou eoauwl. Ilocie pacuema napamempog 3aKOHA
pacnpeoeneHust CIy4auHoOU GeIUYUHbl, MOICHO COelamsb 6bl800 O MOM, KAK MEHIOMCs
xapakxmepucmuxu paccesiHus 60 epemenu. lloxazano, umo npu nepexooe om OaivHell 30Hbl K
OUdICHEll, NPOUCXOOUM CMeUujeHUe NUKOBbIX 3HAYEHUU AMNIUMYO U OCHOBHO20 NeNnecmKd
BMOPUUHO20 U3LYYEHUs pacuiupsemcs. AHanu3 sucmoepamm pacnpeoeneHutl aMniumyo u
@Paz MEHOBEHHbIX 3HAUEHUL AMNAUMYO PACCESIHHO20 NOJisL 00beKma NOKA3AA, 4YMoO OHU
noouunsomes 3akoHy Panes. B umoee Ovino ycmanosneno, umo, 4mo 3aKOHOMEPHOCMU
pacnpeoeneHus 3HAYeHUll amMnaumyosl u a3 paccesHHo2o Nojs No OdibHell U OaudiCHell
30HAx 6yOym 0OUHAKOBLIMU.

Keywords: Teno cinoxxHOW (OpMBI, 3JIEKTpOMArHUTHAas BOJIHA, OJWKHSS 30HA,
paccesiHue, TUPpaKIus.
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