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SCATTERING CHARACTERISTICS OF SURFACE SHIPS WITH COMPLEX SHAPE

Based on the previously developed by the authors method for estimating the scattering characteristics of ob-
Jjects located near the interface between two half-spaces, the scattering data of a large Project 775 landing ship
(NATO codification: Ropucha) are obtained. A surface model of the ship under study and the results of calculations
of its scattering characteristics are given. Scattering characteristics were obtained for different probing conditions.
The radar cross-section circular diagrams, mean and median radar cross-section values, averaged in different azi-

muth aspect ranges of probing for the object under study are presented.
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Introduction

Obtaining radar information about real objects
through field and physical experiments is associated
with significant financial, organizational and time costs.
Therefore, the method of mathematical modeling can be
considered as the most accessible way to obtain infor-
mation about object scattering characteristics. Classical
asymptotic methods of high-frequency diffraction do
not allow, without proper generalizations and improve-
ments, to calculate the scattering characteristics taking
into account such factors as the complexity of the object
surface, the presence of various radar absorbing materi-
als on the object surface, including on the surface edges,
the presence of the underlying surface, the possibility of
bistatic reception. In this connection, obtaining the scat-
tering characteristics of real surface objects requires the
development of the electromagnetic scattering theory
and the creation of generalized methods for calculating
radar characteristics for complex shaped objects with an
non-perfectly reflecting surface.

The proposed method is based on separate estima-
tion of the contributions of the smooth and edge parts of
the object surface to the total scattered field. The total
field on the smooth parts of the object surface is calcu-
lated using the Kirchhoff method or its generalization to
the case of radar absorbing coatings.

The field scattered by the edge parts of the surface
is calculated using the solution of a model problem on
diffraction of an obliquely incident plane monochro-
matic wave on a perfectly conducting wedge with a ra-
dar absorbing cylinder on the edge. The proposed
method allows calculating the radar cross-section (RCS)
of a perfectly conducting object in free space, com-
pletely or partially covered with a radio absorbing mate-
rial (RAM).

Also, the object can have surface irregularities in
the form of fractures, also provided with radio absorb-
ing coatings (RAC). RCS can be obtained for both

monostatic and bistatic reception.

It should also be noted that the proposed method
makes it possible to calculate the RCS of an object com-
pletely made of dielectric or composite materials.

For surface objects (Fig. 1) we propose a calcula-
tion method that allows taking into account the presence
of the underlying surface with specified electromagnetic
characteristics [1-5; 9—14].

Due to the presence of the “air-sea” interface, two
mutually intersecting illuminated regions appear on the
surface of the object, the first of which is caused by a
direct wave incident from the probing point, and the
second by a wave reflected from the sea surface.

Fig 1. The model of surface object
Source: developed by the authors.

The obtained integral representations allow indi-
cating four main paths of electromagnetic wave propa-
gation in the described system: “transmitter-object-
receiver”’, “transmitter-object-sea-receiver”, “transmit-
ter-sea-object-receiver”, “transmitter-sea-object-sea-
receiver” (Fig. 2). For surface objects the method also
allows to calculate scattering characteristics in the pres-
ence of RAC on the object surface.

In this paper, we consider and estimate scattering
characteristics only for perfectly conducting surface
objects, such as the Large Landing Ship (LLS) series
775 (Ropucha-class landing ship).

Scattering characteristics calculation for a complex
shaped object requires a mathematical description of its
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surface [10]. In addition, it is necessary to have infor-
mation on the electromagnetic characteristics of the
materials of which the object is made.

Fig 2. Four main paths of electromagnetic
wave propagation in surface object probing
Source: [10].

In the process of developing and improving meth-
ods for calculating scattering characteristics, as well as
with the development of computational tools, various
methods were used to model the object surface. How-
ever, even now, describing the surface of a complex
shaped object requires a large volume of manual work.

Description of the object’s surface and of its indi-
vidual parts was done using the method presented in [1].
The method involves approximation of smooth parts by
segments of three-axial ellipsoids, and the edges were
represented by wedges with straight or elliptical edges,
the wedges' angles corresponding to the geometry of the
object.

Using the method described above, we designed
the object’s surface model. This model is suitable for
electrodynamic computations.

The method proposed in [1; 4] and describing the
electromagnetic wave scattering by an object located
near the boundary of a homogeneous half-space (possi-
bly with complex parameters) can be used (as men-
tioned above) to estimate the scattering characteristics
of surface ships.

The method accounts re-reflections between smooth
parts of the reflector surface. Smooth parts of objects sur-
face is split into triangle facets. For each i-th facet of some
smooth surface part the normal vector # and mirror re-

flection direction R' for corresponding to direction RO of
incident wave are found. The rays with mirror reflection

direction R' are built from each facet vertex to find inter-
sections of rays and other smooth parts of object. If there
are intersections for all three rays with single smooth part,
the j-th facet is formed on this smooth part. The vertices of
Jj-th facet are the intersection points of re-reflection rays

with direction R' and another smooth part of object sur-
face. There is the additional re-reflection plane wave from

~1

direction R' with complex vector p obtained with

physical optics approximation for i-th triangle facet. The
additional field, which falls to j-th facet, has additional
phase incursion. This phase incursion can be obtained

similar to phase incursion in marine object field considera-
tion for electromagnetic field re-reflection from sea sur-
face [10]. The field scattered by j-th facet in reception

direction 7#° (with accounting additional incident wave

from direction ﬁl) is calculated with physical optics ap-
proximation. The algorithm of following re-reflection can
be repeated for accounting multiple re-reflections. The
realization of proposed algorithm allows calculating mul-
tiple re-reflections and estimate scattering characteristics
of such objects as trihedral corner reflector.

Described above methods need calculating reflec-
tion factor for sea surface (in mirror direction).

At the same time the surface can have inequalities
and roughness induced by wind waves. For its account-
ing it is necessary to apply some averaged reflection
factor. This factor can be obtained [14—16] with multi-

plication of exp(-Z(koccose)z), where k, is

wavenumber in free space, ¢ is roof-mean-square de-
viation of roughness height chance quantity, 6 is refer-
ence angle for smooth averaged sea surface.

By adding together components scattered from
smooth surface part and local edge scatterers of the ob-
ject, one can estimate the field scattered from the object
standing on the underlying surface [10].

Statement of basic materials

When computing scattering characteristics of ma-
rine object, we assumed the following elevation angles
of its radar illumination (Fig. 3): 0,34° — illumination
from the far line of target detection (illumination fre-
quency of 12,6 GHz — 2,38 cm wavelength); 0,1° — il-
lumination from the near line of target detection (illu-
mination frequency of 36,6 GHz — 0,82 cm wave-
length). Increment in azimuth aspect was set to 1°, the
azimuth aspect angle P itself being counted off coun-

terclockwise from the bow-on direction (0° corresponds

to the bow-on illumination, 180° corresponds to the
stern-on illumination).

300-400m

g £ Ship
oy B | A
i F—10km—
Start maneuver

Near line
of target detection

Far line
of target detection

; 50km

Fig 3. Geometry of the marine object detection
Source: developed by the authors.

Computation results are given for the case of
monostatic radar given two orthogonal polarizations of
illumination signal: the horizontal one, for which the
vector of electrical field intensity of illumination wave
is parallel to the sea surface; and the vertical one, for
which the vector of electrical field intensity of illumina-
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tion wave is orthogonal to horizontal one and belongs to
the plane that is perpendicular to the sea surface plane
and that includes at the same time the propagation direc-
tion vector of plane incident wave.

We present the computation results obtained in as-
sumption of two types of sea surface. These two types
are the following: smooth sea (&' =80+ j3,4); rough

sea with the same parameters but it have such rough-
ness, that reflection factor for sea surface tends to zero.
Relative permeability for the both surface was equal to
unit. Using smooth sea surface we obtain high level of
ship RCS in ideal conditions. Using rough sea with zero
reflection factor we obtain more low level of ship RCS
than for smooth sea surface. In this case we obtain
maximum and minimum boundaries of ship RCS.

The Ropucha (toad), or Project 775 class landing
ships are classified in the Russian Navy as “large land-
ing craft” (Fig. 4). They were built in Poland in the
Stocznia Potnocna shipyards, in Gdansk. They are de-
signed for beach landings and can carry a 450-ton cargo.
The ships have both bow and stern doors for loading
and unloading vehicles, and the 630 m? of vehicle deck
stretches the length of the hull. Up to 25 armored per-
sonnel carriers can be embarked [17].

Fig. 4. Ropucha-class. landing ship
Source: [10].

Ship characteristics: displacement is 2,200 tons
standard, 4,080 tons full load, length is 112,5 m, beam
is 15 m, draft is 3,7 m, speed is 18 knots (33 km/h),
range is 6,100 km at 15 knots (28 km/h).

In our computations, we used the perfectly con-
ducting computer model of the ship surface shown in
Fig. 5. Model surface consists of 160 parts of triaxial
ellipsoids and 140 plain edges.

Figures below show diagrams of mean and median
RCS and circular diagrams of RCS obtained for Ro-
pucha-class ship model. The results are given for verti-
cal and horizontal polarization, two types of sea surface
and two illumination frequencies.

Ship  scattering characteristics
frequency 12,6 GHz and smooth sea.

for

Horizontal polarization. In Fig. 6 the RCS circle

diagram is shown. Circular mean RCS of ship model is
equal 82839138 m’. Circular median RCS (RCS value
used for calculation of object detection range with prob-
ability 0,5) is equal 3542627 m”.

Fig. 5. Computer model of Ropucha-class ship surface

Source: developed by the authors.

100000000

Fig. 6. The RCS circle diagram of ship model
(frequency 12,6 GHz and smooth sea,
horizontal polarization)

Source: developed by the authors.

In Fig.7 diagrams of mean and median RCS of the
ship model in three sectors of azimuth aspect are shown.
In Fig. 8 diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect are shown.

1.00E+09

157042669
1.00E+08

10418356
6176736

8583506

4228963 2133497

1.00E+07

RCS (m?)

1.00E+06

1.00E+05

1.00E+04

Bow on: 0-45 Side on:45-135
B, deg.

Mean RCS & Median RCS

Stern on: 135-180

Fig. 7. Diagrams of mean and median RCS of the ship
model in three sectors of azimuth aspect (frequency
12,6 GHz and smooth sea, horizontal polarization)
Source: developed by the authors.

71



Information Processing Systems, 2021, Issue 4 (167)

ISSN 1681-7710

1.00E+09
«— 1.00E+08
E
8 1.00E+07
r 1.00E+06
1.00E+05 :%:
1.00E+04
e g 9 g o 8 88 8 8 8 8
¥ 8 %8 F g8 g 43 8
B, deg.

Mean RCS & Median RCS

Fig. 8. Diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect
(frequency 12,6 GHz and smooth sea,
horizontal polarization)

Source: developed by the authors.

Vertical polarization. In Fig. 9 the RCS circle dia-
gram is shown. Circular mean RCS of ship model is
equal 68662028 m”. Circular median RCS (RCS value
used for calculation of object detection range with prob-
ability 0,5) is equal 2454024 m’.
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Fig. 9. The RCS circle diagram of ship model
(frequency 12,6 GHz and smooth sea,
vertical polarization)

Source: developed by the authors.

In Fig. 10 diagrams of mean and median RCS of
the ship model in three sectors of azimuth aspect are
shown. In Fig. 11 diagrams of mean and median RCS of
the ship model in 15-degree sectors of azimuth aspect
are shown.
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Fig. 10. Diagrams of mean and median RCS of the ship
model in three sectors of azimuth aspect (frequency
12,6 GHz and smooth sea, vertical polarization)
Source: developed by the authors.
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Fig. 11. Diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect
(frequency 12,6 GHz and smooth sea,
vertical polarization)

Source: developed by the authors.

Ship  scattering characteristics  for

frequency 12,6 GHz and rough sea

Horizontal polarization. In Fig. 12 the RCS circle
diagram is shown. Circular mean RCS of ship model is
equal 305381 m”. Circular median RCS (RCS value
used for calculation of object detection range with prob-
ability 0,5) is equal 20736 m”.
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Fig. 12. The RCS circle diagram of ship model
(frequency 12,6 GHz and rough sea, horizontal
polarization)

Source: developed by the authors.

In Fig. 13 diagrams of mean and median RCS of the
ship model in three sectors of azimuth aspect are shown.
In Fig. 14 diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect are shown.
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Fig. 13. Diagrams of mean and median RCS of the ship
model in three sectors of azimuth aspect (frequency
12,6 GHz and rough sea, horizontal polarization)
Source: developed by the authors.
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Fig. 14. Diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect
(frequency 12,6 GHz and rough sea, horizontal
polarization)

Source: developed by the authors.

Vertical polarization. In Fig. 15 the RCS circle
diagram is shown. Circular mean RCS of ship model is
equal 310604 m”. Circular median RCS (RCS value
used for calculation of object detection range with prob-
ability 0,5) is equal 24210 m”.
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Fig. 15. The RCS circle diagram of ship model
(frequency 12,6 GHz and rough sea, vertical polarization)
Source: developed by the authors.

In Fig. 16 diagrams of mean and median RCS of
the ship model in three sectors of azimuth aspect are
shown. In Fig. 17 diagrams of mean and median RCS of
the ship model in 15-degree sectors of azimuth aspect
are shown.
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Fig. 16. Diagrams of mean and median RCS of the ship
model in three sectors of azimuth aspect (frequency
12,6 GHz and rough sea, vertical polarization)
Source: developed by the authors.
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Fig. 17. Diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect
(frequency 12,6 GHz and rough sea, vertical

polarization)
Source: developed by the authors.

Ship  scattering characteristics for

frequency 36,6 GHz and smooth sea.

Horizontal polarization. In Fig. 18. the RCS circle
diagram is shown. Circular mean RCS of ship model is
equal 921117400 m®. Circular median RCS (RCS value
used for calculation of object detection range with prob-
ability 0,5) is equal 26179212 m®.
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Fig. 18. The RCS circle diagram of ship model
(frequency 36,6 GHz and smooth sea, horizontal
polarization)

Source: developed by the authors.

In Fig. 19 diagrams of mean and median RCS of the
ship model in three sectors of azimuth aspect are shown.
In Fig. 20 diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect are shown.
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Fig. 19. Diagrams of mean and median RCS of the ship
model in three sectors of azimuth aspect (frequency
36,6 GHz and smooth sea, horizontal polarization)
Source: developed by the authors.
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Fig. 20. Diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect
(frequency 36,6 GHz and smooth sea, horizontal
polarization)
Source: developed by the authors.

Vertical polarization. In Fig. 21 the RCS circle
diagram is shown. Circular mean RCS of ship model is
equal 876773447 m”. Circular median RCS (RCS value
used for calculation of object detection range with prob-
ability 0,5) is equal 26159320 m®.

Fig. 21. The RCS circle diagram of ship model
(frequency 36,6 GHz and smooth sea, vertical
polarization)

Source: developed by the authors.

In Fig. 22 diagrams of mean and median RCS of
the ship model in three sectors of azimuth aspect are
shown. In Fig. 23 diagrams of mean and median RCS of
the ship model in 15-degree sectors of azimuth aspect
are shown.
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Fig. 23. Diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect
(frequency 36,6 GHz and smooth sea, vertical polarization)
Source: developed by the authors.
Ship  scattering characteristics
frequency 36.6 GHz and rough sea

for

Horizontal polarization. In Fig. 24 the RCS circle
diagram is shown. Circular mean RCS of ship model is
equal 5170441 m”. Circular median RCS (RCS value
used for calculation of object detection range with prob-
ability 0,5) is equal 270086 m’.
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Fig. 24. The RCS circle diagram of ship model
(frequency 36,6 GHz and rough sea, horizontal
polarization)

Source: developed by the authors.

In Fig. 25 diagrams of mean and median RCS of the
ship model in three sectors of azimuth aspect are shown.
In Fig. 26 diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect are shown.

1.00E+09

103597039

1664106965

119474275

1.00E+08

1.00E+07

1.00E+06

9479739

1425477

615955

215018

526040

e 63367704 12464172 49543824
=~ 1.00E+08
(%]
Q
X 1.00E+07 5

1.00E+06

1.00E+05

Bow on: 0-45 Side on: 45-135 Stern on: 135-180

B, deg.
Mean RCS [ Median RCS

Fig. 22. Diagrams of mean and median RCS of the ship
model in three sectors of azimuth aspect (frequency
36,6 GHz and smooth sea, vertical polarization)
Source: developed by the authors.
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Fig. 25. Diagrams of mean and median RCS of the ship
model in three sectors of azimuth aspect (frequency
36,6 GHz and rough sea, horizontal polarization)
Source: developed by the authors.
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Fig. 26. Diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect
(frequency 36,6 GHz and rough sea, horizontal
polarization)

Source: developed by the authors.

Vertical polarization. In Fig. 27 the RCS circle
diagram is shown. Circular mean RCS of ship model is
equal 5055311 m”. Circular median RCS (RCS value
used for calculation of object detection range with prob-
ability 0,5) is equal 249933 m’.
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Fig. 27. The RCS circle diagram of ship model
(frequency 36,6 GHz and rough sea, vertical
polarization)

Source: developed by the authors.

In Fig. 28 diagrams of mean and median RCS of the
ship model in three sectors of azimuth aspect are shown.
In Fig. 29 diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect are shown.
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Fig. 28. Diagrams of mean and median RCS of the ship
model in three sectors of azimuth aspect (frequency
36,6 GHz and rough sea, vertical polarization)
Source: developed by the authors.
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Fig. 29. Diagrams of mean and median RCS of the ship
model in 15-degree sectors of azimuth aspect
(frequency 36,6 GHz and rough sea, vertical

polarization)
Source: developed by the authors.

Changes in the scattering characteristics of the ship
during the missile moves are of certain interest. As an
example, we consider how the RCS of a LLS changes as
the missile moves along one of the possible attack tra-
jectories.

Consider the trajectory depicted in Fig. 30 in the
altitude-target slant range coordinate. The bold points
are the places on trajectory from that directions the ship
RCS was estimated.
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Fig. 30. Considered trajectory
Source: developed by the authors.
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Let's consider the dependences of the EPR on the
slant distance “missile-ship” for two azimuths of ap-
proach of the missile to the ship: 0°, 45° (0° corresponds
to bow azimuth aspect angle, 180° corresponds to stern
azimuth aspect angle). The probing frequency is
36,6 GHz - wavelength 0,81 cm.

We present the computation results obtained in as-
sumption of two types of sea surface. These two types
are the following: smooth sea (&'=80+ j3,4); rough

sea with the same parameters but it have such rough-
ness, that averaged reflection factor for sea surface
tends to zero.

It is necessary to note that regardless of the fact that
we estimate RCS in trajectory points actually we estimate
RCS (as characteristic for far zone of researched object)
from the direction which connects the ship (the coordi-
nate origin) and point in missile trajectory.

For considered horizontal polarization the electric
field vector of incident plane wave is parallel to sea sur-
face.
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Fig. 31. The instantaneous RCS versus slant distance
“missile-ship” for azimuth 0 degrees
Source: developed by the authors.

Fig. 31 shows the dependence of the ship's EPR on
the slant distance to it for azimuth 0 degrees, and
Fig. 32 — for azimuth 45 degrees. The gray line corre-
sponds to the dependencies for a smooth sea. The black
line shows the dependencies for a rough sea.
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Fig. 32. The instantaneous RCS versus slant distance
“missile-ship” for azimuth 45 degrees
Source: developed by the authors.

Dependencies have an oscillatory character, and
for azimuth 45 degrees it is strongly attenuated.

Conclusion

The paper proposes the calculation method for
scattering characteristics of complex-shaped surface
objects for various probing parameters. As an example,
the calculation results for some scattering characteristics
(circular RCS diagrams, the dependence of the RCS of
an object on probing angles when the missile moves
along one of the possible attack trajectories) for the pro-
ject 775 LLS (NATO codification - Ropucha) are given.
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BTOPUHHE BUIMPOMIHIOBAHHA HAOBOOHUX OB'EKTIB CKNAQHOT ®OPMU
0O.1. Cyxapescekuii, B.O. Bacunens, 1.€. Psmonos

Ompumanns padionokayitinoi ingpopmayii npo padionoxayiini 06'ekmu 3a 0ONOMO2010 NPOBEOEHHS HAMYPHUX Ma Gizuy-
HUX eKCnepumMeHmie nos'azane 3i 3HAUHUMU MAMePIaNbHUMU, Op2ani3ayiiHumMy ma yacosumu gumpamamu. Tomy Ax Habinbw
oocmynHuil cnocio ompumanhs ingopmayii npo xapakxmepucmuKu po3Ccilo8anHs MOUCHA PO32AA0AMU MEMOO MAMEMAMULHO20
MoOenioganhs. 3anponoHosanuti Memoo 3acHO8ANUL HA OKPEMOMY OYIHIOBAHMI 6KNAOI8 2NA0KOI ma KPOMKOBOT 4acmuH no8epxui
o6'exkma y 3azanvne poscisne none. Ilpu ybomy nogne none na 2nAOKUX OLIAHKAX NOBEPXHI 00'€kma 0OUUCTIOEMbCA 3a OONOMO-
2010 memoody Kipxeogpa abo iiozo ys3acanvrenns y pasi padionoenunaiouux nokpummis. Ilone, poscisane KpomMouHuMu OLiaHKAMU
NOBEPXHI, PO3PAXOBYEMBCS 3 BUKOPUCIAHHAM PIUEHHS MOOETbHOL 3a0aui npo Ou@ppaxyito niocKoi MOHOXPOMAMUYHOT X6Ui, WO
NOXUIO NAOAE HA [0edabHO NPOSIOHUL KUK 3 PAOIONOTUHAIOUUM YUTIHOPOM Ha pebpi. Memood 0o3sosie po3paxogysamu eqhex-
mueHy nosepxuio poscitosanus (EIIP) nadeoonozo 06'ekma, wo ioeanvHo npoeooums, y GilbHOMY NPOCMOpI, noHicmI0O abo
Y4acmKO80 NOKPUMO20 padiono2nunaioyum mamepianom. Ilpu yvomy 06'exm mooice mamu HepecyisipHOCHI NOGEPXHI Y U0l
3namie, makooic 3 padionoznunarouumu nokpummsamu. EIIP mooice 6ymu ompumana ax npu NOEOHAHOMY, MAK i npu pO3HeCeHOM)
nputiomi. Cio 3a3Hayumu, wo 3anponoHo8anuti cnocib 0osgonse pospaxosyeamu EIIP 06'ckma noguicmio ukonanozo 3 diene-
KMPUUHUX YU KOMRO3UMHUX Mamepianie. /s Ha08oOHux 00'ckmié npononyemucs Memoo po3paxyHKy, wjo 00360J5€ 8PAX08Y6a-
MU HAABHICMb NIOCMURAI0YOT NOBEPXHI i3 3A0aHUMU eNeKMPOMACHImHUMU Xapakmepucmukamu. Yepe3 nassnicme mednci po3oiny
"nogimps-mope" na noeepxui 06'ckma euHUKAOMb 06i 0CGiMAEH 0OIACHI, WO B3AEMHO-NEPEMUHAIOMbC, NEPULA 3 AKUX BUKIU-
KAHA IPSMOI0 X6Ulelo nadaiouoi 3 mouKy ONPOMIHEHHs, a Opyea - X8uieio, 8i000paiceoro 6i0 Mopcvbkoi nosepxti. Ompumari
inmezpanvii ysaeaenns 003601410Mb 6KA3AMU HA YOMUPU 20706HI WINAXYU NOWUPEHHS eNeKMPOMASHIMHUX X6Ulb 6 CUCIEMI, o
onucyemuca: "nepedasau-o6'ekm-nputimay”, "nepedasau-o6'exm-mope-npuiimau”, "nepedasay-mope-06'ekm-nputimau”, "nepe-
dasau-mope-o00'exkm-mope-nputimayu”. /[na HA0800HUX 00'€KmMi6 MemoO MAKONHC 00380JIAE PO3PAXOBYEAMU XAPAKMEPUCNUKY PO3-
CIt08AHHSA 34 HAABHOCTNI NOTUHAIOYUX PAOIONOKPUMMIE Ha nosepxHi 06'ekma. Ha ocnosi pospobaenoeo asmopamu menmody oyi-
HKU 6MOPUHHO20 BUNPOMIHIOBAHHS 00'€KMIB, WO 3HAXOOAMbC NOOAU3Y MeACi pO30iNY 080X HANIBNPOCMOPIS, OMPUMAHO XaAPAK-
MepUCMUKU po3Cilo8aHHs 8eIUKO20 OecaHmnozo kopabas npoexmy 775 (3a xooughixayicio HATO — Ropucha). Hagooumucs mo-
0eftb NOBEPXHI 0CTIONHCYBAHO20 KOPAONA Mad pe3yIbmamy pO3PAXYHKY 1020 6MOPUHHOO GUNPOMIHIOBAHHA. XapaKmepucmuKy
PO3CII08aHH OMPUMAHT OISl PI3HUX YM06 onpominenns. Haseoeno kpyeoei oiaepamu EIIP, 3nauenns cepednvoi ma mediannoi
EIIP, ycepeoneni y pisnux oianazonax azumymie 30H0Y8aHHA 00CNI0HCY8AH020 00 '€kma.

Knrwuogi cnosa: smopunne sunpominiogantsa 00'ekma, epekmusHa nosepxms poscito8ants, Kpy2osa oiazpama, Hao0800HUl
Kopabenb, Xapakxmepucmuxu po3cilo8anHs.

BTOPUYHOE U3NTYYEHUE HAOBOAHBLIX OB BLEKTOB CNOXHOW ®OPMbI
O.U. Cyxapesckuii, B.A. Bacuien, 1L.E. Psmonos

Ha ocnose paspabomannozo panee asmopamu mMemooa OYeHKU 8MOPUYHO20 USTYHEHUS 0ObEKMOB, HAXOOAWUXCA 80U3U
epanuybl pazoena 08X NOIYNPOCMPAHCIME NOJYYEHbl XAPAKMEPUCTIUKU PACCEsHU DOIbUO20 0eCAHMHO20 KOpabis npoeKma
775 (no kooughuxayuu HATO — Ropucha, nonvck. scaba). Ilpugooumes mooenv nogepxHocmu Ucciedyemozo Kopaons u pe-
3VILMAMbL pacyema e2o 8MoOpUtHO20 usnyuenus. Xapakmepucmuku paccesHus noayYeHsl O PA3IUYHBIX YCI08ULl 00y UeHUs.
Tlpuseoenvi Kkpyeosvle duazpammvl IPHeKmMusHON NOBEPXHOCU PACCEeAHUS, 3HAYEHUs CPeOHell U MeOUAHHOU 3PHeKmuUsHo
HOBEPXHOCMIU PACCESHUSL, YCPEOHEHHbIE 8 PA3IUYHBIX OUANA30HAX A3UMYMOE 30HOUPOBAHUS UCCIEDYeMO20 00beKmd.

Knroueevie cnoea: emopuunoe usiyuenue 00vekma, HA0BOOHLI KOpAONb, XApAKMepUCMmuku pAccesus, Kpyaoeds
ouazpamma.
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