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Hoxazano, wo npoeedenHs mamemamuunozo
MO0eN08aHHA 00360JLAE CMEOPI0CAMUMA DOCAIONHCY -
eamu paodionokayiini nopmpemu Cy4acHux i nep-
cnexkmuenux nimanvhux anapamie. Ilooydosa ma
docnioxncenns mamemamuuHux mooeneid Ha 0asi
cyuacnoi inpopmauiiino-obuucaro8anvioi mexmiku
ModHce peanizosyeamu memoou po3paxyHKy xapax-
mepucmux 6mMOPUHHO020 GUNPOMIHIOBAHHS AiMATb-
HUX anapamie 3 nompioHo mounicmio, w0 3adesne-
uumv npaxmuuny cnpamosanicmos. Q0rpynmosanuil
Memoo POo3PAXYHKY XaAPAKMEPUCMUK EMOPUHHOZO0
BUNPOMIHIOBAHHA IMATLHUX Anapamis 0ns aHasi-
3y padionokayiinozo po3CciaHHL MOOETE NPOMUMAH -
k06020 wmypmosurxa Cy-25T. Ilepesaeoro maxo-
20 Memooy € 6paxy6aHHs IHMeZPANbHUX YAEJIEHD
KAAcuuHoi enexmpoouHamixy ma KopomKoxXeunbo-
8UX acumMnmomux. 3anponoHo8ana mMooeib nosepx-
ni aimaxa Cy-25T ma pospobaeno memoo mame-
Mamuunozo modeaiosanus. O6Tpynmosani ocHo6Hi
xapaxmepucmuxu paoionokauiunozo pPo3ciAHHs
JManavHux anapamié — epexmuena noGepxHs po3-
cisanns, "Hexozepenmna' epexmusna noeepxHs po3-
cianns, cepedni ma medianni snavenns eexmuenoi
noGepxHi PO3CIAHHA, 3AKOHU PO3NOOLNY AMNIIMYO-
HO20 MHOXMCHUKA 6100umozo cuznany. Haeedeni
pe3ynomamu po3paxyHrKy maxux XxXapaxmepuc-
mux paodionoxayiunozo poscisnua aimaxa Cy-25T
011 Pi3HUX 4ACMOM ONPOMIHEHHS CUHATY 30H-
oyeanns. Ompumani pesyaomamu NPoONOHYEMvbCA
suKopucmamu npu mooepHizauii iCHYIOUUX i npo-
eKmYy6anHi nepcneKmusHux 3acodie paciosoxaui.
IIpedcmaeneni pesynvmamu € KopucHumu 0as Oui-
HI0BAHHA MONCAUBOCMEN PIZHUX KOHCMPYKMUBHUX
eapianmise maxux 3aco6ie w000 euaANeHH, CYNPo-
800JICEHNA MA PO3NIZHABANHA JUMANLHUX ANAPAMIE
ananoziunozo muny. 3acmocyeéanns OmMpuMaHux
pe3yavmamie 00360UMb NPOGOOUMU ONMUMIZA-
Uit0 KOHCMPYKULE MOOEPHIZ08AHUX | NEPCREKMUBHUX
JManrsHux anapamie 3 mMemoro 3MeHueHHs paoio-
JoKauitinoi nomimmuocmi. 3anpononoeanuii memoo
€ 0CHOBOI0 MAMEMAMUUHO020 MOO0ea08AHHS Padio-
JOKAUIUHUX XaAPAKMePUCIMUK TIIMATIbHUX anapamie
PisHux munié nmpu 3a0aHux NPoCcmMoposéux i 4aco-
80-4ACMOMHUX NAPAMEMPAX CUZHANIE 30HOYBAHHSA
015 P036°a3anns npuxkaadHux 3a0a4 paoionoxauii

Kmouogi cnosa: aepodunamivna mooens aimav-
HO20 anapamy, 6mopuHHe BUNPOMIHIOBAHHSL, eheK-
MUBHA NOBEPXHS POICIAHHA

| =,

1. Introduction

The availability of data on the characteristics of second-
ary radiation of an aircraft makes it possible to solve several
practical tasks on radiolocation. On the one hand, to carry
out a set of measures to form a positional area of subdivisions
that provide intelligence and battle information for divisions
and units of anti-aircraft missile troops. On the other hand,
it is possible to acquire information that makes it possible to
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detect areas in the object’s surface, which introduce dominant
contribution to the reverse scattering of an object in general.
That would provide an opportunity to assess the effectiveness
of predicted measures to optimize the radiolocation charac-
teristics both of an entire object and some of its sections.

There are two most common techniques to obtain radio-
location information about aerial objects: field (physical)
experiments, and mathematical modeling of the secondary
radiation of airborne objects.




Each of the proposed techniques is associated with cer-
tain difficulties. Thus, when carrying out the field (physical)
experiments, enormous financial, organizational, and time
costs are required. The main difficulties in mathematical
modeling of the secondary radiation of air objects models
relate to the accurate design of the model itself, correctness
of its mathematical description, etc.

The modern level of development of computational tools
makes it possible to realize sufficiently complex methods for
mathematical modeling of the secondary radiation of airborne
objects at the required accuracy for practical application.

Thus, it is a relevant scientific task to calculate the char-
acteristics of scattering of modern aerial objects.

2. Literature review and problem statement

Construction of radiolocation profiles of aerial objects
is carried out to improve the indicators for their detection
and recognition, to simulate the aircraft of the required
type. Simulation of aerial objects often involve false targets
in the form of towed aircraft with the simplest design. The
geometrical dimensions of such aircraft are much smaller
than those of the objects that are protected, but signals
from the false targets at the input to a receiver exceed the
signals reflected from the protected object [1]. Paper [2] re-
ports results of numerical modeling of radiolocation distant
profiles of cruise missiles over the meter, centimeter, and
decimeter wavelengths. The modeling employed numerical
methods for calculating characteristics of the secondary
radiation of airborne objects with a complex shape and
different electric sizes. However, the paper focuses on the
analysis of radiolocation distant profiles of cruise missiles
at different angles, polarization, and the width of spectrum
of the probing signal; a possibility to applying them as false
targets is considered.

Studies [3—5] substantiated in detail the advantages and
disadvantages of the application of integral equations for the
calculation of characteristics for the secondary radiation
of airborne objects. However, the reported results could be
used for volumetric objects with a small curvature, such as
cruise missiles or unmanned aerial vehicles [2, 6].

A method for calculating the effective scattering surface
(ESS) of a triangular corner reflector of arbitrary shape and
irradiation conditions was described in paper [7]. From a
practical point of view, it could lead to difficulties related to
determining the optimal geometric shape of reflectors and
to adding the active systems for radiation or re-reflection of
radar signals.

The need to conduct the study, results of which are re-
ported in this work, is confirmed by the authors of papers
[8—10]. Resolving the range of tasks related to an airborne
object is possible through a rational combination of the
flight-technical, those that demask, the operational, and
other characteristics, in their totality based on a comprehen-
sive approach to the formation of its appearance, including
when irradiated with different radiolocation signals [10].

All this gives grounds to assert that it is a relevant task
to undertake a research into the acquisition of characteris-
tics for the scattering of airborne objects, based on the earlier
constructed high-frequency calculation methods that would
comprehensively account for the entire totality of prevailing
factors.

3. The aim and objectives of the study

The aim of this study is to determine the radiolocation
characteristics of Su-25T attack aircraft at different frequen-
cies of irradiation. That would make it possible to optimize
the structure of the modernized and promising aircraft in
order to reduce their radiolocation visibility.

To accomplish the aim, the following tasks have been set:

—to design a model of the surface of the Su-25T an-
ti-tank aircraft;

— to propose basic estimation ratios, which underlie the
basis of the method for acquiring the radiolocation charac-
teristics of an aircraft;

—to identify the features of irradiation influence (the
centimeter, decimeter, meter ranges of wavelengths) on the
analysis of radiolocation characteristics (radiolocation pro-
file) of the Su-25T attack aircraft.

4. A method for the calculation of radiolocation
characteristics of the Su-25T anti-tank aircraft

Su-25T is an anti-tank aircraft (AA), shown in Fig. 1, de-
signed to destroy armored vehicles, fire weapons, vessels (to
a destroyer ship inclusive), helicopters, transport aircraft,
bridges, shelters, air defense complexes, and the living forces
of enemy. It is operated during day and night, at a battlefield,
and at a depth of up to 450 km beyond a frontline, in the
range of heights from 30 to 5,000 m [11].

The Su-25T attack aircraft is a modification of the Su-25
attack aircraft, designed to directly support ground-based
forces. Immediately after the testing was officially over, a
special aviation squadron was formed, armed with Su-25,
which was sent to Afghanistan. That is where the plane got
its name “Grach”. The Su-25T attack aircraft fought in Af-
ghanistan for eight years; over that period, it showed its high
reliability and efficiency.

Fig. 1. Su-25T anti-tank aircraft

“Grach” performed 60 thousand flights, while having
only 23 aircraft destroyed. There were times when Su-25
returned to the aerodrome, with up to 150 holes. None of
the aircraft was lost due to the explosion of fuel tanks or
death of a pilot. In addition to Afghanistan, the Su-25T
attack aircraft took part in the civil conflict in Angola.
These aircraft took part in the Iran-Iraq war, though there
is no information about their military application. These
aircraft were involved in conflicts that took place in the
former Soviet republics. These machines fought in Africa,
and were used during the first and second Chechen war.
Su-25 is in service in Iraq against militants from the ISIS
organization [12].



4. 1. Description of the modelled object and the model
of its surface

In its design, the aircraft Su-25T is a one-seat fully me-
tallic monoplane, executed based on a regular scheme with
a highly placed small swept wing; a stabilizer, adjustable for
takeoff and landing; unregulated air intake; a three-support
chassis with a nose wheel; with two free-thrust turbojet en-
gines. Su-25T was developed based on an aerodynamical as-
sembly of the two-seat training-combat aircraft Su-27UB,
which is why structural identity in terms of airframe and
aircraft systems from the aircraft Su-27UB is (85...90) %.

Selected specifications of Su-25T are as follows [11]:

— geometric and weight characteristics: wingspan is
14.52 m; length is 15.33 m; height is 5.20 m; mass is
(9,500...19,500) kg;

—the type of engines — turbojet with afterburners
P-195M,;

— combat capabilities: maximum speed is 950 km /h; com-
bat load is 4,400 kg; combat radius of action is (400...700);
maximum combat altitude is 5,000 m; flight ceiling is
10 000 m.

In accordance with the design of Su-25T, in order to
perform calculation of radiolocation characteristics (RLC)
(specifically ESS), we built a model of its surface.

A model of the Su-25T AA surface is shown in Fig. 2.

Fig. 2. A model of the Su-25T anti-tank aircraft surface

Simulation of the surface was conducted according to
the procedure that is reported in [1-3]. This procedure
implies the splitting of scattering surfaces, and elements of
the object, into two groups: a smooth part of the surface
and the boundary local scattering regions, and the antenna
system, which is arranged under the bow dielectric streamer.
The smooth part of the aircraft surface was approximated
by regions of 63 triaxial ellipsoids. Surface fractures were
simulated by using 31 direct local scattering edge sections.

4. 2. Basic estimation ratios

The basic characteristic that defines the properties of an
object that reflects electromagnetic waves is ESS [7, 8]:
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where R is the distance from the object to the point of ob-
servation; p'°, p° is the polarization ort of the receiving

and transmitting antenna, respectively; Ej is the complex
amplitude of the field scattered in the direction of the point
of signal reception; E° is the complex field amplitude of the
flat monochromatic Electromagnetic wave (EMW )that
probes the object.

It is assumed that the probing is done by a flat mono-
chromatic EMW with a single amplitude at polarization
ort p° and a propagation direction characterized by ort
R, which arrives at the surface of an object, located in free
space (Fig. 2):
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where kg is the wavenumber in free space (k, =2n/A, L is the
length of the incident monochromatic wave), g, po are the
absolute dielectric and magnetic permeability of vacuum, ¥
is the radius-vector of a point at the surface of an object. The
field, scattered by an object in direction #°, could be repre-
sented, using the Lorenz lemma, in the form [1, 7]:
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where E*=7#xE, H'=#nxH, (E,ﬁ) is the complete field;
7i is the ort of outer normal to the integration surface S that
covers this object.

The surface S is chosen so that it coincided with the sur-
face of an object everywhere except for the edges of fractures,
where it proceeds along the toroidal surface of the circular
cross section, “pulled” onto a fracture.

The surface could be represented as sum S=51+5, where
S1 coincides with the smooth surface sections, and Sy is the
totality of toroidal boundaries of edges. Thus, the integral
in (4) is the sum of integrals along surfaces S; and Sj.

The field, scattered by smooth part of the surface of
object Sy in direction 7°, could be represented as part of
expression (4):

=id I Y (jkoR)
ELo=—gp 0T
p 7ty R

xsj‘[E(ﬁ.Hl)+(foxf°)~El]exp (=it (7 %))ds. (5)

The expression for the field, scattered by edge local scat-
tering sections, could be represented in the form:

I ik,R -
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where

Fe [0 [ ot s

The proposed basic estimation ratios (1) to (6) underlie
the method for acquiring the radiolocation characteristics of
an aircraft.



4. 3. Radiolocation characteristics of the Su-25 attack
aircraft at different irradiation frequencies (wavelengths)

Calculation of scattering characteristics for the Su-25
AA was performed based on the following parameters:

— probing site angle — 3 degrees relative to the plane of
the horizon (probing from the lower semi-sphere);

— astep of change in the probing azimuth is 0.02 degree;
the azimuth is counted in degrees from the nasal angle of
an aircraft (0 degrees is probing the nose, 180 degrees —
probing the tail);

— polarization is horizontal.

The following RLC are given:

— pie charts of ESS and “non-coherent” ESS;

— average and median values for the instantaneous ESS
for the main ranges of irradiation azimuths (nose is (0—
45 degrees);

— side (45—-135 degrees), tail (135-180 degrees);

— average and median values for the instantaneous EEs
for twenty-degree ranges of irradiation azimuths.

A median value for ESS in a specific sector of irradia-
tion angles is understood to be some non-random value of
ESS, the probability of exceeding or not exceeding which
in the assigned sector of angles is 0.5.

A “non-coherent” ESS (NESS) refers to the sum of ESS
of the separate surface sections, which does not take into
consideration the mutual phase shifts.

We give histograms for an amplitude multiplier of the
reflected signal for different irradiation frequencies of the
probing signal.

All of these characteristics are given for the case of
compatible reception.

4. 3. 1. Radiolocation characteristics of the Su-25T
model at irradiation frequency of 10 GHz (wavelength is
3 cm)

Fig. 3 shows a pie chart of ESS for the Su-25T AA
model.
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Fig. 3. Pie chart of effective scattering surface for the model
of Su-25T anti-tank aircraft

Fig. 4 shows a pie chart of NESS for the Su-25T AA
model.

An average ESS for the Su-25T AA model is 73.31 m2. A
circular median ESS (a value for ESS, which is used when
calculating the detection range of an aircraft with a proba-
bility of 0.5) is 2.86 m?.

Fig. 5 shows the average and median values of ESS for
the basic ranges of irradiation azimuths (nose, side, tail).

Fig. 4. Pie chart of the “non-coherent” effective scattering
surface for the Su-25T anti-tank aircraft model
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Fig. 5. Average and median values of effective scattering
surface for the basic ranges of irradiation azimuths
(nose, side, tail)

Fig. 6 shows the average and median values of ESS for
ranges of 20 degrees.
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Fig. 6. Average and median values of effective scattering
surface for the twenty-degree ranges of irradiation azimuths

Fig. 7 shows histogram of an amplitude multiplier (the
square root of ESS) for the reflected signal for a range of
irradiation azimuths of —20..+20 degrees (combat nasal
angles). Bold line shows a density probability distribution
function that could be used to approximate the histogram
of the amplitude multiplier. In this case, the amplitude
multiplier histogram could be approximated using the
normal law of probability distribution with a density
function:

P écexp( Lad ) ™

where p=2.566; 6=0.980.
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Fig. 7. Histogram of amplitude multiplier (the square root of the
values for effective scattering surface) for the reflected signal

Hence, the radiolocation characteristics of the Su-25T
model at irradiation frequency of 10 GHz (wavelength is
3 c¢m) are shown in Fig. 3—6. The patterns derived make up
a radiolocation profile of the Su-25T anti-tank aircraft at a
frequency of 10 GHz.

4. 3. 2. Radiolocation characteristics of the Su-25T
attack aircraft at irradiation frequency of 1 GHz (wave-
length is 30 cm)

Fig. 8 shows a pie chart of ESS for the Su-25T AA model.

Fig. 8. Pie chart of effective scattering surface for the
Su-25T anti-tank aircraft model

Fig. 9 shows a pie chart of NESS for the Su-25T AA
model.

Fig. 9. Pie chart of the “non-coherent” effective scattering
surface for the Su-25T anti-tank aircraft model

An average ESS for the Su-25T AA model is 55.13 m2; a
circular median ESS is 2.66 m?.

Fig. 10 shows the average and median values of ESS for
the basic ranges of irradiation azimuths (nose, side, tail).
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Fig. 10. Average and median values for the “non-coherent”
effective scattering surface for the basic ranges of
irradiation azimuths (nose, side, tail)

Fig. 11 shows the average and median values of ESS for
ranges of 20 degrees.
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Fig. 11. Average and median value of effective scattering
surface for the twenty-degree ranges of irradiation azimuths

Fig. 12 shows a histogram of an amplitude multiplier
(the square root of ESS) for the reflected signal in the range
of irradiation azimuths of —20..+20 degrees (combat nasal
angles). Bold line shows a density probability distribution
function that could be used to approximate the histogram of
the amplitude multiplier. In this case, the amplitude multi-
plier histogram could be approximated by using the Weibull
distribution with a density function:

p(x)=z(’;)“ Rol ®)

where 5=2.626; ¢=2.068.
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Fig. 12. Histogram of amplitude multiplier (the square root of the
values for effective scattering surface) for the reflected signal



Thus, the radiolocation characteristics of the Su-25T
model at irradiation frequency irradiation of 1 GHz (wave-
length is 30 cm) are shown in Fig. 7-12. The patterns
derived make up a radiolocation profile for the Su-25T an-
ti-tank aircraft at a frequency of 1 GHz.

4. 3. 3. Radiolocation characteristics of the Su-25T
attack aircraft at irradiation frequency of 166 MHz
(wavelength is 1.8 m)

Fig. 13 shows a pie chart of ESS for the Su-25T A A model.

Fig. 13. Pie chart of effective scattering surface for the
Su-25T anti-tank aircraft model

Fig. 14 shows a pie chart of NESS for the Su-25T AA.

Fig. 14. Pie chart of the “non-coherent” effective scattering
surface for the Su-25T anti-tank aircraft model

An average ESS of the Su-25T AA model is 53.88 m?; a
circular median ESS is 3.85 m?.

Fig. 15 shows the average and median values of ESS for
the basic ranges of irradiation azimuths (nose, side, tail).
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Fig. 15. Average and median values of effective scattering
surface for the basic ranges of irradiation azimuths
(nose, side, tail)

Fig. 16 shows the average and median values of ESS for
ranges of 20 degrees.
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Fig. 16. Average and median values of effective scattering
surface for the twenty-degree ranges of irradiation azimuths

Fig. 17 shows a histogram of an amplitude multiplier
(the square root of ESS) for the reflected signal for a range
of irradiation azimuths of —20..+20 degrees (combat nasal
angles). Bold line shows a density probability distribution
function that could be used to approximate the histogram of
the amplitude multiplier. In this case, the amplitude multipli-
er histogram could be approximated using the normal law of
probability distribution with a density function:
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where p=1.732; 6=0.980.
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Fig. 17. Histogram of amplitude multiplier (the square root of
the values for effective scattering surface) for
the reflected signal

Hence, the radiolocation characteristics of the Su-25T
model at irradiation frequency of 166 MHz (wavelength is
1.8 m) are shown in Fig. 13—17. The patterns derived make
up a radiolocation profile for the Su-25T anti-tank aircraft at
a frequency of 166 MHz.

5. Discussion of results of studying the characteristics of
radiolocation scattering for the Su-25T anti-tank aircraft
model at different wavelengths

We have proposed the model and substantiated the
simulation principle, which made it possible to acquire ra-



diolocation characteristics for the Su-25T anti-tank aircraft
exposed to the irradiation by signals at different frequencies.

Typically, the evaluation of characteristics for the scat-
tering of electromagnetic waves on complex bodies, which
are partially covered with radio-absorbing materials, implies
the consideration of geometric dimensions. It is shown that
the radiolocation characteristics of such objects are signifi-
cantly different from analogs of the corresponding geometric
dimensions. However, still unresolved are the issues related
to the construction of radiolocation profiles of flying ob-
jects. The reason for this could be the objective difficulties
related to the lack of comprehensive consideration of the
entire totality of prevailing factors. A variant to overcome
respective difficulties could be the construction of mathe-
matical models for the scattering of electromagnetic waves
on complex bodies using elementary surfaces. This is exactly
the approach employed in this work.

The advantage of the present study is the acquisition of
scattering characteristics for the Su-25T anti-tank aircraft,
based on the earlier constructed high-frequency calculation
methods that comprehensively account for the entire totality
of prevailing factors.

In the course of research, we built a model of the sur-
face of the Su-25 attack aircraft, taking into consideration
geometrical dimensions. The model is composed of smooth
parts of the surface and the boundary local sections, and
includes an antenna system, which is located under the
nasal dielectric radome. However, modeling did not take
into consideration the internal (an electromagnetic field
of the aircraft when flying, due to the radiation of aviation
equipment) and external (electromagnetic fields, which are
induced by the interaction with the environment when fly-
ing) influences. These influences can be accounted for only
in the course of a field experiment. Comparing the results
from simulation and from experiment would make it possi-
ble to introduce appropriate changes to the proposed model.

Further development of this research could be the intro-
duction of necessary changes to the proposed model and the
principles of modeling taking into consideration (via theo-
retical substantiation) the internal and external influences
on the radiolocation characteristics of aircraft at flight.

All this allows us to argue about the efficiency of detec-
tion and recognition of the aircraft.

Research into this area is expedient in order to build ra-
diolocation profiles of military aircraft, including unmanned
vehicles.

6. Conclusions

1. The result of this study is the constructed model of the
surface of the Su-25T anti-tank aircraft. It is shown that it
is necessary to split the surface of the plane into two groups:
a smooth part of the surface and the edge local scattering
sections. The smooth part of the aircraft surface was ap-
proximated using the sections of 63 triaxial ellipsoids. The
surface fractures were simulated applying 31 direct local
edge scattering sections.

2. A special feature of the proposed basic estimation ra-
tios that underlie the method for obtaining the radiolocation
characteristics of an aircraft is taking into consideration of
the probing signal, which represents a flat monochromatic
electromagnetic wave. That made it possible to select a mod-
el of the attack aircraft’s surface so that the area coincided
with the object’s surface everywhere except in the vicinity of
fractures that are accounted for separately. Thus, the mod-
eled surface of the Su-25T anti-tank aircraft is the integrat-
ed sum of two planes: a smooth part of the aircraft surface,
the surface of fractures.

3. We have established the features of influence exerted
by irradiation (the centimeter, decimeter, meter ranges of
wavelengths) on the analysis of radiolocation characteristics (a
radiolocation profile) of the Su-25T attack aircraft. Thus, for a
centimeter wavelength range, the average effective scattering
surface of the Su-25T attack aircraft model is 73.31 m2, while
a circular median ESS is 2.86 m?. For a decimeter range of
irradiation wavelengths, the average ESS for the Su-25T attack
aircraft model is 55.13 m2, a circular median ESS is 2.66 m?2. At
an irradiation in a meter wavelength range, the average ESS for
the Su-25T attack aircraft model is 53.88 m?, a circular median
ESS is 3.85 m2. In radiolocation, a value for the median ESS
is applied when calculating the aircraft range detection with a
probability of 0.5. Therefore, the results of our study show that
the Su-25T anti-tank aircraft is most noticeable when irradiat-
ed with a radiolocation signal in a meter range. That demon-
strates the feasibility of application of our research results.
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Hocnioxceno 3asadozaxuuwenicmv icnyionux paodioninii 3
WYMONOVIOHUMU CULHANAMU MA YUPPOBUMU BUOAMU MOOYLSL-
uii. Ananiz nokasye, wo 3acmocy6anns maKux CueHalie 6 ymo-
8ax paodioenexmponmoz0 Konpaikmy He 0038071€ 3a0e3newumu
HeoOXiOHUIl piseHb NOKA3HUKIE 3a6ad0CMiliKOCmi ma Npuxo-
eanocmi nepedasanns paodioniniii 36’a3xy. Bemanosaeno, wo
NPUMUHOIO MOMY € HAABHICMb UUKIIOCMAUIOHAPHOCMI HECYH020
KOuBanHns 6 cuznanax 3 yudposumu euoamu mooyasuii. Taxi
8J1ACMUBOCMI CRPOWYIOMb GUABJIEHHS MA NOWYK CUZHALIE 34
00110M02010 CREKMPATBLHO-KOPENAUTUHUX Mem00i68 CYHACHUX
3aco0ie padioenexmponnoi po3eioxu npomusnuxa.

Jns eupimenmz uiei npooaemu 3anpononosano sacmocyean-
HSL HECMAYUIOHAPHUX CUZHATILHUX xoncmpyxmu 13 3MIHHOI0 UeH-
MPALHOIO0 HACMOMOI0 MA CREKMPATLHOIO winbHiCmIo nomyoic-
Hocmi. Po3po6nieno memoouxy popmyeanns maxux cCuzHAIbHUX
KoHCcmpykuiti na ocnoei npouedypu opmozonanizauii Ipama-
IlTmioma 0o ancamomo 6azamoxomnonenmuux JIIYM cuenanie 3
KepoBanumMu CneKkmpanoHUMu XapaKmepucmuKamu.

3anpononogano ouintoeamu pizui CMpYKmypu CUzHAIbHUX
KOHCMpPYKYiti 0a2amoKoOMNOHEHMHO20 CUZHATY NO (PA308UM
nopmpemam CyMapHux CuzHali6 6 3aJeHCHOCmi 6i0 3HAUeHb
Koeiyienma macumaoyseanns. Buznaueno epanuuni snauenns
Ub020 Koeiyicnma, npu axux 3adezneuyemovca YCcKAAOHEHHs
cmpyxmypu 6azamoxomMnoOHeHmH020 CuzHaALY i 3anodizaemocs
supoocenns npouecy 6 kaacuuny JIIM.

IIposedeno docnioxncenns 3minu UMOBIPHOCME CUMEOTLHOL
NOMUNKU 8 KAHAL NPU GUKOPUCMAHHI DA2AMOKOMNOHEHMHUX
0PMO2OHANLHUX CULHATILHUX KOHCMPYKUIY 6 3A1eHCHOCMI 610
cniggionowenns cuznan/mym. Lle dozsonse oyinumu nomen-
uitiny 3aeadocmiiikicmos padioninii 3a ymoeu, w0 cnigioHo-
WeHHSL CUZHAIL/WYM BUSHAUAEMBCI 34 EHEPEMUUHUMU NOKA3 -
HUKAMU PAOIOKAHANY MA CNEKMPANLHOI0 WINLHICMIO WYMiE
npuUpooH020 NOX00NHCEHH.

Cmpyxmypna npuxosanicno po3pooaeHuUx CUzZHATbHUX KOH-
CmpyKYiti OUIiHI06ANAC 34 00ONOMOZOH) eHEPLEMUUHO20 emeK -
mopa i demexmopa yuxocmayionaprocmi. Bcmanosneno, wo
npu enepzemuvHoOMy OemeKxmyeanti HeCMAUIOHAPHI CULHAIU,
aK i cuenanu 3 O0yov-axum iHwum 6UOOM MOOYAAUil, eKeiea-
Jlenmui. IIpome, npu suKopucmani 6eme1cmopa yuxaocmayio-
Hapnocmi umoezpmcmb 6UABTIEHHS HECMAUIOHAPHUX CUZHATIb-
HUX KOHCMPpYKUill 3mMenmyemocs 6 2—2,5 pa3u 6 nopiensani 3
THWUMU 6UOAMU MOOYLAUTL CUZHATIIE

Kniouosi cnosa: mecmauionapni 6azamoxomnonenmui cue-
HaoHi KoHcmpyxuii, opmozonanizauis Ipama-Illmioma, yuxio-
CMayioHapHicms Hecy4020 KONUBAHHS, CMPYKMYypHA NPUxo-
sawicmo
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(DSSS) and /or frequency hopping spread spectrum (FHSS)

[1, 2]. Various types of digital-frequency modulation (DFM)

Broadband signals (BBS) are used in communication
lines to provide structural and parametric security. Such
signals are formed by direct-sequencing spread spectrum

are used in BBS formation: amplitude, phase, frequency or
combined modulation. However, the abovementioned mod-
ulation methods have a common disadvantage: cyclo-sta-




