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ABSTRACT

Context. Under conditions of simultaneous exposure to active and passive interference, the passive component decorrelates the
active component of the combined interference in the receiving channels of the surveillance radar, which significantly reduces the
effectiveness of its suppression. Therefore, in order to adapt the weight coefficients of the spatial filter during spatio-temporal proc-
essing of radar signals, it is necessary, by one method or another, to form a classified training sample generated only by active noise
interference.

Objective. The goal is to optimize the choice of a method for generating a classified training sample for various elevation chan-
nels of the radar field of view, taking into account the predicted distribution of passive interference in range.

Method. An analytical assessment of the distribution of the most powerful Cb type cumulonimbus cloud systems, followed by
mathematical modeling of the effectiveness of the active noise suppression using various training samples generation methods.

Results. Based on the performed analytical calculations, it was shown that in the upper part of the field of view of surveillance
radar in the sector of elevation angles from 6° to 30°, the upper boundary of Cb type clouds does not exceed 75 km, which guarantees
the absence of passive interference at the end of the radar range. This makes it possible to form a training sample at a time interval
located before the radiation of the next probe pulse. In the lower part of the field of view in the sector of angles 0° to 6°, the upper
boundary of the clouds is located at a distance of 75-270 km, which does not allow the formation of a training sample at the end of
the radar range. It is proposed to use the correlation method, in which the time interval for the formation of the training sample is
determined by the “on the fly” analysis of the magnitude of the inter-channel correlation coefficient. The choice of the interval with
the highest value of inter-channel correlation during the repetition period allows us to form a training sample with the least influence
of passive interference on the process of suppressing the active component of the combined interference. As a result of modeling, it
was found that the use of a training sample significantly reduces the duration of the transient process when forming the weight coef-
ficients of the spatial filter and, accordingly, improves the quality of the suppression of active interference.

Conclusions. The scientific novelty of the work lies in the fact that for the first time the problem of individual selection of a clas-
sified training sample for the surveillance radar elevation channels has been solved. Practical significance consists in the develop-
ment of a methodology for analyzing the location of the most powerful cloud systems in range in the radar field of view with varying
degrees of influence of passive interference in elevation channels in a real signal-noise environment. To the practical novelty should
also include the results of simulation modeling, which confirm the need to choose a method for generating a classified training sam-
ple in different elevation channels of the radar viewing area should also be attributed.

KEYWORDS: combined interference, classified training sample, modeling, inter-channel correlation coefficient modulus.

ABBREVIATIONS Gin — jamming variance.
JK — jamming canceller;
ANI — active noise interference; INTRODUCTION

CTS - classified training sample;

MICC — magnitude of the inter-channel correlation
coefficient;

PI — passive interference;

SF — spatial filter.

In real-world operating conditions, both active noise
interference and passive interference (PI) can affect a ra-
dar [1]. An active noise interference (jamming) is created
by sources of independent continuous noise emissions
located in the far zone of the antenna, such sources are
point-like in range and angular coordinates. Passive inter-
ference (clutter) is a radar signal reflected from the under-
lying surface of the Earth, hydrometeors or chaff and is
. non-stationary in nature. With the combined effect of the
k - complex value of the weight coefficient; jamming and passive interference, the passive interfer-
R; — Earth radius; ence decorrelates the active component of the combined

. interference in the receiving channels of the radar [2, 3].
Under these conditions, in the distance sections in the

NOMENCLATURE
h — height of the upper limit of clutter;
ho — radar position height above ground level;

U, - complex value of the interference voltage in the

main channel; angular directions where the passive interference is pre-
Uy - complex value of the interference voltage in the =~ dominant, the compensation of active interference be-
compensation channel; comes problematic [4]. In addition, the presence of pas-

sive interference, which in the general case has non-

‘p‘ — inter-channel correlation coefficient modulus; 4 the !
stationary nature, leads to a significant delay of transients
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during adaptation of spatial filters [4, 5]. This is due to the
degradation of the SF weighting coefficients when com-
pensating for active interference at the range intervals
over which the PI operates. In [6], an attempt was made
under the conditions of combined interference to apply
the alternate adaptation of the subsystems of spatial and
temporal radar signals processing. However, the random
nature of the passive interference distribution at range
intervals did not allow to obtain a significant improve-
ment in radar noise immunity.

Thus, in order to effectively suppress the active com-
ponent of the combined interference in elevation chan-
nels, it is necessary to form a classified training sample
generated only by the active interference.

1 PROBLEM STATEMENT

There are various methods for the formation of CTS
[7] . For the formation of CTS, time, frequency or correla-
tion differences in the structure of active and passive in-
terference can be used. In real conditions of radar func-
tioning, elevation channels are affected to varying degrees
by passive interference. In the lower elevation channels,
passive interference reflected from the underlying surface
of the Earth has a greater effect. In the upper elevation
channels, interference reflected from hydrometeors or
chaff has a greater effect.

Thus, for the design of interference suppression sys-
tems, it is necessary to optimize the choice of methods for
the formation of CTS. It is also necessary to take into
account the general laws of the distribution of cloud sys-
tems in the Earth’s atmosphere [8], which affect the dis-
tribution of passive interference in range in elevation
channels. The task solved in this article is to develop a
methodology for choosing methods of forming a classi-
fied training sample in elevation channels of a typical
surveillance radar.

2 REVIEW OF THE LITERATURE

A number of publications are devoted to improving
the efficiency of spatio-temporal processing of radar sig-
nals under the influence of combined interference. The
most promising of them are adaptive systems capable of
automatically suppressing active interference signals
without a priori information about the interference envi-
ronment, improving the reception of a useful signal [9].
However, with the simultaneous exposure to jamming and
clutter, the efficiency of existing adaptive systems of spa-
tio-temporal processing significantly deteriorates due to
jamming decorrelation by clutter.

In many well-known technical solutions, it is proposed
to use a fixed time interval located at the end of the radar
range for the formation of a CTS [11, 12]. The proposed
technical solutions are based on the a priori assumption
that the intensity of passive interference decreases with
increasing range. Moreover, the presence of a fixed inter-
val simplifies the implementation of the method.

However, with spatially distributed cumulonimbus
cloud systems of type Cb, the intensity of the reflected sig-
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nals at the maximum range of the radar in the lower eleva-
tion channels of the field of view can significantly exceed
the inherent noise of the receiver, as well as the level of the
ANI. This does not allow effective suppression of the ac-
tive component of the combined interference.

In [13], a method for generating a CTS was proposed,
in which the calculation of weighting coefficients is per-
formed in the frequency range shifted relative to the
working frequency range of the radar. However, due to
the differences in the central frequencies of the interfer-
ence used to form the SF weighting coefficients and the
center frequency of the spectrum of the useful radar sig-
nal, the suppression coefficient of the ANI deteriorates
significantly [13]. To increase the ANI suppression coef-
ficient at the signal frequency, an automatic measurement
of the phase difference due to the frequency difference
between the ANI and the signal, with the subsequent ad-
justment of the noise phase in the compensation channel,
was proposed in [14]. This significantly complicated the
implementation of the proposed method.

In [15, 16], a correlation method was proposed for
generating a classified training sample, using the natural
non-stationarity of passive interference in time (in range).
Such non-stationarity is characteristic of signals reflected
both from hydrometeors and from chaff cloud, which
have a point-like character. The proposed method is based
on the use of a posteriori information regarding the distri-
bution of passive interference in range.

Taking into account the fact that under the influence
of both ANI and passive interference, the passive interfer-
ence decorrelates the signals generated by a point source
of ANI in the receiving channels of the radar, it seems
possible to estimate the distribution of the module of the
interchannel correlation coefficient over the range sec-
tions. In this case, according to the known values of the
MICC, a time interval is selected for adapting the weight
coefficients of the jamming canceller with the maximum
correlation value, which corresponds to the lowest level
(or absence) of passive interference.

MICC |p| can be calculated using the “sliding win-

dow” method at intervals consisting of m range samples

U,U;

U,

U’

(M

The number of samples m to be averaged in expres-
sion (1) is determined by the adaptation time of the spatial
filter weight coefficients. If in the expression for calculat-
ing the weighting coefficient of jamming canceller

k= UOUZ (U,{UZ)_1 , as well as in the expression for
MICC (1), the averaging intervals are the same, then the
calculation of the weight coefficient and MICC are per-
formed in parallel and synchronously. Thus, the possibil-
ity of real-time radar operation is provided. For example,
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with a useful signal duration of 1 ps, the duration of the
transient process during the formation of the weight coef-
ficient, and, accordingly, the formation of the MICC, can
be approximately 10 ps.

3 MATERIALS AND METHODS

Taking into account the variety of methods for gener-
ating CTS and the varying amount of passive interference
in elevation radar channels, it seemed appropriate to de-
velop a methodology for selecting methods for generating
CTS in elevation channels of surveillance radars during
their design or modernization.

The morphological classification of clouds consists of
10 forms, 20 species and 36 varieties [8]. In this regard, it
seems advisable to consider only those types of clouds
that can cover a significant part of the radar field of view
in azimuth, range and altitude, creating the most difficult
conditions for the operation of SF. The main data on these
types of clouds are given in table 1. From the table 1 it
follows that the most difficult conditions for the operation
of SF arise when exposed to passive interference reflected
from cumulonimbus clouds of the species Cb.

Table 1 — Data on the considered forms of clouds

. The height of the |Layer thickness,
Abbrevition Type lower boundary, km km
As altostratus 2...6 1...2
Sc stratocumulus 0.5...1.5 0.2...0.8
Ns nimbostratus 0.5...1.9 2.3
Cb cumulonimbus 0.6...1.2 3...8

Let us analyze the location of the passive interference
layer reflected from Cb types clouds on the radar’s range
depending on the elevation of the radar beam and the
height of the position of the radar above sea level.

Let us consider the geometry of the problem (Fig. 1)
on the plane containing the center of the Earth C and the
radar’s beam OA. Earth’s surface can be approximately
represented by a circle of radius R3. Let the height of the
position of the radar above sea level be — h0 , height of
the upper limit of passive interference — h. In this case,
the upper limit of passive interference can be represented
by a circle with the center at the point C with a radius of
R3 + h. The point of intersection of a radar beam with a
circle of radius R3 + h corresponds to point A in Fig.1.

It is necessary to determine the position of the upper
limit of passive interference on the radar range scanning,
i.e. determine the length of the segment OA.

Let’s introduce a polar coordinate system with a pole
in point O and a polar axis OM, corresponding to zero
elevation. Let the angle of the point A be denoted as 0.
The equation of a circle of radius a with center at the
point (r0, 60) in the polar coordinate system r, @ is de-
fined as [12]:

P2 - 2rry cos(p—0g) + r02 =a’. 2)

where 7 is the polar radius; ¢ — polar angle; (ry, 6y) — co-
ordinates of the center of the circle.
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Figure 1 — Geometry of the problem
Taking into account (2), the coordinates of the center

of the Earth C(Rz+%y,—90°) and the notation intro-

duced, the equation of the circle corresponding to the up-
per limit of the passive interference is defined as:

P - 2r(Ry + )cos(90° + q))+ (Ry + hg )2 =(Ry + h)2 , (3

or
I’2+21"(R3 +h0)sin(p+(R3 +h0)2—(R3 +h)2:0. (4)

Since the polar angle ¢ coincides with the elevation

angle 0 in the introduced coordinate system, the desired
segment OA is determined by solving equation (4) with
respect to the substitution ¢ =0 .

The discriminant of an equation is defined as:

D/4=(Ry+ho P sin?0—(Ry + o 2 +(Ry + A . (5)

By the condition of the problem % > h, therefore, the
discriminant (4) will be positive, and equation (4) will
have two real roots:

1”1,2 = —(R3 + ho)Sil’l 0+

6
J_r\/(R3 +hy)? sin? 0—(Rs +hy)* + (R +h)> . ©

An analysis of expression (6) and the conditions of the
problem shows that only a positive root will be its solu-
tion, while the second (negative) root will correspond to
the second intersection point of the OA line (containing
the radar beam) with the circle. Finally we have:

04 :\/(R3 +hg)?sin? 0—(Ry +hy)? +(Ry + h)* —
—(R3 + ho)sin 0.

(M
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4 EXPERIMENTS

Let us apply the obtained dependence of the distance
on the height of the border of passive interference (PI) to
the radar 36D6 of Ukrainian production, which is used in
air defense systems in many countries of the world. The
radar has two fields of view in elevation, called “lower”
(0 ... 6 °) and “upper” (6 ... 30 °). The values of angles in
elevation of the radar beams are given in table 2.

Table 2 — The values of angles in elevation of the radar
36D6 beams

Beam number

Elevation angle, degree

Lower field of view Upper field of view
1 0.75 9
2 2.25 15
3 3.75 21
4 5.25 27

The dependence of the distance on the height of the
upper boundary of passive interference (clouds of Cb
type, as shown it table 1) for the elevation beams of the
36D6 radar is shown in Fig. 2 (upper zone) and Fig. 3
(lower zone).

300

——— bzam1

———bzam 2
beam3 |[
— . —~bzam4

200 J

180 F 1

Range, km

100 1

Height, km

Figure 2 — The dependence of the distance on the height of
the upper boundary of passive interference for the upper zone

300

150} P
100 F / s e

50t - d_,ﬂ -

1 2 3 4 5 B 7 8 El
Heght, km
Figure 3 — The dependence of the distance on the height of
the upper boundary of passive interference for the lower zone
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Analysis of Fig. 2 shows that with the height of the
upper limit of passive interference equal to 9 km, at the
end of the range there will be an area free from interfer-
ence for the formation of CTS. So, for example, for the
Ist beam of the upper zone, the upper limit of passive
interference will correspond to a distance of about 75 km
75 kM, for the 2nd one — 35 km, for the 3rd and 4th — 25
and 20 km.

As follows from Fig. 3, the upper boundary of Cb type
clouds in 1-4 beams of the lower zone will be located at a
distance from 70 to 270 km. Therefore, the formation of
CTS in the elevation channels of the lower zone of the
36D6 radar according to the method proposed in [11, 12]
cannot be ensured under real operating conditions.

An acceptable method for the formation of CTS in the
elevation channels of the lower zone may be the correla-
tion method proposed in [15, 16]. In the proposed
method, a real-time “on the fly” estimation of PI distribu-
tion in range in each elevation channel is carried out.
Such estimation is made by calculating the MICC for the
range interval. Moreover, taking into account the natural
unsteadiness of the PI in range, CTS is formed in the time
interval with the maximum value of the MICC, at which
the PI has the lowest level.

5 RESULTS

The Simulation of a spatial filter was carried out in
graphical extension SimuLink of MATLAB computing
environment. The simulation was carried out for the case
when the active noise interference affected the direction
of the side lobes of the antenna pattern of the main chan-
nel. In this case, in the direction of the active noise inter-
ference source, the gain of the compensation antenna was
equal to the gain along the side lobe of the main antenna.
Passive interference was acting from the direction of the
main lobe of the antenna pattern of the main channel. The
gain of the main antenna was 20 dB higher than the gain
of the compensation antenna.

Under these conditions of external influences on the
spatial filter, interference signals in the reception channels
were set as follows:

— the ratio of the active interference dispersions to the
noise dispersion in the reception channels is equal in the
interval equal to the inter-pulse period;

— the ratio of the dispersion of passive interference to
the dispersion of noise: in the main channel is 30 dB, in
the compensation channel is 10 dB;

— passive interference was set at intervals (0-50) and
(300—400) ps within the inter-pulse period. In this case,
the dispersion of passive interference at the intervals of
the range within the inter-pulse period varied within 3 dB.

The following parameters were monitored during the
simulation:

— waveforms of signals at the input and output of the
spatial filter;

— the magnitude of the inter-channel correlation coef-
ficient;

— the magnitude of the weighting coefficient;

— active noise interference cancellation ratio.
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Under the specified modeling conditions, for the dis-
persion of active noise 0124 ;7 in reception channels equal
to 10 dB, we got the results are presented as shown in
Fig. 4-7:

— in Fig. 4 shows the signal U, 0 acting at the input of

the main channel of the spatial filter in the current inter-
pulse period (0-500) ps. An signal with compensated
active influence is also shown, acting at the output of the
spatial filter in the next inter-pulse period (500—1000 ps).

Such latency occur due to the delay of the U o, and U X

signals for the CTS formaion time.

Amplitude

Time (seconds) x 107

Figure 4 — The signal at the main input (0—500) ps and at
the output (500-1000) ps of spatial filter

— Fig. 5-8 show the distributions of the normalized
MICC |p|, the weighting coefficient magnitude ‘k‘ and

the interference cancellation ratio Ky on the interval (0—
500) ps, where the classified training sample is formed, as
well as on the interval (500-1000) ps, where it is used.

From Fig. 5 it follows that the maximum value of |p| in
the interval (0-500) s of the current inter-pulse period is
reached at a time moment corresponding to 300 ps. At the

end of the current inter-pulse period, in accordance with
the proposed algorithm, the formed weighting coefficient

k,,, is selected according to the maximum |p| value
max

to compensate the active interference delayed in the delay
lines of the spatial filter for the one repetition period.

P .

0 0.1 02 03 0.4 0.5 06 0.7 08 09

Time (seconds) x 107

Figure 5 — The distribution of the normalized MICC at
intervals of formation (0-500) ps and using (500—1000)
s of the training sample
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Figure 6 — The distribution of the weighting coefficient magni-
tude at intervals of formation (0-500) pus and using (500—1000)
s of the training sample

From Fig. 6 (with ¢, equal to 10 dB) and Fig. 8

(with 67, equal to 30 dB) it follows that at intervals of

the presence of passive interference (0-50) ps and (300—
400) ps, the weight coefficient modulates it, violating the
inter-period correlation. After the formation of a classified
training sample by the proposed method, the modulation
of passive interference does not occur.

[} 0.1 0.2 03 04 05 06 o7 08 09 1
Time (seconds) x 10

Figure 7 — The distribution of the cancellation ratio at intervals
of formation (0-500) pus and using (500-1000) ps of the training
sample

In Fig. 7 shows the efficiency of active interference
suppression both on the interval of training sample forma-
tion and on the interval of its use (as the dependence of
the suppression coefficient vs. time) The decrease in the
suppression coefficient at the intervals of (0-50) ps and
(300—400) ps during the formation of the CTS, as well as
at the intervals (500-550) ps and (800-900) pus when we
using CTS, is explained by decorrelation of the active
interference by passive interference, which is confirmed
by Fig. 1.

This is determined by the excess of passive interfer-
ence over active. Comparison of the time of increase in
the suppression coefficient during the formation of CST
(starting from the 50th microsecond) and when using CST
(starting from the 550th microsecond) shows that after the
formation of the training sample, the duration of the tran-
sition process decreases significantly. So, during the for-
mation of the training sample, the duration of the transi-
tion process (until the coefficient of suppression reaches
the value Ki; = 6dB) is 200-50 = 150 ps.

In the interval of using the CST, the duration of the
transition process (until the coefficient of suppression
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reaches the value Ky = 6dB) is 575-550 = 25 ps. Based
on the results obtained, it can be considered that under the
conditions of unsteady passive interference, the proposed
method for processing radar signals will increase the radar
interference immunity.

Magnitude
|
{
T

0 U.l ':.‘.2 '_'-.U lJ-l 3.!:‘ C'.U U-'-‘ U.E I}I‘J 1
Time (seconds) x 10~

Figure 8 — The distribution of the cancellation ratio at intervals
of formation (0-500) ps and using (500-1000) ps of the training

sample with active interference variance Gi 7 =30dB

6 DISCUSSION

A comparative analysis of two methods for forming a
classified training sample based on the general distribution
pattern in space of the most powerful Cb type cumulonim-
bus clouds showed that it is necessary to use different
methods to increase interference immunity in different ele-
vation channels. So, in the upper part of the field of view it
is rational to use the a priori method, i.e. use the time inter-
val located at the end of the radar range, with a guaranteed
absence of passive interference. In the lower part of the
field of view, where such an interval is absent, the a poste-
riori method with the “on the fly” correlation analysis of
the presence/absence of passive interference at range inter-
vals is more preferable.

In this case, by choosing the interval with the highest
value of MICC, you can select the time interval with the
lowest level of passive interference to adapt the weight
coefficient of the spatial filter.

CONCLUSIONS

Based on the performed analytical calculations, it was
shown that in the upper part of the field of view of surveillance
radar in the sector of elevation angles from 6° to 30°, the upper
boundary of Cb type clouds does not exceed 75 km, which guar-
antees the absence of passive interference at the end of the radar
range. This makes it possible to form a training sample at a time
interval located before the radiation of the next probe pulse. In
the lower part of the field of view in the sector of angles 0° to 6°,
the upper boundary of the clouds is located at a distance of 75—
270 km, which does not allow the formation of a training sample
at the end of the radar range.

It is proposed to use the correlation method, in which the time
interval for the formation of the training sample is determined
by the “on the fly” analysis of the magnitude of the inter-
channel correlation coefficient. The choice of the interval with
the highest value of inter-channel correlation during the repeti-
tion period allows us to form a training sample with the least
influence of passive interference on the process of suppressing
the active component of the combined interference. As a result
of modeling, it was found that the use of a training sample sig-
nificantly reduces the duration of the transient process when
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forming the weight coefficients of the spatial filter and, accord-
ingly, improves the quality of the suppression of active interfer-
ence.
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METO/] BUBOPY KJIACUPIKOBAHOI HABYAJIBHOI BUBIPKHU JIJ151 KY TOMICHEBUX KAHAJIIB PJIC
Cemenos /1. C. — ronoBHHI KOHCTPYKTOp orsinoBux panapis Llentpy Jocmimkens i Koncrpyrosanus Kasennoro mignpuemcTsa
«HayxoBo-BupoOHm4Hii komIutekc «Ickpa», M. 3amopixoks, YkpaiHa.
Miza 1. M. — n-p TexH. HayK, npodecop kadenpu PamiorexHika Ta TenekomyHikauii HanionaasHOro yHiBepcuTeTy «3aropi3bka
MOJITEXHiKa», M. 3aopixoKs, YKpaiHa.

AHOTANLIA

AkTyanabHicTb. [Ipn ogHOYacHOMY BIUIHMBI aKTHBHOI 1 TACHBHOI 3aBajii OCTaHHS IEKOPEIIOE€ aKTUBHY CKIIAJ0BY KOMOiHOBaHOL
3aBaqy B MpuiHOMHUX KaHanax PJIC BusBIIEHHS i cynmpoBOIy, IO iCTOTHO 3HIDKYE €PEeKTUBHICTS ii kKommeHcanii. Tomy mpu mpocto-
poBo-dacoBiif 0OpoOIl pamioNoKamifHUX CHTHAIB HEOOXiJHO THM UM IHIIMM METOAOM c(opMyBaTH KiIAacH(piKOBaHy HaBYAIbHY
BHOIPKY, TOPOJPKEHY TIJIbKM aKTHBHOIO IITYMOBOIO 3aBaJI0I0 JUIS aJanTallil BArOBUX KOS(]illiEHTiB IPOCTOPOBOTO (iNbTpa.

MeTtoa. AHaiTHYHA OILiHKA PO3MOAUTY HaHOUIBII MOTY)KHHX KyIT4acTO-IOLIOBHX XMapHUX cucteM Buay Cb 3 momanpmiuM ma-
TEMaTHYHUM MOJEITIOBAaHHSIM €()eKTHBHOCTI MPUYIICHHS aKTUBHUX 3aBaJl 3 BUKOPUCTAHHAM Pi3HUX METOAIB ()OpPMyBaHHS HaBUYaIIb-
HOI BHOIpKH.

PesyabraT. Ha migcraBi npoBeeHNX aHATITHYHAX PO3PaXyHKIB MOKA3aHO, II0 Y BEPXHiil yacTHHI 30HU orisiy TunoBoi PJIC
BHSIBJICHHS 1 CyIIPOBOY B CEKTOPI KyTiB MicId Bix 6° 1o 30° BepxHs Mexa xmap Buay Cb He mepeBuiiye 75 KM, 10 TapaHTYE BiaCy-
THICTh IACHBHUX 3aBaj B KiHIi ganbHOCTI nii PJIC. Lle no3Boinsie chopmyBatu HaBYadbHY BHOIpKY Ha 4acOBOMY iHTEpBalli, pO3Ta-
IIOBAHOMY IIepe]] BUIPOMIHIOBAHHSIM YEpProBOI0 30HIYIOUOTO IMITyJIbcy. Y HIDKHIH YacTHHI 30HH OIVINy B cekTopi KyTiB 0° mo 6°
BEPXHS MeXa XMap PO3TalIOBYETHCS Ha JAIBHOCTI 75-270 kM, 0 He J03BOIsiE chOPMyBaTH HaBYAIbHY BUOIPKY B KiHIII JaJIBHOCTI
nii PJIC. 3anpornoHoBaHO BUKOPUCTOBYBATH KOPEISAMIHHMI METOM, IPH SIKOMY YacOBHH iHTepBaJI JIs (OpPMyBaHHS HaBYAIHHOI BH-
OipKM BH3HAYAETHCS MUITXOM MOTOYHOTO aHANI3y BEJIMYMHH MOJIYJSl MiKKaHAIBHOrO KoedimieHta kopensuii. Bubip inTeppany 3
HAMOLIBIIMM 3HAYCHHSM MIKKAHAJIbHOT KOPEJISIIii MPOTArOM IMepiojgy MOBTOPEHHS J03BOJsE€ chHOpMyBaTH HaBYabHY BHOIPKY 3
HaMEHIIINM BIUIMBOM IaCHBHOI 3aBaJi Ha MPOLEC KOMIICH ALl aKTUBHOT CKJIaJ0BOi KOMOiHOBaHOT 3aBau. B pe3ynbrati Mozeto-
BaHHs BCTAHOBJIEHO, 1110 BUKOPUCTAHHS HABYAJILHOI BUOIPKH i1CTOTHO 3MEHIIY€e TPHBAJICTh MEPEXiHOro mpouecy npu GopMyBaHHi
BaroBUX Koe(ili€eHTIB MPOCTOPOBOTO (HINBTpA 1, BIAMOBIAHO, IIOKPAIIYE SKICTh MPUAYILICHHS aKTHBHOI 3aBa/IH.

BucnoBku. HayxoBa HOBU3Ha pOoOOTH IMOJISITAaE B TOMY, IO BIEPILE BHPIIICHA 3a7a4a 1HAMBITyalbHOTO BUOOPY KiacH(ikoBaHOL
HaBYaJIbHOI BHOIPKH A1t KyToMicieBuX KaHaniB PJIC BusBIEeHHS i cynpoBoy.

[IpakTraHe 3HAUCHHS MOJSTae B Po3poOIli METOAWKH aHAli3y PO3TAllyBaHHS HAHOUIBII MOTYXHUX XMApPHUX CHCTEM MO JAlb-
HocTi B 30Hi orysiny PJIC 3 pi3HUM cTyneHeM ypaKeHHsS KyTOMICLEBHMX KaHAJIIB NMACHBHMMH 3aBaJlaMH y PEAIbHIH CHUTHAJIBHO-
3aBaJIoBiif 00cTaHOBILI. J[0 MPAaKTUYHOI HOBH3HU TAaKOX CJIiJ] BiTHECTH Pe3yJIbTAaTH IMITAI[IHHOr0 MOJEIIOBAaHHS, SIKi MiATBEP/IKYIOTh
HEeOoOXiHICTh BUOOpPY MeToxy (opmyBaHHs Kiacu(pikoBaHOT HaBYaIbHOI BUOIPKH B PI3HMX KyTOMICLEBHX KaHalaX 30HH OLJISAY
PJIC.

KJIFOYOBI CJIOBA: komGiHOBaHa 3aBaja, KiacH(pikoBaHa HaBYalbHA BHOIpPKa, MOAETIOBAHHS, MOIYJb MiKKaHAJIBHOTO
KoedimieHTa KOPesii.

VK 621.396.95
METO/I BBIBOPA KJIACCU®HUIIMPOBAHHOM OBYYAIOIIEN BRIBOPKH JIJISI YIJIOMECTHBIX KAHAJIOB
PJIC
CemenoB Jl. C. — rmaBHbIi KOHCTPYKTOp 0030pHBIX panapo llentpa Uccnenosanunii u Koncrpyuposanus KazeHHoro npeamnpu-
stust «Hay4Ho-pon3BoACTBEHHBINH KoMIuieke «lckpay, . 3anopoxbe, YKpanHa.
IMu3a . M. — 1-p TexH. Hayk, npodeccop kadeapsl Pagnorexunka u TenekoMmyHukanuu HanponanbHOro yHuBepcuTeTa «3a-
MOPOXKCKas MOJIMTEXHUKAY, T. 3al0poKbe, YKpauHa.

AHHOTAL U
AKTyaJIbHOCTB. [Ipy 01HOBpEMEHHOM BO3JCHCTBUM AKTUBHOM U ACCUBHOM IIOMEXU IOCIEAHSASA JEKOPPEIUPYET aKTUBHYIO CO-
CTaBJISIONIYI0 KOMOMHUPOBAaHHON MOMEXH B MpHeMHEIX KaHanax PJIC oOHapy»keHHsI ¥ COPOBOXKACHHUS, UTO CYIIECTBEHHO CHIDKAET
3¢ eKTUBHOCTE ee KoMIeHcauuy. [109ToMy mpu MpocTpaHCTBEHHO-BPEMEHHOH 00paboTKe paIoIOKAIIMOHHbBIX CUTHAIOB HE00X0-
JUMO TE€M WM MHBIM METOZOM CpOpMHPOBATH KIACCHHIMPOBAHHYIO OOYYaIOIIyI0 BBIOOPKY, MOPOXKACHHYIO TOJBKO aKTHBHOM
[IyMOBOM IIOMEXOH JUIs aAalTalliyi BECOBBIX KO3()(GHIUEHTOB MPOCTPAHCTBEHHOTO QUIIBTPA.
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MeToa. AHaIUTHYECKas OLCHKA paclpeieieHns Hanbojee MOIIHBIX Ky4eBO-TOXKIeBBIX 00madHbIX cucteM Bupa Cb ¢ mocie-
JYIOIIMM MaTeMaTHYeCKUM MOJeInpoBaHueM 3()(HEeKTUBHOCTH MOJABICHHS aKTHBHBIX IIOMEX C MCIIOJIb30BAHHEM PA3JIMYHBIX METO-
JI0B (hOPMUPOBaHUS 00YUAIOIICH BEIOOPKH.

PesyabTaTthl. Ha 0OcHOBaHMM IPOBENCHHBIX AaHAIUTHYECKUX PAcyeTOB IOKAa3aHO, YTO B BEpXHEH 4acTH 30HBI 0030pa TUIOBOH
PJIC oOHapy»eHHs1 U COIIPOBOXKACHUS B CEKTOpe YrioB Mecta oT 6° 1o 30° BepxHsst rpaHuua obnakos Buga Cb He mpesbimaer 75
KM, 9TO TapaHTHUPyeT OTCYTCTBHE NMACCHUBHBIX MOMEX B KoHIE AambHOCTH aAeiictBus PJIC. OTo mo3Bomster chopmupoBats 00ydaro-
IIyI0 BBIOOPKY HA BPEMEHHOM HHTEPBAJE, PACIIOI0KEHHOM Iepe]] N3TyUYeHHEM OUepeTHOTO 30HIUPYIOIETO UMITyIbca. B HipkHEH
4acTH 30HBI 0030pa B cekTope yrinoB 0° 1o 6° BepXHsIs TpaHHIa 00JIAKOB pacloiaraeTcst Ha JanbHOCTH 75-270 KM, 94TO HE MO3BOJISIET
chopMmupoBaTh 00ydaronyio BEIOOpKY B KoHIE mansHoct jerictBust PJIC. IIpennoskeHo HCIONB30BaTh KOPPETAMOHHBI METON,
IIPY KOTOPOM BPEMEHHOW MHTEepBall IJisi (POPMHPOBaHUs 00ydaromieil BBIOOPKY ONpeessieTcs IyTeM TEKYIIEero aHalli3a BeJIHYHHbI
MOJIyJIsl MeXKaHaJbHOTO Koddduimenrta xoppensnun. Beibop nHTepBana ¢ HauOONBIINM 3HAYCHUEM MEKKAHAIBHOH KOPPEJISILMU B
TEUEHUH TEPUOAa MOBTOPEHHUS MO3BOJISIET CPOPMHUPOBATH OOYUAOLIyI0 BBIOOPKY C HAMMEHBIIUM BIMSAHHEM MACCHBHON MOMEXM Ha
MIpOIecC KOMIICHCAIIMM aKTUBHOM COCTaBIAOLIell KOMOMHHUPOBAHHOM NMOMEXH. B pesynbpraTe MOIETMPOBAaHHS yCTAHOBJIEHO, YTO
HCTIONB30BaHUe 00ydJaromeil BRIOOPKH CYIIECTBEHHO yMEHbBIIAeT JUINTENFHOCT NEPEXOAHOTO Mporecca IpH (HOPMHUPOBAHUH BECO-
BBIX KO3((HIIIEHTOB IPOCTPAHCTBEHHOTO (DMIIBTPA M, COOTBETCTBEHHO, YJIyUIIaeT KAUeCTBO ITOaBICHHUS aKTUBHOW IIOMEXH.

BriBoasl. Hayunast HoBu3Ha pabOTHI COCTOHT B TOM, YTO BIEPBHIE pellieHa 33ja4a WHIMBHAYaIbHOTO BEIOOpa KIACCHHINPO-
BaHHOU 00y4aromei BEIOOPKH ISt yriioMecTHBIX KaHanoB PJIC oOHapyskeHUs U CONPOBOKACHNSI.

IIpakTHyeckoe 3HaYeHHE COCTOUT B pa3pabOTKEe METOJMKU aHAJIM3a PAaCIHOJIOKEHHsS HanboJiee MOIIHBIX OOJIAYHBIX CHCTEM IO
JaJbHOCTH B 30HE 0030pa PJIC ¢ pa3nuyHON CTENEHBIO MOPAKEHUs YITIOMECTHBIX KaHAJIOB ITACCHBHBIMU IOMEXaMH B peajbHOM
CHUTHaIBbHO-IOMEX0BOI o0cTaHOBKe. K mpakTHueckol HOBU3HE TaKXkKe CIEAyeT OTHECTH PEe3ylbTaThl MMHTALIMOHHOTO MOJEIHPOBaA-
HUsI, KOTOPbIC MOATBEPIKAAIOT HEOOXOAUMOCTh BhIOOpa MeToa (hopMUpPOBaHHMs Kitaccu(pHUIMPOBAHHOI 00y4arolieil BHIOOPKH B pa3-
HBIX YTJIOMECTHBIX KaHajax 30HbI 0030pa PJIC.

KJIFOYEBBIE CJIOBA: xoMOnHHpOBaHHAS MOMeXa, KlaccH(UIMpoBaHHAs oOydaromas BHIOOpKa, MOJACTHUPOBAHUE, MOIYIb
MEKKaHAJIBHOTO KO3 (hUIMEeHTa KOPPETSIIH.
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