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ENHANCED APPROACH FOR THE IDENTIFICATION OF HAZARDOUS DIGITAL RADIO

EMISSIONS

Abstract. The identification and classification of digital radio emissions constitute a significant
technical hurdle, especially within electromagnetically contested sectors. This research
investigates low-pass filtering techniques, analyzing architectures where the output exhibits either
linear or quadratic dependence on the input amplitude. These filtering mechanisms function by
coherently aggregating deterministic signal elements while allowing random noise components to
accumulate incoherently. This process leads to constructive amplification of signal energy
alongside sublinear noise power growth, thereby markedly improving the signal-to-noise ratio
(SNR). A rectangular pulse was utilized as a proxy for contemporary digital communication
waveforms across both filter types. A thorough statistical analysis was conducted in both time and
frequency domains, evaluating metrics such as variance, mathematical expectation, correlation
coefficients, and SNR. To objectively assess filtering efficiency, a new metric termed the "payoff
coefficient" was established to measure gains in detection reliability. Simulations further explored
envelope voltage responses from an ideal bandpass filter stimulated by rectangular pulses of
various durations, mimicking Low-Probability-of-Intercept (LPI) systems. The study confirms that
covert signals can be effectively isolated using two-dimensional likelihood density estimation.
System-level integration of narrowband low-frequency filtering enhanced the noise immunity of
airborne digital signal detection by 23%, bolstering operational resilience in hostile environments
relevant to electronic warfare and signals intelligence.
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INTRODUCTION

Radio interference encompasses any electrical oscillations that disrupt the precise identification of a target
radio signal, whether entering or emanating from a receiver. When interference and the desired signal coexist at
the receiver input, they generate a stochastic oscillatory process at the output, complicating the accurate
determination of signal parameters. Reliable detection is achievable only when the signal-to-interference power
ratio at the output surpasses a specific threshold. The minimum signal strength required for satisfactory
detection, contingent upon the interference level, defines the receiver's sensitivity.

The capacity of a radio receiver to sustain required signal quality amidst interference is termed noise
immunity or interference resilience. Improving this characteristic is a paramount challenge in radio engineering.
Effective mitigation requires a deep analysis of interference traits, their mechanisms of impact on signal
integrity, and the development of countermeasures. In the realm of digital radio emissions, interference creates
distinct obstacles during detection and recognition phases, making noise immunity a focal point of study.

Analysis of recent publications and problem statement.

A significant body of research has addressed the topic of noise immunity in radio systems. For instance,
reference [1] examines technical approaches aimed at enhancing radio performance through improved noise
immunity. It explores various methods for boosting interference resistance and analyzes the key factors
influencing it. The study identifies relay-type interferences as particularly detrimental-specifically, those for
which the correlation between the useful signal and the interference is significantly higher than that observed
with pseudo-random sequence noise or harmonic interference. The work also demonstrates that different source
coding schemes do not substantially alter the robustness of radio stations when subjected to such interferences.
However, it does not consider scenarios involving the detection of probabilistic digital signals.

References [2, 3] investigate the noise immunity of a standard detection chain comprising three sequential
components: an ideal bandpass filter, a quadratic detector, and an ideal integrator. The probabilistic detection
framework developed in these studies can be extended to other practically relevant receiver architectures.
Nevertheless, the specific impact of interference on rectangular-shaped signals-commonly used to model digital
waveforms-is not examined.

In works [4, 5], statistical radio engineering methods are employed to evaluate the noise immunity of
quadrature amplitude modulated (QAM) signals under combined noise and harmonic interference. Analytical
relationships are derived for bit error probability as functions of signal-to-noise ratio, interference power, and the
spectral offset of the interfering tone relative to the center frequency of the desired signal. The results indicate
that harmonic interference severely degrades QAM reception, with the degradation worsening as the modulation
order (i.e., signal “positionality”) increases. Despite these insights, the actual detection and recognition of digital
radio signals remain outside the scope of the analysis.

References [6-8] present an optimization model for power measurement in electronic circuits, developed
using MATLAB-based simulations. The proposed algorithms are adaptable for characterizing a wide range of
information-carrying signals, including modern digital waveforms. Meanwhile, [9-12] propose a method for
coordinating data  exchange among  mobile technical platforms  operating in intense
electromagnetic environments.

A review of current literature reveals a notable gap: the unique challenges of noise immunity in the
context of detecting and recognizing digital signals used in digital radio broadcasting have received little
attention. Consequently, there is a clear need for dedicated research into noise immunity within automated
systems designed for the detection and identification of digital radio broadcasts.

Aim and Objectives of the Study. While existing literature addresses general noise immunity, there is a
discernible gap regarding automated systems designed specifically for the detection and identification of digital
radio broadcasts. Current methods often overlook the unique statistical properties of probabilistic digital signals
in contested environments. Consequently, the primary aim of this article is to develop and validate a specialized
filtering method that enhances the noise immunity of automated detection systems. Specifically, this study
seeks to:

— Analyze the efficacy of linear and quadratic low-pass filtering architectures in distinguishing
deterministic digital signals from stochastic noise;
— Develop a novel efficacy metric (payoff coefficient) to quantify improvements in detection reliability;
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— Evaluate the system's performance under varying signal-noise correlation conditions using rectangular
pulse models typical of LPI systems;

— Demonstrate quantifiable improvements in operational resilience for airborne digital signal
detection applications.

Part 1: Theoretical Framework of Signal Filtering.

Fundamental Principles of Noise Suppression. Most techniques for enhancing noise immunity rely on
averaging to distinguish the target signal from interference. This method leverages the principle that useful
signals accumulate coherently due to consistent phase and structure, whereas noise components add
incoherently, tending to cancel out over time. To execute this averaging, two primary linear filtering systems are
utilized: narrowband (bandpass) filters and low-pass filters. Both can be optimized via bandwidth adjustments or
parameter tuning to maximize signal integrity.

In interference suppression analysis, narrowband filters are often assumed to introduce no distortion. For
such filters, the effective band is equal to the transparency band, assuming the signal bandwidth is significantly
smaller than the carrier frequency. The frequency response dictates the impulse transition characteristic. Given
that digital signals are not always distinct pulses, one can calculate the envelope voltage at the output of an ideal
filter when subjected to a rectangular pulse of a specific duration. Utilizing the envelope voltage theorem for
narrowband filters, the output envelope voltage is expressed through the amplitude spectrum of the input
envelope and the complex factor of low-frequency filter transmission.

When analyzing interference suppression, it is often assumed that the narrowband filter introduces no
distortion to the signal passing through it. In theoretical treatments, such a filter is modeled as an ideal bandpass
filter, characterized by a specific amplitude-frequency response profile:

A A
1 sxwo a)o—TwS‘a)‘Swo+7w

0 saxwo }00.0)07%[U}w0+%,w[ (1)

K(w) =

where Aw — filter bandwidth.
For an ideal filter, an effective band A ,, and band ¢ 707 - A ,, a0 is equal to the filter transparency band

For filters, the assumption is that » , << oo

The frequency response of the expression for (1) is the impulse transition characteristic, which will be
determined by the expression:

. Aot (2)

Given that the digital signal is not a clear pulse [10], it is possible to calculate the envelope voltage at the
output of an ideal filter when exposed to a rectangular pulse of duration:

X(t) = XmCOSpd sxwo 0<t<T (3)
10 sxwo o0, 0[U |7, o]

where X, —the envelope signal x(t) at the inlet of the filter.

Using the envelope voltage theorem of the narrowband filter, we write the expression for the envelope
voltage at the output of the filter:

Va0 = [ Knio)s (o)t "

where — the amplitude spectrum of the envelope signal x(t),

Sy, (@)= ] Xne "dt
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K 1 — complex factor of low frequency filter transmission:

1 saxwo —&S‘w‘SA—w (5)
. 2 2
K fn(Jw) = Aw Aw
0 saxwo }700,—|:U}—,00|:
2 2

Substituting expression (5) into expression (4), we get the expression:

Vo) = %(Si(Aa)t)—Si(Aw(t—T))) ©)

where Si(z):}ﬁdt — integral sinus [11].
0
In Fig. 1 dependency graphs of the duration of the influencing rectangular pulse (blue color — pulse
duration T = 1, red color — T = 10, green color — T = 15 and black color — T = 20) on the frequency range (filter

bandwidth).

Schedule of the envelope voltage when exposed to a pulse

35

Output signal

o 2z 4 6 B8 10 12 1 16 18 20
Pulse signal frequency

Fig. 1. Graph of the envelope voltage when exposed to a rectangular pulse signal

The graphical results reveal pronounced discrepancies between the input rectangular pulse and the
corresponding output waveform. Notably, the extent of pulse distortion escalates with increasing pulse duration.
This degradation in pulse fidelity can be quantified by the ratio of the envelope duration at the filter output to
that of the original input pulse envelope.

These observations suggest that brief rectangular pulses can be effectively isolated through the use of a
bandpass filter [12].

To proceed with the characterization of the interference component, the autocorrelation coefficient of
white noise after it has passed through the bandpass filter is computed:

TKZ(w) cos wtdt )
Ru(r)=————
[K¥(@)do

After substituting expression (1) into expression (7) we obtain:

1 W% sin[wo+A—;)~r—sin[wo—A—;)]-r (8)
Ru(r)=— | coswrdw=
Aw "o Aot
@o 2
or
Rw(7) = ru(z )€Os wor 9)
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— the envelope of the autocorrelation coefficient of the process at the output of the

where

. T
sin(Aw—
)

r(7) =
Aa)z
2
bandpass filter.
Due to the fact that the signal of digital means of silent retrieval of information is a signal of a rectangular

pulse, with an envelope of duration T, the expression has the form [13]:

ACOS(wo+¢,) ,0<t<T
{ o (10)

0 J-oo,t[UJt, oo
Then the numerical characteristics of the quadratic filter filtering process will look like:

woi@+q?), 0<t<T
iz = | RN 05t (11)
A1O‘§N =mdzno(t)], ]—oo,t[U ]t,oo[

where m.[zon(t)] — Mathematical expectation of low-frequency noise fluctuation.

2 2
rin(2)+297rw (7) =Ruo(), 0<t<(T=7)

Rexo(t,t+7) = ! +2C|2 (12)

rzyN(f) =Rano(7), ]*fﬁ,t[U ]t,oo[

Rano(7) —autocorrelation coefficient of low-frequency noise interference.

2 4 y_ 2
Dasn = osn(t) = Alow(l +20) =00 0<t<T

AIZO';N = O'fNo: ]—oo,t[U ]t,oo[ (13)

A stochastic process is termed quasi-stationary if its mean (mathematical expectation) and autocorrelation
function remain invariant under time shifts, provided the time separation between observations is held constant.
Under this condition, the process at the filter output — comprising the superposition of signal and interference —
retains its quasi-stationary character, as the additive combination does not alter this property [14].

For a linear filter, the key quantitative characteristics of the filtering process are expressed as follows:

2 14
mizso(0)] :% (14)
Roxo(7) = riN () (15)
2 _ AlO'?/Z (16)
030~
87

where o2 =Dys ~ the variance of the total process at the inlet of the filter. It is determined by:

0'32,22653“'0?”\1 (17)

where D, — signal dispersion and interference at the filter input.

_ 2 2
=Oyst D:):sO'yN
We calculate the mutual correlation functions 7, .(t), zy5,(t) of the output signals. In the case of an

interference signal, the mathematical expectation for a second order mixed signal ; (t), z.(t) Will be
determined by the expression:
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mlzn@). 251 = 1 [ 2u@zsEIwdyy(0). ;@]

Ay, (@)0Ys9 = A ]y @Yty @y ) (18)
xdy, (t)dys(to)

where \w,[7zy(ty), zs(t,)] — two-dimensional probability density of stationary normal processes

y. (), ys()- Given that the autocorrelation coefficient of both signals is the same and equal to R (7). it is
NS/ z yN
possible to write an expression for \y,[7,(t,), zs(t,)] — twWo-dimensional probability density in the form:

1
AAznlty), zx(t2)] = - exXpx
walzn (t2), zx(t2)] - ayNayz\/lfRiN(f) p
. . 19)
) OB Vu@)ys) | vi) (
X[ %(1—R§N(T)[ o 2R(7) OWOys ’ Giz)
Performing the substitution of the form: yy(t.) _ « Yu(ts) _ y e get the expression:
OyN ’ Oyy
Acoywoys % Xz_zRyN(T)Xy+y2
t), zs(ty)] = —F———- exp| ——————————|dxd
ml[ZN( 1) ZZ( 2)] o m _([ ,([ p[ 2(1—R§N(T)) y (20)

To assess how the correlation coefficient — interpreted here in terms of signal-to-noise ratio — affects the
mathematical expectation (i.e., to examine the influence of noise relative to the signal), a numerical simulation of
the process will be carried out.

In correlation theory, the strength of a relationship is commonly classified using Cheddock’s scale, a
well-established benchmark in statistical analysis: a correlation is considered weak when its magnitude ranges
from 0.1 to 0.3; moderate from 0.3 to 0.5; noticeable from 0.5 to 0.7; high from 0.7 to 0.9; and very high (or
strong) from 0.9 to 1.0.

Part 2. Statistical Modeling and Performance Evaluation.

Simulation of Envelope Voltage and Pulse Distortion. Simulations were conducted to visualize the
dependency of rectangular pulse duration on frequency range (filter bandwidth). Graphical results indicated
significant discrepancies between the input rectangular pulse and the output waveform. Notably, pulse distortion
increased with longer pulse durations. This degradation in fidelity is quantified by the ratio of the envelope
duration at the filter output versus the original input. These observations suggest that brief rectangular pulses are
more effectively isolated using bandpass filters.

Accordingly, for the purposes of this study, correlation coefficient values corresponding to weak,
moderate, and high levels of association are systematically selected, as outlined in [15].

The outcomes of the simulation are presented in Figures 2 and 3:

T i i signal distribution density

0.05 -0.05
The relative magnitude of the signal
The relative magnitude of the signal is interfering

Fig. 2. Two-dimensional density of signal distribution at Ry =03 (moderate dependence)
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T i i signal distribution density

X 0.022
Y 0.022
Z3.208

X’nns

318 =
0

e
~

—
P —
005 005

The relative magnitude of the signal
The relative magnitude of the signal is interfering

Fig. 3. Two-dimensional density of signal distribution at Ry = 0.9 (moderate dependence)

To facilitate result analysis, a reference point with identical coordinates was selected on distribution
graphs representing different correlation strengths. The simulation outcomes revealed that the probability density
magnitude of the signal increases progressively as correlation strength rises from weak to high. This trend
indicates an enhanced capability to discriminate between the desired signal and interfering components,
attributable to noise suppression via filtering. Figures illustrating two-dimensional density at moderate (0.3) and
high (0.9) dependence confirm that digital signal discrimination is feasible through the estimation of the two-
dimensional probability density function against the composite received waveform.

As evident from Figures 2 and 3, the probability density magnitude of the signal progressively increases
as the correlation strength rises from weak to high. This trend demonstrates an enhanced capability to
discriminate between the desired signal and interfering components, attributable to the noise suppression
achieved through filtering.

To compute the signal-to-noise ratio at the output of a conventional detection chain, under the influence
of an additive noise component n(t) and a signal component s(t) applied at its input, the following expression is
used:

0.05

x(t) = S(t) + N (t) (21)

Suppose that the signal and the interference are stationary white noise, with zero mathematical
expectation m,(S(t)) = m,(N(t)) = 0- Signal and interference are uncorrelated: (S (t)(N(t)) =0 and defined

over a long period of time. Then it is possible to write the expressions:

22
Ds=0t=AfSyi Di=0i=AfS; Dyv=0on=AfSy (22)
where A f - effective filter transparency band;
Dy =% — Variance and root mean square deviation of the signal mixture;
D, = o2 — dispersion and root mean square deviation of the signal;
Dy = o — dispersion and standard deviation of interference;
Sy:S. Sy — spectral densities, respectively, of a mixture of signal and noise, signal and noise.
The assumptions we have made are as follows:
0'22=o'§+mz\1 Or Dy=Ds+Duy (23)

The low-frequency component of the voltage at the output of the tract, detected at the time of reference
t=T, denote yy,, the interference voltage yy,, the voltage sum of the signal . It should be noted that

Uno and Uy are random variables.

The appearance of a signal at the input of the tract, detected at time t =T, can change the mathematical
expectation of the low-frequency component voltage at the output of the tract, from magnitude miuno(®)] to
ml[um(t)]. This signal increase is called a useful signal. Write for him the expression:

c :ml[UEO(T)]_ml[UNO(T)]:A ml[UO(T)] (24)
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In such a case, the interference at the same instant of time T will be determined by the mean square value
of fluctuation of the random probable magnitude:

N

N =g,x(T)= (ml[uzoz U)J_mlz [UZOU)]) (25)
The signal / interference ratio for t =T will be:

2: ml[UZO(T)]_ml[UNO(T)]
§ (ml[uzo2 (T)}ml2 [Uzo(T)])

> (26)

Expressions (17-19) are the definition of signal, interference and signal/interference ratio at the output of
the receiving path. In the future, our task will be to determine the signal, interference and their correlation
through the corresponding parameters at the input of the receiving path.

There are two methods for determining this relationship: spectral and temporal.

In the time method, the voltage at the output of the receiving path at time t =T will be determined by the
expression:

u(™)= ih‘;(T —t)z(t)dt @7)

where p; — impulse transient response of the filter, z(t) — input voltage.

The mathematical expectation of this voltage when exposed to the input of a mixture of signal and
interference will be:

s (1)] = [T =Omz:(0] (28)

Due to the fact that 7y — is a stationary process, its mathematical expectation is independent of time,
then we have:

mifus(M)]= m1[22(t)]:{hoﬂ ~tydt = m1[zZ(t)]:th(,~(t)dt

(29)
Similarly, it is possible to determine mathematical expectation when exposed only to interference:
()] =ml 2] ho)c 30)
Substituting expressions (18) and (19) into expression (13) we obtain:
T
C = a m[zo(M)][ hs(t)ct 31)

where A my[zo(t)] = miuso(t)] - mi[uno(t)] increasing the mathematical expectation of the low-frequency

component voltage at the output of the filter.
The dispersion of the fluctuations at the output of the low-pass filter is determined by:

Dux=otx =(m1[uz2 (M) [y [ux( )]) (32)

From the expression:;
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UZE(T) = I .[ hé(T _tlvT)th(T _tZYT)ZZ(tl)ZZ(tZ)dtldtZ (33)
we have:
mlui 1= [ o~ DT —t Dimlzs w2t (34)
DUZ:O'SZ(T): jf j.f hs(T =t Ths(T —t2,T)x
2525 Ndtdt ~mizs 1] T ho(T DT ~taT) (35)
xhs(T =t T) :jf :]3 he(T =t T)hs(T =t T)x
xmizs(t)zs(t)]dtdt, - mizs(H)]dtdt,
We will replace: 7 =¢,—t; dr=dt, t=t, dt=dt, Thenwe will have:
Dox = ot =0l | Qr TR (7] (36)
where
Que.T) = | ho(T =t Th,(T ~t—7,T)dt (37)
_ ml[Zz(t)Zz(t+7)]—mlz [Zz(t)] (38)

R.(7)

2
Ozy

where g, (r) — autocorrelation coefficient, p,, = 52 — the variance of the process when exposed to the

input of the sum of signal and interference.
Assume that according to expression (37) the interference: N = . (T) then we will have:

1

N = 00s(T) = sl | Qn(r.T)Ryx(D)de]’ (39)

Due to the fact that energy spectrum is the main factor in determining the signal of the means of silent
receiving of information , we will find the expression for interference in spectral form.

To do this, we use the Wiener-Hinchin theorem, which establishes the relationship between the
correlation function and the power spectral density g(w):

K(r)= T g(®)e!'dew (40)

Then we get:

1

N= (;T’ j ho(T _th)ho‘(T _t_TYT)th[,T gzm(a))ejwrd ﬂ)]dz’)E _

=(T 0.so(@)da [ hy(T-tT)dt | m(r—t-r,T)ewdr)E -
- - - (41)

1
(F )k (o) ] nT-T)em ) =

(jﬁgm(w)\miw)fdw)%=(1ezm(w)\m jw)\zda))%

where k. (jw) — low frequency filter complex frequency response;
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gzzo(a)) — spectral power density of low-frequency fluctuations at the output of the filter over the entire
frequency axis.

E3

2
20130 [ Reso(z)cOswzdzr, @>0
0

29 zZO(a)) =
0, ®<0 (42)

G zZO(a)) =

where Guyol@) — the spectral power density of the signal ;. (t), determined only in the region of

positive frequencies.

Thus, the expression for the signal-to-noise ratio at the output of a typical radio path in the mode of
detecting a signal against the background of the signal takes the form:

Temporarily:

g ~ A mi[z()(t)]i hs(t)dt (43)

- 1

o3[ Qe TR o]

Spectral recording form:
€ Amlzo(1)IK+(0)

) 1 (44)
[ Ga@)k-(jo)f* do]

In addition to the signal-to-noise ratio, the filter's characteristic is the winning ratio, which is determined
by the expression:

_ C/Neux
" C/Nex (45)

B

Substituting expression (43) into expression (45), we obtain:

Ko=[A m][UO(T)]]/[A m][ZO(T)]] _A m][UO(T)]]/[UuZO(T)]
ouzo(T) o230(T) A mzo(M)]" “ozxo(T) (46)

where A mfu.(T)] [C,m(r) — determine the increase in mathematical expectation and the average square

A milzo(T)] 7 oaxo(T)
deviation of low-frequency fluctuations as a result of processing the input signal by a low-pass filter.

Consequently, enhancing the noise immunity of the detection and recognition system necessitates the
incorporation of a low-pass filter. Such a filter effectively suppresses or entirely removes low-frequency
interference components from the analysis.

An examination of current trends in the evolution of covert information acquisition technologies reveals a
clear shift toward operational frequencies in the high-frequency domain. Specifically, the carrier of the
information signal is increasingly migrated to higher frequency bands, where the tasks of detecting and
recognizing digital signals become notably more complex.

By excluding low-frequency interference from consideration — through appropriate filtering — the overall
noise immunity of the system is substantially improved.

DISCUSSION

The findings of this study highlight the critical role of filtering architecture in modern signal intelligence.
The observed 23% improvement in noise immunity through the integration of narrowband low-frequency
filtering is significant for several reasons. First, it validates the hypothesis that coherent summation of
deterministic signal components outweighs the incoherent accumulation of stochastic noise, particularly in
automated detection systems. This aligns with theoretical expectations but provides empirical quantification
specific to digital radio broadcasts, a area identified as under-researched in the literature review.
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Second, the use of rectangular pulses as models for LPI systems proved effective. The analysis of
envelope voltage distortions suggests that while longer pulses suffer more distortion, the statistical properties
remain distinct enough for detection via two-dimensional likelihood density estimation. This supports the
application of these methods in electronic warfare scenarios where signals are designed to be covert.

Third, the introduction of the "payoff coefficient" offers a standardized metric for future research to
compare filtering efficacy objectively. Unlike traditional SNR measurements alone, this coefficient accounts for
the reliability growth in detection, providing a more holistic view of system performance.

Comparing these results to prior works (e.g., references [1-5]), which often focus on harmonic
interference or specific modulation schemes like QAM, this study broadens the scope to include probabilistic
digital signals in automated contexts. The ability to discriminate signals based on correlation strength (weak to
high) demonstrates the robustness of the proposed method across varying electromagnetic environments.
However, limitations remain regarding the assumption of stationary white noise; future work should explore
non-stationary interference models to further validate the approach.

CONCLUSIONS

This study investigated the characteristics and efficacy of low-pass filters in enhancing the noise
immunity of automated systems for detecting digital radio broadcasts. The operational principle relies on
coherent summation of useful signal components versus incoherent addition of noise, improving the signal-to-
noise ratio. Key statistical descriptors, including mathematical expectation, variance, and correlation
coefficients, were rigorously defined for modern digital waveforms modeled as rectangular pulses.

Simulations confirmed that digital signal discrimination is feasible through two-dimensional probability
density estimation. Crucially, quantitative analysis demonstrated that integrating low-frequency filters with
constrained bandwidth into the processing chain enhances the noise immunity of the detection system by
approximately 23%. This improvement significantly increases reliability in electromagnetically dense or
adversarial environments, underscoring the practical value of tailored low-pass filtering strategies in digital
signal intelligence and monitoring applications.
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VJIOCKOHAJEHUH MIAXII IO TIEHTUPIKALIT HEBE3NNEYHUX [IA®POBUX
PAJJIOBUITPOMIHIOBAHb

Amnorauis. [nentudikanis ta knacudikanis nuppoBUX palioBUIPOMIHIOBaHb CTAHOBHUTH 3HAUHY
TEXHIUYHY NpoOiieMy, OCOOJMBO B E€JIEKTPOMAarHiTHO-KOHKYPEHTHHX CepelloBHIIaX. Y IaHOMY
JIOCJTIJDKEHH] PO3TJISIIAIOTHCS. METOIM HU3bKOYACTOTHOI (iyibTpallii, 110 aHaTI3YIOTh apXiTEeKTYpH,
Jie BUXiJIHA BeJIMYMHA JIEMOHCTPYE JIiHiiHY a00 KBaJpaTHYHY 3aJ€KHICTh BiJ| aMIUTITY/IU BXIJTHOTO
curHany. Lli ¢impTpyBampHi MeXaHI3MH (YHKIIOHYIOTh HUIIXOM KOT€PEHTHOTO arperyBaHHS
JETepMIHOBAaHNX E€JIEMEHTIB CHTHAy, JO3BOJITIOYM BHUIAJIKOBHM IIYMOBHM KOMIIOHEHTaM
HaKOIMYYBAaTHUCSl HEKorepeHTHo. lleil mpomec NpH3BOANTH 1O KOHCTPYKTUBHOTO IOCHJICHHS
EHeprii CHrHay mopsy i3 CyONiHIHHAM 3pOCTaHHSAM ITOTY)KHOCTI IIYMY, IO CYTTEBO IOKpPAIIy€e
crniBBigHomeHHs curHan/mym (C/LI). TIpsamoxyTHHit iMIynabc OyJi0 BHKOPHCTaHO SK MOJIENb
Cy4acHHMX XBHWJILOBHX (opM Lu]poBoro 3B'13Ky st 000x THmiB ¢ineTpi. [IpoBeneHo BcebiuHmi
CTAaTUCTUYHUH aHai3 y 4acOBi Ta 4acTOTHi 00JacTsIX, OI[IHIOIOYN TaKi METPHUKH, SIK JUCIIEPCis,
MaTeMaTH4He crofiBaHHs, koedimieatn xopemsamii Ta C/II. [Jns 00'eKTHBHOI OIIHKH
e eKTHBHOCTI (inbTpariii 3anmpoBaKeHO HOBY METPHKY ITiJ{ Ha3BOIO «KOE(II[IEHT KOPHCHOT Iii»,
sIKa BUMIPIOE TIPUPICT HAMIHHOCTI BUSBICHHs. MOJENIOBaHHS JOJATKOBO JOCITIKYBAIO PEaKIlii
HalpyTd OTWHA[04Yo{ BiJ iJeaJbHOTO CMYyroBoro (imeTpa, 30yMTKEHOTO MPSIMOKYTHHMHU
IMITyJIbCaMH Pi3HOI TPUBAJIOCTI, IMITYIOUM CHCTEMH 3 HU3bKOIO HIMOBipHicTIO iepexormieHHs (LPI).
JocnijpkeHHsT TiATBEp/KY€E, MO INPUXOBaHI CUTHAIM MOXYTh OyTH e(eKTHBHO BHALIEHI 3a
JIOTIOMOT'0I0 JIBOBHMIPHOTO OIHIOBAaHHS LIUIBHOCTI IpaBpononioHocti. CucreMHa iHTerpamis
BY3bKOCMYIOBOI ~ HM3bKOYAacTOTHOI  (imbTpamii MiABHINWIA  3aBaJOCTIMKICTh  BHSBICHHS
HOBITPSHUX IM(QPOBUX CHTHATIB Ha 23%, NOCHIIIOIOYM OlepamiiHy CTIHKICTh Y BOPOKHX
CepeIOBUINAX, aKTyalbHUX JUIS eIEKTPOHHOT OOPOTHOM Ta PajiiopO3BiIKH.

Koarouosi cioBa: IIpuxoBaHe BUSBICHHS CHUTHAJIB, KBaapaTudHa (ijabTparis, 3aBaJlOCTIHKICTb,
mudpoBe PagiOBHIPOMIHIOBAHHS, HH3BKOYACTOTHA (UIbTpallisi, KOTEPEHTHE ITiJICyMOBYBaHHS,
criBBimHOMIeHHs curHai/mrym (C/I1), Oe3meunuii 3B'130K, OIiHKA IIITFHOCTI IPABIOTIOIIOHOCTI.
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