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METHOD FOR DETECTING DANGEROUS DIGITAL RADIO SIGNALS

Abstract. Detection and recognition of digital radio signals remains a critical challenge,
particularly in electromagnetically contested environments. This study examines low-pass filtering
approaches characterized by either linear or quadratic dependence of the output on the input signal
amplitude. These filters operate by coherently summing deterministic signal components while
incoherently accumulating random noise contributions resulting in constructive reinforcement of
the signal energy and sublinear growth of noise power, which substantially enhances the signal-
to-noise ratio (SNR). A rectangular pulse, serving as a representative model of modern digital
communication waveforms, was applied to both linear and quadratic filter architectures. A
comprehensive statistical characterization including mathematical expectation, variance, root
mean square deviation, correlation coefficient, and SNR was performed in both time and frequency
domains for input and output signals. To enable objective evaluation of filtering performance, a
novel efficacy metric referred to as the payoff coefficient was introduced to quantify
improvements in detection reliability. Further simulations analyzed the envelope voltage at the
output of an ideal bandpass filter when excited by rectangular pulses of varying durations,
emulating signals typical of low-probability-of-intercept (LPI) communication systems. Transient
responses and spectral leakage were examined under diverse signal-noise correlation conditions.
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The findings confirm that covert signals can be reliably extracted using two-dimensional
likelihood density estimation, which effectively discriminates interfering components from the
composite received waveform. At the system level, incorporating narrowband low-frequency
filtering into the signal processing pipeline improved the noise immunity of airborne digital radio
signal detection and recognition by 23%. This enhancement significantly strengthens operational
resilience in hostile electromagnetic environments, with direct relevance to secure
communications, electronic warfare, and signals intelligence applications.

Keywords: covert signal detection, quadratic filtering, noise immunity, digital radio signal, low-
pass filtering, coherent summation, signal-to-noise ratio (SNR), covert communication, likelihood
density estimation.

INTRODUCTION

Radio interference refers to any electrical oscillations that, when entering a radio receiver
or emanating from it, hinder the accurate identification of the desired radio signal. When both
the signal and interference act simultaneously at the receiver input, they produce a random
oscillatory process at the output, making it difficult to precisely determine the signal's
parameters. Reliable signal detection is possible only when the signal-to-interference power
ratio at the receiver output exceeds a certain threshold. The minimum signal strength that still
ensures satisfactory detection depends on the interference level and defines the receiver’s
sensitivity.

The ability of a radio receiver to maintain a required signal quality in the presence of
interference is known as noise immunity (or interference resilience). Enhancing this property
represents one of the most critical and challenging problems in radio engineering. Addressing
it effectively requires thorough analysis of interference characteristics, understanding their
impact mechanisms on signal integrity, and developing methods to mitigate their adverse
effects.

In the context of digital radio signals, interference poses specific challenges during signal
detection and recognition. Therefore, noise immunity is a central consideration in the study of
these processes.

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
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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.

Presentation of main material

Most noise-immunity techniques rely on the fundamental principle of distinguishing the
desired signal from interference through averaging. This approach exploits the fact that, during
summation, the useful signal accumulates coherently, due to its consistent phase and structure,
whereas noise components add incoherently and tend to cancel out over time. To implement
this averaging, two main types of linear filtering systems are commonly employed: narrowband
(bandpass) filters and low-pass filters. Both can be optimized, either by adjusting bandwidth,
shape, or other parameters, to enhance signal integrity and suppress unwanted interference.

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:

1 saxwo a)o—%ﬂaﬂﬁa)o‘i‘%
K(a)) = ) (1)
Aw Aw
0 saxwo }—w,wo—T{U}wo+7,o{

where A@ — filter bandwidth.
For an ideal filter, an effective band A @, and band 0,707 — A @z, is equal to the

filter transparency band Aw .
For filters, the assumption is that A @ <<A o

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

. Aot
Aw SlnT
hs(t):7'jcosa)ot . (2
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:

nCOS oot 0<t<T
X(t) = g wr Ao , @3)
AKWO ]—oo,O[U]T,oo[
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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:

0

1 . o
Y m(®) =, 1K n(j®)Sy (jow)e'dt, (4)

where Sy (jw)= [ X me~1dt — the amplitude spectrum of the envelope signal x(t),

—00

K+, —complex factor of low frequency filter transmission:

1 saxwo —A—w£|a)|SA—a)
: 2 2
Kfn(Ja)): A (5)
w Aw
0 sxwo |—o0,—| U |—,©
} 2[ }2 [
Substituting expression (5) into expression (4), we get the expression:
Yal) = ?(Si(mt) —Si(Aa(t-T))), (6)
T
zsint

where Si(2) :ITdt — 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 rectangular pulse

3.5

Output signal

o 2 4 G a8 10 12 14 16 18 20
FPulse 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].
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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:

[ K?(w)cos wtdt
Ru(7) == . )
[K}(w)dw
0
After substituting expression (1) into expression (7) we obtain:
Ao . Aw . Aw
1 a)0+7 Sln 0)0+7 'T_Sln 600_7 T
W(7) =— coswrdwm = 8
Rul®) Aw ;[Aﬂ @t Awt ®)
Mo 2
or RW(T) = rW(T )COS ol » (9)
sin(Aa)z)
where r,(7) = ——>% — the envelope of the autocorrelation coefficient of the
Aa)Z
2

process at the output of the 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(po+¢,) ,0<t<T
(o (Po) . (10)

Y=
0 ]—oo,t[U ]t,oo[
Then the numerical characteristics of the quadratic filter filtering process will look like:
Aioi@+q), 0<t<T
mizso®1=1 , (11)
AlO'iN = ml[ZNo(t)],]_OO,t[U ]t,oo[

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

2 2 2
D20 D) e (), 0<t<(T-7)
Roso(t,t+7) = 1+29 (12)
riN(T) = RZNO(T)! ]—OO,t[U ]t,OO[
R.no(7) —autocorrelation coefficient of low-frequency noise interference.
2 4 2y _ 2
Dz = oou(t) = Ao +20) = oo OSEST (13)

AlZO'?/N :O'§NOI ]—OO,t[U ]t,OO[

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

2
i z5o(t)] = Ajj—jj ; 14)
R.so(7) = r?’N (7); (15)
2
L. i (16)
8

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

2 _ 2 2
O-yZ_GyS+GyN1 (17)

where D, = g?,s, D:yso-f,N — signal dispersion and interference at the filter input.

We calculate the mutual correlation functions zy,(t), zso(t) of the output signals.
In the case of an interference signal, the mathematical expectation for a second order

mixed signal zy(t), zs(t) will be determined by the expression:

mlza(). 2] = | | 2n()zx(twdy, (1), y5(t)]x

—00  —00

xdy, (t)dys(t,) = A%Z IyN(tl) Ys(tdwalyy (t), 5 ()] x (18)
xdy, (t)d ys(t.)

where w,[zn(ty), zs(t2)] — two-dimensional probability density of stationary normal

processes Y\ (t), Yy (t). Given that the autocorrelation coefficient of both signals is the same
and equal to Ry (7), it is possible to write an expression for w,[zy(ty), zx(t2)] — two-

dimensional probability density in the form:
1

walzn (ta), 25 (t2)] = 27 oo ysy - Ron()

- eXpx

. (19)
2 2
Y (t) Yu(t)ys(ts) | ys(td)
x| — [—=—-2Rn(7) +
L %(1_R§N(T) o " OWOyy ooy
Performing the substitution of the form: yN—(tl)zx, yN—(tz)zy we get the
O'yN Oyy.
expression:
mdza(t), 25 (t)] = — 22T ] Texp[_ XZ_ZRYN(T)XMZJ‘WV (20)
27 JL-RA(7) 0 0 2(1-Riu(7))

To assess how the correlation coefficient—interpreted here in terms of signal-to-noise ratio—
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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.

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:

Two-dimensional signal distribution density

0.05

005 -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 R,y = 0.3 (moderate dependence)

Two-dimensional signal distribution density

3.23

3.22

3.21 4

3.2

3.19

3.18

0.05

0.05 -0.05

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

Fig. 3. Two-dimensional density of signal distribution at R,y = 0.9 (moderate dependence)
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To facilitate the analysis of the obtained results, a reference point with identical
coordinates—corresponding to the same relative levels of signal and interference—was
selected on each of the presented graphs.

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:

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))=mi(N(t))=0. Signal and interference are

uncorrelated: m,(S(t)(N (t)) =0 and defined over a long period of time. Then it is possible
to write the expressions:
Dr=05=AfSy; Di=0i=Af S, Dv=ou=AF Sy, (22
where A f o — effective filter transparency band,;

Dy = a% — variance and root mean square deviation of the signal mixture;
D, = o> — dispersion and root mean square deviation of the signal;
Dy = o4 — dispersion and standard deviation of interference;

Ss,Ss Sy — spectral densities, respectively, of a mixture of signal and noise, signal and

noise.
The assumptions we have made are as follows:

2 2 2
oy=o0stonor Dy=Ds+Dy. (23)

The low-frequency component of the voltage at the output of the tract, detected at the

time of reference t =T, denote Uy, the interference voltage uy,, the voltage sum of the

signal Uy, . Itshould be noted that uy, 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 ml[uNO(t)] to m1[Uzo(t)]- This signal increase is called a useful signal.
Write for him the expression:
C = mu[uso(T)]-mi[uno(T)]=A ma[ue(T)]. (24)

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 = s =(mf uyo® (M [-my? [uzoM])*: (25)
The signal / interference ratio for t =T will be:
E _ ml[Uzo(T)]—ml[UNo(T)] (26)
N

(ml[uzoz (M) |-my? [UZOU)]); |
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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:

UU)=T£h5(r —t)z(t)dt, @7)

where h; — 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:

mfus()] = I ha(T —Omy[ zs®)]dt . 28)

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

mifus(T)]= ml[zZ(t)]l ha(T —t)dt = ml[zZ(t)]:J) ha(dt.  (29)

Similarly, it is possible to determine mathematical expectation when exposed only to
interference:

T
ml[UN(T)]: ml[ZN(t)].lhé(t)dt' (30)
Substituting expressions (18) and (19) into expression (13) we obtain:

C=A ml[ZO(T)]ghﬁ(t)dt ) (31)

where Aml[zo(t)]zml[uzo(t)]—ml[u,\lo(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 =0ty =(m ug? M J-my? [uzM]) - (32)
From the expression:
M) =T T ho(T ~taDho(T —ta T zst)zx ) dtdt, (33
we have: o
M= T T halT =t DT —to Dmdzs(t) 25 @)1dtdt, (34)

—00  —00
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0 o0

Duzzﬁﬁz(-r): _[ Ihg(r_th)h&(r_tz:T)x

—00 —00

i zs(t) 2@t~ mizs O T h(T =t (T ~tT)x -

xhs(T —t,,T) = T T hs(T —tu T)hs(T —t2,T)x

—00  —00

xmilzs(t) zs(t2)1dtdt, — mizs(t)1d tdt,

We will replace: 7 =t,—1t; dz=dt,; t=t, dt=dt; Thenwe will have:

Duz=ols= asz[ZQh@,T)Rzz(r)dr] , (36)
where Q,(z,T)= Ojo hs(T —t ,T)hs(T —t—7,T)dt ; (37)
-0t Ol (0] o
Oy

where R,s(7) — autocorrelation coefficient, D,y = G?z — 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 = &x(T) then we will

have:
1

N = ous(M) = sl | Qu(zT)Ryx ()] . (39)

—00

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@= g(@edo. (40)

Then we get:
1

N :(T T h(T=tT)h,(T—t=r.T)dtx( | gzzo(a’)e"md”]df)z B

(T 0,.,(@)de | hy(T=t.T)dt | hy(T —t—r,T)ej“”dr)z _
B - - (41)

1
=(I 0,so(@)K:(jo)dao [ hy(T —t,T)eJ‘””-f)dt)z =

: (I ool o dw); ) (];Gzzo(w)l Kr(jo) dw);

where K (j®) — 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.

2
20'220

20 ,5(@) = TRZzO(T) coswrdr, w>0
GZZO(a)) = oo ) (42)
0, w<0
where G,so(@) — the spectral power density of the signal zy(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:

;

C A m1[20(t)]f hs(t)dt
0
N T (43)
oz [ Qu(7.T)Ruso(7)d7]’
Spectral recording form:
C t 0

[ Gus@) K (jo) dol’

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
Substituting expression (43) into expression (45), we obtain:
A ml[UO(T)]]/[A ml[ZO(T)]] _ [A m][uo(T)]]/[O'uZO(T)] , (46)
ouxo(T) ozxo(T) A mlzo(T)]" "o2x0(T)

A ml[UO(T)]]’ [(TUZO(T)] _

AmlzoMI" “oaxo(T)

expectation and the average square 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.

(45)

B

Ke=[

where determine the increase in mathematical

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.
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CONCLUSIONS

The present study investigates the specific characteristics and efficacy of employing low-
pass filters to enhance the noise immunity of an automated system designed for the detection
and recognition of digital radio broadcasts. It is demonstrated that the underlying operational
principle of such filters relies on a summation mechanism: the desired (useful) signal
components accumulate coherently due to their deterministic phase and amplitude structure,
whereas noise contributions, being stochastic and uncorrelated, add incoherently, thereby
diminishing in relative magnitude through the averaging effect inherent in the filtering process.
As a result, the signal-to-noise ratio improves, facilitating more reliable signal extraction.

Given the distinct temporal and spectral properties of modern digital waveforms,
particularly those employed in covert or passive information-gathering systems, the key
statistical descriptors of the processed signal are rigorously defined. These include the
mathematical expectation, variance, standard deviation, and correlation coefficient.
Furthermore, both linear and quadratic filter responses are analytically and numerically
evaluated under the influence of an input rectangular pulse, which serves as a representative
model for digital signals used in silent (non-emitting or low-probability-of-intercept)
communication technologies.

Simulations were conducted to obtain the envelope voltage waveforms at the output of
an ideal bandpass filter when excited by rectangular pulses of varying durations. Additionally,
the filtering process was examined across a range of correlation coefficients, reflecting different
degrees of signal-interference dependence. The results confirm that digital signal
discrimination is feasible through the estimation of the two-dimensional probability density
function of the signal in the presence of interference, against the backdrop of the composite
received waveform.

Crucially, quantitative analysis demonstrates that integrating low-frequency filters with
appropriately constrained bandwidth into the signal processing chain yields a measurable
improvement in system robustness. Specifically, the noise immunity of the digital radio signal
detection and recognition system is enhanced by approximately 23%, thereby significantly
increasing its reliability in electromagnetically dense or adversarial environments. This finding
underscores the practical value of tailored low-pass filtering strategies in modern digital signal
intelligence and monitoring applications.
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METO/ BUABJEHHA HEBE3IIEYHUX HU®POBUX PAITIOCUI'HAJIIB

AHoTtaniss. BusiBneHHs Ta po3mizHaBaHHS LU(PPOBUX PaiOCHUTHAIIB 3aJUINAETHCS OIHIEID 3
KJIFOUYOBHX HayKOBO-TEXHIYHHX 3aj]lau, OCOOJIMBO B YMOBaX €JEKTPOMArHiTHOI KOHKypeHLii. Y
poOOTI OCTIKYIOTBCS METOAM HHU3BKOYACTOTHOI (imbTpamii, y SKAX BHUXiJHA BEIWYHHA
3aJICKUTh BiJ aMIUTITYOH BXiIHOTO CHTHANy IiHIAHO a0o kBaaparmyHo. Taki ¢imbTpu
IPYHTYIOTbCSI Ha KOTepeHTHOMY ((ha30y3ropKeHOMY) IiJCYMOBYBaHHI JETEPMiHOBAHHUX
KOMITOHEHTIB KOPHCHOTO CHTHAJIy Ta HEKOT'€PEHTHOMY HAKONWYEHHI BUIAIKOBUX IIyMOBHX
CKJIQJIOBHX, 110 3a0e31edye KOHCTPYKTHBHE MOCHIICHHS €HEpril CUTHAITY 32 YMOBH CyOJIiHIHHOTO
3pOCTaHHA MOTYXHOCTI IIyMY, ICTOTHO MiJIBHINYIOYH cIiBBiIHOIIECHHS curHan/myMm (C/1). s
MOJICITIOBAHHS CYJaCHHUX HU(POBUX PaJiOCUTHAIIB SIK BX{THUH BUKOPHUCTOBYBABCS MPSIMOKYTHHUH
IMIyJIbC, SIKMH 1O/IaBaBCs Ha JIHIWHY Ta KBaApaTH4IHY (inbTpoBi CTpyKTypHu. byno mposeneHo
MOBHUH CTAaTHUCTUYHHUI aHAi3 y YacoBil Ta YacCTOTHIN 0OJACTsIX, MO OXOILIIOBAB OOUYHCICHHS
MaTeMaTHYHOTO CIIOJIIBaHHA, TUCHeEpCii, CepelHbOKBAIPATUIHOTO BiAXWICHHS, KoedimieHTa
xopesrsmii Ta C/I 11 BXiAHAX 1 BUXiTHUX CUTHAMIB. 3 METOI0 00’ €KTUBHOI OI[IHKH €(heKTHBHOCTI
¢utpTpanii 3anporNOHOBAHO HOBUI NMOKa3HMK — KOE(DIIiEHT KOpHCHOI Aii, SIKMH KiJbKiCHO
BiZloOpakae 3pOoCcTaHHs HaAiHHOCTI BUSIBIICHHS. J[0JaTKOBO IpOaHati30BaHO HAIPYTy OTMHAI0YO1
Ha BHUXOJI 1J€aJbHOrO CMyroBoro ¢uipTpa MHpW MoJaui NPSMOKYTHHX IMITYJIbCIB pi3HOI
TPHUBAJIOCTI, IO IMITYIOTh CHTHAJIM CHCTEM 3B’SI3KY 13 HU3BKOIO HMOBIPHICTIO TEpEXOIUICHHS
(LPI). docmipkeHo nepexifHi nporecH Ta epeKkTH CIEeKTPalbHOro PO3TiKaHHS 3a Pi3HUX PIBHIB
KopeJsiii MK CHrHaJIOM 1 ITymMoM. Pe3ynbraTw miITBEPIUKYIOTH MOXKIMBICTH €(EKTHBHOTO
BHUICHHS MPUXOBAaHUX CHUTHAJIB IUIIXOM 3aCTOCYBaHHS JABOBHMIPHOTO OILIHIOBAaHHS (PyHKIIIT
MIPaBAOIONiOHOCTI, IO JO3BOJISIE HATIIHO BiJOKPEMITIOBATH 3aBaJly BiJl 3arajlbHOTO CUTHAITY.

Ha piBHI cucTemMu BIPOBAKEHHS BY3bKOCMYTOBOI HHM3BKOYAaCTOTHOI (iNbTpariii B JAHIIOT
00poOKKM curHamy 3a0e3lmeuwsio MiABUINCHHS 3aBaJOCTIMKOCTI CHCTEMH BHUSBICHHS Ta
po3Mmi3HaBaHHA TMOBITPSHUX IHU(POBHUX panmiocurHaniB Ha 23 %. Lle moxparmeHHS iCTOTHO
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30UTBITy€e CTIMKICTh (QYHKI[IOHYBaHHA Yy BOPOKHX €JIEKTPOMATHITHHX YMOBax i Mae mpsMe
3aCTOCYBAaHHS B TAIy35AX OC3MEKH 3B’ 3Ky, €IIEKTPOHHOI OOPOTHOM Ta PaliopO3BiAKH.

KoaiouoBi ciioBa: npruxoBaHe BHSBJICHHS CUTHAJIB, KBaJpaTuiHa (ijabpTparis, 3aBaJoCTiHKICTB,
uudpoBuil  pamiocurHang, HU3bKOYACTOTHa  (UIbTpalis, KOTepeHTHE IiJCYMOBYBaHHS,
BigHomeHHs curHan/myM (SNR), mpuxoBaHuii 3B's130K, OLIHKa IUILHOCTI HMOBIPHOCTI.
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