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SINGLE-FREQUENCY FILTER FOR SIGNAL PROCESSING

Abstract. Modern methods of band-stop filtering are sensitive to the influence of
high-frequency single-frequency interference, which significantly distorts the shape of the
informative signal. The noted feature is leveled by the system of narrow-band high-Q band-stop
filtering developed in the article. The narrow-band high-Q band-stop filter is approximated
by the Butterworth polynomial of the second degree and has the property of a closed circuit
of the negative feedback loop, which, unlike the existing system, ensures high-precision
processing of noisy measurements. The choice of this second-degree polynomial is justified
by its maximally flat and symmetrical amplitude-frequency characteristic, the absence of
pulsations in the interference suppression band and signal transmission, as well as the
allocation of the lowest distortion for the selected order. The article under consideration
presents the result of synthesis of a control system for a narrow-band high-Q band-stop
filter with a variation of the correction coefficient of the feedback loop, which increases the
efficiency of processing noisy measurements when introducing a value for this coefficient
K = 0.1. It was revealed that the smallest value of this coefficient, compared to the value
obtained when forming single feedback, significantly increases the value of the filter gain on
its frequency response and thereby ensures narrowing of the suppression band to increase
the quality factor of the rejection filter at the interference frequency. Moreover, a non-random
and significant correlation relationship was found between the measured indicators, caused
by a decrease in the accuracy and noise immunity indicators of the signal processing system
with an increase in the values ofthe correction coefficient of the feedback loop of the rejection
filter of the selected order. At the same time, understanding the discovered relationship
used in developing a method for processing noisy measurements will significantly improve
the accuracy and noise immunity of the signal processing system. The presented results,
characterizing a statistically significant and non-random relationship, confirm the operability
and functioning of the signal processing system, which determines the operation of a
high-quality rejection filter when filtering single-frequency interference.

Keywords. Filter, signal processing, feedback control, accuracy, noise resistance.

Introduction. Today, the development of new and robust methods for rejection
filtering against high-frequency interference is a pressing issue in the processing
of measurement information. This relevance stems from the fact that such filters
largely allow their parameters [1-4] to be adjusted to those of the processed sig-
nals when isolating the informative components of the signal from an additive
mixture of high-frequency and single-frequency narrowband interference. Inter-
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ference with such frequency content is primarily induced by the electrical network
[5,6] when connecting external high-frequency devices [4] and various motors
[7,8]. The presence of interference in signal information can significantly affect
the measurement accuracy of the signal component, which can only be improved
through the use of filtering methods [2,4,9].

Among the filtering methods, not only notch filters but also low-pass filters
[10] are capable of filtering this interference. Unlike notch filters, low-pass filters,
due to the characteristics they impart when filtering interference, are capable of
smoothing the amplitude of the information signal, which is mainly due to the type
of placement of the root loci-zeros and poles and their distance from each other
on the complex plane. Consequently, a notch filter on the complex plane localizes
the root loci-poles and zeros-rather close to each other due to the presence of
the parameter s2+ w2in the numerator of the continuous transfer function of this
filtering element [3].

The frequency response of a band-stop filter is approximated in the vast major-
ity of cases using polynomial models [2-4], which allow one to achieve the required
form of the amplitude-frequency response for solving the signal processing prob-
lem. Among the well-known and widely used polynomial models for approximating
the frequency response are those based on the Butterworth, Bessel, Chebyshev,
Newton, and Cauer polynomials [2-4,9]. The listed polynomial models allow one to
obtain a clearly distinguishable frequency response of the filter [10], which affects
the efficiency of signal processing when filtering out the interference signal. Due to
the use of the listed polynomial models for approximating the frequency response,
the class of these methods is usually called the Butterworth, Bessel, Newton, Che-
byshev, and Cauer polynomial filters [10].

According to the research data on notch filters [2, 11-14], among the listed
methods of notch filtering, the filter approximated by the Butterworth polynomial
provides high accuracy of signal processing. This is mainly due to the low val-
ues of signal processing accuracy and the generation of the largest values of the
intrinsic error of these filters associated with their frequency characteristics, the
noise stop band and the quality factor Q of the notch filter. In addition, the quality
factor also has a significant impact on the accuracy of processing during signal
measurement and the value of this indicator can be low only in the case [2] when
the noise stop band is expanded. In the works [10], it was identified and estab-
lished that two approaches are mainly used for the synthesis of notch filters using
polynomial models.

The first approach is based on the use of a stop-band of interference B, while
the value of the quality factor Q of the filter under consideration is inversely pro-
portional to this indicator. Consequently, the efficiency of signal processing at the
output of such a system under the influence of single-frequency narrow-band in-
terference will be insufficiently high [2]. In addition, this approach to the synthesis
of a rejection filter is accompanied by a doubling of the filter order, which may be
a characteristic process in the production of band-pass filters and band-stop poly-
nomial continuous filters [10]. It is important to emphasize that in this approach,
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when using an approximating first-degree polynomial n=1 for synthesis, the order
of the filtering system is equal to two, that is, n=2, which leads to a change in the
characteristics of the filters and is considered a feature of this approach.

The second approach is based on a parallel connection of the transfer func-
tions of high-pass and low-pass filters (HPF and LPF), where the lower filter notch
boundary is characterized by the cutoff frequency wifor the HPF and the upper
cutoff frequency w2for the LPF. The overall transfer function W(s) of such a notch
filter is calculated by adding the two transfer functions of the HPF and LPF. This
approach differs from the first in that, instead of the interference stop-band B, the
cutoff frequencies wland w2are used, defining the rejection width of a single-fre-
quency interference variable over a specific frequency range.

In [2], building on approach 2, a new single-frequency notch filter is synthe-
sized. This filter is based on a second-degree Butterworth polynomial and is char-
acterized by high filtering efficiency for noisy signals and accuracy compared to
the Daubechies filter [11,15]. The key characteristic of the synthesized new notch
filter is its high frequency quality factor, as well as its uniform frequency response,
which has a positive effect on the efficiency of signal processing.

However, despite the noted superiority of the synthesized notch filter [2] over
the Daubechies filter [11,15], the question of its further development by forming
a feedback loop to correct its frequency response is currently considered open.
Solving this processing problem is necessary to increase the gain on the filter-
ing system's frequency response, which is inevitably reduced by forming a sin-
gle-feedback loop. Therefore, synthesizing the overall transfer function of a notch
filter with negative feedback to evaluate the effect of the correction coefficient on
the frequency response for this element is a relevant and fundamental problem
requiring a comprehensive approach.

In contrast to [2-4], this article presents the results of an assessment of signal
processing accuracy by analyzing the effect of the feedback loop's correction co-
efficient on the frequency response of a single-frequency notch filter.

Materials and research methods. The synthesis method is based on the
mathematical apparatus of transfer functions of continuous analog filters in a
normalized frequency range, allowing the synthesis of high- and low-pass filters,
where the resulting general transfer function for a single-frequency rejection filter
is obtained by adding two filter circuits of the signal processing system, which has
the form:

1
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The general transfer function W(s) of a single-frequency notch filter is:

w(s) = VKi(s) + w2(s) =
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The control system for the synthesized general transfer function of the notch
filter is implemented by adding negative feedback with a correction coefficient
K, variable in the range 0.1<K<1.0, respectively. The transfer functions of a sin-
gle-frequency notch filter with a second-degree Butterworth polynomial with coef-
ficient K are as follows:
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The properties of a synthesized second-order notch filter control system are
assessed in two stages: direct and indirect parameters at a normalized cutoff fre-
quency of w = 1rad/s [10]. The indirect parameters are the amplitude-frequency
response (AFR) and root-square characteristic, while the direct parameters are
the filter's transient response. These parameters are considered informative for
identifying the internal processes occurring within the filtering system's structure.

A relationship illustrating the influence of the feedback loop correction coeffi-
cient is demonstrated using a linear regression analysis method, which allows one
to determine the strength of the relationship between the evaluated parameters
[16], calculated at the output of the synthesized notch filtering system. The param-
eters used in the evaluation were those that most fully characterize the filtering
system's performance when solving a signal processing problem.

The closeness, strength, and direction of the estimated relationship between
the correction coefficient and the indicators are determined using the Chaddock
scale and characterized as follows: 0.9<r<1.0 - very high (strong) relationship,
0.7<r<0.9 - high relationship, 0.7<r<0.5 - noticeable relationship, 0.5<r<0.3 -
moderate relationship, 0.3<r<0.1 - weak relationship. The non-randomness of
the resulting relationship between the indicators is characterized by the p-level of
significance, where the threshold level for accepting the hypothesis of a significant
relationship is p = 0.05, respectively.

Research results. The results obtained after substituting (1) and (2) the value
w=1 rad/second into the overall W(s) transfer function (3) of the notch filter with
feedback (4) for 0.1<K<1.0, made it possible to study the endowed properties illus-
trated in Figure 1 In this case, Figure 1 shows, for clarity, the filter characteristics
calculated for the values of the contour coefficient K=0.1, K=1.0 and without feed-
back (w(s) for comparison purposes) from all the analyzed frequency characteris-
tics of the filters for 0.1<K<1.0.

Figure 1- Effect of the feedback loop correction coefficient on the frequency response of
the notch filter
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From the figure, it's easy to see that the notch filter with a K=0.1 correction
factor in the feedback loop has a gain of 0.9 in the frequency response, while for
K=1.0, the gain in the frequency response is 0.5. Furthermore, the filter gain of 0.9
achieved with K=0.1 is 1.8 times greater than the gain of 0.5 achieved with K=1.0
(unity negative feedback), respectively.

Furthermore, if we compare the filter frequency response characteristics, we
can see that the frequency response with K=0.1 has a steeper roll off than with
K=1.0 and without a feedback loop. However, a notch filter without feedback, com-
pared to K=0.1 and K=1.0, has a frequency response gain of unity and a wide
rejection band. Given a wider rejection band, this will result in a low Q factor and
can significantly impact signal processing efficiency. Therefore, for a more thor-
ough understanding and description of these effects, Table 1 presents the results
of evaluating the properties of notch filters.

Table 1- Evaluation of direct and indirect indicators of the filtration system

Direct and indirect indicators

0,1<K<1,0
Zeros Poles Transient time, s
0,1 -0,064+0,998 i 61,7
0,2 -0,118+0,993 i 33,7
0,3 -0,163+0,987 i 24,4
0,4 -0,202+0,979 i 20,8
0,5 . -0,236+0,972 i 18,0
-0+1i X
0,6 -0,265+0,964 i 15,3
0,7 -0,291+0,957 i 14,9
0,8 -0,314+0,949 i 12,5
0,9 -0,335+0,942 i 12,4
1,0 -0,353+0,935 i 12,2
W(s) -0+1i -0,707+0,707 i 7,0

The presented filter property assessment shows that, due to the decrease
in the feedback correction coefficient of the rejection filters, the poles move
closer to the imaginary axis (/), thus increasing the transient time. The distance
between the pole and the imaginary axis for K=0.1 is only 0.002 units, while for
a filter with K=1.0, this distance is 0.065 units, which provokes the formation
of a long transient process with a time of fp=61.7 s at K=0.1 compared to the
filter without feedback and the filter with K=0.1, according to the assessment
presented in Figure 2.

Moreover, the smallest distance between the pole and the imaginary axis of
the notch filter at K=0.1 on the frequency response (Figure 3) produces a steeper
roll-off and a narrow filter noise suppression band, which makes it possible to
obtain a high-Q notch filter that affects the signal processing and the fulfillment of
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the condition for minimizing the error e(t) of the measurement estimate. Moreover,
the formed distance of 0.293 units between the pole and the imaginary axis for a
single-frequency Butterworth notch filter without feedback, in contrast to the notch
filters with feedback under consideration, generates a gain on the frequency re-
sponse equal to 1 Thus, the differences in the characteristics provide a complete
basis for stating the identified features of the synthesized filters, taking into ac-
count the influence of the correction coefficient of the feedback loop at 0.1<K<1.0
on the quality indicators of the system during signal processing.

In order to obtain the results of signal processing, the additive model of sinu-
soidal signals and its rejection filtering has the form as shown in Figure 3 for a filter
with K=0.1.

From the above notch filtering result for K=0.1, it follows that the synthesized
notch filter can filter out single-frequency interference of w=1 rad/s and isolate the
signal’s information component similar to that of the noise-free reference signal.
The introduced distortion in the form of undamped oscillations for this filter should
be considered inherent to this process, caused by the close proximity of the sys-
tem’s poles to the imaginary axis. This leads to the emergence of a long-term
transient process, which also affects the signal e(t) of the measurement estimation
error, shown in Figure 4.
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Figure 4 - Measurement estimation error

From the presented assessment it follows that the notch filter at K = 0.1 en-
sures the minimization of the measurement error of the signal components, con-
verging to zero, and allows us to state an increase in the measurement accuracy
of the components of the signal s(t) under consideration. However, in order to
speak about the increase in accuracy, there is a great need to conduct a quantita-
tive assessment of such indicators that can most fully characterize the operation
of the signal processing system. Such indicators can be the signal-to-noise ratio
(SNR), the root-mean-square deviation (MSE), calculated between the readings
of the reference and filtered noisy signal, adapted from [16]. The results of the
indicator assessment are presented in Table 2.
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Table 2 - Evaluation of signal processing efficiency

Direct and indirect indicators

0,1<K<1
SNR_before, dB SNR_after, dB MSE, mV
01 12,250 4395-104
02 11,732 4,986 104
0,3 9,602 5,633 104
04 7,543 6,616104
0,5 5,778
0.969 7,555 104
0,6 4,276 8,412104
0,7 2,979 9,185104
0,8 1,844 9,879 104
0,9 0,835 1103
10 -0,069 1,1103

The presented assessment shows that a Butterworth notch filter with K=0.1,
compared to K=1.0, provides high measurement accuracy (MSE) and SNR of pro-
cessed signals to single-frequency interference. It should also be noted that the
lowest MSE value indicates similarity between the filtered signal and the reference
signal.

The impact of the correction coefficient 0.1<K<1.0 of the notch filter's negative
feedback loop on signal processing performance can also be determined using a
linear regression analysis of the parameters. For this analysis, the K coefficient
values should be selected as the predictor, and the SNR and MSE parameters
should be the focus variables of the study. The results of the analysis can be
visualized using a scattergram, with the paired correlation and determination coef-
ficients calculated, as shown in Figure 5.

The results presented in Figure 5 demonstrate a close, linear rela-
tionship between the SNR, MSE, and K, characterizing the influence
of K on the performance of the signal processing system. A non-ran-
dom negative correlation was found between the SNR and K at r = -0.991,
R2=0.982, and p = 210-7, indicating a decrease in the SNR with increasing K. A
direct, non-random relationship was found between the MSE and K at r = 0.993,
R2=0.986, and p = T10-7, characterizing an increase in filtering error due to an
increase in K. Thus, the results of the relationship assessment obtained through
linear regression analysis are consistent with the data presented above.
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Figure 5 - Dependence of the influence of the feedback loop correction coefficient on the
signal processing quality indicators: a) SNR - the ratio of the filtered sinusoidal signal to
the single-frequency interference; b) MSE - the standard deviation of the signal processing
results between the test and filtered signals

The scientific novelty of this research result lies in the established relationship
between the SNR and the MSE of the signal-to-noise ratio and the values of the
correction coefficient of the negative feedback loop of the notch filter:

- changing the coefficient values in the range from 0.1 to 1.0 changes the sig-
nal-to-noise ratio; further increasing this value leads to a decrease in the effective-
ness of processing noisy measurements in terms of noise immunity;

- decreasing the correction coefficient of the feedback loop by 0.1 narrows
the single-frequency interference suppression band in the internal structure of the
system, thereby increasing the frequency quality factor of this filter and the effec-
tiveness of processing noisy measurements in terms of accuracy by 4.795 104mV
and noise immunity by 12 dB.

Conclusion. This article presents new performance evaluation results for a
previously developed single-frequency notch filter based on the Butterworth poly-
nomial. The effect of the negative feedback loop correction coefficient is evaluat-
ed for this second-order single-frequency notch filter. It is shown that the Butter-
worth single-frequency notch filter, with a feedback coefficient of K = 0.1, exhibits
a steeper frequency response roll off, the width of which is significantly narrower
than that of a filter without feedback. This paper establishes for the first time the
influence of the negative feedback loop correction coefficient on the signal pro-
cessing accuracy and noise immunity of a Butterworth single-frequency notch filter
by an average of 12.250 dB with a non-random inverse correlation coefficient of
0.991, respectively.
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CUTHANOAPAObLI ONOEYTE APHANFAH B1P XXNUTIKT1 CY3H

TYWingeme. Ka3ipri Tauga KongaHbicka e 60MbIN KeMeTiH pexeKTopnbik cYarinep 6ip
MaHZi XoTapbl X LW NKT WyblNAbl Kegeprrepil, acepiHe ate cesimtan 6onbin kenegi. Ha-
TUXECiIHAEe afllleHeTW curHangapgabil, popmacblH GypManaHabipbin aybiTKyapTa yllbl-
paTagbl. ATan aTtkeH aybiTKy Typl kapacTblipyTa YCbIHbIITAH Makanaja KyblC XonakTbl 6ip
M3HZi Xuiniri 6ap pexekTopnbik cy3n xYWeciMeH xolibinagbl. KybiC X0nakTbl 6ip MaHAi
XWiniri 6ap pexXeKTop/blK Cy3NCLULL XMINIKTIK cunaTTamachl ekiHwi aapexeni batTrepsopT
KanMmYwweciMeH annpokcumauusinaHTaH XaHe KypambiHAa kepi 6alinaHbicneH TyWhbikTan-
TaH, an 6ackaja XyilenepMmeH canbiCThlpTaHAa LWyblbl 6ap anweynepai xorapbl A314K-
neH augeiint KapacTbipbin OTbIpTaH cY3rire ekiHwi aapexeni kanmYLeHi Taunay OHbIL,
MakcMManabl TEeNc X3He CUMMETPUsiSibl aMNAUTyAa XUiNikTiKk cunatTaMmacbiMeH, Lybl-
fapabl cY3riney Xuinik xxonaTslHAa NynTaepal, 6o1MaybiMeH X3He a3 ayblTKynapblH a3
Manwepge 6anyiMeH HerizgenreH. XXuwiw o6/bICbIHAATLI KYbIC XOMAKTbl PEeXeKTOPbIK
Cy3nHL, 6ackapy Xyihecwu, cuHTe3i kepi 6ainaHbiCTbil, KO3IPMULMEHTIH Koppekuusanay
nnanasoHbiHAa kenTipinreH. Ocbl KO3 puumeHTy MaHi K=0,1 6onTaH xatgaliga anektp-
NiK Wyblnbl 6ap anwemMmaepaly auney HITWXeNiri XoTapnaiTbiHbl TONbITbIMEH @HbIKTasbIN
KkapceTinreH. CoHpaili-ak 6yn Ko3(h(UUMEHTNEH PEXEKTOP/IbIK CY3MHL, aMnanTyganbik
XWinik cunatTamacbiHga 3NeKTPAK Wyblabl cY3riney AuanasoHbiHAa KybIC XONaKTbIL,
narifa 60nybliH kamTamachi3 eTefi. COHbIMEH KaTap peXeKTop/blK Cy3nHL, 6epinic yHkK-
LMACbIHbIL, Kepi 6ainaHbic KoahduuneHTIMEH Koppekuusnay MaHAepiMeH curHangap-
OblL anwey A3NA4WTH X3He WybliTa TasiMAiniriH aHblKTaliTbiH KapceTiowTep apacbiHia
Kesfeincok emec koppenauusanblk 6alinaHblc aHblKTanabl. AHbIKTaNTaH Koppensiyuanbik
6alinaHbICTbl WyblNbl 6ap anwemaepai augey 3ficiH 33ipney kesiHge KapacTbipbin X3aHe
KonpaHyta 6onafbl. OpHaTbiNTaH 6alinaHblCTbl MaTeMaTuKablk CTaTUCTUKA TYPTbICbIHAH
aHblKTacak, 0/ ajllleHreH CUrHanfapAbl auaey XyhecLil, H3TUXeNiriH ToNbITbIMEH pacc-
Taigbl.

TYWingi cesgep: CYsri, curHangapabl auaey, 6ackapy, kepi 6aiinaHsic, 43n4iNiK, Wybln-
Ta Tasimginik.

AnTaii E.A.] Abnew I'.1, depgopos A.B.2
ISatbayev University, 1. AnmaTbl, KasaxcTtaH
2ATMO University, r. CaHkT-MeTep6ypr, Poccus

OOHOUACTOTHbIN ®UNBbTP A/19 OBPABOTKN CUTHAMOB

AHHOTauusa. CoBpeMeHHble MeTOAbl PEeXeKTOPHON uabTpauMn YyBCTBUTE/bHbI K BAWSA-
HUIO BbICOKOYACTOTHO OfHOYACTOTHOW MOMEXM, KOTopas OKa3blBaeT CyllecTBeHHOe Mcka-
XeHune PopMbl MHOPMATUBHOIO curHana. OTMeYeHHass 0COGEHHOCTb HUBEMPYETCA nyTem
pa3paboTaHHOW B CTaTbe CUCTEMbI Y3KOMO/IOCHON BbICOKOAOBGPOTHON PeXeKTOPHOW nnb-
Tpauuu. Y3KOMOMOCHbI BbICOKOAOGPOTHbIV PEXEKTOPHbI MAbTP annpoKCMMUpOBaH Mo-
nmHomMom BaTTepBopTa BTOpOi cTeneHun v o6najaeT CBOWCTBOM 3aMKHYTOW LEenu KOHTypa
oTpuLaTenbHO o6paTHOli CBA3W, YTO, B OT/INYME OT CyLLeCcTBYyloLei cucteMbl, o6ecneynBa-
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EcTecTBeHHblE HAYKW, UHXUHUPWUHT U TEXHONOr N

€T BbICOKOTOUHYI0 06pab0oTKy 3allyM/IeHHbIX U3MEPEHWA. BbIGOp faHHOTO NoMHOMA BTOPOiA
cTeneHn 060CHOBaH €ro MakCHMasbHO MN/IOCKON M CUMMETPUYHOK amMnanTyAHO-4acTOTHOM
XapakTepucTukoid, OTCyTCTBMEM Nynbcauuii Ha nosioce MofaBfieHWs MOMeXM W nponycka-
HUSi CUrHana, a Takke HajeNeHWeM HauMeHbLUEro UCKaXEeHUst Afs1 BbIGPaHHOro nopsiaka.
B paccmaTpuBaeMoii cTaTbe npeacTaBfieH pesysbTaT CUHTE3a CUCTEMbl ynpaB/ieHus Y3Ko-
NOMOCHbIM BbICOKOA0BPOTHBIM PEXEKTOPHbIM (hUNLTPOM NpY BapuaLum KOppekTUpytoLero
KoadhpmumeHTa KOHTypa o6paTHOl CBA3W, MOBbILWAWOWMIA pe3ynbTaTUBHOCTL 06paboTkM
3allyM/IEHHbIX U3MEpPEHUiA NpU BBELEHUM 3HAYeHWs AN AaHHOro Koadhdmumenta K = 0,1.
BbISIB/IEHO, UTO HauMeHbllee 3HauyeHue JaHHOro Ko3uuneHTa B CpaBHEHUM CO 3HAYEHU-
emM, noslyyaembiM Npy (QOPMUPOBAHUM eAUHUYHOW 06paTHOl CBA3W, CYLLEeCTBEHHO MOBbI-
lWaeT 3HaueHne KoaghuumeHTa ycuneHus uabTpa Ha ero YacToTHOW XapakTepucTuke u
TeM cambiM o6ecrneynBaeT CyXeHue Monochbl NoAAaBMEHWUA NS NOBbILEHUS [OOGPOTHOCTU
peXeKTOpHOro hmunbTpa Ha yacToTe cpesa nomexu. bonee Toro, o6HapyxeHa HecnyualiHas
1 3HAUMMasn KoppensiLMoHHas B3auMOCBA3b MeXAy U3MEPEHHbIMU rnokasaTensiMu, o6ycnoB-
NIeHHasi NMOHWXEHWEeM rokasaTtesieli TOYUHOCTU W NMOMEXOYCTONUMBOCTU CUCTEMbI 06PaBOTKM
cuUrHana npu yBennyeHWn 3HauyeHuil koppekTupytolero koadypuumeHTa KOHTypa o6partHoi
CBAI3N PEXEKTOPHOro hmnbTpa BbiGpaHHOro nopsifka. BmecTe ¢ TeM noHUMaHue oGHapy-
XEHHOW CBA3W, MCnonb3yemol npu paspaboTke meToda 06paboTKM 3allyMSIEHHbIX M3Mme-
peHuii, NO3BOMNT CYLLECTBEHHO YNy4llUTb TOYHOCTb M MOMEXOYCTOWYMBOCTL CUCTEMbI 06-
pa6oTku curHana. MNpeacraBneHHble pe3ynbTaTbl, XapakTepusyline cTaTUCTUYECKU 3Ha-
UMMYK U HecnyvaiiHyl CBS3b, NOATBEPXAalT paboTOCNOCOGHOCTb U (PYHKLMOHMPOBAHMWE
cuctemMbl 06paboTkM curHana, onpegensioweid paboTy BbICOKOAOGPOTHOIO PEXEKTOPHOro
unbTpa Npyn uabTpauny 0L4HOHACTOTHON Nomexu.

KnioueBble cnosa. ®dunbtp, o6paboTka curHana, obpaTHas CBs3b, TOYHOCTb, MOMEXOY-
CTOMYMBOCTb.
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