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ABSTRACT

Context. The problem of forming complex signal ensembles on the basis of frequency band filtering and research of their
properties is considered. The object of research is the process of synthesis of signal ensembles based on frequency filtering of
pseudo-random sequences of short video pulses with low interaction in the time domain.

Objective. It is to form complex signal ensembles with satisfactory values of intercorrelation properties, which are close to the
signals with minimal energy interaction.

Method. The results of the application of forming complex signal ensembles method by frequency filtering of pseudo-random
sequences with low interaction in the time domain are presented. As a result of the spectral band selection of the studied pseudo-
random short video pulse sequences due to the use of bandpass filters based on the Chebyshev filter of the first kind, new samples of
sequences with spectrum restriction are obtained. By applying intercorrelation analysis to the obtained sequence samples, the values
of the maximum emissions of the side lobes of the cross-correlation functions (CCF) for all possible signal pairs are estimated. If the
values of the maximum emissions of the side lobes of the CCF signals exceed the limit values, the sequence of the analyzed pair with
a smaller value of the number of pulses is removed from the ensemble. In case of satisfactory value — the received signals are
accepted for the signal ensemble formation with the minimum power interaction. Thus, a new set of values of the maximum
emissions of the side lobes of the CCF is formed. This approach increases the number of signals in ensembles with satisfactory
values of statistical characteristics with limited signal spectrum width, and the correlation properties of such sequences approach the
signals with minimal energy interaction, which reduces the level of multiple access interference. As a result, complex signal
ensembles obtained by frequency filtering should be used in cognitive radio systems with code division multiplexing.

Results. Based on the software implementation of the method of forming complex signal ensembles by frequency filtering of
pseudo-random sequences with low interaction in the time domain, signals with satisfactory values of statistical characteristics with
limited signal spectrum width with intercorrelation properties close to signals with minimal energy interaction and higher ensemble
volume were selected.

Conclusions. The application of frequency filtering to pseudo-random sequences of short video pulses with a low level of cross-
correlation allows to obtain complex signal ensembles, which will be similar in correlation properties to sequences with minimal
energy interaction. It will reduce the level of multiple access interference. The analysis revealed that the use of frequency filtering of
sequences will slightly worsen the mutual correlation properties of signals, possibly due to suboptimal synthesis of values of
maximum emission levels of side lobes of CCF signals, but, nevertheless, it is possible to use such signals in modern cognitive
systems radio access multiple access with code division multiplexing.

KEYWORDS: complex signal, cross-correlation function, multiple access interference, videopulse, signal base, signal spectrum
width, signal duration, duty cycle, impulse duration, minimal energy interaction.
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ABBREVIATIONS
FR is a frequency response;
CCF is a cross-correlation function.

NOMENCLATURE

o is a coefficient;

B is a signal base;

E; is energy of i-th signal;

AF is a signal spectrum width;

Afis a filtering band width;

Ormax 18 a standard deviation of the maximum
emissions of the side lobes CCF;

Mpmax 1S @ mathematical expectation of maximum
emissions of side lobes CCF;

N is a number of signal pairs interacting with each
other;

n; is a number of pulses in i-th sequence;

n; is a number of pulses in j-th sequence;

0; is a duty cycle of i-th pulse sequence;

Q; is a duty cycle of j-th pulse sequence;

Ry is a CCF of the sequence pair with serial number £;

rect(*) is a pulse of single amplitude and fixed impulse
duration;

S{1) is i-th pulse sequence;

T'is a signal duration;

T; is a pulse follow-up period in i-th sequence;

T; is a pulse follow-up period in j-th sequence;

T; is a impulse duration of i-th sequence;

7; is a impulse duration of j-th sequence;

U, is a value of the amplitude in the i-th sequence.

INTRODUCTION

Current trends in the development of multiple access
radio systems and the impact of multiple access
interference on them, especially in cognitive radio
networks, require a further increase in the number of
subscribers, provided that the specified quality of service
in wireless networks. The study of the properties of
complex signal ensembles based on pseudo-random
sequences with minimal energy interaction allows to
determine the statistical characteristics of complex signal
ensembles obtained by applying the method of forming
complex signal ensembles through frequency filtering of
pseudo-random sequences with low interaction in the time
domain due to which it is possible to significantly
increase the volume of the signal ensemble by reducing
the values of the maximum emissions of the side lobes of
the CCF of such signals, while the level of multiple
access interference remains within acceptable values. The
received signals should be used in cognitive radio systems
based on code division multiplexing, and increasing the
number of signals in the ensemble allows you to increase
the number of subscribers in such systems, while
maintaining a high level of service quality.

The object of study is the process of synthesis of
complex signal ensembles formed on the basis of
frequency filtering of pseudo-random sequences of short
video pulses. Given the limited frequency and time
resources in modern cognitive radio systems, the urgent
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problem is to increase the volume of complex signal
ensembles, in order to improve the quality of service and
performance in such systems.

The subject of study is the method of forming
complex signal ensembles by frequency filtering of
pseudo-random sequences with low interaction in the time
domain based on samples of pseudo-random sequences
with minimal energy interaction. There are known
methods of forming ensembles for phase-manipulated,
amplitude-manipulated and other signals based on linear
and nonlinear sequences [1, 2, 3, 4, 5], but the correlation
properties of complex signal ensembles obtained by
frequency filtering of sequences with low interaction in
the time domain were not performed.

The purpose of the work is to develop a method for
the synthesis of complex signal ensembles with limited
spectrum width, the correlation properties of which are
close to the signals with minimal energy interaction.

1 PROBLEM STATEMENT

Suppose a given sample of pseudo-random sequences
with minimal interaction in time domain, with the
parameters: v, =1, ;= T, O;~ Q;,>> 1, n; # n;.

The task of forming complex signals ensembles by
frequency filtering of pseudo-random sequences with low
interaction in time domain is to choose the optimal value
of Af based on R; analysis taking into account the
limitations of Migp. and Ogmax to match the signals with
minimal energy interaction, which in turn increase the
number of received signals used to form ensembles.

2 REVIEW OF THE LITERATURE

Methods of forming complex signals are widely
considered in the literature [3, 4, 7]. The value of the crest
factor of such signals is close to 1 even taking into
account the passage of the filters of the transmission paths
[11, 12], and the maximum value of the cross-correlation
coefficient of the signal ensemble is of such order that
does not significantly reduce noise immunity and does not
provide protection against multiple access interference
under conditions of a significant dynamic range of
received signals. When using recurrent sequences, it is
quite difficult to obtain large complex signal ensembles
with satisfactory correlation properties [1, 3, 6, 7, 10].

Statistical characteristics of signals obtained by
frequency filtering of pseudo-random sequences of short
video pulses with low energy interaction are considered
insufficiently [2] and therefore require more detailed
study to increase the number of complex signals in the
ensemble.

3 MATERIALS AND METHODS
To evaluate the complex signals properties, pseudo-
random sequences of short video pulses with a low level
of cross-correlation were chosen, which are described by
the expression [1, 2]:
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the duty cycle of pulse sequence is defined as:
T
0 ==, 2
T
to pulses of unit amplitude and fixed pulse duration the
following restrictions are put forward [2]:
rect[t—(k~Ql~ —1)"!:1-} =
A3)

L (k-Q 1)t <t <k-0Q oy
0 (k-0 1)t >t > k0 1y

To increase the volume of ensembles using the
method of forming complex signal ensembles through
frequency filtering of pseudo-random sequences with low
interaction in the time domain, a sample of pseudo-
random sequences with minimal energy interaction was
chosen.

In the analysis process, the frequency range of such
sequences is divided into equal bands. The selection of
spectrum parts from the common frequency band of
complex signals is done using Chebyshev filter of the first
kind. The use of such a filter is appropriate where it is
necessary to provide with a small-order filter the
necessary  amplitude-frequency  characteristics, in
particular, proper suppression of frequencies from the
suppression band.

As a result of the application of such filtering, pseudo-
random sequences with minimal energy interaction in the
frequency domain were subdivided into sequences
characterized by constraints with equal intervals of
frequency bands. Analysis of such sequences shows that
the signals obtained by selection the frequency bands will
differ in shape from each other and, moreover, will meet
the condition of minimum similarity of signals (4).

The use of complex signals based on pseudo-random
sequences with minimal energy interaction in cognitive
systems with multiple access based on code division
multiplexing provides a minimum level of multiple access
interference, which can be estimated by determining the
maximum allowable emissions of side lobes of CCF [3].

o

R == (4)
max \/E
the signal base is calculated as [3]:
B=AF-T. (5)

The calculation of the emissions values of the side
lobes of the CCF, obtained as a result of permutations of
the sequences, takes place in accordance with [3]:
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Ry- (’E) = ’[si(t)sj (t — r)dt .

-T

(6)

Due to the different number of pulses in the
sequences, and because the energies of the continuous
signals will be different to estimate the CCF by
expression (6) it is necessary to normalize the signal
energy values [1]:

s5:(¢)
\/E.

The calculation of the CCF is performed for all
possible pairs from the complex signal ensemble,
checking the CCF of each pair of signals to meet the
condition of ensuring a given maximum emission level of
side lobes of mutual correlation. If the maximum
emission values of the side lobes of the CCF signals
exceed the limit values, the sequence of the analyzed pair
with a smaller value of the pulses number is removed
from the ensemble. In case of satisfactory value - the
received signals are accepted for formation of a signals
ensemble with the minimum power interaction.
Determination of the optimal filter bandwidth is based on
the analysis of the dependence of the maximum values of
CCF R(t) which depends on the number of elements in

the involved sequences ,/n;n; and the width of the filter

band AF.

The dependence constructing of the maximum
emission levels of the side lobes of the CCF on the
filtration band width and the number of pulses in the
sequences is based on the method described in [4, 5].

Statistical ~ characteristics estimation of signal
ensembles based on frequency filtering of short video
pulse sequences with minimal energy interaction is
performed using the calculation of mathematical
expectation of maximum emissions of side lobes CCF
signals mp,.c When changing the values of filter bands in
the range from 0.1% to 2% of the total spectral width at a
constant value of duty cycle and signal duration [12]:

Sinorm (t) = (7

N
> max|Rk (AF)|

mp,, (AF) =41 @®)

N

To estimate the standard error of the arithmetic mean
from the mean value, the calculation of the standard
deviation of the maximum emissions of the side lobes
CCF opmax relative to the mathematical expectation is
performed:

SRy (AF) g AF)F

GRmax(AF )= b

N ©
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Thus, the study based on the proposed method for
evaluating the correlation properties of complex signal
ensembles by frequency filtering allows obtaining
sequences with different waveforms, obtained even from
the same sequence. The signals obtained by synthesizing
different sequences are weakly correlated when they are
located in different frequency bands, in addition, this
method is relatively easy to implement and does not
require significant computational resources.

4 EXPERIMENTS

To implement the proposed method of forming
complex signal ensembles by frequency filtering of
pseudo-random sequences with low interaction in the time
domain, a software model was developed in the Matlab
environment, which practically confirms the obtained
theoretical results.

The original sample consists of 50 pseudo-random
sequences with minimal energy interaction, on the basis
of which, by band filtering, an ensemble of complex
signals is formed.

As a result of searching all pairs of signals, the values
of cross-correlation of pseudo-random sequences were
calculated. Their estimation was carried out on the basis
of the constructed models of each pair of sequences.

The selection of spectrum portions from the frequency
band, on the basis of small-kind bandpass filters, which
provide the necessary frequency response (FR), as well as
the proper suppression of frequencies in the suppression
band, was applied to the sampling. The frequency filtering
band was selected in the range from 5 kHz to 200 kHz, in
increments of 10 kHz. As a result of bandpass filtering of
pseudo-random sequences on different frequency bands,
signals differing in shape were obtained.

For further evaluation of the CCF of the filtered
elements of the sequences, a necessary condition is the
normalization of the received signals by energy, as due to
the different number of pulses in the sequences and their
continuity, the signal energies differ.

The next step is to determine the correlation properties
of energy-normalized signals and build their models, on
the basis of which further calculation of the maximum
values of emissions of side lobes CCF signals for all
possible pairs from the complex signal ensemble. The
result is a dependence model of the maximum values of
CCF, which depends on the number of elements in the
involved pseudo-random sequences and the width of the
filter band. After analyzing in each pair of sequences to
meet the condition of ensuring a given level of maximum
emissions of the side lobes CCF, only those sequences
remain that meet the requirements for the limit values of
the signals with minimal energy interaction.

After completing the analysis of the obtained signals
that meet the requirements for the limit values of signals
with minimal energy interaction, the statistical
characteristics of ensembles are evaluated based on the
calculation of mathematical expectations of maximum
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emissions of side lobes CCF signals mpgy,, to determine
the mean value of the sample of the processed results, the
calculation of the standard deviation of the maximum
emissions of the side lobes CCF opmax relative to the
mathematical expectation, to estimate the standard error
of the arithmetic mean.

Based on the analysis of the statistical characteristics
calculation, it is possible to ensure the effective formation
of complex signals by filtering the spectrum bands of
pseudo-random  sequences with minimal energy
interaction.

5 RESULTS

The statistical characteristics calculation of the
maximum emissions values of the side lobes of the CCF
is given in Table 1. To present the results, the following
notations were used: mpm,x — mathematical expectation of
the maximum emissions of the side lobes of the CCF,
O Rmax standard deviation. The calculations were
performed taking into account the frequency filtering
band from 0.1% to 2% of the original spectrum width =of
the studied sequences.

Comparing the values from the Table 1, the optimal
results of solving the problem of complex signals
synthesis by filtering bands of pseudo-random sequences
of short video pulses with minimal energy interaction
were obtained, provided that the condition fulfillment of
required level compliance of maximum emissions the side
lobes of the CCF with the limit values and at satisfactory
values of the statistical characteristics of the studied
signals.

Fig. 1 shows the results of the statistical
characteristics calculating of the signals obtained by
frequency filtering of pseudo-random sequences of short
video pulses with minimal energy interaction. Fig. la
shows the results of the limit values calculation of the side
lobes maximum emissions of the CCF, taking into
account the frequency filtering band. Obviously, not all
calculated pairs satisfy the limit condition, which is
shown as a slice. Pairs of sequences whose maximum
value exceeds the allowable values must be re-analyzed in
order to remove from the sequence signals ensemble that
leads to exceeding the limit value. Fig. 1b presents the
calculation results of large mathematical expectations of
significant maximum emissions of the side lobes of the
CCEF, taking into account the standard deviation. Fig. lc
shows the dependence of the mathematical expectation of
the maximum emissions of CCF side lobes on the
frequency band, which shows the correspondence of the
maximum values scatter of CCF side lobes to the

calculated values, and its value does not exceed % ata

B
filter bandwidth of 0.2%. From the obtained calculations
we can conclude that the optimal filter band is equal to
0.2% of the total value of the sequences spectrum.
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Table 1 — The calculation results of the statistical characteristics values of the maximum emissions level of the side lobes of the

studied signals CCF
AF(%)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
M Rmax 0.584 0.211 0.182 0.146 0.121 0.118 0.116 0.114 0.112 0.110
ORmax 0.621 0.43 0.349 0.23 0.22 0.21 0.209 0.208 0.206 0.204
AF(%)
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
M Rmax 0.108 0.106 0.102 0.097 0.095 0.093 0.091 0.089 0.088 0.088
O Rmax 0.2 0.198 0.196 0.194 0.189 0.186 0.183 0.179 0.178 0.177
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Figure 1 — Calculation results of statistical characteristics of short video pulses sequences with the minimum power interaction on
the basis of frequency filtering:
a — limit values calculation of maximum emissions of CCF side lobes taking into account frequency filtration,
b — calculation of the mathematical expectation value of the maximum emission level of the CCF side lobes taking into account
the standard deviation,
¢ — calculation of the mathematical expectation of the maximum emissions of the CCF side lobes at different values of a,
depending on the frequency band

6 DISCUSSION
According to the data obtained when calculating of the
statistical characteristics of the signals (Table 1) it is seen

bands of the pseudo-random sequences of the short
videopulses with minimal energy interaction.
The distribution of the maximum emissions values of

that based on the analysis of mathematical expectations of
maximum emissions of CCF side lobes, depending on the
frequency band, we can solve the problem of forming
ensembles of complex signals from filtered frequency
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the CCF side lobes depending on the number of pulses in
the pairs of sequences and the filtration band width in
Fig. la is limited in the form of a slice of the maximum
values of the levels. Those pairs of sequences that exceed
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these limits are re-analyzed to determine which of the
sequences is not suitable for forming an ensemble of
signals. Thus, after re-analysis, only those signals remain
that satisfy the limit values of the constraints.

The choice of the optimal filtration band width is
made on the basis of the analysis of the mathematical
expectation dependence of the maximum emissions of the
CCF side lobes (Fig. 1b) depending on the filtration band
width. In comparison, condition (3) with different values
of o was used (Fig. 1c). As a result, the mathematical
expectation of the maximum emissions of the CCF side

lobes does not exceed L at a filtration bandwidth of

VB
0.2%.

It should be noted that with the filtration band
expansion, the cross-correlation properties of the signals
are improved, and, therefore, satisfy the condition of
minimal signals similarity, with the disadvantage of a
slight increase in the crest factor of such signals. Also, the
application of frequency filtering by means of filters with
equal frequency bands to the synthesized pseudo-random
sequences with minimal energy interaction makes it
possible to obtain a difference in the waveforms obtained
even from the same sequence. The signals obtained by
synthesizing different sequences are uncorrelated when
they are located in different frequency bands.

CONCLUSIONS

Studies of the correlation properties of complex signal
ensembles obtained by frequency filtering of pseudo-
random sequences with minimal energy interaction allow
forming much larger signal ensembles than existing
complex signals used in modern radio systems with code
division multiplexing.

The scientific novelty of obtained results lies in the
development of a method for forming ensembles of
complex signals by frequency filtering of pseudo-random
sequences with low interaction in the time domain, which
have a low level of multiple access interference. This
approach simplifies the synthesis of complex signal
ensembles based on pseudo-random sequences with
minimal energy interaction and increases the number of
received signals used to form ensembles with specified
emission levels of CCF side lobes.

The practical significance of obtained results is that
the possibility of using complex signals ensembles
obtained by frequency filtering in cognitive radio systems
with multiple access, which are affected by interference
from multiple access.

Prospects for further research are to improve the
selective capabilities of the proposed method and further
modernization, taking into account the permutations of
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the filtration bands, as well as a deeper study of the
ensemble properties of the signals obtained by the
proposed method.
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AHOTAIIA

AkTyanabHicTb. PosrimsHyTo 3amauy QopmyBaHHS aHcamONiB CKIagHUX CHTHAJIiB Ha OCHOBI (iNbTpamiii cMyr 4acToT Ta
JIOCHI/DKEHHS 1X BIacTUBOCTed. O0’€KTOM JOCTIKEHHS € MpOILEC CHHTE3y aHcaMmONiB CHTHAJIB Ha OCHOBI 4acTOTHOI (inmbTparii
TICEBIOBHITAIKOBHX ITOCIITOBHOCTEH KOPOTKHX BiJJCOIMITYIIBCIB 3 HU3BKOIO B3a€EMOJIIEI0 Y YacoBiii 00macTi.

Merta podoru. PopMyBaHHS aHCAMOIIIB CKJIaJHUX CHTHAJIB i3 3a/I0BUIBHUMH 3HAYCHHSIMH B3a€MOKOPEIISILIHUX BIaCTHBOCTEH,
SIK1 HAOJIVDKAIOTHCS IO CUTHAJIB 3 MIHIMaJIbHOO EHEPreTHYHOIO B3aEMO/IIET0.

Metoa. HaBeneno pesynmpraTH 3acTocyBaHHS MeTOLy (opMyBaHHS aHCaMONIB CKIQIHUX CHTHAIIB NUIIXOM YacTOTHOL
(inpTpawil ICeBIOBUIAAKOBHX ITOCITIJOBHOCTEH 3 HU3BKOIO B3aEMOJII€I0 Y YacoBii obsacTi. Y pe3yibTaTi BUAUIEHHS! CMYT CHEKTpY
JOCIIJDKYBaHHUX TICEBJOBHIIAIKOBUX IOCIIJIOBHOCTEH KOPOTKMX BiJICOIMITYJIbCIB 32 PaXyHOK BHUKOPHUCTaHHS CMYTOBHX (iJIBTPIB,
noOyioBaHKX Ha OCHOBI (inbTpa YeOuiiesa neproro poxy, OTPUMYIOTh HOBI BUOIPKH MMOCHIITOBHOCTEH 3 OOMEXEHHSIM IO CIIEKTPY.
[InsxoM 3acTocyBaHHs B3a€MOKOPEILIMHOrO aHamizy OO OTPUMAHUX BHUOIPOK MOCITIZOBHOCTEH 3MIHCHIOIOTH OLIHKY 3HAa4YeHb
MaKCHMAaJbHUX BHKHUIIB OOKOBHMX MHeTOCTOK (yHKuiii B3aemHOi kopemsiwii (PBK) mamst ycix MOXIMBUX map curHani. SIkmio
3HAa4YeHHS MaKCUMaJbHUX BUKUAIB OiuHuX nemocTok @BK curnaiiB nepeBHIIyIOTh TpaHIYHI 3HAYESHHS, TO MMOCTIIOBHICTh MapH, 110
aHAJI3y€eThCs, 3 MEHIIMM 3HAYEHHAM KiJIBKOCTI IMITYJIbCIB BHIAJSAETHCS 13 aHcamOmo. B BuUmangky 3aq0BiIBHOTO 3HAYEHHS —
OTpHMaHi CUTHAJH MPUAMAIOTHCS s (POPMYBAHHS aHCAMOJIO CHTHAIB 3 MiHIMAIEHOIO €HEPreTHYHOIO B3a€MOI€I0. TakuM YHHOM
(bopMyrOTh HOBHH psii 3Ha4YCHb MaKCHMalbHUX BHUKUAIB OidHux nemoctok ®PBK. 3aBmsku TakoMmy MiIXoxy B aHCaMOISIX
30UTBIIYETHCS KUIBKICTh CHUTHAJIB i3 33J0OBITGHIMH 3HAYEHHSMH CTaTUCTHYHMX XapaKTEPHCTHK IPU OOMEXEHIH MIMpHUHI cHeKTpa
CUTHATy, a B3a€EMOKOPEIIIIHHI BIACTHBOCTI TaKUX IOCHIITOBHOCTEH HAONIKAIOTHCS A0 CHTHAIB 3 MIHIMAJIBbHOIO €HEPreTUYHOIO
B33a€EMOJII€I0, IO NPH3BOAUTH 10 3MEHIICHHsS pPIiBHS 3aBaJ MHOXXHMHHOTO IOCTYIy. Y pe3yJbTaTi aHcamOJi CKIaJHUX CHUTHAINIB,
OTpUMaHi MUIIXOM 4YacTOTHOI (UIbTpamil MOLINEHO BHMKOPHCTOBYBATH B KOTHITUBHHMX CHCTEMax pajio3B’si3Ky 3 KOJOBUM
PO3/IiICHHSM KaHAiB.

Pesyabratn. Ha ocHoBi mporpamuoi peamizaiii Merony (GopMyBaHHS aHCaMONiB CKJIAQJHMX CUTHATIB LULIXOM YaCTOTHOI
¢inpTpanii MCEBIOBUIIAAKOBUX IOCTIJOBHOCTEH 3 HH3BKOIO B3a€EMOMIEI0 Yy dacoBiii obmacti Oymno BimiOpaHo curHamM i3
3a70BIIbHUMU 3HAYCHHSMH CTATUCTHYHHMX XapaKTePHUCTUK MPH OOMEXeHid HIMPUHI CIEKTpa CUTHaly, i3 B3a€MOKOPEISL[iHHIUMHI
BJIACTUBOCTSIMH, L0 HAOIIKEHI IO CHTHANIB 3 MiHIMAIbHOIO CHEPTETHYHOIO B3a€MOZIEIO Ta 13 301IBIIEHHM 00’ €MOM aHCaMOITIO.

BucHoBku. 3acTocyBaHHS 4acTOTHOI (ibTpamii A0 MCEBIOBUIAIKOBHX MOCIITOBHOCTEH KOPOTKUX BiCOIMITYJIBCIB 3 HU3BKHM
piBHEM B3a€MHOI KOPEJISLii T03BOJISIE OTPUMYBATH aHCaMOJIl CKIIaJHUX CUTHANIB, sKi OyAyTh MOMIOHUMH 32 B3a€MOKOPEISIIHHUMHA
BIIACTUBOCTAMH IO IOCHIZOBHOCTEH 3 MiHIMAIBHOIO €HEpreTHYHOIO B3AEMOI€I0, IO Ja€ MOXIHMBICTH 3HH3MTH DPIBEHb 3aBa
MHOKHHHOTO JOCTYIy. Y pe3yibTaTi IPOBEJECHOTO aHali3y BHSBICHO, IO 3aCTOCYBAaHHS YacTOTHOI (inbTparii mociigoBHOCTEH
HE3HAYHO IOTIPIINTH B3a€MHI KOPEJISIiHHI BIACTHBOCTI CHUTHANIB, 32 paXyHOK, MOXJIMBO, HEONITUMAILHOTO CHHTE3y 3HAUCHb PiBHIB
MaKCUMaJIbHUX BUKHUIIB OiunKx nenroctok @BK curnanis, ane, He 3Baykalouu Ha Iie, iCHYE€ MOXKIINBICTh 3aCTOCOBYBATH TaKi CUTHAJIN
B CYYaCHHUX KOTHITUBHMX CHCTEMaXx pa/io3B’sI3Ky MHOXKHHHOT'O JIOCTYITY i3 KOJIOBUM PO3/LICHHSAM KaHAIB.

KJIIOYOBI CJIOBA: cxnaanuii cursai, QyHKIsS B3a€eMHOI Kopessiiii, 3aBajia MHOXXHHHOT'O JOCTYIy, BifieoimmyJjbc, 6a3a
CHUTHAly, IIMPHWHA CIEKTPa CUTHaly, TPHBAICTh CHTHANY, LINAPyBaTiCTh, TPUBAIICTH IMITYJIbCY, MiHIMajgbHa CHEPreTHYHA
B3a€EMOIIA.
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AHHOTALUSI

AKTyanbHOCTh. PaccMoTpena 3aga4ya ¢popmupoBaHus aHcaMOIIeil CIIOKHBIX CHTHAJIOB HA OCHOBE (DHMIIBTPALIUM II0JIOC YacTOT M
HCCIIeN0oBaHU MX CBOMCTB. OOBEKTOM HCCIEIOBAaHMS SIBISIETCS INPOLIECC CHHTE3a aHcaMOJel CUTHaJIOB Ha OCHOBE YaCTOTHOM
(uIBTpanMU NCEBAOCIYYaHBIX IOCIEA0BATEIBHOCTEH KOPOTKHUX BHICOMMITYJIBCOB C HM3KMM B3aUMOICHCTBHEM BO BPEMEHHOM
obmacTH.

Leuan padorbl. @opmupoBaHue aHCaMOJIEH CIIOKHBIX CUTHAJIOB C yIOBJICTBOPUTEIbHBIMU 3HAYCHUIMH B3aUMOKOPPEISLIMOHHBIX
CBOWCTB, KOTOpPBIC MPUOIIMKAIOTCS K CUTHAJIAM ¢ MUHHMAJIbHBIM SHEPreTHUECKIM B3aUMOICHCTBUEM.

Merton. [lpuBemeHbl pe3ynbTaTbl NMPUMEHEHHS MeTona (HOPMHPOBAHMS aHCAMOJNCH CIOXHBIX CHTHAJIOB ITyTEM YacCTOTHOM
(uIbTpaMK TICEBIOCITYYaHBIX IOCIECIOBATENBPHOCTEH C HU3KUM B3aMMOJCHCTBHEM BO BpEeMEHHOW oOmactu. B pesymbprare
BBIICJICHHUS IIOJOC CHEKTpa HCCICAYEMBIX IICEBJOCIyYalHbIX IIOCIEA0BATEIBHOCTEH KOPOTKUX BHJICOUMITYJILCOB 32 CYET
HCTIONB30BaHMS TIOJIOCOBBIX (DPMIIBTPOB, ITOCTPOSHHBIX Ha OCHOBe (prutbTpa UeObImIeBa MepBOro poja, IMOIy4aloT HOBEIE BEIOOPKH
[OCIEJ0BAaTEIbHOCTEH € OrpaHMYeHHMEM IO cHekTpy. [lyTeM mNpuMeHEHHs B3aMMOKOPPEISALMOHHOIO aHAalu3a K II0JIyYEHHBIM
BBIOOpKaM I10CIIEIOBATEIBHOCTEI OCYLIECTBILIIOT OLEHKY 3HAUCHUH MaKCHMAaBHBIX BBIOPOCOB OOKOBBIX JIETIECTKOB (DYHKIMU
B3auMHOI koppemsiun (OPBK) mis Bcex BO3MOXKHBIX Map CUTHANIOB. Eciin 3HaueHHe MaKCHMAIbHBIX BHIOPOCOB GOKOBBIX JICTIECTKOB
®BK cursasoB mNpeBBIIIAIOT MpeAeibHbIE 3HAYEHHs, TO IOCIECAOBAaTEIBHOCTh Maphl, KOTOpas aHAIM3UPYETCs, C MEHBIIUM
3HaYeHUEM KOJIMYECTBa MMITYJbCOB yJajsieTcss U3 aHcaMOis. B ciyyae ymoBIETBOPUTEIBHOTO 3HAYCHUS — MOJyYCHHBIE CHUTHAJIBI
MPUHAMAIOTCS Uil (POPMHUPOBAHUS aHCAMOJIS CHUTHAJIOB C MUHHMMAJBbHBIM JHEPreTHYecKHM B3auMoeicTBreM. TakuM oOpasom
(hOpMHPYIOT HOBBII PsIIl 3HAUEHUI MaKCUMaJbHBIX BEIOpOcoB O0KoBEIX JernecTkoB PBK. braromapst Takomy moaxony B aHCaMOJISIX
YBEITUYMBACTCS] KOJMYECTBO CUTHAJIOB C YJOBJIECTBOPUTEIBEHBIMHI 3HAYCHUSAMH CTATUCTUYECKUX XapPAKTEPUCTHK MPHU OTPAaHMYCHHOU
IIMPHHE CHEKTpa CHTHANa, a B3aUMOKOPPEIIIHOHHBIC CBOMCTBA TAKHX MOCIEAOBATENBHOCTEH MPHONMKAIOTCS K CHTHajJaM ¢
MUHHMMAJIbHBIM JHEPreTUYECKUM B3aUMOICUCTBUEM, YTO NPHBOAUT K YMECHBLICHUIO YPOBHS IOMEX MHOMKECTBEHHOro aocryma. B
pe3ynbTaTe aHCaMOJHM CIIOXKHBIX CHUTHAIOB, IIOJMy4YEHHBIE ITyTeM YacTOTHOH (MIbTpamy IenecooOpasHO HCHONB30BaTh B
KOTHUTHBHBIX CUCTEMAaX PaJIdOCBA3U C KOJOBBIM Pa3/Ie/ICHUEM KaHAJIOB.

Pe3yabTatsl. Ha ocHOBe nporpamMMHO# peanu3anun Metona GopMHUpoBaHHs aHcaMOJICH CIO0KHBIX CHTHAJIOB ITyTE€M YacTOTHOW
(UIBTPAlMU TICEBOCIYYAHBIX MOCIEIOBATENIFHOCTEH C HU3KMM B3aMMOJCHCTBHEM BO BPEMEHHOI o6iacTé OBbUIM OTOOpaHEI
CUTHAJIB] C YJIOBJIETBOPUTEIILHBIMU 3HAUEHHUSIMU CTATHCTUUCCKUX XapaKTEpUCTUK IPU OIPAaHUYEHHOH LIMpHHE CIEKTpa CUrHaja, ¢
B3aMMOKOPPEISILMOHHBIME CBOWHCTBaMH, HNPUOIMKEHHBIME K CUTHAJIaM C MHUHUMAJbHBIM 3HEPIeTHUYECKHM B3aUMOJEHCTBUEM U C
YBEITHMUYCHHBIM 00BbEMOM aHCaMOJIs.

BoiBoabl. [IpuMenenue 4acToTHOW (pUIBTpalMM K NCEBAOCTYyYalHBIM IOCIENOBATEIBHOCTAM KOPOTKHUX BHICOMMITYJIBCOB C
HU3KAM YPOBHEM B3aHMHON KOPPENSAIHMH MO3BOJSET MONydaTh aHCaMOJH CIIOKHBIX CHTHAJIOB, KOTOpbIE OYyAyT CXOTHBIMH MO
B3aHMOKOPPEISIUOHHBIM CBOWCTBAM C IMOCIENOBATEIBHOCTAMH C MHHUMAJIBHBIM SHEPTETHYECKUM B3aWMOJCHCTBHEM, YTO JACT
BO3MOXXHOCTh CHH3UTHh YPOBEHb IIOMEX MHOXKECTBEHHOTO JOCTyma. B pe3ynbTare NpOBEAEHHOTO aHajiH3a BBIABICHO, YTO
NIpUMEHEHNe YacTOTHOW (MIBTPAIMM IOCIIEOBATENFHOCTEH HE3HAYMTEIBHO YXYJIUNIMT B3aHMMHBIE KOPPEISAIIMOHHBIE CBOWMCTBA
CHTHAJIOB, 33 CUET, BO3MOXHO, HEONTUMAIFHOTO CHHTE3a 3HAUCHUH ypPOBHEI MaKCHMAIBHBIX BEIOPOCOB OOKOBEIX seniecTkoB OBK
CUTHAJIOB, HO, HECMOTpPSI Ha 3TO, CYLIECTBYET BO3MOKHOCTh NPUMEHSITh TaKUE CUTHAIbI B COBPEMEHHBIX KOTHUTUBHBIX CHUCTEMax
PpazuoCBsA3U MHOKECTBEHHOI'O JOCTYIIA C KOJOBBIM pa3ejeHUEM KaHaJIOB.

KJIIOYEBBIE CJIOBA: cnoxHblii cuTHaTI, (YHKIHMA B3aMMHOW KOPPEISIMH, MOMEXa MHOXECTBCHHOTO JIOCTYIIA,
BUICOMMITYJIbC, 0a3a CUTHa/NA, IIMPUHA CIEKTpa CUTHANA, UIUTEIBHOCTh CUTHANA, MUK - (AaKTOp, CKBAXHOCTb, UIUTEIBHOCTH
HMIIyJIbCa, MUHUMAJIbHOE SHEPTeTHYECKOE B3aUMOICHCTBHE.
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