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NEW COMPOSITE BARKER CODES IN THE SYNCHRONIZATION
SYSTEM OF BROADBAND SIGNALS

Volodymyr V. Maksimov, Thor A. Khrapovitsky
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Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine

Background. At present, the demand for broadband signals (BBS) is determined by the qualities inherent in these signals,
which make it possible to ensure high noise immunity of broadband communication systems (BCS) when transmitting
confidential information in an open radio channel, especially in emergency situations. Although the foundations of the BBS
theory are well known, the development of wireless communication networks requires constant refinements of theoretical
provisions in accordance with new data on methods for constructing Barker code sequences used in wireless communication
systems with direct sequence spread spectrum technology.

Objective. The aim of the paper is to study new composite Barker codes as synchronization signals and compare them with
known composite codes using simulation.

Methods. Analytical methods of calculation are used, as well as simulation modeling in the MatLab software package.

Results. Simulation modeling was carried out, which confirmed the possibility of using new composite Barker codes as
synchronization signals in the BCS.

Conclusions. Modeling in the MatLab software package showed a greater noise immunity of new composite codes to the

influence of various modulating sequences of an information signal in comparison with known composite codes.
Keywords: Barker codes; composite Barker codes; autocorrelation function.

Introduction

Broadband signals (BBS) are used in modern
multi-channel code division multiplexing systems
(CDMA, WCDMA) [1], in 802.11 family of wireless
communication systems with Direct Sequence Spread
Spectrum (DSSS) [2], in modern radar systems [3].
In the role of special spreading sequences in
WCDMA networks, M-sequences, Gould sequences,
Barker sequences can be used, in 802.11 wireless
communication systems, the Barker sequence of
length 11 is used for spreading the spectrum, in
modern radar systems, Barker codes of length 11 and
13 are used.

Of all BBS, the Barker sequences discovered
in 1953 have the best correlation characteristics [4].
The value of the maximum lateral emission of their
autocorrelation function (ACF) does not exceed 1/N,
where N is the length of the code sequence. There are
only 8 known Barker sequences; the maximum
sequence length reaches 13 bits. The search for code
sequences of length N> 13, in which the value of the
maximum lateral ACF ejection would not exceed
1/N, is an urgent problem.

In [5], a method was proposed for the
formation of composite Barker codes with correlation
properties similar to those of the Barker code,

namely: the code is formed by multiplying two
canonical Barker sequences. One of them (short) is
called a generator, and the second, longer one, is
called elementary. As a result of multiplying a short
sequence by a longer sequence, sequences over 13
bits are obtained. Their main ACF overshoot is equal
to the number of bits of the resulting sequence N, and
the maximum lateral overshoot into the positive
region has values close to 1. In [6], by forming
composite code sequences similarly to the method
proposed in [5], 12 sequences with length N were
obtained, equal to 14 (14a, 14b), 21 (21a, 21b), 22
(22a, 22b), 33 (33a, 33b), 49, 77 (77a, 77b), 121, and
the excess of the main peak of the ACF over the
positive lateral ones, equal to N. In [7], inverse
composite Barker codes were proposed, obtained by
multiplying a long sequence by a short one, their
noise immunity was investigated, and the possibility
of their use as sync words in WCDMA networks was
shown. In [8], the same composite code sequences
are described as in [6], but under the name of
“Barker-Volynskaya” codes, and the possibility of
their use, both for command transmission and for
synchronization, is indicated. It was shown in [9] that
the ACF of composite Barker codes, which are
formed as scalar products of canonical Barker
sequences [4, 10], can be written as:

ISSN 2312-4121, Information and Telecommunication Sciences, 2020, Volume 11, Number 2
© 2020, National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”



V. MAKSIMOV, I. KHRAPOVITSKY, NEW COMPOSITE BARKER CODES IN THE SYNCHRONIZATION SYSTEM OF
BROADBAND SIGNALS

m m
1 . . 1 . .
Rcomp (k) = Ez Ccomp(l)ccomp(l +k) = Ez Ccomp.inv(l)ccomp.inv(l +k) =
i=0 i=0

m
1 . .
= EZ Ccomp.mirrored(l)ccomp.mirrored(l +k)=
i=0

m

1 . .
Ez Ccomp.inv.mirrored(l)ccomp.inv.mirrored(l + k): (1)
i=0

where ccomp(i) is @ composite Barker sequence, defined as ceomp(i) = ci1(i)ca(7)...cn(i), and co(i) take values + 1;
ccomp.inv(i) = ('l)ccomp(i); ccomp.mirrored(i): cn(i) cn-l(i) Cl(l), Ccomp.inv.mirrored(i): ('1) ccomp/mirrored(i)~

ci(i)ca(i). ..ca(i)

It was also shown in [9] that, based on (1),
the composite Barker sequences obtained in [6] can
be supplemented with inverse, mirror, and inverse
mirror composite sequences, which will have the
same ACF as the main composite sequence, thereby
increasing their number from 12 to 48. In addition, in
[9], four pairs of new composite Barker sequences
were obtained that have the same ACF as 77b (the
sequence number is taken according to [6]). In [11],

Table 1. New composite sequences

based on the technique described in [9], for each of
the composite sequences 121, 77a, 49, 33a, 33b, 21a,
21b, 4 pairs of combinations of the main Barker
sequences were found, forming a total of 28 new
composite sequences having the same autocorrelation
function as the original composite sequences. Table 1
shows all 32 pairs of new composite sequences
obtained in [9, 11].
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New Ne Option New composite sequences 121
Cllx All -1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-
New 1. D11 xBI1 1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1-1-1-1+ 1+ 1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1-1-1-
1+1+1+1-1+1+1-1+1+1+1+1-1-1-14+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1
C11xBI1 +1+1+1-1-1-1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-
New 2. Dilx All I+1-1-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-
1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1
AllxCll -1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-1+1+1+1-
New 3. B11xDIl 1-1-1+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-
1+1+14+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-1+1+1+1-1-1-1
AllxDi1 +1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-
New 4 Bll1xCll 1+1+1+1-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1+1-1+ 1+ 1-1+1+1+1-1-1-1-1+1-1-1+1-
1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+ -1+ 1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1
Ne Option New composite sequences 77a
New 1 Cl1x A7 -1-1-1+1+1-1+1 +1+1+1-1-1+1-1 -1-1-1+1+1-1+1 -1-1-1+1+1-1+1 +1+1+1-1-1+1-1 -1-1-1+1+1-
) D11 x B7 1+1-1-1-1+1+1-1+1 -1-1-1+1+1-1+1 +1+1+1-1-1+1-1 +1+1+1-1-1+1-1 +1+1+1-1-1+1-1
New 2 Cl1xB7 +1+1+1-1-1+1-1 -1-1-1+1+1-1+1 +1+1+1-1-1+1-1 +1+1+1-1-1+1-1 -1-1-1+1+1-1+1 +1+1+1-1-
) D11 x A7 1+1-1 +1+1+1-1-14+1-1 +1+1+1-1-1+1-1 -1-1-1+1+1-1+1 -1-1-1+14+1-1+1 -1-1-1+1+1-1+1
New 3 Allx C7 -1+1-1-1+1+1+1 -1+1-1-1+1+1+1 -1+1-1-1+1+1+1+1-1+1+1-1-1-1 +1-1+1+1-1-1-1 +1-1+1+1-1-
) Bl1xD7 | 1-1 -1+1-1-1+1+1+1+1-141+1-1-1-1 +1-1+1+1-1-1-1 -1+ 1-1-1+1+1+1+1-1+1+1-1-1-1
New 4 AllxD7 | +1-1+1+1-1-1-1 +1-1+1+1-1-1-1 +1-1+1+1-1-1-1 -1+1-1-1+1+1+1 -1+1-1-1+1+1+1 -1+1-1-
B11x C7 I1+1+1+1 +1-1+1+1-1-1-1 -1+1-1-1+14+1+1 -1+1-1-1+1+1+1+1-1+1+1-1-1-1 -1+1-1-1+1+1+1
Ne Option New composite sequences 77b
New 1 C7x All -1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-14+1-1-1+1-1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-
) D7 x Bl11 1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1
New 2 C7xBl11 +1+1+1-1-1-1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-
) D7 x All 1+1-1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+14+1-1+14+1-1+1-1-1-1+1+1+1-1+1+1-1+1
New 3. A7xCl11 -1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-1+1+1+1-
B7x D11 1-1-1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1 +1-1+1+1-1+1+1+1-1-1-1
New 4 A7x D11 +1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-
B7x CI11 1+1+1+1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-1+1+1+1-1-1-1 -1+1-1-1+1-1-1-1+1+1+1
Ne Option New composite sequences 49
New 1. C7x A7 -1-1-1+1+1-1+1+1+1+1-1-1+1-1-1-1-1+1+1-1+1-1-1-1+1+1-1+ 1+ 1+1+1-1-1+1-1+1+1+1-1-1+1-
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D7 x B7 1+1+1+1-1-1+1-1
New 2 D7 x A7 +1+1+1-1-1+1-1-1-1-1+1+1-1+1+1+1+1-1-1+1-1+1+1+1-1-1+1-1-1-1-1+1+1-1+1-1-1-1+1+1-
WL C7xBT | THLL-L-T 14114
New 3 AT7xC7 -1+1-1-1+1+1+1-1+1-1-1+1+1+1-1+1-1-1+1+1+1+1-1+1+1-1-1-1+1-1+1+1-1-1-1-1+1-1-
W2 B7xD7 | T4
New 4 B7xC7 +1-1+1+1-1-1-1+1-1+1+1-1-1-1+1-1+1+1-1-1-1-1+1-1-1+1+1+1-1+1-1-1+1+1+1+1-1+1+1-1-1-1-
v A7xD7 | 1+1-1-141+1+1
Ne Option New composite sequences 33a
Cl1x A3 -1-141 +1+1-1 -1-1+1 -1-14+1 +1+1-1 -1-1+1 -1-14+1 -1-1+1 +1+1-1 +1+1-1 +1+1-1
New 1.
DI1x B3
D11 x A3 +1+1-1 -1-1+1 +1+1-1 +1+1-1 -1-1+1 +1+1-1 +1+1-1 +1+1-1 -1-1+1 -1-1+1 -1-1+1
New 2.
Cl1xB3
AllxC3 -1+141 -1+14+1 -1+1+1 +1-1-1 +1-1-1 +1-1-1 -1+1+1 +1-1-1 +1-1-1 -14+1+1 +1-1-1
New 3.
B11x D3
B11xC3 | +1-1-1 +1-1-1 +1-1-1 -1+ 1+1 -1+1+1 -1+1+1 +1-1-1 -1+1+1 -1+1+1 +1-1-1 -1+1+1
New 4
All x D3
Ne Option New composite sequences 33b
C3xAll -1-1-1+1+1+1-1+1+1-1+1 +1+1+1-1-1-1+1-1-1+1-1 +1+1+1-1-1-1+1-1-1+1-1
New 1.
D3 x Bl
D3x All +1+1+1-1-1-1+1-1-1+1-1 -1-1-1+1+1+1-1+1+1-1+1 -1-1-1+1+1+1-1+1+1-1+1
New 2.
C3xBl1
A3xCl1 -1+1-1-1+1-1-1-1+1+1+1 -1+1-1-1+1-1-1-1+1+1+1 +1-1+1+1-1+1+1+1-1-1-1
New 3.
B3xDI1
B3 x Cl1 +1-1+1+1-1+1+1+1-1-1-1 +1-1+1+1-1+1+1+1-1-1-1 -1+1-1-1+1-1-1-1+1+1+1
New 4
A3xDl1
Ne Option New composite sequences 21a
New 1 C7x A3 -1-141 +1+1-1 -1-1+1 -1-1+1+1+1-1+1+1-1+1+1-1
V| D7xB3
New 2 D7x A3 +1+1-1 -1-1+1 +1+1-1+1+1-1-1-1+1 -1-1+1 -1-1+1
Vo c7xB3
New 3 A7xC3 -1+1+1 -1+14+1 -1+1+1 +1-1-1 +1-1-1 -1+1+1 +1-1-1
V> | B7xD3
New 4 B7xC3 +1-1-1 +1-1-1 +1-1-1 -1+1+1 -1+1+1 +1-1-1 -1+1+1
W A7xD3
No Option New composite sequences 21b
New 1 C3x A7 -1-1-1+1+1-141 +14+1+1-1-1+1-1 +1+1+1-1-1+1-1
' D3 x B7
New 2 D3 x A7 +1+1+1-1-1+1-1 -1-1-1+1+1-1+1 -1-1-1+1+1-1+1
Ve | 3xB?
New 3 A3 x C7 S1H1-1-14H1 1+ - 141 -1- T+ 11+ T +1-14+1+1-1-1-1
V> | B3xD7
New 4 B3xC7 +1-1+1+1-1-1-1 +1-1+1+1-1-1-1 -1+1-1-1+1+1+1
W A3x D7

The aim of this work is to study the
possibility of using the new composite Barker
codes obtained in [9, 11] as synchronization
pulses for BBS.

Modeling the NLS reception mode

The mode of receiving and extracting
synchronization pulses (SI) of BBS without dividing
the channels for receiving the sync pulse and the
channel for receiving the information sequence

occurs at the initial stage of receiving BBS, i.e. when
SI are not yet detected, they are not synchronized by
the PLL with the transmitting signals and do not
distribute the received BBS along the paths. In this
case, information signals are a hindrance to the
selection of SI. The level of such interference
depends on the cross-correlation of the code
sequences used both for generating the SI code and
for spreading the spectrum of the information
sequence. To determine the possibility of using new
composite Barker codes as SI, it is necessary, on the
one hand, to compare them with the well-known




composite Barker codes, and, on the other hand, to
choose as information signals those that would create
the greatest level of interference for them. As the
known composite codes, we select the original
composite Barker-Volynskaya codes [8], as the
informational ones - the embedded Barker codes,
which have the same generating Barker code as the
known and new composite codes.

The structures (methods of formation) of new
composite sequences Newl ... New4 are the same
and can be written as Ao - the length of the generatrix
of the canonical Barker sequence (SB), Bo - the
length of the generatrix of the inverse SB, Co - the
length of the generatrix of the mirror SB, Do - the
length of the generatrix of the inverse-mirror SB, Am
is the length of the modulating canonical SB, Bm is
the length of the modulating inverse SB, Cm is the
length of the modulating mirrored SB, Dm is the
length of the modulating inverse-mirrored SB. It can
be seen that all new pairs of composite sequences
New1 and New3, New2 and New4 are mirrored with
respect to each other, and new pairs of composite
sequences Newl and New2, New3 and New4 are
inverted with respect to each other.

The MATLAB R2015B program was used
for simulation. The diagram of the model (Fig. 1)
consists of the following main functional units: a
BBS shaper; receiver of sync signals; switches of
operating modes.
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The shaper consists of:
- generator of composite Barker code (CCB).
Composite Barker code is transmitted as a sync
pulse;
- two generators of the Barker code (Barker Code
Generator), one of which creates an information
sequence, and the second modulates the information
pulse with direct or inverse high-speed Barker code,
forming a BBS;
- pulse generator (Pulse Generator) with a duty cycle
of 10%. Synchronization pulse (10% of the time) and
informational BBS (90% of the time) are sent to the
output of the shaper via controlled switches.

The sync receiver consists of:
- sync signal extractor (a);
- control schemes for the limiting threshold level (b);
- error detector (¢).

The mode switch allows you to explore the
operation of the model in two different modes:
- without dividing the received BBS by channels for
receiving sync signals and information signals;
- with division of the received BBS along the
channels for receiving synchrosignals and
information signals.
The separation of the BBS along the paths is
controlled by a pulse generator (Pulse Generator2)
with a duty cycle of 10%, similar to the generator that
forms the BBS.

BBS shaper Switches of
e operating modes
AT 13)
Pt
Genesior
Barcer
Cote Genrator Wi
Barker Code 13 =
Byrier . Frogu
Cote Ganerator T
Barker Coge 13

Receiver

- — - ——

of sync

signals

[
I
I
I
I
I
\

Fig. 1 Model of the receiving-transmitting channel of the NLS

The model automatically determines the
threshold level Ly when an error-free detection of
synchronization pulses is achieved. Loss in the
selection of the peak of the synchronization pulse is
defined as

P(%) = Lo/A, 2)
where A is the amplitude of the synchronization
pulse equal to the length of the composite code.

The efficiency of using new composite codes
was estimated by the parameter

AP(%) = Pev(%) — P(%), (3)

where Ppv(%)is the sync pulse peak extraction loss
when using composite Barker-Volynskaya codes.

Testing was carried out in the "no path
separation" mode for composite codes 121 (11x11),
77a (11x7), 77b (7x11), 49 (7x7), 33a (11x3), 33b
(3x11), 21a (7x3) and 21b (3x7) ).

Simulation results
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Below, as an illustration, in Fig. 2 shows the
oscillograms of the selection of the original Barker-
Volynskaya 77a (11x7) sync code and four new 11x7
sync codes with embedded 11x11 Barker codes

(information BBS), as well as the corresponding Lo,
Pev (%), P(%) and the efficiency of using new
composite codes AP (%). Table 2 shows the results of
testing the original and new sync codes.

Source sync code New sync code

77a (11x7) / Inf. 11x11 77Newl (11x7) /Inf. 11x11 77New2 (11x7) / Inf. 11x11

New sync code

80

=

B0

b

4

Lo P(%)BV Lo P(%) AP(%) Lo P(%) AP(%)
66 85,7 34 44,2 41,5 55 71,4 14,3
New sync code New sync code
77New3 (11x7) / Inf. 11x11 77New4 (11x7) / Inf. 11x11
Sttt NN ENNEEE
Lo P(%) AP(%) Lo P(%) AP(%)
32 41,5 44,2 34 44,1 41,6

Fig. 2. Oscillograms of sync pulse extraction

Table 2. Test results for the original and new sync codes.

Barker\Volynskaya code | Newl | New2 | New3 | New4
Composite code 121(11x11)
Information AllxAll Cllx All Cl1xBIl1 Allx C11 Allx DIl
4 D11 x Bl1 D11 x All B11 x D11 BllxCl1
lclox lel Loss when highlighting the peak of the synchronization pulse, P(%)
100 | 44,6 | 81 | 56,2 | 54,5
Efficiency of using new composite codes AP(%)
- | 55,4 | 19 | 43,8 | 455
Composite code 77a(11x7)
Al1xA7 CIllxA7 ClixB7 AllxC7 AllxD7

Information D11xB7 DI11xA7 B11xD7 Bl11xC7

code Loss when highlighting the peak of the synchronization pulse, P(%)
11x11 85,7 | 412 | 65 | 412 412
Efficiency of using new composite codes AP(%)
- | 41,5 | 14,3 | 442 | 41,6
Composite code 77b(7x11)
ATxAll C7x All C7xBl1 A7xCl1 A7x DIl

Information D7 x Bl11 D7 x All B7xDI11 B7x Cl11
code Loss when highlighting the peak of the synchronization pulse, P(%)
7x11 100 | 41,6 | 70,1 | 57,1 55,5

Efficiency of using new composite codes AP(%)
- | 58,4 | 29,9 | 42,9 | 445
Composite code 49(7x7)

Information ATxAT C7x A7 C7x B7 A7xC7 A7xD7
code D7 x B7 D7x A7 B7x D7 B7x C7
7x11 Loss when highlighting the peak of the synchronization pulse, P(%)

85,7 | 40,8 | 53,1 | 40,8 | 449
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Efficiency of using new composite codes AP(%)
- | 44,9 | 32,6 \ 44,9 | 40,8
Composite code 33a(11x3)
Al1xA3 Cl1xA3 Cl1xB3 AllxC3 A11xD3
Information DIIxB3 DI1xA3 B11xD3 B11xC3
code Loss when highlighting the peak of the synchronization pulse, P(%)
11x11 66,7 | 54,5 | 60,6 \ 30,3 | 100
Efficiency of using new composite codes AP(%)
- | 12,2 | 6,1 \ 36,4 | -333
Composite code 33b(3x11)
A3xAll C3xAll C3xB1l A3xCl11 A3xDI11
Information D3xBll D3xAll B3xDIl B3xCll
code Loss when highlighting the peak of the synchronization pulse, P(%)
3x11 100 100 30,3 63,6 | 54,5
Efficiency of using new composite codes AP(%)
- 0 69,7 \ 36,4 | 45,5
Composite code 21a(7x3)
AT7xA3 C7xA3 C7xB3 A7xC3 A7xD3
Information D7xB3 D7xA3 B7xD3 B7xC3
code Loss when highlighting the peak of the synchronization pulse, P(%)
7x11 66,6 | 47,6 | 57,1 \ 28,6 | 100
Efficiency of using new composite codes AP(%)
- | 19 | 9,5 \ 38 | 334
Composite code 21b(3x7)
A3xA7 C3x A7 C3xB7 A3xC7 A7xD7
Information D3 x B7 D3xA7 B 3x D7 B7x C7
code Loss when highlighting the peak of the synchronization pulse, P(%)
3x11 85,7 | 76,2 | 57,1 \ 38 | 47,6
Efficiency of using new composite codes AP(%)
- | 9,5 | 286 | 417 | 381
Conclusions References
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Maxkcumos B.B., Xpanosuyvkuii I.A.
Hogi koMno3uTHi kKoau 0apkepa B cucTeMi CHHXPOHi3alil LIMPOKOCMYTOBUX CHTHAJIIB

IpobaemaTuka. B nanuii uac 3arpeOyBanicTb B mmpokocmyrosux curtaiax (IIICC) Bu3HaualoTh BIACTHBI UM CUTHAJIaM
SIKOCTI, SIKi JIO3BOJISIFOTH 3a0€3MeUyBaTH BUCOKY MEPEIIKOI03aXUIIIEHICTh IMMPOKOCMYTOBUX cucteM 3B's13ky (LLIC3) mpu
niepenavi KOHQIAEHIIHHOT iHpopMaIil y BIIKpUTOMY paioKaHalli, 0cOOJIMBO B yMOBAX HA/[3BUYAHUX CHTYyaIlild. X04a OCHOBH
teopii ILICC nobpe Bimomi, IpoTe PO3BUTOK Mepek OE3pOTOBOTO 3B'A3KY BUMArae MOCTIHHUX YTOYHEHb TEOPETHYHUX
TIOJIOJKEHb BIJIMOBITHO JI0 HOBUX JIAHKX PO CIIOCOOH MOOYI0BH KOJIOBUX MOCIi0BHOCTEH bapkepa, siki BAKOPUCTOBYIOTHCS B
cucTeMax 0e3IpOTOBOrO 3B'A3KY 3 TEXHOJIOTIEI0 PO3IIMPEHHS CIIEKTPa METOIOM MPSMO] TTOCiJOBHOCTI.

Meta. MeTot0 po0OOTH € JTOCIIPKEHHS HOBUX KOMITO3UTHHUX KOIiB bapkepa B SKOCTI CHTHANIIB CHHXPOHI3AIIiT 1 MOPIBHIHHS
iX 3 BITOMHMH KOMIIO3UTHUMHU KOZIAMH 3a JOTIOMOT0I0 MOJICIIOBAHHS.

MeToan. BHKOpHUCTOBYIOTBCS aHANITHYHI METOJM PO3PAXYHKY, a TAKOXK IMiTAIifHE MOJICITIOBAHHS B IPOTPAMHOMY ITaKeTi
MatLab.

Pe3yabTaTn. [IpoBesicHO iMiTalliiiHe MOIETIOBAHHS, SIKE TMi/ITBEP/IMIIO MOMKIIMBICTh BUKOPHCTAHHS HOBUX KOMIIO3UTHHX
koziB bapkepa B sixocTi curHaniB cuaxponizarmii B IIIC3.

BucnoBku. MojientoBanHs B porpamMHoMy Taketi MatLab nokasano Gibiny cTilKiCTh HOBUX KOMIIO3UTHHX KOJIIB JIO
BIUIUBY PI3HUX MOZAYJIIOIOUMX HOCHIIJOBHOCTEH 1H(DOPMALIIIHOTO CUTHAILY B IIOPIBHSHHI 3 BIIOMUMU KOMIIO3UTHUMH KOJaMHU.

Kurouogi ciioBa: komu bapkepa; kommnosuthi koau bapkepa; aBrokopersiiiiiHa QyHKIIis.

Maxcumos B.B., Xpanoeuyxuit H.A.
HoBble kKoMnO3UTHBIE KOABI 6apKepa B cHCTeMe CHHXPOHI3AIMH MIHPOKOMO0JI0CHBIX CHTHAIOB

IIpoGaemaTuka. B Hacrosee BpeMs BocTpeOOBaHHOCTb B upokononocHsix curxanax (IIIIC) onpenenstor npucyiiue
9THM CHTHAaJIaM KayecTBa, KOTOPBIE MO3BOJAIOT 00ECHEUMBATH BBICOKYIO MOMEXO3ALIMIIEHHOCTD IMPOKONONOCHBIX CHCTEM
ce3u (IICC) npu mepepaue KOH(QUIACHIUANbHOM HH(POpPMALUU B OTKPBITOM paJHOKaHAEe, OCOOCHHO B YCIOBHSX
ype3BbIYaiiHbIX cuTyarmit. Xors ocHoBbl Teopun LITIC Xopomo n3BecTHbI, OAHAKO pa3BUTHE CETeH OECIpPOBOAHON CBS3U
TpeOyeT MOCTOSIHHBIX YTOUHEHHH TEOPETUYECKHX MOJIOKEHUH B COOTBETCTBUM C HOBBIMH JAHHBIMU O CIIOCO0AX IOCTPOCHUS
KOJIOBBIX ITIOCIIeZIOBAaTeNbHOCTEH bapkepa, MCIONB3yeMBIX B CHCTEMaxX OECIPOBOJHON CBS3M C TEXHOJNOTHEH pacIIHpeHHs
CIIEKTPA METOZOM NPSIMOH MOCJIEI0BATENBHOCTH.

Heab. Ilenblo paboThl SBISETCS HUCCIEJOBAaHUE HOBBIX KOMIIO3UTHBIX KOJOB bapkepa B KauecTBe CUTHAJIOB
CHHXPOHHM3AIMH ¥ CPABHEHHE MX C H3BECTHBIMH KOMITO3UTHBIMU KOJIAMH C TIOMOIIBIO MOJIETHPOBAHHSL.

MeTtoasl. Vcrnonb3yloTcs aHAIMTUYECKHE METOIbl pacuera, a TAKKe MMHTALUOHHOE MOJEIMPOBAHUE B MPOTPAMMHOM
nakere MatLab.

Pesyabratel. [IpoBeneHO HMUTAIMOHHOE MOJIEIMPOBAHUE, KOTOPOE MOATBEPIMIO BOSMOKHOCTh HCIOJIB30BAHHS HOBBIX
KOMIIO3UTHBIX K0/10B bapkepa B kauecTBe curHanos cunxponusanuu B IICC.

BoiBoabl. MojenupoBanne B mporpaMMHOM makere MatLab moka3ano 0OOJbIIyI0O MOMEXOYCTOHYMBOCTh HOBBIX
KOMIIO3UTHBIX KOJOB K BIMSHHIO DPA3IHYHBIX MOIYJIUPYIOIIMX MOCIEAOBATENLHOCTEH HH(OPMALMOHHOTO CHTHAlA IO
CPABHEHUIO C U3BECTHBHIMU KOMIIO3UTHBIMH KOJAMU.

Kirouessie ciioBa: kozsl bapkepa; koMnosutHsle Kbl bapkepa; aBTOKOppesIOHHas (YHKIHS.





