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Background. Telecommunication systems with a broadband signal have undoubted advantages: increased noise
immunity with narrowband and wideband interference, confidentiality of information transmission, as well as improved
electromagnetic compatibility with neighboring radio-electronic devices.

A broadband signal is usually formed by direct spread spectrum using well-known classical pseudo-random
sequences (PRS): m-sequences, Kasami, Gold, Walsh sequences, which can be decoded and received at the receiver.

Objective. The aim of the paper is creating PRS on the basis of chaos, which the subscriber is practically unable to
decode, and thus ensure increased confidentiality of information transmission.

Methods. Using the mathematical model of chaotic logistic mapping, which, as shown by preliminary studies,
provides the best results, as well as referring to the bifurcation diagram of Feigenbaum, the parameters of 3-secret keys
are defined and the PRS of the selected length is created. Based on the application of the graphical user interface
developed in the MATLAB system, a correlation analysis of the resulting PRS is performed and the PRS is determined
with the minimum side lobes of the autocorrelation function.

Results. By empirical decision of 3 secret keys of the dynamic parameter of the Feigenbaum diagram, the initial
value of the sequence and the number of the initial pulse of the PRS, as well as the study of the autocorrelation function,
we obtained a PRS with a side lobe level of the autocorrelation function acceptable for practical use of no more than
0.25.

Conclusions. The use of well-known pseudo-random sequence: Walsh’s, Kasami’s, Gold’s, creating a system with a
noise-like signal doesn’t ensure complete confidentiality of information transmission, since they can be decoded.

The most acceptable by the criterion of the side lobe minimum of the autocorrelation function — no worse than 0.25
— is the use of chaos based on the Feigenbaum logistic map.

When creating pseudo-random sequences based on chaos, the best results are obtained by choosing the maximum
value of the dynamic parameter of the Feigenbaum diagram at the level of the boundary value equal to 4, with an
accuracy of 0.05.

Keywords: telecommunication system; broadband pseudo-noise signal; logistic mapping; signal base; radio
channel.

1. Introduction

Currently, special attention is paid to
telecommunication systems (TCS) with a
broadband signal, with enhanced noise immunity
for both narrowband and wideband interference,
improved confidentiality of information
transmission, as well as electromagnetic
compatibility with neighboring electronic devices
[1,2].

The main characteristic of a broadband
signal is the signal base

B=TW (1)
where T is the duration of the signal, W is the
width of the signal spectrum.

For the broadband signal B>>1.

2. Advantages of telecommunication systems
with broadband signal

All TCSs are affected by both internal
Gaussian thermal noise and external interference.

Near the transmitter, signal spectrum width
of which Wn «W, TCS can be affected by
narrowband interference. The ratio of the signal
power to the total noise power and interference at
the outputs of the matched filter will be [2]

Yy=2E/(No+P;/ W), 2)
where E is the energy of the bit, Ny is the spectral
density of thermal noise, P; is the interference
power.

Obviously, regardless of the particular
interference band W;, the signal / (noise +
interference) ratio at the output of the matched
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filter behaves as if the interference power were
evenly distributed in the signal band W, adding to
the noise an additional noise with a spectral
density P; / W, and the total noise has the
properties of Gaussian noise [2].

It is possible to neutralize the effect of
narrow-band interference by using a notch filter
that “cuts” the interference from the signal
spectrum.

Then, at the output of the matched filter, we
obtain the signal / (noise + interference)

Yi=v2(1-W;/W), 3)
where v; is the actual signal-to-noise ratio at the
output of the matched filter in the absence of
interference.

Obviously, the greater the width of the
signal spectrum compared to the width of the
interference spectrum, the less the influence of
narrowband interference on the operation of the
system.

The attainment of high noise immunity of

TCS with narrowband interference (without using
the brute force method by means of transmitter
power increase) is possible only by expanding the
signal spectrum as much as possible.
As a deliberate counteraction to the operation of
the TCS when a signal is detected, a barrier noise
can be used with spectrum width exceeding the
signal spectrum width. In this case, the signal /
(noise + interference) ratio will also be
determined by the formula (2).

8|

Fig.1.The spectrum of the signal, obstruction and
noise:
j () is the spectral power density of the
interference; s(f) is the spectral power density of
the signal

It’s obvious that the only way to increase
the immunity of the system to blocking
interference is to use an ultra-wideband signal
with a base B >>1.

In the case of electronic countermeasures,
effective interference can be organized only when
a signal is detected in the air with the definition of
the frequency and width of the spectrum. A
system with a broadband signal should work as
secretively as possible with a minimum spectral
density of the signal, using special modulation
techniques. The latter should carry out a
supersensitive energy reception of the signal in
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the mode of the radiometer in a wide frequency
band.

Obviously, the larger the base of the

broadband signal, the more difficult it will be to
detect the system to the interference provider.
Widening of the signal spectrum reduces its
spectral density, masking it under noise.
A characteristic feature of electromagnetic
compatibility of systems is their conflict-free
coexistence in a given region. For this system
transmitters must emit a minimum signal in the
receiver frequency band to ensure that the spectral
density of the signal is less than a certain
threshold level, for example, -7 dB from the noise
level. It is this ability that creates a broadband
signal.

The broadband signal provides high
resolution when receiving short pulses of duration
At

At=1/W. “®

With multipath propagation of the signal
it allows identifying short pulses of signals, with a
delay coming to the input of the receiver. Such
pulses are processed in the equalizer or rake
receiver, thereby creating a sum signal that
exceeds the signal-to-noise ratio at the receiver
output.

A wideband signal is usually formed by
direct spectrum spread with the use of a number
of known pseudo-random modulated sequences
(PRS): m-sequences, Kasami, Gold’s sequences,
etc., as well as Walsh code.

The main requirement in choosing the type
of PRS is obtaining minimum side lobes of the
autocorrelation  function for  single-channel
systems and also minimum petals of the mutually
correlating functions for multichannel systems.

The interceptor can unravel the structure of
the signal with a simple enumeration method
(brute force method) using a bank of parallel
matching filters or filters that are rearranged in
series if the signal is received for a long time.
Therefore, systems using known pseudo-random
sequences can’t be considered to be protected
against unauthorized access.

3. Using a chaos to create PRS

At present methods have been developed
for obtaining a sequence of bits with alternating
symbols + 1, -1 from chaos, the random character
of which makes it possible to obtain pseudo-
random sequences of large length [6]. Any
analysis of these sequences does not make it
possible to reproduce them and they can’t be used
to intercept the signal, therefore they have unique
advantages when used for spreading the signal
spectrum and creating a pseudo noise broadband
signal.
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As shown in [7,8] the best results for the
criterion of the minimum level of the maximum
side lobes of ACP PRS are obtained on the basis

of chaotic logistic mapping, which has a
mathematical model
X, 1 =%, (1fxn) , (®)

where x, is the value of the system variables at

the step n, and r is the parameter of the dynamic
system.

The initial states of the system are set by
values x 0 € (0=+1)- The values of the parameter r

for the Feigenbaum parabola are within the limits
(3’ 57+4] (Fig. 2), that guarantees the chaotic

state of the system and the initial sequences will
have a high level of randomness.
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Fig. 2. The bifurcation diagram of Feigenbaum's
logistic mapping

Using the diagram of Fig. 2 it is possible to
determine the value of the parameter » at which
the developed chaos is realized. In our
calculations, it assumed a value of 3.9 < r < 4.0.
Other encryption keys will be the initial value of
xo and the value of ni, from which we begin to
form the PRS.

On the basis of chaos with logistic
reflection, 10 sequences of 200 pulses in length
are obtained according to the parameters shown in
Table 1.

The first sequence with the number of
pulses 200 has the form

-11-11-11-1-1-11-1-1-11-11-1-11-1-1111-
I-11-1-1111-1-111-11-111-11-11-11 -11-1

-11-111-1111111111-11-1-111-11-1-11-11-
111-11-1-1-11-11-1-1-1111-1-11-1-1

-111-1-11-111-1-11-1-1-11-11-1-1-111-11-
11-1-1111-1-11-11-11-1-111-11-11 -1-11

1t-111-11-111-111-11-1-1-11-11-1-1-111-
I-11-111-11-1-1-11-1-1-11-11-11- 11-1-1.

In Table 1 the minimum values of the
maximum level of the side lobes of the auto-
correlation function obtained from the results of
studies of the obtained sequences using the
graphical interface method [9].

TABLE 1. ACF PRS from chaos based on logistic
mapping

Ne 10 20 30 40 50 100 150 | 200
impuls

NeP
S

(X0)
1 0,6; 0,4; 0,4; 0,5 -0,4 -0,3 -0,3 -0,3
©.1) | 0,6 | -04 | -04

2 0,2; 0,5; -0,5 0,4; 0,3; 0,2; 0,2; 0,2;

0,2) - -0,5 -0,4 -0,3 -0,2 -0,2 -0,2
0,2

3 0,6 0.4 0,4 0,3 0,3 0,2; 0,2; 0,2;
0,3) -0,2 -0,2 -0,2

4 0,6 0.4, 0,4; 0,4 -0,3 -0,3 0,2; -0,3
0,4) -0,4 -0,4 -0,2

5 -0,6 0,2; -0,4 0,4 0,3; 0,2 0,2; 0,2,
(0,05) -0,2 -0,3 -0,2 -0,2

6 0,6 -0,4 -0,3 -0,3 0,3 0,2; 0,2; 0,2;
(0,5) -0,2 -0,2 -0,2

7 0,6 0.4, 0,4; -0,3 -0,3 -0,4 0,2; -0,3
(0,6) -0,4 -0,4 -0,2

8 0,6 0,4 0.,4; 0,3 0,4 0,2; 0,2; 0,2;
0,7) -0,4 -0,2 -0,2 -0,2

9 0,2; 0.4; -0,5 0.,4; 0.4 0,2; 0,3 0,2;
(0,8) -0,2 -0,4 -0,4 -0,2 -0,2

10 0,6; | 04; | 04; | 04; | -04 | -03 | -0,3 | -0,3
09 | 06 | -04 | -04 | -04

Note: When creating all implementations, the
parameters used are: r = 3.89; q = 0.55

4. Construction of TSS using the PRS
based on chaos

In a number of cases it is important to
create a single-channel TCS with a broadband
pseudo-noise signal, which has the advantages
listed above, which are already manifested when
the base is B = 10-20 dB [2].

Fig. 3 shows a scheme for constructing a
single-channel practical TCS using a pseudo-
noise signal obtained using a chaotic-based PRS.

| EH_‘F [EHTH =) i}z )53} -7}
i3 8 9 10 - 18
(5] : |

i1 ; 2 16

Fig.3. System construction diagram:

1 - transmitter; 2 - receiver; 3-PC for signal
conditioning; 4-modulator; 5-signal generator of
intermediate frequency; 6-frequency converter; 7-
power amplifier; 8,10-antenna transmitter and
receiver; 9-radio channel; low-noise amplifier; 12
- frequency converter; 13 - RACE - receiver; 14-
demodulator; 15-correlator; 16-PC  for the
formation of a reference signal; 17-solving device;
18-PC for the formation the received signal.

When designing the system, the initial
parameters are the available frequency resource
Af, which determines the bandwidth of the radio
channel, as well as the transmission rate of
information transmission (the duration of the
information signal T). The use of these parameters




is determined by the base of the pseudo-noise
signal

B=AfT=T/x, (6)
where t is the duration of an elementary pulse of a
complex signal.

It is important that the signal base is not
less than 10 dB, which will provide the
advantages that are characteristic for broadband
systems.

Next, a pseudo-random sequence based on
chaos of length N = B is determined. By using the
graphical user interface method the best
implementation with ACF lateral lobes of not
more than 0.3 is selected.

Considering the determining value of the
maximum signal base to ensure unconditional
advantages of TCS with broadband noise-like
signal, it is expedient to select the maximum value
of the signal base.

In such a system the SNR at the receiver
input should be less than the Shannon limit of -1.6
dB [2], when the signal reception is impossible.
Such a system will be safe to ensure
electromagnetic  compatibility = with  nearby
electronic devices, even when the signal spectrum
of the system will occupy part of the band of the
radio channel in which these devices operate. To
do this, the broadband signal base must be at least
By

U?T .
= 1,38 No ’ ™

where U is the bit amplitude at the receiver input,
No is the noise spectral density at the receiver
input.

Then, a pseudo-random sequence is determined
from chaos with a length of N = B. At the same
time, using the method of a graphical user
interface, the best implementation is chosen that
has side lobes ACF of not more than 0.3

5. Conclusions

1. The use of known pseudo-random sequences -
Walsh, Kasami, Gold, when creating systems with
a noise-like signal does not ensure complete
confidentiality of information transmission, since
they can be picked up in the receiver (brute force
method).

2. When a pseudo-random sequence is created, the
use of chaos based on the Feigenbaum logistic
map is the most acceptable by the criterion of the
side lobe minimum of the autocorrelation function
- not worse than 0.3.

3. Pseudo-random sequences based on chaos
significantly increase the confidentiality of
information transmission in systems with a noise-
like signal created with their use, since no analysis
of them practically allows them to be determined
in the transceiver.

A. SEMENKO, M. KUSHNIR, CHARACTERISTICS IMPROVEMENT OF THE WIDEBAND TELECOMMUNICATION 13

4. The use of pseudo-random sequences based on

chaos is effective when creating
telecommunication  wireless  systems  with
increased confidentiality of  information

transmission - radio relay, satellite and other
systems, in which the possibility of taking
information by unauthorized subscribers is almost
completely excluded.

5. When designing the system the initial
parameters are the available frequency resource,
which determines the bandwidth of the radio
channel, as well as the information transfer rate
(the duration of the information signal) from
which the broadband signal base is determined
(which should be at least 10 dB), and the duration
of the elementary pulse.

6. When selecting a signal base providing a
signal-to-noise ratio at the input of the receiver is
less than the Shannon limit (-1.6 dB), the system
will be safe for electromagnetic compatibility with
a number of electronic devices operating, even if
the signal spectrum will occupy part of the
channel in which these device.
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Cemenko A.1., Kywinip M.A., boxkna H.1I., Illecmonan IO.O.

3acTocyBaHHSI NCeBJOBUNAKOBOI MOCIeABATEIHLHOCTH HA OCHOBi Xaocy JIsSI CTBOPEeHHs IIHMPOKOCMYTOBHUX
TeJeKOMYHIiKaUiHHUX CUCTEeMH 3 MOJINIIEeHUMH XapaKTepUuCTHKAMHU

IIpodemaruka. TenekoMmyHIKalliifHI CHCTEMH 3 HIHPOKOCMYTOBHM CHTHAJIOM MalOTh Oe3lepedHi mepeBaru:
MIABHIICHI 3aBaJIOCTIHKIHKBICT IIPH BY3bKOCMYTOBHUX 1 IIMPOKOCMYTOBHX IEPEIIKOAAX, KOH(IASHIIHHICTE nepenadi
iHdopMallil, a TaKOK MOJIMIIEHY eJICKTPOMArHiTHY CyMICHICTb 3 CyCIAHIMHU PaJioeIeKTPOHHUMH IPUCTPOSIMH.

IIIupokocMyroBuii curHan GOPMYETHCS SIK MPABHIJIO METOJOM IPSMOrO PO3MIMPEHHS CIEKTPY 3 BHKOPHUCTAHHSIM
BIJIOMHX KJIACHYHHUX TMCeBIOBHUITaAKOBUX TmociigoBHocteil (IIBIT) : m- mocmimoBHOCTEH, mochigoBHocTeit Kacamu,
Tonpa,,Youmma, siki B mpuitMadi Mo>KHA IMiAIOpaTH 1 TPUWHSATH CUTHAI.

Merta pocaimxenb. CtBopenss [1BI1 Ha ocHOBI Xaocy, siki mpuiiMarounii aOOHEHT NPaKTHYHO HE 3MOJXKe MiaiopaTu,
1 TAKUM YMHOM 3a0€3Ie4YUTH IiABUIISHY KOH(DIASHIIHHICTh npuiiomy iHpopmariii.

MeToauka peaJiizanii. 3 BUKOPUCTaHHSIM MaTEMaTHYHOI MOJIEJIi XaOTUYHOTO JIOTICTUYHOTO BiIOOpaKCHHS, KA, K
MOKa3ajyd NOIEPEeIH] ITOCHIJDKEHHs, 3ale3leuye HalKpalli pe3yibTaTH, a TaKOXK 3BEPTAIYUCh 10 OidypkamiiiHOl
niarpamu dDeiirenbayMa, BUSHAYAIOTHCS MTapaMEeTPH 3-X CEKPETHHUX KITFOUYiB i cTBOproroThest [IBIT BUOpaHOi TOBKUHU.
Ha ocnoBi 3acTocyBanHs1 po3pobiieHoro B cucremi MATJIAB rpadiunoro intepdeiicy kopuctyBada 31iHCHIOETHCS
KopensuiiHuii  amamiz orpumanHux IIBII 1 BusHawarorscsa IIBII 3 wMiHIManbHHM piBHEM OI4HUX TIEIIOCTOK
aBTOKOPEIAIHHOT PyHKITIT.

PesynbTratn pocaimkens. IllnsxoMm emmnipuyroro BuOopy 3 - X CEKpETHHX KIIIOUiB-ITHHAMHYECKOTO ITapaMerpa
niarpamn @elirenb6ayma, MOYaTKOBOIO 3HAYEHHsI IOCIIJOBHOCTI i HOMepa modaTkoBoro immyibcy IIBII, a Takoxx
IOCIIKEHH aBTOKopersniiiHol ¢yHnkii orpumani [1BI1 3 mpuiiHATHUM U NPAaKTHYHOTO BHKOPHUCTAHHSA PiBHEM
OIYHUX IMETIOCTOK aBTOKOPEISiHHOT (pyHKIIT He Outbie 0,25.

BucHoBkun. BukopucTaHHs BiIOMHX IICEBIOBHIAIKOBUX IOCIeAOBaTelibHOCTEH-Yommra, Kacamu, ['onga npu
CTBOPEHHI CHCTEM 3 IIYMOINOAIOHMM CHTrHaJIOM He 3a0e3nedye IMOBHY KOHGIISHLIHHICT, mnepenaui indopmamii,
OCKIJIBKHY TX MO>KHa NiibpaTu B npuiimadi.

Haii6inpim npuiHITHUM 3a KpUTEpiEM MiHIMyMy OI4HOT MEJIOCTKH aBTOKOpessuiiHol ¢yHkiii -He ripme 0,25,
BUKOPHCTAHHS Xa0Cy Ha OCHOBI JIOTICTUYHOTO BitoOpaxkeHHs1 DeireH6ayma.

Ilpu cTBOpeHHI TNICEBIOBUIIAJAKOBUX IIOCIIIOBHOCTCH Ha OCHOBI Xaocy HaiKpalll pe3yJibTaTh aa€ BHUOIp
MaKCHUMAJIbHOTO 3HAUYECHHS JNMHAMIYHOrO napamerpa fiarpamu deiirenbayma Ha piBHI I'PaHUYHOI'O 3HAUCHHS, PIBHOTO
4, 3 Tounictio 0,05.

KnarouoBi cnoBa: TenekoMyHikaliliHa CHCTEMa, IIHPOKOCMYTOBHI IICEBIONIYMOBHM CHTHad, JIOTICTUYIHE
BiIOOpaskeHHs1, 6a3a CUrHaJy; pagioKaHal.

Cemenko A.U., Kywunup M.A., bokna H.U., Illlecmonan I0.0O.

IlpuMeHeHHe ICEeBAOCTYUYANHONH IOC/I€IBATEILHOCTH HA OCHOBE Xaoca /JIsl CO3/aHUSI HIMPOKOMOJIOCHBIX
TEeJIeKOMMYHHUKAIMOHHBIX CHCTEMbI € YJIYYIIEHHBIMHU XapPaKTEePUCTUKAMU

Ilpodaemaruka. TelleKOMMYHUKAIIMOHHBIE CUCTEMbl C UIMPOKOIOJIOCHBIM CHUTHAJIOM HMEIOT HECOMHEHHBIS
IIpeuMyutiecTBa: ITOBBIIIICHHBIC HOMCXOyCTOﬁ‘IHBOCTH npu Y3KOIIOJIOCHBIX Hu HINPOKOIIOJIOCHBIX momMexax,
KOHCI)I/IIIGHL[I/IaJTBHOCTB nepeaaun I/IH(l)OpMaL[I/II/I, a TaKXk€ YIYYIICHHYIO OJJICKTPOMAarHuTHYHO COBMECTHUMOCTH C
COCETHUMH PaJIMO3ICKTPOHHBIMH YCTPOHCTBAMU.

HIupokononocHbIi curiai GopMUPYETCsl KaK NPaBUIIO METOJIOM MPSIMOTO PACIIMPEHHUS CIIEKTPa C UCIIOJIb30BAHUEM
HU3BECTHBIX  KJIACCHUYECKHX IICEBAOCIyYaiiHble MOCIEN0BATENBLHOCTEN (ITCII): m-110CJIEA0BATENIBHOCTEMH,
nocienoBareabHocTeit Kacamu, ["onpa,, Y osira ,KOTopbie B IPUEMHHKE MOYKHO 1M0100paTh U IPUHSATH CUTHAII.

Heas uccaenoBanmii. Coznanue [ICIT Ha ocHOBe Xaoca, KOTOpBIC NPHHUMAIOMIMI aOOHCHT INPAKTUYECKH HE
CMOJKET IoA00paTh, U TAKUM 00pPa30M OOCCIICUHTh MTOBBIICHHYO KOH(PUACHIIMATLHOCTh IpUeMa HH(pOopMaIiu.

Metoauka peasusanuu. C HCHOJIB30BAaHUEM MaTEMaTHYECKOH MOJEIH XaOTHYECKOrO JIOTHCTHYECKOrO
0TOOpakKeHUsI, KOTOpasi, KaK IOKa3aJll IpEIBapUTEIbHBIC HCCIICIOBAaHUS, OOCCIICUNBACT HAMIYUIINE PE3YJbTAaThl, a
Takke oOparmasich K OudypkanunoHHoi nuarpamme deiireH6ayMa onpenessFoTCs MapaMeTphl 3-CeKPETHBIX KITI0UeH U
coznarorcst [ICIT BeIOpanHoi mumHbL. Ha ocHoBe nmpumenenust paspadoranHoro B cucteme MATIIAB rpaduueckoro
nHTepdeiica MoIp30BaTeNsl OCYIISCTBILICTCS KOPPEIAUUOHHBINH aHanu3 nosydeHHbIx [ICII u onpenersitorcs IICII ¢
MHUHHUMAaJIbHBIM YPOBHEM OOKOBBIX JICIIECTKOB aBTOKOPPEIISIIUOHHON (DYyHKIIMH.

PesyabTarsl nccaenoBanuii. [Tyrem smmmprdeckoro BeiOOpa 3- X CEKPETHBIX KIFOUYEH-THHAMUYECKOTO TTapaMeTpa
nuarpamMbel Deliren6ayma, HadallbHOTO 3HAYEHHs MOCJIEIOBATEIIHPHOCTH W HOMepa HadaibHOro mmmynbca I[ICII, a
TaK)KE HCCICIOBAHUSI aBTOKOPPEJSIMUOHHOW ¢yHKkuuu noiydensl [ICII ¢ mpuemiemMbiM Juisi IPaKTHYECKOTO
HCIIOJIb30BaHUS YPOBHEM OOKOBBIX JICTIECTKOB aBTOKOPPEISIIMOHHON (pyHKIIMK He Ooiee 0,25.

BbiBoabl. Vcnonp3oBaHMEe W3BECTHBIX IICEBAOCIYyYalHBIX IIOCIIeqOBaTebHOCTEH-Y ommra, Kacamu, ['onma mpu
CO3JaHWHM CHUCTEM C IIYMONOJOOHBIM CHTHAJIOM HE OOCCIICUHMBAIOT IMOJHYI0 KOH(MHICHIHAIBHOCTD Iepeaadd
uH(GOPMAIUU, TOCKOIBKY UX MOXHO II0A0OpaTh B IPUEMHHUKE.

HaunGonee npuemiaeMbIM 10 KPUTEPUIO MHUHUMYMa OOKOBOTO JIEIECTKA aBTOKOPPEIALHMOHHON (PyHKIIUU —HE XYXKe
0,25 sBJseTCS UCIOIB30BAaHUE Xa0ca Ha OCHOBE JIOTUCTUYECKOTO 0TOOpakeHusi deiirendbayma.

IIpu co3zmaHum TnceBIOCITyYallHBIX ITOCIICIOBATEIBHOCTEH Ha OCHOBE XaocCa HAWIYYIIHE PE3yJbTaThl J1acT BBIOOD
MaKCUMAaJIbHOTO 3HAYCHHUsI THHAMHYECKOrO mapameTrpa nuarpammbel DeiireHOayma Ha ypOBHE TPaHUYHOIO 3HAYCHUS,
paBHoro 4, ¢ Tounoctbo 0,05.

KiioueBble cjioBa: TEIEKOMMYHHKAIIMOHHAsT  CHCTEMa, IITUPOKOIIOJOCHBIM  IICEBAONIIYMOBOH  CHTHAI,
JIOTHUCTHYECKOe OTOOpakeHue, 0a3a CUTHaJIa; paJOKaHal.



