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The creation of radio engineering systems based on the effects of stochastic and chaotic dyna-
mic is a promising direction. The task of developing such systems must be oriented toward using
the results of theoretical studies of processes in nonlinear radiophysical systems. The subject of this
study is the nonlinear filtering of a mixture of chaotic oscillations and noise based on the stochastic
resonance effect occurring in a bistable system with the aim of isolating the information chaotic sig-
nal. Usually, noise is considered to be “white”, and the signal is narrow-banded. As a bistable sys-
tem, a Schmitt trigger can be used. For narrowband signals, the stochastic resonance effect has been
studied in sufficient detail theoretically, for broadband information signals, applied research is insuf-
ficient. The stochastic resonance effect is a phenomenon in which the response of a nonlinear system
to a weak external signal amplifies with increasing noise intensity to some optimal value. In the study
of radio engineering systems, chaotic oscillations can be used as information systems. Theoretical
basis for research of information processing systems in radio engineering systems using chaotic sig-
nals is research in the field of nonlinear radiophysics. Of particular importance in this case is the se-
lection of solutions at the model level, in particular, based on the results of circuit simulation of prac-
tically realized devices on the existing element base.

Keywords: stochastic resonance, chaotic dynamics, bistable system, Schmitt trigger, nonlinear
dynamical system, chaotic dynamics, optimal noise level, nonlinear filter, spectral analysis of the in-
vestigated oscillations.

1. Introduction

Development of radio technical systems based on the effects of stochastic and chaotic speaker is
promising. The task of developing such systems it is necessary to focus on using the results of theoreti-
cal research of processes in nonlinear radiophysical systems. To describe the dynamics of such systems
are used nonlinear differential equations of Lorenz or Ressler model type [1, 2] are mainly used to de-
scribe the dynamics of such systems. Currently, to generate chaotic signals are used by models on
the basis of the generator Chua [3, 4], logistic map, TENT-dimensional display and two dimensional
display of Hannon [5-9], three or more high-dimensional mappings display Richter [10—14], the genera-
tor of the Van der Pol nonlinear feedback [15].

The subject of this research is the nonlinear filtering of a mixture of chaotic oscillations and noise
on the basis of the effect of stochastic resonance occurring in a bistable system, with the objective of
allocating the information of a chaotic signal. Usually believe the noise is “white”, and the signal is nar-
rowband. As a bistable system can be applied Schmitt trigger. In this formulation, the effect of stochas-
tic resonance is investigated completely enough in theory. The effect of stochastic resonance is a phe-
nomenon in which the response of a nonlinear system to a weak external signal increases with the in-
crease of the noise intensity up to a certain optimum value. The real-time information signals have a cer-
tain frequency band, taking into account current trends on the use of complex modulation schemes and
the extension band signals to transmit information, it is necessary to consider the phenomenon of sto-
chastic resonance in application to such signals. When you use the phenomenon of stochastic resonance
in a bistable nonlinear dynamical system, the conditions for enhancing weak information signal as a re-
sult of its interaction with noise. For the simulation of a real information signal (speech, music) can be
used of the chaotic oscillation. Chaos, presented in the form of time sequence data is viewed as a mani-
festation of a deterministic dynamics, albeit complex, typical for nonlinear systems. From a modern
point of view of chaotic and stochastic oscillations can be identified by various methods. Nonlinear dy-
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namic systems exhibiting chaotic dynamics, and under the influence of noise is studied in theoretical
terms. There are applied research in nonlinear filtering, but they are dedicated to the signals with
the classical modes. To bring the theoretical research at the level of mathematical models for practical
use in radio engineering systems, for example, the effect of stochastic resonance for signal extraction
from additive mixture of signal and noise is a challenge for further research. In most of the studies have
noted the potential use of the effect of stochastic resonance to enhance the relationship of signal power
to noise power. Are invited to explore these processes in the applied aspect, the program circuit simula-
tion Multisim. Previously, the results of mathematical modeling were presented at the previous confe-
rence [16].

2. Modelling

In Multisim assembled generator of chaotic oscillations of nonlinear filter based on the bistable sys-
tem, the Schmitt trigger, the noise source is an internal generator “thermal noise”. What is happening, in
such a system, processes are observed and analyzed using the virtual instruments. In Fig. 1 a model dia-
gram of the entire device is shown. Generation of chaotic oscillations is a transistor oscillator with a res-
onant system, ladder type. Schmitt trigger and other auxiliary devices are assembled on operational am-
plifiers.
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Fig. 1

In Fig. 2 an example of the entire device is shown, the processes are displayed on the monitors vir-
tual devices. Top left are the waveforms of the input and output passed through the nonlinear filter of
fluctuations. Below, respectively, the implementation of noise and signal with added noise. Right, top
to bottom, respectively, the spectrum of the signal with added noise, the spectrum of the signal and
the spectrum of fluctuations at the output of the nonlinear filter. The parameters of all three spectrum
analyzers are the same [17].
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In the absence of noise the signal level is insufficient to switch the Schmitt trigger, so the output
signal of the nonlinear filter (Fig. 3).
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The spectrum of chaotic oscillations (envelope spectrum) at the output of the transistor oscillator is
shown in Fig. 4.

In Fig. 5 the spectrum of the noise added to the chaotic oscillation is shown.

A mixture of chaotic oscillations and noise, and separate the “noise path” is shown in Fig. 6.

Switching of the Schmitt trigger begins to happen, but the noise level is still far from optimal and
the dynamics of the process at the output of the nonlinear filter does not match the signal, chaotic oscil-
lation at the input (Fig. 7).
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If the noise level increases and becomes close to the optimum, then input signal and its spectrum
appear quite noisy (Fig. 8 and 9).
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The input oscillation and the oscillation output of the Schmitt trigger for this case is shown in
Fig. 10.
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In the case of optimal noise spectrum of the input fluctuations (additive mixture of chaotic oscilla-
tions and noise) is shown in Fig. 11, and the chaotic oscillation and the oscillation at the output of
the nonlinear filter — in Fig. 12. The spectrum of output fluctuations, respectively, is in Fig. 13.
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With increasing noise levels above the optimum in Fig. 14 shows the original chaotic oscillation
and the oscillation at the output of the nonlinear filter. The spectrum of output oscillations is in Fig. 15.
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In the spectrum of the output oscillations increases the level of high frequency components and
the whole dynamics of the output process less corresponds to the original chaotic oscillation.
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Studies have shown the possibility of separating complex signal from its mixture with noise. Circuit
simulation reduces the time of study compared to the theoretical research and then will quickly move to
the physical implementation of the device.
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HENMHEWHASA ®UNbTPALUA XAOTUYECKOIO CUIHATIA
NPU HANNYUKU LLYMOB

A.H. Kaszumupoe, B.®. TenexxKkuH
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. HensbuHck, Poccus

Co3naHue paJloTEeXHUYECKHX CHCTEM Ha OCHOBE 3()(EKTOB CTOXAaCTUYECKOW M XaOTHYECKOU
JTUHAMUK SIBISCTCS MICPCIICKTHBHBIM HATIPaBICHUEM. 3a/1auy pa3pabOTKH TaKUX CUCTEM HEOOXOIUMO
OpUCHTHPOBATh HAa WCIOJB30BAHUE PE3YIBTATOB TCOPETUICCKUX MCCICIOBAHUN MPOILIECCOB B HEIU-
HEWHBIX paguo(U3NIeCKUX cHCTeMax. [IpemMeToM HACTOSIIEro MCCIeOBaHUS SBISICTCS HEIMHCH-
Has (pUIBTpAIH CMECH XaOTHYECKOTO KOJICOaHUs M TyMa Ha OCHOBE A (eKTa CTOXaCTUIECKOTO pe-
30HaHCA, MIPOUCXOIAIICTO B OMCTAOMIIBHON CHCTEME, C LENBI0 BEIIEICHUS HHYOPMAIIMOHHOTO Xa0-
THYeckoro currana. OOBIYHO TOJAralT MyM «OelbIM», a CUTHAJ y3KOMOJOCHBIM. B kauecTBe Ouc-
TaOUJIBHON CHCTEMBI MOXET ObITh mpuMeHeH Tpurrep IlImurra. i y3KOMOJOCHBIX CHTHAJIOB
3¢ (}HEeKT cTOXaCTUIECKOTO PEe30HAHCa MCCIIE0BAH JIOCTATOYHO MOAPOOHO B TEOPETHUECKOM ILIaHE,
JUTSL TTUPOKOTIONOCHBIX MH(OPMAIIMOHHBIX CHUTHAJIOB TPUKIATHBIE HCCIEIOBAaHUS HEIOCTATOYHHI.
Dddekr cToXacTHUECKOro pe3oHaHca — 3TO SABJICHHUE, NMPH KOTOPOM OTKIIMK HEIWHEHHON CHCTEMBI
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Ha cJIaOblll BHEIHUN CUTHAIl YCUIMBACTCS C POCTOM MHTCHCHUBHOCTH IIyMa 0 HEKOTOPOTO €ro Ofl-
TUMAJIBHOTO 3HAa4YeHUsl. [Ipy UCCIeIOBAaHUU PATUOTEXHUUECKHX CUCTEM B KauecTBe WH(OPMAIMOH-
HBIX MOTYT KCIOJIb30BAaThCS XaoTH4eCKue kosebanus. Teoperndeckoil 0a30i I MCCIEIOBAHUM
cucteM 00paboTKH WH(OPMALUK B PAIMOTEXHUYECKUX CUCTEMAX C HUCIOJIb30BAHMEM XAOTHYECKUX
CUTHAJIOB CITy’KaT UCCIICAOBAHUS B 001aCTH HeTHMHEHHON paarodpu3uku. Ocoboe 3HAYCHUE TPH STOM
uMeeT OTOOp pellieHUi Ha MOJIEJIBHOM YPOBHE, B YACTHOCTH IO PE3YJIbTaTaM CXEMOTEXHHYECKOTO
MOJICIMPOBAHMS IPAKTUIECKH PEATIM3yEeMBIX YCTPOUCTB Ha CYIIECTBYIOIIEH 31eMeHTHOI Ga3e.
Kniouesvie cnosa: cmoxacmuueckuti pe3oHanc, Xaomuyeckas OUHAMUKA, 6ucmaduibHas cuc-
mema, mpueeep LlImumma, Henunelnas OUHAMUYECKAs CUCTEMA, XAOMUYECKAsl OUHAMUKA, ONMU-
MANLHBLU YPOBEHb UYMA, HEAUHEUNbIU UILMP, CNEKMPATbHBIL AHATU3Z UCCLEOYEMbIX KOAeOaHU.
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