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CHEN SYSTEM-BASED CHAOTIC TRANSCEIVER
FOR FREQUENCY OUTPUT QUARTZ TRANSDUCERS

The application of unidirectional synchronization of two coupled Chen systems is exhibited in this work. In spite
of the high dependence on initial conditions, which means that two initially close phase trajectories with time
become uncorrelated, it is possible to synchronize two dynamic systems to make them evolve identically. Data
transmission using chaos requires mixing an information signal with a chaotic carrier. This procedure performs
data encryption and spreads the spectrum of an information signal, which increases information security and
reliability. Thus, the prospect of using devices with chaotic dynamics in modern telecommunication and
telemetry applications is due to several factors, including high information capacity, various frequencies, and
confidentiality of messages. The proposed scheme is considered to be used in a measuring transducer design
that requires sensors to operate at a long distance from the rest of the scheme. We propose an application of a
chaotic oscillator as a transceiver module for a quarts sensor transducer, which could be used in a telemetry
application. The process of producing non-periodic but determined oscillations by the non-linear Chen system
and signal transmission application, based on it, are the subject of the research. The complete synchronization
of two unidirectionally connected Chen systems and its signal transmission application are considered. The goal
is to develop a transceiver extension for the quartz measuring transducer scheme to ensure the stable operation
of sensors at a long distance from the rest of the scheme. The result of the research: a chaos synchronization
scheme was applied to transmit a frequency-modulated signal, obtained from a difference-frequency block of the
quartz sensor transducer. Additionally, the mathematical model and numerical modeling of the Chen dynamical
system has been done. The numerical solution of the system's differential equations was obtained using Matlab
software. To study the change in the dynamic regime depending on the parameters of the model, the spectrum of
Lyapunov exponents was calculated and bifurcation diagrams were constructed. The circuit design of the Chen
oscillator was built using Multisim software, which uses the PSpice model to simulate electrical components. A
model of an analog signal transmission system with chaotic mixing of a frequency output signal with a chaotic
carrier has been proposed as an extension of the use of quartz transducers in measuring devices.

Keywords: chaos; Chen system; synchronization; Lyapunov exponents; measuring transducer; quartz.

we propose an application of a chaotic oscillator as a
transceiver module for quarts sensor transducer, which
could be used in telemetry systems designs.

Having been discovered in 60th, the phenomenon of
producing non-periodic noise-like complex signals by

Introduction

The process of designing and modeling of
transducers  design  requires  many

technological and constructing issues to be managed,
e.g., ensuring high transformation performance, high
measurement accuracy, strong noise tolerance, linear
transfer characteristics, high level of an output signal, etc
[1-4]. Technical invariance of quartz crystal oscillators to
destabilizing factors (DF) of the environment can be
ensured by using the resonator in a multi-frequency mode
[5, 6]. Thus, e.g., the quartz pressure transducer, which
has been described in the work [7], can operate in either
single- or the multi-frequency mode of the quartz
resonator.

Additionally, in telemetry systems design, quartz
sensors are often required to operate at a long distance
from the rest of the transducer scheme, which leads to
increased noise immunity requirements [1-4], which is a
crucial factor to ensure stability and prevent failure of
end-user devices [8]. To manage this issue, in this paper,

completely deterministic systems is thought to be one of
the most significant scientific breakthroughs of the 20th
century. First noticed by Lorenz in 1963 [9], the
unpredictable behavior of the atmospheric convection
simulation model was the first example of a non-linear
dynamical system, which is strongly dependent on the
initial state and characterized by a strange attractor in
phase space. There were lots of other dynamical systems
described after, which are governed by non-linear
differential equations and correspond to different
physical phenomena (e.g., Rossler system [10, 11], Chen
system [12], etc). An example of a discrete chaotic
oscillator, based on a matrix structure is analyzed in the
work [13]. Numerically chaos can be assessed by
Lyapunov exponents, which provide characteristics of
chaotic signal pulsations as an exponential difference
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between two initially close trajectories [14]. In 1999,
developing a linear partial state-feedback controller,
which allows deriving the Lorenz system from a non-
chaotic state to be chaotic, Chen found a new chaotic
system [15, 16]. The system is competitive with the
Lorenz system in the structure, is topologically not
equivalent to it, and has more complex dynamical
behavior [17].

Using nonlinear dynamics methods in signal
analysis and processing is reasonable even for signals
without a precise model of their source. E.g., in
biomedicine, in some cases, it is useful to assume that the
processed signal has been generated by an unknown
dynamic system to reconstruct a phase space and get a set
of equations to build a computer model [18]. The
problem of processing such signals is complicated by the
influence of several regulatory mechanisms on the
circulatory system, which leads to the heart rhythm
variability, so even in arestful state, the characteristics of
fluctuations correspond to the state of dynamic chaos. In
common cases, pulse wave signals could be random and
unstable, which corresponds to the chaotic behavior of a
dynamic system.

Not only could natural phenomena demonstrate
chaotic behavior, but even simple electrical oscillation
circuits can be applied to obtain complex output signals.
Thus, for instance, Ku and Sun described the chaotic
behavior of Van der Pol oscillator [19]. In 1983 Chua
proposed an electrical circuit that became an example of
a classical chaotic oscillator. The scheme consists of a
linear oscillating LC-circuit with a non-linear negative
resistance called a Chua diode [20, 21]. It was also shown
that transistor-based circuits, like Colpitts or Hartley
oscillators, can produce chaotic signals [22-24]. There
are lots of other chaotic oscillator implementations
described in the literature (e.g., in works [25-29]): from
simple microcontroller-based oscillators and random bit
generators (e.g., presented in papers [25, 26]) to complex
FPGA-based chaotic cryptosystems [27]. An analog
Lorenz circuit and its radio frequency implementation are
presented by Blakely, Eskridge, and Corron. They
propose a simple schematic design, which can produce
chaotic oscillations with a peak frequency equal to 930
kHz and significant power beyond 1 MHz [28]. Some
approach to simplifying chaotic circuits with quadratic
nonlinearity was proposed in the work [29], whereby a
chaotic system with quadratic terms is realized using only
a few multipliers and passive linear elements.

Discovered in 1990 by Pecora and Carrol, the
capability of chaos synchronization [30] facilitated
chaos-based telecommunication application
development. In spite of the high dependence on initial
conditions, which means that two initially close phase
trajectories with time become uncorrelated, it is possible
to synchronize two dynamical systems in order to make

them evolve identically. For instance, the regime of
unidirectional synchronization of two coupled dynamical
systems (primary and secondary) could be set up
following the method proposed by Pecora and Carrol,
whereby each original system must be decomposed into
two subsystems. The primary system keeps its autonomy
and self-oscillating abilities, while the secondary system
becomes non-autonomous and driven by the
synchronization signal that comes from the primary
system [30, 31]. Influenced by a control signal,
secondary system phase trajectories with time tend to
primary ones making a "chaotic response".

Of course, there are lots of limitation factors, which
destabilize and prevent synchronization. For instance,
parameters of primary and secondary systems must be
equal as far as it is possible to set up a complete
synchronization regime. Another example of such
destabilization is noise influences in the channel [32].
Studying synchronization of Lorenz systems, Liao and
Lin showed that not all state variables can be used as a
driving signal [33]. Thus, using the first and second
variables would allow coupled Lorenz systems to get
synchronized, but not the third one [33, 34]. The
synchronization phenomenon is a crucial aspect in
various chaotic applications, which include novel data
transceiving  approaches, information  security,
measuring devices, signal detection application, model
data parameter estimation, and prediction [35].

In telecommunication systems chaotic signals are
used as carriers for information signals. One of the
simplest ways of sending an analog signal is called
"chaotic masking", whereby the sender adds a message
to a chaotic signal and sends this sum via a
communication channel. Following this approach, the
amplitude of the chaotic carrier must be much higher than
the amplitude of the information signal. Examples of
masking are exhibited in works [36-37]. In the work [36],
the authors proposed a combined scheme of chaotic
modulation, recursive encryption, and chaotic masking.
A model of high secure multichannel radio
communication system based on the Rucklidge
dynamical system was exhibited in the work [37].
Another approach involves changing one of the primary
system parameters to transmit a binary signal by
switching the secondary system from a synchronized
regime to a desynchronized one and vice versa [35].
Thus, data transmitting using chaos requires mixing an
information signal with a chaotic carrier. This procedure
performs data encryption and spreads the spectrum of an
information signal, which increases information security
and allows sending the same amount of data with a much
smaller power used [38].

Security algorithms [39], which are based on
dynamical chaos theory, have shown good properties in
many relative aspects of telecommunications and data
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transmitting technologies due to their superiority over
ordinary random number generators [40, 41].

Thus, the research aims to develop a Chen-system-
based chaotic transceiver extension for the quartz
measuring transducer scheme to ensure the stable
operating of sensors at a long distance from the rest of the
scheme. Such application is proposed to be used in any
kind of info-communication system and Internet Of
Things (10T) design.

1. Mathematical model
of chaotic transceiver

Let us consider a continuous dynamical system that
evolves governed by the following vector equation:

dii(t)
dt

=F[U(v),k], U(x)er", keR™ ()

where U(t) =[u1(r),u2(1:),m,un (r)] is a state vector
of the system, k=[k,k,,k,] is a vector of

parameters, and F is a non-linear vector function which
is assumed to be known on both transmitting and
receiving sides.

According to the decomposition method [30], the
original system (1) is supposed to be separable into two
subsystems:

F-[C] -] @

where
V(1) =[u(1).u, (1), u, (1) ]
W (1) =[Upur (7). Upaz ()11, (1) ]
G=[FR(d).F, (@), F (1)].

. :[Fp+1(ﬁ,i<'), Foa (K)o F, (u,R)].

Thus, equation (1) can be rewritten as follows:

%@:é[\?(r),\ﬁ(r),ﬁ} [V(T),W(T)]E]Rn
i (1) | keR"

©)

where V(1) and W(t) are state vectors of the first and

second subsystems, respectively.
Now let us get two identical dynamical systems
decomposed with the rule (2). The first system is a

primary (P) or a driver system, whereas the second one is
a secondary (S) or a response system. The primary and
the secondary systems are assumed to be constructed on
the transmitting and the receiving sides, respectively.
Hence, the complete synchronization of two
coupled non-linear systems is described as follows:

va(;)T(T) =G |:\7PD (T)’WP (T)' ﬁp}
dwgr(T) =H |:\7PD (1), W, (<), EP}
P _gfu, (k] @
desT(T) —H [VPD (1) Ws (), ks}

Here the vector Vo, (t) from the primary system is

set to be a driving signal (D). However, not all possible
variances of the state vector can be used as a driving
signal [28, 29].

Let us define the synchronization error &(t) as a
difference between the signal W, (t) coming from the

primary system, and the output signal Wg (r) generated
by the secondary system:

&(t) =||\7VP (r)—\TVS (r)" (5)

Thus, setting up the synchronization regime means
asymptotical decay of the error:

lim{e(<)} >0. (6)
The last statement can be achieved if all the
Lyapunov exponents of the secondary system are
negative under driving signal control [30, 31].
The Chen [12] system consists of three non-linear
differential equations:

ax,

& a0
dx, =(c—a)X, — X, X3 +CX,, )
dt

dx

d—; = X,X, —bX,,

where a, b, and c are real system parameters [8, 11-13].
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Let us denote a vector function of the right parts of
the system (7) as Y(X,,X,,X,). Thus, the system is

dissipative if divY (x,,x,,X,)<0. For the Chen system,
the dissipation condition is inequation:

c<a+h. (8)

Equilibrium points of the Chen system are
estimated by setting Y (x,,X,, X, ) = 0. Hence, the system

has three equilibrium points: PO(O,O,O) (trivial), and

P, :(i\/b(Zc—a),i\/b(Zc—a),ZC—a). For the Chen

system, nontrivial equilibrium points exist if c <a/ 2.

The stability of a dynamical system is determined
by the signs of the Lyapunov exponents at each point of
the phase trajectory, depending on initial conditions and
its current state (for t = to). Hence, the Lyapunov
exponents in terms of a distance between two initially
close trajectories are defined by the expression:

- !L";{t_l oo {%H SO

where A is the a vector of Lyapunov exponents and m is
the distance between phase trajectories.

According to expression (9), the distance changes
exponentially with time, and non-negative Lyapunov
exponents show system stability. Once the highest
Lyapunov exponent reaches a positive value, it means the
chaotic behavior of the system [14].

For the system (7), let us define a control parameter

as

p=a-c, (10)
then, setting parameters a and b equal 3 and 50
respectively, a chaotic regime is set up for the range

pz(7.5; 15.0) (see Fig. 1). Hence, for this range of

the control parameter, fragments of bifurcation diagrams
for each state variable are filled due to period doubling
(Fig. 1, a), and the highest Lyapunov exponent Az is
positive (Fig.1, b).

Having been solved numerically by the Runge-
Kutta method, phase portrait examples of the Chen
system for different values of the control parameter are
shown in Fig. 2, where points |, are two sets of
initial conditions and Pi, are equilibrium points for
each example. The set of equations (7) provides the Chen
system of dimensionless values of state variables. To
expand this abstract mathematical model to a dynamic

100

30
p
(@
10 { P U — s
T
< £ \
410 2% \
3 v -.ﬁ.~
- v T w—
5 10 15 20 25 30
p
(b)

Fig. 1. Bifurcation diagrams (a) and Lyapunov
exponents (b) of the Chen system for the range
of control parameter (a=50,b=3,c=a—-p)

system, described in physical terms, the next set of
coefficients has been introduced:

X; =V, dx; = pdV,

i=1.
T=p,t,  dr=p.dt (i 3)

11)

For instance, to have state variables in volts and
time in seconds, dimension units of coefficients p; and
ur must be [V1] and [s] respectively. Thus, a, b, and p
are proportional coefficients keeping their dimensionless
values:

(gl g o
Hy M,

k, = My kg kg = Ky, ’ (12)
Ha Hs

k,=ap;, ks=cp;, k;=bp,,

where k; — are coefficients of a physical model.
Applying substitutions (11) and (12) to the system
(7) with (10), we get the Chen system represented in
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terms of an electrical circuit:

M v, —k,V,

dt
% =-k,V, -k, V,V; +k.V,,

dv,
d_ta = k6\/1V2 - k7V3’

(13)

where k, , are coefficients of the physical model.

Applying an analog integrator for the circuit
implementation of i-th equation of set (13), we have got
the expression for the output voltage:

viz—j{g;::}rvi(o), (i=1-3), (14

where N is a number of k-V-terms which occur is the
right side of the given equation of the system (13), V; (0)

is the initial charge of the capacitor, and coefficients k;
are expressed in terms of equivalent resistances and

capacitances: k,; =1/(R,C;).
The relevant inverting integrator, which is based on

operational amplifier and represents the i-th equation of
set (13), is shown in Fig. 3.

2. Difference-frequency signal transmitting
and circuit implementation of Chen system

The chaos synchronization model has been applied
to transmit a frequency modulated signal obtained from
a difference-frequency block of pressure quartz sensor
transducer. This application is an extension of the use of
piezoresonance mechanotrons (PRMTSs), which contains
an interelectrode gap modulated by mechanical
force [3, 4, 7]. The proposed design is represented by the

block diagram which is shown in Fig. 4. The transmitting
side (see Fig.4, a) consists of three main parts: a sensor
circuit (SC) connected with a quartz sensor, a difference
frequency shaping circuit (DFSC), and a chaotic
transmitting circuit (CTC). In the sensor circuit, the
sensor is connected directly to the PRMT-based pressure
measuring transducer, which is connected to the
oscillator (OC) and included in the oscillation system.

The aim of the DFSC is frequency converting and
measuring process control during the measuring. Thus,
input pressure changes AP(t) lead to the deviation of
sensor circuit output frequency:

f = fo i_Afinf y (15)

where fy is the rated frequency; Afirs is the frequency
deviation, which provides information about the
measured signal.

The raw output signal f is characterized as a low-
deviation  frequency-modulated  signal. As a
consequence, the process of demodulation could be
complicated [1, 3]. In order to tackle this issue by
increasing informational signal deviation, a frequency
multiplier (FM) has been used. Multiplied frequency fm,
which is FM-block output signal, is mixed by mixer-
block (MX) with reference frequency fier, generated by a
direct digital synthesizer (DDS). Hence, the difference
frequency is represented by the following expression:

faite = Frer —Fim = Tairr, + Afitr (16)

where fe is the DDS output frequency;
fdiffo =f —n-f, is the difference frequency rated

value; Afy =xn-Af,; is the difference frequency

informational component; n is a frequency multiplying
coefficient.

Fig. 2. Phase portrait examples of the Chen system for different value of control parameter (assuming a=50and b = 3):
fixed points (a), p = 22.1, l1,2 = (£7.000; £7.000; 6.000), P1,= (+4.171; +4.171; 5.800),
limit cycles (b), p = 19.5, l1,» = (+10.373; £10.878; 12.055), P1,= (+5.745; £5.745; 11.000),
chaotic attractor (c), p = 10, |1, = (+16.439; +£17.621; 19.894), P1,= (+9.487; £9.487; 30.000)
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Fig. 3. Equivalent branch current integrator based
on operational amplifier

Having passed through filter circuits (FT), filtered
and shape-formed difference frequency signal fgir comes
to CTC based on primary chaotic system (PCS). For this
example, the second state variable (V2) of the Chen
system (13) has been used to mix it with the
informational signal:

______________________________

s=v+Asin¥, @an

where A and ¥ are amplitude and phase of informational
signal, respectively, v=V, — is a modulated state
variable.

Thus, signal s is transmitted via a communication
channel and comes to the receiving side as signal s' (see
Fig. 4, b).

On the receiving side, a chaotic receiving circuit
(CRC) consists of a secondary chaotic system (SCS) and
FT modules. The signal fur is demodulated by
subtracting from income signal s' the state variable v/,
generated by SCS as it is shown in Fig. 4, b.

Finally, the demodulated signal of the difference
frequency f'girr comes to the frequency measuring data
processor (FMDP) in order to estimate its period and
convert it into digital code according to the procedure
Taitf (AP) — Ncode(AP) for post processing.

P(®)

PRMT oC

DFSC

Lyl FM

fm ; 8

DDS

FT

PCS

________________________________

e
4| FMDP

FT

(b)

SC — Sensor Circuit

PRMT — Piezoresonance Mechanotron
OC - Oscillating Circuit

DFSC - Difference Frequency Shaping
Circuit

FM — Frequency Mixer

DDS - Direct Digital Synthesizer

MX — Mixer

FT — Filter

CTC - Chaotic Transmitting Circuit
PCS — Primary Chaotic System

CRC - Chaotic Receiving Circuit

SCS — Secondary Chaotic System
FMDP — Frequency Measuring Data Processor

Fig. 4. Block-diagram of chaotic transceiver for difference frequency transducer:
transmitting (a) and receiving (b) sides
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The circuit model of two connected Chen oscillators
has been built using Multisim software, which uses the
PSpice model to simulate electrical components (Fig. 5).
Ideal operational amplifiers and analog multipliers have
been picked from the Multisim component library. The

circuit consists of three analog integrators, built of
operational amplifiers U1-U3 for each dynamical
systems (primary and secondary) according to eq. (13)
and Fig. 3, with a set of passive R-C-components for each
integrator. Values of passive components are also shown
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Fig. 5. Simulation circuit model of two connected Chen oscillators built using Multisim software
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Fig. 6. Circuit simulation results: strange attractors of the primary (a) and the secondary (b) systems
built in phase plane V3 — V»; phase portrait in plane V2 — Vs of driving signal V2 and signal Vs
produced by the secondary system (c)

in Fig. 5. Operational amplifiers U4, U8, and U9 are used
as an inverting block to get the control signal V: inverted.

Obtained after simulation, strange attractors of the
primary and secondary systems are displayed in Fig.6, a,
b respectively.

Under the regime of complete synchronization, the
phase portrait in the plain plane Vp, — Vs, of driving
signal V2 and signal Vs» produced by the secondary
system has a form of a straight line with a slope of 45°
(with equal scales of each axis). Any distortions of the
phase portrait are caused by system parameters
inequality, noise influence, or (in the case of a computer
simulation) simulation errors (Fig. 6, c).

Conclusions

As a conclusion of the present research, the
following statements have been formulated:

1. The prospect of using devices with chaotic
dynamics in modern telecommunication and telemetry
applications is due to a number of factors, including high
information capacity, a wide range of frequencies, and
confidentiality of messages. The possibility of
implementing on the basis of one device a large number
of chaotic modes in the future makes it possible to build
multi-channel information transmission systems. High
dependence on initial conditions and instability of phase
trajectories allows to control the dynamics of chaotic
generators and to carry out modulation with high speed
due to small influences.

2. Despite the simplicity of implementation, the
method of transmitting, whereby an informational signal
is mixed with a chaotic carrier, design, and practical
realization of such devices requires managing many
issues. Two of them are component inequality and noise
influence, which lead to non-linear distortion of
transmitted signal preventing setting the synchronization
regime.

3. The described approach can be applied to the
multichannel transmission of narrowband signals with
angular modulation, for example, in wireless info-
communication and telemetry systems using quartz
sensors, which are based on signal transducers with
frequency output.

Future research is tended to solve the following
tasks, which have been out of the scope of this
present work:

- investigating the noise influence on the complete
synchronization of two Chen systems oscillating in radio
frequency band;

- computer simulation of analog and digital data
transmission using unidirectionally and bidirectionally
connected Chen systems;

- development of wireless data transfer devices
based on chaotic transmission methods for 10T devices.

Contribution of authors: purpose and tasks
formulation of the using coupled Chen systems to
perform data transition, concept and methodology
development of the research — S. Pidchenko;
development of the difference-frequency transducer for
quartz pressure sensors — A. Taranchuk; review and
analysis of references, suggesting the Chen-system-
based chaotic transceiver extension for the difference-
frequency transducer, mathematical model development,
computer simulation, and analysis and presentation of
results — M. Slobodian. All the authors have read and
agreed to the published version of the manuscript.
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XAOTUYHUM NNEPEJIABAY HA BA3I CACTEMHU YEHA
JJIs1 KBAPHHOBUX ITIEPETBOPIOBAYIB 3 YACTOTHUM BUXOJ10OM

C. Iliouenko, A. Tapanuyk, M. Cno6oosan

VY npexcraBieHiii poOOTI MOKa3aHO 3aCTOCYBAaHHS OAHOCHPSIMOBAHOI CHHXPOHI3alil ABOX 3B’S3aHUX CUCTEM
UYena. He3paxkaroun Ha BHCOKY 3aJICXKHICTh BiJ| IOYaTKOBUX YMOB, IIO O3Ha4ae, IO JIBi CIIOYATKY ONU3bKI (a30Bi
TPAEKTOPIi 3 YAaCOM CTalOTh HEKOPEIbOBAaHMMH, MOKHA CHHXPOHI3yBaTH [IBI AMHAMIYHI CUCTEMHU 3POOMBILHU IXHIO
€BOJIIOLIIIO 11leHTHYHOIO. [lepenaya naHux 3a JOMOMOroI0 Xaocy nependadae 3MilryBaHHs iHPOPMAIIHHOrO CUTHATY
3 Xa0THYHOIO Hecy4oro. Ls mporeaypa npu3BoauTh 10 mudpyBaHHs JaHUX 1 PO3LIMPEHHs CIEKTPY iH(opMaiiiHoro
CWTHAY, 1IO MiJBHILYe iHQOpMaIiiiHy Oe3neKky Ta HaJiiHICTh chcTeMHu nepefadi. TakuM YHHOM, MEpCIeKTHBA
BUKOPHCTAHHSI MPUCTPOIB 3 XaOTUYHOI TUHAMIKOIO B CY4aCHUX TEIEKOMYHIKAI[IMHUX 1 TEJIEMETPUYHUX CHCTEMAX
3yMOBJIEHA KlJIbKOMa (haKTOpaMH, JI0 SIKUX BiJJTHOCATHCSI BUCOKa iH(OpMaIiiiHa MICTKICTb, IIMPOKHIA [IIala30H 4acToT,
KOH(IICHIIIHHICTD TMOBiIOMIIEHb. [IpONIOHYETHCSI BUKOPUCTAHHS PO3POOJICHOI CXeMHU B CTPYKTYpI BUMIiPIOBaJIBHOTO
MepeTBOpIOBaYa, KU BHMarae po0OTH CEHCOpIB Ha BENUKIM BIACTaHI BiJ PEIITH CXeMHU. MH IPOIOHYEMO
3aCTOCYBaHHS XaOTUYHOI'O OCLIJIATOPA B SIKOCTI MepeNaBajIbHOrO MOAYIS Ul NEpeTBOPIOBaYa BUXIJHOTO CUTHATY
KBapLOBOTO CEHCOpa, SIKMI MO)KHa BHKOPHCTOBYBAaTH B TENEMETpPHUYHHX cHcTeMax. IlpeamMeToM IOCIIDKEHHS €
MpOLIEC TeHepYBaHHS HEMEPIOJIMYHUX, ale JeTepPMIHOBAHMX KOJIMBaHb HENiHIHHOIO cuctemoro YUena. PosrmsHyro
MIOBHY CHHXPOHI3aIlif0 JBOX OJHOHAIPABICHO 3'€MHAHMX cucTeM UeH i3 3acTOCyBaHHAM MJIsl Iepenadi CHTHANIB.
MeTol0 10CTiKEHHS € po3po0Ka pO3MIMPEHHS IpHiAMada JUIs CXeMHU KBapLOBOTO BHMipIOBaJIbHOTO IIEPETBOPIOBaYa
JUTs 3a0e3MedYeHHs CTa0lIbHOI pOOOTH JaTYNKIB Ha BEJHKIii BiJICTaHI BiJl OCHOBHOI cxeMH. Pe3yabTaT JOCTiKeHHS:
3aCTOCOBaHA CXeMa CHHXPOHI3amii Xaocy s mepegadi 4YacTOTHO-MOIYJIBOBAHOTO CHUTHAY Pi3HHIEBOI YaCTOTH,
OTPUMAHOTr0 3 BUXIJHOTO OJIOKY BHMIpIOBAJBHOTO IEPETBOPIOBaYa KBApLOBOTO JATYMKA THCKY. Takox OmMCcaHO
MaTeMaTH9IHy MOJIENb Ta BHKOHAHO YHCEIbHE MOJENIOBAHHA NUHAMIuHOI cucteMu YeHa. UmcenbHHIT pO3B’SI30K
mudepeHiadbHAX PIBHAHB CHCTEMH OYIIO PO3paxoBaHO 3a JAOIOMOTOI0 MporpaMHoro 3abesmeueHHs Matlab. [lns
JOCIIDKSHHS 3MIHA JTUHAMIYHOTO PEXXUMY 3aJIE€KHO BiJl TapaMeTpiB Mozemi 0yJIo po3paxoBaHO CIIEKTpP MOKa3HUKIB
JlsnyHnoBa Ta moOymoBaHO OidypkamiitHi miarpamu. Cxema ocipuisitopa Yena Oyma moOynoBaHa 3a JOIOMOTORO
IporpaMHOro 3abe3medeHHss Multisim, sike BHUKOPHCTOBYE MOAens PSpice mis MOIENIOBaHHS EIEKTPHYHHUX
KOMIIOHEHTIB. B SIKOCTI poO3mIMpeHHs BUKOPHCTAHHS KBApIIOBMX IEPETBOPIOBAUYIB y BUMIpPIOBAJTHHUAX IIPHIIAIaX
3aMpOIIOHOBAHO MOJIEIIb CUCTEMH TIepeiadi aHaJOrOBOr0 CUTHATY 3 XAOTHYHHM 3MIIIyBaHHAM BHX1HOTO YaCTOTHOT'O
CHTHAITY 3 XaOTHYHOKO HECYYOIO.

KurouoBi cjioBa: xaoc; cucrema UeHa; CHHXPOHi3aIlisl; MOKa3HUKA JIATyHOBA; BUMIPIOBaJIbHHUIN ITIEPETBOPIOBAY,
KBapIl.
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XAOTUYECKHUA MPUEMOITIEPEJATYAK HA BA3E CUCTEMbI YEHA
JIJISI KBAPIIEBBIX ITIPEOBPA3OBATEJIEN C YACTOTHBIM BBIXO/10M

C. ITuouenxo, A. Tapanuyk, M. Cno600an

B nacrosiieii pabote Moka3aHO MPUMEHEHHWE OJHOHAMPABICHHOW CHHXPOHU3AIMU JIBYX CBSI3AHHBIX CHCTEM
Yena. HecMOTpst Ha BBICOKYIO 3aBUCHMOCTh OT HAuYaJIbHBIX YCJIOBHH, YTO O3HAYAET, YTO JIBE W3HAYAILHO OJIU3KHE
(a3oBble TPAEKTOPUH CO BPEMEHEM CTAHOBATCS HEKOPPEIMPOBAHHBIMH, BO3MOKHO CHHXPOHH3UPOBATH [BE
JUHAMUYECKUE CUCTEMEBI CIIeJIaB WX JBOJIOIUIO HICHTUYHON. [lepenaya MaHHBIX ¢ IOMOIIBIO Xaoca MPE/Ioiaract
CMeIIMBaHUe WH(POPMAIIMOHHOTO CUTHAJIA C XaOTHYECKOH Hecylied. DTa mpolenypa MPUBOJUT K IIH(POBAHUIO
JAHHBIX M PACIIUPEHHUIO CIIEKTPa WH()OPMAIMOHHOTO CHI'HAJa, YTO MOBBIIIAET HH(POPMAIIMOHHYIO O€30IIaCHOCTD U
HAJECKHOCTh CUCTEMBI Tepelavun JaHHBIX. TakuM 00pa3oM, MepCreKTHBA UCTIONh30BAHUS YCTPOHCTB ¢ XaOTHUECKON
JMHAMHMKOW B COBPEMEHHBIX TEIEKOMMYHUKAIIMOHHBIX M TEIEMETPUYECKHX CHCTEMAx MpPEIONpeaeseTcs
HECKOJIBKUMH (DAKTOPAMH, K KOTOPBIM OTHOCSITCS BBICOKAsh HH()OPMAIIHOHHAS €MKOCTh, IMPOKHIA JUAana3oH 4acror,
KOH(UAEHIMAILHOCT  cooOuienuil. [lpemmaraercs wucnonb3oBaHue pa3pabOTaHHOM CXEMBI B CTPYKType
W3MEPUTENBHOT 0 ITpeodpa3oBaTels, TpeOyolIero padboTsl AaATYMKOB Ha OONBIIOM PACCTOSHHH OT OCTAIBHON CXEMBI.
MB&lI ipejyiaraeM MpUMEHEHHE Xa0THYEeCKOr0 OCIIMIIISITOpa B KAYECTBE MepeIarolero MOAYJIs Ul Tpeodpa3oBaTes
BBIXOJIHOI'O CHTHAJa KBapIEBOTO JATYHKA, KOTOPBI MOXKHO HCIIOJB30BAaTh B TEIEMETPUYECKUX CHCTEMAX.
IIpeamMeToM HCCIIENOBAHUS SBJSIETCS MPOLECC TE€HEPHUPOBAHMS HEMEPHOAUUECKUX, HO JIETEPMUHHUPOBAHHBIX
KoleOaHuii HenuHelHoW cuctemoit UYena. PaccMoTpeHa TONHAs CHHXPOHM3AIMS JBYX OJHOHAINPABIICHHO
COCJIMHEHHBIX cHcTeM UeH MPUMEHHTENBHO K mepenayn curHaioB. Lleablo mccienoBanus sBiseTcs pa3padoTka
paciupeHus pueMornepeaTyuKka JIs CXEMbl KBapIIEBOI'0 M3MEPHTEILHOr0 MpeoOpa3oBaTelis i 00eCreueHUs
CTaOMIbHONW pPabOTHl JAaTYMKOB HA OOJBIIOM pPACCTOSHHUM OT OCHOBHOW CXeMbl. Pe3yjbTaT wHCCIeIOoBaHUs:
UCIIOJIb30BaHa CXE€Ma CHUHXPOHHM3AIMM Xaoca Jyis MepeJaddl 4YacTOTHO-MOJIYJIMPOBAHHOIO CHIHAja Pa3HOCTHOM
YaCTOTHI, IOJYYEHHOTO M3 BBIXOIHOrO OJIOKa M3MEPHTEIHHOr0 MpeoOpa3oBaTessi KBaplEBOrO JaTYMKA JaBIICHUS.
Taxoke onmmcaHa MaTeMaTH4decKast MOJEJIb U BBIITOJIHEHO YHMCJIICHHOC MOACINPOBAHUEC JII/IHaMI/I‘-ICCKC)ﬁ cucrembl YeHa.
Yucnennoe peuienue aud@epeHIraNbHbIX YpaBHEHUI CHCTEMBl PACCUYMTAHO C TIOMOIIBIO IMPOrPaMMHOrO
obecrieueHuss Matlab. JIns mcciaemoBaHusT M3MEHCHHMS JWHAMHUYECKOrO PEXMMa B 3aBUCHMOCTH OT IapaMeTpOB
MOZIENIM pacCUUTaH CHEKTp Toka3atened JlsmyHoBa M mocTpoeHbl OudypkanumoHHble auarpammbl. Cxema
ocumusaTopa Yena Obuta OCTpOEHA € MOMOIIBIO POrpaMMHOro odecriedenus: Multisim, HCIONB3YIOIIEro MOAETb
PSpice anst MopenupoBaHus 3JIEKTPUYECKUX KOMIIOHEHTOB. B KauecTBe pacIMpeHHs] UCIONb30BaHHs KBAaPIEBBIX
npeoOpa3oBatesnell B M3MEPUTENBHBIX MPUOOPax MPEJIOKEHA MOJIENIb CUCTEMBI Mepeiayl aHaJIOrOBOro CHrHaja ¢
Xa0THYECKUM CMEIICHHEM BBIXOJJHOTO YaCTOTHOI'O CUTHAJIA C XaOTHUECKOM HECYIIEeH.

KawueBble cioBa: xaoc; cucrema YeHa; cHHXpOHM3auus; mokazarenu JIsimyHOBa; W3MeEpHUTENbHBIH
npeoOpa3oBaTesb; KBapl.
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