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Purpose. The article is devoted to the researching the possibility of creating chaotic regimes for the motion of the
electromechanical vibrocompactor of the crucible induction furnace lining in order to improve the quality of the lining,
which largely determines the technical and economic parameters of the iron production process. Originality. A method
is proposed for the formation of a chaotic operating mode of the electric drive of a vibrocompactor by applying a
sinusoidal function from the delay in the feedback circuit in the speed of the electric drive. The dependence of the
chaotic operation parameters on the parameters of the closed control system during the operation of the electric drive as
in a system with a power supply of infinite power is determined, taking into account the limitation of boosting the
supply voltage. Methodology. In the study of the tasks, general methods of the theory of electric drive, electrical
engineering and mathematical modeling were used. The compilation of the equations of a mathematical model of a
vibrocompactor with an electric DC drive is based on the application of approved laws of mechanics and electrical
engineering. The solution of the equations obtained and the visualization of the results obtained are performed in the
MATLAB/Simulink environment. Results. A mathematical model of the mechanical system of a vibrocompactor is
developed, taking into account the lining damping ability. As the vibrocompactor electric drive, a DC motor of
independent excitation is adopted. As a result of the analysis of known methods of excitation of the regime of chaotic
oscillations in electromechanical systems for lining vibrocompactor, a sinusoidal function was used from the delayed
feedback on the speed of the electric drive. The results of mathematical modeling of the operating modes of the
electromechanical system of a vibrocompactor with a closed loop system are given, the conditions for the appearance of
a chaotic operating mode are determined, the dependence of the chaotic operating mode parameters on the feedback
control parameters of a closed control system is considered. Practical value. The use of the proposed approach will
simplify the design of the mechanical part of the vibrocompactor electric drive, increase the density of the lining of the
crucible induction furnaces, and improve the technical and economic parameters of the cast iron production process.
References 14, tables 3, figures 10.
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PoGora npucBsiueHa MUTAHHIO JOCIIIKEHHSI MOYKJIMBOCTI CTBOPEHHSI XaOTUYHUX PEXKUMIB PyXy €JIeKTPOMEXaHIYHOT
CHCTEMH BiOpOYIIUTBbHIOBAYIB (QyTepyBaHHS THTCIBHUX HIYKIIHHUX MMe4el 3 METOIO0 MiJBUIIEHHS SKOCTI (yTepOBKH,
ska 0arato B 4OMy BU3HAYa€ TEXHIKO-€KOHOMIYHI MOKAa3HUKHU MPOIeCY BUPOOHUIITBA YaBYHY. 3alpONOHOBAHO METO]
(opMyBaHHS XAaOTHYHOTO PEXKHMY PpOOOTH EJNEKTPONpPHBOLY BiOpPOYIIIJIbHIOBAYiB MIIIXOM  3aCTOCYBaHHS
CHHYCOINaJIbHOT (DYHKIIT Bij 3ami3HIOBaHHS B KOJII 3BOPOTHOTO 3B’SI3KY MO HIBHAKOCTI €JIEKTpONpHBoay. BeranoBineHo
3aJIEXKHICTD TTOKa3HHKIB XaOTHYHOTO PEKUMY POOOTH Bif mapameTpiB 3aMKHYTOI CHCTEMHM KepyBaHHS Hpu poOoTi
SJIEKTPONPUBOA, SIK B CHCTEMI 3 JPKEpEJIOM JKMBJICHHS HECKIHUEHHOI ITOTY)KHOCTI, TaK 1 3 ypaxyBaHHSIM OOMEXEHHS
(opcyBaHHs HANPYTH >KUBJICHHSA. Y JOCIIJUKEHHI MOCTAaBICHUX 3aB/JaHb BUKOPHCTOBYBAJIMCS 3arajibHi METOJH Teopii
SJICKTPONPUBOY, €JIEKTPOTEXHIKM 1 MareMaTHYHOro MojenmoBaHHsA. CkiamaHHS pIBHAHb MaTeMaTHYHOI Mojeni
BiOpOYIIITFHIOBAYIB 3 EJIEKTPONPUBOJIOM IOCTIHOTO CTpyMy 3aCHOBAaHHMX Ha 3aCTOCYBaHHI ampoOOBAaHHX 3aKOHIB
MEXaHIKH 1 eJeKTPOTeXHiKW. PimieHHS OoTpMMaHMX pIBHSAHB 1 Bi3yallizallii OTpPUMAaHMX pe3yJbTaTiB BHKOHAHA B
cepenosuiiti. MATLAB/Simulink. Pospo6iieno MaremaTwdHy MOJEIb MEXaHIYHOI CHCTEMH BiOpOYIIiIbHIOBaYa 3
ypaxyBaHHSIM jaeMiiyrodoi 34aTHOCTI (QyTepyBaHHA. Y SKOCTi €JIEKTPONPUBOAY BiOpOYIIIbHIOBaYa TPUAHSATHN
JIBUTYH TIOCTIHOTO CTpyMYy HE3aJeXKHOTO 30y/KeHHA. Y pe3ynbTaTi aHajli3y BiJOMHX METOMIB 30Y/DKEHHS PEKUMY
Xa0TUYHHUX KOJIMBAHb B EJIEKTPOMEXAHIYHHMX CHUCTeMax sl BiOpOyIIiabHIOBa4iB (yTepyBaHHS Oyiia BHKOpPHUCTaHA
CUHYycOinabHa (QyHKLIS BiJ 3aTpUMaHOTO 3BOPOTHOTO 3B 513Ky 3a IIBHUJIKICTIO eJeKTponpuBoay. HaBeneno pesysibratu
MaTeMaTU4HOTO MOJIEJIOBAHHS PEXUMIB POOOTH €NeKTPOMEXaHIYHOI CHCTEMH BiOpOYLIUIbHIOBAaYa i3 3aMKHYTOIO
CHUCTEMOIO KEepyBaHHS, BU3HAYCHI YMOBHM BHHHUKHEHHS XaOTHYHOIO PEXUMY PpOOOTH, pPO3IISIHYTO 3aJICKHICTH
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MOKa3HUKIB XaOTUYHOTO PEXKMMY POOOTH BiJl HAJaIITyBaHb KOJIA 3BOPOTHOTO 3B’SI3KYy 3aMKHYTOI CUCTEMH KepyBaHHS.
BukopucTaHHs 3alIpONOHOBAHOTO MiJIXOy TO3BOJIUTH CHPOCTUTH KOHCTPYKLIIO MEXaHIYHOI YaCTUHH €JIEKTPOIIPHBOLY
BiOpOYIIiTPHIOBAYA, WIJABHIINTH IIUIBHICTE (pyTepyBaHHS THTENPHUX IHAYKOIHHUX TMeYel, MOKPAIIUTH TEXHIKO-

€KOHOMIYHI IIOKAa3HUKH IIPOLIECy BUPOOHHUIITBA YaBYHY.

KurouoBi ciioBa: BiOpoymisHIOBaY, Xa0cC, €IEKTPOIIPUBO, 3BOPOTHHUI 3B 530K, 3ami3HIoBaHHA, MATLAB.

PROBLEM  STATEMENT. Increasing  the
efficiency of the technological processes of ferrous
metallurgy is one of the most priority areas in the
modernization of industrial facilities. The use of
crucible induction furnaces in the production of pig iron
enables to improve the quality and durability of the
finished product. The design features of this type of
furnace make it possible to broadly automate the
melting process, which provides reserves to improve
resource and energy efficiency.

The critical element of the melting unit is a
refractory lining that protects the installation elements
from the effects of high temperatures. The quality of
lining determines the operation life of the furnace, its
performance, reducing the cost of conducting the
process, improving the quality of cast iron.

For the lining of the working space of the induction
crucible furnace in the casting of pig-iron, quartzite with
a maximum content of silica (not less than 97.5 %) and
low alumina content (not more than 1.2 %) and iron
oxides (not more than 0.6 %) with the addition of boron
anhydride, which provides the best conditions for
sintering the working layer of lining [1]. In this case, the
most important step is the primary filling of the bottom
of the crucible with lining and subsequent sealing. In the
course of trampling, the lining should be provided with
a bulk density of 2-2.1 kg/dm® [1]. Failure to observe
this condition leads to bundle of quartzite mass, and as a
consequence, to increase the level of wear of the
crucible of the induction furnace.

Sealing of lining can be done in two ways: manually
or using vibration electric seals. In [2], it is proposed to
use a mechanical vibration system when consolidating
the bulk environment, which implements the principle
of applying the theory of deterministic chaos. The
design of the developed vibro-exciter is a triple
pendulum, which includes three rotating eccentrics. The
main eccentric is driven by an unregulated electric
drive. Other eccentric elements of the system through
the conrods are consistently connected to each other.
Experimental studies have shown that the use of such a
vibration device can increase the density of the
environment by 12.2% compared with standard
methods. As an alternative to a mechanical vibro-
exciter, which has a rather complicated structure and
low reliability, the authors in [3] developed a vibrating
device in which the chaos of oscillations is achieved by
means of an automated electric drive. In this case, the
vibro-exciter agent includes only one eccentric,
connected to the conrod.

It is expedient to carry out the chaotic motion of a
vibrating tamper due to the formation of a chaotic mode
of operation of its electromechanical system [3]. At the
present time there are many of methods that allow to

realize this task. In [4], on the example of a synchronous
motor with permanent magnets, the method of forming
a chaotic mode of operation by introducing a delay [5]
in the circle of feedback on the speed is given. In [6, 7],
suggested using a sinusoidal function from delayed
feedback on a control parameter. In [8], the sinusoidal
function was replaced with rectangular and pollen
periodic functions in the formation of a chaotic
operating mode of the direct current motor. The
research [3] is devoted to the development of the
method of generation of chaos by introducing into the
law of control of the system with the feedback of an
additional control action in the form of a sinusoidal
function from the variable state of the system. In [9] the
method of formation of chaotic mode in a linear system
is considered due to switching at certain moments of the
time of a piecewise-linear regulator.

The aim of the article is to study the modes of
vibrating tamper of a crucible induction furnace with a
chaotic character of the electric drive motion.

EXPERIMENTAL PART AND RESULTS
OBTAINED. Development of mathematical model of
vibrating tamper. The vibrating tamper is a mechanical
system with a single degree of freedom, which is
represented by the total weight of a metal plate and a
vibration drive placed on it. The damping ability of
quartzite lining is characterized by the stiffness
coefficient k and coefficient of resistance c¢. Dynamic
properties of a vibrating tamper are described by the
following differential equation [10]:

d’x _dx

pre +Cdt+kx F(t), ()
where X is the position of the vibrating tamper relative
to the equilibrium point; F (t) — an exciting force. With

the application of an electromechanical vibro-exciter, it
is advisable to obtain the excitatory force by using an
unbalanced mass (debalance), which is located on the
shaft of the electric motor and rotates with it. As a
result, according to [11], the stimulus force is in
accordance with the equation:

F(t)=F,sin(wt), )
where F, =m.o’r — amplitude value of force;

o — rotation frequency of the balance; r — eccentricity;
m, — the mass of the electromechanical system of

vibrating tamper.

As an electric motor, a DC motor is proposed with
excitation from permanent magnets. These engines are
simpler in modeling and driving, and also characterized
by a significantly lower mass compared to DC motors
with an excitation winding. The last feature is decisive,
due to the need to use a winch for the descent and lifting
of the vibrating tamper in the crucible of the induction
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furnace, as well as its movement inside the working
space of the unit.

The model of the DC motor was represented by the
following system of equations [12]:

di .

u, =L —++R;i, +E,;

a aX dt aX’'a a
E, = k.o

oo - @
J—=M-M,;

dt
M =K,i,,

where u, — the armature voltage; i, — armature

current; R, — total resistance of the armature,
L,, — total inductance of the armature; E, — EMF the
armaturer; k. — coefficient of EMF; k, — coefficient
of torque; M - torque of the motor; M, — torque of

resistance exercise; ® — rotation frequency.
Combining the equations (1)—(3) we obtain the
mathematical model of the vibrating tamper of the
induction furnace. The model constructed on equations
(1)—(3) is non-autonomous. In [13], in order to simplify
the interpretation of the results of computational
experiments, it is recommended to study chaotic
processes as stationary, therefore the resulting model
should be brought to autonomous form. To do this, we
introduce an additional variable [13], which
characterizes the position of the engine shaft. As a
result, the equation for determining the excitatory force
takes the form:
F(t)="F,sin(0), 4
and
do
m 0. (5)
So, taking into account the replacement wt — 6, the
resulting vibrating tamper model:

2
mz%+c%+kx=F(t);
F(t)="F,sin(6);
do_q

dt
=L di, R, i, +E_;
u, = aza—k azla T Eai (6)
E, =k.o;
199 _mowm,;
dt
M =Kk i..

When the computational experiments for the model
(6) were carried out, the parameters of the mechanical
system in the process unit were set up:

k =62.55-10° N/m; ¢=234.06 (N-s)/m; m, =2Kkg;
r=001m; Q,=7094 radls; C,, =1.763-10°%
£=0.1327; 56=9.4166. Here Q, — own frequency;

& — the damping coefficient; & — the attenuation
coefficient; m, — mass of unbalance.

In Fig. 1, the amplitude-frequency characteristic
of the system is set at an earthquake force of 0.1 kN

and the frequency of the enveloped debalance is
0 to 400 rad/s.

4

(5]
B |
S
-
-

)

Figure 1 — Characteristics of the mechanical system
vibrating tamper

The graph shows that when ©=C, a resonance

occurs in the system, it is necessary to use a motor with
a nominal rotation frequency that does not correspond to
its own. According to [10], wo<Q,the effect of

excitatory force on vibration processes is negligible, that
is, the drive frequency must be exceeded. Given that
when vibrating tamper is a high amplitude of oscillation
is undesirable [10], then, based on the amplitude-
frequency characteristic, it is advisable to take a drive
with a rotation frequency of about 2€); .

Proceeding from the foregoing in the course of
research, an electric motor of the brand C42-L90 with
nominal parameters [14] was used: U, =90V,
P.n,=0359kw; I . =5A; n, =1500 rpm;
n=90%; J=0.00218907 kg-m?; R =1.450m;
L, =54 mH; m,, =7.428kg; k,, =0.5791N-m/A;
k., =0.573 V/rpm.

In this paper, for the creation of a chaotic character
of the motion of an electric drive, it is proposed to use
the first method through the simplicity of its practical
implementation. By analogy with the control law for the
current circuit developed in [3], we propose a control
law in a closed-loop control system with a feedback
device at a rotation frequency at which the error applied
to the input of the rotation frequencies controller is
determined according to the equation:

e, =U, —K,sin(K o(t-1))-K @)
where u_ — the signal of the task at rotation frequency;
K, — the coefficient of f feedback on the rotation
frequency; K_ — coefficient gain at rotation frequency;
K.e — COefficient bias; 1 — the value of delay.

To conduct research on the equations (1)—(7), an
imitation model was compiled in MATLAB / Simulink
environment, the structural scheme of which is shown in
Fig. 2.

offset ?
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Figure 2 — The simulation model of the vibrating tamper of the induction furnace, which includes elements
of the formation of a chaotic mode of operation

Initially, computational experiments were carried
out in the absence of a voltage limitation element model
(the Saturation block is excluded). To solve the system
of differential equations, the method ode4 (Runge-
Kutta) was used with a calculation step of 10,

In Fig. 3, 4 respectively, the temporal characteristics
of the change in the rotation frequency and the phase
trajectory of the vibrating tamper are given in the
application of the law (7) with the following parameters
t=03s, K, =3, K, =1. Fidure indicate the
occurrence of chaotic operating mode in the system.

In Tabl. 1 shows the parameters of the rotation
frequency of the electric drive and the position of the
vibrating tamper when the delay value is changed.

200

100

50

Frequency of rotation (), rad/s

0 2 4 h ‘4 10
Time (t), s
Figure 3 — Hourly realization of chaotic mode

on the rotation frequency in the electric drive
of the vibrating tamper at t=0.3s, K =3, K =1
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Figure 4 — Phase portrait of a vibrating tamper
in a chaotic mode att=0.3s, K, =3, K =1

Table 1 — Modeling results for T =var, K_=3=const,

K, =1=const

T,S O pin » Oy + Ao, o, AX,

rpm rpm rom rom | mm
0.1 144.69 | 170.24 | 25.55 | 159.84 | 7.21
0.2 144.75 | 170.57 | 25.82 | 160.62 | 7.29
0.3 143.22 | 170.71 | 27.49 | 159.83 | 7.32
0.4 142.93 | 170.52 | 27.59 | 159.92 | 7.39
0.5 142.16 | 170.79 | 28.63 | 160.46 | 7.43
0.6 141.43 | 170.79 | 29.13 | 160.24 | 7.48
0.7 170.9 | 170.8 | 29.89 | 160.03 | 7.54

The results indicate an increase in the range of
change in the rotation frequency spewith increasing
delay. In this case, the average value of the angular
velocity remains practically unchanged. It should be
noted that the equation of the range of changes in the
chaotic mode of movement occurs due to lowering the
value of the lower boundary of the range with virtually
unchanged top.

At the next stage, a change in the coefficient of
delay enhancement was made.

When K_ =1 chaotic motion does not occur (Fig. 5).

After t =3.73s harmonic oscillations with amplitude of
16.5 rad / s are established and the average value of the

rotation frequency above nominal (Fig. 6).
200

ISIJM v 1

100

Frequency of rotation (o), rad/s

2 3 4 5

-Time (t),-s

Figure 5 — Time implementation of the rotation
frequency of the electric drive vibrating tamper
at t=04s, K. =1, K =1
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Figure 6 — Phase portrait of the vibrating tamper electric
driveat t=04s, K =1, K =1

When K_=2a chaotic motion with a harmonic

component is formed (Fig. 7). The phase portrait has
two areas in which there is a chaotic rotation mode with
average values o, =140.02 rev/s and w, =167.5rev/s.

200

Rk P 1 VO I O B R

W

100

@

Frequency of rotation (o ), rad/s

"

Time ), s

Figure 7 — Hourly realization of chaotic mode on the
rotation frequency in the electric drive of a vibrating
tamperatt=04s, K. =2, K =1

On each half-period, a transition from one trajectory
of motion to another occurs (Fig. 8). So, the next
simulation should be done with K_>2.

10 ¢

Current (1), A

'
W

10t L L A I I " " ]
135 140 145 150 155 160 165 170 175

Frequency of rotation (o), rad/s

Figure 8 — Phase portrait of a vibrating tamper
in a chaotic mode at t=0.4s, K. =2, K =1

Indicators of the rotation frequency and position of
the vibrating tamper with a change in the coefficient of

delay within the limits {K_ e R|2<K_ <7} of Tabl. 2.

Table 2 — Modeling results for K_=var,
t=0.4s=const, K =1=const

Kr Dpin » Oy 1 Ao ’ 631 AX ’

rpm rpm rpm pm mm
2 135.68 | 170.9 | 35.22 | 153.22 | 6.89
3 142,93 | 170.52 | 27.59 | 159.92 | 7.39
4 135.09 | 170.38 | 35.29 | 152.66 | 7.73
5 137.76 | 168.85 | 34.1 151.35 | 7.71
6 135.71 | 170.13 | 34.42 | 152.44 | 7.59
7 135 168.26 | 33.26 | 151.83 | 7.71

According to the data obtained, the increase in the
delay coefficient above the value does not lead to a
significant change in the characteristics of chaotic
processes. This parameter can be used to switch from
harmonic rotation frequency to chaotic mode. For the
considered system of vibrating tamper it is expedient to
maintain within the limits {K, e R[2< K <3}.

The last parameter of the law (7), which is to be
analyzed, is the rate of feedback amplification at
rotation frequency K . In Tabl. 3 shows the parameters
of the rotation frequency of the electric drive and the
position of the vibrating tamper when the delay time
K, is changed.

Table 3 — Modeling results for K = var,
t=0.4s=const, K =3=const

Km Oin » Oy s A(D, (T)n AX’
rpm rpm rpm rpm | mm

1 142.93 | 170.52 | 27.59 | 159.92 | 7.39
1.1 134.19 | 172.18 | 37.98 157.71 | 7.56
1.2 132.37 | 173.39 | 41.02 | 153.82 | 7.93
1.3 130.38 | 174.91 | 4453 | 151.49 | 8.08
14 128.67 | 176.09 | 4743 |150.81 | 8.28
The increase the coefficient K leads to an

equations of the range of change in the rotation
frequency. The change in the range, in contrast to the
increase in lag 7 is due to the simultaneous reduction of
the lower limit and the increase of the upper. The
average value of the rotation frequency thus decreases.
This leads to an increase in the oscillation amplitude of
the vibration damper.

After establishing the character of the influence of
the parameters of the law (7) on the chaotic operation
mode , we introduce into the model element that limits
the supply voltage within the limits

{UeR|0<U <U,,}. InFig. 9, 10 are graphs with the
following parameters: t=0.3s, K. =3,K =2.
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Figure 9 — Hourly realization of chaotic mode
on the rotation frequency in a vibrating tamper electric
motorat t=04s, K. =3, K =2
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Figure 10 — A phase portrait of a vibrating tamper in a
chaotic operating mode att=0.4s, K =3, K =2

When the power supply voltage is limited, the
chaotic character of the electric drive movement occurs
with some delay compared to the system in which the
voltage can acquire arbitrary values.

CONCLUSIONS. The expediency of using chaotic
modes of electric drives for improving the quality of
lining of crucible induction furnaces during the
production of pig iron is substantiated. To increase the
reliability of electromechanical equipment, it is
proposed to replace a mechanical vibration system with
a triple pendulum controlled electric drive with special
properties.

The mathematical model of a vibrating tamper with
a direct current electric drive is developed.

To form the chaotic motion of a vibrating tamper, it
is proposed to use the sinusoidal function from the delay
of the feedback on the rotation frequency of the electric
drive.

The mathematical model of the closed
electromechanical system examines the influence of the
control system parameters on the operating modes of the
electromechanical ~ system, the  possibility of
the occurrence of chaotic operating modes of the
electromechanical system, the influence of setting
the closed control system on the characteristics of

the rotation frequency of the electromechanical system
is considered.
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EJIEKTPOMEXAHIYHI CUCTEMU, METOJIU ONITUMIBALIIL TA MOJIEJTFOBAHH

MCCJIEJOBAHME SJIEKTPOMEXAHUYECKOM CUCTEMbI BUBPOYILIOTHUTEJISA
C XAOTHYECKHUM KBA3BUYCTAHOBUBIINMCSH PEXXUMOM PABOTHBI
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PaGora mocBsAmieHa BONPOCY HCCIENOBAaHUS BO3MOXKHOCTH CO3[aHUS XaOTHUECKHX PEXHMOB JBIIKCHUS
JJIEKTPOMEXaHUYECKOW CHCTEMBI BUOPOYIUIOTHHUTENSI (YTEPOBKM THUTENBHBIX HMHAYKIHMOHHBIX TI€4ed C IIeJbI0
TIOBBILIEHHUS KauyecTBa (hYTEPOBKH, KOTOpas BO MHOIOM OIpENeNsieT TEXHUKO-DKOHOMUYECKHE IOKa3aTesld Ipolecca
npousBojcTBa uyryHa. IlpemnoxeH Mmeroj (GOpPMHUPOBAaHUS XAOTHYECKOTO peXnMa paboThl 3JIEKTPONpPHBOJA
BUOPOYIUIOTHUTEINSI ITyTeM NPHUMEHEHHs CHUHYCOMJAIbHOM (PYHKIMHM OT 3ama3bIBaHusl B LEMM OOpaTHOW CBSI3H IO
CKOpPOCTHU 3NEKTPONPUBOJA. Y CTAaHOBJICHA 3aBHCUMOCTh ITOKa3aTele XaoTH4eCKOro pexumMa padoThl OT MapaMeTpoB
3aMKHYTOH CHCTEMBI YIpaBlICHUS IPH pabOTe IEKTPOIIPUBOJA KaK B CHCTEME C MCTOYHHKOM IMHUTaHMS OECKOHEYHOH
MOIIHOCTH, TaK{ C Y4E€TOM OTpaHW4eHHs (OPCHPOBKH IMUTAIOIIETO HANpsDKEHHS. B mcciieoBaHUM MOCTaBICHHBIX
3a7ad  WCIOJB30BAINCH OOIIME METOABl TEOPHUH BIIEKTPONPUBOJA, OIJIEKTPOTEXHHUKHM M MaTeMaTHYeCKOTO
MojenupoBaHus. CocTaBleHHE YpPaBHEHHH MaTeMaTHYECKOW MOJAENN BHOPOYIUIOTHUTENS C BICKTPOIPHUBOAOM
MIOCTOSTHHOTO TOKAa OCHOBAaHO HA NMPUMEHEHHWH alpoOHWPOBAHHBIX 3aKOHOB MEXaHMKH M JIICKTPOTEXHMKHU. Pemenue
MONYYCHHBIX YpPaBHCHWH W BH3YyalH3allds MOJNYYCHHBIX pPe3yibTaToB BhIMONHeHa B cpene MATLAB/Simulink.
Pa3zpaborana maremaTHyeckass MOZEIb MEXaHMYECKOW CUCTEMBl BUOPOYIUIOTHHTENS C Y4YeTOM AeMI(pUpPYIOIIEi
cnocoOHoCTH (QyTepoBKH. B KayecTBe »JIEKTPONPUBOAA BHOPOYIJIOTHUTENS NPHHAT JBHIATENIb MOCTOSHHOTO TOKA
HE3aBUCHMOTO BO30yXJeHHA. B pesynpTare aHain3a M3BECTHBIX METOJOB BO30OYKICHHS pPEKUMA XAOTHYECKHUX
KosieOaHui B  IJCKTPOMEXAHHUYECKHX CHCTEMaxX Uil BHOPOYIUIOTHUTENs (YyTepOBKH Oblla HCIOJNb30BaHA
CUHycoHJaNbHash (QyHKIUS OT 3aep)KaHHON 0OpaTHOM CBSI3M MO CKOPOCTH BJIEKTPONpUBOa. [IpuBeaeHbl pe3ybTaThl
MaTeMaTHYeCKOr0 MOJICIMPOBAHNS PEKUMOB PAaOOTHI  HIICKTPOMEXaHWYECKOH CHUCTEMBl BHOPOYIUIOTHHUTENSA C
3aMKHYTOH CHCTEMOH YIpaBIICHHS, OIPEICICHbl YCIOBUS BO3ZHHKHOBEHHS XaOTHYECKOTO pEeXHMa paboTshl,
paccMOTpeHa 3aBUCUMOCTD TI0Ka3aTeneil Xa0THIECKOTo pexXnMa padoThl OT HACTPOEK IETTH 0OpaTHOI CBA3M 3aMKHYTON
cUcTeMbl ynpasiieHus. Vcronp30Banue NpeiIokKeHHOTO MOAX0Aa MO3BOJIUT YIPOCTUTh KOHCTPYKINIO MEXaHHYECKOH
YacTH 3JICKTPONPUBOJA BHOPOYIUIOTHUTEINS, IOBBICHTH IIOTHOCTh (DYTEPOBKM THUTENBHBIX WHIYKIHMOHHBIX I€YeH,
YIIy4IIUTh TEXHUKO-?KOHOMHYECKHE ITOKa3aTelH Mpoliecca IPON3BO/ICTBA YyT'YHA.

KiroueBble cjioBa: BUOPOYIIOTHUTEb, Xa0C, JJICKTPOIPUBO/I, 0OpaTHas CBsI3b, 3ama3asisanne, MATLAB.
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