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UDK 543.3

Device for Measuring Total Dissolved
Solids in Water

V.R. Chekalina

Platov South-Russian State Polytechnic University (NPI),
Novocherkassk (Russia)

Key words and phrases: control and measuring device;
solution; simulation; content of substances.

Abstract. The development of a device for measuring
the total content of dissolved substances in water was
completed. A functional diagram of the device under
development has been developed and described on the basis
of a block diagram. A description of a machine experiment on
simulating the operation of an operational amplifier in Micro-
Cap, its results and their analysis is given.

The quality of drinking water is largely affected by impurities of various origins [1]. Such
impurities include: salts, metals, soluble organic substances [2]. The odor [3] and taste of water
[4] depend on the presence and amount of these substances in water. In addition, many of them
can harm human health [5; 6] or animals [7], and lead to malfunctions in household appliances
[8—-10]. To determine how dangerous the water is to use, specialized TDS meters are used.

TDS meters are electronic water quality meters. The abbreviation “TDS” in their name
means “Total Dissolved Solids”, i.e. “the total number of dissolved impurities”. In Russian, this is
usually called “general mineralization”.

Such devices are used in cases where it is necessary to quickly determine the quality
of waste, tap or natural water [9]. The devices are often used when starting up and testing
wastewater treatment plants. They accurately measure the concentration of impurities in a liquid
in seconds.

In everyday life, small filter systems are usually responsible for the purity of drinking water.
However, they cannot guarantee high water quality. After all, cheap filters are quickly filled with
suspension, after which they cease to cope with the load.

The water may suddenly smell like sewage, become greenish in color, or taste like rotten
eggs. Such a decrease in the quality of the liquid is a consequence of the dissolution of foreign
substances, natural or artificial, in the water. A water quality control device will help you quickly
determine the cause of the problem.

In addition, tap water can adversely affect a person's health, even if it looks clean. For
example, in the food industry, hard water degrades the quality of food by causing salt precipitation
during storage, stains on surfaces, etc. To avoid such an effect, the quality of the liquid must be
checked regularly.

Ordinary drinking water is a good conductor of electricity. This is the basis for the operation
of the water quality assessment device. The device creates an electric field inside the liquid,
measures the current value, and uses it to determine the presence and concentration of

6 MACHINES, AGGREGATES AND PROCESSES
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Y
Y

PC MC > BPIT TS

A
A
A

Fig. 1. Block diagram of a device for measuring the total content of dissolved substances
in water

impurities [10].

The received data is displayed on the device display. The number displayed on it indicates
the number of impurity molecules per million water molecules (abbreviated as ppm). In the usual
system of measurement, this is the weight of impurities in milligrams per liter of liquid.

The operation of the measuring device is based on the ability of water to conduct electric
current. The device produces electrons that create an electric field in the liquid. Then he fixes
the number of ions of salts and other substances, since it is they who affect the strength of the
current in the liquid.

Electrical conductivity is one way of assessing water quality, since an increase in the
presence of total dissolved solids as expressed by electrical conductivity can be an indicator
of contaminants. Electrical conductivity can be affected by carbonates from limestone, artificial
point source pollutants such as sewage treatment plants, or artificial non-point sources such
as septic systems or agricultural runoff. The electrical conductivity indicates the total amount of
dissolved solids, of which the total dissolved salts are components. If the salt level in the TDS
is high, this can also contribute to the acidity of the water. However, if the carbonate level in the
TDS is high, this can increase the alkalinity. Acceptable levels of electrical conductivity in rivers
and streams vary depending on the type of solids dissolved in them, and this determines the
use of the reservoir, for example, for fishing, swimming or as a source of drinking water. The
best way to measure conductivity is with a TDS meter.

In industry, TDS meters may also be used. They are needed for water purification in
industrial conditions, in various food industries, where hard water can greatly change the taste
of the finished product. In swimming pools, very hard water can cause pipes to rust. Therefore,
it is also important here to control the concentration of salts, which cannot be done without a
salt meter.

The block diagram of the developed device for measuring the total content of dissolved
substances in water is shown in Fig. 1.

The structural diagram shows:

— PC is a personal computer;

— MC is a microcomputer;

— BPIT is a block of precision impedance transducer;

— TS is a testing solution.

The device works as follows. Using a PC, the user interacts with the device. MC provides
interaction between the PC and the BPIT. The BPIT measures the complex impedance by
applying a test signal of known frequency and amplitude. The response signal received from the
TS is digitized and processed by the BPIT.

The development of the functional diagram was carried out on the basis of the block diagram
shown in Fig. 1. The functional diagram is shown in Fig. 2.

The functional diagram shows: PC is a personal computer; A is an adapter; MC is a
microcomputer; BPIT is a block of precision impedance transducer; G is a generator; | is an
interface; FFTB is fast Fourier transform block; DCS is a digital computational synthesizer; DAC

MACHINES, AGGREGATES AND PROCESSES 7
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Fig. 2. Functional diagram of the developed device
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Fig. 3. Diagram of the gain block

is a digital-to-analog converter; OA is an operational amplifier; TS is a temperature sensor;
LPF is a low pass filter; ADC is an analog-to-digital converter; GaSAB is a gain and sensitivity
adjustment block; TS is a testing solution.

The device works as follows. The contacts of the device are placed in a container with an
aqueous solution. From the PC, the person gives the command to start the measurement. This
command is processed by the MC and sent to the BPIT. The BPIT is a high-frequency impedance
converter that combines a built-in frequency generator and a 12-bit ADC. The frequency
generator allows you to excite external complex impedance with a known frequency. The
response signal from the impedance is digitized by the built-in ADC. Based on the response
signal received during the measurement, the content of dissolved substances in the water is
calculated.

We will assemble the amplification block circuit and check its performance using the
“transient analysis” tool. The assembled circuit is shown in Fig. 3.

Elements R3 and C3 create active-reactive readings of water resistance. The V3 signal
generator supplies the signal to be applied by the AD5933 impedance converter to the test
solution. Subsequently, the signal obtained from the test solution, in our case, water, is fed to

8 MACHINES, AGGREGATES AND PROCESSES
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Fig. 5. Node 4 voltage waveform

the OS for amplification and subsequent processing.

Consider the signal readings at circuit nodes 2 and 4.

Fig. 4 shows the oscillogram of the original signal at node 2.

In node 2, the maximum voltage is U, = 30,116 pV.

Fig. 5 shows an oscillogram with an amplified signal at node 4.

In node 4, the maximum voltage is U, = 3,833 V.

Based on the data obtained, we can conclude that the OS amplified the incoming signal by
127 - 10° times. What gives us the opportunity for further processing of this signal.
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YcTponcTBO ANns u3aMepeHusi obLuero cogepxaHusa pacTBOPEeHHbIX BelecTB B Boge
B.P. YekanuHa

@60y BO «HOxHo-Poccutickuli 2ocydapcmeeHHbIl nonumexHudeckut yHusepcumem (HI)
umeHu M.U. lNnamosa», e. Hoeouepkacck (Poccusi)

KnioueBble cnoBa U ¢ppasbl: KOHTPONbHO-U3MEPUTENBHOE YCTPOWCTBO; MOAENNPOBAHME;
pacTBOp; COAepKaHve BeLLecTB.

AHHOTauus. BbiNonHeHa paspaboTka yCTpoWCcTBa AN M3MepeHus obLIero coaepaHus
pacTBOPEHHbIX BellecTB B Bofe. PaspabotaHa n onncaHa dyHKLUMoHanbHas cxema paspabatbl-
BAeMOro YCTPOWCTBA Ha OCHOBE CTPYKTYPHOW cxeMbl. [prBeaeHo onucaHme mMallMHHOIO 3Kcne-
pYMeHTa No MoZenupoBaHuio paboTbl onepaumoHHoro yeunutens B Micro-Cap, ero pesynesraThbl
N NX aHanms.

© V.R. Chekalina, 2022
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UDK 621.317.785

Development and Research of an Intelligent
Single-Phase Electric Energy Meter

A.A. Emelyanenko

Platov South-Russian State Polytechnic University (NPI),
Novocherkassk (Russia)

Key words and phrases: energy meter; electric;
intelligent control; single-phase.

Abstract. The purpose of this work is to develop an
intelligent single-phase electric energy meter that provides
remote control of electric energy consumption, online
measurement of network parameters and restricts consumer
access to electricity. Specifications: Input voltage is 220 V
+10 %; Input current is 0—40 A; Voltage measurement error
is 0.5 %; Current measurement error is 0.5 %; Measurement
error of active power and energy is 1.0 %.

A microprocessor-based electric energy meter is a device for metering active and reactive
energy in alternating current circuits (in single-tariff or multi-tariff modes). Their work is based
on the analog-to-digital conversion of voltage and current, followed by the calculation of powers
and energies [1]. The measurement results are obtained by processing and calculating the input
current and voltage signals by the microprocessor circuit of the meter board [2; 3]. In addition
to measuring electrical energy, such devices provide control of its quality, registration of
emergency situations [4, 5] and overvoltages in electrical networks, control and regulation of
power consumption [6—-10], etc.

Functional diagram of an intelligent single-phase energy meter is shown in Fig. 1.

The device works as follows: The current in the phase (L) wire is supplied to the shunt (R,),
then the voltage drop from the shunt is increased using an operational amplifier (the gain is set
by a digital potentiometer) to the value necessary for the normal operation of the analog-to-
digital converter (ADC). The mains voltage is reduced using a resistive divider (R,, R,). Value
conversion is performed by ADCs, which convert the instantaneous values of the input signals
into a digital code. Communication of a digital potentiometer, ADC with a microcontroller is
carried out by means of an SPI interface isolated through an optocoupler galvanic isolation.
A load control relay is installed in the open circuit of the phase wire, which is necessary to
disconnect the consumer from the load. The microcontroller controls all nodes of the counter.
A GSM module is installed to exchange data with remote devices. The photo fixation camera is
turned on when you try to open the meter, the picture is saved to the FIFO buffer and then sent
to the remote server of the governing bodies. To display information about the consumed values,
a liquid crystal display is installed. To match the microcontroller and the liquid crystal display, a
logic level converter is required. The power supply unit of the module converts the AC voltage of
the network into a DC voltage required to power all the nodes of the meter board. Non-volatile
memory consists of a FRAM chip, which is used to store relatively frequently changing data,

MACHINES, AGGREGATES AND PROCESSES 11
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Fig. 1. Functional diagram of an intelligent single-phase energy meter
Table 1. Matrix of the experiment
Ne of t °C Pcalc,
N | 70X, X, | I,A | U,B |U,mB A
exper. t, °C | R, kOhm | R, kOhm | Ry, yOhm kW
1 1 - -40 324.06 30.624 1871.625 | — 1 3.411 | 1.872 | 0.208 | 0.055
2 2 - -40 324.06 30.624 1871.625 | — 1 3.411 | 1.872 | 0.208 | 0.054
3 3 - —40 324.06 30.624 1871.625 | — 1 3.411 | 1.872 | 0.208 | 0.056
4 4 + 50 330.99 33.693 1876.688 | — 1 3.670 | 1.877 | 0.224 | 0.018
5 5 + 50 330.99 33.693 1876.688 | — 1 3.670 | 1.877 | 0.224 | 0.017
6 6 + 50 330.99 33.693 1876.688 | — 1 3.670 | 1.877 | 0.224 | 0.019
7 7 - —40 324.06 30.624 1871.625 + 40 3.411 |74.865| 8.308 | 0.056
8 8 - —40 324.06 30.624 1871.625 | + 40 3.411 |74.865| 8.308 | 0.055
9 9 - —40 324.06 30.624 1871.625 | + 40 3.411 |74.865| 8.308 | 0.057
10 10 + 50 330.99 33.693 1876.688 | + 40 | 3.670 |75.068| 8.962 | 0.018
11 11 + 50 330.99 33.693 1876.688 + 40 3.670 |75.068| 8.962 | 0.017
12 12 + 50 330.99 33.693 1876.688 + 40 3.670 [75.068| 8.962 | 0.019

and an EEPROM chip, which stores relatively infrequently changing data. A regression model of
the ADC of the electric energy meter is built.

It is necessary to build a mathematical model of the change in the relative error of power
measurement depending on temperature at different current consumption. As influencing factors,
we take the ambient temperature t and load current Il, and as a response, the relative error of
power measurement.

To conduct the experiment, it is necessary to calculate the theoretical power P:
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1 2 3

t IH NeneTa
1| -40) 1 0,055
2 -40 1 0,054
3 -40 1 0,056
4 50 1 0,018
5] 50 1 0,017
B 50 1 0,019
T -40 40 0,056
_ 8 -40 40 0,055
9 -40 40 0,057
10| 50 40 0,018
11 50 40 0,017
12 50 40 0,019

Fig. 2. Experiment planning matrix in the Statistica

Effect Estimates; Var :[lensTa; R-sqr=,99811; Adj:,9974 (Kursovoy new1)
2**(2-0) design; MS Pure Error=,000001
DV: JenwTa
Effect Std.Err. ‘ t8) ‘ p ‘ -95,% ‘ +05 % Coeff. Std.Err. ‘ -95,% ‘ +05 %
Factor Pure Err Cnf.Limt Cnf.Limt Coeff. Cnf.Limt Cnf.Limt
Mean/Interc. [ 0,0367501 0000289 1273057  0,000000 0,036084 0,037416 0,036750  0,000289 0,036084 0,037416
(1t -0,037500/ 0,000577, -64,9519 0,000000 -0,038831 -0,036169| -0,018750 0,000289 -0,019416, -0,018084
(2)IH 0,000500 0,000577 0,8660 0411694  -0,000831 0,001831 0,000250 0,000289  -0,000416 0,000916
1by2 -0,000500  0,000577 -0,8660 0411694  -0,001831 0,000831 -0,000250  0,000289  -0,000916 0,000416
Fig. 3. Table of the resulting model in coded values
| Regr. Coefficients; Var.:densTa; R-sqr=,99811; Ad): 9974 (Kursovoy new1)
2**(2-0) design; MS Pure Error=,000001
DV: OenwTa
Regressn Std_Err 1(8) p -95,% ‘ +95 %
Factor Coeff. Pure Err Cnf.Limt Cnf.Limt
Mean/Interc. | 0,0385411 0,000421 91,4548 0,000000 0,037570 0,039513
(1t -0,000411] 0,000009  -44,1383 0,000000  -0,000432 -0,000389
(2)IH 0,000014  0,000015 0,9564  0,366891 -0,000020 0,000049
1by2 -0,000000  0,000000 -0,8660 0,411694  -0,000001 0,000000

Fig. 4. Table of the resulting model in physical terms
P=U, K, U " K,

where U, is an output voltage of the voltage divider; K, is is the voltage conversion factor
equal to 60,993; U, is a voltage drop across the shunt; K| is a voltage conversion factor equal to
533,333.

The matrix of the experiment N = 4 is presented in Table 1. The data will be analyzed using
the Statistica program. Let us set the number of repeated experiments m = 3. This is necessary
to check the model for adequacy.

We create a second-order experiment planning matrix (Fig. 2).

Next, we calculate the estimates of the regression coefficients based on the coded initial
values of the factors (column “Coeff” in the table in Fig. 3).

We calculate the estimates of the regression coefficients based on the uncoded (physical)
initial values of the factors (column “Regressn Coeff” in the table in Fig. 4).

To test the hypothesis about the adequacy of the obtained model F — Fisher's criterion is
used and is determined by the following formula:
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AMNOVA; Var.:[ensTa; R-sqr=,99793; Adj:,99747 (Kursow
2**(2-0) design; MS Pure Error=,000001
DV: OensTa
Factor SS df [ MS ] F | p
(1)t [ 0004219 1 0,004219 4218,750 0,000000
(2)IH 0,000001 1 0,000001 0,750 0,411694
Lack of Fit 0,000001 1 0,000001 0,750 0,411694
Pure Error 0,000008 8 0,000001
Total SS 0,004228 11

Fig. 5. Table for assessing the adequacy of the model

2

F —_ Sav
calc ~ "2

v

where S_ is an adequacy variance, showing the error in the response obtained from the
regression equation; S, is a reproducibility variance, indicating the error in a response obtained
experimentally.

According to the calculation results S_, = 0,000001, S,, = 0.000001 (the MS column is used,
where the MS, where the S, value corresponds to the number in the “Lack of Fit” row, and the
S,, value corresponds to the number in the “Pure Error”, Fig. 5).

F.. > F.,. (4.46 >1). Therefore, the resulting model is adequate.

calc
The regression equation for the coded factor values is:

Y =0.03675-0,01875x Xj.
The regression equation for uncoded (physical) factor values is:
A =0.038541-0.000411x1¢.

A mathematical model was built for changing the relative error in measuring the power of an
electric energy meter depending on the influence of the ambient temperature and load current.
With the help of a full factorial experiment, a first-order empirical model was built and the
influence of factors on the scheme was estimated. The regression equation for the coded values
consists of two terms: the free term and the product of the coefficient and the temperature.

As a result of the experimental data obtained, it can be concluded that the relative error in
power measurement is most affected by changes in ambient temperature.
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Pa3spa6oTka n uccnegosaHue
MHTENNeKTyanbLHoro ogHoasHoro cYeT4YnKa 3neKTPUUECKON aHeprum

A.A. EMenbsaHeHko

@60y BO «HOxHo-Poccutickull eocydapcmeeHHbIl nonumexHudeckuti yHugepcumem (HI)
umeHu M.U. lNnamosea, 2. Hoso4yepkacck (Poccus)

KnroueBble cnoBa u ¢pa3sbl: MHTENNEKTyanbHOe ynpasneHve; ogHa asa; cHeTynK aHep-
TN; 3NEeKTPUYECTBO.

AHHoOTauusa. Llenbio gaHHOM cTaTbu SABRSIETCA OonucaHne pas3paboTkM UMHTENNEKTyarbHOro
0OHOPa3HOro CYEeTYMKa INEKTPUYECKOM aHeprun, obecnevmBatoLlero yaaneHHoe ynpasneHue
noTpebrneHnem SreKkTPUYECKON SHEPIMM U U3MEPEHNE MapamMeTpoB ceTu B pexume online, a
TakKke orpaHMyMBaloLLLEero 40CTyn NOTPeObUTENS K SNEeKTPOIHEPrnn. TeXHUYECKNe XxapakTepuctum-
Ku: BxogHoe HanpsbkeHue — 220 B +10 %; BxogHoun Tok — 0—40 A; norpelHoCcTb n3MepeHus Ha-
npskeHnsa — 0,5 %; norpelHocTb namepeHns Toka — 0,5 %; NorpeLHoOCTb N3MEepPEHN aKTUBHOM
mMowHocTh 1 aHeprum — 1,0 %.

© A.A. Emelianenko, 2022
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Abstract. The article considers the development of
a device for fatigue testing of a helicopter rotor bearing. In the
course of designing a device for fatigue testing of a helicopter
rotor bearing, the types and design of rolling bearings were
analyzed, a review of existing methods for testing rolling
bearings was made, and a block diagram of a device for
fatigue testing of a helicopter rotor bearing was developed.
A functional electrical circuit has been developed and a power
amplifier has been modeled.

In rolling bearings, rolling friction plays a dominant role, because sliding friction between
the cage and the rolling elements, as a rule, is small [1; 2]. Therefore, in rolling bearings, in
comparison with plain bearings [3-5], there are significantly lower energy losses, as well as
less mechanical wear. The main problem of bearing assemblies is strength [6]. Most often it is
associated with the initial load, which is very difficult to establish. During the running-in period,
the moment of resistance of preloaded bearings decreases rapidly [7]. Therefore, the initial load
can only be controlled in new bearings. Nevertheless, damage can also occur at low loads
[8; 9].

The block diagram of the device is shown in Fig. 1.

MPU PA CIU
MPU
SS AEM
Wi-Fi

Fig. 1. Structural diagram of the developed device
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Fig. 2. Functional diagram of the developed device
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Fig. 3. Power amplifier circuit

PA is a power amplifier, MPU is a microprocessor unit, CIU is a control and indication unit,
IN — interface unit of the wireless network, SS is a speed sensor. AEM is an asynchronous
electric motor, Wi-Fi is a wireless local area network technology with devices based on IEEE
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Fig. 4. Simulation results of the operation of the power amplifier when applying a sinusoid

with a frequency of 50 Hz
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Fig. 5. Simulation results of the operation of the power amplifier when applying a sinusoid

with a frequency of 150 Hz
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802.11 standards.

The functional diagram of the device is shown in Fig. 2.

MPU is a microcontroller, a microcircuit designed to control electronic devices.
The microcontroller combines the functions of a processor and peripheral devices on a single
chip, contains RAM and ROM. In fact, it is a single-chip computer capable of performing simple
tasks.

MCU is a manual control unit, designed to enter information into the MPC using buttons.

DAC is a digital-to-analog converter, a device for converting a digital code into an analog
signal (current, voltage).

PA is a 150 W power amplifier designed to amplify the signal when applied to a low power
asynchronous electric motor.

LCD is a liquid crystal display, digital information display device.

Wi-Fi is a wireless data exchange interface module, which is a microcircuit.

AEM is a low-power asynchronous electric motor controlled by a frequency change using a
microprocessor controller.

DSS is a digital engine speed sensor, connected directly to the microcontroller.

The MPC microcontroller generates signals of a given shape to control a low-power
asynchronous motor ED, which are fed to the digital-to-analog converter DAC, and then to
the PA power amplifier and amplified to the required current and voltage level according to the
maximum power. A DODC speed sensor is connected to the pulley of an asynchronous motor
of low power ED, from which a signal is taken in digital form and fed to the MPC microcontroller.
The parameters of the control signal are displayed on the LCD, and the control is performed
using the BRU manual control unit. Externally, through the Wi-Fi unit, the module of the wireless
data exchange interface, the results of the control are uploaded to the Internet.

The simulation results are shown in Fig. 3—5. The power amplifier circuit was analyzed using
the integrated software system Micro-CAP 12.

The simulation results confirm the correctness of the calculation of the electronic components
of the functional block of the ampilifier.
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CTeHp ANA yCTanoCTHbLIX UCMbITAaHUMA NOALWMNHUKA BUHTA BepToneTa
AWN. Kunnep

@60y BO «HOxHo-Poccutickuli eocydapcmeeHHbIl nonumexHudeckut yHusepcumem (HIN)
umeHu M.U. MNnamosa», 2. Hogoyepkacck (Poccusi)

KnioueBble cnoBa 1 ¢hpasbl: BUHT BEPTOSeTa; METOAbI; MOAENMPOBAHUE; CTEHA,.

AHHoTauus. Pa3paboTaHo yCTPOWCTBO ANS YCTANOCTHbIX WUCMbITAHWI NOALUMIMHUKA BUHTA
BepToneTta. B xoge npoekTMpoBaHUS YCTPOMCTBA AN YCTaNOCTHbIX MCMbITaHUA MOALIMMHMKA
BMHTa BepTosfieTa bbinn npoaHanu3npoBaHbl BUAbl M KOHCTPYKTUB MOALUMMHUKOB KayeHUsi, Npo-
BeAeH 0030p CyLLEeCTBYIOLLMX METOAOB MCMbITAHUIA NOALUMMHUKOB KavyeHusl, pa3paboTaHa CTpyk-
TypHasi cxemMa YCTPOMCTBA AN YCTanoCTHbIX UCMbITAHWIA MOALIMMNHMKA BUHTA BepToneTa. Pas-
paboTaHa hyHKLMOHanbHasi aneKkTpuyeckas CxeMa U CMOAENMPOoBaH YCUIUTENb MOLLHOCTH.

© ALl Killer, 2022
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Abstract. The purpose of this article was the neuro-
fuzzy control system of the hybrid power plant of the car.
The article uses methods of mathematical analysis, adaptive
control and fuzzy logic. The main objective of the study was
to obtain a neural network model to refine forecasts of system
state parameters at each control step. The paper presents a
formal formulation of the problem, considers its solution by
the method of neuro-fuzzy control based on adaptive criticism
with the construction of a fuzzy neural network Wang—Mendel.

Introduction

An increase in the performance indicators of internal combustion engines of cars is
associated with the use of hybrid power plants (HPP). Such a power plant includes, in addition
to the main internal combustion engine (ICE), an auxiliary traction electric motor and an energy
recovery circuit using a traction battery (TB) as an energy storage device. Charging of the TB
can be carried out in the presence of excess power of the main engine or by recuperating the
braking energy of the vehicle. The key element of the HPP is a power distributor that provides
the redistribution of power flows between the chassis of the car, the main engine, the auxiliary
engine and the energy recovery circuit [1; 2].

Problem statement

The main task of the HPP control is to maintain a given vehicle speed V,; (k) =V,, (ts + k X AT),
k=0, N with a minimum error, in the presence of disturbances (k) and restrictions on possible
system states x € X and permissible controls u € U. In addition, the control process must meet
a number of additional conditions: minimizing fuel consumption, the level of toxicity of exhaust
gases, deviation of the degree of charge of the TB from the optimal one. At the same time, it
is convenient to consider the control of the HPP as a multi-step discrete process with a time
sampling step AT:
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y(k)=h(x(k), u(k))

k=0, N; N=(t —t;)xAT™,

{x(k+1)=x(k)+ATxf(x(k), u(k), &(k)),

where x = [w, 6,,5]" is the state vector, the components of which are the current angular
velocity of rotation of the driving wheels (w) and the degree of charge of the TB (6,,5);
u = [Bp By B y]T is the control vector, including control signals for the power of the internal
combustion engine (B,), the electromagnetic torque of the traction motor (B,,), the hydraulic
braking system (B;) and the transmission ratio (y) of the transmission from the internal
combustion engine to the driving wheels; § = [q, BO]T is the vector of disturbing influences,
which are the slope of the road (a) and the speed of the headwind (3,); y = [V, G, ET]T is the
output vector, including the vehicle speed (V), hourly fuel consumption (G;) and the degree of
toxicity of the exhaust gases of the internal combustion engine (E; = f{C,, Crn. Cye)), Which
is a function of the hourly emission of nitrogen oxides, carbon monoxide and hydrocarbons,
respectively; t., t; are the time points of the beginning and end of the driving cycle, respectively;
f(¢) and h(¢) are known continuous or piecewise continuous vector functions of vector arguments
defined on the corresponding sets [3; 4]. The functional of the quality of HPP management,
when using linear convolution of optimality criteria to isolate the only solution of the optimization
problem from the field of Pareto-optimal controls, can be represented as:

o 4
Jsvu (K)=2 0 x Y Kp; x3; (k+ ),
j=0 =

where p is a discount factor that takes into account the degree of reliability of the assessment
of future values of quality criteria 0 < p < 1, K is a priority vector that determines the degree
of importance of individual criteria in different sections of the driving cycle: Y Kp; =1, Kp; >0,
i=1, 4. i

Adaptive control of the hybrid power plant

Studies show that the errors in the implementation of the speed controller
Masu.za =fvrg (V.V,q) does not significantly affect the efficiency and environmental safety of
the HPP. Acceptable control quality can be achieved by using a Pl-controller with fairly roughly
selected coefficients. To describe the load redistribution between the HPP units, we introduce
the electric drive utilization factor:

1
e=Ym *Myp XMgsy, Mgsy #0.

In the process of braking the car, when MGSU < 0, the coefficient € € [0, 1] characterizes
the level of recovery of braking energy. At € = 0 braking is carried out exclusively by means
of a hydraulic braking system. At € = 1 the entire required braking torque is created by the
traction electric drive-in generator mode: Mg, = Y\, *Mp, Myp i < Myp < O, where M, ...
is the maximum braking torque of the valve electric motor in generator mode. At 0 < ¢ < 1 the

braking force is created using both braking systems.
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When the car is accelerating or moving uniformly, when Mg, > 0, the coefficient
€ € (—oo; 1] characterizes the distribution of power produced by the HPP between the internal
combustion engine and the traction electric drive. At € < 0, when the traction electric drive
operates in generator mode and recharges the traction battery using the energy. At 0 < ¢ < 1,
when the traction force is created due to the joint use of the traction electric drive and the
internal combustion engine. At € = 1, then using only a traction electric drive. If the value of
the required torque Mg, ,, and the speed of the car V = wxr_, are known, then with a given
scheme for constructing the HPP, the coefficient completely determines the control vector

U = fosurg(& Masyza V)-
The structure of the Wang—Mendel fuzzy neural network

In this structure, the first layer performs fuzzification of input variables. It is assumed that
the term set of a linguistic variable w" contains three terms, the variables GTLAB and MIéSU.zd are
five terms each. The second layer provides aggregation of prerequisites for fuzzy production
rules. The third layer is the aggregation of the conditions of the rule base and the generation
of a normalizing signal. Consisting of a single neuron, the output layer normalizes the output
signal, forming the value of the electric drive utilization factor ¢.

Calculation of the electric drive utilization factor at the k-st control step based on the Wang—
Mendel fuzzy inference algorithm is described by the expression:

1

(T, (x4

o(0)= }xzd (o (e 40|

The HPP controller determines the control vector u = f5g, (€, Mg, X) according to the
expressions given earlier. Control actions are applletho the input of the control object. At the
same time, the neural network model MDVS,GTAB] =Fssump (& X Mgsy.zg ), based on the
current state of the HPP and the applied control, evaluates the parameters of the system state,
which are critical from the point of view of functional Jg,,, evaluation, for the next control step.
The neural network model is implemented in the form of a two-layer direct propagation INS
containing 24 neurons in a hidden layer with activation functions in the form of a hyperbolic
tangent and two linear neurons of the output layer:

e(k) e(k) e(k) e(k)

~ X (k) = x(k) —kzlgLN x (k) :ksng x (k) ;
Mgsu.zd (K) Mgsu.zq (K) " [ Mesu.za (K) " | Masu.za (K)

=21 erp{-2(Wa 500 K09 o (0] 81 -1
[I\jlovs (k)=6TAB (k+ 1)? =W,,Nyq +Byy:

{ Mpys (k) }: _’\7’Dvs (k) |. std ﬂ’\}’ovs (k)}}Jr M {Movs (k)}
Orag (K+1) | | 875 (k+1)| KON || B7ag (k) || k=ON || Orag (K) |

MACHINES, AGGREGATES AND PROCESSES 23




Components of Scientific and Technological Progress

where W,,, W,, are the matrices of the weighting coefficients of the neurons of the first and
second layers of the INS neural network model, respectively; B,,, B,, are the displacement
vectors of the neurons of the corresponding layers. When denormalizing the output signal of the
INS, the symbol “*” indicates the element-wise multiplication of vectors. The purpose of training
a neuro-fuzzy controller is the formation of such control actions of the HPP that would contribute
to reducing the quadratic value of the evaluation of the control quality functional:

1o :
EFC _EXJSVH —> min.

In the learning process, the correction of the Wang—Mendel network parameters is carried
out according to the expressions:

oE Oe
d.(k+1)=d,, (k)-\ x —FC _Y< | :
m( ) m( ) FC.d Oe  0d,, [dm=dm(k)
8=8(k)
E
r, (k+1)=0r, (K)=hpge x2orCx 22 ;
68 acTji CTji:CTj;(k)
e=¢(k)
E
or, (k+1)=or, (K)~hpcq x 20 x 20
(38 601-/’ GTj/':GTji (k)

e=g(k)

To ensure the linear ordering of the elements of the term sets of the fuzzy inference system,
appropriate restrictions must be imposed on the parameters cr; and d,_, which do not allow the
adaptation algorithm to make, for example, the fuzzy set “Low” greater than the fuzzy set “High”.

Conclusion

The use of HPP control using a neuro-fuzzy controller and neural network models of the
control object and adaptive critic allows overcoming the lack of a priori information about the
parameters of the driving cycle and the relief of the underlying surface, as well as the low
accuracy of mathematical models of a hybrid car. This approach assumes the adaptation of
the HPP management strategy to the traction-speed mode of the car movement based on the
concept of training neural networks with reinforcement. The use of a fuzzy inference system for
the formation of control actions of the HPP allows the use of poorly formalized expert knowledge
about the optimal management strategy.
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MpumeHeHne HeMpO-HEeYeTKUX anropuTMOB ANA ynpaBrieHus
CUITOBOW YCTAaHOBKOW rMbpuaHoro asTomoouns

C.A. Cepvn<031, B.IM. Ky3bMeHK01, E.A. Cepvn<0|3a2

"®raoy BO «CaHkm-lemepbypackuli 2ocydapCcmeeHHbIU yHusepcumem
aspOKOCMUYECKO20 NMpubopOCMPOEHUST»;
2 @raoy BO «CaHkm-lemepbypeckuli nonumexHudyeckul yHusepcumem lNempa Bernukozoy,
2. Cankm-lemepbype (Poccusi)

KrnitoueBble crnoBa u ¢pasbl: afanTMBHOE yripaBneHue; Hermpo-HeyeTkas noruka; cuctemsl
ynpaeneHusi rmbpungHbiMu ABuUraTensamu.

AHHOTaumA. Llenblo gaHHOM cTaTbn siBNsAnacbk paspaboTka HEeWpO-HEYETKOW CUCTEMBbI
ynpasnexHvs rmbpuaHon CUIIOBOW YCTaHOBKOM aBTomMobunsa. B ctatbe ncnonb3oBaHbl MeETOAbI
MaTeMaTU4eCcKoro aHanmsa, aganTMBHOIO ynpaerneHnsa n HeveTkon norukn. OCHOBHON 3agadven
nccnefoBaHUs SABMNSANOCH MOSyYeHWe HEeMPOCEeTEBOW MoAeny AN YTOYHEHUsI NPOrHO30B napa-
METPOB COCTOSIHNS CUCTEMbI Ha KaXK4oM Liare ynpasneHus. B pabote npeacrtasneHa popmanb-
Hasi MOCTaHOBKa 3a4a4yu, PaCCMOTPEHO ee peLleHne MEeTOA0M HEMPO-HEYETKOro ynpaBreHns Ha
OCHOBE afanTUBHOW KPUTUKN C NOCTPOEHUEM HEYETKOWN HEMPOHHOW ceTn BaHra—MeHaens.

© V.P. Kuzmenko, S.A. Serikov, E.A. Serikova, 2022
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Abstract. The article describes the construction of a
regression model of the error in the approximation of the
voltage at the output of the bend sensors from the factors
that affect this error. The following factors were chosen as
influencing factors: the length of the sensors and the radius
of their bending. Experimental data were obtained as a result
of simulation of electrical processes occurring in the system
of pulsed magnetization reversal. Statistical processing was
carried out in the Statistica software environment. Based
on the data obtained, it was concluded that the amplitude
of the measuring circuit is most affected by the value of the
radius, and least of all by the value of the length. This result
will optimize the design of the electrode belt and improve
the quality of visualization of the electrical impedance
tomography method.

Currently, there are imaging diagnostic methods associated with the construction of an
image of the internal environment of a biological object [1-3]. These include methods of X-ray,
magnetic resonance, proton, positron emission, optical tomography, ultrasound and radioisotope
diagnostics, and many others [4-6]. Their implementation has made it possible to significantly
improve the quality of diagnostics [7—9]. One of the most effective, but still not very well-known
methods of tomographic studies is the method of electrical impedance tomography (EIT) [10],
in which electric current is used as a probing agent. The purpose of this method is to build
the distribution of electrical impedance inside a biological object. This method is non-invasive,
portable and easy to technically implement, and also allows you to get a dynamic image of
a biological object. In well-known implementations of EIT for visualization of measurement
results, most often they are given by a round or ellipsoidal shape of the model (Fig. 1-2).
The selected shapes of the model may differ from the actual shape of the biological object,
which leads to a distortion of the image of the results of the electrical impedance distribution. To
select the shape of the model, it is necessary to accurately determine the type of the patient's
chest, which increases the requirement for the qualification of the medical worker conducting
the procedure. In addition, any person is prone to make mistakes, and the wrong choice of the
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Fig. 1. The shape of the model "circle" and the result of the reconstruction impedance

distribution
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Fig. 2. The shape of the "ellipsoidal" model and the result of the reconstruction impedance
distribution

Table 1. Results of testing sensors of various lengths

R, mm
L mm 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00 220.00
1.00 0.77 0.61 0.56 0.52 0.49 0.44 0.39 0.35
90.00 1.01 0.75 0.60 0.56 0.52 0.48 0.45 0.39 0.38
0.98 0.75 0.61 0.56 0.54 0.49 0.46 0.41 0.40
0.99 0.81 0.67 0.58 0.55 0.40 0.38 0.32 0.35
140.00 1.01 0.83 0.71 0.60 0.57 0.42 0.38 0.34 0.34
1.00 0.82 0.71 0.60 0.53 0.44 0.39 0.35 0.37
1.02 0.86 0.67 0.58 0.51 0.41 0.40 0.34 0.32
190.00 0.97 0.93 0.71 0.63 0.54 0.43 0.40 0.36 0.32
1.01 0.89 0.69 0.62 0.55 0.44 0.41 0.34 0.33

form of the model will lead to distorted results.

In this connection, the task of recognizing the shape of a biological object for a more
accurate reconstruction of the impedance distribution for the method of electrical impedance

tomography is relevant.
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|| Data: Spreadsheet2™ (3v by 27¢) (][ (]
o |
1 2 3
L ‘ R u
1 190 220 [ 032 ]
2| 190 220 0,32
3 190 220 0,33
4 90 220 0,35
5| w0 220 0,38
6| 90 220 0,40
71 190 60 1,02
8 190 60 0,97
3] 190 60 1,01
10| 90 60 1,00
11 90 60 101
12 90 60 0,98
13| 190 140 0,51
14| 190 140 0,54
15| 190 140 0,55
16 90 140 0,52
17| e0 140 0,52
18 90 140 0,54
19| 140 220 0,35
20 140 220 0,34
21| 140 220 0,37
22| 140 60 0,99
23| 140 60 1,01
24| 140 60 1,00
25) 140 140 0,55
26] 140 140 0,57
27| 140 140 0,53
|

Fig. 3. Experiment planning matrix in the Statistica program

k: Var.:U; R-sqr=,99665; Adj;, 99586 (Spreadsheet?) = EER <
Effect Estimates; Var_:U; R-sqr=,99665; Adj:,99586 (Spreadsheet2) —]
2 factors, 1 Blocks, 27 Runs; MS Pure Error=,0003091
Dv: U
Effect Std.Err. 1(18) ‘ P ‘ -95.% ‘ +95.% Coeff. ‘ Std Err. ‘ 95.% ‘ +95.%
Factor Pure Err Cnf Limt Cnf Limt Coeff. Cnf Limt Cnf Limt
Meanfinterc. [ 05442841 0.007566 71,9352  0,000000 0,525388 0,560181 0,544284| 0,007566 0,528388 0,560181
()LL) -0,014323  0.008288 -1,7280  0,101096  -0,031736 0.003091| -0,007¥161  0,004144  -0,015868 0,001545
L(Q) -0,017967  0.014356 -1,2515 0226774 -0,048128 0.012194| -0,008983 0,007178  -0.024064 0,006097
(2)R(L) -0,648437| 0.008288  -78,2335 0,000000) -0,665B851  -0,631024 -0,324219) 0004144  -0,332925 -0,315512
R(Q) 0,273150 0,014356 19.0268  0,000000 0,242989 0,303311 0,136575 0,007178 0,121494 0,151655
1L by 2L -0,026725  0.010151 -2,6327| 0,016895  -0,048052| -0,005398] -0,013363 0,005076  -0,024026  -0,002699

Fig. 4. Table of the resulting model in coded values

Strain gauges, bending resistors or capacitive bending sensors can be used as bend
sensors. To recognize the shape of a biological object, a measuring belt is developed, consisting
of a number of sensors for measuring bending.

To solve this problem, you need to find the dependence of the output voltage across the
resistor on the bending radius of the tube. For this, sensors of various lengths (90 mm, 140 mm,
190 mm) were tested on a stand consisting of a number of half-cylinders of various radii.
To minimize the error, each experiment was carried out 3 times. To unify the characteristics of
sensors with different lengths, the signal was normalized. The test results are shown in Table 1.

To build a regression model, the experiment planning method will be used, the length of the
sensors L and the bending radius R are taken as factors, and the output voltage of the sensor
will be the response.

We use the orthogonal central compositional plan of the second order. Zero levels of factors
and intervals of their variation:

L =140 mm, h, = 50 mm;

28 MACHINES, AGGREGATES AND PROCESSES



Components of Scientific and Technological Progress

Regr. Coefficients; Var:U; R-sqr=,99665; Adj 99586 (Spreadsheet2)

2 factors, 1 Blocks, 27 Runs; MS Pure Error=,0003091

ov:- U

Regressn | Std Em t(18) ‘ P ‘ 95 % ‘ +95 %

Factor Coeff. Pure Err Cnf.Limt Cnf.Limt
Mean/Interc. [ 14140741 0061354 23,0479 0,000000 1,285175 1,542973
(1LL) 0.001331] 0.000827 1,6080 0125239 -0,000408 0.003069
L{Q) -0.000004  0,000003 -1.2515 0,226774  -0,000010 0,000002
[2)R(L) -0.009560| 0000365 -26.2280| 0,000000) -0,010326 -0,008794
R(Q) 0,000021 0.000001 19,0268 0,000000 0,000019 0,000024
1L by 2L -0.000003| 0,000001 -2.6327| 0,016895  -0.000006,  -0,000001

Fig. 5. Table of the resulting model in physical terms

ANOWVA; Var.:U; R-sqr=,99665; Adj:, 99586 (Spreadsheet2)
2 factors, 1 Blocks, 27 Runs; MS Pure Error=,0003091
DV: U
Factor 5§ dfF | M5 ] F p
{1)L(L) [ 0.000923 1 0,000923 2,986 0,101096
LiQ) 0.,000484 1 0,000484 1,566 0.226774
(2)R(L) 1,892120 1) 1,892120) 6120,485 0,000000
R(Q) 0,111916 1 0,111916 362,018 0,000000
AL by 2L 0,002143 1 0,002143 6,931 0016895
Lack of Fit 0,001174 3 0,000391 1,266  0,316011
Pure Error 0005565 18  0.000309
Total 5S 2,014325 26

Fig. 6. Table for assessing the adequacy of the model
R =140 mm; h, = 80 mm.

We create an experiment planning matrix for an empirical second-order model (Fig. 3). Next,
we calculate the estimates of the regression coefficients based on the coded initial values of the
factors (column “Coeff” in Fig. 4).

Regression Equation in Coded Values:

U = 0.544284 - 0.007161L - 0,324219R - 0.008983 L + 0,136575R* - 0.013363 LR.

Then we calculate the estimates of the regression coefficients based on the uncoded
(physical) initial values of the factors (column “Regressn Coeff”).
Equation in physical values of factors:

U = 1.414074 + 0.001331L - 0.00956 R - 0.000004 L% + 0.000021 R* = 0.000003 LR.

The adequacy of the obtained model was checked using the Fisher criterion (Fig. 6).

It can be seen from the table that the resulting model is adequate.

As a result, we can conclude that the amplitude of the measuring circuit is most affected by
the value of the radius, and least of all by the value of the length. This result will optimize the
design of the electrode belt and improve the quality of visualization of the electrical impedance
tomography method.
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MocTpoeHue perpeccUOHHON MoAENU 3NeKTPOAHOro nosica
aneKTpoumneaaHCHOro Tomorpada

.M. INTanknn, H.. Hapaknase

@®rbOY BO «HOxHO-Poccutickuli 2ocydapcmeeHHbIU nonumexHudeckul yHuseepcumem (HIA)
umeHu M.U. lNnamoea», 2. Hoeoyepkacck (Poccusi)

KnioueBble cnoBa u dpasbl: AvarHocTvka 3aboneBaHuii; UccrnenoBaHme nerkux; Mogenu-
pOBaHue; NnaHNpoBaHMe KCNepUMEeHTa; aNeKkTpouMneaaHcHas ToMmorpadus.

AHHOTaums. B ctaTbe onucbiBaeTcs NOCTPOEHWE PEerpecCUOHHON MOAENMU MOrpeLlHOCTEN
annpoKkcUMaLuuy HanpshkeHWs Ha BbIXOAe AAaTYMKOB U3rnba oT (hakTopoB, BUSIOLWMX HA 3Ty MO-
rpelHocTb. B kayecTBe BNusOWMX (hakToOpoB BbiGpaHbl ANMHA AaTYMKOB U paauyc Ux uarnba.
JKkcnepuMeHTarnbHble AaHHble MonyyYeHbl B pesynbrate MOAENUPOBaHUS 3NEKTPUYECKMX Mpo-
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LleCCoB, NPOTEKAKLMX B CUCTEME MMMYNbCHOIO nepemMarHmyumnBaHus. Cratuctuyeckass obpa-
BoTka npoBogunack B nporpammMmHon cpege Statistica. Vicxogs ns nonyyeHHbIX AaHHbIX, caenaH
BbIBOA, YTO CUSflbHEE BCEr0 Ha aMmnnuTygy U3MepUTENbHOW CXeMbl BRMSIOT 3HAYEeHWe paauyca,
a MeHblLEe BCEro — 3Ha4YyeHue nvHbl. [JaHHbIN pe3ynsraTt No3BONMT ONTUMM3MPOBATL KOHCTPYK-
UM Mosica 9MNeKTPOAOB WM MOBLICUTb KA4yecTBO BU3yanmsauum MeToda 3nekTpoumnegaHCHOM
Tomorpacdun.

© |.M. Lankin, N.D. Narakidze, 2022
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Abstract. The purpose of this work is to develop and
study a system for monitoring and diagnosing uninterruptible
power supply (UPS) boards. This system will have to
measure the voltage and current of the device under test,
check the correct operation of the control board, namely:
mains operation mode; battery operation mode; battery
charge, in the presence of mains power; operation of the
indicator LEDs. Digital measuring devices, in particular, a
microcontroller with a built-in ADC, will be used as information
collection systems. The use of microprocessors that allow
for such functions as automatic correction of systematic
errors, fault diagnosis, processing of received data, control
of individual nodes, etc., makes it possible to organize an
effective and flexible monitoring and diagnostic system.

The SKAT-1200D version 1 is designed to provide uninterrupted power supply to fire and
security alarm systems, video surveillance and other consumers with a rated supply voltage of
12V DC.

The source is intended for installation inside a guarded facility in enclosed spaces and is
designed for round-the-clock operation under the following conditions: power is supplied from a
220 V network with a frequency of 50 + 1 Hz with a voltage variation range of 170-242 V and
from a built-in battery; ambient temperature from —10 to +40 °C; relative air humidity not more
than 90% at +25 °C; the absence of vapors of aggressive media (acids, alkalis, etc.)

The functional diagram of the device is shown in Fig. 1. In the diagram, FS1-3 are
photosensors; battery input is a terminal for connecting the equivalent of the storage battery; X8
is a jumper, the closure of which prohibits the disconnection of the battery; EN is an electronic
load for checking the battery charge; CMVS is controlled main voltage source; CCVS is a
controlled source of constant voltage; SW is a switch.

Figure 1 shows a functional diagram of the test stand SKAT 1200D version 1, where VD1-3
are voltage dividers; CS1-3 are current sensors; HL1 is OUT LED; HL2 is battery LED; HL3 is
power LED; MC is microcontroller ARDUINO MEGA 2560; POWER is a power input.

The principle of operation is as follows. A controlled source of mains voltage, controlled by
pulse-width modulation (PWM), is connected to the device under test through a switch block; it
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Fig. 1. Functional diagram of the test stand SKAT 1200D version 1

supplies mains voltage with the required parameters (voltage 170-242 V and frequency 50 Hz).
The load controlled by PWM signal at the output of the device under test is intended for testing
the output parameters. A controlled source of constant voltage, designed to simulate both a
charged and a discharged battery. The second electronic load, controlled by a PWM signal, is
designed to check the battery charge current supplied by the device from the battery output.
It has less power than the load installed at the output of the device under test. To measure
voltages and currents in different parts of the circuit, current sensors and voltage dividers are
designed to reduce the voltage to a measurable value. The relay on jumper X8 is provided
according to the device check algorithm. Photo sensors are needed to check the performance
of the board indicators. The microcontroller ensures the collection of information, as well as the
management of all elements of the stand for testing the product SKAT-1200D version 1.

The following parameters will need to be monitored during operation: Output voltage in the
range from 9.5 to 14 V; rated load current from 2.5 to 3 A; battery charge current 0.45 A; the
magnitude of the ripple voltage is not more than 30 mV.

Information about the operating modes of the UPS gives an understanding of how to check
the correct operation of the control board of the device under test.

We will develop a load circuit to check the battery charge in the Micro-Cap 9 circuit simulation
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Fig. 3. Graph of PWM pulse and smoothed signal at half (50 %) duty cycle

environment, to check the possibility of controlling the load using a PWM signal rectified using a
converter. The model is shown in Fig. 2.

In the diagram, the constant current source (V;) simulates the power consumption of the
devices connected to the UPS under test. V, is a PWM signal source.

As a result of the simulation, the graphs of the output signal were obtained after the PWM
converters. Figure 3 shows the graph for a 50 % duty cycle.

Figure 4 shows a graph with a maximum fill factor.

Figure 5 shows a graph of the dependence of the current through the resistor R8 and the
smoothed PWM signal. It follows from the graph that by changing the duty cycle of the PWM
signal, we can make the transistor open as much as necessary. Thus, smoothly change the
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Fig. 5. Graph of the dependence of the current through the resistor R8 and the smoothed
PWM signal

resistance of its channel, which allows you to control the level of current passing through the
load starting from 1 mA.

Thus, at a given value of the PWM duty cycle, it is possible to achieve the current that is
required according to the specification.

Let us analyze the results obtained by modeling based on the results:

I

norm — Imod

/

norm

5 = x100%,

where 8, % is the relative error of the output current; /_ ,, mA is a current obtained as a result
of simulation; / mA is a current specified by the technical data of the device.

’ "norm’
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Output voltage error 8,,%:

0.65-0.6499
0.65

9, =‘ %x100% =0.02%.

The calculated modeling errors do not exceed 5 %, which satisfies the requirements
specification. Therefore, the calculation of the electronic load to check the battery charge is
correct.
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Pa3paboTka u uccnegoBaHue KOHTPOSIbHO-M3MEPUTENLHOIO CTeHAA
NPOBepPKN UCTOYHUKA BTOPUYHOIO IMIEKTPONUTAHUA pe3epBUPOBaHHOIO

O.A. Ilentok

@60y BO «HOxHo-Poccutickuli 2ocydapcmeeHHbll nonumexHudeckut yHusepcumem (HIN)
umeHu M.U. lNnamosa», 2. Hoeouepkacck (Poccusi)

KnroueBble cnoBa u dpasbl: BTOPUYHOE MUTAHWE; U3MEPUTENbHLIA CTEHA; U3MEpPEHUs;
Mozaerb.

AHHoTauums. Llenbto gaHHon paboThl sBnsieTcsa paspaboTka n nccrnegoBaHne CUCTEMbI KOH-
TPONs M AMarHoCTMKM nnaTt McTodHukoB GecnepebonHoro nutaHus (UBIM). OJaHHas cuctema
AOIMKHa ByaeT U3MepsiTb HanpsbkeHWe 1 TOK UCMbITYEMOro YCTPOWCTBA, MPOU3BOAUTL NPOBEPKY
npaBunbLHOCTM paboTbl NnaTbl YNPaBreHns, a UMEHHO: pexuM paboTbl OT CeTU; pexuM paboTsl
oT AKB; 3apsia AKB npu HannumMm ceTeBOro NUTaHUs; cpabaTbiBaHNE MHOANKALNOHHBIX CBETOOU-
opoB. B kavectBe cuctem cbopa nHpopmaumm 6yayT 3agencteoBaHbl LMGPoBbIE N3MepUTENb-
Hble YyCTPOMCTBA, B YACTHOCTU MWKPOKOHTPOINEP CO BCTPOEHHbIM aHanoro-undgposbiM nNpeob-
pasoBaTtenem. cnonb3oBaHne MUKPOMPOLECCOPOB, KOTOPbIE NO3BOMSAIOT OCYLLECTBNATL Takne
byHKUMMK, KaK aBTOMaTUYecKas Koppekunsi CUcTemMaTuyecknx norpeLlHocTen, AMarHocTnka He-
ncnpasHocTen, obpaboTka NoNyyYeHHbIX AaHHbIX, yNpaBneHne oTaernbHbIMKU y3namm v T.4., AaeT
BO3MOXXHOCTb OpraHn3oBaTb 3(MEKTUBHYIO U TMOKYI0 CUCTEMY KOHTPOMS U ANarHOCTUKKU. Takke
B AaHHOW paboTe npou3BeeHO MoaenvpoBaHue Brioka 9NeKTPOHHOW Harpys3ku U NoCTpoeHue
ero perpeccroHHON Mogenu npu NOMOLLM TEOPUU NITAaHUPOBaHWUS 3KCMEepUMEHTA.

© D.A. Lelyuk, 2022
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Abstract. At present, to control the quality of
manufacturing products, much attention is paid to the
accuracy of measuring instruments. To verify digital and
analog devices of direct and alternating current, introduced
into the practice of measurements, it was necessary to create
multi-valued measures, called calibrators in the domestic
literature. The calibrator is a high-precision instrument
designed for checking (determining the error) and calibrating
a wide range of instruments and devices of measuring
and generator type [1]. The value of the standard and the
measured value are compared with each other, the operation
of this instrument is based on this. For the need to ensure
the unity and the required accuracy of measurements, such
a group of control and measuring equipment is used.

Introduction

In order to ensure unity and the required accuracy, in accordance with the federal law of
the Russian Federation No. 102-FZ “On ensuring the uniformity of measurements”, mandatory
requirements are established for measurements performed in the following areas: production,
safety and labor protection, state and production control, healthcare, execution of settlement
and state accounting operations, trade and banking, tax and customs, judicial and sports. With
the help of accurate reproduction, storage of established units of physical quantities and transfer
of their sizes to working measuring instruments using standards and exemplary measuring
instruments, one can achieve the unity of measurements [1; 2]. Standards are considered the
highest link in the metrological chain of transferring the sizes of units of measurement. There are
the following requirements for the standard: high accuracy, versatility, ease of transfer of the unit
of magnitude, and stability. There are various calibrators and installations, which are sources
of calibrated currents, voltages and resistances, designed for verification of analog and digital
devices [3; 4]. Each of them has certain advantages and disadvantages. Some are designed to
reproduce the power and voltage of direct current, others — to reproduce the power and voltage
of alternating current, etc. The use of high-speed calibrators in measuring systems also makes
it possible to automate the verification of the output characteristics of many semiconductor
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devices, microcircuits and other electrical radio elements [5; 6]. The use of such a group of
control and measuring equipment is due to the need to ensure the unity and required accuracy
of measurements.

Method and materials

Currently, the market of metrological equipment, and in particular reference equipment,
presents various models of installations and calibrators designed to reproduce electrical quantities
in order to carry out verification and calibration, as well as repair measuring instruments [7, 8].
Multifunctional portable verification devices are popular because of their mobility and versatility.

The functional diagram of the developed device for verification and calibration of electrical
measuring instruments is shown in Fig. 1.

The device for checking and calibrating electrical measuring instruments contains an input
divider 1, an input amplifier 2, an ADC 3, a DC voltage DAC 4, a DC reference voltage source 5,
a device scale amplifier 6, a device amplifier 7, a switch that closes the device output voltmeter
input 8, device output terminal 9, voltmeter input terminal 10, common bus input/output 11,
AC/DC converter 12, AC voltage DAC 13, AC voltage reference 14, operation mode switches
(DC or AC voltage) 15.16, voltage-to-current converter 17.

The operation of the developed device is as follows. When using the input voltage
measurement mode, the input voltage (U,,) is supplied (from the input terminal 10) to the input of
the ADC 3. This happens through the input device (divider 1 and input amplifier 2). For an input
device, the gain is the gain R/nR, where n >1. In case of resetting DAC 4 (U,,. = 0) and the
minimum sensitivity of the ADC, the input voltage is “roughly” measured last. According to his
testimony, a DAC is installed (the digital code of the ADC is “written” into the DAC control circuit).
Then the ADC is affected by the voltage difference U, — U, ,.. This difference is measured by
the ADC already at the highest sensitivity. The voltmeter reading is indicated based on the ADC
reading and the DAC position.

Switch 8 closes when using the voltage reproduction mode (of the device. The input of
the amplifier of device 7 with a transfer coefficient nr/r (ratio of divider resistors 6) is supplied

______________

T 13 4
——————————— ! t DAC J 1 D

resistance-based (PWM-DAC)

4 y

14 5 Microprocessor

=51 YU Eﬂu _ Control of the | » Indicator

sup DAC and ADC

L "7
Ve

nr r !

Fig. 1. Functional diagram of a device for verification and calibration
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Table 1. Matrix of the experiment

Ne | Neofexp. | X, | T,°C | X, Usup. B | X, I, A Uout. B U!

1 2 3 4 6 7 8 9 10

1 1 - 5 - 10 + 50 2.47295 0.049459
2 2 - 5 - 10 + 50 2.522 0.05044
3 3 - 5 - 10 + 50 2.423 0.04846
4 4 - 5 + 14 + 50 2.47295 0.049459
5 5 - 5 + 14 + 50 2.522 0.05044
6 6 - 5 + 14 + 50 2423 0.04846
7 7 + 40 - 10 + 50 2.48887 0.049777
8 8 + 40 - 10 + 50 2.539 0.05078
9 9 + 40 - 10 + 50 2.439 0.04878
10 10 + 40 + 14 + 50 2.48887 0.049777
1 1 + 40 + 14 + 50 2.539 0.05078
12 12 + 40 + 14 + 50 2.439 0.04878
13 13 - 5 - 10 - 5 0.23074345 0.046149
14 14 - 5 - 10 - 5 0.235 0.047
15 15 - 5 - 10 - 5 0.226 0.0452
16 16 - 5 + 14 - 5 0.23074345 0.046149
17 17 - 5 + 14 - 5 0.235 0.047
18 18 - 5 + 14 - 5 0.226 0.0452
19 19 + 40 - 10 - 5 0.23233404 0.046467
20 20 + 40 - 10 - 5 0.237 0.0474
21 21 + 40 - 10 - 5 0.228 0.0456
22 22 + 40 + 14 - 5 0.23233404 0.046467
23 23 + 40 + 14 - 5 0.237 0.0474
24 24 + 40 + 14 - 5 0.228 0.0456

with voltage U ,.. Thus, the voltage U, = U,,-xn is formed (where n is usually 1, 10 or 100)
at the amplifier output of the device. Voltage can be monitored with a voltmeter. The limit of its
measurement is set according to the set limit of the device (10 V, 100 V or 1000 V). It is possible
to adjust the limit if necessary. Significantly reduce the performance requirements The latter
can be achieved by including a voltmeter in the control circuit of the output value of the device.
The requirements of high temperature and long-term stability are transferred to the voltmeter.
Because of the possibility of carrying out auto-calibration of the voltmeter every time before
the next “intervention” of it in the output correction system of the device being developed, the
implementation of these requirements is simplified. In contrast from of the developed device,
the discrete nature of the voltmeter operation is in good agreement with the principles of
autocalibration [9].

With them, you can turn on auto-calibration cycles in the pauses between measurements. It
is not necessary to create voltmeter units from components with high long-term and temperature
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Effect Estimates: Var.:Useix; R-sqr=,99934; Adj:,99911 (rab.sta)

2**(3-0) design; M3 Pure Error=,0012123

DV: Usbix
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Fig. 2. Estimates of regression coefficients based on coded input factor values

ANOWA; Var.:Usbix; R-sqr=,99934; Adj:,99911 (rab.sta)

27%(3-0) design; MS Pure Error=,0012123

DV: Usbix
Factor §S [ df [ MS | E | p
1T [ ooi421l 1 0,01421 11,72 0,003482
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()] 29.56152 1| 29,56152) 2438399  0.000000
1by2 0.000000 1 0.00000 0,00 1.,000000
1by3 0.00836 1 0,00836 6,90 0.018330
2by3 0.00000 1 0.00000 0,00 1.000000
Lack of Fit 0,00000 1 0.00001 0,00 0,999998
Pure Error 0.01940 16 0.00121
Total S8 29,60349| 23

Fig. 3. Checking the adequacy of the model

stability (these should be only internal standards, according to which auto-calibration is
implemented), since immediately after auto-calibration, the voltmeter has a very high accuracy.
All adjustment effects are realized virtually (in the form of a corrected digital readout) in the
voltmeter. In the form of a corresponding change in the output signal, such effects can manifest
themselves in the device being developed [10]. Inside the device there is a voltmeter and a
programmable source with a large voltage range. This allows you to perform auto-calibration
and diagnostics of the device, not forgetting about metrological failures. The structure allows the
implementation of all the main operations of the measuring process. These are reproduction,
comparison, measurement, static information processing (embedded microcomputer) and
scaling. It is possible to implement deep diagnostics of the DAC and ADC by supplying each bit
sequentially from the DAC. This is controlled by the ADC. Based on the high linearity of the DAC
(with PWM), auto-calibration of the ADC, is carries out with resistive dividers. When a constant
voltage is reproduced, the switches 15 and 16 remain in their original state.

Results

It is necessary to build a mathematical model of the change in the output voltage depending
on the source current, supply voltage and temperature. As influencing factors, we take the
source current /, supply voltage Usup and the ambient temperature f, and as a response, the
output voltage from the operational amplifier (op-amp) Uout.

Matrix of the experiment with N = 8 is filled in Table 1. Data analysis will be carried out using
the Statistica.

Fig. 2 shows the result of calculating the estimates of the regression coefficients based on
the coded initial values of the factors.

The regression equation for the coded values of factor levels has the form:
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8=1,346167 +0,024333 x X; +1,109833 x X3 +0,018667 x X, Xj.

Fig. 3 shows a table that was obtained to test the adequacy of the resulting model.
F.. > F.,. (3.01 >0.008). Therefore, the resulting model is adequate.

cr

Conclusion

A mathematical model was built of the dependence of the output voltage of the instrumental
amplifier on the influence of the source current, supply voltage and ambient temperature. As a
result of the data obtained, it can be concluded that the operation of the instrumental amplifier is
strongly influenced by the source current and ambient temperature, and the supply voltage does
not significantly affect the operation of the instrumental amplifier.

Thus, it can be concluded that the instrumentation amplifier will operate stably in a given
temperature range.
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Pa3paboTka 1 uccnepgoBaHue yCTPOMCTBA AJ1s1 KANMOPOBKU U NOBEPKU
3neKTpousMepuTenbHbIX Npudéopos

NM.B. Haymos

@60y BO «HOxHo-Poccutickuli 2ocydapcmeeHHbIl nonumexHudeckut yHusepcumem (HIN)
umeHu M.U. lNnamosa», 2. Hoeouepkacck (Poccus)

KnioueBble cnoBa u dpasbl: M3MepeHus; nosepka; npnubop Ana KannbpoBKK; INeKTpomn3-
MepuTenbHble Npubopsl.

AHHOTauus. B HacTosiwee BpemMs NS KOHTPOMsS KayecTBa M3roToBNEeHMsS NpoayKLuMn MHO-
ro BHUMaHus yoensitoT TOYHOCTM CPeAcTB naMepeHuin. [na nosBepku unpoBbIX 1 aHanoroBbix
YCTPOWCTB NOCTOSAHHOIO U NEepeMEeHHOro Toka, BHeAPEHHbIX B MPakTUKy namepeHui, notpebosa-
NoCb €cO34aTb MHOrO3HaYHbIe Mepbl, Ha3blBaeMble B OTEYECTBEHHON NnuTepaTtype kanubpartopa-
Mu. KanubpaTtop npenctaBnsieT cobor BbICOKOTOYHbIN Npubop, NpegHa3Ha4YeHHbIN O NoBep-
K (onpegeneHus MOrpeLHocTn) n KannbpoBKN LUMPOKON HOMEHKIaTypHOW rpynnbl Npubopos
N YCTPONCTB U3MEPUTENBLHOrO U reHepaTtopHoro Tuna [1]. BennunHa atanoHa u uamepsiemas
BENnYMHa CpaBHMBAKOTCA APYr C APYroM, HA 3TOM OCHOBaHO AencTBue AgaHHoro npubopa. Mpu-
MEHEHWe TakoW rpynnbl KOHTPONbHO-U3MEPUTENBHON TEXHWUKN 0BYCNOBMeHO HeoBXOAMMOCTbIO
obecneyeHnsa eguHCcTBa 1 TpebyemMon TOYHOCTU N3MEPEHWIA.

© P.V. Naumov, 2022
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Abstract. The article considers the development of a
device for measuring the average plasma velocity with the
control of the differential signal of position sensors. A block
diagram of the designed device has been developed. On the
basis of the block diagram, a functional diagram of the device
was developed and its description was made. Multiplexer
simulation completed in NI Multisim 14.0.

In various fields of science and technology, the problem arises of accelerating bodies to
high (on the order of several kilometers per second) linear velocities [1]. At the end of the
last — the beginning of this century, the range of problems requiring high-speed acceleration
of bodies, and successfully solved with the help of electrodynamic accelerators (EDA) [2],
has significantly expanded [3; 4]. For example, in experimental physics, using the technique
of high-speed impact, phase transformations of matter under strong collisions are studied [5],
the possibility of using high-speed acceleration techniques for solving problems of controlled
thermonuclear fusion [6] is analyzed, high-speed collisions of meteorite particles [7] and space
debris are simulated on test benches. with the skin of spacecraft in the study of the strength
properties of materials. Another application of EDA in the field of space research is associated
with the launch of microspacecraft (microspacecraft) [8]. Recently, electrodynamic installations
for processing various parts with high-speed low-temperature plasma flows have been used to
harden parts [9]. Another modern application of EDA is associated with the physical modeling
of the processes of destruction of parts of the designed ITER fusion reactor [10] to solve the
problems of durability and environmental safety of the reactor.

One of the most important problems is to provide a controlled acceleration of the plasma
and the bodies pushed by it, which implies the possibility of correcting the acceleration process
directly during the experiment in order to achieve a given acceleration rate at the end of the
internal ballistics section (at the output of the EDA channel). The solution to this problem
requires, in turn, the development of appropriate algorithms and technical means for controlling
acceleration and monitoring the parameters of plasma and body motion in the EDA channel.

The block diagram of the device for measuring the average plasma velocity with the control
of the differential signal of the position sensors is shown in Fig. 1. On the block diagram, the
following are indicated: SB — sensor block, IB — integrator block, SwB — switch block, AB —
analyzer block, CU — computing unit, ADC — analog-to-digital converter, MC — microcontroller,
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Fig. 1. Structural diagram of the device for measuring the average plasma velocity
with the control of the differential signal of the position sensors
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Fig. 2. Functional diagram of the device for measuring the average plasma velocity
with the control of the differential signal of the position sensors

IOU — input/output unit. The device works as follows: a plasma clot, moving along a trajectory
directed along the sensor block of the railgun SB, acts on them and an EMF occurs on the
windings.

A bell-shaped signal is formed on the IB integrator block, which is transmitted through the
SwB switch block and the AB analyzer block to the CU computing unit. The operation of the
SwB switch block is carried out according to a given program, in accordance with the movement
of the body along the trajectory of movement. The ADC converts the signal into a digital code,
which is then transmitted to the MC microcontroller for further processing. Communication with
external devices is carried out through the IOU block. The development of the functional diagram
of the device was carried out on the basis of the block diagram. The functional diagram of the
device is shown in Fig. 2.

The scheme works according to the following algorithm: when flying over the railgun object 1,
inductive sensors S1-S32 record the change in the magnetic field. During the initialization of the
device, the first sensor S1 is connected to the analyzers AB and TH2 through the M1 multiplexer
and the M2 multiplexer. When the body passes the first sensor S1, the analyzer TH2 registers
the peak point of the signal and generates an impulse, which, through the OR element with
a trailing edge, gives a command to start the pulse generator PG. Counter C3 starts timing.
The leading edge of this pulse translates the second counter C1 and the multiplexer M1 to
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Fig. 3. Model for studying the multiplexer in the NI Multisim 14.0 environment

the next position. A pair of inductive sensors S1 and S2 through the second multiplexer M2
is connected to the AB analyzer, which performs the operation of comparing two signals from
sensors S1 and S2. When the signals are compared, a pulse is formed that, through the OR
element with a leading edge, stops the PG pulse generator and, through the single vibrator SV
and delay element DE1, strobes the input port of the MC microcontroller to rewrite information
from the C3 counter to the MC microcontroller. Further, through the delay element DE2, the
information of the counter C3 is reset. The pulse at the output of the MC moves the counter
C2 and the multiplexer M2 to the next position. The induction sensor D2 is connected to the
analyzer input TH2. The trailing edge of the pulse again starts the pulse generator Gl and the
counter C3 starts timing again. In the calculator, which performs the functions of dividing two
numbers and storing the data array, the average speed is calculated on the first (Vm,.dj1) and
second (V, ;) halves of the distance between adjacent sensors:

AX i AX i

Vinid j1 = oAt Vinid j2 = oAt
1 2

where ij is the base distance between two adjacent sensors; At,, At, are the time intervals
between the moments of body fixation on the section of the motion trajectory; j =1, 2, ..., N
is the number of the interval between two adjacent sensors; N = m — 1; m is the number of
sensors.

As an object of modeling, we choose a switch based on a multiplexer. To simulate the
multiplexer, we will use the NI Multisim 14.0 circuit simulation program. Since the simulation
package does not have a 16-channel multiplexer in its library, we will use a 4-channel one.
The operation of a multiplexer with 16 channels is similar. The developed multiplexer model is
shown in Fig. 5. The diagram shows: VCC is a voltage source 5V; U1 is a 4-channel multiplexer
chip model; U2 is a virtual inverter; XWGH1 is a serial binary word generator; X1-X4 are level
indicators; XLA1 is a logic analyzer.

To start the operation of the multiplexer, a low-level control signal is required, which is
applied to its input G. To switch the inputs DO-D3, it is necessary to apply signals in the form of
binary numbers using the switches S1, S2 to the address inputs A and B of the U1 microcircuit.
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Fig. 4. Simulation results

For the generator to work, it is necessary to set the frequency to 500 kHz in its settings
panel, select the step-by-step mode “Step” and enter the derived number of binary numbers in
the input field. The simulation results are shown in Fig. 4.

As a result of circuit simulation, a circuit was developed to demonstrate the operation of a
multiplexer-based switch in the NI Multisim package. Since the standard library does not include
a device with 16 channels, a 4-channel multiplexer was used.
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YCTpONCTBO U3MepeHUusi cpegHen CKOpPOCTU Nra3mbl
C KOHTponem audcepeHUnanbLHOro cCMrHana AaT4nkoB NoOJIOXKeHUsA

M.I". NMonos

@60y BO «HOxHo-Poccutickuli eocydapcmeeHHbIl nonumexHudeckut yHugepcumem (HI)
umeHu M.U. lNMnamosa», e. Hosoyepkacck (Poccusi)

KnroueBble cnoBa 1 ¢pa3sbl: raycCMeTpP; UHOYKUNSA; KOHTPOIbHO-U3MepUTErbHOe YCTPOK-
CTBO; nnasma.

AHHOTauusA. BruinonHeHa paspaboTka YCTPOMCTBA M3MEPEHUS CPeQHEN CKOPOCTM Mnasmbl
C KOHTponem anddepeHumnansHOro curHana gatynkoB nonoxeHusi. PaspabotaHa CTpyKTypHas
cxema NpoekTUpyemoro yctponcTtea. Ha 6ase CTpyKTypHOU cxeMbl pa3paboTaHa pyHKLMOHanNb-
Has cxema yCTPOWCTBa W BbIMOSIHEHO ee onucaHue. BbINonHeHO mMoaenupoBaHue MyrbTUMMeK-
copa B cpeae NI Multisim 14.0.

© M.G. Popov, 2022
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Abstract. The goal of modern enterprises is to increase
productivity, efficiency, speed and quality, which will lead
to greater competitiveness of companies on the way to the
future. This raises the need for fast and accurate verification
of the characteristics of manufactured devices. To achieve
these goals, stands for measuring and controlling parameters
are used. At the heart of these devices, as a rule, is a
microcontroller, which acts as the main element. Using an
analog-to-digital converter (ADC), it measures the controlled
value and compares it with a predetermined one. Based on
these data, he concludes about the error of this parameter.
The purpose of this work is to develop and study the control
and measuring stand for checking the SKAT-240017 product.
This device is a source of secondary power supply for fire
alarm systems, video surveillance systems, and other
consumers with a supply voltage of 24 V DC and current
consumption of 4.5 A, as well as a backup power supply for
devices with a current consumption of up to 5 A.

The SKAT-2400I17 product is designed to provide power to devices with a rated supply
voltage of 24 V and a consumption current of up to 5 A. An uninterruptible power supply
(UPS) is used to power the load from the mains, if available, and from a battery (hereinafter
referred to as the battery) in the absence of a mains. It is difficult to implement and control
parameters, since each parameter must be measured and controlled manually, for this it is
necessary to connect measuring devices, close contacts and check the operation of the product
under various operating modes, such as checking the operation of the product with a supply
voltage in the range from 175 V to 245 V. All these operations take quite a long time and require
personnel with certain qualifications. And also when measuring and controlling parameters, a
person is involved in the assessment of the error, therefore, he can make a mistake either when
measuring a parameter, or when calculating the error due to inattention or being distracted
from the measurement and control process. From this it follows that in order to simplify the
measurement and control of the parameters of the SKAT-240017 product, it is necessary to
develop an automated stand that would perform all measurements itself and display the results
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Fig. 1. Functional scheme of the stand

to the operator.

Functional diagram of the designed stand was drawn up. It is shown in Fig. 1.

On the diagram, CD is a control device that includes an ADC, an input switch for switching
connected measuring parts, and a DAC. CSMV is a controlled source of mains voltage. CS
1+3 are current sensors (CS1 is used to measure the current consumed from the network; CS2
is used to measure the current at the output of the device; CS3 — to measure and control the
battery charge current). VS 1+3 are voltage sensors (VS1 is designed to measure the mains
voltage; VS2 is used to measure the voltage at the battery terminals; VS3 - to measure the
voltage at the output of the product). Load is the load on the output of the EH device, the
electronic load. PS 1+3 are photo sensors (for control of light indication of product operation
modes). TD is a device under test. CSCV is a controlled source of constant voltage K1+K5 —
relay. VD8+VD10 are LEDs. The principle of operation is as follows. CSMV supplies with the
help of a PWM signal, through the relay block, the mains voltage with the required parameters.
The load controlled by a PWM signal at the output of the device is designed to test the output
parameters of the product. CSCV is designed to simulate a 24 V battery. The electronic load is
designed to check the battery charge current supplied by the device from the battery output. It
is controlled by a PWM signal. To measure voltages and currents in different parts of the circuit,
current sensors and voltage sensors are designed. Relays on jumpers X4, X7 are provided
according to the device test algorithm. Photo sensors are needed to check the performance of
the indicators.

It is necessary to build a mathematical model of the change in the output voltage. We take
the ambient temperature t, the input voltage and the control voltage as the influencing factors,
and the output voltage as the response.

Zero levels of factors and intervals of their variation:

t=20 °C, h, =30 °C,

U,, =23.406V, h,=1V,
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Fig. 2. Diagram of the battery emulator in NI Multisim

Effect Estimates; Var.:Useix; R-sqr=,95986; Ad):.94569 (Spreadsheets)
27*(3-0) design; MS Pure Error=,2148147
DV: Usbix
Effect Std Err. t(16) P ‘ 95 % ‘ +95 % Coeff. ‘ Std Err. ‘ -95 % ‘ +95 %
Factor Pure Emr Cnf Limt Cnf Limt Coeff. Cnf Limt Cnf Limt
Mean/Interc. [ 23091921 0094608 2440808 0000000 2289136 23.29248] 23.09192] 0094608 2289136 2329248
(Mt 0,11133] 0189215 05884 0564482  -0,28979 0,51245 0,06567  0,094608  -0,14489 0,25623
(2)UBx 1,05133) 0,189215 56663 0,000043 0,65021 145245 052567 0,094608 0,3251 0,72623
(3)Uy 3,66517  0,189215 19,4760 0,000000 3,28405 4,08629 1642558  0,094608 1,64202 2,04314
1hy2 0,08383 0,189215 04431 0663656 -0,31729 0,48495 0,04192  0,094808 -0,15864 0,24248
Thy3 -0,26333  0.189215 -1.3917 0,183056  -0,66445 013779 -0,13167  0,094608  -0.33223 0.06889
2by3 0,71567, 0,189215 3,7823) 0,001633 0,31455 1,11679 035783 0,094608 016727 0,55839
Fig. 3. Estimates of regression coefficients based on coded raw factor values
Regr. Coefficients; Var.:Uskix; R-sqr=95986; Ad]:,94569 (Spreadsheets)
2*%(3-0) design; MS Pure Error=2148147
DV: Usbix
Regressn | Std.Err t(16) ‘ p ‘ -95.% ‘ +95 %
Factor Coeff. Pure Emr Cnf Limt Cnf Limt
Mean/Interc. [ 69.50628] 2016527 344683 0003316 26,75782] 1122847
(nt 0.,00872 0.07916 0,11012  0,913685  -0,15910 0.1765
(2)UBx -2, 72807 086042  -317065 0005932 455207 -0,9041
(3)Uy -2,57803 088692 -290672 0010296 -4 45822 -0,6978
1by2 0,00140 0,00315 0,44306 0,663656  -0,00529 0,0081
Thy 3 -0.00178 000126 -1.39171  0.,183056  -0,00443 0,0009
2by3 0,14313 0,03754 3,78229 0001633 0,06291 0,2234
Fig. 4. Estimates of regression coefficients based on uncoded raw factor values
U, =23.537V, hy=2,5V.

Zero resistance values used in the voltage divider circuit (at normal temperature):

R, =100 Ohm; R, = 1.58 kOhm; R, = 420 Ohm; R, = 650 Ohm; Ry = 5.2 Ohm.

Once you have these values, you can start modeling in NI Multisim.

Let us simulate the battery emulator circuit shown in Fig. 2.

Let us set the number of repeated experiments m = 3. This is necessary to check the model
for adequacy.

Then, we fill in the matrix of the experiment N = 8, presented in Table 1. Data analysis will
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Table 1. Matrix of the experiment

Ne | Neof L L e Xo Uin, V. X3 Uy, V | Ugyt V
exper. t, C R1 R R3 R4 R5
1 1 [—[ 10 | 98.95 | 1563 | 41559 | 647.725 | 5.182 | — | 22406 | + | 25.037 | 24.04
2 2 || 10| 9895 | 1563 | 41559 | 647.725 | 5182 | - | 22.406 | +|25.037  24.521
3 3 | -| 10| 9895 | 1563 | 41559 | 647.725 | 5.182 | — | 22.406 | + | 25.037 | 23.559
4 | 4 |- 10| 9895 | 1563 | 41559 | 647.725 | 5.182 | + | 24.406 | + | 25.037 | 25981
5 5 |—| 10| 9895 | 1563 | 41559 | 647.725 | 5182 | +| 24.406 | + 25037 | 26.501
6 6 |-| 10 9895 | 1563 | 41550 | 647.725 | 5182 | +| 24.406 |+ 25.037  25.461
7 7 |+| 50 | 99.65 | 1574 | 41853 | 651.625 | 5213 | — 22.406 |+ 25.037 | 24.062
8 8 |+| 50 | 99.65 | 1574 | 418.53 | 651.625 | 5213 | — | 22.406 | + | 25.037 | 24.543
9 9 |+| 50 | 99.65 | 1574 | 41853 | 651625 | 5213 | — | 22406  + 25037 23.581
10 | 10 |+| 50 | 99.65 | 1574 | 41853 | 651625 | 5213 |+ | 24406 |+ | 25.037 | 25.655
1 | 11 | +| 50 | 99.65 | 1574 | 418.53 | 651.625 | 5213 | +| 24.406 |+ 25.037 | 26.168
12 | 12 |+ 50 | 99.65 | 1574 | 41853 | 651.625 | 5213 |+ 24.406 |+ 25.037 | 25.142
13 | 13 |- -10 | 98.95 | 1563 | 41559 | 647.725 | 5182 | — 22.406 | — 20.037 | 21.065
14 | 14 |- 10 | 98.95 | 1563 | 41559 | 647.725 | 5182 | — 22.406 | — 20.037 | 21.486
15 | 15 |- -10 | 98.95 | 1563 | 41559 | 647.725 | 5182 | — 22.406 | — 20.037 | 20.644
16 | 16 |- -10 | 98.95 | 1563 | 41559 | 647.725 | 5182 |+ 24.406 | — 20.037 | 21.059
17 | 17 |- | 10 | 98.95 1563 | 41559  647.725 | 5.182 | +| 24.406 | — | 20.037 | 21.48
18 | 18 |- -10 | 98.95 | 1563 | 41559 | 647.725 | 5182 |+ 24.406 | — 20.037 | 20.638
19 | 19 |+ 50 | 99.65 | 1574 | 41853 | 651625 | 5213 | — 22.406 | — 20.037 | 21.098
20 | 20 |+| 50 | 99.65 | 1574 | 418.53 | 651.625 | 5213 | - | 22406 |- 20.037 | 21.52
21 | 21 |+| 50 | 99.65 | 1574 | 41853 | 651.625 | 5213 | — | 22406  — 20.037 | 20.676
22 | 22 |+| 50 | 99.65 | 1574 | 41853 | 651.625 | 5213 |+ | 24.406  — 20.037 | 21.775
23 | 23 |+| 50 | 99.65 | 1574 | 41853  651.625 | 5213 |+ | 24.406 | — | 20.037 | 22.211
24 | 24 |+| 50 | 99.65 | 1574 | 41853 | 651.625 | 5213 |+ | 24.406 |- | 20.037 | 21.34

be performed using the Statistica program.

Next, we calculate the estimates of the regression coefficients based on the coded initial
values of the factors; the result is shown in Fig. 3.

The regression equation for the coded values of factor levels has the form:

§=23.09192+0.52567 x X, +1.84258 x X5 +0.35783 x X, Xs.

Below are estimates of the regression coefficients that are on non-coded primary factor
values (Fig. 4).

In the column, Regressn Coeff. (Fig. 4) estimates of regression coefficients are found based
on uncoded original factor values. The regression equation for uncoded values of factor levels
has the form:
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ANOVA; Var_:Ussix; R-sqr=,95986; Adj:,94569 (Spreadsheeth)

2%*(3-0) design; MS Pure Error=2148147

DV: Uskix
Factor S5 dfF [ MS ] F [ p
(1)t [ 0074371 A 0.07437 03462 0,564482
(2)Usx 6.63181 1 6.63181 30,6722 0,000043
(3)Uy 5148272 1) 8148272 379,3164 0,000000
1by2 004217 1 0.04217 0.1963  0,663656
1by3 041607 1 0.41607 1,9369  0,183056
2by3 3,07307 1 3,07307 14,3067 0,001633
Lack of Fit 039887 1 0.39887 1,8568 0,191868
Pure Error 343703 16 0.21481
Total SS 95.55611 23

Fig. 5. Checking the adequacy of the model

K =69.50628 — 2.72807 x U;, —2.57803 % U, +0.14313x U,,U,.

To check the adequacy of the resulting model, a table was obtained, shown in Fig. 5.

F.. > F,, (2.74 > 1.8568). Therefore, the resulting model is adequate.

The NI Multisim circuit simulation program was chosen, the battery emulator block was
modeled. An experiment was carried out on the model, the result of which was a mathematical

regression model of the battery emulator.
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KniouyeBble cnoBa u dpasbl: OrOK NUTaHUNA; U3MEpUTENbHbIA CTEH, KOHTPONb napa-
meTpoB; CKAT-2400117.

AHHoOTauums. Llenblo coBpeMEHHbIX NpeanpuaTNn ABMASIETCA NOBbILLEHWE NPON3BOANTENBHO-
CTH, 9(PPEKTUBHOCTN, CKOPOCTU N Ka4eCTBa, YTO NpuBeaeT K 6onbLuen KOHKYPEHTOCNOCOBHOCTH
KomMnaHun. Npun 3ToM BO3HMKAET HEOOXOANMOCTL B OLICTPOM 1 TOMHOWN NPOBEPKE XapaKTEPUCTUK
NPON3BOAMMBIX YCTPONCTB. [ANa OOCTMXKEHUSA 3TUX Lenen NpUMEHSIIOTCS CTeHObl U3MepPEeHUs 1
KOHTpONs napameTpoB. B ocHOBE 3TUX YCTPOWCTB, Kak NPaBuiio, NIEXUT MUKPOKOHTPONep, Ko-
TOPbIN BbIMOMHAET porib rnaBHoro arniemeHTa. OH C NOMOLLBLIO aHanoro-LundpoBoro npeodbpaso-
BaTensi OCyLLEeCTBNSAET U3MEepPEHME KOHTPONMPYEMOW BENUYMHBbI U CPaBHMBAET C 3apaHee 3a-
JaHHON. Ha ocHOBe 3TuX AaHHbIX OH JeriaeT BbIBOA O NMOrpeLlHOCTN 3Toro napameTpa. Llenbto
AaHHOM paboTbl ABnsieTcs pa3paboTka M nccrnegoBaHMe KOHTPONbHO-M3MEPUTENbHOro CTeHaa
npoBepkun nagenua CKAT-24007. 3To yCTPONCTBO ABMASIETCA MCTOYHUKOM BTOPUMYHOIO 3IIEKTPO-
NMUTaHNSA CUCTEM OXPaHHO-MOXapHOW CUrHanmMsaumm, cUcTemM BuAeOHabnogeHna u gpyrux no-
TpebuTenen ¢ HanpshkeHnem nNutaHust 24 B nocTostHHOro Toka u Tokamm notpebnenuns 4,5 A, a
TakKkKe pe3epBHOro NUTaHMs YCTPOMCTB C TOKOM noTpebnennsa 0o 5 A.
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Abstract. Currently, the competitiveness of the university
is determined by the quality of its services and the economic
efficiency of its activities. The purpose of the article is to
substantiate a possible system of forming the competitiveness
of the university through an assessment of the quality of the
educational process in it. The hypothesis of the study is based
on the assumption that the required competencies of university
graduates as future world-class specialists can be achieved
only with close interrelation and interaction of all levels of
the QMS. The methods used are system analysis, synthesis,
analogy, generalization, classification. The importance of
the university's education quality management system is
shown, its main characteristics and functions are considered,
internal and external “consumers” of university services are
highlighted, namely students, enterprises of the real sector of
the economy and the state (as the main customer).

Introduction

The role of higher education in general, and universities in particular, is one of the
fundamental ones in the development of society, opening up new horizons of knowledge for
students, the opportunity to express themselves, make new discoveries, broadcasting them to
the world scientific community. The key feature of the modern stage of society's development
is that fundamental science and education dictate to entrepreneurs the directions of production
development [1]. A student who receives a high-quality higher education is able to become a
high-level specialist in his chosen field, and the success of enterprises and, consequently, the
country's economy will depend on this. It is obvious that highly qualified personnel will be in
demand as specialists at the enterprises of future employers.

For effective management of education, it is necessary to follow modern world trends
and modernize it in a modern way. The reform of the education system can be based on the
application of the principles of Total Quality Management (TQM) in the educational activity
management system. TQM is the basis of the idea of producing high-quality products and
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services, thanks to which the quality of products (services rendered) increases, and the costs of
its creation decrease, since everything happens in balance and costs are minimized as much as
possible.

Product quality management and production processes, and the process of educational
activity, including, is carried out cyclically and contains certain stages, the totality of which
makes up the Deming cycle [2]. These stages of process improvement include the following
stages such as planning, action, verification, adjustment. At the last stage, a decision is made to
use, for example, the chosen educational methodology in the educational process, or to refine
it. With a positive result, the methodology is accepted and planned to be used in the process of
teaching students, with a negative result, it requires working out all the points first, taking into
account the comments and clarifications put forward in the previous paragraphs.

University QMS

The quality management system (QMS) at the university is designed to solve problems
to increase its competitiveness and consists of a complex of various processes. The main
directions for development are the main components of the competitiveness of the university,
such as the level of technology used in the university, the number of employed graduates in the
specialty, etc.

The QMS of the university must constantly and continuously support the effective flow of the
educational process. An effective process can be called one in which the quantity and quality
of the results obtained justifies the resources spent on it. At the university, this implies a full
payback of the costs allocated for the creation of a quality management system.

The quality of higher education is a multidimensional concept that differs from the definition
of “quality” in the production process. This concept covers all aspects of the university's activities,
such as educational and academic programs, research activities, teaching staff, material and
technical base, etc. The "consumers" of higher education services are students receiving
education, enterprises of the real sector of the economy, for which highly qualified personnel are
trained, and the state as the main customer of the results of the educational process.

Then the quality of education is a set of properties and characteristics of educational
services that meet the needs for knowledge and professional skills, and quality management
of education is a process, as a result of which the needs of all “consumers”, i.e. students,
enterprises and the state will be satisfied.

The following provisions form the basis of the quality system concept at the university [3].

1. One should not be responsible and take on tasks that the system cannot perform in any
way. The quality system should ensure only the fulfillment of those tasks that the management
system is able to solve.

2. ltis impossible to achieve success with the efforts of only one participant in the process.
As quality improvement takes place in the form of a complex structured system, so the interested
participants in the process constitute a system that has one goal and a joint path to achieve it.

The development of the QMS is based on the following principles.

Customer orientation
To maintain its position in the market of services, each educational institution must take

into account the demand of its “consumers”, take into account even small wishes and serious
requirements. Organizations that fully satisfy the consumer receive great benefits, as they
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become interesting for a larger circle of those who want to gain knowledge. In the education
model, it is necessary to understand that the “consumers” of this sphere are divided into two
types: internal and external. External consumers are various organizations that students enter
to continue their studies and improve their qualifications, or companies that a person comes to
work directly after studying at the university. Internal consumers are the students themselves
who study at the university, gaining new knowledge and professional skills.

Leadership

The person holding the position of manager must provide a number of actions to ensure the
workflow. A number of such tasks include:

* ensuring the unity of the direction of the organization's work, setting a single goal (will
create an environment that engages in the process, which will definitely lead to the achievement
of the company's goals);

» formation of a friendly and positive atmosphere around the workflow (will create a
favorable environment, raising the overall spirit of the team);

« fair encouragement of employees for their actions, as well as timely training and
professional development of employees.

Employee engagement

Despite any profit, for a product of any quality, the company's employees are a huge value for
the organization, so it is necessary, as mentioned in the previous paragraph, to fairly encourage
and stimulate the development of their further professional growth. A conscious understanding
by employees of the possibilities of meeting their needs, the adoption of a common system of
values and participation in the decision-making process for the implementation of the common
goals of the university increases the responsibility of staff for ensuring high quality work.

Process approach

Almost always, in order to execute one process and get the output data, we first need to
execute another process, the output of which will be the input for another process, larger and
more important. Based on this, organizations should find such related processes and manage
them efficiently. In this case, the organization's activity can be considered as a process, and
based on the document MS ISO 9000:2008, where such separation and linking of processes is
called a process-oriented approach, we can consider each process as a system.

The sequence of processes, as well as their number, is calculated based on the
organizational structure, with the participation of logical analysis, the identification of a group
of functions that are part of other, more significant functions is performed. This identification is
carried out by the executor of these functions, and then documented with the appointment of an
executor who has a high reputation among employees and has the necessary qualifications.

A systematic approach to management

The identified interrelated processes optimize the workflow, achieving the fulfillment of
the task, improves the efficiency of everyday work goals. Also, the system approach brings
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continuous progress in terms of system modernization with such tools as assessment and
measurement.

Continuous improvement

The process of improving the quality of products (services provided) and optimizing the
QMS should be systematic and constant, as new technologies appear over time that improve
optimization at the enterprise, as stated in the ISO 9000:2008 standard.

Conclusion

Thus, the description of the principle of creation, development and implementation of QMS
in universities allows you to determine the scope of work on their practical implementation.
The reason for the need to implement the principles of TQM lies in the main task of modern
training systems: improving curricula, improving the quality of educational services to meet the
needs of society and training highly qualified specialists capable of being competitive in the
market and meeting the needs of enterprises in the real sector of the economy.
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AHHOTauus. B HacToswee BpemMs KOHKYPEeHTOCMOCOBHOCTb yHUBEpPCUTETa Onpeaensercs
KayeCcTBOM MNpedocTaBndeMbiX UM YCNYyr U 9KOHOMUYECKON 3OEKTUBHOCTBIO AeATENbHOCTMU.
Llenbto ctatbm siBNAeTcs 060CHOBaHME BO3MOXHOW CUCTEMbI (DOPMUPOBAHMST KOHKYPEHTOCHMO-
CcOBHOCTM yHMBEPCUTETA Yepes OLEHKY kadyecTBa obpasoBaTenbHOro npouecca B HeM. ['vnotesa
nccnegoBaHnsa CTPOUTCA Ha NPenofioKeHUM O TOM, YTO BbICOKUA yPOBEHb TPEOYEMbIX KOM-
neTeHUMi BbIMYCKHUKOB YHUBEPCUTETOB Kak OyayLumMX CheunanmcTtoB MUPOBOrO YPOBHS MOXET
ObITb OOCTUTHYT NULIb MPU TECHOM B3aMMOCBSA3N U B3aMMOLENCTBUN BCEX YPOBHEN CUCTEMBDI
MeHeXKMeHTa KadecTBa. [NpumeHseMble METOAbI: CUCTEMHbIV aHann3, CMHTEe3, aHanorus, 0606-
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LeHne, knaccudukaums. NokasaHa BaXXHOCTb CUCTEMblI MEHEI)KMEHTA KadecTBa 0O6pa3oBaHus
YH/MBEPCUTETA, PACCMOTPEHbI €€ OCHOBHbIE XapaKTEPUCTUKM U PYHKLMMW, BblAENEHblI BHYTPEH-
HWE N BHELUHWE NOTPEOUTENN YCryr YHUBEPCUTETA, @ UMEHHO CTYAEHTbI, NPEANPUATUS peanb-
HOMO CekTopa 3KOHOMMKM W rocyAapcTBO (Kak OCHOBHOW 3aKasyuk).
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Abstract. The purpose of the article is to study the
planning and management of scientific activities of the
university at the stages of the life cycle of products and
services. The hypothesis of the study is based on the fact
that the assessment of the quality of the service provided
is a long-lasting process and covers all stages of the life
cycle. For an adequate description of this process and its
management, the question of the stages of the service life
cycle in the quality management system becomes relevant.
The methods used are system analysis, synthesis, analogy,
generalization, classification. The sequence of stages of
the life cycle of services resulting from scientific activities
(scientific and technical products, research services, etc.) is
considered., the requirements for products and services are
analyzed.

When forming a quality management system for the scientific activity of the university, as for
any other service, it is necessary to take into account the fact that the description of the service
as a static model is incorrect. Any service, including research, should be properly considered in
the dynamics of its creation, that is, in the process of its provision. In this regard, the assessment
of the quality of the service provided is a time-consuming process that covers all stages of the
life cycle. For an adequate description of this process and its management, the question of
the stages of the service life cycle in the quality management system (QMS) of the university
becomes relevant.

For the effective management of the scientific activity of the university, the issue of the
introduction of QMS processes in accordance with the requirements of GOST R ISO 9001 [1]
and additional requirements of GOST RV 0015-002 [2], their sequence and interrelation, risks
and resources necessary for the production of scientific and technical products and services in
accordance with the requirements of regulatory documents, the university’s own requirements,
issued in the form of local regulations, and external suppliers.

The product lifecycle is a set of the following stages: defining requirements for products
and services; designing and developing products and services; managing processes, products
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and services supplied by external suppliers; manufacturing products and providing services;
verifying the output of products and services; managing inappropriate process results.

The description of the activity for each process in accordance with the QMS is a process
map and contains:

— the name and code of the process according to the functional scheme of the QMS
approved by the university;

— position of the process activity manager (process owner);

— the purpose of the process aimed at fulfilling the obligations under the contract;

— names of input and output data (material and information flows);

— process participants (suppliers and consumers);

— the name of the control actions on the process in the form of references to the
internal documents of the university used (procedures, standards, regulations, instructions,
methods, etc.);

— list of resources required to support the activities of the process (organizational/
personnel, information, financial and technical support);

— process performance indicators for monitoring processes, methods of their measurement
and analysis.

Each process is aimed at achieving the set goals and is associated with the final indicators,
which are used to verify the results of the university's activities as a whole. To assess the
compliance of the QMS with the established requirements, methods of monitoring and evaluating
the activities of processes are used, which are designed to demonstrate the ability of processes
to achieve planned results, that is, determine the actual results in comparison with the planned
ones.

When assessing the effectiveness of the QMS, activities aimed at achieving quality results/
goals, identifying processes and resources to achieve them, taking into account risks and
opportunities, are considered. These assessments make it possible to trace the dynamics of
development and improvement of activities by processes over time.

Consider the requirements in products and services provided by the university in the
framework of its scientific activities. The interaction of the university with consumers of the
results of scientific activity (scientific and technical products, research services, etc.) is carried
out on the basis of the current contract on the performance of scientific research.

The opportunities and risks of the work can be carried out at the pre-contractual stage at the
request of the customer on the basis of the terms of reference or the draft contract, including by
holding meetings with representatives of the customer. The data necessary for the contractor to
carry out the activity is transmitted by the customer independently or upon request and checked
by the contractor's specialists performing the relevant work.

In order to study the requirements and satisfaction with products and services, the work
manager determines the necessary measures to maintain communication with the customer.

The main requirements for the development of a project document are determined by:

— compliance of the document being checked with the source data and the task for its
implementation;

— the presence (and compliance) of requirements for the control of technological processes
in working drawings and other documents;

— the correctness of the implementation of specifications related to the project document
under review;

— the correctness of specifying dimensions, parameters, projections, sections, sections,
types, materials;
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— compliance of the manufactured prototype with the requirements of state standards,
technical specifications, technical documentation and terms of the contract;

— sufficiency of theoretical and experimental study of design solutions;

— the correctness of the technical decisions taken when making changes;

— study of the customer's requirements for delivery and post-delivery activities;

— studying the competitive environment;

— study of legislative and other mandatory requirements applicable to services and
products.

The working group performing work under the contract performs input control of the source
data/documents of the organizations participating in the work under the contract; control of
project documents during the design process, including self-verification performed by the
developer of the project document, before technical control. The control of the development
of project documents is carried out using a differentiated approach in the development and
implementation of quality assurance methods.

In order to ensure the confidence of the university management in the successful and correct
activities of employees and the satisfaction of interested parties, to demonstrate the compliance
of project documents /services provided by the university with the established requirements,
monitoring (observations), collection and analysis of data on the compliance of activities under
the contract with the established requirements is carried out.

For this purpose, the work manager carries out activity planning; identification of information
collection points; analysis of the data received; determination of resources for work; registration
of analysis results; use of analysis results for the development of improvement measures.

When the requirements for products and services change, the work manager ensures that
changes are made to the relevant documented information and notifies the employees involved
in the project.

Amendments to the project documentation are carried out in accordance with the regulatory
document established in the contract:

— in a planned manner — according to the results of standard control, technical control,
self-verification and audit;

— in an unplanned manner (at the request of the customer);

— when making changes to contractual obligations;

— when changing the applicable rules and regulations in the field of quality;

— when making significant changes to the organizational structure of the university;

— when significant discrepancies are identified during internal or external audits (audits);

— when identifying inconsistencies related to the quality of project documents;

— for other reasons that require an unscheduled review.

Changes to documents developed at the university are carried out by the same working
group that developed the original documents. The modified documents undergo the same
procedure of approval, approval and distribution as the original documents. The same control
methods are applied to the project documents that have been amended as to the original project
documents. The distribution of the modified documents is carried out in the same quantity, to the
same organizations and departments as for the original documents. If a change in one document
affects other documents, then these documents should be adjusted accordingly. Changes are
registered in the change registration sheet and agreed with the customer.

Thus, on the example of a university, the sequence of stages of the life cycle of services
that are the result of scientific activity (scientific and technical products, research services, etc.)
is considered. Special attention is paid to the planning and management of scientific activities
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and the analysis of requirements for products and services.
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YnpaBneHue Ka4eCTBOM NMPOLEeCCOB XU3HEHHOTO LUu1Kna
Hay4YHOM NpoAyKUUK U yCnyr B By3e

H.O. Baceukas
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KnioueBble cnoBa M ¢hpasbl: Ka4ecTBO; CUCTEMA MEHEM)KMEHTA KayecTBa; YHUBEPCUTET;
ynpaeneHne Ka4ecTBOM; Hay4Hasi 4eATENbHOCTb; XU3HEHHbIN LMK,

AHHoTauums. Llenbio ctatby sBNsSieTCs UccnegoBaHve MaHMPOBaHUS U yNpaBneHus Hayu-
HOWN AesATENbHOCTLIO By3a Ha CTaausix XMU3HEHHOTO LMkna npoaykuum v ycnyr. lN'inotesa uccne-
[OBaHNA CTPOUTCS Ha TOM, YTO OLIeHKa kayecTBa OkasblBaeMoW ycnyru npegcraensiet coboin
npoLecc, NPOAOIMKUTENbHbIA BO BPEMEHU 1 OXBaTbIBAIOLLMIA BCE aTarbl XU3HEHHOro uukna. [Ans
aleKBaTHOro OMNMCaHWsA AaHHOro Mpouecca M ynpaBneHus UM akTyanbHbIM CTaHOBUTCS BOMPOC
06 aTanax XW3HEeHHOro LiMKIa yCryru B cucteme MeHexMeHTa kayecTea. [pumeHsieMble MeTo-
Abl: CUCTEMHbIV aHanu3, cuHTe3, aHanorusi, o6obLeHne, knaccudukaums. PaccmoTpeHa nocre-
[0BaTeNlbHOCTb 3TAMNOB XXM3HEHHOTO LMKIIa YCNyr, ABMSOLMXCA pe3yrnbTaToM Hay4YHON aesiTenb-
HOCTU (Hay4YHO-TEXHUYECKON MPOAYKLMUM, Hay4YHO-UCCreaoBaTeNnbCkUxX yecnyr U ap.), npoaHanm-
3MpoBaHbl TPeboBaHUS K NPOAYKLMUM U YCryram.
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Abstract. The article compares the photo recognition
programs “PORTRAIT Super” and “Emotion-API” from
Microsoft. Errors in the evaluation of emotions by automatic
programs are considered. The principle of recognition of
human qualities is shown by determining relative values —
determining the phase portrait of a face, using difference
algorithms and their derivatives. Evidence is given that
emotion is a qualitative sign that cannot be recognized
through physiognomy, since the shapes and sizes of facial
features contain only quantitative information, from which it
is impossible to determine the quality. Examples are given
that confirm the advantages of the method of video-computer
psychodiagnostics in recognizing emotions from a face
image.

In recent years, much attention has been paid to the automation of human face image
recognition in order to identify a person or recognize emotions on a face in order to determine the
psychological state of a person. The relevance of this issue is related to the solution of problems
of anti-terrorism, security, personnel management, as well as in medicine and psychology.

The most effective tool for recognizing emotions in a human face image is a Microsoft
development called the “Emotion API” [6]. With the help of this software, the following emotions
are recognized in a few seconds: Anger, Contempt, Disgust, Fear, Happiness (joy), Neutrality
(calmness), Longing, and Surprise.

In this article, the method of recognizing emotions from Microsoft is compared with the
method of video-computer psychodiagnostics (VCP) [1-5]. The difference between these
methods is that the Emotion-API program (Microsoft) is based on physiognomy — the shapes and
sizes of facial features and reacts to grimaces, and not to the psychological state of a person.

The method of video-computer psychodiagnostics is based on the asymmetry of the
cerebral hemispheres, which is reflected as asymmetry of the face. It has been established
that the psychological state of a person depends on two parameters: the dominance of one of
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Fig. 2. The result of the condition diagnostics according to photo 2

the hemispheres of the brain and the consistency of oscillatory processes between them. [1]
These parameters can be determined in the optical range by the computer program “PORTRAIT
Super” by calculating the difference in angles between the features of the right and left halves
of the person's face. By analyzing two synthesized portraits, composed of two right and two left
halves of the image of his face and screen, the computer determines the psychological state
of the person at the current moment. The degree of asymmetry of the face and emotions is
preserved when facial expressions change, so this method is more resistant to interference.

To compare the effectiveness of the programs "Emotion-API" (Microsoft) and “PORTRAIT
Super” (implemented on the basis of the VKP method), the following 4 emotions were chosen:
Longing, Joy (happiness), Anger, and Calmness.

Below is a comparison of the results of recognizing the properties of a person from the
image of his face. For the experiment, 2 photographs of a woman were selected. It is known in
advance that her psychological type is “Choleric” and she has the ability to get angry periodically.
In photo 1, she is in her usual state, i.e. she does not represent anything in particular. In photo 2,
she makes a grimace — she smiled at our request.

The Microsoft program (Emotion-API) determines her state in photo 1 as follows: Calm
(Neutral) 93 % — the maximum value, Happiness < 1 % (less than one percent) — the minimum
value. These results are presented in Fig. 1.
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In photo 2, the woman changed her facial expressions — she smiled deliberately.

This time, the Emotion-AP| program determines its state as follows: Calmness (Neutral) =
3 % is the minimum value, Happiness = 96 % is the maximum value.

Thus, the Microsoft program reacts to changes in facial expressions and cannot determine
the qualitative state of a person: a person cannot become 96 % happy in one minute, while
before that happiness was less than 1 %. At the same time, peace of mind is lost from 93 % to
3 %. Happiness is an inner state of quiet joy (harmony). Therefore, happiness can be combined
with calmness.

The same photographs were examined using the VCP method based on the brain wave
model. The “PORTRAIT Super” program in both photographs defines the state of this person
in the same way, as a “Logical impulsive” psychological type, which corresponds to “Choleric”
(Fig. 3).

The VCP method does not take into account the shape and size of facial features and,
therefore, does not respond to grimaces and facial expressions. The method is based on the
asymmetry of the face — on the calculation of the difference in the angles of inclination of the
eyes, nasolabial folds and lips on the left and right sides of the face, as well as the average
angles between them [3].

Below is the result of the analysis of the above photographs. The following notation is
adopted here:

— a, is the angle of inclination of the right eye in the 1st photo from the horizontal;

— a, is the angle of the left eye in the 1st photo;

- Aa, = a, — a, is the difference in inclination angle between the right and left eye.

Similar designations apply for lips (B) and for the nasolabial fold (y). Similarly ones apply for
photo 2. These designations are shown in Fig. 4.

It is easy to see that the left side of the face is tilted more in both the 1st and the second
photo. The change in facial expressions did not affect the asymmetry of the face. Facial
asymmetry is stable and practically does not depend on facial expressions.

Thus, the Microsoft Emotion-API program, which is considered the best in the world, is
easily fooled. This program cannot recognize emotions (for example, happiness), because
emotion is a qualitative sign and cannot be recognized by analyzing the shapes and sizes of
facial features. The shapes and sizes of facial features contain only quantitative information,
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Fig. 4. The result of the diagnosis of Photo 1 and Photo 2 using the VCP method

from which it is impossible to infer quality. The quality of a person can only be recognized by
determining relative values, for example, by determining the phase portrait of a face, using
difference algorithms and their derivatives.

The scientific problem is to create a tool for remote automatic recognition of a person by
the image of his face. It is necessary to distinguish between two tasks: identifying a person and
recognizing the qualities of a person.

When identifying, there is a database that contains photographs of persons with a known
biography. The received image is compared with the base and the similarity is determined. In
this way, the person can be identified. The task of automatic identification has been successfully
solved and is used in security systems.

When solving the problem of recognizing the psychological state of a person, there is no
database of photographs, so identification does not occur. It is necessary to recognize the quality
of a person. In this case, there are also standards, but they are theoretically (mathematically)
compiled and classes are formed. According to the signs on the face, this person must be
attributed to one of the classes. For this, physiognomy is usually used — an analysis of the size
and shape of facial features. But this is a dead end: in the sizes and shapes of facial features
there is no information about the quality of a person. Moreover, there is no such information
in direct physical measurements. It exists in relative terms, in higher derivatives — the phase
portrait of the face and brain. But even in this case, a fully automatic system does not work
reliably. Therefore, in practice, semi-automatic systems based on the method of video-computer
psychodiagnostics are currently used.

In general, it must be said that the problem of automatic recognition has not yet been solved.
It is needed to solve anti-terrorist tasks: it is advisable to install such systems in public places,
in the subway, airports in order to single out socially dangerous people from the crowd. The
most intensive work on this problem is being carried out in the United States and Israel: certain
systems have been installed at airports, but the task of automatically recognizing dangerous
faces has not yet been solved.

Using the VCP method, you can solve the problems of personnel management, predicting
human behavior in extreme conditions, checking personnel, determining professional suitability,
team building, health improvement, psychocorrection, etc. The VKP method allows you to
determine the main properties of the person under study, including his professional inclinations
and reliability. Professional reliability refers to the psychological comfort of a person in the
performance of their work. It does not refer to human ability. It is assumed that this person

ECONOMIC SCIENCES 67



Components of Scientific and Technological Progress

has the ability and therefore works in this profession. However, having the ability does not
mean comfortable. If the work is comfortable, then the person does not get tired. If a person
experiences psychological discomfort in the performance of his professional duties, then he
will get tired. The lower the comfort is, the greater the fatigue is. If a person gets tired all the
time at his job, then his professional reliability falls. Professional reliability is determined by the
probability of psychological comfort when performing various kinds of work.

All these tasks do not require a fully automatic system for recognizing the quality of a person
from the crowd; however, such a task has yet to be solved by the world scientific community.
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Mpobnembl aBTOMaTU4Ye€CKOro pacno3HaBaHUA 3MOLUN B LieNAX ynpaBneHus:
cpaBHeHue nporpamm PORTRAIT-Super u Emotion-API

A.H. Anyawswunu, B.H. Koctgaes

@®IrBYH «MlHcmumym npobrniem yripaeneHusi umeHu B.A. TpanesHukosa
Poccutickou akademuu HayK»,
00O «fJosepukc», 2. Mockea (Poccusi)

KnroueBble cnoBa u ¢pasbl: aBToMaTuyeckasa nporpaMmma; anroputM; aHanms; acumme-
TpUs nvua; BUOEO-KOMMbIOTEPHAS MNCUXOL4MArHOCTMKA; M300paxeHue nuvua; pacrno3HaBaHue
amMouui; ynpaeneHune; qasoBbld MOPTPET; IMOLMUN.

AHHOTauua. B crtatbe npmBedeHO CpaBHEHWe nporpaMmm pacnosHaBaHus ¢oTorpadui
PORTRAIT Super n Emotion-API ot Microsoft. PaccmoTpeHbl oWwnGKN B OLIEHKE SMOLMIA aB-
TOMaTM4YeckMMn nporpammamu. NMokasaH NpUHLUMN pacrno3HaBaHWSA KavyecTB 4YernoBeka MyTem
onpegeneHunst OoTHOCUTENbHLIX BENUYNH — onpeaeneHnst ©a3oBoro NopTpeTta nvua, NpuMeHeHus
Pa3HOCTHbIX anropuTMOB U MX NPOM3BOLHLIX. MprBeaeHbl NOATBEPXKAEHUS, YTO AMOLUUS — 3TO
Ka4yeCTBEHHbIN NPU3HaK, KOTOPbIA HEBO3MOXHO pPacrno3HaTb 4yepe3 PU3NOrHOMMUKY, MOCKOSMbKY
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dopmbl 1 pa3mepbl YepT nvua codepXaT Nvlb KONUYECTBEHHYIO MHGOpPMaLMIO, U3 Yero He-
BO3MOXHO OnpenenuTb kayecTBo. [MpuBedeHbl MpuMepbl, NOATBEPXKAALIME NpPeMmyllecTBa
MeToAa BUAEO-KOMMbIOTEPHOW MCUXOAMArHOCTMKMA MU pacno3HaBaHUM dMOLMIA NO n3obpae-
HUIO nuua.

© A.N. Anuashvili, V.N. Kostiaev, 2022
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Abstract. Information technologies and new means of
communication, such as electronic networks, have made a
decisive contribution to the formation of a virtual environment
for business development. New forms of relationships
between organizations and the external environment
through Internet technologies are today the subject of study
by economists. Interest in business social networks has
increased significantly in recent decades due to the greater
effectiveness of brand promotion and profit generation.
The article discusses the features of social networks as a
tool for business development in Russia.

The implementation of technologies for interacting with customers in the Internet space
is becoming more accessible, allowing you to extract significant profits from the use of new
business models. E-commerce and online shopping generate profits and reduce costs. Many
companies are creating new channels using digital network technologies.

Statistics in the field of application of information and communication technologies show the
dynamics of the digitalization process in the Russian Federation, so the share of organizations
that have broadband access to the Internet increased from 31.0 % to 86.6 % over the period
from 2007 to 2019, the daily Internet use by 20 % [1].

The volume of the e-commerce market in Russia shows significant growth, so in 2021 it
amounted to 4.0 trillion rubles, which is 29.0 % more than in the previous year. Also, online
sales in retail turnover in Russia as a whole in 2021 increased by 2.5 p.p. and amounted to
8.3 % [2]. Business accounts have become a powerful marketing tool over the past decade.

Online shopping portals provide numerous benefits to traditional retailers in terms of
marketing collaboration, website traffic generation, website management, order fulfillment
services, and the ability to offer customers omnichannel retail.

For companies, new online tools that influence consumer buying behavior are becoming
more competitive and sophisticated. The reason for the increased interest of business in social
networks is a large number of users, low costs for demonstrating goods, and the possibility of
individualizing appeals to various groups of buyers.

The business community is increasingly looking into social media as an effective and
versatile marketing tool that brings significant benefits. Most often, social networks are used as
advertising platforms, because. the possibility of access to targeted advertising tools is much
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higher here. Social networks also play a big role in brand promotion. A social network can act
as a platform for communication with the target audience to form public opinion, as well as an
Internet space for selling goods and services.

Castells [3] defines networks as open structures that can expand indefinitely by integrating
new parts as long as they can communicate on the network using the same communication
codes. Connections linking networks are instruments of power, i.e. connectors control the rules
of the network.

Virtual networks are based on the union and connection of individuals, supported by
mediated and directed norms, values and protocols. Virtual communities allow the exchange of
information such as opinions, knowledge and experience. This exchange generates a network
of interactions between people, and, despite its informal nature, the consequences of these
interactions can be felt in other areas, such as the relationship of individuals with the state, with
other institutions and society.

These communities are formed in so-called social networks, which are online communication
platforms that provide greater reach as a marketing tool. This happens mainly due to reposts
made by users [4]. Social networks are formed by groups of applications hosted on the
Internet using compatible technologies that allow users to share information of interest to them,
being a powerful source of information, communication and online distribution, thus causing
interactivity [5].

The structure of social networks is decentralized, dynamic and flexible, established through
collaboration and horizontal relationships. Its main features are: participation, as it encourages
contributions and feedback from any user; the interest and openness of networks is achieved
by encouraging user interaction through opinions, comments and information exchange. While
traditional media works by distributing content, social media is about feedback as community
allows people with common interests to quickly communicate on a topic; connectedness, as
most social networks collect various types of media and information in one place.

Two classic models of brand promotion are SMM and SMO [6]. SMM (Social Media Marketing)
is the promotion of a company's services or brand using social media marketing, communication
with the target audience through social resources. With the help of SMM, it is possible to attract
user traffic without search engines immediately, directly. Social Media Marketing has a wide
scope: social networks, blogs, forums, media resources, online communities.

The SMO (Social Media Optimization) model represents actions to perform certain technical
work that increase the effectiveness of site communications with social systems. Website
optimization allows the integration of content with social platforms.

Information about consumer behavior is extremely important for the functioning of Internet
commerce, as it allows those who offer a product or service to better understand the tastes of
their buyer. This helps in identifying the various marketing activities of these companies that can
use information from their customer history [7].

Classically, the value attached to the consumer was related to the expected profit that he
could represent. However, this view overlooks the fact that the consumer, in addition to buying,
can be a distributor, influencing other consumers to buy or not buy a product [8]. This new
vision of the consumer as a critical success factor has revolutionized marketing, especially
with the advent of the Internet, which has greatly facilitated the exchange of experiences and
opinions between people. These changes in marketing, driven by the digital context, enable
companies to more effectively recognize and reach target markets faster, more accurately, and
more efficiently, while also driving customer development and retention.

Social media campaigns can generate content that builds brand loyalty and commitment,

ECONOMIC SCIENCES 71



Components of Scientific and Technological Progress

increasing the likelihood that your consumers will support the company in the future. This is due
to the fact that consumers are made to feel part of the process that the organization develops.

Empirical studies on the effectiveness of media advertising show that they are mostly aimed
at studying the influence of advertising characteristics on its clickability [9].

Based on a review of the literature, it is clear that social media is a great channel for a
company to get closer to its customers and strengthen the brand. The length of time a user
stays connected, as well as how they feel about a brand, can affect their buying behavior [10].

Content related to products and services is also present on social networks, this medium
allows users to leave reviews that can influence the opinions of other participants [11] this
impact on users' purchasing behavior is due to the fact that the more time people spend in
communication, the lower their restrictions on online purchases.

As a result, it can be concluded that the degree of social media interactivity between a
brand and consumers can be an important differentiator for a company, even helping to reduce
writers' distrust and risk perception, which improves brand positioning and reduces the likelihood
of negative consequences that could damage the brand, be it slogans or misguided campaigns.
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KnioueBble cnoBa u cpasbl: OHMANH-KOMMYHUKALWUW; COLMAnbHblE CETU; SMEeKTPOHHas
KOMMepLuA.

AHHoTauusa. IHpopMaLMOHHbIE TEXHOMOMMN U HOBbIE CPEeACTBA KOMMYHUKALMU, Takne Kak
3MNEKTPOHHbIE CETU, BHECNN peLLaroLLmin BKnag B oopMMpoBaHne BUPTYanbHOW cpeabl Ans pas-
BUTUA GuaHeca. HoBble hopMbl B3aMMOOTHOLLEHUI OpraHu3auuii ¢ BHELIHEN Cpedon nocpen-
CTBOM WHTEPHET-TEXHOIOMMIN CEeroaHsa ABMSITCA NpegMeToM U3yYyeHns 3KoOHOMUCTOB. MHTepec
K coumanbHbIM CETAM OM3Heca B nNocrnegHne SecATUNETUs 3HAYMTENbHO YBENUYUICS B CBSA3M
¢ 6onbLion athdeKTUBHOCTLIO NPOABMXEHUs BpeHaa 1 nssnedeHnem npubsinu. B ctatbe pac-
CMOTpPEHbl 0COBEHHOCTU coumanbHbIX CETEN Kak MHCTPYMEHTa Ans pa3sButust busHeca B Poccuu.
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Abstract. The purpose of the research is to identify
the main trends and directions of Mexico's state policy to
regulate the flows of emigration and immigration of labor in
general and individual states of the country. In accordance
with this purpose, the tasks were set: to analyze the statistics
of international labor migration across the states of Mexico;
to identify regions with high and low levels of distribution
of migrant workers; to consider migration policy and state
regulation of international labor migration; to identify the main
projects and programs with the participation of labor migrants
and ways to solve the main problems of the government of
the country. The hypothesis of the research is that Mexico
has enough strong government and tools, which determines
the successful regulation and control of labor immigration.
Methods of statistical, comparative, analytical, mathematical
and cartographic analysis, calculation of coefficients of
geographical concentration of migrants in Mexico were
used in the study. The information base of the research was
statistical data and reports containing information about the
population of Mexico and its structure, published by the
Government and the Institute of Statistics of Mexico, also
various scientific publications on the subject under study,
official websites of Mexican institutions and other materials.

Modern Mexico is a global migration hub. Due to its proximity to its northern neighbor and
entry into NAFTA, the country is characterized by record emigration to the United States. At the
moment, the number of Americans living in Mexico is growing and is already 1 million people,
which makes it the largest expatriate community of United States. On the other hand, there is
a growing flow of illegal immigration into the country, which seeks to use the US-Mexico border
as a point of entry. This stream consists of residents of the countries of the Northern Triangle
of Central America: El Salvador, Guatemala, and Honduras. In addition to Central Americans
seeking to enter the United States through Mexico, flows from Haiti and Cuba are sent there. In
these difficult conditions, the Government of Mexico faces a complicated task of state regulation
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of migration flows, which can be solved only in cooperation with the migration services of the
United States and Central American countries.

Since the mid-19th century, legal systems and institutional foundations in most countries
have tended to support immigration, while in Mexico the first immigration law was adopted only in
1908. At that time, the country's authorities expected the arrival of a large number of immigrants,
but this did not happen, since Mexico could not compete with the attractiveness of the United
States in migration flows. At the beginning of the 20th century, “privileged immigration” was
popular: migrants who know English, French and German preferred to choose more developed
countries and countries speaking these languages for immigration. The first migration legislation
in Mexico was not only introduced late, but also did not match to the scientific foundations of
that time [5].

Then the Constitution was adopted, which contained a large number of guarantees in favor
of Mexicans and strict restrictions for those who are not. After that, problems arose related to
the ethnic structure of the population and the demands of those segments of society who said
that they were hindered by the presence of immigrants. The Migration Act of 1926 prevented
the dangers of social, cultural and political stratification, as well as racial degeneration of the
Mexican population. This legislation established the mandatory nature of registration and
documentary control of immigrants, along with various sanctions to which they will be subjected
in case of violation of the current legislation [5].

In 1936 and 1947, Laws on Population were issued, which covered only partially the
migration situation in the country. The main task of these laws was to regulate the demographic
situation about the natural movement of the population. But thanks to these laws, racial and
ethnic discrimination was eliminated in Mexico, and marriages between people of different
origins were also allowed [1].

The 1960 Law assumed prior permission from the Ministry of the Interior for all foreigners
to buy or acquire real property rights in order to avoid economic speculation with real property.
Considering that in the 1960s the demographic explosion in Mexico was already an obvious fact,
the policy of attracting workers as a means of population growth has definitely lost all meaning.
The new law proposed that immigration should no longer be understood as a mechanism for
increasing the population, and from now on preference was given to foreigners who could
contribute to the economic and social development of the country [3].

In 1974, a new Law on Population was adopted, which is still in force with some
modifications. In this law, “immigration” definitely lost its significance as a demographic variable
because in the end the so-called “collective immigration”, which was traditionally encouraged,
was suppressed [3].

In 2020, the number of immigrants was about 1.2 million people (of which: men — about
610 thousand people, women — about 550 thousand people), which is less than 1 % of the total
population of Mexico. The feature of the immigration flow of the country is that it is dominated
by Americans (72.72 %), followed by Spaniards (7.59 %), Guatemalans (3.48 %), Argentines
(1.35 %) and many others (Fig. 1). The high number of Americans can be explained by the
growing integration of both countries under NAFTA, as well as the fact that Mexico has become
a popular place for retirement. According to the Association of American Citizens Abroad, less
than 1 million US citizens live in Mexico, which is 2 % of the total population of Mexico and 25 %
of all US citizens living abroad [2].

The study conducted a comparative analysis of labor migration processes in the context
of the states of Mexico. The work was carried out on the basis of calculating the coefficient
of geographical concentration of migrant workers in the states of Mexico and on the basis of
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Fig. 1. Distribution of Mexican immigrants by country of origin, 2020. Based on data [9]

- The main enterprises of
Maguiladoras

v - Daos-Bocas Refinery

i - “Maya Train™ with main stops

Legend

= very low concentration
- - low concentration
- = average concentralion

- - high concentration

Fig. 2. Geographical concentration of migrant workers in the states of Mexico, the main projects and
programs with their participation, 2020. Compiled on the basis of the calculations made

considering the processes of state regulation of migration movement in the states with the
lowest concentration of migrant workers. The level of geographical concentration of migration is
determined by the structure of the migration movement, grouped by operational territorial units.
The more evenly labor migrants are dispersed throughout the territory, the lower the level of
geographical concentration in the country. On average, there are 9 migrant workers per 1,000
people in Mexico [9].

According to the calculations made (Fig. 2), a very low and low concentration is observed
in the north and south of the country, which indicates the uniformity of the dispersion of labor
migrants across the states. The average and high concentration is characteristic of the central
states and indicates, on the contrary, a low level of distribution of labor immigrants across the
territory of the states. This trend is due to the fact that in the states bordering the United States,
the government has created free economic zones — maquiladores. These zones are attractive
not only for local residents, but also for ordinary workers and highly qualified specialists from
the USA. Using a “ready-made” specialist, the country saves on education costs. Often such
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migrants are called “front-line workers”, as they travel to work in another country on a daily or
weekly basis. In the south of the country, namely on the border with Guatemala and Belize,
migrant workers are in great demand during seasonal work (agriculture, fishing, services —
tourism). In the central part of the country, the uneven distribution of labor immigrants is
associated with the arrival of highly qualified specialists in a small number of fields of activity
such as IT technology, intellectual production, teaching and educational activities, as well as
with the next "brain drain" due to lack of prospects.

To determine the preferences of migrant workers in choosing the states of Mexico for
migration, a rating of the attractiveness of regions for labor migration was compiled. The study
looked at such socio-economic indicators as the level of income of the labor force per capita,
the level of employment of the able-bodied population, the dynamics of GRP, the amount of
payment for housing conditions and the availability of medical care.

The dependence of the number of labor arrivals and the attractiveness of the states in
question can be tracked using the ranking method. This method of economic analysis is an
ordering of indicators relative to their positive or negative properties, which helps to evaluate
them among themselves regardless of their nature. Based on the calculations made and the
available statistical data, a rating of the competitiveness of the states of Mexico was compiled
singly for the socio-economic indicators under consideration, as well as in common, as reflected
in Table 1.

Based on the results obtained, it is worth noting that the most competitive states in
attracting labor migration are the metropolitan Federal District-Mexico City and the northern
states bordering the United States (Sonora, Chihuahua, Southern Baja California), followed
by the states of the Pacific coast (Colima, Jalisco) and the states located in the central part
of the country (Guanajuato, Aguascalientes). These states are very attractive for labor
migration, because they have a developed labor market, high income indicators, and good
access to medical care. The southern and southeastern states, where most of the labor force
is geographically concentrated, are not the most attractive regions for immigrants to live and
work. These southern states (Guerrero, Oaxaca, Morelos, Chiapas) are characterized by low
economic development: high unemployment, low dynamics of the region's GDP, an undeveloped
labor market.

State regulation of migration flows of labor consists in the fact that at the stage of arrival
in the country, migrants are checked by the authorities. Citizens of Belize and Guatemala can
get a visa for a year only to certain states of the country: Campeche, Chiapas, Quintana Roo
and Tabasco (have a very low and low concentration), if there is a demand for work in these
states [8].

According to the provisions of the Migration Law, foreign citizens who have already
arrived in Mexico can engage in productive activities. The Government provides employment
opportunities through major projects and investment programs: Sembrando Vida (extended to
20 states) — a program to eliminate rural poverty and decline in rural development. The most
important projects also include the creation of free economic zones along the borders with
the United States, the construction and maintenance of the further development of the tourist
facility "Maya Trains" or the construction of the Dos Bocas oil refinery in Tabasco State. On the
northern border of the country, the Ministry of Labor and Social Security (STPS) has opened an
employment exchange that offers up to 50,000 jobs in the Maquiladora (export-manufacturing)
and manufacturing industries (Fig. 1).

After obtaining a permit to enter the territory of Mexico, the laws of migration policy oblige
migrants to be checked by the immigration authorities for the existence of various types of
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Table 1. Ranks of Mexican states by socio-economic indicators, 2020

Rank by Rank Rank by Rank by Rank by The region's
States of Mexico employment by GRP per capita average access o place in the
level dynamics income house price m;‘;iaclellflligre rating

Aguascalientes 17 2 12 10 12 7

Baja California 8 22 4 19 7 10
Catforma 2 1 2 2 4 2

Campeche 18 32 21 15 18 23
Coahuila 12 9 11 4 9 29
Colima 1 7 8 6 5 5

Chiapas 32 29 32 14 24 12
Chihuahua 9 13 10 11 3 4

Federal District 4 27 1 32 2 1

Durango 16 19 20 2 20 16
Guanajuato 11 3 19 12 13 8

Guerrero 26 25 31 24 19 28
Hidalgo 22 6 24 7 20 17
Jalisco 10 8 9 28 4 9

Mexico 17 15 17 29 21 22
Michoacan 19 11 22 13 17 19
Morelos 23 26 23 30 14 26
Nayarit 5 20 15 27 23 21
Nuevo Leon 6 18 3 20 1 6

Oaxaca 21 24 30 23 22 27
Puebla 16 16 28 17 27 23
Queretaro 25 4 7 31 10 16
Quintana Roo 4 14 6 21 20 11
San Luis Potosi 20 5 18 25 8 15
Sinaloa 14 21 13 16 7 14
Sonora 7 10 5 9 6 3

Tabasco 24 31 26 18 16 25
Tamaulipas 13 30 14 1 9 13
Tlaxcala 15 23 25 3 15 18
Veracruz 27 28 29 8 22 24
Yucatan 3 12 16 22 12 11
Zacatecas 24 17 27 5 11 20
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offenses. In cases of any violations, the state will be forced to restrict or completely prohibit
stay in the country [4]. Migrants who have been found dealing with narcotic substances or have
previously been prosecuted for their sale or distribution are strictly limited in the possibility of
obtaining a visa and arriving in Mexico.

When entering the country, migrant workers and their families face the problem of basic
education and additional training. Thanks to the cooperation of the US and Mexican authorities,
special schools for immigrants under the PROBEM program were organized, where immigrants
from nearby countries can also be employed [10].

The study shows that the Mexican government controls the movement of legal migrant
workers, limiting the territory of their possible settlement.

This is evidenced not only by the legislative acts of migration policy and the conditions
for obtaining a visa, but also by the situation with the geographical concentration of migrants.
The uniform settlement of labor immigrants in states with very low and low concentrations is a
consequence of the state regulation of their movement by the visa regime, which determines
these possible territories. However, these regions of the country are not the most attractive
for labor migration, in particular for citizens of southern border countries, as evidenced by
the corresponding attractiveness rating of the states. Highly qualified specialists prevail
in competitive states, where the economic standard of living is quite high. This ensures the
employment of jobs in the country that are associated with low-prestige or hard work, have a
longer working week and lower wages (agriculture, extractive industries). The Government of
Mexico protects the national labor market from the spontaneous flow of migrants and ensures
the rational use of foreign workers in those industries that are not provided at the expense
of domestic labor resources and does not extend restrictions to specialists in priority areas of
activity (IT technology).
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OnbIT rocyAapCTBEHHOrO perysiMmpoBaHUA MeXxayHapoaHoOM MUrpaumm
pabouen cunbl Mekcuku

C.C. CadmHa, E.H. MNywakosa

@re0Y BO «CaHkm-lNemepbypackull 20cydapcmeeHHbIU 9KOHOMUYeCKUU yHuUsepcumemy,
2. CaHkm-lNemepbype (Poccusi)

KnioueBble cnoBa u dpasbl: uMMmurpaums; KoauUMeHT reorpadnyeckon KOHLEHTpa-
LMW, MUTPaALNOHHOE ABMXEHME; PEryNMpoBaHne paboden Murpaumm; aMmrpaumns.

AHHoTauums. Llenb nccnenoBaHnsi — BbISIBIIEHWE OCHOBHbIX TEHOEHUMI U HanpasrneHui ro-
CyOapCTBEHHOW MonuMTuku MeKCUKn no perynmpoBaHunio NOTOKOB aMUrpauum n UMMurpaumm pa-
Goyen cunbl Kak B LIENOM, Tak 1 B OTAENbHbIX WTaTax CTpaHbl. B cOOTBETCTBUM C NOCTaBMNEHHOWN
Lenbio pelanncb 3agadn: npoaHanuanpoBaTb CTaTUCTUKY MEXAYyHapoaHoW murpauumn paboyen
cunbl No wrtatam MeKcuKkK; BbISSIBUTb PErnoOHbl C BbICOKMM U HU3KMM YPOBHEM pacnpegeneHus
paboynx-MUrpaHToB; PacCMOTPETbL MUrPaALMOHHYIO MOMUTUKY W rocygapCTBEHHOE perynupoBsa-
HMe MeXayHapo4HOM murpaumm paboyen cunbl; ONpeaenuTb OCHOBHbIE MPOEKTbl U Nporpam-
Mbl C y4acTMeM TPYAOBbIX MUIPAHTOB U MyTU PELLUEHUA OCHOBHbIX NPO6rnemM nNpaBUTENLCTBOM
cTpaHbl. MTMnoTtesa nccnegoBaHusa: Mekcuka obnagaeT A4OCTaTOMHO CUMbHBIM rOCY4apPCTBEHHBIM
annapaToMm M CONYTCTBYKOLLMMU UHCTPYMEHTaMu, 4To obycrnaBnvBaeT ycnewHoe perynvposa-
HMe U KOHTpOMnb MMmMuUrpaumm paboyen cunel. B pabote ucnonb3oBaHbl MeTOAbl CTaTUCTUYe-
CKOro, CpaBHUTENbHOrO, aHanNUTUYEeCKOro, MaTeMaTU4eCckoro 1 kaptorpadMyeckoro aHanns3os, a
Takke MeToA pacyeta KodadduumeHTa reorpadmyeckon KOHLEHTpaumMm pabounx-MmurpaHToB no
wratam MeKcukn ons pacCMOTPEHUS METOAOB PErynMpoBaHns NX ABWKEHUSA NPaBUTENbCTBOM.
MHdopmaumnoHHon Gason mccnegoBaHust MOCNYXUN CTAaTUCTUYECKME AaHHbIE U OTYETHI, CO-
aepxawme nHpopmaumnio 06 obbemax MMMUTPALMOHHBLIX MOTOKOB M YPOBHE 3KOHOMMUYECKOrO
pa3sBuTus wWratoB Mekcuku u cTpaHbl B Lenom, onybnukoBaHHble MNMpaButensctBoM n MHCTUTY-
TOM CTaTUCTUKM, reorpacmm n nHpopmaTnkm Mekcrkn, a Takke pasnuyHble HaydHble nybnvka-
UMK no muccrnegyemMon TemaTuke, ouumanbHble UHTEPHET-CaNTbl MEKCUKAHCKUX YUPEXOEHUA U
apyrue marepuansol.

© S.S. Safina, E.N. Glushakova, 2022
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