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Abstract — The work is devoted to solving an urgent
problem - the development of a computer model of the
energy consumption system of the Institute of the ionosphere
of the National Academy of Sciences and the Ministry of
Education and Science of Ukraine in order to solve the
problem of increasing the energy efficiency of the measuring
complex. The power supply system of the complex is
described, a generalized structural diagram of the loads -
powerful consumers of electricity is presented. The graphs
characterizing the energy consumption of individual
powerful loads are presented, the problem of compensating
the reactive power of loads is shown. The adequacy of the
developed model is confirmed by the coincidence of the shape
and values of the experimentally obtained characteristics on
loads with the characteristics of the model. The model
adequacy was assessed by the variance of feedback deviations
from the system mean. The results obtained confirmed the
possibility of using the developed Matlab-model of the energy
consumption system of the measuring complex for creating
and testing on the model of an energy-efficient power supply
system, which will ensure the stable operation of scientific
equipment for the implementation of research programs of
the NAS of Ukraine.
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I. PROBLEM STATEMENT

The Institute of ionosphere is one of the world's largest
research institutes that studies the ionized part of the
atmosphere [1]. The research part of the institute consists
of transmitter channels, distribution network, three
pavilions, the main load of which consists of: distillers,
heating boiler, STS stabilizer, pumps of distiller and raw
water circuits, converters, antenna, receiver.

lonosphere studies are conducted at intervals of two to
four studies per month. One test takes five days in a row. In
summer, the consumption for one test is about 16060
kW, and in winter about 18720 kW. Due to the high cost of
1 kW of electricity, the annual research costs the institute a
considerable amount.
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In today's world, in order to save electricity, there is a
tendency to abandon the use of electricity in favor of
alternative sources such as sun, wind, water. Due to their
geographical location and temperate continental climate,
Ukraine and Kharkiv have a total annual level of solar
radiation at the level of 1200 kWh / m2.

The Institute of lonosphere territorially has free space
that can be used to accommodate solar panels and wind
turbines, with their subsequent integration into a smart
SmartGrid power system. The use of solar panels, as well
as batteries with a large number of charge / discharge
cycles with the ability to return energy to the industrial
network can increase the energy efficiency of the
system [2-4].

Il.  PURPOSE AND OBJECTIVES OF THE RESEARCH

The purpose of the work is the development of a
computer model of the Institute of ionosphere energy
consumption system of the National Academy of Sciences
and the Ministry of Education and Science of Ukraine in
order to solve the problem of increasing the energy
efficiency of the measuring complex.

I1l. PRESENTATION OF THE BASIC MATERIAL

The model of the lonosphere Research Institute consists
of three pavilions, a cooling circuit, and a transmitter.
Pavilion 1 contains an ionosonde, a heating system,
computers, workplaces and air conditioners. Pavilion 2 —
heating system, receiver, full swing antenna motors, air
conditioning unit. In pavilion 3 there are distillers, a
stabilizer, household appliances, a heating system, pumps
for distiller circuits. The cooling circuit consists of raw
water pumps, cooling water fans. The transmitter includes
5 channels, each of with has a power of 50 kW. During the
tests, only 2 channels out of 5 are switched on
simultaneously. A 1MW transformer with a voltage of 10 /
0.4 kV is used at the entrance to the system. In parallel, a
560 kW transformer with a voltage of 10 / 0.4 kV is
connected to it, which is used as a safety net if the main
transformer is faulty. Each channel of the transmitter uses
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“iits own separate transformer with a power of 250 kW and a
voltage of 10/ 1.2 kV on the windings.

The structural scheme of connection of energy
consumers of the Institute is shown in the Fig. 1.

The electrical indicators of the devices are given in
table 1.
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Fig. 1. The structural scheme of connection of energy consumers of the Institute of ionosphere

The meter-range radar radio transmitter (shaper)
generates, amplifies and transmits powerful probing pulses
and is built on a two-channel circuit, each channel of which
is a pulse transmitter that generates high-frequency probing
pulses at a frequency of 158 MHz. The main parameters of
the shaper (Channels 1 - 5):

—  pulse power at the output Pi > 2 MW,
—  the length of the emitted pulses Ti = 800 ps,
—  pulse repetition frequency Fi = 24.4 Hz.

The modulation device is designed to power the
transmitter device and provides pulsed anode voltage to the
following channels and blocks of the transmitter device: 111
stage, Il stage, | stage, preamplifier and oscillator
frequency generator. The modulation device provides a
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pulse power of 426 MW at a voltage of 29 kV at an
equivalent load of 200 ohms. When working on the
generator, the modulation device provides the following
maximum voltage values:

111 cascade - 29 kV;
Il cascade - 23 kV;
| cascade - 7.5 kV;

Based on the structural diagram and initial data, a
model has been developed, which consists of a supply
unit, pavilion 3, a transmitter, a cooling circuit, converters,
pavilion 2, pavilion 1 (Fig. 2).
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TABLE I. INFORMATION ON MODELED COMPONENTS
Component name Power, Phase shift
kW angle
Pavilion 1
lonosonde 0.3 10
Heating system 6 0
Workplaces|_c_0mputers| air 05 10
conditioners
Pavilion 2
Heating system 6 0
Receiver 5 20/0/10
Full swing antenna motors 20 30
Air conditioning unit 10 0
Pavilion 3
Distiller 1 55 0
Distiller 2 55 0
Stabilizer CTC 63/0.5 63 55.5/30/30
Appliances for residential use 1 4.2 40
Heating system 60 0
Appliances for residential use 2 3.8 20
Distiller circuit pumps 10.5 0
Cooling circuit
Raw water pumps 23 20
Cooling funs 9 54
Converters
Converter 1 30 60
Converter 2 30 60
Converter 3 50 60
Heating system 1 6 0
Heating system 2 6 0
Transmitters
Channel 1 50 53
Channel 2 50 53
Channel 3 50 53
Channel 4 50 53
Channel 5 50 53
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Fig. 2. The Matlab-model of connection of energy consumers of the Institute of ionosphere
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Experimental results
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Fig. 3. Experiment and simulation results

Experimental data were taken at the connection points
of each consumer. The oscillograms of currents and
voltages of some consumers are shown in Fig. 3. The data
of the graphs given on the oscillograms allow to estimate
the adequacy of the developed Matlab-model of the power
supply system of the measuring complex. The procedure
for assessing the adequacy of the developed model is
based on the comparison of measurements on a real
system of experimental results on the model, which is
carried out on the average values of the responses of the
model and the system. The given data testify to a
considerable share of reactive power in the mode of
inclusion of the radio equipment. Irregular energy
consumption, the presence of a significant share of the
reactive component of energy consumption make such
facilities commercially unattractive to energy companies,
in modern conditions can lead to either significant fines or
even shutdown.
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The next step is to propose a methodology to increase
the commercial attractiveness of research facilities such as
the Institute of ionosphere, which aims to reduce the
difference in energy consumption during the experiment
and a simple and significant reduction in the reactive
component. The proposed technique will be based on the
construction of a mathematical model of the energy
complex of the radio range and the study of its dynamic,
frequency and energy properties. The methodology
provides for such steps as the division of all consumers in
the facility into permanent (conditional), and those that
operate in pulse mode. For the latter group of consumers, it
is proposed to use rechargeable batteries as a damper,
which is an active load for the energy supplier, connected
at night, and for the equipment - a provider of continuous
action during the experiment. In works [5 - 8], devoted to
the decision of problems of improvement of electric power
quality of a power supply network, the basic principles and
approaches to the decision of a problem of quality of the
electric power of a power supply network are formulated.
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At the same time, the analysis of scientific works shows
that a number of problematic issues need further study,
there is a need to improve existing scientific and
methodological  approaches to  determining  the

[21 S.Kozlov, “Optimization of power supply of the research
complex of the Institute of the ionosphere,” Materials of the 1st
International Scientific and Technical Conference "Actual
problems of automation and instrumentation," pp. 26— 27, 2017.

g _ . [3] A. Gapon, S. Kozlov and Y. Svetlichnaya, “Optimization of the
effectiveness of the operation of various types of measures parameters of power plants of the radio range of the institute of
that apply to a particular object. ionosphere NAS of Ukraine Materials of the 2nd International

Scientific and Technical Conference "Actual problems of
IV. CONCLUSIONS automation and instrumentation," pp. 24-25, 2018.
. . . [4] S. Kozlov, “Analysis of energy consumption regimes of the
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energy consumption of the measuring complex of the NAS and MES of Ukraine,” Bulletin of the National Technical
Institute of ionosphere of the National Academy of University "KhPI". Series: Radiophysics and ionosphere, Ne 43,
Sciences and the Ministry of Education and Science of Pp. 51-54, 2018 , o .
Ukraine, a model of the energy consumption system of the [ 0. Trofimenko , $. Voitko “Functioning, strategic development
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|nd|c_at_e_ the adeq_uacy of the deYEIODEd model and the [6] O. Levon, “Semiconductordual two-channel regulated
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whole complex. According to the results of the analysis of (Rus.)
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PoGoTy npucBsiueHO BHPillIeHHI0 HATAJbHOI NP00JeMH - Po3poldui KOMIIOTEPHOI MoJesdi CHCTeMH €HepProcrno:KMBaHHS
Incruryty ioHochpepuy HAH T1a MOH VYkpainm 3 MeTow BHpilleHHS MNpodJjeMH NiABMIIEHHS eHeproeqeKTHBHOCTI
BHMIpPIOBAJILHOTO KOMILIeKkcy. ONMNcaHo CHCTeMY eJeKTPOMOCTAYAHHSI KOMILIEKCY, MPeICTABIEHO y3araibHeHY CTPYKTYPHY
CcXeMy HABaHTa:KeHb - MOTY:KHHX CIOKABAYiB eJeKTpoeHeprii, omMcaHo XapaKkTep HABaHTa)KeHHsS] 3 TOYKH 30py SIKOCTi
ejeKkTpoeHeprii. BusHaueHo, mo HAM0IIbII MOTYKHUI CHOXKWBAY eJIEKTPOeHeprii BUMIPIOBAJbHOT0 KOMILIEKCY - ¢opMmyBay
MOTYKHHUX 30HAYHYMX IMIyJbciB, sikuii 31iliCHIOE TreHepalilo, MOCHJIEHHS i mepeAayy MOTYXKHUX 30HAYWYHX iMmyJabciB i
OyayeThbes 3a 1BO- 200 YOTHPHKAHAJIBLHOK CXeMOI0, KOKeH KaHAJ sIKOi € iMIyJILCHU MeperaBay, 110 reHepy€ BUCOKOYACTOTHI
30HAyWYi iMmnyascu. ExciepuMenTalbHi JaHi, mpeacTaBieHi y podoTi, moka3aiu, 10 PeKUM eJIeKTPOCHO:KUBaHHA [HCTHTYTY
ioHocdepu xapakTepu3yeThcsl 3HAYHOKW cKBamHicTio. [IpeacraBiieHo rpagiku, Mo XapakTepu3ylTh CHOKWBAaHHS eHeprii
OKPeMUMH TOTY)KHHMHU HABAHTA)KEHHSIMH, TOKa3aHO NpoldjeMy KoMIeHcalii pPeaKTHBHOI MOTY:KHOCTI HaBaHTa)KeHb.
AlleKBaTHiCTh po3po0jeHoi Mojesai miaTBepIKyeTbess 30irom ¢opMH Ta 3HAYeHb eKCIIEPUMEHTAJbHO OTPHMAHHUX
XapaKTePHCTHK HAa HABAHTAKEHHSX 3 XapaKTePUCTHKAMH MoJIei. ATeKBaTHICTh Mo/Iei OliHIOBA/Iach 3a cepeHiM 3HAYeHHIM
BiarykiB mogenai i cucremu. OTpuMaHi pe3yabTaTH HiATBEPAHJIN MOXKJIMBICTH BHKOpPUCTaHHS po3podJeHoi Matlab-monedi
CHCTEMH eHeprocno:KMBaHHS BHMIPIOBAJILHOr0 KOMILIEKCY /AJIsl CTBOPEHHsSI Ta BHNPOOYBaHHS Ha MojJeli eHeproedexkTHuBHOL
CHCTEMH eJIeKTPOIOCTAYaHHS, 10 3a0e3MeYUTh cTa0iILHY POGOTY HAYKOBOr0 00, IaTHAHHS /151 BIPOBA/KEHHS J0CTITHUIBKHX
nporpaMm HAH Ykpainu. 3po6/ieH0 BHCHOBKH 00 MOKJIHBOCTI MiIBUIEHHS SIKOCTI eJIeKTpoeHeprii KUBJIEHHSI MOTYKHOTO
CMOKMBAYa 32 J0MOMOror QiTbTPOKOMIEHCYIOUHMX MPHCTPOIB, IO A03BOJISIE 3MEHIINTH BTPATH eHeprii Ta MOJIMIINTH
€J1eKTPOMArHiTHY CyMiCHiCTb BHMIipIOBAJBLHOI0 KoMiulekcy IHcTuTyTa ioHOchepu 3 Mepexer :kubjeHHs. IlpoananizoBano
JiTepaTypy II0A0 CTBOPEHHSI Ta 3acTOCYBaHHS 0araTopyHKHiOHAJIBLHUX eHeproe()eKTHBHUX KOMIEHCATOPiB HeaKTHBHHX
CKJIAJ0BUX MOBHOI MOTY:KHOCTi, 10 A03BOJISAIOTH YCHIIIHO BHPIIIYBaTH 3aJa4vy KoMIeHcalii peakTHBHOI MOTY:KHOCTI, 110

reHepyeThbes 200 CNOKMBAETHCS HABAHTAKEHHAM, (inbTpanii BULLKUX rapMOHiK CTPpyMYy.

Knrwuoei cnosa — cucmema CJIEKMPOnoOCmMa4anns, eHep2ocCnoHcCu6ann, enepzoet[)exmuauicmb, peakmuena nomy.ucm'cmb.

77 DOI: 10.33042/2079-424X-2020-2-58-28-32



