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B yeaax nosviuweHus 3PPexmusHOCMU IKCNAYAMAYUUL 8030YULHO20 MENL08020 HACOCA
AKMYAAbHUM  S8AA€MCSA  AHAAU3  MepMOOUHAMUUECKUX  NApAMempos  LUKAA
NApOKOMNPecCUOHH020 dpeoHosoeo KkKoumypa. Jaa mozo umobu. oyeHums 68ce
mepmoJUHAMUYECKUE TLPOYECCbL 8 MeNnA0X0A00UAbHOL cucmeme 8030YULHO20 MeENA08020
Hacoca U npou3eecmu pacuemsl, KaK Npasuno, UCNOAL3YIOM Mmenaosvie Juazpammel,
pas3pabamuieaemule npouseodumenamu. Aemopvl npedrdezalom UCNOAb308AMbL 045
OpUEHMUPOBOUHOZ0 pacCHema NApOKOMNPECCUOHH020 PpeoH08020 KOHMYpa mabAUYbL HA
AUHUU HACLIWeHUS U AUHUL Nepezpemozo napa paboueezo xnadazenma. B pesysvmame
pacdema meopemuueck0e0 NAPOKOMNPeCCUOHH020 YUKAA OblAU NMOAYHUEeHb. 3HAYEHUS
menao6o0tll dHepeUl, U3LLMAEMOL paboium MmeaoM 8 Npoyecce e20 Henpepul8H020 Pas306020
npespawjenusn: Kunenus, ucnapenus, KOH0eHcayul, Komopule 0npedeasilcb N0 MOYKAM
COCMOAHUSA IHMAALNUL HA COOMEemMCmM8EYoWuUXx yuacmkax pabomeul semenmos BTH
(ucnapumensv, komnpeccop, koHdencamop). Pacuemwv. noxazaau, wmo npu co3danuu
menaogoli MOWHOCMU HA 8blx00e MeNnA08020 HACOCA ONpedeAfloWUM NAPAMEMPOM
sensemcs ¢pasosoe npespaujeriie CKpulmot menaomel napoobpa3osanus npu KUneHuu u
kKondencayuu pabodezo mead 8 3aMKHYMOIU cCucmeme KOMNPeCCUOHHO20 YUKAA.

KiaodeBble c10Ba: NapOKOMIIPECCHOHHBIN UK, QPEOHOBBIH KOHTYD, SHTAJIbIIUS,
BO3AYUIHBEIY TEINJOBOM Hacoc
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To improve the efficiency of using an air heat pump (AHP), it is important to analyze
the thermodynamic parameters of the vapor-compression freon loop cycle. To evaluate all
thermodynamic processes in the heat recovery system of the air heat pump and to make
calculations, experts frequently use heat charts developed by the manufacturers. The
authors propose to use tables on saturation line and superheated vapor line of working
refrigerant for approximate calculation of vapor-compression freon loop. As a result of
calculation of a theoretical vapor-compression cycle, the authors obtained heat energy
values taken by the working body during its continuous phase change: boiling,
evaporation, condensation, which were determined by the enthalpy state points at the
corresponding sections of operation of AHP elements (evaporator, compressor,
condenser). Calculations showed that at creating thermal power at the heat pump output,
its determining parameter is the phase change of latent heat of vaporization at boiling
and condensation of working body in the closed compression cycle system.
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INTRODUCTION

The basis of modern research in increasing the energy efficiency of air heat pump (AHP)
operation is the analysis and improvement of heat and mass transfers occurring in the thermodynamic
cycle of the freon loop. Thermodynamic perfection of the vapor compression cycle to a large extent
determines technical, economic and ecological efficiency of AHP. This is especially important when
developing innovative environmentally friendly technologies for thermal energy generation [1].

The main advantage of compression-type heat pumps is the great efficiency among the latest
heat pumps. Their proportions of received and given energy can reach 1:7 (at feeding 1 kilowatt of
electric energy to the heat pump compressor, 7 kilowatts of heat will be extracted from cooled zone)
[2, 3]. The operating mode of an AHP changes due to the environment, which, as a consequence,
determines its thermal power output.

Heat and mass transfer within thermodynamic processes might intensify by converting
different in quality energy flows in the freon loop. Science community actually has no materials on
heat exchange that takes into account non-stationarity of processes in working zones of heat pump,
and also on non-stationary transfer of thermal energy by mass transfer [3].

To use the heat pump efficiently, both internal and external process conditions should be
considered [4]. For example, to calculate heat conversion under real non-equilibrium conditions, one
should have knowledge of properties and parameters of working substances in different states.

Freons used for heat transformation in AHP are usually studied by manufacturers at different
pressures and temperatures, and their parameters are presented in diagrams or tables [5].

A common idea is that the most common way to calculate the thermodynamic cycles of AHP is
to use diagrams of states of working substances:

- diagrams s-T (entropy-temperature);

- diagrams p-V (pressure-specific volume);

- diagrams i(h)-P (enthalpy-pressure) or i(h)-1gP.

The vapor-compression cycle of the refrigeration machine can be calculated without using
thermal diagrams [6]. Instead, the calculation may involve tables on the saturation line and
superheated vapor line of the refrigeration agent (refrigerant).

For such calculation of heat conversion and evaluation of AHP efficiency, it is required to know
the properties and parameters of refrigerants in different states [5]. The thermodynamic and
thermophysical characteristics of refrigerants are considered in three aspects: in terms of influence
on thermodynamic cycle efficiency, on AHP performance indicators, and on compressor design
characteristics.

EXPERIMENT

Calculation of the vapor-compression cycle according to the specified external conditions -
parameters of the low-temperature source (ambient air) and the level of the coolant (water) heating -
is selected taking into account environmentally safe refrigerants used in AHPs.

The method to calculate the vapor-compression cycle of the freon loop of AHP is based on the
transformation (transfer) of heat due to phase transitions of the working substance (freon): liquid -
vapor-liquid mixture - gas [7]. These processes of continuous phase change of the working body -

boiling, evaporation, condensation - can be determined by the so-called reference points of enthalpy
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state at the corresponding sections of operation of the AHP elements (evaporator, compressor,
condenser).

For example: on the circuit diagram (Fig. 1), let us represent as points all thermodynamic
processes of vapor-compression cycle of evaporation and condensation unit for heat pump A20/W30
with average heat power 7 kW and electric power 1.84 kW [8], where A - ambient air at 20 °C, W - heat
carrier in heating circuit, water temperature at 30 °C.

Next, we present the calculation of enthalpies by control points corresponding to certain
sections of the cycle.

lectric motor

Compressor

Condenser

Evaporator

Fig. 1. Circuit diagram of the vapor compression cycle and working sections of the evaporation
and condensation unit of the heat pump system

In accordance with ISO/DIS 17584, Table 1 presents thermodynamic index values, which is
enthalpy taken on liquid line and saturated vapor line on the working sections of the freon loop vapor-
compression cycle [8].

Table 1. Enthalpy values on the line of saturation and superheated vapor line, kJ/kg [8]

Freon h h, hs
R22 249.81 416.69 452.3
R32 275.9 514.3 560

R134A 265 413 445

R404A 262.7 387.2 420

R407C 272 425 465

R410A 270.4 436.2 470

R507A 260.4 383.1 420

Table 1 shows that the highest heat transfer (h,) will be observed at section 3-4. This happens
because of the processes of irreversibility inside the compressor [9]. The enthalpy increase in it is
greater than in the ideal cycle, and this, in turn, leads to an increase in temperature and pressure.

In reference tables of thermodynamic properties [5, 10], enthalpy values are given because
enthalpy as an auxiliary function in thermodynamic calculations is how heat is supplied in heat
exchangers (evaporator, condenser) at constant pressure.
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RESULTS

To study the cycle, it is convenient to start at the point where the refrigerant is in a slightly
supercooled liquid state. This is because the location of this point tends to vary little regardless of the
various modifications to the main cycle.

Control point 1 of section 0-1 (liquid phase) - the liquid refrigerant at the evaporator entrance
displaced through the throttling device (TEV - thermostatic expansion valve).

The amount of useful energy withdrawn from the environment (air) from the initial cold circuit
and required to transform into vapor the liquid obtained at the inlet to the evaporator and the freon
loop line (q1), is

g1 = hy — hy. (1)

Section 1-2. The liquid remaining in the evaporator boils at a pressure close to atmospheric
pressure with temperature t,= +5 °C. It then evaporates in a «cold» heat exchanger, absorbing heat and
therefore cooling the medium, which has a higher temperature than the boiling point for this pressure,
taking away the heat of vaporization. The design of the evaporator has a decisive influence on the freon
boiling. With most of the gas being evacuated by the compressor, the pressure does not rise.

Section 2-3. The gas refrigerant from the evaporator with temperature t, = +5 °C is sucked in
by the compressor.

Reference point at section 3-4 (gas). Then the compressor, pumping out the gas refrigerant,
compresses it adiabatically with temperature increase up t;=+40 °C and higher with much higher
pressure P,=15-17 bars [12].

The compressor exerts force over freon when compressing, which according to the first law of
thermodynamics increases thermal energy of freon flow circulating in an AHP loop.

According to the second law of thermodynamics, energy transfer in the heat pump cycle
continues under the influence of mechanical and electrical energy of the compressor drive, which uses
electrical energy to compress the gas refrigerant, resulting in increased pressure and temperature of
the refrigerant.

The heat dissipation from the compressor motor can be calculated using the formula
Qmotor = N(1 —n)/n, kW, (2)

where N - motor power, kW; n - efficiency.
During heat exchange between the working body and the compressor, the amount of energy
released by our compressor with an electric motor power of 1.84 kW is

Qmotor = 1.84-(1-0.8)/0.8 = 0.46 kW.

Heat dissipation from the compressor can be calculated according to the Bitzer
recommendations [13].

The amount of energy used for compression, received at the compressor outlet from the freon
loop (g2), is

q; = hs — h,. (3)

30



TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

Section 4-5. The compressor forces the gas into the condenser where it condenses at a high
constant pressure and a high operating temperature from t; = +40 °C to t; = +50 °C, giving the heat
energy to the heat transfer medium at the desired consumer heating temperature.

Section 5-6. The TEV regulates the flow of liquid, thereby reducing the release of vapor. The
fluid expands in the valve but does not exchange energy with the environment. The expansion takes
place at a constant enthalpy. Nothing happens during pressure reduction. The temperature is virtually
unchanged. When the fluid pressure reaches saturation, a further decrease in pressure also implies a
decrease in temperature, since otherwise the fluid overheats, which implies the formation of a
thermodynamically unstable state [14].

As a result of cooling the liquid, energy is released, which is spent on the evaporation of part
of the liquid. Consequently, liquid evaporation in this case depends on pressure: the smaller it is, the
more liquid evaporates.

Section 6-7. The fluid pressure reaches its final value. The volume of liquid evaporated is
determined by means of equal concentration lines. In this example, the refrigerant expands to a 5-bar
pressure (-5 °C) with a 50% vapor concentration.

At section 5-6-7 from condenser, thermostatic expansion valve (TEV) to evaporator inlet, we
assume that TEV in this case only creates conditions to change the state of vapor-liquid mixture at
evaporator inlet under different temperatures of working medium, environment, and pressure. Since
TEV regulation in this process is the reverse process of the compressor operation mode, the TEV does
not have any additional effect on freon, everything is done by the compressor. The TEV only separates
the pressure zones with the required freon capacity. Therefore, the connecting tubes of the TEV must
be matched to the compressor capacity [15].

When generating the heat output from a heat pump, two parameters matter the most:

- phase transformation of latent heat of vaporization at boiling and condensation of working
medium in a closed system of compression cycle,

- dynamics of influence of air flows on thermophysical and thermodynamic properties of
freon, processes occurring in it.

The heat and cooling efficiency derived from the freon loop (COP) is

COP = q,/q,. 4)

Table 2. Values of the energy received from the freon loop, at different sections of the vapor-
compression cycle of AHP and COP

Freon q1, kJ/kg qz, kKJ/kg COP
R22 166.88 35.61 4.69
R32 238.4 45.7 5.22

R134A 148 32 4.63

R404A 124.5 32.8 3.80

R407C 153 40 3.83

R410A 165.8 33.8 491

R507A 122.7 36.9 3.33
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To estimate all thermodynamic processes in the refrigeration system and to make calculations,
we use thermal diagrams or approximate calculation of the vapor-compression freon loop according
to tables on the saturation line and the superheated vapor line of the working refrigerant [16].

Due to the wide spread of vapor-compression heat pumps, all options to increase their
efficiency are being considered. The first option is to increase the efficiency of a theoretically
equilibrium ideal cycle. Another option is to reduce losses from non-equilibrium (irreversibility) of
processes.

It is important to properly select a working medium (refrigerant) and optimal parameters of
vapor-compression cycle. An important property of freons is the heat of phase transition. The higher
the value, the lower the freon consumption and therefore the lower the cost of the compressor. On the
other hand, AHP performance can also be assessed by two indicators: mechanical efficiency
(compressor drive) and volumetric efficiency (compressor chamber size) [15-17].

In a real cycle, unlike ideal cycle, the processes of expansion and compression of a working
body are considered irreversible and they do not follow an adiabatic curve, but constant enthalpy line
- polytropically, which leads to some increase in energy losses not only in compressor, but also in
evaporator and condenser. Therefore, it is important to consider the design, piping (trunking)
configuration, and location of the main elements of the air heat pump.

CONCLUSIONS

As an AHP is a complex device with advanced automation, the heat pump system requires
proper calculation of the operating mode and the selection of basic structural elements by qualified
designers and competent installers. It should be noted that the result of the calculation of an AHP will
always depend on the conditions in which it is operated.

JIUTEPATYPA

1. Tamoxkun C.[., JlobuxoBa H.B., JlooukoBa O.M., T'amoxkun A.C. Ilerecoo6pasHoCTb
KICIIOJIb30BaHUSI COBPEMEHHBIX 9Heprocheperaonux CUCTeM BEeHTUISAIIUY IPK CTPOUTENbCTBE U
PEKOHCTPYKI[UY 37aHNE. BecTHUK Hayku u oOpasoBanus CeBepo-3amaza Poccuu. 2018. T. 4. Ne 4.
C. 27-35.

2. ®emocosB C.B., Pemoceen B.H., 3aiineBa U.A., BopoHoB B.A. O6ocHOBaHIE METOAOM aHaIM3a
vepapxuil sKCIIePTHHIX CYXXJEeHUH KPUTepPHEB IOBBIIIEHNS SHePro3ad@eKTUBHOCTY BO3YIIHOTIO
TEeIIOBOTO Hacoca. YMHBIe KOMIIOSUTHI B cTpouTeabcTBe. 2021. T. 2. Ne 2. C. 38-47. DOL:
10.52957/27821919_2021_2_38.

3. Abiev R.S. Hydrodynamics and Heat Transfer of Circulating Two-Phase Taylor Flow in
Microchannel Heat Pipe: Experimental Study and Mathematical Model. Industrial and Engineering
Chemistry Research. 2019. V. 59. N 9. P. 3687-3701. DOI: 10.1021 / acs.iecr.9b04834

4. FangX., Wu Q., Yuan Y. A general correlation for saturated flow boiling heat transfer in channels
of various sizes and flow directions. International journal of heat and mass transfer. 2017. V. 107.
P.972-981. DOI: 10.1016 / j.ijheatmasstransfer.2016.10.125.

5. Masypun H.M., TepacumoB P.JI., KoponéB A.®., Yrkua E.®. O30HoGe3omacHble (GpeoHBHI.
VcTopus JlereHAB U IIPOCTOe pelreHue. IIpocTpancTBo 1 BpeMs. 2014. Ne 3(17). C. 250-255.

32



TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE
SMART COMPOSITE IN CONSTRUCTION

6. Baiimades E.D., Makapos C.C. MoJenmupoBaHre TepMOJUHAMUYECKOI'0 IJUKJIa TEIIJIOBOTO Hacoca
JJI51 pacII¥peHUs TeMIIepaTyPHOIO ala3oHa BO3AYIIHOTO peKyneparopa. BectHuk VIpKyTCKOTO
rOCyZapCTBEHHOTO TeXHIUYIECKOT0 YHUBepcuTeTa. 2014. Ne 6(89). C. 101-106.

7. BarayraunoB MNM.3., KyBmmHoB H.E. VICTOYHMKM TeNJOTHl [JJI TeIJIOBBIX HAaCOCOB.
MuHoBanoHHad HayKa. 2016. Ne 3. C. 42-44.

8. Makapos C.C. lcnosbp3oBaHMe TEIJIOBOTO Hacoca B CHUCTeMax IOAJAep:KaHUS MHKPOKJIMMAaTa
BBICOTHBIX 3ZaHUH. V3BecTus By30B. MHBecTunmu. CrpoutenbcTBo. HeapmxumocTs. 2020. T. 10.
Ne 2(33). C. 250-257. DOI: 10.21285/2227-2917-2020-2-250-257.

9. JanmiaeBckuii JI.LH. CucremMbl NPUHYAUTENIBHON BEHTWIALMU C peKyllepaluell TeIIOBOU
SHepPTUU YAAIIEeMOTro BO3yXa JJIs XKUJIBIX 34aHni. Teopus u npaktuka. MuHCK, 2014. 128 c.

10. Alo M. Problems with Using the Exhaust Air Heat Pump for Renovation of Ventilation Systems in
old Apartment Buildings. Danish Journal of Engineering and Applied Sciences. 2015. P. 44-55. DOI:
10.6084 / M9.FIGSHARE.1510922.

11.Dawidowicz B., Cieslinski J. Heat Transfer and Pressure Drop During Flow Boiling of Pure
Refrigerants and Refrigerant/Oil Mixtures in Tube With Porous Coating. International Journal of
Heat and Mass Transfer. 2012. V. 55. P. 2549-2558. DOI: 10.1016 / j.ijheatmasstransfer.2012.01.005.

12.Fedosov S.V., Fedoseev V.N., Loginova S.A. Heat transfer intensification during condensation of
refrigerant with straight pipelines for a heat pump heating system. E3S Web of Conferences. 2021.
V. 258. P. 09050. DOI: 10.1051 / e3sconf / 202125809050

13.Kim D.H., Park H.S., Kim M.S. The effect of the refrigerant charge amount on single and cascade
heat pump systems. International Journal of Refrigeration. 2014. V. 40. P. 254-268. DOI: 10.1016 /
j-ijrefrig.2013.10.002

14.3apunkmuii I'.A., Jleonos B.II., IuxadeB B.. AHanu3 u BEI6OP pabouux TeJ JJIsg ra30BOr0 KOHTypa
TEIIOBOTO Hacoca. MHXeHepHBIH JKypHa: HayKa 1 MHHOoBanuu. 2013. Ne 1(13). C. 146-148.

15.Harsem T.T., Grindheim J., Borresen B.A. Efficient Interaction Between Energy Demand Surplus
Heat, Cooling and Thermal Storage. Procedia Engineering. 2016. N 146. P. 210-217. DOI:
10.1016/j.proeng.2016.06.375.

16.OBcaHHUK A.B. MozennpoBaHe IIPOIECCOB TeIIO00MeHa IPY KUIIEHUU XUAKOCTel. ['oMenb:
ITTY nwm. I1.0. Cyxoro, 2012. 284 c.

17.Komesnes C.B., Caractuxun l0.H., Eiizeloc A.W. CpaBHUTesJbHBIE pacueTsl KoadduiyeHTa
TeIIOOTAA4Y! TPU KUIIEHU Y XJIaZlaTeHTOB B TpyDax. BecTHuK MeXAyHapOJHON aKaZle MUY X0JI0A.
2020. Ne 2. C. 65-72. DOI: 10.17586/1606-4313-2020-19-2-65-72.

ITocmynuaa 8 pedaxyuio 29.11.2021
IIpunama x onybaukoganuio 06.12.2021

REFERENCES

1. Galyuzhin S.D., Lobikova N.V., Lobikova 0.M., Galyuzhin A.S. Applicability of Using Modern
Energy Saving Ventilation Systems for Construction and Reconstruction of Buildings. Journal of
Science and Education of North-West Russia. 2018. V. 4. N 4. P. 27-35 (in Russian).

2. Fedosov S.V., Fedoseev V.N., Zaitseva I.A., Voronov V.A. The Hierarchy Analysis Method in
Backing Expert Judgments of Criteria for Increasing the Energy Efficiency of Air Heat Pump. Smart
composites in construction. 2021. T. 2. N 2. P. 38-47. DOI: 10.52957 / 27821919_2021_2_38 (in
Russian).

33



TOM 2, BbIMYCK 4, 2021 | VOL. 2, ISSUE 4 YMHbIE KOMNO3W1Tbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

3. Abiev R.S. Hydrodynamics and Heat Transfer of Circulating Two-Phase Taylor Flow in
Microchannel Heat Pipe: Experimental Study and Mathematical Model. Industrial and Engineering
Chemistry Research. 2019. V. 59. N 9. P. 3687-3701. DOI: 10.1021 / acs.iecr.9b04834.

4. FangX., Wu Q., Yuan Y. A general correlation for saturated flow boiling heat transfer in channels
of various sizes and flow directions. International Journal of Heat and Mass Transfer. 2017. V. 107.
P. 972-981. DOI: 10.1016 / j.ijheatmasstransfer.2016.10.125.

5. Mazurin I.M., Gerasimov R.L., Korolev A.F., Utkin E.F. Ozone-safe freons. The story of a legend
and a simple solution. Space and time. 2014. N 3 (17). P. 250-255 (in Russian).

6. Baimachev E.E., Makarov S.S. Thermal Pump Thermodynamic Cycle Modeling to Extend
Temperature Range of Air Recuperator Operation. The Bulletin of Irkutsk State Technical
University. 2014. N 6(89). P. 101-106 (in Russian).

7. Bagautdinov I.Z., Kuvshinov N.Ye. Heat sources for heat pumps. Innovative science. 2016. N 3. P.
42-44 (in Russian).

8. Makarov S.S. The use of a heat pump in the system for maintaining the microclimate of high-rise
buildings. Proceedings of universities. Investments. Construction. Real estate. 2020. V. 10. N 2 (33).
P. 250-257. DOI: 10.21285 / 2227-2917-2020-2-250-257 (in Russian).

9. Danilevsky L.N. Forced ventilation systems with heat recovery of exhaust air for residential
buildings. Theory and practice. Minsk, 2014. 128 p. (in Russian).

10.Alo M. Problems with Using the Exhaust Air Heat Pump for Renovation of Ventilation Systems in
old Apartment Buildings. Danish Journal of Engineering and Applied Sciences. 2015. P. 44-55. DOI:
10.6084 / M9.FIGSHARE.1510922.

11.Dawidowicz B., Cieslinski J. Heat Transfer and Pressure Drop During Flow Boiling of Pure
Refrigerants and Refrigerant/Oil Mixtures in Tube With Porous Coating. International Journal of
Heat and Mass Transfer. 2012. V. 55. P. 2549-2558. DOI: 10.1016 / j.ijheatmasstransfer.2012.01.005.

12.Fedosov S.V., Fedoseev V.N., Loginova S.A. Heat Transfer Intensification During Condensation of
Refrigerant With Straight Pipelines for a Heat Pump Heating System. E3S Web of Conferences. 2021.
V. 258. P. 09050. DOI: 10.1051 / e3sconf / 202125809050

13.Kim D.H., Park H.S., Kim M.S. The effect of the refrigerant charge amount on single and cascade
heat pump systems. International Journal of Refrigeration. 2014. V. 40. P. 254-268. DOI: 10.1016 /
j-ijrefrig.2013.10.002.

14.Zaritsky G.A., Leonov V.P., Likhachev V.I. Analysis and Selection of Working Media for Gas Circuit
of Heat Pump. Engineering Journal: Science and Innovation. 2013. N 1(13). P. 146-148 (in Russian).

15.Harsem T.T., Grindheim J., Borresen B.A. Efficient Interaction Between Energy Demand Surplus
Heat, Cooling and Thermal Storage. Procedia Engineering. 2016. N 146. P. 210-217. DOI:
10.1016/j.proeng.2016.06.375.

16.0vsyannik A.V. Modeling of Heat Exchange Processes During Boiling of Liquids. Gomel: GGTU im.
P.O. Sukhogo, 2012. 284 p. (in Russian).

17.Koshelev S.V., Slastikhin Yu.N., Eideyus A.I. Comparative calculations of the heat transfer
coefficient during refrigerant boiling in tubes. Vestnik Mezhdunarodnoi akademii kholoda. 2020. N
2. P. 65-72. DOI: 10.17586 / 1606 4313 2020 19 2-65-72 (in Russian).

Received 29.11.2021
Accepted 06.12.2021

34



