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This paper presents an approach for using a long short-term
memory (LSTM)-based recurrent neural network with various
configurations to construct a forecasting model for electrical load
prediction of a 110 kV substation.

The issues of unbalances arising in energy management systems
due to discrepancies between generated and consumed energy can
lead to power outages and blackouts. With the introduction of the
most accurate forecasts, the task of maintaining electrical reliabil-
ity for grid operators can be greatly simplified.

Through an investigation into 81 different parameter com-
binations, the research revealed the optimal setup for an LSTM
model in the task of electrical load forecasting. This configuration
comprised 15 neurons, a batch size of 16, and employed the Adamax
optimization algorithm. Applying this specific setup yielded a mean
squared error (MSE) of 5.584 MW? and an R? value of 0.99. High
R? values and low MSE values indicate that the LSTM model ac-
curately captures changes in electricity consumption with minimal
deviation between predicted and actual consumption values. Selec-
tion of appropriate parameters significantly enhances the perfor-
mance of the predictive model and resulted in a reduction of the
MSE error from 12.706 to 5.584 MW?2. The optimized configura-
tion of the LSTM model, tailored through extensive experimenta-
tion, enhances its predictive capabilities.

The proposed LSTM model holds practical utility for inte-
grating into systems for monitoring and forecasting mode reliabil-
ity of electrical networks, particularly in the Western energy hub
of the Republic of Kazakhstan. Its accuracy and reliability make
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it valuable for energy resource management and infrastructure
planning.

Keywords: short-term load forecasting, recurrent neural net-
works, long short-term memory-based load forecasting.
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This study’s object is an energy efficiency of residential sector.
The work is aimed at solving the task to improve the energy efficiency
of the housing sector by devising technical solutions for monitoring
and managing energy consumption and microclimate parameters of
buildings. The proposed proactive management system for residen-
tial buildings consists of multi-sensors measuring CO», temperature
and humidity, smart meters of heat and electricity consumption, and
smart plugs. The equipment is combined into single system through
an integration controller with remote user access through an interac-
tive web interface. A feature of the technical solution is the ability
to collect, process, visualize, and archive data on the consumption
of energy, as well as on the key parameters of the microclimate of
residential premises. The advantages of the system are its flexibil-
ity due to the possibility of integrating additional devices during
operation, as well as the use of standard communication protocols,
which enables the interchangeability of component elements. The
implementation and testing were carried out under the conditions
of a real pilot site. The use of the system in practice confirmed the
efficiency and stability of the operation, making it possible to obtain
data on the parameters of energy consumption and microclimate and
devising recommendations for reducing energy consumption at the
pilot site. It was established that the microclimate meets the require-
ments of the standards (air temperature is about 22 °C while relative
humidity does not exceed 60 %). Decrease in energy consumption
can be achieved by reducing the temperature of the heat carrier in
the absence of residents, as well as by considering the influence of
weather conditions. During periods of residents activity, an excess
of the permissible level of COy was recorded, therefore, automatic
ventilation systems should be provided in the apartments.

Keywords: energy efficiency, energy management, residential
building, smart equipment, internet of things, energy demand, oc-
cupants’ well-being.
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The object of this study is photovoltaic modules with different
options for the angle of their installation to the horizon at differ-
ent geographical latitudes. The scientific problem to solve was
determining the dependence of the average annual efficiency of
solar photovoltaic modules on the mounting angle of photovoltaic
modules and the value of geographical latitude. It has been proven
that the efficiency of installation of solar photovoltaic modules can
be increased by reducing the angle of their inclination to the hori-
zon depending on the value of the geographical latitude at which
they are installed. The average annual efficiency of photovoltaic
modules with different mounting angles to the horizon at differ-
ent geographical latitudes was determined as the annual weighted
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average value of the cosine of the angle of incidence of solar rays on
the plane of the photovoltaic module. The maximum of the average
annual efficiency of photovoltaic modules corresponds to a smaller
value of the angle of their installation to the horizon than the value
of the geographical latitude. So, with a latitude value of 10°, 20°,
30°, 40°, 50°, and 60°, the mounting angle of photovoltaic modules
to the horizon will be 9.5°, 18.8°, 28°, 37°, 45.8°, and 54°, respective-
ly. A dependence was derived that allows determining the mount-
ing angle of photovoltaic modules to the horizon dependent on the
value of the geographical latitude at which they are installed. A
mathematical expression was also constructed that makes it pos-
sible to determine the average annual efficiency of photovoltaic
modules depending on the angle of their installation to the horizon
for different values of geographic latitude.

The results could be used in calculating the average annual
efficiency of photovoltaic modules based on the adjusted values of
the angle of their installation to the horizon at different geographi-
cal latitudes.

Keywords: photovoltaic module, angle of incidence of solar rays,
efficiency of module installation, geographical latitude, efficiency of
photovoltaic modules.
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Green energy includes solar, wind, geothermal and other types
of energy sources generation. The object of this research is solar
concentrators. The problem to be solved is related to the develop-
ment of the structure frame, especially for solar concentrators with
flat triangular or square mirrors that approximate a parabolic shape
surface. The essence of the investigation is developing and produc-
ing several prototypes of solar concentrators that have a low cost of
materials but the devices were assembled by hand and therefore the
manufacturing cost is sufficiently high. Therefore, it is important
to reduce the cost through automation of the solar concentrator
production process. To obtain better conditions for future automa-
tion, we need to reduce the number of metal structural elements
of the solar concentrator. In this case, the automation problem is
simpler for its realization. The results obtained are related to the

improved solar concentrator structure that can be technologically
simpler than the previous one and lighter in weight. The develop-
ment of improved solar concentrator design and structure can help
reduce the cost of assembly and accelerate the solar concentrator
assembly process. In the case of mass production, they can be used
in practice. The proposed solar concentrators can be used for dif-
ferent applications, for example, green buildings in rural areas, or
chemical reactors to accelerate the chemical process of organic
waste processing. Another application is to use solar concentrators
in combination with agricultural fields. These solar concentrators
can be used with small-scale thermal energy storage (TES). Using
TES, it is possible to make power plants for green buildings. Small
solar power plants can support all the energy demands of residen-
tial houses.

Keywords: flat facet parabolic solar concentrator, solar energy,
thermal energy storage (TES).
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The article deals with the indirect methods for calculating the
temperature of asynchronous generators with the introduction of a
pulse component in the power supply circuit of the stator windings
of asynchronous generators with squirrel-cage rotor. The relevance
of this issue is determined by the need to improve asynchronous
energy converters to increase their reliability and safety.

The object of the study is an asynchronous generator with
squirrel-cage rotor, which consume 40 % of the total electricity gen-
erated, and are the most affordable. One of the dangerous modes of
asynchronous generators is their overheating as a result of increased
currents and temperatures.

The thermal protection of the stator winding of asynchronous
generators relies primarily on measuring or determining the winding
temperature.

An indirect method for determining temperature based on mea-
suring the resistance of the stator of an asynchronous generator with
squirrel-cage rotor is proposed. The method is based on superimpos-
ing pulse signals of small amplitude and high frequency of 600 Hz on
an alternating sinusoidal voltage with a frequency of 50 Hz. A simu-
lation model for a 3 kW asynchronous generator has been developed.
There were given the simulation results. The estimated values of the
active resistances of the stator can be used to indirectly determine
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the temperature of the windings in thermal protection devices of
asynchronous generators, as well as for control, monitoring and di-
agnostics of the technical condition. The research results confirm the
possibility of indirect temperature determination and the creation
of a thermal protection system for asynchronous energy converters
based on the use of estimation methods.

Keywords: asynchronous generator, indirect thermal protection,
simulation model, stator resistance, constant current components.
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Supercritical CO, (S-CO,) cycles have found applications in
power generation and can achieve high efficiency in a wide range of
temperatures and pressures. The Redlich-Kwong-Aungier real gas
equation of state is used to describe the thermodynamic properties
of the CO, working fluid. The main problem in its application lies
in modeling the phase transition between different states and the
region near the critical point of the working fluid.

The object of the study is the working process in a centrifugal
compressor located in the compression loop with the CO, working
fluid. The proposed mathematical model of the modified Redlich-
Kwong-Aungier equation of state allows for a first-order phase
transition from the liquid to the supercritical region even near the
critical point. A scaling factor was added to the modified equation



of state, significantly reducing the error in pressure determination
in a wide range of temperatures compared to the original equation of
state. The proposed mathematical model can be applied in the pure
liquid region, limited to the temperature range from 220 K to 300 K.

The mathematical model was used to solve the 3D gasdynamic
problem, specifically to determine the thermodynamic and kinematic
properties of the flow in a centrifugal compressor in a wide range
of operating modes. A comparison of the calculation results with
experimental data from the Sandia National Laboratories (USA)
report was conducted. A satisfactory agreement of the results at the
design point of the compressor characteristic was obtained (less than
5 % discrepancy).

Due to the simplicity of the equation of state and the small
number (seven) of empirical coefficients, the obtained mathemati-
cal model can be used for practical CFD tasks without significant
computational time costs.

Keywords: centrifugal compressor, CO, pure liquid region,
modified Redlich-Kwong-Aungier equation of state, fluid pressure.
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The use of hydrogen fuel as an alternative source of individual
heat supply is a rather promising direction in the development of
thermal energy. However, due to the physical properties of hydro-
gen and the peculiarities of its combustion, several problems arise
for the practical use of hydrogen heat generators. Such problems
include ensuring flare stability and large emissions of thermal ni-
trogen oxides (NOx). For stable operation of the hydrogen burner,
safe operation, and reduction of nitrogen oxide emissions when
burning hydrogen, first, it is necessary to ensure high-quality pre-
mixing with air.

This work presents the first stage of research into the operation
of a hydrogen burner for heat production in the Flow Simulation
module of the SolidWorks software environment. For volume flow
rates of air and hydrogen corresponding to capacities of 1, 1.5 and
2kW and air excess coefficient a=1.6. The given design makes it
possible to ensure uniform mixture formation (the volume fraction
of hydrogen is approximately 18.5 % at the outlet cross-section
of the burner and the speed at the outlet of the burner is 5.4, 8.1,
and 10.8 m/s, respectively. The burner is a nozzle with a short pre-
mixing chamber First, hydrogen is supplied for mixing into the air
flow through symmetrically located holes. After that, a vortex is cre-
ated, which ensures high-quality mixing of gases with a short length
of the burner, as well as a uniform distribution of velocity at the exit.

The obtained results allow to proceed to the next stage — the
study of hydrogen combustion processes in the combustion chamber
of the contact heat generator, which would ensure the formation of a
stable flame and low NOy emissions. In addition, this design can be


https://doi.org/10.1021/i160057a011
https://doi.org/10.15407/pmach2021.04.017
https://doi.org/10.1115/1.2817141
https://www.softinway.com/
https://doi.org/10.2172/984129
https://doi.org/10.2172/984129
https://www.nist.gov/
https://doi.org/10.15587/1729-4061.2021.229515
https://web.mit.edu/22.33/www/dostal.pdf
https://doi.org/10.2172/1030354
https://doi.org/10.2172/1030354
https://doi.org/10.1016/j.energy.2019.116147
https://doi.org/10.1016/j.energy.2019.116147
https://doi.org/10.1115/gt2019-90409
https://doi.org/10.1115/gt2019-90497
https://doi.org/10.1115/gt2019-90497
https://doi.org/10.1115/gt2021-59527
https://doi.org/10.1021/cr60137a013
https://doi.org/10.1115/gt2020-15194
https://doi.org/10.1115/1.4053510
https://doi.org/10.1016/j.applthermaleng.2020.115368
https://doi.org/10.1016/j.applthermaleng.2020.115368
https://doi.org/10.1016/0009-2509(72)80096-4

used in the development of hydrogen burners for heating boilers to
meet the needs of private homes and small businesses.

Keywords: hydrogen fuel, hydrogen burner, burner consump-
tion, mixture formation, heat production, nitrogen oxides.
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IIOBYTIOBA MOZEJII IPOTHO3YBAHHS EJIEKTPITYHOTO HABAHTAYKEHHSA HA OCHOBI
PEKYPEHTHOI HEMPOHHOI MEPEJKI JIJISI IIIJICTAHIII 110 KB: HA IIPUKJIAJII 3AXIZTHOTO PETTOHY
PECITYBJIIKU KA3AXCTAH (c. 6-15)

Kenessov Yerlan, Karmel Tokhtibakiev, Almaz Saukhimov, Daniil Vassilyev, Alexandr Gunin, Azamat Ilyasov

YV po6oTi npeacTaBaeHunii miAXix 10 BUKOPUCTAHHS PEKyPEHTHOI HEHPOHHOI Mepexki Ha OCHOBI 10Broi KOpoTKocTpokoBoi mam’siti (LSTM)
3 pisHUMHU KOHDIrypaitisiMu 100y 10BM MOJIETi TIPOTHO3YBAHHS €JIeKTPUIHOTO HaBaHTaxKeHHs migcTaniii 110 kB.

I[TpoGiemu ucGaianey, 0 BUHUKAE B CUCTEMAX €HEPrOMEHEKMEHTY uepe3 HEBIAOBIHICTh BUPOOJIEHOT i CIIOKUBAHOI €HEPTii, MOKYTh IIPH-
3BOZIUTH 710 T1epeboiB y mogadi enekTpoerepril. I3 BIpoBajzKeHHsM HaHOLIbIT TOYHUX TIPOrHO3IB 3aBAAHHS TATPUMKHI HAZIITHOCTI eIeKTponocTa-
YAHHS JIJIT MEPEKEBUX OTIEPATOPIB MOsKe OyTH 3HAYHO CIIPOIIEHO.

3assiku BuBueHHIO 81 pisHux KoMGiHaliii mapaMeTpis GyJI0 BUABJICHO ONTUMaIbHy KoHirypaitiio mogesni LSTM st 3aga4i iporHosyBaHHst
€JIEKTPUYHOTO HaBaHTaskeHHs. [ana koHgirypartis BKovana 15 HeiipoHis, po3mip nakety 16, 3 BUKOPUCTAHHSAM aJroputMy ontuMizariii Adamax.
B pesyJisTaTi 3acTOCYBaHHS 1Mi€i KOHKPETHOI KOH(Irypallii 3HaueHHs cepeiHboKBapaTiuHoi noxubku (MSE) cranosusio 5,584 MW? Ta snauen-
1 R? — 0,99. Bucoxi snavermsa R? i nusbki snavenns MSE BrasyoTh Ha Te, mo Mozeab LSTM Toumo dikcye 3MiHH B CIOKMBAHHI eIeKTpoeHeprii
3 MiHIMAJIbHUM BIZIXUJICHHAM MiK IIPOTHO30BAHUMHE 1 (haKTUUHUMU 3HAYEHHSAMU CHOKMBAHHS. BUOIp BIANOBIAHUX MapaMeTpiB 03BOJIIE 3HAYHO
T IBUIIATH TPOLYKTUBHICTD IPOTHO3HOI MOJIEJI Ta BHU3UTH 3HaveH st oxubku MSE 3 12,706 10 5,584 MW?2, OnrrimizoBana KoHITypattis Mozesi
LSTM, pospobiieHa B pe3yJibraTi KOMIIEKCHUX eKCIIEPUMEHTIB, JI03BOJISIE PO3IIUPHUTH il MOKIIMBOCTI TIPOTHO3YBAHHSI.

3anpornonosana Mojiesib LSTM Mae npakTiyHy HiHHICTb /U1 BIIPOBA/UKEHHSI B CUCTEMI MOHITOPUHTY Ta IIPOrHO3YBAHHS PEKMMHOI HaJIiil-
HOCTI e/IeKTPIIHIX Mepesk, 30KpeMa B 3axifHoMy enepreTiunoMmy Byani Pecry6mikn Kasaxcran. Ii Tounicts Ta HagifisicTs po6sTh ii mimHoo
JUISL YIIPABJIHHST €HepPropecypcaMu Ta IJIaHyBaHHS iHDPACTPYKTypH.

Kmo4oBi cioBa: KOPOTKOCTPOKOBE ITPOTHO3YBAHHS HABAHTAKEHH:, PEKyPEHTHI HEHPOHHI Mepeski, IPOrHO3yBaHHS HABAaHTAXKECHHS Ha
OCHOBI JIOBTOi KOPOTKOCTPOKOBOI TTaM SITi.
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PO3POBKA CUCTEMU ITPOAKTUBHOI'O MEHE/IZKMEHTY JKUT/IOBUX BYAIBEJ/Ib HA OCHOBI CMAPT-
OBJIA/THAHHA (c. 16-25)

M. B. Casuupkuii, C. €. Illexopkina, M. B. Bopayn, Maryna Babenko, C.T. Ilurankosa, B. A. Cnupunonenkos, O. M. CaBuipkuii,
Roman Rabenseifer

OG’exT IOCIKEHHST — eHeproedeKTUBHICTD KUTI0BOr0 ceKTopy. Pobora cripsamMoBata Ha BUPIIIEHHsI TPOOJIEMU MABUIICHHS eHEeproe-
(heKTUBHOCTI KUTIOBOTO CEKTOPY IIIAXOM PO3POOKM TEXHIYHUX PIllleHb 3 MOHITOPUHTY Ta YIIPABJIIHHS €HEPrOCTIOKIMBAHHAM Ta ITapaMeTPaMu
MiKporiMary GyziBesib. 3alpomoHOBaHa TIPOAKTUBHA CHCTEMA MEHEPKMEHTY KUTJIOBUX OyaiBesb CKIafaeThess 3 myasrucercopis COy,
TeMIIepaTypy Ta BOJIOTOCTI, CMapT-JYMIbHUKIB CIIOKMBAHHS TEIJIOBOI Ta eJeKTpoeHeprii Ta cMapT-posetok. ObagHants 06’ €HYEThCS B
OJIHY CHCTEMY Yepes3 IHTerpaliiiHiii KOHTPOJIep i3 BiIAJIEHUM Z0CTYIIOM KOPUCTYBaya yepes iHTepakTusHuii Beb-inrepdeiic. Ocobausictio
TEXHIYHOTO PillleHHsT € MOKJIUBICTD 360py, 06p0oOKH, Bidyasizallii Ta apXiByBaHHS JaHUX MIOA0 CIOKUBAHHS €HEPril Ta OJHOYACHO PO KO-
YOBI ITapaMeTPU MIKPOKJIIMATY JKUTJIOBUX NpUMilieHb. [lepeBaraMu cucteMu € MOSKJIMBICTD iHTETPallil 10JaTKOBUX IIPUJIA/IIB B IIPOIIECi exc-
rryaraifii Ta BAKOPUCTAHHS CTaHAAPTHUX IPOTOKOJIB POGOTH, 1110 3abe3euye B3aEMO3aMiHHICTh CKIAI0BUX eJieMeHTiB. Peasizairist Ta Tecty-
BaHHsI BUKOHAHI B YMOBaX peajibHOTO MJIOTHOTO 00’ekTa. BUKOpHUCTAHHS CHCTEME Ha MPAKTHIL TATBEP/IIIO MPAe3IaTHICTh Ta CTabiIbHICTh
PobOTH, 103BOJIMIIO OTPUMATHU JIaHi TIPO [TAPAMETPH €HEPrOCHOKUBAHHS Ta MIKPOKJIIMATY Ta 3alPOIOHYBATH PEKOMEH/IAIT ISl 3HMKEHHST
BUTpar exeprii. BeranosiieHo, 1110 MikpoKJIiMaT BiIIOBizae BUMOTaM cTaHAapTiB (Temieparypa moitpst 6;1m3bKo 22 °C Ta BiiHOCHA BOJIOTICTh
ne niepeBuiye 60 %). SHMIKEHHsT BUTPAT €HEPrii MOKe Oy TH OCATHYTO IISIXOM 3MEHIIEHHsI TEMIIEPATYPHU TEIIOHOCIS ITPU BiICYTHOCTI MeT-
KaHI[B Ta BpaXyBaHHIM TTOTOJIHUX YMOB. B mepiosu akTUBHOI AislIbHOCTI MenTKaHIiB 3adikcoBano mnepesuiienns gomyctuMoro piBas COs,
TOMY CJIi/L lepesidaunT aBTOMATUYHI CHCTEMU BEHTUJISIIIL.

Kio4oBi ciioBa: eHeproeeKTUBHICTD, EHEPrOMEHEKMEHT, KUTA0Ba Oy/IiBJIst, CMapT-00JIa[HAHHSL, IHTEPHET peveii, eHEProCIOKUBAHHS,
KOM(DOPT MENTKAHIIiB.
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BU3HAYEHH? BIVINBY KYTA BCTAHOBJIEHHA HA CEPEJTHbOPIYHY EOEKTUBHICTD HEPYXOMUX
COHAYHUX ®OTOEJEKTPUYHUX MOAYJIIB (c. 26-37)

I. A. Tony6, H. M. Ilusenkosa, B. T. Hagukto, O. A. Mapyc, O. A. SIpemenko, I. C. Omapos, A. A. Tony6enko, O. M. CykMaHIoK,
0. B. MeaBeacbkuii

OG6’exTOM J0CIIKEHH € (DOTOENEKTPUYHI MO/ i3 PI3HIMU BapiaHTaMu KyTa iX BCTAHOBJIEHHS 10 TOPU3OHTY Ha PI3HUX reorpadiunmx
mupoTtax. BupinryBanacs naykoBa 3ajiaua BCTAHOBJIEHHS 3aJIe5KHOCTI cepe/IHbOPIUHOI e(heKTUBHOCTI COHAYHUX (DOTOETEKTPUYHUX MOJLYJIiB



Bijl KyTa BCTAHOBJICHHS (DOTOETEKTPHUYHNX MOJIYJIiB Ta 3HauUeHHs reorpadiunoi mmporu. /loBeseHo, 1o eeKTUBHICTb YCTAHOBKH COHSYHUX
GoToeseKTPUYHIX MO/YJIiB MOXKHA Ii/IBUIUTH IIJIIXOM 3MEHIIEHHS KyTa iX HaXWIy /IO TOPH3OHTY 3aJIeKHO Bijl 3HaueHHs reorpadiuHoi
IUPOTH, HA SKilf BOHU BCTaHOBJIEHI. BusHauena cepeabopiuHa e(eKTUBHICTD (DOTOETEKTPUUHNX MOAYTIB i3 PI3HUMH KyTaMI BCTAHOBJIEHHS
JI0 TOPU30HTY Ha Pi3HUX reorpadivyHuX IIMPOTAX, SIK BEJINYNHA PIYHOTO CEPe/HbO3BAKECHOTO 3HAYCHHS KOCHHYCA KyTa HMa/[iHHS COHSYHUX
TPOMEHIB Ha TJIOMUHY (POTOETEKTPUIHOTO MOIYIst. MakcuMyM cepeHbopiuHOi eeKTUBHOCTI (hOTOENEKTPIUYHIX MOYJTiB BiIIIOBiZIA€ MEH-
HIOMY 3HAYEHHIO KyTa iX BCTAHOBJICHHS JI0 TOPU3OHTY HiX 3HaueHHs reorpadiunoi mmporu. Tak, npu sHauenni reorpadivnoi muporu 10°,
20°, 30°%,40°, 50° 1 60° kyT BcTaHOBJIEHHS (DOTOETIEKTPUYHUX MOJLYJIIB 10 TOPU3OHTY BiANoBiaHO ctanoButume 9,5°, 18,8°, 28°, 37°, 45,8° Ta 54°.
OTpumano 3ajeKHiCTh, KA TO3BOJISE BUBHAUYNTH KyT BCTAHOBJICHHS (hOTOETEKTPUYHIX MOJYJIB /0 TOPU3OHTY Bijl 3HAYE€HHS Teorpadidnoi
LUIMPOTH HA SIKill BOHM BCTAHOBJICHI. TaKOK OTPUMaHO MaTeMaTHYHUN BHPa3, SIKUI /I03BOJISIE BU3HAYUTH CCPEIHBOPIUHY e(heKTUBHICTH (hOTO-
eJIEKTPUIHIX MOJYJIiB 3aJIe5KHO Bifl KyTa iX BCTAHOBJIEHHS /IO TOPU30HTY [IJIsI PI3HUX 3HAYEHb reorpadivHol IMIpoTH.

PesynsraTn MOKYTh OyTH BUKOPUCTaHI TIPU PO3PAXyHKAX CEPEAHBOPIUHOI e(heKTUBHOCTI (hOTOENEKTPUIHIX MO/Y/IIB BUXOAAYN 3 KOPH-
TOBaHMX 3HAYEHb KyTa iX BCTAHOBJICHHS 10 TOPU30HTY HA Pi3HUX reorpadiyHIX MIMPOTaX.

Kmouogi cioBa: hoToereKTpIIHIit MO/ Tb, KYT TTAiHHS COHSUYHUX TIPOMEHIB, e(peKTUBHICTD YCTAaHOBKU MOJYJIiB, reorpadivyHa mupoTa,
e(eKTUBHICTD (DOTOCTIEKTPUIHNX MOJLYJIIB.
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VIOCKOHAJIEHHS KOHCTPYKII COHAYHOTIO KOHIIEHTPATOPA (c. 38-45)

Tetyana Baydyk, Masuma Mammadova, Graciela Velasco, Ernst Kussul

3ejieHa eHepreTUKa BKJIIOYAE BUPOOHUIITBO COHAYHOI, BITPOBOI, TeoTepMaabHOI Ta iHmuX BuAiB eHeprii. O6’€KTOM AOCTIIKEHHA €
COHsIUHI KOHIIeHTpaTopu. Po3B’s13yBana 3a/1aya MoB’s13aHa 3 po3poOKOI0 KapKaca KOHCTPYKILii, 30KpeMa JIJIsl COHSTYHIX KOHI[EHTPATOPIB 3
MJIOCKMMU TPUKYTHUME 200 KBaIPATHUMH JI3€PKaJTaMH, 1[0 HAOJMKAIOTHCSI 10 MOBePXHi mapabostiunoi hopmu. CyTh JOCTIKEHHS TTOJISTAE
y po3po0Ii Ta BUTOTOBJICHHI KIJIBKOX MPOTOTHIIB COHAYHUX KOHIIEHTPATOPIB, IO BIAPI3ZHAIOTHCA HU3BKOIO BapPTICTIO MaTepiaiB, ajae mpu
I[BOMY TIPUCTPOi 36MPAIOTHCS] BPYUYHY, i TOMY BapTiCTh BUTOTOBJEHHS OCUTH BcOKa. OT:Ke, BaXK/IMBO 3HU3UTH BUTPATH 3 PaXyHOK aBTO-
MaTH3allii mpoIecy BUPOOHUIITBA COHAYHNX KOHIEHTPATOPiB. [/ OTpUMAaHHST KPAluX yMOB /Ul MaiiOyTHOI aBTOMaTu3alii HeoOXigHO
CKOPOTHUTH KiJIbKICTh MeTaleBUX KOHCTPYKTHBHIX €JI€MEHTIB COHSYHOTO KOHI[eHTparopa. Y IIbOMY BMIIQJIKy 3aBJIaHHS aBTOMATH3aIlil
CITPONUIYETHCS /1A 1 peasisariii. OTpuMaHi pe3yIbTaTi OB’ S3aHi 3 YIOCKOHAIEHOIO KOHCTPYKITEIO COHSIYHOTO KOHIIEHTPATOPA, 10 MOXKe
Gy TH TEXHOJIOTIYHO TIPOCTIIIO 3a MOMEPEHIO 1 JIETIIon 3a Barow. Po3pobKa yIOCKOHAIEHO IU3aiiHy Ta KOHCTPYKINi COHIYHOTO KOH-
IEHTPATOPa MOKE OTIOMOTTH 3HU3UTH BaPTiCTh 30ipKH Ta IPICKOPUTH MPOIeC 30MPAHHS COHSIHIX KOHIEHTPATOPIB. Y pasi MacoBOTO BH-
POOHUIITBA BOHKM MOKYTh OYTU BUKOPUCTAHI HA MPAKTUIL. 3allPOIOHOBAHI COHAYHI KOHIIEHTPATOPH MOYKHA BUKOPUCTOBYBATH JIJISl PI3HUX
iJTeld, HaPUKJIaJL, AJs1 3eJeHnX OYaiBesb y CilIbehKill MiciieBocTi aG0 XiMiYHUX PeakToOpiB /st TIPUCKOPEHHS XiIMIYHOTO MpoIecy epepod-
Ku opraHiynux Biaxomis. llle oxnnM 3acTocyBaHHSM € BUKOPHCTAHHS COHIYHIX KOHIIEHTPATOPIB ¥ TOEAHAHHI 3 CITbCHKOTOCTIOIAPCHKUMNA
nosistMut. i COHSIUHI KOHIIEHTPATOPH MOKYTh BUKOPHCTOBYBATHUCS 3 MajJorabapuTHUMU HakonudyBadamu Terosoi exeprii (HTE). 3a
nornomoroto HTE MoskHa CTBOPIOBATH €JIEKTPOCTAHIN /ist 3esieHnXx OyaiBesb. HeBesmKi cOHAYHI eIeKTPOCTaHIlii MOXKYTh 3a0BOJIbHUTH
BCi eHepreTHyHi MoTpedu KUTIOBHUX Oy IMHKIB.

KiouoBi caoBa: 11ocKorpanimii napabosivHuil COHIUHIN KOHIIEHTPATOP, COHsIYHA eHepris, HakormdyBay Terosoi eneprii (HTE).
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HENPAMUIT TEMIIEPATYPHUIT 3AXUCT ACUHXPOHHOTI'O TEHEPATOPA IILJIIXOM
BUMIPIOBAHH OIIOPY OBMOTKU CTATOPA 3 HAKJAJJTEHHAM BUCOKOYACTOTHHX
IMITYJIbCHHUX CUTHAJIIB (c. 46-53)

Gulim Nurmaganbetova, Sultanbek Issenov, Vladimir Kaverin, Gennady Em, Gibrat Asainov, Zhanara Nurmaganbetova,
Yuliya Bulatbayeva, Ruslan Kasym

Y cTarTi po3IIAHYTO HENpPsIMi METOIM TeMIIEPATYPHOTO PO3PAXyHKY aCMHXPOHHUX TeHepaTopiB i3 BBEJEHHAM IMITyJIbCHOI CKJIal0BOI B
JIQHITIOT KUBJIEHHST OOMOTOK CTaTOpa aCHHXPOHHUX TeHEPATOPIB 3 KOPOTKO3aMKHEHUM POTOPOM. AKTYaJIbHICTh JAHOTO TIMTAHHS BU3HAYAECTh-
cs1 HeoOXi/THICTIO BJIOCKOHAJIEHHST aCHHXPOHHUX [IEPETBOPIOBAYIB €HEPTii 3 METOIO TiIBUIIEHHSI X HAAIiIHOCTI Ta Ge3meKu.

O06’€KTOM JOCIIIIPKEHHS € ACHHXPOHHI TeHEPATOPH 3 KOPOTKO3aAMKHEHIIM POTOPOM, SIKi CIIOKUBAIOTH 40 % 3araibHoi BUPOOIEHOT e1eKTpo-
eHeprii Ta € Hali6iIbII OCTYMHIMIY 3a 1iHOW. OHUM 3 HEOE3IEUHNX PEKUMIB POOOTH ACHHXPOHHUX TEHEPATOPIB € iX Meperpis B pesyasraTi
T ABUIEHHS CTPYMIB 1 TemMIeparyp.

TenmoBuii 3aXUCT OOMOTKM CTATOPA ACHHXPOHHUX T€HEPATOPIB GAa3yEThCsl B OCHOBHOMY Ha BUMIpIOBaHHI a00 BU3HAYEHH] TeMIIepaTypH
0OMOTKH.

3amnpoIroHOBAaHO HENIPSIMUIT METO/[ BU3HAYEHHS TeMIIepaTypy Ha OCHOBI BIMIiPIOBAaHHS OIOPY CTaTOPa aCMHXPOHHOTO reHepaTopa 3 Ko-
POTKO3aMKHEHUM POTOPOM. MeTo/| 3aCHOBaHMIT HA HAKJIa/IeHH] IMITyJIbCHUX CUTHAJIIB MaJoi aMIiiTyu i Bucokoi yacroru 600 It Ha 3MiHHY
cunycoiary Hanpyry yactoroio 50 [t Pospobiieno imitaiiiiny Mojiesb acMHXPOHHOTO reneparopa nmotysuictio 3 kBr. Hasenerno pesyibsratn
MozesrioBarHst. PO3paxyHKOBI 3HAYEHHST aKTUBHKX OIOPIB CTATOPa MOXKYTh OYTH BUKOPHCTAHI JIJIsI OMIOCEPEIKOBAHOTO BU3HAUYEHHSI TEMITEpa-
TYpH OOMOTOK B IIPUCTPOSIX TEMIIOBOTO 3aXUCTY ACHHXPOHHUX F€HEPATOPIB, & TAKOXK JIJIs1 KOHTPOJII0, MOHITOPHMHTY Ta JiarHOCTUKH TEXHIYHOTO
crany. PesybraTil 10CTiPKeHb MiATBEPAKYIOTh MOKIUBICTD HEITPSIMOTO BU3HAYEHHS TeMIepaTypH Ta CTBOPEHHS CUCTEMU TEIIIOBOTO 3aXHC-
Ty aCUHXPOHHUX [1€PeTBOPIOBAUiB eHeprii Ha OCHOBI BUKOPUCTAHHS METO/[IB OL[iHKU.

KmouoBi cioBa: acuuXpoHHUI reneparop, HeMpsIMUIT TETIJIOBUI 3aXHCT, iMiTaIliifila MOIeJTb, OMip CTaTopa, TMOCTiiHi CKIAI0BI CTPYMY.
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BUSIBJIEHHS BILTUBY BUKOPHUCTAHHSI MOJU®IKOBAHOTO PIBHSIHHS CTAHY PEJIJIIXA-
KBOHTA-AHI"€ HA PO3PAXYHOK TEUIi PIIKOTO JIOKCHY BYIJIELIO B BIIIIEHTPOBOMY
KOMIIPECOPI (c. 54—65)

I. C. Bopo6iiosa, [I. A. loamatos, K. B. @ecenko, 0. O. Cucoes, O. /1. lerrsapbos, M. 10. Isamenko

Hagxputmuni mukan CO; (S-COy) 3HANIIIN 3aCTOCYBAHHS B €HEPTETHILI i MOXKYTH [OCATATH BUCOKOI e(heKTUBHOCTI y TUPOKOMY Jlia-
1a3oHi Temiiepatyp i TuckiB. PiBHSIHHS cTany peasnbHoro ra3y Pejutixa-KBoHra-AHI'€ BUKOPHCTOBYETHCS /IS OINCY TEPMOIMHAMIUYHUX HTapa-
MetpiB pobouoi piaunun CO,. Haiibinbiroo mpobaeMoro pu 0ro BUKOPUCTAHHI € MojieIioBat st (ha3oBOTO Mepexoity MizK PI3HUMU CTaHaAMU
Ta 06JIACTI0 KPUTUYHOT TOYKM POOOUOI pimHu.

O06’ekTOM JI0CIIKEHHS € poOoUMil TIPOIeC B BiIIEHTPOBOMY KOMIIPECOPI, PO3TAIIOBAHOMY B KOHTYPI CTUCHEHHS 3 po604oio piunoio COs.
3amporoHoBana MaTeMaTHIHa MO/IeTb MOII(iKoBaHOTO PiBHAHHI cTany Pemmixa-KBonra-Anr’e 103Bosisie BUKOHyBaTH (ha3oBHUil TIEpeXi/T epIioro
POy 3 PiAKOI 10 HAAKPUTHYHOL obJacTi HaBiTH 1106J1y13y KPUTHYHOI Touku. B MopudikoBane piBHSHHS CcTaHy /10/1aHO Macm1‘a6uy IIOIIPABKY, 1110
JI03BOJIMJIO 3HAYHO 3MEHIIUTH MOXUOKY Y BU3HAYEHH] THCKY B ITIPOKOMY [alla30Hi TEMIIEPATYP TIOPIBHSIHO i3 BUXIAHUM PIBHSIHHSIM CTaHy. 3arpo-
MOHOBaHA MATEMATHYHA MOJIEJIb MOKE 3aCTOCOBYBATUCH B 0OIACTI YMCTOI PisMHH, 0OMeKeHOI AianazoroM temmeparyp sia 220 K g0 300 K.

MaremaTiuHa MOJIeTb BUKOPUCTAHA [IJIsl BUPIlIeHHs aepoiuHamMiuHoi 3aa4i y 3D nipoctopi, 30kpema /i1t BUSHAYEHHST TEPMOIUHAMIYHITX
Ta KiHEeMaTHYHUX BJIACTUBOCTEH MOTOKY Y Bi/[IIEHTPOBOMY KOMIIPECOPI B IIMPOKOMY Jlialia3oni peskiMiB poboTu. IIpoBesieHo criiBeTaBaeHHst
PE3YJIBTATIB JOCIIIKEHHS 3 ekcriepuMenToM 3i 3BiTy Sandia National Laboratories (CIITA). Otpumano 3a10BiibHuil 36ir pesy braris y po-
60uiif TOYIl XapaKTePUCTUKH KOMITpecopa (MeHiie 5 % po3bisKHOCTI).

3aBjisiku 1pocToTi GOpPMU PIBHSIHHS CTaHy Ta HEBEJIMKIiH KiabKOCTI (ciM) eMmipunyHuX Koe(illieHTiB, OTpUMaHa MaTeMaTHYHa MO/IENb
MOJKe BUKOPUCTOBYBATHUCS [JISI IPAKTHYHIX 3a/1a4 0GUMCIIOBAIBHOI MAIPOAMHAMIKY 6€3 3HAYHUX BUTPAT 0GYNCIIIOBAIBHOTO Yacy.

KiiouoBi ciioBa: BiieHTpoBuii komipecop, obmactb unctol piguan CO,, MomudikoBane piBHsiHHs cTany Peurixa-KBonra-Anr'e, Tuck
piauHu.
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BU3HAYEHHS OCOBJIUBOCTEI ITIPOIECY CYMINIOYTBOPEHHS BO/THEBOTO MAJIBHUKA (c. 66-72)

K. O. Pomanosa, I. O. Mituenko

BukopucTanHs BOJIHEBOTO MA/INBA B SIKOCTI aJIBTEPHATUBHOTO JUKEPeJIa iH/ANBIZlyaJIbHOTO TEILIONIOCTAYaHHSI € IOCUTD [IePCIIeKTUBHNIM Ha-
MPSIMKOM PO3BUTKY TEILIOBOI eHepreTuku. [Ipore, uepes (hisuuni BJacTUBOCTI BOAHIO Ta 0COOJMBOCTSIMU HOTO TOPIHHS BUHUKAE P TPoOIeM
JUIST IPAKTUYHOTO 3aCTOCYBaHHsI BOIHEBHX TeryioreHepaTopis. J[o Takux mpobiem Hajiekarh 3ade3nedeHtst cTabiibHOCTI (hakesy Ta BeJuKi
BUKUAU TepMivHuX okcuiB azoty (NOx). s ctabinbHoi poboTH BOAHEBOTO NAJIbHUKa, Oe3[eHOT eKCITyaTallii Ta 3HUKEHHS BUKU/B OKCH-
B a30Ty TIPY CMIATIOBAHHST BOIHIO B TIEPIIY Yepry HeoOXiZHO 3a0e3MednTH SIKiCHe TOTIePE/IHE 3MITITYBAHHSI 3 TIOBITPSIM.

B naniii poGoTi HaBeIEHO MEPIIHIA eTal JOCTiKEeHH. POOOTH BOIHEBOTO NATbHUKA /s BUPOOHUIITBA Teriotu B Moy Flow Simulation
nporpamtuoro cepegosuiia SolidWork. /ljist 06’eMHUX BUTpaT moBiTpst Ta BOAHIO, IO BiANOBiAai0Th noTy:kHocTaM 1, 1,5 Ta 2 KBT Ta koediti-
€HTY HAUINIIKY MOBiTps a=1,6. HaBeaeHa KOHCTPYKIList 1a€ MOKJIUBICTh 3a0€31eunTH PIBHOMIPHE CyMiIoyTBOpeHHs (00’€éMHA YacTKa BOIHIO
ckyraziae npubmsto 18,5 % 1o BuUXiHOMY nepepisy najbHUKa Ta MBUAKICTb Ha BUXO/I 3 aJdbHUKA BifnosigHo 5,4, 8,1, 10,8 m/c. IanpHuk
npecTaBiIsie coG0I0 COTUIO 3 KOPOTKOIO KaMepOoIo TOTIePeIHbOTo 3MinryBatHst. CIIOYaTKy BOAEHD MOMAETHCS IS 3MILITyBaHHSI B MOBITPSIHUT
MOTIK Yepe3 CUMETPUYHO Po3TanioBani oTBopu. ITicsist 40ro CTBOPIOETHCS 3aBUXPEHHS, 1[0 3a0€3I1eUyIOTh SIKICHE 3MIllyBaHHS Ta3iB [IPU MaJiit
JIOBKUHI MTATBHIKA, @ TAKOXK PIBHOMIPHUI PO3MOII MBUIKOCTI HA BUXO/II.

OTpumani pe3yJsTaT 03BOJISIOTh EPENTH JI0 HACTYITHOTO eTalty — JOCJI/IKEHHS TIPOIECiB TOPiHHS BOIHIO B TONKOBiil KaMepi KOHTaK-
THOTO TeIIoreHeparopa, siki 6 sabesnedysaa GpopmyBaHHs criiikoro daxeny Ta Hu3bki Bukuan NOyx. Kpim Toro, Taka KOHCTPYKILisi MOXKe
OyTH BUKOpPHCTaHA TIPK PO3POOIT BOJAHEBUX MMAJIbHUKIB ONATIOBAIBHUX KOTJIB /IS 3a0e31edeHtst moTped MPUBATHUX OYIMHKIB Ta MaJUX
1 ITPUEMCTB.

Ki1040Bi clioBa: BojiHeBe aIiBo, BOAHEBHIA TTATBHIK, BUTPATHI IOKA3HUKK MAJIbHUKA, CYMIlIOYTBOPEHHS, BUPOOHUIITBO TEIL/Ia, OKCU/IH A30TY.



