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Prolonged operation of the gas-transport system in conditions of
partial loading involves frequent changes in the volume of gas trans-
portation, which necessitates prompt forecasting of system operation.

When forecasting the modes of operation of the gas transport
system, the main criterion of optimality implies the maximum vol-
ume of gas pumping. After all, in this case, the largest profit of the
gas-transport company is achieved under the condition of full provi-
sion of consumers with energy.

In conditions of incomplete loading of the gas-transport system
caused by a shortage of gas supply, optimality criteria change signifi-
cantly. First, the equipment is operated in ranges far from nominal
ones which leads to growth of energy consumption. Secondly,
changes in performance cause high-amplitude pressure fluctuations
at the outlet of compressor stations.

Based on mathematical modeling of nonstationary processes,
amplitude and frequency of pressure fluctuations at the outlet of
compressor stations which can cause the pipeline overload have
been established. To prevent this, it was proposed to reduce initial
pressure relative to the maximum one. Calculated dependence was
obtained which connects the amplitude of pressure fluctuations with
the characteristics of the gas pipeline and the nonstationary process.

Reduction in energy consumption for transportation is due to
the shutdown of individual compressor stations (CS). Mathematical
modeling has made it possible to establish regularities of reduction of
productivity of the gas-transport system and duration of the nonsta-
tionary process depending on the location of the compressor station
on the route. With an increase in the number of shutdown compres-
sion stations, the degree of productivity decrease and duration of
nonstationarity reduces

The established patterns and proposed solutions will improve
the reliability of a gas-transport system by preventing pipeline
overload and reduce the cost of gas transportation by selecting
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running numbers of shutdown stations with a known decrease in
productivity.

Keywords: gas-transport system, compressor station, linear sec-
tion, incomplete loading, nonstationary process.
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The heat convection phenomenon has been investigated nu-
merically (mathematically) for a channel located horizontally and
partially heated at a uniform heat flux with forced and free heat
convection. The investigated horizontal channel with a fluid inlet
and the enclosure was exposed to the heat source from the bottom
while the channel upper side was kept with a constant temperature
equal to fluid outlet temperature. Transient, laminar, incompressible
and mixed convective flow is assumed within the channel. Therefore,
the flow field is estimated using Navier Stokes equations, which
involves the Boussinesq approximation. While the temperature field
is calculated using the standard energy model, where, Re, Pr, Ri are
Reynolds number, Prandtl number, and Richardson number, respec-
tively. Reynolds number (Re) was changed during the test from 1 to
50 (1, 10, 25, and 50) for each case study, Richardson (Ri) number
was changed during the test from 1 to 25 (1, 5, 10, 15, 20, and, 25).
The average Nusselt number (Nuav) increases exponentially with
the Reynold number for each Richardson number and the local
Nusselt number (Nul) rises in the heating point. Then gradually
stabilized until reaching the endpoint of the channel while the local
Nusselt number increases with a decrease in the Reynolds number
over there. In addition, the streamlines and isotherms patterns in
case of the very low value of the Reynolds number indicate very low
convective heat transfer with all values of Richardson number. Fur-
thermore, near the heat source, the fluid flow rate rise increases the
convection heat transfer that clarified the Nusselt number behavior
with Reynolds number indicating that maximum Nu no. are 6, 12, 27
and 31 for Re no. 1, 10, 25 and 50, respectively.

Keywords: mixed convection, channel, uniform heat flux, Rich-
ardson number, open cavity.
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The search for new and improvement of existing technical design
of energy converter systems for specific consumers requires a reason-
able choice of the most rational design for these objects.

Thermotransformers that operate on the reverse and mixed
thermodynamic cycles, in combination with power plants utilizing
renewable and non-traditional primary energy (fuel), are considered
to be of interest for small-scale power generation (trigeneration
systems), which is consistent with the concept of distributed energy
generation.

Cold in trigeneration systems is provided by heat-using thermo-
transformers.

This paper reports a method for synthesizing a scheme-cycle
designs of absorption water-ammonia thermotransformers that
utilize renewable heat sources with a low-temperature potential of
90-250 °C.

A “cycle method” was applied to perform the thermodynamic
analysis of the cycle of simple absorption thermotransformers with
the expansion of the degazation zone with an increase in the tem-
perature of the heating source; the technological schemes for the
corresponding cycles have been substantiated.

The influence of changing the degazation zone on the energy ef-
ficiency of the machine has been established. A scheme-cycle designs
of the thermochemical compressor for a thermotransformer with a
return supply of solutions to the generator and absorber at “excess
temperatures” has been proposed, as a way to improve the cycle
energy efficiency.

A comparative analysis of the degree of thermodynamic perfection
of the considered cycles has been performed using a specific example.

The thermodynamic analysis demonstrated that the practical
implementation of the scheme-cycle designs “with excess tempera-
tures” could provide energy-saving conditions in small-scale trigen-
eration systems.

Keywords: thermodynamic analysis, “cycle method”, absorp-
tion water-ammonia thermotransformer, degazation zone, excess
temperature.
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The study was devoted to solving the issue of creating new electric
heating devices that can be used in autonomous heat supply systems.
The issues were resolved by developing an original low-pressure electric
steam heater. The study was aimed at improving the efficiency of heat
supply systems for buildings and structures. Given the current trends
in the global striving for energy conservation, it cannot be fully real-
ized without the introduction of high-tech and low-energy-consuming
electrical equipment. As a result of theoretical studies of a heat pipe
with an electric heater, a design of an electrovacuum heating element
has been developed. The low-pressure electric steam heater can be used
in heat supply systems of autonomous users. Thermal energy transfer is
currently accompanied by substantial energy losses since the heat car-
rier has to pass considerable distances. Switching of the facility to the
heating plant is impossible in some cases because of technical problems
or significant material costs for laying pipelines. As a result of the study,
the dependence of heating the heat pipe at various volumes of the heat
carrier and mass of the pipe itself was established. When a certain mass
is reached, the temperature of the heating surfaces can reach 70 °C
which is considered acceptable. The experimental data obtained have
made it possible to develop an electric heater of new generation with a
fundamentally new design of the heating element. Tt combines the ef-
ficiency of an electric spiral and comfortable warmth from a traditional
radiator. This heater is an explosion and fire-safe and can be integrated
into the Smart Home system.

Keywords: heating radiator, electric heater, energy saving, heat
supply system, heating device, autonomy, energy efficiency, electricity.
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The analysis of operating conditions of induction traction mo-
tors as part of traction electric drives of electric locomotives reported
here has revealed that they are powered by autonomous voltage
inverters with asymmetric non-sinusoidal voltage. It was established
that the induction motor operation may be accompanied by defects
caused by the asymmetrical modes of the motor stator. A model of
the induction motor has been proposed that takes into consideration
changes in the values of mutual inductance of phases and complete
inductance of the magnetization circuit due to changes in the geo-
metric dimensions of the winding caused by a certain defect. An
algorithm that considers the saturation of the magnetic circuit of the
electric motor has been proposed.

This approach to modeling an induction motor is important
because if one of the stator’s windings is damaged, its geometry
changes. This leads to a change in the mutual inductance of phases
and the complete inductance of the magnetization circuit. Existing
approaches to modeling an induction motor do not make it possible
to fully take into consideration these changes.

The result of modeling is the determined starting characteris-
tics for an intact and damaged engine. The comparison of modeling
results for an intact engine with specifications has shown that the
error in determining the controlled parameters did not exceed 5 %.

The modeling results for the damaged engine demonstrated that the
nature of change in the controlled parameters did not contradict the
results reported by other authors. The discrepancy in determining
the degree of change in the controlled parameters did not exceed
10 %. That indicates a high reliability of the modeling results.

The proposed model of an induction electric motor could be
used to investigate electromagnetic processes occurring in an electric
motor during its operation as part of the traction drive of electric
locomotives.

Keywords: induction traction motor, traction drive of electric
locomotive, asymmetry of windings, saturation of the magnetic
circuit.
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The design and adjustment of modern gas turbine engines sig-
nificantly rely on the use of numerical research methods.

This paper reports a method devised for calculating the ther-
mogasdynamic parameters and characteristics of a turboshaft gas
turbine engine. The special feature of a given method is a two-
dimensional blade-by-blade description of the compressor in the
engine system. Underlying the calculation method is a nonlinear
mathematical model that makes it possible to describe the estab-
lished processes occurring in individual nodes and in the engine in
general. To build a mathematical model, a modular principle was
chosen, involving the construction of a system of interrelated and
coordinated models of nodes and their elements.



The approach used in modeling a two-dimensional flow in the
compressor makes it possible to estimate by calculation a significant
number of parameters that characterize its operation.

With the help of the reported method, it is possible to estimate
the effect of changing the geometric parameters of the compressor
height on the characteristics of the engine. To take into consider-
ation the influence of variable modes of air intake or overflow in vari-
ous cross-sections along the compressor tract, to determine the effect
of the input radial unevenness on the parameters of the compressor
and engine in general.

To verify the method described, the calculation of thermogas-
dynamic parameters and throttle characteristics of a single-stage
turboshaft gas turbine engine with a 12-stage axial compressor was
performed. Comparison of the calculation results with experimental
data showed satisfactory convergence. Thus, the standard deviation
of the calculation results from the experimental data is 0.45 % for the
compressor characteristics, 0.4 % for power, and 0.15 % for specific
fuel consumption.

Development and improvement of methods for calculating the
parameters and characteristics of gas turbine engines make it pos-
sible to improve the quality of design and competitiveness of locally-
made aircraft engines.

Keywords: gas turbine engine, throttle characteristic, axial com-
pressor, blade-by-blade two-dimensional modeling.
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The paper presents studies of the system “induction generator-
induction motor” with parametric asymmetry on a mathematical
model to determine the quality of generated electricity in load
operating modes. A mathematical model of the “induction generator-
induction motor” system has been developed taking into account
losses in steel and parametric asymmetry. The analysis of the tran-
sient characteristics of an induction generator when a motor load is
connected in symmetrical and asymmetrical modes of operation is
carried out. The results of changes in the main characteristics of an
induction motor at various degrees of parametric asymmetry in the
generator are presented. The quality of the generated electricity was
analyzed based on the calculations of the unbalance coefficients for
each of the operating modes. The assessment of the thermal state in
steady-state conditions was carried out using an equivalent thermal
equivalent circuit. Thermal transients were investigated when start-
ing an induction motor from an autonomous energy source based
on an induction generator. On a thermal mathematical model, the
study of the effect of the output voltage asymmetry on the heating of
the connected induction motor was carried out. It is shown that the
asymmetry of the output voltage of an induction generator reaches
3-10 % and causes overheating of the windings in excess of the per-
missible values. A regression model has been developed for studying
the operating conditions of an induction motor when powered by
an induction generator with an asymmetry of the stator windings.
The use of the obtained equations will make it possible to determine
the most rational combination of factors affecting the heating of
the stator windings of induction machines, in which they will not
overheat above the maximum permissible temperature values of the
corresponding insulation classes.

Keywords: induction generator, induction motor, mathematical
model, hodograph, thermal model, regression analysis.
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The thermal coefficient of a solar photovoltaic (PV) panel is
a value that is provided with its specification sheet and tells us
precisely the drop in panel performance with rising temperature.
In desert climates, the PV panel temperatures are known to reach
above 70 degrees centigrade. Exploring effective methods of increas-
ing energy transfer efficiency is the issue that attracts researchers
nowadays, which also contributes to reducing the cost of using
solar photovoltaic (PV) systems with storage batteries. Temperature
handling of solar PV modules is one of the techniques that improve
the performance of such systems by cooling the bottom surface of
the PV panels. This study initially reviews the effective methods of
cooling the solar modules to select a proper, cost-effective, and easy
to implement one. An active fan-based cooling method is considered
in this research to make ventilation underneath the solar module. A
portion of the output power at a prespecified high level of battery
state-of-charge (SOC) is used to feed the fans. The developed com-
parator circuit is used to control the power ON/OFF of the fans. A
Matlab-based simulation is employed to demonstrate the power rate
improvements and that consumed by the fans. The results of simula-
tions show that the presented approach can achieve significant im-
provements in the efficiency of PV systems that have storage batter-
ies. The proposed method is demonstrated and evaluated for a 1.62
kW PV system. It is found from a simultaneous practical experiment
on two identical PV panels of 180 W over a full day that the energy
with the cooling system was 823.4 Wh, while that without cooling
was 676 Wh. The adopted approach can play a role in enhancing
energy sustainability.

Keywords: temperature effects on PV, cooling techniques, solar
photovoltaic PV, thermal simulation, passive air cooling.
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IMPOTHO3YBAHHS PAIIIOHAJIbHUX PEKHMIB POBOTU TPUBAJIOEKCIINIYATOBAHUX
TA3OTPAHCIIOPTHUX CUCTEM B YMOBAX iX HEIIOBHOTO 3ABAHTAKEHHS (c. 6-15)

B. 4. I'pyxas, A. B. I'pyas, M. M. dxkumis, M. M. fxumis, II. A. fdroxa

TpuBasa eKCIIyaTallisi Ta30TPAHCIIOPTHOI CUCTEMU B YMOBAX HETIOBHOTO 3aBaHTAKEHHS TTepenayac 9acTi 3MiHN 0OCATIB TPAHCTIOPTYBaHHS
rasy, 1o BUKJINKA€E HeOOXiTHICTh B OMEPATHBHOMY MPOTHO3YBaHHI PEKIMIB POOOTH CUCTEMU.

IIpu NporHO3yBaHHI PEKUMIB POGOTH Ta30TPAHCIIOPTHOI CUCTEMU OCHOBHUM KPUTEPIEM ONTUMAIBHOCTI BBAJKAETHCSA MAKCUMYM 00CTY
MepeKadyBaHHst rasy. AJKe B [[bOMY BHUIAKY OCSTAETHCS HAHOIMBITNI MPHOYTOK Ta30TPAHCIOPTHOTO IAMPHEMCTBA 32 YMOBH MOBHOTO
3a6e3MeyeHHsI CIOKNBAYIB EHEPIOHOCIEM.

B ymoBax HEMOBHOTO 3aBaHTAKEHHS TA30TPAHCIIOPTHOT CHCTEMH, BUKJINKAHUX /1e(DIIINTOM ITOCTaYaHHs ra3y, KpUTepii OnTHMaIbHOCTI
CyTTEBO 3MiHIOIOThCS. [lo-Tepiire, 06MaHAHHS EKCILIYaTyEThCsT B OOIACTI PERUMIB, MaJeKUX BiJl HOMIHAJIBHUX, 1O TPU3BOAUTH [0
3pocranus eHeprosutpar. Ilo-apyre, 3MiHM IPOAYKTUBHOCTI BUKJIMKAIOTh KOJMBAHHS TUCKY HAa BHUXO/I KOMIIPECOPHUX CTaHIH 3
3HAYHUMHI aMILTiTylaMN.

Ha ocHOBi MaTeMaTn4HOrO MOJIEJIOBAHHS HECTAI[lOHAPHUX IPOIECIB BCTAHOBJEHO aMILIITY/y i 4acTOTY KOJMBAHHS THUCKY Ha BUXO/i
KOMIIPECOPHUX CTAHINH, 10 MOKE CHPUYMHUTH TepeBaHTakeHHst Tpybonposoay. st 3amobiraHust 1boMY HPOMOHYETHCS 3HUKYBATH
MIOYATKOBUI THCK TI0 BiZIHOMIEHHIO /I0 MaKCHUMasabHOro. OTprMaHa PO3paxyHKOBA 3aJI€KHICTDh, SIKa MOB'SI3y€ aMILTITYZy KOJINBaHb THCKY 3
XapaKTePUCTHKAMU a30IIPOBO/LY 1 HeCTalliOHAPHOTIO IIPOLIeCy.

SHITKEHHS €HepTOBUTPAT Ha TPAHCIIOPT TTOB sI3aHO 3 BUKJIIOUEHHSIM 3 eKCTTyaTallii okpeMux kommpecopuux ctantiil (KC). Matematnumne
MOJIETIOBAaHHS JIO3BOJINJIO BCTAHOBUTH 3aKOHOMIPHOCTI 3HI)KEHHS [TPO/LyKTUBHOCTI Ta30TPAHCIIOPTHOI CHCTEMU 1 TPUBAJIOCTI HECTAIlIOHAPHOTO
MIPOIECY B 3aJIEKHOCTI Bijl PO3MINIEHHsT KOMIIPECOPHOI cTaHmil Ha Tpaci. 3 36iibmenHsyM Homepa Bukiodenoi KC cTyminb 3HMKEHHS
MIPOZYKTUBHOCTI 1 TPUBAIICTH HECTAI[IOHAPHOCTI 3MEHTITYIOTHCSI.

Bcranosieni 3aKkOHOMIPHOCTI 1 3aIIpONIOHOBAHI PillleHHS /I03BOJIATD MIABUIUTH HAIHHICTD eKCILIyaTallii ra30TpaHCIOPTHOI CHCTEMH
3a PaxyHOK 3aM00iraHHs MepeBaHTaKeHHs TPYOOIPOBOLY i CKOPOTUTH 3aTPATH Ha TPAHCIIOPT rasy IIISIXOM BHOOPY HOMEpa BiK/IIOYEHNX
CTAHIIN IIPU BiJIOMOMY 3HUIKEHHI ITPOJYKTUBHOCTI.

KimouoBi cioBa: ra3oTpaHCIIOPTHA CHCTEMA, KOMIIPECOPHA CTAHIIIS, JiHIHA TIISHKA, HeTIOBHE 3aBaHTAKEHHSI, HECTAIlIOHAPHII ITpoIec.
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AHAJII3 HECTAIIOHAPHOI 3MIIIAHOT KOHBEKIII B TOPU30HTAJIBHOMY KAHAJIL, YACTKOBO
HATPITOMY 3HU3Y (c. 16-22)

Mahmoud A. Mashkour

SIBulie TEIJIOBOI KOHBEKINI GyJIO MOCII/KEHO UYHCEeIbHO (MATeMAaTHYHO) /Uil KaHAIY, PO3TAlIOBAHOTO TOPU3OHTAIBLHO i 4ACTKOBO
HarpiTOro TpH PiBHOMIPHOMY TEIVIOBOMY TIOTOII 3 HPHUMYCOBOIO 1 BIJIBHOIO TEIJIOBOIO KOHBeKIi€. JlocmikyBaHnii rOpU30HTANIBHUN
KaHaJl 3 BILyCKHUM OTBOPOM JUJIsI PIZIUHMU i 0G0JIOHKOIO Mi//IaBaBCsl BIUIMBY JKepeJia Teruia 3HU3Y, B TOU Yac sk Ha BEPXHill CTOPOHI KaHAIy
MiTPUMYyBaIAcs TOCTIHHA TeMIeparypa, piBHa TeMreparypi piiuau Ha BUXOAi. Y KaHasi mepeadadaeTbesi HeCTallioHapHuii, JaMiHapHUi,
HEeCTUCJAUBHIT 1 3MilTannii KOHBEKTUBHMIT TOTIK. ToMy mose MOTOKY OIHIOEThCS 3a jonomoroio piBHAHb Hap'e-Crokca, sKi BKIIOYAOTh
nabmkenns Byccinecka. [Ipu 1boMy TemIiepaTypHe oJjie po3paXxoBYEThC 3 BUKOPHCTAHHSIM CTaHAAPTHOI eHepreTu4Hol Moziei, ie Re, Pr,
Ri — unciso Peiinosbca, uncso panaris i unciao Piuapacona signosiano. Yucso Peitnosbaca (Re) BapitoBasocst 1z yac BUIIpoOyBaHb Bijl
1 10 50 (1, 10, 25 i 50) 151 KOXKHOTO KOHKPETHOTO BUMaKy, uncyio Piuapacona (Ri) smiroBanocs Bix 1 10 25 (1, 5, 10, 15, 20, i 25). Cepente
uucao Hyccensra (Nuy,) 36i1bIIyeThCs €KCIIOHEHITAIBHO 31 30imblIeHHsM yncta PeliHosbaca st KOKHOTO unciaa PivapacoHa, TokanbHe
qiesio Hyccensra (Nup) 3pocrae B Tounti HarpiBy. IToTiM HOCTYIIOBO cTabilizy€eThest 10 MOCATHEHHsT KiHIIEBOI TOUKH KaHaJy, B TOil yac sk
JoKabHe unceao Hyccenbra 36ibliyeThest 3i 3MeHIeHHAM uncia Peitnosbaca. Kpim Toro, jinii Teuii i i3oTepMul y BUNaiKy KyKe HU3bKOTO
3HaYeHHs uncyaa Peifrosnbica BKasyloTh Ha ayske HI3bKY KOHBEKTHBHY TeTlJIoNepeaady IPpH BCiX 3HadennaAx yncia Piuapacona. Bimbmn Toro,
o063y JIKepesia Temia 30UIbIIeHHsT IBUAKOCTI MOTOKY PiZINHU 30UIbIIYE KOHBEKTUBHY TEILIONEPEAATY, M0 TOSICHIOE MOBEAIHKY YHCIa
Hyccensra 3 unciiom PeitHosb/ca, 1110 BKadye Ha Te, 1110 MakcuMasibHe 3HadeHHs uncya Nu gopistioe 6, 12, 27 i 31 npu 3HauenHsx uncyia Re
1, 10, 25 i 50 BignosigHO.

KomouoBi ciroBa: 3minana KOHBEKILis, KaHAJI, PIBHOMIPHUIT TEIJIOBUIT NOTIK, 4ncyio PiuapyicoHa, BiAKpHUTA HOPOKHIHA.
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CHUHTE3 CXEMHO-IIMKJIOBUX PIIIEHb ABCOPBIIMHIX BOJTOAMIAYHUX
TEPMOTPAHC®OPMATOPIB 3 PO3HIMPEHOIO 30HOIO JET'A3ALII (c. 23-33)

B. B. Kocoii, JI. I. Moposiok, C. O. Ilcaprsos, A. K. Kykoxes

[Toryk HOBUX i BAOCKOHAJIEHHS ICHYIOYMX TEXHIYHUX PillleHb €HeProrepeTBOPIOBATIBHIX CUCTEM ISl KOHKPETHUX CIIOKUBAYiB BUMArae
0OrpyHTOBAHOTO BUOOPY HaiiOIIbII JOIIBHUX PillleHb I JaHUX 00'€KTiB.



Tepmorpanchopmarop, 110 MPAIOOTH 32 3BOPOTHUMHE 1 3MIIIAHUMK TEPMOIMHAMIYHUMK IIUKJIAMHU, Y KOMILIEKC] 3 €HepreTHuYHIUMI
YCTaHOBKAMM 3 BiTHOBJIOBAJILHOIO Ta HETPA/IUIIIITHOIO TIEPBUHHOIO eHeprieio (TTaJNBOM ) BiZIHOCATH /10 iHTEPeCiB MaJoi eHepreTHKN (CucTeMaM
TpUTeHepailii), 1o y3roKyEThCst 3 KOHIIEIIEI0 PO3IIO/AIIEHOr0 BUPOOHUIITBA EHEPTii.

BupoOHUIITBO XOJIOY B CHCTEMax TpUTeHeparlii 3a0e31euyoTh TeIOBUKOPUCTAIbHI TEPMOTPaHC(hOPMATOPH.

I[IpesicTaBIeHO METO CUHTE3Y CXEMHO-IIMKIOBOTO PillleHHsT aGCOPOIIiHIX BofoaMiauHuX TePMOTPAHCGhHOPMATOPIB 3 BUKOPUCTAHHSIM
BiZIHOBJTIOBAJIBHUX JIZKEPEJT TeIJIa 3 HU3bKUM TeMIiiepaTypaum noreniiasom 90—-250 °C.

«MeToI0oM IUKJTIB» 3/HCHEHO TEPMOIMHAMIYHIIT aHAJII3 IIMKJTY MOHIIKYBaIbHOT0 aGCOPOIIHOTO TepMoTpanc(hopMaTopa 3 pO3ITHMPEHHIM
30HM Jierasariii pu MiABUIIEHH] TeMIIepaTypH JUKepesa, o rpie, 00rpyHTOBAHO TEXHOJIOTTYHI CXeMU /Ui BIAMOBIIHUX IIUKJIIB.

BeraHoBeHO BIUIMB 3MiHM 30HU Jlerasailii Ha eHepreTHuHy eheKTHBHICTh MAIIMHU. 3alpOoNOHOBAHO CXEMHO-IMKJIOBE PillleHHs
TEPMOXIMIYHOTO KOMITpecopa TepMoTpaHchopMaropa 3i 3BOPOTHUM TOAABAHHSIM DO3UYMHIB Y reHepatop i abcopbep MpH <«lepeBHINEHH]
TeMIepaTyp» K CIIoco0y MiZBUIIIEHHS eHePreTUYHOT ePEKTUBHOCTI IIHKJLY.

Ha konkpeTHOMY ITPUKJIa/i BAKOHAHO MOPIBHSJIBHUI aHAi3 CTYTIEHS TePMOAMHAMITHOI IOCKOHAIOCT] PO3TIITHYTUX I[UKJIIB.

TepmopmHaMiuHMil aHaATi3 MOKa3aB, 10 IMPAKTHYHA peasisallis CXeMHO-IIMKJIOBOTO PIillleHHS <«3 IIEPEBUIIEHHSAM TeMIeparyps 3/aTHa
3a6e3MeunTN YMOBU €HEPro30epeskeH s B CHCTEMAX TPUTEHEPAIlii MaIoi €HEepreTHKL.

KiiouoBi cioBa: TepMOAMHAMIYHMI aHa/i3, «MeToj IUKJAiB», abcopOuiliHuii BogoaMiaunuii TepMorpanchopmaTop, 30Ha Jerasariii,
TIePEeBUIIEHHS TEMIIEPATYP.
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PO3POBKA ITAPOBOTI'O EJIEKTPOOBITPIBAYA HU3bKOI'O TUCKY (c. 34-44)

Ali Mekhtiyev, Iossif Breido, Rustam Buzyakov, Yelena Neshina, Aliya Alkina

[locmiskenns IpucBsUYeHe BUPINIEHHIO NUTAHHSI CTBOPEHHST HOBUX €JIeKTPOHATPIBAJIIBHUX HPHUIA/liB, IKi MOJKHA BUKOPHUCTOBYBATH
B ABTOHOMHHUX CHCTEMAax TEMJIOMOCTAYaHHs. BUpilleHHsS THUTaHb 3/ifiICHIOBATOCS 3a IOTOMOTOI0 PO3POOKH BJIACHOTO MAaPOBOTO
€JIeKTPoobirpiBaya HU3bKOrO TUCKY. P000OTa CclupsiMOBaHA Ha HiABUINEHHS e(PEKTUBHOCTI CHCTEM TeIIonocTayanus Oyaisenab i
CTIOPYZL B CYYacHWX TEHAEHINSX 3araTbHOCBITOBOTO PO3BUTKY eHeprosbepeskeHHs, sike He MOXe OYTH peasi3oBaHO B MOBHIll Mipi
6€e3 BIIPOBAKEHHsI BUCOKOTEXHOJIOTIYHOIO Ta HU3bKOEHEPTOEMHOTO €JeKTPOoOobIajiHaHHs. B pe3ysibraTi NPOBEJEHHS TEOPETHYHUX
MOCTI/IKEHb TEIIOBOI TPyOKM 3 €JEKTPUYHUM HarpiBaueM po3po0JieHa KOHCTPYKINS BaKyyMHOTO €JEKTPUYHOTO HATPiBaJIbHOTO
enementy. I[lapoBuii enxeKkTpoobirpiBad HU3BKOTO THCKY MOKe OYyTH BHKOPHCTaHHN B CHCTEMAaX TEIIOMOCTAYaHHS aBTOHOMHUX
criokuBaviB. TpaHCHIOPTYBaHHS TEIJIOBOI €Heprii CyNpOBOKYETbCS 3HAUHMMU BTpaTaMiU, TaK gK TEIJIOHOCIIO JOBOJUTLCS J0JaTH
3HAYH| BificTaHi. Y MeSKUX BUMAAKAX MiIKTIOUEHHS 00 €KTa J0 TEIUIONEeHTPaIi HEMOXKIINBO B CUJIY TEXHIYHUX Mpo6ieM abo 3HAYHUX
MarepiaJbHUX BUTPAT HAa MOHTa)K TPYOOTPOBOAIB. B pe3ysbraTi JoCaiizKeHb BCTAHOBJIEHO 3aJEKHICTh HATPIBAHHSAM TEIIOBOI TPYOKU
pu piznomy o6cs3i Termonocist Ta Maci camoi TpyOku. ITpu gocsirnenni meBHOT Macu TeMIepaTypa HOBEPXOHb HArPiBYy MOJKeE JOCATTH
70 °C, mo BBakaeTbcst pornyctuMuM. OTpuMaHi faHi eKCIepUMEHTIB J03BOJUIM PO3POOUTH eJeKTPoObIrpiBady HOBOrO MOKOJIHHS
3 HPUHIMIIOBO HOBOIO KOHCTPYKII€IO HarpiBaibHOro enementy. [loeanye B cobi edeKTUBHICTD eeKTpUUHOI chipaii Ta komdopTHe
TEIJIo TPAAUIIIHOTO pagiatopa onasenus. lanuii obirpisad € BUOYXo- Ta MOKeK0OE3MEIHUM i MOKe OYTH IHTETPOBAHUN B CHCTEMY
«Posymuuii 6y IMHOK>.

KaouoBi ciaoBa: pajiaTop omajenms, eJeKTpoobirpisad, eneproz0epeskeHHs, CUCTeMa TelmJIONoCTaYanHs, TEIJIOBUN IpUIa,
aBTOHOMHICTD, eHeproeeKTHBHICTD, eJTeKTPOEHEePTisl.
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BJOCKOHAJIEHHA MOJEJII ACHMHXPOHHOI'O TATOBOTIO ABUT'YHA /IJI1 POBOTH 3
HECUMETPUYHUMI OBMOTKAMMU CTATOPA (c. 45-38)

C. O. TI'yaak, B. I. Jlio6apcekwii, C. 0. Canponosa, B. II. Tkauenko, €. C. Pa6os, M. JI. I'neGosa

IIpoBenennii anami3 yMOB eKcILIyaTallii aCHHXPOHHUX TATOBUX JIBUTYHIB y CKJIaJi TSTOBUX €JIEKTPOIPHUBOIIB €J€KTPOBO3IB ITOKA3aB,
10 1X JKUBJIEHHS 3/[iCHIOETHCS BiJl aBTOHOMHUX iHBEPTOPIB HATIPYTH 3 HECUMETPUYHOIO HECHHYCOIIaTbHOIO HAMIPyTolo. Betanosiieno, mo B
poleci ekciuryarailii B aCHHXPOHHOMY JIBUTYHI MOXKYTb BUHUKHYTH JlepeKTH, SIKi BUKIMKAIOTh HECCUMETPUUHI PEKUMU CTaTOPA JAIBUTYHA. 3a-
TIPOTIOHOBAHO MO/Ie/Tb ACHHXPOHHOTO IBUTYHA 3 BPAXyBaHHAM 3MiHHI BeJIMYNH B3aEMHNX iHAYKTUBHOCTeH (a3 Ta MOBHOI iHAYKTUBHOCTI KOJIa
HAMarHiqyBaHHs BiJl 3MiHU F€OMETPUYHIX PO3MIPIB 0OMOTKU, BUKIUKAHOT TUM 4u iHIINM feheKTOM. 3apONOHOBAHO JITOPUTM BPAXyBaHHS
HACUYEHHSI MarHiTOIPOBO/LY €JIEKTPO/IBUTYHA.

Takuii miaxiz 10 MoAeIOBaHHSI aCHHXPOHHOTO IBUTYHA € BasKJIMBUM TOMY, 1[0 TIPH YITKO/UKEHHI OfiHi€T 3 00MOTOK cTaTopa BifthyBaeThest
3MiHa ii reomerpii. Ile 1pu3BOANTS /10 3MiHM B3aEMHUX iH/lyKTHBHOCTEH (Da3 i OBHOI iH/lyKTHBHOCTI KOJIa HaMarHiyyBaHHs. [cHyoui migxoamn
710 MOJIETIOBAHHS ACHHXPOHHOTO JABUTYHA He 03BOJISIOTH B TIOBHII Mipi BpaXoBYBaTH IIi 3MiHM.

B pesyuisraTi MoziesoBaHHSL OTPUMAaHI ITyCKOBI XapaKTEePUCTUKY JI/IL HEYITKO/PKEHOT 0 1 yIIKo/pKeHoro gsuryHa. [lopiBusHHS pesysibra-
TiB MOJIEJTIOBAHHS JIUTI HEYIIKO/ZKEHOTO IBUTYHA 3 MACTIOPTHUMU JIAHUMH MIOKA3aIH, 10 MOXMOKa BUSHAYEHHST KOHTPOJIbOBAHUX TTAPAMETPIB
He nepeBuia 5 %. OTprMaHi Pe3yJIbraTi MOJENIOBAHHS IS YIIKOXKEHOTO JIBUTYHA MOKA3aJH, 10 XapaKTep 3MiHM KOHTPOJbOBAHUX
[apamMeTpiB He Cylepeyarb Pe3ysbTaTaM, HaBeJIeHUM B POOOTaxX iHIIMX aBTOPIB. PO30IKHICTD Y BUSHAYEHHI CTYIIEHIO 3MiH KOHTPOJILOBAHUX
rapametpiB He nepesuiinia 10 %. Ile ¢BiguUTh PO BUCOKY JOCTOBIPHICTb PE3yJIBTaTiB MO/IETIOBAHHSI.

3anporoHoBaHa MOJIENb ACHHXPOHHOTO €JIEKTPOJBUTYHA MOXKE OYTU 3aCTOCOBAHA IS JOCIIIKEHHS! €JIEKTPOMArHITHUX TIPOLECIB, 110
BiZI0YBAIOTHCA B €IEKTPOABUTYHI ITi/T Yac HOTO eKCILIyaTallil B CKJIa/li TATOBOTO IPUBO/Y €JIEKTPOBO3IB.
Kiro4oBi ci10Ba: acHHXPOHHIIN TSTOBUI ABUTYH, TSTOBHI MTPHBOJ €JIEKTPOBO3Y, HECUMETPisi 0GMOTOK, HACHIEHHSI MATHITOTTPOBOLY.
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PO3POBKA METOJIY PO3PAXYHKY XAPAKTEPHCTHK TYPBOBAJIbBHOTO TA3OTYPBIHHOTO
JIBUTYHA 3 IIOBIHI[EBIM OIIFICOM BATATOCTYIIEHEBOTO KOMIIPECOPA B JIBOBUMIPHIIA
ITIOCTAHOBIII (c. 59-66)

JI. T. Boiiko, B. A. [lanienko, O. €. /Ipomin, H. B. Ilizkankosa

[TpoexryBanusa i 1oBeileHHS Cy4acHUX rasm‘yp6iﬁﬁmx JIBUT'YHIB B 3HAuHill Mipi OK/IAaa€ThCsl HA BUKOPUCTAHHS METOAIB YHCEIbHIX
JOCJTI/IKEHb.

Po3po6iieHo MeToll PO3PaxXyHKY TepMOra3ofnHAMIYHUX MapaMeTpiB i XapaKTepuCTUK TypOOBAJIBHOrO TazoTypOIHHOTO ABHUTIYHA.
OcobJMBICTIO IAHOTO METO/LY € IBOBUMIPHE TIOBIHIIEBE ONMCAHHS KOMIIPECOpa B CUCTEMI JIBUTYHA. B OCHOBY MeTO/Ly pO3paxyHKY MOKJIJIECHO
HeJIHIHHY MaTeMaTudHy MOJe/b, [0 J03BOJISE OMUCATH CTaJi MPOIECH, o BiAOYBAIOTHCS B OKPEMHX By3Jax i B ABUTYHI B 1iomy. [lst
moGy/I0BU MaTeMaTHYHOT MOJiet obpanmii MO/IY/IbHUI IIPUHIUIL, SIKUIL nepenbayac CTBOPEHHs CUCTEMU B3aEMOIIOB' A3aHUX i Y3TO/IKEHUX MixK
co60I0 MoJIeJIel BY3JIiB 1 IX eJIeMEeHTiB.

BukopucroByBaHUil MmifXiz 10 MOJENIOBAHHS JBOBUMIPHI Tewil B KOMIIPECOPi J03BOJISIE OIHUTU 3HAYHY KiJIbKICTh MapaMeTpiB, IO
XapaKTepUsyIoTh Horo podoTy.

3a JI0TIOMOTr0I0 TIPEICTaBICHOTO METOLYy MOJKHA OIIHMUTH BILIMB 3MiHM I€OMETPUYHMX HapaMeTpiB 10 BUCOTi JIOMATKM KOMIIpecopa
HA XapaKTEePUCTUKHU JBUTYHA. BpaxyBaTu BILIUB 3MIHHOTO MO PEKUMaM BifbOpPy TOBITPst ab0 MepenycKy B Pi3HUX MEPETUHAX MO TPAKTY
KOMITPecopa, BU3HAYNTH BIVIUB BXIi/IHOI PaiaibHOI HEPIBHOMIPHOCTI Ha TapaMeTpu KOMITpecopa i ABUTYHA B IiJIOMY.

B axocri anpobaiiii npeactaBieHoro MeToAy BUKOHAHO PO3PaXyHOK TePMOra3ofinHAMIYHKIX [apaMeTpiB i APOCceabHOI XapaKTepuc-
THKH OJHOKACKaJHOTO TYPOOBAIBHOTO Ta30TypOiHHOTO ABUTYHA 3 12-TH CTyNEHEBUM OCbOBUM KOMIIPECOPOM. 3iCTaBJICHHS Pe3yJIbTaTiB
PO3PaxyHKy 3 eKCIepUMEHTAIbHUMI TaHUMU MOKa3aln 3a0BiabHY 36ikHicT. Tak, cepeHbOKBAAPATHYHE BIIXIIEHHS PE3yJbTaTiB
PO3paxyHKY Bijl eKCIIePUMEHTAIBHUX JaHuX CTaHOBUTH 0,45 % JUUIsl XapakTepucTuku Komipecopa, 0,4 % mus noryskuocti i 0,15 % s
MUTOMOI BUTPATH HaJIBa.

Po3po6Ka i BIOCKOHATIEHHS METO/IIB PO3PAXyHKY MapaMeTpiB i XapaKTEePUCTUK ra30TypOIHHUX JABUTYHIB M03BOJISIE MABUIIUTH SKIiCTh
TIPOEKTYBAHHS i KOHKYPEHTHO3AATHICT CYJaCHUX aBialliifHIX [BUTYHIB.

KirouoBi cioBa: ra3oTypOiHHII IBUTYH, IPOCETbHA XapAKTEPHCTHKA, OCLOBUI KOMITPECOD, MOBIHIIEBE IBOBIMIPHE MOJIETIOBAHHSL.
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PO3POBKA MATEMATUYHUX MO/IEJIEI IPOIIECIB IEPETBOPEHHS EHEPTII B ACUHXPOHHOMY
JABUT'YHI ITPU ;KUBJIEHHI BIZI ABTOHOMHOI'O ACHHXPOHHOTI'O TEHEPATOPA 3 IIAPAMETPIYHOIO
HECHUMETPIEIO (c. 67-82)

B. B. Uenuesoii, B. I'. Kysuenos, B. B. Kysueunos, I0. B. 3auena, O. O. Uenuesa, O. II. Yopuuii, M. A. Koszeis, B. JI. KoBaienko,
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[TpexcraBieHi AOCHI/KEHHS CUCTEMM <«aCUHXPOHHUN TeHEPATOP-aCUHXPOHHUI MABUTYH» 3 IIapaMETPUUYHOIO HECHUMETPI€0 Ha
MaTeMaTUYHIi MOJe/i Ui BU3HAYEHHs SIKOCTI FeHepOBaHOI eJeKTPoeHeprii B HaBaHTaKyBaJdbHUX peskuMax poboTu. Pospobieno
MaTeMaTU4YHy MOJIeJIb CHCTEMH <«aCHHXPOHHUII IeHepaTOp-aCMHXPOHHUII JBUTYH» 3 ypaxyBaHHSM BTpPAT B CTasi i IapaMeTpuUyHOI
HecuMmeTpii. BukoHaHo anasi3 mepexiHNX XapaKTepPHCTUK aCHHXPOHHOTO TeHepaTtopa MpH MiAKIIOYeHH] JBUTYHHOTO HABAHTaXKEHHS
MPpU CHUMETPUYHUX | HECHMETPUUYHUX peskuMax poGotu. IlpemcraBieni pe3ysibraTéi 3MiHM OCHOBHUX XapaKTEPHCTHK ACUHXPOHHOTO
JIBUTYHA IIPU PI3HOMY CTYIICHI ITapaMeTpUYHOI HecUMeTPii B reHepatopi. SAKicTh reHepoBaHol eJeKTpoeHepril aHaIi3yBajacsl Ha OCHOBI
po3paxyHKiB KoedilieHTiB HecuMeTpii /ist KOKHOTO 3 peskuMiB poboTn. OIiHKa TEMJI0BOrO CTaHy B CTAJUX PEKUMaxX BUKOHAHA 3
BUKOPUCTAHHSAM €KBiBaJIEHTHOI TEIJIOBOI cXeMu 3aMillleHHs. J{ocizKeHo TeIoBi mepexi/iHi mpoliecu 1mpu mycKy aCHHXPOHHOT'O IBUT'YHA
BiJI aBTOHOMHOTO jiKepesa eHeprii Ha 6asi acMHXPOHHOTO TeHeparopa. Ha Temsosiit MateMaTHuHill MOjesTi MPOBEIEHO TOCITIIKEHHS
BIJTUBY HeCUMeTPii BUXi/IHOI HATPYTH Ha HATPIB MiIKII0YEHOTO aCHHXPOHHOTrOo nBuTyHa. [lokasamno, mo mecmMeTpist BUXiIHOI HAPYTH
ACHHXPOHHOTO reHepartopa gocsrae 3—10 % i BuKIuMKae meperpis 0OMOTOK TOHAJ AOMYCTUMUX BeinuuH. Po3pobueHo perpeciiiny
MOJIENTb JUUIST IOCTIDKEHD YMOB POOOTH aCHHXPOHHOTO IBUTYHA MIPU KUBJEHHI B/l aCHHXPOHHOTO TeHepaTopa 3 HECHMETPIie0 06OMOTOK
cTatopa. BUKOPHCTaHHST OTPUMAHUX PIBHSIHD 03BOJMTH BU3HAYATH HAWGIIbII palioHaIbHe MOEAHAHHS YNHHUKIB, 1[0 BIUIUBAIOTH Ha
HATPiB CTATOPHUX OOMOTOK ACMHXPOHHWX MAIlWH, PN SKUX BOHU He OyAyTh meperpiBatucs Giblie rPaHUYHO TOTYCTHUMUX 3HAYEHb
TeMIlepaTypH BiATIOBIIHUX KJIACiB i30JITIi1.

Kmo4oBi ci0Ba: acHHXPOHHUIT TeHEPATOP, ACMHXPOHHUIT IBUTYH, MATEMAaTHYHA MO/IC/Ib, TOJ0TPad, TEIIOBA MOJIEIb, PErPeciilHIil aHai3.
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TennoBuii koedilieHT cOHAYHOI (POTOETEKTPUIHOI TTAHEs] — Ile BeJNYNHa, KA BKazaHa B ii crerudikaiiii i TOBOPUTH TTPO 3HIKEHHS
MIPOJYKTUBHOCTI HaHesi NP IJABUINEHHI TeMieparypu. Bizomo, mo B mycresibHOMY KiiMaTi Temieparypa (hOTOEJeKTPHYHUX IaHeseit
nocsirae Oiabire 70 rpaxycis Ieabcis. Tlomyk aieBux MeToiB MiABUIIEHHS eDEKTUBHOCTI Tlepeiadi eHeprii € MUTaHHsIM, sKe TPUBEPTAE
yBary JIOCJIJIHUKIB, 10 TAKOXK CIIPUSE 3HIKEHHIO BUTPAT HAa BUKOPUCTAHHS COHSAYHUX (DOTOEJNEKTPUYHUX CHUCTEM 3 aKyMYyJISITOPaMHU.




PerymoBanHs TeMIepaTypy COHAYHUX (DOTOEJEKTPUUHUX MOJLYJIIB € OJIHUM 3 METO/LB ITi/[BUIIEHHS IIPO/LYKTUBHOCTI TAKUX CHCTEM 33 PaXyHOK
OXOJIO/KEHHST HIDKHBOI TIOBepXHi (DOTOETEKTPUYHNX TaHenell. B mamoMy [dOCHipKeHHI CIOYAaTKy PpO3IISIAoThes eeKTHBHI MeToan
OXOJIOJZKEHHS COHSYHUX MOJYJIB /It BUOOPY BiATIOBIIHONO, EKOHOMIYHOTO i IPOCTOro B peasisaliii criocody. BuByaetbes MeTo akTHBHOTO
OXOJIO/PKEHHST 32 JIOTOMOTOIO BEHTHJISITOPIB JUIsi 3a0e3leYeHHs] BEHTIULAMIl A COHSYHUM MOyseM. [lJIst JKUBJEHHS BEHTHJISITOPIB
BUKOPUCTOBYETHCSI YaCTUHA BUXIZAHOI MOTYKHOCTI TIPU 3a7laHOMY BHCOKOMY PiBHI 3apsiiy Garapel. YTpaB/iHHS BMUKAHHIM/BUMUKAHHIM
JKUBJICHHS BEHTHJIATOPIB 3/iICHIOETHCS 3a IOMOMOTOI0 PO3POOJIEHOTO KoMITapaTopa. JIjist IeMOHCTPAIIil MiABUIEHHS TIOTYKHOCTI 1 MOTYKHOCTI,
CTIOJKIBAHOI BEHTHJISITOPAMH BIKOPHUCTOBYETHCSI MOJIETIOBAHHSI Ha ocHoBi Matlab. Pesysbrartit MoIeTiOBaHHS TTOKA3YIOTh, IO MPeICTABIEHUI
Mi/IXi/{ 103BOJIAE€ JIOMOTTUCS 3HAUHOTO Mi/IBUIIEHHS e(eKTUBHOCTI (DOTOEJEKTPUYHUX CHCTEM, IO MAIOTh aKyMYJATOPU. 3allpOIIOHOBAHMUI
METO/I IIPOJIECMOHCTPOBAHUIT 1 OIfiHeHMit /uist (hOTOeNeKTPUYHOI cucTeMi HOTYKHicTIO 1,62 kBT. B pesysbrari 0HOYaCHOTO NIPAKTHYHOTO
EKCIIEPUMEHTY Ha JIBOX OJHAKOBUX (DOTOETEKTPUYHUX MaHessxX noTyskhicTio 180 BT mporsroM misoro s 6yJ0 BCTaHOBJIEHO, IO €HEPris 3
CHCTEMOIO OXOJIO/KEeHHs cTanoBmIa 823,4 Brroz, B TOl uac sk 6e3 oxonomkents — 676 Br-roa. BukopucranHs npuitHATOro MifIXOLy MOKeE
CIIPUSITH Ii/IBUIIEHHIO €HePTeTIHYHOI CTIHKOCTI.
KmoyoBi ciioBa: BILIUB TeMIIepaTypu Ha (DOTOEJIEKTPUYHY CHCTEMY METO/M OXOJIOJPKEHHS, (DOTOETIEKTPUYHA COHSYHA EHEPris, TelJIoBe
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