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This study’s object is a relay protection scheme against damage
to transformers (autotransformers) and 35-750 kV shunt reactors as a
result of bushing insulation breakdown.

The study investigates the possibility of improving the efficiency
of the relay protection of transformer equipment (TrE). The task
relates to the widespread application of outdated TrE protection
schemes and devices that account for their high cost, low operational
efficiency, and may even harm TrE.

This paper reports the results of investigating current signals
from the measuring terminals of bushings and formulates basic re-
quirements for implementing modernized protection schemes based
on microprocessor monitoring unit. The proposed protection scheme
modernization demonstrates improved operational characteristics:
increased safety for personnel and equipment, reduced probability of
false trips, decreased weight and dimensions, as well as cost. These
characteristics were achieved by using a microprocessor device,
reducing the length of measurement circuits, excluding matching
transformers from the scheme, applying coupling devices with pro-
tection circuit.

The effectiveness of using software filtering of current signals
based on the discrete Fourier transform algorithm has been proposed
and proven for excluding influence currents on the resulting unbal-
ance vector. The inexpediency of accounting for all, except the 1st
harmonic, components of insulation currents was demonstrated. The
normalized value of the unbalance, while using full signals, was 14%,
instead of 1.15%.

The results could be used to manufacture and operate relay pro-
tection schemes and devices against 35-750 kV TrE damage caused
by breakdown of bushing insulation to improve the reliability of
power facilities.

Keywords: bushing insulation breakdown, transformer’s relay
protection, sum of currents method, balance method.
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The object of the study is the industrial feeder system rated
at 100 kVA and 150 kVA, which was integrated with an MFC
system operating in parallel with the grid. This research explores
the application of microbial fuel cells (MFCs) for industrial-scale
power systems, focusing on their integration with medium-capacity
feeders to reduce reliance on grid electricity. The central problem
addressed is the scarcity of long-term, real-world demonstrations
of MFCs operating in parallel with the public grid, particularly in
feeders rated at 100 kVA and 150 kVA, where stable and reliable
performance is critical. To overcome this gap, customized MFC
panels were designed, equipped with a Delta PLC-based control
system, and installed on two industrial feeders. Their operation
was monitored continuously for nine months using PM-5350 power
meters to capture load, grid, and MFC contributions. The results
demonstrate that the MFCs consistently supplied a fraction of the
feeder demand, reducing grid energy consumption by 9.68-18.48%,
with an overall average saving of 12.38%. Corresponding reductions
in electricity costs reached up to USD 1,034 per month. Differences
in savings between the two feeders were explained by variations in
load profiles, synchronization strategies, and microbial performance
stability over time. A distinctive outcome of this study is the success-
ful demonstration of reliable, long-horizon MFC operation under in-
dustrial conditions, enabled by protective interconnection schemes
and automated control. The practical implications are significant:
MFCs can be deployed on medium-scale feeders in manufacturing
or processing industries to achieve measurable cost reductions while
simultaneously contributing to renewable energy adoption and
waste-to-energy initiatives. These findings strengthen the case for
MFCs as a viable complement to conventional distributed genera-
tion technologies.

Keywords: microbial fuel cells, industrial feeders, grid integra-
tion, energy savings, cost reduction.
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This study considers a multistage thermoacoustic engine with an
external heat supply, used to convert low-grade heat from solar and
geothermal sources into electrical energy.

The study [k of improving the efficiency of thermoacoustic en-
gines using low-grade heat sources remains unresolved because of
high self-starting temperatures and significant heat loss. This study
examines an approach based on the design of a multistage thermoa-
coustic engine with an external heat supply, which reduces the start-
ing temperature and improves efficiency.

To achieve this goal, mathematical modeling was performed in
the DeltaEC environment using a linear approximation of Rott equa-
tions; a laboratory prototype of an eight-stage engine was designed.
The results showed that at a heater temperature of 105°C and an
average pressure of 2 bar, an acoustic oscillation frequency of 64 Hz
and an electrical power of up to 80 W are achieved with an efficiency
of approximately 12%.

Distinctive features of the proposed structure include optimized
stage and resonator geometry, the use of a traveling acoustic wave,
as well as the ability to operate at low heating temperatures, which
distinguishes it from existing analogs. It has been established that
increasing the stage diameter to an optimal ratio of 10:1 relative to
the resonator, improving thermal insulation, and increasing pressure
to 8 bar could increase efficiency by up to 40%.

The practical significance of this work is its potential for imple-
menting the designed engine in autonomous power supply systems
in rural and remote areas of the Republic of Kazakhstan where elec-
tricity costs are traditionally higher and fuel delivery is difficult. The
results confirm the feasibility of using thermoacoustic technologies
for sustainable and environmentally friendly energy supply.

Keywords: thermoacoustic engine, low-grade heat, autonomous
power supply, energy efficiency, geothermal, Stirling engine.
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This study mathematically models energy processes within the
microclimate control system in a single-family house equipped with
a reversible heat pump.

This paper reports an improved model of the microclimate
system considering the dynamics to construct plots of electricity
consumption under various operating conditions. Data from the cal-



culated thermal parameters of the building were applied. A model of
the reversible heat pump has been proposed, based on manufacturer
specifications, allowing for the assessment of electricity consumption
across the full range of power and temperature variations.

The microclimate system model of the building with a heat pump
has been improved by accounting for the building’s thermal inertia.
This makes it possible to evaluate temperature regimes and energy
consumption under dynamic modes, bringing the simulated electric-
ity usage closer to real-world values.

Hourly profiles of solar radiation and outdoor temperature for
the building’s location, along with expected schedules of internal
heat gains, were used. Energy consumption and instantaneous power
values, including peak loads, were assessed. It is shown that, for a
building in Kyiv with a floor area of 120 m?, under a heating mode,
minimum electricity consumption occurs at a minimum heat carrier
temperature of 35°C at a COP of 3.44.

The selected heat pump may operate under a monovalent mode
down to -13°C. The potential for reducing energy consumption by ad-
justing the temperature regime is limited because of a significant in-
crease in power demand from the heat pump under a dynamic mode.

Under a cooling mode, hourly air temperature profiles from his-
torical data were used, along with representative values, to evaluate
the range of energy consumption variation. An example involving
changes in window area demonstrates the model’s applicability for
adjusting building parameters to reduce energy consumption.

Keywords: heat pump, energy saving, building’s thermal state,
thermal inertia, energy storage device.
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PO3POBKA CXEMH 3AXUCTY TPAHC®OPMATOPIB BIJ] IIOMIKOIXXEHHSA I30JIAIIi BBOAIB JIJIA
MOZEPHI3AIIT HA EHEPTOOBF’€KTAX (c. 6-17)

0. A. CaxHo, C. I. Illmro, JI. C. Ckpyticeka, K. B. Ogisaka

OG’€eKT TOCTiZPKEHHS — CXeMa PeJIEHfHOT0 3aXUCTY BiJ| ITOIKO/PKEHHS TpaHC(hOpMaTopiB (aBTOTpaHCGHOPMATOPIiB) Ta LIYHTYBAJIbHUX PeaK-
TopiB 35-750 KB B HacJIiJOK TTPOGOIO i3071AIIi1 YBOAIB.

Po6oTa mpHCBsiueHa MOIIYKY MOXJIMBOCTEH Mi/IBUIIEHHS e(eKTUBHOCTI pO6GOTH CUCTEMH PEJIEHHOr0 3aXUCTy TPaHC(HOPMATOPHOTO 06-
snapnanbs (TpO). [Tpo6ieMa 3yMOBJIeHa IIMPOKUM 3aCTOCYBAHHSIM 3aCTapiivX cxeM Ta IMpUCTpoiB 3axucty TpO, siki MaroTh BUCOKY cobiBap-
TicTh peasizanii, HU3bKY e(eKTHUBHICTh POGOTH Ta HABIiTh HecyTh Hebe3neKy st TpO.

B po6oTi ImpezicTaBIeHO pe3yIbTaTH JJOC/IPKeHb CUI'HAJIB CTPYMiB 3 BUMipIOBaJIbHUX BUBOZiB BBOZIB, C(hOPMOBaHi BUMOTH 10 BUKOHAHHS
MOJIEpHi30BaHMX CXEM 3aXHMCTy Ha 6a3i MiKpOIIpoIiecOpHOTro 610Ky MOHITOPHHTY. 3aITPOIIOHOBaHA MOZIEPHI3allisl CXeMH 3aXUCTY, IKa Mae T10-
KpallleHi eKCIUTyaTaliiiHi XapaKTepUCTUKY: MiZIBUIIeHy Ge3IIeYHICTh AJIST TePCOHaTy Ta O6JIafiHaHHS, 3MEHIIeHy BipOoriZjHOCTi HelpaBJuBHX
CIIpaIfoBaHb, 3MEHIIeHI Maca-raGapuTHI IMOKA3HUKU Ta cO0iBapTiCTh. JIOCATHEHHS IUX XapaKTePUCTUK 3yMOBJIEHO 3aCTOCYBAaHHSM: MiKpo-
TIPOIIECOPHOTO MPUCTPOIO, CKOPOYEHHSIM JIOBXXWHM JIAHI[IOTIiB BUMIiPIOBAaHHS, BUK/IIOYEHHS i3 CXeMH IIOTO/KYBaJIBHUX TpaHC(OPMATOPiB,
3aCTOCYBaHHSI IIPUCTPOIB IIPUEJHAHHS OCHALIEHUX 3aXHCTOM. 3aIIpOIIOHOBAHO Ta JI0BEZIeHO e(peKTUBHICTh BUKOPUCTaHHS IPOrpaMHOi (iib-
Tpariii CHTHaJIiB CTPyMiB Ha OCHOBi aJIFOPUTMY AMCKPETHOTO repeTBopeHHs Dyp’e, I BUKIIOUEHHS CTPyMiB BIUIMBY 3 PE3y/IbTYIOYOTO BEK-
TOpy HebasaHCy. [loCIi/KeHHS IT0Ka3aJI0 HeIOLiIbHICTh BpaxyBaHHS BCiX, OKpiM 1-01 rapMOHIKH, CKJIQIOBUX CTPyMiB ITPOBiJHOCTI {30111,
HopmoBaze 3Ha4eHHs] HebaJaHCy ITPY BUKOPHCTaHHI MOBHUX CUTHAJIB ckiiajo 14%, 3amictb 1.15%.

HagejieHi pe3ysibTaTyi MOXKYTh BUKOPHCTOBYBATHCS IIPY BUPOOHUIITBI Ta €KCILIyaTalii cXeM Ta IIPHUCTPOIB pesIeifHOro 3aXKCTy BiJi ITONIKO-
mxenHs TpO 35-750 kB BHacJIi/[oK ITpo06OoI0 i30J15111i1 YBOAIB /IS MiZIBUIUTH Ha/lilHICTh €HEProo6 eKTiB.

KorrouoBi cioBa: mpo6iit i3ossuii BBOAiIB, peseiiHnil 3aXuCT TpaHchopmaTopy, HepiBHOBaXHO-KOMITEHCAI[iHHUI MeToj|, 6alaHCo-
BUU METOJ
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MOKPAIIIEHHA ITPOMUCJIOBUX EHEPTOCUCTEM: TPUKJIA/L IITO/IO HMIJIBUIITEHHA EKOHOMIT
EJIEKTPOEHEPTII 3A JOIIOMOTI'0I0 MIKPOBHUX ITAJIMBHUX EJIEMEHTIB (c. 18-27)

Levin Halim, Nico Saputro, Jenny N M Tan-Soetedjo, Anastasia Prima Kristijarti

OG6>€KTOM JOCIIi/PKEHHS € IIPOMUCIIOBA CHCTEMA YKUBJIEHHS MOTYXKHICTIO 100 KBA Ta 150 KBA, sika Gy/1a iHTerpoBaHa 3 CHCTEMOIO MiKpO-
OHMX MaJMBHUX eeMeHTiB (MIIE), 1110 Ipalfioe mapauesbHO 3 Mepexxeto. Le ocmipkeHHS IpeicTaBIse 3aCTOCYBAaHHS MiKPOOHUX MAJTMBHUX
eslemeHTiB (MIIE) 151 IPOMMCJIOBUX €HEPreTUYHUX CUCTEM, 30CePeKyIOUMCh Ha IX iHTerpanii 3 >)KUBUIbHUKAMU CePeHbOT MOTYXHOCT] JJIst
3MEHIIEHHS 3aJIe)KHOCTI Bifi esleKTpoeHepril 3 Mepeski. LIeHTpasbHOI0 TIPO6JIEMOIO, SIKa PO3IJISAAETHCS, € OPaK JOBTOCTPOKOBHUX, PEabHUX
JeMoHcTpaniit MIIE, 110 npaIoioTh MapajeabHo 3 'POMaJIChKOI0 MepeKero, 0COOIMBO B XKUBHJIBHUKAX IOTY)KHicTI0 100 KBA Ta 150 KBA, fe
cTabisbHA Ta HafiitHA PO6OTA € KPUTUIHO BaXKIMBOIO. 1106 TO/10/1aTH 1[I0 IPOTAINHY, Oy po3pobJieHi crienianizoBani nanesri MIIE, ocHa-
1ieHi cucTeMoro KepyBaHHst Ha 6a3i [UTK Delta Ta BcTaHOBJIEH] Ha J{BOX IPOMUCIOBUX YKUBUJIbHUKAX. [XHs1 po6oTa Ge3repepBHO KOHTPOJIO-
BaJIacs IMPOTATOM /IeB>SITH MiCSAI[iB 3a JOIIOMOror0 BUMiproBauiB noTyxHocTi PM-5350 1s dikcarii HaBaHTaXkeHHs, Mepexxi Ta BHecKy MIIE.
Pe3ysnbTaTyl 1MOKa3yioTh, mo MIIE cTabinpHO 3a6e3redyBajy JIMIIe YaCTUHY ITONHTY JKUBUJIBHUKIB, 3MEHIIYIOYM CIOXXUBAHHS €Hepril 3
Mepexi Ha 9,68-18,48%, i3 3arajJibHOIO CepeJHbOI0 €KOHOMiero 12,38%. BifloBifiHe 3HIDKEHHs BUTpAT Ha eJIEKTpoeHeprito carauo 1034 go-
snapiB CIIIA Ha micsmb. Pi3HHUIS B eKOHOMIT MK ZIBOMa YKMBWJIBHUKAMU TOSICHIOBAJIACS BapiallisiMH B IPOQLIsIX HaBAaHTAXKEHHSI, CTPATETisIX
CHHXPOHI3alii Ta cTabiIbHICTI0 MIKpOGHOT pO6OTH 3 YacoM. BiIMiHHUM pe3yJIbTaTOM IIbOTO JOCII/PKEHHS € YCIIIIHA JIeMOHCTpAIisl HafilfHoT,
JIOBIOCTPOKOBOI POGOTH MiKpOGHUX IMaTuBHUX eeMeHTiB (MIIE) B IPOMHUCIOBUX YMOBAX, 10 CTaJI0 MOXKJIMBUM 3aB/ISIKA CXeMaM 3aXHCHOTO
3’€/[HAHHS Ta aBTOMAaTHU30BaHOMY KepyBaHHI0. IIpakTryHi Hacsigku € 3Ha9HUME: MITE MOXXyTb GyTH PO3TOPHYTI Ha )KUBHJIBHUKAX CEPEHBO-
ro Macitaby y BUpOGHUYMX 260 IepepOOHUX ratyssixX AJIsl JOCITHEHHS BUMiPHOTO 3HM)KEHHST BUTPAT, OJHOYACHO CIIPUSIIOYH BIIPOBA/PKEHHIO
BiJHOBJIIOBAaHOI eHeprii Ta iHilliaTBaM 3 IepepoOKU BifX0AiB Ha eHeprito. 1]i BUCHOBKU MiTBep/KyI0Th niepeBary MIIE SIK )KUTTE3ZATHOTO
JIOIIOBHEHHS /10 TPAAMLIHUX TEXHOJIOTIN po3Mo/iieHol reHeparii.

Kurrouogi cyioBa: MikpoGHi MaIMBHi eJleMeHTH, IIPOMUCJIOBI XKUBUJIBHUKH, iHTETpallisi B MEpeXKy, eHeproz6epexKeHHs, 3HIDKeHHs BUTpaT.
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PO3POBJIEHHA AJIFTEPHATHBHOTO DKEPEJIA EHEPTTI HA OCHOBI BATATOCTYIIHEBOI'O
TEPMOAKYCTUYHOTI'O IBUTYHA 3 30BHIIIHIM IIIABEAEHHAM TEIIVZIOTH (c. 28-37)

Aliya Alkina, Yermek Sarsikeyev, Ali Mekhtiyev, Yelena Neshina, Ruslan Mekhtiyev

O6’eKTOM JIOCTTi/PKEHHsI € 6araToCTyIIeHeBUI TepMOAKYCTUYHUI IBUTYH i3 30BHIIIHIM ITiIB€IEHHSIM TEIUIOTH, 1110 BUKOPUCTOBYETHCS /ISt
TepeTBOPeHHs HU3bKOIIOTEHIIIIfHOTO TeIlIa BiJj COHIYHUX i Fe0TepMaIbHUX /PKepeJl B eJIeKTPUYHY eHeprilo.

IIpo6iema mifBUILIeHHS e()eKTUBHOCT] TEPMOAKYCTUYHMX /IBUTYHIB IIPY BUKOPUCTAHHI HU3BKOMIOTEHIIITHUX /Kepesl Terla 3aIMIIa€Th-
cs1 HEBUPIILIEHOIO Yepe3 BUCOKi TeMIIepaTypy CaMO3aITyCKy Ta 3HauHi TEIUIOBi BTpaTU. Y JOCJI/PKEHHI PO3IISHYTO IifIXifl, 3aCHOBaHMI Ha



CTBOpPEHH]i 6araToCTyIIeHeBOIo TepMOAKYCTUYHOTO JIBUTYHA {3 30BHIIIHIM IIi/{Be/IeHHSIM TEIUIOTH, KU1 3a6e31edye 3HKEeHHS TeMIIepaTypu
3aIIyCKy Ta 3pOCcTaHHs KoediljieHTa KopUcHOI Ail. [yt JOCATHEHHS Iji€] MeTH BUKOHAHO MaTeMaTUYHe MOJIeTIOBaHHs B cepeioBuiLi DeltaEC
i3 BUKOPUCTaHHSM JIiHIlfHOI arpokcuMalii piBHSHb POTTa Ta CTBOpEHO JIaG0PaTOPHMIT 3pa30K BOCBMUCTYIIEHEBOTO ABUTYHA.

OTpuMaHi pe3y/IbTaTU [TOKa3ajy, 0 MpU TeMIlepaTypi HarpiBaua 105 °C i cepeHbOMY THUCKY 2 6ap J0CATA€THCS YACTOTA aKyCTUYHUX
KoJIMBaHb 64 I' i eslekTpraHa MOTYXHICTb 10 80 Bt mpu KKJI 6;1m13bK0 12 %. BifiMiHHO0 0COGJIMBICTIO 3aIIPOIIOHOBAHOI KOHCTPYKIIii € ONTH-
Mizallis reoMerpil CTyIeHiB i pe30HaTOpa, BUKOPUCTAHHS Giryuol aKyCTHUHOI XBUJIL, @ TAKOXK MOXKJIMBICTb POOOTH IIPU HU3BKUX TEMIIEpaTypax
HarpiBy, 1110 BUT1/THO Biipi3Hsie i1 Biff BijoMMx aHaIoTiB. BcTaHOBIIEHO, 1110 30iIbIIEHHS /liaMeTpa CTYIEHiB /[0 ONTUMAJILHOTI'O CITiBBiJHOLIEHHSI
10:1 BifHOCHO pe30oHaTOpa, ITOKPAIeHHS TeTUIOi30IAil Ta MiABUIIEHHS THUCKY /10 8 6ap 3/1aTHI 3a6e3neunTy 3poctanHs KK/ 1o 40 %.

[TpakTHYHa 3HAYYLiCTh POGOTH IOJISITAE y TIEPCIIEKTHBI BIIPOBAPKEHHS PO3POO6JIEHOTO IBUT'YHA B aBTOHOMHI CHCTEMH €HePronocTayaH-
HsI CLIBCBHKUX i BijmaneHnx pationis Pecrry6iriky KasaxcraH, /ie BapTiCTh eJIeKTPOeHepril TPaANIiliiHO BUIIA,  I0CTaBKA IaJINBA YCKJIaJHEHA.
OTpuMaHi pe3y/IbTaTy MiZATBEPPKYIOTh MOAUIMBICTh BUKOPUCTAHHS TEPMOAKYCTUUHUX TEXHOJIOTIH JIJIs1 CTaJIOr0 Ta €KOJIOTiYHO YKCTOro eHep-
TOMOCTaYaHHS.

KUrro4oBi cj1oBa: TepMOAaKyCTUYHUI JBUTYH, HU3bKOITOTEHIII{HE TEII0, aBTOHOMHE €HeprorocTayaHHsl, eHeproeeKTUBHICTh, reoTep-
MaJIbHa eHepris, ABUryH CripsiHra.
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VOIOCKOHAJIEHHA MOJIEJI CUCTEMH 3ABE3IEYEHHS MIKPOKJIIMATY CIMEMMHOT'O BYAUHKY 3
PEBEPCHBHUM TEIVIOBHM HACOCOM (c. 38-47)

0. O. IllaBpoJKiH, I. O. IllBegunkoBa, O. 3. leMm ssHYyK, O. A. Illep6akos

OG6’€KTOM JIOCJIi/[PKEHHSI € €eHePreTHYHI MTPOIeCH B CHCTeMi 3a6e3TedeHHsT MiKpOKJIiMaTy ciMeiTHOro GyIHKY 3 peBEPCHBHIM TEIIJIOBUM
HAaCOCOM IIpY BUKOPHCTAaHHI MaTeMaTUYHOIO MOJIEJIFOBaHHS. B po6oTi 3ificHEHO BJOCKOHAJIEHHSI MOZIEJIi CHCTEMU MiKpPOKJIIMaTy 3 ypaxy-
BaHHSIM IMHAMIKH JI7151 OTpUMaHH rpadikiB CIOXKMBaHHS €JIeKTPOEHEPril B Pi3HMX yMOBaX. BUKOPHUCTOBYBAINCH AaHi pO3paxyHKY TEIJIOBUX
rapaMeTpiB GyziBiii. 3alIpOIIOHOBAHO MOJieJIb PEBEPCUBHOIO TEIUIOBOTO HAcoca 3a XapaKTepHUCTHKaMU BUPOGHMKA, IO ZI03BOJISIE OLIHUTH
CIO)XXUBAHHSA eJIEKTPUYHOI eHeprii B ychoMy Jlialma3oHi 3MiHM MOTY>KHOCTI i TeMIiepaTypu. YJ0CKOHaJIEeHO MOJIe/Tb CUCTEMU MiKpOKIiMaTy 6y-
JIMHKY 3 TeIUIOBIM HAcOCOM 3 ypaxyBaHHSM TeIUIOBO] iHepIiil OyaiBi. Ile 03BosIs€ OI[iHIOBATH B ANHAMIYHMX PEXMMaX TeMIIepaTypHUA pe-
KM i BUTpaTH eHepril mpy HabIMDKeHHI 0/1ep)KyBaHUX 3HaYeHb eJIEKTPOCIIOKUBAaHHS /10 PeaIbHUX 3Ha4eHb. BUKOPUCTOBYBaJINCH IIOTO/IUHHI
rpadiku cOHSIHOI paziarii i TeMiepaTypu 30BHi /IJIsT MiCI[sI pO3MIiL[eHHsT OYAMHKY, a TAKOXX OUiKyBaHi rpadiky BHyTpIilIHIX HagX0OMKeHb Te-
1. OLiHIOBAJIMCh BUTPATU €Hepril i TOTOYHI 3HaUeHHS ITOTYXKHOCTI, BKJIFOYaI04 MaKCUMaJIbHi 3HaueHHs. [l 6yuHKy B Kuesi 3 mutometo
120 M? rOKa3aHo, 110 B PEXXUMI ONAJEHHs MiHIMaJbHE CIIOKMBAHHS €JIEKTPOEHEPTii Ma€e MiClle IpY MiHIMaJIbHIH TeMIepaTypi TerIoHocis
35°C mpu COP = 3.44. BUKOpHCTaHHS 0OPaHOTO TEIIOBOTO HACOCA B MOHOBAJIECHTHOMY pexXUMi MoxuIHBe 710 — 13°C. MOXXJIMBOCTI 3HMKEHHS
CIO)XMBAHHSI €HEPrii IPY pery/IroBaHHI TEMIIEPATYPHOTO PeXXUMY € 0OMeXeHUMH 4epe3 3HauHe MiJBHUILeHHs crioxkuBaHHA TH B quHamini.
VY pe>xuMi 0X0JIOIKEeHHS J/Is OL[iHKHU Jlialla30Hy 3MiHM CIIOXWBAHHS €Hepril Mopsi/l 3 pelnpe3eHTaTUBHUMU 3HAYEHHSIMY BUKOPHCTOBYBAJIMCS
TIOTO/IMHHI rpadiky TeMIiepaTypy NOBITPs 3a apXiBHMMU AaHUMU. Ha nipuksiazii 3MiHM IIONI BiKOH IOKa3aHa MOXKJIMBICTh BUKOPUCTaHHS
MOJIeJTi IJIsT KOPUTYBAHHSI ITapameTpiB Oy/iBIi A1 3HUYKEHHSI €HeProCTIOKUBAHHS.

KUrro4oBi c1oBa: TeIIoBHil Hacoc, eHepro36eperKeHHs, TEIUIOBHUE CTaH OyMHKY, TEIJIOBA iHEPIlisl, HAKOIIMYyBa4 €Heprii.



