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The object of the study is an autonomous induction generator
equipped with a capacitor exciter with a variable topology. Neglect-
ing the influence of the generator rotor rotational frequency and
load level on the required exciter capacitance, as well as the diffi-
culties with its regulation over a wide range, leads to fluctuations in
the output voltage. This is the reason for the decrease in the quality
of power supply to consumers. This problem is solved by identifying
the relationship between the required exciter capacitance, on the
one hand, and the rotation frequency and load power, on the other.
Also, by using a capacitor circuit, the topology of which can be
changed, implementing different ways of connecting capacitors. The
direct dependence of the required exciter capacitance value on the
load power and the inverse dependence on the rotational frequency
have been confirmed. The insignificant influence of the linear inter-
action of such factors on the required capacity has been established.
The width of the fuzzy interval of coefficient at the relative power
value is 0.01, for the coefficient at the rotational frequency - 0.36.
This causes a significant increase in the uncertainty of estimating
the required capacity as the rotational frequency increases. The
possibility of maintaining the generator output voltage within
the limits permitted by EN 50160 using a capacitor exciter with
a variable topology has been confirmed. The exciter circuit allows
to adjust the capacitance within the adjustment range according
to a monotonic rising characteristic. The proposed method of con-
trolling the capacitive excitation current allows generating an order
of magnitude more current levels compared to analogues due to
the use of parallel, series, and mixed connections of capacitors. The
obtained results can be applied in the construction of control system
for capacitor exciter with a variable topology for an autonomous
induction generator.

Keywords: induction generator, voltage stabilization, fuzzy
range, variable topology, capacitive exciter.
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The process of rectifying electromagnetic field energy in microp-
ower rectennas based on Schottky diodes has been investigated in this
study. One of the challenges in designing such rectennas is the lack
of a consistent system of quantitative criteria for selecting a rectifier
diode capable of providing high conversion efficiency at ultra-low
input power levels while accounting for its intrinsic and parasitic
parameters. The practical relevance of this task is predetermined by
the need to autonomously power Internet of Things sensors in weak
electromagnetic fields.

Decomposition of loss mechanisms was performed, which made
it possible to distinguish the fundamental limitations caused by the
current-voltage characteristic from the frequency-dependent and par-
asitic diode parameters. The study was carried out using the harmonic
balance method in AWR Design Environment.

The calculations showed that, in the microwatt regime, higher
conversion efficiency is achieved for diodes with increased satu-
ration current due to the dominant role of the junction threshold
properties. For low-barrier structures, an increase in temperature
above 50°C is accompanied by a sharp rise in reverse leakage
currents, which leads to a decrease in efficiency. As the frequency
increases, the junction barrier capacitance and the package par-
asitics increasingly limit the achievable efficiency, especially at
2.45 and 5.8 GHz.

Comparative modeling of commercial Schottky diodes revealed

that, under the micropower regime, preference should be given to
low-barrier structures with minimized parasitic reactances, whereas
at higher input power levels the advantage may shift to structures
with a medium barrier height.

Underlying the practical value of this study is the compilation

of recommendations for the justified selection of components when
designing battery-free power supply systems for Internet of Things
sensors operating in weak electromagnetic fields.

Keywords: rectenna, RF energy harvesting, Schottky diode, im-

pedance matching, conversion efficiency.
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The object of the study is a pumping station with four paral-
lel-connected centrifugal pump units driven by asynchronous electric
motors. The problem to be solved is that modern stations, partially
equipped with variable frequency drive (VFDs), allow only maintain-
ing the head without observing allowable modes, failing to ensure re-
liability and energy efficiency. This leads to rapid wear and efficiency
reduction. The solution lies in optimizing energy consumption and
keeping operating points within the POR (preferred operating region),
to prevent accelerated wear.

The essence of the results obtained lies in the development of
a method for energy-efficient control based on the CMA-ES strategy
integrated with a model in MATLAB (California, USA). Experiments
showed that the balanced strategy reduces energy consumption by 7%
while maintaining equipment in the POR zone for 95.8% of the time.
Comparative analysis showed that a configuration with two VFDs
is a rational compromise, limiting energy overconsumption to 25%
relative to systems fully equipped with VFDs.

These results allowed to solve the specified problem due to the
introduction of a block performing an analytical express assessment
of the required number of units based on affinity laws, using adaptive
penalty functions and CMA-ES tuning. This allowed excluding com-
binatorial enumeration and reducing the search time for the optimal
solution to 60-80 seconds, ensuring speed unavailable to standard
genetic algorithms.

The conditions under which they can be used on practice in-
volve the application of the developed method as a supervisory con-
trol (SCADA) for water supply pumping stations to generate control




setpoints with a periodicity of 1-2 minutes without the need for
complete equipment replacement.

Keywords: parallel pump units, variable frequency drive, energy
efficiency, optimization, CMA-ES, constraint handling, MATLAB.
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The object in this study is the process of heat transfer, energy
conversion, and heat distribution through solar collectors in indirect
systems. The problem to be solved is to develop sustainable alter-
natives powered by renewable energy sources, such as solar energy

This study is focused on the research of a solar water heater (SWH)
system incorporating flat plate solar collectors (FPSC). The system
enhances the thermal performance of the FPSC through an indirect,
closed-loop configuration. Water from the hot water tank (HWT) is
circulated through the FPSC copper pipes by a pump powered by
a Solar Power Plant, ensuring continuous heat transfer and ef-
ficient thermal performance. The system operates at a flow rate
of 0.116 kg/s. A K-type thermocouple connected to a data logger
records the water temperatures at the HWT’s inlet and outlet every
30 seconds. In addition to the system, the features of this study
also focuses on phase change material (PCM) which uses mannitol
material as thermal energy storage (TES) which will be used during
cloudy or rainy weather. All equipment such as plunger pumps,
heaters for PCM use solar electricity. The feature of this study also
uses the Internet of Things (IoT) to find out the temperature in the
solar water heater tank. The test results indicate a maximum FPSC
thermal efficiency of 72% and a coefficient of performance (COP)
of 10 under a pump power of 100 W and an absorbed heat input
of 1000 W. The average solar irradiance ranged from 850 to 950 W/m?.
These results demonstrate the potential of this technology to efficient-
ly meet domestic hot-water demand and its suitability for deployment
in tropical regions.

Keywords: solar collector, water tank, indirect system, power
plant, water heater.
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BU3HAYEHHA 3AKOHOMIPHOCTEM 3MIHU EMHOCTI KOHJIEHCATOPHOT'O 3BY/IXKYBAYA 31 3MIHHOIO
TOIIOJIOTIEXO AJII ACHHXPOHHOI'O TEHEPATOPA (c. 6-16)

C. B. Bacuienp, K. C. Bacurens, A. JI. 3axyxauid, B. B. Iipuyk, B. C. Dryngyk

O6’eKTOM JIOCJTi/PKEHHS € aBTOHOMHUI aCHHXPOHHUI reHeparTop, 06IafHaHNH KOH/IEeHCATOPHUM 30y/pKyBaueM 3i 3MiHHOIO TOIIOJIOTIETO.
HexTyBaHHS BIUIMBY 9aCTOTH 06epTaHHS POTOpA Ta PiBHS HaBaHTAXKEHHs HA HEOOXi/[Hy eMHicTh 30y/KyBaJa, a TaKOXK CKJIQIIHOCTI i3 11 pe-
I'YJIIOBAaHHSIM Y LIIMPOKOMY Jiialla30Hi, IPU3BOASTH 10 KOJIMBAaHb BUXiZIHOT HAIIPyTH. Lle € MpUUNHOIO 3HWKEHHS SIKOCTi eJIeKTPOIIOCTaYaHHS
crioxuBadiB. Taka mpo6sieMa BUpillleHa 3a paXyHOK BUSIBIEHHs B3a€EMO3B’ 13Ky He0OXifIHOT eMHOCTI 30y/[KyBaJa 3 4aCTOTOI0 0OepTaHHS Ta
TTOTY)KHICTIO HABaHTAXKEHHS Ta 3aCTOCYBaHHSM KOHJIEHCATOPHOI CXeMM, TOIIOJIOTISl sIKOi MO)Ke 3MiHIOBAaTHCS, pPeasli3yrouu pis3Hi crioco6u
3’eJHaHHSI KOHAeHCcaTopiB. ITiATBep/HKEHO MpsIMY 3aJIe)KHICTh HeOOXiJHOT BeTMIMHU €MHOCT] 30ypKyBayda BiJj IOTY)KHOCTI HaBaHT)KEHHS
i obepHeHy — Bij yacToTu o6epTaHHS. BCTaHOBJIEHO HE3HAUYMMICTh BIUIMBY JIiHINHOI B3aeMofil Takux (akTopiB Ha HEOOXiZHY €MHICTb.
[MIupuHa HeviTKkoro iHTEepBaTy KoediljieHTa IIpU BiAHOCHOMY 3HaueHHi MOTYXHOCTI cTaHOBUTH 0,01, 7151 KoedimienTa pu yacToTi obep-
TaHHS - 0,36. Ile 06yMOBJIIOE CyTTeBe 30iIbIIEHHST HEBU3HAYCHOCTI OI[iHIOBAHHS BEJIMYMHN HeOOXiHOT EMHOCTI ITpH ITiIBUIIEHH]I YaCTOTH.
IligTBEp/PKEHO MOXJIMBICTL MiATPUMaHHS BUXIZHOI HAIIpyry reHepartopa y gomyctuMux 3a EN 50160 mexxkax 3a JOIIOMOIOI0 KOHJIEHCa-
TOpHOTO 30y/pKyBada 3i 3MiHHOIO Torosorieo. CxeMa 30yp)KyBada JO3BOJISIE PEry/II0BaTH EMHICTD BiJJITOBIAHO 10 MOHOTOHHOI BUCXiJHOI
XapaKTepHUCTUKU. 3aIIpOIIOHOBAHUI MeTOJ KepyBaHHS EMHICHUM CTPYMOM 30y/KeHHS JJ03BoJIsie (hOPMyBaTH Ha IOPSZOK Gisiblile piBHIB
CTpyMy ITOPiBHSIHO 3 aHAJIOTaMU 3aB/IsIKY BUKOPHCTaHHIO IIapaJIesIbHOTO, TOCIiJOBHOTO Ta 3MillIaHOTO 3’€JHAHHS KOHAEeHcaTopiB. OTpuMma-
Hi pe3yJIbTaTH MOXYTb OyTH 3aCTOCOBaHi IpU ITOOYZ0BI CHCTEMH KepyBaHHS KOHZIEHCATOPHHUM 30y/KyBaueM 3i 3MiHHOIO TOIIOJIOTIEI0 ISt
ABTOHOMHOI'O aCUHXPOHHOT'O TeHepaTopa.

KUrro4oBi croBa: aCHHXPOHHMI reHepaTop, cTabiizallis Harpyru, HediTKUi Aiana3oH, 3MiHHA TOTIONIOTis, EMHiCHUIT 30y/KyBad.
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OBIPYHTYBAHHSA KPUTEPIiB BUBOPY BUIIPAIMHUX AI0AIB JIJI1 MIKPOIIOTY>KHHUX PEKTEH CHUCTEM 3B0PY
EHEPTIII (c. 17-28)

B. O. Anekcees, [I. B. I'penpkux, /1. C. I'aBBa, M. B. HectrepeHnko, O. O. IBaHoBa

OG6’eKTOM JOCTi/HKEHHS € IIPOIjeC BUIIPSIMJIEHHS eHeprii eJIeKTPOMarHiTHOro IoJisi B MiKpPOIOTY)KHUX peKTeHax Ha Aiofgax IIoTTki.
OpHiero 3 Ipo6yieM IIPOEKTYBAHHS TAKUX PEKTEH € BiJICYTHICTh y3TO/PKEHOI CUCTEMH KiJIBKiCHUX KpUTepilB BUOOPY BUIIPSIMHOIO Aiofa
Ji1s1 3a6e3nedeHHs Bucokoro KK/l 3a HaHM3bKUX PiBHIB BXiZIHOI MOTY>KHOCTI 3 ypaxyBaHHSM HOro eJleKTpodi3nyHuX i MapasuTHUX Mapa-
MeTpiB. [IpakTUyHa 3HAUYIIICTh i€l 3azadi 3yMOBIeHa TTOTPe6O0 aBTOHOMHOTO YKUBJICHHS IaTIYNKIiB [HTepHeTy pedeil y CIaOKUX eJIeK-
TPOMAaTHITHUX MOJISIX. BUKOHAHO IeKOMIIO3UIIi10 MeXaHi3MiB BTpaT, 1110 ZJ03BOJIMJIO BilOKpeMUTH (DyH/JaMEeHTaIbHI 0OMeKeHHsI, 3yMOBJIeH]1
BOJIBT-aMIIEPHOIO0 XapaKTEPUCTUKOIO, BiJl YaCTOTHO-3aJIEKHUX Ta IAPA3UTHUX IapaMeTpiB Aiofa. JJocii/pKeHHsI BUKOHAHO METOZOM Trap-
MoHiuHOTrO 6asaHcy B AWR Design Environment. Po3paxyHku 1mokasaiy, 1o y MikpoBaTHOMY pexxumi Buii 3HadeHHs1 KK/I gocsrarorsest
JUIs 1iOZIiB 3 MiJBUINIEHUM CTPYMOM HacHYeHHd yepe3 JOMiHyBaHHs ITOPOTOBUX BJIACTUBOCTEH mepexoay. [11s HU3bKo6ap’ ePHUX CTPYKTYP
MiBUILEHHS TeMIlepaTypu moHaf 50°C cynpoBOAXKYETHCS Pi3KMM 3pOCTaHHAM 3BOPOTHHUX CTPYMiB BUTOKY, 1O 3yMOBJIIO€ naginua KK/I.
3i 3poCcTaHHAM 4YacTOTU Gap’epHa EMHICTb Iepexoly Ta MapasvuTHI MapaMeTpy KopIyca Jefasli CHbHille 06MexyroTh gocshkHuit KK/,
0c06JIMBO Ha YacToTax 2,45 Ta 5,8 I'T. ITopiBHsAIBHE MOJeTI0OBaHHS KOMepIiiiHuX AiofiB III0TTKi MoKa3aso, o B MiKpOIIOTYKHOMY PeXH-
Mi JIOLIIJIBHO OPi€HTYBaTUCS HA HU3bKOOAP'€EPHI CTPYKTYpH 3 MiHIMi30BaHUMU IapasUTHUMM PEAKTUBHOCTSMU, TOAI K 32 BUIUX PiBHIB
BXIi/THOT TOTY>XHOCT] ITepeBara MoJke IepexoAUTH JI0 CTPYKTYP i3 cepeHbOI0 BUCOTOIO 6ap’epa. [IpakTuiyHa IiHHICTh pOOOTH IOJISTAE Y PO3-
pobui pekoMeHAaIill 1T 06IPYHTOBAHOTO BUOOPY eJIeMEHTHOI 6a3H IIi/| 9ac IMPOEKTYBAHHS CUCTeM Oe36aTapeifHOro KUBJICHHS JAaTYNKIB
IHTepHeTy pedeil y cIaOKUX €JIeKTPOMAarHiTHUX IOJISAX.

Kurrouogi coBa: pexTeHa, 36ip eHeprii, mio I[IIOTTKI, y3ro/pKeHHs iMITeIaHCiB, e(heKTUBHICTh ITePEeTBOPEHHS.
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PO3POBKA METOJY EHEPTOE®EKTHBHOT'O KEPYBAHHSI ITAPAJIEJTLHUMH HACOCHUMH ATPETATAMU
3 BUKOPHICTAHHSAM CTPATETTi EBOJIIOIIT AZTATITAIIIT KOBAPIAIIIFTHOT MATPUIII (c. 29-40)

Yuliya Bulatbayeva, Rauan Kossymbayev, Victoria Tsypkina, Vera Ivanova, Felix Bulatbayev

OG6’eKTOM JOCITi/IKEHHS € HACOCHA CTaHIIis 3 YOTHPMa IapasiesIbHO 3'€JHAHMMU BifIlIEHTPOBUMHU HACOCHUMHU arperaTamu, 1o MpHUBOAATHCS
B JIif0 ACHHXPOHHVMMH €JIEKTPO/IBUTYHAMU. BupillyBaHa rpo6siema IoJisirae y Tomy, 1o cydacHi craHiiii, 4acTkoBo ocHamieHi IT4 (iepeTBoproBay
YacTOTH), /{03BOJISIFOTH JIMIIE ITi/[TPUMyBaTU HAIIip 6€3 ZOTpUMaHHS JOMYCTUMUX PEXXHUMIB, He 3a0e3Ieuyroun HailiHICTh Ta eHeproe(eKTrB-
HiCTb. Ile MPU3BOAUTS /IO IIBHU/KOTO 3HOCY 06JIa[IHAHHS Ta 3HIDKEeHHs KoedinieHTy koprcHoi aii (KK/I). PilreHHs mossirae B onTuMi3ariii eHep-
FOCIIOKMBAHHS Ta yTPUMaHHI po60o4yMX To4oK y 30Hi POR (preferred operating region) st 3aro6iraHHs IpUCKOPEHOMY 3HOCY.

CyTb OTPHMAaHNX Pe3y/IbTATIB ITOJIATAE Y PO3pOOIIi Ta 06T PYHTYBaHHI MeTO/y eHeproeeKTHBHOTO yIIpaBIiHHA Ha 6a3i ctparerii CMA-ES,
inTerposaHoi 3 Mogesutto B MATLAB (Kanicdopnisi, CIIIA). EKClIepUMeHTH OKa3aJIy, 110 36a1aHCOBaHA CTPATeTisl 3HUXKYE eHeproCIoKu-
BaHHS Ha 7% IIpW yTpUMaHHi o61agHaHHs B 30HiI POR mpoTsrom 95,8% vacy. ITopiBHA/IBHUIL aHAI3 ITOKa3aB, 110 KoHQiryparis 3 zBoma IT4
€ paIioHaJIbHUM KOMITPOMiCOM, 0GMEKYIOUH IIepeBUTpPaTy eHepril Ha piBHi 25% BiIHOCHO cHCTeM, IIOBHICTIO ocHameHux I14.

L1i pesyabTaTy AO3BOIMINA BUPIIINUTYU BKa3zaHy IIpo6JeMy 3aB/IKA BIIPOBA/KEHHIO GJIOKY, 1[0 BUKOHYE aHaJliTUUHY eKCIIpec-OI[iHKy He-
00XiZTHOTO CKJIa[y arperariB Ha OCHOBi 3aKOHIB MO/[iGHOCTI, BUKOPHCTAHHIO aJAlITUBHUX MTpadHUX QYHKIiH Ta HamamTyBaHHI0 CMA-ES.



Tle /03BOIMIIO BUKIIOYUTH KOMOIHATOPHUI ITepebip Ta CKOPOTUTH Yac TOIIYKY ONTHMAaJIBHOTO pilleHHs /10 60-80 ceKyHZ, 3a6e3eqnBIIN
LIBUZKOZAi0, HEOCTYIIHY CTAaHAAPTHUM e HeTUUHUM aJIFOPUTMAaM.

YMOBY, 32 IKUX BOHU MOXKYTb OYyTH BUKOPHCTaHi Ha MPaKTHUII, TepeZ;6a4aioTh 3aCTOCYBAHHS pO3pO0JIEHOT0 METOAY SIK CCTEMHU CyIIepBi-
30pHoro yrnpasiiHHg (SCADA) HACOCHUMH CTAHIiISIMU BOZOIIOCTAYaHHS JUIsI TeHepallii yCTaBOK YIIPaBIiHHS 3 IepioJUYHICTIO 1-2 XBUIMHU
6e3 HeoOXiZTHOCTI TTOBHOT 3aMiHM 00J1aJHAHHS.

KUrrouoBi c1oBa: mapasielbHi HACOCHI arperaTl, IIepeTBOPIOBaY YacTOTH, eHeproe(eKTUBHICTD, orrtnMizariisi, CMA-ES, o6po6ka o6me-
skeHb, MATLAB.
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IIOKPAIIIEHHA TEIIVIOBUX XAPAKTEPHCTHUK HEITPAMOT'O IIVIOCKOI'O COHAYHOI'O KOJIEKTOPA B 3ACTOCYBAHHI
COHAYHHX BOAOHATI'PIBAYIB (c. 41-49)

Mochamad Sugiri, Budhi M Suyitno, Erlanda Augupta Pane, Gunadi Haryanto, Ismail

OG’€KTOM I1bOTO JIOCJIi/IKEHHS € IIPOLIeC TeIIolepe/iadi, epeTBOPeHHs eHepril Ta po3IoAiIy Tella 4epe3 COHSYHI KOJIEKTOPH B Hellpsi-
MMX CUCTEMAX.

IIpo6Gsiema, sIKy HeOOXi/{HO BUPILINTH, IOJIATae B PO3POOIIi CTIMKMX aJIbTepHATUB, 1[0 IIPAIIOIOTh HA Bi/[HOBJIIOBAHUX JPKepesIax eHepril,
TaKUX SIK COHsSTYHA eHeprisi. Jlocyi/pKyBazace cucreMa COHsiIUHOroO BogloHarpiBadya (SWH), 1o Bruitouae 1uiocki constuHi kosekropu (FPSC).
CucreMa MOKpallye TeIUIOBY IMPoAyKTHUBHICTE FPSC 3aBasky HenmpsAMiil KoHQiryparii 3aMKHyTOro IUKIy. Bozia 3 pesepByapa aJist Tapsdoi
Bogu (HWT) nupkystroe yepe3 MizfiHi Tpy6u FPSC 3a [101moMoror Hacoca, 1[0 JKMBUTHCS Bifi COHSYHOI €JIeKTPOCTaHILii, 3a6e3reuyoun 6es-
TepepBHy Iepefaduy Teria Ta e()eKTUBHY TEIUIOBY IIPOAYKTHBHIcTh. CrcTeMa mpallioe 3i mBUAKICcTIo MoToKy 0,116 kr/c. Tepmomnapa tuiry K,
ITiZKJIIOYEHA /I0 PEeCTpaTopa AaHUX, PEECTPYe TeMIIepaTypy Boau Ha BXozi Ta Buxozi HWT koxHi 30 cexyH. OKpiM crucTeMH, 0COGIUBICTh
1IbOTO JIOCTI/PKEHHST TaKOXK 30Cepe/pkeHa Ha Matepiai 3 (azoBum nepexozom (PCM), sikuil BUKOPUCTOBYE MAHIT SIK aKyMYJISITOP TETLJIOBOI
eneprii (TES), o 6y/ie BUKOPHUCTOBYBATHCS B XMapHY a60 JIOIIOBY ITOTOAy. Yce 06J1a/[HaHHS, TaKe K ILTyH)KepHi HacocH, Harpisadi it PCM,
BUKOPUCTOBYE COHSIYHY eJIeKTpoeHeprito. OcoOIMBICTIO I[bOr0 AOCII{/PKEHHS TAKOX € BUKOpUCTaHHs IHTepHery peueit (10T) 1 BUSHAYEHHS
TeMIIepaTypy B 6aKy COHSYHOTO BOfIOHarpiBava. PesysbTaTti BUIIpoOyBaHb MOKA3yIOTh MaKCHMAaJIbHY TeIIoBy edektuBHicTs FPSC 72% Ta Ko-
edinient npogykrusHocti (COP) 10 pu nmoty»cHOCTi Hacoca 100 BT Ta noriiHeHil teriosiii noryxHocti 1000 Br. CepesHst coHsTuHA pasiaris
KoJMBasIacs Bizt 850 10 950 Br/m>2. 11i pe3y/ibTaT IeMOHCTPYIOTh TOTEHIIiaI i€l TEXHOJIOTIT 1715t eeKTMBHOTO 3a/[0BOJIEHHSI TIOTPEG y TapsTdiit
BOIi 1151 TOOYTOBUX MOTpe6 Ta i1 MPUATHICTD [JIs BIIPOBA/PKEHHS B TPOITIYHUX PEriOHax.

KU1ro4oBi ci1oBa: COHTYHUI KOJIEKTOP, 6aK /Il BOAU, HeIIpsiMa CUCTeMa, eJIeKTPOCTaHIIisl, BOZOHarpiBay.




