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Power Plants

Pedepar/aHoTanis:

1. Inceprauiiiny po60Ty IPUCBSIYEHO PO3BSI3aHHIO aKTyaJbHOTO HAyKOBO-IIPUKJIAJHOTO 3aBIAHHS MiABUILEHHS
MIOKA3HUKIB SIKOCTi Ta €(PEKTUBHOCTI pOOOTHU TiIpOEIEKTPOCTAHLII Maoi MOTYKHOCTI LIJIIXOM YAOCKOHAIEHHS
MaTeMaTUYHUX MOJEJIEeH, aHaJli3y BTPaAT €HEePril Ta CUHTE3y CUCTEM KEPYBaHHS, ONITUMI30BaHUX 32 KPUTEPiIMU
KOMILJIEKCHO] SIKOCTi i1 €HeProeEKTUBHOCTI. AKTyaJIbHICTh TEMU 3yMOBJIEHA 3DOCTaHHSIM POJIi Masoi
ripOEHEPreTUKM Y CTPYKTYPi AEeLeHTPasi30BaHOI reHepallii €J1eKTPOoeHeprii, TOTpe6oIo MifBUIIEHHS] €eHePreTU4HOI
HEe3aJIeXHOCTI, HeOOXiAHICTIO €PeKTUBHOrO BUKOPUCTAHHSI MICII€BUX BOTHUX PECYpPCiB i 3abe3neyeHHs cTabisbHOI
POOOTH JIOKAJIBHUX €HepreTuyHux o6’ekTiB. [y manux 'EC 0cob611BOro 3Ha4yeHHs HabyBalOTh MUTAHHS SIKOCT]
€JIEKTPOEHEPrii, HafiHOCTI QYHKIIOHYBaHHS, IUHAMIKM NIepeXigHUX NPoLieciB, MiHiMi3alii BTpaT eHeprii Ta BUOOPY
TaKMX aJIFOPUTMIB KEPYBaHHS, SKi 326€311€4yI0Th Y3rOIPKEHHSI TEXHIYHUX, EHEPTeTUYHUX | EKOHOMIYHUX BUMOT. Y

[IepLIOMY PO3[1iJli BAKOHAHO aHaJli3 Cy4YaCHOro CTaHy MaJIOi TifpOEHEePreTUKY B YKpAiHi Ta CBiTi, PO3IJISIHYTO



KOHLIENTyaJIbHi 3acafM ii pO3BUTKY, JOCIIIKEHO XapaKTepUCTUKU poboTu manux 'EC i CTpyKTypy NIOKa3HUKIB
SIKOCT], 1110 BU3HA4al0Th €(PeKTUBHICTb iX QyHKIiOHYyBaHHS. [[poaHasi3oBaHO iCHYIOUi CHCTEeMU KEPYBaHHS MaIUMU
rizpoesIeKTPOCTaHIisIMU Ta HOPMaTUBHY 06a3y 11070 3a6e31e4eHHs] BUCOKUX [TI0KA3HUKIB SIKOCTI. Y3araabHeHO
YMHHUKY, 10 BIJIMBAIOTh HAa €KCILIyaTallilfiHy, EHEPreTUYHy Ta €KOHOMIUHY pe3ysbTaTuBHiCTh Manux ['EC, a Takox
BM3HAYE€HO OCHOBHI HANPSIMU MiBULIEHHS SIKOCTi iX pOOOTH Ha OCHOBI BLOCKOHAJIEHHSI CCTEM aBTOMATUYHOTO
KepyBaHHS. Y Ipyromy po3ziii po3po6sieHo [I0BHY MaTeMaTUu4Hy Mozesb Manoi I'EC, 1110 BpaxoBye B3aeMO3B's130K
rifpaBJliYHMX, MEXaHIYHUX Ta €JIEKTPUYHUX IIPOLECIB, i CIIPOILEHY MOZEb, IPULATHY IJ18 3a4a4 aHAJIi3y Ta CUHTE3Y
cucrem KepyBaHHs. OKpeMy yBary NpuiijieHO MaTEMaTUYHOMY MOJIEIOBAHHIO BTpat eHeprii B manux I'EC, 30kpema
BTpaT, 3yMOBJIEHUX HeifearbHUM KepyBaHHAM. [100y0BaHO MOJeli MOKa3HUKIB sikocTi Manux ['EC, mo paoTthb
3MOTY KiJIbKiCHO OLiHIOBaTH BIJIUB CTPYKTYPU CUCTEMHU KePyBaHHS, [IapaMeTPiB PETyJIIOBaHHS Ta PEKUMIB pOOOTH
Ha iHTerpanbHUil pe3ysbTaT QyHKLIiOHYyBaHHS CTaHLji. lle J03B0INIO IEPENUTH Bifl IKICHOTO OIUCY 1O
(opMasi30BaHOTrO OLiHIOBAaHHS PE3€PBiB MifBUIEHHS €(PEKTUBHOCTI Ta SIKOCTi po6OTHU rifpocTaHiii. Y TpeTbomy
PO3[ili BUKOHAHO CHMHTE3 CUCTEM KepyBaHHS TifipoesieKTPOCTaHLisIMU MaJjioi NOTy>KHOCTi. [To6ymoBaHo
JiHeapu3oBaHy Moaeb MiHi-T'EC notysxHicTio 100 kBT y maTpuuHiil Gpopmi, Bu3HauUeHo nepenatHi QyHKUii Ta
copMOBaHO 6a3y AJis MOAAJIBIIOrO aHali3y JUHAMIYHMX BJIACTUBOCTEN 06’eKTa. Ha 11iif OCHOBI CUHTE30BaHO
CHCTEMM KEpPYyBaHHS, ONITHMIi30BaHi 32 KPUTEPieEM MaKCUMyMY KOMIIJIEKCHOTO IOKa3HUKA SKOCTI TipOCTaHI1lii, a
TaKOX CUCTEMH, OPIEHTOBAHI Ha JOCSITHEHHSI MAKCUMAaJIbHOI eHeproedekTUBHOCTI. Takuil nigxif, 1aB 3Mory
MIOPIBHSITU PE3YyJIbTATU KEPYBAHHSI 32 Pi3HUMHU KPUTEPIisSIMU Ta BUSIBUTU OCOOJIMBOCTI KOMIIPOMICY MiXX TOYHICTIO,
IIBUJIKOZi€10, CTAbiNIbHICTIO, EKOHOMIYHICTIO Ta iHTErpasbHOIO SKicTIO PyHKIioHyBaHHS Masoi [EC. Y yeTBepTOMy
PO37iJi HaBeIEHO PEe3yJIbTaT! aHAJi3y €KCIIEPUMEHTAIbHUX NOCIiIPKEHD OO MiABUIEHHS IOKA3HUKIB SIKOCTI
riIpoeJIEKTPOCTaHLIIN MasIoi MOTYKHOCTI. JIOCIIiIyKEHO NepexifHi XapaKTepruCTUKY MOTYKHOCTI MiHi-I'EC i Hanpyru
reHepaTopa 3a Pi3HUMMU AJITOPUTMAaMU KEPYBAHHS, IIPOAHAII30BAHO BILJIMB IIapaMeTPiB PEryJIl0BaHHS HA ITOKA3HUKU
SIKOCTi, @ TAKOXX PO3IJISIHYTO MOXJIMBOCTI IiABUIIEHHS] eKOHOMIYHMX [TOKa3HUKIB IJISIXOM PallioHaJIbHOTO BUGOPY
tuiy reneparopa. CpopmyabOoBaHO IIPaKTUYHI peKoMeHAAali o0 oNTUMizallii cucTeM KepyBaHHS 38 KpUTEpieM
MaKCHMMyMY KOMIUIEKCHOTO IIOKa3HMKA SIKOCTI Ta I[O0 BU3HAUYEHHS BaroBMX KoeillieHTiB Mpu
6araTokpuTepiasbHiil OLiHI. 32 pe3ysbTaTaMyu POOOTH PO3PO6IEHO IPOEKT TEXHIYHMX YMOB. HaykoBa HOBU3HA
OZlEpPKaHUX PE3yJIbTATIB MOJISITAa€ Y PO3BUTKY IMiTXOIB 4O MAaTEMAaTUYHOrO MonetoBaHHs Manux ['EC 3
ypaxyBaHHSM BTPAT €HEPrii, HeileaslbHOCTI KEpYBaHHS Ta KOMILJIEKCHUX [TIOKA3HUKIB IKOCTI, @ TAKOX y CUHTE3i
CHCTEM KEPYBaHHS, OPi€HTOBAHNX Ha MAaKCUMYM iHTErPaJILHOTO TIOKa3HYKA SIKOCTi Ta MaKCUMAaJIbHY
eHeproedeKTUBHICTb. [[pakTUyHe 3HaUeHHS POOOTH IIOJISITAE Y MOKJIMBOCTI BUKOPUCTAHHS PO3POOJIEHUX MOZeJIe,
QJITOPUTMIB 1 peKOMEHALiN Mif Yac IPOEKTyBaHHS, MOJI€PHi3allii Ta eKCIuIyaTallii MaJIUX riipoeIeKTPOCTAHIIIN, 10
CIIpYSTUME MiIBUILIEHHIO CTabiIbHOCTI iX pOOOTH, IOKPAIIEHHIO €HEPreTUYHNX Ta €EKOHOMIYHUX [TOKA3HUKIB, a

TaKOXX PO3LIMPEHHIO MOKJIMBOCTEN €(pEKTUBHOIO BUKOPUCTAHHS IIOTEHIialy MaJIOi IiIpO€HEPreTUKU.

2. The dissertation is devoted to solving the relevant scientific and applied problem of improving the quality
indicators and efficiency of small-capacity hydroelectric power plants through the enhancement of mathematical
models, analysis of energy losses, and synthesis of control systems optimized according to the criteria of integral
quality and energy efficiency. The relevance of the topic is determined by the growing role of small hydropower in
the structure of decentralized electricity generation, the need to strengthen energy independence, the necessity
of efficient use of local water resources, and the need to ensure the stable operation of local power facilities. For
small hydropower plants, issues of power quality, operational reliability, transient response dynamics,
minimization of energy losses, and the selection of control algorithms that ensure coordination of technical,
energy, and economic requirements are of particular importance. Chapter 1 analyzes the current state of small
hydropower in Ukraine and worldwide, considers the conceptual foundations of its development, and investigates
the operating characteristics of small HPPs and the structure of quality indicators determining their performance.
Existing control systems for small hydroelectric power plants and the regulatory framework aimed at ensuring
high quality indicators are analyzed. The factors affecting the operational, energy, and economic performance of
small HPPs are generalized, and the main directions for improving the quality of their operation on the basis of
advanced automatic control systems are identified. Chapter 2 develops a complete mathematical model of a small



HPP that takes into account the interrelation of hydraulic, mechanical, and electrical processes, as well as a
simplified model suitable for analysis and control system synthesis tasks. Particular attention is paid to the
mathematical modeling of energy losses in small HPPs, including losses caused by imperfect control. Models of
small HPP quality indicators are constructed, making it possible to quantitatively assess the influence of the
control system structure, control parameters, and operating modes on the integral performance of the plant. This
made it possible to move from qualitative description to the formalized evaluation of reserves for improving the
efficiency and quality of hydroelectric plant operation. Chapter 3 presents the synthesis of control systems for
small-capacity hydroelectric power plants. A linearized model of a 100 kW mini-HPP in matrix form is developed,
transfer functions are determined, and the basis for further analysis of the dynamic properties of the object is
formed. On this basis, control systems optimized according to the criterion of maximizing the integral quality
indicator of the hydroelectric plant, as well as systems aimed at achieving maximum energy efficiency, are
synthesized. This approach made it possible to compare control results under different criteria and to identify the
features of the compromise between accuracy, speed of response, stability, economy, and the integral quality of
small HPP operation. Chapter 4 presents the results of the analysis of experimental studies aimed at improving the
quality indicators of small-capacity hydroelectric power plants. The transient characteristics of mini-HPP power
and generator voltage under different control algorithms are studied, the influence of control parameters on
quality indicators is analyzed, and the possibilities of improving economic indicators through the rational selection
of generator type are considered. Practical recommendations are formulated for optimizing control systems
according to the criterion of maximizing the integral quality indicator and for determining weighting coefficients
in multicriteria evaluation. Based on the obtained results, a draft of technical specifications has been developed.
The scientific novelty of the obtained results lies in the development of approaches to the mathematical modeling
of small HPPs taking into account energy losses, imperfect control, and integral quality indicators, as well as in the
synthesis of control systems focused on maximizing the integral quality indicator and achieving maximum energy
efficiency. The practical significance of the work lies in the possibility of using the developed models, algorithms,
and recommendations in the design, modernization, and operation of small hydroelectric power plants, which will
contribute to improving the stability of their operation, enhancing energy and economic performance, and
expanding the possibilities for efficient use of the potential of small hydropower.
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2. Oleksandr Hasiuk

KBasigikanis: . t. u., gou., 05.05.17

InenTudikarop ORCID ID: 0000-0001-6347-8501



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHui TEXHIYHMI YHiBEpCUTET "XapKiBChKuUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I'pinyenko 'anHa CepriiBHa

2. Hanna Hrinchenko

KBasigikanis: . r. u., gou., 05.01.02

Inentudikarop ORCID ID: 0000-0002-6498-6142

JoparkoBa iHdpopmamnist:

IloBHEe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: XapKiBCbKuil HallioHanbHMIT yHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €APIIOY: 02071205

MicneSHaxo,ZDKeHHﬂ: mamgaH CBobou, XapkiB, XapkiBcbkuil p-H., 61022, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kanrok 'enHazin IBaHOBUY

2. Gennadii Kaniuk

KBasigikamis: 1. 1. n., npodecop, 05.13.07

Imentudikarop ORCID ID: 0000-0003-1399-9039

JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: XapKiBCbKuil HallioOHAMbHUI yHiBepcUTeT imeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

MicueSHaxo,vieHHﬂ: marpan CBobonu, XapkiB, XapkiBceKuii p-H., 61022, Vkpaina

dopma B1aCHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI
TOJIOBH pagu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi

OisIJIbHOCTI

Kynpisnos Onekcanap Bosmogumuposuy

Kynpisnos Onekcanap BomoguMuposny

[lleByenko AHnpiit OnekcaHgpoBUY

Opuenko TersiHa AHaTosIiBHA

FOpuenko TetsaHa AHaToiiBHA



