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Pedepar:

1. 3impkeBny I1. O. ABTOMaTH30BaHe KEPYBaHHS CUCTEM eHepro3adesneyeHHs 00'€KTiB 3 aKTUBHUMU CIIOKMBAYaMU.
- KBanigikauiifiHa HaykoBa ITpaljsl Ha IpaBax pykonucy. Jlucepratiisi Ha 3000yTTsl HAYKOBOTO CTYIIE€HS JOKTOpa
dinocodii 3a cnenianpHicTIO 141 «ENeKTpoeHEPreTUKa, €1IEeKTPOTEXHIKa Ta eJIeKTpoMexaHika». — HalionanbHUI
YHIBEpCUTET Xap4yOBMX TEXHOJIOTIN MiHicTepcTBa OCBiTH 1 HayKu YKpainu, Kuis, 2023. V gucepraliii nocrasneHa m
BUpillleHa aKTyasbHa 33]1a4a MiJBUIIEHHS €PEKTUBHOCTI €JIEKTPOCIIOKABAHHSA Ta €JIEKTPOIIOCTA4aHHS
IIPOMUCJIOBUX Ta LIMBIIbHUX OO'€KTIB 3 aKTUBHUMMU CIIOKMBayaMU €Heprii, HIJIIXOM CTBOPEHHSI aBTOMAaTU30BaHO]
CHACTEMU KEPYBaHHS €JIEKTPO3a0E3I1€UeHHSIM Ha OCHOBI BUKOPUCTAHHS iHTEJIEKTyaJIbHUX METO/IiB KEePyBaHHSI:
iHTeJIEKTyaJIbHUX METO/iB IPOTHO3YBAaHHS HABAHTKEHHS Ta FeHepallii eJ1eKTPUYHOI €Heprii, arOprUTMiB
BU3HA4YE€HHS NPOQIsI0 HABAHTA)KEHHS aKTMBHUX CIIOKMBAYiB Ta KEPYBaHHS IMONUTOM aKTMBHUX CIIOKUBAYiB,
aJITOPUTMY KEPYBAaHHS HAKONMYyBa4yaMU €JIEKTPUYHOI €HEPrii, METOiB CUHTE3Y HEYITKUX PEryJATOpiB. Y MePIOoMy
po37isi MpoBeIeHO aHali3 eJ1IeKTPo3abe3euyeHHs 3 aKTUBHUMU CIIOKMBauYaMU: TPOAHAi30BaHO KOMILJIEKC ITATaHb,

IIOB'S13aHUX 3 PO3POOKOIO CUCTEM aBTOMATH30BAHOI'O KEPYyBaHHS €JIeKTPo3abe3riedeHHsIM 3 aKTUBHUMU



CIIO)KMBA4YaMU 3 BUKOPUCTAHHSIM iHTEJIEKTyaJIbHUX METO/IiB KEPYBAaHHS Ta iH(POPMaLIHUX TEXHOJIOTI!, B TOMY
YUCJIi MiACUCTEM KePYBaHHS IONMTOM aKTUBHUX CIIO>KUBAYiB, PEKMMaMU HaKOIIMYyBayiB €Heprii Ipy1 KOMIEHcallii
1iKiB HaBaHTaKEHH$, 3a6€3I1€YE€HHs HOPMATYBHYX PiBHIB HAalIpYT¥ B CUCTEMAaX 3 aKTMBHMMH CIIOKMBa4YaMu
(BnacHoto reHepatiieio). HaBeZjeHO XapaKTEPUCTUKY «aKTUBHOTO» CIIOXKMBAYa SIK €JIeMEHTa CUCTEMU
eHepro3abesreyeHHs], B SIKil MO>KHA KepyBaTH [1I0BEIiHKOIO CIIO’KMBAva: iHTerpallis BIaCHOI reHepallii, MexaHi3Mm
CTUMYJIIOBAaHHS PO3BaHTAKEHHS, MEXaHi3M 3yCTPiYHOrO IJIaHYBaHHA Ta MEXaHi3MU KepyBaHHS rmonuTtoM. HaBeseHa
IIOCTQHOBKA 3aBAAHHS JOCJIIPKEHHS. Y IpyroMy po3zijii MpoBeieHu CUCTEMHUIA aHalli3 ITPollecy KepyBaHHS
reHepatlielo, IepeilaBaHHsIM i CIIO)KMBAHHSIM €JIEKTPUYHOI eHeprii Ha MPOMUCJIOBUX Ta LIUBIIbHUX 00'€KTaX 3
aKTMBHMMH CIIOKMBa4yaMU. 3alTPONIOHOBAHI MiX0A1 A0 MOOYI0BM aBTOMAaTU30BaHOI CUCTEMU KEPYBaHHS
eJIeKTpo3abe3reyeHHsIM IIPOMUCJIOBUX OO €KTIB 3 aKTUBHUMU CIIOKMBayaMU Ta OpraHizaliliHo-TeXHiyHi 3acobu
KEPYBaHHS CUCTEMOIO €JIEKTPO3abe3IeueHHs IPOMHUCJIOBUAOro 06’ekTa. 3a metoposorielo SADT Ha ocHOBI HoTalil
IDEFO nobymoBaHa CUCTEMHA MOJ€JIb KEPYBaHHS eJleKTpo3abesnedeHHs LIO 3 aKTUBHUMU CIIOKMBAYaMU. Y
TPEThOMY PO37iJi pO3IJSIHYTO METOAU KOPOTKOCTPOKOBOrO IporHo3ysaHHs reHepalii ®EC Ta HaBaHTa)KeHHS
CIIOKMBAYiB, 30KpeMa CTaTUCTUYHI METO/IY Ta iHTeJIeKTyaIbHi METOZH, 11J0 BUKOPUCTOBYIOThCS [JIS1 3aa4
KepyBaHHS. BUKOHAHO MOPiBHSJIBHUI aHaJli3 METO/1iB KOPOTKOCTPOKOBOTO OAHOKpoKoBoro ITEH, Ha 0CHOBI
mogpenent ARIMA, «HaiBHOro Mporuo3y» ta MetoniB ANFIS. Pe3ysibTaTy MPOrHO3yBaHHS [OKA3aJH, 0
BUKOPHUCTaHHs MeTony Ha ocHOBi ARIMA (2,1,2) e 6inbi e(peKTUBHUMU y NOPIBHSIHHI 3 «HAIBHUM IIPOTHO30M» Ta
meTogiB ANFIS. TTpu ubomy, 11 HaBYaabHOI Ta TECTOBOI BUOIPKYM BKa3aHa MOJieJlb 3a0e3edye BinnosinHo RMSE
0,0317% 0,0359%. BukoHaHO MOPiBHSJIIbHUI aHAJII3 METOIiB KOPOTKOCTPOKOBOro 6aratrokpokosoro [1EH, Ha ocHOBI
Mogenent ARIMA, «HaiBHOrO Mporuo3y» ta Metonis ANFIS. PedyspTaTy IpOrHO3yBaHHS [TOKA3ay, 0
BMKOPHUCTaHHS MeToay Ha ocHOBi ARIMA (4,1,2) € 6inbil e(peKTUBHUMMU y NOPIBHSIHHI 3 «HAIBHUM IIPOTHO30M» Ta
meToziB ANFIS. ITpu upomy, BKazaHa Mojiesib 3a6e3neuye RMSE niist TecToBoi Bubipku ctaHoBUTH 0,052%.
BrkoHaHO aHasi3 MeToay KOPOTKOCTPOKOBOI'O 6araTOKpOKOBOT0 NPOrHo3yBaHHs reHepatii ®EC, Ha OCHOBI IITYy4YHO]
HelipoHHOI Mepexi NARX s nepenbadyeHHs Ha HaCTyIHi 24-roaunu. [IpoBeieHi fOCliIpKeHHs ToKa3aly, 1o
6araToKpOKOBe IIPOTHO3yBaHHS Ha OCHOBI BiIKpUTOTO LMKy (Openloop) Hafae Kpallli pe3ysbTaTH, HixK 3aKpUTU
1ukJ closeloop. ITpu upoMy, BKkazana mogers 3abesneuye MSE njis TectoBoi Bubipku cranosuts 0,0257%. B
pe3yJIbTaTi AOCIiIKEHHS BUSIBJIEHO, 110 B aBTOMATU30BAHUX CUCTEMAX KEPYBAaHHS €JIEKTPO3abe3NedyeHHIM
IIPOMHUCJIOBUX Ta LIMBIJIBHUX O0'€KTIB 3 aKTUBHUMU CIIOKMBaYaMU e(PeKTUBHUMU iHCTPYMEHTaMU IIPOTHO3YBAHHS €
mogesi ARIMA ta NARX. Y yeTBepTOMY pO3[iJli 3aIIpOIIOHOBAHMIA MiAXis 70 mo6ynoBY aBTOMAaTU30BaHOI
mizcrucTeMy KepyBaHHS MOTYXKHICTIO akTUBHUX crioxkuBayiB (AITKITAC), sika npu3HaveHa /1Jig 3MEHIIEHHS OIIaTH 3a
€JIEKTPUYHY €HEPTII0 i 3HM)KEHHS €eHEPrOEMHOCT]I BUPOOHMIITBA 32 PAXYHOK BUKOPUCTAHHS [TPOTHO30BAHMX 3HAYEHb
HaBaHTaXEHHs Ta IOTY>XKHOCTI reHepalii reHepatopamu BiacHoi reHepalii(®EC, 1IT'), 3a6e3nedeHHs: epeKTUBHOTO
BUKOPUCTAHHS reHepaTopiB BiacHoi reHepaii, CHE Ta kepyBaHHSI HaBaHTa)KEHHSIM 3 YpaxXyBaHHSIM 0COOJIMBOCTEN
tapudiB Ha eseKTpuyHy eHeprito (EE).

2. Zinkevych P. O. Automated control of energy supply systems of objects with active consumers. - Qualifying
scientific work on manuscript rights. Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 141 "Electroenergetics, electrical engineering and electromechanics". - National University of Food
Technologies of the Ministry of Education and Science of Ukraine, Kyiv, 2023. In the dissertation, the urgent task
of increasing the efficiency of electricity consumption and electricity supply of industrial and civil facilities with
active energy consumers is set and solved, by creating an automated power supply management system based on
the use of intelligent control methods: intelligent methods of load forecasting and electricity generation,
algorithms for determining the load profile of active consumers and demand management of active consumers, the
algorithm for managing electric energy storage devices, methods of synthesis of fuzzy regulators. In the first
section, an analysis of electricity supply with active consumers was carried out: a complex of issues related to the
development of automated control systems for electricity supply with active consumers using intelligent control
methods and information technologies, including active consumer demand management subsystems, modes of
energy storage during peak compensation, was analyzed load, ensuring energy-efficient voltage levels in systems
with active consumers (own generation). The characteristics of the "active” consumer as an element of the energy



supply system, in which the consumer's behavior can be controlled, are given: integration of own generation, a
mechanism for stimulating unloading, a counter-planning mechanism, and demand management mechanisms. The
formulation of the research task is presented. In the second chapter, a systematic analysis of the process of
managing the generation, transmission and consumption of electric energy at industrial and civil facilities with
active consumers is carried out. Proposed approaches to building an automated power supply management system
for industrial facilities with active consumers and organizational and technical means of managing the power
supply system of an industrial facility. According to the SADT methodology, based on the IDEF0 notation, a system
model of power supply control of the central office with active consumers was built. In the third chapter, the
methods of short-term forecasting of generation of electric power plants and load of consumers are considered, in
particular, statistical methods and intelligent methods used for control tasks. A comparative analysis of short-term
one-step PEN methods was performed, based on ARIMA models, "naive forecast" and ANFIS methods. The
forecasting results showed that using the method based on ARIMA (2,1,2) is more effective compared to the "naive
forecast" and ANFIS methods. At the same time, for the training and test samples, the specified model provides an
RMSE of 0.0317% and 0.0359%, respectively. A comparative analysis of short-term multi-step PEN methods was
performed, based on ARIMA models, "naive forecast" and ANFIS methods. The forecasting results showed that the
use of the method based on ARIMA (4,1,2) is more effective compared to the "naive forecast" and ANFIS methods. At
the same time, the specified model provides an RMSE for the test sample of 0.052%. The analysis of the method of
short-term multi-step forecasting of FES generation, based on the artificial neural network NARX for the
prediction for the next 24 hours, was performed. The conducted studies showed that multi-step forecasting based
on the open loop (openloop) provides better results than the closed loop closeloop. At the same time, the specified
model provides an MSE for the test sample of 0.0257%. As a result of the study, it was found that ARIMA and NARX
models are effective forecasting tools in automated power supply management systems of industrial and civil
facilities with active consumers. In the fourth chapter, an approach to the construction of an automated power
management subsystem of active consumers (APKPAS) is proposed, which is designed to reduce the payment for
electric energy and reduce the energy intensity of production due to the use of predicted values of load and
generation capacity of generators of own generation (PPS, DH), ensuring effective use generators of own
generation, SNE and load management taking into account the peculiarities of tariffs for electric energy (EE).
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