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1. Lykp. Juceprauiiina po6ora: 182 c., 61 puc., 5 nog,., 72 mxxepesn. EJIEKTPUYHI MEPEXXI, BITHOBJIFOBAJIbHI
JDKEPEJIA EHEPTI, QOTOEJIEKTPUYHI CTAHLIIL, IETPAJIALIIS ®OTOEJEKTPUYHUX MOJIYJIIB,
OLIHIOBAHHS TEXHIYHOI'O CTAHY TPAHCOOPMATOPIB, IUCTAHUIMHWI MOHITOPUHT TA
CAMOJIIATHOCTHKA GOTOEJEKTPUYHUX CTAHLIIN quceprariitia po60Ta MpUCBSYEH ITiBULIEHHIO
HagiriHocTi poboTu OEC i peasnizauii Mmozesi nporHo3ysaHHs reHepaltii eaekrpoeHeprii Ta yyacti ®EC B
6asnaHcyBaHHi pexxumis EEC 3 BpaxyBaHHSIM paerpagaii ii eniekTpoobagHaHHS B POOOTi pO3B’sI3yI0ThCSI TaKi OCHOBHI
3a/aui: - aHaJi3yI0ThCS BUAM NTOMIKOIKEHDb (POTOEJIEKTPUIHUX MOYJIiB, HOCIIXKYIOTbCS (PAKTOPH, SIKi BIVIUBAIOTD
Ha perpagauiio OEM Ta iX 3a/1€5KHICTh, PO3IJISIIAI0THCS OCOOINBOCTI eKCITyaTalii CUI0BUX TpaHCHOPMATOPiB
CHCTEM €JIEKTPOIIOCTaYaHHs Ta reHepyBaHHs BIE B yMoBax BiliHU, a TAKOXK pPO3POOJIIIOTHCSI METOIU Ta CIIOCOOH
niarHocTuky ctany QEC; - maTeMaTUYHe MOJEJIOBAHHS Ta METOY OLIiHIOBAHHSI TEXHIYHOTO CTaHY
(oTOENEeKTPUYHUX CTaHLLiH B 6anaHcyouiil rpyni EEC 3 BUKOpHCTaHHSIM YaCOBUX PAIiB [71s IPEICTAaBIEHHS

renepyBaHHs OEC, kopessuiiHOro aHasizy napaMeTpis, BIJIMBOBUX Ha reHepyBaHHs OEC, a TakoX Kiactepusaliii



3aas1s BusHadeHHs OEC 3 aHomamismMu B iX po6OTi; 117151 OLiHIOBaHHS T€XHIYHOTO cTaHy obagHaHHsa GEC
PO3pOOJISETHCS IPOrpaMHO-arapaTHU KOMILJIEKC [iarHOCTYBaHHS i [1I0Ka3aHO pe3yJIbTaTy M0ro 3aCTOCYBaHHSI.
OCHOBHUM €JIEMEHTOM CTaHIiil IPSIMOTO II€PETBOPEHHSI COHSIYHOTO BUIIPOMiHIOBaHHS € QOTOEIEKTPUYHI MOy i
(PEM) i BntuB ix gerpapatii Ha reHepyBaHHs enekTpoeHeprii EC cyTTeBuil, TOMy po3po61eHO METOAU Ta
QJITOPUTM MOHITOPHMHIY iX TEXHIYHOTO CTaHy. BuU3Ha4yeHO, 1110 3aCTOCYBAaHHS TEIJIOBI3iIHOTO KOHTPOJIIO BUMarae
BeJIMKOi iHdopMaIlifiHOI 623U Ta MOCTIHOTO BAOCKOHAJNIEHHS METOAiB Ta ineHTudikaiii nedexTis. ] 1poro
HEeOOXiJIHO BUKOPMCTOBYBATH aJITOPUTMH, SIKi BU3HAUYAIOTh IpUupoxy Aerpagauii ®EM. Ha ocHOBI NOpiBHSIHHS
metoniB DBSCAN Ta k-means BU6paHO METO[I, SIKUi1 JO3BOJIsIE HA OCHOBI KOOPAMHAT 00'€KTiB TeHepyBaHHs Ta IiB
roguHHUX rpadikiB reHepyBaHHSI BUKOHATH IIOJIij1 HA IPYIIY 3 BiTHOCHO IPOCTOI0 iHTepIIpeTallielo pe3yibTaTiB.
OO6rpyHTOBaHO METO[, SIKWI1 CTBOPIOE MO>KJIMBOCTI 3aCTOCYBaHHsI 6€3I1iJIOTHUX aBialiliHUX cUCTeM 1Sl
aBTOMAaTM30BAHOTO aHAaJi3y (POTOEIEKTPUYHUX YCTAHOBOK. Lleil MeTom MoXe 6yTH 3aCTOCOBAHUM §IK B
iHppauepBOHOMY, TaK i y BUAMMOMY Zianas3oHi cnekTpy. O6uBa BUNAKMA BUMAralTb clieln(iyHoro
HaJIalITyBaHHS NI€BHUX MTapaMeTPiB, 10 IPU3BOIUTD 10 PidHOi noBexinky BIJIA mig yac aBTOMaTU30BaHUX
I0JIbOTIB. [l7151 BUOOPY CTaHLiiA, sIKi NOTPEOYIOTh IPOBEJEHHSI MOHITOPUHTY, HEOOXiTHO PO3POOUTH METOZ, 110
IO3BOJIMB OU 33 JOCTYITHUMU IIapaMeTpamu Le 3poouTu. OCKiNIbKY TaKMMU IapamMeTpaMu € rpadiku reHepyBaHHS
OKpPEMUMMU CTaHIisIMH, SKi MOXYTb HazaBaTuch cucteMoio ACKOE 3 roguHHOI0 a6o IiB roiHHOIO AUCKPETHICTIO,
TO Lli JAHHI FOTYIOThCS JJ1s1 IOJAJIBIIOTO aHali3y. [j1s1 Iboro po3po6JieHo BifIIOBiHE IpOrpaMHO-anapaTHe
3a0€e31e4eHHs, sIKe JO3BOJIsI€ YTOUHIOBATY IPUPOAY i NPUYMHU 3HIDKEeHHS NpoaykruBHocTi ®EM i ®EC B ninomy.
Po3pobneno meton giarHoctyBaHHs ®EM B yMOBaX HEIIOBHOTH IMOYATKOBUX JAAHUX, SIKUH LJISIXOM BUKOPUCTAHHS
HepOo-HEeYiTKOro MOJeJII0BaHHS J03BOJIsSIE OTPUMATH ITOTOUYHE 3HaUYeHHs KoedilieHTy 3anuimkoBoro pecypcy ®EM
i, B 3aJIEKHOCTI BiJl pe3yJIbTaTy, 3pOOUTH BUCHOBOK IPO OfuH 3i ctaHiB PEM Ta 3MEHIINTH MOXMOKY ITPOTHO3yBaHHS
Takoro ctany. Ha npakTuyHOMY IIPUKJIaZi 10Ka3aHO BILUIMB Jerpanatii o6nagHanasg OEC Ha pesynbratu
reHEepYBaHHS €JIEKTPOEHEPrii. 3 BIPOBAIPKEHHSIM IIPOLE€IyPU IOTOAMHHOIO TPOrHO30BaHOTO F€HEPYBAaHHS
enekTpoeneprii EC 3agaya ix yyacTi B 6ajiaHCyBaHHI PEXXUMIB CYTTEBO YCKJIQHUIIACS, OCKIJIbKY HEBiJIIOBiIHICTh
3as1BJICHOTO T€HEPYBAHHS pealbHOMY Ilepenoadae PiHaHCOBY BifIOBiNalbHICT. MeTO MOHITOPUHTY Ta BUSIBJIEHHS
HecIipaBHOCTel B pexxuMi oHnaiiH QEM, siki excrunyarytoteest Ha QEC, 6a3yeTbes nuile Ha indopmaliii, 3i6paHiit
SCADA cucremamu OEC. 3a pesynbTaTamu BUIIPOOOBYBaHHS [TOKa3aHo, 1o gouisibHo ®EM ninuTtu Ha 1Bi rpynu: Ti,
1110 Yepe3 pisHy NPUYMHY Aerpajallii SMeHIINIU CBOIO IIPOLYKTUBHICTb Ha 25-35%, 1 Ti, A1 IKUX 1ii 3HAUE€HHS
meHui 10%. OcranHio rpyny ®EM BapTo NpoAOBXUTA BUKOPUCTOBYBATH, a MO0 MEPLIOi, TO BAPTO 3pOOUTHU
TE€XHIKO-€KOHOMIYHY OLiHKY i BUPIIINTH, YX JOLiIbHO NPOJOBXUTH iX €KCIIJIyaTallilo, Y4 NJEMOHTYBATH i 3aMiHUTU
Ha HOBI. Jlocii’KeHO XxapaKTepHi IPUYMHY MOIIKOpKeHb TpaHchopmaTopis PEC. B nepmy uepry, 1je 3MiHHA
HaMpsIMKIiB, peBepC MOTOKIB MIOTY>KHOCTI yepe3 TpaHchopmartop. CydacHi CUIoBi TpaHCPOPMATOPU 4ACTO He
PO3paxoBaHi Ha 3MiHy HaNPSIMKIB MOTOKIB NMOTY>KHOCTI. 3i 30ibeHHsIM po3noBcioaxeHHs: QEC peBepcHUI NOTIK
€JIEKTPOEHePrii cTae cepito3HOI0 MpobseMoro. OCKIJIbKY iCHYI04i METOIMKY BUOOPY CUJIOBUX TPaHC(OpPMaToOpiB He
BPaxOBYIOTb PEBEPCHBHUX ITOTOKIB, 110 IPU3BOIUTD [0 iX MePerpiBy nif yac ekcruryaraii. [lle ogHieo NpruinHo0
nomKoaKeHb TpaHcpopmaTopiB PEC € HeCMHYCOiIaNbHICTh HAIIPYTY, CHOTBOPEHHS CUHYCOIAM SIKOi MOXXe OYTH B
eJIEKTPUYHil Mepexi crioxkuBadamu. OcoBJIMBO Lie CTOCYEThCS BUIIAIKIB, KON Ha ogHOMY difepi 3HaX04UThCS
nekinbka @EC i MOMEHTU BKJIIOYEHHS /BiIKJIIOUEHHS SIKUX HE Y3roJpKeHO MixX coboro. Taki cucremMaTuyHi

[IepeHanpyryu MOXyThb IIPU3BECTH [0 MOLIKOKEHHS 1301411l i BUXOny 3 Jafy TpaHcdopmaTopa.

2. The dissertation work is devoted to increasing the reliability of the operation of photovoltaic power plants and
the implementation of a model for predicting electricity generation and the participation of photovoltaic power
plants in balancing the power plant modes, taking into account the degradation of its electrical equipment. The
following main tasks are solved in the work: - types of damage to photovoltaic modules are analyzed, factors that
affect the degradation of photovoltaic power plants and their dependence are investigated, the features of the
operation of power transformers of power supply systems and renewable energy generation in war conditions are
considered, and methods and means of diagnosing the state of photovoltaic power plants are developed; -
mathematical modeling and methods for assessing the technical condition of photovoltaic power plants in the
balancing group of the power plant using time series to represent photovoltaic power plant generation, correlation



analysis of parameters affecting photovoltaic power plant generation, as well as clustering to identify photovoltaic
power plants with anomalies in their operation; a hardware and software diagnostic complex is developed to
assess the technical condition of photovoltaic power plant equipment and the results of its application are shown.
The main element of direct solar radiation conversion stations are photovoltaic modules (PVMs) and the impact of
their degradation on the generation of electricity by PV plants is significant, therefore, methods and algorithms for
monitoring their technical condition have been developed. It has been determined that the use of thermal imaging
control requires a large information base and constant improvement of methods and identification of defects. For
this, it is necessary to use algorithms that determine the nature of PVM degradation. Based on a comparison of the
DBSCAN and k-means methods, a method was selected that allows, based on the coordinates of the generation
objects and half-hour generation schedules, to perform division into groups with a relatively simple interpretation
of the results. A method was substantiated that creates the possibility of using unmanned aircraft systems for
automated analysis of photovoltaic installations. This method can be applied both in the infrared and in the visible
spectrum range. Both cases require specific settings of certain parameters, which leads to different behavior of the
UAV during automated flights. To select stations that require monitoring, it is necessary to develop a method that
would allow this to be done using available parameters. Since such parameters are generation schedules by
individual stations, which can be provided by the ACEAS system with hourly or half-hourly discreteness, these data
are prepared for further analysis. For this purpose, appropriate software and hardware have been developed,
which allows specifying the nature and causes of the decrease in the productivity of PV and PV plants as a whole. A
method for diagnosing PV in conditions of incomplete initial data has been developed, which, by using neuro-fuzzy
modeling, allows obtaining the current value of the PV residual resource coefficient and, depending on the result,
making a conclusion about one of the PV states and reducing the prediction error of such a state. A practical
example shows the impact of PV equipment degradation on the results of electricity generation. With the
introduction of the procedure for hourly forecasted electricity generation of photovoltaic power plants, the task of
their participation in balancing the regimes has become significantly more complicated, since the discrepancy
between the declared generation and the actual one entails financial liability. The method of online monitoring and
fault detection of photovoltaic power plants operated at photovoltaic power plants is based only on information
collected by the photovoltaic power plant SCADA systems. The test results show that it is advisable to divide
photovoltaic power plants into two groups: those that, due to various reasons for degradation, have reduced their
productivity by 25-35%, and those for which these values are less than 10%. The latter group of photovoltaic
power plants should be continued to be used, and as for the first, it is worth making a technical and economic
assessment and deciding whether it is advisable to continue their operation or dismantle and replace them with
new ones. The characteristic causes of damage to photovoltaic power plant transformers have been investigated.
First of all, this is a change in direction, a reversal of power flows through the transformer. Another reason for
damage to photovoltaic power plant transformers is the non-sinusoidality of the voltage, the distortion of which
can be caused by consumers in the electrical network. Such systematic overvoltages can lead to insulation damage

and transformer failure.
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ByacHe IlpizBume Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCimaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuK Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisIIBHOCTI

Kynuk Bonogumup Bonogyumuposud

Kynuk Bosnogumup BonogyumupoBuy

IBanuyK fpocnas BosogumupoBuy

VKpIHTEI

[Opuenko TersiHa AHaToJiiBHA



