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1. O6’eKTOM [IOCTIIKEHb € MPOolleC BU3HAYEHHSI HAaBaHTaXXEHHSI B i30JIbOBAaHUX MiKpoMepekax i3 GOoToeeKTPUIHOI0
re”epatieto. [IpefMeTOM JOCIIIKEHHS € METOI Y, aJITOPUTMHU, MOJIeJli BUBHaYEHHSI IONTYCTUMOIO HAaBaHTaXKEHHS
iHBEpPTOPIB B i30/IbOBAHUX MIKpOMEpPEXKaX i3 (OTOETEKTPUYHOIO TeHepallielo Ha OCHOBI FApMOHIYHOTO aHali3y 3a
YMOBH [IOTPUMaHHS HOPMAaTHMBHUX BUMOT 10 TIOKA3HUKIB SIKOCTi eJIeKTpUYHOi eHeprii. Y guceprauiiiHiii po60Ti
BUpillleHa HayKOBO-TIPAaKTUYHA 33a/ja4a, NIOB’A3aHa 3 PO3POOJIEHHAIM METOZY KOHTPOJIIO JOIyCTUMOrO HaBaHTAKEHHS
i3osboBaHUX Mikpomepex i3 QEC mIsxoM 3aCTOCYBaHHS TaPMOHIYHOI0O aHaslizy. 3arrpOIIOHOBAHMI MTiIXi,
CIPSIMOBAHMI HA BU3HAYEHHSI IONyCTUMUX PEXXUMIB pOOOTH iHBEPTOPIB 3 ypaxyBaHHSIM aKTUBHOI Ta PEAKTUBHOI

CKJIaJIOBMX HaBaHTa)X€HHSI, XapaKTepy IiakIoyeHux crioxkuadis i piBHsg THD Hanpyru. Y BCTymi 06IpyHTOBAHO



aKTyaJbHICTb 33a4 JOCiIPKEeHHSI, C(OOPMYIbOBAHO METY, 00'€KT i IpeIMeT AOCIiIKEHHS, BU3HAYE€HO OCHOBHI
3aBJJAHHS, HAYKOBY HOBU3HY Ta IIPAKTUYHE 3HAYEHHS OTPUMAHUX PE3yJbTaTiB. Y EPUIOMY PO37iji BAKOHAHO aHali3
METO[IiB i 32C006iB OLiHKY SIKOCTi €JIeKTPUYHOI €Heprii B 3arajJibHUX Mepexax, y Tomy uucii i3 @EC. PosrisnyTo
3aKOHOJIaBue peryJoBaHHs cdpepu CTaHIApTU3ALlil IKOCTi esIeKTpUYHOI eHeprii B YKpaiHi Ta €C, a TakoxX
CTaHJAPTH, 1110 BU3HAYAIOTh OKPEMIi ITIOKA3HUKMU SIKOCTI €JIEKTPOEHEPTii, METOIU iX BUMIPIOBAHHS Ta BUMOTHU [10
3ac00iB BUMIipIOBasIbHOI TeXHiKU. OKpeMy yBary IpuiijieHo aHajizy Cy4yacHUX MpUiIafiiB KOHTPOJIIO SIKOCTi
€JIEKTPUYHOI €HEePrii Ta iXHIX METPOJIOTIYHMX XapaKTEPUCTHK, 110 JO3BOJIMIJIO BUBHAYUTHY NIPUIATHICTb TAKUX
3aco06iB s gocriaxkeHHs: Mikpomepex i3 ®EC. Y gpyromy po3ziii IpoBeieHO eKCIIepUMEHTaIbHE JOCIiIKEHHS
3MiHM IIOKA3HUKIB IKOCTi eJIeKTpU4YHOi eHeprii B mikpomepexkax i3 ®EC. 17151 11p0r0 po3po06sIeHO METOAMKY
IIPOBEJIEHHS eKCIIEpUMEHTIB Ta iHpOopMaLiiHO-BUMIPIOBaJIbHY CUCTEMY, 110 JO3BOJIMIIA LOCIIIKYBaTU POOOTY
iHBEpTOPIB 3a Pi3HUX PEXXMUMIB POOOTU Ta Pi3HOTO XapaKTEPY HaBaHTAXXEHHs. EKCriepUMeHTaIbHI JOCiIKEHHS]
OyJIu CIIpSIMOBaHi Ha BUBHAYE€HHS BIJIMBY TOIOJIOTi] iHBEPTOPIB, pesKMMIB pO6OTH, @ TAKOXK aKTUBHOTO, PEAKTUBHOTO
Ta HEJIHIHOTO HaBaHT)KEHHS Ha BUMipIOBaHHA Ta 3MiHy [ISIE. 3a pe3ysbTaramy eKClIepUMEHTAIbHUX OCIiIKEHb
BCTAHOBJIEHO, 110 B i30JIbOBaHUX MiKpoMmepeskax i3 ®EC piBeHb rapMOHIYHUX CIIOTBOPEHDb HAMIPYTU CYTTEBO
3aJIEXKUTD Bifl XapaKTepy MiJKI0YEHOTo HaBaHTaKeHH. [l0Ka3aHo, o HeJliHiliHE Ta peaKTUBHE HaBaHTaKEHHS
MOXe CIIpUYUHSITH 3pocTaHHs THD, 3miHy ¢popmu KpUBOi HaIllpyTryl Ta NOTipLUIeHHS YMOB PO60TH iHBEPTOPHOTO
0071ajHaHHS ITPU POOOTi B aBBTOHOMHOMY peXXuMi. OKpeMO BUKOHAHO MIXKIIPUJIal0BE METPOJIOTIYHE OL[iHIOBAaHHS
y3rofpkeHocCTi BUMiptoBanb THD Hanpyry, 1o g03BOMIIO NiABUIIUTY JOCTOBIPHICTb OTPMMAaHUX
€KCIIEpUMEHTAJIbHUX Pe3YJbTaTiB. Y TPETbOMY PO3[isli pO3p0O6IEHO METO/L, BUSHAYEHHS IOIIYCTUMOI IIOTYKHOCTI
iHBEpTOPIB 11711 po6OTHU B i30/IbOBAHUX CUCTEMAX 3i BHAUHUM PiBHEM PEaKTUBHOTO HaBaHTakeHHs. ChopmMoBaHO
METOJMYHi OCHOBY BU3HAUEHHS KPUTEPIiB MPUIHIATHOCTI Ta MEXK 3aCTOCYBaHHS METOJY, OOIPYHTOBAaHO BUOIp
BUIIPOOYBAJIbHUX PESKMMIB i YWHHUKIB BILIUBY, @ TAKOXX PO3PO0JIEHO aITOPUTM BU3HAUEHHS MAaKCUMAJIbHO
IOITyCTUMOI IIOTY>KHOCTI Ta MpaBujia NPUUHATTS pilleHb. OCHOBOI METO[Y € 3aCTOCYBaHHS TAPMOHIYHOTO aHali3y
L7151 OLIiHIOBAHHS IOITyCTUMOCTI PEXUMIB poOOTH iHBEpPTOpa 32 KpUTEPieM HellepeBUIEHHS! BCTAHOBJIEHOTO PiBHS
THD Hanpyru. TakoXX po3IJISHYTO METPOJIOTiUHE 3a0€3Me4eHHS METOY Ta MiX0AU O OLiHIOBAaHHS JOCTOBIPHOCTI
pe3yJbTaTiB. BU3HaYE€HO MOXKJIMBOCTI 3aCTOCYBAHHSA METOAY B JIII0YMX MIKPOMEpPEKAxX Ta eKCIUIyaTaliiHUX
pekumax i copMOBaHO CxeMy HaKOIUYEHHS IOXUOKK po3pobsieHoro metoay. lle 1o3Bosnio o6rpyHTyBaTU
3aCTOCYBaHHS 3aIIPOIIOHOBAHOTO MiIX0NY HE JIULIE /1715 JJaO0paTOPHUX BUIIPOOYBaHb, a 1 117151 IPaKTUYHOTO
KOHTPOJIIO JONyCTUMOrO HaBaHTAXXEHHSI B PeajlbHUX i3071b0BaHMX MikpoMepexkax i3 PEC. Y ueTBepTomy po3zini
BHMKOHAHO IIepeBipKy ePEeKTUBHOCTI 3aIIpOIIOHOBAHOTO METO/y Ta PO3IJISIHYTO MOSKJIMBOCTI OTO iHTerparlii B
HOPMAaTHUBHY 6a3y. [lJ1s1 1bOro y40oCKOHaJeHO MaTeMaTu4yHy Mojiesib Mikpomepexki 3 ®EC B cepenioBuii

MATLAB /Simulink. OnnucaHo CTpyKTypy MaTeMaTU4YHOI MOZEJIi, PO3pO06JIEHO PO3PaXyHKOBO-BUMIipPIOBAJIbHUAM
MOJyJIb [IJI1 BUBHAYEHHS JONyCTUMUX P-Q peXnMiB iHBEPTOpPA Ta peasi3oBaHO aJrOpUTM aBTOMAaTH3aLlii
BMKOHAaHHS METO/ly BU3HAUEHHSI MaKCUMaJIbHO JonycTUMOi noTykHOCTi OEC. YnockoHasieHa MaTeMaTUiHa MOZEJb
Jiajia 3MOT'y MOZEJIIOBATH CIIiJIbHY POOOTY iHBEPTOPA 3 aKTUBHUM, PEAKTMBHO-iHAYKTUBHUM, PEaKTUBHO-€MHICHUM
Ta HEJIIHIHMM HaBaHTKEHHSIM. 33 JOIOMOTIOI0 MOZEi ITPOBENEHO AOCIIIKEHHS BIUIUBY ITIAPAMETPIB
HaBaHTa)keHHs Ha piBeHb THD Hanpyry Ta BU3Ha4eHO LONyCTUMIi 0671aCTi poOOTH iHBEpTOpa B KOOPAMHATAX
aKTUBHOI i peakTuBHOI NOTYy>KHOCTi. OKpeMy yBary B Y4eTBEPTOMY PO3/iji npuieHo GopMyBaHHIO TPOINO3MULIiT
OO YIOCKOHAJIEHHSI HOPMATUBHOI 6a3u 3 ypaxyBaHHAM crienu@iku riopugaux GEC. 3anponoHoBaHa B MeToi P-
Q miarpama oOMyCTUMUX PEXUMIB pOOOTH iHBEPTOpPA MOXKE OYyTU BUKOPUCTAHA BUPOOHUKAMU iHBEPTOPHOTO
0071aJHaHHS SIK JOJATKOBUM €JIeMEHT TeXHIYHOi JOKyMeHTallii. fi 3aCTOCYBAHHS IO3BOJISIE IPOEKTYBAJILHUKAM Ta
eKCIUlyaTalillHUM opraHisalisim o6I'pyHTOBAaHO BUOMPATH IIOTY>KHICTh iIHBEPTOPA, BpaxOBYBAaTU XapaKTep

MaﬂGYTHbOFO HAaBaHTa’>X€HH4 Ta IOIIEPEIPKATH PEKMMHY, 3d AKUX MOXJIINBE I'IOFipIHeHHﬂ AE.

2. The object of research is the process of determining the load in isolated microgrids with photovoltaic
generation. The subject of research is methods, algorithms, and models for determining the permissible load of
inverters in isolated microgrids with photovoltaic generation based on compliance with regulatory requirements
for PQ indicators. This dissertation addresses a scientific and practical problem related to the development of a
method for controlling the permissible load of isolated PV microgrids using harmonic analysis. The proposed



approach determines permissible inverter operating modes, taking into account active and reactive load
components, load type, and voltage THD. The introduction justifies the relevance of the research tasks, formulates
the purpose, object, and subject of the study, and defines the main objectives, scientific novelty, and practical
significance of the obtained results. The first chapter analyzes methods and means for assessing the quality of
electrical energy in general grids, including those with PV-systems. The legislative regulation of the field of
electrical PQ standardization in Ukraine and the EU is examined, as well as the standards defining specific
electrical PQ indicators, methods for their measurement, and requirements for measuring instruments. Particular
attention is paid to modern PQ monitoring devices and their metrological characteristics to assess their suitability
for PV microgrid studies. The second chapter presents an experimental study of changes in PQ indicators in
microgrids with PV-systems. To this end, an experimental methodology and an information-measurement system
were developed, enabling the investigation of inverter operation under various operating modes and load
characteristics. The studies determined the influence of inverter topology and operating modes, as well as active,
reactive, and nonlinear loads, on PQ indicators. The results established that in isolated microgrids with PV-
generation, the level of THD significantly depends on the nature of the connected load.It is shown that nonlinear
and reactive loads can cause an increase in harmonic components, a change in the shape of the voltage waveform,
and a deterioration in the operating conditions of inverter equipment. An inter-instrument metrological
assessment of THD measurement consistency was also performed, improving the reliability of the experimental
results. The third chapter presents a method for determining the permissible power of inverters for operation in
isolated systems with a significant level of reactive load. Acceptability criteria and method limits were established;
test modes and influencing factors were justified; and an algorithm for determining maximum permissible power
and decision rules was developed. The method is based on the application of harmonic analysis to assess the
admissibility of inverter operating modes according to the criterion of not exceeding the established level of the
voltage THD. The metrological support for the method and approaches to assessing the reliability of the results is
also considered. The possibilities for applying the method in existing microgrids and operating modes are
determined, and a scheme for error accumulation in the developed method is formulated. This allowed justifying
the application of the proposed approach not only for laboratory tests but also for practical control of the
permissible load in real isolated microgrids with PV-systems. Chapter 4 evaluates the effectiveness of the
proposed method and examines the possibilities for its integration into the regulatory framework. To this end, an
improved mathematical model of a microgrid with a PV-system was implemented in MATLAB /Simulink. The
structure of the mathematical model is described, a calculation and measurement module is developed to
determine the permissible P-Q modes of the inverter, and an algorithm is implemented to automate the method
for determining the maximum permissible power of the PV-system. The improved mathematical model made it
possible to simulate the joint operation of the inverter with active, reactive-inductive, reactive-capacitive, and
nonlinear loads. Using the model, a study was conducted on the influence of load parameters on the level of
voltage THD, and the permissible operating regions of the inverter were determined in terms of active and reactive
power. The fourth chapter devotes special attention to formulating proposals for improving the regulatory
framework, taking into account the specifics of hybrid PV-systems. The P-Q diagram of permissible inverter
operating modes proposed in the method can be used by inverter equipment manufacturers as an additional
element of technical documentation. Its use allows designers and operating organizations to make informed
choices regarding inverter capacity, account for the nature of the future load, and prevent operating modes in
which PQ may deteriorate.
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Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: By Kapnarchbka, IBano-®Ppankischbk, 76019, Ykpaina
dopma By1acHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kpununbkuit OsiekcanHnap CrenaHoBUY

2. Oleksandr S. Krynytskyi

KBasigikanis: . . u., gor., 05.02.01
Inentudgikarop ORCID ID: 0000-0003-2338-8661
JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: [BaHO-DpaHKIBCHKMIA HALLIOHAIBHUI TEXHIYHUIA YHIBEPCUTET

Ha(TH i razy

Kopg, 3a €IPIIOY: 02070855

Micue3Haxoa>KeHHS: sy Kapnarchka, IBano-®Ppankischbk, 76019, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi
BnacHe IlpizBume Im's I10-6aTbKOBI Cepentox Opect €BreHoBUY

TOJIOBH paju



BaacHe IlpizBume Im's I10-6aTbKOBI Cepeniox Opect €BreHoBUY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY I'punak Poman Iroposuy
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




