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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
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IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii
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V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koy TeMaTHYHHX PYOPHK: 44.29.29, 44.01.11, 44.01.85

Tema guceprauii:
1. Pe3ucTuBHE 3a3eMJIEHHS HEUTpaJi po3nofinbHoi mepexi 20 kB

2. Resistive neutral grounding of 20 kV distribution networks.

Pedepar:

1. Bypsik A.P. PeaucTtuBHe 3a3eMJIeHHs HENTpai po3nofinbHoi mepexi 20 kB. - Keasnigikanilina HaykoBa npalis Ha
npaBax pykonucy. JlucepTanis Ha 3m00yTTsI HAyKOBOTO CTyIIeHs JoKTopa ¢inocodii 3a cneujanbhicTio 141 -
EnexTpoeHepreTuka, €JeKTPOTEXHIKA Ta eJIeKTpOMeXaHika — HaljioHasnpHUY TEXHIYHUI YHIBEPCUTET YKpaiHu
«KuiBceknuii nosirexHiyHmii iHcTUTyT iMeHi Iropst Cikopebkoro», Kuis, 2026. JlucepTaliiio MIpHUCBSIY€HO PO3B’SI3aHHIO
HAyKOBO-TIPUKJIAIHUX 337124 OOI'PYHTYBaHHS, MOJEIIOBAHHS Ta ONTUMIi3allii pe>XXMiB pOOOTH pPO3NOLiIIbHUX
€JIEKTPUYHUX MepeX Hanpyroto 20 KB i3 pe3ancTUBHUM 3a3eMJICHHIM HEUTpasi. AKTyasIbHICTh pOOOTH 3yMOBJI€HA
[IEPEX0JOM EHEPrOCUCTEM YKpaiHu 1o Kiacy Hanpyru 20 KB, iHTerpatielo BifHOBIIOBaHUX JyKepeJl eHeprii Ta
BIIPOBA/I)KeHHSAM KoHUentii Smart Grid, 1o BumMarae nifBUIeHHS HAAiHOCTI Ta eJ1eKTPobe3neKku mepex. Y
[epLUIOMY PO31ijli MPOaHai30BaHO CYy4aCHUM CTaH i TeHAEeHUil po3BUTKY Mepex 20 KB, 30Kpema pexxuMu

3a3eMJIeHHs HelTpasli (i30J1b0BaHMIl, KOMIIEHCOBaHUH, pe3ucTuBHU). [TokazaHo, 1110 i3071b0BaHa HEUTPaJIb



CIIpUYMHSIEe HeOe3NeyHi IepeHanpyry, KOMIIeHCOBaHa — CKJIaZiHa B peaslidallii Ta Mae 0OMeKeHY CeJIeKTUBHICTb
3axucTy. OGIPyHTOBAHO MepeBary pe3UCTUBHOTO 3a3€MJIEHHS K KOMIIPOMiCHOT'O PillleHHS 32 KpUTEPisIMu
HaJifHOCTi, 6e3reKky Ta eKOHOMiYHOCTI. [IpoaHanizoBaHO MibkHapoaHuit nocsifn (HimeyunHa, Gpaniis, [Tomabia,
CKaH[IVHABCbKi KpaiHu), SIKUH NigTBEPIPKye e(EeKTUBHICTb LbOTO Miaxony. JIpyruii po3fia NprucBsiYeHO MEeTOL0JIOrii
IOCJiIKEHHS. 3alpOIIOHOBAHO KOMIUIEKCHUH MIJXi, 110 TO€AHYE MATEMATUYHE MO EJIIOBAHHS IiCIIs1aBaPINHUX
pexxumiB y MATLAB /Simulink i DIgSILENT PowerFactory 3 MmeTonamu iHTeIeKTyaJbHOTro aHasizy JaHux. s
00p0oOKHM pe3yJsbTaTiB 3aCTOCOBAaHO KiacTepusalio (K-Means, DBSCAN, iepapxiuHi meToan), 0 [03BOJINIIO
copmMyBaTH TUIIOBI CLi€Hapii aBapiil Ta BUSIBUTU 3aKOHOMIPHOCTI 3MiHM PEXXUMHUX ITapaMeTpiB. OOrpyHTOBaHO
ePeKTUBHICTb KJIaCTEPHOIO aHaJIi3y J1s1 BUBHAYEHHSI ONTUMAJIbHUX Jialla30HIB ONopy HerlTpaJi. Y TpeTbomy
PO31iai po3po6aeHO MaTeMaTUYHY MOJeJIb TUIIOBOI PO3M0AinbHOI Mepexi 20 KB 3 ypaxyBaHHSIM TOIOJIOTI],
napameTpiB JiHil, TpaHCOpMAaTOPiB, HABAHTAXKEHHS Ta PO3NO/iieHoi reHepaliii. [IpoBeeHo yncesnbHi
eKCIIEpUMEHTH [1J151 Pi3HUX CLieHapiiB ofHOo(a3HNX 3aMUKaHb Ha 3eMJII0. BCTAaHOBJIEHO, 1110 ONITUMAaJIbHUN BUOGID
OIIOpYy Pe3UCTOpa 3HIKY€E CTPYMU 3aMUKaHHS, OOMeXXye IIepeHaIlpyr Ta 3abe3redye KOpeKTHYy poOOTy pesieiitHOro
3axucTy. BusHauyeHo, 10 cepeHi 3HaU€HHs OIopy 3a6€3e4yIoTh HalKpaluil 6ajaHc MK HafiliHICTIO Ta
eJIeKTpob6esneKoo. KiacrtepHuil aHasni3 103BOIMB BULIATHU CTiiKi 06s1acTi po60oTH Mepexi Ta cpopmyBaTu
aJITOPUTM MiATPUMKU NPUMHSTTS pillleHb 1070 BUOOPY OMOPY HEUTpasl. Y 4eTBepTOMY PO3[Lii po3pobieHo
IIpaKTHUYHi peKoMeHJalli AJ1s1 orepaTopiB CUCTEM PO3IOAiNY, BKIOYa4y iHTerpauito anroputmy B SCADA /ADMS
Ta BUKOPMCTaHHS LA(QPOBOro ABilTHMKA MepeXi. 3allpONIOHOBAHO MiAXOIX 0 aJallTUBHOIO KEPYBAaHHS PEXKAMaMH,
HaJslalTyBaHHS 3aXMCTYy Ta [IPOrHO3yBaHHs aBapiil. Peasnisallia peKoOMeHaalii cripyse 3HWKEHHIO aBapiitHOCTI,
IIOKPAILEHHIO SIKOCTI eJIEKTPOIIOCTaYaHHs Ta 6e3IeKku ekcIltyartallii. HaykoBa HOBU3HA I0JIrae y Bleplle
3aIIPONIOHOBAHOMY 3aCTOCYBAaHHI KJIaCTEPHOTr'0 aHaJi3y [jig ONTUMI3allii IapaMeTpiB PE3UCTHMBHOIO 3a3E€MJIEHHS
HelTpasni mepex 20 KB Ta po3pO06JIEHH] aJIFTOPUTMY BU3HAYEHHSI OIITUMAJIbHOTO Jialla30Hy OINOPY 3 yPaxyBaHHSIM
XapaKTEePUCTUK KOHKPETHOI Mepexi. [IpakTuyHe 3Ha4€HHS MOJISITa€ Y MOKIIMBOCTI BIIPOBA/I)KEHHS PE3YJIbTATIB y
IIPOEKTYBAHHS Ta €KCIUIyaTallil0 PO3IOIIIBHAX MEPEX YKpaiHu. 3alpolOHOBaHUM MifXif, MiABUILye HALINHICTD
€JIEKTPOIIOCTAa4YaHHSI, 3HIKY€E PiBeHb aBapillHOCTI, 06MeXye [IepeHanpyTru Ta Clpusie iHTerpauii BifHOBIIOBaHUX
Ikepes eHeprii. PesynbTaTi BripoBagkeHo y HaByanbHui npouec HTYY «KIII iM. Irops CikopcbKoro» ta
arpo60BaHO y HayKoBUX IybJikanisx. Kiatodosi cioBa: po3nofinbhHi Mepesxi, Harpyra 20 KB, peaucTuBHe
3a3eMJIEHHS HEUTpaJli, MaTeEMaTUYHE MOZEJIIOBAHHS, PEXXMMHI [TapaMeTpH, IHTeJIEKTyasIbHi TEXHOJIOTI, HeYiTKa

KJIaCTEpU3aLlist.

2. Buriak A.R. Resistive Neutral Grounding of a 20 kV Distribution Network. - Qualification scientific work as a
manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 141 - Electric Power Engineering,
Electrical Engineering and Electromechanics - National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, 2026. The dissertation addresses scientific and applied problems related to the
substantiation, modeling, and optimization of operating modes of 20 kV distribution electrical networks with
resistive neutral grounding. The relevance of the study is driven by the transition of Ukraine’s power systems to
the 20 kV voltage level, the integration of renewable energy sources, and the implementation of the Smart Grid
concept, which require improved reliability and electrical safety of distribution networks. The first chapter
analyzes the current state and development trends of 20 kV distribution networks, with particular attention to
neutral grounding modes (isolated, compensated, and resistive). It is shown that an isolated neutral leads to
dangerous overvoltages, while compensated grounding is complex to implement and demonstrates limited
protection selectivity under real operating conditions. The advantages of resistive grounding as a balanced
solution in terms of reliability, safety, and economic efficiency are substantiated. International experience
(Germany, France, Poland, and Scandinavian countries) confirming the effectiveness of this approach is also
reviewed. The second chapter presents the research methodology. A comprehensive approach is proposed,
combining detailed mathematical modeling of post-fault conditions in MATLAB /Simulink and DIgSILENT
PowerFactory with intelligent data analysis techniques. Clustering methods (K-Means, DBSCAN, and hierarchical
clustering) are applied to process simulation results, enabling the identification of typical fault scenarios and
patterns in operating parameter variations. The effectiveness of cluster analysis for determining optimal ranges of



neutral resistance is substantiated. The third chapter develops a mathematical model of a typical 20 kV
distribution network, taking into account network topology, line and transformer parameters, load characteristics,
and distributed generation. Numerical experiments are conducted for various single-phase-to-ground fault
scenarios. The results demonstrate that the optimal selection of the neutral resistor significantly reduces fault
currents, limits overvoltages, and ensures correct operation of relay protection systems. It is established that
medium resistance values provide the best balance between reliability and electrical safety. Cluster analysis
enables the identification of stable operating regions and the development of a decision-support algorithm for
selecting the optimal neutral resistance. The fourth chapter provides practical recommendations for distribution
system operators, including the integration of the proposed algorithm into SCADA /ADMS platforms and the
application of a digital twin of the network. Approaches to adaptive control of operating modes, protection
coordination, and fault prediction are proposed. The implementation of these recommendations contributes to
reducing outage frequency, improving power quality, and enhancing operational safety. The scientific novelty lies
in the first application of cluster analysis to optimize the parameters of resistive neutral grounding in 20 kV
distribution networks and in the development of an algorithm for determining the optimal resistance range
considering specific network characteristics. The practical significance of the results lies in their applicability to
the design and operation of distribution networks in Ukraine. The proposed approach improves power supply
reliability, reduces fault rates, limits overvoltages, and facilitates the integration of renewable energy sources. The
results have been implemented in the educational process of the National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute” and disseminated through scientific publications. Keywords: distribution
networks, 20 kV voltage, resistive neutral grounding, mathematical modeling, operating parameters, intelligent
technologies, fuzzy clustering.

Jep>kaBHHHM peecTpaniiiHuii Homep [iP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU: OyHaMeHTasbHI HAyKOBI HOCIIIIPKEHHS 3 HANGLIbII
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e Kupuk B.B., Bypsak A.P., IcbkoBa M.C. EnekTpr4Hi Mepexi HoMiHaibHOIO Hanpyroo 20 KB 3 mrepenamu
HaKOIWYeHHs eHeprii. HaykoBo-Tipukiaz xypHas «BigHosmoBaHa eHepretuka». 2023. N2 2(73). C. 18-23. DOI:
https:/ /doi.org,/10.36296 /1819-8058.2023.2(73).18-23.

e Kyryk V.V,, Buriak A.R. Optimization of the grounding resistance of the neutral in 20 kV networks according to
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Journal «Problems of the Regional Energetics». 2025. N2 4(68). C. 102-107. DOI:
https://doi.org/10.52254 /1857-0070.2025.4-68.10.

e Kupuk B.B., Bypsak A.P., IcbkoBa M.C. BusHayeHHS ONTUMAJIbHOTO 3HAYE€HHS OIIOPY PE3UCTOPA 3a3€MJIEHHS
HeliTpasui B Mepexxax 20 KB. BicHuk Binnunpkoro nositexsiynoro incrutyty. 2021. T. 158, N2 5. C. 96-102. DOL:
https://doi.org/10.31649 /1997-9266-2021-158-5-96-102.

o Kupuk B.B., Bypsk A.P. Brinus onopy pe3ncTopa 3a3eMJI€HHSI HEUTPasli Ha PEXXKUMU POOOTH PO3IOAITbHUX
Mepesx Hanpyroo 20 kB. EnepreTuka: eKOHOMiKa, TeX—HOJIOTIi, ekosoris. 2024. N2 4. C. 103-107. DOL:
https:/ /doi.org/10.20535 /1813-5420.4.2024.315587.



e Kupuk B.B., Bypsk A.P., Icbkosa M.C. BripoBakeHHs B YKpaini mepex Ha-nipyrow 20 kB. EnepreTuka:
€KOHOMIKa, TexHoJIorii, ekosoris. 2022. N2 4. DOI: https://doi.org/10.20535 /1813-5420.4.2022.273412.

o Kupuxk B.B., Bypsik A.P. Peancropu 3azeMieHHs1 HEUTpaJli B PO3INOAINIbHUX ejle-KTpUYHUX Mepeskax. Scientific
Discussion Journal. 2023. N2 81. C. 21-26. DOLI: https:/ /doi.org /10.5281 /zenodo.8398070.

e Bypsxk A.P., Kintomrnuk O.C. Pe3ucTuBHe 3a3eMJI€HHS HelTpaili po3noginbHoi mepexi 20 kB. Modern Scientific
Researches. 2021. N2 18. C. 124-126. DOI: 10.30889 /2523-4692.2021-18-001.

e Kupuk B.B., Bypsk A.P. Anroputmu Kiactepusalii Ta iX 3Hau€HHs B YIIPaB-JIiHHI €JIEKTPUYHUMU MEPEKAMU.
Marepianyu HayKoBOi KOH(EPEHLil «ACIIpaHTChKi YM-TaHHS iMeHi npodecopa ApTypa BeHiamiHOBHYa
[TpaxoBHUKa», [0 85-piuys Bif AHS HApOIKeHHs (25-26 6epes. 2025 p.) / ko1 aBT. 3a 3ar. pex. O. B. Kouapa;
KIII im. Iropst Cikopcbkoro. KuiB : KI1I iM. Iropst Cikopcebkoro, Bupn-Bo ,ITonitexnika”, 2025. C. 95-103. ISBN
978-966-990-156-9.

e Kupuk B.B., Bypsk A.P. BBeieHH [I5)Kepesl HaKOIMUYEHHS eJIEKTPOEHEPTil y pO3NOAiIbHI Mepeski YKpaiHu.
Marepianu koHdpepenuii «CydacHi npobyiemu enekTpoe-HeproTexHiky Ta aBToMatuku» (2023 p.) / KoJl. aBT. 32
3ar. peg. B. B. Uymak; KIII im. Irops Cikopcebkoro. KuiB : KIII iM. Irops Cikopcebkoro, IEEE «Ykpaina». 2023. N2 2.
C. 118-120. [EnexTponHuii pecypc]. Pexxum moctyny. URL:
https:/ /es.fea.kpi.ua/files /konference /2023p /2023-Burjak.pdf.

o Kupuxk B.B., Bypsik A.P. Bubip onTumasnpHOi CxeMH IifK/II04eHHs pe3ucTtopa B Mepexi 20 kB. MaTtepianu
KoHQepeHii «CydacHi mpobeMu e1IeKTPOEHEPTrOTEXHIKM Ta aBTOMaTuku» (2021 p.) / KoJ1. aBT. 3a 3ar. pen. B.
B. Yymak; KIII imM. Irops Cikop-cbkoro. Kuis : KIII iM. Irops Cikopcekoro, IEEE «Ykpaina». 2021. C. 74-77.
[Enex-TpoHHuii pecypc]. Pesxxum goctyny. URL: http: / /jour.fea.kpi.ua/article /view /253412.

e Kupuk B. B., Bypsak A. P., IcbkoBa M. C. BU3Ha4y€HHS ONTUMAJIBHOI'O 3Ha—4Y€HHS OIIOPY PE3UCTOPA 3a3€MJIEHHS
HelTpasni B Mepexxax 20 kB. Marepianu V MibkHa-pogHOi HayK.-TeXH. KOHpepeH1ii «OnTruManbHe KEPYBaHHS
enextpo-ycraHoBkamu (OKEY-2021)» (10 xoBT. 2021 p.) / KoL aBT. 3a 3ar. peq. b. I. MokiH; BiHHuIbKUI
Ha-1jOHaJIbHUM TexHiuYHUi1 yHiBepcuteT. Binuuug, 2021. C. 96-102. ISSN 1997-9266. [EnekTpoHHuU pecypc].
Pesxum poctymy. URL:https: / /visnyk.vntu.edu.ua/index.php /visnyk /article /download /2684 /2521 /3019 /.
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IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjionanbHuii TexHiuHmil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZmoMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI [Torios Bonoaumup Annpiiiosnd
rOJIOBH pajgu

Byacue IlpizBumie Im's I1o-6aThKOBI [Torios Bononumup AHAPifi0BIY
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUH 32 MiATOTOBKY Bypsik AnHa PomaHiBHa
00JIIKOBHX JOKYMEHTIB

Peecrpa'rop Opuenko TersiHa AHaToJIiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




