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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO BUPIIIEHHIO BXXJIMBOI HAYKOBO-TIPUKJIAAHOI TpO6aeMH MiABUILEHHS
HafiHOCTI Ta eeKkTuBHOCTI QpyHKUioHyBaHHS OEC YKpaiHu B 4aCTHHI MaricTpasbHUX €JIEKTPUYHUX MEPEX 32
HaMBpa3JIMBILIMX YMOB iXHbOI eKCIllyaTallii — YMOB CTPYKTYpHOI HecuMmeTpii. BHacimok BUKOHaHHS po6oTu
IOCSITHYTO ii OCHOBHY METY, sIKa I10J1rajaa B pO3BUTKY Te€OPii, po3po06yieHHI HOBUX MoZesiell Ta METO/IiB aHai3y i
VIPAaBJIiHHS PEXMMaMU POOOTH MaricTpajbHOI e1IeKTpUYHOi Mepexi (MEM) 3a yMOB CTPYKTYpHOI HecuMeTpii 11
HiABUILEHHS HANIMHOCTI Ta €PEKTUBHOCTI IXHPOTO PYHKLIOHYBaHHSI. [IJ1s1 TOCSATHEHHS I0CTaBJIeHOI MeTH IIOTPiOHO
0yJ10 BUKOHATU HM3KY 3aB/IaHb, Ki CTOCYBaJIMCS PO3POOJIEHHS MaTEMAaTUYHUX Ta UM(PPOBUX MoOJiesiel 061aHaHHS
MEM, 3 BUKOPUCTaHHSIM SIKUX 6YJI0 BUKOHAHO AOCJIiPKEHHS HEIOBHO(A3HUX CTALliOHAPHUX, KBa3iCTalliOHAPHUX Ta
nepexigHux npouecis B MEM i po3po6s1eHo MeToau 1151 BU3HAUEHHS [TapAMETPiB TAKOTr0 06JIaHAHHS [J1sT

IOCSITHEHHS YMOB HOTro 6e3rnedHoro QyHKiionyBaHHs. KoMmIsiekcHa npobsiema HaflilHOCTI Ta e(peKTUBHOCTI



¢ynkuionyBanHss MEM OEC Ykpainu 3aBxau 6ysa B GOKyCi yBaru, OCKiJIbKY 1ii MEPEXi € CUCTEMOTBIPHUMY i
MaloTh BU3HAYaJIbHUI BIIJIMB Ha pexxuMu pobotu OEC Vkpainu, Hacamnepe[, Ha HaflifHiCTb €JIeKTPOIIOCTa4YaHHSI B
TaK 3BaHi gediuuTHI periony YKpainu, B IKUX 00CSTY CIIOXKMBAaHHS €JIEKTPOEHEePrii 3HaYHO NepeBUILyIOTh 00CArH ii
BMPOOHHULITBA. 32 YMOB IIMPOKOMACIITAOHMX BOEHHUX Aill pocii mpoTu YKpainu 151 npobsemMa HabyJia 0co6IMBO]
TOCTPOTH, /1K€ IO «CEPeIHbOCTATUCTUYHUX» TIOUIKOIKeHb 00J1afHAHHS OKpeMUX (a3, 10 BUHMKAJHY i 32 MUPHUX
YMOB, IOJJIMCSI [TOIKOPKEHHS, CIIPUYMHEH] 006CTpislaMy Ta pakeTHO-JPOHOBUMU aTakaMuy Bopora. Yci Taki
IIOIIKOKEHHSI [IPU3BOJSTh 10 BUHUKHEHHS CTPYKTYypHOI HecuMeTpii MEM Ta TpuBanux HenoBHO(pA3HMX PEXUMIB,
3a SIKMX 3POCTAIOTh CyMapHi BTpaTy aKTUBHOI MMOTYKHOCTI Ta 3'IBJISIIOTHCS] YMOBH 17151 BUHUKHEHHS Pe30HAHCHUX
[IepeHarpyT, 110 IPU3BOISATh 10 IOUIKOIKEeHb OCHOBHOTO 06sagHaHHI MEM. Taki rnomkompKkeHHs, KpiM BTpaTu
IOCUTb BapTiCHOro obaasgHanHss MEM, MOXXyTb IPU3BOLUATH [0 JOBrOTPUBAJIOrO 3HECTPYMJIEHHS! pailOHIB
€JIEKTPOCIIOXKMBAHHS, 10 PO3BUTKY aBapill Ta 6J1eKayTiB, 1[0 XapaKT€PU3YIOThCSI 3HAYHO Oi/IbIIMMU TEPUTOPISIMU Ta
obcsiraMy IIOTY>KHOCTI 3HECTPYMJIEHUX CIIOXKUBAYiB. HaBiTh K10 0OMEXUTHCS ypaxyBaHHIM JIMIIE 3a3HAY€HUX
HEraTUBHUX HACJIiIKIB, TIOB'SI3aHUX i3 BUHUKHEHHSIM CTPYKTypHOi HecumeTpii MEM, To i 11bOTO 11iJIKOM IOCTaTHBO,
106 AiiTY BUCHOBKY IIPO aKTYyaJIbHICTb IPO6JIEMU, IIPO FOCTPY NOTPeOY BUKOHAHHS JOCJIiI)KEHb, CIIPSIMOBAaHUX Ha

NiABUILEHHS HAIMHOCTI Ta eeKTUBHOCTI PyHKIiOHyBaHHSI MEM 3a yMOB CTPYKTYPHOI HECUMETPII.

2. The dissertation work is devoted to solving an important scientific and applied problem of increasing the
reliability and efficiency of the functioning of the Ukrainian electrical power systems in the part of the main
electrical networks under the most vulnerable conditions of their operation - conditions of structural asymmetry.
As a result of the work, its main goal was achieved, which was to develop the theory, develop new models and
methods for analyzing and controlling the operating modes of main electrical power networks under conditions of
structural asymmetry to increase the reliability and efficiency of their functioning. To achieve the set goal, it was
necessary to perform a number of tasks related to the development of mathematical and digital models of main
electrical power systems equipment, using which studies of incomplete-phase stationary, quasi-stationary and
transient processes in main electrical power networks were carried out and methods were developed for
determining the parameters of such equipment to achieve the conditions for its safe functioning. The complex
problem of reliability and efficiency of the operation of the main electrical networks of the Unified Power System
of Ukraine has always been in the focus of attention, since these networks are system-forming and have a decisive
impact on the operating modes of the Unified Power System of Ukraine, primarily on the reliability of electricity
supply to the so-called deficient regions of Ukraine, in which the volumes of electricity consumption significantly
exceed the volumes of its production. Under the conditions of large-scale russian military operations against
Ukraine, this problem has become particularly acute, because in addition to the "average statistical" damage to the
equipment of individual phases, which occurred even under peaceful conditions, damage caused by shelling and
missile and drone attacks by the enemy was added. All such damage leads to the emergence of structural
asymmetry of the main electrical networks and long-term incomplete-phase modes, under which the total losses
of active power increase and conditions appear for the occurrence of resonant overvoltages, which lead to damage
to the main electrical networks equipment. Such damage, in addition to the loss of quite expensive main electrical
networks equipment, can lead to long-term power outages in areas of electricity consumption, to the development
of accidents and blackouts, characterized by significantly larger territories and volumes of power of de-energized
consumers. Even if we limit ourselves to considering only the above-mentioned negative consequences associated
with the occurrence of structural asymmetry of main electrical networks, this is quite enough to conclude about
the relevance of the problem, about the urgent need for research aimed at increasing the reliability and efficiency
of main electrical networks operation under conditions of structural asymmetry. The paper improves the
mathematical model of a three-phase power line, which takes into account the influence of corona discharge and
lightning protection cables on the level of overvoltages during the asymmetrical operation of the power line, and
for the first time, the results of theoretical and experimental studies substantiate that for optimizing the operating
modes of electrical networks in quasi-real time, it is advisable to use controlled shunt reactors along with
traditional means. Electromagnetic transient processes of shunt reactor switching in main electrical networks
have been analyzed and methods of their controlled switching on/off have been developed in order to increase the



reliability of the functioning of the Ukrainian Unified Power System. Models and technical solutions of controlled
switching devices have been proposed, which ensure the reduction of the negative effects of aperiodic current
components and overvoltages. To configure controlled switching devices in order to prevent damage to SF6 arc
extinguishing chambers, a method for determining the SF6 circuit breaker opening/interruption time has been
developed for the first time, which controls the achievement of standard values by the aperiodic components of
phase currents with preservation of the phase sequence at the moment of instantaneous acquisition of zero

current values.
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