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Pedepar:

1. MeTo1o nucepTaniitHoi po60TH € po3pobKa Ta BIPOBAIPKEHHS HOBITHIX METOJIB Ta iHCTPYMEHTIB 115
ineHTu@ikaii, ananisy Ta KOHTPOJIIO HECUMETPUYHUX PESKMMIB B €JIEKTPOTEXHIYHMX CUCTEMAX METPOIIOJITEHY.
OO6’eKT LOCIIIPKEHHS € HECUMETPUYHI PEXKUMU POOOTH Ta iX BIJIMB Ha POOOTY €JIEKTPOTEXHIYHOrO 06J1aiHaHHS B
CHACTeMax MeTPONOoJIiTeHy. [IpegMeT foCliIKeHHS € CIIOCOOU BUSIBJIEHHS, aHAJIi3y, iHTepHIpeTalii Ta KOHTPOJIIO
HECUMETPUYHUX PEXKUMIB pOOOTH €JIeKTPOTEXHIYHOro ob61anHaHHs. B pucepranii oTpuMaHi HaCTyIIHI HayKOBi
pesysbTaru: 1. Briepine 3anpornoHoBaHi METOIY PO3PAXYHKY MUTTEBUX JIHIMHUAX CTPYMIB 32 KPUTEPiIMU HaMEHIIO]
CyMM KBaJIpaTiB CTPyMiB, HAMEHILIOI CyMU KBaApaTiB IOTY>KHOCTEN Ta MaKCUMaJIbHOTO MUTTEBOrO Koe@illieHTa
MOTY>KHOCTI. 2. JIoBeZieHO, 110 IPU BUKOHAHHI YMOBHU HYJIbOBOi CyMU JIiHIMHMX HANPYyT CTPYMU 38 KDUTEPiEM

MaKCHMaJIbHOTO MUTTEBOTrO KoediljieHTa MOTYKHOCTI] 36iraloThCs 3i CTpyMaMU 32 HAlIMEHIIO CYMOIO KBaIpaTiB. 3.



BusHaueHO eEeKTUBHICTb 3aIIPOIIOHOBAHUX METOIiB PO3PAXYHKIB JIiHIMHAX CTPYMiB ITPY JOCIIIIPKEHHSIX POOOUNX
PEKMMIB Ta HECUMETPUYHUX BiIMOB y HaMiBIIPOBiJHUKOBOMY MT€PETBOPIOBAUi 3a cxeMOI0 JlapioHOBa. 4. Briepiie
3aIIPONTIOHOBAHUI METOJI AiarHOCTYBaHHS HAIliBIIPOBIIHUKOBOTO IIEPETBOPIOBAYA TATOBOI MiICTaHLil y peabHOMY
yaci B mpoueci 1oro (PyHKLiOHYBaHHS 32 PO3PaxOBaHUMU MUTTEBUMU JIiHIMHUMU CTPYMaMHu. JIOCTOBIpHICTb
TEOPETUYHUX NUCEPTALINHUX SOCIIIKEHD MiATBEPIKEHO EKCIIEPUMEHTAMU, IIPOBEIEHNMY HA TSITOBUX ITiICTAHIIISX
T-3 KII «XapKiBCbKUiT METPOTIOJIITEH» 3 BUKOPUCTAHHSIM CIIeliali30BaHOTO AiarHOoCTUYHOrO obnanHanHs AHTEC-2.
ExcrieprMeHTasbHi pesysibTaTy 0Ka3aau BUCOKY e(PEeKTUBHICTb pO3pO6IeHNX METOiB Ta iIHCTPYMEHTIB 115
aHasli3y HECUMETPUYHUX PEXUMIB pOOOTHU €JIeKTPOTEXHIYHOro 06J1afHaHHS, MMiATBEPAUBIIN iXHIO 30ATHICTD
ineHTH(}iKyBaTH HECUMETPUYHI PEXXUMH, 1110 BIUIMBAIOTh HA HATiHICTh Ta CTA0IJIBHICTD CUCTEM METPOIIOJIITEHY.
BuxopucTtaHHsl po3p0o6JieHUX METOiB O3BOIMIIO 3HAYHO MiABUIIUTYU TOYHICTb AiaTHOCTUKU Ta CBOEYACHICTh
BUSIBJIEHHS] HECITPABHOCTEI, 1110 CIpUSI€ MiIBULIEHHIO €PeKTUBHOCTI Ta 6€3IeKN eKCITyaTallii eJ1eKTPOTeXHIYHOTO
o6sagHaHHs. [IpakTH4He 3HaYEHHS OJlepKaHUX Pe3yJIbTaTiB y ranysi eJIeKTpU4HOI inKeHepii nossrae B
HACTYITHOMY: IIOKPALIMTH HaMlilHiCTb QYHKIIOHYBaHHS 00J1aJHAHHS Ha OCHOBI CBOE€YACHOTO iHNIeHTU(IKyBaHHS Ta
IiarHOCTyBaHHS HECUMETPUYHUX PEXUMIB POOOTH Ta BiIMOB, IO CIIPHSsI€ 3aM106iraHHIO MOUIKOPKEHHIO 00J1aIHaHHS
Ta 3HIKEHHIO PU3UKY aBapiliHUX CUTYyallill; - ONTUMi3yBaTU IIPOLLECH TEXHIYHOIO OOCITyTOBYBaHHS, [IEPEXOMSYN Bif,
I1JIaHOBO-TIOMEPE/I’KYBaIbHOTO 10 OOCIYyrOByBaHHS 3aJIe’KHO Bif, GakTUYHOTO cTaHy obsianHaHHS (condition-based
maintenance); - niABUCUTHU 6€3MEKy aCAKUPCHKUX I1€PEBE3EHb, 3a0€3MeYNTH CTablIbHY Ta HAZiliHY po0OTy
€JIEKTPOTEXHIYHOTO 06JIaJHAaHHS METPOIIOJITEHY, 3MEHIIYIOUM IMOBIPHICTb aBapill, IOB'I3aHUX 3
€JIEKTPOIIOCTaYaHHSIM; - PO3LUIMPUTH HAyKOBI Ta TEXHIYHI 3HAHHS MTPU PO3POOLi HOBUX MOKOJIiHb 00J1aIHAHHS Ta
CHCTEM eJIEKTPOIIOCTaYaHHs; - MiZIBUCUTH eHeproedeKTUBHOCTh CIIO’KUBAHHS eJIeKTPOeHeprii Ta cucteM
METPOIIOJITEHY B LIiJIOMY.

2. The aim of the work is to develop and implement the latest methods and tools for identifying, analyzing and
controlling asymmetric modes in subway electrical systems. The object of study is asymmetric operating modes
and their impact on the operation of electrical equipment in subway systems. The subject of the study is the
methods of detection, analysis, interpretation and control of asymmetric modes of operation of electrical
equipment. The research has yielded the following scientific results: 1. For the first time, methods for calculating
instantaneous linear currents based on the criteria of the least sum of squared currents, the least sum of squared
powers, and the maximum instantaneous power factor are proposed. 2. It is proved that when the condition of
zero sum of line voltages is fulfilled, the currents according to the criterion of maximum instantaneous power
factor coincide with the currents according to the least sum of squares. 3. The effectiveness of the proposed
methods for calculating linear currents in the study of operating modes and asymmetric failures in a
semiconductor converter based on the Larionov scheme is determined. 4. For the first time, a method for
diagnosing a semiconductor converter of a traction substation in real time during its operation based on the
calculated instantaneous line currents is proposed. The reliability of the theoretical dissertation research has been
confirmed by experimental studies conducted at traction substations T-3 of Municipal Enterprise «Kharkiv Metro»
using specialized diagnostic equipment ANTES-2. The experimental results showed the high efficiency of the
developed methods and tools for analyzing asymmetric modes of operation of electrical equipment, confirming
their ability to identify asymmetric modes that affect the reliability and stability of subway systems. The developed
methods have significantly improved the diagnostic accuracy and timeliness of fault detection, which contributes
to the efficiency and safety of electrical equipment operation. The practical significance of the results obtained in
the field of electrical engineering is as follows: - improving the reliability of equipment operation: The developed
methods and analysis tools allow timely identification and diagnosis of asymmetric operating modes and failures,
which helps prevent equipment damage and reduce the risk of emergencies. This, in turn, increases the reliability
of operation of traction substations and other subway electrical equipment; - optimization of maintenance
processes: The application of the developed analysis methods allows optimizing equipment maintenance and
repair schedules, moving from scheduled preventive maintenance to maintenance depending on the actual
condition of the equipment (condition-based maintenance); - reduced operating costs: Prevention of abnormal
operating conditions and timely elimination of detected malfunctions can reduce the cost of repair and



replacement of components, as well as reduce losses from equipment downtime; - improving the safety of
passenger transportation: Ensuring the stable and reliable operation of subway electrical equipment contributes to
the overall safety of passenger transportation by reducing the likelihood of power-related accidents; - expanding
scientific and technical knowledge: The results of the study contributed to the development of scientific
knowledge in the field of electrical engineering, in particular in the analysis of asymmetric operating modes, and
can be used in the development of new generations of equipment and power supply systems; - improving the
energy efficiency of systems: Effective management of asymmetric modes helps to optimize energy consumption
and increase the energy efficiency of subway systems.
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VIII. 3aKkJII04Hi BiZoMOCTi

Bnacwue IpizBume Im's [1o-6aTbKOBI Aryn Karepuna BasnepiisHa

TOJIOBH pajgu

BiacHe IlpizBuie Im's ITo-6aThKOBI Aryn Karepuna Banepiisaa

rOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY Hem'sHeHKo PomaH IropoBird

00JIiKOBUX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




