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Pedepar:

1. MeTomo nuceprauiiHoi po60TH € po3po06Ka Ta BIIPOBAPKEHHS HOBITHIX METOJiB Ta iHCTPYMEHTIB /1J1s
inenTudikanii, aHani3y Ta KOHTPOJIIO HECUMETPUYHUX PEKUMIB B €JIEKTPOTEXHIYHUX CUCTEMAX METPOIIOJITEHY.
OG’eKT OOCIiIKEHHS € HECUMETPUYHI peXXUMU po6O0THU Ta iX BILJIMB Ha PpOOOTY €JIeKTPOTEXHIYHOTO 00J1alHAHHS B
crucTeMax MeTpONoJliTeHy. [IpegMeT JOoCiIKeHHs € CIIoCcOOU BUSBJIEHHS, aHai3y, iHTeprpeTaliii Ta KOHTPOJIIO
HECUMETPUYHUX PEXUMIB pOOOTH €JIeEKTPOTEXHIUHOro 0b1aiHaHHs. B nucepranii oTpuMaHi HaCTyIIHI HayKOBi

pesysbTary: 1. Briepine 3anpornoHoBaHi METOOY PO3PAXYHKY MUTTEBUX JIHIMHNX CTPYMIB 3a KDUTEPiIMU HAaMEHIIO]



CyMHU KBaJIpaTiB CTPyMiB, HaIMEHILOI CyMU KBaJpaTiB IOTY>KHOCTEN Ta MAaKCUMAaJIbHOTO MUTTEBOTO Koe@illieHTa
MOTYKHOCTI. 2. JIoBeZieHO, 10 IPU BUKOHAHHI YMOBHU HYJIbOBOi CyMU JIIHIMHUX HANIPyr CTPYMU 32 KPUTEPiEM
MaKCHMMaJIbHOTO MUTTEBOTO KoedillieHTa IIOTY>KHOCTI 30iraloTbCs 3i CTpyMaMy 32 HalIMEHIIO CYMOIO KBaJpaTiB. 3.
BusHaueHO e(eKTUBHICTb 3aIIPOIIOHOBAHUX METO/iB PO3PAXYHKIB JIiHIMHAX CTPYMiB ITPY JOCIIiIPKEHHSIX POOOUNX
PEXMMIB Ta HECUMETPUYHUX BiZIMOB Yy HAIliBIIPOBIIHUKOBOMY I1€PETBOPIOBAYi 3a cxeMoIo JlapioHoBa. 4. Briepiie
3aMPONIOHOBAHUI METOJI AiarHOCTYBaHHS HAIiBIIPOBiJHUKOBOTO IIEPETBOPIOBAYA TATOBOI MiICTaHIIil y peaJbHOMY
yaci B mpolieci 1oro yHKLiOHYBaHHS 32 PO3PaxOBaHUMU MUTTEBUMU JIiHIMHUMU CTPyMaMHu. JIOCTOBIpHICTb
TEOPETUYHUX NUCEPTALINHUX OOCIIIKEHD MiATBEPIKEHO EKCIIEPUMEHTAMU, IIPOBEIEHUMY HA TSITOBUX ITiICTAHIIISX
T-3 KII «XapKiBCbKUIT METPOTIOJIITEH» 3 BUKOPUCTAHHSIM CIEliai30BaHOTO AiarHOoCTUYHOrO obmanuanHs AHTEC-2.
ExcriepuMeHTasbHi pe3yJbTaTy 110Ka3aay BUCOKY e(eKTUBHICTb pO3pO0JIEHUX METOIIB Ta iIHCTPYMEHTIB JJ1s1
aHaJsi3y HECUMETPUYHUX PEKUMIB pOOOTH €JIEKTPOTEXHIYHOr0 06J1alHAHHS, MiITBEPAUBIIN IXHIO 3aTHICTD
ineHTU(iKyBaTM HECUMETPUYHI PEXXUMY, 110 BIUIMBAIOTh HA HAMiMHICTb Ta CTA0IIbHICTb CUCTEM METPOIOJIITEHY.
BuxopucTtanHsl po3p0o6JieHUX METOIB O3BOIMIIO 3HAYHO MiABUIIUTY TOYHICTh AiaTHOCTUKU Ta CBOEYACHICTh
BUSIBJIEHHS] HECITPAaBHOCTEI, 1110 CIpUSIE MiIBUILEHHIO ePeKTUBHOCTI Ta 6€3MeKN eKCIlTyaTallii e1eKTPOTeXHIYHOTo
obsagHaHHs. [IpakTU4He 3HAYEHHS OIEP>KAHUX PE3YJIbTATIB y Tajy3i eJIeKTPUYHOI iHXKeHepil [oJsrae B
HACTYITHOMY: IIOKPALIMTH HaAilHICTh QYHKIIOHYBaHHS 00J1afHAaHHS HAa OCHOBI CBOE€YACHOTO iHNIeHTU(IKyBaHHS Ta
IiarHOCTYBaHHSI HECUMETPUYHUX PEKUMIB POOOTH Ta Bi]MOB, 1110 CIIPUsIE 3a100iraHHIO MOUIKOIKEHHIO 00J1aJHAaHHS
Ta 3HIDKEHHIO PU3UKY aBapiflHUX CUTYalliil; - ONTUMI3yBaTy NPOLECH TEXHIYHOTO OOCIyTOBYBAHHS, IEPEXOSIYM Bif,
IIJIAHOBO-TIONEPEPKYBAJIBHOTO 10 0OCJIyTOBYBAaHHS 3aJI€XKHO Bifl (PaKTUYHOrO CTaHy obsanHaHHs (condition-based
maintenance); - nigBUCKTHU 6€3MeKy aCa)KUPChKUX IepeBe3eHb, 3a0e3MeYnTH CTabiIbHy Ta HaJiliHy poboTy
€JIEKTPOTEXHIYHOT'O 06J1aJHAaHHS METPOIIOJITEHY, 3MEHIIYIOUM IMOBIPHICTb aBapill, IOB'SI3aHUX 3
€JIEKTPOIIOCTaYaHHSIM; - PO3LMIMPUTH HAYKOBI Ta TEXHIYHI 3HAHHS TPU PO3pO61i HOBUX MOKOJIiHb 00JIaIHAHHS Ta
CHCTEM €JIEKTPOIIOCTAYaHHSI; - MiABUCUTU €HeproePeKTUBHOCTDb CIIOKMBAHHS €JIEKTPOEHEePrii 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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MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BinmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

Aryn Karepuna BanepiiBHa

Aryn Karepuna BanepiiBHa

Hem'sHeHko PomaH Iroposuy

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



