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1. BoockoHa/IeHHSI METOZY 3aXUCTY Bifl 0AHO(A3HUX 3aMUKaHb Ha 3€MJII0 OOMOTKU CTaTOPa CUHXPOHHOTO
reHeparopa, 1o npairoe B 611011 3 TpaHCHOPMATOPOM

2. Improving of method of protection from single-phase ground fault of the stator winding of synchronous
generator which works in a block with a transformer

Pedepar:

1. O6'eKT moCHimpKEeHHs - IPOLeCH, 10 BinOyBaoThCs IpU 04HOGMA3HOMY 3aMUKAHHI Ha 3eMJII0 B OOMOTIIi cTatopa
CUHXPOHHOTI'O FeHepaTopa, 110 Mpaifoe B 6J1o1i 3 TpaHchopMaTopoM. MeTa mocmimkeHHs - MigBULeHHS] HaJ[iHHOCTi
CIIpaLlOBAaHHS], YyTJIMBOCTI Ta MIBUJKOII 3aXUCTY Bifi 04HO(pA3HMX 3aMUKaHb Ha 3€MJII0 OOMOTKH CTaTOpa
CUHXPOHHOI'O T€HepaTopa, 110 Mpaljioe B 6J10Li 3 TpaHCHOPMATOPOM, IIJIIXOM BU3HAYEHHS 3HAUEHHS CTPYMY B
MiClli BUHUKHEHHS NOLKOIKEHHS. MeTonu LOCIiIKEeHHS - METOIU MAaTeMaTUYHOI CTATUCTUKY Ta Teopii
JIMOBIPHOCTI JJ151 aHaJIi3y OUIKOIKeHb Ta 3MiHU IapaMeTpiB OOMOTKU OOMOTKU CTaToOpa reHepaTtopa, MeToau
aHali3y JIiHIMHUX €JIEKTPUYHUX KiJl, YACEJIbHI METOIM IHTErpYBaHHS IU(PEPEHLiMHUX PiBHSIHb 3 BUKOPUCTaHHSIM
KOMIT'IOTEPHOT'O CUMYJIIOBaHHS 4J1s1 TIOOYI0BA MaTeMaTUYHUX MOJieiell CTpyMy ogHO(da3HOTO 3aMUKaHHS Ha 3€MJII0

Ta CTPYMY B Pearyro4oMy OpraHi, METOAM T€OPii HaliMHOCTI [J1s1 OL[iHIOBaHHS [NOKA3HUKIB HAJiIHHOCTI PEJIeTHOTO



3aXMCTY, METOAW MaT€eMaTUYHOTIO MOJEIOBAaHHS [ NOCiIPKEHHS XapaKTEPUCTUK 3alIPOIIOHOBAHOTO 3aXUCTY,
METOJIY IIOLIYKY ITOIIKOAKEeHb B JUCKPETHUX 00'eKTax, IJ1s1 ONITUMI3alliil aJIroOpUTMY MOLIYKY IOLIKO/IKEHD B
IIpUCTPOi pesieiiHoro 3axucty. TeopeTuyHi pe3ysibTaTy - BIeplle Il 3aXUCTY Bifl, OfHO(A3HUX 3aMUKaHb Ha 3€MJIIO
0OMOTKH CTAaTOPa CUHXPOHHOIO T€HEPATOPa, 10 Ipaltoe B 6J10Li 3 TpaHCHOPMATOPOM, OOI'PYHTOBAHO HEOOXiIHICTh
BUKOPUCTAHHS CYKyITHOCTi KOHTPOJIbOBAHUX IIapAMETPIB aBapPiliHOTO PEXKMUMY Ta PO3POOJIEHO MaTeMAaTUYHY
MOJIeJib, 110 BPaxoBYe iX BIIJIMB Ha 3HAYEHHs CTPYMY OHO(A3HOT0 3aMUKaHHS Ha 3eMJIIO Ta JO3BOJIsIE 3MEHIINUTHU
JIMOBIPHICTb [IOMUJIKOBUX CIIPALIIOBaHb 3aXMCTY; 3aBJSIKU 3aIIPOIIOHOBAHIN CHCTeMAaTU30BaHil CyKyIIHOCTI i, a
caMe: HaKJIaJJaHHS MOCTITHOIO CTPYMY, BUKOPUCTAHHS CTPYMY PO3psy MONEPEIHbO 3apsIKEHOT0 KOHIEHCAToPa,
KOHTPOJIIO HaIlpyT'y HYJIbOBOI ITOCJIiJOBHOCTI Ta BpaxyBaHHS €MHOCTI i30JIs11ii 0OMOTKY CTaTOpa CUHXPOHHOIO
reHepaTopa, 1o Ipaitoe B 6J10Li 3 TpaHCHOPMATOPOM, CIIPSIMOBAHUX Ha 3a6€3I€4eHHs PeaKlii 3aXUCTy Ha
3HQUEHHS CTPYMY B MiClli BUHVKHEHHS [TOMIKOPKEHHS, BIOCKOHAJIIEHO METOJ], 3aXUCTY BiJ] ONHO(A3HNUX 3aMUKaHb Ha
3eMJII0 OOMOTKU CTaTOpa CUHXPOHHOTO T€HepaTopa, o MpaLoe B 671011 3 TpaHC(POPMATOPOM; OTPUMAB
MOJAJIbIINY PO3BUTOK METOJ, 3aXUCTY CTaTOPa T€HepaTopa, SIKUK Jli€e Ha NOTrO BUMKHEHHS], B HAIIPSIMKY
OJIHOYACHOTO BUSIBJIEHHSI 3DOCTaHHS HAIIPYTY HYJIbOBOI ITOCJIiIOBHOCTI Ta 3MEHIIIEHHS [IEPEXiTHOTO OMOPY B MiClli
3aMUKaHHS Ha 3€MJII0, K O3HAKU IMOSIBU aBapiliHOTrO peXrMy i IepeBUleHHS 3a/1aHOi YCTaBKY CHPALlOBaHHS 3a
CTPYMOM, 1110 JO3BOJISIE BiJJIAIITYBATUCS BiJl BIJIMBY 30BHIITHIX KOPOTKMX 3aMUKaHb Ta 3aBaj, B KOJIi HAKJIaaHH4.
[TpakTuyHi pe3ysbTaTi - po3p06J€HO IPUHIUIIOBI CXEMU IIPUCTPOIB 3aXUCTY OOMOTKM CTaTOPa CUHXPOHHOTO
re”HepaTopa Bif, 0ogHO(pa3HUX 3aMUKaHb Ha 3€MJIIO, 110 I'PYHTYETLCSI HA KOMOIHOBAaHOMY METO/Ii HaKJIaAaHHS
MIOCTIMHOTO CTPYMY, BUKOPUCTAHHS CTPYMY PO3psay NONEPEeSHbO 3apsAKEHOTO KOHIEHCATOPa, KOHTPOJIIO HAIPYTU
HYJIbOBOI IIOCJIiIOBHOCTI Ta BpaXyBaHHs €MHOCT] i30J1s111ii OOMOTKU CTaTOPa; pO3pax0BaHO I1apaMeTpH, TOKa3HUKU
Ta XapaKTepUCTUKU pO3POOIIEHOTO IIPUCTPOIO; NOCiIIKEHO aBapiliHi peskuMu po60TH PUCTPOIB i po3po6aeHO
QJITOPUTMU MOIIYKY MOXJIMBUX MOUIKOIKEHb; BUKOHAHO MOPiBHAJILHUM PO3PaxyHOK BipOTiZHOCTI pe3yabTaTiB
KOHTPOJIIO CTaHy i30J14Lii 0OMOTKM CTaTOpa CUHXPOHHOTO reHepaTopa 3aXMCTaMy, 10 peasli3yloTh pi3Hi MeToau, B
TOMY YMCJIi i pO3p06JIeHNI1 aBTOPOM, 1J0 MOKe OyTH BUKOPMCTAaHO IIPU PEKOHCTPYKILi Ta 3aMiHi 3acTapinux
TEepMiHaJIiB PeJIEIHOTO 3aXUCTy. Pe3ynbTaTy AucepTaliiiHOTO JOCiI)KeHHS! BAKOPUCTOBYIOThCS B IPOLLEC]
eKCIyaTanii pesiefiHOro 3aXucTy CMHXpOHHUX reHeparopis y JIT "HAEK "Eneproatom” BII "XmenbHUIIbKA aTOMHA
€JIEKTPOCTaHIIis" Ta B HAaBYaJIbHOMY IIPOLECi Y BIHHMIIBKOMY HalliOHaJIbLHOMY TEXHIYHOMY YHiBEPCUTETI IIPU
BABYEHHI IUCUUIUIIHY "PeIeiHNAN 3aXUCT i aBTOMATHKA €JIEKTPUYHUX CTaHUiN". ['any3b BUKOPUCTAHHA -

€JIEKTPOCHEPTETUKA.

2. Object of the research - processes occurring during a single-phase-to-ground fault in a synchronous generator
stator winding which operates in electric transformer block. The aim of the research is to enhance the reliability of
onset, sensitivity and rapid response of a single-phase-to-ground fault protective system of a synchronous
generator stator winding which operates in electric transformer block by determining the current value in the
place of damage. Methods of research - theory of probability and mathematical statistics, were applied for analysis
of damages and parameter variations of generator stator winding, methods of analysis of linear electric circuits,
numerical methods for differential equations integration with application of computer simulation were applied for
building of mathematical models of single-phase-to-ground fault current and current in interface, theory of
reliability was used for evaluation of relay protection reliability, mathematical modeling methods were applied for
analysis of the suggested protection system characteristics, methods of damage detection in discrete objects were
applied for optimization of damage detection algorithm in protective relay. Theoretical results - It is the first time
that the necessity of application of a set of emergency mode controlled parameters for protection from a single-
phase-to-ground fault in a synchronous generator stator winding which operates in electric transformer block is
substantiated and the mathematical model which considers the influence of those parameters on current value
during a single-phase-to-ground fault and allows to reduce the possibility of protection system faulty actuations is
elaborated; due to suggested systematized series of steps, namely: DC current superimpose, application of
discharge current of preliminary charged condenser, monitoring of zero-phase-sequence voltage and considering
the insulation capacitance of a synchronous generator stator winding which operates in electric transformer block
aimed at provision of protection system reaction to current value in the place of damage the method of protection



from a single-phase-to-ground fault in a synchronous generator stator winding which operates in electric
transformer block was refined; the protection method of generator stator aimed at its disconnection was further
developed in terms of simultaneous detection of rise in zero-phase-sequence voltage and decrease of transient
resistance in the place of ground fault as evidence of emergency mode actuation and exceedance of programmed
setting for actuation in response to current, which allows avoiding external short-circuit fault influence and
disturbances in superimpose circuit. Practical result - the conceptual schemes of a system of synchronous
generator stator winding protection from a single-phase-to-ground fault, which is based on combined method of
DC current superimpose, application of discharge current of preliminary charged condenser, monitoring of zero-
phase-sequence voltage and considering the insulation capacitance of a synchronous generator stator winding
which operates in electric transformer block, was elaborated on the basis of theoretical results of the study; the
parameters, values and characteristics of the elaborated system were estimated; the emergency modes of the
devices were studied and the algorithms of detection of possible defects of the devices were elaborated; the
comparative calculation of the potential results of control of synchronous generator stator winding insulation
condition by means of protective systems which are based on different methods, including that elaborated by the
author, which may be applied for reconstruction and replacement of old protective relay stations.The results
obtained in the thesis are applied in the process of synchronous generator protective relay exploitation at State
Enterprise "National Nuclear Energy Generating Company "Energoatom"”, Detached subdivision "Khmelnytska AES"
and in educational process of Vinnytsia National Technical University when studying the subject "Protective Relay
and Electrical Station Automation". Branch of application - electrical energy industry.
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