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PE®EPAT

JlunmoMHUN MPOEKT BUKOHAHA Ha 87 apKyiiax, MICTUTh 14 puCyHKIB, 18
Tabnuib, 4 nucta rpadidyHoi YacTUHH, 24 Kepena BUKOPUCTAHO1 JIITepaTypu Ta 6
JOJIaTKIB.

O0'ekT mOCHIIKEHHA — CHUCTEMa pEIEeHHOr0 3axXWUCTy Ta aBTOMATHUKH
PO3MOAUTEHOI eneKTpuaHOT Mepexi 35/10 kB 3 miaKII0UeHUMH PO30CepeIKEHUMHI
JOKepeaMH €Heprii.

IIpeamet mocaigkeHH — aITOPUTMU ATAITUBHOTO PEJIEMHOTO 3aXUCTY, 1110
3a0€3MeUyI0Th CEJIEKTUBHY Ta YyTJIUBY POOOTY 3a PI3HUX PEKUMIB POOOTH MEPEKi
3 PO30CEPEKEHOI0 TEHEPALIIEIO.

Mera pgocaigkeHHsl — MIJBUILIEHHS CEJIEKTUBHOCTI, YYyTJIMBOCTI Ta
HaJIMHOCTI pPEJIEHOro 3axucTy po3noAutbHOT Mepexi 35/10 kB 3a paxyHok
PO3pOOKHK aIaTUBHOIO AJITOPUTMY MEPEMUKAHHS YCTABOK 3aXMCTYy B 3aJIEKHOCTI
B1Jl IOTOYHOTO PEXUMY POOOTH PO30CEPEIIKEHUX JIKEPEN CHEPrii.

MeToau nociixkeHHsi. Y poOOTI BAKOPUCTAHO METOU TEOPii EICKTPUIHUX
KUT Ta CUMETPUYHUX CKJIAJOBUX MJI PO3PAXYHKY CTPYMIB KOPOTKOT'O 3aMUKAHHS,
METOJ] BIIHOCHUX OJMHUIb, METOJl MATEMATUYHOI'O MOJICIIIOBAHHS y CEPEOBUIIII
MATLAB/Simulink, meTonu Teopii peieltHOro 3aXUCTy AJIsl pO3PaxXyHKY yCTaBOK
Ta OI[IHKU YYTJIHUBOCTI Ta CEJIEKTUBHOCTI.

VY po6oTi mpoaHaniz3oBaHO Cy4yaCHHUM cTaH po3noAuTbHUX Mepex 35/10 kB
VYkpainu Ta npo6siemMu, 110 BUHUKAIOTh MPHU M1IKIIOYEHHI PO30CEPEIKEHHX JHKEpell
eneprii (PE) no icHyrouux cuctem peneilHoro 3axucTy. BukoHaHo aeTanbHUMN
PO3paxyHOK CTPYMIB KOPOTKOI'O 3aMUKAHHS Y TPhOX XapaKTEPHUX PEKUMAX POOOTH
Mepexi: 0e3 PJIE; 3 MIIKIIOYEHOI COHSYHOKO €JEKTPOCTAaHIIE; 3 yciMa
npaiotounmu PJIE. Po3po0iieHO alropuT™M ajanTUBHOTO MEPEMUKAHHS TPyl
YCTaBOK MIKpPOMNPOILIECOPHUX TepMiHaANIB 3axucty 3 BukopuctanHsmM GOOSE-
noBigomieHb 3a crangapTom IEC 61850. Bukonano imiTamiiiHe MOJIEIIOBaHHS
poOOTH TPAAUIIIHHOTO Ta aJalTUBHOTO 3axUCTIB y cepenoBuilli MATLAB/Simulink

3a M'IThbMa XapaKTEPHUMU CLICHAPISIMHU.
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HaykoBa HOBHM3HA poOOTH TOJISITa€ Yy PO3pOOIl aIrOpUTMYy aJanTUBHOTO
pENEeMHOro 3aXUCTy, 10 BPaXOBYE BHECOK IHBEPTOPHUX JIPKEPEN y CTPYM KOPOTKOIO
3aMUKaHHS Ta aBTOMAaTHYHO MEPEMUKAE TPYIMHU yCTaBOK TepMiHaiiB P3A 3anexHo
BiJ KUIbKOCTI mpairtorounx PJIE.

IIpakTyHa WiHHiICTH POOOTU MOJIATAE B TOMY, IO PO3POOIEHUN AITOPUTM
Moxe OyTu BIpoBakeHui Ha mifctanuisx 35/10 kB Ykpainu 3 nigkiodeHuMuU
PJIE nuist 3a06e3nedeHHs CeJIEKTUBHOI Ta Uy TIUBOI pOOOTH 3aXUCTY B yCIX peKUMax.
Pe3ynbTaTn MOJENIOBaHHS MOKa3ajld 3MEHILIEHHS 4acy CIpPAIfOBaHHS 3aXUCTy B
Pesxxnmi 11 31 115 mc 10 80 mc (Ha 30,4 %) Ta noBHE YCyHEHHSI XMOHUX CHPALIOBaHb
npu 30BHIIIHIX K3.

Karouosi caosa: PEJIEMHUN 3AXUCT, PO3MNOJAUIBHA MEPEXA,
PO3OCEPEI’KEHA  T'EHEPAIlIA, COHAYHA  EJIEKTPOCTAHIIIA,
AJIATITUBHUI 3AXUCT, IEC 61850, GOOSE, MATLAB/SIMULINK,
CEJIEKTUBHICTbD, UYTJIUBICTb.
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ABSTRACT

The bachelor’s thesis consists of 87 pages and includes 14 figures, 18 tables,

4 sheets of graphical material, 24 references, and 6 appendices.

The object of the research is the relay protection and automation system of
a 35/10 kV distribution electrical network with connected distributed energy

resources.

The subject of the research is adaptive relay protection algorithms that
ensure selective and sensitive operation under different operating modes of a

network with distributed generation.

The purpose of the research is to improve the selectivity, sensitivity, and
reliability of relay protection in a 35/10 kV distribution network by developing an
adaptive algorithm for switching protection setting groups depending on the current

operating mode of distributed energy resources.

Research methods. The thesis applies methods of electric circuit theory and
symmetrical components for calculating short-circuit currents, the per-unit method,
mathematical modelling in the MATLAB/Simulink environment, and relay
protection theory methods for calculating protection settings and assessing

sensitivity and selectivity.

The thesis analyzes the current state of 35/10 kV distribution networks in
Ukraine and the problems that arise when distributed energy resources (DER) are
connected to existing relay protection systems. A detailed calculation of short-circuit
currents was performed for three characteristic network operating modes: without
DER; with a connected solar power plant; and with all DER in operation. An
adaptive algorithm for switching setting groups of microprocessor-based protection
terminals using GOOSE messages in accordance with the IEC 61850 standard was
developed. Simulation modelling of traditional and adaptive protection systems was

carried out in the MATLAB/Simulink environment for five characteristic scenarios.
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The scientific novelty of the thesis lies in the development of an adaptive
relay protection algorithm that takes into account the contribution of inverter-based
sources to short-circuit current and automatically switches the setting groups of relay

protection and automation terminals depending on the number of operating DER.

The practical value of the thesis is that the developed algorithm can be
implemented at 35/10 kV substations in Ukraine with connected DER in order to
ensure selective and sensitive protection operation in all operating modes. The
simulation results showed a reduction in protection operating time in Mode II from
115 ms to 80 ms, i.e. by 30.4%, as well as the complete elimination of false tripping

during external short circuits.

Keywords: RELAY PROTECTION, DISRTIBUTION NETWORK,
DISTRIBUTED GENERATION, SOLAR POWER PLANT, ADAPTIVE
PROTECTION, IEC 61850, GOOSE, MATLAB/SIMULINK, SELECTIVITY,
SENSITIVITY.
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