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1. MeTo0 nucepTauiiHoi poOOTH € YAOCKOHATIEHHS 3aXMCHUX XapaKTePUCTHUK CIIPAlbOBYBAaHHS Ta CXEMOTEXHIYHNX
pimeHs onHodazHux peie KoHTpoo Hanpyru (PKH) nobyToBux crioxuBadis 1J1s1 3MeHIIeHHs crioxuBaHoi PKH
€JIEKTPOEHEPTii, IKi Ha BiZIMiHy BiJl iCHyIOUMX MaTUMYyTb MOKJIMBICTb BUOOPY CTaHAAPTY SKOCTi €JIEKTPUYHOI €HePrii
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crpauboByBaHHS 3rigHo IEC 60255-127:2010 (3ayekHa Ta He3aJIe>KHa XapaKTepUCTUKU 4acy) Ta MOXKIIMBOCTI
po3mupeHHs iX PyHKuioHany. O6'eKT DOCTiIKeHHs — aBapiiiHi peXXuMHU po60oTy B TpUda3HUX eJIeKTPUIHUX
MepeXkax HU3bKOI HalPyTH 3 TIIyX0y3eMJIEHOK HENUTPaslio, 10 MOB'sI3aHi 3 [T0SIBOI0 HEJOIYCTUMUX BilXUJI€Hb
HaIpyry B OAHO(A3HUX CIIOKMBAYiB (110s1BU [IepeHanpyr abo HeJOCTaTHIX Hanpyr). [IpegMeT nociIXeHHs —
3axMCHi XapaKTepPUCTUKU Yacy cripaupoByBaHHs PKH, cxemorexHika mikponpouecopHux PKH, anropurmu po6otu
PKH. ¥V BcTyIli OGI'PYHTOBaHO aKTyasIbHICTb 3aXUCTY OJHO(MA3HUX [TOOYTOBUX CIIOXKUBAUiB Bifl HEOITYCTUMUX
BiIXWJIEHb HANIPyTry B TpU(A3HUX MEPEeKax >KUBJIEHHS 3 ITIyXOy3€MJIEHOI0 HEUTPAJIIIO Ta CUCTEMOIO Y3EMJIEHHS
TN-C, npencTaByieHo 3B'SI30K poOOTU 3 HAYKOBUMU IIpOrpamami, IJIaHaMHU i TeMaMu, HaBeJleHO HayKOBY HOBU3HY,
[IpeJCTaBJIeHO IIPaKTUYHEe 3HAaYeHHs] OTPUMAaHUX Pe3yJbTarTiB, alpoballiilo pe3yJbTaTiB Ta myoJikalii, HagaHo
iHdopmaliito moA0 0cO6MCTOro BHECKY 37,00yBaya. Y repuioMy po3fiji MpoBeJeHo aHali3 NpobieMaTUKY 3aXUCTy
0HO(a3HUX NIOOYTOBUX CIIOKMBAYIB Bij HELONYCTUMUX BiIXUJI€Hb HAIIPYTU )XUBJIEHHS. PO3IJISHYTI i
IIPOAHasi30BaHi aBapiliHi cuTyallii B TpudasHuX eJeKTPUYHMX MEPEXKAX 3 TIIyXOy3E€MJIEHOI HEUTPAJLIIO, IO
IIPU3BOJATD [0 MOSIBA HEJONIYCTUMMUX BilXUJIeHb HAIIPYTu Y 0gHOGa3HUX CIIOXKKUBayiB. OLiHEHO YYyTIUBICTb
€JIEKTPOIIOOYTOBOI TEXHIKU 10 HELONYCTUMUX BiIXWUJIEHb HAIIPYTX; IPOBEEHO OIJISA], Ta aHali3 3aco6iB, 110
BMKOPHCTOBYIOTHCS [JI51 3aXUCTY Bill HEJOIyCTUMUX BiJXWJIEHb HAIIPYTU y OAHO(A3HUX CIIOKMABa4diB. OGIPYHTOBaHA
aKTyaJIbHICTb 1 OLiNIbHICTB 3acTOCyBaHHS caMe ofHodasHux PKH no6yToBux crioskuBaviB HallpOTUBAry iHIIUM
eJIeKTpUYHUM anapartaM. [Iposenenuit orssag ogHodasHux PKH i, Ha OCHOBI BUBYEHHS OCOGJIMBOCTEN PO3IJISIHYTUX
peJie, 3pobseHo Kiacugikalio pese 3a psioM o3Hak. [IpoaHanizoBaHi KOHCTPYKTHBHI, CXeMOTEXHIYHi Ta
(yHKILiOHaNbHI 0c061MBOCTI 0gHOGa3Hux PKH. Po3risiHyTi BUMOTM CTaHIAPTIB SIKOCTi €JIEKTPUYHOI eHeprii B
0071aCTi HEIOIyCTUMUX BiIXUJIeHb HAIPYT ¥ 0JHO(PA3HUX TOOYTOBUX CIIOXKUBayiB. OOpaHO HANPSIMU JOCIIiIKEeHb,
[IOCTaBJIEHI OCHOBHI 33J1a4i AucepTaLiiiHOi poboTH. Y IpyroMy po3[isi 3alpOlIOHOBaHI KOHLIENILis Ta
(yHKLiOHAJIbHA CXEMA YIOCKOHAJIEHOro ogHo(pa3Horo PKH, B skomy nepenoadyeHnii BU6ip HOMiHaJIbHOTO 3HA4E€HHS
Hanpyru 220 a6o 230 B 3rizHo ofHOYaCHO [ifouux B YKpaiHi cranmaprTiB skocTi enekTpuyHoi eHeprii TOCT 13109-97
a6o JICTY EN 50160:2014 BifoBifHO, a TAKOXX MOXJIMBICTb BUOOPY 3aJI€XKHOI 260 He3aJIeXKHOI 3aXMCHUX
XapaKTePUCTUK CIpalbOBYyBaHHsI 3TifiHO cTaHgapty IEC 60255-127:2010. 3anponoHOBaHU aITOPUTM BUMIpIOBaHHS
HaIMpyTy, 1o noJdrae B oun@pyBaHHi BXiIHOI HANIPYTy 3 JaT4MKa i moaaneioi GinbTpanii curHay 3a JOIOMOroo
CHMHTE30BaHOTO 3 BUKOPUCTAHHAM 3 nepeTBopeHHIM Pyp'e GinbTpa, 10 J03BOJIsI€ NO30YTUCH TOCTINHUX,
IIePEexiIHAX Ta BUCOKOYACTOTHUX CKJIAIOBUX MEPEXKEBOI HANIPYTH, SIKi MOKYTb IIPU3BECTU J10 XMOHUX
CIpalboBYBaHb pejie. Po3paxoBaHi koediliieHTr 1udpoBoro GinbTpy. Y TpeTbOMy PO3/isi po3po6ieHo iMiTalliliHy
Simulink-monenps TpudasHoi enekTpruyHOI MepeKi HU3bKOi HAIIPYTHY 3 [JIyXOy3€MJIEHOI0 HEUTPAJIJIIO Ta CUCTEMOIO
y3emisieHHs1 TN-C nJ1s1 cumysisLii aBapifiHUX pe>kruMiB, 10 MOB'sI3aHi 3 MT0SIBOI0 HEJOIYCTUMUX BifIXUJIeHb HAIIPYTU B
€JIEKTPUYHIN MepexKi XKUBJIEHHS KiHLIeBOro ogHO(pa3Horo crnoxusada. Pospobseno imitaniiiny Simulink-moznesns
PKH i3 3a71€;KHMMY Ta He3aJIe;KHUMY 3aXMCHUMU XapaKTePUCTUKAMU CIIPalibOByBaHHs. [IpoaHanizoBaHi
pe3yJbTaTH iMiTaliliHOTO MOJiestoBaHHs. Po3po6ieHo cxeMOTexHiKy ymockoHaneHoro PKH 3i 3HIKeHUM
CIIOKMBaHHSM €JIEKTPUYHOI eHeprii, po3paxoBaHi TapaMeTPU €JIEMEHTIB €JIEKTPUYHOI YJOCKOHAJIEHOI CXEMU Ta
31iliCHEHO iX BUOIp. Y ueTBepTOMY pO3#isi 3p061eHO onuc po3pobaeHoro MmakeTHoOro 3paska PKH, onuc cTpykTypu
[Iporpamu "MpoIuBKY" peJie, CTPYKTYPY MEHIO HaJlalliTyBaHb pesie. Po3po6iieHo cTeH I AJisl JOCiIKeHHS Yacy
crpamoBanHs PKH. [IpoBeneHo aHasi3 pe3ysbTaTiB eKCIIEPUMEHTAJIbHUX NOCIIIKEHb 4acy CIIPalbOByBaHHS
MakeTHoro 3paska PKH. Po3pobsieHi pekomeHalii 11040 NpakTUYHOTO BIPOBATKEHHS, TEXHIYHOI peasisalii Ta
posmupeHHs QyHKIioHaNY yrockoHaneHnoro PKH. Y BucHOBKax HaBeeHO OCHOBHI Pe3yJIbTaT HAyKOBOI po60TH

1I0ZI0 BUPIllI€HHS I10CTaBJIeHUX HAYKOBUX 3a/1a4 OCIIiI>)KEeHHSI.

2. The purpose of the dissertation is to improve the protective characteristics of operation and circuit design
solutions of single-phase voltage control relays (VCR) for household consumers to reduce the consumed electricity
by VCR, unlike the existing ones, will have the opportunity to choose the standard of the electric energy quality
and, according to them, the nominal voltage; at the same time, the possibility of choosing the type of protection
characteristics of operation according to IEC 60255-127:2010 (time dependent and time independent
characteristics) and the possibility of expanding their functionality. The object of the study is operation fault
modes in the three-phase low-voltage electrical power grids with a solidly earthed neutral, which are associated



with the appearance of unacceptable voltage deviations in single-phase consumers (the appearance of
overvoltages or undervoltages). The subject of the study is the protective characteristics of the VCR tripping time,
the circuitry of microprocessor VCRs, the VCR’s operation algorithms. The introduction substantiates the
relevance of protecting single-phase household consumers from unacceptable voltage deviations in three-phase
power networks with a dead-grounded neutral and the TN-C grounding system, presents the connection of the
work with scientific programs, plans and topics, presents scientific novelty, presents the practical significance of
the obtained results, approbation results and publication, information is provided regarding the personal
contribution of the applicant. In the first chapter, the problem of protection of single-phase household consumers
from unacceptable deviations of the supply voltage is analyzed. Considered and analyzed fault cases in three-phase
electrical networks with the solidly earthed neutral, which lead to the appearance of unacceptable voltage
deviations in single-phase consumers. The sensitivity of electrical household appliances to unacceptable voltage
deviations was evaluated; a review and analysis of the means used to protect against unacceptable voltage
deviations in single-phase consumers was carried out. The relevance and expediency of the use of single-phase
VCR household consumers against other electrical devices is well-founded. An overview of single-phase VCRs was
carried out and, based on the study of the features of the considered relays, a classification of relays was made
according to a number of features. The structural, circuit-technical and functional features of single-phase VCRs
are analyzed. Considered requirements of electrical energy quality standards in the area of unacceptable voltage
deviations in single-phase household consumers. The scientific objectives of the dissertation research are
formulated. In the second chapter, the concept and functional scheme of the improved single-phase VCR are
proposed, in which the choice of the nominal voltage value of 220 or 230 V is provided in accordance with the
simultaneously valid in Ukraine electricity quality standards GOST 13109-97 or DSTU EN 50160:2014, respectively,
as well as the possibility of choosing a dependent or independent protective characteristics of operation according
to standard IEC 60255-127:2010. The voltage measurement algorithm is proposed, which consists in digitalizing the
input voltage from the sensor and subsequent filtering of the signal using a filter synthesized using the Fourier
transform, which allows to obtain rid of constant, transient and high-frequency components of the network
voltage, which can lead to false tripping of the relay. The digital filter coefficients have been calculated. In the third
chapter, an imitation Simulink model of a low-voltage three-phase electrical power grid with a solidly earthed
neutral and a TN-C grounding system is developed for the simulation of emergency modes associated with the
appearance of unacceptable voltage deviations in the electrical power supply network of the final single-phase
consumer. The imitation Simulink model of VCR with time dependent and time independent protection
characteristics of tripping has been developed. The results of simulation modeling have been analyzed. The circuit
design of the improved VCR with reduced consumption of electrical energy was developed, the parameters of the
elements of the electrical of improved circuit were calculated and their selection was carried out. In the fourth
chapter, a description of the developed mock-up sample of the VCR, a description of the structure of the relay
"firmware" program, and the structure of the relay settings menu are made. A stand has been developed for the
study of the operation time of the RCN. Recommendations for practical implementation, technical implementation
and expansion of the functionality of the improved VCR have been developed. In the conclusions, the main results
of the scientific work regarding the solution of the set scientific problems of the research are given.
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