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Pedepar:

1. MeTo10 nucepTauifiHOi poOOTH € YA0CKOHAJIEHHS 3aXMCHUX XapaKTePUCTUK CIIPalbOBYBAaHHS Ta CXEMOTEXHIUYHUX
pimeHs onHOQa3HUX pese KoHTposo Hanpyru (PKH) no6yToBux CroXXuBayiB AJ1s1 SMEHIIEHHS crioxkuBaHoi PKH
eJIEKTPOEHePrii, sIKi Ha BimMiHY Bif iCHYI0UMX MaTUMYTh MO>KJIMBICTh BUOOPY CTaHAAPTY SKOCTi €JIEKTPUYHOI eHeprii
i 3rifHO 3 HUMM HOMiHaJIbHOI HAlIPyTH; Pa3oM 3 TUM MOXJIUBICTb BUOOPY TUITY 3aXUCHUX XapaKTePUCTUK
crpauboByBaHHS 3rigHo IEC 60255-127:2010 (3ayexHa Ta He3aJle>KHa XapaKTepUCTUKU 4acy) Ta MOXKIIMBOCTI
posmupeHHs ix pyHkuioHany. O6'eKT HOCTIIKEHHS — aBapiliHi pexXuMu pob0TH B TPU(PAZHUX €JIEeKTPUIHUX

MepeKax HU3bKOi HalPYTU 3 IIIyXOy3€MJIEHOIO HEUTPAJLIIO, IO NOB'SI3aHi 3 [105IBOI0 HEJIOYCTUMMUX BiIXUJIEHb



HaIpyryu B OAHO(A3HUX CIIOKMBAYiB (110sIBU [IepeHanpyr abo HeJOCTATHIX Hanpyr). [IpegMeT focmiIKeHHs —
3aXMCHI XapaKTepUCTUKU Yacy cripauboByBaHHs PKH, cxemorexHika mikponpouecopuux PKH, anropurmu po6oTtu
PKH. ¥V BcTyIi OGI'PYHTOBaHO aKTyaJsIbHICTb 3aXUCTY OJHO(A3HUX [T0OYTOBUX CII0XKUBAUiB Bifl HEOITYCTUMUX
BiIXWJIEHb HANIPYT4 B TpU(A3HUX MEPEKax )KUBJIEHHS 3 IIIyXOy3€MJIEHOIO HEUTPAJLIIO Ta CUCTEMOIO Y3EMJICHHS
TN-C, npencTaBieHo 3B'$I30K pOO0OTU 3 HAYyKOBUMMU IIpOrpamami, IJIaHaMU i TeMaMu, HaBeJIeHO HayKOBY HOBU3HY,
[IpeJCTaBJIeHO IPaKTUYHe 3HaUeHHs] OTPUMaHUX Pe3yJbTartiB, alpoballilo pe3ysbTaTiB Ta MyoJikalii, HagaHo
iHopmallito moA0 0COOMCTOro BHECKY 34,00yBaya. Y NepuioMy po3fiji MIpoBeIeHO aHali3 NpobieMaTUuKY 3aXUCTy
0HO(a3HUX NOOYTOBUX CIIOKMBAYIB Bifj HELONYCTUMUX BiIXUJI€Hb HAIIPYTU )KUBJIEHHS. PO3IJISHYTI i
[IpoaHasli30BaHi aBapiliHi cuTyalii B TpudasHuX eJIeKTPUYHUX Mepeskax 3 [NyX0y3eMJIEHOI0 HEUTPaio, 110
IIPU3BOJATS JI0 N0SIBA HEJOINYCTUMUX BiIXMJIEHb HANIPYTU y OJHOMA3HUX CNIOXKMUBAYiB. OL[iHEHO YyTIMBICTDb
€JIEKTPOIIOOYTOBOI TEXHIKU 10 HELONYCTUMKX BiIXWUJIEHb HAIIPYTX; IPOBEIEHO OIJIS], Ta aHali3 3aco6iB, 110
BUKOPUCTOBYIOTbCS [IJI51 3aXMCTY BiJ] HEIOIIyCTUMUX BiJXWJIEHb HAIIPYTU Y OGHO(Aa3HUX CIIOKMBadiB. OGIPyHTOBaHA
aKTyaJIbHICTb i JOLi/IbHICTB 3acTOCyBaHHS caMe ofHodasHux PKH no6yToBux crioskuBayiB HallpOTUBAry iHIIUM
eJIeKTpUYHUM anaparaM. [Iposenenuit orssag ogHodasHux PKH i, Ha OCHOBI BUBUEHHS OCOOJIMBOCTEN PO3IJISIHYTUX
pene, 3pobseHo knacudikaniio pese 3a pagom o3Hak. [IpoaHanizoBaHi KOHCTPYKTHBHI, CXeMOTEXHIYHi Ta
dyHKUioHaNMBbHI 0c0b6MBOCTI ogHOGa3HuX PKH. Po3ryisiHyTi BUMOT'M CTaHIapTIB SIKOCTi €JIeKTPUYHOI eHeprii B
006J1aCTi HEIOMYCTUMUX BiJIXWJIEHb HANIPYT Y OGHO(A3HMX IIOOYTOBMX CIIOKMBayiB. O6paHO HANPSMHU JOCIIi/IKEHD,
[IOCTaBJIEHI OCHOBHI 33J1a4i AucepTaLiiiHOi po6oTH. Y IpyroMy po3[iji 3alpOolIOHOBaHI KOHLIEMLis Ta
(yHKIiOHaNbHA CX€Ma YHAO0CKOHaIeHoro ogHo¢asHoro PKH, B skomy nepenbadyeHnnii BU6ip HOMiHaJIbHOTO 3HAY€HHS
Hanpyru 220 a6o 230 B 3rinHo ofHOYaCcHO Hitouux B YKpaiHi cranmaprtis sikocTi esiekrpuaHoi eHeprii T'OCT 13109-97
a6o JICTY EN 50160:2014 BifoBigHO, a TAKOXX MOXJIMBICTb BUOOPY 3aJIE3KHOI 260 HE3aJIeXKHOI 3aXMCHUAX
XapaKTePUCTUK CIIPalLbOBYBaHHsI 3TifiHO cTannapty IEC 60255-127:2010. 3anponoHOoBaHU aJITOPUTM BUMIpIOBaHHS
HaIpyry, 1o nossirae B onudpyBaHHi BXiHOI HANIpyTH 3 JaT4yuKa i noganpuioi QinpTpalii curuany 3a JOIoMoroo
CHHTE30BaHOTO 3 BUKOPUCTAHHAM 3 nepeTBopeHHIM Pyp'e GinbTpa, 0 J03BOJIsI€ I030YTUCH TOCTINHUX,
[ePexiIHAX Ta BUCOKOYACTOTHUX CKJIAIOBUX MEPEXKEBOI HANIPYTH, SIKi MOKYTb IIPU3BECTU 10 XMOHUX
CIpalboByBaHb peie. Po3paxoBaHi KoediliieHTr 1udpoBoro GinbTpy. Y TpeTbOMy PO3/isi po3po6eHo iMiTalliiHy
Simulink-monens TpudasHoi eeKTpUYHOI MepesKi HU3bKOi HAIIPYTy 3 IJIyX0y3eMJIEHOI0 HEUTPaIJIo Ta CUCTEMOIO
y3emiieHHs1 TN-C nJ1s1 cumysisLii aBapiiHUX pe>KrAMiB, 10 MOB'SI3aHi 3 OSIBOI0 HEJONYCTUMUX BilXMJI€Hb HAIIPYTU B
€JIEKTPUYHIN MepeXi KUBJIEHHS KiHLIeBOro ogHO(pa3Horo crnoxusada. Pospobseno imitanininy Simulink-mogesns
PKH i3 3ay1€;KHMMY Ta HE3AJIEKHUMU 3aXUCHUMU XapaKTePUCTUKAMU CIIpalbOBYBaHHs. [IpoaHanizoBaHi
pe3yJbTaTH iMiTal[iliHOTO MOJietoBaHHs. Po3po6ieHo cxeMOTexHiKy yrockoHaneHoro PKH 3i 3HI>KeHUM
CIIOKMBaHHAM €JIEKTPUYHOI eHeprii, po3paxoBaHi TapaMeTpU €JIEMEHTIB €JIEKTPUYHOI YJOCKOHAJIEHOI CXEMU Ta
31ifiCHEHO iX BUOIp. Y ueTBepTOMY pO37isi 3p061€HO onuc po3pobaeHoro MmakeTHOro 3paska PKH, onuc ctpykrypu
IIporpamu "MpouMBKU" peJie, CTPYKTYpPY MEHIO HaJlalliTyBaHb pejie. Po3po6iieHo cTeH] AJ1sl OCTiIKeHHS Yyacy
crpautosants PKH. IIpoBeneHo aHami3 pe3ysbTaTiB €KCIIepUMEHTAIbHUX AOCIIIPKEHD Yacy CIIpallbOBYBaHHS
MakeTHOTo 3pa3ka PKH. Po3po6sieHi pekomeHaalii momo mpakTUYHOTO BIIPOBAIKEHHS, TeEXHIYHOI pearizarii Ta
posmupeHHs QyHKLiOHaNy yaockoHaneHoro PKH. Y BucHOBKax HaBeIeHO OCHOBHI pe3yJIbTaTu HayKOBOi po60TH

10,0 BUPIlIEHHS I0CTaBJIEHUX HAYKOBUX 33/1a4 IOCIIiI>)KEHHSI.

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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VIII. 3aKkJII04Hi BiZoMOCTi
Biacue IlpizBuie Im's I1o-6aThKOBI Baiina €eren IpaHoBuY

roJIOBH pagu

Bsacue IlpisBume Im'st [T0-6aTbKOBI Baitna €eren Isanosny

roJIOBYIOYOro0 Ha 3aciJaHHi

BiamoBiganbHUH 32 MiITOTOBKY 3opin €BreHiii IOpiiioBny

00JIIKOBHX JJOKYMEHTIB

Peectparop VYKpIHTEI
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