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Pedepar:

1. B pucepTauiiiniil poboTi BUpilleHa BaXkKjIMBa HAYKOBO-TEXHIUHA 3a/iaya MiJBUIEHHS TOYHOCTi BUMipIOBaHHS
€JIEKTPOEHEPTii By3710M 00JIiKy B PE>KAMi 3HIDKEHOTO HaBaHTAKEHHSI HA OCHOBi MaTEMAaTUYHOTO MOZEJIIOBAHHS
HEBU3HAYEHOCTi BUMIPIOBaHHS 3 YPaXyBaHHSIM CTaTUYHUX XapPaKTEPUCTHK BUMiPIOBAJIbHAX TPAaHCPOPMATOPIB
CTPYMY B yMOBax HecumeTpii HaBaHTaxkeHb (a3. OO'eKTOM [OCIIIKEHHS € IIPOLieC BUMIPIOBaHHS eJIeKTpOeHeprii
TpudazHUM BY3JI0M O0JIIKY y CKJIaJi JIiYMJIbHYUKA €JIEKTPOEHEPrii Ta BUMipIOBaJIbHUX TPAaHCPOPMATOPIB CTPYMY
€JIEKTPOMArHiTHOIO TUITY Y PO3IIOJINIbHUX €JIEKTPOMEpPEKax HoMiHanbHOI Harpyrolo 0,38 KB. [Ipegmer
IOCJIiI)KeHHS - HEBU3HAUYEHICTh BUMIPIOBAHHS €JIeKTPOeHeprii 3a 4ac PyHKLiOHYBaHHS eJeKTPOIPUIIMaYiB B
PEXXMMIi 3HPKEHOTO HaBaHTaKeHH. HOBI HayKOBi pe3ysbTaTy MOJIATaloTh B HACTYIIHOMY: BIIE€pIIE OTPUMAHO
MaTeMaTU4HYy MOJI€JIb I/ OLiHIOBAaHHS HEYiTKOIO (PYHKLi€I0 HEBU3HAYEHOCTI BUMiPIOBaHHSI €JIEKTPOEHEPTii By3/I0M
006J1iKy B p€KMMi 3HM>KEHOTO HaBaHTA>KEHHS, SIKa BPAXOBYe€ BIUIMB BEJIMUMH HECUMETPUYHUX CTPYMiB (a3

HaBaHTaXEHHS HA MEXi HEYiTKOTO iHTepBaJly, 10 XapaKTEepPU3y€e pe3ysbTaT BUMIPIOBaHHS TPV TPAHUYHOMY PiBHi



IOBipY; YAOCKOHAJIEHO METOAVKY OL[iHIOBAaHHSI HEBU3HAYEHOCTI BUMIPIOBAHHS €JIEKTPOEHEPTil 32 OJHUM
BHMipIOBaJIbHUM KaHaJIOM By3Ja OOJIKY, SIKa, Ha BiIMiHY Bif] BiTOMUX, 03BOJISIE€ OL[iHIOBATH 3HAYEHHS [TapaMeTpiB
MHOXUHU L-R Me>x HeviTkoi QyHKI{i AJ151 MHOKMHY PiBHIB [OBipY, 110 XapaKTepPU3ye TOUYHICTb 06Ky
€JIEKTPOEHEPTii; yTOYHEHO CTaTUYHY XapaKTEPUCTUKY BUMiPIOBAJIbHOTO TPaHC(HOPMATOPA CTPYMY
€JIEKTPOMArHiTHOTO TUILy [IPY 3HI>KEHOMY HaBaHTAKEHHI By371a 061Ky €JIeKTPOEHEePTii JIiHiliHOI0 perpeciiiHoo
MOJI€JIJIIO, SIKA BifIPi3HSETHCS Bif, BiOMMX YHIBEPCAJIbHICTIO, OCKIJIBKY XapaKTepU3ye BUMipIOBAJIbHUAN
[IepeTBOPIOBAY 3 OBiIbHUM KoeillieHTOM TpaHcdopMallii B MeXKax 3a1aHoro KJlacy TOYHOCTI. [IpakTuyHe
3HAQUYEHHS] OTPUMAHMX PE3YyJIbTATIB M0JIAATa€ y HACTYITHOMY: 3alIPOIIOHOBAaHA MAaTEMATUYHA MOJEJIb IJIs1 OLiHIOBAHHS
HEBU3HAYEHOCTi BUMipIOBaHHS eJIeKTPOeHeprii By3/10M 061Ky B pesKMMi 3HIKEHOTO HaBaHTaXEHHS J03BOJIsIE
IIOKPAIUTH METPOJIOTIYHI XapaKTePUCTUKU 3aCO06iB 00JIiKy Ta MiJBULIUTYU TOUYHICTh BUMIPIOBAHHS €JIEKTPOEHEPTii;
PO3p06JIEHO METO, OL[iHIOBAaHHS TOUHOCTI 00JIiKy €JIEKTPOEHEPTii 3a OGHUM BUMIPIOBAaJIbHUM KaHAJIOM BY3J1a OOJIKY
B PEXXMMI 3HM)KEHOTO HaBaHTaKE€HHS, IKUH 1a€ 3MOTY BPaXOBYBAaTH BIIJIUB HA TOYHICTh HECUMETPUYHUX CTPYMIB
(a3 HaBaHTaXXEHHS; OJlepKaHa yHiBepcajbHa CTaTUYHA XapaKTePUCTHKA BUMIPIOBAJIbHOTO TpaHCPopmaTopa
CTPYMY €JIEKTPOMAarHiTHOTO TUITy 3a0e3Ieuye MifiBUILeHHSI TOYHOCTI (POpMyBaHHS PaXyHKiB 32 €J1eKTPOEHEPTil0
BiZINOBiIHO [10 MOKAa3iB JIiYMIbHMKA TPAHC(HOPMATOPHOTO MiIK/II0YEHHS; PO3P006JI€HA NPUKJIAIHA KOMITIOTEPHA
IIporpama [ijisl OL[iHIOBaHHS HeJl000JIiKy eJleKTpoeHeprii yuepes3 HasiBHICTh PEXXKUMY 3HUKEHOTO HaBaHTaXEHHS 32
3HAUYEHHSIMU POOOUMX [TapaMeTPiB By3Ja 001Ky, BAKOPUCTAHHSI SIKOI ]a€ 3MOTY YTOYHUTH (iHAHCOBI pO3paxyHKU
MiX €HEpPronocTadyajbHAIMU KOMIIaHISIMU Ta CIIOKMBAaYaMU 32 CIIOXKUTY €JIEKTPOEHEPTil0. Y BCTYIIi OOIPYyHTOBAHO
aKTyaJIbHICTh TEMU. Y NIEPLIOMY PO31ijli IPoaHasi30BaHO IPUHIMII BUMIPIOBaHHS €JIEKTPOEHEPTI], PO3BUTOK
TEXHOJIOTII Ta CCTeMU BUMIPIOBaHHS, OOIPYHTOBAHO JOLIJIbHICT BUKOPUCTAHHS TE€OPii HEYITKUX MHOKUH [J1s1
OLiHIOBAaHHS HEBUIIAJIKOBOI HEBM3HAYEHOCTI PE3YJIbTaTiB BUMIPIOBAHb. Y IpYyromMy po31iji 34iliCHEHO MaTeMaTUYHE
MOJIEJIIOBAaHHS HEBU3HAYEHOCTI BUMIPIOBAaHHS €JIEKTPOEHEPTii By3/I0M 00JIiKy IIPU 3HMKEHOMY HaBaHTAKEHHI. ¥
TPeThOMY PO3iJi 3IiliICHEHO eKCIIepUMEeHTaJIbHe OL[iHIOBaHHS 3HaU€Hb [TapaMeTpiB OO PYHTOBAHOI MaTeMaTHUYHOI
MogeJii 17151 By3Jla 00J1iKy eJIeKTpOoeHeprii B 1abopaTOpHUX YMOBax. Y YETBEPTOMY PO3/iJli OOIPYHTOBAHO HAIPSIMKU
MPAaKTUYHOI peasizaliii KOMIT I0TEPHO-OPIEHTOBAHOTO METOIa O6POGIEHHS BUMIPIOBAIbHOI iHhOpMalii B pesxumi
3HIDKEHOT'O HABAaHTAKEHHS. B 3arasbHUX BUCHOBKAX MiABENEHO MiICYMKM OCHOBHUX PE3yJIbTATiB TEOPETUYHUX Ta

€KCIIepUMEHTAJIbHUX IOCIiIKEeHb.

2. In the dissertation, the important scientific and technical task of increasing the accuracy of electricity
measurement by the metering unit in the reduced load mode is solved based on mathematical modeling of
measurement uncertainty, taking into account the static characteristics of measuring current transformers in
conditions of asymmetry of phase loads. The object of the study is the process of electricity measurement by a
three-phase metering unit, which includes an electricity meter and electromagnetic current measuring
transformers, in distribution networks with a nominal voltage of 0.38 kV. The subject of the study is the
uncertainty of electricity measurement during the operation of electric receivers in the reduced load mode. The
new scientific results are as follows: for the first time a mathematical model was obtained for estimating the
uncertainty of electricity measurement by a metering unit in the reduced load mode using a fuzzy function, which
takes into account the influence of the asymmetric currents values of the load phases at the fuzzy interval
boundaries, which characterizes the measurement result at the limit confidence level; the methodology for
estimating the uncertainty of electricity measurement over single measuring channel of a metering unit has been
improved, which, unlike the known ones, allows estimating the values of the parameters of set of L-R boundaries
of the fuzzy function for a set of confidence levels characterizing the accuracy of electricity metering; the static
characteristics of the measuring current transformer of the electromagnetic type at a reduced load of the
electricity metering unit were specified by a linear regression model, which differs from the known by universality,
as it characterizes the measuring converter with an arbitrary transformation coefficient within the specified
accuracy class. The practical significance of the obtained results is as follows: the proposed mathematical model
for estimating the uncertainty of electricity measurement by a metering unit in the reduced load mode allows to
improve the metrological characteristics of metering devices and increase the accuracy of electricity
measurement; a method of assessing the accuracy of electricity metering based on one measuring channel of the



metering unit in the reduced load mode has been developed, which allows taking into account the influence of
asymmetric currents of the load phases on the accuracy; the obtained universal static characteristic of the
measuring current transformer of the electromagnetic type ensures an increase in the accuracy of the formation
of electricity bills in accordance with the readings of the transformer connected meter. The introduction
substantiates the relevance of the topic. The first chapter analyzes the principle of electricity measurement, the
measurement technologies and systems, the expediency of using the theory of fuzzy sets to estimate the non-
random uncertainty of measurement results is substantiated. In the second chapter, mathematical modeling of the
uncertainty of electricity measurement by the metering unit at reduced load is carried out. In the third section, an
experimental evaluation of the parameter values of the justified mathematical model for the electricity metering
unit was carried out in laboratory conditions. The fourth chapter substantiates the directions of practical
implementation of the computer-oriented method of processing of measurement information in the reduced load
mode. The general conclusions summarize the main results of theoretical and experimental research.
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Cdepa ynpaBriHHS: MiHicTrepcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. Konap Ousier BikropoBuy

2. Oleg Kotsar



KBasigikanis: x.r.u., go., 05.09.03
InenTudikarop ORCID ID: He 3acrocosyerses
JoparkoBa iHdpopmamnist:

TloBHe HaMiMEeHYBaHHS IOPHIHYHOI 0CO0H: 02070921HaujoHanbHMii TEXHIYHMI yHiBEpcUTeT YKpainu

«KuiBcokui nositexHiyHui incturyT iMeHi Irops Cikopcbkoro”
Kopg 3a €IPIIOY: 03070923

Micue3Haxoa KeHHS: np-t [Tepemoru, 37, Kuis, 03056, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

PeuenzeHTu

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. BoBHa Osnekcanap BomogyuMuposuy

2. Oleksandr Vovna

KBasigikamis: 1. 1. u., npodecop, 05.13.05

InenTudikarop ORCID ID: 0000-0003-4433-7097

JopaTrkoBa inpopmamnist:

IToBHEe HaﬁMeHyBaHHH IOpH,ZII/I‘-IHOi 0CO00M: HaujoHanpHMiT aBialiitHMil yHiBEpCUTET
Kopg 3a €IPIIOY: 01132330

Micue3Haxoo KeHHS: npocrnekt Jllo6omupa I'ysapa, 6yz. 1, Kuis, 03058, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InmenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ®inonenko Cepriit PenopoBuy

2. Sergii Filonenko

KBasigikanis: j.1.1., npodecop, 05.11.16

InenTudikarop ORCID ID: He 3acrocosyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI 0COOM: HaujonanbHuii aBiauiitHuil yHiBepcuTeT
Kog, 3a €IPIIOY: 01132330

Micue3HaxoaKeHHS: npocnekt Jlrobomupa I'y3apa, 6yz. 1, Kuis, 03058, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu



InenTudikarop ROR:

VIII. 3ak1104YHi BiZOMOCTI

Baacue IlpizBuie Im's [10-6aTbKOBI Jlapin Biraniii IOpifiosny
TOJIOBH paju

BnacHe IlpizBume Im's I10o-6aTbKOBI Jlapin Biraniii IOpiiioBid
TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUI 3a HiATOTOBKY Hosxenko Onena AHzpiiBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




