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OpHi€l0 3 OCHOBHUX MPOOJEM B EJIEKTPUUHUX MEpexax € 3HIKEHHS BTpaT
€Heprii 1 MiABUIIEHHS TOYHOCTI i 00JiKy. BupimieHHs i€l npoOiemMu MOKIUBE
IUISIXOM TIPOBEAEHHS Y3TOJKEHOI TEXHIYHOI TOJITHUKMA MIABUIIEHHS TOYHOCTI
BUMIPIOBAHb BIJNYCKY B MEpEXY 1 KOPHUCHOTO BIANYCKY, a TaKOX IPHUBEACHHS
MOKa3HUKIB sIKOCTI eniekTpoeneprii (IISE) 1o HopMoBaHUX 3HAaYEHB.

3rifHo 10 JaHuUX 3BUTY MIHICTEpCTBA €HEPreTUKA Ta  BYTUIBHOL
MIPOMUCIIOBOCTI, CYMapHI TEXHIYHI BTpaTH €JIEKTPOEHEPTii B EICKTPUUHUX MEpexax
VYkpainu B 2016 pomi ckimanu 16,63 mupa. kBt-roa. HebGamanc ab6o komepiiiiiHi
BTpaTH EJIEKTPOEHeprii ckiamu Omu3bko 6,28 mupa. kBr-rox. 3a 11 micsmi 2017
pPOKY (3 CIYHSI TIO JIUCTOIAJl BKJIFOYHO) CyMapHI TE€XHIYHI BTPATH EJIEKTPOCHEpPTii B
CJIEKTPUYHUX Mepexax Ykpainu cknanmu 14,87 mupa. kBrt-rox, a nHebamanc abo
KOMepIIiitHa cki1ajioBa — 5,77 mapa. kBr-ro.

[3 3arasibHOT BENMYMHM TEXHIYHMX BTpar Onu3bko 78 % HOBOAMTHCA Ha
enekTpuuHi Mepexi 110 kB 1 Huxue, y Tomy uncm 33,5 % — na mepexi 0,4-10 xB.
Sx1o B3sSITH 10 yBaru, 0 KOMEpIIiiH1 BTPAaTH 30CepEHKEHI B OCHOBHOMY B MepexkKax
0,4-10 kB, To 3arampHa 4YacTka BTpaT B HUX BiJ CyMapHHMX MO KpaiHi B ILIJIOMY
ckianae 6mu3pko 60 %. BpaxoByrouu, 1mo 3 O0'€KTUBHUX NPUYUH 3aBaHTAKEHHS
enektpuyHux Mepex 0,4 kB 30impriryBaTuMeThCs Y 3B'SI3KY 3 BHIIEPEIKAIOUUM
pOCTOM MOOYTOBOI'O CHOKMBAHHS €JIEKTPOCHEPrii, J0Jid BTpPAT B PO3MOALIBHUX
Mepekax HalOIMKIMMH POKAMU TaKOXK POCTHME.

JIJist BIOCKOHAJIEHHSI CUCTEMH OOJIKY €JeKTPOeHEeprii HeoOX1THO CTBOPIOBATU
YMOBH JIJIsl OTPUMAHHS 32 PE3YJIbTaTAMH BUMIPIOBAHb KOMOTa OUIbII IOCTOBIPHOIO

Oanancy BUPOOHUIITBA, TIepeaadil, PO3MOILTY 1 CIIOKUBAHHS €JIEKTPUIHOI MMOTYKHOCTI
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abo eHeprii B Mexax Jep>kKaBu, a TAKOXK MOKA3HUKIB SKOCTI €JIEKTPUYHOI €Heprii, 110
CTIOYKUBAETHCS CIIOKMBAYaMU B PO3PaXyHKOBUX TOUKax o0miky. /st BupimeHHs 1miei
3aja4l B poOOTI 3alIpONIOHOBAHO BUKOPUCTAHHS HACTYIHUX 3aXO/I1B:

— BJOCKOHAJICHHS 3acaja poOoTH munibHUKIB enekTpoeneprii (JIE) 3 Tum, o6
BOHH OUJIBIIT TOYHO BPAaXOBYBAJIH €IEKTPUUHY €HEPTiI0 B MEPEk,aX 3 HU3BKOIO SKICTIO
€JIEKTPOCHEPTT;

— BHUKOPHUCTAHHS €KpPaHIB 3 MIO-METally IS 3aXMCTy BHYTPIIIHIX €JIEMEHTIB
JIYUIBHUKA, YyTTEBUX JI0 il €IeKTPOMArHiTHUX MOJIB;

— BJIOCKOHaJIEHHSI eneMeHTIB KoHcTpykuii JIE, 30kpema BcTaHOBIEHHS
CydaCHMX  BUMIPIOBAJbHUX  JAaTYUKIB, MOOYJOBaHUX 3  BUKOPUCTAHHSAM
HaHOMAaTepIaJliB;

— po3poOka Ta BIPOBAPKEHHS PEKOMEHJALIN, COPSIMOBAHUX HA 3MEHILEHHS
BITMBY 30BHIiIIHIX PakTopiB Ha JIE Ta migBuieHHs iXHb0O1 TOYHOCTI (iX JOTPUMaHHS
JIO3BOJIUTh ONTUMI3YBATH PEXUMHU POOOTH PO3MOAUIBUMX EIEKTPUUYHUX MEPEX 3a
pPaxyHOK 3MEHIIICHHS CKJIaJOBOT KOMEPIIHHUX BTPAT).

Takum 4YHMHOM, [OCHI[UKEHHS Ta BpaxyBaHHA BIUIMBY HHU3bKOi SKOCTI
€JIEKTPOEHEPTii Ta 30BHIIIHIX (PAKTOPIB HAa CHUCTEMH pEECTpallil € aKTyaJIbHOIO
HayKOBO-TEXHIUYHOIO 3aJ1auel0, OCKUJIbKH IOIOHI SBHINA MOXYTh INMPU3BOIUTH IO
CYTT€BHUX MOXHOOK OOJIIKY €IEKTPUYHOI €HEprii Ta 301IbILIEHHS] KOMEPILIIMHUX BTPaT.

HucepraiiiitHa po6oTa MpucBsIUeHa po3poOIll onTUMaIbHUX 3acaa podootu JIE
Ta PEKOMEH/AIlI, SAKi HaIlpaBJeH1 Ha YIOCKOHAJIICHHS CUCTEM OOJIIKY eJeKTpOeHEPrii
IUIIXOM YpaxyBaHHsSI HU3bKOI SIKOCTI €JIE€KTPOCHEPrii Ta 30BHIMIHIX (AKTOPIB, TAKUX
K eJeKTpoMarHiTHi mons. B poGoti mokazano, mo npu BiaxuwieHHI [ISE Bix
HOpMOBaHMX 3HauyeHb JIE onHi€l 1 Ti€l X HOMIHAJIBHOI MOTY>KHOCTI (CHpaBHI 1
MOBIPEH1) MOXYTh MOKa3yBaTW ICTOTHO PI3HI PE3yJNbTaTH OONIKY €JIEeKTPOEHEprii,
CIOKMBAHOI OJHMM 1 THM K€ HaBaHTAXEHHSAM. PI3HHMISI IIOKa3lB MOXKE
NEPEBUILYBATH CYMY MEX MPUITYCTUMUX MOXUOOK JIIUYMUIbHUKIB.

HayxoBa HOBH3HA OTpUMaHUX Pe3yJIbTaTIB MOJISATAE B TAKOMY:

— BIOCKOHAJIGHO METOJ  PpEeeCTparii eJIeKTPUYHOi eHeprii  3acobamu

BUMIPIOBAJIbHOI TEXHIKH, SKI BIAPI3HSAIOTHCS BpPAaXyBaHHSM CIOTBOPEHb CHUHYCOIAM
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KUBJISYOT HAMPYTH, L0 JO3BOJIMTH 3MEHIIUTH HEAOOOJIK B MEpekax 3 BUIIUMH
rapmonikamu (BI') 1 Bigxunenasmu inmux [TAE Ha 3,41 %, nopiBHAHO 3 HAWOLIBII
posnoBctokeHumu  JIE, ski  Bxomate g0 [lepkaBHOro peectpy 3acoOiB
BHUMIPIOBAJIbHOT TEXHIKU YKpaiHu;

— BIIEpLIE HAYKOBO OOIPYHTOBAHO Ta TEOPETUYHO MIATBEPIPKEHO JOIUIBHICTD
BIIPOBAKEHHSI HAHOMAaTepialliB AJis JaTYMKIB CTpyMy Ta Hampyru cydacHux JIE, mo
JIO3BOJIUTH IIJIBUIIATH TOYHICTh JATYUKIB, IXHIO CTIHKICTH JO 30BHIIIHIX BIUIMBIB Ta
3MEHIIUTH KOMEPIIiiiHI BTPATH €JIEKTPOCHEPTii Ha BCIX PIBHIX CUCTEMH OOJIIKY;

— OTpUMaja MOJANbIIMK PO3BUTOK MareMaTudyHa mozenb podotru JIE, ska
BIJIDI3HSETbCS BpaxyBaHHsM BIUIMBY IISIE Ha TOYHICTP BH3HAUYEHHS KUIBKOCTI
CIOKUTOI €JIEKTPOCHEprii, IO [I03BOJUTH aHaiizyBatu poboty JIE B ymMmoBax
BIIXWJICHb HAIPyTU Ta YaCTOTHU BlJ] HOMIHAIbHUX 3HAYEHb;

— YJOCKOHAQJIEHO MeTOj] eKpaHyBaHHd JIE BiJ €JEeKTpOMarHiTHUX IOJMIB,
CTBOPIOBAHUX MOTYKHUMH MarHiTamH, KU BH3HA4Ya€ ONTUMAIbHY (GOpMYy €KpaHy,
10 JTO3BOJISIE MIIBUIIIUTH €KCIUTyaTaliiHi BiacTuBocTi JIE.

[IpakTUyHEe 3HaYEHHSI OTPUMAHUX PE3YyJbTATIB MOJISITa€ y PO3pOOLI TPUHILIUITY
Ta anroputMy pobotu umdpoBoro JIE, skuil 103BOJSUTH HAWOILIBII TOYHO
BpPaxOBYBAaTH €JIeKTpoeHepriio npu BiaxuwieHHsX [ISE Binm HOpMOBaHMX 3HAYEHb.
3anponoHOBaH1 30BHINIHI Ta BHYTPIIIHI METOAM 3MEHIIeHHs BIuMBiB Ha JIE.
3anpornoHOBaHO ONTUMAJbHUM €KpaH ISl 3aXMCTYy BiJ BIUIMBY MArHiTHUX IOJIIB.
PekoMeH10BaHI TMEpPCHNEKTHBHI HaHOMATepialu s TpaHCPOPMATOPHUX JaTUYMKIB
CTpyMy Ta JaTYMKIB CTPyMY Ta Hallpyru, NoOyJ0BaHUX HA OCHOBI eekTy XoJuia.

Pesynbratu nanoi podotu BrnpoBamkeri B Cymcekomy PEIL] IMiBaiunoi EC 1
«HamionanpHa eHepreTHYHa KOMITaHIS «YKPEHEpPro» Ta BHKOPUCTOBYIOTHCS B
HaBuYajgbHOMY TIporieci kadempu enekrpoeHepretukun CymlY s miATOTOBKU
CTYyJIEHTIB 3a creuiaibHicTIO 141 «EnekTpoeHepreTuka, e€JIEKTPOTEXHIKA Ta
eJIEKTpOMEXaHiKa» TpPU BHUKIAJICHHI HaBYAIBLHOTO Kypcy «EnmekTpuyHi cuctemu Ta
MEpEXI».

KuirouoBi cjioBa: enexkTpuyHi Mepexi, SIKICTb €JIEeKTPUYHOI €HEeprii, BTpaTu

CJIEKTPOCHEPT1i, TIYMIBHUK €JIEKTPOCHEPT1l, BUIIl TADMOHIKU, JATYUKU CTPYMY .
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ABSTRACT

Diahovchenko I.M. Improvement of power accounting systems by taking into
account poor quality and external impacts. Manuscript.

Thesis for scientific degree of candidate of technical sciences, specialty
05.14.02 — Electrical power stations, networks and systems. — Sumy State University,
Sumy, 2018.

One of the main problems in electric networks is to reduce energy losses and to
increase its accounting accuracy. The solution of this problem is possible by means of
a harmonized technical policy, measurements accuracy increase, as well as bringing
the power quality (PQ) to the normalized values.

According to the report of the Ministry of Energy and Coal Mining, the total
technical losses of electricity in electric networks of Ukraine in 2016 werel6.63
billion kWh. The unbalance or commercial losses of electricity amounted to about
6.28 billion kWh. During the 11 months of 2017 (from January to November
inclusive), the total electricity technical losses in electric networks of Ukraine
amounted to 14.87 billion kwWh, while the unbalance or commercial component was
5.77 billion KWh.

About 78 % of the total technical losses are referred to 110 kV and below
voltage electric networks, including 33.5 % in 0.4-10 kV. If we take into account that
commercial losses are concentrated mainly in 0.4-10 kV networks, then their share of
losses from the country’s total is about 60 %. Taking into account that due to
objective reasons loading of 0.4 kV electrical networks will increase due to the
domestic consumption rising, the share of losses in distribution networks will also
increase in the next years.

To improve the electricity accounting system, it is necessary to create
conditions for obtaining the most accurate balance of production, transmission,
distribution and consumption of electric power or energy within the limits of the
state, as well as indicators of power quality, according to the measurements results.

To solve this problem the following measures are proposed:
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— Improvement of the principles of electricity meters operation so that they are

able to account electric energy more accurately in networks with low power quality;

— use a mu-metal screens for protection of the meter’s internal elements,
which are sensitive to the action of electromagnetic fields;

— improvement of the power meters’ elements design, in particular the
installation of modern measuring transducers constructed using nanomaterials;

— development and implementation of recommendations aimed at reduce the
influence of external factors on the electric energy meters and increase their accuracy
(it will allow to optimize the modes of distribution electrical networks’ operation due
to commercial losses reducing).

Thus, research and consideration of the effect of poor quality electricity and
external factors on registration systems is a relevant scientific and technical task,
because such phenomena can lead to significant errors in the electric energy
accounting increase commercial losses.

The thesis is dedicated to the development of the algorithm and the principle of
power meters’ (PM) operation and recommendations that are aimed at energy
metering systems improving by taking into account the poor power quality and
external factors such as electromagnetic fields. It is shown and justified that under the
conditions when the harmonic composition in operating electric networks goes
beyond the established standards, there are errors in the indications of commercial
electricity meters that exceed the permissible values.

The developed bases of the digital power meter will allow most accurately take
into account electric power in the presence of higher harmonics and other deviations
of power quality (PQ) from the normalized values and to reduce commercial
electricity losses up to 3.41%, compared to the most common PM included in the
State Register of measuring equipment of Ukraine.

The optimal screen of mu-metal is proposed to protect the pulse transformers,
which are used in modern PM, from the impact of strong magnetic fields, which are
created by rare-earth magnets. Properties and efficiency of the proposed screen are
investigated by modeling in the software package CST Studio Suite.
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This paper has analyzed the registration error variation of a PM with respect to

the load harmonic parameters and meter parameters, and, based on the results of the
analysis, compensation methods have been proposed to improve the accuracy of PMs
operated in situations which involve harmonics. The compensation methods are
categorized as two types, the meter external methods and meter internal methods. The
meter external methods aim to improve the load characteristics, which include
improving the load power factor, repressing the voltage and current harmonic
quantities, and decreasing the magnitude of the harmonic power factors. The meter
internal methods emphasize improvement of the harmonic performance of the PM
itself. In particular it includes utilizing of promising nanomaterials for transformer
current sensors and current and voltage sensors built on the basis of the Hall effect.
The feasibility and priority of each of the proposed methods was evaluated.

The results of this work are implemented in the Sumy Northern EC REC of
State Enterprise "National Energy Company" Ukrenergo "and used in the educational
process of the SSU Department of Power Engineering for the training of students in
the specialty 141"Electricity, electrical engineering and electromechanics™, in the
frames of the course "Electrical systems and networks".

Keywords: electric networks, quality of the electric power, losses of the
electric power, the counter of the electric power, the higher harmonics, current

Sensors.
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