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1. MeTtonu i 3acobu iHdopmMaLifHOro 3a6e3re4eHHs PEXXUMIB eJIeKTPUYHUX MEPEX B YMOBax HU3bKOI SIKOCTi

€JIEKTpOEeHePrii

2. Methods and tools of information support for mode management tasks of electrical networks in low power
quality conditions

Pedepar:

1. TIpoBeneHi B poOOTi JOCTiIKEeHHS [T0Ka3aIy aKTyaIbHICTb IpO6JI€eMU BILIMBY BULIMX FAPMOHIK Ha poboTy
€JIEKTPOO0OJIafHAaHHS €JIEKTPUYHUX MepexX. OOI'PYHTOBAaHO HEOOXinHICTh AudepeHLjialii 30MTKy 3a IOPSAKOM
rapMOHIKU. ICHYI0Yi METOIY BU3HAYEHHS [I)KEPeJl CIOTBOPEHb He JO3BOJISIIOTh JOCTOBIPHO BU3HAUYNATH CaMi
IKepeJia CIOTBOPEHHS i He 1al0Th [IOBHOI KAPTUHU PO3IOJiNY NOTYKHOCTI BUIIUX FTAPMOHIK B €JIEKTPUYHINA MEPEXKI.
J7s1 BUpillleHHS 3aBAaHb 100 MiJBUIIEHHS SIKOCTI eJIeKTPOeHeprii po3po6sieHO KOHLIENTyalbHy MOJeJlb
3a0e31e4eHHs IKOCTi €JIEKTPOEHEPTii B €JIEKTPUYHMX MeperKax i BU3HA4eHO Miclie ineHTudikanii mkepena
CIIOTBOPEHHSI B CUCTEMI 3aXO[IiB [1JIs MiABUIIEHHS SIKOCTi eJIeKTpoeHeprii. PO3po6sieHo iMiTalliliHy MOZAEJb

PO3NOAINBYOI MEPEXKI 3 AEKIJIbKOMA JPKEPEeJIaMy FTaPMOHIYHUX CIIOTBOPEHD. 3a pe3yJIbTaTaMU BUMIPIOBaHb,



IIPOBEIEHUX HA AaHill MoJeli, 0O pPyHTOBAHO 3aCTOCYBAHHS TEXHOJIOTI PO3NOAiIEHUX BUMIPIOBaHb [JIs1
inenTudikauii mxepen ciorBopeHs. Po3pobieHo meton koedilieHTa po3noiiny o k- rapMoHili, o 103BoJsie
PO3IOIINATH KOMIIEHCALiliHi BUIIJIATU MiX €JIEMEHTaMH €JIEKTPUYHOI MEPEXKi Ta CII0>KMBAaYaMU, B 3aJIEXKHOCTI Bif, ix
y4acTi B pO3NOIisi MOTY>KHOCTI BUILMX FapMOHIK. [Iy1g MiIBUILEHHS JOCTOBIPHOCTI BU3HAYEHHS JJKEPEJI CIIOTBOPEHD
[IPY HAasABHOCTI B €JIEKTPUYHIN MepexXi Pi3KO3MIHHUX JpKepeJl TapMOHIYHUX CIIOTBOPEHDb 3aIIPOIIOHOBAHO
MozaudikoBaHUI MeTo[ rapMoHiuHoro aHanisy «IINO+IId», 1m0 103BoJIsE IOKAJI3yBaTU M105IBY | 3HUKHEHHS
rapMOHiK Ha OCHOBHOMY iHTE€pBaJli BUMipIOBAaHH4 3 TOYHICTIO 4O OJHOTO I1epiofly rapMOHIKA OCHOBHOI 4aCTOTH.
3arporoHOBAaHO IMITaLIIIHY MOZEJIb PO3NOLINILY0I MEPEXKI 3 [NEKiTbKOMA Pi3KO3MIHHUMMU JKEPelaMy FrapMOHIYHUX
criotBopeHb. Bukopucrtanus «IUTO+IITO» npu obuncieHHi koedilieHTY po3NoLiny 103BOJISIE BUBHAYNTH HE TiJIbKU
CTYIIiHb y4acCTi KO>KHOTO Cy0'eKTa €JIeKTPUYHOI MepeKi B PO3IO/AiJi OTYKHOCT] CIIOTBOPEHHS, aJl€ i OLiHUTU
BEJIMYMHY 30UTKY, 1110 HAHOCUTBCSI KOSKHOIO TAPMOHIKOI0, BCIM eJIeMeHTaM eJIEKTPUYHOI Mepexi B pa3i HasiBHOCTI
Pi3KO3MIHHUX JIKEPEJ CIIOTBOPEHD. [IpoBeIeHO PO3paxyHOK 30UTKY Bifl HECHHYCOINAIbHOCTI HANIPYTU B
€JIEKTPUYHIN MepeXi IPOMUCIIOBOTO MiANIPUEMCTBA 3a iICHYIOYMM Ha TENEPilIHiN yac Ha YKpaiHi MeToOM. 3a 10T0
pe3yJbTaTaMu OOI PYHTOBYETHCS €EKOHOMIYHA JIOLIBHICTb AudepeHLialii 36MTKy 32 HOMEPOM IrapMOHIKU.
Po3po6s1eHO i 06I'PYHTOBAHO HOBUI METOJ, HApaXyBaHHSI IJIATH 32 CIIOXKUTY €JIEKTPOEHEPrilo, 3aCHOBAaHUI Ha
BM3HAYE€HHI BTOPHMHHOI [IOTY>XHOCTI BUIIKX FAPMOHIK i TapuHUX KoedilieHTax, 1[0 XxapaKTepusyTb 30MUTOK, 1110
HaHOCHUTbCS TEXHOJIOTIYHOMY IIPOLIECOBI i €JIEKTPOYCTATKYBAHHIO €HEPTOCUCTEMU i CIIOKMBAYiB BIIJINBOM BUIINX
rapMoHik. HaBezieHo pekomMeHallii o0 MPakTUYHOrO 3aCTOCYBAHHS Pe3yJIbTaTiB IOCiIKEeHb, IPOBEAEHUX Y
IycepTaliiiHill poboTi. 3alIPOIIOHOBAHO AJITOPUTM PO3IMPEHHS QYHKLIOHAIBHUX MOKJIMBOCTEN €JIEKTPOHHUX
JIIYMJIBHUKIB €JIEKTPOEHEPTii, [0 L03BOJISIE KOHTPOJIIOBATY FAPMOHIYHUI CKJIa[L €JIeKTPOEHEePrii, 1110 MOCTa4aeThCs, i
peecTpyBaTH MOTYKHICTb i €Heprilo BULIMX rapMOHiK. PO3IJISIHYTO MUTaHHS 3aCTOCYBaHHS IEPBUHHUX
BUMIpIOBaJIbHUX I1I€PETBOPIOBAYIB 3 peecTpallielo NOTYKHOCTI BUIIMX FTAPMOHIK B CKJIa/li aBTOMAaTU30BaHUX CUCTEM
KOMEPLiTHOTrO 00JIiKy eJIeKTpOeHeprii i 3arporIoHOBaHU METOJ, HEIIPSIMOTO KOHTPOJIIO TeMIlepaTypy KabeabHUX
JIiHIA.

2. The conducted studies have shown the relevance of the problem of the influence of higher harmonics on electric
networks equipment. The necessity of differentiation of losses according to harmonics order is substantiated.
Existing methods of detection the sources of harmonic distortion do not allow to authentically determine the
sources of distortion themselves and do not give a complete snapshot of the distribution of power of higher
harmonics in the electrical network. For solve problems related to improving the power quality, a conceptual
model for providing the power quality in electric networks has been developed, and the place of identification of
the distortion source in the set of measures for improving the power quality has been defined. The simulation
model of the distribution network with several sources of harmonic distortions is developed. Based on the results
of measurements carried out with this model, the using distribution measurements technology to identify sources
of distortion has been substantiated. The method of distribution coefficient on k-th harmonic is developed, which
allows distributing compensatory payments between elements of the electric network and consumers, depending
on their part in the distribution of higher harmonics power. To improve the authenticity of the detection of
distortion sources in case the presence of fast-changing harmonic distortions sources in the electric network, a
modified method of harmonic analysis "FFT+DFT" is suggested, which allows to localize the appearance and
disappearance of harmonics on the main measurement interval with an accuracy of up to one period of
fundamental harmonic. The simulation model of the distribution network with several fast-changing sources of
harmonic distortions is proposed. The use of "FFT+DFT" in calculating the distribution coefficient allows to
detection not only the degree of participation of each elements of the electrical network in the distribution of
distortion power, but also estimate the losses inflicted by each harmonic, to all elements of the electrical network
in the event of fast-changing distortion sources. The calculation of the losses from the non-sinusoidal voltage in
the electric network of the industrial enterprise for the current method in Ukraine is carried out. According to its
results, the economic expediency of differentiating the losses by harmonics order is substantiated. A new method
for charging payment for power consumption based on detection of secondary power of higher harmonics and
tariff coefficients characterizing the losses to the technological process and electrical equipment of the power



system and consumers by the influence of higher harmonics has been developed and substantiated. The
recommendations on practical application of the results of the research, which carried out in the dissertation work
are given. An algorithm for extension the functionality of electronic power meters is proposed, which allows
monitoring the harmonic composition of the supplied power and recording the power and energy of higher
harmonics. The issue of application of primary measuring converters with registration of the power of higher
harmonics in the automated systems of commercial power accounting is considered, and the method of indirect
control of the temperature of cable lines is proposed.
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