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AHOTAIIIA
lanon JI[.A. Meroau Ta 3aco0u aHami3y SKOCTI €JIEKTPONOCTayaHHS Ta
€JIEKTPOMArHITHOT CYMICHOCT1 €JICKTPOTEXHIYHUX KOMIUIEKCIB Ta CUCTEM. — Pykormuc.
Hucepramiss Ha 3700yTTS HAYKOBOTO CTYIEHS JOKTOpa TEXHIYHUX HayK 3a
crnemianpHicTiIO  05.09.03 — «EnexkTpoTexHidyHI KOMIUIEKCH Ta CHCTEMU». —

HamionanbHuil TEXHIYHUM YyHIBEpPCUTET «XapKIBCbKUI MOJITEXHIYHUN 1HCTUTYT,

Xapkis, 2019.

VY nuceprauiiiHiii poOOTI BUPIIYETHCS Ba)JiMBa HayKOBO-TEXHIYHA MpobiieMa
MIJBUIICHHS SKOCT1 €JIEKTPONOCTaYaHHS €JIEKTPOTEXHIYHUX 00'€KTIB, KOMIUJIEKCIB Ta
cucTeM 1 3a0e3NMeueHHs IX EJeKTPOMArHiTHOI CYMICHOCTI IIJISIXOM PO3BUTKY
MaTeMaTUYHOTO Ta amapaTHOro 3a0e3MEUeHHs] CHUCTeM OOJIIKY eJeKTPOeHEeprii 3
ypaxyBaHHSIM €HEPreTHYHOi €(EeKTUBHOCTI PEXKUMIB  €IICKTPOCIOKUBAHHA 1
BUSIBJICHUX TIOPYIIEHb MEX €JEKTPOMArHiTHOI CYMICHOCTI 3 OOKYy MoOCTadajibHUKa
€JIEKTPUYHOI €Heprii ado 11 croxuBayva.

VY BcTyni BHU3HAYEHO ICHYIOUY MpoOsieMy 1 OOTpYHTOBAHO aKTYalbHICTh TEMH
JUcepTallii, HaBeJeHO 3B’ 30K poOOTH 3 HAYKOBUMH MPOTpaMaMi, IJIaHaMU, TEMaMH,
c(hOopMyITbOBAaHO METY 1 3aBJIaHHA HAaYKOBOI'O JOCIHIKEHHS, PO3TJISHYTO 00’ €KT Ta
npeaMeT  JOCHKeHb,  HaBEJACHO  IMEpeslik  METOIB  JIOCHIDKEHHs, 110
3aCTOCOBYBAJIMCS JUIsl TOCSITHEHHS MOCTaBI€HOI MeTH poOoTH. BukianeHo HayKOBY
HOBU3HY ¥ TIPaKTUYHY 3HAYYIIICTh OTPUMAHHUX PE3yJbTATiB, HABEACHO daHl IPO
myOJtikarii # anpo0alliro pe3yabTaTiB poo0TH, 0XapaKTepPU30BaHO OCOOMCTUIM BHECOK
3100yBaya, HaJaHO B1IOMOCTI PO BIIPOBAKEHHS PE3yIbTaTiB POOOTH.

VY mepmioMy po3aiii HAa MiACTaBl BUBYEHHS Ta CHCTEMaTu3allii pe3ysbTaTiB
aHaJizy MatepiajgiB 3 BIIKpUTHX JDKepel chOpMyJbOBaHI OCHOBHI HEIOIKH
ICHYIOUHUX METOJIIB OLIIHKU SIKOCT1 €JIEKTPOIOCTauYaHHs Ta HOpMAaTUBHOI 0a3u, sika He
JI03BOJISIE Y TOBHOMY 00CS31 BHpIIIYBaTH KOH(IIIKTHI CUTyallli MpU BUHUKHEHHI
MOPYIIEHb MEX €JIEKTPOMAarHiTHOI CYMICHOCTI Yy pO3pi3l €JIeKTpONOoCTayalbHUK -
crio’kuBay. TaKoX pO3TJSIHYTI METOJIM BU3HAYEHHS BIAMOBIIAJIBHOCTI 32 MOTIPIIECHHS

AKOCT1 €NIEeKTPUYHOI €Heprii Ta OKpeMHX ii MOKa3HUKIB.
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VY apyromy pos3nuii MPOBEAEHO aHaJl3 TUIIOBOT CXEMH €JICKTPONOCTaYaHHs, 1110
J03BOJIUJIO 3pOOUTH BUCHOBKM Ta OTPUMATH OCHOBHI YHCJIOBI XapaKTEPUCTHKU
CUCTEMU EJIEKTPOINOCTaYaHHs TPU(PA3HOTO €JIEKTPOTEXHIYHOIO 00’ €KTY 3 HAIpPYTrolo
xuBjieHHs 10 kB. 3a monomoroto KomMm’toTepHOi MOEINI MOKa3aHO B3a€EMHUMN BIUIMB
JIEKUIbKOX CIIOKMBAayiB Ha TMOKA3HUKHU SKOCTI HANpyrd y TOYLl NPHUEIHAHHS Ta
MPOAHAI30BAHO BIUIMB MapaMeTpiB CHUCTEMM €JEKTPONOCTAaYaHHS Il MOKAa3HUKH.
[lokazaHo, 110 BU3HAYEHHS JpKepesia BUIIMX TapMOHIK 3a HANpPSAMKOM CKJIaJ0BOi
MOTYXHOCT1 BHILOi TApMOHIKM HE JI03BOJIIE TapaHTOBAaHO BHUAUIMTU CIOXKMBayda 3
HEJTIHIMHUM HABaHTAXEHHSAM Yy pa3l SIKII0 KUIBKICTh TaKMX CHOXKMBadiB OUIbIIa 3a
onHoro. Takoxx mpoaHajizoBaHo cymicHicTh ctanaaptiB EN 50160 ta IEEE 519 3
TOYKHU 30pY HOPMHU PIBHIB FapMOHIMHUX CKJIQJIOBUX Yy CKIIaJl CTPyMYy Ta HampyrH.
Otpumani pe3yiabTaTH J103BOJSIOTh TOBOPUTH MPO HASIBHICTH OKPEMHX MOMEHTIB B
SAKUX BHILIM TapMOHINMHI CKJIAJOBI CTPYyMY, IIO IF€HEPYE CIOXKMBAY HE MOPYIIYIOUH
mex crangapty IEEE 519, MoxyTh BUKJIMKATH HasgBHICTh TapMOHIK HAMPYTH IO
nepeBullyoTh Hopmu yctaHoBieHi EN 50160. Takox 3po0iieHO BUCHOBKU IIOZO
BCTAHOBJIEHHS! OOMEKEHb T'eHepallii BUIIUX TapMOHIMHUX CKJIAIOBUX 32 JIOMOMOTOO
HOPMOBAHHUX 3HAaY€Hb OTIOPY CUCTEMH.

VY TpeThoMy pO3IUIl 3aIPONOHOBAHO MOAAIBIIMN PO3BUTOK MATEMATUYHOIO
amapaTy BHM3HA4Y€HHsI KOE(III€EHTIB MOTYXHOCTI Ta BTpaT, SK MOKAa3HUKIB SIKOCTI
CJIEKTPOCMOKUBAHHS,  30KpeMa  OOIpYHTOBaHI  BU3HAYEHHS  IHTETPAIbHUX
Koe(DilieHTIB BTpAT 151 TpU(Pa3HUX TPUIIPOBIAHUX Ta YOTUPHOXIPOBITHUX MEPEK.

OTtpumainia moaanblInii PO3BUTOK TEOPIis «ETAJOHHOIO» crokupaya. [lokaszaHo,
o B Tpuda3Hiid TPUNPOBIAHINA MepeXi €TAJIOHHUM CIIOKMBaueM HE3aJIe)KHO Bij
napamMeTpiB Halpyrd € CUMETPUYHUN TPUKYTHUK MOCTIMHMX AaKTUBHHUX OIOPIB.
[loka3zano, o B Tpuda3Hiii YbOTHUPHOXIPOBIIHIA CUCTEM1 €TAJTOHHUM CIIOKHMBaueM
HE3aJIeKHO BiJ TMapaMeTpiB HANpPYrH € TO€JHAHHS CUMETPUYHOIO TPUKYTHHKA
MOCTIMHUX aKTUBHUX OMOPIB 1 CUMETPUYHOI 3IPKU, OMIP B TUIKAX SKOi B CTUIBKU XK
pa3iB Oulbllle ONOPIB TPUKYTHUKA, Yy CKUIBKM DPa3iB aKTUBHHUM OMIp MPOBIIHUKY

HelTpasi OuIblle onopy (pa3HUX MPOBITHUKIB.
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Brnepmie  3anmponoHOBaHO MaTeMaTHYHHMM — amapar BUAUICHHS  OKPEMHUX
CKJIQJIOBHX 13 3arajbHUX KOE(QILI€HTIB MOTYXHOCTEH Ta BTpAT 3a TaKUMHU THUIAMU
CIIOTBOPEHB SIK HECUMETPIsl, HeNIHIHHICTh, PEAKTUBHICTh Ta HECTAI[IOHAPHICTb.

3anponoHOBAHO KOHLEMIIID €TAJIOHHOTO PEAKTUBHOIO CIOXKHBada 3 YMOB
MaKCUMyMY TMOTY>XHOCTI a00 MIHIMyMy BTpaT NpH PIBHOCTI CIIBBIAHOILIEHb
MEPETOKIB MOTY>KHOCTI BiJ 1 O CIIOXHKBaya, 110 J03BOJIAE peaii3yBaTh OOUMCICHHS
Koe(DilIEHTY pEaKTHUBHOCTI Ta TMOTYKHOCTI TNpU JOBUIbHIA (GopMi HaAMpyru y
onHodazHux Ta TpudasHux Mepexkax. I[lokazaHo, mo mpu Takiil MOCTAHOBI
CTAJIOHHUN PEaKTUBHHUM CHOXKUBAaY TSXKIE O TeHepallii BUIIMX TapMOHIK 1 HE Mae
3pYYHOTO aHAJNITUYHOrO ab0 YHUCENBHOTO PIIICHHS [JIs MOPIBHSAHHA 3 MOTOYHUM
CIOKMBaueM. 3alpoNOHOBAHO KOHIIEMIIIO CEPEeIHbOPEAKTUBHOIO CIIOXKHBaya, Y
SKOT'0 yC1 TApMOHIKM MalOTh PiBHE CIIBBIAHOIICHHS NEPETIKaHb MOTYKHOCTI 110 1 BiA
CIOKMBAaya, M0 JO3BOJISIE peali3yBaTH MOPIBHSIHHS PEKUMY EJIEKTPOCIOKHBAHHS
MOTOYHOT'O CIOKMBAya 3 TAKUM CEPEIHbOPEAKTUBHHM.

3anponoHOBAHO METOAMKY OIIIHKA KOE(QIIIEHTIB BTPAaT 1 MOTY>XHOCTI BiA
HecuMeTpii I Tpu(a3HOro CroKUBaya MpU JTOBUIBHIA Hampysi. 3anmponoHOBAaHO
METOJIMKY OI[IHKM CIHIBBIJIHOIICHHS KOE(QILIEHTIB BTPAaT Bl PEaKTUBHOCTI 1
HEJTIHIMHOCTI CIOXKMBaya MUISIXOM MOJAUTY BIANOBIIHUX TapMOHIK cTpymy Dpuze y
HaMpsIMKY aKTHUBHOI CKJIaJ0BOi. 3amponoOHOBAHO METOAMKY OIIIHKH KOE(IIIEHTIB
BTpaT 1 MOTY>KHOCTI BiJl HECTALlIOHAPHOCT1 CIIOKUBAHHS.

VY uyeTBepTOMy pO3AUIl IPOBEIACHO aHAJI3 XapaKTepy KOMIUIEKCHOTO OIOpYy
EJIEKTPUYHOT MEpPEXl B 3aJEKHOCTI BiJ MapaMeTpiB ii €JIeMEHTIB JJIS TUIIOBHUX
BUIAJKIB MIAKIIOYEHHS croxkuBadiB Ha Hamnpysi 10 KB. Otpumana 3anexHICTb
JI03BOJISIE TOBOPUTH PO MOXJIMBE 3aCTOCYBaHHS HOPMOBAaHUX 3HAY€Hb JJI OLIIHKU
MPOITYCKHOI 3IaTHOCTI MEPEXKI.

HalyB mojanbiioro po3BUTKY METOJ BUMIPIOBAHHS €JIEKTPUYHUX NapameTpiB
Tpuda3HOi Mepeki 3aCHOBAaHMI Ha amnpoKCHMMallii BXIAHOTO CHUTHAIY CYMOIO
rapMOHIMHUX CKJIagoBUX. OCOONMBICTIMU METOJY € aBTOMAaTUYHE MiJCTPOIOBAHHS
MO0 YacTOTl 1 TPHUBAJIOCTI IHTEpPBAJy CIOCTEPEKEHHS Yy 3aJaHOMY Jiala3oHi,

BUKOPHUCTaHHS MMOBHOTO Habopy Hanpyr ¢a3 (ado NiHIHHKUX) IPU BU3HAYEHH] YaCTOTH
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3 ypaxyBaHHSM iX BaroBUX 3HAYE€Hb, 1110 JO3BOJILE 3MEHIIUTH MOXUOKH BUMIPIOBAaHHS
y CKJIQJJHUX YMOBax — MpPHU HAABHOCTI HECHMETPIi, BUIIMX TAPMOHIK, anepiogudyHOl
CkJIa70Boi ab0 MpH BIACYTHOCTI Hampyru y okpemii ¢aszi. Kpim Toro, meron
BUMIpPIOBaHHS BUKOPUCTOBYE IMOCTIHHY YacTOTYy KBAaHTYBaHHS BXIJHUX LHUPPOBHUX
JaHUX, 10 O3BOJISIE CIPOCTUTH anapaTHy YacTUHY MPHUIIATY.

3anponoHOBaHO METOJI OOUYMCIIEHHS AII0YMX 3HAYEHb 3 TOYHOIO MPUB'A3KOIO 10
nepiojly HaNpyry, OJIePKYBAHOTO MOMNEPEIHIM METOJO0M, IO J03BOJIE€ BUKIIOUUTH
YaCTOTHY MOXUOKY MpU BUMIPIOBaHHI HE3aJIeKHO Bl PO3TAlllyBaHHS IOYATKY Ta
3aKIHYEHHS 1HTEpPBaJly CIIOCTEPEKEHHS BITHOCHO BIJIIKIB BXITHOTO LH(PPOBOIO
CUTHAITY.

3anponoHOBAaHO CUCTEMY OOJIKY €JIeKTPUYHOI €Heprii 3 BHUKOPUCTAHHAM
MOKA3HHUKIB SIKOCTI €JEKTPUYHOI eHeprii Ta e(EeKTUBHOCTI EJIEKTPOCHOKHUBAHHS.
OcoOnuBICTIO CUCTEMU € JOAATKOBUI O0JIIK BTpaT Ha Nepeaady eleKTpUYHOl eHeprii
[UIIXOM TOPIBHSHHS XapaKTEPUCTHK €JEKTPOCIOKUBAHHS MOTOYHOTO CIOKHBaya 3
TaKUMH JJI €TAJIOHHOTO CIOKHMBayda, TOOTO BUKOPHUCTaHHS Koe(ilieHTIB BTpaT abo
noTyxHocTi. Takuit MmeTon 00J1iKy 103BOJIsI€ KOPEKTHO Tapu(]iKyBaTH BC1 BIAXUICHHS
B peXuMax poOOTH HaBaHTAXKEHHs, Takl SK PEaKTUBHICTh, HEIIHIMHICTh 1
HECTAI[IOHAPHICTh. 3ampolOHOBAHO CHUCTEMY INTpadHUX CaHKIIA 3a TMOTIpIIEHHS
AKOCT1 €JIEKTPUYHOI eHeprii, 3aCHOBaHa Ha MIAPAaXyHKY «TpadHO» eHeprii B pasi,
AKIIO CIOXXHBAa4 TMOPYIIYE HOPMH €JIEKTPOCMOXHUBAHHSA 1 «HETapu(piKOBaHOI»
€HEeprii, B pa3l KOJU MOpyUIeHb 3 OOKY CIIOKMBaya HEMAE, ajie SIKICTh eJIeKTPOeHeprii
HE BIAMNOBIa€ HOpMaM. 3apONOHOBAHO OCHOBH TapHdikallii Ha 6a3i JaHOI cCUCTEMHU
0OJIIKY €JIeKTPOEHEePTii.

VY m’stomMy po3auli €KCIIEpUMEHTAIbHO OTPUMAaH1 JaHi, 110 MIATBEPIXKYIOTh
TEOPETUYHI MOJOXKEHHs po3auIiB 3 Ta 4. 3okpema Oynau peanizoBaHl OLIHKH SKOCTI
€JIEKTPOCIIOKMBAHHS UISIXOM TOPIBHSIHHS 3 HA00OPOM €TaJOHHUX CIOKMBAY1B.

ExcriepuMeHT mMoka3aB MOXMJIMBICTh YCIHIIIHOTO 3aCTOCYBAHHS BHJIUICHHS
ctpymy @pize 1 ¥HOro noAadbIIOr0 aHali3y 3 METOI OI[IHKH  SIKOCTI
eJNeKTpocnokuBaHHsA. [Ipy 1bOMY MOXJIMBE TMapajielibHe BUKOPUCTaHHS MOro

TpudazHoi 1 oaHodazHOi peanizauiil sl OIIHKA HECUMETpii, HEMIHIHHOCTI 1
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PEaKTUBHOCTI BIJMOBIAHO. 3ampoOIllOHOBaHA B PO3AUIT 3 METOAHMKA TMOPIBHSHHS 3
€TaJIOHHUM CPETHEPEaKTIBHUM CIIOKUBA4YeM HE BUSIBUIIA ce0€ B SIKOCTI €()eKTUBHOTO
THCTPYMEHTY aHaJI3y 1 HE MPEJICTABIISIEThCS MEPCIIEKTUBHOIO.

VY Tolt ke Yac moaul rapMOHIMHHMX CKJIaoBUX cTpymy Dpize y HampsMKy ix
aKTUBHOI CKJIaJ0BOI1 J03BOJIAE €(EKTUBHO BIICTEKYBATH KEPEIO MOXOIKEHHS
CTPYMIB BHINMX TapMOHIK. Bu3HaueHi BHUIlE METOAU 3 BUKOPHUCTAHHSIM MOJEII
(dbparMeHTy EHEeprocUCTeMH 3 PI3HMMH THUIAMU HaBaHTAKCHHS IATBEPAWIH
KOPEKTHICTh  PO3pPOOJICHMX  METOJIB  OI[IHKM  SIKOCTI  €JIEKTPOCIIOKHBAHHS.
BunpoOyBaHHs 3a JOMOMOTOI OCIUJIOTpaM, OTPUMAaHUX Ha pealbHUX TpudasHUX
HaBaHTAXXEHHAX (TATOBOI TMIJACTAHINT) TaKOX MIATBEPAWIO TMpale3gaTHICTh Ta
e(EeKTUBHICTh PO3pPOOJIEHUX METOJIB OIIHKA. B Mojensx 3 MepeBUIICHHSIM
JTOMYCTUMHUX PEXKHUMIB, BUKOPUCTAHHS MaTEMaTUYHOTO arapary po3poOJEeHOTO B
po3auIi 4 J03BOJWIO BHUSBUTH JIKEPEJIO CIOTBOPEHb, HABITHh 3a YMOBH KOJIHU
OJIHOYACHO JICKUIbKA CIIOKHBAU1B BUCTYIAIOTh B SIKOCTI JXKEPEJ IIUX CIIOTBOPEHb.

KuarouoBi cioBa: enexkTpoTexHiyHAa CHUCTEMa, CHCTEMa EJIEKTPOIOCTavyaHHs,
BTpaTH €JEKTPUYHOI €Heprii, Koe(iieHT NOTYXHOCTI, Koe(illieHT BTpAaT,
€JIEKTPOMAarHiTHa CYMICHICTb, KOE(QIUIEHT MEPEBUILIEHHS, SKICTh €IEeKTPOEHEprii,

CHCpFeTI/ILIHi IIOKa3HUKH.

CIIUCOK ONYBJIIKOBAHHUX ITPALIb 3A TEMOIO JUCEPTALII

I. Tamon M. A., Cokon E. U., XKapkun A. ®@., Bacuibuenko B. U., Tecuk 1O. @.,
VYmanosckuit K. B., Cperenmux A. M., I'pu6 O. TI'., I'pomanckuii 1O. C.,
Hepycanumosa T. C., Onedup J. A., IlleBuenko C. 0., Hosckuii B. A.
KauectBo anextpuueckoil sueprur Tom 2 KoHTposib KadecTBa 3JIEKTPUUYECKOU
sHeprun: MoHorpadus: Xapekos: I1I1 «I"pad-Ikc», 2014. 244c.
3006ysauem  Oocniodceni Cy4acHi Memoou BUMIPIOBAHHSA NAPAMEMpIs8
eNeKmpuyHoi enepelii.

2. Tl'amon JI. A., Coxon E. U., T'pu6 O. I'., XKapkun A. ®@., CennepoBuu I'. A.,
Ymanosckuit K. B., Omudep . A., Bacuipuenko B. U., Tecuxk [0. .,
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HpirankoBa H. B., I'pomanckuii FO. C., Hosckuii B. A., Pynesuu H. B.

ABTOMATU3UPOBHHBIE CUCTEMbI KOHTPOJS M y4yeTa JJIEKTPUUECKOW HHEpruul]:
moHorpadusi: XappkoB: TOB «Tim ITabnim I'pymn», 2014. 488c.

3006y8auem npogedenuti aHaniz BUKOPUCMAHHA CYYACHUX MIKDONPOYECOPHUX

3acobig y cucmemax KOHmMpOJ0 ma 001Ky eleKmpoeHepelii.

. Tamon 1. A., I'pu6 O. I'., XKnanos P. B., 3yeB A. A. MeToJ1 BUAUICHHS IMITYJIbCIB
Halpyrd MpU BUKOHAHHI aHai3y SKOCTI edekTpudHoi eHeprii. Bichuk HTY
«XTIII». ITpobreMu y1OCKOHATIOBaHHS €IEKTPUYHUX MAIIUH 1 anapartiB. Teopid 1
npaktuka. 2013. Ne 15 (988). C. 139-144.

3006ysauem po3pobaeHUll Memoo «MACKYBAHHA» NPU BUOLIEHHI IMINYIbCIE.

. T'ammon /1. A., I'pu6 O. I'., XKnanoB P. B., 3yeB A. A. CoBpeMeHHOE aImapaTHoe
o0OecrieyeHUe YCTPOMCTB YydyeTa M MOHMTOPUHIA TIOKazaTejled KadecTBa
anekTpuueckoi aHepruu. [Ipami TaBpiiicbKoro nepkaBHOTO arpoTeXHOJOTTYHOTO
yuiBepcutety. 2013. T. 4, Ne 13. C. 90-95.

3006ysauem yOOCKOHaNeHUUl MemoO CUHXPOHI3ayii OeKilbKOX aHAI020-
yugposux nepemseoprosauis.
l'anon . A., I'pu6 O. I'., XKganos P. B., 3yeB A. A. H3mepenue yacToTbl
MPOMBIIJICHHONM CeTHM KakK TOKa3aTelsi KadecTBa DJIEKTPUYECKOW HHEPTHUH.
Bectanuk HTY “XIIN”. DHepreTuka: HaJIeKHOCTb M IHEProd()eKTUBHOCTS.
2013. Ne 17 (990). C. 45-50.

3006ysauem chopmynbosani OCHOBHI GUMO2U NPU BIMIDIOBAHHI NPOMUCTIOBOL
yacmomu sIK NOKA3HUKA AKOCMI eleKMPUUHol enepeii.
l'amon JI. A., I'pu6 O. I'., XKXnano P. B., 3yeB A. A. IlpoGiembl kauecTBa
AIIEKTPOIHEPTUU MUTAIOMIEH CETH MPH MOJKIIOUYEHUH YCTPOWCTBA C aKTUBHBIM
npeoOpazoBateneM. ONTHUKO-eIEKTPOHH1 1HPOpMaLIHHO-eHePreTUYH1 TEXHOJIOTII.
2013. Ne 2. C. 87-89.

3006ysauem 3pobieHi BUCHOBKU WOOO0 MOICIUBUX NPUUUH BUHUKHEHHS

BUCOKO20 DIBHIO BUWUX 2APMOHIUHUX CKIA008UX HANPY2IU.
lanon . A., I'pu6 O. I'., XKganos P. B., 3yeB A. A. Meton usMepeHus

noKasareyieil KauecTBa W dHEPronoTpeOieHus B eIeKTpuUeckux ceTsax. Haykosi



7

npari  JloHenbKOro  HaI[lOHANBHOTO  TeXHIYHOro  yHiBepcutery. Cepis
“EnextpotexHnika i enepreruka.” 2013. Ne 2(15). C. 83-87.
30006ysauem  npogedeHi  eKCNepUMEHMANbHI — BUMIDIOBAHHS  OEKLIbKOMA
Memooamu 3 pi3HOI0 00BAHCUHOIO THMEPBATLY CHOCMEPENCEHHSL.

8. I'amon JI. A., I'pu6 O. T'., benor H. C., Uepycanumora T. C., Jleneka A. B.
ABTOMATU3MpPOBAaHHAA CUCTEMa TEJEYIPaBICHUS SHEProOOBEKTOM MPU HU3KOM
KayecTBe BJIEKTPOIHEPTUU. Bectauk HTY “XIIN”. [Tpobemsl
YCOBEPUICHCTBOBAHHUS 3JIEKTPUUECKUX MAIIIMH M anmnapaTtoB. Teopus U npaxkTuka.
2014. Ne 41 (1084). C. 71-717.

3006ysauem npogedenuti auaniz, nobyoosano epagiku ma Oiacpamu
napamempig AIKocmi eJleKmpu4Hoi enepeii.

9. T'amon /I. A., I'pu6 O. TI'., XXnmanoB P. B., Uepycaiumoa T. C. IIpoGiemsr
oOecrieyeHus: CHUHXPOHHM3ALMKW HM3MEPEHUH TpU  ONPEACIICHUH  OLICHKU
COOTBETCTBUSI KAyeCTBA JJIEKTPUUECKOW »HHepruu. BocrtouHo-EBponenckuit
KypHai nepeaoBsix TexHojorui. 2014. Ne 6/8 (72). C. 4-9.

30006ysauem  3pobNeHi  GUCHOBKU — WO00  MOJNCIUBOCMI  3a0e3neueHHs
CUHXPOHI3ayii 8i0n08iono 0o epynu cmanoapmie MEK 61000-4.

10. I'anon . A., I'pu6 O. I'., XKnanos P. B. ExciepuMenTanbHe TOPIBHIHHS METO/1B
BUMIPIOBaHHSI PIBHS TapMOHIMHUX CKJIaJOBUX CUTHAIY HAMpyrd MPOMMCIOBOL
Mepexi KpacHorpaacekoro paitony XapkiBchkoi o6iacti. BicHuk XapkiBChKOTO
HaIlIOHAJIBHOT'O TEXHIYHOTO YHIBEPCUTETY CLILCHKOIO rocnojaapcTsa imeHi [lerpa
Bacunenka. 2014. Ne 153. C. 90-92.

3006y6auem Hanucawa ma 3acmoco8aHa NPoOcpPaMa eKCnepuMeHmanlbHO20
NOPIBHAHHA MemO0i8 BUMIDIOBAHb DIBHIE 2APMOHINIHUX CKIAOOBUX.

11. T'anon 1. A., Bacunbuenko B. 1., I'pu6 O. I'., Jleneka O. B., lepycanimona T. C.
udposa mniacranmis ckiagoBa cucremu Smart Grid. Enextporexhika 1
Enextpomexanika. 2014. Ne 6. C. 72-76.

3006ysauem npoananizosano 3acmocy8anHs Yu@dposux cmanoapmis nepeoaui

OaHux OJisl ABMOMAMU30BAHUX CUCTEM KOHMPOII0 ma 00Ky eleKmpoeHepeaii.
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ABTOMATU3MpPOBAaHHASA CUCTEMa KOHTPOJIA YPOBHS MEPEHANPSIKEHUNH U KayecTBa
anektpuueckoir sHepruu. Bicuuk HTY «XIIl». Enepretuka: HamiiiHICTh Ta
eneproedekTuBHICTh. 2014. Ne 56. C. 45-50.
3006ysauem 3pobaenult ananiz ma no6y008aHo epagiku GUMIPIOBAHb AKOCHI
Ha 00 ’ekmi.

14. Tarmon 1. A., I'pu6 O. T'., Cipotin 1O. O., lepycanimona T. C., Isuenko O. B.,
bopraikoB O. B. AHaii3 cHoXMBaHHS €JIEKTPOEHEPrii 3 KOHTPOJIEM SIKOCTI B
pO3MOAUILHUX MepekaxX. BicHuk XapKiBCBKOTO HAaI[IOHAJBHOTO TEXHIYHOTO
YHIBEPCUTETY CUIbChKOrO rocnoaapcrsa iMeHi [lerpa Bacunenka. 2015. Ne 165.
C. 9-10.
3006ysauem 3pobaenult ananiz ma no6y008aHo epagiku GUMIPIOBAHb AKOCMI
Ha 00 ’ekmi.

15. T'anon JI. A., I'pu6 O. I'., Cupotun FO. A., Uepycanumona T. C., Isuenko A. B.
MOHUTOPHUHT KayecTBa 3JIEKTPOIHEPTrUU HAa HUGPPOBBIX MOJCTAHIUAX. BecTHHK
HTY “XIIN”. TlpobGieMbl aBTOMaTU3UPOBAHHOIO 3JeKTponpuBoja. Teopus u
npaktuka. 2015. Ne 12 (1121). C. 316-319.
3006ysauem yOOCKOHANEHUN MemOO CUHXPOHI3aYii npuiadieé SUMIPIOBAHHS 3A
npomoxoaom IEEE 1588.

16. I'anon 1. A., I'pu6 O. I'., Iepycanimona T. C., beno M. C., Jleneka O. B. Anainiz
HOpMAaTHUBHOI 0a3u 1o mpoekTyBaHHIO1 ToOya0Bi cuctemu”" SMART GRID" ska
6asyeThesa Ha nudpoux miacradiinx. Bicauk HTY «XIIl». Enektpoenepretuka
Ta nepeTBoproBaibHa TexHika. 2015. Ne 19 (1128). C. 74-78.

3006ysauem npoananizoeano suxopucmanns cmaunoapmy IEC 61850 y cxknaoi



yughposoi niocmanyii.

17. Tanon 1. A., I'pu6 O. I'., llleruenko C. IO., Ciporin 1O. O., Iepycanimona T. C.,
Hsuyenko O. B. XXunenns tpanchopmaropHoi mincranuii 330/110 xB npu
HAsIBHOCTI B JIIHIAX eJekTponepenady Buuux rapmonik. Bicuuk HTY «XIII».
[IpobGnemMu ynOCKOHANIOBAaHHS E€IEKTPUYHUX MalluH 1 amnapartiB. Teopis 1
npaktuka. 2015. Ne 42 (1151). C. 59-61.
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pe3yibmamamu UMIPIO8AHb NOKA3HUKIE AKOCMI eIeKMpPOoeHepail.

19. T'anmon . A., T'pu6 O. T'., lepycanimoBa T. C., benoB M. C., Jleneka O. B.
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20. I'amon /1. A., I'pu6 O. I'., llleuenko C. 1O., Jleneka A. B., Uepycanumona T. C.
CucremMa [UCNETYEPCKOTO YINPaABIEHUS M  KOHTPOJA TEXHOJIOTMYECKUMU
npoueccamu Ha 6aze nudpossix noactanuil. Bicuuk HTY «XIIl». Enepreruxa:
HaJIIHICTB Ta eHeproedekTuBHICTh. 2016. Ne 3 (1175). C. 43-47.
3006ysauem npoananizoeano suxopucmanns cmaunoapmy IEC 61850 y cxnaoi
yughposoi niocmanyii.

21. I'anon JI. A., I'pu6 O. I'., llleuenko C. 0., Iepycanimona T. C., Cenona O. O.
JlocnimKeHHs] BUCOKOYACTOTHUX MEPEHAIpyT, 0 BUHUKAIOTh B Mepexi. BicHuK
XapKiBCHKOTO  HAI[IOHAJIBHOTO  TEXHIYHOTO  YHIBEPCUTETY  CLIBCHKOTO
rocroaapctsa imeHi [letpa Bacunenka. 2016. Ne 175. C. 49-50.
3006ysauem npoananizo8ano CHOMEOPEHHS GOPpMU CUHYCOIOU cmpymy ma

Hanpyau Ha i30J31mopax.
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banks in power-supply systems of industrial enterprises. EnexkTtporexnika i
Enexrpomexanika. 2016. Ne 1. C. 56-58.

3006ysauem 3pobOneHi BGUCHOBKU U000 NPUYUH PE3OHAHCHUX SABUWY Y
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23. Tanon [. A., Tuxonenko C. B., I'pomancekuii FO. C., CaBuupkuii C. M.
OOrpyHTyBaHHSI  BOPOBQDKCHHS  CIIOXKMBayda-peryistopa Uil  KepyBaHHS
€JIEKTPUYHOTO HABAHTAXEHHS B CHUCTEMI1 €JIeKTPONocTayaHHs. TeXHOIOrn4ecKui
ayIuT U pe3epBbl mpousBoacTBa. 2016. Ne 2 (1). C. 22-26.
3006y6auem 3anpononosanuil pO3PAXYHOK 2pagiKy HABAHMANCEHHS NpU
oouuUCieHH] ma subopi mapudy Ha ereKmpuyHy eHepeir.

24, T'armon I. A., Cokon E. U., Cupotun 0. A., Uepycanmumona T. C., I'pu6 O. T'.,
e C. B. Pa3Burue Teopur MIHOBEHHOW MOIIHOCTH Tpex(da3zHol ceTu B
ycnoBusix cereneHTpusma. Enextporexnika 1 Enxexrpomexanika. 2017. Ne 4. C.
61-65.
3006ysauem  yOoCKOHANEHO  BU3HAYEHHA  WO00  30ANAHCOBAHO20  MA
He30a1aHCOBAH020 PeHCUMY MPUPDAZHOT MepedHCl.

25. T'ammon J. A., Cokon E. U., Cupotun 0. A., Uepycanumona T. C., I'pud O. I,
HIsenr C. B. CereuneHTpuyeckue TEXHOJOTUU YNPABIEHUS PEXUMAMHU pPadOThHI
Tpexdasznoii cetu. Enexrporexnika 1 Enexrpomexanika. 2017. Ne 3. C. 67-71.
3006ysauem 3anponoHosare BUOLIEHHS CMPYMI8 NPU AHALIZL PeNCUMi8 pobomu
MepeCl.

26. I'anon [I. A., Cupotun 0. A., I'pub O. I'., Uepycanumona T. C., llIserr C. B.
V4yer HEaKTUBHBIX COCTABIAIOMMX HOJHOM MoinHocTH. BicHuxk HTY «XIIIy».
[NppaBniuni mamuHy Ta rigpoarperatu. 2017. Ne 22. C. 71-76.
3006ysauem onucanuti 6azuc npu GUOLIEHHI CMPYMY KOMHEHCayii HY1b0Oo8i
CKIA0080I MUMMEBOT NOMYIHCHOCII.

27. Gapon D., Bederak Y., Zuev A. Method of determining the parameters of an
equivalent asynchronous electric motor in real time. Advanced Information

Systems. 2018. T. 2, Ne 3. C. 123-127.
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N., Ymanosckuit K. B., Cserenuk A. JI., I'pu6 O. I'., I'pomanckuii 0. C.,
Hepycanumoa T. C., Onedup J. A., IlleBuenko C. IO., Hosckuii B. A.
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«I'pad-Ikc», 2014. 300c.
3006ysauem npoananizosarno seuxopucmauus epynu cmaunoapmie IEC 61000
npu 8U3HAYEHHI NOKA3ZHUKIE AKOCMI eJleKMpPOoeHep2ii.

29. Tanon J. A., Ceerenuk A. I., I'ycensnukoB B. K., Bacuibuenko B. U.,
Ymanosckuit K. B., Cengepouu I'. A., I'pu6 O. TI'., I'pomanckuii 1O. C.,
Campeika A. JI., I'ycenpuukoB A. B., Onedpup 1. A. Cpeacrsa usmepuTenbHON
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30. I'amon JI. A., Coxon E. U., Cupotun 1O. A., I'pu6 O. I'., Ceiuenxo 1. A., bocsrii
. A., llIsen C. B., baxenos B. M., Uepycanumona T. C., Jlucuuenko P. H. Yuer
Y KOMITIEHCAllMs PEaKTUBHON MOIIHOCTH IPU HECUMMETPHUYHBIX peKUMax padoTh
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290c.
3006y8auem 3anpononosano ukopucmanHs cmpymis Fryze.

31. T'amon /I. A. BuGip mMeTony BHUMIpIOBaHHS YacCTOTHU MPOMMCIIOBOI MEpexi Mmpu
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TEXHOJIOT1i: HayKa, TeXHIKa, TEXHOJOTis, ocBiTa, 310poB’sa (MicroCAD-2013).
2013.T. 2. C. 186.
3006ysauem onucani ocobaugocmi pizHUX Memooié SUMIDIOBAHHS YACMOMU

NPOMUCTIOBOL MepedCi.



12
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2014. T. 2. C. 209.
3006ysauem onucano npoodiemy CUHXpOHI3ayii npu 6UMIPIOBAHHI 2APMOHIUHO20
CKAA0Y 3a 00NOMO2010 OUCKPEmHO20 nepemeopenus Pyp’e.

33. Tamon JI. A., I'pu6 O. I'., Uepycanumosa T. C., [suenxo A. B. U3mepenue
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34. T'anon . A., I'pub O. T'., Uepycanumona T. C., JIssuenko A. B. MoHuTOpUHT
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Mmarepianu 3-1 Beeykp. Hayk.-TexH. KoH., 8-9 rpynusa 2016 p. 2016. C. 192—-193.
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3000ysauem 3anponoHo6aHO  BU3HAYEHHA  OJicepeN  BUWUX  2aAPMOHIUHUX
CKA008UX } MEPEHCaXx.
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40. T'anon 1. A., Pynesuu H. B. Pe3oHaHCHI siBUIIa y €HEProcUCTEMI SIK MPUYMHA
MOIIKOJKEHHS eJleKTpooOnagHanHs. [HdopmaliiiHi TeXHONOrIi: HayKa, TeXHIKa,
TEXHOJIOT1s, OCBITa, 3I0POB’S: HayK. BUJ. T€3H AOM. 27-i MXKHap. HayK.-IPaKT.
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ABSTRACT

Gapon DA Methods and means of power supply quality analysis and electrical
complexes and systems electromagnetic compatibility. - Manuscript. The dissertation
on competition of a scientific degree of the doctor of technical sciences on a specialty
05.09.03 - "Electrotechnical complexes and systems". - National Technical

University "Kharkiv Polytechnic Institute", Kharkiv, 2019.

In the dissertation the important scientific and technical problem of increase of
quality of power supply of electrotechnical objects, complexes and systems and
maintenance of their electromagnetic compatibility by development of mathematical
and hardware of systems of the account of the electric power taking into account
energy efficiency of modes of power consumption and the revealed infringements of
electromagnetic compatibility energy or its consumer.

In the introduction the existing problem is defined and the urgency of the
dissertation topic is substantiated, the connection of work with scientific programs,
plans, themes is given, the purpose and tasks of scientific research are formulated, the
object and subject of researches are considered, the list of research methods applied
for achievement of the set purpose is given. work. The scientific novelty and practical
significance of the obtained results are stated, the data on publications and
approbation of the results of the work are given, the personal contribution of the
applicant is characterized, the information on the implementation of the results of the
work is given.

In the first section, based on the study and systematization of the results of
analysis of materials from open sources, the main shortcomings of existing methods
of assessing the quality of electricity supply and regulatory framework, which does
not fully resolve conflict situations in violation of electromagnetic compatibility in
terms of electricity supplier - consumer. Methods for determining the responsibility
for the deterioration of electricity quality and its individual indicators are also

considered.
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The second section analyzes the typical power supply scheme, which allowed to
draw conclusions and obtain the main numerical characteristics of the power supply
system of a three-phase electrical facility with a supply voltage of 10 kV. The
computer model shows the mutual influence of several consumers on the quality
indicators of the voltage at the point of connection and analyzes the influence of the
parameters of the power supply system, these indicators. It is shown that the
definition of the source of higher harmonics in the direction of the component power
of the higher harmonic does not guarantee to allocate a consumer with a nonlinear
load if the number of such consumers is greater than one. The compatibility of EN
50160 and IEEE 519 standards in terms of the norm of levels of harmonic
components in the composition of current and voltage is also analyzed. The obtained
results allow to speak about the presence of certain moments in which the higher
harmonic components of the current generated by the consumer without violating the
IEEE 519 standard can cause the presence of voltage harmonics exceeding the norms
set by EN 50160. It is also concluded that the generation of higher harmonic
components system resistance values.

The third section proposes further development of the mathematical apparatus
for determining power and loss coefficients as indicators of power consumption
quality, in particular, the determination of integrated loss coefficients for three-phase
three-wire and four-wire networks is substantiated.

The theory of the "reference" consumer was further developed. It is shown that
in a three-phase three-wire network the reference consumer, regardless of the voltage
parameters, is a symmetrical triangle of constant active resistances. It is shown that in
a three-phase four-wire system the reference consumer, regardless of voltage
parameters, is a combination of a symmetric triangle of constant active resistances
and a symmetric star, the resistance in the branches of which is as many times the
resistance of the triangle as the active resistance of the neutral conductor.

For the first time, a mathematical apparatus for selecting individual components
from the total power and loss coefficients for such types of distortions as asymmetry,

nonlinearity, reactivity and nonstationarity has been proposed.
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The concept of the reference reactive consumer from the conditions of
maximum power or minimum losses at equality of ratios of power flows from and to
the consumer is offered, that allows to realize calculation of coefficient of reactivity
and power at any form of voltage in single-phase and three-phase networks. It is
shown that in such a statement the reference reactive consumer tends to generate
higher harmonics and does not have a convenient analytical or numerical solution for
comparison with the current consumer. The concept of the average reactive consumer
is proposed, in which all harmonics have an equal ratio of power flows to and from
the consumer, which allows to compare the current consumption mode of the current
consumer with such an average reactive one.

A method for estimating the coefficients of loss and power from asymmetry for
a three-phase consumer at arbitrary voltage is proposed. A method for estimating the
ratio of the coefficients of losses from reactivity and nonlinearity of the consumer by
dividing the corresponding harmonics of the Frieze current in the direction of the
active component is proposed. A method for estimating the coefficients of losses and
power from non-stationary consumption is proposed.

In the fourth section the analysis of character of complex resistance of an
electric network depending on parameters of its elements for typical cases of
connection of consumers on voltage of 10 KV 1is carried out. The obtained
dependence allows us to talk about the possible use of normalized values to estimate
network bandwidth.

The method of measuring the electrical parameters of a three-phase network
based on the approximation of the input signal by the sum of harmonic components
has been further developed. Features of the method are automatic adjustment of the
frequency and duration of the observation interval in a given range, the use of a
complete set of phase voltages (or linear) in determining the frequency taking into
account their weight values, which reduces measurement errors in difficult conditions
- in the presence of asymmetry, higher harmonics, aperiodic component or in the

absence of voltage in a separate phase. In addition, the measurement method uses a
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constant quantization frequency of the input digital data, which simplifies the
hardware of the device.

A method of calculating the current values with a precise reference to the
voltage period obtained by the previous method is proposed, which eliminates the
frequency error in the measurement regardless of the location of the beginning and
end of the observation interval relative to the input digital signal.

The system of the account of electric energy with use of indicators of quality of
electric energy and efficiency of electric consumption is offered. A feature of the
system is the additional accounting of losses for the transmission of electricity by
comparing the characteristics of electricity consumption of the current consumer with
those for the reference consumer, ie the use of loss factors or power. This method of
accounting allows you to correctly rate all deviations in the modes of load, such as
reactivity, nonlinearity and nonstationarity. A system of penalties for deterioration of
electricity quality is proposed, based on the calculation of "penalty" energy if the
consumer violates the norms of electricity consumption and "non-tariffed" energy, if
there are no violations by the consumer, but the quality of electricity does not meet
the norms. The basics of billing on the basis of this electricity metering system are
proposed.

In the fifth section, the data confirming the theoretical provisions of sections 3
and 4 were experimentally obtained. In particular, estimates of the quality of
electricity consumption were implemented by comparison with a set of reference
consumers.

The experiment showed the possibility of successful application of Frieze
current generation and its subsequent analysis to assess the quality of electricity
consumption. At the same time parallel use of its three-phase and single-phase
implementations for an estimation of asymmetry, nonlinearity and reactivity
accordingly is possible. The method of comparison with the reference average
reactive consumer proposed in section 3 has not proved to be an effective tool of

analysis and does not seem promising.
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At the same time, the separation of the harmonic components of the Frieze
current in the direction of their active component allows you to effectively track the
source of currents of higher harmonics. The above methods using the model of a
fragment of the power system with different types of load confirmed the correctness
of the developed methods for assessing the quality of electricity consumption. Tests
using oscillograms obtained on real three-phase loads (traction substation) also
confirmed the efficiency and effectiveness of the developed assessment methods. In
models with exceeding the permissible modes, the use of the mathematical apparatus
developed in Section 4 allowed to identify the source of distortion, even if several
consumers act as sources of these distortions at the same time.

Keywords: electrical system, power supply system, power losses, power factor,
loss factor, electromagnetic compatibility, excess factor, power quality, energy

indicators.
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