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Mema podomu. Obepynmysamu 3a1exiCHOCII BUSHAYEHHS NOKA3HUKIE eleKMPOMASHIMHOI CyMICHOCMI cucmem
en1eKMpONOCMAYAHHSA NPOMUCTIOBUX NIONPUEMCING NPU HASLEHOCTI NOMYNHCHUX HENIHIUHUX MA HeCUMEempUdYHUX HA8aH-
MAdiCeHb 8 YMOBAX 0OMEINHCEHOT NOMYI*CHOCT eHepeoCUCTeMU.

Memoou Oocnioaycenns. Memoou meopemuynoi enekmpomexuixu 0ist noOy008u cxem 3aMiujeHHs Mpupasnux
eneKmpuyHUX mepedc, paou Dyp’e 013 ananizy SUWUX APMOHIK CIPYMY MA HANPY2U, MeMOoO CUMEMPUYHUX CKAAO08UX
0nA aHanizy Hecumempii.

Ompumani pezynvmamu. Buodiieno ocHO6HIi NOKAZHUKU SKOCMI HANPY2U, 3HAYEHHsL SIKUX 3a1edCUms 6i0 napame-
Mpi6 HCUBNAUOI enekmpoeHepemuyHoi cucmemu (nomyxcnocmi Kkopomrozo samuxanus). Haseoeno ananimuuni 3ane-
JICHOCMI PO3PAXYHKY NOKA3HUKIE HecuMempii ma HecurycoioaneHocmi npu oomedicenni nomyaxcnocmi K3. Ipoananizo-
BAHO 3aCOOU KOPEKYIi NOKA3HUKIE AKOCHI 8 YMOBAX eeKMPULUHUX MEPEHC 3 PO3NOOIIEHOI0 2eHePAYICIO.

Hayxoea nosusna. Hayxosa Hoéusna nonseae y 6CmaHosieHHi 3aKOHOMIPHOCMEN 3MIHU PENCUMHUX napamempie
NPOMUCIO8020 HABAHMAIICEHHA 8i0 NAPAMEMPIE eHeP2OCUCIeMU, WO BUPANCAEMBCS Y 83AEMON08 A3AHUX 3MIHAX NOKA-
3HUKI8 Axocmi Hanpyeu. TIpu ybomy 8 aHATTMUYHUX MOOeNAX 000AHA ONYisl OMPUMAHHA 8aPIAMUBHUX 3MIH nNApamMempie
eHep2ocucmeMu K 3a PAxXyHOK 2eHEPYIOYUX NOMYAHCHOCMEU, MaK i 4epe3 napamempu cxem 3aMileHHsl eleKMpPUdHUxX
Mepedic pi3HO20 KNACY HaNPY2u.

Ilpakmuuna yinnicme. /s iHdceHepHUX PO3PAXYHKIE 3aNPONOHOBAHO CAPOWEH] ANeOPUMMU BUSHAYEHHS NOKA3-
HUKI8 AKOCMI Hanpyau (8i0XuNeHHs, KOTUBAHHSA, HeCUMempii ma HeCUHYCoi0anrbHOCMI HaNPY2u) 3 YPaxye8aHHAM peanibHOl
KOHGhicypayii enekmpuynoi mepesci ma akxmyaivbHoi nomydxcHocmi ewepeocucmemu. Lle dae moosicnusicmos oyinumu
epexmusHicmb nepedayi ma nepemeopertst eleKmpoenepeii 3a 008LIbHOI KoHpIeypayii cxemu nicisaasapitinozo Hcue-
JICHHSL.

Knrouosi cnoea: akicms nanpyzu; euuii 2apmoHiKu; Hecumempisa Hanpyzu, KOJIUGAHHA HARPY2U.

Yy HaJCKJIAQJHUX peallifiX 3 HEOOXIAHICTIO MPOrHO3yBaHHS
€JIEKTPOCIIOKUBAHHS, CUCTEMOIO MOYEProBUX BHMHKaHb
Enepretrika VKpaiHH CBHOTOJAHI TpAlOe B yMOBax  €IEKTPOEHEprii Ta BU3HAYEHHS HPIOPUTETIB MiATPUMKH
HAJCKIaJHAX BUKJIMKIB, ITOB’S3aHUX 3 BIiICBKOBOIO arpe-  BOEHHO-IIPOMHCIIOBOTO KOMILIEKCY M 3a0e3leucHHs
ciero pocii Ta pyiiHarii 3HaYHOI YaCTKH €HEproreHepyro-  OOOPOHO3JAaTHOCTI Ta eKoHoMiyHoi Oesmexu [1] - [2].
9nX MOTYKHOCTEH Ta CHCTEMOYTBOPIOIOYHX MiJACTaHMii.  3B'A30K 3 eBpomnekichkoro cucremoro ENTSO-E nossonse
OCHOBHi BUMOT'H, LII0 BUCYBAIOTHCSI 0 YKpaiHCchKol eHep-  OO0’eqHaHiil eHepreTHuHiii cucTeMi 3a0€3MeYUTH CTik-
rocucTeMd YpsiIOM — TEXHIUHI W eKCIuTyaTalliiiHi oOMe-  KICTh peXXuMy Ta HaJiHHOCTI enexkTponocrayanus [3].
JKEHHA TeHepalii, HaJifHICTh Ta SKICTh €JIEKTpPOIIOCTa- PeanpHa cutyailisi ChOTOJICHHSI YKPAaiHCHKOI €JEKT-
YaHHs 00’ €KTIB KPUTHYHOT iHPPACTPYKTYPH, MAKCHUMallb-  POCHEPIeTHKH BH3HAYAETHCS HAIBUCOKUM piBHEM BTpat
HE BIPOBAKEHHS BiJHOBIIOBAHUX JDKEPEN €HEprii, po3-  eleKTpoeHeprii npu nepenadi (mo 20 %), moB’s3aHUX 3
BUTOK JICIIEHTPATI30BAaHUX CHCTEM TEHEpallii eleKTpud-  IMEPexXoJoM [0 CXEeM aBapiliHOro TPaH3UTy Ta HEepeTBO-
HOI Ta TEIUIOBOI €Heprii I MPOMHUCIOBOCTI Ta MYHII[M-  PEHHS €JIEKTpOoeHeprii. Y cBIiTOBIM icTopii me mepruii
najireris. PUHOK enekTpoeHeprii YKpainu 3apas mpaifoe  YHIKalIbHMH BHIIAZIOK, KOJIM IIOTYXHA IHIYCTpiaibHO-
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pO3BHHEHA KpaiHa NPOXOANUTH BOEHHHUH IEpioJ CBOET ic-
TOpIi 3 MIOJICHHUMH aTakaMH Ha €HEepreTHdHi 00’€KTH Ta
YCIIIIHO MPOTUCTOITH TEXHIYHUM, CKOHOMIYHHM Ta €KO-
JOTiYHUM 3arpo3aM. Bucokuil piBeHb BTpaT B €IEKTPHY-
HHUX Mepexax YKpalHu MMOB'3aHUil 3 HEJOCTATHIM pPiBHEM
KOMIICHCAIlIl PEaKTUBHOI ITOTYXHOCTI, 3aCTapiIMMH OC-
HOBHMMHU (OHAAMHU O0’€KTIB €IEKTPOSCHEPIeTHKHU, HEHO-
CTaTHIM BUKOPHCTAHHSAM 3acO0iB ONTHMi3amii peXuMiB
po0OTH 1 peryioBaHHsS HANpPyTH, HEBUPIMICHICTIO IMPO-
OneM SIKOCTi €JeKTPUYHOI eHeprii, 0coONIMBO B yMOBax
oOMexeHol MoTyXHocTi eHeprocucrtemu [4]. Husbkuit
PIBEHB SIKOCTI €JIEKTPUYHOI eHepril NPU3BOIUTH JI0 3HAY-
HOTO 3HW)KEHHSI €HepreTn4Hoi e()eKTHBHOCTI eJIEeKTpHY-
HUX MEPEX 32 IUJIOK HHU3KOK MOKA3HWKIB (BiIXUICHHS,
HECHMETpisl, HEeCHHycOimaibHiCTh Hampyru). IIpoGmema
SIKOCTI eNIEKTPUYHOI eHeprii — IIe CKJIaJ0Ba KOMIUIEKCHO-
IO MOHATTS €JIEKTPOMArHITHOI CYMICHOCTI CHCTEMH €JIeK-
tponioctauanHs (CEII). IIpu po6oTi «ocnabienoi» eHep-
TOCHUCTEMH a00 MacoBOTO BIIPOBA/KCHHS JCLEHTPAIi30-
BaHOrO MPHUHIMITY MOOYIOBU €JIEKTPUYHHUX MEPEXK, Mpo-
OneMa SIKOCTI eNeKTpoeHeprii HabyBae CBOrO BH3HAYAJb-
Horo 3HadeHHs [1] - [8].

Busnavaroun crpaTeriuHe 3Ha4eHHs IS CHEPIeTH-
9yHOT Oe3neku i 000pOHO3JaTHOCTI YKpaiHU MPOMHUCIIO-
BUX IMIANPHUEMCTB Pi3HUX (OPM BIACHOCTI, HEOOXiITHO
HIJIKPECIUTH aKTyallbHICTh BUKOHAHHS KOMILIEKCHUX
JIOCITIIKEHb 3 €HepreTHYHOI e()eKTHBHOCTI Ta SIKOCTI elle-
KTPOIIOCTA4YaHHS IiANPUEMCTB, 3BKAIOUYM Ha HECTallio-
HapHI YMOBH CHOXXHBAaHHS €JIEKTPOCHEPTii, 0OMEXEHOr0o
3HAUYCHHSI MOTY>KHOCTI KOPOTKOT'O 3aMHUKaHHS Ta PEXKUM-
HUX OCOOJNHMBOCTEH NOTY)KHHX NPOMHUCIOBHX €IEKTPO-
yCTaHOBOK [4].

I1. AHAJII3 JTOCJKEHD I ITYBJIKAIIA

HaykoBi jmociiJpkeHHS y raiy3i eleKTpOMarHiTHOL
CYMICHOCTI Ta SIKOCTi €JIeKTpOEHeprii IPOBOIMINCE BiJIO-
MHUMH YKpAiHCBKMMH Ta CBITOBUMH BUEHHMH IIPOTSITOM
OaraTpox pokiB [5]-[6]. CriibHI JOCHIPKEHHS HAyKOBIIIB
HTY «/lninpoBchka momiTexHika» Ta I[Iprma3oBCHKOTO
TEXHIYHOTO yHiBepcutery (M. Mapiynons, Ykpaina) mo-
3BOJIMUIM PO3BUHYTH HAYKOBI OCHOBH €JIEKTPOMAarHiTHOI
CYMICHOCTI Ta BU3HAYUTH OCOOIHBOCTI (hOpMyBaHHS €He-
proe)eKTUBHUX PEKUMIB MOTYKHUX IPOMHUCIOBUX HaBa-
HTa)XEHb TiPHUYO-METATYpPTilfHOTO KOMIUIEKCY YKpaiHH.
HaykoBo moBeneHi 3aIeKHOCTI PO3MOBCIOKEHHS EIIEKT-
POMarHiTHUX 3aBaJi HENIHITHOrO Ta HECHMETPUYHOTO
XapakTepy B €JEKTPHUYHHUX Mepekax BiJ| AYroBUX CTalie-
IUTAaBWIIBHUX TIe4Yel, MPOKaTHUX CTaHiB, BEHTWJIBHHUX Iie-
pEeTBOpIOBaYiB Ta 3BaplOBaIBHUX yCcTaHOBOK [2]. Bpaxo-
BYIOUH 0COOJMBOCTI MOOYJOBH CHUCTEM EJIEKTPOIIOCTa-
YaHHS TIPHUYUX Ta METANYPrifHUX MiANPUEMCTB, Oynn
3aIpOIIOHOBAHI OpTraHi3amiifHI Ta TeXHI4HI 3acobu HOp-
Mamizamii TOKa3HWKIB sIKOCTi Hampyrd. EdekTuBHICTH
TaKWX 3aXOMiB Oyia JAoBeleHA B yMOBaX MifOYMX ITiIIpPH-
emcTB [8].

Po6oru Incturyry Enexrpommnamiku HAH VYkpai-
HU JI03BOJIJIM CHUCTEMAaTH3yBaTH HOPMAaTHBHO-IIPABOBY
0a3y peryJroBaHHS SIKOCTI €IEeKTPUYHOI eHeprii B cCHucTe-
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Max eJIEKTPOIIOCTaYaHHs 3 ypaxyBaHHSM €BPOIEHCHKOTO
mijxoay, 1Mo HaOyJo HaJA3BHYAHHO BaXKJIMBOTO 3HAUCHHS
npu nepexoji Ha cuHxpoHHy po6oty 3 ENTSO-E [9]. Ha
OCHOBI JIoCTiKeHb OyB BripoBajpkenui cranaapt JACTY
EN 50160:2023 [10], skuii BCTAHOBIIOE TECPMIHH Ta
3HAUEHHS JUII OCHOBHHX XapakTEPHCTHK HAalpyrd B
TOYKAaX MpPUEIHAHHS KOPUCTYBadiB OO €JICKTPUYHHX
Mepex 3MIHHOTO CTPYMY HH3BKOi, CepellHbOI Ta BUCOKOT
Halpyrd 3arajbHol INPHU3HAYEHOCTI B  HOPMAaJbHUX
yMOBax eKcIulyaTyBaHHs. Llefi cTaHmapT yCTaHOBIIOE
HOpMH a00 3HA4YeHHA, y MeXaX SKUX MOXKHa 3HalTH
OUiKyBaHI XapakTepPUCTHKUA HAIpyrd Ha Oylb-IKOMY
TEpMiHAJl JKUBIICHHS EJIEKTPUYHHX MEPEXK 3araibHoi
MPU3HAYCHOCTI, ajle He BU3HAYA€E TUIIOBY CHUTYaIlilo, SIKY
3a3BMYall CIIOCTEpIrac OKpPEeMHUH KOPHCTYBad MEpEexero
enektporocrayanHs [12]. OnxHak, po3poOneHi craHgapTu
HE BPaxoBYIOTh crienu(iuHi 0cOOIMBOCTI TEXHOJOTIH Ta
HE JAI0Th BiJIOBIifi, K 3a0€3MCUYUTH HOPMAJIbHE CITiBiC-
HYBaHHSI €JIEKTPONIPUIAMAYIB 3 «IPOOJIEMHUM» XapakKTe-
POM E€JIEKTPUYHUX HAaBaHTAXEHb Ta OCJIA0JCHOIO EJIEKT-
PHYHOIO MEPEKEI0 B €MHOMY €JIEKTPOMArHiTHOMY cepe-
JIOBHIII.

HaykoBui XapKiBCbKOTO MOJITEXHIYHOTO 1HCTUTYTY
3aIpONOHYBAIN YHIKaJIbHI IHCTPYMEHTH JOCIIDKSHHS Ta
JIIAaTHOCTUKY TIOBITPSHUX JIHIA eleKTponepenad Ta IIij-
CTaHI[I} 3a JOIOMOTOI0 aKyCTHYHOTO CKaHYBaHHS Tpac
JIETT Ta ommuoBok miactanmii [11]. HaykoBi mocmi-
JOKEHHS B O0JIACTI SKOCTI €NEKTPOCHEPTii MPOBOIWINCEH Y
HaTPSMKY BH3HAYCHHS 30HH BiIIOBITAIBFHOCTI CIIOJKHBA-
Ya Ta MMOCTa4YaJbHHUKA y BUMAAKAX, KOJIH JDKEPENO eIeKT-
pOMarHiTHUX 30ypeHb 3HAXOOUTHCA 3a MEXaMH By3Ja
po3noainy 6anaHcoBoi npuHanexuocti [13] - [14].

TakuM YHMHOM, CydYaCHHH piBEHB IOCIIIKCHb Pi3-
HUMH HayKOBHX MLIKOJIAMH YKpaiHH BiJIIOBiJa€ BUKIIH-
KaM, fKi cpopMyBamuCh MPOTATOM OCTAHHBOTO JCCSATH-
JITTS 11[0JI0 HOPMATUBHO-TIPABOBOT'O PETYJIFOBAHHSI SIKOCTI
HAMpPYTd Ta CTPIMKOMY PO3BUTKY BEHTHIIBHHX MEPETBO-
pIOBayiB y TEXHOJOTISX PI3HUX HPOMHUCIOBUX BHPOO-
HUITB. Y TOH K¢ Yac HEBHUPIIICHHNM BHUSBHIACH IPOOIeMa
EJIEKTPOMArHITHOT CYMICHOCTI TOTYXHUX HPOMHUCIOBUX
CTalllOHAPHHUX Ta MOOUIbHUX €JIEKTPOYCTAHOBOK ITPH JKH-
BJIGHHI IX BiJI €HEPrOCHCTEMH OOMEXKEHOI IMOTYXHOCTI
abo jpKepesia aBTOHOMHOI'O €JIEKTPOIIOCTauaHHs. AKTya-
JBHICTH JOCHIDKEHb TOJArae y HEOOXITHOCTI PO3pOOKHU
METOJIIB Ta aJTOPUTMIB HOpMai3allii MOKa3HHUKIB SKOCTI
Halpyru B €HeprocucreMax OOMEKeHOI IOTYKHOCTI 3
ONTUMI3AIlIE€I0 TyCKOBUX MEPEXiTHUX MPOIIECIB.

I11. META POBOTH

Metoro maHOi pOOOTH € CHCTeMaTH3aIlisi IOCIi-
JUKCHb TOKa3HHKIB SKOCTI HampyTu (BIAXWICHHS, KOJHU-
BaHHS, HECHUMETPis Ta HECHHYCOINaJIbHICTh) y CHCTEMax
enexrpornocrayannsi (CEIl) mpoMHCIOBUX MigIpHEMCTB
Ta BU3HAYCHHS 3aJIE)KHOCTEH, SIKi BPaxOBYIOTh CHUCTEMHI
0OMEKEHHS TeHepallil MoTyKHOCTi. [l TOCSATHEHHS Me-
TH HEOOXITHO MpoaHali3yBaTH CXEMH 3aMiLlICHHS Ta BBe-
CTH y pO3paxyHKH 3MiHHI KOe(DillieHTH, 110 BPaXOBYIOTb
TOYKY NPHEIHAHHS HENIHIHHOTO ab0 HECHMETPUYHOTO
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CIIOKMBayva y cucTeMi CJIICKTPOIIOCTAYaHHs.

IV. BUKJIAJEHHSI OCHOBHOI'Y MATEPHAJLY 1
AHAJII3 OTPUMAHHUX PE3YJIBTATIB

Hopwmanizariss mokazHukiB sikocti Hampyru (ITSAH)
mo 3HadeHb ctanmapty JCTY EN 50160:2023 — oxna 3
TOJIOBHUX TpoOJeM eNeKTpOMarHiTHOi cymicHocTi. Cuc-
tema [ISTH dhopmye KisbKiCHI XapaKTEePUCTHUKK MOBUITBHUX
(BimXuieHb) Ta MBUIAKUX (KOJWBaHb) 3MiH J[IF0OYOTO 3Ha-
YCHHS HAIPYTH, CUMETPIi, 4aCTOTHOTO ckiany. Jlirounii B
VYkpaini po3pobiieHuii €Bponeiichbkuii KOMITET HOpMaJTi-
3anii B oonacri enextporexHiku (CENELEK) [7]. Kpuru-
YHUH aHajli3 OCHOBHUM IIiIXOaM PO3PaxyHKY Ta OL[IHKH
[IKS no3Boisie BU3HAYMTH JOAATKOBI MOXKIMBOCTI IIO-
KpaleHHs SKOCTi HalpyTH.

Bioxunennst nanpyeu. TOITOBHOIO MPUYHHOIO BUHUK-
HeHHs BinxwieHb (3MiH) Hanpyru B CEII € 3mina HaBaH-
Ta)K€Hb, [0 BUHUKAE NPH:

- 3MiHaX PeXUMY pOOOTH CIIOKUBAYIB;

- JI0AaTKOBOIO MOTYKHICTIO CIIOXKHMBAYIB, IO

MPUETHYIOTHCS;

- OIICPAaTUBHUMMU IIEPEMUKAHHIAMMU,

- aBapIiHUMH MEPEXiTHUMH IPOIIECAMHU.

3HaveHHs BIAXWICHHS HaOpyru y OyAb-sKiil Touylli
Mepexi € QYHKIIIE 0araThoX 3MIHHHX:

SU, = f(Uy,P,0.2.Y, 58U, (1)

ne P 3 O — akTHBHA 1 peakTHBHA MOTY)KHICTh JUISH-

KH eNeKTpUIHOl Mepexi; U !

¢ — Harpyra Mepexxi »KUBJICH-

H (HaIIpUKIIAM, HAa IIWHAX TigcTadmii); Z i Y - omip i mmpo-

BIJTHICTh €JIEMCHTIB €JICKTPUYHOI Mepexi; XOU d _ cyma
«100aBoK», TOOTO momaTKOBUX 3HavyeHb Harpyru (PITH,
[1bB, noKanbHi peryiIsaTopy TOIIO).

Hecumempuuni pexxuMu Hanpyra MEepexi KUBICHHS
MOXYTb OyTH BHKIIMKaHI HECUMETPIEIO K JKepena, Tak i
CIIOXKHMBAYIB CICKTPOCHEPTii. Y JaHOMY OCTIIKCHHS
PO3TIIAAETECS CKJIA/I0Ba HECUMETPIi, BUKIMKaHA HEpPiB-
HOMIPHUM PO3MOAIJIOM HaBaHTaKeHHS 10 (ha3ax, Ta BBO-
VMO TIPUIYIIEHHS, IO Hampyra jpKepena >KUBIICHHS
cHUMeTpuYHa 1o (azam.

Hecumerpis Hanpyr y po3noniipdiid Mepesxi IpoMU-
CJIOBOTO MIAMPUEMCTBA TOB's13aHa 31 3pOCTaHHAM YHCa 1
MOTYXXHOCTI HECHMETPUYHHMX HaBaHTaXECHb - 1€ Taki
npuiiMadi CUMETpUYHEe BUKOHAHHS SKHX a00 HEMO>KIJIMBO
a00 HEBHNPABJaHO 3 TEXHIKO-€KOHOMIUYHHMX MipKyBaHb.
Jlo TakMX yCTaHOBOK BiHOCSTHCS 3BApIOBAJIBHI arperar,
MYTOBI Ta IHAYKIHHI Tedi, MesKi TUIH Ie4Yeld Ormopy,
ocBiTiieHHs. [liKITIOUeHHsT TakuX HaBaHTAaXEHb 10 TPH-
(azHoi Mepeki 0OMEeKEHOI MOTYKHOCTI 0OOYMOBITIOE TI0-
SBY SIK TPHBAJIUX TaK 1 KOPOTKOYACHHX HECHMETPUYHHX
PEeXHUMIB CTPYMIB 1 HampyT.

Hecumerpist Hanpyr HETaTHBHO BIUIMBA€E Ha POOOTY
BCIX CJIEMCHTIB CHUCTEMH CIICKTPOIIOCTAYaHHS, 3HUXKYE
TEPMiH CIIy>)KOM 130JsIMii, TPU3BOAWUTH A0 30UTBIICHHS
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BTpaT MOTY)KHOCTI, IIEperpiBy 0OMOTOK MallHH, 10 00ep-
TAIOThCS, 3HIDKY€E HAAIMHICTH OCHOBHOTO 1 JOIOMIXXKHOTO
enekTpoodIatHaHHs [6].

i 3HMKEeHHS HecuMeTpii Oyno po3pobieHo Bemu-
Ky KUIBKICTB CIIEIiaIbHUX CHMETPYIOUHX mpucTpoi. He-
00XiTHO BiJ3HAYWTH, IO B 3arajJbHOMY BHITaJKy CHMET-
PYBaHHSI HECUMETPHUYHHX PEXKHUMIB MOXHA 3JIHCHIOBATH
SK 32 JIOTIOMOTOI0 PEaKTHBHHUX, TaK 1 aKTUBHHUX €JICMEH-
TiB, IPOTE BCi iICHYIOYi CHMETPYIOYi MPHCTPOi BHUKOHAaHI
Ha PEaKTHBHUX €JIEMEHTaX, OCKUIBKU B HUX BIJICYTHI JI0-
JIATKOBI BTpaTH aKTHBHOI MOTYXHOCTI. 3 €KOHOMIYHHX
MIpKYBaHb 3aCTOCYBaHHsS CHMETPYIOUUX IPUCTPOIB Ha
AKTHBHHX €JIEMEHTaX JOLUIBHO JIMIIE TOII, KOJIH KOPEK-
ISl HECUMETPUYHUX PEXHUMIB 3IHCHIOETHCS 3a JIOTIOMO-
rOI0 CaMUX HaBaHTa)XyBAIBHUX €JIEMEHTIB.

[Ipouec konmuBaHHS CTPYMIB B OKpeMHx (hazax Me-
pexi 380 B mpommucioBoro mianprueMcTBa 00yMOBICHHI
0COOJMBOCTSIMU PEXHMIB IIEXOBHX €JIEKTPONPHUIMaUiB i
Ma€ BHUITAJKOBUH Xxapakrep. 3MiHa Koe(illieHTIB HecuMe-
Tpii y 4aci Takox BinOyBa€ThCSl BUNAIKOBUM YHHOM, TO-
My TPOTHO3YBaTH 3HAYEHHS IIOKa3HUKIB HECUMETpIil mpu
3HMKCHHI MOTYKHOCTI €HEPrOCHCTEMH MOXKHA JIUIIE Ha-
OMMKEHO 3 TOXHOKOK, TPHHHATHOI IS IH)KEHEPHUX
PO3paxyHKiB.

Hecumerpis Harpyru Mae MakcuMalibHI 3HAYCHHS B
TOYIIl MPUETHAHHS HECUMETPUYHOTO HaBaHTaKeHHs. OT-
JKe, BIATANSIOUN «IyTIUBI» MpUitMadi BiJf TOYKH ITiIKITIO-
YEeHHS HECUMETPHYHOTO HAaBAaHTAXKCHHS, MOYKHA 3HH3UTH
ix 3aruckadi piBeHb HecuMeTpii Hampyr. L[poro MoskHa
JOCSTTH 3MIHOIO CXEMH eJeKTpornocradanusd. Hanpukiaz,
B CJIEKTPUYHIN Mepexi MOKHAa BHKOPHCTOBYBAaTH PO3Ii-
JbHE MiJKJIIOYEHHS HECUMETPUYHOI'O Ta CUMETPUYHOIO
HaBaHTaXXEHb 32 JAOMOMOrol TpaHchopmaropa abo peak-
TOpa 3 po3UICTUIEHUMU 00MOTKaMu. MoO)KHa TaK0X BHKO-
PHCTOBYBATH 1HIWBIyaibHE XUBJICHHS HECUMETPUYHOTO
HABaHTAXCHHS BiJ eHeprocuctemu. [laHi MeToau 1HOI
BUKOPHCTOBYIOTHCSI TIPH TIPOEKTYBAaHHI CHCTEM EJIEKTpPO-
MOCTa4YaHHs Ta MOMIOHMIA mixxin 1o0pe cebe 3apeKoMeH-
JlyBaB TpH pPO3pPOOI JACHEHPATi30BaHUX EJIEKTPUIHUX
CHCTEM 3 aBTOHOMHHUMH JKEpeNlaMH XHUBJICHHS (IU3€Ib-
TEHEepPaTOPHI yCTAaHOBKW, COHSYHI €JIEKTPOCTaHIIi, ycTa-
HOBKH KOT€Hepalii).

MoOXIIHMBICT CUMETPYBaHHS HANpYTd LUIIXOM 30i-
JBIIEHHS TOTYXHOCTI K3 MiATBEpIKYETBCS BiTOMOIO
(hopmyItor0 HaOMIKEHOI OIIHKM HECHMETpii Hampyrua y
TprudazHii cHUcTeMi y BHIVISAI BIAHOLICHHS IOTY>KHOCTI
HECHMETPUYHOI0 HABaHTAXKEHHS 10 MOTYXXHOCTI KOPOT-
KOT'0 3aMHKaHHsI B MicIi i1 migkimoueHHs, % [4]:

S
KU ~ Homlgh ’

()
Sk3

A€ S,ou1g — TOTYXKHICTb €KBIBAJICHTHOrO OZHO(A3-

HOT'O HaBaHTaXXeHHS; Sy3 — MOTyxHicTh K3 B To4IIi mpH-
€IHaHHS 0/1HO0()a3HOTO HABAHTAKEHHSI.
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ne U,,, — HOMiHajbHa JiHillHA Hanpyra; Z. - omip
CHCTEMH >KUBIICHHS.

3MiHa KoH(iryparii cxeM 30BHILIHBOTO Ta BHYTpi-
ITHBOTO €JIEKTPOTNIOCTAYaHHS TIPOMHUCIIOBUX 00’ €KTIB BHA-
CJIIOK JKBimauwii aBapiiHUX pPEXHUMIB HPU3BOJMUTH 0
3HAYHUX 3MiH piBHIB motykHocTi K3. V Bumaaky nepe-
XOJy J0 CXEM aBapiiiHOrO >KWBJICHHS BiJl aBTOHOMHHUX
JoKepelt eHeprii moTyxHicTe K3 3MeHIIyeTbest Ha JeKiib-
Ka MmopsaKiB. MoJiemoBaHHs OKa3HUKIB HECHUMETpIi Ha-
MPYTH MPH [[bOMY 3AIHCHIOETHCS TIPH BpaxyBaHHs Bapia-
THUBHOTO HAa0Opy BHIAIKOBUX (aKTOPIB, IO BILIUBAIOTH
Ha CKBIBAJICHTHHH OIIip eJIeKTpUIHOI Mepexi (puc.l).

EkBiBasieHTHA cxeMma 3aMiH1€HHH JJI TOYKH 1 npea-

*
=

*
cTtaBieHa Ha puc 2. Tyt koio (xc .

) € €KBIBAJIEHTHUM

aKTUBHI Ta IHIYKTUBHI ONOPH €KBIBaJCHTHOI'O HAaBaHTa-

JKSHHSI Ta 3'€/IHYBaJIbHUX MPOBOJIB JI0 TOYKH ITiJAKIIOUEH-
HS1 JI0 PO3MOALTBHOTO IIHHOMPOBO/IY.

&

Moaimpana NEN

*

7

. *
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Pucynok 1. OmHomiHIiHA cXeMa  eJeKTPOIOCTadYaHHS
MPOMHUCIIOBOTO  TIANPUEMCTBA 3  HENIHIHHUMH  Ta

HECUMETPUIHUMU HAaBAHTAXKCHHIAMHU

39

X
*
e
T.1 lUPA1 0,4 kB
]
Xexs
*
r
HecumeTpuuHe exs
HaBaHTaXeHHA
| — 1

Pucynoxk 2. ExBiBasieHTHa cxeMa 3aMIIIEHHS U By3ia
MPUETHAHHS HECUMETPUYHOTO HABAHTAXKCHHSI

[oniOHi cxemu CKIaNalThCs IS YCiX XapaKTepHUX
TOYOK TPHENHAHHS HECUMETPHYHOTO HABAHTAXKCHHS IO
HIPOMHCIIOBOMY ITiIIIPUEMCTBY.

3acTocyBaBIIM ONMUCAHUH MiaXix Oyiau oTpUMaHi 3a-
JISKHOCTI KoedilieHTa HECUMETpii 1Mo 3BOPOTHIH moCITi-
JIOBHOCTI BiJl MapaMeTpa pekuMy eHeprocucTeMH (BigHO-
CHOT'O 3HAYEHHS MOTY)KHOCTI KOPOTKOTO 3aMUKaHHS) JUIsi
pi3Hux knaciB Hanpyru (puc. 3). LliHHICTE naHuX 3a1ex-
HOCTEH moyirae y MOKIIMBOCTI IX 3aCTOCYBaHHS y iHXKe-
HEpHIiH pakTHIli 0e3 TPOMI3IKUX PO3PaxyHKIB.

Kzu% -

Unou=0,4 kB

Uniow=6 KB

’ Usow=10 kB

’ L{{ruu=35 KB

iy

[F] o4 08

o8

Pucynox 3. 3anexnocti koedinienra Hecumerpii Ky Bin
motyxxHocti K3  mpum  3HaUYEGHHI  HECHMETPUYHOTO
HaBaHTaXeHHS 1% BiJ] MOTYXKHOCTi CHCTEMH

AHai3y04n oTpuMaHi rpadidHi 3a1e:KHOCTI MOXKHA
3pOOUTH BHCHOBOK, L0 Yy CHCTEMax OOMEXEHOI IOTYXK-
HOCT] 3HaYHO TOTiPIIYETHCS HECUMETPIsl ISl €IEKTPUIHO
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BIJIIAJICHUX BiJl JDKepela sKuBJIeHHs Mepexax 0,4 ta 6 kB.

Konusannss manpyeu HETraTMBHO IO3HAYAIOTHCS Ha
30pOBOMY CIIPHHHSTTI TpenMeTiB, aeTanel, rpadiuHux
300pakeHs 1, 3peIITOr0, Ha MPOAYKTUBHICTh Tpalli Ta 3ip
mpaniBHUKIB [15].

@Di3i070TiYHy OCHOBY CHPHHHSTTS 30pOBOTO 00pa3y
CTaHOBHUTbH, SIK BiOMO, po0OTa 30pPOBOTO aHaII3aTOPA,
OJIHI€I0 3 OCHOBHHX YaCTHH SIKOTO € peuentop. Horo oc-
HOBHA (DYHKIIisI TTOJISITAE Y TIEPETBOPEHHI €Heprii 1il04oro
NoApa3HUKa Ha HepBOBUM npouec. IloapasHuKoM 30poBo-
ro aHalli3aTopa CIYXKHUTh CBITJIOBA CHEPTis. A OCKIUIBKH
TIPOIIECH, 110 BiOYBAIOTHCS B 30pOBOMY aHANII3aTOPI, 5K 1
BCIi IPOIIECH B TMPHUPOIi Oi0IOTIYHOT CHCTEMH, HATIPHKIIAL
MpOLEC 30pOBOI0 CHPUMHATTS, MAalOTh EHEPreTUYHUMH
3MICT, TO 30POBHUI aHaJi3aTOp Ma€ IEBHI E€HEpPreTH4Hi
XapaKTEePUCTHKH.

3a nasBHocTi Buimux rapmonik (BI') y CEII 3'sBns-
IOTBCSI TOAATKOBI BTPATH B €NEKTPUYHUX OOEPTOBHUX Ma-
IIMHAX, TpaHchopMaTopax, MOBITPSHUX Ta KaOeTbHHUX
JIEII, yTpynHIO€ThCS 200 CTae HEMOXKIMBOK KOMIIEHCA-
LISl pEaKTUBHOI IOTY>KHOCTI 33 JOTIOMOT'OI0 KOHJIEHCATO-
PHHUX yCTaHOBOK, CKOPOUYETHCS TEPMiH CITY>KOHM 130JIA1Ii1
EJIEKTPUYHKUX MAIllMH Ta anaparis, MOTIpHIyeThcs podoTa
MIPUCTPOIB 3aXHUCTy, aBTOMATHUKH, TEIIEMEXaHIKH Ta 3B'S3-
Ky, BUHHKAIOTh TOXHOKH y poOOTI JIIYMIBHUKIB [16].

O1liHKa KOJMBaHb Ta HECHHYCOINAJBHOCTI HANPYTH
CIPOIICHNMH H)XKCHEPHUMH METOJAMU HIUPOKO BUKOPH-
CTOBYETHCS B YMOBAaxX IIIOYMX MIAMPHEMCTB Ta CHOTOMHI
Mae Ha[[3BH‘-IaI>1HO AKTYyaJIbHC 3HAUYCHHSA JJI 38.663He‘leHHH
eHeproe()eKTUBHOr0 Ta HAAIHHOTO E€JIEeKTPOIOCTA4YaHHS.
Cucrema eJIeKTpOIIOCTaYaHHs IPOMICIIOBOTO T IITPHEMC-
TBa € CKJIAJHOIO i JHHAMIYHOIO, TIOCTiHHI Yacy OCHOBHHUX
€JIEMEHTIB SIKOI JIOCUTh BHUCOKi, TOMY BOHH MOXYTh PO3-
TISIaTHCS SIK €JIEMEHTH, NapaMeTpy SIKUX B YaCTOTHOMY
cnexTpi oruHarouoi Hampyru (0,1-15 I'm) mpakTHyHO He-
3MiHHI ¥ X MOxHa BBakaTH JiHidHUME [8]. IIpu ckia-
JIAaHHI CXEM 3aMIIIeHHs CHJIOBUX €JEeMEHTIB (TpaHcgop-
MaTOpiB, PEaKTOpiB, OIMBIIOCTI HABAHTAXXCHb) MOIYIb
nepeaTo4Hoi (QyHKIIT MOxke OyTH NpeicTaBIeHUH Koe-
¢iienToM nepesadi i3 3arajJbHUM BHpa3oM [8]:

Xe

K= ,
X +X,

3)

ne x, — ingykruBHuit onip CEII 1o Touku pospaxy-
HKY; X, — IHIyKTHBHHH OIIip CUIOBOTrO eneMeHTy. Onopu
MOXYTh PO3paxoByBaThcs 3a cxemoro 3amimienns CEIL,
CKJIaZICHOI0 JuIsi po3paxyHKy crpymiB K3. 3anexHo Bin
PO3paxyHKOBHX BEIMYMH MOXE OyTH BH3HAUYECHE 3HAUCH-
Hi CyMapHOTO KoedillieHTa TapMOHIHHX CIOTBOPEHb
Krypy TpH po3paxyHKax HECHHYCOINAIbHHX PEXHMIB,

oU,mpu  po3paxyHKy KoJMBaHHsA abo Jno3u ¢uikepa

40

P,;a60 B, . Iloxubka pospaxynky oU; i Kyypy Y BYy3-
nax CEII we nepesuutye 3 %; ana P, 1 P, BUABIAE€TbCA
nerro OuTbmoro (10 4-5 %).

Ha puc. 4 i puc. 5 npencraieHi cXeMH eNeKTPOIOC-
Ta4aHHS MPOMHUCIIOBOTO I IIPHUEMCTBA Pi3HUX BapiaHTIB i
X cXeMH 3aMillleHHSI.

VY Tabmn. 1 i Tabn. 2 mpencTaBieHi 3HaUSHHS KoeiITi-
€HTiB mepenadi K Uil THIOBUX IBOOOMOTKOBHX TpaHC-
dopmatopis Tuty TPJIH 3 U,,, =150 kB T1a 3i 3180€HUMHU
peakropaMu. B ycix BHIajkax BUXIZHOIO TOYKOIO (BY3-
JIOM) PO3paxyHKY 3a TaOIUIIMH € 3HAUYCHHS HEIHIHHOTO
HABaHTAXKCHHS Ha IIUHAX JDPKEpesia HeCHHYCOINalbHOCTI
a00 KOJIMBaHb HAIIPYTH.

CymapHauii KoedilieHT TapMOHIHHNX CIIOTBOPEHB 32
HaNpyror Ha IIMHAaX MPUETHAHHS IEPETBOPIOBAYIB dYac-
TOTH BU3HAYAETHCS 38 3AJISKHICTIO!

“)

ae U (n)i — Hampyra i-0i BuIoi rapMOHIKH. 3TigHO

JACTY EN50160:2023, BpaxoBy€eThCS CIIEKTpP A0 COPOKO-
BO{ BUILOT TAPMOHIKH.

VY Tabnuisix HaBeACHI 3HAYCHHS KOe(DillieHTIB Tepe-
nadi (B.0.) Kpr.cir 1 Kpp.py 1011 TBOOOMOTKOBHX TpaHC(O-
pMaTOpiB (TPI[H) UBH =150 kB iKBH-CT: KBH-BH3 1

Kppyny TpU  BHKOPHCTaHHI 3OBOEHHX PEAKTOpPIB 3
U, o =6—10xB .
GS
rrn
TPOH 35-330/6-10 kB
1CLWY 6-10 #B) 2CLi1 6-10 k8

Bidoxpemnene
HUBNBHHA
HenikidHUx
crowusadie

of [ of | of

Xu

TC3

T6xB

Inun cnowiead
3 acroKidHuMe
XBPANTTIENOM

Xr

s
O

- P04 xB

VETTHINOIKS

TMepemenprosi
YACMOMY

Kmime Net Kmme Ne2 Koweelep
a) 6)

Pucynok 4. Cxema €JIeKTpONIOCTa4aHHS IIiIIPUEMCTBA 3
JIBOOOMOTKOBUM TpaHc(hOpMaTopoM (a) Ta po3paxyHKOBa
cxema 3aminieHHs (0)



ISSN 1607-6761 (Print)
ISSN 2521-6244 (Online)

«EJIEKTPOTEXHIKA TA EJIEKTPOEHEPI'ETUKA» Ne3 (2024)

Po3nin «EnexkTpoeHeprernka

Ta6mumsa 1.3HaueHAs  KoeQillieHTIB  mepemadi  Juis
TUTIOBHX TPAaHC(OPMATOPIB 3 PO3MICIUICHUMHI 0OMOTKAMHU

2000 0230 | 2296 | 0370

8 3000 0207 | 2,483 0,280
4000 0,196 | 2,591 0,227

2000 0,256 1,845 0,298

10 3000 0,236 1,940 | 0,219
4000 0,227 1,993 0,175

2000 0242 | 2,107 | 0,485

8 3000 0,211 2326 | 0,384
4000 0,195 2462 | 07321

2000 0,138 | 3,288 | 0,758

63 10 3000 0,107 | 4,082 | 0673
4000 0,091 4,683 0,610

2000 0,074 | 5,564 1,282

12 3000 0,043 9,091 1,500
4000 0,028 | 13,714 | 1,786

S MBA | Sis, MBA Koedinientu nepenaydi
Kprr.cn Kpipn

1000 0,145 0,564

25 2000 0,122 0,488

3000 0,104 0,386

4000 0,095 0.323

1000 0,178 0,712

40 2000 0,153 0,604

3000 0,125 0,502

4000 0,112 0433

1000 0,228 0,815

63 2000 0,195 0,706

3000 0,156 0,613

4000 0,136 0,546

GS
rrn

35-330/6-10 kB
TaH

Xaey

HH1

!

1CLU 6-10 xB 2C1 6-10 kB

M

Bidospamnene
TC3 MUBTEHHA

HEniHIdHLX

cnowusaie

0.4 kB

TN & xB

Xr

e croauem
Lkt

i PM04xB

Xrrrioden

Mepermuomonis
acmamy

Kmime Ne1 Knimes Ne2 Konsedep

a) 0)
Pucynok 5. Cxema eneKTponocTayaHHs HiANPUEMCTBA 3
JBOOOMOTKOBUM  TpaHC()OPMATOPOM  Ta  3JIBOEHHM

peaxkTopoM (a) Ta po3paxyHKOBa cxema 3aminieHHs (0)

Tab6auns 2.3Ha4eHHs  Koe]imieHTIB
BHKOPHCTAaHHI 3[[BOEHUX PEAKTOPiB

mepegadi  Opu

Suw MBA | X, % | S MBA = KOG(i)iHi];HTI/I nepe;[la(qi
BILCT BIT-HH2 BIL-BH
2000 0,372 1,546 0,164
4 3000 0,359 1,578 0,115
25 4000 0,352 1,595 0,090
2000 0,207 2,293 0,244
6 3000 0,193 2,410 0,176
4000 0,186 2,472 0,139
40 2000 0,349 1,713 0,276
6 3000 0,327 1,787 0,201
4000 0,316 1,827 0,160

41

HecuHycoinanapHICTh HaPYrd B TOYLI PO3NOALTY 3
eHeprocucreMoro Ha croponi BH:

(BH) _ (B
Krup' = Krpp Kpir-u » 5)
ne Kpgr-py = Kpg-cr Ker—py - TepepaxyHok

KoeiIieHTIB Uepe3 CepeHIO TOUKY.

3HayHa YacTKa IPOMHCIOBOIO HAaBaHTAKEHHS Mae
NepeTBOpIOBayi €Heprii, TOMy BHKOHAEMO pPO3PaxXyHKU
koediuieHTIB nepenayi 1uist po3noaiabyuoi Mepexi 0,4 kB.
BBakaemo, 1110 OCHOBHE JDKEPENIO HECHHYCOiJalIbHOCTI —
BEHTUJIITOPHA YCTaHOBKA HAaNpyroo 6 kB.

3HaueHHA CyMapHOTO KOe(]ilieHTy TrapMOHIHHUX
CIIOTBOPEHb Ha PI3HUX CTYNEHSX PO3IOIUTYy €JIeKTPO-
eHeprii:

HH?2 BIT PIT BIT
K(THD ) = KTHD)KBH—HHZ» K;H ) = KTHD)KBH—PHa

™Y Kpr-mr2 = Kpn-cr - Ker—mma -

HecunycoinansHicTs HanpyTH Ha cTopoHi 0,4 kB:

PIIIT BIT
K(THD )= KZ("HD)KBH—PHOAKBa @)

oy Kprr-pr = Kpr-cr - Ker-un2 %
b

XK yro-tin - Kri-prr

S5
SHOJM SIn (0 .

K X4
= XH0,4 +Xm ’

Xuo4 =

OTpumaHi 3aJIe)KHOCTI MOXKYTh IIUPOKO 3aCTOCOBY-
BaTHUCS y NPOCKTHIN Ta IHKCHEPHIH MpaKTHUIll IS omepa-
TUBHUX PO3PaxXyHKIB MapaMeTpiB €JIEKTPOMArHITHOI Cy-
MICHOCTI ISl THYYKHX Ta IIBUIKO3MIHHHAX CHCTEM CJICKT-
porocTayaHHst JJsl OLIHKH aBapiiiHUX, PEMOHTHUX CXEM
JKUBJICHHS, @ TaKOXX NP JEIEHTPai30BaHUX OOMEXeH-
HSIX TIOTY>KHOCTi €HEpPTrOCHCTEMH.

V.BUCHOBKH

OuiHOYHI METOIM PO3PaXyHKIB ENEKTPUYHHX pe-
JKUMIB HE3aMiHHI MPH €KCIIEPTHUX OIIHKAaX eJeKTpoMar-
HITHOT OOCTaHOBKM y ABTOHOMHHX Ta «IIPOOJIEMHHX»
palioHax eJNIEKTPHYHUX MEpekK, a TaKoX Yy BiImaleHux
CITBCBKUX a00 TIPCHKUX MICHEBOCTSIX 3 OOMEKEHOIO BH-
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XiTHOIO 1H(OpMAIli€I0 CTaHy Ta PEKUMY EJIeKTpooOa-
HaHHA. Oco0aMBOCTI KoeilieHTIB repeaadi noJsArarTh y
3JIaTHOCTI IIBUAKOI OI[IHKH TTOKAa3HUKIB SKOCTI HATIPYTH y
CHCTEMI €JIEKTPOIIOCTaYaHHS IiANPHEMCTBA TPH LEHTPa-
Ji30BaHOMY 200 aBTOHOMHOMY JKHBJICHHI crioxwuBadiB. L1i
KOeQIIiEHTH Tal0Th MOXIIUBICTh PO3paXyBaTH MOKA3HUKH
€JIEKTPOMArHITHOI CyMICHOCTI HE3aJIe)KHO Bill Micus Mif-
KITIOYCHHS TIEPETBOPIOBaYa B MEPEXKi, MOTYXKHICTh SKUX
3HaxoauThes B Mexkax 0.01...4.5 MBT, 3aj1exHO BiJ IO-
tyxHocti K3 eneprocucremu.
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Purpose. To justify the dependence of the determination of indicators of electromagnetic compatibility of power
supply systems of industrial enterprises in the presence of powerful nonlinear and asymmetric loads in conditions of
limited power system capacity.

Methodology. Methods of theoretical electrical engineering for the construction of replacement schemes of three-
phase electrical networks, Fourier series for the analysis of higher harmonics of current and voltage, the method of
symmetrical components for the analysis of asymmetry.

Findings. Budineno oCcHOBHI NOKA3HUKU AKOCMI HANPY2U, 3HAYEHHS AKUX 3ANEHCUNb 810 NAPAMEMPIE HCUBIAUOT
enlekmpoenepemuyHoi cucmemu (ROMyAHCHOCMI KOpomkozo 3amuxanns). Hasedeno ananimuyni sanexcrnocmi pospaxy-
HKY NOKA3HUKi6 Hecumempii ma necunycoioansnocmi npu oomesxncenni nomyaxcrnocmi K3. Ilpoananizosano 3acobu xope-
KYIi NOKA3HUKIG SIKOCMI 8 YMOBAX eLeKMPUUHUX MEPENC 3 POZNOOLICHOIO 2eHePaYicio.

Originality. The scientific novelty consists in establishing the patterns of changes in the mode parameters of the
industrial load from the parameters of the power system, which is expressed in interrelated changes in voltage quality
indicators. At the same time, in the analytical models, the option of obtaining variable changes in the parameters of the
power system both due to the generating capacities and through the parameters of the substitution schemes of electrical
networks of different voltage classes has been added.

Practical value. For engineering calculations, simplified algorithms for determining voltage quality indicators
(deviation, oscillation, asymmetry and non-sinusoidal voltage) are proposed, taking into account the real configuration
of the electrical network and the actual power of the power system. This makes it possible to evaluate the efficiency of
transmission and conversion of electricity under an arbitrary configuration of the post-emergency power supply
scheme.

Keywords: voltage quality, higher harmonics; voltage asymmetry, voltage fluctuations.
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