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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTHU

AKTyaJbHiCTH TeMH. B gaHuii yac B [iI0YMX CHCTEMaX PO3MOALTY €IeKTPOeHEeprii
VYkpainu Ta OJIMKHBOTO 3apyOiKKs AJisl 3a0e3neueHHs 6e3nepediitHocTi B poOOTH mij yac
onHoda3zHux 3amukanb Ha 3emitto (O33) 11 po3noAUTbHUX eNeKTpudHuX Mepex (EM) 6-
10 kB BUKOPHCTOBYIOTh PEKUM 130J1b0BaHOI HEMTpasi. OJIHaK MPH TaKUX MOIIKOIKEHHAX
B MEpEXax 3 130JIbOBAHOIO HEUTpAJII0 HANpyTa y MOMIKOIKEHIH (ha3l, B 3aJIEKHOCTI Bl
MEePEX1THOTO OMOPY Y MiCIll 3aMUKaHHS, IIparHe A0 HyJisl, a Halpyra y JIBOX 1HIIUX ¢azax —
3poctae Ao JiHiMHOI. lle 30uIblTye MMOBIPHOCTI YTBOPEHHS MiK(A3HOTO KOPOTKOTO
3aMHUKaHHS Yepe3 3eMIII0, 10 MPU3BOJUTH 0 3HECTPYMJIEHHS CIIOKUBAYIB HA Yac MOUIYKY
Ta JIKBIAAUli nomwkopkeHHs. [pyra ¢asa, y axiil BinOyBaerbest 033, MOke BUSABUTHCS Ha
IHIIIOMY €JICKTPUYHO3B si3aHOMY (imepi, depe3 1o OyayTh 3HECTPYMJIEHI Biipa3y JBa
npuenHaHHd. lIpoTe mMOMIYK TOYHOrO Miclsl MOIIKOJKEHHS BUKOHYETHCS CHJIAMU
onepaTuBHO-BUi3HOI Opuraau (OBB).

B naHuii yac HamoOMMpPEeHIIUMH € METOAM MOIIYKY, K1 0a3ytoTbes Ha aHamnizi OBb
€JIEKTPOMArHiTHOTO oS B3A0BXK Tpacu mnoitpsaHoi minil (IJI). Ilpm 3Hauniil ii
npoTskHOCTI oyk O33 mMoske 3aifHsaTu 6arato yacy. Tomy nomryk mictig O33 € 10CTaTHBO
JIOBTUM 1 3aTPaTHUM. 3a BECh NEPIOJ] NOLIYKY Mepeka Oyie MpaltoBaTl y HEHOPMaJIbHOMY
pexumi. [ 3meHmeHHs vacy nomyky O33 Ta MMOBIPHOCTI YTBOpPEHHS MDK(a3zHUX
3aMHKaHb BUKOPHUCTOBYIOTh MPUJIaJH, 110 JO3BOJIAIOTH BUSABUTHU MICLE MOIIKOJKEHHS Ta
NepeaTu Ha JUCIEeTYEPChKUI MyHKT.

OpHak 1CHYIO4Y1 IPUCTPOT JO3BOJISIOTH JIMILE 3BY3UTH 30HY MOIIYKY JI0 BHSBJIEHOIO
BiaramyxeHHss Binm Marictpami [IJI, a momkomkeHHs TMOBUHHO OyTH 3HalijeHe
«TpaJulifHUMY» CcHocoOOM TOWmIyKYy Tig 4ac o00xoay mnepconaiom OBb  minii
€JIEKTpOIEpeIaBaHHs Ta BI3yaJbHOTO KOHTPOJIIO.

Haii6inbpin BaroMuii BHECOK y BHPILIEHHS 3a/ay, MOB’A3aHUX 3 MOIIYKOM MiCIlb
nomkokeHb B EM BHecnu Bigomi HaykoBmi 1 (axiBui: ['peduenko M.B., Kyrin B.M.,
Cabagar 1.O., Cracenko P.®., Ctorniii b.C., Uepemicia M.M., ®@emenko [LI1. Ta iHmi.

ToMy CTBOpeHHsS IHHOBAlIMHOIO METOAY BHU3HAYEHHS MICUI OJHO(A3HOrOo
3aMHUKaHHS Ha 3€MJII0, [0 JO3BOJINTh BU3HAYATH MICIE MOIIKOPKEHHS 3 TOYHICTIO 0
onopu IIJI 3a MiHIManbHUN TPOMIKOK 4acy € akTyajdbHUM. Lle 103BOIUTH 3MEHIIUTH Yac
YCYHEHHSI MTOIIKO/I)KEHHS Ta, K HaCI1A0K, 3SMEHIIIUTH HMOBIPHICTh YTBOPEHHS MIK(a3HOTO
3aMUKaHHS, 1110, B CBOIO Yepry, MiHIMI3y€ HEJAOBIAMYCK €IEKTPUYHOI €HEPrii CIIoKUBaYam
Ta 3MEHIIY€E eKCIUTyaTalliiH1 BUTPaTH.

3B’A30K po0OTH 3 HAYKOBMMM NPOrpaMamM, INIaHAMHU, TeMaMu. [{ociiKkeHHs,
IpeacTaBlieHl B po0OoTi, npoBoauwiucs y HarioHaibHOMy yHiBepcuTeTi «YepHiriBchka
MOJIITEXHIKa» 3riqHO 3 3akoHOM Ykpainum Ne2623-II1 Big 11.07.2001 poxy «IIpo
MPIOPUTETHI HAIPSIMKHU PO3BUTKY HAYKH 1 TexHIKU 10 2020 poKy» 3a HAIPSIMKOM HayKOBHUX
nociikeHb «TeXHONoril eneKTpOeHEepPreTUKN») BINNOBIAHO a0 mnoctaHoBu KMY Bifg
07.09.2011 Ne942 MinicTepcTBa OCBITH 1 HAYKH YKpaiHU.
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HaykoBi AOCHiJPKEHHSI BUKOHYBaJIUCS B pamMkax poOotu «BuzHadeHHs Micilb
onHO(a3HUX 3aMHKaHb Ha 3€MJII0 B E€JIEKTPUYHHUX MEpekax 3 130JIbOBAHOI0 HEUTPAIIIIO»
(romep nepxkaBnoi peectparii 0118U006804), y sikiit 3m00yBay OyB BUKOHABLIEM OKPEMHUX
eTaris.

Merta i 3aga4i nociimkeHHsi. MeToro poOOTH € CTBOPEHHSI CUCTEMHU J1arHOCTUKU
noBiTpsHUX EM 3 130J1b0BaHOI0 HEUTPAILIIO 3a/Ji1 aBTOMAaTU3allli KOHTPOIO IITUPHOBOI
1Bossnii onop I, mo 3meHmuTh yac momyky micusd O33, 3MEHIIUTh €KCILTyaTalliiH1
BUTPATU Ta HEJIOBIAMYCK €JIEKTPOEHEPTii CIIOKUBAaUYaM.

JJis OCATHEHHSI TOCTaBICHOT METH HEOOX1JHO OYJI0 BUPIIIIMTUA HACTYIIHI 33/1a4i:

1. BukoHaTu NopiBHSAJIBLHUN aHAJI3 ICHYIOUUX CUCTEM J1arHOCTUKH cTany 13011 [T

2. Po3po0uTti CcXEeMOTEXHIYHI pIlIeHHs NpUCTporo ineHTHdikamii Micusg 033, 3a
paxyHOK BUMIPY CTPyMY 3aMUKaHHS Y€pe3 IITUPHOBY 130JISII1I0 HA OMOP1 Ta HOro KUBJICHHS
Bl JAHOrO CTpyMy O€3 J0JaTKOBOTO JiKepelda KHUBJICHHA Ta 0€3 HeOoOXITHOCTI
MIAKOPOYYBaHHS HENOMKOMKeHUX Ga3 EM 3a1is1 30U1bIIEHHS CTPYMY 3aMUKAHHSI.

3. Po3poOutu mMatemMaTU4yHI MOJEN1 €JIEMEHTIB OJIOKY KUBJIEHHS MPUCTPOIO 31

4. CtBoputd (P13UYHY MOJEIb 3aMPONOHOBAHOTO MPUCTPOIO 1IEHTH(IKAII MiCIs
O33 Ta eKCHepUMEHTAIbHO MEPEBIPUTH CHPABEIJIUBICTh OTPUMAHUX TEOPETUUYHUX
pe3yabTaTiB poOOTH.

5. Po3pobutu MeTos po3paxyHKy MOKa3HUKIB HaAlHHOCTI Ta edekTuBHOCTI EM 13
3anporoOHOBaHUMU ileHTU(ikaTopamu 033 is OTpUMaHHSA amapaTry pO3paxyHKY
JOIUIBHOCTI BUKOPUCTAHHS 3aITPONIOHOBAHOT CUCTEMHU.

O0’exkTOM J0CJTiAKEHHSI € EHEpPreTUYHI Ta eJIEKTPOMArHiTHI TMpOLECH, IIIo
npotikaioT B EM 3 13071b0BaHOI0 HEWUTpaAJUIIO, SIKI OCHAIEHI CUCTEMOIO 1AeHTU(dIKAIii
micis O33.

IIpeaMeToMm a0cC/IiI2KeHHS € TApAMETPU Ta XapAKTEPUCTUKU CUCTEMU 1eHTUDIKALIIT
Mmicit O33 Ta iX BIJIMB Ha MOKA3HUKHU HAIMHOCTI CUCTEMH €JIEKTPOIOCTaYaHHS.

MeTtoau pgociaig:keHHs. J[71 BUpIlIEHHS TMOCTABICHUX Y JAHMCEpTaIlli 3a1au
BUKOPHUCTOBYBaJdach TEOpPis EIEKTPUYHHUX KUI, Teopis NOAIOHOCTI, TMOJO0XKEHHS
(dbyHIaMEHTaNbHOT TeOPli TIHIMHUX 1 HEIHINHUX €JIEKTPOTEXHIYHUX CUCTEM, MaTeMaTHYHE
i QizuuHe MonentoBaHHsI. MareMaTH4YHE MOJICTIOBAaHHS Ta PO3PAXyHKH BUKOHAHI Y
nporpaMuux nakerax Microsoft Excel, MathCAD, Maple.

HaykoBa HOBM3HA OTPUMAHUX pe3yJbTATIiB. Y aucepTailii 0cOOUCTO 3100yBaYeM
OTpUMaHI1 HaCTyIIH1 HAYKOBI PE3YJIbTATHU:

— BIIEpIIIE 3aIpOIOHOBaHO crocid iaeHTudikaii O33 3 )KUBJICHHSIM €JIEKTPOHIKH Bijl
CTpYMY 3aMHUKaHH$, 110 Ha BIAMIHY BiJl ICHYIOUHMX HE OTpeOye eKCIuTyaTalliHUX 3aTpaT Ta
CTBOPEHHSI MITYYHUX KOPOTKUX 3aMHUKaHb, Ta JI03BOJISIE 3MEHIIUTU Yac MOIIYKY MICIS
MONIKOKEHHS 130JIS1111 Ta HEJIOBIIMYCK €JIEKTPOCHEPTil CIOKUBAYAM.

— BIIEpIlIE OTPUMAHO METOJl PO3PaxXyHKy MOTYXKHOCTI, SIKY MOXHa BiIiOpaTu Bin
ctpymy B Miciii O33, 110 103BOJIsI€ OLIIHUTH Yac 3apsiy HaKOMM4YyBaya eHeprii Juis nepeaayl
1HdOpMaIii Ipo MICIIe TOIIKOIKEHHS;
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— OTpUMAaB MOJANBIINNA PO3BUTOK METOJ PO3PAaXyHKY IOKAa3HUKIB HAIIMHOCTI Ta
edexTuBHOCTI PyHKIIIOHYBaHHS icHYtounx EM 3 inentudikaropom 033, 3anponoHOBaHUM
aBTOPOM, 1110 0a3y€eThCsA HA METOJIUII OLIHKH 3arajibHOro e(eKTy Bix (pyHKuioHyBaHHI EM
Ta JJ03BOJISIE€ OI[IHUTHU JOIUIBHICTh 3alPOIMIOHOBAHOTO cI0cO0Y iAeHTU(dIKaIil 0JHO(A3HOTO
3aMUKaHHS Ha 3eMJIIO.

IIpakTHyHe 3HAYEHHSA OTPUMAHUX Pe3yJbTATIiB POOOTH:

1. 3anpomoHOBaH1 NPUHIMINA TEXHIYHOI peanizaiii CHUCTEeMH JJIIaTHOCTUKHU
noBiTpsHUX EM 3 130JIbOBAaHOI0 HEUTpaUIIO 3aJJi1 aBTOMAaTU3allli KOHTPOK CTaHy
ITUPHOBOT 130151111 omop [1J1.

2. Po3po06:1eHo 1 BUTOTOBIEHO MPOTOTUI MPUCTPOIo ineHTudikarii O33 pis onop [1J1
31 MITUPHOBOIO 130JISIIIEI0, 110 HE MOTPEOye OKPEMOro JKepena >KUBJICHHS Ta J03BOJISIE
JIarHOCTYBATH MOIIKOKEHHS 130JISI1[1i HABITh HAa PAHHIX CTaJIsIX.

3anpornoHoBaHa cUCTeMa IMEeHTU]IKAIli MOXE BUKOPHCTOBYBATUCA OINEpaTOpamu
CUCTEM pO3MOoAUTy, 10 ekcruryarytoTh ILJI, 3am1s mominiieHHs NMOKa3HUKIB HAAINMHOCTI
€JIEKTPONOCTaYaHHsI Ta 3MEHIICHHS HEIOBIANYCKY €JNEeKTPOCHEprii CcrokuBayaM 3a
PaxyHOK 3MEHIIIEHHS Yacy YCYHEHHS MOIIKOKEHHS.

PesynbTaTy  JOCHIIKEHHS  BUKOPUCTOBYIOTHCS B HaBYAJIbHOMY  TIpolieci
Hanionanbauit yHiBepcutetr «UepHiriBcbka mojiiTexHika» MiHicTepcTBa OCBITH 1 HayKu
Vkpainun (M. YepHnirie, Ykpaina) s miaArotoBku ¢axiBIiB 3a cremiaibHicTio 141
«EnexkTpoeHepreTuka, eIeKTpOTeXHIKa Ta eJIeKTpoMexaHikay. OTpuMaHi B JucepTaliiHii
po6oti pesynbratu BripoBagxeHo y [IpAT «/ITEK KuiBchki perioHanbH1 €1€KTPOMEPEKI»
(M. KuiB, Ykpaina).

Oco0uctnii BHecok 37100yBavya. HaykoBi MONOXKEHHS 1 pe3yibTaTH, BUKJIAACHI B
JUcepTallii, OTpuMaHi 3100yBaueM 0COOHUCTO.

VY HaykoBUX Tpaisgx, ONMyOJIKOBAaHMX Yy CHIBABTOPCTBI, OCOOUCTO 3100yBaveBl
HaJEXKUTh: B [ 1] — mpomo3uilii o0 peanizalli IHHOBAIIITHOTO MiIXOy O BUSHAYEHHS MICIT1
033, mo BuHMKaTh B EM 3 130150BaHOI0 HEUTPAILIIO Yepe3 iX IMITUPHOBY 130JISIIIII0 Ta
OI[IHKa HEOOXIJTHOI €HEeprii JJii €EMHICHOrO HAKONMUYyBaua 3alpOlOHOBAHOTO MPHUCTPOIO; B
[2] — dyHKIIOHATBEHA cXema 3amnpornoHoBaHOro mnpuctporo inentudikamii O33 B EM 3
1301bOBAHOI0 HEUTpaAJUII0 Ta OMUC MOro BCcTaHOBJIEHHs N0 Aitounx EM; B [3] — oiiHka
YyTIUBOCTI NpucTporo ieHtudikamnii O33 10 nepexiiHOro OMopy y MICII MOMIKOJKEHHS
IITAPHOBOI 130JIAITIT; B [4] — aHaAMI3 Ta CHCTEMaTH3allisl PEeTPOCIEeKTHBHOI iHGOpMaIii 1Mo
BiIMOBaM, sik1 Bukiinkani 033, B gitounx EM 6-10kB; B [5] — npono3utiii 10 BOpOBa>KEHHS
3ampornoHoBaHoro npuctporo igertudikamii O33 o girounx EM sk enemeHTa KOHIEMINT
Smart Grid B Ykpaini; B [6] — ouiHKa €()EeKTUBHOCTI 3aMpOBaKEHHS 3aMpPONOHOBAHOTO
npuctporo ineHTudikarii O33 3a moka3zHUKaMH HaIMHOCTI €JIeKTPOIIOCTavYaHHs CTIOKUBAYIB
3a mokazHukamu SAIDI, SAIFI ta ENS; B [7] — MeTO1 po3paxyHKy MOKAa3HUKIB HAIIMHOCTI
Ta edexkTuBHOCTI (PyHKIIOHYBaHHS icHytounx EM 3 imentudikaropom O33; B [8] —
AHATITUYHI 3aJIEKHOCTI JUIsl PO3paxyHKy MOTYXHOCTI BinOopy Bix ctpymy O33 B micui
3amMuKaHHs; B [9] — mpono3uiii 10 iHTerpamii npuctpoiB igeHtudikamii O33 B SCADA-
CUCTEMY IMCTIETYEPCHKOI0 YIPABIIHHS OMEPATOPIB CUCTEM PO3MOLTY €1EKTPOCHEPTIi.
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Anpobanisi po6oru. OCHOBHI MOJIOKEHHS AUCEPTAIITHOT pOOOTH TOMOBITANUCS i
OOroBOpIOBAIMCS HA MDKHAPOJHMX, BIIOMYMX 1 BY3IBCBKMX HAayKOBO-TEXHIYHHX
koHPepeHuisix Ta ceminapax: [Ipobiemu cydacHoi enextpoTexHiku. XV MixHapoaHa
HaykoBo-TexHIuHa KoHpepeHuis [ICE-2018 (M. Kwuis, 4-8 uepBua 2018 poky); HosiTHi
TEXHOJIOT1i y HAyKOBIM IIAJIBHOCTI 1 HAaBYAJILHOMY HpPOLECi: BCEyKpaiHChbKa HayKOBO-
MpakTU4HA KOH(EPEHIis CTYAEHTIB, acmipaHTiB Ta Mojioaux Buenux (Yepuiris, YHTY, 10-
11 xBiTHa 2019 poky); 6thInternational Conference «Energy Smart Systems - 2019» (April
17-19, 2019 Kyiv, Ukraine, Igor Sikorsky Kyiv Polytechnic Institute); EneproedgexkruBaicTh
Ta eHepreTudHa Oe3mneka elekTpoeHepretnunux cucrem. III MixHapoaHa HaykoBO-
TexHiyHa KoHpepeHuis (M. XapkiB, 12-15 mucromaga 2019 poky); XI MixnHapoaHa
HayKOBO-TIpakTU4YHa KoHdepeHis «KommiexkcHe 3a0e3MeueHHs] SKOCTI TEXHOJIOTTYHUX
nporieciB Tta cuctem (K3ATIIC-2021)» (m. Yepniris, 26-27 TpaBua 2021 poky,
HanionansHoro yHiBepcurety "YepHIriBcbka momrexHika'").

Iyo6aikamii. 3a pe3yibTaTaMu BUKOHAHUX JOCTIIKEHb OTpUMaHO 1 maTeHT YKpainu
Ha KOPHUCHY MOJEJib, OMyOJIKOBAaHO 8§ HAayKOBHUX Ipallb, 3 SKUX |1 cTarts y (axoBomy
BUJIaHH1 YKpaiHW, BIIHECEHOTO N0 KaTteropii «A» Ta 3 crtarTi y ()axoBUX BHUAAHHAX
VYkpainu, BilHeCeHUX 10 KaTeropii «by», 2 myOikallii BKJIFOYEHO 10 HAYKOMETPUUHOI 0a3u
naHux «Scopus», 1 HaykoBa mpaisi onyOJiKOBaHa y MEpIOAUYHOMY HayKOBOMY BHJaHHI
€Bponericbkoro Corozy.

Ctpykrypa Ta ob6caAr auceprauii. /(ucepramis ckiamgaeTbcsi 3 aHOTAIlli JBOMa
MOBaMH, BCTYITY, 4-X pO3/L1iB, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JIKEpeN 1 2-X TOJATKIB.
3arasibHUIl 00csT nuceprailii CTaHOBUTH 165 cTopiHOK, 108 CTOpIHOK OCHOBHOI'O TEKCTY,
nonatkiB — 33 cropinku. Juceprairis MicTUuTh 54 pucyHka, 9 Tabiuilb Ta mocuiaaHHs Ha 97
JTEpaTypHUX JIKEPE.

OCHOBHMUM 3MICT POBOTH

Y Berynmi OOTpYHTOBYETHCS AKTYaIbHICTh AUCEPTAIiiHOTI POOOTH, HABEAEHO Ii
3B’SI30K 3 HAYKOBUMHU MporpamMaMu, c(HOpMYyJIbOBAaHO METy 1 3ajadl JOCIIIKEHHS,
c(hopMyJIbOBaHO HAYKOBY HOBU3HY Ta MPAKTUYHY LIHHICTH POOOTH, 3a3HAYEHO OCOOUCTHI
BHECOK 3/100yBaya, HaBEJCHO BIJOMOCTI Mpo ampoOailii, myOsikaiii Ta BUKOPUCTAHHS
PE3yAbTATIB JOCIIIKEHHS.

Y nepmioMy po3aiii  po3risgaeTrbcs npodsieMa  MiBUINEHHS  HAAIMHOCTI
€JIEKTPOTNIOCTAaYaHHS CIIOKUBAUIB B MEpEKaX CEPEHBOT HAMIPYTH.

[IpoaHanizoBaHi ICHYIOYl METO/IM Ta 3aCOOM MOUIYKY MICI MOIMKo keHHs Ha [1J] 6-
10xB, 1o mpaifroroTh B Mepekax 3 130JIbOBAaHOIO HEUTpaito. BcTaHoBIEHO, IO iICHYIOY1
3aco0M JO3BOJISIIOTH JIMIE 3BY3UTH 30HY MOIIYKY J0 OKPEMOIO BIJIFaly>KEHHS BiJ
Mmarictpaii I1JI Ta He T03BOJIAIOTH BU3HAYATH TOYHE MICIIC Ta THII MOIIKOKEHHS.

[IpoBeneHo aHani3 HaAyKOBHX MyOJIiKallii Ta MAaTEHTIB, 110 MOB'I3aH1 3 BUPIIIEHHIM
npobnemu nomyky O33, axuii mokasas, IO J1aHa POOJIEeMa € HEIOCTaTHbO BUPINICHOIO,
OCKUIbKH MIAX0/IH, IK1 IPOMOHYIOTHCS aBTOPAMHU LIUX POOIT, € TOCTATHHO CKIAJHUMU Ta HE
BpPaxoBYIOTh APYropsaHUX (aKTOpiB, Kl BIUIMBAIOTH HAa TOYHICTh BH3HAUCHHS MICIIS
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MOIIKOKEHHS1. BcTaHOBIEHO, 1II0 TEXHIYH1 3aCO0H, 5IK1 IX peani3yloTh, € JOPOTHUMHU Ta cami
noTpeOYIOTh 3HAUHUX EKCILTyaTallliHUX BUTpPAT.

Y apyromy po3auii mpoBeAEHO OIIHKY BIUIMBY MOIIKO/KEHBb B PI3HUX €JIEMEHTaX
EM 6-10kB onepatopiB cucTem po3noiily Ha MOKa3HUKH HAIIIHOCTI €JIEeKTPONOCTaYaHHS.
O1iHKa MPOBOJUIACH 32 PETPOCIEKTUBHUMU JTaHUMU BiAMOB 3a 2012-2017 poku no TIAT
«YepHIriBoOIEHEPTO».

BceranoBneHo, 1m0 HaWOUIbLII 3HAYEHHS HEAOBIANYCKY €JIEKTPUYHOI €eHeprii
CIO’KMBayaM CIIOCTEpIrajaucss 4epe3 MOIIKOMKEeHHS (a3Hol MITUPOBOi 1307511l (46%) Ta
oOpuBiB mpoBoay (24%). OO6poOka pETPOCHEKTUBHUX JAHUX JIO3BOJIMJIA OTPUMATH
pO3MOALT 3arajbHOi KUIBKOCTI 3HECTpyMIIeHb, 110 BigHeceHi no lxm IIJI 6-10kB, sxi
Bukiarkani O33 o EM ITAT «YepniriBo6aenepro» (puc. 1).

‘\ ‘ 3 puc. 1 BUaHO, 110 CEpeIHE

.08 | MATOME  3HAYEHHS  KUTBKOCTI
\ ) / \ 3HecTpyMieHb yepe3 O33 mno

. 50-03 \ / o L fh 1 wMepexaMm ITAT
8§ — 1 | | «YepHIriBoONIEHEPro» € Maixke
g " ‘ Oaverags= f(I;)_____-L_____, CTaOUTbHMM Ta 3HAaXOIHUTLCSI B
" \| T Jomirm] pianzoki 00130017

' ' pa3iB/(pik-kM). 3rigHO 3 JIIOYUX

2012 2013 2014 2015 2016 2017
T. , pix

: HOPM CEpeaHS TPUBAIICTh MOUTYKY
Pucynok 1 — Po3nojin 3aranbHOi KITBKOCT1 033 B EM 6-10kB y Ginsmocrti
3HECTPYMJIEHD, 1110 BifHeceH1 70 1km [1JT 6-10kB,

_ ) BHUITQJKIB HE MMOBUHHA
sik1 Bukymkani O33 mo EM

nepeBuilyBat 2 roguHu. IIpote
cratuctika no IIAT «YepniriBoOiaeHepro» mokasye, 1o, NOJAEKYAH, Yac MOIIYKY MICIS
MOIIKO/KCHHS MOJKE csAraTd 1 ACKUIbKOX 110. Ile BUKIMKAHO THM, IO OUIBIIICTH
MOIIKO/XKEHb TOB’53aH1 13 MPOOOEM MITUPHLOBOT 130JIAIII1, SIKI MICJIA YTBOPEHHS MOXYTh
CaMOYyCYBaTHCS, a MOTIM 3HOBY BUHUKATU. TOMY €KCILTyaTalliiHUI MepcoHal HE BCTHUTa€e
3HAUTU Taki MOMIKOKCHHS «TPAJULIMHUMI» CIOCO0aMH, IO BUKOPHUCTOBYIOTHCS B
eKCIUTyaTallli, 1o MOripirye eKCIuTyaTaliiHl MOKa3HUKU HAJIIMHOCTI, MPUBOJISYH, B AESTKUX
BUMajkax, 10 nepexony 033 y Mibkda3Hi 3aMUKaHHS 13 MOAAIBLUIAM 3HECTPYMJICHHSIM
CIO>KUBAYIB €JIEKTPUYHOI EHEPT1i.

Bceranosneno, 1o HafOUIbIINKN cepeTHbOPIYHUN HEJOBIAMYCK €IEKTPUUHOI eHeprii
CIIOCTEPIraeThCs MPHU MOIITKOKEHHAX MTHPboBOi 130111l I1J1 6-10 kB 1 csarae 45,9% Bix
3arajibHOro0 CepeAHBOPIUHOrO0 HETOBIAMNYCKY, a CEpPEeAHE 3HAUEHHS TPUBAIOCTI OJHOTO
3HECTPYMJICHHSI, sike BUKJIUKaHe TUibku 033 — 1,2 ron/(pik-BiAKI), 110 CYTTEBO MOTIpPIILY€
TaKul MOKa3HUK HAAIMHOCTI enekTpornoctayanns, sk SAIDI. Cnin 3a3nauntu, 1mo 3a 2018
pik cepenne 3HaueHHs nokazHuka SAIDI (axuii BKIroUa€e TPUBAIOCTI 3HECTPYMIICHD SIK TT1]1
yac 033, Tak 1 mi1 yac Mik(pa3HUX 3aMuKaHb) 1751 kpain €C cknano 72,04 XBUTUHU/PIK, IO
3HAYHO MEHIIIE MOKa3HUKa JJIsl BITYM3HSIHUX MEpPEX Ha OJlHE BiAKItoueHHs mij yac O33.
Tomy € motpeba y po3poOlii IHHOBAIIMHOTO CHOCOOY, 10 AO3BOJUTh BU3HAUUTH MICIIE
TIOIITKOIPKEHHS 3 TOYHICTIO JI0 OTIOPH.
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[nnoBanitauit cnoci6 imenTtudikanii O33 6a3yeTbcs Ha BUKOPHUCTaHHI MPUCTPOIO,
3alpONOHOBAHOrO0 aBTOPOM. [IpuCTpiii MPOMOHYETHCS BCTAHOBIIOBATH HAa METAJIEBOMY
CITyCKY 3a3eMJICHHSI TpaBepcu koxHoi onopu [LJ1 (puc. 2).

p—
—

i 1 — 1305mTOP;
| 2 — Tpaeepca;

3 — zamiz00 eToHHA CTii{Ka ONOPH;
4 — apMaTypa 3a3eMJIOI0MOr0 CIYCKY,;

5 — cTabHHH cTep:keHb apMarypH 3a3eMIIIOIMOr0 CIYCKY;
6 — 3anmpPONMOHOBAHMIT IPHCTPII, 3AJIHTHI KOMIIAyHIOM.

Pucynok 2 — Po3mimenns npuctporo inenrudikaiii micig O33 8 EM 6-10kB

VY pasi BunukHeHHs: O33 uepe3 WITHPOBY 1301110 Ha onHik 3 omop I[JI crpym
3aMUKaHHS Oy/ie MPOTIKaTU Yepe3 130JATOp, TPABEPCY Ta 3a3eMIIIOIOUHI CIYCK Y 3€MIIIO.
Benunuuna 11poro crpymy uis BITYM3HAHUX EM 3 130150BaHOI0 HEHTPAILIIO HANPYroro 6-
10kB 3naxonutbcs B Mexax 0,5 mo 20 A. Jlanuii ctpyMm Takox OyJe MPOTIKATH 4Yepe3
TpaHcopMaTtop CTpyMy 3ampoONOHOBAHOIO MPHUCTPOIO, SKUM MOro igeHTH(IKYE 1
BIIMpPaBUTh TOBIIOMJIEHHA 4epe3 Mepexy GSM Ha AuCHETYEPCHKUM  MYyHKT.
3anpornoHoBaHa CTPYKTYpHaA cxema npuiany ais igeHtudikamii O33 naBeaeHa Ha puc. 3.
Bona cknamaetscs 3 tpancopmaropa ctpymy (TC), Omoky kouTpoisepa 3apsay (B3),
eMHIcHOro HakonuuyBaya eHeprii (HE), kmroua BBiMkHeHHs >xuBleHHs (K), Omoxy
xuBneHHs (bX), mikpokontponepa (MK) ta GSM-moayns 3B°s3Ky. Y pa3i BUHUKHEHHS
033 uepe3 mTUpHOBY 301110, cTpyM O33 Oyzae mpoTiKaTU yepe3 MEPBUHHY OOMOTKY
tpancopmaropa crpymy (TC). Bin Oyzne xuButu HakonuuyBau eHeprii (HE) uepe3 Omok
koutposiepy 3apsay (b3). Takum uumnom npu BuHukHeHHI O33 B HE mnouunae

o | Y HaKOIHYyBaTHCh eHepris. [Tpu

HAaKOMHMYEHHI JIOCTaTHBOI 1i KUIBKOCTI

¢ B PP HE P K P BK i wiod (K) momae wampyry Ha OI0K
MK xuBneHHs  (bX). Binm  3a0e3neuye

lfoza KUBJICHHS MIKpoKOHTpoiepa Ta GSM-
MOJYN TOCTIHOIO HAmNpyrow Mpu

Pucynok 3 — CtpykrypHa cxema PO3psll EMHICHOIO HAKOIIMYyBada. 3a 4ac
3anporoHoBaHoro iaeHTudikaropa O33 pospsiay emuicaoro HE MikpokoHTposep

BiJIMpaBIIsie MOBIIOMIIEHHS 3a AonoMororo GSM-mMonysst Ha TUCTIETYEPCHKUN MTYHKT.

[lepeBaramu Takoro miaXxoay €: 1) BIICYTHICTH akyMmylssiTopa, IO MOTpedye
00CITyrOBYBaHHSI Ta € BPa3JIMBUM JI0 BiJI' €MHUX TEMIIEpATyp HABKOJIMIIHHOTO CEPEIOBHUIIIA;
2) BUCOKA HAJIIHICTh Yepe3 BIACYTHICTh >KUBJICHHS MPUCTPOIO B HOPMAIBHOMY PEXHUMI
po6otr EM; 3) Bu3Ha4YeHHS MICIIS TIOIIKOKEHHS 3 TOUHICTIO JI0 OTOPH.
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JloBeieHa MOXIIUBICTD KUBJIEHHS TAKOTO MPUCTPOIO HABITH BiJ Manux ctpymis O33
B EM. Jlng mporo 3amporoHOBaHa aHalITHYHA MaTeMaTH4YHAa MOJENb TpaHcdopmaTopa
B11I0OPY MOTYXHOCTI, 3a SIKOIO OTpUMaHi BUpPa3u [Jis 3HAXOJKEHHS J1I0UYOr0 3HAYCHHS
ctpymy (1) Ta Hanpyru (2) Ha BUX0/1 TpaHcPopMaTopa B 3a1€KHOCT1 B1J] KOHCTPYKTHBHUX
napaMeTpiB Ta HABAHTAXKECHHS:

1, Supgoww
1yms = \/ J, 2(0dr = f e (1)
\/wz ;,L},too)S)z +Rzlcp2
U, = L Suptyow wy R, )
\/Z(WZZ,uyOa)S)2 + ZRZZCP2

ne T — mepioj IHTerpyBaHHS; ir(t) — MUTTEBE 3HAYEHHS CTPYMy B MOMEHT 4acy f;
I, —ammmityna ctpymy O33 B mnepBuHHIA 0OMOTIHI; S —IJoma mepepidy ocepas
Mar”iTonpoBOaY; | — BIIHOCHA MarHiTHa MPOHUKHICTh MaTepialy Oceps; Lo — MarHiTHa
MOCTIHA; ® — KyTOBa YacToTa CTPyMY; Wi, W» — KUIbKICTh BHUTKIB Yy TNEpBHHHIA Ta
BTOPUHHIN 00MOTKaX; R, Ry — 3arajbHUil OMip eNeKTPUYHOr0 KOJIa Ta OIip HaBaHTAXEHHS;
lep — cepeHs JOBXKUHA MATHITHOTO IUIAXY B MarHITOIPOBO/I.
J111g Takux TpaHchopMaTopiB pEKOMEHI0BAHO 3aCTOCOBYBATH aMOP(HI Ta HAHOKPHUC-
TaniyHi cruiaBu. Ha mpuxmani marnitornpoogy MT03215C-11-0026 3 KiTbKICTIO BUTKIB
BTOpUHHOI  oOMoTkn 80  Ta
APy, MBT; Up,10B; Io,MA; Bm, 10"-Tr; . )
30 IIEPBUHHOI ~ — 1, OTpHUMaHI1
XapaKTEepUCTUKU HANpPyTH, CTPYyMY
Ta TOTYXHOCT1 Ha BUXO/1 (puc. 4).

3 puc. 4 BugHO, WO
HalOUIbIly  MOTY)XKHICTh  MOXHA
BiMIOpaTh  JMIIe 3a  I[EBHOTO
BTOPMHHOIO HaBaHTaXEHHA. Tomy
TUTSt OTPUMAaHHS HaANOUTBIIO

R:. e(peKTUBHOCTI BIAOOpPY MOTY>KHOCTI

0 100 200 300 400 500 600 700 800 900 1000 : :
. .. CJIIEKTPOHIKa Ma€ NIATPUMYBATH
Pucynok 4 — EnekTpruH1 napaMeTpH B 3aJI€KHOCTI BiJl TPOHTE ATPHMYB
poboTy OUII TOYKHM MaKCUMyMy

HaBaHTa)XKeHHA 3a cTpyMy O33 y epBHUHHIM 7 . )
: BUXIJTHOT OTY>KHOCTI. /{71 oLiHKH
oomorTi 1,5A Ly A

MOTYXHOCTI, 10 Oyje BIAOUpATUCS  Ap, \p:
Bix crpymy 033, moOymoBani ™

3aJIe’KHOCTI TIOTYKHOCTI BiJl CTPyMy -
1 -~

HaBaHTAKEHHS TIPU PI3HUX CTpyMax - / N

033 (pHC 5) Sk BUJHO 3 PHCYHKY 30 a HACHYCHHS

e ocepas

npu MiHiMameHOMY cTpymi O33 B
2A, 1o  xapakrepHul A
posranyxxenux EM nanpyroro 10kB 1o
3 IIJI y CcuUIbChKIH MICIIEBOCTI,
cepenHs MOTYKHOCTI, 1o

BinOMpaeTeca Bif crpymy O33, Prcynok 5 — I1oTy>XHOCTI, 10 BiOUpacThCS Bil
ckyanaTume ~15MBT. cTpyMy 3aMukanHs (3a ctpymis O33 1, 2 ta 3 A)

=2A

Db, MA

>
>

0

25 30 35 40
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Y TperbomMy po3aii  Juid  BuU3HAuYeHHS ~ €()EKTHBHOCTI  3aCTOCYBAHHS
3arporoHOBaHoro iAeHTudikatopa micuga O33 y icHyrounx posnoaiibHux EM Hanpyroro
6-10 kB cTBOpeHo MaTeMaTHUHY MO/JIE]Ib, SIKa BpaXxOBY€E BILIUB 11eHTH(1kaTopa O33 Ha Taki
MOKa3HUKH HAJIITHOCTI €JIEKTPONOCTaYaHHS SIK:

— HEIOBIAMYCK €JIEKTPUYHOT €HEPTii CIIOKUBavaM;

— TPUBAIICTH BIIHOBJICHHSI €JIEKTPONIOCTaYaHHS;

— CEpEeIHIO TPUBATICTh pOOOTH MEPEKi O€3 3aMUKaHHS Ha 36MITIO, SIKE MOXKE MeperTH
y KOPOTKE 3aMUKaHHS;

— 1HJIEKCH CE€peIHbOT YaCTOTH 1 TPUBAJIOCTI MEPEPB B €JIEKTPONOCTAYaHHI.

HenoBinnyck enekTpoeHeprii CHokMBayaM Yy BHUIAJAKY BIJCYTHOCTI B MeEpexi

imertudikaropa O33 MoxkHa po3paxyBatu 3a GOpPMYIIOH0:
23 141 _

AW = P ’ ((,08 ) T+ (,08 D T+ Y ) V0 ’ n) ZZ - P ) (eaB.Mimb. + eO33—>K3 + ennaH.)’ (3)

ne P — cepeaHs MOTYXHICTh 3HECTPYMJIEHHX CIIOXKHUBaUiB; mo>>)

1+1) _

— MOTrOHHA YacToTa
CTIHKMX BiZIMOB mix yac 1Bo- Ta Tpudasaux K3 B EM; m( MOTOHHA YaCcTOTa CTIMKUX
BiqMOB M yac Mibkpaszaux K3 B EM, siki yTBoprotoThes i yac nepexony O33 B mixkdaszHi
3aMUKaHHS;, T — CEPEeJHs TPUBAIICTH BIAHOBJIECHHS €JIEKTPOIIOCTAYaHHS CIOYKMUBA4YaM IIiJ
Yac MOIIKOKEHHS; Vo — IOTOHHA YacTOTa TUIAHOBUX BIIKIIIOYEHb; 1] — CEPEIHS TPUBAIICTh
oOciyroByBanHs EM mpu mi1aHOBUX BIAKIIIOUEHHSX; Y — KO€(ILIEHT, 110 BPaXOBY€E MEHIII
HACJIIJKU BiJ] IJITAHOBUX BIIKIIIOUEHb Y MOPIBHSAHHI 3 aBapiiHUMU; /s — CyMapHa JOBXKUHA
ITJI B EM 6-10 kB; s ming. — TPUBAIICTh BIJHOBJIECHHS €JIEKTPOIIOCTAYaHHS CIIOKHBayam
IpU  TIOIIKO/PKEHHSAX, BHUKIMKAHUX JBO- Ta Tpudazuumu K3; Oo335x3 — TpUBAIICTH
BITHOBJICHHSI ~€JIEKTPOINOCTAYaHHs CIOXMBayaM TMpU MOIIKO/HKEHHAX, BUKIUKAHUX
nepexogoM O33 y mikdazHi K3; Oypan — TPUBATICTH BITHOBJICHHS €JIEKTPOIIOCTAYAHHS
CHOXKUBAYaM IPH IJIAHOBUX BIIKIIOYEHHSX CIOKHUBAYIB.

BceranoBnennss  inentudikaropa O33  103BOJUTH  3MEHIUUTH  HEAOBIIIMYCK
€JIEKTPUYHOI €HEeprii CloXHBayaM 3a PaxyHOK 3MEHLICHHS YacTOTH CTIMKHUX BIIMOB,
BUKIMKaHuX nepexogoM 033 y mikdasni 3aMukanas o',

Amnani3z perpocnexktuBHOi 1H(opmanii o [IAT «YepHiriBobieHepro» I03BOJIUB
q4 A BcTaHoBUTH, M0 mepexinm O33 vy
Mbkdaszni K3 Moxe BinOysarucs
JBOMA LUIIXaMHU:

— 70 JESKOr0 KPUTUYHOIO
qacy fq UMOBIpHICTH niepexony 033
y wmikpazne K3 ¢  miHilHO

- *i 30UIBLIYETHCS 31 30UIBIICHHSIM 4acy

a) (puc. 6, a);
PucyHnok 6 — 3anponoHoBaH1 3aKOHU PO3MOLTY — 10 HESKOTO KPUTHYHOTO
nmoBipHocTi nepexoay 033 y mixkdazne K3

t i

qacy tqp UMOBIpHICTH niepexony O33
y mibkdazne K3 ¢ 30uibmyerbes
HecyTTeBO (¢g—0), a micig Horo JOCSITHEHHS Pi3Ko 3poctae (g— 1) (puc. 6, 0).
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VY nepiioMy BUMAJKY, KOJIU A0 AESKOTO KPUTUYHOTO Yacy fq, HMOBIPHICTh IEPEXOY
033 y wmikdazne K3 ¢ miHiMHO 30UIbIIye€ThCS 31 30UIBIICHHSIM Yacy, MaTeMaTHYHE
B1I0OOpaKE€HHS 3aKOHY PO3MOLTY MaTUME BUTJISIA:

b t <t

a=f0=1," )

2t
a 'y IpyroMy BHUIIQJKy, KOJIU JIO ACSIKOTO KPUTUYHOTO Yacy fq, UMOBIpHICTH nepexoay O33
y mikdaszne K3 g 3011b11y€eThCS HECYTTEBO, a MICHSI HOTO JOCATHEHHS PI3KO 3POCTAE:

0,t<th;

g=f@®)= (5)

L>1,,.

s [TAT «YepHIriBoOsieHeproy» tq, 3HaXoAuThes B Alanazoni 0,75-2,05 rox.
To6To, y pasi 3actocyBanss inentudikaropa O33 y po3noainsaux EM Hanpyroro 6-
10 kB TpuBamicTh BIiTHOBJICHHS EJIEKTPOIMOCTAYaHHS CIIOKMBa4aM € Ta HEIOBIIITYCK
€JIEKTPUYHOI €Heprii crioxkuBadaM AW MOXyTh OyTH 3MEHIIICH] Ha:
00=0- eilleHT. = eO33—>K3 ) (1 - q) > (6)
OW =P-80=P- B33 13- (1= 9). (7)
Sk mpaBwiio, Ha eTarli 3aMPOBAKCHHS OYy/Ib-SKUX 3aCO01B MIABUIIEHHS HAIIMHOCTI,
70 KUX TaKOX BIIHOCUTHCS 1eHTUdikaTop O33, 3ampornoHOBaHUN aBTOPOM, IIKABISTHCS
HE aOCOJIOTHMMHM, a BIIHOCHUMHU 3HayeHHSIMHU napamerpiB. Tomy Oynm oTpumani
3aJIe)KHOCTI, SIKI JTO3BOJIAIOTH PO3paxyBaTH BIJHOCHE 3HAUEHHS 3HIKEHHS TPHUBAJIOCTI
BIJTHOBJICHHS eJieKTporiocTayaHHs 00,, Ta 3HIKEHHS HEIOBIAIYCKY €JNEKTPUYHOI eHeprii

crioxxuBadam oW, :

5w, =50, =% 202D o050, (8)
Wy T+Y VoM

ne o — gons OO3, ski mepexonarh y Mikdasni K3 Big 3arampHOi KutbkocTi K3;
M) — CyMapHa MOroOHHa YacToTa CTIMKUX BiJIMOB.

[lonepenniit ananiz cratuctuunux nanux no AT «YepHiriBoGienepro» mokasas,
mo  y-von-me-1=0,25, a 0=0,4. ToMmy BITHOCHE 3HAUYEHHS 3HIDKCHHS TPHUBAJIOCTI
BIJTHOBJICHHS €JIEKTPOIIOCTayaHHs 00y, Ta 3HIKEHHS HEJOBIAMYCKY €JIEKTPUYHOI eHeprii
cnioxkuBadam O Wy, mist IIAT «YepniriBobsienepro» O0yae JOpIBHIOBATH:

— 3a MePIIoro BUAY po3moaLTy WMoBipHOCTI iepexony 033 y mixkdazne K3:

32-(1—t/ty), 1<ty

oW, =00, = 9
e 0, (21, ©)
— 3a Ipyroro BUAY po3nouTy iMoBipHOCTI iepexoay O33 y mixkdazne K3
32, t< beps
oW, =980, = (10)

0, =1,
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Anamiz  BenmuuHM  ctpyMiB O33 B enekTpuuHuX — Mepexkax — 6-10 kB
[TAT «YepniriBoOneHepro», sKi OTPUMYIOTh JKUBJICHHS BiJl pPalOHHUX IiJCTaHLIN
110(35)/10(6) kB, ne He mependayeHa iX KOMIICHCAIlis, MTOKA3aB, 110 BOHU 3HAXOSITHCS B
mianazoni 2,1-15,4 A. Jlnsa miaimansHOTO TUTIOBOro cTpyMy O33 imeHTudikaTop 103BOJISE
BuzHavatu micrie O33 mpotsrom 10 xBuwmuH. Yum Ouneine ctpym O33, TUM MeHIE yac
inenTudikanii micus 3amukaHHa. Tomy 3 ¢opmyn (9)-(10) BumunBae, mo y BUMAIKY
BCTaHOBJICHHS B €JIEKTPUYHY Mepexy iaeHTu¢ikaropa O33, 3ampornoHOBaHOTO aBTOPOM,
CNIJ] OYIKYBaTH 3HIKCHHS TPHUBAJIOCTI BIIHOBJIEHHS eJeKTpornocTayaHHs OO0y Ta
HEJOBIAMYCKY €JIeKTPUYHOI eHeprii croxkuBayam oWy, Ha BennuuHy 10 32%.

JIJis OLIHKM BIUIMBY 1IEHTH(IKATOpa HA CEPEIHI0 TPUBAIICTh POOOTH Mepexi Oe3
033, ske moxke nepeitu y K3 To33-5k3 MOKa3aHO, IO

— 3a mepiioro BUAY po3noauty (4) iMmoBipHocTi nepexony 033 y mixkdazune K3:

th

0 ¢ tK

TO33—>K3:J.(1_Q)'dt:J‘ l—— [-dt=—"", (11)
0 0 Lep 2

— 3a Ipyroro BUAY po3noaiuny (5)

0 txp
Tos3 k3 = I(l—Q)'df :Idf =l
0 0 (12)

Sk mpaBUIIO BETMYMHA JIEIKOT0 KPUTUIHOTO YaCy i MAE JCSIKUN po3KuA Af BITHOCHO
CEPEeIHBOTO 3HAYCHHS, TOMY TPUBAIICTh poboTH Mepexki 6e3 033, sike MoXke MmeperTH y
Mixkda3He 3aMUKaHHS Oy/ie JOPIBHIOBATH:

to!2E At — I IEpLIOTO BUY PO3IOALLY;

To33 53 = th ¥ A (13)

Amnani3 BUMAAKIB yTBOpeHHS MibK(a3Hux 3amukanb 13 O33 B po3MOAUIBHHUX
enekrpuuHux  mepexax 6-10kB  IIAT  «YepniriBoOienepro»  mokaszaB, IO
tp =2,14+0,64 rox. Lle no3Bossie CTBEPKYBATH, 10 CEPEIHS TPUBAIICTH POOOTH Mepexi
6e3 033, sike Mmoxe nepeiitu y Mmbkdazne K3 y Haiiripmomy BUnaaky (3a nepuoro 3akoHy
po3noniny) 6yne mopisatoBatu 1,07+0,32 rog.

3 BUIIE3a3HAYEHOTO BUTUIMBAE, 10 TPUBATICTH ieHTH]iKaIis1 O33 Ta yac, mpoTsIrom
sakoro ObB moGeperbcss 10 Miclg 3aMUKaHHA JJi HOTO YCYHEHHS HE TOBHHHI pa3oM
nepesumnyBata 1,07+£0,32 rox, mo mo3BoiuTh yHUKHYTH mepexomy O33 y mixkdasne
3amukanHsg. Ockuibku TouHe Miciie O33 Oyzae ineHTr(ikoBaHe 3alPONOHOBAaHUM aBTOPOM
imeatudikaropom Ta mepemane a0 SCADA- ab6o I'IC-cuctemu, TO 1€ HO3BOJIUTH
JAUCTIETYEPChKOMY IIepcoHaty 3koopauHyBaTi ObB 10 MicIis MOMIKOKEHHS TAKUM, YAHOM
00 MiHIMI3yBaTH 4ac.

3anponoHoBaHa iMiTamiiiHa Mozaens mnepecyBaHHs OBBb nmo wmicug 033 y
Hepe3epBoBaHil po3noaineHii EM Hampyroro 6-10 kB 300pakena Ha puc. 7.

[Tix gac excrutyaTanii EM 3 ineHTH(IKaTOpOM MOXKYTh BUHUKHYTH 3a/4a4i:

— IS IPYTOTO BUTY PO3MOLITY.
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— BHU3HAYEHHsA TPAHUYHOI
BiCTaH1 Bix Micrg auciokanii OBb
1o micus yrBopeHHst O33 Ly, 3a AKOi
npu 3aJaHii IBUIKOCTI
nepecyBanHss OBb O33 He BcTUrHE
nepeitu y mixdaszue K3;

— BH3HAYCHHS MIHIMAILHOT
HIBUJKOCTI V, min IepecyBaHHst OBB,
3a SIKOi MOXe OyTH MOJI0JIaHa 3a/laHa
Bizctanb Ta O33 He BCTHTHE
nepeitu y mixkdazue K3.

I ls Pe

Puo

————— - nepecyBanns OBB na I1C, a norim 1o micus 033
- nepecysannsg OBbB 3pa3y no micus 033
Pucynox 7 — Monens nepecyBarsast OBb mo miciis B pesynpTaTi O3B SI30K
033y posnoainehiit EM Hampyroro 6-10 kB CHCTEMHU PIBHSIHB JJIS TIEPIIOi 3aadl

OyJie MaTH BUTJISIA:

(th /2t At — 1:0,{)- V,/Kgp — AT Meplioro BUAY pO3NOILTy;

L, =< _ (14)
(th + At — 1:0,{)- V., I Kgp — JUISL IPYTrOro BULy PO3IOILTY,
a 1 Apyroi:
o Ly Kip Ity 122 A1 =1, — J1JIs1 IEpUIOT0 BUY PO3HOILTY; (15)
T | Lyep - Kip Mty £ At —1,,)  — s ApYroro BUALY posmoziny,

ne Luep — BiACTaHb Bix Micus auciokanii OBb no mincranuii abo micus yrsopenss 033, aky
HeoOxinHo mnononatu OBB; Kyxp — Koe(dillleHT KpUBU3HU JOPOTH, SKUW BpPaXOBYE
30ubIIeHHS BiAcTaHi nepecyBanns OBb; V, — mBunkicts nepecyBanus apromamuan OBB;
Tou — 4ac oviKyBaHHs rotoBHOCTI OBbB 10 BUi3ay Ha nomyk O33 (3riAHO 31 CTATUCTUYHUMU
JAHUMH J1aHa BEeJIUYMHA CKIlajae Oulst 15 XBUIIUH).

JI71st HalripIoro BUMaAKy (MEpIIoro 3akKoHy po3noAuTy iMoBipHOCTI epexony O33
T4, 100 y Mikdazne K3) 3a BiIOMHX CTaTUCTUYHHUX
nanux (Kxp=1,3; 10:=0,25 rox; to, =1,5rog, a
BeIMYMHA Af TOpuiiHATA PIBHOIO HYJIIO)
noOynoBani rpadiyHi  3aJEKHOCTI BUIY:
T0=f(Luep) — 3a cCepedHiX IMBUIKOCTEU
nepecyBannss OBB 30; 45 ta 60 xm/ron

0.81 TO33—> K3

. (puc. 8); to=AV,) — 3a BimcraHe# Bim MicIs

nucnokanii OBb no micus yrBopenns O33 5;

15 ta 22 xm (puc. 9).
R AN e 3 puc. 8 BuaHO, mo A1 Toro mod 033
Pucynox 8 — 3anexnocTi Buny T = f(Luep) He BeTHIIO mepeiith y Mikpasne K3 B
3a cepeaix wBnakocteit OBB 30; 45 Ta posnoauibHux EM nHanpyroto 6-10 kB ITAT
60 xm/rox Ta Tozz—»k3= 0,75 rox «UepHiriBoOyseHepro» BIACTaHb Bil MiCIs

1

I

0.41 ]
|

& .. =
B

>

0 5



12

nucnokailii OBb go micus yrBopenns O33 He T, ron

NOBMHHA mnepeBuInyBatu: Lp=11,5kMm (32 12\ ¢
cepeaHboi MBHUAKOCTI TmepecyBanHs OBBb ' o
30 km/rom); Lip2=17 xm (45 xm/ron); '

<
0.94 /1(,) X
Lp3=23 xMm (60 xm/ron). ! =, ]
. 033->K3

3 puc. 9 BuaHO, 110 Ay Toro 1mo6 033
He BcTurio nepedtu y Mikdazne K3 B

. 1
posmonutbinx EM mampyroto 6-10 kB AT 4] £, <5, i
«YepHiriBobieHepro» IIBUJKICTD o.4] LV, kwirox
nepecysanns aproMammnan OBb nosunna 6ytn 30 p, 8 50 s

OLTbIIO0 32 Vominy = 39 KM/TOA (32 BiACTaHI Ppcynok 9 — 3anesxHoCTi BURY To = f{Va)
Bin wmicus jgucnokauii OBB  mo  wmicus  3a Bigcraueii Bix micit gucinoxauii OBb
yrBopeHHS 033 15 kM); Vimins = 57,2 km/rog 1o micus yrBopeHHs O33 5; 15 ta 22 kxm
(3a cepeaHbOi  MIBUAKOCTI  IEPECYBaHHS ta T35, 43 =0,75 rox
apromainau OBB 22 km).

3anexxHocTti, 300paxkeHl Ha puc. 8-9, MOXyTh OyTH BHUKOPUCTAHI KEPIBHUM
nepconanom [TAT «YepuiriBobsieHepro» miji 4ac ONTUMI3allil CTPYKTYpU 0OCIyTOBYIOUOTO
MepCOHATy Ta MOro AMCIOKAIlli Ha MICIEBOCTI 33 OJHOYACHOT'O BHUPIMICHHS 3ajadyl
MiHIMI13aI[li BUTpAT KOMIIaH1l Ta MaKCUMi3allil MOKa3HUKIB HAaIIMHOCTI €JIEKTPONIOCTaYaHHs
CIOKMBAYIB Y BUIAJIKY 3aMpoBakeHHs i1eHTh(ikaTopa 033, 3aIpONOHOBAHOTO aBTOPOM.
Skio BUXinH1 napaMeTpu OyAyTh BIIPI3HATUCS BiJl THX, 3a AKUX MOOYIOBaH1 3aJI€KHOCTI,
300paxeHi Ha puc. 8-9, TO BHIlE3a3HAUYEHI 3a7adyl MOXYTh OYTH BUPIIIEHI MUISAXOM
n00y0BU 3aleKHOCTEH METOA0M IHTepmofsaiii. [Hi omepaTtopu cucTeM poO3MOALTY
MOXYTh BUPIIIUTHU JIaH1 3a]]a4l, BAKOPUCTOBYIOUYM PIBHSIHHS, OTPUMaH1 aBTOPOM.

JIns OUIHKM BIUIMBY ineHTHdIKATOpa Ha I1HAEKCH cepeanboi dactotu SAIFI Ta
CepeaHbO1 TPUBAJIOCTI JIOBTUX IMepepB B enekTpornoctayanti SAI/DI orpumani Gpopmynu 3a
JBOX BHJIIB po3moainy WMoBipHOCTI iepexoay 033 y mikdazne K3.

Jlns mepuioro BUAY PO3MOJLTY 3MEHILIEHHS 1HJEKCY CEepelHbOI Y4acTOTHU JOBIUX
nepeps B enekTponocravyanni 0SAIFI Oyje BU3HayaTUCS:

KU (=t/1), t<ty;

OSAIFI = 5
0, 121,

(16)

a 3MEHILICHHS 1HJIEKCY Cepe/IHbOI TPUBAIOCTI IOBTUX MEPEPB B elieKTponocTauandi 0SAIDI:
1+1 :
KDt (=111, 1<ty

0, >t

OSAIDI = (17)
ne k"D — kinpKicTh JOBrUX IEpepB B eNEKTPOIOCTAYaHHI 3 PiK, AKi BUKIUKAHI IIEPEX0I0M
O33 B MDK(pa3HI 3aMUKAHHS; fep — CEPEIHbOPIYHA TPHUBAIICTH JOBroi IMEpepBU B
€JIEKTPOIIOCTaYaHH1

st apyroro Buay po3noainy GopmMynu HaOy1yTh BUTIISY:
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B KD t <t
SSAIFI = , (18)
0, =
(1+D) .
ssampr=lt ler! <l (19)
0, 21,

BuxopucrtoByroun oOpobiieHi cratucTuuHi faHi 3a dopmynamu (16)-(19) moxna
OTpUMATH, 110 y BUIMAJKY BCTAHOBJICHHS B €JNEKTPUUHY Mepexy ineHTudikaropa 033,
3alpONOHOBAHOrO0 aBTOPOM, CJIiJl OUYIKYBAaTU 3MEHIIEHHS I1HAEKCIB CEpPeAHbOT YaCTOTH
JIOBr'UX TMepepB B enekTpornoctayanni 0SAIF 1y, Ta cepeqHboi TPUBAIOCTI JOBIUX MEPEPB B
enexktponocTtauanHi 0SAIDIy, na Benuuuny 1o 40%.

Y d4erBepTrOoMy PpO3ALII TpeACTaBiICHI pe3yiabTaTh (I3UUYHUX EKCHEPUMEHTIB B
7a00paTOPHUX Ta HATYPHUX YMOBaX JIIOUHMX CHCTEM PO3MOALTY €JIEKTPOCHEpPrii, a TaKOXK
MpeICTaBICH] Ta HaBEJCHI MPOIO3UIIIT 00 1HTErpallii 3amporOHOBAHOTO0 MPHUCTPOIO B
cydacHi SmartGrig cucTeMu ynpaBiiHHs Ta MOHITOpUHTY EM.

AL A Jlng BHU3HAYEHHS yYacy,
2.4 30 11(Y) BUTPAYA€THCA Ha
BIAMIPaBICHHS TOBITOMJICHHS

o .
' 4yepe3 CTUTbHUKOBY MEPEKY Ta
eHeprii, AKa Ha e
1 - BUTpPAYya€ThCsl, Oylno 3HATO
L 40 t,c

OCLWJIOTPAMy CTPyMY, SKUU

0.1

0 L 10 n 20 n

3aBaHTaKeHHS Ta HanamrryBanus Bixnpaska IIpocriii .
MIKMOUeHHS 10 Mepexi  GSM moayis SMS CIIOXXHUBA€ MOAYJIb I 4Yac
PucyHok 10 — Ocimnorpama cTyMy, IO CIIOKHBaeThcss  podotn (puc. 10).
MOJyJIEM BIAIPABKU MOBIIOMIIEHHS IPUCTPOIO 3Ha4eHH  KUIBKOCTI
imearudikamii 033 eHeprii, mo HeoOXimHa s

BIATIpaBJICHHS MOBIAOMJICHHS MOXHA PO3paxyBaTH:

N
WGSM :Z(Ui '[i) AT, (20)
i=1
ne U; — wHampyra XuBNEHHS; I; — CTpyM, IO CIOXHUBAEThCS B - MPOMDKOK Hacy;
AT — nepion BUOIPOK.
€MHICTh 10HICTOPIB, IO CJIiJi BUKOPUCTOBYBATH B SKOCTI HAKONMUYyBada €HEPrii
MO>KHA po3paxyBaTu 3a GOpMYJIOO:

C= 2-Wasu + W)

> T 21)
Umax _Umin
n€ Umax, Umin — MakcuMmadbHa 1 MIHIMaJIbHA Hampyra KOHAEHCATOpa, NpH SKIH

niABUINYIOUHM ctabinizaTop Hanpyru bXK 3maren mpairoBaTu (17151 CTAaHAAPTHOTO 10HICTOPA
2,7B 1 0,7B); W, — eHeprii, 10 3aTpayeHa Ha >XUBJICHHS MIKPOKOHTpoJiepa Ta

IOIIOMDKHHX €JIEMEHTIB CXEMHU.
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BuxopucroBytoun otpumaHny ocmouiorpamy 3a ¢dopmynor (20) po3paxoBaHO
MIHIMAJIbHO HEOOXiIHE 3HA4YCHHsS €HEprii A BIANPaBKHU IMOBIAOMIICHHS, SIKE CKJIaJa€e
WGSM ~ 9I[)K.

Enepris, 1mo BHUTpayaeTbCcsl Ha >KUBJICHHS MIKPOKOHTpOJIEpa Ta JOHNOMIDKHUX
€JIEeMEHTIB cXeMH Oyzie 3HAaUHO MEHIIO0 32 Wsy. ToMy HeXTyrouw ii 3HaU€HHSM OTPUMAHO
palioHalbHy €MHICTh 10HICTOpa (HAKONMMYyBadya €HEprii), [0 CIiJ BHKOPHUCTOBYBATU Y
3aMpoIroOHOBaHOMY MPHUCTPO] inenTudikamii O33 y enekrpuanux mepexax — C > 30,

[IpoananizoBaHo BIUIMB mepeximHoro omopy B Micui O33 Ha 3HaY€HHS CTPyMY
3aMHKaHHS, [0 PO3PAXOBYETHCS 3a HOPMYIIO0

U,

Lo = ,
R (UGB 0 Cop)Y

ne U, — airoye 3HaYeHHs HOMIHAJIbHOI JiHIMHOI Hanpyru [UJI; Rye, — mepexigHuii omip B
Micll MpoOOK MMTUPBOBOI 130JsL1l; ® — KyToBa 4acToTa; Cry— CyMapHa €MHICTb
enexkTpuyHOo3B’si3anuXx [1J1, o BKIIIOUYEH1 B/l OJIHIET CEKIIT IUHU LIEHTPY KUBJICHHS.

3 HaBeJleHO1 opMyJIH BUIHO, 10 HailOuIblIe 3HaueHHs ctpymy O33 o33 Oyae mpu
Ruep = 0. OnHak, K npaBujio, BCl Npo0Ooi yepes 130J4Top MOBITPsAHOI JiHli 6-10kB MaroTh
neBHil omip. Ha puc. 11 nokazano, sik 3MiHIO€ThCSL cTpyM 033 B MiCIIi ONTKOKEHHS, KOJIU
NepeX1THUN OMIp 3MIHIOETHCS BI HYJISL O BUCOKMX 3HAYEHb.

(22)

3anponoHOBaHUI NpUCTpP1il Moxe BUsIBUTH Miclie O33, mpoTe BiH OyJ1e MaTH 1KY 30HY

10 HeuyTHMBOCTI (puc. 11). 3a Manux cTpyMiB
033 TPUBAJICTh 1IeHTHdIKAIIT
MOIIIKO/[KSHHSI MOXKeE BUSIBUTHUCS
1m0 =10 A 3aBenKor0. CiiJ1 TaKo K 3a3HaunTH, 1o 033
B MeEpeXi 3 130JbOBAaHOI HEUTpaILIIO
MOXXYTh HOCHTH HECTIMKHI Xapaktep. Y
BUIAJIKY OCTATHBO TPUBAJIOT 1IEHTU(IKALIIT
033 MOmKOHKEHHS MOXKE CAMOYCYHYTHCH,
Soma ssscol a MOTIM BUHUKHYTU MOBTOPHO Yepe3 IESKU
ayrmsoctl yac.  3alpornoOHOBaHMM  1ACHTH(IKATOP
R“epi “»5“01‘; JI03BOJISIE BUSIBUTH TaKy HECIPABHICTb, aje
Ui 1boro  Oyle BUTpaueHUl 3HAYHO
OUTBIINK Yac OCOOJIMBO TPH 3aMHUKaHHI 3
BEJIMKHUM OIOpOM. Sk BUIHO 3 puc. 11, 30Ha
HU3bKOI 4yTIMBOCTI ieHTU(dikaTopa O33
MOYUHAETHCS 3 Ryep > 11,5 KOMm.
Ha ocHOBI oTpuMaHux JaHuxX OYJIO CTBOPEHO EKCHEPUMEHTAIbHUN MPOTOTHUI
npuctpoto ineHtudikaiii O33. 30BHINIHIN BUTISA IPUCTPOIO HABEAECHO Ha puc. 12.

0 [T

0 5000 10000 15000
Rneo. OM

Pucynok 11 — 3anexuicts ctpymy O33 Big
MEPEXITHOTO ONOPY MOIIKOIKEHHS
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3 BUKOPHUCTaHHAM 00jafHaHHA jabopatopii « TeXHIKM BUCOKUX Hampyr» Kadeapu
€JIEKTPUYHO1 1HXKEeHepil Ta 1H(OopMaliiHO-BUMIPIOBATLHUX TeXHOJOTriM HarioHansHoro
yHiBepcuTteTy  «UepHIriBcbka  MOJITEXHIKa»
MPOBEICHO JOCIIJI O MEPEBIPIIi Mpare3aaTHOCT1
MPUCTPOIO B Ta0OpaTOpHUX yMOBax (puc.l13).

Ilepen BKIIOYEHHAM  BUIPOOYBAIBHOI
BHCOKOBOJIBTHOT YCTaHOBKH 10HICTOpHU
npuctpoto ineHtudikaiii O33 Oynu 3apsKeH1
no Hampyru 0,9 Bil NOPOroBOro 3HAYEHHS
CIpallOBaHHA JJid 3amo0iraHHs MeperpiBy
naboparopHoro ycrarkyBanHs. [licist BkIiO-
YEHHSI YCTAaHOBKHU B MEPEXKY Hampyra Ha BUXO/1
MIJBUINYBAILHOTO  TpaHchopMaropa IJIaBHO
30uIblIyBanacst JlatpoM 10 TUX TMip, MOKU HE

Pucynok 12 — 30BHilIHIN BUTIIS
€KCIEPUMEHTAJIBHOIO MPOTOTUITY

YTBOPUBCSA
npoOiil 1305TOpa E€IEKTPUYHOIO IYroH MO HOro
MOBEPXHI. UYepes 27c IiCTst po0oto
E€KCIIEPUMEHTAIbHUMN 3pa3ok MPUCTPOIO
MIJKJIIOYUBCS 0 MEPEXKi CTIILHUKOBOIO 3B'SI3KY Ta
HaJIICTIaB MOB1IOMJICHHS po HasIBHICTh

TIOIITKOIPKEHHS 130J1TOpA.

Po3pobieno pobOouunii MpPOTOTUN MPUCTPOIO
AKUN Oyno repMETH30BAHO €NOKCUIHUM
KOMIIAyHJAOM Ta BCTAHOBJIEHO Ha  JOCIIIHY
excruryaranito B EM 10kB TIpAT «/ITEK Kwuiscbki
Perionanbni EnexktpoMepexi» — Ha KyTOBY aHKEpHY
onopy IJI 10kB JI-54 «3anoBigHUKY, 110 KUBUTHCS D
Bix TIC 35/10kB «Ceminonkn». Ha omopi IIJT 6yno  PHCYHOK 13 — ®oto mpoboro
ctBopeHa mtyuyHe O33 (3aKOpOYEHO CTEP>KHEBUM 130JIATOpa I Hac 11a00paTopHOro
onopuuii B3ongaTop I[ID-20 B onnit 3 daz). AOCIILY 3 TIPHCTPOEM
Pospaxynkosuit ctpym O33 B8 EM 10kB, mo xuButscs Big IIC 35/10xkB «Ceminonkuy,
ckianae 5,7A. Yepes 4,5xB Haninuo noBigoMieHHs nmpo O33 Bia AOCHITHOTO MPOTOTUITY
npuctporo. Ilicna excnepumenty mryune O33 Oyno yCyHYTO, a IPUCTpPIM 3aiIUIIMBCS Ha
JOCIIIJTHY €KCILTyaTallit0 Ha BCTAHOBJICHOMY MICIII.

Po3risiHyTO iICHYIOY1 CHCTEMH yIPABIIIHHS Ta MOHITOPUHTY B €IEKTPUYHUX MEPEKAX
orneparopiB cucteM po3noainy Ha npukiani [IAT «YepuiriBoOneneproy». s niakioueHHS
3aIPONOHOBAHOIO MPUCTPOIO 10 ICHYIOUMX CHUCTEM 3alpONOHOBAaHA CXEMa, fKa MOKa3aHa
Ha puc. 14. Jlna 1i peanizanii NoTpiOHO BUKOPUCTOBYBAaTU Take oOnagHaHHA, sik GSM-
MOJieM, MIAKIIOYEeHUN 10 mporpamoBaHoro joriunoro koHtpojiepa (PLC). PLC wmae
MpuiMaTi MOBIJOMJIEHHS BiJ MpPUCTPor0 Ta Hajacuinatu oro 1o SCADA-cuctemu nis
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3aHECEHHS JaHUX JI0 KypHal1y MOAIN, a TaKoXK

\L GSM HaJICUJIaTH J1aHl J0 TeoiH(pOpMAaIIiHOI CUCTEMH,

GsM| modem [0 BUKOPUCTOBYETHCS ISl LILIECIPSIMOBAHOIO
ynpasiinass OBBb na wmicneBocti. Ha puc. 15

T;?:Sﬁ;i‘ﬁ“’ mslmiant HaBEICHO IIpUKIAL  SAKAM  YUHOM  MOXE
SCADA-system — pinoOpaxarucs iHpopmanis Bix izeHTH(ikaTopa

system

PLC K _RBS485 > qipo nassicTs O33 B gitouiit EM.

Skuo  3ampomnoHOBaHWUW TPUCTPId  Oyne
BCTaHOBJICHUM Ha omopax IIJI, mporec ycyHeHHs

Pucynok 14 — Cxema inTerpartii
MIPUCTPOIO B ICHYIOY1 CUCTEMHU

IV ﬁwu 77 N i’

| OaHothasHe 3aMUKaHHA Ha 3eMNI0 4
& o /;K«m 5148141231052043
T/

033 oyne KapANHAIEHO
BIIPI3HATHCA B icHyro9oro. [Ticis Yy AR 3\ [ eemepess ispsovms 110153 Prsseer
TOTO, K CTaJIOCS TOIIKO/DKCHHS, 3.  sforesty o iideshid . =
OBb mnoYMHac IATOTOBKY IO N2 7
BIINPABIICHHs, 110 3ailmMae He
MeHme 10 xBunmH. 3a 1ell yac /%
TIOBIJJOMJIEHHS Bl 1IeHTH(IKaTOpa - - Q{oﬁ\\&\ » ‘
033 Hanmiiine 10 'IC-cHCTEMU Ta  ‘epriniscota oonacn, pinxuuc?xu’ﬁ Paiin \\:b / '
OBB HeraitHo BUpYILIAE AR oS
0e3rmocepeIHbO Ha MICIIe
MOILIKOJKEHHS 111 OO YCYHEHHS.
Y noaatkax g0 guceprarlii
HaBeJieHa peTpocnekTuBHa 1Hpopmamis mnpo O33 mno pairionam EM [IAT
«UYepnirisoosnenepro» 3a 2012-2017 poku Ta HaBelleHI aKTU BIPOBAKEHHS PE3YJIbTATIB
JMCepTaIiiHOI pOOOTH.

Pucynok 15 — Yactuna riany cMT. Pinku 3
icuytouoi ['IC-cucremu 3 yciMa oropamu Ta
MPUKJIA]] TOB1IOMJICHHS PO HECIPABHICTh

BUCHOBKU

VY nucepratiitHii poOOTI BUpillIeHa aKTyajibHa 3ajadya PO3BUTKY TEOpli MPUCTPOIB
BU3HAYEHHS MICIb TMOLIKO/)KEHHS B CHCTEMax €JEKTPOIOCTaYaHHs 3arajbHOro
MPU3HAYCHHS. 3aPONOHOBAHO CXEMO-TEXHIUHI1 PillIEHHS 3aIPONOHOBAHOTO MIPUCTPOIO, 110
0a3yeThCs Ha IHHOBAIIHHOMY HIAXO/1 A0 1IeHTH(IKAIIl MICISl TOIIKOKEHHS IITUPHOBOT
13071s11111. OTpUMaH1 TEOPETUYHI Ta MPAKTUYHI PE3yIbTaTH 103BOJISIIOTH 3MEHIIUTU BapTICTh
1 30UTBIIUTH €(DEKTUBHICTh 3aX0/IIB 1100 3MEHILIEHHS HEJOBIANYCKY €IEeKTPUYHOI eHeprii
CIOKMBAa4yaM B CUCTEMAaX €JIEKTPONOCTauYaHHs 3araJlbHOr0 MPU3HAYEHHS 3 BUKOPUCTAHHSAM
npucTpoiB ineHTudikarii O33.

OCHOBHI HayKOBI 1 TPAKTUYHI PE3yJbTATH MOJISATAI0Th Y HACTYITHOMY:

1. [IpoBenenuii ananiz perpocnekTuBHOi iHGopmaii 3 2012 mo 2017 poku mo
BinmoBamM, BukinkanuMm O33 B IIJI 6-10kB na nmpuxmani ITAT «YepniriBoOGiaeHeproy,
MOKa3aB, W0 HaiOUIblIa KUIBKICTh 3HECTPYMJICHb BHUHHUKA€E Yepe3 MOIIKOKEHHS
MTUPHOBOT 130711l (46,8%) Ta BUKIMKAE CEPEIHbOPIYHUI HETOBIANYCK E€IEKTPUUYHOI
eHeprii 45,9% Big 3arajbHOro0 CEPEAHBOPIYHOIO HENOBIAMYCKY, 11O Yy IMEHOBAaHHUX
onuHUIX cTaHoBUTh 21,2 MBrroa/pik. Tomy i TOJNINIIEHHS HAAIMHOCTI
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€JIEKTPONOCTAYaHHS CIIOXKMUBAYiB HEOOX1THO, B MEPIIY YEepry, 3aCTOCOBYBATH MIXO/IH, 1110
3MEHIIaTh KUIbKICTh Ta TPUBAIICTh 3HECTPYMJICHb, IIOB’A3aHUX CaMe€ 3 TMOIIYKOM
MOMIKOAKEHOT ITUPHOBOT 1301111l mig yac O33.

2. 3anponoHoBaHo cnocid imeHTHdiKalii NpoOOoK IMMTUPHOBOI 130JAM1l Ta
CXEMOTEXHIYHI pINIEHHS HOro peaiizauii, IO JO3BOJIMTh 3MEHIIMTH Yac MOLIYKY MICIs
3aMUKaHHS Ta MPUCKOPUTH YCYHEHHS MOIIKOJKEHHS B CHUCTEMax EJIEKTPOIOCTAYaHHS
3arajbHOrO nNpu3HadeHHs 6-10kB.

3. 3 BUKOPHUCTAaHHAM MAaTE€MaTUYHOTO MOJENIOBAHHS JIOBEJICHO, 110 KUIbKOCTI
eHeprii, sika Moke OyTH BiniOpaHna Bix ctpyMy O33 3aponoHOBaHUM CIIOCOOOM, JOCTATHBO
JUISL  KUBIIGHHST TPUCTPOI0 TMpU  JOTPUMAHHI  BUKJIQJCHUX PEKOMEHHaIii, a
eKCIIepMMEHTAJbH1 JIOCIIDKCHHS IIOKa3aJM, 10 MiHIMadbHa KUIBKICTH €HEprii, o
noTpiOHa 3anponoHoBaHoMY iAeHTU(]IKaTopy O33 15 BiANpaBIeHHS MOBIIOMIIECHHS MPO
MOIIKO KEeHHS ckiaaae 9 JIx.

3. 3anpornoHOBaHO METOJ PO3PAXyHKY MOKAa3HUKIB HAAIMHOCTI Ta €(PEeKTUBHOCTI
ICHYIOUUX CHUCTEM EJIEKTPOIOCTAYaHHsS MPU BCTAHOBJIEHHI 3alPOINOHOBAHUX MPUCTPOIB
inerTudikamii micub O33. BecraHoBIEHO, 10 y BUNAJKY IHTETpallii B €JIEKTPUUHY MEPEXKY
inentudikaropa O33  chmigy  OYIKYBAaTHM  3HMDKEHHST  TPUBAJIOCTI  BITHOBJICHHS
enekTponocTadanHs 00y Ta HENOBIANYCKY €JIEKTPUYHOI €Heprii crokuBauam OWo, Ha
BennuuHy 10 32%, a TakoX 3MEHILIEHHS 1HAEKCY CEepeHbOI YaCTOTH JOBIMX MEPEPB B
enexkrponoctauandi OSAIFly, Ta 1HAEKCY CEpelHbOI TPUBAJIOCTI JOBIUX IMEpPEPB B
enexkrponoctauanHi 0SAIDI1y, na Benuuuny 10 40%.

6. CdopmynboBaHi peKOMEH/1alli1 II[0/I0 BIPOBAIKEHHS] OTPUMaHUX PE3yIbTaTIB
B 1HpopmaliiHl Ta KOMYHIKallliHI cucTeMd 300py Ta YIPaBIiHHS CHUCTEMOIO
€JIEKTPONOCTAYaHHS 3araJIbHOTO MPU3HAYeHH B paMkax KoHuemnili SmartGrid. Onucanuit
anroput™M poboTu mnepconany migdyac O33 nmpu BCTAHOBJIEHUX MPUCTPOSAX 1AeHTUIKALT
MICITh MOMIKOKEHHS IITOPHOBOI 130JIA1111, 3aIPOIMIOHOBAHUX aBTOPOM.

7. PesynbTaT gucepTaniiHoi poOOTH OTpUMANIHM BIPOBAIKEHHS B HABUAILHOMY
nporieci HamionanbHoro yHiBepcutery «YepHIrIBChbKa TOJITEXHIKa» Ta MPOXOJAUTH
eKCIEPUMEHTAIBHY arpoOaIlito B JII0UUX CUCTEMaX €JIEKTPONOCTaYaHHSs, 0 3HAXOASATHCS
B ekcmuiyatauii B [IpAT «JTEK Kuischki Perionanbni Enextpomepexi». [lomanbiine
BUKOPHUCTaHHSI pPe3yibTaTiB poOOTH mNependavyaeThCsi Ha MIANPUEMCTBAX YKpaiHW, Kl
3aliMarOThCsl PO3MOIIOM €IEKTPOSHEPr1i.

CIIACOK ONMYBJIKOBAHUX MPAIIb 3A TEMOIO JTUCEPTAIIII
3a pe3ylnbTaTaMu MPOBEJACHUX B JUCEPTAllIdHINA pPOOOTI AOCHIIKEHb aBTOPOM
OITyOJIIKOBAHO Mpalli:

1. Tkau B.I. Bukopucramus GSM texHomnorii npu ineHTH}IKAIl MICIb
onHO(a3HUX 3aMUKaHb Ha 3€MJIIO B €JIEKTPUUYHHUX MEpEekax 3 130Jb0OBAHOI0 HEUTpAILIIO 31
mTupboBoto 13osiero / B.M. be3pyuko, P.O. byitnuii, A.}O. Crporiit, B.I. Tkau //
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AHOTAIII

Tkau B.I. Cucrema inenrudikaunii micub 0oqHO(pA3HUX 3aMHUKAHb HA 3eMJIIO Y
NMOBITPSIHUX €JIEKTPUYHHUX Mepekax 3 i30,1b0BAHOK HeHTpaJ/LII0. — Pykomnuc.

Hucepraniss Ha 3000yTTS HAYKOBOIO CTYNEHs KaHAWAATa TEXHIYHMX HayK 3a
criemianpHicTIO 05.09.03 — eIeKTpOTEXHIYHI CHCTEMH 1 KOMIUIEKCH. — HallioHanbHUM
yHiBepcuTeT «UepHiriBcbka noiitexHikay, UepHiris, 2021.

Hucepraniiina poOOTa NPUCBAYCHA MNOAAIBIIOMY PO3BUTKY TeOpili 1 NPAKTUKHU
MPUCTPOIB BU3ZHAUYCHHS MICIb MOIIKOJ/KEHHSI B CUCTEMAaX €JIEKTPONIOCTaYaHHs 3arajlbHOTO
MPU3HAYCHHS.

[IpoBeneno  aHami3  peTpOoCHEKTHBHOI  iHpopmalii 1o  BiIMOBaM B
ITAT «YepHiriBoOjaeHepro» Ta BCTAHOBJIEHO, IO HaMOUIbIIA KUIBKICTh 3HECTPYMJIEHb
BUHHUKAE dYepe3 TMOIIKOKECHHS ITHPbOBOI 13041l (46,8%) B Tpuda3zHUX cHCTeMax 3
130JIbOBAHOIO HEUTPAILITIO.

3anpornoHOBAaHO IHHOBAIIMHUM CMOCI0 BU3HAYEHHS MicIlsl 0JJHO(Aa3HOTO 3aMUKaHHS
Ha 3eMJII0 3a PaxyHOK 1feHTU(IKaIlii CTpyMy 3aMUKaHHS 4Yepe3 IITUPHOBY 130JAIII0 Ha
OMOp1 MOBITPSIHOT JIIHII, IO JA03BOJISIE CTBOPUTU MPUCTPIM, SKUH 3MEHIIUTh Yac MOUIYKY
MICIISl 3aMUKaHHS Ta TPUCKOPUTH YCYHEHHSI TOIIKOI>KSHHS.

TeopeTudHO OOIPYHTOBAHO Ta EKCHEPUMEHTAIBHO MIATBEPAKEHO MOMKIUBICTh
B1100PY IOCTATHBOI KIJTLKOCT1 €HEPrii AJis KUBJICHHS IPUCTPOIO Bl CTPYMY OAHO(PA3HOTO
3aMHUKaHHS Ha 3eMJII0 0€3 BTpy4YaHHS B KOHCTPYKIIIO 3a3€MJIIOIOYOrO MPUCTPOIO ONOpHU
MOBITPSAHOI JIIHI1.

3anpornoHOBaHO METOJ PO3PaxyHKy IIOKAa3HUKIB HAJIMHOCTI Ta €(EKTUBHOCTI
(YHKLUIOHYBaHHSI ICHYIOUHMX CHUCTEM EJIEKTPOIIOCTAa4YaHHS 13 3alpONOHOBAHUMHU aBTOPOM
npuctpoeMm iaeHTudikamii 3amukaHHs. [lokazaHo, 10 y BUMAAKY 1HTerpari
3alPONIOHOBAHOIO MPHUCTPOIO CHiJ OYIKYBAaTH 3HMKEHHS HEIOBIANMYCKY €IEKTPUYHOI
€Heprii CrnokuBayam Ha BeIMYMHY A0 32%, a TakoXX 3MEHUIEHHS IHAEKCY CEpeHbOi
YaCTOTH Ta IHJEKCY CEpPEeIHbOI TPUBAIOCTI JOBIMX MEpPEpB B EJIEKTPONOCTayaHHI Ha
Benuuuny 10 40%.

Otpumani rpadiyHi 3al€KHOCTI, SKI MOXYTh OyTHM BHUKOPUCTAaHI KEPIBHUM
MIEPCOHAIIOM JIJI1 ONTUMI3aLlll CTPYKTYPH O0OCIYrOBYHOYOIO MEPCOHANLY Ta MOro TUCIOKaIl
Ha MICLIEBOCTI 3a/Jisl OJHOYACHOTO BUPIMICHHS 3aJladl MiHIMI3allil BUTpAT KOMMaHIi Ta
MaKcuMi3alli NOKa3HHUKIB HAJIMHOCTI €JEKTPOIOCTAYaHHsS CIHOKHBAYiB Yy BHMAAKY
3alpOBAIKEHHS 3alPOINIOHOBAHOTO MPUCTPOIO 1AeHTU(DIKAILIIT 3aMUKaHb.

CTBOpEHO eKCTIepUMEHTATBLHUN TPOTOTHII Ta MIITBEPIKEHO HOT0 Mpaie3aTHICTh K
y JJabOpaTOpHUX YMOBaX, TaK 1 B YMOBaxX peajlbHO1 €KCILTyaTallii.

KuarouoBi ciaoBa: cucmema posnodiny enexmpoenepeii, i301608aHa HeUMpAb,
wmupvo8a  3011AYis, 00HOMA3He 3AMUKAHHSA HA 3eMII0, HNOKASHUKU HAOIUHOCMI
e1eKMpPONOCMAYAHHS, NOULYK MICYsl NOUKOONHCEHHSL.
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Tkach V.I. System for identification of line-to-earth faults in overhead power
networks with isolated neutral. — Manuscript.

Dissertation for Candidate degree (Ph.D.) in specialty 05.09.03 — electrical complexes
and systems. — National university «Chernihivska politekhnikay, Chernihiv, 2021.

Dissertation is devoted to the further investigation of the theory and practice of
devices for locating fault in the power supply systems.

The analysis of retrospective information of PJSC "Chernihivoblenergo" allowed
found the number of emergency shutdowns occurs due to damage to pin insulation (46.8 %)
in three-phase systems with isolated neutral.

An innovative method for searching a line-to-earth fault location is proposed which
based on the identification of the fault current through the pin-type insulation on the
overhead line tower, it allows to create a device that will reduce the fault location search
and restoration time.

Using mathematical modeling, it has been proven that the amount of energy that can
be taken from the fault current by the proposed method will be enough to powered the
proposed device.

The possibility of taking an enough energy to power the device from a line-to-earth
fault current without reconstruction the grounding device of the overhead line tower has
been theoretically substantiated and experimentally confirmed.

A method is proposed for calculating the indicators of reliability and efficiency of
functioning of existing power supply systems with proposed identification device. It is
shown that in the case of integrating fault identifier into existing power networks, one should
expect a decrease in the Expected Energy Not-Supplied to consumers by down to 32%, as
well as a decrease in the System Average Interruption Frequency and Duration Index of
long interruptions in power supply by up to 40%.

The graphical dependencies are obtained that can be used by the management
personnel to optimize the structure of service personnel and their location in the area to
simultaneously solve the problem of minimizing the operating costs and maximizing the
reliability of power supply to consumers in the case of installing an innovative line-to-earth
faults identifier devices.

An experimental prototype of the identifier device has been created and its working
capacity has been shown both in the laboratory conditions and in the conditions of real
operation.

Keywords: electrical power distribution system, isolated neutral, pin insulation, line-
to-earth fault, power supply reliability indicators, search for a fault location.
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