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Enextpuuni mepexi nositpstaux JIEIT 3 i3ompoBano0 Helitpainiio Hanpyroo 6—10 kB € omaum i3
HaHOUIBIIMX 3a MPOTSDKHICTIO Ta TMOIIMPSHHSM CErMEHTIB C€HEProCUCTeMM YKpaiHu, 10 3a0e3MedyroTh
CJIEKTPOITOCTaYaHHS B OCHOBHOMY CUIBCBKOTOCIIOAAPCHKMX PErIOHIB Ta CIIOKMBAa4yiB Ha BiIJAJICHUX
TepuTopifx. 3okpema, y BiHHMIBKIH o0nacti 3a odimiiiHoro cratuctukor [TAT «BinHuisgobneHepro» ix
MPOTSKHICTh CKIIaa€e MoHaJ 14 THC. KUIOMETPIB Ta TMEPEBUIIYE CyMapHY MPOTSHKHICTH MEPEXK BUIINX
cryneniB Hanpyru (35—110 kB) y monan 3 pasu.

OCHOBHHM BHJIOM aBapiil y po3noainbaux Mepexax nosirpsaux JIEII [1], sk npaBuio, € ogHodasni
3amukanHs Ha 3emumto (033) — mo 70%. Takok ofHUM i3 OCHOBHUX (DaKTOpIB BIUIMBY Ha TEXHIYHUH CTaH
CNIEKTPUYHOI MEPEXi € HAsBHICTh IMITYJIbCHHUX TepeHanpyr. [IpuurHN iX TOSBU MOXYTh OyTH SIK 30BHIIIHI
(rpo3oBa aTMoc(epHa aKTHBHICTh), TAaK 1 BHYTPIIIHI (KOMYTAaIlil B eEKTPUYHIN Mepexi, epexiHi mpoIecH
MpH JIyrOBUX 3aMHUKAHHSAX Ha 3eMIIIO 1 T.1.). PiBeHb BHYTpIIIHIX MepeHanpyr MoXe KOJIHBATHCh B MEXKax
2,5...3—KpaTHHX 3Ha4YeHb MAaKCHMAalbHOI (a3HOI HANMPyrd, MO € ONM3BKUM JI0 TPAaHUYHUX 3HAYCHb
SNEKTPUIHOI MIITHOCTI 130JISI1iT CHIIOBUX TpaHc(opMaTopiB Ta KaOEMTbHUX BCTABOK BITHOCHO 3€MITi.

BignoBigHo [2], Wi 3aXUCTy €NEKTPUYHUX MEPEX BiJl TPO30BHX Ta KOMYTAI[IMHHUX TepeHANpPyT
MOBHHHI 3aCTOCOBYBaTHCh OOMexyBaui mepenanpyr HemiHiiai (OIMH). Anme peanmii ekcrmyatamii
posnonuibHUX Mepexk 6—10 kB € Takumu, 110 JIHIle HOBI Ta pEeKOHCTPYHOBaHi 3TiHO 3 OCTAHHIMUA BUMOT'aMHU
TUISTHKA MEPEX MaroTh 3aXUCT BiJI ITEpEHAIPYT.

Amnani3z nocmimkens OITH [3] Bkasye Ha Te, mo BupoOoHuku OITH He 3abe3meuyroTh iX cTabinbHY
BOJIbT-aMIIEPHY XapaKTEPUCTHKY, 110 0OMEKye (PpOHT mepeHanpyrd MpH MOsBi BUIIUX rapMoHiK. Oco0nBo
aKTyaJlbHUM € Te, IO NpU AYroBHX ojHO(a3zHMX 3aMukaHHsAX Ha 3emiio (O33) ¢poHT mepenanpyru
MaKCUMAaJIbHO TPOsIBIIseThcs Ha 3—i rapmowimi (150 I'm). Ile B ocHOBHOMY 1 HPHU3BOAUTH 0 IPOOOKO
130JIII1T Y «cTaOKuX» MICISIX, TaKuX, sIK KaOelbHI BCTaBKU Ta cUiIoBi TpaHcdopmaTopu (pobiii 0OMOTKH
BH, momxkompkennst i3omsiii BBoxy TpaHcdopMmaTopa i T.1m.). JJocBix ekcryaTanii eIeKTpHIHUX MEpex 3
130JIbOBAHOIO0 HEHTPAILTIO TAKOXK BKA3y€e Ha Te, 0 MPU HASBHOCTI JyroBoro O33 mpoTsIroM TpHBAJOro 4acy
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IMOBIPHICTh MOIIKO/PKEHHS 13071111 B iHIIIN (a3i Ta foro mepexony B nBoX(a3He 3aMHKaHHS Yepe3 3eMITIO
3HAa4YHO 3POCTAE.

PiBeHb 3a0e3mnedeHHs 3aco0aMu TeJIEMEXaHIKH, MOHITOPHHTY TEXHIYHOI'O CTaHy Ta 3arajoM PiBeHb
iHpopMaTH3aIlil PO3NOAUTPHUX MEPEX CUILCHKUX PETiOHIB 3aJIMINAETHCS CTA0UILHO HU3BKUM. [3 JOCTYIHUX
3ac00iB MOHITOPUHTY ICHYE JIMIIE HeceIeKTHMBHHUI 3axuct Big 033, mo Ji€ Ha cUrHal, ab0 CUTHAJI3aTop
TUNy «3€MJIsSi Ha JIiHI», TPUHIMI JAii SKOrO TOJNArae y KOHTPOJi HAmpyrd 3MilIeHHS HeWTpami y
tpanchopmaropi Hanpyru HTMU 3 0OMOTKOIO KOHTPOINIIO 130Ms11ii Ha By310BUX mifcraHimisx 110-35 xB.
[lpy UBOMY BH3HAYMTH TIONIKOJDKEHE NPUEAHAHHS OJpa3y HEMOXIWBO, SK 1 BUSBUTH IHIN BHIH
MOIIKO/IXKEHb, HAMPHUKIIa, 0OpUB MpoBoay. dakTuuHo, 00CT 3aX0/iB 3 yCyHEeHHs HaciinkiB O33 3BOAUThCS
JI0 TIOCJIIJIOBHOTO BIIKIIFOUEHHS ONEPAaTHBHUM IEPCOHAIOM KOXxHOI JiHii 10 KB 10 MOMEHTY BUSBICHHS
MOIIKOKEHOT 3 11 MoJaNbIIMM 00CTSKEHHSIM OIePaTUBHO-BUI3HOIO OpHUTa0lo.

Sk HacHiOK, aBapiiHICTh Ta TPUBAIIICTD MEPEPB B EIEKTPOMOCTAYaHHI Y TJAHOMY CErMEHTI MEpexi €
HaHOUIBIIO Ta CYTTEBO BIUiMBae Ha mokasHuku SAIDI/SAIFI (imgekcu cepenHboi TPHUBAIOCTI/YMacTOTH
MEPEPB B SIIEKTPOIIOCTAYaHH1) PO3MOIUTBHUX KOMITaHIH.

Jirounii HOpMaTHBHUN JHOKYMEHT [4] 3 0OJIKYy Ta aHali3y TEXHIYHOTO CTaHY EIEKTPUYHUX MEpex
COVY-H MIIE 40.1.20.576:2005 € 3acrapinuM Ta HE perjiiaMeHTye IepelyMOB JO MiJBUIICHHS PIBHS
iHpopMaTH3allii B pO3NOAUTLHIX Mepekax. Takoxk i B IHIIMX HOPMATHBHO-TEXHIYHUX JOKYMEHTaX Y KpaiHH
HE BUCTAUYa€ PErjaMeHTIB BIIPOBAKCHHS BKIMBHUX HOBAIlil, 30KpeMa, KOHIIENIIil u(poBOi MmiACTaHIIil, sKka
aKTHBHO BIPOBaJDKyeThes y cBiti 3rigHo [EC 61850 [5]. OcTanHs penakilis/IONOBHEHHS JAHOTO CTAaHAAPTY
IEC 61850-9-2 Bu3Hauyae minMid CIEKTP JOJATKOBHUX BHUMOT JO MoOynoBW iH(oOpMaIliifHoro oOMiHy, Horo
CTaHJapTH3Allli Ta JI0 TEXHIYHMX 3aCO0IB Mepeaadi JaHUX B SICKTPUYHUX Mepexax.

F

Meroro gaHOi CTaTTi € TIPEACTaBICHHS HOBOTO METOAY MOHITOPHHTY TEXHIYHOTO CTaHy
SNEKTPUYHUX MEPEXK 3 130JIbOBAHOI0 HEHTPAJLTIO Ha OCHOBI TeleMeTpil Hanpyr y po3mnonineHiii cucremi RC—
¢inpTpiB 3 OIMH, a Takox T0JATKOBUX TepeBar Ta MOMKJIMBOCTEH, 1110 Ja€ 3aCTOCYBaHHS 3alpONOHOBAHOTO
Meroay. KpiMm TOro, posrisgaeTbcs MOXIMBICTD ajamnTailii CHCTEMH MOHITOPHHTY TEXHIYHOT'O CTaHy
posnonuibHoi Mepexi 6-10 kB 10 ymoB cywacHoi iHdpacTpykTypu iH(opMatiiiHoro ooMiny 1u@poBoi
migcranmii 3riggo IEC 61850-9-2.

J amevlZlb "hke

[IporonyeThest HOBHI METO]] MOHITOPHHTY TEXHIYHOTO CTaHy PO3MOAUTFHOI MEpexi 3 i30J1bOBaHOIO
HEWTpaJUTIo, KU MONsrae y BBIMKHEHHI Ha MOYATKy Ta B KiHII KOXXHOI JIiHIT CIeliajJbHO HaJallTOBAaHOTO
TpunpomMerneBoro RC-dpinbtpy (1o ogHOMY IpoMeHro it KokHOT (as3u, mpoMeHi GimbTpy 3’€AHaHI y 3ipKY,
KOXKCH MPOMIiHb — I1€ MOCIII0BHO MiJKII0UEHI BUCOKOBOJIBTHHI KOHIeHcaTopu tuny ®I'T-U a6o K75-15 Ta
BHCOKOTOUHHUI KaJliOpoBaHmii pe3uctop). LleHTpanbHa Touka (HEHTpaib) (QUIBTPY 3a3eMIIIOETHCS uepe3
OITH. Takok Ha >KMBJISYIM MiACTAHIIIT PO3MOAUIBHOI MEPEXI B HEUTpab TpaHC(hOpMATOPa IMiTKITFOYAEThCS
aHaJIOTIYHMi opHOMpoMeHeBUui mociinoBHUi RC-¢ineTp 13 3azemmennsm depe3 OITH. I[Mapamerpu ycix
OIIH mnimbuparloThCs TaKMM YHHOM, MO0 3a0€3MEUUTH I1X CHpalioBaHHs mpu crilikomy O33 (B T.u.
JYTOBOMY) Ta MPH 3pOCTaHHI HAaNpyry 3minieHHs Heiitpani (mitodye 3HavenHs) Buiie Up=0,6Ud (ans Un=10

kBra g 0,6 ~% 3.5kB — pexomennorano Bukopucrants OITH Tyco Electronics HDA-03MA).

Insxom mMoxentoBanHs y nporpamHoMy komruiekci ATP-EMTP [6, 7] Oynu 3 BHCOKOIO TOYHICTIO
BH3HAYEHI MapaMeTpy MACHBHHUX CIIEMEHTIB (€MHICTh KOHJEHCATOpa Ta aKTHBHUH OIip BHCOKOTOYHOTO
kaniopoBaHoro pesucropa) RC-dinbTpy st Hanpyru mepexi 10 kB TakuM yuHOM, 10 IPU BUMIpIOBaHHI
cray Hampyru Ha pesuctopax RC-inmbTpy iX 3HaYeHHs Ui KOXKHOI 3 (a3 Ta HelTpami TpaHcpopMaTopa
pieHO y 100 (mempsime miaki.) uu 1000 pa3iB (mpsMe MiIKI. JO KOHTpoOJepa) € MEHIIUMH BiJ JiHCHHX
3HaueHb (Da3sHUX Hanpyr (Hanpyr ¢a3 BimHocHO 3emii mpu crpaiiroBanHi OITH) ta Hanmpyru 3miineHHS
Heiitpani. [Ipu npomy BekTopu BuMipoBaHMX B RC-(inbTpi Hampyr BHUIEpeKaloTh Mo (as3i BEKTOpH
nificHux Hampyr Ha KyT 90°.

Jnst 3a0e3nedeH s TeJaeMeTpii Hampyr 3acTOCOBAaHO CHUCTEMY JUIbHUKIB/TIEPETBOPIOBAYIB HAMPYTH,
JaTYMKIB, aHAJIOroBo-nM(pporux nepersoproBadie (AL[IT) ta xoHTponepa Ha 6a3i ATmega32U4 (Arduino
Leonardo), a Takox iHTepdeiicy mepenadi AaHUX B 3aJICGKHOCTI Bil MOXKIUBOCTEW 1HPPACTPYKTYpH: LIS
TeneMerpii Hanpyr Ha modaTky JiHii — Wiznet W5100 (Arduino Ethernet); anst tenemerpii Hanpyr B KiHII
niHild — mnara po3umpenHs Arduino GSM. Tak sik kontponep Arduino Leonardo Mae 6 aHanmoroBux BXO[IiB
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JUIsl BUMIPIOBaHHS HAIIPYTH, TOMY OJIMH KOHTPOJIEp JOLLIHEHO BUKOPUCTOBYBATH JUIS TEIEMETPii oipa3y 2—x
npueaHanb (2 miHii mo 3 ¢as3u — 6 KaHamiB).

[MpuHnmoBa cxema CHCTEMH MOHITOPHUHTY TEXHIYHOT'O CTaHy PO3MOJIITBHOI MEpexi Ha OCHOBI
3arpONOHOBAaHOTO METO/Ty TIpE/ICTaBIcHa Ha pucC. 1.

[lpy BUHWKHEHHI TOIIKOJKEHHs i30Ms1ii B omHiA i3 (a3, mo mnepepocrac B 033, BUHHKaAE
HECUMETPisl MmapaMeTpiB 1307111 BITHOCHO 3eMJIi Ta Pi3KO 30UIBIIYEThCS HAmNpyra 3MillIeHHS HeHTpali, sika
npu ctiikomy O33 depe3 Manuii epexigHui omip Jocsarae 3Ha4eHHs (pa3Hoi HAnpyrH (MPH I[bOMY Harpyrd
B HEMOIIKOKEHUX (ha3axX 3pOCTalOTh JI0 JI0YOro 3HadeHHs JiHidHOI Hampyru Uy). YV pasi gocsrHeHHsS
Up>0,6Ud BimdOyBaerscst crpairoBands OITH Tta nHaiOmwkumii 10 Micus nomkomkeHHs RC-dinstp
3a3eMJIETHCA, 1110 JO3BOJISIE BUSBUTH HE TUIBKH JIHIIO, ¢ BUHUKIIO ayrope 033, a i Te, B AKiil MpHOIH3HO
YaCTHHI JIIHII 11e TpanuiIoch (OJMXK4e 0 MOYATKY Y J0 KIHIIS JIHIT).

DakTUYHO MPH MOMIKOKEHHI 130711111 PPOHT mepeHanpyru po3noBCIOKYETHCS PIBHOMIPHO 3 MiCIIst
BUHUKHEHHS ITOIIKO/HKCHHS 110 YCii PO3NOALTBHIN Mepexi.

nsxom anamizy 3MiHu Harpyr ¢as ( G /%/G) Ha piBHI MiKkponporpamu konTponepa ATmega32U4 e

MOXIIMBICTh 3amporpamyBaTH ineHTUdikamiro moxii crpamtoBands OITH (BurukHenHss O33) nuisxom
imenTHdikamii pi3koi 3MiHK Hanpyru OyIb-sKoi 13 (a3 nmopiBHAHO 3 pazHoto Hanpyrow Ud (B HOpMaIbHOMY
He3a3eMIICHOMY pexuMi Hanpyra ¢a3 RC-pinbTpy CUMETpUYHI).
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Hocmimkenns Ha Moaensx Mepexi 10 kB nmokaszanu, 1110 30UIbIICHHS HAPYTH BIAHOCHO 3€MJII OJHOT
13 (a3 10 3HaUeHHs oHaA 9 KB, sK MpaBuio, CBiMUUTH mpo criiike O33, a BAHUKHEHHSI HECUMETPil HalpyT B
RC-¢inbtpi Ha 5% 1 Oinbie € curHamizatopom crpairoBandst OITH B Horo neiitpani. Takox pe3ynbratu
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MOJICJTFOBAHHS 3aCBIMYMIIM, 110 s mociigoBHoro cripamtoBadas OITH B inmmx RC-¢inbrpax HeoOXigHO,
mo0 TOMIKO/KEHHS OTPUMANI0 TOAANBINUN PO3BUTOK (3MEHIICHHS TMEPeXigHOro Omnopy B Micii
MOIIKO/PKEHHSI, 30UIbIICHHS HECUMETpii MmapaMerpiB 13011 BITHOCHO 3eMIli), OCKUIbKH 3a3emiieHHst RC-
¢inbTpa uepe3 OITH npu3BoauTh 10 30UTBIIEHHS 3aralbHOI EMHOCHOT MPOBIIHOCTI MEPEXi 1 THM CaMHM JI0
BUPIBHIOBaHHS (3MCHIICHHS) HECUMETpPil TOBHOI MPOBigHOCTI (a3 Mepexi BimHocHO 3emii. [Ipu mpomy
napamerpu OITH cin BuOupaT TaKUM YHHOM, OO HE Homyckatu macoBoro crpamoanis OIMH y iHmmx
RC-¢inprpax. Takum umHom Hampyra crpamtoBanHs OINIH mae Oyth nocuTh ONMU3BKOIO 3a HFOYWM
3HAUEHHSIM JI0 HAIPYT'W 3MIICHHS HEWTpasli, 0 BHHUKATHME MK LEHTpajabHOI0 Toukoo RC-diapTpa Ta
3emiiero npu criiikomy O33.

<bkgh)

3anponoHOBaHWI HOBHH METOJi MOHITOPHHTY TEXHIYHOTO CTaHy PO3MOAUIBHHX MEpex 3
130JIbOBAHOI0 HEHWTPaJUTIO, IO OCHOBAaHWH Ha 3acTOCyBaHHI po3noxaineHol cucteMu RC-dinbTpiB, sKi
3azemimioroThest uepe3 OITH, Tememerpii Hanpyr ¢a3 Mepexi Ta Hampyrd 3MillleHHS HeTpaiai. Meron
JI03BOJISIE BUSIBIIATA B aBTOMATHYHOMY pexumi npuemHanHs 3 033, oO0puBun (asHuX MpoBojiB,
ABTOMATH3YBaTH PEECTPAII0 BIAKIIOYEHb JiHIH MUITXOM MPOTrpaMHOTrO MOPIBHSHHSA HANpyr y ¢aszax Ha
MOYaTKy Ta B KiHIII JIiHii.

Kpim toro, dyHkiis nmporpamMuoi igeHTHdiKaNil oOpUBIB (a3HUX MPOBOJIB JIiHIH MOXKe OyTH JIyxKe
KOPUCHOIO JUIS 3alo0iraHHs Ta BYACHOTO BUSIBJICHHS KPaIiKOK TYIMWKOBHX JIUISTHOK JIHIH 3B’S3Ky MiX
MiJCTAaHIIAMH, 1110, SIK IPaBUJIO, NepeOyBaloTh 03 HABAaHTAKCHHs 1 € JICTKOK 3M00MYYI0 JUIS KpamiiB
CNeKTPO00IaIHAHHS.

BripoBapkeHHs 3a1IpOIIOHOBAHOT CUCTEMH MOHITOPHHTY JIa€ I1Ie HACTYITHI JOJATKOBI NepeBaru:

— JIOJaTKOBa KOMIIGHCAIliS PEAKTHBHOI IOTYKHOCTI XOJOCTOrO XOXy TpaHchopMaTopiB Ta
3MEHIIICHHS NIepeTiKaHb PeakTUBHOI eHeprii (3aBasku eMHocTi RC-dinbTpy);

— 3amo0iraHHg KOJMBAJIBHUM TMporecaM Ta (epope3oHaHCHHM SIBUIIAM TP  BBIMKHEHHI
MOHWKYBJIGHOTO TpaHchopMaropa SKUBIAYOI MMIJACTAHII Ha HEJOBAHTAXKEHY MeEpPEKy, (3aBISKH
nigkmoueHHl0 RC—QinbTpy B Mepeki NpUCYTHsS MiHIMaJbHA €MHICTH JUISI TapaHTOBAHOTO 3abe3redeHHS

HepiBHOCTI 7/ zyzgﬁ Ta YHUKHEHHS pe30HAHCHUX ABUII Ha yacToTi 50 ['m);

— aJIalTOBAHICTh MpH peajtizallii KoHIenmii nudpoBoi miacraniii y BignosigHocti 1o IEC 61850 —
MOXIIUBICTh Tiepenadi peneitHomy 3axucty udepes GOOSE ta MMS-mpoTokon nudpoBuX CHUTHANIB Ha
CEeNeKTHBHE BiIKITIOUEeHHS npueaHans 3 033 y MOBHICTIO aBTOMATUYHOMY PEKUMI;

— MOXJIMBICTh OpraHizaiii BHUMIpIOBaHb HANpPyrd B PO3MOJUTFHUX Mepexax 3 i13071bOBaHOI0
HelTpauTo 0e3 3acTocyBaHHS TpaHC(HOPMATOPIB HANPYTH 3 MPUUHATHO IS LK pelieiiHOro 3aXHCTy Ta
TEXHIYHOTO OOJIIKY eNIeKTPOEHEPTil TOYHICTIO.
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