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PO3BSA3AHHA CUCTEMMU PIBHSAHDb CTAHY
EJIEKTPUYHOI MEPEXI 3 JIJEGEKTOM I30JISLIII
ABO 3 OJHO®A3ZHUM 3AMUKAHHAM HA 3EMJITO

3anpononosano memoo po36’s3anns cucmemu pPiGHAHb CMAHY eNeKMPUYHOI Mepedici 3 I301b08aHOI0
HeUmpannio, AKa CMeopena 3a pe3yIbmamamu GUMIPIOBAHHS 6eKMOPI6 CMPYMi6 (ha3 NpUEOHAHHA HABAHMAICEHHS
i Hanpye a3z no ioHOWEeHHIO 00 3eMli, WO 00380JIAE GUIHAYAMU BUHUKHEHHS Oedhekmie i301ayii, 8 momy uucii
00HOGhA3HI 3AMUKANHS HA 3eMII0, 4 MAKOIC BUSHAYAMU BIOCMANb 00 Micysi 00HOPAZHO20 3AMUKAHHS HA 3EMTIO.
YV 6ioomitl cucmemi piguanb cmany enrekmpuuHoi mepedci 000amKo80 8PAX08AHO NAPAMEMPU NO3008HCHLOSO
onopy ¢as ninii, AKi CKIAOAIOMbCA 3 ONOPY 00 MOUKU 3AMUKAHHSL T ONOPY 30 MOUKOIO 3AMUKAHHS (A3U HA 3eMTIO.
3a paxynox cnpowjenns cxema 3amiujeHusa 3 000AmMKOSUMU ONopamu ¢has ainiti nepemeopiocmsvCs y mouHo Mmaxy
JHc cxemy, AK U cxema 0e3 8paxysamnHs onopie (as JNinii, 3a60AKU HOMY GUHAYEHHA ONOpY AiHii 00 MOYKU
3aMUKAHHA BUKOHYEMbCA 30 OONOMO20I0 GI0OMO20 anzopummy. Ha mamemamuuniti mMooeni @ysna mepedici
npoeedena OYiHKa MOYHOCMI GUBHAYEHHS 6i0CmaHi 00 MOUKU 3aMuKaHHA. Bcmanoeneno, wo 00 OCHOBHUX
@axmopie 6niu8y Ha MOHHICMb GIOHOCAMbCSL CNIBGIOHOULEHHSL 3HAYEHb EMHICHOI NPOGIOHOCMI JIHIT ma Mmepeict,
8i0cmamns 00 MiCysi 3aMUKAHHSL, 4 TRAKOIIC ONIP 8 MiCYi 3aMUKAHHS. Y pa3i BUKOPUCAHHS ABGIMOMAMUYHOT KOPEKYii
noxubxa eusHauenus siocmani 00 mouxu 3amuxauns 3 onopom 0,1 Om ne nepesuwyye 0,9% maiioce na 6cii
0oeoicuni JiHil. 3anponoHo8aHi amanimuuui 6upasu Oas GU3HAYEHHS NPOGIOHOCMI i301Ayii ma eiocmami 00
JIOKabHO20 Oepexmy izonayii. Hagedeno enemenmu anecopummy 6usHaueHHs GIOCMAHI 00 Micys JOKATbHO2O
Odeghexmy i3015Yii | pe3yiomamu OYiHKY MOYHOCMI Memooa OJi 0C0008020 UNAOKY 3AMUKAHHS (a3U HA 3eMlIO,
V AKOMY He 8paxo8yemuvCsi nepexioHuti onip y micyi 3aMuKkanHs. Aemomamuunuil 6ubip 3aMUKAHb 3 HUZbKUM
OnopoM 6 Micyi 3aMUKaHHA 306e3newyEmbCs 3a PaxyHoK NepesipK 3HAYEHHA 6U3HAYEHO20 AKMUEHO20 ONopy, a
MAKoXHC NepesipKu Hanpyau NOUKoOXCeHol haszu no 8iOHOUEHHIO 00 3eMJi.

Knro4oBi cioBa: cucmema pienans cmany, 3aMUKaHHA HA 3eMII0, PO3PAXYHOK, GIOCMANb, napamvempu
pesscumy

YacTo cTaH eJeKTPUYHOrO OOJaJHAHHS OLIHIOETBCS 3a pe3yJIbTaTaMH BUMIPIOBAHHS O€3M0CEpeHbO
3HAYeHb CTPYMIB, HANPYT Ta IHIIUX ITapaMeTpPiB PEeXKUMY TLTBKH Ut ofHiel a3u. HasBHICTh 3HaYeHb BEKTOPIB
CTPYMIB Ta HampyT A TPbOX (a3 HaTae MOXKIHMBICTH CTBOPEHHS OLIBII ITOBHOI MOJIENTI CIEMEHTY €IIeKTPHIHOT
cucreMu. Po3B’s3aHHS Takoi cMCTEMM DIBHSHb CTaHy €JIEKTPUYHOI MEpeXi J03BOJsIE OJHOYACHO BHM3HAYaTH
BUHUKHECHHS ePEKTIB 130JIA11i1, 3aMUKaHb (pa3d Ha 3€MITIO 1 BIJICTaHi JO JIOKATBHUX NE(PEKTIB 13011, a TAKOXK
BU3HAYaTH BUHUKHEHHS MDK(A3HUX KOPOTKUX 3aMHKaHb.

B Mepexi 3 130J1b0BaHOI0 HEWTpaILTIO TpoOieMa 3a0e31e4eHHsI TOYHOCTI BU3HAUYEHHS BIJICTaHI 10 TOYKH
3aMHUKaHHS Ha 3eMJII0 OOYMOBJIEHA HE3HAYHMMH 3HA4YE€HHSIMH CTPyMYy 3aMHKaHHs (a3 Ha 3eMIII0, a TaKOoX
HasBHICTIO MEPEXiHOTO OMOpY B MicIi 3aMHUKaHHSA. 3a3BWYall BIJICTaHb 0 MiCIs 3aMHUKaHHS BH3HAYA€THCS 3a
pe3ynbTaTaMu pO3paxyHKy OMOpY AUISHKH JiHIl O IbOro Miclisd. Bsaranmi, i3-3a BiICYTHOCTI HEOOXiTHOCTI
MIBUAKOTO BUMKHEHHs 00JIaIHAHHS 13 3aMUKAHHSIM Ha 3eMJII0, Yacy JUIsl BIAIIYKaHHS MICIsI TIOIIKO/DKEHHS Maiike
3aBXKIU JJOCTATHBO.

Pazom 3 TMM U1 OOMEXXEHHS BIUIMBY NEpEHAIPYT Ha 130JIALII0 MEPEeXi, sIKi BHHUKAIOTh Ha MOYaTKOBIN
crazii 3aMuKaHHs (a3, HEOOXiHO 3a0e3NeUYNTH HIBHIKE BUMKHEHHS IOIIKO/DKEHOTO NpHEAHAHHSA. B mepiry
Yepry Ie CTOCYETBhCS MEpek 3 KaOeisiMH 13 3MIMTOro MOJICTHJICHY, SKIIO BIJCYTHI iHINI 3aX0IU OOMEXCHHS
HepeHanpyr.

Bigomuii Meton [1] 3abe3neuye BU3HAUEHHS TTOSIBU 3aMUKAaHHS Ta 3HAaYEHHS OMOpY Je(eKTy 130l Ha
MiCTaBI PO3B’SI3aHHS ITEpAIifHUM METOJOM CHCTEMHU pPIiBHAHB CTaHy MEpEXi, CTBOPEHOI 3a pe3ysbTaTaMu
BUMIPIOBaHHS BEKTOPIB IMapaMeTpiB pexuMy. BimmoBimgHo mo MeTomy Ha puc.l HaBemeHa cxema 3aMillCHHS
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NpHEHAHHS HABaHTAKeHHs. Bekropn dasuux crpymis Iy, Is, fc ta nanpyr das U o,Ug,Uc no sigromentio

IO 3eMJTi BiIIIOBIAIOTh PEKUMY POOOTH NpHETHAHHS.
st pesxxuMy poOOTH NpHETHAHHS cUcTeMa CTpyMiB da3:
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PI/ICyHOK 1 - cxema 3aMiW€HHﬂ I’lpué'aHaHH}l HABAHMAMNCEHHA

Hanpuknan y okpeMOMy BUNIAJIKY, Y IKOMY 3HAYCHHS MO3J0BKHBOI MPOBIIHOCTI TPHOX (a3 HABAHTAXKEHHS PiBHI
MiX c00010 X AL :! BL' ™ !CL , a TPOBLAHOCTI 13014111 TBOX (a3 OJHAKOBI X Al ZXCI , 13 cuctemu (1) st

3aMuKaHHs (hazu B MpoBigHICTE 13011 aszu 4:

_ I‘A'(U.C_U‘N)_ Ic '(UA_UN)
UL U -Uy)-Uc Uy Uy @

Ane meroz [1] He mo3BosIsie BU3HAYATH BiJICTaHb J0 TOYKH 3aMHUKAHHS, a Y 3arajJbHOMY BHUIAAKY IS
PO3B’sI3aHHS CUCTEMH PIBHSHB CTaHY ITEpalliiiHUMKU METOJaMU MOJXKe 3HaI00UTHCH NIEBHUH Yac.
B posrastayToMy B [2] crmoco6i momyKy MONIKOMKEHHS B €IEKTPUYHIA CHCTEMI, KA PO3MO/IiIeHa Ha CKJIaJ0Bi
YaCTHHH, BUKOPUCTOBYIOTHCS (pa30Bi 3MiHHI, SKUMH B MOMEHT IOIIYKY € KOHTPOJIbOBaHI apameTtpu. Llei ciociod
JIO3BOJISIE BH3HAYATH TIIBKM €IEMEHT MEpeXi, B SKOMY BHHHUKIO 3aMHKaHHS, a B pe3yiabTari o0xony miHil
BU3HAYAETHCS Miclle MOIIKO/PKeHHS. [IucTaHIiiHNIT MeTo/T BU3HAYEHHS BiJICTaHI 1O MicCIs 3aMUKaHHS Ha 3€MJITIO
[2] ousixoM HakiaJaHHS Ha EJNEKTPUYHY MEpeKy BHCOKOYACTOTHOTO CHI'HANy 3aCTOCOBYETHCS TIJIBKM Ha
BiJIKJTFOUCHI JTiHIT i B HBOMY BUHHKa€ HEOOXITHICTh Y 3aCTOCYBaHHI 3aXO/IiB 3 ITi[BUIIEHHI TOYHOCTI.

Croci6 [3], 3acHOBaHMI Ha KOHTPOJI CTOSYMX XBWJIb, 3a0e3ledye BU3HAYCHHS BiACTaHI O MicIs
3aMHKaHHsI 3 HoxnOKoro Bix 1% 1o 3,5%, ane mis foro 3acTocyBaHHS HEOOXITHO BUMHUKATH HOBITPSHY JIHIIO.

Cnocobu [4-6] 103BOJAIOTH BH3HAYATH BIJCTaHb J0 MiCIl 3aMHMKaHHS, ajleé B HUX a00 HE JOCTAaTHHO
BPaXOBYIOThCS mapaMerpu pexumy [4,6] abo He BpaxoBYIOTHCS EMHICHI TIPOBimHOCTI [5].

Croci6 BU3HA4YEHHS BiJICTaHi /10 MicCIA TOIIKO/KEHHS [ 7], 3aCHOBaHMI Ha KOHTPOJIi MapaMeTPiB PEKUMY
1 mapameTpiB Mepexi, IPU3HAUYCHHUH [T aKTUBHHUX PO3MOIUIFHUX MEPEeX 3 BiTHOBIIOBAaHIMH JKEPETaMu, TOOTO
JUTS MEepexi 3 JeKiTbKoMa KepeTlaMy JKUBIICHHS.
TakuM 9YMHOM, PO3TIISHYTI BiIOMI METOAHM BU3HAUEHHS BiJICTaHI 10 TOUYKH OAHO(A3HOTO 3aMHUKAHHS HA 3€MIIIO HE
3aBX/M 3a0€3MeuyloTh Maluii yac, abo MpU3HAuCHI JUIsl BUKOPUCTAHHS TIJIbKH JJISl IEBHUX CJIICKTPUYHUX MEPEX.
MeTo10 poGOTH € CTBOPEHHS IIBUIKOAII0YOTr0 METOJy BU3HAUCHHS BIJICTaHi /10 MiCLs 3aMUKaHHS Ha 3€MIIIO i3
HHU3bKMM OIIOPOM B MiCIli 3aMUKaHHS HA MiJCTaBl PO3B’I3aHHS CUCTEMH PiBHSIHb CTAHy MEPEXI.
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st po3po0IIeHHS METOIy 3aIPOIIOHOBAHO BUKOPHUCTOBYBATH ITapAMETPH PEKUMY ITOLIKOIKEHOTO IIPHETHAHHS 1
CXeMy 3aMillleHHs [IbOT0 NpueIHaHHs (puc.l) 3 BpaXyBaHHSIM I10310BKHBOTO OINOPY JIiHiT.
BBaaeTbcst 1110 Oy b SIKe MPUETHAHHS CKIIQAAETHCS 3 JIHIT (MTOBITPAHOT a00 KaOenbHOT) 1 HABaHTa)KEHHSI.
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PucyHok 2 - cxema samiwenns npucoOHants HABAHMANCEHHSL 3 YPAXYBAHHAM napamempie ainii W

PosrnsiHeMo cxeMy 3aMillleHHsI IPUETHAHHS, SIKa CKIaJAEThCS 3 CXEMH 3aMIII[CHHS JIiHIT Ta HABAHTAXKCHHS.
3 METOI0 CIPOILEHHS CXEMHU 3aMillleHHs NMPUEIHAHHS HaBaHTA)XEHHs CKOPHUCTyeMoch mist JiHii T-moaiOHOO
CXeMOI0 3aMilleHHs. EneMeHTH cxemu BBesieHi iX onopamu.

JonaBanHs B cxemy 3aMimneHHs (puc.l) onopy ¢a3 miHil Ja€ MOKIMBICTh BU3HAYATH OIip YACTHHH JIiHI{

*
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BpaxyBanusi Bu3HaueHb (3) — (8) IpUBOANTH CXeMy 3aMIIEHHS pHc.2 10 cXeMH pHc.l, a cTaH pexumy
OIUCYETHCS TIEIO XK cUCTeMOIO piBHAHB (1). BkazaHe mepeTBOpeHHs ITYYHE i Ma€ TUIBKM YaCTKOBE TEOPETUYHE
o0rpyHTYBaHHs. Pe3ybraTy nepeBipky NpUITyCTUMOCTI TIEPETBOPEHHS HaBe/IeHI B LIl CTATTI.

Cnioco6u po3B’si3aHHs cucTeMU PiBHSHB (1) JuIst pi3HUX BapiaHTIB CIIBBIIHOIICHHS apaMeTpPiB eJIEMEHTIB

cxemu HaBesieHi B [1]. PesysbTaToM po3s’s3anss € mposigHocTi Y AW Y BW 'XCW . JIns BU3HAYCHHS BIACTaHI 110
*
TOYKH 3aMUKaHHs, Hapuknaz, y dasi B tpeba 3 dopmymn (4) BusHauntn Ly, -

Jis okpeMoro BWINAAKY, Ui SKOTO BH3HAYEHA IPOBIIHICTH X 4w 32 dopMmyinoro (2), IpOBiIHICTE Y

MOIIKO/DKEHIN ¢a3i B, 3 ypaxyBaHHSAM IepeTBOpeHb cucTteMu (1), oTpuMaeMo 3HAYEHHS TO3TOBXKHBOT
npoBigHOCTI (a3u B:
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[IpakTryHe 3HaYEeHHS Ma€ BU3HAUCHHS BIZICTaHI 10 TaK 3BaHUX METaJICBUX 3aMHKaHb, TOOTO B (hopmMyii (4)

Z | HaOmxaeTbes 10 Hy . Takuil po3paxyHOK IPOBEJEHO Ha MaTeMaTuyHii Mozeni nopirpsHoi mninii 10 kB
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JIOBXKUHOIO 37 KM, €MHICHA MPOBIAHICTH sikoi B 10 pa3iB MeHIIe 3a €éMHICHY IPOBIIHICTH Mepexi. PesympraTtn
BU3HAYCHHS [TOXUOKH I10 BiHOLIEHHIO JI0 BCi€T JOBXKHMHMU JiHIT po3paxyHKy BificTaHi HaBeJeHI Ha puc.3.

HenosixoM € 3pocTaHHs MOXUOKM BU3HAYCHHS Y pa3i 3pOCTaHHs 3HAUCHHS IIEPEXiTHOTO OIopy.

Pesynpratn nocnmipkeHb JUIS 3aMHUKaHb Ha 3eMiro depes mepexiguuii omip 0,1 Om 6e3 kopekuii Ta 3
ABTOMATHYHOIO KOPEKIII€I0 PE3yJIbTAaTy PO3paxyHKy 3HaUE€HHS IPOBIAHOCTI i30i1s1ii HaBeneHo Ha puc.4. [Toxuoku
Yy KOXHIH TO4YII BHM3HAYaJIMCh II0 BIJHOIIGHHIO JO BiACTaHI 1i€i TOYkW 3amuKkaHHi. Ha mnepriomy ertami
BU3HaYaJach MPOBIAHICTE 3a (opmylioro (9), a naini — 3a popmMyJioro (4) BU3HAYaIOCh 3HAYEHHS aKTHBHOT'O OIIOpY
JI0 TOYKH 3aMUKaHHs (puc.4, kpusa -1).

Mertox MO>KHA 3aCTOCOBYBATH JJIsI BU3HAYEHHS BIICTaHI HE TINBKH 10 METaJeBUX 3aMUKaHb, a e Y THX
BUTA/IKAX, KOJIM BiJOME 3HAYCHHSAM OIIOPY B MICITi 3aMHUKaHHS.
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Pucynok 3 - noxubka eusnauenus iocmani PucyHok 4 - noxubka eusHauwenns 6i0CMaHi 3aMUKAHHSL
3AMUKAHHS HA 3eMII0 Ha 3emaio npu onopi 0,1 Om

1 - susnauenuu axmuenuti onip ainii, Om; 2- noxubxa
suUsHauenns giocmani 6e3 Kopexyii; 3 — noxubka
BU3HAYEHHS BIOCNAHT 3 KOPEKYIEIO

Kopekuisi BUKOHYBajiach 3 HMOCTIHHMM KOe(]illiEHTOM HE3aJIe)KHO BiJ| BIACTaHI J0 TOYKHM 3aMHUKaHHS. 3
METOIO 3HM)KCHHSI MOXUOKY MPH 3aMUKAHHIX Ha MOYATKY JIiHIT HEOOXITHO 3aCTOCYBATH HEIHIMHY KOPEKIIit0.

Jlyist 3a0e3meueHHs] BU3HAUCHHS BiZICTaHI TUTBKK MIPH 3aMHUKAHHSX, sIKi MarOTh omip meHie Hix 0,1 Om, B
ANTOPUTMI PO3paxyHKIB BBEIEHO JBi MEPEBIPKH: 32 IEPIIOI0 MEPEBIPIETHCS HE TMEPEBUIICHHS BU3HAYCHHM
OTIOPOM 3HAYCHHSI AKTHBHOTO OTIOPY JIiHil, a 38 IPYTOI0 MepeBipsIETHCS HE IEPEBUILICHHS HATIPYT OO ITOIITKOKEHOT
(hasu 3HAUEHHSI MAKCHMAIIFHOI HAIIPYTH [P 3aMUKaHHI B KiHIII JIiHIl.

BucHoBkHu

1. 3anpornoHoBaHUI METOJ| PO3B’sI3aHHSI CHCTEMH PIBHSIHb CTaHy EJISKTPUYHOT Mepexi, 3alicaHoi Ha
MiICTaBl IJIMHHKX 3HAYEHb MMAPaMeTPiB PEIKUMY, TO3BOJISIE BU3HAYATH BIZICTAHb IO TOYKH 3aMUKAHHS Ha 3MJTIO 3
HHU3BKUAM MEPEXiTHUM OMOpOoM. BBEICHHS aBTOMATHYHOI KOPEKIIii 3a0e3reuye 3HAYCHHST MOXHOKY BU3HAYCHHS
BiJICTaHi, sIKe He mepeBHILye 1% mpu 3aMUKaHHIX Maike B3TOBXK Bei€l JiHil. 3aCTOCYBaHHS METOIY TaKOX
JIO3BOJISIE BU3HAYATH BiJICTAHB J0 3aMHKaHb 3 BiZJOMHUM 3HaYEHHSM OIOPY B MICIIi 3aMUKaHHS.

2. Merop Bigpi3HAETHCS BiA BiJOMHUX THM, IO Ui HOTO BUKOPHUCTAHHS HE MOTPiIOHO BU3HAYATH €MHICHI
MPOBIJHOCTI JIiHIT Ta Mepexi a00 BUMIPIOBaHHS CTPYMIB HYJILOBOI IOCITiTOBHOCTI.

3. Po3risiHy Ty cHCTEMY PiBHSHB CTaHy EISKTPUYHOI MEPEKi MOKHA BHKOPUCTOBYBATH JIJIsl BU3HAYCHHS HE
TUTBKH JIOKATBHUX Je(EKTIB 130111, a TAKOX JJIs BU3HAYCHHS OJHO(A3HUX 3aMUKaHb HA 3eMIIIO 1 MDK(pa3HUX
KOPOTKHX 3aMHKaHb.
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SOLUTION OF THE SYSTEM OF STATE EQUATIONS OF AN ELECTRICAL NETWORK
WITH AN INSULATION DEFECT OR WITH A SINGLE-PHASE GROUND FAULT

A method for solving the system of equations of the state of an electric network with an isolated neutral is
proposed, which is created based on the results of measuring the current vectors of the load connection phases
and the phase voltages in relation to the ground, which allows to determine the occurrence of insulation defects,
including single-phase short circuits to the ground, and also to determine distance to the single-phase ground
fault location. In the well-known system of equations of the state of the electrical network, the parameters of the
longitudinal resistance of the line phases are additionally taken into account, which consist of the resistance to
the shorting point and the resistance beyond the point of shorting the phase to the ground. Due to simplification,
the replacement circuit with additional line phase resistances turns into exactly the same circuit as the circuit
without taking into account the line phase resistances, due to which the determination of the line resistance to the
closing point is performed using a known algorithm. The accuracy of determining the distance to the closing point
was evaluated on the mathematical model of the network node. It was established that the main factors affecting
accuracy include the ratio of the capacitance values of the line and the network, the distance to the shorting point,
as well as the resistance at the shorting point. When using automatic correction, the error in determining the
distance to the shorting point with a resistance of 0.1 Ohm does not exceed 0.9% over almost the entire length of
the line. Analytical expressions for determining insulation conductivity and the distance to a local insulation defect
are proposed. The elements of the algorithm for determining the distance to the location of a local insulation defect
and the results of the accuracy assessment of the method for the specific case of a phase-to-ground fault, in which
the transient resistance at the fault location is not taken into account, are given. Automatic selection of circuits
with low resistance at the point of the circuit is ensured by checking the value of the determined active resistance,
as well as checking the voltage of the damaged phase in relation to the ground.

Keywords: system of state equations, ground fault, calculation, distance, mode parameters
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