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JTOCJIIKEHHA NOABIMHUX 3AMKHEHb HA
3EMJIIO B MEPEKAX 10 KB 3 I30JIbOBAHOIO HEUTPAJLITIO

THokasznuku HadiiHoOCmi cucmem eileKmponoOCmAayants 8 YoMy 3HAYHOK MIPOK GUHAYAIOMbCA DI6HeM HAOIUHOCMI
PO3NOOINbHUX eNeKMPUYHUX Mepedic Hanpyeoio 6-35 kB. Aeapiiinicms 6 mepescax nanpyeorw 6-35 kB, npayroouux 6 pescumi 3
i3071606aH0OI0 HEUMPANNIO, YACMO NOG'A3AHA 3 6HYMPIWHIMU NepeHanpy2amu.

OO0HOpa3sHi 3aMUKAHHA BUHUKAIOMY, 8 Micysax Oeghekmis i301ayii KabenvHux NiHil i YCmamKky8anus niocmanyii i3-3a
cmapinHa i3019Yil, HeBUKOHAHHA MEXHON02I] 6USOMOBNIeHH I30MAYIUHUX KOHCMPYKYIU HA 3A800aX, He OOMPUMAHHA BUMO2
IHCMpYKYITl NpU MOHMANCT | eKCNIyamayii ycmamxy8ants, a maKoxtc 3 NPUUUH MEXAHIYHUX NOUKOONCEHb, AKI, IHKOIU 8 MOMEHM
ix nosgu, npuzeo0ams auue 00 YACMKOB020 3HUNCEHHs eneKmpuuHoi miynocmi. Ilepesanmasicenns 6edyms 00 3apOOdICEHHs
Oeghexmis.

B pobomi nasederno pesynomamu 00CniodceHb ROOSIUHUX 3AMKHEHb Ha 3emiio 8 mepexcax 10 kB 3 izonvosanoio Helimpaniio
6 naxemi npuxiaonux npoepam “MATLAB”.

Kniouosi cnosa: oonoghasme 3amukanta na 3emnio, BUMUKAY, TiKii enekmponepeoaui, CUMYII0BANHS, eleKmpomepedica.
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RESEARCH OF DOUBLE CLOSURES AT GROUND
IN NETWORKS 10 KV WITH ISOLATED NEUTRAL

Reliability indicators of power supply systems as a whole are largely determined by the level of reliability of distribution electrical
networks with a voltage of 6-35 kV. Emergency in networks with a voltage of 6-35 kV, operating in the mode with an isolated neutral, is often
associated with internal overvoltages.

Single-phase short-circuits occur in places of defects in the insulation of cable lines and substation equipment due to the aging of the
insulation, non-compliance with the manufacturing technology of insulating structures at factories, non-compliance with the requirements of the
instructions during the installation and operation of the equipment, as well as due to mechanical damage, which, sometimes at the time of their
appearance, lead to only a partial decrease in electrical strength. Overloads lead to defects.

Single-phase short-circuits in 10 kV networks that are not eliminated in time can lead to double earth faults. For protection in these
networks, such protections as current cut-off, maximum current protection, current cut-off, zero-sequence current protection, current protections
with blocking at minimum voltage are used. However, there are cases when there are cases of negative operation of such protections at a 10 kV
substation during double earth faults. For example, a phase A short circuit occurred on the first line, which receives power from the buses of the
investigated substation, and another short circuit (phase B) occurred on the second line. Instead of tripping the two damaged lines, the input circuit
breaker tripped by mistake. This de-energized other (undamaged) lines that are fed from the same bus section as the damaged lines. Under such
conditions, further studies of the currents in the lines during double circuits are required. For this, the use of the Matlab application program
package is justified. This will significantly reduce the costs of physical modeling and verification of proposed proposals.

The paper presents the results of studies of double earth faults in 10 kV networks with an isolated neutral in the "MATLAB" program
package.

Key words: single-phase ground fault, switch, power transmission lines, simulation, power network.

IHocTanoBka mpodaemu

VY tpuda3HuX eNeKTPHIHIX MEpeKax 3 BBIIHUM BUMHKAUEM Ta JIHISIMH, [0 )KABJIITHCS BiJI IMUH MiACTAHIIIT
10 xB mix yac pisHAX 01HO(A3HUX 3aMKHEHB Ha JBOX JIHISIX MAaOTh MICIIe BUIIAIKA HECEJICKTHBHOI POOOTH 3aXUCTY
BBITHOTO BHMHUKA4a, y BUMAJIKy MCPEBUIICHHS CTPYMOM BBIJHOTO BUMHKA4ya YCTaBKU CIPAIIOBAHHS CTPYMOBOIO
3aXUCTy, KA Ji€ Ha 1iei Bumukad (puc.1) [1-3].

IIpu mpoMy Take MEpeBUIIEHHS BiOYBA€THCS PaHille, HiX CKIAJal0ThCSI YMOBH CIIPAILIOBAHHS CTPYMOBHUX
3aXUCTIB sIKi JIIFOTh HA BiJKIIOYCHHS BUMUKAYIB JIiHIH, 10 MiIKIOYEH] 0 MWH Ta BBiAHOTO BUMUKada [4-6]. Tomy
BiJIOYI€THCSI BAMKHEHHS CIIPABHO1 JIiHii BBIIHUM BUMHKAUYEM.

AHaJi3 JiTepaTypHux axepeJt

B [3-7] nHaBeneHo maHi MpO MOMIKOKCHHS JiHIA eleKTponepeaad pO3MOAUTPHUX ENEKTPUYHHUX MEpEexK.
[MuTaHHAM eKcIuTyaTamii po3NOJUIEHUX SICKTPUIHUX MEPEXK, IO MPALOIOTH 3 130Ib0BAHOI0 HEUTPAJUTIO IIPUCBSYCHI
pobotu BimomMux aBTOpiB [3, 8§, 9].

Ha puc. 2 moka3zasi pe3yJibTaTH aHaTi3y HOMIKOPKYBAHOCTI PO3MOIUIEHUX €ICKTPUYHUX Mepek. OCHOBHA
KUTBKICTh TOIIKOKEHb TpUTaac Ha ogHO(a3Hi 1 ogHodasHi K3 Ha 3emitio, o ckiagaroTh B OCHOBHOMY 60 % Bif
3arajbHOi KibKOCTI. 33 % MOIIKO/DKEHb PO3IOAUIBHUX JIHIH enekTponepenay € neogasni K3 i HaliMeHIIa KijbKicTh
MOIIKOJKEHB 5-7% npunanae Ha Tpudasni K3.
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Puc. 1. IMomkomkeHHs JiHii

KopoTKi 3amnKaHHA

B TpudasHi = [1sodasHi OpgHodasHi i ogHoda3sHi Ha 3emAto

KopoTKi 3aMnKaHHs;
TpudasHi; 5%; 5%

KopoTKi 3amuKaHHSs;
OpHodasHi i ogHOdA3HI

. 0o/ . 0,
Ha semio; 62%; 62% KopoTKi 3amMMKaHHS;

JBsodasHi; 33%; 33%

- J

Puc. 2. Po3noain 3aMKHeHb B PO3NOAIJILHUX eJIGKTPUYHUX Mepeskax -10 — 35 kB

MeTor0 po0OTH €: JOCITIPKEHHS INPUYMH TOMHIJIKOBHX CIpAllbOBYBaHb PENICHHOr0 3aXUCTy JIiHIH

enekrponepeaay 10 kB mig yac moaBIHHMX 3aMKHEHb Ha 3eMJIIO 3a Joromororo TTIIIT “Matlab”.
Buksag ocHOBHOIo MaTepiany

3a momomororo [T “Matlab” moOGymoBano mozens Tpudasznoi mepexi 110/10 kB. o mmau 10 kB
MpUEAHAHO TPHW JiHIii, Ha SKUX BCTaHOBIeHO BuMmuKadi, Ql, Q2, Q3. Bpimumii BuMuKkad mo3HawaeThcss QBB.
Hapanraxenns niniit 600, 500, 400 kBT, BiamosigHO 10 miHiit 1-3. Moaens cumyimoe ogHO(a3HI KOPOTKI 3aMUKAHHS
Ha JiHIAX 3 nepmmM (iHig 1) Ta npyrum BumukadeM (miHis 2). [ig gac cumyinii K3 B 3amanmii yac BigOyBaeThes
MepeXiTHUA MpOoIIeC, MOJAENb I03BOJISIE aHANI3YBATH MapaMEeTPH IBOTO IPOIECY, PO3TISHYTH HPOIECH B MEBHHA
mepio 4acy. 3a J0MOMOrO0 MOJC/CH BUMIPIOBAIBHUX NPUIIAJIB Ta eleMeHTY “Scope” MOXXeMO JOCIHIKyBaTh
rpadik CTpyMy Ta HaNpyry B MOTPiOHHI MOMEHT Yacy B TOCIIKYBaHOMY BY3/1y cxeMu. Hanpukiiam, BCTAaHOBUBIIIH,
micasl BBIZJHOTO BHMHKaua, TPU(A3HUII BUMIPIOIOYMH TPHUCTPId, 110 3’€JHaHUN 3 eneMeHTOM “Scope” Mojelb
JTO3BOJISIE OTPUMATH OCIIIIIOrpamMy ctpymy (puc. 3). Cxema Mepexi nmokasana Ha puc. 4 Posristaemo puc. 3, “Scope”
mo0y/IyBaB ocuuiIorpamy TpuQasHoro crpymy (koBTa JiHist — pasza A, cuns — ¢dasa B, momapanyena — daza C)
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Puc. 3. Ocuunorpama cTpyMy 0TpUMaHa 3a J0IOMOroxo “Scope”
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Puc. 4. Cxema mepe:xi nodyaosana B “Matlab”

IpoBomgumo cumymsnito K3 ¢asu A meprmoi minii i K3 ¢asu B gpyroi minii B Moment wacy 0,2 c.
MaxkcumansHe 3Ha4eHHS Ha ¢a3i A, nepoi minii cranoBuTh 2300 A, a Ha da3zi B, apyroi minii 1905 A. Ha BBimHOMY
BUMUKAYI I 5k 3HaueHHs Oymu piBHI 2206 A 1 1680 A BimnosigHo. 3HaueHHs B pexxumi K3 3pocim B 30 - 40 pa3sis.

Po3paxoBani 3HaueHHs ycrtaBok MC3 mns ¢asu A mepmoi ninHii, dasu B mpyroi minii Ta s BBiZHOTO
BUMHUKaya HaBeJeHiB Tadaumi 1

Tabmurs 1
Po3paxoBani 3HauyenHs yctrasok MC3
3navennss MC3, A
¢daza A 300,3
¢aza B 264,5
BBIJJHMI BUMUKa4 1322,75

Js mHarmagHOCTI moOyayBaHo rpadik xoedimientiB K (puc. 5), mo moka3yroTh y CKINBKH Pa3iB CTPyM
3aMKHEHHS OubImii 32 ctpym MC3.

3 rpacixy BuaHO, 0 epeBUIeHHs cTpyMy B momrkopkeHiit JIEIT van ycraskoro MC3 miei JIEI, mig gac
MOJIBIMHUX 3aMKHEHb, MOXe BimOyBatucs panime, Ha 0,004 ¢, HiX 3pocTaHHS CTPyMY Yy BBITHOMY BUMHUKAYi JUIS
neBHUX 3HaueHb nmapametpis JIEIT ta K3.

ToMmy HeoOXiqHO 3ajaTW 3aTpUMKy MO CIpalOBaHHI BBIHOIO BHMHKada, abM BiH HE BHMKHYB
HEeTIONTKO/PKeHi JIiHii. 3a Jornomororo rpadiky 6aunMo, sike 3HaueHHs 4acy 3aTpuMKH B poboti MC3 notpibHo 3a1aTH
(3 BpaxyBaHHSIM 4Yacy CTYIEHI CEJIEKTHUBHOCTI, i 3a0e3nedyeHHs] 0e3MOMMIKOBOI pobotn 3axucry. CrymiHb
ceneKTUBHOCTI 32 yacom MC3 BpaxoBye yac poOOTH BUMHKAUiB Ta MOXHOKH peJie yacy.

BignosinHo no rpadiky yac 3atpumku piBHui 0,05 ¢, OCKITBKY MepexiqHuil poliec 3aKiHIy€eThCs 1 HacTae
ycraneHuit pexnm K3.

BicHuk XmenbHUYybko20 HayioHa1bHo20 yHisepcumemy, Ne1, 2024 (331) 417



Technical sciences ISSN 2307-5732

F KA
)
40— ."I'
[
. Iy
E g g |I,'I
. Il
[
L i
2 I
E 1
15 i
E i
1E I
E fl 7
05 E 1L
E A
0E 3 )f
y = Fd Bl
0.5F |
1B I
15 E_ i i
TVE X 0.20945 || fl
2F wi Y -1.2696 | 1]
o '._.'l' T 1Al
C Il‘l I
-3 ) [
C I I
C ||' |
-4 = 'Il I
C I| [l
L [
-5 — 1 | |I-'
. R
6 — 11 1
C || X 0.2005
r [ f1 v -7.2049
C | [e
. I.'I
N 1 1 | 1 1 1 1 | 1 * | 1 1 1 1 | 1
0.175 0.2 X 0.20745 1g 555 0.25
Y -7.6278

Puc. 5. I'padik koedinientie K1, K2, KQ(a, b, ¢) B 3aiexxHocTi Bix yacy

BucHoBkH

3a pomomororo IIIIT “Matlab” mobynosano momens TpudasHoi mepexi 110/10kB. o mmuu 10 xB
MPUEAHAHO TPHU JIiHII, HA SKUX BCTaHOBJIeHO BuMmuKadi, Ql, Q2, Q3. BBiguuii BuMuKau mo3HauaeThcs QBB.
HaanTaxenns mniniit 600, 500, 400 kB, BianosigHo 1o niniid 1-3. Moaens cumystoe ogHo(ha3Hi KOPOTKI 3aMUKaHHS
Ha JIHIAX 3 nepwuM (JIiHis 1) Ta 1pyruM BUMHKauyeM (JTiHis 2).

3a pesynbraTaMu aHanizy noziiiHux 3amkHeHb B JIEIT mepeBuinenHs crpymy B noukomkeniit JIEIT nan
ycraBkoro MC3 wmiei JIEII, mix yac moJBiiiHUX 3aMKHEHb, MOXe BifOyBarucs panime, Ha 0,004 ¢ HiX 3pocTaHHs
CTpyMY Yy BBIITHOMY BUMHUKadi JJIs IEBHUX 3Ha4eHb mapametpis JIEIT Ta K3.

3a pesynbraramu po3paxyHki napamerpie MC3 posristayToi B podoti JIEIT 10 kB BH3HaYeHO, 0 CTpyM
coparroBanHst qopiBHIOe 300 A, a MC3, ska i€ Ha BBiHII BUMHIKAY i ICTAHIIIT IO AKOi IIPUETHAHA JOCIIKyBaHa
JIEIT 10 xB, mopiBHroe 1323 A. JIng po3rissHYTHX TNPHKIaAiB cruparroBanHs MC3 miHil B mepoioMy BHUITaIKy
BiZIOYZEThCSI CETIEKTUBHO, a B IPYTOMY BHIAJKY 3aXHCT CIpamioe HenpaBwibHO. CHOYATKy BiIKIIOYUTHCS BBiIHUH
BUMMKAY, a MOTIM (ifepHUH BUMHKay. BinkiaroueHHS BBIZHOTO BHMHKaya BHKIIHMKA€ 3HECTPYMJICHHS HE JIMIIE
MOMIKO/IKSHUX JIHIH, a 1 CIpaBHUX JIHIH.

OTxe, yMoBH 3a0e3neueHHs cenektiuBHoi podotn MC3 JIEIT s nocinimkysanoro Bapianty JIEIT He 3aBxau
3a0e3neuyroThes. [l 3MeHmieHHs MOMUIKOBUX BigkiaroueHs JIEIT 10 kB, HeoOXimHO Tak 30UIBIIMTH  4Yac
crpamroBanHss MC3, 1o /i€ Ha BBIJHUI BUMUKA4 Ha MiJICTaHINsAX Ha cTopoHi 10 kB, mo6 BBimHui BuMukad 10 kB
CIPaIlbOBYBAB Mi3HiNIE, HIX OyIb KU 3 (iIepHIX BUMHUKAYiB TOCIiIKYBaHOI MiACTAHII].
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