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ABTOMATHU30BAHA CUCTEMA PEJIEUHOI'O 3AXUCTY
BIA 3AMUKAHDB HA 3EMJIIO

Pestome. Hagedeno aneopumm, wo 6UKOPUCHOBYE 3HAYUEHHS AMAAIMYOU GEeKMOpAd NOYAMKOBO20
HYIb0BO2O CMPYMY NPUEOHAHHA 3 NOWKOOMCEHHAM [ KYMa MIdC YuM BeKMOPOM I 8eKMOpOM MixcghasHol
Hanpyau O1s 8i00M0O20 pexcumy pO3n0OiNbHOI mepedci. Bin 0036011€ 0OHO3HAYHO GU3HAYAMU BIOCMAHbL 00
MiCYs ROUWKOONCEHHS I301AYIT | 3HAUEHHS ONOPY Yb0O20 NOUKOONCEHHS.

Knrouosi cnosa: nowkoodicenns i301syii, po3noodilbHa mepedica, OOHOMA3He 3aAMUKAHHA HA 3eMIlO,
KOMNJIEKCHA NPOGIOHICMb 13015y, A8BMOMAmMu308ana cucmemd.

B. Orobchuk, I. Sysak, S. Babyuk

AUTOMATIC SYSTEM FOR RELAY PROTECTION
FROM GROUND FAULTS

The summary. The algorithm which uses the value of the damaged connection initial zero current
vector amplitude and the angle between this vector and the vector of the interphase voltage for the given mode of
distribution network is given in the article. It allows to find the distance to the place of the isolation damage and
the value of this damage resistance.

The most typical type of damages in these networks are monophase ground faults which result in the
isolation break down in its weakened places. Similar damages are caused by the isolation ageing, that is why the
problem of providing efficient continuous control of the isolation, its detection in proper time and trouble
clearing is still very actual.

The purpose of our work is to improve the method of finding the distance to the place of the local
isolation damage and this damage resistance in the distribution networks, which would allow to find not only the
distance to the ground faults, but to the local isolation damages, as well as to find the resistance of the isolation
local damage. It is possible due to the determination of the initial zero currents vector amplitude and the angle
between the vector of this current and the vector of the interphase voltage. Experimental data are compared with
those obtained on the mathematic model of the network while calculating step-by-step change of the place of the
predictable isolation damage along the damaged connection and the change on each step the value of resistance
in the place of the isolation damage from a zero to the maximum possible.

Automatic system controls continuously the amplitude of the initial zero currents of all connections.
Exceeding of the given value in one of the connections is treated as appearance of the isolation damage, being a
ground fault in particular. As a result according to the change of place and the damage resistanse value, the
cyclic process of finding the mathematic model parameters, which are equal to those of displacement of the
predicted place of the isolation damage, starts. Besides, in every stage of calculation the cycle of the predicted
damage value change from zero to the maximum possible is carried out. The calculated results of the initial zero
current vector in every step is compared with the actual vector of the initial zero current of the damaged
connection. When the actual and calculated vectors of the initial zero current coincide, calculated values are
provided in the distance, which were used in this step of calculation.
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The change of the network configuration is taken into mathematical model automatically while
including and excluding of the corresponding element of the network. To simplify the external connections of the
system hand-operated correction of the network model under change of its configuration is used.

Initial zero currents phase is found according to the relation to the vector of the interphase voltage.
This voltage vector does not change the amplitude, when the isolation damages of different size of the transition
resistance up to the ground faults, appear. Besides, the change of phases between the vector of voltage and the
initial zero currents practically does not depend on the place and the size of the isolation damage.

Key words: isolation damage, distribution network, onephase ground fault, isolation complex
conductivity, automatic system.

IMocranoBka nmpodaemu. Po3nonineni Mepexi 6-35 kB 3aliMaroTh 3HA4YHY YacTHHY B
1H(PACTPYKTYpi mepenaBaHHs i pO3MOALTY eIeKTPOCHEprii, HaAIHHICTD iX poOOTH BEIHMKOIO
MipOI0 BH3HAUAIOTh MiJCYMKOBHH TOKa3HHK Oe3mepeOiiHOCTI MOCTavaHHS eNEeKTPOSHepTii
CTIOXXHMBAYEBl i BUTpATH HA ii nepempaBanus [1].

HaiinommupeHimuM BUAOM MOUIKOMKEHb Y IHX Mepexkax € oaHo¢a3Hi 3aMUKaHHS Ha
3eMJII0, K1 3aKIHUYIOTHCS MPOO0O0eM 13011111 B 11 ocinabienux Micusax. [Toni6H1 momkomKeHHs
BiIOYBAIOThCSI Yepe3 CTapiHHS 130JA1ii, TOMY U JIOCI 3aJHUINA€THCS AaKTyaJbHUM 3aBIaHHS
3a0e3neueHHs] €(EeKTUBHOTO Oe3MepepBHOTO KOHTPOIO CTaHy 130JAwii 1 Ha HOTO OCHOBI
CBO€YACHOTO BUSBIICHHS Ta YCYHEHHS MTOIIKO/KEHb 1305151l [2].

Jis mojanemioro MiABHIICHHS HAAIWHOCTI (YHKIIOHYBAaHHSI EJIEKTPUYHHX CHCTEM
HEOOXIJTHO BIIPOBAKYBATH EKCIUTyaTalliiHUN MOHITOPHHT, TEXHIUYHY JIarHOCTUKY Ta
IPOTHO3YBaHHS 3AJMIIKOBOTO PECYPCY EHEPreTHYHOrO YCTaTKyBaHHS. 3HauyHa KUIbKICTh
MOLIKO/DKEHb Y BY3JIaX €JIEKTPUYHUX CHCTEM 3 JBUTYHAMH 1 TpaHchopMaTopaMu BUHUKAE
BHACTIIOK PO3BUTKY JOKAIbHUX a00 pO3MOJUICHUX TIOMIKO/KEHb 130JsMii KabemiB Ta
00MOTOK €JIEKTPOJABHUTYHIB 1 TpaHC(hOpMaTOpiB. 3an00IrTH BUHUKHEHHIO TaKUX MOLIKOIKEHb
MO>KHA 3aBJIIKM CBOE€YACHOMY BUSBIICHHIO JE€EKTIB 1 iX YCYHEHHIO.

AHaJi3 ocTaHHixX gocimKeHns i mydaikaniii. butbnricTs icHYIOYMX METOMIB 1 3ac00iB
KOHTPOJIIO 130JIA1I11 pearyroTh Ha BUHHUKIIE TIOMIKO/PKEHHS 1 HE I03BOJISIIOTH BUSIBUTH MOJKJIMBE
(mepenbadyBaHe) 3HWKCHHS PIBHS 130JIAI(1i Ta BU3SHAYUTHU Miclle IIbOro 3HWKeHHS [2]. Jlns
OLIIHIOBAHHSI CTaHy KaOemiB i NMPOTHO3YBaHHS iX TMpaIe31aTHOCTI BUKOPUCTOBYIOTH pi3HI
METOJT!, OCHOBHUM HEJIOJIIKOM SIKHX € HeOOX1HICTh Bi/I’ € JTHAHHS YCTaTKyBaHHS [3].

Bigomi MeToau BH3HAYEHHS KOMIUICKCHOI MPOBIIHOCTI 130JISIi1 MarOTh HEIOIIKH, SKi
HE JI03BOJISIIOTH 3aCTOCOBYBATHU X JIsl O€3MEepepBHOTO KOHTPOJIIO, a TAKOXK BOHH HE MpUIATHI
JUIsL  TIpUEIHAHb  Kabenb—08ucyH 1 kabervb—mpancgopmamop. Hampuknan, crnocobu
BU3HAYCHHS TapaMeTpiB 1301l a3 Mepexi BiIHOCHO 3eMii [4] 3acHOBaHI Ha CTBOPCHHI
TUMYACOBOT HECHUMETpIi NUIAXOM IiJ’ €JHAaHHS €MHOCTI MDX OnHi€ro i3 (a3 ta 3emnero. s
peaizanii ux crmoco0iB HEOOX1THO BUMKHYTH IPUETHAHHS HA 9aCc BUKOHAHHS BUMIpIB. VY [5]
3arpOIMOHOBAHO CHOCIO BM3HAYEHHS MPOBIAHOCTI 1307111 BIAHOCHO 3eMIIi 32 pe3yJbTaTaMu
BUMIpy TOTOYHMX 3HAYCHb PEKHMHUX TapamMeTpiB Ha mnoyarky i kiHmi Jinii. Cmocio
3aCTOCOBHO Jis TpaH3uTHHX JdiHik. [Ipu foro 3actocyBaHHI Ha MPHUETHAHHIX TUIY Kabelb—
0sucyn abo Kabenb—mparcgopmamop MOKHA KOHTPOIIOBATH CTaH 130JIA11i TiIIbKH KaOels.
Ane 1 B 1pOMY BHMAAKy MOTpiOHE [OJATKOBE BCTAHOBJIECHHS BUMIPIOBAaJIbHUX
TpancopMaTopiB Hapyru abo BiJ € THAHHS MPUETHAHHS JIJIs] BAKOHAHHS BUMIpIB.

Tpamunifine BHU3HAYCHHS BIJACTaHI JO MICIS BHHHKIIOTO 3aMHUKaHHS BHKOHYETHCS
JOKaLiHHUM CIIOCOOOM, KM 0a3yeThCsl Ha BUMIPIOBAHHS 4acy MK MOMEHTOM ITOCHUJIAHHS B
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JHIIO0 30HAYIOYOTO €NEKTPUYHOTO IMIYIbCY (CTpyMy a00 Halpyrd) i MOMEHTOM MPUXOAY B
MOYaTOK JIiHIi IMIyNbCy, BiAOWTOro BiA Micusg 3amukaHHs [1]. Buxopucrtanns meroay B
pobodoMy peKHUMI MEpexki € HaJA3BUYANHO CKJIATHUM uYepe3 OararokpaTHE BiII3epKajCHHS
30HIYIOUOTO IMITYJIBCY BiJI HETONIKO/DKEHUX TPHETHAHB, a TaKOX dYepe3 CKIAIHICTh
OTpUMaHHs HeoOXimHOi iH(popMarii, 0 MOXKIIMBO TUIBKH B TOM JyK€ KOPOTKHK 4Yac, KOJIHU B
MICIIl YIIKOKEHHSI ICHY€ eNIeKTpUYHa Jyra (1011 MUTICeKYH/IN).
Haii6inpm 61mM3pKUM aHaioroM € cmoci6 [6], 3riiHO 3 SKUM BU3HAYAIOTh HANPYry Ha
IIMHAX JDKEpeia JKUBICHHS 1 CTPYM IOIIKOPKEHOTO TPUETHAHHS 3 YaCcTOTOK BUIBHUX
KoJiuBaHb. [lOTIM BH3HAuYCHI MMapaMeTpPH PEKUMY BHKOPHCTOBYIOTh Yy pO3paxyHKax B
€KBIBAJICHTHIA cXeMi 3aMillleHHSI MepeKi MpHU IMOCHiIOBHIN 3MiHI mependadyyBaHOTO MICIIS
MOMIKO/DKCHHS Y3JIOBXK YChOTO TIPUEIHAHHS, B PE3yJbTaTi 4YOro OTPUMYIOTh 3HAYCHHS
BIZICTaHI IO MiCIl 3aMUKaHHS y BUTJISII KOPEHIB PIBHAHHS Mepexi. BuzHaueHHS cTpymy 3
YacTOTOIO BUIBHUX KOJHMBAaHb MEPEXiJHOTO MPOIECY YCKIIaJHEHE Yepe3 3HaYHe 3aracaHHs, a
NP IIBHJIKOMY 3HUKHEHHI JIyTH € HEMOXJIMBHUM. [IpM BHHHKHEHHI 3aMUKaHHS Ha 3EMIIIO
4yepe3 omip, KA BUHUKAE TPU MICIEBHX MOLIKO/DKEHHSAX 130JAIil, el crmocid He Moxe
3a0e3MeynTH BU3HAYCHHS B1JICTaH1 10 MicIs aedeKTy.
CHibHUMH O3HaKaMHU METOAY, PO3MVIAHYTOMY B [6], 1 METOAY, SIKUH 3allpOIIOHOBAHO B
HaIlIi poOoTi, € Taki: B HUX BUKOHYETbCS BH3HAYCHHs MapaMeTpiB peXUMY (Hampyra Ha
IIMHAX JDKEpeia J>KUBICHHS 1 CTPYM IIOIIKOPKEHOTO TPUEIHAHHS 3 YacTOTOK BUIBHUX
KOJINBaHb) Ta BUKOPHUCTOBYIOTHCS PO3PAXyHKH B CXEMi 3aMIIIEHHS MepeXi MPU TOCIiTOBHIN
3MiHI JIOIYCTUMOTO MiCIISI ITOIIKOKCHHS Y3/IOBXK YChOT'O TIPHETHAHHS.
MeTo10 po0OTH € CTBOPEHHS aBTOMATH30BaHOI CHCTEMHU IS BUSBJICHHS JC(EKTIB
i3omAnii  0e3 BUMKHEHHS YCTaTKyBaHHS ¥ 3MIHM IapaMeTpiB poOOYOro PEeKUMY
€JICKTPOYCTATKyBaHHSI.
IlocranoBka 3aBaaHHA. YIOCKOHAJIUTU CHOCIO BHU3HAYEHHS BIACTaHI IO MicLs
JIOKAJBHOTO TMOIIKO/DKEHHS 130JA1i1 1 ONOpy [BOTO TMOIIKO/KCHHS B PO3MOJIIIBHUX
Mepekax, 10 J03BOJIMIIO O BU3HAYATH BiJICTaHb HE JIMIIC J0 3aMUKaHb Ha 3€MIIIO, ajie i 110
JIOKQJIBHUX TIOIIKO/DKCHb 130JIAM11, a TaKOXX BH3HAYATH OIIp JIOKAJHLHOTO TOIIKOKCHHS
130msmii. 1le MokHA JOCATTH 3a paXyHOK BU3HAYCHHS aMIUTITYIH MOYATKOBOTO HYJIBOBOTO
CTPyMY 1 KyTa MK BEKTOPOM IIbOTO CTPYMY i BEKTOPOM Hampyru Mix aBoma ¢aszamu. [Ipu
[OMY TIOPIBHIOIOTHCS JaHi, OTPUMaHi EKCIEPUMEHTAIbHUM IIIISTXOM, 31 3HAYCHHSIMH,
OTPUMaHUMU Ha MaTeMaTUYHIN MOJIel MEpexi B MPOIIeCi pO3PAXyHKY MPHU MOKPOKOBIN 3MiH1
MicIsl Tiepeq0auyyBaHOTO MOIIKOIKEHHS 130JIS1ii B3/I0BXK IOIMIKOKEHOIO MPHETHAHHS 1
3MIHM Ha KOXXHOMY KpOLll BEJIMYUHHU OMOPY B MiCIl MOLIKOKEHHS 130JSM1i BiA HYNS 10
MaKCHUMaJIbHO JOMYCTHMOTO.
Po3srnsiHeMo npuenHaHHS HAaBAaHTAXKEHHS, CXeMa 3aMiIeHHs sIKoro Oyna po3poliieHa B
naketi WorkBench i naBenena Ha pucynky 1. Ilpu ckiamaHHi cXeMu 3aMillleHHS TPHETHAHHS
HaBaHTa)XCHHs (IBHUTYHa ab0 TpaHchopmaropa) B MEpexki 3 i30Jb0BaHOI0 HEHTpauio Oyiio
MPUIAHATO HACTYITHI TOTYIIICHHS:
1) enemMeHTH cXeMH 3aMIlIEHHS CHMETPUYHI, TOOTO BIiAMOBIAHI TO3M0BXKHI (Z) i
MOTNIEPEYHI OMopH pi3HUX (Da3 piBHI MiXK c00010;

2) emHOCTI (pa3 BIJHOCHO 3eMIIl YCi€l €NIEKTPUYHO MOB’si3aHOI Mepexi (Xy), Y TOMy
yucial W €MHOCTI KOHTPOJBOBAHOTO TMPUEIHAHHS, BPAXOBYIOTHCS CYMapHOIO
BEJIMYMHOIO, 1110 30CEPE/KEHA Ha TI0YATKY IPUETHAHHSI,

200



MPUNALOBYAYBAHHS TA IH@OPMALINHO-BUMIPIOBAJIbHI TEXHOJIOLIT

3) akTMBHAa MTPOBIAHICTH 130isMii (a3 BITHOCHO 3eMJli HE BpPaxOBYEThCS. 3a
HEOOXiTHOCTI X ypaxyBaHHS HE BUKJIHMKAE€ TPYTHOIIB 1 BHUKOHYETHCS HUIIXOM
i1’ €IHaHHS aKTUBHOTO OTIOPY MapasieIbHO €MHOCTSM (pa3 Mepexi;

4) nokajgbHE MOIIKOJKCHHS MOJEIIOEThCS aKTHUBHUM OMOpoM Rpomk. Ha BiacraHi
friomk. BiJ MOYaTKy IpUETHAHHS.
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Pucynok 1. Cxema 3aMilllcHHs TIPUETHAHHS HABAHTAXXCHHS TIPH MOSBI JIOKATLHOTO TOIIKOKESHHS 13051111
Figure 1. Chart of substituting for joining of loading at appearance of local damage of isolation

Ha cxemi 3amilieHHs: TPUIAHATO TaKi MO3HAYCHHS:

L., 1, I, —CTpyMH BIANOBIJHO 4epe3 MOMepeuHy NpoBiaHIcTh (a3 1, 2, 3 Mepexi
BIHOCHO 3eMIIi;
I, I,, I, — cTpyMu BIANOBIZHO dYepe3 MO3JOBXKHIO MNpoBimHicTh (a3 1, 2, 3

HABaHTAXCHHS NIPUEHAHHS;
Iy;; — MOYATKOBHI HYJIBOBUHN CTPYM, SIKUI MPOXOJUTH Yepe3 MicCIie TIOIIKOKCHHS 130JIs11i1
(3aMUKaHHS Ha 3EMITIO).

3anumnieMo piBHSAHHS, SIKi OMHUCYIOTH POOOYMI PEXHUM MPHUEAHAHHS Y pa3i BUHUKHEHHS
nedexty 130isii 3 onopoM Rk, B 01HIH 13 ¢as.
Ly Xy 41 Z =L~ from) Z+ 1o Ryopse =0
~L,y Xy + 1, Z =10~ friom) Z + 1o - Rypue =0
Ly Xy +1L-Z 1, Z+1, Rypye =0
U,=1-2-1,-Z
U,=1,-Z2-1,,-Z-1,-Z
U,=1,,-Z+1,-Z-1,-Z
I,+L,+1L, =0
L+1,+1,=0
Hanpyru mix dazamu U, Uzs, Us; He 3MIHIOIOTHCSI TP BUHUKHEHHI TEPEKTY 1301111

1 TOMy TPHAMAIOTHCS TaKWMH, IO iX 3HAYCHHS BIIOMI W JOPIBHIOIOTH HAMpy3i JpKepesa
xuBjeHHS. [1icas mepeTBOpEeHHs CUCTEMH PIBHSIHb OTPUMAEMO MAaTEMATHYHY MOJICITb
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_ (1 — fnoum )(U31 _U23)
017 —
XM + fnoum (3 - 2f170u11<) L+ 3R1701u1<
AHaii3 OTpUMaHOI MOJeNi TOKa3ye, HI0 BEKTOpP IOYAaTKOBOTO HYJIBOBOTO CTPYyMY

(ammmiTyna i ioro ¢aza) 3alexUTh BiJl BIACTaHI 10 MICIs MOUIKOMKEHHS fromk 1 omopy B
micii gedexty Rpomk. [To3moBxwiil omip ¢a3u npueaHanHs Z € HE3MIHHOIO BETUYHHOIO.
3naueHHst Xy 3aJEKUTh BiJ pexumy (KoHbirypaiii) Mepexi, a ToMy uis 3a0e3nedeHHs

BIJIMOBIAHOCTI MIX JIHCHUM 1 pO3paxyHKOBUM 3HAUYEHHSM IMOYaTKOBOT'O HYJIBOBOTO CTPYMY B

pO3paxyHKaxX HEOOXiJHO BPaXOBYBATH pealibHE 3HAYCHHS Xy

ANTOPUTM METOJY BH3HAUYEHHS BIJCTaHI JIO JIOKAJHLHOTO TONIKOKEHHS 130l i

BU3HAYCHHS 3HAYCHHSI ONIOPY B MICIII TTOIIKOHKCHHS 1307151111 HAaBEJICHO Ha PUCYHKY 2.
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ABTOMAaTH30BaHAa CHCTEMA, SKa MPAIIoe Ha 0a3i HABEEHOTO aJITOPUTMY, CKIIAA€ThCS 3:

1) 6ioka BM3HAYEHHS aMIUTITYId BEKTOpa MOYAaTKOBOTO HYJIBOBOTO CTPyMy M KyTa ¢
MK BEKTOPOM IOYATKOBOTO HYJIBOBOTO CTPYMY, i BEKTOPOM HANpPYyrd MK JBOMa
(dazamu, OIMH 13 BXO/IIB SIKOTO 3’€JIHAHUI 3 BUXOJOM TpaHCHOpMaTopa MOYaTKOBOTO
HYJIbOBOTO CTPYMY, BCTAaHOBJICHUM Ha MPHEIHAHHI 3 TOUIKO/HKCHHSAM 130JIAIIi1.
Jpyruii BXig Ojoka 3’€qHaHUNA 3 BHXOJOM TpaHc(hoOpMaTOpa HANpPyTH, IO
i’ €THaHUH 10 TOYaTKy TOUIKO/KEHOTO MPHEIHAHHS;

2) 6moka TIOpPIBHAHHS AaMIUTITYAM BEKTOpa IIOYaTKOBOTO HYJIBOBOTO CTPYyMYy 3
JOMyCTUMHUM 3HAYCHHSM;

3) 6n0ka mokpoKkoBoi 3MiHU Af BiCTaHi BiJ MOYAaTKy MPUETHAHHS JI0 ITEpe0adyBaHOTO
MICIIS JIOKQJTBHOTO TIOIIKOKCHHS;

4) G10Ka BUKOHAHHS LIMKIY MMOKPOKOBOI 3MiHM AR BennuuHU onopy B Miciii
JIOKAJILHOT'O TIOIIKOJHKEHHS 130JIS1I1T BT HYJISI O MAKCUMAJILHO JOMYCTUMOTO
3HAYCHHS;

5) 6ioka po3paxyHKIB Ha MaTeMaTUYHIA MOJCI Mepexi BEKTOpa IOYaTKOBOTO
HYJIBOBOTO CTPYMY 1 KyTa @ MK IIMM BEKTOPOM CTPYMY i BEKTOPOM HAIpyTd Mix
nBoma (azamu;

6) 610Ka BBEJICHHS 3MiH KOH]Iryparii Mepexi;

7) On10Ka TOPIBHSHHSA aMIUNITYId PO3PaXxOBAaHOI'O BEKTOpA IMOYATKOBOTO HYJIHOBOTO
ctpyMy lomr pospax 3 aMILTITYZOK0 BHUMIPSIHOTO BEKTOpa IHCHOTO IOYaTKOBOTO
HYNIbOBOTO cTpyMY lom mriicy 1 MOPIBHAHHS MiXK COO0I0 KYTiB PO3PaXx0OBaHOTO (Ppo3pAX
Ta BHMIPSHOTO @pijcy BEKTOPIB IOYAaTKOBOTO HYJIBOBOTO CTPYMY BiJIHOCHO
BIJIMOBIAHO PO3PAX0OBAHOr0 1 BUMIPSHOTO BEKTOPIB HAMIPYTH MixK JBOMa (hazamu;
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8) Oyoka iHAMKAIli MEBHMX 3HAYCHb BIJACTAaHI IO MICI JIOKAIBHOTO ITOIIKOIHKCHHS
1305151111 1 3HAYEHHS OTIOPY B MICI{i TIOIIKOKEHHS 130711111,

( Tlouamox )

A

BBeeHHS qaHUX 3
mepexi: Iyg, Uy, K

Ton > Iy non

v

A 4

fnowk. =0 ... fupuen. g Kineun )

Ruouk. = RI[OH ... 0

'

A 4

Hignporpama
Mojes1i Mepeski
(6uxonyemoca 66edenms smin
KOHGhieypayii mepednci)

Tor pospax. = Lom mriicn.
@ po3pax. = @ griicH.

v

fl'lOl.l.lK. ’ RHOLI.IK.

PucyHOK 2. AnTopuT™M BH3HAYCHHS BiJICTaHI 10 MICIIS JIOKAJTBHOTO ITOIIKOKEHHS 1301
1 ONopy IOTO MOIIKOIKEHHS
Figure 2. Algorithm of distance-finding to the site of local damage of isolation
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and resistance of this damage

ABTOMAaTH30BaHa cHCTeMa Oe3MepepBHO KOHTPOIIOE aMILTITYly TOYaTKOBUX HYJIbOBHX
CTpyMIB yCiX TpHEnHaHb. [lepeBUIICHHS MO OJHOMY 3 MpPHEIHAHL 3aJaHOTO 3HAYCHHS
PO3IIHIOETHCS SIK TOsBa TOUIKOJKESHHS 130111, Y TOMY YHCIi 116 MOKe OyTH W 3aMHUKaHHS
Ha 3eMJII0. 3a (paKTOM IEPEBHIICHHS OJIOK 3MIHM MicUs 1 BEJTMYMHHU OMOPY MOLIKOJKECHHS
MOYHMHAE [UKJIIYHUI Tpoliec 3a7aBaHHs MapaMeTpiB MaTEMaTHYHOI MOJIEII, sIKi BIIMOBIIal0Th
NEPEeMIIEHHIO TOYKH TmepeadadyBaHOro Micls MOMmKoMKeHHs i3omsanii. [Ipu 1mpomy Ha
KO)KHOMY KpOIll PO3paxyHKY BHKOHYEThCS IIMKJI 3MiHM BEIMYMHH IEpea0adyyBaHOTO
TIOIITKOJKCHHS BiJl HYJIS 0 MaKCHMaJbHO JONYCTHMOIO 3HaueHHs. Pe3ynbraTi po3paxyHKy
BEKTOpa MOYaTKOBOTO HYJIOBOI'O CTPYMY Ha KOKHOMY KpOIli PO3paxyHKY MOPIBHIOIOTHCS 3
JTIHCHUM BEKTOPOM MOYATKOBOTO HYJIHOBOT'O CTPYMY IOIIKO/KEHOTO npueaHanHs. [Ipu 30iry
JIHCHOTO 1 pO3PaxyHKOBOTO BEKTOPIB IMOYATKOBOTO HYJIBOBOTO CTPYyMy Ha iHAMKAIIO
MOJIAl0THCS PO3PAXYHKOBI 3HAUEHHS Ha BiACTaHi friomk, 1 Riomk,, SKi BAKOPUCTOBYBAIHCS Ha
IIbOMY KPOIIi PO3PaxyHKY.

3miHa KoH(pirypamii Mepexki aBTOMAaTUYHO BpPAXOBYEThCS B MaTeMaTH4HIA Mojeni
Mepexki NUIAXOM YpaxXyBaHHS 1 BUKJIIOUEHHS MapaMeTpiB BiAMOBIAHOTO e€JIeMEHTa Mepexi. 3
METOI0 CIPOIIEHHS 30BHINIHIX 3B’SI3KIB CHCTEMHU IMependaueHa pydHa KOpEKLis MOojaemi
MepexKi pu 3MiHi 11 KoH}irypaii.

da3a TOYaTKOBOTO HYJIBOBOTO CTPYMY BH3HAUYAETHCS BIAHOCHO BEeKTOpa MixkdazHoi
Hanpyru. Lleii BeKTop Hampyru He 3MIHIOE aMIUTITYId NPU BUHUKHEHHI JEQEKTIB 130l 3
PI3HOIO BEIMYMHOIO TEPEXITHOrO OMOpYy ax 10 3aMHUKaHHsS Ha 3emiro. Kpim Toro, 3cyB a3
MK BEKTOpPAMH HAMPYTd i MOYATKOBOTO HYJIHOBOT'O CTPYMY IMPAKTUYHO HE 3JICKHUTH BiJ
MicCIis 1 CTyneHs AeeKTy 130M1i.

ABTOMaTH30BaHa crcreMa Oyiia BUIIpOoOyBaHa Ha BipTyallbHii 1aOOpaTOpHiil yCTaHOBIIL
B nakeri WorkBench. Ha naGoparophiifi yctaHoBIl 3amaBanucs pi3Hi MICIS BHHHUKHEHHS
nedekty i3omsmii B kabeni MpueIHAHHS 1 B HABAaHTA)KECHHI MPUEJAHAHHA. Y KOXHIN TOUIIl
3aJaBalMCs  PI3HI TMOIIKO/DKeHHA i30isimii. Pe3ympratm  BipTyanmbHUX — JTa00OpaTOpHHUX
JIOCITIJKCHb CITIBIIAJAI0Th 3 PO3PAaXyHKOBHUMH JaHUMH Ha MaTeMaTH4YHId Mojenmi, ToOTo
MOJICJTh € aJCKBATHOIO.

3riIHO 3 OTPUMAHOIO 3aJICKHICTIO BEKTOPA (aMILTITYAH 1 (ha3u) MOYATKOBOTO HYJIHOBOTO
CTpyMy TIpUETHAHHS 3 TMOMIKODKEHHSIM BiJ BIACTaHI O MICIS MOUIKOMKEHHS 130yl i
OIOpYy ILOTO TMOIIKO/KCHHS MOXKHA OTpUMATH ii rpadiuHe 300pakeHHs, SKe MOKa3aHO Ha
puc. 3. YV makeri MathCAD na 6a3i oTpuMaHOi MaTeMaTH4YHOi Mojeni Oyno moOyaoBaHO
rpadik AiiicHOT YacTUHU (YHKIIIT HaJl KOMIUIEKCHOIO TUIOIIHHOIO.
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Pucynox 3. 3a1exHiCTh BEKTOPa II0YATKOBOT'O HYJILOBOT'O CTPYMY BiJl MICIsl JIOKQJILHOTO MOUIKOIKESHHS
13014111 ¥ OIIOPY I[HOTO MOIIKOKEHHS
Figure 3. Dependence of initial zero current vector on the site of local damage
of isolation and resistance of this damage

Jlna mobynoBu rpadivyHoi 3al€KHOCTI Y SKOCTI MOYATKOBUX JaHUX OYyIW MpPUNHSATI
TaKi:
1) mo3noBxHil omip (a3u HaBaHTaKEHHS — KaOemo 1 aBuryHa (tpanchopmaropa) —
Z=2+j100;

2) HomiHanbHa Harpyra mepexi Ugom = 6 kB;

3) 3 TpuKyTHUKA TiHIHHOT Hanpyru oTpuMaeMo Us; - Upz= 10.38 kB;

4) eMHOCTI (pa3 BITHOCHO 3eMili yciel enekTpuaHo noB’s3anoi Mepexi C = 10 mxd.

3Ha4YCHHsI BEKTOpa MOYAaTKOBOTO HYJIBOBOTO CTPYMY IPHETHAHHS 3 TOIIKOIKECHHIM
MIPEICTABJICHI Ha KOMIUICKCHIN TIIOMIMHI (IO TOpU30HTANIbHIM OCI MOKa3aHa aKTHBHA, a IO
BEPTHKAIBHIA OCl — peaKTHBHA CKJIAJ0B1). 3a HEOOXITHOCTI 3a IUMHU JaHUMH 03 0COOIUBOT
CKJIaJHOCTI MOKHA OTPHMATH aMIUIITYAy 1 KyT MDK BEKTOPOM II0YaTKOBOTO HYJIBOBOTO
CTPyMY 1 BEKTOpPOM MiX(a3HOI HapyTH.

Ha pucyHKy 3aieXHICTh BEKTOpa IMOYATKOBOTO HYJIHOBOTO CTPYMY Bifl BiJICTaHi 10
Mmicis nedekTy i3oydiii mpencTaBieHa CYHUTbHUMU KPUBUMH. B3OBXK LHMX KPHUBHX OIip
MOUIKO/DKeHHs TocTiHui. Ha rpadiky mokasano 3HaueHHs omopiB Bix 10 mo 10000 Om 3
kpokoM 10 Om. HaiiGinblie 3HaueHHs CTpyMY IO aMIUTITY/lI BUXOJUTh MPU MiHIMaJIbHOMY (B
nanomy Bunajaky 10 Om), a HaliMEHIIIe — IPU MAaKCUMAaJIbHOMY OIOpax.

3aJIeKHICTh BEKTOpa IIOYaTKOBOTO HYJIBOBOTO CTPYMYy Bill CTyHeHs (OMOpH)
MOIIKO/KCHHS 130JISIMI11 Mpe/IcTaBlIeHa MTPUX-ITYHKTUPHAME KPUBUMHU. B3IIOBXK WX KPUBHX
BiZICTaHb 110 MicIs AedeKTy 30l mocriiiHa. Ha rpadiky npuiiHATI 3HaYeHHS BiACTaHEH y
BITHOCHHMX OJWMHHMIISIX BIAMOBITHO 37iBa Hampaso: 0,9; 0,8; 0,7; 0,6; 0,5; 0,4; 0,3; 0,2; 0,1;
0,05; 0,01. 3 rpadikiB 6auuMo, IO TPU MAITHUX BIJACTAHAX 3MEHIICHHS OIOPY IMOITKOHKESHHS
130JIA11ii TPU3BOAMUTE JIO 301IbIICHHS aKTUBHOI CKJIAQJIOBOi CTPyMy, a NPU BEIUKUX — [0
301IBIIICHHS PEaKTUBHOT CKJIaJ0BOi.

Amnani3 rpadi4HOi 3a7eKHOCTI MTOKA3aB, 1110 3MEHILIEHHS OMOPY MOIIKOIKESHHS 1301111
BUKJIMKAE MPAKTHYHO MPOMOPIiliHE 301UIBIIICHHS aMILTITYH BEKTOpa OYaTKOBOTO HYJIBOBOTO
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CTpyMy, a 3MiHa BIJCTaHi J0 MiClLs MOMIKOKEHHS 130JIs11ii MPU3BOIUTh, TOJIOBHUM YHMHOM,
JI0 3MIHHM KyTa MK LIUM BEKTOPOM 1 BEKTOPOM Mik(a3zHOI HApyTH.

JluHamika 3MiHM HAOYHO TMOKAa3ye€ 3MiHYy aMIUNITYIu 1 (a3d BEKTOpa IMOYATKOBOTO
HYJBOBOTO CTPYMY IIPH 3MEHIICHHI BIJICTaHI O MICIS MOIIKOKCHHS 130JIA1i1, TOYNHAIOYN
BiJl KiHIM MPUEIHAHHS JIO WOTO IMOYATKY JUIS PI3HUX 3HAYEHb OMOpy (CTYIEHs) IbOTO
MOIIIKOKCHHSL.

BucnoBku. Po3poOieHo crnoci® BH3HAaYeHHs BIJICTaHI JO MICIS JIOKQJIBHOTO
TOLIKOJKCHHSL 130J1sIMIii ¥ OINOpY IOTO MOIIKO/KEHHS B PO3MOIUIBHUX MEpekKax, SKHI
JI03BOJISIE BU3HAYATH BIJICTAHb HE JIMIIEC JI0 3aMHKaHb Ha 3€MJII0, alie ¥ JIO JIOKAIBbHUX
MOIIKO/DKECHD  130JIAI111, a TaKO)X BHM3HA4YaTH OIIp JOKAIBHOTO ITONIKOHKCHHS 13011111
3po0iieH0 TEepBUHHMI aHai3 pPe3yJbTaTiB, OTPUMAHHX MPHU BHKOPHCTAHHI PO3TISHYTOTO
METOJy, 1 BipTyaibHi JlabopaTopHi AociipkeHHs. Hanmami mianyeTbes 3poOUTH TIUOIINi
aHaTi3 METOIy, PO3POOUTH pealbHy [i04uy Ja0OpaTopHY YCTaHOBKY, JaTh HaHOUIBII
JIOCTOBIPHY W OCTAaTOYHY OIIIHKY POOOTH [BOTO METOAy, y TOMY YHCIH W TOXHOKY
OTPUMYBAHHX pPE3yJbTaTiB, a TaKOX CTBOPUTH MPOTPAMHUNA TPOAYKT SK  JUIS
EKCIICPUMEHTAIBHOTO, TAaK 1 MOBCIOJIHOTO BIPOBAKECHHS B CHCTEMH PEIICHHOTrO 3aXHCTY 1
ABTOMATHKH.

Conclusions. Method of finding the distance to the place of the local isolation
damage and the resistance of this damage in the distribution networks, which allows to find
the distance not only to the ground faults, but to the local isolation damage as well as to find
the resistance of the local isolation damage, has been developed. The initial analysis of results
obtained while applying this method and the virtual laboratory investigations have been
carried out.

Profound analysis of the method is to be carried out in the future, real operating
laboratory installation is to be developed. The most reliable and final estimation of this
method, the error of the obtained results in particular, as well as the development of the
software for both experimental and general introductions in the systems of relay protection
and automation are to be carried out.
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