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MCCNEAOBAHME KOCBEHHBIX METOAOB OMNPEAENEHNA
[MAPAMETPOB 3014411 HA KOMINbIOTEPHOW MOAEJIN

B cmamuve oceéewsaemcs akmyanvHas npoobema 6bi60pa memo0os KOHMPOT USOTAUUU KAPLEPHBIX
pacnpedenumenvroix anexmpuueckux cemeii (KPC). Cmamus nocésuseHa uccnedo6aHuo napamempos
usonauuu gas cemu omuocumenvro 3emnu KPC. Paccmampusaemcs ouenka memooad, 0CHOBaHH020
Ha NOOKI0UeHUY 0ONOTHUMENbHOLL eMKOCMU K 00HOU U3 (pa3 0n1s onpedeneHUs KOCBEHHbIM Memooom
napamempoe u3onAUUYU Pas omHoCcUmenbHo 3eMau cemeti ¢ U30TUPOBAHHOU HEUMPAbI0 HANPHEHUEM
6 kB 6 npoepammnoti cpede MATLAB/SIMULINK. Ilpusedenvt pe3ynvmamvl aHANU3A 6AUSHUS
pasnuuHbLX PaKmMopos Ha MOUHOCb USMePeHULi AKMUBHOT U PeaKmUBHOU cOCMABATIOULUX NOIHO20
CONpOMuUBIeHUS USONAUUY PA3 cermu OMHOCUMENLHO 3eMITU.
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Oxpana mpyoa

Kmouesnie cnoBa: KAPBEPHDBIE PACIIPENEJIMTEJIbHBIE SJIEKTPMYECKHVE CETY, ITA-
PAMETPBI M3O0JIAIVIN ®A3 CETV OTHOCUTEJIBHO 3EMJIV, KOMIIBIOTEPHOE MOJIE-

JIMPOBAHIE.

BBEAEHWE

OpHot 13 OCHOBHBIX IPUYMH IIPOCTOS BbI-
COKOIIpOM3BOJUTE/bHBIX MAIlIVH /I MEXaHN3MOB,
a TakXe 3/MEeKTPOTpaBMaTV3Ma Ha TOPHOROOBI-
BAOUIVX TNPeANpUATUAX ABIAETCA HEYLOBJIET-
BOPUTE/IPHOE COCTOSHME W3ONALUMN 3IE€KTPOO-
6opynoBanus u ceteil. IIpu pemeHny BOIpocoB
HOBBIIIEHVSI 6€30IIACHOCTY V1 HAIe>KHOCTY 37I€K-
TPOCHaO>XKeHMsI HEOOXOAVMO YHAEIATh IepBO-
CTETNIEHHOE BHUMaHMe KOHTPO/II0 M3O0/IALMN KaK
BCell 37IEKTPOYCTaHOBKM, TaK U €€ 37IEMEHTOB.

Hape>xxHocTh paboTsl M 6€30macHOCTb 00-
CITY>KVMBaHMA 9NE€KTPOIPUEMHIKOB HaIIPSKEHM-
eM 6 KB, paboTaommnx B ceTsAX C M30IMPOBAHHON
HEJTPasbIo, 3aBUCAT OT YPOBHS CONPOTUB/IEHNUA
UX U3OJIALNUY OTHOCUTENbHO 3eMn [1-13]. CHu-
JKE€HIEe YPOBHA CONPOTUB/IEHNA U30MALNM B Ka-
PbEPHOI pacIpefieINTENbHOI CETU B LIEIOM CO-
37aeT IPeAIIOChIIKM K 00pa30BaHIIO aBaPUITHBIX
PeXMMOB (IIOJTHOTO ¥ HEIIOTHOTO 3aMbIKAHNA Ha
3eMJIIO).

AKTYAJIBHOCTb
Kak wusBecTHO, uccrefoBaHME COCTOSHUA
M3ONALMYM  KApbEPHBIX  PACIpPEeNNTENbHBIX

snextpudeckux cereii (KPC) npegycmarpuaer
olpefie/ieHIie €€ MTOJTHOTO CONPOTUB/IEHNUA U €TO0
coCTaBIAIIIX (AKTUBHONI M eMKOCTHOI1). Bemu-
YJ[HA [TOJTHOTO COIIPOTUBJIEHNS U3O/IALNY OIlpe-
iefisieT KpUTepuil 971eKTpo0e30macHOCT 1 Be-
JIMYVHY ITOJTHOTO TOKA OTHO(A3HOTO 3aMbIKaHNUA
Ha 3eM/TI0. 3HaHNe Be/INYNHbI aKTUBHOI COCTaB-
JISIOIEll CONMPOTYUBIICHUA M30MALUY 00ecIedn-
BaeT BBIOOP pallMiOHATbHOI Be/IMYMHBI YCTABKIL.
3HaHMe eMKOCTI CeTV OTHOCUTE/IbHO 3eM/IN IO-
3BOJIAT NIPUHATH IPAaBUIbHOE pellleHye 0 HeoO-
XOJVIMOCTY €€ KOMIIEHCALIMI ¥ TOKA 3aMbIKaHMA
Ha 3eMJII0.

Orcropia ciefyeT BBIBO, JJIA 4er0 HeO0OXO/[VIMO
3HATb YKa3aHHbIE Bbllle BeM4MHbL VX ompeperne-
HIIe MOXKET OBITb OCYILECTB/ICHO U PACYeTHBIM, U
SKCIEepYMEHTA/IbHBIM MeTofamMy. Ho IOCKO/IbKy
IS pacdeTHOTO MeTO/Ia HaJlo 3HATh yHe/IbHbIE Be-
JINYMHBI ICKOMBIX ITapaMeTpPOB, TO TpeAoYTeHIe
CTIefyeT OT/iaTh 9KCIIEPYIMEHTY [5, 7].

METO/bl U3SMEPEHUA

Ha npaktuke napamerpsl KPC oTHOCUTEND-
HO 3eMJIV OTIPEeSIOT MO0 MPSMBIM, 160 KOC-
BEHHBIM MeTOZIOM. [IpoBenieHHbIe MCCIeOBaHS
B [7, 11, 14, 15] mokasanau, 4TO U3 M3BECTHBIX
9KCIEPVMEHTOB C y4YeTOM MeTPOJIOTMYEeCKIX
TpebOBaHMIT U HEOOXOZMMOCTU CO3JaHMs Oes-
OIIACHBIX YCTIOBUII JyIs YYACTBYIOLIMX B HUX Ha-
ubosee MOAXOAAINM OyfieT KOCBEHHBII METON,
obecneyyBaINIl IONTyYeHUe HeOOXORMMBIX
MHPOPMAIVIOHHBIX ITApAaMETPOB 3a CYET UCKYC-
CTBEHHOTO CMellleHus HeiiTpanu [5].

KOMIBbOTEPHAA MOAEJ1b

Jnsa BbIABNIEHMA BIUAHMA HA Pe3yIbTaThl
u3MepeHunit ectectseHHoit HecummeTrpun B KPC,
XapakTepa U BeIMYMHBI HAIPY3KM B Heil HaMu
6bta paspaboTaHa KOMIIbIOTEpHAsi MOJENb pe-
anbHO KPC ¢ opHOBpeMeHHOII NpoOBepKoIl ee
agexBaTHocTH [7, 16, 17].

ViccnenoBaHusA OTPEIIHOCTEN ONIpee/e s
IapaMeTpoB M3OIALVM (a3 ceTU OTHOCUTEIbHO
3eM/II IIPOBOAVIINCD JI/IS1 METOIVK, OCHOBAHHBIX
Ha IIOJK/TI0YeHNN K OFHOI U3 (a3 HOIOTHNTEb-
HOJI eMKOCTY BpI6Op JOTIOTHUTENBbHOI eMKOCTHI
nofipo6HO paccmotpeH B [13], a oumeHka Byus-
HJIS1 TOYHOCTY BBIOOpA 9TOJ €MKOCTM Ha JMCKO-
MBIl pe3y/bTaThl B [7, 17].

PE3YJIbTATbl UCCNEAOBAHUA

Jna NpMHATHA OKOHYATENbHOTO PpEUIeHNA
II0 BONIPOCY IPOBEMIEHNs PeabHbIX MCCIEN0Ba-
HUJI HaMy ObUIM PacCMOTPEHBI ¥ MCCIefOBaHbI
MeTOJVIKY, HOAPOOHO onucanHble B [5, 13, 18].

ITpy 3TOM MBI pacCMaTpuBaIN BIUAHNE W3-
MeHeHMA NonMHou Harpysku ot 0 mo 100 %, a ec-
TeCTBEeHHOI HecumMeTpuu — ot 0 0 5 % [19].
Hecummerpusa cospaercsas CONpOTUBIEHUAMUI
u30/AnVM a3 ceTV OTHOCUTETBHO 3EeMJIN.

Ha pmc. 1 mokasaHo BnuAHME BeNVYVMHbBI
IIO/IHOV HATPY3KM Ipu usMeHeHun ee ot 0 1o
100 %, a Taxoxe HecummeTpuu B cety oT 0 1o 5 %
Ha pe3y/IbTaThl ONPEENeHNA ICKOMbBIX ITapame-
TPOB 110 METOJIMKe, TIPUBENieHHOI B [13].
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Puc. 1. 3aBucumoctu norpemsocreit SR (a) u 6C i (6) mpu nsmMeHeHMY MOIHOI Harpysku ot 0 5o 100 %

u HecuMMeTpun B cetu ot 0 1o 5 % (meTonuxa [13])

W3 puc. 1 a u 6 crepyer, 4TO IpU HeCUMMe-
Tpun B cetu OT 0 10 5 % ¥ M3MEeHEeHNN HAarpy3Ku
B ceT oT 0 7o 100 % ommbKa B orjeHke C, JOCTH-
raet 28 %, a B OIleHKe R(b — 40 %.

Ha puc. 2 mokasaHo BIuAHME TeX XKe PaKTo-
POB Ha MHTepeCyIole HaC ITapaMeTpsl, OIpefe-
JisieMBble TaK, KaK IPeIIokeHo B [5].
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Puc. 2. 3aBucumoctu norpemmsocreit OR (a) u 6C A (6) mpu nsmenennu noaHOI Harpysku ot 0 5o 100 %
u HecuMMeTpuu B cetu oT 0 5o 5 % (meronmka [5])

AHanu3 nokassiBaet (puc. 2 a u 6), 9TO MH- JIAIMM He IpeBbInIaeT 8,3 %.
Tepecyomye Hac (PaKTOpPBl OKa3bIBAIOT HE3Ha- Ha puc. 3 nokasaHo aHaJOTMYHOE BIMAHME
YNTe/IbHOE B/IMAHME Ha Pe3y/IbTaThl U3MEPeHNIL. BeIMYMHBI IIOJTHOIM HArPy3KM ¥ HeCUMMMeETpPUH,
ITorpeImHOCTh B OIIpeie/IeHNY TapaMeTPOB M30- HO II0 METOAMKe, IpVBefleHHOI B [18].
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Puc. 3. 3aBucumocty norpemnocteii SR (a) u 6Cd (6) nmpu usMmenenun nonHoit Harpysku ot 0 o 100 %
u HecuMMeTpun B cety ot 0 1o 5 % (Meropuka [18])
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CormacHo puc. 3 a u 6, HaXOXXJeHNe JCCIe-
IYEMBIX IIO 3TOV METOJVKE IapaMETPOB MOXKET
npuBecTy K omnodke B onpenenennu Cd u R go
50 %.

AHanns 3KCIepUMEHTa/IbHbIX JAHHBIX, TPEJi-
CTaBJIEHHBIX B paboTe, IOATBEP)KHAET Teope-
TUYECKNME VICCTENOBaHNA, B KOTOPBIX IOKAa3aHOo,
gy1o ipu UHC < 1 % mepBasA u TpeTbs METOAMKA
IPYMEHVMBI U JAIOT IIpME€MJIEMBbIE PE3Y/IbTAThI, a
npy UHc 2 1 % 1nonmp3oBaThcst HEOOXOAVMO BTO-
POVl METOVIKOIL.

BbIBObl

1. IIpoBeneHHbBIE MCCIEOBAHNA HA KOMIIBIO-
TE€PHOM MOJe/IM TIOKa3aayu, YTO IpU HecuMMe-
TPUU B CETY, A TAK)KE IIPU UISMEHEHUY BETNYVHBI
HarpysKy IOTPEIIHOCTD B ONPEENIEHNY ITapaMe-
TPOB M30/IALNM He IpeBbimaet 8,3 %.

2. CpaBHUTE/IbHDI aHA/IN3 ITO/TyYE€HHBIX pe-
3y/IIbTaTOB Ha KomnbroTepHoi mogenu KPC 6 xB
C M30/IMPOBAaHHO HENTPAJIbIO II0KA3aJl, YTO BTO-
pas MeToAuKa [5] mpenmovYTuTeNIbHEeEe I MOXKET
obITh Mcnionb3oBaHa B KPC npu Hammuum ecre-

CTBEHHOI HECMMMETPUA.
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INVESTIGATION OF INDIRECT METHODS FOR DETERMINING ISOLATION
PARAMETERS ON A COMPUTER MODEL

The article highlights the current problem of choosing methods for monitoring the insulation of quarry
distribution electrical networks (KRS). The article is devoted to the study of the parameters of the isolation
of the network phases relative to the ground of the cattle. The evaluation of a method based on connecting
an additional capacitance to one of the phases for determining the parameters of phase isolation relative
to the ground of networks with an isolated neutral voltage of 6 kV in the MATLAB/SIMULINK software
environment is considered. The results of the analysis of the influence of various factors on the accuracy
of measurements of the active and reactive components of the total insulation resistance of the network
phases relative to the ground are presented.

Keywords: QUARRY DISTRIBUTION ELECTRICNETWORKS, PARAMETERS OFISOLATION
OF NETWORK PHASES RELATIVE TO THE GROUND, COMPUTER MODELING.

REFERENCES

1. Gladilin L.V,, Shutsky V.I., Batsezhev Yu.G., Chebotaev N.I. Electrical safety in the mining
industry. M.: Nedra, 1977. 327 p. [In Russ.].

2. Gushchin N.Ya. Studies of the state of insulation of electrical installations with a voltage above
1000 V with an isolated neutral at mining enterprises of non-ferrous metallurgy: dissertation abstract
for the degree of candidate of technical sciences / Nikolai Yakovlevich Gushchin; MSU. M., 1974.
16 p. [In Russ.].

3. Shutsky V.I., Utegulov B.B. Method for determining the insulation parameters of three-phase
electric networks with an isolated neutral voltage above 1000 V // Electrical safety in open and
underground mining. Dnepropetrovsk, 1982. 77 p. [In Russ.].

4. Isolation monitoring in distribution networks: abstracts of the scientific-practical conference.
Chelyabinsk, 1992. 34 p. [In Russ.].

5. Sidorov A.L. Theory and practice of a systematic approach to ensuring electrical safety in
open-pit mining: abstract for the degree of doctor technical sciences: 05.26.01 / Sidorov Alexander
Ivanovich. Chelyabinsk, 1993. 444 p. [In Russ.].

6. Shchutsky V1., Sidorov A.L, Sitchikhin Yu.V,, Bendyak N.A. Electrical safety in open mining
operations. M.: Nedra, 1996. 266 p. [In Russ.].

7. Sidorov A.L, Boboev Kh.D. Investigation of the errors of the indirect method for measuring
the parameters of the isolation of the network phases relative to the ground on a simulation model //
Industrial safety [Bezopasnost truda v promyshlennosti]. 2020. No. 9. P. 24-29. [In Russ.].

8. Shinkarenko G.V. Determination of the Dielectric Characteristics of Electric Equipment
Insulation in the Presence of Utility-Frequency Interference Currents // Power Technology and
Engineering. 2016. 50(3). P. 341-346.

9. Zhang Q., Tang, H. Diagnosis of inhomogeneous insulation degradation in electric cables by
distributed shunt conductance estimation // Control Engineering Practice. 2013. 21(9). P. 1195-1203.

10. Liang M.-Y., Dian S.-Y,, Liu T. Lecture Insulation status mobile monitoring for power cable
based on a novel fringing electric field method // Notes in Electrical Engineering. 2012. 138 LNEE.
P. 987-994.

11. Sidorov A.I. Boboev Kh.D. Analysis of research methods for the insulation parameters of
6 kV electrical networks // Ecology. Risk. Safety: materials of the All-Russian scientific and practical
conference. Kurgan, 2020. P. 273-275. [In Russ.].

12. Sobolev V.G. Electrical insulation of mine electrical equipment. M.: Nedra, 1982. 143 p.
[In Russ.].

13. Petrov O.A., Sidorov A.I, Selnitsin A.A Method of measuring capacitive currents of single-
phase earth fault in electric networks with a voltage of 6 ... 10 kV. Chelyabinsk, 1990. 24 p. [In Russ.].

14. Boboev Kh.D. Analysis of methods of insulation control in open pit networks with voltage of

www.nc-vostnii.ru e 1-2021 « Becmuuk HL] BocmHUM « | 53



Oxpana mpyoa

6 kV // Technosphere safety in the XXI century. IX All-Russian Scientific and Practical Conference.
Irkutsk, 2019. P. 234-239. [In Russ.].

15. Sidorov A.IL, Boboev Kh.D. Evaluation of indirect methods of insulation control in quarry
distribution electric networks with a voltage of 6 kV // Topical issues of agroengineering sciences in
the field of energy of the agro-industrial complex: theory and practice. Chelyabinsk, 2020. P. 166-171.
[In Russ.].

16. Sidorov A.IL, Boboev Kh.D. Characteristics of mining enterprises of the Republic of Tajikistan //
VIl international scientific and practical conference «Life safety in the third millennium». Chelyabinsk,
2019. P. 166-169. [In Russ.].

17. Sidorov A.I. Boboev Kh.D. A simulation model of a 6 kV career distribution network //
Scientific search: materials of the twelfth scientific conference of graduate and doctoral students.
Chelyabinsk, 2020. [In Russ.].

18. Lapchenkov K.V. Management of the state of insulation in distribution electric networks:
abstract for the degree of candidate of technical sciences: 05.26.01 / Lapchenkov Konstantin
Vladimirovich. Chelyabinsk, 1998. 120 p. [In Russ.].

19. GOST 32144-2013. Electrical energy. Compatibility of technical means is electromagnetic.
Standards for the quality of electrical energy in general-purpose power supply systems.
M.: Standartinform, 2014. 20 p. [In Russ.].

54 | o www.nc—vostnii.ru o 1-2021 « Becmnux HI] BocmHWV



