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NOBbLILWEHUE HAOEXHOCTU PABOTbI CETEN 6-10 KB
B PEXXUMAX 3AMbIKAHUA ®A3bl HA 3EMIITIO

PaCCMOmpeH Cnocob noBbIUUEHUS HAOEHCHOCTU p(l60mbl cemell ¢ MS’OJZMPO@CIHHOﬁ Heﬁmpa]lbiO npu 3amMblKAHUU
d)(lf)’bl HA 3eMlio C UCNONb306AHUEM KOMNJIEKCHO20 ycmpodcmea HU3KOB0OJIbMHO20 3A3eMJIEHUA Hedmpaﬂu u
asmomamu4ecKkozco WyHmupoeaHus noepeofa)eHH()zZ (f)a3bl, C NOMOWbIO KOMOopoco peutaromcs np05]leﬂ/lbl NOBbIUEHUA
uyscmeumelibHocmu peﬂeﬁyoﬁ 3awjumul, 0cpaHuU4eHuUs nepeHanp;z:uceHuit U UCKTIOYEHUS OJIUMEIbHbIX OyZOGle
3AMBIKAHUI. Hpueedenbl pesyibmanivl ModeﬂupoeaHuﬂ odyod)a3yoeo 3aMbIKAHUA HA 3eMl0 npu UCNOIb306AHUU
npe()ﬂoofceHHoeo cnocoba u noKasaHvl e2o npeumyuiecmed.

3ﬂeKmplllleCKa}l cemo, 0y2080€ 3amblKanue, Heﬂmpaﬂb, pe3ucmueHoe 3azemienue, wiynmupoeanue ¢a3bl,
ozpanuvenue nepenanpﬂmeuuﬁ, peﬂeﬁnaﬂ 3anwiuma, mamemamuuecKoe MOOeﬂMPOGaHMe.

HocTranoBka 3agaun. Cetn 6-10 kB ¢ m3onmmpoBaHHON HEHTpANbIO MOIYYHIN OOJBIIOE PAaCHpPOCTPAHEHHE B
MIPOMBIIINICHHOCTH M TOPOJICKOM XO3SICTBE, CETBCKOM XO35HCTBE M APYTHX 00nacTax. B cucTemax 3neKTpocHaOKeHNs
COOCTBEHHBIX HY’KZ JEKTPOCTAHIHMII OT 3THX CETell B 3HAUMTEILHON Mepe 3aBUCHUT Ha/le)XHast paboTa M yCTOHYMBOCTh
sHepro6mokoB TOC n ADC, a Takke YHEPTOCHCTEMEI B IIEJIOM.

B Hacrosiee Bpemsl, ¢ IO MOBBIMICHUS HAZEKHOCTH paboThl ceteit 6-10 kB, BexyTcst HHTCHCUBHBIE TOUCKH
IyTel peleHus IBYX IVIaBHBIX BOIPOCOB: a) MOBBIMIEHUS YYBCTBHUTEIBHOCTH M CEJIEKTHUBHOCTH JEHCTBMS peneiHon
3amuThl 0T OAHO(a3HBIX 3amblkaHMi Ha 3emimo (O33); 0) orpaHMYeHHE NEpeHANPSHDKEHWH M TpeNOTBpalleHHe
(beppope30HaHCHBIX TPOLECCOB, KOTOPbIE MOTYT OBITh MPUYMHON MHOT'OMECTHBIX MOBPEXICHUH CETH, COKpAIICHUS
CpOKa CITy»ObI U30JISILUH U BBIX0Ja U3 CTPOsI AlieKTpoobopynoBanus [1,2].

OmHuM W3 TyTel pemieHus [TaHHBIX BOIPOCOB B HACTOSIIEE BpeMs SIBISETCS PE3UCTHBHOE 3a3eMIICHHE
HeWTpaneil ceTedl ¢ IMOMOINBIO CHEHUATBHBIX IMPHCOCAMHUTENBHBIX TpaHchopMaTopoB. Hampumep, B cetn
COOCTBEHHBIX HYXI 6 KB 3IIeKTpHYEeCKMX CTaHIMI coriacHo [3] TpeOyeTcs 3a3eMiieHHE HEHTpall CeTH depes
HU3KOOMHBIN CTEKIIOSITOKCHIHBIN 0eT31oBbIi pe3nucTop BemmunHOH 100 OM, yCTaHOBKa KOTOPOTO YBEIMYHBACT TOKU
3aMbIkaHus Ha 3eMiro (mo 20-30 A), uTo oOecrieunBacT CENCKTHBHYIO pabOTy peleilHOW 3aluThl, IeHCTBYIOMIECH Ha
OTKJIFOUCHHE MOBPEXKJICHHOIO mpucoeanHeHus. OQHAKO K HEJOCTaTKaM HHU3KOOMHBIX OET3JIOBBIX PE3HUCTOPOB
OTHOCSITCS TPOMO3JIKOCTh KOHCTPYKIIMHM W OTpaHWYCHHas TEPMHUYECKas CTOHKOCTh, YTO HE ITO3BOJIMIO IIHUPOKO HX
UCTIONIB30BaTh B CHCTEMax 3JIEKTPOCHAOXEHUsI OTBETCTBEHHBIX MOTpedHTelnel, rae 3amuTel oT O33 neiicTByIOT, Kak
mpaBujo, Ha curHaid. B mHacrosmee Bpems HoBocubupckum mnpeampustuem «IIHIT bomun» paspabGotansl u
BBIITYCKAIOTCSI BRICOKOBOJIBTHBIE PE3UCTOPHI U3 MaTepraia « DKOM», KOTOPBIE HMEIOT MOBBIIICHHYIO TEPMOCTOHKOCTD 1
MOTYT JUIMTEIFHO OCTaBaThcsl B paboTe mpu OoAHO(A3HBIX 3aMBIKAaHUAX Ha 3emirio. OIHAKO HEAOCTATKOM TaKHX
PE3UCTOPOB SBIISETCS BEICOKAsI CTOMMOCTb, TPOMO3AKOCTh KOHCTPYKIIMH, CJIOKHOCTh MOHTa)Ka M HAJIaIKH.

Hcnonp3oBaHHE BEICOKOOMHOTO PE3UCTUBHOTO 3a3€MJICHUSI HEUTPAIU CETH, MIPEAIaraéMoe psiioM aBTopos [4,5]
JUISL CeTei ¢ MaJIbIMM EMKOCTHBIMH TOKaMH 3aMbIKaHusi (0 5 A), IO3BOJISIET NMPUMEHUTH TEPMHYECKH CTOMKHE
PE3HUCTOPBHI, a Takke dPPEKTUBHO CHMXKATh KPaTHOCTH JYTOBBIX NepeHanpspkeHui npu O33 M yMeHbLIAaTh OMacHOCTb
BO3HMKHOBEHHs (eppOpEe30HAHCHBIX sBICHUH. OJHAKO, NPH O3TOM, BBI3BIBAEMBIH BBHICOKOOMHBIM PE3HCTOPOM
aKTHBHBIN TOK HE BCET/Ia OKa3bIBAETCs JOCTATOYHBIM JUIS CEJIEKTMBHON pabOThI MPOCTHIX HEHAINPABJIEHHBIX TOKOBBIX
3alUT, AEHUCTBYIOIIMX Ha CHUTHal HJIM Ha OTKIodueHue. Kpome Toro, mpu AeHCTBUM 3alllUThl TOJbKO HA CHUTHAJ
BO3MOJKHBI JJTUTENbHBIE JYTOBbIE 3aMBIKAHUSI.

s obecniedeHus BBICOKOH YyBCTBUTEIHHOCTH M CEJICKTHBHOCTHU JeiicTBUs 3amuT npu 033 B [6] mpenaraeTcs
TIoCIIe 3aMbIKaHUs (ha3bl Ha 36MIIO OCYIIECTBIATh KPATKOBPEMEHHOE HI3KOOMHOE MHIYKTUBHOE 3a3€MJICHHE HEWTpann
cetn, 4To oOecmeunBaeT cpabaTeiBaHHe yKaszaTened Toka K3 w mocnmemyromue omepatnBHOE OOHApYXEHHE U
OTKJIFOUCHHE MOBPEXKICHHOTO MpucoeaAnHeHus. OJHAKO A0 OTKIIOYEHUS MOBPEXKICHHOTO IPHUCOEANHEHUS CETh
UCTIBITBIBACT MEPEHANPSIKEHHUS U OCTACTCSl BEPOSTHOCTh MHOTOMECTHBIX ITOBPEXICHUH M30JSIIUY NP HEYCTOWYNBOM
TOPEHHH 3a3eMJISIIOLIECH TyTH W3-3a BOSHUKAIOIIMX IIPH 3TOM 3HAUYUTENIbHBIX IIEPEHANPSHKECHHUH.

Takum oOpa3om, Kak CrpaBeJIMBO OTMEYAETCsi MHOTUMHU aBTopami [1,5,6], 710 cux mop BONPOC ONMTUMAIbHOTO
pekuma paboThl HelTpaned cereit 6-35 kB ocraeTcs OTKPBITBIM M JMCKYCCHOHHBIM, TaK KaKk HHA OJUH U3
PacCMOTpPEHHBIX CIIOCOOOB HE peliaeT BceX MpolieM B 1I€JIOM M B KaXKIOM KOHKPETHOM ciydae TpeOyer
MHIUBUAYATBHOTO TOJAX0Ja K PEIICHUIO JAAaHHOTO BOIMpoca. DTO B MOJHONW Mepe XapakTepHO, HalpuMep, Uil ceTeit
CcOOCTBEHHBIX HYX[ 6 KB 65109HBIX 5IeKTpocTaHIui. B pa3snuuHbIxX pexkxumax paboTsl 6J10ka eMKOCTHBIE TOKU pu 033
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MOTYT MEHATBHCA B OUEHb INUPOKHUX MpPEAEIax, MO3TOMY HAOOUTHCS TPeOyeMOH 4yBCTBUTEIBHOCTH U CEJICKTHBHOCTH
pabOTHI MPOCTBHIX TOKOBBIX 3aIUT BO BCEX CIIydasX CTAHOBHUTCS HEBO3MOXKHBIM. Hampmmep, Ui cetn coOCTBEHHBIX
Hy*k71 010ka 300 MBT nake B MaKCHMalbHOM peXuMe PadOTHl KOA((GHUIMEHTH TyBCTBUTEIBHOCTH 3amuThl oT O33
YAaJCHHBIX MPUCOCIMHEHUH «HACOCH TPagipeH» U «OarepHble HACOCHI» MOTYT COCTaBIIATH cooTBeTcTBeHHO 0,8 1 0,6,
gTo He olecmeumBaeT padboTy 3amuT OoT O33. DTO BBI3BAHO TEM, YTO OTCTPOHKA YCTABOK 3aIIMTHI OT OOJBIIMX
MIEPEXOJHBIX COOCTBEHHBIX €MKOCTHBIX TOKOB 3THX IIPHCOEAMHEHHUH NPH BHEIIHUX 3aMBIKAHMAX HE OOECICUMBACT
paboTy 3aIIUTHI IPY 3aMBIKAHUSIX HA 3€MJIIO Ha 3TUX MPUCOETUHEHHSIX.

Lenpro naHHOW pabOTHI SIBISIETCS pa3paboTKa crioco0a MOBBIIICHHUS HAJIe)KHOCTH DIISKTpOCHa0KeHus ceteit 6-10
kB, mosBosromiero pemarb paccMOTpeHHbIe mpobieMbl npu 033 B cetH. OOBEKTOM HCCIECIOBAHMS SIBISIOTCS
NPOLIECCHl B CETSIX C W30JMPOBAHHOW HEWUTpaiibio, a IPEAMETOM — IepexojHble mpouecchl npu O33 u crocoObl
MUHAMH3ALUH UX BIUSIHASL HA HAJIE)KHOCTh PabOTHI CEeTeH.

Pesyabrarel  umcciaenoBaHmii. B pabore TnpeioKeHO KOMIUIEKCHOE pelIeHHE JaHHOH IpOoOJIeMBl,
oOecrieynBaromel Kak MOBHIIICHIE YYBCTBUTEIBHOCTH PENCiHOM 3amuThl oT 033 W OrpaHUYCHUs TepeHANPSHKCHUN
[7], Tak 1 HCKITIOYCHNUS AIUTENBHBIX QYTOBBIX 3aMBIKAHHI NPH JSHCTBHY 3allUT HA CHTHAJ, a HE Ha OTKIouYeHue [8].
Jus  peanmmzanmuu  3TOT0  KOMIUIGKCHOTO — pEIIEHHS  TPEVIOKEHO  ycTpoiictBo  (puc.l), cocrosmee u3
MPUCOETMHATENBHOTO TpaHchopmaTopa [I7, mepBudHas OOMOTKa KOTOPOTO COEIMHEHAa B 3BE3IY C 3a3€MJICHHBIM
HYJICBBIM BBIBOJIOM W TOAKIIOYeHa K cetH 6-10 kB. Bropwunas oomorka /7 Hanpsokernem 0,4 kB coemuHena B
Pa30OMKHYTBIM TPEYroJbHHUK M K HEH Uepe3 CHJIOBBIE KOHTAaKTbl KOHTakTopa KMO MOIKIIOYEH HU3KOBOJBTHBIN
pesuctop Ry, paccumTaHHbIi Ha KpaTkoBpeMeHHOe (0 5-10 ¢) mpoTekaHHWe TOKa, MPEBBINIAOINEIO COOCTBCHHBIN
€MKOCTHOW TOK CETH M 00eCHeUMBaIOIINI 3aJlaHHYyI0 YYBCTBHUTEIBHOCTh 3aIUT 0T O33 B pasjIMuHBIX MUHUMAJbHBIX
pexxuMax paboTsl cetd. K BbIBOZaM OOMOTKHM BBICIIEro HampspkeHUs /17 TMOAKIIOUEHbl TpU OJHO(A3HBIX KOHTAKTOPa
KMA, KMB, KMC (unu tpexdasHblii ¢ moda3HsIM yIpaBiIeHUEM), BTPHYHbBIC BHIBOBI KOTOPBIX COEIUHEHBI C 3eMIICH.
VYnpaBieHne 3TUMH KOHTaKTOPaMHU MPOMU3BOJIUTCS C MOMOIIBIO CXEMBI YIIPaBIICHNUS, KOTOpast BBLABISIET HA Kakoi daze
MPOM30IIUIO 3aMBIKAHHE HA 3EMJII0 M 4epe3 3aJaHHOe BpeMs IMOJacT KOMaHAy Ha BKIIOUYCHHE KOHTAKTOPOB
cooTBercTByOImEei a3zl KMA, KMB wmn KMC, Gmaromapsi 4eMy AYyTrOBO€ 3aMBIKAHWE Ha 3€MIII0 MEPEBOIUTCS B
rIyxoe. B TakoM cocTOoSHMM KOHTakTOp OyAeT HaXOOWTCS B TEUEHHHM BPEMECHH, HEOOXOOMMOTO ISl BBISBICHHS
MOBPEXICHHOTO NPUCOEINHEHHS U TMPUHATHS MEp IO €ro MOUCKY M OTKJIIOYEHHUIO0. B TeueHnu BpeMeHH OT MOMEHTa
TOSIBJICHUS 3aMBIKaHHS HAa 3€MJIIO B CETH JI0 BKJIIOUCHUS ITYHTUPYIOMIETO KOHTAKTOPa TOK B MECTE MOBPEKACHUS OyaeT
COCTOSITh M3 EMKOCTHOTO TOKa CETH W AaKTUBHOTO TOKa IPHUCOEAMHMTENBHOro TpaHcdopmaropa [IT . B stor
NIPOMEXXYTOK BPEMEHHM [0 BKJIIOUYEHHs KoHTakropa KM 3ammTa o O33 OTXOASLIMX NPUCEAMHEHUH OyAeT HaJeKHO
cpabaThIBaTh M OTKJIIOYATh BBIKIIIOYATENb MOBPEXKJICHHOTO NpHCOeANHEHNs. Eciy jke NMpHHATO, 4TO B JaHHOH ceTH
3amuTa 0T O33 nedcTByeT Ha CHIHaN, TO TOrja OyleT BKJIIOYEH COOTBETCTBYIOIIMH KOHTAKTOP O HPUHSATHS Mep
9KCILTyaTallHOHHBIM epcoHajioM. [locie BKIIIoUeHHs NIYHTUPYIOLIET0 KOHTAaKTOpa MoAaeTcs KOMaHaa Ha pa3MbIKaHHe
CHJIOBBIX KOHTaKTOB KoHTakTopa KMO B Lienu pe3ncTopa ¥ aKTHBHBINA TOK HOANUTKH MecTa 3amblkanus ot /17T Oyxer
PaBeH TOKY XOJIOCTOTO X0/1a IOCIEHEro, T.€. 01130k K Hyito. [TapameTps! npucoequHUTEIRHOTO TpaHcdopmaropa /1T
W BeNMWYMHA pe3ucropa Ry B menn oOMOTKM HU3IIETO HANPSKCHHS BHIOMPAIOTCS MCXOIS W3 IBYX YCIOBHI: a) U3
ycroBus obectiedeHns: TpedyeMoro ko3 uirueHTa IyBCTBUTEIEHOCTH TOKOBBIX pelie OTXOIAIMINX MPHUCOSTNHEHHIT; 0)
CO3/IaHUsl JOMOJHUTEIBHOTO AaKTUBHOTO TOKa TpaHcdopmaTtopa [/7, MpEBBIMAIOIIETO MaKCHMAalbHOE 3HAUYCHHE
COOCTBEHHOTO €MKOCTHOTO TOKa JiI 0OecIieueHHs pa3psga eMKOCTel ceTu 3a Bpemst He O6oiee 0,01 ¢, 9To mo3BomseT
OTPaHWYNTh YPOBHM MaKCHMAaJbHBIX IEPEHANpPSDKCHUI B ceTH 10 BenmuuHbel He Oonee 2,1 Uy m mpensrcTBoBath
BO3HHKHOBEHHIO ()epPOPE30HAHCHBIX TPOIECCOB.

Cxema ynpasineHus: (puc.l) ycTpoWCTBa PE3MCTHBHOTO 3a3eMJICHHMs HEHTpanu ceTh padoTaeT CIenyIouM
obpazoM. B HopmanbHOM pexxume peiie KOHTpodst pa3ubix Hanpspkennit KVA4, KVB, KVC, noxkiroueHHbIe K BBIBOJAM
00MOTOK HuU3Iero HanpspkeHus /17, HaxonsATcs B cpaOOTaHHOM COCTOSIHUM M X KOHTaKThl Pa30MKHYTHI. Hanpspkenne
HYJIEBOW IIOCIIEIOBAaTEILHOCTH OTCYTCTBYyeT M pene HanpspkeHus KVO, mpomexyrounsie peine KLA, KLB u KLC
HaXoJATCsl B HecpabOTaHOM COCTOSIHUH, OJIOK-KOHTAKThI INYHTHPYIOIINX KOHTakTOpoB KMA, KMB n KMC 3aMKHYTHI.
[Tpu 3ampIkanmm B cetn 6 kKB, Hanpumep, pa3sl 4 Ha 3emiio, cpabateBaroT pene KVO0 u mpomexxyrounoe pere KLA,
KoTopoe 3amyckaeT perne BpemeHun KT1. Ilo wmcreuenmn 3amanHoro BpemeHH pene KT1 3ambikaeT CBOW KOHTakT U
MoJJaeT HaNpsDKEHHE Ha KaTYIIKy BKIodeHHs KMA IIyHTHPYIOMETO KOHTaKTopa ¢Ga3sl 4, KOTOPBIA BKIFOYAETCS U
MIEPEBOANT J[yTOBOE 3aMBIKaHHE Ha 3TOH (ha3e B IIyX0e, YTO MPEJOTBPAIIAET Pa3BUTHE (HEPPOPE3OHAHCHBIX MIPOIECCOB
U TIOSIBIICHHWE 3HAYMTENBHBIX HMITYJIBCHBIX IE€pEHaNpsDKeHuil B ceTH. Uepe3 pasMblkaeMblii ONMOK-KOHTakT KMA
OTKJIIOYAETCsl HaNpsDKeHHE ¢ KaTyIIKH NMpoMexyTodHoro pene KLO, KOHTakThl KOTOPOTO OTIANAIOT C BBIAEPKKOH
BpPEMEHM M CHUMAIOT HANpsDKEHHE C KaTylmIKH KoHTakTopa KMO, 4TO MPUBOAMT K pa3MbIKaHUIO CHJIOBOTO KOHTAKTa
KMO B nenm HU3KOBOJITHOTO pe3ucropa Ry , obecrneunBast ero TepMOCTONKOCTD MpH utuTensHOM O33. AHaNIOru4HO
cxema paboTaeT U NpH 3aMbIKaHWU Ha 3eMitio ¢a3sl B mn C.

Kpome cranmapTHBIX 3aIIUT Ha IpUCOeAMHHMTENbHOM TpaHcdopmarope [IT (TokoBas orceuka, MT3)
NIPEAYCMOTPEHBI TAaKXKe MaKCUMaJIbHbIE TOKOBBIE 3alUTHI, NMPEJOTBpALIaloNINe JUIMTEIbHOE NPOTEKAHUE TOKa uYepes
pesuctop Ry B ciydae oTka3a B OTKIIOYEHUMHM KOHTakTopa KMO. DTH 3alUTHl JEHCTBYIOT Ha OTKIIIOYEHHE
BeIKtouatTesass Q u BbimonHeHsl Ha pene Toka KAI, KA2 wu pene Bpemenn K72, ycTaBka KOTOPOTO Ha CTYICHb
6onpme, gem y pene K71/. C 1enpio MpeaoTBpameHuss OJHOBPEMEHHOTO BKITIOUYSHHSI HECKOIBKIX KOHTaKTOpOB (KMA,
KMB, KMC), B cxeMe IpeIyCMOTpPEHBI B3aUMHBIE OJJOKHPOBKH IO IEMSM HX BKIIOUSHUS C IIOMOIIBIO TPOMEKYTOUHBIX
pene KLA, KLB, KLC.
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Pucynox 1 — [Ipunyunuanvhas cxema ynpagieHus pe3ucmusHbiM 3a3eMIeHUeM U WyHMupoeanuem
nospecoennou gazvl npu 033:
KVA, KVB, KVC - pere xommpons hasuvix nanpsiocenui; KVO — pene kowmpons Hanpsowcenus Hynesou
nocnedosamenvrhocmu, KT1, KT2 — pene spemenu; KLA, KLB, KLC — npomescymounvie pene; KAL, KA2 — mokosbie
pene; KMO — xommaxmop ons omrxniouenus pesucmopa Ry ; KMA, KMB, KMC - xommaxmopuvl wyrnmupoganus
nospexcoennou gazvl npu 033 ; KLO — npomescymounoe pene ¢ 3adepiickoti na omnadanue.

O¢ddexkTnBHOCTS MCTIONB30BaHUS CXEM C MPUMEHEHHEM HH3KOBOJIBTHOTO PE3HCTOpAa MOIATBEPIKICHA OIBITOM
OKCIUTyaTallii B TPOMBINUICHHBIX yciaoBusAX [5] ® o6mamaer ompeleseHHBIMH PEHMYINECTBAMH  TEpE]
HCTIOJIB30BaHNUEM BBICOKOBOJBTHBIX PE3UCTOPOB (HHU3KAsk CTOMMOCTB, HEOONIbIINE TabapuThl, BO3MOXKHOCTh YCTAHOBKH
Kak BHYTPH TaK M BHE IOMEUICHHH, BO3MOXXHOCTb OCYLIECTBIICHHS KOMMYTalHi pPE3UCTOPOB HU3KOBOJIbTHBIMHU
anmapatamu). [Ipu 3TOM uHcnonb3oBanuch OJOKKM pe3uctopoB THia HC (C TPOBOJOYHBIMH WM JICHTOYHBIMU
PE3UCTHBHBIMH JJIEMEHTAMH), KOTOPbIE CEPTU(GHULMPOBAHBI U BBITYCKAIOTCSI IPOMBILUICHHOCTBIO JJIsl pa0OTHI B LIEISIX
MIEPEMEHHOT0 TOKa HampsbkeHueM 10 660 B u wacroroit 50-60 I'u.

OyYHKIIMOHUPOBAHUE CUCTEMBI PE3UCTUBHOIO 3a3€MJICHUS HEWTPAJIM CETU U aBTOMATUYECKOIO IIYHTUPOBAHUS
nospexaenus (CP3 u ALIIT) npeacTaBieHo Ha puc.2 U pUc.3 MO pe3yabTaTaM pPacyeToB C IOMOIIbI0 MaTeMaTHYeCKON
Mojenu, onucanHoit B [5]. M3 puc.2 BUAHO, 4TO MMPU BO3HUKHOBEHHHU 3aMbIKaHHs (Da3bl HA 3€MITIO 4epe3 AYTy YPOBEHb
nepeHanpspbkeHnit He mpesbimaer 2,1 Uy, a TOK B MecTe 3aMBIKaHWS, NPH IEPEXOJe IYTOBOTO 3aMBIKAHUS B
riyxoe,cocTaBisier 34 A, 4TO J0CTATOYHO Ul HAJAeKHOTO cpabathiBanus 3amutsl oT O33. Tlo ucTeyeHuto 3aJanHON
BeIIep kKK BpeMeHu (t = 0,074 ¢) mpoucxoauT OTKIOYeHHE pe3uctopa Ry u Tok O33 CHIKaeTCs M0 BETMYUHBI
eMKoCTHOTO Toka cet (3,5 A). IIpu mogenupoBannu cetd He ocHameHHOH CP3 u AL (puc.3) MOBTOPHBIE TyTOBBIE
3aMBIKaHHMsA, 10 MOMEHTA Ilepexoia AyroBoro 3aMblkanus B riryxoe (t = 0,04 c), conmpoBoXAat0TCs MepeHANPSDKEHISIMA,
nocturatomimu 4,0 Uy, 4TO MOXXET NMPHUBECTH K BO3HMKHOBEHHIO MEXIYy(a3HbIX 3aMbIKaHMH, a IOCle Hepexoza
JIyrOBOT'O 3aMBIKaHUs B TIIyXoe TOK 033 MOXeT ObITh HeJJOCTaTO4EeH JUIsl cpadaThIBaHMs 3aIINTHI.

Takum 00pa3oM, OCHOBHBIE ITPEUMYIIECTBA TIPEJUIOKEHHON CHCTEMBI PE3UCTHBHOTO 3a3€MIICHHSI HEUTpaJIM CETH
CP3 u ALLII 3axnio4arorcs B CIEAYIONIEM: a) YPOBHM  II€peHanpshkeHuit  orpanmumBatoress 10 2,1 Ug; 0)
NPUMEHSIOTCS MajloradapuTHBIE, HMEIOUIMe HHM3KYI0 CTOMMOCTb HH3KOBOJIBTHBIE PE3HCTOPHI C TEPMHUYECKOH
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CTOMKOCTBIO HECKOJIBKO CEKYHJI BMECTO PE3HCTOPOB, PACCUMTAHHBIX Ha JAJMTENbHOE NpOTEeKaHue Toka 2 — 4 yaca;
B) o0ecrieunBaeTcsl HaJleXHOE cpabaTbiBaHue 3amuT nmpu 033 Ha BceX NMPUCOSTUHEHUSIX U JUIS BCEX PEKUMOB PaOOTHI
CHCTEMBI AIIEKTPOCHA0KEHNUS (ITyCKH, OCTAHOBKH, HOPMAJIBHBIA PEKUM OJIOKa), TAK KaK YCTaBKa cpabaTHIBAHUS IO TOKY
BBIOMpPAETCSI 110 aKTUBHOMY TOKY /17, T) MPaKTHYECKH MOJHOCTHIO UCKIIOYAIOTCS JJTUTENbHBIE TYTOBbIE 3aMbIKAHHS B
CeTH W MX HEeraTHBHbBIC BO3JCHCTBUS, TaK KaK OHM MOTYT BO3HHMKATh TOJBKO B Ha4daabHOE BpeMsi BO3HHKHOBeHHs O33
JI0 BKIIOYEHHS [IYHTUPYIOIIEr0 KOHTAKTOpa; 1) MOINHOCTh [/T MoeT ObITh BBIOpaHA 3HAYUTEIBHO HUXKE
MPUMEHSICMON TP BBICOKOBOJILTHOM PE3UCTOpPE, TaK KaK OH BhIOMpaeTcs Mo ToKy (033, MpOTEKAaIoNIeMy TOJBKO J0
OTKITIOYCHHUSL PE3UCTOPa; €) BO3MOXKHO HCIOJIB30BAHUEC pPa3MBIKAeMbIX TpaHchopMaTopoB Toka THII mpu Maibix
€MKOCTHBIX TOKaxX CCTH.

10 3
3lo, A U/Ug, 0.€.
50
0
-50
-100 -3
0 0.02 0.04 0.06 0.08 t,c 0 0.02 0.04 0.06 0.08 t,c
a) 0)

Pucynox 2 — Ocyunnocpamma 3amvixanusi gasvl A na 3emnio ¢ cemu 6 KB npu pesucmugHom 3azemieHuu
Heumpanu. a) usmenenue moxa 8 mecme 033; 6) uzmeHneHue MEHOBEHHBLIX HANPANCEHU 6
nospesicoennoti (Up) u nenospescoennoti (Ug) paszax

100
3lp, A 4 UlUg, o.€. A Ua
v
50 2
A ANA
0 0
-50 2
-100 4
0 0.02 0.04 0.06 0.08 t,c O 0.02 0.04 0.06 0.08 t,c

a) 0)
Pucynox 3 — Ocyunnoepamma 3amvikanus gasvl A na 3emnio @ cemu 6 KB npu u301upo6antol Heumpanu:
a) usmenenue moka 6 mecme O33; 6) usmenenue menosennvix Hanpsicenuti 6 nogpescoennoii (Up)
u nenospescoennott (Ug) pazax

BriBoapbl.

1. Ipeasnoxen crocoO MOBBIIICHUS HAJIS)KHOCTH PabOTHI CETEH ¢ U30JUPOBAHHON HEHTPAIBIO HANIPSHKCHHUEM 6 —
10 kB mpu 3aMbikaHuAX (ha3bl HA 3eMJFO C HCIOJh30BAHUEM HHU3KOBOJIBTHOTO PE3UCTHBHOTO 3a3EMJICHUS HEHTpaiin
CETH U IIYHTUPOBAHUS MOBPEKICHHOM (Pa3bl, KOTOPBIH KOMIUIEKCHO PEIlacT MPOOJIeMy OTPaHUYCHUS ePCHATPSIKCHUN
Y TIOBBIIICHHS YyBCTBUTEILHOCTH PEJICHHOM 3alIUThI OT 3aMBbIKAHHH Ha 3€MJIIO.

2. Pa3paboTaHo YCTPOWCTBO pealn3aliyl MpeiaraeMoro crnocoda, cxema ero 3alluThl U YIIPaBICHHS, KOTOPBIC
UCKJTIOYAIOT JTUTEIBHBIC AYTOBBIC 3aMBIKAHHSI Ha 3€MIIIO M HE TPEOYIOT YCTAaHOBKH BBHICOKOBOJIBTHOTO TEPMOCTOMKOTO
pesucropa.

3. PesynpraTh MOJEIMPOBAaHUS M ONBIT OSKCIulyaTauuu osyeMeHtoB CP3 u ALl noxarBepXIaroT
MOJIOXKHUTEIbHEIE CBOWCTBA  IPEUIaraéMOro  yCTPOICTBa  OTpaHWYECHHS TEPCHANPSDKEHHA W MTOBBIIICHUS
YyBCTBUTEJILHOCTH pesieiHOoM 3amuTel oT 033 B ceTsax 6 — 10 kB.
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B.®. CUBOKOBWJIEHKO, B.K. JIEBEJIEB, V. SIVOKOBYLENKO, V. LEBEDYEV,
P.II.CEPJIOKOB R. SERDJUKOV
JlepsxaBHuil BUIINI HABYAIBHUIN 3aKIIa]T State Institution of Higher Education
«JloHebKIH HalliOHATLHUN TEXHIYHUH yHIBEPCUTET» «Donetsk National Technical University»
MinBumenns Haaiiinocti po6oTn Mepex 6-10 kB y Increase of Reliability of Work of Networks 6-10 kV
pe:kuMax 3amMukaHHs ¢a3d Ha 3eMur0. Po3risiHyTO at the Phase-to-Ground Faults. It is considered the
croci06 MIABMINEHHS HAMIHHOCTI pPOOOTH MEpex 3 way to increase reliability of work of the networks with
130JIbOBAHOI0 HEUTPAJIBIO NP 3aMHKaHHI (ha3y Ha 3eMITIO 3 isolated neutral at phase-to-ground fault with use of the
BUKOPHCTaHHSIM KOMIUTEKCHOT'O MIPUCTPOIO complex device of low-voltage grounding of a neutral
HHU3bKOBOJILTHOTO 3a3eMJICHHS HelTpani Ta and automatic shunting of the damaged phase. These
aBTOMATHYHOTO UIYHTYBaHHsS YIIKO/DKEHOT asu, 3a means help to increase sensitivity of relay protection,
JIOTIOMOT'OI0 SIKOTO BHPILIYIOTHCS TPOOJIEMH TMiABHIIIEHHS restrict over voltages and delete prolonged arc short
YyTIMBOCTI PENCIHOTO 3aXUCTy, OOMEKEHHS epeHanpyT i circuits. Results of modelling of single-phase ground
BUKJIFOYEHHS] TPHBAJIMX JyrOBUX 3aMHKaHb. HaBemeHo fault at use of the offered way are given and advantages
pe3yJIbTaTi MOJEIOBAaHHS ONHO(A3HOTO 3aMHKaHHS Ha of specified way are shown.
3eMITI0 TIPY BHKOPHCTaHHI 3alpOTIOHOBAHOTO CHOCO0Y Ta Electric network, arc ground fault, neutral, resistive
MOKa3aHi HOro rmepeBart. grounding, phase shunting, restriction of over voltage,
Enexmpuuna mepesica, 0yzose 3aMuKanHs, Hellmpao, relay protection, mathematical modelling.

pe3ucmugHe  3a3eMIIeHHA,  WYHMYeanHs  asu,
o0merceHHs — nepemanpyz,  peielnuil  3axucm,
Mamemamuyne MoOeI06aHHA.
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