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KOHLIEMUWUA MOCTPOEHUA 3ALLUUTDI
ANEKTPUHECKUX CETEU HAMNPAXEHUEM 380 B
OT OQHO®PA3HbIX KOPOTKUX 3AMbIKAHUU

P.I". Banees

[IpeaMeToM HCClieIOBaHUS TAaHHOM PabOThI SBJIACTCS MOBBIIICHHE YPOBHS 3JCKTPOOC30MACHOCTH B DJICK-
TpuyecKuX ceTsx HanpspkeHueM 380 B ¢ rimyxosasemieHHol HeitTpanbio Tina TN-C npu oaHO(Ma3HBIX KOPOT-
KHMX 3aMBIKAHUAX Ha HYJIEBOW MPOBOJHUK U CBSI3aHHBIE C HUM METAJUIMYeCKHe KOHCTpYKUUHU. COriiacHo aHasu-
3y aBapuHHON CTaTUCTUKH BO3IYIIHBIE JUHUU C HEM3OJUPOBAHHBIMHU ITPOBOAAMH SIBJISIOTCS HAMMEHEE HAJekK-
HBIM 3JIEMEHTOM JJICKTPUIECKON ceTh — B 62 % ciydaeB MOBPEKICHUS Ha HUX SBISIOTCS OMACHBIMH MU KHU3HU
Trozieit ¥ KUBOTHEIX. B cTaThbe MpUBeneH KpaTKuii 0030p IUTEpaTyphl 1 000CHOBAaHA aKTyalbHOCTh Pa3paboTKu
METOAMKH pacyera, BEIOOpa M PacCTaHOBKHU IUIABKHUX MPEAOXPAaHUTENICH U aBTOMATHYECKHUX BBIKITFOUATEIICH 110
JUTHHE 3aIIUIIaeMOH JIMHUH, KOTopbie ooecneumu 661 100%-Hyro 30HY ee 3amiThL.

PaccmarpuBaemast B cTaThe KOHIICTILIMS TIOCTPOCHUS 3aLIUTHI DJIEKTPUUECKUX ceTel HarpspkenueM 380 B ¢
IITyX03a3eMJICHHON HEUTpaliblo 3aKJIF0YaeTCsl B CEKLIMOHMPOBAHMU IO JJIMHE BO3AYIIHOHM JIMHUHU TUTABKUMH
MPEOXPAHUTENISIMA U aBTOMAaTHYECKUMHU BBIKIIIOUaTeNsiMU. KOHIIeNIMs MOCTpoeHus TI0Ka3aHa Ha puMepe 3a-
mmthl BJI-0,38 kB mnuHoi 500 M 1 ceyeHHueM MPOBOAOB 35 MM2, KOTOpas MHUTACTCA OT TpaHchopmaTopa HO-
MUHaJIBHOHM MomIHOCTEIO0 160 KBA co cxemoii coemunenust ooMoTok Y/YH u 3ammmiaercs miaBKUMH TPeno-
XPaHHUTEISIMU C pa3HBIMI HOMHUHAJIBHBIMU TOKaMH.

IIpuBenens! rpaduyueckne 3aBUCUMOCTH, TaKHe KaK M3MCHEHHE BENMYMHBI KO3()(DUIMEHTa YyBCTBUTEb-
HOCTH TIO JUTMHE JINHUU, U3MECHEHHE 30HBI 3alIUTHI B 3aBUCHMOCTH OT TOKA IIABKON BCTABKH MPEIOXPAHHUTEIS
IUTSL pa3IMYHBIX MAapaMeTPOB ICKTPHUYECKO CeTH U Ap. DTH 3aBUCHMOCTH MO3BOJIAIOT OMPEACTUTh MECTO yC-
TAHOBKM IUIABKUX MPEJOXPaHUTENSH MM aBTOMAaTHYECKUX BBIKJIIOUATENel, oOecrieunBas OTCYTCTBHE 30H He-

cpabaThIBaHMS 3aIlUT MIPU BPEMEHU cpabaThiBaHUsA HE Oolee S c.
Pe3ynbratsl ccnenoBaHui MPEAIoaraeTcsi UCIoJIb30BaTh I IOCTPOCHHS 3aIIUThI KaK MPOCTHIX MarucTpalib-
HBIX, TAK ¥ PA3BETBJICHHBIX C OTMAWKaMH IIMPOKO MPUMEHSEMbIX BO3IYIIHBIX JIMHUI HanpspkeHueM 380 B.
Kniouesvie crnosa: snexmpuueckas cemov Hanpsicenuem 380 B; 6030ywnas aunus; 00HOaA3HbIe KOpOmKUe
3AMBIKAHUSL, INEKMPONOPANHCEHUS H00ell U HCUBOMHBIX, 3AUUmMa om 0OHOPAZHBIX KOPOMKUX 3AMbIKAHULL

DNeKTpOCHAOXKEHNE TOPOJCKUX TOCEIKOB ¢ Ma-
JIOSTAKHOW 3aCTPOMKOHM, CeIbCKUX HOTpeduTernen
OCYIIIECTBIISIETCS B OCHOBHOM I10 BO3YIITHBIM JIMHUSAM
anektponepeaadn HanpspkenueM 380 B (BJI-0,38 kB),
BBHIITOJTHEHHBIM HEU30JIMPOBAaHHBEIME IpoBomamu. Ha
01.01.2013 r. mo mameM ¢mwmara OAO «MPCK
Ypana» — «YenssOzHepro» oOmas MPOTIKEHHOCTh
BJI-0,38 kB, cocrosmmx Ha Oamance «Uenms0sHEProy,
cocTaBisieT 12629 kM, U3 HUX TOJBKO 249 KM BBIIOJI-
HEHBI CAMOHECYIIIUMHI U30JIMPOBAHHBIMU IIPOBOIAMH.

BJI-0,38 xB sBiusiorcss HauMeHee HaJC)KHBIM
AJIEMEHTOM pPacCMaTPUBAEMBIX CHCTEM JJIEKTPOCHAO-
JKeHUsl. AHaNM3 aBapHifHON CTAaTHCTUKH TIO JTaHHBIM
«CoI03TeX?Hepro» M APYIHX HUCTOUYHUKOB HH(pOpMa-
MU TOKa3bIBaeT, 4To Ha 100 KM 3JIEeKTPHUUECKHX ce-
Teit HampspkenneM 380 B mpuxomures oxoino 40-50
MOBPEXIACHUI B roj, mpuyeM okojo 62 % u3 Hux
OTMacHbl Jis Jrofed u kuBOTHBIX [1-3]. Haumboinee
yacTbIM BUIOM mnoBpexaeHuit BJI-0,38 kB sBnswoTcs
onHO(a3HBIE KOPOTKHE 3aMbIKaHHUS Ha HYJIEBOH pabo-
YU TIPOBO M CBSI3aHHBIC C HUM METaJLUTHYCCKUC KOH-
CTPYKIMH (3JEKTpoobOpymOBaHME, 3a00phI, Tapaxu,
TpyOOIIPOBOHEI U T. 11.). Bo3HuKaromue npu 3ToM TO-
KH 00YCJIOBIMBAIOT MOSIBIICHUE OMACHBIX JJIS JIFOJICH U
JKUBOTHBIX HANpPsOHKEHUs] TPUKOCHOBEHHS W Imara, a
TakK€ MOTYT SBJSATHCS TMPUYMHON BO3HUKHOBEHHUS
nokapos [4, 5].

Pazpabotke perneitroit 3ammurer BJI-0,38 kB mo-
CBSIIEHO OOJBIIOE KOJIMYECTBO PA0OT, MPOBOAUMBIX C

Havana 50-60-x romos mpomuwioro cronetus [1, 2, 4, 6,
7] u mpomoiKaroMxcs B Hactosiee Bpems [8—10]. B
JNEKTPUUECKUX CETSX C TIIyX03a36MJICHHOW HENTPAJIbIO
tuna TN-C a1 3ammThl OT OZHO(A3HBIX KOPOTKHX
3aMBIKaHUI HAHOOIbIEEe PACTIPOCTPAHCHHE ITOIYYHIH
TOKOBBIC 3alIWTHI, IMOCTPOCHHBIC HA HCIIOIH30BaHIH
IUIAaBKUAX TIPEIOXpPAaHUTENCH W aBTOMATUYCCKUX BHI-
kmovarened. Pesynmbratel uccnenoBanuit [6-8, 10]
MOKAa3aJld, YTO 30HA JCHCTBHSA 3aIUTHI STHMH arapa-
TaMH PaCIPOCTPAHSICTCS TOJIHKO Ha HAYAIBHYIO YacTh
BJI-0,38 kB 1 B HEKOTOPBIX CIydyassXx HE MPEBHILIACT
100-300 M B 3aBUCHMOCTH OT MOIIHOCTH MHUTAIOIIUX
TPaHC(POPMATOPOB, CCUCHHUS MPOBOJOB M HOMHHAJIb-
HBIX TOKOB 3allTUTHBIX aIIapaToB.

D PEKTUBHOCTD 3aNUTHl MOXKHO MOBBICUTH Y-
TeM CEKIIMOHUPOBAHUS JIMHUHU, T. €. JIETICHUS €€ Ha
YYacTKH, B Hadae KOTOPBIX CICAYEeT yCTaHABIMUBATh
YKa3aHHbIC 3aIUTHBIC aIlmapaTtbl — 3TO IO3BOJIHT
MOBBICUTh UYYBCTBUTEJIBHOCTh 3amiut [6]. OpHako
CEroJHs OTCYTCTBYIOT METOAHMKH pacdera, BEIOOpa U
PACCTaHOBKH IUIABKUX IpeIOXpaHHUTENeH W aBTOMa-
THUYECKUX BBIKJIIOYATENCH M0 JUIMHE 3alluIaeMOn
JIuHUU, KoTophie obecnieuniu 661 100%-Hy0 30HY ee
3aIIHTHI.

W3 u3n0XeHHOTO BHIIIE MOYKHO CJAENaTh BBIBOJ,
410 mpoOsiemMa 3alIUThl OT OAHO(MA3HBIX KOPOTKHX
3aMbIKaHWN Ha HyneBoil pabounii mporox BJI-0,38 kB
C HEU30JIMPOBAHHBIMH MIPOBOJIAMH SIBIICTCS aKTyallb-
HOW. B craThe KOHIEMIIHNS MOCTPOCHHS TpECTaBICHA
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Ha npumepe 3amutel BJI-0,38 kB mnmunoit 500 M u
CEUEeHHEM TIPOBOJOB 35 MM’, KOTOpas MHTAaeTCsi OT
TpaHcdopmaropa HOMUHAJIBbHON MOITHOCTBIO
160 kBA co cxemoil coenuHeHHs OOMOTOK Y/Yy H
3aIIMIIACTCS UIABKUMH NPETOXPAHUTEISIMH C PA3HBI-
MH HOMUHAJIBHBIMH TOKaMH (IIOCTPOEHHE 3alUTHl Ha
OCHOBE aBTOMATHYECKHX BBIKIIFOYATENIeH Ka4eCTBCHHO
Mo 100HO).

VcxomaHbIM MaTepHaoM SIBISICTCS OIpEesIeHHe
MHUHHAMAJIBHOTO TOKa OAHO()A3HOr0 KOPOTKOTO 3aMbl-
kaHus (OK3) B a1ekTpHuecKoi ceTH HapsHKECHUEM 10
1 xB, Ha BeJMYMHY KOTOPOTO OKAa3bIBACT BIIMSIHUC
JIOCTATOYHO OOoJbpIIoe KoimdecTBo (akropor [11].
Bemmunny Toka OK3 MOXHO IpencTaBuTh (yHKIHEH
BUZA

19 = F(X1, X2, X3, X4, X5), (1)
rae X1 — Tur, MOIITHOCTh U CXeéMa COSIMHEHHUS 00MO-
TOK THTAIOMIETO CETh CHJIOBOTO TpaHc(hopMaTopa;
X2 — matepuai, ceueHue (ha3HBIX W HYJIEBOTO MPOBO-
0B, paccrosiHue a0 Mecrta OK3; X3 — yBenuueHue
aKTUBHOTO COIIPOTHBIICHHS IMPOBOJHUKA TIPU HAarpeBe
ero TokoM OK3 (3¢¢exr TeruoBoro cmaga Toka
OK3); X4 — compoTuBieHHEe AYTH B MECTE 3aMbIKa-
HUsl; X5 — CONMPOTHUBIICHUS! KOHTAKTOB BbIKIIFOUATENECH,
COETMHUTENBHBIX KOHTAKTOB U T.]I.

Pacuyer ToxoB OK3 mpoBoautcst ¢ yderom 3¢-
¢exra TeruoBoro cnana Toka OK3 u conpoTuBieHUs
JIyTH B MecTe noBpexaeHus [ 12—15], koTopslil mo3Bo-
JIsieT omnpenenuTs MuHuMmainbasle Toku OK3, cymect-

BEHHO BIIUSIOLIME KaK Ha YYBCTBHTEIBHOCTB 3aIUTHI,
TaK ¥ Ha 30HY €¢ IeHCTBUSL.

Kpureprem omeHkn paboTOCIOCOOHOCTH JTFOOOT
3aLIUTHI ABISETCA €€ KOA(PDHUIMEHT 1yBCTBUTEIBHOCTH

_ 'K.MUH _
Ky = L. 2 Ky jon =3, 2
F.H
rae lpy — HOMUHANBHBIM TOK IJIABKOM BCTaBKH Ipe-
Joxpauutensd; Kypom — MMHMMaabHO JIOIYCTUMOE

3HaueHre KOdPPUITMEHTA TYBCTBUTEIHHOCTH TIABKOM
BCTaBKH.

Ha puc. 1, a npeacraBieHsl 3aBHCHMOCTH U3Me-
HEHHSA KOX(QPHUIMEHTOB YyBcTBUTEIbHOCTH Ky = f(L)
Mo JUIMHE JIMHUM C  CEYCHHEM  IPOBOJOB
AC-3x35+35 MM2, MUTAIOUIEeICs OT CHJIOBOTO TpaHC-
(hopmaTopa momHOCTEIO 160 KB-A co cxeMoii coemu-
HeHHsE 00MOTOK Y/Yy M 3alUIacMOi TUIABKUMH TIpe-
JOXPaHUTESIMA C Pa3HBIMH HOMHHAJIBHBIMH TOKAMU
Ir . B obmem cirydae st moCTpoeHHs 3alUThl HE00-
XOJIMMO TIOCTPOEHHE IIEJIOTO CeMEeHCTBa TaKUX 3aBH-
CUMOCTEH 111 TpaHC(HOPMATOPOB Pa3HON MOIIHOCTH
ot 100 o 630 xB-A ¢ pa3HBIMHU IpyIIIAMH COEIHHE-
HUSA 00MOTOK Y/Yy, A/Yy W BCeX MPUMEHICMBIX ce-
YyeHuil npoBoJoB OT 16 10 95 MM,

3aBucumoct Ky = f(L) npu Ky jon = 3 nosso-
JISFOT OTIPENENIATh 30HBI 3alIUTHl L3 JIMHUM TUTaBKUMUA
npeJoXpaHuTeIIMA. Hampumep, Tpu YCTaHOBKE B
Havaye JIMHUMU TUTaBKOTo mpenoxpanurens F1 ¢ Homu-
HaJIBHBIM TOKOM Ip g = 100 A ero 3oHa 3ammThl Ls
cocraBut He 6oiee 330 M. Takum obpa3om, ¢ ydeTom
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Puc. 1. Opranmsauus 3awmTtbi BJ1-0,38 kB ¢ noMolybio nnaBkUx npegoxpaHuTenen
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Puc. 2. 3oHbI 3awuThl BI1-0,38 kB npu koadduumeHTe
yyBcTBUTENbHOCTU Ky = 3

MPEAJIOKEHUST CEKLIMOHUPOBaHUs JUHUM [6] MecTo
YCTaHOBKH BTOPOTO CEKITMOHUPYIOIIETO MpeIoXpaHu-
Tens F2 nomKHO HAaXOOUTHCS B KOHIIE 30HBI 3aIUTHI
npenoxpanurens Fl, me mamee L; = 330 m — cm.
puc. 1, 6. Ha puc. 2 npuseaeHs! 30HbI 3anmiuThl BJI-
0,38 kB B 3aBucMMOCTH OT HOMHHAJIBHBIX TOKOB
TUTAaBKUX TPEOXpPaHUTENeH Ui cliydaeB MUTAHUS OT
TpaHC(HOPMATOPOB C pa3HOH HOMHUHAIHHON MOIIHO-
CTBIO.

HomunanbHbli TOK MIaBKOM BCTaBKH MpeAoOXpa-
HuTens F2 BBIOMpaeTcss ¢ y4eToM pacueTHBIX AIICK-
TPUYECKUX HATPY30K MOTPEOUTENEeH, MUTAIONINXCS Ha
KOHCYHOM YYacTKE JIMHHUU, U MaKCHMAIILHO BO3MOX-
HBIX DKCIUTYaTAIIMOHHBIX PEKUMOB HX pabOThI

Ir2. 1 2 Imakc pass €))
rae Iyakcpap — MaKCUMabHBIA pabodnii TOK Ha KO-
HEYHOM y4YacTKe JIMHUU.

B 7-m uzpanuun [1YD nosiBUIOCH JOIMOIHUTEIb-
HOe TpeOOBaHME K TOKOBBIM 3aIlliTaM — BpeMs cpaba-
TeIBaHUS tg (oTkmodueHus TokoB OK3) He momkHO
npeBbiaTh 5 ¢ [15] T. €. JOMKHBI BBIOJIHATHCS Of-
HOBPEMEHHO [[BA YCIOBH

Kq Z 3 Hu ts S 5 C. (4)

Ha puc. 1, 6 mokazaHsl KpUBEIC BpeMEHH cpada-
TeiBaHuA tsp = f(L) mmaBkux mpenoxpanuteneit F1 u
F2 B 3aBucumocTtu ot Mecta Bo3HukHoBeHuss OK3.

[TynkTupHas muHUS | TIOKa3bIBAET JOCTATOYHBIE
yCIIOBUSL JJisl cpabaThiBaHWs IUIABKOTO MpeIoXpaHu-
tena F1 mo 1-my ycnoBmio, a JTHHUSA 2 — IPU OJHO-
BPEMEHHOM BBITIOJTHEHHH 000uX ycioBuil. OmHOBpE-
MEHHOE BBITIOJTHCHUE JIBYX YCJIOBHH IMOKa3bIBACT, YTO
30Ha 3aIIUTHI JOJDKHA OBITh YMEHBIICHA IO 3HAYCHUS
L'3, T.e. mpemoxpanutens F2 crnenyer moctaBUTH
Omke K Havally JHHAU. JTO, B CBOIO O4Yepelb, TOBO-
PUT O TOM, YTO JOJDKHA OBITH IOBBIIICHA YYBCTBU-
TENBHOCTh IUIABKUX NpefoxpaHuteneil. B cBsasm ¢
3TUM, HEOOXOJIUMO OTPEJC/IUTh, HOBBIC 3HAUCHUS KO-
3} dunmenToB yyBCcTBUTENBLHOCTH Ky - 5), IPH KOTO-
pPBIX BpeMs cpabaTbIBaHHS NpENOXpaHUTENCH He
JIOJKHO MIPEBBIIIATH 5 C.

Ha puc. 3 npuBeneHsl 3HaueHHs K03 PHULINECH-
TOB YYBCTBUTEIHHOCTH B 3aBUCHMOCTH OT HOMHHAJb-
HBIX TOKOB MIaBKUX npemoxpanuteneid Kyg - 5o =
= f(Iry). 3mech BUAHO, 4TO KO3(PPHUIUEHT UYBCTBH-
TEJIbHOCTH BO3pPACTAET 10 3HaUeHui 4,2—8.

q>
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0 90 180 270 360 450 | {1
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Puc. 3. KoadpmumeHT 4yBCTBUTENBHOCTU 3alUTbI
BI-0,38 kB nputsg=5c

C y4eToM YTOYHEHHS MapaMeTPOB 3alllUTHI OII-
penerseTcss HOBOE MECTONOJIOXKEHHUS TUIaBKUX TpeJio-
xpaHurened. Tak kak ONOK ¢ MpeIOXpaHUTEIIMHU
MOJKHO yCTaHOBUTH TOJBKO Ha OINOpE, TO UX MECTO-
pAacIoIO’KEHHE MOXKET CMECTHThCS ONMKe K IMUTAro-
1iei TpaHcGopMaTOPHO MOACTAHIINH.

B pesynbTare BeIOOpa mapameTpoB 3amuThl BJI-
0,38 kB MOkeT BO3HUKHYTh HEOOXOAHMOCTH €€ CeK-
OUOHUPOBAHMA Ha OOIbIIee KOIMIECTBO YacTei, T. e.
BO3MOJKHA yCTaHOBKa TpeX W OoJiee TUIABKHUX IMPEIo-
XpaHuTenel, koropele Obl obecmeunim 100%-Hyro
3alIUTy JTUHAH.

3akaiouyeHue

1. Jlng mpakTHUECKOTO HCIOJIB30BAaHUS Ipeasa-
raeMoi KOHIEHINH OCTPOCHHUS 3aLIUTHI PACCUUTAHBI
U TIOCTPOCHBI CeMeHCTBa KPHUBBIX TOKOB KOPOTKOI'O
3aMBIKaHHSA, KOI((UIMEHTOB  YyBCTBUTEIBHOCTH,
JUIMHBl 30H 3alIUThl B 3aBUCHUMOCTH OT MOIIHOCTH
MUTAIOIUX 3JIEKTPUUECKYIO CeTh TpaHC(opMaTopos,
CCUCHHS TPOBOJIOB BO3AYIIHBIX JIMHUHA, HOMUHAJIBHBIX
TOKOB IIJIABKHUX MPETOXPAaHUTENICH W aBTOMaTHYECKUX
BBIKJIIOYATEEH.

2. O61acTh MPUMEHECHNS KOHIETIIINH TOCTPOCHHUS
3alIUTHl PACIpPOCTpaHsAeTCS KaK Ha PacCMOTPEHHBIE
IIPOCThIE MarucTpajbHble, TaK WU Pa3BETBICHHBIE C
OTMaiikaMH IIMPOKO HPUMEHSIEMbIC BO3MYIIHBIC JIH-
HuM HanpsoxerueM 380 B.

3. BapuaHTBI TOCTpOEHHS 3aIIUTHl B HACTOsAIIEE
BpeMsI aHAIM3HPYIOTCSA C HCIOIb30BAaHHUEM KOMIIBIO-
tepHoii mozenu BJI-0,38 kB, cozmaHHOl Ha ocHOBe
IporpaMMHOTO KomIutekca Matlab, mamee OymayT mpo-
BEPAThCA HA IOJHOMACIITAOHOM HAaTYpHOW MOJIEIN
BJI-0,38 kB, moctpoeHHo# Ha monurone «Yemst03nep-
ro» (Hampspkenue 380 B, mnwaa muHnm 470 M), ¢ mo-
CIICAYIONIM BHEIPCHUEM B 3JIEKTPUYECKHX CETAX
HanpsbkeHuem 380 B.
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The Concept of Building Protection of Electric Networks 380 V

Single-Phase Short-Circuit

R.G. Valeev, South Ural State University, Chelyabinsk, Russian Federation,
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The subject of study of this work is to improve electrical safety in networks 380V neutral to earth type TN-C

single-phase short-circuit on the neutral conductor and the associated metal structures. According to the analysis of
accident statistics overhead lines with bare wires are the least reliable element of the electric network — 62 % of the
damage they are dangerous to people and animals. This article is a brief review of the literature and the urgency of
the development of methods of calculation, selection and placement of fuses and circuit breakers along the pro-
tected line, which would provide 100 % of the area to protect it.

Considered in the design concept of the article protect electrical grids of 380 neutral to earth is the partitioning
along the overhead lines fuses and circuit breakers. The concept of construction is shown by the example of securi-
ty VL-0,38 kV 500 m long and a section of 35 mm square, which is powered by a transformer rated 160 kVA with
a connection scheme Y/YH and protected by fuses with different rated currents.

Graphic shows the dependence such as the change in the ratio of sensitivity to length line, changing the zone
of protection, depending on the current fuse links for various electrical parameters, etc. These relationships allow
us to determine the place of installation of fuses or circuit breakers to ensure the absence of a failure of protection
zones in response time less than 5 seconds.

Research results will be used to build the security of simple trunk and branches with a widely used taps over-
head line voltage of 380 V.

Keywords: electrical network voltage of 380 V, overhead lines, single-phase short-circuit; electric shock of
people and animals, protection of single-phase short-circuit.
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