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Mpenovcnosue

1 MNOArOTOBJ/IEH MOCKOBCKMM MHCTUTYTOM amMepro6esonacHoCT! U aHeprocbepexeHns Ha oCHOBe Co6-
CTBEHHOrO ayTEHTUYHOIO NepeBo/a Ha PYCCKMIi A3blKk MeXAYHAPOAHOrO AOKYMEHTa, YKa3aHHOro B NyHkTe 4

2 BHECEH TexHM4Yeckum KOMUTETOM Mo cTaHaapTusayum TK 337 «DnekTpuyeckne ycTaHoBKN 3aaHnii»

3YTBEPX/EH VN BBEJIEH B AEVICTBUE [Mpukazom ®efepanbHOro areHTCTBa No TEXHNYECKOMY peryiu-
poBaHui0 N MeTposiorum ot 6 ceHTsA6pa 2013 . Ne 982-cT

4 HacToAwmin ctTaHaapT MageHTUYeH MexayHapoaHomy okymeHTy IEC/TR 62066:2002 «IMepeHanpsxeHus
1 3alMTa OT BIGPOCOB HaNPSXXEHUSA B HU3KOBOJIbTHLIX CUCTEMAX NepemMeHHoro Toka. O6uaa ocHoBHasa nHdopma-
uma» (IEC/TR 62066:2002 «Surge overvoltages and surge protection tn low-voltage a.c. power systems — General
basic information»).

HanmeHoBaHMe HacTosILWero cTaHaapTa U3MeHeHO OTHOCUTESIbHO HaVMEHOBaHWA YKa3aHHOIo MeXayHapo/-
HOro OKyMeHTa AN1a NpuBeeHns ero B COOTBETCTBME C BHOBb NPUHATHIM HAaMMEHOBaHUEM Cepun CTaHAapToB
M3K 60364.

Mpu NnpMMeHeHNN HaACTOALWEro cTaHjapTa peKoMeHAyeTcst UCNO0Jb30BaTb BMECTO CChI/TIOYHbIX MeXAyHa-
pOAHbIX CTAHAAPTOB COOTBETCTBYIOLLME UM HaLMOHa/lbHble CTaHAapTbl Poccuiickoih epepanuun n Mexrocygap-
CTBEHHbI CTaHAApT, CBEAEHNS O KOTOPbIX NPUBEEHbI B AONONHUTENBHOM Npuaoxenun A

5 BBEJIEH BIEPBbIE

MpaBuna npMMeHeHNs HaCTosILLEero cTaHgapTa ycTaHoBneHsl B FTOCTP 1.0—2012 (pa3gen 8). NHdop-
Mauusi 06 N3MEeHeHUsIX K Hac TosiLeMy cTaHaap Ty NybMKyeTCs B eXXerofHom (Nno cocTOosHMI0 Ha 1 aHBaps
TeKyLero roga) MHopMaLUnoHHOM ykasaTerne «HaunoHanbHble CTaHAapThi», a TEKCT N3MeHeHuii n nonpa-
BOK — B €)XEMeCAYHOM yKa3aTesne «HaumoHanbHble cTaHAapThi». B ciyyae nepecMoTpa (3ameHbl) Uam 0T -
MeHbl HACTOsILLLEr0 CTaHAapTa cooTBe TCTBYyLee yBeaoMIeHne byaeT onyb6ivMkoBaB B 6nvxaiiLlem Bbl-
MyCKe eXeMeCA4YHOro MHOpMaLMOHHOO yKasaTens «HaumoHanbHbio cTaHgapThi». COOTBeTCTBYOLWAS VH-
chopmMaLms. ysefloMeHNe U TEKCTbl pa3MeLLarntos Takxe B MHhopMaLoHHOM cucTeme 06LLero nob3oBa-
HUS — Ha odhrmanbiloM caiiTe deflepasibHOr0 areHTCTBa N0 TEeXHUYECKOMY PeryMpoBaHunio UMe T posiorum
B ceTu IHTepHeT (gost.ru)

©CTaHgapTuHdopm. 2014

HacTtosimnii ctTaHAapT He MOXeT GbITb MOTHOCTHIO MM HACTUYHO BOCNPOU3BEAEH, TUPAXUPOBaH 1 pacnpo-
CTpaHeH B kauecTBe oML ManbHOro n3faHnsa 6e3 paspelleHns ®egepanbHOro areHTCTBa N0 TEXHUYECKOMY pery-
NIVPOBAHUIO N METPOIOTNN
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HAUWOHANBbHbBIMN CTAHOAPT POCCUMCKOWMN SGELEPALWUM

NMEPEHAMPAXEHUNA UMNYNbCHBIE W 3AWNTA
OT NEPEHAMNPAXEHUN B HM3KOBOJ/IbTHbLIX CUCTEMAX
NMEPEMEHHOIO TOKA

Obuwmre NONOXEHNS

Surge overvoltages and surge protection in low-voltage a.c. power systems. General basic information

[ata BBegeHns — 2015—01—01

1 O6nacTb NPUMeEHeHUs

HacTosAwwmit cTaHgapT npeAcTaBnseT 06wuit 0630p pasnYHbIX BUAO0B UMMY/bCHbLIX NepeHanpsxeHui, Ko-
TOpblE MOTYT NPOU30IATM B HU3KOBOJ/IbTHbLIX 3/1EKTPOYCTAHOBKAX, MPUBOAMUT TUMNOBbIE MO BE/IMUMHE U NPOAOJIKN-
TENbHOCTW UMMY/IbCHbIE NEPEHANPSKEHUS], & TaKXe YacTOTy UX BOSHUKHOBEHUSI.

CTaH4apT CoAEpPXNT MH(OPMaLMIO O NEPEHANPSXEHMUSIX, CBA3AHHbLIX C B3aUMHbIM BIMSIHUEM MexXay co60it
CUCTEM 3/IEKTPOCHABXEHNSA U KOMMYHUKALUOHHBIMU CUCTEMAMM, NPUBOAUT 061l 1e PYKOBOASLLME YKa3aHUS N0
BbI6OPY CPEACTB 3aLyMUThl OT NepeHanpsXXeHnii N NOCTPOEHNI0 CUCTEMbI 3/IEKTPOCHABXEHNS € y4eToM obecneye-
HUSi ee 3KOHOMUYHOCTU U HAZLeXHOCTK, BKOUAsi BONPOCHI B3aNMOAEWCTBUSA N KOOPANHALMM 3aLUTHBIX YCTPOACTB
Nnpy BPeMEHHbIX NepeHanpsixXeHusx.

2 HopmaTtunBHbIe CCbIIKU

B HacTosleM cTaHAapTe MCNOMIb30BaHbl HOPMATUBHbIE CChISIKW Ha CnefytoLine 4OKYMEHTbI.

M3K 60364-4-44:2007 DneKkTpuyeckme ycTaHOBKM HU3KOTO HanpshkeHus. YacTb 4-44. 3awuTtagnsa obecne-
yeHunsa 6e3onacHoCTW. 3alyuTa OT Pe3KnX OTKIOHEHN HANPSHKEHNA N 3N1EKTPOMArHUTHbIX BO3MYLLEHWIA

IEC 60364-4-44:2007 Low-voltage electrical installations — Part 4-44: Protection for safety — Protection
againstvoltage disturbances and electromagnetic disturbances

M3K 60664-1:2007 KoopauHauus nsonsauum 4ns o6opyaoBaHns B HA3KOBO/IbTHbIX cuctemax. YacTb 1. MpuH-
Lunbl. Tpe60BaHMA U UCNbITAHNA

IEC 60664-1:2007 Insulation coordination for equipment within low-voltago systems — Part 1. Principles,
requirements and tests

M3K 61000-2-5:1995 3nekTpomarHuTHas coBmecTUMocTb (EMC) — YacTb 2: OkpyxatoLias cpefa —
Paspgen 5: Knaccmdmkauns anekTpoMarHn THbIX cpef. OcHoBHas ny6avkauus EMC

IEC 61000-2-5:1995 Electromagnetic compatibility of technical equipment. Electromagnetic environment.
Classification of electromagnetic disturbances for different locations oftechnical equipment

M3K 61000-4-1:2006 InekTpoMarHMTHasi COBMEeCTUMOCTb. YacTb 4-1. MeToAUKN UCNbITAHNIA N U3MEPEHUIA.
O6wuii 0630p cepumn cTaHAapToB

IEC 61000-4-1:2006 Electromagnetic compatibility (EMC) — Part 4-1: Testing and measurement techni-
gues — Overview of IEC 61000-4 series

M3K 61000-4-4:2004 SnekTpomMarHnuTHas COBMeCTUMOCTb. YacTb 4-4. MeToAbl UCAbITAHWUI U N3MEPEHMUIA.
VcnbiTaHne Ha HEBOCMPUUMUYMBOCTb K ObICTPLIM NEPEXOAHbLIM NpoLeccam 1 Benaeckam

IEC 61000-4-4:2004 Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement techni-
gues — Electrical fast transient/burst immunity test

M3K 61000-4-5:2005 3nekTpoMarHuTHasi COBMeCTUMOCTb. YacTb 4: MeToAUKN UCNbITAHWIA N U3MEPEHWUIA.
Pa3pgen 5: icnbiTaHne Ha HEBOCMPUUMUYUBOCTL K BbIGPOCY HAMNPSXKEHNUS.

M3paHve ouynansHoe
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IEC 61000-4-5:2005 Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement techni-
gues — Surge immunity test

M3K62305-1:2010 3awmTa oT MosiHMKU, YacTb 1. O6Lwme npuHumunsbI

IEC 62305-1:2010 Protection against lightning — Part 1: General

M3K 62305-2(2010) 3awuTta oT MOAHUKN. YacTb 2. YNpaB/ieHne puckom

IEC Protection against lightning — Part 2: Risk management

M3K 62305-3.2010 3awuta oT MosHUN. YacTb 3. dusnyeckme NoBpexXAeHNs KOHCTPYKLUIA M ONacHOCTb
ONSA XKN3HN

IEC 62305-3:2010 Protection against lightning — Part 3: Physical damage to structures and life hazard

M3K62305-4:2010 3awutaoT MOIHUK. YacTb 4. DneKTpnuyeckne n 31eKTPOHHbIE CUCTEMbI BHYTPU KOHCT-
pyKLMiA

IEC 62305-4:2010 Protection againstlightning — Part 4: Electrical and electronic systems within structures

M3K61643-11:2011 YcTpoiicTBa 3aLlUTbl OT NepeHanpshXXeHnii HU3KOBONbTHbIe. YacTb 11. YcTpolicTBa 3a-
WMTbI OT MepeHanpshKeHnin, NogcoeAnHEeHHbIe K HU3KOBOJIbTHbIM CUCTEMaM pacnpegeneHuns 3/1eKTPo3Hepruu.
TpeboBaHNs 1 MeTOAbl UCNbITaHWIA

IEC 61643-11:2011 Low-voltage surge protective devices — Part 11: Surge protective devices connected to
low-voltage power systems — Requirements and test methods

M3K61643-12:2008 YcTpoiicTBa 3alluTbl OT NepeHanpsXeHuii HU3KoBObTHbIE. YacTb 12. YcTpolicTea 3a-
WNTbI OT NepeHanpsHXeHnin, NoLCcoeMHEHHbIE K HU3KOBO/IbTHbIM CUCTEMAaM pacnpefeneHns afieKTPo3Hepruu.
MpuHUMnbl BbIGOPA Y NPUMEHEHUNSA

IEC 61643-12:2008 Low-voltage surge protective devices— Part 12: Surge protective devices connected to
low-voltage power distribution systems — Selection and application prir»ciplesM3K

ITU-T K 20. CTOIAKOCTb TEe/IEKOMMYHUKALNOHHOT0 060pyA0BaHNs, yCTAHOBIEHHOIO B TE/IEKOMMYHUKALMOH-
HbIX LLeHTpax K nepeHanpsXXeHnsam 1 CBepxTokam

ITU-T K 20 Resistibility of telecommunication equipment installed in a telecommunications centre to
overvoltages and overcurrents

ITU-T K 21. CTOliKOCTb TEeN1IEKOMMYHUKALMOHHOr0 060pYyJ0BaHUS, yCTAHOBIEHHOTO B NOMELL,EHUN K/TNEHTOB
K NepeHanpsaXeHusM n CBepXTokam

ITU-T K 21 Resistibility of telecommunication equipmentinstalled in customer premises to overvoltages and
overcurrents

3 TepMUHbI U onpepeneHns

B HacToALwem cTaHAapTe NPUMEHEHbI ceayoL e TEPMUHbI C COOTBETCTBYOLUMMN ONpeesieHUAMN:

3.1 kKom6uHMpoBaHHasa BoNHa: BonHa, BoipabaTbiBaeMasi reHepatopoM, KoTopblii gaeT 1.2/50 nmnynbc
HanpshKeHus Npu pasoMKHYTOW Lenu 1 8/20 umMnynbC Toka A4/19 KOPOTKO3aMKHYTOM Lenu. HanpshkeHue, aMmnanTy-
Aa Toka u hopMbl BOJTHbI, KOTOpas nepegaeTca Ha Y3UIM. onpepensawTca reHepatopoM un umnegaHcom Y3UM,
K KOTOpOMY npuknagbisaeTca nmnynbc. OTHOLWEHNE MAKCMMaibHOTro HanpsHXXeHns ANA Pa3OMKHYTON Lenu K Mak-
CYMYMY TOKa KOPOTKO3aMKHYTOW Lenu coctasnseT 2 Oma u onpefensercs Kak UKTUBHbLIA nMmnegaHc Z,. Tok
KOPOTKOro 3aMblkaHNa 0603HavYaeTca kak BC HanpsxeHvne pasoMKHYTO Lenn o6o3HavaeTcs kak Uaa

MpumeuyaHune — KombrnHnpoBaHHas BOMHA, BblpabaTbiBaemas reHepaTopoM WMMY/bCOB B COOTBETCTBME
c onpegenexnvem n.3.24 M3K 61643-1. moxeT 6bITb NPUMEHUMA U K ApyroMy o6opyaoBaHuio nomumo Y3UI.

3.2 06begnHeHHOe MHOTronopToBoe Y3UM: NHTerpupoBaHHOe yCTPOWCTBO MMNY/IbCHOW 3aLLUTbl B 0/ -
HOM 6n0Ke AN obecnevyeHns UMNYNbLCHON 3awWwuTbl ABYX WM 60/1ee NOpPTOB 060pyA0BaHUSA, COEAMHEHHOTO C
pasfInyHbIMM CUCTEMaMUN, TaKUMW KaK cCUCTeMa NUTaHUsA 1 KOMMYHUKaLMOHHasA cuctema

NMpumeyvyaHue — B JoONONHEHNE K 0GecNeYeHN0 3aWuTbl OT MNEpPeHanpsikeHus ANS  Kaxgoro nopTa,
YCTPOWCTBO MOXeET Takke ob6ecneynTb ypaBHUBAHWE NOTEHLMANOB Mexay nopramu 060pyfoBaHus.

3.3 koopaguHauua Y3UM (nocnepoBaTtefnibHoe coefuHeHue): BbiGOp xapakTepucTuk gns ABYX Uaun
6onee Y3WI. koTopble 6yayT NpycoenHEHbI K OAHUM WU TEM Xe NMPOBOAHWNKAM CUCTEMbI, HO pa3fefieHHble HEKo-
TOpPbIM pa3bejUHALWNUMCA UMNefaHCcoM Tak, YTO napamMmeTpbl 4aHHOro uMnegaHca 1 nocTynawLwero uMnyabca
rapaHTUpyloT, 4TO NpW Takom BblIGOpe 3Heprus, paccemBaemMas B Kaxgom u3 Y3UM. cooTBeTCTBYeT ero napa-
meTpam

3.4 npAmMoil ygap MOHUK: Yaap, BO34eACTBYOLWMIA HenocpeACTBEHHO Ha paccMaTpuBaeMyl0 KOHCT-
pyKuuto

2
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3.5ypaBHMBaHMeE NOTEHLMANO0B: DNEKTPUYECKOe CoefMHEeHe NPOBOAALLMX YacTel, NnpegHasHauYeHHbIX
ONS1 BOCTUXEHUS 9KBUNOTEHLMANbHOCTY

MpunmevyaHne —B 06bIYHbIX 3/1EKTPOYCTaHOBKaxX ypaBHMBaHMe NOTeHUuasnos obecneynBaeT 6e30MacHOCTb
Ha HpOMbIUJﬂeHHOI?’I yactoTe. lMpu ckauyke Toka Mo A/IMHE MPOBOAHWKOB YpaBHWBaHWA NOTEHLMaNoB HEN36eXHO BO3HU-
KaeT HekoTopasa pa3HOCTb NOTeHunanos.

3.6 OCTYMHbIN 06beKT: Du3nyecknin 06bekT (Hanpumep, 60nbHULA, Dabprka, MalnHa, U T. 4.), KOTOPbIA
NOCTPOEH, CKOHCTPYMPOBAH, CMOHTVPOBAH UM YCTAHOB/IEH A5 BbINOIHEHUA HEKOTOPOIA onpeaeneHHo pyHKLUN
WM CAYXaLnidi nan cnoco6CTBYIOLLMIA BbIMOSIHEHWIO HEKOTOPbIX KOHKPETHbIX Lenei

3.7 yaap monHuu B 3eMnto: Paspsj aTMochepHOro afiekTpuyecTsa Mexay obnakom n semnei, cocTos-
L MiA N3 ofHOro unu 6onee pasaenbHbIX MCKPOBbLIX Pa3psafoB

MpumeuyaHune — Yaap MOMHUN B 3eMJ/I0 MOXET OblTb MOHSAT HE TO/IbKO Kak yaap MMEHHO B 3eM/Ito (NouBy),
HO TaKkXke Kak yaap B KOHCTPYKLUMWIO, CUCTEMY 3NEKTPOCHAGXeHNUs, 1 T. 4, B NPOTMBOMNOJIOXHOCTb pa3psgy oT obnaka K
obnaky.

3.8 cuctema monHuesawutol (CM3): MonHas cuctema A4ss 3awWmMTbl NpocTpaHcTBa OT BO3AENCTBUS MON-
HUK. OHa BKNOYaeT BHELHWNE Y BHYTPEHHNE CUCTEMbI MOJTHNE3ALLUTDI

NMpumeyaHne — BHEKOTOPbIX CAyYasx cUCTeMa MOJIHNE3ALLUTbI MOXET COCTOATb TO/IbKO N3 BHELWHEeNR um
BHYTpeHHel CM3.

3.9 yaap B HenmocpeCTBEHHOW 61M30CTW: Yaap MOHUM B6IM3N paccMaTpuBaeMoil KOHCTPYKL K

3.10 Touka yaapa: Touka, rae ygap MOJSIHUU nonagaeT B 3eMJ1t0, KOHCTPYKLUIO WU B CUCTEMY MOJIHUE-
3aLmnThl

3.11 oxugaemoe nepeHanpsaxeHne: TeopeTnyeckoe nepeHanpsxxeHne, KOTopoe NOABUIOCH 6bl Ha NPO-
BO/HUKaX CUCTEMbl 3/IeKTPOCHa6XEHNSA UK Nob3oBaTe s yCTaHOBKM A0 Np060s OCHOBHOM M3onauum nnu cpaba-
TbIBAHWS YCTPOCTB, OrpaHNYMBaloLLmnX nepeHanpsxeHme

3.12 pasbeanHuTenb Y3WUM: BHYTPEHHEE NN BHELLIHEE YCTPONCTBO NpegHasHaYeHHOEe ANa pa3beanHe-
HUA Y3 n cuctembl 31eKTpoCHabXeHus B criydae nospexaeHns Y3UT. OHo npegHa3HavyaeTcs 415 T0ro, YTobbl
npefoTBpaTUTb ANNTENIbHOE NOBPEXAeHNe CUCTEMbI U MOXeT 06ecneyunTb BU3yasibHYI0 MHAMKALMIO NOBpexXde-
HUA Y3UM

3.13 kpyTu3Ha: OTHOLWEHNE HaK/IOHA NepeaHeli CTOPOHbI BOJTHbI UMMy bCa, ANA UHTepBana mexay 10 % u
90 % amnanMTyAHOro 3Ha4YeHUA, K Hak/IoHy, onpeaesnieHHoMy Ansa uHtepsana mexay 10 % n 30 % amnauTygHoro
3HayeHus

3.14 pas3psag (MonHUKN): EQUHUYHBIV 3N1eKTpUYeckunii paspsag MoHUW, yaapsatoLeii B 3eMio

3.15 umnynbcHoe nepeHanpsxeHune: KpaTkoBpeMeHHOe U nepexoHoe HanpsxeHue, Bo3HuKalolee
B CUCTEME, OT UMNY/bCa TOKa, BO3HMKAOLLEro n3-3a aTMoCcepHOro paspsaga, MHAYKUUN, KommyTalmm nam Henoc-
pefiCTBEHHOIO NOBpPeXAeHUs B CUCTeEME

3.16 ycTpOWCTBO 3aLlnTbl OT UMNY/IbCHbIX NepeHanpsxeHunii (Y3UM): YcTpoiicTBoO, kOTOpoe npegHas-
HayeHo ANA OrpaHnYeHna NepexoHOro nepeHanpsXXeHna n oTBefeHna MMNynbca Toka. YCTPOMCTBO COAEPXUT
He MeHee 0HOI0 He/IMHENHOTo KOMMOHEHTa

3.17 akBanaiisep: YcTpoiicTBO, UICNO/Ib3yeMOe /151 NpucoeAnHeHnss 060py0BaHUs K BHELHMM cucTemam
Takum o6pasomM, 4To6bI BCe NPOBOAHMKM, MOAKOYAEMble K 3alnLlLaemMoit Harpyske, npucoegumHannce pusndec-
KN 1 3n1eKTpruyeckn yepes obuLyto 060/104Ky ¢ 06LEe TOUKON NOPTOB BBOAA M BbIBOAA KaXA0M CUCTEMbI

MpumevyaHune — CoOBMECTHOE WCNONb30BaHWe 06LWed TOYkM MOXeT 6biTb BbINO/HEHO B npegenax
ycTpoiicTBa WAM nyTeM HenocpejCcTBEHHOr0 COeAWHEHUSs WAW 4Yepe3 HeKOoTopoe YCTPOICTBO, Takoe Kak Y3WUM,
KOoTopoe obecneunBaeT OTAE/IEHNE B HOPMasibHbIX YC/I0BUSIX, HO ob6ecneumBaeT ahhekTBHOE COeAMHEHME BO BpeMs
BO3HWKHOBEHWA WMMyNbca B OAHOW AWM 06eux cucremax.

3.18 BpemeHHOe nepeHanpsxeHune (BMH): OTHOCUTENbHO ANNTENbHOE NepeHanpsXXeHne NPOMbILLIEH-
HOIi 4acTOTbl BAaHHOI yCTaHOBKe, KOTOPOE ABNAETCA He3aTyxallWum uam cnabo satyxawowmum

MpumMmeuyaHune — BpeMeHHble nepeHanpsKEHNS 06bIYHO MPOUCXOAAT MU3-3a KOMMYTALMOHHBIX onepauuii unm
noBpexjeHuii (Hanpumep, BHe3anHoe W3MEHeHUe Harpysku, ofHoasHble 3amblkaHUsA) U/MNN N3-3a HEMHENHOCTU
(tbeppope3oHaHCHble AABNEHUSA, TAapMOHUKN).

3.19 TennoBoii NPo6Oii: JKcnayaTaLMOHHOE YCN10BKE, KOoraa ANuTeNnbHble NnoTepu MolHocTy B Y3UM npe-
BblLLAIOT AONYCTUMOE TENIOBOE paccesHne Kopnyca u CoeJMHeHU, NpUBOASA K yBEeIMYEHUNI0 TeMNepaTypbl BHYT-
PEHHUX 3/IEMEHTOB U, B pe3y/fibTarte, K NOBPeXAeHUNI0.
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4 TlepeHanpsi>)XeHUA B HU3KOBOJIbTHbIX CUCTEMax

MepeHanpsi)XeHns B HU3KOBO/IbTHbIX CUCTEMAX BO3HUKAIT U3-32 HECKO/IbKUX TUMOB COBbLITUIA NN MEXaHU3-
MOB B3auMOAeNCTBUA 1 MOTYT GbITb KnaccuuLMpoBaHbl No YeTbipeM TUNam. B HacTosiLwem cTaHgapTe OCHOBHOe
BHUMaHWe yfeNeHo NepPBbIM ABYM TUNaM NepeHanpsxeHuii 1 NpuBeAeHbl OCHOBHbIE yKasaHUsa ANs TpeTbero
TMna. YeTBepTbI TUN NepeHanpsiXXeHnii BO3HUKAET NpU B3aMMOLeiCTBMM CUCTEMbI 3N1EKTPOCHABXEHNSI NEPEMEH-
HOrO TOKa C ApYyrMMu cucTeMamMu, TakuMmn kak KOMMYHUKaLMOHHbIE CUCTEMbI.

a) Fpo30Bble NepeHanpsXeHNs.

po30Bble NEpeHanPsXeHNsa ABNAKTCA pe3ynbTaTtoM NPAMOro yaapa MOIHAW UK yaapa MOJTHUM B HENOC-
peAcTBEHHOW 6/1M30CTN OT CUCTEMbI 3NEKTPOCHABXEHNS, B 34aHUSA C CUCTEMOWN MONHMEe3aWwmnTbl nau 6e3 Hee nnn
B 3EMJI0. YAaneHHblli yaap MOJTHUM TakxXe MOXET Bbl3BaTb NMEPEHANPAXEHNA B LLENSX 3N1€KTPOYCTAHOBKN. DTH
nepeHanpsXXxeHns paccMoTpeHbl B pa3gersie 5 HacTosWero ctaHgapTa.

b) KOMMyTaLMOHHbIe NepeHanpsXXeHus.

KOMMyTauMOHHbIE NepeHanpsiXeHns SBNATCS pe3yNbTaToM HAMEPEHHbIX AeliCTBUIA B CUCTEME 3/IEKTPO-
CHaBXeHNS. TakuX Kak NOAKIHYEHNE UHAYKTUBHOW UM EMKOCTHOI Harpysku, NepekioyeHme B cucteMe nepepga-
4 UNKN B CUCTEME pacnpefenieHns 3N1eKTPO3HePruM UNn B HU3KOBOIbTHON cucTeMe B pesynbTate onepawuii ko-
HEYHOro NnoTpebuTens. Takme nepeHanpsXXeHUs MOryT TakxXe OblTb Pe3yNbTaTOM HEYMbILLIEHHbIX COOLITWIA, TakMx
KaK HapyLleHNs B CUCTEME 3NIEKTPOCHABXKEHNSA 1 UX YyCTPaHEHME. DTN NepeHanpsXXeHns pacCMOTPEHbI B pasaene
6 HacTosLero ctaHgapTa.

c) BpeMeHHble nepeHanpshXeHuns.

BpemeHHble NnepeHanpsXXeHNsi NPOUCXOAAT B CUCTEMAX 3/IEKTPOCHABXKEHWIO, Kak pe3ynbTarT LWMPOKOro Ana-
nasoHa ycnosuii yHKLUOHNPOBAHNSA CUCTEMbBI KakK B YC/TOBUAX HOPMasbHOTO OYHKLMOHUPOBaHUSA, Tak U B pe-
3ynbTaTe aBapuin. O6e NpMYMHbLI pacCMOTPEHbI B pasgese 7. VIX Hanmune oTHOCUTCS K BbIGOPY COOTBETCTBYHOLLUX
Y3un.

d) CuctemMHble nepeHanpsXXeHns B3anMoaeincTeus.

MepeHanpsXeHNst MOryT BO3HUKaTb MeXy pa3fIMuHbIMU CUCTEMaMM, TAKUMU Kak 3/IEKTPOCHABXEHMWE U CBA3b,
BO BPEMS CKAYKOB TOKa B O4HOI 13 cuctemM. OHM KpaTKo pacCMOTPEHbI B pa3aese 8 HacTosIWEro cTaHaapTa.

5 'po3oBble nepeHanpsaxeHnsa

5.1 OCHOBHblIe MOJIOXEHUSA

MonHWA — ecTecTBEHHOE 1 HensbexHoe CobbiTue, KOTOPOE BAUSIET HA HU3KOBOJIbTHbIE CUCTEMbI (CUCTEMBI
3/1eKTPOCHAaBXeHNA, CUCTEMbI CBA3M) MOCPeACTBOM HECKO/TbKMX MEXaHN3MOB B3anmogeiicTensa. OueBngHoe B3a-
nmogeincTene — 3To yaap MOSTHUM B CUCTEMY 3/1€KTPOCHABXEHNSA, HO U ApyrMe MexaHu3mbl B3auMogeincTems
MOTYT Takxe Bbl3BaTb NepeHanpskeHus (CM. pucyHok 1). ns nyywero npeAcTaB/ieHns pasHoo6pasns BO3MOX-
HbIX MEXaHM3MOB B3auMO/eNCcTBUS B HACTOALLEM CTaHAapTe NpMBejeHa CBOAKa OCHOBHbIX NapamMmeTpoB yjapa
MOJIHUM MexAy 06/1akoM 1 06beKTOM Ha ypoBHe 3eMn. Ha pucyHke 2 nprvBefeHbl NpuMepsl BO34eincTeus ygapa
MOJTHUW Ha TUMOBYIO C/IOXKHYIO 3/1eKTPUYECKYIO CUCTEMY.

KcyujecTBeHHbIM napaMeTpam MOJIHUM OTHOCATCA: (DOpPMa BOJIHbI, aMMINTYya 1M 4acToTa BO3HUKHOBEHUSA
nepeHanpsixeHus. MoHATMe 6/IM3KOr0 U yAaneHHoro ygapa MOIHUM BKOYaeT HeCKO/IbKO MapaMeTpoB U CBA3aH-
HbIX C HUMU BO3[eNCTBUIA, Kak 3To nokasaHo B Tabnuue 1.

PaccmatpuBatoTca Tpu TMna MexaHM3MoB B3aMMOAEeCTBUS, KOTOPbIE MOTYT NPUBECTY K epeHanpsxeHnsm
B HU3KOBOJIbTHbIX CUCTEMAX, NOMIyYEeHHble KaK B pe3ysibTate NU3MepeHuid, Tak U NoSlyYeHHble NyTeM BblYNCAEHWNIA.
Mpy paccMoTpeHnn BONPOCOB NepeHanpsXeHns BaXHbIM acekToOM PacCMOTPEHUA ABNAETCSA 31EKTPUYECKUiA TOK
caM no cebe Uau Kak UCTOYHUK NepeHanpsXxeHus. B cnyyae npsaMoro yaapa MOSTHUN B 3/1eKTPUYECKYI0 CUCTEMY
HenocpeACcTBEHHbIN ahheKT BO3HNKaEeT OT TOKa MOJIHUW, KOTOPbI Bbi3biBAET NepeHanpsXXeHne Ha umnegaHce
3asemneHns. D ekTMBHOE 3HaYeHe nMnegaHca 1 Toka pa3psja MOSIHUM CoCTaBIsieT HECKO/IbKO ThbicAY OM.
CO00TBETCTBEHHO, TOK MOJTHUM MOXeT (DakTUYecku 6bITb PACCMOTPEH, KakK naeanbHblii NCTOYHWK TOKa.

B cnyyae yaapa MOTHUM B HENOCPEACTBEHHON 6/1M30CTU OT 06bekTa ahPekT NnepeHanpsaxXeHns Bbi3biBaeT
Hannyme 3aMKHYTbIX KOHTYPOB B LieNsX UN Pe3NCTUBHbIX CBA3AX, BO3HUKAIOLW WX U3-38 UMMY/IbCOB TOKA.

B cnyyae yAaneHHOro ygapa MoJIHUM CKayku nepeHanpsXeHnii orpaHnynBalTCa HaBeAeHHbIMU (MHAYLN-
pOBaHHbIMU) HAMPSHKEHUSAMU. Peakunsa aneKTpuyeckoin cucTemMbl Npu ygape MOoHUM ABASETCA BaXHbIM aCNeKToM
npu oLeHKe BO3HUKHOBEHMNS BO3MOXHbIX MMMY/1bCOB TOKOB U NepeHanpsixXeHunii.

[na naHHoro yfapa MO/IHUY YPOBEHb NepeHanpsiXeHus, NosBAsAoLWerocs B yCTaHOBKe KOHEYHOro noTpe-
6uTeNns. 3aBUCUT OT XapaKTepPUCTUK IMHWI CBA3W, TAKUX Kak pacCTOSHNE 1 XapakTepUCTUKN CUCTEMbI MeXAy Tou-
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PucyHok 1 — [MpumMepbl MEXaHW3MOB BO3AENCTBUA Npu yaape MOSHWK

BosayluHas
nmuna CH
TenedoHHas
NNHWA
(cHu3y)
TpaHcdopmatop
\ BKICH
LlepkoBbl
Kaoenb
B 3emne
TpaHccopmaTop
CH/HH

1 Mpsmoit yaap B nuHuto BH

2 Npawvoii yaap B nuHuio CH

3 Mpsmoit yaap B nuHnio HH

4 Mpamoii yaap B cucTeMy MonunesalyuTbl

Ckpy4yeHHas
BO3AyLUHasA
nnHna HH

5 Ypap B 3emnio
6 Ypaap B cocefHue KOHCTPyKUUn
7 Ypap B TenedOoHHY0 NUHUIO

PucyHok 2 — [MpumMepbl yaapa MOSHUM B C/IOXHOW 3NeKTPUYEecKoii cucteme
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Ko yfapa MoniHUM 1 060pyA0BaHNeM KOHeYHOro noTpebutens, cnoco6a 3asemneHna 1 MnNegaHca 3aseMeHns,
Hanuuue Y3WI BAOAb NNHWIA 1 B pacnpeAennTenibHblX yCTpoiicTBax. Bce aTu hakTopbl M3MEHSAOTCS a WPOKOM
AnanasoHe B COOTBETCTBUM C KOHurypauue ceTei.

Ta6nuya 1— XapakTepucTukiu U BO34EACTBUS MOSTHUM

XapaKTepucTuku Mpsmoit yaap Ypaap B 61u3n YpaaneHHblii yaap

MexaHuueckoe Bo3geiicTBue  KOHCTpyKuus

Tennosoe BO3aeiicTBre KoHCTpykumMst 1 uenu
OHeprusa Y3WN Ha BBOAE Y3WM Ha BBOAE Y3UN Ha BBOAE
(BbICOKOE HanpshxeHue) (cpefHee HanpsxeHue) (HM3KOB HanpsaxeHwue)
CKOpOCTb HapacTaHua Toka CMexHble uenu BnnskopacnosnoxeHHble Bonblwune 3aMkHyTble
uenwu uenun
MoBbiWweHne noTeHunana Ha  CMexHble uenu Bnn3kopacnonoxeHHble
3asemnutene uenu
NHAYKTUBHasA CBA3b CMmexHble uenu BnnskopacnosnioxeHHble Bonblwune 3aMkHyTble
uenwu uenun
EmKocTHas cBA3b CMexHble Lenu BnnskopacnosnoxeHHble
uenu
PesnctuBHas cBA3b MpucoefnHeHHble Uenu BnnskopacnosnioxeHHble
uenwu
PacnpocTpaHeHune BAoMb Y3WM Ha BBOAE Y3WM Ha BBOAE Y3WM Ha BBOAE
NPOBOAHON NUHUK (BbICOKOE HanpshKeHue) (cpegHee HanpshkeHue) (HM3KOB HanpsxeHue)

B HacTosilem cTaHfapTe paccMoTpeHa nepeas ctajua cobbiTUsS Npu yaape MOIHUN B OTCYTCTBUE CPeACTB
CHWXeHUs BO3AeicTBMSA (NpeanonaraeMbix UM nMmerowmnxcs). OueHka nepBoii ctagun cobbiTusi Be4eT K NoHUMa-
HUIO OXNAaemoro nepeHanpsxxeHus. Ha cnegylouwem atane paccmarpmsalTca nmerLmecs aktopbl YyMeHbLUe-
HUA BO34EACTBMA YTOOLI NOYUYMTL MH(POPMAaLLMIO O TOM. Kakoe npegnosiaraemoe nepeHanpsXxeHne MoxeT no-
ABUTbCA B 060pyA0BaHMM KOHEYHOrO noTpebuTtens. MoryT 6biTb MCNOMb30BaHbl pa3/IMyHble MEXaHU3Mbl YMEHb-
LWeHna BO3AEeNCTBUSA, BKIOUAA eCTeCTBEHHOe 3aTyxaHune, 3aBucslee oT KOHUrypaLumum cuctemsl, U npegHame-
pEeHHOe yMeHblleHWe MyTeM YCTaHOBKM pa3/inyHbiX Y3WI kak co CTOPOHbI MUTAaHUSA, Tak Uy KOHEYHOro noTpe-
outens.

B cTaHgapTe KpaTko ONUCbiBATCS OCHOBHbIE NapamMeTpbl MOMHUW, HEO6X04UMbIe A/19 PACCMOTPEHUA Tpex
TUNOB MEXAHU3MOB BO3ECTBUSA, ONPeAENEHHbIE BbllWe, U OLLEHUBAETCSA BEPOSATHOCTb PA3/IMUHbIX MEXAHU3MOB
BO34eincTBuSA.

Paspagbl MonHUM 0T o6naka K 3eMie NPONCXoaaT B ABYX peXxumax, B 3aBUCUMOCTM OT COOTBETCTBYHOLLEN
nosIApPHOCTM o6naka n 3emnu.

Ypap MOSTHUM NPU MONOXUTENIbHOM NMOTEHUMasne 3eMm COCTOUT U3 Cnefyo X KOMMNOHEHTOB:

- NOSTOXNTENbHbIA UMAYNbCHbIV TOK U. BO3MOXHO,

- NOIOXKNUTE/IbHbI TOK NPOAO/IKEHUSA.

Ypap MOHUU Npu oTpULaTeIbHOM NOTeHLMane 3eMan CoCToOUT U3 cnefyrLmnx KOMNOHEHTOB:

-oTpuUaTeNbHbIR UMNYIbCHBIA TOK HAYaNbHOTO pa3psifa, U. BO3MOXHO.

-oTpuuaTesibHble UMMY/IbCHbIE TOKM NOCNeAYoLWmnX paspagos, U. BO3MOXHO.

-0TpULaTENbHbIA TOK NPOAO/HKEHUS.

O6beKTbl OrpaHUYEHHO BbICOTbI MOPAXaKTCsA Kak Mpu NOMIOXNTENIbHOM, TaK M 0TpuL,aTe/IbHOM NoTeHuuane
3emnun. Ha pucyHke 3 npuBefeHbl B3aMMOCBA3aHHbIe BO3MOXHbIe QOPMbl TOKa MOSTHUN.

O6BbEKTbI 3HAYNTEIbHOWN BbICOTbI, Takne Kak 6allHn BbicOTOW 6osee 100 M, nopaxatTCs Kak Npu NosIoXu-
TeNbHOM. Tak 1 Npu oTpuuaTesIbHOM NoTeHuMane 3emnan. Batom cnyyas, pas3psag MOTHUN MOXeT ObiTb C TOKOM
NPOAO/HKEHNSA, HO BO3MOXHO BO3HWKHOBEHMWE TO/TbKO TOKA NPOAO/IKEHUS.
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PucyHok 3 — B03MOXHble (hopMbl BOJIHbI TOKA MOJSIHUSI NPU YAape B Ha3eMHble 06bekTbl

%

1 OTpuyatenbHble nepeble paspsfbl
2 OTpuuaTenbHble Mocneaywline paspsaabl
3 MoNoXUTeNbHLIR 3apsaj 3emnun

PucyHok 4 — YacToTHOoe pacnpegeneHvne UMNyabCHbIX TOKOB A1 TPeX TUMOB yaapa MOSHUN
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Ta6nuuya 2 — CTaTucTUYeckue flaHHble OCHOBHbIX NapameTpoB Npu yaape MOHWK

MPOLEHTHOE COOTHOLLEHME
MapameTp MOSTHUM

50 % 5%
MakcumanbHbIil TOK (KA)
OTpuuartenibHble NepsBble UMMNYNbCbI 20 90
OTpuuarenbHole nocnegytowme MMnybCbl 12 29
MonoxuntenbHoO 3apsiXeHHass 3eMns 35 250
MonHbiil 3apsg (C)
OTpuuaTenbHbIl NoTeHuMan 3emamn 8 40
MonoxuntenbHo 3apsxeHHasa 3emns 80 350
MepexopgHsblii 3apag (C)
OTpuuaTtesibHble NepBble NUMNY/bCbl 5 20
OTpuuartenbHble nocneaylowme UMnysnbChbl 1 4
MonoxuntenbHo 3apAxeHHasa 3emnd 16 150
JHeprus (knnopxoyns / 2J)
OTpuuartenbHble NepBble UMMNYNbChbI 55 550
OTpuuartesibHble nocneayouime UMNysbehbl 6 52
MonoxuntenbHo 3apsxeHHasa 3emnsd 650 15 000
MakcumanbHbli HAKNOH NnepexoAHoro Toka (KA /1js)
OTpuuartesibHble NepBble UMNY/bCbl 24 65
OTpuuatesnibHble nocneayouime UMNysbCobl 40 162
MonoxuntenbHo 3apsxeHHasa 3emnsd 2 32

MpumeuvaHune. 3TV 3HaUYEHWA NPeACcTaBAAIOT XapakTEPUCTUKM TOka 06paTHOro Xofa B OCHOBHOM KaHase
(n3mepeHns 6binn caenaHbl 419 MUHUMAIbHOTO YPOBHS).

MakcumanbHoe 3HaueHne UMNYbCHOTO TOKa MOJIHUM — CYLLLeCTBEHHbI napaMeTp, KoTopblii onpegenseT
najeHvne HanpsbkeHus Ha MMNefaHce 3a3eMANTENS UKW 06bEKTA M Takum o6pa3oM onpegesnsieT pasHocTb
NnoTeHLManoB Mexay 06EKTOM 1 ero okpyxeHueM. 3apsabl, nepefaBaemMble UMNYbCHbIM TOKOM M TOK NPOA0/I-
XEHUA— CYLLeCTBEHHbIE NapameTpbl, KOTOpble Bbi3biBAOT NOBPEXAEHUE MeTan/10B pa3psLoM MOMHUN. DHep-
rMs — CyLleCTBEHHbI NapaMeTp, KOTOPbIA onpefenseT HarpeB NPOBOAHUKOB TOKOM MOJTHUM, TAKXE Kak U Mexa-
HUYecKue BO3AEeNCTBUSA OT 3/1eKTPOMATrHUTHbBIX CUJ.

YpoBeHb NOBbILLIEHUSI — CYLLeCTBEHHbIN NapameTp 415 HanpsKeHW, BbI3BAHHbLIX B 3aMKHYTbIX MPOBOAHbIX
uensx B613M MMNynbca Toka U A8 Nocnefylowmnx TOKOB. MHOTOMMNY/bCHbIA pa3pss — OCHOBHAs MpUynHa
HapylweHunii paboTbl LG POBLIX CUCTEM, N3-3a NOBTOPEHNS NOGOYHbLIX CUTHA/IOB 411 NePBOro UMNybea u 6onee
pe3Koro NOBbILEHUS TOKA NPU NOCEAYIOLUX UMITYbCAX.

KapTa rogoBoii MHTEHCUBHOCTM FPO3 NpMBeAEHA Ha pUcyHKe 5. s TeppuTopuii, rae AelicTByeT cuctema
Ha6/1l0AeHNs 38 MOSTHWUSIMU, UCNO/b3YeTCA MHGOPMaLUs B COOTBETCTBUM C HOBLIMU KapTaMu NAOTHOCTY yAapoB
MOIHUMW. KapTbl N1OTHOCTH YAAPOB MO/THUM 06ecneunBatoT 60/1ee TOUHYH MH(OPMaLMIo, YeM TPaAULMOHHbIE Kap-
Thbl FPO30BbIX JHE.

NMpumeyaHune — KapTbl NIOTHOCTM yAAapPOB MOJIHUM NOCTENEHHO 3aMEHAT KapTbl TPO30BbIX AHEN.



FOCT P 55630-2013

PucyHok 5 — Kapra nHTeHcMBHOCTM rpo3 11

5.2 T'po30Bble UMNYJ/IbCHbIE NepeHanpsaxXeHns

MepeHanpsXeHna Npu ygape MOTHUM B 3NE€KTPUYECKUX CUCTEMAX MOTYT BbITb KnaccuduumnpoBaHbl Mo nx
NCTOYHUKY CnefytoLmnm obpasom:

- nepeHanpsXeHus n3-3a NPAMoro ygapa MoJiHUN B 3/IEKTPUYECKUE CETH;

- nepeHanpsXeHus B 3N1€KTPUYECKNX CETAX, Bbi3BaHHble YAapOM MOJIHUM B 3€MJ/1I0 HA HEKOTOPOM pac-
CTOAHUY;

- nepeHanpsXeHuns, BbI3BaHHbIe B pe3ybTare B3auMOAeNCTBUEM CUCTEMbI Yepe3 Pe3NUCTUBHYIO, MHAYKTUB-
HYI0 1 eMKOCTHYI0 CBSI3b C TOKOM paspsga MOSHUN.

5.2.1 TMpsmoii ygap MOMHUY B BO3AYLWHYO TIMHWIO

Kak oTMeyanocb paHee adhheKTUBHbIN MMNeAaHC KaHana MOMIHUN UMeeT BbICOKOE 3Ha4YeHNe 1 TOK MOTHUK
MOXHO haKkTUyeckn paccmaTpusBaTb Kak naeasnbHblli UCTOYHUK TOKA. BO3HMKaloLWee nepeHanpsaxeHue onpegens-
10TCA ahphekTUBHBIM MMNEefaHCcoOM U NPONOPLMOHANbLHO TOKY MOTHUW. Mpu yaape MOSIHUU B NPOBOAHUK BO3A4YLU-
HOW NUHUN UMNefaHc B NePBbIi MOMEHT onpeAenseTca uMmnefaHcoMm (MMNYAbCHbIA UMNeAaHc) IMHUKN. DTOT UM-
nefaHc (Za) o6bl4HO HaxoauTcs B AnanasoHe 400 go 500 Om Ana kaxgoro nposoja. Kak nokasaHo Ha pucyHke 6.
TOK (/) nepBoHayasbHO AENUTCS Ha fBE YacTK, N0 OAHON B KaxXLOM Hanpas/eHUN.

*a

PucyHok 6 — MpsiMoii yaap MOMHUM B BO3AYLUHYO IMHUIO
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Mmnynbe (U). creHepupoBaHHbIli TOKOM B TOUKe yaapa onpegensietcs kak (1)

U=2Z0x 1/2, (1)
roe

U— nmnynbc HanpsxeHus (kB);

Z,j— MMNYnbCHbI nMnegaHc (Om);

| — TOK MONHUK (KA).

[nsa ymepeHHoro 3HavyeHusa Toka 20 KA n umneganca nmnynsca 400 Om npegnonaraemoe HanpsxeHue
MMNYNbCHOrO NepeHanpsaXeHUs B ToUke yaapa MonHum coctasnset 4000 kB. Taknum o6pa3om AN NMHMi cpegHe-
ro HanpsbkeHuns (CH)1un ans nuHnii HU3Koro HanpsxxeHns (HH). uckpoBoii pa3pag 6yaeT BO3HUKATb MeXy BCEMU
NPOBOAHUKAMMN [INHUN U. B BONBLLIMHCTBE C/ly4YaeB, TakXe Mo OTHOLWEHWUIO K 3a3eM/INTENAM. PaCMO/IOXKEHHbIM
BAONb NHWW. NocNe NCKPOBOro paspsaga apheKkTUBHbIN MNeAaHC yMeHbllaeTcsa B 3aBUCUMOCTH OT 3HaYeHUs
conpoTuBneHunii 3azemnntenein. OfHako 4151 OTHOCUTETbHO HU3KOTO 3thheKTMBHOTO nMnegaHca B 10 Om Hanps-
XeHune Ha nNuHun coctasBuT nopsgka 200 kKB gnsa Toka MonHUKM 20 KA. NPUHATOrO B 3TOM NMPUMeEpe, 4TO MOXeT
npMBecTy K BO3HUKHOBEHMWIO UCKPOBOTO paspsja.

YacToTa yAapoB MOJIHUUN B JINHUIO 3aBUCUT OT /TI0OKa/IbHOW NIOTHOCTM FPO30BOI aKTUBHOCTW 1M NapameTpoB
NIMHUN (OCOBEHHO ee BbICOTbI) U BO3MOXHbIX 3 (DEKTOB 3KpaHNpPOBaHUSA. [151 NMHUIA, pacnONI0XEHHbIX HA OTKPbI-
TOM NPOCTPAaHCTBE, YNC/0 YAAPOB MOTHUM B JINHUIO MOXET 6biTb ONpeAeneHo kak 418 NoaA0Chkl LWMPUHON B TpK
BbICOTbI InHUK (H). chbhekTnBHan nnowaab (A) MoxeT 6bITb ONpegeneHa:

A =6 x HXL, 2)
roe
A — adhpekTuBHaA naowagb;
H— BbicOTa;
L — pgnvHa nnunn.
Yucno ygapos monHuu B rog (N)onpegensietcs yMHOXEHWEM A Ha 10KasibHY0 NAOTHOCTb YAapoB MOHWUA
(Ng) cnegytowmm obpasom:
N=AxNgxJx 1(I\ 3)
roe
/N— uncno ygapos MOSHUN B rOf;
A — adbhekTnBHasa nnowasb (M2);
N f— nokanbHas N1I0THOCTb YAaPOB MOTHUW HA KM2€eXerogHo.
[ns nuHium BoicoToi 5 M N g pasHoli 1. N paBHaeTca 0,03 Ha KM IMHUMN eXeroaHo, To ecTb, TpU ygapa Ha
100 KM NTUHUN eXerofHo.
5.2.2 T'po3oBble nepeHanpaXeHUsa, MHAYLUPOBAHHbIE B INHUN
M3-3a U3MEHeHNii 31eKTPOMarHMTHOro Noss, BbI3BaHHbIX YAapOM MOJ/IHUM, UHAYLVPOBAaHHbIE NepeHanpsxe-
HUS BO3HUKAKOT B /IMHNAX BCEX BUAOB, BK/IIOYAsA pacnofloXXeHHble Ha 3HaYnTelbHOM paccToAHUN OT yaapa Mof-
HVK. B nepeoM npnbamxeHnn npeanonaraembsie nepeHanpskeHns U (B KW1oBonbTax) Mexay NPOBOAOM JIMHNAN 1
3emseli (camoe 6/1M3Koe K TOUKe yaapa) MoryT 6biTb OLeHeHbl No hopmyne (4):

U =30 x (H/d) x I, 4)

roe

| — TOoK MONHUK (KA);

H— BblcOoTa NpoBOAOB OT 3eM/n (M);

d— paccTosiHue J,0 TOYKM yaapa MosHUK (M).

3HauyeHne nepeHanpsXXeHns oAMHAKOBO A1 BCEX NPOBOAHMKOB, TakK Kak pacCcTosiHne mexgy asHbimu
NPOBOAHUKAMU Mao No CPaBHEHUIO C paCCTOSHUEM 4,0 TOUKM yaapa MOTHUN.

[Ns NUHWW BbICOKOTO HaNpPsXeHWs C BbICOTOW pacnosioxeHua nposofos 10 M Ana Toka MonHuM 30 KA
MHAYUUpPOBaHHOE HanpsxxeHne byaet nopagka 100 kB gns yaapa MosiHUKM Ha paccTossHuM 100 m.

Ons nuHum HH ¢ BbicoTOM 5 M Tok 100 KA nHayuupyeTt HanpshkeHne 1.8 kB gaxe Ha paccTosaHum 10 km.

B AaHHOM cTaHfgapte TpaHcopmarop pacnpefenuTesisHoi NoAcTaHuun GyfeT UCMNo/b30BaThbCs B KAYecTBe
rpaHuLbl MeXJy HW3KOBONbTHOW cucTemoit — Ao 1 000 B — u cUCTEMOI OCHOBHOMO HanpsikeHus. MocnegHee, He3aBu-
CYMO OT €ro 3HaueHusi, 6yaeT YNOMUHATLCS KaK «HAMpPshKEHWe CPeAHEro YpoBHS», HE 3aBUCMMO OT MPakTUKW pasgene-
HUS MeXYy «HaNpPsHKEHWEeM CpefHero ypoBHS» U «HanpsXXeHWeM BbiCOKOTo YPOBHS» CUCTEMbI.
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5.2.3 TlMepeHanpsAXeHUs, Bbl3BaHHble BAUAHUEM APYTNX CUCTEM

Ypap MOSTHUM B 3€MJ1H0 MOXET MPUBECTU K MOSABMIEHNIO HA3EMHOTO NOTEHLMaa BbICOKOTO 3HAYEHNS B TOUKE
yaapa u B6/m3n Hee. OTO fiB/IeHNE Bbi3biBaeT NepeHanpsXeHns B 3/1eKTPUYECKMX cucTtemax 3a cyeT 3aHoca
noTeHuuana n3 3Toi TOUYKN Ha CUCTEMbI 3a3EMIIEHUS.

Ha pucyHke 7 npuBefieH npumep Takoro cny4vas. MosbllWeHne noTeHyana CucTemMbl 3a3eMieHns onpeje-
naeTcs TOKOM MOMHWUM 1 3D (PeKTMBHLIM UMNefaHCoM 3a3eMneHns. B Hayane noTeHyman 3asemnnTens onpegens-
eTCsl 10Ka/IbHbIM UMNeaHCOM, KOTOPbIA MOXeT 6bITb paBHbiM 10 OM. 3TO 03HaYaeT, YTO BbICOKOE HanpshxeHue,
BO3HMKaKOLEee MeXAy CUCTEMOl 3a3eMNEHNSA N 3/1eKTPUYECKOW YCTaHOBKOW B 34aHNN MOXET MPUBECTY K MOBPEX-
[eHuno nsonaumm unm cpabatbiBaHunio Y3Ur. MNepeHanpsxeHus, BO3HUKLLIVE B CUCTEME 3/1EKTPONUTaHNs, nepeja-
I0TCA B Apyrne cuctemsl (Te/IeKOMMYHUKALUOHHbIE, MH(DOPMALUOHHbIE, CUTHA/IbHbIE CUCTEMDI, U T.N.). & Takxe
MOryT nepefasatbCa Ha Apyrue 34aHus, KOHCTPYKUUU U YCTAHOBKW, Hanpumep, Ha yCTaHOBKW, nojayvawLiune
nUTaHMs OT O4HOrO M TOro Xe TpaHcopmaTopa npu yaape MOSTHUN.

PucyHok 7 — MpumMep pe3nCTUBHOI CBSI3M C CUCTEMOI MOJSIHME3ALMTHI

13-3a BbICOKMX 3HAUEHUII 9NEKTPOMATHUTHbLIX NONEN, BbI3BAHHLIX MOJIHWEN, 3@ CYET MHAYKTUBHON 1 eMKoC-
THOVi CBSI31 C 3/1IEKTPMUYECKUMM CUCTEMaMM, B6/IM3M NyTW TOKA MOJTHUM MOTYT BO3HUKATb OMacHble nepeHanpsxe-
HMSl. 0COBEHHO B 3/IEKTPOHHbLIX CUCTEMAX, CMCTEMAX nepefaun U 06paboTKM AaHHbIX, Bbl3blBas 0TKasbl U/Mnn
HenpasuabHOe PYHKLMOHUPOBAHNE.

5.3 T[lepepgaya rpo3oBblX UMMY/NbCHbIX NOPOHANPSXEHWUIA
CO CTOPOHbI CUCTEMbI CPEAHEr0 YPOBHS HANPsXeHUs

MockonbKy cuCTeMbl cpegHero ypoBHa HanpshxeHus (CH) 60nee NpoTSXEHHbI U BbllLE YeM ApYyrie KOHCT-
PYKUMW. pacnosioXeHHble B UX 6/1M30CTH, BKNOYAS AePeBbS, TNHUN CPeAHEro HanpsXxeHna 6onee NoABEPXEHbI
ygapam MOSHUK, YeM NIMHUN HU3KOro HanpsxeHuus (HH). Ynucno ygapos MOMHWUW, OKa3blBaOLWMNX BAUAHUE Ha
NINHWIO, 3aBUCUT OT FPO30BOI MHTEHCMBHOCTM B AaHHOW 061acTu. PacnpocTpaHeHne nMmnynsca yepescuctemy CH
1 CKOpOCTb Nnepegayn K cucteme HH 3aBUCKT OT KOHCTPYKL MW CUCTEMBI.

po3oBble nepeHanpsaxeHusa B cuctemax CH BbI3bIBAOTCA NPAMbIMU yAapaMn MONHUN UAW yaapamMmn mos-
HUW. NPOU3OLIEAWINMN B HEMOCPELCTBEHHOI 6/1M30CTH, Kak NnpuBegeHo B pasgene 5.2. Kpome Toro, o6paTHbIit
MNCKPOBOI pa3psas MOXeT NPOn30iTK OT yaapa B 3a3eM/IeHHble NPOBOAa WU CTOPOHHUE NPOBOAALLME YACTU KOH-
CTPYKL M MNn 060pyA0BaHNS, UV MPU HAHECEHUU yAapa MOJTHUM B 3€MJ110 B6IM3U OT KOHCTPYKLMI TMHUN.

5.3.1 3HayeHMe MMMNYNbLCHOrO NepeHanpsaxXeHusa u ero pacnpocrpaHeHne B cucrtemax CH

PacnpocTpaHeHne nMmnynbca 3aBUCUT OT KOHCTPYKL MM cucTtembl CH 1 OT yCTaHOBKM 3aLLUTHbIX YCTPOWCTB
OT NnepeHanpsxeHns. BbICOKOypOBHEBbIE IPO30Bble UMMY/bChl 6bICTPO 0CNABNATCA BO BpeMS UX pacnpocTpaHe-
HMSA MO INHUK 3a CHeT NOTepb U NCKPOBBIX Pa3psAA0B Yepe3 N30NATOPbI IMHUK. TpakTUYeCKn Nocsie HeCKONbKNX
npoaeToB IMHUN 3HAYEHNE NepeHanpsXXeHUsa ymeHblaeTcs 40 AONYCTUMOro YPOBHSA N0 HANPSHXEHMI0 N30NALUN
NVHUN.
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3a ucknyeHnem cnyvyaes npsamoro ygapa s TpaHcdopmatop CH/HH nnv B HenocpeAcTBeHHOW 61130CTH
B 3EMJ110, MOXHO NPenosioKNTb, YTO NepeHanpsxeHns B cucteme CH orpaHmunBatoTCs KNaccom U3onsayum nso-
NATOPOB IMHUK. B cucteme 20 kB aTo npubnnsmntensHo 150— 180 kB. 1N NuHWIA B TeCHbIX MaccuBax 6e3 3asem-
NeHHOoW apmaTypbl MOTYT NPOM30ATN HAMHOTO 60/1ee BbICOKUE UMMY/bCHbIE MepeHanpsaXeHUs.

BTopoe orpaHnyeHve ypoBHA UMNY/bCHbIX MepeHanpshkeHuii obecneynBaeTcs 3alUTHBIMK YCTpOicTBaMmn
0T NepeHanpsHxeHunsl, KOTopble 06bIYHO PACNO/I0XEHbI HAa BbICOKOW CTOpPOHe TpaHcdopmaTopa CH/HH unmn Ha nepe-
Xofe B NoA3eMHble IMHUN. DTN 3alyNTHbIE YCTPONCTBA MOTYT 6bITb MMAY/IbCHbIMK paspsagHukamu ZnO nnm SiC
N NCKPOBbLIMY pa3spsagHukamun. OcTatoyHoe nepeHanpsxeHue (Hanpumep, B AnanasoHe 70 kB ons cucrtemsl
Ha 20 kB), 3aBUCUT OT HOMWHA/IbHOTO 3HAYEeHUA U UMNefaHca 3a3eM/1eHnA 3alUTHbIX yCTPOcTB. Ecnn ncnonb3y-
I0TCA UCKPOBbIE paspAafHNKM, TO MOXHO CKasaTb, YTO rpO30BOE NepeHanpsXxeHne nNpuBoAnT K BpEMEHHOMY nepe-
HanpsHXeHUo NPOMbILLIEHHON YacToTbl.

B npunoxeHun A npueefeH npumep U3MepeHunii rpo30BbIX NepeHanpsXXeHni 4Na TUNOBOW CUCTEMbI 31EKT-
pocHabxeHus 20 kB.

5.3.2 lMepefaya UMNYNbCHbIX NepeHanpsXxeHnin B cuctemy HH

MNMnynbCHble NepeHanpsXeHns oT ygapa MonHum B cucteme CH nepegatoTcs B CUCTEMY 3/1€KTpOCHabXe-
HUs HH AByMS pasnnyHbIMM cnocobamu:

- EMKOCTHOW 1 MHAYKTUBHOW CBA3b0 Yepes TpaHcgopmaTop CH/HH,

- CBA3bIO N0 3emie.

3HauyeHne MMNYNbCHOro NepeHanpsXXeHnsa 3aBUCUT OT MHOTUX NapamMeTpoB, TakMX Kak:

-cuctema 3asemneHus HH (TT, TN. IT);

- XapakTepuCcTUKN W Harpysku nuHum HH;

- ycTpolicTBa 3aluTbl OT nepeHanpsxeHus HH;

-ycnosus coeguHeHns CH n HH c 3asemnutenamu;

- Tuna TpaHccopmaTopa.

AHanu3 pacnpocTpaHeHns rpo30BOro NepeHanpsHxeHns u ero nepegayu B cuctemol HH MoxeT 6bITb BbINO/I-
HEeH C NCNO/Ib30BaHNEM BbICOKOYACTOTHOW Mofenu. Takas mogenb NpefctasnaseT TpaHcopmaTop npemmytie-
CTBEHHO C eMKOCTHOI CBA3blO, KOTOPAs cYnTaeTCsa ero Camoi BaXKHON xapaKkTepucTuKoi, korga paccMaTtpmBatoT-
cs yacToThl B AnanasoHe My (cm. npunoxeHue A).

B cnydyae npamoro ygapa MonHuu B MuHU0 CH cpabaTbiBaHne paspsifiHUKa unm nepekpoitue nsonaropa
OTBOAWT TOK MMMYy/bCa Ha CUCTEMY 3a3eM/IEHNS, YTO MOXET MPUBECTU K PE3UCTUBHOW CBA3M N0 3eMsie Mexay
cuctemamu CH n HH. MepeHanpsxeHue nepegaetca kcncteme HH B TMINOBOM cnyyae, Kak NnpuBeeHO Ha PUCYH-
Ke 8a. B 3aBMCMMOCTM OT 3HAYEHU1 UMNeAaHca 3a3eM/eHns, 3To NnepeHanpsHkeHne No HaA3eMHO CBSA3N MOXeT
6bITb HAMHOTO Bbille, YEM 3a CYET eMKOCTHO CBSI3M Yepe3 TpaHcopmaTop. Mpobiema MoxeT 6bITb peleHa
pasfefneHnem 3asemnunTesnei kak npusefeH Ha pucyHke 8b. OfHako npu aToll KOHUrypauum 6yaeT BO3HUKATb
nepeHanpsXxeHne mexay TpaHcthopMaTtopom 1 ero BTOPUYHON 06GMOTKOIA.

Lb+ffi+J-dite

OGepyap— m
o MnpoiA(y|
*9Nen0«nmn aTwnTT
TpaHpgopLL Mpp*
PucyHok 8a

PucyHok 8 — Tunosble MexaHW3Mbl CBA3N MO 3emsie

12



FOCT P 55630-2013

B cucteme TN MeHblIMe nepeHanpsxeHws 6yayT B cnyyae, ecnu HelTpanb NOBTOPHO 3a3eMaseTcs B
aneTpoycTaHoBke noTpebutens. CnepyeT OTMETWUTb, YTO NPU UCMO/Ib30BaHNM 3TOTO BAa PE3UCTUBHON CBA3M
MOXHO 136exaTb BbIMO/IHEHUS OTAE/bHON cCUCTeMbl 3a3eMsieHns Ana Yyactu H tpancgopmartopa.

TunuyHoe 3HavyeHne nepeHanpsXxeHuns, nepegaHHoro 3a cHeT eMKOCTHOW U MHAYKTUBHOW CBA3W Ha BTOPUY-
HYI CTOPOHY TpaHcdopmatopa CH/HH. cocTtaBnsaeT 2 % mexay pasHbiM U HeERTpasibHbIM MPOBOAHUKOM U 8 %
Mexay hasHbiM NPOBOLHUKOM U 3eMieil OT HanpskeHnsa dasbl kK 3eMsie Ha cTopoHe CH. 3TW 3HaYeHNA TUMNYHBI
AN HarpyxeHHoi uenn HH. Korga ctopoHa HH TpaHcopmartopa He HarpyxeHa uan o4eHb He3HauuTesibHo
Harpy>eHa, 3HayeHus MoryT 6bITb 3HAYMTENBHO BbILLE B 3aBUCMMOCTY OT napaMeTpoB cuctembl CH.

po3oBble nepeHanpsxeHus B cucteme CH BbI3bIBAOT HAMHOIO MEHbLUWE UMY IbCbl TOKA (06bIYHO MEHb-
we 1kA). yem nNpv NPAMOM yape MOJIHAW U NepeHanpsxeHna nepegaloTcs B cucteMy CH npakTuyeckun To/1bKO
yepes eMKOCTHYIO0 CBA3b U He NpeBbIllaeT HECKOJIbKUX KUI0BOJILT. B Taknx cnyyasax nepeHanpsikeHune, Bbi3BaH-
Hoe HenocpeAcTBeHHO B cucteme CH (no kpaiiHei mepe, B yacTu, KOTOpas HaxoAUTCA Hefaneko OT TOUKK
BO3/eCTBNA MO/THUK), BOOGLLE BbilLe YeM TO, KOTOPOe NnepefaHo Co CTOPOHbI cuctembl CH. Ecnn cpabartbiBaeT
Y3WM nav nponcxoanT NCKPOBOIA paspsad, Tok byaeT He60MbLINM U COOTBETCTBEHHO PE3NCTBHAA CBA3b HE3Ha-
ynTesnibHa.

5.4 MNynbCHble NepeHanpsXeHus, Bbi3BaHHble NPAMbIM yAapoM
MOJ/THUN B HU3KOBO/IbTHYIO JINHUIO

54.1 Oxupgaemble nepeHanpsXeHusa

Kak npvBefeHo B pa3gersie 5.2 HacToALero cTaHAapTa v B NpUIoXeHun A, ypesBblvaliHO BbICOK/E 3Have-
HUS NepeHanpsXXeHnii BO3HUKAT NpU NPAMOM yaape MOMHUW B NNHUIO. Pa3psabl NpoMcxogaT Mmexay Bcemu
NPOBOAHMKaAMMN NMNHUW 1N B BONbLUIMHCTBE CNyYaeB Ha 3a3eM/UTe b B MECTe OKOJI0 TOUKM yaapa (npexae Bcero Ha
KOHUax). IckpoBOW pa3psif, MOXeT Takke NPOU30ATH B He3aLULLEHHbIX YCTAHOBKaX, MMTAKOLWMNXCS OT faHHO
NHUN.

B o6benHeHHOI cucteme nuHUsA/kabenbHas cuctema nepeHanpsXXeHns 6yayT HECKObKO YMEHbLUEHbl U3-
3a 60n1ee HU3KOro MMNYNbCHOro UMNeaaHca Kabenei No cpaBHEHUIO C BO3AYLWHbLIMU TUHUAMU. KONNYeCTBEHHO
YMEHbLUEHNE 3aBUCUT OT NPOAO/HKUTETBHOCTY M OT BE/IMUUHBI MOTHOW EMKOCTU CUCTEMbI OTHOCUTE/TbHO 3eM/N.
OpHako, 06bI4YHO 3TO YMEHbLIEHNE He A0CTaTO4YHO, YTOObl n36exaTb nepeHanpsXeHnin, NpeBbIWatoLLLMX HOp-
MasibHble YPOBHU M30M1ALMK B ycTaHOBKax CH. MoaTomy npamoli ygap MOAHUN B NUHUIO CH 06bIYHO NpUHOCUT
onpegeneHHbIi yuiep6.

5.4.2 lMpaKTnyeckmne orpaHnyeHuns

MpakTnyeckn NnepeHanpsaxXeHns orpaHMynBaloTCA 3alWUTHBIMU YCTPONCTBAM, KOTOPbIE YCTaHaBANBATCA Ha
TpaHcopMaTOpHOW NoACTaHUUN 1 B yCTaHOBKe nNoTpebuTtens. OAHaKo Takue ycTpoicTea 6yayT nogsepraTbcs
cepbe3HbIM BO3JeliCTBUSIM C BbICOKMM PUCKOM NOBpexAeHus anemeHToB Y3WI npu npamom ygape MOHUU,
€C/1M OHU ChelmnanbHO He NpefHa3HavYeHbl A5 3TOM Lenu.

5.5 TpO30Bble UMMNY/IbCHbIE MepeHanpsXeHus, UHAYLMPOBaHHbIE
B HU3KOBO/IbTHYI NUHUIO

55.1 Oxupgaemble nepeHanpsxeHus

OLeHKM OXnAaeMblX UHAYLMPOBaHHbIX MepeHanpsxeHnii B cuctemax HH B pesynbTaTe yaapio MOSTHUM Ha
HEKOTOPOM PaccTOAHUM OT BO3AYLIHON NHUW MOTYT GbITb NOSTyYeHbl MO hopmyne (4), npuBefeHHol B n.5.2.2.
CornacHo aToli hopmyne MHAYLMPOBaHHbIe NepeHanpsXXeHns Bblllle HOMUHA IbHbIX 3HAYEHWIA 4OoNYCTUMOro Ha-
npsKeHns no nsonsauun HH moryT nponsoinTun faxe Ansa cnyyvas ygapa MosHum Ha 10-KMnomMeTpoBOM PacCcToOAHMM
OT NINHUN.

[aHHbIVi BUA NepeHanpsXxeHnin ABAseTca onpeaensaoWwmnm ansa cuctem afnekTpocHabxennsa HH c ucnonb3o-
BaHMeM BO3AYLUIHbIX NHUIA. IHAYUNPOBaHHbIE PO30BbIE NEepeHanpsaXXeHns BO3HMKAIOT r1aBHbIM 06pa3om Mexay
nposogamun u 3emsieil. PasHocTb NOTEHLMAN0B MeX/y NPOBOAHUKAMU ABNAETCA NepBoHaYaNbHO HEGOSbLLON,
0CO6EHHO KOrfia 1cnosib3yTCA CKPyUYeHHble NPOBOAHMKN. OHaKo, U3-3a pa3Nnymnsa Haysok Ha pasHbIX MPOBOA-
HUkax (B 3aBMCUMMOCTU OT cucTembl HH). MOXeT Nnpom3oiTi Npo6oi 3alnTHbIX YCTPONCTB U T.0., Takkxe MoryT
BO3HUKHYTb 3HAUNTE/IbHbIE YCUIUSA MEXAY TMHUSAMMN.

MprvMep, MNNIOCTPUPYOLWNIA MHAYLMPOBaHHbIE NepeHanpsxeHna B cuctemax HH, npusegeH Ha puc. 9.
MpuHMMaeTcsa YTO NPOBOAHMKN (BKAOYASA HERTpaibHbI NPOBOAHMK) CKPyYeHbl. KpoMe Toro, HeliTpanbHblIii npo-
BO/JHUK 3a3eM/IeTCA C 060MX KOHL0B IMHUN. 3aMeyeHo, YTO HanpsKeHus nokasbiBaloT ocnabneHHble konebaHus
C 4acTOTOl paBHOWN XxapakTepHOI YHacToTe IMHUN.
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u, n/

tT

-10-1

PucyHok 9 — TunoBble NepeHanpsXeHusi, WHAYLVPOBAHHbLIE B HU3KOBOJIbTHOM
JIMHAN NpY yAape MONHUN

5.5.2 OueHKa BEpOATHOCTU BO3HUKHOBEHUSA

OueHKa yncna MHAYUMPOBaHHbIX NepeHanpsXxeHunii B (M HH B dhyHKLMM aMnanTyabl MOXeT 6bITb caena-
Ha Ha ocHoBe thopMynbl (4). NnpuBeAeHHON B N. 5.2.2 HacToALero ctaHgapTa. MogenvpoBaHue nepeHanpskKeHui
6b1N10 BbIMOMIHEHO A4/15 JINHWUW BbICOTOW 5 M 1 gnnHoW 1 kM [3]. nprHMMas HopManu3oBaHHYH NIOTHOCTb yAapoB
monuumn (HQ) 1 ygap Ha KM2B rof. 1 pacnpegeneHve Toka MonHum, npegnoxeHHoe CIGRE [2]. PesynbTatbl nsme-
peHnii. OCHOBaHHble Ha TOWi Xe camoii Mmogenu, 6bian NoATBEPXKAEHHbIE IKCMEPUMEHTaIbHbIMU AAaHHBIMU N0 NN-
HUAM HH B TeyeHne BOCbMMU fieT.

Yuncno nHAyLMpoBaHHbIX NepeHanps)XeHnii MoXeT 6bITb NOyYeHO No hOpMYy /e, NPOBEPEHHON Ha OCHOBA-
HUU Moaenu, ycTaHoBneHHoli TF CIGRE 01/01/33:

®

B 31O chopmyne J¥, uncno nHayunpoBaHHbix nepeHanpshxeHnin. H9. H. L. n UonpeaensatoTcs Kak B ypaBHe-
HUSAX (2), (3) 1 (4). ac aBNAETCA NOHWXKAOLWMM KO3 DULMEHTOM, 3aBUCALLUM OT 3a3eMJIEHNS HERTPanbHOIo Un
3alMTHOro NPoBOAHMKA (PaKTop C MOXeT KonebaTbCs OT HYNA, B OTCYTCTBME Takoro NnpoBoAHuKa, Ao 0,7 nnu
faxe 0,9 B ciyyae MHOTOKpaTHOIO 3a3eMJ/IeHNA HENTPasibHOro NPOBOAHMKA B XIyTe).

BonbLloe KoIMYecTBO N3MepeHNit NOATBEPANIN BaXKHYIO POSIb MHOTOKPATHO 3a3eMJ/ISeMOro HelTpanbHOro
NPOBOAHMKA, YTO BUAHO M3 hopmMynbl (5) 1 foKasbliBaeT, YTO YNCNO MHAYLMPOBAHHbIX NepeHanpsaXeHnin nponopuu-
OHasNbHO KBaApaTy ANIMHbI TPOMEXYTKa MeXay ABYMSA 3a3eMNUTENAMU HeWTpann nyem 65mxe K aToOMy 3a3emMnu-
Teno AenalTcs U3MepeHnsl, TeEM MeHbLUVMW CTAHOBATCS NepeHanpsXXeHuns.

Ha prc.10 npuBeAeHO cpaBHEHME KPUBbIX, NONYHYEHHbIX U3 MOLENNPOBaHNii MiloxaHHeceHa ¢ Mofennposa-
Huem no CCO5 (npu ¢ = 0). Apyrue pesynbTatbl MOAENNPOBaHMA, BbiNosHEHHbIe Electricite de France no nporpam-
Me Takxe npeAcTassieHbl Ha TOM Xe puc. A.4. UTobbl caenaTb cpaBHeHUE AOCTOBEPHbIM, BCEe AaHHble 6bln
HOpMann3oBaHbl ANA NNHUM ANANHOW 1Km 1 BbicOTON 10 M. ¢ Hg= 1 (npeanonaraeTcs, 4To JV, nponopunoHaneH Ha,
Hw L). HyXHO 0TMETUTb, 04HaKO, YTO NPU MOAEIMPOBAaHNMN AeNal0TCA HECKO/IbKO pa3finyHble fonyweHns. Hanpu-
Mep, NP1 MOAENNPOBaHMM MO NporpamMmme, IMHUA Nogknyanack k paHcopmatopy CH/HH ¢ ogHOI CTOPOHBI 1
ocTaBaniacb pa3oMKHYTON Ha Apyrom KoHue. Mo nHgopmauuu {3], NMHUA 3akaHuMBanNacb COOTBETCTBYHOLLUM
MMnefaHcoM (HeT OTpPaXKeHUsA) n paccMaTpmBanncb BO34elCTBMA BAOMNb CTOPOH IMHUKU. M03TOMyY, NpsAMOe cpaBs-
HeHne KpMBbIX 3aTPYAHUTENbHO, HO pe3y/bTaTbl MOXHO paccMaTpuBaTh Kak 06LYI0 OLLEeHKY OXUAaemblix nepe-
HanpsXeHWi OTHOCUTENbHO XapakTepPUCTUK MONTHUN.

OTW KpMBble NPeACTaBAAT Npegnonaraemolie nepeHanpsXxeHns (He noj BAuAHWeM N0601 peakuum cucte-
Mbl, TaKOW Kak Npo60ii). B npakTuyeckux crayyasx NpucyTCTBYIOT NCKaXKEHNA N OFpaHNYeHns CBA3aHHble C Hanu-
Yynem MHOTOKpaTHbIX OTBETBNEHUN, KabenbHbIX BCTABOK, HArpy3oK, Npo60osMm, 3aLlMTHbIM yCTpOlicTBaM OT nepe-
HanpsxeHna n 1.n. CtatucTuyeckne Kpueble, NpUBEAEHHbIE Ha 3TOM PUCYHKe, ByAyT HECKO/IbKO OTIMYaThCA B
peasibHbIX YC/I0BUAX. B 4yaCTHOCTM YacToTa NOSABAEHNA NepeHanpsXXeHni ¢ NpeBbILeHNeM BE/IMYNHbI HOPMasib-
HOrO YPOBHS M30N1ALUN TINHUN MEHbLUE.
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PucyHok 10 — TlMpumep 4acToTbl BO3HUKHOBEHUS WHAYLMPOBAHHbIX
nepeHanpshkeHWin npu ygape MOSHAW B BO3AYLIHYO nuHWi0 HH

5.6 lMpumepbl MHAYLMPOBAHHbLIX NepeHanpsxeHui

Ha ocHoBaHWu NpeAblAyLNX JaHHbIX O BOSHUKHOBEHUW NMepeHanpshXeHnin MOXHO 6bi/10 6bl 0XUAaTb 60/1b-
Lee YUC/I0 0TKa30B 060PyA0BaHUS YEM TO. KOTOpOe hakTuyeckn HabnwgaeTcs. 9T0 HECOOTBETCTBME MOXET ObITb
06BACHEHO HECKO/IbKMMU (haKTOpaMu: peasibHOW BEPOATHOCTbIO CO6bITUA B aHHO yCTaHOBKe, LWYHTUpYloLLee
feiicTBre pa3HOO6pa3HbIX NyTeii OTEKAHUS UMNY/bCHLIX TOKOB, peasibHbIM NOBEAEHNEM NNHUIE aNekTponepeaay,
BO34eCTBMEM KaK IMHENHbIX, Tak U HEeJIMHERHbIX Harpy3okK, Hanuumem Y3UM1. Hanuumem cnyyaiiHblix Npo60oes Ha
3eMJ110 NPU IKCTPEMasIbHbIX NepeHanpsxXeHnsx, u T.n.

5.6.1 MopgenuposaHue

Kak npumep MofennpoBaHus 0XXungaeMblx NepeHanpskeHnii, npueegem npumeHeHme metoga MonTte-Kapno
ANA MOofenun cucTeMbl 3N1eKTpocHabxeHma HH. nokasaHHoW Ha puc. 11. MAOTHOCTb yAapoB MOSHWK 2,2 Ha KM2

McpcTHwmne O N U NUHWN 23014068 apyYyeHHbl a

KHBerb (Shcabl + HeATparb)

PucyHok 11 — Mogesnb CUCTEMbI 3NEKTPOCHABKEHNs
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B rofj. BCE Harpysku 6bI/IM CMOAENMPOBAHbI PE3UCTOPAMU, HE3ABUCUMbIMU OT YacToTbl. Tabnmua 3 nokasbiBaeT
pesynbTaTbl 3TOro aHannsa. MocneaHuii ctonGew, nokasbiBaeT BbICOKME YPOBHU NepeHanpsXeHuii, Ho OHU Nnpowuc-
X0AAT TO/bKO B C/lyyae NpsiMOro yaapa MonHum B cuctemy HH. BeposTHOCTb BO3HUKHOBEHUS TakUX UMMY/bCOB
B 3TOM NpuUMepe CoCTaBNAET OAMH pas B 22 roga.

Ta6nuua 3 — CpegHerofoBble YPOBHM MepeHanpshkeHnii B HU3KOBOJIbTHbIX YCTaHOBKax (kabenn NpOoXeHbl
B 3em/ie)

> 1.5kB > 2.5 kB >4 kB >6 kB >20 kB
He HarpyxeHHaa cuctema TT 6 3 1.8 1 0.045
HarpyxeHHas cuctema TT 4 1.7 1 0.5 0.045
HarpyxeHHas cuctema TN 1 0.6 0.35 0.25 0.045

MpumeuaHune 1— 3HayeHus, npuBefeHHble B Tabnuue, OblAM NOAYYEHbl ANS CKPYYEHHON KabenbHOW
CUCTEMbI 3/1eKTPOCHAGXEHUA. [ CUCTEMbl 3NEKTPOCHAGXEHUS, BbINOSIHEHHOW C MCNO/Ib30BAHMEM BO3AYLUHON NUHUK
C OTAENbHbIMW NPOBOAHMKAMMW, YPOBHM HanpshkeHUs MOryT 6GbiTb B ABa pasa Bbille NpW TOW Xe camMoil BepPOATHOCTU
cobbITUA.

MpumeuaHune 2— B aTom npumepe AN MOAENN NMPUMEHUTENbHO K cucteme TN. 6bI10 onpeAeneHo, 4To
3HauYeHVe MMnefaHca 3a3eM/IeHNs He OKa3blBAeT CYLLEeCTBEHHOro B/IUSIHUSL, MOTOMY UTO HeWTpasibHblli NPOBOA, MHK
HH coepguHseTcs HenocpeACTBEHHO C 3eMeil.

MpuBefeHHbIV aHannM3 eMOoHCTpPUpyeT 3TO AN1A TUNOBON NuHuM HH. npegcTtaBneHHol Ha puc. 11. n ans
NIOTHOCTU YAapOB MOJTHWAN 2,2 Ha KM2B rof. npejnosiaraeMoe Y1c/io NepeHanpsXeHnii, NpeBblWatoLL X ypoBeHb
n3onauun, onpegeneHHbli M3K 60664-1. 4 kB gns cuctemsl TN ¢ HanpsxeHnem 230 B. cocTaBnseT nopsgka
0fHOro co6bITUSA B roA,.

B n. 5.5.2 ccbinka fenaeTcs Ha U3MepeHusl, BbIMO/IHEHHbIE B 0611aCTAX C NOA06HON NNOTHOCTLIO yAapoB
MOJTHUU B 3eM10 (2— 3 yfapa Ha Km2rof). I3mepeHus 66171 BbINOIHEHbI HA NMHUAX HH mexay pabounmu npo-
BOAHMKaMW W IOKaNbHbIM 3a3eManTeneM Ha 06bekTe namepeHus. Moatomy, 3T gaHHble (TepeHanpshXeHns ceepx
4 kB npn6nnsutensHo 10 pa3 B rof), HENOCPeLCTBEHHO HE CONOCTaBUMbI C pesy/ibTatamyu MOA4eNnpoBaHus, npes-
cTaB/ieHHbIMU B Tabnuue 3. OfHaKo, NpUHUMAas BO BHUMaHNE KOHKPeTHble napaMeTpbl, UCMO/Ib30BaHHble [4/1S
cXeMbl MOAenu, U TOro gakta, YTo B 3TOM C/lydyae WUCCNeAyTCsA HanpsHkeHUss SIMHUU OTHOCUTE/IbHO 3eM/n
B nNpejenax ycTaHOBKW, MOXHO cUMTaTb, YTO flaHHble U3MEepeHnsa 1 MoAenMpoBaHnA Haxo4AaTCA B pasyMHOM
cornacuu.

MpumevyaHne — ITOT aHanus 6bl1 JONOMHEH AafibHEWWNMU BbIYUC/IEHUAMU C YHETOM yCTaHoBKM Y3UM
C YpOBHEM 3awuTbl 2.5 KB Ha BBOAE ycTaHOBKW. Takxe 6bl/10 BbIYMCEHO 3HAYEHWe Toka npoTekatoliero uyepes Y3UI.
OTn pesynbTaTbl MOAENMPOBAHNA NOATBEPXAAIOT, YTO MMMNY/NbCHbIE TOKU, WHAYLMPYIOLNE nepeHanpsXeHns, 06bl4HO
MeHblle 1kA. Hanpumep, makcumanbHblii Tok Y3WI coctaBun Tonbko 60A npu yaape MOMHUM B 3eMJ1t0 ¢ Tokom 100 kA
Ha paccTtosHun 200 M oT nnHmmn HH. Tok B Y3WIM 6bin Takke BblYMCNEH ANS C/ydYas MpPsSAMOro ygapa MOSIHWU B IHUIO
c Tokom 100 KA B 250 M oT TpaHcdopmaTtopa CH/HH. Tok B Y3WUM cocTaBun npubnusntensHo 200 A. 3T pgea
pesynbTata 6b/11 NOAyYeHbl 4719 MPUHATOrO COMPOTMB/EHNA 3asemneHnns 50 Om Ha BBoge. CHMXeHWe ConpoTUBAEHUS
3a3eM/eHnsa BefeT K yBennyeHuto Tokos Y3UI.

5.6.2 WN3mepeHusa

N3mepeHus, npoBefeHHble BO PpaHLun, nokasanm, YTo BEPOSATHOCTHbIE 3HAYEHMA TabnuLbl 3 04eHb YacTo
He AoCTUralTca NOTOMy, YTO NpakTuyeckn NMHuA HH 06bIYHO coeMHEHa CO MHOTMMUW YCTaHOBKaMu 1 B 10601
yacTtu cuctembl HH MoxeT npousoiiTv cpabaTbiBaHve pa3psfHMKa MY BOSHUKHYTb UCKPOBOIA pa3psif, yMeHblua-
Iolune nepeHanpsxeHne B cucteme.

[laHHble Mo cucTeEMaTUYECKOMY KOHTPOJTIO MepeHanpsXXeHnit C HECKOIbKUX CaiToB, HeJaBHO CO34aHHbIX B
Fepmanun, npuBoAsATCA B Tabnuue B.3. MNpuynHa nepeHanpsXXeHns. — KOMMyTaLmns Uan MOMHUS — He AEeHTUgu-
LumpyeTcs B 3TOM 0630pe. BO3MOXHO, YTO HECKO/IbKO COObITMI HAa BEPXHEM YPOBHE (YeTbipe cobbiTUA Bbilwe 2 kKB
n aBa cobbiTuA Bbiwe 6 kKB) B obLweli cnoxHocTn 151 cobbiTus Bbiwe 1 kB (cpean 3 000 cobbiThid Beiwe 500 B),
6blNIN CBA3aHbI C ygapamu MOJSTHUN.

5.7 MepeHanpsKeHus, npu yaape MOSHUM B 3[aHNE UMW B HENOCPEACTBEHHON 6/1M30CTH

5.7.1 PacnpefeneHne Toka paspsga MOMHUU Cpeaun napanfiesibHbiX ycTaHOBOK
Korga MonHus yaapsieT B 3faHue, KOTopoe sIBMSeTCS OAHUM M3 HECKO/bKUX napasnfiesibHo 3anuTaHHbIX
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NPUEMHUKOB OT CUCTEMbI 3/1IEKTPOCHAGXEeHUSA HH, TOK MOHWM B 3eM/11011A€NUTCA CPEAN HECKOMBKNX BO3MOXHbIX
nyTeir. OHU BKHOYAKOT SIOKASIbHYI 3eMJII0 (3a3eMnTEeNb 34aHUA), Tak Xe Kak 1 BHeWHWe 3a3eMIMTenn u Bce
MeTannnyeckme cBA3n, npexae Bcero kabenb aNnekTponuTaHms.

YT06bI ONpefenunTb KONIMYECTBEHHO 3TO pacnpegenerHne gucnepcun, 6ol cMoLeNnpoBaHbl ABa npumepa
C UCNOMb30BAHMEM MpOrpamM, NPUBEAEHHbIX B MPUIOXKEHUN A. a pe3ynbTaTbl NPeAcTaBNeHbl Ha pUcyHke 12,
rae n3obpaxeHbl ABa 34aHusA, 3anuTaHHble OT NoAcTaHuuu, 3qaHue 1 nopaxaeTca MOJIHUENR Kak onpegeneHo
B M3K 62305-4.

AnA 3gaHna 1 Ha pucyHke 12 Tok pa3psifia MOIHAM — OT MOJIHMENPUEMHMKA CTEKAeT BHU3 MO TOKOOTBOAY
KcucTeme 3a3eMneHus.

B 3T0li TOUKE TOK MOJTHUM AENNTCA HA ABE COCTaBASAWMX: TOK iI0— cTeKkaeT Ha /IoKasbHbIl 3a3eMINTENb
3[aHUs, TOK iIm— TeueT Mo ka6esio 3NIeKTPONUTaHUS K yaasieHHol 3emie. 3T ABa Toka fenAaTcsi o6paTHO Nponop-
LMOHaIbHO OTHOLUEHUIO UMNEeAAaHCOB.

B HayasbHOI (haze MMNYNbLCHOIO TOKA, TEKyLLEe pasfeneHne onpeaensieTcs OTHOWEHNEM UHAYKTUBHOC-
Teli. B XBOCTe, rae ypoBEHb N3MEHEHUSA TOKA HE3HAYUTESIEH, pa3jesieHne onpeaensieTcs OTHOWEeHNEM CONPOTUB-
neHuni kak B (6):

infio ~ (6)

Lna HeCKONbKMUX 3NEKTPUYECKN COeMHEHHbIX 34aHNI 3ah(heKTUBHOE 3HAYEHME CONPOTUBAEHNA RMyMeHb-
LwaeTcs cornacHo (6) 3a c4eT TOro, YTO YacTb TOKA MOJIHUW, KOTOPbI CTEKAET C NOPAaXXEHHOrO 34aHNSI B CUCTEMY
HH. yBenmuuTca 3a c4eT TOro, YTO 60/bLLIOE YNCNO 34aHNii COeJMHEHO NapaniensHo.

Lnsa npumepa Ha pucyHke 12 B Tabnuvue 4 npuBeAeHbl aMNANTYAbl TOKOB /151 BOSMOXHbIX NyTel Ha 3a3eM-
nutens (Nocne NPoxXoXAeHNa OCHOBHOW UHAYKTUBHOCTU), ONPeAENEHHbIX NyTEM LU POBOro MOAENPOBaHMS,
noapo6HO PACCMOTPEHHOTO B MPUAOXKEHUN A. [1/151 3TUX BbIYUCNEHUIA HE BbI1I0 HANAEHO HUKAaKNX fOoKa3aTeNbCTB
Hanmuusa Kone6aHuil, BbI3BaHHbIX OTPAXEHUSIMU, U3-3a 3HAUYEHUI MMNeAaHCOB 3a3eM/ieHust Huxe 10 OM 1 oTcyT-
CTBMS EMKOCTU, NPUBEAEHHOI B MoAenn. ipyrue npumepsl pacnpeieneHuns ToKoB AaTCS B NPUNOXEHUN A.

cun*

* cTopoHa CH He onpefgeneHa.

PucyHok 12 — Mogenb A1 BblYUC/IEHUA pacnpefeneHns Toka MOJSTHUK
Mexay napannesbHbiX 34aHuii Ha npumepe cuctembl TN-C

MyTb TOKA MOJIHAW, MOCKOJIbKY OH AE/IUTCS CPeAM BO3MOXHbLIX MyTeil, 4acTo NPeaCcTaB/AeTcs, Kak BO3HUKAIOL UM
13 061aKa v TekyLnii B 3eMt0. Hy)HO 0TMETWTb, OA4HAKO, Y4TO AN1A OTPULATENLHOTO paspsaa oT obnaka k 3emne (puc. 3).
MOJIHWS MPEACTaBNseT «06paTHbIl pasped» OT 3EMIN — «B 3EMJII0» — C HelTpanusauneli NoNoXUTENbHbIX 3apsioB
oTpuuaTesbHbLIMU 3apsiAamMn B KaHase MOJIHUM (COAepXallum OTBEeTBMEHWs)) U obnake.
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B pa3Hbix cTpaHax UCnosb3ylTca pa3inyHbie CNocobbl 3a3eM/1eHNs HelTpanu, Tak YTO BO3MOXHbI HEKOTO-
pble OT/IMYMA B pacnpejesieHnn Toka paspsaga MOTHAM N0 BO3MOXHbBIM NyTAM, HO 06LL WA MPUHLMM, MPOWIIIOCTPY-
poBaHHbIi NPUMepPoM, ocTaeTcs MpumeHuMbIM. [ockonbky B cucteme TN-C-S Hukakoe Y3UI He BKAoYaeTcs
B HeiiTpanb, a HeliTpasib 3a3eM/IfeTcs Y Kax4oro 3faHus, obecneunsaeTcsa HeKoTopoe obnervyeHune gns gpyrux
Y3WToB CBA3AHHbIX C IMHEHBIMY MPOBOAHMKaMU. Pa3paboTunku CMCTEMbI JO/KHbI MPUHATH 3TU pa3nnyns Bo
BHUMaHe.

B kauecTBe 06LLero 3aK/l04eHNA MOXHO KOHCTATMPOBaTh, YTO YEM Bblille NJOTHOCTbL 3[aHuii B 30He, TeM
60/5blIas YacTb TOKa paspsafa MO/HUW, CTeKaeT Ha 3a3eMAnTe b Yepes nuTawwuii kabenb cuctemsl HH. 3T10
3aK/1toyeHne OTHOCUTCA U K NopaXaeMoMy 34aHNI0 U K CMEXHbIM 3[aHUAM.

Ta6bnunua 4 — PacnpefeneHve TOKOB MO BO3MOXHbIM MNyTAM pacTekaHuss Ans npumepa puc. 12 (10/350 mkc,
100 kA)
MpnbnusnTensHoe Mpu6nM3uTebHast
MyTb ToKa K 3eme amnauTyiHoe 3HaqeHve Tona, BE/MYMHA 3apAaa
(He HauanbHoe) Kyn
KA
3asemnawwmin anektpog (bl) 3ganve 1 (iEatr,r”) 33 16.5
Bbixog oT 34aHusa 1K 3gaHuio 2
Oo6wwuii Tok (/T) B kabene anekTponuTaHns 66 33
Tok B HelTpanu 17 9
Tok yepe3 SPD1 16 8
Tok yepe3 SPD2 16 8
Tok yepes SPD3 16 8
Ha 3asemnsowuii anektpog 3faHus 2
O6uiee 3HayeHne 34 16.5
Tok B HeWTpanu 9 4.7
Tok yepe3 SPD1 8 4
Tok yepes SPD2 8 4
Tok yepe3 SPD3 8 4

Bbixog OT 34aHua 2 K TpaHCopMaTopHOW noAcTaHuum
no kabento anekTponuTaHus
Obuwee 3HaveHune 33 16

Tok B HeliTpanu 9 4.5
Tok B hase 1 8 4
Tok B (hase 2 8 4
Tok B hase 3 8 4

5.7.2 TlMepeHanpseHuns, cBA3aHHble C pacnpefesieHNeM TOKOB

PacnpegeneHne TOKOB N0 BO3MOXHbIM MYTSAM Bbl3blBaeT NepeHanpsXxeHus, npexje Bcero mexay nposog-
HUKaMu N NokKasbHOl 3eMnen. B 3aBUCMMOCTUN OT KOHpUrypaumum yctaHoskun HH n Hanuuns nnm otcyteteus Y3U-
[MoB. 3TN NepeHanpsXXeHNa MOryT 6biTb 601bW UMY UNN YMEPEHHBIMW. HekoTopble NpyMepsbl, NO/lyYeHHbIe Npu
MOZeNnpoBaHny 1 onucaHHble Bbilwe, 60/1ee NoAPO6GHO pacCMOTPEHbI B NPUNoXeHun A.5. rae onvcbiBaloTCcsa ABa
npumepa nepeHanpsxXeHunii, ABNAOLWNXCA CNeACTBUEM MMMYNbCHbIX TOKOB Ha BBOJE YCTAHOBKU. B aTuX npume-
pax. UMMybCHbIA TOK 6bI/1 BBEAEH HA BBOJ, KOHKPETHbIX 34aHUIA 1 GbINIM N3MEPEHBI NepeHanpsXeHns, BO3HMKa-
Wwue B BbIBPaHHbIX TOUKaX B 34aHUN.

CnepyeT oTMETUTb, YTO Ha3eMHOe NOBbIWEHNE NoTeHUMana, Nnpu NPAMOM yaape MOMHUU B 3[aHne nunu
KOHCTPYKLMIO 06bIYHO NPEBbIWAET 4ONYCTUMbIA YPOBEHb N30N1ALUN HU3KOBOJIbTHOW YCTAHOBKM U C/ie0BaTe/IbHO
npUBOAUT K NPOGOI0 N NEepeHanpsaXeHNAM, KOTOPble PacnpoCTPAHATCA K CMEXHbIM 34aHnsaM (ycTaHoBKaMm), Co-
e MHEHHbIX C TOI Xe caMoii HU3KOBO/IbTHOW pacnpefenuTenbHOl ceTblo.

CnepoBartenbHo, faxe npu npoknajke kabenei B 3emsne, B 34aHUN, He MOPaXEHHOM yaapoM MOSHUU,
MOXeT BO3HUKHYTb NepeHanpsxeHue. Yncno 3gaHuii (yCTaHOBOK), KOTOPbIe BK1OYAOTCSA B 3TOT NpoLecc pacnpo-
CTpPaHeHusl, yBeIMYNBAETCA C yBE/IMYEHNEM YAEe/IbHOTO CONPOTMBAEHUA TPyHTa. Kpome Toro, 415 AaHHOW NA0THO-
CTW yAapOB MOJIHUUN, NPUCYTCTBUE BbICOKOTO 34aHUA, XOTS M YMEHbLUAEeT BEPOATHOCTb NPAMbIX Y4apOB B MEHb-
Wwue 3gaHna Haxogsawmecs B61u3n, ysenmunsaeT BEPOATHOCTb MHAYLMPOBAHHbIX NepeHanpsXeHuni.

MepHanpsxeHNs Mexay NPOBOAHMKAMY W TOKaNbHON 3emeii NoBpexAatnT N300 CoejMHEHHOTo 060-
pyLoBaHuA. KOTOpoe 06bI4YHO NMEET fOCTaTOUHbI, YPOBEHb COr1acHoO ykazaHnsam MIK 60664-1. B To BpeMs Kak
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paboune KOMMOHEHTbI 3HepreTMyeckoro o60pyA0BaHNA NOBPEXAAOTCA NepeHanpsXXeHnAMN, BOZHUKaOLW MU
MeXAy NpoBoAHMKaMu. Ha nepBbIil B3ra4 MOXeT nokasarbesl, UTo Hanbonee onacHas cuTyauusa cBa3aHa ¢ nepe-
HanpsHXeHUsiMM Ha aHepreTuyeckoMm obopyaosaHnn. OHaKo NnepeHanpsKeHns Ha 3asemnnTesne MoryT ctaTb Npo-
611eMoii He CTONBbKO /1 U30NALMKN IHEPreTMyeckoro o6opyaosaHus, a kak pesynbrar nepexoja noteHynana Ha
HWXHUIA ypOBEHb MeXAY CUCTEMOW NUTaHNA U KOMMYHUKaLMOHHOV CUCTEMOIA, KOTOpasi MOXeT 6biTb COejMHeHa ¢
o6opyfoBaHueM. ITa noTeHunanbLHasa npobnema obecyxaaeTcs 6onee nogpo6Ho B pasgesie 8 B npunoxeHuu D.

Kak paccmartpumBasnoch Bbille, pa3inyns, CyecTByoL e B cnocobax 3a3eMIeHna HeliTpann nyctaHoBke
Y3WMoB, ecnu TakoBble BOOGLLEe MMEKTCHA, MeLWalT AaBaTb YNC/10Bble pe3y/bTaTbl LUMPOKOro NMPUMEHEHUS,
N [0/TKHBI ObITb NPUHATLI MEPLI NPEAO0CTOPOXHOCTN OT OLIMGOYHOTO 0606 EHNA PACCMOTPEHHbIX NPYMEpPOoB.

5.7.3 YacTtoTa BO3HUKHOBEHUA

ExerofHas yactota npsiMbiX y4apoB MOJIHUW B coopyxxeHne Na, MoxXeT 6biTb onpejesieHa no naoTHOCTH
yAapos mMonHum B 3emnto Ng(konnyectso yaapos Ha 1km* B rog) n adphekTBHON naowafbtlo coopyxerHus A6
(kM2) cnegyownm o6pasom:

Na=Ngx A 0. ]

A hekTnBHAA NowWwab COOPYXEHNA onpeaenseTcs Kak naolwajb 3eMHON NOBEPXHOCTU, UMetoLL el Ty xe
camylo 4acToTy NPAMbIX yAap0OB MOJIHWW, KaK N paccmaTpuBaemoe coopyxeHue. OHa aBnseTcs hyHKLmel pasme-
POB COOPYXEHUS 1 3aBUCUT OT TONO0OTUN (PYHAAMEHTA M OKpYyXatLmx 06bekToB (cM. MIK 2305-3).

[.n5 NpsIMOYro/IbHOT0 COOPYXeHUs Ha N0CKO NoBepxHOCTM AC onpegenseTcs cneaylowmm o6pasom:

AO0= 10~6(A+3h x p ¢ 9D, (8)

roe

A — ropusoHTanbHasa naowagb COOPYXEHNA B M2;

h — BbicoTa coopyXeHusi B M:

p — NepumeTp KpbILWK B M.

BenuunHa N9. 6e3 yueta Menkux 3gaHuii nopsigka 10'2— 10-3 B rog. OgHako BEPOSITHOCTb BO3HUKHOBEHUS
nepeHanpsXeHuii B HU3KOBONIbTHOI CETU 13-3a yAapoB MOJIHUM B cOCeAHue 34aHusa GyaeT HamHOro Bbille, HO
c 6051ee HNU3KUMUN YPOBHAMU HanpsXxeHus. Hanpumep, MoaenvpoBaHnsa, NpoBeAeHHble ANA TUNOBON BO3AYLIHON
NINHUW, NOKa3bIBAKT, YTO YPOBEHb BO3HUKHOBEHWS NOCNEAYIOLW X NepeHanpsXeHuin (pacnpocTpaHeHNEeM) Haxo-
autcs B npegenax 0,1—0,3 cobbITUA B rog,.

YpoBeHb HaNPsXXeHNs 3aBUCUT OT XapaKTepUCTUKM TPYHTA, TUNa NMHUK (BO3AyLHAA NNHUA, B 3eMJ1e) U 0T
napameTpoB 3a3emsieHnsa HeliTpanu. ECAn HeT TOYHbIX AaHHbIX N0 YacTOTe BO3HUKHOBEHUSA Ha pa3HblX YPOBHSAX
Hanps)xeHusi, To MOK 62305-2 o6ecneymnBaeT HEKOTOPOE PYKOBOACTBO MO NPUMEHEHMIO.

5.8 BblBOAbI OTHOCUTENILHO FPO30BbIX NEPEHaNPSXKEHUN

MNCTOYHNK rPO30BbIX MEepeHanpsXXeHnii HaX0AUTCSA BHE YesI0BEYEeCKOro ynpaBaeHns u ux 3Ha4umocTb AN1s
06bEKTOB, MCNOMb3YIOLW WX 3N1EKTPOIHEPTNIO, 3aBUCUT OT MHOTMX NapamMeTpoB, onpeAesieHHbIX MeCTOM BO3Aeii-
CTBMA yAapa MOJIHUW U CTPYKTYPOU CUCTEMbBI 3NEKTPOCHABXeHUsA. B TO BpeMs Kak CTPYKTypa CUCTEMbl 3/1EKTPO-
CHabXeHns HaxoAnTCA NoA YenI0BeYeCKMM KOHTPOsIEM, ero napaMeTpbl 06bIYHO ONpeaensanTcs agpyrumm coobpa-
XEHUSAMU NOMUMO MOJTHNE3ALUUTDI.

3Tn nepeHanpskeHna MoryT 6bITb kaccuguLMpoBaHbl NO TOUKe NonagaHusa: NpsAmMoii yaap, yaap B Henoc-
peAcTBEHHON 6N1130CTU. yaaneHHbIn yaap. MNpu npaMoM yaape MOSTHUN, NepeHanps)XeHns BO3HUKAOT 13-3a Npo-
XOXAEHNS TOKa MOJSTHUMN MO KOHCTPYKLMY U CBA3AHHOW CUCTeMe 3a3eM/IeHns. Yaap B HenocpeAcTBeHHOM 61130CTH
Bbl3bIBAET MHAYLMPOBAHHbIE NEepeHanpsXeHns B 3aMKHYTbIX LLensiX N0 HEKOTOPO CTEeNeHU NOBbILWAEeT NOTEHUN-
an Ha 3asemnuTene. YganeHHble yaapbl MOMHUN NPUBOAAT K NEePeHanpsXXeHUAM OrpaHuyeHHbIM 3aMKHYTbIMU
Lensamu.

Mpu ygape B HenocpeACcTBEHHON 61M30CTN MOTYT BO3HUKATh CyLeCTBEHHbIE AUHAMUYECKNE CUIbI, HO BE-
POATHOCTb TAKMX 3HAYNTENbHbIX CUN HUXE, YeM CUN BONee HNU3KOI BENNYNHBI CBA3AHHbIX C 60N1ee yaaneHHbIMu
yaapamun monHun. B niobom cnyyae, ctatuctuyeckue gaHHble, No aHaan3y puckoB, AO/MKHbI 6bITb YY4TEHbI Npu
BbIMO/THEHNMN 3aLUTbl OT 3TUX FPO30BbIX MEPeHanpPsXeHn.

MpnynHa BO3HUKHOBEHUSA MOJIHUN U €e XapaKTepUCTUKN UMET CTaTUCTUYECKY0 Npupoay v cogepxar
HeonpegeneHHocTb. Hanpumep, pesynbTarbl HENOCPEACTBEHHbLIX U3MEPEHNIA TOKA, BbINOSHEHHbIX AN BbICOKMX
6alleH, BoobLe He yKnaablBaoTCA B UMetoLmnecs npeacrasnerdms. Feorpadnyecknini painoH, Bkaoyas KnmMmaTu-
yeckune ycnoBsus, Takke MOXeT oka3aTbCs CyLLeCTBEHHbIM (DaKTOpOM.

OTmeTbTe, UTo Nto60oe NpeanoxeHne No NPUMEHEHUI0 TEOPETUYECKMX COOBPaXKEHNA NN pe3ynbTaTtos orpa-
HUYEHHBbIX N3MEPEHU Mo onpefesieHNto OTHOLEHNSA MeXAy YacToTOol BOSHWKHOBEHUS U BE/IMYNHOM FPO30BbIX
nepeHanpsXeHunii AOMKHbI BCerga cornacoBbiBaTbCA C NPOBEPKAMU B peasibHbIX YCNI0BUAX, KAK 3TO paCCMOTPEHO
B pasgene 9.
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6 KoMMyTaUuMOHHble NnepeHanpshKeHust

6.1 OCHOBHble MOJIOXEHUSA

O6bI4HO. No60e cpabaTbiBaHne BblkNOYaTe s, NOBPeXAeHne, npepbliBaHne, 1 T.M. B 3/IeKTPUYECKO ycTa-
HOBKE COMPOBOXaeTCca NepexoHbIM NpoLeccoM, Mpyu KOTOPOM MOFYT NPOM30iTU NepeHanpsxeHus. BuesanHoe
M3MeHeHne B cMcTemMe MOXeT MHMLMMpoBaTb 3aTyxallne koiebaHnsa ¢ BbICOKUMM YacTOTaMmn (pe30HaHCHbIe
4acToTbl CETU), MOKA CUCTEMA CHOBA He CTabuIM3npyeTcsa B HOBOM YCTONYMBOM COCTOSIHUW. BennunHa kommyTa-
LIMOHHBIX MepeHanpsHkeHnii 3aBUCUT OT MHOTUX MapaMeTpoB, Takux Kak TUM uenu, Bug KommyTauuu (Bknoverue,
OTK/II0YEHMNE, NOBTOPHOE BK/OUEHMNE), XapakTepa Harpysku, U Tuna BblkaovaTens uav npegoxpaHutens. B atom
NyHKTE SIBJIEHNE ONUCbIBAETCSA B NPUHLMME, C UCNO/Ib30BaHWEM 3/IeMeHTapHbIX NPUMEPOB, YTO6bLI NpeAcTaBUTb
06LLYI0 KapTuHY.

Ha pucyHke 13 npusefeHa anemeHTapHas uenb RLC npu nogknoyeHnn Harpysku n Ha pucyHke 14 npuse-
[eH TUNUYHBIA NepexofHOoN npoLecc, CBA3aHHbIV C 3TUM NOAKIYEHNEM. HanpsixeHne, HanoXeHHoe Ha Hanps-
XXeHVe NPOMbILWIEHHON YacTOTbl CUCTEMbI 3/IEKTPOCHAGXEHNS, NPUBEAEHO B 3TOM NMpUMepe B npegenax npnéav-
31UTeNIbHO OAHOr0 Nepnoga. MakcumasnbHoe HanpshxeHne rnaBHbIM 06pa3om onpegenseTcss MOMEHTOM BK/OYe-
HMS KOHTaKTa OTHOCUTE/IbHO HanpshXKeHus nuTaHns. CaMblil BbICOKUIA ypOBEHb NepeHanpsixxeHns BO3HUKaeT, Korga
KOHTaKT 3aKkpblBaeTCs Npu MakCYMyMe HanpshkeHus (He nyTaTb C NepexoAHbIM TOKOM, KOTOpbIA 6yaeT cambiM
601bWUM Npu BKAOYeHUN npu 0 B.).

B 60/blINHCTBE C/lyvyaeB, MakcuMasibHoe nepeHanpsXeHne Haxo4uTca B npejenax ABOWHOro aMnanTys-
HOro 3Ha4YeHUA HanpsHXeHUs nNuTaHus, HO 60Jiee BbICOKME 3HAYEHUA MOTYT 6biTb, OCOGEHHO NPU KOMMYyTaLuUm
MNHAYKTUBHbIX Harpy3ok (Asuratenu, npeobpasoBartesnin) UM eMKOCTHbIX Harpy3ok. Kpome Toro, OTK/1t04eHne TOKOB
KOPOTKOr0 3amblKaHWsA, MOXET Bbi3BaTb 3HAUYMUTE/IbHbIE NepeHanpsXeHna. Ecnum oTkalYeHne nponucxoaunT, npu
OTHOCMTEJIbHO BbICOKOM 3HAYeHWNW 3HEPTUN HAKOMIEHHOI B UHAYKTUBHOCTU, TO KO/le6aHns MOTyT MPOM30IATH Ha
CTOPOHE Harpyskv BBOAHOIO BblK/lloHaTe NS U NpefoxpaHnuTens.

PucyHok 13 — leHepaumsa nepeHanpsxeHus
npu kommyTtauuu uyenu RLC

YacToTa konebaHuii BO BpemMs KOMMYTaLWOHHbIX onepayuii onpefenserca xapakTepuctTukamm cMcTemsl, 1
MHOT4a MOryT BO3HUKHYTb pe30HaHCHbIe ABMEHWA. B Taknx cnyyasx, MoryT Npou3onTn oyeHb 60nblune nepeHan-
psXeHns. BeposiTHOCTb pe3oHaHca CUCTEMbI Ha YacToTe ceTu 06bIYHO HU3Ka. OAHAKO ec/iv XxapakTepHas yactoTa
KOMMYTUPYEMOI YacTh cUcTeMbl 6/1M3Ka K 04HOW UM 60/1ee pe3oHaHCHbLIM YacToTaM OCTaslbHOW YacT CUCTEMBI,
TO MOXeT BO3HUKHYTb COCTOSIHWE NepexoAHOro pe3oHaHca.

po30Bble NepeHanpskeHus, onucaHHble B pasgene 5. rnaBHbIM 06pa3oM OCHOBaHbl Ha TeopeTUuYecKnx
BbIYNCNEHUAX Y MOHATUM BEPOSATHOCTHbLIX NepeHanpsXxeHuin (6e3 yueta eCTeCTBEHHOIO OrpaHMYeHns Hanpsxe-
HWA) 4TO U BbINIO NpPeAcTaB/eHo B Npeablaywem pasgene. BmecTo 3Toro faHHble noayyarTcs Ha OCHOBaHWUU
npoBeAeHHbIX U3MepeHWii N perncTpalmmn nepexoAHbiX MPOLECCOB, MPONCXOASALLNX B CYLLECTBYIOLUX CMCTEMAX
NN B NabopaTopHbIX IKCNEPUMEHTaX.

Cnepytowme nofoXeHNs 0THOCUTENbHO KOMMYTaLMOHHbIX NepeHanpsXXeHunii B 60/bLION cTeNeHn OCHOBa-
Hbl HA U3MEPEHUAX B peasibHbIX HU3KOBOJIbTHbIX CUCTEMax. [103TOMy, HanpsXXeHns, 0 KOTOPbIX COObLWatoT, orpa-
HUYMBAKTCHA B3auUMOAelicTBMEM CUCTEMbI U NPUCOEANHEHHOTO annaparta. Kpome Toro, ycTpoiicTea 3aluTsbl OT
nepeHanpsxeHuin (Y3UM) B cucteme (M BCTpoeHHble Y3WI) orpaHMynMBaldT U3MepPEHHbIe HanpsXeHus. 3ToT
haKT foMmKeH 6bITb YyUTEH NPV PpaCCMOTPEHNM YNCTOBbIX 3HAYEHWIA, MPUBEAEHHbIX B 3TOM pa3gesie 1 B npuioxe-
HUKn B.

TunnyHasa hopma KOMMYTaLNOHHBIX UMNYbCOB ONpeAenseTcsa peakuymeli HU3KOBONIbTHOW YCTaHOBKN. 3Ta
cMTyauus NnpuBoAUT B 60/IbLLMHCTBE C/ly4yaeB K 3aTyxalolleli BO/IHe, Kak Noka3aHo Ha pucyHke 14. Ha pucyHke 15
npuBefeH NpuMep N3MepPEeHHOro KOMMYTaLMOHHOTO NepeHanpsaXeHus, 3aNUcaHHoOro B peanbHOl cucteme, KOTo-
pbIfi feMoHCcTpupyeT Nofo6HbIe XapakTepuCcTuKM, HO ¢ 60n1ee BbICOKO 4acToTOM, YeM NokasaHo Ha pucyHke 14.
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[,.0kmo apabtoHHon? uHrepmrm flh)

PVICyHOK 15 — I'Ipmmep BbICOKOYACTOTHOIo nmMmnysibCa KOMMYTauMOHHOIO nepeHanps>XeHns
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YacToTa KonebaHusi 06bIYHO HAXOANTCA a npefenax HeCKONbKUX COTEH Kuorepl,. Bpems focTmxeHns Mak-
cMMyma 06blYHO HaxoauTcs B gnanasoHe 0.1—0.5 MKC, @ MakcuManbHas Nnpovn3BogHass 06bIYHO HAXOAUTCSH B
npegenax Heckonbknx kB/Mkc. TunuyHoe pacnpefeneHve MakcumanbHbIX YPOBHENR nepeHanpsxeHuii (koTopoe
He BK/l0YaeT 04eHb KOPOTKME UMMNY/bChI), MPUBEAEHO HA PUCYHKe 16.

PucyHok 16 — PacnpejgeneHue UMMNy/bCHbIX KOMMYTaLUOHHbIX NepeHanpsixeHni
B Pa3/INYHbIX CIy4asx no ypoBHIO

MoCcKoNbKY MakCcuMasibHble aMnANTYAbl KOMMYTALNMOHHbBIX UMMNY/IbCOB HE NPEeBbIWatT HECKO/IbKUX KB. Bpe-
MS OCTUXEHUA MakcuMyma byfeT HaxoAnTbea B AnanasoHe 0.5— 2 Mkc. PacnpegeneHvne BpemMeH JOCTUXEHNUSA
MaKkcuMyma npumBefieHbl Ha pucyHke 17. M03aToMy MakCuMasibHblil ypOBEeHb TUMNOBbLIX KOMMYTALMOHHBIX UMY k-
coB 60J1ee NN MeHee COOTBETCTBYET BPEMEHM JOCTMXEHNA MAaKCUMyMa A1 CTaH4apTHOIo BOSIHOBOIO UMMy ibca
1.2/50 mkc wnm 0,5 mkc k nepuogy 100 kI'y BosiHbl. CooTHOWeEHMA A1 1,2/50 MKC UMnynbca NpuBeAeHbl Ha
pucyHke 18 4nsi OTHOCUTENbLHO HEBONLLLOK aMNANTYAbI.

PucyHok 17 — PacnpefeneHne UMNynbCHbIX KOMMYTALWOHHbIX NepeHanpskeHui
no BpeMeHU
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PucyHok 18 — YpoBeHb UMMY/IbCHbIX KOMMYTALMOHHbLIX NepeHanpsxeHui
N UX aMNIUTYAHbIE 3HAYEHUA

ANuTenbHOCTb UMMY/ILCOB pacnpefenseTcs no HaMHOro 6oee WUPOKOMY AunanasoHy BpeMeHun. Ecnu uc-
K/MIOUYNTL KOMMYTaLMOHHbIE NepeHanpsXeHuns, Bbl3aBaHHble paboToil npegoxpaHnTesnell C BbICOKMM HOMUHASIbHbLIM
TOKOM B C/lyyae OTK/TI0UYEHUNSA TOKA KOPOTKOTO 3aMblKaHUsA, TO TUNMYHASA NPOLO/DKUTENIbHOCTb (BpeMs, [OCTUXKEHUSA
NO/IOBMHHOTO 3Ha4YeHuns) oT 1 4o 50 MKC npuBeAeHa Ha pucyHke 19.

PucyHok 19 — PacnpegeneHne UMNY/bCHbIX KOMMYTaLWOHHbIX NepeHanpsixeHui
no NpoAO/HKUTENIbHOCTH

6.2 CpabaTbiBaHMe BblkatouaTenein n nepeknwyaTenei

Bbik/ilouaTenu n nepekayaTeny LWMPOKO CNOb3YIOTCS B KaXA0W YCTaHOBKe ANA Leneli 3alnTbl 31eKTpo-
060pyA0BaHMUA. Bblk/lOYasA Meperpyskn n KOpoTkne 3ambiKaHus, Uan Ana Toro, 4Tobbl ynpaBasaTb paboToit
o6opyAoBaHNA. — BK/OYEHME W OTKIYEeHUe. YacToTa KOMMYTaLUniin 3aBUCUT OT 06/1aCTV MPUMEHEHNS N UMeeT
60/1ee BbICOKWIA YpOBEHb B NPOMbILLIEHHbIX YCTAHOBKAX Y OTHOCUTE/NIbHO 60/1e€e HWU3KWI1 yPOBEHb NPY GbITOBOM
NPUMeHeHuN.

KomMyTupyemble TOkM B criydae 60/blINHCTBA aKTUBHbIX HArpy30k HaXo04ATCA B AMana3oHe HOMUHAaIbHOTo
Toka 060opyAoBaHus. OfHaKo namnbl HakaavBaHWA falT NYCKOBON TOK NpM6an3nTenbHO B 10 pas npeBblLuatoLLmii
MX HOMWUHaMbHBIA TOK, MOCKObKY Y HUTU HU3KOE CONPOTUB/IEHNE B XOSI0AHOM COCTOAHUN, YTO MPUBOANT K MOBbI-
LWEeHWI0 KOMMYTUPYEMbIX TOKOB. [1NA HeakTUBHbIX HArpy3ok, XxapakTepHbIX 418 NPOMbILIEHHbIX NOTpebuTenew,
KOMMYTUPYyEMble TOKW HAMHOTO Bblle HOMWHA/ILHOTO TOKA.

OfHa 13 NPUYNH NOBLILLIEHNSA NMYCKOBLIX TOKOB 3TO Ha/IMYMe B CeTU KOHA4eHcaTopa. Hanpumep, npu nogknto-
YeHun TenieBM3opa Mol HOCTbo 100 BT M HOMUHaNbHbIM TOKOM — 0,4 A. NYCKOBOW TOK COCTaBUT NPUGIN3NTETbHO
20 A. koTopblli B 50 pa3 Bbile HOMWHANLHOTO. [pyras npuymHa — 3TO OTHOLWEHNE MaKCMMaslbHOr0 3HAYEHUS
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KOCMHYCOMAANLHOTO TOKA K €70 Ae/CTBYIOLWEMY 3HAYEHWIO, KOTAa MakCMMallbHble TOKM Bblle, YeM OXnaaemoe
AeiicTBylolee 3HaueHue.

Pa3mblkaHMe MexaHU4YecKoi KOMMYTaUMOHHOM annapaTypbl BPYYHYIO WU C NOMOLLbI0 3/1EKTPOMEXaHN-
4eCcKoro NPMBOAA Bbi3blBAET 3/1IEKTPUUECKYIO AYTY BO BPEMS KAXA0r0 NpoLecca KOMMyTaymu. BbicokouacToTHoe
Konie6aHve creHepupoBaHHOE BHE3aMNHbIM NOSIBJIEHNEM HANPSHXKEHUS 3aBUCAT OT BE/IMUUHBI UHAYKTUBHOCTN 1 €M-
KOCTW B Lienu Bbik/ouaTesns. ATo KosiebaHne HakNaAblBAeTCS Ha HanpshXkKeHue Mexay NpoBOAHMKAMM LEenu un
Mexy NPOBOAHWUKOM LEenu 1 3emseii 1 AaeT NosiHoe HanpshkeHne, NPUIoKeHHOE K M30M18Lumn 3/1eKTpoo6opyaoBa-
HUSi OTHOCUTE/IbHO CTOPOHHUX MPOBOASALMX YaCTEl 1 ApYruX Leneii. B 0TMuMe OT NepexoiHbix NnepeHanpsxe-
HWIA. NepefaHHbIX Yepes pacnpeseMTebHY0 CeTb B YCTAHOBKY NOTPe6bUTeNnsl, KOMMyTaLMOHHbIE NepexoaHble
NPoLEecChl, CTeHepUPOBaHHbIE B Npejesiax yCTaHOBKM NOTPeGUTeNs Bbik/UYaTENAMU U NepeknoyaTensiMu, Bo3-
AelicTBYIOT Ha anekTpoo6opyoBaHme 6e3 CyLecTBEHHOTO 3aTyxaHus, NpuueM aMmnanTyga 3TUX nepexogHbix
NpOLLeCCOB OTHOCUTE/ILHO BbICOKA.

BennumHa KOMMYTaLMOHHbIX NepeHanpsHKeHnin MoXeT 6bITb OLeHeHa NoAPOGHLIMU U3MEPEHUSIMU B I/1EKT-
pryecKknx ycTaHoBKax N UX CTaTUCTUUECKON OLLeHKON. TakuMu M3MepeHnsiMU MOXHO OXapakTepu3oBaTb 4acToTy
BO3HWKHOBEHUSI NEePEXOAHbIX NePeHanpsXeHnii B 3aBUCUMOCTI OT Nepuoaa BpeMeHu roaa uam B GyaHue gHu
UK B onpegeneHHoe Bpems AHs. Ecnv Takas xapakTepucTuka oT BpeMEHH CyLecTBYeT, TO BO3HUKHOBEHME nepe-
XOAHbIX MPOLECCOB MOXET NPOU30ITU 13-3a COBLITUS B Npefenax 3/M1eKTPMYeckoii yCTaHOBKW, Hanpumep, npu
KOMMYyTaUMAX UM NpU ONepaTUBHOM yNpaB/eHUN YyCTPOWCTBAMU, KOTOPbLIE MOTYT CO34aTh BO3MYLLEHUS U3-3a UX
KOHCTPYKLMH.

M3mepeHns B TPOMbILLINIEHHbIX W 4PYTMX YCTAHOBKAX NOKa3anu, YTo YacToTa BO3HUKHOBEHUSA NepeHanpsxe-
HWUIA YMEHbLIAETCS C UX BE/IMUMHON. B HU3KOBO/IbTHLIX CUCTEMAX OXMNAAEMbIE KOMMYTALMOHHbIE NepeHanpsxe-
HUS He [O/KHbI GbITb BbllWe, YeM 4 KB, MOTOMY YTO NPV 3TOM YPOBHE BE/IMUUHLI 3230POB B 3/1€KTPO060PYL0BAHNM
BEPOATHO 6yAyT HELOCTaTOUYHbI, YTOGbLI NPeA0TBPaTUTL MPOGOIA, M TaKUM 06Pa30M JO/IKHO OrpaHUYMBATLCS MUKO-
BOE 3Ha4YeHue. Kak npuMep, CTaTUCTMUecKoe pacnpeeneHme KOMMYTaLMOHHbIX MepPeHanpsXeHui, noayyeHHbIX
nyTeM U3mMepeHuit B NPOMbILW/IEHHbIX CUCTEMAX, NPUBELEH Ha pucyHke 20.

AllV

PucyHok 20 — Mpumep pacnpegeneHus no amnianTyge UMNYNbCHbIX KOMMYTAUVWOHHBIX MepeHanpskeHuit,
M3MEPEHHBIX B NPOMbILLNEHHbIX CETAX 3M1EKTPOCHAGXEHUs HanpsxeHnem 230/400 B
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Cratuctmyeckan OLeHKa pacllMpeHHbIX U3MepeHunii 3actaBmnna NPUATK K 3aKN0YEHNIO, YTO TONIbKO 1—2 13
1000 3anvcaHHbIX KOMMYTaLNOHHbLIX MepeHanpsXXeHnii UMeT amnanTyay Beiwe 2.5 kB. [pyrue onvTtesnbHble
N3MepeHns, KOTOPbIe BbINOMHANNCH B yCTaHOBKaX pa3/InvyHOro Buaa 1 B pa3fInuHbIX pacnonoxeHnsax (CM. npuno-
XeHue B), nokasanu nofo6Hble pe3ynbTaTbl. BOAbLWWHCTBO 3aNMCaHHbIX NePexXoAHblX NepeHanpsx)eHuii 6u1au
faxe HKe 1KB 1 TO/IbKO OHO 3HaYeHne coCcTaBAAN0 NPUBIN3NTEsNbHO 6 KB.

Henb3sa genartb BbIBOA, YTO BAUSAHME BblkoHaTeneli 1 KOMMyTaLMOHHbIX Onepauunii HeaHauyMTeIbHO B 06-
el npobneme reHepaun KOMMyTaLMOHHbIX NEPEXOAHbIX NPOLECcCoB. laHHble, NONyYeHHble B pe3ynbTaTe usme-
pPEeHWNiA. He ABNSAIOTCA KOMMNAEKCHBIMU, N KOMMYTaLUWOHHbIE UMMYAbCbl MOTYT BO3HMKATb Yallie, YeM 3TV faHHble
ykasbiBatoT. M0o3Tomy, oueHnBas He06Xo0ANMOCTb yCTaHOBKM Y3UI. 3T0 O0MXKHO 6bITb pACCMOTPEHO. B npoMbIL-
NeHHbIX yCTaHOBKax aHeprus, paccemsaemasn Ha Y3UI. MOXeT oka3aTbCA OTHOCUTENIbHO BbICOKON.

MpumeuyaHune — BbleynoMsiHyTbIe U3MEPEHUS Bbi/IN BbINO/IHEHbI B PEasIbHbIX YCTAHOBKAX C MOAK/THOUEHHBIM
o6opygoBaHveM. MoaTomy faxe ecnu Y3WM, BHellHee Mo OTHOLIEHWIO K 060pyA0BaHWI0, B paccMaTpuBaemoii yCTaHoB-
Ke 6bl/10 pa3befuHEeHOo, MOJyYEHHble Pe3ynbTaThl 3aBUCAT OT XapaKkTepUCTUK NMOAKMYEHHOro 060pyA0BaHus (Hanpu-
Mep. 3a30pP0B, PACCTOSHWIA YTeUKU, YPOBHS 3aliuTbl OT UMMY/bCHbIX HANPsHKeHUR, unbTpa umnu Y3UM-KoMNoHEHTOB B
o60pyfoBaHuM), He [afyT peasibHble 3HAYEHUs NepeHanpsiKeHuid, NPOUCXOASLLMX B PacCMaTpMBAEMOli YCTaHOBKe.
EAVHCTBEHHbI CNOco6 yyecTb WX BAWUSHWE — 3TO BbINOSHEHUE 06bEAVHEHHbIX U3MEPEHWI i UMMYbCHbLIX HanpsHKeHWi
1 COOTBETCTBYIOLMX UMMY/IbCOB TOKOB, NMPOMCXOAALLNX B YCTAHOBKE, U TakM 06pa3oM NosiyunTb UHGOPMALMI0 06 aHEp-
reTMYeckoM BO3AelCTBUU Ha 060pYJOBaHNE NPU OTCYTCTBUW BHELUHUX Y3UIT.

6.3 CpabaTbiBaHne npepoxpaHutenein

Mo cpaBHEHWIO C APYTUMU UMMY/IbCAMU, BbI3BAHHBIMY ONEPaTUBHLIMU NEPEKNOYEHNSAMN, BOSHUKHOBEHNE
MMMYNbCOB M3-3a cpabaTtbiBaHUsA NpefoxpaHuTeneli BO3HWKalT MeHee yacTo. OAHako, B C/lyYaB OTKAYEHUS
KOPOTKOr0 3aMblKaHWSA, MOTYT 6bITb CTEHEPUPOBAHbLI BECbMa CYLEeCTBEHHbIE KOMMYTaLMOHHbIE UMNYbCbl. 3TO
AB/IeHNE rNaBHbIM 06pa3oM CBA3aHO C B/IMAHUEM Ha BE/INYMHY TOKA KOPOTKOTO 3aMblKaHWUA XapakTepucTuk npe-
[OXpaHUTesns. ero HoMmuHana u UHAYKTUBHOCTY Lienu.

B anekTpoo6opyaoBaHny 4acTo UCMO/b3YTCA MAHUATIOPHbIE NPEeAO0XPaHUTENN C HOMUHANbHBIM TOKOM OT
0.0032 go 10 A.

KOMMYTaLNOHHbI MMMYNbC B C/y4YaB OTKAOUYEHUS KOPOTKOTO 3aMblkaHUA MUHUATIOPHbIM NpejoxpaHnTe-
NlemM C HOMUHaIbHbIM TOKOM 1 A npuBejeH Ha pucyHke 21. BaTom cnyyae aMnantyga KOMMYTaLMHHOTO UMNY/b-
ca J0BO/IbHO BbICOKA, HO MPOAO/IKUTEIbHOCTb A0BOJIbHO KOPOTKA. B cepun ncnbITaHWii, BbINOTHEHHbIX B Anana-
30HE HOMUHaNbHbLIX TOKOB OT 140 10A. 66111 onpegeneHbl aMnanTyAbl KOMMYTaLWOHHbIX UMNY1bCOB, BENMYMHA
MX oKasasiacb A,0BO/IbHO NOCTOAHHA Ha ypoBHe 2.6 KkB.

OfHako 13-3a yBe/IMYeHHON Npoo/MKUTEeTbHOCTU BpeMeHn (Tabnuua 5) Bo3geiicTBUSt MMNY/IbCOB, 3HEPrus
CyL,EeCTBEHHO yBEe/IMYNBAETCSA C YBE/IMYEHNEM HOMUHA/IBHOTO TOKa NpefoxpaHuTens. BennunHa nmnynsca mMo-
XeT AOCTUTHYTb 2.6 KB/MKC. N9 HEKOTOPbLIX HOMUHAN0B NpeAoXpaHnTeneli KOMMYTaLWOHHbIR UMMNYNbC 3aBUCUT
0T XapaKkTepucTvkn NnpegoxpanuTens. beicTpogeicTByOLWNIA NpefoXpaHnTe b Bbi3biBaeT 601ee KpaTKoBpPeMEeH-
Hble UMNYNbChl, YeM NpegoXpaHuTeN MeaneHHoro felicTBus.

u.v

PUCYHOK 21 — WMRNyNbCHble KOMMYTaLMOHHbIe NepeHanpsXXeHus
npu cpabaTbiBaHUN MUHWATIOPHOTO MPEfOXPaHUTENS
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Ta6nuuya 5— Bpema goCTUXEHWUS NONOBUHLI HOMUHANBHOTO 3HAYEHWNS UMMNYNbCHOTO
KOMMYTaLMOHHOTO TOKa Npu cpabaTtbiBAHUM MUHUATIOPHLIX NpeAoxpaHuTeneii

XapakTepucTuka npejoxpaHutens Bpemsa JOCTUXEHUA NMONOBUHHOTO 3HA4YeHUs
A MKC
1 8
1 24
1.6 36
10 64

MpwW OTK/TOYEHNM KOPOTKOTO 3aMblKaHUSi HA BBOJE CUCTEMbI MUTAHWUSA NPeOXPaHUTENEM, YCTAHOBEHHbIM
B6M3M pacnpeAeniMTenbHON WiHbI, BO3HWKAeT COOTBETCTBYOLLAs Npo6aema, CBsi3aHHas C TeM, YTO nepeHanps-
XEHMWe. creHeprpoBaHHoe Npu cpabaTbiBaHUM NPefoXpaHnUTeNs, OKasbiBaeT B/IUSIHWE Ha BCe 3/1eKTPo060opyA0Ba-
HWe, COeUHEHHOE C 3TOV LWKHOM. ONbIT, OCHOBAHHbI HA CTAaTUCTWKE, NOKa3as, YTo Takol 0TKa3 B HU3KOBO/bTHOW
CeTV 3N1EeKTPOCHAGXKEHUSI MPOMCXOANT OYEHb pefKko. O4HAKO 3TOT TUM 0TKa3a BAXEH A/15 NPOMbILLIEHHbIX CUCTEM
pacnpegenenus, rae KOpoTkoe 3aMblKaHne He ABNSeTCs O4eHb PeAKUM cnyvyaem. B npunoxexnve B npuBegeHo
[iBa npvmMepa u3MepeHuid, 0AUH 41 KOPOTKOTO 3aMblKaHUsi, MPOUCXOASLLETO OKO10 NPeA0oXPaHUTeNs Ha BBOAE,
LpYroii ANs KOPOTKOTO 3aMblKaHUs, MPOUCXOASLLETO B KOHeL, Kabens.

6.4 YacTtoTa BO3HUKHOBEHNSA

Kak oTHOCUTEe/bHble 3HaYEHUS BEPOSATHOCTU BO3HUKHOBEHMNSA KOMMYTALNOHHbIX UMMNY/bCOB, Tak 1 nxabco-
NIOTHbIE 3HAYEHUSI MOTYT 6bITb OLleHeHbI. [1epBblii METO/ 0THOCUTE/IbHbIX 3HAUEeHWIi ABNaeTcs 6onee NpUMeHN-
MbIM, €C/IN pa3/InyHble N3MEePEHUS N/MNN NOMELLLEHUS [O0/IXKHbI 6bITb CPABHEHbI.

dmnupuyeckoe nNpasunio yctaHaB/IMBAET, YTO BEPOATHOCTb BO3HUKHOBEHNSA KOMMYTALMOHHOIO MMMNybca
06paTHO NPONOPLUOHANLHO TPOWHOW aMNANTy e ero MoLWHOCTH. DTO ABMIEHNE, KOTOPOE U3BECTHO Kak 3aKOH TPOoii-
HOI MOLLHOCTW, WAIOCTPMPYETCA Ha PUCYHKE 22 AR pa3/IMYHbIX TUMOB NomelleHnii. O4HaKo Npu yBennyeHnn
amnAnTyabl KOMMYTaLWOHHOTO MMNybca HabnaaeTcs TeHAEeHUNA AN HEKOTOPbIX OTK/IOHEHWIA OT 3aKOHa TPOiA-
HOVi MOLLHOCTW. DTN OTK/IOHEHUS ABAAOTCA 60/1€ee ABHbIMU A1 HEKOTOPbIX TUNOB NMOMELLLEeHWUI, Hanpumep, AN
TOProBbIX NOMELLEHWIA.

Ha pucyHke 22 oTHOCUTENIbHAA BEPOATHOCTb BO3HUKHOBEHUS KOMMYTALWOHHOIO UMMyfAbca amnanTyaoi
2 500 B npun6an3nTenpHO B NSATb — fecATb pas 6onble, Yem 3KCTPanonAuns AMHUA «TPOMNHON MOLLHOCTU»
B 061acTV 60/1€€ HU3KMX aMNANTYA,.

6.5 B3aumofeicTBua ¢ yCTpoCTBAMM 3aWNTbl OT NepeHanpsxeHui

MockonbKy KOMMYTaLMOHHbIE UMMY/bCbl Bbl3blBAOT OTBETHOE BO3/eiCTBME YCTAHOBKM Ha HanpsixeHue,
TOK. M 3HEPIUI0 B LLENAX NUTAHUA, UX IHEpPreTuyeckoe BAMAHUE MOXET OKasaTbCsa CylecTBeHHbIM. OHakKo, Kak
YNOMSAHYTO Bbllle, UX aMMINTY/a 4acTo orpaHnynBaeTcs, faBas BO3MOXHOCTb n3bexaTb PUCKOB Npu yCTaHOBKE
Y3WM. Pa3paboTumku cuctemsbl n pa3padboTymkn 060pyf0BaHNs LOSKHbI MPUMEHUTL Y3UI € OMKHBIM PACCMOT-
peHveM BO3MOXHOCTU BO3HUKHOBEHWNSI KOMMYTaLMOHHbLIX MMMY/IbCOB C BbICOKOI 3Heprueii, kak paccMOTPEHO B
nyHkTe 12.

6.6 BbiBOAbl OTHOCUTENBHO KOMMYTALMOHHbBIX NepeHanpsxeHni

B 60/1bLIVHCTBE C/ly4aeB MakCUMasibHbie KOMMYTaLMOHHbIE NepeHanpsXkeHns HaxoAsaTCs B npeAenax ABoii-
HOVi aMNANTY bl HANPSXKEHUS CUCTEMBI, HO MOTYT BO3HMUKATb U 60/1€€ BbICOKME 3HAUEHUS, 0COBEHHO NPY KOMMYTa-
UMU MHAYKTWUBHbIX (gBUraTenun, npeo6pasoBaTesin) UM eMKOCTHbIX HAarpy3ok. Kpome Toro, oTK/l04eH1e TOKOB Ko-
POTKOTO 3aMbIKAHMSI MOXET Bbl3bIBaTh CYLLECTBEHHbIE NepeHanpskeHns. Mpu onepaTMBHOM OTK/IIOUYEHUN OTHOCH-
Te/IbHO BbICOKAas SHEPTUs MOXET 6bITb COXpaHEeHa B MHAYKTUBHbIX HArpy3kax v Kosie6aHnus MoryT npou3oiiT Ha
CTOPOHE HAarpy3ku BBOAHOTO BbIK/IOYATENS WA NPeAoXpaHnTens.

BefiMunHa KOMMYTaLMOHHbIX NepeHanpsKeHnin MoXeT 6bITb OLleHeHa NoAPOGHLIMY U3MEPEHUSIMU B I/1EKT-
PUYECKUX YyCTAHOBKAX U X CTATUCTMUECKON OLEHKOI. TakumMy U3MEepPEeHUSIMU MOXHO OXapakTepusosaTtb 4acToTy
BO3HUKHOBEHUS NEPEXOHbIX NepeHanpsXkeHnit, B 3aBMCUMOCTM OT NEepUoAa BPEMEHU roga uan B 6yAHUe gHu
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N~ MPOMBbILLIEHHOCTH;
A-Toprmnac

0 -NNMHYM wablcTao;
+—tli6operopus

PucyHok 22 — PacnpegeneHne uMnysbCHbIX KOMMYTaUNOHHbIX
nepeHanpsikeHWii no 4acTtoTe BO3HUKHOBEHWS B Pa3/NYHbIX
ycTaHoBKax

1Unu onpegeneHHoe Bpems AHA. Hago onacatbcs, 04HaKo, orpaHnynBatoliero apexta HeonpegenenHoro Y3Ur,
KOTOPbI MOXeT NPUCYTCTBOBaTL B yCTaHOBKe. Ecnin Takas xapakTepucTuka OT BpeMeHu CyLecTByeT, TO BO3HUK-
HOBEHWE MepexoHbIX MPOLLECCOB MOXET NPOM30WTN U3-3a CO6LITUS B Npefenax 3/IeKTPUYecKoil yCTaHOBKM, Ha-
npumep. Npu KOMMyTaLusaX Uan Npy onepaTMBHOM yrpaBs/ieHUn yCTpoiicTBaMu, KOTOpble MOTyT Co34aTb BO3MYLLe-
HWUSA N3-38 UX KOHCTPYKLUN.

9T coobpaxeHnsa 3acTaBNAT OLeHMBaTL BEPOATHOCTL TOro, 4To Y3UTI, npefHasHayeHHoe 419 yMeHbLUe-
HMA KOMMYTAaLMOHHbIX UMMY/1IbCOB, MOXeT 3P EKTUBHO OTPaHNUNTL HanpsxeHue. 3aTeM AO/KHO 6bITb onpeae-
NeHo. 4yTo Y3UI o6nagaeT HE06X04UMbIMU XapakTepucTMuKaM OTHOCUTE TbHO BENUYMUHBI U MPOAO/IKNUTENIBHOCTU
KOMMYTaLMOHHBIX UMNY/IbCOB, KOTOPbIE BYAYT OXMAATLCA B JlAHHOM NMOMELLEHUN.

7 BpemMeHHble nepeHanpsixxeHus

7.1 OCHOBHble MOJIOXEHUsA

Wnpoknit amanasoH sBAEHWUN, BO3HMKAIOWMWX MNPW HOPMasbHOW pa6oTe CUCTEMbl UM B aBapuiiHbIX
pexumax, MoryT Bbl3BaTb NepeHanpsiXeHus, KoTopble ceayeTt oTAn4aTh 0T KOMMYTaLMOHHbIX NepeHanpsixXeHui,
pPaccMOTPEeHHbIX B peablayliemM pasgene. 3T NepeHanpsikeHns BO3HUKAKT BCETSAX NPOMbILIEHHON YacToTbl
1 06bIYHO CBSA3aHbLI C Pab0TOl 3alLMTHOTO 060PYAOBAHNS OT CBEPXTOKA, OTK/OUAKOLLENO NOBPEXAEHHbIE LEenu.
AnekTpoobopyaoBaHmne 06bIYHO paspabaTbiBaeTCs Tak. YUTo6bl NPOTUBOCTOATL BO3AENCTBUIO BPEMEHHbIX Nepe-
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HanpskeHuidi. MMnynbCHble 3alWUTHble YCTpoWcTBa AN1A 3aWuUTbl OT YAAapOB MOMIHUM U KOMMYTaLUOHHbIX
MMMNY/bCOB HE MOTYT i/IUTE/IbHO paccenBaTb IHEPrUIo A4/15 TOT0, YTOGbl OFPAHUYNTL 3TN BPEMEHHbIE NepeHanps-
XeHus. Moatomy, npu BbIGOpe MakCUMyMa paboyero HanpsKeHWs A1A 3aWUTHLIX YCTPOWCTB OT UMMNY/IbCHbBIX
nepeHanpsikeHuin (Y3WUM)aNs KOHKPETHOW YCTAHOBKM, A0/MKHbI GblTh YUTEHbI OXUAAEMble 3HAYEHNS 1 BEPOAT-
HOCTb BO3HUKHOBEHUSI BPEMEHHBIX NEPEHANPSHKEHNA.

7.2 BenvymHa BPeMEHHbIX NepeHanpsixXeHuii Npu NoBpexXaeHnsx
B /IMHWAIX CPEAHEero n HU3KOro HanpsXeHus

BpemeHHble nepeHanpsXeHus onpefenaTca Kak NoBbILEHHbIE HAMPSXXEeHUsA NePEMEHHOIO0 ToKa C cylle-
CTBEHHOI NPOAO/IXNTENIbHOCTLIO MO amMNANTye, KOTOpble MOryT MOSABUTLCA B CUCTEME MOC/e NOBPEXAEHUS.
O6bIYHO OHM BO3HMKAKT M3-3a NOBPEXAEHUA N30NAUUN MK o6pbiBa NUTaKLWMUX NUHUIA B cuctemax CH n HH
3NEeKTPoyCcTaHOBOK. CTaHAapThl Ha 3NEKTPOTEXHNYECKNE U3AENNA YUNTBLIBAKOT 3TN ABNEHNSA NyTEM NpefbABIEHUS
COOTBETCTBYOLWNX TPE6GOBAHNI K 060pPYAOBaHUIO M UCNbITaHUsIM. B M3K 60364-4-44 npuBegeHa nHopmauns n
AaHHble, NpuBeeHHble B npuioxeHumn C.

MpumeyaHne — BanHnax CHUHH. CMOHTMPOBaAHHLIX Ha OHUX U TeX e onopax, Win B JINHUAX C ABYMSA
pasnnyHbiMK ypoBHAMKU CH. CMOHTMPOBAHHBIX Ha OfHUX W Tex Xe onopax, C/lydyaiiHoe nepexnecTbiBaHWe MpoBOAOB
MOXeT BbI3BaTb CylLleCTBEHHOE nepeHanpshkeHne B cucteme HH. T[puMeHutensHo Kk Y3WUIM ANSA  HU3KOBO/bTHbIX
cMCTeM nepexfecTbiBaHne 06bIYHO He paccMmaTpuBaeTcsi. OfHaKO eCc/v Takne WUCKIUMTesbHble SIBIEHNSA BO33HMXALOT.
TO [O/IKEH 6biTb NMPUMEHEH cneuuanbHblil Y3UM. uTo6bl BbigepXaTb 3TOT PEXUM WAU. NO KpaiHell Mepe, He 6biTb
NOBPEXAEHHbIM.

B 3aBMCMMOCTU OT KOHpurypaLumm cuctem 3asemneHuns ceteit CH n HH, TOkM KOPOTKOTrO 3aMblkaHNs B CETAX
CH uepe3 06w unin 3a3eMInTeNb FTEHEPUPYIOT NepeHanpshxeHns B ceTsax HH.
OCHOBHblEe NapameTpbl, KOTOpble BAWAIOT HA 3HA4YeHVe U NPOAO/IKUTEIbHOCTbL NepeHanpsxXeHuii npuee-
[EeHbl HUXe.
Bce oHM onpegensoTca pa3paboTynkamMmu CUCTEMbl 3/1IEKTPOCHABXEHNS:
a) KoHhurypauns 3asemnutenei ceteii CH n HH:
- OfiUH, fiBA U/IN TPU HE3aBUCUMbIX 3a3eM/INTENSA;
- 06wme unn pasgeneHHble 3asemnntenn gna ceteit CH n HH.
-napameTpbl 1 4uUC/I0 3a3eManTesnell B pacnpegennTtenbHoi cetn HH;
b) TN 3a3emneHns Helitpanu B cetn CH:
- N30/IMpoBaHHas;
- pe30HaHCHO 3a3eM/IeHHas;
-3a3eMJ/IeHHas Yepes UMneaaHc;
- HernocpeAcTBEHHO 3a3eM/IeHHas;
C) cnoco6 oTKAloYeHNs noBpexaeHunsa B cetu CH:
- ANnTEeNbLHOE BpeMs 4151 Pe30HAHCHOrO U UMJ/IEJaHCHOTO TUMOB 3a3eM/IEHNS;
- kopoTKoe BpeMs (<5 ¢) 4159 HA3KOMMNEe[aHCHOIo Tuna 3as3eMeHns:
- 6osiee KOPOTKOE BpeMSA A/19 HENOCPEACTBEHHOIO 3a3eMJIEHUS.
BpemeHHble nepeHanpsaxXeHnsa NosBAATCA B pa3/IMyHbIX MeCTax v NPOABAAIOTCA NO-pasHoOMy.

- B noactaHuunyn CH/HH noBbllWeHHOe HanpsXeHne npruknaasiBaeTcs K usonsaumm obopynosanma HH mexay
TOKOBEAYLWMMN YacTAMM U CTOPOHHUMU NPOBOAALLUMY YaCTAMU, ecnNun HeT obuiero 3azemnutena CH/HH.

- B HN3KOBONIbTHOW 3/M1EKTPUYECKOl YCTaHOBKE MOBbILEHHOE HanpsXeHue npuknagbiBaeTcsa K M3014-
LN HN3KOBOJ/IbTHOTO 060PYA0BAHNSA MEXAY TOKOBEAYLW UMW YaCTAMU U CTOPOHHUMMN NPOBOAALWUMN YaCTAMU,
ec/nn HeliTpasb He coeiuHeHa C 3a3eManTenem.

- MoBbIWEHHOE HanpsXeHne NoABASETCA MeXAy 3a3eMauTenemM H1U3KOBOIbTHON YCTAHOBKM 1 NTOKaNIbHOA
3emMsell, KOToOpoe MOXeT 6bITb MPUNOXEHO, HANpUMep, K 4BONHON n3onauum obopyaosaHus knacca Il BHe 3ga-
HUSA UM BBOAA, KOTOPbLIA He coeaunHeH ¢ M3LU.

B Tabnuue 6 npusegeHa nHopmauns 0 MakCMmMasibHbIX 3HAYEHUAX N MPOAO/IKUTEIBHOCTU NepeHanpaxe-
HWIA. KOTOpble MOTrAK 6bl MPOM30ATN B 3aBUCUMOCTM OT KOHCbUrypauum 3asemnuTtens Ha nogctaduymm CH/HH u
KOHbUrypaumm cuctemsl 3asemnenns HH. 3navenns 250 Bu 1200 B npuBegeHHble BTabnmue — 3To Makcumarb-
HO fOoNyCTUMble 3HauYeHus cornacHo MOK 60364 npu ncnosib3oBaHUM 06beAMHEHHOTO 3a3emanTens cuctem CH
1 HH. TpakTuyeckn NpUHUMaloTCA HUXHUE 3Ha4YeHuns.
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Ta6nuua 6— MakcuMmanbHble 3HAYEHUS NepeHanpsKeHWid, BO3HMKAIOLWMX MPY 3aMblKaHUW Ha 3EM/I0 Ha CTOPOHE
HanpsXeHUsi CpeHero ypoBHS

. Mpoponxu- Makcumans
Tun n cuctema Cucrtema MakcumanbHoe AeiicTByloliee 3HauyeHue TeNLHOCTH nas
3aszemnenns CH npun 3asemneHuns HanpsxeHns na o6opyAoBaHUM yctaHoBok HH
noBpexaeHus npoAoNXM-
eMHUYHOM 3aMblKaHUn cornacHo TeNbHOCTb
Ha 3em/0 M3K 60364-4.44
L-PE N-PE L-N c vac
3x npoBogHast, nzonu- TN.TT.IT wp 0 Wo » 5 Oecatkn

poBaHHas HeﬁTpaﬂb

3x nposBojHasn, pe3o- TN.TTh) Wo 0 wo » 5

HaHCHOe 3a3emsieHne  ITa). c), d)

wnu CoTHuM

3x nposogHas, umne- TTa). [Tb). e) <250 B + U0 <250 B wp » 5

[laHCcHOe 3a3emfieHune

Hu3ko umnepaHcHoe TN.TTh) 0 wp <5

3aszemneHune ITa), ), d)

(®paHuma) CoTHuM
TTa). ITb), e) <1 200 B + Uo <1 200B wp <5

3x nposofHas, Henoc- TN.TTb) 0 Wp <5

peacTBeHHoe 3a3eMm-  ITa). c), d)

nemune Toicaun
TTa). ITb). e) <1200 B¢ U0 <1 200BV Wp <5

4 x npoBoAHas, Henoc- TN <2.45 uo 0 <2.45 uo <5 Thicaun

peAcTBEHHOE 3a3eM-

nexune

(Mpaktuka CLUA)

MpumedyaHune! OTcyTcTBME pasnuunii, Ana nogknaccudukaunii TTa) n TTb). ycTaHOBAEHHbIX A5
cuctembl TT. He BAMSAHUSAEr HA MakCUMasibHOe [eliCTBYloLlee 3HayeHne HanpshkeHusi, NpuBefeHHoe B Tabnwuue.

MpumeyvyaHune 2. UO— HOMWUHANBbHOE HaNpsXKEHWE SINHUM OTHOCUTENBLHO 3€MJIN B HU3KOBOSIbTHO
cucteme.

MpumeuvaHune 3. MNpu NOBbILEHHUN HaNPAXeHUs 60nee yem B 1.5—2 pasa k UO. MOXeT NPUBECTU K OTKasy
Y3WUM unu gaxe ero paspyweHnto.Noatomy. ctaHaapTbl Ha Y3UMbl TpebytoT, 4To6bl NpK BbiIXOAe YCTPONCTB U3 CTPOS
He BO3HMKa/Io0 ONacHOCTU ANs NMogel nnu noxapa. 370 ycnoBue MoxeT 6biTb 06ecneyeHo nocpescTBOM yCTpolicTBa
aBTOMaTUYeCcKoro pasbefMHEeHNs, AeiiCTBYIOLEro KpaTkOBPEMEHHO WU MOCTOSHHO, B KaYeCcTBe TakKoro 3aliMTHOro
yCTpoiicTBa UCNONb3YIOT pasbeAnHuTens Y3U.

MpumeuvaHune 4. [nacnyvyaes ABONHOIO NOBpeXAeHNA TpebyeTcs cneunanbHOe pacCMOTpeHue.

MpumeyvyaHune 5 WHDopmauus, npusefeHHas B Tabnuue 6. npeactasnsieT MakCUMasibHble 3HAYEHUS,
[ONyCTUMble B COOTBETCTBUM C yKazaHuamu MOK 60364; ecnu npu npoao/mKUTENIbHOCTU MOBPEXAeHUA MeHee 5 ¢
B CMCTeMax 3a3eMJ/IeHNs C W30/MPOBAHHON HelTpasibio UKW B PE30HAHCHBIX CUCTEMax 3a3eMeHus.

BpemeHHble nepeHanpsikeHust MOryT Npoun3oiiT oT adhpekTa heppopesoHaHca B nuTarLem TpaHcopma-
Tope. Korgay ofiHOM 13 pas nuTaHms CH CHUXAaeTCs eMKOCTb OTHOCUTENIbHO 3eM/IN.

7.3 BpeMeHHble MepeHanpsKeHus m3-3a NoBpexXAeHunii
B HW3KOBOJ/IbTHbIX 3/1EKTPUYECKMUX YCTaHOBKax

7.3.1 BpemMeHHble MepeHanpsi)eHns 13-3a KOPOTKOTO 3aMblKaHUS MEXAY NHERHbIM N HeliTpanb-
HbIM NPOBOAHUKOM

Mocne nepexoAHOro Npouecca 3HaueHre Toka KOPOTKOTO 3aMblKaHWs OTpaHNUYMBaETCS TO/IbKO MCTOUHUKOM
nUTaHWUs 1 UMNEegaHCcoOM 3/1eKTPONPOBOAKN. DTW TOKM MOTYT 6biTh O4EHb BbICOKAMMU, B AMaNa3oHe OT COTEH A0
[eCSATKOB ThiCsiY amnep. 3awuTHoe yCTPOCTBO paboTaeT Ha OTK/I0UYEeHe NOBPeXAeHNs. B TeueHne aToro nepu-
0Aa 4/IMTENbHOCTbIO OT HECKO/TIbKUX MUSI/TUCEKYHA 4,0 HECKO/IbKNX COT MUJIJIMCEKYHA, HO He 6osiee 5 c. BO3HUKaeT
COCTOSIHUE BPEMEHHOIO NepeHanpskeHus. 3HaueHue nepeHanpsXkeHnss MoxeT 6bITb ONpeaeseHo B 3aBUCMMOCTH
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OT UMnNeaeHca UcToyHnka. 3HaveHune 1,45 UO cuntaeTca BepxHum npegesniom (cM. MOK 60364-4-44). MopobHble
YyC/I0BUA NPUBOAAT K NPo60I0 n30n1aLMmn Ha 3emsito B TN-cucteme.

7.3.2 BpeMeHHble nepeHanpsxoHua ns-za npob6os nsonayum Ha semnto B HH cuctemax

B cucteme TN 3ambiKaHWS Ha 3eM110 MOTYT Bbl3BaTb NepeHanpsXeHns, conocTasvmble ¢ TEMU, KOTOpPbIe
NPOUCXOAAT B LLeMAX NPW 3aMblkaHWUAX Mexay dha3oii n HeiiTpanblo. leficTBUTENbHO, NONepeyYHoe ceveHre obpar-
HOW Lenun K HeliTpanun CTOYHMKA, CONOCTaBNMO C cevyeHneM hasHoro NpoBoAHUKA.

B cucteme TT TOK KOPOTKOTO 3aMblKaHUA NpoTeKaeT Yyepes3 NnpoBoAHUKN PE 1 aBa 3a3emnntens. 311 3asem-
NUTenu pasfensaTcs, unu, no KpaiHen Mepe, He coeMHATCS NpejHaMepeHHOo. B 3ToM criyyae TOK KOPOTKOro
3aMblKaHUsA OCTaeTCs OTHOCUTENbHO HU3KUM. [ToBpexaeHne 06bI4YHO OTKI0YaEeTCA 3alUUTHBIMU YyCTpPOCTBaMM

A pepeHymanbHoro Toka. CooTBeTCTBYHOLLEE NEpeHanpsixXeHne, Kak nofaratT, octaetcst HUxe, yem V3 UO.

B IT-cucTeme TOK KOPOTKOTO 3aMblKaHUsi B C/lyyae NepBOro NoBpexAeHnst o4eHb HU30K: 3TO eMKOCTHbII TOK
YTEUKN N30IMPOBaHHbIX NPOBOAHNKOB pacnpefenMTenbHoli ceTu, BKYas yCTaHOBKY N (OUNbTPbI B 31eKTP0060-
pygoBaHuu. MepBoe 3aMblkaHue hasbl Ha 3eMJ1t0 06bIYHO HE MPUBOAUT K OTK/TOUEHUIO 3aLLMTHOTO YCTPONCTBA, HO
BbI3blBAET NepexofHble NPoLecchl, NPUBOASLLME K BENIMYMHE NEPEHANPSXEHNSA 6IM3KOT0 K TMHEHOMY Hanpsixe-
HWIO NCTOYHMKA NUTaHUS.

MpumeyaHne — Pe30HaHCHble SAB/IEHUSA MOTYT NPOWM30OATU Npu 3ambikaHuax B IT-cuctemax ¢ notpebute-
NAMU. Y KOTOPbIX B CETU UMEIOTCHA BbICOKME PeaKTUBHbIE CONPOTUBEHUSA (JIIOMUHECLEHTHbIE SlaMMbl, peakTopbl, ABura-
Tenu. n Tul.). Korga yactota konebaHuii (418 NocnefoBaTelbHOrO COefMHEHUSA peakTaHca Lenn C eMKOCTbI CUCTEMbI)
6/1M3K0 K HOMUHA/IbHOWM YacToTe NMUTaHus. TO AB/EHWEe MOXEeT Bbl3BaTb BPEMEHHbIE NEpPeHanpsiXeHns B ABa-TpW pasa
BblllE HOMMWHA/IbHOrO Hanps>XXeHUsA SIMHUWM OTHOCUTE/IbHO 3eM/IN WK elle Bbiwe. TOT TUN NepeHanpsXeHus BO3HWUKaeT
BO BCEX yCTaHOBKax, Mofy4yalwwmx nutaHue oOT TpaHcopmatopa CH/HH. Takxe un3-3a 3TOro sIB/IieHUss NPOUCXOAAT
nospexgernus Y3WM B HekoTopbix 1T-cucrtemax.

7.3.3 BpomeHHble nepeHanpsXoHns M3-3a o6pbiBa paboyero npoBoAHMKa

B TpexdasHbix cuctemax o6pbiB 1106070 NPOBOAHMKA MOXET NPUBECTUN K pa3/IMYHbIM YC/TOBUAM, TakMM Kak
aucbanaHc, NOBpeXAeHNa U BpeMeHHble NepeHanpsaXeHns, KOTopble MOryT KOCBEHHO NPUBECTU K NepexoaHbIiM
npoueccam. Hanpumep, 06pbIB HEliTpasbHOro NPOBOAHUKA B HECHANaHCMPOBAHHON, COeMHEHHO B 3BE3/Y CUC-
TeMe 3/1eKTPOCHABXeHNS, MOXeT NPUBECTU K BPEMEHHOMY NepeHanpsXeHuto, Koraa B AByX dasax HanpshkeHue
OTHOCUTENbHO HENTPaNU AOCTUTHET 3HAYEHMWSA IMHENHOrO HaNpsHXKeHUA. DTO MOXET Bbl3BaTb NOBPEXAEHNS 1 nepe-
XOAHble NpoLecchl, CBA3aHHbIE C BO3HUKHOBEHNEM U/ OTKIOYEHNEM NOBPEeXAeHNsA. B aTom cnyvyae 06bl4HO
paccmatpuBaeTcs BO34elCTBME NTIMHEHOT0 HanpPsXXeHNs.

7.4 BeposaTHOCTb BO3HMKHOBEHNSA N OLEHKa yliepba

7.4.1 BpemeHHble NepeHanpsxeHWa n3-za 0TKasoB Mexay cuctemoli CH un 3emneii

Mpo6oii n3onaunm Ha 3emMnto Ha NMHUAX CH nponcxoaaT B OCHOBHOM BO BPOMS P03 WX MO APYTUM NpUYmn-
HaM. OTKa3bl U3-3a BPEMEHHbIX MepeHanpsXXeHni 4Oo/KHbI yUNTbIBaTbCS, KOrAa Kakme N1M60o hakTopbl prcka BO3-
HMKaOT OCTATOYHO YacTo. 3TN PakTopbl NEPEUNCAIOTCA HXE, BMeCcTe C Hanbonee Heb1aronpusATHbIMK YC10BU-
AMU, KOTOPbIE MOTYT BO3HUKATb:

- 3aMblkaHue Ha 3eMto B cucteme CH HemocpeACcTBEHHO B MOACTAHLNNY,

- TOK 3aMblKaHWs1 Ha 3eMJ/110 MPU He6N1aronpUATHLIX YCNOBUSIX;

- COMpPOTUB/IEHNE 3a3eM/IeHNsA NOACTaHL MU HAXO4UTCA Ha BEPXHEM YPOBHE OT ONYCTUMOTO;

- KOHhurypauns cuctembl CH; TN 3a3emnenunsa TT-a (06wmii 3azemnutens ansa cuctem HH n CH);

- yCnoBue BO34ENCTBUS; BK/TOYEHHbIV UIN HET.

Mpw yaape monHum B nnHnio CH Y3WT, pacnonoxeHHblli Ha ctopoHe CH. npuHnMMaeT TOK Ha 3a3emM/nTe b.
Bo MHOrux cyuiecTeyoumx cetsax B kavyectse Y3UI ncnonb3yoTca NCKPOBbIe paspsAfHUKN, Y KOTOPbLIX UMMY/b-
CHbIi TOK MHULMNPYET TOK Ha YacToTe NMMTaHUs, KOTOPbIA He NpepbiBaeTCsA NPU NepBOM Nepexoje Yepes HoJlb.

kcnnyatupyrowme cayx6bl CTPEMATCA MUHUMU3NPOBATL YNC/0 3aMblKaHWii Ha 3eMt0 B NMHUAX CH. cBa-
3aHHbIX C HE61AronpPUATHLIMU NOTOA4HLIMW YCNOBUSAMUN, TaKUMU Kak rpo3bl, rononeg v setep. Ecnu nogcranuyma
pacnosioxeHa B MOMELLEHNUMN, 3TU MePbl MOTYT 6bITb CaMbiMy A PEKTUBHLIMU U 3aMbIKAHUS HA 3€MJ/I0 MOTYT
paccmaTpumBaTbCs Kak COObITUE C O4EHb HU3KO BEPOATHOCTLIO.

KoHhurypauumn cuctem cpefjHero ypoBHsa HanpsXXeHus YeTKo onpefenieHbl Tak, YTo6bl UX TOKU 3aMblKaHUs
Ha 3eM/1l0 MOrin 6bITb ONpefesnieHbl BbIUNC/IEHUEM Aaxe B TOM Ciiy4ae, eC/iv OHU CUTbHO U3MEHSTCS B 3aBUCU-
MOCTMN OT MecTa pacnosoXeHUss TOUKN 3aMblKaHUA Ha 3eM/t0. TOK. BbIUMCIEHHbIN A8 3aMblKaHUSA Ha 3eM/110 B
onpeAeneHHON nogcTaHuun, 6yaeT OCHOBaHWEM A/19 onpeAeneHnsi CONPOTMB/IEHUS] 3a3eM/IEHUSI B COOTBETCTBUM
c Tpe6oBaHnsaMn M3IK 60364-4-44. 3To uckoyaeT TOUKY pacnoIoXeHNs 3amMblkaHNs Ha 3eMJIH0 Kak hakTop puc-
ka. Mpouyne napameTpbl, Takne kKak 4YACNO OAHOBPEMEHHO OTKMOYaeMblX uaepos, cnegyet paccMarpuBaTh
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TO/IbKO B C/lyyae, ec/iv OHN NPUBOAAT K 60/1€e BbICOKUM 3HAYEHWSIM TOKOB 3aMbIKaHWUA Ha 3eMJ1I0 MPU 3aMblKaHuu
Ha cTopoHe CH B noacTtaHuuu.

BblleynoMsAHYyTble CO06paXeHNs 0THOCUTEIbHO BO3HUKHOBEHUS HE61aronpuAaTHbLIX YC10BUIA IBASIKOTCA OC-
HOBaHWEM A8 OLEHKN BEPOATHOCTM ONacHOro cobbiTns B cucteme CH BcrneAcTBME 3aMblKaHUSA Ha 3eM/I0 Ha
cTtopoHe CH B noagcTaHuuun. 9Ta BeposITHOCTb yuiepba siBnsieTca 04HNM M3 hakTopoB pucKa, KOTOPbIA NOANEXUT
paccMoTpeHuIo.

Ecnu nckpoBble pa3psgHUKM ycTaHaBIuBalTCcsA Ha cTopoHe CH 6nu3ko k noagctaHuum CH/HH. oHM 06bI14HO
COKpaLLalT YNC/I0 3aMblkaHWil Ha 3eMJ/TH0. DeKTpuyeckunii Tok yepes Y3UI Ha 3eM/110 orpaHnymBaeTCst KOPOTKUM
MMMYbCOM, €C/IN UCKPOBOI pas3psfHUK UMeeT MeTal/10-OKUCHbIV Tun. B cnyyae npyuMeHeHns NCKpOBbIX pa3psas-
HUKOB BO3HMKAET NepeMeHHbI TOK KOPOTKON NPOAO/IKUTENbHOCTU. B cnyyae npuMeHeHns o4HUX TONbKO MCKPO-
BbIX Pa3psAHMKOB BO3HUKAIOLLUI NepeMeHHbI TOK. 0TK/l0YaeTCa 3alMTHbIM ycTpoiicTBoM CH 3a Bpems, 3aBucs-
Lyee OT TMMa MCnosib3yemMoro ycTpolicTaa.

Cpeawn cuctem CH koHdurypaums TT-a (o6wmnit 3asemnutens ans cuctem HH n CH) camasa kputnyHas.
MpaBuna skcnayartayum npeanucbiBaoT UCNoib3oBaHue cuctemsl TT-b (pasgensHoe 3a3emnexne cuctem CH u
HH). koHdurypauns TT-a npumeHsieTca pefko no npuynHe HegocTaTka MecTa WA TPYAHbIX YC/I0BUii 3a3eme-
HMA. Ha ropofcknX TeppuTopUAX 1 B NPOMbILLINIEHHbIX 30HaX 3eMANTENb Y NOTPe6buTeNsa n 3azemnuTens NoACTaH-
Ly 06bIYHO UMEIT 6AN3KUIA INEKTPUYECKUIA MOTEHLMaN U3-3a HaIMYnsi CTOPOHHUX MeTaNINYecknx 31IeMEeHTOB,
Takux, Kak Tpybbl Mexay 3asemantenem nofcraHumMmn 1 3aseManTesieM HU3KOBOIbTHON ycTaHoBku. CnefoBartesb-
HO. NajeHune HanpsHXXeHns Ha 3azeMauTene NoACTaHLMM hakTuyeckn nepefaeTcs Ha yCTaHOBKY noTpeburtens.

XapakTepucTuKu 3alULeHHOCTN 3N1IeMeHTa, KOTOPbIW, BEPOATHO, ByAeT nofBepXeH BO34eCTBUIO BpEMEH-
HOro NepeHanpsHKeHus, 3aBUCAT OT ero pexvnmMa npuMeHeHus. Hanpumep. Y3UIM. NOCTOAHHO NOAK/TIOYEHHbIW Ha
60/1€e HU3KOM YyPOBHE HaNpsXXeHUsi, coefuHaeTcs ¢ cuctemoint CH Tonbko AN 0YeHb He60/bLIOro OTpesKa ero
hYHKLMOHUPOBAHUA, B MOCNEAHEM C/lyyae, BEpOATHOCTb COBMaeHNs C 3aMblkaHMEM Ha 3eMJ1t0 Ha cTopoHe CH
ypesBblYaiiHO HU3Ka N XapakTepUCTUKN 3aLULLEHHOCTH, BEPOSITHO, 6YAyT COOTBETCTBEHHO HU3KUMU.

7.4.2 BpemeHHble nepeHanpsXXeHUs n3-3a NoBpexeHuin B yctaHoBke HH

BeposATHOCTbIO NOBPEXAEHUS U30NALUN B 06bIUYHBIX HU3KOBO/IbTHbIX YCTAHOBKAaX HeNb3a npeHebpeyb. 3T1a
BEPOATHOCTb YyBE/IMYMBAETCA 419 CTapbIX YCTAHOBOK U 419 060pyJ0BaHNA, KOTOPOE NOCTOSAHHO HE BK/loYaeTcs
NN ycTaHaBNMBaeTCsA BO BAAXHbIX UM 3arpsA3HEHHbIX noMelleHnax. O6bIYHO, NOBPeXAeHUs N3015LMKn ¢ 60/b-
Wweli BEPOATHOCTbLIO MPOUCXOAAT MeX Y aKTUBHbIMW NPOBOAHUKAMW U 3a3eMIEHHBIMY NPOBOAALMMMN HACTAMU,
yeM Mexfy akTVBHbIMU MPOBOAHUKAMU PACCMOTPEHHBIMU HKe. P EeKTbl OT ITUX 3aMblKaHUI (NageHna Hanps-
XEHUS 1 B 0COGEHHOCTN NepeHanpsixeHuns), BAnsA0T Ha Y3UIM. OTn achdpekTbl 3aBUCAT OT TOUKM 3aMblkaHus, a B
c/lyyae 3amMblkaHWs Ha 3eM/i0 B cuctemax TT — OT umnegaHca 3a3eMnnTens OTHOCUTENIbHO 3eM/IN.

Ecnv Y3UM 6bin BbIGpaH ¢ MakcUMasbHbIM ANNTENbHbIM pabouum HanpsxeHnem (MAPH. Uc) Huxe, uem
nepeHanpsixeHue, creHepupoBaHHOe Npu NoBpexaeHnn nsonaumm HH nam npm o6pbiBe NMTalOLWero NpoBOAHMUKA,
TO TOK, Tekywuin yepes Y3UI, yBennunBaeTtcsa o4eHb GbICTPO M NPOMCXOAUT TENNOBOE paspylweHue Y3UM. dg-
heKTbl OT 3TOr0 NOBPEXAEHNS OrpaHMyMBalTCA NpumeHeHnem Y3UM. 06beguHeHHbIM C Tenn0Bol 3aluToit. Ta-
Koe nospexgeHune Y3 moxeT ocTaBUTb YCTAHOBKY UM 060pyf0BaHne 6€3 3aluTbl OT MepeHanpsxeHus.

Ecnn makcumanbHoe gnutensHoe paboyee HanpsxeHne (MAPH) Y3UM. Uc. BbiGpaHo paBHbIM WK Bbille
yem 1.45 UOgna cuctem TN un Bbiwe yem v 3 UO. ana cuctembl TT. puck nospexgeHns Y3UM n Bo3Hukatowas
noTeps 3awWuTbl OT NepeHanpsHXKeHnin NPoncxXoamT B 60/bLUMHCTBE C/lyyaeB. Kpome TOro, 3TOT PUCK MOXET BO3HM-
KaTb 1 ANA 6onee HU3KOro 3HadyeHns Uc npy HeKoTopbIX KOHUrypaLmax cucteMbl Uam n3-3a Bbibopa Y3UIM. Kak
OTMEYEHO B MyHKTE 7.3.2. UCK/TI0YEHNE MOXET BbITb A4NA IT-cuctemsl, rae Bbicokue 3HavyeHnss MAPH moryT BO3Hu-
KaTb 13-3a Pe30HAHCHbIX ABMIEHWIA.

[ns ocTanbHbIX CNyYyaes, KOrga BO3MOXHOCTb MOTEPU 3aLLUTbl CYUTAIT NMPUEMIEMON, Apyrne puckun fonx-
Hbl NepeKpbIBATLCA; BYACTHOCTM COOTBETCTBYIOLAA 3alMTa OT KOPOTKOro 3aMblKaHUA Lenu Ao/mxHa 6biTb onpe-
AerneHa n3rotosuTesieM n TpebosaHusaMu notpebutens.

Mpu 06pbIBE HENTPaA/IbHOrO NPOBOAHMKA NEepeHanpsxXeHne Mexay TMHeHbIM N HeliTpasbHbIM NPOBOAHU-
KOM HE3aBWUCKMMO OT CUCTEMbI 3a3€MJIEHNA MOXET AOCTUTHYTb 3HAYeHUA, 61M3knx Kk M3 Uo B TpexdasHoi cucteme.
MepeHanpsxeHne MoxeT focTUrHYTb 2 UOB 04HOa3HOI TPEeXNPOBOHO CuCTEeMe, KOrja Harpyska nositocoB He
cbanaHcupoBaHa, 3TO NOBbILIEHHOE HanpsxeHne npuknagsiaeTca kY3UM. npegHasHayueHHOMY AN5 3alUTbl OT
nepeHanps)XeHus Harpysok u NoAKNIYEHHOMY MeXAy NUHWel n HeliTpanbto. B cnyyali o6pbiBa HeliTpasnbHOro
nposofHuKa nospexaeHne Y3 MoxXeT 6bITb UTHOPUPOBAHO MO CPABHEHUIO C yLL,EPOOM, MOHECEHHBIM APYTUM
o6opypoBaHMeM B yCTaHOBKe, Noka nospexaeHne Y3UI npoucxoguT B NpUeMIeMOM pexnme.

B IT-cnctemax m3-3a BO3HUKHOBEHUA HanpsXeHns 6/13Koro K NMHENHOMY HanpsXeHWo nocse nepBoro
oTKasa, nosiHas 3awmuta Y3 MoxeT 6bITb JOCTUTHYTA, HO TONIbKO ecin UeBbiGrpaeTca paBHbIM UK Bbille YeM,
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V3 UO. Kak oTMeyeHo B N. 7.3.2, pe30HaHCHble SBMEHUS MOTyT NMPOU3OWTU NPU 3aMblKaHUSAX Ha 3EMJI0 B
IT-cuctemax, MUMeLmnX CyLLLeCTBEHHbIE PEaKTUBHbIE COMPOTUB/IEHUS.

7.5 BblBOAbl OTHOCUTENIbHO BPEMEHHbIX NepeHanpsxeHuii

BpeMeHHble nepeHanpsiXXeHnss — 3TO TUM aBapuHOTo cobbITUS, KOTOPOE Ype3BblvaliHO TPYAHO NpefoTBpa-
TUTb B HOPMaNbHOM pexunume paboTbl CUCTEMbI 31€KTPOCHAGXEHNA. BEPOATHOCTb €ro0 BO3HUKHOBEHMWA 1 YPOBHMU
nepeHanpsXeHnin, KoTopble MOryT 6bITb JOCTUTHYTbI, 3aBUCAT OT KOHAUTYPALUN CUCTEMbI 3/TEKTPOCHABXEHUS,
KoTopas onpefensieTcs, UCX04A N3 CUCTEMHbIX OTpaHMYeHnii 6e3 yyeTa NnocieAcTBUA BO34ENCTBUA NnepeHanps-
XeHus Ha Y3UTI.

Mpu npyumeHeHnn Y3 BO3MOXHbI pa3finyHble BapuaHThl, B npegenax oT npuMmeHeHunsa Y3WTI ¢ BbICOKUM
MZAPH, 4To caenaeT ero 3awuL,eHHbIM Npy 601bWNHCTBE BPEMEHHbIX NEepeHanpsXeHUin (HO 3a CYET CHUXEHUSA
YPOBHSA 3alMTbl OT NepeHanpsxXeHns), 40 CHUXeHnsa yposHa MAPH, n3-3a xxenaHns o6ecneynTb HU3KOe OrpaHu-
ynBalwllee HanpsxeHne, HeobxoaAnmoe 419 Harpy3ok, 4To BeAeT K BO3pacTaHuio pucka paspywenua Y3UM npu
BPEMEHHbIX NepeHanpsiXXeHunax.

JTa 3agaya He MOXeT 6bITb pelleHa nyTem 3agaHns 06a3aTefibHbIX TPe60BaHN 04HON N3 CTOPOH, y4YacTBy-
oL el B NPOeKTUpOBaHNUY, 3KCNayaTauuu, 3awmute CUCTEM 3NeKTPOCHabXeHNa 1 Harpy3ok notpebuteneir. Cutya-
s TpebyeT cCOTPYLHMYECTBA MEXAY CTOPOHAMU, ONpeaesieHNs orpaHuyeHmnii TEXHO0MMN U B3BELLMBAHWE YC/10-
BWIA M NOCNEeACTBUI B 3aBUCMMOCTU OT cneundmnyecknx ocCobeHHoCTel yCTaHOBKN U ee Ha3HaYeHus.

8 CucTemMHble MepeHanpsaXeHusn

8.1 OCHOBHble NOIOXEHUSA

B HacTosem pasgene cTaHgapTa pacCMaTpuBarTCA NPUUYNHbI BOSHUKHOBEHWS NepeHanpsxeHunii B cucte-
Max 3/1IeKTPOCHabXeHUss NepeMeHHOro TokKa, a Takxe nepeHanpskeHuit, CBA3aHHbIX C B3auMogeicTBueM Mexay
cMcTeMaMy 3/1eKTPOCHAGXEHUS NePEeMEHHOr0 TOKa N KOMMYHUKALMOHHbLIMY CUCTEMAMU, BOCOBEHHOCTHN BO BpeMs
BO3HWKHOBEHWS IMMY/TbCHbIX TOKOB B OAHON 13 CUCTEM.

CyTb BOMpoOCa 3ak/104aeTcs B TOM. YTO HaBe4eHHOe HanpsixeHne Ha 060pyA0BaHNM, B KOTOPOM Npoun3oLlen
0TKa3 (HapylleHne MOXeT Takke NPou3oiTHN Ha 60siee HU3KUX YPOBHAX HanpsXXeHus), ABAAETCA pe3ynbTaTtoM
BO3HWKHOBEHWSA MMMy/ibCa TOKa B OAHON N3 CUCTEMBI UM ABMAETCA NO60YHbIM 3athbdhekTom OT feiicTeusa Y3UM.

CucTeMHoOe B3anMofelicTBMe nepeHanpsXxeHnii MoxeT NPon3onTu, fgaxe ecnv nopTel 060pyf0BaHNA CO
CTOPOHbI NUTAHUSA 1 CBA3WM 3aLiuLeHbl Y3WI. no 04HOMY B Kax0M MopTy WK Ha BBOJAeE, C Lie/1bio o6ecneyeHuns
3alUTbl OT NepeHanpsxXeHns. Ecnv oTkasbl M NOBpeXAeHns 060pyA0BaHNA BCE Xe NPOA0/IKAT MPOUCXO4UTb,
TOrAa BO3HMKAIOT BOMPOCH!I OTHOCUTESIbHO NPUMEHEHHbIX Y3UI. B 3TOM ciiyvae KOppekTupyLunue MeponpuaTus
[OJDKHBI 3aK10YaTbCA He B YNydlleHUN XapakTepucTuk Y3WI. ycTaHOBNEHHbIX OTAENbHO Ha KaXA0M 13 NOpTOB,
a B MOHMMaHWK npoLiecca B3aMMoeiicTBNA OTHOCUTEIbHO HaBEAEHHOIO HaNpsXKeHNs.

8.2 BzaumopaeincTteme Mexay CUCTEMON 31eKTPOCHaBXEeHNSA 1 KOMMYHUKALMOHHON cuctemoli

MockonbKy 3N1eKTPOHHOE 060pyA0BaHNe BXOAUT B 6bITOBYIO U 1€N10BYI0 Cpefy BCe 60/blUe, TO BK/TIOYEHNE
KOMMYHUKaLMOHHOTO NopTa CTAHOBUTCA TaKUM Xe YacTbiM, Kak NOAKM0UeHNe 06bIYHOTO LHYpa NMTaHUA K ceTn
nuTaHns. TUMMYHBIM MPUMEPOM COeAUHEHNA CUCTEMbI ANIEKTPOCHABXEHUSA € TeNletPOHHOI ceTblo ABNAETCA Nepco-
HanbHbI komnbloTep (MK) ¢ MOAEMHbIM coefMHeHNEM nan akc. XoTA Kaxaas cuctema 3/1eKTpocHabxXeHuns un
KOMMYHWKaLMOHHbIE CUCTEMbI MOT/IN Gbl BK/IOYATH CXEMY 3aluUTbl OT UMMNY/IbCOB TOKA, UMMNYbCHbI TOK B OfHOW
cucTeMe Bbi3blBaeT CABUT B MOTEHLMANE €70 KOHTPOIbHOM TOUKM, B TO BPEMSA Kak NOTEHLMan KOHTPOIbHOW TOUKM
[APYroii cuctemMbl oOcTaeTCA HEU3MEHHbIM. Pa3nnyve noTeHynana Mexgy 3TUMU 4BYMS KOHTPO/IbHbIMU TOYKamMu
nosiBnsieTcs yepes gea nopta NMK/mogema. B 3aBucumocTn ot Tuna MK/mogema v ero 3alyuLLeHHOCTM 3TO pasnu-
4ne NoTeHLManoB MOXET Bbl3blBaTb ONpefeeHHOe HapyLIeHWe N NoBpexaeHune.

PucyHok 23 nnntctpupyeT npumep MNK. o60opyf0BaHHOTO MOAEMOM, 3aNVMTaHHbIA OTBETBMEHNEM OT Lienu,
KoTopas BKoYaeT 3alyUTHbI 3a3eMSI0LW N NPOBOAHUK, C TPEXNPOBOAHbLIM kabesiem, KOTopbIii CBA3bIBAET LIac-
CU C TOUKOI 3a3eMeHns pacnpefenntenbHoro Wwuta. Mogem coeguHsaeTcs ¢ TenedOoHHbIM BbIXOAOM B KOMHaTe,
NPOBOAHMKOM NPUCOEANHEHHBIM K 3aLMTHOMY YCTPOICTBY, YCTAHOB/IEHHOMY TeNledhOHHO KoMNaHueit Ha BBoge
TenedoHHOI cBA3W. B XyAllem BapuaHTe ceTeBas U TenedOHHas KOMNaHUsa OCyLLeCTBASIOT BBOA B ;OM B NPOTU-
BOMOJIOXHbIX KOHLLaX AoMa. B aToM c/iyyae coeuHeHne 3a3eM/1eHNS OCYLLLECTBSETCA B camoii 6/IM3KOM Touke K
cucTeme 3a3eMsieHuns, 06bIYHO 3TO TPy6a X0/104HOr0 BOAOCHAGXEHNSA, CNeunasbHblii 3a3eMASI0LW Ui TPOBOAHNK,
UMW WKUHa ypaBHUBaHWA NOTeHLManos. B page cnyyaes gnnHa 3Toro coeiHEHNS 3a3eMNeHNSA MOXET BbITb CY-
LLleCTBEHHOIA. Pe3ynbTatoM MoXeT 6biTb 60/blUas pa3HOCTb HaBeAEHHOTO NOTeHLMana Bo BpeMs UMMy ibca ToKa.
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AHaNOTMYHbIA NpUMeEp NPYUMEHUM U K APYroMy 060py0BaHNI0, COeUHEHHOMY C CUCTEMON NUTAHUA U C
TenedOHHON CceTbio, TAKOMY Kak hakc UM aBToOTBETUMK. Pasnmumsa mMoryT 6biTb B TOM. uTo MK/Mogem yacTo
cobupaeTcs nosib3oBaTeNIeM UK peTeiiiepom € NCNOo/Ib30BaHNEM NECKOOPANHUPOBAaHHbIX 3/1EMEHTOB, NOJTy4YeH-
HbIX OT pas3/IM4HbIX NPON3BOAUTENEN, B TO BPEMS Kak hakc navn aBTooTBETUMK pa3pabaTbiBaeTCs kak O4NH MOAY b.
B cnyyae cobpaHHoro MK/mogema 13 aTux MeckoopAUHNPOBAHHBLIX KOMMNOHEHTOB HET YBEPEHHOCTU B 3allULLeH-
HOCTV OT HaBeJ,eHHOro Pa3HOCTHOro noTeHumana. B cnyyae dakca nav aBTooTBETUMKA MOXHO 0XUAATb, YTO B
ycTpoiicTee, pa3paboTaHHOM B O[HOI opraHu3auneil, yuTeHbl BCe YC0BMA. DTOT Cyyaii pacCMOTpeH B geTansx
B npunoxeHun D.

PucyHok 23 — coeguHeHus MK/Mogema ¢ cMcTeMOi NUTaHWsA U C KOMMYHUKALMOHHOM cucTeMoii

8.3 lpyrve B3anmogencrems

MoAo6HbIV cueHapuii MoxeT 6bITb NMPUMEHEH ANA TeNeBM3MOHHOTO pecuBepa WUAn BUAeoMarHMTooHa
C NUTaHneM OTBETB/IEHWEM OT CeTU U BUAEOCUTHANOM, NONyYeHHbIM OT cucTeMbl CATV UK CNYTHUKOBOW aHTeH-
Hbl. pacnosioXeHHo BHe foMa. Pasnuune 3aknoyaeTcsi B TOM. YUTO BMECTO CUMMETPUYHON 1 cbanaHcUpoBaHHOM
KOHbUrypaumuu TenedoHHOI napbl, BUAeOCHUrHaa NePEHOCUT KoaKCuasbHbIi kabenb, A5 KOTOPOro 3KpaH siBNsieT-
CA rN1aBHbIM UCTOYHVKOM BO3AElCTBUIA OT M06bLIX UMMNYNLCOB TOKA. Te e caMble CO06paKeHNst MPUMEHUMbI K
TeneBn3opy U BULEOMarHUTooHy, Kak MHTErpupoBaHHOMY NPOAYKTY B OT/INUMNE OT MECKOOPANHUPOBAHHbIX 6/10-
KOB U3 OTAe/1bHbIX KOMMOHEHTOB. O4HAKO C 6bICTPO U3MEHSIOLLNMCS Pa3BUTUEM CMYTHUKOBbLIX CUCTEM TenleBuae-
HUA B aHTEHHaxX AN NPUMEHEeHUs NoTpebuTensaMu TpygHas Lesb KoopAnHaLMm MeToL0B 3a3eM/IeHUS KaxeTcs
[OCTUTHYTOW.

[pyroii cueHapuii MOXeT pa3BepHYTbCA [N Takux YCTPOWCTB, Kak MPOMbILIEHHAA YCTaHOBKa, rae
npouecc ynpassieHUss U CUTHasbI OT AAaTYMKOB NepejaloTcs No OTAe /IbHbIM CUCTeMaM, OT/INYHbIM OT CUCTEMbI
nuTaHus.

BO3MOXHOCTN yMEHbLUEHUS BO3AeCTBUI BKIOYAOT N0460P NOAXOAALEr0 TM6PUAHOTO0 MHOTONOPTOBOrO
Y3WI. Kak paccMOTPeHO B NpuaoxeHnn D. n B XOpPOLIEM 3a3eMIeHUN U NCNONb30BaHUMN CNOCO60B KabenbHbIX
COeAUHEHUNA.

8.4 BbIBOAbl OTHOCUTE/IbHO CUCTEMHbIX B3aWMOAENCTBUA

CucteMHble B3aMMOeicTBUS NPOUCXOAAT B UHTepdeiice ABYX Pas/iMyHbIX CUCTEM, TaKUX Kak cuctema
3/1eKTpocHabxeHnsa 060py0BaHNA M KOMMYHUKALMOHHON CUCTEMBI, U KacaloTCA CUTHA0B, KOTopble 6yAyT obpa-
60TaHbl B 060py0BaHMN. B 3TOM MHOronopToBOM 060pY/J0BaHMN MOTYT BO3HUKATb MepeHanpsXeHns He TO/IbKO B
KaX[,oM OTAEe/IbHOM MOopTe, HO TaKkXe M3-3a B3anMHOro BANSHUSA TEPMUHAN0B 3TUX BYX NOPTOB.

[na npaBUNbHOTO PYHKLNMOHNPOBAHUSA U COXPAHHOCTU 060pyA0BaHUSA HEOHX0AMMO yyecTb appekTbl OT
3TOrO0 AB/IEHNSA, YACTO HeNAEeHTUMULMPOBAHHOTO UM HEMNPaBWU/IbHO NPUNNCAHHOTO K OAHOM U3 CUCTEM, YTO NPUBO-
AVT K HeyJa4yHbIM MOMNbITKAM CHWXEHNSA BANAHUSA, NPUMEHEHHOr0 K 04HOMY MK K 060MM nopTam.
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9 VIMNynbCHble nepeHanpsXXeHUss 1 MHTEHCUBHOCTbL OTKa30B

9.1 OCHOBHble MOJIOXEHUSA

B paHee npuBefeHHbIX NpUMepax nepeHanpshXeHuii npecTaBneHbl KOTIMYECTBEHHbIE laHHbIE 06 3TUX AB-
NeHunsAx. 6asvpyemMble YaCTUYHO Ha Teopuu, KOTOpasi OCHOBbIBAETCA HA Hambonee BEPOSITHbIX CUTyauuax u
4YaCTMYHO Ha N3MEepPEHNAX. DKCNyaTaLOHHbIE N3MEPEHUSA MOTYT OTPa3nNTb TO/IbKO SIOKa/IbHbIE YC/T0BUSI BO BPEMS
n3MepeHunii, a nabopaTtopHble U3MepeHnUs MoryT o6ecneynTb TOMIbKO 3aK/T0UEHNsSI, OCHOBaHHbIE HA Npeno/oxXe-
HUAX. 3a/10KEHHbIX B 6a30BYI0 9KCNEPUMEHTANIbHYIO YCTaHOBKY.

BBOAb! M YCTAHOB/IEHHbIE HACTOSLW MM CTAHAAPTOM MOMOXEHNA N0 NepeHanpsXeHnsiM roBopAaT 0 TOM. YTO
LIMPOKNE 0606LLEHNS NPYU HANMUYUM OTPAHUYEHHbBIX flaHHbIX AOKHbI GbITb CleNaHbl C HEKOTOPOW NPe0CTOPOXKHO-
CTbto. Takasi NpPefo0CTOPOXHOCTb 3TO 60/bLIE KAYeCTBEHHbIM, YEM KO/TMYECTBEHHbI NpoLecc, NpefHa3HauYeHHbI
ANA cornacoBaHusa Mexay NporHo3amMuy Ha YacToTe BO3HUKHOBEHUSA 60/bLIMX UMMY/IbCOB 1 3KCNEPUMEHTa NbHbI-
MW AaHHbIMU U3MEPEHUIA, NOSTYYEHHBIMU AN KOHKPETHOro 060PYyA0BaHNSA, KOTOpOe NoABepraeTcs UMNYAbLCHOMY
BO3/EeNCTBUIO.

[pyroe kayecTBeHHOe NpefoCcTeEpPeXeHne 3akKnto4aeTca B COrnacoBaHum Mexay BbiBOAamu, cAeNaHHbIMK
13 UHOTfa YNPOLEHHbIX NPeNoN0XeHNA AN BbIYNCNEHNI U OCHOBHbIX 3aKOHOB (hU3NKK. JTI06ble 3aknioUueHus,
KOTopble 6a3MPOBAaINCh HA 3TUX YNPOLLEHUSIX, 0606LLLEHNAX NN NPEeANONOKEHUSAX, KOTOPbIE HE COOTBETCTBYIOT
[eACTBUTENbHOCTU, AO/IKHbI MPUHUMATBLCS C OCTOPOXHOCTLIO OTHOCUTEIbHO 3aKOHHOCTMW 3TUX YNPOLLEHUIA, 0606-
LEHWA. M NPeanoNoXeHUNA.

9.2 icnonb30BaHUe CTaTUCTUYECKNX AaHHbLIX O NOoBpPeXaeHnax

Ha npakTuke HeT OCTaTOUYHbIX CTATUCTUYECKUX flaHHbIX O MOBPEXAEHUAX HU3KOBOIbTHOIO 060pyA0BaHNA
npv nepeHanpsXeHusx, YTo 3aTpygHAeT 06 EKTUBHYIO OLeHKY MHTEHCUBHOCTU OTKa30B. OTKa3bl HU3KOBOJIbTHOTO
o6opynoBaHusa (BuaeoobopyaoBaHue, XONoAUNbHUKW, U T.4.) NPOUCXOAAT OTHOCUTENbHO YacTO BO BPEMS rpo3bl,
0C06EHHO B 06/1aCTSX, rAe 3/IeKTPOCHabXeHne oCcyLLecTBAETCA N0 BO3AYLWHbIM MHUAM HH. HesHaunTenbHblli
ywep6, HaHeCeHHbI TOKaMu NOBPeXAeHNs, NPONCXoAAT 6e3 cpabaTbiBaHNA BbikIOYaTENA UK NPefoXpaHuTens
1 BO3HMKaET NOC/e HEeCKO/IbKMX YacoB UK AHEN Noc/ie Ha4YanbHOro CO6bITUA: BO34ENCTBUS UMNYbCHOTO Hanps-
XeHus. MprUYnHbI 0TKa30B 060pYyA0BaHUA BKIOYAKOT

- He40CTaTOUHYI0 3alLlMLLLEHHOCTb NopTa NUTaHsa 060pyA0BaHNA OTHOCUTETbHO UMMY/ILCHOTO BO3AENCTBUS;

- HeloCTaTOYUHbII KNacc N3oNALun:

- cTapeHve obopyaoBaHus;

- CUCTEMHOE B3aMMofeiicTBue, B 0CO6EHHOCTY A4 BUAe0060pyA0BaHNS.

Ecnun gns KOHKPeTHOro 060pyA0BaHUA U3BECTHbLI YPOBHMN HENOBPEXAAoLWUX UMNYNbCOB MU YPOBHU OTKa-
30B. TO MOXHO cZienaTb BbIBOAbI O HaCTOTE BO3HUKHOBEHUSA MMNY/IbCOB, NPEBbILLALWNX YPOBEHb HENOBpexXjae-
MOCTUW. 3HAaUNTE/IbHOE YNC/I0 OTKA30B YKa3biBaEeT Ha COOTBETCTBYIOLL M YPOBEHb BOZHUKHOBEHWS UMMY/1bOOB BbILLe
3TOro ypoBHSA. ECn ncnbiTaHMA NOKa3biBaOT HA3KYH0 MHTEHCMBHOCTb OTKA30B, TO 3TO MOXET CBMAEeTeNbCTBOBATb
06 04MHaKOBO HU3KOM NPOLEHTE UMMNY/bCOB BbIlle YPOBHS 0TKa3a 060pya0oBaHuMs.

MpumeHeHne Y3UT nob6opyaoBaHus ¢ 6710KOM NUTAHUSA BbINPAMUTESNIb — KOHAEHCATOP 3HAYNTENIbHO YMEHb-
WalT BO3AeNCTBME UMNYbCHbIX NEPEHAaNPSXEHWIA.

WccnepoBaHna 0TKa3oB 1aMi HakanMBaHMA Nokasasm YTo TUNOBOW NOPOr BbiLe KOTOPro NpoucxoaunT no-
BpexAeHune amMmn HakanusaHua nexut mexay 800 B n 2 000 B gna namn Ha 120 B. u mexay 1800 Bun 2 200 B
ana namn Ha 230 B. B 3aBMCMMOCTW OT 3HEpruu, BO3AeNCTBYOLWEro MMNYAbCa.

YpoBeHb BO3HUKHOBEHWSA UMMYNLCOB BbIlle 3TUX NOPOrOB B peXunMe NMHUA-HenTpanb (06bl4HOEe coenHe-
HWe nammn, B NPOTMBOMOJIOXHOCTb PEXUMY JIMHUS-3€M/151, KOTOPbIA Bbi3biBAET ONACEHUA C TOUYKM 3peHuns kiacca
M30N1ALMN), HE TaK BbICOK C TOUKN 3pEHNS NPUEMIEMOTO CpokKa CNyx6bl Ana namn B HH cucteme. MiMnynbcHble
nepeHanps)XeHus ¢ BbICOKOW aHepruel (Takme Kak UMNY/bCHble NepeHanpsXxeHns, Npu NpaMom yaape MOJTHUK)
NPONCXOAAT 3HAUNTE TbHO pexe, YHeM UMMNY/IbCHbIE NepeHanpsHXXeHNs C HU3KOM aHeprueli (Takme Kak HaBeAeHHble
(MHAYLMPOBaHHbIE) UMNYNbCHbIE NepeHanpsxeHus). OTOT BbIBOA A4ONYCTUM L0 MACCOBOTo NnpuMeHeHus Y3 n
[OKEH 0CTaTbCA AONYCTUMbIM, TakK KK MeXaHU3M BO3HUKHOBEHUA UMMYNbCHbIX NepeHanpsXeHuii Co CTOPOHbI
NUTaHUSA He N3MEHWJICA, HECMOTPSA Ha 6bICTpoe yBenunyeHne konnyectsa Y3UIM. Mogasnsaiouiee 60bWNHCTBO
MeTasf10-0KNCHbIX BApUCTOPOB B cucTeMax HH paboTaloT HOpMasibHO, eC/IM NPUMEHSTCA B COOTBETCTBUM C 3a-
ABMIEHHbIMW XapaKkTepucTnkamu.

B crucTemax aneKkTpocHa6XeHUsl BbICOKME NMepeHanpshxeHna Bbi3biBaOT NPO60ii n3onsaummn anekTpoobopysao-
BaHMA noTpebuTteneli, B CBA3M C YeM crieyeT ycTaHaBNMBaTh 3alNTHbIE YCTPOCTBA A1 OrpaHNyeHns nepeHan-
PSOKEHWIA.
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10 PaccmoTpeHue cucTeMbl npocToi/o6opynoBaHmne
noBpexaeHne/BosropaHue

10.1 OCHOBHblEe MOJIOXEHUSA

Y3WN ycTaHaBnMBalTCA B cUCTeEMax 3/1eKTpocHabXeHus, 4Tobbl o6ecneunTb 3awuty o6opyoBaHus,
orpaHuunBas nepeHanpsHXKeHns u Takum ob6pas3om ynyylas HafeXHoCTb CUCTEMbI.

HapgeXHoCTb CUCTeMbl 3/1eKTPOCHabXEeHNA KOHeYHOro nosib3oBaTtenis BkAYaeT ABa pas/iMyHbIX CO06-
paxeHus:

- yX04 0T NOMeX (HapyLleHwuii) B paboTe CUCTEMDI.

- npegoTBpaLleHne HeMmonpaBMMoro ypoHa CMCTEMHOMY 060pYA0BaHUIO 1 KOMMOHEHTaM.

[Na MHOrMX cuTyaunii BNMsiHue nepeHanpsXeHus Ha 060pyAoBaHne He MOXeT 6biTb YMeHbLLEeHO C MOMO-
Wbto Y3UI. noToMy 4TO NOMEXW XapaKTepu3ylTcsa onpefesieHHbIM YacTOTHbIM CNEKTPOM 1 peakuuneit o6opyao-
BaHWUS Ha 3TOT YaCTOTHbIN CNEKTP, a He aMNAINTYol nepeHanpsxeHns. O6biuHO Y3UT BO3AeCTBYIOT HA aMNun-
TyAy nepeHanpsXeHus, a He Ha ero YacTOTHbI CMeKTP W LUMPOKO UCMOMb3YeTCA AN 3alMTbl OT HeNonNpPaBMMoro
yuiep6a, ynyJlas HafexHoCTb CUCTEMbI.

10.2 Bo3gelicTBue noMmex Ha paboTy cuctemsbl

Bo3geiicTBne nomex, B TOM Yucse nepeHanpshxeHnii, Ha paboTy CUCTeMbl KOHEYHOro NoTpe6uTens 3aBucuT
OT Tna 31eKkTpoo6bopyJ0BaHNA Y KOHEYHOro NnoTpebutens. MNpegoTepalleHme BO34eiCTBAA Takmx NoMex Ha pabo-
Ty 3N1ekTpoobopy0BaHUA cnegyeT ocyWwecTBAATL NPU NPOEKTUPOBAHUN CUCTEMbI 3NEKTPOCHABXEHMNSA C yHEeTOM
BO3MOXHbIX U3MEHEeHNIA 3/IeKTPOMarHUTHOW cpefpbl U cobnoaeHns TpeboBaHuii CTaHAapTOB MO 3/IBKTPOMATUTHOW
coBmecTumocTu (AMC), Nnpy 3TOM K NTOMEXaM He 0THOCATCA HapyLeHUs, CBA3aHHble C HeMPaBU/bHbIM (DYHKLMO-
HUpOBaHWEM 3/1EKTPO06OPYA0BAHUSA.

Co6ntogeHve Tpe6osaHmii no OMC [0/HKHO rapaHTMpoBaThb 40CTAaTOYHOE MPOCTPAHCTBO MEXAY YPOBHEM
3/1eKTpPOMarHUTHbIX BO3MYLLEHWI B cpefie, B KOTOPOIi obopyAoBaHue paboTaeT c OAHOW CTOPOHbI, U C APYroi
CTOPOHbI ypOBEHb HEBOCNPUMMYNBOCTU 060PYL0BaHMA K 3TUM BO3MYyLLeHnAM. CaMo 060pyfoBaHne He fO/TKHO
BbI3blBaTh BO3MYLLEHWI Bbille YCTAHOB/IEHHOTO YPOBHS.

FBNEHNS, Bbi3biBAOLNE 3/IEKTPOMArHUTHbIE BO3MYLLEHUSA, MOTYT 6biTb CMATYEHbI Pa3HbIMU NOAX0AaMM,
BK/IlOYAA CHWXEHWE BO3MYLEHUI B UX UCTOUYHWKE, N YMEHbLUEHWEM TeX, KOTOPbIMU HEBO3MOXHO YNpaBnATb,
Hanpumep yaapom MOJSIHUN, YBE/IMYEHNEe HEBOCNPUMMUYNBOCTN 060PYA0BAHNA MYTEM MOBbILEHNSA €ro CO6CTBEH-
HOro YpOBHS HEBOCMNPUMMUYMBOCTU (MOMeXo3alynleHHOCTN) Ui obecnevyeHme 3alinUeHHOCTU NOCPeCTBOM
ncnonb3oBaHnsa Y3Ur.

Pasfen 5 HacToAwWwero ctaHgapTa CoAepXnT MHopMaLnio 0 TOM. Kak BO3MYLLEHUA B cpefie, CBSA3aHHbIE C
YyAapoOM MOJIHWM, B KOHEYHOM cUeTe BO3[eliCTBYIOT NPSAMbIM BBOJOM TOKa B CUCTEMY MUTAHUA — KOHAYKTUBHAsA
CBA13b N0 TepMUHONOTUYU DMC- NAn UHAYLMPYS NepeHanpsaXeHna B LENSX CUCTEM 3/1eKTPOCHAbXeHna — paana-
LMOHHasA CBA3b N0 TepMuHonornn SMC.

B npunoxeHun F npefctasneHbl NpyMepbl NpeAoTBpaLLeHNs nepeHanpsXXeHunin n Bo3HukatoLme npobiemsl
NCMOMb30BaHNA CUTHaIbHbLIX MeTo40B OMC. KOTOpble He BKoYalT ucnonb3osaHue Y3UI.

10.3 NpepoTBpalleHne HemonpaeBumoro yuepba

MpumeHeHve Y3WUIM HanpaBnieHo Ha nNpefoTBpalleHne ABYX NPUYUH NOBPEXAEHUI, BbI3BAHHbBIX aMNAUTY-
[0 1 3Hepruei Bo3geicTeyowero umnysbca (BKa4Yas npogo/HKUTENbHOCTb UMNY/bCa), B TO BPEMS Kak nome-
Xa 06bl4HO OnpefenseTcs nepefHUM hpoOHTOM uMnynbca. Korga nepeHanpsXeHue Bbli3blBaeTCA UHAYKTUBHbLIMYU
aphbekTamm, cBA3aHHbIMU C TOKOM MMMYbCa, KPYTU3HA NepefHero hpoHTa nMnynbca ABAseTca onpefensaowmm
(haKkTOPOM BO3HWKHOBEHUA MepeHanpsXeHus.

MpepoTBpalieHne HenonpaBuMoro yuiep6a MoxeT 6blTb JOCTUIHYTO NOBbILIEHNEM NOMEX03aLlnLLeHHOC-
TN o6opynoBaHusa. B MOK 60664-1 onpefeneHo HECKO/IbKO KaTeropuii 06opyaoBaH/s N0 4ONYCTUMbIM YPOBHSM
HanpsHxeHus.

CnepyeT y4yecTb TO, 4TO M30N1ALMA NPOTUBOCTOUT 06bIYHO NOBbLILIEHHBIM HANPSXEHUAM B peXnme NnHUA-
3eM1a (06bIYHbIA PeXnM), B TO BPEMA KakK YyBCTBUTE/bHbIE 3/IEKTPOHHbIE KOMMNOHEHTbLI 06LIYHO NPUCOEAUHAIOTCA
K CUCTEME NUHUA-HENTpanb (paccmaTpmBaeTcs Kak AndepeHumanbHblii pexnm). Cnocobbl 3a3eMeHns HeliTpa-
NN UrpaloT COOTBETCTBYIOLLYIO PO/Ib B OTHOCUTEIbHbIX YPOBHAX BO34EWCTBUA MMNYbCHbLIX NepeHanpsxXeHuii B
06bIYHOM pexunme B NPOTUBONOMOXHOCTbL AndhepeHunansHomy pexumy. Hanpumep, B cuctemax TN. coeguHe-
HMe 3aLUTHOrOo 3a3eM/IeHNS HeilTpanu 1 3e3MIeHUs Ha BBOAe NpefoTBpallaloT fasbHeliwee pacnpocTpaHeHme
MMNYNbCHbIX NepeHanpsXeHuii, BO34eCTBYIOLW X HA YCTaHOBKY B 06bI4HbIX pexnmax. B page ctaHaaptos MK,
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Kacatwowmecs UMNybCHbIX BO34eNcTBUiA, Hanpumep M3K 61000-4-5. ycTaHaBNMBalT 415 UCMbITAHWIA Ha NOMe-
X03alULLEeHHOCTb YC/I0BME, YTO YPOBEHb WMMNY/ILCHOTO NepeHanpsXXeHns B 06bIYHOM pexumMe [0/KeH ObITb
Bbllle, YeM A5 AnddepeHunansHoro pexmma. 31a cuTyauunsa He BO3HUKaeT B cucteme TN, rae nepeHanpsaxeHus
06bIYHO HMXE NO CPaBHEHUIO C cucTeMON TT H3-3a MHOTOKPaTHOrO 3a3eM/1eHNA HeNTpPabHOro NPOBOAHMKA.

B M3K 60664-1 ycTaHaBNMBaeTCA NPSAMOE OTHOLEHNEe MeXAy A0MYCTUMbIM UMMNYNbCHbIM Hanps)XXeHnem
o6opyaoBaHMA 1 KaTeropmeii No nepeHanpsXeHnto, NPMCBOEHHOV 060py0BaHN0. DTO OTHOLEHNE He 3aBUCUT OT
reorpadymMyeckoro pacnonoxeHus o60pyoBaH1A B paccmaTpuBaeMoii ycTaHOBKe.

YcTaHoBneHne kaTeropuii 060pyA0BaHNs N0 YPOBHIO 3allMTbl OT NepeHanpshxeHns No3BoseT oCyLecTB-
NATb BbIGOP 060Py0BAHMA BCOOTBETCTBUM C ONpPe/esieHHbIM CPOKOM C/YObl 1 MpueMsieMbiM BO3MOXHbIM YL ep-
60M. Bbi60Op 060py,0BaHNA C A0CTATOYHO BbICOKMM 3HAYEHUEM 3aLLUTbl OT UMNY/ILCHOTO HaNPSXeHUA N03BONA-
10T 06ecneynTb HE06X04MMbI YPOBEHb N30M15LMN BCE YCTAHOBKMU, CHUXan BEPOATHOCTb OTKA30B 4,0 NpUeMaemMo-
ro ypoBHs, o6ecneymsas 3aluTy OT OCHOBHOIO NepeHanpsXeHus.

Bonee BbICOKWII ypOBEHb KaTeropmm 3aluTbl OT NepeHanpsXXeHns ykasblBaeT, YTO 060pyA0BaHmMe nyuylle
npoTMBOCTOUT 1 06ecneynsaeT 60/1ee LWUPOKNA BbIGOP METOL0B 3alUnTbl OT NepeHanpsxeHnsa. Ecnu Harpyskm Ha
OTBETB/IEHNAX NMEIOT OTHOCUTEIBHO BbICOKUIA MMNEeaHe, TO Moc/ie NPOXoXAeHNs nepegHero poHTa, npy npeo6-
nagaHumn xapakTepHblX UMNeAaHCcoB, rPO30Bble NepeHanpsXeHns CyLecTBEHHO He 3aTyXatloT ,0 TOYKM BBOAA.

3almnTHble Mepbl MOTYT 6bITb MPUHATLI B CAMOM 060pyf0BaHnu. B 3ToM cnydae nHdopmaumsa gomkHa 6biTb
npeaocTaB/ieHa N3roToBuTesieM, YTo6bl OLLeHUTb NOTPEBHOCTH B faibHelileM YMeHbLWEeHUN UMNY/IbCHOTO nepe-
HanpshxeHus. HenpasuabHO BOCNPUHATAA MHOpMAaL WA O XapakTepe NMNY/IbCHOTO NepeHanpsXXeHus MoXxeT npu-
BECTW K HenpaBu/IbHOMY Bbl60OpYy Y3UI 1 CHUXEHWIO CUCTEMHO HaAEXHOCTU. HeKoTopble 3N1eKTPOHHbIE YCTPOii-
CTBa. B OCOGEHHOCTM C UMNY/IbCHBIM UCTOYHUKOM MUTaHUA, KOTOPbIV BKNOYAEeT BXOAHOM KOHAeHcaTop 60NbLIoli
€MKOCTU, ABMAITCA NPUMEPOM TOro, KOrja ypoBeHb CO6GCTBEHHO NOMeX03allMLLeHHOCTN BO3pacTaeT He3Hauu-
Te/IbHO. a N0Tepu U3-3a HeNnpasBW/1bHO BbIGPAHHOTo Y3W I MoryT 6bITb CyLeCTBEHHbIMU.

10.4 Yuwep6, cBA3aHHbI C NpOpPbIBAHUEM NUTAHUA U MOBPEXAEHUAMU

B cnyyae uMnynbCHbIX BO3AecTBUI Ha ycTaHOBKM 1 0o6opyaoBaHue, He 3alyuieHHom Y3WM, cylecTsyeT
60/1ee BbICOKasi BEPOSATHOCTb NOBPEXAEHNA 060pyA0BaHUS NN MePepPbIBOM B 3/IEKTPOCHAGXeHUN Npu cpabaTbl-
BaHWUM 3aLMNTHbIX yCTPOWCTB (Hanpumep, Bbikaoyateneil guddepeHuynansHoro Toka (BAT) ycTaHoBKM). YeTbipe
Tvna cobbITUA MOTyT 6bITh CBA3aHbI C MaTepuasbHbIM yLIep6OM:

a) yxyALlleHne ycoBuil 06CNYXMBaHNA MU NpepbiBaHne 06CNyXuBaHna: HapylieHne ycnoBuii BefeHns
6u3Heca. YXyALWweHne 06CNyXnBaHNs MOXET COfepXaTb KaueCTBEHHbIV 3/1EMEHT, KOTOPbIA NPUBOAUT K hHAHCO-
BbIM y6bITKaM. Hanpumep, rae pabota aBTomaT3MpoBaHa Uan KOMMNblOTEPU3NpPOBaHa BO3BPpaT K paboTe B pyyHOM
pexume MOXeT 6bITb hakTUYECKN HEBO3MOXHbIM;

b) noTeps onepauyuii: 3Ta CTOMMOCTb PACXO/0B U3-3a PeasibHOro BpEMEHN HEBO3MOXHOCTY UCMO/Ib30BaHNA
060pyA0BaHUSA: KOMMbBIOTEPOB, YCTPOWCTB CBA3U 1 MHDOPMALIMOHHbIX TEXHONOTUIA, BK/OYAs CBA3aHHblIe NoTepu
onepaLloHHbIX JOXOA0B U/MAN NPOM3BOANTENLHOCTU TPyAa. KpUTulieckne cucTeMbl, Takme Kak aBapuiiHble Cryx-
6bl. LleHTpasibHble MHPOPMAaLMOHHbIE CUCTEMBI, U T.A4. MOTYT UMeTb OYeHb 60/1bLUNE NPSIMbIE U KOCBEHHbIE N3Jep-
XKW. CBSA3aHHbIE C NoTepel (yHKUMOHNpOBaHNS. KoMMepueckne NnpeanpuaTusl TepsoT NPsSMOoi 40X04 B TeueHne
BpeMeHu npocTos. Oxungaemoe BpeMs 415 PEMOHTa ¥ BOCCTAHOBNEHUS (PYHKLMOHUPOBAHUS 3aBUCUT OT 40CTYnN-
HOCTV PeMOHTHOrO NepcoHana, 3anyacTteii, npoueayp v nHpopmauuu;

C) BOCCTAHOB/IEHNE WY 3aMeHa 060pyAoBaHns uv cpeacTs: 3Ta CTOMMOCTb CKaAblBaeTCa N3 pacxoAoB
Ha hnsnyeckoe ycTpaHeHne NOBpexXAeHui, BkIoYas 3aMeHy 060py0BaHNA U NPSIMble N KOCBEHHbIE U3[EePXKMY,
CBSi3aHHble C BOCCTAHOBUTE/IbHbIMU MOHTaXHbIMU paboTamu. MocTeneHHoe yxylieHne COCTOSHUA KOMNOHEHTOB
060pya0BaHNA MOXET Takke NPON30ATM NPM NOBTOPSAOLMXCA HEGOMBLINX UMMY/IbCHbIX BO3[eACTBUAX, KOTOPbIEe
BbI3bIBAIOT HA BUJ C/lyyaiiHble 0Tka3bl. Takne co6bITUA He MOryT 6bITh Cpa3y CBA3aHbl HEMOCPeCTBEHHO C yaa-
pPOM MOJTHUW WU KOMMYTaLMOHHbLIM COGbITUEM BO BpeMsi 0Tkasa. [py Taknux COBOKYMNHbIX 3ddekTax MoryT yBenu-
YNTbCHA pacxofbl Ha peraMeHTHoOe UM NnpodunakTnyeckoe o6CyxXnBaHue;

d) noBpexaeHne 060pyA0BaHUA N TPABMUPOBaHWE N0Ael MOXeT NoTpeboBaTb MCNONb30BaHNSA aBapuii-
HbIX CNYX6, TakMx Kak noxapHble, ckopas nomoLu, NosnLns, U Apyrux, KoTopble SABASIOTCA AONONHNUTENbHbLIM
pacxofom Ans rpmsbl, Yenoseka unu obwectsa. OTkas CMCTEM NOXapHOU CUTHANN3aLUK 1 aBapuitHbIX Te/leKoM-
MYHUKaALMOHHBIX CNY)X6 YMeHbLlalT 3 PeKTUBHOCTb Y BEPOSITHOCTb MCNO/Ib30BaHUS Taknx Cyxo6.

MaTepuasnbHbliil yuiep6, Bbl3BaHHbIV NpepbiBaHNEM 31eKTPOCHabXeHus 1 oTkazamu B paboTe obopyfoBa-
HWSI. 3aBUCUT OT YC/I0BUIA (PYHKLMOHUPOBAHNSA 3/1EKTPOYCTAHOBKM, YyUNTbIBAKOLLNX CE30H, B KOTOPbI 3TO NPOUCXO-
OVT. AeHb Hegenu (6y4HWI AeHb NN BBIXOAHbIE), BPEMSA Hauana U NpoAo/KNTENTbHOCTb HapyLeHNs, NOJTHOe UK
YacTUUYHOe npepbiBaHne 06CNyXnBaHus.
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OueHka yuepba cocTouT 13 3aTpar, KoTopble 6bl/1M 6bl MOHECEHbI B NpeAenax pas/inyHbIX KaTeropuin notepb
(Hanpumep, CTOMMOCTb NOTEPSAHHOTO NPON3BOACTBA UM NPOAAXK, CTOMMOCTb HEAKTUBHOIO TPyAa, 3aTpaTsl nepe-
naaHMpoBaHus. 3aTpaTbl OT NOBPEXAEHWA, 1 TLy.).

OueHka ywep6a MoxeT 6bITb BbipaXeHa NnocpeAcTBOM onpeAeneHns NosIHON CTOMMOCTH NOTEPb OT OTK/0-
YEHUA 3/IeKTPNYECTBA, PaBHbIM 3HAYEHWUIO MPOU3BOACTBEHHbIX MOTEPL C YY4ETOM 3aTparT, CBA3aHHbIX C OTK/TIOYEHN-
eM 3/1eKTpuyecTBa, 3a MMHYCOM CTOMMOCTU 3/1eKTPUYECTBa 3a Nepno/ OTKI0UYEHNS.

3HauyeHne Npon3BOACTBEHHbLIX MOTEPbL PABHO OXNAaeMoMy AoxoAy 6e3 OTKNIYEeHUs aneKTpuyecTsa.

3aTtparthl, CBA3aHHbIE C OTK/IIOYEHMEM 3/1eKTpuYecTBa — 3aTparthbl Ha onaaty TpyAa npu OCTaHOBIEHHOM
npov3BoACTBe, 3aTpaThl TpyAa Ha nepesanyck npou3BoACTBa, MaTepuasibHble 3aTpaTthl Ha Nepes3anyck Npon3Boj-
CTBa. 3aTpaTbl Ha NOBPEXEHHble MaTepuanbl, 3aTpaTbl Ha NOBPeXAeHHble AeTann, CTOMMOCTb NOBTOPHOI obpa-
60TKM MaTepuanos 1 CTOMMOCTb, MCMOTb30BaHUA PE3EPBHbIX NCTOYHMUKOB MUTAHUSA).

OKOHOMUSA, CBA3aHHAasA C OTK/IIOYEHWEM 31eKTpUYecTBa — 3aTpaTthbl, KOTOPble OTCYTCTBYIOT U3-3a OTK/0Ye-
HUS anekTpuyecTsBa (3apaboTHas nnaTa, HeonnavyeHHas paboynm, CTOMMOCTb HEMCMO/b30BAHHOTO Cblpbs, CTO-
MMOCTb HEMCNO/Ib30BAHHOIO TOMN/IMBA W YaCTUYHAsA CTOMMOCTb MOBPEXEHHOIo MaTepunana).

NHTeHCUBHOCTL 0TKa30B Y3WI MoxeT 6bITb CBeAeHa K MUHUMYMY, eC/T OHU cooTBeTCTBYOT MOK 61643-1
1 BblOpaHbl AN TPUMEHEHUA B COOTBETCTBUN C MOK 61643-12 cornacHo xapakTtepuctnkam cetu n oxumaaeMblx
BO3MYLLAOLWNX BO3AENCTBUI, TAKUX KaK KOPOTKME 3aMblkaHUs, BpeMeHHble nepeHanpshkenuns (BMH). n 1.4.

Mpwu oueHke nocneacTBuii npu otTkasax ¥3UM cnegyeT paccMoTpeTb HECKO/IbKO BAPUMAHTOB UCMOb30BaHNSA
pasbveguHuTens Y3Un:

a) pasbveguHnTens Y3UI Bkao4veH nocnegosatenbHo ¢ Y3UT n pasmbikaHue pasbeguHntens Y3UN
oTk/oYaeT oTkasaslwuii Y3UI 13 cuctemsl U nogepxumBaeT HenpepbiBHOCTb MMTAHUA HArpysku, Xots u 6es
3aLmnThbl:

b) pazbeguHnTens Y3UI BkAOYEH nocnefoBaTenbHO MexAay noptamu Beoga v Bbisoga Y3UIM. Pa3mbi-
KaHue pasbeanHnTens Y3WIM otknouaeT oTkasaslwmnii Y3UI n Harpysky oT CXeMbl 3/1eKTPONUTaHus;

C) BO3MOXHO Mcnofnb3oBaHue AByx Y3UI. BKAOUYEHHbIX NapansiefnibHo, KaxAblii CO CBOUM OTAE/bHbIM
pasbeguHuTenem Y3UM: oanH us Y3UM nepectaHeT paboTaTb U 6yAeT OTK/OYEH, HO BTOPOi ByaeT NoafepPXU-
BaTb 3aLUWTy, HA BpeMs, N03BoNsoLlee caenarb 3ameHy. (3Ta onymsa MoXeT 6bITb UCNOMb30BaHa NPU UMMNYbC-
HbIX BO34EACTBUAX, HO He paboTaeT npu BIMH).

BblGpaHHbI BapMaHT 3aBUCUT OT Ha3HaYeHUs yCTPOICTBa, CTOMMOCTM 060pyA0BaHUSA, OCTaBIEHHOTO He3a-
LWULLLEHHBIM. 1 BCEMU CBA3aHHbLIMW HeMaTepuasibHbIMU akTusamu. Cneayet yunTbiBaTb YCN0BUA KOOpAUHALUN
3aliMTbl OT CBEPXTOKA MEXY Xapakrepuctukamm pasbeguHutens Y3UIM n oTceykol 3awmnTbl OT CBEPXTOKA, CYy-
L ecTBYylOLLEl B 3/IeKTPOYCTaHOBKE.

PasbeguHutens Y3WI. BCTPOEHHbIN nnun ceasaHHbilii ¢ Y3UI B cOOTBETCTBMM C 3TUM, MOXeT cpaboTaTb
npexge, yem cpabotaloT 3alWUTHbIe YCTPONCTBA OT CBEPXTOKA yCTaHOBKW. B aTom cnyvae, npu oTkase Y3UTM
paccmaTpuBalTCA BapuaHTbl @). b) Uu €), onnucaHHble Bbllle

- PasbeanHutenu Y3Ur. ycTaHOB/EHHbIE B COOTBETCTBUM C NepeyncneHnsamu a) u b). He obnagatot 6bICTpO-
AelicTBueM. 4Tobbl cpaboTaTh paHblle 3alMTHOrO YCTPOCTBA 3/IEKTPOYCTAHOBKMN. B 3TOM cnyyae, anekTponuTa-
Hue npepbiBaeTcs, korga Y3WM nepectan pabotaTb. JoNoNHWTENbHbIE YCTPOKCTBA, TaKMe Kak aBToMaTnyeckuii
BblK/ll0YaTe b C CAMOBO3BPATOM, MOTYT 6biTb UCNO/Bb30BaHbI A1 PelleHNs 3Toi Npo6seMbl, HO B HEKOTOPbIX
cnyyanx pasbeguHutens Y3UI. BO3MOXHO, elle He pa3oMKHYTbI/, NPUBOAUT K NOBTOPHOMY pas3beANHEHNIO 3a-
L MTHOTO YCTPOCTBA YCTAHOBKM.

®yHKUMOHMpoBaHue Y3UI B ycnoBuax pasfimyHbiX pexumax nospexaeHunii npneegeHo s MOK 61643-12.

11 Wcnonb3oBaHWe 3aWuUTbl OT UMMYJ/IbCHbIX NepeHanpsHKeHNi

11.1 OCHOBHblIe NOOXEHUA

Bbi6op cnoco6a o6ecneyeHns 3almuTbl 0T UMY bCHLIX NepeHanpsXeHnii B KOHKPETHOM 9/1eKTPOyCTaHOBKe
ABNsieTCa NMG0 pelleHnemM BnajesnbLa yCTaHoBKW, M60 B COOTBETCTBUU C YCTAHOBEHHbIMU 06A3aTeNbHbIMN
Tpe6oBaHMsAMU. TPN NPUHATUN PELLIEHMUS BbIAENSAIOT ABA CYLLLECTBEHHbIX MOMEHTA.

OueHka NoTPeBHOCTY B 3aWUTe B 3aBUCUMOCTY OT TUNA YCTAHOBKM, TUNa 060pyA0BaHMUS, €70 Ha3HaYeHus ¢
YUYETOM OLEHKM PUCKOB OT NOBPEXAEHUIA.

KoMNpoOMWCC B OLEeHKE MeXAy BbIGOPOM 3alnTbl OT CYLLECTBEHHOr0, HO PeAKOro NPsIMOro BO34eiCTBMS 1
3alnTbl OT MEHEE CYLLeCTBEHHOrOo, HO 60/1ee YAaCcTOro KOCBEHHOTO BO3AeiCTBUSA. MocneaHee MOXET Bbi3blBaTb
HaBOAKY NepeHanpsi)XeHnin B Lensix yCTaHOBKM, NPy yaape MOIHUK B ycTaHOBKY CH 1M Ha HEKOTOPOM paccTos-
HWUK OT ycTaHOBKM HH. M0A06HbIN BbIGOP NPUMEHUM 1 K KOMMYTALMOHHLIM NepeHanpsKeHnsM.

37



FOCT P 55630—2013

11.2 MocTpoeHne cucTeMbl 31IEKTPOCHABXEHUNS

MpAMbIM U MHAYLUMPOBAHHLIM MMMY/IbCHLIM BO3AENCTBUSIM OT yAapa MOJIHAM Ha IMHUSX 3NeKTponepesaymn
60nee nogBepXKeHbl BO3AYLWHbIE NUHUW, HEXeNn Nof3eMHble kabenun. OAHaKo Henb3sA cunTaTb, YTO NOA3EMHbIE
NIVHUN 3KpaHWpoeaHHbl 0T BO3AelicTBUIA. Kpome TOro, NnocnefcTBUsi NPAMOro yaapa MOIHAM B NOA3EMHYI0 Nn-
HUIO. BEPOATHO, NPUBEAYT K HENONPaBMMOMY yLLEpOY, a He K NepeKpbITUI0 N30/1STOPa BO3AYLIHOW NIMHUN, KOTOpPOe
MOXeT 6bITb OTK/IIOUYEHO BbIKIOYATENAMMU.

Bo3AayLHble NMHUKN, PACMOIOXEHHbIE HA BO3BbILIEHHOCTAX, X0O/IMax Uan B ropax 6os1ee nogsepxKeHbl Nps-
MbIM yAapam MOJIHUMW, YEM NOAO0G6HbIE /IMHWUMW, PACNONOXEHHbIE B AONMHAX U HU3MHaX. Kpome Toro, HeBbiCcOKMNe
BO3AYLUHbIE TUHUWN 3KPAHUPYIOTCA OT MPAMOro ygapa MOSIHUM CMeXHbIMW 60nee BbICOKMMU O06bekTamu. ONns
npumepa, n3MepeHHble 3HavyeHnsa B cetax CH nokasbliBatoT, YTO YNCNO0 NPAMbBIX YAapPOB MOMIHUW B JINHUIO MOXET
6bITb CYLLECTBEHHO YMEHbLUEHO, NPU YC/IOBUK, YTO 3Ta IMHUSA OKPYXEHa BbICOKUMU AePEBbAMMU.

KoadhpnumeHT B aHann3e puckoB 3aBUCUT OT 060Mx hakTopoB (Tonorpadus: KoaduUNeHT MOXeT ObiTb
Bblle UK HWXKe, YeM 1: cpega: KoadhuuneHT HUXe, yem 1).

B cnyyae npMMeHeHNUN CUCTEMbI 3/IEKTPOCHAGXEHUS, rae NnuTaHne nojaeTcsa NoTpebuTe o No NoA3eMHbIM
Kabenam, cnegyeT paccMaTtpuBaTh fBa Pa3IMUHbIX cy4yas.

a) NpsIMoli yaap MOMHWW B 34aHue. B 3ToM cnyyae To/bKO YacTb NOSIHOTO 3/1IEKTPUYECKOTO TOKa MOJTHUN
cTekaeT Ha 3azeMnunTenb 3gaHnsa. OcTanbHas YacTb TOKA MOMIHUM BbIXOAMT U3 34aHNS Yepes nuTarLne kabenu
K APYTMM 34aHNAM TOM Xe camoii cuctembl NnuTaHua HH (cm. 5.7 HacTosawero ctaHgapTa).

b) NPAMOI yaap MOMIHWUMW B TPYHT 6/1M3KO0 K 34aHunt0. B aTom cnyyae kabenu, naywme K Apyromy 3gaHuio,
MOTyT 6bITb NPONIOXEHBI TaM, TAe NpAMOI yaap nonagaet B rpyHT. CnefoBaTe/ibHO YaCTUYHO 3/1EKTpUYeckme
TOKN MOMTHUMN NOWAYT BAONb BHYTPEHHUX NPOBOAHUKOB /MK 3KpaHa Kabensa. TOT aneKTpuyecknii Tok byaet
BbI3bIBATb PA3HOCTb MOTEHLMANOB MeXAY paboyMMm NPoOBOAHUKAMM W NOKASTbHOW 3eMAeil.

Mopa3emHble kabennm MoryT okasaTbCsi Nof BO34eiicTBMEM NPAMO, yaapa MOJIHUM B 3eM/110 0CO6EeHHO Yepes
nx 060104Ky, KOTOpasa co3gaeT NyTb A4NA Toka ¢ 60/1ee HU3KUM yAeNbHbIM CONPOTUBAEHNEM MO CPaBHEHUIO C
TPYHTOM, 4TO NpMBEAET 3TO MMMY/NbCHOE BO3AeNCTBME K yCTaHOBKe. IHAYLMPOBaHHbIE UMMNY/bCHbIE BO34el-
CTBMSA Ha NOA3EMHbIX Kabensax cywecTByOT, HO OHU MMEKT 60/1ee HU3KOK BEPOATHOCTb, YEM A/1S BO3AYLUHbIX
NINHWUI 1 OHW BOOGLLE HE3HAUNTEbHbI N0 CPABHEHUIO C BO3AECTBMEM OT 6/1M3KO pacnosioXeHHOro NpsiMoro yaa-
pa MonHUK B 3eM10. B 3TOM criyyae nofsemHble kabenu fO/KHbI YYUTbIBATLCA MPU OLLeHKEe CTENEHN puUcka.

BepoATHOCTb NPSAMOro yAapa MOSHUUN B (ha3Hble NPOBOAHUKMA UIN MHAYLUPOBAHHbIE NepeHanpsXxXeHns B
hasHbIX NPOBOAHUKAX HE 3@aBUCUT OT TUNA CUCTEMbI 3a3EMIEHUSA, HO BEIMYMHA NepeHanpsxeHns 3asucut. Ana
TOI )Xe caMoil NI0THOCTY yAapoB MoMHUM cuctema TT nogBepraeTcs nepeHanpsHkeHsM ¢ amnanTygoin npuénm-
3UTeNbHO B TpM pasa 6onblie 4em B cucteme TN.

11.3 Tunbl 3N1eKTPOYyCTaHOBOK

CnepgyeT paccMoTpeTb YeTbipe TUNa yCTaHOBOK. B nepBbIX Tpex Tunax:

- Xunble 3gaHus;

- Masble 1 cpefHne KOMMepYeckne UM NPoMbILIEHHbIE NTPeAnpuATUS;

- 60/1bLLIME KOMMEPYECKME NN NPOMbILLIEHHbIE NPeAnpUATUS
hHaHCOBbIe 3aTpaThl OT 0TKa3a UK OT NPepbIBaHUS NUTaHUs (cM. 10.2) oTanMyalTcs 415 KaXA0r0.

YeTBepTblil TUM 3TO KPUTUYECKMNE (ONacHble) yCTaHOBKM, A8 KOTOPbIX BO3HMKAIOT HE TO/bKO (DUHAHCOBbIE
y6bITKM, HO TaKXe BO3MOXEH yLLep6 3[0p0BbI0 U XN3HWN N0AEel 1 3aTpaThl Ha OXpaHy okpyxatLei cpegbl.

Xunble 3paHnA: LOMKHO 6bITb pACCMOTPEHO 060pYyL0BaHME, TAKOe Kak NepCoHasibHble KOMNbITEpPbI, ayAN0
1 BUAEO CUCTEMbI, yCTPOICTBA 3/1€KTPOHHOTO YNpaBAeHNs, NTA. KOTopoe 0CO6eHHO YyBCTBUTE/bHO K epeHan-
psXeHnAM. BHUMaHne fo/KHO 6bITh TakXe o6palleHo Ha Noc/eCTBYSA, B A0NOIHEHME K BONPOCaM, KacatoLum-
cs BO3AeicTBMA Ha obopyaoBaHue.

Manble 1 cpefHue KOMMepYeckMe UAU NPOMbILLJIEHHbIe NPeANPUSATUS: B LONO/IHEHME K 0TKa3y 060pyaoBa-
HVA AO/DKHBI paccMaTpuBaTbCsl BOMPOCHI 3aTpaT Npu OTKAOYEHUN afiekTpuyecTBa. [lomalHnii 6u3Hec paccmaTpu-
BaeTcs, Kak Masioe KOMMepuyeckoe npeanpusaTue.

Bonblne KOMMepyYeckme Uu NPOMbILNEHHbIE NPEANPUSATUS: pacCMaTPUBAIOTCA Te Xe caMble napameTpsbl,
Kak 1 B npeAblayLiem nepeyncieHnn, Ho KOIMYecTBO 1 CTOMMOCTb 060PyA0BaHUSA 34eCb HAMHOr0 6onbLie. Kpo-
Me TOoro, nocfeAcTBmsa 60ee cyL,ecTBEHHbl U BEC 3TOTO NapameTpa Toxe 60/1ee BaXeH.

KpuTuueckme (onacHble) yCTaHOBKMW: B A0MNO/HEHNE KIUHAHCOBbLIM NOCNEACTBUSIM NepeHanpsXXeHne MoxeT
npefcTaBnATb HEMOCPEACTBEHHO ONACHOCTb A/ XU3HW (60NbHMLbI), KOCBEHHO NPeACTaBAATb ONACHOCTb AN1A
XU3HW (HedpTexuMmyecknii 3aBog) u/vunu NnpeacTaBnAaTb IKONOrMYeckne onacHocTn (A4epHas yctaHoBKa Unun Hed-
TEXMMUYECKNI 3aBOA).
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11.4 BO3HUKHOBEHME MMMNYNbCHbIX NepeHanpsXeHni

O6was nHhopmaLma 0 BOSHUKHOBEHMMN TPO30BbIX U KOMMYTALMOHHbIX NepeHanpsxXeHuii 6bina npueeaeHa B
pasgenax 51 6 COOTBETCTBEHHO, ONO/IHUTENIbHbIE CBEAEHUA NPUBEAEHbI B MPUIOXeHUn A.

BepoAaTHOCTbL NpsAAMbIX YAapOoB B 3faHne, onpefenseTcsa yMHOXeHNeM naolwaan 3gaHns Ha naoTHOCTb yaa-
pPOB MOJIHUM ANS AAHHON MECTHOCTU. DTN NnapameTpbl U BbiTeKallime BblYUCIEeHUA NOLPOOHO pacCMOTPEHbI B
M3K623005-1. BepoATHOCTb NPSAMbIX YAAPOB MOJIHAW B BO3AYLIHbIE IMHUM ONpeAensieTcs Takum xe ob6pasom.
Mnowagb onpegensieTca kak NpovM3BefeHne TPOHOI BbICOTbI ONOPbI HA A/IVHY IMHUN. BEpOATHOCTb UHAYLMPO-
BaHHbIX NepeHanpsaXeHuii B IMHUAX CM. Ha pucyHke 10.

BO3HWKHOBEHME KOMMYTaLMOHHbLIX MepeHanpshxeHnii paccMoOTPeHO B pasgene 6. rae nog4epkHyTo, YTO N10-
KasibHbl€ YC/T0BUSI MOTYT U3MEHSATLCSA B LUMPOKOM AnanasoHe. MNpunoxeHue B gaet 60nee nogpo6Hyto nHhopma-
LMo, DTN YCI0BUA HETOYUHbI, TaK Kak B HUX HE YYTEeHbl BOMPOCHlI NpuMeHeHUs Y3WUT B KOHKPETHbIX YC0BUAX.

BO3HWKHOBEHME N 3HAYMMOCTbL BPEMEHHbIX NepeHanpsixeHuii (BMH) paccmoTpeHa B pasgene 7. Y3UM o6bl4HO
He cNoCO6HO YyMeHblWUTb BIH, yunTbiBas aHepruio paccesHna oT UCTOUYHMKA NuTaHus. Moatomy, Bbi6op Y3UI
[OMKeH 6bITb KOMMIPOMUCCOM MeXAy npeanonaraemMmbiM (M BO3MOXHO HEHYXHbIM) NPEeNMYLLLECTBOM HU3KOrO 3a-
LLMTHOIO YPOBHSA, HO C pucka nospexaeHnsa ot BMNH n 3awuweHHocTblo oT BIMH, HO Ha 6051ee BbICOKOM 3aLunT-
HOM YpOBHE.

11.5 PasveaunHutens Y3UN

MockonbKy HepeasibHO N0 3KOHOMUYECKUM U NPaKTUYeCKUM npuynHam cosgatb ¥3UI, cnocobHblil npoTu-
BOCTOSITb BCEM BO3MOXHbIM CLlEHapUAM nepeHanpsaXxeHuii, ycrosue Bbibopa J0/KHO 6bITb CAeNaHo AN pefKko-
r0. HO He HEBO3MOXHOr0 OTKa3a KOMMNoHeHToB Y3WUI1. B kauecTBe Mepbl 3alyUTbl NPOTUB HEA0NYCTUMbIX NOCNE-
CTBUIA 06bIYHO NCNOJIb3YeTCA pa3beAnHUTENb Y3UTT. KOTOPbIN BbIGUPaeTCcsi B COOTBETCTBUM C XapakTepucTukamm
YCTaHOBKM, KaK 3TO paccMoTpeHo B 10.4.

EcTb Tpu OCHOBHbIX hyHKLMM Y3UI. KOTOpble HE06XOAMMO BbINOMHUTL cornacHo MOK 61643-12, uTobsl
pasbegnHuTb Y3UM ¢ cuctemoit nutaHnsa HH B cnyyae otkasa Y3UM.

- Tennosas 3alunTa;

-3aluTa oOT KOPOTKOTrO 3aMblKaHUs;

-3auuTa oT KOCBEHHOI0 NPUKOCHOBEHMS.

TN TpU PYHKL MM CBA3LIBAIOTCA C pa3/IMyHbIMU pexumamn nospexgeHnsa Y3 n oTpaxeHsbl B pas/inyHbIX
Buaax 3awmntbl ueneit Y3UMN. EAUHCTBEHHbIN pasbeanHuTens Y3UIM Mor 6bl 6bITb CNOCO6HBIM K BbINOMIHEHWIO
3TUX TpexX PYHKLMIA nam MoxeT noTpeboBaTbCA ycTaHOBKa A0 Tpex pazbeguHnuteneit Y3UM. 4yTo6bl NOKPbITL TPK
hyHKLMKN. HekoTopble Apyrne MYHKLUN pasbeAnHeHnss MoryT 6biTb He06X04MMbI, HaNpUMep, B cuTyauusx, rae
OYeHb BbICOKME BPEMEHHbIE NepeHanpsiXxeHns, BEPOATHO, NPON30AAYT.

OTknovatoLne ycTpoiictea MoryT 6biTb BCTpoeHbl B Y3WIM HenocpeACTBEHHO MM CBA3aHbl C HM (Nocie-
[oBaTesibHO B Llenu NMTaHnsa unn Ha oTeeTBAeHun K Y3UI). HekoTopble hyHKL MW MOTYT 6bITb BbINO/THEHBI 3ALLU-
TOI Ha OTK/IOYEHNE CUCTEMbI, PACMOIOXKEHHON Ha onpeAesieHHOM paccTosiHum ot Y3UT. Beibop mecTa ycTaHOB-
kn Y3UIM Ha 0TBETB/IEHUN U B pacnpefesimTesibHOi CeTU 3aBUCUT OT KOOPAUHALWMN C APYTUMU 3aLyUTHBIMU
yCcTpoiicTBaMu OT CBEPXTOKa 1 OT Tpeb6oBaHUii No obecneyeHnio HenpepbIBHOCTY NMTaHNA HE3aBUCUMO OT cpaba-
TbiBAHUA 3alluTbl OT NepeHanpskxeHns. PasbeuHutens Y3UIM MoXeT 6biTb 06bIYHbIM NPefoXpaHnuTeNieM, BbIK-
novatenem navm BAT, uav ycTpoincTBoMm, cneunanbHO pa3paboTaHHbIM AN AaHHOTO NpuMeHeHns. Y3UI fomkHbI
COOTBETCTBOBATb TEXHUYECKUM TpeboBaHUAM M 6bITb UCMbITAHLI HA COOTBETCTBME cTaHAapTa M3K 61643-1.

11.6 OueHka cTeneHn pucka

Llenb oueHk/ cTeneHn pucka cocTouT B TOM, 4TOObI OLLeHUTL 06ecneynsaeT v 3almuTa Tpebyemyto cTeneHb
pucka, ecnv 3To Tak, To BblbpaTb Hagnexalne Mepbl 3alnTbl, YTo6bl 06€CNeyYnTb CTENEHb PUCKA HUXE AAaHHOTO
3HauyeHus, onpefeneHHoOro Kak 4onycTuMblii ypoBeHb pucka. Cneaytolwme nognyHKTbl OTHOCATCA K BONpocam
3aliMTbl OT NepPexofHblX NepeHanpsXeHnin n3-3a ygapoB MOMHWW, HenocpefcTBEHHO B 3faHue Unun B 3eM/t0
B6N3N 34aHUA UNKU B NOABOAALLNE TUHUN 3/TEKTPOCHAOXKEHMNA (CM. PUCYHKN 11 2). a TaKKe KOMMYyTaLnOHHbIe
nepeHanpsaXxeHus, NPoMCxXoasLLe B CeTAX 9NeKTPOCHaBXeHUA nan B ycTaHOBKax noTpeburtenei.

11.6.1 Pwuck, cCBSi3aHHbIV C yaapoM MOMHUNU

B 3aBMCMMOCTU OT MECTHbIX YC/IOBUiA, TUNA U NPOTSXKEHHOCTU HU3KOBOJIbTHOM CUCTEMbBI 3/IEKTPOCHAGXKEHNS,
yAap MOHWUK B Apyrue, psaAoM pacnonoXeHHble 34aHNsA UM COOPYXEHNA, MOTYT Takxe Bbl3blBaTb NepeHanpsxe-
HVA NOA06HOW BEMYMHbBI. DTU BUAbI NepeHanpsXeHWii paccMoTpeHbl B nogpasaesne 5.7, COBMEeCTHO C BEpPOATHO-
CTb0 X BO3HUKHOBEHMUS.

a) TOK OT MPAMbIX YA4apoB MOMIHUY B 3[jaHNe, MOXeT BAINATb Ha 3N1eKTpMuyeckmne ycTaHoBKu 1 o6opyaoBa-
HMe. pacnosioXXeHHoe BHyTpM 34aHus. IToT adhhekT BO3HMKAET 3a cUeT pe3nCTUBHON CBA3U (Hanpumep, us-3a
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COOTBETCTBYIOLLEro MMNeAaHca NOBTOPHOIO 3a3eMInTeNsA UK CONPOTUBIEHNA 060104KN Kabens), nnu yepes
WHAYKTUBHYIO CBAI3b MO 3aMKHYTbIM KOHTypaMm, ChopMUpPOBaHHbIX B yCTaAHOBKaX UK cMcTeMaM ypaBHUBaHUA
noTeHunanos. NepeHanpsxxXeHns, BO3HUKaOL e 3a cCHET ITUX CBA3EN, MOTyT Bbl3BaTh:

- paspag Mexay BHYTPEHHUMU YCTaHOBKaMu U MeTanIMyeckumMm 4acTaMu C BO3SHUKHOBEHUEM NoXapa B
34aH1UN N/MNn ero CocTaBAOLNX;

- 0TKa3 yCTaHOBOK M 060py0BaHNS, PACNONOXEHHOrO BHYTPY 34aHNS.

b) TOK pa3psfa MO/THUN Ha 3eMI0 B6U3K 3[4aHNA, MOXET BANATb HA 3N1EKTPUYECKNE YCTAHOBKM 1 cneLm-
asibHoe 060pyA0BaHne Yepes Pe3nCTUBHYIO CBA3b 1 Yepe3 MarHuTHoe nose. NMepeHanpsiXxeHus, BO3HMUKaoLWmne
3a CYeT 3TUX CBA3EW, MOTYT BbI3BaTb OTKa3 3/IEKTPOHHbIX CUCTEM, PACNONIOXEHHbIX BHYTPU 34aHNS.

C) yAap MOJIHUW B. WX OKOJIO IMHUWN 3N1IEKTPOCHABOXEHUSA 3[4aHNSA, MOXET Bbi3BaTb NepeHanpsxeHus,
KOTOpbI€ MPOHMKAKT BO BHYTPEHHUE YCTAHOBKMN 1 060py0BaHMe.

MpsaAmMo yaap MOHWM B NPOBOAA /IMHUN, MOXET Bbl3BaTh NepPeHanpsXeHUs, KoTopble MOryT MHULLMNPOBAaTb
paspsg Mexay BHyTPEHHUMMW yCTaHOBKaMK U MeTannmyeckumu yactamu {B 0CO6EHHOCTM B LW UTe BBOJA B 3aHue,
npv 60NbLIOI KPpYTU3HE NepefHero hpoHTa) C BO3HUKHOBEHMEM NoXapa B 34aHNM U/UIN ero cCocTaBNALWmMX.

Kpome TOro, nepeHanpsxeHus npyv npsaMoM yaape MOIHAW B NPOBOAA IMHWUMW, MOTYT Bbi3BaTb O0TKa3 BHYT-
PEHHUX yCTaHOBOK 1 060pyA0BaHUSA.

Yaap MOIHUM PALOM C/IMHNENR, MOXET Bbl3BaTb NEpPeHanpsXeHUs, KOTopble MOryT 6bITb NepefaHbl Ha BHYT-
pEeHHMe yCTaHOBKM M MOTYT Bbl3BaTb 0TKa3 3/1eKTPOO6OPYA0BaAHMA 1 3N1EKTPOHHOTO 060pyA0BaHMUSA.

OueHka pucka n3-3a ygapa MonHun npeactasneHa B MOK 62305-2 CornacHo M3K 62305-2 puckonpege-
NsfeTcs Kak BEpPOATHOCTHbIE rofl0Bble NOTepK (0 ACKMe U MaTepuanbHblie) B 34aHNKn U3-3a yaapa MonHun. Bosgeii-
CTBUA paccMaTpuBaloT 1 ANA MONHUK, yaapsaoLw e HenocpeACTBEHHO B 34aHve nANa yaapos MOMHWUM PSAOM CO
3faHnem. BosgelicTBUS MONHWK, yaapsaloweii HeNocpeCTBEHHO B /IMHWIO, MUTAKOLW Y0 34aHNe Wan B 3eM/i0 B
HenocpeacTBEHHOWN 6/1M30CTUN OT JIMHUW BbI3bIBAKOT FPO30BblE NepeHanpsxeHus (HaBefeHHble nepeHanpsxXeHuns),
Takxe paccMaTpuBaloTCs B 3TOM TEXHUYECKOM OTYeTe.

11.6.2 Pwncku, cBA3aHHble C KOMMYTAUVUOHHBIMWU NepeHanpaXeHnsamu

KoMMyTaLMOoHHbIe NepeHanpsXeHns MOryT NPOU30NTN BHE BHYTPEHHUX YCTAHOBOK U 6bITb NepegaHbl No
NINHUN 3NEeKTPOCHABXEHWSA, UIN OHW MOTYT 6bITb CO3JaHbl B 3aHNK, KOraa ycTaHoBKa Bk1oyaeT 060pyoBaHue,
reHepupyloLiee 3Ty nepeHanpsxeHus.

Kak paccmoTpeHo B pasgene 6. cywecTByeT ABa TUNa KOMMYTaLMOHHbIX NepeHanpsXxeHnii:

a) BTOpUYHble NepeHanpsXXeHna (HamepeHHasa paboTa BbiknoyaTenei, nepekntoyeHme KoHgeHcatopos). OHun
NPOUCXOAAT AOBOJIBHO HYACTO, UHULMMPYEMbIE PYYHBIM WM aBTOMaTUYeCckum BMellaTeibCTBOM. VX yacTtoTa BO3-
HUKHOBEHUA KonebseTca OT HEeCKONbKMX CEKYH[ (CBapka) A0 HEeCKONbKUX B ieHb (NepekntyeHne KoHgeHcaTo-
poB). MapameTpbl 3TUX NepeHanpsHXeHW, Tak Xe Kak Ux noTeHuman Bo3AeiicTBusA Ha 060pyaoBaHMe BOOOLLe
M3BECTEH UMK NpejcKkasyeM Ha OCHOBaHWM onbiTa. O6ecneveHmne 3almTbl B3TOM Cllydae OCHOBAHO Ha leTepMu-
HUPOBAHHOM aHann3e n B 3TOM CNy4yaB HET HEO6X04MMOCTMN B aHaIn3e PUCKOB:

b) cnyvaiHble nepeHanpsxeHus (OTKOYEHNE NOBPEXAEHUSA 1 BOCCTAHOB/IEHWE NMUTAHWUS CUCTEMbI). WX
yactoTa BO3HWKHOBEHUS, AOBOJSIbHA HU3KA M HEW3BECTHAa, HO CTaTUCTUYecKne pesyfbTaTbl, PACCMOTPEHHbIE B
pasfene u B NpuaoXeHun B. fatoT HEKOTOPYIO MHopMaL Mo 4158 aHann3a oLeHKn cTeneHun pucka. X sennyvHa u
BO3/4elicTBUE Ha 060pyA0BaHVe He onpeAenseTcsa 4719 KOHKPETHbIX yCTaHOBOK. Mo3ToMy, peweHne o6 obecneve-
HUW 3aLLUTbl, BEPOATHO, BYAET HYXaTbCA B aHa/IM3€ PUCKOB.

11.6.3 Tunbl NnoBpexaeHun

Ypap MOMHUW MOXeT HaHecTu yuepb B 3aBUCMMOCTU OT XapakTepuCTUK 3[4aHWsA, U3 KOTOPbIX camble
BaXHble:

- TUN KOHCTPYKLUK:

- COCTaB W Ha3Ha4yeHue,

- KOMMYHUKaLUW Y IMHUW, NOABOAVMbBIE K 34aHWUI0;

- Mepbl, NPUHATbIE 41 TOr0, YTOObI OrPaHNYNTb PUCK.

Kpome Toro, nospexpaeHne MoXeT 6blTb OTPaHNYEHO YaCcTbio 34aHUSA WU MOXET pacnpoCcTpaHATLCA Ha Bee
3faHune, 1 MOXET faxe BKNUaTh OKpyxXalLme 3gaHne unu cpeay (Hanpumep, XMMuyeckne nnm pagnoakTuBHble
BbIGpOCHI). NA NPaKTMYEeCKOro NPUMEHEHUS OLLEHKMU CTEMEHU pUCKa NOME3HO pasnunyaTtb TUMbl NOBPEXAEHUS,
KOTOpbIE€ MOTYT NOSIBUTLCS, Kak NocneAcTBue yaapa MoHun. CneayeT pasnmyatb YeTblpe Tuna NOoBPeXAeHUN,
a IMEeHHO:

- NOTeps Ye/n0BeYeCKOM XN3HW;

- NoTepsi KOMMYHaIbHOro 06CNYXUBaHUSA:

- noTeps Ky/NbTYpPHOro Hacneaus;

- 3KOHOMMYeCKMe NoTepu: 3gaHne, BHyTpeHHee o6opyAoBaHme n notepsa PyHKLUOHNPOBAHUSA.
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Ecnv oMH 13 nepBbIX TPeX TUMNOB pUCKa NPUCYTCTBYET, PeLleHne 0 NPUHATUMN Mep 3aLUTbl He JOJIKHO 6biTb
cfieflaHo Mo YCMOTPeHUo paspaboTumka. ST0 peleHne AO/HKHO 6biTh MPUHATO HA OCHOBAHWUN CPaBHEHUA AN
Kax[oro Tuna pucka us-3a ygapa MOoSHUWN C MakCMMasibHbIM JOMNYCTUMbIM 3HAYEHNEM.

Ecnu puck ABnseTca UCKIOUYUTENLHO 3KOHOMUYECKUM, PeLleHne O NMPUHATUMN Mep 3alinTbl MOXeT 6biTb
NPUHATO pa3paboTyMKOM Ha OCHOBE MPOCTO 3KOHOMMWYECKOI Liesiecoo6pasHoCcT, NyTeM CPaBHEHUS eXerogHo
CTOMMOCTM 110601 Mepbl 3aLUTbl C €XEeroAHON CTOMMOCTbIO BEPOSATHOTO yiepba n3-3a ygapa MOHUU, NPUHUMas
BO BHVMaHWe He TO/bKO yLiep6 HaHEeCEHHbI 34aHNI0 1 ero BHyTpeHHeMY 060pyJ0BaHMI0, HO TakKxe 1 nocnep-
cTBMSA (Hanpumep, noTepto PYHKLMOHUPOBAHNWS).

11.6.4 KpuTepun gnsa OLEHKU CTEeNeHu pucka

[nsa oueHkn pucka TpebyoTcs crefytoLlme faHHble:

- NIOTHOCTb YAapO0B MOJIHUW B faHHOI 061acTu, rae pacnosioXeHbl IMHUN 1 34aHUS;

- TUN. XapakTepucTukn n AAnHa NuHUM (Bo3ayLHasa Uan. NponoxeHHasn B 3emne; CH nnu HH);

- XapaKTepUCTUKN CUCTEMbI 3/1EKTPOCHAGXEHNSA: TUM U XapaKTePUCTUKN COCTaBAOLLNX 3/IEMEHTOB:

- TUN BHYTPEHHUX YCTAHOBOK;

- XapakTepucTukm 060pyf0BaHuns (ypoBeHb 3aLluTbl OT UMNY/IbCHbIX MepeHanpsxeHunit);

- Mepbl 3aLUTbl, NPUHATLIE NPOTUB NepeHanpsXeHuit;

- IPOTMBOMNOXapHbIe MEPONPUATUS;

- CTOMMOCTb NOBpexXAeHns 060pyf0BaHUSA:

- KONINYECTBO Noc/ieyLWmnX NoTepb, couynasnbHble NOCNeACTBUA N BO3ECTBUE HA OKPYXaloLLylo cpejy B
pesynbTaTe NoBpexXaeHus;

- Mepbl, N0 OrpaHNYeHnIo NocAeACTBUI NOBPEXAeHNs 060pyf0BaHNA (Hanpumep, pe3epBMpoBaHne MOLL -
HOCTU CUCTEMbI 3/IEKTPOCHABXEeHNSA, pe3epBHas JIMHUA 3N1EKTPOCHABXEHNA, U T.4.).

11.7 BbIBOAbLI O HEOOXOAMMOCTM 3aWMNTLI OT NepeHanpsXeHnin

MoTpe6HOCTL B 3alMTe OT NepeHanpsXxeHuit onpeaenseTcs kak 06 beKTUBHLIMM, Tak U Cy6beKTUBHbIMU (hak-
Topamun. O6bEKTUBHbIE PAKTOPbI MOTYT GbITh BblpaXeHbl NOCPEACTBOM OLEHKI CTEMNEHN PUCKA, HO. B KOHEYHOM
cueTe, BbIGMPAETCSA TO. YTO COOTBETCTBYET CY6bEKTMBHOM OLLEHKE A0NYCTUMOTO pucka. Bo MHOTUX ciydasx, ghak-
TUYeCKoe peLleHmne No 06ecneyeHunto 3aluTbl 0T NePeHaNPsSXXEHU MOXET 0Ka3aThCs He NyYLlNM 1U3-3a HOpMaTHB-
HbIX TPE60BAHUIA, YCTAHOB/IEHHbLIX KOHEYHbIM NOTPEe6UTENEM.

B 60/bLINHCTBE CyYaeB, KOMMYTALMOHHbIE NEpPeHanpPsXXeHns MeHee paspyLinTe/bHbl, YHeM rPOo30Bbie ne-
peHanpskeHus u cpeacTea 3awuTsl (a UMeHHOo. Y3UIT) apheKTUBHbIE NP 3aLUTe OT UMMY/bCHbLIX BO3AeicTBUi
MOJTHWM TakxKe 3PP EKTUBHBI OT KOMMYTALMOHHbIX WMMY/IbCHbIX BO34€/CTBUI. [03TOMY, 3aWMTa OT KOMMYTaLWOH-
HbIX UMMY/IbCHBLIX BO3AENCTBUI, KOoTopas TpebyeTca B 60/bWUHCTBE C/yYyaes, pacCMaTpuBaeTCs TOMbKO Npu
OTCYTCTBWM 3aLLMTbI OT UMMY/bCHbLIX BO3A4EWCTBUIA MOSTHUU.

12 lMpuMeHeHWe 3aWunTbl OT UMMY/IbCHBLIX MepeHanpsxeHuli

12.1 OCHOBHble NOJIOXEHUs

BONbLWMHCTBO rPO30BbIX NEPeHanPsAXeHUii B Npefenax ycTaHOBKM Bbl3blBAETCA yAaNeHHbIMU yaapaMu
MOJTHUW B 3eMJ110. Bo3HMKatowme MMNysibCHble BO3AeACTBUA 0ObIYHO He3HAaUNTE IbHbI U HU3KO3HepreTnyeckas
3aluTHaA xapaktepuctuka yctpoiictea (Y3WI) goctaTouHa 45 3aluTbl OT 3TUX YMEPEHHbIX BO3AeNcTBNiA. Ecnn
paccmaTtpuBaeTcs 3almuTa oT NPSIMOro UK HAHECEeHHOro B HenocpeACTBEHHON 6/1M30CTH yaapa MONHNUMW, TO HE06-
XOAUMO NMPUMeHeHne BbiCOKo3HepreTuyeckoro Y3UI. uTobbl npoTueoeiicTBoBaTh 60/1ee cepbe3HbiM BO3fei-
CTBMAM. PekoMmeHyeTCcsi NPOBOAUTL OLlEHKY BEPOATHOCTU 3TUX Pa3/INYHbIX BO3ENCTBUIA, BKAOYAs UX MaTepu-
anbHble N HemaTepuasbHble NocneacTBus.

PaccmartpuBas Bo3feicTeme MONHNUM, Ha Kabenn Ui Nnposoja HeKOTOPOI A/INHbI YKa3blBaeTCs, YTo B C/y-
yae KpyToro nepegHero (PpoHTa BbICOKME HaMNPSAXXeHUsA BO3HUKAIOT Ha TOM KOHLe Kabesis, Ha KOTOPOM BBOAMUTCSA
TOK. 3TN NepeHanpsXXeHs MOryT NPeBbICUTb J0NYCTUMbIE HANPSHXKEHUS 419 3/IEKTPONPOBOAOK 1 060pyA0BaHNS,
npueoas K npo6osam. CnegosaTenibHo, Y3UI, ycTaHOB/EHHbIV Ha APYroM KOoHUe Kabens, He nojBepralwTcs cy-
LL|eCTBEHHbIM BO3AEeiCTBNAM, CBA3AHHbIM C WHXEKLWEeR MMNyNbCHbIX BO3AEWCTBUIA C 60/1bLIOK aMnanTyA0i 1
60/1bLLON NPOAO/MKNTENBHOCTLIO NP 60/LLUIOW KPYTU3HE NepeaHero poHTa.

Ecnu paccmatpusaloTc BO3AeCTBUSA, BbI3BAHHbIE NPAMbIM WU/ HAHECEHHbIM B HENOCPEACTBEHHOI 6/11-
30CTU YAapOM MOJIHAM, TO 3TV BO3AeiCTBMA ABNAITCA ONpefenslWnuMn 419 3HepreTudecknx TpebosaHunii
KY3WM. Knaccudrkauns CooTBETCTBYIOLWUX YCTPONCTBA U UX ONTUMasibHasA TOUYka NPpMCoefUHEHNS paccmaTpu-
BalOTCA B cneAyloWmnx noanyHkrax. OHuU BKIoYaloT obuiee onucaHne Y3UM. oTHOWEHUA MeXAY OCHOBHbIMU
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XxapakTepucTukamu n TpeboBaHnsaMu, npeabasasembiMmu K Y3, oueHkn adhheKTMBHOCTM NpumeHeHnsa Y 3UTT,
BONPOCHI koopAuHauun mexay Y3WM n coBMecTumocTu ¢ ApYrMMum 3almMTHbIMU cpegcTBamMu. CM. Takxe npuao-
XeHve F, rae npvBefeHbl NpuMepbl ynpaB/ieHns nepeHanpsXXeHnem, BbiNO/IHEHHOTO CUrHa/IbHbIMU MeTofamMu
OMC, a He ycTpoicTBaMM 3aluTbl OT MMMY/IbCHbIX NEPeHanpsXXeHNN.

12.2 3awuTHble ycTpoiCcTBa OT UMNYbCHbIX NepeHanpsXeHui
B CUCTEMax 3/1eKTpoCcHabXeHns

12.2.1 ®dyHkunm Y3UN

B HacTosilem cTaHgapTe paccmatpusatoTcst Y3UM. ycTaHOBNEHHble BHE 3allulaemMoro 060py/0BaHus.
Mpu HopMasnbHbIX ycnosuax Y3UI He okasblBaeT CyLLECTBEHHOIO BAINAHNA Ha IKCNIyaTaLMOHHbIE XapakTepucTu-
KV CCTeM, B KOTOPbIX OHU MpUMeEHSAI0TCA. Mpn aBapuiiHbiX yC0BUAX (BO3HUKHOBEHVE UMMY/IbCHOTO NepeHanps-
xeHust). Y3UM pearupyeT Ha UMNY/bCHOE NepeHanpsXeHne, CHUXas CBO nMnefaHc v Takum o6pasom NpuHU-
Mas UMNy/bCHbIA TOK Ha cebs, 4ToObl OrpaHMYNTb HaMpsHKeHWe Ha ero 3alWuTHOM ypoBHe. ocne Bo3spara K
HOpMasibHbIM ycrnosuam. Y3WI BoccTaHaBnMBaeT BbICOKMIA MMMefaHC noc/e TOro Kak NpoxXoAnT MMNynbCHOe
nepeHanpshkeHune v ToK B Harpy3ske. Mogpo6Has nHopmMaLus 0 HopMasibHbIX YC0BUAX U TpeboBaHUAX NpuBee-
Hbl B cTaHAapTax Ha Y3WI cepun MIK 61643.

Y3WUM MOXeT BbIATU U3 CTPOA UAK BbITb pa3pyLUEHHbIM, €C/IN 3HEePrs UMNY/IbCHOMO BO34eicTBMSA npeBoc-
XOAUT A0NYCTUMYIO 3HEpPruto n Tok ana Y3WM. Pexumbl oTkasa Y3UI nposasBnanTca NnpuMepHO NOPOBHY B BUAe
06pbiBa Lenu 1 3amblkaHua. [1ns pexvma o6pbia Leny 3aujmujaemas cuctema TepseT 3awuty. B atom cnyuae,
oTKka3 Y3 o6bI4HO TPYAHO O6HAPYXNUTL, NOTOMY YTO 3TO CO6bITME He OKasbiBaeT NOYTU HUKaKOro 4eicTena Ha
cuctemy. MoxeT notpeb6oBaTbCs rapaHTus 3ameHbl oTkasaslwero Y3UM nepef cnegyowmnm MMNYbCHbIM nepe-
HanpshkeHneM C MOMOLLbI YCTpPOCTBa ykasaHua oTkasa Y3UM. B pexnme 3ambikaHusa oTkasaslwee Y3UIM
CYLEeCTBEHHO BNIMAET Ha CUCTEMY. TOK KOPOTKOrO 3amMblKaHWs OT UCTOYHMKA NUTAHWUA TeYeT Yepes oTKasasllee
Y3WI. Boigensemas TennoBas sHePrnsa MoxeT NPUBECTN K BO3ropaHuio 3a BpeMsa 4,0 neperopaHna n pasmblka-
HUSA Lenu.

B cnyvae, ecnu BcUCTEME HET HUKAKOTO crneLunanbHOro ycTpoincTea 4na pasbejuHeHuns otkasasLero Y3
OT uenu, MoxeT NoTpe6oBaTbCA cnelynanbHoe 40N0MHUTEIbHOE OTK/oYalLee ycTpoiicTeo 4ns Y3WUM gna oT-
KMIOYEHUA NPU KOPOTKOM 3aMblKaHUU Lienu.

MpumevyaHune — BaITtom noagnyHkTe, NCNOMb3YyeTCA TEPMUH "pPeXUM 3aMblkaHus*. Ecnu 6bl KOpoTKoe
3aMblkaHMe NPOUCXOAW/IO C HY/NEeBbIM MMNEAAHCOM, TO cUTyauus Gbina 6bl MeHee TPYAHOI, Yem 3To ANS TUNOBOrO
orpaHuymsatoLero HanpsxexHne Y3UM. rge B Tak Ha3biBAEMOM 'peXuMe 3aMblkaHUA' MPOUCXOAUT CyL|eCTBEHHOE
CHMWXEeHne, HO He 0bHyNneHne umnegaHca. B oTkazaswem Y3UIM MoxeT 6biTb [A0OCTATOYHOE OCTATO4YHOE CconpoTuBne-
HWe 4ToObl OrpaHNyYnNTb TOK 3HAYEHNeM, KOTOpPOoe MOr10 6bl N He MOr0 6bl Bbi3BaTb cpabaTbiBaHNe 3aLUTHOMO YCTPOIA-
CTBa OT cBEpXToka. [laxe ecnu CBEepXTOK Takoi, YTO 3aliuTHOe YCTPOWCTBO AeiiCTBUTENbHO UM yNpaBnsieT, ero oTeeT
BO BPEMEHMU, [/I0XeT OblTb TakUM, YTO B OCTATOYHOM COMPOTMB/EHWUM OTkasaswero Y3WIM Bbigenntcs cylecTBeHHoe
Tensno e orpaHNYeHHOM NPOCTPAHCTBE, YTO MOXET MPUBECTM K CyLeCTBEHHOMY NOBbILEHWNIO TEMNepaTypsbl.

12.2.2 Knaccudmkaumsa Y3UM

CraHgapTbl HaY3WI onpefensioT KnaccuukaLmoHHble XapakTepUCTUKKN, Takne Kak:

- 4NC/I0 NOPTOB: OAMH UMK [Ba;

- TONOJIOTNA U3AENNA: KOMMYTaLMUSA HANPSAXEHUA, OrpaHnyeHne HanpsHKeHNA UM X KoMouHauus,

- ucnbitaTenbHbl knacc . [1un 1l (cm. MOK 61643-1):

- pacnosioXeHne; BCTPOEHHbIV UV HAPYXHbIA:

-AOCTYMHOCTb: AOCTYMHbIA, HEAOCTYMHbI;

- MeTo/ MOHTaxa: CTaloHapPHbIA UK NepPeHOCHOIA:

- pasbeauHuTens Y3UN. pacnonoxeHue n pyHKuus;

- 3aliuTa OT CBEPXTOKA: eCTb U/IN HET;

- cTeneHb 3aWuTbl, o6ecneynBaemas 060104Kkon Y3UI.

BblleynoMsHyTble BapuaHTbl PakTUYeCKu CBsA3aHbl C TEXHOMOTNEN 1 onpeaensaTcs nsrotosmtenem. Oc-
HOBHble KOMNOHEHTbl Y3UI aenatca Ha fBe KaTeropuu:

- orpaHuymnBaloLLme HanpsbkeHne KOMNOHEHTbI: BAPUCTOPbI. 1aBUHHbIE WX NOPOroBble ANOAbI, U T.4.;

- KOMMYTUPYIOLWIA HAaNPsXXeHe KOMINOHEHT: pa3pbiBbl B BO3/yXe, ra3oBbiX paspsafHbIX Tpybkax, ynpass-
eMblii KpEMHVEBbI BbIMPAMUTENb, U T.A.

OcCHOBaHHbIEe Ha 3TUX KOMMNOHEHTax, OCHOBHbIE KOHCTPYKLun Y3UI:

- @ AMHCTBEHHbI KOMMOHEHT, OrpaHMYMBalOLLNiA HaNpsXXeHue: TUM orpadnunsatLnini Y3UM;

- €INHCTBEHHbIV KOMNOHEHT, KOMMYTUPYIOLLNI HaNpsXXeHne: TN KOMMYTupytownii Y3UM;

- KOMBUMHAaLMA pas3NnYHbIX TEXHONOTUIA: TMN KOMBUHUPOBAHHBIN Y3UTT.
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MHOXeCTBO KOHCTpyKuUuii Y3UT He onpeaensatoTcs NpoCTbiM cOYeTaHMEeM OCHOBHbIX KOMMNOHEHTOB. OHYU
MOTYT BK/OYATb MHAMKATOPbI, OTKOYaloLW e yCTPoiicTBa, NpefoxXpaHnTenn, 4poccesnun, KOHAEeHcaTopbl 1 T.0.
[Opyroii cnoco6 onucanma Y3WIM cocTonT B TOM. 4TO MOFYT UCNO/b30BaTbCA 04HONOPTOBLIN Y3UM. Y3UM ¢ aByms
noptamu, UM KOM6MHaunsa mHoronopToBbixX Y3WI, kak ykazaHo B pasgene 3.

12.2.3 3nekTpnyeckne xapakrepucTtukm Y3UnN

Bbi6op Y3UIM onpeaenseTcs cnefyrowmMmmn xapakTepucTnkamm, ycTaHOB/EHHbIMY B cTaHAapTax Ha Y3UTM
cepun MOK61643:

- MakcumanbHoe felicTByloLLee 3HauYeHNe HanpsHKeHus u Toka;

- 3aBUCMMOCTb BPEMEHHOTO NepeHanpsaXeHns oT BPEMEHMU;

- HOMUHasbHbIV TOK pa3psaga (TobKo 418 ucnbiTaHuii no knaccy | uknaccy ll);

- [ta< pna uenbiTaHuii no knaccy Il n /Tp Ana nenoiTaHuii no knaccy |;

- Uacans ucnbitanunii no knaccy lll;

- UpypoBeHb HanpsXeHna 3alynThbl;

- CPOK CNyX6bl,

- HaleXXHOCTb;

- 3aluTa oT KOPOTKOTrO 3aMblKaHUA:

- MakCUMasibHbI 4ANTeNbHbI TOK Harpy3ku (ana Y3WUI c AByMSa nopTamu Uan 04HOMNOPTOBbIX, COeANHEH-
HbIX NOC/1Ie40BaTENIbHO C CETbIO);

- AnanasoH HanpsxeHus (gna Y3WUN c gByma noptamu).

12.3 OCHOBHble XapakTepucTuUKu cucTombl Ana Beibopa Y3UNM

JTOT nogpasgen faet npefcrassieHne 06 06WMX NpMHUMNAXx No npumeHeHnio Y3UIM gna 3awmutbl cucTembl
3N1eKTpocHabXeHus. lonoNHUTE NbHbIE CBeAeHUS NPUBeeHbl B NPUIoXeHun E.

12.3.1 3awuu,aemble cucteMmbl 1 06opyfoBaHune

KpoMe HOMWHaNbHOroO HanpsXXeHWs CUCTEMbl, OAHUM W3 NapameTpoB AN1A XapakTepUCTUKN CUCTEMbI
3/1eKTPOCHabXeHna aBnseTcs Tun 3asemneHusa cuctemol (TN-C, TN-S, TN-C-S, TT. IT). Bce paccmaTpuBaemMble
3neKTpuYeckKne ycTaHoBKN MOTyT 6bITb CFPYNMNUPOBaHbI MO YeTbIPpEM MTaBHbIM KaTeropusam;

- 3awmaemMasn ycTaHoOBKa, BkI4as cneymanbHoe o6opyfoBaHue, 3alyuieHa oT nepeHanpsXeHuid, no
KpaliHeli mepe, rasibBaHUYeCKNM pasgesieHnem 1 BbiI6opoM COOTBETCTBYIOLWNX KabesibHbIX COeJUHEHNA;

- nepeHocHoe obopyfoBaHne B 06bIYHOM MCNoNHEHUN (BbITOBOE 06CNYXUBAHWE W Nerkas NpoMblILLIeH-
HOCTb):

-obopyAoBaHue 415 CTalMOHAPHbIX 3/1IEKTPUYECKUX YCTaHOBOK B 06bIYHOM UCMNONTHEHNN (6bITOBOE 06CNY-
XWBaHNE U nerkas NPOMbILINEHHOCTb);

- cneuunanbHble YC0BUSA, T4e BO3HWKHOBEHWE OAHOro nuan 6onee noBpexAeHnii MaroBeposATHbI, HO rae
CYLLLECTBYIOT HEKOTOPbIE OXNAAHNS KacaloLecs HenpepbIBHOCTN 31eKTpocHabxeHns. Mpumepsl Taknx cnyyvaes
3T0 TSXKeNas NPOMbILINEHHOCTb Y BBOAHbIE YCTPOACTBA 3/1EKTPUYECKNX YCTAHOBOK 3aHUiA, C TOUYKM 3PEHNUST M-
Ny/IbCHbIX NepeHanpsXeHnii.

Ha o6opygoBaHue, cnyxaliee 4acTbio NOMHOW 3/1EKTPUYECKON CUCTEMBI, UMMY/IbCHbIE NepeHanpsXeHnsa n
TOKW BAIVAIOT NO-pa3Homy. Cpefi OCHOBHbIX XapakTepucTuK, KOTopble paccMaTpuBaloTCsA 3T0:

-AnanekTpuyeckas NPOHULAEMOCTb U30M1ALUN;

- CTOMKOCTb K3/1IEKTPOMArHUTHbIM BO3AENCTBUAM.

Bo3geiicTBNS Ha M30NALMI0 MOTYT Bbl3BaTb €€ 0TKa3, KOTOPbI/i MOXeT NPUBECTU K HaHeceHuio yuiepba,
Takoro Kak Npo6oi n3onaummn Ha 3eM0, KOpoTKMe 3aMblkaHusa, NoBpexaeHne 060pya0BaHus, BO3ropaHme uT.a.
C TOuKM 3peHnsa obecnevyeHuns 6e3onacHoCcTU TpebyeTcs, YTo6bl BCe 060pyfoBaHNe UMENOo No kpaiHel mepe
MWHUMa bHbI YPOBEHb 3alMTbl OT TaknX BO3AeWCTBUIA. STa npobnema nogpo6HO paccMaTpuBaeTcs B cTaHAapTe
M3K 60664-1: MeToAbl UCMbITAHWIA OCHOBbLIBAKTCA Ha CTaHAapTHOM 1.2/50 MKC MMnynbce HanpsxeHus. OgHako
nMnefaHc reHepartopa, KoTopblii 6yaeT ucnonb3oBaTbCs, He onpegensetca B MOK 60664-1. KOTOpblii MOXeET
NpUBECTU K pa3INyHbIM pesynibTatam 415 060pyf0BaHuns, B 3aBUCUMOCTY OT UX MMMNeaHca.

ONeKTpoMarHuTHble BO3AelicTBMA 06bIYHO NPUBOAAT K HENPaBubHOMY (DYHKLMOHMPOBAHWIO, MOTEpPe Xpa-
HUBLLMX AaHHbIX NN faXKe NOBPEXAEHNIO 3/1eKTPOHHbLIX KOMMNOHEHTOB. MUHUMasbHbI YPOBEHb 3aLLUTbl OT MHO-
rMx 3NeKTPOMarHUTHbIX BO34elicTBMIA HeobXxoAuM ANa Hagnexau,ero hyHKLMOHMPOBaHUA o6opyaoBaHma. 3ta
noMexo3alnLLeHHOCTb onpeaensieTcs B COOTBETCTBUM C cepueli cTaHgapToB no AMC nocpefcTBOM COOTBET-
CTBYIOLMUX METOA0B UCMbITAHUIA ANA Pa3/IMYHbIX TUMOB BO3AENCTBUIA.

YpoBHM NOMeX03aLMLLLeHHOCTHN, KOTOpble paccmMaTpuBalTcs B cTaHfapTax no 3MC. ucnonb3yTcs B TeX-
HUYECKNX KOMUTEeTax Mo COOTBETCTBYILNM U3aennam. TeXHNYecKne KOMUTETbl BbiGpaloT COOTBETCTBYOLL WA
ypOBeHb MOMexo3aluLeHHOCTN COrTacHO HaMeYeHHOMY MCMNONb30BaHNo U3Aenuns U yCnoBuii okpyxatoLiei
cpefbl. PykoBOACTBO A4/19 TUNOBLIX 3/1eKTPOMArHUTHbIX cpep npusegeHo 8 MOK 61000-2-5.
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12.3.2 Bbi6op Y3UIM B cOOTBETCTBUM C BO3AENCTBUSAMM

12.3.2.1 Tpo30Bble NepeHanpsAXeHNss U CBEPXTOKHU

B 60nbLIMHCTBE C/lyYyaeB rpo30Bble NepeHanpsHXeHns BAAITCA OCHOBONOAaralwWwmMMm Ans onpegeneHns
3HepreTuyecknx TpebosaHuii KY3UN. 3HaHne 0 hopme ToKa MOTHUM (UK HANPSHXKEHWA) U ero aMnauTyae Heobxo-
AVMO ANA onpejeneHus BO3AelCcTBUA (3HepreTMyeckoe cMelleHre) NpuioxeHHoro k Y3UM n ybegutsca, uto
Tpebyemblii ypoBeHb 3awuTbl Y3 no HanpsXeHWto foCTUraeTcsi. YPOBHM rPO30BOI aKTUBHOCTU, KOTOpbIE pac-
cMmaTtpuBalTcs B nofpasgene 5.2 onpefenatoTca xapakTepoMm mectopacnosioxeHus. OAgHako aTOT Kputepuii
rpO30BOVi aKTUBHOCTN HE OYeHb MOAXOAUT 4151 TOT0, YTOObI PelwnTb, UCNob30BaTh Y3WI nnu Het. Jlyylunii kpute-
pvii — 37O NJIOTHOCTb yapoB MOJIHUM OT 061aka k3emse (YMCc1o0 yaapos MoHMK Ha 1 km2B rof). CoBpeMeHHble
CUCTEeMbl 06GHAPYXEeHUsI MOTHUM MOTYT NPeoCcTaBNTb Takylo MHDOPMALMIO C 4OCTATOYHOW TOYHOCTbIO.

B HekoTopbIX OnNpefleflIeHHbIX CUTyauuax, faxe ecnu nutaHne obecneymBaeTcs NOA3EMHbIM Kabenem,
ncnosnb3osaHne Y3UM MoxeT 6bITb PEKOMEH0BAHO AN1A 06ecrnevyeHuns 3almnTbl YCTaHOBKU. DTO NPOUCXOAUT
Korga:

- laHHOe 3/laHne Unu gpyrue 3gaHus, pacnosioXeHHble B HENOCpeCTBEHHON 61130CTU NoABepraTcsa nps-
MbIM yapamM MOJSTHUW;

- ANIMHa Kabens He focTaTo4Ha, YTo6bl 06ecneUunTs COOTBETCTBYOLEE pasaeneHmne (3aTyxaHme) ycTtaHoBKM
OT NUTaloLen yacTn cetu;

- 0OXWUAalTCA BbICOKME UMMY/bCHbIE BO3A4EACTBUA aTMOC(EPHOro 3/1eKTpUYeCcTBa Ha BO3AYLUHbIX IMHUAX
Ha cTopoHe CH TpaHcthopmartopa, CoeIHEHHOIO C YCTaHOBKO;

- Ha NoA3eMHbIi kabenb MOXeT BO34elicTBOBaTbL NPSAMON yAap MO/THUM NPU BbICOKOM Y/ e/IbHOM CONPOTUB-
NEHUN TPYHTa;

- pasMmep uau BbicoTa 3aHus, Npu NMTaHnn Kkabenem, ABAAITCA AOCTATOYHO 6ONLLWINMMU, YTO 3HAUNTESTBHO
yBeMYnBaeT pUCK NPSAMOro yaapa MO/THUM B 34aHue.

Puck npsimoro ygapa MO/IHUU B Apyrue BXoAsiline Uam NCXoasiine KOMMyHUKaumumn (TeneoHHbie TMHNN,
aHTEHHble CUCTEeMbl, U T[.), KOTOPbI/ MOXEeT B/IMATb Ha CUCTEMY 3/1IeKTPOCHaBXeHUs, TakxKe A0/KeH 6biTb pac-
CMOTPEH.

MpumeuvaHune! — B MOK 60364-4-44 yCcTaHOB/IEHO, YTO €C/IN 3/1IEKTPOYCTAHOBKA NUTAETCHA NOA3EMHbIM
Kabenem nam ecnyn oHa NUTaeTCst OT BO3AYLIHOW JIMHUM MPW HE3HAYMTeNbHOW FPO30BOI aKTUBHOCTW, TO HeT Heobxo-
AVMOCTM B ucnosnb3osaHnn Y3WM. ecnn cTeneHb pucka B 3aBUCMMOCTU OT UCMO/b30BaHNA YCTAHOBKW WCKIIOUNTENbHO
H130k. OfHako, Aaxe Mpu YCMOBWUMW, YTO MUTaHWE OCYLLEeCTB/AETCA MOA3EMHbIM Kabenem, 3TO He BCerga J0CTaTouHo
Ana obecneyeHns 3alluTbl YCTAHOBKM OCOBGEHHO B C/yvasx MPsSIMOro 1 NpousolleAlwero B HenocpeacTBeHHoW 6amn3o-
CTW yAapa MOJIHUK, KOTOpble He paccMmaTtpuBaloTcs B MOK 60364-4-44. T[loaToMy (akT nWTaHUSA MOL3EMHbIM
Kabesniem He MOXeT paccMaTpuMBaTbCs KaK eMHCTBEHHOe OCHOBaHWe MNpu onpefesieHnn NoTpebHOCTM B yCTaHOBKE
Y3WUM. Kpome TOro, W3MEHeHWe BesIMYMHbl WUMMY/bCHbIX MepeHanpsKeHWin, NPOUCXOAAWMNX B BO3YLWHbIX JIMHUAX,
3aBUCAT Kak OT YPOBHSA rPO30BOI aKTMBHOCTW, Tak W OT KOHMrypauuu nvHuM, nepuoga roga, n Tak ganee. Moatomy
3HayeHne 25 AN ypoOBHSA rPO30BOI akTMBHOCTM HE MOXET paccMaTpuBaTbCA Kak efMHCTBEHHOE OCHOBaHWe mpu onpe-
feneHun notpebHocTU B ycTaHoBKe Y3WUI. AHanu3 cTeneHn pucka [0o/KeH 6biTb BbINOSHEH. DTOT aHaNn3 [O/IKeH 6biTb
OCHOBaH Ha BEPOSATHOCTU BO3HUKHOBEHMWS MMMY/bCHbIX MepeHanpsXKeHUin n 3IKOHOMUYECKOro 6anaHca Mexay 3awuToin
1 nocnejcTBusiMun.

MpumeyaHune2 — EcCvM HeCKONbKO 3A4aHWin NoAy4yaloT NMTaHWe OT OAHON pacnpegenuTenbHOl cetn, To
pekomeHAyeTcs ycTaHaBnvMBaTb Y3UM AnsA kax[oro us atux 3faHuii.

C uenblo oLeHKM Toka, npoxoasuiero yepes Y3UN B cnyyae npsaMoro yaapa MosiHMK B 3gaHune, obopypo-
BAHHOrO BHeLLHel cMCTeMO 3aluTbl OT MO/THUW, OCTATOYHO Y4eCTb CONPOTUBEHME 3a3eMNEHUSA, Hanpumep,
3a3eM/ieHus 34aHus, Tpy6, 3a3eMsIeHnss CUCTEMbI ANEKTPOCHaBXeHWA, 1 T.4. Ha puc. 24 npuBeAeH TUNOBOW Npu-
Mep pacrnpefesieHns TOKOB.

MpumeuvaHune 3 — VIMNyNbCHbIA TOK MOMHAU ONpejensieTcsi ABYMsi OCHOBHbIMU napameTpamu. lepsbim
SIBMIIETCA CKOPOCTb HAapacTaHus, KoTopas onpefensieT WHAYUMPOBAHHbIE HAamNpshkeHusi. BTopbiM sIBASiETCA ero
NPOAO/MKUTENIbHOCTb, KOTOpasi Mo CywecTBy oOnpeaenseT BefMUWHY 3Hepruu paspsga. BbicokoyacToTHble apeKTbl
OTCYTCTBYIOT B 3TOT 60/IEB MO34HUI NEPUOA, MO3BOJISS OLEHUTL COMPOTUB/IEHUE, KOTOpoe 6GYAeT WCMo/b30BaThbCs A/1st
BbIUMCIEHUS pacnpejenieHns TOKOB.

Ecnu TouHas oueHka (Hanpumep, Bbl4MCIEHWEM, KaK NPOW/IICTPMPOBaHO B N.5.7.1 1 B NpuaoXeHnn A) HO
BO3MOXHa, TO MOXHO NPUHATbL, 4TO 50 % NOSIHOro Toka MOTHUKM / yxoasaT B 3emnto. Apyrne 50 % Toka pacnpe-
AenaTca cpeAn KOMMYHVKaUNiA, BBOAALWMNX B 3faHNe, TakNX Kak: CTOPOHHUE NPOoBOAALLME YacTu, afieKkTpuyec-
Ke 1 KOMMYHUKaLMOHHbIE TNHUN, U T.A. COTNIACHO COOTHOLLEHUIO MNedaHca 3a3eMIeHns 3TUX KOMMYHUKaLnii.
Ha pvicyHke 24 NpuHATO, 4TO TPU BUAa KOMMYHUKALMA UMEIOT paBHbIl UMNeAaHc 3a3eMIeHuns.
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Jliww anekrpocmantoLu

PucyHok 24 — Tlpumep NPOHVKHOBEHUA TOKA MOJIHUW BO
BHELIHNe KOMMYHUKauuu (cuctema TT)

Ecnu nutalouwme nam KOMMyHUKaLMOHHbIE Kabenn nmeroT akpaH, To o6a KoHua coefuHATCA ¢ 3emnei
HenocpeacTBEHHO v yepe3 Y3UM. BaTom ciiyyae, YacTb TOKA MOJTHUN, KOTOPbI NepeHoCcUT 3ToT kabenb, byaeT
Teyb MO 3KpaHy, Tak Xe Kak 1 yepe3 BHYTpeHHMe NpoBOAHMKN. PacnpegeneHne TOKOB Mexay NPOBOAHUKaMu
3aBUCUT OT KOHCTPYKLMK Kabens, a Tak e OT napaMeTpoB UMMY/NLCHOrO NepeHanpsxeHns. Bo scex cnyvasx,
Y3WM gonxeH 6bITb YyCTAHOBIEH KakK MOXHO G6/1MXe K KNieMMe 3a3eM/IeHNsA IKpaHa.

12.3.2.2 KOoMMyTauoOHHbIe NepeHanpsaxXeHns

KoMMyTaLnoHHblEe MepeHanpsHXXeHNsa C TOUKM 3PEHNA IHEPTUN N HaNPsSHKeHUS 06bIYHO HIKe, YeM BO3Aei-
CTBMA Npu yaape MosHMKM. O4HaKO B HEKOTOPLIX CyyYasx, 0CO6EHHO B rNy6uHe 3aaHns nnm B6/M3n NCTOYHUKA
KOMMYTaLMNOHHbIX NepeHanpsaXeHnii, KOMMyTaLMOHHOE NepeHanpsXXeHne MOXeT ObiTb Bbille YemM TO, KOTOpoe
BbI3BAHO yAapoOM MOJIHUM. Heo6Xx0AUMO 3HaTb 3aHepreTuyeckme xapakTepucTUKN KOMMYTaLMOHHbIX NepeHanps-
XeHui ana Bolbopa cooTBeTcTBYOWEro Y3UM. ANnTenbHOCTb KOMMYTaLMOHHbIX NepeHanpsXeHnid, Bkyas ne-
pexofHble Npouecchl NPy NOBpeXAeHusAX, cpabaTbiBaHNAX NPefoXpaHnuTeNs, NnepekioyeHns KOHAeHCaTopoB MOryT
6bITb CYLLLECTBEHHO A/IMHHEE, YEM NPOAO/IKUTENBHOCTL BO3AENCTBUS NpU yAape MOJTHUM, B CBSA3M C YEM TPYLHO
onpeaennTb 06bIYHO NPUMEHNMbIE NapameTpbl.

12.3.2.3 BpeMeHHble nopeHanpsxoHus (BMH)

Y3WUM moxeT nogsepratbCsi BpEMeHHbIM nepeHanpsxxeHusam (BMH) Bo Bpems ero paboTsl, korga Hanpsixe-
HUe NpeBbIllaeT ero MakcMmasabHoe AnuTenbHoe paboyee HanpsxxeHune. Bosgeiicteue BIMH Ha Y3UI onpegens-
eTcs ABYMSA napaMmeTpamu, BeJIMYNHON U BpEMEHEM BO3AENCTBUSA:

a) npu onpeAeneHnn BeNnYMHbl Makcumyma BIH. KoTopoe MOXeT BO3HUKHYTb B CUCTEME, JO/KHbI pac-
cMmarTpusaTbCa cneaytouine akTopsbl:

- paboyee HanpsXeHne CUCTEMbI 3N1EKTPOCHaBXeHNs HH:

- KOHUTypaLums cuctTembl 3anekTpocHabxeHnsa HH (ogHodasHasn, TpexdasHas, nT.4.);
- KO/IMYeCTBO 3a3emMnnTenei:

- CBAI3b Yepe3 3a3eM/INTO/Ib C CUCTEMON 31eKTpocHabxeHuns CH;

- cBs3b cuctem CH mn HH.

b) Npu onpeaeneHnn BpeMeHu Bo3aeiicTeunsa BMH. KoTopoe MOXeT Npon30iTN B cucTeMe, AO/HKHbI paccmart-
puBaTtbca cneaytouime akTopbl:

- MecTopacnonoXeHune ToUK noBpexaeHus (cuctema anektpocHabxeHna CH/HH nnn yctaHoska HH);
- 3alUUTHbIE YCTPOlicTBa 418 OTKHOYEHNA NOBPEXAEHUSA.
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[lononHuTenbHble hakTopbl MOTYT BbITh BaXHbLIMU, HANPUMep, B Cyvyanx coceAcTBa c onopaMmu nMHuin BH
WJIN C XEeJTIe3HO40POXHLIMU MYTAMMN.

12.3.3 3tanbl npu Bei6ope Y3UM

Bbi6op noaxoasuwero Y3UM TpebyeT HECKOIbKUX LWIArOB, Kak NoKa3aHo Ha pucyHke 25. leTann 3aTnux coob-
paxeHuit faloTca B NpuioxeHuy E. 3aBepwatkwmm warom B npoueaype, sBNAeTCs KOOPAUHALMA MeXAy Bbl6-
paHHbIM 1 gpyrum Y3UT. paccmoTpeHHbIMU B nogpasgene 12.5. c 4ON0ONHUTENbHOW MHhopMaL el B npunoxe-
Humn E.

Uc MakcumanbHoe peiicTByloljee paboyee HanpsxeHueY3UN
Ua MakcumanbHoe paeiicTBylujee paboyee HanpsXeHne CUCTEMbI
L BpemeHHOe nepeHanpsaxexnue Y3UN

Ulov BpemeHHOe nepeHanpseHue CUCTEMbI

/. HomuHanbHblil Tok paspsga

/TMx  MakcumanbHbIl TOK paspspa

Ic Tok Harpysku

PucyHok 25 — CoobpaxeHusa npu Bbibope Y3UN

12.4 CoobpaxeHus no yctaHoBke Y3UI

12.4.1 BO3MOXHble peXuMbl 3aLUThI

Korga y 3awmuaemoro o6opyfoBaHua 4OCTAaTOYHO BbICOKas 3alWLLEHHOCTb OT NepeHanpsaxeHus, nam
KOrAia OHO PacnosioXeHo B6/IM3K OT BBOAHOIO YCTPOICTBA, MOXET 6bITh JOCTATOUYHLIM MPUMEHEHVE e 4UHCTBEHHO-
ro Y3WM. B atom cnyydae. Y3UM gomkeH 6bITb YCTAHOB/EH Kak MOXHO 6/1MXe K TOUKe BBOAA U MMEeTb focTaTou-
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HblIli ypOBEHb 3alMTbl OT UMNY/bCHLIX NepeHanpshXeHnii. TunoBble NpUMepsbl falTcsa B npunoxeHun E. B tabnu-
e 7 npuBefeH nepeyeHb nap NPOBOAHWNKOB CUCTEMbI 3/IEKTPOCHABXKEHUS, MeXAY KOTOPbIMY BKoYatTcs Y3UT
ONA KOHKPETHON ycTaHoBKM. OfHAKO He BCE peXMMbl 3aWnTbl HeobxoauMmbl. Bbi6Op 3aBUCUT OT HECKONbKUX
hakTOpOB, TaKMX Kak:

- TMn o6opyfoBaHnsa, koTopoe 6yaeT 3aluLleHo (Hanpumep, ecnn onpefesieHHoe YCTPONCTBO He umeeT
3a3eM/ieHns, To 3aluTa NNHNUA- 3eMNA UK HelTpasib- 3eMa He TpebyeTcsa);

- YPOBEHb 3alLnTbl 060PYA0BAHUSA B PA3/IUYHBIX PEXUMAX:

- cucTemMa 3NeKTpocHabXeHns B COOTBETCTBMM C yka3aHMAMU Tabavubl 1 cnocobax 3a3eMeHns;

- HaKOHeL, YTO He MeHee BaXHO, XapaKTepucTuky BO34eCTBYIOLWEro MMNYyIbCHOTO NepeHanpsaXeHus, B Tol
CTeneHu, B KOTOPOW OHU MOTYT 6bITb ONpeAeneHsbl.

YcTtaHoBka Y3WIM Ha CTOpOHE CUCTeMbl 3/1eKTPOCHAGXEeHNS nepes TOUKOW BBOJA B yCTaHOBKY NoTpe6utens
NN Nnepes TOUKOM pa3gena Mexay afiekTpocHabxatoLein opraHusaunm n notpebutenem, f0/MKHa 6bITb BbINO/HE-
Ha c corsiacusa anekTpocHabxatoleii opraHu3auum, uam BO3IMOXHO, cCaMoii 3/1eKTpocHabxaroLw el opraHusaunei.

Tab6nuya 7— BO3MOXHbIe PEXVUMbI 3aLUTbl

Tun cuctembl AUTaHWUA
Y3WM ycTaHoBAEH

Mexay:

T TN-C TN-S rr
JNInHneit n HeWTpanbto X X xa
Nuuneii n PE X X X
Nununeii n PEN X
Heitpansio n PE X X xa
NIMHUA N NUHWS X X X X

Mpu pacnpenennTenbHoli HelTpanu.

[L0/1KHBI 6bITb NPUHATHI COOTBETCTBYOLLME MEPbI, YUTOObI OrPaHNYNTb UHAYKTUBHYIO CBA3b MEXAY He3alln-
LWEHHbIMU 1 3alULWEeHHBIMWY YacTAMW YCTaHOBKU. B3auMHas MHAYKTUBHOCTb MOXET ObITb YMEHbLUEHA pa3aene-
HUEeM Mexay Lensamun afnekTpocHabxeHns noTpebuTtens, orpaHnYeHnem nnowasm 3aMkKHYTbIX KOHTYPOB U Lwara
CKpPYTKU. B 06LieM cryyas, ydlle oTAENNTb 3alliuLeHHble MPoBOAa OT TeEX. KOTOPbIe He 3aluuatTea. B gonon-
HeHune, TpebyeTcs OTAesieHne OT 3a3eM/ALLero NpoBogHUKa. Bo Bcex cnyyasax 4OoMKHbI 6biTb NPUHATLI MEPbI
Ansa nsberaHna nepekpecTHON CBA3N BO3MYLLEHUA MeX Y KOMMYHUKALNOHHbIMUY KAa6eNnsaMn 1 nuTaHuem.

12.4.2 BnusiHne koneb6aHUii UM OTPAXEHHbIX BOMTH Ha 3alWMTHOM pPaccTOsSHUN

Korga Y3WM ucnone3yetcs, 4To6bl 3alUUTUTL ONpefenieHHoe o6opyaoBaHme nnu korga Y3 pacnonoxeH-
HOe Ha BBOAe He MOXeT obecneynTb AOCTATOYHbIN YPOBEHb 3aWuTbl ANA HEKOTOPOro obopyaosaHusa. Y3UM
[OKeH 6bITb YCTAHOBJ/IEH KaK MOXHO 61mxke K 3awuwaemomy obopygosaHuio. Ecin aTo pacctosiHne aBnseTcs
CNLWKOM 60/bLINM, Kosle6aHNsA NN OTPaxXeHHblie BO/IHbI MOTYT NPUBECTU K HanpshXeHnsM Ha BBoAe obopyaoBsa-
HWS Bbille, YeM YyPOBEHb 3aLLnTbl, 06ecneumBaemblii Y3UN. 3Ta cuTyaLns MOXeT Bbl3BaTb NOBPEXAEHME 3allu-
LjaemMoro o6opyioBaHuns, HeCMOTPA Ha Hannune Y3UTN. jonycTumoe paccTosiHme (Ha3BaHHOE 3alUTHbIM paccTo-
AHMeM) 3aBucuT oT Tuna Y3WM. Tuna cuctemsl, KpYTU3HbI 1 (QOPMbl BOJTHbI BXOAALLETO UMNY/IbCa U NOAKTOYEH-
HbIX Harpy3ok. Kone6aHusa ¢ cO6CTBEHHO YacTOTON Lenu MoryT 6bITb Bbi3BaHbl CTYNeHYaTon hyHKL el Bo3aeii-
CTBYIOLL,Er0 UMMNY/ILCHOTO NepeHanpsxeHns. OTpaXeHna B KOHLLe OTBETB/IEHHON Lienu NpoMcxoasT B COOTBET-
CTBUY C KNlaccuyeckoii Teopueli MMHNM 31eKTponepeayn, Bk YalLeli OTHOLWEHe MeXAY UMNeAaHCoM NHUN
1N OKOHEYHbIM (Harpysku) umnegaHcom.

B yacTHOCTM yABOEHME HaNps)XeHNs BO3MOXHO TO/bKO, ec/in 060py0BaHne MMeeT 04eHb BbICOKWIA nMne-
[aHC Harpysku nau ecnv obopyaoBaHne pasbeanHaeTcs BHyTpu. Boobue, konebaHusa nnm oTpaxeHus moryT
6bITb MPOUTHOPUPOBAHbLI NPU PACCTOAHNAX MeHbLle YeM 10 M. NHoraa o6opyoBaHue MeeT BHYTPEHHWE 3awnT-
Hble KOMMOHEHTbI, Takne Kak BapuCTOPbl. KOTOPbIE 3HAYNTE/IbHO YMEHbLLAKT Ko/lebaHnsa n 0TpaxXeHns faxe Ha
6onee fanbHUX paccTosaHUAX. B aTom cnyvyae, He06X0AMMO NPUHATL Mepbl, YTO6bI N36exaTb BOZHUKHOBEHMUS
npo6nem no koopaunHauun mexay Y3WM v 3awutHbiM KOMNOHEHTOM B 060pyA0BaHNN.

MpumeyaHune — 3awuta nytem yctaHoBkn Y3 B61M3M 3awmuiaemoro 060py0oBaHma 06bIYHO HeQoCTaTou-
Ha. Mo npuunHam IMC nydwe OoTBECTUM TOK MMMNY/NbCHOrO BO3AENCTBMA HENocpeACcTBEHHO Ha BBOAE B 34aHue, YTOObI
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n36exarb 3NEKTPOMArHUTHbIX BO3MYLUEHWNI M3-3a TOKOB UMMY/bCHbIX BO3A4ENCTBUIA. Kpome Toro, 4tobbl 3aluTnTb ycTa-
HOBKY (M36exaTb Npo6osa mexay nposogHukamu). Y3UM Takke nydwe ycTaHOBUTbL Ha BBOAE YCTaHOBKW. B cnyyae Heob6-
xogumocTu. gpyroii Y3UM yctaHaBnmeaeTcs B6/M3n o6opyaoBaHus, ecnn obopyfoBaHue HaxoAWTCA He B npegenax
3alnTHOro paccrostHma Y3UM. ycTaHOBEHHOro Ha BBoAe. B aTom cnyyaB fos/mkHa 6biTb NpoBeAeHa NpoBepka Ha Koop-
AVHauWIo. Kak ykasaHo B nogpasgene 12.5.

12.4.3 BnuaHue npoBOAHWKOB npucoegnHexnuns Y3uUMN

MpumeuaHune — Mpumep, NpefCTaB/EHHbIA HA 3TOM PUCYHKE, C TMNOBOW CTaHAAPTHOW MMNYNbCHON BOMHOWA.
d//df sBnsieTcs caMbIM BbICOKMM B Hauyasne MMmnynbca. B cnyyaB MMNynbCOB MOIHUM caMblid Bbicokuid d//df rnoxet 6biTh
6/IM30K K aMMIMTYAHOMY 3HAYeHWt0. DTOT KOMMEeHTapwuii, 0fHaKo, He yMeHbllaeT BaXHOCTb o6ecneyeHns onTUMasibHO
OCHOBHO KoHdUrypauum.

MoTekdy 0fAHBEMbIV TNYTbLL LU /T TOKOM BXOKTYpa A,
Cak*bB«rcs CUCHypO* D n
mcTapo*pgabunmTa K MrpncaHHs HaV3W1

PUCyHok 26 — OhheKT yBeIMUYEHNUsT HANPSXKEHUS1 HA BapUCrope OT COeAUHUTENIbHbIX NPOBOAOB

12.5 KoopaunHauusa mexay Y3UM n 3awmnuiaemblMm 060pygoBaHmem

Korga nBa nnv 6onee Y3UIM npucyTCTBYHOT B yCTaHOBKe, 6yAeT BO3HMKaTb B3auMHoe Bo3aeicTene Y3U,
N €CNN OHW He BblGPaHbl f0/MKHLIM 06pPa30M, eCTb PUCK NEPEHANPAXEHNA HA MEHEE MOLLHOM 3alUTHOM YCTPOWA-
cTBe. B npuHuune. Y3UN ¢ 60n1ee HU3KUM 3aLliMTHbIM YPOBHEM ByAeT UMeTb TEHAEHLMIO NPUHATL 6oee BbICOKUI
TOK. 3-3a 60nee HM3Koro adhhpekTBHOIo nMnegaHca. OgHako npu pasmelteHnn Y3WTI B Tol yacTu yCTaHOBKK, B
KOTOPOW MMNY/IbC CTEHEePUPOBaH, KpyTU3Ha MMMy ibca U ero NPOA0/KUTENIbHOCTb, Tak Xe Kak uMnegaHc Mexay
Y3WM sBnseTca cywecTBEHHbIMY hakTopaMu Npu oLeHKe TOKOBOTO M 3HEepPreTUYecKoro Bo3aeliicTBuii.

[Onsa 06bACHEHWS 3TOr0 ABMEHUE U UNNKOCTPALUN BANSHUA TOKa NPo60s Tak Xe Kak umnegaHca mMexay
Y3UN (Bkntouyas oTkAovalwLmecs afieMeHThl), B pasgenax E.1. E.2 n E.3 npunoxeHnin npuBeaeHbl BblYNCIEHNS
ANA yNpOLWEeHHOro cnyyas.

12.5.1 O6uwasn Lonb KoopanHaLum

Bcsakuii pas. korga ansa 3awmuTtbl 060pyfoBaHua ncnonbayetcsa 6onblie 4em ogHo Y3UI, n nocne npoBepkm
TOr0 YTO ypoBeHb 3awuTbl Y3UI 1 nx pasmeleHme apnseTca noAXoA8WmMm ANs 3almuiaemMoro o6opyaosaHms,
Heo6xoAnMO nccnegosaHve koopanHaunm aTnx Y3UM v o6opyposanmsa. O6uwas uenb KoopanHaunsa aTo yMeHb-
WNTb NepeHanpsxeHusa, nocpegctsom Y3UN. A0 ypoBHSA AONYCTMMOrO ANA 3aluujaemoro obopygosaHusa, u
rapaHTUu TOro, 4To He 6yAeT NpPeBbILEeHO 4ONYCTUMOE UMNY/IbCHOE nepeHanpsxeHne Ha Y3UM. 3To ycnosue
MOXeT 6blTb BbIpaXeHo cneayoLwmm o6pas3om.
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Anaasyx Y3UM. coeanHeHHbIx napannenbHo. Y3UM1 n Y3UNM2. pa3geneHHblX uMneaaHcoM (PUCYHOK 27),
3HepreTUyeckas KOopAnHaunsa OCTUraeTcs ecnu, N8 KaX40ro UMNY/IbCHOTo nNepeHanpsaXeHns 1 npo6os, KoTo-
pble paccMaTpmuBalTCH, YacTb SHEPrun, paccesiHHol B Y3UM. MeHblue nnn paBHa, MakcumMasabHO-A0MNyCTUMOW
aHepruun paccesaHns Y3UM2.

KoopauHauuns mexay asyma Y3UTM MoxeT [,eMOHCTPMPOBATLCA NATLIO pa3HbiMU NOAX04aMU, ONUCAHHBIMUN
Huxe. be3oTHOCMTeNnbHO Noagxoaa Heo6xo0AMMO, YTOObI KOHEYHbI NOTPebuTens onpeaensn Bui6op Y3UN. npea-
noyTUTeNbHO 060nX. ECnv oguH yxe BblibpaH M HaXoA4MTCS BHE yNpaB/ieHWs KOHEYHOro noTpebuTtens, fo/mkKHa
oueHnBaTbCA KoopauHauma sToporo Y3WIM u, B cnyyae Heo6xo4MMOCTH, AO/KEH BblGpaTbca Hanbosiee Nogxo-
AAwnin Y3UN. B 601bWNMHCTBO CNyYaeB OCyLLecTBeHNEe KOOpANHaLUy ABNSETCA UK KaXXeTCsa CNOXHON 3aja-
yelh. HekoTopble N3 cneayowWwmx NATN NOAX0A0B TPYAHbI B MPUMEHEHUN KOHEYHbIM NOTpebuTenem, n3-3a oTcyT-
CTBUA HEKOTOPbIX flaHHbIX, HANpPUMep, TOYHbIX XapakTepuctuk Y3UM. OgHako, koopanHauns Heobxogmma, 4Tobbl
rapaHTupoBaTb TEXHNYECKN 3P heKTUBHOE 1 peHTabelbHOe NCNo/Ib30BaHne Pecypcos.

oM O K HBHWO

12.5.2 OueHka KoopauHaUuun

MATb OCHOBHbIX Pa3/IMYHbIX CNOCO6OB OLEHKN KoopAuHauumn asyx Y3UM:

a) UCNosIb30BaHUE PEKOMEHAO0BAHHbIX KOMOUHAUNA Y3,

[na nonb3oBarteneii 3To camasn yaobHas pasHOBMAHOCTb, Tak Kak BCS OTBETCTBEHHOCTb NEPEHOCUTCA Ha
n3rotosutensa Y3UM. OgHako aToT NoAxo4 nojpasymeBaeT, YTO B OCHOBE JaHHbIX U3rOTOBUTENSA fiexart obuienpu-
HATblE CTaH4apTHble MeToAbl, U AO/HKHA 6bITb YyBEPEHHOCTb, YTO YCTPONCTBA OT Pa3HbIX U3roToBUTENEN thakTuyec-
KN 3KBUBAJIEHTHbI;

b) BblYMCNEHNE KOOPAMHALNN.

MocpeACTBOM KOMNbIOTEPHOIO MOAENIMPOBAHNA CNOXHbIE CUCTEMBI MOTYT 6bITb UCCNIEA0BAHbI U NapaMeT-
puyeckre oLeHKN BbINOJIHEHbI B LUIMPOKOM Anana3oHe;

C) AONYCTUMOCTb NPUMEHEHUS COT/TACHO SHEPTeTUYEeCKO KoHLenymm

B 3TO KOHLEeNuMn HEKOTOPbIN pasbeAnHALWMIACS MMNegaHc nocTynupyeTcs Ans BxogHoro Y3UM un Bbli-
yncneHne BbINOHAETCS Tak. YUToObl Npeo6pasoBaTh XxapakTepucTukm Y3UI Ha 0CHOBE 9KBUMBAIEHTHOrO reHeparo-
pa KOMOMHMPOBAHHOW BOJHbI. Torga MoxXeT 6bITh CAeNaHo CpaBHeHVEe € A0NYCTUMON aHepruei ANsA BbIXO4HOTO
Y3WN [27]. 9ToT meToA onuckiBaeTca 60see nogpo6Ho B pasgene E.8 (cm. Tabnuubl E.5 n E.6):

d) ucneiTaHne Ha KoopANHaL IO

MonHomacwTabHble UCNbITAHUA BbLINOMHAKTCA ANA Bblbupaemoro Y3WUI. ansa 3agaHHOro umnejaHca
pasbegnHeHNa 1 AnanasoHa TOKOB MMMY/IbCHOrO BO34eliCTBUA TakK. YTo6bl O6bl1M onpeAeneHbl BCe MepTBble 30HbI,
ec/in TakoBble Boo6LLe nMetTcsA. McnbiTyeMble YCTpOCTBA MOTYT BK/lOYaTb OrpaHu4MBaloWmii HanpshxeHue
Y3UM, kommyTupylowmnii HanpskeHne Y3UM. nam KoM6UHUMPOBaHHbI Y3UI (KOMMYTUPYOLW KA HanpshxeHne
Y3WM ¢ orpannynBatowuii HanpshxeHue Y3UMM);

e) ynpouieHHble TabNuyHble MeToabl.

MoryT ncnonb3oBaTbCs yNpoLeHHble TabnuLbl, BKAOYaoLWmMe aHHble 4719 KOOPAMHALUN HEKOTOPOro TUMO-
BOro Y3WIM korga HUKakue gpyrue faHHble He U3BECTHblI OT uarotoBuTenelt Y3WMN. 3HauyeHus, gaHHble B 3TUX
Tabnuuax 0CHoBaHbl Ha AOCTATOYHOM 06 beMe faHHbIX, YTOObI MOKPbITb HECOOTBETCTBUSA MEXAY Pa3HbIMU U3roTo-
BUTENSMU U C y4eTOM NPOU3BOACTBEHHbIX 4ONYCKOB. Mpumepbl Taknx Tabnuy gatoTcs B npunoxeHnn E.
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12.6 BbiBOAbl MO NPUMEHEHUIO 3ALUTBI OT UMNYbLCHbBIX NepeHanpsXeHui

[na ycnewHoro npuMeHeHus Y3UI TpebyeTcs paccMOTpeHne MHOTMX (hakTopoB, KOTOPbIe Obl/IN KPaTko
onucaHbl B 3TOM pasgene. [JOCTYyNHO K NPUMEHEHNI0 MHOXeCcTBO Tunos Y3WI, Tak. 4To BCerga BO3MOXHO Bblb-
paTtb TUM. KOTOPbI COOTBETCTBYET NapameTpam UMMY/IbCHOTO NepeHanpsXeHus, Npy KOTOPOM YCTPONCTBO A0/XK-
HO BbINOJTHUTL CBOIO 3aLMTHYI0 (PYHKLUMIO. DTOT NpoLecc Bbibopa BKAOYAET HECKO/IbKO 3TanoB, Ha KOTOPbIX OLe-
HMBAIOTCHA XapakTepucTukn Bbibupaemoro Y3UM:

- KOOpPAMHALMA MaKCUMasbHO AeNCTBYIOLEr0 3HaYEHNA HanpshxeHus cuctemsl 1 Y3UT.

- KOOpANHaL WS BPEMEHHOTO NepeHanpsXxeHnsa cuctemsl n Y3UTT;

- KoopAuHauma AonycTUMOW UMNYNbCHOM XapakTepuctukn Y3WM ¢ uMnynbCHbIM BO3AeliCTBUEM B TOUKE
NCNOo/Ib30BaHMS;

- KOOpAMHaUMA ypoBHSA 3awnTbl Y3 1 4ONyCTMMOro YpoBHSA 3aLLMLLEHHOCTU OT UMMNY/NbCHbIX BO3AeN-
CTBMWIA ANA 3awWwuL,aemoro o6opyaoBaHns;

- paccmoTpeHue NocneacTBua (PeXxXuM NoBpeXAeHNs) AN PefKoro cayyas Ype3mepHOro HanpsKeHns;

-0becneyeHne OTCYTCTBUA HeXenaTesIbHbIX MO60UYHbIX 3D EKTOB NP HOPMasibHOI UK aBapuitHOi paboTe
CUCTEMbI 3NEKTPOCHABXEeHUS;

- KOOpAUHaLUmMio peakymmn Y3UT Ha MMMy IbCHble BO3AECTBUSA C pab0Toii 3alMTHOMO yCTpoiicTBa OT CBEPX-
TOKa,;

- KoopguHauus paboTbl Boibupaemoro Y3WM ¢ apyrumn Y3UT B yCTaHOBKE;

- rapaHTVsa Toro, YTo TONO/IOTMA Y pa3Mepbl COeMHEHWI He yXyalalT paboTocnocobHocTb Y3UT.
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MpunoxeHune A
(cnpaBouHoOe€)

JononHuTenbHaa nHoOpMaLus 0 rPO30BbIX NepeHanpsXeHnsx

A.1 JonoNHUTeNbHble faHHble 0 napaMeTpax MOHUU

B Ttabnuue 2 pasgena 5 npuBeAeHbl HEKOTOPblE AaHHble O MapameTpax paspsja MOSHUW. [ipyrne COOTHOLIEHUS
ANA 3TUX NnapameTpoB npueegeHbl B M3IK 61312-1 B rpacdiuyeckoit hopme B BUAe 4acToTbl pacnpefeneHuns gna cnegy-
IOWNUX napameTpoB:

- AOCTUXEeHNe MakCuMyMa Toka 17* (pucyHok A.l1):

- nonHblii 3apsag 0 VL (pucyHok A.2);

- nepexoHblit 3apag Q rans (pucyHok A.3);

- aHepreruss W/R (pucyHok A.4);

- MakcumanbHaa npoussogHan nepexogHoro toka (d/d,) mex (pucyHok A.5):

- npousBogHas nepexofHoro Toka (d/dt)3AN0o % oTpuuaTenbHbIX NocaenyLWnx paspagos (PUCyHOK A.6).

%

3 MonoxXutenbHO 3apsxeHHasa 3emnsa

PucyHok A.1 — YacToTHOe pacnpefenieHne MakCUMasibHOro Toka MOJTHUN /Tax

PucyHok A.2 — YacToTHOe pacnpegeneHvne noaHoro 3apsga monHun  0.ma|
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%

1 OTpuuatenbHble nepsblie paspafbl
2 OTpuuaTtesibHble Mocneaywline paspagbl
3 TonoxuTenbHas bIONHWUA B 3eMJi0

PucyHok A.3 — YacToTHOoe pacnpejesieHne nepexofHoro 3apsiga MosaHum 0,ranl

1 OTpuuaTenbHble nepBble paspsifbl
2 OTpuuaTtenbHble nocneaywume paspagbl
3 TMMonoxuTtenbHas MOMHUA B 3eM/0

PucyHok A.4 — YacToTHOe pacnpejefieHne aHeprum MoaHuM W/R
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%

1 OTpuuaTenbHble Nepeble paspsfbl
2 OTpuuyaTenbHble nocaeaywune paspagbl
3 TMMonoxutenbHas MOMHUA B 3eMJI0

PucyHok A.5 — YacToTHOe pacnpefiesieHne MakcumasibHol Npou3BOAHOMN
nepexogHoro Toka CAVHOTE».

%

PucyHok A.6 — YacToTHOe pacnpegeneHve npoussogHoli Toka {di*()3Q9%0 %
oTpULATENbHBIX BTOPUYHbLIX PaspsfoB

A.2 Mprumep oXungaemoro nepeHanpsaxeHus

Lns unnocTpaunm paccMoOTpUMM MpoCTelillyo Lenb, NPUBEAEHHY0 Ha puc. A.7. Yhap MOJSHWM, Kak npegnonara-
eTcs. NPoucXoAnT B Touke 6/IM3KO K cepefnHe BO3AYLWHOW NMHUM ANuHON 150 M, coefuHsoLWEeli XUoin oM C pacnpe-
AenuTenbHbIM TpaHcopMaTopoM. MpUHMMAEM TOK C MakCMMasibHOW BesIMuMHON BenmumHa 50 KA, ¢ hopMoli BOJHbI

2/50 mKc.
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Mpo6ou NPOBOAHMKOB HA 3€MJII0 MPOUCXOAAT B TOYKE BO/IM3M TOUKM MONALAHUS MOSHUW, MPEATOSIOKUM, Y4TO
CONpoTMB/EHNE 3a3eM/ieHnss B 3TOi Touke cocTasnseT 10 OM. Kpome TOro npuHMMaem, 4To pacnpegennTesbHblii
TpaHcopmMaTop 3aluiieH UMMNYAbCHbIMU Pa3psigHUKaMKM 1M 4YTO COMPOTUB/IEHUE 3a3eMJIEHUS B 3TOW Touke — 5 OMm.
B ycTaHoBKe NoTpeGuTens CONpoTUBNAEHWE 3a3eM/IeHUs HelTpanu npuHumaeTcs paBHbiM 10 OM. HakoHel, B 3TOM
npuMepe NpeanonaraeTcsi, YTo HeT HUKAKoro Y3UI v HUKaKOM CyLeCTBEHHON Harpy3kn y YCTAHOBKM NOTPEeGUTENS U YTO
ypoBeHb U30MsLMs Takoii, YTO Npo6os He GyaeT. YcTaHOBKa npeacTaBfeHa eMKocTbio 10 no.

Ha puvic. A.8 1 A.9 nokasaHbl BbIUNC/IEHHbIE OXUAAEMbIE HAMPSHKEHUS B YETbIPEX y3/1aX CXeMbl, NPeACTaBIeHHOM
Ha puc. A.7 gns yNnoMsHyTbIX Bbille NPeAnonoxeHuii. Ha puc.A.8, camoe BbiCOKOE HanpsikeHue BO3HUKAET B TOuke
nonagaHus mMonHun (y3en 1) u camoe HM3KOe HanpshkeHue B TpaHcdopmartope (y3en 2), u3-3a 60/1ee HU3KOro conpo-
TUBNEHUS 3a3eM/IeHus 3Toro y3na. Ha puc.A.9 oxmpaemoe HanpskeHue paboyero npoBogHuka (y3en 4). nokasaHo,
BMECTE C HanpshkeHMeMm B y3/ie 3. Takke MoKasaHHoro Ha puc. A.8. OYeBUAHO, UTO B AECTBUTENILHOCTY 3TU HAMPSHKEHNS
npuBenun 6Gbl K HENOCPeACTBEHHOMY NpPO6OI0.

PrucyHok A .8 — Oxunpaemble HanpsXXeHWs OTHOCUTEsNIbHO 3eM/IM Ha NIMHWUK B Touke ygapa (ysen 1).
Ha TpaHcdopmartope (y3en 2) u B HeiiTpasbHOM NPOBOAHMKE B YCTaHOBKe notpebutens (ysen 3)
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Ha puc. A.10. nokasaHbl BblYMCNEHHbIE TOKW Ha 3€M/II0 A5 CLeHapus, NpUBEAEHHOro Ha puc. A. 7. B HayanbHoi
(hase TOKM JEeNsATCSA COrIaCHO OTHOLIEHUIO CONPOTUB/IEHNI 3a3eM/IEHUs!, TOK B y3/1e 2 (TpaHcgopMartop, ¢ ConpoTusIie-
HUeM 3a3emneHus 5 Om) BABoe 60sblle, YeM B ABYX APYIVX Y3naX, [4e CONpPOTUBNEHNE 3a3eM/ieHus NpuHsATo 10 Owm.

PucyHok A.10 — Tok Ha 3em/to B Touke ygapa (ysen 1), B TpaHchopmatope (y3en 2)
1 B ycTaHOBKe notpebutens (ysen 3)

A.3 PacnpocTpaHeHne UMNY/1bCHOTO BO3AeicTBMA B cuctemax CH

Kak npumep cBA3W M pacnpocTpaHeHUs rPo30BbiX NepeHanpsXeHwit, B 3TOM MyHKTe NpuBeAeHbl pe3ynbTaTsl
M3MepeHunii BbINOJIHEHHbIE Ha TunoBoi cucteme CH (20 kB) Bo ®paHuumn (rae nAOTHOCTb YAAPOB MOSIHUW B 3€MJII0,
npubnusntensHo 2 yaapa Ha 1 km2 B rag). Ha puc. A.1l npuBefeHa ructorpaMma NUKOBbIX 3HAYEHWI 3annCaHHbIX B
pacnpegenuTensHoM ycTpoiictBe TpaHcdopmartopa CH/HH.

AwW W Aw w

PucyHok A.11 — PacnpefefnieHne BeNUYMH MakCHMasibHblX MepeHanpsxeHuii,
3anucaHHbIX B pacnpejenutenbHoOM ycTpoiicTBe TpaHcdopmatopa CH/HH

Cnepywouine TUNOBbIE KOIMYECTBEHHbIE 3HAYEHUS ObINN 3anucaHbl 478 yAapoB MOMHUKM B cucTembl CH.

a) bonblwKHCTBO nepeHanpskeHnit B cuctemax CH 6bl10 creHepMpoBaHO WMHAYLMPOBAHHBIMU UMMY/IbCHLIMU
nepeHanpsxeHuamu. Mpsavble ygapbl MOTHUM B MPOBOAA WM B KOHCTPYKLMKU COCTaBNANN NPUOAN3UTENBHO TONbKO 3 % OT
HabnogaeMbiXx UMNYNbCHbIX NepeHanpsXeHnii.

b) N3 330 MMNYNbCHbIX NepeHanpsXeHWi, 3anucaHHbIX B TEYEHUN OAHOTO rofa, To/bko y 10 UMNYNbCHLIX nepe-
HanpshxeHuii BenuunHa 6bina Bbiwe Yem 70 KB. OHWM MOryT 6bITb NPUAMUCAHbI K NPAMOMY yAapy MOMHWX B NpoBOAa W
KOHCTPYKLUHN.

c) Tunosoli TpaHcopmaTop CH/HH moxeT nogsepratbca kaxablii rof 75— 150 MMMNyNbCHbIM NepeHanpsxeHu-
AM, UMEWLWNX MaKcumanbHoe 3HauyeHue mexnay 20 kB 1 70 kB. U 6 UMNYNbCHbIX NMEpPEeHanpPsXeHWin, AoCTUraLLmnmx
MaKkC/MMasibHOro 3HavyeHus Bbiwe yem 70 KB.

d) MmnynbcHble paspagHUKW NPUHSAN  NpubAusuTenbHO 4 % rpo3oBbix NepeHanpskeHuii fo 70 kB. B To Bpems
KaK MCKpOBble paspsAAHUKU NPUHANN TONbKO 2 % rpo30Bbix NepeHanpshxeHuit 80 kB.
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e) 3anucaHHas NpoAOIKNTENbHOCTb (hPOHTA BOJIHbI KaXeTCsi He3aBUCUMON OT MaKCMMaslbHOro 3HauYeHus VM-
nynbCHOTO NepeHanpsxeHus. CpefHee 3HayeHWe 3TOW NPOAO/IKUTENbHOCTU — 55 MKC. BepoATHOCTb, YTO NPOAOIIKM-
TeNbHOCTb (PPOHTA BOSIHbI MOXET 6bITb 60nee yem 15 mkc, coctasnsoT 90 %.

A.4 CtaTuctnyeckoe pacnpegeneHue rpo3oBbix NnepeHanpshkeHuii B yctaHoske CH

CpaBHeHMe BbIMOMHANOCH MeXAy pesynbTatamn UsMepeHwit, cornacHo mogenuposaHuio EMTP ¢ ncnonbsosa-
HMeM ctaTucTuyeckoro metoga MoHTe-Kapno. Ha puc A.12 npusBefeHa mogenmpyeMas cuctema, Kotopas COCTOUT U3
pacnpegenuTenbHoro TpaHccopmatopa 100 kBA. nuTalowero 4eTblpexnpoBOAHYO BO3AYLIHYIO IMHUIO ANUHON 1 KM,
NpoBOAA PACMO/IOXEHbI HA 6 M BbllLEe 3eM/IM U HA paccTosiHum B 0,3 M Apyr oT Apyra. JInma CH npuHsTa AJIMHOW 2 KM Ans
paccMOTpeHus NpsIMOro yaapa mMonHun B nunHuio CH ¢ nepepaueii Bo3geiicTensa yepes TpaHcchopmartop.

MeTog MoHTe-Kapno nossonsieT npoaHanusmposaTb 1 000 000 ygapoB MOSIHUM, NPW NPUHSATOR NAOTHOCTU yAa-
poB MOnHUKM — 2.2 yaapa Ha 1 kM2 B rca, Ha nnowaamn 20 x 30 KM BOKPYr /IMHUKU. YTO6bl AOCTUTHYTH 3TOrO pesynbTaTa
noTpe6oBanock 6bl 670 neT HabnaeHuii. BenuunHa paspsifos 6biia pacnpegeneHa cornacHo gadHbiM CIGRE [1]. [2].
MpaAmbie yaapbl B IMHUIO HE YyYUTbIBaA/IUChL, HO MpeAnosiaraeTcsa, YTo OHW Bbi3blBAKOT MNepeHanpsxeHusa Bbiwe 20 kB,
BEpPXHWUI Npefen pacnpefenieHns npuBefeH Ha pucA 13.

B vactu rpacdmka, oTHocsWerocs k 60s1ee BbICOKUM 3HAUYEHUSIM NepeHanpsikeHuii, pasnnums Mexay BblUMCeH-
HbIMW U N3MEPEHHBIMU 3HAYEHUAMU MOTYT GblTb 06BACHEHbLI TeM (hakToM, 4To B ycTaHoBke CH. npoGoii MoxeT npo-
N30iTW Npexae, Yem byaeT AOCTUTHYT ypoBeHb B 10 kB, UTO yMeHbLLaeT CHXeHWe B rpacdvike, NONy4YeHHOM B pesy/ibTarte
M3MEPEeHNi N0 CPABHEHWIO C BbIYNCNEHHBIMU JaHHbLIMU.

MV LV
2 tan 500T1 1001 400T1
1184y
100 1&A

PucyHok A.12 — Cxema, ucnosb3yemas 1A CTaTUCTUYECKOro aHannsa

MOVLLLLLIMBIA

¢ - muncnmy nAHACTACUW;
m- Mepbl PoptfenBty

PucyHok A. 13 — CpaBHEHWe W3MEPEHHbLIX U PacCUMTaHHbIX NepeHanpsKeHui

A.5 PacnpegeneHue Toka MOJTHUU CPeAU NapaniesfibHblX yCTaHOBOK

Ecnin MONHUS yaapsieT B 34aHne, KOTOPOe SIBMISIETCA OAHUM W3 HECKOJIbKUX 3anuTaHHbIX NnapasiiefisHo 0T cucTe-
Mbl HH. TOK Ha 3eM/l0 pasgensieTcs U MAeT no pasHbiM NyTaM. OHW BKIIOYAKOT, SIOKA/IbHYIO 3€M/0, CUCTEMY 3a3eM-
NIEHNSI 30aHUS, TaK )Ke Kak U yAasieHHble 3a3eM/IEHHble TOYKM uYepe3 MeTas//IMyeckue MyTu, Mpexae BCero uepes
kabenb anekTponuTaHusi. UYToGbl OnNpefenUTb KOMUYECTBEHHO 3TO pacnpefefieHne paccMoTpuMm npumep, npuse-
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[eHHbIli Ha puc. A.14 ansa ABYX 3[JaHuii, NMTaOLWMXCA OT NOACTaHLUMK, Korga 3haHue 1 nopaxaeTcs MOMHWel Kak onpeje-
nexHo B MOK 62305-4.

Ans 3panua 1 Ha puc. A.14. BBeAeHHbI ToK M1j? cTekaeT ¢ MOSIHMENPUEMHMUKA MO TOKOOTBOAY K 3a3eMuTesnto
(P1). B Toii Touke, TOK MOIHAM AennTcs Ha ABe yacTu. FanNng TeKyL Ui B TOKANIbHYH 3eM0, U i . TeKywwuii yepes
Kabesnb 3/M1eKTPONUTaHNA K yAaneHHoi 3emne. 9T ABa Toka AenATca o06paTHO NPOMOPLMOHANIbHO OTHOLIEHWUIO UMMe-
faHcoB oTHocuTenbHO (P1). B HayanbHOi hase MMMNYNbCHOrO TOKa, TEKyllee pasfefieHvne onpepenseTcsi OTHOLWEHUEM
MHAYKTUBHOCTEI, B TO BPEMS Kak B KOHUE, rAe YPOBEHb U3MEHEeHWs HWU30K, pasfesieHne onpepensieTcs OTHOLIEHUEM
conpoTtusneHuii kak B (1):

AJtttrEarttiing = "M ms "EauyunTtg. (A.1)

Korga HecKosibkKO 34aHuii NoAKMOUYEHbl NapannensHo, apgekTMBHoe conpoTusieHne RN@ina ymeHblwaeTcs B
COOTBETCTBMM C (popMysioil A.1, NOCKO/IbKY YacTb TOKa MOJSIHUM, TeKylero B cuctemy HH yBenuuutcs, korga 6osibliee
KO/IMYECTBO 34aHuil GyAeT COeAMHEHO napassiesnbHo.

IpmchopLundpHm 3paHve 2 So>val

PucyHok A.14 — Mogenb ANS BblYUCNEHUS pacnpefenieHns Toka MOHUU Mexay
napannenbHbiMy 3gaHusamu (cuctema TN-C)

B Touke npucoeAvHeHus 3aaHnA 2 k kabento nutanna (puc. A. 14), TOK MOSHUM NPUXOAALLNIA CO CTOPOHbI 3AaHus
1 1 nepeHeceHHbIi kabenem MUTaHWa CTPEMUTCA K 3eM/ie U AenUTCHA Ha [iBe YacTu, OAHa K BBOAY 3[aHusA 2. gpyras K
TpaHchopmaTopHoii noAcTaHuun K 3asemnutento. B TpexdasHoii cucteme TN-C. kabenb BkaovaeT Tpu asHbix 1 PEN
npoBoAHUK. YacTb Toka lyam Ha BBOAE 3[aHUA 2, NEepeHeceHHOM BCeMU YeTbipbMA NpoBOAHMKaMu, Bkovas PEN
NPOBOJHUK HEenocpefCTBEHHO MOAKMIOYEHHbI K 3a3emnuTento yepes 3. B atom cnyyas Tok, Tekywmii B PEN
NPOBOAHMKE, HECKO/IbKO obnieryaeT paboTy Tpex Y3UM. ycTaHOBMEHHbIX Ha BBOJE, 3a CHET NepeHoca OfHON TpeTu Toka
Ha BBOfle B 3faHue % uepe3 paboume NPOBOJHUKU.

Ha puc A.15 npviBefeHbl (DOPMbI BO/THbI M aMMIMTYyAbl TOKOB A71A 34aHna 1 v 3gaHuns 2. CBepxy OHU3Y N0 MyTn TOK
MOMHWUW i NP (MPUHATO MakcumasnibHoe 3HayeHne Toka 100KA) genuTcst Ha. Tok ~ ahd yxoAsALWwmii no cMNoBOMy Kabenio, TokK
%earm \,J TeKyLW il HenocpeACTBEHHO Ha 333eM/IMTeNb 34aHusa 1 v NosHbIi Tok is B Tpex Y3WM 3gaHus 2. Heobxogumo
OTMEeTUTb, 4YTO B 3TOM npumepe Y3UI Ha BBOAE 3A4aHWUA 2 AO/KHbI AOMYCKATb MakCUMasbHblii TOK 60Mblue YeM 8 KA.
Jaxe Aansa pacctosHus 100 m mexay ABYMSA 3paHusaMu. OTa cutyauus obbacHseTcs haktom, yto 100 m kabens gobas-
naAwT ToNbko 0,1 OM Ha nyTu Toka KOTOPbI TeyeT Yepes ABa CONPOTUB/IEHNSA 3a3eMseHus], kaxable no 10 Om.
34aHMa 2 1 TpaHchopMaTopHOl MoAcTaHuuu. Pe3ynbTaTtbl MOAENMPOBaHMA Takke MOKasbiBalT, YTO OTHOLIEHME 3TUX
[ABYX MHAYKTWBHOCTEl B Hayane npolecca onpegenset nepsoHavyanbHo 601blWNI TOK Yepe3 3a3eMNnTesNb 3haHus 1. HO
nocsne Toro, kak ahpekT OT BANAHNA NHAYKTUBHOCTY YMEHbLUAETCSH, TOKN [eACTBUTENbHO AeNATCSA COr/TacHO OTHOLIEHWIO
CONPOTUB/EHUNI 3a3eMneHus.

MpunmeuyaHune — B BbluMCEHUAX NS NpuMepoB Ha puc. A.14 (1 puc. A.16). He y4yMTbIBAOTCA €MKOCTU
(anekTponpoBoaku, kabenn n obopynoBaHue). Ecnm 6bl 3T eMKOCTW GblIN yuTeHbl, TO OblIN Gbl 3aMeYeHbl HEKOTopble
OTK/IOHEHMA Ha ocuunnorpammax. OAHaKo, 3TW OTK/IOHEHWA UMET He3HauuTeslbHOe MpakTUYeckoe 3HauveHue Ans
3TOr0 UccnefoBaHus, B KOTOPOM pacnpefefieHne Toka cpeay pas3fvyHblX NPOBOAHWKOB — [NaBHbI BONpOC.
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PucyHok A.15 — PacnpegeneHne Toka MOJIHAM NO Hanpas/IEHUAM,
onpejeneHHbIM Ha puc. A. 14

YacTUYHbI TOK MOMHUK, TEKYLWUA B KaXAOM 3a3eMaunTene. NpuUBOAUT K NepeHanpsikeHnsaM 3a cyeT MMNeAaHCcoB.
MeXAy NokanbHoW 3emsneit n paboyrmun npoBogrHukamu Lt, |2 | 33gaHma 2. YTo6bl NPOMANIOCTPMPOBATL 3Ty CUTYyaLuto,
BbIYMCIEHNA BbINOMHANNCH AN MOAenu, NpuBefAeHHol Ha puc. A.14, 3a UCK/IOYEHWEM TOro, 4To Hukakne Y3UM He
6bININ yCTAHOB/IEHbI HA BBOAE 3[4aHUS 2. Kak noka3aHo Ha puc.A.16. [lna aToli cuTyaunu, kak nokasaHo Ha puc. A. 17, onq
0603HaYeHHOll Moaenn npegnonaraemMoe MakcumasbHoe nepeHanpshkeHue coctaBnset 200 kB (UB Ha puc A.16)
MexXAy KaxXAbIM M3 NPOBOAHMKOB NnHUM 1 PEN npoBOoAgHWKOM. B peanbHOW cuTyauumn 3TO nepeHanpshkeHue npuseget
K NMpo60t0 UK BbI30OBET ApYyrne MNoBpexAeHns B npucoefnHeHHOM obopyaoBaHuu. Ha pucyHke A.17 Tawke nokasaHbl
TOKM B 3a3emMnuTensx 3ganus 1w 3ganma 2. OTMeTbTe YTO MOC/e HavyalbHOl YyacTu, rAe UHOYKTMBHOCTb MMeeT onpefe-
nawuiee 3HayeHne, MOXHO 0XWAaTb, YTO TOK ByAeT OAMHAKOBO pasgeneH cpeau Tpex 3asemnuTesneil cuctem sasemse-
HMA 3TUX ABYX 3[4aHUIA M TpaHchopmMaToOpHOW MOACTaHLUMW, KOTOPble Kak 3TO Obl/I0 NPUHATO, UMENN OAMHAKoBOe COMnpo-
TUB/IEHNE 3a3eM/IEHNA.

Ton n.cou— yn— AgHuo2 Bounp1l

PucyHok A.16 Mogenb ANA BblYUCAEHUA pacnpefesieHna ToKa MOMHUM MexXay 34aHusaMun
(cuctema TN-C. 3maHune 2 6e3 MonHuesawuTel 1 Y3 Ha BBOAE)
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MogenupoBaHve, ykazaHHOe Bbille, MPOBOAMTCS C UCMOMb30BaHWEM U3BECTHOW nporpamMmbl PSPICE. B To Bpems
Kak MoaenupoBaHue Mansoor NpoBOAMIOCHL MO He MeHee U3BECTHol nporpamme EMTP.

Kak obLiee 3aknoyeHne MOXHO ckasaTb, YTO YEM Bbile MIOTHOCTb 3aCTPOVKV B A@HHOI 30He, TeM 60nbluas yacTb
TOKa MOJIHUM TeyeT K 3a3emMnuTesnio Yepes nutawowuii kabens HH nopaxaemoro 3gaHus. 3To 3ak/04eHne pacnpocTpa-
HAETCA KaK Ha mopaxaemoe 3/aHue, Tak U Ha CMeXHble 3[aHuA.
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MpunoxeHune B
(cnpaBouHoOe€)

KoMMyTaunoHHbIE MepeHanpsxeHus

['po30Bbie nepeHanpshkeHWs, onucaHHble B pasfene 5 n npunoxexHun A. rnaBHbiM 06pasoM OCHOBaHbI Ha Teope-
TUYECKUX BbIYUCNEHUSX U NMOHATUM OXuAaemoe nepeHanpsxeHve (6e3 Mep No orpaHNYeHuto HanpshkeHus). HanpoTtus,
ANS KOMMYTaLMOHHbIX NepeHanpsxXeHuid, B MTepaTypHbIX UCTOUYHMKAX OTCYTCTBYIOT AaHHble 0 TeOpeTUYeckux ncciepno-
BaHWAX B Pas3/NyHbIX CYLLECTBYIOLWNX HU3KOBObTHbIX CUCTEMaXx, MOCKO/IbKY OHW TPYAHOBbLIMNOMHUMbI. BMeCTo 3Toro AaH-
Hble Gbl/IN MOJTyYEHbl HA OCHOBAHWMU 3anuceil NepexoAHbiX NPOLLECCOB B CYLLECTBYIOLWNX CUCTEMAX, OT NOATOTOB/IEHHbIX
HaTypPHbIX UCMbITAHWIA WAN HA OCHOBAHWUW YNPOLLEHHbIX N1abopaToOPHbIX 3KCMEPUMEHTOB.

O6Lme coobpaxeHns 0 BOZHUKHOBEHUM KOMMYTALMOHHbIX NepeHanpskeHuii 6b11n npeacTasieHbl B pasgene 6.
B 3TOM NpunoxeHnn aetannsmpoBaHHbl MexaHWU3Mbl, NPUBOASLLNE K KOMMYTALMOHHLIM NepeHanpsKeHUsM, noayyeH-
Hble B pe3ynbTaTe U3MepeHuit (KOHTPOsIA) KOMMYTALMOHHbLIX NepeHanpsXeHnin B peasibHbIX cUCTemMax afekTpocHabxe-
HUS MepeMeHHOro Toka, CneLluasnbHbIX U3MEPEHUsX, NPOBOANMbBIX AN KOHKPETHbIX 3faHWi WU HECKOJIbKO YMpOLLeH-
HbIX N1a6oPaTOPHbIX IKCMEPUMEHTOB:

a) B pasgene B.1 onucaH mexaHu3Mm, NMpu KOTOPOM KOMMYyTaLMOHHblE NepeHanpshkeHWs MOryT 6biTb yCUMEHbl 3a
CYeT NepexofjHOro pesoHaHca B OTAESbHbIX Lensx:

b) B pasgene B.2 npeacTaBfeH KpaTkuii 0630p KOMMYTaLWOHHOIO MepeHanpsXeHus cneyunanbHOro Tuna, cBs-
3aHHOrO C BK/IOYEHMEM WAW OTK/IOYEHWEM KOHAEHCATOPHbIX batapeii:

c) B pasgene B.3 onucbiBaeTcsi MeXaHW3M, BO3HWKHOBEHWA CYLLECTBEHHbIX MepeHanpsikeHuii npu cpabdaTbiBaHUM
npejoxpaHvuTenei;

d) B pasgene B.4 npefcTtaBiieH KpaTkuii 0630p MOHUTOPUHIa MOCNEeACTBUIA NepexoAHbIX NPOLLeCCOoB;

e) pasgen B.5 gaeT HeKOTOPyld BO3MOXHOCTb OLEHUTb MPOLIECChbl pacnpocTpaHeHns KOMMYTaLMOHHbIX nepeHarn-
PSOXKEHWUIA, NOMYYEHHbIX ANS CTaHfapTHbIX POPM MMMY/bCHLIX BO3AEWCTBMIA HA MOAesNb YyCTaHOBKM WU Ha peasibHoe
3aaHve. (3Tn pesynbTaTbl Takke MOMe3Hbl A8 PACCMOTPEHNA pPacnpoCTpaHeHUs FPO30BbiX NepeHanpsxeHuin co cTo-
poHbl BBOAA NUTaHUS);

f) B pasgene B.6 npuBeaeHbl HeKOTOpble NMPUMeEPbl KOMMYTALMOHHLIX NepeHanpsixeHuii, HabnoaaemMbix B na6o-
paTopHbIX 3KCMepMMeHTax, BK/o4Yas onepauuu OTKIOYEHUs Lenei;

[) B pasgene B.7 npuBeAeHbl HEKOTOPbIE MPUMePbl KOMMYTaLMOHHbIX NepeHanpsikeHuii, Habnopaembix B na6o-
paTopHbIX 3KCMepUMeHTax, BK/l4as cropaHue npefoxpaHuTens.

B.1 MepexoaHblli pe3oHaHC

YactoTa KonebaHuii BO Bpems KOMMYTaLMOHHbIX onepauunii onpegenseTcs xapakTepuctukamu cUcTembl, npu
3TOM MHOrga MOryT NPOUCXOAWTb Pe30HAHCHble ABMEHUA. B Takux ciyvasx, MOryT MHULUMPOBATHLCS OYeHb BbICOKME
nepeHanpsikeHns. BeposiTHOCTb pe3oHaHCa C rapMOHWKaMu Ha YacToTe CUCTeMbl NUTaHWA 06bl4HO Hu3Ka. CocTosHUe
nepexofHOro pesoHaHca MOXET TakkKe MPOW30iTh, ecnn xapakTepHas 4acToTa KOMMYTUPYEMOI YacTu cucTemsl 6amnska
K 0A4HO unm 6onee pe3oHaHCHbIM YacToTaM OCTa/lbHON YacTu cucTembl. YTo6bl MNNOCTPUPOBATL 3TO SBIEHWE, pac-
CMOTPUM NpUMep, NokasaHHbI# Ha pucyHke B.1. Pe30HaHCHble YacTOTbl ABYX 3aMKHYTbIX KOHTYPOB Lenu 6amskn. Kpome
TOro, UMMNeAaHc NepBoro, ynpaBsioWero KOHTypa HU30K MO CPABHEHWIO CO BTOPbIM 3aMKHYTbIM KOHTYPOM. [N BbICOKMX
4acToT B 3aBUCHMOCTU OT 4acTOTbl CUCTEMHbIX MOTEPb HYXHO PACCMOTPETb MOPSAOK NOSyYeHUs peasiMcTUYecknx pe-
3ynbTaToB. CONpOTMBAEHNA, NOKa3aHHble Ha PUCYHKe, Kak npeAanonaraeTcs, penpe3eHTaTVBHbI A8 PE30HAHCHbIX Yac-
TOT paccmaTpuBaeMbix Leneit.

PucyHok B.1 — Tlpumep, WANOCTPUPYIOLLMIA NEPexXofHblii npoLecc, Bbi3BaHHbLI KoMMyTauueit

PacueTHble HanpshkeHusi B y3fax CXembl NpuBefeHbl Ha pucyHke B.2. YacToTa kofe6aHuii oueHb BbicoKa Mo
CPaBHEHWIO C YACTOTOMN HaNPSHKEHUsI NUTAHNUS, U 3TO HanpsbkeHue (y3esn 1) pakTUyeckm NoCTOSIHHO B PacCMaTpyBaEMOM
BPEMEHHOM MHTepBase. YacTb a) pucyHka B.2 nokasbiBaeT, YTO MMEET MecTo TUNu4YHas Mogynsuus. YactoTta Mogyns-
UMW B OCHOBHOM OMpEAEsnsercs pasiMunemM MexAy 4acToTON ABYX 3aMKHYTbIX KOHTYPOB Lenu. [eTasm nepexofHbix
NPOLLECCOB OTMeYalnTCs B YacTh b) pucyHka.
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a)

b)

PucyHok B.2 — PacueTHble nepeHanpsbkeHus B y3nax Lenu, n3obpaxkeHHoli Ha puc. B.1

BepoATHOCTb BO3HWKHOBEHUSA TakKux nepeHanpﬂ)KeHw?l B HU3KOBO/IbTHOW CUCTEME HU3KA, HO SIBleHue AO/MKHO

6bITb OTMEYEeHO. KpomMe TOro nepeHanps>KeHuss MOoryT NpouM3oiTn Ha YacToTe 60Nnee BbICOKUX FapMOHUK (3-eid, 5-0i,
7-00i. N T.[.) XapaKTepHbIX YacTOT pa3NYHbIX YacTei cucTemsbl.

B.2 NepeHanps>XeHUsa Nnpn KOMMyTaLuumn KOHAeHCcaTopoB

B.2.1 KOCUHYCHbIEe KOHAeHCcCaTopbI

MNepeHanpsXXeHns npyM KOMMYyTauun KOHAEHCATOPOB. — 3TO BaXKHbI/i TUM KOMMYTAaLMOHHOTO NepeHanpshKeHus
ANA HEKOTOPbIX YCTAHOBOK, TaM rAe B 060pyAOBaHUM UAN Y KOHEYHOro noTpebutens KoHfeHcatopHble 6atapen npume-
HSKOT B Lenax nojaep>KaHua KocuHyca u uan Ans ynpasneHus HanpsbkeHnem. dTu 6atapeun BKNHOYAOTCA UAn B PUKCK-
poBaHHOe BpeMsi CYTOK, COrnacHoO nNpoTe3vpyeMomy rpaduky Harpysku, Unm aBTomMaTMYecKu, cornacHo noTpe6GHoCTU
onpefeneHHoli cuctembl ynpaBneHus.

HepfaBHMWe HaTypHble HaGMOEeHUs 3a NepexoiHbIMU MpoLeccamMu KOMMyTauuMum KOHAEHcaTopoB nokasanw,
YTO YaCTOTbl MMEIT HU3KME 3HAYEHMUA, MOPSAKA HECKONbKUX COTEH repl (IEEE 1036). Kpome TOro, WCXOAHbIA unmne-
JaHC KOMMYTUPYEMOro KOHAEeHcaTopa, KaK MWCTOYHMKA WMMYAbCHbIX MepeHanps>XeHui, B 3Ha4YUTeNbHOW cTeneHn
3aBUCUT OT KONMYecTBa KOMMYTMPYEMOW peaKTUBHOW MOLLHOCTM MO OTHOLIEHWUI K PeaKTMBHO MOLLHOCTM OCHOBHOI
cucTeMbl.

PucyHok B.3 nokasbiBaeT npuvMep nepeHanps>KeHusl, 3anncaHHOro Ha LWHWHaX CUCTeMbl 3NEeKTPOCHaBXKeHUs BO
BpeMs nofayun nutaHus Ha KoHgeHcatop. O6bIYHO, 3TOT TUMN MepeHanpsH>KeHus, ¢ YpoBHAMU B gunanasoHe 1.2— 1,7 ot
HOMMWHAaNbLHOTO HEe BbI3bIBAlOT 6€CMOKOICTBA NMPW MPUMEHEHUN 060pYAOBaHMS, NOTOMY YTO MaKCUMabHble BENUYUHbI
HWXKe YPOBHS MPU KOTOPOM HauyuHalT pa6oTaTb YCTPOWCTBA 3almnTbl OT MMMY/NbCHbIX NepeHanpshkeHunin (Y3UN). U3-3a
OTHOCUTENbHO HM3KOI YacTOTbl 3TU NepeHanps>KeHns NPOXOoAAT yYepes3 pacnpegenuTeNbHblii TpaHcopMaTop U NosB-
natTca B cuctemax CH. Tam. Y3UJ1 ¢ OTHOCUTENbHO HU3KUMU OrpaHUyMBalOWMMMN HANPSHXKEHNAMWU MOryT cpaboTtaTb B
nonbiTke oTpa6otaTb MMNYAbCHOE NepeHanpshKeHue C BbICOKOW aMNAUTYAOW nNpu KOMMYyTauuu KoHjeHcatopa, U noj-
BEPrakwTCs ONacHOCTU, €CM UCXOAHbIi UMNEejaHC HU3O0K.
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p.u,V

PucyHok B.3 — TunoBoe nepeHanpshkeHue, BO3HMKaloLiee Npu NoAKNOYEeHUN
KOHAeHcaTopHOW 6atapeu

Huskas yactota (OTHOCUTENbHO KONbLEBOW BONHbI 100 KMy MAM KOMOGWHMPOBAHHOW BOAHbLI) UMMYALCHOrO nepe-
HanpsHXKeHNs Npu KOMMyTauun KOHAeHcatopa MOXKeT BHECTU BbICOKYHO 3Hepruto B ¥3UTM u3-3a ero 60/1bLWOiN NPOA0MKU-
TENbHOCTM N HU3KOI YacToTbl. HU3Kaa yacToTa NPMBOANUT K cnabomMy 3aTyxaHuio, Tak Kak BAMSHUA WHAYKTUBHOCTU, KOTO-
pble ABNAKOTCHA OYeHb CYLWEeCTBEHHbIMW NPV PacCMOTPEHUU pacnpocTpaHeHUs MUKPOCEKYHAHbIX WMNYAbCHbLIX BO3/eN-
CTBU. SABNAOTCA O6bIYHO HAMHOIO MEHee CYLEeCTBEHHbIMU MPU PACCMOTPEHUU MMMYNbCHOTO MepeHanpsaXXeHus npu
KOMMYyTauun KoHgeHcaropa. Hanpvmep, B HU3KOBO/NLTHON ycTaHOBKe, Ha Y3WUTl. yCTaHOBNEHHbI 8 KOHLEe OTBETBAEHHON’
uenu, paktnyeckn 6yaeT Bo3geiicTBOBaTb TO e camoe BO3MYyLLEHME, YTO U Ha pas3psAHUK Ha BBOAe. B 3aBucumocTu ot
OTHOCMUTENbHbIX OrPaHNUYNBAIOLLNX HaNPsHXXeHUn aByx Y3UM. koopanHauua mexay 3TMMW BYMS YCTpOWCTBAMU MOXET
ObITb UAN He ObITb LOCTUTHYTA.

B.2.2 AMnNnntyaa Hanps>KeHus

flBneHne pe3oHaHca 6bIn0 06CyXAeHO B pasjene B.1 gna npumepa C BbICOKON 4aCTOTON M HU3KUM 3HAYEHWEM
eMKoCTM (MuKpodapagbl). Pe30HaHC MOXEeT Takke NpPou30WTX NPU HWU3KOI YyactoTe U 6onbMX eMKoCTaX (Muanuda-
pajbl). NOAKNIOYEHHbIX K MPOMbILWINEHHOW ycTaHOBKe. PUCYHOK B.4a nokasbiBaeT npumep uenu, rge takoe fABneHune
MOXXeT NMPon30iTH, PUCYHOK B.4b nokasbiBaeT, Kak OTHOCUTENbHOE HanpshkeHve 1.88 mHUUMMPOBaAHHOE B pe3ynbTarte

Voltage p.n.
C1 = KoMmmyTupyemblii
3.0- KOHAeHcaTop
/n (V'V Y. /~M
/ SwW \r VvV X
-3.0-1

C2 = OtpanawoTt
3.01 ill ill  4if pu-
/Wl u«Mlii IWrd4*«ivMfl  a™V
o ytelIULr *yy»

3.0 I
10UYA
4.06 K 10*

il il el v gl il ool tives i1 p o] R ] 41

0 25 50 75
Bpems, ms

PucyHok B.4b — 3ddekT yBennyeHus

PucyHok B.4 — YBenunueHue nepeHanpsxeHus Npu KOMMyTauumn yganeHHol KoHAeHcaTopHoli 6atapeun

62



FOCT P 55630-2013

nepexoAHoOro npouecca Bbi3biBaeT OTHOCUTENbHOE nepeHanpshkeHne 4.65 Bo BTOPOM (yAaneHHOM) nomelieHumn. 1o
nepeHanpsbkeHve BO3AeNCTBYeT Ha Harpy3ku COoefjHeHHble napannenbHo.

B0O3MOXHOCTb BO3HWKHOBEHUSI UMNY/bCHbIX MEepeHanps>XXeHuii npy KOMMyTauuMuM KOHAeHcaTopa cnefjyeT pac-
cMoTpeTb. Korga Y3WUM ycTaHOBNEH OKONO KPYMHbIX KOMMYTUPYEMbIX KOHAeHcaTopHbIX 6atapeii. OgHaKo cyliecTByeT
HEeO/JHO3HAYHOCTb B ONMpeAeneHnmn, 4to Takoe 61M3KO 1 YTO TaKoe KPynHblA. Ha 3ToM aTane uccnefoBaHuil, KaxeTcs, 4To
LWpoKre 0606l EeHNsI ONacHbl, U IBNEeHMe Nydlle BCero paccMaTtpuBaTb N5 KOHKPETHbIX Clyyaes, B 3aBUCMMOCTM OT
KOHKPEeTHbIX yCNoBMii. Korga HeT HUKaKoro KOMMYTaLMOHHOrO YBENUYEHUA HanpsbkeHusi, npu BbiGope Y3UT He TpebyeT-
Csi cneynanbHOro pacCMOTPeHUs, KpoMe OrpaHUMYeHus Mo Hanps>KeHUHo, YTO AeMOHCTPUPYeT He3HaYUTeNbHOCTb AaH-
HOW nNpo6nembl B 3TOM cayvae.

C Apyroi CTOpOHbI, XOTS CyYyaun yBennYeHnUs Hanps>KeHust 4O0BONbHO pefKu, BO3HUKAET HEO6XOAMMOCTb MCNOMb-
30BaTb [ONONAHUTENIbHbIE KOMMEHCUpYIOLWMe MeponpuaTus (paccTpanBaHue, cTyneHyatoe nepeknoyeHue, BcTaBka
CONPOTUBNEHUSA, U T.4.) AN WX CHUXEHMWS, NOTOMY 4TO y mornowarowmx aHepruo Y3WUIM HeT BO3MOXHOCTM oTpaboTtaTb
TakoW 3HepreTMyeckuii ypoBeHb.

B.3 KOMMyTaunoHHble nepeHanpsXeHus, Bbi3BaHHble cpabaTbiBaHNeM NpejoxpaHuTtens

MpejoxpaHUTenn LWUPOKO MCNONb3YKTCA B CMCTEMAaX 31eKTPOCHABXKEHUS U B 31eKTPUYECKUX YCTaHOBKax ANs
3alnUTbl OT CBEPXTOKA M ANA OTKNIOYEHUS KOPOTKMX 3amblKaHuii. Ecnu npefoxpaHuTens oTKAOYaeT KOPOTKOe 3aMbika-
HWe B CUCTEME 3NEeKTPOCHAGXKEHUs, TO OH reHepupyeT NPOTUBOHAMNPS)KeHNe CO 3Ha4YeHUEeM Bbille MFHOBEHHOrO NUHEN-
HOTO HanpsiXeHus.

370 nepeHanpshKeHne Takke nepepaeTtcs yepes LWWHbI K ApyroMy o060pyAoBaHuUio, nutarowemMycs oT TOW e ca-
MOI1 cCUCTEMbI aneKTpocHabXeHus. na npejoxpaHuTeneii, Kotopble pa6oTaloT GbicTpee, YeM 3alUTHas KOMMYyTaLUOH-
Has annapaTtypa v Takum o6pa3oM co3jaloT 60/nee BbICOKME MepeHanpsh keHus Ha pucyHke B.5 nokasaHbl o6uwue
YyCNOBUSA, KOTOPble 06bACHAKTCA CnefyloWwnumMm o6pasom.

PucyHok B.5 — T[lepeHanps)>keHne, creHepMpoBaHHOE OTK/NOYEHMEM KOPOTKOro 3aMblKaHUsA

63



FOCT P 55630—2013

B MOMeHT BpemeHu |,, NPOMCXOAMUT KOPOTKOE 3aMblKaHne 1 HanpsbhkeHvwe 1/B Ha npejoxpaHuTene sBo3pacTaeT oT
HyNA [0 3HauYeHWs B TOYKe MnaBNeHWNA BCTaBKW — Bpems t2 C o6pa3oBaHMeM 3neKTpMYeckKoii ayrn. Korja HanpsbkeHune
ayrn UB gocturaeTt ypoBHSA NMHEWHOro Hanps>kKeHus, 3a BblYeTOM NajeHus Hanps>keHus Ha WHAYKTUBHOCTW U CONPOTMB-
NeHNN. TOK KOPOTKOro 3aMblkaHus / jocTuraeT MakCMManbHOro 3HavyeHusa. B nepuoj BpemeHun go /3. Korga TOK Ayru
06HynAeTca, HanpshkKeHue Ha jyre pacteT 6bICTPO U O BbICOKMX 3HaYeHWl. Ha BblAensemylo 3Hepruo gpyrme cuctem-
Hble Harpysku MMelT He3HauyMTenbHoe BO3jeiCTBMEe, MOTOMY HTO ero BHyTpeHHee conpoTtuBneHune f siBnsetca 60nb-
LWMM NO CPaBHEHUIO C BHYTPEHHWM COMNPOTUBAEHWEM R CUCTEMbI.

B.4 MOHUTOPUHT KOMMYTaLNOHHbIX NepeHanpsXeHui

MepeHanpshkeHns, 3anucaHHble Npu KpynHOMAacwTabHbIX HATYypPHbIX U3MepeHusaX, PefKOo KOppenupylTcs ¢ BO3-
MYLLEHUSAMU B CUCTEME 3NEKTPOCHAGXKEHUSA, KOMMYTaLMOHHbIMN NepeHanpsXXeHnsaMmn unn yaapamum MonHuu. Moatomy,
3TN U3MEPEHUA OTHOCATCA TONbKO K COBMECTHOMY BO3[EWiCTBUIO BCEX ABNEHUI, a HE TONbKO K KOMMYTaLMOHHbLIM nepe-
HanpsXXeHNAM. XOTA B HEKOTOPbIX U3MepeHnsx, hMKCMpPYTCa OTCyTCTBUE AeliCTBUS MONHMW BO BpeMsa 3anucu. M3mepe-
HUS 6bINN TakKXXe NpoBefeHbl B peanbHbIX CUCTEMAx, BO BPeEMS cneynanbHO NOAroTOBNEHHbIX U3MEPEHUIn Npu KOMMyTa-
LUMAX. HO 3TU pe3ynbTaTbl OrPaHNUYNBAIOTCA OMpPe/e/seHHbIMU YCNOBUAMMN NPOBEAEHNA UcnbiTaHuii. Tenepb NoABNAOTCA
NHTEpecHble pa3paboTKy B TEXHONOTMN OGHAPY>XXEHUA MecTOpacrnoNoXeHus nonajgaHus MOMHWWU, NPOBOAUMbBIE MpPU
noafep>Ke CTpaxoBblX KOMMaHWii, C Lenbl cornacoBaHua TpeboBaHuii K ywepby npu ygape MONHUM C haKTUYeCKUm
BO3HWKHOBEHMEM YapOB MOMHUN B JaHHOW o6nacTtu. Takoli KOHTaKT B o6nactu onpegeneHns cobbITUiA MONHUN Mor 6bl,
B KOHEYHOM cyeTe, MNO3BOANTb pa3fensTb CBA3aHHble C MOAHWENR MMMYNbCHblE NMepeHanps>XeHUsa 0T KOMMYTaLNOHHbIX
MMMNYNbCHbIX NepeHanpshKeHwuii cpean pe3ynbTatoB KOHTPO/NbHbIX 3aMepOB MepeHanpsaXeHus.

C Apyroii CTOpOHbI, BCE NepeHanpskeHns B peabHbiX CUCTEMAX OrpaHUYMBaloTCA U30NAUNER, ypOBHEM 3aliu-
LLEHHOCTN CUCTEMbl U NMpUCOefMHEHHOro o6opyaoBaHua. Kpome Toro. Y3WIM. koTopble ycTaHaBNMBaTCA B cucteme (U
Takxxe BCTpPOeHHble Y3WUM. B npucoegnHeHnem o60pyfoBaHWMM Harpysku), orpaHuunBaloT U3MepeHHble HanpsHKeHus.
3T0 cyu,eCTBEHHOE U3MEHEHWEe B CUCTEMaxX 3NeKTpocHabXeHus, nosiBuBLIeecs B Havyane BOCbMWUECATbIX FOf40B U Te-
nepb XOPOLWO PacCMOTPEHHOE, AOMKHO 6biTb NPUHATO BO BHUMaHWe, MpU PacCMOTPEHUN YUCNOBbIX 3HAYeHWii npuse-
AEHHbIX B HOBbIX 0630pax. [lna 6yayuux o630poB nccnefoBaHunii 66110 6bl XOPOLIO paccMOTpeTb BONPOCHI OnpejeneHuns
TOKOB, UMNYNbCHbIE BO3/EeCTBUSA KOTOPbIX OKa3blBalOT BIMAHME Ha Bblbupaemoe Y3WUM. ¢ uenbio ontumMusaumm mecra
€ro yCTaHOBKW, BMECTO TOro 4T06bl KOHTPONMpPOBaTb €ro BAUsAHUE Ha cocefHue Y3UM.

MOHUTOPVHI NepexofHbIX nepeHanpsXeHuii 6bin cpenaH MHOrMMU nccnegosarenamu ¢ 1960-bix. [na OueHKM
KOMMYTaLNOHHbIX NepeHanps>XeHnii B HU3KOBONbTHbLIX YCTaHOBKax TpebyeTcs [AnTeNbHOEe BpeMSA W3MEpeHuid un nx
cTtatucTuyeckas oueHka. 3T U3MepeHus A0 cepefiHbl BOCbMUAECATbIX BbIMOJHANNCL C NOMOLLbLIO ocuunnorpados 1
CUCTEMHbIX Kamep, Tenepb OHW BbIMONHAIOTCSA NPV MOMOLLM aBTOMAaTUYECKUX CUCTEM 3anncy OCHOBAHHbIX Ha LU(POBbIX
ocuunnorpacdax XxpaHeHus UANM Ha NONHOCTbIO LUGPOBbIX cuctemax cbopa AaHHbIX.

Pe3ynbTaTbl 3aBUCAT OT MaKCUMaibHOW U3MepseMoi aMnanTybl U NPONYCKHOW CNOCO6GHOCTM (COOTBETCTBYHOLLUX
MaKCUManbHOMY M3MepseMOMYy YPOBHIO) namepstoleid cunctembl. NMpu n3MepeHnMax Mcnonb3oBanacb cuctema c fo-
BONbHO 60NbLWONM NPONYCKHOW Cnoco6HOCTbO (20 MTU), HO M3MepsieMblii MakCMMyM aMnAuTyAbl COCTaBNAN TONbKO
3 KkB. MNponyckHas cnocobHOCTb cocTaBasAna ToAbko 5 MIy. HO MOrAM 6bITb U3MeEpeHbl aMnAnTyabl 4o 5 KB. 1 nmnynbe-
Hble nepeHanps»kKeHns ¢ 60bWNUMUN aMNIMTygaMmu mMornvm 6biTb 3anvcaHbl. CerogHs MCNonb3ylTCA cUCTeMbl K ¢ 6onee
BbICOKOI MPOMyCcKHOM cnocobHocTblo (50 MIL) 1 ¢ MakcumanbHoli uamepsemoiri amnautygoii (> 6 kB). Kpome TOro, Ha
pe3ynbTaTbl 3HAYUTENbHO BAUAET PacnoNoXeHne CUCTEMbl U3MEPEHUs, BU[ YCTAHOBKW, MONHOE BpPeMs U3MepeHus u
elie MHOro napameTpos.

N3mMepeHna nNpoBOAUNUCL B pasnnuHbix cuctemax (TT mnm TN). noaTomy pesynbTaTtbl, O KOTOPbIX coob6uiatoT, B
O[IHOM CNy4aB OTHOCATCA K U3MEPEHVUAM MeX[y NMHUEN 1 NoKanbHON 3eMNei u B APYroM ciayvyae U3MepeHusam Mexay
NMHWEeR n HeliTpanbHbIM NPOBOAHUKOM.

B lepmaHuy 6b110 McCnejoBaHO MHOTFO MPOMbILWAEHHbIX 06bEKIOB, NpexXkje BCero B. HO BPeMs NpoBejeHus
n3MepeHuii Ana Kaxkaoro o6bekta 6bin0 JOBONLHO KOPOTKO. B ycTaHOBKax 06beKTOB TOProsaun, 6biin 3anucaHbl Nogo6-
Hble amMnauTyabl. OfHaKO, Tak Kak NnonHoe BpeMs uamepeHuns 1202 yacoB 1 4ncno cobbiTnii 3401 6bIN0 CPaBHUTENLHO
HU3KO, BEPOSATHOCTb BO3HUKHOBEHMS KOMMYTALUMOHHbIX WMMY/AbCHbIX NepeHanps>XeHuii okasanacb 3Ha4YUTENbHO HUXKe.
PrcyHOK 22 nokasblBaeT 4acTOTy BO3HMKHOBEHMWS NO CPaBHEHWIO C MWKOBLIM YPOBHEM AN pa3HOO6pa3sHbiX 06bLEKTOB,
NpuBeAEHHbIX B pacCMaTtpuBaeMoM [OKYMEHTe.

B FepmaHMn KOHTPOAMPOBaNNCb Takxe goMallHue Xo3sicTBa, oducbl n nabopatopumn B. Ha puc.B.6 nokasaH
rpauk pesynbTaTtoB 3TUX ABYX UCCNefOBaHUIA.

Mo3xe 6binn fo6aBNeHbl NPOMbILWNEHHbIE 06bEeKTbl. JJONONHUTENbHbIE U3MEPEHUS BbINONHANCL B NEpuUoj
6onblle Tpex MecsiueB [N Kaxaoro obbekta. B ta6bnuue B.1 npuBefeHa cBogka 3TUX U3MeEPEHWiA, KOTOpPble XOPOLLO
COOTBETCTBYIOT NpefblayLNM JaHHbIM, OCO6EHHO eCNn NPUHUMAlOTCA BO BHUMaHue 60nee paHHue faHHble ANA pasnuny-
HbIX 06BLEKTOB ¥ OrpaHUYeHnsa Nno amniuTygHOMY AnanasoHy M3MepeHus.
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K-naOefemiftn\

PucyHOK B.6 — TpuMMep KOMMYTALMOHHbLIX NepeHanps>keHuii B Tpex TUnax ycTaHOBOK

Ta6nuya B.l-— MuHMManbHble, MakKCUMa/bHble Y CPeAHUE 3HAYEHUA aMNAUTYAbl U NPOU3BOAHOW ANA KOMMYyTaLu-
OHHbIX UMMNYNbCHbIX NEepeHanpsXXeHuin Ans pas3nnuHbiX 06bLEKTOB

ﬂoma“LuHee Oduc Na6opatopus I'IpOMblLi.lneH

x03AiicTBO Ublii
MuHumanbHana amnautyga. B 35 35 35 50
MakcumanbHass amnautyga. B 644 294 257 4916
CpegHsaa amnantyga. B 97 80 86 280
MWHUManbHbI YpOBEHb NPOM3BOAHOW. B/MKC 4 1 2 270
MakcumanbHblli YypOBEeHb NMPOW3BOAHONW. B/MKC 1690 1 190 1385 10 766
CpefHuii ypoBeHb Npon3BOAHOI. B/MKC 255 253 216 600

B nNpombIlWNeHHbIX YyCTaHOBKax o60opyfoBaHne MOXeT 6biTb PacrnofnoXXeHo Ha BeCcbMa He3HauyuTenbHbIX pPaccTosi-
HUSIX OT pacnpejenuTenbHOro TpaHcopmaTopa u pacnpegycTpoiictBa. Mpu 3TUX YCNOBUSAX GblM 3anucaHbl KOMMYyTa-
LMOHHbIE UMNYNbCHbIE NEepeHanps>KeHWsa ¢ amnanTygoli nopsgka 5 kB. MOXHO OTMETUTb, YTO MO OUeHKe aGCoNOTHOWN
BEPOATHOCTN BO3HUKHOBEHUSA KOMMYTALMOHHbIX UMMNYNbCHbIX NepeHanps>keHuin (N/a = co6bITUii eXerogHo), npuee-
AEHHOI Ha pucyHke B.7 onsa TpexdasHbiX CUCTEM 3NeKTpocHabXeHus, cyuiecTByeT o6paTtHas 3aBUCUMOCTb COFNacHo
3aKoHa perynsipHoro pacnpefeneHus, oT cneuuanbHO BbI3bIBHbIX KOMMYTALMOHHbIX MepeHanps)XeHuii ¢ aMnnmTyAoin
nopsagka 5 kB.

MocnepgHne Mornu 6biTb BblA€NEHbl MPU OTKNHOYEHUW OLHOTO pacnpejennTensHoro TpaHcopmaTtopa Ha BbIXOA-
Hble AHW. OYEeBUAHO, YTO TakMe cneumanbHble CUTyauun Takke TpebytloT cneymanbHbIX 3alWUTHbIX Mep.

B npoBefeHHbIX NCCNefoBaHNAX B 6ONbLUEN CTeNEHN aKUeHT 6bin caenaH Ha najgeHusx u npepbiBaHNAX Hanpsxe-
HUS. YeM Ha UMMYNbCHbIX MepeHanps)XeHnsx, 3ToT 0630p ABNAETCA NOMbITKOV OxapakKTepu3oBaTb KayecTBO NUTaHUs B
HU3KOBO/bTHLIX cUcTEMax noTpebutenein B CeBepHoii AMepuke. Pe3ynbTaTbl N5 3anNWCaHHbIX NEPeXOfHbIX NPOLEeccoB
npusefeHbl B Tabnuue B.2. Cyu,ecTBeHHOe OTKpbITUe, cAenaHHoe B 3TOM o0630pe, KacaeTcsi OTHOCUTENbHO PeAKoro
BO3HUKHOBEHWSI BbICOKOAMMAUTYAHbIX NEPEexX0AHbIX NPOLLECcCOoB, KOTOPbI/ npejnaraetcs cuutatb pesdynbTatoM 6bICTPOro
yBeNnueHma npumeHernus Y3UM B HM3KOBONbTHbIX cUCTEMAax notpebuteneil.
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Ha

PucyHok B.7 — KoMMyTauWOHHble UMMNYNbCHble NepeHanpsH>KeHWs Ha NPOMbILLIEHHOM
npesnpuAaTMU, U3MepeHHble B6AN3N pacnpejyctpoicTea

Tab6nunuya B.2— PacnpejeneHve 3apernctpupoBaHHbIX NepexofHbiX NpoLeccos

>1000 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0
901-1000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
801-900 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
701 - 800 0 0 0 0 0 a 2 0 0 1 0 0 0 0 0 0
601-700 1 2 0 0 0 1 2 1 0 0 0 0 0 0 0 0
501-600 0 0 1 3 0 1 2 1 0 0 0 0 0 0 0 0
451-500 0 1 2 4 0 0 1 1 0 1 1 0 0 4 1 0
401-450 1 2 4 12 0 1 3 1 1 1 10 0 1 16 0 0
351- 400 0 6 10 14 3 2 2 2 1 6 10 7 2 1 1 2
301-350 1 10 15 15 4 3 6 3 25 21 23 9 9 19 8 1
251-300 3 5 14 20 6 15 39 6 58 67 79 23 15 31 8 8
200-250 5 25 60 23 13 130 473 78 116 158 210 86 15 58 20 9

150- 200 19 89 187 728 687 976 1702 1975 749 832 887 513 214 197 99 36
100-150 140 503 1350 3875 2488 11108 7035 3816 3352 12193 4162 2536 811 393 357 234

<1 1-2 2-3 3—4 4-5 5-10 10- 20- 30- 50- 100-- 150- 200- 250- 300- 400-
20 30 50 100 150 200 250 300 400 500

NMpnmevaHune — CTo TpuALaTth TOYEK KOHTPONMPOBANNCHL, 4TO cocTaBuno 1200 mecsuesB KOHTpons. MonosBuHa
n3meputeneli 6bIn1 Ha MecTe B Te4eHUe Lenoro roga, v NnonoBuHa 6binM Ha MecTe B TeYeHWe LecTu MecsiLes.

i3amepeHus 6bInn caenaHbl 48 04HOMAZHBIX AW MHOTOMA3HbIX CUCTEM, MEXAY NTMHUENR 1 HeliTpanbio, C uenbto
OLEHKMN HAanpshKeHUs1 MPUMEHSINCb 3NEKTPOHHbIE KOMMOHEHTbI, NPUCOEAUHEHHbIE MEXAy NMHuel 1 Helitpansio. Ha-
NPOTUB, HEKOTOPbIE U3 U3MEpPEeHUl 6bin CAeNaHbl MeXay NMHWEN 1 NoKanbHoW 3eMnel, B LensxX OLEHKU HanpsHKeHus,
MPUNOXEHHOTO K N30/1ALMN 060PYA0BAHUS.

i3mepeHus B FepmMaHWn NpoOBeAeHbl OAUH AN O6LWEro NMPUMEHEHNUs M OAUH 41 ONacHbIX NoMelieHuii. Lienb
cocTosifia B TOM. 4TO6bl KOHTPONMPOBATb MAaKCMMa/bHble MEepeHanpsiXXeHus, NPUNOXKEHHbIE K U30SILMN HU3KOBO/NbLT-
HOro 060pyAOBaHMS.
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B nepBom cnyyae uccnefoBaHus B TeUeHue ABYXNETHErO Nepnoja NpoBoANINChL B 40 TouKax, BKNOYas TOProsble
1 NPOM3BOACTBEHHbIE MOMELLEHUs, & TaK Xe O(pUCHbIe 3[aHus U XKunble 3aaHus. PUCYHOK B.8 nokasbiBaer 4actoTy
BO3HVKHOBEHUs1 COObITUI B rod. VIcXofHble faHHble He npejocTaBnseT UHhopMauMto 0 Npo6osX, KPOMe TexX. Ybsi Mpo-
AO/KWUTENBHOCTb cocTaBuna, no KpaiHeii mMepe. 1 MC. U KOTOpble JOMKHbI 6blN GbiTb 3apPerncTprpoBaHbl. MOCKONbKY
OCHOBHas Lenb 6blna OLEHUTb HanpsXXeHue Ha U30nAuMKU, perncrpauns npoboesB Gbina MeHee BaXKHa, YeM peructpa-
UMSI NUKOBbBIX 3HAYEHWA.

A-AMAMAMa,
0 -0MOMPMbIB paubInT

NMpumeyaHune. [lNepexogHble NpoLeccbl HanpsH>keHnem Hmke 1 000 B He cuuTaloTcs yrpo3oi Ans mnaonsauunmn
obopypoBaHus.

PucyHok B.8 — YactoTa nosiBieHus Ha BbI6paHHbIX 06bEKTaxX U 0606 EHHbIE pe3ynbTaTthbl

Bo BTOpOM cnyyaB uccnefoBaHua nepeHanpsbykeHus 6binn npoBefeHbl B 25 NomeleHusaX, rAe Mornm 6bl OXu-
JaTbCsl yacTble W CyLleCTBeHHble nepeHanpsiXKeHus. Bbinu Bbi6paHbl NOMELLEHUS C HanpsbkeHnem nutanus 400 B u
n3mepeHusa 6binn caenaHbl Mexay NMHuein n 3awutHol 3emneit. CornacHo oTyeTy 3TOro uccnegosaHus Bce Y3UM,
KOTOpble GbINN O6HAPY>XXEHbl B TOYKaxX M3MepeHus, 6binn OTKNuYeHbl. OAHAaKO TPYAHO rapaHTupoBaTb, 4To Bce Y3UM
6bINN pas3beAuHEHbl, YUUTbIBas LUMPOKO PaCcnpOCTPaHEHHYIO MPakTUKy NPUMEHEHUs BCTPOEHHbIX Y3WI B cOBpeMeHHOM
o6opygoBaHuu.

BONbLWNHCTBO 3anncaHHbIX NepeHanps>XeHuin 6binn B gnana3oHe oT 500 go 1000 B. HO AN oOueHKM Bblan pac-
CMOTPEHbI TONIbKO Te. YTo 6binn Bbiwe 1 000 B. OXKungaHus Toro, 4To YacTble U CYLLeCTBEHHbIE NepeHanpsi>XeHus 6binn 6bl
HaifeHbl B ONACHbIX NOMELLEHNAX He Gbiny NPOBEepPeHbl. B HEKOTOPbIX NOMeLLeHUsX, He Gbinn NpeBblleHbl Jaxe noporun
B 500 B.

B Tta6nuue B.3 npuBegeHa cBofka pe3ynbTaToB. [Ana 60AbWIMHCTBA 3aUKCUPOBAHHbLIX NEPEXOfHbIX NPOLEeccoB
nepeHanpsKeHus 6bIIM HAMHOTO HWXKE, YeM O0XXMAANOCb, YTO CBSI3AHO C GbICTPbIM YyBeMYEHWEM He3apUKCUPOBaHHbIX
Y3WMN. nA Tex HU3KOBONbTHbIX CUCTEM, Tfie OTCYTCTBYeT 3aljuTa, 60NblNX PUCKOB MOXHO M36exartb, ecnm Mcnonb3o-
BaTb 060pPYyAOBaHME C BbICOKMM KNacCOM 3allMLLEHHOCTU UNU MPUMEHSS COOTBEeTCTBYyroWwmiA Y3UT.

Ta6nuya B.3— MN3mepuTenbHbie TOYKM U pe3ynbTaTbl JONTOCPOYHOIO U3MepeHust (BTopas 4acTb)

PesynbTtatbl n3mepeHui

N3mepuTenbHble TOYKU Tun yctaHoBKuY Tun cetn
05KB 1.B 1.5kB 2KkB 4KkB 6KB

MyHuumnanbHblii 3an KommyHanbHas BosgywHaa nuHua X
ABTOMOGUNbHAasA oTpacib MupgycTtpnanbHas Ka6enb
Mpounssoactso Ne 2 MHpgycTpunanbHasn Bo3sgywHas nMHusa
MpounssogcTeo Y3UM MupgyctpnanbHas Kab6enb X
OTKpbITas ropHas BbipaboTka NHpgyctpnansbHas Kab6enb
Xumnueckas dabpuka Ne 1 NHaycTpnanbHas Ka6enb X X X
Xumunueckas dabpuka Ne 2 MHupyctprnanbHasn Ka6enb
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OkKoHYyaHne Tab6bnuuybl B.3

PesynbTarbl M3MepeHuii

M3mepuTenbHble TOUKN Tun ycTaHOBKMU Tun cetn
05K 1kB T5KB 2kB 4B 6kB
TekcTunbHasa pabpuka NHpycTpnanbHas Ka6enb X
BbicoTHOe 3paHue MupyctpnanbHas Kab6enb X
dabpuka LPEBECHO-CTPYXXEUHOM WHupycTtpmnansHasn Kab6enb X
nANTbI
Mpounssoacteo Ne 1 WHpyctprnansHasn Kabenb X
YHuBepcutetckas nabopatopus O6pa3oBaHune Ka6enb X
MNokpacouyHasa tabpuka NHaycTprnanbHas Ka6enb X
Pabpuka WHpgycTpunanbHas Ka6enb X
dabpuka KOMMYyTaLMOHHONR WHupycTtpmnansHasn Kab6enb X
annapartypbl
TeneBU3NOHHbIN NepeaaTynk Pa3Hoe Ka6enb X
TeneKoMMyHUKauMoHHaa cTaHuua Pa3Hoe Kab6enb
FnaBHbI BBOA Ne 1 BBogHOe ycTpoiicTBO  Bo3spgywHas X
nmHuna + kabenb
naBHbI BBOA N9 2 BBogHOe ycTpoiicTBO  Bo3gywHas nuHusa X
Xwunoe 3paHue KommyHanbHasn Kab6enb X X X X X
OKpy>XHOI oduc Oduc Bo3gywHas nMHus
CtaHuunsa 6alHun BBOAHOE yCcTpOWCTBO  Bo3gywHas nmHusa X
dbepma Pa3Hoe Bo3sgylwHas nMHusA X
Pagno-nepepgatunk Ne 1 Pa3Hoe Bo3gywHas nuHua X
Pagno-nepegatymk N9 2 Pa3sHoe Bo3pgywHaa nnHuAa X

B.5 PacnpocTpaHeHne KOMMYTaLNOHHbIX NepeHanpsaXeHuit

PaccmaTprBaeTcs BO3MOXHOE 3aTyxaHue UAuM yBeNnuyeHue KOMMYTALMOHHbIX NepeHanpshkeHuit B npejenax Hu3-
KOBO/IbTHbIX YCTAHOBOK. T SIBNEHUS cnedyeT pacCMOTpeTb C yYeToM (hOpMbl KOMMYTALMOHHbIX NepeHanps>keHuit ans
TUNOBOW KOHMUrypauns HU3KOBONbTHON YyCTaHOBKW. BO3MOXHbI SIBNeHUSA BONHOBOW nepejauyn n/vnu 3atyxaHue 3a cyet
notepb Npu nepejaye u BeTBNeHUA Leneil. epBoe siBNeHWe MMeeT 3HAaYeHWe TONbKO, ecnn BpeMs nepemMeLlieHuns
BO/MHbI NO NMHWWN COCTaBNA€T HE MeHee OAHOWN TpeTn OT BPeMeHVW KOMMYTaLMOHHOrO nepeHanpsbkeHus. ITO o3HavaerT,
4TO ANA CTaHfapTHOro UMMynbca € NepeAHnm (POHTOM 1.2 MKC ANMHA NNHUK [O/MKHA 6biTh nopsgka 70 M C yyeTom
SAABNEHWNII BONHOBOW nepepgauu.

Mo>KHO 6bI10 6bl OXXMAATb, YTO NMHUMN Takol ANMHBI MOIMKN NoKasaTb 3aTyxaHWe, BbI3BaHHOE AN3NEKTPUYECKUMMN
noTepsaMu UM MNOBEPXHOCTHbIMU 3ddekTamun. OgHAKO U3MepeHMs nokasanu, 4YTO Jaxke ANA NUHWIA annHol 75 m.
ANA cTaHfapTHOro umnynbca 1,2/50 MKC, 3aTyxaHue 3a cYeT MoTepb HEeCYLLeCTBEHHO C TOYKM 3PEeHUs MaKCUMasbHO
amMnAnTYyibl KOMMYTaLMOHHbIX NepeHanpsXeHuni.

MOCKONbKY COBMECTHOE BO3JeiCTBME OTpaXKeHWi, 3aTyxaHus N BeTBNEHWUS JOBOJbHO CNOXHO, U3MEepeHus pac-
NPOCTPaHEeHUA UMMNYNbCHOTO NepeHanpsaXeHus BbINONHANNCL B yCTaHOBKe, BKAovatoueii 10 oTBETBNEHHbIX Leneli pas-
NNYHON ANVHBI U MMMeAaHca, noaydarolleii NnuTaHMe OT OCHOBHOrO pacnpefycTpoiicTBa M HECKOAbKUX BTOPUYHbIX pac-
npeaycTponcTB (WNUTKOB). Bce namepeHuss 6b1nn caenaHbl MeXxay OfHOW ha3oii n 3emneli, Npyu NOAKNIOYEHUN K TreHepa-
TOPY C BHYTPEHHUM umMnegaHcom 25 OM. MakcumanbHas AnvHa AnHUW, Bbli6paHHas Ans mogenu, 6bina Takoi, 4To
oTpaXkeHns Mornu 6bl NPOUCXOAUTL faXke ANA CTaHfapTHOro umnynbca. B nogo6HOM 3KCNepuMeHTe, BbINONHEHHOM
B HOBOM 3[aHu1, Npexje, 4em OHO 6blN0 CAAHO B aKCnayatauuto, M3MepeHus Mo PpacnpoCTPaHeHU MpPoBOAUNUCH
C UHXeKUMeil umnynbca KOMGUHUPOBAHHOW BOMHbLI TaKKe Kak M Ans KonbueBol BonH 100 KMy. [nA KOMGWHMPOBaH-
HOI BOMHbI (MCTOYHWK C MmnegaHcom 2 Om), pesynbTaTbl NOAPOGHO pacCMOTpeHbl Bbllwe. [nA KONbLeBOW BOMHbI
CyUWleCTBEHHbIE oOTpaXkaTe/bHble 3MdMeKTbl HabNofanucb Ha OTKPbITbIX KOHLAx 60nee ANUHHbIX OTBETBNEHHbIX
uenei (ot 40 go 70 m).

C Apyroii cTopoHbl, 60nee KpyTble NepeHanps>XeHus, Takne kak B ObICTPbIX NepexoAHbix npoueccax cepusa (EFT)
M3K 61000-4-4 3HauYuTENbHO OocnabnAlTCA Ha fAMHE NUHWN B HECKONbKO METPOB. BKNOUeHVEe 1 OTKAHYEHUS KOHTakK-
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Topa, KOTOpbIli ABNAETCA UCTOUYHMKOM 3TUX GbICTPbIX NepexofHblX npoueccos, 6onble npo6rema 3MC. yem 3a6oTa o
60pb6e ¢ nepeHanpsKeHUsiMU. Kpome Toro, ach(eKTbl OT HANOXEHUS 3TUX ObICTPbIX NMEPEeXOoAHbIX NPOLECCOB 06bIYHO He
yMeHbllalTcsi cTaHfapTHbIM Y3WUTI. npefgHasHayeHHbIM TONbKO ANSA YMEHbLIEHUS aMNInTyAbl Hanps>XXeHUs.

8.6 Mpumepsbl Npu cpabatbiBaHUM aBTOMATUYECKOTr0 BblKAOYaTens

B.6.1 ABTOMaTU4eCcKuii BblKtoYaTenb 1 onepaunun KommyTaynu B ycTaHoBKe noTpe6utens

Bo BpeMs BbIKIOYEHUS 060PYAOBAHNSA Y KOMMYTALMOHHOIO NepeHanpshkeHns Ha CTOpoHe Harpysku 6onee BbiCO-
Kas amnanuTyAa u aHepreTnyeckass CNOoCO6GHOCTb, YeM Ta. YTO MOSABNAETCA Ha CTOPOHe AMHUK. OfHaKO 3TO. rMaBHbIM
o6pa3om, npobnema KacaeTcs NPOeKTUPOBaHUA OnpejeneHHOro KoMmyTupyemoro o6opygosaHua. Ecaun gpyroe o6opy-
poBaHue 6yfeT coeAMHEHO napannenbHO, TO OHO Takke GyfeT NoABEepP>XeHO BO3feicTBUi0. MepeHanps>keHne Ha CTopo-
He yCTaHOBKM UMeeT Gonbluee 3HaYeHue Ans BCell cuctemMbl U AN 060pyAOBaHNSA, COEJUHEHHOrO C Heil. MepeHanpse-
HWe nNpu BKAOYeHUn GyfeT Bbille, ecnn nojknoyaeTcs o60pyfoBaHNe C BbICOKUM TOKOM Harpysku.

O6bIYHO 6oNnee BbICOKME aMMIUTY/bl F€HEPUPYIOTCA NPU OTKNIOUYEHUW o6opyaoBaHUsa. AMNauTyabl 1,9 kB Ha6nio-
Aanncb B MNOATOTOB/NEHHBIX U3MEPEHUAX, C YPOBHAMU NPOU3BOAHON A0 5 kB/MKC. OTKNIOUEHME KOHTAKTOPOB MOXeT
Bbl3BaTb NepeHanpshkeHusa ¢ amnautygamu go 600 B. YpoBeHb noBblilweHns 6yget B npegenax 50 B/MKc. BbikntoueHne
KOHTaKTOPOB MOXET Bbl3BaTb HAMHOro 60/7ee BbICOKME UMIMY/NbCHbIE MEepeHanpsXXeHWss Ha CTOpPOoHe Harpysku. Hab6nio-
Aanncb aMnAUTyAHble 3HayeHus fo 2.3 kB. McnbiTaHusa AnA KOHTaKTopa B peXxume BKIOUYEHUA, MOTyT (pakTuyecku
BKMIOUYUTb U NaKeTHble UCMbITAHWSA Ha OTKNIOYEeHWe, Korga M BO3HUKAOT GbICTPble MepexofHbIM NpoLecchbl.

KomMMyTaums MUHMATIOPHbIX BblKNtoyaTeneil ¢ HOMUHaNbHbIMY TOKaMW B HECKONbKO amnep He Bbi3biBaeT Npo-
6neM. cBA3aHHbIX C KOMMYTaLVOHHbIMW MepeHanpsxXeHnsaMu. flaxe OTKNOUYEHWE KOPOTKUX 3aMblKaHWUi Bbi3biBaeT
He3HauynTeNbHble MepeHanpsHKeHWsa Ha CTOPOHEe YCTaHOBKUW. Kak nmpaBuno, amnanTyAbl nepeHanpsXeHuii Ha CTOpoHe
YCTAHOBKWN OKa3blBatoTcA Hwke 500 B. Mpumep pe3ynbTatoB UCMbITAHUA ANA pPasNNYHbIX HOMWHANOB TUNOBbLIX MUHU-
aTIOpHbIX BblKntoyaTteneli npusefeHbl B Tabnuue B.4.

Ta6numuya B.4— 3HayeHMs aMNAUTYAbl Y MPOU3BOAHOW ANSI KOMMYTALMOHHBIX WUMMYAbCHbBIX
nepeHanps>xeHuin B 3aBNCMMOCTU OT HOMMWHANBLHOIO TOKa MWHWATIOPHbIX BblKouaTenei

HomMuWHanbHbIN TOK. A 2 4 6 10
CpepgHasa amnautyja, B 208 224 201 232
MakcumanbHass amnautyga, B 379 399 332 285
CpeAHuWit ypoBeHb NpousBofHoli. B/MKc 33 36 21 22
MakcumanbHbI ypoBEHb NPOU3BOAHON. B/MKC 190 135 48 28

OfHaKo, HamHoro 6onee cepbe3Hoe cobbiTue 3T0 paboTa MUHMATIOPHOTO BbIKAKOYATENst B CNy4YyaB BbICOKOrO 3Ha-
YeHUs ToKa Harpysku. 3To 0CO6EHHO BaXKHO, €CNN HOMUHaNbHbIV TOK BbIKAOYaTeNs o4YeHb HU30K. Kak npumep, namepe-
HWe. caenaHHoe, Korga anekTponpubop 6bin BKAOYEH B LEMb C MUHWATIOPHbIM BblKOYaTeNeM C HOMUHAaNbHbIM TOKOM
2A (pucyHok B.9). OTKOUYEHNE TOoKa Harpy3ku npu 3TUX YCNOBUAX, BbI3blBaN0 O4EHb BbICOKME MepeHanps>XeHus C 04YeHb
601bLIOK NPOAONKUTENbHOCTLIO U BbifeNeHNEM BbICOKOI aHepruM. MakcMmanbHoe nepeHanpsikeHune B 3TOM McCMbITa-
HUM cocTaBnsano 2.8 kB.

u,Vv
1000

/. ms

PucyHok B.9 — MWcnbiTaTenbHas cxemMa AN M3MEPEHUs MMMYIbCHbIX NepeHanps>KeHui
npu cpabatbiBaHUM MUHWATIOPHOTO BbIKAOUATENS MPU Neperpyske
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B.6.2 ABTOMATUYECKU BbiKAOYaTeNb M ONepaunm KommyTayumum B cucteMmax anektpocHaé>xeHus (HH n CH)

MNepexofHble nepeHanps>XeHus, BO3AeiCTBYIOWME HA 3neKTpooGopyaoBaHue, MOryT HabnogaTbcsi B nto6oii cuc-
Teme 31eKTpocHabxxeHusa. B cuctemax aneKTpoCHaGXEeHUs € TMHUAMU, NPONOXEHHBIM B 3eM/e, NMOYTU BCE NEepexofHble
npouecchbl reHepupyoTCa aneKTpoMexaHUyeckoli KOMMYTaLMOoHHOW annapaTtypoli n nogo6HbIM nctoyHnkam. B HH n CH
ycTaHOBKax Npu KOMMYyTauum WHAYKTUBHbLIX Harpy3ok, TakKux Kak: npeobpasosartenu, peaktopbl, 06MOTKM KOHTaKTOpOB ”
pene, NOAKNIOYEHHbIX B napannenb K UCTOYHUKY 3NeKTPOCHAGXEHUSA, MOryT BO3HWKATb KOMMYTaUMOHHbIE nepeHanps-
>KEHUA C aMNANTYA0W A0 HECKONbKUX KWNoBONbT. OfHAKO, X YacToTa BO3HWMKHOBEHWS [OBONbHO HWU3KA, TaK Kak KOMMY-
TauMm B cucTeMax 3NeKTPOCHaBXeHUs 06bIYHO NPOUCXO0AAT B Ciyvyae MNOBpPeXAeHWi uan npu o6enyxxmBaHuun. Takue
CcO6bITUA OYEHb PeAKW, MO CPaBHEHUID C KOMMYyTauueli Harpy3ok B ycTaHOBKe noTtpe6utensi. To xe camoe siBNeHue
cyuiectByeT 1 Npu nocnefosateNbHOM BKIOYEHUUN WHAYKTUBHOCTEN, TakKUX Kak 3aMKHYTble KOHTYpbl U nocnejoBaTenb-
Hble peaKTopbl, UMW NPU OTKNKOYEHUUN CUCTEMbI 3NEKTPOCHAGXEHNA HEenocpejCcTBEHHO BMeCTe C UHAYKTUBHOCTbIO 3/eK-
TPONPOBOAOK. Ha CTOpOHE MUTaHWsA, KOMMYTaLMNOHHbIE NMepeHanps)XXeHusi MOryT Takxe 6biTb BbI3BaHbl ONepaTuBHbIMU
nepeknloYeHNAMN, obpasoBaHeM KPYroBoro OrHA Ha Konnektope fBuraTtens, BHe3anHbIM yMEeHbLUEHWEM Harpysku
3NeKTPUYECKON MalVvHbl UM npeo6pasoBaTtens M onepaTtMBHbIM NepekItoYeHneM KOHAeHCcaTopHbIX 6aTtapeii, ncnonb-
3yeMbIX 415 ynyylweHns KoapduumeHta MOLHOCTH.

Yactota 1 aHepretMyeckas cnoco6HOCTb NepeHanps>KeHUn faHHOro Buaa MoryT 6biTb 3HAUYUTENLHO Bbille, YEM
atMocdepHble NepeHanpaXXeHus C TOYKU 3PEeHUS BAMAHWA HA HU3KOBO/bTHbIE YCTAHOBKWU. [epexofHble KOMMYTaLNOH-
Hble NepeHanps)XeHWsi B HU3KOBO/NIbTHbIX YCTAHOBKAX MOXEeT AOCTUTHYTb aMNAUTyAbl B HECKONbKO KWOBOALT, XOTS MOX-
HO NPeAnoNoXXUTb, YTO OLEHKa MakKCMMabHbIX 3HAYEHU 3aBUCUT OT NOCTPOEHUSA CUCTEMbI KOHTPONS nepeHanpsxe-
HUAMMW B HU3KOBO/NbTHOW cucCTeMe 3neKTpocHaGXeHusi. B Tex cuctemax anekTpocHabXeHus, rae ynpasneHue nepeHan-
ps>xeHnem obGecneymBaeTca NyTeM YCTAHOBKW 3alUTHbIX YCTPOWCTB, OXMAaemMas MakKcumanbHas amnnutyfa B npefe-
nax HW3KOBONbTHOWM YyCTAHOBKWM noTpebuTtena He npeBocxoauT 6 kB.

B.7 Mpumepsbl npu cpabatbiBaHUN npejoxpaHutens

FeHepauuy nepeHanps>KeHUs BO Bpemsa cpabaTbiBaHMA NpejoxpaHuUTens nosicHaetcs B pasgene B.2. a npumep
pa6oTbl MUHMATIOPHbIX NpejoxpaHuTenein 6bIn NpuBefeH B nogpasgene 6.3. B 370 yactu npunoXkeHns B. npueefeHbl
AOMNONHUTENbHbIE MPUMeEPbl TaKol reHepauumn nepeHanpsaXXeHus.

Ha pucyHke B.10 nokasaHO mepeHanpshkeHue BO BTOPUYHOM pacnpegenutensHom ycTpoiictee 230/400B TpaHc-
opmartopHoii noagctaHuun, npu cpabatbiBaHnun 100 A npepoxpaHuTens. MepeHanps>XeHne Npu KOPOTKOM 3aMblKaHun
faeT BOMHY NPUGAN3UTENbHO TPEeYroNbHOW GopMbl U BO3HUKAET MEeXAY AMHERHbIMU NPOBOAHWKAMU cucTeMbl. KOHEYHo,
3TO NPOMCXOAUT HE YacTO, MO CPABHEHWUIO C MepeHanpsKeHUAMU, BbI3BAHHbIMMW, KOMMYyTaLmei paboynx TOKOB.

PucyHok B.10 — T[pumep nepeHanps>XeHns BO BTOPUYHOM pacrnpefenntenbHom
ycTpoiictBe 230/4006 npeo6pa3oBatenbHO nogcTaHumMm npu neperopaHun 100 A
npejoxpaHuTens oTxoaswen nuHUn
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Ha pucyHke B.1l nokasaHbl BelUUYUHbI U NPOAOMKUTENbHOCTb BPEMEHUN MepeHanpsXXeHuii, NoaBnAoLMecs Ha
LWMHaX B cUCTemMax 31eKTpocHabXeHns v BO3JeiCTBYlOLMe Ha NOAKNOUYEHHbIe Harpysku, ANns cnydas, Korja KopoTkoe
3aMblKaHne NPoOUCXOAUT cpasy 3a npegoxpaHutenem. [laHHble OCHOBaHbl Ha U3MEPEHUAX, NONYUYEHHbIX AN MHOXeCcTBa
TOYEK U3MepPEeHNs B PasNnyHbIX MPOMBbILUAEHHbIX YyCTAHOBKAaX.

3TV U3MepeHnsa BbINONAHANNCHL C NPefjOXPaHUTENAMN pasNuyHbIX n3rotosuteneii, Ha Tokn 10 A, 35 A. 100 A n 355"
400 A. PacnpefeneHue pe3ynbTatoB M3MepeHWin Ha pucyHke B.1l nokasbiBaeT, YTO YEM HMXKE HOMWHaNbHbIN TOK npe-
AOXpaHUTeNs, TeM Bbllle NepeHanpshKeHne, HO Kopoye ero npoAoKUTENbHOCTb.

ff-zaQ Vv *~"

COTUIOTO CTaHJapTaM L rpefaxpBerrerb;
* -10 MdpenoheHuntany;
*~rgogomTT >10A

PUCYHOK B.11 — 3aBWCMMOCTb MepeHanpsi>KeHns OT MPOLOMHKUTENLHOCTU KOMMYTALUOHHBIX UMAYIbCHLIX
nepeHanpsbkeHuii B cuctemMe 3NeKTpocHabxeHus. KopoTkoe 3ambikaHue B6/M3V NPefoXpaHuTeNs OTXOAAWEN NUHUK

PesynbTaTbl n3MepeHuii BbipaxkatoTca (DakTopoM nepeHanpsXXeHus, KOTopbiM siBnsieTcs 3PheKTUBHbI Makcu-
MyM MepexofHOro nepeHanps>eHns, BbIPaXKEHHOTO0 Kak KPaTHOCTb K HOMWHaNbHOMY HanpsbKeHWto nutaHusa. dakTtop
nepeHanpsykeHns mexay 7.7 n 10,5 coctaBnset Tonbko 3 % cnyyaeB M3MepeHwil. Ana ogHodasHbIX Lenei nutaHus
230B, 370 03HauaeT, YTO B CAy4yaB KOPOTKOrO 3aMblKaHWUS MeXAy NMHeNHbIM U HeliTpanbHbIM MPOBOAHUKAMM, BO3HUKaET
nepeHanpsb>keHue ot 2.5 go 3,4 kB.

Mpu TpexdasHom anekTponuTaHun Hanps>keHnem 400 B 1 KOPOTKOM 3aMblKaHUM MeXAY NMHelHbIMU NPOBOAHU-
Kamu. hakTop nepeHanpsXxeHus Hwxke 4,4. n cnefoBaTenbHO MepeHanpshkeHue octaeTca Hwxke 2,5 kB. CornacHo
cTaHfapTy Ha npejoxpaHuTenn, KOMMYyTauWOHHble NepeHanpsXXeHus npejoxpaHuteneid ¢ HOMUHaNbHbIM TOKOM 60/b-
we 10 A He gomkeH npesbliwaTb 2,5 KB. 3T0 3HaueHWe COOTBETCTBYET (haxropy nepeHanps>xeHusa 7.7 fna HanpsaxeHus
nutaHua 230 B n 4,4 gna 400 B. FopusoHTanbHble NMHUKM Ha puc. B. 11l nNokasbiBaloT, YTO yKalaHHbI npejen KoMmyTa-
LLMOHHOTO HanpshKeHUs NpaKTU4ecku BbINONHAETCA B 060MX cayvasx.

Ecnn KOpoTKoe 3aMblKaHie NPoOUCXOAUT He BOAN3WU LUVH. FAe yCTaHOBNEH NpejoXpaHuTenb uenu, a B yaaneHHon
TOUKe Lenu, 4To ABnsieTca 60nee BEPOATHbIM ClyyYaeM, ypoBeHb KOMMYTALMOHHbIX NepeHanps>keHuii ymeHbllaeTcs 3a
cyeT yBeNMYEHNA ero NMPOoJO/MKMUTENbHOCTM, Kak MokKasaHo Ha pucyHke B.12. [Insi KakAoro HOMWHaNbHOro Toka 6binn
ncecnefoBaHbl U NpejctaBneHbl 4Ba Habopa faHHbiX. OHW OTHOCATCA K U3AeNvAM [BYX pasHblX WU3rotoBuTenein n gatot
HEKOTOPYIO MH(OPMAaLUI0 OTHOCUTENIbHO pacnpejeseHns no BennunHe oXujaembiX amnanutya v NpoAoMKUTENLHOCTH
NMNYNbCOB.

71



FOCT P 55630—2013
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PucyHok B.12 — T[lepeHanpsikeHve B CUCTEME 3NEKTPOCHABXEHWUs B 3aBUCUMOCTU OT ANUHbI KaGenbHOW NMHUK
ANS NpejoxpaHuTeneil ¢ pasnMyHbIMU XapakTepucTukamu. KOpoTKOB 3amblKaHue B KOHLUe Ka6ens
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MpunoxxeHune C
(cnpaBo4YHOE)

JononHutenbHas MHpopMauus 0 BPEMEHHbIX MepeHanpsXeHnax

C.1 BpemeHHble nepeHanpsaXXeHuns, Bbi3BaHHbIe NOBPEXAEHUAMN

OfHUM M3 UCTOYHUKOB BPEMEHHbIX nepeHanpsxkeHuii (BMH) B cuctemax nutaHua HH aBnsieTca BO3HWKHOBEHUE
nospexgeHuii B cucteme CH. XapakrepucTtuku atux BMH 3aBUCAT OT TMna cucTeMbl NMUTAHUA U NPUPOLbLI NOBPEXAEHUNA.
B tabanuax C.1 n C.2 cyMMMpPYIOT BO3MOXKHOCTW, 06pncoBaHHble B 06X YepTax rpauyeckn Ha cxemax, npuBefeHHbIX
B M3K 60364-4-44. Ta6bnnua C.1. y>xxe BKIOUYEHHAA B pasfen 7 kak tabnuua 6. BOCNPOM3BOAMTCA 3fleCb ANSA yaob6ecTBa
yntatens. B Heli npeacTaBneHbl JONYCTUMblE MaKCUMaNbHble 3HAYeHWUs, Kak TpebGoBaHWe Mpu NPOeKTUpPOoBaHWUK ycTa-
HOBKW. DTN 3HA4YeHUs — BEPXHWi npepgen, n npaktnyeckn BIMH. KoTopble 4eCTBUTENBHO NPOUCXOAST, BEPOATHO, 6yayT
NMeTb MeHblune 3HayeHus. B Tabnuue C.2 npuBedeHbl MakKcMMalbHble 3HAYEHUA, KOTOPble MOryT BO3HUKHYTb B Cny4yas
nospexgeHus B cucteme HH.

WHdopmaumna, npusegeHHas B MOK 60364. fononHaeTcs CXeMol, npuBeAeHHON Ha pucyHke C.1. npeactaBnsto-
e CeBepoaMepUKaHCKYH NPaKTKy, KOTopasi He BKIOYEHa B TeKyLuii BbiNycK MIK 60364-4-44.

Tab6nmuya C.1— MakcumanbHble 3HAYEHUSA AONYCTUMbIX NEepPeHanpsXXeHuii Npu 3amMmblKaHWM Ha 3eMI0 Ha CTOPOHEe
HanpsXeHns cpefHero ypoBHSA

o Mpogonxu- Makcumanb
Twun un cuctema Cucrtema MakcumanbHoe geincTeByloliee 3HaYeHue
6 HH TeNbHOCTb Hasa
3asemneHna CH npu 3as3eMneHuns HanpsXeHns Ha o6opyJoBaHWM yCTaHOBOK nospexaeHns NpoAOAKMU-
€AVWHNYHOM 3aMblKaHuu cornacHo TEeNbHOCTb
Ha 3emn M3K 60364-4-44
L-PE N-PE L-N c yac
3-x npoBogHasa,ns3onm- TN.TT.IT 0 » 5 fecatkn
poBaHHas HelTpanb
3-x npoBojHas, pe3o- TN.TTh) no 0 ) » 5
HaHcHOoe 3asemneHue Ha), c), d)
wnm CoTHM
3-x nposogHas, umne- TTa). ITh). e) <250 B + UO <250 B o » 5
flaHCHOe 3a3emneHue
Hu3ko umnegaHcHoe TN.TTh) 0 no <5
3a3emMmNeHne ITa). c), d)
(PpaHyuns) CoTHM
Ma). 1Tb), e) <1 200 B #U0 <1 200B o <5
3-x nposBogHas, Henoc- TN.TTh) 0 no <5
peacTBeHHoe 3a3em- ITa). c), d)
Tbicaun
neHuns
Ma). ITb). e) <1 200 B ¢ U0 <1 200BV o <5
4-x nposBofHas, Henoc- TN <2.45 U0 0 <2.45 U0 <5 Teica4n
peACTBEeHHOe 3a3eM-
nevwune

(Mpaktnka CLA)
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Ta6nunuya C.2— MakcumanbHble BO3MOXHblE 3HAYEHUA BPEMEHHbIX NepeHanpsaXXeHuli B HU3KOBO/bTHbIX YCTaHOBKaX
npn NOBpPEeXAeHUAX Ha CTOPOHEe HU3KOro Hanps>KeHua

MakcumanbHoe feiicTByll ee 3HauYeHne
Hanps)keHUs Ha 060pyJOBaHUN YyCTaHOBOK

Bpemsa oTknoyeHunsn

Twun oTkasa Tun cuctemsbl HH Hn nosepexageHns
a cucteme HH
LPE N-PE L-N c
TN 0 <5
1T <40V + U0 <50V uo > 5. ecnn otkas npowc-
Ecnn ycnosne RB/Re <50B1 X0AUT B cucTeme pac-
(U0-50 B) npegeneHuns
BbIMONHSAETCA B pacnpeje-
ANTeNbHON cucteme <V3uo0 Uo < 5. ecnm oTkas npowuc-
XOAWT B yCTaHOBKe MNo-
MoBpexpaeHne Tpebutensa
3asemMneHus
TT <1.45 Uo <U.12 Uo > 5. ecnn oTkas npowuc-
Ecnn ycnosne Rt/Rt <50 V/ XOAMUT B cucteme pac-
(Ife-50 V) npejenexHus
He BbINONHSETCA B pacnpe-
AennTenbHoOW uo Uo < 5, ecnm oTkas npowuc-
cuctemeb XOAWT B yCTaHOBKe MNo-
Tpebutensa
IT Uo » 5
TN <1.45 Uo 0 <1.45 U0
L-N
KOpOTKOe 1T U) <u0I2 <1.45 U0 <5
3aMblKaHue
m U) <uolI2 <1.45 U0
O6pbIB HeliTpanu TN.TT <UQ <V3 Uq >5

MpumeyvaHune 1.B HeKOTOpbIX CTpaHax Mexpay cuctemamu TT fenaetca pasnvuue:
acuctema TT c 3a3eMNeHHbIM HelTpanibHbIM MPOBOAHNUKOM
6 cuctema TT. rge HeliTpanbHbIi NPOBOAHUK He 3a3emnseTcs
rae

— TNONHOe COMpOTMBAEHME 3a3eMNeHVNA HelTpanbHOro NpPoBOAHUKA B HW3KOBONLTHOW cucTeme:
R. — camoe HW3KOB COMPOTUBNEHUE 3a3eM/eHUsl, KOTopoe GyfeT 0XuAaTbCA ANA MNPOBOAALMX YacTel, KoTopble
He COEeAUHAITCA C 3alWMUTHbIM NPOBOAHUKOM, B CNy4yaB MOBPEXAEHUS 3a3eMNeHUs:
50 B cTaHAapTHbIV npegen Hanps>XeHWs NPUKOCHOBEHMWSA:
Uo — HOMMWHaNbHOE Hamnpsh>KeHWe OTHOCUTENbHO 3eMNN B HU3KOBO/NLTHOI cucTeme.

NMpumeyvyaHune 2. BIT-cuctemax, MakcumanbHble AelicTBylOLWME 3HAYEHNA HANPSXKEHUSA, N3-3a NOBPEX-
AeHunii B cuctemax CHK 1 n3-3a nospexgeHunii B cuctemax HH LV gonkHbl 6biTb yBeMYEHbI, MOCKOAbKY OHU UMET
60/bLUYI0 NPOLOKUTENBHOCTb.

Kak npumep, 4na TpexnpoBofHO# cuctembl CH C pe30oHaHCHbIM 3a3eMNeHneM, C BpeMEeHEM 3aMblKaHus Ha
3emnto 6onee 5 c.m ana cuctembl HH ¢ BpeMeHeMm 3amblkaHus Ha 3eMnto 6onee 5 c. MakcuMymanbHoe felicTByto-
Liee 3HayeHue HanpsKeHus, MOXeT ObiTb pPaBHO MAN MeHble yem 250 B + ~3 10 Ana Hanps>xeHusa L-PE.

NMpumeuvyaHnune 3. BMH uz-3a o6pbiBa HelTpanu B cucteme HH MOXeT 6bITb MPOUTHOPMPOBAHO NpwU
Bbl6ope Y3WM. notoMy 4To HeT 060pyfOBaHUA, KOTOPOe AO/MKHO NPOTUBOCTOATH TAKOMY HanpsbkeHuto. OgHako,
Takoe BMH MoxeT yHuuToXuTh Y3WUTM, ecnu, KOHe4yHo, HopManbHble KpuTepuu Bbibopa Y3WUM 6binn cobnopeHsl,
TO €CTb, YTO PEXMUM NOBPEXAEHUSA GblN PACUETHbIM.
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PucyHok C.1 — BpeMmMeHHOe nepeHanpsyKeHue, nNpu NoBpPeXAeHUN Ha NepBUYHON CTOpOHe
TpaHcthopmaTopa B cuctemMe TN cornacHo ceBepoaMepuKaHCKOW npakTuke

C.2 CoBMelLeHne cuctem

B page cnyyaeB B cucTemMax 3N1eKTPOCHAGXeHWs, nonyvyalowmx nutaHue oT BO3AYLWHbIX NMHWUI, UCMNONb3YKTCA
o6Lwume onopbl ANS PasHbIX YPOBHEN Hanpsh>XeHus. 3Ta HEeNocpeacTBEHHAA CBA3b MOXXET MPUBECTU K COBMELLEHUIO ABYX
cucTem, ecnv NpoBofa NMHUM OAHONM cUCTEeMbI ynajyT Ha NpoBoja NMMHUWU APYroi cucTembl. TOT HecHacTHbIN cayyald,
KOTOPbIA MOXET NPOM30ATM BO BPEMS LUTOPMOB WAN KOFja HEKOHTPONUPYEMbI/i MexaHu3M c6uBaeT onopy, 3Ha4yuMm Ans
HEKOTOpbIX NPUMeHeHnin. NMofobHaa cuTyauuna, HO C HAMHOrO MeHblueli BEPOATHOCTbIO MOXET NPOU30NTU B TOUKax
nepeceyeHns ABYX NNHUIA. DTO yCNoBUE MOXET TakkKe CyLLecTBOBaTb B MPONOXKEHHbIX NOJ 3eMneii cucremax 3n1eKTpo-
CHab>XeHus, rae Mcnonb3yeTcsa NpakTuka HeynopsifovYeHHOW Npoknajku (Kabenn nuTaHua, N KOMMYHWKaLMOHHbIE Ka-
6env ynoXxxeHbl B OfHOW TpaHLwee).

B 3aBMCMMOCTM OT CXeM 3aliuTbl OT NepeHanpaXXeHus, peann3oBaHHbIX B CUCTEME 3NEeKTPOCHabXeHusa, y 3Toro
COBMeELLEHNA MOryT 6bITb Nary6Hble NocnejcTBus N8 060pPy[OBaHUA, COEANHEHHOTO C HWKHUM YPOBHEM HanpsiKeHus.
O6blUHble pas3psagHUKN He MOrYT BbliepXaTb BO3fjelicTBMe B TeYeHWe OTHOCUTENbHO AANTENbHOTO BPEMEHUN (HECKONbKO
nepuoAoB) AeliCTBMA MOBbILEHHOTO HANPSAXEHUA Ha 4YacToTe NUTaHUA JO0 OTKAYEHUS NUHUKU. [leicTBUTEeNbLHO, 3Ta
Hecnoco6HOCTb pa3pafHUKa paccefaTb 3HEPruto, CBA3aHHYIO C 3TUM MepeHanps>XeHnem, NPuUBoOAUT K paspyLlueHuto pas-
pPAAHMKA. HO UHULMUPYET 3NEeKTPUYECKYH Ayry, Kotopas adeKkTnBHO o6ecneunBaeT orpaHMyYeHne HanpsXKeHus Humke
3alMTHOTO YPOBHA paspagHuKa.

3Tnm cnoco6om o6opypoBaHue notpebutensi, COefUHEHHOE C HW3KOBONbTHOW CUCTEMOI, MOrN0 6bl 6bITh 3alu-
LeHo, XoTa 6bl 3a cyeT paspsafHMKa, KOTOPbIA yHUUYTOXKaeTcAa U AO/MKeH ObiTb 3aMeHeH. 3Ta 3ameHa npejcrasnser
He6onblMe pacxofbl MO CPABHEHUIO CO CTOMMOCTbIO BOCCTAHOBNEHUS OMOP U 060pBaHHbIX NMHWI. MO CpaBHEHUID C
MaccoBbIM OTKa3oM 060pyj0BaHNsA Ha HU3KOBONLTHON CTOPOHE, KOTOpas uHaye npousowna 6bl, cxema 3aluTbl ¢ note-
peli ofHOro paspsifjHuKa - onuus, Kotopas Gbina paccMoTpeHa W MpPYMeEHeHa HeCKONbKMMU 3N1eKTPO3HEePreTUYecKumm
KOMMNaHUsaMMN.

Kak npumep coBMeELLEHUSA, PACCMOTPUM O6BLEKT, rae NUHUS aneKTpocHabxeHusa 23 KB (MMHUA OTHOCUTENbHO
3emnun 13,9 kKB) cMOHTMpOBaHa Bbilwe NnHUK Ha 4,16 kB. Ecnu npoBog 23 KB cnyyaliHO cBA3bIBaeTCs ¢ NPOBOAOM Ha 4 KB.
TO (hbakTOp nepeHanps)KeHus Ha 3ToM npoBoje cocTaBuT 5.5. CMOHTUPOBaHHAsA Ha fepeBAHHbIX TpaBepcax NIMHUA Ha
4,16 KB MOXeT nerko npoTMBOCTOSATb 3TOMY MepeHanpshkeHuto, Takum obpasom, nepegasas 13,9 kB Ha pacnpegenu-
TeNbHbI TpaHchopmMaTop, 3anuTaHHbIli OT 3TOW NUHUKN. Hanuuue pas3psfHUKOB Ha TpaHchopmMatope U HacblleHune
TpaHcopmaTopa, orpaHuymMBaloT nepeHanpsXeHua Ha ctopoHe HH TpaHcdhopmartopa B JOCTATOYHOW CTeneHwu, YTob6bl
nsbexxatb Cepbe3HOro NoBpeXAeHnsa coegnHeHHoro HH o6opyaoBaHusA. AHEKAOTMYECKUE COoOo6LLeHus, ofjHaKo, roBo-
PAT, UTO B HEKOTOPbIX CAyYasX NPoOM30LINN MaccoBble OTKasbl 060pyfoBaHus. 3Ta cutyaumsa morna 6bl 6birb 06bACHEHA
HEeCOOTBETCTBYHOLWMMMN MeTodaMun 3a3eMNeHus TpaHchopmaropa u Heltpanu.
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MpunoxxeHune D
(cnpaBo4YHOE)

fononHntenbHas MHMoOpMauns 0 CUCTEMHBIX NEepeHanpsXeHnsx

D.1 O6wue BonpocChl

OneKTpoHHOe o6opyaoBaHMe, KOTOPoe BXOAWUT B GbITOBYIO 1 E€N0BYIO cpefy Bce 6o/blue, HacTo BKNIOYaeT KOMMy-
HVKaLWOHHbIA MOPT TaK e Kak 06blYHbI MOPT LWHypa nuTaHua. TUNWYHBIA NpuMep nepcoHanbHbIl KomnbioTep (MK)
C MOJEeMHbIM COeAMHEeHMeM. XOTA U NuUTaHue, N KOMMYHUKaLUOHHbIE CUCTEMbl MOTYT BKAOYaTb Lenu 3awuTbl OT UM-
NyNbCHbIX NEPEeHanpPs>XeHNin, CKaykn ToKa B CUCTEME, BbI3bIBAIOT CABUT NOTEHLMana ero KOHTPO/NbHOW TOUKKU, B TO BpeMs
Kak noTeHuuan Apyroii CUCTEMHOW KOHTPONbHOW TOYKWM OCTAeTCA HeM3MeHHbIM. Pasnuune noTeHumana mexgy 3TMmu
ABYMSA KOHTPO/NbHbIMMW TOYKaMu nosensetcs Mmexgy Asymsa noptamu MK. B 3aBucumoctn ot Tuna MNK/mogema un ero
3alMLLEeHHOCTN, KOoTopasa 4acTo He onpejeneHa, 370 pas3iMumMe noTeHunana MOXeT NMPUBECTU K HEKOTOPbIM HapyLleHu-
AM B paboTe MAN NOBPeXAeHUAM

Bbin NpeAnoXKeHbl pasnuyHble CXeMbl ANA YMEHbLIEHUS HapyWweHUd B pa6oTe UM MOBPEXAEHUA us3-3a pasHo-
cTn noteHumanos. CambiM 3thPeKTUBHbIM 6bIN0 6bl ONTUYECKOE pa3bejVHeHne, BCTaBNEHHOEe B NMHUIO CBA3U, HO pac-
XO/flbl U BCTPOIiKa HexXenaTefbHbl ANA TUNOBOrO NPUMEHEHUA B GbITOBbIX YCNOBUAX. YBENNUYEHNE 3alULLLEHHOCTU cucTe-
Mbl K CO CTOPOHbI U3roToBUTENEN, YUNTbIBAsA PbIHOYHYIO IKOHOMUKY, BPSA 11 NPON30MAYT, N (PaKTUYeCKN OHN He adhek-
TUBHbI N1 HEKOTOPbIX U3 HaNPSXXEHWA, KOTopble MOrYT NoABUTLCA. Cnefyrouwnii npumep, 3 onbita CeBepHOW AMepukmn
(B aTOM nMpuMepe paccMOTpeHbl TMHUWN, TUMWYHBLIX ANA TenedhoHUn), NN CTpUpyeT Npobnemy, KOTopoli, B 3aBUCUMOCTH
OT ONnpefeneHHblX HauMoHanbHbIX METO/0B, MOXHO BCTPETUTbL B APYrMX yCTaHOBKaXx.

NMpumMmedvyaHune — [Ana 3aWnuTbl TENEKOMMYHUKALWA W CUTHANbHbLIX MUHWA UCMONL3YHOT MeTaniInyeckme
NPOBOAHUKM CUCTEMbI MOMHME3ALUThI, BKIOHAA CUCTEMHbIE B3aWMOAECTBUA. PaccMaTpuBatoT crefytoume NuHum:

- TENeKOMMYHUKALUOHHbIE IMHUMN, COEAUHSAIOWME KOMMYTATOP C CETEBbIM OKOHYaHMEM:

- TENEKOMMYHUKALMU UNN CUTHANlbHbIE UHWUW, COeAuHsoWMne 060pyaoBaHNe, PacrnofoXeHHOe B PasfnuHbIX
3haHuAX, Hanpumep, NMMHUKM ISDN MW CUTHANbHbIE NMHUW MEXAY KOMMbIOTEPaMM.

D.2 Npumep cmelweHnsa noteHymnana NK'mogema

Ha pucyHke D.1 nokasaH K. 060pyAOBaHHbI MOAEMOM, MOAKIOYEHHbI K CeTU TpexnpoaoAHbIM Kabenew,
KOTOpbI/i BKAOYAET NPOBOAHMK 3a3eM/eHUsl, yCTaHaBAMBaKLWMNA NOTEHLMAan Wwaccu paBHbIM NoTeHUuany 3asemnsto-
el WuHbl pacnpegyctpoiictBa. Mogem coefuHseTca ¢ TenedOHHbIM BbIXOAOM B KOMHaTe M Ha Bxoje TenetoHHOW
CBA3M MMeeTCcs JONONHUTEeNbHAs 3aluTa 0T NepeHanps>XeHnii, yctaHoBneHHas TenedOHHON KomnaHueii. na Xyawero
BapuaHTa (4acTo BCTpeYaeMoro) aNeKTpuyeckuii u TenedoHHbIi BBOA BXOASAT B JOM C NPOTUBOMONOXHbIX KOHLOB. B aTOM
cnyyae, NPOBOAHUK 3a3eMIEHNA 3alinTbl BXOfa COEAUHSIETCA C camMoil 6n11M3KOol TOYKOI 3a3emneHue cuctembl, KoTopas
[OCTYMHA, KakK NoKa3aHo Ha pUCyHKe. ITOT JOMONHUTENbHbIA NPOBOAHUK 3a3€MNEeHUA MOXeT GbiTb HENOCPEeACTBEHHO
NoAKNOYEH K pacnpegenMtensHoMy wwkady.

PucyHok D.1 — CoepguHeHune MK/mogema c cUCTeMOl NUTAHUS U KOMMYHUKALMOHHOW cucTemMomn
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Kak npusefleHO HWXKe aTa anbTepHaTUBHas MaplpyTu3auus He MMeeT 3HA4YeHUs Npu UMMYILCHOM BO3[eicTBumn
Ha TenetOHHYI0 CBA3b. YCTPOWCTBO 3alyUTbl OT UMMYAbCHbIX MepeHanpsXeHuit co cTopoHbl nutaHus MK Ha puc. D.1,
OTKyfla Nonb3oBaTeNb 0XujaeT MOABNEHUA BO3MYLIEHUA C Hanbonblleil BEPOATHOCTLIO, paccmaTpuBaeTca Kak Aomnosn-
HuTenbHoe. B peiicTBuTEnbHOCTM Hanuume Y3WI Ha CTOpOHE MUTaHMA He OKa3blBaeT HMKaKoro adekrta Ha pesynbrar
paccmatpuBaemMoro cueHapus.

Ha pucyHke D.2 npuBefeH cueHapuii, Npu KOTOPOM MMMNY/bCHOE nepeHanpshkeHne oT TeneOHHON ceTn BO3aeit-
CTBYEeT Ha BBOJ NMUTaAHUA NPWU YCNOBUW, Y4TO TenedOoHHasA KOMMNaHusA ycTaHOBWUNa cneunanbHbiii Y3UM. asnatouwuniica
4acTblo yCTaHOBKM. Takoe yCTPOMCTBO ynomuHaeTcs Kak CeteBoe uHTepdelicHoe yctpoicteo (NID)L UmnynbcHoe nepe-
HanpsbkeHne oTeoanTcsa NID yepe3 NpPOBOJHMK ypaBHWBaHWA MOTEHLMAN0OB Ha 3a3emnautens. B xyawem cnydae, ABa
BOja pacrnonaralwTca B NMPOTUBOMNONOXHbIX KOHLUAX AOMa, NO3TOMY y COEMHEHUA AN ypaBHUBAHWS NOTEHLMaNnoB MO-
XKeT 6bITb cywecTBeHHan AnvHa. Hanmumne Y3UM Ha CTOpPOHE NMUTaHUA HE MMEEeT HMKAKOro 3HavyeHus ANa 3Toro cueHa-
pusi. Ha pucyHke D.2 npusegeH Y3UM. ycTaHOBNEHHbI noTpebutenem, v orpaHnynTENb NEpeHanps>XeHus, Hanpumep,
B pacnpejycTpoiictee uau wkagde yyera.

PucyHok D.2 — Pa3HOCTb noteHunanosB Ha MNK/mMogeme BO Bpems mmnynbca Toka

TekywWwuin "nmMnynbCHbIN TOK" Ha pucyHke D.2 TeyeT no Tpy6e, co3faBas MarHUTHbIA MOTOK B 3aMKHYTOM KOHType,
cthopMunpoBaHHbIM TPy6Oli M NPOBOAHMKaAMMN B BepxHell yacTu uenn — TenedoHHbIli nposoj, coeauHsaowmii MK ¢ NID
1N oTBETBNEHMA, coeauHsatolero MK ¢ BXo4oM nuTaHuA. BbICTPO M3MEHSAIOWNIACA MMNYNbCHbIA TOK Bbi3blBaeT Hanpske-
HWE B KOHTYpe, KOTOPOe NOABNAETCA B TOUKE, [[le KOHTYP PasOMKHYT — WU30NALUA MeX[y MOAEMHbIMU TepMuHanamu
1 TepmuHanamu nutaHus MMK.

Apyroii cnoco6 06bACHNTH BbI3BAHHYIO Pa3HOCTb MOTEHLMAN0B, OCHOBAaHHbI Ha TOM Xe caMOM 371eKTPOMarHuT-
HOM 3aKoHe, npejgnonaraet, YTO y AMHHOTO KaHana eCcTb MHAYKTUBHOCTb L, YTO NPMBOAUT K BO3HWKHOBEHWUIO Hanpshke-
HUA L x di/dt, KoTopoe BO3HMKaeT BA0/b KaHana v cnejoBaTtenbHo NpuknagbiBaetca K noptam MNK. OgHako o6bAacHeHue,
OCHOBaHHOE Ha notokocuenneHun. 6onee NonesHo, MOTOMY YTO OHO yKa3blBaeT Ha BNUAHME FeOMeTpuM KOHTypa, a He
TONbKO Ha ANUHY KaHana. TeopeTuyecku, ecim KOHTYp YpesBbluaiiHo y3kuii — npoknajka npoBOjoB 6/M3KO K NPOBOAHU-
Ky 3a3em/neHus (4TO peKOMEeHAyeTcs € TOUKM 3peHus obecnedyeHus AIMC — cMm. npunoxeHue F), ero o6nactb 6bina 6bl
He3HaunTenbHOW M NoToxocuenneHne, 3Ha4YMTeNbHO yMeHbLIEeHO. B AeicTBUTeNbHOCTU, OAHAKO, Nnoujajb KOHTypa B
peanbHOW ycTtaHOBKe Bcerga 6yaeT CyleCTBEHHO.

B npuBejeHHOI cxeme pa3HOCTb NOTEHLMAN0B NOABASETCA MeXay No6biM 13 ABYX TenedOHHbIX MPOBOAOB Ha
ofHOli cTopoHe MK u HeliTpanbHbIM NPOBOAHUKOM N UAM NPOBOAHUKOM 3a3emMneHns G ¢ Apyroi ctopoHbl MK. npu
HecpabartbiBaHun Y3WUTM unu paspsgHuka, npucytcteue Y3WM Ha cTopoHe nopTta nutaHusa MK He oka3blBaeT HUKAKoro
BNVSIHWA Ha pe3ynbTaTr Npu 3TOM CLeHapuu MMNYIbCHOTO NepeHanps>XeHuns, noctynakoulero oT TeneoHHON cTaHuum 1
okasblBalolleM oTpuuaTenbHoe BO3jeiicTBME MPU ero oTBoje HopManbHO (GyHKUMoHUpytowmum NID.

NID ycTtaHaBnuBaeTcsi TeneOHHOW KOMNaHuuei, 4Ns 3aWwuTbl ee BHEWHero 060pyjoBaHusa OT nepeHanpsxe-
HWUIA MM MMNYNbCOB BO3HMKAKOLWMX B Lensx aboHeHTa. ITO He o6ecneymBaeT 3alnTbl a6GOHEHTA OT UMNYAbLCHbLIX Nepe-
Hanps>KeHU. XoTA MOXeT nokasaTtbCs, YTo 3awmuiaer. OgHako NID yuuTbiBaeTcs B 3TOM CLEeHapuy¥ MMMYIbCHOTo nepe-
Hanps)KeHus.
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Mofo6HBIM 06pa3oM MMNyNbCHOE NepeHanps)XeHne cCo CTOPOHbI MUTAHUA U He OTBEJleHHOe B TOYKe BBOJA,
MOXeT JOCTUTHYTb TOYKM noakntouveHus MK. rae 6naropasymHblili gomosnageney yctaHosun Y3WUM gnsa 3awutel oT UM-
NYAbCHbIX NepeHanpsXXeHuii co CTOPOHbI NHUM 3neKTponepejayn.

34ecb CHOBa BO3HMKaeT TYyNWKoBas cuTyauus, Korja TOK MMMNYyNbCHOro BO3/elCcTBUA, OTBefeHHbIl Y3WT. Bo3Bpa-
ujaeTca yepes 3eMI0 M MPOBOAHUK 3a3eMNeHUst unn/u HelTpanbHbll NPOBOAHUK. DTOT UMNYNbCHbLIA TOK co3jaer
MarHuTHbIi NMOTOK B TOM € CaMOM KOHType, Kak W B MepBOM CLeHapuu, C TeM Xe caMblM BO3MOXHbIM pe3ynbTaToM
NOBPEXAEHUS UNN pa3pyLUeHns.

D.3Mpumep BOCCTAaHOBUTENbHbIX eliCTBUIA

Ana pemoHcTpauun no6oyHoro addekra OT HECKOOPAVWHUPOBAHHOW 3alinTbl OT NepeHanps>KeHus u npeumylie-
CTBO NPeANoXEeHHOro pelleHns, U3MepPeHNss NPOBOAUNNCHL ANS KONWM NONHOMACLUTAGHO BHYTPEHHel 3n1eKTponpoBoj-
K/ CUCTeMbI, BKAOYas nuTaHue, TenetoH U MejHyt0 BOJONPOBOAHYIO TPy6y, pucyHok D.2. TenedoHHble npoBoja npono-
>KeHbl CTaHAAPTHbIM CNOCO60M Ha HEKOTOPOM pPacCTOSiHUM OT Tpy6bl.

PucyHok D.3 nokasbliBaeT 3anucb, Nony4eHHyto npu BO3jeicTBUM CTaHAAPTHOrO MMNynbca NepeHanpshkeHus Ha
NID, onpejeneHHoro ctaHgapTaMmu no tenedoHnn. M3amepeHne NpoBOAUNOCHL AN PA30MKHYTOrO KOHTypa ANsi UMMYib-
ca c napamMeTpamu U3MEHeHWUs WMMNYyNIbCHOTO Toka 75 A/MKC. amnnuTyaoi 4.3 kB. B (hakTMueckoil yctaHoBKe 3TO Hanpsi-
>KeHne NosiBUNOCh Gbl MeXJy JBYyMs noptamu npucoefmHeHHoro K. HO B aKCNepuMMeHTe OHW He GbiNn COefAuHEeHbI,
4T06bl M36exaTb 6eCcnone3Horo NoBPeXAeHUs.

/ BxopaHoit Tok NID 50 Aidiv: db'd! * 75 Armxc

V HanpsaxeHne mexay TeneMoHHbIM NOPTOM U 3alUTHLIM NPOBOJ
IOMOM (PE) 2 kB.'sen makcumym 4.3 kB

FopusoHTanbHaa passepTka. 2 Mkc/acn

PucyHok D.3 — Hanps»keHue B KOHTPO/bHbIX Toukax gnsa MK Bo Bpemsa
MMMYNbCHOTO NepeHanpsXxeHus

PaccmoTpeHne pucyHka D.3 yka3dbiBaeT Ha CyLLeCTBEHHbI (haKT: MakCMmanbHOe HanpsikeHue focTuraeTcsi BO
BpeMsl NMPOXOXAEHWA MepejHero hpoHTa MMMYNbCHOTO TOKA, a He BO BPeMSs AOCTMXEHUS MaKCUMaibHOro 3HauyeHus
ToKa. Takum o6pa3oM, MakcMMmanbHas aMmnautyfja onpefensieTcs HayalbHbIM 3HAaYyeHWeM MPOU3BOAHON, a He MakKcu-
Ma/lbHbIM 3HayeHMeM camum no cebe. DTOT UHAYKTUBHLIN 3 (eKT ABNAETCS APYTUM NMPUMEPOM AN KOMMeEHTapus
CLeNnaHHOro HeckonbKo pa3 B 3TOM TEXHWYECKOM OTYeTe, YTO. paccMOTpeHue CpefHeill CKOpOCTM HapacTaHwus Toka,
BbluMCNeHHOM anst 10 % u 90 % TOYEK, MOXET BBECTM B 3abny>XaeHune. 70T aP(HeKT BEPOSATEH AaXKe AN MELNEeHHO
BO3pacTaloLLero MMnynbca, NOTOMy 4TO ra3oBblii pa3psig B NID He 6yAaeT BO3HUKATb Mpexie, YeM UMNYNbC JOCTUT
BbICOKOrO HanpsKeHus, YTOo npuBejeT K yBEAUYEHUI0 NPOV3BOAHOI NO CpaBHEHUIO C TeM. ecnu 6Gbl TOK Havyan Teyb B
Hayane UMNYNbCHOrO MepeHanpskeHnsa. 3TOT NpuMep TakKe NokasbliBaeT Kak Lenb, B KOTOpPOl mcnonb3yeTcs rasopas-
pagHas Tpy6ka, MOXeT AeiicTBOBaTb Kak reHepatop 60n1eB KpyTbiX NepeaHnX GPOHTOB, YEM Yy UCXOLHOTO UMMNYNbCHOrO
nepeHanpsbkeHus. B atom cnyvae, aToT apheKT GyfeT cMAryeH Koppekuueli Hanps>XeHnin B3anMofeincTeus, Kak onuca-
HO HWXe.

Ecnn KOHTYp JONONHUTENBHO 3aMKHYTb KPOME Kak Mo M301siLuMu MeXay AByMsa noptamu MK. To Mexay HUMU He
NOSIBUTCA HUKAKOro HanpsixkeHus, n MK He 6yaeT HaxoAWTbCA NoJ Yrpo3oit c605. 3amMblKaHWe KOHTypa MOXeT 6biTb
BbINONHEHO TMOGPUAHLIM MHOronopToBbIM Y3WUI. Ha3biBaeMblM 3KBanalizepom, W yCTaHOBNEHHbI MeXAy KONOAKOW
nuTaHusa 1 TeneOoHHON KONOAKOW, a KOTOpbli BCTaBNeH LUHYpP NuUTaHus U TeneoHHbli BBOA oT MK. Ha pucyHke D.4
M306paXkeHo Takoe NofgKNuveHue.

78



FOCT P 55630-2013

UYto6bl unaocTpupoBaTbh 3thPEKTUBHOCTb AAHHOTO pelleHusi, Ha pucyHke D.5 nokasaHO yMeHblleHue Harnpsxe-
HUSi MOAYYEHHOro ANsi cXeMbl Ha pucyHke D.4, HO CO BCTaBKOW CTaHAapTHOro akeBanalizepa (NpojaroTcsi BO MHOMUX
MarasmHax aNekTpoHUKMN, HO He 06A3aTeNbHO NoJj 3TUM HasBaHWeM, cM. nogpasfgen 3.17) mMexay nutaHuem u tenedoH-
HOW NHMEN B Touke coepuHeHus MK.

YHUBepcanbHas KOHCTPYKLUMS TaKOro YCTpoicTBa BK/IOYaeT pO3eTKy Ha fABa TenedOHHbIX MpoOBOAA, fBe
COOTBeTCTBYylOUIME raszopaspagHble TPy6ku, [Ba [06aBOYHbIX pes3ncTopa, W ABa KPEMHUEBbIX NaBUHHbIX [NO/OB,
C HenocpeAcTBEHHON CBA3bIO UK Yepe3 COOTBETCTBYOWMA Y3UT. 4To6bl co3aatb ahdeKT NONHOrO UAN MOYTU MOAHOrO

3a3emMeHunsa.

TbTopOM!
JINHM1

PucyHok D.4 — YcTaHOBKa cornacyrLliero aksanansepa B noptax MO'Mogema

! BxopHoW Tok NID 50 ATdiv. 0!1i4* = 75 AJus

V HanpsxeHue Mexay TenedOoHHbIM NOPTOM U 3alUTHbIM
nposogHukom (PE) 200 8 'sen: makcumym 200 8
FopusoHTanbHas pasBepTka: 2 muc/geneuve

PucyHok D.5 — YMeHblleHne pasHOCTU MOoTeHuManoB Mexiy nopramu
cornacylouum akeanaizepom
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Ha pucyHke D.5 MOXXHO BUAeTb, YTO 3a cYeT feliCTBUSA AMOLOB NMPOUCXOAUT CHUXKEHMe HanpsxeHus go 200 B ot
4.3 KB. nokasaHHbIX Ha pucyHke D.3. CONMPOBOXAAKLMMCS JafbHENLMM CHUXKEHMEM Hanpsi)KeHuss nocne cpabaTbiBa-
HUA rasopaspsgHoi TPy6KKW, KOTOpOe NMPOUCXOAWUT C 3afep>XKoi B 5 MKC.

Cornacytowmnii akBanaiizep 6ygeT o6nagatb Nogo6HLIMU NpenmMyLLecTBaMu U B ciyvyae MMNYNbCHOrO nepeHanps-
YKEHUSI CO CTOPOHbI CUCTEMbl MUTAHWUS. TOHKME pas3/nyusa MoryT 6biTb B TOM. UTO B MEepBOM CLEeHapuu, [BYyXMNpOBOAHAsA
cbanaHcupoBaHHas TenedoHHas uenb 3PPEeKTUBHO COeAMHAETCA C cucTtemoli 3azemnenusn gelicteBuem NiD. Henoc-
pefcTBEHHO co3jaBas npobnemy. Bo BTOpoM cueHapwuu, ABYXNpoBojHas TeneMOHHas NUHWUS OCTaeTCA ranbBaHWYecKu
N301MPOBAHHOI OT CUCTEMbl 3a3eM/eHUss 4O BO3HUKHOBEHWS ra3oBoro paspsifa B NID. He cO CTOpPOHbl TenetoHHOW
nmHun. flaxke ecnm NID He cpabaTtbiBaeT, TO CyliecTByeT AocTatoyHas eMKOCTb MeXAy KadKAbIM U3 TenetOoHHbIX NPOBO-
JOB W 3eMneil, 4yTo6bl B HaYanbHOW CTafuy UMNYNbCHOrO MepeHanpsHKeHUsa MMeTb MoTeHuman 3Tux ABYX NPOBOJOB
paBHbIM MOTEHUMany 3eMAn U TakMm 06pas3oM MMeTb MOoTeHuuan OTANYHbLIA OTHOCUTENbHO MopTa NUTaHusa. B pesynbTa-
Te onacHocTb Morna 6bl 6biTb MeHee CyLLeCTBEHHOW, HO BCe >Xe. Korja 60nbline pasHOCTU NOTEHLMAN0B Bbi3bliBalOT
nckposoii paspsg NID, cornacyownii akBanaizep okasbiBaeT ypaBHUBaloLee felicTBue g 060X CLeHapues.

MeHbLINIA 3aMKHYTbI KOHTYp cyliecTBoBan 6bl. ecnv 6bl BBOA TenedoHa 1 NUTaHusa 6biAN B O4HOM KOHLE 3jaHus,
4TO ABNSETCS NPaKTUYEeCKOi pekomMeHpauuen. Mpu Takol KoHdUrypauum, Kak nokasbliBalT UCMbITAHUS, CHUXKEHWE Ha-
npsXeHusi cocTaBnseT A0 75 %. N0 CpaBHEHWIO C GONbLUIMMWU 3aMKHYTbIMU KOHTypamu, HO BCE ellle MMeeTCcs NOTeHLu-
anbHbIl pUCK NS annapaTHbIX CPEACTB, TaK. YTO COrnacyloLnii akesanansep noneseH n B 3TOM cny4ae.
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NMpunoxxeHune E
(cnpaBo4HoOe)

JononHutenbHasa nHopmauusa o npuMmeHenun Y3UM

E.1 Peanu3aunsa npuHUMUNOB KOOpAUHAL UMK

Ana peanudauun koopanHauumn Y3UT BO3MOXHbI fjBE CXEMbI:

a) KoopanHauua 6e3 JONONHUTENbHOTO 31eMeHTa pasbefjMHeHns. 3Ta cxema Ucnonb3yeT NPOBOAHOE coeaunHe-
HUE YCTAaHOBKW KaK pasbefMHAOWNA 31eMEeHT:

- TUN. orpaHnYnBalOLWMii HanpsHKeHne, OCHOBAHHbIN Ha XapakTepucTuke Toka/HanpspkeHus Y3UM wn nageHun
Hanps>keHus B NPOBOAHOM COeAWHEHUMU;

- TUN. KOMMYTUPYIOLWWIA Hanps>XeHne, OCHOBAHHbIA Ha AUHAMUYECKOM MajeHUn HanpsXKeHus B NPOBOJHOM CO-
eJMHEHUN N HanpsbkeHun npobosa Y3UT.

b) KOOpAMHaLMA Mpu NOMOLM pasbefUHAOLWNXCA 3N1€MEHTOB.

B uenax KoopauHauuu BO3MOXXHO MCNONb30BAHWE WHAYKTUBHOCTEN WU COMPOTUBAEHUI KaK pasbeUHAILWNX
3NEeMEHTOB, Yy KOTOPbIX fO/MKHA 6blTb AOCTATOYHAA 3aLULLEHHOCTb OT UMMY/bCHbIX NepeHanpsXeHui:

- WHAYKTUMBHOCTM, Kak NpaBuio, UCNONb3YITCA B CUCTEMaXxX 3NeKTpocHabxXeHus;

- COMPOTMB/IEHUA, KaK NpaBuio, UCNONb3YITCA B TENEKOMMYHUKaALMOHHbIX CUCTEMAaX.

E.2 KoopauHauua mexay Y3W/M orpaHnunsaonm HanpsxeHue

E.2.1 MpuHuun gelictena

JHepreTnyeckas KoopanHauua AByX Y3UM 6e3 padbeAnHAOWNUX 3N1EMEHTOB MOXET 6bITh NoAyvYeHa noabopom ux
XapaKTepucTuK ToK/HanpsbkeHne AnS COOTBETCTBYIOLLEro AgvanasoHa TOKOB. [na (opMbl BOMHbI NONOBUHHOW ANnTeNb-
HOCTK (Hanpumep. 10/350MKC). NMHAYKTUBHOCTb He O4YeHb adhdhekTuBHa. Ecnm 3To BO3MOXHO, TO cnegyeTt o6ecneuuntb
KOOpAUHAaUMIO 3a cYeT NPUMEHEHUA PE3UCTUBHbLIX 3NEMEHTOB pasbenHeHns (MM CO6CTBEHHOrO COMPOTUBNEHUA Ka-
6enelii). B cxemax nuTaHusa, O4HAKO, BCTaBKa pacceuBalolero MOLHOCTb COMPOTMBAEHUA OrpaHnYyeHa NpuMeHeHuem B
HU3KOBOMbTHbIX LEnAax NUTaHUs, TakMx Kak NuTaHne 3NeKTPOHHbIX YCTPOICTB.

ECMn MHAYKTUBHOCTb UCNONb3YeTCA B Ka4eCTBE PasbefUHAILWNX 3N1€EMEHTOB, NpUMep npuBejeH Ha pucyHke E.1,
Heo6xo0AnuMOo y4yecTb (POPMY BO/HbI UMMYNLCHOrO TokKa (Hanpumep. 10/350 mkc, 8/20 mMKc). Mpumep npuBejeH B 3TOM
NPUNOXKEHUN HUXKeE.

PucyHok E.1 — [lpumep KoopAauHauuu Ana ABYX OrpaHnYnBaroLLInX
HanpsikeHne Y3UM (MOB1 n MOB2)

Mpn KoopaMHaLUK ABYX OrpaHuuMBaloLMX HanpsbkeHne Y3WUI. Hanpymep mMeTanInyecknux OKWCHbIX BapucTopoB
(MOB). o6a Y3UM gomkHblI 6bITb BblOpaHbl 4N COOTBETCTBYHOLWErO0 MMMYILCHOTO NepeHanps>XeHus, cornacHo ux //V
XapaKTepucTuKKn (CM. pUcyHok E.2). InnTenbHOCTbL BONHbLI He 6yfeT 3HA4YUTENbHO COKpalleHa, N0 CPaBHEHUIO C BO3fei-
CTBYIOLMM TOKOM, Kak NokasaHo Ha pucyHke E.3. Ha KOTopom npejcTtaBaseT cayyali npumeHeHns MOB. [Ina TOro 4to6bl
yBENMUYNTb BO3fJeiCTBYylOL e TOKM, 3Heprna paccevsanacb B MOB Kak nokasaHo Ha pucyHke E.4. Kak MOXHO 3aMeTuTb,
B 9TOM npumepe, 3HaHWii ToNbKO 06 OTHOCUTENbHOM HanpsXeHun Ll el MOB He gocTaTtoyHo, 4TO6bl YCTAHOBUTL KOOPAU-
Hauuo. Heo6xoanMMbl JanbHelille BbIYUCNEHUS, KaK AeTanm3nposaHo B pasjene E.6.
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PucyHok E.3 — 3aBMCMMOCTM TOKa W HanpsbKeHuUst OT BPeMeHU ANS ABYX OrpaHMumMBarolnx HanpsbkeHve Y3UM
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SHeprvs, K

PucyHok E.4 — PacnpegeneHne sHeprum mexay AByX OrpaHuynBsaroLmx
HanpsbkeHne Y3WM npu Bo3aeiicTBUM Toka

UTo6bl UNNOCTPUPOBATL 3T B3aMMO/ENCTBUA, BbIYNCIEHUSA BbINONHANUCL ANA MPOCTOM CXeMbl, NOKa3aHHOW Ha
pucyHke E.5. B 370l cxeme, gBa orpaHmumBaroLmx Hanps>xeHne Y3UM (Bapuctopbl) C naeanbHbIMU XapakKTepuctukamm
Nno HanpsHKeHUIo, ycTaHaBAnBaloTCa B y3ne 1 uny3ne 2. 3afjaHHblil ypOBEHb 3allnTbl 4OMKEH 6bITb 2.5 KB (Upl) B y3ne 1un
1.5 kB (Up2) B y3ne 2. lnnHa NpoBOAHOIO coefnHeHns mexay Y3WM npuHaTa npnbamsutensHo 10 M, C NOAHOW WHAYK-
TUBHOCTbO 10 MKIH. NS BblYMCNEHUI MCNoNb30BaHa Mojenb ¢ umnegaHcom (300 OM) U ANMHOW NPOBOJHOIO coeau-
HeHua 10 M. 3TO faeT MOMAHYH eMKOCTb NMPOBOAHOIO CoeAuHeHuss npuénnantensHo 100 nkd.

B fe/CTBUTENLHOCTM BO3HMKAKOT WMMNY/bCbl C PasUYHbLIMU (hOpMaMu BOMHbI. [nA paccMoTpeHus O6binn
BblOpaHbl ABa rPO30BbLIX MMNYyNbCA: KOPOTKMI uMMynbc 2/20 MKC U cTaHAapTM3upoBaHHblli 10/350MKC B COOTBETCTBUM
¢ M3K 61312. lna NpocTOTbl MPUHATLI BOAHbI TPEYronbHOW hopMbl. Kaxabli MMNynbC NooyepefHo GbiN BBELEH CHadva-
na By3sne 1. 3atem, B y3ne 2.

Ha pucyHke E.6 npuBefeHbl pacuyeTHble HanpsHXKeHWs U TOKU Ans umnynbca 2/20MKC BBefjeHHOro B y3ne 1. Ains
3TOr0 OTHOCUTENbHO KOPOTKOrO VMMMYAbCa OCHOBHOE TOKOBOe BO3/eiicTBUE NpuUnodxKeHo K Y3WUM 1.
HanpsbkeHune Upt onpejensieTcst Kak:

Up, = Up2+L(dIp2idt), (E.1)

roe

/p2— TOK B Y3UMZ2;

Uo2 — HanpshkeHue Ha Y3WM2 npu Toke /p2.

COOTBETCTBEHHO, 3TO HanpshkeHne Upt oTpuuaTenbHO B XBOCTe Toka /p2. rge nNpov3BOAHasi Toka oTpuuartenbHa
(cM. pucyHok E.6).
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PucyHok E.6 — PacueTHble HanpsXeHne u TokK Y3UMN
Ana umnynsca Toka 2/20 mxe, BBeleHHOro B y3ne 1

Mocne pe3koro usmeHeHus di/dt gns 3T0ro ujeanM3npoBaHHOrO MNpumMepa, BbICOKOYACTOTHble KonebaHusa
(BbI3BAHHbIE) NPOUCXOAAT ANA HAMPAXEHUSA, 0CO6EHHO B y3ne 1. n3-3a CO6CTBEHHON €MKOCTM NMPOBOAHOIO COefUHEHUSA
(pucyHka E.5). B xBocTe Toka yepe3 Y3UM do'dt — npubnnsutensHo pasHo 0,25 KA/MKC. COOTBETCTBEHHO, HanpsKeHue
B y3ne 1 ckaukoobpasHo m3ameHseTca OoT 3HayeHus 2,5 kB (OBl) K HOBOMY MakCvManbHOMY 3Ha4YeHUIO, Kak onpejeneHo
no (E.1):

I/p< = UOr+ L(6Jp2Mt) = 1.5 KB + 10 MKIH X (-0.25 kA/mMKc) = 1.0 KB. uckniouyaa HavyanbHble KonebaHus, KoTopble
HaKnaAblBalOTCA Ha 3TO 3HauYeHwue.

PucyHok E.7 noka3sblBaeT COOTBETCTBYHOLME HANPSHXKEHUA W TOKU ANA BO3jeincTtema mmnynbca 10/350 mMKc. BBe-
AeHHbIM B y3ne 1. ina aToro umnynbca 601bLION NPOAOMNKNUTENBHOCTU, 6ONbLUAA YacTb TOKa U aHepreTuyeckoe BO3fjeii-
cTBME npunoxXeHbl K Y3UM2 n3-3a ero 6onee HU3KOro ypoBHS 3aluTbl. JnA cpaBHEHWSA, BblYNCNEHUSA GblN NOBTOPEHbI
ANA cnyyas, rae TOK BBOAUTCA B y3ne 2. Bbino onpegeneHo, 4To hakTmyeckun Becb TOK Gbin oTBeAeH yepe3 Y3UM2.

3TOT npumep nokasbiBaeT, YTO MNPOAOMKUTENbHOCTb TEKYLLEro MMNynbca MMeeT CyleCTBEHHOEe 3HauvyeHue Ans
pacnpegeneHusa Toka v aHeprun mexxay Y3WUM ¢ pasanyHbIMKU 3alUTHBIMU YPOBHAMU. ECnn B ycTaHOBKe nmeeTtcsa 60/b-
we 4yem ogHo Y3UTM, to Y3WM ¢ 60nee HU3KUM 3alluTHbIM ypPOBHEM (Hanpumep, B 060pyfoBaHUK), B Lenax npejocro-
POXXHOCTW, HE JO/MKEH NOABEpraTbCs CyWecTBeHHbIM BO3[eiCTBUAM.

Kak 6yfeT paccMOTpeHO Mno3Xe B 3TOM pasfjene, ogHa U3 BO3MOXHOCTE COCTOUT B TOM, UYTOGbI J06aBUTL pa3be-
AuHSAOWMica anemMeHT mexay Y3WM. UYtobbl wunnocTpupoBatb 3Ty BO3MOXHOCTb, MPUMeEP C UMMYAbCHbIM TOKOM
10/350MKC 6bIn NOBTOPEH C MHAYKTMBHOCTBIO 100 MKIH, Kak pasbeguHstowero anemeHTta. Ha pucyHke E.8 npusepgeH
pe3ynbTat 3TOro MojennpoBaHusa. B aTom cnyyae 60nbLINIA TOK TedeT yepe3 Y3UIM, HO BCce elle ecTb JOBONbHO Cepbe3-
Hoe Bo3gelicTBue Ha Y3UM2.
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PucyHok E.7 — PacuyeTHble HanpsXeHue n Tok Y3WUN gna umnynbca toka 10/350 MKC, BBEJEeHHOTO B y3ne 2
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PacuyeTHble HanpsbkeHus n Tok Y3UM gna umnynbca Toka 10/350 MKc, BBefjeHHOro B y3ne 1
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E.3 KoopguHauua mexagy Y3UM. KOMMYTUpYyOLW UM Hanps>xeHne n Y3 orpaHnynsato MM Hanps>KeHme

E.3.1 MpuHunn geicteuns

Ha pucyHok E.9 npuBegeHa OCHOBHas cxema Ans 3TOro Buaa koopauHauuu. Mpo6oii paspsgHuka (Y3UM1) 3asu-
CUT OT CyMMbl OCTATOYHOrO HanpshkeHusa Ur(/ Ha MOB (Y3UM2) n guHaMnyeckoro nageHunsa HanpsHKeHus Ha pasbejuHs-
owemM anemeHTe UDe.

RhtMEHIIM—o

MOa
b~ 1 mA)-430B

PucyHok E.9 — Tpumep KoopAvHAUUN MeXAYy KOMMYTUPYHOWMUM HanpshkeHue Y3UTM
M orpaHvumMBalroLiMmM Hanps>keHne Y3UM

Lo npo6os, pacnpepeneHne HanpsxeHuii mexgy Y3UM onpepenserca oTHoweHuem (E.2):

UsG =U.asUOE. (E.2)

rae
USg — HanpshkeHve Ha paspsafjHuKe;

Ur<n — HanpsbkeHue Ha Y3WUM 2 gna »MnynbCHOro Toka /;

UDE — najeHue HanpshkKeHus Ha pasbejuHsalowem anemeHte gns di/df.

Korga Usc npeBbillaeT gnHammnyeckoe nNpobrBHOE HanpsbkeHue Ha paspsifiHuKe. — KOOpAUHAuWA AOCTUTHyTa.
370 ycnosue 3aBUCUT TONbKO OT

- Xxapakrtepuctuku MOB (Hanpumep. Ural (1 MA); Wmex (t = 2 mc);

- CKOpPOCTW U3MEHEeHNA TOKa BO3[eiCTBYIOLWEero uMnynbca,

- XapakTepa pa3befuHAloWeroca anemMeHTa (MHAYKTUBHOCTb B 3TOM npumepe);

- fMHaMunyeckoe NPo6UBHOE HanpsXKeHne paspsfjHuka.

NMpumeyaih une — [Na KOHKPETHOro o6bekTa 3ajaya COCTOMT B TOM. YTOGbl NONYYUTb pa3psf Ha paHHel
cTaguMy Npu NOBbILWEHUN MMMYNbCHOTO TOKa. A 3TO — (aKTu4yeckuii ypoBeHb noBblleHus du'dt, KoTopblii onpepensieT
pa6oTy CxeMbl, a He CpPefHSIA CKOPOCTb MOBbIWEHNSA, BblYMCNEHHOTO Kak [1/T. B KOHKPETHbIX CXemMaxX MaKCUManbHblii
YPOBEHb W3MEHEHWs MPOUCXOAMT BO BPeMSA MOBbIWEHUA, rae-Hn6yab Mexay 10 %-mu n 90 %-mun Toukamu onpege-
nAlWKUX Bpems nosblweHns. Ecnn ncnonb3osatb [1//1T BMecTo hakTuyeckoro 3HavyeHus dn'd/. To nonyyeHHble OLEHKU
MOryT 6bITb YpE3MEPHO NECCUMUCTUYHbIM. CMm. Tabnuuy E.1 anAa cpaBHEHWS MeXAy TOUYHbIMU BbIYUCAEHUAMU U
rpy6bIMU OLEeHKaMW, OCHOBaHHbIMUW Ha ucnonb3oBauun O1/A0T. panbHeliwee obcykjeHne 3710l npobnembl NpuBeAeHoO B
nyHkrte E.7.4.

Bo3MOXHbI iBa pe3ynbTata, B 3aBMCUMOCTM OT COOTBETCTBYIOLWMX napameTpoB Y3WI. uMnynbCHOro Toka u pasbe-
AVHAOLWEro nmnejaHca:

a) HeT npo6osa pa3psgHuKa, "MepTBas Touyka'.

Becb UMNynbCHbIN TOK TeyeT Yyepe3 MOB. Moatomy. MOB ponxkeH nmeTb onpefeneHHy 3HeproeMKoCTb OTHOCU-
TeNbHO. BbljeNieMOi 3Heprumn, oT AeicTBUA 3TOr0 MMMNYNbCHOIO Toka (CM. PUCYHOK E.10).

b) ecTb Npo6oi paspsagHMKa.

Mpo6oit paspsagHWKa uW3MeHseT (GopMy BOMHbI MMMynbCca, BO3AeCTBME KOTOPOW onpejenser TOX. OTBOAM-
MbIii MOB.

Kak MOXHO yBuaetTb Ha pucyHke E.11, npofomkutenbHOCTb Toka B MOBe 3HauutenbHo ymeHbliaeTtcsa. Ecnau
paspbiB NPONCXOANT C HU3KUM HanpsbkeHueM Ha ayre, BbI6op Uc cnegytoliero (0TBOAMMBbIA TOK) MOB He BaXKeH C TOYKM
3peHns KOoOpAMHaLMW C paspsigHUKOM.
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PucyHok E.10 — XapaKTepuUCTUKM TOKa U HanpsxkeHus Ans cxembl puc. E.9 npu oTcyTcTBMM npo6os

PucyHok E.11 — XapaKTepuCTUKM TOKa M HanpsbkeHus gna cxembl puc. E.9 npu npo6oe

E.3.2 OnpepeneHne Heo6XOA4NMMbIX NapaMeTpPOB pa3bejUHAIOLLErocsa aneMeHTa
B kauyecTBe npumepa Ha pucyHKe E.12 nokasaH paspsifiHuK (SG). Ha KoTopblli Bo3jelicTByeT MMnynbce napamert-
pamun 1 KA. 10/350 MKC 1 NATb BapuaHTOB Ans oTeBoja Toka Y3WM ot a) fo B). Hanbonee 3HauMmbiM f[na Bbl6opa
pa3beAVHAIOLWEeroca aNeMeHTa SIBNAETCA PeXWM KOPOTKOro 3aMblKaHua a). OfHaKo 3TOT Cay4vai, C TOYKM 3PeHUst Koop-
AnHauuun, He nHTepeceH. bonee peaneH Kak Han6onee 3HaAYMMbIVi PEXUM HaNMUYMS HaANPsXKEHUS WAN NPOrMBOHANpPs-

>KEHUS HA CTOPOHE Harpy3Ku, BapuaHT C) Ha PUCYHKe.

[AnHamunuHeir* a) b> e) d) )
onepaLyoHHoe KopoTkoe Mbipoens n
loTploT+em Ha 8G: B TaH@a pedaox w

mMawCvnymiA *A

PucyHok E.12 — HanpsbkeHne U SG Ha pas3psgHuKe Ans pasinyHbiX Harpysok
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Pa3pagHuk otBogsawero Toka Y3UM 06bIYHO COCTOUT M3 OAHOIO MAN HecKonbkux MOB. OcTaTouyHOe HanpshkeHune
Takoro Y3WUM Bcerga Bbllle YeM MaKCUMaibHOEe 3HAayYeHWe HOMUHANbLHOTO HanpsXeHus nuTaHua (Hanpumep, B cucteme
nepeMeHHOro Toka C HOMUHaNbHbIM HanpsXeHunem 240 B. mMakcMmanbHOe HanpsXeHue Ha 4yactoTe nuTaHus pasBHO
\2 x 240B = 340 B. KOTOpOE HWXe Hanps>KeHust ycTaHoBNeHHOro Y3WM). 3To mMakcumanbHOe HOMUHaNbHOE Hanpsxe-
HUWe NUTaHWs COOTBETCTBYET CaMOMY HU3KOMY AOMNYCTUMOMY HanpskeHuto Y3UTM. MoaTomy, 3T0 MakcumanbHOe Hanps-
>XEHWe [OMKHO ObITb B3ATO B Ka4eCTBE MUHMMYyMa AONYCTMMOro NpoTMBOHanNpsxxeHus. Ecnm B cnyvae ¢) ncnonb3osaTtb
TOK KOPOTKOrO 3amblKaHus, a He NpoTUBOHaNpPsXeHe. TO 3T0 NPMBENO 6bl K NOBbIWEHHbIM TPe6OBAHUAM K pasbefuHs-
owemy anemeHTy. B ta6nnue E.1 nokasaHbl 3HAYEHUS UHAYKTUBHOCTW, MPU KOTOPbIX C rapaHTuein nponcxoaut cpabatbl-
BaHWe paspsafHuka SG AN pasnnyHbIX Harpy3oK, cayyaun oT a) 0 €) Ha PUCYHKe.

Ta6nunuya E1 — WHAYKTMBHOCTb, rapaHTuMpylolas pasbenHeHne

PasbeauHsowas UHAYKTUBHOCTb

bIArmM*
Cnyuait
KomnbloTepHoe
Foy6as oueHkal

moaenupoBaHue
a) KopoTkoB 3aMblikaHue 30 40
b) WckpoBoii paspsagHuk
HanpsbkeHne gyrn = 30 B 30 40
c) MpoTnBoHanpsXxeHne
<2'Un 24 37
d)MOB
Lfas(l mA) =430 B 19 32
B)MOB
ufBS1 mA)= 180 B 22 36

*Nna 3agaHHoro umnynsca 1 kKA. 10/350
b 3Ta rpyb6as oueHka npu ucnonb3oBaHuun AJ/AT (10 % k 90 %) BmecTo mMakcumyma d//d/.
Cm. obeyxaeHne B E.2.1 KOHCepBaTUBHbIX pe3ynbTaTtoB, CAeAylownx n3 ncnonb3oBaHus Al/AT.

E.4 KoopauHauua mexay Y3UM, KOMMYTUPYIO W UMW HanpsxXeHne
PucyHok E.13 nnntoctpupyeT 3Ty OCHOBHYIO Pa3HOBWUAHOCTb KOOpAWHALUKU, 06bIYHO UCMONb3YEMYIO B TENEKOMMY-
HUKauusx. lna KoopauMHauuu paspsfHUKOB HE06X0AMMO MCNONb30BaTb UX AMHaAMuyeckue paboyme xapakTepucTUKu.

Plo-= MUm i

PucyHok E.13 — KoopauHauus gByx Y3UM (TMN KOMMYTUPYIOLWMIA HanpsyKeHune)

Ecnn koopgnHauumm 6bina BbiNONHEHA NPaBWNbHO, TO cHavyana npobebetr SG2 a 3atem SG1. Mocne npo6oa SG2,
KoOpAnHauua 6yaeTt obecneyeHa NOCpPeAcTBOM pasbefuHAlolero aneMmeHTta. Utobbl onpegennTts Heobxoanmble napa-
MeTpbl pasbejuHaolleroca anemeHta. SG 2 MoXeT 6bITb 3aMEHeH Ha KOPOTKOoe 3amblkaHue. [lna cpabatbiBaHua SG1
Heo6xoAMMo, YTobbl AMHAMUYECKOE NafjeHne HanpsKeHus Ha pasbeAuHAWeM aneMeHTe 6blN0 Bbllle, YeM Hanpske-
HWe npo6osi SG1. ECAn UHAYKTMBHOCTb UCMOMb3YeTCs B KayecTBe 31eMeHTa pa3bejuHeHns, Heo6XoanMo paccMoTpeTb
dopmy BONHbLI (0CO6EHHO 3HaveHune drtl/).
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Mpn “cnonb3oBaHUW COMPOTMBAEHUI MaKCUManbHOE 3HayeHue UMNynbca SIBAsSieTCS OnpejenstowumM npu pac-
yeTe COMpOTMBAEHUS PE3UCTUBHOIO pas3bejuHsIoWero aneMeHTa. MageHus HanpsbkeHus B pesucropax, Bbl3BaHHble
MMNYNbCHbIM TOKOM, CnefyeT yunTbiBaTb Npu BbIGOpPE NapameTpoB VMMYNbCHbLIX YCTPONCTB.

Mocne npo6osi SG1 nonHas aHeprus 6yaeT pasgeneHa COrNacHo XxapakTepucTukam Tox/HanpsikeHue OTAeNbHbIX
3/1eMEHTOB.

MpnmMeyaHne — cnefyeT Takke pacCMOTpeTb Cayvai HanMumna UCTOUHMKA BO3MYLLEHUI HA CTOPOHE HarpysKu.

E.5 AHanutnyeckue nccnefoBaHnsa, npaktmyeckue cayydau

E.5.1 MpocToli cnyyaih KoopauHauum gByx Bapmctopos Zn0O

Cnepytouine coobpaxkeHns NpUMEHSAIOTCA TONbKO K orpaHuuyvsatouemy Y3WIM ¢ ogHUM NOPTOM, UCMbITAHHOMY MO
knaccy | n Il. korga 3asucumoctn LAM (/) n3BeCTHbI AN KaXAOro ycTpoictBa. ITU 3aBUCUMOCTU ONpejenstTcsa, Ans
opmMbl BOMHbI 8/20 MKC 1 JalOTCA U3rOTOBUTENEM B TEXHUYECKOW fokKymeHTauumn Ha Y3WUM. Knacc Il u Y3UN c¢ gByms
noptamu Hy>jarTca B 0CO60M pPaccMOTPEHUW.

9TOT NpuMMep Takke HanpasleH Ha Nyyllee MOHMMaHWe npobnembl koopauHauuu. CHavana cnyvai gByx Y3WM c
Bapuctopamu ZnO. rae BO3MOXHO aHanuTuyeckoe uccnejosaHvne. OTMeTbTe, YTO TaKoe aHanMTMYeckKoe nccnejoBaHue
6a3npyeTcsi TONbKO Ha COBMECTHOM McCnonb3oBaHun. O6ecneyeHne TOro, 4TO yAOBNETBOPAKOTCA IHEPreTuyeckme Kpure-
pun. TpebyroT AONONHUTENbHbIX BbIYUCAEHU, KOTOPble 06bIYHO ABASAKOTCA KOMMNEKCHbIMU.

Ecnv gBa BapucTopa UMeIOT OANHAKOBbIl (M. cnegoBaTeNbHO, TOT Xe caMblii HOMUHaNbHbIV TOK paspsiga | u Ty e
CaMylo 3HepreTMYecKylo 3alMLLeHHOCTb: TOT Xe caMblil /Ta, WU TOT Xe cambllii /°p), HO UMEeIOT pa3NnyHble 3aliUTHble
ypoBHM Upl 1 Uo2 (onpefjeneHHble Ans TOro e CaMOro HOMWHa/NbHOro ToKa paspsja), TO NPUMEHSAITCS chneaytowune
ypaBHEHUA:

m,=1/,2
Anaxt = ITaR

Anpr= "He-

3aBucumocTb JI0I (/) npuBegeHa Ha pucyHke E.14.

CnepyeTt paccMoTpeTb jBa Cayvas, KacarolXca OTHOCUTENbHbIX 3HAYEHN YPOBHER 3aluTbl 3TUX A4BYX Y3UM.

Ecnun (Yp1> u p2- B atom cnyyae, kpuBas a) cootBetctByeT Y3UM1, a kpuasa b) Y3WN2. 3ta koopauHauusa 6yget
BoO6LLEe NpMeMNemMon nNpu KOpoTKol BOMHe, ecnn AnnHa Kabens npeBblllaeT HECKONbKO MeTPoB (06bIYHO 5 M uan 10 m).
C yBennueHnem [1VHbl BOMHbI YMEHbLIAETCA pasbeaunHsaowmiica ahekT; nosatomy Y3UM2. BO3MOXHO, NpUAETCA npo-
TUBOCTOATL NONHOMY BO3/[eACTBYIOWEMY UMMNYIbLCHOMY NEPEHaNPSX>XEeHUI0, KOTOpoe BO3MOXHO Npu 3TOM cueHapuu,
ecnn Y3WN2 cnocobeH nNpOTMBOCTOATb MOAHOMY HanpsiXKeHUHo.

Ecnn (In< np2-4o B aTOM cnyyaB, KpuBas a) cootBeTcTByeT Y3UM2. a kpuBas b) Y3NM1. B 60onblinHCTBE Cayvyaes
TOK. NpoTekawowmii yepes BTopoii Y3UM MeHblle, 4YeM BO3AENCTBYHOLLUIA TOK.

JHepreTUyecKnii Kputepuini yaosnetsopsieTca B 060ux cnydasax Tak Kaky o6oux Y3WUT. Haxofawmxca noj Hanps-
XKEeHVeM. Ta e camas aHepreTmyeckas 3alULEHHOCTb. 3TOT nepBblli cayyail 6Gbin paccMOTPeH TONbKO ANs TOro,
4TO6bl MOHATL MEXAHU3M, & He KaK NpeAnoXKeHne B Ucnonb3osaHun Asyx Y3WUM ¢ ofMHaKOBOV 3HepreTUYecKol 3aiu-
LLEHHOCTbIO.

Ecnu y aTux ABYX BapuCTOPOB PasnuyHblli HOMUHANLHbIA TOK paspsaja:

Lna 3Toro cnyyas npaktudecku Bcerga /n,> /M2 v ET4x)> £Ta2 1 KpomMe TOro xapakrepuctuku Y3UN1 v Y3UnN2
MMetoT cooTHoweHne 1rBU (/) < Urai2 (4u)-

3aBucumoctn 1/€5 (/) nokasaHbl Ha pucyHke E.15. Hwukakoii vmnegaHC He BKAOYaAeTCHA B XapaKTepUCTUKWU,
nokasaHHble Ha 3TOM PUCYHKE, TMOCKONAbKY 3TO HEeNerko NpuUHATbL BO BHUMaHWE B YNPOLWEHHOM aHanuTUYeCKoM
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nccnefjoBaHUn, ecnm CNOXKHas YucneHHas MofeNb He MOXeT 6biTb MPUMEHEHa C HafeXHbIMU AaHHbIMWU ANA BCeEX
napamMeTpoB Lenu.

B 3TOM cnyyae MOXHO 3aMeTUTb MO PUCYHKY E.15, 4TO € KOpPOTKMMMW BOAHAMU KOOPAWHauUuA 6yfeT [OCTUTHYTA,
nockonbKy 6onbluas YacTb ToKa (NnepefHuii GpoHT) 6yaeT Teub yepe3 nepsoe Y3UM. HO Npu ANNHHBIX BONHaX KOOPAM-
Hauma TpygHogocTxuma. KoopgnHaumsa He rnoxeT 6biTb JOCTUIHYTA NPU ANMHHbBIX BONMHAX U BENMUYMHE BXOASALLEro Toka
HWKe, YeM TOK B TOUKe nepeceyeHus (CM. pucyHok E.15) AByX KpuBbIX. Bonbllas 4yacTb BXOAALLMX INEKTPUYECKMUX TOKOB
yepe3 Y3MM2 — kpuBas Ur(n2 CTAHOBATCA HMKe yem UIQb npu 3TOM 3HayeHun Toka. CTaHOBUTCA HEO6XOAMMBbIM BKO-
yeHne UHAYKTUBHOCTN MexXay ABymsaA Y3UTM.

CnepoBaTenbHO He06X0AMMO CpaBHUTL Kpusble 1/01 {/) ana Toka /B npegenax ot 0,1 /02 o /rax,. 4To6bI NpoBe-
puTb, NepeceKkarT NN OHWU APYT Apyra, 4Tob6bl 3aTeM cpaBHUTbL Ufesl (/,,.) n U,ai2 (Ar)- KOTOpble fatoTca B TeXHUYECKOM
AOKYMEHTauun n3rotosutens. BennymHa Toka B 3TOI TOuke nepeceuveHus Ar (unu B ApYroi) fomKHa 6biTb HACTONbKO
HU3KOl HACKONbKO BO3MOXHO.

B aTOM cnyyae y aHepreTM4eckoro Kputepus ecTb BbICOKas BEPOATHOCTb TOro, 4TO6bl GbiTb YAOBNETBOPEHHbIM.
Yem Hmxe 3HayeHue /cp TeM Bbllle BEPOATHOCTb ycnexa. ECnn ecTb COMHEHUsA, TO HEO6XOAMMO BblYMNCNEHWE 3HEPrun
npoxoasiein yepes BTopoit Y3WM, ¢ yueToM umnegaHca mexay Y3WM u AnvHbI BOAHbI. Takoe BbluncieHne TpebyeT
KOMMbIOTEPHOW MporpamMmmbl, CNOCOGHOW K MOLENUPOBAHUIO HeNuHelHoro nosegeHns Y3UM.

ECnn HEBO3MOXXHO MONYUYUTb 3T KPMBbIE N3-3a HEXBATKU MHGOPMaUUM Unnm ecnn Heob6xoanMmM nNpocToli 1 BbICTPbIN
pesynbTat, Torga Heo6XxoAMMO CpaBHUTL KpuBble L/es, u Uiai2 npu ToM e caMOoM 3HadyeHun Ar (3Ta uHpopmauus
faeTca B cneyndukaunax us3rotosutens). B Takom cnayvyae ycnoBmem AnA Nerkoh M ap@PeKTMBHON KoopanHauum
6ypet — u<c\ (Ar) < (loe2 (Aj.), Kak nokasaHo B pucyHKe E.15, rae camas HuU3Kas MMHUA NpefcTaBnsaeT KOHCepBaTUBHYO
KpuByto ans /.

B aTom cnyvae, fa)ke ecnm ToK BO BTOPOM Y3 UM HU30K, IHEPreTUHeCKUii KpUtepuini He MoXeT 6bITb Y0BNEeTBOPEH
AN MMNYNbCHbIX MepeHanps>XXeHuin ¢ 60NbWOol ANNTENbHOCTLIO. lONONHUTENbHOE BbIYUCNEHNE 3HEPTUU, NPOXOAALLEN
yepe3d BTOpoe Y3UIM. mMoxeT okasarbCsi HEOH6XOANMbBIM.

Anwounknm Kcpomkn BonHa

PucyHok E.15 — [Ba Bapuctopa ZnO C pa3/mMyHbIMU HOMUHANbHbLIMU pa3pAagHbIMU TOKaMun

E.5.2 O6uee 3akN04YeHNe OTHOCUTENLHO BapncTopos Zn0

B kaxkgom cnyvae, rge gsa sapuctopa ZnO [ONXKHbl 6biTb CKOOPAVHMPOBaHLI, JO/KHA UCMNO/b30BaTbCA Cheayto-
was npouegypa ¢ nATbiO Waramu:

a) onpejennTb NepeHanpsHKeHus, KoTopble, Kak oXXujaeTcs, Nnpousoigyt B otcytcteme Y3UM un caenatb pasnu-
YMB MEeXAY ANMHHBIMW BONHAMMW U KOPOTKMMW BONHaMU;

b) Y3UM 2 gomkeH Torga 6biTb BblGpaH COrnacHo ero TpebyemMbIM 3alMTHbIM XapakTepucTmkam:

C) cpaBHUTE KpuBble (!) c | Bnpegenax ot 0,1 x Ar 10 Aukr- 3atem onpefennte TOUKy nepeceyeHus la. Eciun
3TOT TEKYLUMUIA AT OCTATOYHO HU30K (06bI4YHO 0.1 X Ar). TO TOrga HeT HEO6X0AUMOCTU BbIYUCATE IHEPTUO0 BO BTOpoM SPD.
JHepreTnyeckuii kputepuini 6ygeT BbINONHATLCA, HE3ABUCMMO OT paccTosaHusa mexay Y3UM.

Ecnn ecTb COMHeHMe, BbIYNCAUTE SHEPTUio, paccensaemyto Bo BTopom Y3UTM. ¢ yueTtom umnegaHca mexay Y3UM
N NpoBepbTe 3HepreTuyeckuii Kputepuii.

Ecnun Takue KpuBble He [OCTYMHbI, TO BblbupatoT Y3WM2 co cnegyrowmmm TpeboBaHnsmMu;

-ecnny Y3UM2 TOT e camblii, HOMUHanbHbIM TOK pa3paga; &/ca (A) < U({t2 (A):

-ecnny Y3UM2 MeHblWWiA, HOMUHaNbHbIA TOK pa3psaga: U,ail (Ar) < L-e&r (Ar)-

Torga 6b110 6bl Llenecoob6pasHo BbIYMCANTL 3Hepruo B Y3KM2, 4ytobbl NpOBEepUTb IHEPTreTUYECKUA KpUTepUii.

e) NoBTOPATb, MOKa LWar ¢) He AacT yAOBNeTBOPUTENbHbIN pe3ynbTar.
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NMpumeuaHune 1 — 3HaAYEHUA HaNPAXEHUA NPU OYEHb HU3KOM TOKe (06bIYHO BbI3BAHHOE WHAYLWPOBaH-
HbIM Hanpsh>KeHnem) He NPUMEHUMbl AN ONpeAeneHnss KoopAauHauuu.

NMpnmevyaHune 2 — B nwbomcnyyae (c uam 6e3 sBapuctopos Zn0). coobpakeHns 3MC TpebytoT, 4TO6bI TOK,
TeKywWmin yepes Y3UM2, 6bin KaK MOXHO MeHbLLUE.

NMpumeuvaHne 3 — Kpusble UIQi (1) ABNAKOTCSA MaKCUManbHbIMW 3HavyeHUsiMu. Heo6xoanumMo y4yecTb n3me-
HEeHMe XapaKTepuUCTUK M3-3a NPOU3BOACTBEHHbIX AOMYCKOB. /I3roToBMUTENL MOXET NpefoCcTaBUTb 3TU [aHHble.

NMpumeyvaHnune 4 — Tpeabigywmne nccnefosaHnsa MoryT 6biTb 0606LieHbl 60nblie yem 415 A4BYX Y3UTI.

E.5.3 AHanntnyeckoe nccnegoBaHne: KoopaguHaunum npu npumMmeHeHmnmn ZnO paspagHuka

Lpyroii o6wuii cnyyali — 3TO MCNoNb30BaHWE UCKPOBOroO paspsigHvka ans Y3WUM1 w Bapuctopa ZnO gnsa Y3UN2
(cm. pucyHok E.3).

B aTOM cnyyae koopauHauus gocTuraeTcsi, Korga paspsj NpouCXOAuUT npexkie, YemM nepeHanps>keHne BO3HUKHET
Ha Y3WM2. Mepea atmm pas3psjomM Mbl MMeeM:

L = Uttz2(0* LdHdt). (E.4)

Kak TonbKO U- npeBblllaeT guHaMUyYecKoe HanpshkeHue paspsjga Ha paspsafgHuke (U ~), KOOpAuMHAaUUA [OCTUTHY-
Ta, NOCKONbKY BO3jeicTBME Ha BTOpON Y3WM yMeHbluaeTcsi. 3TO 3aBUCUT TONbKO OT XapaKTepuctuk ZnO BapucTopa
(Y3WM2), suHaMnyeckoro Hanps>XeHus paspsga Ha paspsgHuke (SPD1), cxopocTu HapacTaHua U BenmymHe BXopslle-
ro umnynbca /un pasgenurtenbHoro paccroaHusa mexagy Y3UTM (MHayKTuBHOCTM L).

MprvmMep BbIYUCNEHUA HEOOXOANMbBIX 3HAYEHWA ANA pas3befuHAIoLWEed NHAYKTUBHOCTU MeXAy WCKPOBbIM pa3psj-
HUKOM W BapucTopoMm (CM. pucyHok E.9).

NcxofHble faHHble:

- UMNynbC ToKa ¢ nepegHum gppoHToM 100 A/mKc (cornacHo M3IK 61312-1);

- UICKPOBOIi pas3psAj Npu HanpsHKeHUM co 3HaveHnem Mexay 3 u 3.5 kB. BbluncneHus cpenaHbl C 3anacom
ana 4 kB;

- BapucTop Bbi6paH Tak, 4To6bl OorpaHMynTb Nto6oe nepeHanpsxeHne Hwke 4 KB.

3TV yCNoBUS rapaHTUpYyHOT, YTO He 6yAeT MepTBOW TOYKW, BbI3BAHHOW HEAOCTATOYHbIM HamnpshkeHnem B paspbiBe,
NOCKONbKY 3TO HanpsieHne 06s3aHO npesblwatb 4 KB BO Bpemsa HapactaHua umnynbca. Mpu yposHe B 4 KB BapucTop.
Kak npepanonaraetcs, NpoBOAMT 5 KA C COOTBETCTBYIOLWMM OCTATOYHbIM Hanps>KeHnem B 2 KB. M03TOMY MHAYKTUBHOCTb
AOMKHA BHECTU JONONHUTENbHble 2 KB. fo6aBNeHHble K OCTAaTOYHOMY HanpshKeHWto Bapuctopa. 4To6bl MONy4YnuTb Heo6-
XoAnMMble 4 KB B TOuKax paspbiBa. 3HayeHne WHAYKTUBHOCTM MOXET ObiTb BbIYNCNEHO KakK

L = U/(di/dt) = 2 kB/(100 A/MKc) = 20 MKTH.

Ans aToro npumepa, rapaHTUpylouLero pasbejuHeHne, MOXHO ONpeAennTb U Heob6XO[NMYI0 3HEPreTUYEecKyro
XxapakTepucTtuky Bapucrtopa. 3HadeHune dtfdf 66110 BbIGpaHO, MCXOAS U3 CAMOrO HU3KOro 0XKUAaeMoro ypoBHSA. Mpu6nun-
3UTenbHO 99 % rpo30BbIX NepeHanpsXXeHuii NPeBbICAT 3TO 3HAaYeHMe, U BbI30BYT 60n€e BbICOKME HANPSHXKEHUA U Ha
NHAYKTUBHOCTU U Ha pas3pagHuke. Tpebyemoe 3HayeHne MHAYKTUBHOCTU MOXeT 6biTb ONpejeneHo 3a BblYeTOM WHAYK-
TUBHOCTU Kabens, NpuHMMas NocnefHi paBHoOl 1 MKITH/M.

E.5.4 O6w,ee 3aKkNt0O4YEeHNE OTHOCUTENBHO KOOPAMHALNN NPpY NpuMeHeHnn MOB

Ecnn B kauvectBe Y3MM1 BbI6GpaH pa3psgHuK, Heo6xoanmo Bbibpatb Y3WMM2 cornacHo cnepykxgemy tpe6oBaHuio
ANA AAHHOrO BXOAALWEro uMmnynbca:

U<n< U M{/pMit) + Lx0.1.

(KoatppunumeHT 0.1 cooTBeTCTBYET NPUHATOMY 3HadyeHnto 100 A/mKc.)

*V <U« (W + Lx0-1-

E.6 Buabl KOOpAMHaLWUKN CUCTEM 3aLLUTbI

E.6.1 OCHOBHble BU/bl KOOPAWHALWUMN CUCTEM 3aALLUTbI

YeTbipe BuAa KOOPAMHAUUM MOXHO PaccMOTpeTb 1A CUCTEM 3aluTbl. MepBble TPU OCHOBaHbl Ha COBPEMEHHbIX
TexHonornax gna Y3WUM c ogHum noptom. BapuaHT IV gna Y3UM ¢ gsymsa noptamu ¢ BCTPOEHHbIMU 3ieMeHTaMu pasbe-
AVHeHnA. TIpu NCNonb30BaHMM 3TUX Pa3HOBUAHOCTell KoopAauHauUKU Takke Heo6XO0[MMO MPUHATbL BO BHUMaHue Te
Y3WM. koTopble MOTyT 6bITb BCTPOEHbI B 060PYyAOBaHNE B LleNax 3awuThbl.

Bug | (BCe TvNbl orpaHnumBalolime HanpshkeHme — OfMHAaKOBble OCTaTOYHble HanpsXKeHus)

Ana aTtoro Buaa y Bcex Y3WIM ecTb HenpepbiBHAs MOHOTOHHAA XapaKTepucTuKa TOK/HanpsyKeHue. Takas Kak y
BapuMCTOPOB WM Y AMOAOB, U OHU BbIGUPAIOTCA C OAMHAKOBbLIM OCTATOYHbIM HamMpsXXeHnem niTl

KoopauHauma Y3UN ¢ 3awmujaeMbim 060pyfoBaHnemM, 06bIYHO JOCTUTaeTca 3a CHEeT COBCTBEHHbIX MMNefaHCcoB
COefMHNTENbHbIX NUHWIA (CM. pucyHOK E.16).

NMpumeyvyaHne. [JONycKM HA KOMMNOHEHTbI Y3WIM Moryt umetb 60nbliOe BANAHWE Ha pe3ynbrarT.
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Bug Il (Bce TMNbI orpaHvunBaloLMe HanpsikeHne — yBennuMBaloLWMECS OCTATOUYHble HanpsHXKeHUs)

Ana aTtoro Bupa y Bcex Y3UM ecTb HenmpepbiBHAsi MOHOTOHHAA xapakTepucTuka ToK/Hanps)keHue, Takas Kak y
BapuMCTOPOB MW Y AUOAOB, U OHW BbIGUPAIOTCA C OCTATOUHbIM HanpsbkeHnem U,Qi, yBeNMUMBaloLWMMCs Lwaramm oT nepBo-
ro K Kakgomy nocnegytouiemy Y3UM.

3T0T BUA KOOpAMHALWUW ANS CUCTEM 3neKTpocHabeHus. MNMpobnema fns 3T0ro Buga — 3T0 punbTpbl n Y3UM,
BCTPOEHHblEe B 060pyjoBaHne M3rotoButenemM o60pyfoBaHUs, KOTOpble AOMKHbI 6biTh BKNHOUEHbI B NOHSATUE KOOPAUHA-
umn (CM. pucyHok E.17). 3Ta cutyaumnsa oyeHb TPyAHAas, MOTOMY YTO AaHHbI€ 3TUX BHYTPEHHUX ¥ 3UT 06bIYHO HEN3BECTHbI,
1 4yacTo, BblbpaHHble n3rotosutenem obopygosaHus Y3UM. nmeloT HamepeHOo BbiGpaHHOE HU3KOe OcTaTovHOe Hanps-

XeHune U(as.

MpummMmeyaHune — Heobxoanmo 4TOGbl ypoOBEHb 3aluUTbl MO Hanps>keHuto nocnegHero Y3UN (Y3UN3 Ha
pucyHke E.17) 6bin HUXKe, 4eM ypOBeHb 3alULeHHOCTU o6opyfoBaHns, KoTopoe 6yaeT 3awuweHo. 3ta pasHOBUAHOCTb
TpebyeT TOro, 4TOo6bI OCTATOYHOE HAMPs>KEHWe 3alUTHOrO KOMMOHEHTA, KOTOPbIA ycTaHaBniMBaeTCs B 3aliuiaemMoMm
ob6opyfoBaHun, GbiN Bbille YeM OCTATO4YHOE Hanps)eHue Ttoro Y3WM, KoTopoe ycTaHaBnMBaeTCcA HenocpeAcTBEHHO

nepeg HuUM.

ymBSP01) < < LI,"MPOS)
PucyHok E.17 — [MpuHuynn koopguHauuu ana suga ll

Bug Il (rmépugHas KoM6uHaums)
Ans atoro Buga nepsoe (BBogHoe) Y3UN (Y3UMN1. pucyHok E.18) BKAOUYAET KOMMNOHEHT, UMEIOLNIA NpepbIBUCTYIO

XapakTepucTuKy TOK/HanpshkeHvne (KoMMyTupytowmii Tun Y3WI. Hanpumep, C UCKPOBbLIM pa3psfHUKOM). Y BbIXOAHOrO
Y3WM ecTb KOMMOHEHTblI C HEMPEepbIBHbIMU XapaKTepuctnkamu Tok/HanpsbkeHue (Y3UM orpaHmumBarowiero tuna).

PucyHok E.18 — TMpuHuun koopguHauun ana supa il
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XapakTepHoil 0CO6eHHOCTbIO 3TOr0 BufAa ABNSIETCA TO. YTO. BCAEACTBME KOMMYTUPYHOLWEro NOBeAeHNS NepBoro
Y3WUM. cokpalwaeT BpeMs [OCTUXKEHUA NONOBUHHOTO TOKA BO3AelCTBYHOLWMUX MMNYNbCOB, Takne kak 10/350 MKc. 4TO
3HauuTeNnbHO obneryaeTt ycnoBus Ans BbixogHoro Y3WM.

Bupg IV (BcTpoeHHbIl paszbeanHAowmin anemeHT)

Bo3moxHo co3gatbe Y3WUIM c gBymMA nopramu, KOTOpble BKIHOYAKT KackafHo-BKNOYeHHble Y3WUT. cKoopAuHUPO-
BaHHble NyTeM nog6opa umnefaHcoB UM YuUAbLTPOB. YAauHbli nof60p BHYTPEHHUX CPEACTB KoopAuHauum obecneyu-
BaeT MUWHUMaNbHYO nepepady 3Heprum K BbIxogHomy Y3WUM unan o6opygoBaHuio. 3T Y3UM fomKHbI GbiTb NONHOCTHIO
CKOOpPAUHUPOBaHHbIMMN € apyrumu Y3WUM B cucteme B cootBeTcTBUM € ux BUgom |, Il uam Il (cm. pucyHok E.19).

PucyHok E.19 — T[puHuun koopavHauuu ana supa IV

E.6.2 QHepreTnyecknini meTog KoopauHaunm

JTOT MeToj KOOpAMHALUK, CO CTaHAAPTHbIMY UMNYNbLCHLIMY NapamMmeTpamMu, ABNAeTCS npouefypoit no BbiGopy 1
koopaunHauun Y3WUM. OCHOBHOE NMpenMMyLLecTBO 3TOr0 MeToja — BO3MOXHOCTb paccMmoTpeTb Y3UTM kak YepHbIA AWMK
(cMm. pucyHok E.20). Mpu 3TomM nogxopge, ANA [JAHHOTO WMMYNbCHOTO MeEpeHanps>XeHUs BO BXOAHOM MOPTY, onpejens-
eTCA He TONbKO HanpsXXeHne pa3oMKHYTOW Lenu, HO TakXke onpefenseTca W BbIXOAHOW TOK. Hanpumep npwu
KOPOTKOM 3aMblKaHUN Ha BbIXOAHbIX 3aXWMax. 3TO0 NMO3BONAET caenaTb IHEPreTUYECcKUin NpuHUUN. TN BbIXOAHbIE Xa-
paKTepucTMkn npeobpasoBbIBalOTCA B 3KBUBANEHTHYIO 2 OM KOMOGWHMPOBAHHYIO BOMHY (PAa30MKHyTas Lenb Hanpsxe-
Hue 1,2/50 MKC, KOpOTKO3aMKHyTas Lenb ToK 8/20 MKC). MpeumyLlecTBO 3TOro mMetoja 3akn4vaeTcs B TOM. YTO HeT
HUKaKON NOTPebHOCTU B cneunanbHblX 3HAHUAX BHYTPeHHel KOHCTpyKuun Y3WUT.

MpumeyvaHnune. 370 obecneunBaer yAoBNeTBOPUTENbHblE pe3ynbTaTbl, KOrga Xapakrepuctnku Y3UM1
HacToNbKO oTanyarTcs oT Y3UM 2, 4To yCNOBUA WMMMYNLCHOTO nepHanpskeHnsa Ha Y3UM 2 asBnaTcsa KBasnsasuCU-
MbIMW OT TEKYLLEro coCTosiHUA. Hanpumep, 3T0 YCNOBUE BbINOMHAETCA B CAydYaB KOOpPAUHALUN MEX[Yy WCKPOBbIM
paspsgHukom n MOB.

— CVTO
U=toidpvarbd o7 oy i b spuw op
HBPYMUA KOOMAV)

MpaoBpmaamio BamK434TbI A UMITYTHO0
1.2BOnc. MO HK c2*- 2l

UAy3nn i/mnen U yauru/weg

PucyHok E.20 — 3HepretMyeckuii MeToj CO CTaHAAapPTHbIMU napamMeTpamMu UMMyNbCOB

Llenb atoro meTtofa KoOOpAUHAUUW COCTOUT B TOM. 4TOGbl caenaTtb BXOAHble 3HauveHus Y3UM 2 (Hanpumep, pas-
pPAAHbIA TOK) COBMECTUMbIM C BbIXOAHbIMU 3HavyeHusiMu Y3WUM1 (Hanpumep, ypoBHEM 3aluTbl MO HanpshkeHuto). Ana
CTyneH4aToi 3awunTbl 3KBMBANEHTHbIN BXOAHON MMNYNbC KOMOGWHWPOBAHHOW BOMHbLI, KOTOPbIA MOXET 6biTb NOrNOLWeH
cnepyrowmm Y3UM (6e3 noBpexAeHus), AOMKEH 6biTb paBHbIM UNM GONblUE, YEM 3KBUBANEHTHbLIN BbIXOAHOW MMMyNbC
KOMGUHUPOBAHHOW BONHbLI Npegbigyuwiero Y3UM.
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Ana HajeXHOol KOoOpAWHAUUW 3KBMBANEHTHbIV MMMNYAbC KOMOUHUPOBAHHOW BOMHbI AO/MKEH 6biTb onpejeneH Ana
caMoro TSXXenoro cnyyas Bo3fAeicTBuA (/rax. otTax. jonyctumas aHeprus). lns paccmMOTpeHUs 3TOro MeTtoja 3fechb
6epeTcs KOHCepBaTUBHOE 3HAYeHVe AN pasbeAuHAIoLWEero anemMeHTa (MmnegaHc) mexgy Asymsa Y3UM. 3ro o3Hauaer,
4TO ec/nu TaKol umnegaHc yctaHaBnmBaeTca mexay gsymsa Y3UM. 1o koopanHauuma 6yfeT feiicTBoBaTb Boo6GLe ny4ylle,
yeM onpefeneHHas nNyTemM BblUNCNEHWUI.

Mo atomy meToAy BbIXof Kaxkaoro Y3WUM npeactaBnsieTcs, Kak 9KBUBANEHTHbI reHepaTtop KOMGWHMPOBAHHOM
BONHbI (CW G). ¢ Hanps>keHneM pa3oMKHYTOW uenu 1,2/50 MKC. TeKyLinii 3Ha4YeHMEeM TOKa KOPOTKOro 3ambikaHusa /K
8/20 MKC 1 3(h(PeKTMBHBIM MMNefaHCOM reHepartopa 2 Om.

Y3WMN. ncnbitaHHbli No knaccy lll. y)ke ucnbitaH 0T TAKOro reHepaTtopa KOMOGUHUMPOBaHHOW BONHbLI. B cnyyae Y3UTM,
ncnbiTaHHOTO No knaccy ll, Heo6xoAMMOo y6eaunTbLCS, 4To = /fras.

Y3WM Ha BBOJE AO/MKEH COOTBETCTBOBATL Knaccy | B cnyyas npAMOro ygapa MonHuM B 3faHve nnav knaccy Il

HanpsbkeHne Ha Bbixofe Kaxpgoro Y3WM 6yaeT onpefenAatbCca paspsjoM U He ABNAETCS HEenocpeAcTBEHHO CBS-
3aHHbIM ¢ 1,2/50 mMKc n 8/20 MKC BonHamMu. B aTom cnyyae Heo6xogMMo HoOpManu3oBaTb (haKTU4eckuin paspsf, 4Tobbl
npeo6pasoBatb ux B 1.2/50 MKc 1 8/20 MKC BO/HbI.

370 AenaeTca NyTeM BbIYMCNEHUA CNEAYIOLWNX 3HAYEHWIA:

- aMmnantygHoe 3HaveHue u - un, f n dt n VvViu2dt,

- amnauTygHoe 3HaveHune /=i.fid t n \fo2 df;

3TN 3Ha4veHua BBOAATCH B Tabnuuy E.2.

Ta6nuuya E.2 - HopmannsoBaHHble 3HAYEHUA
HanpsxeHune n fndt \fu2dt

Tok i fid t V/Pdf

Ta e camas Tabnnua AnNs reHepatopa KOMOWHWPOBAHHOW BOMHbI C aMNAUTYyAoW 1 8 cTaHoBMTCA Tabnuuewn
ccbinok E.3.

Tab6nunuya E.3— CcbinoyHas tabnuuya
Hanps>keHue 1 70 x10'6 6 x10~3

Tok 5 12 x10 e 2 x10~3

fena kaxgyto aueliky Tabnmubl E.2 Ha COOTBETCTBYHOLLYIO AYeliky Tabanubl ccbinok E.3. nonyuum tabnuuy E.4.

Tab6nnya E.4— SkKkBMBANEHTHble 3HayeHUs
Hanps>keHue bl fu df/(70 x10-B) Vvfu2d//(6x10-3)

Tok o N df/(12 x10 e) V/P dli(2 X0 -3)

MakcumanbHoe 3HavyeHue B Tabnuue E.4 gaeT 3HauyeHme Ux . aKBMBaNEHTHOro reHepatopa CWG. 370 3HauyeHue
cooTBeTCTBYeT Bbixogy Y3WUI.

Ecnun Bbixog Y3WMN 6bin ucnbiTaH cornacHo knaccy lll ¢ CWG 6e3 Harpy3sku LL* TocT (3KBMBANEHTHbIN reHepatop
CWG B cnyyaB ucnbiTaHuii no Il knaccy) To MOXHO cpa3y onpegennTb, JOCTUTaeTCa N KOOPAUHALUA UAN HeT. na 3Toro
[OCTATOYHO MpOBepPsATb, YTo Uoc *,« > oquivatem

3HaveHnsa Ha Bbixoge Y3WUM Ans faHHOTO HanpsXXeHWs Ha BXOAe JO/MKHbI 6biTb BbIYMCNEHBI HA OCHOBaHWW MpPO-
rpaMm MogenmpoBaHus. OHU He AOMKHbI BbIYUCAATLCA ANA KaXKAOrO cnyyas MCNONb30BaHUsA, MOTOMY YTO OHW MOryT
6bITb BbIYMCNEHbI 3apaHee M3rotoBuTeneM. na Kaxgoro u3genvsi N3roToBUTENb MOXET paccyMTaTb BbIXO[ 3KBUBANEH-
THOTO reHepatopa CWG AnfA faHHOro Hanps>XeHus ANA UCnbITaAHUIA No knaccy |, /rfax Ana ucnbiTaHnii no knaccy i,
nan Uoc veke CW G gnsa ncnbiTaHuii no knaccy Ill), c yuetom 0601x AONYCKOB Ha xapaktepuctnku ¥3UM n nto6oii mepteoii
TOYKM (camoe Tshkenoe Bo3jeiicTBMe Ha Bbixoge Y3WTM, onpefeneHHoe He MaKCUMaibHbIMWU 3HayYeHuaMu: /wp, /11 n
Uoc Tak- a [Na HWKHUX 3Ha4YeHwuiA).

E.7 JeMOHCTpaLMNOHHbIE UCMbITAHNA MO KOOpAMHALUN
Llenb ucnbiTaHunii, onpefeneHHbIX 34ecCb, COCTOUT B TOM. YTOGbl AeMOHCTPUpOBaTh 3h(PEeKTUBHOCTL MeToAa aHep-
reTMyeckoli KoopAauHauMm MHOToCTyneH4yaTblX NocnegoBarenbHO coefuHeHHbiX Y3WUI. 3-3a pa3nmyHoro anektpuyec-
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KOro noBefeHus oTAenbHbiX TMNoB Y3WUM (orpaHnumMBalowmnii TMn n KOMMyTUpytowWwmii Tun) obuwas crpaterns ucnbiTaHui
HEBO3MOXKHa. M03TOMY cnefyloLime NPOTOKONbl UCMbITaHW NoyYeHbl ANS APYTMX NOCnefoBaTeNbHO BKIOYEHHbIX Y3UT
C 3ajlaHHbIM TOKOM Ha BBOfe nepsoro Y3UI.

MpumevaHune — lNosepka koopauHauua ¥Y3WUIM. ncneitTadHbix No Knaccy |. ¢ gpyrumun knaccamu Y3UT (Taknumum
Kak knacca Il unn knacca lll), gonkHa ocHOBbIBaTbCA Ha Npo6oe MmMnynbCHbIM TokomM 10/350 mkc. MoBepka KoopauHa-
uma Y3WUM. ucnbeiTanHbix no Il knaccy, ¢ gpyrumu knaccamu Y3UT. foNXHa OCHOBbIBATLCA Ha NPo60e MMMYNbCHbLIM
TOKOM 8/20 mKc. O6beKTbl ¢ KonnyectsoM Y3UTM 6onbwiM ABYX MOTYT 6bITb YMEHbLUEHbI [0 3TO 6a30BOl Mogenu.

E.7.1 KoopanHauuna Y3UM c nocnegosatenbHO BKAOYEHHLIMU 31eMeHTaMu Tuna, orpaHuyusaroLl,ero
HanpsXeHune

MMnNynbCHbIW TOK BBOAUTCA B nepBoe (BXoAgHoe) Y3UM OoTHOCUTEeNbHO HanpaBieHWs pacnpocTpaHeHus MMmnynbca
Ha BBOJe nocnegoBaTenbHO uenoykn Y3UM 3akoHYeHHOro msgenus. HaunHasa ¢ 0 KA amnanTyga MMMNYyAbCHOTO ToKa
NoBbILWLIAETCA CTYNEeHAMN Mo 25 % OT camMoro BbICOKOrO yKa3aHHOro 3HauyeHusa Toka nnn 3HaveHue lrax Y3UTI.

McnbiTaHna paccMaTtprBaloT Kak ycrnelHble, ecnin oTaenbHble anemMeHTbl Y3WM 6yayT cooTBeTCcTBOBaTh 3ajaH-
HbIM KpUTEpPUAM (OTCYTCTBUE CYLLECTBEHHbIX U3MEHEHWI) ANA UCNbITAHWA, KOTOpble ByayT NpOBeAeHbl NOCNe [eMOHCT-
pPauMOHHbIX WCMbITAHUA Ha KOOpPAWHALMIO.

E.7.2 KoopanHauusa Y3UT c nocnefgoBaTebHO BKAOYEHHbIMUW 31€eMEeHTaM1 KOMMYTaLMOHHOTOo Tuna

KoopauHauun gns Y3WUIM c nocnepgoBaTeNbHO BKIOYEHHbIMW 31€MeHTaMy BbIMONHSAETCA NOCpPeACcTBOM BO3jeli-
CTBUSA MMMYNbCHOTO Hanps)eHua ¢ popmMoit BonHbI 1.2/50 MKC. YCNOBUA 3HepreTnyeckoii KoopAauHauum paccmartpusa-
10T KaK y[J0BNeTBOPUTE/IbHbIE, €CNN B COOTBETCTBYIOLEM AnanasoHe KPYTU3Hbl BXOAHOTrO HanpshKeHus (paspaj Hanps-
XKEHUS1 MOCTOSIHHOIO TOKa C KPYTM3HOW [0 HECKONbKMX KMNOBOMbT B MWUKPOCEKYHAY) AnA OTAenbHbix Y3WM 6yaet obec-
neyeHa BbICOKass NPOMyCcKHas CnocobHOCTb, o6ecneuynBatollas nornoweHne B HavyanbHOM 4actu, [0 BbIXOAHOro Y3UI,
MMEIOLWUM HU3KYHO MPOMYCKHYK cnoco6HOCTb. ECAn 3TO He gocTuraeTcs, TO AO/MKeH 6biTb NPYMEHEH UCNbITaTeNbHbIN
npotokon E.7.3, npuBefeHHbIN HuXe.

McnbiTaHna paccmaTpyBaloT Kak ycnelHble, eCAn oTAenbHble aneMeHTbl Y3WM 6yayT cooTBeTCTBOBATbL 3ajaH-
HbIM KpUTEPUAM (OTCYTCTBME CYLLECTBEHHbIX W3MEHEHWA) ANS UcnbiTaHuiA, KoTopble 6yAyT NpPoOBefeHbl Nocne AeMOHCT-
pauMOHHbIX UCMbITAHWIA Ha KOOPAVHALMIO.

MpumeuvyaHne — B atom onvcaHum TepmuH "nornoweHne” fonxkeH 6bITb MOHAT Kak obuiee o603HaveHne
XapakTepucTukn KommyTupytowero Y3UTM. kKacaloweinca M3ameHeHns 0T BbICOKOrO A0 HU3KOro COCTOSIHUA (MCKPOBOI
paspsag camonornouwiaerca B TBepgoTensHom Y3UM).

E.7.3 KoopanHauna Y3UM c nocnejosatenbHO BKAWOYEHHbLIMU 31eMeHTaMu Tuna, orpaHuyusatloLero
HanpsbxeHune ¢ Y3UMN kommyTupytouLero tuna

OnpepgeneHHas npo6nema [Ns 3TOr0 coYeTaHWA COCTOUT B TOM. UYTO KOMMYTUPYHOLWWIA HanpskeHne Tun Y3UM
MOXXeT UMeTb MepTBYI0 TOUKy, B pe3ynbTare 4ero K BbIXOAHOMY (OKOHeuHOoMy) Y3WIM 6yfeT npunodkeH MonHblii MMNynbC-
HbI/i TOK. DTOT XyAWWi caydai Ans KoopAuHauMm MOXET 6biTb NPOAEMOHCTPUPOBAH NpU cnejyowemM ucnbitaHumn. Vm-
NyNbCHbIN TOK C COOTBETCTBYIOLWEN (hOPMOI BONHbI BBOAWUTCA B MOCNeAOBaTeNbHYIO LeMNb, CMOHTUPOBAHHYIO COrNacHo
VNHCTPYKUUWN N3roToBuTens, ctyneHuaro. Y3UM Ha BBOje nornouiaeT u nponyckaeTr TOK. AMNAMTyja UMNYAbCHOrO TOKa,
3a/laHHas TakMum o6pa3om, 3aTemM yMeHbllaeTca CTyneHamMu no 5 % o Tex nop, noka Bo BBoAHOM Y3UM He npekpauia-
eTca nornoujeHve. Bea npouegypa BbiNonHAeTCs TpuMXKAbl. CpejHee 3HaYeHWe UMNYNbCHOrO TOKa No Tpem M3MepeHu-
SIM (KOTOpble He MpUBOAAT K cpabaTtbiBaHMO BxoAHOro Y3WIM) onpejensieTcs, Kak 3HavyeHMe MepTBoil Touku (IBS> Ana
nocnefoBaTeNbHOW KOMOGUHAUUW NPUMEHSAIOT TpyU 3HadveHus IBS — 75 %. 100 % wn 125 %.

McnbiTaHna paccmaTpuBaloT Kak ycnelHble, eCcnn oTAeNbHble 3neMeHTbl Y3WM 6yayT cooTBeTCTBOBAThL 3ajaH-
HbIM KpUTEpUSIM (OTCYTCTBUE CYLLECTBEHHbIX W3MEHEHWI) ANA UCMbITaHWIi, KOTOpble 6yAyT NpoBeAeHbl MOCNe AeMOHCT-
PaUMOHHbIX UCNbITAHUA Ha KOOPAMHALMIO.

E.7.4 Tpe6oBaHna AN UCNbiTaAHWA N METOAOB MOAENNPOBAHMNSA

MeTofbl, ncnonb3yemblie B JEMOHCTPALNOHHbLIX TecTax U Npu YNCNOBOM MOJAENNPOBaAHUMW, MOTYT BAUATbL Ha pe-
3ynbTaTbl 10 TaKOW CTEMEHUN, YTO X CpaBHEHNe MOXeT cTaTb 3aTPyAHUTENbHbLIM, €CM He GbINo yAeneHo COOTBEeTCTBYIO-
Luee BHMUMaHWe npu onpejeneHMn napameTpoB, B 0CO6EHHOCTN opme TOKa UCNONb30BaAHHONI B UCMbITAHUAX UMK 3a-
AaHHOW npu mMojenmpoBaHun. 3ta NPefoCTOPOXHOCTbL 0COBEHHO BadKHa OTHOCWUTENIbHO CKOPOCTW HapacTaHus UMNy/b-
CHOro Toka. B mocnegoBartenbHOW uenu, rae Ha BBofe ycTaHoBneHO ¥3WM KOMMYyTauMOHHOro TMna, a Ha Bbixogae Y3WUM
TMNa orpaHn4YMBaloLLero Hanps>keHve, 3ajadya COCTOMT B TOM. 4YTO6bl cpabaTbiBaHvne Y3/ Ha BBOAE NPOUCXOAUNO B
HayanbHOI (hase HapacTaHus MMMynbca 3a BPeMS CyLW,eCTBEHHO MeHblle, YeM O0AHa MWKpoceKyHaa. B atom cnydae,
06blYHOE OonpegeneHne BpeMeHn nepegHero poHTa (1,25 x [Bpemsa oT 10 % fo 90 %]), HegocTaTouHO, 4TO6bI OXapak-
Tepn3oBaTb MaKC/MMa/bHblli ypPOBEHb TEKYyLLero 3HauyeHnsa NPou3BOJAHON, KOTOPbLIA onpefennT Hanps>keHne Ha pasbe-
AVHAKXLENR UHAYKTUBHOCTM nocnejoBaTeNbHOR Lenu.

UYTo6bI MNONYYNUTL CONOCTaBUMbIe U pa3yMHble pe3ynbTaTbl, KPpyTU3Ha nepejHeli CTOPOHbI BONIHbI JO/MKHa ObiTb
yeTKo onpejgeneHa. ®akTop KPyTM3Hbl NpejnaraeTcs, Kak nokasaHo Ha pucyHke E.21, yTo6bl o6ecneuntb amnupuyec-
KUii KpuTepuii 4na COOTBETCTBUA (POPMbl UCNbITATENbHOW BOMHbI.
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Ana mofenvpoBaHua Gopma BOMHbI He [ONXHa WMeTb Pe3Koro Bo3pacTaHUs B Hy/ne BpPeMeHMU, a HauymHaTbCca
C Nonororo yyactka. ®akTop KpyTWU3HbI, 4N UMNYNLCHOTO TOKa, OMUCaHHblE KaK yBOEHHasi 9KCNOHeHTa uan ocnabneH-
HbI CUHYC, ONpejenseTcs Kak OTHOLWEeHNe BENMYNHBI NPOM3BOAHONM (dk'dt), BbIYMCNEHHbIN AN nHTepBana (10 % k90 %).
K BEMYMHEe NMPOU3BOAHON, BblUMCNeHHON ans uHTepsana (10 % — 30 %). Kak npaBuno, 60onee BbICOKOE 3HauyeHue
BENNYNHbI NPOU3BOAHON HAXOANTCA OKONO UCTOYHMKA (fONXKEH 6bITb YNOMAHYTbLIN NONOrNIA y4acTokK), TO ecTb, B UHTEpBa-
ne (10 % — 30 %). Takum o6pasom, "nepegHunii PpoHT" xapakTepmnsyemMblii (hakTOPOM KPYTU3HbI, MEHbLUUM, YEM eAUNHU-
ua. Ana npumepa Ha pucyHke E.21, aToT hakTop HaxoguTtcsa B npegenax 0,7. Cnepytownii kputepuii 0.1 KA/MKC 3Ha4YeHUs
NPOU3BOAHON ANA MMMYNbLCHOrO TOKa onpegenseTtcs no M3K 61312-3.

E.8 Mpumepbl KOOpAMHaUUYU

Mpumep 1. KoopauHaumsa mexgy asymsa Y3WUIM, ucneitaHHbiXx no knaccy |l

Ana xapaktepuctnku Y3 WM, ucnbiTaHHbIX No Knaccy Il ncnonb3yroTca cnegyrouine napameTpbl.

- /p ypoBeHb 3alMTHOIO HanpsKeHus, BbIGPAHHOIo M3 paja NpejnoyTUTENbHbIX 3HAYEHW:

-/, umnynbc Toka 8/20. ucnonb3yemblii gnsa knaccudukaumm ¥Y3WUM cornacHo knacca ll;

- /ta,, MaKcuManbHbIli TOK 4N UChbITaHWiA no knaccy |l

Heobxogmmo ckoopguHuposaTb Y3UT. KOTOpbI ycTaHaBiMBaeTCs HeNoCpeACTBEHHO Ha BBOJE 3aluaemoro
060pyAoOBaHNS OTHOCUTENbHO €ro XapakTepucTuk. dTa KoopauHauua TpebyeT, 4To6bl XapaKTepPUCTUKM 3aliULLLEHHOCTH
o6opyaoBaHusa He 6biNN NpeBblleHbl 418 NHO60ro COOTBETCTBYOLWEro napamerpa.

OnpegeneHne napaMmeTpoB 3alULLEHHOCTU BBOAOB 060pyaoBaHNs cnefyeT NPOBOAUTL B COOTBETCTBUMU C Tpe6Oo-
BaHUAMN N pekomeHpaunamun ctaHgaptos M3K 61000-4-5, M3K 60664-1. ITU-TS K.20. n ITU-TS K.21.

MpnmeyaHune — O6GopyjoBaHve, COOTBETCTBYlOLLee TPeGOBAHMAM BbILLEYNOMSHYTbIX CTaHAaPTOB, [MOXeT
BKNMOYATb BCTPOeHHble Y3WM, no3aTomMy napameTpbl 3TUX YCTPOWCTB MOTYT MOBAUSITb WM U3MEHUTb PACCMOTPEHHbIE
NPUHLMUNbI KOOPAMHALUN.

Ta6nuya E.5— MMpumep KoopgmHaumm mexay asyms Y3UM knacca ll

Mepsoe Y3WM, ucneiTaHHoe no Il knaccy BTopoe Y3WM, ucneiTanHoe no Il knaccy
paccTosHue mexay

Ue la y3un
KB K/l KA «B KA KA n*
2.5 40 20 10 5 1.8 10

1.5 15

1.2 20

1.0 25
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OKkoHuyaHue Tabnuubl E.5

Mepsoe Y3WM. ucneiTaHHoe no Il knaccy Btopoe Y3WUM. ncneiTaHHoe no Il knaccy MUHUManNbHOE
pacctosHne mMexAay

u Ue > y3nn

B *N *A KB acA KA M*
2.5 20 10 4 2 1.8 10
1.2 15
1.0 20
10 5 4 2 1.5 10
2.0 40 20 10 5 1.8 5
1.5 10
1.2 10
1.0 15
20 10 4 2 1.8 5
1.2 10
1.0 10
1.8 40 20 10 5 1.2 5
1.0 10
20 10 10 5 1.5 5
4 2 1.2 10
1.0 10

JKBMBANEHTHOE paccTosiHue faetcsa Ha ocHoBe 1 jH/m pacctosaHua mexgy asymsa Y3WUM. Moatomy. 10 m
cpegctBa 10 jH n Hao6opoT. ATO paccTosHME BKAOYaeT Mons.

Mpumep 2. KoopanHaunsa mexgy Y3WUM. ncneitTaHHbIM cornacHo knaccy | n Y3WIM. ucnbiTaHHbIM COrnacHoO Knaccy
Il ¢ NCKPOBBLIM Pas3pAfHUKOM UAN  BapuUCTOPOM.

B aTom cnyuyae, camblii Tshkenblii cnyyai paccumTbiBaetcs ans Y3WUIM npu KOPOTKOM 3amblKaHuu. Pe3ynbTartbl
BblUNCNEHNA NpuBefeHbl B Tabnmue E.6.

Tab6nnya E.6— Tlpumep koopauHauun mexay Y3WUM Knacca | n Y3UN Knacca I

Mepsoe Y3WUI. ncneiTaHHOE Btopoe Y3WUM.ncneiTanHoe MuHumanbHoe
no Knaccy Il no Knaccy Il paccTtosaHue mexay Y3UN
Mo
Hanps>xeHue pa3psagHuka 4 kB KopoTkoe 3ambikaHue 40
McKpoBOW paspsgHuK 40
Bapuctop (Urt( B8 1 mA = 430 B) 32
Bapuctop (Uiet 8 1 mA = 180 B) 36

a OKBMBaNeHTHOe paccTosHue paeTca npm 1MkIH/M paccTtosHua mexay agsymsa Y3WUM. Moatomy, 10 m
COOTBETCTBYIOT 10 mkTkjH u HA060pPOT. ATO paccTosiHWe BKNKOYAeT nons.

Ta6nunya E.7— NapameTpbl 4ns ucnbiTaHnii no Knaccy | (M3K 61643-1)

P« O (C) B npegenax 10 mc
20 10
10 5
25
1
1 5

NMpumMedvyaHune. B cnyyaB 3HaAYeHW, OTANYAKOLWMXCS OT fAaHHbIX B 3TOl Tabnvue,
OTHOLLEHUEe Mexay n O 3apaeTcs popmynoii O (A.c) = 0,5 Ipeak (KA).
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Mpunoxexue F
(cnpaBo4HoOe)

CHMXeHne nepeHanpskeHWii 3a cueT Ka4YeCTBEHHOro 3a3eM/ieHus
M oNnTUManbHOI npoknagkn kabenei

MepeHanps>XeHUn MOXHO M36exkaTb MHOTMMUK cnocob6amu, peanusyemMmbiMu Ha obecnevyeHne dMC: Hagnexa-
e kabenbHble COeAVHEHNA, HajNeXalnii Bbl6op Kabeneih ¢ HU3KUM VMMefaHCcoM, Haanexaunii Bbl6op KabenbHbIX
Tpacc (MapwpyTtnsauna kabeneil) n NONOXUTENbHbIM BO3AeliCTBMEM CUCTEMbI 3a3eMneHus. B HacToswem npunoxe-
HM F.1 npuBefeHbl NpakTMyeckue NprvMepbl peannsauynmm 3TUX MPUHLMNOB ANA 3a3eMNeHUss N KabenbHbIX COeANHEHWIA.

F10 6L 1e nprHLMnbI

Bo-nepBbIX, YeTKOe pasnuune JOMKHO ObiThb CAENaHO MeXAy LensMu Na paccMaTpuBaemoro curHana unu nuta-
HWSA C OfHOW CTOPOHbI, U LieNsMM N0 KOTOPbIM NPOTEKatoT TOKM BO3MYLLEHU. CBA3b MeXAy 3TUMU Lensmu onpegenset-
cA mMmnejaHcoM nepepgaun Z,.. KOTOPbIii 4O/MKeH 6biTh BblGpaH Taknm 06pa3om, 4TO6bl CHU3WUTL 40 MPUEeMNeMoro
YPOBHSI NepejaBaeMble BO3MYLLEHUS.

BTopoe BakHOe NOHATME 3TO mapannefbHblii NPOBOAHUK 3a3emneHus (PEC). 3ToT npoBojHUK obecneunsBaeT
nyTb ANA TOKOB BO3MYyLleHUA. B KayecTtBe Hero MoxkeT 6biTb UCMONb30BaH KabenbHblli 3KpaH uUnu fake 6poHs kabens,
KOoTOpas He nMpejHa3HayeHa [NA UCMONb30BAHUA B KayecTBe 3KpaHa, HO BCe Xe obecneuynBaeT XOPOLUYIO 3aliuTy, ecnu
ee NPUCOEANHUTb AO/MKHLIM 06pa3oM.

TpeTbe noHATMe KacaeTcs kopnyca OMC AnA 3awWuTbl 31€KTPOHHOrO 060pYAOBaHNA OT BCEBO3MOXHbIX 3N1E€KTPO-
MarHuTHbIX BO3MYyLLEeHUiA. MpumMep Takoro o6ecneyeHus NprBefeH HUXe.

F.2 Kopnyc OSMC

Ha pucyHke F.1 npuBegeH npuHuUuMn KopnycHoro o6ecneveHns 3MC. OcHOBHOe feiicTBue 3Toro kopnyca 3MC
obecneuynTb NyTb ANA BO3MYLEHWIA UM TOKOB O6LLEr0 pexkuma, AocTurarouimx o6opyjoBaHna Yepes kabenu. Y aTtoro
nyTM AOMKeH 6biTb HU3KWMIA uMnefaHc nepefadn Z, oTHOCUTENbLHO o6opyfoBaHua. C 3Toi uenbto, Bce KabenbHble
3KpaHbl TUiaTeNbHO M MONHOCTLIO COEAMHAIOTCA C 3aAHell naHenblo. MutaHve nogaetcs yepes PUAbTP F TakkKe CMOHTU-
pOBaHHbIli B 3TO naHenun; MUNbTP JOMKEH ob6ecneynTb NyTb ANA TOKa 06WEro pexuma K 3agHei naHenn. Cetesoli
uNbTP, KOTOPbI UCMONb3YyeTCA B KOPMyCe, MOXET TakkKe COofep>KaTb 3aliUTHble YCTpPOoicTBa OT MMNYAbCHbIX NepeHan-
psbKeHWii. ipyrne HeakpaHMpoBaHHble Kabenu JO/MKHbI Takke BXOAWTb Yepe3 COOTBETCTBYHOLME U NPaBUNbHO CMOHTU-
poBaHHble PuNbTPbLI. MepeaHtol0 CTOPOHY Kopnyca M C MOXHO OCTaBUTb OTKPbITON. Hukakue kabenn unu gpyrve npo-
BOJHVKMN He JOMKHbI BXOAUTb B KOPMYC Yepe3 MepefHIo OTKPbITYIO CTOPOHY.

PucyHok F.1 — O6ecnevyeHune 31eKTPOMArHUTHOW COBMECTMMOCTU 3NEKTPOHHOTO
obopyaoBaHMs C ToKaMn B Kabensix o6bI4HOro Buja

F.306ecneyeHune 3aWnTbl COOTBETCTBYIOWNMU KabeNbHbIMU COENHEHNAMMN

B kauecTBe npumepa NPUMEHEHUS COOTBETCTBYIOLMX METOJ0B BbIMOAHEHNA KabeNbHbIX COEMHEHNI Ha CHUXe-
HWe B3aMMOAeWCTBUIA HWKe ONUCbIBAETCSH 3KCMEPUMEHT, KOTOPbI 6bln BbINONHEH HA CTOPOHE BbICOKOrO HanpskeHus
(BH) noactaHuuu. MpuBejeHHble pe3ynbTaTbl ABAAOTCA 0606LalOWUMN U MOTYT Takke 6biTb NPYMEHEHbI KO MHOTMM
APYTMM yCTaHOBKaM, rge MOryT Npou30iTM B3auMOAEWCTBUA MeXAy cucTemMamu: TeneKoOMMYyHUuKauuu, pagunoctaHuum,
KOMMbOTEPbI U TLL,.
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ABTOMaTmMuyeckuii Bbikntoyatens (CB Ha pucyHke F.2) coepunHaeT npeobpasoBaTtens BH co c60pHbIMUY WIMHAMUK Ha
150 kB. MepBblii Npo6oii Ha cTopoHe BH Bbi3biBaeT KpyToi nepefgHuii poHT. MHOrokpartHble oTpakeHus B cucteme BH
MCKaXatoT 3TOT NepefHUil PpoHT, NpeBpalias ero B VMHTEHCUBHYIO BbICOKOYACTOTHYIO BONHY BO3jelicTBMA (MpM6ansun-
TenbHo 400 kluy. 250 A). KoHTyp Ans BbicOKo4YacToTHOro (HF) nctouHmka Toka BkAovaeT — BbIBOA BH. napasuTHyto
eMKOCTb TpaHcthopMmaTtopa OTHOCUTENbHO ero MeTananyeckumx 4vacTeil: 1 nyTb BO3Bparta Toka K cucteme BH uepes
3emnio.

ca

PucyHok F.2 — BnnsiHMe KOMMYTaUMOHHbIX NepeHanps)KeHuin o6bIYHOro Buaa

MepBoHayanbHO TemMnepaTypHbI faTtuynk 6bIN CMOHTMPOBaAH HaBepXy TpaHchopmaTtopa pucyHok F.2. Temnepa-
TYPHbIA CUTHan K gucnetyepckoii nepejaeTcs No ABYXMNPOBOAHON nuHuu. flelictBue CB npuBeno K BO3HWKHOBEHUIO
Hanps>KeHna ob6Liero pexunma B HECKONbKO KWNOBONbLT MeXAy nposojamu (B Touke D Ha pucyHke F.2) n cocepHeli
3emneili B gucnetyepckoil. 3To nepeHanps>keHne BbI3BaN0O HacTosiLme npob6nemMbl B KOHKPETHOI ycTaHOBKe.

3amMblkaHWe aBTOMAaTUYecKoro Bblkntoyatenss CB BbI3biBaeT KOMbLEBYH BOMHY C KPYTbIM NepefHUM (GpoHTOM
B cucteme BH. 3Ta BOnHa MOXeT Takke OblTb CreHepupoBaHa KOHAEHCATOPHbIM pa3psfoM. Bo BTOPUYHOM KOHType
A-B-C-D wn3-3a npoTekaHus Toka M: BO3HMKaeT 60nbliOe HanpsbkeHune U mexay Todukamum D u C B gnMcnetyepckoii.
JononHuTtenbHble NPOBOAHWKN, 3a3eMNieHHble B Touke A unn B Ha TpaHchopmartope u B Touke C B fucneTyepckon,
CYLEeCTBEHHO YMEHbLLAIT HanpsXKeHne BO3MYLLEHUS.

B akcnepumeHTe 3T ABa NpoBoja ANsi TeMnepatypHOro gatymka 6binnm 3aMeHeHbl Kabenem, NpPonoXKeHHbIM no
Toli ke camoli Tpacce. Ka6enb 6bln HAKOPOTKO NPUCOEAVMHEH BBepXy TpaHcthopmartopa pUcyHok F.2. OCHOBHOW BO3My-
LatoLWmii TOK 6bln CreHepMpoBaH KOHAEHCATOPHbIM pa3psigoM HF McTouyHMKa Ha BbiXoAe BH: 3TOT UCTOYHUK NPOU3BOAUT
nofo6HbIe BO3MYyLLEHNA U 6e3 MOBTOPHOro BKAOYeHUs CB. Ha 3Toli ycTaHOBKEe 6GbIN0 M3MepeHo BO3MyLjalollee Hanps-
XeHne 2.3 kKB B gucnetyepckoii mexgy Toukamu O n C Ha pucyHke F.2. n3-3a B3aMMHON WHAYKUUU MEXAY OCHOBHbIM
yCTpOWCTBOM Lenu n uenbio A-D-3emnsa B C-3eMNs OKONO To4kM B.

EAVHCTBEHHbIV BbIBOA B Kabene 6bin Torga coeAnHeH Mexay Toukoin A n C (3a3eMneHHblil 1 B Touke A i1 B Touke C);
3TO NPUBENO K YeTbIpexXKpaTHOMY COKpalleHWio BO3MyLLalowero HanpsxeHus (cM. pucyHok F.3). Tpy6o HamoTaHHas
cTtanbHas 6poHA Kabens ncnonb3oBanacb B KayecTBe akpaHa, U 6bina 3a3emneHa B Todkax A n C puc. F.2. 3T0 noHU3uno
BO3MyLLaloLee HanpsbkeHve eue 6onblie.

PucyHok F.3 — W3mepeHne HanpshkeHus B gucnetyepckoii Ha kabene, 3aKOpPOYEHHOM
Ha MepBUYHOI CTOpOHEe TpaHcthopmartopa. TOKW O06bIYHOTO BuAa AN PasAUUHbIX
napanfnenbHbliX 3a3eMsOLWMX NPOBOAHMKOB MexXay Toukamu A u C.

99



FOCT P 55630—2013

HakoHel, aTOT Kabenb (6poHSA, BCe elle coefuMHeHHas B Touke A), GblN NPONOXKEH B cTalbHOM Kabenenposoje,
3a3eMNeHHOM B Toukax B n C. MonyyeHHoe BO3MyLLEHUE HanpshkeHus B KoHdurypauumn (d) 6b1n0 ymeHblweHo 4o 1B, oT
HavanbHbIX 2,3 KB. MONy4YeHHbIX 4NA KOHGUrypauum (a).

OTOT 3KCNEPVMMEHT faeT eAUHCTBEHHOE pelleHne. — 3TO MPUMEHEHWe GPOHU, U NPUMEeHeHne GPOHU yCcuneHHoe
ageiictBnem kabenenposoja B KayecTBe mapannenbHoOro npoBojHuKa 3a3emneHus (PEC). B npuBegeHHOM ciayyaB UM-
nefaHc 3a3eMNEeHHOro KOHTypa yMeHbllaeTcsl, UTO MNoka3sblBaeT yBenuueHve Toka yepe3d PEC (pucyHok F.3). MimnepaHc
nepepayn PEC-npoBOAHMXA YMEHbLUAETCA HaMHOro 6bICTpee W [0 TaKoil CTeneHu, YTO camMoe HU3KOB HanpshkeHue,
M3MepeHHoe B 3TUX YeTbIpex Cny4yasix, Npou3oLno B nocnegHem cnydae (d) npyv BKNOYEHUU CaMOro 60NbLIONo ToKa.

100



FOCT P 55630—2013

Mpunoxenue A

(cnpaBo4yHOE)

CBefeHNsi 0 COOTBETCTBUYU CCbIJIOYHbIX MEXAYHAPOAHbIX CTaHAAPTOB
CCbIZIOUHBIM HALMOHaNbHBLIM CTaHpapTam Poccuiickoii depepayuu
1 feicTByOWEMY B 3TOM KAYECTBE MEXIOCYAapCTBEHHOMY CTaHAapTy

Ta6nunua JA.1

0O603HayeHne CCbINOYHbIX CTeneHb
MEXAYHapoAHbIX CTaHAapToB COOTBETCTBUI
M3K 60364-4-44:2007 MOD
M3K 60664-1:2012 0T
M3K 61000-2-5:1995 MOD
M3K 61000-4-1:2006 MOD
M3K 61000-4-4:2004 MOD

M3K 61000-4-5:2005 -
M3K 62305-1:2010 IDT

M3K 62305-2:2010 IDT

M3K 62305-3:2010 -
M3K 62305-4:2010 —
M3K 61643-1:2005 MOD

M3K 61643-12:2002 IDT

* COOTBETCTBYHOLW W CTAHAAPT OTCYTCTBYET.

0O603HayeHne 1 HauMeHoBaHve COOTBETCTBYHOLWNX
HalUMOHa/IbHbIX CTaH4apTOB

FOCT P 50571-4-44— 2011 (MOK 60364-4-44:2007) «3neKTpo-
yCTaHOBKM HWU3KOBONbTHble. YacTb 4-44. Tpe6oBaHua no obecne-
YeHUto 6e3onacHOCTW. 3alwuta OT OTKAOHEHWI HanpsHKeHus u
3NEeKTPOMArHUTHbIX NMOMEX»

FOCT P M3K 60664.1— 2012 «KoopgunHaums nsonauum gns o6o-
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COOTBETCTBUA CTaHAapTOB:
- IOT — unAaeHTU4YHbIE CTaHAapThl;
- MOD — moguduunpoBaHHble cTaHfapTbl
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