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Mpeancnosue

Lienn v npuHumnbl cTaHgapTmM3aummn B Poccuiickoin ®efepauun yctaHoBAeHbl DefepasnbHbiM 3aKOHOM OT
27 nekabpsa 2002 r. Ne 184-d3 «O TEXHUUECKOM perynnpoBaHumn», a npasuia NpUMMeHEeHNs HaunoHa bHbIX CTaH-
paptoB Poccuiickoih ®egepaummn — TOCT P 1.0— 2004 «CtaHgapTtu3auunsa B Poccuiickoin degepaunn. OCHOBHbIE
NOJIOXKEHUS»

CeefieHns o cTaHgapTe

1MoArOTOBJIEH ABTOHOMHOW HEKOMMEPUECKO opraHun3aunein «Hay4yHo-TeXHUYECKN LeHTp «QHeprus»
(AHO «HTL, «3Heprua», r. MockBa n O6WECTBOM C OrpaHMYeHHON OTBETCTBEHHOCTbIO «Bcepoccuinckuii
Hay4HO-uccnefoBaTebCKUn U KOHCTPYKTOPCKO-TEXHOIOTMYECKUA MHCTUTYT HW3KOBOJIbTHOW annapatypbl»
(OO0 «BHWWNanekTpoannapat»), r. CTaBpomnosb, Ha OCHOBE COGCTBEHHOMO ayTEHTUYHOr0 NepeBoda Ha pyccKuii
A3bIK MEXAYHAPOAHOr0 cTaHAapTa, yKa3aHHOro B NyHkTe 4

2 BHECEH TexHuyeckum KoMuTeToM no ctaHgapTtusauumn TK 331 «HuM3kosonbTHas annapartypa pacnpege-
NeHus, 3alinTbl N ynpasaeHnsa»

3YTBEPX/EH U BBEAEH B IENCTBVE MMpukasom deaepansHoro areHTCTBa No TEXHNYECKOMY pery-
NIMPOBaHNI0 1 MeTponorum oT 6 gekabpsa 2011 r. Ne 699-cT

4 HacToawmii ctaHfapT MAeHTUYEH MexayHapoaHoMy cTaHaapTy MOK 61643-12:2002. nsganume 1.0 «Hus-
KOBO/IbTHbIE YCTPOMCTBA AN1A 3aWUTbl OT UMMY/IbCHbIX NepeHanpsXeHnii. Yactb 12. YcTpolicTBa ANA 3awuTbl OT
MMMNYNbCHbIX MepeHanpsHXeHni B HU3KOBOJIbTHbIX CUMOBbIX pacnpegenuTenibHbiX cuctemax. MpuHuymnsl Bbibopa un
npumeHenmnsa» (IEC 61643-12:2002 «Low-voltage surge protective devices — Part 12: Surge protective devices
connected to low-voltage power distribution systems — Selection and application principles».

Mpu NpUMeHeHNN HACTOALErO CTaH4apTa PEKOMEHAYETCS UCNO/Ib30BaTb BMECTO CCbI/TOYHBIX MeXAyHa-
pOAHbIX CTaHAAPTOB COOTBETCTBYIOLME UM HaLMOHa/bHbIe CTaHAapTbl Poccuiickoli ®egepanuu n mexrocygap-
CTBEHHble CTaHAapTbl, CBEAEHNS O KOTOPbIX NPUBELEHbI B 4ONONHUTEIBHOM Npunoxexnun JA

MHhopMaLmsi 06 N3MEHEHUAX K HAaCTosILL eMy CTaHAapTy Ny6GNKyeTcs B eXXerogHo 3jaBaeMom ykasa-
Tene «HauuoHabHble CTAHAAPTbI», aTeKCT U3MEHEHU 1 MONPaBOK— B eXXeMecs4HO 13aBaeMblX MHOP-
MauMOHHbIX YKasaTenax «HauuoHanbHble cTaHAapThi». B ciyyae nepecmoTpa (3amMeHbl) U OTMEHbI Ha-
cTosllero cTaHjapTa COOTBETCTBYHO L €€ yBeJOMeH e Gy A eT Ony6/IMKOBAHO B ©KeMeCsHHO M31aBaeMOM
VH(OPMAaLMOHHOM YKa3aTte e «HaumoHanbHble cTaHAapThl». COOTBETCTBYIO W as UHopMaLms, yBefoMIle-
HUe UTEKCThbl pa3MeLLalnTCcs TaKXe B MH(DOPMALMOHHON CUcTEMe 06LLErO NO/Ib30BaHUS— Ha 0hULMaIEHOM
caliTe ®efepasbHOrO areHTCTBA MO TEXHNYECKOMY PeryiMpoBaHni0 MMeTpooruy BceTu VIHTepHeT

© CtaHgapTuHcopm,2013

HacToswuii ctaHfapT He MOXeT GblTb MOSIHOCTbIO UM YACTUYHO BOCNPOU3BELEH, TUPAXMPOBAH 1 pacnpo-
CTpaHeH B KayecTBe ohuLmnanbHOro n3aaHnsa 6e3 paspelleHns PefepanbHOro areHTCTBa No TEXHUYECKOMY pery-
NIMPOBAHUIO U METPOOTUM

n
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BBepeHue

HacTtoawwmii cTaHaapT pa3paboTaH C Lenbio NpSaMoro npumeHeHns B Poccuiickoli depepauny MexayHapos-
Horo ctaHgapTa MOK 61643-12 «HU3KOBO/IbTHbIE YCTPONCTBA 415 3ALWUTbI OT UMMY/IbCHbIX NEPEHaNnpPsHXKEeHNN.
YacTb 12. YcTpoiicTBa AN 3alWTbl OT UMMNY/bCHbIX NEpPeHanpsaXXeHnii B HU3KOBOJIbTHbLIX CU/I0BbIX pacnpegenu-
TeNnbHbIX cucTtemax. MpUHUKUNBLI BbiGOpa N NPUMEHEHNA».

M3K 61643-12 BxoauT B cepuio ctaHaapTa MOK 61643.

TpebosaHus 1 MHOPMaLMOHHbIE MaTepuasbl, Cofepxalinecs B cTaHfapTe, N03BO/AIT OCYLECTBUTL OpU-
€HTMPOBOYHbIE pacyeTbl No noabopy Y3UM ¢ Heo6xoAUMbIMU NapaMeTpaMmu ANS 3alnTbl 06LWUX NUHUIA U KOH-
KpPEeTHbIX 3/1eKTpoNoTpebuTeneli BaNeKTpoycTaHoBKax 34aHnin 1 COOPYXEHU Pa3NNYHOro Ha3HavyeHnsa (Npon3Boa-
CTBEHHbIE. XU/ble N afMUHUCTPATUBHbIE 3aHNS N COOPYXXEHUSA), ONTUMU3NPOBATL NOCTPOEHME 3aLunTbl OT UM-
NyNbCHbIX NepeHanpsXXeHunli rp030BOro XxapakTepa v BO3HMKaLW KX BCNeACTBME KOMMYTaLNOHHbIX NepeHanps-
XEHUN.

MpunoxeHust A, B. C. D. E. F. G. H, I, J. K 1 L HOCAT UCKOUYNTENIbHO MH(OPMAaLMOHHbI/ XxapakTep 1
NO3BOJIAT HA OCHOBE NPUBEAEHHbIX B HUX MatepunasoB No pacyetamMm napameTpoB BO3HUKAOLMX NepeHanpsxe-
HWIA. pacyeTam Heob6xoA4MMbIX NapameTpoB Y3UI. npymepoB Ux NpUMeEHeHUs, maTepuasnos No noA460py Heo6xo-
AVMOli pe3epBHOI 3aWnTbl BbINOMHATH NOAG0P HEO6XOAMMOI 3aLMTHOV annapaTypbl 06beKTa aHeprocHabxeHns
OT UMMY/IbCHbIX NepeHanpsXeHuni.
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0 Mpegncnosune
0.1 OCHOBHblE NONOXEHNSA

HacTosiwumii ctaHaapT npegocTaBnset MHQOpMaL Mo 47151 OLLEHKU, CO CCbIKOW Ha MOK 61024-1. MOK 61662
n M3K 60364. HeobxoanmocT B npumeHeHun Y3UI B HU3KOBO/IbTHbLIX CUCTEMaAX, Bbibopa u KoopanHauum
Y3WM ¢ yyeToM BCeX BHELWHUX YCNOBUIA, B KOTOPbIX OHN ByAyT NpuMeHATbCA. puMepamMun aTUX ycroBuii
ABNAOTCA: 3almuaemoe 060pyAoBaHNe N XapakTepuCTUKN CUCTEM, YPOBEHb U30/ALNN, MepeHanpsXXeHus, cno-
co6 ycTaHOBKU, pa3meleHne Y3UI. koopauHauusa Y3UT. pexum otkasa Y3UIM n nocnencTeusa oTkasa o6opyao-
BaHus.

HacToawuii ctaHgapT Takke AaeT PyKOBOACTBO A1 OLLEHKMN PUCKa, CBA3AHHOI0 C HE06X0AMMOCTbIO MpUMe-
HeHns Y3UIM nonpepeneHns aHepreTM4eckoi ctolikoctn Y3UI. PykoBOACTBO Mo Tpe6oBaHUAM K KOOpAMHaLum
n3onauumn n3genusa obecneymsaeTtcs cepueil ctTaHgapToB MIOK 60664.

TpeboBaHNA 6e30NacHOCTM (OrHECTONKOCTb, 3aLiuTa OT CBEPXTOKOB ¥ 3alynTa 0T 3N1eKTpMYeckoro yaapa),
TpeboBaHMA KMOHTaXy N YyCTaHOBKe NpuBefeHbl B cTaHfapTe M3OK 60364.

CepusctaHgaptoB M3OK 60364 npegoctaBnseT HeNOCpeACTBEHHYO MHGDOpMaLMIo NO YC/I0BUSAAM YCTaHOB-
KU 1 MoHTaxa Y3WUM. CtaHgapt MOK/TO 62066 gaeT A4ONONHUTEbHYO MHCDOPMaLLMIo MO Hay4YHO OCHOBE 3alun-
Tbl OT UMMY/IbCHbIX NEepeHanpsXeHuii.

0.2 NMofAACHEeHUA KCTPYKType HacToAlero ctaHgapra

HwmxenpnBeeHHbIi NepeyeHb xapakTepuayeT CTPYKTYpY HACTOALLEro cTaHAapTa v AaeT KpaTKyto CnpaBKy
06 uWHopmMauum, cogepxalieiica B KaxAoM pasgenie n npuioxeHun. MnaBHble pasgenbl faloT 6a30Byio
MHbopmauuo o dakTopax, yuntelBaembix np u Boibope Y3UIM. MoTpebutenu, xenawuime nonyunts 6onee
noApo6HY UHDOPMaLMIO, YeM COAEPXKUTCA B pasdenax 4 7. MoryT o6paTnTbCa KCOOTBETCTBYHOLMM NPUIOXe-
HUAM.

B pa3sgene 1orosopeHa 06/1acTb NPUMEHEHUSA HACTOALErO CTaHapTa.

B pasgene 2 npuBefeH nepeyeHb HOPMaTUBHbIX CCbISIOK HA AeCTBYOLW e CTaHAapThI.

B pa3gene 3gaHbl onpefesnieHNa TepMUHOB, NPUBOAUMbIX B HACTOSALEM CTaHAapTe.

B pasgene 4 npuBeaeHbl napaMeTpbl CUCTEM U COOTBETCTBYOWMUX 1M Y3UIM. KB0O3aencTBMAM rpo3oBOro
XapakTepa npupaBHeHbl BO3AeCTBNA BPEMEHHbIX NepeHanps>keHnii 1 UMNyNbCoB, BO3HMKAKLWMUX NP KOMMyTa-
LMsX.

B pa3gene 5 npuBefeH nepevyeHb NnapamMeTpoB, NpUMeHseMbIX AN Bbibopa Y3WM. n faHbl HEKOTOpble
NOSAACHEHUSA OTHOCUTE/IbHO 3TUX NapameTpoB. MoACHEHNA CBA3aHbl C AaHHbIMU, NpuBeaeHHbIMN B MOK 60364.

Paspnen 6 siBnseTCcs OCHOBHbIM B HacToslWeM cTaHfapTe. B HeM onucaHbl BO34eliCTBUSA U CBSI3aHHbIE C
HUMUK (Kak MpuBeAeHo B pasgerne 4) xapaktepuctukn Y3UNM (kak npuBefeHo B pasgene 5). Ha oTBoAswein nnHmm
3awunTa, obecneynBaemasn Y3UIM. MoxeT nmeTb 06paTHOE BO34ENCTBME HA YCTAaHOBKY. Ha pa3Hbix aTanax nog6o-
pa Y3WM MoryT BO3HUKHYTb Npo6i1emMbl KOOpANHAL MW NPy YCTAHOBKE B O4HON NMHUW HECKONbKuX Y3WUIM. npume-
HAEMbIX B yCTAHOBKe (YTOYHEHMS NO BONPOCAM KOOPAUHALUKN MOTYT BbITb B NpUNoXeHuu F).

B pasgene 7 npuBefeH aHann3 pPUCKOB (BO3HMKawWMX, Korga npumeHeHne Y3UI 3KOHOMUYECKU
BbIFOfHO).

MnaHupyemblii K BBeeHNIO pa3fen 8. B KOTOPOM ByAyT pacCMOTPeHbl BOMPOCHI KOOpAMHALUN MeXAay
BCromoratefibHbIMWU U OCHOBHbIMUW CU/TIOBbIMU LIENSAMU. — B CTafuUn PacCMOTPEHUSA.

MpunoxeHne A 0THOCMTCA KMHGOPMAL MU NO BbIGOPY M MOSACHEHMAM NpoLeayp NUCMbITaHWi, MPUMEHSEMbIX
B MOK 60364-1.

B npunoxeHun B npvBeAeHbl NpyMepbl COOTHOLIEHWI MexXAy ABYMS BaxHbIMK napameTpamu Y3UM — Uc
n Upt npumeHseMbIM1 ANA BApMCTOPOB HA OCHOBE OKWMCU LMHKA, a Takke Nnpumepbl COOTHOWeHuE mexay Ucwu
CBA3aHHbIM HOMWHA/IbHLIM HaNPsXXeHNEM.

MpunoxeHue C fononHAeT UHGoOpMaLUio Mo UMMY/IbCHbIM NOMeXxaM B HU3KOBOJIbTHbIX CeTAX, NpeacTas-
NeHHyto B pasgene 4.

Mpunoxexve D NocBALLEHO pacyeTaM pacnpefesieHns rpo30Boro Toka Mexay pasimyHbiMy 3a3eMIeHHbI-
MU cucTemamu.

MpunoxeHue E nocBsWweHO pacyeTam BpeMEHHbIX NepeHanpsiXXeHnii, BO3HUKALLMX NpU aBapusax B BbICO-
KOBOJ/IbTHbIX CUCTEMAX.
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MpunoxeHune F gonosiHaeT nHdopmauuio, npuBeeHHyo B pasgene 6, No KoopAuHauum Mexay HeCKOSIbKU-
Mun Y3UT1, NpPUMEHEHHBLIMU B CUCTEME.

B npunoxeHun G npueefeHsl cneynuryeckne NnpuMepsl NPUMEHEHNSA HACTOALLEro cTaHjapTa.

B npunoxeHun H npuBefeHbl cneuudunyeckne npuMepbl NPUMEHEHUs aHann3a puckoB.

MpunoxeHue | gononHseT nHoOPMaLKio, NPUBEEHHYIO B pa3fesie 4, KacalLyoca nepeHanpsxxeHuin B
cuctemax.
MpunoxeHune J fononHAET MHoOpMaL o, NpUBEAEHHYI0 B pa3aene 5. kacawuyca Bbibopa Y3UM.
MpunoxeHvne K gononHsaeTt nHpopmauuio, npuBeeHHyto B pasgene 6. kacawllyoca npumeHeHunsa Y3UM B

HWU3KOBOJIbTHbIX CUCTEMAX.
Mpunoxexue L fLONONHAET MHOpMaLMIO, NPUBEAEHHYIO B pasfesne 7, Kacatlyloca napaMmeTpoB npumMe-

HAEMbIX Npu aHan3e pucKoB.
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HALUWOHANDBHBLINR CTAHAOAPT POCCUMCKON OSEQLEPALUMU

YCTPOWCTBA 3AWWUTLI OT UMMNYNbCHbIX MEPEHAMPAXEHWUA HU3KOBOJ/IbTHbIE
Y acTtb 12

YcTpoiicTBa 3aWnThl OT UMNYNbCHbIX NEPeHanpsxXeHunin B
HU3KOBO/IbTHBIX CU/TOBBIX pacnpefenuTeNibHbiX CUCTEMAX.
MpuHuMnbl BoiGOpa U NpUMEHEHUA

Low-voltage surge protective devices. Part 12.
Surge protective devices connected to low-voltage power distribution systems.
Selection and application principles

[arta sBefeHunna — 2013- 01- 01

1 O6NnacTb NPUMEHEHMS

HacToswuii ctTaHaapT onucbiBaeT NPUHLMUNBLI BbIGOPa, pa3melleHnsa n KoopanHaLl M yCTPOWCTB 3auTbl OT
UMMYNbCHbIX NepeHanpsxeHunin (ganee — Y3WUM). npefHa3HayYeHHbIX 415 NOACOEANHEHUS K CUIOBLIM Lensm
nepemMeHHOro Toka 4actoToin 50— 60 'y MM NOCTOAHHOIO TOKa U KO60pyA0BaHNIO HA HOMUHAIbHOE HaNpsXeHne
40 1000 B (pgelicTBytoliee 3HaueHe) nepeMeHHOoro Toka unm 1500 B noCTOSIHHOTO ToKa.

NMpumeuvanune 1- Ans Y3UM cneynanbHbiX HA3HAYEHWIA, HANpUMep A8 3NeKTPUYECKNX TATOBbIX YCTAHOBOK
M T. N.. MOTYT NOHaA06UTLCA AONONHUTENbHbIE TpeboBaHUA.

NMpumeuvaHne?2 — CnegyeT 3amMeTUTb, YTO Takxe NPUMEHsIOTCA yacTh MIK 60364.

MpumeuaHune3 — HacToAwmin ctaHfapT pacnpocTpaHaeTca Tonbko Ha Y3WIM n He KacaeTcs 3/1eMeHTOB
Y3WUTM. BCTPOEHHbIX B 060pyA0BaHue.

2 HopMaTuBHbIE CCbINKY

B HacTosweM cTaHfapTe UCNOMb30BaHbl HOPMATUBHbIE CCbIIKW Ha cnefyloline mexayHapoaHble cTaH-
AapTbl. [pu gaTupoBaHHbIX CTaHAapTax 40/MKHO NPMMEHATLCA TONbKO TO M3faHne, KoTopoe ykasaHo. MNpu Hega-
TUPOBAHHbIX CCbINIOYHbIX JOKYMEHTAaxX cneAyeT Ucnonb3oBaTb NnocnegHee nsgaHue (BKoYas U3MEHEHNS K HEMY)
CCbI/TIOYHOTO AOKYMEHTA.

M3K 60038 CtaHgapTHble HanpsxeHus no MAK (IEC 60038. IEC standard voltage)

M3K 60364-4-41 3nekTpuyeckne ycTaHOBKM 3aaHnii. Yactb 4-41. 3awmtagna obecneyeHua 6esonacHoc-
Tn. 3awwuTta oT anekTpuyeckoroygapa (IEC 60364-4-41, Electrical installations of buildings-Part 4-41: Protection
for safety — Protection against electrical shock)

M3K 60364-4-44 3nekTpuyeckne ycTaHOBKU 3gaHunin. YacTtb 4-44. 3awuTa ansa obecneyveHns 6esonacHoc-
TW. 3alnTa oT pe3KnX OTK/IOHEHWNIA HanpPsHXXeHNs N 3/1eKTPOMarHuTHbIX Bo3myLeHuii (IEC 60364-4-41. Electrical
installations of buildings — Part 4-41. Protection for safety — Protection against voltage disturbances and
electromagnetic disturbances)

M3K 60364-5-53 SnekTpuyeckme yctaHoBKM 3aaHunii. HacTb 5-53. BbI6Op U yCTaHOBKA 3/1€KTPUYECKOTO
ob6opypoBaHusa. N3onauums, kommyTtaums n ynpasnenue (IEC 60364-5-53. Electrical installations of buildings —
Part 5-53: Selection and erection of electrical equipment— Isolation, switching and control)

M3K 60529 CTteneHu 3awutbl, o6ecneynsaemsie kopnycamu (Kog IP) (IEC 60529. Degrees of protection
provided by enclosures (IP Code))

M3K 60664-1 KoopauHauus n3onaunm o6opyaoBaHnsa B HU3KOBO/bTHbIX cucTtemax. Yacte 1. MpuHumnsl,
TpeboBaHua nucnoiTannsa (IEC 60664-1, Insulation coordination for equipment within low-voltage systems —
Part 1: Principles, requirements and tests)

M3paHne ouumnansHoe
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M3K 61000-4-5 DneKkTpomarHuTHast COBMeCTUMOCTb. YacTb 4-5. MeToANKN UCMbITAHUIA 1 n3amepeHuii. Nc-
nbiTaHWe Ha HEBOCMPUMMUMBOCTb KBblGpocy HanpsxeHus (IEC 61000-4-5. Electromagnetic compatibility (EMC)
— Part 4: Testing and measurement techniques — Section 5: Surge immunity test)

M3K 61008-1 Bbikntoyarenun aBTomatnyeckune, paboratLime Ha 0CTaTOYHOM Toke, 6e3 BCTPOEHHOM 3alu-
Tbl OT CBEPXTOKOB 6bITOBbIE M @aHaNOrMyHoro HasHavyenma (RCBO's). Yactb 1: O6wune npasuna (IEC 61008-1.
Residual currentoperated circuit-breakers without integral overcurrent protection for household and similar uses
(RCCBSs). Part 1. General rules)

M3K 61009 (Bce 4acTu) Beikntouyatenn asTomaTnyeckme, paboTarLime Ha 0OCTaTOYHOM TOKE, CO BCTPOEHHOI
3aLlnTOl OT CBBPXTOKOB GbITOBbLIE M aHANOrMYHOro HasHauyeHus (RCBO's) (IEC 61009 (all parts). Residual current
operated circuit-breakers with integral overcurrent protection for household and similar uses (RCBOs))

M3K 61024-1 3awuTa 3gaHnii oT ygapa MmonHuun. YacTtb 1. OcHoBHble npuHuunbl (IEC 61024-1. Protection
of structures against lightning — Part 1. General principles)

M3K 60312-1 3awuta OT HaBE4EHHOTO 3/IEKTPOMArHUTHOIO UMMybCa, BbI3BAHHOTO MO/IHMel. YacTb 1.
OcHosHble npuHumunel (IEC 60312-1, Protection against lightning electromagnetic impulse — Part 1: General
principles)

M3K/TO 60312-4 3awunta oT HaBeAEHHOI0 3/1IEKTPOMArHUTHOrO MMMy ibCca, BbI3BAHHOTO MOJIHNEN. YacTb 4.
3awmnTta obopynoBaHus BeywecTByowmx 3gaHusax (IEC/TS 60312-1. Protection against lightning electromagnetic
impulse — Part 4: Protection of equipment in existing structures)

M3K 61643-1 YcTpoiicTBa 3alnTbl OT NepeHanps)XeHnii HU3KOBObTHbIE. YacTb 1. YcTpoiicTBa 3auTbl 0T
nepeHanpskeHuin, nogcoefMHeHHblIe K HU3KOBO/bTHbIM CUCTEeMaM pacnpejesieHus anekTpoaHepruun. Tpebosa-
HuA n ucnbiTaHna (IEC 61643-1, Surge protective devices connected to low-voltage power distribution systems
— Part 1: Performance, requirements and testing methods)

M3K/TN 61662 OueHka pucka noBpexaeHuii ot ygapa monHun (IEC/TR 61662. Assessmentof the risk
ofdamage due to lightning)

3 TepmMuHbl 1 onpegeneHns

B HacTosAWeM cTaHgapTe NPUMEHEeHbl cneaytolume TEPMUHbI C COOTBETCTBYIOLW MMM ONpeaeneHnsaMu:
31

YyCTPOWCTBO 3alnTbl OT UMNYAbCHbIX nepeHanpsxeHun (Y3UM) (surge protective device) (SPD):
YcTpoiicTBO, KOTOPOE NpeAHa3HauYeHo /151 OrpaHNYEeHNs NepexofHbIX NnepeHanpsiXeHunii 1 0TBoAa UMMNY/bCOB
TOKa. DTO YCTPOICTBO COAEPXKUT MO KpaiiHeli Mepe 0AUH HENUHEHbI 3NEMEHT.

(M3K 61643-1, cTaTtbs 3.1]

3.2

co6cTBeHHas noTpebnsiemas mouwHocTb Pc(standby power consumption Pc): MowHocTs, noTpe6nsie-
mMas Y3UM npu nogaye MakcumasbHOro AnnTenbHOro paboyero HanpshxeHns Ucnpu c6anaHcnpoBaHHbIX Ha-
NPSXEHNAX WU hasHbIX yraax Nnpyu 0TCYTCTBUN HArpy3Ku.

(M3K 61643-1. ctatba 3.12]

3.3

MakcumanbHoe AgnuTenbHoe paboyee HanpsxeHne Ue(maximum continuous operating voltage Uc):
MakcumanbHoe HanpshkeHue felicTBYOLEero 3Ha4eHns NepeMeHHOro nan NOCTOAHHOro Toka, KOTopoe ANnTeNb-
HO nofaeTcs Ha BbiBOAblI Y3UT. OHO paBHO HOMUHA/IbHOMY HaMps>XeHNIo.

(M3K 61643-1. cTaTtbs 3.11]

34

ypoBeHb HanpshxeHusa 3awmntel Up(voltage protection level Up): MapameTp, xapaktepusyowmii Y31 B
yacTy orpaHnyeHunst HanpsHKeHUs Ha ero BbIBOAAX, KOTOPbI BbiGpaH U3 yncna npeanoyTUTENbHbIX 3HAYEHWIA.

[JaHHoe 3HaueHne A0KHO 6biTb Bbile HAN6O0bLIET0 U3 N3MEPEHHbIX OTPaHNYEHHbIX HAMPSXKEHWIA.
[MOK 61643-1. ctaTbs 3.15]
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3.5

M3MOpeHHoe npepenbHoe HanpsxeHue (measured limiting voltage): MakcumanbHoe 3HayeHue
HanpshkeHus, uamepeHHoro Ha BbiBogax Y3WIM npu nogave vmnynbLcos 3afaHHON HOPMbl BOHbI U aMniun-

TyAbl.
(M3K 61643-1. ctatba 3.16]

3.6

oCTaToO4HOE HanpsxeHune (resKlual voltage Urr): MukoBoe 3HaYeHne Hanps)XeHns, NosBNsIOLLEro-
cs Ha BbiBoAax Y3WUI BcneacTBme NpoxXoxXaeHuUs pa3psagHoro Toka.
(M3K61643-1. cTaTtbs 3.17]

3.7

XxapaktepucTuka BpeMeHHOro nepeHanpshxernus (BIMH) (temporary overvoltage (TOV) characteristic):
MoBepexve Y3WUI. Korga oHo noABepraetcsi BpeMeHHOMY nepeHanpshXKeHuo U1 B TeYeHne 3aaHHoro npome-
XyTKa BpemeHun U.

MpumeyvyaHne 1— HasBaHHasA XxapaKTepucTuka MOXeT BblpaxkaTb NMM60 CNOCOOGHOCTL BblgepxuaTb BIMH
6e3 HefoOMyCTUMbIX W3MEHEHWI napamMeTpoB unu yHKUMM, NGO noBpexaeHne, kak onmcaHo B MOK 61643-1,
NOANYHKT 7.7.6.2.

MpumeyuyaHns?2— t/T— 3HaueHWe nNepeHanpsHKeHUs, yKazaHHOe W3rOTOBUTENEM, NPU KOTOPOM Y3UM
o6najaeT onpeseneHHol XapakTepuUCTUKON B TedeHne 3ajaHHOT0 NPOMEXyYTKa BpemMeHU (U4TO MOXET BbipaXaTb 160
CNocoGHOCTb BblAepXMBaTh BMH 6e3 HeJonycTUMbIX U3MEHEHWI NapameTpoB UMM (yHKUWIA, TM60 NOBpexXaeHue, He
npeAcTaBnsiollee onacHoOCTV AN nepcoHana, 060pyA0BaHNUs UNK YCTPOMCTBA).

(M3K61643-1, ctatbsa 3.18. mogucumumnposaHal

3.8 BpeMeHHOe mnepeHanpshkeHue coTu (7TOV (BHM) (temporary overvoltage of the network UTOV):
MepeHanps>xeHve NPOMbILLIEHHON YaCcTOTbl OTHOCUTE/TbHO 60/bLLIOV NPOAOMKNTENBHOCTHW, BO3HMUKAIOLLEe B OM-
pefeneHHoM MecTe ceTu. BMTH MoryT 6biTb Bbi3BaHbl NOBPEXAEHUSMU BHYTPU HU3KOBONbLTHON (HH) cuctemsl
(L/rov LV) nn60 BHYTpM BbICOKOBObLTHOW (BH) cuctemsl (I/TOV HV).

MpumeyaHune — BpeMeHHble NnepeHanpsXeHns, Kak Nnpasuio, AINTENbHOCTLIO ;0 HECKO/IbKUX CEKYH/, Kak

npasuio, BO3HWKAOT B pe3ynbTaTe KOMMyTauuii 1M60 nospexgeHuii (Hanpumep, BHe3amnHoe OTK/YeHne Harpysku,
noBpexjeHne B ogHogasHol uenu 1 1. 4.) M/unm B pesynbtaTe He/MHEWHOCTU (3hhekT heppopesoHaHca. rapMOHUKK

nT.a.).
3.9

HOMUWHaNbHbIN pa3psagHbIii Tok /, (nominal discharge current /). MukoBoe 3HauYeHne Toka, NpoTeKat-
wero vyepes Y3Ur. ¢c chopmoii BonHbI 8/20. MpumeHAT B kKnaccudukaymm Y3 npu ncnbiTaHuax knacca ll. a
Takxe npu npeaBapuTenbHoi o6paboTke Y3UM npu ncnbitaHnax knaccos | un ll.

(M3K 61643-1, cTaTtba 3.8]

3.10

UMNYNbCHbIV TOK /|Tp (impulse current / Tp): OnpeaenseTcs NMKOBbIM 3HAYEHNEM TOKa 1 3apagom
Q. VicnbiTaHUs NpoBOAAT B paboyem LMKIMYEeCcKoM pexume. MpumeHsaT npu knaccudukaunu Y3UM ana ucnol-
TaHwuii knacca |.

(M3K61643-1, ctaTtbs 3.9. MoaudguymposaHal

311

KOMOGMHUpOBaHHasa BosiHa (combination wave): Kom6rnHrpoBaHHas BO/iHa, cO34aBaeMast reHepaTtopom,
KOTOpbI/ NoAaeT B pa30OMKHYTYIO Liefb MMNY/bC HanpshkeHna 1.2/50 n B KOPOTKO3aMKHYTYIO Lieflb — WMMY/bC
Toka 8/20. HanpsxeHune, amnnuTyga Toka 1 hopmMbl BOMHbI, NogaBaemoin K Y3UI. onpefenatoTcs reHepaTopom
1 MONHbIM conpoTmeneHnem Y3UI, KKOTopomy npuknajsiaeTcs umnynbc. OTHOLEHWE NUKOBOIO HanNpshKeHus
pPa30MKHYTOI Lienu K MMKOBOMY TOKY KOPOTKOTO 3aMblKaHusa cocTasniseT 2 OM; OHO onpejenieHo Kak yCnoBHoe
nosiHoe conpoTuBieHne Z,. TOK KOPOTKOro 3aMblKaHusi 0603HauveH /5C Hanps)keHne pa3oMKHYTOW Lienu o603Ha-
yeHo Uoc.

(M3K 61643-1. cTaTbs 3.24]
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3.12

nMnynbc Toka 8/20 (8/20 currentimpulse): MIMnynbc Toka ¢ hakTu4ecknm 3HavyeHnem hpoHTa 8 MKC u
nonynepuogom 20 MKC.
[M3K61643-1. ctatba 3.23]

3.13

umMnynbc HanpsxeHua 1,2/50 (1,2/50 voltage impulse): IMnynbc HanpsXeHusa ¢ hakTuyeckum
3HayeHnem qpoHTa (Bpems nogbema oT 10% pgo 90% nWMKOBOro 3HayeHusa) 1,2 MKC M nmonynepuoaom
50 mKc.

[M3K61643-1. ctatba 3.22]

3.14

TeMnepaTypHblii c6oit (thermal runaway). Pa6ouyee ycrnosue, Npu KOTOPOM yCTaHOBUBLUEECS COCTOSA-
Hue paccesHus aHeprum Y3WI npeBbillaeT CNOCO6HOCTb KOpnyca 1 CoeANHEHUI paccenBaTb TENIOBYIO IHEP-
M. Beylliee KNoBbIWEeHN0 TeMnepaTypbl BHYTPEHHUX 3/1EMEHTOB, NPUBOASALWEMY K MOBPEXAEHUIO YCTPOiA-
cTBa.

[M3K 61643-1, ctaTbsa 3.25]

3.15

Tennosas ctabunbHocTb (thermal stability): Cnoco6HocTb Y3 coxpaHaTb TepMOCTabuibHOCTb Nocne
ncnbiTaHns B paboyem pexume, Bbi3BaBLLEM NPEBLILIEHNE TEMNEPATYpPbI, Koraa temnepatypa Y3WUTM co Bpeme-
HeM noHwmxaeTtcs n Y3UM paboTaeT Npu 3agaHHbiX MakCUMaslbHOM ANUTENbHOM paboyem HanpsXXeHun u ycno-
BUAX TeMMepaTypbl OKpYyXatlLero Bo3ayxa.

[M3K 61643-1, ctatbs 3.26]

3.16

pasbeguHnTens Y3WUM (SPD disconnector): YcTpoiCcTBO (BHYTPEHHEE NN HAPYXHOE), NpeHa3HavYeHHoe
nons otcoeanHeHust Y3UM oT CMI0OBOW CUCTEMBI.

MpumeHaHns 1— [laHHOe pa3beAuWHWUTENIbHOE YCTPOICTBO He 06najaeT CNOCOGHOCTbIO K pasbeAnHEHNI.
OHO npefHa3HayYeHo ANA NpefynpexpeHns ycToMYMBON HEWCNpPaBHOCTM CUCTEMbI M NPUMEHSEeTCA ANA yKasaHus o
nospexgaeHnn Y3UM. Kpome hyHKLMM pa3befuHEHUS OHO MOXET BbINONHATb (PYHKLUN 3aLUNTbl OT CBEPXTOKA U TEN/0-
BOW 3aLnTbl. TN PYHKLMN MOTYT 6blTb 06bEANHEHBI B OAHOM YCTpPOWCTBE G0 pacnpefeneHb! no oTAe bHbIM YCTPOiA-
cTBam.

MpumevaHune2 — PasbeanHutenn Y3WI BbINONHAIOT TPOHYIO PYHKLUMIO: TENMOBYIO 3alUTY (Hanpumep, npu
TemnepaTypHOM c60e BapuMCTOPOB U T .M.), BHYTPEHHIOW 3awmuTy OT CBEPXTOKa U 3alyuTy OT HEMPAMOro KOHTakTa. 3Tn
hyHKLUUN MOTYT 6bITb 06beMHEHbI B OAHOM YCTpOiicTBe IM60 pacnpepeneHbl NO OTAeNbHbIM ycTpoiicTBam. Kaxablii
pasbeuHUTENb MOXET 6bITb BCTPOeH B Y3 unun pacnonoxeH cHapyxu. OHWU MOryT 6bITb NOAK/MOHYEHBI IM60 B Lenb
Y3WM. nn6o B uenb UCTOYHMKA MUTaHUS.

[M3K61643-1. cTaTtbs 3.29. moancnumnposaHal
3.17

TUNoBble NCNbiTaHua (typo tests): cnbiTaHns, NpoBoANMbIe N0 3aBepLUeHUN pa3paboTKM HOBOW KOHCT-
pykuun Y3UM ansa ycTaHOB/IEHUSA XapaKTepHbIX NapameTpoB 1 JoKka3aTelbCTBa COOTBETCTBUA TpeboBaHUAM
onpefeneHHoro ctaHgapra. NMposefeHHble OfHaXbl, OHU HE HYXXAKTCA B NOBTOPEHUN [0 TEX NOP. NoKa u3me-
HEHMWe KOHCTPYKL MK He NMoB/eveT U3MEHEHUS XapaKTepucTUK. B 3TOM c/iyyaB MOBTOPHbIE UCMbITAHUA NMPOBOAAT
TOJ/IbKO MO U3MEHEHHbIM XapakTepucTmkam.

[M3K61643-1, ctaTbs 3.31]
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3.18

KOHTPO/IbHbIe UcnbiTaHuA (routine tests): McnbiTaHnsa, nposBoAuMble Ha Kaxaom Y3WI. ero yactax
nnn matepuanax Ana NOATBEPXAEHUA TOro, 4YTO u3[esiMe COOTBETCTBYeT KOHCTPYKTOPCKOW AOKYMEH-
Taumu.

[M3K 61643-1. ctaTtbs 3.321

3.19

npuemMouYHble ucnbiTaHna (acceptance tests): icnoitaHnsa Y3UM vnv nx npegcraButesnibHbIX 06pasLos,
npoBOAMMble MO NpeABapUTEIbHOW JOrOBOPEHHOCTW MeXAY U3roTOBUTENEM U MOTpebutenem.
[M3K 61643-1. ctaTbs 3.32]

120
cTeneHb 3aWmnThl, 06ecneynBaemasn o6onoukoi (kog IP) (degrees of protection provided by enclosure
(code IP): CTeneHb 3awuTbl OT AOCTYyNa K OMacHbIM YacTsiM, OT MPOHUKHOBEHUSI TBEPAbIX MUHOPOAHbIX YaCTHL,

n/vnn Bogbl (cM. MOK 60529).
[M3K 61643-1. ctaTbs 3.30]

3.21

nageHve HanpsxeHus (B npoueHTax) (voltage drop) (in percent):

nun=rTroa-n m)LlL axsoo.

rae UBlgg Uaut— cooTBeTCTBEHHO BXOJHOE W BbIXOAHOE HampshHKeHUsi, N3MepeHHble 04HOBPEMEHHO NPy Noa-
KNOYEHHON NONHON aKTUBHON Harpyske.
[aHHblli napaMeTp NPUMEHSIOT UCKIYNTENBHO ANA ABYXBBOAHbLIX Y3UIM.
[M3K 61643-1. ctatbs 3.20]

3.22

notepu npu BKkNYeHUn (insertion loss): Motepu npu BkAYeHun Y3UM. onpegensowmnecs oTHowe-
HMEeM Hanps>KeHuii Ha BbIBOAAX, M3MEPEHHbIX Cpa3y e noc/ie NoAKIYeHns ncnoityemoro ¥Y3WM kcucteme Ao
nnocne BKNOYEHNA. Pe3ynbTart BolpaxkaeTcs B NpoLeHTax.

[M3K 61643-1. ctatbs 3.21]

MpumeuyaHue — TpeboBaHUA U UCMbITAHUS — B CTafuK paccMoTpeHus (3.21).
3.23

Cnoco6HOCTb ABYXBBOAHOTO Y3UI BbiAepX1BaTbh NepeHanps>XeHnsa co CTOPOHbI Harpy3sku (load-
side surge withstand capability for a two-port SPD): Cnoco6HocTb AiByXxBBOAHOI0O ¥3UTI BblgepXunBaTh nepeHarn-
PAXEHUS Ha BbIXOAHbIX BbIBOAAX, BblpaXalolascsa B CHUKEHUN Harpy3ok Ha Y3UI.

[M3K 61643-1. ctatbs 3.19]

3.24

YCTOWUYMBOCTb KTOKAM KOPOTKOTo 3aMblkaHusa (short-circuitwithstand). MakcumanbHblii oxXugaemblii
TOK KOPOTKOrO 3aMblKaHWs, KOTOPbI cnoco6eH Bbigepxatb Y3UI.

MpumeuyaHune — [aHHas cTaTbs KacaeTcsi NOCTOSAHHOIO ¥ NePeMeHHOro TOKoB YactoToin 50/60 y. Aga
3HaYeHNs ToKa KOPOTKOro 3aMblKaHusi MOTyT GbITb 3a/iaHbl 4151 ABYXBBOAHbIX UK OLHOBBOAHbLIX Y3 ¢ pa3aenbHbIMU
BBOAHbIMW 1 BbIBOAHbIMY 32)KMMaMUn: OAHO COOTBETCTBYET BHYTPEHHEMY KOPOTKOMY 3aMbIKaHWIO (3aMKHYBLUEMY BHYT-
PEHHIO TOKOBEAYLLYIO YacTb), a APYyroe COOTBETCTBYET HAPYXXHOMY KOPOTKOMY 3aMblKaHUI0 HEMOCPEACTBEHHO Ha Bbl-
BOZHbIX 3aXxumax (Npy noBpexaeHun Harpysku). Mo MIK 61643-1 npoBOAAT WCNbITAHUS TONbKO ANS BHYTPEHHUX
KOPOTKMX 3aMblKaHWii. BONpoc 0 HapyXXHbIX KOPOTKNX 3aMblKaHUAX — B CTaAuy pacCcMOTPeHus.

[M3K61643-1, cTaTba 3.28. MmogucruposaHa)
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3.25

oaHoBBOAHOE Y3UI (one-port SPD): Y3WUI. Bkio4eHHOe napasniesibHo B 3awuaemyto Lens. Moxet
MMeTb OTAe/bHble BBOAHOI U BbIBOAHON BbIBOAbI 6€3 BK/IOUYEHHOr0 NocnefoBaTebHO NMO/IHOTO CONPOTUB/IEHNSA
mMexay BbiBOJaMMU.

MpumeuyaHune — Ha pucyHke 1 npeacraB/ieHO HECKO/IbKO TUMNYHbIX OAHOBBOAHbLIX Y3WUI. Ha pucyHke 1c —
o6wWwnii cumBon 0603HaYeHns ogHoBBoAHOrO Y3UIM. OaHoBBogHOe Y3UIM mMoxeT 6biTb NOACOEANHEHO MapanfiesnbHo ¢
MCTOYHUKOM NUTaHus (PUCYHOK la) nm60 nocneposaTesisHO (PUCYHOK 16). B nepBoM criyvae TOK Harpysku He npoxoaut
yepe3 Y3UI. Bo BTOpOM cnyyae TOK Harpyskv npoxoguT yepes Y3UI. n npeBbilleHne TemnepaTypbl Nof Harpy3kow un
MaKcUMasibHO AONYCTUMBIA TOK Harpy3ku MoryT ObiTb onpeAeneHbl Kak Ana AByxsBogHoro Y3WUrM. Ha pucyHkax 36— 3d
nokasaHo cpabartbiBaHne 0AHOBBOAHbIX ¥Y3UI pa3Hbix TMNOB Npu BO3AENCTBUM nMNynbca Toka 8/20. npuknagbiBaemo-
ro ¢ NOMOLLbI0 reHepaTopa KOMBGUHUPOBAHHOW BOJHBI.

(M3K61643-1. cTaTtbsa 3.2. mognduunposaHa]j
326

AByxBBOAHOE Y3WUIM (two-port SPD): Y3WI ¢ AByMS KOMNAEeKTaMu BbIBOAOB — BBOAHbLIM U BbIBOAHbLIM
— C BK/IlOYEHHbIM NMocnefoBaTe/lbHO MeXAy BbiBOgaMK cneynasibHbIM NOMHbIM COMPOTUB/IEHUEM.

MpumeyaHune — V3mepeHHOe nNpefe/ibHOE HanpshKeHWe MOXeT 6biTb Bbille Ha BBOAAX, YEM Ha BbIBOAAX.
MoaTomy 3awmiaemoe obopygosaHue cnedyeT NOACOEAUHATL K BbIBOAHLIM 3axuMam. Ha pucyHke 2 npeactasieHbl
TUNUYHbIE ABYXBBOAHbIE ¥Y3UI. Ha pucyHkax 3e n 3/ nokasaHo cpabaTbiBaHve [BYyXBBOAHOIo Y3UI npu Bo3aeiicTBum
umnynbca Toka 8/20. NpuknaabIBaeMoro ¢ MOMOLLbI0 reHepaTopa KOMOGVHNPOBAHHOW BOJHbI.

(M3K61643-1. ctatbs 3.3, MmoguduunpoaHal
327

Y3UM kommyTupytowero tnuna (voltage switching type SPD): Y3WI. koTopoe BOTCYTCTBME NepeHanps-
XXEeHUA coxpaHsAeT BbICOKOE MOJIHOE CONPOTUBIEHNE, HO MOXET MITHOBEHHO N3MEHUTb ero Ha HU3KOoe B OTBET Ha
CKayoK HanpshkeHus. O6LW MM NPUMEPOM 3/IEMEHTOB, CAYXaL X KOMMYTUPYIOLWUMN YCTPOACTBaAMU, ABNAIOTCA
paspsAHUKK, Ta3oBble TPY6KU, TUPUCTOPbI (KPEMHUEBbIE BbINPAMUTENN) U yripaBisieMble TupucTopbl. Takue Y3UT
MHOTAa Ha3biBaloT «pa3psagHUKN».

MpumMeuyaHne — YCTpPOCTBO KOMMYTUPYIOLLETO TUNa MMeeT AUCcKpeTHyto U1l xapakTepucTuky. Ha pucyHke 3c
nokasaHo cpabaTbiBaHve Y3 KoMMyTupytoLWwero Tuna npy Bo3geicTsumn uMmnynbca, nojasaemMoro reHepaTtopom KOom-
GUHNPOBAHHOI BOJIHbI.

(M3K61643-1. cTtatba 3.3. MmogudmumnposaHal
328

Y3WUMM orpaHnumnBatowero Tuna (voltage limiting type SPD): Y3, koTopoe nNpu OTCYTCTBUM NepeHanps-
XEHNA COXpaHseT BbICOKOE NOSIHOE CONPOTUB/IEHMNE, HO MOCTENEHHO CHMXXAET ero ¢ Bo3pacTaHMeM BOJIHbI TOKa
N HanpshkeHns. O6LWUM NPMMEPOM 3NEMEHTOB, CNYXaLLUX He/IMHeNHbIMUY YCTPOCTBaMM, ABAAIOTCA BApUCTOpPbI
nanoaHble paspagHuku. Takne Y3UI nHorga Ha3blBaT «OrpaHnynTeNn».

MpumeuyaHne — YCTPOWCTBO OrpaHNYMBalOLLErO TUNA MEET NOCTOSIHHYIO (///xapakTepucTuky. Ha pucyHke 36
nokasaHo cpabatbiBaHve TunuyHoro Y3WI orpaHuMymBatoLLLero Tna npyM Bo3aeincTesum umnynsca, NpukiagbiBaemoro ¢
NOMOLLbIO reHepaTopa KOMGUHVMPOBAHHOW BOJHbI.

(M3K61643-1, ctatba 3.5, moguduumnposaHal
329

Y3UM kombuHuposaHHoro tuna (combination type SPD): Y3UI, cogepxaline 31eMeHTbl Kak
KOMMYTVpYIOLLEro, Tak W orpaHuyuBalollero TUMOB, KOTOPble MOFYT KOMMYTMpOBaTb W OrpaHuumBaTh
HanpshkeHve, a Take BbIMOMHATL 06e yHKUUN, NX JeliCTBNEe 3aBUCUT OT XapaKTepUCTUK NojaBaemMoro Hanps-
XeHus.

MpumMmevyaHue — Ha pucyHkax 3c/m 3e NnokasaHo cpabaTbiBaHUe HECKOMbKUX TUMNUYHBIX Y3W KOMGUHMPOBaH-
HOro TWMa NpW BO3AEWCTBAU UMMYNbCa KOMBGUHUPOBAHHON BOJHbI.

(M3K61643-1, cTtaTbs 3.6. MogucmumnposaHal
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a — opakoaaogHbic Y3WUM. b — opguoasogHoc Y3WIM ¢ pa3genbHbIMU BBOAHBIMU U BbIBOAHbIMU 3aXKUMamu;
C — o6wwuii cumBOon 0603HaYEHUs OfHOW liogHoro Y3UM

PucyHok 1 — TlpuMepbl 0603HaYeHUi 04HOBBOAHbIX Y3

L 1J-t—

y3un

® 0
1
ok TTT--&

b

b — aByxBBOgHOE Y3WIM C 4eTbipbMsa BblBOAAMU

[Ty

a
a — payxssoguoe Y3WI c Tpems BbiBOgaMHU,
C — o6wuii cnmBon 0603HaYeHUsa ABYXBBOAHOTO Y3WM; 2 — nonHoe conpoTuBAEHME,
BK/IOYEHHOe nocnefjoBaTeNbHO Mesfy BBOAHbIMU U BbIBOAHBIMU 3a>kKuMamMu

PucyHok 2 — TpumMepbl 0603HAYEHWNIE ABYXBBOAHBIX Y3WM
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a -- opma npuknagbiBaeMoro Mmnynbca KOMGMHUPOBaHHOW MNOMHbLI: 6 — (hopMa orpaHuyeHus NpuknagbiBaeMoro nmnynbca Y3UM

orpaHvWuMBalolero Tuna, ¢ — GopMa  OrpaHUuYeHuss npuKnagbiBaeMoro uMmnynbca Y3WM KommyTupytowero tuna, d m- opma

OorpaHvyeHVs MNpuKNagbIBAaeMoro MMMynibca OAHOBAaOoAHbIM Y3WUIM KOMOMHMPOBAHHOIO TMNa € — (opMa OrpaHuYyeHusa npuknagbl-

Baemoro nMmnynbca [ABYXBNOAHbIM y3un KOM6I/IHI/IpOBaHHOIO Tvna, f— cpopma orpaHuyeHusa npuknagbiBaemMmoro nmMmnynsca
ABYXBBOAMBIM Y3WI orpaHnumMsatoLlero tuna ¢ pa3ssasbiBatowmMm GuibTpom

NMpumMmeuyaHue — YPOBHU HANPsXKEHUs HA PUCYHKAX NPUBEAEHbI A5 NPUMepa U He SIBNSIIOTCS LeliCTBUTE b-
HbIMU.

PucyHok 3 — CpabaTbiBaHne 0AHOBBOJHOIO 1 ABYXBBOAHOrO Y3WI npu BO3geicTBMM UMNynbca
KOMOWHNPOBAHHOW BOJHbI
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3.30

BMAbl 3awmnTbl (modes of protection): 3awuTHbIV 3neMeHT Y3UT MoxeT noacoeAnHATLCS Mexay hasamum
nnu mexay pason 1 3emneit, nnn mexagy h>asoli 1 HelMTpanblo, UM MeXAy HelTpanbio 1 3eMnei, nnu B 6o
13 KOMOMHaLMA. DTN BapuaHTbl OTHOCATCS K BUAAM 3alLUTbl.

(M3K 61643-1. ctatba 3.7]

331

conpoBoxpatuwuii Tok /, (follow current /r): Tok. nogaBaemblii 31€KTPUYECKON CUNOBOI CUCTEMON ©
npoxoasawmii yepes Y3WIM nocne paspsagHoro TOKOBOro umnysbca. ConpoBoXgaLLuii TOK CyL,eCTBEHHO OT/U-
yaeTcs OT A4AUTeNbHOro paboyero Toka /c.

[M3K 61643-1. ctatbs 3.13]

3.32

MaKcuManbHblli pa3pagHblil Tok (/Tax) 4ns ucnelTaHuii knacca Il (maximum discharge current (11as)
for class Il test): NMnukoBoe 3HauYeHue Toka, NnpoTekawuero yepes Y3UN. nmetowero doopmy BosiHbl 8/20 1 3Have-
HWE COrNacHo ncnbiTaTeNlbHOMY LUKIY B paboyeM pexume ncnbitaHuii knacca ll. /Tm > /n.

[M3K 61643-1. ctaTbs 3.10]

3.33

nerpagauna (degradation): iIameHeHne nepBoHavanbHbIX pabounx napameTtpoB Y3UIM nog Bo3aeiicTBM-
€M nepeHanpsXeHus, akcnayaTauum unm Heb6naronpuUATHbLIX YCN0BUI OKpYXXatoLw e cpeasbl.

MpumeyvaHnwune — [erpagaumsa mn3MepsieTcsi CNOCOOHOCTbIO NPOTUBOCTOATL YC/IOBUAM, Ha KOTOPblE OH
paccuuTaH, B TeYeHue BCero cpoka cnyx6bl. [N BbIABAEHNS COOTBETCTBUA TpeboBaHNAM K gerpajaummn nposoaaT Asa
BUAa TUNOBbIX UCMbITAHWIA. MepBoe — 3TO UCMbITaHWe B paboyeM pexumMe, BTOPOe — UCMbITaHUe Ha cTapeHune. O6a aTn
MCMbITAHUSA MOTYT OblITb CKOMOUHMPOBAHbI.

McnbiTaHe B paboyem pexume nNposofAT npuknagbisaHnem K Y3UIM 3aaHHOro yncna 3afaHHbiX BOJIH TOKa
yCTaHOBJIEHHON hopMbl. [lonycTrMble n3MeHeHUst xapaktepuctnk Y3WI npueegeHbl B MOK 61643-1.

McnblTaHne Ha cTapeHvWe NPoOBOAAT NpuW 3afaHHO TemnepaType C npuknagbiBaembiM K Y3UM HanpshkeHuem
3a[laHHOro 3Ha4YeHa 1 ANUTENbLHOCTU NpuUKnagbiBaHna. [lonycTuMble U3MeHeHUs xapaktepuctuk Y3UI npusefeHsl B
HacTosilleM cTaHaapTte (MCnbiTaHWe — B CTafuU PacCMOTPEHUN).

B xofe ucnbiTaHUii HAaMEeYeHOo onpeaennTb OXuAaeMblil Cpok cnyx6bl Y3UI nocne mMoHTaxa, YTo Takke npej-
nonaraeT yCTaHOBUTb CnegytoLlee:

- YC/IOBUA 3aMeHbl;

- pasmeLleHne 1 JOCTYMHOCTb:

- [OMYCTUMBbI/ NPOLEHT 0TOPaKoBOK;

- pabouyo TEXHONOTUIO.

[M3K61643-1. cTatba 3.27, moaguduunposaHal
3.34

ycTpoiictBo gudpheperHuymnansHoro toka (YAT) (residual current device) (RCD): MexaHnyeckoe KOMMY-
TalWOHHOEe YCTPOWCTBO UM KOMMMIEKC YCTPOWCTB, KOTOPbLIE Bbi3bIBAOT pa3MbikaHWe KOHTaKTOB, Korga audde-
peHumnanbHbIi MAn HecbanaHCMPOBAHHbBIN TOK JOCTUTHET 3af,aHHOT0 3HAYEHNA B 3afaHHbIX YC0BUSX.

[M3K 61643-1. ctatbs 3.37]

3.35 HOMUMHanbHOe HanpsXxeHue cuctembl (nominal voltage of the system): HanpsxeHune, Ha koTopoe
paccuutaHa cuctema uam o6opyfosaHue 1 K KOTOPOMY OTHOCATCA onpefesieHHble paboyne xapakTepucTukm (Ha-
npumep, 230/400 B). B HopMasnbHbIX YCNOBUAX CUCTEMbI HANPSAXEHNE Ha BbIXOAHbIX BbIBOAAX MOXET OTnYaTbCcs
OT HOMWHA/ILHOTO HANPSXXEHUsA, onpeAenseMoro 4onyckamum cucteM NUTaHus.

MpumeuyaHnel — B HacTosiwem cTaHAapTe NpuMeHseTcsa gonyck * 10 %.
HoMunHanbHoe HanpshXeHne cucTeMbl Mexay hasoii n 3emneit HasbiBatoT UO(cm. M3K 60038).
MpumevyaHune?2 — HanpsxeHne mexay ha3oi n HeliTpanbio cucteMsl HasbiBaeTcs UO.

3.36 knaccucunkayms MMNynbCHbIX ncnblTaHuii (impulse test classification)

3.36.1 ncnelTaHne knacca |l (class Itest): cnbiTaHne, NpoBoANMOE C HOMUHA/NbHLIM pPa3pALHbIM TOKOM
(/) (cm. 3.9). umnynbcom HanpsbkeHuns 1,2/50 (cM. 3.13) n MakcMManbHbIM UMMNY/IbCHbIM TOKOM /(TP ANA UCnbl-
TaHuii knacca | (cm. 3.10).
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3.36.2 ucnoiTanne knacca ll (class Il test): icnbiTaHWe, NPOBOAVMOE C HOMUHA/IbHBIM pa3psagHbIM TOKOM
/n(cm. 3.9), nmnynbcom HanpskeHns 1.2/50 (cm. 3.13) n makcumasbHbIM pa3psAHbIM TOKOM Trasl AnS ucnbiTaHuii
knacca Il (cm. 3.32).

3.36.3 ucnoitaHne knacca lll (class lll test): VicnbiTaHne, NnpoBoAMMOE C KOMOGUHUPOBAHHON BOJSIHOM
(1.2/50.8/20). cm. 3.11.

3.37

HOMUWHasbHbI TOK Harpy3ku /L (rated load current /L): MakCMMasbHbI AANTENbHbIA HOMUHAbHBINA Ne-
peMeHHbIl (geficTBylolee 3HaYeHNe) UK NOCTOSAHHbIV TOK. KOTOPLIA MOXEeT nojaBaTbCs K Harpy3ke, 3alyuiiae-
Mot Y3UM.

NNpumeyaHn B— [laHHOe onpejgesieHne OTHOCUTCA TONbKO K Y3UIT ¢ pa3fenbHbiMU BBOAHLIMU U BbIBOAHbLIMMN
3aKMMamm.

(M3K61643-1. cTtatba 3.14. mogudununposaHal
3.38

3almTa 0T CBepXToKa (overcurrent protection): YCTpoicTBO AN1A 3aLUTbI OT CBEPXTOKa (HanpumMep, aBTo-

MaTUyeckuii Bblk/loYaTe b AN NNaBKWi MpefoXpaHuTesb), KOTOPoe MOXET ObiTb HACTbI0 3/IEKTPOYCTAHOBKMY,
pacnonoxeHHol BHe nago Y3Ur.
(M3K 61643-1. cTaTba 3.36]

3.39 MakcumanbHoe AnuTenbHoe paboyee HanpshkeHWe CUNOBO CUCTEMBI B MecTe noAcoeuHe-
Hus Y3UM U&b(maximum continuos operating voltage of the power system at the SPD locatton Udf). Makcu-
MasibHOe Hanps)XxeHve NepeMeHHOro (geicTBytoLLee 3Ha4YeHne) UM NOCTOSAHHOTO TOKa, KOTOPOMY MOXeT nojBep-
rHyTbCs Y3UI B TOoUKe ero noAcoeMHeHns B cuctemMy. B HEM yunTbiBaeTCa TO/IbKO peryimpoBaHne HanpsxxeHuns
n/vnu ero cHWXeHne NM60 nosbileHne. OHO HenocpeAcTBeHHO cBsizaHo ¢ UO.

Ero Takxe Ha3biBalOT AEWCTBYIOLWMM MaKCMManbHbIM HanpsHXXeHWeM CUCTEMbI (CM. PUCYHOK 6).

NMpumeuyaHune — [aHHOE HANPsHKEHWE He YUNTbIBAET HANUUMA TapMOHWUK, NoBpexaeHuii. BMH unu nepexog-
HbIX TMPOLECCOB.

3.40

paspagHoe HanpshkeHue Y3UM kommyTupyowero Tuna (sparkover voltage of a voltage-switching
SPD): 3HaueHne MakCuMasnbHOro HanpshXeHns B UICKPOBOM NpomexyTke Y3UTI nepen pa3pagomM Mexay afekT-
pogamu.

MpunmeyaHune — BocHoBe Y3UI KOMMYTHpYIOLLEro Tuna MoryT 6biTb Apyrue 3n1eMeHTbl, KpOMe UCKPOBbIX
NPOMEXYTKOB (Hanpumep, KpeMH/WEeBbIe 3/1eMEHTbI).

(M3K61643-1. ctatbs 3.38. MmogucmunposaHal

3.41 rpo3o3awutHana cuctema (F3C) (lightning protection system (LPS): NMonHasa cuctema 3awutsl 3a-
HWA 1 ero 060pyA0BaHNA OT rPO30BbIX BO3AEWCTBUIA.

4 CucTemsl 1 3awyiiaemoe o6opyaoBaHue

Mpu oLeHKe 3/1eKTPoo6GOopYyAOBaHUSA CTOUYKU 3peHust npumeHsemoro Y3WIM cnefyeT yuuTbiBaTb ABa
thakTopa:

- XapaKTepuUCTUKN HU3KOBOJIbTHOI CM0BOI pacnpefennTesibHON cucTeMsbl (B TOM YMC/E OXNAaeMble YpOB-
HU 1 TUNbI NepeHanpsXeHuii n TOKOB), B KOTOPOi1 byaeT ncnonb3osaH Y3UM:

- XapaKTepucTVKn 060pyA0BaHNs, KOTOpoMy TpebyeTcs 3awuTa.

4.1 HW3KOBO/IbTHbIE CUTIOBbIE pacnpefesniuTeibHble CUCTEMbI

HN3KOBONbTHbIE CUNOBbLIE pacnpefenuTesibHble CUICTEMbI B OCHOBHOM XapaKTepu3ylTca TUNOM 3a3emie-
Husa cuctem (TNC. TNS, TNC-S, TT, IT) 1 HOMUHANbHBIM HanpsbkeHrem (cM. 3.35). MoryT BO3HMUKaTb pa3Hble TUMbI
nepeHanps)XeHnii n TOKOB. B HacTosLweM cTaHAapTe NepeHanpsXeHns knaccucymposaHbl N0 TpeM rpynnam:

- rpPO30BbIE:

- KOMMYTaLMOHHbIE;

- BpEMEHHbIE.

10



FOCT P M3K 61643-12— 2011

4.1.1 Tpo30Bble NepeHanpPs>XeHns u ToKn

B 60nblIMHCTBE C/ly4aeB rpo30Boi (hakTop ABASETCA onpefensiowmum B Bbibope knacca ncnbitaHnii Y3Un
1 COOTBETCTBYIOLLMX 3HAYEHWIE TOKa 1 HanpsbxeHua (/*,p, /Tag unn UoccornacHo M3K 61643-1).

HenocpepctBeHHo Ans Bbibopa Y3UIM Heo6Xx04MMO NPOBECTU OLeHKY (DOPMbl BOJIHbI U aMMINTY bl TOKA
(Mnn HanpsAXeHMs) rPO30BbIX UMNYLCOB. B 3TOl CUTyaLnmn BaXHO onNpeAennTb ypOBEHb HANPSXXEHUA 3alluUTb
Y3WM. asndawowmniica ageksaTHbIM 418 OCYLLEeCTBNEHUS 3alMTbl 3/1EKTPO06OPYA0BaHMS.

MpumevyaHune — Hanpumep, B pernoHax, NofBepXeHHbIX YacTbIM rPO30BbIM AB/EHUAM, MOXET NOHaA06MTbCA
Y3WM. cnocobHoe BbigepxaTb UcnbiTaHna knacca | unm knacca Il.

O6bl4HO (Hanpumep, B CayYasax NPAMoOro nonagaHnsa MoHUM B 3NEKTPOSIMHUIO NN HaBeAeHHbIX UMNY/b-
COB) HaMbOo/blUVE HAarpy3Kn UCMbITbIBAET 3/IEKTPOYCTAHOBKA CHapYXu 3aaHnsa. BHYyTpu 3gaHnsa nepeHanpsxeHns
NOHMXalTCsA Mo Mepe yaasieHns oT BBOAA 3/1eKTPOYCTaHOBKM 0 BHYTPEHHMX Leneii. [MoHnXeHne gocturaeTcs
6narofaps U3MEHEeHU0 KOHUTypaLmm Lenu U NOMHbIX CONPOTUBIEHWNIA.

Heo6x04MMOCTb B 3alMTE OT TPO30BbIX UMMY/IbCHbIX NepeHanpsXeHunii 3aBUCUT:

- 0T MeCTHOI UHTEHCMBHOCTK yaapos monHun N9 (cpegHee rogoBoe KONNYeCTBO yaapoB MOMHMMN Ha 1 KM2
B roJ, B permoHe pacnosioxxeHusa obbekTta). CoBpeMeHHble rp030Bble /10KaLMOHHbIE CUCTEMbI MOTYT NpefocTas-
nATb nHdhopmauuio no Ngc foCTaTtouHON TOYHOCTbIO;

- OT YAI3BMMOCTM 3/1€KTPOYCTAHOBKM, BK/OYAs NoABOAALME CUCTEMBI. CUnTaeTCH, YTO NOA3EMHbIE cucTe-
Mbl MEHEE NOABEPXEHbI AEACTBUIO, YEM BO34YLIHbIE (HA3EMHbIE).

[axe B cnyvae, Korja sHeprocHa6xeHue ocyu,ecTBASeTCa C NOMOL b0 NoA3eMHOoro kabens, ana obec-
neyeHuns 3awMTbl MOXHO peKOMeH0BaTb NpumeHeHve Y3UT.

Mpu onpefeneHnn Heob6XoAMMOCTIN 3aLnTbl YCTAHOBKM OT MMNY/bCHbLIX NepeHanpsXeHunii Heo6xoAnMMo
yunTbiBaTh Criegyollee:

- Ha/AM4Me rpo303alyNTHOW cuCTeMbl B6/IM3N YCTAHOBKMY;

- HELOCTATOYHOCTb ANIMHbI Kabena ana obecnevyeHns afekBaTHOro OTAEe/NEeHUSA YCTaHOBKM OT BO34YLIHOM
yacTu ceTu;

- BbICOKME UMNYNbCHblE NepeHanpsXeHns aTMocdepHOro xapakrepa, oxugaemble B BO3AYLIHbIX TMHUAX,
nojawLmx cpefjHee HanpsXxeHue K TpaHcopmartopy, KKOTOpoMy NoAcoeguHeHa ycTaHOBKa.

- BO3MOXHOCTb NOBPEXAeHNsa noA3eMHOro kabensa ot NpAMOoro nonagaHust MO/THUN B YC/TOBUSIX BbICOKOTO
YA,E/bHOT0 CONPOTUBIEHUS 3EMIN:

- pa3mMepbl 34aHUA ¢ NoABEeAEHHbIM CU0BLIM Kabenem, yBenvymsatoL e puck NnpsiMoro nonagaHms yaapos
MOJIHMU B 3gaHne. OnacHOCTb NPAMbIX YAapoB B Apyrne noAsoasuine nav oTBogalime cuctemsl (MMHUN TenedoH-
HOW CBAI3W, aHTEHHbIE CUCTEMbI UT. [.). NPUBOAALLAA K NOBPEXAEHNIO CUNOBbLIX CUCTEM M 060PYA0BAHMS;

- Hannume ApYrnx Ha3eMHbIX KOMMYHUKaLWIA.

B cnyuyaB, Korga oT OAHOI MojalLieil cucTembl 3anuTaHbl HECKO/IbKO 3[aHUi, He UMe WX 3alUTHbIX
Y3WM. aneKkTpuyeckne cucTeMbl 3TUX 3gaHnii MOTyT UCNbITbIBATb BbICOKME NepeHanpsxXeHuns.

[nsa anekTpoycTaHoBOK C Y3WI B cOOpYeHNAX, 060pyA0BaHHbIX HAPYXXHbIMU rPO303allUTHBIMU CUCTEMA-
MW. B C/lyyae NpsMoro nonagaHua MOHUUN B 3gaHne 06bI4HO ,0CTAaTOUYHO BbIMOMIHUTL pacyeTbl C UCNOb30BaHU-
eM [laHHbIX 0 CONPOTUBNEHUN 3a3eM/IEHNSA MOCTOAHHOMY TOKY (Hanpumep, 3a3eMIeHNs 34aHUA 1 CUIOBOW pac-
npefenuTenbHoOl cuctemsl, Tpy6 1 T. 4.), YTOGbI ONpeaennTb TOK. TPOXoAAL i Yepe3 Y3U.

B npunoxexnsix C nlgaHa foNoNHUTENbHAA UHhOpMaL M 0 TPO30BbLIX NEPEHANPSXKEHUAX.

4.1.2 KommyTaunoHHbIE nepeHanpsi>XeHus

KOMMyTaLVOHHbIe NepeHanpsiXXeHUsl, C TOUKW 3pEHUS MMKOBOTO TOKA U HaNpshKeHUsl, 6bIBAIOT, Kak Npasuso,
HWXe, YUeM TPO30BbIE NEePeHanpPsXKEHUs, 04HAKO OHM 60/1ee NPOAO/HKUTENbHLI. TEM HE MeHee B HEKOTOPbIX Cy-
Yasix. B YaCTHOCTW, B ry6UHE 3A4aHNS AW BOIN3M UCTOUHUKOB KOMMYTALMOHHBIX NepeHanpsixxeHunii KommyTaum-
OHHbIe Harpy3Kku MOryT 6bITb Bblle IPO30BbLIX NepeHanpsikeHuii. YTo6bl caenatb NpaBubHbIA BoiGop Y3WM. He-
06X01MMO 3HATb IHEPIUto, CBA3AHHYI0 C KOMMYTALMOHHLIMUY NepeHanpsXXeHnsMu. JNUTebHOCTb KOMMYTaLMOH-
HbIX NepeHanpsiXXeHuii, BKNouas nepexofHble HaNpsHKeHNst BCIeCTBUE KOPOTKUX 3aMblKaHWii nan cpabatbiBa-
HUS NpegoxpaHuTeneil, MoxeT 6biTb 60/blUe, YEM ATMTENIBHOCTL TPO30BbIX NEPeHANPSHKEHWI.

11
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B npunoxeHun C npusegeHa ONONHUTENIbHAA UHPOPMALMA 0 KOMMYTaLNOHHbIX NepeHanpsXeHnsx.
4.1.3 BpemeHHble nepeHanps>xeHua (BMH) I/lov

4.1.3.1 O6uime nonoxeHus

Nio6oin Y3UN B xo4e akcnayaTaumm MoXeT NOABEPrHYTbLCA BpeMeHHOMY nepeHanpshkeHuto U ,, KoTopoe
npeBbICUT ANNTENbHOE paboyee HaNpsXXeHne CUI0BON CUCTEMBI.

BINH nmeeT gBa napameTpa: 3Ha4eHne 1 BpemMs.

ANNTenbHOCTb NepeHanpsXeHuss B NepBYyl ovepeb 3aBUCUT OT 3a3eMJ/IEHUA CUNOBOI CUCTEMbI (3TO
OTHOCUTCA KaK K BbICOKOBO/IbTHOW, Tak U KHU3KOBO/IbTHOW CUCTEME), K KOTOPOI noaknoveH Y3UN. Mpuonpeae-
neHun napameTposB BIH cnepyeT yuuTbiBaTb MakcumanbHOe ANNTenbHOe paboyee Hanps)KeHne cuoBoi
cuctemsbl (IUn).

B npunoxeHuu InpueegeHa nHopmMaL s 0 BDEMEHHbIX NepeHanpsaXXeHnsx.

Ta6nuuya 1- MakcumanbHble 3HaveHus BIMH cornacHo M3OK 60634-4-44

Bo3HukHOBeHne U IOv Cuctema MakcumanbHble 3HadyeHus Oiov Bl

Mexgay dasoii u 3emneit TT.IT U0 + 250 B B TeueHne 6onee 5c¢
U0+ 1200 B B TeueHne o 5 ¢

Mexay HeliTpanblo 1 3emneit TT.IT 250 B B TeueHue Gonee 5 ¢
1200 B B TeueHne Ao 5¢

Bblweyka3aHHble 3HaYeHus ABATCA NpefeibHbIMU OTHOCUTENIbHO KOPOTKOro 3amMblkaHus 8 BbICOKOBO/IbTHOW ceTu 1
MoryT 6bITb paccuuTaHbl B 3aBUCUMOCTM OT Tuna CeTU COrnacHo npunoxeHuwo E

BO3HUKHOBEHWE L~Ov Cuctema MakcumarnbHble 3HaveHus 1/ TOV

Mexay ha3oii n HeliTpanbio TT uTN V3 "o
BbllweykasaHHOe 3HaueHWe OTHOCMTCS K MOTEPsIM HeliTpanbHOro NMPOBOAHMKA B HU3KOBOJILTHON ceTn

Mexay asoli n 3emneit Cuctema IT (cuctema TT. O Uo
CM. npumeuaHve 1)

Bbllwleyka3aHHOe 3HayYeHne oTHOCUTCA KCﬂyHaIZHOMy 3aseM/ieHno masHoro npoBogHuKa B HW3KOBOJIbTHOW ceTu

Mexay hasoli n HelTpanbio TT.IT nTN 1.45 U0B Te4eHne o 5¢

Bbllweyka3aHHOe 3HauYyeHWe OTHOCUTCS K KOPOTKOMY 3aMbikaHuto (K3) mexay nuHuei n HeldTpanbio.

MpumeyvaHune 1-— bbiio nokasaHo, 4To BIMH BbiCOKOro nopsigka MoryT Takke BO3HWKHYTb B TeYeHue Ao
5 ¢ B cuctemax TT. JononHUTENbHYO MHOPMaUnio cM. B npunoxeHun E. O6 aTom He cka3aHo B M3K 60364-4-44.

MpumeuyaHue2— MakcumanbHble 3HaueHuss BIH B MecTe pasMelleHusi TpaHcdopmaropa MoryT
OT/IMYATLCA OT yKasaHHbIX B Tabnmuye (6biTb 60/blUe UM MeHbLUE). [0NOHUTE/IbHYIO UH(IOPMALMIO CM. B MPUIIOXKe-
Hun E.

MpumeyvyaHune3 — [oTep HelTpanbHOro NPOBOAHMKA HE YYMTbIBAIOT Npu Bbl6ope Y3UI.

4.1.3.2 CraHpapTu3oBaHHble 3HaYeHus

B M3K 60364-4-44 yka3aHbl MakcMMasibHble 3HavyeHnss LMV, oxxnaaemble B HU3KOBOJ/IbTHbIX CETAX (pacyeT
3TUX 3HAYEHWI NPUBEAEH B NPpUIOXeHUN E).

B 3aBMCMMOCTM OT MHOTMX (haKTOpoB, HaNpumep MmectonosoxeHus Y3WUM, Tuna cetm U T. 4,, BO3MOXHbI
60nee HU3KNe 3Ha4YeHus.

MakcmManbHble 3HauyeHUs (CM. Takke pUCyHOK 4). NnpuBefeHHble B Tabnuue 1. 3aBUCAT OT MECTOMNONOXEHUS
TpaHccopmaTopa B 3/71eKTpoycTaHOBKe noTpebutensa (cm. npumevyaHue 2 k Tabnuue 1).

J,0N0NMHNTENBHYI0 NHOpMAaL IO CM. B NpunoxeHun E.
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a — o6nactb I/,0v HM Mexay (ha30il 1 HelTpanbio — KOPOTKOe 3amMblkaHue B ycTaHoBke HW ansa cuctem TT. TN m IT. £ — obnactb
U Jov mexay asoii u 3emneli — cnyyaliHoe 3a3emMneHve (as3HOro npoBoAHMKa B yctaHoBke WH pana cuctembl IT (TT
cMm. npumeuaHve 1) u obnacte U,0I/ Hh mexay hasoi n HeliTpanbio - noTeps HeWTpanu B yctaHoBke HW ans cuctem TT n TN.
C — MakcumanbHoe 3HadeHvne U,QV eh B yctaHOBKe noTpe6utens mexgy asoii 1 HelTpanblo B ciyvyae KOPOTKOrO 3aMblKaHus B

cetn BM ana cuctem TT u IT; tf — Heonpegensemasn o6nactb

PucyHok 4 — MakcumasibHble 3HaveHns UTOV cornacHo MOK 60634-4-44

4.2 XapaKTepucTuKM 3almu,aemMoro obopyaoBaHus

Bonpoc B cTagnn paccMoTpeHus.
B HacToAwee Bpema obopyaoBaHue, CNOCOGHOE BblAEPXMBATb UMMNY/IbCHbIE NepeHanpsaXeHns, cooTBeT-
cTByeT M3K 60664-1. o60pyaoBaHne, yCTOWYMBOE K MUKPOCEKYHAHBIM UMMY/IbCHBIM NMOMeXaM, COOTBETCTBYET

M3K 61000-4-5.
5 YcTpoiicTBa 3awWwuTbl OT UMMY/IbCHbIX NepPeHanpsiKeHnl

5.1 OcHOBHasa PYHKLMS YCTPONCTB 3alWNTbl OT UMMYbCHbIX NEPOHANPAXOHUIA

Y3WM. paccmaTtpuBaeMble HACTOALWMM CTaHAapTOM, yCTaHaBINBaOT BHE 3aLiuLaemMoro obopyaosaHus.

DyHKUUN Y3UT MOXHO onucaTtb cnegyoLwmm obpasom:

- BCMOBbIX CUCTEMax Npu OTCYTCTBUM UMMYNbCHbIX MepeHanpshkeHnit Y3UIM He 40NXHO OKa3biBaTb 3aMeT-
HOTO B/IMSAHWA Ha paboyune xapakTepUCTUKN CUCTEMbI, B KOTOpYIo Y3 BKIOUYEHO:

- BCU/IOBbIX CUCTEMax Npv BO3HUKHOBEHUU UMMNYJ/IbCHbIX NepeHanpskeHnii Y3UMM oTBevaeT Ha UMY IbCbl
MOHMXEHWEeM MOJIHOTO COMPOTUB/IEHUA U. MPONYyCcKasi UMMY/bCHbIA TOK Yepes cebs, orpaHnYMBaeT HanpshkeHne
[10 ero 3auUTHOro ypoBHA. TOKOBbIE UMMY/IbCbl MOTYT BbI3BaTb NPOX0oXAeHne yepe3 Y3UI cnioBoro conpoBoX-
JaloLero Toka:

- B CUJIOBbIX CMCTEMax Npu BO3HWKHOBEHUM UMMY/bCHbIX NepeHanpskeHuin Y3WIM nocne nogasneHus
MMMNYNbCOB BOCCTaHaB/IMBaET COCTOSAHNE BbICOKOIO NOJ/IHOTO CONPOTUBIIEHUSA U NpepbiBaeT N060i cMNoBOI con-
POBOXAALLNIA TOK.

XapakTtepuctukn Y3UM 3apaHbl 4158 BbINOMHEHNSA BbllleyKa3aHHbIX YHKLMIA B HOPMasbHbIX YCIOBUSAX
3Kcnyatauuu. Ycnosusi HoOpMasbHOM 3KCnyaTaunm onpejensioTcs HanpsXXeHneM nepeMeHHOro Toka cuaoBoi
CMCTEeMbI, TOKOM Harpysku, BbICOTOW (AaBneHnem), BAaXHOCTbIO U TeMNepaTypoil OKpyXatoLero Bo3gyxa.

5.20ononHuTenbHble TpeboBaHUA

Ncxopa n3 HasHaveHns Y3UM. MoryT BO3HUKHYTb AONOMHUTENbHbIE TpeboBaHWs, Hanpumep:
- K3awwmTe Y3WUI oT NnpsAMOro NnpMKoCHOBeHUS (B cooTBeTCTBUN C MOK 60364-4-41);
- K 6e30nacHoCTun B cny4vae nospexaeHus Y3UM.
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Y3 MoxXeT 6bITb NOBPEXAEHO NGO pa3pyLleHo, ecnv 3Ha4YeHne MMNYNbCHOro NepeHanpsaXeHns npesbl-
CUT MaKCUMasIbHYI0 3HEPTUI0 U pa3psaAHbIiA TOK. HA KOTOPbIE OHO paccuuTaHo. CornacHo HacToAlweMy cTaHfapTy
nospexgeHusa Y3UM nogpasfgensioT Ha 4sa Buga: o6pbiB Lenu 1 KOPOTKOE 3amblKaHue.

Mpu obpbiBe LUenu 3awuwaemMas cuctema TepsieT 3awuTty. B atom cnyyaB oTka3 Y3WUIM o06bl4yHO
TPYLHO OGHapyXWTb, MOCKOMbKY OHO YX€ He BAMAeT Ha cuctemy. [na rapaHTum cBOEBPEMEHHOW 3amMeHbl
nospexgeHHoro Y3WIM A0 BO3HWKHOBEHMSA Cnefylolwero nepeHanpsXeHua noTpebyetca uHAMKATOPHas
hyHKLMSA.

B pexume KOpOoTKOro 3amMbliKaHUsi cucTemMa CU/IbHO 3aBUCUT OT noBpexaeHHoro Y3WM. OT nctouHvka nura-
HUSA TOK KOPOTKOTO 3aMblKaH1A NpoxoauT yepes nospexaeHHoe Y3UIM. SHeprusa, paccemBaemas npu npoxoxae-
HUWN TOKa KOPOTKOrO 3aMblKaHUA, MOXET 0Ka3aTbCsa U36bITOYHON 1 BbI3BaTb BO3ropaHue. icnbiTaHne Ha cnoco6-
HOCTb BblA€PXXNBaTb TOK KOPOTKOro 3aMblkaHusa npuseseHo B MOK61643-1. B Tom cnyyae, Korga 3alwuuiaemas
cucTemMa He MeeT afieKBaTHOro yCTPONCTBa ANA OTKNUYEHNA noBpexaeHHoro Y3UM ot uenu, moxeT notpe6o-
BaTbCs COOTBETCTBYIOLLEE pa3beAunHsAoLLee YCTPONCTBO, MpUMeHsieMoe coBMeCTHO ¢ Y3UTI. gelicTByouee B
pexunmMe KOpOTKOro 3aMblKaHUs.

5.3 Knaccugukauus ycTpoicTB 3aWuThl OT UMNYbCHbIX NepeHanpsHKeHuni
5.3.1 Knaccudukayuns

Y3WM knaccuduumpytoT cornacHo M3K 61643-1 no cnegylowm napamerpam.

- 4yncny BBOAOB: OAHOBBOAHbIE UMW ABYXBBOAHbIE:

-TUNY KOHCTPYKLUN: KOMMYTUPYIOLLME HANpsXKeHne, orpaHnynsatolme HanpsxxeHme, KOMGMHUPOBAHHOTO
mna;

- Knaccy ucnblTaHuii: knacca |, knacca Il u/wnun knacca lil;

- MECTOMNOJIOXKEHUIO: BHYTPEHHEN YCTAHOBKMN WU HAPYXXHOI YCTaHOBKM;

-AOCTYMHOCTW: AOCTYMHbIE, HEAOCTYMNHbIE;

- cnocoby yCTaHOBKW: CTaLMOHapHbIE U NEPEHOCHbIE;

- pasbefVHUTEN0: er0 MeCTOMNOJIOXEHWNIO (HaPY>KHOI YCTaHOBKW, BHYTPEHHER YyCTaHOBKMW, Hapy>XHOM 1 BHYT-
peHHell ycTaHOBKM, 6€3 pa3beAnHUTENA) U 3alUTHLIM (DYHKLMAM (CTENI0BOW 3allUTOi, 3aMTOoi OT TOKa yTeuKH,
3alunTol OT CBEPXTOKA);

- 3aliuTe OT CBEPXTOKA: C 3aluToll, 6e3 3awuThl,

- CTeNeHu 3alnTbl, obecneunsaemoin o6onoukamm (kog IP),

- Anana3oHy Temnepartyp.

MpumeyaHune — [lo onpeageneHnto Hapy>KHoe pPacnosioXeHne o3HayaeT PacnosiodXeHne BHe [OMNOSHUTE b-
HbIX 060/104€eK, nomeleHuit 1 T. n. Moatomy Takume Y3WI noaBepx)eHbl BO3AECTBUIO BHEWHUX YCNOBUIA. BHYTpeHHee
pacnosnoxeHue o3HavyaeT pacrnosoXeHne BHYTPW [OMNOMHUTENbHbIX 060/104eK, NOMeLLeHWA 1 T. n. MNoaTtomy Takue Y3UM
noaseprailTcsa BO3/eACTBUNI0 BHYTPEHHUX YCNOBUIA.

HeKOTOpre N3 BbllLleyKa3aHHbIX BapnaHTOB CBA3aHbI C I/ICFIOﬂbSyeMOVI TEXHOOTNENn n onpegendarnTca U3ro-
TOBUTENEM.

5.3.2 TunuyHaa KOHCTPYKLMA N KOMMOHOBKA

OCHOBHbIE 3alWUTHbIE 3N1IeMEHTbLI, CMoib3yemMble B Y3UI, npuHagnexar KABYM KaTteropmam:

- 3/IeMeHTaM, OrpaHVYMBalOLWMM HanpsXeHue: BapPUCTOPbl. JlaBUHHblE WAW OrpaHUUYnUTe/IbHbIe
avoabl UT. 4.,

- 3/IeMeHTaM, KOMMYTUPYIOLWUM HanpshXeHne: BO3AyLHbIe UCKPOBble Pa3psafHUKKN, ra30Bble pas3psafHuKu,
TUPUCTOPLI (KPEMHMEBbLIE YNpaBasemMble BbIMPAMUTENN), CUMUCTOPLI U T. 4.

TuNNYHbIE KOHCTPYKUMK Y3WTT Ha OCHOBE 3TUX 3/1EMEHTOB NMpeACcTaB/ieHbl HAa PUCYHKe 5:

-OTAEeNbHbIi 3N1eMEeHT, orpaHuyuMBalowWwmnii HanpshkeHue (CM. pUCyHoOK 5a): Y3WUI orpaHuumBatoLLero
™na;

- OTAENbHbI 3N1EMEHT, KOMMYTUPYOLWMWIA HanpshkeHne (CM. pucyHok 5b): Y3 kKommyTupytowero Tuna;

- KOMBVHaLMs 31EMEHTOB, OTPaHNYMBAKLWNX U KOMMYTUPYIOLUX HaNpsXXeHue (CM. pucyHku 5¢ n 5d):
Y3WM KoMOMHMPOBaHHOIO THNA.
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a — 3NeMeHTbl, OrPaHNYMBAIOLLME HANPSXKEHUS; b — 3NEMEHTbI, KOMMYTVPYIOLIME HAMpPsSXXEHUE C <= 3NeMEHTbI, OrpaHnumBatoLme
HanpsbkeHune, B NOCNef0BaTENbHOM COEAUHEHUN C 3NEMEHTAMW, KOMMYTUPYIOLWMMK HanpsbkeHne; d — 3neMeHTbl, OTpaHu4noato-
LiMe HanpsbkeHue B napannenbHOM COEAUHEHUN C 3NeMEHTAMU, KOMMYTUPYIOLLMMI HarpsbkeHne

PucyHok 5 — Tpumepbl 3/1IEMEHTOB U KOMGUHALMIA 31€MEHTOB

He Bce Y3WI umetoT TONIbKO OCHOBHbIE 31eMeHTbl. OHWM MOTYT A0NONHUTENIBHO BK/OYaTb B ce65a MHANKATO-
pbl COCTOSAHUA, pa3beAnHUTeNn, NaaBkne NpefoxpaHnuTenn, KaTywKn MHAYKTUBHOCTIN, KOHAEHCaTOpPbl 1 Apyrune
3/1EMEHTHI.

Kpome Toro, Y3WM moxeT 6bITb CKOMNOHOBAHO Kak 04HOBBOAHOE (CM. 3.25) unu aByxBBogHoe (cM. 3.26)
YCTPOICTBO.

5.4 XapaKTepuCTUKN YCTPOWCTB 3alMUTbl OT UMNYNbCHbIX NepeHanpsXeHni
5.4.1 Ycnoswuga akcnnyataumm no MOK 61643-1

HopmasbHble yCnoBKUa akcnayartauum:

-yactoTa 0oT 48 4062 'L, NepeMeHHOro uin NOCTOAHHOTO TOKa;

- BbicoTa He 6os1ee 2000 m;

- paboyas Temnepartypa v TemnepaTtypa XpaHeHUs: HopMasbHbI guanasoH oT MuHyc 5 °C go nnwc 40 °C,
pacwupeHHsblii anana3oH ot MuHyc 40 °C go nnwc 70 °C;

- OTHOCUTE/IbHAaA BIAXHOCTb B YC/I0BUAX TeMnepaTypbl nomewieHnsa ot 30 % o 90 %.

MpumeuyaHune 1- MMoTpebutens onpegenser mectononoxeHve Y3UM (BHe nomelleHNs, BHYyTpU NoMeLLeHns
1 T.A.) N BbIGUpaeT Anana3oH TeMnepaTypHbIX YCNOBWIA: HOPMasbHbIA WM PacLUMPEHHBbIA.

MpumeuaHne 2— B M3K61643-1 Takke npuBefAeHbl AaHHble OTHOCUTENbHO MaKCUManbHOro ANNTENbHOro
pabouero HanpshkeHuss Y3UM (cm. 6.2.1).

AHOMasbHbIE YCNI0BUA IKCNayaTaunm:

- pasmeleHmne Y3UIM B aHOMasibHbIX YC/TOBUSIX IKCNyaTaLunm MoxeT noTpe6oBaTb OT M3roTOBUTENSA CNeuun-
aNbHOro noAxoja K KOHCTPYKLMN N Ha3HaYeHuo.

- ConHeYHas pagvauns: B 6onblinHCTBE ciyyaes Y3 He noABepraTCcs BAVSHWIO COTHEYHOR paguauun.
Kak npaBusio, BANsiHME COMTHEYHOW paanaLnum He yunTblBaloT B TUNOBbIX UCMbITaHWAX. Ecnu Y3UI noasepratoTcs
B/INSIHUIO COMTHEYHOW pagunauum, aTo cineayeT y4uTbiBaTb NPU UCTbITAHUSX.

MpumeuvaHune — Kaknpasuno, cTeneHb 3awntbl 060104kn Y3UM gomkHa 6biTh Bbilwe, Yem IP2X. B HEKOTOpPbIX
cnyvyasx NPUMEHAIOT Apyrue cTeneHun 3awuTbl (Hanpumep, Ans Y3UI Hapy>XXHON yCTaHOBKM).
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5.4.2 TepeueHb NapamMeTpoB A4/ Bbi6GOpa YCTPOWCTB 3alUTbl OT UMMY/IbCHbLIX NepeHanps)eHui

Hwxe npeacTaBieH Mencyep biBatoLLMii nepeyeHb NnapameTpoB, HEO6XOANMbIX NOTPe6UTeNto AN NpaBub-
Horo Bblibopa Y3UI:

a) Ucun /c— makcMmanbHo gnuTenbHoe paboyee HanpskeHne u MakcuManbHO ANUTENbHbIR paboynii Tok:

b) U7— BpemeHHOe nepeHanpsixeHue:

C) /N— HOMMWHaNbHbIN pa3pagHbIi TOK (TONBKO A8 UCNbITaHWA knaccos | u ll);

d) /tacx— ana ucnbiTauniti knacca Il. /T>— gnsa ucnsiTaHuii knacca |. U@~ ansa ucnbiTanuii knacca lll;

e) Up— ypoBeHb Hanps>xeHus 3aluthbl;

0 perpagauus (BcTagumm paccMoTpeHuUs);

[) PeXnMbl OTKa3a:

h) ycTO4MBOCTb K KOPOTKOMY 3aMblKaHMIO:

i) MakcuManbHblii ANUTENbHbIA TOK Harpyskn (Ans ABYXBBOAHbIX Y3UIM nnu gna ogHoBBOAHbLIX Y3UI ¢
pasfenibHbIMU BBOAHLIMU U BbIBOAHbLIMY BbIBOAAMM):

j) nageHne HanpsXXeHna 4na ABYXBBOAHbLIX Y3WI nnv ana ogHosBoAHbIX Y3WI ¢ pa3genbHbIMU BBOAHbI-
MW 1 BbIBOAHbIMU BbIBOAAMMN).

n pnmevyaHune -— HeKOTOpre 13 BblWENepevYncneHHbIX napamMeTpoB onpeneneHbl ANnA Kakaoro suga
3alnTbl.

Ha pucyHke 6 nokasaHa B3anmocsssb mexay UD UO. Licu UM,

PucyHok 6 — B3zanmocssizb Mexay Up. UO. Ucu Ucl

55 [JononHutenbHas nHdopmMaLna Mo XapaKTepucTukam YCTPOWCTB 3alWUTbl OT UMOYAbCHbIX
nepeHanps>XeHui

5.5.1 NHpopMaynsa, kacarlwasacs HanpsXXeHni NPOMbIWIEHHOW 4acToThbl

5.5.1.1 MakcumasnbHO anutenbHoe paboyee HanpsxxeHne Ucu AnuTenbHbIi pabounii Tok /c.
nii— BbIGMpaemMoe HanpskeHne ANs CBefeHUss K MUHUMYMY B HOPMasibHbIX YCNI0BUSX IKCMNyaTauum nio-
6bIX U3MEHEHWNIT xapakTepucTuk Y3UI (cTapeHune, TeMnepaTypHbIii c60ii U T. n.).
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/c — 3HauyeHwue ToKa, npoxogsaLiero yepes Y3UM npu npuknagbiBaHnn Uc. Tok, npoxoasaiuii yepes BbIBOA
3a3emneHus (PE), ecnv nmeeTcs, Ha3biBalOT OCTATOYHbIM TOKOM yTeyku. Ero yuntbiBatoT npu Bbibope Y3UI ana
NCK/IIOYEHNSA HEHYXXHOTO cpabaTbiBaHWS YCTPONCTB MaKCMaibHOIo ToKa MmN Apyrux 3alUTHbIX YCTPOUCTB (Ha-
npumep. YAT) (cm. MOK 60364-5-53, nognyHkT 5.3.1.212).

[,0N0AHNTENBbHYI0 MHDOPMALMIO O BAMAHWUN KOHGMTYpaLMn cUCTeMbl Ha cpabaTbiBaHe YCTPOWCTB CBEPXTO-
Ka Nav gpyrux 3aWmnTHbIX YCTPOUCTB CM. B MPUMIOXEHUN J.

5.5.1.2 BpeMeHHble nepeHanpsxeHus (/1

UTnpumeHsAT Ana onpegeneHnn xapakrepnctuk Y3 B yCNoBUAX BPEMEHHOIO NepeHanps>XeHns.

Hanbonee yao6HO ux onpefensaTb C NOMOLLbIO KPUBOI. Ha npakTuke, 4yTobbl oxapaktepusosats Y3UIM ¢
TOYKM 3peHuns (ST, LOCTATOYHO HECKONbKO Nap 3HaYeHuli HanpsXXeHNa ToKa NPOMbILWNIEHHON YacTOThbl UM NOCTOSAH-
HOro TOKa W BpeMeHMW (A0 HecKonbkKux cekyHn). O6blyHaa anutenbHocTb BMH no pasHbiM cTaHgapTam coc-
Tasnsaet 200 mcu5c.

Mpumep KpVBOIA NOKa3aH Ha pucyHke J.1.

Xapaktepuctuky UT npuBoanT n3rotosuTenb. Bonpoc o ctaHaapTu3auum UcnbiTaHUA Ha NOCTPOEHUe Kpu-
Boih UT— Ha paccmoTpeHun. Ee MOXHO NOCTPOUTbL ONbITHbIM NyTeM (Mpu NpukKnagbiBaHUn Hanpsxernus U B
TeyeHve onpefeneHHol AANTeNbHOCTY BPEMEHM, MO UCTEYEHUUN KOTOPOI He fO/MKHO ObiTb 3HAYNTENbHBIX N3Me-
HeHunit B paboTocnoco6HocTn Y3UI. paBHO Kak U U3MEHEHW, NpeAcTaBNALIMX ONACHOCTb A8 NepcoHana,
ycTpolicTB 1 060pyaoBaHMa) NMbo onpefenuTb NyTeM BbluncneHuii. Korga takas xapakTepucTuka Hen3secTHa,
notpebutenb fomkeH npuHaTth |/ T= Uc(T. e. cnegyeT npuMeHaTh 3HavyeHne Uc. npeBbiwaiollee Bce oXXugaemble
BPEeMEHHbIe NMepeHanps>XeHns, NPoncxXoasLime B cUCTeME).

MpumevyaHunel — B HacToAwmii MomeHT M3K 61643-1 pacnpocTpaHseTcs TO/IbKO Ha BPeMeHHble nepeHan-
PSXKEHUA B pexume nospexpaeHus, r. e. korga Y3WI He B COCTOAHMM [0/ITOE BPEMSA BblAEPXMBATb BPEMEHHOE nepe-
HanpsxeHue.

NMpumeuyait ne2 — Bbb6op Y3WUIM C BbICOKOW CNOCOGHOCTLIO BblAEPXKMBATL BpEMEHHbIe NepeHanpsikeHus u
HU3KMM YPOBHEM HAMpPsHKEHUS! 3aLUTbI MOXKET 6bITb 3ATPYAHUTESNIEH.

MoTpebuTtens MoxeT Bbi6paTb Hanbosee npuemsnieMoe Ans Hero Y3WI nytem cpaBHEHUSA 3Ha4YeHU Bpe-
MeHHOro nepeHanpsbkerus Y3UNM (1/1) n geiicTBUTENbHBIX 3HAYEHN T BpEMEHHOTO NepeHanpsXKeHns B MecTe ycTa-
HoBKw (I/TOV), YunTbiBas Npu aTOM xapaktepucTtukm spemenun Ur u |/ TOV.

5.5.2 WNHopmayns, Kacawwascs MUMNYbCHbIX TOKOB, YPOBHEN HANPsXXEHNUA 3aWnTbl U APYTUX
XapakTepucTmk

MpunBeeHHble HXe (haKTOPbl OTHOCATCA KXapakTepucTukam HanpskeHus, Toka n BpemMmeHu hopMbl BOJHbI
umnynbca. Mpu ucnbiTaHnn B 3aBUCMMOCTH OT OXMUAAEMbIX MePeHanpSXXeHni, KOTopbIM 6yAeT noasepruyTo Y3UT,
NPUMEHSAIOT pa3Hble (hOPMbI BOJSTHbI UMMYIbCA Y YPOBHU HANPSXXEHUSA 3alUThbI.

Bo BBegeHun K M3K 61643-1 no noBoy Bbibopa COOTBETCTBYHLLEro Knacca ucnoitannii Y3UN ckasaHo
cnepywouiee:

- UCNblTaHMA Knacca | npegHasHadyeHbl 419 MMUTaLMM YaCcTUYHO HaBeJeHHbIX MMMY/1bCOB rPO30BOI0 TOKa.
PekomeHgyeTca nogsepratb ucnoiTaHnio knacca | Y3UM. B ocHOBHOM npefHasHavyeHHble 415 pasMeLleHns B
MecTax NoBbllEHHOro BO3A4eNCTBUA, HaNpUmMep NNHeliHble BBOAbI B 3[JaHNA, 3allULeHHble TPO303alyUTHLIMU
cuctemamu;

- ucnbitTaHna knaccos Il v lll nposoaAaT gna Y3WN. noasepraemMbiX KpaTKOBPEMEHHbIM UMMynbcam. Takue
Y3WMM 06bI4HO NPUMEHAIOT B MEeCTax, MeHee NoABep>KeHHbIX BO34eNCTBUI0 MPAMbIX UMNY/1bCOB.

MpumevyaHune — Mpu ncnbitTaHun knacca Il KY3WUM npuknagbiBaloT MNYAbCHbIV TOK. MNpy ucnbITaHnAX Knacca
Il k Y3WUM npuknagbiBatoT HanpsxeHne, a pe3ynbTUPYOLWNA TOK 3aBUCUT OT XapakTepucTuk Y3Url.

Mpu BbIGOpEe Y3UIM He06X0AMMO yUnThiBaTb Kak Knacc UcnblTaHuii, Tak U 3HaYeHne nmnynbca, Ha KoTopoe
paccuntaHo Y3Url.

5.5.2.1 /,— HOMWHaNbHbLIN pa3psagHblii ToK (8/20) (ana Y3WUIM. ncnbiTyemblx cornacHo knaccam I u ll)

OTOT TOK ABNAETCA OHUM U3 UCMbITaTe/bHbIX NapamMeTpoB A1 onpejesieHns N3MepPeHHOro npeaesibHoro
HanpsxeHna ana Y3UM, ncnbiTyeMblX cornacHo knaccam | u ll. 3ToT ToK (15 UMKNOB) NPUMEHSIOT Takxe npu
npeABapuTenbHON NOArOTOBKE K UCMbITaHUIO B pabouem pexume no knaccam |u ll.

/MHWXe, Yem /Tax, 1 COOTBETCTBYET TOKY, OX/UAaeMOoMy Hanbosee 4acTo B JaHHON 3/IeKTPOyCTaHOBKe.

MpegnouTuTenbHbIMK 3HaYeHnamMu gnsa /,, asnsatwTca; 0,05:0.10; 0.25; 0,50; 1.00; 1.50; 2.00; 2.50: 3,00;
5,00; 10,00:15,00 1 20.00 KA.
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55.2.2 /tpwu /Tm (gna Y3UTII. ucnbliTyeMblx cornacHo knaccam! u ll)

/11p, N KpaTHble UM 3HAYEeHUA ABNAITCA UCNbITATENIbHBIMY NapaMeTpaMyn npu ncnbitTaHun B paboyem
pexume cornacHo knaccam | n Il cootBeTCcTBEHHO. OHU OTHOCATCA K MakKCUMaslbHbIM 3HAYEHUAM paspsaHbIX
TOKOB, BO3HMKaOLWMX O4eHb peKo B MecTe pa3MelleHnsa Y3UI B cucteme. /Ta< CBA3aHO C UCMbITAHUAMYU Knacca
Il. /Tp cBA3aHO ¢ ucnbliTaHNAMK Knacca l.

MpepgnoututTenbHble 3HavyeHns /Wp (/,,.,.,. Q) cornacHo M3K 61643-1 npuBefeHbl BTabauue 2.

Ta6nunya2 — lNpeanoytuTenbHble 3HavYeHUs /NP
/pbIK- KA 1.0 2,0 5.0 10,0 20.0
O.A-c 0.5 1.0 2.5 5.0 10,0

MpumeyvaHune — Kaknpasuno. /up cBA3aHO € 60MblUel ANNTENbHOCTbIO BOMHbI, YeMm /,. B obwem. /, < /paaK

5.5.2.3 YpoBeHb HanpshKeHus 3awnTsl, obecneuynBaemblii Y3UM

5.5.2.3.1 V3mMepeHHOe npefesibHOe HanpsXXeHue

a) WcnbiTaHusa knaccos I un ll

MN3mepeHHOe NpefenibHOe HanpshkeHne onpeaensoT Npy NpoBeAeHUN ABYX UCMbITAHWIA:

- U3MepeHVe 0CTaTOYHOro HaNpPsXKeHUs NPu pasHblX 3HaYEHUAX ToKa ¢ UMnynbcom 8/20;

- U3MepeHune paspsagHOro HanpsXxeHuns ¢ umnynscom 1,2/50.

M3mepeHHOe npefenbHOe HanpsXXeHne — 370 Hanbonbllee 3HaYeHue:

- 60 OCTaTOYHOro HanpsXXeHns Ana guanasoHa Toka 0.1 /,— /pm»unu /n (BbibupatoT 60nbliee) Ana
MCNbITaHMA COrNacHo Knaccy luan 01/ 1.0/, ANA UCcnblTaHUA cornacHo Knaccy ||;

-IM60 pa3pAHOro HanpPsHXKeHUs.

Y3WMM orpaHnymBsatoLlero tuna

Ha pucyHke 7 nokasaHa TunuyHaa kpusass U ~ |l gna BapncTopoB HA OCHOBE OKUCK LMHKA. M3 pucyHka
cnepyeT, 4To ocTaTouyHoe HanpsxeHue Y3UM npu /Ta< cnepyet Takxe yuntblBaTb. ECAn 3TO HanpsXeHue Bbllle,
YeM YypOBEeHb HanpsXeHus 3almnTbl, ¥ 0CO6EHHO, eC/IN OHO Bbille, YeM UMMY/IbCHOE BblJepXMBaemMoe Hanpsxe-
HUe 3almnaemMmoro o60pyAoBaHus, Torga CyLecTByeT 0nacHoCTb, 4To Y3UI BbiAEPXUT Takyto Harpysky, ogHako
o6opyAoBaHMe oCTaHeTCA He3aluLeHHbIM. [T03TOMY COOTBETCTBEHHO CneayeT BblonpaTb ypOBEHb HaNPsXKeHNs
3aWnThl U UMMYNbCHBIM TOK, BblaepXxunsaemblii Y3UM.

Y3UIM kommyTupyoLiero tuna

MmnynbcHoe paspsfiHoe HanpshkeHue paspsafHuKa (rasopaspagHas namna u 1. r.) 3aBUCUT OT CKOPOCTH
Bo3pacTaHusa (dI//df) npuknagbiBaeMoro nepexofHoro HanpsXeHuns.

O6bI4YHO NOBbIWEHWE CKOPOCTWM Bo3pacTaHusa (dL/d?) nepexofHOro HanpsxeHusa MNpuMBOAUT K NOBbIle-
HUIO MMMNYNbCHOTO paspsgHOro HanpskeHus. [MOCKONbKy MMNYNbCHOE pa3psafHOoe HanpsXXeHue sBnsetcs
cTaTMCTUYecKoi BennumnHoil npu 3agaHHom dUIdt. cywecTByeT pa3bpoc B M3MeEpPEHHbIX 3HAUYEHUSIX (CM. pu-
CYHOK 8).

Um— u3mepeHHoe npejenbHoe Hanpsbkenne pasHo Urn npu /, agna Y3WN. nenbityemoro no knaccy Il. U > I/m. korga /7 * /11x > /n:
V — BapucTtop Ha OCHOBE OKUCKU UMHKa. R — anana3oH TOKOB. KA

PucyHok 7 — TunuuHas kpusas U,0i 1 BApucTOpoB Ha OCHOBE OKUCU LIMHKA
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[, — TNOBbIlWEHNE CKOpPOCTM Bo3pactaHua -10 KB.'MKC; O — nOHMXeHMe CKopocTu Bo3pacTaHus — 1 kB/ksc;
6, — pasbpoc no BpemeHu paspsigHMka: &U - pasbpoc no HanpskeHuto paspsipHuKa

PucyHok 8 — TunuuHas kpusasi paspsigHuKa

b) WcneiTanus knacca lll

Ansa venbiTannii Y3 no knaccy |l npumeHsioT reHepaTop KOM6GMHMPOBaHHO BOJHbI. Torga MakcumasbHoe
3HayeHue, N3MepeHHoe B XOe UCNbITaHUA, UCNOJb3YIOT Kak U3MepeHHoe npefesibHoe HanpsXeHune.

5.5.2.3.2 YpoBeHb HanpsXxeHusa 3awmTsbl L,

UDycTtaHaBnuBaeT n3rotoButesnb. Mo onpefeneHntio OHO He MeHee HanbobLIEero 3Ha4eHNs U3MePEHHOT0
npeAenbHOro HanpsXxeHns. Boi6op faHHOro 3HaYeHns U3roToBUTENEM AO/KEH YUNTbIBATL 4ONYCK HA U3rOTOBAE-
Hue.

MpeAnoYTUTEeNIbHLIMY 3HAYEHUSIMU YPOBHE HanpshkeHus 3awuTtsl asnsaTtces: 0.08; 0.09; 0,10:0,12; 0.15;
0.22;0.33.0.4; 0.5;0.6; 0.7, 0.8; 0.9:1.0; 1.2; 1.5; 1,8; 2.0; 2.5; 3.0; 4,0; 5.0; 6.0; 8.0; 10.0 kB.

B npunoxeHun B npeacrtassiieHa TUNMYHAsA B3aUMOCBA3b MeXAY HOMUHa/IbHbIM HanpsXeHnem cuctemsl u
YPOBHEM HanpsxeHuns 3awuntel Y3UM gns Bapnctopa Ha OCHOBE OKUCY LMHKA.

5.5.2.4 Pexwumbl oTkasa Y3UMN

[laHHble pexXuMbl MPUMEHAIT Npu onpeeneHun coemectumocTn Y3UM ¢ gpyrum obopypoBaHneMm, ero
Ha3Ha4yeHWeM U1 yCTpOCcTBaMM, MPUMEHAEMbIMU COBMECTHO CY3UI.

Pexum oTkasa Y3WI 3aBUCKT OT BEIMUYMHbI, Yncna n QopMbl BONTHbI UMNYNbCa TOKa W HANPAXEHNUS, npe-
AeNbHOI OTKNYaKLwen cnocobHOCTU CUNOBON CUCTEMbI U 3HAYEHUA HANPSHKEeHUS, NpuknaabiBaemoro KY3UM
BO BpeMsi oTkasa. HacTosiwumii ctaHgapT ycTaHaB/iMBaeT Ba pexunma otkasa Y3Ur:

- KOPOTKOE 3amMblKaHue;

- pa3oMKHyTas uensb.

NHorpga Y3WI Ha Kakoii-To nepuog BpeMeHr MOXET BOWTW B HEONPeAEeIeHHOe COCTOsAHNE. DTO COCTOsIHME
CBA3aHO C NOr/0LWEeHNEeM 3HEPTUN U B KOHEYHOM cyeTe NpUBOAMT (Camo no cebe nnn BMecTe C pasdbeguHuTtenem
UNN 3aLMTON OT CBEPXTOKA) K COCTOAHUIO PA30OMKHYTOM LLeNn Uan KOPOTKOro 3amblkaHus. CornacHo HacToslemy
cTaHAapTy AaHHoe cocTosiHue Y3WI BpeEMEHHO M Kak TakOBOE He HECET Onpee/IeHHOlM HanpaB/IeHHOCTMU.

JAononHutenbHas nHopmauma o TOM. Kakum o6pa3omM pe3ynbTar AeicTBUA yCTPONCTBa ANS 3alunTbl OT
cBepxToKa 160 n6oro A4pyroro 3aLMTHONO yCTPONCTBA 3aBUCUT OT KOH(UIypaLumm CUCTEMbI, NpUBeAEHa B Npu-
noxexunn J.

M3meHeHns B xapaktepuctukax Y3UI He cunTaroTCcs 0TKa3oM u paccmartpusatoTca B5.5.2.8.

5.5 2.5 CT0iiKOCTb KKOPOTKOMY 3aMblKaHUIO

Y3WMM oTAeNbHO A BMeCTe C pa3bejuHUTENIeM, UK C 3aLMTOl OT CBEPXTOKA CHMTAETCA CTOWKMM K KOPOT-
KOMY 3aMblKaHWI0, €C/IM OHO COXPaHAeT CMOCOBHOCTb BblAEPXNBATb TOK KOPOTKOrO 3aMblKaHUs, YCTAHOBNEHHbI
M3roToBUTENEM, U BbIAEPXMBAET UCNbITAHUA, HE CO34aBas ONacHOCTU AN OKpyXatoLweli cpefbl (B HaCTHOCTH,
[ANS YyCTPOICTB, pacnosioXXeHHbIX psgom). Heo6xoanmo yb6eantbcsa B TOM. 4TO Y3UI He pacnonoXXeHo B TaKOM
MecTe, r4e BepPOATHbI TOK KOPOTKOro 3aMblKaHMs BblLlE, YEM TOK, KOTOPbIA cnocobeH BbligepxaTb Y3UTM. Takke
cnepyeTt NpoBEPUTL, YTO COOTBETCTBYOLW U pa3beUHUTE b UK 3alMTa OT CBEPXTOKA, NPeAoXeHHble N3roTo-
BUTENEM. UMEITCSA B HA/TMYUN 1 ucnpaBHO paboTatoT.

5.5.2.6 HOMUWHanbHbIN TOK Harpy3ku /L (ana aoByxBBoAHbIX Y3WUIM nnn agns oagHoBBOAHbLIX Y3WUI ¢ pa3gens-
HbIMW BBOAHbIMU ¥ BbIBOAHbLIMUW BbIBOAAMU)
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Heo6x04MM0 NPoBEPUTL, UTOGLI Harpyska, noAcoeaMHeHHas Nnocne 4ByXBBOAHOMO UMW O4HOBBOAHOIO
Y3WIM, BK/IOYEHHOrO NOC/Nef0BaTe/bHO C UCTOYHUKOM MUTaHWs, COOTBETCTBOBAsa HOMWHANLHOMY TOKY
Harpysku.

NMpumeuaHue — CregyeT 06paTuTb BHUMAHWE Ha TWUM Harpy3ku. Hanpumep, HEKOTOpblE Harpy3ku MoryT
MMeTb Takme 6POCKM TOKa, KOTOPbIE COOTBETCTBYIOT TPEXKPATHOMY AeiCTBYIOLEMY 3HAUEHMIO TOKA. DTU MUKOBbIE TOKM
MOTYT BbI3bIBATb AOMOJSHUTE/bHbIN HArpeB NocnefoBaTe bHbIX 3/IEMEHTOB [iBYXBBOAHbIX Y3U.

55.2.7 MageHne HanpshkeHns (ans AByxBBoAHbIX Y3UM nnn ansa ogHoBBOAHbIX Y3WUI ¢ pa3genbHbiMu
BBO/JHbLIMU 1 BbIBOAHLIMU BbIBOAAMM).

CnepyeTt npoBepuThb, YTO6bI ycTaHOBKa ABYXBBOAHOro Y3 nnn o4HOBBOAHOIO C pasfe/bHbIMU BBOAHbI-
MW 1 BbIBOAHbIMY BbIBOAAMU He Bbi3Bana NafeHns HanpsXXeHus, BbIXO4ALLero 3a40nycTuMble npegensl, B 060-
pyfoBaHuK, nogknovyeHHom nocne Y3UTI.

5.5.2.8 U3meHeHune xapaktepuctuk Y3UM

OTaensHble Y3UI mMoryT BOWTK B HeonpefeneHHoe COCTOAHME Noj AeNCTBMEM Harpy3okK, NpeBblLLatoLwnux
yKa3aHHble B CTaHAapTHbIX UCMbITAHUAX. B 3TOM cnyyae HEKOTOPbIE UX XapaKTePUCTUKM MOTYT OT/INYaTbCA OT
paccunMTaHHbIX 3Ha4YeHuit, Hanpumep: Li>, /n, /cn T. 4. B 4acTHOCTK, 3TO MOXeT npon3oiiTn ¢ Y3WI. TokosoAyLme
4acTu KOTOPOro coeAnHeHbl napannenbHo, Korga ogHa u3 ToKkoBefyLWnx yacTeil MOXeT OTCOeMHUTLCA BCNes-
CcTBMEe umnynbca. B aTom cnyvyae noTpebuTenb MOXeT 6bITb He 0OCBe0MJIEH 06 U3MEHEHUAX B XapaKTepucTuKax.
B no60M criyyae npu OTCYTCTBUM YETKON MHAUKALUN O BO3HUKHOBEHNN HAa3BaHHOW cuTyaLumn Takoe COCTOsHNe
Y3WM cnenyeT UCKIOUUTL, NPeAyCMOTPEB 3TO B KOHCTPYKLUN.

6 lpuMmeHeHVe YCTPOCTB 3aWuTbl OT UMMYJ/IbCHbLIX NepeHanpsXeHni
B HW3KOBO/IbTHbIX pacnpefenuTefibHbIX cucTtemax

6.1 YCTaHOBKA YCTPOWCTB 3alUTbl OT UMNY/IbCHbIX NepeHanpsXeHuii n Bo3aeicTeme mecTa ycTa-
HOBKM Ha 3aluTy, 06ecneynBaemMyio ycTpOoiMCTBaMU 3aluTbl OT UMNYbCHbBIX NepeHanpsXxeHui

Mpu npoBefeHMN aHann3a puckos (CM. pa3gen 7) naeHTUULMPOBaHHbIE NepeHanpsaXXeHns, KOTOpbIM NoA-
BepXxeHa cuctema (cMm. pasgen 4). uxapakrepnctukun Y3UM (cm. pasgen 5) MoryT 6bITb TOYHO onpeaeneHbl.

Mpu npumeHeHun Y3WN B cnnoBoii pacnpegennTenbHON cMcTeMe MOXHO BOCMO/1b30BaThCA MHGOpMaLn-
OHHOI CXeMOIWA, NnpeacTaBneHHOol Ha pucyHke 9.

PucyHok 9 — WHdopmaunoHHas cxema npuMeHeHus Y3UN

6.1.1 BO3MOXHble BUAbl 3alWNTbl U TUMNbI 3/TEKTPOYCTAHOBOK

Korga 3auwuiaemoe 060py0BaHNe NMEET fOCTATOUHYI0 YCTONUNBOCTb KNEPEHANPSHKEHUAM UU Pacnosio-
XXEHO PALOM C rMaBHbIM pacnpeennuTebHbiM WUTOM, 04HOro Y3UI MoXeT 6bITb JOCTATOUHO. B 3TOM cnyyae
Y3WM 80MKHO 6bITb YCTAHOB/IEHO KakK MOXHO 6/1MXe K BBOAY 3/1€6KTPOYCTAHOBKM. [115 JaHHOTO MOCTOMNO/OXe-
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Mus Y3UM fOMKHO MMeTb AOCTATOYHYH YCTOWUYMBOCTb K MMMY/NbCHbIM nepeHanpsxeHnam. Ha pucyHkax
K1 - K.5 (npunoxeHue K) nokasaHbl TUMUYHbIE CXEMBI cOeAuHEHU Y3WT. pacnonoXeHHbIX y BBOAA 3/1EKTPO-
YCTaHOBKM A5 pa3HblX TUNOB cucTem. Ha pucyHke K.5 (npunoxerHne K) npegctaBieH YacTHbll cayyail cuctembl
TNC-S.

B Tabnuue 3 ykasaHbl BO3MOXHbIe BU/bl 3alUTbl, KOTOPblE MOTYT NOTPe60BaTbCA 419 PA3/IMUYHbIX HU3KO-
BOJIbTHbIX CUCTEM.

MpumevyaHnnel — Ecnm 6onee ogHoro Y3 noacoefmHEHO K O4HOMY 1 TOMY XXe NPOBOAHMKY, HEOGXOAMMO
obecneuntb KOOPAMHALMIO MEXay HUMW.

MpumBYaHMB2 — Ynucno BMAOB 3alMTbl 3aBUCWT OT TWMa 3allmLiaemMoro o6opyfoBaHus (Hanpumep, ecnu
o06opyfoBaH/e He 3a3eM/IEHO, MOXET ObiTb HEO6X0AMMa 3awmTa Mexdy asoii 1 3emnein nam Mexay HelTpanbio un
3emseif), ycToiuMBoCTY 060pYLOBaHUSA N0 KaXXAOMY BUAY 3aLLUMTbI, CTPYKTYPbI 3/1EKTPUYECKO CUCTEMBI U 3a3eMIIEHNS U
XapaKTepucTVK MPUXOAALLEro UMnyabca nepeHanpshkeHus. Hanpvmep, 3awmTbl Mexay dasoi/HeliTpanbio 1 NpoBoa-
Hukom PE unnu mexay asoii n HeliTpasibio 06bMHO OblBaeT A0CTATOYHO, U MeXaydasHas 3alimTa, Kak npasuio, He
TpebyeTcs.

MpumevyaHue 3— YcraHoBka Y3UI [0 3M1eKTPOCHETUMKA MOCTABLLMKA 3M1EKTPOIHEPTN [OMKHA NPON3BO-
ANTBLCA MO COrNIACOBAHUIO C MOCTABLUMKOM.

Tabnnya3 — BO3MOXHble BUAbI 3aWWTbl A71S Pa3/IMYHbIX HU3KOBO/IbTHbIX CUCTEM

PacronoxeHvie y3unn T TN-C TN-S IT
Mexay ha3oit u HeTpasbo X X X1
Mexay thasoin n nposogHukom PE X X X
Mexay thasoii u nposogHukom PEN X
Mexgay HelTpasibio 1 npoBogHnkom PE X X X'
Mexgay thazamun X X X X

B>Korga HeliTpasib pacnpegeneHa.

PekomeHgyeTcs, UTOGbI CUIOBbLIE CETU U CETU CUTHANU3aL M BXOANAN B 34aHne B 04HOM MecTe (BBoAE) 1
6111 cBA3aHbI 06L el LWNHOW. DTO 0COBGEHHO BaXXHO ANA 34aHWUIA, BbINOTHEHHbIX U3 HE3KPaHMPYOLWEro MaTepu-
ana (gepesa, kupnuya, 6etToHa n 1. n.).

J0N0NHUTENbHYI0 NHOPMALNIO CM. B NpuioxeHun K

6.1.2 BnwunaHue ABneHunsa konebaHnii Ha 3awmwaeMoe paccTosaHume

Korga Y3WM npuMeHsoT 4as 3alnTbl cneynduyHoro o6opyaosaHua nmbo Korga OHO pas3MeLleHo Ha
rnaBHOM pacnpegennTenbHOM LWuTe, OHO He MOXeT 06eCcneynTb 4OCTATOUHYI0 3aLUNTy HEKOTOPbIX BUAOB 060pY-
[0BaHNSA. B 3TOM C/lyyae ero cnefyeT ycTaHaBNuBaTb Kak MOXHO 6/1Mxe K 3aluuaemomy o6opyaosaHuto. Ecnu
pacctosHue mexay Y3WI n 3awmuiaemsiM 060pyf0BaHnemM Ype3MepHO BEINKO, TO KoNiebaHns MOryT NPpUBECTU K
TOMY, YTO HanpshkeHue Ha BbiBOAax 060py40BaHNs, KOTOpoe 06bIYHO A0 ABYX pa3 Bbilwe, yem Up, B onpegeneH-
HbIX YCNOBUAX MOXET AaKe NPeBbICUTb 3TOT YPOBEHb, UTO MOXET NPMBECTU KOTKa3y 3aliuiiaemoro obopygosa-
HUS. HeCMOTpS Ha Hannune Y3UM (cm. pucyHkn K.8 — K. 10 (npunoxeHue K)). JlonycTumoe pacctosiHne (HasbiBa-
emoe 3alMuaeMblM paccToaHueM) 3asucut oT Tuna Y3WUI. Tuna cuctemsl, KpYTU3HbI U POPMbI BOJTHbI NMPUX0AA-
Lero nMnynbca nepeHanpsadXeHns n NoAKIUYEHHOW HarpysKu.

B yacTHOCTK, Takoe yABOEHNE BO3MOXHO TO/IbKO B TOM C/y4ae, Korga o6opyfoBaHve COOTBETCTBYeT Ha-
rPy3Ke C BbICOKVMM MOJIHbIM COMPOTUBAEHNEM WM €C/IN 3TO 060pyA0BaHNE MeeT BCTPOEHHbI pa3beAUHNTENb.
PucyHok 10 nnnoctpupyeTt AB/eHNe YABOEHUSA HANPAXKEHNA B TAKUX YCNOBUAX.

Kak npaBunio, konebaHnsi MOXHO He y4nTblBaTb, €C/INM paccTosiHne MeHblwe 10 M. Ha pucyHkax K.9 n K.10
(npunoxexne K) npuBefeHbl NpuMepbl, Korga npu pacctoaHum 10 M yaBoeHne BO3MOXHO, HO TO/MbKO B CUANY
TOro, YTO Harpy3Ka YncTo eMKocTHas. MiHorga obopyfoBaHue UMeeT BHYTPEeHHUE 3alUTHbIe 31eMeHTbl (Hanpu-
Mep. BapucTopsbl), KOTopble 6yayT B 3HAYMTENbHON CTENEHN YMeHbLlaTh konebaHna gaxe Ha 6onee AANHHOM
paccTtosHuu. B aTom cnyvae Heo6xoanmo n3bexartb Npobaem koopanHauum mexay Y3 n 3almuTHbIM 31eMeH-
TOM BHYTpW 060pyAoBaHuS.

J0NONHNTENBHYIO UHOPMALUIO CM. B NPUIoXeHun K
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6.1.3 BnuaHue ANUNHbI COEANHUTEIbHbLIX NTPOBOAOB

ANna [oCcTKEeHNs oNTUMaNbHOW 3alMTbl OT NepeHanpsHXeHna coenHuTenbHble nposoga Y3 AomKHbI
ObITb KaK MOXHO Kopoye. [ nnHHble NpoBoAa yXyAwatT 3awuty Y3UI. No3ToMy MOXeT BO3HUKHYTb Heob6xoam-
MOCTb Bbl6opa Y3WI c 60/1ee HU3KNM YPOBHEM HaMpshKeHUs 3aluTbl 415 obecneveHuns ee HagexHocTn. OcTa-
TOYHOEe HanpsXeHue, nofaBaemoe Ha obopyaoBaHue, 6yaeT CyMMO OCTaTOYHOro HanpsxxeHns Y3UM n nageHuns
WHAYKTUBHOTO HaNpsXXeHUs Ha coeUHUTENbHbIX NpoBogax. [lBa HanpsXXeHns MOryT He OCTUTHYTb MUKOBOTO
3Ha4yeHns B OAMH 1 TOT )Xe MOMEHT BPEMEHU, HO C NPAKTUYECKON Lie/iblo MOryT 6biTb MPOCTO CI0XEHbI. Ha pucyH-
ke 10 noka3aHo BANSAHWE NHAYKTUBHOCTU COeMHUTE IbHbIX NPOBOLOB Ha HAMPAXeHWEe, U3MEPEHHOE MeXAy ToY-
Kamu nogknoveHnsa Y3UM. npy npoTekaHum MMMy bCHOro pa3psagHoro Toka.

Kak npasuno, MHAYKTMBHOCTb NPOBOASALMUX NPOBOAOB NPUHUMAETCA paBHON IMKIHYM. MageHne nHayk-
TUBHOIO HanNpsXXeHUs, BbI3BAHHOE MMMY/NbCOM CO CKOPOCTbIO NoAbeMa Toka 1KA/MKC. 6yaeT npubnn3ntensHo
1 kB/M gnuHbl nogBoAsLWero nposogHuka. bonee toro, ecnu kpytnsHa d//df 6onblie, nageHne HanpsXKeHUs
YBEINUNTCA.

HackonbKo 3TO BO3MOXHO, Nyylle NCN0/Mb30BaTh CXeMy b, NoOKa3aHHyl0 Ha pucyHke 10, rae BAMsHWe 3Tol
NHAYKTUBHOCTU B 3HAYMTE/NbHON CTeNneHn CHKeHo. CxemMa ¢ MOoXeT 6biTb MCNOJIb30BaHa, Korja Hefb3s UCMo/b-
30BaTb cXemy b.

MpumedaHune — Ecau nyTb 06paTHOro Toka UMEET MarHUTHYH CBSi3b C NPOBOAAMM BXOASLLErO TOKA NyTem
pasMelLeHust MPOBOAOB B HEMOCPEACTBEHHOMN 6/IM30CTH, UHAYKTMBHOCTb YMEHbLINTCS (CM. pUcyHOK 10. cxema c).

Cxebla a L,, — WHAYKTMBHOCTU, COOTBETCTBYIOLME ANUHE MOABOAAWMX NpoBojos /1. /2;

— KpuBas paspspHoOro Toka B (YHKUUW BPEMEHW; Ysi — HanpsbkeHne Ha 3akumax Y3WIM Bo BpemMs WMNynbCa;
Vy, - HanpsbkeHue mMexzay Toukamu A 1 B npu nmnynbce, paBHoe Vasc NiocC nafeHne Hanps>keHusi Ha WHAYKTUBHOCTM LI «12.
Vicnonb3oBaHnsa 3TOl CXeMbl ClefyeT, no BO3MOXHOCTU, n3beratb, OCO6EHHO ecnn nto6oe n3 3HadyeHuii L1 unn L2 Benuko.
Cxema b - npeanouTuTensHas.
Cxema ¢ - npvemnema npyv HeBO3MOXHOCTWM WCNONb30BaTh CXEMY b.

PucyHok 10 — BnusiHMe ANIUHbI COeANHUTENbHBLIX NPOBOAOB Y3

6.1.4 Heo6Xx0AWMOCTb LONONHUTENbHOW 3aALMNTHI

B HeKOTOpbIX CNy4aax 4OCTaTtoqHOo 04HOro Y3UI. HanpumMmep, ecnin nepeHanpsXXeHns Ha BXoe B COOpYyXe-
Hue HeBenuku. B aTom cnyyae nydwe yctaHoBuTb Y3UI Ha BBoAe anekTpoceTun (cMm. 6.1.1).

JononHutensHasa 3awmuTa 8611M3n 060pyAoBaHnsa, noasnexatyero sawmre, MoxeT 6bITb He06X0ANMa B He-
KOTOpPbIX 0COBbIX Cly4Yasx, Hanpumep B MecTax, rae:

- UMEeTCsl O4YeHb YyBCTBUTENIbHOE 060pYyloBaHMe (3/1IEKTPOHHOE, KOMMNbIOTEPDI);

- paccTtosiHue mexay Y3UT. pa3melleHHbIM Ha BBOJE, U 3almijaeMbiM 060pyA0BaHNEM C/IULLIKOM BE/IMKO
(cm. 6.1.2);

- UMEIOTCH 3/1eKTPOMArH1THbIE MO BHYTPY COOPYXXEHUS, co3jaBaeMble paspsgaMm MOSHUN U BHYTPEHHK-
MW NCTOYHUKAMU MOMEX.
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Heob6xoanMO yunTbiBaTb CTOMKOCTb K nepeHanpshkeHuam (Cw,cm. MOK 60664-1) camoro 4yBCTBUTENbHO-
ro 060pyA0BaHNA CUCTEMbI, NOANEXaLlero 3awuTe. YpoBeHb HanpshxeHnsa 3awmntsl UR2Y3UM. pasmelieHHoro
Hanbosnee 6511M3K0 K 060pyAOBaHMIO, CiefyeT BblGupaTh N0 MeHbLIell mepe Ha 20 % HUXe YPOBHS CTOWKOCTU
ob6opyaoBaHus KnepeHanpseHuto. Ecnu ypoBeHb HanpshxeHus 3awutsl (L/pl) Y3WI Ha BBoAe B coveTaHuu C
AelicTBueM, onucaHHbiM B 6.1.2, B cuny paccTosiHus mexay Y3WM n o6opygoBaHnemM obecneynBaeTt Hanpsxe-
HUe Ha 3axnmax o6opyaoBaHusa Huxe 0.81/w, HeT He06X0AMMOCTU B yCTaHOBKE A0MN0NHUTENbHOTO Y3UI B61n3n
ob6opypoBaHus (CM. pucyHok 11).

JononHutensHy nuHdopmaymio cMm. K.1.2 n pucyHok K.9 (npunoxeHue K).

Ecnn K < 0.Bun, «pebyetca Tonbko Y3MM 1 (pa3melleHHoe Ha BBOJAe B yCTaHOBKY), ecnu Li(1 A > 0.81//1. AONOAHWUTENbHO
K Y3UM 1pomkHOo ycTaHaBaneaTtbca Y3WM 2 ¢ UB < 0.81//1. rae K - kKoadduumeHt (K * < 2. cMm. B 1.2) C y4eTOM BO3MOXKHbIX
Kone6aHuu.

£ - obopygoBaHue, nognexaltiee 3awmte, obnagarollee CTOMKOCTbIO K nepeHanpshkeHuto 1/1 no onpegeneHnio M3K 60664-1.

PucyHok 11 — Heo06X0AMMOCTb AOMO/HUTENBbHOW 3aluThl

MpumeyaHne — YcToRuMBOCTb 06OPYAOBAHNSA K 3MNEKTPOMArHUTHLIM MOoMexam cornacHo M3K 61000-4-5
MOXET OT/INYaTbCA OT CTOMWKOCTW K mepeHanpsixeHunio cornacHo M3K 60664-1 (I/w). MpnynHoii 3TOro ABNAETCA TO. YTO
npu ucnsiTaHun no M3K 61000-4-5 NnpvMeHsIloT reHepaTop KOMGUHUPOBAHHOW BOMIHbI U YacTb MMMY/IbCHOTO Toka
MOXeT npoTekaTb yepe3 obopyfoBaHne (0OCO6EHHO, eCl OHO UMeeT HW3KOoe NOJIHOEe COMpOoTUB/EHUE). B aTom cnyuas
notpebyeTca TwaTtenbHaa koopauHauus (cm. 6.2.6).

MoTeHunanbLHO paspywmTesibHble KOMMYTaLWOHHbIE MepeHanpsaXeHns MOryT reHepupoBaTtbCsA BHYTPU
34aHunii. B aTom cnyyae moryT notTpeboBaTtbecsa 0N0NHUTENbHbIE Y3UI.

Korga Ha ofHUX W Tex Xe NoABOAALWMX NPOBOAAX UCNOMb3YT ABa Y3UI. oHW AO/MKHbI 6bITb CcOrna-
COBaHbI.

6.1.5 Bbi6op mecTa pa3meleHns Y3UIM B 3aBUCUMOCTM OT Knacca UcnbiTaHmnii

B Touke BBOZA B 3@aBUCUMOCTUN OT BXOAALLUX UMMYIbCOB MOTYT UCNO/Ib30BaTbCA Y3WUI. ucnbiTaHHbIe Mo
Kknaccawm l. [l unu lll. PaccMmoTpeHmne anekTpuyeckmnx Harpy3ok, BXoAsILLMX B COCTaB MMNYy/bca, ABMAETCA KN0YOM
Ans npaBunbHoro Bei6opa Y3UM. Y3WUTI. ncnbiTaHHble no knaccam Il u lll. nogxoaaT Takxke ANa pasmeleHus
863K 3almLaeMoro 060pyoBaHus.

6.1.6 KoHuenumsa 30Hbl 3aWnTbl

B uensx paspaboTku n MpUMeHeHns COOTBETCTBYIOLL e 3aluTbl OT MMMY/IbCHbIX NePEeHanpPsXXeHnn MoxeT
6bITb NONIE3HLIM PACCMOTPEHME 0YEPEAHOCTIN 30H 3alnThl, Kak 3To onucaHo B M3K 61000-5-6 (B cTtaguu pac-
cMmoTpeHns) B MOK 61312-1.
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[aHHas KoHLenuua niaHnpoBaHUs npegnonaraeT, YTO HaBefeHHble NpecTaBA0LL e ONacHOCTL napa-
MeTpbl, Bbl3biBaeMble KOMMyTauWUsMN B CUI0BbIX pPacnpeennTesibHbiX cucteMax u npsMbiMu/HenpAMbIMK yaa-
paMu MOIHUM, YMEHbLLAIOTCA NO3TAMHO OT HedaluijaeMbiX CpeACcTB 40 3alMLiaeMoro YyBCcTBUTEIbHOTo 060py-
[0BaHUSA (AUCTaHUMA Mexay aTanaMu Ao/KHa 6biTb B COOTBETCTBUM C 6.1.2).

MpvMep pasjeneHns cuaoBoi pacnpeennTesnibHON CUCTEMbI 34aHUS Ha 3alluLiaeMble 30Hbl U pa3mellie-
Hus Y3UTM nokasaH Ha pucyHke K.11 (cm. npunoxexue K).

6.2 Bbl6OpP YCTPOIWCTB 3alyUTbl OT UMNYNbCHbBIX NEPeHaNnpPsXeHni

Y3WM BbibupatoT cornacHo cneaytoleil cxeme B WeCTb 3Tanos, NpMBeeHHbIX B 6.2.1— 6.2.6.

PucyHok 12 — WHdopMaLlnoHHas cxema ansa sbiiopa Y3UM

6.2.1 Bbi6op Uc,Ux n Inllim?HmaJU oc gns ycTpoWcTB 3alnTbl OT UMNYNbCHbIX NEPEHANPSKEHN

Ucwn UTgomKHbl COOTBETCTBOBATH C/IeAYOWEMY KpUTEPHIO.
1/ca0MmKHO, 3a UCKNoYeHneM cucTemsl IT, 6bITb Bblle MaKCUManbHOTo A4INTENbHOTO paboyero Hanpsxe-
Hus Ua (pasHoro kUQO), KoTopoe MOXeT BO3HUKHYTb B CUCTEME (CM. NpuUIoXeHve J v npejnaraeMble 3HaYeHNs B
npunoxexun B).
Uc > uCi.
Ha npakTuke aTo NpMBOAMT K crieayowmum TpebosaHmnsam (cM. MOK 60364-5-53):
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- cornacHo pucyHky K.2 (npunoxeHue K) B cuctemax TT UcgomkHo 6bITb He meHee 1,51/0,
- Kak cnepyeT n3 pucyHka K.3 (npunoxeHune K) B cuctemax TN n TT UcgoskHo 6biTb He meHee 1,1 L/O:
- B cuctemax IT UcgomkHO 6bIThb, N0 KpaliHel Mepe, TakuM Xe, Kak MexdasHoe HanpshkeHne U.

NMpumevyaHnel — UO— 3TO HanpseHWe MexAy NUHUEN u HelTpanbio HU3KOBO/IbTHON CUCTEMBI.
MpumeyaHune?2 — B pasBeTBNeHHbIX cuctemax IT MOryT noTpe6oBaTbCcsi 6osiee BbicoKMe 3HaveHus UC.
Mpnmevyanne3d — MOK60364-5-53 — B cTagum nepecmortpa.

3HaueHuns Ur 4o/MKHbI 6biTh Bbile BPEMEHHOTO nNepeHanpsixeHus (BMH), KOTopoe oXugaeTcs B yCTaHOBKE
BC/IeCTBIE MOBPEXAEHMNI HN3KOBOIbTHON CUCTEMBI, KaK NOKa3aHo Ha pucyHke 13.

AT > M tov.iv-
MpumevyaHune — I/TOV Iv 4AnTENbHOCTbIO CBbILE 5 C MOXHO CUMTaTb AINTE/NbHBIM PabounM HanpsXeHnem
(1/c). Hanpumep, B cucteme I UC Y3UM, BkoUeHHOro Mexay ha3oii 1 3emseil, no KpaiiHeii mepe, paBHO MakcuMasib-

HOMY MexXchasHoMy HanpshkeHuto cuctemsl (1,73(70) 8 pesynbTaTe 3amblkaHuii Ha 3eM/t0 60MbLLION ANMTENbHOCTN (Hec-
KO/IbKO 4acoB).

a — 30Ha Olov .v mexay dasoit u Helitpanbio ans cuctem TT. TN u IT npu NoBpeXKAeHUN a HU3KOBONLTHOW ycTaHOBKe (KOpoTkoe
3amblkaHue); >— 30Ha U|OV Iv mexay tasoil u 3emneir ans cuctembl IT (TT) npu noBpeXAeHWM B HU3KOBONbTHOW ycTaHOBKe
(cnyyaiiHoe 3a3emneHue) 1 30Ha i/rov tv mexay tasoli 1 HelTpanbio ana cucteM TT u TN nNpu NOBpPeXAeHUU B HU3KOBONbTHOM
ycTaHOBKe (noTeps HelTpanu), ¢ — MakcumanbHoe 3HaueHve Ulov Lv npu pasmelleHnn notpebutens mexay dasoin u semneii ana
cuctem TT u [T Npu NOBpEeXAEHMN a BbICOKOBOMbTHO cUCTEMe a — HeonpepeneHHass o6nactb, ® — 3HadeHus O, gns Y3UMN

PucyHok 13 — CooTHoweHne  n UTOV

NMpumeuvaHune) — KaknokasaHo Ha PUCYHKe, BO3MOXHO BblbpaTb Y3WI co cnefyowmnmm xapaktepucrukamm:
Ui =Uc2 (/tov, IvTB1-

B yacTHOCTM, 3TO XapakTepHo Ansa cuctem IT.

Bbi6op aHepreTnyeckoii ctoiikoctn Y3UM (Bbi6op nnu Uoc B 3aBUCMMOCTU OT Knacca UCMbITaHWii) Ao/KeH
OCHOBbIBATLCA Ha aHann3e pUCKOB (CM. pa3fen 7). KOTopblii cpasHMBaeT BEPOATHOCTb BO3HUKHOBEHUA UMMY/bLCOB, CTO-
MmMocTb 06opyf0BaHNA, Nognexallero sawute, 1 NpuemMaeMyo HopMy OTKa3oB, VW 3aBeplaTbCs aHannM3om KoopauHa-
LnK. Korga ucnosnb3yoT 6onee ogHoro Y3W.

NMpumeyvaHune2 — lpn HEO6XOANUMOCTU MOXHO UCMONbL30BaTb 60/1€€ BbICOKME 3HAYEHUS, YeM NPeanoYTu-
TeNbHble. yKa3aHHble B 5.5.2.

B HekoTopbIX cAayyasx, Korga 3HadyeHue BIMH cavwkom Bennko, MoxeT 6biTb TPyAHO nogobpatb Y3UM,
cnoco6Hoe NpefoCcTaBnTb aeKBaTHYIO 3alnTy 060pyA0BaHNS OT UMNY/IbCHBLIX NepeHanpsxeHuii. Ecnu BeposT-
HOCTb BO3HUKHOBEHMA BMH gocTtatoyHo Mana, Torga MoXxHo ucnonb3osatb Y3WUN. He cTolikoe k BIMH. B Takmnx
cnyyasax Ansa 3aluTbl NPUMEHSAIOT COOTBETCTBYOLWNE pa3beAnHUTENbHbIE YCTPOCTBA.

6.2.2 3awwnTHOe paccTosHue

Ans onpepeneHua mectononoxexuns Y3WUM (Ha BBoge, B651M3K 060pyA0BaHNSA U T. f.) HEO6XO4MMO 3HATb
3aliNTHOE paccTosiHue, T. e. AONYCTUMOE paccTosiHue Mexay Y3UM v 3awmiaemMsiM 060pyf0BaHneM, Ha KOTo-
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pom Y3UI obecneynBaeT AOCTATOYHYIO 3awWmnTy. DTO paccTosHWE 3aBUCUT OT xapaktepuctnk Y3UM (4, nt. 4.),
MecTa ero yCTaHOBKMW B 34aHUN (4/1MHbI MPOBOAHUKOB U T. .). XapaKTepUCTUK CUCTEMBI (TUMa 1 ASIMHBI NPOBOA0B
NT.[.) N XapakKTepucTUK 060pyA0BaHNS (CTOMKOCTU K UMMYbCHbIM NMepeHanpsXkeHnam nT. 4.). [lononHnTenbHble
cBefieHuns cogepxartca B 6.1.2 1 6.1.3, rae onucbiBaeTcAa paccMaTtpuBaeMoe siB/ieHue.

MpumeuvaHne — Pa3paboTyuuk 30H 3aLUNTbl 4O/HKEH ObITb OCBEAOM/IEH O 3ALWMTHOM paccTosaHUn mexay Y3UT
1 3awmuiaeMbim obopygoBaHmem (cMm. 6.1.6).

6.2.3 Oxunpaemblii CPOK CNYXObl 1 peXXUM oTkasa

6.2.3.1 Oxupgaemblii CpoK CNyXObl

B 3aBMCMMOCTM OT TUMOB UMMYJIbCHbIX NMepeHanpsXXeHuii 1 X 4acToTbl BO34eNCTBUA CPOK CNY6bl Y3
MOXeT 6bITb A/INTENbHbIM TN60 KPATKOCPOUHbLIM. Hanpumep, ecniun cnycTsi HECKOJIbKO CEKYH/ NOC/ie yCTaHOBKMN
Y3WM ¢ MmakcumasbHbIM paspsgHbiM TokoM /Ta, 20 KA chopMoii BoSIHbI 8/20 yepes Hero npoiigeT rpo3oBoii TOK
30 KA cbopmoii BonHbI 8/20. BEpoATHeEE BCEro cnyuntcsa otka3 Y3UI, 1 B 3TOM c/aiydyae CpoK ero cnyxobl byaet
COCTaBNATb HECKOMbKO CEKYHZ. DTOT KpaiiHuii cnyyaii nokasbiBaeT, YTo /10601 0XXnagaemblii CPOK CyX6bl, ycTa-
HaB/MBaeMblli U3roTOBUTENEM, MOXET OCHOBbLIBATLCS TO/IbKO Ha CTAH4aPTU30BaHHbIX UCMbITAHUAX N HE MOXeT
6bITb rapaHTUpPOBaH.

MOXHO BeCTM peydb TOILKO O npejnosiaraeMom Cpoke cnyx6bl. Hanpumep. Y3UT ¢ makcumasnbHbiM pas-
psigHbIM TOKOM 10 1 20 KA (hOpMOii BO/HbI 8/20 MOTYT BbIATU U3 CTPOS CNYCTS HECKONIbKO CeKYHA Noc/ie yCTaHoB-
KW. eCnu Yyepes HUX npoigeT rpo3oBoil Tok 30 KA. Kak npaBnio, cpok cnyx6bl y Y3UTM Ha 20 KA 60blue, Yem y
Y3WM Ha 10 KA.

B ntore Heob6xoanmo Bbibupats Y3UI. koTopoe:

- He UMeeT 3HaUYUTe IbHOro N3HOoCca Moc/ie CTaHA4apTU30BaHHbIX UCTbITAHWIA Ha U3HOC;

-yunTelBaeT Lrov, oXugaemble UMNY/bCbl NEPEHanpsXeHns n Heo6Xo4VMY KoopAuHaLuuio ¢ ApyruMu
y3un;

- He BbI30BET MOPaXeHUs OrHEM WM 3/IEKTPOTOKOM NpK CBOEM OTKa3e.

6.2.3.2 Pexxumbl NoBpexgeHni

Cam no cebe poxum noBpexaeHns 3aBUCUT OT TUNa UMNybca U nepeHanpskeHns. Bo nsbexaHue Hapy-
LWeHUs nojayn NnuTaHnsa UnNu ero npekpatleHns Heobxoanma KoopauHauusa mexagy Y3WIM v nwo6oii 3awuToii ot
CBEPXTOKa, pPacnosoxeHHow Ao Y3UI.

6.2.4 Blanmogelicteune Y3UM c gpyrumum yctpoiicteamu

VHdopmaunio no gaHHOMY BOMPOCY CM. Takxe BYacTax cTaHaapta MK 60364.

6.2.4.1 HopmanbHble ycnosus

AnuTensHblii paboyunii TOK /CHe A0/MKEH co3aBaTh ONACHbIX YC/I0BUIA MOpaXKeHUs ANna nepcoHana (Henps-
MO KOHTaKT U T. f.) WM MOMeX 4151 Apyroro o6opygosaHusa (Hanpumep. YAT).

MpumeuvaHue! — Ona YOT /c gomkeH cocTaBNsATb He 6onee 1/3 HOMUHANBHOTO OTK/OYatowWwero guddepeH-
LuuanbHoro Toka (/9%v3). CnefyeT yunTbiBaTh COBOKYMHbIE AeliCTBUA HeCKONbkuX Y3UI n ux B3aumogeiicteme ¢ 4pyrumm
ycTpoiicTBamu.

MpumeuvaHnune 2 - Ecnn Y3UNM pacnosiokeHo CO CTOPOHbI Harpy3kn Y/AT, nnaBKoro npefoxpaHutens uav
aBTOMAaTNYECKOro BbIK/OYATENs, OHO HE B COCTOSIHUM 06ecneyunTb Kakyto-1mbo 3aluty aTux yCTPONCTB OT SIOXHOro pac-
LenseHns, HenpeaycMOTPEHHOro cpabaTbiBaHNA WM NOBPEXAeHWs BCAeACTBME UMMY/IbCHOIO nepeHanpshXeHus.

6.2.4.2 YcnoBus oTkasa

Y3WUM moxeT 6bITb OCHALLEHO HEO6X0ANMbBIMY Pa3beNHNTENbHBIMU YCTPONCTBAMM, YTOObI HE cO3aBaTtb
nomex AN Apyrnx 3alnTHbIX yCTPONCTB, Taknx kak Y/AT. nnaskue npefoxpaHnTenn uam aBToMatmyeckmne Bbik-
noyartenu.

6.2.4.3 KoopaunHauus no UMnysbCHbIM nepeHanpsxeHusam mexay Y3UM n YAT unu yctpolicTBaMu 3awm-
Tbl OT CBEPXTOKA, TAKUMU KaK MnsiaBkue npefoxpaHnuTenn uan asToMmaTuyeckme Bbikaovaresnm

CnocobHocTb Y3UM n YAT NpOoTUBOCTOATb UMNY/IbCaM NepeHanpsXXeHuid npu NCNoNb30BaHMM UX B CETAX
He ycTaHaB/nuBalwT, 3a Wckaw4veHnem YAT Tuna S, kotopble B cooTBeTCcTBMN ¢ MOK 61008-1 1 M3K 61009
[OJ/DKHbI BblAepXusaTtb uMnynbc 3 KA oopmoii BonHbI 8/20 6e3 pacuensieHus.

Mpu koopauHauun Y3WUI ¢ KakKMM-n1M60 yCTPONCTBOM 3aliuTbl OT cBEpXTOoka unn YOT pekomeHayeTcs,
4YTOObI NPU HOMUHAILHOM pa3psAHOM TOKe /M3To YCTPOICTBO 3alnTbl OT cBepxToKa nan YAT He cpabaTbiBany.

OpHako npu Toke, 60/blem /,,. BNONHE NpueMaemo, 4To6bl YCTPONCTBO 3alUuThl OT CBEPXTOKA cpaboTano.
B3Bogumoe ycTpOIiCTBO 3aluTbl OT CBEPXTOKA, TaKoe Kak aBTOMaTUYeCcKnil BbIKoYaTe b, He JO/DKHO NoBpeX-
[aTbCA UMNYNLCOM.
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B aTOM c/iydae 6narogapsi ToMy, 4To Takoe YCTPOICTBO 3aluTbl OT CBEPXTOKA cpabaTbiBaeT yepes onpeje-
JIeHHOe BpeMsi, Yepe3 Hero NPoiaeT NoJHbIM UMNYNbC, AaXe ec/iv OHO cpaboTaeT. Takum o6pasom. Y3WM aon-
HO MMEeTb A0CTaTOUHYI0 SHEPreTUUYecKyHo CTONKOCTb. CpabaTsiBaHue YA T v ycTpoicTBa 3aWMThl OT CBEPXTOKA
BCNEACTBME 3TOTO SIB/IEHUS HE [O/HKHO paccMaTpuBaThCs Kak 0Tkas Y3WT. NOCKO/IbKY 3/1eKTPOyCTaHOBKa BCe
eule 3aumuieHa. Ecnv nepepbiB B 3HEProcHa6XeHun HenpremaeM ANs Nonb30BaTess, HYXKHO UCMOb30BaThb
creynanbHy KOMNOHOBKY YCTPONCTB UK ApYrue yCTPOCTBA 3aLnTbl OT CBEPXTOKA.

MpumevyaHunel — Bycnosusax noABEPXXEHHOCTH AeACTBUIO GOMbLLIMX TOKOB, HanpuMmep B cUCTeMax MosKue-
3aWnTbl UK BO3AYLIHLIX NMHKUAX, AonyckaeTcs cpabaTbiBaHMe YCTPOWCTB 3aliuTbl OT CBEPXTOKa NpW 3HaYeHUaX
HWXe /,, ecnn pAeiicTBNTENbHAA CTOMKOCTb YCTPOWCTBA 3aluTbl OT CBEPXTOKA, MPUMEHSEMOr0 B yCTaHOBKE, Bbille,
yem /,. B 3ToM cnyvae BbI6OP HOMUHa/NLHOTO paspagHoro Toka Y3WIM 3aBUCUT UCKIOUMTENBHO OT NapameTpoB
nmnysnbca.

MpumeyvyaHnune 2-— Ecnu nponsoiiget npoboii Y3UM KoMmyTupylowero Tuna, KayecTBo nMojayu nutaHus
MOXeT CHM3UTbCA. Booblie conpoBoXaatoLmnii TOK Bbi3blBaeT cpabaTbiBaHWe YCTPOWCTBaA 3aluTbl OT CBEPXTOKA, €Cnun
Y3WUIM kommyTupytowwero Tuna 6e3 camoraweHuns. B aTom cnyyas TpebyeTcs KoopAavHauuMs ¢ yCTpoiicTBaMm 3aluTbl OT
CBEPXTOKA. BK/OYEHHbIMK A0 Y3UTI.

6.2.5 BbI60p YPOBHSA HanpsxeHus 3awutsl Up

Mpwv BbIGOPE NPEeANOYTUTENBHOrO 3HAYEHNS YPOBHSA HanpsXXeHusa 3awmnTel Y3UN cnegyeT yuntbiBaTb UM-
nyNnbC nepeHanps>XXeHns. BblAepXnBaemblil 3aliuiaeMbiM 060pyA0BaHNEM, N HOMUHAIbHOE HaMNpPsHXeHne cucte-
Mbl. YeM HWXKe YPOBEHb, TEM Nyylle 3awmTa. DTOT YPOBEHb OrpaHnyeH yyetom lcun OT. gerpagaunein Y3UM n
KoopauHauwei c gpyrummu Y3UM.

MpumeyaHune — YpoBeHb HanpshkeHusa 3awutbl Ana Y3WI orpaHnymBatoLLero Tna oTHOCUTCS K yCTaHOB/IEH-
HOMY 3HaueHuto /pcaKans ncnbiTannii knacca | n /, — ana ucneiTanunii knacca ll. Bel60p ypoBHA HanpshXXeHWs 3awuTbl 40
ucnbiTaHuin knacca Il onpegensaoT Npy UCNbITAHUM KOMOVHUPOBAHHOM BOMTHOW (17).

YpoBeHb Hanps>keHus sawutbl 418 Y3UIM KoOMMyTUpYyOLWero uaM KOMGUHMPOBAHHOIO TUNa Takke OTHOCUMTCS K
paspaAHOMY HanpsXeHuto.

6.2.6 KoopanHauus mexay Bbl6paHHbIM YCTPONCTBOM 3aLUTbl OT UMNYNbCHbLIX NepeHanpsXxeHui
U APYTMMM yCTPOCTBAMM 3aLUTHI OT UMMNY/IbCHbLIX MEepeHanpsXxeHui

6.2.6.1 OO6Lwue nonoXeHNs

Kak y>ce 6b1/10 cka3aHo, HEKOTOPbIE 3/1IEKTPOYCTAHOBKN TPeOBYT NpUMeHeHns aAByx 1 6onee Y3UI. 4Tobbl
CHMU3WNTb BO3EiCTBUSA UMNY/bCca TOKa Ha 3aliuuiaemoe o6opyaoBaHme 40 NpUeMaemMoro 3HadeHna (HUKHUIA ypo-
BEHb HAMNPAXeHWs 3alnTbl) N NEPEXOAHON TOK BHYTPU 34aHUS.

Ana pacnpegeneHns nmnynbca Toka Mexay Asymsa Y3UI B COOTBETCTBUM C UX IHEPTOCTONKOCTbI0 HEO6XO-
AvMa KoopAuHauus.

Mpumep nokasaH Ha pucyHke 14.

MonHoe conpoTuBnexHune Z mexay asyms Y3UM (B OCHOBHOM MHAYKTUBHOE) MOXET 6bITb (hU3NUYECKUM Lie-
NbIM (CMeuunanbHbli 3NeMEHT, BK/TOUEHHbIV B IMHWUIO ANA 061eryeHns pasgeneHus aHeprum mexay asymsa Y3Un)
WA NpefcTaBnATb WHAYKTUBHOCTb ANMHbLI Kabena mexay Asymsa Y3WUI (B ocHOBHOM cuuTaeTca 1 MKIH/Mm).
Korga Z npepcTtaBnseT husnyeckoe CONpoTUBIEHNE, UHAYKTUBHOCTbIO TIMHUM MOXHO NpeHebpeyb BBUAY ee
Masioro 3Ha4YeHus No cpaBHEHUIO ¢ Z. B TakoM cnydae Z npeAcTaB/eHo cxeMaTuieckn ana o6omx cnyvyaes Ha
puCcyHke 14.

MpumeuvaHnBl — PucyHok 14 nokasbiBaeT Hanmbofee XecTkuii BapuaHT, Korga o6opyaoBaHue He noacoean-
HEeHo. B aToM cnyvaB yepe3 060pyAoBaHue TOK HE MAET, U BeCb MMNY/bC npuHuMaloT asa Y3UIM. Ocoboe BHUMaHue
cnefyet yaennTb CUTyaLuu, Korga UMNynbC BO3HMKAET Mexay 3axumamu Y3UM n Harpy3koid.

MpumevyaHune2 — B3TOM npumepe coefuHUTENbHbIE MPOBOAA HE NPUHUMAIOTCA BO BHMMaHue. MNpakTuiyecku
OHW MOTyT BAVATbL Ha pasgeneHne nMmnynbca mexay Asyms Y3UrI.

MpumevaHune3 — Korga npsimoii n o6paTHbIli COeANHUTE bHbIE NPOBOAA GNU3KO COeANHEHbI, NeTNA MeHbLue
1 yAenbHas MHAYKTUBHOCTb HKe, yem 1 MKIMH/M. OHa MOoXeT ymeHbwartbcs o 0.5 MKIH'M.

MpumMeyaHuesd— 3HadeHne 1 MKIH/M yunTbIBAET UHAYKTUBHOCTL MNPSIMOTO M 06PaTHOrO NPOBOAHWKOB.
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n
\4
Eq - sawvwaemoe o6opysoBaHue nNpu HOpManbHOW akcnayatayum; 0.'c — pasoMKkHyTas uenb (060pyjoBaHMEe OTKNIOUYEHO OT
NUTAaHNA). | —* BxoaiwmniA UMNYNbC

PucyHok 14 — TvnuyHblli npyuMmep npumeHenus asyx Y3WUM — anekTpuueckas cxema

6.2.6.2 Bonpocskl kKoopguHaumm

Bonpoc koopauHauvm B 06LeM BUE COCTOUT B TOM. Kakas 4acTb TOKa / NMpu NOCTYN/eHUN BXOASLEero
umnynbca i fosmxkHa npoiTn yepesd Y3UIM 1 un kakas yepe3d Y3UI 2. kpome Toro, cnoco6Hbl 1 06a Y3WUM Bbigep-
XaTb Takyl Harpysky.

Ecnun pacctosiHne mexay Asyma Y3UI HeBeNnKO OTHOCUTENIbHO ANUTENbHOCTU WUMNYNbca, BAWSAHUE
WHAYKTUBHOCTN 6yaeT He3HauuTesibHbIM 1 Y3UT 2 MOXeT 6biTb NeperpyxeHo.

Heobxogumas koopauHauusa AocTUraeTcs BbI6OPOM COOTBETCTBYOWUX YU ANA CHUXEHUA 3HAYEHUSA UM-
nynbca b A0 NPUEMIEMOro YPpOoBHS, NPUHNMANA BO BHUMaHWE MOJIHOE COMPOTUBAEHNEe Mexay ABymsa Y3UI. 3To.
6€e3yCNoBHO, TaKXe CHUXaeT ocTaTtovyHoe HanpsxeHne BTOporo Y3UI A0 HY>XXHOro 3Ha4YeHus.

Takas koopAnHaLua Heobxoauma, 4Tobbl n3bexarts:

- U3NMLIHEro 3anaca npu KOHCTpPynpoBaHum n Bbibope Y3UI 2;

- HEKOTOPbIX 3/TEKTPOMArHUTHbIX MOMEX, KOTOPble MOTYT BO3HUKHYTb B 34aHUN, EC/IN UMNYJbC i2CINLLKOM
BbICOK.

OfHako HefoCTaTOYHO CBA3biBaTb KOOpPAWHALMIKO TOJMbKO C TOKaAMW, HEOGXOAMMO Y4YUTbIBATb Takxe
3Hepruio.

YT06bl y6EANTLCA B NPaBUAbLHON KoopAnHauumn aAByx Y3UM. Heo6x04MMo BbINONHWUTL Criefytoliee Tpebo-
BaHMWe. Ha3blBaeMoe KpuTepmem aHeprum.
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KoopauHauma no aHeprum 4OCTUTHyTa, ecnn N8 BCEeX 3Ha4YeHW UMNYNbCHOro Toka mexay 0 u/

(/001],) yacTb aHeprun, paccemsaemoii Yepes Y3UI 2. He 60/1ee ero MakCUMasibHON 3HepreTUYeCcKo CTOMKOCTH
2-

[,0N0NHNTENbHYI0 NHOPMALUIO CM. B NpuioxeHun K

6.2.6.3 MNMpuMepbl U3 NpaxkTUKu

ViccnepgoBaHune KoopanHaLmMm MoXeT 6biTb CIOXKHbIM. Ecnun Bce Y3UT nocTaBneHbl 04HUM U TEM Xe U3roTo-
BUTENEM, LLenecoobpasHo 3anpocuTb Y M3roToBUTENSA MHAOPMALMI0 OTHOCUTENBHO PACCTOSAHUSA UAN NONHOTO
CONPOTUBNEHNS MexXAay N3bpaHHbiMK Y3UM fNa nx gonxai KoopguHaumu.

B npotus!tOM cnyyae Heo6xoANMMO NPOBECTU UCC/IE0BaHME KOOPANHALWUK, NPYU 3TOM npejnaralnTca YeTbl-
pe BapuaHTa.

- BbIMO/IHUTL UCMbITAHUA NPUKAAAbIBAHUEM WMMY/IbCHOrO TOKa OT HY/1A O 3HAYEHUSA, COOTBETCTBYIOLLLEro
ETM1, KaK ¢ ANIMHHOW, TaK 1 KOPOTKOW (hOPMOW BOJ/IHbI, Y4UTbIBASA, YTO [OMYCK HA KOMMOHEHTblI MOXET OKa3aTb
3HaunTeNIbHOe BAUAHWE Ha pe3y bTaT (UCNbiTaHne B CTafjun pacCMOTPEeHNS);

- BbINO/IHUTb MOJENMpoBaHne, yunTbiBas AeiiCTBUTENbHbIE 0COGEHHOCTN CXEeMbl 3/1EKTPOYCTaHOBKM, pac-
nonaras TO4YHbIMU JaHHbLIMUN O XapakTepucTukax Y3U:

- NPOM3BECTM aHanMTMYecKoe nccnegoBaHe cpaBHeHMeM Kpusbix 3aBucumoctn U4 aByx Y3WUM. ecnv oHn
o6a orpaHuymBaoLero TMna,;

- UCnoNb30BaTh «MeTOf CKBO3HOro Toka» (MCT), KOTOpbI/i B 60NbLWIMHCTBE CAyYaeB AaeT 3aHUKEHHbI
pesynbTar.

MpunoxeHue F n npunoxexne Kcogepxar 4ON0ONHUTE/bHbIE CBEAEHNS 06 3TUX ABNEHUSX, aHanmTuyec-
Knx uccnegosaHmsax n MCT.

6.3 XapaKkTepucTuKn BCNoMoraTenbHbIX YCTPOWCTB
6.3.1 PasbegnHuTeNbHble ycTpoiicTBa

OAVH pa3befuHUTENIb MOXET coyeTaTb TP OCHOBHbIE PYHKLMUN OTKAOYaKLWero yctpoicTea (TenaoByto
3alWmnTy, 3alnTy OT KOPOTKOrO 3aMblKaHUA 1 3aliUTy OT HENPSAMOro KOHTakTa) 1M60 Heo6xo04MMO UCMO/b30BaTb
TpW pasbeguHuTens.

OHM MOryT 6bITb yCTAHOB/IEHbI BHYTPpU caMoro Y3WIM unn moryT 6bITb yCTAHOBNEHbI NOCNEA0BaTENbHO C
HUM. HekoTopble OYHKLMM MOTYT BbIMOMHATLCA Pe3epBHOM CMCTEMOl 3aluTbl, 1 TOrAa 3Ta 3awmra pasmeLlaeTcs
Ha HEKOTOpOM paccTosiHum oT Y3WI. To. kyAa BK0YeHbl pasbeguHntenn, — B uenb Y3WI nnu B anekTpoceTb —
3aBVCUT OT KOOPAVHALMM C YCTPOWCTBaAMM 3alUMThbl OT CBEPXTOKA M OT 6asaHca Mexay Heo6XoANMOCTbI0 Henpe-
PbIBHOCTY Nodayu NUTaHUs U HEOOBXOAMMOCTbIO HENPEPbLIBHOCTH 3aLmnTbl (CM. J.2 (npunoxeHune J)). MoryT noHa-
[0o6uTbCA N apyrue yHKLMM pa3beguHUTENS, HanpuMep Npu BbICOKUX BPEMEHHbIX NepeHanpsXeHnsx.

DYHKUMIO pa3beguHUTEeNs MOTYT BbINONHATL NNaBKWiA NpefoxpaHuTenb, aBToMaTuyecknii BblknovaTtenb,
YAOT unm ycTpONCTBO aHA/IOTMYHOTO Ha3HaYeHUs.

6.3.2 CyeTumky cobbliTUNA

YcTpoiicTBa Takoro Tuna 06bI4HO a0 T MHPOPMALMI0 O KOMYECTBE 06HAPYXEHHbIX UMMNY/bCOB 1 MHOTAA 06
UX BENNUMHE U (DOPMe BOJIHbI. CHETUMKN COBLITUI MOTYT UCMO/Ib30BATLCA /151 ONpeeieHnst onacHoCcTU MecTo-
NoNOXeHUs1 06bLEKTA UM pelLleHnst Bonpoca pa3melleHusi. HeKoTopble yCOBEPLIEHCTBOBAHHbIE CUETUMKY JatloT
CTaTUCTMYECKMNE AaHHble, TaKNe Kak YacToTa cobbITull, BpEMS U AaTta, CBsAi3aHHasA C COGbITUEM SHEPTUsA UT. 4.

NMpumeuvaHunel — MNoTpe6uTENb JO/MKEH 3HATbL, YTO MPU HA3KOM MOPOrOBOM YPOBHE MH(OpMaLMs, BblAaBa-
emMasi TakM yCTPOINCTBOM, MOXET BBECTW B 3a6/yXaeHue.

MpumeyaHue2 — B HacTosLWMIA MOMEHT CTaHAAPTOB, KOTOPbIe 6bl PACNPOCTPAHSNNCH HA Takue yCTPoiicTBa,
HeT.

6.3.3 NHAMKaATOpPbl COCTOAHNA

3TOT NpnbOp CBA3aH C pasbenHuTenem, 4tobbl CHabAMTbL NOTpebuTena nHdopmalmeil o TOM. B pabouem
nn cocTostHUM Y3UM nnm He hyHKLMOHUPYET COrNacHo Ha3HauyeHuno. Ero npumeHsioT ANs npegynpexaeHus o
HeobxogumocTn 3ameHbl Y3UM. OAHN MHANKATOPbI COCTOSHNA ABASIOTCA IOKANbHbIMUW, APYTUe — AUCTaHLMOH-
HbIMU. OHM MOTYT NoAaBaTtb 3/IEKTPUYECKUe, BUAEO0 NV ay4NOCUTHAbI.
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7 AHann3 puckos

CyuwiecTByeT ABa BuAa aHann3a puckoB. ba3oBblli aHanM3 NPoBOAAT 41 onpeAeneHns Heo6xoaMMocTyH
npumeHeHus Y3WUM. BTopoii Tun— ansa onpefeneHus sHepreTuyeckoli cToinkocTn Y3UM. pacnonoxeHHoOro Ha
BBOJAE WM B6N1M3M 060pyA0BaHUA (3HEPTrOCTOMKOCTbL Apyrux Y3UI, ecnu oHn nmetoTcs, onpegensertcs uccne-
[OBaHWEM KOOpAMHALUN MexXAay HUMK) (CM. Npunoxexue L).

Bonpoc o uenecoo6pasHocTu npuMeHeHns Y3 3aBUCUT OT LUIMPOKOr0 CNeKkTpa napameTpoBs, paccMaTpu-
BaeMblx noTpebutenem. NapameTpbl, KOTOpblE CnefyeT yunTbiBaTb, NPUBEAEHbI B NPpUNoXeHuu L. Ecnu npuHuma-
eTCcs NpUHUMNManbHoe pelleHne o npuMeHeHnn Y3UM. Heo6X04MMO TakxXe NPUHATL pelleHne o CTeNeHu noga-
BEPXXEHHOCTN 060py0BaHNA BO3AEWCTBMAM A5 onpeAeneHns knaccugukaunm n mectononoxenns Y3url. Me-
TO/ OLEHKMN pucKa nNpyv BO3SHUKHOBEHUW TPO30BbIX MMNYNbCOB NpeanoxeH B MOK 61662. MOK 61662 NOCTOSAHHO
COBEpPLIEHCTBYETCSA B YacTu BONPOCOB, Kacawwmxca Y3UT. B Tex cnyuyasx, Korga npoBefeHune nosiHoro aHaan-
3a C/IMLLKOM C/I0XKHO, UCNOJIb3YIOT YNPOLLEHHYO METOANKY, OCHOBaHHY Ha M3OK 61662. MeToauka A/11 KOMMY-
TaLMOHHbIX UMNYNbCHBIX MepeHanpaXeHuii — B CTafgumn pacCMOTPEHNUS.

8 KoopauHauusi CUMOBbLIX TMHUIA C TIMHUSIMUW CBA3M
B 3awmuiaemMom o6opyaoBaHUn

B cTagun paccMoTpeHus.
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MpunoxeHune A
(cnpaBoy4HoE)

Tunosas uHopmauus, npegoctTaBnsemas no sanpocy
ANS cneunanncToB, W NOACHEHUS K MeTo4aM WCNbliTaHuii

A.1 VNHdopmauuna, npegocrtasnsemMas no 3anpocy
A.1.1 [aHHble cucTembl:

-U o.UCi

- 4yacToTa,

- BpemeHHoe nepeHanps>xeHne Ujov-

- YPOBEHb M30M5ALUN 3aluLLaeMoro o60pyaoBaHus.

MpumeyaHne — lMoTpe6uTenb AOMKEH 3HATb, YTO CTOMKOCTb W30MALMU MOXET MEHSITbCS B 3aBUCUMOCTH
OT KPYTU3HbI U [A/IUTEIbHOCTY MMMYNbCa NepeHanpshkeHus. Hanpumep, yCTPOCTBO, BblAepXuBatouiee UMnyssc 4 kB
1.2/50, MOXeT BblepXaTb TO/IbKO UMMY/bC HAMPSHKEHUs] MeHbLUero 3HaueHusi ¢ 6osee 4/IMHHON BOMHOM;

- TOK KOPOTKOro 3aMblKaHUsi CUCTEMbI B MeCTe yCTaHOBKU Y3WUIT;

- TMn pacnpegenuTensHoli cuctemsl (IT. TT. TN u T. A4.).

A.1.2 Ycnosua akcnayataumm

Ycnosusa pexuma oTkasa:

- NPUOPUTET HEMNPEepPbIBHOCTY 3IHEProcHabXeHus;

- NPUOPUTET 3aLunThI;

- To napyroe.

AHOMasIbHbIE YCNOBUA:

- YC/I0BUA OKpYXaloLei cpegpl;

- cucTema: BO3MoxHoe ysennyernme UCi B MecTe ycTaHoBKM Y3UI (Hanpumep, BcneAcTBMe perynimposaHns Hanps-
XeHus).

A.1.3 PaccmoTpeHune npumeHexus Y3UTT;

a) nogcoeAuHeHue:

- paza-zemns.

- HelTpanb-3emns.

- (hasa-HeiiTpans,

- hasa-hasa;

b) TN 3awmaemoro o6o0pyaoBaHusa:

- TpaHccopmartopbl.

- 3/1eKTpUYecKme MalluHbl.

- YCTpoOiicTBa, BKOYASA 3/1EKTPOHHbIE.

- apyroe obopyposaHue.

- Kabenu (Tvn v AnNvHa) U T. 4;

C) MakcMMmasnbHaa gnvHa nposoga mexay Y3UM un 3awmwaembim 060pyaoBaHMeM (3aliUTHOE paccTosiHue).

n pnmMmeyvyaHune — 370 paccTossHne [O0/HKHO 6bITb Kak MOXHO Kopoue;

d) makcumanbHas AnvHa NPoBOAHMKOB (MOABOAALLMX NPOBOAOB) OT BbIBOAOB Y3UI c yueTom coefguHeHns Y3UM
CO BCEMU NpoBOAHUKAMU ((ha3HbIMW, HENTPaNbHLIMU, 3a3EMSIOWMUMN).

A.1.4 XapaktepucTuku Y3UM:

- MakcMMasnbHoe AnuTenibHoe pabouee HanpskeHue Uc:

- YpOBeHb HanpshxeHus sawutbl UO\

- UcnblTaTenbHble XxapakTepnuctuku: knaccol |, I unwu ll;

- YCTOWYMBOCTb K KOPOTKUM 3aMblKaHusiM npu oTkase Y3UIT;

- ycnosus yctaHoBku Y3UIT (Hapy>xHas, BHYTPEHHAA U T. 4.);

-4ncno BBOJOB;

- CTeneHb 3aWunTbl, obecneyrBaemas 060104Koit (kog IP);

- HOMUHanbHbI pa3pagHblil TOK /,, (knacchl ucnbiTanunii | u ll):

- MaKCUMasibHbIi ANNTENbHBIA TOK HArpy3kn (ecnn NpUMeHuMm);

- MaKCMMasbHbIi UMNYNbCHBIA TOK /jmp. MakcManbHblli pa3psaaHbli TOK /mMex Ay HanpskeHve pasoMKHYTOW Lenu
Uoc (ans ucnbitanuii knaccos I. Il n [l COOTBETCTBEHHO);

- XapaKTepucTuka BpeMeHHbIX nepeHanpskeHuin Uj;

- pexum oTkasa

1 JONOMTHUTENBbHO ANA ABYXBBOAHbLIX Y3UM:
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- MaKcuManbHblil ANUTENbHBIA TOK Harpy3ku /L (ecnu npuMeHum):
- NafieHne HanpsHKeHust B NpoLeHTax.

A.1.5 [lononHUTENbHOE 060PYL0BAHNE U NPUHAANEXHOCTU:

- TUN MOHTaXa,;

- OpMEeHTauUs MOHTaxa;

- pasbeguHuTens Y3UM (npum Heo6xoAnMOCTK):

- MONEpeYHoOEe CeYeHue COeAMHUTENbHbLIX NPOBOAOB.

A-1.6 Ocobble aHOMasbHble YCNOBUSA
Hanpumep: yacTble cpabaTtbiBaHus.

A.2 VIHhopmauma ana cneynanncTos

Bce nepeuncnenns A.1.4nA.1.5.

Kpome ToOro, B 3aBUCHMOCTN OT TEXHO/IOTNK:

- XapakTtepuctuka BMNH (/1;

- ocTaTO4YHOe HanpsbkeHue B (hyHKLMMN TOKa;

- BO3MOXHOCTU A1 MOHTaXa, CXeMbl YCTAHOBOYHbIX OTBEPCTUIA, N30NUPYIOLLME OCHOBAHUS, KPOHLUTENHbI:

- Tunbl BbIBOAOB Y3WIM 1 gonycTumblii pasMep nofcoeguHAeMbiX MPOBOAHUKOB;

- pasmepbl 1 macca.

A.3 MosACHeHNE MeTOANK UCMbITaHUIA, NpUMeHsieMblX B MOK 61643-1

A.3.1 Onpegenexue U,,, ansa Y3WUM. ncnoityemblix no knaccam I un ll

Heobxoanmo, uyTob6bl OCTATOYHOE HanpskeHwe onpeAenianoch C NOMOLLbI0 reHepaTopa KOMGWHUPOBAHHOM
BOJ/IHbI 8/20 B cnepfyloleil nocnefoBaTelbHOCTU 3HAUYEHWI A KPATHOCTM HOMUHANBLHOTO ToKa B 06enx nonspHoctax: 0.1 /,;
0,2/m; 0.5/m 1/nwn2/, K Y3UMN npuknagbiBaloT No KpaiiHeli mepe oAvH Umnynbc npu /Tax unu /pafk (Npy ycnosum.
YTO Ana» nnu npesblllaeT /n) Npy Toi NONAPHOCTU, KOTOpas nokasana 605ee BbICOKWE OCTATOUYHbIe HaNPSXXeHUs B
npeAbiaywem MCnbiTaHnu.

MepBblii UMK NPOBOAAT NPU  OAHOW NOASPHOCTU, BTOPON - MPU NMPOTMBOMNOJMIOXKHON MONAPHOCTU ANSA MPOBEPKK
Hannuma KyMynaTuBHoro acpdpekta B aTom Y3UI.

HesaBncumo oT knacca ucnbiTanuii | uam Il doopma BosHbI Bceraa Ao/mkHa 6biTb 8/20. MOCKObKY ee MPUMEHSI0T
Ana cpaBHeHus. Ee ucnonb3ytoT npu Boibope Y3UI. Korga cpaBHUBAIOT €ro 3alUTHblE XapaKTePUCTUKMU C UMMYbCHbIM
BbllePXXMBAEMbIM HanpsHKeHWeM 3aluiiaeMoro o6opyaoBanHus. TUNNYHON (hOPMOI BOMHBI ANA WCMbITAHWIA  Knacca
I aBnsieTca /Ng. onpeaensieMblii /peakn O. ogHaKo AaHHas hopMa BOJSIHbI HE C/IMIIKOM OT/iM4aeTcs OT (hOPMbl BOJIHbI
8/20 Cc TOYKM 3peHnss CKOPOCTM HapacTaHusa Toka. [1oaToMy dhopMy BOsHbI 8/20 NpMMeHSAIOT B kayecTBe o6Leli 6a3bl Ans
CpaBHEHMUA 3alUTHbIX XapakTepuctuk Y3Url.

Mexay 0.1 /r,n 2 /,, 6epyT MHOXeCTBO 3Ha4YeHWN, 4TO6bl 06HAPYXUTb KPUTUHECKYHO 30HY, KOTOpAs MOXET BO3HUK-
HYTb (KpUTMYeckas 30Ha BO3HMKAeT B TOM Ciyyae, Korja NoHmKeHne Toka BefeT K MOBbILWEHNI0 OCTaTOYHOro Hanpsxe-
HKA). BaXHO OTMETUTb, UTO OCTATOYHOE HanpshKeHue npu /, ABNAETCS YC/I0BHbIM 3HAYEHUEM, KOTOPOe MOXeT He 6blTb
Han6onblmMM (Hanpumep, ecnn Y3UM uMeeT KPpUTUUYECKYIO 30HY).

3HaueHune 1/p, ykasaHHOe B MapKupoBKe, HeAOoCTaTOYHO A/ YCTaHOB/IEHUS KOOpAMHALMUN U30NSALUN U KOOPAK-
Hauun mexgay Y3WM. /3rotoButenb B CBOEN TEXHWUYECKON JOKYMEHTaun JO/DKEH NpesycMOoTpeTb KpUBY unu Taénuuy
3HaAYEHU i OCTATOUHbIX HANPSKEHWIA.

[,0CTaTo4yHO BbIMOMHUTL OAHO M3MepeHue mMexay 2/, n /Tax wnan /p*ak. 4To6bl NONYYUTb KPUBYIO OCTATOUHbIX
HanpshkeHuid Ao Traxx nnu /ceak ¢ JOCTaTOUYHbIM YNC/IOM TOYEK.

MpumeuvyaHune — Korga 2/060nblwe, 4em /T4, wnun /peak. UCNbiITaHNe MOXHO NPOBOAWUTbL Mpu 1.2 /,,.

A.3.2 ®opma BONHbI UMNYyNbca A4NSA OLEHKN 1/,«

dopmy BOMHbI 8/20 NPUMEHSIIOT A1 UCMbITAHUA O4HOBBOAHbLIX Y3UIM. umeowmnx 4onycTMMoe OTK/IOHEHME ToKa
5 %. Takoli UMNyNbC He [O/KEH oKasbiBaTb BAUAHMS Ha Uldk nosiBnsiolieecs Ha oAHOBBOAHOM Y3UTII.

AByxBBoAHble Y3WI. Kak npasusio, AO/DKHbI MMETL MocsiefoBaTe/ibHoe MOJSIHOE COMPOTUB/IEHME, Hanpumep Ka-
TYWKY UHAYKTUBHOCTU ANA pa3sa3biBaowero gpunbtpa. Kpome T0ro, Ha KaTtyllike cO CTOPOHbI 060pyA0BaHNA [IOKET ObITb
yCTaHOBNEH LYHTUPYIOLWMNIA KOHAeHcaTop AN co3AaHuns adhpeKTa HU3KoUacToTHOro ounbTpa. B Takux cayvasax Mmnynb-
CHasA BO/SIHA C OTK/IOHEHVWeM OyfeT 3HauuTesnbHO U3MeHATb U,0i COrnacHo 3HayeHuto OTKNOHeHUs. VIMeHHO no 3Toi
npuyvHe A0MYyCTUMOE OTK/IOHEHME NPU UCMbITAHUN [BYXBBOAHbLIX Y3WI1 orpaHnyeHo 5 %.

A.3.3 BnusaHue pa3sa3sbiBatolero uabTpa Ha onpegenexue |/fas

Korpa ¢ fBYXBBOAHbLIMW YCTPONCTBAMU NPUMEHAOT pasBsi3biBalowunii punbTp, MOXET UMeTb MecTo B3auMopeit-
cTBMe, KoTopoe nckasut Habnwogaemoe U.Btu moxeT gatb HenpaBuibHbIl pesynbTaT. [iByxBBOAHOE YCTPOWCTBO B BUAE
pasBssbiBalLWero guabTpa bygeT BbigaBaTb nukoBoe 3HaueHne Ui mocne okoH4YaHus npuknagbiBaHns UMMy/bCa.
TouHO Tak e pasBsA3biBaloWnii GunbTp 6yaeT AeiicTBoBaTb M BO3BpaLlLaTb COXPaHEHHYI 3HEPruio B KOHUE uMnynbca.
Pe3ynbTupytole opma nMnynbca 1 NMKOBOE 3HAYeHWe HanpskeHns 3aBMCAT OT NapaMeTpoB Kak pa3Ba3blBaloLLero
nnbTpa, Tak U NCNbITYyeMoro yctTpoicTea.
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Ans onpegeneHus Hauxypwero 3HadeHns U,ca UCMbITATENbHbIA UMNYNbC cnegyeT NpuknagbiBatb MNpu Makcu-
MaJIbHOM 3HA4YeHWN NEepPeMeHHOro TOKa NMUTAHUSi C TOW e MNOMAPHOCTbI0. B 3TOT MOMEHT BPEMEHW BCE KOMMOHEHTbI
nenbiTyemoro Y3UIM HaxoAATCcst Noj MakcMMasbHbIM HanpsbkeHnem. Torga 3HaueHve urad 6yAeT cooTBeTCTBOBATL CyM-
me M NOCTEMEHHO HapacTalLlero HanpsXkeHus BCreAcTBUE MPUIOXKEHHOTO UMMYbca. ITO 3HAUYEHNE MOXET BbITb
onpeaeneHo NyTeM NPUIOXKEHUS HanpsKeHUs NOCTOSIHHOTO TOKa, paBHOro Umex, Yepes ynpasnswowuii gnod. Ucnbita-
TeNbHbI UMNYNbC NPUKNAALIBAIOT MeXAy ANOAOM U [BYXBBOJHbIM YCTPONCTBOM. B 3aBUCMMOCTM OT KOHCTPYKLMN ABYX-
BBO/ZHOTO YCTPOWCTBA MOXeT 6biTb HEO6XOAUMO NpPeAycMOTPeTb anbTepPHATUBHbIA NCTOYHWK NepemMeHHOro Toka Ans
nuTaHWsa BHYTpeHHell pa6oyeil NNU ANArHOCTUYECKOW 3NEeKTPOHNKMU.

MpumeyaHune — 3T0 ucnbiTaHne He nogxoauT ana Y3WUIM c pa3genvtenbHbiMyU TpaHcopmaTopamm.

A.3.4 VicnbiTaHe B paboyem pexume 4151 yCTPOKCTB 3alWMTbl OT UMNY/IbCHbIX NEepeHanpsXXeHUi, NCNbITyeMblX
no knaccam [ nll TMNoOBbIX NCMbITAHWIA

Mpexpae Bcero NpoBoAAT nNpeABapuTesibHYy0 NOArOTOBKY, YTO6bI y6eAnTbCs B OTCYTCTBUM M3HOCA YCTPOCTBA.

MpepBapuTenbHy0 NOArOTOBKY NPOBOAAT, nNpuknagbiBas 15 nmnynbcos 8/20 npy HOMUHaNBLHOM pPa3psAHOM TOke
BMeCTO 06bl4YHbIX 20 UMMNY/IbCOB, NPUMEHSIEMbIX MPU UCMbITAHUN BbICOKOBO/IbTHLIX Pa3psAHUKOB. 3TO 060CHOBAHO TEM.
4YTO UCMbITaHNe B paboyem pexmme camo no cebe xectye (HanpyuMmep, N0 YNCAY UMNYNLCOB U X hOPME), YeM PEeKOMEH-
ayemoe a M3K 60099-4.

MpepBapuTenbHyl0 NOATOTOBKY NPOBOAAT, Npuknagpias Gc. CMHXPOHM3aLUMI0 Kaxoro uMMnynbca Mo 4yacTtoTe
50/60 'y npoBogAT yepes 30". HaunHasAs oT O . ATO HE06X0AUMO cobNAaTb NOTOMY, YTO HeKoTopble Y3WUM. Hanpumep
MCKPOBblE Pa3psAHUKN, YyBCTBUTE/IbHbI B OTHOLLUEHWW 3TOrO yrnia, 0CO6EeHHO B TOM. YTO KacaeTcs COMPOBOXAAtoLLero
ToKa.

15 umnynbCcoB NpUKIaAbiBalT TpeMs rpynnamMu no 5 umnynbcos. Mexay KaKAoi rpynnoii MMNy/bCoB OCTaBASIOT
JocTaTtouyHo BpeMeHu (30 MUH) AN oxnaxaeHust obpasua.

Mocne Takoi NnpefBapuTeNnbHON NOATOTOBKM NPUKNaAbIBaAlOT NO O4HOMY AOMOJIHUTENBHOMY UMMNY/bCY HA KaXX40M
13 cnepyoWwmnx ypoBHeii Toka:

0.11mex (cooTBeTcTBEHHO /1Tp), 025/TBX (COOTBETCTBEHHO /|TP), 0.51"" (COoOTBETCTBEHHO /,*,). 0.75/Tax (cooTBeT-
CTBEHHO /,.*) n Irax (cooTBeTCTBEHHO /Ngp) AN HAXOXAEHNA BO3MOXHOW KPUTUYECKOW 30HbI. Mexay mmnynbcamu
NpoBOAAT TensoBoe oxnaxgeHne. Kputnyeckas 30Ha COOTBETCTBYET 3HAUYEHUIO TOKA HMKe Irax (COOTBETCTBEHHO /«*>),
KOTOpOe MOXeT Bbl3BaTb 0TKa3 Y3WUI. B TO BpeMs Kak npu /Tax (COOTBETCTBEHHO /,*,) OHO coxpaHseT paboTocnoco6-
HOCTb. TUMWUYHBIA NPUMep — BapUCTOP Ha OCHOBE OKUCU LIMHKA, COeMHEHHbI napaniesibHo C UCKPOBbIM Pa3psfHUKOM.
Ecnun pa3pagHuk He cpaboTaeT, NOMHbIA UMNYAbC NPUKNaAbIBaloT K BApUCTOpY. STOT BApUCTOP MOXeT 6biTb He CNoco6-
HbIM NPOTMBOCTOATb Harpyske, NoJO6GHO pa3psagHMKY, U MOXET BbIATU U3 CTPOS.
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MpunoxeHune B
(cnpaBou4HoOe)

Mpumepbl cooTHOW EeHUA Mexay UCM HOMUHANbHLIM Hanps)KeHUeM, MpUMEHAEMbIM B CUCTEMAX,
M npuMep cooTHOWeHUs Mmexay Upwu l/c ans BapuCcTOpPOB HA OCHOBE OKWUCW LiMHKA

B.1 CooTHOoweHne mexay UC M HOMUHANBbHLIM HaNpsAXeHWeM CUCTEMbI

Ta6nuuya B.1— CooTHoweHne mMexay UC 1 HOMWUHA/IbHbIM Hamnps>)XeHNneM CUCTeMbI

HomuHanbHoe HanpsxeHue cuctembl Mpumepbl Uc Ha ocvoee 3HaueHWii, ykasaHHbIx B MIK 60364 5 53

cornacHo M3K 60664-1

n.,n A" Y3UN. yc-  “urn.*"* y3uUn “cnH, A"» Y3UM,
TpexdasHas, Tpexdhasmas. TAHOBNEHHbIX MEXZYy YCTAHOBNEHHbIX YCTaHOBNEHHbIX YH-4"" y3un.
HeTblpexnpo- Tpex- nmm Gasoii 1 npoBogoM  Mexay hasoi u Mexgy dasoii n YCTaHOBNEHHbIX
BOJHas cuctema, 4YeTbipexnpo- PE nnn PEN B cucre- 3emneii nm 3emneii unm mexay dasamu
C 3a3eMneHHol 00AHARA CUCTEMA,  max TN** uan mexay HelfTpanbio u HeliTpanbio B cuctemax TT.
HeiTpanbto 6e3 3a3eMNeHuss  (hasoii u HeliTpanbilo  3emneit B cucTe- n 3emneii TN wnm 1T
B cuctemax TT"' max TT*1 a cuctemax IT
Cucremsbl Cucrema IT C perynupo- Co 3Ha4eHuem Co 3HaueHnem C perynupo-
TTuTH BaHMEM Manpsxc 1.510 1.73P0 BaHMEM Hanpse-
vusa go 10 % Hua o 10 %

B 8 B B B B
120/208 - 132 180 — 229
127/220 220 140 191 220 242

- 230. 240 — - 240 264

— 260.277.347 — — 347 382
220/380. 380.400 253 345 400 440
230/400
240/415. 415 286 390 415 484
260/440
2771480 440. 480 305 416 480 528

al B page cnyyaeB MoryT noTtpe6osaTbcA 60/iee BbICOKME 3Ha4yeHus (Hanpumep, noTepsi HelTpanu B
cuctemax TT).

B.2 CooTHoweHune mexay Upu Ucansa BapucTopoB Ha OCHOBE OKUCKU LMHKa

OTHoweHne UplUc— napameTp, xapaktepusyowuin Y3UM. [laHHoe OTHOLWEHWE 3aBUCUT OT NPUMEHSEMbIX KOM-
NoHeHTOB. B Tabnuue B.2 npuBefeHbl TUNUYHbIE 3HAYEHUS OTHOWeHUs Up/Uc N5 KOMNOHEHTOB BapucTopa Ha OCHOBe
OKWCU LMHKA, KOTOpble U3MEHATCA B (DYHKLUM pa3mepa Bapuctopa v B (YHKLUM NpUKNafbiBaeMoro Toka

Tab6nuya B.2- CooTHoweHne mexay Upu Uc ana BapucTopoB Ha OCHOBE OKUCK LMHKa

/,, (6/20). kN AvameTp, Mm UJUC pgna ZnO BapucTtopos
1.0 14 3.3
2.5 20 3.8
5.0 32 4.1
10,0 40 4.6
20.0 60 4.6

Bonee Bbicokoe Wan 60nee HW3KOe OTHOLIEHME MOXET ObiTb Nosly4eHo No Apyrum TexHonorusam. Marotosutesb
MOXET npeaycMoTpeTb HY)XHOE OTHOWeHNe A1 KOHKPEeTHOro n3aenns.

MpumeyvyaHune — [pyrme napameTpbl, HaNnpuMep yCTONUMBOCTb K MMMNY/IbCHBIM NEPEHAMPSHKEHUSIM, TakKe
MEHSIOTCA B 3aBUCMMOCTU OT TEXHONOTUN.
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Mpunoxexune C
(cnpaBou4Hoe)

Okpyxatwas cpefa— WMnNynbcHble nepeHanpsXeHus
B HN3KOBOJ/IbTHbIX CMCTEMAX

MpumeuyaHnel — AaepHbIl 3NeKTPOMArHUTHbIR uMnynsc (A3MW) B cTaHgapTe He paccMaTpuBaeTcsi, OH
TpebyeT OTAENbHOTO PacCMOTPEHWS.

MpumMmeuaHune2 — VMNynbCcHble NepeHanpsikeHus, paccMaTpyBaeMblie B HACTOsILLEM cTaHgapTe. — 370 Te,
KOTOpble B [jBa pa3a MpeBbILIAT MUKOBOE paGoyee HaMPsXKEHWE U UMEKT ANNTENbHOCTL OT A0Nel MUKPOCEKYHAbI 40
MWUIMCEKYHABI. 3[€Cb HE PACCMATPUBAIOTCS NEPEHANPSKEHNS MEHbLLUETO NOPsiAKA, PABHO Kak W NEpPexofHble npouec-
cbl GoMblIEl ANUTENbHOCTY, Bbi3biBaeMble PaboToi CUNOBOr0 06GOPYAOBAHUS U peXUMamMn NoBpexaeHnsi. MOCKONbKY
nofo6HblEe HU3KOAMMAUTYHbIE ANUTENbHbIE BPOCKM He NOAABASIOTCA 06LWEenpUHATLIMU Y3UT. To noTpebyloTcs UHble
MeTofpbl 3al4UThl, YeM pacCMaTpuBaeMble B HACTOSILLEM CTaHaapTe.

MpumeyvyaHune3 — lMpuBogumas 3gecb MHpopmauus asnseTca o63opom byayuiero ctaHgapta MOK 62066,
KOTOpbIA 6yAeT ony6MKOBaH B BUAE TEXHUYECKOro oTYeTa. B HACTOALWMIA MOMEHT Lenb ny6avkauum — 3To npeAocTaBne-
Hue nHpopmauun. Korga ctaHgapTt 6yaeTt ony6amMKoBaH, Ha Hero 6yayT caenaHbl HenocpeAcTBEHHbIE CCbIIKW, B YACTHO-
CTW 6yAyT f06aBNEHbI YEPTEXN.

MIMnynbCHble NepeHanpskeHus, NoABNAIOWMNECA B HU3KOBO/IbTHbIX CUCTEMAX, SIBAOTCSA CNeACTBMEM Tpex BUAOB
ABNEHWIA:

a) NpUpoAHbIe SIBIEHUS, HanpUMep yAap MOMIHUK, KOTOPbI/i MOXET nonacTb HEMNOCPEACTBEHHO B CU/IOBYIO cUCTe-
My, nM60, yaapvB B 060 6nn3nexaliunii 06beKT, HABECTU NepeHanpsXeHune;

b) NpefHamMepeHHoe AelicTBMe B OTHOLIEHUW CUIOBOI CUCTEMbI, TAKOE KaK Harpyska uav KOMMyTauusi KOHAEeHca-
TOPOB. BK/IOYEHHbIX B Nepefaioline unu pacnpegenutesibHble cucTeMbl notpebuteneit, NM60 Kak onepauun KOHEYHbIX
nonb3osatenei:

C) HenpeAHamepeHHble COObITUSA, Takue Kak MNOBPEeXAEHUs B 3HEpProcucteMe U WUX ycTpaHeHue Uan CBA3b
MexAay PpasfiMyHbIMW  cUCTeMamu, Hanpumep B3aWMOAEWCTBME  Mexfy 3Heprocuctemamyu U cuctemamu cBsi-
3u/ynpasneHus.

C.1 F'po30Bble NepeHanpsaXxeHus

po3a — HeoTBpaTUMoOE fBMieHNEe, KOTOpPOe NOCPeACcTBOM pas/INyHbIX MEXaHW3MOB BO3[eiCTByeT Ha HU3KOBO/NbT-
Hble CUCTEMBbI (CU/IOBbIE CUCTEMbI, @ TaKkke CUCTeMbl CBA3u/ynpaBrieHus). O4YeBUAHbIM B3auMoOfeicTBUEM sABAsieTCA
npsIMOii yaap B cUCTEMY, HO U pyrue CBA3YIOLMe MexaHU3Mbl TOXe MOTyT CTaTb MPUYMHOW NepeHanpsiXeHns B cucteme.
Tpu TnNa cBA3YIOWMX MEXaHN3MOB NO3BOMAIOT FOBOPUTL Kak O NMPUYMHE, Bbi3blBaloLleil NepeHanpskeHns B HU3KOBO/bT-
HbIX CUCTEMAX. XOTA peyb WAET O MepeHanpsKeHWsX, BadKHbIM acrnekToM 3TOl TeMbl SABMSIOTCA TOKW, CBSiI3aHHble C
nepeHanpsKeHNAMU, NN TOKK, ABNSAIOWMECA NepBONPUYMHON NepeHanpshkeHnii. 3To cnegylowme Tpu Tuna KaTeropuii:

a) npsiMble yaapbl B CU/IOBYIO CUCTEMY, KOTOpble MOFYT NPUIATACHL Ha MEePBUYHYO CTOPOHY pacnpegennTenbHoro
TpaHcgopmaTopa CpeAHEroYHN3Koro HanpshXeHusi, Ha HU3KOBOJbTHYIO pacnpeennTesnibHylo cuctemy (Bo3ayLHble Uaun
noA3eMHble MHUK), a Takke Ha NOABOAALLME OTBETBNEHUA K OTAE/IbHbIM 3AaHNAM:

b) HenpsMble yaapbl: yaapbl B 6n3nexatine o6beKTbl, KOTOpble MOTYT Bbi3BaTb NepeHanpsiXeHns B HU3KOBO/bT-
HOIl pacnpefennTenbHol cucteMe NOCPeCTBOM UHAYKTUBHON CBA3U MM 06LLMX MapLUpYTOB KaGesbHbIX ceTeil. XoTsa
nepeHanps>XeHnss 1 UMNy/bCHble TOKW BCNeACTBME Takux yAapoB MEHee BbICOKWE, YUeM CBA3aHHble C MPAMbIMU yaapa-
MW. OHW CNy4YaloTCst 3HAUYUTENbHO Yalle:

C) NpsAIMble yAapbl B CUCTEMY MOMHWE3aLNTbl NN B HE CBA3AHHbIE C Hell YacTu 34aHUsi KOHEYHOro noTpebutens
(KOHCTPYKLMOHHAs cTaslb, HE3NeKTPUYECKUe Y3/bl i KOMMYHUKaLWKW, Hanpumep BOA40BO/AbI, TENI0- U BO34yX0BOAbl, Nnd-
TOBble WaxTbl 1 T. A4.). Takne yaapbl MOTyT UMeTb [Ba BUAa NOCNEACTBUIA: MHAYKTUBHAS CBA3b OT IPO30BbIX TOKOB,
npoBoAMMas NOCTOPOHHWMU YacTAMU, U Nepejadya rpo30BOro Toka OT 3[jaHNA B HU3KOBOJIbIHYIO CUCTEMY, HensbexHas
B CU/Ty HEOBXOAMMOI 3aLynThl, ocyLiecTBAAeMOoi Y3UIT. yCTaHOBNEHHbIM MeXAy NPOBOAAMY HU3KOBOJ/IbTHON CUCTEMbI W
MECTHbIM 3a3eMJ/IeHWEM, WM Tak Ha3blBaeMoli 3KBUMNOTEHLMNANbHON CBA3bI0 3/1EKTPOYCTaHOBKMU.

[ANA KOHKPeTHOro ciy4vasi 3HavyeHue nepeHanpskeHus, NosiBUBLLErocs Ha 06bekTe KOHeYHOro nonb3oBaTens,
oTpaxkaeT XapaKTePUCTUKN MyTU CBA3W, TaKMe Kak BUA CUCTEMbI 1 PACCTOSIHME MeX/y TOUKOl yaapa MOMHUM U 06bEKTOM
KOHEYHOro nosib3oBaTens, Cnoco6 3a3emseHns, CONpoTUBAEHNE NMPoBoAa 3a3emMneHuns, Hanmune Y3UI BAOMb Tpacchbl
1 Hanuyne OTBETB/IEHUI cMCTEMbl pacnpefeneHus.

C.1.1 I'po3oBble NepeHanpaXeHus, nepearoLinecs oT BbICOKOBO/IbTHbIX CUCTEM

B cTtagun paccmoTpeHus.
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C.1.2 MepeHanpsXeHusl, BbI3BaHHbIe MPAMbIMUA yAapamMy MOSTHUN B HU3KOBO/bTHbIE pacnpejenuTenbHble
cucTeMbl

[eiicTytouiee NosIHOE COMPOTMBIIEHNE TPO30BOr0 KaHasia BbICOKO, U TPO30BOM TOK MOXHO MPaKTUYECKU CUMTATb
nfeanbHbIM WCTOYHUKOM TOKa. [M03TOMY NpPOM3BOAMMbIE NEepeHanpsKeHUst oNpeaensoTcs MIHOBEHHbIM AeicTBYylo-
UMM MNOJIHBIM CONPOTUB/IEHUEM U TPO30BLIM TOKOM.

[ns ypapa B IMHWIO B NepBblii MOMEHT HanpskKeHusi onpeAensitoT MofiHbIM COGCTBEHHBLIM COMPOTUBIEHNEM
(MMNYNbCHBIM COMPOTUBAEHWEM) NMHUW. ToK / cHayana fensir Ha fABa. W reHepupOBaHHbI UMNYNLC HanpskeHus U
cocTaBfnisieT:

U=0,52/.

rae U — MMNynbCHOE HanpshkeHue;
Z — NOJIHOe VMIMYJ/IbCHOe COMNPOTUBJIEHNE JIMHUK:
| — VMMNYNbCHBbINA TOK.

Ecnu fonycTuTb yMepeHHbI UMNYNbCHbI TOK 10 KA 1 NonHOE UMMynbCHOe conpoTusneHne 400 OM, To oxuaae-
MbliA UMNYNbC HanpsixeHUa coctasut 2000 kB.

MoaTomy, 4TO KacaeTCs HU3KOBO/IbTHbIX SINHWIA, NEPEKPbLITUS 06bIYHO BYAYT NPOUCXOAUTL MEXAY BCEMU NNHENHbI-
MV NMPOBOAAMM 1 B BONbLUMHCTBE C/lyyaeB Takke MexXAay NnHuel n 3emneii. Mocne nepekpbiTua AelicTBylolee nonHoe
COMNpPOTMB/IEHNE YMEeHbLUaeTCsA Ha 3HavyeHve, 3aBucsilee 0T COOTBETCTBYIHOLLEro CONPOTUB/IEHNA 3a3eMIEHNS.

OpHako gaxe ana 6onee HU3KOro [eiCcTBYIOLWEro NoHOro CONpoTUBAEHUS, K npumepy 10 OM. HanpseHue Ha
NvHUK cocTaBuT 100 KB, ecnn AonNycTUTb, HANpPUMeEp, YTO rPo30Boli TOK cocTaBnsieT 10 KA.

B kombuHMpoBaHHOI BO3ayLlLHON/KabenbHCl cucteme nepeHanpsXXeHnsa MoryT HeckoslbKo CHU3UTbCA BCleAcTBue
TOro, 4To Kabenu no cCpaBHEHMWIO C BO3AYLWHON NMHUEl umeloT 60/1ee HU3KOe MOJSIHOEe WMMY/bCHOE COMPOTUBNEHME.
3HaYeHNe CHKEHNSA 3aBUCUT OT ANINTENILHOCTY TOKa 1 06LLeil EMKOCTU CUCTEMbl OTHOCUTENBHO 3eMn. OAHAKO 06bIYHO
3TOr0 CHWKEHUA HefoCTaTouHo, YTo6bl M3bexaTb nepeHanpsHKeHuid, NpeBbiaWux HopMasbHbIli ypOBEHb CONPOTUB-
NEeHNss N30/19UUN B HWU3KOBO/IbTHBIX CUCTEMax. Takum obpas3om, cnegyeT 0XuAatb, YTO NPAMONA yaap MOMHAM MOXeT
BbI3BaTb MOBPEXJEHUS B TAKUX CUCTEMAX.

C.1.3 HaBefeHHble nepeHanpsaXeHnsa B HU3KOBOJIbTHbLIX pacnpefennTenbHblX cuctemax

Mo BAUSIHMEM M3MEHEeHMWS 3/1eKTPOMAarHWTHbIX Mo/eil BO BpeMs rpo30BOro ygapa BO BCEX BUAAX BO3AYLUHbIX
NIMHUIA BO3HUKAOT NepeHanpshkeHus faxe Ha 3HAYMTENIbHOM PacCTOSIHUM OT pa3psifja MonHWW. B kayecTBe rpy6oro
NPUBAMKEHNA BO3MOXHbIE NEpeHanpsHkeHWss MOryT 6biTb BblUMC/IEHbI MO creaytoleli opmyne

U = 30Kk-"-1,
(0]

rae / — Trpo30BOWi TOK;
h — BbicOoTa NpoBOAOB Haj 3emneii:
K — K03(h(PULMEHT 3aBUCUMOCTI OT CKOPOCTU 06paTHOro Xo4a rpo3oBOro paspsija B rpO30BOM KaHase.
d — paccTosHne OT mMecTa paspsija MOHUN.
M3meHeHne napameTpa K Hesenuko (o1 1,0 go 1,3).
Ansa cpegHero rpo3osoro Toka 30 KA U ANA NMHUKM BbICOTON 5 M Haf 3eMneii HanpsxxeHvne 6yeT npesblwaTb 5 kB
Ha paccTosiHme 1 Km OT pa3paga monHuu. Tok 100 KA gacT npegnonaraeMoe nepeHanpskeHve 1.8 kB Ha paccTofHumn
10 kM B Nof06HOM cryvae.
C.1.4 MepeHanpsaxeHWs, BbI3BaHHble pas3psagaMn MOHWI B Tp0303alMTHbIX CUCTeMax
B cTtaguv paccmoTpeHus.
C.2 KoMmMmyTaLnOHHbIe NepeHanps>XeHns
YKa3aHHble NepeHanpsikeHusl, C TOYKN 3peHNs ToKa, HanpshkKeHus v ANNTeNbHOCTU, GbiBalT OBbLIYHO HUXKE, YeMm
rpo30Bble NMepeHanpsxeHns. TemM He MeHee B HEKOTOPbIX Cly4asx, 0CO6EHHO BHYTPU COOPYXEHW Unn B6/IM3N NCTOUHN-
KOB KOMMYyTaLMii, KOMMYTaLMOHHbIEe NMepeHanpsHKeHns MOryT 6biTb Bbllle, YeM rpo3oBble. Heob6xoAnMo BnageTb NHop-
Maumeli 06 3Heprum KOMMYTaLMOHHbIX UMMYNbCOB ANA Bbibopa nogxoaswero Y3UM. AnnTenbHOCTb KOMMYTaLMOHHbIX
MMNYNbCOB, BK/OYAsA NepexofHble NpoLecchbl BCAEACTBME KOPOTKMX 3aMblkaHWili 1 cpabaTbiBaHWs npepoxpaHuTeneii,
MOXeT ObITb ropa3fo 6osblue, YeM A/INTENbHOCTb FPO30BOro MMNynbca. O6bIYHO N06as KOMMYyTaLMOHHasA onepauus,
BO3HWKHOBEHVE KOPOTKOrO 3amblKaHus, OTK/IOYEeHNEe U T. [l. B 3/IEKTPOYCTAaHOBKE COMPOBOXAAETCA NepexofHbIMn npo-
LeccaMun. B X0e KOTOPbIX MOTYT BO3HWKHYTb MepeHanpshkeHus. Jlloboe BHe3anHoe M3MEHeHWe B CUCTEME MOXET Bbi3-
BaTb KoJie6aHNs BbICOKOI 4acToTbl (onpegenseMble pe30HaHCHbIMK YacToTamu ceTu), NpodosnkalLlimecs Ao Tex nop,
noka cuctema He cTabunusnpyeTcs CHoBa B CBOeM HOBOM YCTOYMBOM COCTOSIHUW.
3HayeHne KOMMYTaLUMOHHOTO NnepeHanpskeHns 3aBMCUT OT MHOTMX MapameTpoB, HanpuMmep Tuna uenu, Buaa
KOMMYTaLMOHHO onepauun (3amMblkaHne, pasmblkaHue, BO3BpaT B MCXOAHOE MOJMIOXEHWUE), HArpy3oK, aBToMaTu4ecKoro
BbIK/IIOYATENA UAN MIaBKOTO MpefoxpaHuTens.
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YacToTy konebaHuii BO BpemMsi KOMMYTaLMOHHbIX onepauuii onpesensioT xapakTepucTuKuU CUCTeMbl, WHOrAa
MOXET BO3HUKHYTb fIB/IeHNE pe3oHaHca. B Takux cnydasx BO3MOXHO O4YEHb BbICOKOE nepeHanpsikeHve. BepoaTHOCTb
pe3oHaHca C rapMOHVWKamy MPOMbIWIEHHOW 4acToTbl cUCTeMbl 06bl4HO Mana. OAHako, ecnu co6CTBEHHas vactoTa
OTK/l04aeMoii yacTn cucteMbl 6M3Ka K 0fHOW Mnn 6onee pe3oHaHCHbIM YacToTaM OCTasIbHOM YacTu cUCTEMBbI, COCTOSA-
H/e BPEMEHHOro pe3oHaHCa BO3MOXHO.

C.2.1 O6wume nonoxeHus

TunuyHas gopmMa KOMMYTALMOHHbLIX WMMY/NbCOB OnpeAensieTcs peakunell HWU3KOBONbTHOW 3M1€KTPOYCTAHOBKM.
B 6onblMHCTBE clyyaeB — 3TO Kpyroeas BosiHa. O6bluHas yacToTa — HEeCKO/IbKO COTEH KWnorepl, B MUKPOCEKYHAY.
MakcrmanbHas CKOPOCTb HapacTaHWsa — HEeCKO/IbKO KM0BO/bT B MUKPOCEKYHAY. [ANNTENbHOCTb MMMY/IbCOB HAXOAUTCA B
LUIMPOKOM Auana3oHe BpemeHW. ECnu UCKIIoUNTbL KOMMYTaLMOHHbIe NepeHanpshXeHus, Bbl3BaHHble cpabaTbiBaHMEM
nnaBKUx nNpegoxpaxHutenei, TMANYHON ANNTENbHOCTLIO (BpemeHeM nonynepuoga) sisnsetcs oT 1 o 50 mke. Ctatnctu-
Yeckuii aHann3 nokasbiBaeT, YTO BEPOATHOCTb BO3HMKHOBEHWSA WMMY/IbCOB 60sble AgnntensHoctn (6onee 100 MKC)
mMana.

C.2.2 KommyTauumn aBTomMaTUYecKnx BblikntovaTtenein n nepeknovartenei

ABTOMAaTMYecKne BbIKOYATENN U MepekloyaTen WNPOKO MPUMEHSAIOTCA B KaXKAON 3/1EKTPOyCTaHOBKE  Kak
AN 3aWmnTbl 3/71EKTPo0bOpPYyAOBaHNA OTK/OYEHVeM ero npu neperpyske M KOPOTKOM 3amblkaHuu, Tak u Ans
ynpaBneHusi paboToii aneKTpoobopyAoBaHNA BK/IOYEHWEM W OTK/IOYeHWeM ero. YacToTa BO3HWKHOBEHWS nepeHan-
PSOKEHU NpU KOMMyTauusix 3aBUCUT OT 06M1acTy NPUMEHeHus, T. €. valle B NMPOMbILIEHHOM MPUMEHEHNN U pexe B
6bITY.

KommyTupyemble TOKM Npu OMUYECKUX Harpyskax HaxoAaTca B gnana3oHe HOMUHabHOrO Toka 3neKkTpoobopyao-
BaHNA. OfHako KOMMYTUpyeMble TOKM B 060PYyAOBaHUMN C OTKIOYAEMbIM UCTOYHWKOM MUTAHUS HAMHOFO Bbille HOMU-
HanbHOro Toka. Hanpumep, B TeneBn3ope MOLWHOCTbI0 100 BT HOMUHanNbHbIA ToK paBeH 0.4 A. B TO BpemMsi Kak TOK
BK/IlOYeHUsi — okoso 20 A. uto B 50 pas 6onbLue.

B mMexaHM4eckoM KOMMYTaLWOHHOM YCTPOACTBE NPU PYyYHOW MAN INEKTPOMAarHUTHON onepauun pacuenaeHns npu
Kaxzoli kommyTauum obpasyeTcsi anekTpuyeckas Ayra. BolcokoyacToTHoe konebaHue, reHepMpoBaHHOe BHe3arnHbIM
M3MeHeHNeM HanpsxXeHusl, B3auMOAeiCcTByeT C UHAYKTVBHOCTAMW U EMKOCTAMU B OKpYXaiolleil cpefe BbiKnoYaTens.
3710 KonebaHne HaknafblBaeTCs Ha HanpshkeHue Menwly asHbIMWU NPOBOAHVUKAMU U MexXAy (ha3HbiM NPOBOAHUKOM U
3emseil, U NoNHOoe HanpshkeHne okasbiBaeT BO3[eiCcTBME HA U30MSLMI0 3/1eKTPO06OpYA0BaHNSA OTHOCUTENbHO OTKPbI-
ThbIX TOKOBEAYLUUX YacTell 1 Apyrux Leneii. B oTaMume oT nepexofHbix NepeHanpskeHunii, nepejanolmxca yepes obLue-
CTBEHHYI0 pacnpefenuntesibHytlo ceTb K yCTaHOBKaM noTpebuTens, KOMMyTaluMOHHbIe NepexofHble NMpoLecchl, reHepupy-
eMble B npegenax ycTaHOBKM NOTpebutens aBToMaTuyecKMy BbiKIOYaTENAMN U MepekyaTensamMmm, BO34eNCcTByIOT Ha
3M1eKTpoobopyfoBaHme 6e3 3HaunMTeIbHOro ocnabnieHns, MOoCKObKY aMNanTy bl 3TUX NePexXoHbIX NPOLLECCOB OTHOCK-
TENbHO BbICOKU.

C.2.2.1 KommyTauum aBToMaTUUYeCKMX BblK/lOYaTenen n nepeknyareneii B COOpy>XeHnax notpebutenein

O6bI4HO 6onee BbICOKME aMMIUTYbl TEHEPUPYIOTCA MPU OTK/IOYEHUN, YEM MPU BKIOYEHUN 060pyaoBaHus. Mpu
OTK/IOYEHUN KOMMYTALMOHHbI UMMYNbC CO CTOPOHbI Harpy3kn uMmeeT 6osee BbICOKY aMNANTyAy W MOLLHOCTb, YeM CO
CTOPOHbI NUTaHusA. OfHaKo 3ro rnaBHbIM 06pa3oM Mpob6aemMa KOHCTPYKUMM AaHHOTo BMAa 060pyAoBaHMsA, B YaCTHOCTU
n3onauun. NepenanpsxeHus Takke OyAeT UCNbITbIBaTb 060pyAOBaHMe, NOAKIIOYEHHOE napasnnenbHo. MepeHanpsxe-
HVWe CO CTOPOHbI MuTaHWa 60/1eB BaXHO ANA BCEN CUCTEMbI W A1 KOHKPETHOro 060pyAoBaHusi, Hem nepeHanpskeHve
CO CTOPOHbI HarpysKu.

C.2.2.2 KommyTaumu aBToMaTMUYeCKUX BblKAOYaTeneil U nepeknwuyateneit B cucteme nuTaHusa (HU3KO-
BO/IbTHOW 1 BbICOKOBO/IbTHO)

MepexoAHble nepeHanpsHKeHUsi, BO3AENCTBYOLWNE Ha 3/IeKTPO06opyAOBaHNe, MOTYT HabnaaTbcsa B 1060 cuc-
TeMe nuTaHusa. B nog3emHbix cucTemax NUTaHus nouTy BCe NepexoHble MPoLecChl reHepupyroTcsa aneKTpoMmexaHunyec-
KUMU KOMMYTaLMOHHbIMU YCTPONCTBAMU aHaNOrMYHbIX UCTOYHWUKOB MUTaHUS.

B BbICOKOBO/IbTHbIX W HU3KOBOJ/IbTHBIX 3/1EKTPOYCTAHOBKaX KOMMYyTauuu WHAYKTUBHOCTEN, TakMx Kak TpaHc-
hopmaTtopbl. peakTUBHble KaTyLUKW, KaTyLKW KOHTAKTOPOB W pesie, yCTaHOB/IEHHbIX NapasnfieslbHO C UCTOYHUKOM nuTa-
HVSA. MOTYT BbI3BaTb KOMMYTALMOHHbIE MEPeHanpsKeHns ¢ aMnautygamu, AOCTUTaloWUMN HECKOJSIbKUX KWI0BOJbT.
To Xe camoe sBfieHWe BCNeACTBME CaMOVHAYKLUWM HabnaaeTcsa Tam. rAe NUHeHble UHAYKTUBHOCTU, Takue Kak BUTKW
NPOBOAOB 1 NIMHEHbIE KaTyLIKW CONPOTUBIEHUS, BXOASALLME B CUCTEMY IHEProCHAGXEeHUs, ABNSIOTCS YacTblo KabenbHol
ceTu.

Co CTOpOHbI NOAAYN MUTAHWA KOMMYTALWOHHbIE MepeHanpsXXeHns MOryT 6biTb Bbi3BaHbl TaKXe MpUMeHeHnem
MUMMY/IbCHbIX CUCTEM PerynnpoBaHus, Ayroii Mexay WeTkamn ABUraTenst U KOHTAKTHbIMU KO/bLaMKW, BHE3amnHbIM yMeHb-
LUeHNeM Harpysku 3/1eKTpoo6opyfoBaHns Wi TpaHcopmaTopos U paboynM OTK/IUYEHNEM KOHAEHCATOPHbIX 6/10KOB,
MCMOMb3yeMbIX ANA KOPPEKTUPOBKM KO3hULMeHTa MOLLHOCTH.
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YactoTa 1 3Heprus Takux nepeHanpsikeHuin Mornm 6bl B HEKOTOPbIX PefKUX cay4vasx 6biTb 3HAUYMTEIbHO Bbllle
aTMOC(epHbIX NepeHanpsHKeHUd C TOUYKM 3peHUs BO3AEeNCTBMA Ha HU3KOBOJIbTHbIE 3/1EKTPOYCTaHOBKW.

BpemeHHble nepeHanpshXeHns BCNeAcCTBME NepekioveHnit B HU3KOBOSIbTHOM 3HEpProcHabXeHun MoryT [OCTu-
raTb MakCMManbHbIX 3HAYEHUA B HECKO/IbKO KWUI0BOJIbT, XOTS MOXHO [OMNYCTUTb, YTO MaKciMasibHble 3Ha4YeHUsi orpaHu-
ynBalTCs onpefesieHHbIMI YCNOBUAMU NpU paboTe HU3KOBO/LTHOW nuTalolweil cetn. B Tex cuctemax aHeprocHabxe-
HWA. TAe YyCTaHOB/IEH KOHTPO/b MepeHanpsikeHuli 3almnTHbIMWU YCTPONCTBAMU, MOXHO OXWAATb, YTO MakcMmasbHas
amnauTyga B 6 kB 06bIYHO He MpeBblllaeTcs B NpeAeniax HU3KOBOJIbTHOW 3/1eKTPOyCTaHOBKMN noTpebuTtens.

Eule ogHWM siBNeHWEM, CPaBHUMbIM C KOMMYTALMOHHbIMY MepeHanpshXXeHnammn, aBnsTcs K3 u 3amblKaHWs Ha
3eM/1I0 B BbICOKOBOJIbTHbIX CUCTEMAX NMUTaHUs. K3 Ha 3eM/1t0 MOTyT Bbi3BaTb NepeHanpsxeHns mexay dasoii u 3emnei
B MPOBOAAx HeaBapuiiHOW NUHUKU B Anana3oHe MexdasHOro Hanps)keHus. bonee Toro, B Takux Cayvyasax MOryT Takxe
BO3HWKHYTb BPEMEHHble nepeHanpshkeHus. Takme nepexofHble Npouecchl nepefalnTcs OT BbICOKOBO/JIbTHOW CUCTEMBbI
3HeprocHabXeHUs HW3KOBONLTHOW cucTeme.

C.2.3 CpabaTtbiBaHne nnaBkux npegoxpanHuteneii (TOKoOrpaHMymBawl X npegoxpaHutenei)

MnaBkve npefoxpaHUTeNy LWNPOKO MCNOMb3YIOT B CUCTeMax pacnpefeneHns 3N1eKTPo3Heprun ANS 3aluTbl oT
CBEPXTOKOB M OTK/IOYEHMSA KOPOTKUX 3aMblkaHuidi. Ecnn npegoxpaHvTens cpabaTtbiBaeT, Hanpumep, B pacnpegennTenb-
HOIl cucteme Ana oTKNOYeHUa K3, aTo AelicTBre co3gaeT nepeHanpshkeHne, KOToOpoe NMeeT NPUGAN3UTENBHO TPeyronb-
HYI0 (hOpMy BOJIHbI U MeeT OTHOCUTE/IbHO HU3KYI YyacToTy. [MepeHanpsikeHne BO3HMKaET MexAay ha3HbiMy NPOBOAHM-
KaMu CUCTEMbI, a Takke Mexzay asHbIM NPOBOAHUKOM U 3aLMTHbIM NPOBOAHUKOM 3a3eM/IeHNs No MpuYnMHe 3a3emeH-
HOrO HelTpasbHOro Nposoja, a B cucteme IT — KOHAEHCATOPOB 3a3emsieHns. Takum o6pa3om, nepeHanpsKeHne BO3-
felicTByeT Ha N30/1ALMI0 MO OTHOLEHMNIO KOTKPbITbIM TOKOBEAYLLMM YaCcTAM U A4PpYTrUM Lensm. KoHeuHo, Takoe npoucxoanT
pexe, YeM nepeHanpsKeHUs, BbI3BaHHbIE KOMMYyTaLueil paboumx TOKOB.

Takoe nepeHanpsbkeHue Takxe nepefaetcs yepes LWWHbI APYrOMY 3/1€KTPO060opyAOBaHUMio, NonyvaloleMy nura-
HWe OT 3TOW e pacnpefennTesibHON CUCTEMbI.

Mo cpaBHEHUIO C APYITMMW UMNY/NbCaMU, Bbi3BaHHLIMW OMEPaTUBHLIMU KOMMYTaUUAMU, BO3HUKHOBEHWE UMMY/b-
COB BCnefcTBMe cpabaTbiBaHWsA NNaBKUX NpejoxpaHuTeneil — A0BOMbLHO peAkoe siBneHne. OAHaKo B Ciyyas OTKue-
HWS KOPOTKOrO 3aMblKaHUs MOXeT OblTb reHepupoBaH O4YeHb MOLUHbIA UMMNYNbC NepeHanpsXeHus. Ha 3To rnaBHbIM
06pa3oM B/IMAIT CKOPOCTb Bo3pacTaHusa Toka K3, xapakTepuctuka nnaBKoro npefoxpaHnTesns v ero HOMUHasbHbIV TOK.
a TaKke UHAYKTUBHOCTb Lienu.

OTkntoveHne K3 B huaepe pacnpefenntenibHON CMCTEMbI MIaBKUM NpefoxpaHuTesnieM, yCTaHOBNEHHbIM B6/IM3n
LUWH. SiBNAeTCA 3agayeli OTHOCUTENbHOM, NOCKOMbKY NepeHanpshkeHve, Bbi3BaHHOE KOMMYyTaluel nnaBKoro npegoxpa-
HUTENs. BO3JeNCTBYeT Ha BCe [pyroe afekTpoobopyaoBaHue, NOAKAIOYEHHOE K TeM Xe wuHam. OnbIT, OCHOBaHHbIV Ha
CTaTUCTUYECKUX AaHHbIX, NOKa3blBaEeT, YTO B 6bITOBbIX HU3KOBO/IbTHLIX CETAX NUTAHUA Takoe K3 cnyyaeTcsi o4eHb peako.
OgHako aToT Bug K3 nmeeT HEKOTOPYI 3HAYMMOCTb, KOrja paccMaTpuBaloTCsA NPOMbILLIEHHbIE CUCTEMbI pacnpegene-
HuA. rae K3 He Takoli yx peakuii cnyyaid.

C.3 BpemeHHOe nepeHanpshkeHne BCAeACTBUE NOBPeXAeHNN

B cTagnn paccmMoTpeHus.
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MpunoxeHune D
(cnpaBou4HoOe)

PacuyeT oTA€/1bHOTO rPO30BOIr0O TOKa

f?K - conpoTtuBneHve 3asemneHus HeliTpanu. Rta - conpoTuBneHue 3as3eMieHusi 3fjaHvs, B KOTOpoe yaapwuia MOMHWS,
Rt — conpotusneHue 3asemneHuns sgavus Ne r. Rtt -- obLiee CONPOTUBNEHME OCEX 3a3eMEHUli, 3a UCKIOYEHNEM 3a3eMNeHUs
34aHUs a KOTOpPOe yAapwuna MOHWUS, paBHOe

BE

/L - rpo30BOii TOW. NpoTeKawoLluii Yepe3 nopaKeHHoe MONHWENR 3aaHne; /M -- TO*, TeKylWuii B aNeKTPOCeTW, paBHbIi

n.
1+3UT

rb.a

MpumeuvaHun B— [nA 3T0ro pacyera CONPOTUBAEHNE CUCTEMbI 3a3eMIEHUSI COCeAHNX 34aHNI AOMKHO BbiTh
He 60/iee COMPOTUBNEHNA CUCTEMbI 3a3eMsieHns REQ 34aHns, NMOpPaXEHHOro MOJSTHUEN.

PucyHok D.1 — YNpoLeHHbIli pacyeT CyMMbl OTAE/bHbIX FPO30BbIX TOKOB B CUCTEME pacnpefesieHus aHeprum
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Mpunoxexne E
(cnpaBou4HoOe)

BpeMeHHble nepeHanpsHKeHus, BO3HMKaW e B HU3KOBO/IbTHOIA
cucTeMe BCNEeACTBME KOPOTKOTO 3aMbiKaHUS MeXay
BbICOKOBO/IbTHOW CUCTEMOI U 3emneit

E.1 O6Lwue NnonoxeHns

Mpy NoBpeXAeHUn Ha CTOPOHE BbICOKOTO HampshKEHUsi MOHMXKaloWero TpaHcopmaTopa (Hanpumep, BHYTPEH-
Hee MoBpexXAeHve TpaHchopmaTopa WM NEpPeKpbITUE UCKPOBOTO 3a3opa, CM. NpuMevaHue ganee) Tok I npoTtekaet
yepes conpoTueieHne R 3a3emnieHns TpaHccopmartopa. B 3aBUCMMOCTM OT B3aUMOCBSI3W MeXZAy COMpOTUBNEHUEM
3a3eM/IEHNS U HU3KOBO/IbTHOM CETLI0 BbICOKOE <Aovhv MOXET BO3/1e/iCTBOBATb HA HU3KOBOJ/IbTHYHO CETb B TEUEHUE NEpu-
ofja. paBHOTO BpEMEHUN NIMKBUAAL MM NOBPEXAEHNS B BbICOKOBONbTHON ceTu (0T 10 MC [0 HECKOMbKWX YacoB).

NMpumeuyaHne — BpeMeHHble NEPEHANPSKEHNSA Ha CTOPOHE HU3KOr0 HanpshKeHWs TpaHcdopmaropa mMoryT
6bITb pe3ynbTaToM:

- NOBPEeXAEHNA W30ALNN MeXAY BbICOKOBO/IbTHON U HU3KOBOJ/IbTHOI YacTsiMu B pe3y/ibTaTe 4Ype3MepHO BbICO-
KOro pocTa NoTeHuuana co CTOPOHbl OTKPbITbIX TOKOBEAYLLMX YacTel BbICOKOrO HanpskeHus;

- MPSIMOT0 KOHTaKTa MeXZy BbICOKOBO/IbTHOW W HU3KOBO/IbTHON 4YacTsiMU BC/IeACTBUE BHYTPEHHErO NMOBPEXAEHUS
NoHMXalLero TpaHcopMaTopa W NajeHVst NPOBOAHWKA BbICOKOTO HaMpshKeHWst Ha UHUM HU3KOTO HanpsiKeHus,

- CBA3W MEXAY COefUHEHUAMW 3a3eMNEeHUs, YTO NPUBOAWUT K NEpeHanpsiKeHWo Ha HeliTpanbHOW TOUYKe HW3KOro
HanpsbkeHus W. cnefoBaTesfibHO, Ha NPOBOJAX HU3KOTO HaMpsHKeHWs, U Aaxe Ha COeAMHEHUAX 3a3eMneHus notpebute-
nei nnm B 6nmxaiilwei TeneKkoMMYHUKaLVOHHON cucTeme.

JononHuTtensHble cBegeHns 06 YCNOBUAX BO3MOXHOIO BPEMEHHOro nepeHanpsxexHma cMm. B MK 60364-4-44. B
Takom cnyyas Y3WUI, BknoYeHHOe MexAay ha3oBbiMU MPOBOAHMKAMU U 3eMieil, MOXET 6biTb Upe3MepHO neperpyxeHo
N MOXET He BblAepxaTtb Harpy3ku. Cneayoowuii npumep 4ns cuctembl TT NOACHAET 3T0. TO MOXET Takxe NpousoiiT B
cuctemax TN unam IT (cm. gpyrue npumepsil).

E.2 Mpumep cuctembl TT — PacyeT BO3MOXHbIX BPEMEHHbIX NepeHanpsxeHuni

E.2.1 BO03MOXHble Harpy3ku Ha o060pyfoBaHMe B HU3KOBOJIbTHbIX YCTAHOBKAX Kak CMefCTBME 3aMblKaHU Ha
3eM/1I0 B CUCTEME BbICOKOIO HarnpsxeHus

p BH HH s

L1

L2

L3

PE

P — BH cuctema BbICOKOro HanpsxkeHun; S — MB cuctema HU3KOIO HanpsbkeHus; T -= TpaHcdopmarop

PucyHok E.1 — BpemeHHOe nepeHanps)keHne NpOMbILIEHHOW 4acToThbl,
Bbl3BAHHOE 3aMblkaHNEM Ha 3eMJl0 B BbICOKOBONbTHOW cucteme
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OnpepeneHne MosHbIX CONPOTUBEHUIA:

- ZcHV — nofHoe cONpoOTUB/IEHWE YCTPOiCTBa 3a3eM/IeHNs1 BbICOKOBONbTHON CUCTeMbl (MPU HanMumMmn Hynesoii
TOYKM 3Be3/bl B BbICOKOBO/IbTHOI CUCTEME);

-Z ELV— nosiHoe conmpoTvB/iEHME YCTPOKCTBA 3a3eM/IeHN HWU3KOBO/bTHON cucTembl (Cymma ZELVA n ZELVB):

- ZLV,ZM— cOonpoTUB/IEHNE NIMHUU U CONPOTUBIIEHNE HEWTPA/IbHOIO NPOBOAHMKA COOTBETCTBEHHO.

3aMblkaHne Ha 3eMJ1l0 B BbICOKOBO/IbTHOW cucTeme BO3AeiiCTBYeT Ha HanpshKeHUs B HU3KOBO/IbTHOW cucTeme,
ecnu Hynesas TOYKa 3Be3bl TpaHcopmaTopa CO CTOPOHblI HW3KOrO HanpshkeHus 3a3emsneHa (CM. pucyHok E.1). A
TaKke, ecny He cylecTByeT 06 ero NpoBogHNKa 3a3emieHns 06enx y3n10Bbix TOYEK 3Be3/bl TpaHcopmaTopa, 3ambi-
KaHve Ha 3emnto (Npo6oil BTY/NKM MCKPOBOrO 3a3opa TpaHccopmartopa Uau noBpexgeHvne BHYTpU TpaHcdopmartopa)
BbI30BET MOBbIWEHNE HANPSHXKEHNA B HY/€BOW TOUYKe 3Be3/bl HW3KOBO/IbTHON CUCTEMbI. TOK 3a3eM/EHNSA BbICOKOBO/bT-
HOIl cucTembl, NPOTEKaOLWWii Yepe3 NONHOe CONPOTUBMEHWNE zEUva. SIBASETCA MPUYMHONA MNOBbILEHNSA HANPsHXKeHus B
HyneBoOi Touke 3Be3[bl TpaHchopmaTopa. MoaToMy 3HaueHne ZELVA 1 3HaueHue Toka 3a3eM/IeHnst OnpeaensioT 3Have-
H/e BPEMEHHOro nepeHanpsXXeHus MPOMbILIIEHHON YacToTbl B HU3KOBO/IbTHON CUCTEME.

E.2.2 XapaKTepUCTUKN BbICOKOBO/IbTHOW CUCTEMbBI

E.2.2.1 CncTeMbl BbICOKOTO HanNpsXXeHUss C OrpaHUYeHHbIM TOKOM 3aMblKaHUA Ha 3eMJ1t0

Mpu 3a3eMNeHNN BbICOKOBO/IbTHOWN CUCTEMbI VHAYKTUBHON 3a3eMIUTENbHOW KaTyLwwKoli (KaTyLiKoi MNeTepcoHa) Tok
3aMblKaHVA Ha 3em/1to orpaHnynBaeTca Ao /oath 50— 60 A gna rapaHTMM camoralleHus gyru.

MoaToMy ocTaTtoyHoe NOJIHOe COMPOTUB/IEHNE 3a3eM/IEHUsI BbICOKOBO/IbTHOW CUCTEMbI HAXOAUTCS B AuanasoHe
ZBEHV or 100 o 500 OMm, v TOK 3aMbIKaHUA Ha 3eMJIt0 OnpefenseTcs UCKNYNTENIbHO No ZEHV.

3Heprua KOPoTKOro 3amblKaHWsA 1 conpoTuBneHnsa ZLVA u Zi.ve BASAHNA He OKa3blBaloT.

E.2.2.2 CncTembl BbICOKOTO HanpsHXXeHUsa C HN3KOOMHO 3a3eM/IEHHON HelTpanbio

ANna  MCKMUYNTENbHO MNOA3EMHbIX CUCTEM OrpaHWyeHne Toka 3aMblKaHUsA Ha 3eM/l0 He ABnfeTcs 60/blue
BO3MOXHOCTbIO €ro camoralleHuns (KOpoTKoe 3amblkaHue B kabene nospexjaeT ero usonsauumio). Mo 3Tol npuynHe
pacTeT 4MCNO BbICOKOBO/IbTHbIX CUCTEM, AEWCTBYIOLWMNX C HU3KOOMHON 3a3eMfeHHON HeliTpanblo. B 0OCHOBHOM
conpoTuBneHne 3asemieHnss ZEHV [0/MKHO OrpaHnynTb TOK KOPOTKOrO 3aMblKaHWs Ha 3emsto /oath npubnusntensHo
[O2KA.

ANs BbICOKOBO/IbTHOW CUCTEMbI C HOMUHANbHBIM HanpsikeHnem Un 20 kB conpoTuBfieHne 3a3emneHus ZEHv.
paBHOe Npn6am3nTensHo 5 OMm, ygoBneTBopseT aToMy TpeboBaHuio. He6onblime TpaHcdopmaTopsl AN NOACTaHL Ui
4acTo He NMeloT JOPOrocToALLe 3alnTbl 0T CBEPXTOKOB. M03TOMY A5 OTK/IOUYEHNA TOKOB KOPOTKOTO 3aMblKaHUs 06bIYHO
NPVYMEeHS0T NnaBkne npefoxpaHnTenn. Bpems oTknyeHus coctasnseT nopsgka 100 Mc B 3aBUCMMOCTU OT HOMUHaNb-
HOro TOKa MaBKOro npejoxpaHuTens.

E.2.3 BpeMeHHble nepeHanpsXXeHns B HU3KOBO/IbTHO cUcTeMe BCNeACTBUME 3aMblKaHUl B BbICOKOBO/bT-
HOll cucteme

E.2.3.1 BbICOKOBONbTHAA cucTeMa C OrpaHNyYeHHbIM TOKOM 3aMblKaHUA Ha 3eMJ10

B cucTemax HU3KOro HamnpsbkeHus, noayyvarlnx nuTaHne OT BbICOKOBOJIbTHOW CUCTEMbI C OrpaHUYeHHbIM TOKOM
3aMblkaHWsi Ha 3eM/to, conpoTuBneHne ZELVA ycTpoiicTBa 3a3emM/ieHust Ha TpaHcopmaTtope A0/MKHO 6biTh B Npegenax
2.5— 5 Om. Mpwn Toke 3amblkaHua Ha 3emio /carlh 50A HanpsbkeHne mMexay HelTpanbio U 3eMNeN Litov.hv BO3PACTET OT
125 go 250 B. B cucteme TT 3TV BpeMeHHble NMepeHanpshKeHns BO3AENCTBYIOT Ha U30NSALMI0 W 3/IeMEeHTbl 3alluTbl OT
nepeHanpsHKeHuin, ecim OHW yCTaHOB/IEHbI.

MakcrManbHbIi TOK. 06yCNOBNEHHbIV t/TOV hv Yepes3 a1eMeHT 3alyMTbl OT NepeHanpPs>XKeHni, yCTaHOBNEHHbIN Mexay
HelTpanbio U 3emneil, onpefeneHHo MeHblle 50 A. M0O3TOMY MCKPOBbIE MPOMEXYTKU MexAay HeilTpanbi u 3emnei
[0/DKHBI BbITb CNOCOGHBLI OTKAOYATb Masble NepemMeHHble TOKU.

E.2.3.2 BbICOKOBO/IbTHbIE CUCTEMbI C HU3KOOMHOIi 3a3€M/IeHHOI HelTpanbio

Ecnun gonyctuTb, 4To 06bI4Has cuctema 20 kKB nmeeT cnegyouive napameTpsl:

-ZEHv =50wm;

- Pk, =100 MBA;

- Un=20 kB.

a HU3KOBO/MbTHasA cuCTeMa UMeeT CriefyloLine XxapakTepucTUKu:

- "ELVA=10M-

-unn=230 B;

-Z"vb =50M. ZLV=ZN= 10 mOm, TO Ha Zelva npun <Aov hv- paBHOM npnban3untensHo 1200 B. nmeeT mecTo
BPEMEHHOE nepeHanpsxeHue.
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MakcrManbHblli TOK Yepes afIeMeHT 3alunTbl OT NepeHanpsKeHnid, yCTaHOBNEHHbI MexXxay HeliTpanblo 1 3emnei,
3aBUCUT OT OTHOWeHNA ZELVAK cymme 2 ELVB 1 ZM 114 3T0ro nprMepa MOXHO BblYMCANTb TOK. PaBHbIi Npubamm3nTensHo
200 A.

E.2.4 BbiBOAbI

Niobas BbICOKOBO/IbTHAA cUCTEMa C OrpaHUYeHHbIM TOKOM 3aMblKaHUS Ha 3eMJI0 Bbi3blBaeT BPEMEHHbIe
nepeHanps>XeHns MNpoMbILIeHHOW 4acToTel UTOVMV = 250 B B HM3KOBO/IbTHOI cUCTeMe Ha HeonpejeneHHoe
BpeMs.

MakcumanbHblii TOK. Bbi3blBaeMblii 1 tov.hv uepes 3fieMeHT 3aluTbl 0T NepeHanpsXXeHuidi mexay HelTpanbio u
3emrneii, coctasnseT 50 A.

CuCTEMbl BbICOKOTO HanpshKeHWsi ¢ HU3KOOMHOI 3a3eM/IeHHOW HeliTpanblo Bbi3blBAOT BPEMEHHbIE NepeHanps-
XXEHMSA B cUCTeEMax HU3Koro Hanpsbkenns Utovhv npubnunsmtensHo Ao 1200 B.

ToK. 06yCnoBAeHHbI Utov.hv Yepe3 aneMeHT 3aluTbl OT NepeHanpskeHnii Mexay HeldTpanblo 1 3emeil, 3aBucuT
OT OTHOLUEHWSA COMPOTUB/IEHNA YCTPOCTBA 3a3em/ieHnsi B TpaHC(OpMaTOPHON NoACTaHLUN K CONPOTUBAEHUIO YCTPOIA-
CTBa 3a3eMJ/IeHUs HelNTpann HU3KOBO/IbTHOW CUCTEMbl BHE TPaHC(OPMAaTOPHOW MoACcTaHuun. STOT TOK HaxoAWUTCA B
Avana3oHe HeCKO/IbKUX COTeH amnep.

E.3 3HaueHna BpeMeHHbIX NepeHanpsxeHuin cornacHo MIK 60364-4-44

MapameTpbl CUCTEMbl B OTHOLEHWW BPEMEHHOro MnepeHanpsXeHns [/19 KOHKPETHOW ciyvas MNpUMeEHEeHUs
[O/KHbI  6bITb  M3BECTHbI NOMb30BATEN0 ANS OLEHKU Nyyllero COOTHOLWEHUS MexAy 3awuToii obopyaosaHna n
BO3MOXHbIM OTKazom Y3UIM. M3K 61643-1 npegnaraeT pelwnTb 3TOT BOMPOC NyTEM MNPOBEAEHUs LONONHUTENIbHOTO
neneitaHna  Y3UI NpuioXeHWem BPEMEHHOro nepeHanpsXeHnsa A58 NPoBepKu, He npusegeT nm oTtkas Y3UI K
onacHoli cutyauun. 3HayeHne UTOv.hv 3aBUCUT OT TOKA KOPOTKOIO 3aMblKaHUsi /T U CONPOTMB/IEHUS 3a3eMJIeHUs
TpaHcopmaTopa R. B cnyyae cMCTEM C MHOTOYMC/NIEHHLIM 3a3eMJ/IEHMEM 3TUM COMPOTUB/IEHUEM ABNAETCA CeTb 3a-
3eMJIEHUA. KaK OHa BbIMNAAUT U3 TOYKW KOPOTKOTO 3amblKaHusA. MakcumasibHbIMU 3HaveHusamu no MIK 60364-4-44
ABNAKTCA:

UO+ 250 B (geiicTBylolLEE) C MHTEPBA/IOM BPEMEHM CBbile 5 ¢ AN BbICOKOBO/IbTHbIX CUCTEM C 60MbLINM BpemMe-
HEM OTK/IIOYEHUS, HanprYMep BbICOKOBO/IbTHbIE CUCTEMbI C 3a3eM/IEHMEM Yepe3 UHAYKTUBHOCTb.

U0+ 1200 B (geiicTByloliee) ¢ UHTepBasoM BpeMeHN 40 5 ¢ AN BbICOKOBO/IbTHLIX CUCTEM C KOPOTKUM BpeMeHeM
OTK/II0YEHMNA, HanpuMep BbICOKOBOJ/IbTHbIE CUCTEMbI C HEOTK/IOYAEMbIM 3a3eMJIeHNEM.

Ha pucyHkax ncrnosb3oBaHbl cnegyolwmne cMMBOsbl, B3ATble U3 MIK 60364-4-44:

/T — 4acTb TOKa KOPOTKOr0O 3aMblKaHWA Ha 3eMJ110 B BbICOKOBOJIbTHOW CUCTEME, KOTOpbIi NpoTekaeT 4yepes 3a3eMm-
NALWKA 3NeKTPos OTKPbLITbIX TOKOBEAYLUMNX YacTell TpaHchopMaTopHO noacTaHuuu;

R — conpoTuBneHve 3asemnaioliero afnekTpoda OTKPbITbIX TOKOBEAYLMX YacTeil TpaHcopMaTopHOW nofcTaH-

umm;

UQ— HanpsbkeHne mexay dhasoil 1 HeliTpanbio HU3KOBOJ/IbTHON CUCTEMBI;

U, — HanpsbkeHne KOPOTKOr0 3amblKaHWsi B HU3KOBO/IbTHOW CUCTEME MEXAY OTKPbITbIMU TOKOBEAYLMMMN YacTAMN
n 3emnei;

I/, — HanpshkeHWe Harpy3ku Ha HU3KOBO/SIbTHOM 06OpyAOBaHUM TpaHCHOPMaTOPHOW NoACTaHLWK;

U2— HanpshkeHve Harpysku Ha HW3KOBO/IbTHOM 060pyAoBaHuK B cucTeMe noTpebutens.
PucyHok E.11 n pacueTbl B pa3gene E.3 3anmcteoBaHbl 3 M3K 60364-4-44.
JaHHaa cxema unnlcTpupyeT TUNKUYHBIA cny4dail npumeHeHns B CLUA.
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Hu3KoBOMbTHAA
yCTaHoBKa
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MogacTaHyms
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5~

n, =.
y2" y1* L

18 HM3KOBOMNLTHOI cucTEMe ~

HET KOPOTKOr0 3aMblKaHust
BH HH

L =v'Slk
4*2- ¢/, m 4'3Yo:
|_|' =«'T-

2 MNepBNYHOO KOPOTKOE 3aMblKaHune
B HN3KOBOJIbTHOI cUCTEME

PucyHok E.4 — Cuctema IT. npumep a
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1 B HM3KOBOJIbTHOI cucTeMe
HET KOPOTKOro 3aMblKaHWsi

PucyHok E.5 — Cuctema IT, npumep b
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PucyHok E.6 — Cuctema IT. npumep d
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PucyHok E.7 — Cuctema IT. npumep c2



1 B HM3KOBO/bLTHOI cucTeMe
HET KOPOTKOro 3amblKanu

2 MNepBr4HO© KOPOTKOE 3amMblKaHne
B HM3KOBOJIbTHOI cucTEMe

PucyHok E.8 — Cuctema IT. npumep d
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HET KOPOTKOro 33MbIK3HMSA

U,=RIm+tfU 0
U>=U, =R/m*V3UQ;

U =Rfm

2 [NepBUYHOE KOPOTKOE 3aMblKaHue
B HU3KOBOJIbTHOII cucTEME

PucyHok E.9 — Cwuctema IT, npumep el
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PucyHok E.10 — Cuctema IT, npumep e2
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E.4 3HayeHua BpeMeHHbIX nepeHanpsxeHunit gnsa cuctembl TN C-S (CLUA)

P — BbICOKOE HanpsbkeHuwe; S — Hu3Koe HanpsbkeHue; T — TpaHchopmatop M — cuetumk; C -- KaTyluka
G — WCKpOBOIA pa3spafgHuK; L — Harpyska

PucyHok E.11—- Cuctema TN-C-S (CLLA)

Ha pucyHke E.11 nokasaHo [jeneHne CUI0BOIO COMPOBOXAAOWEro Toka B C/iydae KOPOTKOrO 3aMblKaHWsA Ha
BbICOKOBO/IbTHO CTOPOHE pacnpefennTenbHOro TpaHcpopmaTtopa. B aTom npumepe gonyckaeTcsi, YTO CONPOTUB/IEHNE
3a3emneHuns TpaHcopmaropa u BBoga notpebutens coctaenset 15 Om.

I/, = UD(1/0— makcumanbHoe pabouyee HanpsHkeHue BTOPUYHOI ceTw).

ZL — nonHoe conpoTuBfieHune hasHbIX NPOBOAHNKOB MexXAy TpaHcopMaTopoM M paboynM LUTOM.

VI3mepeHHble 3a30pbl MMeT HanpsxeHune npo6os oT 1500 go 2500 B.

Ana atoro npumepa 6bia B3AT TUMUYHbLINA ciyyal pacnpegenutensHoit cetn CLIA 23 kB/13.2 kB. coeguHeHHo
3Be3/0/i, C MakCMMasnbHbIM TOKOM KOPOTKOro 3amblkaHusi /T 10 KA. MonHoe conpotuBneHne ZL. paBHoe 0.041 Owm,
ABNSETCA TUNUYHBLIM AN TPEXMNPOBOAHbLIX BTOPUYHBIX CeTeil, KOTopble MOryT UCMO/b30BaThbCsA B KauyecTBe BO3[YLUHbIX
NMHUIA oAHOMa3HbIX pacnpefenuTenbHbix TpaHcopmaTopos oT 3 A0 25 KBA B TpexdasHoli yctaHoBke. [lna pacueTta
6bIM B3ATbI MefHble MpoBoja ANAUHOW npubnusuTenbHo 60 M. cevennem 4/0 AWG (3KBMBasleHTHOe ceyeHue no
M3K 60999-1 cocTaBnsieT 25 MM2). NpefnofioxeHne 0 AeneHUn Toka KOPOTKOTO 3aMblKaH/s OCHOBAHO Ha pacyeTax u
pabounx U3mMepeHnsax B MMUTUPOBAHHBIX YC/TOBUSIX KOPOTKOrO 3aMblKaHVA B pacnpefennTenibHoW CeTh ¢ HeCKONbKMM
3a3eMIeHUsIMH.

B gaHHOM npumepe;

-U0= 132 B;

-1/, =U0= 132 B.

-U2=Ua+0,2/, ZL= 132 + 0.2-10000 0.04 =214 B.
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HecmoTps Ha TO YTO M3 BblleCKa3aHHOIo BWAHO, YTO NepeHanpshkeHne cocTtasnfet 1.78 HOMUHa/IbHOro Hanps-
XEHUA CUCTeMbI, eCiM AONYCTUTL, YTO R > RB, MOXHO Noka3aTb, Y4TO A5 OAHUX W TeX Xe 3afaHHbIX yC/10BUIi KOPOTKOro
3aMblKaHUA MOXHO MONYy4nTb 3HaveHne U2 = 294 B unn 2.45 HOMUHANLHOTO HamMpsXXeHUA CUCTEMbI.

BMH 6yaeT coxpaHATbCS [0 Tex mop. noka nocpefcTBOM MNJABKOro NpefoxpaHuTens Uam aBToMaTUyeckoro
BbIK/lOYATENSA, WAN pas3mblKaTenss He O6yAeT NNKBUAMPOBAHO KOPOTKOe 3aMblkaHue. CpabaTbiBaHue 3TUX YCTPOIACTB
MoXeT npoucxoautb oT 0,016 fo 1.5c B 3aBUCMMOCTV OT npefesibHON OTKIKualLlWeil cnocobHOCTU ycTpolicTBa.
Yem kopoye pabouvme MNPOBOAHUKM W HWXKE YpPOBEHb TOKOB KOPOTKOrO 3aMblKaHUs, TEM MeHee XecTkue 0yayT
yCnosus.

XoTA Ha [JaHHOM npuMepe nokasaHo, YTO MNEepPBMYHOE KOPOTKOE 3amblkaHue MOXeT Bbi3BaTb BIMH nopsgka
2.45 HOMWHA/ILHOTO HaNpPsHXKEHWA CUCTEMbI, Ha NpakTWKe 3TO NPOUCXOAUT YpesBbluaiiHo pedko. PacnpegenuntenbHbIM
CeTAM He CBOCTBEHHO WUCNbITbIBATH JeCTBYOLME TOKM KOPOTKOTO 3amblkaHns 10 KA. YpoBeHb TOKOB KOPOTKOroO 3aMblka-
HVUA B pacnpefenntesibHbiX ceTax 00blYHO Huxke 4 KA. Takum o6pa3om. BIMH moxeT ObiTb 3HAUNTENIbBHO CHUXKEHO.
BTopuyHble ceTn 60MbLUOIA NPOTAXEHHOCTN — HEOob6blYHOe sAB/eHne. Yem MeHblue paboyas fMHA NPOBOAHUKOB, TEM
HWXe ypoBeHb NepeHanpsikeHuidi. Kak npasuio, NpoTSXXeHHOCTb BTOPUYHbLIX ceTeli He 6onee 30 M. MoaTomy npu Toke
KOPOTKOTO 3amblKaHus 4 KA 1 NPOTSHXKEHHOCTW BTOPUUHBIX ceTeli meHee 30 M BMH 6yaeT cocTaBnsiTb NPUGAN3NTENBHO
1.24 HOMWHANBLHOTO HanpsXXeHusa cucTemsl, U 148.4 B.
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Mpunoxexne F
(cnpaBou4HoOe)

MpaBuaa v NPUHLWNbLI KOOpAUHaL WK

F.1 O6wune nonoxeHus

CornacHo 6.2.6 koopguHauunio mexay Y3WUIM npoBogAT Ans OCTUXEHUSA 3HEPreTUYecKoro Kputepus. 3To OCHO-
BaHO Ha MaKCUMaslbHOW 3HepreTUYecKoi CToKocT BToporo Y3UM. Tem He MeHee MHOr[a ata 3Heprus, Kak ykasaHo B
M3K 61643-1. 3aBMCUT OT DOPMbl BOJIHbI U UCMbITAHWUIA. Kak npaBuio, UcnbITaHUA NPOBOAAT TO/NbKO C OfAHON chopmoli
BOJIHbI, Hanpumep 820 (Ans ucnbiTanuii knacca Il). Mo aToll NnpuyrHe npoLe BCero Noay4nTb 3HaYeHne Henocpepj-
CTBEHHO OT U3roTOBUTENA (YACTO ero ykasblBaloT B TEXHUUECKON JOKYMeHTaLum).

Ansa onpefenexHus yaoBneTBOPUTENbHOW 3HepreTuyeckoi ctoikocTn Y3UIM Heo6XoAMMO 3HATb 3HAYEeHUs [BYX
BEJINYNH:

- £<naxs [na hopMbl BO/IHbI TOKA Masioi 4MTeNnbHOCTU, HanpuMep 8/20 (gna ucnbiTaHwii knacca ll);

*Atax 1 [Ansi oopMbl BOJTHbI TOKa 60/bLLION AMTENBHOCTM, HaNpumMep A4S UCMbITaHUIA knacca |.

B HekoTopbIx MeToAnKax 3HauveHus Eme)(s u EmaxL moryT 6biTb O4UHAKOBbI.

Y3WIM xapakTepu3yloT ABa ToKa: /Tax 415 KOPOTKMX BOSH (Npu ucnbiTaHusax knacca ll) u /,Tp AN ANNHHBIX BOAH (Npy
MCnbITaHWAX Knacca I) C COOTBETCTBYOLWMMY UM 3HAYEHUSIMU aHepreTudeckoli ctoiikoctn E”axS n Emex L OTgenbHble
Y3WM moryT ucnbitTeiBaTbca no knaccy lunw Il

Heobxoanmo ckoopanHuposatb Y3UM 1 v Y3WUM 2 no nx MakcMmasbHOl 3HepreTuyeckoi cToiikoctn £Tax gns
COOTBETCTBYIOLWMNX (DOPM BOJIHbI UMMy bca. DTO O3HAYAET, YTO HEO6XOANMO paccMOTpeTb ABa Cnyyas:

- KoopAuHauuio ¢ hopMamu BoNHbI 60MbLWIONM ANNTENBHOCTY;

- KoopAMHauuio ¢ chopmamMun BOSHbI Masioli A4IMTeNbHOCTU.

Kak npaBuno, koopguHauuu nerye oCTUTHYTb C KOPOTKUMU (DOpMamu BOSHbI.

MpumeyvyaHune — Ana Y3UM KoMMyTvpylOLWero Tuna Heo6xoaumMo Takxke paccmarpuBaTb (QOPMbl BOJHbI
60/bLOI ANNTENBHOCTU. JTOT BONPOC — B CTaANN PacCMOTPEHUS.

F.2 AHanuTuyeckoe wuccnepoBaHue: NPoCTOii cnyyail koopanHauum ABYX YCTPONCTB 3alnTbl OT UMNYbC-
HblX MepeHanpsXXeHnin Ha OCHOBE LLIMHKOOKCUAHbIX BAPUCTOPOB

F.2.1 O6wune nonoxeHuns

Cnepgylouime paccyx[eHusa KacalTcs TO/IbKO O4HOBBOAHbIX orpaHnymsaowmnx Y3UM. ncneityemolx no knaccam | n
Il. ecnn n3sectHa kpmeasa UIOI (/). AaHHble KpuBble MOyyaloT NyTeM M3MepeHuii ¢ chopmMoii BonHbl 8/20, n3roToBuUTENb
NpVYBOAWT KX B TEXHUYECKOW AoKyMeHTaumm Ha Y3WUIM. Y3UM knacca Il u aByxBBOAHbIE Y3UI HyxaawTcs B 0CO60M
paccMoTpeHun (BOMPOC B CTaAnMN U3Y4YeHUs).

MpuBefeHHbIi HWXKe npumep NomMoraeT ysiCHUTb BOMPOC KoopAuHauuu. B nepsylo oyepefib 3TO OTHOCUTCA K
Y3UM 1 n Y3UM 2 Ha OCHOBE LMHKOOKCUAHLIX BAPUCTOPOB. KOTOPble MOAAAITCA aHaIMTUYEeCKOMY WUCC/ef0BaHUIO.
CnepyeT 3aMeTUTb, 4YTO MOAO6HOE aHanMTU4Yeckoe uccnefoBaHMe OCHOBAHO UCK/IOUYUTE/IbHO Ha pa3fesieHnn Toka.
YT06bI YO6EanTbCA B TOM. UTO 3HEpreTuyeckunii Kputepuii cobnogaeTcs, He06X0ANMO MPOBECTU CI0XKHbIE AOMONHUTE b-
Hble pacyeThbl.

Cnyuvaii 1. Korga gBa BapucTopa OfHOr0O M TOro Xe guameTtpa (M NMO3TOMYy C OAHMM U TEM € HOMMWHaIbHbIM
paspagHbIM TOKOM /,, U OANHAKOBO 3HEProcTONKOCTbIO: OAMHAKOBLIMU  aX W /|TP), HO C pa3HbIMU YPOBHAMU Hanpsxe-
HUA 3awnTel U,,. 1 1/p2 (pa3Hoii TONLWWHbI), TOFAa Mbl UMeeM cnejylole paBeHCcTBa:

*\ ~ A

* [*naxl = Jinax2-
'

Bo3MOXHbIE KpuBble NpuBefeHbl Ha pucyHke F.1.

PucyHok F.1 — [iBa LMHKOOKCUAHbIX BApUCTOpa C OAUHAKOBbIM HOMUHA/bHBIM Pa3psifHbIM TOKOM
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Ecnn Upy > Up2, To KpuBas a cooTseTcTByeT Y3WUIM 1, a kpuBaa b — Y3W 2.

Takaa KoopAvHauua B OCHOBHOM npuemaema Ans KOpoTKOW (hOopMbl BOJIHbI, €C/IM PacCTosiHUe Mexzay BapucTto-
pamu npesblllaeT HECKOIbKO MeTpoB (Kak npasuio, ot 5 o 10 m).

Ha AnuHHbIX BOMHax adhekT pasgeneHnsa NoHWXeH, noatomy Y3UM 2 go/mkeH ObiTb CNocobeH BblAepXuBaTb
NONHbIA NpuxoasawWwmii umnynsc /. Y3WM 2 cnocobeH BbifepXnBaTb MOHYI0 HArpy3Ky, MOCKO/IbKY Y HEro Takas e KOHCT-
pykumus, kaky Y3WUM 1.

Ecnn lp, < Dp2. To kKpuBasi a cooTBeTcTByeT Y3WIM 2. a kpnBas 6 — Y3UIM 1. Takum 06pa3om 6iinblias YacTb TOKa
noteuveT yepe3 Y3WM 1. B aTtom cnyyae Tok. uaywuii yepes Y3WIM 2. 6ygeT mMeHblue, 4yeM npuweswmnii Tok.

OHepreTnyeckne Kputepun 6yayT BbINO/HEHBI B 060UX cyyasx, Tak Kak Y3UM 1 n Y3UM 2 nmeloT oanHaKoBble
TOKONPOBOAALINE BO3MOXHOCTHU.

3TOT nepBblii cnyyaii 6611 paccCMOTPeH ANA 06bACHEHNSA AaHHOTO MexaHW3Ma, Tak Kak Masio UTO MOXHO NoMy4nTb,
nmes asa Y3WUIM c oAnHaKOBON 3HEPreTUYeckoi CTONKOCTbIO.

Cnyuali 2. [1a BapucTOopa MMEKT pa3/inyHble HOMUHa/IbHbIe paspsiAHble TOKU.

Ana gaHHoro ucnonb3oBaHns ¥Y3WM npakTuyeckum siBnsieTcs cnydai, korga /n, > /m2u Etax, > £mai2. Kpome T0ro,
Y3UN 1nY3WM 2 moryT UMeTb Takne xapakTepucTuku, uto Uras, (/nl)< Uka(/n2). B atom cnyudae Kpusble UIQi{1) nokasaHbl
Ha pucyHke F.2. Ha pucyHke F.2 He noka3aHO CONPOTUB/IEHME, TaK KaK ero TpyAHO yYeCTb B aHa/IMTUYECKOM nccnefoBa-
HUKU. U3 pucyHka F.2 cnefyeT, 4To Npyu KOpPOTKOl hopme BOJIHbI cornacoBaHve GyAeT XOpowunM, Tak Kak 6o/bLlias YacTb
Toka npoiiget yepe3 Y3UIM 1. HO npu ANVHHOI hopme BOMHbI ByAeT TPyAHO onpeaenvTb koopaunHaumio. KoopanHauus
npu AIMHHOW dhopMe BOJIHbI M 3HAYEHUV BXOASALLEro TOKa HKe, YeM TOK B TOUKE NepeceyvyeHns 3Tux ABYX KPMBbIX (CM.
pucyHok F.2). MoxeT 6bITb He fOCTUrHyTa. Bonbluas yacTb BXoAsiLiero Toka Teyet yepe3d Y3UM 2. Tak kak kpuas U,ai2
HVXe KpMBOW 1 leny npu JaHHOM ypoBHe Toka. [103ToMy nMeeTcs He06X0ANMMOCTb B YCTaHOBKe Mexay Y3UM 1 un Y3UM 2
MNHAYKTUBHOIO COMNPOTUB/EHNUS.

CnepoBartenbHO, HEO6XOANMO CpaBHMUBaTb 3Tn kpuBble UtOi( 1) c /. paBHbiM 0T 0,1//R A0 /Taxkl. 4TOObI NPOBEPUTD,
He nepecekawT /1 OHV APYT APYyra, BMECTO TOro, YTo6bl TONIbKO cpaBHUTbL t/fas, (/m») n Ulas2(/mr) (Lim n UD2 cooTBETCTBEH-
HO). KOTOpble faHbl B TEXHUYECKON [OKYMeHTauun n3rotoBuTens. 3HauyeHne Toka B TOYke nepeceyeHus ia (ecnm oHa
CyLecTByeT) AO/HKHO ObITb KaK MOXHO HMXe.

B aTOM cnyyae 3HepreTMyeckuii Kputepuii BbIMOMHSAETCSA C 60MbLUON CTeNeHb0 BEPOATHOCTU: YEM HWXke /a.Tem
60nblle BEPOSITHOCTb ycnexa. Ecnn MMerTcs COMHEHMS, HEOBXOAUM pacyeT 3Hepruu, npoxogsuiein yepes Y3UM 2. ¢
y4eToM COnpoTUBAEHUA Mexay 3Tumu Y3WUI n gnuHHOW (hopmMbl BOMHLI. Takoil pacuyeT BbIMOMHWUTb @HANUTUYECKU
HenpocTo.

Ecnn HeBO3MOXHO MONyunTb Takne KpuBble U3-3a HegocTaTka MHopmauun uanm us-3a Toro, 4To TpebyeTcs npo-
CTOll 1 BbICTPLIN pe3ynbTaTt, TO HE06X0AUMO CPaBHUTL KpuBble VIG5 1 U,Ci2 Ha 04HOM U1 TOM Xe ypoBHe. B Takom cnyyaB
YyCNOBMEM NPOCTOI 1 Xopollei koopanHaunm sensetca Uled, (/n2) < U,ai2 (/mr)- 3aHWKeHHble KpMBble, NpMBeLeHHble Ha
pvcyHke F.2. COOTBETCTBYIOT 3TOMY C/lyyalo, HO C TaKUM BapuCTOPOM. BO3MOXHO, 6yeT He060CHOBaHHbI 3anac. Kpove
TOro, y 3TOro BapucTopa MoryT 6biTb MPO61EMbl B HACTU CTOWKOCTW K Harpy3kam, uAyluimm oT CeTu B BUAE BPEMEHHbIX
nepeHanpsKeHuii.

B aTom cnyvae, gaxe ecnu yepes Y3WUM 2 npoxofuT HeGONbLION TOK. IHEPreTu4eckuii Kputepuii MoXeT He
BbINO/IHATLCA 4/15 UMNYNbCOB 601bLIOV ANNTENBHOCTU. MOXET BO3HUKHYTb HEO6XOANMOCTb B JONO/IHNTEIbLHOM pacuyeTe
3Hepruu yepes Y3UI 2. Kpome Toro, Heo6xo0A1MO NpoBeEpUTb, YTO 3alyuTa o60pyoBaHMA BCe elle obecneynsaeTcs (Tak
KaK Masnblii TOk B Y3UI 2 MOXeT NpuBECTM K BbICOKOMY HaMpshKeHWo BCAeACTBUE HENMHENHOCTM BapucTopa).

a - KpuBasa, cooTBeTcTBylowas Y3WM 2; b — kpuBas, cootsBeTcTBylowaa Y3WUM 1 (nepecekaeT kpuByto Aans Y3UM  2).
C — 3aHWkKeHHaa Kpusas, cooTBeTcTBylowas Y3WUM 1 (He nepecekaeT kpusyto ans Y3UM 2), d — gnanasoH MMMYyIbCHOK TOKa ANA
BONH 6ONbLIOW ANNTENbHOCTU: B — AManasoH WMMYNbCHOrO TOKa ANA BOMAH Manoii AnNTenbHOCTH

PucyHok F.2 — [1Ba LMHKOOKCUAHbIX BApMCTOpa C PasHbiMW HOMUHANLHBIMU Pa3psSAHbIMKA TOKaMU
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F.2.2 3aknoueHune

B kaxgom cnyyae, Korga TpebyeTca KoOpAuHauus ABYX LMHKOOKCUAHbIX BApMCTOPOB. cinedyeT MPOBECTU NATb
3TanoB AelcTeuii:

a) onpefenuTb MepeHanpsHXKeHus, oxugaemMmble nNpu oTCyTCTBUM B Luenu Y3WI npu BO34eACTBUN  L/INHHBIMU U
KOPOTKVMMW BOIHAMMU;

b) BbIGpaTh Y3WI 1. cnocobHoe BblgepxaTb Takyl Harpysky. Ecniv He npefcTaBnseTcs BO3MOXHbIM NOAY4UTb
MHhOpMaLMio Ha 3Tane, ykasaHHOM B MepevncneHunn a), Torga HyXHO UCMNo/b30BaTb MaKCMMasibHO BbiBEPEHHbI Y3UT
(cM. aHanIM3 pucka) n NonyunTb 3HaveHus /TaxX| n Itnpl y nsrotosutens, a 3aTem CONOCTaBUTb 3TU 3HAYEHUSA C [JaHHbIMMU,
npvBefeHHbIMN B Mepeyncnedn a);

c) BbibpaTb Y3WI 2 cornacHo TpebyembiM 3alMTHbIM XapaKTepucTukam,

d) cpaBHMTbL KpuBble Urai (/) npu / B ananasoHe 0.1/n— /,a*)- 3aTeM HaliTu TOUKY nepeceyeHuns Ecnu Tok
focTtatouyHo Man (kak npaewunio, 0.1 17), TO HEeT Heo6XOAMMOCTU BbIYUCAATL 3Hepruo ana Y3UIM 2. SHepretTnyeckuii
KpuTepwii 6yaeT BbINOMIHEH HE3aBWUCUMO OT pPaccTosHUA Mexay AByms Y3UI. Ecnn ecTb kakoe-To COMHEHME, TO HYXHO
paccunTaTb 3Hepru, npoxoaduyto yepes Y3UIM 2. yuntoiBas conpotusrieHne mexay aAsyma Y3UM. n nposepuTb cobio-
[leHVne aHepreTMyeckoro kputepus. Ecnm nofo6HbIX KpUBbIX HeT, BbiGpaTb Y3WI 2 no ynpouieHHbIM TpeboBaHuaM.

Ecnn Y3UM 2 nmeeT Takoi e HOMUHaNbHbIN paspagHsiii Tok. To Uresl(/n) < 1Zfas2(/,,).

Ecnm Y3WM 2 nmeeT MeHbLWwMii HOMUHAMbHBIN pa3psaHbii Tok. To UtQii(/02) < A 012(~ 2)- Bblwo 6bl pa3yMHO BblUUC-
nuTb aHepruio B Y3WM 2 gns npoBepkn COOGMOAEHUSA 3HEPreTMYecKoro KpMTepusi U NpoBepuTb, YTO 3aliuta BCe elle
obecneunsaeTcs.

e) NoBTOpPATbL NOAGOP 40 Tex Nop. Noka AeicTBME N0 NEPEUNCIEHNIO C) He AACT NONOXWTENbHbIA pe3ynbTar.

MpumeuyaHunel — 3HaYeHUA HamMpsHKEHUs MPU OUYEHb MasibiX TOKax (06bIYHO Ha3bIBAEMOrO 3TaSlOHHbLIM
HanpshkeHnem) He WCNOMb3YIT ANA KOOPANHALWN.
MpumeuyaHune2 — B nwbom cnyyae (C UMHKOOKCMAHbIMW Bapuctopamu wam 6e3 Hux) npuHuun 3MC

(3nekpomarHUTHoli cCoBMecTUMOCTH) TpebyeT, UTOGbI TOK. NpoTekawlwumii yepes Y3UI 2. 6bi/1 KaK MOXHO MeHbLUE.

MpumeuvaHune3 — Kpusble I/fcs (/) paoT makcumanbHble 3HaYeHUsA. Heo6Xxo0AnMO yunTbiBaTb OTK/IOHEHNUS
XxapakTepucTVK BCNeCTBME JOMNYCKOB N3roTOBUTENSA.

MpumeuvaHune 4— Mpeablgylwie nccnefoBaHus MoryT 6biTb 0606LeHbl AN 6onee yem aByx Y3Ur.

F.3 AHannTnyeckoe uccnepoBaHue: NpuMep KOOPAUHALUN MexXAy YCTPoiACcTBaMM 3alWuTbl OT UMNYNbCHbIX
nepeHanps>XeHnin Ha OCHOBe pa3pAfHNKA N YCTPONCTBaAMM 3aLlNTbl OT UMMNY/NbCHbIX MEPeHanpPsXeHUin Ha oCHOBe
LMHKOOKCUAHOTO Bapucrtopa

F.3.1 O6wure nonoxeHns

Ewe oguH obwunit npumep — nprvMeHeHne paspsgHuka B kavectBe Y3UIM 1 M LMHKOOKCMAHOrO Bapucrtopa B
kayectBe Y3UIM 2 (cMm. pucyHok F.3). B aTom cnyyaB KoopAuHauusi gocturaeTtcs, Korga npo6oii npomcxoanT A0 TOro Kak
Y3UN 2 6yfeT ucnbiTbiBaTb NepeHanpshxkeHue.

A0 npo6os umeem: O, = UrQiXi) * L drtdt.

MockonbKy 3HayeHne Lf0s2(i) BoobLLe HEM3BECTHO, MPUMEHSIOT caeaytoLyto dhopmyny, KoTopas AaeT 3aHUKeHHbI
pesynbrar:

I/, = l/fel2{/) + L dudt {Ure2(i) — knaccucmkaLumoHHOe HanpskeHne UMHKOBOro BapucTtopa 2). KnaccmdmkaumoH-
HOoe HanmpshkeHWe — napameTp, XapakKTepu3sylowuii Bapucrop. KOTOpPbIA PacnosioxXeH psaAoM C TOUKOW n3noma xapakTe-
puctukn Uli.

Tak Kak (Z, npesblliaeT AvHaMuyeckoe paspsifjHoe HanpskeHue paspsagHuka ((Jdvd. koopauHauua gocturaetcs, u
NUWb Manas yacTb Toka npoTekaeT yepe3 Y3WIM 2. OHa 3aBUCUT OT XapaKTepucTuK LUHKOOKCHAHOro sapuctopa (Y31 2).
AVHaMWYEeCcKOro paspsaAHoro HanpsbkeHus paspsgHuka (Y3UIM 1). ckopocTu BO3pacTaHUs M 3Ha4YeHUs npuxogsaLiero
uMmnynbcal/v pasgenswouwero pacctosaHusa d mexay Y3UM 1un Y3UM 2 (ncnonb3yeTcs MHAYKTUBHOCTb L Kak YacTb NOJTHOrO
COMPOTUBNEHUSA Z. NOCKO/bKY CUYWTAETCSH, YTO B 3TOM C/ly4ae aKTUBHbIM COMPOTUBNIEHNEM R MOXHO npeHe6peub).

F.3.2 Mpumep pacyeTa NpU6AN3UTENbHbBIX 3HAYEHWUIA, TpebyloWNXcsa ANA pa3fennTesnibHON UHAYKTUBHOCTH
Mexay paspAagHUKOM 1 BapucTopom

OrpaHu4eHHOCTb (h3MYEeCcKOro NpPoCcTpaHCcTBa, HanpuMep, BHYTPWU COBPEMEHHON COTOBOW 6a30BOl pajgmocTaH-
uun Takosa, 4to Y3UI Ha oCHOBE MeTa/l/1-OKCUAHbIX BAPUCTOPOB. YCTAHOB/IEHHOE HUXE, MOXET OrpaHuynTb Nepexos-
HbIli PeXVUM [0 YPOBHS HaNPsHKeHUS 3HAUYNTENIbHO HUXKE HanpshKeHWs cpabaTbiBaHUsA, YCTAHOBNEHHOrO Bbile Y3WUI. Ha
OCHOBe paspsgHvka. ITo byaeT npegynpexaarb cpabaTbiBaHne pas3psagHvka u No3BOANT IHEPTMM UMMYbCA MOMHOCTbIO
Bo3AelicTBoBaTh Ha Y3WI Ha ocHoBe okuncu metanna. Mpu 66bliemM npocTpaHcTBe ANVMHaA kKabeneit mexay Y3WM 6yaet
60/blIEe 1 NO 3TON NPUYNHE MOXET obecneunBaTtb AOCTATOUHYIO UHAYKTUBHOCTb A4NA paboTbl MCKPOBOTO pa3psafHuKa.

Bceria coxpaHsaeTcs BO3MOXHOCTb TOTO, YTO CAyYaliHblii UMNyNbC pa3oigeTcss napannenbHbIMU NYyTSAMU U yMeHb-
LUNTCA A0 YPOBHS, NPV KOTOPOM HanpsbkeHue 6yAeT HeAoCTaTOuHbIM AN1A cpabaTbiBaHWsA paspsigHuka. B aTtom cnyuvas
yCTaHOB/IEHHbIW HKe Y3UI fomKeH MMeTb JOCTaTOYHYI0 MOLHOCTb A1 CAMOCTOATENIbHOrO NOrMOLWEHNSA BCEN aHep-
mn.
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Ha 6onee BbICOKMX 3HepreTM4eckx ypoBHAX HecpabaTbiBaHWEe WCKPOBbIX paspsgHWKOB NO3BONSET U36bITOYHON
3Heprum gocturatb HmkecTosiwmx Y3UM 1 Bbi3biBaTb UX paspylleHne. KoopauHauus gocturaeTcs rapaHtuell nocnepo-
BaTe/IbHOr0 pasfensiolero cConpoTUBAEHNsa, [OCTATOUYHOro Ana obecneyeHns cpabaTbiBaHUsA paspsifHWKa Ha Bcex
3HEepreTUYeCcKNxX ypoBHAX Bbllle npegena Huwxectosawero Y3Ur.

3HayeHne MHAYKTUBHOCTK, Tpebyloweiica 4na KoopAuHaLUY, MOXHO NIerko nofgcuntatb. Mpexae BCero AO/MKHbI
6bITb U3BECTHbI NapaMeTpbl paspagHuKa. VICKpoBble paspsaaHUKKN 06blYHO cpabaTbiBatoT 40 4 KB B TeyeHune 200 Hc.

fanee cnepyeT 3HaTb NnapameTpbl HwkecToAwero Y3WM. TunmyHoe yCcTPONCTBO Ha HOMUHaNIbHOE HanpsKeHne
275 B nepeMeHHOro Toka Ha4yHeT orpaHuyeHune npubnmsntensHo npu 430 B. Y3UI moxeT nmeTb 3HaveHne /n = 5kA Ha
OCHOBe ucnblTaHuii knacca Il Npu Bo3AencTBUM uMnynbca B TedeHne oT B 4o 20 mkc.

OpHako cnefyeT NMOMHUTb, YTO pas3paAHUK KnaccuduumpyeTcs ANs UCMbITaHUIA Knacca |. Ans BpeMeHu Bo3jeii-
cTBus oT 10 4o 350 MKC WM 3KBUBANEHTHOrO A/IMHHOTO MMNybca. MUKOBbIA TOK HUXecToAwero Y3UM gomkeH 6biTb
MOHWXEH 10 YPOBHA, COOTBETCTBYIOLEro Knaccy npumeHsemoro Y3UM. KoahduLmeHT CHUXEHUS AOKEH 6bITb Npnbau-
3UTeNIbHO 4:1. M03TOMy 3HaYeHne HOMUHAILHOTO NKOBOTO TOKa MoHWXaeTca oT 5 g0 1.25 kKA. 3HaveHve BpeMeHn 10 MKC

JaeT npupauieHne N ucxopda us 125 A/mkc.

Tenepb Tpebyemylo WHAYKTUBHOCTbL AN obecneyveHNs HafexHol paboTbl paspsfHNKa MOXHO BblYMCAUTL MO
tdhopmyne

U=14L* IR.
at
raoe U — HanpsbkeHue cpabaTbiBaHWA UCKPOBOTO paspsifjHuKa:
dr o
1)jj- — CKOPOCTb pocCTa C/yyaiiHoro umnysnbca:
IR — najgeHve HanpsbkeHusi Ha HuxecTosaweM Y3UM (npuyem R SBNSETCA HENWHEWHON BeNMYMHOM).

B atom cnyuae:

U-LB
~W r-
df
Mpegnonoxus, 4To paspagHuk cpaboTaeT B npegenax 200 HC, TOK. NpoTeKaloLlWMii Yepes HKecTosAWmMin Y3UTT,
6yaeT paseH
/=0.2 mkc 125 A/mke =25 A,
Torga HanpsbkeHune / « R 6ygeT nopsigka 600 B.
MoaTomy:
4000- 600
125-10'®

nnm L = 27,2 MKIMH.

3Ta UHAYKTVBHOCTb MOXET ObITb eMHOl 06Lieil BeNMYnHON, 06ycnoBNEHHON ANUHOK CUI0BOro kKabensa 27,2 m,
nonarasi, 4To ero UHAYKTUBHOCTb cOCTaBNsieT 1 MKIH Ha MeTp A/IVHbI UIN 3TO MOXET 6biTb KOMBMHALMSA A/IMHBI U UHAYK-
TUBHOCTW KabGensi MeHbLIero 3HaueHus.

L — WHAYKTMBHOCTb; T— BO3[4ENCTBYHOLMNIA UbINyNbC nepeHanpsikeHns; U — UMHKO-OKCUAHbIM Bapuctop. I/, — Y3WM 1 '‘pas3psg-
HUK), Ur — Y3WUN 2 (Bapuctop); 1, 2 — TOoukM nogknoveHns Y3UM u UHAYKTUBHOCTU B IMHUIO CETU

PucyHok F.3— Tlpumep koopguHauuu Y3WIT Ha OCHOBE WCKPOBOro paspsagHuka u Y3UI Ha OCHOBE LMHKOOKCUAHOrO
BapuaTtopa
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Ha atom nprvMepe MOryT 6biTb NOMy4YeHbl 06LMe yCNoBUS ANA pacyeTa AaHHOIO TUNa KoopauHaLuu.

F.3.3 3aknwuyeHne

Mpu BbIGOpe Y3WUIM 1 Ha ocHOBe pas3psaHuKa HeobxoanMMo BbibpaTh Y3WI 2. BbINOMHMB cnegylolie TpeboBaHms:
-4NS NPUXOAALLEro UMNynbca, COOTBETCTBYIOLWLErO UCNbITATEIbHON BOMHE knacca |

Liyn <Y +

- N9 NPUXOASALLENO UMMy/bCa, COOTBETCTBYHOLLErO UCNbITATENbHOW BONMHe Knacca Il

Adyn < AMoO +
TN HOpMbl fgaknT 3aHMXXEHHbI pesynbTar. Ecnun MeHbllee 3HayveHue L Asnsertca Hen36exHbIM, TO H606X0,CI,MMO
KOMMNbKOTEPHOE MOAeNnupoBaHne ANA NPOBEPKU AOCTMOKEHUA KOOpAUHauUn.

NMpumeuyaHune — B Apyrux cayyasx MOXHO NOAy4nTb 6osiee TOUHble pe3y/bTaTbl, 0COGEHHO MPK UCMOMb30-
BaHWUM 4/IMHHBIX (DOPM BOJIHbI.

F.4 AHanuTnuyeckoe nccnegosaHue: obwasa koopgmHauma Y3UM 1un Y3NN 2

MccnepgosaHue criydas MPUMEHEHUs [iBYX BapuUCTOPOB /IN6O CXeMbl P33PAAHUK-BAPUCTOP SACHO MOKa3bliBaeT
CNOXHOCTb NPO6AEMbI KOOPAMHALMN. YUunTbiBas TOT haKT, YTO KpuBble 3aBucuMocT Ull n3BeCTHbI pefko U uTo B feit-
CTBUTE/IbHOCTW NMPUXOAMTCA UMETb [1e/10 C LMPOKUM [nanasoHoM [O0MyCKOB, CTAHOBUTCA ACHO, YTO aHaIUTUYecKne uc-
cnefoBaHns NOAXOAAT TOMLKO ANA NPOCThIX cayyaeB. Konb ckopo TpebyeTca paccuntaTb 3HEpPruo, Npoxogsllyto yepes
Y3WUM 2. npouje chenartb MojennposaHue.

["naBHbIi MHTEpPEeC TaKkoro aHaIMTUYECKOro MeToa CoCTOUT B TOM. YTO OH MO3BO/IAET NO/Ib30BaTENI0 1yULle NOHAThL
CYTb ABNEHUSA.

O6uwme npasuna, NpMBeAEHHbIE BbilE, U OCOBEHHO 3HEepreTUYecKkuii KpUTepuii, faHHblli B 6.2.6. NnpuMeHsioTcs
He3aBMCUMO OT TexHosorum Y3Ur.

Ana AOCTMXEHNA NpueMnemoli KoopAvHauun 06bi4HO NPOBOAAT MOAENMPOBAHUE WIN WUCMbITAHUS, BbIMOHSAE-
Mbl€ U3roToBUTENIEM UK NOoTpebuTenem, 60 NCNob3YIT YNPOLIEHHYI0 MeToAuKy, NPeACcTaB/eHHY0 HWxke. BbiBaer,
4yTo Y3WI C HEM3BECTHbIMU XapakTepucTukamy pasmMelleHbl BHyTpu o6opyaoBaHus. MNockonbky obopyfoBaHne MOXeT
3aMeHATLCA B XO/e 3KCn/yartalun ycTaHOBKM, He06X0ANMO cleuTh 3a TeM, 4To6bl o6opyaosaHmne Y3UI He ncnbiThiBa-
/10 nepeHanpsXXeHua 13-3a HejocTaTKa KoopAuHaLuu.

F.5 MeToA CKBO3HOI 3aHeprum

F.5.1 O6wune nonoxeHns

KoopauHauus no ctaHgapTHbIM napaMmeTpaM UMMy/bca, Kak 3To onucaHo B MOK 61312-4. — npoueaypa Ans
Bbibopa v KoopauHauun Y3WUI. [NaBHbIM NpPeMMyL|ecTBOM 3TOr0 MeToja AB/AETCH BO3MOXHOCTb PacCMOTPeHus
no6oro Y3UN B Ka4ecTse HepPHOro Aumka (CM. pucyHok F.4). 3aeck A8 JaHHOro MMNy/ibca Ha BBOAHbIX 3aXUmax onpe-
[AeNnsT He TO/IbKO HanpshkeHne pa3oMKHYTOM Lienn, HO U BbIXOAHON TOK (Hanpumep, B KOPOTKO3aMKHYTYIO Lenb) (MpUH-
LIMN «CKBO3HOWN 3HEPrN»). OTU BbIXOJHbIE XapaKTEPUCTUKN NpeBpaLlaoTCa B IKBUBASIEHTHOE HanpshkeHne — «KOM6W-
HUpOBaHHasa BonHa B 2 OM» (HanpshkeHne pa3oMkHyToi uenu 1.2/50. TOK KOPOTKOro 3ambikanusi — 8/20). Mpeunmyuie-
CTBOM 3TOrO ABNAETCA OTCYTCTBWE HEOOXOAMMOCTU B CNELManbHbIX 3HAHNAX BHYTPEHHEl KOHCTPYKUmuM Y3UT.

Bxon  Y3UI 2

eHepatop
KOMOWHVPOBAHHO
BOJTHbI

MNpeo6pa3oBaHue B CpaBHUMBbIV CTaHAAPTHbIN nMmnynbc — 12/50, 8/20 ¢ Zt paBHbiM 2 Om. BxogHoe UotY3UM 1He 6onee BbIXO4HOTO
X Y3UM; 2 U — Hanpsi>keHue Harpysku

PucyHok F.4 — CkBO3Has 3Heprus — MeToj KoopAvHauuu no cTaHfapTHbIM napametpam umnysibca

Llens gaHHOro metoda KOOPAMHALWM — cAenaTb BXOfHble 3HadeHus Y3WUM 2 (Hanpumep, paspsaHbiii TOK)
CPaBHUMbIMW C BbIXOAHBIMW 3HaueHusimu Y3UM 1 (Hanpumep, ypOBEHb HAMpPsHKEHWUS 3aliuTbI).

Mpu cTyneHuaTol 3aluUTe cneayeT cYnTaTh, UTO 3KBUBANEHTHbIN BXOAHOI CMELLaHHbI UMNYNbLC, KOTOPbLI MOXeT
6bITb YMeHbLUEH nocneayowmm Y3UM (6e3 noBpexaeHns) He MeHee YeM 3KBUBAIEHTHbIA BbIXOAHOR CMELIaHHbIN UM-
nynsc npegwectsyoliero Y3UM. [ns HaaexHoi KoopanHaunm AoMKeH 6biTb ONpefeneH sKBUBaNeHTHbIA cMellaHHbIi
VMIMY/IbC AN1A HAWXYALIEro Cydas nepeHanpskeHus (/Tax, CKBO3HAs aHeprus).

Hauxyawmuii cnyyaii Ans KOHCTPYKLMW NpeAcTaBnseT KopoTKoe 3aMblkaHne. Ho 4nsa ueneit KoopavHaLum 3To CiuL-
KOM TPyZ0oeMKo. Bosiee NpakTMyHO 3a4eiiCTBOBAaTb «HamNpsHKeHWe Harpy3ku» (fanee — «npoTUBOAEHCTBYOLEe Hanps-
XeHune»).
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Y3UM. ycTaHoB/MeHHOe Toc/e UCKPOBOro paspsifHuKa, Kak Npasuio, COLEPXUT LMHKOBLIA BapucTop. OcTaTou-
HOEe HanpshkeHue Takoro Y3UI B 1i060M cjlydae Bblille MNMKOBOTO 3HAYEHWS HOMUHA/IBHOTO HaMPSHKEHWS MPOMbILLIEH-
HOW 4acToTbl (Hampumep, B cUCTEME MEPEMEHHOr0 ToKa C HOMUHA/bHbLIM HanpsbkeHnem 240 B nukoBoe 3HaueHue

HanpsbkeHus 6yget "2 240 B = 340 B. KoTOpoe HmKe KnaccuUKaunoHHOro HanpshKeHus, yctaHoBneHHoro Y3UM).
OTO MakCUMasibHOe 3HA4YeHUe HanpskeHWs MUTaHusA COOTBETCTBYET HauMeHblleMy BO3MOXXHOMY OCTaTO4YHOMY
HanpshkeHunio Y3UI. No3aToMy 3T0 MakCMMasibHOe HanpskeHne MOXeT ObiTb B3ATO B KAYECTBE MUHUMA/IbHO BO3MOXHO-
ro NPOTMBOAENCTBYIOLLErO HaNPsHXKEeHNS.
Mcnonb3oBaHne Toka KOPOTKOrO 3aMblKaHUs BMECTO Mpeznosaraemoro npoTUBOAEHCTBYIOWEro HanpshkeHust npu-
Be/10 Obl K yBeNIMueHunio rabapuTos pa3gennuTenibHOro afieMeHTa.

MpumeyvyaHnne 1-— MeTogfaeT Xopoline pesynbrathl, Korga xapakrepuctnkun Y3 1 HacTonbLKo oTanyalTes
OT xapakTtepuctuk Y3UM 2. yto ycnoeus umnynbsca Y3WUIM 2 kak 6bl oKa3biBaloT BO34eiCTBME Ha TOK. B cnyyaB koopau-
HauMnm Mexay MCKPOBbIM paspsAHMKOM M BapMCTOPOM Ha OCHOBE OKWCW MeTasinia 3TO YC/I0BUE BbIMNOHAETCS.

MpumeyvyaHne2 — CyuwecTBYOT OrpaHMyeHns B MPUMEHEHNN 3TOTO MeToAa:

- ANA NONYYeHUA 3aHWXKEHHOro pesy/bTata pasfenunTesNbHblil 31eMeHT A0/KEH OblTb BK/OYEH B METOAMKY Kak
yacTtb Y3UM 2;

- ANA NONyYeHMs 3aHWKEHHOro pesynbTata, NMPOTUBOAENCTBYlOLEee HanpshkeHne GepeTca paBHbIM Hy/io, rae
Y3UM 2 cogepXnt KOMMYTUPYIOLLNI 31EMEHT;

- ecnn Y3UM 2 cofepXnT KOMMYTUPYIOLWWI 3NeMeHT, UMeeTCs BEPOATHOCTb, YTO pe3ynbTaT 6yAeT 3aHWKeHHbIM
BC/efCTBME TOro, YTO 3TOT METO/ HEAOCTATOYHO TOYHO MOoAenMpyeT KOMMYTUPYIOLW K 31eMeHT. B Takom cnyyae HyXxHO
NPOsIBUTL OCTOPOXXHOCTb MPU UCMOJIb30BaHWN 3TON0 MEeToAa;

- (bopma BO/HbI MMMyNbCa, NPULWEALWEro Ha BXOA 3/1eKTPOYyCTaHOBKM, A0/HKHA paccmMaTpmMBaTbCs Kak nMerowas
NAEeHTUYHble QOpMbl TOKa M HanpsbkeHus (10/350 wnu 8/20). 3HayeHWe MMNYbLCHOTo Toka /. B OCHOBHOM, W3BECTHO.
3HayeHne UMNyNbCHOro HanpshkeHns U 3aBMCUT OT NOJIHOTO COMPOTUBAEHUA UMMY/bCa CUCTEMbI;

- NpU nuccnefoBaHnmn cnefyet TwartelbHO y4nTbiBaTh ONYCKN Ha XapaKTepucTuku Y3Un.

F.5.2 MeTogunka

OnucaHHbIl HWke MeToA 06bl4HO AaeT 3aHWKEHHbI pe3ynbTar AN pa3fenuTeslbHOro afemMmeHTa (conpoTuene-
HUA) mexay Y3UM 1 un Y3UNM 2. 9710 03Ha4vaeT, uTo ecnu mexay Y3UM 1 un Y3UM 2 ycTtaHOBUTbL TaKoe CONPOTUBEHNE, TO
KoopAMHaLuMsa B OCHOBHOM BbIMOJIHAETCA Mydlle, YemM MporHosmpyemas pacyeToM.

JaHHbIl MeToA 3ak/ovaeTca B TOM. YTOObI NpefcTaBnTb BbIXOA Kaxgoro Y3UI B kauecTBe aKBUBASIEHTHOrO reHe-
paTopa KoM6MHNPOBaHHON BoHbI (TKB). onpegensemoro HanpsbkeHnem xonoctoro xofa Uoc 1.2/50 1 TOKOM KOpPOTKOro
3aMblkaHus 1iC 8/20. npu NonHOM conpoTuBaeHun reHeparopa 2 Om (Ux = 2/7).

Y3WM. ucnbityemble no knaccy lll, yxxe ncneitaHbl Takum FKB. gna Y3WM. ucneiTyeMblx no knaccy Il. Heo6xoanmo
[onyctuTb, uto /K =W

Y3WM. ycTaHoBNeHHOe 6aunxe K BBOAY, MOXEeT 6biTb UCMbLITAHO MO Knaccy | 4na cayyas npsMoro ygapa MosiHAu
B 3flaHne unu no knaccy Il

HanpsixkeHne Ha Bbixofe Kaxaoro Y3WIM fo0MKHO MMeTb B OCHOBHOM (POPMY BOJIHbI, KOTOPas NPAMO He CBA3aHa
¢ copmamu BOMHbI 1.2/50 n 8/20. B Takom cnyyae Heob6xoAMMO HOpManuM3oBaTb pakTuyeckne opmbl BOMHBI ANA
npeo6pasoBaHusi nx B chopmbl 1.2/50 n 8/20.

370 BbINOMHAETCA NyTeM clefyloLWwmnx pacyeTos:

- amMnauMTyAHoe 3HadveHue n = ii. jud/ n Jun2dt;

- amnauTygHoe 3HauveHwe / =i, jidt n ji2dl .
MpumeyaHune — 3OnemeHTbl QOPMYyN M AaHHble B Tabnuuax JO/MKHbI 6bITb COrnacoBaHbl.

OTn gaHHble 3aTem nNpuBoAAT B Tabnuue F.1.

Tab6nuya F1

HanpsaxeHue i
P v Jodi el df

Tok [ jidt ALY
Ta xe Tabnuya gna KB c amnantygoit 1B (tabnuua F.2).

Ta6nwunuya F2
HanpsxeHune 1 70-10'6 6-10'3
Tok 0.5 12-10** 2-10-J
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Pasgenvs 3HaueHus Kaxgoii rpadbl Tabnuubl F.1 Ha 3HaYeHWs cooTBeTCTBYKLWMX rpad Tabauubl F.2, nonyunm
HoByto Tabnunyy F.3.

Ta6bnunya F.3

HanpsxeHne " Jud(/ (70-1(r6) Jjc/*df/(6-10-3)
Tok i2 J/df/(12-10-6) Jj/'d/fp-10 "3)
MakcumansHoe 3HaueHve B Tabnuue F.3 aaeT 3HaueHue Ucc (TKe). SKBMBANEHTHOE 3HAUYEHMIO KB, uTo COOT-

BETCTBYeT 3Ha4YeHun0 Ha Bbixoge Y3WUTI. Mocne Toro kak ganee yctaHoBeHHbI Y3WIM 6610 ncnbitaH no knaccy Il reHepa-
TOPOM KOMGWHMPOBaHHOW BOMHbI (TKB), MMeLWM HanpskeHne xonoctoro xoga Uac U, (Unu akBuBaneHTHbIM KB B
cnyvae ucnbiTaHuii no knaccy Il). MOXHO cpa3sy ckasaTb, SIBNASAETCA NN KOOPANHALMA YA0BNETBOPUTENBHOI. [locTaTouHo
nposepuTb, 4To UocUsi > Uoc n<s-

3HaueHue Ha Bbixoge Y3WIM ana faHHOW Harpy3ku Ha BXO4E AO/MKHO 6blTb paccuMTaHo ¢ UCMOMIb30BaHUEM MPO-
rpaMmmHoro obecneyeHnss MoAaennpoBaHus. HeT He06Xo4MMOCTM NPOBOANTL pacyeTbl KaxAblii pa3. Tak Kak Takue pacye-
Thbl [IOXKET cAenatb U3rotToButenb. [aa KaXkA0ro n3gennsa n3rotoButelb MOXeT MOACYUTATb BbIXOLHOW 3KBUMBANEHTHBIN
umnynsc TKB ana pgaHHoi Harpy3ku (Itmo gnsa wcnbiTaHuii knacca | unu /tax gns knacca Il. nnm UQETax KB gns
ncnblTaHnii knacca lll) c yueTom f0oNycKoB Ha xapakTepucTukn Y3UI n nobblx KpUTUHECKUX 30H (MHOTAA camoe rnaBHoe
nepeHanpshkeHne Ha Bbixoge Y3WI ABnAeTcs pe3ynbTaTtoM He MakCMMasbHbIX 3HauvyeHuin Iro, n /oc Tax. a 6onee
HU3KMX 3HAYEHUIA).
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Mpunoxexune G
(cnpaBou4Hoe)

Mpumepbl Ha3HavYeHnna

MpumevyaHune — BpgaHHOM NpUIOXKeHUN paccMaTpuBaloTCA NPeAnonoXnTebHbie CUCTeMbI AN YCTPOICTB
6bITOBOrO M MPOMBILLIIEHHOTO Ha3HaYeHWs, a Takxke 419 paguomadT, B KOTOPbIX YCTaHOB/eHbl Y3WUI. 310 npunoxexHue
npv3BaHo npeaocTaBnTb MHOPMaLMo no Bei6opy Y3UM AnsA pefkux cryvyaes NPUMEHEHUS U NPOWUIMIOCTPUPOBATL
npuHUMMbl BbIGOpa, coAepxalinecs B HacTosWeM cTaHAapTe.

G.1 BbiTOBOE Ha3HayeHne

Bupg ceTn cpefHero HanpsXXeHus: BO3AyLIHbIE JIMHUN NPOTAXEHHOCTbIO 10 KM.

Bug ceTn Hu3koro Hanpskenus {230/400 B): Bo3gyllHble NMHUKM NPOTSXKEHHOCTbIO 1000 M; noj3emHble Kabesnb-
Hble IMHUN NPOTAXKEHHOCTbIO 200 M.

VIHTeHCUBHOCTb yaapoB monHuu (J19): 2 yaapa' km2rog (cm. 4.1.1).

MecTonosioxeHne 3alWULLaeMOro 31aHnsa: PoBHOE MECTO.

CTpyKTypa 3/1eKTpOyCTaHOBKM: YCTaHOBKa Ha BBOAe 3awuweHa YAT tuna S (ycToliunsocTs 3 KA 8/20, cm. 6.2.4.3).
YCcTONuMBOCTb K TOKYy KOPOTKOrO 3aMblkaHWs Ha BBOAE 3/1eKTPOycTaHOBKM cocTaBnseT 3 kKA. Ha BBoge B 3paHve (B
nofBa/lbHOM NMOMELLEHUN) PacnosioXXeH rNaBHbIi pacnpefenuTenbHbli WNWT U OAUH BCMOMOraTesibHbIi — Ha MepBOM
aTaxe.

3asemMneHuve 3awmuaemMoro 3gadusa: 50 Om.

CuncTema 3a3eM/eHNs CeTU HU3KOro HanpsxeHus: cuctema TT. OfgHa hasa n pacnpegeneHHas Heitpans.

Bua 3awmijaembix yCTPOWCTB: CTUpasibHasa MallMHa C 3/1IeKTPOHHLIM YNpaBneHneM, KOMMbOTEP, CUTHANN3auMs Ha
BXO/E, BUAEOMArHMTooH 1 Tenesnsop n T. 4.

B pesynbTaTte aHanm3a pucka (CM. pas3gen 7) BO3MOXHO BO3HMKHOBEHWE UHTepeca K npuMmeHeHuto Y3UM (Bbico-
Koe 3HauyeHne N BO3AYLUHblE /IMHWN KaK CO CTOPOHbI CPefHEero, Tak n HU3KOro HanpsbkeHus TpaHcopmaropa, 3neKkT-
POHHble ycTpolicTBa N T. A4.).

CpefHwuii oxungaemblli YpoBeHb rPO30BbIX TOKOB, HaBe[eHHbIX B BO3JYLIHbIX INHUAX, TpaHcopmupyeTcs Ha
BBOAE B HOMVHAa/bHbIV pa3psifHblil TOK /,, He MeHee 5 KA 8/20 Ha 04uH NpoBOA.

TpebyeMmblii ypoBeHb 3alluUTbl Ha BXOJe YCTPOWCTB CurHanusauuu (4yBcTBUTeNbHOe o6opyfoBaHue) — Op He
6o0nee 1.5 kB. 3T0 MOXHO [OCTUYL OAHOBBOAHbIM ¥Y3WUM (cM. 3.25) co 3HaueHuem Li,. paBHbiM 1.5 KB. ucnbiTyeMbImM No
knaccy Il

Ecnun Ha BBOge TpebyeTcsi o6ecneynTb yCTONYMBOCTb K TOKAM KOPOTKOrO 3aMblkaHusa 3HavyeHnem 3 KA (gelicTByto-
Ljee 3HayeHune), To ycToiiumeocTb Y3UI K TOkaM KOpPOTKOro 3amblKaHus fo/mkHa 6biTb He MeHee 3 KA (geiicTBylollee
3HayeHune) (cM. 5.5.2.4). C aToll UeNbld WN3roTOBUTE/NIb PEKOMEHAYeT WCMNOMb30BaTb NMaBKWI MpefoXpaHuTesnb Wan
aBToMaTuyeckuii BbikntouaTens ¢ YAT (pe3epBHasi 3awuta) ¢ npefesnbHbIMU OTKIOYAOWMMN XapakTepuctukamu. Mpu
MCMOMb30BaHNN Ha BBOJE aBTOMaTUYECKOro BbikMtovaTensa ¢ YAT Tuna S HenpepbiBHOCTb 3aLiUTbl HE rapaHTMpoBaHa oT
npuxogsawmx paspagos 8/20 3HaueHnem cBbiwe 3 KA.

Hukakoii fOoNoMHUTENbHON 3aLMTbl MPU HENPSAMOM KOHTakTe He TpebyeTcs BBUAY Hannuusa YAT. Tennosoii pasbe-
OVHWUTENb BXOANUT B cocTaB camoro Y3UIM (cm. 6.3.1).

BcnepgcTsue TOro, 4to ato cuctema TT n BO n3bexaHne oYeHb BbICOKOrO NepeHanpskKeHns, pekomeHayeTcs npu-
MeHeHne Y3WUIM ¢ Tpemsa Bugamu 3awutbl (dhasa-HeliTpanb, HelTpanb-3emns v asa-semns) (cm. 6.1.1).

Ansa apyrux sawmuaemMbix YCTPONCcTB Heo6xoArMa TONbKO 3awuta mexay asoi 1 HeiTpanblo, NOCKObKY OHU He
coefinHeHbl C 3eMell, 3a UCK/TIOYEHNEM MOEYHbIX MallvH, rAe 3a3emfieHne npucyTcTByeT B Lensx 6esonacHocTu. B
Takom c/iiyyae MOXeT MOoHaAobuTbCA 3awmTa Mexay das3on 1 3eMieil n Mexay HeildTpanblo U 3emsei.

Apyrue Y3WUIM gonxHbl COOTBETCTBOBATL 60/1€€ HU3KOMY MMMNYNbCHOMY TOKY. Torga paBHOe 2 KA, Ans ucnbita-
HWiA no knaccy Il gocTatouHo. Kartanor narotosutens npegnaraert Li,, pasHoe 0.8 kB.

PaccTosHue 20 m gocTaToyHo Ansa obecnevyeHuns pasgeneHns mexay Y3UI. pacnonoxeHHbIM Ha BBoge, 1 Y3UI.
pacnosioXeHHbIM Ha nepeoM aTaxe. OfHaKo A1 obecneveHns afgekBaTHOro pasgeneHus paccrtosHusa 10 m HepgocTa-
TOYHO Mexzay Y3WUI. pacnonoxeHHbIM Ha BBOAe, U Apyrumu Y3WUI. pacnonoxeHHbIMU B MOABa/ibHOM MOMELLEHUN,
BC/efCTBME HU3KOro 3HaveHus L, = 0.8 kB (cm. 6.2.6). Torga nyudlie Bbi6path gpyroe Y3WI ¢ Up, paBHbiM 1,5 kB. Hanpu-
Mep ana gpyrux Y3WUM. pacnonoxeHHbliX B NOABa/IbHOM MOMELLEHUN.

Ana atnx Y3WI TOK KOPOTKOro 3aMblKaHUsi B MeCTe UX pa3MelleHNs HU30K, M U3roTOBUTE b BK/OUNI Heobxoaum-
Mble pasbeAnHuTeNnn (TensioBble U KOPOTKOro 3aMbliKaHus) (CM. pucyHok G.1).
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PucyHok G.1 — BbIToBasi 31€KTPOyCTaHOBKa

MpumevaHne — Moxer I'IOTpeﬁOBaTbCFI A0NoNHNTeNbHaA 3 allnTa. ecan TeIeBU3NoHHasa aHTeHHa 3a3eM-
neHa.

Beugy TOoro uTto pacctosiHne mexgy Y3WUI Ha BBOAe W APYrMMW ycTpoicTBamu, 0OCOGEHHO Ha NepBOM 3Taxe,
[0BONbHO Benvko (10 n 20 M COOTBETCTBEHHO), PAAOM C 3awuuiaeMbiMy YCTPOMNCTBaMM Heobxoaumbl apyrue Y3UN
{cM. 6.1.2). OAHO AO/HKHO 6GbITb PACNOIOXEHO PAAOM CO CTUPASIbHOW MaWWHOWN, Apyroe — pAAOM C MarHUTogOoHOM U
Tenesnsopom. Elle oAHO nopcoefuHeHo K pacnpefenntesibHOMY WUTY Ha NepBOM 3Taxe W. Kpome TOoro, Hemocpej-

CTBEHHO Ha pa3beM KoMmMbloTepa (paccTosHWe MeXay LWTOM U KOMMbOTEPOM He6O/bluoe).
G.2 MpomMblWNeHHOe Ha3HavyeHne

PekomeHpauum no npuMmeHeHnto Y3UIM Ha o6bekTax NPOMBILIEHHOTO Ha3HaYeHNss — B CTafuu pPacCMOTPEHUS.
MpuMmepsbl pacnonoxeHus ceteit, anekrpoobopygoaHus n Y3UM — cm. pucyHkn G.2 n G.3.
B1 MB B2

MV e=nuHus cpefHero Hanpsxxeuusa; MB -- rnasHoe 3gaHue: B 1. B2 - npou3BojcTBEHHbIE 3aaHuna: EB 1, EB 2 — aksBunoTteHuunanb-
Hble COeAVHWTENbHblie WWHbL, PB, PB 1. PB 2 ¢mpacnpegenutensHble wuTbl: Eq — 3anekTpoo6opyjoBaHue

62

n  Harpyskun. TN C.
TN C-S — cuctembl NUTaHWa U 3asemneHuns
PucyHok G.2 — TMpumep pacnpegennTenbHbIX ceTeil NPOMbILLNIEHHOT0 06beKTa



FOCT P M3OK 61643-12— 2011

MB -- rnaBHoe 3paHve: B 1 B 2 — npou3BoACTBEHHble 3faHusA; EB, EB 1. EB 2 — 3kBunoTeHUuManbHble COEVUHUTENbHbIE LUNHbI;
PB 1, PB 2 — pacnpepenutenbHble wutbl; EQq — 3anekTpoo6opygoBaHue u Harpy3ku. TN C TN C S — cuctembl nuTaHusa w
3a3emMneHus

PucyHok G.3 — 3OnekTpuyeckas cxemMa NpOoMbILW/IEHHOW 3/1eKTPOYCTaHOBKM

G.3 Cuctema monHuesaLwnThbl

CocTaB cuCTeMbl MOJIHME3alNUTbl U AOMONHUTENbHAA VHOpMaLus:

- paguoBbllLiKa, 060pyJOBaHHasA CUCTEMOI MOSTHME3aWmnThl;

- BUJ CeTU CpefiHero HanpshXeHuss — BO3AyLUHAsA IMHUSA NPOTSHXEHHOCTbIO 10 KM;

- BUJ CEeTU HU3KOTO HanpsXeHns — BO3AYLIHAA NIMHUA NPOTAXEHHOCTbI0 500 Mm;

- A*, — WwecTb yaapoB.'km2rog;

- MecTO pa3MelleHuns 3almnaemMoro 3aHnsa — Ha BepLlUMHe BO3BbILLEHHOCTY;

- CTPYKTypa 3/1eKTPOyCTaHOBKN — 3a3eM/IeHHasn HelTpanb y NOAHOXMUS BO3BbILLEHHOCTW.

MpuMeHeHne MeCTHOro 3alyUTHOro 3a3em/ieHns 060pyf0BaHUS;

- 3a3eM/ieHne 3awmuiaemoro obopygosanma — 10 Owm;

- 3a3emsieHne TpaHchopmaTopa cpefHero/HM3Koro Hanpsbkenus — 10 Owm;

- cucTtema 3a3eM/IeHUst CeTU HM3KOro HanpskeHuss — cuctema TT; ogHa hasa C pacnpefenieHHol HelTpanblo.

Bug 3awjmiiaembix YCTPOIUCTB — 3/1eKTPOHHOe 060pyfoBaHue.

BcnepacTBue KpUTUYECKOrO XapaKTepa 3/1eKTPOyCTaHOBKW (aHanu3 pucka cM. B pasgene 7) Heo6xoAWMO npume-
HATb Y3WUT. ncneitaHHble no knaccy |. Y3WUIM nogcoegmHanTca mexay asoll 1 MeCTHbIM 3a3eM/IeHneM, Mexay HeliTpa-
Nb0 U MECTHbIM 3a3eM/ieHreM U Mexay a3oii U HeilTpanbto. AT Y3UI A0MKHBI UMETb CNOCOGHOCTb MUHUMYM 20 KA
no knaccy |. Tak Kak Ha HWX NpuxoauTca 66/bwas 4YacTb NPAMOro rpo30BOr0 TOKa, YAApsioLero B pPajvoBbILLKY
(cm. npunoxexune D). Apyroe Takoe e Y3UI MOXHO MCNOMb30BaTb C NPOTUBOMOJIOXHOW CTOPOHbI BO3AYLIHOW IMHWAN
ANs 3aWuTbl TpaHcgopMaTopa. 3awmnTHbIN ypoBeHb Y3 co cTOpOHbI 060pyA0BaHUS fOMKEH cocTaBnsaTb 1.5 kB. a
3alUTHbIA ypoBeHb Y3, noAcoeANHEHHOrO CO CTOPOHbI TpaHcopMaTopa, MoOXeT 6biTb TakuM e Unu Boilwe (40 4 kB),
Tak Kak TpaHCopmMaTopy He HyXHa 3aljuta CO CTOPOHbl HU3KOTO HanpsKeHus.

MoxeT Takke BO3HWKHYTb HE06X0AUMOCTb NpuMeHeHnsa Y3UI co CTOPOHbI CPeAHEro HanpshXeHus TpaHcdopma-
Topa. JTOT BOnpoc paccmaTtpusaetcsa B MK 60099-5.
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PUCYHOK G.4 — YCTaHOBKa C CUCTEMOI MOSTHUE3aLMUThI

Mpunoxexne H
(cnpaBo4HoOe)

MpuMepsbl NPUMEHEHNA aHaNU3a pucka

Bonpoc — B cTaguu paccMoTpeHus.
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Mpunoxerue |
(cnpaBou4HoOe)

MepeHanpsaxeHna B cuctemax

MpumeyaHune — HacToswee NpuioXeHne pacnpocTpaHaeTcsa Ha pa3jen 4 HacTosilero ctaHgapTa. Tam. rge
MHpopMaumns 0THOCUTCA K cneumduyeckomy nognyHKTy, 3To 0603Ha4YaeTCsl 3HAKOM (XXX) B HUXecNeaylLleM TeKCTe.

11Tpo3oBble nepeHanpskeHns n Toku {cm. 4.1.1)

1.1.1 AcnekTbl CU0BOI pacnpefennTenbHOl CUCTeMbl, BAUSAIOLMEe HA HEO6XOAMMOCTb NpuMeHeHusa Y3UM

Paspgen 443 M3K 60364-4-44 yka3blBaeT Ha TO. YTO. €C/IN KyCTaHOBKe NOAXOAUT NOA3EMHbI Kabenb unm ecnu ee
nuTaeT BO3AyLIHAsA IMHUSA, KOFAa rPO30BOI YPOBEHb HIDKe 25. HET He06X0AMMOCTU B MpuMeHeHun Y3W. noka npuemne-
MbIiA PUCK, OCHOBAHHbI Ha NPUMEHEHUN YCTAHOBKU, Ype3BblHaliHO HU30K. STV peKoMeHJaLMn OCHOBLIBAKTCA Ha onpe-
[leNeHHbIX AOMYLIEHNSAX OTHOCUTENIbHO CpefHeli YyCTaHOBKM.

Ecnun chakTtopsbl, cneunduyeckme Ans pacCMaTpuBaemoi yCTaHOBKW, SIBMISAIOTCA HEOObIUYHBbIMU, TO MOXET BO3HUK-
HYTb NOTPEGHOCTL B 3aL1Te OT UMMY/IbCOB.

HekoTopble 13 aTux thakTopos paccmartpusatoTcs B8 1.1.1 n 1.1.2.

JomkeH 6bITb NPOBEAEH aHanN3 pUCKa, OCHOBAHHbI Ha BEPOATHOCTW BXOAALMX UMMY/bCOB W 3KOHOMUYECKOM
6anaHce mexay 3alnToil N NocneacTBUAMM.

1.1.1.1 F'po3oBaa akKTMBHOCTb

Camoe cyl|eCTBEHHOEe 3HauyeHue B OMpefeseHun pucka OoT BO3AeiCTBUSA MOJIHUIA Ha 3M1EeKTPOYCTAHOBKY MMeeT
MHTEHCUBHOCTbL yAapoB MonHuii JI0 B MecTe pacnosioxeHus obbekta. OgHako ecnu Jig Hew3BecTHO, MOXeT ObiTb
ncnonb3oBaHa rpy6as oueHka, nonyyeHHas u3 rpo3osoro ypoeHa Nk (Nk— konnyecTBo rpo3oBbiX fHeil 3a rof. B3sToe U3
M30rpO30BbIX KapT) faHHOW 30HblI C NCMONb30BaHNEM ynpoLlieHHoh dpopmynbl Ne = 0.04 Nk1,25.

JUp paeT BbICOKO /1OKa/NM30BaHHY MHOpMaLMio O rPO30BOI aKTUBHOCTU, 0GECMNEYNBAIOLLYI0 TOYHYIO OLEeHKY
prcKa Kak B Kakoli-Hnbyab cneuudmyeckoli 3oHe, Tak U BAOMb TPacchl kakoli-nmbo obcnyxuBatoleli cuctemsl. 3Ta BeNu-
YMHA Yy4uTbiBAET TakkKe Ce30HHble U3MEHEHUS U U3MEHEHNA 3HaYeHns umnynbca. 370 PakKTopbl, KOTOPble HE BXOAAT B
onpepaenexnne Nk oTcloga 3HaueHue JIk. paBHoe 25. He MoOXeT 6biTb MCMOMb30BaHa ANS onpefAeneHns NoTpe6HOCTU
B Y3UM.

1.1.1.2 YA3BUMOCTb 3/1EKTPOYCTAHOBKM

Jaxe TaMm. rge aHeprocHabXeHue ocyllecTBasieTCs No NoA3eMHOMY Kabento, aToT Kabenb He Bcerga A0CTaTouHo
3alMaeT ycTaHOBKY, OCOGEHHO B c/lyyae MpsiMOro MAM GAM3KOro yfapa MOJIHUM, 4YTO He paccmaTtpuBaeTcs B
M3K 60364-4-44. pa3pgen 443.

BoT nouemy cHabXeHue no noAzeMHoMy kabeno He MOXeT 6bITb MCMOb30BAHO caMo No cebe ANs onpegeneHns
notpe6bHocTn B Y3UT.

1.1.2 Pa3pgeneHne MMNyabCHOro TOKa BHYTPU COOPYXEHUS

PucyHok 1.1. nokasbiBaeT TUMWYHbIA Cyvail pasfeneHns Toka UMnynbca npu nNpsiMoM yzape MOJIHAW B COOpYXe-
Hue.

MpumeyaHne — [PO30BOK MMNYNbCHbIA TOK 061afaeT ABYMSA raBHbIMU napameTpamu. Mepsbiit — Bpems
6bICTPOro Bo3pacTaHns, KOTOpoe MNPUMEHSIT ANA onpefeneHns 3HaYeHUs HanpsHKeHUs BCNeAcTBUe SIBIEHUS UHAYK-
unn. Btopoit — 60nbwasn AAnTenbHOCTb, YTO B OCHOBHOM OTHOCUTCSI K 3HEepruu ygapa. BbiCOKOHaCTOTHbIE AIBNEHNS He
MMeloT MecTa B 3TOT NO3fHWlA nepuog, 4To faeT BO3MOXHOCTb UCNOMb30BaTb OMUYECKOe CONPOTUB/IEHNE AN pacyeTa
pacnpegeneHns TOKOB.

I'le HeBO3MOXHA TOYHasA oueHka {HanpumMep, pacyeTHbIM MyTeM), MOXHO AOMYCTUTb, 4TO 50 % o06Lero rpo3oBOro
ToKa / BXOAUT B 3a3eM/IEHHYI0 OKOHEYHOCTb CUCTEMbI FPO303aLLuThl paccmMaTpruBaeMoro coopyxeHnus. Apyrue 50 % Toka
/. pacnpepaensTcsa cpean BXOASLLMX B COOPY>XEHUE NIMHWIA 06CNYyXMBaKLWMX CUCTEM, Hanpumep BHELWHWE NPOBOASA-
LiMe 4acTu, CUNOBble 3NEeKTPUYECKNE U KOMMYHUKALMOHHbIE MMHUM U T. 4. 3HaYeHne Toka B KaxAoi obcnyxuBatouiei
cuctemMe /, MOXeT 6bITb OLLeHEeHO no dopmyne /, = /*/n (1 — 4Mcno 06CNYXMBAOLWNX CUCTEM).

Ansa oueHkn Toka 1, B KaXAoM OTAEeNIbHOM MPOBOAHWKE HE3KpaHWPOBaHHOro kabens ToK  npoTekawlwwuii no
kabento, AenaT Ha YMcno NMPOBOAHMKOB T, Torga /v=1Jm.

B akpaHupoBaHHOM Kabesie 06a KoHLa aKpaHa [0/KHbl ObiTb COeAMHEHbI C 3eM/eil HeMnocpeACTBEHHO UK Yepes
Y3WUM. B aToM cly4ae 0CHOBHas YacTb pa3psfHOro Toka, npoTekatoLero no kabento, npoiiget no akpaHy (06b14HO 50 %)
1 MeHbLUas YacTb — MO BHYTPEHHUM NpoBogHuKamM. B nio6om cnyuae Y3UIM cnegyeT ycTaHaBnnBaTh Kak MOXHO 6/1mke K
TOYKe 3a3eM/IEHUsI 3KpaHa.

Mpumeuvannel — [lpeanoyTUTENbHOE 3HAYEHNE nnn /Tax gns Y3WM cootBeTcTByeT /y.

NMpumMmeyaHune?2 — Mpavoii ygap MOMHAM B BO3AYLIHbIE IMHUN MOXET PacCMaTpuBaTbCsl aHaNOTUYHO.
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Mpy Bbi6ope Y3UI AN CUNOBbIX IMHUA HEOBXOAMMO OTMETUTb. YTO. Kak NPaBuIo, ra3oBble TPYGbl OTCYTCTBYIOT
1 OYeHb YacTo BOAsIHble TPY6bl GbIBAlOT HEMETA//IMUYECKUMU, MO KpaiiHell Mepe, CHapYXu 3faHusi. B TakoMm cnydyaB
CU/IOBbIE SIMHUM MOTYT MPOMYCKaTh OCHOBHYIO 4acTb FPO30BOr0 TOKA.

Ha pucyHke 11 npuBefeH TWNUYHbINA cnyyaid, Korga 50 % Bcero Toka NpoTekaeT Mo 3a3eMaeHuto 3aaHusa u 50 %

— 4Yepes BHelUHWe 06CNyXUBaLLMe CUCTEMbI.
KonbLeBoli 3a3eMNsatoLwpmii 3n1eKTpog,

NMpumMeuyaHune — 3HayeHWUA B CKOOKax NPUMEHSIOT MPW OTCYTCTBUU MeTa/IMuecknx Tpy6.

PucyHok 11— Tpumep oTBOAA rPO30BOr0 TOKa BO BHELLHWE o6CcnyxuBaiolme cucteMbl (cuctema TT)

12 KommyTauunoHHble nepeHanpskernnsa (cm. 4.1.2)

Moapo6Hy0 MHOPMAaLNIO MO NepeHanpPsXXeHWAM, Bbi3BaHHbIM KOMMYTAUWOHHbIMU UMMynbcamu, cm. C.2.

13 BpeMeHHble nepeHanpsxeHus UjoOV (cm. 4.1.3)

BpemeHHble nepeHanpsXeHus, co3faBaeMble KOPOTKUMWU 3aMblKaHUAMU B CUCTEME HU3KOTO HamnpsHXXeHUs, MOX-
HO onpegenuTb ABYMS KoadpuumneHTamu:

- Jl, — OTHOLWEeHMEe MaKCUMa/lbHOr0 HamnpshXeHUss K HOMUHA/IbHOMY HarnpshXeHWI0 CUCTeMbI, /c, 06bl4HO 6GbiBaeT B
AvanasoHe oT 1.05 go 1.1. 370 NeXuT B AnanasoHe HOPMasIbHOro PeryimpoBaHnsa YPOBHA HanpsXeHus.

- K2 — MakCMMa/ibHOe 3HayeHue nepeHanpskeHus CUI0BOW CUCTEMbI, KOTOpoe npesbiwaeT Uu CuioBOit cucTe-
Mbl. HanpsikeHue B He3aKOpOYeHHOl ha3e MOXET MeHATbCs OT NpubaM3uTeNnbHO 1.25 A0 TEOPeTUYEeCcKOro 3HauyeHusi
1.73 pna KOpPOTKOro 3aMblkaHua B TpexdasHoi HM3KOBO/MbTHONI cucTeme.

Mpun MmeuvyaHne — B oagHodasHbIX, TPEXNPOBOAHBIX (C pacliensieHHol ha3oii) cuctemax 3HaYeHne  MOXeT

6bITb PABHO ABYM.

MonHoe BpeMeHHOe NepeHanpsiXeHne MOXHO BblpasuTb (hOPMYOii:
A tov.lv = M2 = k2Uci.
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MpumevyaHnunel — BpemeHHble NepeHanpskeHNss 06bIYHO BbI3bIBAIOTCA TAKUMK SBAEHUAMU, Kak KOPOTKMe
3aMblKaHWs B HU3KOBOJ/IbTHLIX pacnpefennTesibHbiX CUCTEMAX IHEProCHabXeHWs, Npu KOMMyTauuu KOHAeHcaTopos, a
TaKKe OCTaHOBKe W mycke Asurateneii. [JAnTeNbHOCTb TakUX NepeHanpskeHuii 06bI4HO HeBenuka. MepeHanpskeHus,
BbI3BaHHbIE KOPOTKMMU 3aMblKaHUSIMU B Tpexda3Holi cucteme nutaHus Anatcs oT meHee yem 0,05 Ao He 6onee 5 c.
Myck ofHodasHoro anekTpoAsuraTens ¢ NAOXMM COeAVHEHVUEM HelTpanum MOXeT Bbi3blBaTb W3ObITOUHOE NepeHanps-
XeHve B TeYyeHne nepmoga BpeMeHu, Kak npasuso, He 6onee 5 c. M03TOMy ANUTENBHOCTb BPEMEHHOIO NepeHanpsxe-
HUA onpejenseTcsa HacToAwMm ctaHgapTom ot 0.05 go 5 c.

MpumeyvyaHune 2— B HeKoTOpbIX ceTAX 6GblBaeT HEO6XOAMMO ONpefenuTb KpaTKoBpeMeHHoe (MeHee YeMm 5 c)
BpeMeHHoe nepeHanpshkeHme 1/0 + 1200 B (cm. MOK 60364-4-44) B pe3ynbTaTe KOPOTKOTO 3aMblKaHUS B BbICOKO-
BO/MIbTHOW cucTeMe (1/tov.hv)- Takme BbICOKME 3HAUEHUS HAMPSHKEHUs NPUBOAAT K noBpexaeHuto Y3UN. B Takux cnyvasx
crnefyeT MPoBeCTU COOTBETCTBYIOLLEE UCMbITaHWe ANA NMPOBEPKM TOro, YTO NOBPEXAEHMEe He co3[aso OnacHocTW Ans
nepcoHana, o60pyAoBaHUSA WAM YCTPOMNCTB. [aHHOB 3HauyeHne UO * 1200 B sABnsieTcA MakKCMMaslbHbIM 3HAYEHUEM
BPEMEHHOr0 NepeHanpshkeHWs B TeYeHne MakKCHMaslbHOro nepuofa BpemeHn 5 c. [laHHOe 3HayeHne MOXeT 6biTb Unn
ero MoXeT He 6biTb, 3TO 3aBUCUT OT TUNa CUCTEMbI 3a3EMEHNA HU3KOBO/bTHOW YCTAHOBKM U OT TWUMNa BbICOKOBOJIbTHOM
cuctemsl (cm. npunoxexnne E). Kpome Toro, BpeMeHHble NepeHanpskeHns 4MTeNbHOCTbI0 CBbllle 5 C. xapaktepusye-
Mble No MOK 60364-4-44. MOryT Takxxe NPUBECTU K NOBPEXAEHUO BBUAY 60NbLIOW AMTENBHOCTY.

B HacTosiwem ctaHgapTe BIMH. nossnswwmecs B pe3ynbraTe KOPOTKUX 3aMblKaHUA B HU3KOBO/IbTHOW cucTeme,
o603HauvatTCcs (7rov Lv. a B BbICOKOBOMbTHON cucteme — UTOV hv-

Ha ocHoBe BbilenpuBefeHHON POPMy/bl MOXHO TEOPEeTUYECKN BblYEPTUTb KPMUBYHO 3aBUCUMOCTU HanpskKeHus
oT BpemeHn Ansa L/IOv B ceTu. Ha npakTuke hakTnyeckne 3HaveHus [/rov B ceTun, B HaCTHOCTU B MeCTe yCTaHOBKU Y3UI.
He Bcerja n3BecTHbI. [J0BO/IbHO TPYAHO B TaKuX C/IyHasx HaYepTUTb BbILLEYNOMAHYTYI0 KPUBYHO, MOCKO/IbKY M3BECTHO NNLb
HECKO/IbKO TUMUYHbLIX TOYEK. B OCHOBHOM M3BECTHbI TO/IbKO CTaHAApPTHbIe MaKCMMasibHble 3HauYeHus, 1 No3ToMy Kpusas
OrpaHnyYMBaeTCs HECKOMbKMMM TOYKamn. 3HauyeHns BpeMeHu, npeacTasnsoLlmne nHTepec npu sBelbope Y3WUrN. coctaBns-
toT 200 Mmc n 5 c.

CTaHgapTHble MakcumasbHble 3HadeHns UjOV cM. Ha pucyHke 4.
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MpunoxeHune J
(cnpaBou4HoOe)

Kputepun Bbi6opa yCTPOMNCTB 3aUTbl OT UMNY/IbCHbIX MepeHanpsXeHuni

MpumeyvyaHune — [aHHOe NpUIOXEHME pacwunpseT UHGopmauuio, NpuBeeHHyo B pasgene 5.

J.1 XapaKkTepucTuka BpeMeHHOro nepeHanpshkenus UT (cM. 5.5.1.2)

T
. -
T
| | |
| | |
| | |
| | |
J ! [
200 mc 5¢
MpumMmeyaHune — BpemeHHble NnepeHanpsaXeHNa MOryT A/IMTLCSA HECKONLKO CeKyHA. BpemeHHble nepeHanps-

XEeHNA ANNTENbHOCTLIO CBbIlWE 5 C CUMTAIOTCSH MOCTOAHHBIM COCTOSHWEM Ans Y3UM. BpeMsa cBbllie 5 ¢ Ha KpuBoOii
COOTBETCTBYET MOCTOSIHHOMY 3HaueHuo Uc.

PucyHok J.1 — Tunuunas kpusaa UT agna Y3UN

J.2 PeXXMMbl 0TKa3a ycTpoCcTB 3aWnTbl OT UMNY/IbCHbIX NepeHanpsixXeHuin (cm. 5.5.2.4)

Korpga Y3WI BXOAUT B pexum oTka3a, Heo6Xx0AWMO yunTbiBaTb BAUSAHWE peXuma OTKasa Ha 3/1eKTpoyCcTaHOBKY.
Ecnu pexumom oTkasa Y3UI sBnseTcs pa3oMKHyTas Lenb (PeXWUM, CO3[aHHbIA HENVHENHbIM KOMMNOHEHTOM CaMoro
Y3WM nnv BHYTPEHHUM NMG0 BHELHUM pa3befuHUTeNbHbIM YCTPOWCTBOM, BK/IHOYEHHbIM nocnefoBatesbHo ¢ Y3UM.
KOTOpble BMECTe NOAK/M0YEHbI Napasie/lbHO C UCTOYHUKOM NUTaHusA), Torga B cayyas oTkasa Y3UI MoxeT ObiTb rapaH-
TMpOoBaHa HenpepbIBHOCTb Nofgaun nutauus. OgHako ocoboe BHMMaHue cnefyeT o6paTtuTb Ha cnocobHocTb Y3UM K
pasbefiHeHn0 A0 cpabaTbiBaHUsi pe3epBHOI 3alynTbl CUCTEMbI. B 3TOM cnyyae cnefyeT BHUMATENbHO OTHECTUCH K
KoopAuHaLun mMexay pasbeguHutenem Y3UM n pe3epBHOV 3aljuToiA.

Ana asyxssofHbIX Y3UI nnn oAHOBBOAHLIX, BK/IOYEHHbLIX MOC/AeA0BaTe/IbHO B pacnpefeniutesibHylo CceTb, He-
npepbIBHOCTL Nofaun nuTaHna obecneynBaeTcs Yepe3 BCTPOEHHbIN (BHYTPEHHWI) pa3befuHUTENb NN MUHYS ero. Kak

yKasaHo Ha pucyHke J.2.

O — pasbeguHutens; S — Y3WUN; L — nnHus

PucyHok J.2 — BHyTpeHHWIi pasdbefuHnTenb AByxXBBOAHOTO Y3UN

OCHOBHOIA 0cob6eHHOCTbi0 Y3UI. npeAcTaBneHHOro Ha pucyHke J.2a. sIBNAeTCA To. 4To nocne cpabaTbiBaHUs
pasbeguHUTens o6opyfoBaHWe OCTaeTca NOAKMOYEHHbIM K nuTaHuio. OAHaKo OHO 6ofiee He 3awwuweHo. Ecnn He
NPUMEHSAETCA NHANKATOP KOPOTKOrO 3aMblKaHWs (4UCTaHLMOHHbIA /MK MECTHBI), ANS TOr0 YTO6bl CUTHANN3NPOBATL O
pasbefnHeHnn, To NoTpebuTenb He 3HaeT, 4TO 060pyAoBaHMNe 60bLLe He 3alUMLLIEHO 1 MO3TOMY ropa3fo 6o/ee 4yBCTBU-
Te/IbHO B OTHOLIEHUWN MPUXOAALLETro UMMy bCa.

naBHas ocob6eHHOCTb Y3WI. npuBeAeHHOro Ha pucyHke J.2b coctonT B TOM. 4TO nocne cpabaTbiBaHUsA pasdbeaun-
HUTENs 3N1eKTpoobopyaoBaHne OTK/IOUEHO OT CETU, HO Takke OTK/IIYEHO OT F1aBHOr0 UCTOYHUKA WMMY/bCOB.

Ana Toro 4To6bl CHA3WUTL PUCK NOTEPYU 3aLUNUTBI UV NUTAHUSA BCNEACTBME OTK/OYEHUS, BO3MOXHO UCNO/b30BaHve
napannenbHo coeAunHeHHbIX Y3UIM. 060pyAoBaHHbIX pasbeAvHUTENAMM, Kak NoKasaHo Ha pucyHke J.3.
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O — pasbeguHuTenb; S — KOMMNEKTHbIA Y3WI. BKAOYalWmiA Aoa 3aWuTHbIX KOMMOHEHTa
(BapucTOp) U fBa COrNacoBaHHbIX pasbegnHuTens

PucyHok J.3 — TpumeHeHve napannenbHbix Y3UT

Ecnu pexumom oTkasa Y3UIM aBnaetca KOpoTKoe 3amblkaHne (obecneunsaemoe camum Y3WUI unu kakum-nn6o
[ONONIHNTE NbHBIM YCTPOCTBOM), KOTOPOE OTK/OYaeT pe3epBHyt0 3aluTy, B 3TOM Cayvae cutyaumns nogobHa onnucaHHo-
My BbllLE Cyyalo, NpefcTaB/ieHHOMY Ha pucyHke J.2b.

Ecnun nsrotosutenb He 06bsBNAET 0CO6LIV pexunM 0TKasa, HyXHO gonyckaTb, 4To Y3WI nogsepxeH Bbilenepe-
YUCNEHHBIM pexumam oTkasa. [ Toro 4tobbl MONYUYNTb TOBKO OAUH TUM pexunma oTkasa (pexmMm KOpOTKOro 3aMblKa-
HWUS UM Pa30MKHYTOIA Lienn), 06bI4HO NCNONb3YyeTCA AONOMHUTEIbHOE YCTPOICTBO, Takoe Kak BblK/louaTe/b CBepXToka,
npefcTaB/ieHHbIl Ha pucyHke J.3.

HeonpepgeneHHoe COCTOAHWE, YTO SAABNAETCA BPEMEHHbLIM COCTOSSHUEM, MOXEeT UMeTb MeCTO BO BPeMs OTKasa
Y3WM. Ons Toro uto6bl NONYYMTH ONpeAesieHHoe COCTosHMe (Pa30MKHYTas Lenb U KOPOTKOe 3aMblkaHue), TpebyrTcsa
[ONONHNTENbHbIE YCTPOCTBA (Hanpumep, TepMOBbIK/OYaTesb).

MpumeuvyaHune — B M3IK 60364-4-41 npuBefeHbl MPUMEHUMblE HOPMbl 6€30NacHOCTH.
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Mpunoxexne K
(cnpaBou4HoOe)

MprMeHeHne yCTPONCTB 3aWnTbl OT UMMNYNbCHbLIX MEepeHanpsxXeHni
MpumeyaHune — [aHHOe MPUIOXKEHNE paclumMpsieT MHopMaluio, NpuBeAeHHyto B pasgene 6.

K.1 MecTtononoxeHue n 3awuta, npegoctasnsemasn Y3UM (cm. 6.1)
K.1.1 Bo3MOXHble cnoco6bl 3aWwuTbl U1 yCcTaHOBKK (CcM. 6.1.1)
Ha pucyHkax K.1- K.5 nokasaHbl anbTepHaTUBHble BapuaHTbl 3a3eMeHuns (CM. pucyHkn 5a un 5b).

MpunmeuvaHnel — Haubonee npakTUYHO NPUMEHATL 06a BapuaHTa ANA NOAAEPXKaHUS KaK HEeBbICOKOro
YPOBHS 3aLMThI, TAK U MUHUMAJIbHON HArpy3Ky Ha 3/1EKTPOYCTAHOBKY MPW YC/IOBUM, YTO COEAVHEHUST MEXAy NpPOoBOLOM
PE v 06uieii Toukoii 3azemnennst Y3UM [o/mKHbI 6bITb KAk MOXHO KOPOYe.

anMeHﬂeMaﬂ ANIEKTPOYCTaHOBKa A0/DKHa obecneunBartb peweHne cnegyrownx nATn BONpPoOCOB:

MpumeuvaHnne?2 — Cnepywuwmne BONPOCHI akTyaslbHbl NPexae BCEro AnAA CTalMoHapHO YCTaHOBEHHbIX
Y3WM, BKAOYEHHbIX Mexgy (a3oil nam HenTpansio u 3emneir. Ans gpyrux Y3WUIM moryT noTpe6oBaTbCa gpyTue
npasuna.

a) onpeAeneHus Nyt paspsgHoOro Toka;
b) MAEHTUMKALMM NPOBOAOB, KOTOPbLIE BbI3bIBAKT AONONHUTENIbHOE NAfEHUe HAMNPSHXKEHUSI HA 3aXKUMaXx 3NEKT-
poo6opynoBaHusi (pucyHkn K.63 un K.66).

MpumeuvyaHune3 — Ha pucyHke K.6 (/,es ABnseTcss ocTaTo4HbIM HanpsbkeHvem ana Y3UM. ncnbiTaHHbIX N0
knaccy | wnu Il. nnun yale orpaHMYMBalOLLUM HaNpPs>XKeHNeM:

C) onpefeneHust Tpacchbl Ansi NPOBOAHUKOB KaXAOW Y4acTu 3/M1eKTPOO6OPYA0BAHUS BO M3GEXaAHUE HEHYXHbIX WH-
LOYKTVBHbIX BUTKOB, CM. PUCYHKM K.6C. K.6c*1n K.7.

MpumeyaHned — ECAM HEBO3MOXHO MUMETb €JMHCTBEHHYIO TOUKY 3a3eM/IeHus, Torga Heo6xoAnMo ycTaHo-
BUTb ABa Y3WUI. kak noka3aHo Ha pucyHke K.6d:

d) ycTaHOBNEHUS1 3KBUNOTEHLMA/IbHOW CBSI3WM Mexay o6opyaoBaHuemM u Y3UTT;

e) Bbibopa Y3WI cornacHo Tpe6oBaHMsAM KOOpAMHaLWN.

Heo6x04nMO MPUHATL Mepbl NO OrpaHUYeHNo WHAYKTUBHON CBA3W MeXAy 3aljulieHHbIMW U He3aluLeHHbIMN
4acTAMU YCTAHOBKMW.

B3anMOVHAYKTUBHOCTb MOXET OblTb CHUKEHA pasfe/ieHNeM UCTOYHUKA WHAYKTUBHOCTU U CeTU, Ha KOTOpYylo OHa
MOXeT BO3/elicTBOBaTb, OrpaHMyeHneM naowagn BUTKOB 1 BbK30pom yrna nsrmba n HanpasieHUs BUTKOB (CM. PUCYHOK
K.7). Korga TOKOBBAYLWI NPOBOJ ABNSETCH 4aCTbl BUTKOB, MHAYKTUPYEMOE HanpskeHue MOXeT 6biTb YMEHbLUEHO
nyTeM NPOKNajKn aToro NpoBoga kak MOXHO 6amxe K kabento (cM. pucyHok K.73).

Boobue nyulwe OTAENUTb 3aliWlieHHble MpoBoAa OT He3alWleHHbIX. [O/MKHbl 6biTb  MNPUHATHI  Mepbl,
4yToGbl M36exaTb B3aMMHOIO MNepecevyeHWss U B3aUMOB/MAHUS CUNOBbIX kabeneit u kabeneir cBAsn (cMm. pu-
CyHOK K.7b).

Ha pucyHke K.7 npuBefeHO HECKONbKO NPMMepoB NpreMsieMoit ycTaHoBKM Y3WUI ¢ TOUKM 3peHuns 3/1eKTPOMarHuT-
HOIi COBMECTUMOCTH.
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1 — Hayano 3NeKTPOYCTAHOBKW; 2 — pacnpefennTenbHbl N WNUT. 3 — [NaBHbIA 3KUM 3a3eMNeHust UAn LWnHa: 4 — yctpoiictBa gnsa

3awWwunTbl OT NepeHanpsbkeHun: 5a Sb - BapuaHTbl npucoeguHeHns Y3WUM k 3a3emneHunto, 6 — obopygoBaHue, nognexkauiee sawjure.

P — 3awWuTHOe yCTpONCTBO, yKasaHHoe u3rotoButenem Y3UM (Hanpumep, nnaBkuii npefoxpaHuTens, aBToMaTMYeCKWit BbiKoYa-

Tens. YAT), /78 — 3azemnsiowmii anekTpoj (3asemnstowiee COnpoTUBAEHNE) YCTAHOBKU: — 3asemnaloWwnii anekTpos (3azemns
ouee conpomsneHme) CUCTEMbI NUTaHUA

PucyHok K.1 — YctaHoBka Y3WUI B cuctemax TN
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1 — Hayano 3NeKTPOYCTAHOBKW; 2 — pacnpejenuTeNbHbiM LWUT: 3 — [NaBHbI 32KUM 3a3eMNEHUS UMW WKHA: 4 -= ycTpoicTBa Ans

3almThbl OT NepeHanpsbkeHun: 5a, 56 - BapuaHTbl NnpucoeanHennsa Y3WUN r 3asemnenunto, 6 — obopyjgoBaHve, nojnexxatiee 3aiyute;

P — 3awuTHoe ycTpoiicTBO, yKasaHHoe u3roToButenem Y3WUM (Hanpumep, nnaBKuii NpefoxpaHuTenb, aBTOMaTUYECKUii BbIKNHOYa-

Tens YAT); RK— 3azemnsiowmii 3nekTpoj (3a3emnsioliee COMPOTUBNEHME) YCTAHOBKM; Ra — 3asemnswolmii anekTpos (3azem-
nawuiee COI'IDOTI/IB!'IeHMe) CUCTEeMbl nNUTaHusa

PucyHok K.2— YctaHoBka Y3WI B cuctemax TT (Y3UMN nocne YAT)
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1— Havano ANEeKTPOYCTaHOBKN; 2 — pacnpefenuTtenbHbIX LWAT. 3 — rnaBHbI 3a@KUM 3a3eMNeHUss UM WwuHa. 4 - yCTpoﬁcma
ANA  3aWUTbl OT WMNYNbCHbIX NepeHanpsbkeHuii; 4a— ycTPOWCTBO ANA  3aWMTbl OT WMMAYALCHbIX NEpPeHanpsXKeHUin CornacHo
M3K 60364-5-534 unAn UCKPOBOW paspsigHuK; 5a, 5b — BapuaHTbl npucoeaunHeHus Y3UM Kk 3azemneHunto; B — o6opypoBaHue
noanexkauiee 3salute; 7 -- yCTPOWCTBO 3awuTbl OT gudhepeHymnanbHo Toka (YAT>; F — 3alWuTHOe YCTPOMCTBO, yKasaHHoe
nsrotosutenem Y3WM (Hanpumep, nnaBKuii npefoxpaHuTens, aBTOMaTUYeCKUn BbikntovaTtens. YAT). /?A — 3a3eMnsiowmnini anekT-
poa (3asemnstoliee cONpoTUBNEHNE) YCTAHOBKMN — 3asemMiAlLWmMX 3NeKTpPos (3asemnsalolee ConpoTUBNEHNE) CUCTEMBbI NUTAHUSA

PucyHok K3 — YcrtaHoBka Y3WUI B cuctemax TT (Y3UMN go YAT)
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1- Havyano 3NeKTPOYyCTAHOBKW; 2 — pacnpefenuTenbHblli WNUT; 3 — rNaBHbI 3akKMM 3a3eMNeHns Uan wuHa. 4 — yctpolictBa Agns
3aWwnTbl OT NepeHanpsXeHuii; 5a. 56 — BapuaHTbl npucoeguHennsa Y3UM K 3azemneHuto; 6 — o6opygoBaHue, noanexatiiee saliure,

F — 3alWuTHOe yCTpoliCTBO, ykasaHHOe n3rotoButenem Y3WUM (Hanpumep, nnaBkuili npejoxpaHuTenb aBTOMaTWYeCKWUi BbiKaoYa-
Tenb YAT). /?A - 3asemnaowumii anekTpofg (3asemnsioliee CONpoOTUBNEHME) YCTAHOBKU. R# — 3asemnsiowmii anektpog (3asem-
nsolLLee CONpoTUBAEHNE) cUCTEMbI NMUTaHnA. Ol — pa3oMKHyTas uenb UAN MHoe

PucyHok K.4 — YctaHnoBka Y3WUI B cuctemax IT 6e3 pacnpegeneHHoi HeTpanm

TNC-S

a — [AononHuTenbHble BHYTpeHHue Y3UM, BCTPOeHHble nNpu Heobxogumoctn. 6 — Y3WM. koTopoe MOXeT noTpe6oBaTtbCs, YTOObI
n3bexkaTb NOBbILEHNUA NOTeHUMana HeWtpanm

PucyHok K.5— TunoBoe mecTtononoxeHve ¥3WI Ha BBOAe 3neKTpoycTaHoBku B cuctemax TN C-S
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Eq — ob6opygoBaHue.
BapuaHTbl a. ¢ u d ycrtaHoBku Y3UM npumMeHuMbl BO BCE™ chnyyasx
BapuaHT b npumeHum, ecnun n IMJ gocTaTouyHO HU3KK (CM. 6 1.3).

MpumeyaHune — Tok / npoxogut uepes Y3WI, n MarHUTHOE NoJjie TOKa BXOAWUT B BUTOK, 06pa30BaHHbIi
noABoAALWMMMN NpoBojamu o6opyAoBaHus. 370 fobaBnseT MHAYKTUPOBAHHOE HanpshkeHWe K OCTaTOYHOMY Hanpske-
Huto Y3WUM. Takoe KOMOGMHMPOBAHHOE HanpshkeHue BO3HMKAeT Ha 3axumax 060pyaoBaHus.

PucyHok K.6 — OG6Lwwuii BapmaHT yCTaHOBKN OAHOBBOAHbLIX Y 3T
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| — nnaxoii BapuaHT n3-3a 60nbLIONK NAoWaAN BUTKOB — pe3ynbTaT Bbicokoe d”d, Bbi3BaHHOe d//d,; B — ny4ylunii BapuaHt — manas
nnow,aab BUTKOB — pe3ynbTar Hu3koe d /d,: iii — camblii nyywnii BapmaHT — 3KpaHuMpoBaHue kKabens npusoguT K d/d, m O BHYTpuK
aKpaHa

PucyHok K.73 — Tpumepbl NpaBUnbHON U HENPABUILHON YCTaHOBOK Y3
C TOUKM 3PEHUSI 3/IEKTPOMArHUTHOMN CBA3M

I - HernpasuibHaa yCTaHOBKa <- WHAYKTUBHasA CBA3b yCTaHaB/IMBaeTCA B TOYKe, NOMeYeHHOo’ 3Be3,q0HKOﬁ; il — npasunbHaa ycta-
HOBKa — Kabenn go n nocne Y3WUM pasgeneHsbl

PucyHok K.7b — TpumMepbl NpaBuibHOl N HeNpaBuIbHOW YCTaHOBOK Y3UI ¢ TOUKM 3peHUst MHAYKTUBHOW CBSI3n
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K.1.2 Bo3gelicTBue iBNeHUA KonebaHusa Ha 3alMTHoe paccTossHue (cMm. 6.1.2)

HepocTtatouyHo ucnonb3oBatb Y3UIM no6an3ocTy oT 3awjuuiaeMoro o6opyfoBaHusi. I3 coobpaxeHuid anekTpo-
MarHWTHOl COBMECTMMOCTM fyylle ycTaHoBuUTb Y3WI Ha BBOAE 3/M1E€KTPOycTaHOBKM (yAob6Hee mpeobpa3oBaTb TOK Ha
BBOAE, YTOObI N36exarb 3/1eKTPOMArHUTHbIX NOMeX BCNeACTBME pas3psfAHbIX TOKOB) W 3alMTUTb 3/1eKTPOyCcTaHoBKY (OT
afiekTpopaspsfa Mexay NnpoBojHUKamu u T. 4.) MNpu Heo6xoAMMOCTM N06M30CTH OT 060pPYyA0BAHNA MOXET ObITh yCTa-
HoBneHo gpyroe Y3WM. ecnn obopyaoBaHne Haxo4uTCs BHE 30Hbl 3aWMTHOTO paccTosaHns Y3WUIM. ycTaHOBMEHHOTO Ha
BBOJle. B aTOM c/iyyae BONPOCHI KOOPAUHALNUN HYXAAKTCA B U3yYeHun (CM. 6.2.6).

MpuunHa Heo6X0ANMOCTN B JONOMHUTENBbHON 3alinTe OT NepeHanpsHKeHuid 3aknoyeHa B BEPOATHOCTH TOro, YTO
Kone6aHna nnn 6nyxaaloL e BoHbI, Bbi3BaHHbIE pa3psaAHbIMU UMMNYybCaMu, MOTYT Bbi3BaTb 60/1ee BbICOKME Hanpsxe-
HUSI. YeM OXMAAUChb Ha 3alimwaemMom o6opygoBaHun. Ha pucyHke K.8 npuBoguTcsi npumep on3nyeckoin u anektTpuyec-
KO cxem Takoli cucTeMbl.

d n'“ kn

X L r

Pa3zpsg (L.n Paspag’

O6opypaoBaHue

X

a
PucyHok K.8 — ®usnyeckas u anekTpuyeckas CXeMbl CUCTEMbI, B KOTOPOW/ 3aljuiuiaemoe 060pyfoBaHne OTAEeNeHO
oT Y3WUTI1. ocyLecTBAALWEro 3awuTy

HanpsixeHve, Bo3feicTBUIO KOTOPOro nojAsepraetcs o6opyfoBaHue, 3aBUCUT OT HACTOTbl UMMYyNbCa U A/INHBbI
NPOBOAHNKOB. B 3aBMCUMOCTM OT 3HaueHus r KonebaHus mexgy L n C mMoryT noBbICUTb HanpsbkeHue u' Ha 3axumax
060py0BaHNA A0 KN. 3HAaYeHMe K 3aBUCUT OT MHOTUX napameTpoB. Tam. rae o6opyfoBaHne nMeeT Harpysky ¢ BbICOKUM
CONpPOTUB/IEHNEM, K MEHbLUe 2.

Cxema uenu, npusefeHHas Ha pucyHke K.9. npeacTaBnsieT UCTOYHWK WMMY/bCa, FeHepupyloLWwero uMmnynasc
5 KA 8/20. npuknagsiBaemblii K Y3UI Ha 0CHOBE LMHKOBOrO Bapucropa. KoTopblii oTAeneH oT 060pyA0BaHUS eMKOCTHO
Harpyskoii 5 H®. [laHHas Lenb paccuMtaHa Ha cpabaTbiBaHWe B YCMOBUSIX, MpeAcTaBneHHbIX Ha pucyHke K.10. 9tum
nokasaHo, Kak HanpsbkeHue Ha 3axumax 3aljuujaemoro o60pyAoBaHUA MOXeT AOCTUTHYTb [BOWHOr0 3HauyeHus Ha
3axumax Y3Ur.

10m

PucyHok K.9 — Bo3MOXHOe KonebaHue mexgy LMHKOBbIM Bapuctopom Y3WIM v 3awuwiaemMbiM 060pyfoBaHnemM
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K.1.3 KoHuenuus 30Hbl 3awuTbl (CM. 6.1.6)

Ha pucyHke K.11 npuBeaeH npumep fefieHus CUI0BOI pacnpefennuTenbHOl CUCTEMbl 3[4aHNsA Ha 30Hbl 3aluThbl
1 pa3MeLleHne yCTPOCTB AN 3awWuTbl OT nepeHanpshkeHnii cornacHo MOK 61312-1 gna cnyyas npsiMoro nonagaHus
MOJTHUWN.

LP2 — 30Ha blonkunesawutbl. PZ — 30Ha 3awutbl; PDS — cunoBas pacnpegenutensHas cuctema. Y3WM — ycTpoictBo ansa
3alunTbl OT NepeHanpskeHni

PucyHok K.11 — [lenexHvie 3gaHna Ha 30HbI 3alUTbl

30HbI 3alMTbl ONpPeAensanTcs creaylluM ob6pasoMm;

- 30Ha MosnHMe3awmuTel 0 A (MOK 61312-1);

- 30Ha, B KOTOPOI 06BLEKTbI NOABEPraTCAa NPAMOMY yAapy MOJIHUM, 1 MO3TOMY WM. BO3MOXHO, NMPUAETCSA BblAep-
XWBaTb MOMHbIA rPO30BOI TOK. 3eCb UMeeT MeCTo He3aTyxalliee 3NeKTPOMarHuTHoe none:

- 30Ha MonHue3awmuTel OB (MAK 61312-1);

- 30Ha, rAe 06bEeKTbl He NOABEpPXeHbl NPAMOMY yAapy MOJSIHAW, HO UMeeT MecTO He3aTyxalliee 3/71eKTPOMarHuT-
Hoe none. CnyyalTcs KOMMYTaLMOHHbIE UMMY/bCHbIE NMepeHanpPsXXeHUs, 1 NPoXoAAT rPO30Bble TOKM:

- 30Ha 3awWwunTbl 1— 30Ha, rae 06bEKTbI YaCTUYHO NOABEpPralTCa NPAMbLIM yAapam mMoaHun. Mposogumble UMNYNb-
CHble TPO30Bble TOKM WU/WNN KOMMYTaLVOHHbIE UMMY/bCbl CHUKEHbI MO CpaBHeHWt0 ¢ 30Hamn 0 A un Os;

- 30Ha 3alUTbl 2 — OCTaTOYHbIE FPO30BbIe UMMY/IbCHbIE TOKWU WU/UNK KOMMYTaLMOHHbIE UMMNY/IbCHbIE NepeHanps-
XEHUS CHWXEHbl N0 CPaBHEHWI0 C 30HOW 1\

- 30Ha 3aWuTbl 3 — 6GPOCKM, Bbi3BaHHbIE KonebaTenbHbIMU NpoLeccamu, B3aumMoeiiCTBUEM 3/1EKTPOMArHUTHbIX
nonei N BHyTPEHHUMWU KOMMYTALMOHHLIMU UMMNYNbCAMU, YMEHbLLIEHbI MO CPABHEHMIO C 30HOI 3alyuThbl 2.

HanpasneHHble yrpoxarouine napameTpbl CHUXalTCa pasMeliedmem Y3UM B rpaHuuax 3oH 3awutel. KoopaunHa-
ums aTux Y3UIM gomkHa BbIMOMHATLCA B COOTBETCTBUM C 6.2.6. Paboune napameTpbl 3TWX YCTPOWCTB COracoBaHbl C
yrpoxarwuumy napametTpaMmy B MecTe Ux yctaHoBku (cm. 6.2.1 un 6.1.5).

MpumeuvaHnune — Ecnm cornacHo MK 61312-1 fo/mkHbl npuMeHATbCA Y3UI. ncnbiTaHHble no knaccy | ux
ycTaHaB/MBAIOT Ha rpaHuLe 30HbI rpo3o3awuTtsel Oe ¢ 30HoM 3awuTbl 1.

Bcsikuii pa3. Korga B COOTBETCTBUM € 6.1.4 ycTaHaBnuBaloT Y3UM. co3paeTcs HoBas 30Ha 3aluThbl.
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K.2 Bbl60Op yCTPOWCTB 3aL1Thl OT UMNY/IbCHbIX NEpPeHanpsaXxeHunii

K.2.1 Bei6op Ue(cm. 6.2.1)

Ans 6onbwnHcTBa Y3WM BpeMeHHble nepeHanpsXXeHus AAnTenbHOCTbio 6onee 5 ¢ cneAyeT cUATATb MOCTOSHHON
Harpyskoii. Moatomy Ur cnegyeT BbIOUpaTb C YH4€TOM Kak HOPMasbHbIX YC/TOBWIA, TaK 1 yCNOBUIA KOPOTKOrO 3aMblKaHUs
(BpeMeHHble nepeHanpsxeHus), anauwmxca 6onee 5 c.

a) HopmasbHble yCnoBus:

1) mexay thasoii n HeliTpanbio:

Uc Y3UM mexay thasoii v HeidTpanbio A0/MKHO ObITb Bbllle, YEM (06b14HO 1.10 UQ, T. e 10 % Ha perynupoBaHue
HanpseHua nnn 1,15. ecnu octaBnath ewe 5 % npo 3anac Ha BO3MOXHYI Aerpagauunio Y3UI nnv gpyrne aHomasnb-
Hble YCNOBUSA CUCTEMbI.

2) mexay chaszamu:

Uc Y3UM mexpay hasammn [0MKHO 6bITh Bbille, yem (7ca (kak npasuno. A~ 0U0J3 m

MpumMeyaHue — B HEKOTOPbIX CyYasx B 3aBUCMMOCTY OT MpesesioB PEryfiMpoBaHns HanpsxkeHusi (Hanpumep.

B OYeHb 60MbLIMX NoMeLeHNsAX) U& MOXeT npeBblllaTb YCTaHOB/IEHHbIE Npeenbl, YKa3aHHble Bblwe (10 % n 10 % ~3
COOTBETCTBEHHO).

B psage cnyyaeB perynupoBaHue HanpsbhkeHuss 6onee ToyHoe (Hanpumep. 5 %). B Takom cnyyae mMoryT 6biTb

JocTaTo4Hbl 60/1ee HU3KMe 3HadYeHns (Hanpumep. Uc MoxeT 6bIThb Bbilwe, Yem nnwb 1.05 U0 (cooTBeTcTBEHHO 1.0573 UO).
3) Mexay dhazamu 1 3eMneil UNu HeilTpanbio ¥ 3eMneil:
-pana cuctem TT u TN UcY3UM mexay chasoli n 3emneii nnm HelATpanbto v 3emneil 4OMKHO 6bIThb Bbilwe, Yyem Cca
(kak npaswno. 1.10 1/0);
- Ansa cuctem IT CM. aHOMasibHble YC/OBUSA, YKa3aHHbIe HUXKE.

NMpumeuaHne — Ecam ob6CayxvBarwlyas cuctema nosyvaeT nuTaHue OT TpaHcopmarTopa ¢ LeHTpasibHbIM
OTBOAOM OfjHOV M3 BTOPWYHbIX 0GMOTOK, UMetoTCs ABa 3HadeHus Uc ogHo 1.0 Ifa, a gpyroe A2

Hanunuve rapMoOHUK MOXET NOBbICUTb MWKOBOE 3HAYeHMe HanpsHKeHUs 06CnyXuBatLl el cucTemsl, NO3TOMY MO-
XeT BO3HWKHYTb HEO6XO0ANMOCTb B yBENYEHUN 3HauyeHusi UC Mo CpaBHEHWIO C TEM. KOTOpOe MO0 6bl 6biTb BbIGPaHO
6e3 yyeTa Hannuusi rapMoHWK;

b) aHOMasbHble yCNoBUA (YCNI0BUSA KOPOTKOTO 3aMblKaHWs).

VHorga MoxeT BO3HUKHYTb HEOOXOAMMOCTb B pacyeTe crneynasbHbiX PEXUMOB KOPOTKOrO 3aMblKaHUsl Npu Bbl6O-
pe Uc gna Y3UT. BkAOUYEHHbIX Mexay ha3oli n 3emneit, 4Tobbl n36exaTb BbIxoAa U3 CTPOA CAULLKOM GOMbLIOFO Ynucna
Y3WIM npy BO3HUKHOBEHUM KOPOTKOro 3aMblKaHus B cucteme. [ins cuctem IT yyeT noAo6HbIX YCNOBUIA siBAsieTcA cylye-
CTBEHHbIM.

B ycnoBusix KOPOTKOro 3amblKaHusi Ha 3eM/t0 B cuctemax TT n TN HanpsbkeHne mexay dasoil n 3emnein moxet
npesbicuTb Uca BCneacTBre KOPOTKOrO 3aMblKaHWsA CO CTOPOHbI KakK BbICOKOrO, TaK M HW3KOIO HanpshKeHus CUCTEMbI,
1 3TO 3aBUCUT OT 3a3eM/IeHNs B YacTh MaKCUMasIbHOro 3HayeHUs HanpskeHus. JOonosHUTENbHY MHhopmaLuio no
JaHHOMY BOMNpocy cM. B 4.1.3.2. B 3TOM cniyyae Bbl6op UcC 3aBUCUT OT (pakTUYECKOro 3HaUYEeHNS HanpskKeHusl, yCTaHOB-
JNIEHHOTO TaKWMW YCNOBUAMU KOPOTKOIO 3aMblKaHWS.

HeBO3MOXHO uncnonb3oBaTb 3HauyeHne UcC, Tak Kak OHO AoCTaTO4YHO 60nblioe 4718 TOro, YTobbl HUKaKoe
KOPOTKOE 3aMblKaHWe B CUCTEME He Bbi3Baso Obl NoBpexaeHust Y3UI. NocKonbKy B 3TOM Ciyyae 3aluTHbIA YPOBEHb
6yneT HuskuM. B obwem cnyyaB 3HauyeHue UcC He3aBMCMMO OT KOHMMWrypauuu CUCTEMbl [O/MKHO 6biTb 6onblue,
yem 1.5 UO.

Mpn KOPOTKMX 3aMblKaHWsX Ha 3eMto B cuctemax IT HanpskeHne Mexay asoil u 3emneli, kak NpaBuio, paBHO

V3 UO. Takne KOpOTKME 3aMblKaHWsi B HU3KOBOJ/IbTHOI CUCTEME MOTYT UMETb ,0CTATOYHO 6O/bLUYI0 A/IMTENbHOCTb, YTOGbI
paccmaTtpuBaTh WX Kak A/IMTENbHbIA pexum.

B atom cnyvyae pekomeHayeTcs 3HaveHne Uc 6onelwe, yem HanpsbkeHue mexay dasamu.

Mpumepbl B3anmocBsasn Mexay Uc Y3UIM # HOMUHaNbHBIM HanpskeHnem aHepreTuyeckol cuctemMbl faHbl B
npunoxeHun B.

K.2.2 Bonpocbl koopaunHauum (cm. 6.2.6.2)

Ana  nydwero nNOHMMaHUA nNpob6nembl Ha pucyHke K.12 nokasaH TUMNUYHbLIA NPUMeEpP KOOPAUHALWUU [BYX
LMHKOBbIX BapUCTOPOB. pa3fefieHHbIX KaTyWKon UHAYKTUBHOCTU. Y3WUIM 2 umeeT 60nee Hu3kme 3HauveHus Uv un /.
Bcnepgctene BAWAHWSA UHAYKTUBHOCTM Ha (DPOHT MMMy/bCa OCHOBHOW TOK MpoxoawT yepes Y3WUIM 1. a Tok yepes
Y3WM 2 6ygeT nNoOCTENEeHHO YBENWYMBaATbCA C  MOCTOSHHOW  BPEeMEeHW, onpefensemMoil WHAYKTUBHOCTbIO 1
xapaktepuctukoit Y3UM 2. Taknum o6pa3om, co BpemeHeM Bce 66/blias 1 60Mblias yacTb Toka 6yaeT npoxoAnTb Yepes
y3un 2.
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Ha pucyHke K.12 nokasaH o6LiuiA TOK. TOKW, npoxogswme yepe3d Y3UM1 n Y3UM 2 Ha HanpshKeHUst Ha 3axmmax
y3unn 1ny3un 2.

3Ta MakcuMasibHas 3HeprocToikocTb B HacTosILLeM CTaHAapTe onpefenseTcss Kak MakcuMasibHas aHeprus,
koTopyto Y3UIM cnocobeH BbigepxunsaTth 6e3 gerpagauun. Ee MOXHO NonyynTb No pesynbTaTam UCMbITaHWi (3Heprus,
M3MepeHHas Npu ucnbiTaHun B paboyem pexxvime npu /1p Ana wcnbiTaHwil knacca | nnn /Tax 4na neneiTaHnii knacca |l)
UM paccumTtaTb Mo MHoOpMauuu usrotoBuTens kak Iall (4ns wcnbiTaHuii  knacca 1) unm (&ns vcnbiTaHuii
knacca ). Uloi (/Tax) unmn U,ai

PaccTtosHue d mexay AByms Y3UI. cooTBeTCTBYIOLLEE CONPOTUBIEHNIO Z. MOXET OblTh UCMO/b30BAHO B KaYecTe
pasfenuTenbHOro afemMeHTa.

Ansa Y3UM orpaHuumsaioLLero Tuna Takoe pasfenntenbHoe nosiHoe conpoTusieHne BoobLle aheKTUBHO TONbKO
[ANA KOPOTKMX (hOPM BOJIHbI. [I15 A4IVHHbLIX BOMH pa3fenuTesibHoe CONpoTuB/eHNe pefko bbiBaeT JocTaTouyHbIM. Jonon-
HUTENbHOE pa3fefieHne MoXeT GblTb 06ecneyeHo NCNonbL30BaHNEM COCPEAOTOYEHHOTO MOJIHOTO COMPOTUB/EHUS NGO
NPUMEHEeHNEM KOMMIEKCHOTO CONPOTUBAEHUA WM aKTUBHOFO COMNPOTUBAEHWS.

2 p00* 2.000*

0.000 0.000

PucyHok K.12 — KoopguHauusi ABYX LIMHKOOKCUAHbLIX BapUCTOPOB
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B cnyuae, koraa BBogHoe Y3 koMMyTuUpyloLLero Tuna, ciaegyeT yuntbiBaTb ABE ApYrie XapakTepucTuku:

- BO3MOXHOE CYLLeCTBOBAHUE «KPUTUUYECKOW 30HbI» O3HaAYaeT, YTo ANs ToKa Huxe, yem /"0, HanpshkeHue Ha
3aKMMax paspsigHMka MoXeT OblTb TaKUM HW3KWMM, YTO 3a30p He Npo6beTcs U paspsAHUK HecnocobeH 3aluTuTb
Y3WM 2. OyeHb BaxHO, 4TOOLI NPo6OI 3a30pa NPOMCXoaun Ha OPOHTE MMMynbea:

- Ans 6onee NpoAo/MKUTENIBHOTO BPEMEHW (hpOoHTa pa3fenuTeNibHbI 3N1eMEHT MOXET ObiTb MeHee 3(hPeKTmB-
HbIM. Yem ANns BoAH 8/20 nnu 10i'350. AnuTenbHble BpeMEHHble (DPOHTLI B HACTOsALLEE BPEMA U3yvaloTcs.

HeobxoanMo cBsizaTb KOOPAUHALMIO C BYMS TUnamu UMMY/1bCOB:

- KOOpAMHauua ¢ umnyabcamun AAWHHbIX BOSH (Kak Npu ucnbiTaHmuax knacca l);

- KoopAMHaLUua ¢ MMMy/ibcaMn KOPOTKUX BOJTH (Kak npu ucnblTaHusax knacca Il).

MpumevyaHue — CregyeT NoAYEPHYTb, YTO MaKCHMasibHasi 3HEProCTOMKOCTb fiBYX CKOOPAUHUPOBAHHbIX Y3UMM
paBHa, No MeHbLUel Mepe, 3HauYeHnto 6oee HU3KOI aHeprocToiikocTu AByx Y3WUT. Koraa HoBoe Y3UI (Y3WM 2) Bkoye-
HO B cuCTeMy, Yxxe umetowyto Y3UM (Y3UM 1), Heo6Xx041MMO UMEeTb rapaHTUio TOro, YTO OCTUTHYTa NpaBuibHas Koopau-
Hauus.

K.2.3 Cnyyaun u3 npaktnku (cm. 6.2.6.3)

KoopauHauus B 3/1eKTpOyCTaHOBKe BCerfa C/ioXHee ANS WU3YyYeHWUs, YeM Ha NpoCTOM npumepe, NpuUBeAEeHHOM
Bbille. PaKTuyecku:

- HaM4yme NPOBOAHWKOB WU [ONOIHUTE NbHbIX YCTPOWCTB, HanpuMep pasbefuHuTeneid, MoxeT 406aBUTb UHAYK-
TUBHOCTU B Lienb. PasgeneHne Toka mexay Y3UM moxeT Takxke notpebosaTtb nccnegosanus. B atom cnyyae Tpebyetcs
cxema (pakT4ecKoli yCTaHOBKM:

- AOMYCKN XapaKTepuCTUK KOMMOHEHTOB, UCMO/b3yeMbIX B Y3UII. MOryT NpMBecTu K HeonpeAeneHHoCTU feicTBu-
TeNIbHOr0 3HAYeHUs OCTaTOYHOro HanpshkKeHus npu N6om Toke. Kpome TOro, 3HaueHne, KOTopoe 06bIYHO MoayyalT oT
M3roToBUTENA. — 3TO 3alUTHbIV ypoBeHb Up. KOTOPbI NpegycMaTtpuBaeT pe3eps, TakuTo AeliCTBUTE/IbHOE HanpshxeHne
MOXeT 6bITb Ha 25 % HMXe, YeM yKa3aHo:

- aHepreTuyeckas CToWKoCcTb Enuk Y3UM moxeT 6biTb pa3fMyHON 418 A/IMHHBIX U KOPOTKUX BOSIH. O6bIYHO Takoe
3HauyeHue gaeTca 415 OAHOTO Knacca ucnbiTaHuii  (knacc | — AAWHHBIE BOMHBI M Knacc |l — KopoTKue BO/HbI). VHoraa
3HepreTnyeckas CTOWKOCTb He NPUBOANTCA, U ee TpebyeTcs paccunTathb.
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Mpunoxexne L
(cnpaBou4HoOe)

AHanuns pucka

Ecnn cToMMocTb 3alumnTbl (COrNacHo onpegeneHunio rpynnel E, npvBefeHHO Hke) MeHee yliep6a, CBA3aHHOMo ¢
nocnefCcTBMsIMU NepeHanpsXXeHuii B He3alimleHHoM o6bekTe (cornacHo onpegeneHuto rpynn A — D). ncnonb3osaHue
Y3WN uenecoobpasHo.

L.1 Fpynna A — ycnoBus okpyxatwLuieii cpeabl

A.1 Ygapbl monHMM 1 BenmunHa Ng (rofgoBas MHTEHCMBHOCTb MOJIHMEBbLIX YAApOB — KOIMYECTBO YAapoB MOSTHUK
Ha KBajpaTHblli knnomeTp Brog, cMm. 4.1.1. n 1.1. npunoxeHve /);

- MPSAMOI yAap B CUCTEMY MOJIHME3aLMTbl 3gaHnsa 1160 B CUCTEMY INEKTPONUTAHUS UIN IMHUU KOMMYHVKaLWIA;

- UHOYKTVMBHAsA CBA3b UK CBA3b Yepe3 aKTUBHOE COMPOTUB/IEHNE.

OueHka pucka TpebyeT pacCMOTPEHMS BCeX BUAOB MPAMbIX U KOCBEHHbIX CMOCO60B MHAYLUPOBaHWUSA 3HEpruu
MOJIHWEW, BKoYas BXOA Yepe3 CUCTEMY MOHMEe3alnTbl. NOABOASLMNE IMHAN SHEPronuTaHusi, UHPOPMaLMOHHbIe Ka-
6enn. pagmoyacTtoTHble Kabenn, BOTHOBOAbI U HE3/TeKTPUYeCckne NpPoBOAHWUKM, Hanpumep Tpy6bl BoAOCHabXeHuns. Bono-
KOHHO-OMTUYeckne kabesnm 06blYHO HEUYYBCTBUTESIbHbI K NEpeHanps>keHnsaM npu yCioBUM, YTO OHU HE UMEeKT MeTaiu-
YECKMUX NPOBOJHUKOB, MNPOXOAALMX YePEe3 30HbI 3aLUThbI.

A.2 CunoBasi KOMMyTaumMa Lenei u cTeneHb CEPbE3HOCTU NOCNEACTBUIA KOMMYTaLUK

3neKTpoHHOe o6opyoBaHne, pacnonoXeHHoe B6IN3N OT CEeTU UAW BK/IIOUYEHHOE B Ty XXe CaMyto CeTb, YTO U CUI0-
BOE KOMMYTaLMOHHOe 060pyAoBaHNe, Takoe Kak KOHTPO/iepbl ABuUraTeneil, MoxeT npeTepneBaTb NOBPEXAEHUS Uan
Jerpajauunto BCneAcTsme nepexopHbiX NPoLEeccoB, BO3HUKAOLWWX NPYU KOMMYyTauun Harpy3ku. Kpome Toro, nepexofHble
npoLecchl MOryT 6bITb Bbi3BaHbl Kak CUI0BbIMU KOMMYyTaUUaMM, Tak 1 HenonagkaMm CUCTEMbl NN BHYTPEHHUMU HapyLue-
HUAMU B Harpyske.

A.3 MMoABEPXEHHOCTb BO3ENCTBUNIO U CBA3b C CUCTEMAMMW MOJTHME3aLWNTbl OKPYXaloWwnx 3gaHnii

MoBpexaeHne MoXeT 6biTb BbI3BAHO BPEMEHHOI CBS3bl0 C FPO30BbIMWU TOKaMMW, MPOXOAALMMUN B CUCTEME OT
MO/HMe3alWnTbl 6an3nexawmx 3gaHnii nnm o6opyfoBaHNs, B TOM Yucie POCTOM MoTeHuuana 3emsu, CBA3AaHHOMo C
paccesiHnem TokoB. Mofo6Hoe pacnpejeneHie aHeprun 06bIYHO NPOUCXOANT Yepe3 KabesnbHylo CeTb U HenocpeCTBeH-
HO noTpebuTenem He KOHTponupyeTcs. PaccesiHHas aHeprus 3aBUCUT OT 3HaAYEHWi CONMPOTUBNEHWUI 3a3eMIeHUst Mec-
THOIA ceTw.

A. 4 Pa3melleHue 34aHNS unn 060pyAoBaHUsA:

- Tonorpadus;
- 3KpaHMpoBaHME COCEAHUMMN COOPYXEHUAMWN U [AEepPeBbAMMN.

O6beKTbl Ha BepLUMHE WKW CKIOHAX BbICOKOro xo/fiMa 6ofiee YyBCTBUTE/bHbI K NPAMbIM yAapaM MOMHWAKU, Yem
aHasiormyHble 06bEKTLI B O/IMHAX UM 30HaX 60s1ee HU3KOro NPMPOAHOIo BO3AENCTBUA. YCTAHOBKM C BbICOKUMU GaLLHS-
MU KOMMYHUKaLMN Takke MMeT NOBbIWEHHbI PUCK NPUBAeYb MOMHMIO. He6onbline 1 HeBbiICOKMe 06beKTbl MOryT 6bITb
3alnLLeHbl cocefHUMN 6onee BbICOKUMU O6bEKTamMi OT MPAMOro ygapa monHun. OfHako Takasa 3aluTa He BAusSeT Ha
nepegavy aHeprum yepes kabenu, BXxogsline B 06beKT.

L.2 Fpynna B— o6opypoBaHue n 06 beKTbl

B. 1Karteropuv o6opyfoBaHnsA N0 CTONKOCTU B OTHOWEHUN UMNY/IbCOB U YPOBHIO HEBOCMPUUMUYNBOCTH

M3rotoBMTENN MOTYT CO3/AaBaTtb 3/IEKTPOTEXHUYECKOE U 3/1EeKTPOHHOE 060pyAoBaHME C Pas/MyHbIMU YPOBHAMMU
YCTONYMBOCTMN B OTHOLLIEHUWN UMMYNbCOB HAMPSHXKEHNSA. YeM HuKe ypoBeHb, TeM 60blue puck. Ecnv nsrotosuTens He faeT
MHBIX yKa3aHuii, MOXHO MpeAnonoxXuTb, YTo 06opyAoBaHne He obnagaeT Kakoi-nmmbo 0cob60oit HEBOCMPUVMUYNBOCTLIO.
MpaBuIbLHO CNPOEKTMPOBaHHAA 3almTa Npu3BaHa cAenatb MakCUMasibHbIM OTBOJ, 3HEPTMM B TOUKax KabesibHOro Bsoja
N MUHMManbHON nepeAavy ee 060pyf0BaHUIO.

B.2 Cuctembl 3a3emneHus:

- aKTMBHOE U MOJIHOE COMNPOTUB/IEHNE 3a3EMJIEHUS;

- Cxema pacnosioXeHus n 611M30CTb;

- CBA3b C APYrMMUK cUCTeMaMun 3a3eM/IeHNA.

Camoe BakHoe — MOJIyYUTb 3KBUMOTEHLUNA/bHYIO CBSA3b 3a3eM/IeHUA, B TOM 4yucnie un yepes Y3UI.

OTAenbHbIe CUCTEMbI 3a3eM/IEHUSA JO/DKHLI pacCMaTpUBaTbCA C OCTOPOXHOCTLIO.

B.3 Cxema 3HepreTuyeckoi cucTembl;

- BO34yLHasn;

- nogsemHas;

- CMellaHHas.

XoTA nof3emMHble cunoBble kabenu HWU3KOBOJIbTHOW CUCTEMbl NPeACTaBAsOT MEHbLWWA PUCK, YeM BO3AYLUHble
JIMHUK, NPAMOIA yaap MOHUM B6M3M NMOA3EMHbIX Kabeneih MoXeT Bbi3BaTb 3HAUMTE/IbHblE NepeHanpskeHusi, 0Cob6eH-
HO B TPYHTax C MOBbIWEHHbIM CONPOTUBAEHNEM. KOHCTPYKTOPY cnefyeT onpeAenvTb ANVHY NOA3eMHOro kabens, éyaet
NN OH BO3[YLUHbIM Ha KaKOM-TO PacCTOsiHUM OT 06beKTa uan 6yaeT Nn BO3AYLIHOW CeTb CPeHero HanpshxeHus.
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ANA NUHWIA HU3KOTo U CpefHEero Hamps>keHuii COBOKYNHas A/IMHA W BbICOTA SIBAAIOTCSA BadKHbIMW napameTpamu.
YeM A/IMHHEe W Bbile AUHUKM, TeM Gofblue PUC* NPUBAEYEHUS MOJSIHUW, U MO3TOMY GONblue PUCK Nepefavn aHepruu
MOJSIHUN Ha 06BbEKT AN B 3[aHue.

L.3pynna C— 3KoHOMWKAa U NepepbiBbl B paboTte

C.1 CHuxeHne paboTocnocob6HOCTN UM 3KCNAyaTaluMOHHbIe NOTepu

PaspylieHre 1 nospesiLeHns Bbi3biBAOT onepaTuBHbie TPYAHOCTU B paboTe.

YxyflweHvne pabounx xapakTepucTuK MOXeT OblTb KAYECTBEHHbIM KOMMOHEHTOM, [AOMNOJHAWMUM NpsiMble UHaH-
coBble noTepu. Hanpumep, Tam. rge 3agelicTBoBaHa BblCOKasi aBToMaTM3aums an KoMnbloTepusaums, Bo3BpaT K pyyHo-
My ynpaB/iieHNo MOXeT 6blTb MONPOCTY HEBO3MOXEH.

C.2 YTpaTa oTAeNbHbIX onepauynii

370 BK/lOYAET pacxofpbl peasbHOro BPEMEHU Ha JKcnyaTaluoHHY HENpPUroAHOCTb 060pYA0BaHNSA, KOMMbIOTEP-
HOI TEXHUKW, CPeACTB CBA3UN U MH(POPMALMOHHO-TEXHOIOTUYECKNX CUCTEM U CBA3AHHbIE C 3TUM NOTEPU AOX0A40B  U/Man
CHWXeHne achheKTUBHOCTM NPOU3BOACTBA. KpUTnUeckne ccTeMbl, Takne Kak aKCTPeHHble Cyx6bl, onpeAeneHHble LeH-
TpasibHble MHDOPMALNOHHbIE CUCTEMbI, MOTYT HECTW OYEHb BbICOKWE MpPsiMble W KOCBEHHble MOTepu, CBA3aHHblE C
yTpaToli oTAeNbHbIX onepauuii.

Kommepueckue npefnpuaTusi npyu NpocToe HecyT npsiMble y6bITKW. Mpeanonaraemoe Bpems onepauuii no pe-
MOHTY W BOCCTAHOBNEHMWIO ByeT 3aBUCeTb OT Ha/IMUMS NepcoHana, 3anacHbiX YacTeil, MeToAnK N nHdopmaLmn.

C.3 PeMOHT nnu 3ameHa o60py0BaHNa UM yCTaHOBOK

B cTonmocTb hn3nyeckoro yuepba BkIOUYeHbl 3aMeHa 060pyA0BaHNA, MpsiMble U KOCBEHHbIE 3aTpaThl Ha BOoCCTa-
HoBMeHve. MocTeneHHasa gerpajauns KOMMNOHEHTOB 06OPY/A0BaHUS Takke MOXET MpPou3oiTW BCNeAcTBUE MOBTOPSIHO-
LMXCA UMMYNbCOB HEBGOMbLINX 3HAYEHWN, YTO ABMASETCA NPUUNHON OTKA30B, KadKyLMXCA ClyvaiHbIMu.

Takue coGbITUA MOTYT He CBA3bIBaTb CPa3y e U HernocpeAcTBEHHO C rpo30il UM ¢ KOMMyTauusmu B ceTu B
MOMEHT OTKasa. Takne KymynaTuBHble achdhekTbl MOryT NPUBECTU K yBE/IMUYEHUNIO PACcXOA0B Ha Tekyliee n npodnnaktu-
yeckoe TexHuyeckoe o6CnyxuBaHue.

C.4 SKCTpeHHble CNyX6bl

MoBpexaeHne o6opyAOBaHUS UK TpaBMbl NepcoHana MoryT caenatb Heo6XoAWMbIM NOMb30BaHWe ycnyramu
3KCTPEHHBIX CNYX6, TaKMX Kak noxapHas, HeoT/IoXKHas NOMOLb, MOAULMUS U T. [, 4TO BAe4YeT pacxofbl Ans pupmbl,
YyacTHOro nuua unm coobuiectsa. MoBpexAeHNs NOXapHbIX CUTHANIbHbIX CUCTEM U CUCTEM CBSA3M IKCTPEHHBIX CNYXO
yMeHbLUaT 3pheKTUBHOCTb paboTbl Takux cnyx6. CucTemam CBA3WM IKCTPEHHbIX CNYX6 06bl4HO TpebyeTcs 3awuTta
BbICOKOT0 YPOBHS.

L.4 Fpynna D— Be3onacHocTb

Ecnun puck HapylueHus 6e3onacHocTv ANnst NoAeli 3akovaeTcst B HapyLweHUn CBOMCTB 3N1eKTPUYECKO nsonsuuu,
TO cnefyeT paccMOTpeTb BOMpoc 06 ncnonb3osanun Y3U.

Be3onacHocTb NepcoHana — Kk/4yeBoli Bonpoc AN pa3paboTUMKOB U MOHTaXKHUKOB. 3a6oTa 0 340poBbe Nogel
1 COOTBETCTBYIOLME HOPMbI 6€30MaCHOCTU A0/MKHbI CO6N0AaTLCS B KaXKAON cTpaHe.

L.5 Ipynna E—- CTOMMOCTb 3alinTbl:

- MPOEKT YCTaHOBKMU;

- MaTepuasnbl U yCTPOICTBA,;

-yctaHoBka Y3Ur.

CTOMMOCTb 3aluThbl BKoYaeT B cebs Y3UI. TeXHUYECKN i NPOEKT, COMNPOBOXAEHME U 3/1EKTPOMOHTAX.

M3K 61662 npeanaraeT MeTof OLEHKW puUCKa, OTHOCALLEroca K nepeHanpshkeHusm BCreAcTBME MOMHWKW. MeTop
OLIeHKM pucKa, OTHOCALLErocs K nepeHanpsKeHnssM KOMMYTALMOHHOIO NPOUCXOXAEHUS, HAXOAUTCA B CTafMU PaccMoT-
peHus.
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Mpunoxexve A
(cnpaBou4HoOe)

CBefeHNsi 0 COOTBETCTBUM CChIZTIOYHbIX MEXAYHAPOAHbIX CTAHA4APTOB
CCbINOYHbIM HaUMOHaNbHBIM CTaHgapTam Poccuiickoit ®egepaynm
M AEACTBYIOLW MM B 3TOM Ka4eCTBe MEeXrocyfapCTBEHHbIM CTaHgapTam

Ta6bnuya OA1

O603HayYeHne CCbIIOYHOTO
MeXAyHapoaHOro
ctaHpapt

M3K 60038

M3K 60364-4-41

M3K 60364-5-534

M3K 60529

M3K 61000-4-5

M3K 61008-1

M3K 61009
(Bce yactm)

M3K 61009
(Bce yacTm)

M3K 61643-1

MpumeuyaHue —
COOTBETCTBUS CTAH4APTOB!

CreneHb
cooTBeTCTBUA

NEQ
MOD

MOD

NEQ

MOD

MOD

MOD

MOD

MOD

0O603HayYeHne M HavMMeHOBaHVWe HalMOHaNbHOro craHjapra
Poccuiickoin ®efepauum UaM  MeXrocyAapCTBEHHOro ctaHfgapta

FOCT 29322- 92 «CtaHpapTHble Hanps>KeHus»

FOCT P 50571.3— 94 «3nekTpoycTaHOBKM 34aHuii. YacTb 4. Tpebo-
BaHWsA nNo obecnevyeHnto 6e3onacHOCTU. 3alymTa OT NOPaXeHUs 3NeKT-
pUYECKNM TOKOM»

FOCT P 50571.26— 2002 «29neKTpoyCcTaHOBKM 3A4aHuiA. YacTb 5. Bbl-
60p 1 MOHTax anekTpooGopynoBaHua. Pasgen 534. YcTpoiicTBa gns
3aWmnTbl OT MMNY/bCHBIX NepeHanpsxeHnin»

FOCT 14254— 96 «CTeneHu 3awuTbl, obecneymBaemblie 060104Ka-
mu (Kog IP)»

FOCT P 51317.4.5— 99 «COBMECTUMOCTb TEXHUYECKUX CPELCTB 3/1EeK-
TPOMarHuTHas. YCTolYMBOCTb K MUKPOCEKYHAHbIM MMMY/bCHLIM MOMe-
xam 60/bLIO 3Heprun. TpeboBaHNA U METOAbl UCMbITAHUI»

FOCT P 51326.1- 99 «BbiknoyaTtenu asTomarnyeckue, ynpasnse-
Mble AnddpepeHLanbHbIM TOKOM, 6bITOBOTO M aHa/fIorMYHOr0 HasHa-
YeHUsi 6e3 BCTPOEHHOW 3alnTbl OT CBBPXTOKOB. YacTb 1. O6wwume Tpe6o-
BaHWSA W MeTOfbl UCMbITAHWUI»

FOCT P 51327.1- 99 «BblknoyaTenn aBTomatuyeckue, ynpasnse-
Mble gndpepeHumanbHbiM TOKOM, GbITOBOrO M aHaf0rMyHOro HasHa-
YeHWsi CoO BCTPOEHHOI 3aLuToli OT cBepXToKoB. YacTb 1. O6wune Tpebo-
BaHUS N MeTOoAbl MCNbITAHWUIA».

FOCT P 51327.2.1- 99 «BblkoyaTenn asroMmatmyeckme, ynpasns-
emMble anddepeHymanbHbiM TOKOM, 6bITOBOrO U aHanorMyHoro HasHa-
YeHMA CO BCTPOEHHOI 3alnToil OT CBEpPXTOKOB. YacTb 2-1. MNMpumeHse-
MOCTb OCHOBHbIX HOPM K ABAT. (DYHKLMNOHA/IbHO HE3aBUCALLMM OT Ha-
NPSYXEeHUsA cetTn»

FOCT P 51327.2.2— 99 «Bbiknwyatenu asTomMatuyeckue, ynpas-
naemble gnddepeHymanbHbiM TOKOM, 6bITOBOTO W aHaNOMMYHOro Has-
HauyeHWsl CO BCTPOEHHOI 3alwuToli OT cBepxTokce. YacTb 2-2. Mpume-
HS€MOCTb OCHOBHbIX HOPM KABAT. hyHKLMOHANbHO 3aBUCALLMM OT Har-
pPSKeHNsA ceTu»

FOCT P 51992— 2002 «YcTpoiicTBa A8 3awmnTbl OT UMNYNbCHbIX
nepeHanps>KeHunii B HU3KOBO/IbTHbIX CU/I0BbIX pacnpegennTenbHbiX Ch-
ctemax. YacTb 1. TpeboBaH/a K paboTOCNOCOBGHOCTM U MeTOAbl UCMbI-
TaHNA»

B HacTosiel Tabnuue UCnonb3oBaHbl Cnegytolme ycloBHble 0603HAYEHNSI CTeNeHn

- MOD — wmoanduuMpoBaHHble cTaHjapThbl;
- NEQ — HeakBMBaNEHTHble CTaHA4apThl.
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KntoyeBsble cnosa: nepeHanpsXxeHuss UMNybCHble, HOMUHAa/bHbIN paspsafHblii TOK. UMMNYbCHbINA TOK, pa3beu-
HuTenb Y3WUN. oamoseoamoe Y3UI. aByxBBoaHoe Y3UI. rpo30Bbie nepeHanps>XeHns v TOKU, KOMMYyTaLoHHbIe
nepeHanpsi)keHns, BpeMeHHble NepeHanpsaxXeHuns
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