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Mpeaucnosue

Llenu n npuHumnbl ctaHgaprusaumm B Poccuiickon deagepauumn ycraHoBreHbl deaepanbHbiM 3aKOHOM OT
27 nexabps 2002 r. Ne 184-$3 «O TeXHU4ECKOM perynupoBaHmmny, a npasuna npuMeHeHUa HaUuMOHaNbHbIX CTaH-
naptos Poccuiickon ®eaepaumn — FOCT P 1.0 — 2004 «Ctangaptusauua B Poccunckon eeaepauyumn. OCHOB-
Hbl€ NONOXXEeHUsA»

CBeaeHuUa O cTaHaapre

1 MOATOTOBINEH deaepanbHbiM FOCYAAapCTBEHHLIM YHUTapHbIM npeanpuaTuem «Bcepoccunckum
3MNEKTPOTEXHNYECKUI UHCTUTYT MMeHn B.W. Nenunax (Sryr B3U) Ha ocHOBE COGCTBEHHOIO ayTEHTUYHOTO nepe-
BO/Zl@ Ha PYCCKMI A3bIK CTAHAAPTA, YKa3aHHOTO B NyHKTE 4

2 BHECEH TexHu4eckum KOMUTETOM No cTaHaapTudauumn TK 37 «3nektpoobopyaosaHue ans nepegayqu,
npeobpa3oBaHUsA U pacnpeeneHus SNeKTPoOIHePrum»

3 YTBEP>XOEH 1 BBEJEH B JEVWCTBUE TMpukasom denepansHOro areHTcTsa No TeXHUYECKOMY
perynupoBaHuto U MeTponorum ot 9 aekabps 2009 r. Ne 641-ct

4 HacTosLumin ctaHaapT MOAMMULMPOBAH MO OTHOLLEHMIO K MeXyHapoaHOMY cTaHaapTy MOK 60099-5:2000
«Pa3psigHukn. Yacte 5. PekomeHgauum no Bbibopy u npumeHenuio» (IEC 60099-5:2000 «Surge arresters —
Part 5: Selection and application recommendations», MOD) nyTeM BHECEHUSA TEXHUHECKNX OTKIIOHEHUI, 06bAC-
HEeHWe KOTOpPbIX NPEACTaBNEHO BO BBEA,EHUM K HACTOALLEMY CTAHAAPTY, a TAKKe NYTEM U3MEHEHUS €r0 CTPYKTY-
pbl. ConocTaeneHue CTPYKTYpbl HACTOALLEro CTaHAAPTA CO CTPYKTYPOI NPUMEHEHHOTO MEXAYHAPOAHOrO CTaH-
AapTa ¢ 06 bACHEHMEM NPUYNH U3MEHEHUA CTPYKTYPbI NPMBEAEHO B A0NONHUTENBHOM Npunoxernun 0.

HavnmeHoBaHWe HacTOALLEro CTaHAapTa U3MEHEHO OTHOCUTENBHO HAMMEHOBAHNA YKa3aHHOTO MeXayHapoa-
HOro crangapra ansa npuseaeHus B cootsercTane ¢ FTOCT P 1.5 — 2004 (nyHkT 3.5), a TaKke C y4ETOM CNOXMB-
LUENCA OTEYECTBEHHON NPAKTUKM HAMMEHOBaHUS pacCMaTpPUBaeMbIX B MEXAYHAPOAHOM CTaHAapTe annaparos
3aLUUThI OT NEPEHanPsHKEHUIA.

B coorBerctBun ¢ FTOCT P 1.7 — 2008 (nyHKT 7.6.6) B anemeHT «bubnuorpadusi» He BKIMIOYEHbI JOKYMEH-
Tbl, HA KOTOPbIE AaHbl CChINIKM B MEXOYHAPOAHOM CTaHAapTe U MHOPMALMA O KOTOPbIX NPUBEAEHA B NPUIOXKE-
Hun C mexxayHapoaHOoro ctaHaapTa

5 BBEJIEH BINEPBbIE

UHbopmMaLus 06 UsMEHEHUAX K HacmosiueMy cmaHdapmy rybnukyemcsi 8 exxe200H0 u30asaeMoM UHGOop-
MayUuOHHOM yKa3amerse «HayuoHanbHble cmaH0apmbly, @ MeKCm U3MeHeHull U rornpasoK — 6 eXXeMeCsa4HO
u30dasaembix UHHOPMAaUUOHHBIX yKasamensx « HauyuoHarnbHbie cmaHAapmbiy. B criydae nepecmMompa (3amMeHbi)
unu ommeHbl Hacmosuwe20 cmaHdapma coomeemcemeyiolyee ysedomrieHue 6ydem orybruKO8aHO 6 eXeMecsy-
HO u3fasaeMoM UHGHOPMaUUOHHOM yKka3amene «HauuonanbHbie cmaH0apmbl». Coomeemcemayrouias UHgop-
mayus, yeeOomeHue u mekcmbl pasmewjalomess maicke 6 UHQOPMaUyUuoOHHOU cucmeme obweao rofb30-
8aHUs1I— Ha oghuyuanbHoOM calime ®edepanbHo20 a2eHMemea ro MexXHUYECKoOMy pe2yrupoeaHuio U MemMpOoJIo-
2uu e cemu iHmepHem

© Crangaprudopm, 2011

Hacroswmi cTaHgapT He MOXET ObiTb MOSIHOCTLIO MM YACTUYHO BOCNPOU3BEAEH, THPAXUPOBAH U pacnpo-
CTpaHEH B Ka4yecTBe 0hMLMAnbHOTO n3aanus Ges paspeLueHus deaeparnsHOro areHTCTBa No TEXHUHECKOMY pery-
NUPOBAHNIO N METPOSOTMM
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BBeageHue

Hacrosawmin craHgapr paspaboTaH B Liensix HOpMaTUBHOIo obecneveHuns Bbibopa U NpUMEHEHUS annapaTroB
3aLUMThI OT NEPEHaNPSHKEHUIN, KOTOPbIE B OTEUECTBEHHOW NPAKTUKE N3BECTHbI KAK «BEHTUITbHbIE Pa3pPsIHUKU» U
«HEeNnuHelHble orpaHnuuTenu nepeHanpsbkeHun (OMNH)», ¢ yueToMm pekomenaaunn mexxayHapoaHbiX CTaHAapToB
MexxayHapoaHom anekTpoTexHuyeckon komuccun (MIK) n onbiTa skcnnyarayum Takux annapaTtoB B BeAyLLUX
NPOMBILLINIEHHO Pa3BUTbIX CTPaHaxX Mupa.

Hacroauwun ctaHaapt MmoagnuumupoBaH no OTHOLLEHUIO K MPUMEHEHHOMY MEXAYHAapPOAHOMY CTaHAapTy
M3K 60099-5:2000 «Pa3psgHukun. Yacts 5. PekomeHgauum no BouiGopy M npumeHeHuio». Hecmotps Ha To,
4YTO B HACTOALLEM CTAHAAPTE B OCHOBHOM COXPaHEHO TEXHUYECKOe coaepkaHne, 0aHaKko M3MEHEHO HaMMEHOBa-
HWe, BKMIOYEHbI HEKOTOPbIE TEPMUHONOTMYECKUE CTaTbi, NPOBEAEHLI AONOMHEHUA U U3MEHEHUS TEXHUYECKOTO
xapakrepa.

B kauectBe aononHutenbHbix npunoxexnun OA, b u 1B B HAaCTOAWMIA CTAaHAAPT BKITIOYEHbI OTAENbHbIE
nonoXeHnsa U3 mexayHapoaHbix crangapros M3K 60071-1:2006, M3K 60071-2:1996 n MOK 60099-3:1990
COOTBETCTBEHHO, HA KOTOPbIE AaHbl HOPMAaTUBHBIE CChINKWA B MPUMEHEHHOM MEXAYHAPOAHOM CTaHAAPTE, HO KOTO-
pble He NPUHATLI B KAYECTBE HALMOHarnbHLIX CTaHAapTos Poccuinckon deaepavuuu.

B TekcTe cTaHaapTa Takue NosioKeHUs BblAENEeHbl 0AMHOYHON BEPTUKANBHON NMHMEN, PACTIONOXKEHHOM Cre-
Ba OT TEKCTAa, a UHGHopMaLMs O TOM, YUTO AaHHOE NONOXKEHME 3aMEHAET CCbIfIKY Ha MeXAYHapPOAHbIN CTaHAapT,
npusBeaeHa B BUAE NPMMEYaHUsl, 3aKMIOYEHHOT0 B PaMKy M3 TOHKUX NIMHUW U pasMeLLEHHOro nocne aToro
NOMOXEHUA.

[ononHuTenNbHbIE MO OTHOLLIEHMIO K MEXKAYHAPOAHOMY CTaHAAPTY NMOSIOXKEHUS BblAENEHbI OMHOYHON BEPTU-
KanbHON NUHMEN, PaCNONOXEHHOW CrpaBa OT TEKCTa, a AONOSIHUTENbHBbIE CNOBa, hpasbl — NOgYEPKUBAHMEM
CNAOLUHON FOPU3OHTASLHOM NIMHUEN.

C y4eTOM CNOXMBLLEHCH 0TEYECTBEHHOMN NMPaKTUKKU 3KCNNyaTauumn paccMaTpuBaeMbiX B MEXKAYHAPOAHOM
CTaHfapTe annapaTos 3aLMThbl OT NepEeHanpPsHKEHUI NPOBEAEHBI USMEHEHUA OTAENbHBLIX (Ppa3 (CNOB, 3HAYEHUN
nokasarenem), KoTopble BbIAENEHbI B TEKCTE KYPCUBOM. BHECEHNE yKka3aHHbIX TEXHUHECKUX OTKITOHEHWI HanpaB-
NeHo Ha y4eT oObeKTa M acnekTa crangaprusauum, xapakrepHeix ana Poccuinckon ®eaepauumn. Mudopmauus o6
OTEYECTBEHHbIX JOKYMEHTaxX npuBeaeHa B npunoxxenun Ar.

CTaHaapT CoAEePKUT pekoMeHJauum, a cneqoBarensHO, NPeCTaBnsieT cobon BCMOMOraTesibHbIi JOKYMEHT,
nonesHbIv NPy BbIBOPE U SKCNyaTauum Kak yXe 4aBHO UCTIONb3yeMbIX NS 3aLUMThI OT NepeHanPsHKeHU BEH-
TUINbHbIX PA3PSIAHUKOB, TAK U NPULLIEALLMX UM HA CMEHY HETNTMHENHBIX OTPAHUYUTENEN NepeHanpsHkKeHWA, NpeaHas-
HaYEHHbIX AN 00 LEKTOB AMEKTPOSHEPIETUKMN 1 ANEKTPOCHABKEHUSA MPOMBILLINEHHbIX NPEANPUATUN.

Annapartbl 3aLWuTbl OT NEPeHanpPs>XXeHiA, Ha KOTOPbIe PACNPOCTPAHSIETCA HACTOALLMIA CTaHAapT, B OTeYe-
CTBEHHON NPaKTUKe, KaK NpaBuno, MPUMEHSIOT B 9NEKTPOYCTAHOBKAaX NEPEMEHHOr0 ToKa HanpsixeHnem 3 kB u
BbILLE.
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HAUMWOHANBbHbBIAN CTAHAAPT POCCUUCKOWN PEAEPALUMUMU

PA3PAAHVUKU BEHTUNBHBIE U OFPAHUYUTENN NEPEHAMNPS)KEHWUA
HENWHEWHBIE ANA SNEKTPOYCTAHOBOK
NMEPEMEHHOIO TOKA
HA HAMNPSAXEHUE ot 3 no 750 kB

YacTtb §
PekoMeHpgauum no BbIGOPY U NPUMEHEHUIO

Surge arresters without gaps and non-linear resistor type gapped surge arresters for a.c. electrical installations
for voltages from 3 to 750 kV. Part 5. Selection and application recommendations

Nara BBeaeHma — 2011 — 01— 01

1 O6nacTb NnpUMeHeHuUs

Hacroawmi ctaHaapt pacnpoCcTpaHAETCA Ha BEHTUNbHbIE paspsaaHukn (aanee — PB) u HenuHelHble orpa-
HU4MTENN NepeHanpsxenui (aanee — OlNMH) un ycraHaBnMBaeT METOAMKY UX BbIDOPA U NPUMEHEHUA ANA OrpaHu-
YeHUsI rPO30BbIX 1 KOMMYTALIMOHHbIX NEPEHaNPsKeHUI Ha 3NEKTPO0BoPYyA0BaHUM NEPEMEHHOTO TOKA HANPSHKEHU-
em ot 3 go 750 kB.

CraHgapTt MOXeT ObITb Takcke npuMeHeH k PB u OMH, npegHasHauYeHHbIM Anst paboThl B YCNOBUAX, OTNINY-
HbIX OT YCINOBUIA, YKa3aHHbIX B HACTOAILLEM CTaHAapTe, €CNu 3roTOBUTENEM U NOTpebuTenem cornacoBaHbl COOT-
BETCTBYIOLLME CELManbHbIe A0NONMHUTENbHbIE TPeboBaHUA.

PekomeHaaLumn HaCTOALLEro CTaHAapTa MOTyT ObITb KOHKPETU3UPOBAHLI M OMOSTHEHbI B TEXHUHMECKUX YCNO-
BUSIX, TEXHUYECKUX TPeBOBaHUAX U PyKOBOACTBAX MO SKCMMyaTaumm, COrnMacoBaHHbIX U3roTOBUTENEM U NOTpebu-
TENEM.

2 HopmaTtuBHbIE CCbIFIKU

B HacTosLLEem cTaHaapTe Mcnonb30BaHbl HOPMATUBHBIE CCbINKM HA CrieayioLme CTaHaapThbI:

FOCT P 1.5 — 2004 Ctanaaptusauua B Poccuickon ®eaepauun. CtaHaaptbl HauMoHanbHble Poccuickon
depepauuu. MNpaBuna NOCTpoeHUs1, N3NOXeHUA, opopmneHus u 0603HaYeHUs1

[OCT P 52725 — 2007 OrpaHn4uTeny nepeHanpsiXXeHWin HenMHeHbIe ArS 9NeKTPpOYCTaHOBOK NEPEMEHHOI0
TOKa HanpsbkeHueM ot 3 A0 750 kB. O6Lwme TexHuueckue ycnosust (MOK 60099-4:2006 Pa3psiOHuku 0nis 3auumai
om niepeHanpspkeHull. Yacmb 4. OKCUOHO-Memariudeckue pa3psOHUKU 6e3 UCKPOBbIX NMPOMEXYMKoe Or1s 3auiu-
mbi om nepexanpsixeHuli 8 cucmemax rnepemMeHHo20 moka», NEQ)

FOCT 1516.3 — 96 3OnekTpoobopyaoBaHue nepeMeHHOro Toka Ha HanpsbkeHusi ot 1 Ao 750 kB. TpeboBaHus
K NEeKTpUYECKON NPOoYHOCTU usonsauun (MOK 6007 1-1:2006 «KoopduHayus uzonayuu. Yacms 1. OnpedeneHus,
npuryunbl u npasunay», NEQ)

MOCT 9920 — 89 (MOK 815 — 86, MOK 694 —80) 3nekTpoyCTaHOBKM MEPEMEHHOr0 TOKa Ha Hamnpspke-
Hue ot 3 Ao 750 kB. [AnuHa nyTu yTeukun BHeLLHen usonauun (MOK 60815:1986 «M3015mopb! 8bICOKO20 Hanpsi-
JKeHus 0na pabombl 8 3a2psi3HEHHbIX ycriosusix. Beibop u onpedeneHue pasamepos», NEQ, M3OK 60694:1980
«Annapamypa KOMMymayuoHHas u ycmpolicmea ynpaerneHusl 8biCOK020 HanpskeHus. Obuwjue mexHudeckue
mpeb6oegaHusi, eKroHaemMble 6 cmaHoapmbi», NEQ)

FOCT 10390 — 86 AnekTpoobopyaoBaHue Ha HaNpsbkeHue cBbile 3 kKB. MeToabl UCNbITAHWI BHELLHEN
M30MAUMM B 3arpsisHeHHOM coctosiHumn (MOK 60507:1991 «3019mopbi 6bICOKO20 HaNPSKeHUs NepeMeHH020 IMoKa.
MemoO0bi ucribimanuti 8 ycriogusix UCKyCCIMeeHHo20 3az2psa3HeHust», NEQ)

U3paHune ocpuumansHoe
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FOCT 16357 — 83 Pa3psaaHUKM BEHTUNbHbIE NEPEMEHHOTO TOKA HA HOMUHANbHbIE HaNPsXeHus ot 3,8 Ao
600 kB. Obwue TexHnyeckme ycnosusi (MK 60099-1:1999 «Pa3padHuku 01 3auiumbl Om nepeHanpsxkeHut.
Yacmb 1. Uckpoebie 3aumHbie pa3psaoHUKU ¢ HeNUHelHbIMU pe3ucmopamu 0118 CUCMEM NEPEMEHHO20 IMoKay,
NEQ)

MpumeyaHue — lNpu NONb3OBAHUM HACTOAWMM CTAHAAPTOM LenecoobpasHo NpoBepUTL AeicTBrE
CCLIMOYHBIX CTAHAAPTOB B MH(OPMALMOHHOI cUcTeMe 0BLIero NoNb3oBaHNa — Ha oduUMansHoM caiiTe degeparnbHo-
ro areHTCTBa M0 TEXHUYECKOMY PETYIUPOBaHUIO U METPOSIONUM B CETU VIHTEPHET UMK MO eXEroAHO U3aaBaeMoMy UHGOP-
MaLMOHHOMY yKasaTento «HauvoHanbHble CTaHAApTbI», KOTOPLINA ONyGRMKOBaH NO COCTOAHUIO Ha 1 AHBAPA TeKyLero
rofia, u No COOTBETCTBYHOLMM EXEMECSYHO U3faBaeMbiM WH(POPMALMOHHBLIM yKasaTensm, onyBrMKoBaHHLIM B TeKyLLeM
rofy. Ecrim ccbinoyHbIi CTaHAapT 3aMeHeH (M3MEHEH), TO NPU NOMb30BaHUA HACTOSILYMM CTaHAAPTOM CrieayeT pyKoBOA-
CTBOBATLCS 3aMEHAIOLMM (U3MEHEHHBIM) CTaHAAPTOM. ECIN CCbINOYHBIN CTaHAAPT OTMEHeH Ge3 3aMeHbl, TO NONoXe-
HUE, B KOTOPOM Ji@Ha CChiNka Ha Hero, MPUMEHSIETCS B YacTW, He 3aTparvBatoLei 3Ty CChIMKY.

3 TepMmuHbI U onpeneneHvs

B HacToAweM craHaapTe npuMeHeHbl TepmuHbl No FTOCT P 52725, TOCT 1516.3 n FOCT 16357, a Takke
cneayioLme TepMUHbI C COOTBETCTBYIOLLMMU ONPeAENeHNAMN:

3.1 nponyckHas cCNOCOGHOCTb BEHTUSIbHOTO paspAaHuKa: CnoCoOOGHOCTb BEHTUNBHOIO pa3psgHuka
BbiaepxuBaThb 6e3 nospexxaeHuii 20 nobbix TOKOBLIX Bo3aecTeuii no FOCT 16357 (noanyHkr 3.1.11).

3.2 knacc NPONyCKHOW CMOCOGHOCTU HENMMMHEWHOro OorpaHMuuTens nepeHanpspkeHun: OGo3Ha-
yaemas B cooteercTeum ¢ FOCT P 52725 (tabnuua 1) uucbpamn 1, 2, 3,4 u 5 cnocobHOCTL HEMMHERHOTO OTPaHU-
yuTENsA NepeHanpsHkeHui BbiaepxuBaTh 6€3 nospexxaeHuit 18 MnNynNbCOB TOKAa NPOMNYCKHOM CNOCOGHOCTHU NO
FOCT P 52725 (nyHkT 3.25).

3.3 TOK B3pbiBOGE30NAaCHOCTU HESIMHEMHOro OrpaHMYMTENA nepeHanpspkeHuii: MakcumanbHoe
JeiicTBylOLLee 3Ha4YeHWe YCTaHOBUBLUETOCS OONbLIOTO TOKA KOPOTKOrO 3aMblkaHUS B COOTBETCTBUM C
FOCT P 52725 (nognyHkKT 6.4.10), Npy KOTOPOM HENMHENHbIN OrPaHNYUTESNb NEPEHANPSKEHNIA ELLEe COXpaHAET
B3pbiBO6e3onacHoCTb No FTOCT P 52725 (nyHkT 3.34).

M pumMeyaHune — OcTarnbHble TEPMUHBEI U UX onpeAeneHna npuseacHbl B NPUNOXXEHUN ,EIA
4 O6umre NonoxeHns

4.1 O6WwMe NPUHLMNBLI NPUMEHEHUA BEHTUSIbHbIX Pa3pAAHMKOB U HENMMHEMHbIX OrpaHuuUTenen
nepeHanpsxeHun

FOCT 1516.3 ycTaHaBnNUBAET uCrbimameribHbie HarnpsbkeHus 0i1s mpex 0uana3oH0e KIiaccos HanpsikeHus
anekmpoobopydosaHus:

- Quana3soH I: om 1 00 35 kB eKriio4UMEIbHO;

- Quana3oH II: om 110 00 220 kB eK/HOHUMESIBHO;

- Quana3soH Ill: om 330 o 750 kB eKImo4UMEIbHO.

Ons ceteit Ouana3oHos | u I, copepXalumx BO3AyLUHbIE IMHUM, OCHOBHYIO ONACHOCTL Ans 060pyAoBaHuSA
NPeacTaBnAoT MHAYKTUPOBAHHbIE U NPSIMbIE YAapbl MOJHUM B MOAKMIOYEHHbIE BO3AYLUHbIE NMMHUK. B kabenbHbIx
CETSX, He CBA3AHHbIX C BO3A4YLUHbIMM NIMHUSIMU, Hanbonee BEPOSTHLI NepeHanpsiXeHus, 06yCroBneHHbIe NOBPEeXi-
OEHUSIMM UIM KOMMYTALMOHHBLIMK onepaumsiMu. B pefikux cnyyasx, 0AHAKO, MOTYT TaKKe BOSHUKHYTb NepeHanpsi-
XEHUA, MHAYKTUPOBaHHbIE MONHUeNn. B ceTax duana3sona I, B pononHeHune k dpakropam duanasoHos | u i,
CTaHOBATCS 3HAYUMbIMU KOMMYTALMOHHBIE NepeHanpshkeHust. MNepeHanpPsPKeHNs MOTYT BbI3bIBATb NEPEKPLITUS U
Cepbe3sHble NOBpeXaeHUs 060pya0BaHUs U, TakuM 06pa3om, noaBepraTh dnekTpocHabxeHue notpedurenet onac-
HOCTU npepbiBaHusA. Heo6x0aMMo NpOTUBOCTOATL STOMY NyTEM COOTBETCTBYIOLWEN koopanHauum PBu OMNH ¢
nsonauuen. NMoatomy, ecnm eCTb BEPOATHOCTb FPO30BbIX UM BLICOKUX KOMMYTaLMOHHBIX NEpeHanpsKeHUM, KOTo-
pble MoryT 6biTb OnacHLIMK ANA 060pyAOBaHUS, pEKOMEHAYETCA ucnonb3osatb PB (OMNH).

31u PB (OMNH) aomxHbl npeactaBnatb cob0M YacTb CETH, OTBEYAIOLWYIO 3a €e HaaeXHOoCTb. PB (OMNH)
NPOEKTUPYIOT Tak, YTOObI BbIAEPXKMBATL HAMNPSXKEHUSI U COOTBETCTBYIOLLIME TOKU YEPe3 HUX C AOCTATOUHO BbICOKOM
BEPOATHOCTLIO C YH4ETOM 3arpsa3HEeHuin U Apyrmx BO3aencTBuii B MecTe yctanoskn PB (OMNH). MepeyveHs Hanpsxe-
Hull U neperanpsxeHull, delicmeyrowux e kaxxooli cemu, npusedeH e npunoxeHuu A:

- paboyee HanpseHue;

- KBa3UCTALMOHAPHbIE NEPEHANPSHKEHUS;
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- NepeHanpskeHna ¢ NONormm ppoHTOM;

- NepeHanpPsPKEHNS € KPYTbIM (PPOHTOM, —
rae nepeHanpsXeHUs ¢ NOIOrMM (hpOHTOM, 0OYCIOBIEHHBIE KOMMYTaLUAMM, NPEACTABNSAIOT 0CODYIO BaXKHOCTb
ansa PB (ONH), sawmwatowmx obopyaosaHue, oTHocsLeeca k duana3oHy Ill.

Kak npaBsuno, Tpe6oBaHus nyyLuer 3awmrtbl 060pya0BaHUA U BLICOKOrO HOMUHANBLHOTO HanpsxeHus PB
(ONH) B3aumHo npoTuBopeumnBbl. Moatomy Bbibop noaxoaswiero PB (OMNH) npeacrasnseTt cobom npoLecc onTu-
MM3aLMK, NPU KOTOPOM HeOBX0AMMO paccMaTpuBaTh 60MbLIOE YNCNO NAPaMETPOB CETU U 000PYAOBAHUS.

OlNH Hau6onee achpdpeKkTUBHbLI B CETAX C 3a3€MIEHHBIMU HENTPANAMU, NOCKONLKY OHU NMO3BONAIOT OCYLLEe-
CTBUTb HAUMYHLLYIO 3aLLUUTY OT NEepeHanpPs>KeHU ¢ nonorum cpoHTOoM. B HacTosLee Bpemsa annapatbl 4aHHOTO
TUNa LWMPOKO NPeACTaBNEHbl B 3TUX CETAX, NpuyemM npumeHeHune PB (OINMH) ana Takux ceTen UMeeT TEHAESHLUMIO K
npenmMyLLeCcTBEHHOMY UCnonb3oBaHuio OlNMH. B HEKOTOPbIX CETAX C M30AUPOBAHHBLIMU U PE30HAHCHO-3a3€MMEH-
HbIMW HENTPaNSAMU, [Ae KBa3UCTaLMOHAPHbIE NepeHanpsbkeHusi BCNeACTBUE 3aMblkaHus Ha 3emnio 6onee npoaor-
XUTENbHBI, MOTYT ObITb NpeanoYTUTENbHLIMKU PB, ecnu TpebyloTcst Hu3kue 3auTHble ypoBHU. HECMOTpst Ha TO,
YTO cyulecTsyiowme PB TpaauLMOHHO NPUMEHSIIOT BO BCEX Mana3oHax HanpsXeHus, npuMmeHeHne PB moxer
GbITb Hanbonee onpaesaaHo 019 cemeti duana3oHa l.

4.2 O0Wwaa meroavka BbIOGOpa BEHTUINbHbLIX Pa3spAAHUKOB W HENMHEMHbIX OrpaHuuuTenen
nepeHanpsxeHun

Ons BbiGopa PB unu ONMH pekomenayeTcs crneayiowas utTepaLuMoHHas MeToauka, NoKa3aHHas Ha CTPYK-
TYPHOW CXeMe PUCYHKa 1, B COOTBETCTBMU C KOTOPOW BLIMOSHAIOT CrieAyloLme AeNCTBUSA:

- ONpeaensiioT Haubonbwee dnumensHo 8orycmumoe paboyee HanpsixeHue PB (OlNH) B 3aBucumMocTu ot
HaubonbLuero pabo4ero HaNpsHKEHUs CeTH;

- ONpeaensatoT HomuHansHoe HanpsbkeHue PB (OlNH) B 3aBMCMMOCTU OT KBa3WCTaLMOHAPHLIX NepeHa-
NPSKEHUN;

- OLieHMBAIOT aMNNUTYAbl U BEPOSTHOCTH OXKMAAEMbIX FPO30BbIX pa3psaHbIX TOKOB Yepes PB (OMNH), onpe-
AensioT mpeb0osaHUs K Pa3pssOHbIM HaNPSKeHUSIM NMMHUK nekTponepeaayu U BbIoMpaioT HOMUHANbLHLIV pa3psaa-
HblIVi TOK, 3Ha4YE€HME UMNYNbCa 6OMbLLIOrO TOKA, APOMYCKHYH0 CIIOCOBHOCMb UNU Kiace ycmolidusocmu PB n mok
nponyckHoli cnocobHocmu OlNH.

MpuMedvaHue — Ecnnm HeoBXoguUMbl 3HAYeHUs] UMMyNbca GOMbLUOrO TOKA, OTIIMYHbIE OT CTaHAapPTM30-
BaHHbIX 3Ha4yeHuit B cooTBeTcTBUM ¢ TOCT P 52725 (noanyHkT 6.2.5), aTu 3HayeHus crnegyeT BbibUpaTb B COOTBET-
CTBMMW C MPO30BLIM Pa3psfHLIM TOKOM U MPOMYCKHOA CMOCOBHOCTHIO;

- BbIOMpaloT kKameeopuio 83pbieobe3oriacHocmu PB unu mok e3pbisobesonacHocmu OlNH;

- BbiOupatoT PB (OlH), koTopbiil yA0BNETBOPSIET BbiLLEYKa3aHHLIM TPe6OBaHUAM;

- OMpeaensioT 3almMTHble xapakrepuctuku PB (OINMH) npu rpo30BbIX U KOMMYTALMOHHBIX UMMNYNbCAX;

- pacnonaratot PB (OINH) kak MO)XHO Bnivike K 3aluiiaeMomMy 060pya0BaHuIo;

- onpeaensioT KOOPAMHALMOHHOE BbiiEePXXMBAEMOE HanpshkeHUe 3almiiaeMoro o6opyaoBaHus npyu KoM-
MYTaUMOHHOM UMMYMbCE, YYUTLIBAA NPEACTaBUTENbHbLIE NEPEHanpsHKeHUs ¢ Nonorum POHTOM U KOHUrypa-
LMIo CeTw;

- ONpeaensT KOOPAUHALMOHHOE BbIIEPXMUBAEMOE HANPSDKEHUE 3aLLmMLLIaeMoro 006opya0BaHUsA NPy rpo3o-
BOM MMMYNbCE, PACCMaTPUBAN:

- NpeACTaBUTENbHYIO NaAaloLLyI0 BOSIHY FPO30BOI0 NepeHanpsiXXeHusi, onpeaensemyto rnosedeHuem Bos-
JYLUHON NuHuK, coeauHeHHom ¢ PB (OMNH), npu ydape monHuu v npuemneMon HOpMon NoBpeXaeHui sawmua-
emoro obopyaoBaHus,

- CXeMy NoACTaHUuK;

- pacctosHue mexay PB (OlNMH) u sawpmuiaemsim 060pyaoBaHuem;

- onpeaensaioT HOPMUPOBAHHBIN YPOBEHb M30NsLMKU 060pyAOBaHUSA, NPUBEAEHHDIN B NPUoxeHumn [A;

- ecnu TpebyeTca 6onee HU3KMI YPOBEHb M30MALMKM 0GOpYA0BaHUSA, TO paccmMaTpuBatoT Gonee HU3Koe Hau-
bonbwee dnumernbHO donycmumoe paboyee HanpspkeHue, bonee HU3Kkoe HOMUHanNbHOE HanpsbkeHue, bonee Bbi-
COKMIA HOMUHAMNbHLIN Pa3pAAHbIA TOK, 6onee BbICOKUI KNAacc nporycKHOU criocob6HOCMU, APYIYIO KOHCTPYKLMIO
PB (OlNH) unu ymeHbLieHHoe paccroaHue mexxay PB (OMNH) u sawmwaembim 06beKTOM.

MpumedyaHune— bonee HU3Koe Haubonbwee dnumenbHo donycmumoe pabodyee HarnpskeHue wnu bonee
HW3KOEe HOMMWHAaNbHOE HanNpsPKEHWe MOXET CHU3UTL 3KCNNyaTauWoHHY HaaexHocTb PB (OMH).

[etanu 310N UTEPALIMOHHON METOANKMN U3TIOXKEHbI B pa3aenax5,6u7.
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4.3 CoxpaHeHue paboToCnOCOOHOCTU BEHTUIbHbIX Pa3psAHUMKOB U HEJTMHEWHbIX OrpaHUYUTEeNnen
nepeHanpspkeHU Npu 3arpsASHEHUM NOKPbIWEK

3arpsisHeHune nokpbiwku PB (OMNH) MOXET BbI3BaTb NEPEKPbITUE UMW NOBbLILUEHUE TEMMNEPATYPbI KOMMNOHEH-
TOB, BbIPABHUBAKOLLMX HaNpskeHue B PB, n 6onbLuon poct TemnepaTypel Bapuctopos B OMH. Yto6bl npeaoTepa-
TuTb noBpexaeHusa PB (ONH) B paiioHax ¢ 3arpasHenuem, cneayet Boiduparts PB (OMNH), cnocobHbIe Bblaepxu-
BaTb COOTBETCTBRYIOLLME YCIOBUS 3arpsisHEHNS. HECMOTpPS Ha TO, UTO AaHHOe TpeBoBaHue He YCTaHOBIEHO SIBHO B
MOCT 16357 u FOCT P 52725, PB n OlNH, ncnonb3yeMble B HOPMarbHbIX YCIIOBUAX SKCMSyaTauun, 4OMKHbI
BblAEMKUBATbL CpeAHWe BO3AENCTBUSA 3arpPA3HEHUS, COOTBETCTBYIOLLME cmerneHuU 3arpsisHeHus |l (cM. npunoxe-
Hue [B). Ecnu painoH ycraHosku PB (OMNH) noaBepkeH 6onee cunbHOMY 3arpi3HEHUIO, 9TO MOXET HeBGnaronpu-
AAITHO MOBMUATbL Ha ucnonHeHne PB (OlNMH) ceounx dpyHkumii. Ecrin B cunbHoO (cmeneHs 3arpasHenns lI) unm oveHb
CUIbHO (cmeneHb 3arpsasHeHus V) sarpasHeHHbIX paioHax ucnonb3yoT PB (OMNH) HeagekBaTHOM KOHCTPYKUMK,
3(pPEKTUBHON B NPEAYNPEXAEHUN CyHaeB, yKa3aHHbIX BbILLE, 4OMYCKAETCHA NPOBOAUTbL NEPUOANYECKYIO YNCTKY
nnu cmasky.

Ecnu npegnonaraercs o6mbis PB (OMNH) noa HanpsixeHuem, Heobxoaumo, 4tobbl PB (OMH) 6binu cnpoek-
TUPOBAaHbI C Y4ETOM TaKUX YCIOBUI SKCMyaTauum.

5 BeHTuUnbHble pa3pagHuku B cootBeTcTBUM ¢ FTOCT 16357

5.1 XapakTtepucTUKU BEHTUSIbHbIX PaspAaHUKOB

5.1.1 O6uwme nonoxeHmsa

K ocHOBHbIM xapakTepucTukam PB OTHOCATCA UX HOMUHAmNbHOE HanpsbkeHue, NpobUBHOE HanpsHKeHue,
HOMMWHanbHbLIE pa3psiaHbIE TOKU U OCTAIOLLMECS HANPSHKEHUS NMPU 9TUX TOKaX.

3awmTHasa PyHKLUMA XapakTepusyeTcsa NPOOUBHBIMW HANPSXEHUAMN ANst PPOHTA BOMHbI FPO30BOTO U, NPU
Heo6X0AUMOCTH, KOMMYTALMOHHOTO UMMYNBLCOB, & TAKKE OCTAIOLLMMUCA HanpPsXKEHUAMU NPU HOMUHANBHOM
paspsgHOM TOKE U, Koraa HeoBxoaMMO, NPK TOKaxX KOMMYTaLMOHHOIO UMNynbca. Ans 4aHHOr0 HOMUHANBLHOTO
HanpsKeHuUs cyLecTByIOT PB pasnuyHbIX TUNOB, @ CNeAoBaTeNbHO, Pa3Hble 3aLUMTHbLIE YPOBHM.

K gononHutenbHbIM Xapakrepuctukam PB, noanexaiyum paccMOTPEHUIO, OTHOCATCA ANMUTENBHO 00MyCcmu-
moe pabouee HanpsikeHWe, rIPOorycKHas criocobHOCMb UK Kiiace ycmoldueocmu PB K 8numesnibHbIM UMITYITb-
cam moka, Kameeopus 83pblso6e30rmacHoCMu, CNOCOBHOCTL BbIAEPXKUBATL 3arpsA3HEHUS, NPUTOAHOCTb K 0OMbl-
BY MO/ HANPSHXKEHWEeM U CrneyuanbHble MeXaHMYeckue KayecTsa.

5.1.2 HomuMHaneHoe HanpsikeHue

HomMuHansHoe HanpskeHue — 9T0 MakCUManbHO A0NYCTUMOE AENCTBYIOLLIEE 3HAUEHUE HANPSHKEHUA NPO-
MbILLINIEHHOW YaCTOTkI MEXAY BblBOAaMu PB, npu KOTOPOM NpeanonaraeTcs npaBunbHas ero pabota, kak 1o
npeanncaHo ycrnoBUsMM UCTIbITAHUI. HOMUHANbHOE HaNPsSXXEHWUE UCTIONb3YETCS B KAYECTBE KOHTPOSILHOIO Napa-
MEeTpa Ans yCTaHOBNEHUA pabovmnx xapakrepucTuk.

MpuMmeuvyaHune —PB HekoTopbIX TUNOB, NpeAHa3Ha4YeHHble ANsi UCNONb30BaHUA B QuanasoHe /I, cospatoT
[NA raleHns yrv Npu HanpskeHUAX NPOMBILNEHHON 4acToTbl 6onee BLICOKUX, YEM HOMWHaNbHOE HanpsXeHue.
OTO HamnpsiXeHWe, KaK MNpaBuno, Ha3blBalOT «HaNPSXXEHWeM raleHWs Npu KBa3uCTaLMOHApHBLIX NepeHanpsKeHu-
ax». MNockonbky FOCT 16357 He ycTaHaBNUBaET UCNbITAHUIA B LIGNAX rapaHTMK NpaBunbHON paboTkl Takux PB, ycnosus
NpoBeflEHUA MUCMBITAHWA W NPUNOXEHWUE HaNPSXeHUs AOMKHbI ObiTb cormacoBaHbl MEXAy NOTpeGuTenemM U U3roTo-
BUTENEM.

B HekoTOpbIX Cry4asnx, Hanpumep ANA UCNbITaHWIA B YCNOBUSX 3arpsI3HEHUS, A0IDKHO ObITb U3BECTHO Mak-
cumarnbHOe AENCTBYIOLLEE 3HAYEHUE HAaNPAXEHNA NPOMBILLNIEHHOI YaCTOTbl, KOTOPOE MOXET ObiTk ANUTENLHO
npunoxxeHo mexay seisogamu PB. [ina PB, npegHasHaveHHbIX AnA ucnons3oBaHus B uanasoHax | u ll, ato
HanpshkeHue MOXET ObiTb paBHO HOMUHANBHOMY HaNPsPKkeHUto PB.

[ns PB B ceTsix ¢ M30nMpoBaHHbLIMKU U PE3OHAHCHO-3a3€MANEHHBIMU HEUTPANSIMU B TEYEHUE BCEro nepuoaa
UCTIbITAHWIA B YCIIOBUSIX 3arpA3HEHNS JOIMKHO ObITb NPUIOXKEHO ANUTENBHOE HaNpsDKEHWE, PABHOE HOMUHANBHOMY
HanpspkeHuio PB. Mpu aTOM, €Cnm HOMMHaNbLHOE HaNPSHXKeHWE NPeBbILLIAET HaubornbLUee paboyee HanpsHKEHUe
(mexxay hasamu) ceTu, NO COrnaLLEeHUIo Mexay NnoTpebuTenem u U3roToBUTENEM B KAYECTBE UCMILITATENBHOTO
HanpsKeHus BbIOMPAIOT nocneaHee.

[na PB, npeaHasHaYeHHbIX 45151 ICNONb30BaHUA B Ouanasoxe Ill, oHo, kak npaBuno, Huwxe. Ana PB B ceTax
C 3a3eMJIEHHbIMU HENTPanNAMKU € KOIDULIMEHTOM 3aMbiKaHWUA Ha 3eMnio Mexay 1,2 u 1,4 cHavana 40mKHO GbITb
NPUINOXEHO UCTbITaTeNnbHOE HanpsbkeHue, coctasnatowee 0,75 — 0,8 (ans koadhPULMEHTOB 3aMbIKaHUA HA 3EM-
mo 1,33 u 1,25 COOTBETCTBEHHO) HOMUHANBLHOTO Hanpsbxenus PB, unmn 0,87 (1. e. 1/1,15) ycraHOBRNEHHOTO ANK-
TenbHO dorycmumoz20 paboyero HanpshikeHus PB (OHO paBHO MM MeHbLLE, YEM HOMUHANbLHOE HanpseHue PB),

5
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B 3aBMCUMOCTM OT TOrO, KaKoe MeHbLIe. [lanee 3HaYeHWe UCMbLITAaTENbHOIO HaNPsPKEHUS C NepepbiBaMmn yBenu-
4YKMBaKOT A0 Oonee BbICOKOro 3HaYEHUs1, COOTBETCTBYIOLLETO, B MPUHLMME, HAMPSDKEHUIO KOPOTKOTO 3aMblKaHUS,
B TeueHue 1 —2 ¢, a 3aTem BbICTPO CHMKAIOT A0 HAYANbLHOTO 3HAYEHUS.

MpumeyaHune— [laHHoe nonoxeHue saMeHsaeT ccbinky Ha MOK 60099-3 (pasaen 6).

Mockonbky FOCT 16357 He ycTaHaBNMMBAET UCMNbITAHUN B LIENSX FAPAHTUM MAKCUMATbHOTO AEUCTBYIOLLIETO
3HAYEHUA HaNPSHKEHUS MPOMBILLNEHHON YaCTOTbl, KOTOPOE MOXET ObITb ANMUTENBHO NPUIOXEHO MEXKAY BbIBOAAMM
PB, npueMmnemMoe 3Ha4eHne AOIDKHO ObITb MOMY4YEHO OT M3rOTOBUTENS.

5.1.3 3awmTHBbIE YPOBHU

3awuTHbIM ypoBHEM PB npu rpo30BOM UMNYNbLCE CHUTAIOT HambonbLLEe U3 CreayoLMX 3HAYEHWIA:

- NPOOUBHOE HAMPSDKEHUE NPU CTAHAAPTHOM FPO30BOM UMNYILCE;

- OcTaloLLeecs HanpsKeHue NP HOMUHANBLHOM Pa3pAAHOM TOKeE.

lMpumMeyvaHue —Bcnyyae 3awmTel 06opyaoBaHUS OT NepeHanpsPKeHUd C KPyThIM (ppOHTOM Mpegnonarator,
4YTO BbljepXuBaemas NpovYHOCTbL NPONUTaHHON MacnoM U3oNAauUKM TpaHcdopMaTopoB, Mo KpailHeil Mepe, Ha 15 %
6onblle ee BblAepXKUBaAEMO MPOYHOCTM MPU NOAHOM FPO3OBOM UMMYNbCE ANS NPOAOIMKUTENBHOCTU HaNpsXEHUs
6onee kopoTko#, 4eM 3 MKc. CriefqoBaTenbHO, MakcUManbHble HanpsXXeHWs, ycTaHoBneHHble B FTOCT 16357 (Tabnuupl
2—4) pna npobosi Ha ppoHTe BONHbI, Ha 15 % BbilWwe, YeM OHU Xe ANSA CTaHAapTHOro rPO30BOro MMNyrbea.

M3onauua apyrux TUMNOB, Kak, HanpUMep, B U3MepUTENbHLIX TpaHcdopmaTopax, kabensx unu sepmemusuposaH-
HbIX pacnpedenumensHbix ycmpolcmeax (IPY), MOXeT UMeTb pasNuyHble BbiAepXUBaeMble XapaKTepUCTUKU, a Npo-
6uBHOE HanpspkeHue Ha (ppoHTe BONHLI MOXET noTpeboBaTb cneunanbHOro pacCMOTPEHUS.

3awyTHLIN YPOBEHb NPU KOMMYTaLIMOHHOM UMNYNbLCE NPUMEHSIIOT AN 3aLWThl 000pY0BaHWS OT NEpeHa-
NpspKeHui ¢ nonorum ppoHToM. OH npeacraenseT cobon HanbornbLUEE U3 3HAYEHWI NPOGUBHOTO HANPSHKEHUA NPU
KOMMYTaLMOHHOM UMNYNbLCE W OCTAIOLEroCA HaNPSXKEeHUSA NPY KOMMYTaLMOHHOM UMMYIbCE.

MpumMeyaHune—Ecnnana PB kakoro-nu6o Tuna npoGuBHOE HanpshkeHUe Npu KOMMYTaLWMOHHOM UMNynbCe
He M3BECTHO, BecbMa 6nuskas no cogepKaHuio UHGOPMaLMA O HEM MOXET GbiTb NonyveHa U3 NPOGUBHOTO Hanpsxe-
HUS MPOMBILLMEHHON YacToThl.

5.1.4 HomuHanbHbIN paspagHbIA TOK

3a HOMUHanbHbIN pa3psiAHbIN TOK MPUHUMAIOT aMITTMTYAHOE 3HaYeHne UMMyIbCa, umetoLlero gopmy 8/20,
KOTOpOE MCMOMNb3YHT Ans knaccudmkauum PB. HoMUHaNbHBIN pa3psifiHbIi TOK UCMONb3YIOT Takke Ars TOro, YTo0bl
VUHULUUUPOBATEL COMPOBOXAAIOLLMIA TOK B X0A4€ pabounx UCNbITAHUIA U YCTAHOBUTL 3aLLUTHLIN ypoBeHb PB npu
rPO30BbIX NEPEHANPSHKEHNUAX.

5.1.5 Knacc ycmodiyueocmu K OnumenbHbIM UMIY/IbCaM MoKa

Knacc ycmoliqueocmu K OnumernbHbIM UMIIyibcamM moka 0003HAYaloT YUCNOM, COOTBETCTBYIOLLMM
cnocoBHocTu PB mornowiate 3HEPrUIO Npu paspsiie ANUHHBIX NUHWIA. Bo3pacraiowme Homepa Knaccos no
MOCT 16357 (Tabnuua 7) ykasbliBaloT Ha YBENMUYUBAIOLLIMECS HAMPSHKEHMS CETU U ANUHY NUHUK, U CHUXKAIOLLMECSH
BOJTHOBOE COMPOTUBMNEHNE U KOIPDULIMEHTbI NEPEHAMNPSHIKEHNNA.

5.1.6 Kamezopus e3pbieobe3zonacHocmu

Kameezopuro e3pbigobe3onacHocmu 06o3Havatot 6ykeoli (A, B, C, D nnu E), cooTBeTcTBY!IOLLEH CMOCOGHO-
ctu PB BblIAEPKMBATbL MOCNE NOBPEXAEHUS TOKU BHYTPEHHUX KOPOTKMX 3aMblKaHuii 6e3 B3pbIBHOIO paspyLUeHus
nokpbiLwkn cornacHo NOCT 16357 (noanyHkT 3.1.15).

5.1.7 BblaepxuBaemble XxapaKTepUCTUKU B YCITOBUAX 3arpsa3HeHus

[Ona PB, npegHasHavyeHHbIX Ans UCNOMb30BaHUSA B 3arpsA3HEHHbIX paoHax CO CmereHsMu 3arpssHe-
Hus Il n IV, xapakTepuctnkm KOTOpbIX MPUBEAEHLI B NPUNoxeHun OB, HE0OX0AUMO UCNbITAHUE B YCIIOBUAX
3arpsAA3HEHUs B COOTBETCTBUM npunoxenmem OB. M3 pe3ynsratoB 3TOr0 MCMbITAHWMA NONy4aloT MHAOPMaLUIo
0 NPOBMBHON XapakTepucTuke. XapakTepucTuka NepekpbITUSA NOKPbLILIKM MOXET ObiTb NMPOBEpeHa B COOTBET-
cteun ¢ MOCT 10390.

5.1.8 XapakrepucTUKM OOMbIBa Noa HanpskeHUem

MNpumMeHeHne 0OMbIBa NOA HanpskeHueM MOXET noTpeboBaTth cneuumansHoOW KOHCTpyKUMmK PB, a Taikoke co-
OTBETCTBYIOLLMX UCTbITAHWUIA.

Mpu npoekTnpoBaHu 06MbIBOMHOIO 060PYAOBaHUSA AOMKHbI ObITb COGMIOAEHLI CrieaytoLume TpebosaHus:

- BOMmkHa ObITk UCNOMbL30BaHAa BOAA C COOTBETCTBYIOLLMM YAENbHLIM CONPOTUBINEHNEM;

- AaBneHue 1 KOHUIypaumus consa AomkHbI ObITb TakMMu, YTOObI paspagHUK MO BCEW ANUHE U OKPY>KHOCTH
CMauMBancs kak MOXHo 6onee paBHOMEPHO W OAHOBPEMEHHO. NSl TOro HE0GX0AUMO YYNUTLIBATL MakCMMarbHO
DOMyCTUMYIO CKOPOCTb BETPA.
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5.2 Bbi60op (pa3HbIX BEHTUIIbHbIX Pa3pAgHUKOB

5.2.1 HomuHanbHoOe HanpsxeHue

Kak npasuno, Bbioupaiot PB, KOTOpbIi Obl BbiAE pXMBAN BO3AEWCTBUSA, 00YCIOBNEHHbIE KBa3UCTAaLUMOHAPHbI-
MM NEepeHanPSLKEHUAMU, MOSIBNSAIOLMMUCS B pe3ynbrate 0aHO(Aa3HOro 3amblKkaHWA HA 3€MII0, Bbi3bIBAIOLLETO
noaALEM HaNPSHKEHUS HA HENOBPEXAEHHbIX ha3ax B TO Bpems, koraa npoucxoaut cpabarbiaHue PB Ha 0gHOM u3
3Tux (pas. Heobxoammo paccmaTpuBaTh U Apyrue NPUHMHLI KBa3UCTAUMOHAPHbIX NEPEHaNpsHKeHUN, a 3a Hanpsi-
YXeHWe, Ha KOTOPOEe PacCUMTaH paspsaHUK, crieqyeT NPMHUMATDL HaUBbICLLIEE U3 STUX NepeHanpshkeHuid. B HekoTo-
pbIX CRyYasx MOXET ObITb HEOOXOAUMO PACCMOTPETL KBA3UCTALMOHAPHBIE NEPEHANPSIKEHUSA, BOSHUKAIOLLME B
pesynsTare OJHOBPEMEHHOTO CBEPLLEHUS Pa3HbIX COOLITUI, HAaNPUMEpP BHE3ANHOrO COPOCAa HArpy3Kku 1 3amblka-
HUS Ha 3eMI0, MPUHUMAs BO BHUMaHWUE BEPOATHOCTb UX NOABMEHUA.

Bo Bcex cnyyasix paccMaTpvBaloT Creayiowme NpUYnHbLI KBa3uCTaLMOHaPHbIX NePeHanpPsHKeHWN:

- 3aMblKaHUs Ha 3eMni0. 3TU NepeHanPsHXEHUs NPOABAATCA B GONbLIOK YacTu ceTu. PykoBOACTBO No
onpeaerneHunio aMmnnuTya KBasuctauMoHapHbIX NepeHanpskeHnii NpueseAeHoO B NPUNoXeHun A. Npoaomutens-
HOCTb NepeHanpPsPKeHUs 3aBUCUT OT NPOAOIMKMTENBHOCTU 3aMblkaHuA (A0 ero ycrpaHeHus)). B ceTax ¢ 3azeMnen-
HOW HEUTPAribIO OHA, KaK NPaBuIo, He NPeBLILWAET 1 C. B CeTAX C pe30HaHCHO 3a3eMSEHHON HEUTpanbio C aBToMa-
TUYECKMM YCTPaHEHUEM 3aMbIKaHUS OHA, KaK NpaBuno, He npesbiwaeT 10 ¢. B ceTsax 6e3 aBToMaTUYECKOro ycrpa-
HEeHUs1 3aMbIKaHUS! HA 3EMII0 3Ta NPOAOCIKUTENIBHOCTb MOXET COCTABMATL HECKOSNbKO YacoB;

- cOpochbl Harpy3ku. Nlocne OTKNIoYEHUA Harpy3ku BO3pacTaeT HanpshkeHue Ha cpaboTaBLLeM CUIIOBOM Bbl-
KroyaTene co CTOPOHbI UCTOYHMKA MUTAHUA. AMNAUTYAA NePeHaNPSHKEHUA 3aBUCUT OT XapaKTePUCTUK OTKIIOYEH-
HOW Harpy3ku u OT MOLLIHOCTM KOPOTKOTO 3aMblkaHWA NUTaloLWwen noactaduun. KeasucraumoHapHbie nepeHanps-
YKEHNSA UMEIOT 0COBEHHO BLICOKME aMNIUTYA bl NOCNE NOMHOro cBpoca Harpy3ku Ha reHepaTopHbIX TpaHCOpPMaTo-
pax B 3aBUCHMOCTHU OT YCIOBUM HAMArHU4MBaAHUS N NPEBBILLEHUA HOPMAbHON CKOPOCTM. AMNNMTYAA NepeHanps-
YKEHWIA, BbI3BAHHbLIX COPOCOM HArpy3ku, Kak NpaBuno, U3MEHAETCA B TeYEHUE ux nepuoaa AencTaust. Mpu TOUHbIX
pacyeTax HeoOX0AUMO YUMTLIBATh MHOTO NAapameTpoB.

B kauecTBe pykoBOACTBA MOTYT ObITb UCNONBL30BAHBI CAEAYIOLLNE TUNUYHBIE 3HAYEHUS:

- B HEOOMbLUMX MO NPOTSHKEHHOCTHU CETAX NOMHBIN COPOC HArPy3KU MOXET BbI3BaTb NOABLEM NEPEHANPsKe-
HWI (pasa — 3emns c amnnUTYAOM, kKak Npasuno, HWke 1,2 oTH. ea. MNpoaoMHKUTENbHOCTb NEPEHaNPSHKEHNS 3aBU-
CUT OT cpabaTbiBaHUsA annaparypbl, pErynupyowein HanpsbkeHne, U MOXKET AO0CTUIaTb HECKOTbKUX MUHYT;

- B MPOTSXKEHHBIX CETAX NOCHE NOSIHOro copoca Harpy3ku amnnuTyaa nepeHanpspkeHns asa — 3emns
MOXeT gocturaTb 1,5 OTH. eq. unu gaxke Gonee B cnyvae nosiBneHus achdekra deppaHTn unu pesoHaxca. Mpo-
JOMKUTENBHOCTbL NEPEHANPSXEHNIA MOXKET COCTABNATb HECKONbKO CEKYHA,;

- Npy cOPOCE HArpy3Kku reHepaToOPHLIX TPAHC(OPMATOPOB aMMIUTY/bI KBA3MCTALMOHAPHBLIX NepeHanpsixe-
HWI MOTYT AocTuratb 1,4 OTH. ea. ans TypboreHepaTopoB u 1,5 OTH. ea. Anst ImaporeHepaTopos. MNpoaomKMTENb-
HOCTb NepeHanpskeHun cocraBnser NpubnmanTensHo 3 .

Ecnu nzsecrHa BpeMeHHast 3aBUCMMOCTb aMInuTyA, yA00HO NpeACTaBnsTb NePeHanpsiXXeHNA B Buae kone-
GaHuii c MakcuManbHOM aMNINUTYA0M NPOIOIDKUTENBLHOCTBLIO, PABHOW BPEMEHM, B TEYEHUE KOTOPOro aMnnTyabl
npesbiwatoT 90 % MakCUMarbHOro 3Ha4YEeHUA.

B HEKOTOpbIX CETAX HEOOXOAUMO paccMaTpuBaTh CneAyioLMe Cnyvan KBa3UCTaLMOHAPHLIX NepeHanps-
KEHUI:

- pe3oHaHCHbIe 3DPEKTbI, HAaNPUMEP NPU 3apPSAAKE ANMUHHBIX XONOCTBIX IMHWUIA UNKU NPY PE3OHAHCaX Mexay
ceTamu;

- NOABLEM HaNPSPKEHUA BAOSb ANUHHLIX NUHUIA (3dhdpekT PeppaHTh);

- FTapMOHUYECKUE NEPEeHanPSPKEHUA, HaNnpUMep NPy KOMMYTaLmMKn TpaHchopMaTopoB.;

- 06paTHoe nNuTaHue Yepe3s CBsi3aHHbIE TpaHChOpMaTOPHLIE 0OMOTKM, HANPUMEpP ABYXTpaHCOPMaTopHas
noacraHuus ¢ obLein BTOPUYHON LUMHON BO BPEMS YCTPAHEHUSA NOBPEXAEHUA NN 04HOHAa3HON KOMMYTaLmMu
TpexdpasHoro TpaHcopmarTopa ¢ HeypaBHOBELLEHHOW BTOPUYHOM Harpy3KOou.

KeasucraumoHapHbie nepeHanpsbkeHusi, 00ycrnoBreHHble heppope3oHaHCaMu, He A0IDKHBI ObITb MCNONB30-
BaHbl KaK OCHOBA A NSl Bbibopa PB, a A0mKHbI ObITb YCTPAHEHbI.

KomGuHaLMA Takux NPUYMH, Kak 3aMblkaHUe Ha 3eMITI0 U cOPOC Harpy3ku, MOXeT NpuBeCcTu k 6onee BbICO-
KUM 3Ha4YE€HUSIM KBa3UCTaLMOHAPHbLIX NEPEHaNPsHKEHUM, YeM B Criyyae BO3aencTBuA ogHon u3 Hux. Korga takue
KOMOMHALIMKM CYUTAIOT OCTATOYHO BEPOSITHBIMU, NEPEHANPSDKEHUS OT KXKA0M NPUYUHBI HEO0OGX0AUMO CyMMUPO-
BaTb, YUUTHIBASA AEWCTBUTESNIbHYIO KOH(UIypaLUuIo CETU.

MpuMeyaHue1—Bbibop HOMUHANLHOrO HaNpsPkeHust PB, cOOTBETCTBYIOLWEro MaKCUManbHLIM KBas3ucTaLu-
OHapHbLIM NepeHanpsPKeHNsIM CeTH, OCHOBLIBAIOT Ha MpefnonoXeHNH, YTO HambonbLiee HanpsXeHue CeTU He NoBblWwa-
eTCsA NPU HOpMaribHbIX YCMOBUSAX 3KCMnyaTauun. Ecnu mumeeTcs BeposTHOCTL MOABNEHUA aHOManbHbIX HanpsxKeHUn
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CeTH, yBenuuuBaloWMX, TakuM obpa3oMm, BepoATHOCTb cpabaTtbiBaHuii PB B [aHHbIX YCrOBUSX, MOXET cTaTb
HeobxogMMbIM Ucnosnb3oBaHue PB ¢ 6onee BBICOKUM HOMWHASBHEIM HanpsKeHueM, Yem To, KoTopoe Bbio pekoMeH-
[0BaHo BhlLLe.

MpumedaHune 2— Paboyne HanpsxeHUA ¢ YacToTamu, oTANYHbIMKA oT 50 unu 60 'y, MoryT noTpebosaTb
cneyuanbHOro paccMOTPEeHWs NpW U3roTOBMEHUW UMK akcnnyaTauun PB v gormxHel ObiTb npegMeToM obcyxaeHua
Mexay WarotoButenem u notpebutenem.

PB ans ceTeii C U30NMPOBaHHLIMU MU PE30HAHCHO-3a3€MIIEHHbIMU HEUTpansMm 6e3 aBTOMaTU4ecKoro
YCTPaHEHWS 3aMbIKaHUS Ha 3EMITI0 AOIDKHbI ObITh CNOCOOHLI BbIAEPXKUBATL HOMUHATBHOE HANPSXKEHWUE Henpe-
PbIBHO, YTO 06YCINOBMEHO BO3MOXHLIM ANUTENBHLIM KBa3UCTaLMOHaPHLIM nepeHanpskeHueM. PB ans ceten
C aBTOMATUYECKUM YCTPAHEHMEM 3aMbIKaHUA Ha 3EMIK0 AOSMKHbI BblAEPXKUBATb MaKCUMarbHOE HaNpPsHKeHue
daza — 3emna ceTu. 3TO YMEHbLUEHHOE 3HAYEHUE MOXET ObITb NOMYYEHO OT U3rOTOBUTENA.

5.2.2 HoMmMHanNbHbIN paspsagHbIA TOK

5.2.2.1 dakTopbl, BNIUAIOLIME HA rPO30BbIE Pa3PAAHbIE TOKU

Kak npaBuno, Toku PB, 06ycnoeneHHble pas3psaamMmm MOJIHUM, MEHbLUE, YeM TOK MOMNHUK. B criyuae npsimbix
YAApOB B NMMHUM BeryLume BOSHbI pacnpoCTPaHAIOTCA B NPOTUBOMNOMNOXHbIX HANPABMNEHUAX OT TO4kM yaapa. Mepe-
KpbITME NMUHENHOW U30MALMM CO3AaeT napannenbHbid NyTb K 3€Mr1e, KOTOPbI 0TBOAMUT YacTb TOKa MOMHUU. B
cnyyae yaapos B 6onee YeM O4UH NPOBOJ, UMW NEPEKPLITUS MEXAY NPOBOAAMM MOTYT cpaboTaTh M pacnpeaenmtb
mexay coboii Tok agBa unu 6onee PB. Tonbko B criy4ae npamoro yaapa odeHb 6nusko k Beogy PB, rae ao
cpabatbiBaHusA PB He npoMcXo4uT HUKAKOrO NepeKpbITUS, PaspsAaHUK BbIHYXAEH NPONyCTUTh Yepes cebs Hau-
BonbLUMIA TOK yaapa MONHUK. BepoATHOCTb Takoro cryyas MOXeT ObITb 3HAYUTENBHO CHUXKEHA COOTBETCTBYIOLLEN
sawumTon. MHgopmauums, kacatoLwasncs napaMeTpoB rpo30BOI BOMHbI, MOXET ObITb NONy4eHa U3 o6Lwux unu Mec-
THbIX CTATUCTUYECKUX AaHHbIX. COOTHOLLEHME MeX Y rPO30BbIMW BOMHAMU U pa3paaHbiMu Tokamu PB moxeT
ObITb NOMYYEHO MYTEM PACHETOB METOAOM BEryLIMX BOJTH.

Bo3gyLuHbI€ MHUKM MOTYT GbITh 3aLLMLLEHBI OT NPAMbIX YAAPOB MOMHUM B NPOBOAA MYTEM UCMONb30BaHUA
3aLLUUTHBIX TPOCOB («BO3AYLUHAS 3€MIIA»), KOTOPLIE PA3MELLAIOT TaK, YTOObI NnepexBaTbiBaTh yAapbl MOMHUM 1
HanPaBnsATb TOK MOJHWUM K 3€MIE NO METanIM4eCcKUm GaLleHHbLIM UIM OMOPHBLIM KOHCTPYKUMAM. Tam, rae npUMeHs-
10T iepPeBSAHHbIE OMNOPbI, 4SS COEANHEHUSA 3aLLMTHBLIX TPOCOB C 3EMIIEH MCNONBL3YIOT NPOBOAHWKN C HU3KUM COMPO-
TUBINEHUEM.

Mpu ncnonb30BaHMK 3aLLUMTHBLIX TPOCOB UCKIIOYAIOTCA NOYTU BCE NPsIMbIE YAapbl B NIUHERHbIE NPOBOAA.
Korga nponcxoaut Takon npsmoni yaap (NPOpbIB 3awuTbl), NepPEeKPLITUE NMMHUKM NOYTU HEM3OEXKHO B CETU, OTHOCS-
wiencs k Ouanasoxam | u . Yucno sawmuwaiowmx NoBpeXaeHun n X TSHKECTb creayeT perynupoBaTtb YMCIOM U
pacnonoxeHmeM 3aLMTHLIX TPOCOB. Koraa yaap MOMHUKU OKAHYMBAETCS HA 3aLLUTHOM TPOCE, TOK MOJTHUM OTBO-
AUTCSA B 3€MII0 N0 YCTPOICTBAM, COCTOALLUM U3 COeAUHEHHBIX NPOBOAHMKOB. [ONHOEe CoNpoTUBNEHUE NYTU TOKA,
BKNIOYasA BOMTHOBOE CONPOTUBIIEHNE 3EMNU, BbI3bIBAET HANPSXEHWE Ha BepXy NIMHEHOM onopbl. YacTb 3Toro
HanpsKeHUa NpUxXoauTCA Ha dhasHble Nposoaa. PasHuua Mexay noteHuuanom hazHoro NnpoBoAa U NOTEHLMANoM
BepXxa Onopsl, NpunaraeMasi HeNOCPEACTBEHHO K IMHENHON U30NALIMM, MOXKET NPUBECTU K NEPeKpPbITUIO. Mepekpbi-
TWe 3TOro TMNa Ha3bIBAOT 0GpaTHLIM NEpPeKPbITUEeM. HacToTa NoABNEHUs 06paTHLIX NEPEKPLITUIA perynupyerca
COOTBETCTBYIOLLMM BbIOOPOM U30NALUK, NOAAEPKAHMEM CONPOTUBIIEHUS 3a3€MIIEHMS ONOp Ha MPUEMIEMOM
HU3KOM YPOBHE, 0becneyeHueM afekBaTHbIX NPOMEXYTKOB NPOBOA — ONopa, NPOBOA, — 3aLLUUTHbIN TPOC U NPo-
BOJ — NPOBOA U MyTEM ONTUMU3ALIMU FEOMETPUMN ONOP.

MeToauku, aHanorMyHble NPUMEHSAEMbIM ANA 3aLMUTbI IMHUIA, MOTYT TaloKe ObITb NPMMEHEHbI AS1 3aLMTbI
noacraHuui. Metoabl 3aLMTLI NPeAyCcMaTPUBaIOT CNONb30BaHWE NOABECHbIX 3a3€MITeHHbIX TPOCOB, METanu-
YECKMX MaYT U MONTHUEOTBOAOB, NOAAEPHMBAEMbIX NOACTAHLMOHHLIMU OMOPaMKU. 3TU METOALI MOTYT ObITb NpUMe-
HEHbI B Pa3NUYHbIX KOMOMHALIMSIX.

B ycraHoBKaXx, He 3aLUMLLIEHHbIX OT NPAMbIX YAapOB MOMHUU, HAaNpUMeEpP Ha pacnpeaenuTenbHbIX TPaHC-
cdhopmartopax unu B MecTe NnpucoeauHeHUs kabensa Ha NMHUAX C AepeBSIHHBIMU ONOPaMM, Kak usonsaums, Taku PB
MOryT ObITb NOABEPXKEHBI MPSAMbIM YAapam, Bbi3blBaOLLMM YPE3BbIYANHO BLICOKUE pa3psiiHble TOKU. Kak npaBu-
10, 3HAYEHUS TOKA MOJTHAMN U NPEACTAaBUTENBbHOMO Pa3pPsAAHOro TOka CBA3aHbI C BEPOATHOCTBLIO UX MOSIBIEHUS.

Llenb 3almTbl Npy €€ NpUMEHEHUW Ha NOACTAHLUMAX 3aKII0HAeTCsl B CHUXKEHWUU pUCKa NOBPEXAEHUSI U30nsi-
LUK 10 NPUEMIIEMOTO YPOBHS. B HEKOTOPLIX CNy4asx 3TO MOXET ObITb JOCTUTHYTO 3aLLMTON TOMbKO NOACTAH-
uum. B apyrux cnyyasx notpebyeTca sawmra Bcex MMHUIA, NOAXOAALLMX K MOACTAHLUMW. 3aLmMTa NUHWIA Ha cpaB-
HUTENbHO KOPOTKOM PacCTOSIHMM OT NOACTaHLUUW ANa NOACTaHLMOHHON 3aLLUThl PaBHOLEHHA NOMHOW 3aLuuTe
TIMHUIA.

Mpn HanM4MKM XOPOLLIO CNPOEKTUPOBAHHbLIX CPEACTB 3aLLUTbI, U0NALUU U 3a3EMISIOLLUX CUCTEM BEPOAT-
HOCTb NPSIMbIX Y1aPOB MOMHUU B (pasHbIe NPOBOAA CYLLECTBEHHO YMEHBLLLAETCA, @ 3HAYEHUE HaNPSHKEHUA, Npu-
NOXEHHOTO K U30MSILMM B CNy4yae yaapoB B 3aLLMTHYIO CUCTEMY, CHUXKAETCS A0 3HAYEHUN, MEHBLLIMX Y€M YPOBHU
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nepekpbiTus. B pesynsrare cHuxaloTca paspsagHble Toku PB, uTo no3Bonsier oCyLweCcTBAATL Ny4LUyIO 3awmTy
060py10BaHMA N YMEHbLUATb HArpy3Ky Ha Hero.

5.2.2.2 BbiGOp HOMUHANBLHOTO Pa3pPAAHOIo TOka

Kak npaBuno, HOMUHanbHLIN pas3psaHbIi TOK PB BbIOMPaIOT Nocne paccMOTPEHUS:

- BXKHOCTU U CTENEHU NPOEKTUPYEMON 3almThl. 3aWmTHbIE YPOBHU, 6asupyiowmecs Ha 6onee BbICOKUX
amnnuTyae U KPYTU3HE TOKa, YBENMUUBAIOT HAAEXKHOCTb 3aLUMTDI;

- yucna NUHUIN, NOAKNIOYEHHBLIX BO Bpemsa cpabaTtbiBaHus PB. Becneacreue otTpaxeHus 6erywmx BOnH Ha
paspsiiHbiv TOk PB BnusaioT napannenbHo COeAUHEHHbIE BOTHOBbLIE CONPOTUBEHUS NUHUI U kKabenei;

- NIMHENHOW nsonauun. Oxmaaemble rpo3oBbIe PaspAAHbLIE TOKU PACTYT C YBENUYEHUEM NMMHENHON U30NALMK
(HanpumMep, NOMHOCTbIO U30NMPOBAHHBIE AePEBAHHbIE CTONOLI), NOKa yaap MOMHWUM HE NPOU30INAET HACTONLKO
6nM3KO K paspsAHKKY, YTO BOSIHOBOE COMPOTMBAIEHUE U U30MALMA FIMHUW HE CMOTYT NOBNUATL Ha BoNHyY. Koraa PB
MCNonb3yIoT HA NOACTAHLMK, K KOTOPOI NOACOEANHEHBI NIMHUM HA AEPEBAHHBLIX 0NOPaX C He3a3eMMNeHHbIMU Tpa-
BEpCamu UNU LUTLIPAMKU U3ONATOPOB, TOIAA, NO KPaHen Mepe, oaHa onopa, Ckopee BCero, NOCNeAHNAA Ha 3ToN
MMHWUK, OOMKHA UMETb 3a3eMNEeHHbIE TPABEPChbl UMK LUTLIPU U HU3KOE CONPOTUBREHUE 3aseMmnenns. B cnyyae
BbICOKMX CONPOTUBMNEHWI 3a3€MANEHNS AOIMKHBI ObITb 3a3eMIeHbl HECKOSbKO ONOP Ha PaCcCTOSHUM NPUBAN3UTENDb-
HO MATW NPONETOB OT NOACTaHUUK;

- BEPOSATHOCTMW NOSIBIIEHMs 60ee BbICOKUX TOKOB OT yAApOB MOSIHUM. AMNAUTYAA FPO30BbLIX TOKOB U3MEHSET-
CAl B LULMPOKOM AnanasoHe 3Ha4YeHni. JIuHuM B panioHax ¢ BLICOKON NAIOTHOCTLIO yAAPOB MOSIHUW B 3€MAIKO UMEIOT
NOBbILLEHHYIO BEPOATHOCTb YAAPOB MOJIHMM C BbICOKMMW aMNAMTYAaMM1 TOKA;

- XapaKkTepuCTUK JIMHWUU N OKPY>KAIOLLEN Cpeaibl C TOUKW 3pEHUA NOABNEHUA MOMHUIA. [PO30BbLIE paspsaHbie
TOKM U KPYTW3HbI NPEACTaBNSIOT COG0IN (DYHKLMU MHTEHCUBHOCTM OOPAaTHLIX NEPEKPLITUI U NPOPLIBOB 3aLLUTbI
TIMHUIA (MU UHTEHCUMBHOCTU NEPEKPLITUN HE3ALUMLLEHHBIX SIMHNIA) HA HEKOTOPOM OFPaHUYEHHOM PACCTOAHUU OT
noacraHuun. Bonee Bbicokue (Gonee HU3KME) UHTEHCUBHOCTMU MOBPEXAEHUI YBENUYMBAIOT (YMEHBLLIAIOT) aMNsu-
TyAY BEPOSAITHOrO rPO30BOT0 PA3PSAAHOIO TOKA U KPYTUSHY.

[nsa craHaapTHBIX HOMUHANMBHbLIX Pa3psaHbIX TOKOB B cooTBeTcTBUM ¢ FOCT 16357 npakTtuka noaTeepxaaet
[AOCTWXEHWE AOCTATOYHOM CTENEHM 3aLLUMThI NPy COBNIOAEHUM CReayIoWnX pekoMeHaaLUmiA.

HAuanasonbt | ull (om 100 220kB): 5 unu 10 KA

B cetsix Ouanasonoe | ullno FOCT 1516.3, rae nuHelHble paccTosiHus Mexay PB HeGonblune (MeHee
5 kM), PB Ha pacnpeaenuTenbHbix TpaHcopMaTopax ¢ HOMUHaNbHLIM pa3psaHbiM TOKOM 5 KA 40CTaTO4HO
HaZexHbl, Aaxe Korga TpaHcdopmMaTopbl NOACOEAUHEHDI K IMHUSIM HA AEPEBAHHBLIX ONOPaXx C HE3a3eMMNEHHbIMU
TpaBepcamu.

B ceTax knaccoe HanpsxkeHus 35 kB u Huxe PB ¢ HOMUHANbHBLIM Pa3psaaHbIM TOKOM 5 KA MOTyT ObITb
[0CTaTo4HbIMU ANS PaiOHOB C HU3KOI NIMOTHOCTBIO YAAPOB B 3€MM0 M 3(hPeKTMBHO 3aLLULLIEHHBIMY NOAXOASALLM-
MW BO34YLUHbIMU JIMHWUSIMUW C HU3KUMMW CONMPOTUBNEHMSIMU (hyHAAMEHTOB onop. PB ¢ HOMUHanNbHLIM pa3psaaHbIM
TOKOM 10 KA MOTYT GbITb NPEANOYTUTENLHLIMU NS BAXKHLIX YCTAHOBOK (HEOOX0AUMBI 1151 HAUMNYyYLLEN 3aLUMUTbI)
0COGEHHO B palioHax ¢ BbICOKOW NIIOTHOCTLIO YapOB B 3€MITIO UIU BLICOKUMU CONPOTUBIIEHUSAMM 3€MIN.

B ceTsix knaccos HanpsxeHus 110 KB u ebiwe, kak NpaBuno, pekomeHayotca PB ¢ HOMMHaNbHLIM paspsia-
HbIM TOKOM 10 KA.

HuanasoH Il (om 330 8o 750kB): 10 unu 20 KA

Ans ceten knacca HanpsxeHust 330 kB, kak npaBuno, A0CTaTOMHbI PB ¢ HOMMHanNbHLIM Pa3pAAHbIM
TOKOM 10 KA.

Ons ceTen knaccoe HanpsikeHust cebiwie 330 kB moryT notpe6oBaTtbes PB ¢ HOMMHaNbHBIM Pa3psaaHbIM
TOKOM 20 KA.

5.2.3 CnocoGHOCTb BblAepPXMBaTb Pa3paabl 60NbWoN ANUTENBbHOCTH

B ycTaHoBkax, rae noAkMioYeHb! ANUMHHbIE NMMHUKM unu kabenu, unu 6onblume emkoctn PB gosmkeH GbiTb
cnoco6eH BbiaepXXMBaTh Pa3psaHbIA TOK U SHEPTUIO, 00YCNOBNEHHbIE KOMMYTALMOHHBLIMU NEPEHANPSHIKEHUAMMU.
Moatomy ana PB ¢ HOMMHaNbHbLIM pa3psaHbiM TOKOM 10 KA TSXXENOro pexxuma Ana pasnuyHbix AnanasoHoB
HanpseHun cetu B cootBeTcTBum ¢ FOCT 16357 (noanyHKT 3.1.12) ycTaHOBMNEHbI NApaMeTpbl UCMbITAHUMN, KOTO-
pble NpeaCTaBnAoT TUNMYHYIO SHEPIUIO paccesiHUA Yepes paspsaHukn B paccmaTtpusaemMon cetu. PB Tskenoro
pexuma, kak npasuno, UCnonb3ylot Anst obopyaosauua duanasona lll. Ons obopyaosanus duana3oHos | u Il PB
TSHKENOro PeXxMMa UCNOSb3YIOT B Criyyae KPynHbIX MOACTAHUMN, Koraa TpebyloTcs HU3kue 3aluTHbIe YPOBHU, UIK
B CNyvae ANUHHbIX BO3AYLLUHbIX NMMHWIA, kabenei unu 6atapen KOHAEHCATOPOB, NOAKIOYEHHbIX K COOPHBIM LUK-
HaMm. [ina apyrmx cnyvaes, HanpUMep KOraa oTxoAsiue NMHUM CPaBHUTENbLHO KOPOoTkne (MeHee 100 kM), kak
npasuno, ncnonb3yoT PB ¢ HOMUHANbHLIM pa3psaHbIM TOKOM 10 KA nerkoro pexxuma unm PB ¢ HOMMHaNbHLIM
pa3spsaHbIM TOKOM 5 KA.
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5.2.3.1 PB TsKenoro pexxuvma

TpeboaHus k ucnoitanmam no FOCT 16357 (Tabnuua 7) 0CHOBaHbI HA peXuMe, BKNovatouieM B cebs pas-
psiA NUHUKM 3neKTponepeaayum, U Ha HOMMHaNbLHOM HanpsbkeHun PB, paBHOM 1,4 0T HaMGONbLIErO HAaNPsHKEHUSI
chasza — 3emniAa ceTu.

Kak npasuno, knacc ycmoiiqueocmu K 0numersibHbIM UMITyJIbcaM moka OCHOBaH Ha COOTBETCTBYIOLLEM
HanpsPKEHWUM CETK, KaK 3TO yka3aHo B Tabnuue 1. OaHaKo, KOraa XxapakTepUCTUKM IMHUN 3aMETHO OTINMYAIOTCA OT
yKasaHHbIX B Tabnuue 1, sHepruio, paccemBaemyio B PB B akcnnyaTaLMOHHbIX YCNOBUAX, HEOOX0AUMO CPaBHU-
BaTb C NOJly4aeMOon BO BPpeMsi UCMNbITAHUS, BLINOIHAEMOTO B COOTBETCTBUM C Tabnuuein 1. B Takux crnyvasx peko-
MeHAyeTcs y4eT 0CoObIX YCIOBUIA.

Tab6nuya 1— CsBA3b MeXay KIaccoM ycmolyueocmu K OnumesnbHbIM UMITYIbCaM MoKa U XapaKTepucTMKaMu
fIMHUU 3rieKTponepeaaYn

Knacc Mpu6nu3anTenbHbIA MpubnuautensHas MpubnuautensHoe Mpu6nusuTenbHbLIA
ycmoiiyusocmu AuvanasoH HaubonbLUMX AnnHa BOMHOBOE KoappULMeHT
K OnumersibHbiM pabounx HanpskeHwid ceTu, TIMHAK, KM conpoTusrneHue nepeHanpsxXeHui,
ummnynbcaMm moka kB nvuHUK, OM (oTH.en.)*

1 Lo 245 Bkniov. 300 450 3,0
2 » 300 » 300 400 2,6
3 » 420 » 360 350 2,6
4 » 525 » 420 325 24
5 » 765 » 480 300 2,2
* Basoli AN 3Ha4eHW! B OTHOCUTENBHLIX €4MHULAX CIYXUT aMNiUTyjHOe 3HaYeHUe HauwbonbLLEro Hanpsxe-
HUA haza — 3emna ceTu.

| MpumMmeyaHue—/[aHHoe MonoxeHWe 3ameHsieT ccbinky Ha MO3K 60099-1 [Tabnuuya C.1 (npunoxeHue C)]. |

5.2.3.2 PB nerkoro pexuvma 10 kA un 5 kKA

[nsa PB nerkoro pexmMa ¢ HOMUHarnbHbIM pa3pagHbiM TOKOM 10 U 5 KA He yKasaHO HUKAKOro pasnuums no
HaNPsHXKEHUAM CETU, 8 YCTAHOBIIEH TONLKO UCTbITATENbHbIN TOK NPSIMOYTONIbHON BOSHBI.

5.2.4 Kameaopus e3pbieob6e30nacHOCMU 8eHMUIIbHbIX Pa3PACHUKOS

B cny4yae BHyTpeHHero nospexaeHus PB aBapuiiHbIn TOK Yepes Hero He AOMKEH Bbi3biBaTb B3PbIBHOMO
paspyLUeHusi NOKpbILWKK. CnegoBarensHo, PB 10mKkeH BbiAEpMBaTh aBaPUIHbINA TOK, PaBHbIA Unn 60NbLUMIA, YeM
TOK Yyepes PB B TOUKE ero yCTaHOBKM.

Ecnu TpebytoTcs 6onee BbICOKME 3HAYEHNS TOKA KOPOTKOFO 3amblKaHusi, 4eM 80 KA, noTpebuTens AOMKEH
MPOKOHCYNETUPOBATLCA Y U3rOTOBUTENS.

| MpunmMeyaHune— [daHHoe NoNoXeHWe 3aMeHseT ceelnky Ha MOK 60099-1 (Tabnuua 7).

6 HenuHelHble orpaHMuUTENU MnepeHanpsAXXeHUM B COOTBETCTBUMU
¢ FOCT P 52725

6.1 XapakTepucTUKU HEeSIMHEWHbIX OrPaHNYUTENIEd NepeHanpsikKeHUn

6.1.1 O6wWwKe nonoxeHus

OcHOBHbIe xapakTepuctukn OMNH BknioyatoT B cebs Haubosbwee dnumernsHo donycmumoe paboyee Ha-
NpsXeHUe, HOMUHANbHOE HAaNPSHXKEHNE, HOMUHATbHBIN Pa3PSAAHBINA TOK M OCTAIOLLIMECS HAMNPSXEHUS NPU HOMU-
HanbHOM Pa3pPsAAHOM TOKE, NPU KOMMYTALMOHHOM UMMNYIILCE TOKA U KPYTOM UMIYIILCE TOKA.

[ns 3agaHHOro Haubonbuwie20 0numensHO 0omycmumMo20 paboye20 U HOMUHANbBHOTO HaNPSXKEHWIA CyLLe-
ctBytoT OIMH pa3HbIX TUNOB U, CreaoBaTeNbHO, PasnNUyHbIE 3aLUUTHbLIE YPOBHU.

K 80NonHMTENbHLIM XapakTepUCcTUKam, KOTOpble HE0BX0AUMO paccMaTpUBaThb NPU KOHKPETHOM MPUMEHEe-
HWUK, OTHOCATCS KNAace rIporycKHoUli criocobHocmu, mok 83pbie0be30rnacHocmu, cCnocoOBHOCTb BblAEPKUBATL 3a-
rPAI3HEHUs1, CNOCOBHOCTb BbIASPXMBATL OOMbIB NOA HANPSHXKEHUEM U CrielManbHble MEXaHUYECKMe CBOWCTBA.

6.1.2 Haubonbuwee dnumenbHO donycmumoe paboyee HanpspkeHue

Haubonbwee dnumenbHO 00nycmumoe paboyee HanpsHKEHNE — 3TO MakCMMaInbHO A0MYCTUMOE 3Ha4YeHne
CMHYCOWAAMBHOTO HAMPSHXKEHWSA NPOMBILLIIEHHOW YaCTOThl, KOTOPOE MOXET ObITb ANMUTENBHO MPUOXEHO MEXIY
BbIBOgamu OlMH.
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Haubonbwee OnumesnbHo donycmumoe pabodee HanpspkeHue NornHocTbio cobpanHoro ONMH, npuxoas-
LLieecs Ha CeKUMIO, MOXET ObITb HUXE, YEM HanpsXeHne, UCNoNb3yeMoe B pabounx UCIbITAHUAX, AN METOAUKN
CTapeHus 1 Ans OLIEHKU TepMUYeckol cTabunbHOCTH. Bonee HU3Koe HauborbLuee dnumenbHO 8onycmumoe pabo-
4ee HanpsHKeHMe MOXET ObiTb 0OYCNOBNEHO CTENEHbIO 3arpsisHeHUs NOKpbiLLk OMH unu 60nbLLOIA HENUHEH-
HOCTBIO pacnpeaeneHns HanpsXeHnA BAOSb KOMOHKN BApUCTOPOB U3-3a MeHee 3h(hEeKTUBHOIO BbipaBHUBAHUS,
BbI3BAHHOTO 3hchekramm 6nnM3ocTn ApyrMx oGLEKTOB.

6.1.3 HomuHanbHoOe HanpskeHue

HoMuHanbHoe Hanps)XeHne — 3T0 MaKCMManbHOEe HanpsbKeHUe NPOMbILLNIEHHON YacToTbl, koTopoe OMNH
MOXET BblAepXaTb B TedeHne 10 ¢ B npouecce paboumx ucnbitanusx [no MOCT P 52725 (nyHkT 3.8)].
CnepoBarenbHO, 3TO OLIEHOYHBIN MapaMeTp, NO3BONAIOLLEN yCTaHOBUTL Xapaktepuctuky OMNH «HanpsbxeHue npo-
MBILLFIEHHOMN YaCTOTbl B 3aBUCUMOCTH OT BPEMEHU» U OnpeaenuTb TpeboBaHUA K UCTIbITAHUIO Ha ITPOITYCKHYIO
CrnocobHoOCMb.

6.1.4 HoMmuHanbHbIN pa3pagHbIN TOK

HoMuHanbHbIN pa3paaHbIn TOK MCNONbL3YIOT AnA knaccudukauum OMNMH. 3To 0CHOBHOW napamMeTp, NO3BONS-
IOLLMI ONpeaenuTb 3aLMTHBIE XapakTepucTukm n cnocobHocts OMNMH normoLyaTte SHepruto.

6.1.5 3awnTHbIE YPOBHU

3awmTHei yposeHb OMH npu rpo3osBomM UMNynbCE NpeacTaBnseT coboi MakCUmanbHoe 0CTaKLeecs Ha-
NPSPKEHNE NPU HOMUHANBHOM Pa3sPAAHOM Toke. Ero npumeHsIior npu 3awmre 060pya0BaHUA OT NepeHanpsiKeHui
C KPYTbIM (PPOHTOM.

3aLmMTHLIN YPOBEHb NPU KOMMYTALMOHHOM UMMYNbCE NPEACTaBnsAeT co6oi MakcuManbHOE ocTaloLleecs
HanpsKeHWe Npu YCTaHOBNEHHbIX TOKaX KOMMYTaLMOHHOTO MMNynbca. Ero npumeHnsioT npu 3awmre obopyaosa-
HUS OT NEPEHANPSHKEHUI C NONOTUM (PPOHTOM.

Ansa onpeaenexus acpdexTusHoCcTU 3awmTtbl OMNMH OT NnepeHanpskeHun ¢ KPYTbiM PPOHTOM HEOOX0AUMO
yYuTbIBaTb 3anasabiBaHue B MEXaHU3ME NPOBOAUMOCTU BapMCTOPOB, HANPUMEP NPU UCTIbITAHNU KPYTbIM UMNYTb-
com Toka no NOCT P 52725 (nyHkT 9.3.2).

6.1.6 Knacc nponyckHoll cnoco6Hocmu

Yucno, ceAsaHHoe co cnocoBGHOCTLI0 OMNH ¢ HOMMHAaNbLHLIM pa3paaHbIM TokoM 10 U 20 KA nornowartb
SHEPruto paspaaa AnuMHHbIX NuHuin. B cootsetctBum ¢ FOCT P 52725 (tabnuua 1) CyLLeCTBYIOT NSATbL KNACcCoB,
npuyemM BO3pacTaHNe HOMEPA YKa3blBAaET HA BO3PACTAaIOLLYIO COCOBHOCTb NOFMOLLEHMST SHEPTUN.

Ansa OlNMH ¢ knaccoM rponyckHol crnocobHocMu 2 1 BbILLE NOSyYaoLWMACa paspsaHbIi TOK UCMOMb3YIOT B
paboymnx ucnbITaHUAX ASA NPOBEPKU TEPMUYECKON CTaBUNbHOCTM NOCHE NOrMoLLeHUs 3Hepruu. Mpouecckl B CETH,
BbI3biBatoLLme Toku B OINMH ¢ paznuyHbiMm chopmamu, MOryT GbITb OLIEHEHBI MyTEM CPABHEHUS C SHEPTUEI U TOKOM
OKBUBANEHTHOrO paspaga nMHun.

6.1.7 Tok e3pbieobe3onacHocMu

Tok 83pb1606€e30MacHOCMU — 3MO 3a86/IEHHOE U320imMosuImeneM MakcumarbHoe delicmeyroujee 3Haqe-
HUE ycmaHo8uswWe20Cs IMokKa Kopomkoeo 3ambikaHus OMH, npu komopom eue coxpaHsiemcs e20 83pbigo6e30-
nacHocms (cm. 3.3).

6.1.8 XapakTepucTUKM CNOCOOGHOCTM  HENUHEWHbIX  OrpaHuuYUTesNien nepeHanpsXKeHun
BblAEPXUBaTb 3arpssHeHUs

CnocoBHocTb OMNH BbiaepMBaTh 3arpsA3HEHUA KacaeTcs TpexX TpeboBaHuii:

a) nokpsbilke OMH HeoBx0AUMO BbIAEPXKUBATL BO3AENCTBUS 3arpsA3HEHNI 6e3 NePeKpbITUA. OTO MOXET
ObITb NpoBepeHo B cooTBeTcTBMK ¢ FOCT 10390 Mnn rapaHTUPOBaHO KOHCTpYKLMeit B cooTBeTcTBUM ¢ TOCT 9920;

b) OMNH HeoGXx0AUMO BbIAEPKUBATH BO3MOXHOE NOBbLILLEHUE TEMMEPATYPbI BCIIEACTBUE U3MEHEHMWIT B pac-
npegeneHnmn HanpsbrkeHus, 00yCroBIEHHbIX AENCTBUEM 3arpsi3HEHUS HA MOBEPXHOCTU NOKPbILLKW. [JomkHbI BbITb
YUTEHbI CMEneHb 3arpasHEHNs, a TAaKKe 4acToTa M amnnuTyaa nepeHanpsiXeHUIA, BbI3BaHHbIX 3aMbIKAHUSMU 1
MOBTOPHBLIMU BKIMIOYEHUSIMU B YCIIOBUAX 3arpsasHeHmnsi. COOTBETCTBYIOLLME METOAMKM UCNbITAHUIA HAXOASATCSA B
CcTaagun pacCMOTPEHUS;

¢) OINH HeoOXx0AMMO BbIAEPKUBATL BHYTPEHHUE YacTUYHbIE paspsidbl, Bbi3BaHHbIE M3MEHEHWEM pacnpene-
NEHUs HaNpPsHKEHNS, 00YCMOBINEHHbIM 3arpsisHEHNeM, 6e3 NoBpeXAEHNS BAPUCTOPOB UMW BHYTPEHHUX SNIEMEHTOB
KOHCTPYKLUMKU. BO3MOXHbIE METOANKU UCTILITAHWIA HAXOAATCA B CTaAUW PACCMOTPEHUS.

6.1.9 XapakrepucTnku 06MbIBa NOA HanpsXKeHUem

Ecnu npeagycmarpusaetcsa 06Mbie ONMH noa HanpspkeHnem, TpebyeTcs rapaHTus, 4to nokpbiwka OMNH He
nepeKkpoeTcs U YTO BO3pacTaHue TeMrneparypbl BApMCTOPOB OCTAHETCA B NpeAernax HOPMUPOBaHHOW MakcUMarb-
HoW TemnepaTypbl. [lormkHbI ObITb ONpeaeneHbl COOTBETCTBYIOLLIME METOAUKU UCTILITAHUA.
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6.2 Bbi60op (ha3HbIX HEJIMHEMHbIX OrpaHUYMTENEen NepeHanpPsHkeHUI

6.2.1 Haubonbuwee dnumensHO donycmumoe paboyee HanpsxeHue

OcHoBHOe TpeBoBaHMe 3aKNo4aeTCs B TOM, YTOObI MAKCUManbHOE 3HaYeHUe HaubosbLez0 OnumernbHO
donycmumozo paboueezo HanpsxeHus OMH 6b1510 BbiLwe, YeM MaKCMMasibHOE 3HaueHUe paboyero HaNPSHKEHUS.
MakcumManbHoe 3HauYeHue Haubonbuwieeo 0numerbHo AoycmumMoe0 paboyezo HaNPsPKEHUS ONpeaenseTca Ha-
NpsXeHMEeM NPOMBILLNEHHOW YaCTOTbl, COOTBETCTBYIOLMM HanbornbLLEMY HANPSHKEHUIO CETU, U BO3MOXKHLIMU rap-
MOHUKaMMW HanpsbkeHusi. B cyLLecTBYIOLMX CETAX yBENUUYEHUE MaKCUMAanbHOTO HaNPSHKEHUSI U3-32 FAPMOHUK
MOXET ObITb MPUHATO B pacyeT NyTEM UCMONb30BaHUA KoadhuumeHTa 3anaca 1,05 kK HanPsHKEHUIO NPOMbILLNEH-
Hon yacTtoTbl. Kak npaBuno, Haubonbslwee dnumernbHo donycmumoe paboyee HanpsXkeHne AOIDKHO ObiTb:

- B CETSIX C aBTOMAaTW4ECKUM YCTPaHEHUEM 3aMblKaHWS1 Ha 3eMII0 — He MEHee YeM MaKCUManbHOe
3HaYeHune HanbonbLuero paboyvero HanpsikeHua pasa — 3emns, AeneHHoe Ha ﬁ ;

- B CETSIX C PE30HAHCHO 3a3eMIIEHHbIMU AU U30SIMPOBAHHBLIMK HENTpanamu 6e3 aBTOMaTUYECKOro YCTpaHe-
HUA 3aMbIKaHUS HA 3EMITI0 — He MeHee YeM HaubonblLuee pabouee HanpsKeHUe.

Mpumeyarune — CunTaloT, YTO C YH4ETOM OrpaHNHEHHOA NPOAOIMKUTENBHOCTU 3aMblKaHWUS Ha 3eMMI0 B TakMX
ceTax KoaddpuumeHT 3anaca 1,05 nepekpuiBaeTca xapakrepuctukoir OMNMH «Hanps»KeHUe NPOMBILLIIEHHOR YacToThl B
3aBWUCUMOCTN OT BPEMEHUY.

Ecnu HanbonbLuee paboyee HanpsxeHue B MecTe ycTaHOBKU OMNH TOYHO He N3BECTHO, OHO AOJDKHO ObITb
3aMeHeHO HanboMbLLMM HanpsXXeHWeMm CeTu nu HaubonbLLIMM paboyum HanpsHxeHneM 060pPyaOBaHUS.

Ecrnn OMNH ycraHaBnuBalT MO OTHOLUEHUIO K HAXOASLUMMCA NOA HANPSHKEHMEM UMK 3a3€MITEHHbIM
obbekTam onuxe, YeM pekOMeHZ0BaHO U3rOTOBUTENEM, HEOOXOAUMO NPOBEPUTL, AOCTATOUHO NW NIUHERHO pac-
npegeneHue HanpsbkeHus aonb OMNMH ansa BeIOpaHHOro Haubosbwezo dnumesisHO 00MycmumMoz0 paboyezo
HanNPsHKEHNA.

6.2.2 HomuHanbHOe HanpskeHue

HomunanbHoe HanpskeHnue OlNMH BeIGUPAIOT B 3aBUCMMOCTHU OT KBA3UCTALMOHAPHLIX NepPeHanpshkeHwii B
ceTu B MecTe yctaHoBku OlMH, yunTbiBas Mx amMnnmTyabl U NPOAOIKUTENLHOCTL. OCHOBHOE TpeboBaHue 3akniova-
eTCsl B TOM, YTO xapakrepuctuka ONMH «HanpspkeHWe NPOMBILLIFIEHHOW YacTOTbl B 3aBUCUMOCTH OT BPEMEHU» A0S+
)KHa BbITb BbILLE, YEM XapaKTEPUCTUKA CETU «aMMNNUTy4a KBA3MCTaLMOHAPHOIO NepeHanpsikeHUst B 3aBUCUMOCTH
OT NPOAOMKUTENLHOCTUY . CNOCOBHOCTb BbIAEMKUBATL 3arpPsi3HEHUs U CNOCOBHOCTL BblaepXXMBaTh 0OMbIB NOA
HaNPsHKEHNEM YYUTbIBAIOT NPK HEOOGXOAUMOCTH.

Bo Bcex cnyyasix paccMatpuBaloT CreayoLme NpuUmMHbl KBa3UCTaLMOHAPHBIX NEPEHANPSHKEHUIA:

- NepeHanpsHKEHNUA NPU 3aMbIKaHUAX Ha 3EMNI0. STU NEPEHANPSXKEHUA BO3MOXHbI B OOMbLLON YacTu CEeTH.
PykoBOACTBO N0 onpeaeneHunto aMniuTya KBa3ucTauuoHapHbIX NepeHanpsiKEHUI NPUBEAEHO B MPUIOXKEHUM A.
MpoaOMIUTENBHOCTD NEPEHaNPSHKEHNS 3aBUCUT OT MPOAOIHKUTENBHOCTY 3aMblkaHUs. B ceTsix ¢ 3a3emrneHHol
HenTparnblo OHa, KaK NpaBuno, MeHbLUe Yem 1 ¢. B ceTsix ¢ pe30HaHCHO 3a3€MIEHHON He|Tparnblo C aBTOMaTUJec-
KUM YCTpaHEeHMEM 3aMblKaHMs OHa, Kak NpaBuo, MeHbLle Yem 10 ¢. B ceTsAx 6€3 aBTOMaTUYECKOrO yCTpaHeHUs
3aMbIKaHWA Ha 3eMITI0 NPOAOIDKUTENBHOCTL MOXET COCTaBNATL HECKOMNBKO YacoB;

- cObpockl Harpy3ku. Mocne OTKMIOYEHUS HArpy30K BO3pacTaeT HanpsiXXeHue Ha cpaboTaBLuem CUNOBOM
BbIKMIOYATENE CO CTOPOHbI UCTOYHUKA MUTAHWA. AMNIUTYAa NepeHarnpspKeHNs 3aBUCUT OT OTKIIOUYEHHOI Harpy3sku
1 OT MOLLIHOCTU KOPOTKOrO 3aMblKaHUs NUTatoLLEN noacTaHuun. KBasucraumoHapHble NepeHanpsikeHns UMeoT
0CODEHHO BbICOKWNE aMMAUTYABI MOCHE NONHOro cBpoca Harpy3ku Ha reHepaTopHbIX TPaHcopmaTopax B 3aB1CH-
MOCTM OT YCINOBUI HAMarHU4MBaHWUA U NPEBBILLEHWUSA HOPMAanbHOW CKOPOCTU. AMMNUTYAA NepeHanpPsXKeHUN, Bbi3-
BaHHbIX COPOCOM Harpy3ku, kak NpaBumo, U3IMEHSETCA B TeUeHne nx nepuoga aencteus. Mpu TOUHbIX pacyeTax
HeoBx0aANMO yUUTbIBaTb MHOTO MapaMeTpoB.

B kavecTBe pykoBOACTBA MOFYT ObITb MCNOMB30BAHBI CIIEAYIOLLME TUMWUYHBIE 3HAYEHUS:

- B HEOOMbLUMX MO NMPOTSHKEHHOCTU CETAX NOMHbINA COPOC HArpy3Kku MOXET BbI3BaTb NOABLEM NEPEHAaNPAKEe-
HWI hasa — 3emns ¢ amnnUTYAON, Kak NpaBuno, HWxe 1,2 oTH. ea. MNpoaomKUTENIbHOCTb NEPEHANPSPKEHUS] 3aBU-
CUT OT cpabaTbiBaHUA annapaTypbl, PEryNMPYIOLLE HAaNPsDKeHNE, U MOXKET AOCTUraTb HECKOTbKUX MUHYT;

- B MPOTSHKEHHBIX CETSAX NOCHe NOnHOro c6poca Harpysku aMnnuTyaa nepeHanpskeHuin dasa — semns
MOXeT gocturatb 1,5 OTH. ea. unu gaxe 6onee B cny4ae nosisneHust achdpekra eppaHtu unu pesoHaxca. Npo-
JOMMKUTENBHOCTb NEePeHanPsXXEHUI MOXET COCTaBMNATb HECKObKO CEKYHA;

- Npu cOPOCE HArpy3Kku reHepaToOPHLIX TPAHCHOPMATOPOB aMMNUTYAbI KBA3UCTaLMOHAPHbIX MEPEHANnpsixe-
HWUI MoryT gocturate 1,4 OTH. ea. ansi TypboreHepaTopos U 1,5 oTH. ed. Ans rmgporeHepaTopos. MNpoaomkuTens-
HOCTb NepeHanpskeHuin NpubnuanTensHo 3 C.

Ecnu n3secrHa BpemeHHas 3aBUCUMOCTb aMNUTya, ya06HO NPeaCTaBNsATb NEPEHANPSXKEHUS B BUAE Kone-
GaHui C MakcMMarnbHOW aMnIMTyA0W NPOAOIHKUTENBHOCTbIO, PABHOW BPEMEHMU, B TEYEHWE KOTOPOTO aMnimMTyAbl
npesbIwatoT 90 % Mx MakCUManbsHOTO 3HAYEHUS.
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B HEKOTOpbLIX CETAX HEOOX0AMMO paccMaTpuBaTb Crieaylolue Crydan KBasuCTauMOHaPHbIX NepeHa-
NPSKEHUI:

- pe30HaHCHble achchekTbl, HaNpPUMep NpU 3apsAaKe ANMHHbLIX XONOCTLIX IMHUIA UM NPU PE30HAHCaX MeXay
ceTsamu;

- NOABbEM HanpsXKeHUA BAOMb ANUHHBIX MMHWUIA (3dhdekT deppaHTn);

- rapMOHUYECKME NepeHanpsHKeHNs, HanpUMep NPU KOMMyTaUUKn TPaHCOpMaTopoOB;

- 0BpaTHOEe NMTaHne Yepes CBA3aHHbIE TPaHCHOPMAaTOPHbIE 0OMOTKM, HANPUMEP ABYXTpaHCcopMaTopHas
noactaHums ¢ o6Luein BTOPUYHON LUMHOW BO BPEMS YCTPAHEHUS MOBPEXAEHUA UK 0A4HO(A3HON KOMMYTaLMK
TpexdasHoro TpaHcopmaTopa C HeypaBHOBELLEHHOW BTOPUYHOWM HArpy3Kom.

KeasucraumoHapHble nepeHanpsbkeHusi, 00ycrnoBneHHble heppope3oHaHcaMu, He AOSMHBI ObiTb MCNONb30-
BaHbl KAk OCHOBA An1s BbiGopa OlNMH, a 40KHbI ObITb YCTPAHEHBI.

MocneaoBaTenbHOCTb MPUUMH KBA3UCTALMOHAPHbIX NEPEHAaNPsHKEHUIA, Hanpumep cOpoC Harpy3ku, Bbi3-
BaHHbIi 3aMbIKAHMEM HA 3EMIIO0, HEOBXO0ANMO YYMTHIBATb, KOrAa 06a NnepeHanpsXkeHUA UMEIOT CPABHUMYIO XKEC-
TKOCTb. B Takmx cny4asx, ogHako, HE06X0AUMO YYECTb 3Ha4YeHUe cOPOLLIEHHON Harpy3Kku, 3aBucsLLiee OT MecTa
3amMblKaHus n mecra yctaHoBku OlNMH.

KoMBUHaLMSA Takux NPULKH, KaK 3aMblKaHUsi Ha 3eMITI0 U COPOC HArpy3ku, MOXKET NPUBECTU K Bonee BbICo-
KMM 3HAYEHUAM KBA3UCTaLMOHAPHbIX NEPEHANPSPKEHUI, YEM B Criydae BO34eicTBUA 0aHON U3 HuX. Koraa Takue
KOMOWHaLMM CHUTAIOT 4OCTAaTOUMHO BEPOATHLIMU, NEPEHANPSHKEHNUS OT KXKAO0W NPUYNHBLI HE0BX0AMMO CyMMUPO-
BaTb, YYUNTbIBAS AENCTBUTESbHYIO KOH(UIYpaLMIO CETH.

Kpuas, npegcrasnstoLan cobon xapakrepuctuky ONMH «HanpspkeHMe NPOMBbILLIIEHHON YacTOThI B 3aBUCH-
MOCTU OT BPEMEHW», Ha 06LeM rpachmke AomkHa ObiTb PaCMoNOXKeHa Bbille KPUBOW, M3obparatoLuen xapak-
TEPUCTUKY CETU «aMNNUTYAA KBA3UCTALUOHAPHOTO NEPEHanpPsKEHUsi B 3aBUCUMOCTU OT MPOAOMMUTENBHOCTUY .
Kak npubnuxeHune, aMnnuTyaa u NpOAOIDKATENbHOCTb KBA3UCTALMOHAPHLIX NEPEHaNPSHKEHUN, KOraa nocneaHss
Haxoautcs mexay 0,11 100 ¢, MoryT ObiTb NPUBEAEHBI K 3KBUBANEHTHOW amnnutyae U,,, C NpoAoSKUTENb-
HOCTbI0 10 € (B COOTBETCTBUM C NPOAOSTHUTENBHOCTBIO NPUIOKEHUA HOMUHATNBHOTO HANPSXXEHWUS1 B pabouMX UCTbI-
TaHUAX):

T m
Uaxa = UK(%) ’ M
rae U, — amnnutyaa KBasvuCTaLmOHApHOro NepeHanpsikeHns;
T, — NPOAOIDKATENbHOCTL KBA3UCTALMOHAPHOIO NepeHanpshkeHus B cexyHaax;
U, — amnnutyaa akeuBaneHTHoro 10-cekyHHOro Ksa3ucTauuoHapHOro NepeHanpsXKeHus;
m — nokasarternb CTeneHu, onucbiBatoLlen xapakrepuctuky OlNMH «HanpskeHue NPOMbILLNEHHON YacTOThl

B 3aBMCHUMOCTU OT BpEMEHM». [1Nsl pa3nuyHbIX KOHCTPyKUui OMNH 3T0oT nokasarens konebnetca mexay 0,022 n
0,018, a B kauecTBE YCpPEAHEHHOIO 3HAYEHMSA MOXET ObITb UCnonbL30saHo 0,02.

HomuHanbHoe HanpsbkeHne OMNH A0MmKHO ObiTb HE MEHEE MOJTYYEHHOTO HAUOOMNbLUErO 3KBUBASNIEHTHOTO
KBa31CTaLOHAPHOrO NEPEHaNpPSPKEHUSI.

MpumeyvaHunsa

1 B HEKOTOpLIX CryYasx UCMONb3YT KO3(MMULMEHT 3anaca Mexay HauGonbluMM 3KBUBASIEHTHBIM KBa3UCTaUWo-
HapHbIM NepeHanpsXKeHWEeM N HOMUHamNbHLIM HanpsKeHeM, YTO6bl NepekpbiTb BO3MOXHbIE HETOYHOCTU B Oonpeaene-
HWM nepeHanpsikeHns. OBLENPUHATEIE 3HAYEHUA TakuX KoadpduUMEHTOB 3anaca HaxoaaTcs Mexay 5 % u 15 %.

2 Korga TpebyloTcA 3aluUTHBIE YPOBHU HUXE, YEM 3aLYUTHLIE YPOBHU NPUHATOW KOHCTpyKUuM OMNH, HoMUHanbHbIE
HanpspKeHUA MOryT ObiTb BbIGpaHbl HWKE 3KBMBANEHTHbLIX 10-CEKYHAHBIX KBa3WCTaUWOHapHLIX NepeHanpskeHnin npu
YCNoBuWMU, UTO paspsiiHUK CocobeH NOrNoTUTL SHEPruto, BbI3BaHHYIO CETEBLIMU BO3AEUCTBUAMU. B 3ToM cnydvae pacueTsl
NOrNOLIEHNS SHEPruK BLINOJSTHAIOT, Mo enupys Bo3aelcTBUsS ceT. KpoMe yyeTa NpUGNU3UTENBHOCTU NpefcTaBneHns
ceTu porkeH 6bITb yuTeH pa3bpoc npu cHATUK xapaktepucTukn OMNH «HanpsixeHue — TOK».

3 B HekoTOpbIX criy4asix HOMUHarnbHoe HanpsbhkeHue OlMH BbIOMpaloT Takke, paccMaTpuBas NOrfOLWEHNE 3HEP-
rn BO BpeMs paspsiia IMHUM aneKTponepejaym ¢ y4eToM yuiepba ot 6onee Bbicokoro sawutHoro yposHs OlMH.

6.2.3 HoMmuHanbHbIA paspagHbIA TOK U KINacc AponyckHol crnoco6Hocmu

6.2.3.1 ObLme nonoxeHus

B NOCT P 52725 cnocobHoctb OMNH nornowars SHepruilo CBA3aHa ¢ HOMUHATbHbLIM pa3psAHbIM TOKOM.
Ecnu 3HaueHne umnynbca 60nbLUOro Toka Bbibupaior He B cootBeTcTBuu ¢ FTOCT P 52725 (nyHkT 6.2.5), cnocob-
HocTb OINMH nornowars HEPruio 3aBUCUT OT HOMUHATNBLHOTO Pa3psAHOro Toka M uUMnynbca 60MnbLIOro TOKA.
Kpowme Toro, nornoweHue aHeprum OlNH, 06ycnoBneHHoe BO3AENCTBUEM NEPEXOAHOIO NEPEHANPSDKEHUS CETH,
3aBucuT ot xapakrepuctuku OlNH «ocTaloLeeca HanpskeHne — TOK», a TakkKe OT HOMUHASNBLHOIO pa3psagHOro
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TOKa. HOMMHaNbHLIA pa3psagHbIi TOK U KNAcC rporyckHoll crnocobHocmu, cnefoBaTenbHO, ONPeaenstoT B
npovecce urepaumi.

6.2.3.2 HoMuHanbHbIV paspagHbii TOK

HomuHanbHbIV paspsaHbIi TOK BbIOMPAOT B COOTBETCTBMU C rPO30BbIM pa3psiiHbiM TOKOM Yepe3 OlMH, ot
KOTOpOro TpebyeTca 3amTuTb 060pYyAOBaHME. MPUMEHSIOT TOT XKe CaMblil NOAX0A, UTo U ans PB cornacHo 5.2.2.
Kak npasuno, B 3aBUCMMOCTU OT OXXMAAEMOro rpo30BOro PaspsiAHOro Toka NpUemMmneMbl CneayoLme 3Ha4YeHus:

Huana3soHs! | u Il (om 100 220 kB): 5 unu 10 KA

B cetax duanasoHos | u Il no FTOCT 1516.3, rae nuHelHble paccrosiHuss mexay OMNH Hebonblune
(menee 5 km), OMNH Ha pacnpegenuTenbHbIX TpaHcopMaTopax ¢ HOMUHAaMbHbLIM PaspA4HbIM TOKOM 5 KA gocTa-
TOYHO HaAEXHbI, Aaxe Koraa TpaHcdopPMaTopbl NOACOEANHEHBI K TMHUSIM HAa AePEBAHHBIX ONOpax C He3a3eMneH-
HbIMU TPaBEPCAMM.

B cetax knaccoe HanpsixeHust 35 kB u Huxe OINMH ¢ HOMUHAaNbHLIM Pa3pPsiAHbIM TOKOM 5 KA MOTYT GbITb
[0CTaTOYHbIMU 4119 PaNOHOB C HU3KOM NAOTHOCTLIO YAAPOB B 3€MIH0 U 3P EKTUBHO 3aLLMLLEHHBIMU OTXOAALLMMM
BO3YLUHBbIMW MIMHUAMM C HU3KUMKU CONPOTUBNEHUSAMU PyHAAMEHTOB onop. OlNMH ¢ HOMUHanNbHbLIM Pa3pAAHbLIM
TOKOM 10 KA MOryT ObITb NPEeANOYTUTENBHbLIMMW A1 BAXHbIX YCTAHOBOK (HEOOX0AMMBIX A1 HAUMYYLLEN 3aLUUTbl)
0COOEHHO B PaioHax C BbICOKOW NIIOTHOCTLIO YAAPOB B 3EMITIO UMK BEICOKUMU CONPOTUBIIEHUSIMU 3EMITU.

B cetax knaccos HanpsxeHus 110 KB u ebiwe, kak npasuno, pekoMmenaytorca OMNH ¢ HoMUHaNbHLIM pas-
paaHbIM TOKOM 10 KA.

Huana3soH Il (om 330 0o 750 kB): 10 unu 20 KA

Ona ceten knacca HanpsixeHus 330 kB, kak npaBuno, aoctatoyvHbl OMNH ¢ HOMUHANbLHLIM pa3psAAHbLIM
TOKOM 10 KA.

Ons ceTteli knaccoe HanpsixeHus ebiwie 330 kB moryT notpeboatbes ONMH ¢ HOMUHANBHBIM Pa3pPAAHbIM
TOKOM 20 KA.

6.2.3.3 CnocoGHOCTbL NOrnoLLaTh 3HEPruto

OlMH AomkHbI ObITb CNOCOGHLI NOFNOLLATE SHEPTUIO, 00YCMNOBNEHHYIO KPAaTKOBPEMEHHBIMU NEPEHANPSKEHU-
AMK B ceTu. OnacHbl KPaTKOBPEMEHHbIE NEPEHaNPSXEHUS, KOTOPbIE BO3HUKAIOT BCNEACTBUE:

- BKMKOYEHUS WU MOBTOPHOTO BKIIOYEHUS ANMHHBIX NIMHUM;

- OTKIMIOYEHUS BaTapen KOHAEHCATOPOB UMM kKabenemn CUNOBLIMU BbIKIOYATENSAMU, AOMYCKAKOLLMMU MOBTOP-
HbIE 32>KUraHWUsA Ayru;

- yAapoB MOJTHUK B MPOBOAA BO3AYLUHON JIMHAM C BbICOKMM YPOBHEM U30NSILMM UM 0BPATHBIX NEPEKPLITUN,
OGnn3Kknx K Mmecty yctaHoBku OlMH.

[pun n3BecTHbIX ypoBHAX 3aLmTthl OMNH 3Hepruto, KOTopyto fosmkeH nornotute OMNH, gonyckaeTca onpeae-
NATb, UCNONb3YS POPMYIIbl, IPUBEAEHHBIE HUXE:

- BKMIOYEHME UNK NOBTOPHOE BKIMHOYEHNE NINHUIA:

W =20, (U, - UQK)% ’ @

— MOrMOLLEHHAsA SHEPTUs;
— 3awWuTHLIN ypoBeHb ONMH npy KOMMYTaLMOHHOM MMNYIILCE;
aMnnuTyaa nepeHanpskeHus, Hanpumep npueeaeHHas B npunoxenun Ob (cm. 0B.2);
— BOJTHOBOE CONPOTUBIEHNE NUHUY;
— BpeMmsi pacnpoCTpaHeHWs BOSIHbI BAOIb NIMHUW, PaBHOE ANMHE NUHWUK, IENEHHON Ha CKOPOCTL pacnpo-
CTpaHeHUsi BOJHbI;
- KOMMYTaLMsi KOHAEHcaTopa unu kabens:

=

SANSES
I

w = 1c[@uy)? - W2y, (3)

rae C — eMKOCTb 0AHOM chasbl 6aTapen unm kabens;
Uy — makcumaneHoe sHaveHne paboyero HanpshxkeHns dhasa — 3emns;
U, — HomuHanbHoe HanpshkeHue ONMH (aencreyloLLee 3Ha4eHue).
OHeprus moxeT ObITh pacnpeaeneHa mexay Heckonbkumu OMNMH, yCTaHOBNEHHLIMU HA O4HON U TOW e
dhase, npu 9TOM AOIMHKHO ObITk ONPEAENEeHO COOTHOLLEHUE B PACTIPEAENEHUN SHEPTUM;
- MOMHUA:

W = [2U, — NU, (1 +In(U, /U,) ]2 4)
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rae In  — HaTypanbHbIi norapudMm;
U,, — yposeHb sawwuTsl OMNH npu rpo30BOM UMIMYIbCe;
U, — HanpsbkeHue nepexpbITUs IMHEAHOW M30NALMKM NPY OTPULIATENBHON NOSMAPHOCTY;
Z — BOIHOBOE COMPOTUBIIEHWE FIMHUW;
N — 4uCno NUHKUIA, NOAKNIOYEeHHBbIX K OMH;

T.— 3KBMBAMNEHTHAs NPOAOIKMTENLHOCTbL TOKA FPO30BOT0 Pa3PAAa, BKNIOYAA NePBbIi U nocneayioLme
yaapbl. TunnaHoe sHa4eHne 3-10~4 c.
Ecnu paccTosiHUS MEXaY NOACTAHLMSIMU B pacripeienuTernbHoN CeTi HeBGonbLUME, SHEeprus MOXET BbITh
YMEHbLLEHA W3-3a pacnpefereHuns ToKa.

MpumMedyaHune— dopmyna (4) nony4yeHa NyTemM UHTErPMPOBaAHNA IKCNOHEHLUWANbHO YMEHbLUALLEerocs
nepeHanpsxeHus.

B HEKOTOpbIX Cryyasx Apyrue BO3AENCTBUA, KPOME YNOMSAHYTbIX, MOTYT NPUBECTYU K 60MNbLLIOMY MOFNOLLe-
Huio 3Heprun OMH. Tunu4HbIN NnpuMmep — cpabaTbiBaHWE TOKOOTPAHUYMBAIOLLMX NNABKMX NPEAOXPAHMTENEN B
cry4yae HeOBObIMHOrO MPUMEHEHUS: €CNKU XapakTepUCTMKA NPEeAOXPAaHUTENSA HAMHOTO BhiLLe, Yem TpebyeTcs ans
NPUMEHEHUS B CETH, UNK ecnun ycTaHosneHbl OMH ¢ 04eHb HU3KUM YPOBHEM 3aLLMTI.

Mpu pabounx ucneitaHuax cornacHo MOCT P 52725 (nyHkT 9.5) OMNH nepep npunoXeHMemM HOMUHANbHOTO
HanpPsHKEHWUA JOIDKEH NOrNOTUTL CREAYIOLLYIO SHEPTUIO:

- 51 10 kA B cnyyae OlNH knacca nponyckHOM cnocobHocTm 1.

311 OMNH noagepratoT pabounmm UCNbITAHUAM UMNYNLCOM BONBLLLIOTO TOKAa. SHeprusi, coodLaemasn UMNynb-
COM B0nbLLOro TOKa, MOXeET ObITb OLleHEHa Kak

W=U0,IT, ©)

rae U, — ocTaioweecs HanpsikeHue npu umnynbce 60nbLLoro Toka. Ecnu ato HanpsikeHue He U3BEeCTHO, ero
JornyckaeTcs oueHuBarb kak 1,5 oT ocTaroLerocs HanpsHKeHUA Npu HOMMHAaNbLHOM PaspsAAHOM TOKE;

| — amnnuTyaa HOPMUPOBAHHOTO UMMYNbCA 6OMbLLUIONO TOKA;

T — apdpekTnBHOE BpEMSA MMNYNbCa 6OMbLLIOIO TOKa, paBHoe 6,5 MKC;

- 10 kA B cnyyae OIMH knaccoe NponyckHow cnoco6HOCTM 2 unm Boie n ONMH Ha 20 KA.

3O1n OINMH noagepratot paboynm UCTbITaHNAM KOMMYTALMOHHBIM UMNYNLCOM. YAENbHAas SHeprus, NormoLla-
emas 3a oauH uMnynec, npueeaeHa B FOCT P 52725 (tabnuua 1). CnocobHocTb ONMH nornoLwuars 3Hepruio oue-
HMBAIOT KaK paBHYIO UM BOSbLLYIO YABOEHHOTO MPMBEAEHHOIO 3HAYEHUS.

[nsa 6onee TOYHOro onpeaeneHus NOrnoLEHUA SHePrUn SO KHbI ObITb BbINOMHEHbI A€TanbHbIE pac4eTbl C
UCNonbL30BaHWEM BCEX NapaMeTPOB NEPEHANPSKEHNIA.

Ecnu nornoLlexue aHeprum, Tpebyemoe ans skcnnyaraumu, Bbille, YeM CoCOOHOCTb K MOTTOLLEHUIO SHEP-
run y BbiGpaHHoro OMNH, yto noaTeepkgaeTcs pabovunmmmn NCTbITaHUSIMU, TO AOMKEH ObITb BbIopaH Gonee BbICOKuii
HOMWHAIbHbIN pa3psaHbIv TOK Unu 6ornee BbICOKUIA KIacce rnportyckHol crioco6Hocmu, unn 6onee BbICOKOE 3Have-
Hue uMnynbca 60nbLIOro ToKa. B kauecTse anbtepHaTuBbl HOMUHANbHOE HanpshkeHne OMNH MoXeT BbITb yBEnuye-
HO NpW YCMOBUK, YTO AOCTUTHYTa aJeKBaTHas 3aLumra.

6.2.4 Tok e3pbieobe3onacHocmu

B cnyyae BHyTpeHHero nospexaeHust OMNH npoTekatoLwuii Yepes Hero aBapuiiHbIN TOK HE AOMKEH BbI3bl-
BaTb B3PbIBHOIO Pa3pyLUEHWs NOKpbILWku. CnegosatensHo, OMNMH aormkeH BolaepuBaTh aBapuiiHbIN TOK, PaBHbIN
uny 6onNbLLUIA, YeM HaUBONbLUNIA aBapPUIHBIN TOK Yepes OINMH B ToUke ero yCTaHOBKMW.

Ecnu Tpebytotcs Gonee BbICOKWE 3HAYEHUA Moka 83pbisobesonacHocmu, Yem 80 KA, noTpebutenio cnegy-
€T MPOKOHCYNBLTUPOBATLCA Y U3rOTOBUTENSA.

[ MpunmedaHune—[JaHHoe nonoxeHne sameHseT ccelnky Ha MOK 60099-4 (nyHkT 8.7).

7 MNpumeHeHWe BEHTUMBbHbLIX Pa3spAOHUKOB U HENMTMHEMHBIX OrpaHuuYuTeEnemn
nepeHanpsiKeHUn

7.1 MpUHUMN KOOpAWHALIMU N30NALUN

MpuvHUmMN koopauHaumm usonauum [(em. JA.1 (npunoxxenne JA)] npeaycMaTpuBaeT onpeaeneHne HopMmpo-
BaHHbIX BblAEPXMBAEMbIX HANPSXEHUI NyTEM NOCNEA0BAaTENbHOMO ONPEAENEHUS:

a) NpeacTaBMTENLHOIO NepeHanpsXeHuns Ha o6opyaosanum [(cm. OA.3 (npunoxeHue JA)];

b) KOOpPAMHALIMOHHOIO BbIAEPXUBAEMOr0 HanpspkeHus 0GopyLOBaHUA B TEYEHUE €ro cpoka CryxObl
[(cm. DA.7 (npunoxexue JA)];

15



rOCTP53735.5 — 2009

¢) Tpebyemoro BblAeP>KMBAEMOTO HANPsPKEHWSI 000PYyA0BaHWUA NPU CTaHAAPTHLIX YCIOBUSX UCNLITAHUA
[cm. OA.9 (npunoxenue JA)]. YkazaHHOE HanpsPKeHUe MOXKET OTNNYATLCA OT KOOPAUHALIMOHHOTO BblAEPXXMBAEMO-
ro HanpsHKeHUA n3-3a CTapeHust 3oNsALMKM Unu us-3a pasbpoca npu u3rotoBneHun u cbopke. [ins yyera atux
OTININYWIA NCMONB3YIOT KO3dhdnumeHT 3anaca 1,15. [inA ycTraHOBOK Ha BbicoTax cBhile 1000 m aToT koadhdpuumeHT
YYUTBLIBAET Taloke HEO6X0AUMYIO KOPPEKLIMIO HA aTMOCEPHbIE YCNOBUA ANSA BHELLHEN U30MSALMK;

d) HOpMMPOBAHHOTO BblAEPXMBAEMOr0 HanpsbkeHus [cm. JA.11 (npunoxenne JA)]. YkazaHHOE Hanpske-
H1E MOXET ObITb NPEACTaBNEHO pPasnuUyHbIMK chopmamMu TPeByeMOro h HOPMUPOBAHHOTO BbIAEPXMBAEMBIX HANPS-
JKEHWUM U BbIOPAHO U3 Tabnuy CTaHAAPTU30BaAHHbIX 3HAYEHUN.

| MpumeyaHune—[JaHHoe nonoxeHwe 3ameHseT ccbinky Ha MOK 60071-1 u MOK 60071-2.

7.2 3amuTa OT NnepeHanpsaXeHUn ¢ NONIOrUM (PPOHTOM

3awmra oT nepeHanpsXKeHUn ¢ NoNorum (poHTOM 0COOEHHO BaXkHa B ananasoue //l. B duanasoHax | u Il
CTaHAApPTHLIN YPOBEHb N30MsALMKU 060PYA0BAHUSA, KaK NPABUIIO, Tak BbICOK, YTO 3aLUMTa OT NepeHanpsiXeHunii ¢
nosiorum hpoHTOM He NoTpedyeTcs (MCKIoUEeHUe COCTABMANT BPALLAIOLMECS MALLIMHbI, CM. 8.3).

MpeacrasutenbHOE NepeHanpsbkeHne Ha 000pyA0BaHUM, 3aLLUMLLIEHHOM C noMoLubio PB (ONMH), paBHo ypoB-
HIO 3aLUMTBI OT KOMMYTALMOHHBIX UMMYIbCOB, TAK KaK, 32 UCKIMIOYEHMEM NIUHUIA SneKTponepesaymn, BIMSHUEM
HaberaloLwmx BOMTH BO3MOXHO NpeHebpeyb, U HanpshkeHue Ha 060pyA0BaHUM paBHO HaNpshikeHuto Ha PB (OMNH).

OlMH npuroaHb! ANA 3aLUTbI OT NEPEHANPSPKEHUI C NONTOTUM PPOHTOM B CETSAX C yMEPEHHbIMU KBa3UCTaLm-
OHapHLIMK NepeHanpsXeHnaMK, Toraa kak PB cpabartbiBatoT OT nepeHanpsiXeHui ¢ Nonorum OpoHTOM TOSMbKO
nocne nepekpbLITUA NOCNea0BaTENbHO BKIIOYEHHOTO UCKPOBOTO NPOMEXyTKa. Kak npaBuno, 4ONycKaeTcs, YTo ¢
nomoLLbio OlNMH BO3MOXXHO OrpaHMYeHne amnnuTya nepeHanpsxeHun paza — 3emnsi (MakCumarnbHOE 3Ha4YEHUE)
A0 NpMBnNU3nTenbHO ABYKPATHOIO HOMUHANBLHOTO HanpsxeHus OMH (aencTByioLLEe 3HaYEHUE). 3aLLUTHBLIN YPO-
BEHb PB CyLLeCTBEHHO BbiLLIE.

370 03HavaeT, uto ONH NpUroaHbI Ans OrpaHMYeHNUsA NEPEeHaNPsHKEHUI C NoNorMM chpoHTOM, BO3HUKAIOLLIMX
13-3a BKITIOYEHNA 1 NOBTOPHOTO BKIMIOYEHUS NIMHWIA U OTKINIOYEHUA MHAYKTUBHBIX M EMKOCTHBIX TOKOB, HO HE nepe-
HanpsHKEHWI B LIEMOM, BbI3bIBAEMbIX 3aMbIKAHUAMU HA 3EMIIO U OTKIIOUEHUEM 3aMbIKaHWUI, TaK KaK OXXuaaemble
amMnAnUTYAbl NOCMEAHNX CIIULLKOM HU3KKE.

MepeHanpsHKeHns, BOZHMKAIOLLME 1M3-3a BKMIOYEHUA U NOBTOPHOTO BKITIOYEHUS IMHUM, BbI3bIBAIOT TOKN Ye-
pe3 OMH npubnuautensHo ot 0,5 10 2 KA. B 3ToM AnanasoHe TOKOB 3HAHWE TOMHON aMNNUTYAbI TOKA HE TaK BaXKHO
U3-3a 9KCTPEeMarnbHON HENMHENHOCTU METanN00KCUAHOro MaTepuana. [ins nepeHanpsbkeHuit ¢ Nonorm PpoHToM
[JOMNyCKaeTCs HE YUYNTbIBATb BIUSHUE ANUTENbHOCTU (DPOHTOB TOKa. Kpome Toro, BO3MOXHO npeHebpeyb cenapa-
LUMOHHbIMY acppeKTamu BHYTPU NOACTaHUMIA. N30naumsa AanbHUX BO3AYLUHBLIX IMHUIA, OAHAKO, MOXKET ObITb Noz-
BEpXKeHa BO3AEeCTBUIO NepPEHANPSHIKEHWUIA, CYLLIECTBEHHO Bonee BbICOKUX, YEM 3aLUMTHbLIN ypoBeHb PB (OMNH).

PB (OlMH), kak npasuno, yctaHasnmeaioT Mexay ason u semnei, u, ecnu OMNMH ncnonb3yior Ans orpaHu-
YEHUS NepeHanpPsHKEHUN C NOMOrMM (PPOHTOM A0 HU3KOTO YPOBHS, MexaydasHble nepeHanpshkeHnsa Gyayt A0CTu-
raTb NpuBNM3nTEnbHO YABOEHHOTO YPOBHSA 3awmTbl OMH, ycTaHOBNEHHOro mexxay asoii M 3emneii, He3aBUCUMO
OT yCTpoiicTBa HENTpanu TpaHcdopmatopa. MexxaydasHoe nepeHanpsixkeHne ByaeT CoCTosATh U3 ABYX ha3HbIX
KOMMOHEHTOB C Hanbonee YyacTbiM COOTHOLUEHMEM 1:1. Ecnu TpebytoTcst Gonee HU3kue mexaydasHble YpOBHU
3aLmThl, Heo6xo0aMMbI AononHuTenbHbIe OMNH Mexay dhasamu.

[onycTtumoe MakcuMansHOE 3HaYeHue NpeaCcTaBUTENBHOrO NepeHanpsiXeHus asa — 3emnsi PaBHO 3a-
LMTHOMY ypoeHto PB (ONMH). Mpu oteytetBum PB (OMNH) mexay dhazamm 4onyCTUMOE MakCumanbHOe 3Ha4YeHne
MexaydasHbIX nepeHanpsXeHNi MoXeT BbITb B iBa pa3a 60rbLUe STOro 3Ha4eHUs.

B cnyyae 3awuTel ¢ nomoLsto PB (OMH) 0T KOMMYTaLUOHHBIX NEPeHanpPsiXeHuii B CTaTUCTUYMECKOM pac-
npeaeneHnn nepeHanpsXKeHnit BO3MOXHO CUMbHOE UCKaKEHUE. DTOT NEepeKoC Hanbonee siPKO BbIPaXKEH Npu
6onee HU3KOM YPOBHE 3aLLMTbI M0 CPABHEHWIO C aMNNUTYAaMN OXUAAEMbIX NePEHaNPSHKEHWIE C NONOrMM (OPOH-
TOM. B Takux cuTyauusx HesHauuTernbHble OTKMOHEHUS B NPOYHOCTU U30MALMUM UMEIOT BOnbLIOE BUSIHUE Ha
BEPOSTHOCTb NOBpeXaeHus. C Lienbio NPeoaoneTb 3TOT 3 MEKT NpeanaraeTcs HaxoauTb pacyHeTHbIN KOAPPULIK-
€HT KoopaMHaLUMK, 3aBUCALLMI OT OTHOLLEHUS YpoBHS 3awmTbl PB (OMNH) k 2%-HOMY 3HaueHuto (T. €. BEPOATHOCTb
NPeBbILLEHUA KOTOPOro paBHa 2 %) 0XXMAAEMbIX NePEeHanPsHKEHUIA, CneayoLwmmM 06pa3om:

Usy . =
U < 07 . K, =11, ®
U U
K < . = — 3K
07< grs12 . K,,=124-02 3, )

16



FOCTP 53735.5 — 2009

1,2<% : K =10, ®)

32 kp
a KOOPAMHALMOHHOE BbIAEPKUBAEMOE HanpsKeHUe KOMMYTaLMOHHOTO UMNYIbLCA Kak
Ug = KKPUGK, 9)

rae U, — yposeHb 3awmTbl PB (OMNH) npu kOMMYTaLMOHHBLIX UMNYNbCAX;
U;» — 2%-Ho€e 3HaYeHne aMnNnuTyabl OXXMAAEMOTO NePeHaNPsHKEeHUs C NONIOrUM (OPOHTOM NO OTHOLLIEHUIO K
3emne;
U,z — KOOpAUHALMOHHOE BbIAEPXMBAEMOE HanpshkeHne 060pyA0BaHMS NPU KOMMYTALMOHHOM UMMYIbLCE;
Kip — pacyeTHbIN k0ahhULMEHT KoOpAMHALMM.

MpumMmeyaHune — KoapduumeHt 1,0—1,1 yuuTbIBaET BLICOKYIO HYACTOTY NepeHanpskeHUn ¢ aMnuTyaamu,
paBHbLIMU YPOBHK 3alLUTHI U3-3a yCeYeHWUA pacrnpeferneHnsl nepeHanpsXXeHUn BeHTUIbHbIM paspsgHukoM unu OlH.
OTa 4acToTa TeM Bhllle, YEM HUXEe YPOBEHb 3aluThl. M3-3a HeonpeaeneHHoCTel B NpoYHOCTU obopyfoBaHUs 3anac
MeXay BblAepXUBaeMbIM HaNpsXKeHUeM U YpoBHEM 3allUTbl CnefyeT yBenuunBaTb C MOBBILLIEHWEM YacTOThl NepeHa-
NPsKEHUNA, YTOObI COXPaHUTL 3afaHHbLIN YPOBEHb pUCKa.

7.3 3awuTa oT rpo3oBbIX NEPEHaNPKEeHUN

7.3.1 OO Me NonoxeHusn

M3-3a BbICOKOI CKOPOCTU HApacTaHUs1 rPO30BbIX NEPEHANPSKEHNI HEBO3MOXHO NpeHebpeyb BNMSHNEM
npoGera BosHel Mexay PB (OMNH) n o6opyaosanuem. Kak npaBuno, HanpsbkeHue Ha 3awuwaeMom o6opyaosa-
HUK BbILLIE, YEM OCTaloLLieecs HanpshxkeHne PB (OlNMH) (cm. 7.3.2). CnepoBaTtenbHO, Ha NpakTUKe BCeraa nonesHo
[10 MUHUMYMa CHUXKaTb pacCTonHne no wuHam, pasaensiowee PB (OMNH) n ocHosHoe o6opyaosaHue. OaHako
€Cnu CKOPOCTU HapacTaHUA rPO30BbIX NepeHanpsHKEeHUI MOTYT ObITh OrpaHUYEHbI, UHOTAA YCTAaHOBKOMW 0aHOTO PB
(OlMH) Bo3amoxHa 3auuTa 6onee Yem 0AHOM eAnHULIbI 060PYA0BaHUA TaK e, KaK U B Cry4Yae, Korga u noacTaH-
UMS, 1 NUTaKoLWmMe BO3AYLUHbIE NUMHUK 3P PEKTUBHO 3aLLUULLEHDI.

MasHbI dhakTop, onpeaensiowmii pacnonoxenue PB (OMNMH) Ha noacTaHLuum, — 3TO NMMHENHAA U NOACTaH-
LUMOHHas 3awmTa. Kak npasuno, sawwmra NoACTaHLmMM MOXET ObITb 06ecneyeHa, Aaxe ecrnm 0TXoAALme NIMHUKN He
sawmieHsl. MoACTaHUMOHHAA 3aLUMTa CHUXKAET BEPOATHOCTb BLICOKMX HANPSHXKEHUN U KPYTbIX (DPOHTOB BOSIH,
BO3HMKAILLMX B PE3yrnbTare yaapoB MOMHUU ¢ 6ONbLUMMKM aMNNUTYAaMu TOKa BHYTpU noactaHuuun. OaHako
crnegyer y4ecTb, 4TO OOMNbLUMHCTBO YAAPOB GyAET HANPaBEHO B NIMHWUK, STU yAapbl CO34aayT BONHbLI, 6eryuime
Mo NIMHUW 1 JoCTUraloLme noactaHuun. Ecnu nuinm sawwmileHs), BONHLI, NpUXoAsLLMe Ha NOACTaHUMIO, MEHEe
OMacHbl, YEM BOSHbI, MPUXOASLLUE C He3aLMLEHHbIX NUHUIA. COOTBETCTBEHHO, amnnutyaa Tokos PB (OMNH)
OyZeT Hke, YTO NpUBOAUT K Bonee HU3KOMyY ocTaloLemyca HanpshkeHuio PB (OMH) u nyqweit sawmte o6opyao-
BaHUA.

HesalyLeHHbIe yCTAHOBKU NOABEPXEHBI CAMbIM BbICOKMM FPO30BbLIM TOKaM U CKOPOCTAM HapacTaHWUsA Ha-
npsbikeHus. [Ana ycTaHOBOK, IAe HE MCNONb3yeTCA NONHAA 3aLmMTa, PeKOMEeHAYETCA CaMOe MUHUMASbHO BO3MOX-
HOE X paccpesoTo4eHue.

B 3awyLeHHbIX yCTaHOBKaX C €AMHCTBEHHOIN He3alWMLLIEHHOW 0TX0AsLLIei Bo3ayLLHON nuHuen PB (OlNH)
pacnonaraipT kak MOXHO 6nuke K BbiIBOAaM 060pyaoBaHus (kak npaBuno, TpaHcgopMaropa), KOTopoe cneayer
sawmuats. Korga Kk noacTaHumMm NoAxXoAAT HECKOSbKO He3aLUULLEHHbIX BO3AYLUHbIX IMHWK, aMNnNuTyaa U KpyTus-
Ha NpuxogdLiero no HUM nepeHanps>XeHnsa CHUXKakTcAa B pe3ynbrate AeneHusd, HO YactoTa NosABNeHUsA Takux
nepeHanpsbkeHun ysenuuusaetcs. OaHako cneayer pacCMOTPETbL Cryyau, Korga 04Ha MU HECKOMbKO NIMHUIA
BbIBOAATCA U3 SKCMNyaTaLum, n OLEHUTL BEPOATHOCTb TAKUX CITy4aeB BO BPeMsi rpo3. Koraa oMH unm HeCKonbKo
CUINOBBLIX BIKIOYATENEN UMK Pa3beAUHUTENEN HA TAKON NOACTAHLIMU PA30OMKHYTbI, COOTBETCTBYIOLLUE NUHENHDbIE
noaxoAbl UNn onpeaerieHHbIe YacTu CTaHLuuKM MOryT ObiTb OCTaBreHbl 6e3 3awWwmTbl co cTopoHbl PB (OIMH) Ha
TpaHcdopmMaTtopax. lNoBpexxaeHne NMHENHON U30NALMK NPU FPO30BOM NEPEKPLITUN OTKINIOYEHHON NMHUKU MarnoBe-
POSITHO, HO M30MALMSA APYroro 060pyA0BaHUs!, TAKOTO KAk CUMNOBbIE BLIKNIOHYATENM, TPAHCHOPMATOPLI HANPSDKEHUS
U TpaHcdopMaTopsl TOKA, BKIMIOYEHHbIE HA NIMHENHO CTOPOHE, MOXET ObITb NnoBpexaeHa. Ecnu takue cnyvan
cyuTaloT TpebyLMMK AONONHUTENBLHOM 3awmThl, PB (OMNMH) MoryT 6biTh YCTAHOBNEHBI HA COOTBETCTBYIOLLMX
TNUHENHbIX NOAX0AaXx.

MpuxoasALme ¢ 3aLUMLLEHHBIX MIMHUIA NEPEHANPSDKEHNUS N0 aAMNAUTYAE U KPYTUSHE HWKE, YEM C He3aLLu-
LLEHHbIX NMMHUIA. BO MHOrMX Cny4yasix aTo No3BONsiET UMETb HeKoTopoe yaanexnne PB (OlNH) ot 3awuuiaemoi
nsonsiunu. Npu HaNYMM €AUHCTBEHHOM 3aLLMLLIEHHON OTXOASILLEN BO3AYLLHOW NMHUM 0AMH komnnekT PB (ONH)
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MOXET ObITb PacNoNoXeH B TOUKe, kKoTopas o6ecnevnBaeT 3almTy BCero 060pya0BaHus, HO NPEUMYLLIECTBO
JOIKHO ObITb OTAAHO TpaHcdopmartopy. [ins onpeaeneHust MakcUManbHOro pacctosiHua mexay PB (OMH) u
TpaHCHOPMaTOPOM MOXET ObITb UCMONBL30BAH METOA N0 7.3.2.

Ha noacraHuumsx ¢ 60MnbLLIMM YUCIIOM 3ALLULLIEHHBIX OTXOASLLMX BO3AYLUHBIX IMHUI (CBA3AHHBIX C KPYMHbI-
MM YCTaHOBKaMu ¢ TpaHcpopMmaTopamMm, BbIKNOYaTENIMU U U3MepuTenbHbIM 060pyaosaHuem) PB (OlMH) He
BCEr/1a pacnonaraioTr Ha BBOAax kaxaoro TpaHccopmaropa. Metoabl, npuBeaeHHble B 7.3.2, MOTYT ObITb MCMOTb-
30BaHbl B LIENSIX OLIEHKU MaKCUManbHbIX OTAENAIOLLNX PACCTOSIHWIA. Bonee BaXHble yCTaHOBKM MOTyT noTpe6o-
BaTb 1ETanbHOro N3y4eHusl NepexoaHsbIX NpoLeccos. Takue nccneaoBaHusa U UHTEPNpeETaUusa ux pesynsraTos
HaxoAATCA BHE chepbl AENCTBUS HACTOALLETO CTaHaapTa.

B o6nactu npumenenus PB (OINMH) ana sawmTbl 060pya0BaHuMs OT FPO30BbIX NEPEHANPSKEHUN CYLLIECTBYIOT
ZBa ansTepHaTUBHbIX NOAX0AA:

- onpeaensaiT HeoOxoAUMOE ANA KOOPAUHALUMW BbIAEPXMBAEMOE HAaNPSXKEHWE rPO30BOr0 UMNYNbCa Ans
AaHHoro yposHs 3awmTel PB (OMNH) 1 otaensiowero paccrosiHusa. HopMMpoBaHHOE BbIAEP>KUBAEMOE HaNpsiKe-
HUe rPO30BOTr0 UMIMYJIbCA 3aTEM PACCUUTLIBAIOT YMHOXEHUEM MONYYEHHOTO 3HA4YeHUA Ha koadhduumeHT 1,15
(cm. 7.1);

- onpeaensioT 3aWwuTHYI0 30HY PB (OlNH) — makcumansHoe oTaensioLee pacctosHue, ans KOTOPoro Bbl-
NOSHAIOTCA TpeGoBaHWA N0 KOOPANHALIMK N3ONALMK ANA 334aHHOT0 YPoBHS 3awwuTel PB (OMNH) 1 koopauHaumoH-
HOTO BblAEeP>XMBAEMOro HanpsbkeHuA. MocneaHee nony4atoT AeneHmeM HOPMMPOBAHHOTO BbiAEPXMBAEMOTO Ha-
NpsKEHUS rPO30BOTr0 UMNyrnbca obopyaosaHua Ha 1,15 (cMm. 7.1).

O6e anbrepHaTuBbl TPEOYIOT onpeaeneHnsa HOpPMbl AeHCTBUTENBHOTO NEPEHANPSHKEHUS Ha 3aLLULLIAEMOM
060pYy0BAHNK 1 €70 BbIAEPXKUBAEMOTO HANPSHKEHUS, CBA3AHHOTO ¢ 3Tl hopMOoii. B kauecTBe 4OCTATOUHO afiek-
BaTHOrO yNpoLLEeHusl, OAHAKO, AONYCKAETCA NPeAnonoXuTb, 4To 3To TpeboBaHme cobnioaaloT Npu cneayroLwmx
YCMOBUSIX:

- ans PB: npobuBHOE HanpshkeHne Ha )POHTE BOMHbI CPABHMBAIOT C BbiAEPXKMBAEMbIM HANPSHKEHMEM Cpe-
3aHHOTO rpO30BOr0 UMIMYNbCA HA 060PyAOBaAHUN;

- u/vnu NpobUBHOE HaNpsHKeHUe rPO30BOr0 MMMNYNLCA U OCTAIOLLEECS HANPSDKEHUE NPU HOMUHANBHOM
paspsaHoM Toke (MMNynbe 8/20) cpaBHMBAIOT C BbIASPXUBAEMbIM HANPSDKEHUEM IPO30BOr0 UMNYNbCa 06opyao-
BaHWA.

[ns TpaHcopMaTopoB ¢ ByMaXkHO-MaCNAHON usonsauuen obe anstepHaTuBbl 4aOT NpUGNU3UTENLHO OAUH
1 TOT Ke pesyneTat. Kpome Toro, Ans KpynHbIX TPaHCOPMAaTOPOB UX BXOAHAA EMKOCTb CHUXKAET CKOPOCTh Hapa-
cTaHus HaberaroLLeii BOMHbI nepeHanpsbxkeHus. CriefioBatenbHO, paccMoTpeHue Npo6os Ha hPOHTE BOMHbI MOXET
GbITb OMYLLEHO.

Ecnu BoiaepxviBaemas npoYHOCTb 060PYA0BAHUS HA NMMHEHOM BXOAE NOACTaHUMKU NPy cpe3aHHOM rpo30-
BOM UMMYfbCe MeHee YeM Ha 15 % npeBbILLAeT NOSHbIA UMMYILC, TOrAa MOXET ObITb He0GX0ANMO PaCCMOTPEHUE
NPOBUBHOTO HANPSHKEHUA Ha PPOHTE UMMYbCa.

[na eepmemusuposaHHbix pacripedenumenbHbix yempoticms (MPY) nepeaaBaeMble U OTpaXKEHHbIE BOMHbI
BHYTPU [PY BbI3bIBAIOT CHIKEHUE CKOPOCTM HapacTaHus HaberatoLlel BONHbI, npuBoasLuee k npoboto PB npu
HanpskeHum, Gonee HU3KOM, YeM HanpsbkeHue cpabaTbiBaHUA Ha DpOHTE BOMHbLI. Kak ynpoLueHue, crnegoBarerbs-
HO, AonyckaeTcs npeHebpeyb adppekTamm cpabaTbiBaHUsi Ha PPOHTE BOSHbI UIK, B KAYECTBE arikTePHaTUBHI,
NPOBECTMW pacyeTbl METO0M BeryLUmX BOJH;

- ansa OMNH: ocTaLwmecs HanPsH>KEHUS NPU HOMUHANBHOM Pa3psiAHOM TOKE W/UMM NPU KPYTOM MMMYIIbCe
TOKa CPaBHMBAIOT C BbIAEPXXMBAEMbIM HANPsXKeHMEM 000PYA0BAHUA NPU FPO30BOM UMNYNbCE.

MpeacrasuTenbHble rPO30BbIE NEPEHANPHKEHNS, OT KOTOPbIX TPEBYETCS 3aLUuTa, Kak NpaBumno, Bbi3biBAIOT B
OlMH ToKKM € ANUTENBLHOCTbLIO PPOHTA, NPUBNUXKEHHO CKkopee K 1 MKC, YeM K 8 MKC. CneoBaTenbHO, MOXET ObITb
onpasAaHo UCNOMb30BaAHUE OCTAIOLLErOCH HAMPSDKEHNA KPYTOro MMMNYNbCa TOKA, KOTOPLIN Bbi3biBaeT Npubnumau-
TEernbHO Ha 5 % Bonee BbICOKOE NepeHanpsiKeHne, YeM B Criydae UCnonb30BaHUs OCTAIOLLETOCH HAaNPSXKEHUS NpK
HOMWHanNEHOM paspAAHOM TOKe. CpaBHUTENBHBIE PAaCYeTbl NOKA3bIBAIOT, YTO 3TOT adhpekT noao6eH cpabaTbiBa-
HUto PB Ha ppoHTE BOSHbBI, NO3TOMY NPUMEHSIIOT TE XK€ PaCCYXAEHUS.

MpuMedaHue— [ns BO3SYLIHONA M30NALUN Pe3ynsTaT NPUMEHEHWUSI 3TUX METOANK MOXET GbiTh CMULLIKOM
KOHCepBaTMBHBIM M3-3a 3aflepXKn B NepekpuITUN M30MALMK, KOTOPYIO, Kak NPaBumo, BbipaxatoT B BIAE KPUBLIX «Hampsi-
XeHWe — BpeMsi». Bonee ToUHbIE pesynsTaTsl MOryT 6biTb MOMyYeHbl U3 pacHeToB MeTOA0M BeryLux BofH, B KOTOPLIX 3Ta
3afiepKa NepeKkpbITUS yuTeHa. AHanorndHble cooBpaxeHUs NMPUMEHSIOT U K U3ONSALMK APYrUX BUAOB, ANA KOTOPbIX
W3BEeCTHO WX MoBefeHue npu npoboe.
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7.3.2 YnpouweHHbIN METOA pacyeTa 3aluTbl OT MOSTHUMN

7.3.2.1 3awmra 060py0BaHMA HAPYHOMW YCTAHOBKM

OnbIT paboTbl C NOACTAHLMOHHBIM 060PYA0BAHUEM NOKA3bIBAET, YTO €CNU NPUHATHI B PACYET BNUSIOLLME
hakTopbl, ykaszaHHble B 7.3.1, KOOPAMHALMOHHOE BblAEPKUBAEMOE HANPSHXKEHUE NPU TPO30BOM UMNYINbLCE MOXKET
ObITb OnpeaeneHo u3 amnupudeckon popmynel (10) [em. 1.3 (npunoxxenue [1B)], koTopas yumTbiBaeT (PyHAAMEH-
TarnbHblE XapaKTepUCTUKN NOBEAEHUS FPO30BOI0 NEPEHANPSHKEHUA HA NOACTAHLMSX:

oL (10)

L
Up =Uy + 5 o .

rae L,= R,/r— anuHa BO3ayLUHOW NUHUW Nepea NOACTaHUUEeR, KOTopas NO3BONSET NONyYuTb HOPMY YAApoB
MOJTHWUM, PaBHYIO NPUEMINEMOI HOPME NoBpeXxaeHuiA. Mpaeasn Apobb, yMHOXEHHAsA HA A/ N, nponopuuoHanbHa
KpYTU3He NpeacTaBuTENbHOM NajatoLLen BOJSTHbI;

U, s — KOOPAMHALMOHHOE BbIAEPXMBAEMOE HanNpsXeHUe rpPo30BOro UMNyLca 060pyA0BaHUS;

A — HanpspkeHue B COOTBETCTBUM C Tabnuuel 2, yqumbiearowiee deghopmayuro ¢hpoHma e0siHbI U3-3a UM-
nynbCHOU KOPOHbI npu rnpobeee no BO3AYLWHOW NMUHUK, NOACOEAUHEHHON K NOACTAHLIUK,

U, — ypoBeHb 3awmTtbl PB (OlNH) oT rpo30oBbIX MMNYNbLCOB;

N —uncno nMHUM, NoAKNIOYEHHbIX K noacTaHumn (N =1 unu N =2);

L,— obwasa anvHa d + d, + d, + dp (p1CyHOK 2);

L,,—AnuHanponera;

L, — cekuus BO3AYLLHOW NIMHUM C HOPMOI NPOCTOS, PABHON NPUEMIEMOM HOPME MOBPEXAEHUN;

R, — npuemnemMasi HopMa rnoBpPEXAEHUIA (YUCNO NOBPEXAEHUIA B €4MHULYY BPEMEHU) ANS 3alMLaemMoro
0bopyaoBaHus;

r— HOpPMa NPOCTOA BO3AYLUHOW NIMHUK (MUCNO NPOCTOEB B €AMHULYY BPEMEHU U HA €AUHULY ANUHDBI) B o4
ANs NpOEKTUPOBaHUs1, COOTBETCTBYIOLLIAS NEPBOMY KUNOMETPY nepea noacradumuen. Ecnu N=2, HopMbl He06x0-
AVMMO CKnaabIBaTh.

MpumMedanune—B dopmynax (10) — (12) aomkHbI BGbITE UCNONBL30BaHLI COMNACYIOLMECH €ANHULI.

Kak npasuno, npuemnemMsie HOPMbl NOBPEXAEHUA 3aLLMLLIEHHOrO 06opyoBaHUA HaxoaaTea mexay 0,1 %
B rog u 0,4 % B rog. TunuyHoe 3HadeHue 0,25 % B roa UCNONbL30OBAHO B Npumepax Tabnuubl 3.

[ns pacnpeaenuTenbHbIX SIMHUIA HOPMbI MPOCTOSA, KaK Npasuno, 6ornee cpaBHUMbI C NPUEMISIEMbIMU HOPMa-
MW NOBPEXAEHWUN, T. €. ANWHA BO3AYLUHOW NWHWM Mana u el MOXHO npeHebpeub. Toraa dopmyna (10)
ynpoLLaeTcs:

L
Ug =U, +5—=. 1)

Tabnuua 2 — KoadpdpuuneHT A B hopmynax (10) — (12) 4N\ pasnuuHbIX BO3AYLUHLIX NIMHWIA

BosgywHasa nuHua A, kB

PacnpepenutenbHele nuHUM (MexaydasHble nepekpbiTvs):

- C 3a3eMneHHbIMW TpaBepcamu (MepekpbiTUE Ha 3eMM NPU HU3KOM Hanps- 900
XKeHun);

- NIVHUM Ha AepeBsiHHbIX onopax (NepekpbiTe Ha 3eMrto MpW BLICOKOM Hanps- 2700
XKeHun)

JInHumn anekTponepefaun (ofHOaA3HOE NEPEKPLITUE Ha 3eMIHo):

- OAVHOYHBIA NPoBOA; 4500

- pacuwjenneHue Ha aBa npoBoaa, 7000

- pacujenneHue Ha YeTbipe NpoBoaa,; 11000

- pacwjenneHue Ha LecTb U1 BOCEMb MPOBOLOB 17000

MpuMeyaHue—HanpsxeHne A Ans pacnpefenuTenbHbIX JIMHWIA HUXe, YeM ANS NIMHAK SneKTponepe-
Aayvn ¢ OAMHOYHLIM MPOBOZOM, TaK Kak B PacnpefeNUTeNbHbIX JIMHUAX BO3MOXHEI MeXAydasHble NepekpbiTUs Unu
MHOroKpaTHble NepeKpbITUA asza — 3eMIA, YTO NPUBOAUT, TakuM 0Gpa3oM, K pasfereHuio TOKOB U, B crydvae
3a3eMIeHHbIX TPaBepc, K orpaHu4eHuo aMnnnuTyabl Haberaroweil BOsHbI.
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Z3

ST

PucyHok 2a — YcTaHoBkM 6€3 KOHTypa 3aseMneHus (pacnpefenuTenbHble ceTi)

U
d
dy
A

dy T

dy

[[[] /] ]
3azemnsiollee

YCTPOWCTEO Z3

S S S S S SSS IS S /

PUcyHOK 26 — YCTaHOBKM C KOHTYPOM 3a3eMmneHust (MoACTaHLMm)

d — paccTofiHMe MexAy BblCOKOBOMLTHbIM BbIBOAOM 3alyuliaeMoro

oGopyfoBaHNA 1 TOYKOW NOAKMIOMEHWS BbICOKOBOMBTHOIO npoBoga PB (OlMH);

d, — ANVHa BbICOKOBOMNLTHOTO NpoBoAa PB (OMH); d, — annHa sasemnatoLero

nposoga PB (OMH); d, — anuHa PB (OMH); Z, — conpoTuBreHue 3a3eMneHns;
T — sawujaembiii 06bekT; U — HaberawoLasn BofiHa nNepeHanpsXeHus

PucyHok 2 — Cxema npucoeguHernsa PB (OlNMH) k sawmiiaemomy
obbekTy

Tab6nuuya 3— lMpuMepsl 3aWMUTHLIX 30H, paccunTaHHeIX No cdopmyne (10), ANa omkpbImMbIX pacnpedenumensHibIX
yempoticme (OPY)

Hanbonbllee | YpoBeHb Belgepxusaemoe 3alnTHan soHa L, M
HanpsxeHue | 3aluThl, HanpsxeHue, KB Anvxa
oGopynosa- kB Hopmnpo- | Koopana- ”POJ;eTa, A, kB rl\=l S; * r=05* r=2* IrV ==62*
Hus, kB BaHHOEe | LMOHHOe N=1| N=2| N=1 [ N=2
24 80 125 109 100 2700 — — — 2,4 4.8 3,0
200 900 — — — 10,4 | 20,8 | 15,5
123 350 550 478 300 4500 160 23 46 12,0 24 —
420 900 1425 1239 400 11000 180 28 56 16 32 —
* B eguHnyax (1) Ha 100 kM 1 Ha rog.
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MHAYKTUPOBaHHbIE IPO30BbIE NEPEHANPSHKEHUA HE0OX0AUMO paccMaTPUBATL B pacnpeaenUTENbHbIX CUC-
Temax, rae 06opyaoBaHMe He 3aLMLLEHO OT NPSIMbIX YAApPOB MOJTHWM B NPOBOAA UM OT 0GPaTHLIX NEPEKPLITHUIA.

MpumeyaHune— dopmyna (10) onucuiBaeT NageHne HanpsHkeHWs, 3aBucsLlee OT 1ogedeHus BO3AYLIHON
TMHUK, cBAi3aHHOW ¢ obopyfoBaHWeM, pu ydape MOHUU, OT CXeMbl NOACTaHLUMU U OT BbIGpaHHOW NpUeMNEeMOi HOPMbI
noBpexneHnii obopyaoBaHus. Ha OCHOBaHWUM CyLLECTBYIOWMWX [JaHHbLIX O r108edeHuu 8030ywHOU nuHUU npu ydape
MOMHUU W AeMNAUPYOLLIMX apdeKTax KOPOHbI ONnpeAenatoT KOHCTaHTY A, YTOBbI NONYUMTEL cornacue Mexay Bblgepxusa-
eMbIMW HanpsXXeHWAMMW, paccyuTaHHbIMU o cdopmyne (10), U onNbITOM 3KcnnyaTayuu, NpMobpeTeHHbIM B pesynerate
UCMoNb30BaHNA 30H 3aLUMThI B TedeHne Jonroro BpemeHu (cM. Tabnuuy 3). dopmyna (10) He AomkHa GbITb UCNonb3oBa-
Ha Ana onpefeneHns amruTyasl NEpeHanpsXXeHns ANA KOHKPETHOro rpo3oBOro criyyas Ha BO3AYLHOW NUHUMK.

Mpu BLIGOPE HOPMUPOBAHHOTO BLIAEPXKMBAEMOTO HaNPshKeHUs TPO30BOr0 MMMYNbCA 3awWwuTHasA 3o0Ha PB
(OMH) moxxeT ObITh OLleHeHa No hopmyne

NI U
(%) - v i ). (12
roe L,— 3aluTHas 30Ha;

U,z — HOpPMUPOBaHHOE BbiAEPHMBAEMOE HANPSHKEHUE rPO30BOro UMNynbca (CM. 4.1).

dopmMyna (12) nokasbIBaeT, YTO ANsi AAHHOW NOACTAHLUM 3aLLUTHAS 30HA YBENUUYMBAETCS:

- C YBEMUYEHNEM PasHULIbI MEXAY HOPMUPOBAHHBIM BbIIEPXMBAEMBIM HAMPSXKEHNEM M YPOBHEM 3aLLUTI;

- CO CHWXXEHMEM HOPMbI NPOCTOA BO3AYLUHOW NMHWUK Nepea NoACTaHUuMeN, yKka3biBas, Takum 00pa3om, Ha
BNUAHKUE YIYYLLEHHO 3aLLUTbI 3a3€MNEHHLIMU TPOCAMU M CHUXXEHHOTO COMNPOTUBIEHUS (PyHAAMeEHTa Onop;

- C YBENUYEHNEM NPUEMAIEMbIX HOPM NMOBPEXAEHUN, YTO YKa3biBaeT HAa BO3MOXKHOCTb 3aLLmMThl 060pya0Ba-
HUA, 04HaKO ¢ 6onee BLICOKON HOPMOW NOBPEXAEHUS.

Tabnuua 3 coaepXxuT NPUMEpPbI PACCUNUTAHHBIX 3ALLUTHBIX 30H, B KOTOPbIX NOAYEPKHYTbIE 3HAaYeHUs Avana-
30HOB OTHOCATCS K TEM, KOTOpbIE, KaK NpaBuno, NPUHUMAaloT. 30HbI 3aLmuThl 160 1 180 M noATBEpPXKAAIOTCA NpaK-
TUKOW ¢ 060pya0BaHMEM Ha BXOA€E NUHKK, 3awmiueHHoM PB (OINMH) Ha TpaHcdopmaTtope npu obecneyeHu non-
HOW 3aLUMTbl BO3AYLLHON NMHUM Nepea NOACTAHLMEN.

7.3.2.2 3awmTta eepmemu3uposaHHbix pacrpedenumernbHbix ycmpolicme (I'PY)

TPY cquumaiom 3almLueHHbIMU nydiue, yem OPY, Tak Kak OHU UMEIOT BOSTHOBLIE CONPOTUBIIEHUS, HAMHOIO
MEHbLLKE, YEM BOSTHOBbIE COMPOTMBIIEHUS BO3AYLLHBLIX NMHUN. Kak npaBuno, 060CHOBaHHas pekoMeHaaLmMa Ans
OLEHKM ynyyLueHus1, nonyyeHHas ans I'PY cpaBHeHnem ¢ OPY, He MOXET ObiTb gaHa. OaHAaKo UCNONb3oBaHUe
dopmyn (10)—(12), npuBeaeHHbIX BbiLLe Ans OFY, N03BOMSET NONYYNTb KOHCEPBATUBHDIE OLEHKU KOOPAUHALMOH-
HOTrO BbIAEP>KMBAEMOrO HAaNPSHKEHUSI TPO30BOI0 MMMNYJILCA UK 3aLUTHOTO AMANa3oHa 1, BO3MOXHO, CHIKEHWE
3HaYeHUs NOCTOSIHHOW A 10 MOJIOBUHBI 3HAYEHUS, YKA3aHHOTO B Tabnuue 2.

OGuiee npaBuUno COCTOUT B TOM, UTO ANA 3awmTbl [PY Heobxoaumo yctaHaenueatb PB (OMNH) Ha Bxoae
MMHUK, Aaxe KOTAA NUHENRHDIN BbIKIoYaTenb pa3oMkHYT. MoryT notpe6oBatbca gononHutensHole PB (OMNMH) Ha
TpaHcgopmaTopax unum Koraa CruLLIKOM BENWKKM oTAensowme paccrostus 4o PB (OMH), ycTaHOBNEHHBIX HA Nu-
HEeNHbIX N0AX0AAaX, MU KOrAa OXMAATCA OonbLUMe NepeHanpPsXXeHna Ha TpaHcdgopmaTope, B TO BpeMs kak PB
(OlNMH) Ha NnuHelHbIX NoAX0AAX OTKMIOYEHbI. [ns npoTspkeHHbIX MPY MOryT Takke 6biTb Heo6xoaumbl PB (OINH),
YCTaHOBMEHHbIE B Y100HbIX MEeCTax BHYTpU [PY. YiyulleHHas 3awmTa oT nepeHanpspkeHus ¢ ObiCTpoHapacraio-
LM PPOHTOM MOXKET ObITb AOCTUIHYTA NyTeM yctaHoBku PB (OMNMH) nuHeinHoro noaxoaa BHyTpu PY, uto ycTpa-
HAEeT BNusHNA npucoeauHeHui PB (OMNH) npu Hapy>xHOM nx yctaHoBke. HecmMoTps Ha To, 4To 3T0T PB (OINH) 6bIn
661 6onee goporocrosiLuum, Yem PB (OINMH) npu HapykHO# ero ycTaHoBKe, He NOHAA06ATCA AonoNHUTENLHLIE PB
(OnNH).

Ecnu B COOTBETCTBUM C 3aLLUTHBIMY Anana3oHaMu aononHuTenbHble PB (OMNH) 4omkHbI GbiTb YCTAHOBMEHBI
BHYTPU "PY, He criefyeT Nonb30BaThCs NPUONMKEHHON POPMYNON, 8 AOMKHbI ObiTb BbINOMHEHbLI PAC4EThbl METO-
A0oM BeryLmx BonH.

Sawura ¢ nomouybio PB (OlNH) ot nepeHanpsikeHuit ¢ ObicTpoHapacTalowmm hpoHTOM BHYTpU PY, Kak
NpaBunno, HEBO3MOXKHA U3-3a OYEHb BbICOKMX BbI3bIBAEMbIX 4aCTOT U 3a4E€PKKU B NpOBOAALLEM MexaHu3ame OlMH.
PB Boo6Le He 6yayT cpabaTbiBaTh.

7.3.2.3 3awmra nogcraHumii ¢ KabernbHbIM NOAKMIOYEHUEM

AHanormyHo MPY noacraHumm, NOAKMIo4HaeMble C NOMOLLLIO kKabeneil, Npu Tex e CambiX pa3Mepax, 3aLu-
LLEeHbI Ny4Lue, yem OPY, HO B STOM Criy4ae Taloke HEBO3MOXHA HUKAKasA MOMHOCTbIO 060CHOBAHHAs PEKOMEH-
Jaums.

PB (OlNH) pomkHbl ObITh YCTAHOBMEHLI B MECTE COEAUHEHUA BO3AYLLUHAA NMHUA — kabenb, YToObI 3aLu-
TUTb kKabenbHbI BBOZ. BNusHUA 0TAENSIOLLMX PACCTOSAHMIA MOTYT ObITb OLIEHEHbl KOHCEPBAaTMBHO, TAK XKe KaK U B
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cny4yae ¢ OPY. Koraa Bo Bpemsl yaapa MonHuu 6onee 4em ogHa niMHus 0CTaeTca NOAKNIOYEHHOW K NOACTaHUMUN
yepes kaberm, PB (OlNH) cnocobHbl 3awuTUTh NOACTaHUMIO. ECniv BO3mMOXkeH cny4aii, koraa kabenu, noaKmnioyeH-
HblE K MOACTaHLUMK, BO BPEMSA yAapa MOMHMUM Pa3OMKHYThI Ha KOHLIAX, M ecnu AnnHa kabenei npubnusuTensHo
B MATb Pa3 NPEBbLILLAET 3HAYEHUE, BbIYMCIIEHHOE o dhopmyne (12), pekoMeHAayTCA AoNoNHUTENbHbIE PB (ONMH)
Ha pa30MKHYTOM KOHLE. AHANOIMYHOE PELLIEHUE JOFDKHO ObITb NPUMEHEHO HA Pa30MKHYTOM KOHLIE kabenew, KoTo-
pble NoACOEeAUHEHBI K BO3AYLUHOWM NIMHUM Yepe3 NOACTaHLMIO.

7.3.2.4 3awmra kabenen

Kabenu, nogknio4eHHbIe MeXay ABYMSI BO3AYLUHBIMU IMHUAMU, JOTDKHBI ObITb 3aLUMLLIEHBbI C TOMOLLLIO PB
(OIMH) Ha 060unx KOHLAX, ecnu AnnHA kabens NpeBbILLAeT NATUKPATHOE 3HAUYEeHUe, onpeaeneHHoe B COOTBETCTBUM
¢ chopmynoii (12). MoaknioueHune PB (OlNMH) k koHUaM kaGenen gOmKHO cneaoBaTb 3ToM hopmyne.

B cnyyae kabenein Ha 72,5 KB 1 Bbille peKkOMeHAYIOTCA UCTONb30BaHME 3aLLMTHbLIX TPOCOB HA BO3AYLLUHOW
TNIMHUK PSIAOM C kabenem (OKONO TPeX NPONETOB) U HA3KUE CONPOTUBNEHUS (DYHAAMEHTOB OMNOP B MECTE MOAKIMIO-
yeHus kabene.

8 BeHTUINbHbIE pa3spsiaHUKU U HEJNTUHEWHbIE OrpPaHuYUTeNn
nepeHanpstkeHUM cneuuanbLHOro HasHaueHus

8.1 BeHTUNbHbIE Pa3pPAAHUKUA U HENIMHEMHbIC OrpaHUYMTEsNIU NepeHanpPsXeHUn ONA HeruTpanemn
TpaHcdopmaTopoB

8.1.1 O6me nonoxxeHun

OpfHO U3 Haubornee LWMPOKO pacnpoOCTPaHEHHbIX crneumanbHbIX npuMeHenuii PB (OMNH) — ana sawmrhbl
HeWTpanei TpaHcdopmaropoB. Kaxkgas HezasemneHHas HemTpanb, BbiIBEAEHHAsA Yepes U30NUPYIOLLYIO BTYSIKY,
A0MmkHa ObITb 3awuuieHa ¢ nomoLybto PB (OIMH) oT rpo30BbiX ¥ KOMMYTALMOHHbIX NEpeHanpspkeHuid. N3onauua
HenTpanu MoOXeT ObITb NOABEPrHyTa BO3AEWCTBUIO NEPEHANPSDKEHUI B Ciyyae NpUxXoAsiLLMX MHOro(pa3sHbIX rpo30-
BbIX NEPEHANPSHKEHUIA UINU B CITy4ae KOMMYTALIMOHHBIX NEPEHANPSHKEHUI N3-32 HECUMMETPUYHBIX 3aMbIKaHUI B
JMEKTPUYECKUX CETAX.

Kpome Toro, B ceTsIX C pe30HaHCHO-3a3€MITEHHOW HEUTPArbIO BbICOKME KOMMYTALIMOHHbIE NEepeHanpskeHus
MOTYT BO3HUKaTb B TPAHCHOPMATOPHOM HEUTPanu u nonepek 06MOTKK, KOrAa NPEPLIBAETCA ABOWHOE 3aMblKaHWe
haza — 3emMns, a Uenb, OCTaLWanca NOAKNOYEHHON K IMHENHON CTOPOHE TpaHcopmaTopa, MeeT Manyio
€MKOCTb Ha 3eMIio.

IponyckHas cnocobHocTb PB (OMH) HeviTpanu aomkHa ObiTb, NO KpanHel Mepe, Takow Xe, kakan Tpebyet-
cs ansa dasHbix PB (OMNH) unu Boiwe.

[OCKOMNbKY BbICOKME 3HAYEHMA TOKA OTCYTCTBYIOT, ANa onpegeneHuna sawutHoro yposHa PB (OINMH) moxxet
GbITb UCMONBL30BAHO OCTAalOLWEECA HaNPsHkeHUe Npu paspsaaHomM Toke 1 kA. na PB (OINH) HenTpanu 3awuTHoe
OTHOLLIEHWE MOXET ObITb 3HAYUTENBHO MEHbLLE Bnarogapsa MeHbLUEN CKOPOCTU HApaCTaHWA HaNpsDKEHUA.

8.1.2 BeHTUNbHbIEe PA3PAAHUKU U HESIMHEWHbIe OrpaHUYUTENN nepeHanpsHKeHun ana
TpaHcOpMaTOpPOB C NONTHON U3ONAUUEN HEUTPann

3awuTa HenTpanen ¢ NOHOMW M3onauuen MoxeT ObiTb AOCTUTHYTa npuMeHeHnem PB (OlNMH), umelowmx Tot
e YPOBEHb 3aLLUMThI, YTO U Y (hasHbix PB (OMH) unu Huxe ero. N3-3a 6onee HU3Koro HanpspKEHUS NPOMbILLINEH-
HOW 4aCTOTbl MeXay HEWTPanbIO U 3eMnein HoMUHanbHoe HanpsbkeHue PB (OINMH) HenTpanu moxeT ObiTh Oonee
HW3KOTO 3Ha4eHus. Kak npaBuno, pekomeHayeTcs, 4ToObl HOMUHaNbLHOE HanpskeHUe ObIno Ha ypoBHE, MO Kpai-
Heln mepe, 60 % HOMUHANbLHOrO HaNpsKeHUs, Heobxoanumoro ana casHoro PB (OlMH).

Wcnone3sytotr PB (OlNH) AByX BUAOB:

- UNW TOW XKe CaMOW KOHCTPYKUMUK, 4TO U dhasHoro PB (ONH), HO CO CHWKEHHbIM HOMUHAMNbHBLIM HANPSDKEHU-
em, unu

- cneuunansHble PB (OMNMH) ¢o CHUXeHHbIMU YPOBHAMM 3aLLUTbI.

Bo Bpemsi aHOMarnbHbIX YCNoBuit paboTbl CETU UMM BO BPEMSA NePeMEXAIOLLUXCH 3aMbIKaHUI Ha 3eMIto
MOTYT NPOU30ITU NEPEHaNpPsPKeHUA GONbLUION ANUTENBbHOCTU C MAKCUMYMOM aMMIUTYAbI, AOCTAaTO4YHbIM AJ151 TOrO,
4TOObI BbI3BATH CrieAyIoLLME OAHO 3a ApyrMM cpabatbiBanus PB (OMNH) u aanbHeiiiee noBpexaeHue dasHbix PB
(OIMH). B Takux cnyyasx cneayet ckoopaunnposatb PB (OlMH) Tak, utobbl PB (OMNH) HelTpanu cpabaTbiBan
paHbLue, yem PB (OINMH) mexay dasoii u semnen. PB (OMNMH) ans HerTpanm ¢ BbICOKOW SHEPruei MOXKET BblAEPIKU-
BaTb STU BO3AENCTBUA U NPeAoTBpaLLaTh nospexaerHne dasHoix PB (OMNH). PekomeHayetcs, 4To6bl ypOBEHb
3awuTbl PB (OINMH) He#Tpanu 0T KOMMYTaLWOHHBIX UMMYNbLCOB COCTABSISAN OKOS0 45 % ypOBHS 3aLUMUThI MPU KOM-
MYTaLMOHHbIX UMMYTbcax, Heo6xoaumoro ans casHeix PB (OMNH).
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8.1.3 BeHTUNbHbIE pa3psiAHNKYA U HENMMHENHbIE OrPaHUYNTENU NepeHanpsKeHn Ana HeuTpanen
TpaHcdopmMaTopoB ¢ HEPAaBHOMEPHOMN usonsauuen

TpaHcopmaTopbl C aNEKTPUYECKON NPOYHOCTLIO, r(PaayMpOBaHHON OT BBOAA (ha3bl K HEWTPArnM, kKak npasu-
110, NPUMEHSIIOT B CETSIX C 3a3eMNeHHOW HeWTpanbio. Ecnu HelTpans TpaHcopMaTopa HENoCPEACTBEHHO He 3a-
3emMneHa, YtoObl OrpaHMYMBaTL TOKM KOPOTKOTO 3aMbIKaHUA B CETU, OHA 0IDKHA ObiTh 3awmeHa PB (OMNH) ¢
XapaKTepuCTUKaMM, BbIOPAHHBIMU C y4€TOM YCIIOBUI CETU U BbIAEPXMBAEMOTO HANPSDKEHNS HEWTparnu, B COOTBET-
CTBUM C TEMM XK€ CambIMU METOAAMMU BbIOOpA, KOTOPLIE NPUMEHSIIOT Ans da3sHbix PB (OMNH).

8.2 BeHTUNbHbIE paspsiAHUKA U HENIMHEMHbIe OrPaHUYNTENU NepeHanpsbkeHui mexay dasamu

3HauuTeNbHbIE NEpeHanpskeHUsa Mexay hasHbIMM BbIBOAAMU TPAaHCOPMATOPOB UITM PEAKTOPOB BO3MOM-
Hbl MPU OTKIMIOYEHWUM PEaKTopa UM PeakTUBHO Harpy><eHHOro TpaHcdopmaropa. BelaepxuBaeMoe HanpspkeHue
peakropa unu TpaHcchopmartopa mexay dazamu MoXeT ObITh NpeBbILLEHO 6e3 cpabaTbiBaHus hasHbix PB (OMH).
Ecnm oxuaaloTcs Takme KOMMYTaLUUOHHBIE onepauuu, B A0NonHeHne K da3HbiM PB (OINMH) gomibl ObITh npume-
HeHbl PB (OMNH) mexay asamu. dasubie PB (ONH) gomiHbl UMETL ANMTENBHOE paboyee HanpshkeHue, paBHOE
unu 6onee Bbicokoe Yem 1,05 HanbonbLuero HanpshkeHusi cetu. [ina ONMH 310 3HaueHue nepekpbLIBAET KBa3uUCTa-
LMOHapPHbIE NepeHanpseHus BnnoTtb Ao 1,25 HanbonbLuero HanpsbxkeHns cetu. [insa 6onee BbICOKMX KBa3UCTaLy-
OHAapHbIX NepeHanpsHKeHUI 3HA4YEHUE HOMUHANMBHOTO HANPSPKEHUA HEOBX0AMMO YTOUHUTL. [ina PB BbiGpaHHoe
3Ha4YeHMe HOMUHANbHOIO HaNPSXKEHUS AOSMKHO NEPEKPbIBATL 3HAYEHNE KBA3UCTALMOHAPHBIX NEPEHaNPSDKEHUN.

B cny4ae TpaHcdopmaTopoB € HU3KOBOMBTHOW 0OMOTKON, COEAIMHEHHOW B TPEYrONbHUK, MOTYT ObITb HEO6-
xoaumel PB (OMNH) mexxay daszamm Ha HU3KOBOMNLTHON CTOPOHE, YTOObI OFPaHNYNTBL UHAYKTUBHO TPaHCOpMUPO-
BaHHble nepeHanpsbxkeHus. 3tu PB (OlMH) moryT Takke 3amiuarh BbICOKOBOSLTHYIO CTOPOHY TpaHcdopmatopa
NyTeM MOrfOLLEHUs SNEKTPOMAarHUTHON SHEPrUn NPU OTKIMIOYEHUU TPpaHCOPMAaTOpOB.

MeyHble TpaHcopmaTopsl MOryT noTpebosate PB (OINMH) mexxay dpazamm B gononHenume k PB (OMNH), noa-
KMIOYEHHBIM Mexay dasamu u 3emneii. fina atux PB (OMNMH) HeobxoauMbl cneumanbHble TpeboBaHus, a Takke
JOMKHbI BbITb ONPEAEneHbI X XapaKTEPUCTUKN.

8.3 BeHTUNbHbIE Pa3PAAHMKU U HENMUHEHHbIE OrpaHUYUTENU nepeHanpsKeHun Ans
BpalLaroLWwmuxcs mawmnH

HecmoTps Ha TO, YTO pekOMeHAaLMM N0 KOOPAUHALMM U3ONALIMK BPALLIAIOLLIMXCH MALLKMH HE ONpeaeneHsl,
ONA 3aLWMTbl FeHEPaTopPOB U ABUratenen oT nepeHanpsXxeHun ucnonsdyiot PB (OINH).

[ns aToli LeNKU YacTo Ucnonb3yioT cneupmansHbie PB (OMNH), a TpeboBanusa onpeaensioT nyTem cornawieHust
Mexay u3rotopuTenem u notpedutenem. B yactHoctu, B cniyyae PB (OlNH) ana 3awmTbl reHepaTopos 0coboe
BHUMaHKE JOIMKHO ObITb YAEMEHO UCNIONTHEHUIO UX NPOTUBOB3PbIBHBIX YCTPONCTB, NOCKONLKY TOKM KOPOTKOrO 3a-
MbIKQHMSA MOTYT ObITb 3aMETHO BbiLLE, YeM TOKM, yka3aHHble B FTOCT 16357 unu MOCT P 52725.

[ns MaLumH, KOTOPbIE CBA3aHbI C BO3AYLUHBIMU IMHUSIMU UIU HENOCPEACTBEHHO, UNN Yepes KOPOTKue kabe-
nu, koHaeHcatopbl (o1 0,1 o 0,3 mk®d) u PB (OINH) aomkHbI ObITb YCTAHOBREHbLI Mexay pa3on u 3emneit Kak
MOXHO BruKe K BbIBOAAaM MaLLMHbI, YTODbI pacTAHYTb (DPOHT NepeHanpsbkeHUst NpudnuanTenbHo Ao 10 MK unu
Bonee n obecneunTb AOMOMNHUTENbLHYIO 3amTy. KpoMe Toro, MoxeT ObITb NpumeHeH BTopoin komnnekt PB (OINMH)
Ha BO3AYLUHbIX JIMHUSAX Nepes MALLUMHHO CTaHLMEN UK B TOYKE COeAMHEHUS BO3AYLUHOW NMMHUK 1 kabens.

MpumeyaHue— Kpome orpaHuueHuns nepeHanpspKeHin, NPUXOAALLMX Ha MaLUUHHYO cTaHuuto, PB (OlNMH) Ha
BO3[YLLUHOW NIMHUM CHUXalOT pa3psifHble Toku Yepe3 PB (OlMH), ycTaHoBNeHHbIe Ha MalnHe. B pesynetaTe 6onee HU3-
KUX ocTaloLmxcs HanpspkeHuid aTux PB (OlNH) ocyuecTBnsieTcs AONOMHUTENbBHAA 3alliuMTa MaLUnHBbI.

Xapakrepuctuku PB (OlNMH) BbiOupaloT B COOTBETCTBMM C pasaenom 5 unu 6, a UMnynbCHYO NPOYHOCTb
M30nauuM UK 3HaYeHne, PEKOMEHA0BAHHOE U3rOTOBUTENEM, CPABHUBAIOT C ypoBHEM 3awuThl PB (OlNH). B 06-
LLIEM Crly4ae MeXay YPOBHSAMM 3aLLUUThbI U BbIAE PXKUBAEMbIMU HAMPSDKEHUAMU JOCTWXKUMBI TONbKO HEGONbLLNE
3anachl MPOYHOCTMU.

MalumHam, NoAKMIOYEHHbLIM K BO3AYLUHLIM IMHUSIM Yepe3 TpaHCopMaTopbl, MOXET He noTpeboBaTbes 3a-
wuTa c nomoupio PB (OlMH) B gononHeHue Kk 3awurte TpaHcdopMaropa, ecnv MaLuMHa noaknioveHa 4oCTaTouHO
ANMUHHBLIM Kabenem unm ecnm yCTaHOBIEHbI KOHAEHCATOPbI YKa3aHHbIX BbiLLe 3HaYeHui. Ecnu Bbiknioyarens ycra-
HOBIEH MeXay TPaHCcOopMaToOpOM M BPALLAIOLLECs MALLMHOI, KOHAEHCATOPbI 4OKHbI BbITh YCTAHOBMEHDI HA
BbIBOAAX TpaHcdopMaTopa (06MoTKax reHeparopa).

J[na maLumH, NOAKMIOYEHHbIX K TpaHcdopMaTopam ¢ 06MOTKaMm, COeAMHEHHBIMU NO CXEMe 3Be3ga — Tpe-
YrOSfibHUK, YIyYLLEHHAA 3amTa MOXeT ObITb 06ecneyeHa AoNoNHUTENbHLIMKU MexaydasHeimu PB (ONMH). PB
(OlNH), ycraHoBnNEHHbIE HA MALLMHE UITM MALLMHHOW CTOPOHE TpaHcthopmaTopa, He NoABEPXKeHbl BO3AENCTBUIO
60nbLUMX TOKOB MONHUK. CnieioBaTENbHO, HU3KUE YPOBHM 3aLLUTbI MOTYT ObiTb JOCTUTHYTbI C MOMOLLbIO HU3KUX
NpOoBUBHBLIX HANPsDKEHWIA (B cnyyae PB) u HU3KMX OCTaIOLMXCSl HANPSHKEHUI NpuU pa3paaHbIX Tokax 500 A unu
MeHee.
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BonbLune TypGoreHepaTopbl UMEIOT HU3KME BOSTHOBbIE CONPOTUBIIEHUSI U 0AHOba3HbIE COOPHBIE LUMHBI, 8
KOPOTKUE 3aMblKaHWUA Mexay pazamu 40mKHbI ObITb UCKNiodeHbl. PB (OMNMH) He A0mkHbI ObITb YCTAHOBIEHBI MEX-
Ay hazamu. [locratoyHas 3awumta MoxeT ObiTb 06ecneyeHa ¢ nomoLbio PB (OMNH) Ha BLICOKOBONLTHON CTOPOHE
TpaHcdopmartopa.

8.4 lononHuTenbHbIE CheunasnbHble CryYaum MPUMEHEHUA BEHTWbHbIX Pa3pPAAHUKOB U
HEJIMHEWHbIX OrpaHuvYuTenen nepeHanpsHkeHun

Buibop u ycraHoBka PB (OlNH) ans 3awutbl Hwkecneaytowero 060pyaoBaHnsa AOSMKHbI COOTBETCTBO-
BaTb CreumanbHbIM TPeBOoBaHUAM Ha 9TO 000pYAOBaHME, YCTAHABNUBAEMbIM MEXAY NOTpedutenemM u u3rotoBu-
TEneM:

- 060noyku kabenen AOMmKHbI ObITh 3a3eMreHbl Ha 000UX KOHLUAX. ECnn 3T0 HEBO3MOXHO ANns 04HO(a3HbIX
kabener n3-3a CHKEHUS Harpy304HOI CNOCOBHOCTM Kabensi, He3a3eMneHHbIN koHew kabenbHo 060N0YKM Aor-
>eH ObITb 3aLumileH ¢ nomoubio PB (OMNH). HomrHansHoe HanpsbkeHue atux PB (OIMH) 4onHo ObiThb BbiLLE,
YeM HaBeAEHHOE HanpshkKeHue 060novka — 3eMnsi Npyv MakCUMarnbHOM TOKE NoBpexaeHus. OHO nepeKkpbiBaeT
Tpebyemoe AnuTenbHoe paboyee HanpsbkeHne. HoMUHaNbHBINA pa3psiaHbIv TOK 40IMKEH ObITb TAKMM Xe, YTo n Yy
dasHbix PB (OlNMH) Ha koHuax kabens. 3aluTHbIN YPOBEHb OIDKEH ObITb KAK MOXHO HWXE, TaK KaK BblAEPKUBA-
emasi MPOYHOCTb 0DOMOYKM B TEYEHME CpOKa CNy>Obl HEAOCTATOUHO ONpeAernieHa u He rapaHTUPOBaHA KakuM-
nmbo cTaHAAPTM30BAHHBIM UCTILITAHUEM;

- creyuanbHbie TpaHChoPMaTOopPbI, HAaNPUMEpP NOCNEA0BaTENLHO BKMIOHMEHHbIE 0OMOTKM aBTOTpaHCchopmaTo-
pOB U NpeobpasoBaTenbHbIX TPAHCHOPMAaTOPOB;

- NOCneA0BaTeNbHO BKIMIOYEHHbIE PEAKTOPbI, HAaNPUMeEpP TOKOOTPAHUYMBAIOLLME PEAKTOPbI, BbICOKOYACTOT-
Hble peakTopbl U MOCNeA0BATENbHO BKIMIOYEHHbIE KOHAEHCATOPbI;

- PE3OHMPYIOLLME LIENU;

- TArOBbIE CUCTEMbI NEPEMEHHOTO TOKA;

- BO3AYLUHbIE MTUHUW.

8.5 BeHTUNbHbIE PAa3PAAHUKMN U HEFNTMHENHbIE OTPAHUYUTENN NEePeHanpPsXeHUN ANA aHOManNbHbIX
YCITOBUI 3KCNSTyaTauum

[ina aHOManbHbIX YCNOBMIA 3KCMNyaTaLmu HE0OX0AUMbI CNeLManbHble PeLIeHUs NPY NPOEKTUPOBAHUMN UK
npumeHeHun PB (OINMH), u Ha HUX AOIMKHO ObITh 0OpaLLEHO BHUMAHUE U3TOTOBUTENS.

Mpumepbl TaKUX YCrOBUIA:

- BbiCOTa CBbiLLe 1000 M;

- TeMnepaTypa BHe gmanasoHa oT MuHyc 60 °C go nmioc 40 °C;

- 06MmbiIB PB (OMH) nog HanpsiKeHeMm;

- CUMbHbIE NOPbIBLI BETPA;

- 3eMNeTPACEHUS;

- OrpaHnYeHHbIe PacCTOsAHNUA A0 NPOBOASALLMX MOBEPXHOCTEN.

9 [lnarHocTUYeCKne UHOUKATOPbI AN HEJIMHEMHbIX OrpaHuuYUTenem
nepeHanpsXxXeHUn B IKCNnyaraumm

9.1 O6wWwMe NoNoKEeHUA

Kpome kpaTkoBpeMeHHbIX cry4aes, korga OMH dyHKUMOHMPYET B Ka4yeCTBE YCTPOWCTBA, OrPaHNYMBAIOLLE-
ro nepeHanpspKeHNs, CYUTAaROT, YTO OH MPOABNSIET CBOMNCTBA n3onaTopa. NsonupyoLume ka4yecTsa BECbMa BaXKHbI
AN NPOAOIMKUTENBHOCTY cpoka cnyx®bl OMNMH 1 aAna HagexHocTn paboThl AMEKTPUYECKON CETH.

Mpu akennyarauum OMNH ans o6Hapy>keHMs BO3MOXHOTO YXYALLIEHWUS UMK HAPYLLEHUsI U30NUPYIOLLIMX CBOWCTB
UCMOMb3YIOT PA3NMYHbIE AUArHOCTUYECKNE METOALI U MUHAUKATOPbI — OT MHAMKATOPOB HEUCMPABHOCTEN U OTAENU-
Tenen ansa ykasanus KOPoTkUX 3ambikanuin OMNMH go npubopos, KOTOPbIE NO3BOMAOT U3MEPATb HE3HAUUTENbHbIE
WU3MEHEHUA B aKTUBHOI COCTaBNAIOLLEN TOKa YTEYKM MU MOLLIHOCTK noTepb ONMH.

Llens HacToAILLErO pasaena — NpegocTaBuTb NOTPEOUTENIO PYKOBOACTBO NPKU PACCMOTPEHUN BO3MOXHOC-
TeW MCNOMb30BaHUs Kakoro-nmbo AUarHoCTMYeCcKoro MeEToAa, a Takke 0630p 00LLeNnpUMEHAEMbIX AUarHoCTUYeC-
kux MeTofos. MNpuseaeHa Takxe nogpobHasa nHdopmMaLmus OTHOCUTENBHO 3MEPEHUI ToKa yTeukn OMH.

MpuMeyaHus

1 OuarHocTnyeckue ycTpoiicTBa CrefyeT NPoekTUpoBaTh W aKCMyaTupoBaTh Tak, 4To6bl 06ecneynsats Gesonac-
HOCTb NepcoHana BO BpeMs M3mMepeHus. [pn NpoeKTUpoBaHMW U yCTaHOBKe CTaLMOHapHLIX YCTPOWCTB AOSKHEI ObiThb
yYTeHbl BO3J€NCTBUS, BO3MOXHbBIE B pabounx pexumax 1 npu KopoTKUX 3amblKaHUSIX.
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2 [ns npuMmeHeHus oTaenbHbIX AnarHocTudeckux metogos y OMH gomkeH GbiTb N30NMMPOBaHHLIA 3EeMITAHOM
BbIBOA. OH JOMKEH UMETb JOCTAaTOMHO BLICOKMIA YPOBEHb BLIAEPXMBAEMOro HanpsXKEHUsA, yuuThiBalowWuin nosieneHue
WHOYKTUBHOrO MajieHUs1 HanpsikeHa MeXAy BLIBOAOM U 3a3€MNEHHBIMU YacTAMU BO BPEMA NPOXOXAEHUA pa3psAHOro
ToKa.

9.1.1 UnaukaTopbl HEUCNPABHOCTEN

MHavkaTopbl HemcnpaesHocTeln o6ecneunBaloT YeTKYIO BU3yanbHYIO MHAUKaUMIO nospexxaeHHoro OMNH G6e3
OTKIIOYEHUS €70 OT NIUHUK. YCTPONCTBO MOXET ObITh COCTaBHON YacTbio OINMH unu otaenbHoOM eauHULEN, YCTaHOB-
nexHon nocneaosatensHO ¢ ONMH. MpuHUMN aeicTBUA, Kak NPaBUNO, OCHOBAH HA aMNANTYAE U NPOAOSTKUTESNBHO-
CTW nNpoTekaHuns Toka yepes OMNH unu Ha TemnepaType HENUHENHBIX METANSIOOKCUAHbBIX PE3UCTOPOB.

9.1.2 Otgenurenm

OTaenuTenu, 4acTo ucnosnb3yemble Ha OINMH cpeagHero HanpsXXeHUs, 06eCNeYnBaloT BU3YarnbHYIO UHAUKA-
uuto nospexaeHHoro OINMH nyTem oTknioYeHus ero oT cetn. TUNUYHBIN NPUHLUMN PABOTbl OCHOBAH HA HANMUYUK
B3PbIBHOMO YCTPOWCTBA, MPUBOAUMOTO B AEWCTBME TOKOM KOPOTKOTO 3aMblKaHUSA; 0AHAKO OTAENUTENb HE NpeaHa3-
HayeH OTKIMI0YaTb TOK KOPOTKOTO 3aMblkaHusl. OTaenuTenb MOXeT BbiTk COCTaBHOM YacTbio OMH unu usonupyto-
LLIer KOHCOSbHO, UMK OTAENbHON eAUHNLEN, YCTaHOBEHHOW nocneaosaTenbHo ¢ OMNH. MNpenmywecTso ycTpon-
CTBa COCTOMT B TOM, UTO NIUHUA OCTaeTcA B pabote nocne otknoveHns ONMH. OCHOBHON HeAOCTaTOK 3aKnio4aeT-
€S B OTCYTCTBMM 3aLUMThbl OT NepeHanpshkeHuit 40 TeX Nop, noka nospexaeHHbit ONMH He ByaeT oGHapyxeH u
3aMEHEH.

9.1.3 CYeTYUKN UMNYNBLCOB

CyeT4MKn MMNYNbCOB cpabaTbiBalOT NPU UMNYJIbCHBLIX TOKAX BbILLE ONPeAENeHHON aMNnUTYAbl MK Bbile
onpeaeneHHbIX KOMOMHALMI aMNAUTYAbl TOKa M €ro NPOAOIKMTENBHOCTU. ECnn nHTepBan mexxay paspsgamu
o4yeHb Man (MeHee 50 MKC) CHETYMKN UMNYNbCOB MOTYT HE YYECTb KaXKablil UMNYNbC TOKa. HekoTopble CHETUUKN
TPeOyIoT NOCEeAYIOLLEro TOKA NPOMbBILLMIEHHON YaCTOThbl, NOSTOMY OHW HE MOTYT CYMTaTb KOPOTKUE UMNYNbCHBLIE
Tokun Yepes OlNH.

B 3aBMCHMOCTM OT NpUHLUMNA AEUCTBUSA U YYBCTBUTENBHOCTU CHETUUK MOXKET NPEAOCTABUTL MHAUKALMIO O
NepeHanpPsHKEHUNAX, NOSIBNSAIOLLIUXCS B CETU, NN OH MOXET o6ecneuntb MHGOPMaLMIO O KONMYECTBE pa3paaos,
COOTBETCTBYIOLLMX 3HAYUTENbHbLIM SHEPreTu4eckum Bo3aencTensam Ha OMNH, HO He AaeT HUKaKon cneumanbHON
UHpopMaLmm OTHOCUTENBLHO COCTOAHUA ONMH.

Mcxoas us TpeboBaHuii 6€30nacHOCTU CHETUUK MMNYNLCOB CNeAyeT YCTAHABNUBATL BHE 30HbI NETKOW A0CS-
raemocCTu NepcoHanom. OH AOIDKEH ObITb PACMONOXEH TaM, A€ MOXET ObITb CYMTaH C YPOBHS 3€MNU, NPU 3TOM
OlNMH pgomkeH octaeBaTtbes B akcnnyarauun. MoHTaXk cneayeT npoBoAUTbL 6e3 3HAUUTENBHOTO YANTMHEHUS CBA3U C
3EMMen Unu CHUXKeHus ee nonepeyHoro ceyeHus. ONH pomkeH ObiTb OCHALLEH U30NUPOBAHHBIM 3€MIISIHLIM Bbl-
BOAOM M npoBoAom Mexay OMNMH 1 cHETYMKOM, KOTOPbI U30STMPYIOT OT 3EMIN.

9.1.4 icKpoBble NPOMEXYTKMN Arii MOHUTOPUHIA

McKkpoBbIe NPOMEXYTKU AN MOHUTOPUHIA UCTNIONBL3YIOT AN ONPEeAeneHnst YACna 1 OLIEHKM aMnanTyabl U
NPOAOIMKUTENBHOCTU pa3psaaHbIX TOKOB Yepes OlNH. Heobxoaum cneuumanbHbIi OnbiT, YTOObI COOTBETCTBYIOLLMM
06pa3om MHTEPNPETUPOBATb 3HAKKU HA NPOMEXYTKe. HEKOTOpbIE MCKPOBbLIE NPOMEXYTKM MOTYT ObITh NPOBEPEHBI C
OlMH B ycnoeusAx akcnnyatauuu, B TO BPEMs Kak NP UCMONb30BaHUM APYrMX TUMOB UCKPOBLIX NPOMEXYTKOB
Tpebyetcs, utobbl OMH 6bin oTKMO4YEH. Heobxoaumo, uTobbl OMNMH uMmen BbIBOA, U30NUMPOBaHHBLIN OT 3eMnu. C
ZpPYrov CTOPOHbI, UCKPOBOW MPOMEXKYTOK MOXET ObITb cOcTaBHOM YacTbio OINH. VckpoBbie NpoMeXXyTkW He npeao-
CTaBnNSAOT HUKAKOW NPAMOIN MHAOPMALMKM OTHOCUTENBHO AENCTBUTENBHOIO COCTOsAHMA OMNMH, HO NO3BONAIOT cae-
naThb 3aKIOYEHNE OTHOCUTENBbHO NPOAOIHKEHNS PaboThl.

9.1.5 IamepeHua Temnepartypbl

[uncraHumoHHoe namepenne Temnepartypbl ONMH MOXET ObITb BbINONIHEHO NOCPEACTBOM METOA 0B, OCHOBAH-
HbIX HA TEPMUYECKOM OTPaXKEHWUU. OTU U3MEPEHUS TONBLKO NPMBNU3NTENBLHO XapakTepusyioT cocrosHue OMNH, B To
BPEMS KaK nepenaj temnepaTypbl MEXAY BapUCTOpaMu N NOBEPXHOCTLIO MOKPLILLKM MOXET BbITb CyLLECTBEH-
HbIM. TeM He MeHee, CpPaBHUTENMbHbIE U3MEPEHUs], BbINOMNHEHHbIE Ha coceagHux OINMH nnu anemextax OMH, moryt
yKasaTb Ha Ype3MeEpPHbIN HarpeB.

MpsiMble M3mepeHusa TemnepaTypbl METANIOOKCUAHOIO BAPMCTOPA MNO3BOMNSOT NOMYYNUThL TOUHYK UHAMKA-
uuto coctosiHuA OlMH, Ho TpeByeTca, utobbl OMH 6b1n 060pYAOBaH CneLmanbHbIMK NpeobpaszoBaTensiMu BO Bpe-
M$i U3roTOBNEHWS. CneaoBaTentHO, 3TOT METOA MOXKET ObITb UCMONb30BAH TOMBLKO B Cry4ae NPUMEHEHUS crieuu-
anbHbIX OMMH.

9.1.6 MU3amepeHusa Toka yteukm yepes OlMNH

Jio6oe yxyaLueHue usonupytoLmx coincts OINH BbI3OBET YBENUYEHWUE aKTUBHO COCTaBIIAOLLEN TOKA YTEUKN
UM MOLLHOCTU MOTEPb MPU AAHHbLIX 3HAYEHUAX HANPSHKEHUS U TeMNepaTypbl. BONLLIMHCTBO ANArHOCTUYECKUX
MEeTOA0B ANs onpeaeneHns coctosaHna ONH 0CHOBaHbI HA U3MEPEHUAX TOKA YTEYKU.
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MeToabl U3MEPEHUS TOKA YTEYKM MOTYT ObITb pasaesieHbl Ha ABE IPynnbl: HEa8MOHOMHbIE U3MEPEHUS,
korga OIMH noakmo4YeH K CETU U HAXOAUTCA Nog pabo4nm HanpsiXKeHUEM BO BPEMST AKCNIyaTauuu, U agmoHOoM-
Hbie n3mepeHus, korga OMNH OTKMIOYEH OT CETU U HAXOAUTCA Mo 0COOLIM HANPSXKEHUEM CTOPOHHEr0 UCTOYHUKA
Unu B nabopaTopHbIX YCIOBUAX.

ABMOHOMHbIE U3MEPEHUSA MOTYT ObITb BbINOMHEHbI C UCTOMHUKAMWN HANPSHKEHUA, CNeLManbsHO NPUCnocot-
NEeHHbIMWU AnA 3TON uenu, HanpuMmep nepeaBu>XHbiMU UCTbITATENbHBIMKU rEHepaTopaMn NepemMeHHOro unm Nnocro-
AHHOIO TOKa. XOpOLLIaFI TOYHOCTb MOXET ObITb nony4yeHa nyreém npuMeHeHusa asmoHOMHbIX METOA0B Nnpu
YCMOBUW UCMONMb30BaHMSI AOCTAaTOMHO BbICOKOTO UCMLITATENbHOIO HanpspkeHusi. OCHOBHbIE HEZOCTaTKM aBToO-
HOMHbIX METO/IOB 3aKMO4aloTCA B BbICOKOW CTOMMOCTHU 0B0pyaoBaHuA U HeobxoaumocTu oTknoyveHus OrNMH
OT CETU.

Haunbonee pacnpocTpaHeHbl U3MepPEHUS, BbINOSHAEMbIE HEa8MOHOMHO NOA HOpMarnbHbIM paboynm Hanpsi-
»eHueM. Mo NpakTUYeCKMM NPUHKMHAM U € y4eTOM TpeboBaHuit 6e30MacHOCTM TOK yTEUKHM, Kak NPaBuno, 4OCTYNeH
TOMNbKO Ha 3a3emneHHoM koHue OIMH. nsa Toro 4to6bl OCYLLECTBUTL U3MEPEHMWA TOKA YTEYKU, NPOTEKAIOLLErO B
3eMnsiHom nposoge, OMNMH gorkeH GbiTe 060pYA0BaH U3ONMPOBAHHbLIM 3EMIIAHbLIM BbIBOZOM.

MpuMedaHne— M3onaAuns 3eMnaHOro BeIBoAa LOMXKHA, Kak U Mocre ANUTenbHoW Aerpajauuy, 6biTb
LOCTaTO4HOM, YTOBLI NPesoTBPaTUTL LIMPKYMALMUI TOKOB, BbI3bIBAEMbIX SMEKTPOMAarHUTHOM WHAYKLMEN, NOCKOMbKY 3TH
TOKM MOTYT MellaTb U3MEepPEeHNo ToKa YTEYKN.

HeaemoHOMHbIe N3MepeHUsi TOKOB YTEYKM, Kak NpaBusio, NPOBOAAT Ha BPeMEHHOW OCHOBE, UCNONb3YS ne-
PEHOCHbIE UK NOCTOSHHO YCTaHOBMEHHbIEe NPUBOPLI. MepeHOCHbIe NPMBOPbLI NOACOEAMHAIOT K 3€MNAHOMY Bbl-
Boay OINMH nocpeaCcTBOM 3aXMMOB, a8 NOCTOSIHHO YCTAHOBIIEHHbIE — Yepes TpaHCcopMaTop Toka. AnutenbHble
N3MEepPEHUsI TOKa yTEUKN MOTYT ObITb HE0GX0AMMbI 4N 6onee noapobHbIX UCCRea0BaHuin, 0COOEHHO ecnu KpaT-
KOBPEMEHHbLIMU U3MEPEHUAMU OBHAPYXEHbI 3HAYNUTENbHbIE U3MEHEHUA B COCTOAHUM ONNMH. AncTtaHuMOHHbIE U3-
MepeHUsi MOTYT ObITb OCYLLIECTBIEHbI B KOMIbIOTEPU30BAHHbIX CETAX 41151 HabniogeHus 3a N0ACTaHUMOHHBIM 060-
pyAOBaHUEM.

9.1.6.1 CBOINCTBA TOKA YTEYKWU HENTMHENHBIX METANMOOKCUAHbIX PE3UCTOPOB

MepemeHHbI TOK YTEHYKM MOXET ObITh pasgeneH Ha eMKOCTHYIO M aKTUBHYIO 4acTu ¢ npeobnaaatoLuei eMko-
CTHOM U 3HAYUTENBHO MEHbLLIEN aKTUBHOM COCTaBNAOLLEN. OTO BUAHO Ha PUCYHKE 3, HA KOTOPOM NOKa3saHbI pe-
3ynbTarbl TUMMYHOTO NabopPaTOPHOIO M3MEPEHUS TOKA YTEYKM E4UHUHMHOTO HEMMHENHOTO METANMOOKCUAHOIO pe3u-
CTOpa, HAXOAALLErocs No4 HanpPsHKEHNEM, SKBMBANEHTHbIM HanbonbLIeMy ANUMTENLHO 40NyCTUMOMY pabouemy
Hanpsbkeruto U, cobpaHHoro OMMH.

WcnbitatenbHoe Hanps>XeHue, TOK yTe4KU
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PucyHok 3 — TUNWYHBIA TOK YTEYKU HENMUHERHOro METannooKCUAHOro pesncTopa
B NabopaTopHbIX YCroBUsSX
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Ha pucyHke 4 nokasaHbl pe3yrbsraTtbl U3MEPEeHWI TOKa yTeuku B ABYX pasnuyHbix OMH B akcnnyatauum npu
YPOBHSIX HANPSHKEHNS HECKONbKO Gonee HU3KkUX, Yem U,

PUCYHOK 4 MNniOCTpUPYET TaKKE BNUAHWE Pas3fMYHbIX YPOBHEN COAEPXKAHWA TapMOHUK B HaMpshke-
HUU CETHU.

Tok yTeuku, MA
4

3 3
\ Bbicokoe copepxaHme
2 ‘ TAapMOHMK —
/ : \Xx B HanpsiXeHun ceTn
1 D e e

_1 \/
Huskoe cofepxaHue V

2 TaPMOHUK
B HaNpsKeHN CeTm

-3

-4
Bpems

PucyHok 4 — Tunn4Hblin Tok yTedk OMNH B ycnoBusix akennyarauu

9.1.6.1.1 EMKOCTHbIN TOK yTEYKM

EMKOCTHBI TOK YTEYKU, UBMEPEHHBIN HA 3eMNsiHOM BbiBoA e OlNMH, BbI3bIBAETCA ANINEKTPUYECKON NPOHULA-
€MOCTbH HEMUHENHBIX METANNOOKCUAHBIX PE3UCTOPOB, NAPA3UTHLIMU EMKOCTSMU U BbIPABHUBAIOLLIMMMN KOHAEH-
catopamu Npu X NPUMEHEHUN. YaenbHasi EMKOCTb PE3UCTOPHOTO fieMeHTa COCTaBIIAET, Kak npasuno, ot 60 o
150 nd-kB/cM? (HOMUHAMNBHOE HAMNPSHKEHNE), MPUBOAS B PE3YNETATE K MAKCUMATbHOMY 3HAYEHUIO EMKOCTHOTO
TOKa yTeukun npubnuantensHo ot 0,2 40 3 MA NPW HOPMAarnbHbIX YCNOBUAX SKCNAyaTaumu.

OTCyTCTBYIOT Kakue-nmbo aokasatenbCTBa TOro, YTO eMKOCTHbIV TOK 3HAUUTESIbHO U3MeHuncs Obl Bonea-
CTBME YXYALUEHUS BONMbTAMMNEPHbLIX XapaKTePUCTUK HENMHERHbIX METaNNOOKCUAHbLIX pe3ucTopos. Crnegosa-
TENbHO, MaNOBEPOSATHO, YTO PE3yNbTarbl M3MEPEHUS EMKOCTHOTO TOKa MOTYT HaAEXHO YKa3blBaTb HA COCTOS-
Hue OlMH.

9.1.6.1.2 AKTUBHbIN TOK YTEYKM

Mpw 3aaaHHbIX 3HAYEHUSIX HANPSDKEHNA M TEMNEPaTypbl aKTUBHAA COCTABMAOLLAA TOKA YTEUKU CITY>KUT YyB-
CTBUTESbHbLIM UHAUKATOPOM U3MEHEHUIA BONETAMNEPHBIX XapaKTEPUCTUK HENMHENHBIX METANMOOKCUAHbLIX PE3NC-
TOPOB. AKTUBHbI TOK, CrE0BATENbHO, MOXET ObITh UCMONB30BAH B KAYECTBE MHCTPYMEHTA AUArHOCTUYECKOW
UHAMKALMKU U3MEHEHUI B cocTosiHuM ONMH npu akcnnyatauuu. TUNMYHbIE aKTUBHbIE U EMKOCTHbIE BOMLTaMMepHble
XapaKkTEePUCTUKN ANA HANPSHKEHWUS NEPEMEHHOTO TOKA MOKa3aHbl HA pUCYHKe 5. [ina CpaBHEHWUs1 HA PUCYHKe 5
NoKa3aHbl TAKKe TUNUYHbIE XapaKTEPUCTUKU MPU NOCTOSSHHOM TOKE.

AKTVUBHYIO COCTaBNSIOLLYIO NPU HANPSXXEHUU NEPEMEHHOTO TOKa ONpeAensioT Kak ypoBeHb TOKA B TOUKE
MakcuMymMa HanpskeHus (dU/dE = 0), kak noka3aHo Ha PUCYHKE 3. AKTUBHbIW TOK YTEYKM HENMHENHOro meTar-
MOOKCUAHOTO pesncTopa coctaBnsaeT oT 5 % A0 20 % eMKOCTHOrO TOKa Npu HOPMarnbHbIX pabounx yCroBUsx,
COOTBETCTBYS NpubnunantensHo ot 10 40 600 MKA MakCMMAanbHOIO 3HaYEHNUS aKTUBHOTO TOKA Npu TEMMNepaType
+20 °C.

B Anana3oHe ToKa yTEYKM aKTUBHBIN TOK 3aBUCUT OT HAMNPSHXKEHUSA M TeMNepaTypbl. TUMUYHBLIE 3HAYEHUA
SaBVICl/IMOOCTeIZ HanNpsHKEHUs! U TEMNEPATYPbI NPU HANPSHKEHWUN NEPEMEHHOTO TOKA, NPUBEAEHHbIE K U, n TeMnepa-
Type +20 C COOTBETCTBEHHO, YKa3aHbl Ha pUCyHKax6 n 7.
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3aBUCMMOCTL OT TEMNEpaTYPbl, OTH. 4.
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=i~ — aKTUBHbLIN TOK;
=i — TPETLR FAPMOHUKA TOKA;
-~ — MOUIHOCTL NOTEPL

PucyHok 7 — TunnyHas HopMmanusoBaHHas 3aBUCUMOCTb OT TemnepaTtypbl Npu
HanGornbleM AAUTENBHO A0NYCTUMOM patodem HanpsokeHun Uyp

Pacnpeaenenue HanpsxeHns aonb OMNMH MoxeT ObITb HEpaBHOMEPHbIM, NPEXAE BCEro U3-3a BANSHUA
napasuTHbIX EMKOCTEW Ha 3eMSI0 U cocegHee o6opyaoBaHue. HanpspkeHue, NPUNOXXEHHOE K HENIMHEVHbIM MeTart-
NOOKCUAHBLIM PE3UCTOPaM Ha 3a3eMIeHHOM koHue OFMH, MoxeT, cneaoBaTesibHO, OTNUYATLCA Kak N0 amnNnuTyae,
Tak 1 no pase oT cpeHero 3HaveHus HanpspkeHna saonb ONMH. [aHHbIi (hakTop BNUSIET HA U3MEPEHUE aKTUBHOTO
TOKa YTEYKU ABYMS NYTAMM: BO-NEPBbIX, aKTUBHBLIN TOK, M3MEPSIEMbII B 3€MNIIHOM NPOBOAE, 3aBUCUT OT aMNSINTY-
Abl HANPSHKEHUA, NPUIOXEHHOTO K HENMMHEWHBIM METAINIOOKCMAHBIM PE3UCTOPaM Ha 3a3€MINEHHOM KOHLE, Cneso-
BaTesIbHO, U3MEPEHHbIN aKTUBHbINA TOK MOXET OTAIMYATLCA OT CpeAHEro akTMBHOro Toka Baonb OMNMH. Bo-BTOpbIX,
CABUT NO tha3e HanNPsXKEHUS, MPUITOXKEHHOTO K HENTMHERHBIM METANNOOKCUAHBIM PE3UCTOPAM Ha 3a3€MITEHHOM
KoHLe OlNH, BnusieT Ha pesynsTat U3MEPEHUS aKTUBHOTO TOKA A1 METOA0B, UCTONb3YIOLLMX HANPSDKEHNE, NPUIo-
»eHHoe k cobpaHHomMy OlMH, B kayecTBe oueHkM ha3oBoro yrna.

Opyroin nogo6HbIi heHOMEH, KOTOPLIN MOXET BIIUSITb HA U3MEPEHME aKTMBHOTO TOKA NPU UCTIONb30BaHUK
TOYHbIX METOZ0B, — 3TO €MKOCTHbIIi TOK, HAaBOAWUMbIW B 3eMnAHOM nposoae OMNH cocegHumu dhasamu.

9.1.6.1.3 FapMOHUKM B TOKE YTEYKU

HenuHeHas sonsTaMnepHasn xapakrepuctuka OlNH Bbi3bIBAET POCT rapMOHUK B TOKE yTe4ku, koraa OMNH
Harpy»xaeTcs CMHyconaanbHbIM HanpsbkeHnem. CoeprkaHne rapMoHUK 3aBUCUT OT aMNMTY bl aKTUBHOTO TOKa 1
CTENEHU HeNMHENHOCTK, KoTopas NnpeacTaBnaeT co0om PyHKLUMIO HANPSHKEHUS U TeMnepaTypbl. Hanpumep, cogep-
KaHWE TPETbEW rapMOHUKM aKTUBHOTO TOKA COCTABMAET, kak npasuno, ot 10 % 10 40 %. CoaepkaHne rapMOoHuK,
cneaoBarenbHO, MOXET BbITb MCMONbL30BAHO B KAYECTBE MHAMKATOPA aKTUBHOrO TOKa. Ha pucyHkax 6 u 7 nokasa-
Hbl TUNMWYHbIE 3HAYEHNS USMEHEHUI TPETLEWN MO NOPSAAKY FAPMOHUKM OT HANPSXKEHUA U TEMNEPaTYPbI.

Opyrum UCTOYHUKOM FrapMOHMK, KPOME HE MPUHUMAEMBbIX B PACHET UCTOYHMKOB, KOTOPbLIE MOTYT 3HAYUTENb-
HO BMUSITb HA U3BMEPEHNE raPMOHUK B TOKE YTEUKU, CIIYXUT COAepKaHME rapMOHUK B HANPS>KEHUM ceTu. EmkocT-
Hbl€ TOKM raPMOHMK, BbI3BaHHbIE FAPMOHUKaMU HaNPsXEeHNUS, MOTYT BbITb TOTO Xe CamMOoro nopsaka no aMmnnuTyae,
Kak U TOKM rapMOHUK, CO3A4aHHbIX HeNMHenHbIM conpoTueneHnem OMH. MpruMep rapMOHUK B TOKE YTEYKU, BbI3BAH-
HbIX rAPMOHWUKaMU HaNPSHXKEHUA CETU, NPUBEAEH HA PUCYHKE 4.

9.1.6.1.4 MoLHOCTL NOTEPL

MoLyHOCTL NOTEpPb MOXET ObITh MCNOMNb30BaHA ANA AnarHocTuydeckon nuaukauumn ONMH Tem xe cambiM
CNoco6OM, KaK U aKTUBHbIN TOK YTEYKW. TUNUYHBIE 3HAYEHUS MOLLHOCTU NOTePb COCTABNAOT OT 5 0 300 MBT/kB
(HOMWUHaNBHOro HanpsxeHust) Npu U, u + 20 °C. 3aBUCMMOCTU TEMNEPATYPbI U HAMPSDHKEHNSA MPAKTUYECKM TE e
camble, YTO U ANl aKTUBHOIO TOKA, Kak BUAHO U3 PUCYHKOB B U 7.

9.1.6.2 TOK YTEYKM MO NOBEPXHOCTU

Kak v y nioboro agpyroro usonaropa Ans Hapy>kHO YCTAHOBKM, TOK YTEYKU MO HAPYXXHOM NMOBEPXHOCTH
MOXET BPEMEHHO NOABMATHLCA Ha NoKpbiLke ONH npu 4oXae unm B yCrioBUSAX BbICOKOW BAXHOCTU, COMETAEMBIX
C NOBEPXHOCTHBLIM 3arpsAsHeHneM. Kpome TOro, TOK YyTEYKM MO BHYTPEHHEW MOBEPXHOCTU MOXKET NOSIBNSATHLCA
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13-3a NPOHMKHOBEHUS Brnaru. Bo BpemMs uamepeHunin TOk1 rno noBepxXHOCTU MOTYT HaKNaAbiBaTbLCA HA TOKU YTEUKU
pe3nucTopoB, OAHAKO A Pa3NMYHbLIX METOZI0B U3MEPEHUIA YYBCTBUTENBHOCTL K BHELLIHUM U BHYTPEHHUM NOBEPX-
HOCTHBIM TOKaM MOXET ObITb PasnuyHON. BnusiHne Toka yTeuku no BHELLUHER NOBEPXHOCTU MOXKET ObITb UCKMIOYEHO
UMK BbINOSTHEHWEM U3MEPEHMUI B CyXMX YCITOBUSIX, UIM MPUMEHEHWEM Nioboro Apyroro yaobHoro Metoaa, Hanpu-
Mep OTBEAECHMUEM TOKA YTEYKN NO NOBEPXHOCTU B 3EMITIO.

9.2 N3mepeHune NOSTHOro TOKa yTe4Ku

MonHbIN TOK yTEYKM 3aBUCKT, MaBHbIM 0Opa3oM, OT EMKOCTHOIO TOKA, NOCKOMNbKY aKTUBHAs COCTaBnNALLas
HaAMHOrO MEeHbLUEe €eMKOCTHOW COoCTaBnsaloLLen Toka. Kpome Toro, eMKOCTHaA U akTUBHaA COCTaBNAOLLUE TOKa
oTnMyaloTca no dase Ha 90°; criegoBaTenbHO, TpebyeTcst 60MbLUON POCT aKTUBHOTO TOKA HENMMHEWHbIX METasns00kK-
CUAHbIX PE3UCTOPOB NEpPes TeM, Kak MOXET OblTb OTMEYEHO 3HAYUTENbHOE M3MEHEHUE B YPOBHE MONHOTO TOKa
yTe4ku. Kpome Toro, nosHbIiN TOK YTEYKU YYBCTBUTENEH K MECTOMOSOXKEHUIO, MOCKONbKY €MKOCTHbIN TOK 3aBUCUT
OT NapasuTHbIX EMKOCTEN.

OI'IepaTl/IBHb]VI PEXUM N3MEPEHUA NONHOI0 TOKa yTe4KM LUMPOKO NCNOJb3YHT HA MPakTuke nocpeacrsom
NpUMeHEeHUs1 0BbIMHBIX MUNIMAMNEPMETPOB, BCTPOEHHBIX B CHETYMKU UMMNYNBCOB UMK NEPEHOCHbIE NPUBOPSI, No-
KasblBawoLye 4eNCTBYIOLLEE, CPEJHEee U MakcumarnbHOe 3HaYeHMe MOSTHOrO TOKA YTEYKM.

YyBCTBUTENBHOCTb AENCTBYIOLLIETO, CRPEAHEr0 UK MaKCUMAarnbHOIO 3HaYEHWUS NOSTHOMO TOKA YTEYKU K U3Me-
HEHUAM B aKTUBHOM TOKE UMIIOCTPUPYETCA PUCYHKOM 8. Hu3kaa 4yBCTBUTEIbHOCTb K USMEHEHUSIM B YPOBHE
aKTMBHOrO TOKA YTE4KM NO3BOJIAET UCMOMb30BaThL U3MEPEHME NMOSTHOIO TOKA YTEYKU B Ka4eCTBE ANAarHOCTUHECKOro
“HAMKaTOpa TOMbKO B PEAKUX Cry4asiX, KOr4a akTUBHbIA TOK HAXOAUTCSA B TOM XKe AWana3oHe, YTO U eMKOCTHbIN TOK.

OTHOGMTENBHBIA POCT OBLIETD TOKA YTEHKKN
18
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OTHOCUTENLHBIN POCT AKTUBHOMD TOKA YTEUKY:
== — MAKCHMANLHDE IHAYSHWE;

~E~ — CpeAHEe 3HAMEHUE;
=& —AenCTayowee aHaveHme

PucyHok 8 — BnusiHme pocTa akTUBHOIO TOKa YTEYKU Ha POCT MOSTHOFO TOKa YTEYKM

9.3 U3smepeHUe aKTMBHOIO TOKa YTe4KU USTM MOLLLHOCTU NOTEPb

AKTUBHAs 4aCTb TOKA YTEUKU UMM MOLLHOCTb MOTEPb MOXET ObITb ONpeaeneHa UCNoNb30BaHNEM HECKOSb-
Kux MeToZ10B. MoryT GbITb YCTAHOBIIEHbI TPU OCHOBHBLIX METOA1a, Pa3[i€NEHHbIX HA Pa3NU4YHbIE rpynnbl.

Metoa A: HenocpeaCTBEHHOE U3MEPEHUE aKTUBHOIO TOKA YTEUYKU. TOT METOA MOXET ObITb NoapasaeneH
Ha YeTbIpe rpynnbl B 3aBUCUMOCTU OT CNOCO6A BbiAENEHUSI aKTUBHOM COCTaBNSIIOLLEN TOKA YTEYUKU:

A1 Vcnonb3oBaHue HaNpsDKEHUA B KAYECTBE ITANOHA.

A2 KomneHcauusa eMKOCTHOWM COCTaBNSAIOLLEN TOKA YTEUYKU MYyTEM UCMONb30BAHUS HANPSXKEHUA B KAYECTBE
curHana.
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A3 KomneHcaums eMKOCTHOW COCTaBnAIoLLEN ToKa yTeuku 6e3 uCnonb3oBaHUS HANpPsH>KEHUs1 B Ka4eCcTBe
curHana.

A4 KoMmneHcauus eMKOCTHbIX COCTaBALWMX TOKA YTEYKM NyTEM KOMOMHaLMM TOKOB Tpex ¢as.

Metoa B: KocseHHoe onpeaeneHne akTMBHOW COCTaBNSAIOLLIEN MOCPEACTBOM FAPMOHUYECKOTO aHanM3a Toka
yTeuku. 3TOT METOA MOXET ObITb NoAPa3AEnNeH Ha TPU rpynnbI:

B1 AHanu3 TpeTben No NOPSAKY rapMOHUKN TOKA YTEYKU.

B2 AHanu3 TpeTben No NOPAAKY FAPMOHUKN C KOMINEHCALMEN rapMOHUK B HANPSDKEHNU CETU.

B3 AHanu3 nepBoi NO NOPAAKY rAPMOHNKU TOKA YTEUKM.

MeToa B: HenocpeacTBeHHOE onpeaeneHne MOLHOCTH NOTEPb.

9.3.1 Metoa A1. Ucnonb3oBaHue HaNPAXEeHUA B KayecTBe 3TarioOHa

MeToa 0CHOBAH Ha UCNOMb30BAHWUM STANOHHOTO CUrHaNA, NPeACTaBNAILWEro co00i HanNpsHkKeHue, NPUNo-
»eHHoe K OIMH. 3TanoHHbIN curHan MOXeT ObiTb MCNONb30BaH AJIA NPSIMOTO CYUTLIBAHUS aKTUBHOW COCTaBNSAIO-
LLier TOKA YTe4KU B MOMEHT, KOrga 3Ha4YeHUe HanpsbKeHNA paBHO CBOEMY MakCUMarnbHOMY 3HaveHuio (dU/dE= 0).
HanpspkeHue u ypoBeHb akTUBHOFO TOKa MOTYT BbITb CU4MTaHbI C ocuurnorpaca unm nogobHoro ycrpoicrea. 3Tot
METOA, KaK NpaBuso, UCNosb3yIoT B nabopaTopuu Ans TOUHOTO OnpeieNIeHNsl akTUBHOTO TOKA, MOCKOSILKY 3TanoH-
HbIl CUrHAN Nerko NONy4aloT C AENUTENA HANPSHYKEHUS, UMEIOLLIETO JOCTAaTOYHO HE3HAYMTENBHDIN CABUT MO hase
(CM. pUCYHOK 4).

Ha npakTuke TO4HOCTb NMMUTUPYETCA rMNaBHbLIM 0OPAa3oM CABUIOM MO (hase 3TANOHHOrO CMrHana u OTKIIOHe-
HUAMUW B amMNAUTYAE 1 hase HaNPSXKEHNUS, NPUNOXKEHHOTO K HENUMHENHLIM METANNOOKCUAHLIM PE3UCTOPAM Y 3a-
3emnaemoro koHua OrlH, kak 310 ykasaHo B 9.1.6.1.2. Hannmume rapMOHMK B HANPS>KEHUU MOXKET, KPOME TOr0,
CHU3UTb TOYHOCTb METOAA.

OrpaHuyeHue, HaknaabiBaeMoe Ha NPUMEHEHUe JaHHOIO METOAA AN U3MEPEHUI B IKCMMyaTauum, 3aKnio-
YyaeTcA B HE0OX0AMMOCTM STANIOHHOIO curHana. Heo6xoaMmo u MOXET NpeACTaBIATb COBOI CIOXHOCTb BPEMEH-
HOe npucoeauHeHWe KO BTOPUHHOI CTOPOHE TpaHCcdopMaTopa HaNPSBKEHWUA UM K EMKOCTHOMY BbIBOAY MPOXOAHO-
ro usonaropa. EMKoCTHbIe TOKu, HaBeAeHHble B 3emnsaHom npooge ONH coceaHumm hasamm, MOTyT yMEHbBLUMTL
TOYHOCTb U3MEPEHMI B IKCNSyaTaLmm, KaK 3To ykazaHo B 9.1.6.1.2.

9.3.2 MeTtoa A2. KomneHcaunsa eMKOCTHOM COCTaBMNAKOWEN NYyTEM UCNOSIb30BAHUA HaNpPsXKeHUA
B KayecTBe curHana

UyBCTBUTENBLHOCTL NPU M3MEPEHMN aKTUBHON YaCTU MOXET ObITb 0NONHUTENBHO NOBLILLIEHA MYTEM UCMOIb-
30BaHWA HaNPsHKEHUA B KAYECTBE CUrHana A4na KoMneHcaumm eMKOCTHOW COCTaBNAIoLWEN Toka yTeyku. OCHOBHOM
MPUHLMIN OCHOBAH HA NPUMEHEHUWN MOCTA BbICOKOTO HAMPSXKEHWSA, EMKOCTHO-aKTUBHOE NNE40 KOTOPOro AOMKHO
ObITb perynupyemsiv. 310 N03BONSAET cHanaHCUPOBATbL EMKOCTHYIO COCTABIIAIOLLYIO TOKA YTEYKM TaK, YTO BbIXOA-
HOE HanpshKeHue 3aBUCUT TOMNbKO OT HENUHEWHOI aKTUBHOI COCTaBNAIOLLEN U MOXKET ObITb U3Y4EHO C NOMOLLLIO
ocuunrorpada.

BanaHcmpoBKky MOCTa NpeKpaLLatoT, Koraa HanpsXKeHWe GrM3KO K HYS0, @ EMKOCTHBIR TOK UMEET MaKkCu-
MarbHOe 3HaveHue. NockonbKy AuddepeHumansHasa emkocts OMNMH 3aBUCHT OT HaNPsXXEHUS (EMKOCTb YBESUYM-
BaETCA C HaNPsXEHMEM), B TO BPEMS KaK EMKOCTb MOCTa NMOCTOAHHA, OCTalOLLMIACA NOCNEe KOMNEHCALMNU TOK
BKIMIOYAET B CEOS HE TOMBKO aKTUBHYHO COCTABIAIOLLYIO, HO TAKKE U EMKOCTHYIO YacTb (CM. pUCYHOK 9). Kak n ans
meToaa A1, UICTUHHAA aKTUBHAA COCTABMAIOLLAA MOXET ObITb CYUTAHA B TOT MOMEHT, KOT4a 3HAYEHUE HanpPsXKeHUs
pPaBHO CBOEMY MAKCUMAasbHOMY 3HAYEHMIO.

HanpsxeHrue, Tok

) HanpsxeHuve ToK, OCTaKLUACS
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PucyHok 9 — Tok, ocTarLuica nocre KoMneHcaLuyun eMKoCTHoOro Toka, npn Uy,
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9.3.3 Metoa A3. KomneHcaumsa eMKOCTHON cocTaBnAwWwen 6e3 MCnonb3oBaHUA HanpPsXeHUs
B KayecTBe CUrHana

3710 METOA KOMMNEHCAaLUM, COrMacHO KOTOPOMY HEOBX0ANMOCTb B CUTHAIE HaNpPsbkeHUs oTcyTeTByeT. Oc-
HOBHOW NMPUHLMN 3aKIOYAETCA B TOM, YTO STANMOHHBIN CUrHan OCHOBHOW YaCTOThbI CO3aETCA UCKYCCTBEHHO MO-
CpeACTBOM UH(POPMALIMK, U3BJIEYEHHON U3 TOKA yTEYKW. [yTeM COOTBETCTBYIOLLIENO PerynupoBaHus amnnuTyabl U
cha3oBOro yrna, KoTopoe MOXeT ObITb NPOBEAEHO aBTOMATMHECKW UINW NPU UCMONbL30BaHUM ocuunriorpadia, MOXeT
ObITb CO3AaH 3TANOHHbIA CUrHAN ANS KOMMeHcaUum eMKOCTHON COCTaBMAOLLEN Toka yTeuku. MeToa MOXeT BbITb
OCYLLIECTBIEH C Pa3NNYHbIMW CTENEHAMM CITOXKHOCTU.

MeTog moxeT BbiTb 6€3 3aTpyAHEHWI NPUMEHEH ANs U3MEPEHUIA B akennyatauuu. MoteHuuansHas npobne-
Ma 3aKIo4aeTCsa B HAaNMYMK B HANPSXEHUM TaPMOHUK, BbI3bIBAKOLLIMX rAPMOHUYECKNE EMKOCTHbIE TOKU, KOTOPbIEe
MOTYT CIY>XUTb NOMEXOW aKTUBHOW COCTaBnstoLLein. Kpome Toro, KOMNEeHCUPYIOLWMIA CUrHan npeacTaBnsieT ToK
B NTMHEHON eMKOCTU, KOTOPAas 3aKNiovaeT B cebe Ty xxe camyto npobnemMy TOMHOCTU, kak U B meToge A2. CABUMN
a3 B HANPSHKEHUAX U TOKAX, BbI3BAHHbIE COCEAHUMK (da3aMmn, MOTYT CHU3UTb TOUHOCTb, kKak U B MeToaax A1l
nA2.

9.3.4 Metoa A4. EMKOCTHaA KOMNeHcauMa nyTeM KOMOGUHALMKU TOKOB yTeuku Tpex a3

MeToa 0CHOBaH Ha NPeanosIOXKEHNN, YTO EMKOCTHbIE TOKU MCYE3aloT, eCrnn TOKM yTedkn OINH B Tpex hasax
CyMMUpYIOTCA. Pe3ynsTUpyoLwuin TOK COCTOUT U3 rapMOHKK aKTUBHBIX TOKOB Tpex a3, MOCKONbKY OCHOBHbIE
COCTaBMAOLLME TAKKE MCHE3AI0T, NMOKA OHK PaBHbI MO amnnuTyge. Ecnv npoucxoguTt yBenuyeHne akTMBHOMo Toka
no6oro n3 OMNH npy NOCTOAHCTBE EMKOCTHbIX TOKOB, POCT OyAeT NPOABMATLCH B CYMMAaPHOM TOKE. 3TaNOHHbIN
CUrHan HanpshxeHus He TpebyeTcs.

Bo Bpems n3amepeHwuii npu akcniyaTaumm OCHOBHOWM HEAOCTATOK METOAA COCTOUT B TOM, YTO EMKOCTHbIE TOKM
Tpex a3z, Kak NpaBuIo, He paBHbl. TONBKO XOPOLLIO OTPEryNIMPOBaHHLIE NPOCTPAHCTBEHHBIE (DOPMbI, TAKUE KaK
OlMH B razon3onuMpoBaHHOM KOMMYTUPYIOLLIEM YCTPOICTBE, 00bEAMHEHHOM C paBHbIMU eMkoCcTAMM OINH, o6ec-
neYnBatoT HeoBxoAMMYI0 CUMMETPHUIO. [pyron HeAOCTaTOK 3aKI4YaETCA BO BAMAHUM FAPMOHUK B HANPSHKEHUN
CEeTH, BbI3bIBAIOLLWUX FAPMOHUKN B CYMMAPHOM TOKE.

9.3.5 Meton B1. AHanu3 TpeTben No NOPAAKY rapMOHUKN

MeToza 0CHOBaH Ha TOM, YTO rAPMOHMKM CO3[AI0TCA B TOKE YTEYKU HENMHENHON BONLTAMIMEPHON XapaKkTepu-
cTukoi OlNMH. Hukakoro aTanoHHOro HaNpsHKeHUs! He TpebyeTcsi, MOCKONbKY NPeANoNnaraeTcsi, YTo BCE rapMOHUKM
NOSABNAIOTCA U3 HENMUHEWHOTO aKTUBHOIO TOKA. Cop,epmauue rapMOHUK 3aBUCUT OT aMNNUTYAbl aKTUBHOIO TOKa U
CTENEHN HENWHENHOCTU BOMLTaMMEPHO| XapakTEPUCTUKK, T. €. FAPMOHUYECKUIA COCTaB U3MEHSIETCH B 3aBUCUMOC-
TU OT HanpskeHusa n Temnepatypbl OMNH, kak NokaszaHo Ana TPETLEN N0 NOPSAAKY rAPMOHUKU HA PUCYHKAX6 u 7.

TpeTbs rapMOHMKA, Kak HauboMNbLIAsA rAapMOHMYECKAsA COCTABMNAIOLLIASA aKTMBHOIO TOKA, Haubonee 4acTo uc-
nonb3yeTcs AN AUarHoCTUYECKUX 3MepeHuit. Mepexoz OT rapMOHUKM K YPOBHIO aKTUBHOTO TOKA, ecnu TpebyeT-
CHl, OCYLLECTBIIAETCA HA OCHOBE MHopMaLum, npegocrasnsemon usroroputrenem ONH nnu nonyyaemoi B pe-
3ynbrare usmepeHuin B naboparopum.

Metoa MOXeT GbIThb LUMPOKO MUCTONb30BaH A1 U3MEPEHWIA B aKcnnyaTaumu. OcHoBHast npobnema 3akniova-
€TCA B YYBCTBUTENBLHOCTU K rAPMOHMKAM B HANpsbKeHUn ceTu. FTapMOHUKM B HAaNpsKEHUMM MOTYT CO34aBaTh €MKO-
CTHbIE rAPMOHUYECKUE TOKU, KOTOPbIE MO 3HAYEHMUIO CPABHUMbI C FAPMOHNYECKUMU TOKAMU, FEHEPUPYEMbIMU He-
nuHelHbIM conpoTtuenenmem ONMH. Kak pe3ynbrar, oumbka B UsMEPEHHOM rapMOHNYECKOM TOKE MOXET ObITb
3HAUUTENLHOM NPU BLICOKOM COieP>KaHWUM FTAPMOHUK B HanpsbkeHun. 3To BUAHO Ha pucyHke 10, rae ownbka B
OLIEHKe TPeTbEeN rapMOHNKM B TOKE YTEYKU NPEACTaBNEHA Kak (PYHKLUSA OT COAEPXaHUA TPETbEN FaPMOHUKK B
HanpsKeHUM ceTn. PUCYHOK OTPaXKaeT BNUSIHUE Pa3NIUYHbIX BONLTAMIMEPHbIX XapaKTePUCTUK M EMKOCTEN, TaK ke
Kak U BfiMAHue (pa3oBoro yrna TpeTben rapMOHUKN HAMPSKEHUS.
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PucyHok 10 — Owwubka B OUEHKe TpeTbeil rapMOHUKM TOKa YTeYKU ANA pasfnyHbIX
¢ha3oBbIX YINOB TPETbEA FAPMOHUKA HanpsDKEHWSI CETM MpU y4eTe pasfiUYHbIX e€MKOCTeN
1 BOMbTaMNepHbIX XapaKTepUCTUK HENWHERHbIX METannooKCUAHLIX Pe3ncTopoB

9.3.6 Metoa B2. AHanu3 TpeTbel NO NOPAAKY FapMOHMKM C KOMMNEHCAuuel rapMOHMK B
HanpsXeHUu

MeToa OCHOBAH Ha TOM >X€ CaMOM MpPUHUMNE, YTO U METOA B1, HO YyBCTBUTENLHOCTL K rapMOHUKaM B
HanpPs>KEHUN 3HAYUTENBHO CHUXKEHA BBEAEHUEM ANA TPETLEN rAPMOHUKM €MKOCTHOTO Toka B ONMH komneHcupyto-
LLIero TOK curHana, nony4aemoro ot «npobHKKa nons», pacnonoXxeHHOro B ocHoaHuu OMH. Mocne cooTBeTCTBY-
IOLLIEro MacLLTaBUpPOBaHWsi FTapMOHUYECKUI TOK, HABEIeHHBIIi B NPOGHMKE 3MEKTPUYECKMM MONeM, BbIAENSAETCS 13
MOJSIHOTO rAPMOHUYECKOrO TOKA, B PE3ynbTaTe Yero NosIBNSAETCA rapMOHNYECKUN TOK, FEHEPUPYEMbIi HENMHERHbIM
akTuBHbIM TokOM OTMH. MpeBpalleHne TPEeTbEN rapMOHUKM B aKTUBHBIN TOK TpebyeT A0NOMHUTENBHON MHAOpMa-
umm ot usrotoutens OMNH, kak u B meToae 51. MeToa npuroaeH Ans u3aMepeHuin B akCnyaTauuu.

9.3.7 Metoa B3. AHanu3 nepBoi No NopsaaKy rapMOHUKN

OcHOBHas COCTaBNAOLLIAA aKTUBHOTO TOKa, Nonyvaemas hounsrpoBaHUEM U UHTETPUPOBAHUEM TOKA YTEYKH,
BbIAAET CUrHan, NPOnopLMOHAsbHbIA aKTUBHOW COCTaBNAIOLLEN.

BrnmsiHWe rapMOHUWK B HANPSXXEHUM CETU BO BPEMS U3MEPEHUIA NPU 3KCMNyaTauvmn NPakTUHECKN UCKITHYaeT-
€S UCMONb30BAHUEM TOSNbKO OCHOBHbIX COCTABNAIOLLMX HANPSDKEHMA U TOka. OCHOBHOW HeA0CTaTOK MeToaa co-
CTOWUT B HEOOXOAMMOCTU CUrHara HanpsXeHWs, Nofy4aemoro, HanpuMep, Co BTOPUYHOI CTOPOHbI TpaHcdopMaTo-
pa HanpshxkeHus. TOYHOCTb 3aBUCUT OT YINoB d)a3 HaNPSLKEHUI U TOKOB, TaK XKe Kak U Anst Metogos A1—A3.

9.3.8 MeTtop B. HenocpeacTeeHHoe onpeaeneHue MOLWHOCTU NOTEPb

MoLuHOCTE NoTepk NpeacTaBnseT cobon nHTerpan NPou3BeAeHUsi MTHOBEHHbIX 3HAYEHW I HANPSHKEHUS U
TOKa YTEYKM, €NIEHHOr0 Ha 3Ha4YeHne BpemeHu. MOLLHOCTb NOTEPb MOXET BbiTb BbipaXKeHa B TEPMUHAX NMPOU3BE-
[eHNA NeiCTBYIOLLIEro 3Ha4YEeHUS aKTMBHOW COCTaBMSAIOLLEN TOKA YTEYKU U AeWCTBYIOLLErO 3HAYEHUNA Hanpshxke-
HUA, NPUIoXeHHoro K OTNH. BnnsHue rapMoHUK B HANPSXKEHWUN 3HAYUTESTBHO CHIDKAETCSH NPUMEHEHWEM NpoLieayp
YMHOXEHUA N UHTErpupoBaHns. OCHOBHON HEAOCTAaTOK COCTOUT B HEOOXOAMMOCTM CUrHanNa HanpsbkeHus. Kak n B
MeToaax A1—A3, TOYHOCTb BO BPEMsi USMEPEHUI B IKCNNyaTaLMmn MOXET ObiTb OrpaHu4veHa yrnamu gas Hanps-
YKEHUI U TOKOB, BbI3blBAE€MbIX COCEAHMMM hasamu.

9.4 Undopmauma O TOKe YTEYKM OT MU3rOTOBUTENA HESNIMHEMHLIX oOorpaHuuuTenem
nepeHanpsKeHUNn

Pesynbratbl U3amMepeHuii Toka yTeuku MOryT ObiTb CONOCTaBMEHbI C UHGIOPMALME, MPeSOoCTaBNAEMON
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usrotosurenem OMNH. [ina ncnonb3osaHus 3o MHPOPMaLMM BaXKHO, YTOObI Obinv M3BECTHBI paboyee Hanpsixe-
HWe n TemnepaTtypa oKpy>KaroLwen cpelbl BO BPEMSt UBMEPEHUIA.

[ns a¢pdreKTUBHOTO UCMONB30BAHWS AUArHOCTUHECKUX METOA0B, ONUCAHHbIX BhILLE, U3roToBuTENsL OMH MOXeT
npesocTaBUTb MHAOPMALMIO OTHOCUTENBHO Pa3fiMyHbIX METOA0B. MIHhopMaLms MOXET BKNOYaTh B ce6A AaHHbIE,
OTHOCSALLMECH K aKTUBHOMY TOKY, TPETbEN rapMOHMKE TOKA U MOLLHOCTM noTepb Ana OMH ka)goro Tuna kak
OYHKLMW HanpskeHus U TeMnepartypbi.

[na npakTnyeckoro NCNonb30BaHUs 3aBUCUMOCTb OT HaNPSBKEHUSI MOXKET ObITb BblpaXKeHa Kak yHKLIMS
paboyero HanpsbreHua, AeneHHoro Ha U, MIHdopmaLms, npeanoytuTensHo, A0IKHa 0XBaTbIBaTb paboumne Hanps-
»eHus o1 0,40 U, A0 0,90 U,,. AKTUBHBI TOK M TOK TPETbEN rAPMOHUKM AOIDKHbI ObITh NPEACTaBNEHbI KaK MaKCU-
MarbHble 3Ha4YeHUs, B TO BPEMSA KaK MOLLHOCTb NOTEPb A0IMKHA ObITh BbIpaXKeHa KaK yAenbHOe 3HaUeHne, OCHO-
BaHHOE Ha HOMUHANbHOM HaNPSXKEHUN.

3aBncUMOCTb OT TEMNepaTypel 4OMmkHa BbITb NpeAcTaBneHa kak hyHKLMS TEMNepaTypbl OKpY>KatoLLiei cpe-
[bl C y4€TOM TOUYHOM TEMNEPATYPbl NEpPEerpesa pe3ncTopoB, MOCKOMNbKY OTCYTCTBYET KaKasi-nbo BO3MOXXHOCTb
NONyYnTh PeanbHyo TEMNepaTypy pe3aMcTopoB BO BPEMS U3MEPEHUii B IKcrnyaTauuu. uanasoH Temneparypsi
OKpY>KatoLLen cpelbl NPeanoyTUTENbHO AOIMKEH ObITh 0T MUHYC 10 °C go nnioc 40°C.

MpumeyaHUe — PeanbHas TeMnepaTypa pe3nCTOPOB MOXET ObiTb BhILIE, YeM HOpMaribHasi, u3-3a
COMHEYHOM paanaLyMy, NornoLLeHHOR 3HEPTUM U T. N.

[Ba pa3nnyHbIix BUAA uHcpopmauum ot usrotoutensi ONMH npeacTaBnsioT OCHOBHOW UHTEPEC NPU OLIEHKE
pe3ynsTaToB U3MEPEHUNA.

Bo-nepBbix, 370 MHPOPMAaLUA ANS CPABHEHWS pe3ynkTaToB, NONYYEHHbIX NPU Pasnu4YHbIX yCRnoBusaix pabo-
Tbl, BBIPAXKEHHBIX B TEPMUHAX pabovero HanpskeHus U TeMnepaTypbl OKpyxatoLlel cpegbl. Mytem npueeaeHus
M3MEPEHHbIX 3Ha4YeHuii K Habopy «CTaHAAPTHbIX» pabounx yCnoBuii, Hanpumep Npu paGodem HanpsXeHUU
0,70 U, n Temnepartype okpyxatoLien cpeabl +20 °C, BO3SMOXKHO CPAaBHEHWE PE3YNLTaTOB U3MEPEHUN, NONYYeH-
HbIX NPU Pa3NMYHbIX YCroBuAX. MIHopmaLums 0T U3rotoButens MOXET ObiTb TAKOKE NpeACTaBNEeHa B BUAE KOppek-
TUPYIOLLMX MHOXMTENEN, KaK YKa3aHO Ha puCyHkax 11 n 12,

Bo-BTOpSbIX, U3rotoBuTenb OMNMH MOXET NpeacTaBuTL Npeaens! A4ns U3mepsieMbiX BENUUUH NOCE npuseae-
HUS K «CTaHAAPTHbIMY pabounM YCroBUsIM, Kak ONMMCaHO BbiLwe. B criyyae npeBbilieHMs STUX NpeaenoB cneayet
MPOKOHCYNETUPOBATLCA Y U3rotosutens. MNpeaens! MoryT ObiTb 3aaaHbl B BuAe aGCOMIOTHLIX 3HAYEHUI u/unu
OTHOCMUTESbHBIX U3MEHEHUI CO BPEMEHEM.

™
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. Uil,
~i— — aKTUBHbIN TOK;

~4- — TPETLS MAPMOHUKA TOKA;
=& — MOWHOCTL NOTEPL

PuecyHok 11 — TunuyHas nHdbopMauua Ans NpUBEAEHUs K YCroBusm
«cTaHaapTHoro» pabodero HanpskeHUs
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PucyHok 12 — TunuyHasa nHdopmauumsa Ans npuBefeHns K yCrnoBusm
«CTaHAapTHOI» TeMnepaTypbl OKpyXaloLeh cpebl

MpumeuvaHusa

1 BcrieactBue CNOXHOCTM METOAOB W3MEPEHWI PEKOMEHAYETCSl KOHCYNBTUPOBATLCA C U3rOTOBUTENEM, YTOGHI
NpeAoTBPaTUTL HEBEPHOE UCTONKOBAHWE pesynbTaToB U3MepPeHMUiA.

2 Ha onpefeneHune 3Ha4YeHWit TpeTbei rapMOHUKU TOKa MOTYT MOBIUSATHL FAPMOHUKM B NaGopaTopHOM UCMbITa-
TenbHOM HanpsbkeHUU. [MoaTomy cnepyeT ydecTb TpebGoBaHWS K UCTbITaTENbHOMY obopyaoBaHuUIo.

9.5 O6006L1eHMe AnarHoCTUYECKUX MeToa0B
OnbIT NPUMEHEHNS Pa3NUYHBIX AUArHOCTUYECKUX METOAOB NPEACTaBIEH B Tabnuue 4.

Tabnuuya 4 — O6obLyeHne ANarHOCTUHECKNX METOL 0B

Ycnosue npuMeHeHuA

OuarHocTuueckuin MeToa OnbIT aKcnnyaTauuu
ABTOHOMHOE HeaBToHOMHOE

MHANKaTop NoBpexzeHus X OrpaHuyeHHbIN
OTgenuTens X OBLUMPHLIAY)
CuyeTunK MNYynbLCOB X O6LWNpHBIA
NckpoBoid NpoMeXyToK ANA MOHUTOPUHra X X OBLUMPHBIAP)
M3mepeHne TemnepaTyphbl X OrpaHuYeHHbIN
NamepeHne Toka yTeuku Mpu UCMONb30BaHUM:
- OTAENbHOrO UCTOYHUKA HamnpsixeHus X CM. Tabnuuy 5
- pabo4yero HanpsKeHus X CM. Tabnuuy 5

) C OMH cpeaHero HanpsKeHWs.
b) B oTAenbHLIX cTpaHax.
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Tabnwuya 5— Xapakrepuctuka METOA0B U3MEPEHUSA TOKa YyTEYKU HA MeCTe aKcnnyaTauuu

YyBCTBUTENBbHOCTD AvarHocTuueckas
appeKTUBHOCTb
MeToa nsmepeHu Oquo:Ha- K rapMoHu- | k cbasoBoMy | K Tokam KavecTBo | CrnoxHocTb 3|<2|I:I|J:IT3
ToKka yTeuku Me'r:ea Kam B yrny npu | no noeepx- |mMHdopmauum [ npumeHeHns Ta u};
A2 | yanpskeHun | nsmepeHum HOCTU 4
HanpaxeHus
WNn ToKa
OTAaeNbHBIA UCTOYHUK H.n H. n Breicokas Boicokoe | Bbicokasa | OrpaHudeH-
HanpsXXeHUs NOCTOAHHO- HbIN
ro Toka
JKkcnnyaTaynoHHoe
HanpsXXeHWe UNu oTaenb-
HbIA UCTOYHUK Hanpsxe-
HUSA NepeMeHHOro Toka
U3amepeHue nonHoro Hu3skasn Huskasn CpepHan Huskoe Huskasa | OBWuWpHLIH
TOKa yTeuKu
N3mepeHue akTUBHO-
ro ToOKa yTeuyku npu uc-
Monb3oBaHUM:
- 3TanoHHOro Hanps- A1 CpefHsaa | Beicokas Boicokana | CpepHee | Bblcokasa | OrpaHudeH-
XeHuns HbIN
- eMKOCTHON KOMMEH- A2 CpeaHAaa | Beicokasn Bricokaa | CpeaHee | Bbicokaa | OrpaHudeH-
cayum HbI
- UCKYCCTBEHHOW KOM- A3 CpegHaa | Bblicokas Bbicokas CpeflHee Huskas O.u.n
neHcayuu
- UCKIHOMEHUA eMKOCT- A4 Bricokaa | Bbicokas Beicokas Huskoe Huskasa | OrpaHuyeH-
HOro Toka Hbl /A
fapMOHUYECKUI aHa-
N3 TOKa YTEYKU Npu Uc-
NonNb3oBaHUK:
- TpeTbe rapMOHUKK B1 Beicokas Huskas Huskas CpefHee Huskaga OBLWUpHBbIA
- TPETbEN FAPMOHUKN C B2 Huakaga Huskas Huskasa Beicokoe | CpeagHaa | OBWUpHbIA
KoMneHcauuen
- NepBON MO NopsafKy B3 Huskas Bricokas Beicokas CpefHee | Bbicokasa | OrpaHudeH-
rapMOHUKK Hbl /A
NamepeHne MOLLHOC- B Huskaa | Belcokas Bbicokas CpefHee | Bbicokas O.un. n.
TW NoTepb

MpumevyaHune —H. n. — He npuMeHumo; O. N. N. — OTCYTCTBYET MHOPMaLMSA O NPUMEHEHNU.

36




FOCTP 6§3735.5— 2009

MpunoxeHue A
(pexomeHgyemoe)

OnpeaeneHne KBa3MCTaALMOHAPHLIX NepeHanpsRKeHun
BCMeACTBUE 3aMbiKaHUIA Ha 3eMIio

KoadbdpuuueHT sambikanna Ha 3emnio [em. [A.15 (npunoxerue [A)] k paccunThIBaloT, UCMOMb3YyA NOMAHLIE COMpo-
TUBNEHUA CUCTEM NONOXMUTENbHOW Z;, oTpuLaTensHoil Z, U HYNeBol Zy nocnefoBaTenbHOCTER, a Takke conpoTuene-
HWe 3aMblkaHna R. Mcnonb3yloT cnegyiolee:

Z1=25= Ry +jX,. aKTUBHOE N peaKTUBHOE COMPOTUBIIEHUS CUCTEM MNONOXWUTENBHON U OTpuUUaTenbHON nocneposa-
TeNbHOCTEW,
Zy= Ry +j Xo. aKTUBHOE N peaKTUBHOE COMPOTUBIIEHWE CUCTEMBbI HYNMEBOW NOCfefoBaTEeNbHOCTH.
KoadpuuueHTbl 3amblkaHNA Ha 3eMMo paccYUTBIBAOT ANSA MeCcTa 3aMblkaHuUs.

MpuMeyaHne— B NPOTAKEHHLIX CETSAX C PE30HAHCHLIM 3a3eMMeHneM HelTpanu KoadULMEHT 3aMblKaHNS
Ha 3eMIIo B APYrUX MecTax MOXeT GbiTb BhILLE, YEM B MECTE 3aMblKaHWS.

PucyHok A.1 nokasbiBaeT npedenbHblil cnyyai, korga Ry << X; n R=0.

k

23 Ry/Xy =1 I
v 0 |
| o |
l | 50 V3

2’0 | 1 F j’_

:"_.1__ o ———

)

1,5 }
|
| |
| |

1,0 I I

1 I I

I HenpurogHocTs \I/
| Ans npakTuueckoro |
I NPUMEHEHNS I
| |

0,5 1 I
| |
| |
| |

0 1 |
] 1 T | I | | P
-100 10 -8 -6 4 2 0 2 4 € 8 10 100

XofX

PucyHok A1 — KoadpduumeHT 3aMblkaHns Ha 3eMnto K Ha ocHoBe X/ Xy,
anaR{/X;=R=0

[nanasoH BbICOKUX 3HaYeHUA gna Xy / Xj, NONOXUTENbHBIX W/WMK oTpuLlaTenbHbIX, MPUMEHSIIOT K CUCTEMaM C
pe30oHaHCHO-3a3eMMNEHHbIMW UMW U30NUPOBaHHLIMU HEWTpansaMu.

[ManasoH HU3KMX 3HaYeHUN MOMOXMTENbHbLIX Xy / X4 feAcTBUTENeH ANSA CUCTEM C 3a3eMMeHHbIMU HedTpansamu.

[nanas3oH HWU3KMX 3Ha4YeHWin oTpuuaTenbHblX X/ Xq, OrpaHWYeHHbI Ha puUcyHke A.1 LITPUXOBaHHBIMU fUHK-
AMUW, He npurofgeH AnA npakrtu4eckoro NpuMeHeHUs us-3a Pe3oHaHCHbIX yCJ'IOBI/II7I.

Ans cucteM ¢ 3a3eMneHHbIMU HedTpansMu pucyHkun A.2 — A5 nokasblBaloT KOIPPULMEHTbl 3aMblkaHus Ha
3eMIIIo KaK ceMeicTBa KpuBbIX, NPUMEHSAEMbIX K YacTHbIM 3Ha4YeHusM Ry / X,

KpuBble pasaeneHbl Ha y4acTku, npeacTasnsiowme coboit Hanbonee KpUTUUECKUE YCNOBUSA, CREAYIOWUMU CrOCo-
6amu usobpaxeHus:
-MaKkcuMmarnbHoe HanpsxeHue, Habrnioaemoe BO BpeMs 3aMblkaHus dasa — 3eMns Ha ase, kotopas one-
pexaeT noBpexgeHHyto dasy,;
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- MaKkcuManbHoe HanpsixeHue, HabnoaaemMoe BO BpeMs 3aMblkaHus pasa — 3eMns Ha ¢ase, KoTopas oTcTa-
€T OT NOBpeXAeHHOWN a3k,
-MaKkcumansHoe HanpsbkeHue, HabrniofaemMoe BO BpeMA 3aMblkaHUA hasa — 3eMNA Ha HeNnoBPEXAEHHbIX
haszax.
KpuBble AEeNCTBUTENbHbI ANA 3HAYEHUA COMPOTUBNEHUS 3a3eMneHUs C HaubonbwuMKn KO3 PUUMEHTaMK

3aMblKaHNA Ha 3eMnio.
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PucyHok A.3 — CooTHoweHne mexay Ry / X3 n Xy / X AnA NOCTOAHHLIX 3HaYeHWA
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PucyHok A.4 — CooTHoweHne mexay R/ X1 n Xg/ X4 Ansa NOCTOAHHBIX 3HAaYEeHUI
KoapdpuuneHTa 3aMblkaHusa Ha 3eMnto K, rae Ry = X,
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PucyHok A.5 — CooTHoLueHne Mexay Rq/ X3 n Xy / X4 ANA NOCTOAHHbLIX 3Ha4YeHWI
KoadppuLmneHTa 3ambikaHUa Ha 3eMnio K, rme Ry = 2X,
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Mpunoxexnue A
(pekomMeHayemoe)

TepmuHbl u onpegeneHna M3K 60071-1:2006,
ucnosnb3yeMble B HACTOSILWEM CTaHaapTe

(HacTosiLee npunoxeHe 3aMeHsieT CChINMKW Ha MexayHapohHblii ctaHgapT MOK 60071-1:2008, He NpuHATBIA
B KayecTBe HauuoHanbHOro ctaHaapTa Poccuiickoih defepaLmin.)

B M3K 60071-1 npuHATEl criegytoLine TEPMUHBLI C COOTBETCTBYIOLLUMMN ONpeaeneHnsaMU:

[A.1 koopauHauua usonsauum (insulation co-ordination): BbiGop anekTpuyeckoi MNPOYHOCTU 0BOPYyAOBaHUA
OTHOCUTENBHO pabounx HampsKeHUA U NepeHanpsiKeHuid, BO3MOXHbBIX B CUCTeMe, AN KOTOPOW NpefHasHavyeHo 3To
anekTpoobopyoBaHue, C y4eTOM YCNOBUIA SKCTNyaTaLum U XapakTepUCTUK MMEROLLMXCA 3alUUTHbIX YCTPOACTB.

MpuMeYyaHWe— BnekTpuyeckas MNpPoYHOCTE 0BOPYAOBaHUA O3Ha4aeT ero HOPMUPOBAHHLIA UMW ero
CcTaHAapTHbIA ypoBeHb U3onaLuK, kak 1o onpegeneHo B JA.13 n [JA.14 cooTBETCTBEHHO.

OA.2 Knaccudomkauus HanpsixxeHui U nepeHanpsxkeHui

B 3aBUCMMOCTM OT POPMBI U AMMTENBHOCTU HaNPsXXeHUs U NepeHanpsixeHns nofpasfensaoT Ha cnejyolue
Knaccbl.

OA.2.1 anutenbHoe (NPOMBILLNIEHHON Y4acToThl) HanpsaxeHue (continuous (power frequency) voltage). Hanpsa-
XEHWe MPOMBILLNEHHOR YacToThbl C NPAKTUYECKN NOCTOSHHEIM AEWCTBYIOLLMM 3HaYeHWeM, AMUTENbHO MPUIOXEHHOe
K Nnto6oii nape BbIBOJOB.

0A.2.2 KBasucTaunoHapHoe nepeHanpsxeHue; KMNH (temporary overvoltage): MNepeHanpsikeHUe NpoMbILLEH-
HOI YacToTbl OTHOCUTENBHO 60NbLIOK ANUTENBHOCTY.

MpuWMedaHuWe— OTo NepeHanpskeHne MoxeT BbITb HesaTyxarwmM unu cnabo satyxaroWwmM. B HekoTopbiX
cry4yasx ero Yactota MoXeT ObiTb B HECKOMLKO pas MeHblle Unu Gonblle, YeM NPOMbILLNEHHas YacToTa.

0A.2.3 nepeHanpsixeHue nepexoaHoro npouecca (transient overvoltage): MepeHanpsikeHue KOPOTKOW ANU-
TENbHOCTHU (HECKONBKO MUIMTUCEKYHA UnKu MeHee), konebaTtenbHoe Unu anepuogu4eckoe, Kak npaBumo, CUNbHO 3aTyxa-
roLee.

MpumedaHune — lMocre KpaTKOBPEMEHHbIX NEpeHanpshKEeHWd MOryT cpasy XKe CriefoBaTh KBasucTauuoHap-
Hble NepeHanpsbkeHWs. B Takux cnydasix 3TW ABa NepeHanpsKeHUs paccMaTpuBaloT Kak OTAeNbHble NPoUecchl.

MepeHanpspkeHUs NepexofHOro npolecca NoApasfensioT cnefyowmm obpasoMm:

- NnepeHanpsixkeHue ¢ nonorum cgppoHToMm; MNP (slow-front overvoltage): MepeHanpspkeHne NepexogHOro nNpo-
Lecca, Kak NpaBuno, YHUMOMsipHoe, ¢ BpeMeHeM nogbeMa T, 6Gonee 20 Mkc, HO He Gonee 5000 MKC ¥ BpeMeHeM A0
nonycnaga T, He Gonee 20 Mmc;

- NepeHanpsaxeHue ¢ KpyTbiM ppoHTOoM; MK (fast-front overvoltage): MNMepeHanpsikeHne nepexogHoro npouec-
ca, kaK npaBus10, YHUNONsIpHOE, ¢ BpeMeHeM nogbema T, Gonee 0,1 Mkc, Ho He Bonee 20 MKC U BpeMeHeM [0 nornycna-
da T, meHee 300 Mkc;

- NepeHanpsbkeHne ¢ oYeHb KpyTbiM cppoHTOM; MOKQD (very-fast-front overvoltage): KpaTkoBpemeHHoe nepeHa-
NpsXKeHWe, Kak npaBWIo, YHWNOMsSpHOe, C BpeMeHeM nogvema T, He Gonee 0,1 Mkc, obLueil ANUTENBHOCTHIO MEHEE
3 MC 1 ¢ HanoxeHHbIMKU konebaHusiMu YactoToi f 6onee 30 kMy, HO MeHee 100 MI'LY, unn 6e3 Hu;

- KoMBuHMpoBaHHOe NepeHanpskeHue (combined overvoltage): MepeHanpsikeHue, Bkhiovatolee B cebs ABe
COCTaBMAKLLNE, OQHOBPEMEHHO NPUMNOXEHHbIe MeXAY KaxAabiM U3 asHblX BLIBOAOB MeXaydasHoi (MNu npoforbHOA)
U30MALMK U 3eMneil U KnaccudpuuMpoBaHHoOe cocTaBnAloweid ¢ HaunbonbwMM MakcUMasnbHbIM 3Ha4YeHUeM (KBasucTa-
LMOHapHoe, C NosiorimM POHTOM, C KPYTEIM (DPOHTOM, C O4€Hb KPYTbIM (DPOHTOM).

[A.3 npeactasutenbHble nepeHanpsikenna U, (representative overvoltages). MepeHanpspkenus, KoTopble
OKa3biBaKOT MpaKTUYEeCKn Takoe e BO3felCTBME Ha U30NALMI0, KaK U NepeHanpsXeHUAa cOOTBETCTBYIOLLEro Knacca,
BO3HUKaloOLWMe B SKCNNyaTauun No pasHbIM NpUYUHaM, U KOTOPbLIE COCTOST U3 HanpsKeHWH cO cTaHAapTHOW (OpMoii
3TOrO Knacca W MoryT 6biTb onpeeneHbl OAHUM 3HAYEHUEM UMW PSIOM 3HAYEHWIA, UNKW YacTOTHBIM pacnpegeneHnem
3HaYeHWil, XapaKTepu3yIoWwum ycnoBus akcnnyarauuu.

MpuMedyaHUe— 370 onpefeneHue NPUMEHUMO Takke K AMUTENLHOMY HANPSXKEHWIO MPOMBILLIIEHHO
YacToThl, NPeACTaBNsAoLEMY BO3AEACTBUE HANPSHKEHWUA HA U3OMALMIO B SKCMITyaTauuu.

[JA .4 3aluMTHbIN YPOBEHb NPU rPO30BOM (MU KOMMYTaLMOHHOM) uMnynbcee; U, (unu U,,) (lightning (or switching)
impulse protective level): MakcumanbHoe 3HaYeHUe HANPSXEHUA Ha 3aXMMaXx 3alUTHOrO YCTPOWCTBA NpU NPUITOXEHUN
K HeMy rpo3oBoro (KOMMYTaLMOHHOro) UMMyrnbca B HOPMUPOBAHHLIX YCIOBUSIX.

JA.5 kpuTepui HagexHocTH (perfomance criterion): MNokasaTenb, N0 KOTOPOMY BbIGUPAIOT U3ONALMIO B LeNsax
CHUXEHUA O 3KOHOMUYECKA U TEXHUYECKN NPUEMIIEMOro YPOBHS BEPOSITHOCTM TOFO, YTO BO3AENCTBUA HANPSKEHNUA Ha
anekTpoobopyfoBaHue BLIZOBYT MOBPEXAEHWNE €ro U3ONAUMW UNK NMOBMUSIOT Ha NPOAOIKUTENBHOCTE €ro 3Kcnnyarta-
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LMK, U KOTOpLIiA, KaK NpaBuno, BblpaxaroT B TePMUHAX [ONYCTUMOW HOPMbI MOBPEXAEHUA (4ACNO NOBPEXAEHWi B
rofi, YNCINO NET MeXAY NOBPEXASHUAMU, PUCK MOBPEXACHNA N T. 4.).

[A.6 BbiaepxnBaemoe HanpsikeHue (withstand voltage): McnbiTatenbHoe HanpsbkeHWe, MNPUIOXeHHoe B
HOPMUPOBaHHbIX YCIOBUSAX COOTBETCTBYIOLLErO UCMbITAHWUSA, BO BPeMA KOTOPOro AO0NyckaeTcs HOPMUPOBAHHOE YWUCIIO
3aBepLUEHHBIX pa3psifoB.

BbigepxuBaeMoe HanpsxeHue o6o3HavaloT Kak:

- oblenpuHsATOe BblAepXuBaeMoe HanpsikeHue (conventional assumed withstand voltage), korga ponycka-
€MO€e YMUCIO 3aBeplUEHHbIX Pa3pafoB paBHO HyMo. CUMUTAIOT, YTO OHO COOTBETCTBYET BEPOATHOCTW BbiepXUBaHUA
Py= 100 %,

- CTaTUCTHYECKOoe BblaepXuBaeMoe HanpsxkeHue (statistical withstand voltage), korga gonyckaemoe uucno
3aBepLUEeHHbIX paspafoB CBA3aHO C YCTAHOBMEHHON BEPOATHOCTBIO BbiAepXuBaHUA. B COOTBETCTBUM C HACTOALLUM
CTaHfapTOM yCTaHOBJIEHHAA BepoATHOCTb Py= 90 %.

MpuMeuyaHue— B HacToslleM CTaHAapTe AN HECAaMOBOCCTAHABMUBAIOWENCS U30MSLUMM YCTaHOBSIEHbI
obLLeNpUHSTLEIE BhiAepXUBaeMble HamnpsKeHUs, a ANA CaMOBOCCTaHABNUBAIOWENCS U30NALUU — CTATUCTUYECKUE Bbl-
epXuBaeMble HanpsiKeHus.

JA.7 xoopauHauMOHHOEe BblaepXuBaemoe HanpsxeHue; U, (co-ordination withstand voltage): Buigepxusae-
MO€e HanpsXXeHue U3onAauuun, 3Ha4eHne KOToporo And KaXxaoro Knacca HanpsXXeHUA B peanbHbIX YCNOBUAX 3IKCNNyaTa-
U1 yaoBneTBOpAET KPUTEPUIO HAAEXHOCTU.

[A.8 koachcbuumneHT KoopauHauum; K, (co-ordination factor). KoappnuuyneHT, Ha KOTOpbIA AOMKHO BbITb YMHOXEHO
3Ha4eHune npeacTaBUTENIbHOIO HanpsaXXeHuA, 4TOObI nony4yuuTb 3HavYeHne KoopauHaUuMOHHOIo BblAepXXuBaeMoro Hanps-
KeHMS.

[A.9 TpebyeMoe BbiaepxuBaemoe HanpsixeHnue; U, (required withstand voltage): WcnbiTaTensHoe Hanpsixe-
HWe, KOTOpOoe M3oMNAUMA [OIDKHA BbiAepXuBaTb MNPU CTaHAapTHOM UCMBbITAHUM Ha BblAepXuBaHUe (C y4eTOM Bcex
YCIOBUIA ero npoBefeHus1) ¢ Uernbio MNOATBEPAUTb €€ COOTBETCTBUE KPUTEPUIO HAAEXHOCTU MNpu BO3AEWCTBUM
nepeHanpsi»KeHU AaHHOTO Krnacca B pearibHbIX YCIOBMSIX 3KCNnyaTauuu U B TEHeHNE BCEro cpoka Cryxobl.

MpumedyaHun e — TpebyeMoe BbiEpXUBAEMOe HaNPSKeHNe UMeET hOPMY KOOPANHALMOHHOIO BbigepXuBa-
eMOro HanpsiKeHus.

[A.10 KoadbdpuumeHT 3anaca; K, (safety factor): CymmapHbIt k0adhpULUEHT, NpUMEHAEMbIN K KOOPAUHALMOHHO-
MY BblAEpX1BaEeMOMY HanpspKeHUIo Nocne yyeTa nonpaeku Ha aTMocdepHble ycnosus (ecnu TpebyeTces), a Takke yyeTta
BCEX APYrux pasnu4uii B 1eKTPUYECKON NPOYHOCTU B YCNOBUSIX 3KCMyaTaluu BO BpeMsi cpoka cnyxobl U B yCNoBUAX
UCMbIT@HWS CTaHAApPTHBIM BblAEPXUBAEMbIM HampsXXeHWeM C Lenblo Nony4nTe Tpebyemoe BbigepxuBaemMoe Hanps-
XeHue.

0A.11 HopMupoBaHHoOe BblaepXnBaemMoe HanpsxeHue (rated withstand voltage). 3HaveHne ucnbiTaTeENbHOMO
HanpsKeHUs, MPUNOXEHHOro BO BPEeMs UCMBITAHUS CTaHAapTHLIM BbIAEPXKMBAEMbIM HaNpshkeHUeM, NokasbiBatoee,
YTO M3ONALMA YAOBNETBOPAET OAHOMY Unu GonblueMy 4ucny TpebyembiX BblfepXuBaeMblx HAMPSXKEHWUN, U NpeacTaB-
natowee coboii HOpMUPOBaHHOE 3HaYeHUe NS M3ONAUMM 0BOPYAOBaHMS.

[A.12 ctaHgapTHoe HOpMUpPOBaHHOe BblAepXuBaemMoe HanpsaxeHue; U, (standard rated withstand voltage):
CTaHAaapTHOE 3HaYeHWe HOPMUPOBAHHOIO BbIEPXKMBAEMOro HaNPsXEHWUs, Kak 3TO YCTaHOBIIEHO B HaCTOALLEM CTaH-
fapre.

[JA.13 HopmupoBaHHbI# ypoBeHb uzonsauuu (rated insulation level): Psag HopMWpoBaHHLIX BblgepXUBaeMbIX
HanpsXXeHUMN, KOTOpble XapaKTepU3YIOT AMEKTPUYECKYI NMPOYHOCTL U3oNSALMN.

JA.14 cTaHpapTHbI ypoBeHb wusonsiuumn (standard insulation level): Psg craHgapTHeIX HOPMUPOBaHHLIX
BblEPXMBAEMbIX HAMNpsXKEHUW, KOTopble CBA3aHbl CO 3HaYeHWeM Haubonbluero HanpsbkeHuss 0BOpyAOBaHWs, Kak
3TO YCTaHOBMNEHO B Tabnuuax 2 1 3 HacTosLLero cTaHgapTa.

OA.15 KoadhcpnumeHT 3amMbikaHuA Ha 3emnio; k (earth fault factor). KoadbduumeHT, npepcraenstowmii  coboit
OTHOLUeHWe Haubonbluero AeNCTBYIOLLEro 3Ha4eHWs hasHOro HamnpspKeHUst NPOMBILLMEHHON YacTOThl Ha HeMoBpeXz eH-
Hoii hase BO BpeMs 3aMblkaHUS Ha 3emnio, rnopaxaroLlero ofHy casy unu Gonbluee Yncno a3 B Kakoi-nmbo Touke
ceTH, K AeNCTBYIOLLIEMY 3Ha4YeHUI0 PasHoro HanpspKeHUsi NPOMBILLNEHHON YacToThl, KoTopoe Bbino Bbl NMosy4YeHo B JaH-
HOM MeCTe NpW OTCYTCTBMU TaKOro 3aMblKaHWA MpW AaHHOM pacrnonoXeHun TpexdasHoi cucteMbl M ANS AaHHOW ee
CXEeMb.
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Mpunoxexnue Ab
(pekomeHayemoe)

MonoxeHua 9K 60071-2:1996,
ucnosnb3yeMble B HACTOSLWEM CTaHOapTe

(HacTtosiLee npunoxeHWe 3aMeHsieT CCHINKM Ha MexayHapogHbli ctaHgapT MOK 60071-2:1996, He NpUHATLIA
B KayecTBe HaluuoHanbHoro ctaHgapTa Poccuiickon defepauuun.)

0b.1 3arpasHeHue

B cnyyae, Korfa 3arpsasHeHue onpegenser coboi peakuuio BHELLHEW U30MALUN Ha HaMPSDKEHUSI NMPOMbILLIEHHOM
YacTOTbl, OHO CTAaHOBUTCH BaXHbIM (PaKTOPOM, OT KOTOPOro 3aBWCUT KOHCTPYKUMA BHeLWWHeild usonauuu. MNMepekpbitue
M30MALUN BO3MOXHO, KOrfja NoBEepXHOCTb 3arpsa3HAETCA U cMavyuBaeTcA MOPOCAWMUM [JOXAEM, CHErOM, POCOW UNU
TyMaHoM 6e3 3Ha4uTenbHOro cMblBatoLlero agpdekTa.

Ona uenel cTaHfapTusauuW YCTaHOBMEHbl YeTbipe KBanudUKauMOoHHbIe cmerneHu 3arpasHeHwus. B T1abnu-
ue Ab.1 ana kaxgoi kBanuukauuoHHOW cmeneHu 3arpsA3HEeHWs NpeAcTaBNeHO onucaHue HEKOTOPbIX NPU3HAKoB
COOTBETCTBYIOLL|eH TUMUYHOW OKpyXatoLlei cpefbl. M3onATopbl AOMKHEI ANUTENBHO BbiAEPXUBaTb Haubonblee pabo-
Yee HanpshkeHne ceTu B YCNOBUAX 3arpA3HEHUs ¢ NpuemMneMbiM PUCKOM nepekpbiTuA. KoopanHaunoHHble BblgepXusa-
emble HanpshKeHUss JOSKHbI ObiTb paBHbl NPEeACTaBUTENBHEIM NepeHanpsXeHUAM, a KpUTEPUA HaaeXHOCTU AOSKeH
6bITb yCTAHOBMEH MNyTeM BbiGOpa COOTBETCTBYIOLWEN BbIAEPXKUBAEMOW CMeneHy 3arpsa3sHeHUsa COrnMacHo cmerneHu
3arpssHeHUss MeCTHOCTHU.

Tab6nuya Ob.1 — PekoMeHgoBaHHbIE ANWHBI NYTU YTEYKM

CmeneHb MpUMepHas xapakTepucTUKa Hz:n:eﬂbl.uaﬂ HOMUHanNb-
sarpssHe- TUNWYHON OKpyXatoLjei cpeAbl YAernbHas ”’"”H%
HUA nyTW yTeuku, Mm/KB

| PaiioHbl 6e3 npeAnpUATUIA NPOMBILLMEHHOCTA U C HWU3KOW NNOTHOCTBIO 16,0
Ierkas XUMbIX 34aHWIA, 060pyAOBaHHEIX OTOMUTENBHEIMU YCTaHOBKaMM:

- paloHbl C HU3KOW MNOTHOCTLIO MPEANPUATUIA NPOMBLILLIIEHHOCTU UMK
XUMbIX 308HUA, HO MNoABepXeHHble BO3JEWCTBUIO YacTbiX BETPOB W/unu
DOXLen;

- CeMnbCKOXO3ANCTBEHHbIe paitoHbI):

- FOpHble panoHbl, —

BOMXHbl ObITh pacrnonoxeHsl, No KpaiHeih Mepe, Ha paccTosHWU oT 10 o
20 kM OT MopcKoro nobepexbs U He JOIMKHBI BbITe NOABEPXKEHL! AENCTBUID
BETPOB, OYIOLWMX HEMOCPEeACTBEHHO ¢ Mopst)

Il PaiioHbl ¢ NpeanpUATUSMU NPOMBILLITEHHOCTH, MPaKTUYEeckn He Bhlgens- 20,0
CpefHsasa | WOWWUMK 3arpAsHAOLWLEro AbiMa, WKWK cpegHel NNOTHOCTLIO XUNbIX 34aHU,
060pyAoBaHHbLIX OTONUTEMBHBIMU YCTaHOBKAMM:

- paloHbl C BBICOKOW MAOTHOCTLIO XUNbIX 3A4aHWIA U/unu npegnpusaTuil
NPOMbILLMEHHOCTU, HO MOABEPXKEHHbIE BO3AENCTBUIO YacTbIX BETPOB U/MMK
noxaen;

- paiioHbl, NoJBep)XeHHbIe AEeNCTBUIO BETPOB, AYIOLLMX C MOPS, HO He CruLL-
KoM Bnuskune k nobepexblto (Mo KpaHeil Mepe, Ha PacCTOAHUM HECKOMbKNX
KuromeTpos)®)

Il PaiioHbl ¢ BBICOKOW NIIOTHOCTLIO NPEeANPUSATUIA NPOMBILLIIEHHOCTU U NpU- 25,0
CunbHas | ropofbl 60MbLWWX rOPoA0B C BLICOKOW MAOTHOCTLIO OTONUTENBHBLIX YCTaHOBOK,
BbIAENSAOLWMX 3arpsi3HEHNS:

- paiioHbl, Brinakme Kk MopckoMy nobepexsio 1, B 1toGoM cryyae, nogsep-
XeHHble BO3AeiCTBMIO BeCbMa CUITbHLIX BETPOB C Mops®)

v PailoHbl, Kak npaBuno, yMepeHHON NPOTAXKEHHOCTU, NofBEPKEHHbIE BO3- 31,0
OuyeHb AelcTBIIO NPOBOASILLENA NbINK U NPOMBILLNEHHOrO AbIMa, OCTaBMSIOWEro Ypes-
cunbHas | BblYaWHO TOHKUA MPOBOAALMIA OCafokK:
- paiioHbl, Kak MpaBuiio, YMepeHHOW NPOTsKEHHOCTU, oveHbs Bnuako pac-
NONOXeHHbIE K MOPCKOMY Nnobepexblo 1 NogBEpKEHHbIe BO3LeiCTBUI MOp-
CKMX OpbI3r UM O4eHb CUMBHLIX U 3arpa3HALWMUX BETPOB C MOPS;
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OkonyvaHue mabnuupi 6.1

CmeneHb MpUMepHas xapakTepucTika HanmeHbLIaa HOMUHaNb-
sarpasHe- TUMUYHON OKpyXatoLlel cpelbl HaA yaeneHasn A”MH%
HUA nyTW yTeyku, Mm/kB

v - NYCTbIHHbIE PaiOHbI, XapakTepusyoLmecs oTCyTCTBMEM JOXAEN B Teye-
OueHb HWe ONUTenbHbIX NepUoAoB, NOABEPXKEHHbLIE JENCTBUIO CUMBHLIX BETPOB, He-
cunbHas CYLLMX MecoK U corb, U NOABEPXKEHHbIE PerynsapHOR KoHAeHcalun Bnaru

) CornacHo MOK 60815 HauMeHbLLasA fNMHA MyTW YTeUKN U30NSTOPOB MexXay dasoii U 3eMneil, oTHeceHHas!
K HanbonblueMy MexaydasHoMy paboyeMy HampsPKEHUIO CEeTH.

2Mcnonb3osaHne yooBpeHniA MyTemM pacrbiNeHns WK 30Mbl OT CKUraHNS CerbCKOXO3ANCTBEHHBIX KyrbTyp
MOXeT MPMBECTN K Bonee BLICOKOMY YPOBHIO 3arpsi3HEHUSI W3-3a paccenBaHuUsA nof AeiicTBueM BeTpa.

S)PaccTosHNA OT MOPCKOro nobepexbs 3aBUCAT OT Tonorpacdui NPMEPEXHOro paioHa M OT 3KCTpeMarbHbIX
BETPOBbLIX YCMOBUIA.

MpuMedaHuUe — 3Ty Tabnuuy crneayeT NPUMEHSITb TONMBKO K CTEKNSIHHON U hapdopoBOI U30MALMK U He
pacnpocTpaHATb Ha HeKOTopble CUTYaLMK B OKpYXKatoLeil cpefie, Takue Kak CHEr W fiel Npu CUNbLHOM 3arpsi3HeHum,
CUITEHOM AOXAE, B 3aCyLWUMUBLIX paiioHax U T. 4.

OnnTenbHO NPUMOXEHHOE KOOPAWHALMOHHOE BbIAEPXKUBAEMOE HaMnpsXKEHWE TMPOMBILNEHHOW 4acToThl
[LOIDKHO COOTBETCTBOBATb HaubonblueMy paboyemy HanpspkeHUo ceTu Ans MexaydasHbX MW30NSTopoB, a 3To
3Ha4eHue, JeNeHHoe Ha ‘/3 — AnsA dasHbIX U30NATOPOB.

MN3onsTopel pasHbiXx TUMOB W faXe W3ONATOPbl OHOrO M TOro Xe TUMa, HO B PasHbIX MOSIOKEHUSIX MOTYT aKKyMmy-
NUpoBaThL 3arps3HEHUs ¢ pasHOW CKOPOCTLIO B OAHOW W TOM Xe OKpyXaloleid cpefie, a ANA OAHON U TOW Xe cTeneHu
3arpsi3HeHNst MOryT UMETb pa3sHble XapaKTepuUCTUKM nepekpbiTus. Kpome Toro, BcrieAcTBWe Bapuauuu B npupoge
3arpssHAOWEro areHTa ofHW opMbl U30NATOPOB MOryT 6bITb Gonee ahEKTUBHEIMU, YeM Apyrue. Takum obpa3om,
ANsA uenen koopAWHaUuu cmeneHb 3arpsa3HeHus crnefoBano 6bl onpeAensTb ANS KaXAoro Tuna UCrnorib3yemoro
usonsrtopa.

B criyyae MecTHOCTell ¢ BBICOKOI cmerneHbio 3arpsi3HeHUst MOXET ObITb pacCMOTpeHa o4YUCTKa U 0BMbIB U305TU-
pYHoLLUX NOBEPXHOCTEN.

MpuMedaHune—Pa3gen [IB.1 3aMeHseT cchinky Ha MOK 60071-2 B 4acTu nognyHkra 3.3.1.1.

[B.2 MNepeHanpsXeHUsi NPU BKIMIOYEHUU U NOBTOPHOM BKNIOYEHUN NUHUN

BrntoyeHne u noBTOpHOE BKMOYeHWe TpeXdasHoi NMHNMKN BbI3bIBAOT KOMMYTALMOHHBIE NepeHanpsaXeHua Ha
BCEX TpeX chasax NIMHUK, NpUYeM Kaxaas KOMMYTaLyMoHHas onepaLus Bbi3blBaeT TPU dasHbIX U, COOTBETCTBEHHO, TpU
MexaydasHbIX nepeHanpsKkeHus.

AMMAUTYAbLI NepeHanpPsKEeHWA NpW BKITIOYEHUN NIMHAKM 3aBUCST OT HEKOTOpPbIX haKTopoB, B TOM 4uUcne oT Tuna
CUMOBOro BbIKNOYaTENS (NYyTEM NpefBapuTENbHOrO 3aMblikaHUA pesnctopa unu 6e3 Hero), HaTyparibHON MOLHOCTU UnNK
MOLLIHOCTU KOPOTKOro 3aMblKaHUA Ha LUMHaX, OT KOTOPLIX BKMOYAETCA NUHUA, HaTYpansHOR MOLLHOCTU UCNONb3yeMon
KOMMeHcauun U OMHbl BKIHOYAEeMOA NWHWKM, XapaKTepUCTUKU KOHL@ NIMHUM (OTKPBITLIA, ¢ TpaHchopMaTopoM, ¢ pas-
pPAAHWKOM) U T. .

TpexdasHoe aBTOMaTU4ecKoe NMOBTOPHOE BKITIOYEHWE MOXET reHepUpoBaTh BbLICOKME NMepeHanpsikeHna ¢ nono-
MMM (OPOHTOM W3-3a OCTaBLUMXCS 3apA0B Ha MOBTOPHO BKMOYAEMON NMUHUKU. Bo Bpemsas NOBTOPHOrO BKIKYEHUSA
amnnuTyga nepeHanpsXeHus Ha NUHUK (M3-3a OCTaBLUErocs 3apsfa) MoOXeT ObiTb TEM BhbILLE, YEM BbILLE MaKCUMYM
KBasucTaloHapHoro nepeHanpshkeHna. Pa3pag sToro ocTaBlUerocs 3apsja 3aBWUCUT OT 06opyAoBaHWs, ocTatoLero-
€A NOAKMIOYEHHBIM K TMHUK, OT NMOBEPXHOCTHOW NPOBOAUMOCTMU U30SIATOPOB WU OT YCMOBUIA, crnocobeTBYOWUX NoAAep-
XaHuo KOPOHbI Ha NpoBojax, oT nayabl 4O MOMEHTa MOBTOPHOMO BKITHOYEHMS.

B HopManbHbBIX ceTax ofgHodasHoe MOBTOPHOE BKIIOYEHWE He faeT nepeHanpsixeHuin Bbille, YeM MnaHoBoe
BKNtoYeHne. OgHako ANSA NUHWMIA CO 3HAYUTENbHBIMU Pe30HaHCHBIMU addekTaMn unu adpdektom PeppaHTU ogHodas-
HOe MOBTOPHOE BKIOYEHWEe MOXET Bbl3BaTb Oonee BbICOKWE MepeHanpsiKeHus, Yem TpexdasHoe BKIoYeHUe.

[ocToBepHoe pacnpeaeneHne BEPOATHOCTA aMMnUTYA NepeHanpshkeHUn MOXeT OblTb MOoMy4YeHo TOMbKO NyTem
TOYHOrO BOCMPOU3BEAEHUA KOMMYTALMOHHLIX Onepauyuil U YUCTIEHHLIX PacyeToB, C NMOMOLLLIO aHanu3aTtopoB nepe-
XOAHBIX MNPOLECCOB U T. 4., @ TUNUYHbIE 3HAYEHUS, Takue Kak nokasaHel B Tabnuuax 6.2 n [B.3, cneayet paccmaTtpusaTh
TOMbKO B Ka4ecTBe MpuONUsUTENLHOMO PYKOBOACTBA. Bce npuBefeHHble 3Ha4eHUss OTHOCATCA K MepeHanpsikeHUsm
Ha OTKPBITOM KOHLE NWHWM (MpUHUMatOWMA KoHel). [epeHanpsbkeHns Ha nuTalolleM KoHLEe MOryT ObiTb 3Ha4uTeb-
HO HuXe.

B tabnuuax O6.2 v OB.3 npuBegeHbl gnanasoHbl 2%-HbIX 3Ha4eHU (T. €. BePOSATHOCTb MPEBLILUEHUA KOTOPbIX

paBHa 2 %) nepeHanpsXeHWn (B OTHOCUTENBHLIX eAuMHULax oT ,/2 Ui /,(3 , rae U, — Haubonbluee 0numensHo
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donyckaemoe pabouee HanpsiKeHUE B NEKTPUYECKON CeTW), KoTopble MOryT ObiTb oxugaembl Mexay dason u
3emnen 6e3 orpaHnyeHna ¢ nomouysto PB unu ONMH. MNpuBedeHHble 3HaYeHMA NonyyeHbl B pesynbraTte NONeBbIX UCMbI-
TaHWA U UccnefoBaHUiA U yUUTHIBaIOT BNusiHue 6onbluMHCTBa (haKTOPOB, ONpefenstowux nepeHanpsKeHus.

Tabnuuya [OB2 — [OuanasoHbl 2%-HbiX NEpPeHanpsXXeHUA C NororuMm POHTOM Ha NPUEMHOM KOHLE npu
BKJHOMEHUN NIUHWW

Hanu4ue BuikntovaTenen c ogHo-

CTyNeHYaTLIM LUYHTUPYIOLLMM pe- Oa HeT

3UCTOPOM

XapaKkTepucTuka nuTatoLen KomnnekcHas MHaykTuBHan KomnnekcHas MHAYKTUBHaSA
ceTu

CTeneHb napannenbHON KOM- > 50 <50 > 50 <50 > 50 <50 > 50 <50

neHcauuu, %

AMnnuTyga Makcumans- 1,28 2,00 1,89 2,22 2,11 2,59 2,78 2,89
nepeHanpsxe-| Has
HWS, OTH.eg.

MuHMManbHasn 1,05 1,28 1,33 1,39 1,61 1,39 1,78 1,67

Tabnuya OB.3 — [nanasoHbl 2%-HbIX NepeHanpsiKeHnin ¢ NoforuM PoHTOM Ha NMPUEMHOM KOHLE NPy NOBTOPHOM
BKJTHOMEHUMN MTUHUN

Hanuuue BeIkntovaTenei ¢ ofHo-

CTyNeHYaTbIM LUYHTUPYIOLMM pe- Oa HeT

3UCTOPOM

XapakTepucTuka nuTatoLen KoMmnnekcHas MHaykTuBHas KomnnekcHasn MHayKTUBHAaA
cetu

CTeneHb napannenbHOW KOM- >50 <50 > 50 <50 > 50 <50 >50 <50

neHcaumun, %

AmnnuTyga Makcumans- 1,94 1,78 2,17 2,11 2,44 3,44 3,50 3,67
nepeHanpsixe-| Has
HUS, OTH.eA.

MuHumanbHas || 1,57 1,22 1,30 1,33 1,50 1,50 2,89 2,17

Tabnuuel OB.2 n 6.3 cneayeT ucnonb3oBath ANA TOro, YTo6bl onpeaenuTs, MOryT NU NepeHanpsikeHus B AaHHO
CUTyauumn ObiTb JOCTAaTOMHO BLICOKUMM, YTOOLI BbI3BaTh HapyLUeHUS B afiekTpocHabxeHun. Ecnu MoryT, To gnanasoH
NpuBefeHHbIX 3HaYEeHWI ykasbiBaeT, B KaKoi Mepe 3TU nepeHanpsXeHWs MoryT ObiTb orpaHuyeHbl. bes npusegeHHbIX
Tabnuy ans JOoCTUXEHMA Toii xe LUenn notpeboBanuck Obl AeTanbHblE UCCreoBaHUSA.

MpuvmedaHue—Pasgen [1b.2 3aameHsieT ccbinky Ha MOK 60071-2 B yacTu noanyHkra 2.3.3.

[B.3 YnpolueHHbI MeToA 3alUThbl OT MONTHUU

Ans ynpoweHHOo oLeHKN NpeAcTaBUTeNbLHOro nepeHanpsxeHns Uy, Ha sawuuiaeMom obbekte MoxeT GbiTh
ucnonb3oBaHa opMyna

Unp = Uy +2ST ansa Uy 228T, (AB.1)
Unp = 2Uy ansa Uy <2ST,

rie U, — ypoBeHb 3awuTsl PB (OMNH) npu rposoBoM umnynece, KB;
S — KpyTuaHa HaberatoLyeil BomnHel, KB/MKC;
T — Bpems ABMXEHWUA rpO30BON BOMHLI, OnpefeneHHoe Kak

T=Ll/c,

rie ¢ — cKopocTb ceeTa (300 m/mke);
L=d+dy+ dy+ dy — paccToAHUA U3 pUCyHKa 2, M.
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3HayeHUss KpyTU3Hbl [JOMKHbl GbiTb BbIGpaHbl B cooTBeTCTBUW C deghopmavueld c¢hpoHma 80/HbI U3-3a
umMnynbCHOU KOPOHbI Npu npobeze NO BO3AYLIHBIM MUHUAM, NOACOEJUHEHHBIM K NOACTAHUMW, U NO NPUHATOMY PUCKY
NoBpeXAEeHUs Ha NOACTaHLUW.

Ecnu k nogctaHuum npucoefuHeHo 6Gonee o4HON BO3AYLUHOW NMMHUM, NepBOHaYanbHas KpyTusHa S Haberatoleit
BOJIHbI MOXeET ObITb pazfieneHa Ha Yncno NUHWIA n. OgHaKo 3TO YMCIIO JIMHUA JOMKHO COOTBETCTBOBATL MUHUMAILHOMY
YucIny, KOTOpoe CrieflyeT OCTaBNATL B IKCNMyaTauuK, Y4UTbIBas BO3MOXHLIE OTKMIOYEHUA BO BpemsA rpos.

C y4eToM MnonpaBku Ha TO, YTO KpyTU3Ha HaGeraroleid BorHbl yMeHblUaeTes 06paTHO NPONOPLUOHANbHO paccTo-
SIHMIO0, KOTOpOoe npoberaeT BofnHa BAONb BO3AYLHOW NUHUK, KpYTM3Ha S HaberatolLeil BOMHLI, KOTOPYIO criefyeT ucnosb-
30BaTb B hopmyne (AB6.1), npubnusntensHo pasHa

S = 1(nKX), (05.2)

A€ N — Y1CnOo BO3AYLUHBIX NIMHWA, NOACOEANHEHHBIX K MOACTaAHUWUM; MPU Hamnu4uM MHOroOUEenHbIX onop u Heobxopu-
MOCTW Y4UTbIBaTb ABOWHYIO CUCTEMY OBpaTHLIX NEPEKPLITUIA PEKOMEHAYETCA 3TO YUCNO AENUTbL Ha [Ba;
Kyo — NOCTOSAHHASA, yuuThIBaloLWasn gemndupytouee BInAHWE KOPOHbLI, B COOTBETCTBUU ¢ Tabnuuei 6.4, Mkc/(kB-m);
X — paccTosHue Mexay TOYKON yaapa MONHWU W NOACTAHUUEN, M.

MpumedaHue—3TadopMmyna nonydeHa B NPeAnoNIOKEHUM, YTO PACCTOSHUA MEXAY 3aLUMLLaeMbIM 0ObEKTOM
M TOMKaMW MOACOEMHEHUSA BO3AYLIHLIX NIMHUIA COOTBETCTBYIOT BpeMeHaM npobera, MEHbLLUUMM YeM MOSIoBUHA BPeMEHN
dpoHTa Haberatoweit BonHbl. CnegoBaTentHo, B Xoae NpUoNU3nTensHON OLEeHKM AomyckaeTcs npeHebpeyb ToKoNoaBo-
AOM Mexay o6bLeKTOM U Toukol nogcoeanHeHus. Takol nNoaxos cnpasBeAnvB ANSA OLEHKU NPeAernbHOro paccTosHUA B
dopmyne (JB6.3), Tak kak B 3TOM cry4ae Ans Haberatowlei BoNHbl XxapaKTepHbl Marnble KpyTu3Hbl. [ns pacyeta peanbHbiX
nepeHanpspKeHWii, BO3HUKaIOLWMX BCeAcTBUE AONyLUeHHOW Haberatowleil BOMHbI, aHHOe YNpoLyeHne MOXeT He BbiTb
KOHCEpBaTUBHBIM.

Tab6nunuya Ob.4 —MocToaHHas K,,, yunTbiBaroWwas gemMndupyowee BAMSHUE KOPOHbI

KoHdpurypauua nposoaos Kyor MKC/(KB-M)
OAVHOYHBIA npoBog 1,5-10°°
Pacujennenue Ha gBa nposoga 1,010~
Pacuwennerue Ha 4YeTbipe npoBoja 0,6-10°°
PacuwenneHue Ha LWeCTb UM BOCEMb NPOBOJOB 0,4-10-°

Mcnonb3oBaHWe 3Toro sHa4yeHus KpyTusHel B popmyrne ([1b.1) He AaeT 4oCcTaTOMHO TOYHLIX pe3ynsraTtoB As pac-
YyeTa nepeHanpsikeHuss Ha obopyaoBaHun. OfHaKo OHO AOCTAaTOMHO (M KOHCEPBATUBHO), UTOOLI OLIEHUTL NpefenbHoe
paccTosiHue X, cneaytowuMm obpa3om:

Xn = 2TnKo(U = U], (0B.3)

rme U — HauMmeHblUasi aMnnuTyja paccMaTpUBaeMoro nepeHanpskeHus;

T — Haunbonbluee Bpems npobera Mexay ntoboii TOMKON Ha nogcTaHuuK, noanexalei sawure, n Gnuxanwum PB
(OlMH), Mkc;

U, — ypoBeHb 3awutsl PB (OlMH) npu rpo3oBoM umnynece.

Ana paccTosHuiA, bonblunMx Yem X, , KPYTU3HA YMEHBLUMTCA Tak, YTO 3HaYeHWe nepeHanpsikeHus Ha obopyaosa-
HUK ByAeT MeHbLUE, YeM NMPUHSATOE 3HayeHue U.

B Lensx fganbHeiwero ynpoLeHsa pacyeToB NpUHUMAIOT cneayiowme AonyLWeHNUs:

- BCe cfyyau yAapoB MOJTHUM B Npefieniax HeKOTOpOro pacCToAHUA OT NOACTaHUUW Bbi3bIBAOT NepeHanpsiKeHUs
Ha 3awmijaeMoM o6opyoBaHuM Gonee BbICOKUX 3HAYEHUNR, YeM AONycKaemMoe 3Ha4YeHue, a Bce cCnydvau BHe 3Toro gua-
nasoHa — nepeHanpshkeHUs1 boriee HU3KUX 3HAYESHWIA;

- NepeHanpsPkeHuwe Ha o6opyfoBaHMKU MOXeT BbiTb paccHUTaHo B cooTBeTcTBMU ¢ popmynoit (OB.1) n dopmynoii
(AB.2).

Kak yxe ykazaHo, o6a gonyLieHus cTporo He 06ocHoBaHbl. Bo-nepBsblx, He BCe yaapbl MONHWUK B Npegenax onpeje-
FIeHHOTO PacCTOSIHUA OAMHAKOBO XeCTKU. WX Bo3geilcTBUE 3aBUCUT OT TOKa MOSHUM UMK OT Haberarowei BONHLI Nepe-
HanpsbxeHus. Bo-BTopbIX, NepeHanpspkeHUs MoryT 6biTb Bhile, YEM T, KOTOpble paccyuTaHbl C UCnonb3oBaHUeM op-
myn (A6.1) u (db.2). OaHako coBpeMeHHas npakTuka 3awuTtel o6opyaoBaHus ¢ nomoulsto PB (OMNH) nokasbiBaeT, 4To
06e HETOYHOCTM NpaKTUYECKU NorallaloT ofHa ApYryto.

OTHocuTenbHO paccTosHua X, ucnonbsyemoro B popmyne (A6.2), nokasaHo, 4To o6paTHble NepeKpLITUS He Npo-
UCXOAAT Ha onope, brimxHe K NnoAcTaHLWK, UMetoLWein 3a3emnsaiollee YCTpoicTBo. MUHUManbHBIM 3Ha4eHneM X cuuTa-
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toT 3Ha4YeHne ANWHLI ORHOMO MporieTa BO3AYLWIHOW NUHUM Lp, Takum o6pasoM, npepcTaBuTenbHas KpyTUsHa Sgp,
KoTOpyto credyeT ucnons3aosath B popmyne (OB.1),

Snp = MKio(Lnp * Lu)], (0b.4)

rae L, = (Ry/Rw) — ceKkumns BO3ZYLUHOM NNHWKM, B KOTOPOW HOPMa rpO30BOrO NepeKpbiTUS paBHa NpUeMnemoit
HOpMe MOBTOPEHWUA nepeHanpsxeHui.

MpuMeYaHune— YpaBHeHUe NOSYHEHO U3 TOro HabnoAeHUs, 4TO 0BpaTHLIE NepPEKPLITUA HE NPOUCXOANAT Ha
onope, BrnimkHemn K NoACTaHLMK, MMetoLLeld XopoLlee 3a3eMnsioLLee YCTPONCTBO, U YTO NPOPLIBLI 3aALLUTLI HE NPOUCXOAST
Ha NepBOM MposieTe BO3AYLIHON NMUHUK. CrnegoBaTernbHO, CYLLEeCTBYET MUHUManbHasa AnvHa npobera Haberarowei Bon-
Hbl, KOTOpasa AaeT MakCMMarnbHO BO3MOXHYHO KPYTU3HY. AHanMTUYecKoe BbipaXeHue, ucnonb3oBaHHoe B hopmyne (O6.4),
npefcTaenaeT coboi npubnuxeHne K aTomy HabniogeHuto. B kavyecTBe ansTepHaTUBLI BMECTO CyMMbl MOXET ObiTb
ucnons3oBaHo Gonee BbICOKOE 3HAYeHWe AMMHbI NMponeTa unu AnvHel L.

Takum obpa3omM, BBOLASA Snp B chopmyny (OB.1) n Bctaenas A = 2/{K,c) ANA NUHUIA anekTponepeaadn, nony4ator
3aBUCUMOCTb MpefCTaBUTENBHOMO FPO3OBOro NepeHanpsXeHWs oT HOPMbl NOBTOPEHUS:

U.. =U AL
np = VYar T Lon+ Ly (AB.5)

rae  Up, — amnnuTyia npeicTaBUTeNBHOMO rpO30BOro nepeHanpsixeHus, KB,

A — koaddULMEHT, npuBedeHHblii B Tabnuue [OB.5, yuuTbiBalowuii deghopmauuto c¢hpoHma 8onHbl U3-3a
UMIYIbCHOU KOPOHbI fpu Npobege no BO3AYLIHOA NUHWA, NOACOEANHEHHON K NOACTaHUMK,;

Uy — ypoBeHb 3awuTel PB (OMNH) npu rpozoBom umnynbce, KB;

N — HanmeHbLUee YNCNOo NUHUIA, NpuxodAwWwmnx Ha nogctaHuuo (N =1 unu N = 2),

L, — oTpensiollee paccTosHue: L = d + dq + dy + dj, Kak nokasaHo Ha pUCYHKe 2, M;

L, — AnuHa nponeta, M;

L, — AnNvHa BO3ZYLUHON NIMHUKU C HOPMOW MPOCTOSA, PaBHOA NPUHATON HOpME NOBTOPEHUSI NEPEHaNpPsPKEHWNA, M;

R, — npuHsATas HopMa MoBTOPeHWUA nepeHanpsikeHunid (1/rod);

R — HOopMa npocTos BO3AYLIHOW NMUHWKA B rof ANA KOHCTPYKLMW, COOTBETCTBYIOWEN NEPBOMY KUINIOMETPY nepej
cTaHumen [cm. dopmyny (OB.4)] [obwenpuHsaTan eguHuua namepenus: 1/(100 km-roa), pekoMeHayemasi eiuHuLa Uame-
penus: 1/(m-rog)].

Tabnuya Ob.5 —KoaddpuumeHT A ANs pasnuyHbiX BO3AYLUHLIX NUHUIA, NpuMeHseMblit B hopmynax (O6.5) u (OB.7)

Tun nMHUK A, kB

PacnpegenutenbHble nuHUKN (MexaydasHble NepekpbITUs):
- C 3a3eMNeHHbIMU TpaBepcamu (MepekpbITUe Ha 3eMITI0 MPU HU3KOM HamnpsbkeHun), 900
- NMHUK Ha [epeBSAHHBIX cTonbax (NepekpbiTUe Ha 3eMII0 NMPU BEICOKOM HamnpshkeHUH) 2700

JInHuM anekTponepefayun (ogHodasHoe 3amblkaHUe Ha 3eMrio):

- O4WHOYHbIA NPOBOL; 4500
- pacujenneHue Ha aBa NPoOBOAa,; 7000
- pacujernneHue Ha YeTblpe NpoBoAa, 11000
- pacujernieHue Ha LIeCTb UNN BOCEMb NMPOBOAOB 17000

KoopanHaLMoHHOe BhilepXXUBaeMoe HanpskeHne NosyyaroT nyTeM saMmeHbl L, Ha ANUHY NUHWK L, koTopas faet
HOpPMY MpPOCTOS, paBHY MpUeMNeMoin HopMme nospexaeHns R,

La= Ra /Ry, (05.6)
M KOOPAUHAUNOHHOE BblAEPXXMBAEMOE HanpsHhkXeHue rpo3oBoro uMmnynbca

A_ Lo
Ug = Ugr + -Nl-nn—"'La' (AB.7)
rae U, — KoopAWHaALMOHHOE BbljepXuBaemMoe HanpsikeHue rpo3oBoro UMNynbca;
L, — ceKuyna BO3AYLUHONA JIMHUW C HOPMOI NPOCTON, PaBHOW MPUEMIEMOIA HOPME MOBPEeXAESHUS;
R, — npuemnemasi HopMa noepexaeHns obopyaoBaHus.
Ana nuHni anekTponepeaaun koadduumenTtsl A GepyT ns Tabnuuel [16.5, a nocTosiHHbIe K|, yuuThIBaloLme AeM-
ndupytowee BNUsHWE KOpoHbl, — U3 Tabnuubl O6.4. Ana pacnpefenuTenbHbIX CeTell rpo3oBble NepeHanpsikeHus], Kak

npaBuno, MHorocpasHble, N HeoBX0AUMMO paccMaTpuBaTh TOK, pacnpegensiomiics no gasHeiM NpoBogam. B cnyvae
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CTarnbHbIX OMOp NepekpbITUA Gonee YeM OAHON ONopbl BO BpEMSA yAapa MOMHUN NPUBOAAT K AaNbHEWLEMY CHUXEHMIO
rpo3oBbIX NepeHanpsxeHWin. ns sTux NUHUIA koadpduuneHT A noabupatoT B COOTBETCTBUN € ONBITOM 3KCNNyaTaUuu.

IPY, Kak npaBuno, 3aluiieHbl fy4ylle, YeM NOACTaHUMM Ha OTKPLITOM BO3AyXxe, Tak kak obnagator BOSIHOBbLIM
COMPOTUBMEHUEM HaMHOro Gonee HU3KUM, YEM BOSHOBbLIE CONPOTUBAEHUA BO3AYLIHLIX NUHWIA. BcecTopoHHe obocHo-
BaHHas pekoMeHAauus AN OUeHKM ynyyweHus ansa PY no cpaBHEHWUIO ¢ NOACTaHUMSMUW Ha OTKPLITOM BO3JyXe He
MOXEeT 6bITb NpeacTaBneHa. OfHaKko ucnonb3oBaHue ypasHeHUsa (OB.7) Ana NoACTaHUMKU Ha OTKPLITOM BO3AyXe MO3BO-
NAET NONyYnTb KOHCEPBaTUBHbLIE OLIEHKN KOOPAUHALMOHHOIO BbIAEPXWBAEMOrO HaNPsXXEeHUs FPO30OBOrO UMMysibCca Uiu
3alyWUTHOro juanasoHa, a CHUXeHue oTHoweHus A/N 40 NONOBUHBI 3HAYEHWUSA, UCMNONL3OBAHHOrO ANA MOACTaHUMIA Ha-
PYXHOW YCTaHOBKM, eLle Npuemnemo.

[nsA HoBbIX NogcTaHUMiA, Korga rpo3oBas XapakrepucTuka U3onsauumn CyLwecTBYOLMX NOACTaHLMIA U3BECTHA, Npej-
noflaraemMoe MakcuMarbHOe 3Ha4YeHUe MpefCcTaBUTENBHOrO rPO30BOro NepeHanpPsPKEHUA MOXET ObITb OLiEHEHO cregy-
oM obpasom:

Unp2 14 [N Ly Usn Unpt 1
U3r2 N2 L1 U3r2 '

(06.8)

rae U, — oxupaemoe MakcumansHoe NpefcTaBUTENbHOE MepeHanpsxeHune;

U — 3awmutHbIN ypoBeHb PB (OMNH) npu rpo3oBoM uUMnyrbce;

N — MUHUManbHoe YUCNO BO3AYLWHLIX JIMHUIA, HAaXOAALUXCA B SKCNAYyaTaLun U NOAKIIOHMEHHBIX K NOACTaHUMM,

L=d+dq+dy+ da(CM. PUCYHOK 2 ).

NHaeke 1 OTHOCUTCS K CUTYaLmK, ANA KOTOPOR JOCTATOYEH OMbIT 3KCNNyaTaLuu, a MUHAEKC 2 — K CUTyaLuumn ¢ HOBOW
noacTaHuuen.

C npyroi CTOpoHbI, NMpeanonaraeMoe MakcumaribHoe 3HayeHue MOXeT OblTb NONy4eHo, ecnu NpeanonoXnuTb
HopMy noBTopeHus B hopmyne (J6.4) paBHoii Hynto, noatomy L, =0 u

L
_ A to
Unp = Usr + 5 Lo (05.9)

Mpumedvarnune — Pasgen [Ib.3 3ameHsieT ccbinky Ha MOK 60071-2 B yacTu noanyHkta 2.3.4.5, nyHkta F.2.1,
a Takke pasgenos F.4 n F.5 (npunoxexue F).
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Mpunoxexnue B
(pekomMeHayemoe)

Monoxenna MAK 60099-3:1990, ucnonb3yemble
B HacTosILleM CTaHaapTe

(HacTosiLee npurnoxeHne saMeHseT CChINKN Ha MexayHapofHblid cTaHfapT MOK 60099-3:1990, He NpUHATLIA B
Ka4ecTBe HalLuWoHanbHoro ctaHgapta Poccuiickon degepaumin.)

[B.1 OcHOBHble NPUHLMIbI

MN3BecTHO, 4TO PB MOXET BHIATU U3 CTPOS, HAaXOASACk MOJ HOPMarbHbIM PaboyYnuM HanpsXKEHWEM MPU HEKOTOPbIX
YCNOBUAX 3arpsisHeHWs, BCNEACTBUE MOABMNEHNSA HePaBHOMEPHOro pacrnpefenieHnss HanpsXXeHUs Ha ero BHeLUHen no-
BEPXHOCTU W/MNW U3-3a 04YeHb BbICTPLIX N3MEHEHW B 3TOM pacrnpefeneHnu. YkasaHHble CTagun NosBSIOTCS Kak crneg-
cTBMEe 06pa3oBaHWs Npu 3TUX YCIOBUSX Ha4YalibHOro MOYTU CMOLIHOMO NPOBOASLLEro NOBEPXHOCTHOMO CrOsi, COCTOSALLe-
ro, Kak npaBumno, U3 BOJHOIO pacTBopa anekTponuTa, 06pasoBaHHOro NpPU BbICOKOW BRAXHOCTW MMIPOCKONUYHEIMU TBEP-
AbIMW YacTuLuaMn UNKU KanenbkaMmn XUAKOCTU, oCaxAeHHbIMU Ha NOBEpPXHOCTU. Takke MOXET MpUCyTCTBOBaTb NbiNb,
OKa3blBasl BNUSHWE Ha XapaKTepUCTUKN BIIaXHOR M CYXON NMOBEPXHOCTU. YCTaHOBMEHO TakKe, YTO TOK YTEYKU, Harpesarto-
LA NOBEPXHOCTHLIA CNON, Korga NPpoBOAUMOCTL [OCTAaTOMHO BLICOKA, Bbi3bIBAET (DOPMUPOBAHUE KCYXMX MOSCKOB», Ha
KOTOPbIX MPOUCXOAUT O4eHb Bombluoe NajieHne HanpshKeHusi, a Koraa 9T NOsiCKU Ha KOpPOTKoe BpeMs NepeKpbiBakoTes
LYroi, BO3HWKaIOT UMNYMbChl TOKa YTEYKMU.

OTW ABNEHUs MOryT MPUBECTU K TOMY, Y4TO HarnpsbkeHue, NMpUnoxXeHHoe K HEKOTOPbIM UCKPOBLIM NPOMEXYTKaM,
NpeBbLICUT UX NPOBUBHOE 3Ha4YeHne ¢ nocrnefyoWwuM NpoboeM U3-3a HapylleHUs pacrnpefeneHnus HanpskeHus no
NpoMexyTkaM, Bbl3BaHHOMO eMKOCTSAMM, 06pa3oBaHHbEIMK 3M1eKTpojamMn U MOKPBIMK MOsicKamu.

CnepoBaTenbHO, OCHOBHasA Lemnb UCMbITaHUsA PB B yCnoBusX 3arpA3HEHUs — BOCMPOU3BECTU BaXHble YCroBUA
3arpsisHeHus, NPeAcTaBUTb T€ M3 HUX, KOTOPbIe BO3MOXHbBI B JKCMyaTaLun, U YyCTaHOBUTb, YTO MOABEPXKEeHHbIA 3arpss-
HeHuto PB, BKNIOYEHHbIN Ha COOTBETCTBYHLLEE HanpsXeHne NPOoMBILLNEHHOR YacToTkl, He fonyckaeT Npobos UCKPOBLIX
MPOMEXYTKOB.

MepekpbITHe NoBepxHoCcT PB B yCNOBUSX 3arpsi3HeHUA OnacHO ¢ TOYKN 3peHUst ero aKkcryaTauuu, cnegosatesns-
HO, B 3TOM OTHOLLUEHWUW TaKkKe AoSKHa GbiTb onpefeneHa XxapakrepucTuka.

NmetoTca AaHHbIe, NOTyYeHHbI KaK U3 onbiTa 3KCnyaTayumn, Tak 1 13 NpakTUKW UCNbITaHWA, YTO YyCNoBWA 3arpsas-
HeHWs, crocobHble Bbi3BaTh Npoboit PB, MOryT OTMMYaTLCA OT YCMOBUIA 3arpAsHeHUs, NpUBOAALLMX K NepeKkpLITUO No
noBepxHocTu. [NocnefHue, Kak NpaBuno, CBA3AHbI C XKECTKUMMW YCIIOBUAMU, XapaKkTepusyloLmUMUcs YacTbiMM UMMynbca-
MW TOKa YTEYKM ¢ GOMbLUMMK aMNNUTyAaMm, Toraa kak npoboii NCKpOBLIX NPOMEXYTKOB, Kak NpaBuno, cBA3aH ¢ peskuM
yCUNeHneM 3arpsA3HeHns UK BbiChixaHneM 3arpssHaiollero areHta. CoOTBETCTBEHHO, MOryT noTpeboBaThea oTAerNb-
Hble UCMBITAHUA ANA 3TUX ABYX Pa3NUYHbIX MyTel, NPUBOASILLMX K MOBPEXAEHUIO.

MpumMeyaHune—Pasgen [1B.1 3ameHseT ccbinky Ha MOK 60099-3 B yactu pasgena 3.

[B.2 NpunoxeHue HanpsaxXeHnsa

Ona PB B ceTAX ¢ M30MMpOBaHHLIMU U pe30HaHCHO-3a3eMITEHHBIMU HEWTpansaMu (OQuarnasoH |) B TedeHue Bcero
nepuvoga WCNbLITAHUA [OMKHO ObITb NPUNOXEHO ANUTENBLHOE HamnpsPkeHue, paBHOE HOMWHANbHOMY HamMpsPKEHMUIo
PB. MNpwn 3TOM, €crM HOMUHarNbHOE HanpsbhkeHWe npeBbilaeT Haubonbllee pabodyee HanpsbkeHue (Mexay dasamu)
CeTH, No CormalleHuio Mexay noTpebutenemM M U3roToBUTENIEM B KayecTBe UCTMbITATENbHOIo HanpsbkeHUs BeibupatoT
nocnefHee.

Ona PB B ceTaAx ¢ 3a3eMneHHLIMU HelWTpansaMu (Ouanasonsi Il u ) ¢ koapdUUMEHTOM 3aMbIKaHUS Ha 3eMIIo
mexay 1,2 u 1,4 cHavyana fAormkHO ObiTb MPUNOXEHO WUCMbITaTeNlbHOe HanpsbkeHue, cocTaenswowee 0,75 — 0,8 (anA
Ko3a(ppULMEHTOB 3amblkaHMA Ha 3emnio 1,33 u 1,25 cOOTBETCTBEHHO) OT HOMMWHanbHoOro HanpsikeHusa PB, wunu 0,87
(T. e. 1/1,15) oT ycTaHOBNEHHOrO ANUTENbLHO AOMycTMMOro paboyero HanpspkeHUsi PB (OHO paBHO UNM MeHbLUE, YeMm
HOMUWHarnbHoe HanpsikeHue PB), B 3aBUCMMOCTM OT TOro, Kakoe MeHblue. [lanee 3HayeHue UCMbITaTerbHOro Hanpsxe-
HUSI C NPOMEXYTKaMMK yBenuuuBatoT A0 bornee BLICOKOrO 3Ha4YeHUs, COOTBETCTBYIOLLErO HanpsXXeHU0 KOPOTKOro 3ambl-
KaHus, B TedyeHue 1 — 2 ¢, a 3aTeM BLICTPO CHUXAKOT 40 HaYarbHOro 3HaYEeHUs.

MpuMeyaHue—Pa3sgen [1B.2 3ameHseT ccbinky Ha MOK 60099-3 B yactu pasgena 6.

B.3 MeTtoamuka ucnbitaHus

AB.3.1 Hauano ucnbiTaHmsa

MoaroToBrieHHblh PB ycTaHaBnuBaloT B ero ucnbitatenbHoe nonoxeHuwe. CosgatoT HeobxoguMble YCroBUsi
3arpsi3HEHUS U BO3AENCTBYIOT HaMpshKeHWEM B COOTBETCTBUM C BbIOpaHHEIM METOAOM. McnbiTaHMe CUUTalOT HaYaBLLUM-
cs, Korga npu HeobxoAUMbIX YCNOBUAX 3arpASHEHUst AOMKHO OblTb MPUIOXKEHO MOMHOE UCMbITATENbHOE HanpsiXeHue
B COOTBETCTBUU C pasgenom [1B.2.

[B.3.2 Nopsagok ucnbitaHusa

MUcnbiTaHne cnegyeT NpoBOAUTE NPU KaXKAOM M3 TpeX YpOBHENR 3arpsasHeHus u3 [1B.3.3, npuMeHAss COOTBETCTBYIO-
LMe MeToabl U MCNonb3ysl NPEANUCaHHbIA 3arpAsHAoLWMiA areHT. [pu aToM oTMevaloT Bee criydaun npo6os PB unu
nepeKkpbITUS M30MSALMA MO NOBEPXHOCTU.
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[0B.3.3 YpoBHM 3arpsi3HEeHUs1

YPOBHU 3arps3HEHNA XapakTepu3yloTCs CONEHOCTLIO pacTBopa Ana MeTofa CONeBoro TymaHa u NpoBoAUMOCTLIO
CYCMEH3UMN XUAKON IMWHbI NS METOAOB C TBEPALIM 3arpA3HAIOWUM areHToM. PekoMeHAyloTecA criefytowmne ypoBHH:

- conesoll TymaH: 2,5, 5,0 n 10 kr NaCl/m3;

- TBEpAbIN 3arps3HALWMIA areHT (yBraxHsAwWmMin metog) @ 2,5, 5,0 n 10 mCm/ewm;

- TBEpAbIV 3arpsA3HAIOLLUIA areHT (BbICyLUUBAIOLLMIA MeTo): He Bonee, Yem 2,5 MCMm/cMm.

0B.3.4 OueHka ucnbiTaHusA

B cooTBeTCTBUM C pesynbTaTamy UCMbITAHUIA YCTaHaBMMBAKOT YpOBEHb, KOTOPLIA paspsfHWK BbigepxusaeT Ge3
NepeKpLITUS B YEThIPEX UCTBITaHUSAX NPU AaHHOM YPOBHE.

He AomxHO GbITb 3HAYUTENBHOrO U3MEHEHWUSA HU B CyXOPa3psAHOM 3HAYeHWM MepekpbITUS NpU NPOMBbILLIEHHON
YacToTe, HU B pacnpefeneHnn TeKyLLero sHa4eHns nocne ncnoitaHms.

0B.3.5 HabnioaeHue Bo BpeMsi UICMbITAHUA: MHAWKaLus npobos

KpuBble NPUNOXEHHOro UCMBITaTENBHOMO HanpshKeHUs, Toka, NPoTeKatoLero BHYTPYW, U TOKa yTeYKU N0 NOBEPXHO-
CTV crniefyeT 3anucbiBaTb MO OTAENBHOCTY C NOMOLLBIO ocuunnorpada, YTobbl BUAETb pasnuune Mexay nepekpeiTueM
no MOBEPXHOCTM UNK NPoBoeM UCKPOBOro MPOMeXyTKa.

BHe3anHbIi pocT Toka No NoBepXHOCTMU L0 TOKa, Brinskoro K TOKy KOPOTKOrO 3aMblKaHus, kak npasuno, fobas-
NAeMbIA K BU3yarbHbLIM U CryXoBbIM HabrnogeHusaM, yKkasbliBaeT Ha nepekpbiThe. MpocToi pocT BHYTPEHHEro Toka yKasbl-
BaeT Ha npoboil McKpoBOro NpomexyTKa.

Ecnn ocuunnorpammMa nokasbiBaeT cnaj HanpskeHust B Te4eHne npubnuanTensHo NATU NepuogoB A0 3HAYEHMS,
MeHbllero 4YeM 10 % ucnbiTaTeNbHOrO HanpsXEHUs, cnefoBaTenbHo, 3athUKCUPOBaHO BHELLHee nepekpbiTue, Cnag
3Ha4YeHUs1 HanpsXKeHWs A0 3HadYeHWin, Gonbux Yem 10 %, ykasbiBaeT Ha Npoboi UCKPOBOro NMPOMeXyTKa.

MpumMmedaHune—Pa3sgen [1B.3 3ameHsieT ccbinky Ha MOK 60099-3 B YacTu pasgena 7.
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Mpunoxexnue A
(cnpaBoy4Hoe)

CoBpeMeHHaa oTevyecTBeHHaA NpakKTuka

MpW NPoeKTUpOBaHUKM WU 3KCNNyaTauuu anekTponepeaad HeobXoMMO pellaTb OCHOBHYIO 3afjady KoopAuHauun
U30nALMKU, KoTopasi CoCTOUT B obecneveHnn onTUManbHOW, C SKOHOMUYECKOW TOYMKW 3peHUsi, HaaexXHocTU paboThl
U30MALMK C YY4ETOM 3aLUUTHLIX XapakKTepUCTUK 3alyMTHBIX annapaToB U ApYrux cnocoboB orpaHUyYeHus nepeHanpsxe-
HWiA, @ TaKkKe B YyCTAHOBIIEHUN W NOAAEPXKaHUN HEOBXOANMOro COOTHOLLEHUS MEXAY 3NEKTPUYECKOW MPOYHOCTHIO U30-
NAUWM 1N BO3AEHCTBYIOLIMMU Ha HEE HanpsXXeHUAMU.

PekomeHaaumn M3K He cBS3bIBaOT OAHO3HAYHO YPOBHU U30MSALMM 06OPYAOBaHUS W HOMUHANBHOE HanpsKeHue
CeTu, B KOTOpOW OHO ycTaHoBneHo. Mpu 3TOM ypoBHU M30MNAUUN BLIBMPaIOT MO MHOTOCTYNEHYaTON LWKane ucneltartenb-
HbIX UMMYBCHBLIX HanpsiXKeHWn B 3aBUCUMOCTH OT 3aLMTHLIX Xxapakrepuctuk PB unu OMNH.

B Poccuiickoit Defepayun pacdeTHas anekTpudeckas NPOYMHOCTb MKW YPOBHU U3ONALMW BbICOKOBOMBTHOMO 060-
pyAoBaHWS AOMKHLI 6bITh 3agaHel No MOCT 1516.3, KOTOpLIN YCTaHaBNMMBAET ANA KAXAOrO Knacca HanpsXeHWs ucnbl-
TaTenbHble HaMpPsPKEHUSI NMPOMBbILWIEHHOW YacToThl U UMNYNbCHBIE UCTILITaTENbHBIE HAaNPSKEHUS.

B 1999—2001 rr. 6binn paspaboTaHbl U BbINYLEHE METOAUYECKME YKalaHWA U PYKOBOACTBA, NpeAHasHaYeHHble
IANA UCMoNb3oBaHUA NpeXAe BCEro NEPCOHaNoOM NPOEKTHLIX W 3KCIUlyaTaLMOHHbIX opraHusayunii Poccuiickoro akymo-
HepHoro obuectBa «EanHan aHepreTudeckasa cuctema Poccuu», AN onpegeneHns XxapakTepucTuk U Boibopa Tuna
OlNH no ycrnoBusiM ero paboTel B 3agaHHOW TOMKe 3NEKTPUHECKUX ceTel HanpshkeHneM 6 — 1150 kB npu nnaHoBoit
3ameHe PB, peKOHCTPYKLUM U NPOEKTUPOBAHUU HOBBIX pacnpefenuTenbHblX YCTPOicTB.

Mepkl 3aLWuThl 31eKTpoobopyA0BaHUS OT rPO30BLIX U BHYTPEHHUX NEpeHanpsXeHUi, B TOM Yuche ¢ nomolysio PB
n OlH, ans AeicTBYIOLWUX, BHOBb COOPYXaeMblX U PEKOHCTPYUPYEMbIX 3NEKTPOYyCTaHOBOK HanpshxeHuem go 750 kB
[OCTaToOMHO NonHo 1 NogpobHO nanoxeHsl B MNMpaBunax ycTpoiicTea anekTpoycTtaHoBok (MY3) [1].

[ns ncnonb3oBaHWs pekoMeHAaLMiA, COAepXaLLUXCA B HACTOSILLEM CTaHAapTe, BbiLLEYNOMSIHYTLIX U APYrUX UCTOY-
HUKax, 0cobeHHO B HEOPAMHAPHEIX Cry4asiX NPUMEHEHUs annapaToB 3aWWTLl OT NepeHanpsPKeHUid Unu Nnpu onTUMKU3a-
LMK Mep 3aluThl, TpebyroTea cneluanbHble 3HAaHUS U HanM4ue COOTBETCTBYIOLWEro NporpammHoro obecnevenus ans
npoBefieHNss HeoBXoAUMbIX pacdHeToB, MO3TOMY NOTPebUTENAM, He obnagatowx UMK, cneayet obpallaThea B cneyvanu-
3MpOBaHHbIE NPOEKTHBIE OpraHW3aunn Unu cepBUCHLIe CRyXObl NpeAnpUATUH-U3rOTOBUTENEN.
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Mpunoxenune AN
(cnpaBoyHoe)

ConocTasrneHune CTPYKTYpbl HACTOALLErO CTaHAAPTA
CO CTPYKTYPOiA NPMMEHEHHOTO MeXAyHapO4HOro CTaHaapTa

Pa3gensl 1 1 2 HacTosiLero ctaHaapTa (fanee — ctaHAapT), HECMOTPSA Ha COOTBETCTBUE ONpPeAENeHHbIM NYHKTaM
NPUMEHEHHOTo MeX/AYHapoAHOro cTaHaapTta, ogopMneHsl cornacHo TpebosaHuam MOCT P 1.5.

Pasgen 3 «TepMuHbl U onpefeneHus» ctaHgapra (B OTNUMYME OT NPUMEHEHHOTO B HEM MEX[YHaPOAHOro CTaH-
AapTa) BBefleH B cooTBeTCTBUM ¢ TpeboBaHnem MOCT P 1.5.

Pasgen 4, a Takke pasgensl 5 — 9 craHAapTa NpakTU4ECKU MOMHOCTBIO UAEHTUYHBI COOTBETCTBYIOWMM NYHKTaM
pasfena 1, a Takke pasfenam 2 — 6 MexXAyHapoAHOro cTaHAapTa COOTBETCTBEHHO.

MpunoxeHune A cTaHfapTa NOMHOCTLIO UAEHTUYHO MPUNOXEHUI0 A MeXAYHapOJHOro cTaHpapTa.

Mpunoxenua A, 16 u [IB ctaHaapTa BBefleHbl [JOMNOMHATENBHO, MOCKONbKY OHW 3aMEHSIIOT CCbINKN Ha MeXayHa-
poAHble CTaHAapThl, He NPUHATEIE B KayecTBe HaLUoHanbHbIX.

B npunoxenun [i" ctaHfapTa (B COOTBETCTBUN C pEKOMEHAaLUsiMU NpunoxeHus B npumeHeHHoro MexayHapoa-
HOro cTaHaapTa) oxapaKkTepusoBaHa COBpeMeHHasi OTeYeCcTBEHHasi nNpakTtuka Beibopa n npumeHenns PB n OMH.

ConocTaBneHne CTPYKTYp HacTOSLLEro W MPUMEHEHHOTO MeXAYHapOAHOro CTaHfapToB NpeAcTaBneHo B
Tabnuue A0.1.

Tabnuya O01

CTpyKTypa MeXAyHapoAHOro cTaHaapTa

CprKTy pa HacToAwero ctaHgapTta M3K 60099-5:1996+A1:1999

1 ObLwme nonoxeHus

1 ObnacTe npumeHeHua (1.1) 1.1 ObnacTb NpUMeHeHUA

2 HopmaTusHble cebinku (1.2) 1.2 HopmaTuBHbIE CCbINKU

3 TepMUHBI U onpedeneHns

4 Oblwme nonoxeHus

4.1 ObLwre NpuHLMNBI IPUMEHEHNUA BEHTUMBHBIX pas- 1.3 O6wme NpUHUMNBI NPUMEHEHUS pa3psiiHUKOB
PABHWKOB U HENUHEWRHbLIX orpaHNYuTENein nepeHanpsxe-
Hui (1.3)

4.2 Obwas MeToamnKa Bbibopa BEHTUNBHBIX paspsig- 1.4 Ob6wan meToanKa BbIGopa paspsiiHUKOB

HUKOB U HeNWHEeWhHbIX orpaHuduTeneil nepeHanpsKeHui
(1.4)

4.3 CoxpaHeHune paboTocnocoGHOCTU BEHTUMBHBIX 1.5 CoxpaHeHue paboTocnocobHOCTU pa3spsfHUKOB
paspsAHUKOB U HENMUHENHbLIX orpaHuuuTeneil nepeHa- | Npu 3arpA3HEHUU MOKpPbILLEK
NPSKEHUA NpU 3arpA3HEHUU nokpbiwek (1.5)

5 BeHTWNbHble paspsAgHUKM B COOTBETCTBUM C 2 Pa3psfHUKU C HeNUHENHLIMU pe3ncTopamiu U UC-

FOCT 16357 KpOBLIMW NPOMEXYTKamMu B cooTBeTCTBUMU ¢ MOK 60099-1

5.1 XapaKTepUCTUKU BEHTUNbHLIX paspsgHuKoB (2.1) 2.1 XapaKTepUcTUKku paspsiiHUKOB C UCKPOBLIMU Mpo-
MeXyTKaMm

5.2 Bbl6op ha3HbIX BEHTUIBHbIX paspsiiHUKOB (2.2) 2.2 Bbibop paspagHukoB ¢asa — 3eMJisi ¢ UCKPOBbI-

MM NPOMEXYTKamMmn

6 HenuHelHble orpaHUuMTENU NepeHanpsikeHUin B 3 MeTannookcugHble paspsagHuku 6e3 cKpoBbIX Npo-
cootBetcTBUM ¢ FOCT P 52725 MEXYTKoB B cooTBeTcTBUM ¢ MOK 60099-4
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LAa.1

lpodonxeHue mabnuypl

CTpykTypa HacTosilero cTaHgapTa

CTpyKTypa MexgyHapojHoro ctaHgapTta
M3K 60099-5:1996+A1:1999

6.1 XapaKTepuCTUKN HEMUHENHLIX orpaHu4uTEnei
nepeHanpskeHuin (3.1)

3.1 XapaKTepucTUKN MeTannooKCUAHbIX paspsaHu-
kOB 63 UCKPOBbLIX MPOMEXYTKOB

6.2 Bbibop thasHbIX HeNMMHERHbIX orpaHuynTenei ne-
peHanpskeHui (3.2)

3.2 Bblibop  MeTannooKcUAHLIX paspsaHUKOB
dasza — 3emnsa 6e3 UCKPOBLIX NPOMEXYTKOB

7 MNpuMeHeHWe BEeHTUMbHBIX paspagHUKOB U Hemnu-
HelHbIX orpaHuYuTenei nepeHanpsixeHui

4 TpuMeHeHne paspAfHUKOB

7.1 MNpuHUMNLI KoopAUHaumMn maonauum (4.1)

4.1 MpUHLUMMEBI KoOpAUHALMKW U30NALMK

7.2 3awuTa OT nepeHanpsKeHuid ¢ nonornm PpoH-
ToM (4.2)

4.2 3awuta OT nepeHanpsxeHWn ¢ NonoruM poH-
ToMm

7.3 3awuTa oT rpo3oBbIX NepeHanpskeHunin (4.3)

4.3 3alyuTa OT rpo3oBbIX NepeHanpsxeHun

8 BeHTWUrbHblE PaspsaaHUKU U HENMWHERHbIE orpaHu-
YWTENWU NepeHanpsXXeHui creunanbHOro HasHa4YeHus

5 PaspagHukn ANs crneuuansHoro npuMeHeHus

8.1 BeHTUNbHbIE pa3psgHUKU U HENUHENHble orpa-
HUYUTENN NepeHanpsKeHnA ana HedTpanei TpaHcdhop-
martopoB (5.1)

5.1 Pa3psagHuku ans HeTpanei TpaHchopmaTopoB

8.2 BeHTUNbHbLIE pa3psaHUKU U HENMUHENHbIE orpa-
HU4YUTENU nepeHanpspkeHUn mexgy dasamu (5.2)

5.2 PaspsagHuku mexay dasamu

8.3 BeHTUnNbHbIE paspafHUKN U HeNUHelHble orpa-
HUYUTENN NepeHanpsxXeHn ANs BpallaroLnxes MaluvH
(5.3)

5.3 Pa3spagHuku AnA Bpallaloluxca MaLluH

8.4 [lononHuTenbHble cneunanbHble NPUMeHeHUs
BEHTUNBHBLIX PaspAfHUKOB W HENMHENHBIX orpaHu4uTe-
neil nepeHanpskeHuit (5.4)

5.4 [JononHutenbHble cneyuanbHble NpUMeHeHUs
pas3pagHWKOB

8.5 BeHTUnbHble paspsgHUKU U HenuHeliHble orpa-
HUYUTENU nepeHanpPsXXeHWd NS aHOMarbHbIX YCNoBUNA
npuMmeHeHus (5.5)

5.5 Pa3psagHuku AN aHOManbHbLIX YCNOBUIA NpUMe-
HeHuA

9 [uarHocTuyeckne MHAMKaTOPLI ANS HENMHEWHbIX
orpaHuyuTenei NepeHanpsKeHWin B aKkcnnyartayum

6 uarHocTtuyeckne nHagnKaTopbl ANs METaNNOOKCUA-
HbIX pa3psAHUKOB B JKCnnyaTauyun

9.1 Obuwme nonoxexus (6.1)

6.1 Obwume NonoxeHUs

9.2 MamepeHne nomHoro Toka yTeukn (6.2)

6.2 NaMepeHUe NONHOrO ToKa YTEUKU

9.3 NamepeHune aKTUBHOrO TOKa YTEYKU UM MOLLHOC-
T noTepb (6.3)

6.3 UsMepeHne akTUBHOro TOKa yTe4KU UIu MOLLIHOC-
Th noTtepb

9.4 NHdopmaumsa o0 TOKe YTeUKN OT U3roTOBUTENSA He-
TNIMHERHBIX orpaHuYuTeneil nepeHanpsixeHuin (6.4)

6.4 'ndpopMaLma 0 ToKe yTeyKn OT U3roToBUTENA pas-
pAAHUKOB

9.5 O6o6LeHne gnarHoctTudeckux Metogos (6.5)

6.5 O606LeHne ANarHoCTMHECKUX METOL0B

MpunoxeHne A OnpegeneHue KBasuCTaLMOHaPHbIX
nepeHanpspkeHnii BCreACTBME 3aMblkaHUiA Ha 3emnto
(npunoxeHune A)

52

MpunoxeHne A OnpepeneHne KBasucTaLMOHaPHbLIX
nepeHanpsaXeHUH BCrnefcTBUE 3aMblKaHWN Ha 3eMrto




OkoHyvyaHue mabnuupi /[].1

FOCTP 53735.5 — 2009

CTpyKkTypa HacTosijero craHgapTa

CTpykTypa MexayHapoZHOro cTaHgapTta
M3K 60099-5:1996+A1:1999

Mpunoxenne OA  TepMuHbI n onpeaeneHus
M3K 60071-1: 2006, ucnonbsyemble B HaCTOALLEM CTaH-
aapte

Mpunoxexue OB Monoxenna M3K 60071-2:1996,
ucnonb3yemble B HACTOSALLEM CTaHAapTe

Mpunoxenue OB lNonoxeHna M3K 60099-3:1990,
ucrnonb3yemble B HaCTOALLEM CTaHAapTe

MpunoxeHune [AOF CoBpeMeHHas oTeYecTBEHHaAA
npakTuka

Mpunoxenne B CoBpemeHHan npakTuka

Mpunoxexue O ConocTaBrneHWe CTPYKTYypbl HACTO-
sAilllero cTaHAapTa co CTPYKTYPOi NPUMEHEHHOro Mexay-
HapoAHoro craHpapTa

Bubnuorpadus

Mpunoxenne C  bubnuorpadus

MpuMeyaHue— 3a HauMeHOBaHUAMW pa3fenos (NoApasfenos) HACTOALLEro cTaHaapTa npuBeeHbl B
ckobKkax HoMepa aHanorMyHbLIX UM pasfenos (NoapasAenos, MyHKTOB) MeXAYHapO4HOro cTaHjapTa.
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BuGnuorpadusa

[11 TpaBuna ycTpoilcTBa 3neKTpoycTaHoBOK (MMY3-7). — 7-e n3g., C U3BMEHEHUAMU W AOMOSTHEHUAMU MO COCTOAHUIO
Ha 1 aHBapsa 2006 roga (yTBepxgeHsl MUHUCTepCcTBOM 3HepreTukn Poccuiickoin Pefepauun, npukasbl oT 8 nonsa
2002 1. Ne 204 v ot 20 man 2003 r. Ne 187)
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