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Mpeancnoeue

1 PABPABOTAH ObuwecTteoM ¢ orpaHuyeHHoi oteeTcTBeHHOCTLIO « HIM® BNTIEKTPOTEXHUMKA: HAYKA
U MPAKTUKA» (OO0 «HIM® 3ITHAMM») u ObwecTBOM C OrpaHUYeHHOW OTBETCTBEHHOCTLH «Pecypcocbepe-
raowme CneymnansHsle TexHonornm n Cuctemel» (OO0 «PCTCy)

2 BHECEH TexHu4yeckuMm koMmuTeToM no ctaHaaptusauum TK 336 «3asemnuTenun M 3asemMnawliue
YCTPOWCTBA pa3NUYHOro Ha3HaAYeHUs »

3 YTBEPX/EH W BBEJEH B IENCTBWE Mpukasom denepansHOro areHTCTBa No TEXHUYECKOMY pe-
rynupoBaHunio U metponorin ot 19 uioHs 2023 . Ne 406-cT

4 Hactodawmin ctangapT pa3paboTaH ¢ y4eTOM OCHOBHbIX HOPMaTUBHbIX MOMOXEHUA MeXayHapOogHO-
ro ctangapta M3K 60479-2:2019 «BozgeicTBUe 3NeKTPMUYECKOro ToKa Ha NMgen M AOMAaLLUHUX KUBOTHbIX.
YacTtb 2. CneumnansHelie acnektol» (IEC 60479-2:2019 «Effects of current on human beings and livestock —
Part 2: Special aspects», NEQ)

5 BBE[JEH BIEPBbIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHbl 8 cmamse 26 @edepanbHO20 3aKOHA
om 29 uwoHsa 2015 a. Ne 162-03 «O cmandapmu3sayuu & Pocculickol ®edepayuu». Mugopmayus ob u3-
MeHeHUSX K HacmosuwieMy cmaHdapmy nybriukyemcs e exe200HOM (M0 COCMOSHUK Ha 1 AHeaps meKyuwieao
2o0a) uHghopmayuoHHOM ykazamene «HayuoHanbHble cmaHOapmei», a oghuyuanbHbil MeKcm usmMeHeHul
U MONPasoK — 8 eXeMeCcisYHOM UHOPMaUUOHHOM ykazamene «HauyuoHanbHeie cmaHOapmel». B cnyyae
rnepecMmompa (3aMeHbl) unu ommMeHbl Hacmosue2o cmaH@apma coomeemcmayouwee ygedomneHue bydem
onybnukoeaHo 8 6ruxaliweM 6bINyCKe eXeMeCsYHO20 UHGOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmei». Coomeemcemayiou,as UHGopmayus, yeedoMieHUe U meKkcmbl pa3Mewalomcs makxe e UH-
hopmayuoHHOU cucmeme obueao nofib3o8aHus — Ha oguluansHoM calime @edepanbHo20 azeHmemea no
MexHUYeCcKoMY peaynupoeaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuzayunuy», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3pelieHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BBepeHue

HacTtoawwmi cTangapT aBnseTcs BTOpoW YacTeto cepun ctaHgaptoe TOCT P 70646.

[MpvBeOeHHbIe B CTaHOapTe CBeAEHWSA rMaBHbEIM 00pa30M OCHOBaHBI HA 3KCMEPUMEHTAX C KUBOTHLIMU U
Ha MHGOPMAaLMK, NONYHEHHON NPW KNMHUYeCKMX HabrnwgeHnsx. JIwb egUHUYHBIE 3KCNEPUMEHTBI C ONACHbI-
MW TOKaMW Manoi ANUTEeNbHOCTW BbINM NpoBeaeHbl Ha KUBbIX MOOsAX.

B cTaHfapTe npuBeaeHoO BO3AEWCTBUE CNeyLnX BUAOB 3MeKTPUYECKOro ToKa, MPOXOAALWMX No Teny
yenoBeka:
nepeMeHHbIN TOK CMHYycoMAansHoW doopMbl C NOCTOSIHHBIMK COCTABNAKLLNMU;
nepeMeHHbIN TOK CUHYycoMaansHoW dopMbl ¢ (ha3oBbIM peryrnMpoBaHuemM;
rnepeMeHHbIR TOK CUHYcouaansHoW oOpMbl C MHOMOMEPUOAHLIM PEryrUupoBaHUEM;
3KBMBANEHTHbIE NMOPOroBble 3HAYEHWUS AN TOKA, COCTOSALLErO U3 HECKOMbKUX COCTaBMSALLMX pasHON
4acToThl;

- CEepUM UMNYMbLCOB TOKA U TOKW HECTAHAAPTHbLIX, CNIOXHbIX WU CNyYanHbIX hopM;

- 3NEKTPUYECKUI TOK, MPOXOASAL A Yepesa TENO YENoBeKa, NOrpPYyXeHHOEe B BOAY;

- OLHOMONSAPHLIA OAHOKPATHLIA MMMYNbLC TOKa Manon ANUTENBHOCTH.

B HacTosweM cTaHgapTe NpuBeeHbl ONONHUTENbHbIE aHHbIE O BO3AeNCTBUM TOKOB CUHYCOUAANbHON
cdopmbl YacToTor Ao 150 kl'y kK paccMmoTpeHHbiM B TOCT P 70646.1.

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

BO3OEWCTBUE ANEKTPUMYECKOIO TOKA HA NIOAEW U QOMALLUHUX XXKMBOTHbIX

YacTtb 2
CneuunanbHble acneKkThbl

Effects of current on human beings and livestock. Part 2. Special aspects

Data BeepeHuna — 2023—08—01

1 ObnacTb NpUMeHeHns

HacToAawumi ctaHgapT pacnpocTpaHsaeTcs Ha BO34eNCTBUE NEPEMEHHOIO CUHYCOUAANLHOro TOKa YacTo-
Tol 6onee 100 u.

HacTosawumin ctangapT pacnpocTpaHsieTca Ha BO3OeWCTBUE CrefyLlMX BUOOB 3MEKTPUYeCKOro TOKa,
NPOXOASALLMX MO TeNy YernoBeka:

- NepeMEeHHbIR TOK CUHYCOMAansHoN (OPMbI C MOCTOSIHHLIMU COCTaBMSLLMMU,

- NepeMEeHHbIR TOK CUHYcOoUaansHoNn oopMbl ¢ ha3oBbIM perynupoBaHuemM,

- NMepeMEeHHbIN TOK CUHYCOMAansHoN oopMbl C MHOTOMEPUOAHBIM PEMYNUPOBAHUEM.

Ona atnx popm nepeMeHHOoro Toka ONMCaHHbIE BO3AENCTBUS OEACTBUTENBHLI TONBKO ANs YacTtoT ot 15
no 100 lu.

HacTosawmi cTaHaapT pacnpocTpaHsaeTcs Ha BO3LENCTBUE TOKOB, UMELUX (hOpMY OOHOKPATHOro UIu
MHOTOKpaTHbIX NocnefoBaTenbHbIX OQHOMNOMNSPHBLIX MPSAMOYIOMNbHBLIX MMMNYNLCOB, CUHYCOUAANbHBLIX UMMYMb-
COB WM UMIMYMbCOB, ABMSAWMUXCA pe3ynsTaTtoM paspanoB KoHAeHcaTopa, AnutenbHocTbio oT 0,1 go 10 Mc
BKMHOYUTENBHO.

B HacTosiwem cTaHgapTe npuBefdeHsbl cnocobbl aHanu3a BO3OENCTBUS TOKOB, MMEHOLLMX CNyYanHyo,
CINOXHYH, HECTaHAAPTHYK QOpPMbI CUrHana.

HacToswmi cTangapT pacnpocTpaHaeTcs TOMbKO Ha KOHOYKTUBHbLIE TOKW, MpoTekalline BcreacTsue
NPSAMOro NPUIOXEHUS MCTOYHKUKA Toka K Teny, no MOCT P 70646.1.

CTtaHoapT He pacnpocTpaHAeTca Ha TOKW, HaBoOMMble B Terne BCMeACTBMe BO3OeNCTBUSA BHeLUHero
3NEeKTPOMAarHUTHOro nons.

HacTosawmi cTaHgapT He npegHa3Ha4veH Ans UCnonL30BaHUsA MPOU3BOAUTENAMU NPOAYKUUN UMK opra-
HamMu No cepTuduKkayun.

HacTtosawmi ctaHgapT npeaHasHadyeH Ansg npuMMeHeHua npu paspaboTke ctaHaapToB No 6e3onacHocTr
B cooTBeTCcTBMM C nonoxeHuamn MOCT IEC Guide 104 (cm. Tawke [1]).

2 HopmaTuBHbIe CCbINKK

B HacToslem cTaHgapTe UCNoNb3oBaHbl HOPMATMBHLIE CChIMKW HA cnefyoLlue cTaH4apThbl:

FOCT IEC Guide 104 MNogroTtoBka nybnukauuin no 6€30nacHOCTA U UCMOMb30BaHWE OCHOBOMONarar-
WKX K TpYNNoBbIX Nybnukauunin no 6eszonacHocTm

FOCT IEC 60050-551—2022 MexaoyHapoaHbIA 3MeKTPoTEXHUYECKMIA cnoBapb. Yacte 551. Cunoeas
3MEeKTPOHUKa

FOCT P 70646.1—2023 Bo3aencTBMe 3MeKTPUYECKOro ToKa Ha INMoaei U AoMaLllHUX XKUBOTHbIX. YacTb 1.
O6Lwme acnekrsl

FOCT P M3K 60990 MeToabl M3aMepeHus ToKka NPUKOCHOBEHMS U TOKA 3aLLMTHOIO NPOBOAHMKA

MapaHune ochbuumnansHoe
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MpumevaHMe — [pK NONb30BAHUW HACTOALIMM CTaHZAPTOM LenecoobpasHo NpoBepUTL AeMCTBME CCbINou-
HbIX CTaHOAPTOB B MHMOPMAaUMOHHOW cUcTeMe oGLLEero Nonb3oBaHUA — Ha oduuMansHOM caiiTe PegepansHOro areHT-
CTBA N0 TEXHUYECKOMY PEryrnMpoBaHunio U METPONOTMA B CETWU MHTEPHET UNnn No eXerogHoMy MHOPMaLMOHHOMY yKasa-
Ten «HauuoHanbHble CTaHAapThI», KOTOPLIA ONyGNUKOBAH MO COCTOAHMIO Ha 1 AHBApA TeKyLUero roga, M no BbiMyckam
eXeMeCcauHoro MHpopMaLMOHHOTO yKka3aTensa «HaluuoHansHble CTaHaapTel» 3a TeKyLuWid rof. Ecnu saMeHeH CCbINoYHbI
CTaHAapT, Ha KOTOpLI OaHa HeaaTMpOBaHHAA CCbINKa, TO PEKOMEHOYETCS UCNOMNbL30BaTh ASMCTBYIOLLYID BEPCUKD 3TOTO
CTaHAgapTa C Y4eTOM BCEX BHECEHHbIX B AaHHYH BEPCUI0 U3MeEHeHWI. Ecnn 3amMeHeH CCbiNOYHbIA CTaHOapT, Ha KOTopbIi
[JaHa gaTMpoBaHHas ccbifka, TO pEKOMEHAYETCA UCMONb3oBaTh BEPCUID 3TOTO CTaHAdapTa C yKasaHHbIM Bbile rogoM yT-
BepaeHWA (NpuHATKA). Ecnn nocne yTBep:KOeHWs HacTOALIEro cTaHAapTa B CCbITOMHBLIM CTAaHAapT, Ha KOTOpLIA AaHa
AaTUpOBaHHas CChINKA, BHECEHO M3MEHEHWe, 3aTparnealLlee NnonoxeHne, Ha KOTOpoe JaHa CChinka, TO 3TO MONOKEHUe
pekoMeHOyeTCcA NPUMeHATL 6e3 yyeTa OaHHOTO U3MeHeHusl. ECNK CCbINoYHbIA CTaHgapT oTMeHeH 6ea 3aMeHbl, TO Nono-
eHMe, B KOTOPOM [aHa CChINKa Ha Hero, PEKOMEeHAYeTCA NPUMEHATL B YACTU, He 3aTparnBaloLLen STy CCbIMKY.

3 TepMuHbI U onpepeneHus

B HacToswem ctaHgapTte npumMeHeHs! TepMmunbl o FTOCT P 70646.1, a Takke cneaywoline TepMUHBI C
COOTBETCTBYHOLLMMU ONpeaeneHusaMu:

3.1 wacToTHbIN KoadhdbuumeHT F; (frequency factor, F): CooTHOWeEHME NMOPOroBOrO 3HAYEHWs TOKa
Ha YacToTe f K NoOporoBoMYy 3Ha4eHuio Toka Ha Yactote 50/60 Ny ons paccmatpuBaeMoro omManonorM4eckoro

achdekTa.

Mpumevyanume — YacTtoTHbIN KOAPULMEHT pasnuyeH aAng apeKkToB YyBCTBUTENBLHOCTH, OTNycKkaHus n ©X.

3.2

chazoBoe perynuposaHue (phase control): Mpouecc namMmeHeHWa B Npegenax UMKNa MomMeHTa, Korga
3MNEKTPOHHLIN BEHTUMbHLIA NPUBOP UMW NNEeYo NepexoauT B NPOBOAsLLEE COCTOSIHUE.
[FTOCT IEC 60050-551—2022, ctatbs 551-16-23]

3.3 yron perynupoBaHua ca3bl [3apgepxku BKnw4veHua] (phase control angle, current delay
angle): Bpewms, BoipaXeHHOe B YrNoBbIX €AUHMLAX, Ha KOTOPOe MOMEHT OTNMpPaHWA BEHTUNSA 3agepxnsaeTcs
CMCTEMON (Pa3oBOro peryrnmpoBaHus.

3.4

MHOronepuogHoe perynupoBaHue (multicycle control): MameHeHWe OTHOLIEHWUA MeXOY YMCIIOM ne-
pPWOLOB, COOTBETCTBYIOLMX OTKPLITOMY COCTOSIHWIO TMABHOMO MeyYa, U YUCMOM NepuofoB, COOTBETCTBYH-
LLMX 3aKPbITOMY COCTOSIHUIO.

[TOCT IEC 60050-551—2022, cTtatbs 551-16-31]

3.5

koadypruneHT MHoOronepuogHoro perynupoBaHua p (multicycle control factor, p): OTHoweHWe
MeXxgy YMCINOoM NPoBOLALWNX MEPUOLOB U CYMMOW YUCEN NMPOBOAALLNX 1 HENPOBOASLWUX NEPUOLOB B Cnyvae
MHOronepuoaHoro yrnpaseneHvs.

[FTOCT IEC 60050-551—2022, cTtatbs 551-16-37]

3.6 yaenbHan aHeprua dubpunnaunu F, (specific fibrillating energy, F,): MuHumanbHoe 3HayeHue
BblpaeHus /2 - t ANs OfHONONAPHOTO MUMMYIbCa Manoi ANUTENbHOCTW, KOTOPbIA NPW 3a4aHHbIX YCMOBUAX
(MyTb NpoTEKaHUA ToKa, (hasa CepAeYvHOro LMKna) ¢ onpegeneHHoi BepOaTHOCTBIO Bbi3biBaET (hnbpunnsauuo
Xenyao4Kos.

Mpumeyvarnunn

) % 2
1 F, onpegensaoT hopMor UMNynbCa ¢ NOMOLLLIO Bblpa}i(eHMﬂf.' dt, roe f; onpegeneHo Ha pucyHkax 20 n 21.

0
Fe, YMHOXEHHOE Ha aKTMBHOE COMpPOTUBMEHWE Tena, AaeT JHEepPruio, pacCenBaemMyro B TEne YenoBeka npu npoTekaHnn

MMMynbca Toka.
2 F, BoipaxaioT B BT - ¢/Om unm AZ-c.
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3.7 ypenbHbiW 3apag dubpunnauyumn Fq (specific fibrillating charge, Fq): MwuHMManbHoe 3Ha4YeHue
BbipaxeHus [ - { ons oAHOMNONSAPHOrO UMMNYMNbCa Marnoi AMUTENBHOCTU, KOTOPLIA NP 3af4aHHbIX YCMNOBUSIX
(NyTb NpoTekaHus Toka, hasa cepaAe4HOro LKMKna) ¢ onpefeneHHon BepOATHOCTbIO Bbi3biBAET hnbpunnaunto
XenyaoYKoB.

MpumedyaHuna t
1 Fq onpegensaoT QOPMOM UMMYNbCca C NMOMOLLEHD BblpaKeHUs fidt, rae t onpeneneHo Ha pucyHkax 20 n 21.
2 Fq BblpaxatoT B Kn unu A - c. 0

3.8 noctosiHHas BpemeHu (time constant): Bpewms, 3a koTopoe Benu4yMHa, yOblBaloLas No 3KCMOHEeH-
LWansHOMY 3aKoHY, cHkaeTcs B 1/e = 0,3679 pa3 oT amMnnuTyqHOTo 3HaYeHus.

Mpumeuvanne — Cm. Takke [2], ctatba 801-21-45.

3.9 Bpems Bo3geWcTBUA (KoHAeHcaTopa) f; (shock duration, f): MNpomexyTok BpeMeHn OT Hadyana
paspsga 40 MOMEHTa, KOorda ToK pa3psaaa cHukaeTcs 4o 5 % CBOero MakcumarnbHOro 3Ha4eHus.

MpumedaHue — Ecnu nocTosHHas BpeMeHW paspsga KoHaeHcaTopa paeHa T, TO BpeMs BO3AelCTBUS pas-
psfa KoHOeHcaTopa cocTaenseT 37. 3a BpeMsa BO3OeMCTBIS paspaaa KoHOeHcaTopa NpakTUYeck BCs SHeprUs MMNyrbca
pacceuBaeTcs.

3.10 BpemMA BO3AEVUCTBUA (ANA CIOXHOW ACMMNTOTUYECKW CHUXawwencsa opmbl curHana)
(shock duration (for complex asymptotic waveform), ;). MuHumaneHas gNUTENbLHOCTL YACTH UMMYIbCA, KOTO-
pas cogepxut 95 % Bcell aHepruy MMnynbeca.

3.11 nopor yyBcTBUTENbLHOCTU (threshold of perception): MuHumansbHoe 3Ha4YeHWe 3NeKTPUYECKOro
3apsiga, KOTopoe Npu 3agaHHbIX YCII0BMAX BbI3bIBAET Y YeoBeKa, Yepes Terno KOTOPOro OH npoTtekaeT, nwoboe
oLyLLEeHune.

3.12 6onesoi nopor (threshold of pain): MakcumaneHoe 3HaveHWe anekTpuyeckoro 3apsaga (/- f) unm
yAenbHoii aHeprm (/2 - t), KOTOpPOE B BUAE UMMNYNbCa MOXET BbiTh MPUNOKEHO K YENOBEKY, AepXKallemMy B py-
kax bonblune anekTpoasl, bes owyleHusa Gonu.

3.13 Bonb (pain): HenpuATHbIE OLLYLLEHWA U 3MOLMK, CBA3aHHbIE C 0eACTBUTENbHBIM UITM BO3MOXHbLIM
NoBpEXAEHWEeM TKaHeN.

4 CokpaweHus

B HacTodAwem ctaHgapTe npuMeHeHbl Ccrnefyrwue CoKpalleHna:

BT — BEPOATHLIN TOK;

OT  — pgonycTUMbIA TOK;

CCC — cnyy4alHbli CrOXHbIN CUrHanm;
PX  — pubpunnsaLMs XenyaoHKos;
®HY — HWM3KOYACTOTHLIA OUNLTP;
AC — MNepeMeHHbIA TOK;

DC — nOCTOSAHHbLIA TOK.

5 Bo3pgencTBue NnepeMeHHbIX TOKOB YacToTou Bbiwe 100 My

MpumeyaHune — 3HavyeHns gnda yactoT 50/60 'y npueeneHsl B FTOCT P 70646.1. Ana vyactot go 100 'y Bknio-
YUTENBHO NpumeHsoT nonoxeHua MOCT P 70646.1.

5.1 O6wume nonoxeHun

B coBpeMeHHbIX 3NeKTpoycTaHOBKaX BCce Yallle UCMOoMb3yIoT 3MIeKTPO3HEPTHI0 B BUAE NEepeMeHHOro Toka
vactoTon bonee 50/60 'y, Hanpumep: npumMeHeHue B camoneTtax (400 'y), 3NeKTPOUHCTPYMEHTEI U 3NEKTPO-
CcBapo4dHble annapartkl (B ocHoBHOM g0 450 ), snekTpoTepanysa (B ocHoBHOM oT 4000 go 5000 Mu) n nm-
NyNbCHBIE UCTOYHUKK anekTponutanus (ot 20 kl'y go 1 MITw).

JKcnepuMeHTanbHble JaHHble, NPpUBEedeHHbIE B HACTOSLEM pa3sgene, MoryT ObiTe MCNOMNb30BaHbl B Lie-
NSAX OLEHKU PUCKOB AN pacCcMaTpUBaEMbIX YACTOTHLIX AMana3oHoB.
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[nsi noaTBEepPXOEeHWS CYLLEeCTBYIOLWNX OLEHOK YaCcTOTHOro KoadduumneHTa nopora ®X ¢ npyumeHeHnem
rnocneaHux TEXHOMNOTMMA M METOA0B MPOAOMKaKTCA 3KCNepuMeHTanbHble UCCNeaoBaHusa no onpeaeneHuo
BIUSIHUS TOKOB BLICOKMX YacToT.

MonHoe aneKkTpu4yeckoe CONpoTUBNEHWe YenoBe4Yeckon KOXK 0OpaTHO NponopLMoHansHo YacToTe Ans
HanpspKeHWn NPUKOCHOBEHNA Nopsaaka OecsaTKOB BOMbT. [oNHOe 3neKTpudyeckoe ConpoTUMBIIEHWE KOXW Ha Ya-
ctote 500 'y cocTaBnsAeT NPUMEPHO OAHY OECATYIO OT CONPOTUBIEHUS KOXM Ha YacToTe 50 'y 1n BO MHOruX
crny4vasix MOXeT He y4MTbiBaTbCA. BcnegcTeue 3Toro nonHoe conpoTUBMEHWE Tena YernoBeka Ha Takux 4acTo-
Tax CHUXKAEeTCA [0 3Ha4eHnn ero BHyTpeHHero conpotuenexnsa Z; (cm. FTOCT P 70646.1).

MpumevyaHne — PekoMmeHOyeTca NPUMEHATbL N3MEPEHWe aMnnnTyd Toka Ons TeX YPOBHEW, KOTOpble Bbl3bl-
BalOT PM3NONOrMHEcKUe peaxkummn YyBCTBUTENbHOCTW, UCNyra 1 HeoTnycKaHns. Puanonornyeckas peakumna Ha HecUHyCco-
naansHble U codepallMe COCTaBMALIME HECKOMBKMX YacTOT TOKM Hauny4lwum obpasom onpegensercs amnnnTyoHbIM
3HaYeHMeM BbIXOOHOrM0 CUrHana uaMepuTenbHOW Leny ¢ B3BELLMBAIOWMUM (DUINETPOM aHanorm4Ho Tem, YTo NpUBENEHbI B
MOCT P M3K 60990.

PaccmartpuBaemble B3BelLMBawlne uMnsTpbl obecnevynBaroT 3aTyxaHue curHana B COOTBETCTBUM C
4acTOTHLIMU KoahdmuneHTamu, npuBeaeHHbiMu B pasgene 4 TOCT P 70646.1—2023, Takum obpasom, 4To
BbIXOQHOW CUrHan COOTBETCTBYET MOCTOSIHHOMY YPOBHIO (DU3MONOrM4eckon peakumnn. ns KpaTKoBpeMeHHbIX
MMNYNbCOB TOKa obecrnevmBaeTcs 3aTyxaHue CUMrHanoB, KOTOPbIe B MPOTMBHOM Cryvae Bbi3Banu Obl MeHb-
WY (PU3NONOrMYECKyo peakunio BCrneacTBne Manon NpogoriKUTENbLHOCTU UX aMNNUTYQHOro 3HadeHusa. Ha
BbixoAe hunsTpa nonyyaercs MUKCMPOBAHHOE 3Ha4YeHWe, He 3aBUCALLee OT QOPMbl CMrHana unyM Hanuyus
KOMBMHAaLMM 4acTOT, KOTOpOe MOXET ObiTb MCNOMb30BaHO AMfA NPOCTOr0 ONpefeneHns ToKa YTeYKM U OLeHKK
CYLLIeCTBYIOLLENO YPOBHA ONACHOCTMU.

CpaBHuMbIe hU3NONOrMYyeckme peakLuu Bei3biBalOT HECMHYCOWAaNbHbIE U CUHYCOMAanbHble TOKW, ANS
KOTOPBIX C MOMOLLbBI A3HHOIO MeToda M3MepeHUid reHepUpPYHOTCH Takve e aMnuTyOHble 3Ha4YeHus.

TunnuHbIn NpuMep Takoro dunsTpa npuseaeH B FOCT P M3K 60990

5.2 BoagencTBue nepeMeHHoro Toka yactotou ot 100 go 1000 Ny BKNOYUTENBLHO

5.2.1 Mopor 4yBCTBUTENLHOCTHU
3aBMCMMOCTb 4acTOTHOMO KO3dhMLUWEeHTa OT Y4acToTbl ANs NOpora YyBCTBUTENbHOCTU NpMBEAeHa Ha
pucyHke 1.

1
o

®
\

HacToTHBIA Ko3hPnUneHT F;

—_
[+
\\

™

4
1,2 A
1,0 = B
50/60 100 200 300 500 1000

Yactotaf, 'y

PucyHok 1 — MameHeHKne nopora 4yBCTBMTENLHOCTU ANA guanasoHa vactot oT 50/60 go 1000 My
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5.2.2 Mopor oTnycKaHwnsA
3aBMCUMOCTbL 4aCcTOTHOrO KoadpmumeHTa OT 4acToTbl AN nopora OTnyckaHwus NpuvBegeHa Ha pu-

CYyHKe 2.
A

Ly
o

-
]
|

HactoTHbin koaddmuneHT Fi

I | / | Vk

1,2

1,0 | - -
50/60 100 200 300 500 1000
Yacrora f, 'y,

PucyHok 2 — ameHeHne nopora oTnyckaHua 4na gmanasoHa yactot o1 50/60 go 1000 Iy,

5.2.3 Mopor cdoubpuNNALUK XKenygo4uKoB

Ha pucyHke 3 npuvBegeHa 3aBMCMMOCTb YacTOTHOMO KoadpduumeHTa oT YacToThl AnA nopora XK npu
NpoTeKaHWK TOKa BAOMNbL Tena 4YernoBeka npu BpeMeHW BO3aencTBus Gonblue ANUTENbHOCTU CepaeYHoro LMK-
na.

Ina BpeMeHW BO30eNCTBMA MeHee ANWTENbLHOCTU CepaeYHOoro LMKNna aKkCnepuMeHTanbHble JaHHbIe Mo
BAWAHWIO YaCTOThl OTCYTCTBYIOT.

A

—_
i

YacTtoTHbIi koaddhuumeHT Fy
=]

1 b1 >

50/60 100 300 1000
Yacrora f, Ny

PucyHok 3 — MameHeHne nopora $XK ana gunanasoHa yactoT oT 50/60 go 1000 'y (npm aTOM BpeMsi BO34eNCTBIUSA
npeBbIWaeT ANUTENBHOCTE OAHOMO CepAeYHOro LMKNa, a TOK NpoTekaeT BAOMNL Tena YenoBeka)
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5.3 BospgencTBUue nepeMeHHoOro Toka yactotou ot 1000 go 10 000 Ny BKNOYMTENBLHO

5.3.1 lMNopor 4yBCTBUTENLHOCTHU
3aBMCMMOCTb YacTOTHOMO KO3hMLUMEHTa OT YacToTbl ANs Nopora YyBCTBUTENbHOCTU NPUBEAeHa Ha
puUCyHKe 4.

i A
=
2150
2100 ———————— -
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+
§ 50
=
<
;
[1+]
o
10 > al
14
5 /’/
///
1 T
1 2 3 5 10
Yactota f, 'y

PucyHok 4 — WameHeHne nopora YyBCTBUTENBHOCTU ANs AvManasoHa vactoT ot 1000 go 10 000 My

5.3.2 Mopor oTnyckaHus
3aBMCUMOCTb YacTOTHOMC KoadpuLMeHTa OT 4acToTbl ANA nopora OTNyckaHWs NpusBedeHa Ha pu-
CyHKe 5.

-
o

YacToTHLIA kKoadchuumeHT F;

gl

1 - - - >
1 2 10

Yactora f, Ny,

PucyHok 5 — M3ameHeHwe nopora oTnyckaHua Ans guanasoHa yactot ot 1000 go 10 000 My

5.3.3 MNMopor dubpunnsaymm xenynovKkon
Ons yactot o1 1000 go 10 000 My NPUMEHSAKT NONOXEHUS, U3NOXKEHHbIE B 5.4.4.
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5.4 Bo3geAcTBUE NepeMeHHOro ToKa Yactoton cBbiwe 10 000 My

5.4.1 O6wme nonoxeHns

B 5.4 He BHeceHbl UBMEHEHWSA B YACTU 3HAYEHWIA NOpora BOCMPUATUA 1M Nopora oTnyckaHusa ansa bonee
BbICOKMX YaCTOT. 3TU NOPOroBLIe 3HAYEHNUS BaXKHbl, HO Hanbonee onacHbIM ABnAeTca nopor ©XK. Mo aToi npu-
YuHe nopor hubpunnauun npueegeH Ans Yactot go 150 kMu. OcTtankHble BUObl NOPOTOBbIX 3HAYEHWUA MOTyT
paccMmaTtpusaThes, kak B 5.4.2, 5.4.3, B npegenax ykasaHHOro gnanasoHa 4acToT.

5.4.2 Mopor 4YyBCTBMTENBLHOCTU

Ons yactot ot 10 go 100 Iy noporoBbie 3Ha4YeHWUs TOKa YyBCTBMTENbHOCTW M3ameHstoTca ot 10 go
100 mA (gencTByloLLEE 3HA4YEHUE).

Mpn NpoTekaHun Toka YacToTor cebilwe 100 KU owyLleHe NoKanbiBaHWs, Kak Ha Gonee HU3KMX YacTo-
Tax, 3aMeHAeTCs oWyLleHWeM Tenna npu cune Toka nopsanka HecKoNbKWX COTEH MUnnuamnep.

5.4.3 MNopor oTnyckaHuna

[nsa vyactoTt cebiwe 100 Kl OTCYTCTBYIOT Kak AaHHbIE aKCNepuMeHTarnbHblX UCCNeaoBaHui, Tak U gaH-
Hble MO HecYacTHLIM CrnyvasiM, CBA3aHHbLIM C MOPOroM OTMYCKaHWUS.

5.4.4 MNopor MbpunnALMK KenyaoYKoB

Ha pucyHke 6 npyBegeHa 3aBUCUMOCTb YaCcTOTHOMO koadhduumneHTa nopora ®XK B guanasoHe 4acToT OT
1 go 150 k'Y Nnpu npoTekaHWK TOKa BOOMNb TeNa YernoBeka Npu BpemMeHW Bo3oencTBnA Bonblue OnUTenbHOCTH
cepaeqHoro uukna.

Ons yacToT cebiwe 1 k'Y TENNOBOE BO3AENCTBUE CTAHOBUTCA Npeobnagarowmnm.

[ns BpemMeHU BO3OENCTBMA MeHblle ONUTENbHOCTU CepaeqyHOro LMKNa 3KCcnepuMeHTanbHble OaHHble
OTCYTCTBYIOT.

oo 150 K
§ 1000 - e
=3 i
8 i
= "’
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X »*
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s il
100 <
I”
14
10 . | -
1000 5000 10000 100000

Yacrota f, 'y

PucyHok 6 — MameHeHne nopora ©XK ans AnnTensHOro Toka cuHycongansHon doopmel (oT 1 go 150 kl'u)

5.4.5 Mpouue achdekThl
B 3aBMCHMMOCTW OT ANUTENBLHOCTKU NpoTeKaHne ToKoB YacToTor Bblwe 100 KMy 1 3Ha4eHNEM CUMbl TOKa
nopsiaka eouHnL, amrnepa MOXeT Bbi3blBaTb OO,

6 BospgencrtBue ToKkOB 0coboun hopMbl cCUrHana

6.1 O6wue nonoxeHunn

CreneHb BO3OenCTBUA TOKOB ocobon CbOprI CurHana Ha Teno 4YenoBeKka HaxoAWUTCA MeXOy BO34€ein-
CTBUAMM OT MOCTOAHHLIX U NepeMeHHbIX TOKOB. Mo 3aTon npuinHe MOTryT ObITb YCTAaHOBNEHLI 3HAYEeHUA CUNbI
TOKa, 3KBUBANEHTHbIE B OTHOLWEHWW PUCKA BO3HMKHOBEHUSA PXK.

B HacToawem pas3gene onncaHo BO34encTeune crnefyruwnx BNOOB 3NEKTPUYECKOro ToKa, NpoxogAallinx
no Teny 4YenoeBeka:

GostExpert.ru
https://GostExpert.ru/gost/gost-70646.2-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67111
https://gostexpert.ru/gost/gost-70646.2-2023?utm_source=pdf&utm_medium=67111&utm_term=page

FOCT P 70646.2—2023

- TMepeMeHHbIA TOK CMHYCOMAANbLHOM (hOPMbI C MOCTOAHHLIMU COCTaBMAKLLNMU;
- MepeMeHHbIN TOK CUHYCcoMAanbHOW hopMbl € (Da30BLIM PerynupoBaHuemM;
- MepeMeHHbIA TOK CUHYCOMAAnbHOW hOpMbl C MHOTONEPWUOAHLIM PEryNMPOBaHUEM.

MpumMmeyvyaHne — [ipyrve popMbl CUTHaMNOB HAXOAATCH B MPOLECCe PacCMOTPEHUS.

[MpuHATO, YTO NpMBedeHHasa MHdopMaumsa OeUCTBUTENbLHA ONS NepeMeHHoro Toka Yactoton ot 15 go
100 lu.

6.2 JKkBMBaNeHTHble 3HA4YEHUA, HacToTa U nopor

B 6.2 onacHoe Bo3OencTBMe MOXET ObiTb MPUHATO PaBHbIM BO3OENCTBUIO NepeMeHHOro ToKka YMCTO CU-
HycomganbHon opmsl [, IMEILWEro crneayowune napameTphbi:

a) 3KBUBAIEHT NO 3HAYEHUID

Heobxogumo paznuuaTs crnefyouie BUAbl 3HaYEHUI TOKOB:

Ipps — AENCTBYIOLLEE 3HAYeHne TOKa paccmMaTtpruBaeMon hopMbl curHana;

Ip — aMnNUTygHOe 3Ha4YeHne ToKa paccMmartpyuBaeMon hopMbl CUrHana;

Ipp — pasmax 3Ha4YeHus1 ToKa paccMaTtpuBaemor opmel CUrHana;

lgy — AENCTByIOLlEE 3HAYEHME TOKA CUHYCOMAANbHOW hOPMBbI, Bbi3biBalOLLEE BO3OAENCTBUA, aHanormy-
Hble TOKY paccMmaTpvBaeMor opMbl cUrHana.

MpumevanHne — [Ing oueHkn pucka BO3HMKHOBEHWS X BMecTo Toka /g, NpUBEAEeHHOro Ha pucyHkax A.19 n
A20TOCT P 70646.1—2023, ncnone3yrT ToK /.

Bonbluyto YacTe U3NMONOrMYECcKUX peakuui onpegenseTr aMmnnuTyga Toka nocne dunstpa (no 3Hadve-
HWIO X NO ANUTENBHOCTU), NPKU 3TOM eCTECTBEHHbIN (OUNLTP Tena 3agaeT YacToTHbIA KoadypuumneHT F. AMnnu-
Tygy TOKa crnefdyeT UCMonb30BaTh BO BCEX CMy4asix, KPOMEe TeX, KOrda ecTb M3BECTHOE COOTHOLUEeHUE Mexay
OENCTBYHLIUM U aMMNUTYOHBIMU 3HAYEHWAMM, HANpPUMep ANs TOKa YUCTO CUHYCOWAANLHON hopMbl;

6) 3KBMBANEHT Mo YacToTe

OnuTensHoCTb Nepuoda paccMatpusaemoir hopMbl TOKa paBHa ANMTENbLHOCTW Nepuoaa 3KBUBANEHT-
HOro CMHYCOMOAIbHOMo TOKa;

B) 3KBMBAIIEHT MO NOpory

PaannyHble noporoBbie 3Ha4YeHUs TOKa (YyBCTBUTENbHOCTU, HeoTnyckaHus, ®X) AnA TOKOB, COCTOALLMNX
M3 NEepPeMEeHHON 1M NMOCTOAHHON COCTABMAKLIMX B PA3NUYHbIX COOTHOLEHUSIX, 3KBUBAINEHTHbLI NepeMeHHOMY
TOKY CUHycOMAansHoW (PopMbl, UMetoLLeMy 3HaueHune /g,

3HaueHue /,, pasnUYHO ANsl pasHbIX BUAOB MOPOroBbIX 3HAYEHW TOKa.

6.3 Bo3gencTeue nepeMeHHOro ToKa ¢ NOCTOAHHOW cocTaBnAoLWen

6.3.1 ®opmbl cUrHana, 4acToThbl U MOPOroBble 3HA4YEHUA TOKa
Ha pucyHke 7 npueefeHbl TUNKWYHbIE DOPMbI CUrHana, paccMoTpeHHble B 6.3.1. Ha HeM npeacrasneHsbl
MOCTOSIHHbIE M MepeMeHHbIe TOKW Hapsiay ¢ ToKamu, NpedcTaBnsiowmmMy coboin X KOMBUMHALMIO B pasnuyHbIX

COOTHOWEHWAX.
8
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* [na Bpemenu Bo3gencTeus bonee 1,5 gnutensHocTy cepgeyHoro Uukna.
** [na BpeMmeHn Bo3gencteus meHee 0,75 ANMTENbHOCTWM CEPAEYHOrO UMKNa.

a) KomBrHUpOBaHHLIE cUrHanbl ¢ pasnuyHbIM COOTHOLLEHUEM NEPEMEHHON U MOCTOAHHON COCTaBMNALLMX COBMECTHO
C NPAMOYTOMbHBIM UMMYILCOM ANA BpeMeHW Bo3gencteuns bonee 1,5 n meHee 0,75 ANWTENBLHOCTM CEPAEYHOMO LWKIa
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* [ns BpeMmeHn Bo3aencTena bonee 1,5 onNUTensHOCTM CepaeyHoro UuKna.
** [na BpemeHn Bo3gencteus meHee 0,75 ANMTeNsHOCTWM CEpOAgYHOro UMKna.

6) KoMGMHMpOBaHHbLIE CUrHanel ¢ pa3nu4HbiM COOTHOLIEHWEM NEepPEMEHHOM, COCTOALLEN M3 KOMBMHALWK 4acToT,
W NOCTOAHHOW COCTaBNANLWMX ANA BpeMeHn Bo3gencTteua bonee 1,5 n meHee 0,75 onuTensHOCTW cepOeyHOro uvkna

PucyHok 7 — ®opMbl Toka
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6.3.2 lMNMopor peakuun ucnyra

Mopor peakumn ncnyra 3aBUCUT OT HECKOMBKUX MapamMeTpoB, TakvMx Kak NnoLlaab KOHTakTa Tena c anek-
Tpogom (nnowiadb KOHTakTa), YCNOoBWS OCYLLEeCTBNEeHWs] KOHTaKTa (CyXoW, BNaHbli, AaBneHue, Temneparty-
pa), a Takke oT (PU3NONOrMYECKX XapakTepPUCTUK YernoBeKa.

[aHHble BO3AENCTBUS ONpeAensaloT aMnuTyAHLIM 3Ha4eHUeM Toka, U AN NonyYeHus CyMMapHOro Bo3s-
AelcTBuA Heobxo4UMo nocnegoBaTenbHO CKOMOMHUPOBATL TOKKM BCexX 4acToT. Cxema M3MepeHuid npueegeHa
B FOCT P M3K 60990.

6.3.3 lMopor oTnyckaHus

Mopor peakuuu OTNYCKaHWs! 3aBUCUT OT HECKOMBKUX NapaMeTpoB, TakMxX Kak NnowaAb KoHTakTa Tena ¢
anekTpogom, popmMa 1 pasMmep 3MNeKTPOAOoB, a Takke 0T PU3MONONMYEeCKNX XapakTepPUCTHUK YeroBeka.

OnpepeneHwe NOpPOroBOro 3HavYeHUs Toka OTNycKaHus Ana KoMOyYHauumM U3 nepeMeHHOoro U NocTOsHHO-
ro TOKOB (NPWKOCHOBEHMWE PYKOW K LEMMW NOA HANPSBKEHWEM, KOTOPOE MOXKET ANUTbCH HECKOMNbKO CEKYH[) MoKa-
3aHo Ha pucyHke 5. HactoTa nepemeHHOro Toka Ans 3Toro crnyyas coctaenana 60 Nu. B kayecTBe NoporoBbIx
3Ha4YeHW TOKOB NPUKOCHOBEHWA NSt TOKOB NEPEMEHHON U NOCTOAHHOM HOpM curHana Gbinn NCnonb3oBaHbI
7,07 MA amnnnTyaHoro sHaveHus (/e peak) nepemMeHHoro Toka (5 MA [OelCcTBYOLWEro 3Ha4YeHUs ANsl CUHY-
covpanbHoro Toka) u 30 mA noctosaHHoro Toka (DC). JaHHble noporoBblie 3Ha4YeHUs afekBaTHO ONWCLIBAKOT
YCMOBWSI HEBO3MOXHOCTM OTNYCKaHWUA ANS BCEro HaceneHus, BKNoYasa geten.

YpaBHeHve Ons amnnuTygHOro 3Ha4eHus nepemMeHHoro Toka

’ACpeak =7,176 - exp (-0,1434 - DC) — 0,1061, (1)

OonncblBaeT paccMmaTpuBaeMyro KOMBUHaL MO nepeMeHHOro N NOCTOAHHOIO TOKOB U MOXeT ObITb MCNOMNbL30BaA-
HO OnA pacyeTa 3KBMBAaNeHTHOro 3Ha4eHnuAa aMninTyabl nepemMeHHOro Toka ans nobon KOMBUHALMK NOCTOSAH-
HOWM 1 MepeMeHHOWN COCTAaBMALMX B pacCMaTpruBaeMoM OuanasoHe.

Ha PUCYHKe 8 nokasaHbl NOPOTOBbIE 3HAYEHNA TOKA OTNYyCKaHWA OnA MYXK4YWH, XXEeHLWNH U neten.

25

50 npoueHTUNER ANA MYXKYUH

/

/
/89,5 npoleHTUNel ANA MY H4UH
/

/

/ 99,5 npoueHTUNER AN KeHLWH
/

20

15 -

B TCHKE MakCMManLHOWM aMmnuTydbl CYMMapHOro curHana

{nepemMeHHanA + NOCTOAHHAA COCTABNALINE), MA

10 # 99,5 npoueHTUNei AnA AeTal (OLeHKa)
1 . /

Y

I | | |
50 60 70 80
MocTosHHaA cocTarNsAwLLAA, MA

AMNNMTYRA NePeMEeHHON COCTARNAIOLLEH, N3MEPEHHAA

PI/IC'.yHOK 8 — I'Ioporoable 3Ha4YeHWA TOKa OTNYCKaHWA ONA My>KYUH, XXEeHLWWH K aeten

[MpvBeOeHHbIE HAa PUCYHKE 8 KpMBLIE MOTYT GbITe ONKMCAHbLI C MOMOLLbK AMIVUPUYECKUX YPaBHEHUIA.
Ana kpueoi 99,5 npoueHTUNS ANA MYXUYMH MCMOMb3YIOT YpaBHEHUE

InG peak = 12,8905-exp(-0,06939 - DC) - 0,1905. (2)
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Onsa kpueown 99,5 npoueHTUNA ONA XKeHLWWH NCNOoMb3YT ypaBHeHue

Inc peak = 8,923 - exp(-0,1049 - DC) - 0,126. (3)
[na oueHo4Hown kpusor 99,5 npoueHTUNA AN AeTel UCMOoMb3yIoT ypaBHeHne
InG peak = 6,3945 - exp(-0,1388 - DC) - 0,0945. 4)

Ha npakTuvke B HEKOTOPbLIX CTaHAapTax AOMNYyCKaeTcs, B KA4eCTBE UCKIIOYEHUS, Hann4iue B NOCTOSIHHON
cocTaensawLllen nynscaumii (Hanpumep, o 10 %).

Ha pucyHke 9 nokasaHbl aMnnUTyOHbIE NOPOroBble 3HA4YEHWA TOKa OTNYCKaHWA Ans KOMOUHAaUWK CUHY-
couganeHoro Toka Jactotor 50/60 'y n nocTtosiHHOrO Toka. [NoporoBble 3Ha4YeHUs1 aMMnUTYAbl CyMMapHoro
(mocTosiHHAA 1 NepeMeHHas COCTABNALLME) TOKA OTMYCKAHUS OLleHEeHbI AN BCEro HaceneHus, Bknwoyasa ge-
Tel, n npueedeHbl B OYHKUUK NOCTOSHHOW COCTaBMNAKOLEN TOKa.

KpuBas Ha pucyHKe 9 onuchbiBaeTCcs ypaBHEHUEM

g 1 nOpOTOBHe 3HaYeHWA TOKa OTNYCKaHWA OANA KOMGHHaLI,IWI NOCTOSHHOMW U I'IepeMEHHOﬁI COCTABNALWNX
& 30 ,
3 !
T I | | — | —
3 : =
g =5 I I I . [ P
g
4

: ==E
s "
g 15 =
3 =
g [ -

5

0 -

o 5 10 18 20 25 30

MocTosHHAA COCTABNAIOILAR, MA

PucyHok 9 — 99,5 npoueHTUnein NoporoBoro 3Ha4yeHns Toka oTnyckaHusa ana KomburHaumm Toka yactotor 50/60 My
N MNMOCTOAHHOIO TOKAa

[aHHble BO3AeNCTBUSA OonpedensioTcs aMmninTyaHbIM 3Ha4eHUeM Toka U ONs NonyyYyeHWs CyMMapHoro
BO3gencTBua HeobxoaMmo nocnegoBaTenbHO CKOMBMHMpPOBATh TOKM BCcex 4acToT. Cxema M3MepeHwun npu-
BegeHa B F[OCT P M3K 60990.

6.3.4 Mopor cdoubpunNNALUK Kenygo4uKOB

6.3.4.1 ®opmMbl cUrHanoB, UMeloLLMe xapakTepHble COOTHOLIEHUS MeXxdy NepeMeHHOW WU MOCTOAHHON
COCTaBMAOLWMUM

OnacHOCTb BO3HUKHOBEHWA OUBPUNNALUKM MOXET BbiTh NPUHATA NPUONU3UTENBHO PaBHON ONACHOCTH,
CO3[1aBaeMoi 3KBMBANEHTHbIM TOKOM CMHYCOMAaNLHOW (hopMbl /,, CO CMEAYLWMMN XapaKkTepucTUKaMu:

a) Oona sBpeMeHun Bosgenctens Gonee 1,5 AnuTenbHOCTEN Cepae4HOro uukna l,, npeancrasnsaet cobon
OencTByoLee 3Ha4YeHne CUHYCOMAansHOro NepemMeHHoro ToKa, 3HaueHne pasmaxa curHana Ipp KOTOpOro pas-
HO pasMaxy paccMaTpMBaemoro curHana

loy ’*’TPZ; (6)

6) onsa BpemeHu Bo3geicTBua MeHee 0,75 ANMTENbHOCTM CEpAeYHOoro LuKna 1., NpeacTaenaeTt cobon
JelcTByllllee 3HaYeHNne CUHYCOMOArNbHOrO NepeMeHHOro Toka, 3HadyeHue aMnanTyabl curHana fp KOTOPOro
paBHO aMNNUTyae paccMaTpuBaeMoro curHana
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ev : (7)
2
N pupMmeHaHne — ﬂ,aHHaﬂ KoppenaunAa CTaHOBUTCA MEHEe TOYHOW C YMEHbLUEHNEM COOTHOLLEHUA MeXay ne-

pPEMEHHOW M MOCTOAHHOW cocTaBnAwWmMX. MNpW BO3OENCTBMM NOCTOSHHOTO TOKa ANUTENBHOCThIO MeHee 0,1 ¢ noporo-
BOE 3Ha4YeHWe paBHO COOTBETCTBYIOLLEMY OEWCTBYHOLEMY 3HAYEHUIO NepeMeHHOro Toka (cm. pucyHkn A.19 unm A.21 B
MOCT P 70646.1—2023);

B) Ons BpeMeHu Bo3gencTBus bonee 0,75 n meHee 1,5 oNUTENbHOCTU CEPAEYHOTO LMKNa aMNIMTYaHbIA
napamMeTp 3KBMBAMEHTHOIO CUMrHana M3MeHsIeTCa OT aMNNUTYOHOrO 3Ha4YeHUs 00 3HaYeHUs pasmaxa paccma-
TPMBaAEMOr0O CUrHana.

MpumeyaHue — Mpupoda aToro U3MeHeHWUs ABNAETCA NpeaMeToM danbHelLLMX UCCNeoBaHMi.

BeposaTHocTb Bo3HUKHOBEHUA XK oanHakoBa Ana KoMBUHALMKM NepeMeHHON COCTaBMALLEeA YacTOTON
50/60 'y, 1 NOCTOSIHHOWM COCTABMALLEA ToKa ONUTENbHOCTBLI0 HECKOMNBKO CeKyHa unu Bonee U YACTO CUHY-
couganbHOro ToKa TOro e BpeMeHW BO3AeNCTBUS, eCnNu BepHO HuKecnegyolee. [lepeMeHHbIA TOK CUHYCO-
noansHon dopmbl yactoton 50/60 'y nmeeT pasmax curHana, paeHblli pasmaxy KOMOWHWPOBAHHOIO TOKA,
NMpuy YCroBUK YTO MOCTOAHHASA COCTaBMAKLAasA OTHOCUTENLHO HEBENWKA U C €e Hann4Mem B TeYEeHWe nepuoga
MrHOBEHHOE 3HayeHWe KOMOWHWPOBAHHOIO ToKa MeHAeT 3Hak. Hanpumep, KoMBMHaUWs cMHYCOWAANLHOroO
Toka Jactoton 50/60 'y ¢ gencTeyoWnm 3HadeHnem 40 MA M NOCTOAHHOIO TOKa 3HadveHuem go 40 2 MA
BbizbiBaeT OXK NpuMMepHO ¢ TOW Ke BEPOSATHOCTLIO, Kak M OOWH TONbKO NepemMeHHbI ToK YacTtoTon 50/60 'y ¢
OeucTByroL MM 3HadeHuem 40 MA.

Ecnu Bpemsa Bo3oeNcTBUA COCTaBNAET HECKOMbKO CeKyHO unuv Gonee u NocTosiHHaA COCTaBnsaoLlLas B
KOMBUHMPOBAHHOM TOKE AOCTATOYHO BeNuka, YToObl MTHOBEHHOE 3HAaYeHWe 3TOro ToKa B Npepenax nepuoaa
He MEHSANOo 3HakK, TO KOMBUHAaLMA NOCTOAHHOIO W NePEMEHHOro TOKOB Bbi3biBaeT ©XK ¢ TOM Ke BEepOATHOCTLHD,
4YTO M YWMCTO CMHycouaanbHbIR Tok YacTtoTon S50/60 'y, pasamax curHana KoTOporo paBeH aMmnnuTyge Kombu-
HUpoBaHHOro Toka. Hanpumep, kombuHauua cuHycomganeHoro Toka yactoror 50/60 Ny 1 NocTosHHOTO ToKa
C CYMMapHbIM aMnAuTyaHbIM 3HadveHuem 80 -2 MA, MTHOBEHHOE 3HaueHWe Toka KOTOPOW HEe MEHSET 3HaK B
TedeHue nepuoda, BbizbieaeT OXK NpuMepHO C TaKOW e BEPOATHOCTLIO, YTO U TOIMBKO CUHYCOUOAMNbHLIA TOK
yactoToir 50/60 Ny ¢ gercTByrOW MM 3HavYeHnem 40 MA 6e3 NOCTOSHHOW COCTaBMSIOLLEN.

Ha pucynke 10 nokasaH npumep, koraa BepossTHoCTh ®XK ansa koMBUHaLWKM CUHYCOWAANEHOro NepeMeH-
Horo Toka (Bkmtodas YyactoTbl 20, 50 1 60 L) C NOCTOAHHLIM TOKOM HEW3MEHHa.

g, [

5 I

MocToAHHAA COCTABNAIDILANA, MA

AMNMNUTYQHOS SHAYEHWE KOMBUHALIMK NEPEMBHHOID U NOCTOAHHOMD TOKOB, MA

’p — amMnnuTygHoe 3HavYeHne YMCTO CMHYCOMAanbHOroO ToKa

PucyHok 10 — PasnuyHble KomBuHauum nepemMeHHOro 1 NoCTOAHHOIC TOKa, Bbi3biBalOLLMe BO3HUKHOBEHUE DX
C OAMHAKOBOW BEPOSATHOCTLIO
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MpMumeyaHne — 3HayeHWe pasmMaxa curHana Ipp OCTaeTCs HeM3MeHHbIM J0 TexX Mop, Noka He AOCTUrHEeT 3Ha-
YyeHusa Ip, a 3aTem amnnuTyagHoe 3HadYeHne KoMOUHaUUKM TOKOB OCTAeTCH HEM3MEHHBIM Ha YPOBHE ABYKPATHOTO 3HAYeHUA
aMnnuTyasl NepeMeHHoN cocTaensaoLlei 6e3 NocTOAHHOW COCTaBMAKLLEN.

6.3.4.2 lNpumepbl BEINPAMIEHHOTO NepeMeHHOro Toka
Ha pucyHke 11 nokasaHsl opMbl curHana gns ogHononynepuoaHoro 1 AByxnonynepuogHoro BbInpsm-
neHus. [na gaHHbIX OpM CUrHANoB aMmniMTygHOe 3Ha4yeHWe TOoKa PaBHO 3HAYEeHWI0 pasmaxa Toka.

— [
=i =

* Ons BpeMeHu Bo3aelcTBuA Bonee 1,5 ANUTENbLHOCTA CepaeYHOro LMKna.
[ns Bpemenn Bo3gencTena meHee 0,75 ANUTENBLHOCTU CEPAEYHOIO LUKNA.

a) OaHononynepuodHoe BbiNpAMIeHWe

I=L,,/2v2*

]
=g

L,=IN2*

[ns BpemeHun Bo3gencTeug Bonee 1,5 ANUTENbLHOCTM CepAe4HOro LMKNa.
[ns Bpemenun Bo3gencTenda meHee 0,75 AnNUTENbLHOCTU CEPAEYHOTO LIMKNA.

0) [OeyxnonynepwogHoe BeINpsMeHue

PucyHok 11 — ®opmbl BbINpAMNEHHOTO NEPEMEHHOIO TOKa

13

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 17 /46
CTpaHuua nokymeHTa - https://GostExpert.ru/gost/gost-70646.2-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67111
https://gostexpert.ru/gost/gost-70646.2-2023?utm_source=pdf&utm_medium=67111&utm_term=page

FOCT P 70646.2—2023

3HayeHne 3KBMBANEHTHOrO NepeMeHHOro Toka /,, ONpefensioT cneaylowmm obpasom:
a) npu anutenbHocTk Gonee 1,5 ANUTENbLHOCTER CepaevHOoro UMkna — Mo ypaBHEeHWo

I /
pp p
(8)

loy = =y
ev ZJE 2‘/5

OTCIO)J,a, Onsa ogHononynepuoHoro BbiNnpAMIieHWA 3Ha4eHne fev CBA3aHO C ,D,EﬁCTByPOLLI,VIM 3Ha4YeHnem
BbINMPAMITEHHOIO TOKa IRMS ypaBHeHnem

Irms

. :
2 (9)
ONS OBYXNONYNepUoaHOro BbINPAMIEHUS, YpaBHEHUEM

i
’ev :_Rgfs, (10)

6) npu anuTenbHocT MeHee 0,75 ANUTENLHOCTU CEpAEYHOro UUKNa — Mo YpaBHEHUIo

/ /
—iPP P, (11)

loy = 2=

OTCIO,EI,a, Ona ogHononynepuogHoOro BbinpAaMIiieHnAa 3Ha4eHne fev CBA3aHO C ,EI,EFICTByPOLLI,MM 3HavYeHunem
BbINPAMITEHHOIO TOKa "RMS ypaBHeHuem

ley = V2. Irms: (12)
Ana apyxnonynepuoaHoro BeINpAMieHna ypaBHEHMEM

lev = IRms: (13)

Kak B cnydae peakunn OTnyCKaHuA, Tak n ®X, nonaratoT, YTO TOK B Tere npoTeKaeT 4yepe3 KOHEeYHOCTH
U TyrnoBuyLlE B TeHEeHUE HECKOJNbKUX CEeKyHO.

Mpumep — ModynupoeaHHsll ebi3bI6HOU CcUzHal 8 menegoHHOU yenu Moxem ArIUMbLCA OKOMo 2 ¢, Moka
He Hacmynum naysa (Mexdy 380HKamu). Ecniu yenosek npuxkacaemcs K nposodsuwiell yacmu, Haxodsuwelcs nod
HanpskeHUeM 8bI3bIGHO20 CU2Hana, Mo e2o mesy MoXem npomekams MoK 8 meYyeHUe HeCcKONbKUX cekyHd. Ecnu
umeem mMecmo ModynupoB8aHHbIl 8bI3bLIBHOU cusHall, mo 4Yenosek 6ydem HecnocobeH omnycmume npogods-
wyro yacmb 8 meyeHuUe NPoOMeXxymka epeMeHuU, noka cuzHan 6ydem nepedasamscsa. Ecnu makoe npousoiidem,
@)X He cmoxem 6bimb ebl3gaHa GaHHBIM cuzHamoM. [lpu HacmynneHuu nay3abl Mex0y cepusMu ebI3biI8HO20
cuzHana 4esio8ek CMoXXem omycmums Apoeodayio Yyacms U omcoedUHUMbLCS Om yernu.

7 BozpgencrtBue nepemMeHHbIX TOKOB € ha30BbIM perynmpoBaHuem

71 QOPMI:I CWUrHanoB W NoporoBbie 3Ha4eHUA 4acToT U TOKOB

Ha pucyHke 12 nokasaHbl hOpMbl CUrHaNOB A5 CUMMETPUYHOIO U HECUMMETPUYHOTO (has3oBbIX pery-
NUpOoBaHUN.
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[ns BpemeHu Bo3gencTeua bonee 1,5 ANUTENbLHOCTM CepAEeYHOrO LUMKMa.
[ns BpemeHn Bo3gencTena meHee 0,75 ANUTENbLHOCTA CEPAEYHOTO LMKNA.

a) CuMmmeTpuyHOE perynupoBaHue
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" [Ins BpeMeHu Bo3aeiicTeus Gonee 1,5 ANMTENBLHOCTU CEpPAEYHOTO LMKNA.
[na BpemeHu Bo3nencTeuda MeHee 0,75 ANUTENBLHOCTU CEpAEYHOro LIMKNA.

6) HecummeTpuyHoe perynvpoBaHue

PucyHok 12 — dopMel curHana nepemMeHHoro Toka ¢ pa3oBbIM peryrupoBaHUEM

7.2 MNopor peakuuu ucnyra v Nopor oTnycKaHusA

Kak nokasaHo B 6.3.2 1 6.3.3 noporu peakuum ucnyra v oTnyckaHua 3aBUCAT OT pasfnyHbIX NapameTpos.

Bhi3biBaeMble NpoTeKaHMeM TOKa peakuun oL yLeHUst UMW HEOTMYCKaHUS NPUMEPHO aHanorM4Hebl peak-
LWSAM, Bbl3bIBAEMbIM NEPEMEHHBIM TOKOM C TAKOW Xe aMninTya0n Ip. Ecnwu yron perynupoBaHuns asbl NpeBbi-
waet 120°, TO aMNNUTygHbIE 3HAYEHUS1 YBEMUYMNBAKOTCS, KAK BCIeACTBME YMEHbLUEHUA BPEMEHW NPOTEKAHUS
TOKa.

[aHHble BO3OeNCTBUA OMpefensoTcs aMniuTyOHbIM 3HaYyeHueM Toka. [ns nonyYyeHus cymMMapHOoro
BO34eNCcTBUS HeOBXOOMMO NocrnenoBaTenbHO CKOMBMHMPOBaTL BO3AEMCTBUSA OT TOKOB BCcex 4yacToT. Cxema
namepeHun npueegeHa B FOCT P M3K 60990.
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7.3 Mopor dombpunnaynmM Xenygo4kos

7.3.1 O6Lwme NonoxeHus

[nsi TOKOB C CUMMETPUYHBLIM U HECUMMETPUYHBIM PETYNMPOBaHUAMM MOPOrOBbIE 3HAYEHUSA Pa3NUYHbI.

7.3.2 CuMmMeTpUYHOE perynupoBaHune

OnacHoCTb BO3HMKHOBEHMK PXK MOXeT ObiTb NPUHATA NPMMEPHO PaBHOM ONAacHOCTK, CO34aBaeMOon Npu
NpoTekaHUM 3KBMBAINEHTHOTO NepeMEeHHOTo ToKa /,, CO CNenyLUMI XapaKkTepUCTUKaMM:

a) ana BpemeHn Bo3gelicTeus Bonee 1,5 ONWTENbHOCTM CEPAEYHOrO LuUKNa OeACTBYHOLEE 3Ha4YeHune
TOKa /., PaBHO AeNCTBYIOLWEMY 3HaYEHUMIO PACCMaTpVYBaEeMOro TOKa,;

6) ons BpemeHn BozgencTena meHee 0,75 ANUTENbHOCTWM CEpAEYHOro LMKNa Iev npegcraenset cobon
OencTBylLWee 3HaYeHWe ToKa, UMEOLEro To Xe aMnMTygHOe 3Ha4YeHne, Kak U y paccMaTpyMBaeMoro Toka.

Mpumevyanune — Ecnu yron perynupoeaHnua casel npeBbiwaetr 120° oxuaaeTca NOBLIWEHWE nopora
ubpunnauum;

B) Ansa BpeMeHu Bo3geincTeuma oT 0,75 oo 1,5 ANuTensHOCTEN CepaeyHoro UKMkna aMmnnuTyaHeli napa-
MeTp 3KBUBANEHTHOrO TOKA W3MEHsIeTcsl OT aMnIMTYOHOro 3HadeHus A0 OEWCTBYIOLLEro 3Ha4yeHusi paccma-
TPMBaAEMOro ToKa.

7.3.3 HecummMeTpuU4HOE perynupoBaHue

OnacHOCTb BO3HUKHOBEHUK PXK MOXeT ObITb MPUHATA NPUMEPHO PaBHOW ONACHOCTW, CO3AaBaEMON NpK
NpOTEKaHWK 3KBMBAMNEHTHOMO NepemMeHHOoro Toka [, Co GneaylLlen XapakTepucTUKON: ANA BpeMeHn Bo3aen-
cTBus MeHee 0,75 ANUTENBHOCTW cepaeyHoro Uukna /,, npeacraensaet coboil elCcTByOLEee 3HAYEHME TOKA,
MMEeLEero To Xe aMnnuTygHoe 3HaYeHne, Kak U y pacCMaTpuBaeMoro Toka.

MpumeyvaHus

1 Ecnu yron perynvpoBaHus asbl NpesbiwaeT 120°, oxMaaeTcs noebllleHre nopora udpunnaumm.

2 Tokwn, co3paBaemble Npu HecumMeTpudHom yrnpasneHun (cm. MOCT IEC 60050-551—2022, cratena 551-16-25)
MOFyYT MMETb MNOCTOSHHYIO COCTaBMNALLYHO.

8 BospgencrtBue nepemMeHHbIX TOKOB C MHOronepuoaHbIM perynupoBaHuem
8.1 ®opmMbl CUrHANOB WM 4acTOThbl

Ha pucyHke 13 nokasaHbl popMbl CUTHanoB ANns KoauuMeHTa MHOMoNepuMoaHOro perynupoBaHus
MowHocTu p = 0,67.

*k
1o,=Isrus

[t -

* [Ins BpemeHwn Bo3aeiicTeusA Gonee 1,5 ANUTENBHOCTM CEPAEYHOTO LWKNa U p << 1 U Ans BpeMeHW BO3AeRcTBIA
MeHee 0,75 onMTENbLHOCTM CEPOEYHOro LKMKna.
E"TY d
[nsa BpemeHu Bo3gencTeua bonee 1,5 onutensHocTy cepageYHoro uMknam p = 1.

PucyHok 13 — ®opMbl cvrHana nepeMeHHoro Toka, paccyMTaHHbIe C y4eToM KoadduuKreHTa MHOroNeprogHoro

perynupoBsaHus
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KoathuuMeHT MHOroNepuoaHOro perynupoBaHus p BbIYUCIAT No dopmyne

— tS
P ts+tp’ (14)

roe t, — OTPE30K BPEMEHW, KorJa TOK NpoTeKaeT;
t, — OTpe3ok BpeMeHMU, korja ToK He MpoTekaeT;
£ % fp — pabouuin nepuoa.
HeicTeylowee 3HaueHe Toka B OTPE3OK BPEMEHU, KOTAa TOK NPOTEKAET, /4 py4g BBIMUCTAOT MO opmyne
hrms = L2
V2 (15)

l1giys HE CnedyeT nyTaTb C OeACTBYIOWINM 3HA4YEHMeM Toka B TeueHue pabouero nepuoga lopys, Bbi-
yucnsembiM no hopmMyne

lorus = Irus vP- (16)
8.2 MNopor peakuuu ucnyra n Nopor oTnycKkaHuA

Kak nokasaHo B 6.3.2, 6.3.3 u 7.2 noporn peakuun ucnyra yu nopor oTnycKaHus 3aBUCAT OT PasnuU4HbIX
napamMmeTpoB.

[aHHble BO3OEWCTBUSA OMpefensnTcs aMniuTyOHbIM 3HaYyeHueM Toka. [nsi nony4yeHus cymMMapHOro
BO34ENCTBUS HEOBX0OMMO NnocnegoBaTensHO CKOMBUHMPOBaTL BO3OEWCTENSA OT TOKOB BCEX YaCTOT.

8.3 MNMopor ¢hubpunnAunK xxenygo4KoB

8.3.1 O6wmMe nonoxeHus

B 3aBMCMMOCTU OT BpeMeHW BO3AENCTBMSA U KO3 dULMEHTA MHOMONEPUOLHOMO PErynMpoBaHusi nepe-
MEHHbIE TOKM C MHOFOMEPUOAHbIM PErYNUPOBaHUEM B TOW Ke CTENEHW UM MEHEE ONAacHbl NEPEMEHHbIX TOKOB
C TEM e BpemeHeM BO3AeNCTBUS 1 3HAa4YeHWeM Toka.

A
8
E 100 R EEEERE
) p=100
- p=067 —
i p=050 —
g p=0,33
% p=0,25
:’; ——p=012
z 10 4 S ———
I
:
]
in
2
g
==
g 10
1 a5
= -
o - AnanasoH
8 52 TIT
3 57
: 2
e
2 o4 : >
0,1 1,0 10,0
MpoTexakiumi no Teny ToKk Ip ays
NMpumedanue — [lpoTekaloWwmin No Teny ToK Iy gyys NPEACTaBNsAET cobol AelcTByOLWEee 3HA4YEHNe ToKa B

TeYeHWe OTpe3Ka BpeMeHU, Korga npoTekaeT TOK 1'1 RMS:

PucyHok 14 — YcpeaHeHHble 3HaYeHnsa nopora ©XX ans nepemMeHHoro Toka ¢ MHOronepuoaHbIM perynupoBaHuem Ans
pasnuyHbIX KO3PEULMEHTOB MHOMONEPUOAHOTO PErynMpoBaHna (pesynsTaThl 3KCNEPUMEHTOR C MOMOALIMU CBUHbSMM)
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Ha pucyHke 14 npuBegeHbl 3aBUCMMOCTM nopora ®XK ons pasnuyHbix K03 dUUMEHTOB MHOrONepuoa-
HOro perynupoBaHus, NofnyyYeHHbIe B AKCNepuMeHTax ¢ MonogbiM1 CBMHbAMM.

8.3.2 Bpemsa Bo3geincTBuA 6onblue 1,5 oNUTEeNLHOCTU cephevyHoro uukna

Mpu BpeMeHU Bo3ageicTeua bonblie 1,5 oNUTENBHOCTM CEPAEUYHOro UKMKIa paccMaTpuBaeMblid nopor
32BUCUT OT KO3hULMEHTA MHOIOMEPUOLHOIO perynupoBaHus p. [na 3HayeHuid p, BNu3kux K eguHuULe, oH
MMeeT OelCTBYoWee 3HaYeHe, paBHoe AeNCTBYOWEMY 3HAYEHUIO MEPEMEHHOIO TOKa NpW TOM e BPEMEHMU
Bo3gencTBMA. [ns 3HavyeHui p, npubnuantensHo pasHbix 0,1, gelcTByOWEee 3Ha4YeHne Toka 14 /s B TEHEHME
oTpe3ka BpeMeHW, Korga ToK MpOoTeKaeT, paBHO MOPOroBOMY 3HA4YEHUID NepeMeHHOoro Toka ¢ BpeMeHEeM BO3-
nenctema meHee 0,75 onnTenbHOCTU CEPAEYHOrO UWKna.

MpumMmeyaHue — [Ana NpoOMEXYTOYHbLIX 3HAYEHWUI p Nopor ubpunnauun yBenMYMBaeTCa OT HU3KOTO YPOBHS,
nokazaHHoro Ha pucyHke A.19 TOCT P 70646.1—2023, 0o BLICOKOro YPOBHS, COOTBETCTBYKLLETO BPEMEHN BO3OENCTBMSA
meHee 0,1 c.

8.3.3 Bpems sozgeircTtBua meHee 0,75 ANUTenbLHOCTU cepaeyvyHoOro UMkKna

[Mpw BpemeHn Bo3gencteua meHee 0,75 ANWTENbHOCTKM CEPAEYHOTO LUKIa 4eNCTBYoLEee 3Ha4eHne Toka
1 ris B TEHEHVE OTPE3KA BPEMEHW, KOTAa TOK MPOTEKAET, PAaBHO AeMCTBYHOLLEMY 3HAYEHMI0 CUHYCOWMAANBHOTO
rnepeMeHHOro ToKa ans Bpemenun sosgencrtema 0,1 c.

9 OueHKa 3KBUBAJIeHTHOIO nopora AnAa TokKka, cogepxawero coctaenAarLlme
HeCKONbKWUX 4acToT

9.1 MNMoporu 4YyBCTBUTENLHOCTU U OTNYCKaHUA

[aHHble BO3oencTBUA onpeaenarTca aMnNNUTYOHbIM 3Ha4YeHWeM TOKa M OnA nonyyYeHua cymmMapHOoro
BO3AeiCcTBUS HeobxoaMMo nocneaoBaTensHo CKOM6MHMDOBaTb BO30ENCTBUA OT TOKOB BCEX YaCTOT.

9.2 Mopor pubpunnALUK XenyaoukoB

OnacHocTb Bo3HMKHOBEHUA PXK npu npoTekaHWy ToKa, codepKallero cocTaBnslWne HECKOMBKMX Ya-
CTOT, MOXeT BbITb rpybo oueHeHa Kak onacHOCTb, BO3HUKAKOLASA NPWM NPOTEKaHWM NEPEMEHHOr0 ToKa cO cne-
OYIOLWMMW XapakTepUCTUKAMU:

- YyacToTa paBHa OCHOBHOW 4YacToTe;

- amnnutyda l,, 3KBuBaneHTHa cyMMe KBadpaTtoB aMniuTy[ BCEX COCTaBNALWMX, NoAerneHHbIX Ha co-
OTBETCTBYIOLLMIA YACTOTHbIN KO3 UUNEHT, NPpUBELEHHbIA HA PUCYHKe 3:

ley =

roe [;— cocTaBnslowan Toka gns -l 4acToTbl.

MpuBeaeHHbl peaynstat 06beanHeHns CUrHarnoB onpeaenseT TONbKO COOTHOLUEHWE MeXay aMninTy-
LOW M AeMCTBYIOWMM 3Ha4YeHMeM KOMOUHMPOBaHHOMO curHana. ®uanonornyeckas peakuus 3aBUCUT OT YITMOB
caoBura as Mmexzy cocTaBnsiowMMm KOMBUMHWPOBAHHOMO CUIHarna, KoTopble He0BX04MMO 3HATb U KOTOPbIE He
YYTEHbI B NPUBEOEHHON OLEHKe.

10 Bozpgencreue cepuil UMNYNbLCOB TOKa U TOKOB HeCTaHOAaPTHOW, CNOXHOW
M cnydyanHow ¢popmMm curHana

10.1 Mopor ®X gns cepui MMNyNbLCOB ToKa ¢ MHTepBanamu 300 mc 1 6onee mexagy
oTAEeNbHLIMUA UMNYNbLCaMU

CunTaeTca ManoBepoaTHLIM, YTo XK Bo3HMKaeT BcneacTBMe NpoTeKaHnsa Yepes cepale 0JHOKpaTHOro
UMMYNbCa TOKa, AN KOTOPOro KOMBMHALMA 3HAYEHWUA 1 ANUTENbLHOCTU PACTIONOXEHA HIKe KPUBOWM Cy Ha pu-
cyHke A.21 TOCT P 70646.1—2023. [laHHbIN BbIBOA TAaKXe CrpaBeinvB B OTHOLUEHUA OAWHOYHOIO MMNynbCa
NOCTOAHHOIO TOKA, HE COAEPXKALLErD 3aMEeTHOW NepPeMeHHON COCTaBNAKLLEN.
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Mmnynbcbl Toka, pasgeneHHble Opyr oT Apyra uHtepsanom, pasHbiM 300 mc unu 6onee, He obrnapga-
0T KYMYNATUBHBLIM 3pdeKTOM B OTHOLIEHWM cepaua U, No3ToOMY, MOTYT paccMaTpuBaTbCs OTAEeNbHO Apyr oT
apyra, kak ecrnv 6bl oHM BbINW OQUMHOYHBIMK UMMYNbCAMK TOKa. Ecnu nMmnynbcbl TOKa B cepuun OTAENeHb! OpyrT
oT apyra untepeanom 300 mc nnu Gonee, To Ana onpefeneHnsa oNacHOCTU BO3HUKHOBeHWA ©XK ¢ kpueoi Cy
MOTYT CPaBHMBATLCA 3HAYEHWUA U ONMUTENbHOCTb KaXaoro MMMynbca Toka no OTAENbHOCTHU.

10.2 NMopor ®X onsa cepuit UMNYNbLCOB TOKa C MHTepBanamMmu meHee 300 Mc MeXxay oTAeNbHbLIMU
MMNOynbcamu

10.2.1 O6wWwmMe nonoxeHunn

[ea wnu Bonee MMnynbca Toka, NpoTekawline vepes cepiue W pasgeneHHble MHTepBanoM MeHee
300 mc, cosnatoT BonbLUy BEpOATHOCTL BO3HUKHOBEHMWS HapylleHun B paboTe cepaua 3a c4eT CyMMUpPOBa-
HWS W HaKoMMneHWs BO3AENCTBUW (KyMynAaTUBHBIA 3ddpekT). [axke B cnydvasx, Korga napameTpbl KaX4oro 13
MMMNYMbCOB TOKA, BXOASLLMX B CEPUID, CYLLECTBEHHO MeHblue nopora ®X, KoTopblA ycTaHOBNEH Anst Noaob-
HbIX BO3AEWCTBYIOLMX MO OTAENbLHOCTU OAWMHOYHBLIX UMMYILCOB, KYMYNATUBHbIE 3(PMEKTsl MOryT Bbi3biBaTb
©XK npu ycrioBuu, YTO Kaxabl N3 UMMYNbCOB Bbl3blBaeT Xenyao4KoBblN OTBET.

MpoTekatwme Yepes cepaue KOpoTKMe UMMYNbChl TOKa, pasfeneHHbie nHTepeanamMn meHee 300 mc,
MOTYT 3anyckaTb BONHY BO3DYyXAEHWA C yBENU4YMBAOLWENCA HEOAHOPOAHOCTLH. KyMynaTuBHbIn addekT oT
Takux BOJMH COCTOWUT B YBENWYEHWUW Pa3fdeneHunsa BOMHbI, YTo npueoguT K XK. Ecrnv nHTepsansl cocTasnswoT
meHee 100 Mc, TO adhpekT O4eHb YETKO BbIPAXKEH, NMPW YCITOBUWM YTO KaX bl M3 MMMNYNbCOB BbI3biBAET Xeny-
OOYKOBbIA OTBET.

[MepBbIl MMOYNbC TOKa B CepuUM MOXeT ObiTb oueHeH no pucyHkam A.19 wunu A.21 TOCT
P 70646.1—2023 cooTBeTcTBEHHO. ECnn BTOPOM MMMYNbC TOKA Bbi3bIBAET XEMNYAO4YKOBbIN OTBET U €CIIN MH-
Tepean Mexay HUM U nepBbiM nMMynbcom coctaenseTr meHee 300 mc, To nopor XK, oTHOCALLMIACA KO BTOPO-
MY MMMYMbCY TOKa, MOXET COCTaBNATb NpubnuantensHo 65 % 3HavyeHns nopora oubpunnauum ansa nepeoro
uMmnynbca. ITOT NPOLLeCcC MOXET NPOAOMKaThes 40 TeX NMop, Nnoka 3Ha4YeHwe nopora JOCTUIHET MUHUMYMA,
nocrne NpoxXoX4eHWa HECKONbKO UMMYIbCOB, pasgeneHHbix nHtepsanamMmm MedHee 300 Mc, Kaxablv U3 KOTOPbIX
BbI3bIBAET XKeNnyao4KoBbIM OTBET. B Takux ycnoBuax MMHUMansHOE NoporoBoe 3Ha4yeHwe MOXEeT COCTaBMNATb
10 % WM MeHee NOPOroBOro 3Ha4eHWs A4S NepBOro MMMNynbeca.

B Tabnuue 1 npuBedeHbl Hauxygwne OUeHOYHble 3HaqYeHus noporoB @M, oTHocAWMeCs K Cepun MM-
NynbCOB, B NPeanonoXeHWn, 4TO MHTepBan Mexay HUMKn B cepuun coctaenseT meHee 300 MC 1 Kaxabli U3 HUX
BbI3bIBAET XeNnyLo4yKoBbIA OTBET. BecToKoBble naysbl Mexay UMMNynbcaMmu anutenbHocTb MeHee 300 Mc He
L0CTaToYHbl ANS NOMNHOMO UCHEe3HOBEHWS PE3ynbTaToB BO3OeACTBUA NpeablayLliero MMnynbsca.

Kaxablih UMNynbC MMeeT OOCTaTO4YHble ANdA MOABMNEHUs Xernyago4YKoBOoro OTBeTa 3Ha4YeHus Toka WM anu-
TensHocTu. Mpennonaraetcd, yto nopor ®X cHuxaeTcsa Ha 35 % nocne NPOXOXOEHUSA KaXO0ro MMnynsca
TOKa, ecnun nHTepsan Mexay HUMK coctaensiet meHee 100 mc.

Tabnuya 1— OueHka nopora ®X nocne kaxgoro UMNynbLca B CEPUM, KaxablA U3 KOTOPbIX BbI3bIBAET KeNyao4KOBbIN
oTBET

Nmnynec Toka ¢ uHTepBanamu mexgy umnynscamu medee 100 mc, QOueHo4Hoe 3HadveHue nopora ©X nocne npoTtekaHus
npu 3TOM NEpBbI UMAYNLC HaxoauTca B 3oHe AC-3 nnu DC-3, Kaxaoro MMNynbca Toka B CEpuuM, Npu 3ToM BCe
yKkazaHHbIX Ha pucyHkax A.19 u A.21 TOCT P 70646.1—2023 MMMynNbChbl CNOCOOHbI BbI3BATh XKEenyAo4KoBbIW OTBET, %

MepBbIA MMNYNbC TOKA 100

Bropon nmnynec Toka 65

TpeTu MMNynbC TOKa 42

YeTBepThIA MMMYNLC TOKa 27

[MATLIA UMNYNbC TOKa 18

LLlecTon nmnynsc Toka 12

Cenbmon 1 Nocnegyolwme UMMNynbCbl TOKa 10 unn meHee

10.2.2 Mpumepsbl
Mpumep 1 — YeTbipe umnyneca, pasgeneHHsle MHTepBanammu 500 mMc, ¢ HeboMbLUMM PUCKOM BO3HWUKHO-
BeHua ©®X ons nepeoro nMmnynsca n 6e3 KyMynsaTMBHOrO addpekTa
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PaccmartpuBaloT cepuio U3 HeTbipex NPSAMOYTonbHbIX OOHOMNOMNAPHbLIX UMNYILCOB TOKa (CM. pucyHoK 15),
NPOTEKaKLLMX N0 Teny YernoBeKka Mexay NeBon pykorn n oboumu cTynHAMU. Kaxabil MNynbc umeeT amnnu-
Tyay 100 MA u anutenesHocTs 0,01 c. MNpegnonoratoT, YTO MMNYNbLCLI pa3geneHsl 6eCTOKOBOW Nay30i ONUTENb-
HocTeto 0,5 c. B gaHHOM npumMepe cyllecTByeT puck ©X, ecnu uMnynbC ToKa NPOTEeKaeT Nno Teny CHU3Yy BBEpX
(CTYnHU NpUcoefWHEHbI K aHoay).

_001¢c

)

. S 100 MA . =

05¢c

[
-

PucyHok 15 — Cepusi U3 YeTblpex OQHOMOMNAPHBIX MPSAMOYTONbHBIX MMMYMbCOB TOKa

B cootBetcTBUM C pucyHkom A.21 TOCT P 70646.1—2023 kaxgblin n3 umnynecos amnnutygoi 100 mA
unu gnutensHocTelo 0,01 ¢ He oKasbiBaeT onacHeIX PU3NoNornyecknx BosgencTemin (3oHa DC-2), n umnyne-
cbl pasgeneHel uHTepeanamu bonee 300 mc. B gaHHOM cryyae pvcK BO3HMKHOBEHMS PXK cUMTaoT HU3KUM.

Mpumep 2 — YeTblpe mnynbca, pasgeneHHbie uHtepsanamm 500 Mc, € CyLLecTBEHHbIM PUCKOM BO3-
HUKHOBeHuA ®X ons nepBoro MMNynsca u 6e3 KymynsaTuBHoro addekta

PaccmaTtpuBaloT Apyrylo Cepuio U3 YeTbipex NpsMOYrofibHbIX OGHOMOMAPHBIX MMMYNLCOB ToKa (CM. pu-
CYHOK 16), npoTekalLlwmx No Teny YenoBeka Mexay NneBoi pykow u obermy CTYMHAMUW B TOM e HanpasneHum
(cTynHW NpucoeduHeEHbI K aHogy).

A
A

100 mA

l 0,5¢

PucyHok 16 — Bropas cepus U3 YeTbipex OAHOMOMSAPHBIX NMPSMOYTONbHBLIX UMMYILCOB TOKa

KaxOoblil UMNyrbc MMeeT Takyr ke amnnutygy 100 mA, HO ONUTENBHOCTL KaX40oro UMMyrbca yBenvye-
Ha o 1 c. Mmnynbcel pasgeneHsl aHanormyHon 6ecTokoBoOi nay3on gnutensHocTeto 0,5 c.

CornacHo pucyHky A.21 TOCT P 70646.1—2023 kaxabi N3 UMMYNbCOB B OTAENMbLHOCTW CNocobeH Bbl-
3BaTh 0bpaTuMble HapyLeHns npouecca hOPMUPOBAHWA U NPOXOXKAEHUS CEPAEYHbIX MMNYNbCOB BO3byxae-
HuA (obnactb DC-3).

Wmnynbcel no-npexHemy pasgeneHbl uHTepsanom tonee 300 mc, crnefoBaTenbHO PUCK HAaKOMMeHWs
BO34EeNCTBMI Man. MIMnynbcbl MOMyT ObiTb paccMOTPEeHbl KaK OTAeNbHbIe UMMYMbChbl HA OCHOBE TeX Xe KpuTe-
pWeB, YTO M NepBbI MMNYNbC. Takum obpasom, npegnonaraeTcs, YTO Kaxabl MMNYNbC HAHOCUT OAMHAKOBbIV
Bpea.
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Mpumep 3 — HeTbipe nMNynbca, pasgeneHHslie uHTepsanamu MeHee 300 Mmc, ¢ CyLLEeCTBEHHbLIM PUCKOM
BO3HUKHOBeHMA PXK onsi NepBOro MMNynbca u ¢ KyMynATUBHbLIM 3heKTOM

PaccmaTtpuBaloT ele ogHy Ceputo U3 YeTbipex NPsiMOYronbHBIX OAHOMNONSAPHLIX MMMYNbCOB TOKa, NpoTe-
KalwLWnx No Teny YenoBeka Mexay NeBor pykor MU oBermu CTYNHSMW B TOM e HanpasneHuu (CTYMNHU Npuco-
efWHeHbl K aHony). Kaxabln umnynsc umeet amnnutygy 200 MA n gnutensHocTs 100 Mc, HO OHU pa3fdeneHsi
©ecTokoBoi naysoi gnutenbHocTelo 50 mc, a He 0,5 ¢ (cM. pucyHok 17). B gaHHOM npumepe cyliecTsyeT
puck ©X.

1c
=, e

= 200 mA

50 mc
—>L-|—

PucyHok 17 — TpeTbsi cepusi U3 YEThIPEX OOHOMONAPHBIX MPSMOYTONbHEIX UMMYMBCOB TOKA

CornacHo pucyHky A.21 TOCT P 70646.1—2023 Kakabli M3 MMMNYbCOB B OTAENbHOCTM CNOcobeH Bbl-
3BaTb obpaTumblie HapyweHusa B cepaue (obnmacte DC-3). Kaxgblh nogobHbid MMnynbc cnocobeH Bbi3BaTh
Keny[aovKkoBbIN OTBET M DecTokoBas naysa gnurenbHocTeio 50 Mc Mexgy HUMW He J4ocTaTodHa Ans MCYes3Ho-
BEHMS 3TUX HApYLUEeHWA A0 Ha4yana cnegylwero nmnynsca. B npegnonoxeHunn, 4To 6bin Bbi3BaH Xenyno4Ko-
Bblil OTBET, AenalT BbliBOA, YTO MOIr MMETb MECTO KYMYMNATUBHbIA 3pheKT, BCneacTBME KOTOPOro NoporoBoe
3HaveHWe Ans ceabmoro uMmnynsca coctaendaet 10 % unu MmeHee ucxogHoro u puck ®X ana gaHHoOW cepuu
MMMNYMbLCOB BbICOK.

10.2.3 CurHanbl HecTaHOapPTHOM, CIIOXHOW U cry4YarlHoW dopm

B HekoTopbIx cnyvasx TpebyeTcsa paccMOTpeTb CUrHamnbl HECTaHO4apTHOWM, CNOXHOW U CnyYaiHon popm.
MonobHble hopmMbl curHana He NoasexaT pPacCMOTPEHUID Ha OCHOBE APYrMX pasfefioB HacTOsLWero craH-
gapta. Taknme TOKM MOTYT BO3HUKHYTb, K MPUMEPY, B CNy4ae MX NpOTeKaHWs no NoBepxXHOCTU 3arpsa3HeHHOoro
n3onaTopa.

TepMUHbI «CNyYanHbIN» U «CMNOXHbIN» NOAPa3yMeBaloT, B YaCTHOCTU, YTO:

a) B Npegenax nepvoga HabnwaeHusa He NPOUCXOAWUT NMepUoANYecKoro MOBTOPEHKS CUTHana u He cyLle-
cTByeT TunoBoro obpasua Ansg HenepuoguYecKoro curHana;

6) dopma curHana He moxeT BbiTh NMerko onucaHa MaTeMaTUYecKu;

B) chopma curHana He MOXeT ObITb Nerko pasnoxeHa Ha rapMoHWYecKue COCTaBnsaloLLmne.

Mpumep dparmeHTa curHana nogobHon popmbl npuBefeH Ha pucyHke 18. [laHHbIA cMrHan MoXeT BbiTh
3auKCMpoBaH B LM POBOM BMAE C NMOMOLLIBLIO, HANpumMep, ocuunnorpada unm UM poBon perucTpupyroLen
cucTemsbl. 3aTeMm ouudpoBaHHas OCLMNNOrpaMmMa MoXeT BbiTb PACCMOTPEHA C TOUYKWU 3pEHUSA ONACHOCTU BO3-
HUkHOBeHUs ®X ¢ nomMolybio UndpoBon 0bpaboTku Ha OCHOBe Moaxoasulero metona. 3agaum nogobHoro
TMNa MoryT BbiTh pelleHbl 0bLen3BeCcTHbIMU MeToAaMMW, TaKMMK Kak CBepTKa, aHanu3 ®ypbe, BaBneT-aHa-
nn3, ogHaKko 3TW MeToabl Ans 06bI4HbIX NONb30BaTenen 4acTo HeyaobHbI. [0 3TON NPUYKUHE HKE PACCMOTPEH
NPOCTON W HALEXHbIN TPaAWLMOHHBLIN MeToA. [aHHbIA MeToq AOMyCcKaeTCca UCNonb3oBaTh AnA npeobpasoBa-
HWSA OaHHBIX ocUMMnorpaMm, NogobHbIX M30bpaxeHHoN Ha pucyHKke 18, B BUA, KOTOPbLIA MOXKET ObiTe UCMONb-
30BaH COBMeCTHO ¢ pucyHkom A.19 TOCT P 70646.1—2023.

ViccnepoBaHua ys3BMMOCTH NALMEHTOB C MMMNMNAHTUPOBAHHLIMU KapauoaedubpunnaTopamu nokasanu,
4YTO Nepuof yassumocTn K @K anutca npnbnuantensHo 60 mc B6nMam amnnutyabl BonHel T. NpoBeneH aHa-
nun3 CCC. LUenb aHanu3a onpegenntb HAaUXyALLWe YCNOBKUS BO3OENCTBUSA C TOYKN 3pEHUS pa3Mmepa ya3BMMOro
nepuoga cepgedvHoro uukna. B ngeansHom cnyyae, HauMxydlue YCroBusa criegyeT onpegensTb ¢ NOMOLLbIO
aHanuaa nepemeLlarwLLnXca UHTepBarnos, MMerLWnx dopmMy 3aBUCMMOCTH YSA3BMMOrO nepuoga oT Cunbl pas-
psga. CyulecTByeT Takke bonee NpocToil U TpaaULMOHHBIA METOA, BKIHOYAOLWKMA B cebsi aHann3 BpeMeHHbIX
MHTepBaroB Ha ocuunnorpamMmMe crnydanHblX CNOXHbIX CUTHAMNOB C Lenblo onpegeneHus Hauxyguero cTumy-
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nupyruwero Bo3gencTBus. Kak nokasaHo HMKe, B COOTBETCTBUKN C TEOpMQ!?I YA3BMMOCTK C ocuunnorpamMmmebl
CCC B3sThI BbEGOpKM pPa3HbIX OnuTenbHoOCTeR, 4TOBLI Ha MX OCHOBE HaWTK Hauxyguune BO3OENCTBUA U CreHe-
prvpoBaTb KPUBYHK BEPOATHbLIX TOKOB.

Tok, MA

el
[ =]
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‘ﬁ |
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o] RN |
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PucyHok 18 — lMprMep 3aBUCMMOCTH OT BPEMEHM TOKa, NPOTEKAIOLLEro Yepes 3arpa3HeHHbId M30nsaTop

B paHHom MeToge aHanusza CCC paccmaTpuBaloT BMUSIHWE Ha YenoBeKa Kak YPOBHSA CMOXHOMO BO3-
OEeNCTBUSA, Tak U ero AnuTenbHOCTW. [pMHMMAalOT, YTO BO34EeWCTBME Ha YernoBeKka MOXeT HadaTbcsa B Nniboi
TouKe hparMeHTa ocuMnorpamMMel M Ha HeonpegeneHHoe Bpemsa. [1na kakoro-nubo 3agaHHOro BpeMeHu BO3-
OenCTBUA onpeaensioT HanbonbLUMIA TOK, KOTOPbIA SBNAETCS CaMblM OMacHbIM B OTHoweHun ®X. 3atem no-
cnefgoBaTesibHO paccMaTpuBaloT BCe BO3MOXHbIE ANTUTENbHOCTM BO3OENCTBUA W ONPEedensoT MakCumManbHbie
YPOBHW BO3AENCTBUSA AN KaXO0W N3 HUX.

ToK, KOTOpLIW ABNAeTCA HAUMDONbLUWUM ONs Kakoro-nubo 3agaHHOro BpeMeHW BO34eNCTBUSA, HasbiBaoT
BeposATHbIM TokoM (BT) gns gaHHoro nHTepeana BpemeHu. BT onpegenstoT Ha ocHoBe 0BpaboTku undpoBon
ocUMNNorpaMmel Mo MeTody, U3NOXeHHOMY B NpunoxeHun A. B pesynkraTte Haxox[eHWsa BCeX BO3MOXHbLIX
BT ons Bcex BO3MOXHbIX MHTEPBANoOB BPEeMeHW BO34EeNCTBUA, nonyyawT Kpueyto BT. Takum obpasom, ans
hparmeHTa ocLMANOrpaMMbl HAXOAAT KPUBYIO HAUXYALLWX YCIOBUIA BO3AENCTBMSA TOKA, KOTOpasi MOXeT BbiTb
MCMonb30BaHa B AarnbHenLWwemMm.

BT nonyuaiwoT B dpopmarte, KOTOpbIA MOXET OblTb MCMONB30BaH COBMECTHO € AaHHbIMW AMs 4acTo-
Tl 50 Iy, KOTOpble OCHOBaHbLI Ha akcnepumeHTax. Kpusyo BT, npueegeHHyo Ha pucyHke 19 Hactosllero
cTaHfapTa, HaHocaT Ha pucyHok A.19 TOCT P 70646.1—2023. Takum obpasoM, AaHHbIA MeTon SBMAAEeTCs
crnocoboM NpPUBEAEHWST CUrHana CnyyanHOW CIOXHOW (OpMbl K KPUBOW OENCTBYIOLLEro 3Ha4YeHWs, COOTBET-
cteytowen pucyHky A.19 TOCT P 70646.1—2023. [Jo Havyana aHanu3a ¢parmeHta CCC ero cnegyet npo-
NycTUTb Yepe3 UnbTP HU3KMX 4acToT ¢ BepxHel 4actoTon cpesa 100 Iy, Tak kak KpuBble Ha pucyHke A.19
FOCT P 70646.1—2023 cunTtatoT gecTBUTENbHbIMKW A0 YacTtoTbl 100 L.

ManoBepoAaTHO, YTO paccmaTpuMBaeMblil curHan BeizoeeT ®XK, Tak Kak kpuBasa BT, HaHeceHHasa Ha pu-
cyHok A.19 TOCT P 70646.1—2023, pacnonoxeHa Hwxke kpueon [T. Beibop kpueoi OT paccmoTpeH B npu-
noxeHumn A.
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PucyHok 19 — Kpueas BT, HaHeceHHas Ha KpyBble 3aBUCUMOCTW TOKa OT BpEMEHW ANA NepeMeHHOro Toka
(cm. pucyHok A.19 TOCT P 70646.1—2023)

11 Bo3pencTBUE INEKTPUYECKOro TOKa Ha Tesio YernoBekKa, NorpyxeHHoe B Boay

11.1 O6wune nonoxeHUsA

B HacTosiwlem pasgene paccmMoTpeHo BO3LeWCTBME INEeKTPUYEeCcKoro Toka Ha Teno YeroBeka B cnydae,
Korga Terno NorpyeHo B BOAY, UMEKLLYI0 pa3nUYHbie CTEMEHM 3NeKTPONpoBOgHOCTM. PaccMoTpeHbl TOKM Ha
yacTtoTe 50/60 'y 1 NOCTOsIHHbIE TOKK, NPW 3TOM BO3AENCTBME TOKOB OPYrMX YACTOT MOXET ObiTh OLIEHEHO C
NoOMOLLbI MHdopMaLMu, npuseneHHon B [3], [4].

MpumeyaHunsa

1 Ecnw He yKasaHo WHOe, HaMpshKeHWE WM TOKWM MMEIOT CHMHycOoMAanbHylo )OpMy W BEMWYMHbBI BbipaXeHbl B BUAE
OENCTBYIOLLEro 3Ha4eHns.

2 B HacToslem cTaHgapTe TEPMUH «BOAA» UCMOMb3YKT ANA ONUCAHUA YMCTON BOAbLI, @ Takke pacTBOPOB COMNenl u
OPYrux NpUMeceil B YUCTOW BOE.

11.2 YpenbHoe ANeKTpUu4yeCcKoe conpoTuBrneHne BOOHbLIX PaCTBOPOB U Tena vYenoBeKa

YucTtaa Boga NpakTMYecku He NMPOBOAWMT TOK, HO KOrga B Hee nobaBneHbl npuMmecK, Hanpumep collb,
yOoenbHoe 3NneKTpn4eckoe COonpoTuBneHne BoObl MOXeET CyLWeCTBEHHO CHMXAaTbCA. B tabnuue 2 npuBegeHbl
3Ha4YeHWA yOeribHOro ConpoTuerieHMA TUNUYHbIX BOOHBIX PACTBOPORB, B KOTOPBLIX JTKOAW MOTYT HaXOOUTbCA Ha-
CTUYHO UMWY NONMHOCTLHO.

Tabnwu ua 2— y,qeanoe ANEKTPUYECKOE CONPOTUBNEHNE BOOHBIX PACTBOPOB

BonHbIi pacTEop YaenbHoe anekTpuyeckoe
conpoTtusneHue, Om - cm
Hoxpesasa Boga Ot 254 po 42 000
«CraHgapTHas» ecTkasa Boaa 1780
BoponposogHas Boga 0711290 oo 16 000
Boga ona ctupku (BogonpoBoaHas Bofa ¢ gobasneHnem cpeicTBa AN CTUPKK) 520
Bopa B nnasatensHoM BacceiHe 300
M30TOHUYECKMIA (HOpManbHbI) (OU3MONOrMYecknid pacTeop 60
23
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OkoHYaHue mabnuupbi 2

YaensHoe anekTpudeckoe

BopgHbin pacTtso
A P P conpoTtueneHue, Om - cm

Mopckasn Boga 22

MpumevaHne — 3HAUYEHUA COMPOTWBMEHUS B AaHHOM Tabnuue MNpUMEpPHO COOTBETCTBYHOT KOMHaTHOW
TeMmnepaType, Npu U3MEHEHUW TeMNepaTypbl CONPOTUBIEHNe BYOET MEHATLCA.

Ecnu Teno 4enoBeka MOrpyXxeHo B 3MEKTPONPOBOASALLYHO BOAY, TO Ha NyTb NPOTEKAHUS TOKa B BOAE
OKasblBaeT BNWAHWE COOTHOLUEHWME MeXAY YAelbHbIM 3MeKTPUYecKM CONpOoTUBIIEHMEM 3TOrO Tena, He fB-
NALWMMCA 0AHOPOAHbBIM, M BOAbl. ECK yaenbHOe CONpoTUBNEHUE BOAbl MeHbLUE, YeM MOrpyXeHHOro B Hee
Tena (Hanpumep, MOPCKOIN BoAbl), TO Bonbluas YyacTe ToKa OydeT NpoTekaTk 3a npegenamMu Tena Yenoseka, a
He yepes Hero. OgHako, ecnv Boga umeeT Bonbluee, YeM y Tena YenoBeka, yaernsHoe ConpoTUBIEHWE (Hanpu-
Mep, BoAa B o3epe), To bonblias YacTb Toka ByaeT npoTekaTb Mo LENW ¢ MEHbLUMM CONPOTUBNEHUEM W CKOH-
LEeHTPUPYETCA B Tene Yenoseka. Hannyne tena BHOCUT UCKaXKEHMWA B ANEKTPUYECKWE NOMA WU NYTW NPOTEKaHWSA
TOKOB B BoAe. HavMeHbLUWe NCKaXeHUs B ANeKTPUYECKMe NoNs 1 NyTW NpoTeKaHnsa TOKOB ByAyT BHECEHbI NpW
paBeHCTBe yAemnbHbIX ANeKTPUYECKMX CONPOTUBNEHNIA BOAbl U YacTel Tena B Boge. OQHako, BCNeacTBUE He-
O4HOPOOHOCTW Tena YenoBeKa, HEKOTOpas CTENeHb WCKaXKEHUS 3MeKTPUYeCKUX Nonen 1 nyTen npoTtekaHus
Toka B BoJe ByaeT BO3MOXHa Bceraa.

HanpsiKeHHOCTb 3NeKTpUYecKkoro nons (BblpaxeHHas B B/M) paBHa nNpou3BefeHWUO YAENbHOro anek-
TPUHECKOro ConpoTUBreHns (B OM - cM) 1 NNOTHOCTK Toka (B A/cm?2). Mo 3TOW NPUYMHE MPYU HAMUYUK ABYX
napannenbHbIX NyTeW, UMELNX OAMHAKOBYH HanpsKeHHOCTb 3NEKTPUYECKOro Mons BAOMb HUX, MO MyTW C
Bonee HW3KMM yOEMbHbIM 3NEKTPUYECKMM COMpOTMBIEHNEM OyaeT mpoTekaTb TOK NponopuvoHaneHo bone-
LWeW NMNOTHOCTH.

B Tabnuue 3 nokasaHbl NpUMEpPHbIE 3HAYEHWSA YAEMBHOIO 3NEKTPUYECKOrO CONPOTUBEHUS PA3NUYHbIX
4yacTew Tena 4YenoBeka NpyM HOPManbHOW TeEMnepaType Tena. 3Ha4eHus COOTBETCTBYKT BO3AENCTBUIO NOCTO-
SAHHOrO TOKa MMW NEPEMEHHOr0 TOKa HWU3KOW 4acToTbl.

Tatnuua 3 — YaoenbHoe arnekTpMYeckoe CoNpoTUBIEHME TKAHE Tena YenoBeka

TkaHn Tena yenoseka iﬂ'oflgho:agna;f”g?gﬁ?z%e

KpoBb 62,9
CnuHHOMO3roBas XUOKoCTb 64,6

Pyka (4acTb Tena) 160
CkeneTHas MblilLA 240

LWes (yacTe Tena) 280
Manbubl U NagoHL (Y4acTb Tena) 280
pyoHas kneTka (Yacte Tena) Ot 375 po 455
TynosuLle (4acTe Tena) 415

Moar 588
[onoea (4acTb Tena) 840
CepaeyHas Mbiwua OT1 925 po 1150
KocTb 16 000

* [laHHOe 3HayeHWe OTHOCMTCS K Mnasme KpoBW Ges3 kpoBsHbIX kNeTok B obpasue. C yBenuyeHWeM konvyecTBa
KneTok B oBpasue yaensHoe anekTpuyeckoe ConpoTueneHve Byaet pactn Ao sHadeHua npubnuautensHo 300 Om - cm.

M pumeyYyaHne — Teno 4enoeeka HeEOOQHOPOAHO NO CBOeMy COCTaBy W, BCneacTBMe 3TOro, no yaenbHOMY
ANeKTpu4eCKoMy CONpPOTUBNEHWHD. 3HaveHus, npueefeHHbie B Tabnuue, ocobeHHo Ana 4acTten Tena, cnegyet
paccMaTprBaTb Kak ycpeaHeHHble 3Ha4YeHnA.
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11.3 KoHAYyKTUBHbIE TOKM, NPOTEKaloLlne Mo Teny, NorpyXeHHoOMy B Boay

BHyTpeHHee nonHoe COonpoTUBIEHWE MCTOYMHMKA 3NEKTPO3HEPTVM, BhI3blBaOLWEro npoTekaHue Toka B
BOAE, MOXET DbiTb Kak HU3KWUM, TaK 1 BEICOKMM, B 3@BUCHMOCTM OT €70 BMAa M KOHCTPYKUKUK. Ecnu BHYTpeHHee
NonHoe conpoTUBNEHWE UCTOYHUKA Mano rno CpaBHEHWIO C MOMHLIM CONPOTUBNEHUEM BOAb! U NOMPYXXEeHHOro
Tena, TO UCTOYHUK MOXHO paccMaTpuBaTh B KAYECTBE UCTOYHWUKA HanpsikeHus. B aToM cnyyae Tok Yyepes Teno
1 BOOY onpenensietca B Gonbluei CTeneHn NomHbIM CONpPOTUBNEHUEM Pa3fMYHbIX NapannenbHbiX NPOBOAS-
LMX NyTel B BOAE U HEe OrpaHWYMBaeTCs BHYTPEHHUM CONPOTUBIIEHMEM UCTOYHMKA. Hanuune nyTei npoTteka-
HWSA TOKA, NOAKMKYEHHLIX NapannensHo Teny, He3HaYnTenbHO BIUSIET Ha TOK, MPOTeKakLWwmii no Hemy. Huskoe
BXOOHOE COMPOTWUBEHMEe WCTOYHWKA MO3BONAET 3anMTaTh OT Hero KaObli M3 napannerbHbIX npoBOAALLLMX
nyTei, Npu STOM TOK, MO CYLLECTBY, OnpeaenseTca NofHbIM CONPOTUBIEHUEM KaX4oro OTAeNLHOro nyTu.

Ecnu BHYTpeHHee NMomnHoe COMPOTUBIEHWE UCTOYHUKA BEINUKO MO CPABHEHWID C MOMHbLIM COMpPOTUBIE-
HMEM BOAbI WU MOrPYXEeHHOro Tena, TO MCTOYHUK MOXHO paccMaTpueaTth B Ka4ecTBe MCTOYHUKA Toka. B aTom
crnyyae 3HadeHWe CyMMapHOro Toka, MpoTeKalllero oT MCTOYHMKA Yepes Boay W Teno, onpeaenseTca Ha-
NpsKeHNeM UCTOYHUKA, pa3feleHHbIM Ha BHYTPEHHEEe COMPOTUBEHWEe UCTOUYHKKA. CONPOTUBNEHWE BHELLHE
Lenu Marno B CPAaBHEHUWM C BHYTPEHHWUM COMPOTUBIEHUEM UCTOMHMKA W BNUAET He3HauuTenbHo. TOK B Boge
OenuTcs Mexay TenoM 1 NpoBOASLUUMK NyTSIMW BOKPYT Tena. Bonbluasa 4acTb Toka NnpoTekaeT no nyTW MeHb-
Lwero conpoTUBNeHUs. B kpaiiHem cnyyae, ecni NPUHATL BOAY B KAY€CTBE MAEANbHOro NPOBOAHWKA, NO Teny
TOK MpoTekaTb He ByadeT, Tak kak oH GyaeT npoTekaTb psAOooM ¢ Tenom Yepes sopy, obrnafarLlyo BbICOKOM
NpoBOAMMOCTLIO. B gpyrom kpaiHem crny4ae, ecnv Boga MMeeT BbiCOKOe yAernbHOe CONPOTUBIIeHWe, TO NoYTH
Becb TOK BydeT CKOHLEeHTPMpOoBaH B Tene Yernoseka.

B Tabnuue 4 npueedeHbl KaYeCTBEHHbIE COOTHOLUEHWUA Mexay YAelbHbIM COMpPOTUMBMEHWEM BOAHOMO
pacTeopa (N0 OTHOLEHWIO K YAeNbHOMY COMPOTUBIEHMIO MOTPYXEHHOTO B HETO Tena YernoBeka) U XapakTepu-
CTUKOM MOMHOTO BHYTPEHHEro COMPOTUEMEHWUSA UCTOYHMKA SMEeKTPOIHeprun (MMneaaHc MCTOMHKUKA MO OTHOLe-
HUIO K UMMNedaHcy pacTBopa W NorpyKeHHoro Tena).

Tabnwnua 4 — KayecTBeHHble COOTHOLLIEHUSA Mexay yoernbHbIM 3NeKTpu4yecKMmM CconpoTueneHneM BOgHOIoO pacteopa v
XapaKTepMCTMKOIﬁ NOJTHOIMo BHYTPEHHEero cConpoTueBrieHnA NCTOYHWKa 3NeKTPO3HepPrun

BoaHbIli pacTBOp € BEICOKUM yAEMNBHBIM
COMNpoTUBNEHMEM

BoaHblfi pacTBOp € HU3KUM yaAenbHBIM
CONpPOTUBINEHWEM

HavmeHoBaHwe nokasarens

WCcTOYHWK HanpspkeHWs (HW3koe 3Ha-
YeHWe TMOMHOro BHYTPEHHEro conpo-
TUBMNEHUS UCTOYHMKA MO OTHOLLEHUIO
K TMOMTHOMY COMPOTUBIEHWIO KOMOW-
HaUWM BOAbLI W MOTPYKEHHOrO B Hee
Tena)

Tok HYEepes Teno onpegensaeTtcA Ha-
npAxeHuem MWCTOYHMKa W NOMHbIM
ConpoTuBneHnemM Tena, BKMHYEeHHO-
ro nocnenoBaTtenibHO C COMNpoTMBIIe-
HWem BOAbI, paCI‘IOﬂD)KEHHDﬁ MeXxay
TENOM W 3neKkTpogamu. Yem Bblwe
yoeneHoe CconpoTUBNeHWe  BOAbl,
BKITIOMEHHON nocreaoBaTeribHO C Te-
oM, TeM MeHbLUE TOK Yepea Teno

Tok 4Yyepe3 Teno onpegenAaeTtcAa Hanpa-
XeHrnem MUCTOYHMKa W NONHbIM Cconpo-
TBNeHnem Tena, BKMNK4YeHHOoro nocne-
AoBaTesibHO C conpoTtuBrneHnem BOAbl,
paCI‘IOJ'IO}KEHHOﬁ MeXOy Tenom Wn anek-
TpoaamMu. Yem Huxe yAenbHOE conpo-
TWBNEHWE BOAbI, BKMIOYEHHOW nocne-
AoBaTtesyibHO C TENOM, TEM Gonblue ToK
yepea Teno

MICTOYHMK TOKa (BbICOKDe 3HaveHune
MOMHOro BHYTPEHHEero conpoTuene-
HWA UCTOYHWMKa Mo OTHOLUEHWUK K MNoJi-
HOMY CONPOTUBNEHWUID KomBuHauum
BOAbl U NOTPYXEeHHOIo B Hee Tena)

CyMMapHbIA TOK onpedensiT B pe-
3ynsTate AeneHwWs HanpskeHwus uc-
TOYHMKA Ha ero MofHoe BHYTpeHHee
conpoTuBnenue. Tok u4epes Teno
onpefenseTcsl COOTHOLWEHUEM MeEX-
Oy 3HAaYEHUsIMW MOMHbLIX CONPOTMB-
NeHui Tena B BoAde W Bodkl, pacno-
NoXeHHOW napannensHo Teny. Yem
Bbille yAenbHOe COMpOTUBMEHWE
BoAbl, Yem GonbLUKiA TOK NpoTekaer
no Teny

CyMMapHbIiA TOK ONPEfEnsioT B pe3aynb-
Tare AEneHWs HanpsKeHWs WUCTOYHWKA
Ha ero MonHoe BHYTPEHHEee COMpOTMB-
nexuve. Tok 4Yepes Teno onpeaensercs
COOTHOLLEHWEM  MeXOy 3HaueHWsMU
MOMHbIX COMPOTHUBIEHWI TeNa B Bogde U
BOAbI, PACMONOXEHHOW napannenbHo
Teny. Yem Huxke yaensHoe conpoTuBne-
HWe BOAbl, YeM MEHbLUMIA TOK NpoTeKaeT
no Teny

11.4 ®usnonornyeckue peakuuu, Bbi3biBaeMble TOKaMW, NPOTeKalWMUMK NO Teny,

norpyxeHHoMy B XMOKOCTb

Ecnu Teno nonHocTbio norpyxeHo B BoAy, BO3HWKHOBEHKWE peakKuh HyBCTBUTENBHOCTU U peakun NCny-
ra ManoBepoATHO. ,D,J'[FI MOJTHOCTBHD NOrpy>KeHHOro Tera nioTHOCTb TOKa Yepe3 KOXY 06bl4yHO Mana, HECMOTPA
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Ha To, YTO TOK, MPOTEKAaKLWMA Yepes TeNo B LEMOM W Yepe3 HEKOTOPble BHYTPEHHUE TKaHW (MbILLbI, KDOBb,
HEPBbI U T. MN.), MOXET BbITb 3HAYMTENbHbIM. BcriegcTBme HU3KOM NITOTHOCTY TOKA, MPOTEKAKLLETD YEPE3 KOXKY,
uyepes BHYTpPEHHWe YacTu Tena, NorpyKeHHOro B BO4Y, MOXET NPOTeKaTb TOK OMACHbLIX 3HAaYEHWU, He BbI3biBas
npu 3TOM OLLYLLIEHWUIA, OOLIYHO COMNYTCTBYHOLUX BO3AENCTBUIO 3MEKTPUYECKUM TOKOM.

dusnonoruyeckne peakuuu Ha TOK B Tene, BKMoYawLlLMe B cebsi MbllledHble cyaoporu (obezaBumkmBa-
HWe), MoryT OblTb 0COBEHHO ONACHLI, KOrga TeNo NOrPY>KeHo B BOAY, MOCKOMbKY OHWM MOTYT BAWATL Ha cnocob-
HOCTb YeroBeka NnbiTb WM NOAAEPXKMBaTL rOMOBY Hah MOBEPXHOCTbIO Bogbl. MogobHoe Bo3gelcTBUE Ha
HopMarbHoe yrnpaBneHne MbillLamMmu MOXET NPUBECTA K TOMY, YTO YENOBEK YTOHET.

@ MOXEeT NPOUCXOAWTE, KOrda TOK JOCTaTOMHOrO YPOBHS MpoTeKkaeT no Teny B panoHe cepaua. Opu-
eHTauusl Tena no OTHOLUEHUWK B 3MEKTPUYECKOMY MOMK B BOAE He Bceraa NocTosAHHA M MOXET HenpepbiBHO
MeHATbCA. [No 3Toi NpUYKMHE cnefyeT yuMTbiBaTb BO3MOXHOCTL, UTO TOK OyOeT npoTekaTtks no Teny B Hanbonee
HebnaronpusiTHOM HanpaeneHWn, NpyM KOTOPOM MIOTHOCTL TOKa B cepaue Oyaet makcumanbHa. Hanpumep,
npwW onpegeneHHoM MONOXeHWW Tena No OTHOLLEHWIO K 3MeKTPoaaM B BOAE TOK MOXET BTEKaTb HanpsaMyo B
TPYOHYHO KNETKY U BbITEKATb YEPE3 NEeBYH0 PYKY.

Mo Teny yYenoBeka, NOrpyXeHHOro B 6onbLIoe KONMMYECTBO BOALI, KOTOPOE 3MEKTPUYECKA N30MNUPOBaHO
OT 3eMNU 1 KOTOopoe Npuobpeno noTeHuMan OTHOCMTENbLHO 3eMMN OT UCTOYHMKAE, HO MPKU 3TOM PasHOCTU No-
TeHUManoB B BoAe OTCYTCTBYHOT (B BoOe OTCYTCTBYET anekTpudeckoe none), He ByoeT npoTekaTk TOK 0 TeX
nop, NoKa 4YenoBek, HaxoAsacb B BOAE, HE MPUKOCHETCH K NPOoBOASLLEN YACTU, NPUCOEAUHEHHON K 3emne. B
3TOM criyvyae Tok OygeT npoTekaTb W3 BoAbl Yepes Gonbluyto nnowab KOXK, NOrpy>KeHHOW B BOAY, B TENo
yernoBeka W ganee Yepes KOHeYHOCTb, KOTOPOW YEenoBeK KacaeTcs 3a3eMNeHHOoro anemMenTa. BoamoxHo, ve-
noeek 6ynet He cnocobeH OTNYCTUTL 3TOT 3a3EMITEHHLIN 3MNEMEHT W eCnK TOK Yepes Teno OyaeT 4OCTaTouHO
BEMWK, OH BbI3OBET HapyLleHUa AbixaHusa u OX.

OneKTpuUYecKue OXOoru Ans Norpy>KeHHoro B Bo4y Tena MeEHEE BEPOSATHLI BCMEACTBUE OXNAXOEHUS KOXM
BOLOWN.

Ecnuv Teno yenoBeka NorHOCTLIO NOTPYKEHO B BOAY, TO TOK, MPOTEKaKLLWMA Yepes ronoBy, MOXET Bbl3bl-
BaTb pag ApYrvx hU3nonorM4ecknx peakumnin. Hebonblune TOKM MOTyT Bbi3biBaTh NOKasblBalLee UMK xKans-
liee olylieHue. Tok BONbLUMX 3HAYEHWIA MOXKET BhI3bIBAaTh pasipa)eHre NuueBbIX Mbllwy. TokK elle BOnbLIKMX
3HAYeHUI MOTyT Bbi3biBAaTh pasfpaxeHWe 3pUTenbLHOro Hepea KM nosieneHue ¢gocgeHoB. docheHbsl — 3TO
3pUTenbLHOE OLLyLLIEHWE, BO3HMKAKOLEEe OT OEeWCTBMSA BHELIHEro pasfpakMTens Ha rnas, He CBA3aHHOro Co
CBETOM, B JaHHOM cryyae, OT 3MeKTpUYeckoro Toka. MexaHu4yeckoe AaBrneHue Ha 3akpbiTbIA rna3s Takke Mo-
ET BbI3blBaTh hoctheHbl. XoTa docdeHbl camu no cebe He HecyT Bpeda, OHWM MOTyT HanyraTb HEMNOArOTOB-
JIEHHOTO YenoBeKa W Bbi3BaTb DECCO3HaTeNbHYI0 UMK faXe NaHWYecKkyl peakuuio, YTO MOXET NoBreyb 3a
cobon gpyrue pucku, B TOM YMCME NMPUBECTU K TOMY, YTO YEINOBEK YTOHET. HenocpencTeeHHbIe BO3OENCTBUA
OT TOKa MOMHOCTBLI MCYe3atT NpY NPeKpaLleHnn ero NpoTeKkaHus, O4HAako, elle BonbLIne TOKU MOTyT Bbi3bl-
BaTk Bonu B BepxHen Yactu nuua. 3Tn Bonm NpoxonosaT Yepes NPOMEXYTOK BPEMEHUW OT HECKONbKUX MUHYT 40
HECKOINbKUX YacoB. Takue TOKM Takke MOryT Bbi3blBaTbh HapylleHWsl YyBCTBA paBHOBecUA. JaHHbIK 3dpdeKT
NPOX0OMT, HO 3TO MOXET NPOAOMKaTbCA A0 HECKOMbKUX OHEN.

11.5 MoporoBkie 3HaA4YeHUA TOKa

[ns Tena, Norpy>XeHHoro B BoAY, NOPOroBbLIE 3HAYEHWS TOKOB ANs (PU3NOMNOrMYECKUX peakLmii He ABNs-
HOTCA OAHO3HAYHO onpefensieMbiMu. CyLlecTByeT CMULLIKOM MHOMO NapaMeTpOB, KOTOPLIE NPU ABMXEHUN TeNna
OTHOCUTENbHO 3NEKTPOA0B UCTOYHUKA B BOAE MOMYT OKa3sblBaTb HernpepbiBHOE BIWAHWE HAa NOSIHOe 3MeKTpu-
JYecKoe COMPOTUBMNEHWE Tera, Kax4blil NpoBOAALLMA MYTb NPOTEKAHUS TOKa W 3HAYeHWe TOoKa B 3TOM MyTW.
Hwxke npuBefeHa npeaBapuTenbHasn OLeHKa npeferbHbiX 3Ha4YeHW ToKa ANA cryyas, Korga Terno YyernoBeka
MOrPY>EHO B BOAY C HU3KUM YOEMbHBIM 3MEKTPUYECKAM CONPOTUBIIEHMEM. VCNbITAHUSA NO ONpEeneneHuto 3TUX
3Ha4eHu BbiNK NpoBeAEHbl B BOAE C yAelNbHbIM conpoTuBneHnem 22 OM - cM, MOOENUpYLLEd MOPCKYH
BOAY, koTopas Bbina noarotoeneHa nytem obaBneHus xrnopuaa HaTpus B BOAONPOBOAHYH BOAY.

B obwewm crnyyae, ecrnv ToK YacTtoTol 50/60 My geicTByrOLMM 3HadeHWeM 5 MA npoTekaeT Mo Teny
4yerioBeKka, OH cnocobeH Bbi3biBaTb MbilLEYHbIE Cyd0pOri, KOTOpble MOTYT MPUBECTU K HApyLUEHMsM Cnocob-
HOCTW MAbiTe, cO0AM AbixaHus M gaxe PXK. Korda 4enoBek Norpy;eH B BoAy, TOK MOXET NpoTeKaTb Hemno-
CPEACTBEHHO Yepe3 rpyaHyH KNeTKy, He NpoTekasi Mo KoHeYHoCTaM. Kpome Toro, coxpaHeHue KOHTpOonsa Haz
MbILLLAMIK BaXHO, 4TOBObLI HE YTOHYTh. 3HadeHne 5 MA He koppenupyeTcs ¢ Kpueol b Ha pucyHke A.19 TOCT
P 70646.1—2023. YcnoBus, Korga Terno norpy>XeHo B BoAy, OTNMYalTcsa OT 00LIYHOMo cLueHapwusl nopaxeHuns
3MEeKTPUYECKMM TOKOM, NMO3TOMY 3[4E€Chb PYKOBOLCTBYHTCA APYTMMKU COoBpaKeHnamu.

[na namepeHus Toka, co34aBaemMoro B BO4Ee MCTOYHUKOM C DONbLINMM BHYTPEHHMM MOMHbIM CONPOTHBIE-
HWEM, MHOrAa UCMNOoMb3yoT pe3ncTtop conpotueneHvem 50 Om. OgHako, 3TO 3Ha4YeHMe MOXKET DbiTb CIIULLKOM
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BEINWKO A5 KOPPEKTHOW MOAENWU MOMHOro COMPOTUBMNEHUS Tena. 3TO CTAHOBUTCS BaXXHbIM, KOrga MCTOYHMK
MMEET HM3KOe BHYTpEeHHee conpoTueneHne. B aTom cnyyae 3Ha4yeHMe NonHOro ConpoTMBREeHUss Mogenu Tena
B 3HAYUTENbLHOW CTEMEHWN BMUSIET HA TOK WU AOMKHO Bonee TOMHO MOAENUPOBaThL TEMO.

Mpw NnpoTekaHuu Yepes rpyaHYI KNeTKy Tena pebeHka Toka 5 MA yacTtoToin 50/60 Ny B Tene MoXeT BbITh
co3faHa nNnoTHocTb Toka 30 MKA/CM2.

11.6 Be3onacHble 3HAaYeHUA HaANPSXKeHUNA

HDM paspaﬁoTKe CTaHOapTOB Ha NpOoAYKUWMIO ONnA TaKKMX 06beKTOB Kak nnaBaTenbHble 6acceHbl 1 6aHVI,
roe npoucxoauT norpykeHue terna B Bo4y, NpUMeHAKT orpaHn4eHne TOKOB, a He HaﬂpﬂH{EHMﬁ. Ecnu YKa3bl-
BaTb OezonacHble YPOBHU HaI'IpFl}KEHVII:’I, TO OHM 6y,ElyT O4eHb HU3KKUMW, BOSMOXHO, NopAaAaKa eOuHWUL BOIbT,
BCneactTene oYveHb HU3KOro CornpoTuMBieHWA NpoBOOALLNX I'IYTEFI, KOTOpble MOTYT CYLWeCTBOBATb BHYTPW NO-
FPYXEeHHOro Tena.

12 BospgencrtBme OQHOKPaTHbIX OAHOMOMNAPHbLIX MMMYNIbCOB TOKa Manon
ONUTeNnbHOCTHU

12.1 O6wume nonoxeHun

OpHoKkpaTHble 04HONOMNAPHbIE UMNYNbLChl TOKA Manon ANUTENLHOCTW B BUAE NPSAMOYTrONbHOMO UM cu-
HycOMAanbLHOro UMNynbca, UM UMNynsca paspsga KoHaeHcatopa MoryT 6biTb MCTOYHMKOM OMacHOCTU Mpu
npoboe n3onauMM B anekTponpubopax, cogepxawmx aNeKTPOHHbIE KOMMOHEHTLI, UMW NPX KacaHun npoBo-
OSLWMX YyacTel Takoro obopygoBaHuMs, HAXO4ALWMXCS Nod HanpshkeHeM. o aTol NpyuynHe 4NA Takux BUOOB
TOKa BaXKHO yCTaHOBWTb De3onacHele NpegesibHble 3Ha4YeHUS.

Bosgencteusi UMNynbLCOB TOKA, paccMaTpuBaeMble B HAcTosWeM pasferne, AN BpeMeHW BO3OeNCTBUSA
10 mc unu Bonee, COOTBETCTBYIOT BO3aencTBuAM, npueedeHHsiM B TOCT P 70646.1.

B 12.2 n 12.4 paccmoTpeHbl gnanasoHbl BpemeH oT 1,0 go 10 mc. NMpuHATO, 4YTO rNaBHbIM hakTopoMm
obpasoBaHns ®X ona pasannyHbIX BUOOB OQHOMNONAPHBLIX MMMYINbLCOB TOKA SIBNAKTCA 3Ha4YeHus [ - tu 2t

JKCTpanoasauma pasnuyHbIX MMNyNbcoB B AnanasoHe oT 1 4o 100 Mkc nokasaHa Ha pucyHke 20. 3apag,
nepenaHHbln MembpaHe, aengeTca Hanbonee 3Ha4MMbIM hakTOpPOM Aenonapu3aunnm Membpadbl. 3HaYeHue
TOKa U ANWTENBHOCTE MMMYNbCa C MOCTOSHHOW BpeMeHW T, NPUNOXeHHOro K memBpaHe ¢ uenbl Bo3gen-
CTBMSA, ABMNSKTCA CYLLECTBEHHbIMUW NapameTpamu Ansa onpefeneHns 3apaga u, BcneacTBUe 3T0M0, pUcka BO3-
HUKHOBeHKA DX,

YcTaHOBMEHO, 4YTO HaunydwrMm obpasomM BMWsHWE Ha cepale OTpa)aeT KONMWYecTBO 3MNeKTPUYECKOro
3apsaga, a He paccyMTaHHoOe OelCTBYoLWee 3HaYeHWe TokKa.

12.2 Bo3peiicTBUE OQHONOMNSAPHLIX UMMYNLCOB TOKa Manon ANUTENLHOCTU

12.2.1 ®opmel curHana

Ha pucyHke 20 npuBefeHbl OpPMbI CUTHAMNOB AN NPSMOYTONbHbLIX UMMYNbCOB, CUHYCOUAAMNbHbLIX MM-
NynbCOB W ANs TOKa paspsaa koHaeHcatopa. CnefyeT pasnuyath cregyolwne 3Ha4eHns ToKa:

Inc — 3HaueHue ToKa NPAMOYronbHOTo UMNYMbCa,

Iac, Rms — AeWcCTBYKOLLlee 3HaveHe ToKa CUHYcoMaanbHOro Mmnynbea,

IAC(p) — aMnnUTygHOE 3Ha4YeHWe ToKa CMHYCoMaanbHOro MMnynbLea,

lc. Rms — BeicTByloLiee 3Ha4eHe Toka paspsiaa koHAeHcaTopa Ansi Bpemenn 37,

Ic(p) — aMnnMTyaHOe 3Ha4YeHue Toka paspaga KoHgeHcaTopa.

Mpumevanne — Ecnun U, — 370 HanpskeHWe Ha KOHOgHCATOpe B Havane paspsaa Yyepes Teno Yernoseka u
R, — Ha4anbHOe CONpPOTMBIEHKME Tena YenoBeka, To aMnnUTyaHOe 3HaveHue TOoKa pa3spsaa KoHaeHcartopa Ic(p) BblYMC-
ngaKT no dpopmyne

Ue
o(p) =R (18)
27
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B) Tok pa3psfa koHgeHcaTopa

PlﬁcyHOI{ 20— ¢’0pr1 TOKOB AnNA NpAMOYronbHbIX UMNYNbCOB, CMHYCOMAanbHbIX MMMNYINbCOB W ONA TOKOB pa3pAana
KOHOeHCcaTopa

12.2.2 OnpepeneHune yaensHoOW aHeprum hubpunnauum F,
YaenbHyto aHepruo hnbpunnsaummn F, Ans pasnuyHbix hOpM UMMYILCOB BbIYUCASIOT NO hopMynam

a) Anda npaAMoyronbHbIX UMNYINbLCOB

Fe = j%er;
6) ANA cMHycoMAAnbHbLIX MMNYNLCOB
& (
AC(p) 2 :
Fo =——1i =l rusti =)

B) NS UMMYMbLCOB pa3psia KoHAEeHcaTopa ¢ NOCTOSIHHON BpeMeHu T

2 T 2

Fe = "C(p) o Ic rusti- (21)
Ha pucyHke 21 npuBeneHbl 3HAYEHWUS! TOKOB ANS NPSIMOYTOMbHBIX UMMYMNbCOB, CUHYCOMAAMbBHBLIX UM-

NYNbCOB M UMMYMLCOB PaspsAa KOHOAEHCATOPa C NOCTOSIHHOM BpeMeHU T, UMEIOLMX OfUHAKOBLIE 3HAYEHUS

yrensHol aHeprum dnbpunnauum F, n BpemeHu Bo3AeincTens t. [N aToro cry4as cnpaseAnyBo COOTHOLIe-

HWe:
'ac(p) _ lc(p) 22)

L BN
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PucyHok 21 — NpaAMoyronbHbIA MMNYIbC, CMHYCOMAANbHbIA UMMYMbLC U UMMNYNbC pa3paaa KoHaeHcaTopa
C OAMHaKOBLIMIA YAENbHBIMK 3HEPrMsMI DUBPUNNALMA U BpEMEHEM BO3OEACTBUA

12.3 Mopor YyBCTBUTENLHOCTU U GoneBol Nopor Npu pa3psaae KoHAeHcaTopa

[aHHble NoOpOroBble 3Ha4YeHWs 3aBUCAT OT POPMbl ANEKTPOOOB, 3apaaa UMMynbca U amnnuTyabl ToKa.
Ha pucyHke 22 npvBedeHbl 3Ha4YeHus nopora \MyBCTBUTENbHOCTM M BoneBoro nopora B yHKUWMKM 3apsga u
3apsAHOro HanNpsKeHns KoHAeHcaTopa Ans YenoBeka, KacawLwerocs BonbLUMX aNeKTPoAoB CyXMMU pyKamu.

BoneBoMy Mopory COOTBETCTBYIOT 3HAYEHWs YAenbHO SHeprun npumepHo ot 50 ao 100-108 AZc ans
MyTW NpOTEeKaHNA TOKa Yepes KOHEeYHOCTU MpU NpUMEHEHUW BOMbLUNX ANEKTPOA0B.
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3apaaHoe HanpsxeHue Ug B

3oHa A — nopor YyBCTBUTENBHOCTH; KpuBaa B — TMNYHLIA Goneeoi nopor

MpumevyaHue — [naroHancHble ocw NporpagyvpoBaHbl Ang eMkocty C v aHeprum W. C nomMoLLB0 9TuX ocen
Ha nepeceYeHy 3Ha4YeHin ANA 3apAAHOro HanpsSXXeHWA U eMKOCTU MOXKHO ONpPeaennTb 3apad U 3Heprui umnynsca.

PucyHok 22 — lMopor 4yBcTBUTENBHOCTM M BONEBOW Nopor ANA Toka paspaga KoHaeHcaTopa (CyxXune pyku,
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12.4 Mopor pnBpUNNALKMK XKenygouKkoB

12.4.1 O6wWwme nonoxeHnn

Mopor ®X 3aBucKT OT hopMbl, ANUTENBHOCTA W 3HAYEHWA TOKa UMMybCca, a3kl CEPAEYHOro LMKMa B
MOMEHT Havarna MMnyrnbca, NyTW NPoTEeKaHWA Toka No Teny YenosBeka v 0T (DU3NONMOTMYECKMX XapaKTepUCTUK
yernoseka.

JKCNEPUMEHTBI Ha KMBOTHbIX MOKa3bIBALOT!

- OonA UMMynbCOB Manoil ANMTENbHOCTU M OTHOCUTENBHO Manoi aHeprium, B obwem criydae, ®X umeet
MECTO, TONBKO ECNN UMNYNbLC BO3AEWCTBYET B TEYEHUE YSI3BUMOrO Neproaa cepaeyHoro Lukna.

MpumedaHue — [ns MMNynscoB BONbLIOKA SHEPr1K, BO3AEUCTBYHOWMX BHE YS3BMMOTO Nepuoaa cepaeqHoro
LMKNa, BO3HUKHOBEHWE UBPUNMALUKA BO3MOXHO Aaxe MO MCTEYEHUN HECKONBKMX MUHYT Mocre BO3OencTBus,

- Mpu BO3OEWNCTBUKM OOHOMNOSAPHBLIX UMNYNLCOB CO BpeMeHeM Bo3gencTeua meHee 10 Mc onpegensio-
wym ons HactynneHua ®X ABnseTca yaenbHblA 3apag hubpunnsaumum Fy

Moporoesble 3HavyeHns ans ®XK npueeneHs! Ha pucyHke 23. [ina 50 % BepoATHOCTU BO3HMKHOBEHUS DX
3Ha4eHue Fq cocTasnseT npubnuantensHo 0,005 A - ¢, a 3HadyeHue F, pacTert oT npumepHo 0,01 AZ-c ans
ANUTensHOCTH umnyneca f; = 4 mc go 0,02 - AZ-c ana t;=1 Mmc.
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Tok vepes Teno venoeeka Ig pys MA

PucyHok 23 — BeposiTHOCTL BO3HWKHOBEHUSA (pUBPUINALMY NpY NPoTeKaHWW ToKa OT NeBOW NafoHu OO0 CTYMNHeW Hor

KpuBble Ha pucyHKe 23 COOTBETCTBYHT BEPOSTHOCTAM BO3HWKHOBEHWS (OUBPUNIALMM NPU NpOTEeKaHWuK
TOKa OT NeBOW pPyKM K CTymHAM. Opyrne nyTu npoTekaHma Toka paccMoTpeHsl B 6.9 MTOCT P 70646.1—2023.

Hwxe kpuBon ¢, — chnbpunnsauma oTcyTCcTByeT.

Mexay KpMBBLIMW C4 U Cy — HWU3KMIA PUCK BOZHUKHOBEHMS (hnbpunnsaumm (BeposTHOCTL He Gonee 5 %).

Mexay KpUBBIMM Cy M Gz — CPEAHWI PUCK BO3HUKHOBEHUA (hnbpunnsaumnm (BepoaTHOCTb He 6onee 50 %).

Bbllwe KpUBOW C; — BBICOKWI PUCK BOSHUKHOBEHMSA (hnbpunnsiuvm (BeposaTHocTs 6onee 50 %).

12.4.2 MNMpumepsbl

[ns nosgcHeHWs NpakTUYeCcKoro NpUMeHeHnsl COOTHOLLEHWI, yKasaHHbix B 12.4.1, npuBeneHsl asa npu-
Mepa, a B Tabnuuax 5 n 6 npencraBneHbl COOTBETCTBYHOLLME UM pPe3ynbTaTbl BO3OENCTBUIA 3NEKTPUYECKOro
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Toka. B nepBom npumepe paccMOTpeH pasps KOHAeHcaTopa C NocTosHHOW BpemeHn T = 1 Mc 1 BpeMeHeM
BoaaeiicTeums £;= 3T = 3 MC, 4TO MOXeT BbITb PAaCCMOTPEHO B pamMKax HacTosLlero cTaHgapta. Bo sTopom npu-
Mepe nocTosiHHaa BpeMeHun pasHa T = 10 Mc, T. e. t; = 30 Mc, OTKyAa crieayeT, YTO MOPOroBLIE 3HAYEHMA ANd

®XK cnepyet npuHMMaTh nNo pucyHky A.19 TOCT P 70646.1—2023.

Mpumep 1

BospgencTteune paspsifa KoHaeHcaTopa Ha Teno Yeroseka:
KoHAeHcaTop eMKkocTbio C = 1 Mk®, 3apagHble HanpskeHna — 10, 100, 1000, 10 000 B.
MyTb NpOTEKaHUA TOKa: pyka — Hora (CTynHs), Ha4yarnbHoe 3HaveHne conpoTuenexus Tena R;= 1000 Om

(cMm. cHocky B Tabnuue 5).

MocTosinHasa Bpemerun T =1 Mmc, T. . BpeMa BozaeicTeua ;= 3T = 3 Mc.

YpensHas aHeprua ounbpunnaumn F, = Ig, rmsli =

Tatnuua 5— BoagelcTBME MMMNYIBLCOB 3MNEKTPUYECKOro ToKa And npumepa 1

W,

i

3apsaHoe HanpsxeHne U, B
HaumeHoBaHue nokasatens
10 100 1000 10 000
Tok paspana 0,01 0.1 1 10
AMNNUTYOHOE 3HaveHve J'C(p), A
[encTeylollee 3Ha4YeHWe Toka paspsga, A
1
l =1 — 0,0041 0,041 0,41 41
C, RMS c(p) \/6
YaenbHeiit 3apaa Fy, Kn 0,01-1073 0,1-1073 1073 10 - 1073
Oneprusa paspaga W, Ik 0,05- 1073 5-103 0,5 50
YnensHas aHeprua doubpunnaumm F, L aneg s T e
npu R, = 1000 Om. A2-¢" 0,05-10 5-10 0,5-10 50 -10
BeposTHo
durznonornyeckme peakumm Nerkue HenpuaTHble bBonesHeHHbIe BO3HWKHOBEHME
DK

*

3nadenve R;= 1000 Om npoussoneHo BbIBpaHO AnNA AaHHOro npumepa. Ero He cneayeTt nyTaTte C BENWMHUHOWN
R; ona kaTeropuu HaceneHws, COOTBETCTBYWOLIEA MPOLEHTUNBHOMY paHry, pasHomy 95 % cornacHo paspeny 5
FOCT P 70646.1—2023.

MpumeyvaHusn
1 Fq BblpaxatoT B Kn vnu A - ¢.
2 W, BblpaxatoT B [k unm BT - c.

Mpumep 2

BospgeiicTBue paspsga KOHOEHCATOpa Ha Teno YenoBeka:

KOHAeHcaTop eMKocTbio C = 20 mk®, 3apagHblie HanpskeHnsa — 10, 100, 1000, 10 000 B.

MyTe NpoTekaHusi TOKa: pyka — TyNoBuWLLe, Ha4yanbHoe 3HadyeHne conpotusnexuns Tena R; = 500 Om
(cM. cHocky ~ B Tabnuue 6).

MocTosiHHas Bpemeru T = 10 mc, T. e. Bpemsi BosgencTeus f;= 3T = 30 mc (cm. cHocky ** B Tabnuue 6).

W,
YnenbHas aHeprua doubpunnauuun F, = Ié‘ amsti = R—c

i
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Tabnuua 6— Bo3gelcTBUe MMMYNLCOB 3MEKTPUYECKOro Toka Ans npumepa 2

HaumeHoeaHue nokasatens

3apagHoe HanpsxeHue U, B

10 100 1000 10 000
ToRpEdpAnA 0,01 0,1 1 10
AMNINTyOHOE 3HadeHue gy, A
OencTeyolee 3HaveHne TOKa
paspsaga, A
0,008 0,08 0,8 8
/ =1 i
C, RMS — C(p) Jg
YaenbHbiii 3apag F, Kn 0,2-103 2-10-3 20 - 103 200 -10-3
OHeprus paspaga Wi, [k 103 0,1 10 1000
YpaensHas aHeprua pubpunnauum F o o o o
npn R;= 500 Om, A%-c""
OnacHble, HO Bo3- | OnacHble, BeposT-
Duanonorndeckne peakumum INerkne bonesHeHHble | HUKHOBeHME DX HO BO3HWKHOBEHWE
MaroBeposATHO [0) 14

MOCT P 70646.1—2023.
FOCT P 70646.1—2023.

MpumevyaHusa
1 Fq BbipaxatoT B Knunn A - c.

2 W, BblpaxatoT B [k unn BT - c.

* 3HaveHne R; = 500 Om npownasonbHO BblbpaHo OANA AaHHOrO npumepa. Ero He cneayet nyTaTe ¢ BENWUHUHOW
R, OnA KkaTeropuu HacerneHus, COOTBETCTBYIOLLEA MPOLEHTUINBHOMY paHry, paBHoMy 5 % cormacHo paszgeny 5

** MockonbKy Bpems BosaencTeus {;6onee 10 Mc, To 3Ha4eHVA nopora (pUbpUnNALMK GbInu NPUHATLI MO PUCYHKY A.19
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MpunoxeHune A
(o6azaTtensHoe)

AHanuz curHanoB HecTaHOapPTHOW, CIMIOXHOMW U criyYarHoW dopmMm

A.1 OBwme nonoxeHunA

Ocumnnorpamma curHana ouvdpoBaHa 1 nogeepryyTa unsTpauun cornacHo TpebosaHuam 10.2.3.

Hwxe npuBedeHo dhopmanesHoe onucaHne MeToga, a 3atem C NOMOLLBK NMPUMEPOB MPUBEOEHLI PA3bACHEHUS.
A.2 ©opmanbHasa TeopeTudeckaa hopMynuMpoBKa MeToga

®parMeHT curHana, oLuM@pPOoBaHHbIN C LIAarom Mo BpemMeHw f, COCTOSLWMA M3 N WHTepBanos, NPeAcTaBneH Ha pu-
cyHke A.1.

LWar
oundppoBKN
t

DparmeHT =,
OCLUMNMOrpaMmel | | \ | | | | | ]
Iy Iy I, Iy is s Inz v Iy

PesynbTaThl M3MepeHUA Toka
N — 4ucno uHTepBance oundpoBkn Ana dparmeHTa ocuunnorpaMmmel; { — war oundgposkn (BLIDOPOYHLIM WHTEpBan, nepuog

AvckpeTuaauum), ¢; i — MrHOBEHHOE 3HaYeHKne ToKa B Kakor-nubo Touke

Pucyrok A.1 — OnpeaeneHune parmeHTa curHana crny4aiHow crioxHon opMbl

®parmeHT coctouT 3 N + 1 Touek gaHHbIX M ero AnuteneHocTb coctaenseT N - t c. He oBasatensHo, 4Tobbl 3Ha4e-
HUe t BbINO NOCTOSAHHBIM, HO Ha NPaKTMKE Tak 0BbIYHO 1 NpoucxoauT. Ecnv 3To 3HaYeHne MEHSIETCS, TO HKENpPUBEAEHHbIe
BbIpaeHUs, B YACTHOCTM MO OTHOLUEHWIO K AMWHE wWwara oundpoBky, cneayeT moanduumupoeats. [puBEOEHHbIE HUXKE
BblpaeHUs 4eMCTBUTENbHLI TOMLKO A8 MOCTOSHHOIO Wwara ouudgpoBkn f.

B npepenax dparMeHTa paccMoOTpeH y4acToK BpemMeHK (Bblbopka) ANUTENbHOCTLIO K Waros. [aHHbIiA y4acTok co-
OepHuT k + 1 Touky AaHHbIX. BeiBopKy Ha4MHAKT B TOYKE p M 3aKaH4YuBaloT B Todke p + k. Ha pucyHke A.2 aTo nokasaHo
B rpadomyeckom Buae.

AnuTensHoCTE (K Wwaroe
oUMbpOBKKU MO BPEMEHU)
dparmeHT -
ocUUnnorpaMmel ' _| - | _]
I fp ’p+k In

k — OnWHa paccMaTpUBAEMOro y4acTKa BPEMEHM, BEIDAXKEHHAS B KONMYECTBE LIAroB oUMMPOBKA; P — Ha4anbHas Touka
paccmaTpuBaeMoro yyacTka

PucyHok A.2 — OnpepeneHne AnUTenbHOCTH BbIBOpKX

[enicTBytolLee 3HaYeHWe ToKa i,ﬁfgfva, AnA paccMaTpuBaeMoro y4acTka (BbiDopKM) BeIYMCNAOT No dopmyne

"RMS s
interval —

PaccunTeiBalOT OeiCTBYHOLEee 3HaYeHWe ONA BCeX BO3MOXHbIX BbIOOPOK OMWTENbHOCTBIO K LWarcsB B npeaenax
dhparmeHTa ocUMINOrpamMmmbl M HAXOAAT Ero MakcumansbHoe 3HaveHue. [ng nogcyeta AefcTBYIOWEro 3Ha4YeHns AN BCex
BO3MOXHbIX BbIGOPOK ANWMTENBHOCTLIO K WAroB, CneayeT B3ATb BbIGOPKY, HA4MHAIOLLYIOCA B TOHKE iy M 3aKaHYMBAIOLLYIOCS
B TOYKE /, ¥ paccuuTaTh AeWCTBYIOLLee 3HaYeHWe Ans 1ok Belbopku. 3aTeM nocnefoBareneHo 6epyT BbIGOPKY ANMHON k
LIaroB, KOTOPYIO HAYMHAKT B TOYKAX iy, ip, iz W T. 4. 00 TeX Nop, Noka oHWU He 3akoH4aTcs. MocneaHss Beibopka ANUTemNb-
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HOCTBIO K LIAroB Ha4MHaeTCsi B TOUKE iy, W 3aKaH4MBaTCA B TOYKe fy. OTa TOYKA O3HA4aeT OKOHYaHWe PacGMOTpeHWs
BbIGOPOKM ANUTENBHOCTLI K LIAroB.

MakcumaneHoe gercTByloLee 3Ha4YeHMe ToKa Ans BceX aTux BblIOOpOK sBNsAeTCA TOMKOW Ha kpueol BT ans epe-
MeHU k-t, To ecTb

BTk = maxj. (A.2)
Mpouenypy NOBTOPSAIT ANA BCeX 3Ha4yeHUn k ot 1 go N, 1o ecTb
N—k
BT, = max,_g -- N (A.3)

[aHHoe BblpaxeHue onpenenseT KPUBYH BEPOATHLIX TOKOB MOMHOCTbIO U MeTod MOXeT notpeboBaTk Gonbluoro
KOnM4ecTBa pacyeToB, HO OTAENbHBIE NONb30BATENN MOTYT, N0 XenaHW, NPOoCcTo BbibpaTe N0AOANANAa30H 3HAYeHUA k ans
onpeneneHns MeHsLUEro KonmM4ecTea Todek Ha Kpueoi BT.

B uenom, kpueyto BT onpegenstoT nocpedcTBOM nocnenoBaTtensHoi 0bpaboTk y4acTKOB AaHHbIX 3adaHHOW Anu-
TEMNBLHOCTU BPEMEHU U MOSTyYEHUEM ASACTBYHOLLEIO 3HAYEHUA TOKa ONA KaKOoW OMMTENbHOCTU. DTOro AOCTUraoT, OCy-
LLeCTBNAA NocnefoBaTernbHble BoIGOPKW OaHHbIX, KaXKOblA pa3 HAYMHAsA CO CriedyHLLEel TOYKM, 0O TEX NOP Noka He ByayT
paccuynTaHbl BCe OENCTBYOLME 3HAYEHMA ANS JaHHOW ANUTENBHOCTU. M3 NonyYyeHHbIX 3HaYeHWA BbIDMpaloT MakcuMarb-
HOe, KoTopoe OyaeT ABNATLCA TOUKOW Kpueol BT ansa gaHHoro BpemeHu. 3aTem npouedypy nocrnenosaterbHO NOBTOPSOT
ana 66nbLlKMx oNUTEenNnbHOCTEN ANA Nony4YeHUs OOCTAaTOMHOro Konu4ecTBa To4vek Ha rpadmke Kpveon BT (2aBUCMMOCTb
MaKCUMarnbHbIX AeNCTBYHOLWKMX 3HA4YEHWIA TOKa OT BpeMeHW Bo3aeicTens). BcnegcTeme aTtoro no Metody He onpedenstoT
CKOMb3aslee cpeaHee OeWCTBYKLLEe 3Ha4YeHWe, Tak Kak ANUTENbHOCTb BPEMEHW KOHTPONMMPYEeTCs M nocnegoBaTerbHO
yBenuyuBaeTcs.

MpyMmeHeHre MeToga NPOMNMNKCTPUPOBAHO B HUXKENPUBEAEHHbLIX NpUMepaXx.

B 4acTtHOCTW, NpuBeaeHbl NOACHEHUS N0 KPUBOW AONYCTMMbIX 3HAYEHUIA, C KOTOPOW CpaBHMBaIOT Kpueyto BT, v BbI-
6opy wara ounpoBKK L.

A.3 [eMoHCTpauusa pacyeToB

A.3.1 O6LwmMe nonoxeHus

PaccmoTpeH dhparmMeHT 3afjaHHoi ocuunnorpamMmmel, oLMgpoBaHHOW ¢ Warom oundgposku t = 20 Mc.

B naHHom npumepe 10 3Ha4eHWn TokoB, cooTBeTcTBYOWMX 20 Mc wary oundposkun (20, 40, 60 ... 200 mc), paBHbI
COOTBETCTBEHHO 5, 7, 8, 4,9, 11,9, 7, 3 u 1 mA. BT gonmxeH BbITb onpeaeneH Ans BCeX BO3MOXHbLIX ANMUTENBHOCTEN Npu
nocreqoBaTenbHOM yBENMYEeHUN ANUTenbHoCcTel. [1Na Ko paccMOTPEeHHOW ANWTENBHOCTU MakcumarnbHoe AencTByo-
LLiee 3Ha4YeHWe Toka ByaeT onpedensdTb TOYKY Ha kpuBoW BT ans gaHHoW AnuTensHOCTM. Takum obpasomM nocnefoearerb-
HO HaxogAT TOYKM Ha Kpueo BT ans Bcex anuTensHOCTEer.

MeTon npMMeHsIOT credytolmm o6pasom.

Ona nonyyeHus gedcTBYIOWMX 3HAYEHWUIA CHaYana 3Ha4eHns TOKOB BO3BOAAT B kBaapat. [ns kaxaoro wara ound-
poBku (20, 40, 60 ... 200 mc) paBHbl cOOTBETCTBEHHO 25, 49, 64, 16, 81, 121, 81,49, 9 un 1 MAZ, BoseegeHne B kBagpar
TakkKe rapaHTUpyeT, YTO NONOXWTENBHBIE W OTPWUUATENBHBIE 3Ha4YeHUa ByayT paccMoTpeHbl paBHeIM 06pasom.

B kavectBe nepBon anutensHocTy BbibpatoT 20 Mc, COOTBETCTBYIOWAA el Bolbopka BKkMNoyaeT B cebs Tonbko ogHy
Touky. MakcumansHoe aHaueHue cocTasnseT 121 MAZ. OTcloa aHaueHWe BEPOATHOMO TOKa ANA BCEX BO3MOMHbBIX UHTEP-
Banos gnutensHocTelo 20 Mc coctaensaeT 11 MA. Ero u HaHocaT Ha Kpusyto BT ang BpemeHn 20 Mc (CM. pUcyHoK A.3).

Cnefylowyto ANUTENLHOCTE NpUHUMaKOT paBHoi 60 Mc, Kaxaas cOOTBETCTRYOWAA el Belbopka BrNnoYaeT B cebs
TPW TOYKW. PaccynTeiBaOT BEPOATHLIN TOK ANA KaX OO0 BO3MOXHOW BLIBOPKW AnuTensHocTeo 60 Mc, He 3abeiBas oenuTs
Ha 4yu1cro To4ek (3) B BolGoOpKe:

a) (25 + 49 + 64)/3 = 46,0 MAZ;

6) (49 + 64 + 16)/3 = 43,0 MAZ;

B) (64 + 16 + 81)/3 = 53,7 MAZ,

r) (16 + 81 + 121)/3 = 72,7 mAZ;

a) (81+ 121 +81)3 = 94,3 mAZ;

e) (121 + 81 + 49)/3 = 83,7 mAZ;

k) (81 + 49 + 9)/3 = 46,3 mAZ;

n) (49 + 9+ 1)/3 =19,7 mAZ,

MakcumansHoe 3HadeHne coctaenset 94,3 MAZ, oTciona Ha kpueoi BT ans spemenn 60 mc (ans rpynn us Tpex
ToueK) 3Ha4yeHue Toka coctaenset 9,7 MA (cM. pucyHok A.3).
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Cnegyolwyo AnMTenbHOCTb NpuMHMMatoT paBHor 120 Mc, Kaxkaasa COOTBETCTBYHOLLAA el BbIDOpKa BKMNHO4YaeT B cebs
LIecTb ToMeK. PaccunThIBalOT BEPOATHLIN TOK ANS KaX40N BO3MOXHOW BIDOpKK anuTensHocTeio 120 Mc, He 3abbiBas ae-
NUTb Ha 4Yu1cro To4ek (6) B Boibopke:

a) (25 + 49 + 64 + 16 + 81 + 121)/6 = 59,3 mAZ;

6) (49 + 64 + 16 + 81 + 121 + 81)/6 = 68,7 MAZ;

B) (64 + 16 + 81 + 121 + 81 + 49)/6 = 68,7 MAZ;

r) (16 + 81 + 121 + 81 + 49 + 9)/6 = 59,5 MAZ;

o) (81+121+81+49+9 +1)/6 = 57,0 MAZ,

MakcumanbHoe 3HadeHue cocTaBnaeT 68,7 MAZ, oTcloga Ha kpueoi BT ans spemern 120 Mc 3Ha4YeHWe Toka co-
ctaensieT 8,3 MA (CM. pUCyHOK A.3).

[Mony4yeHHble 3Ha4eHUs obpaayoT kpusyto BT, koTopas nocTpoeHa Ha pucyHKke A.3.

g ‘ Kpuean BT
g 10000 Ty
2 cifdcafes
-3
=
3 X
[
=
g \
[=
A
.g 1000 \ \\
E \\ 1 “‘
3
E N
5
AUA
N
} \
100 '
:
10 - -
0,1 1 10 100 1000 10000

ToK, NpOTEKaWHA no Teny J;, MA

PucyHok A.3 — Kpueas BT, HanoxeHHas Ha BPEMATOKOBLIE 3aBUCMMOCTM AEWCTBYHOLMX 3HA4YEHWUIA NEePEMEHHOro ToKa,
ONndg AeMOHCTpauuyM MeToda aHanuaa CUrHanoe cry4yamHol CNoXHoW opMbl

B kauyectse [T B ganHom npumepe Gbina BuibpaHa kpusasa 4. [na nioboro BpeMeHn BO3AEWCTBIA 3HAYEHWA Ha
kpvBol BT He npeBbIWaOT 3Ha4YeHua Ha kpuson AT, oTcroaa, ¢ ToYKKM 3peHns BelOpaHHOro KpUTepWs, paccMmaTpuBaeMeii
TOK ABNsieTcA BesonacHbIM.

A.3.2 BbiGop ponycTUMOro Toka

PaccmatpuBaemeblin MeTod No3eonseT npeobpal3oBaTts AaHHbIE ANS CPAaBHEHWUS UX C TPAAWULWMOHHBIMU KPUBBLIMU Oel-
CTBYHOLLMX 3HAYEeHWI, NpuBedeHHbIMK Ha pyucyHKe A.19 TOCT P 70646.1—2023. CneayeT BbliOpaTh NOAXOAALLMIA YPOBEHb
0T ons Takoro cpaBHeHKUs.

B pasnuuHbIX NpUMEHEHNAX MOKET MOKasaTbCA He0OXoOMMbIM BbIGpaTh 3aHWKEHHBIE MO CPABHEHWIO C KPUBOW €4
sHauyeHus. [1pn 9TOM MOryT BbITh NPUHATEI AONYCTUMbIE 3HA4YEHWSA MEHEE, YeM Ha KpUBOW ¢,. Bo Bcex cryyasx aHaueHns
AT He nomkHbl 6bITe BoMblUe 3HAYEHWI HA KPUBOI C4.

CnenyeTt OTMETUTL, YTO B JAHHOM METoAE He NPUHUMAETCA B pacyeT cHuKeHue nopora ®XK ans umnynscoe, cne-
aywwmx ¢ HebonblMKU MHTEpBanamu. Ecnu Takme MMNynbCbl BO3MOXHbI, MOTYT BbITb NPUHATLI MeHbLUXE 3HaveHns [T c
Y4ETOM aHanvaa Cepuii MMNynbCcoB, PACCMOTPEHHOIO B HACTOALLEM CTaHaapTe.

A.3.3 Bbibop wara ouncpoBKU

Beibop wara oundpoBkK t OCyLLECTBAAKOT NocMe aHanusa ocuunnorpammel. C 04HOW CTOPOHbI, B Ka4ecTBe 3Have-
HWA TOKa / 32 BbIDOPOYHBINA MHTepBan My4ylle BCero NOAXOAWT MakcumanbHoe eNCTBYyoLee 3Ha4yeHWe B TeHeHNe 3Toro
vHTepsana. OgHako 3To npegnonaraeT 3aMeTHO MeHbLUMI BeIDOPOYHLIA MHTEPBAI U CYLLEeCTBEHHYI0 0bpaboTky 3HaueHun
B TeYeHUe WHTepBana BeIBOPOK ANg nonydyeHus pesynstata Ang Kakoro-nvbo npuHaToro wara p. CYnTtaloT, Y4To 3T0 yBe-
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nWYMBaET CNOXHOCTL Gonee, 4Yem Heobxodumo. ITo Takke TpebyeT cylecTBeHHO Bonee CNoXHOM pexrmMa oLUMdpPoBKY,
Yyem OOCTYMHbIA 0BbIYHO.

Takum 06pa3om, B ka4ecTBe i, NPUHUMAIOT MIHOBEHHOE 3HaueHUe Toka Ha KaXaoM Lare p npu 3aaaHHoM Luare
oundpoBky t. Ecrnu npu aTomM Ha ocuunnorpaMmme NponafaloT CyLlecTBeHHble AeTanu curHana, crneqyet NpUHATE MeHb-
Liee 3Ha4yeHwue t.

Kak u B criyuae nto6oro Bbibopa B OTHOLLEHWMA OCLMNNOrpaMMbl, aHanu3 MOXeT ObiTe NOBTOPEH NpW Apyrvx napa-
MeTpax.

A.4 Npumepbl 11 2

Hwxe npuBegeHbl ABa NpMMepa NCMNoNL30BaHWA MeToda B bonee peanbHbix obcToATenscTBax. CurHan Obin creHe-
pupoBaH ¢ nomoLlbio metoga MonTe-Kapro.

MpUMepkl TUMWYHBIX CUTHAMOB CNYYaWHOW CNOXHOW hOPMEI, CreHEPUPOBaHHBIX KaK YKasaHo HWKe, NpuBeAeHsl Ha
pucyHkax A.4—~A.6.

Mpumep 1

200
150

—_—

T,

=50

-
o WM Mfwawmmmww’wnmmwm m,

PucyHok A.4 — CurHan cny4aiHol CnoXHOW QOpMbl, TUMWYHBIA ANSA TEX, YTO UCNONbL30BaHbl B NnpuMepe 1

B npumepe 1 ncnone3oBaH curHan cnyvyariHon crnoXxHon hopMel Co cnegyowmMn napameTpamMu:

a) ocuunnorpammMa Ttoka Yactotor 50 U, KOTOpPLIA He onaceH C TOYKW 3peHnust Bo3HWKHOBeHUA OXK, cnyxuT Gazon
ana curHana. B gaHHoM crnyvae 370 TOK AeWcTByHWMM 3HaveHnem 20 mA. [InutenbHocTb oparmMeHTa gaHHbix paeHa 10 c;

B) Ha gaHHyo Basy B criydyamrHblx Todkax, B npegenax 10 ¢, HanoxeHsl 50 MMNYNLECOB CNy4YanHOW ANUTENLHOCTU
0o 10 Mc BKNKOYMTENBHO. AMNNUTYOA UMMYNLCOB MeHAeTca B npegenax 200 mA criyyqainHsiM obpasom. Ha pucyHke A.21
MOCT P 70646.1—2023 nokasaHo, 4To 3aTW UMMYMbChl Takke BeaonacHsbl;

B) HacTpoWka: B 4aHHOM npumepe (Npv peanbHOM aHanwu3e nogobHOoro He MPOWCXOAMT) Cpasy MOoCne KaXgoro
UMmnyneca 4o6GaBneH TOYHO TAKOW XKE C aMNNUTYAON NPOTMBOMNONOXKHOIMO 3Haka. 3TO caenaHo Ans Toro, YTobbl y curHana
OTCYTCTBOBana nocTtosHHas cocTaendwwas. Ecnu cpegHee 3HadveHWe NMOCTOSHHOW COCTaBNAOLWEA He HYNeBoe, TO 3TO
cpegHee 3Ha4YeHVe HaKOMWUTCA B NMPOLIECCe aHanuaa, 0COOEeHHO ANs ANUTENbHBIX MHTEPBANiOB BPEMEHW, W MOBMUAET Ha
3Ha4YeHWEe BEPOATHOrO Toka. BoamoxkHo, 3T0 To, 4TO HEOBX0OMMO B OnpeneneHHbIX cry4asx, HO 30eck HyNeBoe cpegHee
3Ha4YeHne HeobxooMMO Ans TOro, YTobbl CXKMAaeMblE BO3AENCTBUSA OT MMMYNbCOB MOXHO Obino Gbl oueHUTL Ge3 ydeTa
HakannvBalLLEerocs NOCTOAHHOIO CMELLEHWS;

r) curHanel nponyweHsl Yepez ®HY ¢ BepxHen yvacTtoton cpesa 100 lu. MNMpumeHeH PHY — chuneTp BbICOKOTO
nopsaka ¢ NpUMeHeHMeM LMGPOBLIX TEXHOMOMMIA (hUneTpoBaHMA. HanoeHsl AeACTBYHOWNWE 3Ha4YeHNA Ansa (bparMeHToB.

MpoaHanuanpoBaH parMeHT AnuTensHOCTLI0 9 ¢ Ans BeiBopok anvTensHocTs 20, 50, 100, 200, 500, 1000, 2000
1 5000 mc.

Ons kaxgow U3 aTUX ONUTENBHOCTEN OnpedeneHbl BEPOATHLIE TOKM M MX 3HAYEHMA HaHeceHbl Ha pucyHok A.19
MOCT P 70646.1—2023 cOBMECTHO B KDUBLIMU Cq, Cp, C3, KK MOKA3AHO HWKE Ha pUCYyHKe A.6.

B cpaBHeHWW ¢ KPUBOW C4, NPUHATON B Ka4ecTBe KpUBoW [T, ManoBepoaTHO, YTO paccMaTpUBaEMbIi TOK BbI3OBET
nosieneHve ®X.
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PucyHok A.5 — CwurHan cny4aiiHoW crnoHon popMbl, TUMWYHEIW ANA TEX, YTO UCMNOMb30BaHbl B NpumMepe 2
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PucyHok A.6 — Kpueeie BT, nonyyeHHble B npumepax 1 1 2 no MeTogy aHanu3a TOKOB CNyYaiiHblX CroXHbIX dopm
curHana, u BpEMATOKOBbIE 3aBUCMMOCTM ANs AEWACTBYIOLLEro 3HaYEHWS NEPEMEHHOro ToKa

B npuvmepe 2 ucnonb3oBaH cuMrHan crny4aiHon crnoxxHow dopMel CO cregylowuMy napaMmeTpamu:

a) ocuunnorpaMmma Toka Yactotoi 50 'Y, KOTOPLIA HEe ONaceH C TOYKKM 3peHns BO3HUKHOBEHUA PX, crnyxuT Bazon
ansa curHana. B gaHHom cnydae ato Tok gencTBytownm 3HadeHnem 20 mA. [InutensHocTe doparmeHTa AaHHbeix paBHa 10 ¢;

6) Ha gaHHyo Gasy B cnyyanHbix Todkax, B npedenax 10 ¢, HanoxeHbl 50 MMNynbcoB crny4yalHoW ONWTENBHOCTA
no 10 Mc BKNKOYMTENBbHO. AMINUTYAA MMMNYNbCOB MeHsaeTcA B npegenax 1500 mA cnydanHeim obpazom. Ha pucyHke A.21
FOCT P 70646.1—2023 noka3aHo, 4To 3TU UMMYNbChl COCOBHLI BbI3bIBATL OXK;
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B) HacTpoKKa: NpoBedeHbl MaHUMNYNALUMKM aHanormyHo npumMepy 1;

r) curHanel nponyLeHsl Yepes ®HY c BepxHel yactoTton cpesa 100 My, aHanormyHo npumepy 1.

MpoaHanuaupoBaH dparMeHT AnuTensHoCTEI0 9 ¢ Ana Belbopok AnutensHocThio 20, 50, 100, 200, 500, 1000, 2000
1 5000 mc.

[Onsa kaxgon 13 3TuxX ANUTEenbHOCTEN ONpeaeneHbl BeposATHbIE TOKW WM MX 3HAYEHMS HaHeceHbl Ha pucyHok A.19
MOCT P 70646.1—2023 cOBMECTHO B KDUBbLIMU G4, Cp, Cg, KAK NOKA3AHO Ha pucyHKe A.6.

B cpaBHeHWM ¢ kpuBOA Cqs NPUHATON B Ka4ecTBe KPUBOW JONYCTUMOro ToKa, nosieneHne ®X{ He UCKMOYEHO.

OTctoga creqyerT, 4To B 060MX NpUBEAEHHbIX MPUMEpPaX NOMy4EeHbl pe3ynbTaTtel B COOTBETCTBUMU C OXUOAHUAMM.
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MCO/M3K 51:2014

[2] M3K 60050-801:1994 MexagyHapoaHbIA 3nekTpoTexHudeckuid cnoeape. [naea 801. AkycTuka 1 aneKkTpoakycTuka

[3] IEC TP 60479-4:2020 Bo3sgelcTBUE 3MNeKTpUYECKOro ToKa Ha Nger M JoMallHWX XUBOTHbIX. YacTb 4. Bosgei-
CTBUE YOAPOB MOMHUM

[4] IEC/TP 60479-5:2007 BosgeicTBue 3MeKTPUYECKOro TOKa Ha NMioaei U AoMalLHMX XKMBOTHbIX. HYacTe 5. [Noporoseie
3Ha4YEHWA HaNPHKEHNA KacaHWa ANA NCUXONOrMYECKMX BO3OENCTBUIA
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YOK 621.316.92:006.354 OKC 13.260

KnoueBble crioBa: BO3OeWCTBUE 3MEKTPUYECKOrO TOKA HA MoJel U AOMALUHUX XUBOTHbLIX, CMeLnansHbie
acnekTsl, TpeboBaHUsA, NepeMeHHbIN CUHYcouaanbHbIi Tok YacTtoTon 6onee 100 Iy, nonHoe anekTpudeckoe

conpoTuBneHwe Tena, NoporoBble 3Ha4eHWA TOKa 4Yepes Teno
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