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BBEOEHUE

[[Inpokoe UCroab30BaHUE BIEKTPOIHEPTUU BO BCEX OOJIACTSIX JIESITEIBHO-
CTH YeJIOBEKa, POCT PHEPrOBOOPYKEHHOCTU TPYJld, B3PHIBHOE YBEJIMYECHUE KO-
JIMYECTBa AJIEKTPONpUOOpOB B OBITY U Ha MPOU3BOACTBE BIEKYT 3a COOOM MO-
BBIIIICHUE OMACHOCTH TMOPAXEHHUS YEJIOBEKA JIEKTPUYECKUM TOKOM. DJIEKTPH-
YECKUU TOK HE MMEET KaKUX-TMO00 (DU3NUECKUX MPU3HAKOB WM CBOWCTB, IO
KOTOPBIM YE€JIOBEK MOT ObI €ro OllyIllaTh OpraHaMu 4yBCTB JO MOMEHTA KOH-
TaKTa, YTO yCYTyOJII€T €ro onacHOCTb. DTHUMH K€ CBOMCTBAMHU XapaKTepHU3y-
IOTCS DJIEKTPOMArHUTHBIE U PaIAALIMOHHBIE TIOJIS.

TexHuka 0€30MaCHOCTH B 3JIeKTpoycTaHOBKax (DY) — 3T0O cucrema opra-
HU3AIMOHHBIX U TEXHUYECKUX MEPOIPUITHN U CPEACTB, 00ECIIEUNBAIOIIUX 3a-
HIUTY JIIOJEH OT OMAacCHOrO BO3JCUCTBUS DJIEKTPUUECKOTO TOKA, JIEKTPUUECKOM
IyTU U ApYTUX (PaKTOPOB.

HecoOmroienune nepcoHanoM, dKCIyaTupyomum DY, npaBuil 0€301acHo-
CTH MOYKET MPUBECTU K MOPAKEHUIO UX U OKPYKAIOIIUX JIFOAEH JIEKTPUIECKUM
TOKOM, TIOBPEXKJICHUIO JOPOTOCTOSIIEr0 TEXHOJIOTUYECKOTO 000pYyA0BaHUS,
TSKEJIBIM aBapHsIM.

[IpumeHsembie cpefCcTBa 3allUTHl MPEIHA3HAUCHBI UIsI 00eCleueHus He-
JOCTYITHOCTH TOKOBEAYIIUX YacTed DY, UCKIIOYEHUS BO3MOMXKHOCTU IMPHUKOC-
HOBEHMSI K HUM, YCTPAHEHUS OMACHOCTHU MOPAXEHUs MPU 3aMbIKAaHUU CETH Ha
KOPIYC 3JIEKTPOOOOPYAOBaHUS WM Ha 3€MIIIO, IPEAOTBPAILEHUS OMIUOOYHBIX
JICUCTBUI MepcoHaia B Ipoliecce padoThl (YeoBeYeCKuil pakTop).

Bri00op criocoOOB U CpeiCTB 3IAEKTPO3ANIUTHI PETIAMEHTUPOBAH CTaHJap-
tamu cuctembl 6e3onacHocTu Tpyaa (TOCT CCBT) [1-6, 12] u HOBbIMU rOCY-
JApCTBEHHBIMU CTaHJapTaMH, pa3pa0OTaHHBIMM Ha OCHOBE KOMILIEKCA CTaH-
napToB MexmyHapoqHol 3iekTporexHudeckod komuccun (MOK) [7-11, 13,
14, 17].



1. TOKU MOPAXEHUA

1.1. Buabl nopaxeHUn 3neKTPUYeCKUM TOKOM

B nanmonansHoM ctangapre 'OCT P 12.1.009-2009 [1] mansl cienyro-
M€ onpeeieHus: HanboJiee BAXKHBIX MOHITHI paccMaTpUBaEMOM TEMBI:

- 3J1eKmpo6e30nacHocmp — «CUCTEMA OPTaHU3ALNOHHBIX U TEXHUYECKHUX
MEPOINPUATHI U CPEJICTB, 00ECIEYMBAIOIIMNX 3AIUUTY JIOJEH U KUBOTHBIX OT
BPEIHOTO M OMACHOI'0 BO3JCUCTBUS ANEKTPUUECKOTO TOKA, JIEKTPUUECKOMN 11y-
TH, JJIEKTPOMArHUTHOTO MOJIA U CTATUYECKOTO JIIEKTPUUYECTBAY;

- 971IeKMmpPoOmpaemamu3m — «SBICHHUE, XapaKTEPU3YIOLIeecs COBOKYITHO-
CTBIO BJIEKTPOTPABMY;

- 91ekmpoycmanoseka (JY) — «3HEpProycTaHoBKa, MpeJIHa3HAYEHHAs IS
IPOU3BOJACTBA WM MPeoOpa3oBaHus, NEpeaaun, paclpeneseHns Uiu norpeo-
JIEHUS 3JIEKTPOIHEPTUNY;

- MoOKogedywiaa 4acmp — «IPOBOJHUK WIHA MPOBOAAIIAS YacTh, BKIIIOYAS
HEUTpaJbHBIA MPOBOJ, MpPEeAHA3HAYEHHBIE JJIsI MPOIYCKAaHUSI TOKa MpPU HOP-
MaJIbHOM JKCILTyaTalumny;

- JneKmpuueckasn 0y2a — «INEKTPUUECKUN pa3psil B Ta30BOU CpPeAEe MEKIY
KOHTAKTaMH, BO3HUKAIOIIHNI MPU Pa3MbIKAHWH 3JIEKTPUUECKOTO KOHTAKTa HIIH
PU HECTAOWJIBHOCTH MEPEXOJIHOTO COMPOTUBIICHUSI KOHTAKTOB (MCKPEHHUE ).

CrenyeT OTMETUTH, UTO 32J1eKMPOMPAEMAMU3IM COCTABISIET 3HAYUTEIb-
HYIO JI0JIF0 B OOIIIEM YHCJI€ HECUACTHBIX CIIy4aeB.

Crnenunanucram, paboTaroluM B cepe IEKTPO-, PAIUOTEXHUKH, SHEPre-
TUKH, a TaKXK€ PAJOBBIM IOJIb30BATEISAIM U3BECTHO OOJIBIIOE KOJUYECTBO CIIY-
YyaeB ru0eiau WM TSHKEJIOro MOpaXKEeHUs JII0ACH OT yaapa 3JIEKTPUYECKUM TO-
KOM WJIM BO3TOPAaHMM M MOKAapPOB, BHI3BAHHBIX HEUCIIPABHOCTSAMHU 3JIEKTPOOOO-
PYAOBAHUS U 3JIEKTPOIPOBOJIOK.

Inekmpompaema — «TpaBMa, BbI3BAHHAS BO3JICHCTBUEM 3JIEKTPUUYECKOTO
TOKA WM DJIEKTPUYECKOW IyTH, a TAKXKE DIJIEKTPOMArHUTHOro momis» [1].
B OonbmMHCTBE CilydaeB 3TO COOBITHE, XapaKTepU3yeMOe OMpPE/IeTIEHHBIM CO-



YeTaHUEM NMPUUYUHHO-CIIC/ICTBEHHBIX CBSI3€H MEXIY DJIEMEHTAMHU CUCTEMBI «Ye-
JIOBEK — DJIEKTPOYCTAHOBKA — CPEa.

B naHHO# cucTeMe 4elloBEK SBISIETCS OOBEKTOM, DJIEKTPOYCTAaHOBKA — HC-
TOYHUKOM IOPaXE€HMS, a Cpe/ia OKa3bIBACT BIMUSHUE KaK HA YEJIOBEKA, TaK U Ha
AJEKTPOYCTAHOBKY. PaboTa Mo mpeaynpexICHUIO J1eKmpompasmamu3ma oc-
HOBaHA Ha U3YYEHUM CBOMCTB M B3aMMOCBSI3U BCEX AJIEMEHTOB 3TON CUCTEMBI C
YYETOM HUX BEPOSITHOCTHOTO XapakKTepa U CO3JaHMM KOMIUIEKCA 3aIUTHBIX Me-
POIPUATHHN.

B o00111eit Macce TpaBM Ha MpPOU3BOJICTBE C BPEMEHHOW YTPAaTOW TPYIOCIIO-
COOHOCTH BEC aekmpompasm He3HauuTeslaeH — He Oosee 2 %. OpHako cpenu
TPaBM C JIETAJIbHBIM HCXOJOM 3/eKMpOmpasmbl 3aHUMAIOT BEAYIIEE MECTO —
6omnee 12 %, T. e. Kaxaas ceapbmasi CMepTelbHas TpaBMa BbI3BaHA dJIEKTpUYE-
CKUM TOokoM [20].

OCHOBHBIE TPUYHUHBI TAKOTO YJACJIHHOTO BECa CMEPTEIBHOIO 3/eKmpo-
mpasmamuzma MOXKHO c(hOpMYJIMPOBATH CIEAYIONTUM 00pa30M:

- (u3HosIornYecKass HECOBMECTUMOCTh JJICKTPUUYECKOTO TOKa U OHWOJIOTH-
YECKHUX IMPOIIECCOB B OPraHU3ME;

- OTCYTCTBUE BHEIIHUX MPU3HAKOB OMACHOCTH JOCTYMHBIX TOKOBETYIIHX
YacTed WM METAJUIMYECKUX KOHCTPYKIHMM, CIy4alHO OKa3aBIIMXCS IIOJ Ha-
npsKeHHEM (OTCYTCTBYIOT JIBIM, CB€UCHHUE U JIPYTHUE YIPOXKAIOIINE MPU3HAKH );

- HEIOOIICHKa OOJIBIIMHCTBOM pa0OTAIOIINX KOHKPETHON OMACHOCTH KOH-
TaKTa C TOKOBEIYIIUMH YACTSIMHU.

[IpoTekas yepe3 OpraHu3M 4esIOBEeKa, IJEKTPUUECKUM TOK TTPOU3BOJIUT:

- TEPMUYECKOE JICHCTBUE;

- DJICKTPOJUTHUYECKOE AEHCTBUE;

- MeXaHU4eCKOE JICHCTBHE;

- OMOJIOTUYECKOE JICHCTBHE.

Tepmuueckoe nelicTBUE TOKa TmposiBisieTcss B oxkorax. CoriacHo
I'OCT [1] anexkmpuueckuii 0sxcoe — «TpaBMa, BbI3BaHHAsl BO3JICHCTBUEM DJIEK-
TPUYECKOTO TOKA WJIU SJIEKTPUYECKOW JYTH, a TaKXKE DJIEKTPOMArHUTHOTO TO-
as». IlposBisieTcss B BUAE MOPAXKEHUsI OTJEIbHBIX YYAaCTKOB Teja, HApUMED,
HarpeBe JI0 BBICOKOM TeMIIepaTypbl KPOBEHOCHBIX COCYJIOB, HEPBOB, CEpAla,
MO3Ta U JIPYyTUX OPraHoB, HAXOAIIUXCS HA MyTH MPOTEKAHUS AJIEKTPUIECKOTO



TOKA, MOCJIEHEE BBI3BIBAET B 3TUX OpraHax cepbe3Hble (YHKIMOHATIbHbBIC pac-
CTPOMCTBA.

Inekmponumuueckoe NEVCTBUE TOKA BBIPAXKAETCA B PA3JIOKEHHHU Pa3HO-
00pa3HBIX OPraHUYECKUX KUAKOCTEH, B TOM YHCIIe TKAHEBOW JKUJIKOCTH U KPO-
BU, YTO COIPOBOXJAETCS 3HAYUTEIbHBIMU HApYIICHUSIMH UX (DUUKO-
XUMHUYECKOT'O COCTaRBA.

Mexanuueckoe (IMHAMUYECKOE) JIEUCTBUE TOKA BBIPAXKAETCA B Paccioe-
HUH, pa3pbiBe U APYTUX MOJOOHBIX MOBPEKICHUAX TKaHEH OpraHu3Ma, B TOM
YUCJIE€ MBIIIEYHON TKaHU, CTEHOK KPOBEHOCHBIX COCYJIOB, COCYJIOB JIETOUYHOM
TKaHU U JIp., & TaK)K€ MTHOBEHHOT'O B3PBIBOINOJOOHOTO OOpa3oBaHUsI Mapa OT
NEPETPETON TOKOM TKAHEBOM KUJIKOCTH U KPOBH.

buonozuueckoe neiicTBre TOKa MPOSBISAETCS B pa3apakeHUN B BO30YKIe-
HUU JKUBBIX TKAHEW OpraHu3Ma, a TakXKe B HAPYIICHUU BHYTPEHHUX OMOIHEP-
TETUYECKUX MPOIIECCOB, MPOTEKAOIINUX B HOPMAIBHO (PYHKITMOHUPYIOLIEM Op-
raHu3Me U TeCHEUIMM 00pa30M CBSI3aHHBIX C €r0 BaXKHEHIIMMU >KM3HEHHBIMU
GyHKIUSAMU.

DIIEKTPUYECKUI TOK, MTPOXO/IS Yepe3 OPraHu3M, pa3/ipa)kaet >KUBbIE TKAHU,
BBI3bIBAsl B HUX OTBETHYIO PEAKIMIO — BO30YXKICHUE, SBISIONICECS OJHUM M3
OCHOBHBIX (DM3UOJIOTUUYECKUX MPOIIECCOB U XapaKTepU3yIOIIeecss TEM, YTO KU-
BbIE€ TKAHU MEPEXOJSAT U3 COCTOSIHUS OTHOCUTENIHHOTO (DU3UOJIOTMYECKOTO IO0-
KOS B COCTOSIHUE€ aHOMAJIbHOW I HUX JIESITEJIBHOCTH, YTO MPUBOAUT K pa3-
JUYHBIM 271eKkmpompasemam. IlocneHre MOKHO CBECTHU K JIByM BHUJIAM:

- MECTHBIE A1eKmpompasmbl, KOrja BOZHUKAET MECTHOE TTOBPEKICHUE OP-
raHU3Ma;

- 00IIHE 2IeKmpompasmul, KOT1a IOPaKAETCsI BECh OPTaHU3M.

[IpumepHoOe pacrnipeieieHue HECYaCTHBIX CTYy4aeB OT ANEKTPUUYECKOTO TOKA:

- 20 % — MecTHBIE;

- 25 % — pneKkTpuYecKue yaaphl;

- 55 % — cMelIaHHbIE TPABMBI.

OTHU TpaBMBbI YacCTO COMYTCTBYIOT JIPYT JPYTY, HO OHU PA3JIUYHBI U JTOTK-
HbI paccMaTpuBaThes pasaensHo [18, 20].

Mecmnasa 3n1ekmpompaema — S\PKO BBIPAKEHHOE JIOKAIIBHOE HAPYUIEHUE
1ICJJOCTHOCTH TKAHEW Tejla, B TOM YHCJI€ KOCTHBIX TKaHEH, BHI3BAHHOE BO3JICH-
CTBHEM SJIEKTPUYECKOr0 TOKA WM 3JEKTpUUECKOM ayru. Yarie Bcero 3To mo-
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BEPXHOCTHBIE TOBPEXKIACHHUS, T. €. MOPAKECHUS KOXKHU, UHOTJIA IPYTUX MSITKHX
TKaHEH, a TaKke CBSA30K M KocTed. Kak mpaBuio, MECTHBIE TpaBMbI U3JICUMBA-
I0TCSI, pa00OTOCIIOCOOHOCTD MOCTPAAABIIETO BOCCTAHABIUBACTCSI.

XapakTepHbIE MECTHBIE AJIEKTPOTPABMBI — JJIEKTPUYECKUE OKOTH, IJEK-
TPUYECKHUE 3HAKHU, METAJUIU3ALNS KOXHU, MEXaHUUYECKHUE TOBPEKICHHUS U IJIECK-
TpoodTaabMusi. MECTHBIMU JIEKTPOTPABMAMU COMPOBOXKIaeTcs 75 % ciyuaes
NOPAXKEHUN PTIEKTPUIECKHM TOKOM.

N3 Hux:

- aniekTpudeckue oxoru — 40-50 %;

- aneKkTpuyeckue 3Haku — 7—10 %;

- MeTaJuIu3anus Koxu — 3—5 %;

- MexaHnndeckue noppexaeHus — 0,5—1,0 %;

- aniekTpoodTamemust — 1,5-2,0 %;

- cmemanHbie TpaBMbl — 20-30 %.

Onekmpuueckuil 0xcoe — HanboJee paclHpOCTpaHEHHAs 21eKmpompasmd.
B 3aBrucuMocTH OT yCIIOBUMI BO3HMKHOBEHHUS Pa3jMYarOT JBa OCHOBHBIX BHU/A
0’Kora:

- TOKOBBIM (KOHTAKTHBIN), BOSHUKAIOIINI MPU MPOXOKJICHUH TOKa HEMO-
CPEACTBEHHO YEPE3 TEJIO YEIOBEKA B PE3YJIBTATE €r0 KOHTAKTa C TOKOBEAYILEH
YacThIO;

- IYyTOBOM, 00YCIIOBJICHHBIN BO3ICUCTBUEM HA TEJIO 2J1eKMPUUECKOU OY2U,
KOTOpAasi MOKET BOBHUKHYTh B ABAPUMHON CUTYallMU B JIEKTPOYCTAHOBKAX BbI-
cokoro HanpsikeHus (1xkB u Boiie).

TOKOBBI 0OT BO3HHUKAET 3a CUET HArpeBa TKAHEW MpPH MPOTEKAHWH TOKA
HEMOCPEACTBEHHO Ye€pe3 TEJI0 YEIOBEKAa, KaK MPaBWIO, B AJIEKTPOYCTAHOBKAX
HanpsokeHreM 10 1 kB. Oxor TeMm onacHee, 4eM OoJIbIle TOK U BpeMs €ro Mpo-
x0xkaeHus. Tak Kak COMPOTUBICHUE TOBEPXHOCTHOTO CIIOSI KOXKHM 3HAYUTEIBLHO
OOJIbIIIE COMPOTUBIICHUS] BHYTPEHHUX OPraHOB U TKaHEW, Yallle BCETro pe3yb-
TaTOM BO3JCUCTBHS NMPOTEKAHUSA TOKA SBJISIOTCA 0KOTH KOXHU. [[efiCcTBUE TOKOB
BBICOKHX YaCTOT MOET BbI3BaTh 0KOT'M BHYTPEHHHUX TKAHEH.

JIyroBo#i okor HaOJI0aeTCsl B 3JIEKTPOYCTAHOBKAX Pa3IMYHBIX HaIpsiKe-
Huil. [Ipu 3TOM B ycTaHOBKax 0 6 KB 0KOrW SIBIAIOTCS CIEICTBUEM Cllydai-
HBIX xKopomkux 3amvikanui (K3). B ycTranoBkax 0oliee BRICOKMX HampsHKEHUIN
JyTa MOKET BO3HUKHYTh MPHU CIyYaHOM MPUOJIUKEHUHM YEJIOBEKa K TOKOBE-
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TyIUM YacCTAM, HAXOISIIMMCS TOJT HANPSIKEHUEM, HAa PacCTOSHUE, MPU KOTO-
POM MPOUCXOIUT MPOOOI BO3AYIIHOTO MIPOMEKYTKA MEKIY HUMH (IJIEKTpUUe-
CKasi MPOYHOCTh cyxoro Bo3ayxa £ =28-+30 kB/cM), a Takxke mpu moBpex/ie-
HUU U30JIMPYIOLIUX 3aIUTHBIX CPEJCTB (IITAaHT, YKa3aTeJled HalPSKEHUS U T. I1.),
KOTOPBIMH YEJIOBEK KACAETCA TOKOBEAYIINX YaCTEH, HAXOMSIIUXCS MO/ HaIps-
KEHHEM TIPU MPOBEACHUU M3MepeHui u npoduiaktudeckux padot. [lpu ormu-
OOYHBIX OMepalusX C KOMMYTAIMOHHBIMM alapaTtaMmu (Hampumep, mpu OT-
KIIFOUEHUN PA3bEIMHUTEINS MOJI HArpy3KOW C MOMOIIBIO IITAHTH) Jyra MOXKET
nepedpachIBaThCs Ha YyeoBeKa. Bo Bcex 3TuX ciaydasx BO3HUKAET MOUIHAsS 1y-
ra, BBI3bIBAIOIAs OOIIMPHBIE 0KOTM Ha TeJe 4YelloBeKa M OOyCIOBIMBAIOLIAsS
IIPOXO0’KJIEHHE Yepe3 HETO OOJIBIIUX TOKOB — B HECKOJIBKO aMIIep WM Jaxe Je-
CATKOB aMIiep.

Dnekmpuyeckue 3HaKu MPEACTABIAIOT COOOM pe3KO OYepUeHHbIE MsTHA Ce-
poro unu OJeAHO-KEITOro LBETa Ha MOBEPXHOCTH TEJia YEIOBEKa, MOABEprIie-
rocsi nercTBuio Toka. Pasmep nsiten 1-5 Mm. [lopakeHHBIN y4acTOK KOXKH 3a-
TBepJieBaeT (IPOUCXOAUT Kak Obl OMEPTBEHHE BEPXHETO cliosi Koxu). [loBepx-
HOCTb 3HaKa cyxas, He BocmajeHa. OOBIYHO IIEKTPUUECKHE 3HAKU 0e300i1e3-
HEHHbl M JICYEHUE 3aKaHYMBAETCS OJaromnoiayyHo. OJTH 3HAKU MOSBISIOTCS
npuMepHO y 11 % noctpamaBmmx ot TOKa.

Memannuzayusa xodcu — MIPOHUKHOBEHUE B BEPXHUE CIIOM KOXKHU MeEJIbYail-
IIMX YaCTHI] METAJIA, PACIJIABUBILETOCS MO JAEHCTBUEM I1eKMpUieckou 0yau,
Bo3HuKawmeh npu K3. Menpuaiiiiiie OpbI3ry pacnpaBiICHHOTO METajja IO/
BJIMSIHUEM BO3ZHUKIIHX JIEKTPOJAMHAMHUYECKHX CHII M TEIUIOBOI'O MOTOKA pasiie-
TalOTCsI BO BCE CTOPOHBI C OOJIBIIONH CKOpOCThIO. [TopakatroTcss 0OBIYHO OTKPHI-
ThI€ YYacCTKM Tefa, pyku, nuio. [lopaxenue ria3 Hambonee omacHo. B atom
ciy4yae pa0oThl, P KOTOPBIX BO3MOXHO BO3HUKHOBEHHUE 3JIEKTPUUECKOU JTyrU
JOJKHBI BBIMIOJIHATBHCS B 3AIUTHBIX OYKAX, OTKPHITAs IOBEPXHOCTH KOXKH
JIOJIKHA OBITH 3aKPhITa OJICHKIOM.

Mexanuueckue nogpedgicoenus 4daile BCEro 3TO CIEACTBUE PE3KUX HENPO-
MU3BOJIBHBIX CYJOPOKHBIX COKPAIICHUN MBI O/ JCUCTBUEM DJIEKTPUUECKOTO
TOKa. B pe3ysibTare MOIyT IIPOM30UTU Pa3pbIBbl CYXO0KUIIMM, KOXKHU, KPOBEHOC-
HBIX COCYJIOB U HEPBHOW TKaHH, BO3MOKHBI TAK)KE BBIBUXU CYCTABOB U JAXKe
IepesIOMbl KOCTEN. MeXaHN4YeCKNe OBPEKIACHUS ITPOUCXOIAT MPU MTOPAKECHUN
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YEJIOBEKA IEKTPUUYECKUM TOKOM B OCHOBHOM B 3JIEKTpOyCTaHOBKax 10 1 kB
IPU OTHOCUTEIBHO JJUTEILHOM BO3JIEHCTBUM TOKA.

Inekmpooghmanvmun — BoCaICHUE HAPYKHBIX 000JIOUEK TJ1a3 — POrOBU-
IIbl ¥ KOHBIOKTHUBBI (CIM3UCTON OOOJOYKH, MOKPHIBAIOIIECH TJIa3HOE S0JIOKO),
BO3HUKAIOIIEE B pe3yjbTaTe BO3JACHCTBHS MOIIHOTO MOTOKA yJIbTpaduoyieTo-
BbIX Jyued. Takoe 00iydeHHE BO3MOKHO MPU TOPEHUU DIIEKTPUUECKOU AYTH,
ABJISIFOLIENCS MOIIHBIM HCTOYHUKOM ylbTpaduoneroBoro uznyuenus. [Ipemny-
PEKICHUE AMEKTPOOPTAIBMUMA 00ECIIEUUBACTCS IPUMEHEHUEM 3aIUTHBIX 0Y-
KOB (3aILIUTHBIN OIUTOK JIEKTPOCBAPILUKA).

Inexkmpuueckuil yoap — Bo30yK/I€HUE KUBBIX TKaHEH opraHu3Ma MpoTe-
KaIOIIMM Yepe3 HEro TOKOM, MPOSBIIAIONIEECS B HEMPOU3BOJIBHBIX CYAOPOKHBIX
COKpAILEHUAX Pa3IMYHBbIX MBI Tena. MiMeeT MecTo paccestHHOCTb, ociade-
BalOT NaMsATh U BHUMaHue. Eciau mo1o0HBIX SPKO BBIPAXKEHHBIX MTOPAKEHUMN Op-
raHu3Ma He HacTyHaeT, TO U B 3TOM CIy4ae CUMUTAETCS, YTO AJIEKTPUUECKUU
yAap pe3Ko ociabiigeT COMPOTUBISAEMOCTh OpraHu3Ma K OOJIE3HSIM, B TIEPBYIO
ouepelb, K CepACYHOCOCYAUCTBIM U HEPBHBIM, KOTOPHIE MOT'YT BO3HHKHYTH Y
YeJIOBEKa BIIOCIEACTBUU U MO IPYTUM MPUYUHAM.

[lo cTeneHu BO3IEWUCTBUS HA YEJIOBEKA 2JIEKMPUUECKO20 yOapa MOXKHO
BBIJICJIUTD MSITh CTENECHEH:

1) cynopokHoe, €/1Ba OIIyTUMOE COKpAIIEHUE MBIIIILI;

2) CyIOpOKHOE COKpAIIEHUE MBI, COMPOBOXKIAIOIIEECS CHIBHBIMHU 00-
JsIMU, 0€3 TTOTEPHU CO3HAHUS;

3) CyAOpOKHOE COKpAIEHUE MBIIIIL C TOTEPE CO3HAHUS, HO C COXPAHUB-
IIUMUCS JbIXaHUEM U paboToM cepala;

4) notepst co3HaHUA W (WJIM) HApYLICHUE CEPJICYHOW ACSATEIbHOCTH WU
TIBIXaHUS;

5) KITMHUYECKasi CMEPTh.

Inekmpuueckuil yoap SBISETCS OCHOBHOW MPUYMHOW CMEpPTH MPHU MOpa-
XKEHUsIX TOKOM (rpumepHo B 80—85 % OT Bcex cMmepTenbHbIX ciiydaes). Mcxon
BO3/ICHCTBUS TOKA HA YEJIOBEKA 3aBUCHUT OT CJIEAYIOIUX (PaKTOPOB:

- 3HAYEHUE U JJIUTEIbHOCTh IPOTEKAHUS TOKA;

- POJ U YacCTOTa TOKA;

- IIyTh IPOXOXKACHUS TOKA YEPE3 OPraHU3M YEJIOBEKA;

- UH/IUBUAYaJIbHBIE CBOMCTBA YEJIOBEKA.

12



Hapymienne B paboTe cep/iiia MOKET BBIPA3UTHCS B €70 (PHOPHILISAIINM.

Quopunnayusa — XaoTHUECKHE PAa3HOBPEMEHHBIE COKpAIIECHUS BOJIOKOH
cepAeYHON MBIIBI (PUOPHILT), TP KOTOPBIX CEpAIle TepecTaeT padoTarh U
KpOBb HE TMOCTYMaeT K >KMU3HEHHO Ba)XHbIM opraHam. OulOpwuianus cepiana
MOJKET HAaCTYyNHUTh B PE3yJIbTaTe MPOXOKICHUS Yepe3 TEJIO YeJOBeKa MO MyTH
«pyKa — pyKa» WJIH «pyKa — HOTW» MEPEMEHHOT0 TOKa MPOMBIIIICHHON 4acTo-
Thl 3HaueHueM Oojee 50 MA B TeueHHE HECKOJbKHX CEKyHA. TOKM MeHbIiie
50 MA TIpu KpaTKOBPEMEHHOM JAEUCTBUM (PUOPUIUISILIMM CepAla y YellOBEKa,
KaK MpaBUIIO, HE BhI3bIBAIOT. [Ipyu BO3HMKHOBEHUU (PUOPMILISALIMN CUCTEMA KPO-
BOOOpaIlleHUsl HapyIlaeTcs, IBIKEHHWE KpPOBU TMpekpamaercs. Ecnu moctpa-
JaBIIEMYy B TeueHHE 6—8 MUHYT OyJleT OKa3aHa HEOO0XO0IMMasi TOMOIIb (IprUMe-
HeHue nedulOpuiuisiTopa), TO BO3MOXXHO BOCCTAHOBIICHHE pPalOOThI cepila
U O’KUBJICHUE YEJIOBEKA.

Bo3neicTBue 31EKTPUYECKOTO TOKA TAKKE MOXKET IIPUBECTU K HAPYILIEHUIO
BHEIIHEro JIbIXaHus (acUKCHUM), 3aTPYJHEHUIO WIH MOJHOMY MPEKPAIECHUIO
NOCTYIUIEHUSI B OpraHU3M KHCJIOpOJia, B KOHEYHOM HUTOTe ac(UKCHUS MOXKET
NPUBECTH K KIMHHUYECKOH, a 3aTEM — U K OMOJIOTUYECKOI CMEpTH.

Onekmpuueckuul wWoK — TsAXKenash HEPBHO-pE(IIEKTOpHAS peakuus opra-
HU3Ma B OTBET Ha YPE3MEPHOE pa3paKeHUe FIEKTPUUECKUM TOKOM, COTPOBO-
KAAroascs TTyOOKMMHU PacCTPOMCTBAMU KPOBOOOpAIlleHUs], IbIXaHus, 0OMEeHa
BELIECTB U T. II.

[IlokoBOE COCTOSIHME UIUTCA OT HECKOJBKUX JIECATKOB MUHYT 1O CYTOK.
[Tociie 3TOro MOXET HACTYNHUTh WM THOENbh YeJIOBEKAa B PE3ybTaTe IMOJIHOTO
yracaHusi *XU3HEHHO BAXXKHBIX (DYHKIWW, WU BBI3JIOPOBJICHUE B PE3yJIbTaTe

CBOCBPCMCHHOI'O AKTUBHOI'O JIe4eOHOr0 BMEIIATSIILCTBA.

1.2. Kputepumn anekrpobesonacHocTH

@dakT BO3JACHCTBUS HAa OPraHU3M YEJIOBEKA JICKTPUUECKUX Pa3psIOB Kak
CTaTUYECKOTO BJIEKTPUYECTBA, TaK U B LIEMHU JIEKTPOXUMUUYECKUX IJIEMEHTOB
Toka ObL1 ycTaHoBjeH emie B X VIII B. psigom ucciaegoBaTenet.

Tak BIepBbI€ B UCTOPHUU DJIEKTPOTEXHUKHU OMACHOCTH BO3JCHCTBUS Ha Ye-
JOBEKa DJEKTPUYECKOro paspsiga Obula OTMEUEHa PYCCKUM  YUEHBIM
B. B. IlerpoBbim (1761-1834), unenom IletepOyprckoit akageMun Hayk, Mpo-
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deccopom Meauko-xupyprudeckoir akamgemun. B 1803 r. on 3aduxcupoBan
(hEeHOMEH AJIEKTPOTPaBMbL. IJIEKTPUUECKOMY yAapy OH MOJABEPICS caM JIMYHO,
MIPOBOJIS SKCIIEPUMEHT B CBOEH J1a00OpaTOPUU U CIIy4YaiHO KOCHYBIIUCH TTOJTFOCA
coOpanHoil M Oatapen HampspkeHueM okojo 1800 B. Hauwmnas ¢ 1802 r.,
B PYCCKOM KypHaJle «DJIEKTPUUECTBO» MOSIBISIOTCA CUCTEMATUYECKHUE TyOJIH-
KallM1 O HECUACTHBIX CITy4asiX, BEI3BAHHBIX BO3JACHUCTBUEM JIEKTPUUECKOTO TOKA.

B 1932 r. 6bu1a ony0sMKoBaHa CTaThs 00 AJIEKTPOTpaBME OT yaapa mepe-
MeHHbIM TOKOM (C. EninHex), riae BoepBble BBICKA3aHO MPEATIOIOKEHHUE O TOM,
YTO PEIIAIIIYI0 POJIb BO MHOTHUX CIIy4asiX MOPAXEHUU Urpaetr (paktop BHUMa-
HUS, T. €. TSHKECTh UCXO0/Ia MOPAXKEHUSI 3aBUCUT B 3HAUUTEIILHON CTENEHU OT CO-
CTOSIHUSI HEPBHOW CUCTEMBI YEJIOBEKA B MOMEHT MTOPAXKECHMUSI.

[To mepe pactmmpennst 00J1aCTH MPOMBIIIIEHHOTO PUMEHEHHS JIEKTpUYe-
CTBAa HEM3MEHHO BO3PacTal MHTEPEC K U3YUECHHUIO BO3JCHUCTBUS AJIEKTPUUECKOTO
TOKa Ha OPraHU3M YEJIOBEKA U MOCJIEICTBUM 3TOTO BO3JACHUCTBHUS.

B 50-x rr. XX B. ObLJI0 OJIHO3HAYHO YCTAHOBJICHO, YTO MPHU BO3JACHCTBUU
ANEKTPUYECKOTO TOKAa Ha 4eloBeKa HauOojiee YS3BUMBIM OpPTaHOM SIBIISIETCS
cepame. Taxke ObLT BRISIBIICH (PAKT, UTO MCXOJ MOPAKEHUS YeTIOBEKA IJICKTPH-
YECKUM TOKOM ONpEAeIsieTCs KaKk 3HAYEHUEM TOKa, MPOTEKAIOIIETo uepe3 Teo,
TaK ¥ JJIUTEIHbHOCTBIO €TI0 MPOTEKAHUS.

Cornacao I'OCT P 12.1.009-2009 [1] pa3nuyaroT Tpu CTyIEHU BO3JIECHCT-
BHSI TOKA:

1) oumymumutit mok — 31eKTpUUECKUN TOK, BBI3BIBAIOIIUN MTPU TPOXOXKIE-
HUU Y€pe3 OPraHu3M OIIYTUMBIC pa3IpaKeHUs;

2) HeOMNYCKaWHIl MOK — DJIIEKTPUUECKUN TOK, BBI3BIBAIOIIUNA MPU MPO-
XO0XKJICHUU YEPE3 YEJIOBEKA HEMPEOJOJIMMBIE CYIOPOKHBIE COKPAIIEHUS MBIIIII]
PYKH, B KOTOPOM 3a)KaT MPOBOJIHUK;

3) puopunnayuonnvlit Mok — >ICKTPUUECKUN TOK, BBI3BIBAIOIIUN MpU
MIPOXOXKJIESHUH Yepe3 OpraHu3M (PuOPHILISIIUIO Ceplia.

JI1s1 KaXKIoro Toka BBOJAUTCSI IOPOTOBOE 3HAUEHUE:

- HOPO206bLIl HeOMNYCKAWUII MOK — MUHUMAJIbHOE 3HAYEHUE BJIEKTPHU-
YEeCKOro TOKa 3aJlaHHBIX 4acTOThl U (hOPMBI, BBI3BIBAIOIIEE HEMPOU3BOJIHLHOE
HETPEOI0JIUMOE COKPAIIEHUE MBIIIIIL;

- ROPO206bLI OUYMUMDBLIL MOK — HAUMEHBIIIEE 3HAUEHUE OLIIyTUMOTO TOKA;
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- HOPO206bLIL PUOPUNIAUUOHHBLIL MOK — MUHUMAJIbHOE 3HAYCHUE BJICK-

TPUYECKOTO TOKa 3aJaHHBIX YacTOThl U (OPMBI, BbI3bIBaIOIIEe (HUOPUILIALINIO

cepana (puc. 1.1).

Igq, A

1,6

1,4
1,2 \

1

0,8 \
0,6 \

04 |\

0,2 \

0 \

Bk 4

0 0,5

1 15

N

2,5 3

t, c

Puc. 1.1. 3aBucuMOCTh TOPOTOBOT0 (PUOPHILISIITUOHHOTO TOKa yacToToi 50 '

OT JUIMTEILHOCTHU €ro MPOXO0XKACHHUS Yepe3 TeJo uesioBeka [ 18]

Tak IIOPOr'OBBIMHU HA3bIBAIOTCA HAMMCHLIINC 3HAYCHHUSA TOKOB, BbI3LIBArO-

IIMX COOTBETCTBYIOIIME peakiuu (Tabn. 1.1). DTU TOKM HE MOTYT BbI3BIBATH

HCMCIJICHHOC IIOPAXCHHUC 4YCIOBCKA, M, CJIICAOBATCIIBHO, OHHU CPABHUTCIBHO

He onacHbl. OJIHAKO JJIUTENbHOE (B TEUYEHUE JIECSITKOB CEKYH]l WA MHHYT)

IMPOXOKIACHUC ouwymumoco mokxka 4YCpe3 YCIIOBCKAa CHHIKACT COIIPOTHUBICHHC

OpPOT'OBCBIICTO CJIOA KOXH XU MOKCT BO3PACTHU OO YPOBHA nOpPO206020 HEOMN)C-

Kamoujeco moka.

IToporoBbie 3HaU€HUS TOKOB, MA

Tabnuya 1.1

Peakuus ITepemennsiii Tok 50 I't [TocTostHHBIN TOK
Oury TUMBII 0,6-1,6 5-7
Heornyckaromuii 5-25 50-80
OuOpUILIALIMOHHBIT
npu t >1-3c 70-370 300-1 600

HOpOZO@bllZ H€0ml’lyCKClI0M4uuV moK TaKK€ HC BbI3bIBACT HCMCIJICHHOI'O I10-

PaKCHHUA YCIIOBCKA. Ho on YKE INPEACTABIICT OIIACHOCTL I YCIIOBCKA, TakK
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KaK, eMy TPYJIHO CaMOCTOATEIbHO OCBOOOAUTHCS OT KOHTAKTA C MOK08eoyuell
yacmwio 21ekmpoycmanosku. 3-3a CHIDKEHUs COMPOTUBIICHHS Tella YeJIOBEKa
TOK pacTeT jJajiee, B pe3yJbTaTe Yero YCHIMBAIOTCS OOJIEBBIE ONIYIIICHUS U MO-
I'YT BOBHUKHYTh HapyIlIeHUs] pabOThl cepala U JErKuX, BIUIOTH J0 JIETaJIbLHOTO
ucxoza.

Tlopoeosyiii pubpuriayuonnsll MoK yKe OmaceH sl YeloBeKa, TaK Kak
gyepe3 1-3 cexyHbI MOC/ie Hayaia ero BO3JCHCTBUS MOXKET BO3HUKHYTH (HuO-
PUJIISIIIUS CEP/ILIa U HAPYIIUTHCS €ro HopMasibHasi padoTa.

JlnutenbHOe (HECKOJIBKO CEKYHJ) IEUCTBHE OOJBINIOTO TOKA BHI3BIBACT HE
TOJIBKO OCTAaHOBKY CepJAIa U MpEeKpaIieHne IbIXaHusl, HO ¥ IPUBOJNUT K OOIIHp-
HBIM U TIIyOOKHM 0KOTaM TeJla U IPYTUM TSKEIIBIM TIOBPEKACHHSIM.

Pesynbrar mopaxeHus 4eIoBeKa JIEKTPUUYECKUM TOKOM 3aBHCHUT OT psijia
(bhaKToOpoB:

- paboyee HaNpsHKEHUE CETH;

- CONPOTHUBJICHUE BCEX AIIEMEHTOB 1M TOKA, B TOM YHCIIE TeJla YeJIOBEKa;

- 3HAYCHHUE TOKA, JNIUTEITLHOCTH BO3JICHCTBHS DJIEKTPUUECKOTO TOKA,;

- yTh TOKA B TEJIC YEJIOBEKA,;

- COCTOSIHHME YEJIOBEKa,

- YCJIOBHS OKPY’KAOIICH CpeIbl;

- ¢aza cepaeuHoro mukiIa M ¢Gaza NPUIOKEHHOTO HAMPSHKEHUS B MOMEHT
BKJIFOUCHUS YEJIOBEKA B 1IETIb.

OpHuM U3 BaXXHBIX (PAKTOPOB, OT KOTOPHIX 3aBUCUT UCXOJI TOPAKEHUS Ye-
JIOBEKAa DJIEKTPUYECKUM TOKOM, SIBJISIETCS DJICKTPUICCKOE COTPOTHUBIICHHUE Tella
yenoBeka. OCHOBHYIO YacTh 3TOTO COIMPOTHBIIEHUS CO3/IA€T KOXKa YEIOBEKa,
a COMPOTHUBJICHUE BHYTPEHHUX OpraHoB uesioBeka He npeBbimaeT S00—-600 Om.

VYaenbHoe 00BEMHOE COMPOTHUBICHWE TKAHEW ueJIOBeKa IS TOKa IMpo-
MbIIIeHHON YacToThl ( f = 50-60 ') mpencrasieno B Tadu. 1.2.

PeanbHOE 3HaUEHHWE COMPOTHUBIICHUS TEJA YEJIOBEKA SIBISCTCA BEIIMYUMHOU
JIOCTATOYHO HEOIPEICTICHHON, 3aBUCsIIEeH 0T MHOTUX (akTopoB. ConmpoTHUBIIe-
HUE KOXHU PE3KO YMEHBIIAETCS MPU MTOBPEKICHUH €€ POrOBOrO CIIOS, YBIIaKHE-
HUU (MOT, Bjara), 3arps3HeHuH. Takke pearbHOE 3HAUYEHHE COMPOTUBJICHUS 3a-
BHUCUT U OT COCTOSIHHSI CaMOro 4esioBeka. KpomMe Toro, COnpoTuBICHUE CHUMXKA-
€TCA MPU YBEIUUYCHUU MPUIIOKECHHOTO K YEJIOBEKY HANPSKEHUS, YACTOTHI TOKA,

Ipu yBCIMYCHHHN BPCMCHHU IIPOTCKAHHUA TOKA W YBCIMYCHHH IIJIOTHOCTHU KOH-
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TaKTa KOXH C 3JICKTPOJAaMH IIPH 3aMepe conpoTuBicHHU. COMPOTHBICHNUE TaK-
K€ 3aBUCUT OT MECTa MPWIOKEHUS JICKTPOJIOB K TEy YeJIOBEKA, UX TLIOIIA/IH,
pola W 3HAYCHUS TOKAa, COCTOSHHMS OKpyxkaromied cpeasl. CormacHo
I'OCT 12.1.038-82 [4], 3a pacueTHOE 3HAYEHHUE COMPOTUBJICHUS TEJIa YETOBEKa
npuauMaercs 1 000 Om npu npunoxkeHHoMm HanpsixkeHuun 50 B u 6 000 Om
npu — 36 B. Tak kak peajlbHOE 3HAYEHUE COMPOTUBJICHUS TEJIa YEJIOBEKA SIBJIS-
€TCsl BEJIMYMHOMN JOCTATOYHO HEOMPEJCIICHHONM B MOMEHT KOHTAKTa M 3aBUCUT
OT MHOTHX (haKTOPOB, TO JJII PACUCTHON OIICHKH OMACHOCTH 3/1eKMPOnopaice-
HUs B DJICKTPOYCTAHOBKE MIPUHATO MCIOJIH30BATh B Ka4€CTBE OCHOBHOT'O KPHUTE-
pHs OMTACHOCTH MOK Yepe3 TEJIO YeJIOBEKa.

Tabnuya 1.2
VY nenpHOE 00BEMHOE CONTPOTUBIICHHUE TKaHEH deoBeka [ 18]
HanmeHoBaHUE TKaHEH Tea YelloBeKa VY nenbHOE 00BEMHOE COTIPOTHBIICHUE
[OM M]
Kosxa cyxas 3-10°-2-10*
Koctr (6€3 HaIKOCTHHITHI) 10°=2-10°
JKupoBast TKaHb 30-60
MelmeyHast TKaHb 1,5-3
Kposb 1-2
CrimHHOMO3T0Bas KUJIKOCTh 0,5-0,6

Hanpascenue npukocnoéenus Taxxe SBIETCA BTOPBIM BaKHBIM KpPUTE-
pUEM OMAaCHOCTU. TpeTuil BaXKHBIA KPUTEPUM OMACHOCTH — ITO 6pems npome-
KQHUA dIIEKTPUYECKOr0 TOKA YEPE3 TEIIO YEIOBEKA.

JIns pacyeTHOM OLEHKU OMACHOCTH 271eKMPONnOpadiceHusi B 3JEKTPOyCTa-
HOBKE IPHUHSITO UCIOJb30BAaTh B KAaUE€CTBE KPUTEPHUEB 271€KmMpoOE30NnacHoCmu
JNOIYCTUMBIM TOK 4Y€pe3 TEJIO YEIOBEKa, JIUTEIBHOCTh €ro BO3JACHUCTBUS U JI0-
IIyCTUMOE HANPSKEHNUE PUKOCHOBEHHS.

3alMTHBIE MEPBI U CPENICTBA OT MOPAKEHUS DIIEKTPUUECKUM TOKOM JIOJIK-
Hbl PACCUUTHIBATHCS U CO3JABAThCA C YUYETOM AOMYCTUMBIX JIJIs YEJIOBEKa 3HA-
YEHUU TOKOB IIPU TAHHOM JUIMTEIBHOCTH U IIYTH €ro IPOXOKICHUS Yepe3 TEI0
WJIM COOTBETCTBYIOLIMX YTUM TOKAM HaIPSKEHUN ITPUKOCHOBEHHS.

Yceranonennsie 'OCT 12.1.038—82 [4] HOpMBI IPEAEABHO JTOITYCTUMBIX
3HAYEHUW HAIPSKEHUN MPUKOCHOBEHUS U TOKOB YEPE3 TEJIO YEIOBEKA PACIIPO-
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CTPAHSIOTCS Ha IPOU3BOCTBEHHBIE U OBITOBBIC JIEKTPOYCTAHOBKU MMOCTOSTHHO-
ro u nepemMeHHoro Toka yacrorou 50 I'nq u 400 I,

OTU TOpelenbHO TONMYCTHUMBIC 3HAYCHUSI HANPAMHCEHUN NPUKOCHOBEHUA
U TOKOB ycTaHoBieHbI YkazaHHbIM ['OCT u3 pacuera nmpoTrekaHus Toka Mo Hau-
Oojiee OMacHOMY TMyTH TOKa 4Yepe3 TEJO YeJIOBEKAa: OT OJHOU PYKH K JAPYTrou
¥ OT PYKH K HOTaM.

[IpeaycMOTpeHbl HOPMBI I HOPMAJIBHOTO (HEaBapUITHOTO) pexuma pa-
OO0THI 2JIEKTPOyCTaHOBOK (Tabi. 1.3) u ans aBapuitHoro pexuma (tadi. 1.4).

Tabnuya 1.3
[IpenenbHO JOMYCTUMBIE 3HAUEHUS HAMPSKEHUI PUKOCHOBEHUS U TOKOB,
MPOTEKAIOIIMX YEPE3 TEJIO YEJIOBEKA, MPU HOPMAJIbHOM (HEaBapUIMHOM )
PEKUME BIEKTPOYCTAHOBKH [4]

U,B I, MA
Pon Toka
He Oonee
[Tepemennsiii, 50 I'1t 2,0 0,3
ITepemennniii, 400 ' 3,0 0,4
[TocTosiHHBIN 8,0 1,0
Ilpumeuanus.

1. HanpskeHus MPUKOCHOBEHUSI U TOKU MPUBEIEHBI MPU MPOJOJKUTENb-
HOCTH BO3/IeHicTBUI He Oosiee 10 MUH B CYyTKHM M yCTAaHOBJICHBI HCXOMS U3 PEaK-
IIUU ONTYIICHUSI.

2. HampspkeHust TPUKOCHOBEHUSI M TOKHU JIJISI JIMII, BBIMOJHSIONINUX padboTy B
YCJIOBUAX BBICOKUX TemmepaTyp (Bbime 25 °C) U BIaXHOCTH (OTHOCUTEIbHAS
BIIAYKHOCTH OoJsiee 75 %), NOMKHBI ObITh YMEHBIIICHBI B TPU pasa.

[IpenenbHO AOMYCTUMBIE 3HAUYCHUS HANPSIXKEHUN MTPUKOCHOBEHUS U TOKOB
MIPY AaBAPUITHOM PEKMME ITPOU3BOJACTBEHHBIX JICKTPOYCTAHOBOK HAIMPSHKEHUEM
1o 1 kB ¢ enyxo3zazemnennou Mo u30aupo8aHHOU HeUmMpaivio He JOJDKHBI Mpe-
BBIIIATh 3HAYEHUM, YKa3aHHBIX B Ta0m. 1.4.
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Tabnuua 1.4

IIpenenbHO OMYCTUMBIE 3HAYEHHS TOKA YEPE3 TEJO YEJIOBEKA ITPU aBaPUUHOM
pEeKUME MPOU3BOJICTBEHHBIX JEKTPOYCTAHOBOK [4]

[IpenensHO AOMyCcTUMBIC 3HaUEHUS, HE Ooee,

Pon Benn- o
MPY NPOAOJKUTEIIbHOCTH BO3/ICHCTBHS TOKA £, C

ToKa ) MR 16 07170.08] 0.1 |02 03] 040506070809 1.0 |>1,0
Tepemen.  |U, B 550 | 340 | 160 | 135|120 | 105| 95 | 85 | 75 | 70 | 60 | 20
50 I'n IMA | 650 | 400|190 | 160 | 140 | 125|105 | 90 | 75 | 65 | 50 | 6
Tepemen.  |U, B 650 | 550 | 500 | 330 | 250 | 200 | 170 | 140 | 130 | 110 | 100 | 36
400 Ty I, MA 8

.|U,B 650 | 500 | 400 | 350 | 300 | 250 | 240 | 230 | 220 | 210 | 200 | 40
IHocTosSHHBIN T MA 15

llpumeuanue. IlpenenbHO AOMYCTUMBIC 3HAUYCHUS HANIPSIAKEHUN MMPUKOCHO-
BEHUS U TOKOB, IPOTEKAIOIIUX YEPE3 TEJIO YEIIOBEKA MTPU MPOIOIKUTEIbHOCTH
BO3MIelicTBUS Oosee 1 ¢, mpuBeaeHHbIe B Tabd. 1.4, COOTBETCTBYIOT OTITyCKarO-
UM (IepEMEHHBIM) U HE0O0JIEBBIM (ITOCTOSTHHBIM) TOKaM.

Crangapt [4] COOEPKUT TAKKE psiA ONPEACTICHUIM:

- AGAPUIIHBLIL PeXHcUM IJ1IeKMPOYCMAHO6KU — «PadoTa HEUCIIPABHOMU 3JIEK-
TPOYCTAHOBKH, IIPU KOTOPOMl MOT'YT BO3HHKHYTh OIIACHBIE CHUTYallUH, MPHUBO-
JSIIKE K JIEKTPOTPABMHUPOBAHUIO JIFOJEH, B3aUMOJICUCTBYIOIIUX C AJIEKTPOYC-
TaHOBKOI»;

- Oblmoegvle I1eKMPOYCMAHOBKU — «IJIEKTPOYCTAHOBKHU, HCIIOJIb3YEMbIE
B KHUJIBIX, KOMMYHAQJIbHBIX U OOIIECTBEHHBIX 3JaHUSX BCEX THUIIOB, HAIPUMED,
B KMHOTeaTpax, Kiy0ax, WIKOJax, AETCKUX CcaJax, MarasmHax, OOJbHHUIIax
U T. 1., C KOTOPBIMU MOTYT B3aUMOJICHICTBOBATh KaK B3POCIIbIC, TAK U JETH».

[IpenenbHO MOIMyCTUMBIE TIO CTaHAAPTY [4] 3HAUEHUSI TOKA U JUIUTEIbHOCTH
€ro MpoTeKaHWs 4yepe3 Tejao uvejaoBeka B auana3zoHe oT 0 go 1 ¢ (cm. Tabm. 1.3)

PUOIU3UTENHHO OMUCHIBAIOTCS BhIpakenuem (1.1).

[IpenenbHO AOMYCTUMBIE 3HAYCHUS HANPSIKECHUNA MPUKOCHOBEHUS U TOKOB
IIpU aBapUHHOM pPEKUME OBITOBBIX JIEKTPOYCTAHOBOK HarpsbkeHueM 1o 1 kB
u yactoToit 50 'ty He JOJDKHBI MPEBBINIATH 3HAYCHUH, YKa3aHHBIX B Ta0d. 1.5.
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Tabnuua 1.5

[IpenenbHO NOMYCTUMBIE 3HAYCHUS HANPS)KEHUN TPUKOCHOBEHHUS U TOKOB
MIPU aBapUITHOM PEXUME OBITOBBIX 3JIEKTPOYCTAHOBOK [4 ]

Bpewms Hopmupyemas Bpewms Hopmupyemas
BO3JCUCTBUS BEJIMYMHA BO3JICHCTBUS BEJIMYMHA

t,C U,B I, MA t,C U,B I, MA

Ot 0,01 o 0,08 220 220 0,6 40 40

0,1 200 200 0,7 35 35

0,2 100 100 0,8 30 30

0,3 70 70 0,9 27 27

0,4 55 55 1,0 25 25

0,5 50 50 cB. 1,0 12 2

llpumeuanue. 3HaueHUs] HANPSHKEHUN MPUKOCHOBEHUS U TOKOB YCTaHOB-
JIEHBI JIJTS JIFOAEU C MAaCcCOM TeJia CBRIMIE 15 KT.

Pe3ynbTaT nAeHCTBUSA AJEKTPUUECKOTO0 TOKa (MOpa)KEHUE YEIOBEKA) SIBJIS-
CTCS BEIMYMHON CIIY4alHOM M ONIPECIISICTCS IEIBIM PSAOM (haKTOPOB.

BaxxHeHmuMu U3 HUX SBISIOTCS (PAKTOPBI, ONPEEISIONUe BEPOATHOCTD
BO3HUKHOBEHHUS IJIEKTPUYECKON IEMU «TOKOMPOBOSIINE SJEMEHTHI AJIEKTPO-
YCTAaHOBKM — YEJIOBEK», M IPOTCKAHUE YEPE3 TEJIO YEJIOBEKA KPUTHUUECKOTO
3HAYCHHS TOKAa B TEUCHHE HEJOIMYCTUMOTO WHTEpBajia BpeMEHU. DTH (PaKTOpPHI
3aBUCAT OT COCTOSHUS 000pY10BaHUA (MCIPABHOE/HEUCIPABHOE) U MAPAMETPOB
YKa3aHHOMW IENH — HANPSKEHUsI TPUKOCHOBEHUSA, POJia TOKA, BUAA MPUKOCHO-
BeHUS (TPSIMOE/KOCBEHHOE), TEPEXOJHOTO COMPOTHUBIICHUS, BHYTPEHHETO CO-
MIPOTHUBJICHUS TEJIA YEJIOBEKA, COCTOSIHUSI OKPYIKAIOWIEH Cpelbl, MyTH TOKAa 4e-
pe3 TENo YEI0BEKa U JIp.

20



2. CUCTEMA 3JIEKTPOBE3OINACHOCTH

2.1. daKkTopbl, onpeaensaolme BePOATHOCTb NOpaXeHUs YyenoBeka
3NIeKTPUYECKUM TOKOM

Pe3ynbTar neMcTBUS 3JIEKTPUUECKOTO TOKAa — MOpPAXKEHUE YellOBEeKa — SIB-
JISIETCS BETMYMHOM CIIy4alHOM M ONpeesieTcs eNbIM psaaoM (pakTtopoB. Bax-
HEWINe M3 HUX 0003HAauYCHBI BhIIC (Tmoapas3a. 1.2). Otu GhakTopsl 3aBUCAT OT
COCTOSIHUSI 000PYI0BaHUsI (UCIIPaBHOE/HEUCIIPABHOE) U MAPAMETPOB YKa3aHHOMN
LENU — BUJIa IPUKOCHOBEHHUS (IIPSMOE/KOCBEHHOE), MEPEXOIHOTO COMPOTUBIIE-
HUS, BHYTPEHHETO CONIPOTHUBIICHUS TEJIA YEIOBEKA.

[TopaxeHne 4enoBeKa MPOUCXOIUT MPU COBMAJECHUM ABYX (PAKTOPOB: Be-
POSITHOCTH TOTO, YTO MIPU MPUKOCHOBEHUH K AJIEKTPOYCTAHOBKE YEJIOBEK MOMa-
JIET MO/ dJIEKTpUUecKoe HarpsikeHue P(A), 1 BEpOSTHOCTH TOTO, YTO KOJIHYE-
CTBO 3JIEKTpHUYECTBA (T. €. TOK U JJIUTEIBHOCTh €r0 MPOTEKaHUs), IPOXOALIEE
4yepes TeJIo YeJIOBEKa, MPEBBICUT JOoMycTUMOE 3HaueHue P(B).

®daxrop P(B) 3aBucut ot pakropa P(A4), 103TOMy BEPOSITHOCTh MOPAKEHUS
IEKTPUYECKUM TOKOM B, OompenenseTcs BIpaKeHHEM

B, = P(B/A)P(A). (2.1)
®daktop P(A), B CBOIO ouepe/lb, MOKHO OIIPEACIIUTh, KaK:
P(4) = P(C)P(D), (2.2)

rae P(C) — BEpOSITHOCTh NMPUKOCHOBEHHS YEJIOBEKAa K MPOBOMSIIUM YacTsAM
ANEKTPOYCTAHOBKHU; P(D) — BEpOSITHOCTH MOSBJICHUS HA MPOBOJSIIMX YaCTSIX
3JIEKTPOYCTAHOBKH HAIPSIKEHHUS.

Takum 00pa3zoM, BEpOSATHOCTh MOPAKEHUST ONIPEICIISAETCS BRIPAKECHUEM

P, = P(C) P(D) P(B/A). (2.3)
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Bripaxkenue (2.3) mpeacTaBiisieT BEpOSATHOCTh MOPAXKEHUS YEIIOBEKA B ca-
MOM 00111eM Bujie. PaccMoTpeHre u yTOUHEHHE KaKJI0ro U3 PakTopoB, COCTaB-
JSIOIIMX YKA3aHHOE BBIPAXKEHUE W 3aBUCALIUMX OT OOJIBIIOTO KOJUYECTBA Ca-
MBIX Pa3HOOOpA3HBIX YCIOBUM (BUIA, KOHCTPYKIIUHU JIEKTPOYCTAHOBKH, €€ Ta-
paMeTpoB, OOCTOSITENBCTB BKJIIOYEHUSI YEIOBEKA B JJIEKTPUUYECKYIO LEMb, CO-
IPOTUBJICHUS Tejla 4YeJIOBeKa B OMNpPEACIICHHBII MOMEHT BPEMEHH, COCTOSIHUS
€ro 3/I0pOBbsi 1 MHOTUX JIPYTHUX) MPUBOJUT K CO3/IaHUIO JOBOJBHO CIIOKHOM
CTOXaCTUYECKOW MOJEIH MOPAKEHUS FIEKTPUIECKUM TOKOM.

[Ipn mopaxeHUM YenOBEKa JIEKTPHUUECKUM TOKOM, OCHOBHBIM IOpaXKaro-
M (HaKTOPOM SIBISIETCSA TOK, IPOXOASIIMM uepe3 ero teno. OJIHaKo UMeeTcs
U ps APYTUX, HE MEHEE BIHUATENbHBIX HAa HCXOJ MOPAKEHUS DJIEKTPOTOKOM,
¢dakTopoB.

1. Keanughurxayus uenosexa Takxe oTpakaercs Ha pe3yibTaTax BO3ACHUCT-
BUA TOKa. Tak 4enoBek, JaleKuid OT JIEKTPOTEXHUKH, B CIydae MONagaHus moJy
HaMpsKEHUE OKa3bIBA€TCs, KaK MPaBWIO, B 00Jiee TSKEIBIX YCIOBUSIX, YEM
OMBITHBIN 3JIEKTPOTEXHUK. J[€JI0 3/1eCh HE B IPUBBIUKE» K DIEKTPUYECKOMY
TOKy. Hukakas TpeHHpOBKa HE BBIPaOATHIBAET B OPraHU3ME UMMYHUTETA K TO-
Ky, @ B OIIBIT€, YMEHUHU NPABUIBHO OLEHUTH CTENEHb BOZHUKIIEH OMACHOCTU U
OPUMEHUTH PAllMOHAJIBHBIE MPUEMBI OCBOOOXKIEHUSA CeOsl OT AEHCTBUS TOKA.
OTUM, B YaCTHOCTH, OOBSCHSAETCA TO, UTO B OTEUECTBEHHBIX M 3apyOEKHBIX
npaBujax U HOpMax TPeOOBaHUS K YCTPOMCTBY M COJEPKAHUIO DJIEKTPOYCTa-
HOBOK B OOIIENPOU3BOACTBEHHBIX I[€XaX 3HAUUTEIBHO OOJiee CTPOTU, YeEM B
ANEKTPOTEXHUUYECKUX IeXaX, KyJa UMEET JOCTYN JUIIb KBaJu(UIMPOBAHHBIN
AIEKTPOTEXHUUYECKUI TIEpCOHAI.

2. Cocmosinue 300posbs. IIpakTUKOW yCTaHOBJIEHO, YTO 3J0pPOBBIE U (Pu-
3UYECKU KPENKHUE JIFOAN MEPEHOCAT BO3ACHCTBUE 3JIEKTPUUECKUM TOKOM JIETYe,
yeM 0oJibHbIE U cra0bie. [10BBIIIEHHON BOCIPUUMYHUBOCTBIO K 3JIEKTPUUYECKOMY
TOKY 00JIalaloT JUIA, CTPAJAIOIIUe PsiIoOM 3a00JIeBaHUM, B MEPBYIO OYEpE/b,
00Je3HSAMU KOXKH, CEPIEUYHO-COCYIUCTON CHUCTEMbI, OPraHOB BHYTPEHHEN CEK-
peIuu, JeTKUX, HEPBHBIMU OOJIC3HSMH H JIP.

3. Hemanoe 3HaueHUE UMEET NCUXUUECKAsl NOO20MOBIEHHOCHb YETIOBEKa K
BO3MOYKHOM OMACHOCTH MOPaXEHUsI TOKOM. Tak HEOKUJIaHHBIN JIEKTPUUECKUM
yaap, Jaxe Mpu OTHOCUTEIIBHO HEOOIBIIIOM HAMPSHKEHUH, HEPEAKO MPUBOIUT K
TSDKEJIBIM TOCJIENCTBUAM. Eciu e 4eaoBeKk MOJArOTOBJIEH K BO3MOXHOMY IO-
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PaKCHUIO TOKOM, T. €. O KNAACT €Iro, TO CTCIICHb OIIACHOCTHU PC3KO YMCHBIIIACT-
cs. IMeroT 3HaueHUE TaKxke MOPAJIbHOC COCTOSAHHC B IIPOLECCE BBINOJIHSIEMOM
paGOTBI, CTCIICHb YTOMJICHUS U T. II.

2.2. OneKTpo3alwmuTHbIe Mepbl

Knaccuguxayua cnocovoé u cpeocme 3iekmpo3auiumol
3alUTHBIE MEPbl, B 3aBUCUMOCTH OT TPEX COMHOXUTEJIEH BbIpaxke-

HUA (2.3), ONpenensatomero BEpOATHOCTh MOPAXKEHU B, NEIATCS Ha TPH OC-

HOBHBIC KATETOPUH.

1. Opzanuszayuonnsie mepovt 3aIUTHL (1)1 KBATU(UIIMPOBAHHOTO TEPCO-
Hana), onpeaenstomue P(C) 1 CHUXKAIOIIUME BEPOSITHOCTh MPUKOCHOBEHUS 4e-
JIOBEKA K MPOBOSIIUM YacTsIM AJIEKTPOYCTaHOBKHU:

- UIHCTPYKTaXKu, 00y4YEeHUE;

- cOOJIIOZIeHUE TTPaBUJI TEXHUKU O€30MaCHOCTH, MHCTPYKIIUH;

- obopmiieHrE PadbOT HAPSIAOM-OMYCKOM, PACIIOPSKEHUEM WU TepEeUHEM
paboT, BBITIOHIEMBIX B MOPSAIKE TEKYIIEH IKCIUTyaTalllu;

- IONYCK K paboTe; HaJ30p BO BPEMs BBINOJIHEHUS PaOOTHI;

- obopmiieHHE TEPEepPHIBOB U TMEPEBOJIOB HA HOBOE pabouee MecTo IO
OKOHYAHHUH PadoT.

2. Opzanuzayuonno-mexnuueckue Mepbl, onpeaenstomue P(D) u cHU-
KAIOIIUE BEPOATHOCTH TMOSBJICHUS HA MPOBOISIINX YACTAX DJICKTPOYCTAHOBKU
HaNPSKEHUS:

- MIOJATOTOBKA pabO4YMX MECT, U30JSAIUA U OTPAXKICHUE TOKOBEAYIIUX Yac-
TEU AIEKTPOOOOPYIOBAHMUS;

- IPUMEHEHUE OJIOKUPOBOK;

- Oe30MmacHbIe PEKUMBI pabOTHI CETH, 3AIIUTHBIE CPE/ICTBA;

- IpeyNPEIUTENbHBIC UIAKAThI, CATHATU3ALUS;

- 3aIIUTHAS U3OJISIUS, H30JIMPOBaHUE Pab0UYEro MecTa;

- YCTaHOBKA MEPEHOCHBIX 3a3eMIIUTENEH U Jp.

3. Texnuueckue mepul 3auwgumel, onpenensomue P(B/A) u cHIXaIIue
BEPOSITHOCTh TOT'0, YTO KOJIMYECTBO AJIEKTPUUYECTBA (T. €. TOK U JUIUTEIbHOCTD
€ro MpOTEKaHus), MPOXOAIIEE Yepe3 TEJO YEJIOBEKA, MPEBBICUT JIOMYCTUMOE
3HAYCHHUE:
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- aBTOMATHUYECKOE OTKJIFOYCHUE MTUTAHUSA (3aIUTHOE 3aHYJICHHUE, 3allITHOE
OTKJIIOUCHUE);

- 3aIIUTHOE 3a3€MJICHHUE;

- ypaBHUBaHUE TTOTCHITUAIOB;

- BBIPABHUBAHUE MTOTEHITNATIOB,;

- IBOIHAS U30JIALINS, U30JMPOBaHKE Pabovero MecTa;

- CBEpXHHU3KOE (Mayioe) HaNpsKEHUE;

- 3AIIUTHOE DJIEKTPUUYECKOE pa3/ieiCHUE CETEH;

- KOHTPOJIb, TPO(PIIAKTHKA H30JSAINN, OOHAPYKEHHUE €€ TIOBPEKICHUM,
3alllMTa OT 3aMbIKaHUM Ha 3eMJIIO;

- 3alIUTa OT MEePEX0/1a HAMPSKEHUS C BBICIIEH CTOPOHBI HA HU3IIYIO;

- MOJTHUE3AIIIUTA.

[lepeuncieHHble CIOCOOBI 3aIIUTHI MPEICTABISET COOOM KOMILIEKC HOp-
MaTHBHO-TEXHUYECKHUX JOKYMEHTOB, perlaMeHTHPOBaHHBIX [IpaBuiamu ycCT-
poiicTBa anekTpoycraHoBok (ITVYD) [15].

[To mpuHIMITY peanu3anuu 3alIUTHOTO JEUCTBUS BCE CYIIECTBYIOIINE TEX-
HUYECKHUE MEPHI JACTIATCS Ha TPU OCHOBHBIC TPYTITIHL.

1. Mepnl, obecrieunBarone HEAOCTYITHOCTh JIJIs YeJIOBEKa TOKOBEIYIITHX
YyacTel 3JIeKTPOOOOpyA0BaHUS.

2. Mepbl, MO3BOJISIONINE CHU3UTH BO3MOKHOE 3HAUYEHHE TOKa 4epe3 TeJo
YeJIOBEKa J0 0€30MacHOro 3HAYCHHUSI.

3. Mepsl, MO3BOJISIONTNE OTPAHWYUTH JUIUTEIIBHOCTH BO3ICHCTBUS DJICK-
TPUUECKOT'O TOKA Ha OPTaHMU3M YEJIOBEKa.

OTH cnocoObl U CPe/ICTBA MPUMEHSIOT OTAEIBHO WM B coueTaHuu. B 3a-
BUCHUMOCTU OT HANpPSKEHUSI CETH, POJia TOKa, PeKuMa HehuTpaiu TpaHchopma-
TOpa, BO3MOKHBIX YCJIOBHI BKJIIOUCHHs YeJOBEKa B IIeMb TOKa (AByX(aszHoe,
oHO(a3HOE TPUKOCHOBEHHE K TOKOBEIYIIIMM YacTsIM 3JIEKTPOYCTaHOBKH, TIPH-
KOCHOBEHHE K METAJUIMYECKUM HETOKOBEAYIIUM YacCTAM, KOTOPhIE MOTYT OKa-
3aThCsl O] HANpPSHKEHUEM B aBapUITHOW CUTyalluu, MOMaJaHue IO HampsoKe-
HUE B 30HE pACTEKaHUS TOKa U T. 11.).

OcCHOBHOE MPABWIIO 3AITUTHI OT MTOPAKECHHS IJICKTPUIECCKUM TOKOM MOXKET
OBITh CHOPMYJIMPOBAHO CIICAYIOITUM 00Pa30OM:
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«OnacHble moxosedyuiue uacmu He 00J1)CHbL OblMb OOCHLYNHLIMU, A
docmynHtsle RPOBOOAUUE YACHU HE 00JIHCHBL ObIMb ONACHLIMU:

- 8 HOPMAILHBIX YCOBUAX;

- npu Haauuuu Heucnpagrnocmuy [20].

Jlnst obecrieueHust 3TOro B 000N 3JIEKTPOYCTAHOBKE JOJIKHBI OBIThH Ipe-
JyCMOTPEHBI TPU YPOBHSI 3aIUTHI:

1) ocHOBHas 3aIuTa;

2) 3amuTa Npy MOBPEKICHUU U30JIALNY;

3) IonONHUTENbHAS 3alUTA.

Ocnoenasn 3auiuma 0OECIICUUBACTCS TTOCPEACTBOM UCKIIFOUEHHUSI KOHTAKTa
MEX/Iy YEJIOBEKOM W OMACHBIMU TOKOBEAYIMMHU dacTsiMu. OCHOBHas 3alluTa
J0JKHA 00€CTIeUnBaTh 3aIUTY TIPU MPSIMOM U KOCBEHHOM ITPUKOCHOBEHUH.

HekoTopble TOKOBEIYIIME YACTU MOJHOCTHIO MOKPBITHI U30ISAIUEH, KOTO-
pas MOXeT ObITh yAajieHa TOJBKO B PE3YyJIbTaTe €€ MOBPEKICHUS WU pa3py-
IIEHUS CaMOT0 3allUINAeMOT0 u3eius. B 1pyrux ciiydasx oCHOBHast M30JIAIUS
MOJET OBITh yJaJIeHa TOJBKO C UCIIOJIb30BAHUEM CHEIUATbHBIX HHCTPYMEHTOB.
Kpome Toro, oT mpsIMOT0 KOHTAKTA 3aIIUIIAI0T U30JIUPYIONTHE 000T0UKH.

B pe3ynbrare noBpexaeHuss 000J04YKHA OMACHbIE TOKOBEIYIIME YacTH CTa-
HOBSATCSl IOCTYIHBIMU JIJII TIPSIMOTO TIPUKOCHOBEHUS. 3aluTa OT TaKUX BUJIH-
MBIX TTOBPEXJIEHUM 00€CTIeYMBACTCS HEMEJICHHBIM PEMOHTOM MOBPEKACHHOTO
AIIEKTPOOOOPYIOBAHHS.

[Ipu moBpexAEeHUU U3OJAIMU JI0KHA 00eCTeurBaThCs 3allUTa OT IMopa-
YKEHHUSI JIEKTPUUECKUM TOKOM MPU KOCBEHHOM MPUKOCHOBEHUH.

3ammTy IpU KOCBEHHOM NPUKOCHOBEHUHU CJIEIYET BBIMOJHITH BO BCEX
CIIy4asiX, €CJIM HaIPSHKEHUE B AJIEKTPOYyCTaHOBKE MpeBbimaet 50 B nepeMenHo-
ro Toka u 120 B mocTossHHOTr0 TOKA.

B nmomenieHusx ¢ mOBBIIIEHHON OMacHOCThIO, 0CO0O0 OMACHBIX U B HAPYXK-
HBIX YCTAaHOBKaX BBIMIOJIHEHUE 3aAIUTHI TPH KOCBEHHOM MPUKOCHOBEHUH MOKET
noTpeOoBaThCs Mpu O0JIee HU3KUX HAIPSHKEHUAX, HAapuMep, 25 B nepeMeHHo-
ro u 60 B mocrosaHoro toka win 12 B nepemennoro u 30 B mocTostHHOTO TO-
Ka, IPU HAJTMYUK TpeOOBaHUM COOTBETCTBYIOIMX raaB [1YD [15].

3ammTa OT IPSAMOTo MPUKOCHOBEHUSI HE TPEOYETCs, €CIIN AJIEKTPOOOOpY-
JIOBaHWE HAXOAMUTCS B 30HE CHCTEMbl YPAaBHHBAHUS MOTECHIIMAIOB, a HAUOOJb-
mee pabodee HampsbKeHUE He mpeBbimaeT 25 B mepemennoro wm 60 B mocTo-
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SSHHOTO TOKa B MOMENICHUSIX 0€3 MOBBIIICHHON OonacHOCTH U 6 B mepemMeHHoro
unv 15 B moCTOSHHOTO TOKa — BO BCEX CIyYasx.

3amura npu MOBPEXKIACHUH M3O0JISAILMU MEXAY TOKOBEIYIIMMH YacCTIMH,
HaXOSIIUMUCS TOJ] HAMPSHKEHUEM, U JOCTYMHBIMU MPUKOCHOBEHUIO OTKPBI-
THIMU TIPOBOJISIIIIAMH YACTSAMH JJICKTPOOOOPYAOBaHUS TOJDKHA OBITH oOecteue-
Ha MOCPEJICTBOM yCTPOMCTBA aBTOMATHUYECKOI'O OTKIIOUEHHS WUJIA C TTIOMOIIIBIO
JIPYTUX MEp 3alllUTHhI.

3awjuma npu nogpercoenuu N30ISIUN MOXKET BKIIOYATh OJIHY 3alIUTHYIO
Mepy Wi 00Jiee B COYETAHUM C aBTOMATUYECKUM OTKJIFOUEHUEM, B TOM YHUCIIE —
C MCIOJIb30BaHUEM YCTPOMCTB 3aIlUThl OT CBEPXTOKOB M YCTPOMCTB 3alllUThI,
pearupyromux Ha nuddepennuansabil Tok (Y30):

- UCIIOJIb30BaHue PEN-IpOBOAHUKA,

- YpaBHUBAHUE MOTEHIIUAJIOB, B TOM YHUCJI€ MECTHBIM 3al[UTHBIM 3a3eMJie-
HUEM C UCTOJIb30BAHUEM aBTOMATHYECKOM 3aIUTHI JJIsI OTKJIFOUYEHUS] CBEPXTO-
koB (cuctembl 77 wnu IT);

- BBIPABHUBAHUE MOTECHIUAJIOB;

- MOCTOSIHHBIN U IEPUOANYECKUI KOHTPOJIb U3OJISALINY;

- JIBOMHAas U30JISA1IHS;

- 9JICKTPUYECKOE pa3jiesicHue ceTer (pazaesstomuit Tpanchopmarop);

- 0e3onacHoe cBepxHu3koe Hanpspkenne (bCHH);

- pyHK1MoHaNBHOE cBepXHMU3KOe Hamnpshkenrue (PCHH).

Honoanumenvnan 3auguma nocpeiCTBOM HUCIOIb30BaHusA Y30 NpuUMEHs-
€TCSl B KaueCTBE TPEThEU M MOCIIECIHEH 3alUTHON MEpPhI JIJIs paclpeieIUuTelb-
HbIX ceTeid. Y30 ¢ TokoM ycTaBkH He 6ojiee 30 MA mpenoTBpaiiaeT BO3SHUKHO-
BeHHE QUOPWILIALIMK CepAlla B pe3yJibTaTe MPOTEKaHUS SJIEKTPUYECKOrO TOKa
yepes TeJIo yeaoBeKa. J[ononmHuTenpHas 3anuTa J0JKHa TPUMEHSITHCS IS Te-
PEHOCHBIX MPUOOPOB, T. €. VIS CETEH, MUTAIOIINXCS OT IITENCEIbHBIX PO3ETOK,
WJIM TPOJIOKEHHBIX B TOMEIICHUSX C MOBBIIIEHHOMN OMACHOCTHIO.

['maBHas 3a7a4a JOMOJHUTEIHHOM 3aIIUTHl COCTOUT B 00CCTICUCHUH 3aIllH-
ThI P CIyYallHOM HEMPETHAMEPEHHOM MPSIMOM MPUKOCHOBEHHUH K TOKOBEIY-
UM 4acTsaM. bosiee Toro, HOMOJHUTENbHAS 3alllUTa JOJKHA MPEJOTBpaliaTh
CMEpTENIbHBIE MOPAKEHUSI EKTPUUYECKUM TOKOM M B TOM Ciyyae, Korjaa 3a-
IIUTHBIA MTPOBOJHUK OOOPBaH WJIM HEMPABWIBHO MPUCOCAMHEH, a TaKXKe MPHU
MTOBPEXICHUH JBOVMHON U30JISIIIAM.
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B snekTpoycraHoBkax HamnpspbkeHueM 10 1 kB ycTpolicTBO 3aluTHOTO OT-
KJIFOUEHHSI C HOMUHAJIBHBIM TOKOM Cpa0aTbIBaHMs, HE MpeBbIaomumM 30 MA,
PEKOMEHYETCS NPUMEHATh B KAUECTBE JOMOJHUTEIBHON MEPHI 3aIUTHI OT I1O-
PaXEHHUS AIEKTPUUECKUM TOKOM IPU MPSIMOM MPUKOCHOBEHHH B HOPMAIBHOM
pexuMe pabOThl PJIEKTPOYCTAHOBKH B CIIy4a€ HEJOCTATOYHOCTH OJIHOW MEphI
3allUThl UKW OTKa3a Apyrux. [[pyuMeHeHue TakuxX yCTPOMCTB HE MOXKET OBITh
€IMHCTBEHHON MEpOH 3alllUThl U HE MCKIIOYAeT HEOOXOAMMOCTh MPUMEHEHUS
OJHOW M3 ME€pP OCHOBHOM 3aILIUTHI.

YcrpolicTBa 3alIUTHOTO OTKJIFOYEHUSI MOTYT MPUMEHATHCS TOJIBKO B Kaue-
CTBE JIOTOJHUTEILHON MEpPHhI 3alUThl OT MOPAXKEHUS HIEKTPUUECKUM TOKOM B
HOPMAaJIbHOM PEXKUME.

B snextpuueckux cersax cucteM 3azemiieHuss TN-S u TN-C-S ycTpoucTBO
3allIUTHOTO OTKJIFOUEHUSI C HOMHUHAJIBbHBIM TOKOM CpalaThbiBaHUs, HE IPEBBI-
maromuM 30 MA, MOXeT ObITh MMPUMEHEHO B Ka4eCTBE OCHOBHOM 3aIllUTHI OT
MOPAXKEHUS DJIEKTPUYECKHUM TOKOM IPHU KOCBEHHOM IPUKOCHOBEHHH. Takue
CJIy4yau MOTYT UMETh MECTO, KOTJja dJIEKTpUUYECKasi CETh COACPKUT 000pyI0Ba-
HUE C HEAOCTATOYHOW M3OJIAIHNEH OTHOCHUTEIHHO CETH C 0oJiee BBICOKMM Ha-
npsbKeHueM (pelie, TUCTaHIIMOHHBIE MTePEeKTI0YaTeNd, KOHTAaKTOPHI U T. I1.).

3ammTa OT NPSIMOTO MPUKOCHOBEHUSI JI0KHA OBITH 0OecrieueHa orpax;e-
HUSIMHU U 00O0JIOYKAMH WUJTM U30JISIUMEN, COOTBETCTBYIOIIEH MUHUMAIbHOMY HC-
NBITATEIBHOMY HaIPSKEHUI0, TPEOyeMOMY ISl IEPBUYHOM IIETIH.

Ecnu uzonsinus He BBIACPKHUBACT YKA3aHHOTO HANPSIKEHUS, OHA JOJDKHA
ObITh yCWJIEHA B MPOIECCE MOHTa)Ka 3JIEKTPOOOOPYAOBaHUS TaK, YTOOBI BBI-
JIEp’KUBaTh MCHbITaTeNIbHOE Hanpspkenue 1,5 kB mepeMenHoro Toka (Ienct-
BYIOIIIEE 3HAUYCHUE) B TE€UEHUE | MHUH.

JleTanpHOE paccCMOTpPEHHE YCJIOBHHM (DyHKIIMOHUPOBAHUS BBIMICTICPEUHC-
JIEHHBIX MEP 3aIIUThI TPUBOJAUTCA B pazaenax 3—8.
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3. TUMNbl CUCTEM 3A3EMIIEHUA ANEKTPUYECKUX CETEN

B 3aBucumocTu ot pabouero HanpsikeHus (no unu Beime 1 000 B), a Tak-
&Ke Xxapakrepa (crnocoba) COeIUHEHUS «HEUTPATIN» € «3eMJIEi» CYIIECTBYET Pl
CHUCTEM DJJIEKTPOCHAOKEHHUS, O00JIaJalolUX pPa3HBIMM CBOMCTBAMHU B IIJIaHE
obecreueHust 0€30MacHOCTH.

Cornacao I'OCT P 12.1.009-2009 [1], 6a30Bbie OHATHS 3TOM TEMbI MO-
T'YT OBITh CHOPMYITUPOBAHBI CIETYIOIUM 00pa30M:

- cucmema 3azemneHusn — «PyHKIIMOHAIBHOE 3a3eMJICHHE U 3allUTHOE 3a-
3E€MJICHUE TOYKH UJIM TOUYEK AJIIEKTPOIHEPTETUUECCKUX CUCTEMY;

- 3azemAouiee yCmpoiucmeo — «COBOKYIMHOCTh BCEX DJIEKTPUUYECKUX CO-
CAMHEHUN U YCTPOMNCTB, BKIIOUCHHBIX B 3a3€MJICHUE CUCTEMbI WJIM YCTAHOBKH,
U 000pyA0OBaHUSDY;

- 3a3emaumesib — «IPOBOJAIIAS YACTh, HAXOJAIIASCS B DJICKTPUYECKOM
KOHTAKTE C 3eMJIC HEMOCPEICTBEHHO WJIM 4Yepe3 MPOMEXKYTOUHYIO MPOBO/IS-
Y10 Cpemy...»;

- HellMpPanbHaA NPO6oIAaAa Yacmey (HEUTPAIbHBIN TPOBOAHUK) — «4ACTh
3JIEKTPOYCTAHOBKH, CIIOCOOHAS MTPOBOIUTD JICKTPUUECKUHN TOK, TOTECHIIHAI KO-
TOPOM B HOPMAJILHOM JKCIUTyaTallMOHHOM PEKHUME paBEH WIIH OJIM30K K HYJTIOY.

B urtore, B 3aBUCHMOCTH OT KOH(MHUTYpaAIlUH CHCTEMBI 3JICKTPOCHAOKEHHUSI,
B JIaJIbHEUIIIEM OYyI€T UCII0JIb30BAThCA TEPMUH MUK 3A3eMIeHUsSL CUCTEMDL.

Tun 3a3zemnenus cucmemst — TIOHSITUE, ONPEIEIISIONICE B3aUMOOTHOIIIEHUE
3a3€MJICHUSI Pa3HBIX AJIEMEHTOB JJICKTPUUECKOW CHUCTEMBI, COCTOAIICH W3 HC-
TOYHUKA MUTAHUS, JIMHUU AJIEKTPOINEPEauu U AIEKTPOYCTAHOBKHU 3/1aHus (I10-
TpeOUuTes).

B 3aBUCHMOCTH OT TOTO, KaK OCYIIECTBJISIFOTCS CBSI3U MPOBOSAIIMX YaCTEN
AJIEKTPOYCTAHOBKM 3/1aHUS C 3a3€MJICHHBIMM YacTSIMU HMCTOYHHMKA MUTAHUS B
CeTSIX MEPEMEHHOT0 TOKa, BMECTO MPHUBBIUHBIX CHUCTEM C 2IYX03A3eMIEeHHOU 1
U30UPOBAHHHOU HeUumpaivio, NOABUIOCH TATh cuctem: TN-C; TN-S; TN-C-S,
ITT u IT. Janabie 00 OCOOCHHOCTSIX CHUCTEM, TPUMEHSIEMBIX ISl 0OCCIICUCHHS
AJIEKTPOOE30IMaCHOCTH B JICKTPOYCTAHOBKAX 3aHUMN, pACCMATPHUBAIOTCS HIKE.
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CucteMa 3a3emJieHUSI SIBJISETCSL OOIEW XapaKTEPUCTUKOW MUTAIOIIEH
AJIEKTPUYECKON CETH U BJIEKTPOYCTAHOBKH 3/IaHUSI.

Knaccudukamuss cucrem 3a3emieHHss TpeiacTtaBieHa B 1. 312.2
['OCT P 50571.2-94 [11].

B rnase 1.7. [TYD [15] (7-e u3a.) nana kiaccupuKamus dJIEKTPOYCTaHOBOK
B OTHOIIICHUU MPUMEHSEMBIX CHUCTEM 3a3€MJICHUS, COOTBETCTBYIOIIAsl BBIIIIC-
YKa3aHHOMY CTaHAapTy. Tak B mMyHKTe 1.7.3 s 3JIEKTpOyCTAaHOBOK HAmpsikKe-
HueM 10 1 kB npuHsATH crienytonme 0003HaYCHHUS:

- cucmema TN — «cuctema, B KOTOPOW HEUTPAIb MCTOYHUKA MUTAHUA
TJIYyXO 3a3€MJIEHA, & OTKPBITHIE TPOBOJIAIINE YACTH JIEKTPOYCTAHOBKHU MIPUCOE-
IUHEHBl K TJIyX03a3€MJIEHHOM HEUTpAJIM MCTOYHUKA IOCPEACTBOM HYJIEBBIX
3aIIUTHBIX MPOBOJIHUKOBY;

- cucmema TN-C — «cuctema TN, B KOTOpPOU HYJIEBOU 3aIUTHBIN U HYyJIE-
BOM pabounii MPOBOJHUKU COBMEIIICHBI B OJJHOM ITPOBOJHUKE HA BCEM €€ Ipo-
TSYKCHUNY;

- cucmema TN-S — «cuctema TN, B KOTOPOU HYJIEBOW 3allIUTHBINA U HYyJIE-
BOU pabo4Mii IPOBOJHUKH Pa3/ICIICHBI HA BCEM €€ MPOTHKCHUNY,

cucmema TN-C-§ — «cuctema TN, B KOTOpOl (PyHKIUH HYJIEBOTO 3aIUT-
HOTO Y HYJIEBOT'O pabo4ero MpoBOJHUKOB COBMEIIEHBI B OJTHOM MPOBOJIHUKE B
KAaKOM-TO €€ YaCTH, HAYMHAs OT UCTOYHUKA [TUTAHUS»;

- cucmema IT — «cuctema, B KOTOPOU HEUTPAIIb UCTOYHUKA MUTAHUS U30-
JUPOBAHA OT 3€MJIM WJIM 3a3€MJICHA Yepe3 MPUOOPbI UM YCTPOICTBA, UMEIOIIIHE
OOJIbIIIOE COMTPOTUBIICHUE, & OTKPHITHIC MTPOBOSIINE YACTU 3a3€MIICHBIY;

- cucmema TT — «cuctema, B KOTOPOM HEUTPAIb UCTOUHUKA MTUTAHUS TITy-
X0 3a3€MJIEHA, & OTKPBITHIE TPOBOSIINE YACTU AIEKTPOYCTAHOBKHU 3a3€MJICHBI
IIPY TOMOIIM 3a3€MIISIIOIIETO YCTPOWCTBA, BJECKTPUUECKA HE3aBHCUMOIO OT
[JIyX03a3€MJICHHON HEUTPaId UCTOUHUKAY.

VYcnoBHble 0003HAUEHMSI CUCTEM 3a3eMJICHUsI pacliu(pOBHIBAIOTCS Clie-
TYIOIIAM 00pa3oM.

[lepBasi OykBa MOKa3bIBAET CBS3b C 3€MJIEH UICTOUHUKA MMUTAHUS:

T — HenocpeaCTBEHHOE MPUCOCTIUHEHUE OJJHOM TOYKHM TOKOBEIYIIUX Yac-
TEW UCTOYHHKA MUTAHUS K 3€MIIE;

[ — BCe TOKOBEIYIINE YAaCTHU M30JMPOBAHBI OT 3€MJIM WJIM OJlHA TOYKa 3a-
3eMJICHA Y€PE3 CONPOTUBIICHUE.
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Bropas OykBa mOKa3bIBa€T XapakTep 3a3€MJICHUS OTKPBITHIX MPOBOASAIINX
4acTeu IEKTPOYCTAaHOBKHU:

T — HenocpenCTBeHHAs! CBA3b OTKPBITHIX MPOBOASIIMX YACTEH C 3eMIIEH,
HE3aBUCUMO OT BHUJIA CBSI3M HCTOYHUKA IUTAHUS C 3€MJICH;

N — HEeNoCpeACTBEHHAs CBA3b OTKPBITBIX MPOBOJSALIMX YAaCTEH C TOUYKON
3a3eMJICHUS MCTOYHMKA MUTaHMS (B CHCTEMaxX NMEPEMEHHOTO TOKAa OOBIYHO 3a-
3eMIISIETCS] HEUTpaib).

[Tocnenyromue OyKBbI (€CIM TaKOBBIE UMEIOTCSI) — YCTPOWCTBO HYJIEBOTO
paboyero U HyJ€BOTO 3AIIUTHOIO MPOBOJAHUKOB:

S — (yHKIMM HYJEBOrO 3alllMTHOTO U HYJEBOTrO pad04yero MpOBOJHUKOB
o0ecreunBaroTCs pa3/iebHBIMU TPOBOIHUKAMU;

C — (pyHKUMM HYJIEBOTO 3alIMTHOIO M HYJIEBOIO pabouyero MpOBOJAHHUKOB
00beIMHEHBI B OAHOM ITpoBoAHUKE (PEN).

3.1. MapkupoBKa 1 yCrnoBHOe 0603Ha4YeHMe XxapaKTepucTuK
3NEeKTPOTEXHNYECKMUX YCTPOUCTB

B snektpoycTaHoBKax JoJKHA OBITH O0OecleueHa BO3MOXKHOCTH JIETKOTO
pacro3HaBaHUs WX COCTABHBIX YAaCTEH M AJIEMEHTOB, KaK IS yI00CTBa 00CTy-
KUBaHUSA, TaK W B IEJISAX NPEAOTBPAIICHUS 3JICKTPOTpaBMaTU3Ma OOCITYXU-
BaIOILIETO TepcoHana. PacnpocTpaHeHHBIM U JOCTYNHBIM CIIOCOOOM pacro3Ha-
BaHUs TOKOBEAYIIUX YACTEH SIBISIETCS] UX IIBETOBOE 0003HAUEHUE U MAPKUPOBKA.

MapkupoBKOW Ha3bIBa€TCS CHUCTEMa YCIOBHBIX 0003HAaYeHUH (MapoOK) —
OYKBEHHBIX, IIU(PPOBBIX U I[BETOBBIX, IPUMEHSIEMBIX B CXEMaX DJICKTPHUUECKUX
COCMHEHUI TIEPBUYHBIX U BTOPUYHBIX IIETMEH, a TaKKe Ha caMOM 00OpyJl0Ba-
HUU.

B cootBercTBHum ¢ [1YD [15] OykBeHHO-IIU(PPOBOE U IIBETOBOE 0003HaAUE-
HUS OJHOMMEHHBIX IIUH JIOJKHBI ObITh OJIMHAKOBBIMHU B KaXJI0M 3JIEKTPOyCTa-
HOBKE.

[uHbI JOTXKHBI OBITH 0003HAYEHBI:

1) mpu nmepemenHoMm Tpexdaznom Toke: ¢daza L1 (4) — *KeATbIM LBETOM,
daza L2 (B) — 3enenbiM, paza L3 (C) — kpacHbIM, HyJieBasi padoudast N — romiy-
ObiM. [Ipy KMcroOIB30BaHUM HYJIEBOM LIMHBI U B KAUECTBE 3aIIUTHOM OHA TAKXKe
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0o003HavaeTcsl ToayObIM I[BETOM IO BCEW JJIMHE M MPOJOJIBHBIMHU IOJOCAMHU
KEJTO-3€JICHOTO LIBETa Ha KOHIAX;

2) npu NEpEeMEHHOM OJHO(A3HOM TOKE: IIMHA B, MPUCOEINHEHHAs K KOH-
Iy OOMOTKH UCTOYHUKA IMUTAHUs, — KPACHBIM LIBETOM, IIMHA A, TPUCOEIUHEH-
Has K HaYaJly OOMOTKH UCTOYHUKA MTUTAHUS, — KEJITHIM ILIBETOM.

bl 0gHOGA3HOTO TOKA, €CIM OHHW SBJISIIOTCS OTBETBJIECHUEM OT IIHMH
Tpex(da3HoW cucTeMbl, 0003HAYAIOTCS KAK COOTBETCTBYIOLME IIMHBI TpeXdas-
HOT'O TOKa.

[{BeToBOC 0OOO03HAUYeHHE (OKpacka) MOHKHO OBITh BBIITOJIHEHO IO BCEH
JUIMHE IIHH, €CJIM OHO MPEAYyCMOTPEHO Takxe sl 00jee MHTEHCUBHOIO OXJIa-
KJICHUSI UITU J1J11 aHTUKOPPO3UOHHOMN 3aIUTHI.

[TpOBOAHMKY 3aIIUTHOTO 3a3€MJICHUSI BO BCEX AJIEKTPOYCTAaHOBKAX, a TaK-
K€ HYJIEBbIE 3alllUTHBIC MPOBOJHUKH B JJIEKTPOYCTAHOBKE HAIPSKEHUEM JI0
1 kB ¢ rimyxo3a3emMIIeHHON HEHTpasblo, B TOM YWCJIE W IIWHBI, TOJDKHBI UMETh
OykBeHHOe 0003HaueHue PE U 11BETOBOE 0003HAYEHHUE YEPEAYIOIUMHUCS TPO-
JOJBHBIMU WJIM MONEPEYHBIMH MOJIOCAMU OJUHAKOBOM LIMPHUHBI JKEITOTO U 3e-
JIEHOTO IIBETOB.

HyneBbie pabounie (HEHTpaibHBIE) MPOBOJIHUKU 0003HavaroTCa OykBol N
U ronyOsiM 1BeTOM. COBMEIlIEHHbIE HYJIEBbIE 3alIMTHBIE U HYJIEBbIE padoyue
IPOBOJAHMKH JIOJKHBI UMETh OyKBeHHOE 00o3HaueHue PEN u 1BeToBoe 000-
3HaueHue: roiay0oil IBET MO BCEH JJIMHE U IMOJIOCHI JKEITO-3€JIEHOro IIBETa Ha

KOHI[aX.

3.2. Cucrtembl 3a3emneHus TN-C, TN-S, TN-C-S

[Ipu Ttune 3azemnenusi cucreMbl TN-C (puc. 3.1) UCTOYHUK MUTAHUS
(TpancopMaTop) UMEET 3a3eMIICHHYIO HEHTpalib, & BCE OTKPBITHIE MPOBOIS-
M€ YaCTU DJEKTPOOOOPYIOBAHUS B AJIEKTPOYCTAHOBKE 3/IaHUS UMEIOT HEIO-
CPEICTBEHHYIO CBS3b, C MOMOLIBIO PEN-POBOJHUKA, C 3a36MJICHHOW HEUTpa-
abi0 Tpancopmaropa. To ecte PEN-pOBOJHUK BBIMOIHSAET PYHKIUHU, KaK MH-
TalOIIEro, M0 KOTOPOMY MNPOTEKAIOT YPABHUTEIbHBIE TOKH, TAK U 3AIUTHOTO
MIPOBOTHUKA, TPOHU3BIBAIOIIETO BCKO CUCTEMY PACIPEAECICHHUS 3JIEKTPOIHEPTUU
OT UCTOYHHMKA MUTAHUS IO OTKPBITHIX MPOBOMSIIUX YACTEN 3JIEKTPOYCTAHOBKHU

3IaHUSL.
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Cucrema TN-C uMeeT B HACTOAIIECE BPEMs MIUPOKOE PACHPOCTPAHECHUE B
Poccuiickoit ®@enepanniv, 0COOEHHO B 3JIEKTPOYCTAaHOBKAX 3JaHUN OOJIBIION
MOITHOCTH. OCHOBHBIM BUJOM 3JIEKTPOYCTaHOBOK 10 1 kB B cTpaHe sBIAIOTCA
AJIEKTPOYCTAHOBKH C I'IyX03a3€MIICHHOM HEUTPaIbl0. B 3THUX 3IEKTpOyCTaHOB-
Kax JIsi 00ECTICUCHHS 3allUTHl OT MOPAKEHUS IJICKTPUUYECKUM TOKOM TaKKe

HNCIIOJB3YCTCA 3aujummnoe 3arnyjienue OTKPBIThIX ITPOBOAAIINX YacTeu.

v
. 4
. B
. C
« PEN
PE PE
Ro » L ] L ] [ ] L ] L ] L ]
v Al A2

2

Puc. 3.1. Dnekrpuueckas ceTb ¢ cucteMon 3azemiienust 7N-C
(HyJIeBOM 3allIUTHBIA U HYJIEBOW pab0OUYnii MPOBOJHUKU COBMEIIICHBI
B OJTHOM ITPOBOJHUKE):

I — pabouee 3a3eMIIeHIE UCTOUYHUKA MMUTAHUSA; 2 — OTKPHITHIE POBOISIINE YAaCTH
(xopriyca OY); Al, A2 — 351eKTpOyCTaHOBKU

Cucrema TN-C moxeT ObITh peaju3oBaHa BO BHOBb COOPYKAaeMbIX U pe-
KOHCTPYHUPYEMBIX 3JIEKTPOYCTAHOBKAX 3AaHUU. OJHAKO MpPH JTAHHOW CHCTEME
CJIO’)KHO 00ECIIE€UHTh TAKOW 7K€ YPOBEHb JIEKTPOOE30MaCHOCTH, KaK IPH CUCTE-
Mmax IN-C-S, TN-Su TT.

Tak kak mo PEN-pOBOJHUKY TOCTOSSHHO MPOTEKAIOT pabovure TOKH, ITH
TOKM BO3JCHCTBYIOT Ha COCIMHUTEIIbHBIE KOHTAaKTbl W MOTYT IIPUBECTH K
YXYAIIEHUIO Ka4yeCTBA COCAUHECHUN U JaXK€ MOTEPE ICKTPUUYECKOTO KOHTAKTa
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«HYJIEBOT'O NPOBOAA» B pacCIpeleIUTeNbHOM WIKady, U, KaK CIEICTBHE, BO3-
HUKHOBEHUIO MEPEHAIPSKEHUN BCIIEICTBHUE «IepeKoca» (as.

[TosTomMy GoJiee BBHICOKOW CTENEHbIO HAJACKHOCTH, YeM OJWHOYHBIN PEN-
IIPOBOJIHUK, 00JIAAI0T pa3/ielibHbIC HYJIEBbIC MMUTAIOIINE U HYJICBBIC 3alIUTHBIC
OPOBOJHUKHU. MIX mpUMeHEHUE B 3JEKTPOYCTAHOBKAX 3[aHUI MO3BOJIAET 0Oec-
NEYUTh 00JIee BHICOKUI YPOBEHb 3JIEKTPOOE30MaCHOCTH.

[Ipu tune 3azemseHus cucrtembl TN-S (puc. 3.2) 3a3emiieHa HEUTpalb
TpaHchopMaTopa, a OTKPHIThIE TTPOBOJIAIINE YACTU DJIEKTPOYCTAHOBKU 3JaHUS
UMEIOT HEMOCPEICTBEHHYIO CBS3b C 3a3€MJICHHOM HeWTpaneto. i obecreue-
HUS 3TOM CBSI3M BO BCEM CUCTEME MPUMEHSIOTCS: HYJIEBOW paboUynii MPOBOJIHUK
U OTJEJIbHO — HYJIEBOM 3alIUTHBIN IPOBOIHUK.
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Puc. 3.2. DnexkTpudeckas ceTb ¢ cucteMon 3azemiieHust 1 N-S
(HyneBoil pabo4Mil U HYJIEBOW 3aLUTHBIA IPOBOJHUKU PabOTAIOT Pa3AEiIbHO):

1 —pabouee 3a3eMJIeHHE UCTOYHUKA MUTaHUs; 2 — OTKPBITHIE MPOBOSIINE YaCTH
(xopriyca OY); Al, A2 — 311eKTpOyCTaHOBKH

[Ipu npumeHeHun cuctemMbl TN-S B 3JEKTPOYCTAaHOBKAX 3/aHUN MOMXKHO
obecreunTh 0oJiee BHICOKUN YPOBEHB JIEKTPOOE30MaCHOCTH, YeM MIPH UCTIONb-
30BaHuu cuctemsl TN-C.

D10 0OecneunBaeTCs 3a CUYET, MPEXKJIEe BCEro, UCIOJIb30BAHUS OTIACIBLHOIO
HYJIEBOTO 3aIIUTHOTO MPOBOJHUKA, IT0 KOTOPOMY B HOPMAaJIbHOM PEKHUME BJIEK-
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TPOYCTAHOBKM 3/1aHUSI IPOTEKAET TOJIbKO TOK, 3HAYEHHWE KOTOPOro MpUOIU3U-
TE€JbHO PAaBHO CyYMMapHOMY TOKY YTE€UKH pPabOTarouero B JaHHBIA MOMEHT
aeKTpoobopyaoBaHus Kiacca I.

DTOT TOK 3HAYUTEIHLHO MEHBIIE pab0Yero ToKa, KOTOPhIH OOBIYHO MPOTE-
KaeT 1o OAUHOYHOMY PEN-mpoBOAHUKY. 1103TOMY BEpOSTHOCTH HAPYLICHUS
KOHTAaKTa 3JIEKTPUYECKOMN IEMH Yy HYJIEBOrO 3AIMTHOrO MPOBOJHUKA CYLIECT-
BEHHO MEHbIIIE, 4YeM Y PEN-TTpOBOIHUKA.

B nacrosimiee Bpemsa cucteMa TN-S NpakTUYECKHW HE HUCIOIB3YETCS, TaK
KaK Uil peajnu3annu cuctembl TN-S B pacupeleiauTesIbHON CETH CIEIyeT HC-
MOJIb30BaTh BO3JYIIHBbIE M KaOEJIbHBIC JUHUU, KOTOPHIC JOKHBI UMETh Ha
OJIMH TIPOBOJHUK OosibIle, 4yeM npu peanusanuu cucrem IN-C, TN-C-S u TT.
Cucrema TN-S MOXeT OBITh pealiv30BaHa MPU MUTAHUM DIIEKTPOYCTAHOBOK
KOTTEIIP)KEH OT COOCTBEHHBIX OT/ICJIbHBIX MOJICTAHIIUNA MM BO BHOBb COOpPYKae-
MBIX OOBEKTaX.

B cucreme TN-C-S (puc. 3.3) UCTOYHMK MUTAHUS HWMEET 3a3EMJICHHYIO
HEUTpaJb, & OTKPBITHIC MPOBOASAIINE YACTHU AJIEKTPOYCTAHOBKHU 3/1aHUS UMEIOT
HETIOCPEACTBEHHYIO CBSI3b C HEM.
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Puc. 3.3. Cucrema TN-C-S nepeMeHHOro Toka (HyaeBO# 3auTHbIN (PE)
U HyJIeBOU pabouuii (N) MpOBOAHUKHA COBMEIIICHBI B OJHOM MPOBOAHUKE
B YaCTH CHUCTEMBI, B IPYTON YaCTH OHH Pa3/CIICHbI):

1 — 3a3eMIUTENs HEUTPAIM HCTOYHUKA IEPEMEHHOTO TOKA; 2 — OTKPBITHIE

MPOBOJAIINE YACTH
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J{ns obGecriedeHust 3TOM CBSI3M B pacIpeIeIMTEILHON CETH U Ha TOJIOBHOM
(MO TOKY 3JIEKTPOSHEPIMH) YyYaCTKE 3JIEKTPOYCTAHOBKHU 3[aHUSl MPUMEHSIOTCS
PEN-IpOBOAHUKY, a B JIEKTPUYECKUX LEIMAX OCTAIBHON 4acTU AJIEKTPOYyCTa-
HOBKH 37]aHUs1 — HyJIEBbIE 3allIUTHBIE TPOBOJHUKH (PE).

B cucteme TN-C-S, B otniuuue ot cucteMbl TN-C, GyHKIIUA HYJIEBOTO 3a-
IIUTHOTO U HYJEBOro paboydero MpOBOJAHUKOB OOBEIMHEHBI B OJTHOM IPOBOJ-
HUKE HE BO BCEU DJIEKTPOYCTAHOBKE 3/1aHMS, a4 TOJIBKO B €€ 4acTH. B Kakou-
aM00 TOUKE AIEKTPOYCTAHOBKU 37aHusd PEN-IPOBOJHUK JEIUTCSA HA JBa MpPO-
BOJHMKA — HYJIEBOW 3alIUTHBIM U HYJIEBOM pabouuii, HAaIpUMeEpP, Ha BBOJE B
31aHUE — HA BBOJAHOM 3)KMME WJIM HA HYJIEBOM 3aIIUTHOW IIMHE BO3AYIIHOTO
pacrpenenurenbHoro ycrpoiictsa (BPY). PEN-IpoBOTHUK MOXXET OBbITh pasje-
JI€H TaKKe B JII0OOW Jpyrod TOYKE 3JIEKTPOYCTAHOBKH 3/1aHMsI, HAIpUMEp, Ha
BBOJHOM PFE 3a)kxuMe (IIHHE) pacupeaeIUTENbHOTO IUTKA.

B nepBom cityyae BO BCEU DJIEKTPOYCTAHOBKE 3/IaHMSI MPUMEHSAIOTCS JBa
CaMOCTOSITEJIbHBIX MPOBOAHUKA — HYJIEBOM 3aIIUTHBIA U HYJEBOU padouunii. Bo
BTOPOM CJIy4ae B FOJIOBHOM (ITO TOKY AJIEKTPOIHEPIUH) YACTH 3JIEKTPOYCTAHOB-
KM 3J1aHUs ucnoyb3yercss PEN-IpOBOAHUK, a MOCJE TOYKU €ro pa3AcicHUs —
JIBa HYJICBBIX IMPOBOJHUKA: 3aIIUTHBIA U paboumii. OTKPBITHIE MPOBOJAIINE
4acTH 3JEKTPoOoOOpynoBaHus Kiacca | mpHCOEIUHSIOTCS COOTBETCTBEHHO K
HYJIEBBIM 3alATHBIM IPOBOJAHUKAM BO BCEU BJIEKTPOYCTAHOBKE 3/aHUS WU B
TOJIOBHOM YaCTH SJICKTPOYCTAHOBKU OHU NPUCOCIUHSIOTCA K PEN-pOBOIHU-
KY, 4 B OCTUIBHOM YaCTH — K HYJIEBOMY 3aIllIUTHOMY ITPOBOJHUKY. Tak Kak pac-
npeaenuTenbHas cetb B cucteMe TN-C-S UMEET Takoe ke MOCTPOCHHE, KAK U
B cucreme TN-C, cucrema TN-C-S B Oynyuiem OyneT MIHUPOKO MPUMEHSATHCS
B AJICKTPOYCTAHOBKAX >KUJIBIX 3/IaHUM, YTO O0YCIaBIMBACTCS PSAIOM MPUUNH:

- BO-TIEPBBIX, BO3MOKHOCTBIO MCIIOJIb30BaHUs CYLIECTBYIOLIUX paclpere-
JUTENBHBIX ANEKTPUUECKUX CeTeH 0€3 UX CYLIECTBEHHON PEKOHCTPYKIINH;

- BO-BTOPBIX, pa3BuUTHEM CUCTEMBbI IN-C M COOTBETCTBYIOIIUM €M 3JICK-
TpoycTaHoBKaM 10 | kB ¢ riyxo3a3zemieHHOW HEUTPAIbIO, MOJYYUBIIUM I0-
BCEMECTHOE PACIPOCTPAHEHHE.

- B-TPETbUX, B DJIEKTPOYCTAHOBKAX 3JaHUM, COOTBETCTBYIOLIMX CUCTEME
T'N-C-S, BecbMa MPOCTO BBISBIIAIOTCS OLIMOKHU, TONMYIIEHHbIE TPU KOMMYTallUU
HYJIEBBIX 3alIUTHBIX W HYJIEBBIX pa0OUYMUX MPOBOJHUKOB. Eciu jyist 3alUTHI OT
KOCBEHHOTO NPUKOCHOBCHUS B JJIEKTPOYCTAHOBKE 3/1aHUS MPUMEHSIOTCA YCT-
pOICTBa 3alIUTHOTO OTKIIIOYeHUs Ha quddepennunansaom Toke (Y30), To oHn
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OyJlyT OTKJIIOYATh 3aIUIIAEMbIE JICKTPUUYECKHUE IIEMU, CUTHATUZUPYS O KOM-
MYTallUOHHBIX OIIMOKAX.

B nenom, npy HanuyuMK 3alIUTHOTO 3a3€MJICHUS B 3JIEKTPOYCTAHOBKE, CHC-
teMa TN-C-S no3BoisieT 00ecleuynTh BHICOKUNA YPOBEHB JIEKTPOOE30MaCHOCTH
npu Oojiee HU3KHUX 3aTparax Ha CTPOUTEILCTBO JIMHUM 3JIEKTpONEpeaaydu, Mo
cpaBHEHUIO ¢ cucteMoi TN-S.

PeanusoBats cuctemy 7N-C-S 1is 31€KTPOYCTAaHOBKH 3aHUS JOCTATOYHO
npocto. Paznenenue PEN-poBoHUKA 11€J1€CO00pAa3HO MPOU3BOJAUTH Ha BBOJI-
HbIX 3axuMax BPY. Jlanee BO BCEU dJIEKTPOYCTAHOBKE JIOMA CIIEAYET MUCIOJb-
30BaTh JBa MPOBOJHUKA: HYJIEBOW 3alIUTHBIN U HYJEBOW pabounii, KOTOpPhIE HE
JOJIKHBI UMETh MEXIY COOO0M 3IEKTPUUYECKOTO COSTUHEHNS.

Cucrema TN-C-S npUMEHSAETCS U B PACHpPEICTUTEIbHBIX CETSAX MOCTOSH-
HOro Toka. OyHKIUM 3a3€MJICHHOTO JINHEWHOTO IPOBOJHUKA, B JAHHOM CIIy4yae
L(-) unmu N, ¥ 3alMTHOTO MPOBOJIHMKA PE COBMEIIEHBI B OJJHOM MPOBOJHUKE
PEN B 4acTu CUCTEMBI.

3.3. Cucrtembl 3azemnenus IT, TT

[Tpu cucteme IT (puc. 3.4) UCTOYHUK MUTAHKUS HE UMEET 3a3€MJICHHBIX TOKO-
BEIYIIUX YacTeW WM 3a3eMJICHHE KaKON-TMOO €ro TOKOBEAYIIEH YacTH BBIMOJ-
HACTCSL 4Yepe3 CONpOoTHBICHUE. OTKPBHIThIE MPOBOMSIIME YACTH 3a3€MIISIIOTCS C
MOMOIIBIO COOCTBEHHOTO 3a3EMJISIFOIIIETO YCTPOMCTRA 3JIEKTPOYCTAHOBKU 3aHUS.

g :
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Puc. 3.4. Cucrema /T nepeMeHHOI0 TOKa:

[ — OTKpPBITHIE MPOBOAAIINE HETOKOBEAYIINE YACTH JEKTPOYCTAHOBKU;
2 — 3a3eMIIeHHE KOPIycoB DY (3alIUTHOE 3a3EeMJICHUE)
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bivkalM  aHAIOrOM 3JIEKTPOYCTAHOBOK 3/IAHUN, COOTBETCTBYIOIIHMX
THUITY 3a3€MJICHUSI CUCTEMBI /7, SIBISIOTCS JJIEKTPOYCTAaHOBKM 10 1 kB ¢ n3onu-
poBaHHOM HeWTpalbio 1o kinaccudukanuu [1YD [15]. [TogoOHbIe A5eKTpOyCTa-
HOBKH MPUMEHSIOTCS B 3JAHUSX U COOPYKEHHUSIX CIIELUAIBHOTO HA3HAUYECHUS B
TeX CIydasx, KOTJla HEOOX0AMMO 00ECIIeUNTh MOBBIMICHHBIA YPOBEHb JJICKTPO-
oe3onacHoct. Hanmpumep, cucrema /7, B KOTOPOM UCTOYHUKOM MUTAHUS SIBJISI-
eTCsl pa3AeIUTENbHBIA TpaHchopMaTop, MPUMEHSETCS B TOW YaCTH JIEKTPOYC-
TAHOBKH 3/IaHHS, KOTOpasi OXBaThIBAET JIEKTPOOOOPYAOBAHUE OMEPAIMOHHBIX
OJIOKOB OOJILHHII.

B anekTpoycTaHOBKaX WHIMBUAYAJIbHBIX KWIBIX JIOMOB cucrema [T
He npumensierca. OnHako cuctema /7 MOXKET ObITh UCTIOIb30BaHa IPU MUTAHUU
AJIEKTPONPUEMHUKOB CTPOSIIETOCS 0MA OT NEPEABUKHOM 3JIEKTPOCTAHIIUU.

[Ipu cucreme 77T (puc. 3.5) TOKOBeayllas 4acTh UCTOYHHUKA MUTAHUS 3a-
3eMiieHa. OTKPBIThIE TPOBOJAIINE YACTH JICKTPOYCTAHOBKM 3/IaHUS TAKXKE 3a-
3eMJIeHbL. JIJIs UX 3alUTHOTO 3a3€MIIEHUS] IIPUMEHSETCS 3a3€MIISIOIIEE YCTPOU-
CTBO, 3a3€MJIUTENb KOTOPOTO TOJDKEH OBITh AJIEKTPUUYECKA HE3aBUCUMBIM OT 3a-
3EMJIATEIIS] UICTOYHUKA TUTAHUSL.
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Puc. 3.5. Cucrema TT nepeMEHHOI0 TOKA B YETHIPEXITPOBOTHOM
pacIpeieUTeIbHON CETH:

[ — pabouee 3a3eMJIeHUE UCTOYHUKA TUTAHUS; 2 — OTKPBITHIEC TPOBOJISIIIHE
yacTtu (kopmyca JY); 3 — 3a3eMiieHue kopiryca DY (3alllMTHOE 3a3€MJICHHE);
A1l — snekTpoycTaHOBKa
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Cuctema 77T mo3BOJIIET OOECIEUUTHh B AJIEKTPOYCTAHOBKE 3/IaHMS JOCTa-
TOYHO BBICOKHH YPOBEHB 3JIEKTPOOE30MACHOCTH, MO3TOMY OHa IIUPOKO MPH-
MEHSETCS 32 PyOexKOM.

B cootBerctBuu ¢ TpedoBanusimu 'OCT P 50669—94 [12] cuctema 77T sB-
JSI€TCSI OCHOBHOM JIJISL 971eKMpOyCcmano8ok 30anuii uz memania. Kak ykasbiBa-
€TCsl B CTaHAapTe, MPEUMYIIECTBO CUCTEMBI 17T 3aKJIF0YaeTCs B TOM, YTO Ha OT-
KPBITBIX MPOBOJSIIUX YACTAX AJIEKTPOOOOPYAOBaHUS U CTOPOHHUX MPOBOAIS-
IIUX YacTSIX 3JaHUsl U3 METalla AJIEKTPUYECKUU MOTEHIHal B HOPMaJlbHOM
PEXKUME IIEKTPOYCTAHOBKH 3/IaHUS BCETJIa PABEH MOTCHIIUATY 3€MJIH.

Peanuzanus cucreMsl 77 BO3MOXKHA IPU MOJKIIOYEHUN IEKTPOYCTAHOB-
KW 3/1aHUS K CYLIECTBYIOLIEN paclpeleauTebHON aeKTpuueckoit cetu. OHa-
KO B HEKOTOPBIX CIydasiX peanu3amusi CUCTeMbl 77 MOXKET ObITh 3HaYUTEIHHO
3aTpyJ/IHEHA, HAIPUMEDP, B TOPOJICKUX YCIOBUSX MPU MIIOTHOU 3aCTPOMKE U pas-
BUTOU MHPPACTPYKTYype OYEHBb CJIOKHO CMOHTHUPOBATH BJEKTPUUECKU HE3aBU-
CHUMBIE 3a3€MJIUTENH.

HaunGonee mepcneKTUBHOM AIEKTPO3ANIUTHON CUCTEMOW B HaIllel CTpaHe
sBisieTcs: cucreMa 1I'N-C-S, 103BOJISAIONIAs] B KOMIUJIEKCE ¢ IIUPOKUM BHEAPEHHU-
eM Y30 obecreunTh BRICOKUM YPOBEHb 3JIEKTPOOE30MACHOCTU B DJIEKTPOYCTa-
HOBKax 0€3 UX KOPEHHOU PEKOHCTPYKIIUH.

Cnenyetr 0co00 OTMETHUTH, YTO B 3JEKTPOYCTAHOBKAX C CUCTEMAaMH 3a3€M-
nenust TN-S u TN-C-S anekTpo6e30nacHOCTh MOTPEOUTENST 0OeCTIieYnBaeTCA HE
COCTMHEHUEM TOKOMPOBOSIINX YacTel 00OPYIOBAaHUS C 3a3€MJISIONINM YCT-
pOMCTBOM, a ACHCTBUEM 3aIIUThl — aBTOMATHYECKOT'O0 OTKJIIOUCHHSI MCTOYHHUKA
NUTaHUA, B MEPBYIO OYepe/lb, YCTpoilcTBaMu 3amuTHOrO otkiodeHus (Y30).
BaxubiM ycmoBuem siBisiercss To, uro Y30 geiictByeT Oosee 3(pHEKTUBHO
B KOMIUJIEKCE C 3THUMHU CHUCTEMaMH 3a3€MJICHUSI U CUCTEMOW ypaBHUBAHHUS IIO-
TEHIINAJIOB.

CoOCcTBEHHO caMu cucTeMbl 3a3emieHusi, 6e3 Y30, He o0ecreynBaloT He-
obxoaumoii 6e3omacHocT. Hanpumep, npu nmpodoe U30JS1uu Ha KOPITYC K-
TporpruOopa WM KaKOTO-THOO ammapara, Ipu oTcyTcTBUU Y30 OTKIIOUEHHE
ATOTO MOTPEOUTEIISI OT CETU OCYILECTBISETCS YCTPOUCTBAMHU 3AIUThI OT CBEPX-
TOKOB — aBTOMaTUYECKUMH BBIKJIFOUATEISIMU WUJIU TIJIABKUMH BCTABKAMMU.

beIcTpOoIENCTBHE YCTPOUCTB 3aIIUTHI OT CBEPXTOKOB, BO-IIEPBBIX, YCTYyIla-
eT ObicTpoaeiicTBuio Y30 Ha quddepeHnranbsHOM TOKE, a, BO-BTOPHIX, 3aBUCHT
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OT MHOTUX (paKTOPOB — KPATHOCTH TOKA KOPOTKOTO 3aMbIKaHHs, KOTOpasi B CBOIO
ouepe/ib ONPEACIIAeTCS CONMPOTUBIEHUEM (DA3HBIX U HYJIEBBIX MPOBOJHUKOB, Tie-
PEXOJIHBIM CONPOTUBIICHUEM B MECTE IOBPEKICHUS M30JLMH, JUIMHOW IHATArO-
IIUX JIMHUH, TOYHOCTHIO KAIMOPOBKHM aBTOMATUYECKUX BBIKITFOYATEIICH U Ap.

Hannune Ha 00bEKTE METAUTMYECKUX KOPITYCOB, apMaTyphl U IPYTHUX Me-
TaJUTMYECKUX YacTel oO0OpyJOBaHUs, COCAMHEHHBIX ¢ PE-TpOBOAHUKOM, IIO-
BBIIIIAET OMACHOCTBb JJIEKTPONOPAXKEHHUS, ITOCKOJIBKY B OTOM CIIydyae BEpOST-
HOCTh 00pa30BaHUs LIETIH: «TOKOBEIYIIHI MPOBOAHUK — TEJO YEIOBEKA — 3EM-
JIsD» TOPAa3I0 BBILIE.
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4. AHAIIN3 ONACHOCTU PA3JINYHbIX BAPUAHTOB
BKITIOYEHUA YEJTOBEKA B 3JIEKTPUYECKYHO LIENb

[IpoTekaHue Toka yepe3 TeJo YeIoBeKa BO3ZMOXKHO MPU €r0 BKIKOYEHUU B
AJIEKTPUUECKYIO 1IETlb, JJIsl Yero He0OXO0IUMO TPUKOCHOBEHHE YEJIOBEKA HE Me-
HEe YeM K JIByM TOYKaM IIETH, MEXKJIy KOTOPhIMHU CYIIECTBYET HEKOTOpas pas-
HOCTh MOTEHIMAI0B. ONMacHOCTh MOPAXKEHUS 3aBUCUT OT BEJIIMYMHBI HaIpsiKe-
HUSI IPUKOCHOBEHHUSI (PA3HOCTH MOTEHIIMATIOB) U YCIOBHUI BKIIOUCHHS YeTIOBE-
Ka B DJICKTPUUYECKYIO IIEMb (BHYTPEHHEE KOMIUIEKCHOE COMPOTUBICHUE BHEIII-
HEW M0 OTHOIIEHUIO K YETIOBEKY JIEKTPUUYECKOM 1IEMn).

Cornacao I'OCT P 12.1.009-2009 [1] coBpemeHHasi cucTEMa 3JIEKTPO-
0€30MacHOCTH JIOJKHA 00eCTeUrBaTh 3allUTy YeOBEKa OT MOPAXKEHUS B JBYX
HanOoJiee BEPOSITHBIX U OMACHBIX CIydasiX:

- npAMOe NPUKOCHOBEHUE — «INEKTPUYECKUN KOHTAKT JIFOACH WU KUBOT-
HBIX C TOKOBEIYIIIMMH YaCTSIMU,;

- KOC8EHHOE NPUKOCHOBEHUE — «DJICKTPUUYECKUN KOHTAKT JIFOJICH WJIU KU-
BOTHBIX C OTKPBITBIMH MPOBOJSIINMH YacCTSIMHU, KOTOPHIE OKA3aJIMCh O] Ha-
PSHKCHUEM TP TIOBPEKICHUN.

[lox xoceenuwvim npuxkocrhogenuem MOHUMAETCS MPUKOCHOBEHUE YEJIOBEKA
K OMKPLIMbIM NPOBOOSAUUM HEMOKOBeOVIUM Yacmsam 00OpyJOBaHMs, HA KO-
TOPBIX B HOPMAJILHOM peXUME (MCIPABHOM COCTOSIHUH ) DJIEKTPOYCTAHOBKH OT-
CYTCTBYET AJIEKTPUYECKUU MOTEHUMAN. B aBapuiHBIX K€ CUTyalUsX MPU Ka-
KUX-THO0 HEWCHPABHOCTSIX, BBI3BABIIMX HAPYIICHUE W3OJSAIHUHA WM JaXKE €€
MOJIHBIN MTPOOOM HA KOPIYC, Ha TPOBOJISAIIMX YACTAX 000PYI0BaHUS BO3ZMOKHO
MOSIBJICHUE OMACHOTO JIJIsl )KU3HU YeJIOBEKa MOTEeHIMAa.

Jlns mutaHus moTpeOuTeNel B CETAX MEPEMEHHOI0 TOKa HCIOJb3YIOTCS
oonogaznwie (puc. 4.1, a, 6) u mpexgaznwie (puc. 4.1, 6, 2, 0) ceTu, nNpuyeM B
IPOU3BOCTBEHHBIX MOMEIICHUIX MMPEUMYIIIECTBEHHO TpeX(pa3HbIe.

Tpexda3zubie ceTr MOTYT OBITH BBITIOJHEHBI 10 Pa3HBIM CXEMaM, OJIHAKO B
Poccutickoit @eneparu HanOOJIbIIIee TPUMEHEHUE HAILIA JIBE CXEMbI: TPEX-
MPOBOJHASI C M3OJUPOBAHHOU Helmpanvio U YETHIPEXIIPOBOIHAS C 3a3€MJICH-
HOU Heumpavio.
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JIsi mUTaHuS TOPOJICKOTO AJIEKTPOTPAHCIIOPTA HUCIOJIB3YETCS OIHOIPO-
BOJIHas ceTh (puc. 4.1, e).
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Puc. 4.1. Bujpl 35IeKTpHUYECKUX CETEH 110 YHUCITY TIPOBOJIOB
U crioco0y 3a3eMJICHUSI HEUTpaIn:

a), 6) TPEXIPOBOAHbBIE OAHO(DA3HEIC; 8), 2) MATUIPOBOIHBIC; 0) TPEXIPOBOIHAS
(Tpexdasnas); e) oHONPOBOAHAS (C 3aMEHON OJTHOTO MPOBOA «3EMIICH»)
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Ha puc. 4.1: R, — cCONpOTUBICHHUE 3a3EMIISAIOLIEIO YCTPONCTBA HEUTPAIIU
UCTOYHUKA TOKA; R; — COIPOTUBIICHUE 3aLIUTHOIO 3a3€MIISIOLIETO YCTPOUCTBA.

CornacHo I'OCT P 12.1.009-2009 [1] noxn Hetimpanvio UCTOYHUKA TOKa
MOHUMAIOTCS CJIEAYIOIIUE TPOBOASIINE YACTU PJIEKTPOYCTAHOBKHU:

- HeIIMPANbHAA NPOBOOAULAA YACMb — KYACTh DJEKTPOYCTAHOBKHU, CIIO-
coOHasi MPOBOJIUTH IJIECKTPUUECKUM TOK, MOTEHIIMAT KOTOPOH B HOPMaJbHOM
AKCIUTYaTaIlMOHHOM PEKHMME PABEH WIIN OJIM30K K HYJIIO»;

- 3a3eMJICHHAsA Helmpaib — KHEUTpaJlb CETH, COCJUHEHHAs C 3eMJIeH Ha-
TJIYXO WIM 4epe3 PE3UCTOP WJIM PEAKTOp, COMPOTUBIEHUE KOTOPOIO JI0CTATOY-
HO MAJIO...»;

- U307IUPOBAHHAA HEUMPAlb — KHEUTPAIb CETHU, KOTOPAsi HE UMEET COE/IH-
HEHHM C 3eMJIeH, 32 HCKIIOUYCHHUEM ITPHOOPOB CUTHAIM3AINHI, U3MEPCHUSI U 3a-
IIUTHI, UMEIOIINX BECbMa BHICOKOE COITPOTUBIICHHUE. . .)»

CxeMbl BKIIIOUCHHUH YeIOBEKa B 1I€Th TOKA MOTYT OBITh Pa3IUYHBIMU, OJI-
HAKO HanboJiee XapaKTEePHBI IBE CXEMBbI:

- BKITIOUCHUE MEXKTy ABYMs (ha3amMu DJICKTPHUUECKOUN CETH;

- BKJIIOUEHUE MEXKy OJJHOM (ha3oil U 3emiieil.

Bo BTOpOoM ciy4yae ONMacHOCTh BKJIFOUEHHSI YEJIOBEKA B DJIEKTPUUECKYIO
LEMb CBSI3aHA C HAJTUYUEM DIJIEKTPUUYECKOU CBSI3M MEXK]Y TOKOBEAYIIMMHU Yac-
TsMu DY U 3eMIIeH, KOTOpash MOXET ObITh OOYCJIOBJIEHA HECOBEPIIICHCTBOM
U30JIALIMU TTPOBOJOB OTHOCUTEIBHO 3€MJIM, HAUIMYUEM €MKOCTH MEXIY MPOBO-

JaMU U 3eMJICH, 3a3eMJICHUEM Helmpaiu UICTOYHUKA (puc. 4.2).

[ Saaa:
R

a) 5)

\‘0
|
\-0

Puc. 4.2. Bo3amoXHBIE Cilydan IPUKOCHOBEHUS
K TOKOBEIYIIIUM YaCTAM DJIEKTPUUYECKUX CETEN
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boiiee nmeranbHBIA aHAIN3 MOCIEACTBUNA MPUKOCHOBEHUS! K TOKOBEAYIIUM
Y4acTSAM 3JIEKTPUUYECKUX CETel MpeACTaBlieH B moapasa. 4.1, ¢ uCnoiab30BaHUEM
BO3MOXXHOCTEH, TMPEJICTABISAEMbIX CHCTEMOM MpoeKTUpoBaHus «FElectronics
Workbenchy [21]. DnexkTpudecKuii S5KBUBAJICHT TeJla YeJIOBEKa ISl JadbHEHIIIe-
r0 IPUMEHEHHUS MPEICTABIICH Ha puc. 4.3.

\&/ T —"
\,

I

Puc. 4.3. DnekTpruueckuil 5KBUBAJIEHT TeJla YEJIOBEKa

4.1. IByxnonocHoe NPUKOCHOBEHUe
K ¢ha3HbIM NpoBOoAHUKaM B IT-ceTun

DNEKTpUYECKUI TOK MPOTEKAET MO MyTH «pyKa — pyka» (cm. puc. 4.2, a, 0).
B sTOoM ciyuae (M mociaeayroommx) pacyeT MPOBOJUTCS JJIA CIECIYIOIIUX UCXOI-
HBIX JaHHBIX: R, =1000 Om, Ug = 220 B.

Toxk "epe3 Teso YesioBeKa MPH JIBYXITOJIOCHOM MPUKOCHOBEHUU K (pa3HBIM
IPOBOJIaM PaCCUUTHIBAECTCS IO PopMyIie

_Ugp-V3 22043

R, 1000

I, =380 MA. (4.1)
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DTOT cllyyail BKJIFOUEHHUS YEJIOBEKA B CETh SIBJISIETCS HauOOJee OMACHBIM,
TaK Kak, BO-TIEPBBIX, OH BKJIIOYEH Ha JUHEWHOe HampsbkeHue 380 B, a, Bo-
BTOPBIX, TOK YEPE3 TEJIO YEJIOBEKA OIPAaHUUYMBAETCS TOJIBKO €ro CONMPOTUBIICHU-
em (puc. 4.4, a). AnanoruyHas CUTyalusi BO3HUKAET MPHU BKIIOYCHUHU Ha (as-

Hoe HanpsbkeHue (puc. 4.4, 0).

b

2200m A

Q) 0)

Puc. 4.4. JIByXnoyitoOCHO€ TPUKOCHOBEHHUE B [T-ceTn

4.2. OgHoNONOCHOE NPUKOCHOBEHUE K (ha3HOMY NMPOBOAHUKY
IT-ceTn B HOpMasibHOM U aBapUUHOM peXxunme

[IyTh mpoTEeKaHUs TOKAa Yepe3 TEJI0 YEIOBEKa B ATOM Cllydae «pyKa — HO-
ru» (cM. puc. 4.2, 8). Ero 3Hadenune onpeaenseTcs 1mo Gopmyie

I,=U R . (4.2)

Ecnu conporuBnenust u3onsuuu ¢pa3 oTHOCUTENbHO 3emiin R = 50 kOwm,

R, =80 xOwm, Torma 7, = 2,66 MA.
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Puc. 4.5. OqHOnoM0CHOE MPUKOCHOBEHUE K (Da3HOMY MPOBOJAHUKY
B HOPMaJIbHOM PEXUME CETU

OHOMOIOCHOE MMPUKOCHOBEHHE K (Pa3HOMY MPOBOJHUKY B PEKHUME 3aMbl-
KaHMS Ha 3€MJII0 peau3yeTcs MPU 3aMKHYTOM MOJIOKEHHUH Tepekirodarens Sl
(puc. 4.5).

JUIst IpUHATBIX BBIIIE UCXOAHBIX JAHHBIX TOK OyneT paseH [, =220 MA,

TakK ke, KaK U B cilydae, IpeICTaBIeHHOM Ha puc. 4.4, 0.

4.3. OgHonontcHoe npukocHoBeHue B oaHodasHom cetn TN-C

Tok mpu OJHOMOJIIOCHOM MPUKOCHOBEeHHMH (puc. 4.6) ompenensiercs o
dbopmye

B U
R +Ry+R, +R

I, (4.3)

IIpu conpoTtuBiieHnu padouero 3azemnnrens Ry = Ry = 4 OM 1 conpoTus-

JICHUSIX [O0J1a ¥ 00yBH R + R s =30+20 =50 xOm TOK 4epes uenoBeka Oyaet

pasen: [, =4,3 MA.
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4.300m A

=9

—

I 1

Puc. 4.6. Cetb TN-C (0AHOTIOJIFOCHOE TTPUKOCHOBEHHUE)

be3 ydera conpotuBiieHuit noja u 00yBu (Harpumep, 4eJIoBeK 03 00yBH U Ha
METAJUIMYECKOM II0JTY) TOK Pe3KO Bo3pacteT: [, =219 MA . [yt 3TOoro 10CcTaTo4Ho

JlaTh KOMaH/Ty Ha 3aMBbIKaHHE el Ry, + R,s =50 kOM Bbixirodarenem S1.

4.4. NpnKkocHOBEHME K 3a3eMSIEHHOMY NMPOBOAHUKY
B HOpMarnibHOM pexume cetu TN-C 1 B aBapuMUHOM pexume
(npn HanNM4YUKM KOPOTKOro 3amMmbiKaHUA)

CornacHo snekTpudeckor cxeme (puc. 4.7) HampsiKEHUE TPUKOCHOBEHUS
3aBUCHUT CONPOTHUBIIEHUS HEUTPAIN U TOKA Harpy3KH.
Tak npu TOke Harpy3ku B cetu [, =15 A, comporuBieHue mpoBoaa Ha

yuactke AB cetu R, 5 =0,5 OM. Torga, npenedperast TOkaMu 4epe3 U30JIALHIO
U R 1 R, (Ipu BBICOKOM CONPOTUBIICHUHU U30JSILUH), TOK [, oOmpenensercs

BBIPAKECHUEM:

]h — UAB — IH 'RAB (44)
R,+Ry, R,+R,

u Oyner paseH: [, = 7,46 MA.
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Puc. 4.7. IIpukocHOBEHUE K 3a3€MJIIEHHOMY NPOBOAHUKY ceTh TN-C

[Ipy KOPOTKOM 3aMBIKAaHWU B LIENW HATPY3KHW MO MUTAIOUIMM IIPOBOJAM
IPOTEKAET TOK KOPOTKOTrO 3aMblKaHMs [y (puc. 4.7, Beixitouatens S1 3aMk-

HYT). DTOT TOK CO3/1a€T MaJeHUE HANPSHKEHUs HA CONPOTHUBIIEHUU R ;5 y4acT-

Ka AB.
IIpy BBICOKMX 3HAYEHUAX CONPOTUBIECHUU M30JALMH R; U R, TOK [, 3a-

BHUCUT OT MMaJICHUS HANPSHKEHUS Ha y4acTKe AB:

1, =1k Rap (4.5)
R, + R,

4.5. OgHonontCcHoe NPUKOCHOBEHUE K (ha3HOMY NMPOBOAHUKY
IT-ceTn ¢ akKTUBHOM U €MKOCTHOM NPOBOAUMOCTAMM

B aTOM citydae TOk depes Teno 4eoBeKa 3aBUCUT OT COCTOSTHUS M3OJISIHH
IIPOBOJOB OTHOCHUTEIHHO 3€MJIM U OTPEACISICTCS 3HAYCHUSIMH aKTUBHBIX U €M-
KOCTHBIX ITPOBOJMMOCTEN MPOBOJIOB OTHOCUTENBHO 3eMJIu (puc. 4.8).
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162.3m A,

2

1 BQE T T T

Puc. 4.8. OgHOMnOII0CHOE MPUKOCHOBEHHUE YETI0BEKA
K (pazHOMy TpoBOIHUKY [T-ceTn

3Ha4YeHUsI €MKOCTHBIX MNPOBOJMMOCTEN MPSIMO MPOMOPUHUOHAIBHBI 3HAYE-

HUSAM €MKOCTH IIPOBOJIa OTHOCUTENIBHO 3eMIU Cg M 4aCTOTHI DJIEKTPUUECKOIO
ToKa f. JIJisi MpOMBIIIIEHHBIX ceTeil yacTtoTa paBHa f = 50 ['ii (kpyroBas yactora
®=2nf").

EMKOCTHast MpoOBOJMMOCTh COOTBETCTBEHHO paBHa b, = oC.

Toxk uepes JemoBeKa MOYKHO HaUTH 10 popmyJie

I, = Yo _ ! (4.6)
IR} 1+ RG’C3)

Ipumep. IIpu R =60 xOm, C = 1,2 Mx®D, = 50 'nu (o = 314), I, = 162 MA.

4.6. OgHoNoNCHOE NPUKOCHOBEHME YesrioBeKa K ¢pase IT-ceTu
C 60NbLUON eMKOCTbIO OTHOCUTESIbHO 3eMIU

B sToM ciiyyae akTUBHOE comnpoTuBieHUE Ooiibiioe (puc. 4.9), nostomy
aKTHBHAs COCTABJIAIONIAS TOKA Yepe3 UeJOBEKa Majia M HE YUYUTHIBACTCS, U TOK
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oHpPCACIACTCA, B OTJIMYHC OT IIPCAbIAYIICI'O BapruaHTda, B OCHOBHOM, €MKOCTHOM

POBOAUMOCTBIO TI0 hopMmyIie

I, = 3 Vo : XC:L. 4.7)
2 1 o-C
\/9Rh+2 5
o -C
(o) .

[Ceoe V)| — — —

Puc. 4.9. OnHononocHOE MPUKOCHOBEHHUE YeNIOBeKa K (Da3HOMY MPOBOIHUKY
IT-ceTn ¢ EeMKOCTHOM MPOBOJUMOCTHIO OTHOCUTEIIBHO 3EMIIU

Ecin eMkocTh pa3zHOTO MPOBOJHUKA OTHOCUTENBHO 3eMiIH Cq, = 0,3 MKD,

torga X, =10,615 xOm n 3HaueHHe TOKa 4yepe3 TENo 4eI0BeKa OyAeT paBHO

4.7. NpuKkocHOBeHMe YenoBeKa K ogHon u3 das IT-cetn
B HOPMaribHOM U aBapUUHOM (3aMbiKaHUue dpa3bl Ha 3eMI1H0)
pexume 6e3 yyeta eMKOCTU CE€TU OTHOCUTESIbHO 3eMIU

B aTOM BapuaHTe BKJIIOYEHHS B LIENb IIPXU PACUYETE TOKA YEPE3 TEJIO YEIIO-
BEKa YYMTHIBAETCS TOJIBKO AKTHBHAs MPOBOAMMOCTH u3ojsiuuu (puc. 4.10),
a, CJIEIOBATEIbHO, TOJIBKO AaKTHUBHAs COCTABJIAOIIAs TOKA. Takoe BO3MOKHO,
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HAIIpUMCEP, B KOPOTKHUX II0 IPOTAKCHHOCTH JIMHUAX IICpCaad, A€ CMKOCTH MC-
KAy IIPpOBOJAMH U 3eMJICH He3HAYUTECIIbHBI.
Pacuernas (I)OpMy.TIa TOKa 9€pe3 TCJII0 YCIIOBCKA UMCCT BU:

e 4.8

1,

B 3TOM cnydae TOK uepe3 uenoBeKa 3aBUCUT OT CONPOTUBIICHUS H30JIALUN
1 npu R4, = 60 kOM ero 3HaueHue Oynet pasHo [, = 10,5 MA.

Puc. 4.10. OgHOMNOIIOCHOE TPUKOCHOBEHHE YEIOBEKA
K (pazHOMy npoBOIHUKY [T-ceTu

IIpu kopoTKOM 3aMbIKaHUU (Pa3bl A HA 3€MIIIO YEJIOBEK OKa3bIBACTCS MO
JTVUHEMHBIM HAIMpPSKEHUEM, U TOK Y€pe3 HEro OrpaHUYMBAECTCS BEIUYMHON CO-
IPOTUBJICHUSIMU R, W COIPOTUBICHHEM PACTEKaHHWIO TOKA IO MOBEPXHOCTH

3eMiu R, (puc. 4.10, Beikiarodarens S1 3aMKHYT):

_3Uq

= =371 MA. 4.9)
R, +R,

1,
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4.8. OgHononCHOe NPUKOCHOBEHME YerioBeKa K (pasHoOMy
npoBoaHuKy cetn TN-C B HOpMasribHOM U aBapUNHOM pexunme

3,[[601: TOK 4YCPC3 UYCIOBCKA 3aAMBIKACTCA 4YCPC3 3a3CMIICHHYTO HeﬁTpaHB
" OIIpCACIIACTCA (baBHI)IM HaIIpsZKECHUCM W COIIPOTHUBJICHHUCM TCJIa YCIOBCKaA

(puc. 4.11) (conporusnenue Ry =4 Om):

Yo

= =219 MA. (4.10)
R, + R,

1,

219.1m A

2191

" Sy

Puc. 4.11. OgHOnoMIOCHOE TPUKOCHOBEHUE K (DA3HOMY TTPOBOIHUKY

[Ipu KOpoTKOM 3aMbIKaHUM (a3bl A HA 3eMITIO (BBIKIIOYATENb S/ 3aMKHYT),
TOK 4epe3 TEJI0 YEJIOBEKA B 3TOM cllydae OyJIeT paBeH:

Ry + Ry\3

, (4.11)
Ry-Ry, +R, (R0 +RKZ)

[h:Uq)

rne Ry, — CONPOTUBIICHUE B MECTE 3aMbIKaHMs Ha 3eMilt0. Tak ipu Ry, =25 Om
TOK [, =236 MA.
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5. MEPbI, OBECINEYUBAIOLWUME HEQOCTYINHOCTDb
OnA YENOBEKA TOKOBEQYLLUMX YACTEMN
SNEKTPOOBOPYNOBAHUA

K naHHOM rpyI1ine 3JIeKTpO3aluTHBIX MEP OTHOCATCS:

- M30JIA1IAS. TOKOBEIYIIIUX YacTel, MPUMEHEHHE OTpakJACHUN U 000JI0UEK,
yCTaHOBKa 0apbepoB, pa3MmelieHre o0OpYy/I0BaHUS BHE 30HBI JIOCTUTAEMOCTH,
pa3JIMYHbIE CUCTEMBI OJIOKUPOBOK U CUTHAJIM3AIMU, UCKITFOYAIOIINE MPUKOCHO-
BEHUE YEJIOBEKA K MPOBOJISIIUM 3JIEMEHTAM SJICKTPOYCTAHOBKH, HAXOISIIAMCS
nox Hanpsbkennem (I'OCT P 50571.3-94 [7));

- 3aIUTa C TIOMOIIBIO OBOUHOU UNU YCUTCHHOU U30JAUUU, TIPU PEATU3a-
M1 KOTOPON OCHOBHAsI 3all[dTa 0OECIeUnBAETCI OCHOBHOM paboydeil M30Js1u-
€l OMAacHBIX TOKOBEIYIIMX YaCTEW, 3alMTa K€ MPU HAIMYUU HEUCHPABHOCTHU
obecrieunBaeTcsi dononHumenvHou uzoaayuetl. Inu ocHOBHas 3a1UTa 1 3aluTa
Py HAJIUYUU HEUCIPABHOCTU OOECIECUMBAIOTCA YCUNEHHOU U30AAYUEH MEXKTY
OMAaCHBIMU TOKOBEIYIIMMHU YacCTSIMH U JOCTYIHBIMH 4YacTsIMU (TIPOBOASIIUMHU
YaCTAMH U TOBEPXHOCTSIMM).

JIBoliHast U30JIAIMS — OTHOCUTEIBHO HOBOE, HO BCE 00JIee MUPOKO MPUME-
HsieMoe 3((PEKTUBHOE SIEKTPO3AMUTHOE CPEACTBO, HMIMPOKO HCIOJIB3YIOIIEe
JTOCTHXKEHUSI XUMUYECKOW TPOMBINUIIEHHOCTH B YACTU CO3AHUS yAAPOIPOUYHBIX
MJIACTMACC C XOPOUIMMHU 3JIEKTPOU3OJIALMOHHBIMU XapaKTEPUCTUKAMMU.

DTHU MaTepuabl JekKaT B OCHOBE JIEKTPOOE30IaCHBIX JIEKTPONPUOOPOB U
BJICKTPOUHCTPYMEHTOB B HCIIOJHCHUM «JBOWHAA M30JsIuusi». M3genust B uc-

MMOJHCHUU «JIBOMHAs U30JISLIUS MAapKHUPYIOTCs 3HAKOM .

5.1. Mepbl, no3BonsoLWMe CHU3UTb TOK Yepes Teslo YerioBeka
Ao 6e3onacHOro sHa4eHus

3awguma ¢ nOMow b0 HEMOKONPOBOOAUEI CPedbl — 3aAIUTHAS Mepa, IIpU
KOTOPOM OCHOBHAsI 3alllUTa 0OECIEUMBAECTCS C MOMOIILI0O OCHOBHOM HM3O0JISIIUU
MEX/Ty OIMACHBIMU TOKOBEIYITUMH YACTSIMHU M OTKPBITHBIMH MPOBOJISIIUMH Yac-
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TSAMH, NIPU HEUCTPABHOCTHU 3alUTa 00ECIIEYUBACTCS UCKIIOYUTEIHHO C MTOMO-
1[0 HETOKOITPOBOMSAILEH CPEIbI.

3awuma ¢ NOMOWIbIO YPAGHUBAHUA NOMEHYUATI06 — 3AIUTHAS MEpa, NIPU
KOTOPOM OCHOBHAs 3amuTa 00ECIEYMBACTCS C MOMOINBIO OCHOBHOM paboueid
U30JIAIIMU MEX]ly ONAaCHBIMH TOKOBEIYIIMMH YaCTSIMU U OTKPBITBIMH ITPOBO-
JSIIAMHA YaCTSMHU, 3allUTa K€ MPU HAJTUYUU HEUCIPABHOCTH PEalU3yeTCs C
MOMOIIBIO CUCTEMbl YPABHUBAHUSA NOMEHYUAI08, TIPENSATCTBYIOIIEH BOSHUKHO-
BEHUIO OMACHBIX HAMNPSHKEHUWA MEXKIY OJHOBPEMEHHO JOCTYHMHBIMU OTKPBITHI-
MU YaCTSIMU 3JIEKTPOYCTAHOBKUA U CTOPOHHUMU MPOBOISIIMMHU YACTSIMHU 3JJaHUM
U CCOPYKEHUM.

OcHOBHasi cucTeMa YpPaBHUBAHUS ITOTEHLIHAIOB B 3JIEKTPOYCTAaHOBKAaX
3IaHUM JTOJDKHA COSUHATD MEKTy COOOH ClIeNyIOIIre MPOBOSIINE YACTH:

- HYJIEBOU 3alIUTHBIN PE- nnn PEN-pOBOAHUK NMUATAIOWIEH JTUHNM;

- 3a3€MJISIFOIIMI MPOBOJHUK 3AIUTHOIO 3a3€MJIEHUS HA BBOJIE B 3/IaHUE;

- METAJUNINYECKUE TPYObl KOMMYHHUKAIUH, BXOASIINX B 3/[aHUE: TOPSYETO U
XOJIOJHOTO BOJIOCHAOXKEHUS, KaHAJIU3AIMK, OTOIUICHUsI, Ta30CcHA0KeHus (ecu
mpyoonpoeoo 2a30CHAbICEHUs UMeem U30IUPYIOUWYI0 6CIABKY HA 8800€ 8 OOM,
K OCHOBHOU cucmeme YpPasHUGAHUs NOMEHYUATO08 NPUCOEOUHAEMCA MOTbKO Ma
yacms mpyobonpoeooa, Komopds HAX0OUMCs OMHOCUMENbHO U30aupyiouel
8CMABKU CO CMOPOHbBL 30AHU);

- METAJUIMYECKHUE YACTH KapKaca 31aHus;

- METAJUTMYECKHUE YACTH CUCTEM BEHTWISAIIMU U KOHJAUIMOHUPOBAHUS;

- 3a3€MJISIOIIEE YCTPOMCTBO CUCTEMBI COBMEIICHHON MOJTHUE3AIUTHI;

- METATTHYECKHUE 000JIOUKHU TEIEKOMMYHUKAIIMOHHBIX KaOeme.

[IpoBoasimue yactu, BXOASIINE B 3aHUE M3BHE, JHOHKHBI OBITh COCIMHE-
HBI KaK MOXHO OJIM>KE K TOYKE X BBOJA B 3/1aHUE.

s coenuHeHust ¢ OCHOBHOU cucmemou YPaBHUBAHUS MOTCHIMAIOB BCE
BBIIIEYKa3aHHbIE YACTU JOJIKHBI ObITh MPUCOEAMHEHBI K TJIABHOW 3a3€MIISIO-
HICH MIWHE MPU TTOMOIIU 0MOEIbHbIX NPOBOOHUKOS CUCTEMbl YPAaBHUBAHUS T10-
TEHIUAJIOB.

Cucmema OONnOIHUMENbHO20 YPAGHUBAHUS TIOTEHIMAJIOB JOJKHA COEIU-
HSTh MEXIY CO00U BCE OJTHOBPEMEHHO JTOCTYMHbIE MPUKOCHOBEHUIO OTKPHITHIE
MIPOBOJIAIIME YACTH CTAIMOHAPHOTO AJIEKTPOOOOPYAOBAHUS U CTOPOHHHE MPO-
BOJIAIIME YAaCTH, BKIIOYasA JOCTYIHbIC NPUKOCHOBEHUIO METAJUIMYECKUE YACTH
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CTPOUTEIBHBIX KOHCTPYKIMI 3[JaHUs, & TAK)KE HYJIEBbIE 3alIUTHbIE MPOBOJHU-
KH, BKJIKOYAs 3alIUTHBIE TPOBOJIHUKH IITETICEIbHBIX PO3ETOK.

Jlis ypaBHUBaHUS MOTEHUMAIOB MOTYT OBITh MCIOJIB30BAHbI CIIELHUAIBHO
IPELYCMOTPEHHBIE IPOBOAHUKH.

3awuma ¢ ROMOWBIO ITEKMPUUECKO20 PaA30eSieHUusn yeneil — 3alluTHas
Mepa, pU KOTOPO OCHOBHAA 3allUTa 00ECIeYUBAETCS C MOMOIIBI0O OCHOBHOM
U30JISIUM MEKJY ONACHbIMM TOKOBEIYIIMMHU YAacTSIMH U OTKPBITHIMU MPOBO-
ISMIMMH Y4acTAMH MOTPEOUTENS IIEKTPUUECKON SHEPTUu, 3allliTa B YCIOBUSX
HEUCIIPAaBHOCTU 00ECTICUMBAETCS OTACICHUEM MEPBUYHBIX (MCTOYHUK MUTAHUS)
Y BTOPUYHBIX (IIOTPEOUTEIIb) OT IPYTUX LIETEH U 3a3eMJICHHS C TIOMOUIBIO CIie-
IUAJIBHOTO pa3AesiuTeNbHOro Tpancpopmaropa. Takoil TpaHcpopmaTop ¢ Xo-
POILIO U30JMPOBAHHBIMU OOMOTKAaMHU U OTPAHMYEHHOM rabapuTHON MOLTHOCTHIO
pa3pbIBacT TAIbBAHUYECKYIO CBSI3b MEKIYy UCTOYHUKOM DHEPTUU U HATrpy3KOM-
noTpeOuTeIEM.

3alUTHOE 3JEKTPUYECKOE pa3[eleHHUe LENel ciaeayeT NPUMEHSThb, Kak
IPaBUIIO, JIJIs1 OJHOM 11eTH (0JTHOTO MOTPEOUTENS).

[Iutanue otTnensieMo LEenu JOJKHO OBITh BBINOJIHEHO OT Pa3/IeIUuTEIbHO-
ro Tpancopmatopa, coorBerctBytomiero I'OCT 30030-93 «Tpanchopmaropsl
pazzienuTenbHble U 0€30MacCHbIE Pa3/IeIUTENbHbIE TPAHC(HOPMATOPHI.

TokoBenymye 4yacTu LENH, MUTAIOMIEHCS OT pa3JIeIUTENIbHOTO TpaHchop-
MaTopa, HE JOJDKHBI UMETh COCAUHEHUN C 3a3€MJICHHBIMU YacTSAMH U 3alUT-
HBIMH IIPOBOJHUKAMU APYTUX LIETIEH.

5.2. 3awumTa c NOoMOoLbI CUCTEMbI 6€30MacHOro CBePXHU3KOro
HanpsiXeHUsA

ITo crangapty I'OCT P 50571.3-94 (MBOK 364-4-41-89) [7] cucrema
oe3onacHoro ceepxuuskoro HamnpsbkeHus (BCHH) — 3amutHas mepa, kotopas
MpeyCMaTPUBAET CIIEIYIONIEE.

OcHOBHas 3alllUTa OCYILIECTBIACTCA MyTEM OTPAaHUYCHUS HAMNPSIKECHUS B
nenu bCHH 1o cBepxHM3KOro 3HaueHus otaeneHuem nemne cucteMbl bCHH
OT BCEX ApYrux uenei (puc. 5.1).
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JlomonmaUTENbHAS 3allMTa COCTOUT B TOM, YTO OTACICHHUE ICIEH CHCTEMBbI
BCHH ot apyrux uenei siBisieTcs 3alllUTHBIM pasjesieHueM (cM. nmoapasz. S.1)
notpedbutenu cucrembl BCHH oTnenens ot 3emiu.

71
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Puc. 5.1. Cucrema bCHH:

TV 2, TV 3 — paznenurtenbHbie TpaHnchopmatopsl; A1, A3 — ogHOda3HBIN
U Tpex(a3Hblii OTPEOUTENN CBEPXHU3KOTO HAIPSKEHUS

B cnenmnanpHbIX momenieHusx, rae Tpedyercs cucrema bCHH u ucrnosns-
3yeTcs 3alllUTHOE YKPAaHUPOBAHUE, 3AITUTHBIN SKpaH JOJKEH ObITh OTJEICH OT
KQKIOM COCEHEM LIENU C MOMOIIBI0 OCHOBHOW M30JIAIMH, PACCUUTAHHOM Ha
CaMO€ BBICOKOE U3 UMEIOIIMNXCS HAIPSKCHUH.

3amura ¢ MOMOUIBI0 3a3€MJICHHOW CHCTEMbl 0€30MacCHOI0 CBEPXHU3KOIO
Hanpsokenus (3CHH) — 3amuTHas mepa, mpu KOTOpO# 3amuTa 0o0ecrnedyrnBaeTcs
3a CUET OrpaHUYECHUSI HANPSKEHUS B 1IEMU, KOTOPasi MOXKET OBbITh 3a3eMJICHA U
(WJIM) OTKPBITHIE MPOBOJIAIINE YaCTH KOTOPOU MOTYT OBITh 3a3€MJICHBI (CHUCTE-
Ma 3CHH), u 3amutHoro otaenenus cucteMbsl 3CHH ot Bcex memnei, moMumMo
BCHH u 3CHH.

Cucrema 3CHH (puc. 5.2) — 3amutHas Mmepa, KoTopas IpeaycMaTpUBAECT
CIeAyIoIIee:
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- OCHOBHAs 3alllUTa OCYLIECTBIISIETCA MyTEM OTPAHUYECHUS HANPSHKEHUS B
3azemiieHHOM 1ienu cuctembl 3CHH 1o cBepXHM3KOro 3HaYeHHUs, pa3feieHuEM
uenu cucteMbl 3CHH oT Bcex npyrux ueneu;

- IOTIOJTHUTEIbHAS 3al[UTa COCTOUT B TOM, YTO Pa3/IEJIC€HUE LEIH CUCTEMBI
OT JPYTUX IENen SBIAETCS 3alllUTHBIM pasjesieHueM (cM. mojpasa. S.1). Hus-
KHE HaNpsHKEHUS MEPEMEHHOTO TOKa IMOJy4aroT MOCPEACTBOM MOHUKAIOIINX

TpaHC(l)OpMaTOpOB.
v X A
$—rren ’ s T «B
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Puc. 5.2. Cucrema 3CHH (PELY):

TV 1, TV 2, TV 3 — pa3nenutenbHbie Tpanchopmatopsl; A1, A2 — oqHoda3HbIi
u A3 Tpexda3Hblii NOTPEOUTENN CBEPXHU3KOTO HAIIPSKEHUS

[Ipumenenue aBTOTpaHCHOPMATOPOB JJIsl STON LIEIU HEOORYCHIUMO, TIO-
CKOJIbKY aBTOTpaHC(HOPMATOPhl HE UMEIOT TAIbBAHMYECKOW Pa3BSI3KU MEXTY
CTOPOHAMHU BBICOKOT'O U HU3KOT'O HAMPSXKEHUI.

Ha puc. 5.3 npuBeaena cxema aBTorpancopmaropa.
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Puc. 5.3. Cxema BKJIFOUEHUS Y€JIOBEKA B 1€ aBTOTpaHChopMaTopa

B crnenuanbHbIX OTpacisiX MPOMBIIUIEHHOCTH, TaM, TJI€ OMAaCHOCTh IOpa-
KEHHUsI 4YelloBeKa OCOOEHHO BBICOKA, HAIpUMEpP, NPH BOAOJA3HBIX padoOTax,
B MEJIMLIUHCKUX YUPEKICHUSAX, B ICTCKUX UTPYLIKAX MPUMEHSIOT CBEPXHU3KHE
HanpsbkeHus 9—-12 B.

5.3. YcnoBusa anekTtpobe3sonacHocTu B IT-ceTax

Pexxum paboOThl AJIEKTPUUECKON CETH, M30JUPOBAHHOM OT 3eMIIH (PEKUM
U30JIMPOBAHHOM HEUTpasin, cucTema 3azemiieHus /7)), MHUPOKO MPUMEHSETCS B
AJIEKTPOYCTAHOBKAaX, TPEOYIONIMX TMOBBIIIEHHON HAJEKHOCTH JHEpProcHadxke-
HUS1, 1 0CO00 OMACHBIX MO YCIOBUSIM MOPAKEHHS JICKTPUUECKUM TOKOM.

IT-ceTn EPEMEHHOTO TOKAa COCTABJISIIOT mpuMepHO 20 % BceX 3IEKTpoycC-
TaHOBOK.

K TakuM 351eKTpoyCcTaHOBKaM OTHOCSITCSI CUCTEMbI DHEPTrOCHA0KEHMUSI:

- MEJIULIMHCKUX YUPEKICHUM;

- HOA3EMHBIX COOPYKEHUN — IIAXT, TOHHEJIEH, METPOTIOJIUTEHOB;
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- CyJ10B (MOPCKHUX, PEYHBIX ), IAPOMOB, JIpar;

- JKEJIE3HOJOPOKHBIX MPEANPUATHM;

- IpeANpUITUN TOPHOH, HePTeT0OBIBAIOIICH, CTalCINIABUIILHON, XUMHUYE-
CKOM ITPOMBIIIJICHHOCTH;

- UCTIIBITATEIBHOT0, TA0OPATOPHOTO, B3PHIBOOIIACHOTO TPOU3BOJICTBA U JIP.

Hane:xxHOCTh AIEKTPOCHAOKEHUS IOCTUTAaeTCs 3a CUET COXpPAHEHUsI pado-
TOCTIOCOOHOCTH [T-ceTeil U B aBapUIHBIX PEeKUMaX, B YaCTHOCTH, MPHU TITyXOM
0HO(Aa3HOM 3aMBIKAaHUHU Ha 3€MJTI0, YTO KpailHE BaXKHO B IKCTPEMaJbHBIX yC-
JOBUAX AKCIUTyaTaluu 000pyAOBaHUsI, HAIPUMEP, B IIaXTE MPU PabOTE Yrojb-
HOTO KoMOalHa.

Ha puc. 5.4 npeacraBieH npumep NpsiMOro MPUKOCHOBEHUS YEIIOBEKA K OJI-
HOW M3 (Da3 ceTH C M30JMPOBAHHON HeWTpanbio. CeTh XapaKTEepPH3yeTCs COMpO-
TUBJICHUSAMU M30JIMHA Ry U eMKOCTBhIO Cg, KaXKI0U (pa3bl OTHOCUTEIBHO 3EMIIN.

_—
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Puc. 5.4. Hp}IMOC OJHOITIOJIFOCHOC IIPUKOCHOBCHHUEC YCIIOBCKA

B /T-ceTy (HOpMaJIbHBIN PEXXUM U aBapUIHBIN PEXKUM)

Tok depe3 Teo 4yesnoBeka, MPUKOCHYBIIErocs Kk ¢aze 4, B CHAMMETPUYHOM
pPEXKUME PABEH:

I, = (UAN' ~U i )/ Ry = 10,66 A

npu Cq — 0.
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B cnywae aBapuiiHOrOo pexxuma BwIKirodarens S1 3amknyT, [, = 380 MA

U 4eJIOBEK IoMaaaeT Mol JUHEHHOE HallpsDKEHUE.

5.4. 3awmTHOE 3a3eMrieHue

[IpaBuna ycTpoicTBa 3JEKTPOYCTAHOBOK OMNPEIECISIOT CIAEAYIONINE BUIbI
3a3eMJICHUS:

1) pabouee (GyHKIHMOHATBHOE) 3a3€MJICHUE — 3a3€MJICHUE TOYKH WM TO-
YeK TOKOBEAYIIUX YaCTEH AJIEKTPOYCTAHOBKH, BBITTOTHIEMOE 1T 0OECIIeUeHUs
PabOThI DIIEKTPOYCTAHOBKH (He 6 yessix anekmpobe3onacHocmu), HaripuMep, 3a-
3eMJICHHE AaHTEHHBIX YCTPOMNCTB;

2) 3a3eMJICHUE MOJIHME3alIUThl — 3a3eMJICHHE MOJIHUETPUEMHHUKA C IIe-
IO 3alUTHI 00BEKTA OT MPSMOTO yiapa MOJIHUH;

3) 3ammTHOE 3a3eMJICHUE — 3a3€MJICHHE, BBIMIOJHAEMOE B LIEISAX 3JIEKTPO-
0€30MacHOCTH, B 3TOM ClIydae 3alluTa 00ecreunBaeTcsl CHIKEHHEM (B aBapuil-
HOW CUTyaluu, T. €. IPU MOBPEKICHUHN W30JSLUUA U MOMaJaHuu (pa3HOro Ha-
NPSKEHUST HA METAUIMYECKUU KOPITYC 3JIEKTPOYCTAHOBKHM) JO 0€30MacHOro
3HAYCHHS TOTEHIIMATa OTHOCUTEIHHO 3e€MJIM W IPOBOJAIINX HETOKOBEIYIIHX
yacTeit 000py10BaHus (KOpITyca 3JIEKTPOYCTAHOBKH U IPYTUX YacTeil).

Ha mpaktuke 0OBIYHO BCE yKa3aHHBIC (DYHKIIMU BBIMOJHSAET OJIHO 3a3€M-
JSIOIIEE YCTPOUCTBO.

3a3eMIIeHHE UCTOIb3YIOT TAKXKE IS 3aIIUTHI OT CTATUYECKOTO AJIEKTpUYe-
CTBa M OT HUMITYJbCHBIX AJICKTPOMArHUTHBIX W3JIYYEHUN, BO3ZHUKAIOUIUX IPHU
I'PO30BOM pa3psie.

3a3eMJISII0IIEee YCTPOICTBO €CTh COBOKYITHOCTh 3a3€MIIMTENS (METAJIMYe-
CKOM KOHCTPYKIIMHU, PACTIONIOKEHHOW B 3eMJI€) U 3a3€MIIIOIINX TPOBOJIHHUKOB,
COCIMHSIONINX 3a3EMJIUTENb C METATTMYECKUM KOPITYCOM JIEKTPOYCTAHOBKH.

3a3eMIIuTeNh — 3TO MPOBOJHUK HIIM COBOKYMHOCTH MPOBOJSAIINX IJIEMEH-
TOB 37]aHUsI (COOPYXKEHUS), HAXOISIIIUECS B SJIEKTPUUECKOM KOHTAKTE C 3eMJICH
HEMOCPEICTBEHHO WK YEPE3 MPOMEKYTOUHYIO MPOBOSIIYIO CPENIY.

3a3eMJIISIOMIMI MPOBOJAHUK — 3TO MPOBOJHMK, COCIUHSIONIMN 3a3emiisie-
MYIO 4acTh (TOUYKY) C 3a3€MIIUTEIIEM.

B kaudecTBe 3azeMiuTeNell MCIONB3YIOTCS MCKYCCTBEHHBIE 3a3€MJIMTENH,

CHEIMAIIBHO BBITIOJTHSIEMBIC ISl IIeJIel 3a3€MJICHUS, U €CTECTBEHHBIC 3a3eMIIH-
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TEIU — DJIEKTPONPOBOJISIINE KOHCTPYKIIMU, HAXOMSIIUECS B DJICKTPUYECKOM
KOHTAKTE C 3€MJIEH M UCIOJb3yeMbIe IS 1eJel 3a3eMiIeHus (HapuMmep, Tpy-
OOIPOBO/IBI XOJIOJAHOW BOJIbI, apMaTypa >Kejie300€TOHHBIX (PYHIaMEHTOB 3/a-
HUM ¥ COOPYKEHUI).

Cormacao I'OCT 12.1.009-2009 [1] «3amuTHOE 3a3€MJIEHUE €CTh MPEIHA-
MEpPEHHOE ANEKTPUYECKOE COCAUHEHUE C 3€MJIEH WJIA €€ SKBUBAJICHTOM METAJI-
JUYECKUX HETOKOBEIYLIMX YAaCTEH, KOTOPBIE MOTYT OKa3aTbCs MOJ HampsikKe-
HUEM.

PaznuyaroT nBa THIa 3a3eMIISIOIMX YCTPOMCTB.

Buvinocnoe (cocpedoomouennoe) — XapakTepu3yeTcsl TEM, UTO 3a3eMJIUTEIb
€ro BBIHECEH 3a MPEJEIIbl IUIOMAAKH, Ha KOTOPOM pa3MelIeHo 3a3emMiisieMoe 000-
PYZIOBaHUE, WIIA COCPEAOTOUYEH JIOKATBHO HA HEKOTOPOM YaCTH 3TOM IUIOMIAJKH.

Konmypnoe (pacnpeoenennoe) — xapakTepu3yeTcs TE€M, UTO JJICKTPOJbI
€ro 3a3eMJIMTENS pa3MEIIEHbI 0 KOHTYPY (IEpUMETPY) TUIOIIA/IKU, Ha KOTOPOH
pa3MeIleHo 3a3eMiisieMoe 000pyI0BaHKE, a TAK)KE BHYTPU TOM TUIOMIAIKH.

KoHTypHOE 3a3emiisioniee yCTPOMCTBO — 0oJjiee CII0KHOE B HCIIOJHCHHH,
HO, B OTJIMYME OT BBIHOCHOTO, OOECIEYMBAET 3AIUTy OT IIAroBOr0 HaIpsKe-
HUS, BO3HUKAIOIIETO BOKPYT MECTa 3aMbIKaHUs (Da3bl HA 3€MIII0, YTO JOCTHUTa-
€TCsl BRIpABHUBAHUEM MMOTEHIIMAJIOB BHYTPU KOHTYpA.

3alIMTHOE 3a3€MIICHUE KaK OCHOBHOE CPEACTBO 3allUThl MPUMEHSETCS B
CETSIX C U30JIMPOBAHHOW HEUTpAIIBIO 10 1 KB.

[TpuHIMIT TEUCTBUS 3aIMTHOTO 3a3€MJICHHSI OCHOBAH Ha Mepepacipe/eliCHuu
3HAYEHU MOTEHIIUAJIOB B y3J1ax IeTH (MaJeHUN HANPsDKEHUS Ha €€ yJacTKax).

3amuTHOE 3a3eMJIeHHE OOECIEYMBAET CYIIECTBEHHOE CHIKEHHE MOTEH-
[[Majla Ha KOpIIyCe AJIEKTPOYCTAHOBKM B aBapUMHON CUTyallUM OTHOCHUTEIIBHO
3emuu. HanpsikeHre Ha KOpITyce 3JIEKTPOYCTAaHOBKHM B 3TOM CITy4ae 3aBUCHUT OT
CONPOTHUBJICHUSI 3a3€MJIUTENIS U PABHO MAaJCHUIO HANIPSXKCHUS HA HEM.

Ha puc. 5.5 npuBenena cxema 3amenieHus /7-cetv, B KOTOPOU BBIIIOJTHEHO
3alIUTHOE 3a3eMJieHHe 000pyIoBaHusl, pu mpodoe ¢aszpl C Ha KOPITYC U MPHU-
KOCHOBEHHUHU K KOPITYCYy YEJIOBEKA:

a) KOpIyc HE 3a3eMJIeH, MpU OSTOM HaNpsHKEHUE MPUKOCHOBEHUS
Up =148 B 1 [, =148 MA;

0) xopmyc 3azemiieH Ry = 0 (R; =4-10 Om) 7, = 0,84 MA.
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Puc. 5.5. 3ammTHOE 3a3€MJIEHHE B CETU C U30JIMPOBAHHON HEUTPAIIbIO

Takum oOpaszom, ansi oOecrieueHrs O€30MacHBIX YCJIOBUHM JIJIsl YeJIOBEKa
B CETU C M30JIMPOBAHHOM HEUTPAIBIO CIEAYET YMEHbBIIATh COIPOTUBIICHUE 3a-
3EMJICHUS.

CornacHO mpaBuiaM ycTpoiicTBa 35ekTpoyctaHoBok (1Y) 3ammuTHoe 3a-
3eMJIEHUE PUMEHSETCS:

- pu HanpsikeHuu 10 1 kB B ceTsx ¢ H301MpOBaHHON HEUTPAIIBIO;

- ipu Hanpspkenuu Beiie 1 kB (6, 10, 35 kB) nipu mo0oM pexxkrMe HERTpau.

5.5. CTekaHue TOKa B 3eMJII0 C 3a3eMnuTens
B aBapUMHON CUTyaLumn

CrekaHue TOKa B 3€MIIIO MTPOUCXOJNUT YEPE3 NMPOBOJHUK, HAXOIALIUNCS B
HEMOCPEICTBEHHOM KOHTAaKTe C 3eMJield. Takoil KOHTaKT MOXET OBbITh CiTy4ai-
HBbIM, HallpuMep, OOpbIB U MaJCHUE HA 3€MJII0 MPOBOJHUKA BO3AYIIHOW JTUHUU
AJIEKTPONEPENAYr, WIM MPEIHAMEPEHHBIM. B mocienHeM ciiydyae mpOBOJHUK,
HaXOJSIIUNCA B KOHTAKTE C 3€MJIEH, Ha3bIBACTCS 3a3EMIIUTEIIEM.
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Pacnpenenenue MOTEHIMATIOB HA MOBEPXHOCTH 3€MIIM TMPOUCXOIUT IO
KpUBOM, OJIM3KOM K runepOosie. B 00beme 3eMiIM TOK pacTeKkaeTcsl BO BCeX Ha-
paBJICHUSX, BOZHUKAET MOJIe PACTEKAaHUS TOKA.

B peanbHbIX ycnoBusix Ha pacctosHuu 10—-15 M oT 3a3emuuTenst ceueHue
CJIOSI 3€MJIM, TI0 KOTOPOMY MHPOXOAUT TOK, OKA3bIBAETCS CTOJIb OOJBIIUM, YTO
MJIOTHOCTh TOKa OJIM3Ka K HYJIIO U OTeHIHa He npeBskimaeT 0,5 % noreHnua-
na 3azemuntens. CienoBaTesibHO, MOXKHO CUUTATh IOJIE pAacTeKaHUsl pacIpo-
CTPAHSIOIIMMCSI JIUIb HA paccTosiHue 10 M OT 3a3eMIIUTEIIA.

Jlns onpeneneHus: 3aKk0Ha pacnpeiesieHus] NOTEHIMAIOB BOKPYT 3a3€MJIU-
TEJIs. PACCMOTPUM IIAPOBOM 3a3EMJIUTEb PAIUYCOM ¥, HAXOASIIUUCS B 3eMJIC
Ha OECKOHEYHO OOJIBIION IITyOrHE (JI0OCTaTOYHO TITYOOKO, YTOOBI MOKHO OBLIO
npeHeOpeyb BIMSHUEM MOBEPXHOCTH 3eMin). [Ipeanonaraercs, 4To yepe3 3TOT
IIap B 36MJIIO CTEKAET TOK 3aMbIKaHus /5 (puc. 5.6).

[Tpu ycnoBUM OJHOPOAHOCTH CTPYKTYPBI 3€MJIU, TOK B 3emiie Oy/eT pacTe-
KaTbCsA OT IlIapa PaBHOMEPHO M CHMMMETPHUYHO BO BCE CTOPOHBI (MO pajauaib-
HBIM HampaBlieHUsM). Bo3HUKaeT moje pacTekaHusi TOKa, KOTOPOE MOXKHO pac-
CMaTpUBaTh KaK CTAllMOHAPHOE DJIEKTPUUECKOE IO0JIe, HAMPSHKEHHOCTh £ KOTO-
pOro CBsA3aHa C IVIOTHOCTBIO TOKa O COOTHOIIEHUEM O = £/ p.

[TnoTHOCTH TOKA B 3eMiIe OyieT yObIBaTh 10 Mepe YAAJICHHUS OT 3a3EMIIUTEIS.
Ha paccTostHuu x OT 1IeHTpa I1apa MI0THOCTh TOKa 0 OyJeT paBHa:

13

dmx

2 b

rae 4mx — mionaab cGepbl Ha PACCTOSIHUU X OT 3a3€MITUTES.

[Ipu 5TOM TMHUU HANIPSYKEHHOCTH 3JIEKTPUUECKOTO TOJISI COBMAIAIOT C JIU-
HUSIMA TUIOTHOCTH TOKa, KOTOPBIE B PACCMAaTPUBAEMOM CJIyda€ COBIIAJIAOT
TaKXe€ C paJiycaMM IIApOBOTro 3a3emMinTensd. HanpsKeHHOCTh 3JIEKTPUYECKOTO
MOJIsl paBHA MMAJICHUIO HAMIPSKEHHS, OTHECEHHOTO K €IMHUIE JIMHbI JIMHUU Ha-
PSIKEHHOCTH TOJIA:

_au
dx

E

9
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rae dU — nmajieHre HanmpsoKeHHs Ha y9acTKe dx, T. €. B JIEMEHTAPHOM CJIO€ 3E€M-
JIU TOJIIIUHOM dx (CcM. puc. 5.6).

Puc. 5.6. lllapoBoii 3a3eMJIMTENb, MOTPYKEHHBIN B 3€MJTIO
Ha OOJIBIIYIO TIIyOUHY

[ToTenuan n060i TOUkH B 00bEME 3€MJIM, HapUMeEp, TOUYKU A, paBeH
MaJICHUIO HAMPSOKEHUS B TPYHTE Ha Y4acTKe OT X 0 O€CKOHEYHOCTH, T. €.

(pzde; dU = Edx = dpdx = 4I3p2 dx.
X

W3 naHHOro MHTErpaia BhITEKAET ypaBHEHHUE JUIs TOTEHIMaNa JIo0oH OT-
JAJICHHOW TOYKH X, T. €. YpPABHEHUE MOTCHIUAIBHON KPUBOW:

_ _1p
P=0y =7 (5.1)
[Torenuman, paBHbINA HYITIO, OYJET B TOUKE, OTCTOSIIECH OT 3a3eMJIUTENS Ha
OECKOHEYHO OOJIBIIIOE PACCTOSHHE X.
MakcuMaTbHBIN TTOTEHIMA OyIeT MPYU HAMMEHbBIIIEM 3HAYCHUH X, PABHOM
pannycy 3a3eMIIUTENs, T. €. HEMOCPEJACTBEHHO Ha 3a3eMITUTEIIE:

I
¢, = (5.2)



[ITapoBoit 3a3eMinTETh Ha TIOBEPXHOCTH 3€MJIH, T. €. 3ariayOJICHHBIN Tak,
YTO €ro LIEHTP HAXOAUTCS Ha YpOBHE 3eMiH (puc. 5.7), Ha3bIBAETCS MOIYLIAPO-
BbIM 3a3eminreneM. Ha npakTuke oH 0ObIYHO HE MPUMEHSETCS, OHAKO HA €ro
npuMepe yIoOHO pPaccCMOTPETh MPOLIECCHl BOSHUKHOBEHHUS M pacHpeleICHUs
MOTEHIIMAJIOB HA MOBEPXHOCTH 3EMIIH.

Ps

—X 10 104+ X

Puc. 5.7. Pacnipenenenre noTeHnyana Ha MOBEPXHOCTH 3€MIIM BOKPYT
IIOJIyILIAPOBOTO 3a3eMIIUTENS (@) = (3)

s Takoro 3azemiuTelsi ypaBHEHUME MNOTEHUMAIBHOW KPUBOM, IOKa3bl-
BAIOIIIEH U3MEHEHNE MOTEHIINATIOB HA MOBEPXHOCTH 3€MJIU, UMEET BUJL:

I
_13p
o=—. (5.3)
2nx
Ecnu pazgenuts Beipakenue (5.2) Ha BbIpakenue (5.3) U 0003HAYUTH
IPOM3BEJCHUE MTOCTOSHHBIX (3 M 7 YEPE3 M, TO MOJIyYEHHOE BBIPAKEHUE €CTh

ypaBHEHUE PAaBHOCTOPOHHEN TUNIEPOOJIBI:

1
Q=n—.
X
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CHCI[OBaTeJIBHO, IMOTCHIMAJ Ha IMOBCPXHOCTHU 3CMJIM BOKPYT IIOJIYHIApOBO-
'O 3a3CMJIMTCIIA U3MCHSCTCA 110 3aKOHY mnep60m>1, YMCHbLIIAsACh OT MaKCUMAJIb-

HOT'O 3Ha4CHUs (5 10 HyJIA [10 Mepe yAalIeHus OT 3a3emymTens (cM. puc. 5.7).

B peanbHbIX yCIOBHSX, IPU HEOJAHOPOJHOM I'PYHTE, MOTEHIMAT NpU yAa-
JICHUU OT 3a3E€MJIUTENSI U3MEHSIETCSl HE TI0 rurnepoore, a no KakomMy-audo Japy-
rOMY 3aKOHY.

Hanpsasicenue waza Uy ecTb HanpsHKEHHE MEXITY ABYMs TOYKaMU I0-

BEPXHOCTH 3€MJIM, HAXOSIIMMUCSA OJHA OT APYrOoil Ha PacCTOSIHUM IIara, Ko-
TOPBIX OJJHOBPEMEHHO KaCaIOTCSl HOTH YEJIOBEKA MPHU XOb0€.

OrnpeneneHne maroBoro HanpsHKeHus npuseAeHo B «lIpaBunax ycTpouct-
Ba AJIEKTPOyCTaHOBOK» (manee — «llpaBwmay) [15], m. 1.7.25: «HanpsikeHue
MEXIy ABYMSI TOYKaMHM Ha IOBEPXHOCTH 3€MJIM, HA pacCTOSHUM | M OfHA OT
IPYroi, KOTOpO€ MPUHUMAETCS PABHBIM JIJIMHE 1Iara 4ejI0BEKay.

Tok uepes Teno yenoBeka /;,, MOMABIIEro MO HANPSKEHUE 111ara, Mpoxo-

JIUT TI0 IyTH «HOTa — HOTa» U onpejessercs 1o Gopmylie
I, =Uy /Ry,

Tac Rh — COIIPOTHUBJICHUC TCJIAa YCJIOBCKA.

3HaueHHUe HaIIpsZKCHUA HIara 3aBUCHUT OT PACCTOAHHA 0 3a3CMIIUTCIIA,
d, CJICAOBATCIIBHO, OT KPYTHU3HLI HOTCHHH&J’IBHOﬁ KpI/IBOﬁ B ,I[aHHOﬁ TOYKEC.
MaxkcumanbsHbie 3HadeHuss U i UIMCIOT MECTO IIpU HAMMCHBIIEM PACCTOSHUH OT

3a3€MJIMTENIS, T. €. KOrJa YeJIOBEK OJHOM HOIOM CTOUT HEITOCPEICTBEHHO Ha 3a-
3eMJIATENE, @ APYTOM — HA PACCTOSIHUY 1Iara OT HETO.
Haumenbmue 3HaueHuss Uy NposBIAIOT ce0s NpU OECKOHEYHO OO0JIBIIOM

YIAAJECHUU OT 3a3€MJIMTENS, T. €. MPAKTUUECKHU 3a TPeIesIaMu T10JIs PaCTEeKaHUS
TOKa. B 3TOM cilydyae mOTEHIMAIBI IByX TOYEK 3€MJIM, B KOTOPBIX HAXOIATCA
HOTH 4Y€JIOBEKA, OJJMHAKOBBI, a 3HAUYUT, HANIPSIKEHUE 111ara OyJeT paBHO HYJIIO.
Puc. 5.8 wiroctpupyeT 3TH 1BE CUTYaLUU.

«Hanpsocenue npuxocnosenus: HaPSHKEHUE MEXKTY TBYMS POBOASIIIMMU
YaCTSIMA WJIM MEXIY IMPOBOASLICH YaCThIO M 3EMJIEU IIPU OJHOBPEMEHHOM
MPUKOCHOBEHUM K HUM 4eJIOBEKa WU KUBOTHOTrO» (1. 1.7.24 «IIpaBun» [15]).
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Puc. 5.8. 3KBI/IHOT€HHI/I2LTIBHBIC JIMHUH Ha IMTOBCPXHOCTH 3EMJIN IIPU PACTCKAHUU
TOKa 3aMbIKaHMs Ha 3CMJIIO HA OI[PIHO‘-IHI;Iﬁ 3a3CMJIMTCIIb U HAIIPAXKCHUA,
IMPUJIIOKCHHBIC K pPA3HBIM HOI'aM HMAYIICIO YCJIIOBCKA

3HaueHUEe HANPSHKEHUS MPUKOCHOBEHUS OMPENENSETCS PACCTOSHUEM OT
MeCTa, B KOTOPOM HAaxXOJHTCS 4YeJIOBEK (HOTaMU KacaeTcs 3eMJIM, a pyKamMH —
3a3eMJICHHOTO O00OpyA0BaHus), 10 3azemyinTess. UeM OoJibliie pacCTOSIHUE [0
3a3eMJIMTENIS, TEM BHIIIEC HAMPSHKEHUE MPUKOCHOBEHMS. TOK uepe3 Teno Yelo-
BEKa B ATOM ClIy4ae MPOTEKAET MO MyTH «pyKa — HOTK».

[Ipu OGeckoHEYHO OOJBIIOM PACCTOSHUH, a MPAKTUYECKH — IMPHU PACCTOSI-
HuHU, OonbiieM 10 MeTpoB, HampsHKEHHUE MPUKOCHOBEHUS MMEET HAmOOJbIIee

3HAYCHHC M PABHO MOTCHIMANY 3a3eMiuTenst Uy, = ¢;.

D10 HauboJiee omacHbIN ciiy4yaill MpuKocHOBeHMs. [Ipu MuHMManbLHOM pac-
CTOSIHWM, B CIIy4ae, €CJIM YEJIOBEK CTOWUT HEMOCPEACTBEHHO Ha 3a3€MIIMTEIIE,
HaIPsHKCHHUE TIPUKOCHOBEHHs paBHO Hymo U, =0.

TunuyHoOU sBJISIETCS cuTyanus, Koraga 4CJIOBCK MOJKCT IIOIIACTh ITOI 00Ib-

MOC HAIIPAKCHHUC IIPUKOCHOBCHUA, IIPUKOCHYBIINMCH K BBIHOCHBIM MCTAJLJIMYC-
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CKMM KOHCTPYKUUSM, YJAJI€HHBIM OT TOYKH 3a3€MJICHUS, HO CBSI3aHHBIM C 3a-
3eMJICHHBIM 3JIEKTPOOOOpYAOBaHUEM (KOrJa B pe3yJbTaTe MOBPEKICHUS H30-
JsUUK Pa3zHoe HAIpsKEHUE OKa3bIBAE€TCS Ha €ro Kopiyce). M3BecTHbI pa3nuy-
HbIE KOHCTPYKIIMH 3a3EMIIUTENCH.

5.6. BbipaBHnBaHue n ypaBHuBaHue NoTeHUuanoB

Buvipasnusanue nomenyuanoe eCtb METO]l CHKCHUSI HANIPSDHKEHUS MPU-
KOCHOBEHHUS M IIIara MEXJy TOYKAMHU AJIEKTPUUECKOHN IENH, K KOTOPHIM BO3-
MOHO OJHOBPEMEHHOE MTPUKOCHOBEHUE MJIM HA KOTOPBIX MOXKET OJHOBPEMEH-
HO CTOSITh YEJIOBEK.

B mpaBunax ycTpoWCTBa 3JEKTPOYCTAaHOBOK [15] ueTko ompeneneHa
pa3HUIlAa MEXAY TOHSATUSIMH «ypaBHHUBaHHE» W «BBHIPABHHUBAHUE» IOTEH-
[HAJIOB.

«YpaBHUBAHUE MOTEHIUAIIOB — BJICKTPUUYECKOE COCAUHEHHUE MPOBOASIIUX
yacTeu JJIsl TOCTHUIXKEHUS PaBEHCTBA UX MOTEHIIMAJIOB.

3amuTHOE ypaBHUBAHUE MOTEHIIUAJIOB — YPAaBHUBAHHUE MOTEHIIMAJIOB, BbI-
MOJTHSIEMOE B MENsX ayekTpode3onacHoctny (1. 1.7.32 «IIpasum» [15]).

«BbIpaBHHBaHNE MOTEHIMAIOB — CHMXKEHUE PA3HOCTU MOTEHIMANOB (IIa-
TOBOTO HAIPSDKEHMS) HA MOBEPXHOCTU 3€MJIM WJIM T0JIa TIPU MOMOIIM 3aIluT-
HBIX MPOBOJHUKOB, MPOJIOKEHHBIX B 3€MJIC, B MOJIy WJIM Ha UX MOBEPXHOCTU
U TIPUCOEMHEHHBIX K 3a3€MIISIONIEMY YCTPOWCTBY, WM IyTEM MPUMEHEHUS
CHeNUaIbHbIX MOKPbITUH 3emim» (1. 1.7.33 «IIpasum» [15]).

Ha puc. 5.9 nokaszaH BapuaHT 3a3€MJICHUSI C IOMOIIBIO 3a3E€MJIUTENIA
B BUJIE CETKU C BEPTUKAIBHBIMU DJCKTPOJAMHU U TMOTEHI[MAIbHBIE KPUBBIC
B 00J1aCTH BhIpAaBHUBAHUA MOTEHIIMANOB. Takol 3a3eMJIMTENIb 00ECTIEeUnBAET
3alIUMTY YEJIOBEKa B 3alllUIaeMOl 30HE, oOecrneynBas CHHXKEHHE HampsiKe-
HUS 1Iara Jo JOMYyCTUMOTrO 3HAUYE€HHUS 3a CYET YMEHBIICHUS Pa3MEPOB S4ek-
KU CETKH.

Baxunoe 3HaueHue miisi oOecredeHHs YCJIOBUM AJIEKTPOOE30MacHOCTH
B KOHKPETHOW 3JIEKTPOYCTAHOBKE MMEET BBINOJHEHUE CHCTEMBI YpAaBHUBAHUS
MOTEHIIHAJIOB.
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Puc. 5.9. Cucrema BbIpaBHUBAHUS MTOTEHIIMAJIOB

Ypaeuuetmue nomenuuaioe

[IpaBuiia BBINOJHEHUS] CUCTEMbI YPaBHUBAHMS MOTEHIIMAIOB OIpPE/EICHbI
crangaprom ['OCT P 50571.3-94 (MOK 364-4-41-92) [7] nu nm. 1.7.82,
1.7.83, 7.1.87, 7.1.88 I1YD (7-e u3xa.) [15]. OTu npaBuia mpeaycMaTpyuBaroT
MOJICOSTMHEHUE BCEX MOICKAIINX 3a36MJICHUIO TPOBOTHUKOB K OOIIIEH MINHE.

OcHOBHasi cucTeMa YpPaBHUBAHUS MOTEHIMAJIOB B 3JIEKTPOYCTAaHOBKAaX
3aHUM JOJDKHA COCIMHATh MEXTY COO00M CleAyIoIue MPOBOISIINE YACTH:

- HyJIeBOM 3alUTHBIA PE- i PEN-IpOBOJHUK MUTAIOLIEH JINHUM;

- 323eMJISIFOIIMI TPOBOAHUK 3aIIUTHOTO 3a3€MJICHHS HA BBOJIC B 3/IaHUE;

- METAJUIMYECKHE TPYObl KOMMYHUKAIUHN, BXOSIINX B 3JJaHUE TOPSYETO U
XOJIOJTHOT'O BOJIOCHAOKEHUSI, KaHAJIM3AIlMK, OTOIJICHUSI, TA30CHA0XKEHUS U T. 11
(ecniu TpyOONPOBO Ta30CHAOKEHHSI UMEET U30JIMPYIOIIYIO0 BCTABKY Ha BBOJIC B
JIOM, K OCHOBHOM CUCTEME YpaBHUBAHUS NOTEHIMAJIOB MPUCOEIUHIETCSA TOJIBKO
Ta 4YacThb TPyOOMpPOBOJIA, KOTOpasi HAXOJUTCS OTHOCUTEIBHO H30JUPYIOIIEH
BCTaBKHU CO CTOPOHBI 3/1aHUS);

- METAJUIMYECKHUE YACTH KapKaca 31aHus;
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- METAJNINYECKUE YACTU CUCTEM BEHTUIIALIMU U KOHIUIMOHUPOBAHUS;

- 3a3eMJISIOIIEE YCTPOMCTBO CUCTEMBI COBMELLIEHHON MOJIHUE3AIUTHI;

- METaJUINYECKHUE 000I0YKU TEIEKOMMYHHUKAIIMOHHBIX Ka0emeil.

[TpoBogsiyie yacTu, BXOJSAIINE B 3JaHUE U3BHE, NOJKHBI ObITh COEIUHE-
HBI KaK MOKHO OJIMKe K TOUKE UX BBOJIA B 3/IaHUE.

s coenuHeHuss ¢ OCHOBHOW CUCTEMOM YpPaBHUBAHHUS ITOTEHIMAJIOB BCE
BbIILICYKa3aHHbIE YaCTH JOJIKHBI OBbITh NMPUCOEIWHEHBI K TJIABHOM 3a3eMIISIO-
LICH IIMHE IPU [MOMOIIM OTAEIBHBIX POBOJIHUKOB CUCTEMBI YPABHUBAHMUS I10-
TEHIUAJIOB.

CucreMa JONOJHUTENBHOTO YPAaBHUBAHUSA IMOTEHIMAJIOB JIOJKHA COENIH-
HATh MEXIY COOOW BCE OTHOBPEMEHHO JIOCTYIHbBIE TPUKOCHOBEHHUIO OTKPBITHIE
IPOBOJSIINE YACTH CTALMOHAPHOTO 3JIEKTPOOOOPYI0OBAaHUS U CTOPOHHHE MPO-
BOJAIIME YAaCTH, BKIIIOYas JOCTYIHbBIC NPUKOCHOBEHUIO METAJUIMYECKUE YaCTU
CTPOUTEIIBHBIX KOHCTPYKLIUHM 3aHUsl, @ TAKXKE HYJIEBbIC 3al{UTHBIE IIPOBOIHHU-
KM, BKJIFOYasi 3aILUTHBIE IIPOBOJHUKHU LITEIICEIbHBIX PO3ETOK.

Jlyis ypaBHUBaHUS MOTEHUIUAIOB MOTYT OBITh MCIOJIb30BAaHbI CIELUAIBHO
IIPEyCMOTPEHHBIE IPOBOIHUKH.

[IpaBuia npenycmMaTpyuBaroOT MOJACOCIMHEHUE BCEX MOMIEKALIUX 3a3eMIIe-
HUIO MPOBOJIHUKOB K 001Iel muHe. Takas KOHCTPYKIIUSI 3a3eMJICHHsT o0ecrie-
YUBACT YPaBHUBAHUE ITOTCHIIMAIOB BCEX JJIEMEHTOB JJIEKTPOYCTAHOBKH, KOTO-
pbI€ JOJIKHBI OBITH 3a3€MJICHBI.

Cucrema ypaBHUBaHUSI MOTCHIMAJIOB MO3BOJSET M30€XaTh MPOTEKAHUS
Pa3IUYHBIX HENPEICKAa3yeMbIX YPaBHUTEIbHBIX TOKOB B CUCTEME 3a3E€MJICHU,
BBI3BIBAIOIIMX BO3HUKHOBEHUE PA3HOCTU IOTEHIIMAIOB HA OTACIIBHBIX JJIEMEH-
Tax DJIEKTPOYCTAHOBKH.

Tak, BCe METANIMYECKUE KOHCTPYKLMH, MMEIOIIHUECS B KUJIOM JOME M
IOJUIEKAINUE 3a3€MJICHUIO, C IIOMOILBIO IPOBOJHUKOB ITOACOEIUHEHBI K IJIaB-
HOM 3azemunsitonied muHe. K 3Toil Jke IMKHE MMOACOEINHEHBI €CTECTBEHHBIN 3a-
3€eMIIMTEIb 3JaHUS M 3a3€MIIMTENb MOJIHME3amuThl. CieqoBaTenbHO, 32 CUET
ANEKTPUUYECKOTO COSAMHEHHS BCEX METANIMYECKUX KOHCTPYKIMIM Ha HUX o0ec-

INEYMnBaACTCA OJHUH U TOT XK€ ITIOTCHLINAJI.
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6. MEPbl NO OrPAHUYEHUIO ONMUTENTBHOCTU BO3OENCTBUA
ANEKTPUYHECKOIO TOKA HA OPITrAHU3M YEJTOBEKA

6.1. 3awmMTHOE 3aHYyrNeHue

3ammTa 4eI0BeKa OT MOPAKEHUS DIIEKTPUUECKUM TOKOM MYTEM OrpaHuye-
HUS JUTUTEIBHOCTH €0 BO3JICHCTBUS Ha YEOBEKA MOXKET OBITh OCYIIECTBICHA
YCTPOMCTBAMHU aBTOMATHUYECKOTO OTKIIOUYECHUSA UCTOYHUKA MUTAHHUS.

3amura ¢ TOMOIIBK) ABTOMATUYECKOTO OTKIIOYEHUS] UCTOYHUKA TUTAHUS —
3alllUTHAs] Mepa, IPU KOTOPOW OCHOBHAS 3alllUTa 00ECIIEYNBAETCS KOHCTPYKIIU-
OHHOW H30JISIHMEN MEXKIY OINACHBIMHA TOKOBEAYIIMMHU YACTSIMA U OTKPBITBIMU
MPOBOASIIMMHU YACTSIMU, 3alIUTa XK€ B YCIOBUIX HEUCIIPABHOCTH 0OecreynBa-
€TCSd aBTOMAaTHUYECKUM OTKJIIOUYEHHWEM HamnpsbkeHus. Ha mpaktuke naHHas 3a-
[IUTa PEATU3YETCS 3AIIUTHBIM 3aHYJCHHEM U 3AIUTHBIM OTKIFOUECHUEM.

3alIMTHOE 3aHYJICHHE KaK 3allMTHAs MEpa MPUMEHSIETCS B CETIX C IIyXO-
3a3€MJICHHOU HEUTpaNIbIO 10 1kB.

3alIUTHOE 3aHYJIEHHE €CTh «IPEIHAMEPEHHOE COEAUHEHHE OTKPBITBIX
MIPOBOJSAIIMX YaCTEN C IIIyX03a3€MJIEHHOW HEUTPAJIbI0 I'eHEpaTopa Ui TPAHC-
dbopmartopa B ceTsax Tpex¢a3Horo ToKa, ¢ TIIyX03a3eMJICHHBIM BBIBOJIOM HCTOY-
HUKA OJHO(A3HOTO TOKa, BBHIMOJIHIEMOE B IENSIX 3JIEKTPOOE30MaCHOCTH
(m. 1.7.31 «IIpaBun» [15]).

[IpOoBOAHUK, COEAUHSIOIMN 3aHYJISIEMBIE YACTH C TJIYX03a3€MJICHHON HEM-
TpPaJIbHOM TOYKOW OOMOTKHM MCTOYHHMKA TOKA WJIM €€ SKBUBAJIEHTOM Ha3bIBACTCS
HYJIEBBIM ITPOBOJIHUKOM.

[lenbro 3aHyNEHUS ABISAECTCA YCTPAHCHUE OMACHOCTH MOPAKECHUS YETOBEKA
(mepcoHaa) mpu MOBPEKICHUMN U3OJIALIMU — 3aMbIKAHUU Ha KOPIyC 000py0-
BaHUs OJHOU U3 (a3 ceTu. 3asgBiICHHAs 11eJIb JOCTUTAETCS B pe3yJibTare fvicm-
D020 OMKIIOYEeHUA MAKCUMAJIbHOW TOKOBOM 3allUTOW ydacTKa CETH, Ha KOTO-
POM ITPOU3OILIO MOBPEKACHUE U30JISILUN.

biarogapss mpUCOEOMHEHUIO K HYJIEBOMY IIPOBOAY, a, CIIEIOBATENBHO,
K HEUTpajau MCTOYHUKA, BCEX HETOKOBEAYIIUX MPOBOISIIMX YacTe 000pyno-
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BaHMsI, OHO(a3HOE 3aMBIKaHKME Ha KOPIYyC IMpeBparmiaeTcs B ogHOpa3HOE KO-
poTkoe 3aMmbikanue (K3), BeI3biBatoliee cpadbarbiBaHUEe MaKCUMaIbHONU TOKOBOM
3alUThl (TIJIABKUX BCTABOK WJIM aBTOMAaTHMYECKMX BbIKiIrouaTesnei). Ha puc. 6.1
IPUBECHA CXeMa 3aHYJIEHUS METAITTHYECKUX KOPITYCOB 3JIEKTPOOOOPYA0BAHUS
TSt Tpex(}a3zHOM YETHIPEXMPOBOIHON CETH IEpeMEHHOTO ToKa. [1o Takoi cxeme
BBINIOJIHEHBI HanboJiee paclpocTpaHeHHbIe ceTu HanpshkeHueM 380/220 B.

A S Y -

Puc. 6.1. IlpuHumnnuanbHas cxema 3allUTHOTO 3aHyJIeHUs: B cucteme 1N-S

YcnoBHble 0003HaUeHUS Ha cxeMe (puc. 6.1):

[ — Kopryca 3IeKTpOyCTaHOBKH (3JICKTPOIBUTATENb, TPAaHC(OpMATOp U T. 11.);

2 — ammapartsl 3amuTel oT TokoB K3 (mpemoxpaHuTenn 1 aBTOMaTHISCKUE
BBIKJIFOYATEIN );

R; — conpoTuBieHNE 3a3€MIICHHS HEUTpaJId OOMOTKY HCTOYHHKA TOKA;
R;, — conpoTuBIIEHUE TEJIa YEIIOBEKA.

[Mpuntun neiictBus 3anynenus. [Ipu 3ambikannu ¢a3HOTO MTPOBOIHUKA HA
3aHYJICHHBIN KOpMycC 3JekTpororpedutens (puc. 6.1) oOpasyercs 1enb TOKa
01HO()Aa3HOTO KOPOTKOTO 3aMbIKaHUS (T. €. 3aMbIKaHUsI MEXAY (a3HbIM U HyJIe-
BBIM 3al[UTHBIM MMPOBOJHUKAMH).

Tox omHO(Aa3HOTO KOPOTKOTO 3aMBIKaHMSI BBI3BIBAET CpalOaThIBAHUE MaK-
CUMAJIbHOW TOKOBOM 3aIllUThI, B PE3YJIbTATE YETO MPOUCXOIUT OTKIIFOYEHHUE TI0-
BPEXKJACHHOM 3JIEKTPOYCTAaHOBKM OT nurtaronieit cetu. Kpome toro, 10 cpadatbi-
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BaHMUSI MaKCHUMAJIbHOW TOKOBOM 3aIUTHI IPOUCXOJMUT CHHM)KCHHUE HANPSHKCHUS
MOBPEXKJIECHHOTO KOPITyCa OTHOCHUTENIBHO 3€MJIH, YTO CBSI3aHO C 3aL{UTHBIM JICH-
CTBHEM MOBTOPHOI'O 3a3€MJIEHUS HYJEBOI'O 3AIMTHOTO MPOBOJHHMKA U MEpE-
pacrpeaesIeHueM HANPSKEHUM B CETU IPH MPOTEKAHWHA TOKA KOPOTKOTO 3aMbl-
KaHHSL.

CrnenoBaTenbHO, 3aujummnoe 3amyaeHue o0ECleunBaeT 3aluTy OT IMopa-
YKEHHUSI IIEKTPUYECKUM TOKOM MPH 3aMbIKAHUH HA KOPIYC 32 CUYET OrPAaHUYEHUS
BPEMEHHU MPOXOXKIACHUS TOKAa YEPE3 TEJIO YEIOBEKA U 3a CUET CHMXKCHHUS Ha-
MPSIKEHUS] TPUKOCHOBEHUSI.

B kauecTBe MaKCUMaJIbHOM TOKOBOM 3alllUThI, 00ECIIEUMBAIOIIECH ObICTPOE
OTKJIFOUEHUE DJIEKTPOYCTAHOBKH B aBAPUUHOM PEXUME, MOTYT UCIIOJIb30BATHCS
IJIaBKUE TPEIOXPAHUTENN M aBTOMATHYECKHUE BBIKIIOYATENIH, YCTaHABIMBAC-
MBI€ JIJIS1 3aIUTHl OT TOKOB KOPOTKOT'O 3aMbIKAHHS.

Ha3HaueHne HyJ€eBOro 3allUTHOTO MPOBOJHHMKA B CXEME 3aHYJECHUSA —
o0OecneunTb HE0OXOAMMOE JI OTKJIKOYEHHUSI YCTAaHOBKM 3HAUEHUE TOKa OJIHO-
(ha3HOrO0 KOPOTKOTO 3aMbIKaHUs MyTEM CO3JaHMs JUIsl 3TOrO TOKa LENu ¢ Ma-
JBIM COIPOTHUBIICHUEM.

[IoBTOpHOE 3a3eMIIEHME HYJEBOI'O 3aLIMTHOIO NMPOBOJHHMKA MPAKTUYECKHU
HE BJIMSAET Ha BPEMS OTKIIOUEHUS DJIEKTPOYCTAHOBKM OT ceTH. OIHAKO mpH
AKCIUTyaTallMy 3aHyJIEHUS MOTYT BO3HUKHYTh TaKUE€ CHUTYallMH, KOrJa MOBTOP-
HO€ 3a3eMJICHUE HYJEBOI'O 3aIUTHOrO MPOBOJAHHMKA HEOOXOJIMMO, HAmpUMED,
pyu OOpBIBE HYJIEBOTO 3alTUTHOTO MpoBOoaHMKA. [Ipn mpumeneHnn cuctembr TN
PEKOMEHAYETCsl BBINOJIHATH OBTOPHOE 3a3eMiieHue PE u PEN-IpOBOJHUKOB Ha
BBOJIE B 3JIEKTPOYCTAHOBKH 3/IaHUM, a TAKXKE B APYTUX JOCTYIHBIX MECTaX.

JIJ1s1 TOBTOPHOIO 3a3€MJIEHUS HYJIEBBIX 3ALUTHBIX IPOBOJAHUKOB CIIETYET
B [IEPBYIO OYEPEIb UCIIOJIB30BATh ECTECTBEHHBIC 336 MIIUTENH.

B HyJIeBOM 3alIMTHOM NPOBOJHUKE 3anpeuiaemcs Cmaeums 6blKa0Ua-
menu, npedoxpanumenu u opyzue npuéopvl, COnpomueieHue KOmopovlx npe-
svtuiaem 0,1 Om. Ilpucoenuuenre JOKHO OBITh JOCTYITHO ISl OCMOTpA.

HyneBpie 3alMTHBIE MPOBOAA W OTKPBITO MPOJIOKEHHBIE HYJIEBBIE 3aIUT-
HbI€ POBOJHUKH JIOJKHBI UMETh OTJIMYUTENIBHYIO OKPACKY: 10 3eJ€HOMY (POHy
YKEJTHIE TIOJIOCHI.

Pacuer 3aHyneHUs UMEET LEIBI0 ONPEACIIUTH YCIOBUS, IPU KOTOPBIX OHO
HA/I)KHO BBIMOJHICT BO3JIOKEHHBIE HA HETO 3aJa4 — OBICTPO OTKIIIOYAET IO-
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BPEXKICHHYIO YCTAaHOBKY OT CETH U B TO K€ BpeMsi o0ecreunBaeT 6€301MacHOCTh
MPUKOCHOBEHUSI YE€JIOBEKAa K 3aHYJEHHOMY KOPITyCY B aBapUWHBIA TEPUOJ.
B cooTBeTCTBHM ¢ 3TUM 3aHYJIEHUE PACCUUTHIBAIOT Ha OTKIIFOYAIOIIYIO CIIOCO0-
HOCTb.

B cucreme TN, cornacuo «IIpaBunam» [15], . 1.7.79, Bpems aBTOMa-
TUYECKOTO OTKJIIOYECHUS MUTAHUS HE JOJDKHO MPEBBINIATh 3HAUCHUM, YKa3aH-
HBIX B Ta0II. 6.1.

Tabnuya 6.1
Hawnbompiiee 1omycTuMoe BpeMs 3aI[UTHOTO
aBTOMATUYECKOI'0 OTKJIIOYEHUS MTUTAHUS
HomunansHoe dasnoe nanpspkenne U, B Bpewms oTknrouenus, ¢
127 0,8
220 0,4
380 0,2
Bonee 380 0,1

[IpuBeneHHbIEC B TaOMIle 3HAYCHUS BPEMEHU OTKJIFOUEHUS MUTAHUS CUU-
TalOTCS JOCTATOYHBIMU JJI1 OOECrieYeHusl 3JIEKTPOOE30NaCHOCTH, B TOM YHCIIE
Y B IPYNNOBBIX LEMAX, MUTAIONMX NEPEABUKHBIE U EPEHOCHBIE 3JIEKTPOINPH-
E€MHUKHU U PYYHOM DIIEKTPOMHCTPYMEHT Kiiacca [. B nmensix, nuraromux pacmpe-
JEIATENbHBIC, TPYNIIIOBBIC, 3TAXKHBIC U IPYTUE IIUTHI U IIUTKU, BPEMS OTKIIIO-
YEHMS HE JIOJKHO MPEBBIIATH S C.

[IonHOE CONMPOTUBIIEHUE 3ALIMTHOIO MPOBOAHUKA MEXKIY TJIABHOM 3a3€M-
JSAIOUEH MWHOM M PAaCIHpPEICIIUTENbHBIM IUTOM WM IMUTKOM HE IMPEBBIIIACT

3HaueHus1, Om

Trac /11 — IOJIHOE COIIPOTHUBJIEHUE OCIIN «Ma3a — HOJIb» Owm;
]_I ) )

Uy — HOMUHAJIBHOE (Da3HOE HANpsKEHUE CETH, B;

50 — maneHWe HaIpPsSHKEHUS HA YYacTKE 3alllUTHOIO MPOBOJHUKA MEXKIY
[JIaBHOW 3a3€MJISIFOIIEN IIMHOW U PACTIPEICIIUTEIIbHBIM IIIUTOM WJIM IIATKOM, B.
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Pacyet 3aHyneHUs Ha OTKIIIOYAIOUIYIO CTIOCOOHOCTH 3aKIIIOYAETCs B OIpe-
JICJICHUH MMapaMeTPOB HYJIEBOT'O 3allIMTHOTO MPOBOJHMKA (JIJIMHA, CEUCHHE, Ma-
TEepUal) U MaKCUMaJIbHOM TOKOBOM 3allIUTHI, IPU KOTOPHIX TOK OJHO(DA3ZHOTO
KOPOTKOTO 3aMbIKaHMS, BO3HUKAIOMMNA TPHU 3aMbIKaHUK (Pa3HOTO MPOBOJAa Ha
3aHyJICHHBIA KOPIYC, BbI3Bal Obl cpabaThIBaHHME MaKCHMaJbHOW TOKOBOM 3a-
IIUTHl 3a BpeMs, yKa3zaHHOe B Tabnuie. VM3mepeHue cONpoOTUBIEHUS MNETIU
«(aza — HOJIb» M TOKOB KOPOTKHX (ha3HBIX 3aMbIKAaHUW MPOBOJIUTCS ISl OIpe-
JICTICHUS] BpEMEHHU cpabaThIBaHUS 3aIIUTHBIX YCTPOMCTB.

CompotuieHue netiu «dasza — HOJIb» HeoOXoauMo i pacuera Toka K3.
OT 3HauYeHHs 3TOrO CONMPOTHUBIICHUS 3aBUCUT BpeMsl cpadaThIBaHUs arapara
3amuThl. B KauecTBe anmmapaToB 3alIUTHl OOBIYHO MPUMEHSIOTCS aBTOMATHYe-
CKME€ BBIKJIIOYATENM WM MpeJoXpaHuTeNnu (IUIaBKKME BCTaBKu). Bpems cpala-
THIBAHUS aBTOMATa JIOJDKHO yAOBIETBOPATH TpeboBanusMm [1YD (cm. tadm. 6.1).

ComnportuBieHre netiau «}aza — HOJb» ONpPEAENseTCs IJIMHOM, CeYeHUEM
IIPOBOJIHUKOB, CLIOCOOOM COEIMHEHUS yYaCTKOB, KAYE€CTBOM IMPOKJIAJAKU JTUHUH,
KOJIMYECTBOM OOJITOBBIX COEAMHEHUH.

J71st u3MepeHusi CONPOTUBIICHHS TIETIHN «dasza — HOJIb» cucTeMsbl TN cyiie-
CTBYET HECKOJIBKO Pa3JIMYHbIX METOA0B. OJIMH W3 HUX OCHOBAH Ha M3MEPEHUH
CONPOTHUBIICHUS NETIH «(pa3za — HOJIb» CHOCOOOM M3MEPEHUS MaJICHUs HaIps-
KEHUS Ha pe3ucTope (cxema Ha puc. 6.2).

HamnpsbkeHue B UCHBITYEMOM LIENU MU3MEPSIOT C BKJIIOUYEHHBIM U OTKIIIO-
YEHHBIM COMPOTUBICHUEM HArpy3ku R U COMPOTUBIICHUE NMETIH «(]a3a — HOIbY
pPacCUYUTHIBAIOT 110 hopMyJie

U -U, 220-217,9
I, 2,179

7 =

=0,963 Owm,

r7ie Z — MOJIHOE COMPOTUBJICHHUE METNIN «(da3a — HOIbY, OM;
U, — HampspKeHHe, U3MEPEHHOE IPU OTKIYEHHOM COIPOTHBIICHUU Ha-

rpy3ku, B;

U, — HalpsiKeHHUE, U3MEPEHHOE IIPU BKJIFOUEHHOM COIPOTUBIICHUH HAIPY3-
Ku, B;

I — TOK, IPOTEKAIOLINI Yepe3 CONPOTUBIICHUE HATPY3KH, A.
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Puc. 6.2. Cxema u3MepeHus COPOTUBIICHUS NETIH «(a3a — HOJbY»

Meton u3MepeHus MajeHUsT HANPSKEHUsI Ha HArpy304HOM COIPOTHBIIE-
HUM PEKOMEHI0BaH npuioxenreM D1 cranmapra [7].

Cy1miecTByeT psiJi CTaHIapTHBIX TPUOOPOB ISl U3MEPEHUST COPOTUBIICHUS
et «(a3a — HOJIbY» Pa3TUIHBIX TPOU3BOAUTEIICH.

6.2. KoHTponb nsonsaunm, obHapyxeHue noBpexaeHun

Kak On110 1mokaszaHo BBIIIC, B QJICKTPHUUCCKUX CECTAX U JICKTPOYCTAHOBKAX,
HN30JIUPOBAHHBIX OT 3CMJIM, YCIOBUA 3J'ICKTpO6€30HaCHOCTI/I N HaICKHOCTHU
3H€pFOCH86)KCHI/I$I B 3HAYMTEIbHOM MCpEC OIPCACIIAOTCA COCTOAHUCM H30JIA-
o1y, €€ COIIPOTUBICHUECM U CMKOCTBIO (baSHBIX IIPOBOJOB OTHOCHUTCIIBHO 3CMIJIN.
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Jlst oGecrieueHrss TpeOyeMOro YpoBHSI CONPOTUBIICHHS HU30JISIITUN B DJICK-
TPUYECKON CETH WJIM KOHKPETHOM 3JIEKTPOYCTAHOBKE IMpaBUJia MPEINUCHIBAIOT
BEJICHWE HEMPEPHIBHOTO ABTOMATHYECKOTO KOHTPOJIA (MOHUTOPHUHIA) COMPO-
TUBJICHUS U30JISILIUU, OCYIIECTBISIEMOr0 YCTPOUCTBAMH KOHTPOJISI U30JISLIUH.

B rnage 1.6 «IIpaBun» [15] npuMeHeHne yCTPOUCTB KOHTPOIS U3OJALUN
pernamentupyercs 1. 1.6.12: «B ceTsax nepemMeHHOro Toka Baiuie 1 kB ¢ nzonu-
POBAHHOW WJIM 3a3€MJICHHOM 4Yepe3 AyTroracsllfil peakTop HEUTPAIIbIO, B CETAX
NEPEMEHHOr0 Toka 0 1 kB ¢ M301MpOBaHHON HEUTPAIBIO U B CETSIX MOCTOSH-
HOT'O TOKa C M30JMPOBAHHBIMU IMOJIIOCAMU WK C U30JIMPOBAHHOM CpeHEN TOU-
KOW, KaK MpaBWJIO, JOJDKEH BBIMOJHATHCS aBTOMATHUYECKUN KOHTPOJb H30JIs-
LMH, TEUCTBYIOIINI HA CUTHAI MPU CHUXKEHWU CONPOTHUBIIEHUS W3OJSALHUHU O1-
HOM U3 (a3 (WM moJiroca) HUXKE 3aJ]aHHOTO 3HAYCHHUS], C TOCJIEIYIOIUM KOH-
TPOJIEM aCUMMETPUU HANPsHKEHUS TPHU ITOMOIIM ITOKa3bIBAIOIIECTO MpUOOpa
(C MEepEKITIOYEHUEM ).

B «lIpaBunax» [15] (1. 1.7.165) npeanuckiBaeTcsi 00s13aTeIbHOE MpPUME-
HEHHE KOHTPOJISI U30JISLHMH B IEPEBHXKHBIX AJIEKTPOYCTAHOBKAX:

«ABTOHOMHBIE TIEPEIBUKHBIEC UCTOUHUKH IMUTAHUS C U30JIMPOBAHHON HEM-
Tpajbl0 JIOJKHBI UMETh YCTPONCTBO HEMPEPHIBHOTO KOHTPOJISI COMPOTUBIICHUS
U30JIALIMHM OTHOCUTEJIBHO KOpITyca (3eMJIM) CO CBETOBBIM M 3BYKOBBIM CUTHaJIa-
mu. JlomkHa ObITh 0OecrieueHa BO3MOKHOCTh MTPOBEPKU MCIIPABHOCTH YCTPOU-
CTBA KOHTPOJISI U30JISILUU U €r0 OTKIFOYEHUSD.

OYHKIMU YCTPOUCTBA KOHTPOJS H3OJISIIUU 3aKIIOYAlOTCS B M3MEPEHUU
CONPOTUBJIEHUSI U3OJSILUUA CETEU MO0 padodyum HAnpA}CeHUem U npu K-
YEHHBIX MOKONPUEMHUKAX, OLICHKE PE3YJIbTATOB U3MEPEHHUS IyTEM CPAaBHEHUS
C KOHTPOJIbHBIM YPOBHEM (YCTaBKOI1), 3aaBa€MbIM, KaK MIPaBUIIO, 110 YCIOBUSIM
ANEKTPOOE30MacCHOCTH, U, B Clly4ae HEOOXOJMMOCTH, BKIFOUEHUW CHUTHAIM3a-
IIMU WA BO3JICHCTBUYU Ha OTKJIFOYAIOIIHNM anmnapar.

Takum 00pa3oM, yCTPOMCTBO KOHTPOJISL U3OJISIIIUU OCYILIECTBIISIET «3aAIIUTY
YeJ0BeKa M30JISIUEN LETeil 3JIEKTPOYCTAHOBKI MTyTEM BEJICHUSI HEMPEPHIBHO-
T0 U3MEPEHUSI COMPOTUBIICHUS U30JISIIIUU C LIEJIbIO MOJIJIEPKAHUS €r0 3HAYCHUS
Ha YpOBHE, 00€CIIEUNBAIOIIEM YCIOBHS JIEKTPOOE30MaCHOCTH.

BrllensnokeHHoe 03Ha4aeT, YTO KOHTPOJIb U30JSLUU ABISIETCS, HE00XO-
JTUMBIM, HO HE JOCTATOYHBIM YCJIOBHEM OOECIICUCHHS YCIOBUU AJIEKTPOOE30-
NACHOCTH.
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JIOCTaTOUYHBIMHU YCJIOBUSIMH MOTYT OBITh: MOAJEPKAHHE COMPOTHUBICHHUS
U30JISIMY Ha YPOBHE BBIIIE KPUTHUECKOT0, 3aUUTHOE OTKIFOYEHHUE U T. II.

[Io Ha3HAYEHUIO YCTPOWCTBA KOHTPOJIA M3OJSALMU MOYKHO pa3feiIuTh Ha
TPYIIIbI:

A — ycTpoiicTBa aBTOMAaTHYECKOr0 (HEMPEPBIBHOTO) KOHTPOJISL COMPOTHUB-
JI€HUS U30JISILUU CETU UM YCTAHOBKUA OTHOCUTENIBHO 3EMIIH;

b — uncnekropckue mpuOOpPHI sl MEPUOTUIECKUX KOHTPOJIBHBIX U3MEpe-
HUI CONPOTUBIICHUS U30JISILUU B paboueM pPeKUME CETH;

B — ycTpolicTBa CEeNEeKTUBHOTO OOHAPYKEHUSI B PA3BETBICHHBIX SJIEKTPU-
YECKUX CeTAX NpucoenuHeHus (puaepa) ¢ NOHMKEHHBIM CONPOTUBICHUEM
W30JIALIU Y.

B nacrosiee Bpemsi B Poccun 1 3a pyOexoM BBITYCKAIOTCS yCTPONCTBA
KOHTPOJISI U30JIALMH, OTJIMYAIOLIUECS APYT OT ApYyra MPUHIUIIOM JEHCTBUS, KOH-
CTPYKTUBHBIMU PELICHUSMHU, 00JACTHIO0 MTPUMEHEHUS], HAJIEAKHOCTBIO paOOTHI.

[Tpu6op ACTPO-MN30-470 mpenHasHaueH AJisi BEACHUS HEMPEPHIBHOTO
aBTOMAaTHYECKOI0 KOHTPOJS (MOHUTOPUHIA) CONMPOTHUBICHUS WU30JSLUU OTHO-
CUTEJIbHO 3€MJI OJHO- M TpeX(a3HbIX ANEKTPOYCTAHOBOK C CHUCTEMOM 3a3eM-
nenus tuna I7T (pexxuM U30JIMPOBAHHON HEUTpAIn) U UMEET BHICOKUE TEXHHUYE-
CKHe napaMeTpsl (Tabii. 6.2 B coOKpaleHHOM BapuaHnrte, [20]).

Tabnuya 6.2
Texunueckue napametpsl mpudopa ACTPO-N30-470 [20]

11\/&;[ HaunmenoBanue HomunansHoe 3HaueHue
1 Hanpsoxenue koHTponupyemoi cetu, B 0-500
2 Yacrora KOHTpOoJIMpyeMou cetu, 1y 10-1 000
3 Hanpsixenne nuranus, B 176274
4 Hanpsiokenue onepatuBHOro Toka, B 15
5 OnepaTuBHBIN TOK, HE Oosiee, MA 0,1
6 Buytpennee conporusienue (nomanoe, 50 '), kOm <250
7 Bpewmsi cpabatpiBanuii (pu €MKOCTH KOHTPOJIH- 0,7-1,3

pyemoii cetu He 6onee 1 MkD), ¢
8 MakcumanbHO JIONyCTUMasi €MKOCTb KOHTPOJIU- 20
pyemoin, Mk®D
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ACTPO-N30-470 BemonHsIET cieaytonme QyHKINM:

- HAJIO’)KEHHUE Ha KOHTPOJIUPYEMYIO CETh ONIEPATUBHOIO TOKA,;

- HETPEPBHIBHOE U3MEPEHUE TEKYIEro 3HAYEHUSI ONIEPATUBHOTO TOKA;

- 00paboTKa pe3yabTaTOB U3MEPEHHUS IJICKTPOHHBIM YCTPOUCTBOM Ha Oasze
MUKPOMPOLIECCOPA U COMOCTABJICHUE UX C 3a1aBA€MOU YCTaBKOW;

- UHAUKAIUSL 3HAYEHUS COINPOTHUBIICHUS U3OJALMU OTHOCUTEIBHO 3E€MJIU
KOHTPOJIUPYEMOM 3JIEKTPOYCTAHOBKY;

- BKJIFDYEHUE CUTHAJA TPEBOTH B CIy4Yae CHIXKEHUS CONPOTHUBIICHUS H30-
JSIUAM HUKE 33IAaHHOTO 3HAaYeHUs (YCTaBKH).

6.3. 3awmTHOE OTKNI0YEeHUue

Ha3zHaueHue yCcTpOWCTB 3allIUTHOTO OTKIIIOUEHHUS. Y CTPOMCTBO 3aIIUTHOTO
orkitoueHus (Y30) Ha auddepeHnnaibHOM TOKE — COBPEMEHHOE, BBICOKOA (-
(EeKTUBHOE, BO MHOTHX CilydasX Oe3allbTepHATUBHOE CPEICTBO 3alIUTHI YEJ0-
BEKa OT MOPaXKEHUS IJIEKTPUUECKUM TOKOM. Y30 TakKe OCYIIECTBIISIFOT 3alllU-
Ty 3JEKTPOYCTAaHOBOK OT BO3TOpPaHUN M IMOXKAPOB, BOSHUKAIOIIMX BCIEACTBUE
MPOTEKAHUSI TOKOB YTEUKH U, KPOME TOTO, BCIECACTBUE PIEKTPUUECKON TyTH U3-
3a 00pa30BaHUs MTPOBOSAIINX MOCTUKOB.

Hapsiny ¢ ycTpoiicTBaMH 3aIlIUTHI OT CBEPXTOKA, ¥ 30 OTHOCATCA K IOMOJ-
HUTEJIbHBIM BHUJIAM 3alIUTHI YEJIOBEKA OT MOPAXKEHUS ICKTPUUYECKUM TOKOM,
o0ecreurnBaeMoil MyTeM aBTOMATHYECKOTO OTKIIOUEHHUS MUTAHMUS.

ABTOMATHYECKOE OTKJIIOYCHHE MUTAHWS B BapUaHTE 3aHyJICHUS KOpIyca
AIIEKTPOYCTAHOBKH OOECIIEYMBACT 3AIHUTY YEJIOBEKa MPU KOCBEHHOM IMPHUKOC-
HOBEHHUU — MYTEM OTKJIIOUEHHS aBTOMAaTHYCCKUMH BBIKIIFOYATEIISIMH WU TIpe-
JOXpaHUTEIIMU (TUTAaBKUMHU BCTABKaMH), U3HAYAJIBLHO MpEIHa3HAYCHHBIMU JIJIs
3aIUTHl 000PYIOBAHUS, MOBPEKICHHOTO Y4YacTKa IIEMH MPU 3aMbIKAHUW Ha
KOpIyC.

[Ipy ManbIx TOKax KOPOTKOTO 3aMbIKaHUS M OOJIBIIOM CONPOTUBICHUU
neTin «@dasza — HOJIbY, a TaKKe MpPU OOpBIBE HYJEBOIO MPOBOJHHUKA 3aHYJICHUE
JIEUCTBYET HENOCTATOYHO d(P(HEKTUBHO, MOATOMY B ITHX ciyyasx Y30 sBIseT-
Csl €IMHCTBEHHBIM CPEJICTBOM 3AIIUThI UEJIOBEKA OT JIEKTPONOPAKEHUS.

B ocHOBe JeWCTBUS 3allIUTHOTO OTKJIIOUECHHUS KaK 3JIEKTPO3alIUTHOTO
CpeCTBa JICKUT MPUHLIUI OTPaHUYECHUS (32 CUET OBICTPOro OTKIIOUYEHHS) MPO-
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JNOJDKUTENBHOCTH IPOTEKaHUs TOKA YEpe3 TEJIO YEIOBEKa IPU CIIy4YalHOM He-
IPEAHAMEPEHHOM MPUKOCHOBEHUM K TOKOBEAYILIHUM YaCTIM JJIEKTPOYCTAHOBOK
(MpsIMOM TIPUKOCHOBEHMH) WJIM MPU MPUKOCHOBEHHWU K MPOBOJIAIIUM HETOKO-
BEIYILIUM 3JIEMEHTaM 00O0pYJOBaHUS, OKa3aBIIMMCS IO/ OMACHBIM MOTEHIMA-
JIOM TIpY MOBPEXACHUU U30JSIUUHU (KOCBEHHOM IIPUKOCHOBEHHH).

N3 Bcex M3BECTHBIX AJIEKTPO3AMMTHBIX cpeactB Y30 SBIAETCS €IUHCT-
BEHHBIM, 00ECIIEYMBAIOIINM 3AIIUTY YEJIOBEKa OT MOPAKEHUS DIEKTPUUECKUM
TOKOM IIPH NPSIMOM IIPUKOCHOBEHUH K OJTHOU U3 TOKOBEAYIIMX YaCTEM.

Jpyrum He MeHee BaKHbIM CBOMCTBOM Y30 sBIs€TCS €ro COoCOOHOCTH
OCYILECTBIIATH 3alIUTy OT BO3TOPAHUI U MOXkKApOB, BO3HUKAIOIIUX HA 00BEKTax
BCJIEJICTBUE BO3MOXHBIX MOBPEXKACHUN H30JSIUN, HEHMCIIPABHOCTEW 3IJIEKTPO-
IPOBOJAKH U 3JIEKTPOOOOPYI0BAHUS.

[Tockonpky K3, kak mpaBuiio, pa3BUBAIOTCS U3 e(PEKTOB M3OJSALNH, 3a-
MBIKaHUM Ha 3€MJIIO, YTEUEK TOKa Ha 3emMilto, Y 30, pearupys Ha TOK yT€YKHU Ha
3eMJIIO WJIM 3alIUTHBIN IPOBOHUK, 3a0JIarOBPEMEHHO, 10 Pa3BUTHSI B KOPOTKOE
3aMBIKAHUE, OTKIIFOYAET IEKTPOYCTAHOBKY OT MCTOYHMKA IHUTAHMS, MPEAOT-
Bpallas TEM CaMbIM HENOITYCTUMBIM HarpeB IPOBOJHUKOB, HCKPEHHUE, BO3ZHUK-
HOBEHME JAYTY U BO3MOXKHOE MTOCIEAYIOLIEE BO3TOPAHHUE.

B oTnenpHBIX CilydasX SHEPruM, BBIAEISEMON B MECTE OBPEKIACHUS U30-
JSIUHAW TIPYA MTPOTEKAHUU TOKOB YTEUYKH, JOCTATOYHO IS BOBHUKHOBEHUS OYara
BO3TOpaHUs U, KaK CIEACTBUE, I10Kapa.

[To maHHBIM Pa3NMUYHBIX OTEUECTBEHHBIX U 3apyOEKHBIX UCTOYHHUKOB, JIO-
KaJIbHO€ BO3rOPAaHUE M30JSLHUHA MOXKET ObITh BBI3BAHO JOBOJBHO HE3HAYUTEIb-
HOM MOITHOCTBIO, BBIACISIEMON B MECTE YTEUKH.

B 3aBucumocTu OT Marepuana U cpoka Ciy>kKObl M30JILUUA 3Ta MOLUIHOCTb
coctasisieT Bcero 40—60 BT. D10 03HauaeT, 4To CBOEBpEMEHHOE CpabaThIBaHUE
Y30 nporuBonoxkapHOro HazHaueHus ¢ ycraBkoil 300 MA npenynpenur Bbiae-
JIEHWE YKa3aHHOU MOIIIHOCTH, U, CJIE0OBATEIBHO, HE JOMYCTUT BO3TOPAHUS.

MHOro4ncieHHbIe CTATUCTUYECKUE TAHHBIE CBUIETEIBCTBYIOT O BBICOKOMN
s dextrBHOCTH Y30 KaK 3JIEKTPO3AMIMTHOTO MEPONPHUATHS: HAUYMHAS C Cepe-
muebl 70-x rr. XX B., B eBponelickux crpaHax, CIIIA, fnonun ormeyeHo pes-
KO€ CHW)KEHUE AJIEKTPOTPABMATH3MA.
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6.4. MpuvHUMN AeNCTBUA YCTPOMUCTBA 3aLLUMTHOIO OTKITHOYEHUA

OyHkMoHaNBHO Y30 MOXXHO ONpPEETUTh KaKk ObICTPOJICUCTBYIOMIMM 3a-
IIUTHBIA BBIKJIIOYATENb, PEArUPYIOIIMN Ha pa3HUIly TOKOB (auddepeHnuaib-
HbIl TOK) B NPOBOJHHUKAX, IMOJBOJAIIMX 3JIECKTPOIHEPIHUI0 K 3allUIIAEMOM
3JIEKTPOYCTAHOBKE.

[Mpunuun nevicteus Y30 nuddepeHnnanbHOro Tuna OCHOBAaH Ha MpUMe-
HEHUU 3JIEKTPOMArHUTHOTO BEKTOPHOTO CyMMaTopa TOKOB — nuddepeHuaib-
HOTO TpaHchopmaTopa TOKa.

CpaBHEHUE TEKYIIUX 3HAYCHUH JBYX TOKOB U 00Jjiee (B YEThIPEXIOIIOCHBIX
VY30 — yetbipex) no ammnTyae v ¢daze Haudonee 3PEKTUBHO, T. €. C MUHU-
MaJIbHOW MOTPEIIHOCTBI0, OCYIIECTBIAETCS IEKTPOMArHUTHBIM IyTEM — C TIO-
Moo auddepeHimansHoro Tpanchopmaropa Toka (puc. 6.3).

Baxueimum QyHKiimoHansHeIM 0510k0oM Y30 sBisiercs nuddepeHmnans-
HBIN TpaHchopmarop.

CyMMapHBId MarHWTHBIA MOTOK B cepiacyHuke Py, MPOMOPHHOHATBHBIN
Pa3HOCTH TOKOB B TMPOBOJAHUKAX, SBISIONIUXCA TEPBUUYHBIMH OOMOTKaMH

Tpanchopmatopa, /; u [, (mokasaHsl Ha puc. 6.3), HABOAUT BO BTOPUYHOU

o0MOTKe TpaHcopmaTopa Toka cooTBeTcTBYOIYI0 DJIC, Mo neicTBueM Ko-
TOPOW B IIENMM BTOPUYHON OOMOTKU MPOTEKAET TOK I)pr, TAKXKE MPOMOPLHO-

HaJbHBIN pa3HOCTH TOKOB B MEPBUYHBIX OOMOTKAX.

Daza — — Hedimpans

ot

ABT

Konvyeesoii z 1 2

cepoesHuK

Lt A
Puc. 6.3. Iuddepenunanbupiii TpaHchopmaTop TOKa
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B HOpMansHOM pexume, pu OTCYTCTBUU U PEpeHITNATHHOTO TOKA — TO-
Ka YTEYKHU, B CHJIOBOW IIEMU MO IPOBOJHUKAM, MPOXOJSAIIMNM CKBO3b OKHO
TpaHchopmaTopa TOKa, MpoTeKaeT pabouuit Tok Harpy3ku. [IpoBoaHuKH, TTPO-
XOJIAIIIE CKBO3b OKHO MAarHUTOMPOBOJA, OOpa3ylOT BCTPEYHO BKIFOUCHHBIC
nepBUYHBIE 0OMOTKHU qudPepeHITnaIpHOr0 TpancpopMaTropa ToKa.

Ecnu 0003HaYUTh TOK, MPOTEKAIOIIMI MO HAMpPaBJICHUIO K HArpy3Ke Kak
I, , a ot Harpy3ku /,, TO CIIpaBEIJIMBO PABEHCTBO

11 :[2.

PaBHbIE TOKM BO BCTPEYHO BKJIFOUEHHBIX OOMOTKAaX HABOJAT B MATHUTHOM
cepAcyHuKe TpaHchopMaTropa TOKa paBHbIE, HO BCTPEYHO HaIlpaBJICHHBIC Mar-

HUTHBIE IOTOKU P U D, .
Pe3yIbTUPYONINI MATHUTHBIA IOTOK Py paBeH HyIO, TOK BO BTOPUYHON

obmoTke muddhepeHnnanTbpHOro TpanchopmMaTopa TakKe paBeH HYJIIO.

[Tpy BOBHMKHOBEHHMH YTEUKH TOK a, BBI3BAaHHOM, HAIpUMEP, IPOOOEM H30-
JSIUM Ha KOPIYC 3JICKTPOINPUEMHHKA WU HEMPEIHAMEPEHHBIM MPUKOCHOBE-
HUEM YeJIOBEKa K OTKPBITHIM IPOBOASIINM YacTsAM, IO (pa3HOMY MPOBOIHHUKY
gyepe3 Y30 kpoMe TOKa Harpy3kd /; TpPOTEKaeT NOMOJIHUTEIBHBIH TOK TOK

yTeuku [, SBASIOWIUKACS AJig TpaHchopmaropa Toka AuddepeHInaTbHbIM

yT 2
(pa3HOCTHBIM) — [, .

B nanHom ciy4ae [, =1,.
HepaBeHCTBO TOKOB B NEpPBUYHBIX 00MOTKax [;+/, (B (pasHOM mpoBOA-

HUKE U [,, paBHBIA /| , B HyJIEBOM pab0O4YeM IPOBOJHMKE), BBI3BIBAECT HEOATAHC

MAarHuTHBIX IIOTOKOB H, KaK CJICACTBHUC, BOSHHNKHOBCHHUE BO BTOpH‘IHOﬁ 00MOT-

K€ TpaHC(OPMUPOBAHHOTO JU(PHEPEHINANTBHOTO TOKA [ \pt -
Ecnu Tok [ g NpEeBbIIAET 3HAYEHUE YCTAaBKH IIOPOTOBOI0 3JIEMEHTA, I10-

CIemHU cpabaThIBaCT W BO3JIEUCTBYET HA OTKIIFOYAIONIUN HWCTIOJHUTEIbHBIN
MEXaHU3M.

M cnoHUTENbHBIN MEXaHU3M, COCTOAIIMN U3 IPY>KUHHOTO MPUBO/IA, CITYC-
KOBOT'O MEXaHHW3Ma M TPYIIbl CUIOBBIX KOHTAaKTOB (B YAaCTHOM Ciydae), pas-
MBIKAET JJICKTPUUECKYIO Lienb. B pesynbrare 3amumaemMas Y30 siekTpoycra-
HOBKa 00eCcTOYMBaETCS.
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DJEeKTpruUecKass MOJIENIb, MOSCHSIOMAsS npuHOun aeuncteua Y30, npen-
CTaBJI€HA Ha puc. 6.4.

3necwy auddepeHmanbHblid TpaHchopmaTop cOOpaH U3 IBYX UIASHTUUHBIX
nuHenHbIX TpancpopmaropoB (Dif Trl.1 u DifTrl.2), Bropuynbie 0OMOTKH KO-
TOPBIX BKJIIOYEHBI BCTpeyHO. BoimbT™merp Ug MOKa3bIBaCT HANPSKEHUE, KOTO-

pO€ BO3HUKAECT HA M3MEPUTENBbHOU 00MOTKEe auddepeHnnanbHoro Tpanchop-
MaTopa B 3aBHCUMOCTH OT COCTOSIHUSI Harpy3KH yCTpOHCTBA. AMIepMeTpsl [,

U [, NMOKa3pIBalOT TOK I'€HEpATOpa U HArpy3ku R, . Beikimtogarens S1 nmoaxirro-

YaeT KOHTPOJBHBIM PE3UCTOP R Korga S1 3aMKHYT, 4TO COOTBETCTBYET

test -
yTEUKe BCJICACTBUE TIOPYU M3OJISIIUN WIIM MPUKOCHOBEHHIO YeJIOBEKa K (ha3HO-
My poBOAy, HampspkeHue Ug = 52,2 B, 4TO BIOJIHE NOCTATOYHO I PUBOJA

B JICICTBHE KOHTAKTHOM I'PYIIbl, 00€CTOUUBAIOIICH AJIEKTPUUECKYIO 11emnb. Ko-
raa S1 pazoMkHyT, B auddepeHnnaibHOM TpaHchopMaTope MarHUTHBIC MOTO-
ku @, u @, B3auMHO KoMeHcupoBaHbl U Ug = 0,066 uB.

e CEmal

R i

222

151.6m A

|

Puc. 6.4. Cxema, miumoctpupyronas npuHiun geructeus Y30
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B mameit crpane npmwkuiaock xkaprounoe Hazanne Y30 — «auddepenu-
aJIbHBIMA aBTOMAT.

[lepBonavyanbHo Bce Y30 mnpeaHazHayalduch Jisl 3alIUTHI YelOBEKa OT
ANEKTPOMOPAKEHUS B CETSIX MEPEMEHHOTO TOKA M, COOTBETCTBEHHO, pearupo-
BaJI TOJILKO HA MMepeMEHHbBIN U PepeHITNaTbHBINA TOK.

Pa3paboTka 1 MpOM3BOCTBO HOBBIX THUIIOB CTAIM HEOOXOAUMBI IO TTPUIH-
HE M3MEHEHHMs B MOCJIEIHUE TOJbl XapaKkTepa ANeKTpuYecKkor Harpys3ku. Ilos-
BUJIOCh MHOXECTBO KOMIIBIOTEPOB, BO MHOTO Pa3 YBEIUYUIIOCH KOJTUYECTBO Te-
JICBH30POB, MHOTOKPATHO BO3POCIO YHCIO OBITOBOH M O(MHCHOM TEXHHUKH,
AIEKTPOMHCTPYMEHTA U T. .

VYkazaHHbIE JIEKTPONPUOOPHI XapaKTePU3YIOTCSl TEM, YTO UX OJIOKW MUTa-
HUS1, KaK TIPaBUJIO, BBHITIOJTHEHBI 10 Oe3TpaHc(hOpMaTOPHON CXeMe MTUTAHUS.

DTO 03HAYaeT, YTO MPH MOBPEKICHUN M3OJISAINHA WA 3aMBIKAHUU Ha CTO-
POHE Harpy3Ku, T. €. 32 BEeHTWJIbHBIMU 3JICMEHTAMH, BOSHHUKAET TOK YTEYKH He-
CUHYCOMJIAIbHOM (POpPMBI, HaNpUMEpP, BBIIPSMICHHBINA OIHOMOIYEPHUOTHBIHI
TOK. DneKkTpoMexanndyeckre Y30 TUIOBOTO UCHOJIHEHUSI UMEIOT JOBOJIBHO BbI-
cokoe ObicTpojericTBre. Bpems cpabaTbiBaHMs MPY HOMUHAIBHOM OTKITFOYAO-
mem auddepeHunanbHoM Toke coctaisieT 20—40 mc.

6.5. OCHOBHble HOpMUpPYEMble NapaMeTpbl yCTPOUCTBaA
3alUTHOrO OTKIOYEHUA

B HacTosiiiee Bpemsi oOCHOBHBIE TTapameTpbl Y30 HOPMUPYIOTCS CIAEAYIOLIN-
mu cragaaptamu: ['OCT P 50807-95 (MOK 755-83) [13], 'OCT P 51992-2002
(MBK 61643-1-98) [14].

HomunansHoe Hanpsbkenue U, — NEHCTBYIOLIEE 3HAYECHHE HAIPSKCHHUS,

pu KOTOpoM obecrnieunBaeTcsi padotocriocodHocTs Y30,

U, = 220, 380 B.

HomunaibHbIA TOK [, — 3Ha4Y€HUE TOKa, KOTOpoe Y30 MOXKET IPOILyCKaTh

B ITPOAOJIZKUTCIIBHOM PEKUMC pa6OTBI,

I, =6;16; 25; 40; 63; 80; 100; 125 A.
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HomuHaneHbIl oTKIIFOUatomui 1ugdepeHnnanbiblii TOK [, — 3HaYCHHE

mudpepeHnaTbHOTO TOKA, KOTOPOE BBI3BIBAECT OTKIIOYeHHE Y30 mpu 3a/aH-
HBIX YCJIOBUSIX DKCILTyaTalluH,

1,, =0,006; 0,01; 0,03; 0,1; 0,3; 0,5 A.

HoMuHanbHBIN YCIOBHBIM TOK KOPOTKOro 3amsikanus (K3), 1, - — nmencrt-

BYIOIIIEEC 3HAYCHUE OXKHIIAEMOT0 TOKa, KOTOpOEe CIOCOOHO BhIAepkaTh Y30,
3alUINAEMOe YCTPOMCTBOM 3aluThl OT K3, Mpu 3alaHHBIX YCIOBUSIX JKCILTya-
Talyu, 0€3 HeOOPATUMBIX U3MEHEHUH, HAPYIIAIOIIUX €r0 PadOTOCIIOCOOHOCTD,

1. =3000; 4 500; 6 000; 10 000 A.

HomuHnanbsHbIil yciaoBHBIM AuddepeHInaibHbli TOK KOPOTKOTO 3aMblKa-
nus (K3), /- — AeilicTByroliee 3Ha4YEHHE OXKUAAEMOTo IU((epeHInaTbHOIO

TOKa, KOTOPOE CIoco0HO BhIziepkaTh Y30, 3amuiaeMoe yCTPOHCTBOM 3aIUThI
ot K3, npu 3a1aHHBIX yCIOBUSAX dKCIUTyaTalluu, 0€3 HEOOPaTUMbIX U3MEHEHHU,
HapyIIalIIUX ero padoTOCIOCOOHOCTD,

I\ = 3000; 4 500; 6 000; 10 000 A.

HomunansHoe Bpems otkitoueHus Y30 7, — IpOMEXYTOK BPEMEHHU MEX-

Iy MOMEHTOM BHE3AaIIHOI'O BO3HUKHOBEHMS OTKJIIOYAIOLIEro AU QepeHIranb-
HOT'O TOKa M MOMEHTOM TallleHusl IyTu Ha Bcex nofirocax. CTaHaapTHbIEC 3HaYe-
HUS MaKCHUMAaJIbHO JIOIYCTUMOTO BpeMeHU oTkirodeHus Y30 mnpu 1o0oM Ho-
MHUHAJbHOM TOKE HAarpy3Kd M 3aJlaHHBIX HOpMaMu 3HayeHUsX IuddepeHu-
aJIbHOT'O TOKA HE JIOJKHBI MPEBBIIIATH 3HAYEHUI, IPUBEICHHBIX B Ta0I. 6.3.

Tabnuya 6.3

MaxkcuManbHO TOIyCTUMOE BpeMsl oTKItoueHust Y30
IIPH 3aJJaHHBIX 3HAaYCHUAX nuddepeHimansHoro Toka [20]

Bpewms orknrouenus 7T, ¢, npu 1,
Iy 21y, SRp I 500 A
0,3 0,15 0,04 0,04
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6.6. YCTPOMCTBO 3alMUTHOrO OTKIHOYEHUA
KakK NpoTMBOMNOXapHoOe cpeacTBO

DneKTpuyYecKre U3eIus ABISIOTCA OJHUMU U3 HanboJiee MmoxapoonacHbIX
BUJIOB MPOAYKIHUH, TAK KAK B HUX COYETAETCSA MPUCYTCTBUE FOPIOYUX DIIEKTPO-
U30JISIIIUOHHBIX MaTEpPHUANIOB (U30JIALIHS, 000JIOUYKH U BHEIIHUE 3AIUTHBIE CIIOU
KabeJieil U T. 11.) C MOSABJICHUEM B aBapUNHBIX PEXKUMAX UCTOYHUKOB 3aKUTAHUS
(MCKpBI, IYTH, HarPEThIE ANEKTPUUECKUM TOKOM JICTAJIH U T. II.).

B npoMmpblliIeHHO pa3BUTHIX CTpaHax, B TOM 4ducie U B Poccuu, mons mo-
KApOB OT AJICKTPUUECKUX U3ACIUN €KErogHO cocTaBigeT oT 15 no 25 %. [lpu-
YUHAMH BO3rOpPaHUs 3JIEKTPONPOBOJIKM MOTYT SIBJISThCS:

- HarpeB MPOBOJHUKOB (JIOKAJIbHBIN WM HA MPOTSHKEHHOM YYacTKeE) M3-3a
epErpy3KH;

- ICKPEHHE B MECTE IUIOXOTO AJEKTPUYECKOr0 KOHTAKTA (B COCAUHEHMUSX,
Ha KJIEMMaXx AJICKTPONPHUOOPOB U aIlapaToB);

- yT€UKa TOKa MO 3arpsi3HEHUSIM, MbUIH U T. M. C HE U30JIMPOBAHHBIX y4acT-
KOB Ienu (B COEQUHUTEIBHBIX, PAa3BETBUTEIIbHBIX W MPOXOIHBIX KOPOOKaX,
pacrpeAeUTeNbHbIX UTAX, JJIEKTPUUECKUX anmnaparax);

- TOPEHHE IIEKTPUUECKON TYTH Ha KAKOM-JIUOO Y4acTKe IEMH, BEI3BAHHOE
ToxkoMm K3.

[ToBpexIeHHS U30JALMU MOTYT MPOUCXOAUTH IO CIAEAYIONUM NPUYHHAM.

1. DnekTpruyuecKkre NPUUNHBL:

- IEpEeHATPSYKCHHUS;

- CBEPXTOKHU.

2. MexaHn4ecKue NpUIUHBIL:

- yJap, HaXK1UM, C/IaBIMBAHUE;

- U3THO;

- IOBPEXICHUE NHOPOJIHBIM TEJIOM.

3. BozaencTBre OKpyKarolien Cpeibl:

- BJIQXKHOCTB;

- TEIIO;

- COJIHEYHBIU CBET;

- m3nyuyenue (ynbrpaduoner);

- CTapEHUE;

- XUMHAYECKOE BO3/ICCTBUE.
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Pazputue K3 u3 TOka yT€UKHM HPOMUCXOAMUT IO CIEAYIOIIEMY CIIEHAPHIO.
B MecTe MUKpONTOBpPEXKACHUS U30JALUNA MEXKAY HAXOMSIIMMUCA MO HAIPSIKE-
HUEM MPOBOJHUKAMH HAYMHAET MPOTEKATh EMKOCTHOM MUKPOTOK. 1o Bo3meii-
CTBUEM BJIQKHOCTH, 3arpsI3HEHUS, TPOHUKHOBEHUS MBUIM C TEUCHUEM BPEMEHU
00pa3zyeTcs MPOBOISAIINN MOCTHK, 10 KOTOPOMY MPOTEKAET TOK YTCUKH.

[Io mepe yxXyameHHsi COCTOSIHHUSI W30JISIIMM, HAYMHAs CO 3HAYCHUS TOKa

[yreq < 1 MA, MOCTCIICHHO NPOMCXOAUT OOYINIMBAaHHC MPOBOJIICIO KaHana,

BO3HUKAET «YTOJIbHBIM MOCTHK», U B JUaIa3zoHe oT 5 10 50 MA TOK y»Ke TeueT
MOCTOSTHHO W HEMNpepbIBHO pacteT. [Ipu 3HaueHusix toka yreuku 150 MA, 4to
COOTBETCTBYET MOITHOCTHU 33 BT, BO3HMKAET peanbHasi OMACHOCTh BO3TOPaHUS
BCJICJICTBUE HArpeBa TEIUIOM, BBIJCISIEMBbIM B MECTE MOBPEKICHUS U3OJISLINH,
COOTBETCTBYIOIIMX JIETKO BOCIUIAMEHSEMBIX MaTepuanoB. Tak Kak Moj Harps-
KEHHEM COMPOTHUBJICHUE «YTOJIBHOTO MOCTHKA» HUXKE, YEM B «XOJIOJJHOM» CO-
CTOSIHUH, TPOIIECC HOCUT JIABUHHBIM XapaKTep, TOK YTEYKUA OBICTPO PACTET, U
npu 3HaueHusx 300—-500 MA B KaHalle MEX]ly 3€pHAaMU OOYTJIEHHOI'O MaTepua-
Ja BO3HUKAET TJICIOIIUN pa3psl, NPUBOASIIMKA B KOHEUHOM pe3yJIbTaTe K 3aro-
PaHUIO IIEKTPUYECKOU JTYTH.

Jlms BocmmaMeHEeHHUs M30JISIMK HEOOXOAMMO JeCTBHE MOIIHOCTUA OT 40
no 60 Bt. Beigenenue Takol MOIIHOCTH BO3MOXHO IPHU MPOTEKAHUU TOKOB
YTEYKH B MECTE MOBPEKICHHS U30JISIUUNA WM BO3HUKHOBEHUU «TOPSIYEN TOY-
KI» B MECTE IJIOXOT0 KOHTAaKTa (HE3aTSIHYThIE 3aKUMBI U T. T1.).

Bo MHOrux cimy4asix BO3ropaHue NpOUCXOJUT HE B PE3yJIbTaTE JOKAJIBHOTO
HarpeBa U30JIAIUH, a BCIEACTBUE BO3ropaHus Ayru. [Ipu aToM Bo3ropanue ay-
T MOYKET NPOUCXOAUTh U MTPU HU3KUX HAIMPSKEHUSAX U MaJIbIX MOIIHOCTSX BbI-
NEIIEMON SHEPTUMU.

[IpakTuka mokaszana, 4ToO B 3aBUCUMOCTH OT MOIIHOCTH, BBIJIEIISIEMOMN B
MECTE MOBPEXKIAECHUS M30JALUH, BO BpeMeHHOM HHTepBasie 10-2 000 mc mid
obecTounBanus cetu 3pdexkTuBHO npumeHenue Y30 c yctaBkamu no audde-
penimanbHomMy Toky 10, 30 u 300 MA.

CrnenoBarenbHO, MaccoBoe IpuMmeHeHne Y30 Ha Bcex 0e€3 HCKIIOYEHUS
00BEKTaX MOXKET PAJAUKAIBHO U3MEHUTh CUTYaIlMI0 C BO3HMKHOBEHUEM IOXKa-
POB 10 AIEKTPOTEXHUYECKUM IMPUYUHAM.

[To >pdexTrBHOCTU NEHCTBUSA pealbHON aJIbTEPHATUBBI 3AIIIUTHOMY OTKITIO-
YEHHUIO HE CYIIECTBYET, O YeM OJTHO3HAYHO CBUJCTEILCTBYIOT PE3YyJIbTAThl HAYyY-
HBIX MCCIICZIOBAHUH U yCHEIIHAs MpakTuka mpruMeHeHus Y30 B pa3HbIX CTpaHax.
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7. OBECNEYEHUE BE3OMNACHOCTHU
NMPU SKCMNMNYATAUUUN SNIEKTPOYCTAHOBOK

B ocHoBy kinaccudukanuu AeicTByrnmx DY Mo ycloBusiM ux Oe3omnac-
HOM JKCIUTyaTally MOJIOKEHO HAIPSIKEHHUE 3JIEKTPOYCTAaHOBKH 110 1 KB BKIIIO-
YUTEJILHO U BbIlIe 1kB.

DTO CBSI3aHO C TE€M, YTO MOPAXEHHE YeJIOBEKA TOKOM B DY 10 1kB B03-
MOHO TIPU HEIMOCPEJCTBEHHOM KOHTAaKTe ¢ TOKoBeAaymumu yactamu (TBY),
B TO BPEMS KaK B JIEKTPOYCTAHOBKE BbIlEe | kKB, B 3aBUCUMOCTH OT BEJIMYHUHBI
HAMpPSKEHUS, ONTACHO HE TOJBKO MPUKOCHOBEHHUE, HO M MPUOTIMKEHUE YEIOBEKA
K TOKOBEIYILHUM YACTSAM SJICKTPOYCTAaHOBKU. [Ipu yMEHbIIEHUHN pAaCCTOSTHUS 10
OTIACHBIX 3HAYEHUM HACTYMaeT JJICKTPUUYECKUN MpoOOW BO3AYIIHOTO MpOMeE-
KYTKa, U MEXKAY 4esoBeKoM U TBY BO3HUKaET 3JIeKTpUUecKas ayra.

[Ipr POEKTUPOBAHUHU U IKCIUTYATALHUU DIIEKTPOYCTAHOBOK PYKOBOJCTBY-
I0TCS KJTacCU(PUKAIMEH TOMEIIEHUN TI0 XapaKTepy OKPYXKAIOIIel Cpeibl, KOTO-
pasi CYILIECTBEHHO BIIUSET HA OMACHOCTD IMOPAKEHUS TOKOM.

7.1. Knaccudpumkauma nomeLweHMM No CTeneHn onacHocTun
nopaxeHus nNoaen 3NeKTPUYEeCKUMM TOKOM

B «IIpaBunax» [15], B moapazn. 1.1.13, onpeneneHsl ciaeayonme Kiacchl
MOMEIIEHUN B OTHOIIEHWU OMACHOCTU MOPAXKEHUSI JIIOACH JIEKTPUUECKUM TO-
KOM B 3aBUCHUMOCTH OT (DAKTOPOB, CO3/IAIOIINX OMACHOCTb MOPAKECHUS DJICK-
TPUYECKUM TOKOM (Tabm. 7.1):

- C NOBBIULEHHOL ONACHOCIbBIO;

- 0c000 onacHvie;

- ©6e3 NoBbIUWEHHOU ONACHOCTIU.

1. TTomenienust 6€3 MOBBIIIIEHHON OMACHOCTH, B KOTOPBIX OTCYTCTBYIOT yC-
JIOBHS, CO3/AIOIINE MOBBIIMICHHYIO UJIK 0COOYIO0 ONTACHOCTb.
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2. IlomemnieHns: ¢ MOBBIMIEHHOW OMACHOCTBIO, XapaKTEPU3YIOIIUECS Ha-
JUYMEM B HUX OJHOTO M3 CJIEAYIOIIMX YCIOBUM, CO3AAIOIIUX MOBBIIMICHHYIO
ONACHOCTb:

- CBIPOCTH (OTHOCHUTEIbHAS BIAXKHOCTH Oosiee 75 %) Ml TOKOTIPOBO SIS
NbLTb;

- TOKOIIPOBOJSIIME MOJbI (METAIIMYECKUE, 3eMIISTHBIC, JKEJIe300€TOHHbIE,
KUPIUYHBIC U T. I1.);

- TOKOTIPOBOISIIIIAS TIbLITb;

- BBICOKasl TEMIIEpaTypa;

- BO3MOYKHOCTh OJTHOBPEMEHHOI'O MPUKOCHOBEHHMS YEJIIOBEKA K METaIIO-
KOHCTPYKIMSAM 3[IJaHHI, UMEIOIIUM COEIMHEHUE C 3EMJIEH, TEXHOJIOTHYECKUM
arraparam, MEXaHu3Mam U T. M., C OJIHOM CTOPOHBI, U K METALUIMYECKUM KOP-
mycam 3JIEKTpOOOOpYyA0BaHUS (OTKPBITHIM MPOBOSIIUM YacTsIM), C IPYTou.

[IpIIbHBIE MOMENIEHUS — ITOMEIIECHUS, B KOTOPBIX IO YCIOBUSIM MPOU3BOI-
CTBA BBIJICIIAECTCS TEXHOJIOTMYECKAS MbLIb, KOTOPast MOKET OCENaTh HA TOKOBE-
OYIIUX YacTsX, MPOHUKATh BHYTPh MAIllMH, annapaToB U T. II.

Kapkue nomenieHus: — MOMENIEHUs, B KOTOPBIX TOJ| BO3JIECHUCTBUEM pa3-
JUYHBIX TEIUIOBBIX HM3JIYYEHHU TeMIIepaTypa MOCTOSHHO WM NEPUOAUYECKH
(6onee 1 cyrtok) mpesbimaer +35 °C (Hanmpumep, MOMEIICHHS C CYIIUIKAMH,
00KHUTaTeIbHBIMU MT€YaMU, KOTEIbHBIE).

3. Ocob0 omnacHble MOMEUIEHUS, XapaKTEPU3YIOIIHNECs HAIUYUEM OJIHOTO
U3 CIEIYIOUIUX YCIOBUH, CO3AAI0ONIUX 0COOYIO OMACHOCTD:

- 0c00asi CBIPOCTH;

- XUMUYECKH aKTHBHAsI WJIM OpPraHUYEeCKas Cpela;

- OJTHOBPEMEHHO JIBa WJI 00Jiee YCIOBHI1 MOBBIIIIEHHON OMACHOCTH.

Oco00 chIpple MOMENICHUS — MOMENICHUS, B KOTOPHIX OTHOCHUTEIbHAS
BJIQXHOCTh Bo3ayxa Onmska k 100 % (Bo3yX HaxoIUTCS B COCTOSHUM HAaChI-
IIEHUS, IOTOJOK, CTEHBI, ITOJI U IPEAMETHI B TOMEIIEHUHU OKPBITHI BIAroun).

[TomenieHnus: ¢ XUMUYECKU aKTUBHOM WJIM OPraHUYECKOM Cpedor — IoMe-
IICHHUSI, B KOTOPBIX MOCTOSHHO WJIM B TEUEHUE JJIUTEIHLHOIO BPEMEHU COAEp-
JKATCSl arpeCCUBHbBIC MapPbl, ra3bl, )KUIAKOCTH, 00pa3yIOTCSl OTIOKEHUS UITU T1JIe-
CEHb, Pa3pyIIAIOIINE U3OJISIUIO0 U TOKOBEIYIIHE YaCTU AIEKTPOOOOPYIOBAHUS.
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4. Tepputopusi OTKPBITBIX 3JIEKTPOYCTAHOBOK, B OTHOIIECHHH OIMACHOCTH
MOPaKEHUS JIIOJIEH 3JIEKTPUUYECKUM TOKOM MPUpPaBHUBAEMasi K 0CO00 OMaCHBIM
TTIOMEIIICHHUSIM.

BaxHO OTMETUTB, YTO B OTHOIIIEHUU OMACHOCTU MOPAXKEHUSI JIFOJICH DJICK-
TPUUYECKUM TOKOM O€30MacCHBIX ITOMEIICHUIN HE ObIBACT.

K momemenusM 0O€3 IOBBIINIEHHONM ONACHOCTH OTHOCSTCS ITOMEIIECHHS C
HOPMAJIbHBIMU YCJIOBUSIMUA — C M3OJIMPYIOIIMMU MOJIAMU, HE UMEIOIIUE 3a3EM-
JICHHBIX TIPEIMETOB, HAIPUMEp, JKHUIIbIe MMOMEIICHHUS, B KOTOPBIX TPYOOIIPOBO-
JIbl OTOILJICHHUS, BOJOCHAOKEHUS, Ta30CHAOKEHUS 3aKPBITHl CTallMOHAPHBIMU
U30JIUPYIOMUMHU  OTpakJIeHUsIMU. OTCYTCTBUE TaKUX OIPAXKJICHHUH, Haroliee
BO3MOKHOCTh OJHOBPEMEHHOTO IMPUKOCHOBEHHUSI K KOpHycaM CBETUJIbHUKOB,
OBITOBBIX IJIEKTPONPHEMHHUKOB, C OJJHOW CTOPOHBI, U K yKa3aHHBIM TPyOOIpo-
BOJIaM, C IPYTOW, CO3AET YCIOBUS, MO3BOJIAIOIINE YKA3aHHBIC IOMENICHUS OT-
HECTHU K MOMEIIECHUSIM C MOBBIIICHHON ONAaCHOCTBIO.

[Ipumepamu 0co00 OMACHBIX MTOMEIICHUN MOTYT CIIY>KHTh KOTEJIbHbBIE, BO-
JIOHACOCHBIE CTaHIIMM, CTOJIOBBIC, IIOMEIICHUS JIJI1 YMBIBaHUS, AYIIEBbIC U Tya-
JIEThI, MEXaHUYECKUE MacTepckue U MHorue jipyrue. K ocodo omnacHsiM nome-
IICHUSM TPUPABHUBAIOTCA TAKXKE TEPPUTOPUU Pa3MEUICHUS HAPYKHBIX WIH
OTKPBITBIX 3JIEKTPOYCTAHOBOK, T. €. 3JIEKTPOYCTAHOBOK, HE 3aIMIICHHBIX 3]1a-
HUEM OT aTMOC(EpHBIX BO3/ICHCTBUM.

B 3aBucMMOCTH OT Tpynibl MOMEMICHHUS IO AJIEKTPOOE30IMacHOCTH yCTa-
HOBJICHBI COOTBETCTBYIOIINE TPEOOBaHMUS K KJIaccaM TMEPEABUKHBIX (IIepEeHOC-
HBIX) AJIEKTPUUECKUX MAlIWH, MUTAIONMM HANpPSHKEHUSM IMEPEHOCHBIX CBE-
TUJILHUKOB, OBITOBBIX 3JIEKTPOINPUEMHUKOB U CBETHJIbHUKOB MECTHOTO CTaI[HO-
HApHOTO OCBEIICHUSA W JApyrue TpeOoBaHMs, oOecreyuBarone 0e30MacHOCTh
AKCIUTyaTaluy AJIEKTPOYCTAHOBOK. TaK, /Jis MUTaHUS MIEPEHOCHBIX CBETUJIbHU-
KOB B IOMEIIECHUSX C ITOBBIIIEHHON OIIACHOCTBIO M O0CO0O OIACHBIX JOJDKHO
npuMeHAThCs HanpspbkeHue He Boie 50 B. Ilpu nHanuuum oco6o Hebnaromnpu-
SITHBIX YCJIOBUM M B HAPY>KHBIX YCTAHOBKAX JIJI1 MUTAHUS PYYHBIX CBETUJIbHU-
KOB JIOJPKHO ITPUMEHSATHCS HANpsKEHUE He Boime 12 B.
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Tabnuya 7.1

Knaccudukaiyss noMemmenuii mo xapakrepy OKpyKaroien cpebl

Ne ni/m Kiace XapakTepucTHKa (MPU3HAKHU) TTOMEIICHUS
MIOMEIIEHUS
1 Hopmanbhnoe | Cyxoe momelieHue, B KOTOPOM OTCYTCTBYIOT NPHU3HAKH,
CBOMCTBEHHBIC TTOMEIIEHUSIM JKapKUM, MBUIBHBIM U C XUMHU-
YECKU aKTUBHOM WJIM OPraHUYECKOU Cpeon
2 Cyxoe OTHOCHUTENBHAs BIAKHOCTh BO3AyXa He npeBbimaeT 60 %
3 Bnaxnoe OtHocuTenpHAs BJIAKHOCTH Bo3Ayxa He Oonee 60 %,
HO He mpeBbimaet 75 %
4 Ceipoe OTHOCHUTENBHAs BIAXKHOCTh BO3AYyXa npeBbimaet 75 %
5 Oco0o ceipoe | OTHOCUTENbHAST BIAXHOCTh Bo3ayxa mpesbimaer 100 %
(MOTOJOK, CTEHBI, MOJ U MPEAMEThI, HAXOASAIIUECS B MOME-
IICHUH MTOKPBITHI BJIAroil)
6 XKapkoe Temneparypa TOCTOSHHO WM Tepuoandecku (6oree
1 cyTok) npesbiaer +35°
7 [TbutBHOE [Tomemenue, B KOTOPOM IO YCJIOBHUSIM IIPOU3BOJICTBA BbIJIC-
JSIETCSL TOKOIPOBOJAIIAS HIIM HETOKOMPOBOJAIIAS TIBLIb,
ocelarollas Ha TOKOBEIYIIMX YacTAX WJIA IPOHUKAIOIIAs
BHYTPb JIEKTPOYCTAHOBKHU
8 C xumnuecku | [lomemnienue, B KOTOPOM NOCTOSIHHO WJIM B TEUECHHE M-
AKTUBHOM WM | TEIBHOTO BPEMEHHU COJIEPKATCS arpecCHUBHBIC BEIECTBA
OpraHu4ecKko | (mapel, ras3bl, >KUIKOCTH), 0Opa3ylollue OTJIOKEHHS WU
cpenoi IUIECEHb, Pa3pyIIAIOIINE U3OJIALUI0O U TOKOBEAYIIUE YaCTH
000pyTOBaHUS

7.2. CTeneHun 3awmThbl, obecneynBaemMbie 060Mo4YKaMu

[Ipu BBEIOOpE 000PYMOBAHUS W OMPEACICHUA MECTa €r0 YCTAaHOBKH OYCHB
BOXXHO 0OECIEUUTh COOTBETCTBUE CTENEHU 3aIUThl KOPITyCa BHEITHUM YCJO-
BUSIM DKCIUTyararuu mpubopa. Kopnyc nroboro npubopa, HCHOIB3YIOIIETO
AJIEKTPUUECKOE TTUTAHKE, JIOJHKEH OJJHOBPEMEHHO YAOBJIETBOPSATH IBYM TpeOo-
BAHMSM 3aIlUThI:

- o0ecreunBaTh EKTPOOE30MaCHOCTh 00CTYKHUBAIOIIET0 MEPCOHAA;

- 3al[UIIATh JIEKTPOHHBIE 3JIEMEHTHI, PACIIOJIOKEHHBIE B KOPITyCe, OT BO3-
JNEUCTBUM OKPYXKAIOLIEH CPEbI.

International Protect (IP) — cucteMa Koaudukanuu, TpuMeHseMas s
0003HAYEHHUsI CTEIMEHEW 3alUThl, 0OECreunBaeMbIX O00OJOUKON OT AOCTyMa K
OTNACHBIM YacCTsM, IOINAJaHUs BHEIIHUX TBEPJIbIX MPEIMETOB, BOJbI, a TAKKE
JUIS TIPEAOCTABICHUS JTOTIOJIHUTEIbHOM MHGOPMAIIUK, CBI3aHHONW C TaKOW 3a-
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mutoi. Koxg /P HeceT mHGOpPMAIMIO O CTENEHHW 3aIUThl 00CITYKHUBAOIIETO
MEepCOHAIA OT MOPAXKEHUS ICKTPUYECKUM TOKOM M 3alIUThI PACIIOJI0KEHHBIX
BHYTPH 3JIEKTPOHHBIX 3JIEMEHTOB OT NMPOHUKHOBEHHMS MbUIA W BOABL [P KOoIu-
pyeTcsi ABYX3HAYHBIM YUCJIOM, Kaxaas U3 Hudp KOTOPOro yKa3bIBaeT CTEIEHb
nomycTuMmoro Bo3aedcTBus ¢aktopa. IlepBas mmdpa ykaszpiBaeT 3alluTy OT
IPOHUKHOBEHUS TTOCTOPOHHUX TMPEAMETOB BHYTPh, BTOpas mudpa xapakTepu-
3Y€T 3aIIUTYy OT KUJIKOCTEH.

Y 106cTtBO HOpMaTuBa /P mpu3HAHO BO BCEM MHPE, OH HUCMOJb3YETCS TO-
pa3no yale, 4eM CChUIKM Ha HAllMOHAJIBHBIE CTaHIApThL. B Hacrosdiiee Bpems
HOpMaTuB /P akTUBHO Hcnofib3yeTcs u B Poccun. Ha xopnycax npubopoB MHO-
ruX QUPM YKa3bIBAE€TCs CTENEHB 3allUThI C TOMOIIbIO OYKB /P 1 MOCIeayIOIMX
nByx 1udp, Hanpumep, 1P65.

B I'OCT 14254-96 (MOK 529-89) [8] nana cuctema KiacCH(PHUKAIIIN CTETIe-
HEW 3aIUThI, 00ECTIeYMBAEMOM 000JI0UKaMH JIEKTPO0OOpyaoBaHwMs (Tad. 7.2).

Tak, Mo ycnoBUSIM 3IEKTPOOE30MACHOCTH YCTPOUCTBO Kiacca [P4() umeet
BBICOKYIO CTEMEHb 3AIIUTHI, OAHAKO HE 3AIUIICHO OT momnajaaHus BoAsl. [Ipu-
OOpHI Ki1acca He Hike /P54 nonyckaercs yCTaHaBIMBAaTh HA MOPCKUX CyJax.

CyIIecTBEHHO, YTO HOpMaTtuBaMu [P He y4YUTBIBAETCS 3allUTa OT arpec-
CUBHBIX CpeJl U CIIeUalIbHOE MPUMEHEHHE 000PYI0BaHUS, IJIsI KOTOPBIX CYyIIe-
CTBYIOT CIIEHHAJIBHBIC CTAHAAPTHI.

Tabnuya 7.2
DaeMeHTsI Kona /P 1 ux 0003HaYeHUs
IlepBas Kparkxoe XapaKTepUCTUKA 3aIUThI
nudpa HaMEHOBaHUE
0 |be3 3amuThI OTKpbITasi KOHCTPYKLUS, OTCYTCTBUE KaKOH-TuOO 3a-

LIUTHI OT MbLIU, OT IPUKOCHOBEHHUS IEPCOHAIIA K TOKO-
BEJIYIIUM YacTsIM

1 |3ammra oT  KpynHbIX|3alMTa OT MPOHUKHOBEHUS B KOHCTPYKIMIO KPYITHBIX
MPEJMETOB JUAMETPOM OO0-|IIPEeAMETOB — map auameTpoM S0 MM HE JOJIKEH IMpo-
aee 50 MM HUKaTbh BHYTPb.

YacTtryHas 3alIUThl OT CIy4YalHOI'O KacaHUs TOKOBE-
JIYIIMX YaCTEU YEJIOBEKOM

2 |3ammta OT nOpeaAMETOB|3alUTa KOHCTPYKIMH OT MIPOHUKHOBEHHUSI BHYTPhb
CpelHero pasmepa (aua-peIMETOB CpEJHEro pasMepa — IHap JUaMeTpoM
MeTpoM He MeHee 12,5 Mm) |12,5 MM He 10KEeH IPOHUKATh BHYTPb.

3amuTel OT NMPUKOCHOBEHUS NAJIbLIAMU K TOKOBEIY-
IIUX YaCTSIM
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IIpooonscenue maon. 7.2

IlepBas Kparkoe XapaKkTepUCTUKA 3aIUThI
nudpa HAaMEHOBaHHUE
3 |3amura OT TBEpIbIX MpeAd-|3aluTa KOHCTPYKUHUU OT TMPOHUKHOBEHUS BHYTPb
METOB (IMaMETPOM HE Me-|IPeIMETOB CpPEJHEro pasMepa — Iap JUaMeTpoOM
Hee 2,5 Mm) 2,5 MM HE J10J’)KEH IPOHUKATh BHYTPb.
3amuTa MepcoHalia OT CIYYalHOTO KacaHUs TOKOBE-
JTYIIMX YaCTE€d MHCTPYMEHTOM WM NAJIbLIAMU
4 |3ammuTa oT necka (TBep/bIX|B KOHCTPpYKIMIO HE JOJIKHBI MOMAaAaTh MPEAMEThI
NpeIMETOB AMAMETPOM He|auameTpoM He Oosiee 1 MM — map auameTpom 1 MM He
MeHee 1 Mm) JTIOJDKEH MPOHUKATh BHYTPb.
KoHcTpykuus 3amuiaer oT NpUKOCHOBEHUSI K TOKO-
BEJIYIIUX YACTIM NaJIbIIAMU U HHCTPYMEHTOM
5 |3amuTa OT NbUIU [1bU1b MOKET MPOHUKATH B KOPITYC B HE3HAUUTEIIHLHOM
KOJIMYECTBE, HE MPEMATCTBYIOIIEM HOPMAJIbHOW pado-
Te 000pyI0BaHUS.
[Tonnast 3amurTa OT MPUKOCHOBEHHUS K TOKOBEMYIIUX
qacTsiM 000pyI0BaHuUs
6 ([Ibmenenponunaemas  3a-|llomaganue NbUIM BHYTPbh KOHCTPYKIIMU UCKJITHOUYEHO
MTa
Oxonuanue maon. 7.2
Bropas Kparkoe XapaKTepUCTUKA 3aLIUTHI
uudpa | HaMMEHOBaHUE
0  |be3 3amuThl 3amura OTCyTCTBYET
1 3amura oT Ka-Kamam Boapl, Mmajnaromue BEPTUKAIBHO, HE MOTYT BbI3BAaTh
nenb, MafarolyX|ONaCHbBIX NOCIEACTBUM /111 000pyA0BaHUS
BEPTUKATHHO
2 3ammura ot ka-|Kamaum Bojawl, magaroniue mnoj yriaom 15°, He BbI3BIBAIOT Omac-
Mesb, NaAarolIUX | HbIX MOCIEACTBUM
10/ YIJIOM
3 3ammuTa ot OpbI3r|bpeI3ry BOABI, Majarole Ha KOHCTPYKIMIO 1Mo yriioM 60°, He
BOJIbI BBI3BIBAIOT ONACHBIX MOCIEICTBUM
4  |3ammra oT 00-|BbpbI3ru Bonbl, HanpaBIEeHHbIE HA KOHCTPYKIIHIO C JIFOOOro Ha-
PBI3TUBaHUS MIPaBJICHHUS, HE BBI3BIBAIOT OMACHBIX MOCIEICTBUM
5 3ammTa OT BOA-|{CTpyH BOABI, HallpuMep, W3 IUIAHra, HE MPUYUHAIOT Bpena
HBIX CTpY# pa3MeIIeHHOMY B KOPITyce 000pyA0BaHUIO
6 3ammuTa OT 3anu-|3aauB 000pYyJAOBaHUS BOJAOW, HalpuMep, Ha mamyoe Kopadis,
Ba BOJIOM HE IPUBOJIUT K TOBPEKICHUIO 000Dy I0BaHUS
7 3amura npu Bpe-Kopmyc MOXeT ObITh MOJTHOCTHIO MOTPY>KEH B BOAY, YTO HE
MEHHOM  TOTPY-|IPUBOJUT K MOBPEKIECHUIO PAa3MENICHHOTO B KOpIyce 00opy-
JKEHUHU B BOJy  |TOBaHMsI
8 3amura nipu M- KOHCTPYKIMS BBIJEPKUBAaET 0€3 MOCIEACTBUI MOTPYKCHHUE B

TE€JIbHOM  IIOrpYy-
KEHUHU B BOJLY

BOJly Ha ONPEACIICHHYIO TNIyOuHY (3allliTa OT BOJBI MO/ JaBJje-
HUEM, IPUYEM JaBJICHUE YKA3bIBAETCS CIIELIMAIIBHO)
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YcnoBHbIE 0003HAUEHUS CTETICHEH 3alUThl 000JI0YEK ANEKTPUUSCKUX all-
napaToB HanpsbkeHueM J10 1 kB npuBenenst B Tadu. 7.3

Tabnuya 7.3
CTerneHp 3alMThl OT CrereHb 3aluThl OT IPOHUKHOBEHUS BOIBI
CONPUKOCHOBEHUS
1 MOTaJaHus TIOCTO- 0 1 2 3 4 5 6 7 0
POHHUX TEJI

0 IP 00 % % % % * * % %

1 IP10 |I[P1]l |([P12 |* * * * * *

2 [P20 |I[P2] |[P22 |[P23 |* * * * *

3 IP 30 |IP31 |\[P32 |(I[P33 |IP34 |* * * *

4 IP 40 |IP 41 (I[P 42 |IP 43 |IP 44 |* * * *

5 IP 50 |IP 5] * * IP 54 |IP 55 |IP 56 |* *

6 IP 60 |* * * * IP 65 |IP 66 |IP 67 |IP 68

7.3. Knaccudgmkauma anekTpoTexXHNYeCKoro 1 3rfIeKTPOHHOro
obopyaoBaHUA MO CNOCOOY 3alKnTbl OT NOpPaXXeHUs
3NEKTPUYECKMM TOKOM

B I'OCT P M3K 60536-2-2001 [16], chopmynupoBaHa cieayromias KOH-
LEMILHS 3aMKUTHI OT AIEKTPONOPAKEHUS.

KoHiienuust ctangapTa OCHOBaHA Ha JIByX MPUHIIUIIAX.

1. Heo6xoauMo pasnuyaTh CIAEAYIOIIME BUIbl OMACHOCTU MOPAXKEHUs
ANEKTPUUYECKUM TOKOM:

- OMMACHOCTh MPUKOCHOBEHHUSI K TOKOBEAYIIMM YacTsM, KOT/Ia YEIOBEK OJI-
HOBPEMEHHO HAXOJIUTCSl B KOHTAKTE C MOTEHIHAIOM 3€MJIA WA JIPYTOl TOKO-
BEJIyIIEH YaCThIO OTJIMYHOTO MOTEHIIHANIA (MPSIMOE TPUKOCHOBEHUE);

- OMACHOCTh MPUKOCHOBEHMS K OTKPBITOM MPOBOJAIIEH YAaCTH AJIEKTpUYE-
CKOT0 00OpyZ0BaHUs, KOTOpasi HAXOAUTCS M0l HAMPSXKEHUEM BCIIEACTBUE TO-
BPEKJCHUS U30JISIIIUU, KOTJ]a B 3TOT MOMEHT YEJIOBEK HAXOJUTCSI B KOHTAKTE C
MOTEHIIMAJIOM 3€MJIM WJIM C JIPYyTrod MPOBOJSIIECH YacThO OTIMYHOTO IMOTEH-
uasia, HalpuMmep, C JIPYyrod OTKPHITON MPOBOJSIIEH YAaCThIO WM CTOPOHHEH
MPOBOASIIEN YACThIO (KOCBEHHOE TPUKOCHOBEHUE).

O0a Buaa OMAacCHOCTH COOTBETCTBYIOT OCHOBHOMY IPAaBWIIY 3aIllUTHI OT IIO-
pPaXKEHHUsI DIIEKTPUUYECKUM TOKOM: ORACHblE MOKO0Gedyuwjue 4acmu He O0XHCHbL
Oblmb 00OCHMYnHLIMU, A OOCHYRHbBIE NPOBOOAULUE HACMU He O00J1)CHbL Oblmb
ONACHBIMU 8 HOPMATILHBIX YCIOGUAX PAOOMBL U NPU HATUYUU HEUCHPAGHOCHU.
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2. Kaxnass coctaBHasi 4acTh 3JEKTPUUECKOTO0 O0OpY/IOoBaHUs oOecreueHa

TEM JKC BHJOM 3allIUMTHLI OT IOPAXKCHUA IJICKTPUUCCKHUM TOKOM, KOTOpBIﬁ IIpu-

HAT JJIs1 3JICKTPOYCTAHOBKHU B IICJIOM.

3aH_II/ITa OT HOPAKCHUA IJJICKTPUICCKUM TOKOM MOZKCET OBITH OOecIieucHa

OKpY’Karolle cpenoi, caMuMm oOOpPYJIOBaHUEM, CUCTEMON MUTAHUS WJIH COOT-

BETCTBYIOIIMMHU KOMOUHAIIMAMH MEP 3allUThl, TPUBEICHHBIMU B Ta0I. 7.4.

Tabnuya 7.4

[IpumeHeHue 371eKTpoo0opyI0BaAHUS

B DJIEKTPOYCTAHOBKAX HampsbkeHueM 110 1kB

Knacc mo 'OCT Hasznauenue | YcioBus npuemMku 3J1€KTpo00O0-
MapkupoBka
P M3BK 536-94 [9] 3alUThI PYZOBaHUS B 3JIEKTPOYCTAHOBKE
Knacc 0 Her IIpu xocBenHoMm | 1. Ilpumenenne B HenpoBoOAs-
MIPUKOCHOBEHHH | IIIMX MOMEIIECHHUSX.
2. Ilutanue OT BTOPUYHOU 0O0-
MOTKH Pa3IeIUTEIbHOIO TpaHC-
dbopmaropa TOIBLKO OJTHOTO AJICK-
TPONPHUEMHUKA
Kiace 1 3amuTHbli 3axuM | [Ipu kocBeHHOM | [IprucoenuHenne 3a3eMIISIOIIETO
IIPUKOCHOBEHMH | 3KMMa 3JIEKTPOOOOPYI0BaHUS K
@ 3alIMTHOMY HPOBOJHUKY DJIEK-
TPOYCTaHOBKHU
i OykBbl PE
Kiace I1 3HaK IIpu xocBeHHoM | He3aBucuMO OT Mep  3aluThI,
O] IIPUKOCHOBEHUH | IPUHSATHIX B 3JIEKTPOYCTAaHOBKE
Kiacc 111 3Hak Ot npsimoro | [Iutanue ot GezomacHOro pasje-
Y KOCBEHHOTO |JIMTEIBHOTO TpaHChopMaTopa
MIPUKOCHOBEHHUS

Ilpumeuanue. TOCT 12.2.007.0-75 [5], Ha koTOpbIii AaHa ccbiika B [1Y D, ycranasnu-
BA€T ISTh KJIACCOB 3aIUTHI MO CIOCOOY 3aIllUTHI Y€JIOBEKA OT MOPAXKEHUS IJICKTPUUECKUM
toxoM: 0; OI; I; IT; III.

3ammuTa OT KOCBEHHOTO MPUKOCHOBEHHSI OOECIEUMBACTCS CJICIYIOIIUMHU

MepaMH: TPUMEHEHUE OCHOBHOM 3alllUThI, KOTOpasi 00ECIeUnBaET 3allUTy OT
MOPaXKEHUS AJIECKTPUUECKUM TOKOM, W JIOTOJHUTEIIBHOW 3aluThl, KOTOpas
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00ecreynBaeT 3aIIUTY OT MOPAXKEHUS IEKTPUUECKUM TOKOM B Cllyyae OTKa3a
OCHOBHOM 3aIIUTBHI.

JlononHuTENbHAS 3alllUTa MOXET ObITh OOecredYeHa COOTBETCTBYIONICH
KOHCTpYKIMenh obopynoBanus (kiacc 1) wimn mepamu, obecrieqnBarOUMH 3a-
IIUTY TIPU MOHTake ycTaHOBKU (Kak Jyist kiaccoB 0, I, I1I) unu cnenuanbHOM
KOMOHWHAIIMEH 3TUX MEp 3alUTHI.

Cornacuo I1YD [15] (m. 1.7.87, Tabn. 1.7.3) npu BBINOJHEHUU MEp 3alllH-
Thl B AJIEKTPOYCTAaHOBKax 3/1anuii 10 1 kB kiaccel npumeHsiemMoro ooopyaoBa-
HUS [0 CIIOCOOY 3allUThI YEJI0BEKA OT MOPAKEHUS DJIEKTPUUECKUM TOKOM Clie-
JyEeT MPUHUMATh COTJIacHO TabJ. 7.4.

K knaccy 0 DOMKHBI OTHOCUTBHCA M3JETUs, UMEIOIINE MO KpalHEW Mepe
pabouyIo U30JSALHUI0 U HE UMEIOIIKE 3JIEMEHTOB JJIsl 3a3€MJICHHUS], €CITU 3TH W3-
JeJIvsl He OTHECEHBI K kiaccy 11 wnu I11.

K knaccy Ol momKHBI OTHOCUTBCS W3AEHUSA, UMEIOIIME MO KPalHEN mepe
pabouyI0 HM3O0JISAIHIO, JIEMEHT JIS 3a3eMJICHUS W TIPOBOJ 03 3a3eMIISIoNIeh
YKUJIbI 111 IPUCOCIMHEHUS K UCTOYHUKY MMUTAHUSI.

K kmaccy [ 1om&HBI OTHOCUTBCS U3AEMS, UMEIOIINE 110 KpalHEN MEpE pa-
00uyI0 M30JIALIMIO U DJIEMEHT JUIsl 3a3eMiieHus. B ciydae, ecnu uznenue kiacca
I umeet poBOI AJIs1 NPUCOEAUHEHUSI K HICTOYHUKY IMUTAHUS, 3TOT MPOBOJ JOJI-
YKE€H UMETh 3a3€MIISFOLLYIO )KWIIY U BWIKY C 3a3€MJISIFOLIUM KOHTaKTOM.

K ximaccy Il 10mKHBI OTHOCUTBHCS U3AENUS, UMEIOIIUE TBOMHYIO WU yCHU-
JICHHYIO U30JISILUIO0 U HE UMEIOIINE 3JIEMEHTOB JIJIS 3a3€MIICHUS.

K ximaccy Il ciexyer oTHOCUTh W3Jenus, peaHa3HAYEHHbIE JJis1 paOOThI
npu OE30MaCHOM CBEPXHHU3KOM HAIPSHKEHUH, HE MMEIONIME HU BHEIIHUX, HU
BHYTPEHHUX 3JIEKTPUUECKUX LIETIeH, paboTaroNIMX MpU JPYroM HaIpsHKEHUH.

W3nenus, monaydaromniye MUTaHWE OT BHEIIHETO UCTOYHUKA, MOTYT OBITh
OTHeCeHbI K kiaccy Il ToJbKO B TOM cilyyae, €CliM OHU NPUCOEAWHEHBI HEMO-
CPEICTBEHHO K WCTOYHWKY MUTaHMs, MpeoOpasyroriemMy 0oyiee BBICOKOE Ha-
psHKEHUE, YTO OCYIIECTBIISIETCSI TIOCPECTBOM PA3eIUTEIFHOTO TpaHchopma-
TOpa Wi IpeodpazoBatTesis ¢ OTAEILHBIMU OOMOTKaMHU.

[Ipy uCHONB30BaHWHM B KAaYECTBE HMCTOYHHMKA MUTAHUS PA3AEITUTEIBHOTO
TpaHchopmaTopa WIKM Mpeodpa3oBaTesl €ro BXOJHAs U BhIXOAHAsT OOMOTKH HE
JIOJKHBI OBITh JIEKTPUYECKH CBS3aHbI U MEXIYy HUMHU JOJDKHA OBITh JBOMHAs
WU yCUJIEHHAS W30S,
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8. 3ALLUTA 30AHUA U COOPYXXEHUU NIOEOIO HASHAYEHMUA
OT NEPEHAMPSAXEHUA

MexayHnapoaHoil anekTpoTexHudeckoil komuccueit (MOK) pa3zpaboTanbl
CTaHAAPThI, B KOTOPBIX HM3JI0XKEHBI MPUHLMIBI 3AIIATHl 3JaHUHM U COOPY>KCHHI
Tr000T0 HA3HAYEHUS OT TIEPEHANPSDKEHUH, CBSI3aHHBIX C TPO30BBIMU pa3psaaMH.

K HUM, B IepBy10 04epe/ib, OTHOCSITCS CIAEAYIONINE CTaHAAPThI:

- [EC-61024-1 (1990-04): «MonHue3amnmra CTpOMTEIbHBIX KOHCTPYKIIUM.
Yactb 1. OCHOBHBIE TPUHITUIIBDY;

- [EC-61024-1-1 (1993-09): «MoinHue3amuTa CTPOUTENBHBIX KOHCTPYK-
ruii. Yacte 1. OcHOBHBIC TpUHIUIIEI. PykoBoacTBo A: BwriOop ypoBHEH 3armiu-
ThI J1JIS1 MOJITHUE3AIUTHBIX CUCTEMY;

-IEC 61312-1 (1995-05): «3amura OT 3JIEKTPOMArHUTHOTO HMITYJIbCa
MoJjHUM. YacTh 1. OCHOBHBIEC MPUHIIUIIBI.

TpeboBanus 3TUX CTaHAAPTOB (POPMUPYIOT TaK HA3BIBAEMYIO «30HOBYIO
KOHIICTIIHIO 3aIUThD», OCHOBHBIMU MPUHITUIIAMH KOTOPOU SIBJISIFOTCS:

- IPUMEHEHHUE CTPOUTEBHBIX KOHCTPYKIIMH C METAUIMYECKUMHU 3JIEMEH-
TaMu (apMaTypoil, KapKacaMH, HECYIIMMH 3JIEMEHTaMH U T. 11.), AJIEKTPUUYECKU
CBS3aHHBIMU MEXy COOOW M CHUCTEMOU 3a3eMJICHUs, U, CIET0BaTEIHLHO 00Opa-
3YIOUIUMH 3KPAHUPYIOIIYIO CPEAy MJii YMEHBIICHHUS BO3JCHCTBHUS BHEIIHUX
AJIEKTPOMATrHUTHBIX BIMSHUNA BHYTPHU 00beKTa («KieTka Dapajaes»);

- HAUIMYKME TPABUWIBHO BBINIOJIHEHHOM CHUCTEMBI 3a3€MJICHHSI U BBIPABHUBA-
HUS MOTEHIMAJIOB;

- IeTieHne 00BhEKTa Ha yCJIOBHBIC 3alUTHBIC 30HBI U TIPUMEHEHUE CIICIIH-
aJbHBIX YCTPOMCTB 3alIUThI OT UMITYJIbCHBIX NepeHanpsykeHudt (Y3UII);

- cOOJIOZIEeHUE TIPaBUJT Pa3MEILCHUs 3alUIAEMOTr0 000pyA0BaHUS U MOA-
KIIFOUCHHBIX K HEMY IPOBOJHUKOB OTHOCUTEIBHO IPYroro oO0OpyJIOBaHUS U
JIPYTUX MPOBOJHUKOB, CIIOCOOHBIX OKa3blBaTh OMACHOE BO3/ICUCTBUE WJIU BbI-
3BaTh HABOJKHU.

Haunbonee cnokHasi cxema CUCTEMBI 3alIUThI JIOJKHA BBICTPAUBATHCS IS

O6’I)CKTOB, KOTOPBIC HAXOJATCA Ha OTKpLITOfI MCCTHOCTH N UMCIOT B CBOCM CO-

96



CTaBE BBICOKO PACIIOJI0KEHHBIE JIEMEHThI CTPOUTENbHBIX KOHCTpYKIMi. K Ta-
KM 00BEKTaM OTHOCATCS KOTTEIKHU B CEJILCKOM MECTHOCTH, IIPOMBIILICHHBIC
O00OBEKTHI C BBICOKUMU TpyOamu, OOBEKTHI CBSI3M C AHTEHHO-MA4YTOBBIMHU CO-
opyxenusimu (AMC) u apyrue o0BEKTHI, T. €. T€, B KOTOpPbIE ¢ OOJIBIION cTere-
HBIO BEPOSTHOCTH MOKET YJIapUTh MOJIHUS, a TAKKE OOBEKThI, UMEIOIIUE BO3-
IyIIHBIE BBOJIBI AJIEKTpOnUTaHus. Tornma, Korja HEOOXOAMMO, HaIlpuMep, 3a-
IIUTUTD 371aHUE, PACIIOJIOKEHHOE B HACEJIECHHOM ITYHKTE TOPOJICKOTIO THIIA, BO-
MPOC PEIIACTCA CYIIECTBEHHO Mpolle. B TOpojcKuX yCIOBUSX yJap MOJIHUHU
HanOoJiee BEPOSATECH B TPYOBbl MPOMBIIIUICHHBIX MPEANPUITHN, JTUHUHA JICKTPO-
nepejay, TEICBU3MOHHYIO BBIIIKY WM OT/ACJIbHBIC, HAU00JIee BHICOKUE 37aHUS
(0COOEHHO eciiM Ha HUX YCTaHOBJIEHbl aHTEHHO-MAuTOBBIC COOPYXEHUs 0a3o-
BBIX CTAHIIUM COTOBOM CBS3H).

Toku paspsiia MOJHHUM MOTYT BO3/IEUCTBOBATh Ha OOBEKT KaK MPSIMBIM
CIIOCOOOM TP MOMNAJaHUM MOJIHUU B €r0 CUCTEMY MOJIHUE3AIIUTHI WM HAXO-
JSIIAECs B HEMOCPEICTBEHHOM OJIM30CTH COOPYKEHUS, MPEIMEThl WU Jepe-
Bbsl, TaK U KOCBEHHO. [loaTOMYy HamboJiee 4acThIMH SIBJISSFOTCS CITydau BTOPHY-
HBIX BO3JCHCTBUI MPU yAape MOJHUU B yAAICHHBIE OOBEKTHI (JINHUU JIEKTPO-
nepejay, MoJCTaHIIMU U T. 1.), CBSI3aHHBIE KAaKUMHU-JTMOO0 KOMMYHUKAITUSIMU C
3alUIIaeMbIM OOBEKTOM, WJIM MPU MEXK OOJIaUuHBIX pa3psigax, BbI3BIBAIOIINX
BO3HUKHOBEHHUE MMIMYJIbCHBIX TOKOB OOJIBIIIMX BEJIMYMH B METAJUIMUYECKUX DJIC-
MEHTaX KOHCTPYKIIMH ¥ KOMMYHHUKAITUSIX.

8.1. 30HbI MOSTHME3aLWNTbI C TOYKU 3PEHUSA NPAMOro
M HENPAMOro BO34eNCTBUA MOJTHUN

[TpyUHUMIIBI 3aIUTHl OT BTOPUYHBIX BO3JIEMCTBUM MOJIHUU JIEKTPUUECKUX
U AJIEKTPOHHBIX CHCTEM OCHOBBIBAIOTCS Ha pEKOMEHAaIusIX craHaaproB MOK.
CucreMsbl 3alATBI OT BTOPHUYHBIX BO3JCHCTBHM MOJHUHM HCIOJB3YKOTCS BO
MHOTHUX OTPacCisiX MPOU3BOJCTBA, MPUMEHSIIOIINUX JOCTATOYHO CJIOXKHOE U JI0-
pOTOCTOSAIIEE DIICKTPOHHOE 000pya0OBaHHE. DTO 00OpyaOBaHUE 0oJiee UYBCT-
BUTEJIBHO K BO3JCHCTBUIO MOJIHUM, YEM YCTPOMCTBA MPEABIAYIIMX TTOKOJICHUH,
MO3TOMY HEOOXOJIMMO MPUMEHSTH CIEIUaIbHBIE MEPHI 10 MX 3allUTe OT Omac-
HBIX BO3JCUCTBUI MOJIHUU.
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[IpocTpaHCTBO, B KOTOPOM PACHOJIONKEHBI SJIEKTPUUECKUE U IIICKTPOHHBIE
CHUCTEMBI, JJOJDKHO OBITh pPa3/iesICcHO Ha 30HbI PA3JIMUYHON CTETCHU 3aIlUThI. 30-
Hbl XapaKTEPU3YIOTCS CYIIECTBEHHBIM W3MEHEHUEM JJIEKTPOMArHUTHBIX Mapa-
METpPOB Ha rpaHunax. B oOmieM ciydae, 4em BbIIIe HOMEDP 30HbI, TEM MEHBIIIHE
3HAYEHUS NapaMeTPOB FJIEKTPOMATHUTHBIX MOJICH, TOKOB U HAIIPSIAKEHUM B MPO-
CTPAHCTBE ATOU 30HBI JOJIXKHBI OBITH 00ECTICUECHBI.

Crangapt [EC [17] onpenensieT 30HbI MOJIHUE3AIIUTHI 110 YCJIOBUIO TPSsi-
MOT'0 M HEMPSIMOTO BO3/ICUCTBUS MOJIHHM:

3ona 0A — 30Ha BHEIIHEN CpeJibl OOBEKTA, BCE TOUKH KOTOPOM MOTYT HOJBEP-
raTbCs BO3JICUCTBHUIO MPSMOTO yiapa MOJHUM (MMETh HETOCPECTBEHHBIA KOHTAKT
C KaHaJIOM MOJIHUK) U BO3HUKAIOIIIETO MPHU 3TOM JIEKTPOMArHUTHOT'O MOJISI.

3ona OB — 30Ha BHEIIHEHN cpenbl 00bEeKTa, TOUKH KOTOPOM HE MOJBEPraroT-
cs BozzeiicTBUiO mpsimoro yaapa MoiaHuu (ITYM), Tak kak HaxoAsTCA B IpO-
CTpPaHCTBE, 3alIUIIIEHHOM CUCTEMOW BHEIIHEN MoJjiHue3amuThl. O1HAKO, B JIaH-
HOI 30HE UMEETCS BO3/ICUCTBUE HEOCTA0IEHHOTO AIEKTPOMArHUTHOTO TOJISI.

3ona 1 — BHYTpPEHHsS 30Ha OOBEKTAa, TOUYKH KOTOPOW HE MOJBEPraroTCs
BO3JICMCTBHIO MPSIMOTO yJapa MOJHUU. B 3TOM 30HE TOKH BO BCEX TOKOIIPOBO-
ISIIUX YacTAX UMEIOT MEHbBIIEE 3HaUYeHUE Mo cpaBHEHUIO ¢ 30Hamu 0A u 0B.
DIJIEKTPOMAarHuTHOE TOJIE TAKKE CHIXKEHO MO cpaBHEHUIO ¢ 30Hamu 0A u 0B 3a
CYET PKPAHUPYIOIIUX CBONUCTB CTPOUTEIIBHBIX KOHCTPYKIIUM.

llocneoyrowue 3onvr (3oHa 2, u T. A.). Ecnu TpeOyercs nanpHeiee CHU-
KEHHE Pa3psAIHbIX TOKOB WJIU 3JIEKTPOMArHUTHOTO MOJIA B MECTAX Pa3MEUICHUS
YyBCTBUTEIBLHOIO OOOPY/IOBaHUSA, TO HEOOXOAUMO MPOEKTUPOBATh TAK HA3bI-
BaeMbIe Mocieayroiue 30Hbl. Kputepuit 1ist 3TUX 30H ONpeaessieTcsi COOTBET-
CTBEHHO OOIIMMH TPeOOBAHUSIMHU IO OTPAHUYEHUIO BHEIIHUX BO3JCUCTBUH,
BIUSIIONIMX HA 3alUIIaemMyto cucremy. iMmeetr mecTto of1iiee mpaBuio, Mo KOoTo-
pOMY C yBEIMYEHHEM HOMEpa 3alllUTHON 30HBI YMEHBIIAETCS BJIUSHUE SJICK-
TPOMArHUTHOIO TOJISl U TPO30BOro Toka. Ha rpaHuniax pasjena OTAeIbHbBIX 30H
HE00X0AMMO 00ECMEeUnTh 3alUTHOE MOCJIEI0BATEIbHOE COSUHEHNE BCEX Me-
TaJUTMYECKUX YaCTEH C MPOBEACHUEM UX MEPUOIUYECKOTO KOHTPOJIA.

Ilpumeuanue: ciocoObl 00pa30BaHMsI CBSI3EH HA TPaHUIIAX pasliesia MEXITY
3onoit 0A, 3onou 0B u 3onoiu 1 npuBenenst B cT. 3.1 ctannapra IEC [17].

Ha pacnpenenenue sHEpruM 3JIEKTPOMAarHUTHBIX MOJEH BHYTPU OOBEKTa

OKa3bIBAIOT BJIMAHHC PA3IIHMYHBIC 3JICMCHTBLI CTPOUTCIIbHBIX KOHCTPYKHHﬁ, Ta-
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KH€E, KaK OTBEPCTHUSI WM IIENH (HapuMep, OKHA, IBEPH) OOLIUBKH U3 JIUCTOBOU
cTanu (BOAOCTOUYHBIE TPYObI, KAPHU3BI), a TAKIKE MECTa BBOAA-BbIBOJIa Kabesei
ANEKTPONUTAHUS, CBA3U U APYTHUX KOMMYHHUKAIIUM.

Ha puc. 8.1 npuBoguTCsi mpuMep pas3feieHHs 3allUIaeMoro 00beKTa Ha
HECKOJIBKO 30H.

/
3onalB

HpOBOI[HP]K_PI CHCTEMEBI ¥ PABHHEAHNA ITOTCHLIMATOE TEJ'IEKOMM}'H}'IKELE’IOHI{EIC xabem 1 KabenH rmTaHma

Puc. 8.1. [Ipumep pazaenenus 3aumniaeMoro o0beKkTa
Ha HECKOJIBKO 30H

Kabenu snexkrponuTanus, CBSI3U U APYrue METAIUIMYECKNE KOMMYHUKALINU
JOJIKHBI BXOJWTh B 3aUIUTHYIO0 30HY | B OJHOM TOYKE M CBOMMM SKPaHHBIMU
000J10YKaMHU WJIM METALTMYECKUMH YacTSIMH TOJKIIOYAThCS K IIaBHOM 3a3eM-
nsroniel muHe Ha rpanuie paszaena 3od 0A — 0B u 3onsl 1. OnrcanHoe Bblliie
paznenenne 00bEKTa Ha YCIOBHBIE 30HbI MO3BOJSIET HA MPAKTUKE d(HPEKTUBHO
pemarb BONPOCHI 3alUTHI deKTponuTatomux cerer 1o 1 000 B, a Ttakxke nu-
HUW CBSI3M, NEPENAYM JAHHBIX, KOMIIBIOTEPHBIX CETEW W APYTrUX KOMMYHHUKA-
Ui, BXOJIAUIMX B OOBEKT, C MOMOIIbIO MPUMEHEHUS Pa3jIMYHOIO TUIA YCT-
POMCTB 3alllUThl OT HMIYJbCHBIX MEPEHANPSKEHUN (WM Tak Ha3bIBAEMOU
BHYTPEHHEN CUCTEMON MOJHHE3ALIUTHI).
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8.2. YcTponcTBa 3aliMThl OT NepeHanpsXxeHnmn

CornacHo onpenenenuto, npusenaeHHoMmy B ctangapre ['OCT P 51992-2002
(MDBK 61643—1-98) [14], «YCTpOMCTBO 3alIUTHI OT UMIYJILCHBIX TI€pEHAIpS-
xenuit (Y3UII) — 310 yCcTpOoHCTBO, KOTOPOE MPEAHAZHAYCHO 11 OrpaHUYCHUS
MEPEXOIHBIX MEPEHANPSKEHUN U JJIsI OTBOJIa UMITYJIBCOB TOKA. JTO YCTPOUCT-
BO COJEPXKUT, 110 KpaliHE Mepe, OJUH HEJIMHENHBIN 3JeMEHT». B KadyecTBe diie-
MeHTHOM 0a3bl /it coznanust Y3UII, kak mpaBuiio, UCHONIB3YIOT Pa3psIHUKU
Pa3JIMYHBIX THUIIOB U OKCUIHO-IIUHKOBBIE BAPUCTOPHI.

VYerpoiictBa 3amuthl oT nepeHanpspkeHuid (Y3II) ycranaBiauBaroTcst B
MECTE TEepeceUeHUs JIMHUEH 3JIEKTPOCHAOKEHMs, YNpPABICHUS, CBSI3U, TeJe-
KOMMYHUKAI[MU TPAHULBI JABYX 30H 3KpaHupoBaHus. Y3l paznuyHoro npuH-
[UTIa ACUCTBUS KOMOUHUPYIOT JIJIsl TOCTHMIKEHHUS MTPUEMIIEMOTO PaCIIpeICICHUS
Harpy3ku MeXJy HHUMHU B COOTBETCTBUM C UX CTOMKOCTBIO K pa3pyIICHUIO, a
TAK)K€ JUIsl YMEHBILIECHHSI BEPOSATHOCTH Pa3pyLIEHUs 3aIIUIIAEMOro 000py10Ba-
HU MOJT BO3AEHCTBUEM TOKA MOJIHUHU.

8.3. OcHOBHbIe TUNbI YCTPOMUCTB 3alNTbl OT NepeHanpsXXKeHU!

CyleCcTBYET YEThIPE OCHOBHBIX THUIIA YCTPOMCTB 3alIUATHI OT UMITYJILCHOTO
MepECHANPSKCHUS.

1. Ilepsviii mun ycmpotiicma 3auumsl — pazpaonuk (puc. 8.2, a).

OH npencraBisieT co00i OTpaHUYUTENh MEPEHANPSHKEHUS U3 JBYX TOKO-
MPOBOJIAIIMX IJIACTUH C KaJIUOpPOBaHHBIM 3a30poM. [Ipu cyiiecTBeHHOM IIO-
BBHIIIICHUN HAMPSDKCHUS MEXIY TUIACTHHAMHU BO3HUKAET JyTOBOM paspsii, obec-
MEYNBAIOIINAN CTEKAHWE BBICOKOBOJBTHOTO MMITyJibca Ha 3emiito. [lo ucronue-
HUIO PA3pANHUKHU JEJATCS HAa BO3AYLIHBIC, BO3AYILIHBIE MHOI'OJJIEKTPOJHBIE
Y Ta30BbIC.

B razoBom paspsaHuke qyroBas KaMepa 3arojIHEHa HHEPTHBIM Ta30M HU3-
KOro AaBiieHusA. bnaromaps 3Tomy uX mapaMeTpbl MaJIO 3aBUCAT OT BHEIIHUX
yCJIOBUM (BIAXHOCTh, TEMIIEPATYpPa, 3aMbIJIEHHOCTh U T. [I.), KPOME TOTO, ra30-
BbIC Pa3PSJHUKU HMEIOT HKCTPEMAIbHO BBICOKOE COMPOTUBIECHHE (OKOJO
10 'OM), 4TO MO3BOASIET UX NPUMEHSTH JJISI 3alUTHI OT MEPEHANPSIKEHHUS BbI-
COKOYACTOTHBIX YCTPOMUCTB C YaCTOTOM J10 HECKOIbKUX [T'm.
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[Ipu ycTaHOBKE BO3IYIIHBIX PA3PSTHAKOB UMEET MECTO BBIOPOC TOPSUETO
MOHU3UPOBAHHOIO T'a3a U3 JIyrOBOM KaMephl, UTO CYILIECTBEHHO MPU YCTAaHOBKE
B IJTACTHUKOBBIE IUTOBBIE KOHCTPYKIIHH.

TumnoBoe HarnpspkeHUe cpabaThIBaHUS I pa3psIHUKOB cocTaBisieT 1,54 kB
(mmst cetn 220/380 B—50 I'm). Bpemst cpabateiBanus mopsinka 100 He. Makcu-
MAJIBHBIN TOK TIPU pa3psale sl Pa3IMYHbIX UCHOJHEHUU OT 45 1o 60 kA mpu
JUTUTeIbHOCTH uMmyJibca 10/350 mkc.

YcrpolicTBa BBITONHSIOTCS B BUAE OTACIBHBIX 3JIEMEHTOB ISl YCTAHOBKHU
B pacnpeieuTeNbHble UThl. OTIENbHYIO TPYNIY COCTaBISAIOT Pa3psAHUKU B

BHJIE AJIEMEHTOB JIJI1 YCTAHOBKM Ha IUIaThl ¢ TOKaMu paspsaa ot 1 mo 20 kA
(8/20 MKc).

D> <1
S
4
\

B

0) 8) 2)

Puc. 8.2. Orpannuurtenu nepeHanpskeHuid (yCTponcTBa 3aIUThl)

2 I\I

2. Bmopoii mun ycmpoticme 3awyumol — eéapucmop (puc. 8.2, 6).

Bapucrtop — 370 KepaMHUeCKUi 3IEMEHT, Y KOTOPOTO PE3KO MaJaeT COMpo-
TUBJICHUE MPHU MPEBBIIICHUN MPUIOKEHHOTO K HEMY HAINpPSHKEHUSI 0 OTHOIIIE-
HUIO K HAIIPSHKEHUIO CpabaThIBAHUA.

Hampsixenue cpabateiBaHus Bapuctopa 470-560 B (mna  cetu
220/380 B — 50 I'mm). Bpems cpabartbiBanus — MeHee 25 HC. MakCUMalIbHBIN
UMITYJIBCHBIM TOK — OT 2 710 40 KA TIpH JJIMTEILHOCTH UMITyJibca 8/20 MKC.

101



VYcrpolicTBa BBIMOJIHSIOTCS KaK B BUJAE OTJEIbHBIX JIEMEHTOB JJIsSI yCTa-
HOBKHM B paJildOarmaparypy, Tak ¥ B BHJIE MOJYJIS JiJIi YCTAHOBKU B CHJIOBBIC
IIUTHI.

3. Tpemuii mun ycmpoticme 3awumol — pazoeaiumenvHovlii mpancgopma-
mop (puc. 8.2, 8).

O} pexkTUBHBIN OrpaHUYUTENb MEPEHANPSKEHNU — CUI0BOM S0-reploBbIi
TpaHchopMaTop C pa3iedbHBIMU OOMOTKAMH U PaBHBIMU BXOJHBIM M BBIXOJI-
HBIM HampspKeHUsMU. TpanchopmaTop MMEET 3HAUYUTEIbHYI0 WHIYKTUBHOCTH
paccessHAsI ¥ TIPOCTO HE CIOCOOEH IMepeaTh MOCPECTBOM MAarHUTHOTO MOTOKA
CTOJIb KOPOTKUU BBICOKOBOJIbTHBIN MMITYJILC BO BTOpPUYHBIC Iienu. biaromaps
ATOMY CBOWCTBY OH BBINOJHSET (QYHKIMIO 3alUTHI OT UMITYJIbCHOTO IMEpeHa-
npspkeHusi. OHaKO MPU MPSIMOM TIOTAIaHUKM MOJIHUU B TOJBOSIIYIO KaOemb-
HYIO CETh MOKET HapYIIUTHCS 1EJIOCTHOCTh M3OJSAINU MEPBUYHON OOMOTKHU U
TpaHc(opMaTop BBIMIET U3 CTPOSI.

4. Yemeepmolti mun ycmpoucms 3auiumsl — 3auiumHulii ouoo (puc. 8.2, 2).
3alUTHBIN JUOA MPUMEHSIETCS Ui 3allUThl OT MEPEHANPSKEHUS anlapaTypsl
cBsi3u. O0Ia1aeT BBICOKOW CKOPOCThIO cpabaThiBanus (MeHee | HC) u paspsii-
HBIM TOKOM | KA npu TOKOBOM uMmityjbce 8/20 MKc.

Bce deThipe BBIIICONUCAHHBIX OrPAaHUYUTENST TMEPEHANPSIKEHUSI HMEIOT
CBOU JIOCTOMHCTBA U HEJIOCTATKHU.

Ecnu cpaBHUTH pa3psaHUK U BapUCTOP C OAWHAKOBBIM MAaKCHUMAJIbHBIM
UMITYJIbCHBIM TOKOM M OOpaTUTh BHUMAHHUE Ha JJIUTEIHHOCTh UCIBITATEIIHHOTO
UMITYJIbCA, TO CTAHOBUTCSI OYEBUIHBIM, YTO Pa3pSAHUK CHOCOOEH MOTJIOTUTH
SHEPTHIO Ha JIBa MOpsiAKa O0bIlIe, YeM BapUCTOP. 3aTO BApUCTOp cpabaThIBAET
ObICTpee, HAMPsDKEHUE cpadaThiBaHUS CYIIECTBEHHO HUKE, KPOME TOTO, OH Te-
HEPUPYET CYIIECTBEHHO MEHBIIINN YPOBEHb NOMEX MPH padoTe.

PaznenurensHblii TpaHchOpMaTOp MPU ONPEACICHHBIX YCIOBUSX HMEET
Oe3rpaHUyYHbIN PECYpC MO 3alIUTE HArPY3KH OT UMITYJIbCHOTO MEePEHANPSKEHUS
(Y BapUCTOpPOB M Pa3psiIHUKOB MPHU CpadaThIBAHUU MPOUCXOAUT MOCTETIEHHOE
paspyIieHne matepuana lyeMmenTa), Ho s cetn 100 kBA TtpeOyercs Tpanc-
dbopmaTop paBHOU WM OOJbIIEH MOITHOCTU (TSXKEJbIN, radapuTHbBIN, BEChMa
noporoit u cHwkaronui oomuit KITJI cuctemsl 31eKTpoCcHAOKEHUS ).

CyIIeCTBEHHBIM SIBIIIETCS TAKKE TO, UTO MPHU OTKIOUEHUU MEPBUYHOM Ce-
TH TpaHchopmaTop cam 1o cede reHepupyeT BRICOKOBOJBTHEIN BHIOPOC 3a CUET
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3allaCeHHOW B MAarHUTOIMPOBOJE SHEPTrUU MArHUTHOIO MOJIsl. DTO TpeOyeT ycTa-
HOBKHU BapUCTOPOB B IIEMIM BTOPUUYHONU 0OMOTKH TpaHchopmaropa.

Cepbe3Hoil po0emMoil B mpolecce OpraHu3aluy 3aiuThl 000py0BaHUs
OT IPO30BOI0 U KOMMYTAIMOHHOI'O MEPEHANPSIKEHUS SBJISIETCA TO, YTO HOpMa-
TUBHas 0a3a B ATOI 00JacTH J0 HACTOSIIETO BpeMEHH pa3paboTaHa HEAOCTa-
TOYHO.

CyuiecTBylolllie HOPMaTUBHbBIE TOKYMEHTBHI JIUOO cojaepxaT B cebe ycTa-
pEBIlIE, HE COOTBETCTBYIOIIUE COBPEMEHHBIM YCJOBHUSM TpeOOBaHUA, JTUOO
paccMaTpUBaIOT UX YaCTUYHO, B TO BpEMsI KakK pelIeHUuEe TaHHOTO BOIpoca Tpe-
OyeT KOMILJIEKCHOTO MOJIX0/1a.

8.4. TpexcTyneH4yaTas cxemMa BKJTHOYEHUA 3alUTHbIX YCTPOUCTB

JInsi rapaHTUPOBAHHOM 3alIUThl O00BEKTAa OT MEPECHANPSIKEHHM, BO3HU-
KAIOIIMX MPU CTEKAaHWHU TOKOB MOJIHUM Ha 3a3€MIISIIOIIEE YCTPOMCTBO WIIM MPU
pacnpoCTpaHEHUH BOJIHBI NIEPEHAINPSDKEHUS 110 MUTAIOLIEH CeTH (B ciydae ja-
JIEKOro yJapa MOJIHMM), «30HOBOW KOHIENIMEN 3allUThl» MPEeayCMOTpEHa
TPEXCTYINEHYaTas CXeMa BKJIKOUEHHS 3alUTHBIX YCTPOMCTB. OCHOBHBIE KIIACCHI
YCTPOMCTB 3alIUThl OT NMEPEHANPSHKECHUN 11 HU3KOBOJBTHBIX DJIEKTPUUYECKUX
ceTel, METOJIMKU UX UCTIBITAHUN W MPUHIUIBI IPUMEHEHHUS MPUBECHBI B Clie-
nyrommx ctanaaprax MOK:

- IEC-61643—1 (1998) «¥YcrpoiicTBa 3allUThl OT TMEPEHANPSAKEHUM IS
HU3KOBOJIbTHBIX CHUCTEM pactmpeseneHus anekrposneprun. Yacts 11. Tpebona-
HUS K SKCIUTYaTal[MOHHBIM XapaKTePUCTUKAM U METO/Ibl UCIIBITAHUI.

- IEC-61643—-12 (2002) «YcTpoicTBa 3alllUThl OT MEPEHANPSIAKEHUN IS
HU3KOBOJIbTHBIX CHCTEM pacrpezesieHus 3aekTpodHeprun. Yacte 12. Bribop
Y IPUHLINUIBI IPUMEHEHHUSD.

CoryacHO TpeOOBaHUSM JAaHHBIX CTAH/IAPTOB, YCTPOMCTBA 3AIIMUTHI OT TIC-
pEHaNpsHKEHUM, B 3aBUCUMOCTH OT MECTa YCTAHOBKH M CIIOCOOHOCTH IMPOITyC-
KaTh yepe3 ce0s UMIMYJIbCHbIE TOKA COOTBETCTBYIOIIUX aMIUIUTY/I, JEJSATCS Ha
caenyromue knacesr: I, 11, II1.

OcHOBHbBIE TPEOOBAHMS K OTPAHUUYUTEIIAM MEPEHANPSAKEHUS Pa3HbIX KIlac-
COB IIPUBEJEHBI B Ta0I. 8.1.
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Tabnuya 8.1

OcHoBHBIE TPeOOBaHUSI K OTPAHUYUTENSIM TIEpeHATPSHKCHUS

Kiace Hasznauenue ycrpoiictsa
YCTPOWCTBA
I(B) IIpennasHadenbl s 3alIUTHI OT NPSMBIX YJIapOB MOJHHUHM B CUCTEMY

MOJIHAE3AIIUTH 00BEKTa WM BO3AYUIHYIO JHHHIO 3JIEKTPOIEpeaayu.
VYcraHaBnuBalOTCS HAa BBOJE B 3[]aHUE WM TJIABHOM PACIpPEICTUTEb-
HOM muTe. XapakTepU3yTCs HMMITYJIbCHBIM TOKOM [, ¢ (opmoi

BOJTHBI 10/350 MKC

II(C) [IpeanazHadeHsl Il 3alUTH TOKOPACIIPEACIUTEIBHON CeTH OOBEKTa
OT KOMMYTAI[MOHHBIX MOMEX WJM KaK BTOpas CTyINEHb 3alUTHl HpPU
yAape MOJHUU. Y CTaHaBIMBAIOTCS B pacHpe/leIUTeNbHbIE IUThL. Xa-
PaKTEPHU3YIOTCSI UMITYJIBCHBIM TOKOM ¢ (hopMoii BoHBI 8/20 MKC

(D) [IpennasHaueHbl Uil 3alIUTHI TOTPEOUTENEH OT OCTATOYHBIX OPOCKOB
HANPSDKEHUS, 3alTUThI 0T AU(depeHINATBHBIX (HECUMMETPUIHBIX) TIe-
peHanpspKeHUu (HampuMmep, Mexay (pa3oil U HyJeBbIM 3alllUTHBIM MPO-
BOJAHUKOM B cucteMe TN-S ), GuabTpanuu BHICOKOYACTOTHBIX MOMEX
VY cTaHaBnIuMBaIOTCS HEMOCPEACTBEHHO BO3JIE MOTpeOUTENs. XapaKTepu-
3YIOTCSI UMITYJIbCHBIM TOKOM € (popmoii BostHbI 8/20 MKC

Hcxons U3 OLICHKM pHUCKa MPSIMOTO yjapa MOJHWM WM HABOAOK OT yJa-
JICHHOTO pa3psjia, HEOOXOIUMO BBIOMPATH THUIT MIPUMEHSIEMBIX 3aIIUTHBIX yCT-
POMCTB U CXEMYy UX YCTaHOBKH. He0O0X0IMMOCTh 3allIUThI OT TPO30BBIX MEpEeHa-
NPSKEHU 3aBUCUT OT WHTEHCUBHOCTH YJIapOB MOJIHUM B JaHHOM MECTE —
CpeZlHEE TOJI0BOE KOJIUYECTBO YAAPOB MOJIHMU Ha | KM’ 3a TOJI.

B cTpanax EBpomnbl 1aHHYIO CTATUCTUKY MPOEKTUPOBIIUK MOIYyYaeT C IO-
MOIIBbK) aBTOMATU3UPOBAHHON CUCTEMBI OITPEICIICHUS MECTA y1apa MOJIHUMU.

B ycnoBusx Poccun naHHO€ 3Ha4Y€HUE MOKHO MOJYUHTh, UCTIOJIb3Ys Kap-
Thl TPO30BOM AKTMBHOCTH IO PETHMOHAM, HO MPU ITOM MOJYUYCHHBIN mapaMeTp
OyJeT UMETh 3HAYUTEIIbHBINA Pa30poC BEIUUKH.

Takxe HE0OX0AMMO UMETh B BUJY OIIEHKY YSI3BUMOCTH CaMOM 3JIEKTPOYC-
TaHOBKU. Hampumep, MOJ3EMHBIE CHUCTEMBbI SJEKTPONHUTAHUSA IO MOHSTHBIM
MPUYMHAM CUMTAIOTCS MEHEE YSI3BUMBIMU, YEM BO3IYILHbIE.

Bricokass cTOMMOCTH OO0OpYIOBaHMS, MOJKIIOUCHHOTO K 3aIlMIIacMOM
ANEKTPOYCTAHOBKE, MOXKET CIY>KUTh BaXHbIM KPUTEPUEM IS YCIOXKHEHUS
CXEMBI 3aIUThI.
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8.5. MNapameTpbl 3alUTHbLIX YCTPOUCTB

[Ipu BBIOOpE 3aIIMTHBIX YCTPOWCTB C MCIOIb30BAHUEM Pa3psSIHUKOB WIH
OKCUJIHO-IIUHKOBBIX BapUCTOPOB HEOOXOIMMO YYHUTHIBATH CIEIYIOLIUE Iapa-
METpPBI IOCJIETHUX.

1. Homunanvnoe pabouee nanpsicenue (U, ). DTO HOMUHAIBHOE IEHCT-

BYIOIIIEE HAIPSDKCHHUE CETH, JUIsl pabOThl B KOTOPOH IMpeaHA3HAYCHO 3aIIUTHOE
YCTPOMCTBO.

2. Haubonvwee onumenvrHo oonycmumoe pabouee Hanpsdicerue 3aujumuo-
20 ycmpoticmea (mMaxcumanvroe pabouee nanpsxcerue) (U ).

3. Knaccugpurxayuonnoe nanpsidicenue (napaMmerp JJisi BAPUCTOPHBIX Orpa-
HUYUTENICH TepeHanpspKeHui). OTo JEHCTBYIOIEEe 3HAUYCHHE HAMPSHKEHUS
IIPOMBIIIUICHHOM 4aCTOTHI, KOTOPOE MPUKIAABIBACTCS K BAPUCTOPHOMY OTpaHu-
YUTENIO ISl TIOJIyYeHUST KIIAaCCU(UKAITMOHHOTO TOKa (OOBIYHO 3HAYEHUE KJIac-
cU(UKAITMOHHOTO TOKA TPUHUMAETCs paBHBIM 1,0 MA).

4. Umnynvcnoii mox (1, ). ITOT TOK ONPEEIACTCS MTMKOBBIM 3HAY€HUEM

I joqr VICTIBITATEIIBHOTO MMITYJIbCA JUTENbHOCTRIO 10/350 MKC u 3apsimom Q.

[IprMeHsieTcst 17151 UCTIBITAHUH 3alMTHBIX YCTPOMCTB Kiacca l.

5. HomuHnanoHolil umMnynscusli paspsoHuit mox (1,). 3TO MUKOBOE 3HaYe-

HUE UCIBITATEILHOTO MUMITYyJibca TOKa (popmbl 8/20 MKC, MPOXOASIIETO Yepes
3alIUTHOE YCTPOMCTBO. TOK MAHHOW BEJIIMYMHBI 3AIIUTHOE YCTPOWCTBO MOMKET
BBIJICPKUBATH MHOT'OKPATHO.

6. Maxcumanohsii umnyabcHsii pa3psaoHvii mox (I, ). IT0 MMKOBOE 3HA-

YEHUE UCIBITATEIbBHOTO UMIYJIbca TOKa (popMmbl 8/20 MKC, KOTOPBIN 3aIIUTHOE
YCTPOMCTBO MOKET MPOMYCTUTh OJIMH Pa3 U HE BBINTHU U3 cTposi. Mcnonb3yercs
i ucneiTanus Y3UII knacca I1.

7. Conposodicoarowuri mok (1 ;) (mapamerp st Y3UIT Ha 6ase paspsiHUKOB).

OTO TOK, KOTOPBIM ITPOTEKAECT 4YEpPEe3 PA3PSAIHHUK ITOCIE OKOHYAHHUS HM-
NyJbCa MEPEHANPSIKEHNUSI U MOJIICPKUBAETCI CaMHUM HCTOYHUKOM TOKa, T. €.
AIIEKTPOIHEPreTUYECKON crucTeMor. (DaKTUYECKH 3HAYEHUE 3TOT0 TOKA CTpe-
MUTCS K paC4€THOMY TOKY KOPOTKOI'O 3aMbIKaHHs (B TOUKE YCTAaHOBKH pa3psi-
HUKA JUIsI JAHHON KOHKPETHOM AJIEKTPOYCTaHOBKH). 1103TOMY 117151 yCTaHOBKM B
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uenu « PA3A-N; ©®A3bI-PE»» Henb3s TPUMEHSITh ra30HANIOIHEHHbIE (U JIPYTHE)
paspsIHAKY €O 3HaYCHHEM [ ,, paBHbIM 100—400 A.

B pesynpTare MIMTENIBHOrO BO3ACHCTBUSA COIMPOBOXKJIAIOIIETO TOKA OHHU
OyIyT MOBPEXKIEHBI U MOTYT BBI3BATh MoOXkap. /s yCTaHOBKU B JIaHHYIO 1IETIh
HEOOXOZIMMO TIPUMEHATL PA3PAJHUKM CO 3HAYCHUEM [, NPEBBINIAIONINM pac-

YETHBIA TOK KOPOTKOrO 3aMbIKaHUs, T. €. )KEJATeJIbHO CO 3HAYEHUEM OT 2-3 KA
U BBIIIIC.

8. ¥Yposenv sawumuor (Up). IT0 MakcUMallbHOE 3HAYEHHUE MAJICHUS Hampsi-
KEHHUS Ha 3alUTHOM YCTPOMCTBE NMPHU MPOTEKAHUHM YEPE3 HEro MMITYJIbCHOTO
TOoKa paszpsnaa. [lapameTp xapakTepusyeTr CriOCOOHOCTh YCTPOMCTBA OTpaHUYM-
BaTh MOSBJISIONIMECS HA €ro KieMMax mnepeHanpsokeHus. OObBIYHO ompeenseT-

Csl IPY MPOTEKAaHUY HOMHHAIBHOT'O UMITYJIbCHOTO Pa3psiAHOrO Toka (7).

9. Bpems cpabamveiganus. Jjie OKCUAHO-IIUHKOBBIX BapUCTOPOB €ro 3Ha-
yeHue OOBIYHO HE MpeBbIaeT 25 He. s pa3psIHUKOB pa3HON KOHCTPYKIUU
BpeMsi cpabaThIBaHUsI MOXKET HaXxoAuThcs B mpenenax or 100 HaHOCEKyH[ 10
HECKOJIBKUX MUKPOCEKYH/I.

CymecTByeT psll APYruxX MapaMeTPOB, KOTOPBIE TOXKE YUHUTBIBAIOTCS NPH
BBIOOpE YCTPOMCTB 3alllUThl OT MEPEHANPSHKEHUS: TOK YTEUKH (JI1 BapUCTO-
POB), MaKCUMaJlbHasl PHEPTUs, BblAEIsAEMas Ha BapUCTOPE, TOK CpabaThIBaHUs
nperoXpaHuTeNen (s 3alUTHBIX YCTPOMCTB CO BCTPOEHHBIMU MPEIOXpaHH-
TEJISIMU).

CyIIecTBYIOT JBE OCHOBHBIE CXEMbI BKJIIOUCHMS 3AIIUTHBIX YCTPOWCTB B
AJIEKTPOIUTAIONTYIO JTUHUIO (pHC. 8.3).

F A A
N N
PE & PE
a) 0)

Puc. 8.3. OCHOBHBIE CXEMBI BKIIFOUECHUS 3ALUTHBIX YCTPOWCTB
B AJIEKTPONUTAIOLLYIO JTUHUIO
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Cxema Ha puc. 8.3, a npegHa3Ha4Y€Ha, B IEPBYIO OUYEPEAb, IS 3ALIUATHI OT
cuH(}a3HBIX (ITPOJIOJIBHBIX) NEPEHANPSHKEHUH (TIPOBOA — 3EMJIS).

Cxema Ha puc. 8.3, 6 COOTBETCTBEHHO, OT MPOTUBO(A3HBIX (ITOMEPEUHBIX )
nepeHanpsHKeHu (MpoBOJ — MPOBOJT).

Ozpanuuyumensv nepenanpsaxcenuii ACTPO*OIIH-12/0,4

Haunnas ¢ 1999 r. OOO «ACTPO-Y30» cepuitHO MPOU3BOJUT OIPAHU-
YUTEW BOJHOBBIX NepeHanpspkeHuit tuma ACTPO*OITH-12/0.4.

OTOT npubOp MpeIHa3HAYEH JJIS 3aIUTHl OT TPO30BBIX U KOMMYTAI[MOH-
HBbIX TEPEHAINPSHKEHUN B 3JIEKTPOYCTAHOBKAX JKHIIBIX, OOIIIECTBEHHBIX, aJIMH-
HUCTPATUBHBIX U OBITOBBIX 3/IaHUH MIPU BO3YIIIHOM BBOJIE.

ACTPO*0OIIH-12/0,4 npencrtaBiseTr coOOW pa3psaHUK O€3 HCKPOBBIX
MPOMEKYTKOB, aKTUBHAsI 4acCTh KOTOPOTrO COCTOUT M3 METAJIOOKCHUJIHOTO HE-
JMHEMHOTI0 PE3UCTOpPa C CYIIECTBEHHO HEJIMHEHMHOW BOJBTAMIIEPHOM XapaKTe-
PUCTUKOM.

3amutHoe paerictBue ACTPO*OIIH-12/0,4 ocHOBaHO Ha MPOMYCKaHUU
UMITYJIbCHOTO TOKa C TOKOBEAYIIUX TPOBOJIHUKOB Ha 3a3€MJISIFOILIEE YCTPOUCTBO.

[To CTOMKOCTH M30JALMH 3JICKTPOTEXHHUUECKOE 000pYyI0BaHUE, MpeaHa-
3HAUYEHHOE AJI1 UcIoib30BaHus B cerax 220/380 B, nenutcs Ha 4 xareropuu
IV, 11, II, I). Jns kaxxaoi KaTeropuu ONpeAesiioTCS MaKCUMaJIbHO BBIIEPKU-
BaeMble HMMITYJIbCHbIE TEpPEHANpPSKEHUs (3alIUTHBIE YPOBHH), IOMYCKaeMbIE
VTS TIOJIKJTFOYEHHOTO 000PYI0BAHUA.

Hampumep, misa cetu TN-C 220/380 B mepenamnpsikeHue Ha BBOJIE B 00b-
€KT HE JIOJDKHO MPEBBICUTHh YPOBEHb 6 KB, mocie rimaBHOro pacnpeaenuTenbHo-
ro murta — 4 kB, Ha BbIXOJ]aX BCIIOMOTaTEIbHBIX PACIPEACTUTENbHBIX IIUTOB —
2,5 kB u ny1s1 000pymoBaHus, MOAKIIOYAEMOTO HEMOCPEACTBEHHO K 3JIEKTPOPO-
3eTkam, — 1,5 kB.
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9. NIPUEMbl OKA3AHMA NEPBOU MOMOLLU
NMPU NIEKTPOIMNMOPAXEHWUA

Pe3ynbTaT OkazaHus MEPBOM MEAUIIMHCKON MOMOIIM (JI0BpaueOHON) TpuU
MOPaKEHUU JIEKTPUUYECKUM TOKOM 3aBUCHUT OT CJIEAYIOMUX (DaKTOPOB:

- OBICTpOTA ACHCTBHS;

- HAXO/TYMBOCTh OKA3bIBAIOIIETO MOMOIIIb;

- YMEHHUE OKa3bIBaTh MEPBYIO MEAUIIMHCKYIO MTOMOIIIb.

HecuacTHble ciiydan OoT JEHUCTBUS JJIEKTPUUECKOTO TOKa cocTaBisitoT 1 %
OoT 00IIero yuciaa HecuacTHhIX ciaydaeB. U3 atoro mporienta 40 % sBISIOTCS
CIay4asiMU CO CMEPTENIBHBIM MCXOAO0M, M3 KOTOpbIX 80 % — Ha HampsHKeHUU
220-380 B.

[Toa MOMHOLICHHBIM OKUBJIEHUEM MOHUMAIOT TAKOE BBIIOJTHEHUE MEPBOM
MOMOIIH, KOTJa MOCJIE COCTOSIHUS KIIMHUYECKOW CMEPTH y TTOCTPaAaBIIEro yaa-
€TCS BOCCTAHOBUTh HE TOJBKO ABIXaHWE W KpOBOOOpaiieHne, HO M (yHKIINH
TOJIOBHOTO MO3Ta (MOJIHOE€ CO3HAHME, MOJIHAS JBUraTelibHasi aKTUBHOCTh, CO-
XpaHEHHasl 4YyBCTBUTEJILHOCTD ).

JlaHHbIE MUPOBOW CTAaTUCTUKU CBUJIETEIHCTBYIOT O TOM, UuTO B 15 % ciy-
YyaeB MpU OKa3aHUU KBATU(DHUIIMPOBAHHOW MEPBOM MOMOIIU YIAETCA TOOUTHCS
MOJIHOIIEHHOT'O OKMBJIEHUS MOCTpajaBlIero. B KIMHUYECKUX YCIOBUSIX JOJIS
MOJTHOLIEHHOTO OkuBJeHUs gocturaet 25-30 %. OxuBieHune, HA4aTOE B MEp-
BbI€ MUHYTHI MOCIIE MMOPAXKEHUS YesIoBeKa, Hanboiee 3PpGeKTUBHO, T. €. PaKkTop
BPEMEHMU SIBIISIETCSL ONTPEAEISIOIINM.

OxkazaHve TepBOM JO0BpadeOHON TMOMOIM TOCTPAIABIIEMY OT JCHCTBUSA
ANIEKTPUUECKOTO TOKA BKIIFOYAET 2 ATana:

1) ocBOOOKIEHNE YEIOBEKA OT IEUCTBUS AIEKTPUUECKOTO TOKA;

2) okazaHue JOBpaueOHON MEIUIIMHCKOM MTOMOIIIH.
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9.1. OcBoOOXaeHne YyenoBeka
OT AEeNCTBUSA INEKTPUYECKOro Toka U ANarHocTmKa

OTU HEOOXOIUMbIE JIEUCTBUSI OCYIIECTBIISIETCSI MMOCPEACTBOM CIEAYIOIINX
IPUEMOB:

- OTKJIFOYEHHE JJIEKTPUUYECKON CETU WM BJIEKTPOOOOPYIOBaHUS MPU TIO-
MOIIH CIIeIIHMATbHBIX alnapaToB;

- IPU yAQJIEHHBIX OTKIIOYAIOIIMX arnmaparax OT MECTa HECYACTHOIO CIy-
yasi OCYIIECTBJISICTCS cpe3aHue (pa3lieJIeHHE MUTAIOIIUX MPOBOJAHUKOB 3JIEK-
TPUYECKOM CETH) IPU MOMOIIU UHCTPYMEHTOB C U30JIUPYIOIIEH PYUKOI;

- CTSITUBaHUE TMOCTPAJIAaBIIETO C TOKOBEAYIIMX YacTell wiM cOpachIBaHUE
TOKOBEAYIINX MPOBOJHUKOB C TEJIA YEIOBEKA.

[Tocnie 0cBOOOXKIEHUS MOCTPAJABIIETO OT JAEUCTBUS AIIEKTPUUECKOTO TOKA
HEO0OXOAMMO OIPEAEIUTh COCTOSIHUE MTOCTPAJABIIETO.

B cnydae mopakeHHsI 4eJIOBEKa ANEKTPUUYECKUM TOKOM JAMArHOCTHKA 03-
HaYyaeT BhISICHEHUE BUJIa U 00beMa MOMOIIU, HEOOXO0IUMOM MOCTPAIABIIEMY.

B nepByto ouepenib, HEOOXOIUMO YCTAHOBUTH (PAKT HAPYIICHUS KUZHECHHO
BOXHBIX (PYHKIIUNA, T. €. ONPEACIUTh HAIWYNE WM OTCYTCTBHE IBIXaHUS U
cepaueOuenus. HeoOxomaumo ompeaenuTb, HYXAA€TCs JIM TOCTpaAaBUIMN
UMEHHO B PEAHUMAIIMOHHBIX, «OKUBUTEIBHBIX» MEPONPUSATUSIX, WK B HUX HET
HEOOXOIUMOCTH.

B ntobom crnyuae Heobxooumo 6vi36amv cKOpYHO MEOUYUHCKYIO HOMOWb!

Ecnu nmoctpamaBmmii HaxoguTcst 06€3 CO3HaHHS, €ro HaJo YJIOXKHTh Ha
criuHy. IMEHHO B TaKOM MOJIO)KEHHUH OH JIOJKEH HaXOJUThCS MPU ITPOBEJCHUU
PE€aHMMALMOHHBIX MEPONPUATHN. 3aIPOKUHYTh NOCTPAJAABIIEMY T'OJIOBY Ha3al
U, MIPUJICPKUBAsE OJTHOW WM JBYMsI PyKaMHU HIO>KHIOKO YEIIOCTh, IPOBEPUTH Ha-
JWYXe Y MOCTPAJABUIETO JbIXaHUs. 3anpOKUIbIBAHIE TOJIOBBI HEOOXOAUMO IS
obecrnieyeHust CBOOOTHON MPOXOAUMOCTH JbIXaTEIIbHBIX MTyTEH.

Jlns onpeneneHrs HaIW4YUsl AbIXaHUSA Y HaXOJsUIerocs 0e3 CO3HaHMS Io-
CTpaJaBLIEro HEOOXOUMO MPOU3BECTHU CIEYIOUINE IEUCTBUS:

- 3aMPOKUHYTH TOJIOBY MOCTPAAABILIETO U MPUIOJHATH OI00POIOK;

- IPOHECTU 3PUTEINIBHBIN, CIIYXOBOW U OCA3ATEIIbHBIA KOHTPOJIb B TEYECHUE
S CEeKyH[I.
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Ecnu npu3HakoB JbIXaHUs HET, TO HEOOXOJUMO MPOBEPUTH HAIUUUE MPO-
XOJIMMOCTH JIbIXaTEeIbHBIX MYyTEH, /Ui Yero Mpou3BECTH 2 MPOOHBIX BAYBaHUS
BO3/yXa B JIeTKME. ECiM BO3MyX B JIETKME HE MPOXOJUT, MPUCTYIHUTh K OKa3a-
HUIO TIEPBOM MOMOIIY MPU HAPYUIEHWH MPOXOJAUMOCTH JbIXATEIbHBIX ITYTEH.
Ecau Bo3yX B JIerKre MPOXOJUT, TO HEOOXOAUMO MPOBEPUTH HATTMUYUE MYJIbCA,
U MPU €r0 HAJIMYUM TPOBECTU UCKYCCTBEHHYIO BEHTWIAIMIO Jerkux. [lynbc y
B3POCJIBIX U JIETEW ONPEAENSAETCS HA COHHOM apTEPUU, Y MJIAJICHIIEB Ha IUieye-
BOU apTEPUH.

VY Haxopsmierocs 6€3 CO3HAHUS MOCTPAaBIIETO (B COCTOSHUM KOMBI) TI0
NpUYUHE pacciabiieHusT MYCKYJaTypbl CYHIECTBYET ONACHOCTb HapyIICHUS
IPOXOJAMMOCTH JIbIXaTeNIbHBIX MyTell (00CTpYKIMsA) U3-3a 3anaJaHus s3bIKa, KO-
TOPBIA MEPEKPHIBAET JbIXATENbHBIE MYTH, BCIEACTBUE YETO HACTYNAET YAYIIbE
(achukcus).

OcTaHOBKa JIbIXaHUsI MOXKET OBITh BbI3BaHA PA3JIMUHBIMU MPUUYUHAMU: HE-
IPOXOJAUMOCTBIO ABIXaTEIbHBIX MyTeH (YAyIIbeM), pa3IuYHbIMU 3200JIC€BaHUS-
MU, YJIapOM D3JIEKTPUYECKOTO TOKA, YTOIUIEHUEM, TPAaBMOW TOJIOBBI, IPyIHOU
KJIIETKH WJIM JIETKUX, TSOKEIOM (hopMOM allJIepruueCKUX peakiiuii, OTpaBICHUEM
HApKOTHUKAMH UJIU aJIKOTOJIEM.

[Ipy3HaKK U CUMIOTOMBI: OECCO3HATEILHOE COCTOSIHUE, OJIETHOCTh KOKHBIX
MOKPOBOB, CUHIOIIHOCTh T'y0, HEMOABMKHOCTh TPYIHOM KJIETKH M >KMBOTA, OT-
CYTCTBHE IIIyMa JIbIXaHUS.

Ecnu noctpagaBmuii caMOCTOSITENIBHO U CBOOOJHO JBIIIAT, OTCYTCTBYET
«CUHIOIIHOCThY, TYOBbl U KOKa UMEIOT HOPMAJIbHYIO OKPacKy, €ro CJleayeT Ie-
PEMECTUTDH B MOJIOKEHHE «JIeKa Ha OOKY», COTHYB BEpXHIOIO PYKy W Hory. B
ATOM TIOJIOKEHUU OOECTeUMBAETC CBOOOAHAS MPOXOAMMOCTH JbIXaTEIbHBIX
MyTEeW U MPEIOTBPAlIACTCS acCHUpalys PBOTHBIX MAacC, €CIU BAPYT Yy IMOCTpa-
JABIIEr0 BOBHUKHET PBOTA.

Cnenyer u30erath MOJOKEHUsS MOCTPAZaBUIErO Ha KMBOTE, TaK KakK MpU
ATOM JIMII0 CTAHOBUTCS HEIOCTYIHBIM, BBI3bIBACTCA MEXAHUYECKasE OOCTPYKIIUS
JIIXaTENbHBIX MyTEH, CTAHOBATCS 3aTPY/IHEHHBIMU U YMEHBIIIAIOTCS JIbIXaTeNb-
HbIE JBKCHUS TPYJTHOM KIIETKHU.

BaxxHO UMETh B BUY, YTO JAbIXaHUE JOJKHO OBITh MOJHOCTHIO OECIPETIsIT-
CTBEHHBIM, TaK Kak Jake YacTU4YHAas OOCTPYKIIHS AbIXaTENIbHBIX MyTeH U, cle-
JIOBATEJIbHO, HEJIOCTATOYHAS JIETOYHAS! BEHTWISIIIUS MIPUBOJST K MOPAKEHUIO U
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OTEKY TOJIOBHOTO MO3Ta, OTEKY JIErKUX, POTPECCUPYIONIEH cepAeYHON HEeA0C-
TaTOYHOCTHU U OCTAHOBKE Cep/Ilia.

[IpyunHOM TOMY MOKET OBITh HAJIMYHE B JIBIXaTEJIbHBIX IYTSAX KPOBH,
KUIKOCTH, PBOTHBIX MAacC, MHOPOJHBIX Tell (3yOHbIE MPOTE3bI, MHUIIA U JIP.).
[Ipu 3TOM OTMeEdHaeTcCs IIYMHOE XPHIISIIEe JbIXaHUE, WHOTAa OYJIbKaloIllee.
B aTux ciyyasix Hy>XHO MOBEPHYTh T'OJIOBY OOJBHOIO HAaOOK U C TMOMOIIBIO
NajablieB, CalPEeTKH, HOCOBOTO IJIaTKa OYUCTUTh, HACKOJIBKO 3TO BO3MOXKHO,
POTOBYIO MOJIOCTb.

Ecnu y mocTpaaaBuiero OTCyTCTBYET AbIXaHHE, TO HEOOXOAUMO HEME-
JIEHHO TIPUCTYIATh K PEaHUMAIlUH.

9.2. basoBas cepae4Ho-neroyHas peaHMmauus
no npuHuuny ABC

bazoBas cepaeuno-nerounas peanumaiusi (CJIP) siBasieTcst mepBbIM 3Ta-
IIOM OKa3aHHWs MOMOIIH, OT CBOCBPEMEHHOTO Hadajla KOTOPOM 3aBHUCHUT MCXO]]
peaHuMAaIIH.

Bo Bcem mMupe uCnosib3yloTcs TpU OCHOBHBIX MpaBHia MpOBeIeHUs 0a30-
Boii CJIP. BrepBrie ux chopmynuposan npodeccop ITurrcOyprckoro yHusep-
cutera (CIIA) ITutep Cadap [20].

OnHu 0003HaYarOTCs AHMTUACKUMU OyKBamMu ABC, 4TO 03HAYAET CIIEAYIOIIEE.

A — Air way open (omKkpbimb 8030VUiHbIU NYMb) — 00ECIICUUTh MPOXOIH-
MOCTb JBIXaTEIbHBIX MyTEH.

B — Breathe for victum (Ovixanue 0151 nocmpadasuie2o) — Ha4aTb UCKYC-
CTBEHHYIO BEHTHJISAIUIO JICTKHX.

C — Circulation his blood (yupxynayus, kposoobpauwenue) — NpoOBEACHUE
HEMPsIMOTO Maccaka cepria.

A — obecniedyeHHe MPOXOAUMOCTH JAbIXaTEeJIbHBIX MyTEM.

B niepByro ouyepeib BBINOIHAKTCS CIEAYOIIME ICHCTBUS:

- 3aMIPOKHUIBIBAHUE TOJIOBHI;

- OTKPBIBAaHHE PTa;

- BBIIBIDKCHUE HIKHEH YEITIOCTH.

JI71s1 3TOTO 3aMpPOKUIBIBAIOT TOJIOBY MOCTPAaBIIEro Ha3al, TOJI0KHUB O/I-
HY PYKy O] 1I€t0, a BTOPOM HaIaBIMBAIOT HA J100.
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[Ipu 3TOM MPOUCXOAUT HATSHKEHUE MATKUX TKaHEH (TEepeaHUX MBIIII] €N )
MEX]ly TOPTAHbIO U HUKHEH 4YeIOCThIO, Ojlarogapsi 4eMy KOPEHb sI3bIKa OTXO-
JIUT OT 3a/IHEN CTEHKU TJIOTKH.

OTa MaHUNYJSAUWS MNPUBOJUT K BOCCTAHOBICHHIO MPOXOJUMOCTH JbIXa-
TEIBHBIX MyTeH y OONBIIMHCTBA MAIMEHTOB, HAXOAAIINXCS 0e3 co3Hanus. [Ipu
ATOM MPOUCXOJUT YaCTUYHOE OTKPHIBAHWE PTa, a MHOI/IAa U OTBUCAHUE MOJ100-
pojka.

Jlanee AByMsi pyKaMH 3aXBaThIBAIOT HUXKHIOIO YEIIOCTh, €IlIe OOJbIIIE MPH-
OTKPBIBAIOT POT U BHIBOAST HUXKHIOIO YEIIFOCTh BIEPE.

Hanbonee nmpocThiM U 3(HEKTUBHBIM METOJOM MCKYCCTBEHHOTO JbIXaHUS
BO BpEMsI peaHHMAaIlMU CUUTAETCS] METOJI «M30 PTa B pOT», KOTJa B JIETKHE IO-
CTpaJaBILEr0 BAYBAETCA MOJ JABJICHUEM BO3yX, BBIIBIXAEMbIN JIUIIOM, OKa3bl-
BAIOIIMM MMOMOIIb MOCTPAJIaBIIEMY.

B — nnpoBeieHne HCKYCCTBEHHOTO IbIXaHUS.

OTOT METOJ OCHOBaH Ha PUTMUYHOM paznyBaHuu Jierkux. CopaeprikaHue
KHCJIOpOAa B BBIABIXa€MOM Bo3ayxe coctaBisieT 16—17 %, sToro BnosHe goc-
TATOYHO JJIA MOJJIEPKAHUS aICKBATHON BEHTWISIIIUK Yy MOCTPAAABIIETO C MOJ-
HBIM MIPEKPAIICHUEM CAMOCTOSITEILHOTO JIbIXaHUSI.

3alpoOKUHYB T'OJIOBY MOCTPAJABIIEr0, OJJHOW PYKOM 3aKUMAIOT €MY HO3/I-
pH, IPYTYI0 PYKY MOAKIAIBIBAIOT MOJI LICI0, ACNA0T IIyOOKUN BIOX, IJIOTHO
IPKUMAIOT CBOM T'yObl K Ty0am mocTtpaaasiiero (y aeTei K rydam u HOCy O/I-
HOBPEMEHHO) M BAYBAIOT BO3/yX B JIETKME IMOCTPAJABIIErO, HAOMIO/asl MpH
ATOM 3a MOJAbEMOM TPYHOM KJIETKH BO BpEMs BIOXa.

Bbiiox peanumaTtopa B AbIXaTeIbHbIE IMyTH MOCTPAIABIIETO JOJKEH OBITH
JIOCTAaTOYHO PE3KUM, MPOAOIIKUTEIBHOCTBIO 1,5-2 ¢ (MeHee pe3kuil y nerei).
Kak Tonbko rpyaHas kjieTka OOJBHOTO MPHUIIOJHSIACh, HATHETAHUE BO3yXa
IpeKpaatoT, HECKOJIbKO OTHAJSIOT CBOE JIMIO AJiA IIyOOKOro BAOXa, B 3TO
BpeMs Y IOCTPAJIABILIETO MPOUCXOIUT MACCUBHBIN BBIJIOX.

Bo BpeMs may3 MeXIy BAYBaHUSMH [IaBICHUE B JbIXATEJbHBIX IyTAX
JIOJDKHO BEpHYThCS K atMocepromy. [locne 2-3 pasmyBaHmil JIETKUX MPOBE-
PSAIOT NPU3HAKY LUPKYJIALNHU, CTapasCh MPOIIYIaTh MyJbC HA COHHON apTepuu
(ue 6omee 10-12 c). st aTOro ykazaTenbHbIM U CPEIHUM NaJIbIIbl pACIIONaraloT
NOCPEANHE TMEPEIHEN MOBEPXHOCTU IIE€H, a 3aTEM OCTOPOXKHO CKOJIB3SIT UMH
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K 00KOBOM moBepxHOCTH Iier. CoHHAas apTepus MPOITYTHIBACTCS B MPOCTPaH-
CTBE MEXy TOPTaHbIO U MBIIIIAMH IIIECH.

[lanpnanuio HajekHEE MPOBOAUTh HE KOHYMKAMH TMaJbIEB, a IUIAIIMS
Cpa3y HECKOJIbKUMU MaJIbLIaMHU.

He Bcerna yaercst aIeKBaTHO ONPEIENUTh HAJTUYUE MyJIbCca, TO3TOMY ITPU
OTCYTCTBUM TPU3HAKOB KPOBOOOpPAIEHUS] WM YBEPEHHOCTH B €r0 HAIMYHH,
HEO0OXOAMMO MPUCTYNATh K MacCaxy cepaila.

Ecnu nynbsc onpenensiercss U €CTb YBEPEHHOCTh B TOM, YTO UMEETCSI KpO-
BOOOpAllleHUE, MPOJOJDKAIOT HMCKYCCTBEHHOE JIbIXaHHWE C 4YacToToil 12 pas
B MUHYTY (OJIMH BIOX Ka)XJble 5 c¢). Y JeTel yacToTa JbIXaHus JOJKHA ObITh
Oonpliei: B Bo3pacte A0 2-3 jeT — 20 pa3 B MUHYTY (BIOX Kaxisle 3 C), y Je-
Tel nocrapiie — 15 pa3 B MUHYTY (BJIOX Kaxble 4 C).

W ckyCCTBEHHOE JIbIXaHUE MPOJOJDKAOT JI0 T€X MOp, MOKa MOCTPaIaBIINi
HE HAYHET JIbIIIaTh CaMOCTOSTEJIbHO WM MOKa He MpuOyAeT Opuraja CKOpou
MOMOIIIH.

B Tex caydasx, ecinu Iy MPOBEIECHUS MCKYCCTBEHHOIO JBbIXaHHS y TIO-
CTpaJaBILIETO HE YIAETCS OTKPBITh POT (CYIOPOTH, MOBPEKICHUE HUKHEU Ue-
JIOCTH U JIP.), TPOBOJAST UCKYCCTBEHHOE JbIXaHUE METOJIOM «HM30 PTa B HOCH.
JIst 3TOTO Takke 3ampOKUILIBAIOT TOJOBY MOCTPAJaBIIETO W OJHOM PYKOM
MOJJIEPKUBAIOT MOI00POAOK, OJTHOBPEMEHHO 3aKpbIBasi MAJIbIIAMU POT.

Kak Tonpko rpyaHas kieTka 00JIbHOTO HaYHET MPUIOIHUMATHCS, OCBOOO-
XKJAIOT HOC MOCTPAJIaBIIETrO U CJIErka MPUOTKPHIBAIOT €MY POT, UTO 0Oecreyu-
Ba€T €My CBOOOJIHBIN BBIIOX.

[Ipn mpoBeleHUH MCKYCCTBEHHOTO MbIXaHUS YacTh BO3JyXa MOXKET IIO-
NacTh B KEIYJOK. JTO MOXET 3aTPYJHUTh PACIpaBICHHUE JIETKUX U BbI3BATh
pBoTy. [loaTOMy, ecnm 3aMeueHO, YTO KEIyJOK OOJHHOTO BBHINISTYMBACTCS, HA
KOPOTKOE BpeMsi PYKOH MNPMXUMAIOT OOJIaCTh JKEIyJKa MEXKAY TPYJAUHOU U
nynKkoM. TakuMm MPUEMOM MOXKHO YAQJIUTh BO3AYX M3 JKENyAKa, HO MPU 3TOM
MO>KET BO3HUKHYTh peryprutaius (ObIcTpoe NBMKEHHUE KUIKOCTEH WIJIM Ta30B B
HaIpPaBJICHUU, MPOTUBOIOJI0XKHOM HOPMAJIBHOMY), MO3TOMY TOJIOBY U IUICYH
OOJILHOTO TTOBOPAYMBAIOT B CTOPOHY U NMPU HEOOXOJUMOCTH OUMIIIAIOT MOJIOCTh
pTa U TI0TKY.

Ecnu y mocrpajaBiiero BOCCTaHABIMBAETCS CAMOCTOSITENIBHOE JbIXaHHE,
€T0 YKJIaJBIBAIOT B MOJIOKEHUE Ha OOKY.
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Ecnu npu nepBoM KOHTpOJIE IyJibCa Ha COHHOM apTepuu (IIOCiE MEPBBIX
2-3 BIOXOB) OMNPEJEIUTh €r0 HE yAAJIOCh WM B 3TOM HET YBEPEHHOCTH, HEME/I-
JICHHO MPUCTYMAIOT K UCKYCCTBEHHOMY BOCCTAHOBJIEHUIO KPOBOOOpAIICHHUSI.

B oTnenpHBIX ciiydasx cepledHasi AeATENbHOCTD Y MTOCTPALABIIETO MOXKET
BOCCTAHOBUTBHCS MPU BBINOJHEHUN HE CHJIBHOIO, HO PE3KOr0 yjiapa B 00JacThb
cepaua. [loaTtoMy nepen MpoBeIEeHUEM HCKYCCTBEHHOIO JBIXaHHS U HEIPSIMOTO
Maccaxka cepJa B Cillyyae OTCYTCTBHUS MyJibca HEOOXOJIUMO MPUKPHITH JBYMsI
NaJbLIAMU MEYEBUIAHBIM OTPOCTOK U HAHECTH yJap KyJaKOM I10 IPyAUHE.

[Ipy 3TOM KaTEropuyeCcK 3anpeniacTcs:

- HAHOCHUTH yJap 10 MEYEBUIHOMY OTPOCTKY WJIM B 00JaCTh KIFOUULL;

- HAHOCUTH yJap NpHU HAJIUYUU ITyJIbCa HA COHHOW apTEpUH;

- HAHOCUTB yZap Ha IPpyAUHE U IPOBOAUTH HENPSIMON MacCax Cepala, HE
0CBOOO/IUB IPYJHYIO KJIETKY U HE PACCTETHYB MOSICHON pEMEHb.

Huxorna He cnenyeTr OTKa3bIBaThCs OT OKA3aHMS ITOMOLIM IMOCTPAJABIIEMY
U CUATATh €r0 MEPTBBIM H3-32 OTCYTCTBHUS ABIXaHUS, IyJbCA U IPYTUX MPU3HA-
KOB KU3HH. [I0paX€HHOro 3MEKTPUYECKUM TOKOM MOKHO IPU3HATH MEPTBBIM
TOJIBKO MPH SIBHO BUJUMBIX CMEPTEIBHBIX ITOBPEKICHUIX, HAIIPUMED, B CIIydac
pa3npoOJieHrs yepena Mnpu MaJeHuy Wik Npyu o0ropaHuu Bcero tena. B apyrux
CIy4YastX KOHCTaTUPOBATh CMEPTh UMEET ITPABO TOJIBKO Bpad.

OnbIT NOKa3bIBAET, YTO CBOEBPEMEHHOE W NMPABUIIBHOE OKA3aHHE IMEPBOM
IIOMOIIY YEJIOBEKY, HAXOIALIEMYCS B COCTOSHMM KIMHUYECKOW CMEPTH, Kak
IIPABUJIO, IPUBOJUT K MOJIOKUTEIBHOMY PE3YJIBTATy — OKUBIICHUIO «YMEPLIETO».

C — Circulation — BocCTaHOBJIEHHE KPOBOOOpalieHus (IUPKYISLUN KPO-
BU) IIPOBOJIAT C MOMOIIIBIO HEMPSAMOTo (HapY>KHOI0) Maccaxka cepia:

- HICKYCCTBEHHOE KPOBOOOPAILIEHUE CO3AaETCs MyTEM CAABJIMBAHMS Cepla
MEXy TPYAUHOU U IMO3BOHOYHUKOM;

- IIOCKOJIBKY CEpALE 3aHUMAET IPOCTPAHCTBO B HWIKHEU YacTU I'PYyAHOMN
KJIETKU, MEXAY TPYAUHOM U MO3BOHOYHUKOM, MAacCaXX CepAla OCYLIECTBIISIIOT
HAJaBJIUBAHUEM B 00JIACTH HUKHEU TPETH TPy AUHBI.

[Ipn npekpaleHny TaBIeHUsI TPOUCXOINUT HAIIOJHEHHUE CEpLa KPOBbIO, a
JIETKUX — BO31yXOM. BO Bpems Maccaxa pyKu HE OTHUMAIOTCS OT TPYAUHBI.

Jns mpoBeneHns Macca)xa JIQJIOHHYI MOBEPXHOCTh KUCTH HAKJIAbIBAOT
Ha HWKHIOKO TPETh I'PYJMHBI — HA JBA NONIEPEUYHBIX MMAJIbIA BBIIIE MEYEBUIHOTO
oTpocTka. CBepXy HAKIAABIBAIOT BTOPYIO JAJOHb.
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[Ipn mpoBeneHuMM maccaka cepiana IOCTPaJaBIIMM JOJDKEH JIEXKaTb Ha
TBEPJ0I OBEPXHOCTHU (Ha 3eMJIe, Ha MOy, Ha TBEPJIOM Marparle, noj KOTOpbIi
MOJIJIOXKEeHA 10CKa, €ClIM peaHuMalrs MPOBOAUTCS Ha MOCTEIN).

HanaBnuBanue Ha rpyIMHY OCYIIECTBISIETCS NPSAMBIMH pykaMu. [Ipu sTom
UCIIOJIB3YETCSl HE TOJIBKO CHJIA PYK, HO M TSDKECTh BCETO TEJa YEIOBEKA, OKA3bl-
Baroliero nomouls. Bo uzbexanue mnepeinoma pedep HaAaBIMBAHUE JOJIKHO
IIPOBOJIUTHCS TOJILKO Ha TPYJMHY, CIeAyeT u30erarh HaJaBlIMBaHUN Ha OOKO-
BYIO YaCTb I'PYJHOU KJICTKHU.

[Tockonbky HapyXHBIM Maccax cepauna obecneunBaeT He Oonee 30—40 %
HOPMAaJIbHOI'O0 KPOBOTOKA, YaCTOTA HAJABJIMBAHUN HA TPYJIHYIO KJIETKY JOJDKHA
obITh HE MeHee 90—100 pa3 B MUHYTY.

[IpekpamaTe MaccaX MOYKHO TOJIBKO IIPU MOSIBIEHUU CaAMOCTOSATEIBHOIO
cepaueoneHus (KOHTPOJIb MyJIbCa Ha COHHOM apTepuu), a OCTAHABIUBATH C/IAB-
JMBaHUS TPYJMHBI MOKHO JIMILIb Ha HECKOJBKO CEKYH]l — ISl BAYBaHUS B JIeT-
KHE€ BO3JyXU M KOHTPOJS Myjbca. Tak Kak Maccax He oOecrieurBaeT HeoOXo-
JMMOM BEHTWISILIUM JIETKUX, TO MPOBOJAT YepenoBaHue 15 craBiauBaHUM Ipy-
JUHBI C 2 HArHETaHUSIMU BO3/yXa.

Takum oOpa3zoM, eciii peaHWMAIMIO MIPOBOJUT OJIMH YE€JIOBEK, TO COOJIIO-
JaeTcsl cooTHoIIeHue 2/15 — uepe3 kax/ple 2 ObBICTPBhIX HATHETAHUS BO3AyXa B
JIETKAE MPOU3BOJAT 15 cAaBIMBaHUM IPYIUHBI.

Bo Bpems BayBaHHs BO3ayXa B JIETKHE TIOJIOBY MOCTPAJABIIErO HYXKHO
HOJIIEP>KMBATh OTOTHYTOM Ha3aj U, €M BO3MOXKHO, IJIEYH OOJIBHOTO MPUIIOA-
HATh KaKUMHU-IUOO mpeaMeTaMu (0Aesuio, CBEPTOK OJEKAbl U T. I.) JUJIS TOTO,
YTOOBI BO BpeMsl Maccaka rojioBa OCTaBajach HaKJIOHEHHOM Ha3ajl.

[Ipn mpoBelleHHM peaHUMALMU ABYMS PEAHUMATOPaMU HCKYCCTBEHHOE
IbIXaHHE W MacCak cepima IPOBOAAT B COOTHomeHWH 1/5. OmuH IPOBOAMT
BJlyBAHME BO3AYyXa B JIETKHE MOCTPANABLIErO, U KAaK TOJBKO I'pyJHas KIETKa
MPUMET UCXOTHOE COCTOSIHUE, BTOPOUM OCYLIECTBIISIET 5 HAJaBIMBAHUM HA Tpy-
IUHY, IT0CJIE YEr0 CHOBA CJIEIYET UCKYCCTBEHHBIM BIOX U T. [I.

[Ipu npoBenenuu cepaeuHo-ierounoi peanumanuu (CJIP) uepes kaxpie
1-2 MUHYTBI IPOBEPAIOT, HE MOSBUIICA JU y MOCTPAJABUIETO ITYJbC HA COHHOM
aprepuu. lIpu ero nosiBieHnH mMaccaxk cepAua NPeKpallarT U NpOAOHKAKOT UC-
KYCCTBEHHYIO BEHTHILIMIO JIETKHX JI0 MOSIBJICHHUS CAMOCTOSITENIEHOTO JIbIXaHUSI.
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PeanuManuio mpoaomxarT 0 TeX MOp, MOKa MOCTPAJaBIINil HE OyAeT
BBIBEJICH M3 OIMACHOTO COCTOSIHUS. PeaHMMallMOHHbIE MEpPOINPHUSTHS MpeKpa-
HIAI0T, €CJId y 00JIbHOTO BOCCTAHOBHIIOCH CAMOCTOSITEIbHOE KPOBOOOpaIllEHHE,
IbIXaHUE, PEaKIMs 3paYKOB Ha CBET, a 3aTeM U co3HaHue. [lociie mpuBenenus B
YyBCTBO M Hadayia pabOThI Cep/Ila U OPTraHOB JIBIXaHUS MOCTPAIaBIIETO HEOO-
XOJIMMO JOCTaBUTh B JIEUEOHOE YUpPEKJICHHE, €ClM He ObUla BbI3BaHa CKOpas
MIOMOIIIb.

B ciyuae Heygaum, ecnu B TeueHue 40—45 MUH NpU HENPEKPAIAIOIINXCS
PEaHNMAIIMOHHBIX MEPOTIPUSITUSIX BOCCTAHOBUTH KPOBOOOpAIIICHUE HE YIaeTCA,
a 3payKu OCTAIOTCSl PACHIMPEHHBIMU M HE PEarupyroT Ha CBET, HET MPU3HAKOB
CaMOCTOSITEJIBHOTO JIbIXaHMs, MOXXHO KOHCTaTHUPOBATh COCTOSIHUE OMOjoruye-
CKOM CMEpPTH, IPH KOTOPOM HACTyMHaeT HeoOpaTumasi ru0esb rOJIOBHOTO MO3Ta.
Peanumaiinio MOXXHO MPEKPaTUTb.
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3AKIIOYEHUE

DJIEKTpUYECKasi YHEPIrusi 3aHUMAeT 0CO00€ MECTO CpPeIH JPYyTHX BUJOB
SHEPIruH, U3BECTHBIX B HACTOSIIEE BPEMS, UTO JIeJIaeT aKTyaJlbHOW O€30IacHYIO
AKCIUTYyaTallMI0 COBPEMEHHBIX MPEANPUATUN U TEXHUYECKUX KOMILUIEKCOB, B CO-
CTaB KOTOPBIX BXOJIUT OOJBIIIOE KOJTUYECTBO PA3TUYHBIX AJIEKTPOYCTAHOBOK.

OpHako, Py HEYMEJIOM OOPAIICHUH AJICKTPUIECCKAsT DHEPTUS TIPEICTABIISI-
€T CcOo00#l MOTEHIMATbHbIH MCTOYHUK CMEPTEIbHOW OMACHOCTH JJis JIFOJCH,
AKCIUTYaTUPYIOLIUX JIEKTPOYCTAHOBKHU MJIM BCTYHAOIINX C HUMU B CITyYaiHBIN
KOHTAaKT IIPY BO3HUKHOBEHUU aBaPUUHOMN CUTYALUHU.

[Iepconan, OCYLIECTBIAOMINN OPraHU3AUI0 3JIEKTPOYCTAHOBOK, & TaKkKe
AKCIUTYaTUPYIOUIUN WX, TOJKEH 3HATh BO3MOXHbBIE HICTOYHUKN MOTEHIIMATBLHOU
OIMAaCHOCTHU TIpU padoTe ¢ DY U MPUUUHBI, IPUBOISILINE K JIEKTPOTPABMATUZMY.

AHanu3 (u3nYecKuX MPOLEeCcCOB, MPOUCXOASIIMNX B DY, MO3BOJSET BHI-
SIBUTh YCJIOBUSI, CO3JAIOIINE OMACHOCTh 3JIEKTPOTPABMATU3MA, U OBJIAJIETh OCHO-
BaMH 3JIEKTPOOE30MaCHOCTH, HEOOXOAUMBIMU JIJIsI UCKITFOUEHUS CITy4aeB AJIEKTPO-
TpaBMaTU3Ma U THOEN MepCoHaIa MPH SKCILTyaTal[uH 3JIEKTPOYCTAaHOBOK.
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