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Llenv pabomei: paccuuTaTh PE3yAbTHPYIOIIEE CONPOTHBICHHE PACTEKAHUIO TOKA 3a3EMJISIOIIETO
YCTPOMCTBA U CPABHUTb C JOMYCTUMBIM CONPOTUBIICHUEM.
HopmaruBHnas 6aza

1.TOCT 12.1.009-2017 «CCBT. Dnexktpobe3onacHOCTh. TepMUHBI U ONIpeeIe-HUS;
2.TOCT 12.1.038-82 «CCBT. Dnekrpobe3onacHocTs. [IpenensHo qomycTUMbIe 3HAaUCHUS
HanpsKEHNUH IPUKOCHOBEHUS U TOKOBY;
3.TOCT 12.1.019-2017 «CCBT. DnextpobdezonacHocts. OOmMe TpeOOBaHUSI U HOMEHKJIATypa
BUJIOB 3aIlIUTHD»;
4.TOCT P 58698-2019 (MOK 61140:2016) «3amuTa OT MOpaxKeHUs HIEKTPUIE-CKUM TOKOM.
OO0111e MOI0KEHUsI U1 JIEKTPOYCTAaHOBOK U AJIEKTPOOOOPY10BA-HUSY;
5. IlpaBuina ycrpolicTBa anekTpoyctaHoBok (ITYD) 7-e uzn.

OCHOBHBIE ITIOHATUA

3ammTHOEe 3a3eMJIAIONIEE YCTPOWCTBO, TPEAHA3HAYCHHOE IS 3allUThl JIIOACH OT
HOPaKEHUsS DJIEKTPUYECKMM TOKOM IIPU IEPEXO0J€ HAINpPSDKEHUS Ha METAJUIMYECKUE YacTH
ANIEKTPOOOOPYIOBaHUS, MPEACTABISET COOOW CHEUHATbHO BBIOJIHEHHOE COCIMHEHHUE
KOHCTPYKTUBHBIX METAJUIMUECKUX 4YacTe 3JIeKTpooOOpYyIOBaHUS (BBIUMCIUTENIbHAS TEXHHKA,
npuOOPOCTPOUTETBHBIE KOMIUIEKCHI, HCIIBITATeNIbHBIE CTEH/IbI, CTAHKH, allapaThl, CBETUIbHUKH,
IIUTHl YIpaBlIeHUs, MKapbl M Ip.), HOPMAIBHO HE HAXOJAIIMXCS TOJ HANpsKEHHUEM, C
3a3eMITUTEISIMH, PACTIONIOKEHHBIMH HEMOCPEICTBEHHO B 3eMJIC.

B xadyecTBe MCKYCCTBEHHBIX 3a3€MJTUTENCH UCTIOIB3YIOT CTAJIbHBIC TPYOB! ainHoM 1,5...4
M, nuamerpoM 25...50 mm, KOTOpbIe 3a0MBAIOT B 3€MIIIO, & TAKXKE METAIIMUYECKUE CTEPXKHU U
nojocel.  Jlns  pocTHkeHHs TpeOyeMOoro CONPOTUBIIEHUS 3a3eMIIMTENs, Kak IPaBWIIO,
UCTIONB3YIOT HECKOJBKO TpyO (cTepkHei), 3a0MThIX B 3€MJII0 W COCAMHEHHBIX TaMm
METaJUTMYECKON (CTaIbHOM) MOJIOCOH.

KOHTYpHBIM 3alIUTHBIM 3a3€MJICHHEM HAa3bIBAE€TCS CHCTEMa, COCTosAlas W3 Tpyo,
3a0MBaeMbIX BOKPYT 3[aHUA 1I€Xa, B KOTOPOM PACIOJI0KEHbI AJIEKTPOYCTaHOBKH.

3a3eMIIeHHE AJIEKTPOYCTAHOBOK HEOOXOIUMO BBITIOJIHATD:

- Npy HaNpsoKeHuu Bbiie 380B mepeMeHHOro M 440B TOCTOSSHHOTO TOKa B
MOMEIIEHUAX 0€3 MOBBIIEHHOM OMACHOCTH, T. €. BO BCEX CIIy4asXx;

— IIpY HOMUHAJIbHOM HAIpsSDKEHUM BbllE 42B nepeMeHHOro u /(0B moCcTOSHHOTO
TOKa B MOMEILIEHUAX C IOBBIILIEHHON ONMAaCHOCThIO, 0CO00 ONACHBIX U B HAPY)KHBIX YCTAaHOBKAX;

- P JTIOOBIX HANPSHKEHUSX MEPEMEHHOT0 U TIOCTOSHHOTO TOKA BO B3PBIBOOIIACHBIX
MOMEIICHUSX.

Hwxe npuBeneHsl KilaccupUKanys U XapakTepUCTUKA TIOMEIEHUH.

[Tomernienust 6€3 MOBBIIIEHHOW OMACHOCTH:

ITomemieHuss 0e3 MOBBIIMIEHHOW ONACHOCTH - IOMEIIEHHs, B KOTOPBIX OTCYTCTBYIOT
YCIIOBHS, CO3/IAIOIINE TIOBBIIIEHHYIO OMACHOCTH MM OCOOYIO OMAaCHOCTh

IToMereHus ¢ MOBEIIEHHON ONACHOCTBIO:

[TomernieHus ¢ MOBBIICHHON OMACHOCTBIO - TOMEIICHUS, XapaKTePHU3YIOLIHECs HAINIHEM
OJIHOTO U3 CIIEAYIOLIUX YCIOBUIL:

- CBIPOCTh (OTHOCUTEIbHAS BIQXKHOCTH BO3/yXa UIUTEIBHO MpeBbimaet 75%);

- TOKOIIPOBOIALIAS MBLITb;

- TOKOIIPOBOJAIIME  IOJIBI  (METAUIMYEeCKHe, 3EeMIISIHBIE,  JKeJIe300€TOHHBIE,
KUPIUYHBIE U T.1.);

- BBICOKAss TemIeparypa (TeMmieparypa B IOMELIEHMHM IIOCTOSIHHO WU
MEPUOIUYECKH TPEBBIIIACT 350C);

- BO3MOXXHOCTh OJIHOBPEMEHHOTO MPUKOCHOBEHUS YEJIOBEKa K COCIMHEHHBIM C
3eMJIEM METAJUIOKOHCTPYKLMAM 3JaHUKM C OJHOM CTOPOHBI M K METAUIMYECKUM KOpIlycam
3JIEKTPOOOOPYAOBAHUS C APYTOH.

[Tomerienust 0co0o omacHseIe:



[TomemeHuss 0co00 OIMACHBIE - TOMEUICHHS, XapaKTepU3yeMble HAIMYUEM OJHOTO U3
CIEAYIOIIUX YCIOBUM:

— ocobasi OMacHOCTh — OTHOCHUTENbHAs BIAKHOCTH Onmuska Kk 100% (mMOTOMOK,
CTEHBI, TI0JI, TPEIMETHI, HAXOSIINECS B TIOMEIIEHUH, TOKPBITHI BIIAT0#);

- XUMHUYECKH AaKTHUBHAs WJIM OpraHudeckas cpena (B TOMEMICHUH COJEPIKATCS
arpecCUBHBIC TAPbI, Ta3bl, JKUIKOCTH, 00Pa3yIOTCs OTIOXKEHHUS U MIJICCEHb);

— HaJU4Khe OJHOBPEMEHHO JABYX M 00Jiee yCIOBUU IS TTOMEIICHUHN MOBBIICHHOMN
OITACHOCTH.

Ha »snextpuueckux ycTraHoBkax HamnpsokeHueM a0 /000B oauHOYHBIE 3a3€MIIMTEN
COE/IMHSIOT CTAIBHOI TOJ0COH TONIIMHON He MEHee 4MM M CeUCHHEM He MeHee 48Mmu’. s
YMEHBIIIEHUS DSKPAaHUPOBAHMS PEKOMEHIYETCS OJMHOYHBIC 3a3€MIIMTENIM pacrojiaraTb Ha
paccTrosiHuu He MeHee 2,5...3 m OH OT IPYyroro.

2. METOIKA PACYETA.

ComnpoTuBieHrne pacTeKaHuio Toka, Om, 4epe3 OJUHOYHBIA 3a3eMJIMTENb U3 TPYO

nuametpom 25...50mm.

Ry = 0,9 - (p/lyp), (1)

T7ie O - YACIbHOE CONMPOTUBICHUE TPYHTA, KOTOPHIE BHIOMPAIOT B 3aBHCHMOCTH OT €TO
tuna, Om-cm (A necka ono pasuHo 40 000...70 000, s cymecu — 15 000...40 000, mist
cyrmuaka - 4000...15 000, mus rawabel — 800...7000, as geproséma - 900...5300);

Cymech — pbixjias TOpHas MOpOJa WIM TPYHT, COCTOSINAs, TJIABHBIM 00pa3oMm, u3
MECYaHbIX U MbUIEBATHIX YACTHUI]

CyrniHOK — pBIXJIas 0CaIo4Has MOpoJa C MPEUMYIIECTBEHHBIM COJEpKaHUEM YaCTHUIL
pa3Mepa MbUIM U TIeCKa U 3HAYUTEIbHBIM KOJIMYECTBOM INIMHUCTHIX YaCTHUIL

|,y — nmuHA TPYOBL, 1,5...4M.

3areM OIpeAensioT OPUEHTUPOBOYHOE YMCIO BEPTUKAJIBHBIX 3a3eMinTeseil O6e3 yuéra
K03 pHLIMEeHTa SKPAaHUPOBAHUS

n=Ry/r, 2)

rae I' - JOMYyCTUMOE COMPOTUBIIEHUE 3a3EMIISIIOIIETO yCTpocTBa, OMm.

B coorBerctBum ¢ IlpaBmiamm ycrpolictBa 3nekTpoycraHoBok (IIDOY) Ha
SJIEKTPUYECKUX  YCTAHOBKax HampsokeHueM 10 /000B  nomycTUMoe  CONMPOTHUBIICHUE
3a3eMIISIFOIIIETO YCTPOMCTBa paBHO He Oosee 4 Om.

Pa3mecTuB BepTHUKaIbHbIE 3a3€MIIMTENM Ha IJIAHE M OMNPEIENIUB PACCTOSIHHE MEXITY
HUMH, OIIPENeNAIoT KO3QPHUIUEHT SKpaHUPOBAHUS 3a3eMiInTeNiel 1o Tab. 1.
Tabmuua 1 — KoagpuuueHTs! 3kpaHUpOBaHUs 3a3eMIUTENECH Nrp

Uucno | OTHouieHHe OTtHomieHne OTtHo1eHME
TpyO | paccTosiHUA paccTosiHus paccTosiHus
(yrom- | Mexnay Nrp MEXIY Nrp MEXIy Nrp
KOB) TpyOamu TpyOaMu TpyOamu

(yroskammu) (yronkamm) (yronkammu)

K UX JIJIMHE K UX JUIMHE K UX JIJIMHE
4 1 0,66...0,72 |2 0,76...0,80 |3 0,84...0,86
6 1 0,58...0,65 |2 0,71...0,75 |3 0,78...0,82
10 1 0,52...0,58 |2 0,66...0,71 |3 0,74...0,78
20 1 0,44...050 |2 0,61...066 |3 0,68...0,73
40 1 0,38...0,44 |2 0,55...0,61 |3 0,64...0,69
60 1 0,36...042 |2 0,52...0,58 |3 0,62...0,67

Uucno BepTUKAIbHBIX 3a3eMJIUTENEH ¢ y4€TOM KO3 PUIIeHTa SKpaHUPOBAHUS




ng = n/ 77mp (3)
JImiHa COeIMHUTENIBLHOM MOJIOCHI, M,
l,=n; a, 4.

rac a — pacCTOsIHUC MCKAY 3a3CMIIUTCIIAMUA, M.

Ecnmu pacuérHas MHA COCIMHMTENBHOM ITOJIOCHI TOJYYMIIach MEHbBINE TIEpUMETpa Iexa
(3amaérea MO BapHaHTy), TO AJUHY COCTUHHUTEIBHON MOJOCH HEOOXOIUMO IMPHHITH PaBHOU
nepuMeTpy nexa mioc 12...16 m. ITocne 3Toro cienyer yro4HUTh 3HAYECHUE 7y - Ecu a /[ 4y
>3, IPUHUMAIOT 7}, = 1.

ConpoTHBIICHHE PACTEKAHHIO YJIEKTPHUUECKOT0 TOKA Yepe3 COSAMHUTEIBHYIO moocy, Ou.

Rn=21 (p/l
PesynbTHpytolee conpoTUBICHUE PACTEKAHUIO TOKA BCETO 3a3€MIISIIOIIETO yCTporcTBa, OMm.
R3 = Rmp 'Rn / (77n 'Rmp + Hmp 'Rn'nl), (6)

7€ 7n — KO3(PGUIIUEHT SKPAaHUPOBAHUS COCAMHUTEIIBHOM MOIOCH (Tab. 2)
Tabmuua 2 — KoagpuumeHTs! 5KpaHUpOBaHUS COSIMHUTEIBHOM MOJIOCHI

OTtHomeHne

paccrosiHus Yucno Tpy6

MEXTY

3a3eMIIMTEIAMH | 4 8 10 20 30 40
K MX JIUTUHE

1 0,45 0,36 0,34 0,27 0,24 0,21
2 0,55 0,43 0,40 0,32 0,30 0,28
3 0,70 0,60 0,56 0,45 0,41 0,37

[TonyyeHHoe pe3yJNbTUPYIOIIEE CONPOTHUBICHHE PACTEKAHUIO TOKA BCETO 3a3€MIISIOLIETO
YCTPOMCTBA CPAaBHUBAIOT C JOMYCTUMBIM CONMPOTUBICHUEM 3a3E€MJIISIONIETO YCTPOMCTBA paBHO 4
Om.

Ha nnane nexa pa3meniaroT BEpTUKAIbHBIE 3a3€MIIUTENN U COSAMHUTENIBHYIO MOJIOCY.

3. [IOPAJOK BBITIOJIHEHU A 3AJTAHUA.

3.1. BeiOpats BapuanT (Tab:m.).

3.2. PaccuutaTh pe3yJbTUPYIOIIEE CONPOTUBICHUE PACTEKAHUIO TOKAa 3a3EMJISIIOIIETO
YCTPOMCTBA U CPABHUTH C JOMYCTUMBIM COIIPOTHUBIICHUEM.

3.3. [lognucate OTYET U CAATH TPENOAABATEIIO



Ta6muma 3 — BAPUAHTHI 3A JAHUI

BapuanT ["abapuTHbIE pa3mMepsl 11exa, M Bz rpynra
JUTHHA HIMPHUHA
01 60 18 IMecox
02 72 24 Cymecpb
03 66 24 CyrnaHok
04 72 18 I'muna
05 90 24 [Tecok
06 72 24 Cymechb
07 72 18 CyrnaHok
08 90 24 I'muna
09 72 24 [Tecok
10 66 18 Cymecob
11 60 18 Cyrnnok
12 66 12 ['muna
13 72 18 [Tecok
14 90 18 Cyrmech
15 36 12 Cyrnnok
16 24 12 ['muna
17 12 12 Iecok
18 24 12 Cyrmech
19 18 12 CyrnaHok
20 18 24 ['muna




Bonpocs! 111 camonpoBepku

1. Yro takoe 3a3emicHue?

2. Uro HeoOX0AUMO c/ienaTh, YTOOBl YMEHBIIUTH COMPOTUBICHUE PACTEKAHUIO TOKA
HCKYCCTBEHHOTO 3a3EMIIUTEIS?

3. Kak »sKcnepuMeHTaJbHO ONpEAETUTbh CONPOTUBICHHE PACTECKAHHIO TOKa
3a3eMJIUTENIS] U YACTbHOE CONPOTHUBIIEHUE TPyHTa?

4. Kakue wmeronpl UCHONB3YIOTCS Ui 3allUTHl  YeloBeKa OT IOpPaXEeHHUs

3IIEKTPUYECKUM TOKOM?
5. Kakoe 3a3emiieHne Ha3bpIBalOT KOHTYPHBIM?
6. UTo Takoe 3JIeKTPUIECKUM TOK?
7. HazoBuTe (pakTOpHhI, BIUSIONIUE HA UCXO]] TOPAKEHUS MIEKTPUIECKUM TOKOM.
8. [IpuBenure knaccudukanuo nomemenui mo I[1YD.
9. MaiiTe onpezeneHne NOHATHIO 3aHYJIEHNS U KaKOB IIPUHIUII €T0 JEHCTBUS.
10. B uem cymHOCTh METO/1a BBIPABHUBAHUS MOTECHIUAJIOB.
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9. — TexkcT : neKTpoHHBIN // DNEKTpOHHO-OMOIMoTeyHas cucteMa «Jlanpy : [cait]. — URL:
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431 c. — Pesxum pocryma: http:// www.iprbookshop.ru/7017. — DBC «IPRbooksy.

5. CanlluH 1.2.3685-21 «l'uruenuueckue HOPMATUBBI U TPeOOBaHUS K 0OECHECUCHUIO
O0e3omacHOCTH W (WMM) OE3BPEIHOCTH I 4YelioBeka (aKTOpOB cpedbl oOWTaHus». - M.:
Cranpaptungopm, 2022. -412 c.
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10.http://www.mintrans.ru —odunuanbHbIi caliT MUHHCTEPCTBA TpaHcmoprta Pd;

11.http://www.minzdravsoc.ru — odunuanbHbIi cailT MUH3APaBCOIIPA3BUTHUS;

12.http://www.mchs.ru/ -opununansusiii caiit MUC;

13.http://www.gks.ru/ -odunuanbhbli cailT denaepanbHON CIIYyKObl TOCYIAPCTBEHHOM
CTaTHUCTHUKH;

14.http://www.novtex.ru —Hay4HO-IPAKTUYECKUI ¥ Y4eOHO-METOIMYECKUI IKypHAI

B/
15.http://www.sci.aha.ru —web atiac mo BX/I.
5. Uctounukn MOC
16. Be3omacHOCTD KU3HEAEITEILHOCTH
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=1



https://e.lanbook.com/book/93587
https://www.elibrary.ru/title_about_new.asp?id=8430
https://www.elibrary.ru/title_about.asp?id=32420
https://www.elibrary.ru/title_about_new.asp?id=9263
http://www.tehdoc.ru/
http://www.safety.ru/
http://www.mintrans.ru/
http://www.minzdravsoc.ru/
http://www.mchs.ru/
http://www.gks.ru/
http://www.novtex.ru/
http://www.sci.aha.ru/
http://techn.sstu.ru/new/SubjectFGOS/Default.aspx?kod=1

	Нормативная база
	1. ГОСТ 12.1.009-2017 «ССБТ. Электробезопасность. Термины и определе-ния»;
	2. ГОСТ 12.1.038-82 «ССБТ. Электробезопасность. Предельно допустимые значения напряжений прикосновения и токов»;
	3. ГОСТ 12.1.019-2017 «ССБТ. Электробезопасность. Общие требования и номенклатура видов защиты»;
	4. ГОСТ Р 58698-2019 (МЭК 61140:2016) «Защита от поражения электриче-ским током. Общие положения для электроустановок и электрооборудова-ния»;
	5. Правила устройства электроустановок (ПУЭ) 7-е изд.
	ОСНОВНЫЕ ПОНЯТИЯ
	1.   Что такое заземление?
	2. Что необходимо сделать, чтобы уменьшить сопротивление растеканию тока искусственного заземлителя?
	3. Как экспериментально определить сопротивление растеканию тока заземлителя и удельное сопротивление грунта?
	4. Какие методы используются для защиты человека от поражения электрическим током?
	ЛИТЕРАТУРА

	5. Источники ИОС

