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OJIOH YNCbIH UAXUITAAH TEXHUKUUAH KOMUCC

HAM XYYO9NMUAH LAXUNTAAH BAUTYYNAMX —
5-54 nyraap xacar: LlaxunraaH TOHOr TOX0OPOMXKXUMT COHrox 6a yrcpax —
Masapayynax 6anryynamx 6a xamraanantbiH gamxyynary

OMHOX YI

1) OnoH YncbiH Uaxunraad TexHukunH Komuce (IEC) Hb yHA3CHWMIA LaxumiraaH TEXHUKUIAH
6yx xopoopooc (IEC-uH YHAacHui xopoopn) OYpACSH O9NXUN HUWATUKAH CTaHOapTYMnnbiH
Ganryynnara oM. |EC-uiH 30punro Hb uUaxunraadH ©6a 3neKTPOHMKUKH canbapbliH
CTaHgapTuyunanTan xonbooTon 6yx acyyanaap OfNoH YNCbIH XaMTblH axurnnaraar 43MXKUXa
OpPLUMHO. DH3 30punrbiH XypasHa IEC Hb OnoH yncbiH ctaHgapT, TEXHUKUAH TOOOPXOMONT,
TexHuknnH TavnaH, Huntag HeantTtom Togopxomnont (PAS) 6onoH Apra 3ynH yampaamx
(uaawng “IEC-viH HuATnan(yya)” rax)-uar HUATINOAr. Taaraspuinir TEXHUKUWH XOpoon,
6onoscpyynaar 6ereeq TyxanH acyyanbir COHUpXCcoH |IEC-uiH anb 4 YHA3CHUIA XOPOO yr
axung oponuox 6onHo. IEC-Tan xamTpaH axunnagar OfloH YNCbiH, TOPUNH OONOH TePUIAH
byc Ganryynnaryyg meH 6antran axung oponugor. |[EC Hb x0€p GauryynnarbiH XOOpOHS
GanryyncaH ropasHz 3aacaH HexuenuiH garyy OnoH yncbliH cTaHgapTyMnnbiH Banryynnara
(ISO)-Tan HArT xamTpaH axunnagaar.

2) TexHUKUnH xopoo Bypa TyxawmH acyyanbir COHUPXCOH IEC-ninH 6yx YHOSCHUIM XOPOOHBLI
Teneenen oponuaor Tyn TeXHUKUWH acyyanaapx |IEC-uiH anbaH E€cHbl wuniaBap Oytoy
Xananuaap Hb XoNnborgox CoABUNH Tanaapx OfloH YNCbIH CaHanbiH 30BLUNMALNNAT BONOMXMUT
XOMXKIIHA UNIPXUANAAT.

3) IEC-UNH HUATNANYYL Hb OFIOH YICbIH X3P3rnaaHg 30puyricaH 3eBNeMXUNH XanbapTan
6ereeqn |IEC-unH YHOSCHUIM XOPOOA TOAr33PUNI 3H3 yTraap XynasH 3esweepger. |[EC-miiH
HUNTIIANUAH TEXHUKUIAH aryynrbir YHOH 3eB 6annraxbiH Tyng 60noMxuT Byx Xy4nH Yyapmamnt
rapragar 60f0BY TIO3PUNI X3PX3H alumurracaH, I3CXyn 3UCUWAH  X3parnary  Oypyy
TannbapnacHbl Tenee IEC xapuyunara xynaaxryn.

4) OnoH yncbliH Har Mep Gananbir aavmkuxmnH Tyng IEC-uinH YHpaacHun xopoop IEC-uiH
HUNTNANWMIAT YHO3CHMIA B60MOH BYC HYTIMWH HUATNANA33 OONOMXUT XaMIMUH UX X3MXKI3raap
W TOA TYCraH X3aparnax yypar xXynasHa. IEC-unH HMnTNan 60Mn0oH TyyHA Xapransax YHO3CHUN
Gytoy O6yC HYTrMH HAWTNAMNNNH anvBaa 3epyyr CyynuiH 6apumMTt GUUnrT Togopxon 3aaHa.

5) IEC eepee ToxmpnblH 6aTanraaxyynanTt xmngarryi. Xapaat 6yCc rapyumnrasxyynantumH
Ganryynnaryyn TOXMpIbIH YHINr33HUA YUNYUIrag y3yyngar 6ereeq 3apum canbapt IEC-uitH
TOXUPNbIH TOMAOrMAr awwurnax oGonomxk onrogor. XapaaT O6yc ropyunraddxyynanTuinH
GanryynnarbiH y3yyrcaH anueaa ynnuunrasHum tenee |IEC xapuyunara xynaaxrym.

6) Byx Xaparnary aHaxXyy HUMATASMUAH XaMIMAH CYYIUAH X3BANUIT awmrnax 6anraa acaxas
©6pCAee HArTMax XaparTan.



7) IEC, TyyHU yaupanara, axunTtaH, yunyunras ysyynardy byly Teneenerd, TYyHUMA JOTOP
XyBb LUMHX334 GOMOH TEXHUKMUAH X0poo, IEC-MH YHA3CHMI XOPOOHbI TULWYYLA Hb 3HIXYY
IEC-vH HunTtnan 6ytoy 6ycag IEC-MAH HUATANNWMWAT HUNTIMCAH, awurniacaH acxyn TyyHA
TynryypnacHaac yyAsH rapax XyHun raMTas, 3[ XepeHrnmH xoxmpon 6onoH 6ycaa anveaa
wyyn 6yty wyyn 6yc xoxupon, 3apgan (Xyynb 3yWMH 3apanbir oposnuyynaH)-blH Tenee
xapuyuJiara Xynaaxrym.

8) OJHaxyy HWATNANA wWwWw TatcaH HopmatmB OapumTt Ouuryygsg aHxaapHa. OHIaXyy
HUMTNONUUAT  36B  XOP3rnaxsg MWW  TaTCaH HUWUTNINYYAAWT awurnax Hb  3aunwrym
lWaapanarartan.

9) OHaxyy IEC-UNH HUATNANWMAH 3apuM BypanaaxyyH X3Car NaTeHTbiH IPXUAH 3ynn Gamx
6onox 6onomxua aHxaapHa. |[EC Hb MM naTeHTbIH 3PXWWH anb Haruur Gywy Gyrannr
TOAOPXOMNOX YYP3Ar XYSI33XIY1.

IEC 60364-5-54 onoH yncbiH ctaHaapTeir IEC-uiiH 64 ayraap TexHUKUIH Xopoo “LlaxunraaH
Ganryynamx 6a uaxunraaH ryngang HapBaraaxaac xamraanax” 60noBcpyyricaH.

OHaxXyy rypaesgyraap xaBnan Hb 2002 OHAO HUMWATNArAC3H XOEpAyraap XaBMANUAT XYYUHIYI
Bonrox, opnox 6ereeq TEXHUKUMH LLUMHIYUIICIH Hanpyynra 6omHo.

OMHeX X3BNanTan xapbUyynaxag gapaax YHOC3H eepurienTunr opyyricaH:

— XaMraananTtblH gamXyynardMnH TOO4OPXONNONTLIN TOAPYYCaH;

— rasapayynrblH 3feKTPOAbIH MEXaHUK LUMHX YaHapblH Waapasarbir camxkpyyrican;

— uaxunraaH ryngang HopBargaxadc xamraanax 6ofoH  asHrblH - XamraananTbiH
30puynanTbliH razapayynrbiH 9NeKTPOoAbIH WaapAanarbir OpyyricaH;

— ©OeToHO cyynracaH CyypunH rasapgyynrbiH anektpod ©60mnoH xepceHn cyynracaH
rasapayynrbiH anekTpoablr TanndapnacaH xaBcpanTyyabir HOMC3H.

OHaxyy cTtaHgapTblH 6uuBap Hb 64/1755/FDIS 6apumTt 6uumnr 6onoH 64/1766/RVD canan
XypaanTblH TanWnaH4 YHA3CNAC3H. batnax caHan xypaanTblH OYpaH MIA39NNUAM A33PX
caHasn xypaanTtblH TannaHraac y3ax 60sHo.

OH3 cTaHgapT Hb |IEC Guide 104-unH paryy aroynryn axunnaraaHbl Cyypb HUWTIISNUWAH
cTaTycTan.

OH3 HuTnanuur ISO/IEC-unH 3axmpamk, 2 ayraap XacrumH garyy 6onoecpyyrncaH.

E xaBcpanTag 9HaXyy CTaHOApPTbIH C343BTAaM XON600TOM, XapbLaHryn Typ 3yYpbIH LUMHXTIN
YyNC OpHYYyAblH fAnraatanM MpakTUKUMWC TycracaH “3apum yncag” xamaapax 3aanTtyyabir
XarcaacaH.

IEC 60364 uyBpanbliH “Ham XyyganuiH uaxunraaH Gaunryynamk’ epeHxXuin HapTanm Oyx
XaCrnnH xarcaantblir IEC-uMiH Laxmm XyygacHaac y33)K 605Ho.

XOpOoOo 3H3 HUATNANWIH aryynrbir IEC-ninH uaxmm Xyyacang TyxaH HUATN3NUAH M3A33Nang
3aacaH TortBopToM OamanbiH OrHOO XypTan eepunexryn Oanxaap LWMAABIPNAACIH. Tap
OFHOOHA, HUATNANUUI gaxuH B6atanraaxyynax, XYYMHryh OOnrox, LWMHIYUIICOH XIBIIANAAP
opryynax acxyn HAMaNT eepynent opyynHa.



INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE ELECTRICAL INSTALLATIONS -
Part 5-54: Selection and erection of electrical equipment — Earthing arrangements and
protective conductors

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for
standardization comprising all national electrotechnical committees (IEC National
Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition
to other activities, IEC publishes International Standards, Technical Specifications, Technical
Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National
Committee interested in the subject dealt with may participate in this preparatory work.
International, governmental and non-governmental organizations liaising with the IEC also
participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as
possible, an international consensus of opinion on the relevant subjects since each technical
committee has representation from all interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are
accepted by IEC National Committees in that sense. While all reasonable efforts are made to
ensure that the technical content of IEC Publications is accurate, IEC cannot be held
responsible for the way in which they are used or for any misinterpretation by any end user.
4) In order to promote international uniformity, IEC National Committees undertake to apply
IEC Publications transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC Publication and the corresponding national or
regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies
provide conformity assessment services and, in some areas, access to IEC marks of
conformity. IEC is not responsible for any services carried out by independent certification
bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including
individual experts and members of its technical committees and IEC National Committees for
any personal injury, property damage or other damage of any nature whatsoever, whether
direct or indirect, or for costs (including legal fees) and expenses arising out of the
publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the
referenced publications is indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may
be the subject of patent rights. IEC shall not be held responsible for identifying any or all
such patent rights.

International Standard IEC 60364-5-54 has been prepared by IEC technical committee 64:
Electrical installations and protection against electric shock. This third edition cancels and
replaces the second edition, published in 2002, and constitutes a technical revision.

The main changes with respect to the previous edition are: clarification of the definition of
protective conductor; improved specification of mechanical characteristics of the earth
electrode; introduction of earth electrode for protection against electric shock and lightning
protection; annexes describing concrete-embedded foundation earth electrodes and soil-
embedded earth electrode.



The text of this standard is based on documents 64/1755/FDIS and 64/1766/RVD. It has the
status of a basic safety publication in accordance with IEC Guide 104. This publication has
been drafted in accordance with the ISO/IEC Directives, Part 2. Annex E lists all of the “in-
some-country” clauses on differing practices of a less permanent nature relating to the
subject of this standard.



YOUPTIAN

OHO X3CMMNH 3aanTbliH AyraapranTt Hb Yr X3CrMWH Ayraapaap 9xark gapaarncaH 6angnaap
ypromkmnHa. 3ypar 6a XyCHArTMMH Ayraapnantaj 3Hd X3CrUWH Ayraapbir gapaarcaH
ayraaptam xamTaTtraH XaparnaHa, Xuwaanban 54.1, 54.2 gyraap XyCHIrT rax mMat. XaBcpant
Aaxb 3ypar 6a XYCHArTUWH Ayraapriantag XaBCcpanTblH YC3r, XaCrMWH Ayraap, AapaarncaH
ayraapbir XaparnaHa, xuwaantan A.54.1, A.54.2 rax mar.

INTRODUCTION

Clause numbering is sequential, preceded by the number of this Part. Numbering of figures
and tables takes the number of this part followed by a sequential number, i.e. Table 54.1,
54.2, etc. Numbering of figures and tables in annexes takes the letter of the annex, followed
by the number of the part, followed by a sequential number, e.g. A.54.1, A.54.2, etc.



MOHIron ENGLISH

HAM XYYOINTUAH LUAXUITTAAH | LOW-VOLTAGE ELECTRICAL
BAUTYYITAMX INSTALLATIONS

5-54 pyrasp xacar: UaxunraaHn ToHor|Part 5-54: Selection and erection of
TOXOOPOMXKMWUI COHrox 6a yrcpax - |electrical equipment - Earthing
Masapayynax Ganryynamx 6a | arrangements and protective conductors
XamraananTtbIiH gamxyynary

541 EpeHxun 3yun 541 General

541.1 Xampax xypaa 541.1 Scope

IEC 60364-uMH 3H3 X3C3ar Hb LaxunraaH
GanryynamxminH aroynryn 6amgnbir  xaHrax
3opunroop rasapayynax 6Gaunryynamx GOnoH
XamraananTbiH Aamxyynard, YYHA
XamraananTbiH 3KBUNOTEHUMan
AaMXyynardumr xamapHa.

This part of IEC 60364 addresses the earthing
arrangements and protective conductors
including protective bonding conductors in
order to satisfy the safety of the electrical
installation.

541.2 HopmaTuB MwnNan

[apaax wvw TatcaH GapumT OMYryygumir aHa
GapymT  OGMUrMAr  Xaparnaxag  3aunnwryn
awwurnaHa. OrHootToM MWNA3NWAH  XYBb[
36BXOH ML TaTCaH X3BMANUAM X3P3rSIaHI.
OrHoorym WWNANUNH  XyBbL WW TaTCaH
BapyMT BUYIrMNH XaMIMAH CYYNIUAH X3BNANUNr
(TyyHuMI oyx HOManNT eepynenTunr
oponuyysiaH) XaparnaHa.

IEC 60364-4-41:2005, Ham xy4ganunH
uaxunraaH 6anryynamx — 4-41 oyraap Xacar:
Aroynryn 6ananbiH xamraanant — LlaxunraaH
ryMasang HoOpBargaxaac xamraanax

IEC 60364-4-44:2007, Ham  xyy4ganuiH
uaxunraaH 6anryynamx — 4-44 ayrasp Xacar:
Aroynryn 6angnblH xamraanant — Xyy4aanuiH
X3an03n3an Oa waxunraad COPOH30H
Herneenneec xamraanax

IEC 60364-5-51:2005, bapunrelH uaxunraaH
Ganryynamx — 5-51 gyrasp xacar: LjaxunraaH
TOHOI TOXEOPOMXUAr COHrox 6a yrcpax -
EpeHxun gypam

IEC 60439-2, Ham xy4yganuuH Tacnax, 3anrax
GonoH yaupanarbiH annapaTtbiH WX Oypgan —
2 pyraap xacar: lWUnHninH cysar cuctemg TaBux
Tycran waapgnara

IEC 61439-1, Ham xy4yganuuH Tacnax, 3anrax
GOnoH yaupanarbiH annapaTtbiH WX Oypgan —
1 ayraap xacar: EpeHxun gypam

IEC 61439-2, Ham xy4yganuuH Tacnax, 3anrax
GOMnoH yaupanarbiH annapaTtbiH WX Oypgan —
2 pyraap xacar: Xy4yHun Tacnax, 3anrax 6osoH
yavpanarbiH annapaTbiH K Oypaan

IEC 60724, 1 kV (Um =1,2 kV) 6a 3 kV (Um =

541.2 Normative references

The following referenced documents are
indispensable for the application of this
document. For dated references, only the
edition cited applies. For undated references,
the latest edition of the referenced document
(including any amendments) applies.

IEC 60364-4-41:2005, Low-voltage electrical
installations — Part 4-41: Protection for safety
— Protection against electric shock

IEC 60364-4-44:2007, Low-voltage electrical
installations — Part 4-44: Protection for safety
— Protection against voltage disturbances and
electromagnetic disturbances

IEC 60364-5-51:2005, Electrical installations
of buildings - Part 5-51: Selection and
erection of electrical equipment — Common
rules

IEC 60439-2, Low-voltage switchgear and
controlgear assemblies — Part 2: Particular
requirements for busbar trunking systems
(busways)

IEC 61439-1, Low-voltage switchgear and
controlgear assemblies — Part 1: General rules
IEC 61439-2, Low-voltage switchgear and
controlgear assemblies — Part 2: Power
switchgear and controlgear assemblies

IEC 60724, Short-circuit temperature limits of
electric cables with rated voltages of 1 kV (Um
=1,2kV) and 3 kV (Um = 3,6 kV)

IEC 60909-0, Short-circuit currents in three-
phase a.c. systems — Part 0: Calculation of
currents
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3,6 kV) Xx3BUWH XyyOoanTanm uaxunraaHsbl
kabenuiH OGOrMHO 3anraaHbl TemnepaTtypblH

Xsi3raap
IEC 60909-0, T[lypBaH (pasblH XyBbCax
r'YAanumH cuctem gax 6BorMHO  3anraaHbl
ryvgan  — 0 pgyresp  xacoar:  ['yngnuiar
TOOLIOOMNOX

IEC 60949, AgmnabaTt 6yc xananTblH Heneer
TOOLCOH [AynaaHbl XyBb[ 36BLUeepergex
BG0orvHO 3anraaHbl rynanuimH TooL00

IEC 61140:2001, Uaxunraan  ryngang
HOPBArgaxaac xamraanax — banryynamx 6a
TOHOIr TEXeepemMXxuga Xamaapax HUATNAr
acyynan

IEC 61534-1, UaxunraaH gamxyynax 3amMblH
cuctem  — 1 gyrasp  xacar: EpeHxun
Wwaapanara

IEC 62305 (6yx xacar), ASHrbIH Xamraanant
IEC 62305-3:2006, AdHrblH xamraanant — 3
ayraap xacar: bapunra 6avryynamxuminH éuet
raMTan 6a aMb HacHbI atoyn

IEC 60949, Calculation of thermally
permissible short-circuit currents, taking into
account non-adiabatic heating effects

IEC 61140:2001, Protection against electric
shock — Common aspects for installation and
equipment

IEC 61534-1, Powertrack systems — Part 1:
General requirements
IEC 62305 (all parts),
lightning

IEC  62305-3:2006, Protection
lightning — Part 3: Physical
structures and life hazard

Protection against

against
damage to

541.3 Hap Tombéo 6a ToaopxonnonTt

OH3 BapumT GmurnnH 3opunroop IEC 61140-4
OrCeH HIp TOMbEO, TOOOpXOMNonT OG0noH
Aapaax ToOOPXOWMONTbIM X3P3rfaHa.
Mazapgyynax OGawvryynamxk, xamraananTbiH
aamxyynary 6onoH XamraananTblH
SKBUNOTEHUMAN gamxkyynarymg XoparfiacaH
Togopxomnontelr B xaBcpantag AOypcnaH
Y3YYIK, JOOp Karcaas.

541.3 Terms and definitions

For the purposes of this document, the terms
and definitions of IEC 61140, together with the
following definitions, apply.

Definitions used for earthing arrangements,
protective conductors and protective bonding
conductors are illustrated in Annex B and
listed below:

541.3.1

Wn gamxyyrnax xacar

Xypy Gonox Gereen XxoBUWH yen Xy4ganrym
Ganpar 60n0BY YHAC3H Tycraapnara ramTCaH
ven  xyygantam  Gormk  Gomnox  TOHor
TOXOOPOMXKUNH JaMXKyyrax Xacar

[BX CYPBAJIK: IEC 60050-826:2004, 826-
12-10]

541.3.1

exposed-conductive-part

conductive part of equipment which can be
touched and which is not normally live, but
which can become live when basic insulation
fails

[I[EC 60050-826:2004, 826-12-10]

541.3.2
Xamaapanrym gamxyyrax xacar
uaxunraaH OGanryynamxminH  6ypangaxyyH

xacar 6uw 60noBY UaxunraaH noTeHuman,
EPeHXNNgee TyxalH OPOH HYTMMWH raspbliH
uaxunraaH noTeHuuanbIr  OpyyimKk  UpPax
BonoOMXTON AamXKyyrax Xxacar

[BX CYPBAJDK: IEC 60050-825:2004, IEV
826-12-11]

541.3.2

extraneous-conductive-part

conductive part not forming part of the
electrical installation and liable to introduce an
electric potential, generally the electric
potential of a local earth

[IEC 60050-825:2004, IEV 826-12-11]
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541.3.3 541.3.3

rasapayysnrbiH 3neKkTpoa earth electrode

XepceHn acxyn  GeToH  33par  Tycraum | conductive part, which may be embedded in

AaMXKyynax opumHA cyynrax 6omox, razaptan
LaxunraaH KOHTaKT YYCr3C3H Aamxyynax
Xacar

[BX CYPBAJIXK: IEC 60050-826:2004, 826-
13-05, modified]

the soil or in a specific conductive medium,
e.g. concrete, in electrical contact with Earth

[IEC 60050-826:2004, 826-13-05, modified]

541.3.4

6eToHA cyynracaH CyypuwH rasapayysnrbiH
anekTpon

GapunrblH  CyypuiH
epeHxungee - oGutyy
rasapayysnrbiH aNeKkTpoa
[BX CYPBAJIXK: IEC 60050-826:2004, 826-
13-08, modified]

beToHp,
roryoo

cyynracaH,
Xan6apTan

541.3.4
concrete-embedded
electrode

earth electrode embedded in concrete of a
building foundation, generally in the form of a
closed loop

[I[EC 60050-826:2004, 826-13-08, modified]

foundation earth

541.3.5

xepceHp cyynracaH
rasapAayynrbiH 3neKTpoa
GapunrblH CyypuiH LOOpX XepceHn OyrncaH,
epeHxungee  OGUTyy  roruoo  xanbapTan
rasapayynrbiH 9NekTpoa

[BX CYPBAJI)K: IEC 60050-826:2004, 826-
13-08, modified]

CYYpPWUMUH

541.35
soil-embedded foundation earth electrode

earth electrode buried in the soil under a
building foundation, generally in the form of a
closed loop

[IEC 60050-826:2004, 826-13-08, modified]

541.3.6

XaMraananTbIH gamxyynary

aloynryi axunnaraaHbl 30pUnroop,
XULWA3N63n LaxunraaH ryigang
HOPBAr49X33C  Xamraanax  30puynanTTail
Aamxyynard

TAUTIBAP - XameaananmbiH

Oamxyynag4yulH XUW33HO XxameaasasimbiH

aKeurnomeHyuan OamXyynaa4y, xameaarnax
easapoyynebiH Oamxyynaay 60s10H
uaxurnzaaH eylodano H3P83203X33C
Xxameaanaxad  Xx3p3ar3csH  ealaplyyrnebiH

OaMmxxyyraa4y OpHO.

[OX CYPBAIDK: IEC 60050-826:2004, 826-
13-22]

541.3.6
protective conductor

conductor provided for purposes of safety, for
example protection against electric shock
NOTE Examples of a protective conductor
include a protective bonding conductor, a
protective earthing conductor and an earthing
conductor when used for protection against
electric shock.

[IEC 60050-826:2004, 826-13-22]

541.3.7
XaMraananTblH
Aamxyynary
XamraananTtblH 3KBUMOTEHUMan xonbonton
30puyncaH xaMraananTbiH Aamxkyynary

[9X CYPBAJDK: IEC 60050-826:2004, 826-
13-24]

dKkBUnotTeHuunan

541.3.7

protective bonding conductor

protective conductor provided for protective-
equipotential-bonding

[IEC 60050-826:2004, 826-13-24]
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541.3.8 541.3.8

rasapayysnrbiH gamxyynary earthing conductor

cuctem, Ganryynamx acxyn ToHor | conductor which provides a conductive path,
TOXOOPOMXKUIH ereraceH uar 6a|or part of the conductive path, between a

rasapayynrbiH 9NEeKTPOAbIH CYJDKISHMN
XO0pOHA, Aamxyynax 3am Oywy gamkyynax
3aMblH X3CrMnr 6ypayynax gamxyynary

TAUIBAP — |EC 60364-ullH 3H3 Xx3C2UlH
3o0pusizoop 2alaplyyriebiH damxyyrnaad 23032

Hb easapoyynabiH 371eKMpoobIe
3KeuriomeHyuarsn xonbosmsiH cucmeMulH H32
use,  UX38YNaH  YHOCIH  2as3aplyyriebiH

2apearnzamau xornbox 0amxyynaaqula X3J1H3.

[9X CYPBAJDK: IEC 60050-826:2004, 826-
13-12]

given point in a system or in an installation or
in equipment and an earth-electrode network
NOTE For the purposes of this part of IEC
60364, an earthing conductor is the conductor
which connects the earth electrode to a point
in the equipotential bonding system, usually
the main earthing terminal.

[IEC 60050-826:2004, 826-13-12]

541.3.9

YHAC3H rasapAyynrbiH rapranra; YHAC3H
rasapayynrbiH WWH

GanryynamxuinH rasapgyynax
BanryynamxminH xacar ©Gereeq rasapgyynax
30puIITOTON X34,  X343H  JAaMKyynardumr
yaxunraaHaap xonb6ox 6Gonomx onrogor
rapranra 6ywy LnH

[OX CYPBAJDK: IEC 60050-826:2004, 826-
13-15]

541.3.9

main earthing
busbar
terminal or busbar which is part of the earthing
arrangement of an installation and enabling
the electrical connection of a number of
conductors for earthing purposes

[IEC 60050-826:2004, 826-13-15]

terminal; main earthing

541.3.10
XaMraanax rasapAayynrbiH gamxyynary
Xamraanax rasapayynrag 3opuyncaH

XamMraananTbliH AamMxyynary

[9X CYPBAJDK: IEC 60050-826:2004, 826-
13-23]

541.3.10
protective earthing conductor

protective conductor provided for protective
earthing

[IEC 60050-826:2004, 826-13-23]

541.3.11

Tycrav 3opuynanTbliH rasapayynra
LaxunraaHbl alynryn axunnaraaHaac 6ycag
30pUNroop cuctem, BGaunryynamx 3Cxyn TOHOr
TOXOOPOMXUNH HAr OyKy X34 X343H LIrvunr
rasapgyynax

[BX CYPBAJ/IDK: IEC 60050-826:2004, IEV
826-13-10]

541.3.11
functional earthing

earthing a point or points in a system or in an
installation or in equipment, for purposes other
than electrical safety

[IEC 60050-826:2004, IEV 826-13-10]

541.3.12
razapayynax 6amryynamx
cucTem, Baviryynamx aCxXyn TOHOr

TOXOOPOMXUNT rasapayynaxag oponuox Oyx
LuaxunraaH xonbont 6a Texeepemx

[0X CYPBAITK: IEC 60050-195:2004, 195-
02-20]

541.3.12
earthing arrangement

all the electrical connections and devices
involved in the earthing of a system,
installation or an equipment

[IEC 60050-195:2004, 195-02-20]
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542 Nazappyynax 6anryynamx

542 Earthing arrangements

542.1 EpeHxun waapanara

542.1.1

Llaxunraan GawryynamxunH LwaapanarbiH
naryy rasapgyynax Baviryynamxuir
XamraananTtblH GONOH Tycram 30puynanTbiH
3opunroop xamTag Hb Oyly Tycad Hb
awmrnax 6onHo. XamraananTblH

3opuvynanTbiH Waapanara Hb YPrarmk AaByy
XYYUHTIN GanHa.

542.1.2

Bavryynamxx [oTop rasapayynrbiH 9nekTpos
cyypunyyncaH 6on TyyHUWr rasapayysnrbiH
Aamxyyrnardaap YHOC3H rasapayynroiH
rapranratanm XxonooHo.

TAUIIBAP — Balizyynamx eepuiiH mycdaa
easapdyynebiH anekmpoomou 6alix anbazyd.

542.1 General requirements
542.1.1

The earthing arrangements may be used
jointly or separately for protective and
functional purposes according to the
requirements of the electrical installation. The
requirements for protective purposes shall
always take precedence.

542.1.2

Where provided, earth electrodes within an
installation shall be connected to the main
earthing terminal using an earthing conductor.
NOTE An installation does not need to have
its own earth electrode.

542.1.3

BanryynamMxumH Tax39n eHOep XyyaanTamn
bon eHAep Xy4A3NUWH T3X33N OOMOH Ham
XyyganunH - GanryynamxumiH — rasapgyynax
Ganryynamxug TaBux wWwaapgnara Hb |EC
60364-4-44:2007-blH 442 pyraap 3ynnTon MeH
HUMLCOH banHa.

542.1.4

Masapayynax Ganryynamxmg TaBuUx
lWaapaiiara Hb Japaax LWWHXTAMW rasaprtan
XONBONTLIN XaHraxazd 3opuynargaHa:

— HaugBapTam OGereepn  GawnryynamxuiH
XamMraananTblH Waapanarag TOXMPCOH;

— rasapayynrblH roMmTnIvMAH ryngan  GonoH
XxamraananTtblH  AamxyynarduiH — rynanuir
AynaaHbl, AynaaH-MexXaHUKWnH, uaxunraaH-
MEXaHUKNNH Xy4aan 60SfIoH 34rasp rynanasac

YYCOX  uaxunraadH TyWasng — HOpPBAraosx
alynrynrasp rasapTt gamxyynax yagsapTran;
— lWwaapgnaraTa  ToXuongong — Tycraw

30puynanTbiH Waapanarag MeH TOXUPCOH;
— Xynaargax Oym rapaag Heneeneng (IEC
60364-5-51-nir y3), XuUwa3anban mMexaHuK
Xyy4an 6a 33BpanTag TOXUPCOH.

542.1.5

©OHOep faBTaMkTal ryngan ypcax TeneBTan
yen rasapayynax Ganryynamxumnr Tycrannad

aBd y3H3 (IEC 60364-4-44:2007-biH 444
AYraap yWnuir y3).
542.1.6

542.1.3

Where the supply to an installation is at high
voltage, requirements concerning the earthing
arrangements of the high voltage supply and
of the low-voltage installation shall also
comply with Clause 442 of IEC 60364-4-
44:2007.

542.1.4

The requirements for earthing arrangements
are intended to provide a connection to earth
which:

— is reliable and suitable for the protective
requirements of the installation;

— can carry earth fault currents and protective
conductor currents to earth without danger
from thermal, thermo-mechanical and
electromechanical stresses and from electric
shock arising from these currents;

— if relevant, is also suitable for functional
requirements;

— is suitable for the foreseeable external
influences (see IEC 60364-5-51), e.g.
mechanical stresses and corrosion.

542.1.5

Consideration shall be given to the earthing
arrangements where currents with high
frequencies are expected to flow (see Clause
444 of IEC 60364-4-44:2007).

542.1.6

Protection against electric shock, as stated in
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@a3apayynrblH  9NEKTPOAbIH  3CAaPryyuang
ypbouunaH Toouoormk 6onox  eepunent
(>KMwaanban 39BpPanNT, xaTtant Bytoy
xengenteec wanTtraancaH) rapcHaap IEC
60364-4-41-0 3aacaH UuUaxunraaH ryngang
HOPBAr4axaac xamraananT Myynax ecrym.

IEC 60364-4-41, shall not be adversely
affected by any foreseeable change of the
earth electrode resistance (e.g. due to
corrosion, drying or freezing).

542.2 Ma3apayynrbiH aneKTpoa
542.2.1

asapayynrblH 3NeKTPOoAbIH Tepern, Mmatepuan
Ga xaMXkaar 3opuynantbiH  alwMUrnanTbiH
XyrauaaHbl Typlwl 33BPaNT34  T3CBIPTIN,
XaHrantran MexaHuk 6at ©Oex 6Ganxaap
COHTOHO.

TAUJIBAP 1 — 3sgpanmuiiz  yYH313X033
myxalH 2a3pbiH XepcHUU pH, xepcHul xy8utH
acapeyyuan, 4ute, xysbcax 6a moammorn
eylonuiH maHamas 60fI0H H3s4YuX 2yudarn,
XUMUUH 6oxupoon, eep mepiutH
MamepuarnbiH olp 6alpwrnbie as4y y39XK
607s1Ho.

MaszapayynrbiH anekTpoaoAa TYraaman
Xoparnagar Mmartepuanbir  XepceHn  3CXyn
GeToHn cyynrax yea 33Bpant 60M0OH MexaHuK
6aT GexunH yyoH33C X3parnax XaMrmnH bara
XOMXK33r 54.1 [Oyrasp XyCHarTdg 3aacHaap
aBHa.

TAUTIBAP 2 — Bocoo 2a3apdyyrnebiH
371eKmpooObie cyynzaax yed MexaHuk Xy4dasno
unyy epmoez myn xamaaanax O0ypasculH
xameutiH  6aza  3y3aaH Hb  X38M33
eazaplyynebiH 351IeKMpPoObIHX00C Ux balidaa.
ASIHIbIH XamraananTblH CUCTEM
waapgnaratan 6on IEC 62305-3:2006-bIH
5.4-UIAr X3parnaHa.

542.2 Earth electrodes
54221

The type, materials and dimensions of earth
electrodes shall be selected to withstand
corrosion and to have adequate mechanical
strength for the intended lifetime.

NOTE 1 For corrosion, the following
parameters may be considered: the soil pH at
the site, soil resistivity, soil moisture, stray and

leakage a.c. and d.c. current, chemical
contamination, and proximity of dissimilar
materials.

For materials commonly used for earth

electrodes, the minimum sizes, from the point
of view of corrosion and mechanical strength,
when embedded in the soil or in concrete,
shall be as specified in Table 54.1.

NOTE 2 The minimum thickness of protective
coating is greater for vertical earth electrodes
than for horizontal earth electrodes because of
their greater exposure to mechanical stresses
while being embedded.

If a lightning protection system is required, 5.4
of IEC 62305-3:2006 applies.

54.1 ayraap xycHart — Xepc acxyn 6eToHA
cyynrax, 33BpanT33c xamraanax ©6a
MexXaHuK O6aT Oexunr xaHrax Tyrasaman
rasapayynrbiH 3MeKTpoAbiH XaMrMmMH b6ara
X3MX33

Mar (Xan |Oma |Orr |3ys3a|byp |Byp
epun |63p |meT |non |aH |[33c |33ac/
an, p mm2 | mm |WAH | XyAr
raga mm XWUH | UMH
pryy g/m2 | 3y3a

aH

pum
Beto | Oyry |10

Table 54.1 — Minimum size of commonly
used earth electrodes, embedded in soil or
concrete used to prevent corrosion and
provide mechanical strength

Mat |Sha |Dia |[Cro |Thic |Wei |Thic
erial |pe |met |ss- |kne [ght ([kne
and er sect |ss of SS
surf mm [iona |mm |coat |of
ace I ing |coat
area g/mz2 |ing/

mm?2 she

athi

ng

pum
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543.4 PEN, PEL acxyn PEM gamxyynaruy
TAUJIBAP — 3d233p damxyynazy Hb PE
6osoH N, L acxyn M damxyynaaqduliH Xoép
yypaute xocnyyndaz myn myxalH yypa2 6ypd
xamaapax byx waapdnaabie xapaas3ax Hb
3yumad.

543.4.1

PEN, PEL acxyn PEM gamxyynaryminr 3eBxeH
CYYPVH LaxunraaH 6anryynamxung Xaparnax
B6onox bereeq MexaHuK LWantraaHaap
XeHaneH ortrion He 10 mm? 33c acxyn 16 mm?
XOHreH LaraaHaac bararyn 6arHa.

TAUJIBAP 1 — EMC-uliH wanmeaaHaap PEN
Oamxyynaa4yuiez batayyrnamMxXulH 3XJ19/133C
uaaw cyypunyynaxayt 6atlx He 3yumat (IEC
60364-4-44:2007-bi1H 444.4.3.2-b12 y3).
TAUTIBAP 2 — IEC 60079-14 Hb macpax
aroynmat op4uHO PEN, PEL scxyn PEM
Oamxyyrnaay xapaanaxutie 3esweepdezayd.
543.4.2

PEN, PEL acxyn PEM gamxyynaramir
LWyramMmblH gamMXKyynardunH XaBunH Xy4aong,
TOXMpyynaH TycraapriacaH 6arHa.

IEC 60439-2-T HUMLIC3H LUMHWUH CcyBar CUCTEM
6onoH IEC 61534-1-T HUALUCSH LaxunraaH
Aamxyyrnax 3ambiH cuctemaac bycag
TOXMonAJona yrac, kabenumH cuctemMumH
meTtann oypxyynuinr PEN, PEL acxyn PEM
Aamkyynard 60MroH awmrnaxrym.

TAUJTIBAP — Bym33203XyyHUU MEXHUKUUH
xopoo0 PEN, PEL scxyn PEM
daMmxXyyraz4yaac moHO2 Mexeepemxxud opox
EMI-utH 6onomxum Herneee agy y33X Hb
3yumad.

543.4.3

BanryynamXxumnH ans Har 4arasc axnaH
caapmar/gyHabiH uar/wyrambiH 60M0OH
XamraananTblH YYpruir Tycgaa
Aamxkyynaryaap rynuatrax 6anraa 6on
caapmar/gyHabiH Lar/wyrambiH
Aamxyynardaunr 6anryynamxuinH eep amap
HAr rasapayyJficaH XacarTam xonboxbir
3eBweepexryn. XapuH PEN, PEL acxyn PEM
Aamxyyrnardaac TyC TyC H3raac OJfloH
caapmar/gyHabiH Uar/wyramblH gamyynary
BOOH HAraac ONOH XaMraananTtbiH
Aamxyynary canbapnyynaxbir 36BLUESPHS.

PEN, PEL acxyn PEM gamxyynaryuuir
XamraananTblH JamxXyynardug 3opuyrncaH

543.4 PEN, PEL or PEM conductors

NOTE As these conductors serve two
functions, as PE- and either as N-, L- or M-
conductors, all applicable requirements for the
relevant functions should be considered.

543.4.1

A PEN, PEL or PEM conductor may only be
used in fixed electrical installations and, for
mechanical reasons, shall have a cross-
sectional area not less than 10 mmz2 copper or
16 mm?2 aluminium.

NOTE 1 For EMC reasons, the PEN
conductor should not be installed downstream
of the origin of the installation (see 444.4.3.2
of IEC 60364-4-44:2007).

NOTE 2 IEC 60079-14 does not permit the
use of a PEN, PEL or PEM conductor in
explosive atmospheres.

543.4.2

The PEN, PEL or PEM conductor shall be
insulated for the rated voltage of the line
conductor.

Metallic enclosures of wiring systems shall not
be used as PEN, PEL or PEM conductors,
except for busbar trunking systems complying
with IEC 60439-2 and for powertrack systems
complying with IEC 61534-1.

NOTE Product committees should consider
the potential effect of EMI introduced into the
equipment from a PEN, PEL or PEM
conductor.

543.4.3

If, from any point of the installation, the
neutral/mid-point/line and protective functions
are provided by separate conductors, it is not
permitted to connect the neutral/mid-point/line
conductor to any other earthed part of the
installation. However, it is permitted to form
more than one neutral/mid-point/line
conductor and more than one protective
conductor from the PEN, PEL or PEM
conductor respectively.

The PEN, PEL or PEM conductor shall be
connected to the terminal or bar intended for
the protective conductors (see Figure 54.1a),
unless there is a specific terminal or bar
intended for the connection of the PEN, PEL
or PEM conductor (examples are given in
Figures 54.1b and 54.1c).
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rapranra 6yty wunHg xon6oHo (54.1a ayprumnr
y3), acxyn PEN, PEL acxyn PEM
Aamxyynarduinr xonbox Tycran rapranra 6yroy
LWnH 6anraa 6on TyyHA xondoHo (54.1b 6a

54.1¢ 3yparT XuLL33 Y3YYIIC3H).

54.1a 3ypar — XKnwaas 1/ Figure 54.1a — Example 1

The PEN, PEL or PEM conductor shall be connected to the terminal or bar
protective conductors (see Figure 54.1a), unless there is a specific terminal
for the connection of the PEN, PEL or PEM conductor (examples are given i

and 54.1c).
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54.1b 3ypar — XKuwaa 2; 54.1c 3ypar — XKnwaa 3 / Figure 54.1b — Example 2; Figure 54.1c

— Example 3
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MDB
L1 rO0O0000000000O0
L2 0000000000000
L3 ol e XeXeXeXeXeXeXeXeXeXe)
PEN /7- O ooooooocq\q\o
g
9 ©O00000000O0[0]o
I
_l_ PE conductors N conductor:
Figure 54.1b - Example 2
MDB
L1 FDOOOOO0O0OO0O000O0 0 0]
L2 T0O0 00000000000
L3 0000000000000
,ﬁf—}ooooooooooqqcﬂ

Tynxyyp: MDB — yHACOH xyBaapunax cambap.
54.1 pyraap 3ypar — PEN gamxyynaryminH
XONOONTbLIH XULIA3

TAUTIBAP — SELV moammon 2y(idnasp
maxa332003e cucmemo, Xuwaanban
xo51600HbI cucmemO PEL acxyn PEM
Oamxyynae4 6atdazeydl.

543.4.4

Xamaapanryn gamxyynax xacrunr PEN, PEL
acxyn PEM gamxyynary 60nroH awmrnaxrym.

Key: MDB — main distribution board.

Figure 54.1 — Examples of a PEN conductor
connection

NOTE In systems supplied with SELV direct
current, e.g. telecommunication systems,
there is no PEL or PEM conductor.

543.4.4

Extraneous-conductive-parts shall not be used
as PEN, PEL or PEM conductors.

543.5 XoconcoH xamraanax 6a tycran
30puynanTbiH rasapayynrbiH gamxyynary
XocorncoH xamraanax 6a Tycram 3opuynanTblH
rasapAayynrbiH gamxyynary XaparfnacaH 6on
XamraananTblH JaMmXKyynardug TaBux
Wwaapanarbir xaHracaH 6anHa. YyH33cC ragHa
xonborgox Tycram 30puynanTbiH Waapgnarbir
MeH xaHraHa (IEC 60364-4-44:2007-biH 444
AYrasp 3yUnunr y3).

543.5 Combined protective and functional
earthing conductors

Where a combined protective and functional
earthing conductor is used, it shall satisfy the
requirements for a protective conductor. In
addition, it shall also comply with the relevant
functional requirements (see Clause 444 of
IEC 60364-4-44:2007).

A d.c. return conductor PEL or PEM for an
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M3aa2annNMnH TEXHONOTMNH TIXKIINUNH
TorTrmon ryngnund 6yuax PEL acxyn PEM
AaMXyyrardumr MeH XOCOJSICOH Tycram
30puynanTblH rasapayynroiH 60noH
XamraananTblH JamKyynard 60nroH awmrnax
oonHo.

TAUTIBAP — Hamanm madaannuiie IEC
61140:2001-b/H 7.5.3.1-33C ya3.

information technology power supply may also
serve as a combined functional earthing and
protective conductor.

NOTE For further information, see 7.5.3.1 of
IEC 61140:2001.

543.6 Xamraanax rasapAayynrbiH
AamMxyynary aaxb rynaan

XamMraanax rasapayynrbiH gamxyynardmmnr
X3BUWNH axunnaraaHbl yeg rynaan gamxyynax
3am 60MroH awmrnaxrym 6amx Hb 3ynTam
(kMwa3an6an EMC-uinH wantraaHaap
WwyynTyyp xon6ox), IEC 61140-mnir meH ys.
XaBUH axkunnaraaxol yeq ryngan 10 mA-aac
nX BON XYYUTIACIH XamMraananTtbiH
Aamxyyrnard xaparnaHa (543.7-1 y3).
TAUJIBAP — Kabenb 6ytoy xedenzyypaac
yycax bazmaamxuliH Ha84uUXx ayuodnuua
baticyynamx 60510H MOHO2 MOX66PEMKULUH
3ypaz mecrneep byypyynax Hb 3yumad.

543.6 Currents in protective earthing
conductors

The protective earthing conductor should not
be used as a conductive path for current
under normal operating conditions (e.g.
connection of filters for EMC-reasons), see
also IEC 61140. Where the current exceeds
10 mA under normal operating conditions, a
reinforced protective conductor shall be used
(see 543.7).

NOTE Capacitive leakage currents, e.g. by
cables or motors, should be reduced by the
design of the installation and the equipment.

543.7 Xamraanax rasapayynrbiH
Aamxyynardymid rynaan 10 mA-aac mx yen
X3P3rnax Xy4UnTracaH xamraanax
rasapayysnrbiH gamxyynary

BanHreliH xonbonTtoa 3opuynargcaH Gereeq
Xamraanax rasapayynrbiH JamxyynarduiH
ryngan He 10 mA-aac ux ryngan xoparnard
TOHOI TEXEOPOMXKMA AapaaXbIr XaP3rnaHa:

— IYMA3N X3p3rnard TOHOI TOXOePOMXK 36BX6H
HAr xamraanax rasapayynrblH rapranratam
6on xaMmraanax rasapayynrbiH gamxyynary Hb
HUAT ypTbiHxaa Typwmg 10 mm? Cu acxyn 16
mm?2 Al-33c 6araryn XxeHANeH orTrioNnTon
GalHa;

TAUJIBAP 1 — 543.4-m HuliycaH PEN, PEL
acxyn PEM damxyynaay 3H3 waaponaabla
XaHeaHa.

— I'YMA3N X3parnary TOHOI TEXeepeMX X0EpP
Aaxb XxaMraanax rasapayynrbiH
AamXxyyrnardunH Tycgaa rapranratam 6on
rAMTIAWWH XamMraananTtaj waapgnaratan
OrTNONTON WXNI ByYy TYYHI3C UX XOEP AaXb
Xamraanax razapayynrbiH Jamxxyynardumr,
Xamraarnax rasapayynrbiH JamMmxXyynarduiH
ortrion 10 mm? Cu acxyn 16 mm? Al-aac
Gararyi 60/COoH Laraac TaTHa.

543.7 Reinforced protective earthing
conductors for protective earthing
conductor currents exceeding 10 mA

For current-using equipment intended for
permanent connection and with a protective
earthing conductor current exceeding 10 mA
the following applies:

— where the current-using equipment has only
one protective earthing terminal, the protective
earthing conductor shall have a cross-
sectional area of at least 10 mm?2 Cu or 16
mm2 Al, through its total run;

NOTE 1 A PEN, PEL or PEM conductor in
accordance with 543.4 complies with this
requirement.

— where the current-using equipment has a
separate terminal for a second protective
earthing conductor a second protective
earthing conductor of at least the same cross-
sectional area as required for fault protection
shall be run from a point where the protective
earthing conductor has a cross-sectional area
not less than 10 mm?2 Cu or 16 mm? Al.

NOTE 2 In TN-C systems where the neutral
and protective conductors are combined in a
single conductor (PEN conductor) up to the
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TAUJIBAP 2 — Caapmaz 6a xamzaananmbiH
Oamxyyrnaa4ulia moHo2 mexeepemMxulH
eapaarea xypman Ha2 PEN damxyynaay
6orneoH xocnyyncaH TN-C cucmemo
XxameaarnanmablH 0amxXyyrna2qyulH ayudnule
aydaarnsiblH 2yl0asn 23X Y33 60JTHO.

TAUJIBAP 3 — X38uliH yed xamzaananmsiH
Oamxxyyna24ulH 2ytudasn uxmau ayuoan
X3p32r1324 MoHO2 MOeXeepPOMK Hb Yr103203/1
2yuonulH xamaaarsax mexeepemMxmau
baticyynamxmad Hutiyaxeyt 6atx 60s1HO.

equipment terminals, protective conductor
current may be treated as load current.
NOTE 3 Current-using equipment normally
having high protective conductor current may
not be compatible with installations
incorporating residual current protective
devices.

543.8 XamraananTtbIH gamxyynariMmnH
6anpnan

LlaxunraaH ryngang HapBargaxaac
Xamraanaxag, xaT ryuasiMmH xamraanax
TOXOOPOMXK X3PIArNacaH 6051 xamraananTbliH
JaMKyynarduimr xy4aanTan gamkyynardram
Har yTac, kabenunH cuctemp opyynax acxyn
T3AM33PUINH LYY ONPOonLoo GarpnyynHa.

543.8 Arrangement of protective
conductors

Where overcurrent protective devices are
used for protection against electric shock, the
protective conductor shall be incorporated in
the same wiring system as the live conductors
or be located in their immediate proximity.

544 XamraananTtbIH 3KBUNoTeHuuan
Aamxyynary

544 Protective bonding conductors

544.1 YHAC3H rasapAayynrbiH rapranrag
Xonb6ox xamraananTtblH 3KBUNOTeHuMan
Aamxyynary

YHACSH rasapgyynrbiH rapranrag xon6ox
XamraananTbiH 3KBUMNOTEHUNan
AaMXYynardunH XeH4 1eH OrTrion Hb
Ganryynamx gaxb XamrmmH TOM Xxamraanax
rasapAayynrbiH 4amyynardmiH XeHaeH
OrTrnonbIH xaracaac 6araryn 6ereeg MeH
napaaxaac b6araryn 6anHa:

— 6 mm? 33C; acxyn

— 16 mm? XeHreH LaraaH; acxyn

— 50 mm? raH.

YHAC3H rasapgyynrbiH rapranrag xonoox
XamraananTbiH 3KBUMNOTEHUMan
AamMxyyrnardunH xengneH orrnon 25 mm? Cu
Gytoy bycag maTtepmanbiH TYYHTIN OyNLIX
XOHAJeH OrTnosfiooc ux banx waapgnararymn.

544.1 Protective bonding conductors for
connection to the main earthing terminal
Protective bonding conductors for connection
to the main earthing terminal shall have a
cross-sectional area not less than half the
cross-sectional area of the largest protective
earthing conductor within the installation and
not less than:

— 6 mm?2 copper; or

— 16 mm?2 aluminium; or

— 50 mm? steel.

The cross-sectional area of protective bonding
conductors for connection to the main earthing
terminal need not exceed 25 mm?2 Cu or an
equivalent cross-sectional area for other
materials.

544.2 HamanT xon6onTbIH XxaMmraananTbIH
3KBUNOTEHLUMan gamxyynary

544.2.1

Xoép un gamxyynax XaCrmnur XOoOpoHz, Hb
XONOOCOH XxaMraananTbliH 3KBUNOTEHLUMan
AaMKyynardumH gamkyynanTt Hb T34raap un
Aamxyyrax XacarT XonborgcoH
XamMraananTtbiH gamxyynardygaac 6ara

544.2 Protective bonding conductors for
supplementary bonding

544.2.1

A protective bonding conductor connecting
two exposed-conductive-parts shall have a
conductance not less than that of the smaller
protective conductor connected to the
exposed-conductive-parts.
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AamxyynantranrninHxaac 6araryn 6anHa.
544.2.2

Mn gamxyynax xacruur xamaapanrym
AaMXKyyrnax XacartTan xonbocoH
XamraarnanTblH 9KBUMNoTeHuman
AaMXKyynarduiH amxyynanT Hb Xxapransax
XamraananTbliH JaMXyynardunH XeHAneH
OrTNOMbIH TanTam Ta3HU3X JamxKyynantaac
Gararyn 6anHa.

544.2.3

HamanT xon6onTblH xamraananTblH
9KBUNOTEHUMAaN gamxyynard 6050H X0€p
Xamaapanrym gamxyysiax XacrmmH XoOpoHA0X
XONBOMThLIH AaMXyynardunH xamruiH 6ara
XOHANeH ortnon Hb 543.1.3-T HMMLCOH OanHa.

544.2.2

A protective bonding conductor connecting
exposed-conductive-parts to extraneous-
conductive-parts shall have a conductance not
less than half that of the cross-sectional area
of the corresponding protective conductor.

544.2.3

The minimum cross-sectional area of
protective bonding conductors for
supplementary bonding, and of bonding
conductors between two extraneous-
conductive-parts, shall be in accordance with
543.1.3.

A xaBcpanT

(Hopmamus)

543.1.2 paxb k koacpuumneHTUNr
TOA4OPXOUNOX apra

(IEC 60724 6a IEC 60949-ulic meH y3)

Annex A

(normative)

Method for deriving the factor k in 543.1.2
(see also IEC 60724 and IEC 60949)

K k0adhpmUMEHTUII Japaax TOMbEOroop
TOAOPXOWSHO:

k = \{[Qc(B + 20) / p2o] - In[(B + 6f)/(B + 6i)] }
9HA:

Qc — 20 °C temnepaTtyp gaxb gamxyynard
MaTepuanbiH 33N3aXYYHUN gynaaH 6arraamx,
J/(K-mm3);

B — mamxyynarumiiH 0 °C gaxb XyBuIAH
3CaPryyunmiH TemnepaTypbiH

KO3 PULUMEHTUNINH ypBYY, °C;

P20 — 20 °C gaxb gamxyynard matepuarbiH
LaxunraaH XyBUMH acapryyuasn, Q-mm;

0i — gamyynardmiiH axHun Temnepatyp, °C;
0f — pamxyynardminH saucuirH Temnepartyp, °C.

The factor k is determined from the following
formula:

k = V{[Qc(B + 20) / pzo] - IN[(B + 6f)/(B + 6i)] }
where

Qc is the volumetric heat capacity of
conductor material (J/K mms3) at 20 °C;

B is the reciprocal of temperature coefficient of
resistivity at 0 °C for the conductor (°C);

P20 IS the electrical resistivity of conductor
material at 20 °C (Qmm);

i initial temperature of conductor (°C);
of final temperature of conductor (°C).

A.54.1 oyrasp xXycHarTt — flH3 GypumH
MaTepuanbiH NapamMeTpPUnH yTra

Table A.54.1 — Value of parameters for
different materials

Matep | B °C Qc P20 | Qc(B+ Materi | B°C Qc P20 | Qc(B+
nan J/I°Cm | Qmm | 20)/p2o al J/°Cm | Qmm | 20)/po
m3 Avs/m m3 Avs/m
m2 m2
3ac 2345 |3,45x [17,241 |226 Copper |234,5 |[3,45x 17,241 |226
1073 x 107® 1073 x 107®
XeHreH | 228 2,5 x 28,264 | 148 Alumini | 228 2,5 x 28,264 |148
uaraaH 1073 x 107 um 1073 x 107
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MaH

202

3,8 x
1073

138 x
107°

78

Steel

202

3,8 x
1073

138 x
107°

78

aY1roir IEC 60949-eec aBcaH.

a Values taken from IEC 60949.

A.54.2 pyraap xycHart — Kabenba opooryn,

O6ycan kabenbTan 6arunaarym
Tycraapnaratam xamraananTbiH

AamxyynardymuH k ytra

Oamx
yynar
YUWH
Tycra
apna
ra

IXHU
n°C

Aucu
MH °C

K —
33c

k — Al

MaH

70 °C
Tepm
onnac
TUK
(PVC)

30

160/1
402

143/1
33a

95/88

52/49

90 °C
Tepm
onnac
TUK
(PVC)

30

160/1
402

143/1
33a

95/88

52/49

90 °C
Tepm
opeak
T™B
(XLP
E,
EPR
rax
M3T)

30

250

176

116

64

60 °C
TEPM
opeak
™B
(EPR
pPes3uH

)

30

200

159

105

58

85 °C
Tepm
opeak
™B
(EPR
pesvH

30

220

166

110

60

Table A.54.2 — Values of k for insulated
protective conductors not incorporated in
cables and not bunched with other cables

Cond
uctor
insul
ation

Initial

°C

Final
°C

k —
Copp
er

K —
Alum
inium

K —
Steel

70 °C
therm
oplast
ic

(PVC)

30

160/1
40a

143/1
33a

95/88

a

52/49

90 °C
therm
oplast
ic

(PVC)

30

160/1
40a

143/1
33a

95/88

52/49

90 °C
therm
osetti
ng
(e.g.
XLPE
and
EPR)

30

250

176

116

64

60 °C
therm
osetti
ng

(EPR
rubbe

y

30

200

159

105

58

85 °C
therm
osetti
ng

(EPR
rubbe

9

30

220

166

110

60

185
°C

30

350

201

133

73
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) therm
osetti

185 |30 350 |201 |133 |73 ng

°C (silico

Tepm ne

opeak rubbe

T™B r)

(cunun

KOH

pe3unH

)

a bara yTrbir 300 mm?2-33ac nx xeHas1eH
OrTNoNTOM TepmonnacTuk (xkumwaanban PVC)
Tycraapnaratan gamxyynardug XaparmnaHa.

b Tepen GypuiiH TycraapnarbiH TemnepaTtypblH
xasraapbir IEC 60724-T erceH.

¢ k-r TOOLOX aprbir 3H3 XaBCPanTbIH 3X3HA
©erceH TOMbEOHOOC V3.

a The lower value applies to thermoplastic
(e.g. PVC) insulated conductors of cross-
sectional area greater than 300 mm2,

b Temperature limits for various types of
insulation are given in IEC 60724.

¢ For the method of calculating k, see the
formula at the beginning of this annex.

A.54.3 pyraap xycHart — KabenuinH
OypaacTan xypanuax 6onoBy 6ycan
KabenbTan 6arunaarym HyuraH
XamraananTtbIiH AgaMmxyynaryumimH k ytra

Table A.54.3 — Values of k for bare
protective conductors in contact with cable
covering but not bunched with other
cables

Kabe | 3xHu | Aucu | K Cu | k Al | kran
nmnH | 1 °C | nH °C
oypa
ac
Tepm |30 200 159 |105 |58
onnac
TUK
(PVC)
Monun |30 150 [138 |91 50
aTune
H
CSPc |30 220 |166 [110 |60

Cable | Initial | Final | k Cu | k Al k
cover| °C °C steel
ing

Ther |30 200 159 105 58
mopla

stic

(PVC)

Polye |30 150 138 91 50
thylen

e

CSPc |30 220 166 110 60

a Tepen G6ypuiH TycraapnarbiH TeMnepaTypbIH
xasraapbir IEC 60724-T erceH.

b K-r TOOLIOX aprbIl 9H3 XaBCpanTbliH 3X3HA,
©rceH TOMbEOHOOC V3.

¢ CSP = xnop-cynb@oHXyyrncaH NofIMaTUNeH.

a Temperature limits for various types of
insulation are given in IEC 60724.

b For the method of calculating k, see the
formula at the beginning of this annex.

¢ CSP = Chloro-Sulphonated Polyethylene.

A.54.4 nyrasp xycHart — KabenuuH cynan
6ampnaap opcoH acxyn 6ycag
Kabenb/Tycraapnaratau gamxyynaryrau
GaruancaH xamraananTtbiH AaMXyynariumH
k ytra

Table A.54.4 — Values of k for protective
conductors as a core incorporated in a
cable or bunched with other cables or
insulated conductors
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Oamx | 9xHm | Auemn | k- |[k=Al| k- Cond | Initial | Final | k - k - k -

yynar| n°C [n1H°C| 3ac Fan uctor | °C °C | Copp | Alum | Steel

YUNAH insul er |inium

Tycra ation

apna

ra 70°C |70 160/1 | 115/1 | 76/68 |42/37
therm 402 03a a a

70°C |70 160/1 | 115/1 |76/68 | 42/37 oplast

Tepm 402 03a a a ic

onnac (PVC)

TUK

(PVC) 90 °C |90 160/1 | 100/8 | 66/57 |36/31
therm 402 62 a a

90 °C |90 160/1 | 100/8 | 66/57 |36/31 oplast

TepMm 402 62 a a ic

onnac (PVC)

TUK

(PVC) 90 °C |90 250 143 |94 52
therm

90 °C |90 250 143 |94 52 osetti

Tepm ng

opeak (e.g.

™B XLPE

(XLP and

E, EPR)

EPR)
60 °C |60 200 141 |93 51

60 °C |60 200 |141 |93 51 therm

Tepm osetti

opeak ng

TMB (rubb

(pesn er)

H) 85 °C |85 220 134 (89 48

85 °C |85 220 |134 |89 48 therm

TepM osetti

opeak ng

TMB (rubb

(pesu er)

H) 185 |180 |350 132 (87 47

185 |180 |350 |132 |87 47 °C

°C therm

TepMm osetti

opeak ng

TMB (silico

(cunu ne

KOH rubbe

pesunH r

)

a bara yTrbir 300 mmz2-33ac nx xeHasneH

OrTI0NTON TEPMONNACcTUK TycraapnaraTa|7|

a The lower value applies to thermoplastic
(e.g. PVC) insulated conductors of cross-
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AamKyynardng XaparnaHa.
b Tepen 6ypunH TycraapnarbiH TemnepaTypbIH
xa3raapbir IEC 60724-T erceH.

¢ k-r TOOL0X aprbir 93H3 XaBCpanTbiH 3X3HA,
©rceH TOMbEOHOOC V3.

sectional area greater than 300 mm2.

b Temperature limits for various types of
insulation are given in IEC 60724.

¢ For the method of calculating k, see the

formula at the beginning of this annex.

A.54.5 pyraap xycHart — KabenuiH xysr,
MeTann 6ypaac, KOHLEHTPUK Aamxyynary
33par meTann gasxapra xan6apumnH
XamraananTbIH JamxyynardymuH k ytra

Table A.54.5 — Values of k for protective
conductors as a metallic layer of a cable,
e.g. armour, metallic sheath, concentric

conductor, etc.

Oamx | 9xHm | Auemn | k- |[k=Al| k-
yynar| n°C [n1H°C| 3ac Fan
YUMH
Tycra
apna
ra

70 °C |60 200 141 93 51
TepMm
onnac
TUK
(PVC)

90 °C |80 200 128 85 46
TepMm
onnac
TUK
(PVC)

90 °C |80 200 128 85 46
Tepm
opeak
™B
(XLP
E,
EPR)

60 °C |55 200 (144 |95 52
Tepm
opeak
T™B

(pesn

H)

85°C |75 220 (140 |93 51
Tepm
opeak
T™B
(pesu
H)

Opas |70 200 135 |- -

Cond
uctor
insul
ation

Initial
°C

Final
°C

k —
Copp
er

K —
Alum
inium

K —
Steel

70 °C
therm
oplast
ic

(PVC)

60

200

141

93

51

90 °C
therm
oplast
ic

(PVC)

80

200

128

85

46

90 °C
therm
osetti
ng
(e.g.
XLPE
and
EPR)

80

200

128

85

46

60 °C
therm
osetti
ng
(rubb
er)

55

200

144

95

52

85 °C
therm
osetti
ng
(rubb
er)

75

220

140

93

51

Miner
al

70

200

135
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(o} therm

Tycra oplast

apnar ic

artan, (PVC)

PVC cover

Bypaa edp

cTank :
Miner | 105 |250 135 |- -

9pas [105 |250 |135 |- - al

c bare

Tycra sheat

apnar h

artan,

HYyLIr3

H

Oypaa

CcTan

a Tepen GypuiH TycraapnarbiH TeMnepaTypbIH
xasraapbir IEC 60724-T erceH.

b DHS yTrbIr XYpax BOMOMXKTON HYLIaH
JamKyynary acxyn wartamxan matepuantamn
XYP3ruaX HyLraH gamyyrnarymg MeH
X3ParnaHa.

¢ k-r TOOLOX aprbIr 3H3 XaBCpanTblH 3X3HA
©rceH TOMbEOHOOC 3.

a Temperature limits for various types of
insulation are given in IEC 60724.

b This value shall also be used for bare
conductors exposed to touch or in contact with
combustible material.

¢ For the method of calculating k, see the
formula at the beginning of this annex.

A.54.6 gyraap xycHart — 3aacaH
TeMnepaTtyp Hb XepLw maTepuang ramrtasn
yupyynax apcasnrym HyuraH
gamxyynardymiH k ytra

Table A.54.6 — Values of k for bare
conductors where there is no risk of
damage to any neighbouring material by
the temperature indicated
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B xaBcpanTt
(M3033/11ULH)

Masapayynax 6anryynamx 6a
XamraananTtbiH AaMXyynar4mmH XuLad

Annex B
(informative)

Example of earthing arrangements and
protective conductors

B.54.1 ayraap 3ypar / Figure B.54.1
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Annex B
(informative)

Example of earthing arrangements and protective

condu

/LPS LPS
=TT — -
I Bathroom |
| ' C6
| |
|
! }
I |
[m ] ! |
' |
I |
| |
|
! }
C7
4 1 1
DB
rFr——————————— e ————— = A
| |
| |
b PE
c4 1
MDB
[
|
cs | T PEPEN
|
1a
fa__ C1C2C3
2 |1 2
| * D
MET{U R &‘ D/
| "
5 5 5
C C

Xamaapanryn gamxyynax xacar

Extraneous-conductive-part

C1

["agHaac opXx npax metann YCHbI Xoorsoun

C1
Water pipe, metal from outside
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Taunbap:  acxyn  meenepceH  OynaaH|Remark: Or district heating pipe
XaHa2aMXXulH xoosou
Cc2 C2

lagHaac opX upax MeTann ©60xup YCHbI
X000

Waste water pipe, metal from outside

C3

Tycraapnax opyynratan, ragHaac OpX Mpax
MeTann XMnH X00nown

C3

Gas pipe with insulating insert, metal from
outside

C4 C4
Araap canrant/araapxyynant Air-conditioning
C5 C5
XanaanTblH cUCTeM Heating system
C6 C6

HKnwaanban yraanrbiH 6peeHnin MeTans yCHbl
X00s101

Taun6ap: IEC 60364-7-701:2006, 701.415.2-
b2 y3

Water pipe, metal e.g. in a bathroom

Remark: See IEC 60364-7-701
701.415.2:2006

C7

Kuwaanban yraanrsiH
BOXMp YCHbI XOOoMn

epeeHnn mMmeTtann

C7
Waste water pipe, metal e.g. in a bathroom
Remark: See IEC 60364-7-701 701.415.2

Talnbap: IEC 60364-7-701:2006, 701.415.2- | dated 2006

bl2 Y3

D D

Tycraapnax opyynra Insulating insert

MDB MDB

YHOC3H XyBaapunax cambap Main distribution board
DB DB

XyBaapunax cambap

Tatinbap: YHOcaH Xxyeaapunax cambapaac
ma)K39203H3

Distribution board

Remark: Supplied from the main distribution
board

MET
YHOC3H rasapayysrbiH rapranra
Tatinbap: 542.4-ude y3

MET
Main earthing terminal
Remark: See 542.4

SEBT SEBT
HamanT akBunoTeHuman xonbonTbiH rapranra | Supplementary equipotential bonding terminal
T1 T1

BeTtoHn cyynracaH cyypuirH rasapayynrbiH
9NEKTPOA 3CXYN X6pCeH cyynracaH CyypuiH
rasapayynrbiH 3neKkTpoa

Tatnbap: 542.2-bie y3

Concrete-embedded foundation earth
electrode or soil-embedded foundation earth
electrode

Remark: See 542.2
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T2

Waapgnaratan 6on LPS-uiH rasapayynrbiH
anekTpoa

Tatinbap: 542.2-bi2 y3

T2
Earth electrode for LPS if necessary
Remark: See 542.2

LPS LPS
AdHrblH XxaMmraananTtblH cuctem (banraa 6on) | Lightning protection system (if any)
PE PE

XyBaapunax cambap gaxe PE rapranra(yyn)

PE terminal(s) in the distribution board

PE/PEN
YHACSH XxyBaapunax cambap gaxb PE/PEN
rapranra(yyn)

PE/PEN

PE/PEN terminal(s) in the main distribution
board

M M
Mn gamkyynax xacar Exposed-conductive-part
1 1

Xamraanax rasapayynrbiH gamkyynard (PE)
Tatnbap: 543 Oyeaap 3ydnute y3; o2mion
543.1;, mepen 543.2; macpanmeylu 6atdan
543.3

Protective earthing conductor (PE)

Remark: See Clause 543; cross-sectional
area see 543.1; type see 543.2; electrical
continuity see 543.3

la la

TOX33NUMH CYITKI3HIAC MPAX xamMraanantbiH | Protective conductor, or PEN conductor, if
gamxkyynard  6ywoy ©Gamraa 6on  PEN |any, from supplying network

aamxyynard

2 2

YHOC3H rasapayynrblH rapranrag  xon6ox | Protective bonding conductor for connection to

XamraananTblH 3KBUMNOTEHUMan gamxyynary
Tatinbap: 544.1-ude y3

the main earthing terminal
Remark: See 544.1

3

HamanTt XON0ONTbIH
SKBUMNOTEHUMAnN gamxkyynary

Tatinbap: 544.2-bi2 y3

XamMraananTtblH

3

Protective bonding
supplementary bonding
Remark: See 544.2

conductor for

4

Baviraa 6on asHrbIH XamraanarnTbiH
cuctemunH (LPS) ByynTtbiH gamxkyynary

4

Down conductor of a lightning protection
system (LPS) if any

5
asapayynrbiH gamkyynary
Tatinbap: 542.3-bi2 y3

5
Earthing conductor
Remark: See 542.3

ASHrbIH XaMraananTtblH CUCTEM CyypuryyncaH
6on HamanT waapanarbir IEC 62305-3:2006-
bIH 6 gyraap 3ywng, dnadrysa 6.1 6a 6.2-T1
OrCOH.

TAUJIBAP — B.54.1 Oy23ap 3ypaem mycaal

Where a lightning protection system is
installed, the additional requirements are
given in Clause 6 of IEC 62305-3:2006, in
particular those given in 6.1 and 6.2.

NOTE Functional earthing conductors are not
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3opuynanmasiH 2a3apOyynabiH
Oamxyynaea4yuue y3yynaaeydu.

B.541 pagyraap 3ypar - CyypuuH
rasapayynrbiH 23neKTpoA, XamraananTbiH
Aamxyynary 6a XamraananTbliH
3KBUNoTeHuuan Aamxyynaryrau

rasapayynax 6anryynamMmxvwnH Xuas

shown in Figure B.54.1.

Figure B.54.1 - Examples of earthing
arrangements  for  foundation  earth
electrode, protective conductors and

protective bonding conductors

C xaBcpanT
(M3033/171ULH)

BeToHA cyynracaH cyypuiH rasapayynrbiH
3neKTpoAbIr yrcpax

Annex C
(informative)

Erection of concrete-embedded foundation
earth electrodes

C.1 EpeHxun 3ymnn

BapunrelH cyypuHg xaparnagar 6eToH Hb
TOAOPXOW LaxunraaH gamxkyynantran 6ereeg
epeHXNNOee XepcTan  Xypanuax Tanban
nxton. Winmaac 6GeToHbIr Tycram aynaad
Tycraapnara Oyiy Oycag apra Xam»Kaaraap
XepcHeec Tycraapniaaryn 6on 6etoHn OypaH
cyynracaH HyuraH MeTann  3neKkTpoabir
rasapAayynrbiH 3opuynantaap almrnax
60nHO. XUMUNH 60NIOH PU3MKUIAH Hereereep
5 cm-33c ux ryHg 6eToHA cyynracaH HyLraH
aCXyn xanyyH uavpacaH raH 6onoH 6ycag
mMeTtann Hb epeHxnngee BGapunrbiH
awurnanTtblH - Oyx XyrauaaHg 33BpanTaac
eHaep TyBWMHA XamraanargaHa. bonomxron
6on GapunrblH apmaTtypbliH  JamXKyynax
LWMHXWUIAT MEH alunrnax Hb 3ynTan.

Bapunra yrcpanTtbliH yen 6etoHa cyynracaH
CYYPUMH rasapayyfrblH 3feKTpoL XUUX Hb

yoaaH 9aanradTon, CalH  rasapayynrbiH
aneKTpoablr  9OUMWH  3aCfMMH  XyBbg, VP
awwurtavraap OGanryynax wuigan  6anx
6G0onHO. Yump Hb:
- HaManNT rasap LLIOPOOHbI axun
Waapanarryu;

— YNUPMbIH Uar araapbliH ceper HeneeHg
EepPeHXMIaee epTexryin ryHa cyypvunaraaar;

— XOpCTan CalH KOHTaKT Yycraaar,

— OapunrblH cyypunH Oapar OGyx ragapryyr
Xamapu, TyxalH ragapryyraap omx 6onox
xamrunH 6Gara rasapgyynrbiH - 3neKTpoablH
OypaH acapryyunuimr 6un 6onrogor;

— asiHrblH  XamraananTblH
3opuynanrtaap OHOBYTOM
Banryynamx 6un 6onrogor;

— ©Oapwnra yrcpanTblH 9XH33C GapunrbiH
Tanb6anH uaxunraax GanryynamxuminH

CUCTEMUNH
razapgyynax

C.1 General

Concrete used for the foundations of buildings
has a certain conductivity and generally a
large contact area with the soil. Therefore
bare metal electrodes completely embedded
in concrete can be used for earthing purposes,
unless the concrete is isolated from the soil by
use of a special thermal insulation or other
measures. Due to chemical and physical
effects, bare or hot-dip galvanized steel and
other metals embedded in concrete to a depth
of more than 5 cm are highly protected against
corrosion, normally for the whole life-time of
the building. Wherever possible, the
conductive effects of the reinforcement of the
building should also be used.

The production of a concrete-embedded
foundation earth electrode during the erection
of the building may be an economical solution
to obtain a good earth electrode of long
standing because

— it does not necessitate additional excavation
works,

— it is erected at a depth which is normally free
from negative influences resulting from
seasonal weather conditions,

— it provides a good contact with the saill,

— it extends over practically all of the building’s
foundation surface and results in the minimum
earth electrode impedance which can be
obtained with this surface,

— it provides an optimal earthing arrangement
for lightning protection system purposes, and
— from the beginning of the erection of the
building, it can be used as an earth electrode
for the electrical installation of the construction
site.
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rasapayynrblH anektpoa 60nroH awwurnax
donpor.

lasapgyynax  yypraac  ragHa  6eToHg
cyynracaH CyypwuvH rasapayynrbiH 3nekTpos
Hb YHOCOH XamraananTtblH 3KBMMNOTEHuMarn
xonbonTblH canH cyypb 6onaor.

BetoHg cyynracaH cyypwuiH rasapayynrbiH
aneKkTpoapIr yrcpaxag gapaax waapgnara 6a
36BMNOMXUIAT X3PIrNaHa.

Besides its earthing effect, the concrete-
embedded foundation earth  electrode
provides a good basis for the main protective
bonding.

The following requirements and advice for the
erection of a concrete-embedded foundation
earth electrode apply.

C.2 BetoHp cyynracaH CYYPWUMH
rasapayynrbiH  3MeKTpoA  awurnaxram
xon6ooTon 6ycan aHxaapax 3ymn

BapunreiH cyypuir uaxunraan yn gamxyynax
MaTepuanaap AynaaHbl angargnaac 6ypaH
Tycraapnax acxyn 0,5 mm-33ac ux 3y3aaHTau
XyBaHUap Xxyydac 33par yc Tycraapnax apra
Xaparnax 6on cyypuiH 6eToHbIr razapayynrag
awuvrnax oGonomxryn. Wnm  TOXuongong
mMeTann apmaTtypbiH aepar Heneer
XamraananTtblH 3KBUMOTeHUman xondonton
awurnax 6onox ©Gereen  rasapayynrbiH
3opuynanTtaap eep rasapayynax 6anryynamx,
XUWwaanban TycraapnargcaH CyypuinH [Joop
HOManNT beToHA cyynracaH CYYPUWNH
rasapayynrelH anekTpoq, OapunrbiH 3praH
TOMPOHL, rasapayynax 6auryynamx, 3cxyn
XepCeHn cyynracaH CyypunH rasapayynrbiH
SNEKTPOA X3PIArNaHa.

C.2 Other considerations regarding the use
of concrete-embedded foundation earth
electrodes

If the building foundation is to be completely
protected against loss of heat energy by
insulating it using non-conductive materials, or
if the foundation is to use certain insulating
measures against water, e.g. using plastic
sheets of more than 0,5 mm thickness,
earthing using the foundation concrete is not
viable. In such cases, the positive effect of
metal reinforcement for protective bonding
may be used, and for earthing purposes
another earthing arrangement should be used,
e.g. an additional concrete-embedded
foundation earth electrode below the isolated
foundation, or an earthing arrangement
around the building or a soil-embedded
foundation earth electrode.

C.3 BeTtoHA cyynracaH
rasapAayynrbiH 3M1eKTPoAbIH XUMIL,

C3.1

MeTann apmaTtypryn OE€TOH CYypuUWH XyBbA
GeToHO cyynracaH CyypuuH rasapgyysnrbiH
SNEKTPOAbIr  CYYPUWH  Tepers, X3MX33H4
TOXMpyynaH XMrMH3. 20 m XypTamn X3MXK33TIN,
XOOPOHA0O XOn6oracoH Har Byry X3 X3A3H
OMTYY uarmpar acxyn Tarw eHuerTt xanbéapwuir
NIyya y3Ha.

C.3.2

OnekTtpoabir 6etoHg 5 cm-33c 6Gara ryHg
cyyrnraxaac CIpryuinaxvimnH Tyng 3MeKTpobliH
OAMXYYIrbIl X6PCHOOC 30XMX 3ang TOrTooX
XOparcan  X3parnaHa.  Onektpogon  Tyys
XAparnaBan Tyy3Hbl A00Op OETOHrym XeHaun
YYC3IX33C CIPrUAImK  MPMIrasp Hb 00Coo
Ganpnyymk 6axanHa. ApmaTtyp 6anraa 6on
OaMXyynrbir 2 m-33C UXryn 3antamraap TyyH4
6axanHa. XonbonTtbir 542.3.2-bIH Aaryy XMnHa.
Tynxyyp MasarmnH xonbooc  X3parnaxaac

CYYpPUWH

C.3 Construction of concrete-embedded
foundation earth electrodes

C3.1

For concrete foundations without metal
reinforcement, the concrete-embedded
foundation earth electrodes must be
coordinated with the type and dimensions of
the foundation. One or more closed ring(s) or
rectangles with dimensions up to 20 m and

mutually connected are preferred.
C.3.2

To avoid embedding of the electrodes in
concrete at less than 5 cm depth, suitable
means for the distance of the electrode wiring
above the ground should be used. If strips are
used as electrodes, they should be fixed set
up on edge to avoid holes without concrete
under the strip. If reinforcement is present, the
wiring should be fixed to it at intervals of not
more than 2 m. The connections should be
made in accordance with 542.3.2. The use of
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3aWNCXNNX Hb 3YUTIMN.

C.3.3

BetoHa cyynracaH cyypuinH rasapgyynrbiH
SNeKTpoAblH  Aamxyynra Hb  6apunrbiH
LuaxunraaH CUCTEMTAN XONbOX OOp XashK Har
rapranrbiH y3yypTtan 6anHa. YyHuir 6apunrbiH
AoTop OGEeTOHbl ragHa raprax TOXMPOMXKTOM

xonbonTtblH  UArT  (KMWIanN6an  YHOCSH
rasapAayynrbiH rapranra) Xyprax acxyn XaHblH
ragapryyn  6etoHg  cyynracaH  Tycram
XonbonTblH XxaB4aapT TercreHe. XonbomnTbiH
Uar [033p rapranrbiH y3yyp Hb 3acBsap
YRIUUnrag, XOMXUNT XNNXag XYP3ax
tonomxTon banHa.

AsHrblH XxamMraanant ©OoOnoH M3433NnNUnH

TEXHOMOIMMNH Tycran waapanaraTtan 6apunrag
CYYPWUWNH rasapAyyfrbiH 3NeKTPo4o0C asHrbiH
XamraananTblH CUCTEMUINH ByynTbIH
Aamxyyrnary 33partT 30puyrficaH Haraac OfloH
rapranra waapanaraTtan 6amx 60mHo.

CyypunH ©eTOHbl ragHaac xepceep OaMXWH
rapax xonbonTblH XyBbAd raH  yTacCHbI
39BPANTUNH acyyanbir xapransdaHa (C.4-uuir
y3). im xonbontbir 6apunrelH goTop 6etoHAa
opyyniax acxyn ragHa Tang raspblH TYBLUH33C
A33LL TOXMPOMXKTON ©HOePT rapraxbir 36Brex
6anHa.

C34

Onektpog  60MOH  rapranrbiH  Y3YYPUWH
xamrmnH 6ara xeHaneH ortnong 54.1 gyrasp
XYCHOITUMH YTrbIr X3parnaHa. Xondonteir 6at
6ex, uaxunraaHbl XyBbAd HavgBapTanm XWIHI
(542.3.2-bIr y3).

C.35

BapunrelH  cyypunH meTann  apmaTypbIr
542.3.2-blH paryy HavgBaptanM XonbocoH
Hexuenn anekTpon OOMNroH awwwvrnax GOmMHO.
arHacaH xonbonTblH  XyBbAd  GapunrbiH
XVUALUMWH 3ypar Tecesi, TOOoLoOor XapwuyucaH
STradannH 3eBLUeBpen lWaapanarartamn.

36BX6H TeMep yTcaap OpOoOX XMNC3IH xondont
Hb XamraananTblH 30pUNrog TOXUPOMXKIYIA
GonoBYy  M3AdANNMNH  TexHonormiH EMC
3opunrog XaHrantTtamn banx ©onHo.
YpbaunnaH Xy4UTracaH apMaTtypbir 3nekTpos
GOMroH awwmrnaxrymn.

bara guameTtpTom yTcaap XUMCSH rarHacaH
TOpbIr apMaTypT X3parnacaH 6on 54.1 gyrasp
XYCHArTd4, LWaapacaH XeHAaneH OrTronTomn
AyNLIX33p rapranrbiH y3vyyp acxyn

ENGLISH

keyed joints should be avoided.

C.3.3

The wiring of the concrete-embedded

foundation earth electrode should have at
least one terminal lug for connection to the
electrical system of the building, either leaving
the concrete inside the building to a suitable
connection point (e.g. to the main earthing
terminal) or ending at a special connection
clamp embedded in concrete of a wall at its
surface. At the point of connection, the
terminal lug must be accessible for
maintenance and measuring purposes.

For lightning protection and for buildings with
special requirements concerning information
technology, more than one terminal lug of the
foundation earth electrode, e.g. for lightning
protection system down-conductors, may be
needed.

For connections needed outside the
foundation concrete going through the soil,
corrosion problems for steel wires need to be
taken into account (see Clause C.4). For such
connections, it is recommended that they
should enter the concrete within the building,
or outside at a suitable level above ground
level.

C34

For the minimum cross-sectional area of
electrodes including terminal lugs, the values
mentioned in Table 54.1 apply. Connections
must be soundly made and electrically
satisfactory (see 542.3.2).

C.35

Metal reinforcement of the foundations of the
building may be used as an electrode
provided it is soundly connected according to
542.3.2. For welded connections the
permission of the responsible person for the
structural design and analysis of the
construction of the building is required.
Connections made by a wrapped iron wire
only are not suitable for protection purposes,
but may be sufficient for EMC purposes for
information technology. Pre-stressed
reinforcement must not be used as an
electrode.

If welded grids made from wires of smaller
diameter are used for the reinforcement, it is
possible to use them as electrodes provided
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9NeKTpoabliH Bycan XaCarTam HAraacC ONOH LarT
HangBapTan xonboxon anekTpog OOMroH
awurnax 60nHo. MM TOpPHbI H3r YyTacHbI
XxamrmnH 6ara guameTtp 5 mm 6Ganx Gereep
rapranrbiH y3yyp 6a TOpHbI XOOpOHA TOp
OYpWUAH X34 X349H UJIT [Op Xashk AepBeH
XONOONT XUNHA.

C.3.6

OneKkTpoabIH AamXKyynra Hb TOM CYypuinH eep
©6p X3CIMNH 3aachIr Wyya AaMXUH rapaxryu
Ganx Hb 3ynMTan. Wnm uart waapgnaraTamn
LaxunraaH XonbonTbIr XaHrax TOXMPOMXTOW
ysiH xon6or4mir 6eToHbl ragHa 6anpnyynHa.

C.3.7
Tycoaa cyypuiH (kuMwaandan ToM TaHXUMbIH

Xnnu,) beToHA cyynracaH CYYPUWH
rasapayynroiH aneKkTpoayyablr  TOXMPOX
rasapdyynrelH  gamkyyrnar4yaap — CyypuwunH

rasapgyynrblH anekTpodbliH Oycan Xacartan
XONBoHO. MM XonBonTbIr XepceHn, cyynraxsir
C.4-eec y3.

they are soundly connected at more than one
different point to the terminal lug or other parts
of the electrode to provide at least the same
cross-sectional area as required in Table 54.1.
The minimum diameter of the single wires of
such grids should be 5 mm with at least four
connections between the terminal lug and the
grid at several points of each grid.

C.3.6

The wiring of the electrodes should not go
over joints between different parts of larger
foundations. At such places, suitable
malleable connectors should be installed
outside the concrete to provide the necessary
electrical connections.

C.3.7

Concrete-embedded foundation earth
electrodes of single foundations (e.g. for the
construction of large halls) should be
connected to other parts of the concrete-
embedded foundation earth electrode by using
suitable earthing conductors. For embedding
such connections in the soil see Clause C.4.

C4 BeTtoHA cyynracaH CYYpUWH
razapayynrbiH 3neKTpodooc ragHax 6ycan
rasapayysnicaH 6avMryynamxumH G0nOMXuT
33BpanT

BeToHA cyynracaH epAavinH raH (HyUraH acxyn
XanyyH UuanpAcaH) Hb XepceHp cyynracaH

33CTan OMposLoo LaxunraaH-xuMnmnH
noTeHuman yycragrmur adHxaapHa. Winmaac
CYYPUAH  OMPONLOO XOepCeHn cyynracaH

raHraap XumMcaH, 6eToHA cyynracaH CyypwuiH
raszapgyynrelH  anektpogtom  xonborgcoH
Gycan rasapayynax Ganryynamxmg
LaxunraaH-XxMMUNH 33BPANT YYCaX aroyrnTan.
OH3 Henee TOM OapunrblH apmatypTamn
CYYPWHA, MeH unapy 60sHo.

33BOpAarryn raHraap XUMWC3H 3CXYN YUNMMKWH
acpar TOXMPOMXKTOM YNNaBapUnH
Xamraanantram anektpogooc 6ycag  rad
3NeKTpoabIir  CYypuiH ©OEeTOHOOC XepCeHn
Wwyyn raprax —cyypunyynaxryn.  XanyyH
uanpacaH 6ypaac, byaraap xamraanax 6ywoy
Japaa Hb  X3PArnacoH  TYYHTaW  agun
Martepuan uim 3opuynantag xaHrantryn. ium
GapunrblH 3praH TOWPOH 6a oMponLoOX
HOManT rasapayynax BGanryynamxuimr
XaHranTtTaun awmrnanTbIH Xyrauaartam

C.4 Possible corrosion problems for other
earthed installations outside concrete-
embedded foundation earth electrodes

Attention is drawn to the fact that ordinary
steel (bare or hot-dip galvanized) embedded
in concrete results in an electrochemical
potential equal to that of copper embedded in
the soil. Consequently, there is a danger of
electrochemical corrosion occurring to other
earthing arrangements made from steel
embedded in the soil near the foundation and
being in connection with a concrete-
embedded foundation earth electrode. This
effect can also be found with reinforced
foundations of large buildings.

Any steel electrode must not be installed
directly from foundation concrete into the soaill
except for electrodes made from stainless
steel or otherwise well protected by suitable
prefabricated protection against humidity. Hot-
dip galvanized covering or protection by
painting or other similar materials later on is
not sufficient for such purposes. Additional
earthing arrangements around and near such
buildings should be made from other than hot-
dip galvanized steel so as to provide a
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GannraxblH Tyna XanyyH uampacaH raHraac
eep MaTtepuanaap XMmx Hb 3yNTaNn.

sufficient life-time for this part of the earthing
arrangement.

C.5 BeTtoHA cyynracaH CYYypUWH
rasapAayynrbiH aneKTpoAabIr gyycrax
Ch5.1

OnekTpon GOMOH/3CcXynm TyyHO  XOnGOCOH

apmaTtypbir  6anTracHMi  papaa, 6eToH
LuyTraxaaC ©MHe MOIPraXnunH XyH 30XUOH
Ganryynantbir  wanrax, ©OapuMmTXKyyrncaH

TOMA3MNAN yUnAasaHa. bapumt 6uumrt Tannbap,
Tenesneree, rapan 3ypar opyyrx, uaxunraaH
BanryynaMxviH HUAT 6apuMT BGUUrMAH Xacar
6onroHo (IEC 60364-6-r y3).

C.5.2

CyypuiiH 6etoHbl 1 m® TyTama gop xasxk 240
kg uemeHT opcoH 6anHa. OnekTpoablH J00PX
OyX XeHOuur aOyyproxag TOXMPCOH Xarac
LLUMHIAH KOHCUCTEHLTON BETOH X3P3rnaHa.

C.5 Completion of concrete-embedded
foundation earth electrodes

C.h5.1

After preparing the electrodes and/or the
connected reinforcement, but before the
concrete is poured, a survey and documented
record of the arrangement should be made by
a skilled person. The documentation should
contain a description, plans and photos and
should form a part of the whole documentation
for the electrical installation (see IEC 60364-
6).

C.b5.2

Concrete used for the foundation should be
made from at least 240 kg cement per m3
concrete. The concrete must have a suitable
semi-liquid consistency to fill all holes below
the electrodes.

D xaBcpanT
(M3033/11ULIH)

XepceHa cyynracaH
3aneKTpoAabIr yrcpax

rasapayynrbiH

Annex D
(informative)
Erection of soil-embedded earth electrodes

D.1 EpexHxuu 3yun

[[@3apayynrblH 9MNEKTPOAbIH 3CAPryyuadn Hb
TYYHUA X3MX33, Xanbap 60noH cyynracaH
XOPCHUMA XYBUWH 3CIPryyusiasc xamaapHa.
XOepCHUN XYyBUMH 3CIPryyuan Hb BGanpiun,
NYH93C XamaapaH NX33X3H eepynerager.
XepcHu  XyBUWAH  acapryyunmir  Q-m-3ap
NUNIPXUANHI; TOOH yTraapaa 1 m? xeHAneH
ortnon, 1 m ypTram XepCHUA UMNNHOPUIAH Q-
00p UITAPXUNIICIH ACIPIYYLINTIN TIHLYY.

as3pbliH ragapryy 6a ypramnbiH Gangan Hb
rasapayynrelH  9nekTpod  cyypunyynaxaj
TyXaH XepC X3P TOXUPOMXKTOWI TOAOPXOU
XOMXA3HA Xapyyrk ©6onHo. Vbkun TepnuiH
XepceHa cyypunyyrncaH rasapgyynrbiH
9NEKTPOAbIH XAMXUNTUAH yp AyH Ganraa 6on
unyy camH 6apumxaa erHe.

XOepCHUN XYBUNH 3CIPryyuan Hb yuir 6a
TemnepaTtypaac xamaapax 6ereeq 34rasp Hb
XUNUIH TypL eepynergeHe. Ymimr Hb XepCcHUN
LWUMPX3rNan,  CyB3pXdr  4YaHapaac  MeH
xamaapHa. lMpakTukT xepcHumn umnr Garacax
yen XyBUMH 3C3Pryyuan HOMaraaHa.

D.1 General

Earth electrode resistance depends on its
dimensions, its shape and on the soll
resistivity in which it is embedded. This
resistivity often varies from one place to
another and in accordance with depth.

Resistivity of a soil is expressed in Qm:
numerically, it is the resistance in Q of a
cylinder of ground with a cross-sectional area
of 1 m? a length of 1 m.

The aspect of surface and vegetation may
give some indication of the more or less
favourable characteristics of a soil for the
implementation of an earth electrode. Where
available results of measurements on earth
electrodes installed in similar soil provides a
better indication.

Soil resistivity depends on its humidity and on
its temperature, both of which vary throughout
the year. Humidity itself is influenced by the
soil granulation and its porosity. In practice,
the soil resistivity increases when humidity
decreases.
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[on MepHMM OMponLoo TOXMONAAOr YCHbI
ypcran H3BTP3AX XepPCHWUIA ye Hb rasapAayynrbiH
anekTpoa cyypunyynaxag XOBOPXOH
TOXupomxTon Gangar. im ye Hb UX3BYNSH
yynyypxar, yc cavH H3BTpyyngar Gereep
GanranunH LWyynTyypasap LI3BIPLLC3IH, eHAep
XYBUMH  3CIPryyuanTtan ycaap amapxaH
xaHargaHa. Wnyy canH pgamkyynantram ryH
XOPCHUN ye XYPIXWWH Tyng ypT caBaar ryH
cyyrirax Hb 3ynTaNn.

Xengent XepCHUN XYBUWH 3CIPryyLsIMir unx
XOMXKI3ragp HaMargyyrk, xenayy naexaprag
X349H MgaHraH Q-m xyprax 6onHo. 3apum
6ycog 9H3 xenayy AaBxaprbiH 3y3aaH 1 m
Bytoy TYyH33C ux 6amx 6onHo.

XaTanT MeH XepCHUN XYBUWH 3CIPryyusimmr
HOMarayynHa. 3apum 6ycag raHrMmH Henee 2
m XypTan ryHa unapy 6onHo. iim Hexuen aax
XYBUMH  3CIPryywMmH  yTra  xengenTtuiH
YEUNHXTIN MXKUIT XAMXKI3HMI Baimk B6OnHo.

Ground layers where water streams may go
across, as found close to rivers, are rarely
appropriate for the implementation of earth
electrodes. In reality, these layers are
composed of stony ground, are very
permeable and become easily waterlogged by
water itself purified by natural filtration and
presenting high resistivity. Deep rods should
be driven in order to reach deeper soils that
may have better conductivity.

Frost considerably increases soil resistivity,
which may reach several thousands of Om in
the frozen layer. The thickness of this frozen
layer may be 1 m or more in some areas.
Dryness also increases the soil resistivity.
Drought effect can be found in some areas up
to a depth of 2 m. Resistivity values in such
circumstances can be of the same order as
those occurring during times of frost.

D.2 XepCHUI XyBUMH 3C3Pryyuan

D.54.1 pgyrasp XyCHarTag 3apum  TepruinH
XOPCHUM XYBUNH 3CIPTYYLITUNH YTIbIlr ©MCOH.
D.54.2 pyraap XYCH3rT93C WXUN TOPJIUAH
XOPCHUN XYBUNH 3CIPryyuan epreH XypasHa
eepunergex 6onoxwir xap> 60nHo.

D.2 Soil resistivity

Table D.54.1 gives information on resistivity
values for certain types of soil.

Table D.54.2 indicates that resistivity may vary
in large proportion, for the same type of soil.

D.54.1 gyrasp xXycHart — XepCcHuUu Tepneec
Xamaapax XyBUWH 3Capryyuan

XepCcHUN WnNHX XyBuUWH
acapryyuan Qm

Hamrapxar xepc X3A43H HaPkaac 30

AnntoBUNH Xepc 20-100

Anamar 10-150

Yninrtan xynap 5-100

YaH wasap 50

Mepreno 6a Hart|100-200

wasap

KOpuiH meprenb 30-40

LLlaBapnar anc 50-500

Llaxuypnar anc 200-3 000

Hyuran  4ynyypxar |1 500-3 000

Table D.54.1 — Resistivity for types of soil

Nature of ground Resistivity Qm

Marshy ground From some units to
30

Alluvium 20 to 100

Humus 10 to 150

Damp peat 5to 100

Malleable clay 50

Marl and compact|100 to 200

clay

Jurassic marl 30 to 40

Clayey sand 50 to 500

Siliceous sand 200 to 3 000

Bare stony soll 1 500 to 3 000

Stony soil covered | 300 to 500
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Xxepc with lawn
3ynrasp  xyuuracad | 300-500 Soft limestone 100 to 300
yyrnyypxar xepc :
Compact limestone |1 000 to 5 000
3e6neH LoxonH | 100-300 -
qynyy Cracked limestone 500 to 1 000
Hart woxomH yynyy |1 000-5 000 Schist 50 to 300
AH UuaBTall LIOXOWH | 500-1 000 Mica-schist 800
HyTyy Granite and | 1 500 to 10 000
3aHap 50-300 sandstone according
to weathering
antranyypt 3aHap | 800 )
Granite and very|100 to 600
OrepLuneec 1 500-10 000 altered sandstone
Xamaapax  OGOpXwuH
6a ancaH vynyy
Nx erepuuceH | 100—-600
GopxmnH 6Ga 3ncsH
qynyy
[MazapayynrblH  anekTpoablH  acapryyunuir | To enable a first approximation of the earth

3XHU ounponuoonnoop Toouoxgoo D.54.2
ayraap XyCHIrTa ©rceH AyHaax yTryyabir
X9parnax 6osHo.

3arasp yTraap XUNC3H TOOLI00 Hb
raszapayynrblH  3neKTPOAblH  3C3PryyunnH
36BX6H Mall Oonponuoo yp AyH erHe. D.3-T
OrCeH TOMbEOr X3pP3arnacHui papaa 6ogut
SCIPryYLIMIAT X3MXKCIHIIP XOPCHUN AyHOAX
XYBUIAH 3CIPryyuammr yHamKk 60nHo. OHD
M3AN3r Hb WXWN Hexueng uaawug Xunx
aXxung awmrran.

electrode resistance, a calculation may be
made, using the average values indicated in
Table D.54.2.

It is obvious that calculations made from these
values only give a very approximate result of
an earth electrode resistance. After having
used the formula given in Clause D.3, the
measurement of this resistance may allow an
estimation of the average resistivity value of
the ground. Such knowledge may be useful for
further works done in similar conditions.

D.54.2 pyraap xycHart — Tepen OypuuH
XOPCHUN XYBUWNH 3CIPryyUSTIMUH eepynenTt

Table D.54.2 — Variation of the resistivity
for different types of soil

XepCcHUN WnNHX OyHpax xyBuMH | || Nature of soil Average value of
acapryyuan Qm resistivity Qm
Narapxar 50 Slimy arable soil, |50
TapuanaHrumH xepc, damp compact
YMUTTIN HArT embankment
ront
AYYP Poor arable ground,|500
Myy TapuanaHrunH | 500 gravel, rough
xepc, xawpra, embankment
6yayyH Ayyprant
HyuraH  4vynyypxar |3 000
X6epc, Xyypan anc, yc
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Y H3BTPaX yynyynar

Bare stony ground,|3 000
dry sand,

impermeable rocks

D.3 XepceHp OyncaH
anekTpon

D.3.1 bypayynary xacar

M@a3apayynrbiH 9nekTpon Hb Xepcenn byncaH
Aapaax xacraac 6ypaax 60sHo:

— XanyyH uanpacaH rah;

— 33C BypaacTam ran;

— ANEKTPONNTUINH apraap 33C OYPCaH raH;

— 39B3PAAITYM raH;

— HYLIr9H 33C.

©ep eep TePNMAH MeTannblH XonboochIr
XOpCTaN Wyyn Xypanuyynaxryn. EpeHxungee
bycag Metann 6a Xaunwuur Xaparnaxryn
Galx Hb 3yNTIN.

[apaax xacryyaunH xamrmnH 6ara 3ysaaH 6a
avamMeTp Hb  XMMUAH  BOSIOH  MeXaHWK
OOPOWUTNbIH  epavuniH  9pCOdNUNAT  TOOLCOH.
[[9X093 NX X3IMXXI3HUIN 33BPANTUNH 3PCOINTIN
HeXLenn 94radp XOMXK33 XaHrantrym Oanmx
6onHo. WNMWM 3pcasn Hb TIHOMAN  ryngan
ypcoar XepceHnd, Kuwaanban uaxunraad
3YTTYYPUAH  TOrTMon  rynanuiH - Byuax
rYMOONTAN  9CXyn KaToablH XamraananTbliH
BanryynamxuminH onponyoo TOXMONAOX
6onHo. Uinm Hexuenpg Tycram apra Xamxkad
aBHa.

MazapayynrbiH aneKkTpoabIr BonomxTomn
XOPCHUMA XaMIMNH YUMWATTAM XI3CArT CcyynraHa.
Byyu, WWHroH Oyyu, XMMWWH BYT33rgsaxyyH,
KOKC 33p3ar H3BYUIT Hb 33BPYY3X BONOMXKTOWN
XOMMWH U3raac xon, ©Oonomxrton 605 XyH,
TI3BPUMH XOOenreeH UXT3W raspaac sanayy
GanpnyynHa.

rasapayynrbiH

D.3 Earth electrodes buried in the soil
D.3.1 Constituent parts

Earth electrodes may consist
elements of

— steel, hot-dip galvanized,

— steel copper-sheathed,

— steel with electro-deposited copper coating,
— stainless steel,

— bare copper.

Joints between metals of different nature shall
not be in contact with the soil. Generally other
metals and alloys should not be used.
Minimum thickness and diameters of the
following parts consider wusual risks of
chemical and mechanical deterioration.
However, these dimensions may not be
sufficient in situations where significant risks
of corrosion are present. Such risks may be
encountered in soils where stray currents
circulate, for instance return d.c. currents of
electric traction or in the proximity of
installations for cathodic protection. In such a
case special precautions have to be taken.
Earth electrodes should be embedded, in the
most humid parts of the available soil. They
shall be kept away from garbage dumps
where percolation of for example dung, liquid
manure, chemical product, coke, etc. may
corrode them and be erected, as far as
possible, well away from busy locations.

of buried

D.3.2 MasapayynrbiH
3CIPryywJIMmr yHanax

a) XaBT33 byncaH gamxyynary
XaBTa3 OyncaH gamxyynaryaap (542.2.3 6a
541  pyrasp  XYCHArTMWr  y3)  XMIACSH
rasapayynrblH anektpogbliH R acapryyununr
Aapaax TOMbEOroop OMponuoomkK 6GOMHO:
R=2p/L

9HA P — XOPCHUN XyBUIH acapryyuan, Qm; L —
aamxyynard 6anpnacaH wyyayyHbl ypT, m.
WyyoyyHa Oamkyynardmar Taxup 3amaap

aneKkTpoAabIH

D.3.2 Assessment of earth electrode

resistance

a) Horizontally buried conductor

The earth electrode resistance (R) realized
with a horizontally buried conductor (see
542.2.3 and Table 54.1), may be
approximated from the formula:

R=2p/L

where p is the resistivity of the soil (in Qm)
and L is the length of the trench occupied by
the conductors (in m).
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TaBux Hb  rasapgyynrblH  351eKTpoablH
3CIAPIYYLSIMAT MISrO9XYNL, camkpyyngarrymr
aHxaapHa.

MpakTnKT  94re3p  gamxyynardummr  Xoép
YHOC3H apraap TaBuHa:

- BGapunrbiH CYYpUIH rasapayynrbiH
anektpoa: GapunrblH ©Oyx  nNepumeTpasp

CYYPWIH roruoo 6angnaap xmnHa. Toouox ypT
Hb GapunrelH nepumeTp H6anHa;

— X3BT33 LWyyAyy: 9H3 30pUAroop YyxcaH
WyyayyHa gamkyynardmir ovponuooroop 1 m
ryHa 6ynHa.

Wyyayyr 4ynyy, waap acxyn TYYHT3M TOCTan
mMaTtepuanaap 6yc, ymnr xagranax yagsaprtan
xepceep byLaaH oyypraHa.

b) ByncaH xaBTaH

X0ép ragapryy Hb XepcCTan CalH KOHTaKTTau
BGanx HexXUenuinur xaHraxblH Tyng Lyn XaBTaHr
6ocoo Garpnyynaxbir Unyyg y3Ha.
XaBTaHMMNH 0334 MpMar onponuyooroop 1 m
ryHa 6anxaap 6ynHa.

XaHranTTtaun ryHa 6yncaH XaBTaH
rasapayynrblH anektpogblH R acapryyuan
onporLooroop:

R=0,8p/L

9HA P — XOPCHUN XyBUMH acapryyuan, Qm; L —
XaBTaHMMWH NepumeTp, m.

c) Bocoo GyncaH anekTpoa

Bocoo 6yncaH rasapgyynrblH 3nekTpoablH
(542.2.3 6a 54.1 pyraap xycHartuir y3) R
3CaPryyuammr Aapaax TOMBEOroop
oMponuoomkK 6oMHO:

R=p/L

9HO P — XOPCHUN XyBUMH acapryyuan, Om; L —
caBaa byloy XO0NownH ypT, m.

Xenpgent Oywy xatanTblH 3pcaanTanm  6on
caBaaHbl ypTeir 1 m acxyn 2 m-33p
HOMArgyynax Ho 3yUTaMN.

Xoép 60co0 caBaa Xx3parnax yen XO0OpOHAbIH
3air Har caBaaHbl ypTTanW, XOEPOOC OJIOH
caBaa Xd9parnax yen TYYH93C WX 3anTan

Ganxaap 39parudd xonbox cyynracHaap
rasapayynrblH  9NeKTPOAbIH  3CAPryyLIMnr
Byypyyrmx 60mHo.

Xepc XOBOPXOH HAraH TepnumnH Gavgar Tyn
Malwl ypT caBaar ryH cyynrax OOnomMXTomn
Hexuena ©Gara Oywy yn  anir  XyBURMH
3CIPryyUdNTON XepcHUn ye xypd 60onoxbir

It should be noted that the laying of conductor
with a sinuous path in the trench does not
noticeably improve the resistance of the earth
electrode.

In practice, these conductors are laid down in
two different ways:

— foundation earth electrode of the building:
these earth electrodes are made of a
foundation loop around the whole perimeter of
the building. The length to be considered is
the building perimeter;

— horizontal trenches: conductors are buried at
a depth of about 1 m in trenches dug for this
purpose.

Trenches should not be backfilled with stones,
cinders or similar materials, but with earth
liable to retain moisture.

b) Buried plates

To maintain good contact of the two surfaces
with the soil, full plates should preferably be
arranged vertically.

Plates should be buried in such a way that
their top edge is situated at approximately 1 m
depth.

The resistance (R) of a buried plate earth
electrode at a sufficient depth is approximately
equal to:

R=0,8p/L

where p is the resistivity of the soil (in Qm)
and L is the perimeter of the plate (in m).

c) Vertically buried electrodes

The resistance (R) of a vertically buried earth
electrode (see 542.2.3 and Table 54.1) may
be approximated from the formula:

R=p/L

where p is the resistivity of the soil (in Qm)
and L is the length of the rod or pipe (in m).
Where risk of frost or dryness exists the length
of rods should be increased by 1 m or 2 m.

It is possible to reduce the value of the earth
electrode resistance by driving several vertical
rods connected in parallel, separated from
each other by one rod length, in the case of
two rods, and by more if there are more than
two rods.

Attention is drawn to the fact that, where extra
long rods can be driven, as the ground is
rarely homogeneous such rods may reach
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aHxaapHa.

ground layers with low or negligible resistivity.

D.4 MeTtann TYnryypbir
anekTpopa 6onroH awwmrnax
MeTann Xunudadp XOOPOHA Hb XONBGOCOH
Gereen xepceHa Togopxon ryHg OyncaH
MeTann Tynryypbir rasapayynrbiH 3nekTpos
6onroH awwurnax 6osHo.

ByncaH metann TynryypblH R acapryyunuir
Japaax TOMbEOroop OMPOSLOOroop TOOLOX
6onHo:

R =0,366(p/L) log10(3L/d)

rasapAayynrbiH

SHA:

L — TynryypbiH 6yncaH ypT, m;

d - Tynryypeir 6artaacaH UWUIMHOPWUWH
anameTp, m;

P — X6epPCHUI XyBUIH 3C3apryyuan, Qm.

BapunrelH  9praH  TompoHg  GanpnyyncaH
XOOPOHA00 xon6oracoH TYNryypyyabiH
3CIPryyudn Hb  CyypuriH  rasapayynrbiH
3MEeKTpOoabIH ACAPryyLanTamn oMponuoo

XOMX33TaN GanHa.
Tynryypbir  6eTtoHg cyynracaH 6amgan Hb

D.4 Metallic pillar as earth electrodes
Metallic pillars interconnected by a metallic
structure and buried at a certain depth in the
ground, may be used as earth electrode.

The resistance (R) of a buried metallic pillar
may be approximately calculated with the
formula:

R =0,366(p/L) log10(3L/d)

where

L is the buried length of the pillar (in m);

d is the diameter of the cylinder circumscribed
to the pillar (in m);

p is the ground resistivity (in Qm).

A set of interconnected pillars located around
a building has a resistance of the same order
as that of a foundation earth electrode.

The eventual embedding of concrete does not
prevent the use of pillars as earth electrodes
and does not appreciably modify the earth
electrode resistance.

TYYHWWT  ra3apayynrblH — anektpog 6onroH
awwurnaxan caajg 6onoxrym Oereep
raszapgyynrblH  3NeKTPOAbIH  3C3Pryyuanmr
M3O3rA3XYNL, ©0PUNOXIYI.

E xaBcpanTt Annex E

(M3033/171UlH)
3apuMm yrncbiH Tyxam TannbapbiH XXarcaanTt

(informative)
List of notes concerning certain countries

BE — 541.3.3, 541.3.4, 542

YHO3cnan: Ymac, kabenulH 0ypam (69 dyaaap
3yun) He IEV 826-13-05 bywoy IEV 826-13-08

(641.3.4 acxyn  541.3.5-0  eepyursiceH)
modopxounonmeiH  Oaeyy  ea3aplyynabiH
AN1IeKmMpo0  xaplenaxutie  3esweepdeazayd.

“Wording” 6azaHad eeceH modopxousionm Hb
IEV 826-04-02:2004 6yroy 604-04-03:1987
modopxolinonmmou HUtUH3.

Tannb6apbiH 6u4Bap: benbrua rasapayynrbiH
9MNeKTpo4 Hb Japaax  TOAOPXOMNonTon,
HUMLHA: xepceHa  OGyncaH, rasaptau
uaxunraaH xonbonT yycragar gamxyynax
X3Car  aCXyn  XO0poHOoo  xonboracoH
AaMXKyyrnax XaCrunH oynar.

BE — 541.3.3, 541.3.4, 542

Rationale: The wiring rules (Art. 69) do not
permit the use of an earth electrode according
to the definitions IEV 826-13-05 or IEV 826-
13-08 (modified in 541.3.4 or 541.3.5). The
definition given in the "Wording" column is
consistent with the IEV definition 826-04-
02:2004 or 604-04-03:1987.

Wording: In Belgium, an earth electrode shall
conform to the following definition: a
conductive part or a group of conductive parts
connected together which are buried in the
soil and provide an electrical connection with
earth.

DE —542.1.1
Tannb6apbiH 6u4Bap: NepmaHa WKHI Gapunra

DE —542.1.1
Wording: In Germany, there is an obligation to
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6ypa DIN 18014 yHA3CHWMIA CTaHOAPTbIH garyy

erect in every new building a foundation earth

CYYpUWH  rasapayynrblH  anekTtpod  xuix | electrode according to National Standard DIN
YYP3IrTan. 18014.
IE—542.2.1 IE —542.2.1

Tann6apbiH 6uuBap: IH3 Tannbap WpnaHgan
Xamaapaxryw.

Wording: This note does not apply in Ireland.

SI—542.2.1; 542.3.1

Tann6apblH 6uyBap: CnoBeHng rasapayynrbiH
anektpoa Oyry rasapayynrbiH gamkyynary
BOMroH Xx3parnax Uuyn raH Tyy3/3ypBacblH
XxamrunH 6Gara xengneH ortnon 100 mm?
BanHa.

SI—542.2.1;542.3.1

Wording: In Slovenia the minimum cross-
sectional area for steel solid tape or strip as
earth electrode or earthing conductor is 100
mm?.

CZ—542.2.1

TannbapbiH 6uuBap: Yex Yncag 54.1 gyraap
XYCHAIT34 HUMLC3H raH 3nekTpogooc ragHa
XOPCHUN XYBUNH 3capryyuan 50 Qm-33c ux
yen xepceHn cyynrax, 33BpanT 6a MexaHuk

6at OexunH Wwaapanara xaHracaH rad
rasapayynrblH 9nekTpoAblH  XaMruiH Gara
XOMX93: uaumpgcaH raH  Tyys — 5411

XYCH3rTMH aaryy; 6ypaacryn raH 1yy3 — 150
mm?, 3y3aaH 4 mm; raH ytac — @8 mm/@10
mm; 6ocoo ayryn caBaa — @8 mm/@10 mm;
xoonon — @15 mm, XaHblH 3y3aaH 3 mm/4
mm; raH O6ynaH rax mat — 100 mm?, xaHbIH
3y3aaH 3 mm/150 mm?, xaHbIH 3y3aaH 4 mm.

CZ—542.2.1

Wording: In the Czech Republic, besides the
steel electrodes which accord with Table 54.1,
the minimum size steel earth electrodes
whose corrosion and mechanical strength,
when embedded in the soil, has a resistivity
higher than 50 Qm, are as shown in the
following table: zinc coated steel/bare steel:
strip according to Table 54.1 / cross-sectional
area 150 mmz2, thickness 4 mm; steel wire @8
mm / @10 mm; round rod @8 mm / @10 mm;
pipe @15 mm wall 3 mm / @15 mm wall 4 mm;
steel angle etc. cross-sectional area 100 mm?
wall 3 mm / 150 mm2 wall 4 mm.

Cz—542.2.1 CZ—542.2.1

TannbapbiH ©OunuBap: Yex Yncag wmetann|Wording: In the Czech Republic, metal plates
XaBTaHr 3eBXeH Togopxou Toxuongong|are only used as earth electrodes in certain
razapayynrbiH anekTpod 00nroH awumrnaxa. cases.

US —542.2.1 US —542.2.1

YHO3cnan: AHY-0 easapdyynebiH | Rationale: The requirements in the US for the
aN1eKmpoObIH  casaaHbl  xameulH  baea|minimum size of earth electrode rods are

X3AMXK33HO maeux waaponaza 54.1 Oyezaap
XYCH32m33C eep.

Tann6apbiH 6uuBap: AHY-g Temep Gyroy raH
rasapayynrblH 9nekTpoablH XaMruiH Gara
anameTp Hb 6ypanT, 6ypaacaac yn xamaapaH
15,87 mm (=0,625 in) 6GanHa. XaparnaaHg
GaTtanraaxyyncaH 605 39B3paarTyn raH acxyn
eHreT meTannblH caBaa 13 mm (0,519 in)-aac
Gararyn 6aix 60onHo.

different from those given in Table 54.1.

Wording: In the US, the minimum diameter for
earth electrodes of iron or steel is 15,87 mm
(= 0,625 in), regardless of plating or coating. If
certified for the use, stainless steel or
nonferrous rods may be no less than 13 mm
(0,519 in).

NL — 542.2.2

Tann6apbiH OnuBap: Huoepnavgagn
rasapayynax Gamryynam Har LarT Tacpaxag
yr Ganryynamxkug XonboracoH uaxunraad

NL — 542.2.2

Wording: In the Netherlands, a single
interruption in the earthing arrangement shall
not lead to a touch voltage in the installation
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Ganryynamxma 411 gyrasp 3ynng HUNLIXIYR
XYPIX Xy44an yycax ecryu.

(connected to this earthing arrangement) that
does not comply with Clause 411.

NL — 542.2.2
Tann6apblH OnuBap: Hupepnanpag
rasapayynrbiH anekTpoa Oa TYYHTaN

xonbooTon gamxyynardmir gop xasbk 60 cm
ryHg cyynraHa. [loruoo acxyn uarupar
XanbapunH  rasapayynax 6anryynamxuiH
AamxyynaryablH XOOPOHAbIH 3an Aop xasx 1
m 6ainHa.

NL —542.2.2

Wording: In the Netherlands, the earth
electrodes and associated conductors shall be
installed at a depth of at least 60 cm. The
conductors of an earthing arrangement laid in
a loop, or having a circular shape, shall be
installed with a distance between them of at
least 1 m.

AT —542.2.3 AT —542.2.3

TannbapblH 6unuBap: ABCTpU-g YCHbl xoornounr | Wording: In  Austria, water pipes are not
rasapgyynrbeiH anektpog 6onroH awwurnaxeir | permitted as earth electrodes.

36BLUOBPOXIYM.

BE — 542.2.3 BE — 542.2.3

TannbapblH 6uusap: benbrn-g ycHel xoonour | Wording: In Belgium, water pipes are not

rasapgyynrbeiH anektpog 60NroH awwurnaxbir
36BLUOBPOXTYM.

permitted as earth electrodes.

CH—542.2.3
TannbapbiH  6uuBap: LBenuap-4  yCHbI
XOONOWr rasapgyynrblH anektpog ©omnroH

alumrnaxbir 3eBLLI6BPOXIYIA.

CH—542.2.3

Wording: In Switzerland, water pipes are
permitted as earth electrodes.

not

DE — 542.2.3 DE —542.2.3

TannbapblH 6uyBap: MepmaH-g ycHbl xoonounr | Wording: In Germany, water pipes are not
rasapgyynroiH anektpog 6onroH awwurnaxeir | permitted as earth electrodes.

36BLUEBPOXTYI.

FI —542.2.3 FI —542.2.3

TannbapbiH  6uussp:  PuHnang-g  ycHol |Wording: In Finland, water pipes are not
XOONOoWr rasapayynrblH anektpog 6onroH | permitted as earth electrodes.

almrnaxbir 3eBLUESPEXIYN.

IE —542.2.3 IE — 542.2.3

TannbapsiH 6uuBap: MpnaHa-g ycHel xoonour | Wording: In  Ireland, water pipes are not
rasapgyynroiH anektpog 6onroH awwurnaxeir | permitted as earth electrodes.

36BLUOBPOXTYI.

IS —542.2.3 IS —542.2.3

TannbapbiH 6uuBap: Ncnana-4a ycHbl xoonour | Wording: In Iceland, water pipes are not
rasapayynrelH anektpog ©6onroH awwurnaxeir | permitted as earth electrodes.

36BLUOBPOXIYN.

FR —542.2.3 FR —542.2.3

TannbapblH 6uyBap: PpaHu-4 ycHbl xoonour |Wording: In France, water pipes are not

rasapayynrbelH anektpog OOMroH awwurnaxoir
36BLUOBPOXTY.

permitted as earth electrodes.

SE —542.2.3

SE —542.2.3
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TannbapbiH 6u4uBap: LUBea-4 ycHbl XOOonowr
rasapgyynrblH anekTpos GonroH awmrnaxbir
36BLUEBPOXTYN.

Wording: In Sweden, water pipes are not
permitted as earth electrodes.

NL — 542.2.3
TannbGapbiH 6uuBap: HuaepnaHa-g  yCHb
XOONOWr  rasapayynrbiH 3nektpod ©omnroH

aumrinaxblr SGBUJGGDGXFVVI.

NL —542.2.3

Wording: In the Netherlands, water pipes are
not permitted as earth electrodes.

S| —542.2.3
TannbGapbiH  6u4Bap: CnoBeHW-4  YCHb
XOONOWr rasapayynrblH anektpog ©onroH

awumrinaxblr SGBUJGGDGXFVVI.

SI—542.2.3

Wording: In Slovenia, water pipes are not
permitted as earth electrodes.

DK —542.2.3
TannbapbliH 6u4Bap: [daHu-g YCHbI XOON0ur
rasapAayynrbelH anektpog OOMroH awwurnaxoir
36BLUEBPOXTYN.

DK —542.2.3

Wording: In Denmark, water pipes are not
permitted as earth electrodes.

UK —542.2.3

TannbapbliH 6uuBap: Wx bputaHng yc
XaHraM>XWNH HAATUAH CYIDKISHUIA X3car 60nox
MeTansl XOONIoWr rasapayyinrbiH 3neKkTpoa
GOnroH awmrnaxrym.

UK —542.2.3

Wording: In the UK, a metallic pipe forming
part of a water utility supply may not be used
as an earth electrode.

IT —542.2.3

TannbapbiH 6u4uBap: NTanua yCHblI XOOSOMH
CUCTEMUNTI 36BXOH YC TYraardy GawnryynnarbiH
3eBLUEBPeep awnrnaxbir 3eBLLUESPHS.

IT —542.2.3

Wording: In ltaly, it is permitted to use a water
pipe system, but only with the consent of the
water distributor.

PL —542.2.3

TannbapbiH 6uyBap: Monbwnag yCcHbl XOOSOMH
cucTeMmmr  yc  Tyraard GanryynnarbiH
3eBLUGBPIIeepP rasapayynrbiH anekTpoa
6oNroH awmrnaxbir 3eBLUEEPHS.

PL —542.2.3

Wording: In Poland, it is permitted to use a
water pipe system as earth electrodes, but
only with the consent of the water distributor.

KR —542.2.3

Tann6apbiH 6nuesp: BHCY-g ycHbl X00M0nH
CUCTEMUNI 36BXOH YC TYraardy GawnryynnarbiH
36BLU6SPNeep anrnaxbir 3eBLLUOSPHS.

KR —542.2.3

Wording: In South Korea, it is permitted to use
a water pipe system, but only with the consent
of the water distributor.

NO — 542.2.3

TannbGapbiH 6u4Bap: Hopeerg meTann
AaMXKyyrnax XOOnOoWr rasapAayynrbiH anekTpos
GonroH awmrnaxbIr 3eBLUOEPOXIYN.

NO —542.2.3

Wording: In Norway, metallic pipelines are not
permitted as earth electrodes.

DE — 542.2.5

TannbGapbiH 6uuB3p: [epmaHg  CyypuiH
rasapayynratan xondoCoH ragHa gamyynard
(kMwaan6an LPS GyynTbiH gamxyynard)-unH
XanyyH uanpacaH raH xonbonTtbeir, yaaaH
XyrauaaHbl Tycraapnara xaHrax XyBaHuap
Bypaactan xonbooc acxyn 1.4571 gyraapbiH

DE —542.2.5

Wording: In Germany, for external conductors
(e.g. LPS down conductors) which are
connected to the foundation earth, these
connections made of hot galvanized steels
shall not be buried in soil, except joints with
plastic-cover or of stainless steel according
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39Bapaarryn raH xontooc (CRM 284-2 EN

No: 1.4571 are used for durable insulation

10020)-ooc 6ycag Toxuongong xepceHp | (according to European certified reference
Bynaxrymn. material CRM 284-2 EN 10020).
CH—5423.1 CH—5423.1

Tann6apbiH 6uuBap: LLUBenuapT rasapayynreiH | Wording: In Switzerland, the minimal cross-
aamxkyynardmmH  xamrmnH - 6ara  xeHfgneH | section of the earthing conductor shall be not

ortrnon 16 mm?2-3ac 6araryn 6anHa.

less than 16 mmz2.

IE—542.3.1

Tann6apblH 61uBap: NpnaHaaa xamruinH 6ara
xeHaneH orrnon 10 mm?2 6anHa.

IE —542.3.1

Wording: In Ireland, the minimum cross-
sectional area is 10 mm2.

DK — 542.3.1

Tann6apbiH 6uuBap: HaHung xepceHa GyncaH
rasapayynroeiH gamxyynarymir gop xasx 0,35
m ryHA cyynraHa.

DK —542.3.1
Wording: In Denmark, earthing conductors

buried in the soil shall be at a depth of at least
0,35 m.

NL — 542.3.1

TannbapbiH 6u4Bap: HuaepnaHgag Harsac
OnnOH Banryynamxmg X9ParnacaH
XamraananTtblH  gamxkyynard — Har  uarT

Tacpaxag 411 oyrasp 3ynng HUNLDXIYA XYpPax
XYY4an yycax €cCryn.

NL —542.3.1

Wording: In the Netherlands, a single
interruption in a protective conductor used for
more than one installation shall not lead to a
touch voltage that does not comply with
Clause 411.

NO — 542.3.1

TannbapbiH  6uyBap: Hopeerng rasapt
TaBbCaH rasapayynrbiH gamxyynard 25 mm?
Cu acxyn 33BpanTaac xamraancaH 50 mm?
Fe-aac ©Oararym 6anHa. Xonbooc 6050H
XONBOMTLIN 33BPANTIAC XamMraarHa.

NO —542.3.1

Wording: In Norway, earthing conductors laid
in the ground shall be at least 25 mmz2 Cu or
50 mm? corrosion protected Fe. Joints and/or
connections shall be protected against
corrosion.

CN —542.3.2

TannbapblH 61M4YB3p: XATagan Xxoonow AoTop
X0nB00C XNNXMIT 36BLLOBPOXIYIA.

CN —542.3.2

Wording: In China, joints in conduits are not
permitted.

S| —542.3.2

Tann6apblH 6uuBap: CnoBeHng razapayynrbiH
AaMXyynardumr rasapayynrbiH  3neKTpoaToun
M10-aac 6Gararyh 9prasp MeH ©Oar 6ex
X0SBOHO.

S| —542.3.2

Wording: In Slovenia the connection of an
earthing conductor to an earth electrode shall
be soundly made also with screws, not smaller
than M10.

NL — 542.3.2

TannbapbliH 61yBap: Huaepnanoag xepceHn
cyyrnracaH rasapayynrbiH gamxkyynardmir gop
xask 60 cm ryHa cyynraHa.

NL — 542.3.2

Wording: In the Netherlands, earthing
conductors embedded in the soil shall be
installed at a depth of at least 60 cm.

DK —542.2.4

TannbapbliH ©wuyBap: [aHung rasapgyynrbiH
3MEKTPOAbIr 40P XashK 2 M ryHA4 cyymnraHa.

DK —542.2.4

Wording: In Denmark, the earth electrode
shall be installed at a depth of at least 2 m.

CZ —542.2.5 (1-p mporon mepumnH gapaa)
TannbapblH 6uuBap: Yex Yncag xyH am HArT

CZ —542.2.5 (1-p poron MepunH aapaa)
Wording: In the Czech Republic, copper or
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cyypblucaH 6ycag 33c Oywy 33c OypaacTan
rasap4yynrblH 9f1eKTPOS, X3parfiaxXmnr, 33CUNH
raH, LampacaH raH 33parT y3yynax 33Bpyyrax
Hemeer XsiHaX, MaKpO-3NeMEHTUNr apunrax
30J/IMOCHbI XamraananT X3parfiacaH Hexueng
36BLUO6PHS.

copper-sheathed earth electrodes in densely
inhabited regions are permitted, provided that
the corrosive influence of the copper on steel,
zinc coated steel, etc. is controlled and that
sacrificial protection for the elimination of
macro-cell is applied.

CZ — 542.2.5 (p34 3yMnuUuH Tercrenpa)

TannbapbiH  6uuBap: Yex Yncag raH
rasapayynrelH anektpog 6a rasapgyynrbiH
JamXKyynardumH KOHTaKT, MeH XOep eep
OpYHbl 3aarT rapax OrTfonumbir epPeHXun
Xamraanantram (Kuwaanban uanpbiH Ye)
clecyckeled yn XamaapaH NnOaBXrym
Xamraananrtaap (achanbTaH YMMKIIC,
LuyTraman gaBupxaun, 33BPANTUMAH 3CPar Tyy3
rex MaT) [Japaax X3MXK33HA XamraasnHa:
XOpCOHO OpOX rasapAayynrbiH gamyynard —
ragapryyraac 30 cm pgoow, 20 cm [3sw;
CYYpPUIH rasapayynrbliH 3neKTpogooc rapax
aamxyynary; 6eTOHOOC XepCeH, WNIMKUXa —
6etoHg 30 cm, xepceHg 100 cm; 6eToHOOC
ragapryya rapaxag -— 6GetoHag 10 cm,
ragapryyraac 20 cm p[asw; gedopmauninH
3aagnbir HyMnaH rapaxag — 3aagfblH HyMm
Xacar 60M0H 3aaanbiH X0ép TanblH 6eToHa 20
cm-33c Gararyn.

CZ — 542.2.5 (p>A 3yUnNUKH Tercrenpa)

Wording: In the Czech Republic, the contacts
of steel earth electrodes and earthing
conductors, and crossovers of steel earth
electrodes and earthing conductors between
two different medias, are protected no matter
whether they are protected in a general sense
(e.g. by zinc layer) or not. The crossovers are
protected by passive protection (e.g. by
asphalt sealing compound, pouring resin,
anticorrosive band, etc.) up to the distances
stated in the source: 30 cm below/20 cm
above surface; foundation earth electrode
transitions; concrete-to-soil 30 cm in concrete
and 100 cm in soil; concrete-to-surface 10 cm
in concrete and 20 cm above surface; and
expansion joints 20 cm in concrete on both
sides.

ES —542.2.6

YHOacnan: MWcnaHutH R.D. 842/2002-biH
3aaean mepdex ymac, kabenuiH Oypam eep
waapdriaza moamoOCOH.

TannbapbiH ©wnuBap: Wcnaumg aroynryn
axunnaraaHbl  WanTraaHaap  Lwatamxau
WKHrAH  Oyloy XM gamxkyynax —metansn

X00nour rasapgyynax Oanryynamx 60nroH
almrnaxrym.

ES —542.2.6

Rationale: The Spanish wiring rules,
mandatory by R.D. 842/2002 prescribe
different requirements.

Wording: In Spain, for safety reasons metallic
pipe for flammable liquids or gases shall not
be used as earthing arrangement.

IE—542.3.1 IE —542.3.1

TannbapbiH BunyBap: WpnaHpgap | Wording: In Ireland, for circuits for lighting, the
FOPANTYYAMMNH  X3MX33HMM  XaMmrunmH  6ara | minimum cross-sectional area is 1,5 mm2,
xeHaneH orrnon 1,5 mm? 6anHa.

FI —542.3.1 FI —542.3.1

TannbapblH 6uuBap: duHnaHgag 33Bpantaac | Wording: In Finland, the minimum cross-
XxamMraanargaarym rasapayynroiH | sectional area for earthing conductors not
gamxkyynardumH  xamrmnH - 6ara  xeHgneH | protected against corrosion is 16 mmz2 copper
ortron 16 mm? 33c acxyn 50 mm? ran 6arHa. | or 50 mm? steel.

USA —543.1 USA —543.1

Tannb6apbiH 6uusap: AHY-g xamraananTtbiH
AaMXKyynardumH xamrmmH  Gara  xeHAneH

Wording: In the USA, the minimum cross-
sectional area for protective conductors is
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ortnonbir NFPA 70, National Electrical Code-
nnH 250 gyraap 3ynng TOrToOCOH.

specified in document NFPA 70, National
Electrical Code, Clause 250.

AT —543.1.1
TannbapbliH 6uyBap: ABCTpMg a3xHMA 6Ga
Xxoépayraap goron  Mepwuir  gapaaxaap

COMWHO: XamraananTbiH gamxkyynard 6ypuiH
XOHAJSIOH OrTNoN Hb Xynaargax 6yn xyrauaaHg
TOOLLOOHbI FIAMTIINMNH TYNON33C YYCIX MEXaHUK
6a QaynaaHbl ayaannbir gaax 4YagBapTan
GanHa. 411.3.2-blH aaryy  TaXaanuir
aBTOMataap Tacnaxbil  X3p3rfacaH yen
XamraananTtblH  JaMXyynardumH  Ortrnonbir
543.1.2-bIH garyy Toouox acxyn 54.2 pyraap
XYCHOITUMH garyy COHIOHO. 3X YYCB3pUMH

(reHepaTop, TpaHcopmaTop rdX M3IT) un
Aamxyyrnax X3Crnunr Xxamraanax
AamxyynardumH XyBb[, LyramMmbiH

AaMXKyynardunH Tan ortnon XaHrantrym 6amx
Bonox Tyn 3XHW OOron MepunH Laapanara
XaHraracaHolr  GaTtanraaxyynHa. Anb Y
Toxuongong 543.1.3-bIr xaHrana.

AT —543.1.1

Wording: In Austria replace the first and
second paragraph by: The cross-sectional
area of every protective conductor shall be
capable of withstanding mechanical and
thermal stresses caused by the prospective
fault current for the expected duration. Where
automatic disconnection of supply according
to 411.3.2 is used, the cross-sectional area of
the protective conductor shall be either
calculated in accordance with 543.1.2, or
selected in accordance with Table 54.2. For
protective conductors protecting exposed
conductive parts of sources (e.g. generators
or transformers), a cross-sectional area of half
the value of the line conductors could be not
enough. In such special cases, it shall be
ensured that the requirements of the first
paragraph are met. In either case, the
requirements of 543.1.3 shall be met.

AT —543.1.1, Table 54.2 fifth line
YHOacnan: Ypm xyeauyaaHbl mypuirnaaa.

TannbapbiH 6uuBap: ABCTpug KabenuuH
xonborgox CcTaHgapT eepunergex  XypTan
150/70 mm? 6a 400/185 mm? crangapT
kabenunr 543.1.2-blH garyy TOOLOOrynurasp
X9PArnaxummr 36BLU6OPHS, X3Qnmnrasp
XamraananTtblH AamxXyynardMiH OrTrnon Hb
54.2 pnyraap XyCHIrTag LWaapacaH LyrambiH
aamxyynardunH ortnonsiH 0,5-aac anumryn
6ara 6anHa.

AT — 543.1.1, Table 54.2 fifth line
Rationale: Long term experiences.

Wording: In Austria, for the time before
relevant changing the standards for cables, it
is allowed to use standardized cables with
cross-sectional area of 150/70 mm?2 and of
400/185 mm?2 without calculation according to
543.1.2, nevertheless the cross-sectional area
of the protective conductor is a little less than
0,5 times the cross-sectional area of the line
conductor as here required within Table 54.2.

DK —543.1.1

Wording: In Denmark, for circuits protected by
RCDs it is normally allowed to use copper
protective conductors with a cross-sectional
area of at least 2,5 mmz, independent of the
cross-sectional area of the line conductor and
without calculation. Only when RCDs are used
in TN-systems and the protective conductor is
connected to the PEN conductor upstream of
the RCD, with less cross-sectional area than
the line conductor and shorter than 10 m is it
necessary to calculate the cross-sectional
area of the protective conductor from the
formula.

DK —543.1.1

TannbapbiH  6unusap: Hanng  RCD-3ap
xamraancaH XAnxa3HAa LWyramMmbiH
AaMXyynardumH XeHAneH  OorTronooc  yn
XxamaapaH 2,5 mm2-33c 6Gararym 33C
XamMraananTblH AamMxyynardamnr
TOOLOOTYMragp  XOparnaxumr  epeHxmnnee
3eBweepHe. 3eBxeH TN cuctemg RCD
XOparnax, XamraananTtbiH — JamKyynardyuur
RCD-nnH TOXKIANUNH Tang PEN
aamxyynarytam  XonbocoH,  Ortnon  Hb
WwyramblH gamxyynardaac 6ara, ypt Hb 10 m-
93¢ Gara yegq  TOMbEOroop  TOOLOX
LWaapgnarartamn.

NL —543.1.4

NL —543.1.4
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TannbapbiH ©OwyBap: HupgepnaHgag Har
rasapgyynax 6anryynamxuir Hareac OJflOH
uaxunraaH 6Gawmryynamkug awuvrnacaH 6on

Wording: In the Netherlands, where an
earthing arrangement is used for more than
one installation, the earthing conductor shall

raszapgyynrblH  gamkyynarymir  Har - uarT |be installed in such a way that a single
Tacpaxag  rasapayynax  GauryynamxuiH | interruption of the conductor does not impair
XamraananTblH yypar angargaxrymraap | the protective function of the arrangement.
cyypunyyrnHa.

CN—543.2.1 CN—543.2.1

Tannb6apbliH 6nyBap: XAtagag OpPOH HYTIUMH
Oyloy YHOSCHWA OypaMm, CcTanHOapTbliH garyy

Wording: In China, cable trays and cable
ladders are permitted as protective conductors

kabenunH TaBuyp 6a kabenuH wartkir|in  accordance with local or national
XamraananTblH Aamxyynard 6onroH | regulations or standards.

almrnaxbir 3eBLUESPHS.

ES —543.2.1 ES —543.2.1

YHOscnan: MUcnaHuiH R.D. 842/2002-biH|Rationale: The  Spanish  wiring  rules,

3aaeasn mepdex ymac, kabenulH OypaMm eep
waapdnaza moamoOCOH.
TannbapbliH  6u4Bap: WcnaHng
XamraananTblH Aamxyynard
almrnaxbir XOpUrioHo.

XOONOWr
OonroH

mandatory by R.D.
different requirements.
Wording: In Spain, the use of conduits as
protective conductors is forbidden.

842/2002 prescribe

ES —543.2.1

YHOacnan: MWcnaHutH R.D. 842/2002-biH
3aaean mepdex ymac, kabenuiH OypaMm eep
waapdriaza moamoOCOH.

TannbapbliH ©uyBap: Wcnaung  aroynryn
axunnaraaHbl  WanTraaHaap  waramxan
WKWHIAH  Oyly Xui  gamxkyyrnax meTann

X00nour rasapgyynax 6auryynamx 605roH
alumrnaxrym.

ES —543.2.1

Rationale: The Spanish wiring rules,
mandatory by R.D. 842/2002 prescribe
different requirements.

Wording: In Spain, for safety reasons metallic
pipe for flammable liquids or gases shall not
be used as earthing arrangement.

IT—543.2.1

Tannb6apbiH 6uuBap: WNtanug OpPOH HyTrUKnH
Oyly YHOSCHUW OypaM, CcTaHOapTbiH garyy
kabenuiH TaBuyp 6a kabenuiH WwaTbIr
XamraananTblH Aamxkyynary 6onroH
almrnaxbir 3eBLUESPHS.

IT—543.2.1

Wording: In Italy, cable tray and cable ladder
are permitted as protective conductors in
accordance with local or national regulations
or standards.

UK —543.2.1

Tannb6apbiH 6uuBap: Wx bputaHng opoH
HYTIMH Byroy YHOSCHWA OypaM, CTaHAaAPTbIH

UK —543.2.1

Wording: In the UK, cable tray and cable
ladder are permitted as protective conductors

paryy kabenuniH taBuyp 6a kabenuiH watbir |in accordance with local or national
XamraananTblH Aamxkyynard 6onroH | regulations or standards.

almrnaxbir 3eBLUOSPHS.

UK —543.2.1 UK —543.2.1

YHO3cnan: Wx bpumaHud wmemann cysae|Rationale: In the UK, metallic trunking may
(trunking)-ude M6H XxamezaananmeliH | also be used as a protective conductor.

Oamxyyrnae4y 605120H awuanax 60JHO.
Tann6apsbIH OnuBap: Nx BputaHung

Wording: In the UK, extraneous-conductive-




MOHIron

ENGLISH

Xxamaaparnrym Aamxyynax XaCrunr
XamraananTtbliH gamxyynard 60nroH awmrnax
6onHo.

parts may be used as a protective conductor.

US —543.2.1

Tann6apbiH 6u4Bap: AHY-O4 OpPOH HYTIMIH
Oyly YHOSCHWMMA OypaMm, CTaHgapTbiH Aaryy
kabenunH TaBuyp 6a kabGenuniH WaTbIr
XamraananTbIH Aamxyynary BonroH
awmrnaxbir 3eBLUOSPHS.

US —543.2.1

Wording: In the US, cable tray and cable
ladder are permitted as protective conductors
in accordance with local or national
regulations or standards.

UK — 543.2.3

Tannb6apbiH 6u4Bap: Wx bBputaHng opoH
HYTrMAH Byly YHA3CHWIA OypaMm, CTaHAapTbIH
paryy kabenunH taBuyp 6a kabenuiH watbir

UK — 543.2.3

Wording: In the UK cable tray and cable
ladder are permitted as protective conductors
in accordance with local or national

XamraananTbiH Aamxyynard 6onroH | regulations or standards.

almrnaxbir 3eBLUOSPHS.

CH—543.2.3 CH—543.2.3

TannbapblH 6u4uBap: LWBenuapt metann ycHbel | Wording: In Switzerland, metallic water pipes
X00nounr 3KBMMNOTEHUMAN xonbéontbliH |Mmay be wused as equipotential bonding

oamMxyynard ©onroH awmrnax 6onHo.

conductors.

UK — 543.4

YnOacnan: x bpumaHutH “Electricity Safety,
Quality and Continuity Regulations 2002”-bIH
8(4) oypamo X3apaenaey ©6pUlH
baticyynamxud caapmae ba xameaasianmbiH
yypautie H32 damxyyrnaadqud xocsryynax écayu
29)K 3aacaH.

TannbapblH 6unuBap: Nx BputaHug xaparnary
©6pUINH Ganryynamxumg caapmar ba
XamraananTtblH YYPruiur Har pgamkyynaryug
XOCIyynaxrym.

UK —543.4

Rationale: In the UK, Regulation 8(4) of
“Electricity Safety, Quality and Continuity
Regulations 2002” states that a consumer
shall not combine the neutral and protective
functions in a single conductor in the
consumer’s installation.

Wording: In the UK, a consumer shall not
combine the neutral and protective functions
in a single conductor in the consumer’s
installation.

DE —544.1

TannbapbiH 6unuBap: epmaHg 3XHWA OOrOn
Mepunr  gapaaxaap  COJSMHO: YHACSH
rasapgyynroiH rapranrag Xxonbox
XamraananTblH SKBUMNOTEHUMAn
AaMXKyynarduiH XeHOJ1eH OrTron gapaaxaac
Gararyn 6anHa:

DE —544.1

Wording: In Germany, replace the first
paragraph as follows: The protective bonding
conductor for the connection to the main
earthing terminal shall have a cross-sectional
area not less than:

UK —544.1

TannbapblH 6unusap: Nx bBputanng Protective
Multiple Earthing (PME) Hexuen xamaapax
veq XamraananTblH SKBUMNOTEHUMan
AaMXyyrnarduinH 3eBLUeeperaex xamrunH 6ara
XeHOneH  ortnong  Tycram  Wwaapanara
YANYUIHS.

UK —544.1

Wording: In the UK, particular requirements
exist regarding the minimum acceptable
cross-sectional areas for protective bonding
conductors where Protective Multiple Earthing
(PME) conditions apply.

CZ—543.4.1

CZ—5434.1
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TannbGapbiH 6nuBap: Yex Yncag toonyypryu
GanryynamxmnH xacart PEN  pgawmxyynary
XOP3Arnaxvnr gapaax Hexuesna 36BLUeepHS:
Toonyyp pyy 60noH Toonyypaac canrax uar
XypTanx 6yx canbap gamxyynardmiH Ortron
wkun 6ereeg 6 mm? Cu acxyn 10 mm? Al-aac
6araryn; PEN gamxyynarauir N caapmar 6a
PE xamraanantelH gamxkyynard ©OnroH
canraxbIr TOONyypbliH Japaax yTac, kabenuiH
CUCTEMUNH XaMIMAH OWPbIH  TOXUPOMXTOM
uart  (kuwaanban  anWnblH - XyBaapunax
cambapT) 9H® O34 3ywnuniH - Bycag
WaapanarbiH garyy XumHa.

Wording: In the Czech Republic, the use of
PEN conductors in parts of installations which
are not metered, is permitted provided that:
the cross-sectional areas of all conductors of
branches to electrometers, and from
electrometers to the point of separation, are
identical and not lower than 6 mm? Cu or 10
mm2 Al; separation of the PEN conductor into
the neutral conductor N and protective
conductor PE is carried out at the closest
suitable point in the wiring system behind the
electrometer (e.g. in the dwelling switchboard)
and in compliance with the rest of the
requirements of this subclause.

SE — 543.4.3 b)

TannbapbiH 6unuBap: LWBegsg b)-g erceH
XKNLLI33T 36BLLGBPOXIYN.

SE — 543.4.3 b)

Wording: In Sweden the example in item b) is
not permitted.

CH—5441.1

YHOacnan: LllsetyapblH Xxyynuap asiHeblH
xameaananmmad 6apunead dop xasx 10
mm? xeHOneH oamirion waapddae.

TannbapbliH OwnuBap: LUBenuapt asiHrbiH
XamraanantblH OGanryynamxram xamTatraH
X3parnaBan YHOC3H XamMraananTbiH
9KBUNOTEHUMAN  gamxyynardmmH  XamrumH
©ara xeHgneH orrnon 10 mm? 6anHa.

CH—544.1.1

Rationale: Swiss law requires a cross-
sectional area of at least 10 mm?2 for buildings
provided with lightning protection.

Wording: In Switzerland, if used in conjunction
with installations for lightning protection, the
minimum cross-sectional area of the main
protective bonding conductor shall be 10 mmz.

IE —544.1, 1-p Tnpe

Tann6apblH 6unuBap: NpnaHgan xamruiiH 6ara
ytra 10 mm? 6anHa. YyH33C ragHa YHOC3H
xonbonTblH uar ©Oypa “Safety Electrical
Connection - do not remove” racaH 6nunrtan
GalHrbiH LWOLWIo TOrTOOHO.

IE —544.1, 1-p Tnpe

Wording: In Ireland, the minimum value is 10
mm?Z. In addition, a permanent label inscribed
“Safety Electrical Connection- do not remove”
shall be permanently affixed at each main
bonding connection.

IE — 544.1, 2-p goron mep
TannbapbiH OuuBap: WpnaHgag  YHAOCSH
XxonbonTbliH gamxyynardumH ortnon 70 mm?2-
93¢ ux 6anx waapanararyn.

IE — 544.1, 2-p goron mep

Wording: In lIreland, the value for main
bonding conductors need not exceed 70 mm2.

IE —544.2.3

TannbGapbiH 6nuBap: Wpnangag HOManT
XONOONTbIH gaMXyynarymmH xamrumH 6Gara
OrTNon MexaHWK xamraanantraum yeg 2,5 mm?,
xamraanantrym yegq 4 mm? GanHa. YyH33C
ragHa xoonomg xumx xonbonTtbiH UarT “Safety
Electrical Connection- do not remove” racaH
OMUMIrTanM GaMHIbIH LWOLLUIO TOrTOOHO.

IE —544.2.3
Wording: In Ireland, the minimum cross-
sectional area for supplementary bonding

conductors is 2,5 mm?2 where mechanical
protection is provided, and 4 mm?2 where
mechanical protection is not provided. In
addition, a permanent label inscribed “Safety
Electrical Connection- do not remove” shall be
permanently affixed at the bonding connection
to a pipe.
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