U3MEPEHUE CONPOTUBJIEHUA 3A3EMJIEHUA. MOHUMAHUE MNMPOLIECCA.
ONPEAEJIEHUE

[Mon TepMUHOM 3a3emsieHne noagpa3yMeBaeTCs 3/1eKTPUYECKOe NoAK/ItoYeHne Kakon-nnbo uenu unm
O60py.U.OBaHMFI K 3eMne. 3asemMneHne UCnosib3yeTcsa Ans YCTaHOBKM M MoAAepXKaHMs noTeHunana
NOAKIIOYEHHON Lenn nnam 060py.U.OBaHMF| MakcuMManbHoO 6M3KMM K rnoteHumany 3emnu. Llenb 3aszemMneHus
o6pa3OBaHa npoBOAHUNKOM, 3aXMMOM, C MOMOLLBbIO KOTOPOIro npoBOAHUK MOAKJTKOYEH K 3N1€EKTpOoAY,
SNEKTPOAOM U FPYHTOM BOKpPYI 3/1€KTpoaa.

3asemMneHne WMpPOKO UCMOJb3YeTCs C Lesblo /IEKTPUYECKOM 3amnThl. Hanpumep, B oCBETUTENbHOMN
annapaType 3a3eM/ieHne UCMOosb3yeTcs A8 3aMblKaHMS Ha 3eMJ1t0 ToKa Npo6os, YTo6bl 3aWnMTUTL NepcoHan
N KOMMOHeHTbl 060pyAOBaHNS OT BO3AENCTBMSA BbICOKOIO HaMpPsXXeHUS.

Huskoe conpoTuBneHune Lenu 3asemneHuns obecrneynBaeT cTekaHue Toka Npobos Ha 3eMnto n 6bicTpoe
cpabaTbiBaHMe 3aWMTHbIX pene. B pe3ynbTtaTe NOCTOPOHHEE HaMpsXeHWe Kak MOXHO 6biCTpee ycTpaHsaeTcs,
yTO6bI HE MOoABepraTb €ro BO3AENCTBUIO NepcoHan u obopyaosaHue.

Y1066l HAMNYYLWNM 06pa3om PpMKCUMPOBATb OMOPHbIN NOTEHLMan annapaTtypbl B Lensx ee 3awmuTbl OT
CTaTUYEeCKOro 3/IeKTPMYECTBa U OrPaHNYUTb HaNpsXXeHUs Ha Kopnyce o6opyaoBaHUs ANs 3awuThbl
nepcoHana, naeasbHOE COMPOTUBIIEHNE LieNU 3a3eMSIeHUs AOMKHO ObiTb paBHO HyN0. M3 ganbHewnwero
OMUCaHUs CTaHeT ICHO, YTO Ha NMpaKTUKe 3TOro A06UTbCS HEBO3MOXHO.

[oCTaToYHO HU3KME, HO He NpefefibHble, 3Ha4YeHUs CONPOTUBIIEHMS 3aAaHbl B MOCNEAHUX CTaHAapTax
6e3onacHoctn NEC®, OSHA v ap.

COMPOTUBJIEHUE 3ASEMJ/IAIOLWLErrO 3JIEKTPOOA
Ha puc.1 nokasaH 3aseMnsawowWwmi Wiblpb. Ero conpotnBneHne onpeaenserca cneayowmnMm KOMMNOHEHTaMN:

(A) conpoTuBneHWe MeTanna WTbIPs U COMPOTUB/IEHME KOHTAKTa NPOBOAHMKA CO LUTbIPEM;

(B) conpoTMBNEHNE KOHTaKTa WTbIPs C FPYHTOM;

(B) conpoTuBieHne NoOBEPXHOCTM 3eM/IN NPOTEKAloLWEMY TOKY, MHAUe roBopsl, CONPOTUBIIEHUE 3EM/IH,
KOTOPOE YacTO SIBMISIETCS CaMbIM BaXXHbIM M3 NMEPEYNCIEHHbIX C/laraeMbixX.
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MonpobHee:

(A) O6bIYHO 3a3EMAOWMNIA WTbIPb AENAETCS U3 XOPOLLO NPOBOASLEro MeTanna (NoSIHOCTbIO MeAHbIN WTbIpb
WM C MeAHbIM MOKPbLITUEM) M KIIEMMOW COOTBETCTBYIOLLEro KayecTsa, MO3TOMY COMPOTUB/IEHMEM LITLIPS U €ro
KOHTaKTa C NPOBOAHMKOM MOHO MpeHebpeysb.



(B) HaunoHanbHoe 6t0po CTaHAapTU3aLMM NokKasaso, YTO COMPOTUBIIEHNEM KOHTaKTa 3/1eKTPoAa C FPyHTOM
MOXHO npeHebpeyb, ecnmn 3NeKTPos NJ0THO BOUT M Ha ero NoBEPXHOCTU HET Kpacku, Macna U noAobHbIX
BELLECTB.

(B) OcTtancst nocneaHnii KOMNOHEHT — COMPOTUBJIEHNE NOBEPXHOCTU FPyHTa. MOXHO NpeacTaBuTb, UTO
3NeKTPo OKPYXEH KOHLEHTPUUYECKUMU CNOSAMU FPYHTA OAMHAKOBOW TOSLWMHbBI. BAVMXHUIA K anekTpoay Criomn
MMeeT HaMMeHbLLIY NMOBEPXHOCTb, HO Haunbonbluee conpoTuBneHune. Mo Mepe yaaneHua oT a/71eKTpoaa
MOBEPXHOCTb CN104 YBENNYNBAETCA, @ €ro ConpoTnBeHNE yMEHbLUAETCA. B koHeyHOM cyeTe, BKnag
CoONpoTUBIIEHNA YAa/lEHHbIX CNOEB B COMPOTUB/IEHNE NOBEPXHOCTU FPyHTA CTAHOBUTCA HE3HAYUTENbHbBIM.
O6bnacTb, 3a npegenaMmm KOTOpPoM CONPOTUBIIEHMEM C/TI0EB 3EMIM MOXHO NpeHebpeyb, Ha3biBaeTcs 061acTbio
3(pPeKTMBHOIO ConpoTMBeHus. Ee pa3mep 3aBUCUT OT ry6UMHbI MOrPYXEHUS 3N1EKTPoAA B MPYHT.

TeopeTuyeckn CONPOTUBIEHME 3eM/IN MOXHO onpeaenuTb obliel dopmynoii: R = PL/ A
(ConpotuBneHune = YpgenbHoe conpoTusnenune x AnunHa / MNnowaab )

OTa bopMyna 06bSACHAET, MOYEMY YMEHbLIAETCS CONPOTUBNEHMNE KOHLIEHTPUUYECKMX CNOEB MO Mepe mX
yAaneHusa oT anekTpoaa:
R = YpenbHoe conpoTtuBneHune rpyHTta x TonwmHa cnos / MNnowaab

an BbIYNCNIEHNUN CONPOTUB/IEHNA 3€MNIN YaeNbHOE COMNMPOTUBMEHNE TPYHTA CHUTAOT HEM3MEHHbLIM, XOTH 3TO
peaKo BCTPEYAETCA B NMpaKTUKeE. CDOpMyan conpoTuBneHnd 3eMIn Ansa CUCTEM 31EKTPOAOB OYE€Hb C/IOXHbI U
NMpuv 3TOM 3a4acCTyO0 NO3BONAKT BbIYUCIATbL CONPOTUBIEHNE NMNLLDb I'IpVI6J'IVI3VITeJ'IbHO. Hanbonee yacto
NCrnonb3yeTca hopMyna CONpoTUBIIEHUS 3a3eM/IEHUS ANS Cllydast OAHOMo 3/1eKTpPoAa, NoslyYeHHas
npodeccopom Ayantom (H. R. Dwight) n3 MaccadyceTckoro TeXHON0rm4eckoro MHCTUTyTa:

R = P/27L x ((In4L)-1)/r
R =, roe

R - conpoTuBneHne 3a3eMeHns WTbIps B OMax,

L - rnybuHa 3a3emMneHuns anekTpoaa,

r — paauyc aneKTpoaa,

- cpenHee yaensHoe conpoTvBrieHne rpyHTa B OM-CM.

BJINMAHUE PASMEPOB 3JIEKTPOAA U NYBWUHDbI ErO 3A3EMJIEHUA

BnunsiHne pasmepa: yBenMuyeHue guaMeTpa LWTbIps

100 ] | | yMeHbluaeT conpoTBNEHME 3a3eMIeH s
5~ —1 | He3HauuTenbHO. YABOEHME AnaMeTpa CHMXaEeT
;g — conpoTuBiieHne MeHble, yem Ha 10% (cM. puc.2).
0
BnusiHne rny6uHbl 3a3eMeHunst WTbIps:
1/2 5/8 34 1 1174 112 1 34 conpoTuBneHne 3aseMsieHnUss yMeHbLUIaeTcs C
ﬂum ETP WTbIpA (AIOﬁM) yBenuMyeHuneM rnybuHbol. TeopeTndecku npu
YyABOEHUWN rNYyOUHbI CONPOTUBIEHNE YMEHbLLAETCS
Puc. 2 Ha 40 %. CTaHaapT NEC (1987, 250-83-3)

npeanncbiBaeT 3a3eM/ATb WTbIPpb MUHMMYM Ha 8
dyToB (2,4 M) ana obecneyeHns XopoLlero KOHTakTa ¢ 3emnen (cM. puc.3). B 601blUIMHCTBE Clly4YaeB WTbIPb,
3a3eMsieHHbIn Ha 10 ¢yToB (3 M), yaosneTBopsieT TpebosaHmsam NEC.

MWHMManNbHbIN AnaMeTp CTanbHOro WTbIpa paseH 5/8 atlimMa (1,59 cM), a MeaHoro uam NOKpbITOro Meabto
CTanbHOro wThips - paBeH 1/2 awonma (1,27 cm) (NEC 1987, 250-83-2).

Ha NpakTuKe MUHWUManbHbIA AnamMeTp 3Mm LWTbIpA 3a3€EM/IEHNA PpaBEH:

e 1/2 ponma (1,27 cm) ana 06bIYHOrO rpyHTa,
e 5/8 pwoiima (1,59cM) ansa celporo rpyHTa,
e 3/4 porimMa (1,91 cM) aAng TBEpAOro rpyHTa uamn aAns wrblps AnnHHee 10 dyTos.



I 1
200 H ; ] |
100 { T
s0 (=% l 1
Y >y | ¥
60 '\\‘\i | |
l |
- 40 \
$ = IO
a |
= 20 — A :
= ~HEE R
E 1" dia. | 12" dia.
= 10 dd ! !
s L 2 1 N ) |
o 8 — "=
= e ! L e, -
S 5 T )i i ]
L S | 1 1
4 :
3 l !
| | | |
2 ! |
!
i
g |

5 1S 25 35 4@ 50 60 70
FnyGuna sasemnenua (chym

ConpoTHBNEHHe YCTPOHCTER Sa3eMNeH A B BHAE
3NEKTPoAA B 3ABHCHMOCTH OT IMyGHHbI ero Sasemnes Ha

Puc. 3

BJINAHUE YAEJIbHOIO COMNMPOTUBJIEHUA TPYHTA HA CONMPOTUBJIEHUE 3A3EMJIEHUA
SJIEKTPOOA

MpuBeneHHas Bbiwe dopmyna [lyarita nokasbiBaeT, YTO COMPOTUBIIEHME 3a3EMIEHNS 3aBUCUT He TOIbKO OT
rny6uHbl N Naowaan NOBEPXHOCTU 3MEKTPOAA, HO U OT YAENbHOro CONpoTUBAEHUS rpyHTa. OHO sBNsieTcs
rnaBHbIM PAaKTOPOM, KOTOPbIN onpeaenser CONpoTUBNEHMNE 3a3eMNeHNs U rNyOuHy 3a3emMneHus WTbips,
Kakasi notpebyetca ansa obecnevyeHnst Masnoro CONpoOTUBIIEHUS. YAeNbHOE CONMPOTUBIIEHNE TPYHTA CUJTbHO
N3MEHSAETCS B 3aBMCUMOCTM OT paioHa 3eMHOro Wwapa W BpeMeHn roga. OHO B 3HaYUTENbHON CTeneHun
3aBUCUT OT COAEPXKaHUS B NMOYBE 3/1EKTPOMNPOBOASLLNX MUHEPANIOB U 3/IEKTPOSIUTOB B BMAE BOAbI C
pacTBOPEHHbIMK B Hel n conssMn. Cyxas noysa, He coaepxkallasi paCTBOPUMbIX COJIel, UMeeT BbICOKOE
conpoTueneHune (CM. puc. 4).

Puc. 4

YaenbHoe conpoTtuBneHme, OM-cm
MouBbl MuH. CpenHee Makc.

30/1bHbl€ MOYBbI, LWIAKK, 3aCONIE€HHbIE
! ! 590 2370 7000
MoYBbl, MYCTbIHHbIE

rJ'IVIHbI, FMUHUCTbIE CNaHubl, WINCTa4d,

340 4060 16000

CYFIMHOK
Te e ¢ NeckoM uan rpasmem 1020 15 800 135000
paBuin, Necok, KaMHM C HE6ONbLLMM 59000 94000 458000

KO/TIMYECTBOM INHbI U1K CYTNNHKa

®AKTOPbDI, BTUAIOLWWUE HA YAOEJIbHOE CONMPOTUBJIEHUE TPYHTA



[Ba Tvna no4yBbl B CyXOM BMAe MOryT CTaTb PakTUUeCKN N30n9TopamMu C yaesnbHbIM CONpOTUBEeHNeM bonee
109 OM - cM. Kak MOXHO BuaeTb B Tabnuvue Ha puc 5, conpotusneHme obpasua noysbl U3MEHAETCS BeCbMa
6bICTPO NpY YBENIMYEHUN COAEPXAHUS BNarn B Heill NnpubnmnsutensHo Ao 20%.

Copep)>xaHue Bnarm,

%

2,5

10
15
20

30

Puc. 5

YaenbHoe conpotusseHue, OM-cM

3emns

>109

250000

165000

53000

19000

12000

6400

MecuyaHbIA CYrJINHOK

>109

150000

43000

18500

10500

6300

4200

YaenbHoe CONpoTUBIEHME MOYBbI, TAaKXe, 3aBUCUT OT TeMnepaTypbl. Puc. 6 nokasbiBaeT, Kak MeHseTcs
yAenbHOe COMNpoTMBIIEHME NEeCcYaHoro CyrfinHKa c cogepxaHuem snarn 12,5% npu uaMeHeHuu TemnepaTtypbl
oT +20 g0 -15°C. Kak MOXHO BMAeTb, YAe/bHOe CONpoTMBAeHMe nameHsetca ot 7200

A0 330 000 OM-caHTUMETpPOB.

TeMmnepartypa,

°C

20

10

-15

Puc. 6

Temnepartypa
no d®apeHrenry,

F
68
50
32(Boga)
32(nen)
23

14

YpenbHoe
COnpoTuBJIEHMnEe,

OmM-cm

7200

9900

13800

30000

79000

330000

MOCKOMbKY yAenbHOE COMPOTUB/IEHME ITPYHTA CUSIbHO 3aBUCUT OT TEMMEPATYPbl U COAEPXKAHUA BNaru,
pa3yMHO CYMTaTb, YTO COMPOTUBIIEHWE YCTPOWCTBA 3a3eM/ieHns 6yeT 3aBNCETb OT BpEMEHU roaa. Takue
N3MEHEHUs MoKasaHbl Ha puc.7. MocKobKY CTabuUbHOCTb TeMMepaTypbl MOYBLI U COAEPXKAHMS B HEll Baru
yfydllaeTcs no Mepe yaaseHus oT NOBEPXHOCTU, TO CUCTEMA 3a3eMieHuns ByaeT addekTnBHa B noboe
BpPEMsi, €C/IM WTbIpb BO6UT Ha 3HAYMUTENbHYIO MYy6UHY. OTIMUYHbIE Pe3yNbTaThbl MONYYAOTCA, KOr4a WTblpb

AOCTUraeT YPOBHS BOAbI.
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Puc. 7 Ce30HHbIE N3MEHEHMS COMPOTUBIIEHNS 3a3€MIIEHNS BOAOMNPOBOAHOMN Tpybbl AnameTpom 3/4 aAtovima B
KameHucTom rpyHTe. Kpusas 1 — 3arnybneHne 1py6bl 3 ¢pyta, kpmBas 2 — 10 ¢yTos.

B HEeKOTOpbIX cny4Yasx yaefbHOe CONPOTUMBAEHWE FPYHTa HACTOSIbKO BEJIMKO, YTO AJ1S MOSTyYEeHUs1 HU3KOro
COMPOTUBNEHUS 3a3eMieHNnst TpebyeTcs C/I0XKHOE YCTPOMCTBO U 3HauYMUTeNbHbIE 3aTpaThl. B 3Tnx cnyyasx
oKasblBaeTcst 6051ee SKOHOMUYHbLIM UCMOJIb30BaTb 3a3€MJIEHHbIN WTbIPb HEGObLUNX Pa3MEPOB M CHUXATb
COMpoTMBEHWNE 3a3EeM/IEHUSI, MEPUOANYECKM MOBbILWAS COAEPXXaHMe PacTBOPUMbIX BELLECTB B MOYBE BOKPYT
3neKkTpoaa. PUCYHOK 8 MoKasbiBaeT CyLeCTBEHHOE YMEHbLUEHWE COMPOTUBAEHUS NECYAHOMO CYriIMHKa Npwu
yBENNYEeHUN COAEPXKAHUS B HEM CONN.

Puc. 8

BnusaHue coAep)aHuda COJZIM B rpyHTEe Ha ero yaesibHoe conpotTuBJieHue
(MecuaHbI¥ CYrMHOK, coaep>kaHue Boabl 15% oT Beca, TeMnepaTypa

17°C)
Konuuectso go6aBneHHoi conm YaenbHoe conpoTuBiieHne
(% ot Beca BoAbl) (OM-caHTMMETpPOB)
0 10700
0,1 1800
1,0 460
5 190
10 130
20 120

Ha puc. 9 nokasaHa 3aBUCUMOCTb YAEbHOrO CONPOTUBAEHUS FPYHTA, NPOMUTAHHOrO PacTBOPOM COSN, OT
TeMnepaTtypbl. KOHEYHO, ecnun NCNoNb3yeTcs NPonUTKa rPyHTa COMISSHBbIM pacTBOPOM, LUThIpb 3a3eMJIeHUs
[onKeH 6bITh 3alUMLLEH OT XMMUYECKOW KOPPO3UK.

Puc. 9

BnusiHue TeMnepartypbl Ha yaenbHoe
CONpOTUBJIEHWErpyHTa, COAEpIKaLLero coJjib
(NMeacyaHbIt cyrnmHoK, 20% BoAabl, 5% conun oT Beca
BOAbI)

Temnepatypa, °C YpaenbHoe conpoTuBJieHne,

OM-cM
20 110
10 142
0 190
-5 312

-13 1440



BJINAHME IN1YBUHbI 3ABEMJIEHNA SNTETPOAA HA COMNMPOTUBJTIEHUE 3A3EMJIEHUNA

YT106bI NOMOYb MHXEHEPY NPUBAMU3NTENLHO onpeaennTb rMy6buHy 3arnybneHus anekTpoga, Heobxoaumyto ans
noJsly4eHus 3alaHHOro COMPOTMBIEHUS YCTPOMCTBA 3a3eMJ/IEHMS, MOXHO BOCMOJIb30BaThCA TaK Ha3blBaeMoWn
Homorpammoli 3asemneHmns. OHa nokasbiBaeT, YTO A8 NOoJlyYeHUs conpoTMBaeHus 3asemnerns 20 OM Ha
rpyHTe C yaenbHbIM conpotusneHmem 10000 OM-caHTMMeTpoB, noTpebyeTcs atonmoB 3arnybutb Ha 20 ¢pyToB
WTbIpb AnaMeTpom 5/8.

Pa6ota c Homorpammoi 3a3emsieHusa

1. Bbibepute HeobxoamMMoe conpoTmBieHne no wkane R.
2. OTMeTbTe Ha wkKane P TouKy yAenbHOro CONpoTUB/IEHNS FPYHTA.
3. TpoBeauTe NpsAMy0 IMHUIO Yepe3 TOYKK Ha wkane R n P go wkanel K.
4. OTMeTbTe TOYKY Ha wkane K.
5. BblibepuTte gnameTp WTbIpS U NPOBEAUTE NPSAMYIO IMHUIO A0 WKanbl D yepes Toykn Ha wkane DIA n
Ha wkane K.
6. [lepeceueHne 3TON NPSAMON C NUHMEN WKanbl D NokKaxeT BennunHy 3arnybneHuns wrbips,
HeobxoauMyto Ana Toro, 4tobbl obecnevnTb BbIGpaHHOE BHa4vane ConpoTUBIIEHNE 3a3EeMIIEHNS.
ConpoTueneHue [ny6uHa 3a3eMnenHus
3a3EMNEHHOI ConpoTUeneHue LTbIPA (hyT) Quaaerp
LLTBIPA (On) rpyHTa (Om o) D WTbIpA (A0
100 K
R -T-90
100 BO-T
90 T 70
80 P 60T 7
70 100000 -+50
60 50000 40 5
50 40000 +30
40 30000 3
30 20000 ZO.J
15000
20 10000 15 15
15
5000 101
ﬂ)T 4000
9 3000 3/4
BI 2000
7 5 .
5 1000 V2
4=
5 500 13
& 2—,—
3
2 =)
3 Puc. 10

Homorpamma ANA pacyeTa 3aaemMneHna B BUae WTbIpA

3HAYEHUA CONMPOTUBNTIEHNA 3A3EMJIEHUA

B pasaene “"ConpoTuBneHMe UCKYCCTBEHHbIX 3n1eKkTpoaoB” ctaHaapta NEC ® 250-84 (1987) HanucaHo:
“EC/v 0AWH 3NeKTpoA B BUAE WTbIps, TPYObl MNn NnacTvHel He obecneuynBaeT COMPOTUBIEHNE PAaBHOE WU
MeHbliee, yem 25 OM, To He06X0AMMO MPUMEHUTL AOMNONHUTENBHO Nt060e U3 YyCTPONCTB, ONMUCAHHBIX B YaCcTH
250-83. 'ne 6bl HM ycTaHaBAMBanach rpynna wrbipen, Tpy6 nnu nnacTvH, ykasaHHbIn pa3gen Tpebyer,
4TO6bI paccTossHMe Mexay HUMK 6binio He MmeHee 1,8 M.”



HaunoHanbHbIl kogekc no anektpudectsy (NEC ®- National Electrical Code) ycTtaHaBnuBaet, uto
COMpOTUBIEHNE 3@3EeMJIEHNS HE LOMXKHO 6biTh 60sblie 25 OM. DTa AMPEKTUBA ABMISETCA BEPXHEN rpaHuLEN U
BO MHOIMMX cny4dasix TpebyeTcs ropasfo MeHbluee 3HauYeHue.

BosHukaeT Bonpoc: “HacKoNbKO HU3KUM AOHKHO 6bITb 3HAaYEHWE COMPOTUBEHUS 3a3eMeHnsa?” TpyaHo
Ha3BaTb KOHKpEeTHOe konunyectso OM. Huskoe conpoTuBneHne 3asemneHns obecneunsaeTt 60/bLIYIO 3aWUTY
nepcoHana n obopyaosaHus. Mo3ToMy CTOUT CTPEMUTLCS CAeNaTb ero MeHblwe ogHoro OM. OgHako, 6b110 6bi
HenpakTU4HO A06MBaTbCS TAaKOr0 HM3KOro 3HAUYEHUs1 COMPOTUBIIEHUS MO BCEW CETU pacnpeaeneHms 1
nepenayun 3/1eKTPOSHEPTUM UM Ha MalblX MOACTAaHUMAX. B HEKOTOPbIX permoHax MOXHO nony4ymtb 6e3
3HAUUTENbHbIX YCUNKUK 3HayeHne 5 OM. B gpyrux - TpyaHo gocturHyTe n 100 OM conpoTmuBneHus
3a3eMseHuns.

CTaHpapTbl, NPUHATbIE B NPOMbIWAEHHOCTM, YCTaHaBMBAKOT, YTO NepeaarLlas 371eKTPO3HEPrmio NoACTaHUMS
AomkHa obecneumBaTb COMpOTUB/IEHNE 3a3eM/IeHuns, He npesblwatouee ogHoro OM. nsa noACTaHUUNI,
pacnpeaenstowmnx 31eKTposIHEepPru, peKoMeHAyeTCcs CONpoTMBAEHMe 3a3eM/ieHns He Bbiwe 5 n gaxe 1 Om.
Ha 60onblIMHCTBE NOACTaHUNN Tpe6yeMoe 3Ha4YEeHNE CONpoTUBIIEHNA MOXET obecneuynTb cUCTEMa 3a3eMsieHUs
B BUAE PELUETKMN.

B ceTsaXx aneKTpooCBeLWEeHUS UM Ha y3N1aX CBA3W YacTo nNpuMeMsieMbliM 3HaYeHmeM cuntaetca 5 OM. Ecnn B
CETSX 3/1eKTPOOCBELEHUS NPUMEHSETCA TPOMOOTBOA, TO OH AO/DKEH MOAKNYATBLCS K Lenu 3a3eMneHns C
COMpoTUB/IEHMEM He 6osblue ogHoro OmM.

MMeHHO Takme 3Ha4yeHUs1 CONpPOTUBNIEHNS 3a3EMJIEHMS, BbITEKAOLWME U3 TeOpUKN, 06bIYHO U MPUMEHSAIOTCA Ha
npakTuke. OAHaKo BCeraa CyLLecTBYIOT Cilydaun , Koraa odeHb TpyaHO obecneynTb COnNpoTuBieHNe
3a3emneHus, yaosnetsopsouee ctaHgapty NEC ® wnu apyrum ctaHaaptam 6e3onacHocTu. Ans aTux
CNy4yaeB CyLLEeCTBYET HECKO/IbKO METOA0B YMEHbLUEHUS COMPOTMBEHUS 3a3eMneHns. B nx umcne cncrema ums
napanfenbHO COeAMHEHHbIX 3/IeKTPOAOB, CUCTEMA C MyHOKMM 3a3eMNIEHMEM COCTaBHbIX 3N1EKTPOAOB U
XnMmnyeckas obpabotka rpyHTa. Kpome TOro, B Apyrux nybnukaumsax obcyxaaetcs 3aseMneHne B suae
3aKoMnaHHbIX NIacTUH, NPOBOAHUKOB (3/IEKTPUYECKMIA NMPOTMBOBEC), B BUAE NMOAKI/IIOYEHNS K CTallbHbIM
KOHCTPYKLUMSAM 34aHUIM U apMaType Xene306eTOHHbIX KOHCTPYKLWIA.

Hu3koe conpoTuBEHNE 3a3eMIEHUS MOXET o6ecrneynTb NoAKIUYEHNE K Tpyb6aM cMCTeM BOAO- U
razocHabxeHusi. O4Hako, NpUMeHEHNE C HEAABHEr0 BPEMEHWN HEMETAISIMYECKUX TPYH M HENPOBOASALLNX
CTbIKOB Mexay Tpybamu caenanv npobaeMaTUyHbIM UM BOBCE HEBO3MOXHbLIM 06ecneuynTb B 3TOM ciyyae
HU3KOEe COMPOTUBIIEHWE 3a3EMNEHNS.

[na n3MepeHns conpoTUBEHMS 3a3eMeHuns TpebyeTcs cneumanbHble NpUbopbl. BONbLIMHCTBO U3 HUX
NCMNONb3YIOT NPUHUMM NAAEeHUs NoTeHLMana, co34aHHOro nepeMeHHbIM TokoM (AC - alternative current)
npoTeKaloLWmM Mexay BCroMoraTesibHbIM U MPOBEPSIEMbIM 3/1EKTPOAOM. M3MepeHne NpoBOAUTCA B OMax M
NnokasblBaeT COMPOTMBIIEHNE MeXAY 3a3eM/IeHHbIM 3/1eKTPOAOM M OKpYXKatoLlel ero 3emnei. B uncne
npu6opoB CA® HefaBHO NOABUINCH U3MEPUTENN CONPOTUBIIEHMS 3a3EMIIEHNS, NMPUMEHSIOLLME K/1ELWN ToKa.

lpumeyanune. National electric code ® n NEC ® siBASIlOTCS 3aperucTpupoBaHHbIMU TOProBbIMU MapKamm
HauwnoHasibHov npoTtuBornoxapHo#i accoumnaumnm (National Fire Protection Association).

NMPUHUMN UBMEPEHUSA CONPOTUBJTIEHUA 3A3EMJIEHUA
(MpvHUMN NageHus NOoTeHUMana, 3-ToueyHas cxema.)

BonbTMETPOM U3MepsieTcs HanpsiXkeHue Mexay WibipsaMu X n'Y n amMnepMeTpoM - TOK, NpoTeKaoLWnin Mexay
wTbipsmMmn X n Z (cMm. puc. 11).



MICTGUHAK TCKA

T3y

Astnepwearp (1)
Bonetwerp (E)
Vzmeprembii BCnoporaTenkHsii BoromorarenkHem
anesTpon ¢ X anedTpod 'Y 3NeKTROA TOKa [ 4
HanpAYeHR
77777 7T A7 7 /////////////4///7

R ZeMnA ‘
Puc. 11

(3ameTbTe, UTO TOUkM X,Y 1 Z cooTBeTCTBYIOT ToukaM X,P n C npubopa, pabotatowero no 3-TO4e4YHOMN CXeMe
nnn Toukam C1,P2 n C2 npubopa, paboTatowiero no 4-To4e4HOM cxeme.)

Monb3yacek popMmynamm 3akoHa Oma E = RI wan R = E / I, Mbl MOXXeM onpeaenntb CONpoTUBIIEHME
3a3emneHuns snektTpoga R. Hanpumep, ecam
E=20Bunl=1A, To:

R=E/I=20/1=200m

Mpu MCnNonb30BaHMM TECTEpPa 3a3eM/IEHUS He NoTpebyeTcs Npou3BoAUTbL 3TU BbluncneHus. Mpubop cam
creHepupyeT HeobxoAuMbI ANS U3MEPEHUS TOK M NPSAMO MOKaXeT 3HaueHne ConpoTUBIIEHNS 3a3eMJIEHUS.

MOJTOXXEHUE BCMOMOTIATEJIbHOIO 3JIEKTPOAA NP USMEPEHUA

[ns TOYHOrO U3MEPEHUSI COMPOTUBIIEHUS 3a3EMIEHMSA pa3MelLaTb BCMOMOraTeNbHbI 31eKTpos Toka Z
[OCTaTOYHO Aasieko OT U3MEPSEMOro 3/1eKTpoAa ANt TOro, YTobbl MOTEHUMAN Ha BCNOMOraTe/lbHOM 3/1eKTPoAE
HanpsxeHus Y naMepsincs 3a npefenamm 30H 3 heKTUBHONO CONPOTUBEHNS Kak NPOBEPSIEMOro 3/1eKTpoaa
X, Tak U BCnoMoraTesibHOro 3MeKkTpoja Toka Z. Hauny4ywmnM cnocoboM NpoBepuTb, HAXOAMTCS NI SNEKTPOA 3a
npeaenamun 30H 3 hEKTUBHONO CONPOTUBIIEHUS OCTasIbHbIX 3/1EKTPOAOB, BYAET NPOBOAUTb U3MEPEHUS, MEHSA
ero MectonosioxeHue. Ecnn BcnoMoraTesbHbIl 3M1EKTPOA HanpshkeHus Y HaxoanTcst B 30He 3 heKTUBHOMO
COMpOTMBAEHWSI OAHOIO U3 OCTasIbHbIX 3M1EKTPOAO0B (MW OAHOBPEMEHHO B 06€MX 30HaX, ec/iv 30HbI
nepeKkpbIBatOTCs), TO MPU CMEHE ero MeCTOMOJIOXEHMS MokasaHus npubopa 6yAyT 3HAYUTENIbHO MEHATHCA U B
3TOM C/lyyae Henb3si TOYHO OMNpPeSEnUTb CONPOTUBIIEHNE 3a3eMsieHns (CM. puc 12).
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Pacorofkme X-Y

Puc. 13

C Opyrow CTOpOHbI, eCnv BCroMoraTeflbHbIN 31eKTpo HanpsXeHusa Y pacrnonioxeH 3a npegenamu 30H
addhekTMBHOro conpoTmsaeHms (pmc. 13), To Npu ero nepemeLleHnn nokasaHmsa 6yayT naMeHsTbCa
HEe3HaunUTeNnbHO. DTO M eCTb Hauay4llas OLeHKa CONPOTUBIIEHNS 3a3eMiieHns anekTpoaa X. PesynbTaThl
n3mepeHus nydue n3obpasuTtb Ha rpaduke, 4Tobbl y6eaAnTbCs , UTO OHU HAXOASATCS Ha MoYTU
rOpM30HTa/IbHOM y4acTKe KPMBOW, Kak Noka3aHo Ha puc.13. YacTo paccTosiHMe OT 3TOro yyacTtka Ao

NMpoOBEPSEMOro 3/1EKTPOAA PaBHO NpUbIN3NTENbHO 62% pacCTossHUSA OT BCMOMOraTE/IbHOrO 3N1eKTpoAa Toka
[0 NpoBepsieMoro afekTpoaa.

U3MEPEHUE COMNMPOTUBJIEHNA 3A3EMJIEHHOIO 3JIEKTPOQ4A
(MeToa 62-x NpoLEHTOB)

MeTtoa 62% 6b11 NPUHAT NOCe U3YYeHUS FpadMKOB M NPAKTUYECKMX NPOBEPOK. DTOT MeToa obecneumBaeTt
HanbonbLLYO TOYHOCTb MPU YCNOBUM OAHOPOAHOCTUN FPYHTA.

OTOT MEeTOA NPUMEHSIETCH, eCnu NpoBepseMoe YCTPOMCTBO 3a3eM/iIeHNs U ABa BCNOMOraTesbHbIX 31eKTpoaa
MOXHO pacnosioXuTb B JIMHUIO U KOrAa npoBepsieMoe YCTPOMUCTBO 3a3eMIeHNS COCTOUT U3 OAHOIO LWThbIPS,
OAHOM TpyObl , 0OAHOM NAACTUHBI U T.M., KaK MOKa3aHo Ha puc. 14.
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Ha puc. 15 nokasaHo, 4TO 30Hbl 3DPEKTMBHOIO CONPOTMBAEHUS (rpynna KOHUEHTPUYECKUX NMOBEPXHOCTEN
BOKPYT LUTbIpEl) NPOBEPSEMOro 31eKTpoaa X U BCMOMOraTesibHOro a1eKTpoaa Toka Z nepekpbiBatoTcs. Ecnun
nepemMecTuTb 3N1eKTpoa noTeHumana Y no HanpaBieHuto K anekTpoay X unm Z v noOBTOPUTb U3MEPEHUE, TO
nokasaHus 6yayT CUNIbHO pa3nNnMyaTbCs U U3MEPEHHOE 3HayeHue byaeT HenpuemMnemMo Aaneko OT UCTUHHOMO
conpoTuBneHus 3asemneHns. Obnactn achdeKTUBHOro CONPOTUBIEHNS NEepeceKatoTcs U 3TO NPUBOAMUT K
TOMY, YTO U3MEpPEHHOE 3HaYeHMe CONPOTUBIIEHMS BO3pacTaeT No Mepe yaaneHus anektpoaa X oT

npoeepseMoro anektpoaa Y.
Masepsiersli CROMOraTens- BenoMorarels-
SNEKTPOA  HLIM BNETPOR Hblil 3NeXTpog
JAEMNEHUA  HENPAXEHHs  Toka

X Y Z
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PaccrosHre ot Y o o
SNEKTPOAA 3EREMNEHNS
Puc. 15

Tenepb pacCMOTPUM PUCYHOK 16, Ha KOTOPOM 3anekTpoabl X U Z yaaneHbl Ha pacCTosiHMe A0CTaTovyHoe, YTobbl
30Hbl 3 PEKTUBHOIO CONPOTUBIEHNSA /IEKTPOAOB He nepecekanncb. Ecnv mMbl Tenepb nocTtpoum rpadumk
COMPOTUB/IEHUS B 3aBMCMMOCTM OT PACCTOSTHUSA MeXAy anekTpoaamm X n Y, Mbl YBUAWM, YTO pa3HuUa MexXay



COMNpPOTMBIEHNEM CNeBa U cnpasa oOT Toukn 62% (OTHocUTeNbHOE paccTtosiHue oT Y X) npuemnemo mMana.
O6bI4HO 3Ta pasHULUA U3MEPSIETCS B MPOLEHTAaX OT U3MEPEHHOW BeNUUnHbl: £ 2%, £ 5%, £ 10% wn T.4.

anepaens i BenonorarensHss BEnoMoraTeMsHLIN
ANEXTPOS, anesTpog, ANEKTROA
JEFEMNEHS HaNpH e TOK3

X Y Z

:

¥ 62%D 38%D ! Ofinacmv
i — 54| S v shchekmesoro
" Conparvenerie | CONPOTVENEHA

BENOMOIATENEHON | He NEpexpbBaloTca
sNeKTpOnaToK

1

v
PaccToAnme ot Y [0 aneKTROna Jasemnesm

v

Puc. 16

YAOAJIEHHOCTb BCMMOMOIATEJIbHOIO 3JIEKTPOAA

Henb3s Ha3BaTb OAHO Ha BCE C/ly4yau 3Ha4YeHWe pacCTOsIHUS OT BCMOMOraTesibHOro afekTpoaa Toka Z Ao
npoBepsieMoro 31ekTpoaa X, NOCKOJIbKY OHO 3aBUCUT OT AJIMHbI U AMaMeTpa NpPOBEPSEMOro 3/1eKTpPoaa,
OHOPOAHOCTU FPyHTa M, 0CO6EeHHO, OT pa3MepoB 3 deEKTMBHbIX obnacTelt CoNnpoTUBIEHNS SNEKTPOAOB.
OpHako, B AaHHOM naparpade AaHo nNpubnnsntenbHoe 3Ha4YeHWe 3TOro paccTosHUS AN 3NeKTpoaa
AnaMeTpoM 1 AWM Npy OAHOPOAHOM rpyHTe (4N AnameTpa ? AtoliMa yMeHblunTe paccTtosiHme Ha 10%, ansa
AvameTpa 2 AlonMa yBenuybTe pacctosiHue Ha 10%).

MpubnusntenbHoe paccrosiHue Ao
BCMOMOrartesibHbIX 3J/IeKTPOoAOB Ana meroaa 62%

PaccTtosHune
FnybuHa 3asemneHns 10 PaccTtosiHne po
npoBepsieMoro anekTpoja Z,
anekTpoaa, ¢pyToB 3neKkTpoaa Y, dyToB
! dyToB

6 45 72

8 50 80

10 55 88

12 60 96

18 71 115

20 74 120

30 86 140

UW3MEPEHUE NPOBOAMMOCTU NPOBOAHUKA 3A3EMJIEHUA

MpoBOANMOCTbL NMPOBOAHUKA 3a3EMJIEHUS MOXHO U3MEPUTb, BK/TIOYMB €ro Mexay ABYMS BXOAaMu
nsMepwutenbHoro npubopa (cm. puc. 17).



LIBVXTO'-IE‘-IHI:IVI METOA4 USMEPEHMSA
(YnpouweHHbIi MeToq)

DTOT anbTepHATMBHbIN CNOCO6 NPUMEHSAETCS , KOrAa AOCTYMHO APYroe OYeHb XOpoLlee 3a3eM/IeHne, KpoMe
n3MepsieMoro.

B rycTtoHaceneHHbIX palioHax, rae TPyAHO HalTu MecTa NSl YCTaHOBKW [IByX BCMOMOraTeslbHbIX 3/1EKTPOAOB,
MOXHO MPUMEHUTb ABYXTOYEYHbI MeToA. M3MepeHue NokasbiBaeT COMPOTMBIIEHNIO ABYX YCTPOWCTB
3a3eMJ/1eHusl, BKJIIOUYEHHbIX NociefoBaTeslbHO. [103TOMY BTOpoe 3a3eM/ieHne A0/KHO 6biTb 0UEHb XOPOLLMUM,
HaCTO/IbKO, UTOBbI €ro COMPOTMBIEHNEM MOXHO 6bI10 NpeHebpeyb. Heo6XoanMMo, TakxKe, N3MEpPUTb
COMPOTUB/IEHME NPOBOAA W BbIYECTb €r0 U3 MOSTYYEHHOIO U3MEPEHUS.

[ByXTOUEeYHbI MEeTOA He TaKOM TOYHbIN, Kak 3-ToueuHblli MeToa (MeToa 62%), NMOCKONbKY 3aBUCUT OT
PacCTOSIHUA MeXAy U3MepsieMbiM 3/IEKTPOAOM M BCMOMOraTesibHbIM 3a3eM/eHneM (HeMcnonb3lyemoe
3asemsieHne nnu BogonposoaHas Tpyba). DTOT METOA HEMb3s UCMOb30BaTb KaK CTaHAApTHbIN. Ckopee, - 3TO
BbIXOA M3 MOJIOXKEHUS B N'YCTOHACENEHHbIX paloHax.

CMm. puc. 18.
+—— [Ipos0aH1K 3aseneHis
Buixopel npwbopa  Bonomorarene-
[Thipe SaKDPOLEHD| Hbl it LUTH s
\ IGICMNEHUA  MEDeMLMKON (Y v Z 2anHyTsi)
MosepxHocts | TOMD — l -
FEMMA NMHAN
INETPO
nepesaqm | |
MNposopALLes
nnara s =
Ha Topue | O @ [ J

Puc. 18

U3MEPEHME YOEJIbHOIO CONMPOTUBJIEHNA TPYHTA
(4-ToueuHbli MeTOA)

MoyeMy Tak BaXHO U3MepsiTb CONPOTUB/IEHUE FPYHTa?

MN3MepeHne CONpoTUBIIEHNS TPYHTa NpecsieayeT TPOWHYIO Lesb. Bo-nepBbiX, 3TU AaHHble UCMOJb3YOTCS AN
reodr3nyYecKoro n3y4yeHns 3anerarlinx nopos C Lesiblo onpeaeneHuns 30H U ry6uHbl 3aneraHms pya u ans
N3y4yeHus Apyrux reounsmyecknx eHoMeHoB. Bo-BTOpbIX, CONPOTUB/IEHWE FPYHTa OKasbliBaeT



HENOCPeACTBEHHOE BfIMSIHME Ha CTeneHb KOPPO3MM NOA3EMHbIX TPYHONpPOBOAOB. YMEHbLUEHME
COMPOTUBIEHUS! TPYHTA NPUBOAMUT K YCUJIEHUIO NMpOLIecca KOPpPO3uu U, CeaoBaTeNibHO, 3acTaBnseT
NpOBOAUTbL CreLMasbHYH 3alUMTHYO 06paboTKy Tpy6. B-TpeTbux, CONPOTUBIIEHUE MPYHTA HEMOCPEACTBEHHO
B/MSIET Ha KOHCTPYKLUMIO YCTPOMCTB 3a3emeHmns. I MUMEHHO NO3TOMY 34eCb 06CyXAAeTCs BONPOC O
COMPOTUBEHUM TPYHTA. MpK paspaboTke CUCTEM 3a3eMIeHNst 60bLIOM0 pa3Mepa, pasyMHO onpeaenuTb
0611aCTM HaMMEHbLLEro CONMPOTMBIIEHUS FPYHTA, YTO6bl CKOHCTPYMPOBaTh Hanbosiee SKOHOMUYHYHO YCTaHOBKY.

MN3MepAaTb COMpOTUB/IEHME MOXHO ABYMS METOAAMMU: ABYXTOYEYHbLIM U 3-TOYEYHbIM. ,U,BYXTOLIG‘-IHbIVI MeToa
3aK/1l04aeTCs NMpoOCTO B U3MEPEHUN COMPOTUBEHUSA MexXAy ABYMS Toukamu. B 6onbwnMHCcTBE cny4aeB
Hanbonee TOYHbIM ABNAETCA 4-TOUYEUHbIN MEeToA, KOTOprVI NMPUMEHEH B TECTEPE 3a3eEM/IEHNA MOAENN 4500.

Kak crnenyet n3 HasBaHUs, 4-TodyeudHbit MeToa (CcM puc. 19 1 20 HMXKE) Ha M3MepSEMOM yyacTke TpebyeTcs
YCTaHOBUTb B JIMHUIO YETbIpe paBHOYAANEHHbIX 31eKTpoda. Mexay KpalHUMK 3M1eKTpoAaMu NpoTeKaeT ToK
W3BECTHOW BE/IMYNHbI, CO34aHHbIA reHepaTopoM Toka. Mexay BHYTPEHHUMU 371eKTpoAaMn U3MepseTcs
nageHue HanpshxeHusa. Mogenb 4500 nokasbiBaeT HEMNOCPEACTBEHHO 3HAYEHME CONPOTUBIEHNA B OMax:

P = 4TTAR/ (1+2A/(A2+4B2) -2A/(4A2+4B2))

A - paccTosiHMe Mexay 3/1eKTpoAaMu B CM;
B - rnybuHa 3a3emMneHuns aneKTpoaoB B CM.
Ecnn A > 20 B, To dopmyna Takosa:

P'= 27TAR (ecnn A - B cm)
F'=191,5TAR (ecnu A - B dyTax)
= Conpotuenenue rpyHTa (8 OM-cMm)

DTO 3Ha4yeHue ecTb cpeaHee yaenbHOoe COMPOTUBIIEHWE FPYHTa Ha ry6uHe paBHOM PacCTosiHUIO A Mexay
3neKTpoaamu,

W3MEPEHME YAE/IbHOIO COMPOTUBJIEHNA TPYHTA NPUBOPOM TERCA 2

NmeeTcA O6LIJVIprIl7I Y4acCTOK 3eM/IXM, HA KOTOPOM HaAO onpeaesinTb MECTO C HaUNy4lWnM yaeNbHbIM
COMpoTuB/IEHMEM. HEMHOIO MHTYUUMK He rnoMewaeT. MoCKoNbKy Halwa uenb HaWTM MeCTO C HaMMeHbLUUM
conpoTmnBiiEHNEM, CyXOVI necyaHon no4yse Mol npegnoytem BIAXKHbI CYrnMHOK. Takxe cnefyeT OUeHUTb
FJ'IY6MHy 3aJieraHma cnos ¢ HaMMeHbLWnM yaenbHbIM CONPOTUB/TIEHUNEM.

lpumep:

Mocne obcnenoBaHus 30Ha NoMCKa cokpaTuiacb NpubnansnTensHo 40 75 kBagpaTHbiX dyToB (22,5 M?).
Jonyctnm, Heo6xoaMMo onpeaenuTb conpoTmeneHne Ha rnybuHe 15 dyTtos (450 cMm). PaccTosaHne mexay
KpanHWMW WTbIPSAMKN 3a3eMEeHUA paBHO My6uHe, Ha KOTOPOM He0bX0AMMO U3MepUTb cpeaHee yaefbHoe
conpoTuenenune (15 ¢pytoB nnm 450 cm). YTo6bI NpMeHnTb 60Nee npoctyto popmyny BeHepa (r = 2? AR),
Heob6X0aMMO 3a3eMNATb 31eKTPOoL Ha rMy6buHy paBHylo 1/20 pacCTOSHUS MexAy aneKkTpoaamu uam Ha 8 7/8
dyToB (22,5 cm).

YcTaHaBnvBanTe 3/1eKTPOAbl MO CETKe, KaK MoKa3aHo Ha puc. 19, n noaknyanTe Tectep 3a3eMeHns
moaenn 4500 no cxeme Ha puc. 20. BbinonHuTe cneaytowmne AencTeuns:
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Pnc.19

e CHMMWUTE NepeMbiyKy, 3aMbikatowyto BbiBoabl X n X V (C1 n P1) npubopa;
e [loaknwounte Npmbop KO BCEM YeTbipeM WTbIpAM (CM. puc.20).

Hanpumep, nycTb nsmepeHo conpotmeneHmne R = 15,
P (yaenbHoe conpoTtuenenune) = 27TRA
A (paccTosHue mMexay anektpogamm) = 450 cM.

Torpa :

F'=6,28 x 15 x 450 = 42 390 OM-cM.

Puc.20

U3MEPEHUE HANPAXXEHNA NPUKOCHOBEHUA

MepBoit NPUYMHON ANA U3IMEPEHUS HAMPSXKEHUS NPUKOCHOBEHUS ABASETCS HEO6X0AMMOCTb OLEHUTH
6e30nacHOCTb NepcoHasna v 3auTy 060pyA0BaHUS OT BbICOKOIO HanpsxeHusl. OaHako, B HEKOTOPbIX
CNyyasix CTerneHb 3MeKTPUYECcKon 6e30MacHOCTM MOXHO OLEHMBATb C Pas/iNuHbIX TOYEK 3PEHUS.

[Meprnoanyeckmne naMmepeHmnsa CornpoTmnBIIEHUS YCTDOI‘/‘ICTBa 3a3eMJIeEHNA B BUAE 2/1EKTPOAA U PELLETKN
21IEKTPOAOB peKOMEHAYTCA B CieAyWwnx cny4yaax:

1. Korpa ycTpoKlcTBO 3a3eM/ieHMs B BUAE 3NEKTPoAa WAN pELIeTKU OTHOCUMTENIbHO Masno U ero yaobHo
OTK/IOYaTb.

2. Korpa ectb nofo3peHne, YTO MAET KOPPO3USI 3/1EKTPOAA, Bbi3BaHHasi HU3KUM COMPOTUBIIEHNEM
rpyHTa v ranbBaHWYEeCKMMU MpoLeccamu.

3. Koraa npo6oit Ha 3eMnto No6an30CTM OT NPOBEPSEMOIrO YCTPOMCTBA 3a3EeMJ/IEHUS MaSIOBEPOSITEH.

M3MepeHne HanpsaXXeHns NMpUKOCHOBEHUSA ABJIAETCA aflbTEPHAaTUBHbLIM cnocobom onpeaneneHnd 6e3onacHocCTw.
OH PEKOMEHAYETCA B Ceayrwmx cny4yasax:



1. Kor,u,a HEBO3MOXHO CbVIBVIl—IECKVI nnn No sSKOHOMNYeCKnMm C006pa)KEHVI9IM OTK/IIOYATb 3a3eMsieHune ansd
TOro, 4Yto6bl MPOM3BECTU U3MEPEHMUE.

2. Koraa MOXHO oXuaaTb Npo60oeB Ha 3eMJIt0 PSAOM C NPOBEPSEMbIM 3a3eM/IEHUEM UAN PAAOM C
obopynoBaHueM, KOTOpoe MOAK/IIOYEHO K MPOBEPSEMOMY 3a3EMJIEHUIO.

3. Koraa “cnen” o6opynoBaHMs CpaBHUM C pa3MeEpPOM 3a3eMJIEHMS, KOTOPOE MOANEXUT NpoBepKe.
(“Cnen” — KOHTYp TOM YacTu 060pyao0BaHUSA, KOTOpas CoONpuUKacaeTcs C 3eM/eNn.)

Hn namepeHne conpoTnBNEHNS 3a3eM/IEHNSI METOAOM NaAEHUS NOTeHUMana, HN N3MEpPEHME HanpsXKeHUs
NMPUKOCHOBEHWNS HE FOBOPAT O CMOCOBHOCTN NPOBOAHMKA 3a3EM/IEHUS BblAEpXKaTb 60/bLUNE TOKN YTEYKN C
npoBogHnKa dasbl Ha NPOBOAHMK 3a3eMneHuns. TpebyeTtcs Apyron TeCcT C MCNOSIb30BaHMEM 60bLIOIO TOKa
ANnsi Toro, YTo6bLI 3TO NPOBEPUT.

[na n3MepeHns Hanpsi)keHUss NPUKOCHOBEHUS MpUMeHSeTCs 4-ToUYeHbI TecTep 3a3eMseHuns. B npouecce
N3MepeHns Npubop reHepupyeT B 3eM/ie HEGOMbLIOE HanpsiXKeHne, UMUTUPYIOLLEE HaMNPsXXeHne
HeMCrnpaBHOCTU HenoAasneky OT NPOBePsSiEMOM TOUKM Ha 3emne. MNpnbop nokasbiBaeT 3HaYeHWe B BOJIbTaxX Ha
aMnep Toka, NpOTeKaloLWero Np1 3ToM B Lenu 3a3eMieHns. OTo6pakeHHoe Ha 3KpaHe 3HayeHne 3aTeM
YMHOXAETCsl Ha MaKCMMaJsibHY0 BEIMUYMHY TOKA, 0XXMAAEMOro B 3eMJie, YTO6bl BbIYMCAUTL HanpsikeHue
NMPUKOCHOBEHMS AAHHON YCTAHOBKM AN XYALWEro ciy4as.

Hanpumep, ecnu npm NnpoBepKe CUCTEMbl C MAKCMMasibHbIM OXWAAeMbIM TOKOM HeucnpasHocTn 5000 A,
npnbop nokasan 3HayveHne 0,100, To HanNps>XxeHMe NPUKOCHOBeHUs 6yaeT pasHo 500 B.

N3MepeHMe Hanpsi>XeHUsi MPUKOCHOBEHMS MOX0Xe Ha METOA MafeHus NoTeHuMana TeM, YTo Tak xe Tpebyet
yCTaHOBKM BCMOMOraTefibHbIX 3/IEKTPOAOB B 3EMJIHO UM Ha ee NMOoBepXHOCTb. Ho paccTosiHne mMexay
BCMoOMOraTesibHbIMK 3neKTpogamMun byaet apyroe - cM. puc. 21.
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PaccmoTpuM crnegytowmii npumep. MycTb M30n19UMs N306paXKE€HHOro Ha pUCYHKE NOA3EMHOro Kabens 6bina
npobuTa Heaaneko oT M306paXKeHHOM NoAcTaHUUKU. B 3eMnie NosSiBATCS TOKW, Bbi3BaHHbIE aBapuel, KoTopble
NMoTeKyT K YCTPOMCTBY 3a3eM/ieHns MOACTaHLUUKN, co34aBasi pa3HOCTb NOTEHLMAMNOB. DTO Hanps)KeHUe MOXET
6bITb ONacHbIM A4S 3[40POBbS, U AAXE XWU3HWU, NEepcoHasna, KOTopbl HAXOAUTCS Ha AAaHHOM yyacTKe 3eMJu.

Y1066l NPMBNN3UTENBHO M3MEPUTL HaNpsXXeHNEe NPUKOCHOBEHUS ANa AAHHOM CUTYyaunun, BbINOIHUTE
cnepylouwme aencTems. Brknounte kabenn Mexay orpaxaeHnem noacraHumm n todkamm C1 n P1 4-ToyedHoro
TecTepa 3a3eM/ieHMs. YCTaHOBUTE 3/1IEKTPOA B 3eMJ/ie B TOUKe,. FAe MOXHO oXuaaTb npoboin kabens u
NOAKUYNTE 31EKTPOA K BbiBoay C2 npubopa. YCTaHOBUTE B 3eM/TI0 €Le OAMH INEKTPOA Ha JIMHUU MexAay
NepBbIM 3/1IEKTPOAOM M TOUKON MOAKIHOYEHUS K OFpaXKAeHMI0 Ha PacCTOSAHMM OAHOro MeTpa (MK BbITSHYTOM
PYKKW) OT MecTa NOAK/OUYEHNS K OrPaXKAeHUI0 U NOAKIIOUMTE 3TOT 3N1eKTpoa K Touke P2 npubopa. Bknaounte



npubop, Bbibepute ananasoH 10 MA U CHUMUTE U3MEpPeHNEe. YMHOXbTE €ro Ha MakCMMasbHO BO3MOXHbIN B
cnyyae aBapuu TOK.

YcTaHaBnMBasl 3N1eKTPos, NOAKIIUEHHbIN K BbiBoAY P2 npubopa, B pasnnyHbie MecTa BOKPYT OrpaxaeHus,
MpUMbIKaloLWME K HEMCMPABHOMN NINHUM, MOXHO MOJIYYMUTb KApTy U3MEHEHMS NoTeHuMana.

LindpoBoii naMmepurenb cOnpoTuBeHUs 3a3emsieHnsa ot 0,0010m o 20kOm 3/4 anekTpoaa
TERCA2 - xapaKTepUCTUKHU

M3MEPEHWE NMPUBOPOM C.A 6415 C MTPUMEHEHMEM TOKOBbIX KJIELLEW

DTO HOBbIM YHMKANbHbIN METOA U3MEPEHMS CONPOTUBIIEHUS 3a3eMneHns. OH No3BonseT NpoOBOANTb
NU3MeEpeEHNE 6e3 OTK/II0UYEHMS LLlenn 3a3eM/IeHus. Kpome TOro, npemmyLiectso Metoaa B TOM, YTO OH NO3BOJIAET
NU3MEPATb obuee COMpOTUBJIEHME YCTPONCTBA 3a3eM/IEHNS, BKAOYAs CONPOTUBEHME COeAMHEHNI B Lenun
3a3eMneHuns.

NMPUHUMN PABOTbDI

puc.22 puc.23
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O6bI4HO, MPOBOAHMK 3a3eMJIEHUS INIEKTPOCETM 06Lero Ha3Ha4YeHUs MOXHO NMpeacTaBUTb CXEMOW,
NMOKa3aHHOWM Ha puUC. 22 UK 3KBMBAJIEHTHOM CXEMOW, MOKa3aHHOM Ha puc. 23. Ecnu B Kakon-HNbyab BETBU C
conpoTuBneHnem RX ¢ nomolubto TpaHcdhopMaTopa co3aaTh HanpsixeHue E, yepes uLenb noteyeTt Tok I .

OnuncaHHble BeNYMHbBI CBSA3aHbl COOTHOoWweHMeM E / I = RX. [pu n3BECTHOM HEM3MEHHOM HanpsiXxeHuu E
conpoTussieHne RX MOXHO MoayyuTb, namMepus Tok I.

ObpaTtumcs cHoBa K puc. 22 u 23. TOK co34aeTcs crneunanbHbiM TPAaHCHOPMATOPOM, MOAKIIOUEHHBLIM K Yepes
YCUNUTENb MOLHOCTU K MCTOYHUKY HAMpPSHKEHUs C MOCTOSIHHOM aMnanMTyA0M 1 YactoTon 1,6 kly. 3TOT TOK
perncTpupyetcs B 06pasyolemMcs KOHType. M3mMepsieMbli CMrHan perncTpupyeTcs CUHXPOHHbBIM AETEKTOPOM,
ycunueaeTca nsbupartenbHbiM ycunuteneMm, npeobpasyeTca aHanoroso-umdpoBbiM npeobpasoBaTenemM u
oTtobpaxkaetca Ha XK-ancnnee.

N36MpaTenbHbI yCUANTENb MPUMEHSETCS A1 OUYULLIEHMS NMOJIE3HOMO CUrHaNa OT CUIFHasIoB C YacTOTOM CeTU U
OT BbICOKOYACTOTHbIX LWYMOB. Hanpsi)keHue perucTpmpyeTcs KaTyllkaMu, 0XBaTbiBaloWUMN NMPOBOAHUK B
B030Yy>XAaeMOM KOHTYpe, 3aTeM YyCUIMBAETCS M OYMLLL@eTCsl, Koraa CpaBHUMBAETCS B KOMMNapaTope C ONMOPHbIM
curHanoM. Ecnu knewm Toka HenpaBWbHO 3aKpbiThl, Ha AUCNee nosiBnsieTca coobueHne “open jaws”
(“knewm oTKpbITbLI").

NPUMEPbI U3MEPEHMNIA HA MECTHOCTHU
Hwe cneayloT NnpuMepbl U3MEpPeHNs CONPOTUBIEHNS 3a3EMNIEHNSA HA MECTHOCTU B TUMOBbLIX CUTYyaLNAX.

UW3MEPEHMUE 3A3EMJIEHNA TPAHC®OPMATOPA, CMOHTUPOBAHHOIO HA CTOJ1BE JINHUN
SNNIEKTPOMEPEAAYMU

CHMMUTE 3aLMTHYIO KPbIWKY C NPOBOAA 3a3eM/IeHUS U obecneubTe gOCTaTOYHO CBOBOAHOIO MecTa Ans
3axBaTa NpoBOAHWKA Knewamn Toka. Knewm A0/KHbI cB0o604HO OXBaTblBaTb NMPpOBOAHUK 3a3eMNeEHNA.
Knewamm MOXHO 3aXBaTUTb U HEMNOCPEACTBEHHO WTbIPb 3a3EMJIEHUS.
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MpuMeyaHue: Knewm AOMKHbI HAXOAUTbCS Ha 3NEKTPUYECKOM MyTU OT HENTPAM CUCTEMbI UM NPOBOAHMKA
3a3eM/IeHNS K WTbIPIO MU WTbIPSM (B 3aBUCUMOCTU OT UCMOSIHEHMUS)

Bbi6epuTe naMepeHune Toka “A”. 3axBaTuTe KjellaMm NpOBOAHUK 3a3eM/IEHUSI U U3MEPLTE TOK B MPOBOAHUKE.
MakcumanbHoe 3HadeHune paBHo 30 A. Ecnn 3HadveHue Toka npeBbiwaeT 30 A, U3MepeHne ConpoTUBIIEHUS
3a3eMJiIeHUst HEBO3MOXHO. pekpatute nameperme. CHumute npnbop C.A 6415 ¢ faHHOM TOYKN U
NpOAO/IKNTE U3MEpPEHMe B APYIMX TOUKaX.

Ecnu namepeHHbIl B LEeNn 3a3eM/IeHMs TOK He MpeBbIWaeT A0NyCTUMOro, Bbibepute pexum “?” npubopa n
npoynTanTe pesynbTaT U3MepeHns B oMax. IamMepeHHoe 3HaYeHMe COOTBETCTBYET HE TOSIbKO CONPOTUBNEHNIO
CUCTEMBbI 3a3eMJIEHUS], HO W BKJIHOYAET COMPOTUBIIEHME KOHTaKTa HEWTPaAnN CO WTbIPEM U BCEX COEAMHEHMUN
MexXay HeMTpasblo N LWTbIPEM.

3aMeTbTe, UYTO Ha pUCyHKe 24 3a3eMneHune obecrneymBaeTcsl TOPLOM CToN6a M 3a3eM/IEHHbIM LITbIPEM.
Heobx0aMMO NOAKMOUYNTL KNELWN Bbllle TOUKN COeAMHEHUS NPOBOAHMKOB OT Topua cTtonba 1 oT WTbIps,
yTO6bl M3MEPUTL 0bLLLEE CONPOTUBNEHNE 3a3eMIeHMss 06oux 3a3emnuTtenen. [ns nocneaywwmx obpalweHnn K
pe3ynbTaTy 3anuwunTe gaTy, TOK, CONPOTUB/IEHME 3a3eMIEHNS B OMax M HoMep cTonba.

MpumeuaHue: 6onbluOE 3HAYEHUE CONPOTUBJIEHUSA MOXKET 6biTb BbI3BaHO:

A) NIOXUM 3a3eMJIEHMEM LITLIPS;

B) OTKNOYEHHbIM NPOBOLHMKOM 3a3eM/IEHUST;

B) 60/bWMM CONPOTMBIEHMEM KOHTAaKTOB WM MECT CpallMBaHMa NPOBOAHMKA; OCMOTPUTE KNewwm,
COEeAMHEHME Ha KOHUE WTbIPS, HET NN 3arny6iEHHbIX TPELMH Ha CTbiKax.
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M3MEPEHMWE 3A3EMJIEHUSI HA PACMNPEAEJ/IUTE/IbHOW KOPOBKE W1 HA CYHETYMKE
SJIEKTPOSHEPIA

CnepyiiTe B OCHOBHOM OMWCAHHOW Bbllle MeToAuKe. 3aMeTbTe Ha puc. 25, 4To 3a3emneHne MoxeT 6biTb
WCMOJIHEHO B BUAE FPynnbl WTbIPEN Miun, Kak NnokKasaHo Ha puc. 26, B KAYeCTBe 3a3eM/IeHNs MOXeT 6bITb
MCMNONIb30BaHa BbIXOAALWASA M3 3eMM BOoAONpoBoAHas Tpyba. MOXHO MCnonb3oBaTh 0AHOBPEMEHHO 0b6a Buaa
3asemneHuns. B aTom cnyyae cneayeT BblibUpaTb TOUKY M3MEPEHUS HA HENTpanu Tak, 4Tobbl M3MepuThb obLlee
COMNpPOTUB/IEHNE 3a3eM/IEHNS CUCTEMDI.

UW3MEPEHME 3A3EMJIEHUA HA TPAHC®OPMATOPE, YCTAHOBJIEHHOM HA NJIOWAAKE

e 3ameuaHue. Hukorpa He oTKpbiBaTe orpa>kaeHue TpaHcdopmartopa. TO - UMYLLECTBO
KOMMYHaJ/1bHOM cny>6bl. [laHHOEe n3MepeHue MOXXET BbIMNMOJIHATb TOJIbKO Crieumnasmucr.
Cob6niopaiite Bce Heo6xoamMmbie Mepbl 6€30MNacHOCTU.

MpucyTcTBYeT OnacHoe HanpsiXeHue.
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Onpeaenvte n nocyMTanTe BCE WTbIpM 3a3eMneHmns (06blMHO MMeEeTCH eAUHCTBEHHbIW WTbIpb). ECin wWTbipn
3a3eMJIEHNS HaXOASTCS BHYTPW OrpakaeHus, obpatutecb K puc. 27, a ecnv 3a npefenaMmm orpaxaeHns — K
puc.28. Ecnv uMeeTcs eAMHCTBEHHBIN WTbIPb 3a3€MJIEHUS U OH HAaXOAUTCSA BHYTPW OrpaxkaeHus, To Ans
M3MepeHns cneayeT NOAKUYUTLCA K MPOBOAHUKY Cpa3y MocC/e KOHTakTa MpOBOAHMKA CO WTbipeM. YacTo, oT
3aXMMa Ha WTbIpe BO3BPaLLaeTCcs K HENTPaNU AN BHYTPb OrpaXxaeHns HECKO/IbKO NPOBOAHNKOB.

Bo MHOrMx cny4yasix, HaunyJliee naMepeHmne MOXHO NMoayyYmTb npu nomowm knewen 3710 nnmn 3730,
NOAK/OYEHHbIX HEMNOCPEeACTBEHHO K 3a3eMJ/IEHHOMY WTbIPIO. [py 3TOM n3MepsieTcs UCKIIUYUTENbHO



COMpPOTMBIIEHNE YCTPOMNCTBA 3a3eMsieHus. MoaknovanTe Kiewm TofIbKo B TOM TOUKe, rae UMeeTcs
€[VHCTBEHHbIN NyTb ANS TOKa, TEKYLLEro B HENTpanb.

O6bI4YHO, ecnn Bbl MONYYUIM OYEHb HU3KOE 3HaYeHWe COMPOTUBEHUS, TO STO O3HAYaET, YTO Bbl
NOAKMIOUNANCE K METSIE U BaM CNefyeT NepeMecTuTb TOUKY U3MepeHus bamxke K WTbIpto. Ha puc. 28 wrbipb
3a3eMJIeHnst BHe 3arpaxaeHusi. YTobbl NonyyYnTb NpaBuiibHbINA pe3ynbTaT, Bbi6epuTe TOUKY NOAKIYEHUS
KNnewlen, Kak NokasaHo Ha pUCyHKe. Ecnv BHYTpY orpaxaeHust MUMeeTCst HECKOJIbKO LWTbIPEN B pasHbIX yrnax,
HaZo onpeaennTb, Kak OHW MOAKJIOYEHbI, YTO6bI NMPaBULHO BbiI6paTh TOUYKY U3MEPEHWS.

Orpoxged e

Mopaemsas niwns

Puc. 28

NEPEOAIOLLUME CTONKN

Co6nropnaite Bce Heob6xoanMbie Mepbl 6e30nacHOCTH.
MpucyTcrByeT onacHoe Harnpsi)XeHue.

HaliguTe NpoBOAHMK 3a3eMfIeHUs1 OKOJI0 PyHAAMEHTa CTOMKM. 3aMeTbTe, YTO CYLLEeCTBYET MHOI0O
KOHMWrypaumii. ByabTe 0CTOPOXHbI NpW onpeseneHnn NPOBOAHMKOB 3a3eMsieHusl. Ha puc. 29 nokasaHa ofHa
CTOlKa Ha 6€TOHHOM (hyHAAMeHTe C BHELHMM NPOBOAHUKOM 3a3eMfieHusi. Touka MoAKoUYEHUS Kellei
[OKHA HAaX0AMTbCS BbilE MECTa 3/IEKTPUYECKOrO COEANHEHNS YaCcTel CUCTEMbI 3a3EMJIEHUNS, KOTOPas MOXET
6bITb BbINOJIHEHA B BUAE rPYNMbl WTbIPEN, NAACTUH, BUTKOB WM 3/IEMEHTOB (hyHAAMEHTa.

BeToHHbIN
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MpuMepbl 06bekTOB, rae npuMmeHeHue npubopa C.A6415 Hanbonee sddeKTUBHO:



C.A 6415 -

N3MmepuTtenu conpoTuB/IEHUA 3a3eMJIEHUSA - TOKOBbIe kneuwmu - C.A 6410, C.A 6412

noapobHoe onucaHume
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