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1. OcHOBHBIE MOJIOKEHUSA

[TpaBunamu ycrpoiictBa 3aekTpoyctanoBok (ITYD) [1] mpemycMoTpeH psa 3aliuTHO-
IPENyNPEAUTEIBHBIX MEP OT BO3MOXHBIX MOPAKEHUHN 3JIEKTPUUYECKUM TOKOM.

Cpenn HHMX Ba)KHOE€ MECTO NPHUHAJICKUT YCTPOWCTBY 3AIIMTHOIO 3aHYJIEHHUS B CETAX C
IIyX03a3€MJICHHON HENUTPAJIBIO.

Ha puc.l mnoka3zana osiexkTpuueckas Ce€Th, MPOJOXKEHHas OT TpaHchopMaropa K
NOTPEOUTENSAM DIIEKTPO’HEPTruu. B paccmatpuBaeMoM ciiydae HUMEIOTCS TpH  (a3HBIX
npoBona. L1, L2, L3 u onun HeuTpansHbli ipoBoa N. da3Hbie MpoBoaa UAYT OT OOMOTOK
TpanchopmaTropa, HEUTPaJIbHBIH — OT HYJIEBOM TOYKH TpaHcpopmartopa. DIeKTpuuecKas
CeTH, B 3aBUCHUMOCTH OT COCTOSHUS HEWTpanu HCTOYHUKAa mnuTaHus (TpaHchopmaropa,
TeHepaTopa) OTHOCUTEIHHO 3€MJTU, MOTYT OBITh:

- ¢ niryxo3aszemiieHHor HerTpanbio (T);
- ¢ 30JIMpoBaHHOU HerTpaisio (1).

I'nyxo3azemnénnoil nelimpanslo Ha3bIBACTCS HEUTpAb TpaHCPopMaTOpa WK TeHepaTopa,
npUcoeAMHEHHAs HEMOCPEACTBEHHO K 3a3€MJISIOLLEMY YCTPOMCTBY.

H301upoeannoii nelimpanvlo Ha3bIBACTCS HEUTpallb TpaHChOpMaTOpa WIHM TeHepaTopa, He
npucoeAMHEHHAs K 3a3eMJISIOLEMY YCTPOMCTBY WJIM THPUCOEIMHEHHAs K HEMY uepe3
anmnaparbl, UMeIole 00JIbIIOe COMPOTHBIICHHUE.

3a3zeMJIIIOIIMM YCTPOHCTBOM Ha3bIBAa€TCSI COBOKYIHOCTb 3a3€MJIMTEINS U 3a3€MIISIOIINX
MIPOBOJIHUKOB. 3a3eMJIMTeJIeM HAa3bIBAaCTCS METAUIMYECKUM MPOBOJHMK WM Tpynna
IIPOBOJAHMKOB (Yalle CTajlbHble TPYObl WM YTOJIKM), HAaXOJSAIIMECS B HEMOCPEICTBEHHOM
CONPUKOCHOBEHUH C  3emiield.  3a3eMJSIIOIIMMH  NPOBOJAHMKAMM  Ha3bIBalOTCSA
METAJJIMYECKUE TPOBOJHUKH, COEAUHSIONIME 3a3eMJISIEMblE YacTH JJIEKTPOYCTAHOBKHU C
3azemiuTeneM. B TOM ciydae, KOrja METAJUIMYECKHE YacTU BJIEKTPONPUEMHHUKOB,
HOPMalIbHO  HE  HaXOJIfIIMecs  TOJ  HampsbkeHHeM, ¢ [elblo  oOecreueHwHs
3IEKTPOOE30MACHOCTH, UMEIOT AJIEKTPUYECKOE COCTUHEHHE C MIyX03eMJIEHHOW HEUTpalbio
UCTOYHUKA [UTaHUS, TO TAaKOE€ COEAMHEHHE Ha3bIBACTCS 3AU{UMHBLIM 3AHYIEHUEM
anexkmpoycmanosox (PE - puc.1). B stoM ciyuae npu HEHCIPABHOCTH H3OJALMH M
3aMbIKAHUH Ha KOPIYC MPOMCXOIUT KOPOTKOE 3aMbIKaHHE MEXAY MOBPEKIEHHON (a3oil u
HEUTpaJIbHBIM NPOBOJOM. B menum pe3ko yBenMUMBaeTCs TOK, W MOBPEKIAEHHBIA y4acTOK
ABTOMATUYECKU OTKJIIOYAETCSI OT CETHU B pe3yibTaTe TOr0, YTO CrOpPAIOT IUIABKUE BCTaBKU
npeoXpaHuTeel, cpabaThlBalOT TOKOBBIE pelieé HJIM OTKIIOYAIOTCS aBTOMAaTHYECKUE
BBIKJTFOYATEH.

[IpoBox ceTw, COeAMHEHHBIM C TIYX03a3eMIIEHHOW HEUTpasiblo TpaHchopmaropa WU
reHEepaTopa, Ha3bIBACTCS HY/N€e6blM NPOE00OM. JJaHHBIM IPOBOAHMK MOAPA3IEISIETCS HA 1B
BUJA!

- HyJIEBOM 3alllUTHBIN;

- HyJIEBOM pabouuil.

Hynegvim 3augumnvim nposoonukom (PE) B anexkTpoycTaHOBKaxX Ha3bIBAETCS MPOBOJIHUK,
COCUHSIOIINNA 3aHYJISIEMbIE YaCTH DJIEKTPOYCTAHOBOK C TJIyX03a3€MJIEHHOW HEUTPAIIBbIO
tparchopmaropa (puc.la), vHaAYE ITO MPOBOTHHUK CETH COSIAUHEHHBIN C TITyX03a3eMJICHHOI
HENUTPAIBIO.

Hynesvim padoouum npogoonuxom (N) B dIIEKTpPOYCTaHOBKaxX Ha3bIBaCTCS IMPOBOJHHK,
WCITOJIB3YEMBIN JIJIS1 TUTAHUSL DJIEKTPOIIPUEMHUKOB, KOTOPBIM COETMHEH € IIYX03a3€MIIEHHON
HeHTpanbio TpaHchopmaropa.

B snexTpuueckux cersax HyJaeBOM pabouyuil M HyJIEeBOW 3alllUTHBIM MPOBOJHUKUA MOTYT
OBITH:

- paboTaet pa3JesibHO Ha BCEM MPOTsKEeHUU cetu(puc.la);

- 00beIMHEHBI HAa YaCTH MPOTSKEHUS dIIEKTpUIecKoi cetu (puc.10)

- 00beIMHEHBI Ha BCEM MPOTSXKEHUH JIEKTPUUECKOil ceTu (puc.1B).
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L1, Ly, L3, — da3HbIe mpoBoa;

PE — HyneBO# 3alIUTHBIN IPOBOJ;
PEN — nyneBoii pabounii 1 HyJI€BOM 3alIUTHBIN IPOBOJIa OObEANHEHBI;

- — TIIyX03a3€MJICHHAs] HEUTpaJlb;

— HyJIeBOH pabounii M HyJIEBOW 3alIUTHBIN MPOBOJIHUKN 00BETMHEHBI HA BCEM

IPOTSKEHUH CUCTEMBI;
- — HyJIeBOM pabouMii ¥ HYJEBOW 3alIUTHBIN MPOBOAHUKH pabOTaOT pa3ieiabHO

Ha BCEM NPOTAKCHHUU CUCTCMBI;
- — HYJEBOW pabouuii W HYJICBOW 3alMTHBIA TPOBOJHUKH OOBEIWHEHBI Ha

YaCTHU NPOTSKEHUN CUCTEMBI.
Puc. 1. Xapakrepuctuka Tpex(a3HbIX 3EKTPUUECKUX ceTei
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3azemuieHHe 0allICHHOT0 KPaHA € IIyX03a3eMJICHHOI HEHTPAIbIO
1 — nuTaromui Y4eTHIPEXKUIIBHBIN Kabenb; 2 — MYyHKT MOJKIIOYEHHS; 3 — COCIUHUTEIbHBIN
3a3eMIIIOIIUN TPOBOJHUK; 4 — TMOKUN IUIAHTOBBIM YETHIPEXKUIBHBIN KaOenb;, 5 — BBOIHBIN
AIIAK Ha KpaHe; 6 — MEepPEMBIUKH MEXY CThHIKAMH PEJIbCOB; 7 — MEPEMBIYKH MEXIY HUTKAMHU
PENbCOB; 8 — €CTECTBEHHBIN 3a3eMJIUTENb (BOJOMPOBOJA); 9 — MOBTOPHBIN 3a3zeMiuTenb; 10 —
3azeMJisttomnidc Oont; 11 — 3a3emurstromasl JKuja YeTHIPEXKUIBHOTO TUTaroIero kadems; 12 —
3a3eMJISIONIAs JKHUJIa IIJIAHTOBOrO Kales

Puc. 2



2. TpeGoBaHus K 3alIIUTHOMY 3a3eMJIEHUIO OallleHHBIX KPAHOB

[Ipu cTpoUTENHHO-MOHTAXHBIX pabOTax OOBIYHO HCHOJB3YIOTCS DJIEKTPUUYECKHE CETH C
IIIYyX03a3€MIIEHHOM HEUTpainbpro. B Takux ceTsix METaUIMYeCKHE 4YacTH, HOPMAJIBHO
HaXOJSAIIMeCs TMOJ HampsDKeHHUEM, A NpO(UIAKTUKHU SJIEKTPOTpaBMaTHU3Ma, IOAJIeKar
3a3eMJICHHIO.  3a3eMJICHHEM  KaKOH-TMOO  YacTW  DJIEKTPOYCTAaHOBKM  HA3bIBAETCS
npeHaMEPEeHHOE IIEKTPUUECKOe COeTUHEHHE €€ ¢ 3a3eMIIAIOIUM ycTpoiicTBOM. CoriacHo
I'OCT 12.1.013 3T0 BBIMONHSETCS NYTEM COCIUHEHHS PEIbCOBBIX MYTEH C 3a3€MIIMTEIIEM.
Tem cambiM 3a3emiisieTcst Kopryc OameHHoro kpana. [lpu 3ToM uMeercs /1Ba 3a3eMIIUTENS —
IIEPBUYHBIM U BTOPUYHBIM. B 4eTBIpEXIPOBOAHON CETH € INIYXHM 3a3€MJICHUEM HEUTpaJIH,
3azemiieHue 8, 9 KpaHOBOTO MYTH SBJSETCS MOBTOPHBIM, TO €CThb BTOPUYHBIM 3a3€MIICHUEM
HelTpaiabHOro mnpoBoaa (puc.2). IlepBuuHoe 3a3eMJIEHHE BBINOIHIETCA Yy CHIJIOBOTO
Tpancopmaropa.

3a3eMIUTEeNM MOTYT OBITh HCKYCCTBEHHBIMH M €CTECTBEHHBIMH. VICKyCCTBEHHOE
3a3eMJIEHHE 3a3eMJISIONIET0 YCTPOMCTBa OOBIYHO BBIMOJIHAETCS W3 CTaJbHBIX TPYO WU
yroyikoB 2 (puc. 3), KOTOpble 3a0UBAIOTCS BEPTUKAIBHO B TPYHT U COCHUHSIOTCS MEKIY
co00i1 MOJI0COBON CTaIbIO C MOMOILBIO CBApKU. TpyObl WM YIOJKHU JOJKHBI ObITh JJIMHOU
2,5-5 M (puc. 3). TpyObI umerot nuametp 35 MM U OoJiee, CO CTEHKaMH TOJIIUHON HE MEHee
4 mMm. YTOJIKM UMEIOT pa3mep He MeHee 63x63x4 MM. 3a3eMIIMTENd COCIUHSIIOTCS MEXIY
co0o0il U ¢ pernbcaMu KpaHOBOTO IYTH IOJIOCOBOW CTajbl0 TOJIIMHOW HEe MeHee 4 MM U
ceuyeHrueM He MeHee 48 MM? WK CTaJIbHOM MPOBOJIOKOW JUAaMETPOM HE MEHee 6 MM MEXAy
CThIKaMH penbc (puc. 3). Mexay HUTKaMu pelbC B Hayalle U KOHIIE KPaHOBOTO MYTH
YCTaHABJIMBAIOTCA NEPEMBIUKH, KOTOPBIE BBITOJIHAIOTCS U3 CTAJIbHOM MOJIOCHI WA CTAJIbHOU
npoBosIoKH. OHU KPEMSTCs K pelibcaM CBapkoi (puc.4).

3anpemiaercs NPUMEHSATh B KAyeCTBE 3a3€MJISIOLIUX IPOBOJHUKOB  KaKHe-JIHOO
MaTepuaibl, KpoMe craau. Eciu ecTh onacHOCTh KOPPO3UH, IPUMEHSIOT 00MeTHEHHBIC WIIN
OLIMHKOBAHHbIE CTAJbHBIE 3a3€MJIMTENIM, 3a3€MJIAIOIIME IPOBOAHUKH M IEPEMBIUKH.
[TpukpernneHue 3a3eMISIONINX TPOBOJHUKOB U MEPEMBIYEK K pelibcaM MOKa3aHo Ha puc. 4., a
pacrosioKeHue 3a3eMJIeHIe — Ha puc. 5.

B kauecTBe €CTECTBEHHBIX 3a3€MJIMTENIEH HCIOJIB3YIOT IPOJIOKEHHBIE IOA 3E€MIEHN
BOJONPOBOABI, 0OcagHble  TpyObl, METAJUIMUYECKHE KOHCTPYKIMM UM  apMarypy
JKEJIe300€TOHHBIX KOHCTPYKIIMI 31aHUN U COOPYKEHHM, UMEIOIINE COCTUHEHUE C 3eMIEH.
3anpemiaercss HCMOIb30BaTh B KAayeCTBE €CTECTBEHHBIX 3a3eMIIMTENEH TpyOONpOBOAbI
TOPIOYMX WJIM B3PBIBYATHIX KUAKOCTEH M Tra30B, TPYOONPOBOIbI, MOKPHITHIE W3OS s
3aIIUTHl OT KOPPO3UH, ATFOMUHUEBBIC U CBUHIIOBBIE 000JIOYKH KaOeIei.
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100—200

2500—5000

1 - 3a3emmHTEND; 2 - 3a3eMIISTFOIIIUI TPOBOTHUK

Puc. 3 Cxema COCAUHCHUA BECPTUKAJIbHBIX 3a3eMIIUTEIeH
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@ - y KOHIIOB MYTH, 6 - BIOJb IIyTH

1 - 3a3emJIsIIOIIMI TPOBOAHMK; 2 - TyTh; 3 - KpaH; 4 - IepeMbIUKa; 5 - pacrnpeaenuTebHbINA
IYHKT; 6 - YeTBIPEX>KUIbHBIN Kalenb; 7 - 3a3eMiIeHue

Puc. 5 Pacnosioxenne 3azeMiicHASA

3. JlomycTuMoe CONPOTUBJIEHUE 3AIMTHBHIX 323eMJISIIOIIUX YCTPOHCTB

ConpoTHBICHUE 3a3eMIISIONIMX YCTPOicTB cornacHo [1YD [1], kK KOTOPBIM MMOICOCTHHEHBI
AIIEKTPOYCTAHOBKM C HMCTOYHMKaMHM NuTaHus HanpsbkeHueM 380 B ¢ ruryxozazemnéHHoit
HeHTpabio, TOJHKHO OBITH He Gosiee 4 OMm. Ilpu ynenbHOM CONPOTUBIIEHUH p IpyHTa Oojiee
100 OM'M nomyckaercs yBEeJIMYUBATh yKa3aHHYIO BenuuuHy HopMmbl B 0,01 p pas, HO He
OoJee 1eCATUKPATHOIO 3HAUYEHUS.

JI1si TOBTOPHBIX 3a3€MJICHUM HEUTPAIBHOIO MPOBOJA, a TAK K€ IPU IUTAHUM KpaHa OT
TpaHchopMaTopa MOITHOCTbIO, paBHOW wunM MeHbiie yeM 100 kBA, comportuBieHue
3a3eMJISTIOIIETO YCTPOUCTBA JIOJDKHO OBITH He 6oiee 10 Om.



4. Tlopsinok u3MepeHHs CONPOTHBJIEHUS 3a3eMJISIIOIIUX YCTPOICTB
npudopom 2120ER

4.1. Texnuyeckasi XapaKTepHCTHKa npudopa

W3meputens compotuBieHus 3asemwieHus 2120ER  npeanasnauen s m3mepeHus
COIIPOTHBIJIEHUS  3a3eMJIEHMs  OOBEKTOB, HUMEIIUX  3eKTpoodopynosanue. [Ipubop
JIOTIOJTHUTEIBHO MO3BOJIAET U3MEPUTh BEJIUYMHY IEPEMEHHOIO HANPSDKEHUS B DJIEKTPUYECKON
CETH.

TexHnueckas XxapakTepUCTUKA:
1.M3mepeHne conpoTUBICHUS

[Ipenenst uzmepenus, Om Pazpemienue, Om [TorpemHoCTh U3MEpPEHUS
20 0,01 +(0,02*R+2*K), roe R — u3m.
200 0,1 3Hauyenue, K — 3u.ex.

MITAJIIIETO pa3psiaa Ha JaHHOM
npeJiese U3MepeHus

2000 1

2.VI3Mepenune nepeMeHHOro HanmpspKeHUS

IIpenenst uzmepenus, B Paspemenne, B [TorpemHocTs U3MEpEHUS

200 (40...500 I'm) 1 +(0,01*U+1B), rne U- u3m. 3HaueHNE

3.001mume naHHbIe

Tun uauKaropa 2120ER — nudposoii XKKU 3 1/2
W CTOYHUK MUTaHUS 8x1,5 B tum AA
I"abaputHbie pazmepsl (ILIxBxI), MM 210x210x100

Macca

- u3Mepurens (c 6arapeeit), Kr 1,5

- KOMIUIEKTa IPOBOJIOB U IITHIPEM, KT 1,1

YcnoBus SKCIUTyaTauu 0°C...40°C; otH. Bi1axxHocTb<80%
YcnoBust XpaHeHUs Munyc 20°C...60°C.

4.2.Mepbl 6€30MacCHOCTH NMPH IKCIJIyaTalluu Mpudopa

JU1g NCKITIOYEHUS] BO3MOYKHOCTH MOPAXKEHUSI dJIEKTPUUECKUM TOKOM:
- K skcrutyaranuu npubopa JomyckaeTrcs TOJBKO NEpCOHal, MMEIOUIMHA JIOMycK paloThl C
anekTpoyctaHoBkamu 10 1000 B;
- He pasperaercst BckpbIBaTh NpudOp, 32 UCKIIOYEHUEM KPBILIKK OTCEKa IpU 3aMeHe OaTtapew,
IIPU 3TOM IPEIBAPUTENILHO CIIEAYET OTKIIOUYUTh U3MEPUTEIbHBIE IPOBOA OT MPUOOpa;
- HM3mepurenpHble MNpoBOJA TMOJKIIOYAKOTCS K M3MEPSIEMOM LENu TOJBKO IIOCIE UX
MOJICOEIMHEHNUS K COOTBETCTBYIOIIMX BXOJaM NMpHOOpa;
- Bcerma mepen MCHob30BaHMEM OCMAaTPUBAIOTCS HM3MEPUTENBHBIE IIPOBOAA, HE CIELYET
M0JIb30BATHCS IPOBOAAMHU C OTOJIEHHOW M30JISIIMEN U AeeKTaMH IIyNOB (3aKHUMOB);
- [Tpubop 3anpemaercs NPUMEHATh B YCIOBUAX MOBBIIIEHHOM BIXKHOCTH M JIOMKIS.

4.3. U3mepenne conpoTuBjeHus 3a3emieHus (1-as yacTh padoThi)

JlomkHa coOroAaThCs Celyroas Mocie0BaTeIbHOCTh BBITOJHEHHUS U3MEPEHUI:
|. IlpoBepka Hy/1eBOI0 3HAYEHUSI.




1. TIlepen HayaaOM HU3MEpPEHHs CieayeT BHIKIOUNTh KHONMKY HOLD 2 (puc. 6, 7) oHa momkHa
ObITh OTKara. JlaHHas KHONMKa MCIONB3YEeTCS B CiIydae HECTaOMIBbHOCTH WHIMKAIUU
pe3ynbTaTOB U3MEPEHUS
2. ToaxiIrouuTh M3MEPHUTEIbHBIE MPOBOJAA K MPUOOPY COOTBETCTBEHHO (BXOJHBIC THE3da S,
puc.6, 7):

3enénblii kK BXoqHOMY rHe3ny E.

/Kénrwlii kK BXOAHOMY rHe31y P.

KpacHbliii k BxogHomy rae3ay C.
3. [lepexirouarens peKUMOB / YCTAaHOBUTh HA MUHUMAJIBHBIN THamna3oH uaMepeHui 202,
4. Haxarp kHomky 3 «TEST» ecnu Bo Bpems u3MepeHHs Ha auciiee 4 MOSBUTCS CHMBOJ

pazpsina Gatapeu 7, 1o CJIEyeT MPEKPaTUTh U3MEPCHUE U 3aMCHUTh UCTOYHUK nuUTaHus. He
pa3pemiaeTcsi BCKPhIBaTh MPUOOP, 32 UCKIFOYCHUEM KPBIIIKA OTCEKa MPH 3aMEHE OaTapeu, mpu
9TOM MPEABAPUTEIHHO CIEAYET OTKIIOYUTh U3MEPUTEIIbHBIC IPOBOJIA OT IprOopa

5. 3aMKHYTbh MEXy COOOU HIYIBI — 3QKHMBI BCEX U3MEPUTEIBHBIX TPOBOJIOB HAKOPOTKO

6. YCcTaHOBUTD HYJICBOE 3HAUCHHUE Ha TUCILIee Tprbopa BpamenuemM perynsropa 6 OQAD.J.

I1. IIpoBepka 3HaYeHHsI HANIPSIKEHHSI HA YCTPOIicTBe 3a3eMJleHus (puc. 6, 7).
1. IlepexnrouaTens pexxuMoB 7 yctaHOBUTH B nostoskeHne EARTH VOLTAGE.
2. Haxars kpacHyto kHonky 3 s tectupoBanusi (TEST).
3. 3HaueHue HANpPSsDKEHUS MPU €ro HalIu4uuu OyneTr oroOpaxeHo Ha jauciuiee 4 npubopa. Eciu
ero 3Hauenue Oombiue 10 B, To 3T0 MOXeT MpUBECTH K OLIMOKE MTPU U3MEPEHUN CONTPOTHBIICHUS
3a3emiieHud. Toraa HEBO3MOXKHO JOOUTHCS TOIYCTUMOM TOUHOCTU HU3MEPEHUI.

I11. U3mepenne conpoTusiieHus 3a3emjaenus (puc. 6, 7).

B npon3BoACTBEHHBIX YCIOBUSX MPEIBAPUTEIHHO HEOOXOIMMO:

- 3a0uth B 3emumio (puc. 7) 30HA 9 Ha paccrosHuMe He MeHee 5-10 M OT M3MepseMOro
3azemiutelst 8 (R) 30HI M3rOTOBICHHBIA M3 METAIUIMYECKOTO CTEPIKHS WM TPYObI HA TIIyOUHY
500 mMm.

- 3a0UTh B 3eMJII0 Ha paccTrosHue He MeHee 5-10 M oT 30Hma 9 3a0uUTh B 3eMIIIO
BCIIOMOTaTeNnbHBIN 3a3emuntenb 10 ananormaHo 3001y 9.

1. TloaxkitouuTh W3MEpPUTENbHBIE MPOBOAA, K HW3MEPUTENbHOM IeNnH TOJAbKO TOCIEe HX
NPUCOETUHEHUS K COOTBETCTBYIOIIMM THE3MaM 5 ipubopa (puc.6, 7):

- 3enénblit k BxogHOMY rHe3ay npubopa E (puc.6, 7) u k TectupyeMoMy 3a3eMJInTeNI0 8
(puc. 7);

- XKénarplii x BxomgHOMY rHe3ny P (puc.6, 7) W K BCIIOMOTraTelibHOMY JOMOIHUTEIBHOMY
aexktponay 9 (30ux) - puc 6, 7,

- Kpacusiii k BxogHOMy rae3ay C (puc.6, 7) u k qononHutensHomy djaektpony 10 (puc. 7).

2. [lepexntoyarenb pexXMMOB YCTAHOBUTH B TpeOyeMoe MOJI0KEHUE (Juana3oH U3MEepeHui):
209(0,01...20 Om), 20092(0,1...200 Om), 2k(1...2000 kKOm) — puc.6, 7.

3. Haxats xHOnIKy 3 «TEST». Il yno6cTBa B pabote Bocmonb3yitech KHOMKOW 3 «LOCK.
HasxaTh ¥ MOBEpHYTH 1O CTpenKe: (PUKCaIHsl TECTOBOM KHOMKH B HA)KaTOM MOJIOKEHHH.

4. He no3nnee 30 ¢ nmocne €€ BKJIIOUEHUSI TPOU3BECTH CUUTHIBAHUE [MOKA3aHUN CONPOTHUBIICHUS
Ha guciiee 4 mnpubopa. B cimyuae, ecnM  M3MEpPEHHOE CONPOTHUBICHHE IPEBBIIIAET
YCTAHOBJIICHHBIN NTMAa30H M3MEpEHHs, TO Ha IUCIulee TMOsBUTCS mHAuKanus 1. HeoOxommmo
nepeiiTu Ha Oonbluii mpenen usMepeHus. Ilepen wu3MeHeHHeM mpejejia H3MepeHUsl
HeO00X0IMMO OTKJIIYHTh NPUOOp, oTxkaB KHomKy 3 «TEST». IlomydeHHbId pe3yibTar
3amucarh B TaOM. 1.
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A
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o O 6

HOLD 2k

2000 \
prESs 0 TEST - A09S
O) OFF — 7
K FARTH =
VOl TAGE

1 — uHAUKAaTOp HOMUHAJIHLHOTO 3HAUEHUSI TECTOBOTO TOKA;
2 — xkaonka «HOLDy;

3 — kHormka 3amycka tecra (TEST);

4 — nucruiei;

5 — Bxoausie rue3aa (C, P, E);

6 — perymsitop «OQADJy;

7 — mepeKIroYaTeNb PeKUMOB PabOTHI

Puc.6 U3smeputens conporusnenus 2120ER
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1- HHIUKATOP HOMUHAJIBHOT'O 3HAYCHUS TECTOBOI'O TOKA;

2 — knonka «HOLDy;

3 — kHomKa 3amycka tecta (TEST);

4 — gucineii;

5 — Bxoansie rHe3na (C, P, E);
6 — perymstop «OQADJIy;

7 — mepexIoYaTenb peXXUuMOB pabOTHI;

4 ‘ 5
c=
P
]—t+— 7
22—+ 6
, HOLD 9 2k .
3 X 2000 S
£ = . £
§ 's PRESS TO TEST 209~ L,%
< S| Q) r-E 7 N
e FARTH =
VOLTAGE
| | e
0 \
2! 7,
8
? 5-10m ? 5-10m

8 — 3azemMuIsIONIEEe YCTPOHCTRO;
9 — 30H/1 (AONIOJHHUTENBHBIN IEKTPO/);
10 — BcrmoMoraTeNbHbIH 3a3eMJIUTENb

Puc.7 Cxema noakmntoueHust uamepurens conporusienus 2120ER
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5. OdopmiieHue pe3yabTaTOB U3MepPeHU I

1. N3yunTh 10 ONMCaHUIO KOHCTPYKIIMIO 3a3€MIISIONIETO YCTpOiicTBa OaIlleHHOrO KpaHa.
Kparko n3noxuth B ordere. Caenats pucyHOK 3TOTO 3a3EMIICHHS.

2. [Monkmrounte M3Meputens comnpotuieHus 3azemienus 2120ER. Cnenats pucyHox
CXEMBI MTOJIKIIOUCHHUS ¥ TAaHEIH puoopa.

3. [TpucTynuTh K U3MEPEHUIO U U3JIOKUTHh B OTYETE MOPAJOK M3MepeHus. [lomyueHHbie
JaHHBIC 3anucarh B Tadamiy 1.

4. [TonyyeHHOe 3HAa4YE€HWE COMPOTUBIICHUS 3a3€MJICHUS YMHOXHUTH Ha KOI(P(UIMEHT

CE30HHOCTH, KOTOPBIA YYUTBHIBACT WM3MEHEHHE DJIEKTPUYECKOIO COIPOTHUBIICHHUS
IPyHTa B BEPXHEM CJIOE€ IIO CE30HaM, 4TO CBSI3aHO B OCHOBHOM C HM3MEHEHUEM
BJIQKHOCTH I'pyHTa. 3Ha4eHUs KO3((UIMEHTOB CE30HHOCTHU MIPUBEJEHBI B Tabaule 2.
Kmumatnueckue 30nb1 onpenenstores no CHull. B mannom ciydae koadduimeHt
CE30HHOCTH HAXOIUTCA AJs | 30HBI.

S. BenuunHy pacyeTHOro CONPOTHUBIIEHUS 3a3€MIIEHHS CPaBHUTb C HOPMUPYEMBIM
3HaueHueM, cnenarb BeIBOJ. CornmacHo IIpaBun ycTpoHCTBa 3JIEKTPOYCTaHOBOK
(ITYD). HopmaruBHblE BEIMYMHBI COINPOTUBICHUS 3a3€MJIMTENS TNPUBEJCHBI B

naparpade 3.
TABJIUIIA 1
N3mepenHoe Bennuuna Pacuetnoe Hopmupyemoe
COIMPOTHBIICHUE KoaddumenTa COTPOTHBIICHUE COMPOTUBIICHUE
3azemiieHus, Om CE30HHOCTH (Tab1.2) 3azemiieHus, Om 3azemiieHus, Om

6. OmnpenesieHue yAeJbHOTO CONPOTHBJIEHHSI TPYHTA (2-asi YacTh padoThbi)

6.1. OcHOBHbIE TeOpeTHYECKHE MOJI0KEHH

ONeKTpUYecKui  TOK, MPOXOISAIMI uYepe3 3a3eMJIUTeNIb B TPYHT, [PEOI0JIEBAET
COIIPOTHBIICHUE, HA3bIBAEMOE CONPOTHBICHUEM 3a3eMJIMTENSl PACTEKaHWI0 TOKa. OTO
COIIPOTHBIIEHUE COCTOUT M3 TPEX YacTeil: COMPOTUBIEHUE CaMOI0 3a3eMJIUTENIS, NEPEXOTHOTO
COIPOTHUBIICHUA MEXIY 3a3€MIIUTEIIEM U TPYHTOM U COIIPOTUBIICHUS IPYHTA.

ConpoTuBieHrEe 3a3eMIIUTENsl PACTEKaHWI0 TOKa MpPSIMO MPOMOPLHOHATIbHA YIEIbHOMY
COIIPOTHUBIICHUH TPYHTA P, T.€. COMPOTUBIICHUIO TPyHTa ¢ pedpom mamuHoi 1 M. OTcroga p nmeer
pazMepHOCTh OM M.

BenmumHa pusv oripenienisieTcs B 1Ba dTarna: B HadaJle U3MepsIeTCsl COMPOTUBIICHNE PACTEKaHUIO
3a3eMJISIOIIMX YCTPOWCTB OJUHOYHOTO 3a3eMiINTeNsl Rusw, YTO BBIMOJHSAETCS B MEPBOM 4YacTH
paboTel. B aTOM ciiyuae 3azemiuTenb 3a0MBaeTCs B 3€MIIIO Ha y4acTKe /i€ Oy/AeT coopyKaThes
3a3emJieHHe. 3aTeM, oJcTaBuB Rusv B popMyny 1, paccuuThIBaeTCs BEIMUMHA Pusm.

P21 1 A+ IJ
R - 0,36622 1922 + 2192 | o 1
| (ga 2941 ) M @)

rae: |,d — nmuaa u quamerp TpyOBI 3a3eMITUTEINS, M;
t — paccTosiHUE OT MOBEPXHOCTH 3eMJIH JI0 cepearHbl 3a3emuutens (1= 1/21+to), m;
to — 3armyOsienue 3azemnutens, npuaumMaercs 0,6-0,8 m.
[Tpu mpoeKkTHpOBaHUM 3a3EMIISIFOIIMX YCTPOMCTB HEOOXOJUMO B KaueCTBE PACUETHOTO  Pusm
OpaTh 3HaUCHHE YJEIBHOTO COMPOTUBIICHUS I'PyHTA ¢ YU€TOM K0d(puireHTa ce30HHOCTH (Tad.
2).




TABJIVLIA 2

KnumaTtnueckas Bi1a)KHOCTB 3eMJIM BO BpEMsI U3BMEPEHUN €€ CONTPOTHUBIICHUS
30Ha [ToBbilIeHHAs Hopmanbhas Manas

I 7,0 4,0 2,7

I 5,0 2,7 19

Il 4,0 2,0 1,5

\Y/ 2,5 1,4 1,1

KoadduuneHT ce30HHOCTH ¢ 3aBUCHT OT BPEMEHHU Tofla, KOTOPOE OIpeaeisieT aTMochepHbie
yCIIOBUS, COZAEpKaHHE BIaru B TPYHTE, €r0 TEMIEparypy, COJIep)KaHHue cojeil B HEM u Ap.
[Tockonbky, B caMoe OJarompusTHOE BpeMsl ToAa TNPOU3BOAUTH H3MEpPEHHs HE Bcernaa
BO3MOXXHO, IO3TOMY ppacu OIpeAesieTcss ¢ yuéroM Kod(puIueHTa CE30HHOCTH, KOTOPBIN
YUYHUTHIBAET BO3MOKHBIC U3MEHEHUS P 3a CUET U3MEHEHUS TOTOIHBIX YCIOBUH, T.€.

Ppaca = Q° Pusm (2)
Benuunna ¢ onpenensiercs mo tadi. 2 B 3aBUCUMOCTH OT KIIMMaTHYECKOM 30HBL. B 1aHHOM
cily4ae, pe3yJbTaThl ONPEACIISIOTCS TPUMEHUTEIBHO K 1 30HE.
6.2. [lopsaok onpeaeeHUsi CONPOTHUBIEHHUS TPYHTA
1. ITo dopmyne (1) paccuurarh U3MEPEHHOE YACIHHOE COTPOTUBIICHUH TPYHTA Pusm
MPUMEHUTEIBHO K 3a3€MIIUTENSIM Pa3IMYHbIX pa3MepOB, MPUBEIEHHBIX B Tab. 3 mpH
3arny6Osienuu to=0,8 M. Bennunna Rusv onpezensiercs B IepBoi 4acTu paboThI.
2. Ilo Tabu. 2 onpeaenutb KO3PPUIIUESHT CE30HHOCTH.
3. Onpenenuth cpeHeapuPMETHICCKOE 3HAUCHHUE YISTTHHOTO COTIPOTHBIICHUS TPYHTA.
4. [ony4eHHbIe TaHHBIE 3aHECTH B Ta01.3.
TABJINIIA 3
n ..
Huamerp 3MEpEeHHas PacudTHOE
TpYyOBI Juuna | W3mepennoe yaAelbHas
Koaddumment yAeTbHOE
3a3€MJIMTEIIA, pr6LI COIIPOTUBJICHUC COIIPOTUBJICHUC
Naaserimrens CE30HHOCTH, ( | COIPOTUBIICHUE
MM 3a3eMIIMTEI, 3a3EMIIMTEIIS PYHTA (Pys), (1a61.2) DVHTA
(TOCT M (Ryn), OM OMxM : PYHTA Ppaca,
OM>xm
10704) (dopmyia 1)
1 21,3 15
2 33,5 2,0
3 48,0 3,0
4 60,0 4,0
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Jlutreparypa

IIpaBuia ycTpoicTBa 3JIEKTPOYCTAHOBOK (I1Y9). YTBepKIeHBI
I'nmaBrocanepronaazopomM Poccuu B 1985 1. ¢ U3MEHEHUAMU U TONIOJIHEHUSIMHU B IIEPUOJI C
31 aBrycra 1985 r. mo 30 nekabps 1997 r. (6-¢ uzn.).

MNOT PM-016-2001/PJ 153-34.0-03.150-00. MexoTtpaciieBbie MpaBWiIa IO OXpaHE
Tpyda (mpaBuia 0€30IaCHOCTH) MPU IKCIUTyaTalldd DJIEKTPOYCTAHOBOK. Y TBEPXKICHBI
npukazoM MunucrepctBa sHepretuku Poccum 27 pexabps 2000 r. Ne 163 wm
nocranoBieHneM Muntpyna Poccun ot 5 ssuBapst 2001 r. Ne 3.

IIb 10-382-00. IIpaBmia ycTpoicTBa M 0€30MACHON SKCILTyaTal[MH TPY30HO0IBEMHBIX
KpaHoB. YTBepxkaeHbl ['ocroprexnamzopom Poccum 31 gexabps 1999 r. Ne 98. He
HY>KJAI0TCS B TOCYJapCTBEHHON peructpanuu (nmuckMo Muntocta Poccun ot 17.08.2000
Ne 6884-0P).

IF'OCT P MDK 536-94. Knaccudukanus 3IEKTPOTCXHUICCKOTO ¥ 3JIECKTPOHHOTO
000pyI0BaHUs MO CIIOCO0Y 3aIUTHI OT MOPAKEHUS DEKTPUIECKIM TOKOM.

3aBojcKasi MHHCTPYKIUSI K M3MEPUTEI0 cONpoTuBJIeHus 3a3emiienus 2120 ER.
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KonTposbHbie BOpochl

YeM O0TIMYAIOTCS DJIEKTPUYECKUE CETU C TIIYXO03a3€MJIEHHOM W HW30JIMPOBAHHOMN
HEeUTpaibro?

B xakoMm cinydae B 3JEKTPUUYECKUX CETSAX HYJIEBOM MPOBOTHUK SIBISETCS 3alIUTHBIM U B
KaKux — pabouum?

UTto Takoe 3alllUTHOE 3aHYJIEHUE 3JIEKTPOYCTAaHOBOK?

Kakne  KOHCTpYKTHBHBIE  TpeOOBaHHS  NPEOBSIBISIIOTCS K  HCKYCCTBEHHOMY
3a3eMJISIIOIIEMY YCTPONCTBY?

UYTO MOXHO MCIOJIb30BaTh B KAYECTBE €CTECTBEHHOTO 3a3EMIIUTEIS?

Kak BbimonHsieTcss mMpoBepKka HYJIEBOIO 3HAYEHUS HM3MEPUTENS  CONPOTHBIICHUS
3azemieHus 2120 ER?

Mepsl 6€30MacHOCTH MPH IKCILTyaTalluu u3Mepurens 3azemiueHus 2120 ER?

B yewm 3akitouaeTcs nmpoBepka 3HAUEHUS HAMPSDKEHUS Ha 3a3eMIIMTENE MPHU MOJIb30BaHUU
npubopom 2120 ER?

W310uTh MOCIIE0BATEIbHOCTh M3MEPEHUS COMPOTUBJICHUS 3a3eMIICHUS MPHUOOpOM
2120 ER.

Jis 4ero HyXeH IMONPaBOYHBINA CE30HHBIN KOI(D(PUIMEHT (@ U OT Yero 3aBUCUT €ro
3Ha4YCHHE?

OT 4dero 3aBUCUT HOPMHUPYEMasi BETMUYNHA COITPOTUBIICHUS 3a3EMIUTENEH?
Teopernueckre OCHOBBI PACUETHOIO METOJA OMPENCICHUS YAEIbHOTO 3JIEKTPUUECKOTrO
COTMPOTUBIICHUS TPYHTA.
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MouceeB BaneHTuH AnekcanaIpoBUY

NCCIEAOBAHUE COINIPOTUBJIEHUSA
3ABEMJISIOIINX YCTPOUCTB
JJIEKTPOYCTAHOBOK

Mertonnueckue ykazaHus
JIJIS1 BBITIOJTHEHUS JTA00paTOPHOM pabOThI O AUCIUTIIIMHAM
«be3omacHOCTh KU3HEACATETLHOCTHY, «CUCTEMBI 3alIUTHI CPE/Ibl OOUTAHUSY,
«be30macHOCTh CTPOUTEBHBIX CUCTEM
JUISl CTYICHTOB MHKEHEPHBIX CHEIUaIbHOCTEN
HanpasieHuit 270100.62 - «CrpourtensctBo», 270301.65 - « ApxuTeKkTypay,
280101.65 - «be3onacHOCTD KU3HEACATCILHOCTH B TEXHOChEpE»

IToanucano B meyath ®dopmat 60x90 1/16. Bymara razernas. [Tedats odcerHast.
Va. m3a. 1. VYenmew. . . Tupak . 3aka3 Ne
Humxeropoackuii rocyaapcTBEHHBIN apXUTEKTYPHO-CTPOUTENBHBIN YHUBEPCHUTET,
603950, H.Hosropoa, Unbunckas, 65
[Monurpaduueckuit nenrp HHI'ACY, 603950, H.Hosropox, MnbnuHckas, 65



