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[lenb paGOTHI: U3y4EHNE OCHOBHBIX CXeM TPEX(Pa3HBIX dIEKTPUUECKUX CETeH MePEMEHHOTO
toka g0 1000 B m omacHOCTEl, BOSHHKAIOMIMX TP MPUKOCHOBEHUH YeJIOBEKAa K OJHON H3 (a3,
ucclieoBanue (pakTopoB, OMPEACISIOMNX OACHOCTh OPAKEHUS YEJIOBEKA SJIEKTPHIECKUM TOKOM,
METOJIOB TEOPETHYECKOTO M 3KCIIEPUMEHTAILHOTO MCCIEIOBAHUS COTNPOTUBIICHUS TEJla YellOBeKa,
M30JIALUU  DIEKTPUYECKUX CETell M TMPOBOJIOB, O3HAKOMJICHME C 3alIUTHBIMU (YHKIUSIMHU
3a3eMJISIOINX U 3aHYJISIOIUX YCTPOUCTB, 00ECIEUNBAIONINX 3JIEKTPOOE30acHOCTh MU padoTe ¢
AIIEKTPOYCTAaHOBKAMH, METOJAMH WX HCCIENOBaHMs, HOpPMaMHd, MNpHOOpaMH U METOJIUKOU
KOHTPOJIS.

1. METOANYECKHUE YKA3AHUSA

MHoroo6pa3Hoe BO3AEHCTBHE IJIEKTPHUECKOTO TOKAa HA OPraHM3M YEIOBEKa MPUBOJIUT K
AJIEKTPOTPaBMaM, KOTOpPbIE YCIOBHO MOJPA3AeisloT Ha DJJIEKTPUYECKUH yaap U MECTHBIE
NIEKTPOTPAaBMbl  (DJIEKTPUYECKHE  OXKOTH, JJIEKTPUYECKHE 3HAaKM, MeETaUIM3alus  KOXH,
MEXaHMYECKUE MTOBPEKICHUS, TEKTPOODTATEMHUS).

Hcxon mnopaxeHHs 4YeloBeKa JJIEKTPUYECKUM TOKOM 3aBHCUT OT BEIUYMHBI TOKa,
MIPOTEKAIOIIEr0 Yepe3 TEelI0 4YeJOBEKa, MPOJOJDKUTEIIBHOCTH BO3JEHCTBUSA, YAacCTOTHI TOKA, IyTH
MPOTEKaHMsI TOKA Yepe3 YeJI0BEKa U HHIUBUIYaTbHBIX OCOOCHHOCTEH OpraHu3ma.

DNEKTPUUYECKOE COINPOTUBIICHHE Tejla YeJNOBEKa U INPUIOKEHHOE K HEMY HalpsUKEeHHe
(HampsKeHUEe MPUKOCHOBEHMSI) TAK)KE BIIMSIOT Ha MCXOJ MOPAaXEHHUS, TaK KaK OHU OINpPEAEISIOT
BEJIMYMHY TOKa, MPOXOJAIIEro uepe3 dyesloBeka. HampsikeHue NPUKOCHOBEHHUS — HAIpsKEHHE
MEXAY IBYMSI TOUKAMH LI€TIM TOKa, KOTOPBIX OJTHOBPEMEHHO KacaeTcs YeJIOBEK.

Jlnst pa3pabOTKH CPEACTB 3AIIUTHI OT TOPAKEHHS DJIEKTPUIECKUM TOKOM B COOTBETCTBUH C
I'OCT 12.1.038-82 ycTraHOBJEHBI MIPENEIBHO AOMYCTUMBIE YPOBHH HANPSKEHUI TPUKOCHOBEHUS U
TOKOB, IIPOTEKAIOLIUX Yepe3 Teslo denoBeka. HopMbl yCTaHOBIIEHBI MPU YCIOBUU IPOXOXKACHUS
TOKa 4epe3 TeJO YelloBeKa 10 MyTH pyKa-pyKa Uin pyka-HOru. CTaHIapT mpelycMaTpuBaeT HOPMBI
IUISL DIIEKTPOYCTAHOBOK TIPU HOPMAJIBHOM M aBapUHHOM peXHMax paboTHI.

[Tpu HOpManbHOM peXHMe PadOTHI PErJIAMEHTHPYIOTCS POJ M Y4acToTa TOKa, HanOOJIbIINe
JOTYCTUMbIE 3HAUYEHHs HanpspkeHHus npukocHoBeHMss Unp u Toka lwen, mpoxopsiero uepes
yenoBeka. [Ipu aBapuitHOM pexume perJaMeHTHPYIOTCS YacToTa U PoJl TOKa, IPOJOJDKUTEIBHOCTD
BO3JICHICTBUS M TPEIEIIBHO JOMYCTUMbBIE YPOBHU HAaNpsOKEHUS MNPUKOCHOBEHUS M TOKa,
IIPOTEKAIOILETO Yepe3 YEIIOBEKA.

Ha mnpoMBIIUIEHHBIX TPEANPUATHIX OOBIYHO MPHUMEHSIOTCS TPEXIMPOBOTHBIE CETH C
M30JIMPOBAHHOM HEWTpanplo Hanpspkenuem 36, 42, 127, 220, 380, 660 B u yeTsipexnpoBoaHbIE
CeTH C 3a3eMJICHHOW HeWrpaipto Hampsokenuem 220/127, 380/220, 660/360 B. Taxxke
MIPUMEHSIIOTCSI CETH MOCTOSIHHOTO TOKa Hampsbkenuem 6, 12, 24, 36, 48, 60, 110, 220, 400 B. Ha
JIeTaTeIbHBIX annapaTax IPUMEHSIOTCS CETH CIEAYIOINX BUIOB:

1) mocrossHHOro Toka HampspkeHueM 27 B — NIBYXIpOBOJHBIE WU OJHO IPOBOJHBIE C

HCI0JIb30BAHUEM KOpITyca JIETaTeIbHOTO anmnapaTa B Ka4eCTBE MUHYCOBOTO IIPOBOJIA;
2) mepeMeHHOTO TpEX(HazHOTO TOKAa (C M30JMPOBAHHOW WM 3a3eMJIEHHON CHIIOBON
HeUTpainblo) HanpsoxeHueM 36, 208 u 360 B, yactoroit 400 I'w;

3) mepemenHoro oaHO(Ma3HOrO TOoKa HanpspkerueM 115 u 208 B, wacroroit 400 [,

Bce cnydan mopaxkeHHsl 4eaoBeKa TOKOM SIBJISIFOTCSI PE3YJbTaTOM 3aMbIKaHUS 3JIEKTPUUYECKOM
LIENU 4Yepe3 TeJo B pe3yibTaTe MPUKOCHOBEHMSI YEJIOBEKA K TOYKAM ILEMH, MEXAY KOTOPBIMU
CYLIECTBYET HaIpsDKEHHE. BeposTHOCTh NOpaKEHHs SJIEKTPUUYECKMM TOKOM OIIEHHMBAeTCs IO
BEJIMYMHE TOKA lwen, WM Benu4yuHE HanpsbkeHWs nNpukocHoBeHus Unp. Hampsikenue
MIPUKOCHOBEHUS 3aBUCHUT OT psifa (PaKTOPOB: CXeMbI BKIIOUEHUS YEJIOBEKA B AJIEKTPUUYECKYIO ILIETIb,
HaIpsDKEHUs CETH, CXEMbl CaMOM LIENU U peXuMa €€ HEMTpanu, CTENeHH M30JS1UU TOKOBEIYIINX
qyacTel OT 3€MJIM, COITPOTUBIICHUS TeJla YeIOBEKa.

ConpoTuBieHHE Tea YEJI0BEKA — BEJIMYMHA HEJTMHEWHAsI, MEHSETCS B IIUPOKUX IIpesienax u
3aBHCUT OT CJEAYIHX (AKTOPOB: COCTOSHHUS KOXHM (CyXas, BJIaXHas, MOBPEXAECHHAS W T.II.);
IUIOTHOCTH KOHTAaKTa; IUIOIIAAM KOHTAKTa; BEIMYMHBI TOKA, MPOXOSIIErO 4Yepe3 4YelOBEKa;
BEJIMYUHBI MIPHJIOKEHHOTO HANpPSHKEHUsS; BPDEMEHN BO3JICHCTBUS TOKa Ha uenoBeka. Hamboubimm
AIIEKTPUYECKUM COTIPOTHUBIICHHEM B TeJIe YeNIOBeKa 00J1a/1aeT BEPXHUI MMOPOTOBBIN CIOW KOXKH.



Cyxasg HenoBpexJIéHHas Koxa wumeer conporusieHue 10-100 kOwm. Ilpm nporexanun
ANIEKTPUUECKOTO TOKA B TEJIE YEIOBEKa MPOUCXOIIT CIOKHBIE OHO(U3NUECKHUE IPOLECCHl. Y CIOBHO
BApUAHT IIPUKOCHOBEHUS ueloBeKa (pyKa-pyka) K JABYM OJMHAKOBBIM JJIEKTPOJIAM MOXKHO
MIPEJICTaBUTh B BUJIE DIIEKTPUYECKON CXeMBI 3aMeleH s, N300pakEHHOM Ha puc. |.
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Puc. 1 DaexkTpuyeckas cxema 3aMelieHUsI TeJIa YeJ0BeKa
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3nece Z — TOJHOE CONPOTHBIICHHE Tela ueloBeka (pyka-pyka); Zu — TOJIHOE
COIIPOTHUBIIEHUE HAPYKHOTO CJIOS KOKU; TH — AKTUBHOE COMPOTHUBIICHHE HAPYKHOTO CIIOS KOXKH;
Xc — EMKOCTHOE COTIPOTHUBIICHHE HAPYKHOTO CJIOsI KOXH; I's — BHYTPEHHEE COMPOTHBIICHHE PYK U
KOpITyca Tena.

OO6o3HauuB 4epe3 Zf MOJHOE COMPOTHUBICHHUE TENA YeIOBEKA IPU JTAHHOM 4acTOTe, MOXKHO
Harrmcarthb
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[TonHOE CONMPOTHBIIEHHE YEIOBEKA 3aBHCUT OT €MKOCTHOTO CONMpPOTHBICHUs. EMKocTHOE
COINPOTHBIICHUE ONPECIISICTCS YaCTOTOM:
1 B

T ek T eamatee 2)

r7ie Xc — EMKOCTHOE COTIPOTUBIICHHUE uenoBeka, KOM; ® — kpyrosas yacrora; f — gacroTta, kI 1;
C — eMKOCTb Hapy>KHOTO CJIOSI KOKH, MKD.

C YBCIMUYCHUECM YaCTOTbI BCJIHMYHMHA Xc CTPECMHUTCA K HYJIIO, IIYHTHUPYSA AaKTHUBHOC
conportuBiienue Tu. [lomHOE compoTuBieHHE Tena udenoBeka Ha yactoTax 10-20 k[’ MoXHO
nNpeaACTaBUTH B BUJC

Zr = e 3)

C ymenbmenneM yactoTsl f (Hmke 100 I'm) émMxocTHOE compoTuBieHue Bospacrtaer. lpu
f—0, xc —00 u popmyna (1) npumer BUA
Ir = Zg = 24y + Iy
Orcrona
Ly - Iy
i kOm 4)
I'ne zo — conpoTuBiIeHUE Tena yenoseka npu f—0
Ilonnoe comnpoTuBieHHe Tena denoBeka Ha wyactorax 0-100 I'm ycnoBHO MOXHO
anMpOKCHMUPOBATH JIMHEHHON 3aBUCUMOCTBIO OT 4acTOTHL. [Ipu 3TOM Zo MOXeET OBITH OTpEIeIeHO
METOJIOM DJKCTPANOJISIAK, JUIS 4Yero B JUHEWHOM Macmitabe CTpOUTCs TpaguKk 3aBUCHMOCTH
IIOJIHOTO COMPOTHUBIIEHUS OT YaCTOTHI TOKA, KaK MOKa3aHO Ha puc.2. 3HaueHue Zo pacrojiokeHo Ha
OCH OpAMHAT IIPU NIEPECCYECHUH C NPAMOU Z1 — Za.
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ITo dopmyne (3) onpenensiem 3HaueHue Teu. [1o Gopmyne (4) onpenensiercs ru. Benmndanaa
MIOJTHOTO COMTPOTHBIICHUS HAPY)KHOTO CIIOS KOJKU MOXKET OBITh OTpesesieHa u3 GopMysibl
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IIpukocHoBeHME K TpEX(Da3HOM CETH MEPEMEHHOIO TOKA
C M30JIMPOBAHHON HEUTPAIBLIO B HOPMAJILHOM PEKUME
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Puc.3. [IpukocHoBeHHeE YesiOBeKa K TPex(a3Hoil ceTH NepeMeHHOr0 TOKa B HOPMAJILHOM pPeskuMe: a) cxeMa
ceTH; 0) IKBUBAJIEHTHAs cXeMa

[Ipu omHOGa3HOM TPUKOCHOBEHHH B CETSIX C H30JMPOBAHHOW HeHTpanbio (puc.3)
IIEPEMEHHBIA  TOK,  IPOXOJAIIMM  dYepe3  4YelOBEeKa,  3aMbIKaeTcsd  4epe3  3eMIIIO,
aAKTUBHOECOTIPOTHBIICHHE H30JALMU U EMKOCTh ()a3 OTHOCHUTENBHO 3eMud. st cereit mamnoi
MPOTHKEHHOCTH EMKOCTH )a3 OTHOCHTENHHO 3emii HeBennka (C~0) u et0 MOKHO TPUHEOpEUb.

DOKBHUBaJICHTHAsE CXeMa IeMH 3aMbIKaHUS TOKa C YYETOM paBEHCTBA COINPOTHUBICHUH
m3omsuu (a3 Ra=Rs=Rc=Rusz mnpencraBmena na pwuc.3,6. Hanpsokenne Unp u Tok Iuen
OTPEEISAIOTCS CIENYIOIUMHU BbIPAKEHUSMU:
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Bripaxenus (7) u (8) mokas3sIBaloT, YTO B CETAX C U30JUPOBAHHON HEUTPANbIO OMACHOCTH
JUTSL 4eJIOBEKa, MPUKOCHYBIIETOCs K OJTHOW U3 (a3 B EepHO HOPMAIBHON pabOTHI CETH, 3aBUCHUT OT
CONPOTHBJICHUS W30JSIMU _IPOBOJAOB OTHOCUTENbHO 3eMaM. C yBEIWYEHUEM CONPOTHBICHHUS
M30JIS1MU ONACHOCTh YMEHBUIAETCS.

IIpukocHOBEHME YelloBEKA K TPEX(DA3HOMN CETHU IIEPEMEHHOIO TOKA
C M30JIMPOBAHHON HENUTPAJIBLIO B ABAPDUIHOM PEKUME

a) N 6)

Puc.4. IlpukocHOBeHME YeJI0BEKA K IPOBOAY TPeX(a3Hoi ceTH ¢ N30IUPOBAHHOI HEHTPAJIbIO IPH ABAPUITHOM
pe:kuMe: a) cxemMa ceTu; 0) IKBUBAJIEHTHAA cXeMa

ABapuiiHBII pPEXKUM — 3aMBIKAHHE Yepe3 Malloe COMPOTHBIICHUE WU JJIEKTPUICCKUI
poOOOTHOM MITH HECKOIBbKUX (ha3 Ha 3emitto (puc.4)
AHanu3upys 3KBUBAJIEHTHYIO CXEMY IPUKOCHOBEHHUS, MOKHO HAllMCATh
Um‘i/g
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Ecmu B 3100 (hopmyrnie npuHsTh, 9T0 R3am=0 mimu cuutath, 4T0 R3zam<Ruen (Tak 0OBIYHO
OBIBaeT B JICWCTBUTEIHHBIX YCIOBHSIX), TO

Unp = UQ'#"G ’

T.€. YEJIOBEK OKaKETCsl 01 TMHEMHBIM HanpsikeHneM Ul

B nelictButenbHbIX ycnoBusx Rsam>0, mo3ToMy HampspKeHHE, 1M0J] KOTOPBIM OKa3bIBaeTcs
YeJIOBEK, MPUKOCHYBIIIETOCS B MEPHOJ aBapUIHOTO peXuUMa K UCIpaBHOU ¢a3ze TpéxdaszHoit cetn ¢
M30JIMPOBAHHON HENTpaliblo, 3HAYUTENbHO OoJibine (a3sHOro M HECKOJIbKO MEHBIIE JUUHEHHOTO
HANPSHKCHUS CETH, T.€. CIyJall MPUKOCHOBEHHUS K UCIPABHOW (a3e B aBapUITHOM PEXUME BO MHOTO
pa3 onacHee NPUKOCHOBEHUS K TOH ke (aze ceTr Ipu HOPMAIbHOM PEKHME PAOOTHI.




IIpuKOCHOBEHHE YeIIOBEKA K OJJHOM M3 d)a3 TDGXd)El?;HOﬁ CETH ICPEMEHHOTI'O
TOKA C IIIyX03a3eMICHHON HEUTPaJbl0 IPU HOPMAITLHOM PEKHUME Da6OTH.
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Puc.5. [IpukocHoBeHHe YesiOBeKAa K 0HOI u3 (a3 Tpéxda3Hoii ceTH ¢ riryxo3azeMJIeHHOI HeHTPaiIbIo: a) cxeMa
ceTH; 0) SKBUBAJIEHTHAs cXxeMa

[Ipu HOpMaFHOM pexHMe paboThl ceTH (pHUC.5) MPOBOIUMOCTH (Da3HBIX M HYJIEBOTO
IIPOBOJIOB OTHOCHUTEIIBHO 3€MJIM JOCTATOYHO MaJibl 10 CPABHEHUIO C MMPOBOAMMOCTBIO 3a3€MIIUTENSA
HEUTpamu U UMH MOXHO TIpeHeOpeub. Torma, ucxoas M3 3KBUBAJICHTHOW CXEMBI MPUKOCHOBEHUS
puc.5.0, Tuen u Unp OyayT OonpenensTses CleayuMU BRIPAKEHUSIMHU:

U
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g Ryan * Ro ’ (11)
s * Ryga
TREM Sl i (12)
Buyaa * Fo

[Tonmarass, uto RO<Ruen, MOXHO cuWTaTh, YTO NPH TNPUKOCHOBEHHHM K OTHOH M3 (a3
HanpsODKeHHE TNPUKOCHOBEHHUs ONM3Kko K (hasHOMY HampsbkeHHro. Kpome TOro, B TakKHMX CeTsx
CONIPOTUBIICHUE M30JIALIMY HE BJIMACT HA BEIUYMHY TOKA, IPOXOJAIIEIO 4epe3 4eJOBEKa, TaK Kak
YEJIOBEK BKIIIOYEH NApAUIEIbHO CONPOTUBICHUIO N30,

[IpukocHOBEHKE YeIOBEKA K OHON 13 (a3 Tpéxda3HOM ceTH IIEPEMEHHOTO TOKA
C INIYX03a3EMJIEHHOM HENTPAJIBIO IPU ABAPUNHOM PEXUME PAOOTHL

a) 0)

R
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Puc.6. IlpukocHoBeHNe YesI0BeKa K (Da3HOMY IPOBOAY TPEX(Pa3HOM ceTH ¢ 3a3eMIEHHOI HEHTPAIbIO IIPU
aBAPHUITHOM pesKuMe: a) cXeMa ceTH; 0) IKBUBAJICHTHAs CXeMa



B cnydae, korma omHa w3 a3 ceTH 3aMKHYTa Ha 3€MJII0 4epe3 OTHOCHUTENBHO Majoe
conpotusiieHue Rsam (puc.6), luen u Unp onpenensrorcs: 3aBUCUMOCTIMU

Eoau + R.:_;W'K_B

Tuga = Ugn—mwmmmmm = 000 (13)
Ramurhs + Fyea*(Rgaw + Ha)

Unp = teaR Reaw * Ro/ 3 14
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Ecmm MNPUHATDH COIIPOTUBJICHHUEC 3aMbIKaHW PaBHBIM HYJIIO, TO

Unp = '--'i!:-’“‘ff:EI = Un

9

T.€. YEIIOBEK OKAXXETCS MO/ IMHEUHBIM HanpsbkeHUeM. Eciii CONpOTHUBIICHUE 3a3€MIIEHUST HEUTPAIIH
PaBHO HYJIIO, TO

Unp = Ug
b

T.€. YEJIOBEK OKaKeTCs Mo/ (Pa3HBIM HANPSKCHUEM.

OnHako B TPaKTHYECKUX YCIOBHSX compoTuBieHne Rsam m RO Bcerma OGompime Hyos,
IMO2TOMY HAIIPAKCHUEC, 110 KOTOPBIM OKa3bIBACTCA UYCIIOBCK, HpHKOCHYBmHﬁCH B TICpUOJ
aBapMIHOTO pEXHMMa K WCIpaBHOMY (a3HOMYy MpoBOAY TpEX(ha3zHOW CeTH C 3a3eMIICHHOMN
HEeHTpalblo, BCera MEHbIIIe JIMHEHHOTO, HO OoJblie (a3Horo.

Takum 00pa3oM TNPUKOCHOBEHHME €JOBEKAa K WCHOPaBHOHW (aze ceTm ¢ 3a3eMIEHHOM
HEWTPAJIbIO B TICPHOJI AaBAPUIHOTO pexkrMa 0ojiee OMacHO, YeM IPH HOPMAIEHOM PEKUME.

IIlaroBoe HanpsHKEHUE U HANPSHKEHUE NPUKOCHOBEHUSA

[Tpu oOpeiBe MpoBOAa, MPOOOE M3OISAUK C 3aMBbIKaHHEM (a3bl Ha KOPITYC HJIM Ha 3EMITIO
(aBapuiHBIM pEXMM) BO3MOXKHO IOpaXEHHE YeJOBEKa 3JIEKTPUUYECKUM TOKOM IIpH KacaHUU
KOpITyca >JIeKTpoarnrapara WM TOoNaJaHiuKM YelloBeKa B 30HY pacTekaHusi Toka. Ecim ¢asubii
IIPOBOJ] COEANHSAETCS IPOBOJHUKOM C 3eMJIEH, TO MPOUCXOJUT CTEKaHHWE TOKa Ha 3eMito. KoHTakT
a3l ¢ 3eMIIEHl MOXKET OCYHIECTBISTBHCS CIydalHBIM 00pa3oM (Tpu oOpbIBE MPOBOJA, KACAHUU
METaJUIMYECKOW KOHCTPYKIIMH M T.I.) WM 4Yepe3 3a3eMIIUTENb, HallpuMep, Mpu mpodoe ¢as3sl Ha
3a3eMJICHHBI METAJUIMECKU KOPIyC 3JeKTpoycTaHOoBKU. Ha puc7.a n3o0paxén cimydail oOpbIBa
MPOBOJIA B CETU C U30JIMPOBAHHON HEUTpaIbio, Ha prc.7.0 — ciydail 3aMbIkaHus a3kl Ha 3eMITIO B
CeTH C 3a3eMJIEHHON HEWTpasblo, Ha pHc.§ — mpoOoil ¢a3pl Ha 3a3eMIIEHHBIN KOPIYC B CETH C
W30JIMPOBAHHONW HEUTpanpio W Ha puc.9 — mpoOoi ¢a3bl HA KOPIYC B CETH C 3a3eMIIEHHOU
HelTpanslo. Llens, 1o KOTOpor MPOXOAUT TOK 3aMbIKaHUs [3am, MOKa3aHa Ha PUCYHKAX IYHKTHPOM.
SIBneHusl, CONMPOBOKAAIOIINE MPOIECC CTEKAHUS TOKA B 3€MJIIO, OJMHAKOBBI KaK MpHU CIydailHOM
coeMHEeHUH (a3bl ¢ 3eMJIEH, Tak U IPH KOHTAKTe (as3bl ¢ 3a3eMIIMTEIEM, TI0O3TOMY, B JabHEHIIIEM,
MO>XHO OTPaHHYMUTHCS PACCMOTPEHUEM IIPOllecca CTEKaHHs TOKa B 3EMIII0 4epe3 3a3eMIIIollee
ycrpoiicTBO. [Ipy MpOXOXKIAEHWM TOKa 3aMBIKaHUSI 4Yepe3 3a3eMIIMTeNb MOCIeNHUN mpuolOperaer
MIOTEHIIMAJ, KOTOPbI MOKHO M3MEPHUTh KaK Pa3HOCTb MOTEHIMAIOB MEXAYy TOUKON BBOJA TOKA B
3a3eMJIUTENh M JIIOOOH W3 TOYEK 30HBI HYJIEBOrO NOTEHIMAada, T.€. 30HBI, YyHaNEHHOW OT
3a3eMJISIONIETO YCTPOMCTBa Ha OECKOHEYHO OOJBINOE PACCTOSIHUE. B ceTH ¢ W30JIMpOBaHHON
HEUTPaJIbl0 TOK 3aMbIKaHMsI BO3BpAIla€TCsi B CETh YEpe3 paCHpeAeiEHHbIE CONPOTHUBICHUS
m3ossnuu (a3 Rus. B cetn ¢ 3a3eMin€HHON HEHTpalIbio TOK 3aMbIKaHHSI BO3BPAIIIAETCS B CETh Yepes
3a3emunTeNh HelTpanu (puc.7.6). [Ipu He3HAUUTENBHBIX pa3Mepax 3a3eMIIUTENS TI0 CPAaBHEHUIO C
MPOTSHKEHHOCTHIO CETU MOKHO YCJIIOBHO CUMTATh, YTO CONMPOTHUBIIEHUE U30JSIIMK Rus pacnosnoxkeHo
Ha OECKOHEYHO OOJBIIOM YAAICHHH OT 3a3eMIISIONIET0 YCTPOWCTBA, T.€. B 30HE HYJIEBOTO
noteHuana. Ha mpaktuke 30HOW HyJIEBOTO MOTEHIMANa CYUTAIOT 00JaCTh TTOBEPXHOCTH 3EMIIH, B
npenenax KOTOpOM IMpH CTEKaHMM TOKa C 3a3eMJIMTENsl OTCYTCTBYET IpaJMeHT NoTeHuuaia. B
OOJIBIIMHCTBE CIy4aeB dTa 30HA PAcIojiaraeTcs Ha pacCTOSIHAM CBBIEe 20M OT 3a3€MIIUTEIIS.



Puc.7. 3ambikanne ¢ a3bl HAa 3eMJIIO B CETAX ¢ U30JIMPOBAHHOI (a) U 3a3eMJIEHHOI (0) HeliTpabIO

[TpocTpaHCTBO MEXAy 3a3eMJIUTEIEM M 30HOW HYJIEBOTO NOTEHIHMana, T.€. 00JacTh, B
npeienax KOTOpoi Mpu CTEKaHUM TOKA € 3a3€MJIMTENSE BOSHUKAET 3aMETHBIN IPaJIneHT NOTEHLMaa,
Ha3bIBAETCA30HO pacTekaHus. Hanmuue rpagueHTa moTeHUMana B 30HE PAacCTEKaHWsl MPUBOJIUT K
MOSIBJICHUIO "HampskeHHs Iara", T.e. pa3HOCTH NOTEHLUAJIOB MEXJy JABYMS TOUYKAaMHU 3€MIIM, Ha

KOTOpBIX OHHOBpeMeHHO CTOUT 4YCIOBCK, U HaAXOAAIIIHUXCSA prr oT )lpyra Ha paCCTOSIHI/II/I mrara
(~0,8m).
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Puc.9. IllpunnunuajbHas cxema 3aHyJieHns: M-3aHyJisieMoe oopyAoBaHne; Ro-conporuBiienne 3a3eMIuTeIIs
HeiliTpayn; Ri-conpornB/ieHre NOBTOPHOI0 3a3eMJIMTEJIsl HYJ1eBOro nposoja; F-npexroxpannreinb; Ik-Tox
KOPOTKOI'0 3aMbIKAHHA

OnacHbiM (hakTOpOM Ul YENOBEKa SBISIETCS TakKe 'HampspkKeHHWe NPUKOCHOBEHUS ',
KOTOpPO€ B JIaHHOM CJIydae OMpeAessieTCs KaK HaNpsHKeHHE MEXAY JABYMsI TOYKaMH IEMH TOKa
3aMbIKaHUs Ha 3eMJII0 (KOPITyC) TpU OJHOBPEMEHHOM NPUKOCHOBEHHMHM K HHMM dYenoBeka. Jls
MOJIYIIApOBOIrO 3a3eMIIUTENs paanycoM ro (puc.10) pacnpeneneHue MOTEHIMAIA O TOBEPXHOCTH
3eMJIM MOJKET OBITh JOCTATOHO MPOCTO ONHCAHO AHAIUTHYECKH. ECIM TPyHT OJHOPOJEH MO

YIEIbHOMY CONPOTHUBEHHUIO, TO TOK B 3€MJIE DPACTEKAETCSs BO BCE CTOPOHBI IO paguycam
noJsrycgepsl. Toraa mioTHOCTh TOKA j Ha
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Puc.10. PacnpenesieHue moreHHAMAa HA NOBEPXHOCTH 3eMJIM BOKPYT MOJIYIIAPOBOI0 3a3eMJIUTEJIS

Pactosaum x ot HEHTpa 3a3€MJIMNTCIIA COCTAaBUT

Is
T

B cootBerctBuM ¢ 3akoHOM Owma HanpsoKEHHOCTH d3JeKTpuueckoro mnois E B 30He
pacTekaHus TOKa CBsA3aHa C INIOTHOCTBHIO TOKa J U YJCIbHBIM COIIPOTHUBJICHUEM Cpeabl (rpyHTa) p
CJICOAYIOIIUM BBIPAKCHUCM:

F o= g

[MoTeHmuan 060K TOYKHM HA MOBEPXHOCTU 3€MIIM B30HE PACTEKAHMS TOKA, ONpEIETeHHBIH
OTHOCHUTENIBHO OECKOHEUHOCTH, PABEH MAJCHHUIO HAMPSHKEHUS B TPYHTE 32 MpeIeiiaMu orychepsl
paguycoM X

0
P = "dU
X

9

I'ne x — paccTosiHHE OT IIEHTpa 3a3eMJINTENS A0 TOUYKH OIpeaeneHus norennuana Qx; dU —
MaJIeHUE HAMPSDKEHUS B QJIEMEHTAPHOM CJIO€ TOJIIUHON dX.

Tax kak dU=Edx, TOo pacmpenencHue MOTEHIMANA B 30HE pPACTEKaHUsS TOKAa MMEET BU]
TUIepOOIIB:

(4] -, L=y
Ig#p " dx Ly#f |
Pu= f EBdy = —— & ‘r - B PRRE S SN TR
Ewil X 1 2-.!(]';' "

L i &P i

[InTeHuman 3a3eManTeNs paBeH NOTEHIMATy TOUKH ¢ KOOPAUHATON x =7, T.e. @, =1 -p/2 -7 7,.

CJICZIOB&TCJIBHO, JJIA JII000M TOYKH MOBEPXHOCTU 3C€MJIM B 30HC PACCTCKAHUA TOKa MOXKHO
3aIllucaTh:

P fa = To/d (14)
rac X — KOOpHI/IHaTa TOYKH
U3 ompejeneHuss HANpsKEHHMs MPUKOCHOBEHHs CIeIyeT, uTO YelOBEeK, KaCalolluiics

KOpITyca 3a3€MJICHHOHM JJIEKTPO YCTAHOBKM M HAaXOJSIIMICSA HAa PACCTOSHUM X OT 3a3€MIIATEI,
Oy/eT HaXOUThCS MO/ ACHCTBHEM HanpshKeHHUs TpukocHOBeHHs Unp(X)



Unp = 93 ‘. ?.u = @y % [ P :'}] . (15)

HaHpH)KeHI/IG ara Wjin maroBOo€ HalIPsLKCHUC MOKHO OIMPECACIIUTD KaK

.1'0. Fe
'—'w:‘l-'x“l":-:h&*lﬂn*[_' “J
X i+ Aa

: (16)

F;[e Um — HAaIpsOKCHUC 1MIara; a — HypruHa mara rnpyu IABMKCHHUHU YCJIOBCKA 110 HAIPaBJICHHUIO
K 3236MJIUTEIII0 WM BEJIMYMHA IIPOEKIINY 111ara Ha 9TO HaIpaBJICHUE.

I[JISI YMCHBIICHUSA 3HAUCHUH HaIpsODKCHUA TPUKOCHOBCHHMA W IIara MCIOJb3YCTCA
«BBIPABHUBAHUC TIOTCHIHAJIOB» C IIOMOIIBIO HOMOJIHUTCIIBHBIX SaSGMHHTHCﬁ, PAaCIIOJIOKCHHBIX
ApYT OT Apyra Ha paccTosiHuM, MeHble 40cm. Ha puc.11 npuBeneHo pacnpeneneHue noTeHuyaia B
cUCTeMEe U3 JBYyX 3azeMiurencii. B 30He Mexay [AByMs 3a36eMIIMTEISIMM  HANPsKEHHE
IMPUKOCHOBCHUS MW IHAroBOC HAIPSAKCHUC YMCHBINAKOTCA. CreneHb BbIpaBHUBAHUA IMMOTCHIMUAIA
MMpEKAC BCECIro 3aBUCUT OT PACCTOAHUA MCKAY AOMOJTHUTCIbHBIMU 3a3CMJIUTCIISIMU.
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Puc.11. PacnpenesieHue moreHuaaa B rpyninoBoM 3a3eMJInTelie U3 JABYX MoJyc(epudecKux 3J1eKTpo10B

3anmTHOE 3a3eMIICHUE U 3aHYJICHUE

B kaxaoW »IeKTpOYCTaHOBKE, B 3aBUCHMOCTM OT €€ BHJAa W Ha3HAYECHUs, YCIOBHM
OKCIUTyaTallil M JApYrX (HaKTOpoB, NPEAYCMAaTPHBAIOTCS pa3IMYHbIE 3alIUTHBIE MEPHI OT
MOPAXKEHUS IEKTPUUECKUM TOKOM. B mporiecce skcrutyaTanuy, Ipu BBEIEHUU 3JIEKTPOYCTaHOBOK
B JICWCTBUE M PEMOHTE HEOOXOIUMO KOHTPOJIHMPOBATH COCTOSIHUE CPENICTB 3AIIUTHI YEIOBEKa OT
MOPAXKEHUS DJIEKTPUUECKUM TOKOM. MeTannndeckue HETOKOBEIYIIME YacTH 3JIEKTPOYCTaHOBOK
IpU pa3pylIeHUH H30JILMHM M 3aMbIKAHUM Ha KOPIYC MOTYT OKa3aTbCsl O] HamlpsHKEHUEM.
IIpukocHOBEHHE 4YellOBEKa K TaKUM YacTAM CTOJIb JK€ ONAaCHO, KaK W HENOCPEJICTBEHHOE
IIPUKOCHOBEHHE K TOKOBEIYILIUM HaCTSIM.

JUisd 3alMThl YeJoBeKa OT MOPaKEHUs DIEKTPUYECKUM TOKOM HPHUMEHSIOT 3aIUTHOE
3a3eMJICHHE, 3aHYJIICHHE COBMECTHO C 3AlIUTHBIM OTKJIIOYCHHEM, a TaKXKe HAAEKHYIO M30JIALUIO
TOKOBEJIYIIMX YacTel 000pyI0BAHHUS.

3alllUTHOE 3a3€MJICHUE — MPEIHAMEPEHHOE COEAMHEHHE METAJUIMYECKUX HETOKOBEIYLIUX
9JacTeil AIIEKTPOYCTAaHOBOK C 3eMied miau e€ »KkBUBaleHTOM. OHO oOecrmeyrBaeT CHIKCHHE
HaNpsHKEHUS MPHUKOCHOBEHUS TpU NpoOoe M30JALIMK Ha KOpIyC 10 O€30TacHOro 3HAueHHs H
npuMeHsieTcss B ceTsax HampspkeHueM 10 1000B ¢ wu3onumpoBaHHOM HEWTpalblo M B CETAX
HanpspkeHneM Bbime 1000B kak ¢ M30IMpoBaHHOW Tak M C 3a3eMJIEHHOM HelTpanbro. g
oOecrieyeHns OE€30MTACHOCTH 3alIUTHOE 3a3€MJICHHE JIOJDKHO MMETh CONPOTHBIICHHE, BO MHOTO pa3
MEHbIIIE COTPOTHUBIICHUS Tella YeJoBeKa. Tora OCHOBHAs YacTh TOKA 3aMbIKaHHs OyJIeT MPOTEeKaTh
yepe3 3aeMiIuTeNb, Mpu 3TOM lwen m Unp OyayT Maiibl M OMAacHOCTH TpPU TMPHUKOCHOBEHUH K
3a3¢MJIEHHOMY KOPITYCY HE BO3HUKAET.




3anyneHue oOecreyWBaeT 3alIUTy 4YeJOBeKa 3a CYET OTKIIOUCHHs aBapuiHON
AJNIEKTPOYCTAHOBKHM OT CETH MPH 3aMbIKAHUM Ha KOPITYC U MPUMEHSIETCS B CETSAX HAMPSHKEHUEM JI0
1000B ¢ rioyxum 3a3emiieHHMEM HeuTpanu. 3aHyldeHHe — TMPeHAMEPEHHOE JIIEKTPUUECKOE
COCIMHEHUE C HYJEBBIM 3alIUTHBIM MPOBOJHUKOM METAUNIMYECKUX HETOKOBEAYIIMX YacTeu
METAJUTMYECKUX HETOKOBeAylHnx dyacTedl (puc.9). OHO mpeBpaliaeT 3aMbIKaHHE Ha KOPOYC B
onHO(a3HOE KOPOTKOE 3aMbIKAaHWE, BBI3BIBAIOIIECE CpPabaThIBAHWE 3aIIUTHOTO OTKIIOYCHUS
(mmaBkuit npenoxpanutenb, A3C W T.m.). 3alIMTHOE OTKIIOYEHHUE JIOJDKHO OTKIIOYUTH
HNOBPEXJIEHHYIO a3y OT Kopiyca 000pyI0BaHHUS.

B nienu HyneBbIX 3aIIUTHBIX TPOBOIHUKOB HE JIOMYCKAETCSl BKIIIOYSHHUE TIPEIOXpaHUTENEH U
IPYTUX pa3beACHSIOMMX MpucnocoOnennii. Kak mpaBwio, HyJIeBOW 3alllUTHBINA MPOBOTHUK
MMOBTOPHO 3a3eMJISIETCS JUIsl CHUKEHUSI HAMPSKEHUS Ha KOPIyce, B MOMEHT KOPOTKOTO 3aMbIKaHMUS,
a Tak)Ke JUIsl yMEHBIICHUSI OTIACHOCTH MPH 0OPBIBE HYJIEBOTO MPOBOJA.

B cootBerctBuu ¢ ITYD nporpamma MCHbITaHUH 3a3€MIISIOIINUX U 3aHYISIIOIIUX YCTPOKUCTB
BKJTIOYAET B ce0s1 M3MEpEHUE CONPOTHUBIICHHS 3a3eMJISIONIETO YCTPOICTBA, MPOBEPKY HATHYHS IIETIH
MEXAY 3a3€MJIMTEISIMU M 3a3€MJICHHBIMH 3JIEMEHTaMH, IIPOBEPKY IOJIHOTO COMPOTHUBIICHUS IIENH
«baza-mynp» (B ycraHoBkax HampspkeHueM 10 1000B ¢ raoyxum 3a3emiieHHeM HEUTpamm),
U3MEpEHUE YAETbHOTO 3JIEKTPUUECKOIO COMPOTUBIECHUS TPYHTA U T.II.

3Mepenne conmpoTUBJIEHUS 3a3EMIIEHUSA

BenuunHa cONpOTHBIIEHHS 3a3eMIISIONIMX YCTPOMCTB, COTJIaCHO IIpaBWJIaM yCTpOMcCTBa
anekTpoyctaHoBOK (I1YD), HOpmupyeTcs B 3aBUCUMOCTH OT HANPSHKEHUS CETH, MOIIHOCTH
ANEKTPOYCTAHOBOK M pekuMa HeuTpanu. COmpoTUBIICHUE 3a3eMJIISIONIETO yCcTpoiicTBa Ro 3aBucUT
OT YAETHHOTO CONMPOTHHBIICHHS TPyHTa p, AuameTpa d u TITyOuHBI 3aJI0KEHHUs t 3a3eMITUTeNeH, uxX
KOJIMYECTBA, UTMHBI COCTMHUTEIBHOM TTOJIOCH! U TIIYOUHBI €€ 3aJI0’KEHUS U pAja IpYrux (pakTopoB.
ComnpoTHBIIeHNE OJUHOYHOTO CTEPKHEBOTO 3a3EMIIUTEIISI BRIpaXkaeTcst (popMyroi
{ 7 e R dat o+ Loy
Ra = ﬂsxln.d | Ehln.d-..-E.J ) (17)

VY enbHOE COMPOTUBIIEHHE IPYHTA 3aBUCHUT OT €ro BUJa (MECOK, MIMHA U T.II.), BIAXHOCTH,
TeMIlepaTypbl M cojepkaHusi B HEM coyied. OpUEHTHUPOBOYHBIE 3HAUEHUS YAENIBbHBIX
CONPOTHBIICHUH Pa3JINYHBIX IPYHTOB NpuBeAeHbI B [Tpui.2.

B mponecce skcrutyaTanuu B pe3ysibTare KOPPO3MM IOJ JIEHCTBUEM TOKOB 3aMbIKaHUS Ha
3eMJII0, BBICBIXaHUS TPYHTA BOJIM3M 3a3€MIIMTENICH YBEITMUMBACTCS COMPOTHBIICHUE3a3EMIISIOIIETO
yCTpOHCTBA. TO  BBI3BIBACT HEOOXOAMMOCTb  ONpeleNeHHs (aKTHUECKHUX IapaMeTpoB
3a3€MIISIIOIIMX YCTPOMCTB M KOHTPOJII HX TEXHHYECKOTO COCTOSHHUS Kak IIepel HadaloM
AKCIUTyaTalH, TaK U MEPUOJUYECKH B MPOIIECCE IKCIUTYaTallH.

W3mepenue cONpOTHBIIECHUS 3a3€MIISIOUIMX YCTPOMCTB JIi LIEXOBBIX 3JIEKTPOYCTAHOBOK
ClIelyeT MPOBOAMTH IEpe]l BBOJAOM B IKCIUIyaTallMIO M B IOCIEAYIOUIEM HE pexke | pasa B ro.
W3mepenust TOJKHBI IPOBOAUTHCSA B MEPUOJIbI HAUMEHBIIEH MPOBOJMMOCTH I'PYHTa: OJIUH TOJ —
JeTOM TIpu HauOOJbIIEM TPOCBIXaHWW TPYyHTA, JPYroil TroJ — B3UMOW TpH HaMOOJBIIEM
IIPOMEP3aHUU TPYHTA.

W3MepuTh CONPOTUBICHHE 3a3€MIISIIOIIMX YCTPOMCTB MOXHO METOJIOM aMIEepMeTp-
BOJIbTMETPA, METOJIOM «TPEX 3eMeNb» (MITH TPEX u3MepeHuil), mpudopom tuna MC-08.

JInst u3MepeHust COTPOTUBIICHHUS 3a3eMJISIFOIET0 YCTPOHCTBA JIFOOBIM METOAOM HEOOX0IMMO
CO3/1aTh IEMb TOKa Yepe3 3eMJIto. J{Jst 37Toro HeoOX0 MBI elI€ J1Ba JOTIOTHUTEIBHBIX 3a3€MIINTEIS
— BCIIOMOTAaTeNbHBIN (TOKOBBINM) Re 1 30H] (MoTeHUManbHbIN) R3. BecomoraTenbHbli 3a3eMIINTENb
co31aér uens Toka. HasHaueHue 30H1a — MOJy4eHHe TOYKU C HYJIEBBIM ITOTEHIIMAIOM, T.€. TOUKH, B
KOTOPOH TOK pAcTEKaHUsl MPAKTUYECKH OTCYTCTBYET M IO OTHOLIEHWH K KOTOPOW MOXKET OBITH
M3MEpPEH NOTEHIMAN UCIIBITYEMOTO 3a3€MIIUTEIS.



TouyHOCTH HU3MCPCHUA COIMPOTHUBJIICHUSA 3a3CMIIAIOIINX YCTpOI\/JICTB 3aBHUCHUT OT IMPABUIIBHOT'O
B3aMMHOT'O PAaCIOJIOKCHUA HMCIIBITYCMOI'O W BCIIOMOTAaTCJIIBHBIX 3a3eMIITUTEIICH B OT pacCTOAHUA
MeX1y HUMHU. [l mosydyeHus pe3yjapTaTOB HM3MEPEHUH C IOTPELIHOCTHIO, HE IIPEBBILIAIOIICH
+10% (a0 coCpelOTOYEHHOTO 3a3eMJIMTENS1), MUHUMAJIBHOE PACTOSHUE MEXAY 3a3eMIIUTENSIMU
JOJKHO OBITH HE MeHee 20cM.

JUisi  M3MepeHHs CONPOTUBIICHUS 3a3€MIIIOIIUX YCTPOMCTB JIOJDKEH IPUMEHSATHCA
MEpEeMEHHBI TOK, TaK KaK MNpHU TPOTEKAHWW B 3€MJI€ TOCTOSHHOTO TOoKa BO3HUKaeT JJIC
MOJIIPU3ALIAN 3JIEKTPOJIOB, MCKAKAIOIIas pe3ylbTaT M3MEpeHHs. BenmuunHa Toka HE OKas3bIBaeT
CYIICCTBCHHOI'0 BJIMAHHA Ha PE3YJIbTAT U3MCPCHHA, HO IPU CIHUIIKOM MaJioil ero BeIWYHWHE HE
CKa3bIBACTCSl BJIMSIHAE TOCTOPOHHMX TOKOB. Ilpm W3MepeHHH HYXHO TNPUMEHSTh HeOOJIbIINe
HaNpsHKEHHUS UCXO0JIS U3 YCIIOBHUI 0€301acHOCTH.

MCTOH AaMIICPpMCETPa-BOJIBTMCTPA IMO3BOJIACT U3SMEPATH NPAKTUYCCKH JIIO0BIE BEJIMYMHEL
COTIPOTHUBJICHUH 3a3E€MIISIOIINX YCTPOMCTB C IOCTaTOYHOH CTENEHBIO TOUHOCTH.

ConpoTHBJICHNE HCTIBITYEMOTO 3a3€MIIUTEIS PABHO:

Ry = Un/le Om (18)

I'ne Ux — HanpsiKeHHe UCTIBITYEMOTO 3a3€MJINTENSI OTHOCUTEIBHO TOUKH C HYJIEBBIM ITOTEHIMAIIOM,
B KoTOopyro mnomeméH 30HA Rs, B (puc.12); Ix — TOK, mpoxonasdumuil dyepe3 HCIBITYeMbIH
3a3eMIJINTEIb, A.

Puc.12. Meton amnepMerpa-BoJibTMeTpa

JInsi yMEHBIIEHHsSI TOTPEIIHOCTH WM3MEPEHHS COIMpPOTHBIICHHE BOJBTMETPA JOJDKHO
IpEeBBIIIATh CONMPOTHUBICHUE 30H1a B 50 pa3 u Oonee. B 3Tom citydae morpenHocTs U3MepeHus He
npeBbIcUT 2%.

[Tpubop tuma MC-08 peanmszyeT METOJ] aMIlepMeTpa-BoJIbTMETpa. Ponb ammepmerpa u
BOJIbTMETpa B NPHOOpE BBINOJHIET MarHUTOANIEKTpudeckuil soromerp. [Ipubop MC-08 umeer
CBOM HMCTOYHUK TOKAa M KJIEMMBI JUIS TOJKIIOYEHHS] K HCIBITYEMOMY 3aeMIIUTENI0, 30HIY H
BcIiOMOraTeibHOMYy  3nekTpony (puc.13). Illkama mpubopa mnporpagyupoBaHHa B OMax.
[TorpemnocTs u3mepenus He npesbiimaer 10% npu conpotusinennu 3o0H1a 10 10000m.

]

Puc.13 Cxema u3mepeHnusi CONpPOTUBJIEHNUS 3a3eMIISIIOIIUX YCTpoicTB npudopom tuna MC-08



Meton «TpéX 3eMeliby WM METOJ TPEX U3MEPEHUN aMIIEPMETPOM-BOJIBTMETPOM MO3BOJISET
KCIOJIb30BATh BOJIBTMETP C MAJIBIM BHYTPEHHUM COMPOTUBIICHUEM.

N3mepenust mpoBOIST MOCIIEA0BATEIHHO MPH MOIKITFOYCHNN UCTOYHUKA TUTAHKS B IIPHOOpa
o cxemam. [IpuBenénnbiM Ha puc.14. J{ns kaxa0il napsl 3a3eMIIMTENEH HaXOAAT BEIMYUHY TOKA U
MaJICHUE HaNpsHKEHUS Ha HUX. Tak Kak

Bx + Ry = /14

R (19)

Bx + Rz = Ug/lz = Rg , (20)

Ry + Rz = Us/ls = Ra | (21)

TO BEJMYHMHY COINPOTHUBJIEHUS HCHOBITYEMOTO 3a3€MJIMTENS HAXOIAT IYTEM PELICHHS CUCTEMBI
YpaBHEHUH KakK

Bx = 0,5%x(R1 + Rs ~ Ra) , (22)

Henocratkom metona siBisiercst 6ombias (6onee 10%) morpenrHocTh H3MEPEHUs U3-3a TOTO,
4YTO COIIPOTUBJICHUC BCIOMOTI'aTCIbHBIX 3a3eMIIMTEIIEN 3HAYUTEIHHO 60JIBIH€ COIIPOTUBJICHHUA
UCTIBITYEMOTO 3a3eMJIHTEIS.
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Puc.14. Cxemsbl noak/iroueHusi NpudOpPOB NPH M3MEPEHUH CONPOTHBICHUA3A3eMIIUTEISI METOIOM (TPEX 3eMeJIb»

H3MmepeHne cCOnpOTUBICHUS 1IEITH d)aSa-HVJIB

N3mepenue compoTHBIICHUs Henu «(haza-Hyab»- OCHOBHAs MPOBEpPKA JEHCTBUS CHCTEMBI
3aHyJEHUs, T.€. OTKJIIOYEHUS aBaApUWHOTO ydacTKa MPH 3aMbIKAHUU Ha KOPIYC. DTO HU3MEPEHHUE
TaéT BO3MOXKHOCTh TIPOBEPHUTH MMPABHIBHOCTH BBIOOpA TUIABKMX BCTaBOK TPEJOXPAHUTENCH U
aBTOMATOB 3AILIUTHI.

N3mepenune BenéTcs Ha OTKIIOYEHHOM OOOPYIOBAHHH, a JUIsl CO3JAHUS IIEH TOKAa TIPH
n3MepeHun (ha3HBI MPOBOJ] C MOMOIIBIO BhIKIIOUYarenss BK2 (puc.15) coenuHSIOT ¢ KOPITycOM
npoBepseMoro obopynoBanus. [lomHoe compoTuBieHue Ienu «(dasza-Hynb» OMpeaensercs Mo
dbopmyie

Zn = U/, OM (23)

rae U — nokazaHus BolbTMETpa, B; | — mokasanus amnepmerpa, A.
beicTpoe M HanéXHOE OTKIIOYEHHE IOBPEKIAEHHOIO Y4YacTKa CETU JOCTUTaeTcs IpH
BBITIOJTHEHUH YCIIOBUSA

e » kil A (24)

rae [ — HOMUHAJIBHBIN TOK IJIABKOW BCTaBKU TMPEIOXPAHHUTENS WJIM aBTOMaTa 3alluThl, A; K —
Kod(puIMeHT, 3HadeHue Kotoporo permamentupyercs I[IYD (Ilpun.3, Tabn.1); Ik — Tok
0J1HO()a3HOTO KOPOTKOTO 3aMbIKAaHHsI HA KOPITYC.



0,854l
I = A (25)

Zr + ZT/3
rne Up — daszHoe HampsbkeHue ceth, B; Zr — pacu€THOe conpoTuBiieHrne 00MOTOK TpaHchopmaropa,
Om (ITpun.3, Tabm.2); 0,85 — kodpPUIMEHT, YIUTHIBAIOIINN BO3MOKHOE CHIKEHHE (Pa3HOTO
HAIpPsDKEHHS B TIPOIECCe IKCIUTyaTallii U IEPEXOIHOE COMPOTUBJICHUE B MECTE 3aMBIKAHUSI.
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Puc.15. Cxema noak/ioueHus NpudOpoOB JJIsl M3MEPEHHs] CONPOTHBJICHUS Lenu «(pa3a-Hyab»: M — nensiTyemas
3JIeKTpoycTaHoBKa; R0 — conmporuBiieHue 3azemiaurtensi Heiitpanu; II1 — Beikiaouatens cuinoBoii nenu; 2 —
BBIKJIIOYATEIBHCIBITYeMOM 3j1ekTpoycTanoBky; BK1 — BeIKiIIOUaTe1b MOHMKaKOIIEro Tpancgopmaropa; Tpl —
cujioBoii Tpancopmarop; Tp2 — nmonmxkarommii Tpanchopmarop; F — npegoxpanurens; Ik — Tok KopoTkoro
3aMbIKaHUS

H3mepeHne yaeabHOTrO CONPOTUBIICHHS ITPYHTA

Hawubouee pacnpocTpaH€HHBIMU METOIaMU H3MEPEHHS YICIIbHOTO CONIPOTUBIICHHSI TPYHTA P
(Om*cM) SBASIOTCST METOJ IPOOHOTO (KOHTPOIBHOTO) AJIEKTPOJIa M METOJI YETHIPEX IIIEKTPOIOB.

[Ipy wu3MepeHHHM METOJOM TMPOOHOTO DIEKTPOJa B HCCIEAYEMBIH TPYHT 3a0MBarOT
KOHTPOJIBHBIN DJIEKTPOJ B BUIE TPYOBI (CTEP)KHS, YrojKa) TaKUX )K€ pasMepoB M Ha TaKylO Ke
rIyOMHY, KaK y JeHCTBUTENBHOTO 3a3eMiuTeis. KpoMe KOHTpPOJIBHOTO DJIeKTpojJa B TPYHT
3a0MBArOT BCIIOMOTATENbHBINA 3a3eMJIUTEh M 30HIA. 3aTeM JIIOOBIM W3 YKa3aHHBIX BBIIIE METOIOB
U3MEPSIIOT COTIPOTUBIIEHNE KOHTPOJIBHOTO AJIeKTpoaa Rx.

VYnenbHOE CONMpOTHUBIIEHHE TPyHTa (KOHTPOJBHBIN 3J1E€KTpo] — TpyOa, 3a0uTas BpPOBEHb C
MOBEPXHOCTBHIO 3€MJIM) BBIUHCIISIOT 10 (hopmyie

: (26)

rie Rx — comporuBneHne KOHTposibHOTO 3nekTpoxa, Om; L m d — ero anuHHA W Auamerp
COOTBETCTBEHHO, CM.

KoHTposnpHbBIE 351eKTPOI6I HE00X0AMMO 3a0MBATh B Pa3HBIX MECTAaX MCCIEAYeMOH IJIOIIa TN
U OTIPEJIENISATh CPeIHee 3HAUCHUE YIEIbHOTO COMIPOTUBIICHHUS TPYHTA.

[Ipy w3MepeHHH YAETHHOTO COMPOTHUBICHHUS TPYHTa METOAOM HYETHIPEX DJIEKTPOJIOB
(puc.16) B uccneayemsplil TPYHT 3a0MBAIOT HA OJIMHAKOBOM paccTOSHUU d JAPYyr OT Apyra 4eThipe
AJIEKTPOJIa, pacrmoJiaras MUX Ha OJHOW MPSAMOM JIMHHUH. DJIEKTPOJAbI MOAKIIOYAIOT K U3MEPUTEIIO
cornpoTuBieHus 3a3emiieHus Tumna MC-08 Takum oO6pa3om, 9ToObI KpaiiHue MeKTpoasl A u [l Obin
CO€JICHEHBI ¢ TOKOBBIMH KiemMmamu 11 u 12, a cpemnue snextpoast B u C ¢ moTeHIMaIbHBIMU
knemmamu El u E2. IlageHue HampsbkeHue B pyHTE MexAy anekrpoaamu B u  Chpsmo
MPONOPIIMOHAIEHO YJIEIEHOMY COINPOTHUBIICHUIO TPYHTAa P M BEJIWYMHE TOKA, MPOTEKAIOIIETO Ha
ATOM Y4YacTKe, M1 0OpaTHO MPOMOPIHOHANBLHO paccTosiHUIo d Mexay snekTponamu U=I*p/2*m*d,
OTKy/a

p o= 2, 7Ryl 1g(d=lsd)

p = Eaw=dsR (27)

rie R — nokazanus mpubopa MC-08, Om; d — paccTosiHEE MEXIY dIIEKTPOIAMH, CM.



Puc.16. Cxema coenHeHUs 3JIEKTPOAOB ¢ H3MepHuTeneM 3a3emiienus Tuna MC-08
AJIA U3MEPEHUS YACJIBbHOI0 CONIPOTUBJICHUSA I'PYHTA

s ydera BO3MOJKHOM HEOJHOPOJHOCTH TPYHTA JENAl0T HECKOJIBKO H3MEpPEHUH MpH
sHaueHusx d=50, 75. 100 cm u ompexaensiton cpeiHee apuPMETHUESCKOE 3HAUCHHUE YJEIBHOTO
COIIPOTHUBIICHUS.

H3MmepeHne conpoTUBICHUS U30ISITUN

OCHOBHBIMUBHJIAMU OLIEHKH KayecTBa JJIEKTPUUECKOM H30JIALUU SBISIOTCS H3MEpEHHE
BEJIMYMHBI COITPOTUBIICHUS U30JISLUU U UCTIBITAHUE U30JISILIMU Ha DJIEKTPUYECKYIO TPOYHOCTb.

W3mepenne wW30SIIMKM  OOBIYHO M3MEpSETCsl Ha TOCTOSHHOM TOKE TpU  OMOIIU
MEraoMMeETpa U SIBJISIETCS OCHOBHBIM IIOKA3aTEIeM COCTOSIHUS U30JISILUM CETEH, IIEKTPOoannapaTos,
puOOPOB U TPOBOIOB.

[IpoBepKy CONpPOTHBIEHHS HW3OJSALUM  AJIEKTPOOOOpYyIOBaHUs, pabOTAOMUX TPH
HOMHMHaJIbHOM HamnpsbkeHuu 10 500B, mpousBoasat meraommerpoM Ha 500B, a npu HOMHHAIBLHOM
HanpspkeHuu cbire S00B — meraommerpom Ha 1000B.

Ha puc.17 npencrasien yaacTok Tpéx@a3Hoil ceTH IEPEeMEHHOTO TOKA ¢ M30JIMPOBAHHOM

Il

R, IR

o

Puc.17. Cxema yvactka TpéxdasHoil ceTH NepeMEHHOro0 TOKA C W30JUPOBaHHOW HelTpanabio: Ra, R6, Re —
CONPOTHUBJICHUE U30/IHUH (Pa3 OTHOCHTETBHO 3eMIH

HeliTpanplo. B Takux cxemMax OOBIYHO HW3MEpPSIETCS CONMPOTHBICHHE HW3OJISALUN KaKIOH (a3bl
OTHOCHTEINILHO 3eMJTH. BennmunHa conpoTUBIEHNUS N30JIALNN OTACTHHON (ha3bl OTHOCHTEIBHO 3EMIIU
HE MOXET CIYXHTb KpUTepueM O€30MacHOCTH, TaK KaK TOK 3aMbIKaHUS Ha 3eMIIIO, a
CJIEJOBATEIILHO, U TOK Y€pe3 YEIOBEKa, ONPEACIACTCS MOJHBIM CONPOTUBICHUEM H30JSALUUN BCEH
CETH OTHOCHUTEIBHO 3EMIIH.

[TonHOE CONMPOTUBIICHUE N3OJISAIMU CETH ONpeensieTcs Mo Gopmyie

Rt TR
Romoee T : (28)

Rgthﬁ + Hp*Rg + RaxRe




3Hasi MOJHOE COMPOTUBIIEHUE U30JISLUU CETH, MOYKHO IOJIYYUTh 3HAYEHUE BEJIIMYMHBI TOKA
Yyepe3 YeIoBeKa, MPU MPUKOCHOBEHUH €T0 K OJHOM U3 (a3, U3 CIeIyIIero BEIPAKCHHS:

Fully
i (29)

InRyan t Rys

laen =

Haubosiee mosHOE TpeicTaBIeHUE O COCTOSIHUM H30JISLMU CETH W JJIEKTPOYCTAHOBKH C
TOYKM 3peHHUs Oe30MacHO JSKCIUTyaTallkd MOXKET OBITh IOJIYy4eHO B TOM Cllydae, €CiH
CONIPOTUBIICHHE W30JSLUUA JAaHHOM CETH M JJIEKTPOYCTAHOBKM M3MEPEHO B HOPMAJIBHBIX
HKCIUTYaTaI[MOHHBIX YCIIOBUSX, T.€. IPU pabodyeM HANpsHKEeHUH U BKITIOUEHHBIX TOKOMIPHEMHUKaAX. B
9TUX YCJIOBUSAX YUUTBHIBACTCS CONPOTUBIICHUE U30JISLIMU BCEX YUYACTKOB CETH, a TAKXKE 3aBUCUMOCTh
COMPOTHUBIICHUS OT HAaNpsDKEHUs. OToMy TpeOoBaHMIO Hanboyiee TOJHO YIOBIETBOPSIOT
YCTPOWCTBA HENPEPBIBHOTO KOHTPOJISL COIIPOTUBIICHUS U30JIALIMH.

Hawuboubiiee pacripocTpaHeHHe MOTYYMIH TaK HA3bIBAEMbI CXEMbI HETIPEPBIBHOTO KOHTPOJIS
CONPOTHBJICHUS M30JAMU HA BbIOPSIMICHHBIX ToKaX. KOHTpOJb CONpPOTHBIEHHS H30JIALUU
BBIIIPSIMJIEHHBIMU TOKaMH IPEATNOoiaraeT MCIoJb30BaHUE TaK HA3bIBAEMBIX BEHTHJIBHBIX cXeM. B
TaKUX CXeMaX HeOoOXOoauMble Ui paboOThl TOKM 0O0pa3yloTCsi IMOCPEACTBOM TPEX BEHTHIICH,
MOJIKITFOUEHHBIX K (hazaM KOHTposmpyemoit ceTH (puc.18). Obmias Touka BEHTHIICH, COSTUHSIETCS C
3emui€l yepe3 kuwnoomMerp PR u curnanbnoe pene K. Kumoommerp u3MepsieT CONpPOTHBIIEHUE
M30JISIUM CETU OTHOCHUTENIBHO 3€MJIM, a CUTHAJIBHOE pelie IMPUBOJUT B JICHCTBUE CBETOBYIO WJIU
3BYKOBYIO CHUTHAQJIM3ALMIO TPU CHIKEHUMCONPOTUBIICHHUS] M30JSLUU HWKE YCTaHOBJIEHHOIO
npenena.

CpenHee 3HaYeHNE TOKA HArPy3KU B BEHTEIbHON CXeM€ KOHTPOJISI M30JISUU HE 3aBUCUT OT

Puc.18. BenTniibHas cxeMa KOHTPOJISI conpoTuBaeHus mzoasanun: VD — quoasl; PR — knnoommertp: K — pedte;
Ra, R0, Rc — conporuBiienue uzousinun ¢as

ACCHUMETPUU COTPOTHUBICHHNA HM3O0JSIUH OTIACNBHBIX ()a3 M BCErAa MPOMOPLUUOHATIBHO TOJHOMY
COIIPOTUBJICHUIOU30JISLIUN OTHOCUTEIBHO 3EMJIU.

Cxembl HENpephIBHOIO KOHTPOJSI COCTOSIHUS M3OJSLUH C MOMOIIBI0O TPEX BOJIBTMETPOB
(puc.19) no cBoeMy NpUHIUITY JEUCTBHS HE MOTYT OCYLIECTBIISITh U3MEPEHNE BEITMUNHBI

c
B

Puc.19. Cxema HenpepbIBHOT0 KOHTPOJISI M30JISIIUM C TOMOUILIO TPEX BOJLTMETPOB



CONIPOTUBIICHUs] H30JALIMM CETH OTHOCHUTENIBHO 3eMJIM. VX TiaBHOE Ha3HAYEHHE COCTOUT B
KOHTpOJIe 0HO(A3HBIX 3aMBIKAaHUI Ha 3EMII0, T.€. TIOBPEXACHUH, MPU KOTOPHIX COMPOTHUBIICHHUE
CETH OTHOCHUTEJIBHO 3eMJIH CTAHOBUTCS OJM3KUM K HYJTIO.

[Ipu wcnpaBHOW W3OMSAIMHM BOJBTMETPHI TOKA3bIBAIOT HANpsOKEHUE, MPUOTU3UTETHHO
paBHOe (pa3zHOMY. B cirydasix riryXxoro 3aMbIKaHHs Ha 3eMJIIO OJMH M3 HUX MOKa3bIBAET HYIb, a JIBA
OPYrUX — JIMHEWHOe HampsbkeHue. [10 mokasaHusM BOJIBTMETPA MOKHO CYAMTH JIHUIIb O HAIWYUU
UM OTCYTCTBMM 3aMBIKAHMM Ha 3€MJIIO, @ HE O BEIMYMHE CONPOTUBIICHMS u3osauuu. Ilpu
CUMMETPHUYHOM CHHKEHHH COTIPOTHBIIEHUH BIUIOTH 10 KOPOTKOTO 3aMBIKAHHUS BOJBTMETPBI OYIyT
MOCTOSIHHO TTOKAa3bIBaTh HANPSKEHUS, paBHBIE (ha3HOMY.

TDGGOB&HI/IH, OPpEABABIACMBIC K COITPOTHUBJICHUIO U30JIAITNH

KOHTpob CONpOTUBIEHUS U30JIALUN IPOU3BOAUTCS HE TOJBKO JJIS AJIEKTPUUYECKUX CETEH,
HO M JUIA JIOOBIX BUIOB AJIEKTPOOOOPYIOBAHMUS, SJEKTPUIECKUX MAIINH, MPHOOPOB M armapaToB.
BenuunHa conpoTUBIEHUS U30JISLUN OLIEHUBAETCS 110 HOpMaM, KOTOpbI€ YKa3aHbl B JEHCTBYIOIINX
EKTPOTEXHUYECKUX IIpaBUiax, crangaprax u TY.

[MpaBuma ycrpoiictBa 3nekTpoyctaHoBok (IIYD) TpeOyror, dTOOBI CONMPOTHUBICHUE
M30JISIUM CUJIOBOM M OCBETUTENBbHOM ceTu HampspbkeHueMm 1o 1000B Ha ydacTtke Mexnay IByms
CMEXHBIMU TIPEIOXPAHUTENSIMH MM 33 TIOCIECAHUMHU TIPEAOXPAHUTEISAMUA MEXAY JHOOBIM
MIPOBOJIOM U 3eMJIEH, a TaKKe MKy ABYMsI JIIOOBIMU TipoBoAaMu ObuT0 He Menee 0,5 MOwM.

[IpoBepka COMPOTHUBICHUS W3OJAUU OOpPTOBOM CETHM pasfensercs Ha IPOBEPKY
CONPOTHBIICHUS U30JIALIMMA BCEW CUIIOBOM CETH M MPOBEPKY COMPOTUBIICHUS M30JALUU OTIEIIBHBIX
¢unepoB. ComnpoTUBICHHE H3OJSIMH BCEW OJHOMPOBOJHOW CETH TIOCTOSHHOTO TOKa TIpU
BBIKITFOUEHHBIX TOTPEOUTENAX U OTKIIOYEHHBIX OT KOPITyca JIETAaTEIbHOTO anmapara noTpeOuTensx,
HE UMEIOIINX BBIKIIOYATENeH, TPH BIAXHOCTH Bo31yxa He Boime 70% nomkHo ObITh He MeHee 0,3
MOwm. ComnpoTuBiieHHE H3OJSIUN KKIOro ¢uaepa MpU BIAKHOCTH Bo3ayxa He Bbime 70%
NoKHO ObITh HEe MeHee 10MOwM — mpu ymcie notpeduteneit B ¢puaepe no tpéx; SMOM — npu
qrcliie motpedureneit B gpumepe Oobine TpeX.

Cornacno I'OCT 16325-76 conpoTuBIIeHHE U30JSLUH IEKTPUUYECKUX LIEeTIEeN 31E€KTPOHHBIX
U(POBBIX BBHIYUCIUTENBHBIX MalIUMH oOmiero HazHaueHUs (DBM) 3aBUCAT OT MaKCHMAalbHOTO
paGouero HampsOKEHHWsI MM M JOJDKHO OBITh B HOPMAJBHBIX KIMMATHUYECKUX YCIOBHUSX,
cooTBeTcTBEHHO, He MeHee 5, 20 u 100 MOwm npu nHanpsxenusx 100, 500, 10000 B. Ilpu
MOBBIIEHHOW TeMIepaType CONpoTUBIeHUS n3oasiuuu OBM ymenbmatorcs 1o 3HaueHuit 1; 5; 20
MOwm. Ilpu moBwimeHHOW BiaxHOCTH (cBbime 80%) COMPOTUBICHUS H3OJSIHMUA JIOJDKHBI OBITH,
COOTBETCTBEeHHO, HEe MeHee 0,2; 1; 2 MOwm.

BopToBbIE ceTH eTarenbHbIX anapaToB BHIIOJIHIIOTCS MPOBOAAMH Pa3IMYHBIX MapoK, HO
HanboJIee YacTo UCTIONB3YIOTCS CIIEYIOIIHE:

a) npoBoj BIIBJI ¢ uzonsiiuelt u3 BUHUIIOBOTO IUIACTUKATa B JIAKUPOBAHHOW OTUIETKE M3
XJIOMYaTOOYMaXHOW TIPSDKM, TOKOHECYIIasl JKWjda W3 MEIHBIX IPOBOJIOK, HpPUMEHSETCS JUIs
SKCIUTyaTalliu MPU TeMIeparype okpyxatomei cpensl oT +70 no -60°C. IIpooxa BIIBJID — to *xe,
yro 1 BIIBJI, HO B skpanupoBaHHO# miieTéHKe. CONMPOTUBICHNUE U30JISAIMH TPOBOJIOB JIOJIKHO OBITH
e menee 500 MOwm/m;

6) mpoBox BIIT-250 u BIITD-250 ¢ wm3omsmmeit u3 ¢ropomnacra-4, oOMOTaHHBIH |
OTUIETEHHBIN CTEKJIOBOJOKHOM M IPOMUTAHHBIN JIAKOM, SKCIUTyaTUPYeTCs IpU TemrepaType oT -60
10 +250°C. ConpoTuBieHue U30JSIUN TIocie Bo3AeHCTBHS TeMiepaTypbl +250°C 10mKHO OBITh HE
Meree S00MOm/m;

B) ipoBo7 BH® u BH®D ¢ monmuamuaHo-)TOPOIIacTOBON H30JISIHEH.

TokoBenmymue JKWIBI W3 TMOCEPEOPEHHON Menu WIM HUKEITUPOBAHHOW IPOBOJIOKH,
MPUMEHSIOTCSL JUIsl DKCIUTyaTallMk TpH TeMmIeparype okpyxatomen cpenst ot -60 go +200°C.
ComnpoTuBieHHe H30JSIUHU Tocie BozaeicTBus Temmeparypbl+200°C mommkHO OBITH HE MeHee
10000MOMm/Mm.



B npou3BoACTBEHHBIX MOMEUICHUSX JUIS BBINOJHEHUS OCBETUTENIBHBIX U CHUJIOBBIX CETEH
HMpoKo npuMeHsitorcest npoBojga Mapok IIP u AIIP. Ilposox IIP ¢ menHO# xuioi, pe3nHOBOM
M30JIALMEH, B OIUIETKE W3 XJIOMYAaTOOYMa)KHOH TPSOKH, TMPOMUTAHHOM MPOTUBOTHHIIOCTHBIM
cocTaBoM, npumensercs npu HampsbkeHuu 10 S00B. ITposox AITP — 1o ke, uro u I1P, HO *una u3
amoMuHus. CONpOTHBIIEHHE W30JISAIIUH JTOJDKHO OBITH HE MeHee 200MOm/M.

2. OMUCAHUE JABOPATOPHOM YCTAHOBKH

JUis  SKCIepeMEHTAJIbHOTO  MCCIEAOBAHUSA  ONAaCHOCTEH  TMOpaKEHUs  YeJoBeKa
AIIEKTPUYECKHM TOKOM CO3JIaHBI JBa JTAOOPAaTOPHBIX CTeHJA. B mepBoM CTEHIEe CMOAETHpPOBaHA
AIIEKTpUYECKass CXeMa 3aMEIICHUs Tejla YelOoBeKa, cxeMa TpEx(a3zHOW CeTH MEepeMEHHOrO TOKa C
M30JIMPOBAHHONW HEHUTpabio, cxeMa TpExQa3zHOU CceTH MEPEeMEHHOTO TOKa C H30JUPOBAHHOU H
3a3eMJIEHHON HeWTpalbio, paboTaromas B aBapuiHOM PEXHUME, CXeMa HEMpPEPBIBHOTO KOHTPOJIS
COCTOSIHUSI M3OJISIIIMUA CETH, cXeMa TpEx(a3sHOW CEeTH IEePeMEHHOTO0 TOKa C HW30JMPOBAHHON
HEUTpaJIbIO JJIs UccieoBaHus n3osauuu. Ha cTeHne npeacraBiieHbl pa3anyHble MApKU IIPOBOJIOB
JIeTaTeIbHBIX alnapaToB U CUJIOBBIX CETEH /IS UCCIET0BAHUS N30SI,

Jlnst uccnenoBaHUs 3AIIUTHBIX (DYHKIMH 3a3eMIIIONMX W 3aHYJISIOMIMX YCTPOHCTB B
71a00paTOPHBIX YCIOBHSX TNPUMEHEH BTOPOM CTEHI, B KOTOPOM CMOJIEIMPOBAHHBI SIBICHHS
pacTekaHusi TOKa B 3€MJle, pa3jMuHble BapUAHThl HM3MEPEHUS CONPOTHBICHMS 3a3eMIISIOLINX
YCTPOWCTB, Ienb (a3a-HyJdb M Yy4acTOK 3€MJIH, YAEIbHOE COMPOTHBIEHHE TPYHTa KOTOPOTO
HE00X0IMMO U3MEPHTb.

Moienp 3JIEKTPUUECKON CXEMBI 3aMEIIEHNS Tl YEJTOBEKA

DneKkTpuuecKas cxeMa 3aMeIICHHs Tella YelloBeKa IOKa3aHa Ha BEPTHKAJIBHOW MaHeNn
cTeHna u puc.l. B cxemy uccnenoBaHus BKIIOUEH 3ByKOBOM reHepatop 1'3-33 u MMIIMBOJIBTMETP
B3-38 ¢ mynrom. Kiemmbl moaxmtouenus mnpu6opoB (1,2,3) BbIBeieHBI Ha TOPHU30HTAIBHYIO
naHenb crenaa. CoequHeHne MprUOOPOB ToKa3aHo Ha puc.20.
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Puc.20. Cxema noak/iroueHust npudopos k crenay: I — reneparop curaasnos tuna I'3-33; II — muniuBossTMETP
B3-38; III — cTena (MoaeJib 3JIEKTPUYECKOI cXeMbl 3aMelleHUs YeJI0BeKa)

1. I'enepatop curnanoB tuna ['3-33:

1 — mraBHas YCTaHOBKa 4YaCTOThI; 2 — MOTCHIUUOMETP YCTAHOBKHM BBIXOJHOTO YPOBHS; 3-
CTyneH4yarass YCTaHOBKa 4YaCTOTHI; 4 — BBIXOOHBIC THE3OA CHUHYCOMJAJIIbHOT'O CHUI'HAJIa; 5 —
MEPCKI0YATC/Ib AMIIJIMTY/IbI BBIXOAHOI'O CUT'HAJIA;

2. MuwmusoasT™MeTp B3-38:
1 — unUKATOP; 2 — BBIKIIOUATENh CETH; 3 — MEPEKITI0YaTelb MPEEIOB H3MEepEHuit; 4 — BXO.

3. Crenn



I'eneparop curHanoB Tuma [3-33 mpencraBisier coOOW HMCTOYHHK CHHYCOMJAIBHBIX
AIIEKTPUYECKUX KOJIEOAHWI 3BYKOBOW M YNbTPa3BYKOBOH 4acTOTHL. YacToTa yCTaHABIUBAETCS TI0
Uana3oHy nepekirodareneM 3 «MHOXKUTENb». AMIUIMTYAa  BBIXOJHOTO  HaIPSDKEHUS
perynupyercs notenuuoMmerpom 2 «Per. Beixomay.

MunnuBonbt™merp B3-38 nmpeanasHaueH Ui M3MEpPEHUs HANPSIKEHUS MEPEMEHHOTO TOKa
CHHYCOMIaNbHOU (opMbl. BonbTMmerp oOecreunBaeT H3MEpeHHE CpPEIHEKBAIPATHUECKOTO
HanpspDKeHUs cuHycouaanbHoi ¢popmsl oT 0,1 MB 1o 300B B auanazone wactot ot 20 I'y no 5 MI'm.

Monens Tpéxda3Hoil ceTu NepeEMEHHOIO TOKA
C M30JIMPOBAHHON HENUTPAIBLIO

Uccnenyemas cxema Tp€xda3zHOU CeTH MEPEMEHHOTO TOKAa C M30JUPOBAHHON HEUTPAIBIO
IoKa3zaHa Ha puc.21

n

Puc.21. Cxema ucciaenyemoii TpéxgazHoii ceTH MepeMEeHHOI0 TOKA ¢ H30JIUPOBAHHOI HEHTPAIbIO

Onnoit u3 (a3, B 3aBUCUMOCTH OT TOJIOKEHUS mepekitodarens [12, Menss 3HaueHue Ruen,
MOXXHO HCCJIEJIOBaTh W3MEHEHHE BEIUYMHBI TOKAa, IPOTEKAIOIIEr0 4Yepe3 4YelloBeKa TNpHu
MIPUKOCHOBEHHUH €T0 K OJTHOW U3 a3, a MeHsis1 3HaueHue Rus a3 (Ra, RO, Rc) — 3aBucumocts Toka
yepes3 YeIoBeKa [uen OT MU3MEHEHUS CONPOTHBIICHUS M30JILUH (as3.

Bce perynmupoBOYHBIE 3JIEMEHTHI CXEMbI BBIHECEHBI Ha TOPU3OHTAIBHYIO IaHENb CTEHJA,
TaM XK€ pa3MelIéH MIJUTHAMIIEPMETD.

Monenb TpéxdazHoil ceTH NepEMEHHOIO TOKA C
U30JUPOBAHHON U 3a3eMJIEHHON HEUTPAIBLIO

Puc.22. Cxema uccieayemoii TpéxgasHoi ceTu nepeMeHHOr0 TOKA ¢ U30JMPOBAHHOM M 3a3eMJIEHHOH HEHTPAIbIO

Ha puc.22 npencrasiena cxema TpéxdaszHoil ceTu MepeMeHHOro TOKa, KOTOpast ¢ MOMOIIBI0
BbIKIIIOUarens Bl moaenupyercs B ceTh ¢ n30auMpoBaHHON HelTpaibio (Bl «Bbikin») mim B ceth ¢
riyxo3azeMmyéHHoN HelTpainbio (Bl «Bbikm»).



Beixmrouatenem B2 M0oXHO MoennpoBaTh 3aMbIKaHHE OJHOM U3 (a3 Ha 3eMIlto, T.€. paboTa
CXEMBI IIPEBpAIIACTCs B aBAPUWHBIA pexkuM. MeHss 3HaueHue Ruen, RO m Rsam, mccnepyercs
BEJIMYMHA TOKA Yepe3 YeaoBeKa [uen Mpy HOPMAIBHOM U aBapUHHOM PEXKHUME PaOOTHI CXEMBI.

Ha ropusoHTanpHOM NaHenu CTEHAA PACIOJIOKEHBI BCE PETyIUPYEMbIEC JJIEMEHTHI CXEMBI,
BBIKJIFOYATEIIN U MUJUIMAMIIEPMETP.

Cxema HEMIPEPBIBHOT'O KOHTPOJIA COITPOTUBICHUSA M30JIALIMH.

Hccnenyemas cxema HENIPEPBIBHOTO KOHTPOJISI COTIPOTUBIICHUS U30JISLIMHU TTPUJICTABIICHA Ha
puc.23.
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Puc.23. Cxema HenpepbIBHOT0 KOHTPOJIS CONPOTHBJICHUS M30JISILA

Cxema COCTOMT M3 BEHTUJIBHBIX AMOJOB VD, KHIOOMMETpa MarHUTOAIEKTPUYECKON
cucreMbl PR, wucnonnurensHoro pene K, perynupoBouHsix comnpotuBieHuid R1 u R2,
nepexitouateneit [11 u I12. [Motenumomerp R2 ¢ momombio nepextovarens [12 moakmrogaeTcs: k
omHoit m3 (a3 wmccnemyemoit ceru. Ilo kumoommeTpy MOTEHIHOMETpoM R2 ycraHaBiIMBaeTcs
TpeOyeMoe 3HAa4YeHHE IIOJIHOTO COMPOTHUBIICHUS W3OJAIMU, a NOoTeHmuomerpoM RI1 — Tok
cpabatbiBaHUs pesie, GUKCUPYEMBbI 3aropaHeM CHUTHATBHOU JIaMIoukH. [locie HaCTpOMKU CXeMBbI
nepexitouatens [12 yctanaBnuBaeTcs B MoJI0KeHHE «BBIKID.

Monens TpéxdazHoll ceTH NepEMEHHOI0 TOKA C U30JUPOBAHHON HENTPAIBIO
JUISL YICCJICJIOBAHUS COPOTHUBICHUS U30JIAIIUN

Cxema Tpéxda3HOW ceTH MEepeMEeHHOro TOKa C M30JIMPOBAHHON HEUTpaibl0 MOKa3aHa Ha
BEePTUKATIBHON maHenu creHna. CONnpOTHUBICHHE W30JSLMU OTAENBHBIX (Pa3 CeTH OTHOCHUTEIHHO
3emsii 0003HaUYEHBICOOTBETCTBEHHO Ra, RO, Rc. Ha ropw3oHTanpHON MaHeNW CTEHIA HAaXOJISATCS
kiaeMMbl A, b u C, coenuHEHHBIE ¢ COOTBETCTBYIOIIMMH (ha3aMH CETH U KJIeMMa «3eMJIs.

HccnenoBanue 0poBOJIOB

B mpaBoii yacTu cTeHma pacmojiokeHbl ucciaeayembie mpoBoja mapok BIIBJI, BIIBJIO,
BIIT-250, TIP u AIIP. Ha ropu3oHTanbHON MaHEIW CTEHJIA PACIOJIOKEHBI KIEMMBbI, K KOTOPBIM
MIOAKJIIOUEHBI TTpoBoJa. M3mMepeHune n30Js1nuy IpoBOA0B IPOU3BOIUTCS Merommerpom M1102.



Merommerp tuma M1102

B maGopatopHoit paboTe UIsi W3MEPEHUS CONMPOTUBIICHUS W3OJSAIHH HCIOIB3yeTCs
nepeHocHoit Mmerommetp M1102. MeromMeTp cOCTOUT U3 Te€HEpaTOpa IEPEMEHHOI0 TOKA C PYYHBIM
MPUBOZOM, BBINPSAMHUTENS, HW3MEPUTEIFHOTO MEXaHW3Ma M BCIIOMOTATENbHBIX JJIEMEHTOB.
W3MepuTenbHBIM MEXaHH3MOM SBIISIETCS MarHUTOYJIEKTpHuecKuil jorometp. lllkama merommerpa
MpOTpajiyupOBaHHA HEMOCPEICTBEHHO B €IMHHIIAX CONMPOTHUBICHUS. BbiOOp nuamna3oHa naMepeHus
pou3BoAUTCS TyMOsIepoM. KOHCTpYKTHBHO MeroMMeTp o(opMIIeH B BUE TIEPEHOCHOTO MpUOopa
(puc.24).

Puc.24. Buemnnii Bug merommerpa M1102

Ha oimmneBoit manenu mpubopa pacrloNOKEHBI KIEMMBI | JUIsl  MOAKITIOUEHUS
COCJIMHUTENBHBIX MPOBOJIOB, H3MEPUTENLHBIA MPUOOP 2, TEepeKiIoyaTeh MpeaesioB n3MepeHuii4.
COoky Ha KopITyce Mpudopa UMeeTcs pyvKa MPUBOA reHeparopa 3.

Merommetp umeert nBa auanazona usMepenus 0-1000 kOm u 0-500MOwm. Hanpsbxkenue Ha
Pa30OMKHYTBIX 3aXXMMax B JuanasoHe wusMmepeHuss «MQ» cocrasmser 500+50B. OcnHoBHas
MOTPEUTHOCTH B paboueil yacTe mKajbl He MpeBhImaeT +1% OT JITHMHHBI [IKAJIBL.

[Tpu moaroToBKEe MEeroMmeTpa K padbore He0OX0IMMO BBITIOJIHUTH CIIEITYIOUINE OTIepaIliH:

1. [IpoBepHuTh HCIIPAaBHOCTH METOMMETpA. B MicmpaBHOM MeroMmeTpe npu BpaleHH! PYyIKH
reHepaTopa M 3aMKHYTHIX 3KMMax CTPEJKa J0JDKHA YCTAaHOBUTHCS HAa OTMETKE «ooy» IIKaibl «MQy,
€CITU TIePEKIII0YaTeNlb HAXOTUTCA B MOJIOKeHUH «MQy», 1 Ha oTMeTke «0» TOW K€ IIKaJbI, €CIIU
MEPEKITI0YaTENb HAXOIUTCS B TTOJIOKEHUH <K,

2. YcTaHOBUTH NEPEKIIIOYaTENh JUana30HOB U3MEPEHUs B MOJOXeHUEe «KQ» min «MOQ» B
3aBHCHMOCTH OT BEJIMYMHBI U3MEPSEMOro CONMPOTUBICHUS. [1oaKII0unTh IPUOOp K HCCIeayeMOn
CEeTH, KaK MoKa3aHo Ha puc.25.

a) ? ] :
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Puc.25. Cxembl pucoeIMHEHUsSI METOMMeETPA: a) U3MepeHHe CONPOTUBJIEHUs U30Jsuun (pa3zHOro nposoaa; 6)
U3MepeHue CONPOTUBJIEHUS U30JISIMU MexKk1y dazamu

3. IIpousBecTy OTCYET MO COOTBETCTBYIONIEH LIKaie, IJIABHO Bpalasi pydKy F'eHeparopa Io
4aCOBOM CTPEJIKE ¢ HOMUHAIBHON CKOPOCTBIO.

BHUMAHMUE! [Ilpu BpameHun pyKOATKM HE KacalTech OTrOJIEHHBIX IPOBOJIOB,
MIPUCOEIMHEHHBIX K 3a)KMMaM MErOMMETpa.



Mojenb 30HBI pacTeKaHUs TOKa

Jl1g SKCIIepeMEHTAIBHOTO MCCIIEIOBaHMS SIBJICHUN, CONPOBOXKIAIOIINXPACTEKAHUE TOKA OT
3a3€MIIMTENS, MCIOJB3YeTCs MOJEIb 30HBI pacTekaHus. B cocraB Moaenu 30HBI PACTEKAHUSA
BXOJISIT: IUCK M3 TOKOMPOBOJAALICH OyMaru ¢ HaJOXEHHBIMH 3JIEKTPOJIAMH M BCIIOMOTATEIbHBIMU
peiikamu, 00JIeTYaoNMMHI U3MEPEHHUE PACCTOSIHUE OT IIEHTPa JANUCKA; BOJBTMETP MOCTOSIHHOTO TOKA
c OOJBIIMM BXOJHBIM CONPOTHBICHHEM; HCTOYHUK TOCTOSHHOTO HampspKeHus. LleHTpanbHbId
AJIEKTPOJT MOJEIUPYET OJMHOYHBINA 3a3emuinTenb. KoJbLEBOM AIIEKTPOJ MOJAEIUPYET 30HY
HYyJIEBOTO TOTEHIMana. B cocraB Mo/iea BXOAUT TaK)KE€ HECKOJIBKO JTOTIOJHUTEIbHBIX 3JIEMEHTOB:
AIIEKTPOBI, UIYMBl BOJBTMETPA, KOJOAKK Ui (HUKCAMK IIy[OB BOJBTMETpAa Ha 3aJaHHOM
PacCTOSIHMM JPYT OT Jpyra; MOJIENb TPYIIIEI JIEKTPOAIIapaToB, 3a3eMIEHHBIX Ha OOIIYIO IIHHY.
IIpuMeHeHne 3TUX JIEMEHTOB OMKMCAHO B METO/IMKE UCCIIEI0BAHUM.

ToxonpoBosmas Gymara MOAEIHPYET TPYHT C MOCTOSHHBIM YACITBHBIM COMPOTHUBICHUEM
p. Mojienb 30HbI pacTEKaHUsI UMEET 3aKOH paclpe/iesieHUs IOTEHIINaja B 30HE PaCTEKaHMUS.

oo el e o TR 8
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rJie X — MOTEHIMAJ B TOUKE U3MEPEHUS; (O3 — MOTECHIIMAN 3a3EMJIMTEIIS; X — PACCTOSIHUE OT IIEHTpa
MoJienu; rl — paanyc BHYTpEHHEH OKPY)KHOCTH KOJIBLIEBOTO AEKTpoaa; ) — paanuyc IEeHTPAILHOTO
AIIEKTPOJIA.

DTOT 3aKOH pacTeKaHWs OTIMYAeTCs OT PACCMOTPEHHOTO 3aKOHA pAcTEKaHUS ToKa
HOJTyc(EepHIECKOTO 3a3eMIIUTENIS, OHAKO BCE SIBJICHHS, CONPOBOKIAIONINE PACTEKaHHE TOKa Yepes
3a3eMJINTENb, YCIICIIHO MOJCIHPYIOTCS Ha KauyeCTBEHHOM YpPOBHE, a TPHU MPaBUILHOM BBIOOpE
Macitaba mpeodpa3zoBaHus U CIOCOOOB MPEACTABICHUS PE3YIIbTATOB H3MEPEHHSI MOKHO TIOTy4aTh
KOJINYECTBEHHBIE 3aBUCMOCTH, XapaKTEPHBIC JITS PEATbHBIX 3a3EMIIUTEIICH.

Mogens 3a3eMJISIONIEr0 YCTPOUCTBA

Mogenb 3a3eMIISIONIETO YCTPOMCTBA M HM3MEpPUTENbHAs CXeMma Uil HM3Y4YeHHs METojia
aMIIepMETPa-BOJIbTMETPA COJCPKUT HMHUTATOPHI 3a3€MJIMTEIIS, BCIOMOTATEIBHOTO 3JIEKTPOJa U
30H7a (cM.puc.12). BermomoraTenbHbIN 37IEKTPOT M 30H 0003HaUeHbI COOTBETCTBEHHO RB 11 R3. Ha
FOPU30HTAJIBHOW MaHENIW CTeHAAa pPacroyiokeHsl kiaeMMbl Rx, RB m R3 qns coenuHenuss ux c
Toukamu 1, 2, 3 U3MepUTENBHON CXEeMbl. 3]IeCh K€ PACIOJIOKEeH BbIKItouatenb cren BK1 u
pPEryaIupoBOYHOE CONMPOTUBIEHUE R [Ist ©13MepeHust HalpsHKEHUST UCTOYHHUKA TOKA;

Mogenb 3a3eMIISIONIEr0 YCTPOHCTBA, uccieayemMoro mpudopom MC-08, Takke COICPKUT
3a3€MJINTENb, BCIIOMOTATENbHBIM 3yIeKTpoa W 30HA (cM. puc.13). Knemmbl nis nmoaxitoueHus
npubdopa MC-08 pacmosiokeHbl Ha TOPU30HTAIBHON TTAaHEN CTeHIA.

Mogenb 3a3eMIISIONIEr0 YCTPOUCTBA, UCCIEAYEMOIO METOJIOM «TPEX 3E€MEIb», COICPKUT
UMUTATOPHI 3a3emiiutenst (Rx) u AByx BcrioMorarenbHbix 37ekTpoaoB (Ry u Rz) (cm. puc.14). 3aech
K€ PpaCIIOJIOKEHbl aMIepMeTp M BOJbTMETp. JIJIsi MOJKITIOYEHUsS H3MEPUTENTHHOM CXEMBbl Ha
TOPU3OHTAIIBHYIO TaHeNlb BbIBeIECHBI KieMMbl Rx, Ry, Rz, coemunéHHbIE ¢ COOTBETCTBYIOIIUMU
HCTBITYEMBIMHM  3a3emiuTensiMu. Beikmrouarens BKI1  cnyxur s nmopaun HampspKeHUS B
HU3MEPUTEIIBHYIO CXEMY.

Monens enu daza-Hyib

Mopnens TpéxdaszHoil ceTH MEepeMEHHOTO TOKa C TUIYX03a3eMJIEHHOW HEUTpanpio |
YCTPOUCTBOM ISl UI3MEPEHHs COTIPOTUBIICHUS 1NN «(a3a-Hyllb» COCTOUT U3 ydacTKaTpExazHOM
YEeTHIPEXTIPOBOAHON CETH, D3JeKTpoaBurarens, Baikimtouatesned cetu II1 u II2, 3a3emumrens
HelTpanu Ro, BBIKITIOYATENs] UMUTAIMKM KOPOTKOro 3aMbikanus BK2 (cm. puc.15).



B nenp «daza-Hysap» BKIOYEHBI aMIIEpPMETp, BOJBTMETP U MOHMKawoumwmii Tpancdopmartop Tpl ¢
Boikitouarenem BKI1. Beixmouatenu I11, 12, BK1 u BK2 pacnonoxkensl Ha TOpU30HTaIbHOMU
IIaHEJIN CTEHJA.

Mogenb s UCCIICA0BAHMS YISIbHOTO COIIPOTUBRICHUS I'PYHTA

Mogens yyacTka 3eMJIH ISl CCIEIOBAaHUS YICIBHOTO CONMPOTHUBICHUS T'PYHTAa METOIOM
YeTBIPEX BJIEKTPOJOB UMHUTHUPYET YYacTOK 3€MJIM C KOHTPOJbHBIMU 3nekrpoaomu A. B, C, [,
KOTOPBIM TOJIKITIFoUaeTcss u3meputenb 3azemnieHuss MC-08 (cm. puc.16). Ha ropusoHTampHOM
MaHenu pacnoliokeHsl kiieMMbl A, B, C, JI, coelMHEHHBIE ¢ COOTBETCTBYIOIMMHU JJIEKTPOJAMH, U
MEPCKI0YaTC/Ib IIK I UMUATAUA U3MCHCHUS PACCTOAHUA MCKY SJICKTPOAaMHU.

HucTpykius oo padore ¢ mpudbopom MC-08

[Mpunnmn pedcTBUS TpuOOpa OCHOBAaH Ha METOJE AaMIlepMETpa-BoJIbTMETpa. TOK u
HaNpsHKEHUE M3MEPSIOTCS MarHUTORJIEKTPUYECKUM JoromMeTpoM. [Ipubop cHaGkEH TeHepaTtopoM
MOCTOSIHHOTO TOKa C PYYHBIM NMPHUBOJOM. [IOCTOSHHBIN TOK reHepaTopa ¢ MOMOIIBIO MPEePhIBATEIS
npeobpa3zyercst B nepemennsblil. [llkana mpubopa nmporpaayupoBanHa B omax. Ha numeBoit manenu
PAacIIoNIOKEH MOKA3bIBAIOIIUIN P00 U TIepeKiTouaTeNs mpeaenoB naMepennii. COoky Ha Kopriyce
npubopa MMeeTcsl pydKka MPUBOJA T€HEepaTopa M MOTEHIHOMETP KaInOpoBku. [Ipubop umeer tpu
npenena uamepenus: ot 0 go 1000, ot 0 7o 100 u ot 0 7o 10 Om. [orpemrHocTs PUOOpa He Ooee
1,5% npu conporuBneHun 3oH1a 10 1000 Om. CkopocTh BpalleHHsl PYy4YKH IeHepaTtopa JOoJDKHA
obITh B mpeaenax 90-150 o6/mun. M3meputenb 3a3eMJICHHS PACIONIaralOT B HEMOCPEIACTBCHHOMN
ONMU30CTH OT HCIBITYEMOTO YCTpoiicTBa M mpucoenuHsor kiemmbl El, 11, E2, 12 x
COOTBETCTBYIOIIUM TOYKAMHCCIIEyeMO CXeMBbl. Bce coeauHeHus: MPOBOJAT H30JMPOBAHHBIM
npoBosioM. Ilepen m3mMepeHHEM MPOU3BOAAT KOMIICHCAIIMIO COMPOTHBIIEHUS 30Hma. s sToro
MepeKyroYaTeNlb poja padoT YCTaHABIMBAIOT B MOJIOKEHHE «PETYIHPOBKA» MW, Bpalias PYy4Ky
reHeparopa co CKOpOCTbIO oOkoyno 120 oO0/MUH, pydykoidl TOTEHIMOMETpa KadHuOpOBKH
YCTAQHABJIMBAIOT CTPEJKy TMpuOOpa Ha KpacHyl0 OTMETKY Inkaibl. [locie KomImeHcauu
COIMPOTHBIICHUS 30H/1a MIEPEKIIIOUATENb CTABAT B MOJIOKEHHE «M3MepeHHe X 1», T.e. Ha npeaen 1000
OwMm, ¥ TIpOM3BOIAT 3aMep, Bpalas pydky reHepatopa. [Ipy He3HauMEeIbHOM OTKIOHEHUH CTPEIKU
npubopa mocneaoBaTeNbHO nepexoaar Ha mkaibsl «X 0,1» - 100 Om 1 «x 0,01» - 10 Om. Otcuér
MPOU3BOJIAT IO IIKajie B OMax ¢ yu€ToM MHOXuTens. [lemaercs He MeHee TpEX M3MEpeHUil U 3a
M3MEPEHHYIO BETMYUHY MIPUHUMAETCS CpeiHee apuPMETUIECKOE ITUX U3MEPECHHUH.

3. TPEBOBAHUS BE3OITACHOCTH

[Ipy mpoBeNEHWU OHIIEKTPUYECKHX UCTBITAHUNA Ha JIADOPaTOPHOM CTEHJE CIEAYeT
pykoBojactBoBatbesi 'OCT 12.3.019-80, B KOTOpOoM M3JI0KEHBI 00111e TpeOOBaHUS 0€30TIACHOCTH.

Crenzipl 1a00paTOPHON YCTAaHOBKH MOTPEOISAIOT NMEKTPHUECKYIO SHEPTHIO, TIOITOMY €CTh
OTMACHOCTh MOPAXKCHUS DICKTPHUSCKHM TOKOM, a MPHU KOPOTKHUX 3aMBIKAHUSAX B JJIEKTPUYCCKOM
CXEM€ CTEHJIa BO3MOKHO IOSIBJICHUE IT0KAPHOU OMACHOCTU. B LensX yMEHbIIEHUS JIEKTPUUECKON
OMAaCHOCTH Ha W3MEpPUTENbHBIE CXeMBbl JaOOpaTOPHBIX CTEHJIOB NHTaHWE TNOAETcs dYepes
MOHMKAIOIIUI TpaHc(opMaTop, HANPsHKEHNE Ha BBIXOJIE KOTOPOTO cocTaniser 12B.

Konctpykiusi crennoB BeimosiHeHa ¢ yuérom TpeboBanuit OCT40.4.78 «OOopynoBanue
yaeOHo-nmaboparoproe. Obmme TpedoBaHus 0€30MACHOCTH.



B mensx yMeHbIIEHUS AIIEKTPUYECKON U MOKapHOH 0€30MacHOCTH B KOHCTPYKIIMU CTEHJIOB
[IPEYCMOTPEHBI CIETYIOLINE MEPOIIPUSITHSL:

1) kopmyca CTeHI0B BBIIIOJIHEHBI U3 TOKOHENPOBOAAIIMX MAaTepHaIOB (TJIACTHK U JIEPEBO);

2) sl TIOJICOCTMHEHUs] CTEHJOB K CETH HCIOJIb30BaH Kabelnh C HapyKHOW PE3NHOBOM
N30JIAIINECH;

3) DJEKTPUYECKMM MOHTaX BBIIIOJHEH CKpbITHO, TmpoBogoM Mapku MITIB ¢
compotuBiieHrueM uzosuu 20000MOm/m;

4) B LIeTIM TUTaHMSI YCTAHOBJIEHBI ITPEIOXPAHUTENH Ha 1A;

5) wucnonp3yeMmble B CTEHJAX  AJIEKTPOM3OJSALMOHHBIE MaTepuanbl MO  Kiaccy
HarpeBocToiikocTu cooTBeTcTBYIOT 'OCT 8865-70;

[Ipu paboTe Ha cTeHAaX HEOOXOIUMO COOMIOAATH OOIMe TpeOOBaHUS TOXKAPHOU
0€30MacHOCTH:

1) HeoOXomMMO 3HATh pa3MelleHHe ONKANIIero IMOYKApHOTO HMHBEHTaps W OOIIEro
BBIKJTIOUATENS 3JICKTPOIHEPTUH JAaHHOH TabopaTopuu;

2) s TYIIEHUS TMOKapa Ha JIabOpaTOPHBIX CTEHAAX CIEAYET MPUMEHSTHh YIrIIEKUCIOTHBIE
OTHETYIIUTEIH.

4. TIOPSJIOK BBIIIOJTHEHUS JIABOPATOPHOM PABOTBHI

B nmaboparopHoii paboTe, B 3aBUCUMOCTH OT IPEUIOKEHHOTO TpEro/aBaTeieM BapuaHTa,
MO>KHO MCCIIEZI0BATh:

1) 3aBUCUMOCTB COITPOTUBIICHUS T€JIa YEI0BEKa OT YaCTOTHI;

2) 3aBUCHUMOCTb TOKa 4Yepe3 4YeJIOBEKa OT BEJWYHMHBI CONPOTHUBIECHUS W30JALUU U
COIPOTHBIICHUS TeJIa YEIOBEKA;

3) OmacHOCTb TOPAXKEHHS YEJNOBEKAa JJIEKTPHUECKMM TOKOM B TpEX(a3HBIX CETAX
IIEPEMEHHOT0 TOKAa C W30JMPOBAHHOW M 3a3¢MJIEHHOW HEUTPAIBI0O B HOPMAJIBHOM M aBAPUHHOM
peXUMax;

4) ycTpOMCTBO HENPEPHIBHOTO KOHTPOJISI COPOTUBIIEHUS U30JISIIINH;

5) cocTosiHUE H30JIAIUHU TPEXPA3HOU CeTH TIEPEMEHHOTO TOKA;

6) COCTOSIHME H3OJSIIIMM HEKOTOPBIX MapoK TIPOBOJOB OOPTOBOH CETH JIeTaTeNIbHBIX
anmnapaToB U MPOBOJIOB CUJIOBOMN CETH;

7) SIBIEHHS, CONPOBOXKJIAIOUIME PACTEKAHHWE TOKA C 3a3€MJIMTENS] Ha MOJEIN 30HBI
pacTtekaHus (11aroBoe HaNpsHKEHUE U HaPsDKEHUE MPUKOCHOBEHUS);

8) conpoTHBIEHHUE 3a3EMJISIOIIETO YCTPOIICTBA METOJJOM aMIIEPMETPa-BOJIbTMETPA;

9) XxapaKTepHCTUKH 3aeMIISFOIIIETO ycTpoiicTBa mpudopom MC-08;

10) xauecTBO 3a3eMIIFIOLLETO YCTPOUCTBA METOJIOM TPEX U3MEPEHUI («TPEX 3EMEIbY);

11) conporuBnenue nenu «haza-Hyllb» U HAAEKHOCTh cpabaThIBaHUS aBTOMATa 3allIUTHI;

12) ynenbHOE CONMPOTUBIIEHUE IPYHTA METOJOM YETHIPEX IEKTPOOB.



OnpeaeneHre MapaMeTpoB MIEKTPUISCKOTO COIPOTUBIICHUS
TCJ1a 4YCJIIOBCKA

Puc.26. Cxema BKiIIO4YeHHs1 Tpudopop

DneKTpuyecKas CXeMa 3aMelleHus Tesla YeJoBeKa CMOHTHpOBaHa B cekuuu 1 crenpa. [ns
MOAKIIIOUEHUS 3BYKOBOTO T'€HEepaTopa U MUIJIMBOJIBTMETPA UCIIONB3YIOTCSA KiIeMMBI 1, 2, 3 cTeHaa.
Cxema BKITIOUEHHS IPUOOPOB TIOKa3aHa Ha pHC.26 U B BEPTUKAJILHOM MMaHEIH CTeHa.

[TpoBepbTe MOIKIIOUEHHE MPUOOPOB U TOJOKEHNUE PYYEK Ha T€HEepaTope W BOJBTMETPE U
pU HEOOXOIMMOCTH YCTaHOBUTE:

- pyuky 1 miaBHOM ycTaHOBKM 4acTOThI reHeparopa Ha 20 I'1;

- IEpEKIII0YATENb 3 YCTAaHOBKH YacCTOTHI B MOJIOKEHUE X1

- IEPEKITI0YaTeNb pekuMa paboThl 5 B mostoxxenue «1»;

- PYUYKY YCTaHOBKHU BBIXOJHOTO HanpspKeHUs 2 B «0»;

- IEpeKIIIYaTeb npesesoB usmepenus 3 Ha B3-38 ycranoButs B nosjoxxenue 10mB.

[Monkmrounts mpubopsl 13-33 u B3-38 k cerm u BkimounTe uX. Pydkoil yCTaHOBKHM YacCTOTHI
reHepaTopa yCTAHOBUTE COOTBETCTBYIOIIYIO YACTOTY TOKa (CM. Tabm.3). PerymsaropoM BBIXOJIHOTO
HalpsDKEHHUs YCTaHOBUTE HAINpPsDKEHHWE, COOTBETCTBYIOIEE BapuaHTy 3ajnaHus. IlokazaHusd
npuOOpoB 3anummuTe B Ta0n.3. YCTaHOBHUTE CIEAYIONIYIO YacTOTY B COOTBETCTBHH C JaHHBIMU
Tab11.3 ¥ MpoJoDKUTE dKcrepuMeHT. [lociae okoHYaHus pabOThI BBIKIIIOUYUTE TPUOOPEI.

Tabonauma 3
YacToTa _ Pe3ynbTaTel _
I/I3M€peHI/II/I p aCUETOB
f, ' lgf Us UmB I, MA Z. kOM
25 1.4
35 1.5
45 1.6
60 1.8
100 2.0
250 2.4
500 2.7
1000 3.0
2500 3.4
5000 3.7
10000 4.0
20000 43

3necb UB — BBIXOJAHOE HAIPsKEHUE T€HEPATOPA;
UmB — nokazanus BoJIbTMETpA.



[ToacuunTaiiTe BETMUMHY TOKA U CONPOTHUBIICHUS TeJa YeJloBeKa (A7 TaHHOM yCTaHOBKH) U

3armoyiHuTe Tabm.3.
By vy .M.&:::-UE-',HUM
i0 A

[To nmamHeIM Tabn.3. mocrpouth rpaduk Z=¢(f). Ha rpaduke wyactora oTKIagbIBacTCS B
norapudmudeckomM Macmrade. Onpenenure BHYTpPEHHE CONMpPOTHUBIEHHE Iz U3 rpaduka Z=o(f) u
ucnosib3ys paBeHctBo (3) mpum £>10000 I'm. Meromom sKcTpamoisiuu (cM. puc.2) HalguTe
BEIIMYHMHY TIOJIHOTO CONMPOTHUBJICHHUS Teia uenoBeka Zo mnpu f—0. Paccumraiite akTHBHOE
COIIPOTHUBIIEHUE HAPYKHOTO CJIOSI KOXKH Tw 1m0 (opmyne (4). Ha gactore, ykazaHHOW B 3aJlaHHH,
orpenenuTe u3 BbipakeHus (1) moxHoe cConpoTHBICHUE HAPYKHOTO ciost Koxu ZH mipu <1000 I'm.
Paccunraiite mo d¢opmyne (6) Benmmuuny Emkoctu C HapyKHOT cJlos KOxkH. Paccuuraiite
E€MKOCTHOE compoTuBieHne Xc mo ¢opmyne (2). Pe3ymbraTsl pacdéra OCHOBHBIX IapaMeTpOB
AJIEKTPUYECKON CXEMBI 3aMEIIEHNs COIIPOTUBIICHUS TeJa YeJI0BeKa JJIs 3aJaHHOM YacTOThl BHECUTE
B Ta011.3. Ykaxure (HakTopsl, BIUSIONINEHA YCIOBHS MOPAKEHUS Y€TIOBEKA IIEKTPUIECKUM TOKOM.

ITpukocHOBEHME YeJIOBEKA K OAHOM 13 (a3 Tpéxda3Hou ceTu
HEPEMEHHOTO TOKa C M30JUPOBAHHON HEUTPAIILIO

Hccnenyemas cxeMa IMOKa3aHa B CEKUIMU 2 CTEHJAa Ha BEPTUKAJIbHON IaHENIM, a OpraHbl
yIIpaBJICHUS] BBIBEJCHBI Ha TOPU3OHTAIBbHYIO mMaHenb (cM. puc. 21). HeoOxomumo uccienoBatb
HU3MCHCHUC TOKa UYCPE3 UYCJIIOBCKA IPpHU NPUKOCHOBCHHUH K OZ[HOI)i u3 (1)213 B 3aBUCUMOCTH OT
BEJIMYUHBI COPOTHUBIICHHS TEJIa YEIOBEKa U COMPOTUBIICHUS U30JISIHH (a3.

HccnegoBanue BAUSHUE COMPOTUBIICHUS Tella YSIOBEKa Ha
BEIIMYMHY TOKA IIPU IPUKOCHOBESHUHN €0 K OJHOM U3 d)a3

[IpuBeauTe cTeHA B UCXOJHOE MoOJ0oKeHMe: BikIoyarenu Bl, B2 u B3 u nepekmtouarens
I11 ycranoBute B momnoxxeHue "Bwikn", a perymupyemsie pe3uctopel Ra, R6 m Rc mocraBete B
HyneBoe nonoxeHue. IlepexmodareneM 112 mogxmrounte Mummamnepmerp u Rden k 3amaHHOU

¢aze. Brikmouarenu B1, B2 u B3 nocraBste B nonoxxenue "B
Taoanua 4

Pesynbrarsl uzmMepeHni

HanmenoBaunue dha3bl
¢ Ruz.dazer = ..., MOm

Ruen, kOm

Tuen, MA

VYcraHoBuTe 3agaHHOe 3HaueHue n3ossiimu (as. Ilepexmrouarenem Il BritounTe cxemy
noJ  HampsbkeHue. MeHss  mocienoBaTeNlbHO — 3HaueHue Ruen, CHUMUTE  IOKa3aHUA
MUJTHAMIIEPMETPA U 3aHECUTE UX B Ta0I. 4.

HccnegoBanue BAUSHHS CONPOTUBICHUS M30JISIIINI d)a3 Ha BCJIIMYUHY
TOKa IMPH IPUKOCHOBEHUHN YeI0BEKa K OJHOM U3 d)a3

[To 3amaHuio mpemnojaBaTeNss WU BapHAHTy yCTAaHOBUTE HEOOXOJMMOE 3HadcHHWe Ruen.
[Nepexmrouarenem I12 moakmounTe MIJUTHaMIiepMeTp U Ruen k 3ajaHHO# (a3e 1 BKIIIOYUTE CXEMY.
Brurounte Beikrouarenu B1, B2, B3 u, MeHss 3HaUCHHE COMTPOTUBIICHUS U30JISIUN TAHHOU (a3bl,
CHUMUTE IMOKa3aHus Muumammnepmerpa. [lomyueHHble 3HadeHus 3aHecuTe B TaOn.S. [lpuBuanre
CTEH/]I B UICXO/IHOE TOJIO)KEHUE U BBIKITIOYUTE CXEMY.




ITo nannbIM Tabn.4 u 5 nmocrpoiite rpaduxu I, = f(R,,) v I, = f,(R,,). Caenaiire

BBIBO/JIbI I10 SKCIICPUMCHTAJIBHBIM JJAaHHBIM U Fpa(i)I/IKaM O CTCIICHU OIMACHOCTHU MOPAKCHHA YCIIOBCKA

ANIEKTPUIECKUM TOKOM, UcTionb3ys TpedoBanus [OCT 12.1.038-83 u [TVD.
Tab6umna 5

Pesynbrarsl u3mMepeHni

HanmenoBaunue dhas3bl
¢ Ruz.dazer = ... , MOm

Rus.¢., MOm

Tuen, MA

HccnenoBanne onmacHOCTEN MPUKOCHOBEHUS YeJIOBEKA K TpéxdasHON ceTn
HEPEMEHHOTO TOKa C M30JUPOBAHHON U 3a3eMJIEHHON HEUTPAIBLIO
B aBApPUUHOM DEXUME

Hccnenyemas cxema IOKa3zaHa B CEKIMM 3 CTEHJAa Ha BEPTUKAJIBbHOI MaHENIH, a OpraHsl
yIpaBiIeHUs U MIJIJTMAMIIEPMETP PacojIOKEHbl Ha TOPU30HTAIbHON NTaHenu (cM. puc. 22).

HccnenoBanue ceT ¢ M30JIMPOBAHHON HENUTPAIBIO,
padoTaKLIEH B aBADUNHOM PEKUME

[IpuBenuTe creHn B HUCXOAHOE mMojokeHue: Bbikmtoyatenn Bl, B2 u II1 mocraBbTe B
nosnoxenue "Beikn", nmepexmtouarens [12 B monoxxkenne A, R3am B monoxkenue 0.1, Ruen — B
nonoxxenue "Beikn". Ilepexmouatenem II1 Bxmounte cxemy. Ilo 3amanuio mpernopaBatens WM
BApUAHTy YCTAaHOBUTE 3HaueHHE R3aMm, BKIIOUMTE BBHIKIIOYATENh B2, UMUTHPYIOMINI 3aMbIKaHUE
da3pl, a mepexmodatenb [12 B monoxenuwe 3amaHHONW (a3pl. MeHsst 3HadueHue Ruen, cHuMuTe
MOKa3aHMs C MIJUTMaMIIEpMETpa U 3aHecHTe WX B TaOn.6. [Io OKOHYaHWU U3MEpEHUN MPUBEIUTE
CTEH/]I B HCXOHOE COCTOSIHHUE.

Tabumnna 6

Pesynbratel n3mepenwuii uist Gassl ...

PexxuM paboOThI CXEMBI
P Rzam = ..., Om

Ruen, kOm

ABapuitHblii

Tuen, MA

HccnenoBanue ceTH ¢ TIIYX03a3eMIEHHON HEUTPAIILIO,
padoTaIIEH B HODMAILHOM DEXKUME

Cetb C riyx03a3eMJIEHHOW HEWTpaiblo MojaenupyeTcs BbIKIouaTesnieM Bl (monoxenue
"BKJI").

Ilepexmrouarenem II1 Bxmrounte cxemy. Ilo 3agaHuro mnpenogaBaTens YCTAaHOBUTE
TpeOyeMoe 3Ha4YeHHE CONPOTHUBIICHUS 3aHyieHus Ro, a mepexnrouatenem 12 — ¢asy, k KoTopoit
HUMHUTHPYCTCA MPUKOCHOBCHUC YCJIOBCKA. MeHsass 3HaueHHE R‘-IGJI, CHUMUTC IIOKa3aHUsA
MWITHAMIIEPMETpPA U 3aHECUTE UX B Ta0.7. [IpuBeuTe CTEH]T B UICXOTHOE COCTOSIHUE.

Tabnuna 7

Pe3ynbTaTel n3mMepenuit it dassel ...
PesxxuM paboThl CXeMBI Y b s

Ro=..,0M,R3zam=..., Om
. Ruen, kOm
HopmanbHslii
Iuen, mA
ABapuitHblii Ruen, kOm
Tuen, MA




HccnenoBanue ceTH ¢ TIIYX03a3eMIEHHON HEUTPAIILIO,
padoTaKLIEH B aBADUNHOM PEKUME

ABapuiiHbIl pexuM MoAenupyercs BbIKIodarenemM B2 (mosoxenue "Bri") wu
nepekioyatesnem 112,

YcranoBute 3amannble 3HaueHust Ro, R3am u dazy. [epexmouarenem [11 BrirounTe cxemy.
Bxmounte Beikmodatenn Bl u B2, Menss 3Hadenus Rden, cHHMHUTE TIOKa3aHUS
MUJITHAMIIEPMETpa U 3aHecuTe B Ta0i.7. I1o okoHUaHNH H3MEPEHUH BBIKIIOYHTE CXEMY.

[To manHBIM Ta0II.6 ¥ 7 IOCTPOUTE cleAyIne rpaduKu:

) 1, =f(R,) L Tpéxda3HoH ceTH ¢ M30JMPOBAHHON HEHTpasblo, paboTarolei B
ABApUIHOM PEXKHME;

21, =f,(R,) U ceTu ¢ riryxo3a3eMIEHHON HelTpanblo, paboTaomieil B HOpMalbHOM
pEeXUME;

3) 1, =fs(R,,) AId ceTH ¢ IIyxo3a3eMIEHHON HelTpanblo, paboTaroliell B aBapHitHOM
peXHUME.

HpOBeZ[I/ITe AHAJIN3 UCCIICAYCMBIX CXEM C TOYKHU 3PCHHUA UX OIMTACHOCTH IMPU NPHUKOCHOBCHUU
4eloBeKa K OJHOH u3 ¢a3.

HccnenoBanue ycTponcTBa HEMPEPLIBHOIO KOHTPOJISA
COIIPOTUBJICHUA U30JIAIINN

B cexuuu 4 crenna nokasana uccienyemasi cxema (cM. puc.23). Ha ropu3oHTanbHIO MMaHENb
CTEH/1a BBIBEJCHBI BCE OPTraHbl YIIPaBICHUS.

[Tepexmtouatenu 111 u I12 ycranoBute B monoxkenue "Bwixi". Tlotenmmomerpst R1 u R2
YCTaHOBHTE B KpaifHee JieBoe 1mosioxkenne. C moMoIIbio0 METOMMETPa U3MEpbTe CONPOTHBIIEHHE (a3
A, b u C u ux 3Ha4deHus 3aHecute B Ta0.8. [1o momyuennsiM 3HaueHusM Ra, RO, Rc, ucmonb3ys
dbopmymy (17), onpenenute moaHOe conpoTuBieHue u3omsuu R. [lo 3amannro nepeximtouarens [12
ycraHoBute B monoxenue ¢assl A, b mmm C. Ilepexmrouatenem II1 BrimrouuTe cxemy.
[ToTrenmmomerpom R2 1o mikane KMJIOOMMETpa BbICTaBbTE pacuéTHoe 3HaueHue R. Bpamas pyuky
noteHoMeTpa R1, M3MEHUTE UYyBCTBHUTENBHOCTH pelieé O MOMEHTa ero CpadaThIBaHHSA, YTO
(buKcHpyeTcst 3aropaHreM CUTHAIBHOM JIAMITOUKH Ha MaHenu cteHa. [locne aToro mepeximoyaresb

I12 ycranoBure B noJyio>xenue "Boiki".
Tabnuna 8

Pesynbrarel n3MepeHus u pac4€ToB

HanmenoBauue dha3bl
¢ Ruz, MOm R

A

b

C

Uccnenosanue u3oasauun Tpéxda3Hoil ceTH NEPEMEHHOIO TOKA

Hccnenyemas cxema IMOKa3aHa Ha BEPTHKAJIbHOM IaHENW CTEHJa B CEKUUMH 5, a Ha
TOPU30HTAIBHYIO TTAHENb BBIBEIEHBI KIIeMMBI uccienyeMbix haz A, b u C u kmemma "3emisa” (cm.
puc. 25).

C momoIipi0 MEroMmMeTpa u3MepbTe conpotusiieHne m3oisnuu gpa3 A, b u C. IlonyueHnsie
3Ha4YeHUs 3aHecuTe B Ta01.9. CpaBHHUTE NOJTyUYEeHHBIC 3HAYEHHUS COMTPOTHBIICHHS H30Jsiuu a3 A, b
u C ¢ Ruon cornacuo ITY3D u cnienaiite BBIBOJ O MPUTOJHOCTH MCCIEAYEMOM CETH K AKCIUTyaTalluH.




Taoauna 9

Pesynbrarel n3MepeHus 1 pac4€ToB

HaumenoBanue ¢a3sbl Rus, MOm Ruom, MOMm

A

b

C

HccnenoBanue U30JIA1IMU OPOBOJJIOB

Uccnenyembie mpoBojia MOKa3aHbl Ha BEPTUKAJIBHOM MAaHENIU CTEHJa, HA TOPU3OHTAIBHYIO

IaHEJIb BBIBEJICHBI KJIIEMMBbI UCCJICIYEMBbIX ITPOBOJIOB.
Taoauna 10

Pesynbprarel uzmMmepeHus Ruom,

Mapxka nposoa Ruzm, Mom MOwM

BIIBJI

BIIBJID

BIIT

BIITO

I1P

AITP

C nomouipl0 MEroMMeTpa U3MEPHTE CONPOTUBIEHNE M30isiuu poBoaos BIIBJI, BIIBJIO,
BIIT, BIITO, ITP u AIIP u 3anonuaute Tabm.10 cpaBHUTE MOJTy4YeHHBIE 3HAYECHUSI COTPOTUBIICHUS
M30JIALIMU BCEX MapOK MPOBOJIOB ¢ Riom u caenaiite BBIBO 00 UX MPUTOJHOCTH K SKCILTyaTaI|H.

HccnegoBanue pacnpeneaeHus MOTEHIMAala B 30He
pPaCcTCKaHusg TOKAa OJMHOYHOI'O 3a3EMJIUTCIIA

lll‘.J.Jl.llfl' | TR S T R S R
0 X 0 X
Puc.27. UccnenoBanue pacrnpeaejaeHusi NOTEeHIMANA (2) U LIATOBOr0 HANPsKeHUs (0) B 30He pacTeKaHUs TOKA:
31 — oguHOYHBII 3a3eMJIMTe/b (HeHTPAJbHBII dJ1ekTpoa); K — 30Ha Hy/ieBoro noreHnuasia (KoJbleBoi
anekrTpon); UMl — ucrounuk nuranusi; BK — Beikiiouaresns ucrounuka nuranus; Th — Tokonposoasimas
oymara; @K — ¢pukcupyromas Ko1oaka

Cobepute cxeMy, n300pakEHHYIO Ha puc.27.a BKIIFOYNTE UCTOYHUK IMUTAHUS U YCTAHOBUTE
Hanpspbkenue Uo. Tlepememas myn BojgsT™MeTpa ¢ marom 0,5 cM B mpope3u pedkH C JeICHUSIMHU,
n3MmepbTe noreHmanbl Ux. Paccuunraiite 3naueHus BenmunH Ux/Uo. Tlo dopmynam (14) u (30)
paccuuTaiTe TeOPEeTUUECKUE 3HAUCHHS MOTEHIIMANA JUIsl TPYHTA U JUISl MOJIETU C TOKOIIPOBO/ISIIEH
Oymaroi. PesynmpTaThl W3MEpeHWH, pacdyéTOB M WCXOJHBIC JaHHBIE 3aHECHTE B TIPOTOKOI
naboparoproit pabotsl. [TocTpoliTe Ha 0JHOM TpaduKe 3aBUCHMOCTHUBCEX BBIMCICHHBIX BETUYHH OT
PACCTOSTHUA X.




HccnegoBanue 3aBUCUMOCTH IIIArOBOT0 HAIPSHKEHHS OT PACCTOSHUS
A0 OJMHOYHOI'O 3a3€MJIMTCIIA

CoOpath cxemy, n300pakéHHy0 Ha puc.27.0. BkimounTh ucToyHuk nuTanus. O0a mryma
BOJbTMETpPA 3aKpeNuTh B cHeluaabHOW Kosoake (PaccTosiHMe Mexay IiynamMu MOJENUpYyeT
mupuHy mara "a"). Ha kononke HaHeceHa dYepra MexXay LeHTpaMu IIynoB. OrnpejeneHue
pPacCTOSIHUSA X MEXJY KOJIOAKOM M LIEHTPOM MOJENM MPOU3BOJIUTCA OT 3TOM uepTel. Ilepemenias
KoJ0aKy ¢ marom 0,5 cM, uaMepuTbpasHocTh NoTeHIHaI0B Um(x). 3ammcath X U Uw(X) B IPOTOKOJI.
[Toctpouts rpaduk Um(x).

HccnegoBanue 3aBUCUMOCTH HANPSOKESHUS TPHUKOCHOBEHHMS
OT pacCTOAHUA 0 3a3CEMIINTEIIA

a) 6)

W » By s,
+
|

Puc. 28. Uccnenopanne HanpsizkeHUsl NPMKOCHOBEHNS K 323eMJUIHTEJIIO (2) M K KOPILyCaM YJIEKTPOANNAPATOB,
3a3eMJIEHHBIX Ha OIMHOYHBIN 3a3eMJIuTENb (0)

CoOpath cxemy, n300paxEéHHyro Ha puc.28.a BrmounTs uctouHuK nurtaHus. [lepemernas
Iy BOJIBTMETpA ¢ maroM 0,5 cM B Ipope3n perKH ¢ IEICHUSIMHU, H3MEPUTh 3HAUCHHSI HAITPSHKCHHS
npukocHoBeHus: Unp(x). Paccumtare 3naenuss BenmmuuH Unp(x)/Uo um mo dopmyne (2)
TEOPETHUYECKOE 3HAUCHHE HAIpsDKEHHE NPUKOCHOBEHHs. Pe3ynbTaThl M3MEpeHHid W pacuéToB
3aHECTH B TPOTOKOJ JabopatopHOil paboTel. IlocTpouTh Ha OmHOM TpaduKe 3aBUCHUMOCTH
BBIUMCIIEHHBIX BEJIMYMH OT PACCTOSHHS JI0 IIEHTPA MOICIH.

HccnegoBanue HaMpsKEHUS IPUKOCHOBECHHUS K KOPITYCY AIeKTpoanmapara

CoOpatp cxemy, wu300pak€HHYI0 Ha puc.28.0. BKIIOYUTHP HWCTOYHUK TUTAHHUS.
[TocnenoBaTeabHO MPHUCOSAMHSAS IIYIbI BOJBTMETPAa K KOPIYCY KaKJIOTO 3JIeKTpoarnapara u
TOKONPOBOJIAAIIEH Oymare BO3Jie METKH, O0O3HAYaloUlel TOJ0KEHHE YeIOBEKa OTHOCHUTEIBHO
COOTBETCTBYIOIIETO 3JIEKTpoaIinapaTa, H3MEpUTh HaMpsHKeHUE MPUKOCHOBeHUs: Unp U KOOPAUHATY
X TOJIOKCHUS YEIOBEKA OTHOCHTEIIFHO OJTMHOYHOTO 3a3eMIIUTENs. Pe3yinbTaThl U3MEPEHUI 3aHECTH
B MPOTOKOJI TaboparopHoit padboTel. [Toctpouts rpaduk Unp(X).



Uccnenosanue 3pdekra BEIPABHUBAHUS NOTEHIIMATIA B CUCTEME
TPYIIIOBOTO 3a3EMIIMTEIIS U3 JIBYX DJIEKTPOJIOB

P oW S el T o ) ) BT B0 TR

o ' X
Puc.29. UcciieoBanue 3¢ (pexra BHIpABHUBAHUS MOTEHIHAJIA B TPYNIIOBOM 3a3eMJIMTeJIe, COCTOSIIIEM U3 ABYX (a)
U (0) u Tpéx 3exkTpoaoB (B): 31, 32, 33 — aureTpoabl rpynmnoBoro 3azeminress; V — poabrMmetrp; UII — ucrounuk
nutanns; K — konbnesoii 3j1eKTpos, MoaeIupyouii 300y HyJ1eBoro norennuaia; BK — seikiaouarenn UIT

CoOpath cxemy, n300pak€HHYI0 Ha prc.29.a,0. BKIIIOUNTh HCTOYHUK mHuTaHus. [IpoBeputh
3HadyeHue HamnpspkeHus Uo. Ecnm 3HaueHne HamnpspkeHuss UO HE COOTBETCTBYET 3aJ@aHUIO, TO
3adukcupoBath HoBoe 3HaueHue Uo. M3meputh pacmpenenenue noreHnuana U(X), mepemerias
LIyl BOJIBTMETPA BJOJIb IIPOPE3H PEUKH, B KOTOPOH 3aKPEIUIEHT BTOPOM 3JIEKTPOJ TPYNIIOBOTO
3azemiuTens 32. Pe3ynbraTel H3MEpeHH 3aHECTH B MPOTOKOJ JabopaTopHOit paboTel. IlocTpouts
rpaduK pacupeeneHus MOTEHIIHAIA B 30HE PaCTeKaHUs TPYNIIOBOTO 3a3EMIIUTEIIS.

HccnegoBanue Bd)d)eKTa BBIPAaBHUBAHUA MOTCHIIMAJIIOB B CUCTEME I'PYIIIIOBOTO
3a3EMJIMTENIS U3 TPEX SIECKTPOJOB

CoOpath cxeMy, m3o0paxkéHHyro Ha puc.29.8. [IpoBepurs 3HaueHue Uo mocie BKIIIOUEHUS
WCTOYHMKA TUTaHUA; 3adukcupoBaTh HcTUHHOE 3HaueHue Uowu, mpuuéM UoW ODKHO OBITH
6ompme Uo/2. M3meputh pacnpeneneHue mnoTeHnuana U(6) BOKpYr TpeTbero 3JieKTpoja
3a3CMIIMTCIIA, MOJB3YACH MMa3aMU, BBIITUJICHHBIMU 110 Hepe(i)I/IpI/II/I AWCKa U3 OpTraHUYC€CKOIro CTCKJIa.
Best okpyxHOCTH ucka uMeeT 12 mpomnuiioB. YTIIOBOEe cMelieHre 0 mpu mepexoje Ha COCeIHU
nponu cocrarisier 30°. Yepra Ha qucke TOJKHA OBITH HAaNlpaBlieHa HA EHTP MOJIENU. Pe3ynbTaTsl
M3MEpEeHUH 3aHECTH B MMPOTOKOJI JaboparopHoit padboTsl. [TocTpouts rpadux U(0).



HccnenoBanue 3a3eMIIMIONIETO VCTPOUCTBA METOJIOM
aMIIepMeTpa-BOJILTMETPA

Ilepexmouatens cetu BK1 U ycranoButs B mnonoxkenue "Breixn". IloBoporom pyukn
JBUXKKA peocTara R mpoTHB 4acOBOM CTPENIKM YCTAaHOBUTDH €TO B HYJIEBOE IOJIOKEHHUE. AMIIEpMETP
Y BOJIBTMETP MOAKITIOUUTH K 3a3emuntesiiM Rx, RB u R3 B cooTBeTcTBUM cO cxemoii (cM. puc.12).
VYcranosuts nepexitouatesi BK1 B monoxxenue "Bxin" u, mimaBHO moBopauuBas pydky peocrara R
10 YaCOBOM CTpEJIKe, CHATDH MOKa3aHUs MpuOOpoB. OTCUET MPOM3BOAUTH OJHOBPEMEHHO MO0 000UM
npubopam. Craenate He MeHee TpEX oTc4€ToB. [lomb3ysick (opmymnoit (18), Mo momydeHHBIM
sHauenusim Ul, U2, U3 u 11, 12, I3 naittu 3nauenus Rxi, Rx2, Rx3 1 mojcuuTate cpenHee 3HaueHUE
Rx. CpaBHUTH MOTydeHHOE 3HaueHue Rx ¢ momycTuMbIM 3HaueHHEM Rsy. pe3ynbTaThl U3MEPEHUH,
pacuy€ToB M UCXOIHBIE JAHHBIE 3aHECTH B MTPOTOKOJI JTA00OPATOPHOM pabOTHI.

HsMepenune 3azemusroniero yerpoiicrea npubopom MC-08

[Moaxmrounts mpubop MC-08 x wusMmeputenbHON cxeme cormacHo puc.13. Tlepen
M3MEPEHHEM MPOU3BECTH KOMIICHCAITUIO COMTPOTUBIIEHHUS 30H/1a COTJIACHO MHCTPYKIIUHU O paboTe ¢
npubopom MC-08. TlpomsBectm He MeHee TpEX 3aMepOB W HAWTU cpenHee 3HAYCHHE
conporuBiieHne Rx. CpaBHUTH NOJy4eHHOE 3HaYeHHWE Rx C [ONyCTUMBIM 3HadeHHEM Ray.
Pe3ynbTaThl 3aMepoB 3aHECTH B IMTPOTOKOJI JTa0OPATOPHOI pabOTHI.

3Mepenne conpoTUBIIEHNS 3a3€EMIISIOIIETO YCTPOMCTBA METOJIOM
TPEX U3MEPEHMH (TPEX 3EMEIIB)

N3meputenbhayto cxemy (puc.14) mocnenoBarenbHO MOJKIIOYUTE K 3a3emyntelisiM Rx u Ry,
Rx m Rz, Ry u Rz, u 3aHecTH moka3zaHusi BOJIbTMETpPA M aMIepMeTpa B NPOTOKOJ. Kcmones3ys
dopmysl (19), (20), (21), naiitu 3Hauenus R1, R2 u R3, a mo ¢popmyne (22) BEIYUCIUTH BETUYUHY
COIMPOTHBIIEHUSI KOHTPOJIUPYEMOTO 3a3€MJISIOIIET0 YCTPOHCTBAa Rx M CpaBHUTH €ro C JOMYyCTUMbIM
3HayeHneM Ray. Pe3ynbTarhl pacuéra W MCXOJHBIE JaHHBIC 3aHECTH B MPOTOKOJ JIAOOPATOPHOM
paboTHI.

Usmepenune conporusiieHud 1enu "daza-ayip"

Ycranosuts nepekitoyarenu [11, I[12 u BK1 B nonoxenue "Boikn", a nepexitouatens BK2
B mooxeHue "Bii", MOAKIIOUMB TeM caMbiM (a3HU MPOBOJ K KOPITYCY O3JIEKTPOJBUTATEIIS,
UMUTUPYS KOPOTKOE 3aMblKaHME. YCTaHOBUTH BbIKmtodarenb BK1 B monoxxenue "Bxi", cHATH
MOKa3aHMUs aMIlepMeTpa U BOJBTMETPA M 3aHECTH UX B MpOTOKoJ. Paccumrars mo dopmymne (23)
compotuBiieHne nermu "¢aza-Hynmp" Zn u mo dopmyne (25) ompenenuts TOK OAHO(MA3HOTO
KOpOTKOTO 3aMbIkaHus Ik (Zr Oepércs m3 tabm.2 Ilpun.3). Pesymprarhl pacuéra M HCXOIHBIC
JTAHHBIE 3aHECTH B MPOTOKOJI TaOOPATOPHOH pabOTHI.



I/I3M€D€HI/I€ YACJIBHOI'O COIIPOTUBJIICHUA I'PYHTA MCTOJ0M
YeTBIPEX DIEKTPOJIOB

[Moaxmrouns mpudbop MC-08 k knemmam A, b, C u [I, pacmoio>keHHBIM Ha TOPU30HTATBLHOU
IIaHEeJU CTEHJIa, B COOTBETCTBUHU C puc.16. YcraHoBuTh nepekitodarens [IK mocnenoBaTenbsHO B
MIOJIOKEHUSI, COOTBETCTBYIOIIME pa3HbIM 3HACHUSM O M IIPOU3BECTH M3MEPEHHS BEIMYUHBI
COMpOTHUBJIEHUSI R B cOOTBETCTBHE C MHCTpYKIHMEH mo padore ¢ mpubopom MC-08. IoncraButh
MoJIydeHHbIe 3HaueHuss R B ¢dopmyny (27), paccuutaTh 3HAYSHHWs p W ONPEICTUTH CpEIHEe
3HAQ4YECHHE YJEIBHOTO COIPOTUBIICHUS IPYHTA Pep. HalTH 110 3HAYEHUIO Pep BUJ TPYHTA. Pe3ynbpTaTel
M3MEpEHUH, pacu€Thl M UCXO/IHBIEC JAHHBIE 3aHECTH B TIPOTOKOJI JIA0OPATOPHON PabOTHI.

I/I3MeDeHI/Ie YACJIBHOI'O COIIPOTUBJIICHUA I'PYHTA MCTOJ0M
pOOHOro DIEKTPOaA

Omnpenenute o Gopmyzae (26) yaenpHOE CONMPOTHBICHHE TPYHTA, MCIOJIB3YS MOJYCHHBIC
paHee TpU MU3MEPEHUH COMPOTUBIICHUS 3a3eMIIAIONIET0 ycTpoicTBa mpudopom MC-08 3HaueHHs
Rx. Haitu mo 3HayeHuro p BUJ rpyHTa. McxoaHsle NaHHBIE W PE3yJbTaThl pacdyéra 3aHECTH B
MIPOTOKOJI TA0OPATOPHOU PaAOOTHL.

5. OOPOPMJIEHUE OTYKTA

OTuéT NOIKEH CONEPIKATh:
- IEPBUYHBIN ITPOTOKOJI U3MEPEHUN;
- TPUHIMIHAIBHBICE CXEMBl TOJAKIIOYEHHS TPUOOPOB TIO BCEM BHIMOJHIEMBIM pa3jeiaM
nabopatopHoil paboTHI;
- pacuérbie GopMyibl ¢ 0003HACHUEM KX JJIEMEHTOB;
- 3aIOJIHEHHBIN MPOTOKOJ Ta00paTOPHOI paboTHI;
- rpaMKK NOJTYYEHHBIX TEOPETUICCKUX M IKCIIEPUMEHTAIBHBIX 3aBUCUMOCTEH;
- KOHKPETHBIC BBIBOJIBI TIO PE3yJIbTAaTaM HCCIICIOBAHUH.
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IMPUJIO)KEHUE 1

MaxkcuMaiLHO AOMTYCTUMBIC BCJIMYMHBI COITPOTHUBIICHUA
3a3eMJIIIOIIHUX YCTPOMCTB

. ConpoTHUBIEHUE 323 MIIUTEIA,
Ha3znaeHue 3a3eMJISIOIIEro yCTPOCTBA

He OoJiee
3azemustomue yCTpOHCTBA AIIEKTPOYCTAHOBOK
HaNpPsKEHUEM BBIIIIE 1 kB ceTu c
3¢ dEeKTUBHO3a3eMIIEHHONH HEUTPasbio, BBHITIOJHEHHBIE C 0,5 MOMm

coOmoeHneM TpeOOBaHMH K €ro  CONPOTHUBIICHUIO,
BKJIIOYAsi CONPOTHBIICHHE €CTECTBEHHBIX 3a3EMIIUTEIICH.

3a3eMJII0IIe YCTPONUCTBO TOJIBKO IS 3JIEKTPOYCTAHOBOK R=250/1, Om, HO HE Gosiee 10 Om,

HalpsDKEHHEM Bbllle 1kB  cetm ¢ M30JMpPOBaHHOU I — pacu€THbIii TOK 3aMBIKaHUS HA
HEUTPaJIbIO 3eMino, A
3azemirstomnue YCTpOMCTBA, HCIIOJIb3YEMBIE

OJHOBPEMEHHO JIsl AJIEKTPOYCTAHOBOK JI0 U CcBbime |1 kB R=125/1, Om

CETHU C U30JIMPOBAHHON HEUTPAIIBIO.

3azemirstonue YCTpOWCTBA NIEKTPOYCTAHOBOK

HanpspkeHueMm 10 1 kB ¢ riyxo3a3eMnéHHONW HEUTpasbio
MIPpU HATIPSDKEHUU TPEX(HA3HOTO

660B 2
380B 4
220B 8
Wnu onHOdazHOTO
360B 2
220B 4
127B 8
TOKa C  Y4€TOM  COINPOTHUBIEHUS  €CTECTBEHHBIX
3a3€MJINTENEN M TOBTOPHBIX 3a3€MJICHUH HYJIEBOTO
IIPOBOJIA
3azemirstomnme yCTpoOiicTBa AJIEKTPOYCTAaHOBOK
HarpsbkeHueM 10 1 kB ¢ n301upoBaHHON HEUTPAIIBIO IIPU
MOIITHOCTH T€HEPATOPOB U TPaHC(HOPMATOPOB
1o 100 kBA 10
ceeie 100 kBA 4
MNPUJIOKEHMUE 2
[TpubnmxEHHbBIC 3HAYCHUS YACTBHBIX AIEKTPHUECKUX
CONPOTHBIIEHUH PA3JIMYHBIX TPYHTOB U BOJIbI
I'pyHT, Boja VY nenbHOE conpotuBierne, OM*cm
ITecox 7.10*
Cynecok 3.10*
YepHO3EM 2-10*
CyrauHox 1-10*
I'muuaa 0,4-10*
CanoBas 3emist 0,4-10*
Topd 0,2-10*
Peunas Boga 0,5-10*
Mopckas Boza 0,01-10*




IMPUJIO)KEHUE 3

Tabmuna 1
3navyeHne KodpPuureHTa K

OneMeHT, Knacc momerienus
Bupg 3aniutHOro U -
OTKJIIOYAIOIIHI TOK . N C B3pBIBOOIIACHOM
amnmapara C HOpMaJILHOM Cpesioi o
KOPOTKOTO 3aMbIKaHUS cpeioit
IIpenoxpanurenu IInaBkas BcTaBKa 3 4
ABTOMATEI C N
TenmoBoii 3IeMEHT
TEIUIOBBIM 3 6
pacuerieHus
pacuenureaemM
DNEeKTPOMAarHUTHBIN
ABTOMATEI C S —
3IEKTPOMArHUTHBIM P 1,27 — 1,43 1,27 — 1,43
MHTHOBEHHOTI'O
pacuenureaemM
cpabaTbIBaHUS

Tabauua 2

PacuérHoe conpotuBnenue Tpanchopmartopa

Mo1HOCTH TpaHchopmaTopa, KB*A Honigzgfgggizzgggg?ghﬁomK
20 4,356
25 3,609
30 3,330
40 2,586
50 2,391
60 2,266
100 1,074
160 0,699
180 0,612
250 0,432
MNPUJIOXEHHE 4

ComnpoTuBIIeHNE U30JSIUH HIEKTPUUECKHX IIeTIeH 3JIeKTPOHHBIX IIU(PPOBBIX
BBIYMCIIUTENBHBIX MAITUH OOIIET0 Ha3HAUYCHUS

Conpotusnenue uzossiuu, MOM, 11 pa3aTudHbIX MAaKCUMaJIbHBIX
KnumaTtuueckue N
- 3Ha4eHuH pabodero HanpspkeHus 1enu, Up, kB
Y 100,01 ] 0,1-0,5] 0,5-10 Cepime 10
Hopwmanbhbie 5,0 20,0 100
IloBbrmieHHas N
1,0 5,0 20 [To HOpMAaTHUBHO-TEXHUECKOU
TeMIeparypa
JIOKYMEHTAIIMU Ha KOHKPETHbIE
HosbrmenHas OBM unu oTaenbHbIe yCTpOCTBa
BJIAXXHOCTH (BbIIIe 80 10 0,2 1,0 2
95%)
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