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METOJIUKA U3SMEPEHHUA COIMTPOTUBJEHUS 3A3EMJIAIOIIETO YCTPOMCTBA

Pozenanymo mppoxeneKmpoona ycmanoeka 0 UMIpiosanHs onopy 3azemnioiouux npucmpoie (311) pisnozo npusnauenns. Ha
0CHOGI UKOpuUCmanua cucmemu pisnans Makceenna 3anponoHoeano meopemuyne 0OIPYHMy6anHs MeMOOUKU GUMIPIOGAHHS
onopy 311 6yob-akoi koncmpykuyii ¢ 006invHili cmpykmypi rpyumy. Ompumano cucmemy pi6HAHb WLOCIMO20 NOPAOKY, PillleHHA
AKOL 003601:€ GU3HAYUMU 611ACHI | 63AEMHI ONOPU 8 MPLOXENEKMPOOHOT YCMAHOGKU 3 00CUMb 8UCOKOI0 mounicmio. Posensany-
mo ocoénueocmi CKNAOAHHA PO3PAXYHKOGOI CXeMU 3aMIiufeHHA MPbOXeIeKMPOOHOT 6UMIPIOBANbLHOT YCIMAHOBKU 3 30Cepedice-
HUMU napamempamu: 6AACHUMU MA 63AEMHUMU onopamu. Bukopucmogyrouu npunyun é3aemuocmi, 6uKkniouena HeodXionicmo
GIOUIYKAHHA MOYKU HYIb06020 ROMEHUIATLY, W{0 NPEOCMAsAc gicbma mpyoomicmie 3ae0auns. Memoouka 003601a€ 3abe3ne-
Yumu MiHIMAILHO MOMCTIUGUIL PO3HOC BUMIPIOGATILHUX eNleKmpPooie 3a mexcamu 311, ujo icmommno 3mMeHULY€ 008MHCUHY CROYY-
HUX NP0600I6 cXeMU BUMIPIOGANHA | 30I1bULYE BIOHOWIEHHA (CUZHANI-NEPEUIKOOU), A MAKOX}C 3HIMAE 00MEHCEHHA 000 3a0Y006uU
mepumopii 3a mexcamu 0ocnidxcysanozo 311. bion. 12, tabn. 2, puc. 11.

Knouosi cnosa: 3a3eM110109uii NPUCTPiii, BAMIPIOBAHHS ONOPY, TPHOXEJIEeKTPOAHA YCTAHOBKA, MiHIiMAJIbHUIT PO3HOC BUMipIO-
BaJIbHUX eJeKTPOIiB, METOIUKA, CXeMa 3aMillleHHS.

Paccmompena mpexineKmpooHas yCmMaHo6Ka O UMepeHUs CONPOMuUsIeHus 3azemasouux ycmpoicme (3Y) paznuunozo
Hasnauenusn. Ha ocnose ucnonv3osanusn cucmemol ypagnenuii Maxceenna npeonoxceno meopemuieckoe 000CHO8aAHUE MeMO-
OuKu usmepenus conpomuenenusn 3Y 110060l KOHCMPYKyuu 6 npou3sonvHol cmpykmype pynma. Ilonyuena cucmema ypasne-
HUIl Wecmozo nopaodKa, peuienue KOMopoii no3eoaem Onpeoesiums coOOCMBEEHHbIe U 63AUMHbIE CORPOMUGIEHUA 6 MPeXITieK-
MmpPOOHOU yCImaHo8Ke ¢ 00CIMAMOYHO 6bICOKOU mouHocmbio. Paccmompensvt ocobennocmu cocmasienus pacuemuoi cxembl
3amewjenus mpexiieKmpooHol usMepumenbHoll yCMaHo8KU ¢ COCPEOONOYEeHHbIMU RAPAMEMPAMU: COOCMBEHHBIMU U 63AUM-
HoIMu conpomuenenuamu. Hcnonv3ya npunyun 63aumMHOCIU, UCKTIOUEHA HEOOX00UMOCHb OMBICKAHUA MOYKU HY1€6020 NO-
menyuana, npedCmMaesnAIOU|ezo 6ecbmMa mpyooemKyio 3aoauy. Memoouka noseonaem odecneyums MUHUMANLHO B03MONCHDLI
PAa3HOC U3MEPUMENbHBIX INEKMPOO08 3a npedenamu 3Y, Uumo cyujecmeeHno ymenvuiaem OIUHY COeOUHUMENbHBIX NPOE0008
CXeMbl USMEPEHUA U Y6eIudUeaem OMHOUEHUE (CUZHATI—NOMEXUY, d MAKHCe CHUMAEM 02PAHUYEHUA RO 3ACMPOUIKe meppumo-
puu 3a npedenamu ucciedyemozo 3y. butdn. 12, radn. 2, puc. 11.

Kniouesvie crosa: 3a3emMisiioniee yCTpoiicTBO, H3MepeHHe CONMPOTHBIIECHNUS, TPEX)JIEKTPOAHAS YCTAHOBKA, MUHUMAJIBHBIH pa3-

HOC UBMEPUTEJIBbHBIX JIEKTPOAOB, METOAMKA, CXeMa 3aMeIIICHHUS.

Bgenenne. IIpobiemMam M3MepeHUs AIEKTPHUECKUX
MapaMeTPoB 3eMITH U 3a3eMJIIIOINX ycTpoicTB (3Y) mo-
CBAIICHH (pyHIaMEHTalIbHBIE PaOOTHl HM3BECTHBIX yuUe-
veix: AJL Baiirep [1], C.H. Koctpy6a [2], A.b. Ocnon
[3], FO.B. Ilene6posckmii [4], A.W. Sxobc [5] u ap. B
CBOMX paboTax M OTCUYECTBEHHBIE M 3apyOeKHbIe HcCcie-
JOBAaTeNd OTMEYAOT, YTO OJHOW W3 BAXKHBIX IPOOIEM
SBJISIETCS MPOOJIeMa TOYHOT'O M3MEPEHHS CONPOTUBIICHUS
3V paznu4yHOro Ha3HAYECHHUS.

B Hacrosmee Bpemsi s M3MEpPEHUW CONPOTHUBIIE-
Huii 3Y monmy4uia MMPOKOE pacipoCcTpaHEHUE TPEXdIIeK-
TPOAHAs M3MEPHUTENIbHAS ycTaHOBKA. OTHON U3 TIIaBHBIX
3ajJa4, KOTOPYI0 HEOOXOAMMO PEIINTh Uil MOJTyYeHHs C
ITOMOIIIBIO0 3TOW YCTaHOBKH JOCTaTOYHO TOYHBIX PE3yIIb-
TaTOB, SIBIIETCS, KaK YKa3aHO B paboTe [6], MpaBUIBHBII
BEIOOpP MECT PACIIONOKEHHUS H3MEPHUTEIBHBIX dJIEKTPOJIOB,
T. €. TaKag MX PAacCTaHOBKA, IPH KOTOPOH H3MEpPEHHOE
3HAa4YCHHUE COMPOTHUBIICHHUS OTIMYACTCSA OT €r0 WCTHHHOTO
3Ha4YeHHs He 0ojiee YeM Ha HEKOTOPYIO BEJIIMYHHY, KOTO-
Py TpUHATO Ha3bIBaThb MPUEMIIEMOW MOTIPELIHOCTHIO
uzMepeHusi. OOBIYHO CUMTAETCS, YTO MpPU H3MEPEHUSX
conpoTHBIIeHUH 3Y MpuemMiIeMOil SBJSETCS MOIPEIIHOCTh
nopsiaka 10 % B Ty unu uHy0 cTOpoHYy [5].

W3MepeHne CcONpOTUBICHUHN 3a3eMIIUTENCH O0Jb-
OIMX pPa3MepoB B OJHOPOTHOM TPYHTE IIPEICTABICHO B
pabote [6], B KOTOpO# OmMHCaH PacYETHBIM METOH OIpe-
JIENICHNsI ONTUMAIBHOTO PACIIONOKEHHS U3MEPUTEIBEHBIX
3JIEKTPOJOB TIPH M3MEPEHUH COTPOTUBICHUS 3a3€MIIHTE-
el OONBIIMX Ppa3sMepoB, IO3BOJSAIONINN pa3MeniaTh
ANEKTPOJbl Ha OJIM3KUX PACCTOSHUSAX OT 3a3eMIIMTEIIS.

OpHaKO MPH 3TOM OTMEYEHO, YTO PAcUeThl C HOMOIIBIO
paccMaTpUBaEMbIX MOJENEH 3a3eMIMTENEH UMEIOT JIUIIb
OTPaHWYECHHOE TPHMEHEHHE, CBA3aHHOE C WX BHEIITHUMHU
TIOJISTMHL.

Amnamm3 meronoB Tarra nmpu u3MepeHHUSIX COMPOTHB-
JICHHS 3a3¢MIIMTENICH, TPUBEICHHBIN B padoTe [7], moKka-
3ai1, 9To MeTof Tarra He MPUIOJeH B TPYHTaX C BO3pac-
TaHUEM YACJIBbHOI'O0 COIIPOTUBJICHUSA I'PYHTA 110 rny61/1He.

Bwmecrte ¢ Tem, B BBIBO/IaX paOOTHI [8] 0OTMEUEHO, U4TO
CYHIECTBYET NpUHOHUIIMAJIbHAsA BO3MOXHOCTb TOYHOT'O
MU3MEpEeHUsI CONPOTHBIICHUS 3a3eMIIMTENS NpH JTH000M
XapakTepe HeOJHOPOIHOCTH IPyHTa U JIIOOBIX pa3Mepax u
KoH(purypauuu 3V, 6e3 UCIOIb30BaHMS PACUETHBIX MPO-
TpaMM, Tl TaKXKe MOKa3aHbl IMyTH PEeaTn3alid dTOH BO3-
MokHOCTH. OTHAKO, K COXKAJICHHUIO, U B OTOM CIllydae He-
00X0anMMo OyIeT OmpeneisiTh MECTOIOJIOKEHHE MOTEH-
UATFHOTO JIEKTPOAA ITyTEM OTBICKaHHUS TOUKH HYJIEBOTO
MOTEHIIMalla HA MECTe U3MEPEHUII.

MatemaTideckoe MOAEIMPOBAaHUE Mpollecca M3Me-
peHl/Iﬁ COIMPOTUBJICHUA 3a3€MJIUTECIIA TOKY HNPOMBIIIICH-
HOW 4YacTOThl B MHOTOCJIOWHOM TIPYHTE NPEJICTaBICHO B
pabote [9], Tae OmMMCAaH aNTOPUTM BBIYMCICHUS TOTPEII-
HOCTEH HM3MEpPEHHsI CONPOTHBICHUH 3a3eMIIMTENICH 3JIeK-
TPOYCTaHOBOK B MHOTOCJIOWHBIX I'PYHTaX IIPH Pa3INuHbIX
PACIIONIOKEHUSIX H3MEPUTEIBHBIX JIIEKTPOJOB H TPHUBE-
JIEH MpUMEpP MOCTPOCHUS JMHUNA PAaBHBIX MOTPELIHOCTEH
JUTS 3a3€MIIATEIST CIIOXKHOH (DOPMBI B YETHIPEXCIIOIHOM
rpyare. K cokaneHuio, Kak OTMedaioT aBTOpHI [9], BEHI-
OpaTh Tako€ PACHOIOKEHHE AIIEKTPOAOB, MPH KOTOPOM
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HW3MEPEHHOE CONPOTHBICHUE 3a3CMIIMTENSI PABHACTCS
HCTHHHOMY, 9KCIIEPUMEHTAIHBIM ITyTEM IIPH U3MEPEHU-
AX Ha MECTHOCTHU HECBO3MOXHO.

Heabio paGoThl SBISETCS TEOPETHYECKOE OOOCHO-
BaHUC MCTOAUKH U3MEPCHUA CONPOTHUBICHUA 3a3€MIIUTEC-
JIS1 C TIOMOIIBIO TPEX3JIEKTPOJHON M3MEPUTEIbHON ycTa-
HOBKHM TIPH JIIOOOM XapakTepe HEOJHOPOJHOCTH TPYHTa,
TOOBIX pa3Mepax W KoHurypanuu 3Y U Npou3BOIHHOM
pa3sMelIeHNH U3MEPHUTENIFHBIX 3JIEKTPOIOB.

Teopernueckoe 000CHOBaHHe pa3padOTaAHHOM
MeTOAMKH u3MepeHusi conporuBienus 3Y. Tpexoiek-
TPOJHAs yCTAHOBKA AJSI M3MEPEHUS CONPOTUBIECHUS 3Y
Pa3IMYHOTO Ha3HAYEHHs B OOILEM CIIydae SBISIETCSI MHO-
TOJIEKTPOIHOI CUCTEMOM. A pacdeT MHOTO3JIEKTPOIHBIX
CHUCTEM B JIMHEHHON MPOBOIANICH cpene JII00ro crpoe-
HUSI, KaK OTMeueHO B pabote [9], OCHOBBIBaeTCS Ha CHC-
TeMe ypaBHEHUH, NpeAnoxkeHHbIXx Makceemiom [10].

B cBsi3M C 3TUM paccMOTpUM CHayajla MpUMeEp HUc-
I0JIb30BAHMSI PAcYETHOM CXEMBbI 3aMELICHUs IIPH pa3Me-
LIEHUH ITACCHBHOTO 3a3EMIIUTENSI B 110JI€ TOKA AKTHBHOTO
3azemnurens. Ha puc. 1 noka3aHbl 3JEMEHTBI CXEMBI 3a-
MEIIeHHs: R — aKTUBHBIN 3a3¢MIINTEIb, Ry — ACCHUBHEIN
3a3eMJINTENb, R1; — B3AUMHOE CONPOTHUBIICHUE.

9
9, Z210) F1©)

7
Rz l[z _%_ Rlﬁh R3 T]g

Puc. 1. Bzaumonusinue aktuBHOro (1) 1 maccuBHOTO (2)
3a3emiuTenei

Jomyckaem, 4TO MCTOYHUK TOKa [; UMeET BTOPOil
noiroc (R;), pacronaraeMslii Tak, YTO €ro I10JIe HE BIUSET
Ha none B Touke 2. [Torenuman B Touke 2 (¢,) onpeneins-
ercs Kak /1-Ry,, TOrza ¢ nacCUBHOIO 3JIeKTpoJa R, cTeka-
eT B 3eMJII0 TOK [,. VlcTouHHK (TOKa) MOATPY>KAETCS I10-
TTOTHUTEIHHBIM TOKOM /,; €CITH UCTOYHUK OIpEeNieH KaK
«WCTOYHHK TOKay, MOTEHIUAN Touku 1 (@) cHuxkaetcs. B
Cllydae «HMCTOYHHMKA HAMPSKEHHUS» Harpy3ka HCTOYHHKA
YBEIMUYUBAETCS 3a CYET CyMMUpOBaHus TokoB /; u [,. Ha-
JU4re AByX TOKOB (/; u ;) MO3BONAET HCIIONB30BaTh U3-
BECTHYIO YK€ CUCTEMY ypaBHEHUI MakcBeia:

@ = LR +1Rpp;
(1)) 211R12 +12R2. (1)

OTMeTUM WU3BECTHBIE OIpaHMYEHMS IPU OIperese-
HUM (PKCIEPHMEHTAIILHOM) B3aMMHOI'O CONPOTHBIICHHMS:
W3 OMBITA C JIBYMS 3a3€MIIMTEISIMH COIPOTHBICHHE R,
Heonpenenumo. JKenaHWe ONpPEAENINUTh BCE TPH COIPO-
TUBJICHUS pealn3yeTcsl Ipu paboTe ¢ CUCTeMOH M3 TpEX
B3aUMOBJIUSIOIINX 3236 MIUTEICH.

VYpaBHeHuss MakcBeria OnpenesnsioT MoJeBble MO-
TCHLMAJIbHBIE CBSI3H, TOTJA KaK IS YIPOLICHUS pacyEéToB
ynoOHee HCIOJIb30BATh CXEMBbl 3aMEIIEHUs] C HEKOTOPbI-
M (¢, I, R) mapameTpamu.

Ha mnpumepe nByx 3azemiuTeniedl, 00OTEKaeMbIX
OJINHAKOBBIM TOKOM OT uctouynuka (U, /) B mocienoBa-
TENBHOH 1enH (puc. 2), pacCMOTPUM BapHaHTHI CXEMbI
3aMelleHHUS.

o o
Puc. 2. Cucrema nByx 3a3emnutenei
HPH UX TIOC/IEI0BATEIbHOM BKIIOYEHUH

Cneuyﬂ 3J'IeK’I‘pOCTaTPI‘IeCKOI71 aHaJIOTUu U ypaBHE-
HUAM MaKCBeJ’IJ’Ia, HUMEEM

o= [Rl —[R12;

_ 2
Oy = —IR12 + IRZ
Ha ocHoBanuu ypaBHeHH# (2) MOXKEM 3anucaTh
o +¢; =U=1(R —Riy + Ry —Rpy) = 3)

=I(Ry + Ry =2Ry3) = IR,y

CootBeTcTByIOIasl ypaBHEeHUIO (3) cxema 3amelie-
HUS Mory4daeT Buj (puc. 3).

Oy

’e)

Ri: Rz

-Riz -R1z2=R 21

Puc. 3. BapI/IaHT CXEMbI 3aMCUICHUS J1J1 ITOCIIE10BATCIIBHO
COCAMHCHHBIX 3a3eMJINTENICH

Cxema, TipuBeZICHHAs Ha pHUC. 3, MPUTOIHA IS Ma-
TEMaTHYECKOT0 MOJIEIMPOBaHKs, HO HE Juisi Mozaenu (Gu-
3MYECKOW H3-32 HAIWYHMA OTPUIATEIHHBIX COMPOTHUBIE-
HUH R;. OU3NYECKUi aHAIOT AJIs1 CXeMBbl Ha pHUC. 3 Mpe-
CTaBHMM B BUJE€ CXEMbI 110 pHC. 4.

@
o NG ©
1 :X |
R R:

Puc. 4. PacuéTHbIii aHATIOT CXEMBI 3aMEIICHUS

ITo paBeHCTBY BXOAHBIX CONPOTHBIEHUN CXeM puc. 3
U puc. 4 umeem:

R +Ry )R

R1+R2—2R12:—( L+ Ry Ry )
R +Ry +Rphx

HOCHC KOMIIOHOBKH CJiara€MbIX HOJ'Iy"H/IM
2
2RixRiy = (R +Ry) —2Rp5(R +Ry), (5)
a OTCIO/Ia HAXOIIUM
(Ri+R,)

-Ri—-R,, 6
2R, 1 — Ry (6)

Ry =
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WM TIOJTyYaeM CBSI3b MEXIY CONPOTHUBICHUSAMH R, (CM.
dopmyiy (5)) u Ripx:
(R +R,)
Ry = ~ (7
2(Ri+Ry+Ripx)

YuTéM, 4TO B3aUMHOE CONPOTUBJIEHHE R;, MEHbIIE
MEHBIIETO U3 CONPOTUBIEHUN Ry win R, 1 Rypx> 0.

Hcnonp3oBanue Monmend mo puc. 4 mpu pacuérax
JUIA HaXOXKICHUS BEIHYHHBI Ripy ¢ y4ETOM BBIPAKEHUS
(7) naét BO3MOXHOCThH OINpENeNeHUs] B3aUMHOTO COIPO-
TUBJIEHUS R);; y4€T BIMAHUA R|; (C COOTBETCTBYIOIIUM
3HaKOM) JIOJKEH BBITIOJNHSTHCS COIJIACHO PUC. 3.

W3mepenust mpu IByX 3azemyutensx (cM. puc. 2)
nytéM BBoja ucrounuka (U, /) He mo3BoIsOT pacuud-
pOBaTh 3HaYEHUS! CONPOTUBICHUN R, R, U Ry, a Takxke
MMOTCHINAJIOB ¢ U ¢,. BBOIUM B paccCMOTpEHHUE TPETUit
AJIEKTPOJ B TOUKY 3, KaK TIOKa3aHO HA PHUC. 5, M PaccMOT-
puM tpu ombita: A, Bu C.

¢ @ ¢
20

Puc. 5. TpexanemenTHas cuctema 3a3eMiInTeNeH, OIbIT A

B ombiTe 4 akTUBHBIE 3JIEKTPObI | U 2, o0TeKkaeMble
00IIMM TOKOM / OT MCTOYHHKA, CO3/IAI0T MOTCHIUAIBHOE
HoJie Ui TTACCUBHOIO 3JIEKTpoJia 3, KOTOpPOe OmNpeaesseT
MNOTEHIMAN MOCIEIHETO:

@3 =Rzl =Rypl = I(R;3 = Ryp) = [Ryp . (8)

[TosiBisitoress HanpskeHust Uy u Us,. Hampumep,
npu U;, < U3 ¥ BIUSTHUE DIIeKTpoia 2 Ha (POPMUPOBAHHE
@3 OombIie IO cpaBHEHUIO ¢ 3nekTpogaom 1. Ilox meiict-
BUEM (3 B DJIEKTPOAE 3 MpoTeKaeT Tok /3 = ¢3/R;. B ciy-
yae Us, < Uj; TOK I3 cOBNAiaeT 1o HaIlpaBJIE€HUIO C TOKOM
B CONPOTUBJICHUH R,; HalpaBieHHUe Toka / B anekrpoze 1
MIPUHATO TIOJIOKUTEIBHBIM, a B 3JICKTpoJle 2 — OTpHIa-
TEJEHBIM.

[MosiBeHue Toka I3 cluemyer y4ecTh IS aKTHBHBIX
AMeKTpooB | M 2 dYepe3 COOTBETCTBYIOIINE B3aMMHEIC
COTIPOTHBIICHUsI B ypaBHeHHsAX MakcBemra. C ydérom
BBIpaKeHUs (8) ISl aKTUBHOTO dJIeKTponaa | TMosBisieTcs
claraeMoe

(Ri3-R3p)
Ry =332 p
3R13 %, |

1 IMOTCHIUAT JIA 3JICKTpOaa 1 OMPEACIIACTCA KaK

3

Ri3;—R
() :R]I—R121—1¥R13 =
3

(Riz—R3)R ©)
=I[R1—Rlz—%}=m”;.

3

AHaNOrMYHO MOJyYaeM MOTEHIHAN U ISl aKTHBHO-
r0 3JIeKTpoja 2:

(Ri3 —R33)Rsy
R

) }=IR2E. (10)

) =[{R2 —Rpp +

[lotenmans! ¢, ¢, U @3, COTIACHO YpaBHEHUSM (8),
(9) u (10), BeIpa)KEeHBI Yepe3 TOK UCTOYHUKA [ U BEITUYH-
HBI pe3uctopoB (coOcTBeHHbIE R, (R), R, ¥ R;) U B3auM-
Hpie R, (Ri2 = Ryy, Ri3 = R34 Ry = R3p)).

M3Mepenne HaNpsOKEHUH MEXIy MacCUBHBIM 3 H
AKTHUBHBIMH | W 2 3JIEKTPOJaMU COOTBETCTBCHHO OTIpe-
JlensieT

Uz =01 -¢3;
Up=p3—0,.
CiienoBaresnbHO,
Uiz
Uiy =I(Rip —Rsg) m T:RIE_RSEs (11)

Usp

Usy =I(R3g —Ryp) m — “Re-Rr. (12)

M3mepenue Hanpsbxkenuit U3, Us, ipu Toke [ onpe-
JIEJISICT JIEBbIe YaCcTH JIBYX YPaBHEHHU CBS3H C IIECTHIO
pesuctopamu coraacuo (11) u (12).

Crnenyromue 1Ba ypaBHEHHS IOydaeM IIPH H3Me-
peHHH C BBOAOM TOKa Mexnay Toukamu | m 3. B atom
cllydae pacCMaTpHBaeM COIJIaCHO PHC. 6, OIBIT B.

A

P @ <P3@ tﬂ?@

7
R >3 |
w3 e

R
r[]yr ——

12

_:l_

Puc. 6. Iloaxmtouenue ucrounuka (U, I) B onbiTe B

Hamnpsixenue U u Tok [ «cBOW» Ui TaHHOTO OIbITA,
T.e. OTJIMYHBI OT BEJIMYUH B OmbITe 4. M3MepeHue Hanpshke-
Huil Uz, u Uy, n03BOIISIET ONpeenuTs, Hanpumep, Us, < Uy,
M TOrja mnojaraTh TOK B CONPOTUBIEHUH R, coBHajaro-
LIUM 110 HalpaBJE€HUIO C TOKOM B COIIPOTUBIEHUH Rj.

JJ1 maccUBHOTO AIIEKTPOa 2 UMeeM MOTEHITHAT

02 =1(Ry3 —Ris) = IRy,
M CTEKAaIOIIUI ¢ HEro TOK
_(Ry—Rip)
L =1—————-=°.
Ry

Jist akTUBHOTO 3JiekTposa | moTeHIuan onpeaens-

€M IO BBIPAKEHUIO

[ Ry — R» )Ry |
R]_RB_(BRﬁ =IR .
2

C y4€TtoM B3aMMOBIUSHHUNA JJIs1 aKTUBHOTO 3JIEKTPO-
a 3 UMeeM ITOTEHIAAI

o =1

Ry3— Ry )Ro3 |

Ry Ry B3R |

i Ry _
B pesysbrare mosydaeM IOCTYITHBIE JJIs H3MEPEHHI

HaHpH)KCHHH

p=1

U
Uy =0 -0y =1(Rip - Ryp) mmm %z(RlE_RzE) (13)

nu Har[pﬂ)KeHI/ISI
U
Usy =03 -0y =1(Ryp — Ry ) mmm %= (Ryg — Ry )- (14)

B ompire C ucrounuk (U, ) BKIIIOYEH MEXAY TOY-
Kam¥ 3 ¥ 2, Kak TOKa3aHo Ha puC. 7.
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Puc. 7. Tlogxmouenue ucrounuka (U, I) B onbite C

AO)

A R

n

o

R:

Wsmepenune Hanpspkenuid U;; u Uj, 1O3BOINIET B
ciydae, Hanpumep, Uz > Up, monarath NOTCHIHAT @)
OmKe K TIOTEHIHANY ¢ M TOKH [UIA Todek 1 u 2 coBma-
JAIOT IO HATIPaBJICHUIO.

BrIpa3zum noreHuuman nacCUBHOro 3JeKTpoja 1:

o1 =—IRjy +IR3 =1(Ri3~ Ri)=IRp; .

Tox I,

bopmyme:

B COIIPOTUBJICHUU R] ornpeaeciadaeMm 1o

Ri;—R
11 _ I( 13 12) )
R,
HOTeHHI/IaﬂI)I AKTHUBHBIX 3JICKTPOJ0OB 3u? orpeac-
JITFOTCSL COOTBETCTBEHHO T10 (POpMyJIaM:

R:—R
» =1(R3 — Ry _¥Rl3j =IRp;3
|

nu
Rix—R
0 = I[Rz —R3; +¥R12] =IRg,.
1
HOCKOHBKy B TaHHOM OIIBITE I/I3MepﬂeM HaHpSI)KeHI/IH
Uiy =01 — 92 =1(Rg; — Rg»)
)41

Uiz = — @3 =I(Rg; — Rg3) s
TO B UTOTC HOHy‘IaeM €lIc ABa ypaBHeHI/Iﬂ:

U
%I(Rm ~Rpy) (15)
nu
U
$=(R51—R53)- (16)

TakuM 00pa3oM, BBINOJIHEHHOE BBIIE PACCMOTpE-
HHE ompenensieT 00beM IKCIIEPUMEHTOB (M3MEpeHHii) B
Tpex omsiTax (4, B, C).

BBon ucrounuka (U, /) B Toukn | u 2 (ombiT 4) u
u3Mmepenue HanpsbxkeHuit Uiz, u Usyy npu TOKe Iy, Aaet
BO3MOXKHOCTb PACCUUTATh BXOAHBIE COPOTHBIICHUS

Uiz
=Ry
7, (1-3)4
nu
Uszu
; =R3-2)4-
4

Takue COnpOTUBIIEHUS €CTh JIEBBIC YACTH YPAaBHEHUIA:
e 13 ypaBHenwuii (8), (9) u (11) moxysaem

Ri3—R3y )R
Ri-3)4 = {(& - Rl2)_%} ~(Ri3—Ryp).(17)
o u3 ypaBHeHwmii (8), (10) u (12):

R 2y =| (- ) (=B

) }+(R32—R13)~(18)

OmnwiT B, BBOA nctounuka (U, 1) B Touku 1 u 3 u u3-
MepeHue HanpsbkeHud Usyp U Uypp Tipu TOKE .

C yueToM ompeaeneHHoro Boliile (Belpakenus (13) u
(14)) nonyvaem

U,
Ri-2)p = };B =
(19)
Ryz — Ri» )R
:{(RI_RB)_—( = RIZ) 12}(1323—1312)2
2
U
(20)
Ryy — RyH )R
Z{(R3—R13)+%}—(R23—R12)~

OmnsiT C, BBOA uctounuka (U, I) B Touku 3 u 2, u3-
MepeHue HanpsbkeHud Upse u Uppe ipu Toke I
C yuerom Beipaxenus (15) noxydaem

Uiac (Ri3 = Rip)Ri
=\R» — R R,—R R
Ic ( 12 13){ 2 —h3pt } @1

Ry

=Rq-2)c»
a u3 BeIpaxkeHus (16) umeem

Uisc _ (Ri3—Rip)Rys | _
-~ (RIZ _R13)+ R3 _R32 - 5 |~
Ic R (22)
=Ra-3)c-

B wurore mnonyuaem cucreMy INECTH YpaBHEHUM
(17) — (22) ¢ mrecThio Hew3BecTHBIMU (R, R,, R;3, Ri», Ry,
Ry;) mpu M3BECTHBIX MO M3MEPEHHSM 3HAYCHUSIX COIPO-
TUBJIIEHUH R(1-3)A: R(3-2)A: R(1-2)B: R(3-2)B: R(1-2)Ca R(1-3)C~

Pewienue noiay4eHHON CUCTEMBI IIECTU YPABHEHUH C
IIECTHI0 HEU3BECTHBIMH BBIIIOJHEHO C TIOMOIIBIO TPO-
rpaMMBbI, peain30BaHHOM B makeTe Mathcad.

HexoTopbie 0cO0eHHOCTH M3MEpPEHHMsl CONPOTHB-
JeHusi 3Y. K u310KeHHOW BBINIE METOAMWKE IOJE3HO
TaK)ke OTMETUTH cleaytollee. B ciyyae npuMeHneHus me-
TOJIa C 3JIEKTPOJIOM HYJIEBOIO NOTEHIHMANIA @, , HAIIPUMED,
B JIMHEITHOH cXeMe «0OBEKT ¢ R, — TOKOBBIH 3JIEKTPOA Ro»
U OSKCIEPUMEHTAILHO OINPEACIIEHHOE MECTOIOJIOKEHUE
HOTEHIMANILHOTO 3MIEKTpoja R, s MOCIeAHero no0KBa-
FOTCSI BBITIOJIHEHUS YCIIOBHSI

¢, =0=ag,l—agl (23)

IpH TOCIEN0BATENBHOM COEIUHEHUH Ry M R, C MCTOYHH-
koM (U, I) — cm. puc. 2.

B o6wmem cirydyae noreHuuan ¢, no ypaBHeHuro (23)
HE paBeH HYJIO, HO CYIIECTBYIOT ITOTEHIIHAJIBI OT TOKa / B
anekTpojax R, u R.. Toraa B cityyae HaIM4us HEKOTOPOU
MIPOBOJIUMOCTH (Ha 3€MJII0) OTEHIMANIBHOTO JIEKTPOoa C
Hero npu ¢, # 0 cTexaer Tok [, U MeXAy DIEKTPOJaMH B
CXEME BBIIEISIOTCS HAPSYKCHUS:

Pg = Pp =Ug—ps
Ge—Pp = Uc—pﬂ
B COOTBETCTBUH C BHIPAYKEHHEM
pp=agl—agl+a,,l,=U; ,-U._,+U,, (25)

@24

TI€ (, — COOCTBEHHBIH MOTEHLUHMANIbHBIA KOd(QdULIEHT
3a3eMJIMTENS] TOTEHITMAIBHOTO AJIEKTPOIA.

Hanpsixennst Uy, u U,.,, MOTYT OBITh U3MEPEHBI ITPU
YCIIOBHH MTPEHEOPESIKUMO MAJIOTO BIUSHHSI IPOBOJIUMOCTH
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HM3MEPUTENBHON LIETIM Ha TOKOPACHpEAEICHHUE B HCCIIe-
AyeMoii cucteme (3IeKTpoabl Ry, R, U R.).

IIpu u3BecTHOM TOKE / M U3MEPEHHOM HAIPSKEHUU
Uj., IO BEIPQKEHHIO

Ayl

o (26)

Ug—p=
OLICHUBAEM BEJIUUHHY Olgp.

B paccmarpuBaemoii cucreme Tpex 3azemildTenei
(puc. 5) ananormuyHple pacdeTsl THUHa (26) MO3BOJIAIOT
orpenenuTs (o 0003HAUYECHUSAM PHC. 5) COMPOTHBICHHS
B3aHUMHBIC R]z, R13, R23.

W3BecTHBIE Teeph BETMYMHBI B3aUMHBIX COIIPOTHB-
JICHUH TTO3BOJISIOT PACCMATPHUBATD [T ONPEAETICHHS CO0-
CTBEHHBIX COIIPOTUBJICHUM TPHU YpPaBHEHUs, HaIpUMeEp,
(17) = (19) unu apyryro KOMOMHALMIO YKa3aHHBIX ypaB-
HEHUi1, 00pa3yloNX Mocje BBEACHUS B3aMMHBIX CONPO-
TUBJICHUH CHCTEMY TPETHErO TOPSIIKA.

PaccMoTpeHHBIN BBINIE TOAXOJ K ONPEACICHUIO
COOCTBCHHBIX U B3aUMHBIX CONPOTHBICHHUU I CIydYas
TpexX 3a3eMJINTeNeld OCHOBAaH Ha WCIOIH30BAHUHM €CTECT-
BEHHBIX B3aWMOBIISIHAN JIEMEHTOB KOHKPETHON TPYIIITEI
3azemnurencii. bospliue BO3MOXHOCTH Ul MCCIIENOBa-
HUM Ja€T cxema 3aMelIeHUs U METOJIbl pacyéTa 3JIeKTpU-
yeckux ueneil. [Ipy 3ToM 04eBUAHO, YTO YpaBHEHUS CBsI-
3W JOJDKHBI 00pa30BBIBATH B CIydae TpeX 3a3eMIIuTeNeit
CHCTEMY YPaBHEHHI! I1ecToro nopsaka (1o 4uciy B3auM-
HBIX U COOCTBEHHBIX COMPOTHUBIICHUH).

®dopMarbHO OCOOCHHOCTH pEIIEHHH CHCTEMBI
YPaBHEHHUU IIECTOTO TMOPSIAKAa MOXKHO OIICHHTBH IIPU pe-
ICHUSIX JJIST CXEMBI 3aMEIICHUS C UCKOMBIMU PE3HCTO-
pamu. PacuérHas cxema (ucmonb3yercs U Uil usmue-
CKOTO MOJCIMPOBAHUA) ISl TPYIIITHI 3a3€MIIMTEICH pac-
CMOTpEHA HIKE.

BrigennM A mpuMepa Tpymiry U3 TpexX 3a3eMILSIO-
mmx ycrpoiicts 3Y (GD), kak mokas3aHo Ha puc. 8.

GD1 GD2

Si2

Puc. 8. Bapuants! pa3memienus (B mwiane) rpynmsl 3Y (GD)
C yoaneHusIMH S IpyT OT pyra

OTCyTCTBHE ANEKTPUIECKUX (IIPOBOHUKOBBIX) CBSI-
3ed MeX/ly HUMH IIPOBEpPsieTCst 0053aTeNbHO.

ITo onpenenenuto — kaxnoe 3Y MOXKHO XapaKTepH-
30BaTh HEKOTOPHIM «COOCTBEHHBIM)» COIIPOTHUBIICHHEM R
(xax OBl B OTCYTCTBUHM BIHMSIHHS «coceliei») 1 addexrom
B3aUMHBIX COIIPOTUBIECHUHN R,,.

Kcrarn, tpagunumonHas cuTyanust (OTpakeHHas B
MHCTPYKIHAX, PYKOBOAAIINX JTOKYMEHTax M Ap.) n3Mepe-
HUsI, HAaIpUMEpP, Rgp; BIIOJHE COOTBETCTBYET pHUC. 8 MpHU
3VY2 (umu 3Y3) — TokoBHIi 3ekTpo, a 3Y3 (3Y2), coot-
BETCTBEHHO — NOTEeHUMaIbHbIN. [IpuueM, pekoMeHayercs
obecrieunBaTh BO3MOXHO HHU3KHE B3aUMHBIE COIPOTHB-
neHust (10 CyTH — B3aMMOBIIMSIHHSI) 4epe3 JIM0O TOMCK
yno6HbIx nozunmid st 3Y2 u 3Y3, nubo yepes yBenuue-

HUe B3amMoymaieHud. OueBHAHO, pekomeHmarmu PJ{
[11, 12] mpeanonararoT mpu WX pealu3anud OIEHKY c00-
CTBEHHOT'O CONpOoTUBIeHus 3V 1.

Bynem uckarp ynpouienue (nportus PJ]) mist mo-
Jy4yeHHs] COOCTBEHHO Rgp|, @ UMEHHO Yepe3 ompejere-
HUe (KonmuecTBeHHOE) Ry U R,, B cXeme I0 puc. 8.
Peanuzamus 3TOro mpenioKeHus CHEMAaeT TpeOoBaHUE
P]] mo ynmaneHUI0 TOKOBOTO 3JeKTpoaa OT Rgp; (HCKO-
MOTO); YIOPOIIAeTCs W3MEPEHHE COOCTBEHHOI'O IOTCH-
myana aiad Rgpi.

Juis Tpex (3MeKTpUYeCKH HE CBSI3aHHBIX) 3a3€MITH-
teneit (3Y), pacmosioKEHHBIX HEKOTOPHIM 00pa3oM Ha
Teppuropur (puc. 8), WCMOJIB30BaHUE AJIEKTPOCTATHYE-
CKOW aHaJIOTWH C yueToM IpeobpasoBanuii (6) u (7) mo-
3BOJISIET MPEACTaBUTh PACUYETHYIO CXEMYy 3aMElICHHs B
BHJIE, TOKa3aHHOM Ha puc. 9. OTMETHM, YTO UCXOJHO JJIs
U3MEPEHUN TOCTYMHBI TpU TOUKHU: 1, 2, 3.

1

=0

Puc. 9. PacuetHas cxema 3aMeIeHHs A1l TPYTIIBI U3 TPEX
3a3eMJISIOLUX YCTPONUCTB

Hekoropsiii ucrounuk (U, Hanmpumep, TpaHcdop-
MaTop) MOAKIIYaeM MO0YEPETIHO K ABYM TOYKAM CHC-
TEMBI U U3MepsieM NPUIOKEHHOE HAIMPSKEHHUE, a TaKXKe
HaNPSDKEHUS TPEThel TOUKM OTHOCUTENBHO JBYX, MOJI-
KIIIOYEHHBIX K ncTouyHuKy. OTtnensusle onsiThl (I, II u
IIT) moxazansl Ha puc. 10 1 0003HAYEHHI KaK a, b U ¢
COOTBETCTBEHHO.

CootserctBytomue HanpspkeHUs (Ui, Uz, Usp,) B
OTJCTBHBIX ONBITAX PA3JIUIHBI 110 BETMUMHAM.

B nmaGopaTopHBIX YCIOBHAX HMCCIEAOBAHA MOJETb
CXeMblI 3aMenieHust (CM. puc. 9) ¢ omnpeeNeHHbIMH TIapa-
MeTpaMH, KOTOpbIe IPUBEEHBI B TA0I. 1.

Tabmuna 1
BennunHe! PE3UCTOPOB 11 CXEMBI 110 pHUC. 9
PeSI/ICTOp Rl Rz R3 RIZ R13 R23

Benmnuuna, Om 10 20 5 5 3 3

Pe3ynbrars! n3MepeHuii HaNpsDKEHUH MPUBEICHBI B Ta0I. 2.

Tabnuna 2
V3mepeHue HaNpsDKSHUH B MOJIEIIH CXEMBI 3aMELIeHHs
1o puc. 9 cornacuo puc. 10.

Wcrounuk noaxmoueH |Up,, B|Uss, B|Uj3, Bloy, Ble,, Ble;, B
Ot I, Uy, 2,75 | 1,42 | 1,33 | 1,18 1,6 | 0,18
Ot 11, Uy 1,47 | 2,31 | 0,83 10,28 1,77 | 0,55
Ot 11, Ujs 1,4 1082|224 1,5(0,09]|0,74

HaHpﬂ)I(eHI/Iﬂ Ha ((CO6CTBeHHbIX» COIIPOTUBJICHUAX,
HU3MEPEHHBIE OTHOCHUTENILHO TOYKH «0», 0003HAUYCHBI Ye-
pe3 COOTBETCTBYIOLLHE .

COOTHOIIIEHUSI M3MEPEHHBIX HANPSIKEHUU OIUCHI-
BAIOTCSI CHCTEMaMHU:
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B

V)
Uiz
1 2
U3 Uz3
Y3
a
Uiz
70
Ui3
1 Uiz o,
U3 Uz3
Al (V

C

Puc. 10. [ToaknroyeHne UCTOYHUKA U U3MEPSIEMBbIE
HalpspKEHUs! B TPYyIIIe 3a3emiiuTenet mo puc. §

U =o1+ 93
Puc. 10,a U3 =0, —¢3; 27N
Uiz =¢1+ 93
U =02 - 913
Puc. 10,6 U,z =@, + ¢3; (28)
Uiz =1+ 93
U =¢1 =93
Puc. 10,c  {Uy3 =@ +¢3; 29)
Uiz =o1+¢3.
OrtnenbHBIE paBeHCTBAa B cucreMax (27) — (29)
BBIMOJIHAIOTCS € IPUONMIKEHHOCTBIO — M3MEpEHUit

HaIIpsKECHUN.

®dopMmanibHO cucTeMa, Hampumep, (27) uMmeer TpH
YPaBHEHHUS CBS3U C TPEMs HEU3BECTHBIMU @, ¢ U ¢3. O1-
HaKO CHCTEMa HEpas3pelIrMa ITyTeM 3JIEMEHTapHOTO HC-
KITIOUEHHSI OTHON M3 HEM3BECTHBIX M JAbHEHIINM pelle-
HHEM CHCTEMBI JBYX YPaBHEHHH C JABYMs OCTaBIINMHMCS
HEHU3BECTHBIMU.

BmMmecre ¢ TeM OTMETHM, YTO OLEHKA (110 U3MEPEHU-
sIM, pacueTaMm) BeJIWUYrH ¢ B cucteMax (27) — (29) mocra-
TOYHA JUIS TOJIyYEHHs BCEX IIECTH MCKOMBIX CONPOTHUB-
JIeHU# (TpU COOCTBEHHBIX, TPH B3aUMHBIX ).

JIOIIONTHUTENBHBIE HCCIIEAOBAHUSI HA TEPPUTOPUH
pasmerneHus 3a3emistonmx yerpoiicts 3Y1, 3Y2 u 3Y3
3aKJIFOYAIOTCS B CHSITHUH I'PAIMEHTHBIX KPUBBIX B YZOOHOM
HAalpaBJCHUH TPH MOAKIIOUEHUN HAIPSDKEHUs 10 BapH-
antam puc. 10. Mcxomum u3 TOro, 4ro Mexmay IBYyMs
3a3eMJIMTEIISIMU Ha TIOBEPXHOCTH 3€MJIH NP NPHUII0KEHUN
K HUM HanpspkeHus (puc. 11,a) oOpaszyercsi noTeHIUAIb-
Hoe nojae U,, B TOM 4KcCIIe U 110 J000i auHuu [ Ha 1Oo-
BEPXHOCTH MEXIy KpasiMu 3a3emiureneii (puc. 11,D).

GD1 GD2

)

Ux | | b
| | [y
| | x=I
| |

AU | |

Ax| | | I
| | |
| m | : c

I I x=I

Puc. 11. [loTeHuManbHOE MO MEKIY ABYMS 3a3€MIIUTEISIMU
Y TpaJCHTHAS KpUBas

Kpusas (morennmanbHast) mo puc. 11,0 coorBercT-
ByeT TrpagueHTHol kpuBoit AU, /Ax (cm. puc. 11,c). U3-
MepeHus: AU, mpencTaBisioTcs OTHOCHUTENIBHO HECIIOXK-
HbBIMU: BXOJHBIC KJIIEMMbI BOJBTMETPA IMPUCOCANHEHBI K
EKTPOAAaM C pa3HOCOM AX Ha JJMHE NEPEeCTaBIIeMOro
BJIOJIb JIMHUY / 1a0J10Ha.

Hanpsokennsi, n3MepeHHBIE BOJIBTMETPOM  (OnIHA
KJIEeMMa — B TPYHTE Ha y9acTKe m, BTopas (II0 ouepeu) B
TOUKy | W TOUKy 2) HaroT OIEHKY ¢ U ¢,. Kak u 00ib-
LIMHCTBO MU3MEPEHUH AJIs 3a3€MIIMTENEH, paCCMOTPEHHBIN
METOI [T @1, (o, TPHOITMKESHHBIMN.

3HaHUE @}, P, ONPEAETUT BETHINHY @3 U CHCTEMBI
(27); mo 3HaYEHUSAM @, ¥ 3 HAXOAUM ¢ B (28); 10 3HAUE-
HUSIM @1, U @3 HaxonuM ¢, B (29). Ilocnenyrouuii Bo3-
MOXXHBIH pacueT MPOBOAUMOCTEH (CONPOTUBIECHUMN) st
CXEMBI 0 pHC. 9 PaCCMOTPEH BHIIIE.

[Iporpamma, peanusyromnias H3JI0KEHHYIO B CTaThe
METOMKY, MO3BOJIIET Ha OCHOBAHUHU COOTBETCTBYIOILUX
ANEKTPHYECKUX HM3MEPEHHUH OIICHUTh HE TOJBKO COIpPO-
TUBJICHHE 3a3eMJISIONINX YCTPOUCTB AJIEKTPOYCTAHOBOK,
HO ¥ KaK COOCTBEHHBIE, TaK U B3aMMHBIC COMPOTHBIICHHS
3a3eMJIMTENIEN BCEX BJIEKTPOJOB B TPEXNIEKTPOIHOM yc-
TaHOBKE M3MEPEHHUSI CONPOTUBICHHUS 3a3EMIIIONIETO yCT-
poiictBa. Taxke HET HEOOXOAMMOCTH PA3HOCUTh U3MEPH-
TENbHBIE JIEKTPO/BI Ha OONBIINE PACCTOSHUS U, CIEN0-
BaTeJbHO, HCIIOJBb30BaTh IMPOBOAA OOJIBIIOW JJIMHBI B
U3MEPUTENIBHON CXeME TPEXDJIEKTPOAHONW YCTaHOBKHU.
Kpome Toro, B mpeiokeHHON METOAUKE HET OrpaHHue-
HHUH B PACIIOJIOKEHUH U3MEPUTEIBHBIX JIEKTPOIOB B CBSI-
31 C MECTHBIMHU YCIIOBHMSIMH JIaK€ B CIIydae IUIOTHOH 3a-
CTPOWKH TEPPUTOPUHU 3a MpenellaMH HCCIEAyeMOro 3a-
3emymTens. Y, HakoHel, TTIaBHOE — OTIMafaeT HeoOXOoIu-
MOCTH B IOWCKE TOYKH HYJIEBOTO ITOTEHIMAjla HAa MECTe
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M3MEPEeHUH I TMOTEHIUAIBHOTO 3JIEKTPOJa WM B pac-
YeTe TPAHHUIIBI HyJIE€BOIl MOTPEITHOCTH, MTPEACTABISIOMINX
co0O0¥ TPYTOEMKHH TIPOIIECC.

Pe3ynbTaThl OKCIEPUMEHTATBHBIX HUCCIETOBAHUIMA
TPEXINEKTPOAHON YCTAHOBKHM U3MEPEHUS COTPOTHUBIICHUS
3a3eMJIUTENS B DJICKTPOJIMTUYECKON BaHHe Harmonais-
HOTO TEXHHYECKOTO YHUBEPCUTETa «XaphKOBCKHUH ITOJH-
TEXHUYECKUH HWHCTHTYT» IMOKA3aJId, YTO IPEIUIOKECHHAS
METOJMKa TI03BOJISIET MOMYYUTh TOCTATOYHO TOYHEIA pe-
3yJlBbTaT BO BCEX CIIyYasX H3MEPEHUH COMPOTUBICHUI
3a3eMJISIOIIUX YCTPONUCTB JIEKTPOYCTaHOBOK.

BeiBoabl.

1. BmepBbie TPHUBOIUTCS TEOPETUIECKOE OOOCHO-
BaHUE HOBOMH METOAUKHU HU3MEPCHUA COINPOTHUBJICHUA 3a-
3eMIIUTENSI C TIOMOIIBIO TPEXAIEKTPOJHON H3MEPUTENb-
HOW yCTAHOBKH IPH JIIOOOM XapaKTepe HEOTHOPOIHOCTH
TpyHTa, JIOOBIX pa3Mepax M KOH(PHUIYpaluu 3a3eMIISIO-
[IMX YCTPOWCTB M MPOHM3BOJIHHOM pa3MCICHHH H3MEpH-
TENBHBIX 3JEKTPOJIOB, KOTOpasi, O CBOCH CYTH, SIBIIICTCS
YHUBEPCAIBHOM.

2. Ha ocHOBaHUM NPOBEAECHHBIX UCCIEIOBaHUM yC-
TAHOBJICHO, YTO pa3padOTaHHAs METOAWKA OoOJajaeT clie-
IOYIOUMMH IPEUMYIIIECTBAMHU:

® T[I03BOJISIET OIICGHUTH COOCTBEHHBICE M B3aMMHBIC
COTIPOTHBIICHHUS 3a3eMJIMTENEH BCEX AJIEKTPOJOB B TPEX-
SJIEKTPOAHON YCTAaHOBKE MU3MEPEHHsI CONMPOTHUBIICHUS 3a-
3EMJISIFOILIETO YCTPOMCTBA;

® OTCYTCTBYET HEOOXOIMMOCTb B pa3HOCE M3MEPH-
TEJNBHBIX AIIEKTPOIOB Ha OOJBIINE PACCTOSHUS B U3MEPH-
TEJIEHOM CXEeMe TPEXAIICKTPOIHON YCTaHOBKH;

® HET OrpaHWYCHHWHA B PACIOJIOKECHUH H3MEpH-
TENBHBIX AJIEKTPOAOB B CBSI3M C MECTHBIMH YCIOBUSMH
JlaXke B Cilydae IUIOTHOM 3aCTPOMKHM TEPPUTOPHUM 3a IIpe-
JeNIlaMH HCCIIEAYEMOT0O 3a3eMIINTENS;

® OTCYTCTBYyeT HEOOXOOUMOCTh B IIOMCKE TOYKH
HYJIEBOTO MOTEHIIMAJa Ha MECT€ U3MEPEHHH i MOTEH-
[UATBHOTO 3JIEKTPOJia WM B pacueTe rpaHuIlbl HYJIEeBOH
NOTPENIHOCTH, TPEACTABISIONIMX CO00H  TPYJOeMKHI
npotiecc.
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A technique of measuring of resistance of a grounding device.
Introduction. Measurement of resistance of the grounding de-
vice (GD) by means of a three-electrode system. This requires
not only the right choice of installation locations of measuring
electrodes, but also the determination of the point of zero poten-
tial. Implementation of these requirements quite time-
consuming, and in some cases impossible. Aim. Develop a new
technique for measuring the electrical resistance of the GD.
Task. The method of measuring the resistance of the GD with

the help of a three-electrode setup is necessary to exclude the
determination of the point of zero potential. Method. Mathe-
matical modeling and calculation engine. Results. A three-
electrode system for measuring the resistance of grounding de-
vices (GD) for various purposes is considered. On the basis of
Maxwell equations a theoretical substantiation of a new tech-
nique for measuring the resistance of any GD of any construc-
tion in random soil structure has been proposed. An equation
system of the sixth order has been obtained, its solution makes it
possible to measure its own mutual resistance in the three-
electrode installation with sufficiently high accuracy. Peculiari-
ties of drawing up a calculation scheme of substitution of a
three-electrode installation with lumped parameters: self and
mutual impedance. Use of the principle of reciprocity eliminates
the need of finding a point of zero potential which is a rather
difficult task. The technique allows to minimize the spacing of
measuring electrodes outside the GD, which substantially re-
duces the length of wiring of the measurement circuit and in-
creases the «signal-to-interferencey ratio and also removes the
restrictions on the development of the territory outside the GD
being tested. Conclusion. The procedure allows to evaluate the
self and mutual impedance grounding all the electrodes in a
three-electrode measuring installation of the grounding resis-
tance of the device without finding the point of zero potential.
References 12, tables 2, figures 11.

Key words: grounding device, resistance measurement,
three-electrode installation, minimum spacing of measuring
electrodes, technique of measuring, substitution circuit.
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