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KOHTPOJIb I30JIALIIL B IBOITPOBIIHUX MEPEKAX ITOCTIHHOI'O CTPYMY

3anpononosano memoo nepioOUdHO20 KOHMPONIO i301AUIT 6 060RPOGIOHUX MEPeENHCAx ROCMINHO20 CMPYMY, AKUIL [PYHMYEMbCA
Ha KOMOIHaWii cmamuynoi i OUHAMIYHOT XAPAKMEPUCMUKU GUMIPIOBANILHO20 eKcnepumenmy. Memoo 00360na€ nioguwiumu
MOYHICMb 6UMIPIOGAHHA OMIYHO20 OROPY RONIOCIE GIOHOCHO 3eMI.

Hpet)ﬂo.m‘eﬂ Memoo nepuot)uuecxozo KOHmMpOAa u3onauuu 6 t)syxnpoaot)nbtx cemax NOCMOAHHO20 MOKa, K0m0pblﬁ OCHO8bl8A-
emcsa Ha KoMﬂuHauuu CIMamuy4ecKkoil U OUHAMUYECKOIL XAPAKMEPUCMUKU USMEPUMEIIbHOC0 IKChepUumMenma Memoo noseossnem
noesvlcCunb MOYHOCHIb USMEPEHUA OMUUECKO20 CONPOMUGB/IEHUA NOJIIOCO8 OMHOCUMEIbHO 3eMIIU.

BCTVII

B enexTpoeHepreTHIli JBOTPOBiIHI Mepexi MOCTili-
HOTO CTPYMY BUKOPHCTOBYIOTHCSI B SIKOCTi OTNEpaTUBHUX
JUIsl )KVBJIEHHS 3aCO0iB peniefHOro 3axucTy, aBTOMAaTUKH,
aBapiifHOT Ta monepemKyBajlbHOT CUTHANi3aLil, a TaKOX
€JIeKTPOIoCcTa4yaHHsi 0COOJMBO BilNOBiJAIbHUX MeEXaHi3-
MiB BJIaCHUX NMOTPed eNIEKTPUUHUX CTaHLill Ta miACTaHLi.

IMowkomxeHHs i301ii B ABOMPOBIAHUX Mepekax
MOCTIHHOTO CTPYMY NMPHU3BOAWTH 10 BUHUKHEHHS TIepeHa-
TpyT, MOXeXi, BUOYXy, BpaXXEHHS JOJeil eNeKTpUIHIM
CTpyMOM, ToMy JUts 3abe3nedeHHss HamiiHocTi. [IpaBwma
BIIALITYBAHHS €JEKTPOYCTAHOBOK Ta TEXHIYHOT eKcITya-
Tauii [1] nepenbayatoTh BUKOPUCTAHHS 3ac00iB Oe3ynuH-
HOTO Ta TEPiONYHOTO KOHTPOJIO TEXHIYHOTO CTaHy i30-
JIsiLii MOJIIOCiB MEpexi BiAHOCHO 3eMJli Ta MPUCTPOIB 3a-
XHUCHOTO BUMUKaHHSI.

Jlns HemepepBHOTO KOHTPOJIKO i307s1LiT MIUPOKE 3a-
CTOCYBaHHsI 3HaWLIIM METOIM, IO TPYHTYIOTbCS Ha BH-
KOPUCTaHHI BPIBHOBAXKEHOrO MOCTY, BAXKEJSMHU SIKOTO €
onopw izousinii [2, 3, 4]. Hanpuknaa Ha puc. 1 300pakena
MPUHONNOBA CXe€Ma MPUCTPOI 3a AOTIOMOTOI SIKOTO
3MIACHIOETHCS CHTHAJI3allisl 3HIKEHHS PiBHSA 1307l
TOJTI0Ca MEpPeXi BiTHOCHO 3eMJTi 3@ JOTIOMOTOI0 ABOX pe-
e KV1 ta KV2. 3a norromororo kHomok SB1, SB2 3miii-
CHIOIOTH BUMIpIOBaHHSI CTPYMIB, 3a SIKHMH BH3HA4aloTh
OTIOpH TIOJIOCIB 32 PiBHIHHAMHA
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ne R=Ry+R, ; Ug — Hampyra Ha mmHax; lq,lp —

CTpyM B MiniammnepmeTpi nmpu po3puBi KoJia BiAMOBiIHO
kHOonkamu SB1, SB2; R~ omip OOMOTKH peJe; Ry —

nonatkoBuit onip; C — €MHICTb MOJIFOCA BiJHOCHO 3€MJII.
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B exemy cueanizayii
Puc. 1. Cxema 6€3ynuHHOIO KOHTPOJIIO 130JIs1Li1 10JIFOCIB
Mepexi NOCTIHHOrO CTPyMY BiJIHOCHO 3eMJli

B cranomy pexumi, KO rpaHUYHA BiIHOCHA MO-
xubka BuUMipIOBaHHS Hampyru g, = = 5 %, ctpymy
& = 2,5 %, ycraHoBieHHs onopy Ry &r = £ 5 % i

Ry = 16 kOm (VKI — 1), To noxuOka BU3Ha4eHHs OMi-

HOTO omnopy mnoJtoca Moske gocsirta 40%.

TakuM 4YMHOM, He 3Ba)KalO4M Ha MPOCTY CXeMy pea-
Ji3anii, MOCTOBI CX€MH MaKOTh BiTHOCHO BEJIMKY MOXHOKY
Npu BUMIPIOBaHHI, INTYYHO 3HWXKYIOTh OMIYHMH oOTip
MOJIFOCIB BiTHOCHO 3€MJIi, MOTIpIIyOTh YMOBU O€3meKH,
HE pearyloTb Ha CUMETPUUHE 3HIKEHHS Onopy i30JsLii
TMOJIFOCIB, PEaryroTh JIMIIIE HAa CTYMiHb HECUMETPIT i30msuil
MOJTFOCIB BiTHOCHO 3€MJTi.

KpiMm MocToBHX cXeM, IIMpOKE PO3MOBCIOIKEHHS
OTpUMATH 3acO00U KOHTPOJTHO, SIKi TPYHTYIOTHCS Ha TIPUHIIATI
HaKJ1alaHHs CTOPOHHBOTO JUKEpena >KMBJIEHHSI IPOMHUCIIOBOT
Ta miaBuIleHoi yacToTu [5, 6] Ha KOHTPOJIBLOBAHY MEPEXKY.
HenonikoM 1px cXem KOHTPOJIIO € CyTTEBHil BIUIMB €MHOC-
Teit Mepexi BITHOCHO 3eMili, TOMy BUKOPHUCTOBYIOTh Pi3Hi
METOJIM KOMIIEHCALliT LIbOro BILUIMBY, IO 3HAYHO YCKJIAIHIOE
NpUCTpii i He 1ae 6aKaHOTO Pe3yJbTary.

META POBOTHU
TTinBUIOMTH TOUHICTH BU3HAYEHHSI OMIYHOTO OMOPY
TMOJIFOCIB BiTHOCHO 3€MJIi IIIIXOM CHPOILEHHS aJroOpuTMy
BU3HAUEHHS OMIUYHOTO OMOpPY, 3MEHILIEHHS BMJIMBY €EMHO-
cTi i30mALiT Mepexi Ha pe3ynbTaTh BUMIpIOBaHHS i 1y0-
JIIOBAHHS BUMIPIOBAJILHOTO €KCMIEPUMEHTY.

PE3VJIbTATU JOCJIKEHHA

Meroa nepioAUYHOrO KOHTPOJIIO nepeadavyae BUMi-
proBanHs Hanpyru Uy, Ta ctpymy [ ; MiX 3arajJbHOO TO-
YKOIO IIIBHUKOM Hampyrd Ta 3eMJICK0 33 pe3ysbTaTaMiu
3HaUeHb SKMX OOYHCIIOETBCS 3arajbHUN OMip Mepexi
BiHOCHO 3emuti. J{71s1 BU3HAUEHHSI OTIOPY i30JIA1iT moJitoca
BiTHOCHO 3eMJli BHUKOPHCTOBYETbCS HOAATKOBO PEXHM
BBEIIEHHS MIXK TIOJIFOCOM MEpEXi i 3eMIIet0 He3apsaIKeHO-
ro KoHIeHcaropa 3 eMHicTio C Ta BUMIipIOBaHHS MakcCH-
ManbHoro 3HauenHsi ctpymiB i1(0), i(0) 3apsany koHaeH-
caTopa i Hanpyru MiX MOJIIOCAMU KOHTPOJILOBAHOT Mepe-
ki Ug. 3a BiIHOWIEHHSM LIMX BEJMYMH BU3HAYAIOTH OMip
noyroca Mepexi BigHOCHO 3emii. Po3paxyHkoBa cxema
nokasaHa Ha puc. 2. SIK110 3HEXTyBaTH BIJIMBOM BHYTpI-
IIHIM OMOpPOM aMrepMeTpa i BOIBTMETPa Ha pe3ybTaTh
BUMIPIOBAaHHS, TO HAMPYTy MiX 3arajbHOK TOYKOIO Iijlb-
HUKa i 3eMJIel0 BU3HAYAIOTh K (puc. 2)

Ug
U, =—(R -R), 1
P 2(R1+R2)( > —Ry) (1)
a cTpym
— UO'(RZ_RI) (2)
2R Ry +Ry (R +Ry)’
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TOAI 3arajbHU Onip MiXK MOJIFOCAMU MEPEXKi i 3eMIIet0
UB _ 2R1R2 + RH(R1+ R2) _

Ran =7 2(R +Ry)
R R

__RR A_R +- A
R+R, 2 2

ae R, —omnip nieuya pinbHuKa.

_@

Puc. 2. Po3paxyHKoBa cxeMa JUIsl BASHAYEHHS] OMIYHOTO OTOpY
TOJIFOCIB MEPEIKi BiTHOCHO 3€MITi

Takum unHOM
Ry=n TN ©
2
Jlnst BU3HAYEHHST OMOPY i30T KOXKHOTO MoJoca
BiTHOCHO 3eMIli, BU3HauuMo nepexinni ctpymu i(t), io(t)
MpU MOYEPrOBOMY MiAKIIOUEHHI HE3apsIKEHOT0 KOH/IEH-
catopa Cy (puc. 1) Mix gonaTHiM Ta Bifx' eMHHM MONTHOCOM

MepexKi 3a IOTIOMOTol0 TiepemMukada SA1

. U _
|l(t) — 0 5 e t/t
. U _
|2(t) — 0 > e t/r
R.(1+2C/Cp)
e 7= w —nocriliHa yacy.
R+R;

MakcumManbHe 3HAY€HHS CTPYM Mae B MepLiuii Mo-
MEHT TMiAMHUKaHHS KOHIEHCATOpa 10 TMOJ0ca Mepexi,
T06TO mpu t = 0. I3 cuctemu piBHsiHb (4) Maemo:

_ Uo

i2(0)(1+2C, /C)? ©)
_ Uo

i»(0)(1+2C, /C)?

B peanbHux ymoBax 3HaueHHs Co He OOMEXYHOTb,
TOMYy MOXXHa TimiOpaTw #Horo 3HaYeHHS Tak, MO0
2CICy— 0, Toni

Uo . Uo
Ro=——R=—nr—,
i1(0) i2(0)
TOOTO aJlITOPUTM BU3HAYEHHS 3arajibHOTro onopy R, i omo-
py i30J14Lil OKpeMHX TOJIOCIB 3HAYHO CHPOLIYETHCS, a
€MHICTh Mepexi He BIUTMBA€E Ha pe3yJibTaTl BUMipIOBaHb.

AnTopUTM BU3HAYEHHS OTIOPY i30JIALii MOMOCiB T0-
asirae B HactynHomy (puc. 2). Tlicis nigkarOuYeHHs npu-
CTPOIO MiX TIONIOCAMU MEpeXi i 3eMJIe0 3a J0MOMOTOI0
kHonku SB1 po3psimkators koHaeHcatop Co. lepemukay
SA cragjsite B nojoxenns 1. Bumiprorors Hanpyry U,
MK 3arajJbHOI0 TOYKOK JinbHMKA 1 3emuero. Skmio
U, >0, To HaruckaioTh Ha kHOMKy SB i BumipioioTh
ctpyM [. IloTiMm mepemMukady SA mepeMHKalOTh B MOJIO-
sxeHHs 2, SAL cTaBidTh B TI0JIOKEHHS 1 1 HATHCKAOTH Ha
kHonky SB Bumipiototh Benuuuny ctpymy i1(0), a B mo-
noxenHi SA1 — 2 nmpu HatuckanHi kHomku SB — ip(0),

Harpyry U BUMipIOIOTh 32 10MOMOror0 BojibTMeTpa PV 1.
TTpn migkmtoueHHi koHaeHcaTopa Cy MiXK TONIOCOM Me-
pexi i 3eMier0 BiH NMOMEepeaHbO MOBMHEH OyTH TIOBHICTIO
po3psimkenuii (knonka SB1, pesucrop R,).

3a pesynbTaTamu BUMiptoBans 1o popmynam (3), (5)
Bu3HavaoTh R,, Ry, R, mepeipsitoTh uu cniBnaaaroTh
pesynbratu R, = R'Ry /(Ri+Ry). Skio B pe3ynbrari Bu-
miptoBauHs U,=0, To 11e 03Hauae, MO i30J141lis CUMETPUU-
Ha, T00TO Ry = Ry i moctatHbo Bumipstu i1(0), i>(0) i U.

[IpoBenemMo mocnifKeHHsI METOIUYHOI MOXHUOKH BU-
MiploBaHHs 3araibHOro omopy izomsamii R,; i okpemmx
MOMIOCIB BigHOCHO 3eMi Ry, R,.

CepenHboKBaJpaTUUHy MOXMOKY Bu3HaueHHS Ry,
MOJKHa 3HANTH i3 BUpa3y

Eo = aR3 dUB 2+ %ﬂ + aR3dﬁ 2_
W R ) La R R(R ) (8
ey

13 Bupasy (6) BuaHO, 110 MOxuOka Bu3HAYEHHS R,
3aJICKHICTh Bil TOYHOCTI BUMiplOBaHHS, Hanpyru U,
ctpymy / i yctaHoBku R,

Bpaxorytoun Te, 1m0 BHYTpilHiit onip BUMipIOBab-
HUX TIPUJIaJIiB Ma€ KiHIEBE 3HAYEHHS! BU3HAYMMO BEIUYUHY
U, i /. Omyckarouu TIpOMiXHi TIepeTBOPEHHST OTPUMYEMO

(R @( +1j RR-R

Uo R
R, 2R +RR (7)
(FWFWZJ (P“RZ)(sz J R,
U R-R) 1

- —Upk,
2 R+R (Ry+2R, "
2R,

ne Ry — BHyTpimHiit onip BonsT™MeTpa, a U, — ailicHe 3Ha-
YeHHs BUMIPIOBANIbHOT HANPYIH: Uy = Yo (RZ Rl)
2 R+R

—_— 1— .

(R +2R
2R,
Bu3HauuMo 3HaYeHHS CTPyMY
W [, RReRR) |
PTRRAR) | RHRIRRIFRR | (g)

_ UR-R
(R+RR+2R2RR

ne R, — BHyTpimHiii omip ammepmeTpa.

BukopuctoBytoun piBHsias (7), (8), Bu3HauMMO
TpaHWYHi BiTHOCHI TIOXWOKH, IO BHHUKAIOTH TIPH BUMi-
PIOBaHHi HaMpyTH Ta CprMy
U

)1

gy =|8vl+

\ |+t |

|
8i=|8i|+ Hl |‘°‘||+|1 k|
A

ne | ___ UYo(Re-Ry) :
7 (R +Ry)Ry +2RIR,
B |_B 3 Rﬂ +2R,
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Jlnsi BU3HAUEHHSI YMCJIOBMX BEJIMUMH MOXUOKW BBE-
JeMO OOMexeHHsi. B HIMpOKO PO3MOBCIOMKECHOMY MpPU-
crpoi VKI —1[2] R, = 15 kOm. Kpuruune 3HaueHHs onopy
i300s1tiT MosFOCiB BimHOCHO 3emuti [1] BU3HAUMMO BUXOmS-
4YKi 3 MiHIMQJIBHO JOMYCTUMOTO OMOPY MOJIOCA BiAHOCHO
3emii Ry = 30 kOwm, Toai mpu cumerpii i3omsuii R, = 15
kOM. BHyTpimHi# omnip nudpoBUX BOJIBTMETPIB BH3HAYA-
emo sik R, ~ 10 kOm/B, Toxi Ansi BUMIpIOBaHHS MaKCHUMa-
nmpHOTO 3Ha4deHHS Hampyrd U, nox = Up = 230 B, Ry =
2300 kOm. BayTpimHi#t omip nudpoBux ammnepMmeTpiB He
nepesuye R, < 100 Om. Buxonsau 3 nux oOMeXeHb, Me-
TOJAMYHOK MOXUOKOIK BUMIpPIOBAHHS CTPYMY MOXKHA 3He-
XTYBaTH, TaK SIK B CAMOMY HECHPUSTIMBOMY BUMAAKy R,
— 0, k; = 0,006. Meroanuna noxubka BUMIpIOBAHHS Ha-
npyru s rpaHuuHoro Bunaaky R, <500 kOwm gy, < 0,18
JUIS KpUTUYHOTO onopy &y, = 0,01, T00TO B KpuTHUHOMY
BUMAJKY METOAMYHA MOXHOKA BUMIPIOBAHHS HAMPYTd HE
nepesuitye 1%. fAxmo Bubpatn BUMIpIOBaJbHY CHUCTEMY
Tak, mod &y = & = 1%, a noxudKy Bu3HaueHHs R, sk &g, =
5%, To 3aranbHa MoxubOKka BU3HAUYEHHS Eg, 3rimHO (6) B
KPUTUYHOMY BUTAIKY £Ri; = 5,4%.

['paHuuHa BigHOCHA MOXWOKA — BU3HAYEHHS OMOPY
i3051411iT OKpEMUX TOIOCIB:

1[|R R . R .|
=—| |—=dUg|+|—==di»(0) +|—dCp| |;
R R||Uo | [i200) 2()( Co °
1 [|R R, . R,
=—||—4%dUg|+|—~di;1(0)+|==dCy| |
R R|[Uo | [0 10 Co

abo BpaxoByrouu cuctemy piBHsiHb (5)
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#RL T ER2 :‘8U0‘+‘8i(0)‘+ 1+m+m

A€ €yo, €i(g) — T'PAHNYHI BiTHOCHI MOXMOKM BUMipIOBaHHS
Hampyru Ta CTpyMy i BH3HAUYalOThCS KJIACOM TOYHOCTI
BHUMIipIOBAJILHUX TIPUCTPOIB. € — rPaHWYHA BiTHOCHA TI0-
xubKa ycTaHOBKHM noaatkoBoi emuocti C: m= 2C/C,.
Bubip BennunH emMHOCTelf He OOMEXKeHH, Hampu-
KJIaJ MpU MaKCUMalbHO MOXJMBOMY 3HaueHHi C < 20
Mk® (orepaTiBHI Mepexi MOCTITHOro CTPyMy aTOMHHX
enexkrpuunux cranuiii i Cp < 1000 mx®, m= 0,04 i ruiu-
BoM eMHOcTi C MOxHa 3HexTyBartu. lloxubka mertomy
BHUMIipIOBaHHS OyZe 3aje)kaTu JIWIIE BiJ Kiacy TOYHOCTI
BHUMIipIOBAIILHUX CUCTEM HANpYTH i CTpyMYy.

BUCHOBKHA

Jlnst TiABUIIEHHST TOYHOCTiI BUMipHOBaHHS OMIYHOTO
onopy i30msuii MoJIOCiB B JBOMPOBIAHIH Mepexi mocTiii-
HOTO CTpyMYy JOLIJBHO BUKOPUCTOBYBAaTH KOMOiHALilO
CTaTUYHOT i AMHAMIYHOT XapaKTEePUCTUKN BUMipPIOBAJIbHO-
ro ekcrnepumeHTy i nyosatoBanHs. Lle 103Bossie BUKIIOY M-
TH BIUIMB €EMHOCTI MEpexXi Ha pe3ylbTaTh BUMIPIOBaHb i
noxudKy Bij He CMiBMAaOYMX 3 4aCOM BUMipIOBaHb MPHU
KOJIMBaHHI HAMpPYTH i 3MiHI HaBaHTaXXeHHS ABOTIPOBiTHOT
MepexXi TIOCTIHOTO CTPpyMY .
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L.N. Dobrovolska, M.V. Romanyuck

Insulation monitoring in dc two-wire networks

A periodic check technique for dc two-wire network insulation
is introduced, the technique based on combination of static and
dynamic characteristics obtained in a test experiment. The tech-
nique allows improving accuracy of poles ohmic resistance
measurement about the ground.

Key words — dc two-wir e networks, insulation monitoring,
check technique, poles ohmic resistance measur ement

accur acy
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