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OMPEJENEHVE TOKOB ¥YTEYKW YEPES3 N30NALUNOHHOE
MOKPBLITUE NMPOBOAOB BJIMN 10 kB NP KACAHN JEPEBBLEB
N OPYT X 3A3EMJ/IEHHbBIX NMPEAMETOB MoA4 AOXKIEM

JOKT. TexH. HayK, npot. CTEMAHUYK K. @,
KaHanaaTbl TeXH. HayK, foueHTsl KITMMOBUWY T, C., KPACbKO A. C.,
P>XXEBCKAA C. IM., nix. TJOMAH M. C.

Benopycckunii HauMoHaNbHbIA TEXHUYECKUIA YHUBEPCUTET

VccnepoBaHus, npoBefeHHble Ha Makete BJIM npu cxnecTbiBaHWM MPOBO-
[0B 1 NONajaHUn Ha HMX YNaBLUUX [epeBbeB N APYTMX 3a3eMIeHHbIX npegme-
TOB, MOKa3an, YTo B TaKOM pexxume BJIM MoxeT paboTaTb 4/IUTENbHOE BPEMS
[1, 2]. OfHako npw monajaHUM Ha NPOBOJAA 3a3eM/IEHHbLIX NPEeSMETOB 3a CYeT
TOKOB YTEUKW Yepe3 MOKPbITME MPOBOAA W 3a3eM/IEHHbIN NpeaMeT BbICOKME Mo-
TeHUMa/Ibl MOTYT NOABUTLCA Ha 3TOM NPEeAMETE U BOKPYT HEro, T. €. MOryT BO3-
HUKHYTb HanpskeHve MPUKOCHOBEHWA W LUAroBOe HanpsXeHve, onacHble A/
NOAENA N XXMBOTHBIX. M03TOMY C MNO3MLUM TEXHWUKM 6€30MaCHOCTU OYeHb BAXKHO
OLIEHNTb BENNYMHBLI TOKOB YTEUKM Yepe3 MOKPbITUe MpoBofa B CyXOM COCTOS-
HUN 1 Noj AoXKAeM. Pe3ynbTaTbl UCCNEf0BaHNA NOBELEHNSA MOKPLITUA B CyXOM
COCTOSHMM npuBefeHbl B [3]. [JaHHasa paboTa MocBssLieHa TeOPeTUYECKOMY U
9KCMepUMEHTa/IbHOMY UCCNEf0BaHNIO NOBEAEHNA NMOKPLITUA NOA AOXKAEM.

BnvaHve [oxkaa Ha BeNMUMHY TOKOB YTEYKWM Yyepe3 M30MALMI0 NMOKPLITOro
NpoBOZa MUCC/eL0Ba/IOCh Ha IKCNEPUMEHTAIbHOM YCTAaHOBKE, KOTOPas BK/IOYasa
ncnbiTatenbHbli TpaHctopmatop 110 kKB, Mmogens nponeta B/M n goxaesasnb-
HY YCTaHOBKY C LLECTbIO (popcyHKamu. [loxKaeBasibHas yCTaHOBKa M03BONANA
PerynupoBaTb WHTEHCWBHOCTb W W3MEHATb HanpasfieHne [OXAA KarenbHOM
CTPYKTYpPbl ¥ Bbl6MpaTh pasMeLleHvie W Mowadb NATHa, Nonajarowero nog
foxapb. Mofasaemoe Ha MPOBOZ HaNpPsXKeHWe N3MePAN0oCh 3/1EKTPOCTATUYECKUM
KnnososibTMeTpoM C-100. TOK yTeuku U3mepsncs no onvucaHHou B [3] metoau-
Ke C LUYHTOM W 3/1eKTPOHHbLIM BOSIbTMETPOM B7-27. dnekTpog n3 (onbrn wu-
puHOM 10 CM NJIOTHO HaK/aLbIBa/ICA HA MPOBOJ, B LIEHTPE MpofeTa.

WcnbiTaHua nog [0XAemM NpOBOAWAUCL NPU CTaHLAPTHOW MHTEHCUMBHOCTU
[OXAA. Pe3ynbTaTbl U3MepeHWin npuBefeHbl B Tabs. 1. MepBas cepusi usmepe-
HUIA NPOBOAMNACH, KOrAa LOX /b NONafan Ha TPEXMeTPOBbIV y4aCTOK MPOBOAA,
no 1,5 m ot cepeanHbl anektTpoa. OcTasibHas YacTb NPoBOAa OCTaBanach Mpak-
TUYECKN CyXOiA. [py BTOPOiA Cepun U3MepeHWiA A/IMHY yyacTKa MpoBoja nop,
LOXAEM YBENNUUAN A0 4 M.

Tabnmua 1
3aBUCMMOCTb TOKOB YTEUKM U CONPOTUB/IEHUSA N30NSALUN
NOKpPbLITOro NPOBOAa 1 0bpasLia fepeBa 0T HanpsHKeHUsI
06 VcnbiTatesibHoe HanpsXeHue, KB
paseL,
10 | 15 | 20 | 25 [ 30 | 35
MOKpPbITHIV NPOBOA C 31EKTPOAOM M3 (h0/bIM WMPUHONA 10 CM Ha MOKPLITUM
I=3m I, MA 14 2,2 2,8 3,7 4.4 53
Z, MOwm 7 6,8 7,1 6,8 6,8 6,6
I=4m I, MA 2,18 3,12 3,8 4,3 53 6,5
Z, MOwm 4,6 4,8 5,3 5,8 57 54
MOKpbITHIVi MPOBOA C 06pa3LOM fepeBa
Obpaszey Ne 1 I, MA 1,85 3,1 3,9 5,0 59 -
I=3m Z, MOwm 54 49 51 5,0 51 -
Obpasey Ne 2 I, MA 1,8 2,7 3,5 4,3 5,0 6,0
I=3m Z, MOm 54 55 57 5,8 6,0 58
Obpaseu, Ne 3 I, MA 1,4 2,0 2,4 2,8 3,2 3,9
I=3m Z, MOwm 7,3 7,6 8,3 9,0 9,6 9,1
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Mpy M3MEpPeHUN TOKOB YTEUKM Yepe3 CyX0e MOKpPbITMe O6blfo 3aMeveHo
MX YMEeHbLUEHVE MPU KacaHWM MPOBOAOM HEMOCPeLCTBEHHO obpasua fepesa.
YT06bl NPOBEPUTL 3TO, 6bIIN NPOBEAEHbI NOLO6HbIE ONbITbI U MO LOXKAEM.

[lepeBo HaknagblBasIOCh Ha MOKPbITUE NPOBOAa. BTopoit koHel, obpasua ae-
peBa [/IMHON 1 M 3a3eMNsnca Yepes LWYHT 418 U3MEepPeHUsi TOKOB yTeuku. Pe-
3ynbTaTbl M3MEPEHWIA N pacyeToB NpuBefdeHbl B Tabn. 1. lMepsble 4Be CTPOKM
Cofepar pesynbTaTbl U3MEPEeHUsI TOKOB YTEUKM HernocpeiCTBEHHO 4Yepe3 Mo-
KpbiTe (I — WnprHa cMavymMBaeMoii 30HbI).

AHann3 pesynbTaToB MU3MEPEeHWIA NO3BOSISET CAeNaThb BbIBOA, YTO MOA BO3-
[elCTBMEM AO0XKAA TOKN YTEUKM YBENNYMBAKOTCA NPUMOBAN3NTENBHO HA NOPSLOK.
ConpoTuB/ieHNe M30MALUM NPAKTUYECKU HE 3aBUCUT OT BeNUYUHBI WUCNbITa-
TeNIbHOMO HanpsHKeHUA U, Kak v CnefoBaio OXupaTb, OT obpasua gepesa. TOK
YTEUKM, KaK M Yepe3 MOKpbITUE, NPU CUCTEME NPOBOJ — AEPeBO Mpy paboyem
HanpPsHKeEHNN 1 BO3MOXKHBIX BHYTPEHHUX MepeHanpsXXeHnsx Bo3pacTaeT 4o 5 MA.

Mo pe3ynbTaTaM M3MEPEHWU TOKOB YTEUKM NPV Pas/INYHON LUMPUHE 30HbI
NpoBoZa, NONajatoLLein No4 A0XKAb, MOXKHO 3aK/HOUUTb, UTO TOKWU YTEUYKM BO3-
pacTatoT Npy yBeNNYEHUN LWNPUHBI 3TOM 30HbI. [/ TOro YTO6bI BLIACHUTL 3Ty
3aBMCMMOCTb M ONpefennTb TOK YTEUKM A4/ peasibHbiX nponetoB BN 6bino
MpoBeJeHO TEOPEeTMYECKOe PaCCMOTPEHME AaHHOT0 BONpoca.

PacueTHas cxema AN onpegeneHns TokKa Yepes MoN3TUIEHOBOE MOKpPbITUE
Mpu KacaHuW 3asemMneHHbIM npegMeToM nposofosB BJIM npeactasneHa Ha
puc. 1. Ha atoin cxeme: Cy — EMKOCTb MeXAy NPOBOLOM Y 3a3eM/IEHHbIM Mpej-
meToM; C1, R1 — eMKOCTb, 06bEMHOE COMPOTUBNEHNE MOKPLITUA HA eAVHULY
AnviHbl nposoga; C2, R2 — yaenbHas NOBEPXHOCTHAsA eMKOCTb, NOBEPXHOCTHOE
COMPOTVBEHWE MOKPbITUA. BennunHa TOKOB YTEYKWU U pacrpefeneHvie Hanps-
YKEHMs B MOIMITUNEHOBOM MOKPbITUM NpoBoga B/ onpeaenseTcs BeNMUUHOMN
3TMX NapameTpoB. [/ aHasmM3a pacyeTHON CXeMbl HAZ0 OLEHWUTb 3TN BeMYM-
Hbl. B [3] nokasaHo, UTO Npu Cyxoli NOBEPXHOCTM NPOBOAA TOK YTEUKM Onpeje-
NAETCA rNaBHbIM 06pa3oM EMKOCTBIO 3M1eKTpoZ — nposog CO 1 mMasio 3aBUCUT OT
emkocteir C1, C2 n conpotusneHnini R1 n R2. Mog foXA4eM Ha MOBEPXHOCTU
MOKPbLITWA MOSBASETCA CNOA YBNAXHEHUS, W TOK, MPOXOAALLMIA NO 3TOMYy
YBNAXHEHWUIO, YBENNYUTCSH, CNefoBaTefbHO, Hafo yunTtbiBate R2 1 CL.

c2 c2 c2 [
I |

V
Puc. 1. A — 3a3eMneHHblii NpeaMeT; B — una nposoga; C — NoAnaTUIEHOBOE MOKPbITHE

PacnpegeneHne HanpsikeHUs Ha MNOKPbITAN BAO/b NPOBOAA MO A0XKAEM CO-
FNacHO NPUHSATON CXeMe 3aMeLLeHMst C Y4eTOM TONbKO C; U I, OMUCHIBaeTCs
ypaBHEHMEM
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g = Ir,
a pacripefie/ieHne TOKOB YTeUKu
dil
— & = UJ(DC_L .
OTkyfa nonyyaem:
dU .
A =Ujach,; 1)
d’l _
o g, . (2)
OG6LLee peLleHNe ypaBHEHWIA:
. . e+oc(|—>() _ e—a(l—x)
U (X) =U W ; (3)
A A eer(l—x) _ e—a(l—x)
|(X) = W ) (4)

roe | — anvHa NpoBofa; X — TeKyLlas KOOpAMHaTa, 0TCUMThIBaEMast OT MecTa Co-
MPUKOCHOBEHWSA iepeBa C MPOBOAOM; o = 4/ joCyr, .

Mpu focTaTouHo 6onblumnx nponetax: | >> x; e >> e
Tak uto aTMmu YneHamm B (3) 1 (4) MOXXHO npeHebpeysb. Tora:

ol —a(l

—X) " eOLI >> e—ocll

U =Ue™ un I(x) = e

Tok YTeUKU Npn WwnpnHe CMayMBaEMOW 30HbI | MOXKHO onpeaennTb Kak
| |
| = j | (X)dx = j le dx= All—e ™),
0 0

rae A v oo — MOCTOSHHBIE.

Mo pe3ynbTaTam M3MePEHWIA TOKOB YTEUKU MPY PasIMYHON LUMPWUHE 30HbI
npoBoZa, nonajatoLLein nog LOXAb, MOXHO OMNpeaennTb 3T NOCTOSHHbIe. [
TOr0 YTOObI BbIACHUTL 3Ty 3aBMCUMOCTb, ObINM NPOBEAEHbI M3MEPEHUS MpU LWK-
PUHE 30HbI, NonagatoLeli Nog A4oXAb, 12 M. Pe3ynbTaTbl M3MepeHUn NpUBeLEHbI
B Tabn. 2.

Tabnmua 2
3aBMCMMOCTb TOKOB YTEYKMN M CONPOTMB/IEHMS U30M1ALMM NOKPLITOro NPOBoAa
OT UCMNbITATE/IbHOFO HAMPSKEHNA NPU LIMPUHE CMAaYMBaeMOli 30HbI 12 M

VicnbiTatenisHoe Hanps»keHne, KB

10 15 20 25 30 35
I, MA 2,7 4,2 5,6 7,0 9,0 11,7
X, MOm 3,7 3,6 3,6 3,6 3,3 3,0

MOCTOAAHHbIE A 1 oL HAXOJATCA MPY PELLEHNN CUCTEMbI YPaBHEHWIA, COCTaB-
NEHHbIX MO pe3ynbTaTtam usmepeHuii (tabn. 1, 2).

Pe3ynbTatbl pacyeToB npvBefeHbl B Tabn. 3. bbiin 1CMonb30BaHbl yepea-
HeHHble Undpbl 4ns 3 1 12 m.
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Tabnmua 3
3HaueHUsI MOCTOSAHHbIX A, & 1 TOKOB YTEUKM
NPV PasHoi LUMPUHE 30Hbl YBNaXKHEHNS |

VicnbiTatensHoe HanpsXeHue, KB
10 15 20 25 30 35
A 2,76 4,3 58 7,3 9,7 14,2
o 0,32 0,31 0,28 0,26 0,22 0,144
I=4m, I, MA 2 3,05 3,9 47 5,7 6,2
I1=70m, I, MA 2,76 43 58 7,3 9,7 14,2
1 =100 m, I, MA 2,76 43 58 7,3 9,7 14,2

Vcnonb3ys ypaBHeHME M MOCTOSHHbIE A U o, OblNM paccumTaHbl TOKK yTeu-
KN A0S LMPUHBLI CMayvBaeMOR 30HbI 4 M. DTO MO3BOMM/IO YAOCTOBEPUTHLCA
B NPaBWIbHOCTU NPUHATON METOAMKMW. PacueTHble AaHHbIe /1 3TOr0 paccTos-
HMs (Tabn. 3) XOpOLWO COrnacyroTcs C 3KCMepUMEHTalbHbIMU pe3yfbTara-
mu (Tabn. 1). Janee npvsefeHbl 3HAUYEHWUS BO3MOXKHbIX TOKOB YTEUKU AN pe-
a/bHbIX AnvH nponeta 70 n 100 m. CnegyeT OTMETUTL, YTO A4J/IMHA CMavMBaeMOo-
ro yyacTka BAMUSET Ha BENNUMHY TOKa YTeuku Ao pacctosHuid 10...15 m. danb-
Helllee yBeNMYeHNe CMayMBaeMOM 30Hbl He MpUBELET K YBENNYEHUIO TOKOB
YTEUKMN.

BblBOAbl

B pesynbTtarte uccnefoBaHUin NOMYYEHO, YTO TOKM YTEUKM Yepes WU30M1ALMI0
MOKPBLITOrO MNPOBOAA MNOL AOXAEM COCTaB/sAtOT MeHee 3 MA rnpu paboyem
HanpPHKEHUN 1 yBENINYMBAKOTCA 40 15 MA NpPU BO3MOXKHbLIX BHYTPEHHUX nepe-
HanpskeHnsx. COOTBETCTBEHHO TMOJIHOE COMPOTWBEHUE MOKPbLITMS MPOBOJAA
MOXHO cunTaTh npu goxae 3...4 MOm.

Mpyn NpoBefeHNN U3MEPEHWIA TOKOB YTEUKM MOA AOXAEM Ha HanpsXXeHuu
35 KB npowusoLwwno Tpu npo6os mnzonupytowiero nokpbitms B 20...30 cm OT 3a-
3emneHHoro obpasua gepesa. MNpu HanpsxeHUn 10 KB TOK yTeukn yBenmunncs
[0 5...6 MA. CTBON fepeBa Obin CABUHYT OTHOCUTE/IbHO MecTa npobos. C yBe-
NIYEHVIEM PACCTOSHUA MeXJy LepeBOM ¥ MecToM npobos msonauum Lo 60 cm
OH ymeHbLUmnca 1o 2 MA. Tpu 90 cM TOKM YTEUKM NPU BCEX UCMbITATE/IbHBIX
HanpskeHnax ot 10 go 35 KB ocTaBanncb TakKMMK Xe, KakK W Mpu Hernospe-
XIEHHOWN n3onaummn. OYeBuaHO, NpY LOXAe 3a CYET pacrpesefieHns Hanpske-
HWA BLO/b NPOBOAA BO3MOXEH MPO60I MOKPbLITUA NPU BHYTPEHHKX MepeHanps-
XeHunax B npegenax 20...30 cM OT MecTa nafeHus gepesa. [1pyn 3TOM TOK yTey-
KN MOXET yBennumBaTbCs B 2...3 pa3a. B mecTe npo60os BO3HMKAIOT YaCTUYHbIE
paspsAAbl, KOTOpble MOACYLUMBAKOT MOBEPXHOCTbL M30NALMN N HE MO3BONAKOT CO-
30aTb YCTONYMBBIA KOHTAKT «MJIeHKa—YB/Ia&XXHEHNe—NPOBOA». M03ToMy npu pa-
6oyem HanpskeHun BT gaxe nof A0XKAEM BO3MOXHble AeteKTbl NMOKPbITUSA
He BbI3bIBAOT 3HAYMTENILHOIO YBEIMUYEHNSA TOKA YTEUKM.
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