BeeneHne OTevyecTBEHHbIN 1 3apybeXXHbIN OMNbIT NOKa3blBAET, YTO 3KCMNJyaTaLMOHHbIE
KOJIOHHbI NoABEP>XXEeHbl KaK BHYTPEHHEW, TakK U rpyHTOBOW Koppo3uu [1, 2].
Hanbonbuwyo onacHOCTb NpeAcTaBAseT FPYHTOBAasA KOPPO3US BHELLHEN NOBEPXHOCTH
3KCMayaTauMoOHHOW KONOHHBI (puc. 1). OCHOBHbIMU KOCBEHHbLIMUW NPU3HaKaMnM 0TKA30B
ob6cagHbIX KOMIOHH, 00YC/IOBNEHHLIX HAPY>XXHOW KOPPO3NEN, B OTIMYME OT OTKaA30B,
BbI3bIBAEMbIX OPYrMMU MPUYNHAMK (MPOXKOrN, HUCTO MEXaHUYEeCKMe pa3pyLleHns,
C/lyYqanHble npocTpensl, abpa3nBHbIN N3HOC, HErepMeTUYHOCTb pe3bb0oBbIX
coefuHEeHNN), ABNAITCA CTaTUCTUYECKas NMPUYPOYEHHOCTb OTKA30B K BOAOHOCHbIM
rOpU30oHTaM, coaep>KaLlmm arpeccCnBHble KOMMNOHEHThI (CepoBOaOpOA, YIIeKNCNOoTa,
KMUCN0opoa), U POCT KONIMYeCTBa eXXerofHblX OTKa30B BO BpeMeHU A1 A0CTaTOYHO
00/bLWIOro KoaIM4YecTBa CKBaXXUH OOHOTUMHOW KOHCTPYKUuK [3]. Puc. 1 - CkBO3Ha4
Hapy>XHaa KOpPpO3msa 3KCNJyaTauMOHHON KOMOHHbI Pecypc o6cafHbiX KOJIOHH
MOBbILIAIOT, OCYLLECTBAASA PAg KOMMNJIEKCHbIX MEPONPUATUN, BKJIIOYAOLLNX
ncnosib3oBaHue KaToaHOM 3awmnTbl. OCHOBHbLIM NapaMeTpoOM KaTOAHOW 3alWNThbl
ABNAETCA BEIMYMHA 3aLMTHOro Toka. s obcagHbIX KOHCTPYKLMA 3alWNTHbBIA TOK
CYMTaeTCa AOCTAaTOYHbIM B TOM CJlydae, eCniv pe3ybTaTbl MU3MEPEHNI NoKa3biBaloT,
4YTO JIEKTPUYECKNIN TOK, HanpasBsieHHbIN Ha 06cafHYI0 KONIOHHY, YCTpPaHW BCe
aHoOHble y4acTKu [4]. CywecTByeT psa MeTOL0B, MO3BOJIAOLMX ONpenennTb
Benn4nHy Tpebyemoro Toka KaToaHoOM 3awnThbl [4, 5]: - MeTo4 NoNApu3auMOHHbIX
KPUBbIX (3N1eKTPNYeCKOro KapoTaxka); - MeTo onpeneneHns npouisa nageHuns
Hanps>XeHUsA Ha 3KCNJyaTauMoOHHON KOJIOHHE; - MeTOo/ pacyeTa caABura rnoTeHumana B
CTBOJIE CKBa>XMHbI N BENINYNHbBI CONPOTUBNEHNSA B CUCTEME CKBAaXXWUHA/IPYHT; - MeTo[,
MOOEe/IMPOBaHNA KaTOAHOW 3alUTbl CKBaXXUHbI. MeTo4 NoNspm3aLMOHHbIX KPUBbIX
MeTof 3/11eKTpMUYeCcKOoro KkapoTaka NpoCT B UCMOJIHEHUN, ero A0CTOBEPHOCTb
nogTeep)xpaetcsa nabopaTopHbIMU NccefoBaHnAMN. MeTod OCHOBaH Ha TOM, 4TO Npw
nogaye TOKa 4Yyepes 3eMJI0 Ha MeTaJUUTNYECKYI0 CKBaXXUHHYIO 06CafHYI0 KOHCTPYKLUIO
MPONCXOONT N3MEHEHNE PAa3HOCTU NOTEHLNaNoB Mexxay o6cafiHOM KOHCTPYKLMEN U
3/1eKTPOAOM CpaBHeHusA. CABUI NOoTeHUWana aas gaHHOW CUbl TOKA 3aBUCUT OT
MPOAOJIKUTENBbHOCTWN NONAPU3aLUN U MJIOTHOCTU ToKa. o Mmepe yBenanv4eHns cuibl
TOKa NMPONCXOANT yCUEeHMe nonsapu3saunm noBepxHOCTU obcaaHOM KOTOHHDbI.
MWHNUMaNbHY0 HEOBXOANMYIO BEJIMYMHY 3aLLULUTHOrO TOKa onpenenstoT, NCNOJb3y 4
3aBUCMMOCTb E - log |. MeToAa 3/1eKTpUYeCcKoro KapoTarka peasmsyeTcs cnegyiowmm
obpa3om. Heobxogmnmoe obopynoBaHme A5 BbINOJHEHUSA UCCNe00BaHUSA KOMMOHYOT
cornacHo puc. 2. Nocne nogroToBkn Heobxognmoro obopynoBaHUA N3MepaoT U
3anncbIBalOT NOTeHUWasn «eCTeCTBEHHOro COCTOAHUA». 3aTeM Yyepes aHOAHbIN
3a3eMnnTenb Ha o6cagHyto KOMIOHHY noaatoT Tok (06bl4HO 0,1 A) B TeyeHue
onpeneneHHoro BpemMeHun (2-3 MMUHYThbI), MO NCTEYEHNN KOTOPOro TOK MpepbIBalOT U
N3MepSAT NoTeHUMan. B TedeHne oonm cekyHbl MOTEHLMAN pe3Ko NagaeT, a 3aTem
NJaBHO CHMXXaeTcs. NpencTaBnsgeT MHTepec 3Ha4YeHne, KOTopoe A0CTUraeTcs nocne
pe3Koro rnageHus (0o Havana NnocTeneHHoOro CHWXeHus). 3To 3Ha4YeHMe Ha3bliBaloT
«MoTeHumMan Npu MrHOBEHHOM OTKJIIO4YEHUN TOKa». lNpepblBaHMe TOKa OAJINTCA He



bonee 2 cekyHA. 3aTeM Ha 06CaHYIO KOJIOHHY NogaeTcsa ToK 60nblIen BEMNYNHDI
(npupaweHunsa coctasnsatoT 0,1-2,0 A). Puc. 2 - Cxema ncnbiTaHNa MeTo40M
3J/IeKTPNYECKOro KapoTaxa: 1 - UICTOYHUK MOCTOSAHHOIO TOKa; 2 - BOJIbTMETP; 3 -
bapabaH gna nposoAda; 4 - kabenb; 5 - aneKTpomnsonupyrolee coeanHeHne; 6 -
3/1eKTPOL4 CpaBHEHUSA; 7 - aHOAHbIN 3a3eMnuTesnb; 8 - obcagHasa KosoHHa Ha puc. 3
npeacTaB/ieHbl pe3ybTaTbl onpenesieHnsa Toka KaToAHOM 3alWnThl (415 ogHOW M3
ob6cagHbIX KONOHH OAO «TaTHe(dTb») METOAOM 3NIEKTPUYECKOro KapoTaxka. KpmBas
nMeeT ABa OTYET/INBbIX JIMHENHbIX Y4acTKa 1 1 2, 3KCTpanonAauma KOTOPbIX 40 TOYKU
rnepece4vyeHns No3BosseT onpenesmTb MUHUMaIbHYIO BENYNHY 3alUTHOMO TOKa,
obecneymBaloLlLyio YOOBNETBOPUTENbHYO KaTOOHYHO 3alUMUTy OT KOppo3nun. B gaHHOM
c/ly4ae 3Ta BeNm4duHa coctasunia 4,8 A. Puc. 3 - lNMonapusauymoHHas kpusasa obcagHom
KOJIOHHbI CKBa)XUHbl Ne 22505 HI'1Y «baBnbiHe(Tb» MeTo4 pacyeTa caBura
rnoTeHLKnasna B CTBOJIE CKBAa>XNHbl U CONPOTUBIIEHNS B CUCTEME CKBaXKUHA/rPyHT 3Has
BeJZINYMHY 3aLMNTHOIN0 TOKA U CMeLLeHne noTeHumana Ha yCTbe CKBaXXUHbI, UCNOb3Yy4
MeTO/[ pacyeTa CABMUra noTeHumana B CTBOJIE CKBaXXUHbI N COMPOTUBJIEHNSA B CUCTEME
CKBa>XWHa/rpyHT, MOXHO paccynuTaTb CABUI NMOoTeHUMana Ha 3aboe CKBaXkuHbI [5].
Hu>xe npueeneH npmumep pacyeTta An8 o06cagHOM KONMOHHbI CKBaXXUHbI Ne 22505 HIF Y
«baBnblHE(Tb», COCTOALLEN N3 TPEX YHYACTKOB: HanpaBiieHNne, KOHOYKTOP,
3KCrJlyaTauMoHHasa KosIoHHa [2]. PacyeTbl NpoBOAATCA 015 KaXKO0ro y4acTKa
obcagHoM KONOHHbI OT 32605 00 yCcTbA. [NepBbI 3Tan pacyeTa BKJOYaeT
onpeneneHne reoMmeTpu4eCcKnx 1 aJIeKTpMYeCcKuxX napaMmeTpoB KOHCTPYKLUUN B
COOTBETCTBUU C TUMOM N XapaKTEePUCTUKaMUN CKBaXKMHbI. [1na paccMaTpnBaemMoro
c/lyqasa nonepevyHoe cevyeHue MeTalIn4eCKon KOHCTPYKLUN onpenenseTcsa CornacHo
cxeMme [5], npencrtasneHHoOW Ha puc. 4. Puc. 4 - CxeMa onpegesieHUs nonepeyHoro
ceyeHuns obcaaHOM KOJIOHHbI, COCTOSILLLEN U3 TPeX y4aCTKOB (CneBa Hanpago):
S3KCMJlyaTauMOHHOW KOJIOHHbI; 3KCMyaTauMOHHON KOJIOHHbI 1 KOHAYKTOPA;
SKCMJlyaTauMOHHOW KOJIOHHbI, KOHOYKTOpa U HanpassieHua ®opMysia onpeneneHns
obwen naowanm NoNnepeyHoro ce4eHnsa y4acTkoB umeeT BuAa: rae d - Hapy>XHbIn
anameTp TpyObl; € - ToNWMHA CTEHKKN TPYyDbbI. L9 NnepBoro y4acTtka
(akcnnyaTaunoHHas KOJIOHHA) naowanb nonepevyHoro ce4eHms paBHa: S1 = nmedleel
= 35,3¢10-4 M2; ong BTOPOro y4acTka (KoOHOYKTOop): S2 = ne(dleel + d2ee2) =
103,7+10-4 M2; pna TpeTbero y4yacTtka (HanpasneHue): S3 = me( dleel + d2ee2 +
d3ee3) = 200,4¢10-4 M2 [2]. [pooosbHOE OMUYECKOEe COMNMPOTUBJIEHNE onpenenseTcs
rno oopmyne: roer = 18x10-8 OMXM - conpoTmeneHune ctanum; 1 (eamHuua) - 4nnHa
y4vacTKa. [lnda Tpex paccMaTpuBaeMbIX Y4aCTKOB OHM cocTaBmaun: rl = 51x10-6 OMX M-
1;,r2=7,3x10-6 OMXM-1; r3 = 9x10-6 OMXM-1 COOTBETCTBEHHO. B cuctemy
3J/IeKTPNYECKUX NapaMeTpoB Npu pacdeTax BXOAAT KOIPPULMNEHT 3aTyXaHUsA ak v
XapakTepucTmnyeckoe conpoTuBiieHne gk, onpenensemble rno COOTBETCTBYOLLNM
dopmynam: rage rk - npoaosibHOE OMUYeCcKoe CONPOTUBNEHNE; ICO - yaeslbHoe
conpoTmeneHne nokpbiTma; dk - HApPYy>XHbIN AnaMeTp y4acTka obcagHOW KOMOHHbI. Ha
rnepBoOM dTane pac4eToB NapaMeTpbl ak U gk HEM3BECTHbI, T.K. OHN 3aBUCAT OT



BeJZINYMHBbI rco. Ha BTOpOM 3Tane npoBoAATCA UCMbITaHMA C mogaden Toka, rnpu
KOTOPbIX U3MepSAT cuy Toka (In) n casur noTeHuUMana Ha yCTbe CKBaXKUHbI (Un) n
paccyuTbiBatlOT cooTHOWweHMe Un/In. B paccMmaTpuBaeMoM CJiyydae NoTeHuMasn Ha ycTbe
CKBa>XMHbI 00 noaaym Toka coctasnan 0,650 B (MC3), a nocne oTknto4yeHnsa Toka (3 A)
- 0,760 B (MC3), 4To cooTBETCTBYET cABUry noteHumana 0,110 B. PaccymTaHHOe
COOTHOLLUEHMEe COCTaBUNO: Ha TpeTbeM 3Tane MeToaoM nocsiefoBaTesIbHOro
npubnmxeHnsa onpenensoT BeIMYNHY rco. PacyeTbl NPOBOAAT, HA4YMHASA C HUXKHEr o
yyYacTKa, NpuUHMMas NpPon3BOJIbHOE CMeLleHme noTeHunana Ha 3aboe UO (Hanpumep,
U0 = 1). Ina paccMmaTpruBaeMoOmn KOJIOHHbI, COCTOALLEN N3 TpeX Y4aCTKOB, UCMOJIb3YIOT
TPpU CUCTEMbI YpaBHEHUW. [1Na nepBoro yyacTka (3abon): A Ul = UO x cosh (bl) Ons
BTOpOro yyactka: B U2 = Ul x cosh (b2) + g2 x 11 X sinh (b2) Ansa TpeTbero y4acTka:
CU3 =U2x cosh (b3) + g3 x 12 x sinh (b3) B aTux ypaBHeHUsAX bk = ak <Lk roe ak -
Ko3(ppuumeHT 3aTyxaHus; Lk - onnHa yyvactka. B jaHHOM MeToAuKe npefnosiaraeTcs,
4YTO BeJINYNHA rco, BblpaXkatulas yaesibHOe CONPOTUBIIEHNE MOKPbITUSA, HEM3MEHHa No
BCEN NOBEPXHOCTUN CKBaXXUHbI 0151 BCEX YY4aCTKOB. /1A pelueHns cCucTteMbl ypaBHEHNN
Bblpa>keHna onga Ul n |1 cuctembl A NOACTaBAAT B cuctemMy B n COOTBETCTBEHHO
Bblpa)keHna U2 n 12 , nony4yeHHble B cucteMme B noactasnsawoT B cuctemy C. B
pesysbTaTe NoACTaHOBOK nosiydyaem cuctemy C/ : 3HavyeHmne cootHoweHusa (U3/13) He
3aBUCUT OT Benn4dunHbl UO, a 3aBNCUT TOJIbKO OT 3Ha4YeHU napameTpos bl, b2, b3, gl,
g2, g3, KoTopble ABNAITCA PYHKUMAMIN rco. [MoacTaBniAa napameTp rco B Bblpa>keHue
ana U3 n I3 n npupaBHuBasa cooTHoweHne U3/13 K nosly4eHHOMY 3KCMepuMeHTaIbHO
3Ha4YeHuo 3TOro CooTHowweHns, pasHomy 0,037 B/A, meToooM nocnenoBaTesIbHbIX
NPUBANXXEeHNN pacCcCYNTbIBAaEM 3HaA4YeHMe rco. B paccmaTpnBaemMoM Criyyae pacyeThl
NPOBOAUNNCH MPU Crefywmnx 3HavyeHusax rco (Om . m2): 100, 50, 25, 20. 3Ha4yeHne
rco ona paccMaTpuBaeMoro cjlydasi oka3asioCb B UHTepBane 25-20 1 NPUHATO pPaBHbIM
23 Om.M2. Ha nocnegHeMm aTane noACTaB/igseM 3Ha4YeHMNe «rco» BO BCE Bblpa)KeHUAX
ans bl, b2, b3, gl, g2 n y3. B pesynbTaTte cuctemy C/ npeacrtasnsem B suge: C/ U3 =
U0 x 3,26 13 = U0 x 79,78 Taknm obpa3om, nony4veHbl ypaBHEHNS, CBA3bIBalOLLME
3Ha4YeHNs CMELLEeHNS NoTeHUMas a Ha yCTbe CKBaXKUHbI (U3) co cMelleHnem
noTeHunana Ha 3aboe (UO), n BeANYNHY CMeLLeHna NnoTeHunana Ha 3aboe (UO) ¢
BeJSIMYMHON ToKa 3awmnThbl (13). Wcnonb3ysa cuctemy ypasHeHunin C/, MOXKHO paccynTaTb
cMelleHMe noTeHumana Ha ycTbe 1 3aboe CKkBa)KUHbI Npu tobon 3a4aHHOM Cuie ToKa.
B yacTHOCTUW, NoACTaBNAA pe3y/ibTaTbl onpenesieHns ToKa 3alnTbl METOLOM
3/IeKTpUYeckoro KkapoTtaxa (4,8 A) B cuctemy ypasHeHunnm C/, Noayy4mm, 4To 3Ha4YeHmne
CcMeLlleHns noTeHumana Ha 3aboe coctasuT: 13 = U0 x 79,78 (A) - U0 = 0,060 B INMpwn
3TOM pacyeTHOoe 3Ha4YeHne CMeLeHns NoTeHUnana Ha yCTbe CKBa)KnHbl 6yaeT paBHO:
U3 = U0 x 3,26 (B) » U3 = 0,196 B BuiBoabl 1. PacCMOTpeHbl CTaHAapTU30BaHHbIE
eBponenckmne MeToankun onpenesieHnsa TokKa 3alnTbl U CMELLeHNs NoTeHunasna Ha
3aboe obcagHOM KONOHHbI HEPTAHON CKBaXKUHbI; 2. Nony4YeHbl ypaBHEHUS,
CBsA3blBalOLWLME: 3HAYEHNSA CMELLEHNS NOTEHUMaNa Ha YCTbe CKBAaXXUHbI CO CMELLEeHNEM
noTeHunana Ha 3aboe; BeIMYMHY CMeLleHns noTeHunana Ha 3aboe C BEIMYNHOM TOKa



3aWNTbl 49 0AHOWN 13 06CaaHbIX KOJIOHH HepTAHOW CKBaXUHbI OAO «TaTHE(Tb».



