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Bonpoc BiausiHUS BBICIIMX FapMOHHUK Ha 00OPYJOBAaHME CHCTEM 3JIEKTPOCHAOKEHUs
BO3HHK JOCTaTOYHO JIABHO.

OauH U3 HepBbIX SKCIEPUMEHTOB IO BIMSHHUIO BBICIIMX FApMOHUK Ha KaOeiabHbIE
JUHUU ObUT mpoBeaeH B 1984 r.: ero menbio ObUTO BBISICHUTH CIIOCOOCTBYIOT JIM BBICIIHE
TapMOHHUKH YCKOPEHHOMY CTapEHUIO W30JISILIMK TPOBOJOB U Kabemnel. [ BhIACHEHUs 3TO-
'O MOJIOKEHUSI YYEHBIMU OBLIIM MPOBEACHBI 3aMephbl TOKOB YTEUKU Kalesei, Mpo10sKeHHbIX
MOYTH OJHOBPEMEHHO M PabOTaIOIIMX B CXOAHBIX TEMIIEPaTYpPHBIX YCIOBUSX; 4acTb 00-
CleIOBaHHBIX KaOenel paboTana mpu MpakTUUYECKH CHHYCOMJIaIbHOM HAIpPSHKEHUHU, JIpPY-
rasi — py ypoBHE BBICIIMX TAPMOHUK B KpUBOIl HampskeHus B npeaenax 6—8,5 % (mpeod-
maganmu S5-s1 U 7-s1 TapMOHHMKH). TOKM yTEYKH BO BTOPOM cllydae dyepe3 2,5 roaa
JKCIUTyaTalliu OKa3aJluch B cpeaHeM Ha 36 %, yepe3 3,5 roga — Ha 43 % Oonbiie, yeM
B IIEPBOM.

OnBIT 3KCIITyaTaluy CBUAETENBCTBYET O TOM, YTO B CETAX C OOJBIINUM yAETbHBIM Be-
COM BEHTHWJIbHBIX Harpy30K 4acTO BO3HMKAlOT o/JHOGa3Hble 3aMblKaHUs B kabene. Tak,
B CETSAX HEMPEPHIBHOTO TOJCTOJIMCTOBOTO CTaHAa TOpSYEero Mmpokara YHCIO OJHO(A3HBIX
3aMBIKaHUH Ha 3eMITIO 3a roJ1 oka3anoch Ha 30—40 % Oosbiiie yeM B CeTsIX, I/ie mMpeodpaso-
BaTeJIM OTCYTCTBOBAM [1].

[IpucyTcTBUE B KaOEIbHBIX JIMHUIX BBICIIUX TAPMOHHUK MPUBOJIUT K CIAEAYIOLIUM IO-
CIIENICTBUSIM:

1) BO3BMOXXHOMY TEperpeBy M pa3pylICHUIO HYJIEBBIX pab0UHUX MPOBOAHUKOB KaOelb-
HBIX JIMHUHW BCJIEJICTBUE UX MEPETPY3KU TOKAMU TPEThel TapMOHHKH.

Briciire rapMOHUKH TOKA, KPaTHBIE TPEM, ONPEIEIISIIOIINE BBICOKOE 3HAYCHHE KOd(]-
bunueHTa aMIUIMTYIbl U TeHepupyeMble 0JHO(Aa3HBIMU HArpy3KaMu B Tpex(a3HbIX CHUC-
TeMaxX UMEIOT CIeIUPUIECKOe Pe3yIbTUPYIOIIEE BO3ICHCTBUE.
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B TpexdasHbIx nensx rapMOHHKU cIBUHYTHI Ha 360 rpaaycoB ApyT K APYyTYy, COBMa-
naroT 1o (aze u 00pa3yroT HYJIEBYIO MOCIEI0BaTENbHOCTh. HeueTHbIe TapMOHUKH, KpaT-
HbI€ TPEThEU, CYMMUPYIOTCSI B TPOBOJIHUKE HEUTPAJIH.

B xone mpoBeneHHsS 3aMEpOB TOKOB B HYJIEBBIX Pa0OUYMX MPOBOJHUKAX TOPTOBOTO
[EHTpa, CIIeUATU3UPYIOLIErocs Ha MPOoJaXke COBPEMEHHOM ObITOBOI TEXHHUKH, ObLIO BbI-
SIBIICHO, YTO B HYJICBOHM KHJIC MPOTEKAIOT TOKH, 3HAYCHUS KOTOPBIX COM3MEPUMBI C (ha3-
HbIMHU. C yYETOM TOTO, YTO COCTaB JIEKTPONPUEMHUKOB MOTPEOUTENS U3MEHsETCs 0e3 pe-
KOHCTPYKUHWHU JIEKTPUUECKOU CETH, MOKHO 0KUAATh MEPErOpaHus HYJIEBBIX MPOBOJIHUKOB
U3-32 MPOTEKaHHs TOKOB T'AapPMOHHUK, KpaTHbIX TpeM. OOpBbIB HYJIEBOTO MPOBOAA MOKET
MIPUBECTU K CMELICHUIO HEUTPAIU U KaK CJIEACTBUE K BBIXOAY M3 CTPOS JIEKTPONPUEMHH-
KOB [2];

2) CO3JaHUIO JOTOJHUTENBHBIX MOTEPh B KaOEIbHBIX JIMHUSIX, TAPMOHUKAMH, TCHE-
pUPYEMBIMU HETMHEHHON Harpy3Kou.

[Ipu nutanum XMkl KaOETbHON JTMHUM HEJIMHEWHBIM HANPSIKEHUEM 3HAUCHUE €€ CO-
MPOTUBJICHUS OyAeT U3MEHSTHCS B 3aBUCHMOCTH OT YacTOTBl. ITO O0YCIOBIIEHO MOsBIIE-
HUEM CKHH-2(P(EeKTa, KOTOPBIA 3aKITI0YACTCS B HEOJHOPOIHOM PACIIPEICTICHUH TUIOTHOCTH
MEPEMEHHOT0 TOKA MO CEYEHUIO0 MPOBOAHUKA. [IpH BBICOKMX 4acTOTaxX TOK IMPAKTUYECKU
CYLIECTBYET TOJIbKO B TOHKOM MOBEPXHOCTHOM CJIO€, T. €. BHYTPU JOCTATOYHO TOJICTOTO
MIPOBOJIHMKA TOK BBICOKOM YacCTOTHI HE TeueT. [laHHOoe siBJIeHHEe MPUBOJIUT K JAOMOTHUTENb-
HBIM TTOTEPSIM MOIITHOCTH, PACCEUBAEMOU B KWJIe KaOCIbHON JIMHUU M JIOTIOJTHUTEIHLHOMY
€€ HarpeRy.

AKTHBHOE CONIPOTHUBJICHUH JKHUJIBI HA /1-i TapMOHUKE R, MOKHO ONPEIEHTh 110 (op-
myie [3]:

R =R,(0,187+0,532+/n),

rac RO — COIIPOTUBJICHUC XKUJIbI HA OCHOBHOM 4acCTOTE.

[Tpu BEIOOpPE AIIEKTpUYECKOr0 000PYAOBaHUS U pacdeTax MOTeph MOIIHOCTH U JJICK-
TPORHEPTUHU MPH HECHHYCOHMJAIBHBIX PEKUMaX HEOOXOIMMO yYHTHIBATh HArPEB TOKOBE-
JyIIUX YaCTEN.

Bricie rapMOHUKH TOKA MPHUBOJAT K JAOTOTHUTEIBHBIM TIOTEPSM B M30JISIIIMOHHBIX
MaTepuanax KabenpbHBIX JUHHHA. J[aHHBIE MOTEpU MOTYT OOYCIIaBIMBATHCS CKBO3HBIM TO-
KOM WJIM aKTUBHBIMHU COCTAaBIISIOIIMMH TTOJISIPU3AIIMOHHBIX TOKOB. B ciydyae BhICOKMX Ha-
NPSDKEHUH MOTEpU BO3HHUKAIOT BCIEACTBHE MOHM3AIMH Ta30BBIX BKIIOUEHUI BHYTpPU U-
ANIEKTPHKA, 0COOCHHO WHTCHCUBHO MPOMCXOISIINX ITPH BEICOKUX YacTOTAaX.

C MOBBINIEHUEM YaCTOTHI MUTAIOIIETO HAMIPSKEHUS IPOUCXOUT CHIKCHUE aKTHBHO-
IO ¥ €MKOCTHOTO CONPOTHBIICHHS U30JIALMU M KaK CIEJCTBUE YBEIMYCHHUE TOKOB YTEUKH
yepes Hee [4];

3) YCKOPEHHOMY CTapeHUIO W30JISIIUU ITPOBOJIOB U KaOeIeH.

[TpoGiema cTapeHus: MEKTPOU3OISAIIMOHHBIX MAaTEPUAIOB, UCIIONIb3yEeMbIX MPH HU3T0-
TOBJICHHH CHJIOBBIX KaOeJel, MMeeT Ba)XHOE MPAKTUYECKOe 3HAUCHHE, TaK KakK dTH H3JIe-
TS TIPETHA3HAYCHBI 111 MHOTOJIETHEH AKCIUTyaTallui U TPEXACBPEMEHHBIN BBIXO/ UX U3
CTpOSI BEJIET K CYIIECTBEHHBIM HETaTHBHBIM TociencTBusAM. OIHAKO B MpoIiecce dKCILTya-
Taluu Kabelu ¢ MOJUMEPHON U30JIAIHUEH YacTO BBIXOAAT U3 CTPOS 3HAUUTEIHHO PaHbIIES
rapaHTHPOBAHHOTO CPOKa CIYkKObI. DTO CBA3aHO C BOSHUKHOBCHHEM U Pa3BUTHEM B I1OJIU-
MEPHOW M3OJSIUH MO JCUCTBUEM 3JIEKTPHUECKOTO IMOJISI U BIIATH CUCTEMbl TOHKUX -
JUHAPUICCKIX MUKPOKAHAIOB — TPHHHTOB. V3yueHne 4acTOTHBIX XapaKTEPUCTUK BOIHBIX
TPUMHTOB JIaJI0 BO3MOXKHOCTh YCTAaHOBUTH, YTO MEXaHU3M BO3JCHCTBHS CHJI 3JICKTpUYC-
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CKOT'O TI0JISl Ha MOJINMEP YCKOPSAETCS C MOBBILIEHHEM 4acTOThl. C MOBBIIIEHUEM TEMIIEpa-
TYpBI CYIIECTBEHHO Bo3pacTaeT nMudy3ust BOJAbI B IOJIMMEPHI, YTO CHIYKAET MX MEXaHU4e-
CKYIO U DJIEKTPUYECKYIO IPOYHOCTH [5].

BnusiHue 31eKTpOMarHUTHBIX MOJIEH Ha 3JEKTPONPOBOJHOCTh TEXHUYECKUX TUAJICK-
TPUKOB OOYCIJIOBJIEHO HEOOJIBIIMM KOJUYECTBOM CBOOOHBIX 3apsI0B, CBSI3aHHBIX C HAJIU-
YHeM MpHUMeced, JTUOO0 MPOIYKTOB OKHCIIEHHS, BO3HMKAIOUIMX B pE3yJbTaTe HarpeBa u
CTapeHMs U30JSILMU [IPU SKCIUTyaTaluu. B pexume xomocToro xoja kadesst, HaXOAsIero-
Csl IIOJl HaIPsDKEHUEM, JAEMCTBYIOLIAs Ha AJIEKTPUUECKHUE 3apsi/ibl CUJIA ONPEIesIeTcsl UH-
TEHCUBHOCTBIO AJIEKTPUUYECKOro MoJsl. B Harpy3ouHoM pexume paboThl CHIIOBOTO Kaless
Ha 3apsbl B JUDJIEKTPUKE AEHCTBYIOT AIEKTPUUECKOE U MATHUTHOE 110JIs, 00YCIIOBJICHHbIE
IIEPEMEHHBIM TOKOM, IIPOTEKAIOIIHM 10 JKUJIAM.

ToxoBast Harpy3ka B Kuiiax KaOeisl NPUBOAMT K BO3HMKHOBEHHUIO KPYrOBOTO Bpa-
IIAOLIErocs MOJIsl, CO3JAI0IIEr0 MarHUTHbIE MOTEpU B 000JI0UKe Kabens, U K JOIMOJIHU-
TEIbHOMY BO3AECUCTBUIO HAa M30JsALUI0. Paszpyiiaroiiee Bo3aelcTBUE HA AUDIEKTPUK Mar-
HUTHOTO TIOJSl AHAJOTMYHO JEHCTBUIO DJIEKTPUYECKOIO TOJAS M COU3MEPUMO 11O
pe3ynbTartaM U, CIel0BaTEeNbHO, CBA3aHO C POCTOM MHTEHCUBHOCTU 3JIEKTPOXUMHYECKHX
IPOLIECCOB, MPUBOJAIINX K U3MEHEHHUIO B CTPYKTYpe AMAJIEKTPUKA U PAa3BUTHIO MPOOOSL.
MarauTtHoe nose yBeIMYUBAET U3HOC U30JISLMU B pabOUnX peXUMax Ha HECKOJIBKO IPO-
LIEHTOB 10 CPABHEHMIO C U3HOCOM OT JE€UCTBUSA dIEKTpUUYecKoro noius. Ilpu atom 3a Bpems
JIeMCTBUSL YCTPOUCTB PENCHHON 3alUThI TIPU MPOTEKAaHUH TOKOB ABYX- M Tpex(aznoro K3
paspyl1uaroniee Bo3JeiicTBUe Ha Kabeab 0T MAarHUTHOTO MOJsl OyJeT COM3MEpPUMO C JeHcT-
BHUEM 3JIEKTPUYECKOTO oIS [6].

ITpu oueHke KadecTBa BBICOKOBOJIBTHOW M30JIALMHU OOJIBIIOE BHUMAHHUE yAESAETCS
YaCTUYHBIM pa3psiaM, 0COOEHHO MHTEHCUBHO MPOUCXOSIINX MPU BBICOKHX 4acTOTaX, TaK
KaK OHHU OIPEJEJIAIOT TEMIIbl MEKTPUUECKOTO CTAPEHUS M30JIALUMN U SBIAIOTCA Haubosee
4aCTOM MPUYMHOM €€ MOBPEKICHUS.

ITon BaMsSHMEM BBICOKOM HANPSKEHHOCTH 3JIEKTPUYECKOIO IOJIA B ra3oBBIX IOpax
Ka0eTbHON M30JISIIUN CTTIOCOOHBI (POPMHUPOBATHCS AIEKTPUUECKUE pa3psaabl. TOK ITHX pas-
PsIOB OTpaHUYEH AMAJIEKTPUUECKUM OapbepoM, PaclioyIOKEHHBIM Ha TPaHULIE MEXIy Me-
TAJUTMICCKOW TOKOTIPOBOISIIECH KIIION KaOels U Ta30BOU MOpoit — neekToM B KabeapHOU
u3ossauu. [lopel yarie Bcero popMUpPYIOTCS B MPOLIECCE SKCTPY3MOHHOTO HAJIOKEHHUS T10-
JMMEPHOHN U30JISIUH JTUO0 BOJIM3M TOKOMPOBOISIICH KIJIBI, TMOO BOJIHM3H METALUTHIECKOM
000JIOYKHU CUJIOBBIX Kabesieil BBICOKOTO U CPEHETO HANpsKEHUSI.

YactruuHble pa3psiibl CBA3aHbI C paCCESHUEM YHEPTHUH, CIEACTBUEM KOTOPOTO SIBJISET-
Cs1 DJIEKTPUYECKOE, MEXaHNYECKOE U XUMHUUYECKOE BO3/ICHCTBHE HA IUIJIEKTPHUK.

Ho B 10 k€ BpeMs yacTUYHBIE Pa3psi/ibl, pAa3BUBAIOIIMECS ITPU CTAPEHUM JTUAIIEKTPUKA
M30JILIMA B Ta30BBIX BKJIIOYCHMSX, MOTYT CIIy’)KUTb CPEACTBOM JHMAarHOCTUKH COCTOSTHUS
U30JISUH KaOenbHBIX JIMHUHA. OnpeaeneHne CTeNeH! pa3BUTHS BOSHUKAIONINX B U30JSIUH
JIOKaJIbHBIX JAE(PEKTOB MOCPEICTBOM M3MEPEHHM YaCTUYHBIX pa3psaoB B HOPMAJIbHOM pe-
XKHUMe paboThl 000pYyIOBaHUS U MOCIEAYIONIMA PEMOHT 00XOAATCS Ha MOPSAOK JACILICBIE,
4eM JICHCTBUSA, HEOOXOAMMBIE MPH TTPOOOE HU3OJISIIHH.

[ npoBeieHUs. MOHUTOPUHIAa Ka4€CTBA BHICOKOBOJIBTHON M30JISILIUU 110 U3JTyUYEHUIO
YACTUYHBIX Pa3ps0B HEOOXOJUMO NMPUMEHEHHUE CPENCTB M3MEpEHHs], 00eCceunBaroIuX
IIMPOKOIOJIOCHBIM NPUEM CIIydallHbIX HMMITYJIbCHBIX CUTHAJIOB M UX HENOCPEACTBEHHOE
IIUKOBOE JETEKTUpOBaHUE. OCHOBHBIMU M3MEPSIEMBIMU MAPAMETPAMHU SIBJISIOTCS: aMILIU-
TyJla IPUHUMAEMOTO CUTHaJIa, MHTEHCUBHOCTh IIOTOKA pa3psiioB U €€ 3aBUCUMOCTh OT I10-
pora oOHapyxeHus. OLEeHKa KauecTBa W30JIALUU NIPOU3BOAMUTCS MO pe3ysibTaTaM aHalu3a
JUHAMHUKU OTHOCUTEJIbHBIX U3MEPEHUM 3TUX NapaMETPOB IPU MOCTOSHCTBE NEPUOAUUYECKU
MOBTOPSAEMBIX U3MEpEeHHil [7].
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