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OCHOBHBIE NIOKA3ATEJIA TEPMOMEXAHUYECKOM
SAIIUTHI BBICOKOBOJIBTHBIX KOHAEHCATOPOB

B 3APAJHO-PA3PAJHBIX HEIISAX MOIHBIX EMKOCTHBIX
HAKOIIUTEJIEA SHEPTMU OT ABAPUMHBIX CBEPXTOKOB

IpuBesneHs! pe3ysbTaThl PacYETHOM OLEHKM OIPAaHHYEHUH yCTaHOBIECHHBIMH B 3apsIHO-Pa3psIHBIX
LeTsIX MOIIHBIX eMKOCTHBIX Hakomuteneil sHepruu (EHD) 3ammTHEIME BEICOKOBOIBTHBIME KepaMude-
CKUMHM PE3UCTOPaMH aMIUIUTYJl aBapUMHHOIO CBEPXTOKA, JAABJICHUS M TEMIEPATYphl B JIOKAJIbHON 30HE
BHYTPEHHETO JJIEKTPUUECKOT0 IPOoOOsi MACIOHAIONIHEHHOTO BBICOKOBOJIBTHOIO MMITYJILCHOTO KOHJEH-
caTopa yka3aHHbIX neneid EHD u pa3BuTus B €ro >KHAKOM JUAIIEKTPHKE CHIFHOTOYHOTO IIA3MEHHOTO
KaHaJla HCKPOBOTO pa3psja.

KimioueBble ¢10Ba: MOIIHBINH €MKOCTHBII HAKOIIMTENb YHEPIUH; BHICOKOBOJIBLTHBII KOHICHCATOP;
3aIUTHBII PE3UCTOP; OLCHKA OrPaHUYCHUH TOKA, JaBICHHS U TeMIIepaTypbL.

Benenme. IIpakTmka SKCIUTyaTaldd MOIIHBIX EMKOCTHBIX HaKOIHTENEeH
sHepruu (EHD), 3apsaHo-pa3psaHbie LU KOTOPBIX COJIEP’KAT BBICOKOBOJIBTHBIE
HMITYJIbCHBIE KOH/IEHCATOPhl C METAUIMYECKUMH WM M30JIHOHHBIMU KOpITyca-
MH, yKa3bIBaeT Ha HEOOXOAWMOCTH BBIMOJIHEHHS TEPMOMEXAHHUYECKOH 3aluThI
koHneHcaropoB EHD oT aBapuifHBIX CBEpXTOKOB (TOKOB KOPOTKOTO 3aMBIKaHHMS
IIPY BIEKTPUUECKOM NPOOOE KOHICHCATOPOB HA CTAIMU UX 3apsAia WIN paspsa)
[1-3]. OrcyrcTBHe mOmOOHOW 3amIUTHl MOXET NMPHUBOAUTH K KaTacTpO(UIECKUM
MIOCNIEACTBUSAM ICHCTBUS aBAPHHHBIX CBEPXTOKOB HA MPOOHUTHIE IIEKTPHUECKUM
CHJIBHOTOYHBIM pa3psgoM KoHJeHcaTopbl EHD: B3pbIBHOMY pa3pylICHUIO MeTall-
JIMYECKHUX (I/I3OJ'[5[III/IOHHI)IX) KOpIyCOB KOHACHCATOPOB; BO3rOpaHUIO XUJIAKOTO JU-
3JIEKTPHKa KOHAEHCATOPOB U OKPY’KAIOIIMX MOBPEXKICHHbIE KOHIIEHCATOPHI KOH-
CTPYKLHI; TPaBMaTHYECKOMY MTOPaKEHUIO 00CITY>KHBAIOLIETO MEPCOHANIA U BBIXO-
JIy U3 CTPOSI HCIIOJIb3YEMOTO IPH HCCIIETOBAHUSX JOPOTOCTOSIIErO MIEKTPODHU3H-
4eckoro o0OpyZOBaHUS HM3-32 BO3JCHCTBHS Ha HHX Pas3JICTAIOMINXCS MPOIYKTOB
B3pBIBa KOHJCHCATOPOB M JIEMEHTOB MX TOKOBOH OMIMHOBKU. OJTHUM M3 BO3MOXK-
HBIX BapHaHTOB NPAKTUYECKOH peann3alii TePMOMEXaHWYECKOW 3alluThl BHICO-
KOBOJITHBIX KOHJIEHCAaTOpoB MOIIHbIX EHD sABIsteTcs jkecTkas ycTaHOBKAa Ha MX
BBICOKOBOJIFTHBIX METAIIMIECKUX BBIBOJAX 3AIIUTHBIX KEPAMHUYECKHX OOBEMHBIX
MTOCTOSIHHBIX pe3ncTopoB Tuma TBO-60 [4,5]. Jlo cux mop crmabo mcciae10BaHHBIMA
BOIIPOCaMHU B OOJIACTH BBICOKOBOJIETHOW MMIyJbcHOHM TexHUKH (BUT) ocrarorcs
TE, KOTOPBIE CBSI3aHBI C OCOOCHHOCTSIMH PacCMaTpUBAEMOW TEPMOMEXaHUYECKOU
3alIUTBI BBICOKOBOJIBTHBIX KOHACHCATOPOB MOIIHBIX EH:‘), MPpOJIMBAaOIIUMU CBET
Ha TI0Ka3aTeNId OTPAaHUYCHHUs €10 (3TOW 3allUTON) aBapUHOTO CBEPXTOKA, TUIPO-
JMHAMHYECKOTO JIaBJICHUSI U TEMIEpaTypbl B 30HE BHYTPEHHEIO JJIEKTPHYECKOTO
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mpo0OsT BHICOKOBOJIBTHBIX MACIOHAINOJHEHHBIX KOHAEHCATOpOB MOIIHBIX EHD u
COOTBETCTBEHHO HAa MOKAa3aTeNd TEPMOMEXaHNUECKOW CTOWKOCTH YKa3aHHBIX KOH-
neHcatopoB. [loaToMy AaHHBIE BONPOCH TEPMOMEXAHMUYECKON 3alUTHl BBICOKO-
BOJIBTHBIX KOHJeHCaTopoB MOIIHbIX EHD ocTaioTcs akTyanbHBIMU NPUKIAIHBIMU
HAyYHO-TEXHUYCCKUMH 3a7adamu B obactu BUT.

1. IlocTanoBka 3aga4u 3JIeKTPOPU3MYECKOro HcciaegoBaHus. Paccmor-
pUM  3apagHO-paspsaHy0 1erns MomrHoro EHD, copepikamiero mapaiiensHO
BKITFOYCHHBIE BBHICOKOBOJIBTHEIC MMITYIECHBIE KOHIEHCATOpEl C' B KOJIHYECTBE 7
mt. (puc. 1).
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Pucynok 1 — IlpuHnmnuanbHas aekTpudeckas cxema momHoro EHO B aBapuitHoM peximve
paboTHI, BBI3BAHHOM 3JIEKTPUYECKHM ITPOOOEM OJJHOTO U3 €T0 BHICOKOBOJIBTHBIX MACJIOHA-
TOTHEHHBIX KOHJIeHCATOpoB Ha HanpsbkeHune Uy (U; = Uy <50 kB — 3apsnHoe HanpshKeHUE

HapajuieJIbHO BKIIOUYEHHBIX YUCIOM /¢ KOHJEHCATOPOB eMKOCTbI0 C; R3 — 3aIlUTHOE CO-
NIPOTHUBIICHUE, COOpAaHHOE N3 BEICOKOBOJIBTHBIX KepaMUUeCcKuX pesrctopos Tina TBO-60
HOMMHAIOM Ry; F' — ynpaBisieMblil BBICOKOBOJIBTHBIN kKommyTatop [S]; I'BIIM — reneparop
BBICOKOBOJIbTHBIX IIO/DKUTAIOIIMX UMITYJIbCOB Ha HanpsbkeHue +100 kB [5]; Cp — BbIcoko-
BOJIBTHBIH pa3JeUTeNbHbIN KoHAeHcaTop eMKocThio 180 nd Ha HanpsokeHue £120 kB [5];
Ry, Ly — akTHUBHOE CONIPOTUBIICHUE U WHYKTHBHOCTb HATPy3KH)

CunraeM, 4TO B Ka4eCTBE 3alUTHBIX PE3UCTOPOB B paccCMaTpUBAEMON 3apsi-
HO-pa3psaaHoil nenu MomHoro EHD mcmonb3yioTesi BEICOKOBOJIBTHBIE KepaMide-
ckue pesucropsl tHna TBO-60 [4,5]. IlycTs naHHBIE pPe3UCTOPHI HOMHHAIOM R,
YCTaHOBJICHbI Ha BBICOKOBOJIBTHBIX BBIBOJIAX 3AlMIIAEMBIX OT aBAPUHHBIX CBEPX-
TOKOB MAaCJIOHAIIOJHEHHBIX HMMITYJIbCHBIX KOHJCHCATOPOB JJIEKTPHUECKOH E€MKO-
cteto C. Ilpuuem, mpu 9uCie np NapauieNIbHO BKIIOUEHHBIX 3aIUTHBIX PE3UCTO-
POB Ha Ka)JIOM BBICOKOBOJIFTHOM BBIBOJIC KOHAEHCATOPA 3allIMTHOE COMPOTHBIIE-
HHEe R; cCOrJlacHO cxeMme Ha pHc. 1 OyZeT ompenensiTbesi BopakeHueMm Ry/np. [lpu-
HHMaeM, 4TO IIpH 3apsae 10 Hanpsokerus Us = Uy <50 kB unu paspsine 3apsokeH-
HBIX BBICOKOBOJIBTHBIX KOHJICHCATOPOB €MKOCTbI0 C OOIIMM YHCIIOM 71 MOIIHO-
ro EHD B0O3MOXXHO HACTyIJICHHWE €T0 aBapHUHHOTO peXuMa padoThl, 00yCIOBIICH-
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HOTO K MPUMEPY BHYTPEHHHUM DIIEKTPHYECKUM MPOOOEM CEKLHUI OJHOTO U3 KOH-
JeHcatopoB paccMarpuBaemoro Hamu EHD. TpeOyercs pa3paboTath Hay4HO-
TEXHUYECKUH TOAXOA 10 NPHOIMKEHHOH pacyeTHON OLIEHKE OrpaHWYEHHs ycTa-
HOBJIEHHBIMH B 3apsiHO-pa3psaHoil menu MmourHoro EHD 3amuTHBIME BBICOKO-
BOJIFTHBIMU KE€PAMUYECKUMH PE3NCTOPaMU aBapHUIHOTO CBEPXTOKA (TOKAa KOPOTKO-
IO 3aMBIKaHWA), THUAPOAWHAMUYECKOTO IABICHUS M TEMIEpaTypsl B JIOKAJIbHOU
00JIaCTH BIIEKTPUUYECKOTO MPOO0S MAcIOHAMOIHEHHOTO KOHAEHCATOpa TaKOTo
EHDO.

2. IlpuOnukeHHBIN pacyeT OrpaHMYeHHs 3AIUTHBIMH Pe3HCTOPAMH
aBapUiHOT0 CBepPXTOKa B 3apsAHO-pa3psizHoii nenu momuoro EHJ. B asa-
puitHOM pexnme paboTsl MomHoro EHD (HampuMmep, B cirydae mpo6osi OZHOTO U3
€ro 3apsUKEHHBIX KOHAEHCATPOB), KaXIBIH U3 BBHICOKOBOJBTHBIX KOHAEHCATOPOB
KOTOPOTO CHAa0)X€H 3aIllUTHBIMH PE3UCTOPAMU C CYMMAapHBIM aKTUBHBIM COIIPO-
THBJIEHUEM R3 = Ro/np, A pacueTHON OLEHKH aMIUTHTYIBI /,, TIPOTEKAIOLIETO B

arneproIuIecKoM pexxume (Ro/np > 2 [L » [(me =1C ]”2 [6], tne Lp — cobcTBeHHAS

WHIYKTUBHOCTH OIIMHOBKK EHDJ) yepe3 mopaskeHHBIN AIIEKTPHUECKUM Pa3psiioM
KOH/IEHCATOp CBEPXTOKA MOXKHO BOCHOIb30BATHCS CIEIYIOIUM BBIPAXKEHUEM:

Ly =Up[Ry /1, (me =)+ Ry /| (1)

U3 (1) npu me >> np, 9TO JUII MOITHBIX BEICOKOBOJIBTHEIX EHD BEIMONHSETCS
MMPaKTHYECKHU BCETAA, U PACUCTHOTO OTPEIEIICHUS B pacCMaTpHUBACMOM CITydae
BEITMYUHBI AMILTUTY B! /,,, ABAPHMIAHOTO CBEPXTOKA IOJTy4aeM COOTHOLIECHHUE:

Im[, = U() I’lp/Ro. (2)

Tak Kak AJi1 UCIOJIb3YEMOM HAMM CXEMBbl TEPMOMEXAHUUECKOHN 3alUThl BbI-
COKOBOJIFTHBIX KoHJeHcaTopoB MormHoro EHD (U < 50 kB; m¢ >> np) BenuunHa
napamerpa #np < 4 1mT., a HOMHHAJ aKTUBHOTO COIIPOTUBIIEHUS R 3alTUTHBIX BBICO-
KOBOJIBTHBIX K€paMU4ecKuX pe3uctopoB Tuna TBO-60 mpakTiHuecku H3MEeHIETCs B
nuanaszoHe 24 Om < Ry < 100 Om, 1o u3 (2) ciexyer, YyTO NpU NMPUMEHEHUU B
momHoM EHD 3amuTHBIX BBICOKOBOJIBTHBIX KEPAMUYECKUX PE3UCTOPOB THUIIA
TBO-60 yxazannoro HomuHana R, ammnnutyna I,, aBApuiHOIO CBEPXTOKA B CIIy-
Yae BHYTPEHHETO JIEKTPUYECKOTr0 MPo00s CEKLUI OJJHOTO M3 €ro KOHIEHCATOPOB
He OyneT MpeBHIIaTh YrciaeHHoro 3HaueHus 10 kKA. Takas BenmMYMHA aMILUTATYIBI
1,,, IMITyJIbCHOTO Pa3PAAHOTO TOKA IJI BBICOKOBOJBTHBIX MMITYJIbCHBIX KOHJEHCA-
TOpPOB, 0OBIYHO HCIONB3YeMBIX B MOIMHBIX EHD, ¢ mo3ummii ux TepMoMexaHude-
CKOH CTOHKOCTH, KaK U3BECTHO, SIBJIICTCS O€30MMaCHOM ISl HUX BeMWYuHOM [1,7].

3. IlpuOauKeHHBIH pacyeT OrpaHMYeHHsl 3alIUTHBIMH PpPe3UCTOPaMH
JlaBJieHUs] BHYTPU NMPOOUTOr0 KOHJIEHCATOPA 3apsi/IHO-PA3PAIHOM Lenu MOII-
Horo EHD. Ammnutyna maBneHust P,, BOZHHKAIOIIETO BHYTPH METaNIMYECKOTO
WIH W30JIAIMOHHOTO KOpITyca TMOPaXEHHOTO BHYTPEHHUM CHIJILHOTOYHBIM JJIEK-
TPUYECKUM Pa3psIOM BBICOKOBOJIBTHOTO MACJIOHAIMOJHEHHOTO KOHAECHCATOpa
morHoro EHD, MoxeT ObITh MPHONIMKEHHO HAWCHA U3 CICAYIOMIETO BRIPAXKCHUS

[5]:
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P,= ud’ | (4n°r)), 3)

mp
- 137, \1/2
rae 7, ~0,024(7,,) " (#,) " — MakCMMaJbHOE 3HAYECHHE Pajuyca KaHala CHIbHO-

TOYHOTO JJIEKTPUYECKOTO pa3psfia B KUAKOM JUIJIEKTPUKE MPOOUTOTO BBICOKO-
BOJIbTHOTO KoHAeHcatopa EHD [8,9]; ¢, — BpeMsl, COOTBETCTBYIOIIEE aMILIUTY/IE
1,,, aBapUMHOIO CBEPXTOKA, IPOTEKAIOLIEr0 YEPE3 NOPAKEHHBIM HCKPOBBIM pa3psi-
nom konnencarop EHD; ug =4 o 107 I'n/M — MarHUTHASI TOCTOSTHHAS [10].

3aMeTuM, YTO NPU TOJIYYCHHUU MPUOIIDKEHHOTO PACUYETHOT'O COOTHOIICHHS
(3) ObUIM WCTIOTBH30BAHBI YCIOBHE HECKUMAEMOCTH JKHIKOTO AHMAJICKTpHKa (Ha-
prMep, MUHEPAIFHOTO Maciia) BRICOKOBOJIBTHOTO KoHAeHcaTopa EHD m cienct-
BUsI, BEITeKarommue u3 3akoHa Ilackans [10]. M3 (3) BuIHO, 9TO MMEIOIIEe MECTO B
HCIOIB3yEMOM CIOoco0e TePMOMEXaHHIECKON 3alIUTHl BEICOKOBOJIBTHBIX KOHICH-
caropoB momHoro EHD cormacHo (2) orpaHWyeHHe 3alIWTHBIMH PE3UCTOPAMHU
aMIIMTY 161 1, ABAPUHHOTO CBEPXTOKA OOECHIEYNBAET COOTBETCTBEHHO W OIPAaHM-
YCHHWE BO3HHUKAIOIIETO BHYTPH KOPIIyca €ro 3JICKTPHUSCKH MPOOUTOr0 KOHIEHCA-
TOpa TUIPOJAMHAMUYECKOTO JABJICHHUS B pacCMaTpPUBAEMOM aBapUHHOM pPEXHUME
pabotsr EHO.

4. IlpuOnamxKeHHbIN pacyeT OrpaHUYeHHs] 3aLIUTHBIMH Pe3HCTOPAMHU
TeMIepaTypbl BHYTPH NPOOHMTOro KOHJEHCATOpPa 3apsiIHO-Pa3psAHON Lenu
MomHoro EHJ. MakcumManbHOe 3HaueHHe TepMOAUHAMHUECKON TeMneparypsl 7,
(c pasmepHOCTBIO B rpagycax KenbBHHA) B 30HE 3JEKTPUIECKOTO MPOOOS CEKIMH
MacJIOHANoJHEHHOTOo KoHAeHcaropa EHD ¢ amoMuHHEBbIMI OOKIIagKaMH M COOT-
BETCTBEHHO NPUAJICKTPOAHBIM IaJeHNEM HAlpsDKeHUS B Pa3psaHOM MPOMEXYTKe
He 6onee 10 B onpenenum u3 ciemyromero npuOIMKEeHHOTO COOTHOIIEHU [5,9]:

T, = 11,49 411 /(c.1,) @)

rae oc=5,67-10® Br(m*K*"' — nocrostunas Credana-Bomnbimana [10].

U3 (4) BBITEKACT TO MOJIOKEHHE, YTO OTpaHMUYCHHE 110 (2) 3aIUTHBEIMH Pe3u-
CTOpaMM aMIUTUTYABI ., aBapHHHOTO CBEPXTOKA B ITOPaXKEHHOM CHIIBHOTOYHBIM
HCKPOBEIM pa3psaoM KoHaeHcatope MomHoro EHD BEI3BIBaeT COOTBETCTBEHHO U
OrpaHUYCHUE TeMIIEpaTyphl B JIOKAIBHOW 30HE €r0 BHYTPEHHETO 3JIEKTPUYECKOTO
mpo0os, 4TO MOJOXKUTEIBHO CKa3bIBACTCS Ha IOKA3aTENsAX TEPMOMEXaHUYECKOU
CTOHKOCTH MacCJIOHAIOTHEHHBIX BEICOKOBOJIBTHBIX KOHAECHCATOPOB MormHoro EHO.

5. B3pbiBo0oOpa3Hoe pa3pylieHue 3aIIMTHBIX Pe3UCTOPOB U NpepbiBaHUE
aBapuiiHOTO CBepXTOKa B 3apsiAHO-pa3psaaHoil menu momuoro EHJ. B aga-
puiiHOM peskuMe paboThl paccmarpuBaemoro EHD Ha cramum 3apsiia (daiie Bcero)
WIN pa3psja ero BBHICOKOBOJBTHBIX KOHJICHCATOPOB (Hampumep, B cCllydae dJeK-
TPUYECKOTO TPO0O0sI BHYTPEHHEH M30JISIIMK OZHOTO M3 KoHneHcatopoB EHD) mo-
JKET BO3HUKATh BBICOKOCKOPOCTHOE pa3pylleHHE 3allUTHHIX KepaMHYECKHX Pe3H-
cropoB R; tuma TBO-60, compoBoxnaromeecs: B3pbIBOOOPA3HBIM pas3lieTOM pa3-
JOpOOJICHHBIX Ha MEJIKHE YacTH TaKMX WX COCTABHBIX 3JIEMEHTOB KaK Hapy KHOH
MaccuBHOH (paphopoBoit 000TOYKH M BHYTPEHHETO MajIoradapuTHOTO TpapUTOBO-
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ro ctepxHs. [logo6HOe sBNIeHNEe HACTyMaeT TOraa, Koraa BhlAesieMas B 3alllUTHOM
pe3ucTope TEeIIoBas 3HEprust Wp CyIIECTBEHHO NPEBHIIIAET KPUTUYECKOE 3HAUe-
Hue W) TennoBol SHEpruu, MHOTOKPAaTHO PacCEUBAaEMOM OJHUM 3allUTHBIM Pe3U-
CTOpOM B paspsimHoi e MoutHoro EHD [4]. Tlpu 3ToM B3pBIBOOOpa3HOE pa3py-
LIEHUE 3alIUTHOTO KEPaMHUYECKOTO PE3NCTOpa OyNeT BBHINOJIHITH POJIb BBICOKO-
CKOPOCTHOTO pa3MBIKATENs aBAPUIHOM IIeTH, CIIOCOOCTBYIOMIETO 3aIuTe MpoOu-
TOrO0 KOHJIEHCAaTopa OT MeXaHWdeckoro paspymenus. CormacHo [4] dmcieHHOe
3HAYCHUE BENUYHUHBI W) Al BBICOKOBOJIBTHBIX KEPAMHUYECKUX PE3UCTOPOB THIIA
TBO-60 cocrapmsiet okono 2,5 x/[x. Onpenenenue 3HaueHus: Wp tpeOyeT 3HAHUS
BPEMEHH f3, TIPH KOTOPOM MOXKET MPOUCXOTUTH MO CYTH DJEKTPUUIECKUN B3PHIB
3aIIUTHOTO PE3UCTOPA, M AMIUIATYIHO-BPEMEHHBIX IIapaMEeTPOB aBapHIHOTO TOKA.
C yueToM 3aTpyIHEHHMH, BOSHUKAIOUIUX MPHU HaXOXKICHUU TapaMmeTpa fp, OTpaHU-
YUMCSl OTpesieNieHueM BennduHbl Wp Ha ydactke [0,7] mpoTekaHus B 3apsiHO-
paspsaHoii nenu reHepatopa [ UT-4 ¢ momusiM EHO [4,5,11], npenna3HadyeHHBIM
Uit GOpPMHUPOBaHMS TOKA HMCKYCCTBEHHOH MOJHHMM Ha HHU3KOOMHOI aKTHBHO-
MHAYKTUBHON Harpyske, aBapUiHOTO alnepHoANYECKOr0 MMITyJIbCa TOKa JUTUTENb-
HOCTEIO 7y Ha ypoBHe 0,5 [, no 3ammTHOMY pesuctopy Tuna TBO-60-24 Owm.
Pacuer mis mannoro ciy4as (Uy = 50 kB; Ry = 24 Owm; np = 4 mrt.; me = 111 mr.;
L, = 8,4 KA; t,, = 3,3 MKC; 7y = 0,76 MC) BenuuMHBI Wp ¢ yIETOM COOTHOIIEHHUH M3
[5] moka3biBaeT, 4TO MpH 3TOM HHTErpal AeicTBus J,, aBapuMHOro TOKa Ul yKa-
3aHHOTO PE3UCTOPA MPMHMMAET YMCICHHOE 3HaueHue okono 2,21-10° A*c. Torma
TEIUIOBAsi SHEPTHS, BBIICISIOMANACS Ha YKa3aHHOM BPEMEHHOM y4YacTKe B 3aIUT-
HOM PE3UCTOPE, COCTABUT MpUMEpHO Ry Jyy = 53 xJIxk. IIpuBeneHHbIe OlIEHOYHbBIE
pacueTHbIE JAaHHBIE MOKA3bIBAIOT, YTO NPH HCIOJIB3YEMBIX B 3apsaHO-pa3psIHON
nenu resepatopa I'UT-A4 3amutHBIX pesuctopax tuma TBO-60-24 Om u ucxon-
HBIX MapamMeTpax aBapuilHOTO TOKa MpH fg >> f, OyneT HaOIIONAThCs B3PHIBOOO-
pa3Hoe pa3pylleHHe KepaMHUECKUX PE3UCTOPOB, YCTAHOBJIECHHBIX Ha BBIBOJE IO-
paxenHoro konaencatopa tuna MK-50-3 [5,11]. OtMeTum, 4TO BOMPOCHI B3PHIBO-
o0pazHoro paspymenns pesncropos Tuna TBO-60 B monmaeix EHD Tpebyrot cBo-
€r0 MAITBHEHIIET0 HCCIIeIOBAHMS.

6. PesynbTaThl anpodanuy NpelioKeHHBIX PACYETHBIX OLIEHOK OCHOB-
HBIX MOKa3aTejell TEPMOMEXaHHMYeCKOH 3aIIUThI KOHIEHCATOPOB MOIIHOIO
EHD Ha ocHOBe NpUMeHeHHsI 3aLUTHBIX Pe3ucTOpoB. [loryueHHbIE pacueTHbIC
cooTHOIIEHN (2)—(4) ObuTH anmpoOMpPOBaHBI Ha 3apsIHO-PA3PSAHON IETH JeHcCT-
BYIOLIEr0 HaTypHOTro obOpasia momHoro EHD, ncronszyemoro B kauecTBe reHepa-
TOpa HUMIYJIbCHOM A— KOMIIOHEHTHI TOKAa HCKYCCTBEHHOW MOJHMHU (T€Heparopa
umnynbcHoro Toka ['UT-A4) [11]. JlaHHBIN reHepaTop Ha HOMHUHAJIBHBIE 3HAUCHHS
3apsaHoro HampsbkeHuss Uy = 50 kB u 3amacaeMoil anexTpudeckoil sHepruu
Wegns =420 xJlx B cBOoel CHIBHOTOYHOW HH3KOOMHOW pa3psiHON IeNH UMEeT
coOcTBeHHOE akTUBHOE comnpotuBiieHne Rp ~ 0,057 OM n coOCTBEHHYIO MHIYK-
TUBHOCTB Lp = 2,5 Mk['H [5,11]. T'enepatop ['UT-4 conepxut napajiebHO BKITIO-
YEeHHBIE BBICOKOBOJIBTHBIE HMITYJbCHBIE KoHAeHcaTopbl Tuma HK-50-3 (C=3
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MKD; m¢c = 111 wt. [5]) ¢ ycTaHOBIEHHBIMU Ha MX MOTEHIHAIBHBIX MeTaIdde-
CKUX BBIBOJAX 3aIlIUTHBIMH BBICOKOBOJIFTHBIMH KEPaMHUECKUMH PE3UCTOPaMHU
tura TBO-60-24 Om (Ry = 24 Om; np = 4 . [5, 11]). Uncnennas ouenka mo (2)
aMIuIITy bl [, aBapUIHOIO CBEPXTOKA (TOKAa KOPOTKOTO 3aMBIKAHMS IIPU DJIEK-
TpHYeCKOM Tpoboe oHOTO U3 KoHAeHcaTopoB EHD) B amepuoamyeckom pesxumMe
paspsiaa 3apspkeHHbIX KoHzaeHcaTopoB EHD B xommuecte (m¢c — 1) = 110 mwT. Ha
omuH npoOuTeii KoHaeHcatop EHDO mnpumenntensHo k renepatopy [UT-A
(Uy=50xB; Lp = 2,5 MmxI'H; Ry = 24 OM; np = 4 wit.; mc= 111 mr. [5, 11]) moka-
3BIBAET, UTO OHA He MpeBbImaeT 8,4 KA. PacueTHas oreHKa coriiacHO [6] BpeMeH-
HOTO TIapameTpa pa3psaHOTO TOKa f, W pagnyca IUIa3MEHHOTO KaHama 7, 1mo (3)
MIPUMEHUTEIBHO K pacCMaTpUBacMOMY aBapHHHOMY PEXHUMY pabOThI TeHepaTopa
I''T-4 npuBOIUT HAC K TOMY, 4TO ?,, = 3,3 MKC U 7,, = 1,4 mm. Torzma B cooTBeTCT-
BuH ¢ (3) ammuryna P, THAPOANHAMHYECKOTO JaBJIEHHs BHYTPU IIPOOUTOrO Mac-
JIOHAINIOJTHEHHOTO KoHAeHcaTopa Tuma WMK-50-3 4YHCIeHHO COCTaBUT OKOJIO
11,5-10° ITa (11,3 arm). IIpu 5TOM MaKCHMAalIbHas TEPMOAHHAMUUYECKAS TEMIIEpa-
Typa T,, B JOKQILHON 30HE BHYTPEHHETO AJIEKTPUYECKOTO MPOOOS BHICOKOBOJIBT-
Horo konpaeHcaropa Tuma WMK-50-3 cormacHo (4) OymeT NpUMEpHO paBHOU
37,1-10°K, 4dTo XOpOWmIO  COrNacyercss ¢  H3BECTHBIMH  PacuyeTHO-
9KCTIIEPUMEHTABHBIMA JaHHBIMH ISl TEMITEpaTyphl HU3KOTEMIIEpaTypHOH MIa3MBbl
CHJIBHOTOYHBIX KaHAJIOB HCKPOBBIX Pa3ps0B B KOHICHCHPOBAHHBIX cpenax [2,9].
Ba)kHO OTMETHTH TO OJHO OOCTOSITENIBCTBO, YTO TPH OTCYTCTBHH B 3aps/IHO-
Pa3pAOHBIX IETSAX MOIIHOTO BBICOKOBONBTHOTO TeHeparopa ['MT-4 3ammTHBIX
BBICOKOBOJIBTHBIX KEPAMUYECKUX PE3UCTOPOB aMILUINTYAA aBapUHHOTO CBEPXTOKa
101 c1a003aTyXalomero KonebaTeNnbHOro pexkuMa paspsaaa ero KOHAEHCATOpOB B
konmgectBe (mc — 1) = 110 mT. Ha OUH JEKTPUIECKU MPOOUTHIN BEICOKOBOJIBT-
Hbel koHAeHcaTop Tuna MK-50-3 mpu uncneHHoM 3HaueHuu no [12,13] HopMmu-
pytomero ko3pounuenra f, = 1,59 nns KpuBoi M3MEHEHUS Pa3psIHOTO TOKa B
Haliem ciydae OKaxeTcs MIPUMEPHO paBHOI [6]:

L= Up- B/ [Lp /(m,. —I)C]l/2 ~361 kKA. DTH pacyeTHBIC JaHHBIEC I aMIUIATY-

b1 1, aBApUIHOTO CBEPXTOKA HATJISJHO IIOKA3hIBAIOT HAM, YTO NPUHATAS B MOIL-
HOM reHeparope I'MT-4 cxema yCTaHOBKH 3alUTHBIX KEPAMUYECKHX PE3UCTOPOB
TBO-60-24 Om obecnieunBaeT MPaKTUIECKH 43-X KpaTHOE OTpaHWYCHUE aBapwii-
HOTO CBEPXTOKA IPH 3JIEKTPUYECKOM IPOOOE ONHOTO M3 €ro BBICOKOBOJIBTHBIX
koHzaeHcatopoB Tuma WK-50-3. IIpuBeneHHbIE BBINIE pe3yibTaThl MOTYT CBHUIC-
TENBCTBOBATh O BBICOKOW 3(P(EKTUBHOCTH HCHOIB3YEMOH B MOIIHOM BBICOKO-
BonbTHOM reneparope ' T-4 Toka momuuu pazpadorkun HUIIKU «Momaus» HTY
«XIIM» TepMOMEXaHUYECKON 3allUThl €r0 BBICOKOBOJBTHBIX HMILYJBCHBIX KOH-
JICHCATOPOB OT aBaPHMHBIX CBEPXTOKOB, BOHUKAIOIIMUX B CIy4yae AJIEKTPUIECKOTO
mpo0os MX Hapy>KHOH WM BHYTPEHHEW HM30JLHM, T. €. B ClIydac HAaCTYIUICHHS
peXMMa KOPOTKOTO 3aMbIKaHMs B Iieny MomiHoro EHO.




BriBoabI

1. Pa3paboTaH MH)XEHEPHO-TEXHHMYECKUI MOIXO0/T K TPUOIMKEHHOMY pacuery
OCHOBHBIX ITOKa3aTeled TepMOMEXaHUYECKON 3alUThl BBICOKOBOJIBTHBIX KOHIEH-
caropoB MomHoro EHD ot aBapuiiHOro cBepxToka, OCHOBaHHOM Ha IPUMEHEHUH B
€ro 3apsiIHO-PA3PSAAHBIX LEMAX 3aIUTHBIX BBICOKOBOJIBTHBIX KEPAMHUECKUX pe3u-
ctopoB Ttuna TBO-60. B 4ucno Takux mokasaTeledl pacCMaTpUBAEMOW 3aIUTHI
KOHJIEHCATOPOB 3apsiIHO-pa3psAAHbIX Hened MomHoro EHD BXxogut orpanndeHne
aMIUIUTY bl [,, aBapMHHOTO CBEPXTOKA, AMIUIMTYABI P, THAPOIMHAMHYECKOTO
JaBIICHUS] BHYTPU MPOOUTOrO MAacCIIOHAIIOJHEHHOTO KOHJAEHCATOpa U MaKCHMallb-
HOTO 3HadyeHus 7,, TEPMOJMHAMHYECKON TEMIIEpaTyphl B JIOKAJIBHOM 30HE BHYT-
PEHHETO 3JEKTPUIECKOr0 IMpoOO0s BBICOKOBOJIBTHOIO KOHAEHCATOPa MOIIHOTO
EHD, a taxke mpepriBaHUE aBapUfHOIO CBEPXTOKA 33 CUET BO3MOXKHOTO B3PBIBO-
00pa3HOro pa3pylIeHHs 3alIUTHBIX KEPaMHYECKUX PE3UCTOPOB HAa BBICOKOBOJIBT-
HOM BBIBOJIE ITPOOUTOTO CHIBHOTOYHBIM 3JIEKTPUYECKUM Pa3psiioM KOHIIEHCATOpa
EHD.

2. IlpeioxkeHHbIE B paMKaxX pacyeTHON OLIEHKU OCHOBHBIX MOKa3aTelleld TepMo-
MEXaHUUYECKON 3alllThl BEICOKOBOJIBTHBIX KOHICHCATOPOB 3apsHO-Pa3psIHbIX Iienei
MorHbx EHO npubmmkennbie cooTHOIEHU (2)—(4) mpomum onpeeneHHy o Mpak-
THYECKYIO arpoOaIiio Ha ISWCTBYIONIEM HaTypHOM 00pasIie MOIITHOTO BBICOKOBOJIBT-
Horo EHO pazpaborkn HUTIKU «Momams» HTY «XT1N» (BBICOKOBOJIBTHOM I'eHepa-
tope ITUT-A [11,13]), akTHBHO KCTIONIBE3yEMOT0 B HACTOSIIIEE BpeMs Ha IKCIIEPUMEH-
TambHOM 0a3e MHCTUTyTa TIPU HCIBITAaHUSIX OOBEKTOB ABHAIIMOHHONW M PaKETHO-
KOCMUYECKON TEXHUKU Ha CTOMKOCTb K IPSIMOMY BO3/CHCTBUIO HA HUX TOKA UCKYCCT-
BEHHOW MOJIHMM C HOPMUPOBAHHBIMH B COOTBETCTBHH C MEXIYHAPOAHBIMU TpeOOBa-
HUSAMH aMIUTUTYTHO-BPEMEHHBIMH [TapaMeTpaMu.
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VK 621.3.022: 621.7.044.7

OcHOBHI NOKAa3HHKH TEPMOMEXaHIYHOI0 3aXHCTy BHCOKOBOJbTHUX KOHJIEHCATOPIB B 3apsi-
JHO-PO3PSAIHUX KO0JIAX MOTY:KHMX €EMHiICHHX HAKONMYYBa4iB eHeprii Bix aBapiliHux HaacTpyMmiB /
M.I. BapanoB // Bicuuk HTY «XIIl». Cepis: Texuika Ta enekrpodisuka Bucokux Hampyr. — X.: HTY
«XI1I», 2014. — Ne 50 (1092). — C. 20-27. — bi6miorp.: 13 na3s. — ISSN 2079-0740.

HaBenieHO pe3ynbTaTH PO3PaxyHKOBOI OLIHKHM 0OMEXEHb BCTAHOBICHHMH B 3apsAHO-PO3PSITHAX
KOJIaX TMOTY)XHHX €MHICHHX HakomudyBadiB eHeprii (EHE) 3axucHUMH BHCOKOBOJBTHHUMH KepaMidHH-
MH PE3UCTOpaMU aMILTITy]] aBapiiiHOr0 HAJCTPyMy, THCKY 1 TeMIlepaTypy B JOKAJIbHIN 30HI BHYTpill-
HBOTO €JIEKTPUIHOr0 MPOOOI0 MACIOHAIOBHEHOIO BHCOKOBOJBTHOTO IMITYJIBCHOTO KOHJEHCATOPa BKa-
3anux Kl EHE 1 po3BUTKY CHIBHOTOYHOTrO IUIA3MOBOIO KaHAIly iCKPOBOTO pO3psiay B HOro piikomy
TETeKTPUKY.

KuiouoBi ci1oBa: NOTyXXHHI €MHICHUI HAaKONNYyBad €HEPrii; BHCOKOBOJBTHHH KOHJCHCATOD;
3aXMCHUI PE3UCTOP; OLliIHKA 0OMEXKEHb CTPYMY, THCKY 1 TEMIIEpaTypH.

V]IIK 621.3.022: 621.7.044.7

OcHOBHBbIE MOKA3aTeJH TEPMOMEXaHUYECKOM 3aIUTHI BHICOKOBOJIBTHBIX KOH/IEHCATOPOB B
3apsAHO-PA3PSAHBIX HeNsIX MOLIHBIX €MKOCTHBIX HAKOMHUTeJIeil JHePrul OT aBAPHIHBIX CBEpPX-
TokoB / M.U. Bapanos // Bicauk HTY «XIII». Cepis: Texnika Ta eixektpodi3nka BUCOKHX HApyr. —
X.: HTY «XIll», 2014. — Ne 50 (1092). — C. 20-27. — bi6miorp.: 13 na3s. — ISSN 2079-0740.

IIpuBeneHsl pe3ynbTaThl PAacUeTHOW OLEHKM OrPAaHHYCHHH YCTAHOBJICHHBIMH B 3apsIHO-
Pa3psIHBIX LETSIX MOLIHBIX eMKOCTHBIX Hakomutened sHeprun (EHD) 3amuTHEIMU BEICOKOBOIBTHEIMA
KepaMIYEeCKHMH Pe3UCTOpaMH aMILIUTYJ aBapHITHOTO CBEPXTOKA, IABJICHUS M TEMIIEPATypPhl B JIOKANIb-
HOI1 30HE BHYTPEHHETO dJIEKTPHIECKOro Mpobosi MacIOHAIIONIHEHHOTO BEICOKOBOJIBTHOTO UMITYJILCHOTO
KOHJIeHcaTopa yKa3aHHbIX lerneid EHD 1 pasBuTHS B €ro )HIKOM AMIICKTPHUKE CHIBHOTOYHOIO ILIA3-
MEHHOT0 KaHaJla HCKPOBOTO pa3psizia.

KutioueBble c10Ba: MOIIHEINH €MKOCTHBII HAKOIIUTENb SHEPIHH; BHICOKOBOJIBTHBII KOHICHCATOP;
3QIUTHBIN PE3UCTOP; OLIEHKA OrPAHHMYCHHI TOKA, JABJICHHS U TEMIIEPATYPHI.

The Main Indicators of Thermomechanical Protect of High Voltage Capacitors in the Charge-
Discharge Circuits Powerful Capacitive Energy Storage from Emergency Overcurrent /
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M.L.Baranov // Bulletin of NTU "KhPI". Series: Technique and electrophysics of high voltage. —
Kharkiv: NTU "KhPI", 2014. — Ne 50 (1092). — C. 20-27. — Bibliogr.: 13. — ISSN 2079-0740.

The results of calculation estimation of limitations are resulted set in the charge-bit chains
of powerful capacity stores of energy (CSE) the protective high-voltage ceramic resistors of am-
plitudes of emergency very large currents, pressures and temperatures in the local area of internal
electric hasp of the oil-immersed high-voltage impulsive condenser of the indicated chains of
CSE and development in his liquid dielectric of heavy-current plasma channel of a spark
discharge.

Keywords: powerful capacity store of energy; high-voltage condenser; protective resistor; esti-
mation of limitations of current, pressure and temperature.
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