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Summary 

In the designs of recent ye&rs( 1•2) connected with the creation of 

auperoonducting synchrOtron w1Dd1nge,SO iDductive energy storages, auper­
ccnducting and cryogenic d.c. and a.c. cables much attention is Siven to 
~he questions of correct selection of electrical isolation. A uu.ber of 
pap~ra(J•4 • 5 • 6 • 7}are deTOte4 to studing the dielectrical strenai;h of the 

isolation, operat1111> under cryogenic conditiona. Hovenr, these queeticina, 
in partic1Uar the electrical again& of cryogenic layer isol&Ucn, han -not 
yet been· studied veil enough. 

This paper presents th8 description of the setup to investigate the 

Bho~ - and long tara electrical stracth of differ~nt dielectrics ~ ~ 
the elements of auperoonductilll> devices in the mediua of pseous and llqo.. 
uid Ditrogen and hellua.· .ls in ref. (8 ) one can observe a significant sea~ 
ter of the values of breakdown volta&e stress (B) of_tvo an4 eepeciall7 

one layer of a 10 r W¥lar f1l.ll, that i~- explained, evidently, by the pres­
ence of local film defects • .lt an a.c. voltage of 50 cps the short tara 
electrical atrenai;h of tva W¥lU ~era vas' 24GJ:, 8'? ltV asx/ .. -for all _the 
range of studied cryogenic aedias,at a d.c. voltage·- 460!90 ltV/ ... The 

velocity of increasilll> the' volt~e was •aoth and 'cauU be equal to .Q 
value in _the rqe of Oo15+2.7 kV/eec. At the both types of voltage during 
th~ tests the ~1&1 dischargea(9, 12) were observed~the intensity of which 

sometimes achieved 10~5 ·cculoab.- · 
The long term electrical· str81ll>ih of the mylar film durtDc·the tests 

at-50 cps in liquid hellwa can be chara~terized by th~ vol:t; ...... time-to 
. . . . ' -

. breakdown curve ("curie of.llfe") obtained by us, i.e. by the dependence 
lgi:' • f(l.gB), where \:. is the service tias ~f the isolation. 

The analogous dependences for dielectric films in warm media~ are 
presented in ref.< 11 >, where the mechanisa of electrical ageing is. aain1J 
connected _with oxidising processes- on the film surface resul.tilll> from the 
interaction of partial discharges in_ the presence of oxygen. In our investi­
gations· on ageing the range of breakdown voltage stress was from 200 up t_o 
400 kV max/~rt~~.,_ the service time --up to 70 mino Under conditions of the· 
performed experiment& at 200 kV max/ma a abarp increase of the film service· 
time vas observed. The dependen~ of the partial discharges intensity upon 
that of the electrical field taken durilll> the tests on the mylar agei.JI& is 
also presented. 

-One can conclude, that the mylar isolation •ages" in the inert 
mediua of liquid helium. 
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B nocne.nHne- ·ro,nbL-cocTaBneHo MHO:lKeCTBO npoeKTOB 
KpnoreHHblX H CBepxnpOBO.I\HIUHX ycTpOHCTB. Ha BbiCOKHe . 
HMnynbCHbie, nepeMeHHbie H noCTOHHHbie pa6ol.rne HanpH:lKe_-. 
HHH: · OT 3 KB • ,!\JIH CB~pxnpOBO,!\HIUHX o6MOTOK CHHXpo­
TPOHOB I 1l - ·.no 140 · n 200 KB - .nni cuepxnpouo,nHmnx 

. Ka6eneii, COOTBeTCTBeHHO. _ llOCTOHHHOrO H .nepeMeHHOrO 
TOKa, .; H 6onee 300 KB' • ~nH CBepxripoBO,!\HIUHX HH.I\YKTHB· 
HbiX naKonnTeneii I 2Z Couepwenno otteaH.nno, ttTo ycnewnoe 
pewenne nepeilncneHHbiX BLIWe 3a,naq ~o3MO:lKHO JIHWb_ npn 
npaBHJibHOM, Bbl6ope JneKTpHtteCKOH' H30nHUHH, K KOTOPOH 
npe,n'bHBnHroTCH Tpe6ouannH, ·c. o.nnoii cl-opoHbi, KoMnaKTHo­
CTH, a c ,npyroii- - BbiCoKoii MexaHHtte.cKoii npottnocTH n 
XOpOWHX ,nn:meKTpHtteCKHX CBOHCTB B KpHoreHHbiX ycnOBHHX. 

B nacToHmee upeiu wnpoKo ncnonL3yercH cnoncTaH 
H30nHUHH Ha OCHOBe nneHOK.H 6y:Mar,"npOllHTRHHbiX KpHo· 

. reHHblMH :lKH,!\KOCTHMH HnH ra3aMH. li3BeCTHbl pa60Tbl, 
HanpnMep, /:J-6/ no nccne.nouannroKpaTKOBpeMtmnoii 3JieKT· 
pntteCKOH npottHOCTH cnoHCTOH H30JIHUHH B KpHoreHHbiX 
ycnoBHHX. Pe_3ynbTaTbi cpaBHinenbHbiX ncnbiTaHnii ]ieKoTo­
pbiX 3apy6e:lKHbiX MaTepnanou B pa3HbiX cpe,nax npnue.nenbl 
na pnc. 1.- · · . ·· ... · 

. . 
- flonbiTKY ycTaHOBHTb BJIHHHHe BpeMeHH npnno)KeHRJII 

nanpH»<eHHH na :lneicTpnttecKyro npottHOCTb Kpnorimnoit H30·. 
nHunn,· T .f!. onpe,nenHTb ee cpoK cn}')i<6bi, c.nenann Stone F. T. 
H McFee RJ 7~0HH nonytiHnn 201o·Hoe CHH:lKeHHe Jnel<Tpn-. 
q"ecKoii npottHOCTH . pa3nHttHbiX ,!\H3JieKTPHtleCKHX nneHOK 
npn Bbi,nep:lKKe no.n nanpH:lKeHne:M oT 0,2 .no 5 MHHYT. 
B cpe,ne :lKH,!\Koro a30Ta H renHH. 
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Pnc. 1. Ilpo6HBHbie uanp1DKeiiHOCTH nneuoi< B pa3HhiX cpe.nax. 
Tonll.{HHa 100 MI<M:3nei<Tpo,nhi map p 3DMM- nnoci<oCTh/3/. 
06o3uaqeunn: IITci>3 - nonHTeTpa4JTop3THneu;. Illf -
nonHHMH,n; CTr · - cononnMep TeTpa$TOP3THneua c rei<ca­
lb"TopnponnneuoM; II3Tci> - nonH3THneuTepe4J~anaT; II3 -
nonH3THneu. CnnomHhie nmiHH - nepeMeuuoe uanpn)l(eHHe, 
nyHI<THpH~Ie .- HanpH)I(eHHe nOCTOHHHOrO TOI<a. 
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U:e~hiO ;~acTonoieii pa6oThi »Bnnnoch: a/ nccne.no:Baline 
I<paTI<OBpeMeHHOH :mei<TpH'IeCKOH npO'IHOCTH OTeqec'iBeH­
H.OH · · nneHI<H. II3Tci> ·I naBcaua/ ~ B I<pnoreHHhix· ycno:Bnnx; 
6/ . onpe,nen~HHe ... ee . cpoi<OB . Cny)l(6hi 'B. ·~H,ni<OM' rennn: 

YcTaHOBI<a .nnn 'nccne.zioBaHH·~ BI<niO'Iae-i-' B ce6n:: a/Me_. 
TannH:qeci<HH i<:pnocTa.:r ·-~ 300 MM, · B:bi'cioTou 1300 • ~M 
c BBO,I{OM Ha so' KB;. CMOTPOBhiMH OI<HaMH H cifeHHbiMH 
:meinpo,naMn B · nn,IJ;e_ .nnci<oB c 3ai<pyrneuuLIMH :KpanM:Ii 
,nHaMeTpaMH 25 H 50 MM H3 uep)l(aBeiOuieii CTann; 6/ Bhl" 

. . ~ . . . 

COI<OBOnhTHhie . HCTO'IHHI<H nOCTOHHHOrO H nepeMeHHOro 
uanpn)l(eHHH . /.no . 90 'i<B/. c py'IHhiM H perynnpyeMhiM 
B lliHpOI<OM ,nnana3oHe CI<OpocTeii MOTOpHhiM no,n'heMOM 
uanpH)I(elmH;. BJ H3M.epHTenhHYIO . 'IaCTh, B TOM 'IHCne, 
H3MepnTenh qa·crH:'IIi:hiX pa3pn,noB, Bhi.nonueHHhiii no· Mo·­
cToBoii cxeMe c 'IYBCTBHTenhHOCThiO ,rio 2.10 -ll :K, I<Hno­
BOnhTMeTp. C-96 H H3MepHTenh BhiCOI<oro minpH)I(eHHH 
c . lbni<caUHeii BenH'IHHhi · uanpn)l(eHH» B MOMeHT · npo6on; 
r I BcnoMora TenhHOe I<pnoreuuoe u 3all.{HTHoe o6opy,noBaHHe: 
6.rioi<npoBI<H, TepMoMeTpnn, H3Mepinenh • ypo'Bun .)I(H.ni<oro 
rennn, ra30Bhiii nynhT, 3a3eMnHIOIIlee ycTpoiicTBO • 

KpaTI<oBpeMe'uuan. 3nei<Tpnqeci<a» npo<iuocTh. H3Mepn-
. nach .nnn. o.nuoro. H ,IJ;Byx cnoeB nneHI<H naBcaua TOnlllHHoii 
10 MI<M. Hanpn)Keune no.naBanoch ila .nilci<, .nnaMeTpOM 
25 MM, . a ,nHCI< .nnaMeTpoM 50 M~ 3a3eMiinncn qepe3 
conpoTnBneune 5,1 I<OM. IIneui<a cMaThiBanach c 6o6HHhi, 
uaxo.nnll.{eiicn no.n. 3nei<Tpo.naMH, npoTnrnBanach . Me)l(,ny 
.nnci<aMH H HaMaThiBanach ua I<aTymi<y, yi<penneuuyiO no~ 
I<Phimi<oii I<pnocniTa. BhiCOI<oe . uanpn)l(eune no.naBa_ noch - . 

'nnaBHO CO CI<OpOCThlO OT 0;15 ,no 2,7 I<B/Cei< ,no HaCTynne:­
HHH npo6on. lfcnhiTaHHH .npoBo.nnnHCh B cpe.ne xono,nHhiX 
ra3oo6pa3HhiX n )I(H,Ili<HX · a3oTa n rennn, a Tal<)l(e ua 
B03,nyxe npu a:r~mc4JepuoM .naBneunn •. 

Kai< n B Is/, ua6niO.nanc·n .6onbmoii pa36p~c 3Ha'Ieunii 
uanpn)l(eHHOCTH npo6on Enp. Manhie E np. npn6nH3HTenhHO 
COOTBeTCTBOBanu· npO'IHOCTH npoMe)l(yTI<a 6e3 nneHI<H, T.e. 
3nei<TPH'IeCI<OH npO'IHOCTH I<pnoreHHOH cpe,Ilhl. Ilo3TOMY 
MO)I(HO npe.zin?no:»ani., 'ITO Manhie 3Ha'IeHH» Enp. OTHocnT­
cn I< noi<anhHhiM .nelbei<TaM nneHI<ii. Tai< I<ai< npHMepuo 
I<a)l(,nCH! ,necnToe H3Mepeune .naBano 1ai<oe 3Haqeune Enp •• 
TO MO)I(HO npe,nnonO)I(HTh, 'ITO Ha 1 M HCnhiTaHHOH nneHI<H 
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npHxo,nHTCH, no Kpa:HIIeii :Mepe; ·no 200-.:- 250 TO"Ie'IHbiX 
,ne«iJeKTOB. . . . · .- .'. ... ·. , . . . r 

llpH nepeMeHHO~ Harip.II>KeHHH 50 ru E np • .nsyx crioen 
·IT3T<I» ,nn.11 scero .nuana3oHa KpiwreHHhix cpe.n cocTasuna 
240±80 KB MaKC/MM. 3To npHMepHo ·cosna,naeT co 3rfa­
'leHHeM" Enp., nonyqeHHbiM, a ,pa6oTe / 6/. llpH 'uc;:nLITaHHJIX ~ 
.nsyx cnoes HanpH>KeHHeM nocTOJIHHoro TOKa 3Ha'leHHH 
Kpa TKOBpeMeHHOH npO'IHOCTH 6blriH , B 2 pa3a BbiWe H co-
CTaBHnH 460±90 KB/MM. . , . , . -

llacTH'IHLie' pa3pR.nLI /liP/ Ha6mo.namicL npH o6oux · 
BH,nax Hanp.II)KeHHJI l 9 I · ·f llpH . Haiip.ll>i<eHiiH !.nocTOJIHHoro 

. ·. . . ~ . , . . .· , - . , I 

TOKa perHCTpHpOBanH~b OTHOCHTenbHO pe,nKH~ qp. C po-. 
CTOM BenH'IHHbl. HanpJI>KeHHJI HX 'laCTQTa HHor.zta B03pacTa­
na, o.nHaKo,' no.Rsneaue liP 6L1Jio .nosoni.Ho Heperyn.llpHbiM. 
B HeKoTopbiX cnyqaJix npH ucnbtTaHH.IIX a )KH,nKocTJIX Ha6nlo- • 
,nanc.ll MOIUHbiH qp /Uop.ll,nKa 1Q-5 ;K/, 3a KOTOpbiM TYT 
*e cne.nosan npo6oiil llpH -HCRbiTaHHHX Ha nepeMeHHOM 

• I 

Hanp.II>KeHHH; qp Ha'IHHanH perHCTpHposaTbCJI y>Ke npH 
,yposH.IIXt_Hiinpif*eHHJI,· pasublx nonosuHe E np;·lfHTeHcus­
!'iiociL I""!P\ B! 3·ToM ,cny'lae .nocTaTo'IHO nnasHo poena c yse­
:nilt.ie81ie'M uanp.II>Ke1illi: i 

- !. ' -- J.- ..--~-' . ' . 

OTMeqeHo snHJIHHe cKopocTH no.n~eMa nanpH)KeHHJI aa 
senuquay Enp~!inpH ysenaqeHHH CKOPOCTR B 10 pa3 Enp. 
ysenaqusanocb a 2 pa3a~· 3aBHCRMOCTb senuqHHbi E np. oT_ 
«iJopMW KpBBOi · HCRbiTaTenbHOro HanpJI)KeHHJI, a TaK)Ke 
oT cKopocTR ero no.nLeMa /T~e: speMeHH npuno>KeHHJI aa­
np.II)KeHRJI K H30nJIUBH/ MOlKeT 6b1Tb o6~JICHeHa C UOMOIUbiO 
MexaHR3Ma Bo3,neiicTBHJI liP Ha H3on.IIUHIO I to/: · · · 

3aBHCHMOCTb cpoKa cny>K6W R30n.IIUHR r OT HanpJI>KeH­
HO.CTH :meKTPH'IecKoro nonJI·_ E npx xcnLITaHHJIX Ha nepe­
MeHHOM HanpJI>KeHHH /50 rJ.V ,llJIJI TOHKHX ,nu:meKTpHqecKHX 
nneaoK ·a so3,nyxe H ,npyrax Tennwx. cpe.n~ H3yqanocb, 
uanpHMep, C.H.KoitKOBLIM H A.H.[(HKRHLIM _uf; XapaKTep 
Hait.IteHHOi HMH laBHCHMOCTR l& r = f ( lg £} ,nnJI naBcaHa. 
H3o6pa>KeH Kpusoi 2 Ha pH c. 2. · MexaHH3M :meKTpuqecKoro 
CTapeHHJI Ha B03,nyxe ,nnJI nneHKH naBCaHa OHH CBJI3biBaiOT, 
a octiosuoM, c oKucnB:1-enLHhiMH nporieccaM:u, npoucxo.ns·­
m&MH Ha nosepXHOCTil nneHKH B pe3ynbTaTe B03,neHCTBHJI 

· qp B npHCYTCTBHH .KHcnopo,na. . . . 
. HainH uccrie.nosaHHJI · no onpe.neneHHIO- cpoKa cny>K6bl 

.llBYX CnOeB nneHKH /no 10 MKM/ nascaHa B HHepTHOH 

6·.1 
'; 

2.3 

2,2 

2,f 

:".~-.r ··. :-

~ '' ~ :. , a . ;',. ·'«~·' 't '60' '' .!0 -100~10'1( .· 
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PHc. 2. 3anu'c~MocTL lgr.;,f(lgE}_,nnH ,nsyx cnoes nneHKH 
· ,ll3Tcl», no 10 MKM B nepeMeHHOM none 50 ru /KpHBaJI 1 

nonyqeHa B OHJIH :8 :iKH,nKoM renHH .H cna6o aeo.nHopo,nHOM 
none; Kpuaan 2 · '- B3JITa H3, 11. jcTp.· 16/ ,nnJI pe3KO 
neo,naopo.nHoro nonJI a IJ03,tiyxe npu uopManLHoii TeMnepa-
Type/. KpusaJI 3 - nonyqeuHaJI a. OHJ.IH 3aBHCHMOCTb 
HHTeHC}U'niOCTH- 'laCTH'IHbiX pa3pJI,nOB OT lg£·KB MaKe /MM. 

cpe.ne :>KH.nKoro renHJI noKa3ann, t{TO n:sneHHe yMeHLweHHJI 
cpoKa· cny)K6bi H30nJIUHH c ynenu'leHHeM E HMeeT MeCTO 
H. 3,necb. Ha puc. 2 'KpHBaJI J npe.ncTasnn:eT nony'leHHyro 
HaMH "KpHBYIO >KH3HH". na:BcaHOBOH nneHKH B cpe,ne )KH,nKoro 
rennJI, CHJITYIO B .nuana3oHe uanpJI)KeHHOCTeii OT 200 .no 
400 KB MaKe. /MM H cpoKaX cny:>K6bi,no 70 MHHyT. 3Kcne- . 
pHMeHTanbHaJI TO'IKa ,nnJI 3Haqenun: .lgr = 0 nonyqeHa npn 
CKOpOCTH no.n'beMa HallpJI>KeHHJI 2, 7 KB MaKe I ceK. llpu t 

HallpJI:>KeHHOCTH 200 KB M·aKC /MM Ha6mo,naeTCJI pe3KOe 
yBenH'IeHHe CpOKa cny)K6bi nneHKH_B ycnOBHHX mi.WHX HCllbi­
TaHHH. 3aBHCHMOCTb HHTeHCHBHOCTH qp OT HanpJI~eHHOCTH 
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3neKTpHqecKoro nonn, CHHTaH B ycnoBHHX npoae~eHHoro 
nal>in 3KcnepHMeHTa, npe~cTamieHa i<pHBO~ 3 Ha pHc. 2. 

TaKHM o6pa30M, naacaHoBaH nneHoqHaH H30nHUHH "cTa­
peeT" H B )KH~KOM renHH. llo3TOMY BLI6op cnoHcToii 
3neKTpHqecKoii .H30nHUHH ~nn KpHoreHHLIX H' criepxnpoao­
~HmHx ycTpOHCTB /oco6eHHO HMnynLCHOro H nepeMeHHoro 
HanpH)KeHHH/ ~On)f(eH npOH3BO~TLCH C ,·yqeTOM 3aBHCH­
MOCTH lg T = {(lg £), T.e. TaK HalLIBaeMOH "KpHBOH )f(H3-
HH". 
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