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i1ccneuoB8HHe HeKOTDpbiX ?<i1eKTpOII3DJI51lliiDHHbiX MaTepHanoB 

II KOHCTpy KUHI1, lTpHMeHHeMbiX B CBepxnpoBoOHmHX M8PHIIT8X 
¢H3HKII BhlCDKHX 3HeprHA 

10107 

i13JIO*eHhl OCHDBHhle Tpe6oB8HH51 K 3JieKTpHqeCKOA H30JIHUIIH U HeMeTan

J!HqeCKHM KDHCTpyKUHDHHb!M MaTepHaJiaM, IIClTDJib3yeMbiM I1pH Co3U8HHH 

CBepxnpOBO!IHWIIX M8PHHTDB B VCKDpi!TeJibHDA TeXHHKe. LlaH Kp8TKHA 063op 

JIHTepaTyphl lTD MeXaHHqecKHM U Tenno¢H3HqeCKHM CBOACTBaM H pauHaUHOHHOA 

CTOAKDCTH 3JI<"KTpDH3DJIS'IUIIOHHbTX M8TepH8JI:)5, lTpHMeHs:JeMblX B CBepxiTpDBOLis:J

WHX MarHnTax ,Pn3HKH BbrCDKHX 3HeprnA. OpnsonsTCH pe3ynbT8Tbi npoaeueH

HhiX B OHHH nccnenosaHnil MexaHaqecxrrx n sneKTpl!qecxnx caor1cTB a Kpl!o

reHHbJX yCJIOBHSIX HeKOTDpb!X 3JieKTpD1!3DJ!s:JUIIOHHbJX MaTepnanoB H KOHCTpyK
UIIt!. 

Pa6oTa BbllTOIJHeHa B !Ja6opaTopHH BbrCDKHX sHeprHA Oi15H1. 

TJpenpHHT 06beJlHHeHHOrO HHCTHTyTa HJlepHbiX lfCCJI8JlOB3HHti 

lly6Ha 1976 

C) 1976 061.eOUHeHHI>IU UHC•u•y• .IIOepHWX UCCJie0060HuiiJlY6Ha 

I. BBE.llEHHE 

flporpeCC cpH3HKH BbiCOKHX 8HeprHH peUIBIOUUIM o6pa30M 

CBH38H C HCllOnb30BBHHeM B 8TOH o6nacTH TeXHHqecKOH 

CBepxnpOBOt:IHMOCTH. B HBCTOHIUee BpeMH BO Bcex llpOMbiUI

neHHO p83BHTbiX CTpBHBX paapa60T8Hbl H OCyiUeCTBnHIOTCH 

KpynHhie H aoporocTOHIUHe npoeKThi, npeaycMaTpHBBIOIUHe 

npHMeHeHHe caepxnpOBOt:IHIUHX MarHHTHbiX CHCTeM (eiTMe) 

B KaqecTBe npaKTHqecKH BCeX MBrHHTHbiX ycTpOHCTB YCKO

pHTenbHOH TeXHHKH /I-a/. C10t:18 OTHOCHTCH: J) HMnynbCHhie 

caepxnpoaoaHIUHe (CIT) MarHHThi ( oTKnoHHIOIUHe H cpoKycH

pyiOIUHe ) t:~nH ycKOpHTeneti: HB CBepXBbiCOKHe 8HeprHHi 

2) Cfl MarHHTbl llOCTOHHHOrO TOKB t:~nH UHKnOTpOHOBi 

3) t:IHllOnbHbie H KBBt:lpynonbHbie efl MarHHThl llOCTOHHHOrO 

TOKB t:~nH TpaHCllOpTHpOBKH nyqKQB BTOpHqHhlX qaCTHUi 

4) HMnynbCHbie efl HBKOllHTenH 8HeprHH H efl BbiKniOqaTenH 

t:~nH sneKTpOllHTBHHH H 38IUHTbl 06MOTOK Cfl YCKOpHTeneti. 

eneuHanbHO anH HMnynbCHhiX errMC ycKopHTenbHoA 

TeXHHKH pa3p860T8Hbl H OCBOeHbl llpOMbiUineHHOCTbiO Men
KOt:IHCnepCHbie BHyTpeHHe-CT86HnH3HpOB8HHbie CBepxnpOBOt:I

HHKH Ha TOKH ao 5 KA (a none 5 T), coaep~amHe HecKonb

Ko aeCHTKOB TbiCHq TOHKHX Nb-- Ti HHTeti ( t) 5-;.}Q MKM), 

TBHCTHpOBBHHhiX B Met:IHO-HHKeneBOH MBTpHUe C waroM B 

HeCKOnbKO MHnnHMeTpoa. Ha cerot:~HHUIHHA aeHb MO~Ho 

cqHTBTb peUieHHhiMH OCHOBHbie npHHUHllHBnbHhie BOllpOCbi, 

CBH38HHbie C C03t:18HHeM efl YCKOpHTeneti:: o6ecneqeHbl 
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Tpe6yeMaH OllHOpOAHOCTb IIOnH, llll8HTll'IHOCTb MarHHTOB 
Me.ny co6oA, OTCYTCTBHe "TpeHRpOBKR" MarHRTOB, ll3Y
qeaa panHaUROHHA~ CTOllKOCTb MaTepnanoB B KpRoreHHblX 
ycnOBRHX H Tollo 

2. OeHOBHbiE TMnbi KOHeTPYKUI111 OEMOTOK 
enMe B YeKOPI1TEJibHOI1 TEXHMKE, 
OeHOBHHE TPEEOBAHMH K 3JIEKTPI1YEeKoR 
1130JIHUI111 11 HEMETAJIJIYfliEeKMM . 
KOHeTPYKUMOHHHM MATEPMAJIAM 3TI1X 
OEMOTOK 

HapHny c UHnnanpnqecKoA tflopMoA o6MoToK enMe, e 
ycTpoACTB8X yCKOpRTenbHOA T9XRHKR 0 K8K IIpaBRno, 6ynyT 
DpHM8HHTbCH en o6MOTKR cennoo6p83HOH KOHCTpyKUllll (nn
DOnbHhle ll KBanpynonbHhle M8rHRThl) C HCDOnb30B8Hll9M 
•ene3HbiX MarHRTonpoeonoe HnH 6e3 anx. HanpnMep, nnH
aa llllDOnbHbiX MarHRTOB COCTaBnHeT 4 7 6 M, "TennaH" 
anepTypa -10 eM. 

Yf3B9CTH0 0 'ITO n1060e en YCTpOHCTBO BKnJOqaeT B Ce6H 
pHll aneKTpOH30nHUHOHHbiX KOHCTpyKUHA ( 3YfK), Ka•naH ll3 
KOTOphlX BhlDOnHH9T CBOH OC06hle tPYHKURH, pa6oTaH B cne
UlltPR'IeCKRX ycnoBRHX. llnH paccMaTpHBaeMbiX enMe Mo•Ho 
BbrnenHTb cnenyJOmHe aaH6onee TRDH'IHbie 311K: a) aneMeH
Tbi DpononbHOll H30nHURH ( T.e. ll30nHUiill Me•ny pa3Hb!Mll 
TO'IK8Mll OllHOll ll TOll •e ll8DR, - H8DpHMep, Me*BRTKOB8H, 
Me•cnoeBaH If T,n,); 6) KOpnycHaH ll30nHUHH; B) ll30nHURH 
aneKTpH'I9CKHX TOKOBBOllOB (R3 o6naCTH C KOMH8THOA TeM
nepaTypoA B *HllKHA renHA). 

B cooTBeTcTBRH c npHeeneHHbiMR THnaMn 311K enMe 
MO*HO roBOpRTb 0 pa3nll'Illll B OCHOBHblX Tpe60B8HRHX K 
ll30nHUHH, 0 p83H006pa3HH C8MHX IIpllM8HH8MbiX aneKTpo
ll30nHUHOHHhlX ll KOHCTpyKUROHHhlX (HeMeTannR'IeCKHX) Ma
TepnanOB, 

HecKonbKO enos o6 o6mHx Tpe6oBaHRHX K aneKTpHqecKoA 

H30nHUHH H 0 BenH'IHHe H ¢opMe B03ll8HCTBYIOIIIHX Ha Hee 
aneKTpH'IeCKHX aanpH•eanA - npRMeHHTenbHO K enMe yc
KOPHTenbHoli T8XHHKH, no cpaBH8HHIO C en aneKTpOT9XHH
qe~KHMll ycTpOACTBBM~ (Ka6enH, reHepaTOphl, H8KODHTenR 
nnH 8HeprOCHCT9M H T.n.) llH8neKTpH'I8CKHe CBOllCTBa H30-
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mminr paccMaTpHeaeMbiX enMe npHo6peTaJOT BTopocTenea
awA xapaKTep, ycTyiiaH MeCTO Tpe60B8HHHM BhlCOKOH Mexa
HH'I8CKOH IIpO'IHOCTH, xopOWHX TeiinOtPH3Ii'I8CKHX CBOHCTB, 
panHaUHOHHOA CTOHKOCTH. YpoBeHb B03ll8HCTBY!OillHX H8 
Ii30nHUHIO sneKTpH'I8CKHX H8DpH•eHHH B nepe'IHCneHHhlX BO 
BBeneHHH enM e ycKOpHTenbHOH T8XHRKH ( HCKn!O'IBH RM
nynbCHbi8 en H8KOIIRT8nll) H8Bb!COK. HoMRHanbHOe HaiipH
•eane HCTO'IHRKOB DRT8HHH 0 H8DpRMep, KpyDHbiX HMIIynbC
HbiX nnnonbHblX en MarHRTOB, o6b!'IHO - 100 B. OnaaKO B 
ycnoBRHX aeapHfiHoA sBaKyauHH saeprHR aanpH•eane aa 
KOHUBX o6MOTOK, cornaCHO cyiiieCTBYIOIIIRM npoeKTaM, MO
•eT nocTHraTb 3 KB/ 2/. <t>opMa eo3neAcTBYJOIIIero aa 

R3DnHUHIO HBIIpH•eHRH Dpll 3B8KY8Ullll MO*eT 6hlTb K8K 
3KCDOH8HUHBnbHOH (pa3pHll H8 OMR'I8CKYIO Harpy3Ky), TaK 
H npHMoyronbaoA (pa3pHn aa aennaeAay10 aarpy3Ky, aa
npHMep, Ha pHU nocnenoBaTenbHO BKnJOt{8HHhlX KOpOTKHX 
sneKTpnqecKnx nyr '4/ ). Dpn aToM KpyTR3Ha ¢poHTOB 
B03ll8HCTBYJOillllX HaiipH•eHRA onpenenHeTCH pa6oTOH KOM
MyTRpy!OIIIHX ycTpOACTB CX8Mbl 3BaKyaUHR saeprRR ll MO*eT 
H8XOAHTbCH B npenenax 27100 MC B 38BHCRMOCTR OT RX 

Tllll8 ll 6hlCTponeHCTBifH, 

a) DpononbHaH sneKTpH'!ecKaH H3DnHUHH o6MoToK 

eaaqana OTM8THM cnenyJOWHe '!8Thlpe OCHOBHhlX Tpe6o

B8HHH K o6MOTKaM HMnynbCHbiX enMe ycKopHTeneA: 
1) He06XOllHMOCTb 38MOHOnH'IHB8HHH yno•eHHhlX C oco6oA 
TO'IHOCTb!O BHTKOB o6MOTOKj 8TO AHKTyeTCH BhlCOKHMH 
Tpe6oeaHHHMH K OllHOpOAHOCTH MarHRTHOrO DOnH (~B/B<liT~ 
H aenonycTHMOCTbJO ManeAruero nepeMemeHHH BRTKOB o6-
MOTKH DOll neACTBH8M IIOHnepOMOTOpHhlX CHn, 'ITO Morno 
6bi IIpHBeCTH K 3aMeTHbiM noKanbHbiM CK8'IK8M TeMnepa
Typhl H COOTB8TCTBYJOIII8MY CHH*8Hll!O KpHTH'I8CKOrD TOK8 
( Ic ) ceepxnpoeonHHKa; 2) yMeHbWeHHe n•oyneewx no
Tepb B o6MOTKBX, C OllHOA CTOp0Hbi 0 H M8KCHM8nbHO B03-
MO*H08 ynyq:rueHRe TeDnOOTll8'IH OT o6MOTKH K *HllKOMY 
renHJO (c IIOMOIIIbJO "¢HTHneA" H oxna•naJOIIIHX Kaaanoe),
c npyroA; e pe3ynbTaTe non•aa 6biTb o6ecne'IeHa eo3Mo•
HOCTb pa6oTaTb c ae3Ha'InTenbHbiM ( ae 6onee 0,370,5 K) 
npeewrueaneM TeMnepaTypw ceepxnpoeonanKa o6MoTKH 
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aaa TeMrrepaTypofi *HaKoro renuSI; 3) cseaeaue K MHHHMy
My aqxpeKTa "TpeanpoBKH", rrpn aanH'IHH KoToporo enMe 
swxoaSIT aa pa6oqne rrapaMeTpw rro ToKy Ton&Ko rrocne 
MaoroKpaTawx (ao eTa H 6onee paa) HcKyccTseaawx rre
pesoaos MarHHTOB B HOpManbHOe COCTOSIHHej 4) BhlCOKaSI 

paaHBUHOHHBSI CTORKOCTb KBK CBMOrO iCBepxrrposoaHHKa 
( 6ea CHH*eHHSI ero I c ) 1 TBK H KOHCTpyKUHOHHb!X H aneKT
pOH30nSIUHOHHhlX MaTepHanoB 06MOTOK. 

YacTb na aaasaaawx Bwrue Tpe6osaanfi rrpnsoaHT K ae
o6xoaHMOCTH ITpOITHTKH (HnH ITOCnOHHOro 3aMOHOnH'IHB8HHSI) 
06MOTOK en MarHHTOB anSI YCKOpHTenefi 3ITOKCHaHb!MH CMO
naMH (unu KoMrrayaaaMu). B TaKoM rrpuMeaeauu arroKcua
Hbie KOMrrayHahi ( 3nK) cny*aT KaK KOHCTpyKUHOHHb!H Ma
Tepuan H KaK MaTepuan anSI rrpoaon&aofi aneKTpHqecKofi 
HaonSIUHH. npasaa, HeKOTOpbie rrpoeKTbi, aarrpHMep, MOBY 
(¢paauuSI)I 21,rrpeaycMaTpHBa~T aorronHHTen&Hy~ opraan
qecKy~ naonSIUH~ caMoro csepxrrposoaHHKa. OaaaKo, KaK 
rrocneay~mne MoaenH HMrryn&CHbiX enMe, paapa6oTaHHbiX 
so ¢paaunn ( rrpoeKT ALEC), TaK H apyrue MaraHTbi ( Ae-4, 
Ae-5, 112a , 112b ) rro rrporpaMMe Konna6opauHH GESSS , 
HMe~T BHTKOBy~ H30nSIUH~ H3 rrneHKH OKHCH MeaH. 

B en MarHHTax IlOCTOSIHHoro TOKa MaTepnanoM anSI 
rrpoaonbHOR H30nSIUHH, H8pSiay C 3nK, 'IaCTO cny*aT IIOnH
Mepawe rrneHKH. BHTKOBaSI *e H30nSIUHSI MO*eT ocymecT
BnSITbCSI c rroMoUlb~ paanH'<iHbiX naKosl 5 I. 

Paapa6oTKOH rroaxoaSIIUHX COCTaBOB 3nK anSI paccMaT
pHBaeMbiX enMe Y*e aecKon&Ko neT aaHHMa~TCSI so MHo
rnx Hay'IHhlX na6opaTOpHSIX MHpa ITpH YCKOpHTenbHhlX 
ueHTpax /1,6 - 81 • 

HccneaoBaHHSI paanH'IHhiX 3nK B KpuoreHHhiX ycnoBHSIX 
rrposoaunuc& H B OHHH/9•101 • Hayqannc& cocTaBbi Ha 
OCHOBe aHaHOBhlX CMOn 311-5 H 311-6 B CO'IeTaHHH C anH
cpaTH'IeCKOH cMonofi 113f -1 • TerrnorrposoaaocT& A rrpn KOM
aaTaofi TeMrrepaType TaKoro aeaarronHeaHoro KOMrrayaaa 

BT Ill; 
COCTaBnSieT 0,18+0,25 -K • Yame Bcero B 3nK B Ka-

M. 

qecTBe aarronaHTenSI rrpuMeaSieTCSI rrwnesnaawfi KBapueswA 
rrecoK. 3nK c TaKHM aarronaHTeneM HMe~T Terrnorrposoa-

HOCTb ao 0,5-7-0,6 BTK (rrpu KOMHaTaofi TeMrrepaType). 
M. 
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BT /11/ 
11nSI aarronHHTenSI KBapua MD*Ho rrpHHSITb ..\ = 1,34 -K • M, 

B uaroTosneHHhiX c rroMOIUb~ aanHBO'IHhiX 3nK cReTe
Max HeHa6e*HO B03HHKa~T BHyTpeHHHe HaiipSI*eHHSI - B 
CHny 6onbWOH pa3HHUbl B cpH3HKO-MexaHH'IeCKHX CBORCTBaX 
aneMeHTOB, COCTaBnSI~lUHX TaKHe CHCTeMblo MoaHcpHKaUHSI 
KOMIIayaaoB rrnaCTHcpHKaTopaMH - oaHH H3 CIIOC060B CHH
*eHHSI BHyTpeHHHX HBIIPSI*eHHH. B HaWHX HCCneaoBaHHSIX 
cpyHKUHH rrnaCTHtPHKaTopa BhliTOnHHna YIIOMHHyTaH Bhlille 
cMona 113f -1 ( ao 20 sec.qacT. Ha 100 qacT. ocHoBHofi 
CMOnhi), Y rrnaCTHcpHUHpOBaHHb!X KOMIIayaaoB B HeCKOnbKO 
paa ysenH'IHBaeTCH (aocTHraH 5-7-8% ITpH KOMHaTHOH TeM
rrepaType) oTHOCHTen&aoe yannHeHHe rrpu paapbiBe - rro 
cpaBHeHH~ C HerrnacTHcpHUHpOBaHHb!MH 3nK ( ao 2%). 3TO 
ITOBhlWaeT CTOHKOCTb KOMITayaaoB K p8CTpeCKHBaHR~. 0T
BepaRTeneM B Hawnx KOMrrayaaax cny*an rronaaTRnearronaa
MHH ( n3nA). B KaqecTBe HarronHRTeneii HaMR RCIIbiTaHbi: 
a) IlOpOWKR MeTannOB (Mean, an~MRHRH, 6pOH3b!) j 6) OKRC
nhi MeTannoB ( OKRCb Meaa, an~MRHRH 1 MarHRH) 1 TanbK, 
KBapueBhiR rrecoK; B) oKHCnhi MeTannoB B paanH'IHhiX coqe
TaHHHX apyr C apyroMj r) BOnbcppaMaT KanbUHHj a) HRTpRa 
6opa, Kap6Habi 6opa R KpeMHRHj e) MHKporropOWKR. Harron
aeHHbie 3nK RCilb!TbiBanRCb aa TerrnoBoe C*aTRe ( B *Ra
KOM aaoTe), a TaK*e cTofiKOCTb K TerrnosoMy yaapy ( eTY) 
H aneKTpH'IeCKY~ npo'IHOCTb (B *RaKOM renRR). 

B Ka'!eCTBe o6paauos cny*RnR cTep*HR ~ 10 MM, ana
Hoti: 100 MM, aacKR anaMeTpoM ao 70 MM, Moaena rrpoxoa
HhiX H30nHTOpOB (amraoti: ao 1QQ MM, aHaMeTpOM ao 45 MM), 
MOHOnUTHbie UUnUHapbl ( Bb!COTOti: ao 50 MM 1 aHaMeTpOM 
80 MM) • nyqrue apyrRX U3 HCilb!TaHHbiX o6pa3UOB BenH 
ce6SI B KpRoreHHbiX ycnOBHSIX 3nK C HanonHRTenSIMR: 
TanbKj Tan&K+KBapueBb!ti: rieCOKj OKRCb an~MUHUH. 

Ha puc. 1191 npaseaeaw aaBHCHMOCTR TepMR'!ecKoti: 
uaTerpan&HoA ycaaKu HeKoTopwx R3 rrepe'IRCneHawx o6paa
uos 3nK (aa OCHOBe 3n-5 + 10% n3J"-1) OT KOHUeHTpa
URU U TUIIa aarronHRTenSI (npH oxna*aeHRR OT KOMHaTHOti: 
no aaoTHoA TeMnepaTypbi). CneayeT oTMeTUT&, 'ITO yKa
aaHHbie 3Ha'IeHUSI TepMU'IeCKOti: ycallKU flf/f RCcnenyeMbiX 
3llK CHR*a~TCSI llO senU'IUH 1 6nU3KUX K flf/f I MellU U CTanu 
X18H10T (- 3,2 MMIM) unu an~MHHUSI (- 4,1 MMIM) 
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KoaueaTpaUHH HanonHHTeng 

(B % OT BBCa CMOnhl) 

Ooo3aaqeaHSI: 

1- OKHCb M8I'HHH 

(MgO) 
2- OKHCb 8JIIOMH

HHH ( Al20 ~ 
3- HHTpHtl 6opa 

(BN) c OTBepaH-

TeneM .. I13TIA" 

4 - Kap6Ha 6opa 

(B4C) 
5- Kap6ua KpeM

HHH (SiC) 
6 -TanhK 

( 4Si02 • 3 MgO· H 20) 
7- HHTpHtl oopa 

(BN) C OT_BBptlHTB

neM fl-20 
9 -amoMHHHll: 

10 -6pOH38 

11 - Kap6na 6opa 

( B 
4
0 c oTBepaH

TeneM "I13TIA" 

PH c. l 

TOnhKO npH 3HaqHTenbHbiX KOnHqeCTBBX HanonHHTeng 

( ~ 100% no Becy CMOJ"lbl), KOI'.[la KOMnayHA Y)KB CTBHOBHT

CH HBTBXHOnOrHqHbiM Ami 38nHBKH1 a MO)KBT Ob!Tb peKOMBH

AOBBH TOnhKO KaK IIInaTnBBKa. TaK1 3TIK, HanonHeHHbiH 

TanbKOM, TBXHOnorHqea .[tO KOHUBHTpaUHH He BbiiiiB 70% 

(oT Beca CMOnhl). llnH onpeaeneHHH TBpMHqeCKHX yca,l:lOK 

3TIK HB OCHOBB ynOMHHYTbiX BbiiiiB CMOn C KOMOHHHpOBBH

HbiMH HBnOnHHTBnHMH ( TanbK+KBapUBBb!H: necoK; TBJ"lbK+ 

OKHCb BniOMHHHHj OKHCb 8J:UOMHHHSI+KB8pUBBbiJf llBCOK; 

TBnbK+BHTpHA 6opa) npOBB,l:lBHhl HCCneaoBaHHH HB MHOI'O

qHcneHHhlX o6pa3uax, no pe3ynhTaTaM KOTOphlx nocTpoeHhl 

COOTBBTCTBY!OIIIHB JJ.!JarpaMMbi ( pHc.2) 1 rae tlBHB 38BHCH

MOCTb BenHqHHbi HHTBrpanbHOH YC8tlKH (npH 0Xu8)K.[l6HHH 
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% HHTPHtl8 

0 10 20 30 40 50%' 6opa 

p Jf c. 2. llHarpaMM8 "CocTaB anOKCHtlHDro KOMnayHaa -

HHTerpanbHaH ycaaKa npn oxna)Kaeann oT 293 K no 

77 K". HarronHHTBnH: TanbK, HlfTPHA 6opa HnH Hx CMBCH 1 

OTBepnHTBnh - I13I1A. 

ao 77 K ) oT KDHUBHTpaunH aarronHHTenell:. MHTepecao oT

MBTlfTh1 qTo ycanoqHaH KpHB8H nnH CMBIII8HHOH KOMn03H

UHlf nB)KlfT noqTJf Bcerna Hlf)KB "HHtlHBlfAyanbHhlX" KpHBhlX, 

T.e. ITO nOK838TBn!O TBpMnqecKOll: yCBAKlf npeanoqTHTBnhHBB 

sapnaHT co 8MBIIIBHHhlM HanonHHTeneM. HaHMBHhrnHe ycaa

KH rronyqeHhl rrpn cnenyromnx cooTHorneHnHx HanonHnTenell: 

(nnH 3ll-5 + 10% ll3f-l + I13TIA): TanbK (80%) + Al203 

( 20%) - M I P = 4,6 MMIM ( oxna•neHHB no 77 K); TanhK 

(90%) + Al203 ( 10%) - M!P = 4,2 MMIM. 

Oco6eHHD rrepcneKTHBBH B KaqecTBB HarronHHTenH HHT~ 

pHn 6opa ( BN ) • 3TIK c BN ( 40% K secy cMonbi), xoTSI 11 

HMB!OT TBpMHqecKyro ycanKy, 6onhiiiyro, qeM 3I1K C Tanb

KOM, o6nanaroT, onHaKo, BbiCOKDll MBXBHHqeCKOll: npoqHOCTh!O 

H He pacTpecKHBaroTcH npH 4 K (s cpaBHHTBnhHO He6onh

wnx no o6beMy KDHCTPYKUHHx). CornacHo aTol peKoMeHna

UHH, rrpoiiina HeonHDKpBTHbiB yciiBlliHbiB HCnbiT8HlfH B )Klfn-
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KOM renHH MODB~b CBepxnpOBODHlliero BhlKnroqaTenH Ha 
0,9 KA ( UHnHHDP ri 224/216 MM, BbiCOTOti: 20 MM), 38nH
Toro anOKCHDHbiM cocTaBoM c BN!l 2f 

0T6op 3DK DnH KpHoreHHhlX npHMeHeHHti: TOnhKO no Be-

nnqHHe TepMnqecKoti: ycaaKH npoBeCTH HeB03MO~Ho. TaKoti: 1· 
Bb!60p HBnHeTCSJ KOMnneKCHbiM H T8K ~e, KBK H DnH DpyrHx 
nonHMepHbiX MaTepnanoB ( B TOM qncne nneaoqHbiX), Mo~eT . 
6b!Th ocymeCTBneH, HanpHMep, no MeTODHKe, DBHHOti: B 19! · 
3acny~HBaeT BHHM8HHSJ TBK~e 3DK ropgqero OTBep~DeHHH rl 

(c MfTct>A) Ha OCHOBe CMOnbi 311-6 + 20% 113f-1 c Ha
nonHHTeneM - KBapueBhlti: necoK. 3ToT cocTaB o6naaaeT 
BhlCOKOti: aneKTpHqeCKOI npoqHOCThiD B ~HDKOM renHH 

KB 
( 32-), TaK ~e KaK H 3DK Ha OCHOBe 311-5 C aanon

MM 
HHTeneM TanhK (45%) + KBapueBhlti: necoK (45% oT Beca 

CMOnbi) o 

MexaanqecKHe, Tenno~H3HqecKne H aneKTpHqecKne 
CBOti:CTB8 HeKOTOphlX nneaoqHhlX DOnHMepHhlX MaTepHanOB, 
KOTOphle TaK~e MoryT 6hlTh HCnOnh30B8Hhl B KaqecTBe 
npoaonhHOfi H30nSJUHH CDMC, DOBOnhHO nonHo npeDCT8Bne
Hbi1 HaDpHMep, B /13/. 

Pe3ynhTBThl HeKoTophlx HccnenoBaHHA nonHMepHhlX nne
HOK, nonyqeHHbie B 011.Hl1, npencTaBneHbi B 114- 161 H 

/9/ 
Ta6n. 1, 2 • 

6) KopnycaaSJ H30nHUHH o6MoTOK 

3neKTpHqecKaSJ MHorocnoti:H&H H30nHUHH 06MOTOK pac
CM8TpHB8eMbiX CDM C OT MeTannnqecKHX K8pK8COB MO~eT 
6biTh BhmonHeaa H3 nonnMepaoti: nneHKH, HanpHMep, naBca
HOBoti: ( D3T¢) HnH nonHHMHDHDti:. KaK npaBHno, 6biBaeT DO-

CTaToqao 3 cnoeB nneHKH Tonmnaoti: 20-50 MKM. Dpn aToM 
MeHhmee KonnqecTBO cnoeB H3-3a HannqHH noKanhHhlX ae-
~eKTOB CTpyKTypbi nneHKH He MO~eT cqnTaThCH npHeMneMb!M. 
Do HalliHM H3MepeHHHM /l 6 / KpaTKOBpeMeHHOti: aneKTpnqecKOR 
DpoqHOCTH naBcaHOBOti: nneHKH TOnlliHHOti: 10 MKM MO~HO 
OpHeHTHpOBOqHO cqHTaTh 1 qTo Ha 1 M 2 T8KOA nneHKH DpH
XODHTCSJ, DO KpafiHeti: Mepe, DO 200r-250 ToqeqHbiX De~eKTOB. 
3neKTpoH30nHUHH oT KapKaca H ~naaueB (n apyrnx MeTan
nnqecKHx qacTeti:) MO~eT 6biTh BbiDOnHeHa TaK~e HeCKOnh-

10 

Ta6nnua 

CTaTnqecKne MexaHHqecKHe cBoti:cTBa nonnMepHhlX 
nneHOK H Ka6enhHOR 6yMarH (lliHpHH8 o6pa3UOB 15MM) 

pa3pbiB- npoqHocTh OTHOCH~I 
TeMnepa- HBSJ CHna DpH pa3pbi- TenhHDel 

MaTe pH an Typa HC- (Kr) Be (KrfMM) YDnHHe-~ 
TOnWHH8 ( MM) DbiTaHHti: cpeaHee 3HaqeHHe H3 HHe npH 

(K) nSJTH H3MepeHHti: pa3pbiBE 
(%) 

~ToponnacT 296 1,44 3,86 138 
0,025 77 4,42 12 2,28 

naBcaH 296 2,06 13,8 169 
0 01 77 2,87 19,1 6 

naBCaH 296 14 19,8 131 
0,05 77 17,4 23,2 4,25 

Ka6enhHaSJ 6y 296 16,3 8,15 5,6 
!Mara 0,135 77 15,9 7,9 1,44 
MenHHeKC 296 29,7 19,7 109 

0,1 77 37,8 25,0 4,86 
-

KHMH CnOHMH CTeKnoneHTbi, nponHT8HHOA HanonHeHHbiM 
anOKCHDHbiM KOMnayHDOM - C nocneayromeA: o6pa60TKOA: 
KapKaca Ha ToKapHoM cTaHKe. nocneaHHA: cnoco6 npeanoq
THTenbHee, TaK KaK D03BOnHeT nerqe BbiDDnHHTb BbiCOKHe 
Tpe6oBaHHSJ K yKnaaKe BHTKOB o6MoTKH. K TDMY ~e TaKoA 
KapKac 6onee ~ecTKHR, qeM c nneHoqaoA H3onSJUHeA. 

3neKTpHqecKaH H3DnSJUHH MarHHTa OT KpHOCTaTa MO~eT 
BbiDOnHHTbCB B BHDe ODOpHbiX H npOCTaBoqHbiX KOHCTpyKUHti 
H3 apMHpoBaHHoro 3DK, cTeKnoTeKcTonnTa. B HeKoTDpbiX 
cnyqagx Mo~eT H 3DeCh npHMeHBThCB MHorocnoAHaSJ nne
HoqHaSJ H3DnSJUHH. OaHaKo H3 ycnoButi Heo6xoaHMOCTH xopo
mero TennoDTBODa DT o6MOTKH K xnaaoareHTy, MOryT 6b!Th 
peKoMeHDOBaHbl 3J1K, rae clJyHKUHH KopnycHoA: H30nSJUHH 1 

HapBDY C DDOpHbiMH KOHCTpyKUHBMH, BbiDOnHSJeT caM ~HD
KHti renuA. CBoti:CTBB ero KaK DHaneKTpHKa y~e DDCTaToq
HD DOnHO ODHCaHhl B nuTepaTyp~/ 171 
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T a 6 n 11 u a 2. 

Bmrsmne cpeabr, ¢opMbi H cKopocTH rroa'heMa 

HarrpH~BHHH H8 KpaTKOBpBMBHHYID ITpO~HOCTh 
CnOHCTOH ll30nHUHH / 9/. 

MamepuaJJ Eo.3"'*tJe E>~tNz .. ~ f.o.Jo~t Nt EJt&·OJ 
E 2.S"'*N E~x~a £.,a,a*.N; ~0,3 

nV! 250 ZSD _ 335"- 335" :Q 6 
~0MkM' 1 310 =O,B 250 - 1•0 

250 - 1
•
3 

~iO ' 

n3rcp 235 =0.7 235-06 ~too _
17 LjQO 1 

iQ MkM x 2 325 0,5 275"- , 235 - . 2 37o=_iu, o,g 
nrcp.3 280 =09 280 445 :16 ill_=0

1
1 cO MI<M• i 290 . 390 =D,l ZBO I 630 I 

KB go jQ__5~ 175 -1 g 115 =86 
90MkM • -f go~1.0 17- I 90 - I 20 I 

E o.3"' '* Nc:-npobu~HOA HOnPAJ!ceHHocrnb nPU ckopocrnu noO&eMQ 

o.:. KB/c, 5"0 ru,, B JkuokoM Q30me., I<BMakc/MM. 

f" Bo;nyx = 01.3- npo1iu~HOA HanpmkeHHocmb b &cni)yze npu Han
p~eHuu nocmoRHHOW rnoka , ckopoc.mb 

noai'>eMQ Hanp,<DfceHUfl 013 t<B/c, KBjMM 

• - cpe.ilou AB11AJ1Cff -*uakuu zenuu , a He :H<u~kuu mom, 

TiocnOHHOB ll Hapy~HOB 6aHaa~HpOBaHHe 06MOTOK
1 

Ha

ITpHMep, lllliTOnhHhlX MBrHHTOB 1 HHoraa OCYlilBCTBnHBTCH KBK 
ITOCnOHHhlM 8ITOKCKllHpOBaHHBM 1 TaK ll Hano~BHHBM Hapy~
Hb!X HeMeTannnqecKHX 6aHaa~etl: ( HarrpnMep, ¢n6eprnacco
BbiX B annone .Ll2 b 121). CneayeT HMBTh B snay, ~To 6aH

aa*H B TaKHX KOHCTpyKUHHX llHnonetl: BOCnpHHHMaiDT Mar
HHTHOB aasneHHe ao 130 T (s annone .Ll2 8 

). 

B) H3onHUHH ToKossoaoB 

.LlJCTaTO~HO nonHhlH 063op no TOKOBBOllBM B ~HllKHH 
renna, B TOM qncne no ITpHMBHHBMbiM KOHCTpyKUHHM, aaH 

118/ 
B • 

0co6BHHOCTHMH renHH, B 3Ha~HTBnhHOH CTBITBHH OITpeae
nHIDlilllMH Tpe6oBaHHH K 3HK TOKOBBOllOB, HBnHIDTCH, BO-

12 

t • 

rrepBbiX, oqeHh HH3KaH sneKTpHqecKaH rrpoqHoCTh ra3oo6pa3-

KB 
HOrO TBITnoro renHH (-0,8-) H, BO-BTOpbiX, Hll3KaH 

MM 

aneKTpHqecKaH rrpoqHoCTh ra3oo6pa3Horo renHH saonb rro

BepxHoCTH llll8nBKTpllKOB, OC06BHHO B yCnOBHHX HBOllHOpOll
Horo sneKTpHqecKoro rronH. OaHaKo anH paccMaTpHBaeMhlX 

CTIMC ycKopHTenhHotl: TBXHHKH co3aaHne 3HK TOKOBBoaoB 
HB HBnHBTCH rrpo6nBMOH C 8nBKTpOH30nHUHOHHOH TOqKH 3pe
HHH. 

3HK TOKOBBOllOB BbiiTOnHHIDTCH, KaK rrpaBirno, C ITpHMe
HBHHBM MHOrocnofiHOH H30nHUHH ll3 ITOnHMBpHOH ITnBHKH 

(nascaH, QJToporrnacT), cTeKnoneHThl, rrporrHTBHHotl: Harron

HBHHbiM 3TIK, 38nHBOqHbiX snOKCHllHbiX KOMITayHllOB C pa3-

nHqHbiMH H8ITOnHHTBnHMH ( HaiTpHMep, HHTpHa 6opa, TanbK, 
KB8pUBBhlH ITBCOK) • .LlnH llCKniDqBHHH onaCHOCTH ITOBBpXHOCT
HhlX rrepeKphlTHH TOKOBBOllOB 1 OC06BHHO B o6naCTH Terrnoro 

ra3oo6pa3Horo renHH 1 MO~BT 6hlTb pBKOMBHllOBBHa KOH

CTpyKUHH C "3aKpb!TOfi" 60KOBOH ITOBBpXHOCThiD H30nHUHOH
HDro OCTOB8 TOKOBBOll8 H "HaBBCOM", OK8H~HBaiDlllHMCH 
8Kp8HHpyiDll1HM KOnhUOM/l 9 / (pHC. 3). 

3. 0 PA.LlHAUHOHHOH CTOHKOCTH 

3nEKTPOH30nHUHOHH~X MATEPHAnOB 

H 3HK CTIMC YCKOPHTEnbHOH TEXHHKH 

Borrpochl paaHaUHDHHotl: CTOHKDCTH cneayeT paccMaT

pHBBTh OC06o, H B 8TOM - OllHO H3 npHHUHITHBnhHbiX DTnHqHfi 
B Tpe6oBaHHHX K sneKTpHqecKofi H3DmiUHH CTIMC ycKopH

Tenetl: 11 aneKTpoTBXHHqecKHX ycTpofiCTB. Pe3ynhTBTbi HeKo

TOphlx HCCneaOB8HHH CBOHCTB aneKTpOH30nHUHOHHhlX MaTe
pHanoB, o6nyqeHHhlX DpH HH3KHX TBMrrepaTypax, npHBBABHhl 
B /8,17,20-22/ H Ha prrc. 4-7. 

4. 3AKnJOIJEHHE 

TipHBeaeHHhiH Bbime o6aop no3BonHeT caenaTb. cneayiD
mrre BbiBOAbi: 

I. 3neKTpHqeCK8SI H3DnHUHH B en MarHHTax, rrpeaHa-

3HaqeHHhiX anH YCKOpHTBnbHOH TeXHHKH, SIBnHBTCH BB*Hh!M 
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8 

~L 

-----

6 

s 

_ _i 

2~ 

.ii 

2I 
-~--

7 

/~ 
/ -!t 

.. ~ 
-~--=-==:.--_-..:=_ -

---------JQ_ 

pH C, 3, BbiCOKOBOnbTHbifi BaKyyMHblfi BBO.Q B BBHHy C 
)l{li.QKHM renneM I 19 I: 1 - ToKoeeaymnfi cTep)l{eHb; 
2 - COCTBBHOfi H30nRUHOHHbifi OCTOB (2a H 2B - TBep
.QBR naonRUHR, 26 - BaKyyM); 3 - aaaeMneHHbiii lf!naaeu 
C yannHeHHOfi B CTOpoHy )l{li.QKOI"O renng CTenKOA H3 
aep)l{aBeromefi CTann; 4 - ypoBeHb )I{H.QKoro rennR; 
5 - 9Kpaanpyromee Konbuo; 6 - oTBepcTHR anR BbiXO.Qa 
raaoo6paaaoro rennR, CKannnearomerocR y xonoaaoro 
TOpua H30nRUHOHHOI"O OCTOBa; 7 - CHnbtPOHHbiii TepMO
KOMlleHCBTOpj 8 - OTBepCTHe .QnR OTKaqKH BBKYYMHOI"O 
npocTpaHCTBa 26; 9 - BaKyyMHhlii BeHTHnb; 10 - ea~ 
KyyMHoe ynnoTaeHne; 11 - KpbiiiiKa renHeBoro KpnocTaTa, 

2 3 
lO IITIIOOt ~-

1 

i 
JO 

10 

0 - ~-, 

0 •' 
T,l~ 

~ -j 

1'~ 
. .. I 

.. T"~~ 
to• 

--l 

I 

-~--. .. 
10 

Dose (rad.) 

P n c. 4. BnnRHHe paanaunn Ha MexaanqecKne ceoifcTea 
nonnnMnaa ( Vespel SPl ) np~ 77 K 1201 : 1-npeaen 
npoqHOCTH Ha pa3pbiB 1 KfiMM; 2-0THOCHTenbHOe y.QnH
HeHHe npn paapbiBe, %; 3-Moaynb ynpyrocTn npn pac-

2 TR)I(eHHH 1 Kf I MM • 

KOHCTpyKUHOHHbiM 9neMeHTOM 06MOTOK; K 9neKTpHqeCK01i 
npoqHocTn naonRUHH npea~RBnRroTCR yMepeHHhle Tpe6oea
HHR, 

2. B HacToRmee BpeMR peweHhl nonaocTblO nnn qacTnq
Ho OCHOBHhle npo6neMhl 1 CBR38HHhle C llpHMeHeHHeM 
9neKTpoHaonRUHOHHbiX MaTepnanoe B o6MoTKax CDMC: 

ycTpaHeHhl HnH yMeHbiiieHhl 9tPtPeKThl TpeHHpOBKH CD Mar
HHTOB; Hafi.QeHbl H HayqeHbl Y.z:IDBneTBOpHTenbHbie H30nR
UHOHHhle MaTepHanhl; HCCne.QOBBHhl 9neKTpOH30nRUHOHHhle 
ceoiicTea )I{H.QKoro renHR. CoaaaHbi 9neKTponaonRUHOHHbie 
KOHCTpyKUHH o6MOTOK H TOKOBBO.QOB pa3nHqHDI"O THna, 
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i nrr'1 
10 

Dose (rad.) 

P II c. 5. BnH5IHHe paJJ.HaUHH Ha MexaHHqecKHe csotfcTBa 
9TIOKCHJJ,8 H8 OCHOBe apOM8TifqecKOH CMOnhl Opll 77 K/ 2 0~ 
1 ·_ npeJJ.en npoqHoCTH npH paCT5I)I{8HHH, Kf IMM 2 

2 - OTHOCHTenhHOe YJJ.nHH8HH8 Dpll pa3pb!B8 0 %; 
~ 3 - Monynh ynpyrocTH npH pacT5I)I{8HHH, K~ IMM ~ 

4 - npenen npoqHoCTH npH H3rH6e, KfiMM ; 5 - npo
rH6 npH nonoMKe, MM; 6 - Monynh ynpyrocTH npH H3-
rH6e, Kf I MM 2 • 

3. Dponon)l{aeTC5I yrny6neHHoe H3yqeHHe p5Ina sonpocos, 
CB5I38HHhlX C HCTIOnh30B8Hli8M CD MarHHTOB B YCKOpHTen5IX 
Ha CB8pXBhlCOKH8 SHeprHH, H8DpHMep, B031leHCTBH5I panHa
Ullll H8 li30n5IUHOHHhl8 M8TepH8nhl. 

ABTOphl Bhlp8)1{8IDT rny6oKym 6naronapHOCTh npo¢ec
qopy A.f.3enhllOBJilqy 38 TIOCT05IHHOe BHHM8HH8 K pa6oTe 
H yqaCTHe B o6Cy)l{ll8Hli5IX pe3ynhT8TOB HCCnellOB8HHH, 
B.~.MHHeHHY - 38 MHoroneTaee H nnonoTBDpHoe coTpyn
auqecTBO, a T8K)I{e D.f.CMHpHOBY - 38 TIOMOWh B npoBeJJ.e
HHH 9KCD8pHM8HTOBo 
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'0~ 15~1500-

10• tO• 1000+ 

10+ 5+ 500+ 

+ 
.. ... + 

I ... 
' !Z 

T .. ... 
oi 1 

I 

.L l '-l"- 1 
Dose (rad.) 

I ' ' l "nt 1 1 Tr·nr ' I T 1 f 'fTrj 

0 107 101 to' IOlo 

PH c. 6. BnHHBHe paJJ.HaUHH aa MexaauqecKHe csoficTBa 
120/ nonHTeTpa¢TopsTHneaa ( Te¢noaa) rrpH 77 K' • 1 - npe-

nen npoqHOCTH DpH paCT5I)I{8HHH 0 KfiMM2j 2 - OTHOCH
TenhHOe ynnHH8HHe DpH pa3phlBe, %; 3 - MDJJ.ynh ynpy
rOCTH npH pacT5I)I{8HHH, Kf I MM 2. 

MH 
MY 

200 

120 

H8DpH)I{8HHe 
H3rH6a 

DMMA 
B )I{HJlKOM 
remm 

aeaanonaeaHaH 
9TIOKCHJJ.H8H CMona 

s B03JJ.yxe \ 
B 

a3oTe 40 

0:-~:.7--~--~--~--~ 
106 107 109 108 JJ.03a (paJJ..) 0 

PH c. 7. BnHHHHe paJJ.HBUMH aa npeJJ.en rrpoqaocTH npH 
H3rH6e rronHMeTHnMeTaKpHnaTa ( DMMA) H 9ITOKCHJJ.HOH 
CMOnhl, o6nyqeHHhlX B B031lYXe HnH B KpHoreHHhlX )KHJJ.
KOCT5IX/l7/. 

17 



nHTEPATYPA 

1. IEEE Trans. on Magnet, Vol.Mag-11, No.2, 
III.l975 (Proc. or Applied Superconducti
vity Confer., X.l974, USA), pp. 113, 536. 

2. Tpyllhi 1 Y Bcecoro3Horo coBemaansr no ycKopHTensrM 38-
psr:>KBHHbiX qacTRU, MocKBa, "HayKa", 1975, cTp. 118,96. 

3. Proc. of The Fifth Intern. Confer. on Mag
net Technology (MT-5), Roma, IV, 1975. 

4. A.l1.AreeB R ap. Ol1Hl1 9-9363, Lly6Ha, 1975. 
5.' r.l'.CBanoB, Ll.H.EenbJH. CBepxrrpoBOllHmRe R KpHope-

3RCTRBHbJe o6MoTo'IHbie rrpoBoaa. "3aeprHsr", M oCKBa, 
1976. 

6. D.Evans et al.Epoxy Resins for Superconduc
ting Magnet Encapsulation,RHEL/R-25l,IX,l972. 

0. B.Colyer.The Impregnation of Superconduc
ting Windings with Epoxy Resins.Part I. 
RHEL/R-264, XII.l972. 

8. M.Van de Voorde.Results of Physical Tests 
on Polymer Materials at Cryogenic Tempera
tures.CERN ISR-MA/73-13,Geneva,II.l973. 

9. H.f.AanmeHKo, 3.HBopcKRil:. Ol1Hl1 P8-7663, Lly6aa, 1974. 
10. H.f.AanmeHKo, B.<P.Mnaena. l1ccneaoBaHRe MoHonRTHoil: 

sneKTpR'IeCKOH R30RHURR HB OCHOBe SIIOKCRllHbiX KOMITa
YHllOB B KpRoreHHbiX ycnoBnsrx. Te3RCbi aoKn. aa KDH<f>e

peHURR "CBepxrrpOBOllHRKR R rnrreprrpoBOllHRKR B 
sneKTpR'IBCKHX M8WHH8X R sneKTpOSHepreTHKe", 
M OCKBa, 1974, CTp. 44. 

11. 3.10.floKx, IO.l1.ITHAposr. 3rroKCRllHasr KOMII03HURH 
llRH R3rOTOBneHRH OCHBCTKH. f1naCTM8CCbi, N~ 2, 
1967. 

12. X.MeHKe, IO.A.lllnwoB. Moaenb cRnhHOTD'IHOro R 
BhlCOKOBORbTHOro CBepxrrpOBDllHmero BhlKRIO'IBTensr. 
Ol1Hl1 P8-7855, Lly6aa, 1974; 

13. R.P.·Reed et al. Mechanical,Thermal,and
Electrical Properties of Selected Poly
mers.Cryogenics,Vol.l3,No.2,1973, p.67. 

14. H.r.AanmeaKo, B.<P.MHHeHH. ITpo6neMbi sneKTpnqe
cKoil: R30RHURR KpRoreHHhlX R CBepxiipOBOllHmRX 
sneKTpOTeXHR'IeCKRX yCTpOHCTB. 3neKTpOTeXHR'IeCK8H 

18 

tf 

l 
f 
' ~I 

i 
·,I 

IlpOMhlWneHHOCTb (cepHH "3neKTpOTBXHH'IBCKRB Ma
TBpH8Rbi"), BbiiT.l (42), MocKBa, 1974, CTp.2l. 

15. B.<P.Mnaenn, IO.C.finHTanb, H.f.AHHWBHKD. LlnnTenb
Hasr 3RBKTpH'IBCK8H IIpO'IHOCTb CHHTBTII'IBCKHX nneHOK 
B Kpnoreaawx ycnoBrrsrx. LloKnan Ha Bcecoro3HOA 
KOH<fJepeHUHH "4>H3HKa DH3RBKTpHKOB H nepCIIBKTHBhl 

16. 

17. 

18. 

19. 

20. 

ee pa3BHTHH", TOM.][, CTp. 222, fleHHHrpaa, 1973. 
H.f.AHHIUeHKD, B.<P.MnHeHH. 11ccnenoBaHRH KpaTKo
BpeMeHHoil: sneKTpHqecKoft rrpo'IHDCTH n cpoKos cny*-
6hl naBCBHOBOA H30RHUHH B KprroreHHhlX ycnoBHHX. 
ITT3, 1'!' 6, 1973, CTp. 176. 

Gryogenics, Vol. 14, No. 7, p.409 (1974). 
B.Fallou. A Review of the Main Properti
es of Electrical Insulating Materials 
used at Cryogenic Temperatures.Proc. of 
The V Intern. Conf. on Magnet Technol. 
(MT-5), IV. 1975, Roma. 

IO.fl.EyHHOB rr np. ToKOBbie BBDDbi nnsr KprroreHHhiX 
ycTpoAcTB. ITT3, N, 4, 1974, cTp. 5. 

B.t:P.MnHBHH, H.f.AHrrmeHKo. 0115111 PS-8592, Lly6Ha, 
1975. 

M.N.Van de Voorde.Mechanical Properties 
o f No n-M e t t a 1 i c ;.1 at e r i a 1 s at 7 7 K i n a 
Radiation Environment.CERN-ISR/72-14, 
Geneva, III. 1972. 

21. D.Evans, G.B.Stapletcn. Cryogenic Appli
cations of Epoxy .Resins. Paper A.9.RPG 
Symposiu:r.1 "Reinforced Plastics in Elect
rical and Electronic Applications", II. 
1975. 

22. R.D.Hay and E.J.Rapperport. A Review of 
Electrical Insulation in Superconducting 
Magnets for Fusion Reactors. Final Report. 
Oak Ridge National Laboratory, April 21, 
1976. 

PyKOIIHCb IIOCTYITHna B H3!1aTenbCKIIA OTDen 
15 CBHTH6pH 1976 rona. 

19 


