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S u m m a r y 

The construction and test results of 
the cryomagnetic system of the electron 
beam multicharged ion source equipped with 
a superconducting solenoid are described. 
The length of the solenoid is 1200 rom; 
coil diameter (average) is 54 rom; maximum 
induction is 1.35 Tl. 

The superconducting magnetic system 
(SMS) was activated in the persistent 
current operation mode. A continuous per
sistent current operation of the SMS was 
realized for 2 months without a sub
stantial fall of persistent current (<10%) • 

An essential property of the SMS 
consists in that its elements are placed 
under vacuum, and their cooling is per
formed by means of clapping connections 
with a cryostat. 

It is shown experimentally that such 
a method of thermostating the SMS is very 
convenient for disigning systems with 
hard requirements for vacuum conditions, 
experimental setups and in some other cases. 

"? 

I. BBE,4EHHE 

B Ha.CTOJIIQee BpeMJI B Jla6opaTOpHH BWCOICHX 3HeprHi 

06'he.IJ;HHeHHOrO HHCTHTyTa JI,IJ;epHWX HCCJie.IJ;OBaHHi C03.IJ;aH 

H ycneWHO npomeJI CTa.IJ;HIO HaJia.IJ;KH ICpHoreHHWi BapHaHT 

3JieKTpOHHO•JiyqeBOrO HCTOqHHICa MHOr03apJI.D;HWX HOHOB • 

KPHOH /1 I .llpHHI(HU .u;eicTBHJI TaKoro HCTOqHHICa no.u;po6uo 

pacc:w:oTpeH B pa6oTax /2-4/. Bw6op KpHoreuuoro BapHaHTa 

6WJI o6yCJIOBJieH CJie.D;YJOIQHMH C006palKeHHJIMH. 

Cxe:w:a yciCopeHHJI Jl.u;ep ua CHHxpo4m3oTpoue JIB3 npe.u;

nonaraeT UOCTaHOBKY HOHHOrO HOTOqHHICa Ha BWCOKOBOJILT· 

HYIO CTOpOHY «llopHHlKeKTOpa, HaXO.IJ;JIIQYJOCJI UO.IJ; UOTeH· 

I(HaJIOM + 500 KB OTHOCHTeJILHO 3eMJIH. IlB:TaHHe H ynpaB· 

JieHHe HOHHWM HCTOqHHKOM .IJ;OJI)I(Hhl OCYIQeCTBJIJITLCJI CHCTe

MaMH, HMeiOIQHMH TOT lKe UOTeHnHan, qTo H HOHHWi HCTOq· 

HHIC. MOIQHOCTL HCTOqHHICa UHTaHHJI Ha BWCOKOBOJILTHOi ICO· 

nouue coBepmeuuo ue.u;ocTaToqua .IJ;JIJI co3.u;aHHJI B o6wquo:w: 

COJieHOH.IJ;e .IJ;JIHHOi 1 M MarHHTHOrO UOJIJI HaUpJilKeHHOCTLIO 

He MeHee 3 KFC. llpHMeHeHHe CBepxnpOBO.IJ;JIIQero COJieHOH.IJ;a, 

pa6oTaiOIQero B ICOpOTK03aMKHYTOM pelKHMe, UOJIHOCTLIO 

CHHMaeT npo6JieMy UOCTOJIHHOro UHTaHHJI «lloKyCHpYJOIQero 

COJieHOH.IJ;a. 

lloBepXHOCTH, HMeiOIQHe TeMnepaTypy lKH.D;KOrO reJIHJI, 

U03BOJIJIIOT UOJiyqaTL B 06'heMe HOHHOrO HCTOqHHICa CBepx· 

BLICOKHi BaKyyM. 

II. KOHCTPYKI!HJI KPHOFEHHO- MAFHHTHOH 
CHCTEMhl HOHHOFO HCTOqJlHKA 

1. 06111aJ1 cxe..wa 

BsH.u;y Toro, qTo .IJ;JIJI pa6oTLI 3JieKTpouuo- nyqesoro 

HCTOqHHICa Tpe6yeTCJI UOCTOJIHHOe MarHHTHOe UOJie, UpHqey 
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BeT )l(eCTICBX Tpe6osauui 1C ero CTafiBJihBOCTB, 6WJI BW6pau 
ICOpOTIC03aMICBYTWi pe)I(BM CBepxnpOBO~Jiutei MarBBTBOi 
CRCTeMW ICMCI. 

3neiCTpuqeciCaJI cxeMa CMC, pa6oTaJOutei B ICopoTICo-
3aMICBYTOM pe)I(BMe, npe~cTasneua ua puc. 1. ,lJ;nJI Toro 
'1To6w peaJIB30BaTh 3TOT pe)I(BM B CMC, ua neperpesaTeJih 
111 DO~aeTCJI uanpJI)I(eURe OT BBeDIBero RCTO'IBBICa DBTaHRJI, 

o6MOTICa csepxnposo~Jiutei nepeMW'IICR 121 uarpesaeTcJI 
R nepeXO~BT B BOpMaJihBOe COCTOJIBBe. 3aTeM 3aM:WICaiOTCJI 
3JieiCTpO~W ICOBTaiCTOpa 131, coe~HJIIOutBe TOICOBe~YutBe 
DIBHW coneuou~a I 41 c nposo~aMR suewuero ucTO'IBBICa 
DRTaHRJI, R ua o6MOTICY coneuou~a 151 no~aeTcJI uanpJI)I(e
uue. ToiC u~eT no TOICose~YutBM WHHaM coneuo~a qepe3 
cnau 161 ua o6MoTICY coneuoR~a. KorAa TOIC 11epe3 cone
BORA AOCTRrHeT HY)I(UOH BeJIB'IBHW, CHRMaeTCJI uanpJI)I(eUBe 
C neperpeBaTeJIJI, 06MOTICa nepeMW'IICB OCTWBaeT ~0 TeM
nepaTypw BR)I(e ICpRTB'IeCICOi B TOIC COJieHOBAa DOCJie BW
ICJIIO'IeHRJI BCTO'IHBICa DBTaHBJI 3aMWICaeTCJI 'lepe3 nepeMW'IICY, 
3aTeM pa3M:WICaiOTCJI 3JieiCTpO~W ICOBTaiCTOpa. 

06utBi BRA ICpBoreHHO- MarHRTHOi CBCTeMW 3JieiCTpOHHO
nyqesoro BCTO'IHBICa npeACTasneu ua puc. 2. 

CsepxnpoBOAJiutBi coneuouA 111, csepxnpoBOAJiutaJI 
nepeMW'IICa 121 B DpOMe)l(yTO'IBOe ICOJlh:UO 131, Ba ICOTOpoe 
uaiCneeuw cnau , pacnoJio)l(euw B saiCyyMe ICOaiCcuan~»uo 

C reJIReBWM ICpROCTaTOM 141, HX ICOpnyca DpB)I(aTW 60JITaMR 

IC TOP:UY DOCJieAHero. TOICOBeAYutBe WBH:W COJieHOHAa 151 
npuiCneeuw 11epe3 R30JIJI:UHIO IC uapy)I(Uoi nosepxuocTH renue
BOrO ICpROCTaTa B HR.>KHei ero 'laCTH. B npasoi 'laCTH TOICO
BeAYUJ;He WBHW COJieHOHAa npHDaJIHW K )l(eCTICHM MeAHWM 
WBHaM /61, OICaH'IHBaiOutBMCJI DpOTHB DOABH)I(UWX 3JieiCTpo
AOB ICOHTaiCTopa 17 I. 

KoaiCcuaJihHO c renueswM pacnoJIO)I(eH a3oTuwi ICpuo

cTaT 181. Top:ueswe paAua:uuouuwe 3ICpauw 191 u 1101. 
DPH)I(aTwe IC HeMy 60JITaMH, CHB)I(aiOT TeDJIODpHTOIC H3Jiy'le
HHeM IC 'laCTJIM ycTaHOBICH, HMeiOutBM reJIHeBYJO TeMDepa
Typy. ~JIJI OTICa'IICH 06beMa Me~y BaiCyyMHWM ICO)I(yXOM 
1111 H a30THWM ICpHOCTaTOM B TOp:UeBWX paAHa:UHOHHWX 
31Cpauax CAeJiaHW OTBepCTHJI 06utei DJIOutaAhiO 200 CM ~ 

"tJTOfiW yMeHhWBTh TeDJIODpHTOIC H3Jiy'leHHeM IC a30TY, 
Me~y :UHJIHHAPH'IeCICHMH DOBepXHOCTJIMH a30THOrO ICpHO-
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Puc. 1. 3AeKmpu..,ecKa.R cxe..wa ceepxnpoeoO.RIIIeu ..wazHu111HOU 
CUC111€Mbl, pa60111QIOUI€U 6 KOp0111K03QMKHY1110M peJICUM€. 

cTaTa u saiCyyMuoro JCO)I(yxa nocTasneu "nnasaiOutBii" 

3ICpau H3 nonuposauuoii Me~ 1121. 
llpeABapHTeJihHaJI OTICa'IICa ycTaHOBICH OCYuteCTBJIJieTCJI 

BaiCyyMHOB CHCTeMOB, BICJIIO'IaiOuteii B ce6JI cilopBaiCyyMHWB 
uacoc, AHcllcilY3HOHHWB napoMaCJIJIHWB uacoc H a30THYIO 
nosymiCy. BaiCyyM B o6beMe Me~y saiCyyMHWM ICO*YXOM 
H a30THWM ICpHOCTaTOM H3MepJieTCJI AaT'IHKaMH 1131 C no

MOUJ;hlO npu6opoB BH -14. 
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2. 4>0KYCUPYIOUIUU CO/IeHOUO 

0CHOBHhle napaMeTphl $OKYCHPYJOII\ero COneHOH.D;a 
npHBe.u;eHhl B •a611. 1 . 

Oco6eHHOCTbiD coneHoH.u;a IBnieTCI TO, qTo OH pacno
no>KeH B BaKyyMe. He HMei Henocpe.D;CTBeHHOrO KOHTaiCTa 
c >KH.D;KHM renHeM, coneHoH.u; oxna>K.D;aeTci 3a cqeT Ten
nonpoBo.D;HOCTH qepe3 KOHTaKT C renHeBhiM KpHOCTaTOM. 
TennoBoii KOHTaKT o6ecneqeH npH>KHMOM $naHna Kopnyca 
coneHoB.u;a K Topny renHeBoro KPHOCTaTa 12 6onTaMH M6 
c o611\HM ycBnBeM 2000 KF. ,IJ;ocToHHC~Ba TaKoro MeTo,.u;a 
TepMOCTaTBpOBaHHI no.u;po6HO paCCMOTpeHhl B pa6oTe /S/ · 
B~:o~6op MeTo.u;a TepMocTaTBpoBaHHI o6MOTKH coneHoB.u;a 
6e3 Henocpe.u;cnteHHoro KOHTaKTa c >KH.D;KHM renHeM B HaweM 
cnyqae 6wn o6ycnoBneH, B OCHOBHOM, cne.D;YIDII\HMH .D;BYMI 
06CTOITeilbCTBaMH. 

Bo-nepBwx, B03MO>KHOCTb JaMeHw coneHoH.u;a 6e3 paJ
repMeTB3a:UHH renHeBoro KpHocTaTa. TaKai Heo6xo.u;H
MOCTb Morna B03HHKHYTb, HanpHMep, npH Hey.D;OBneTBOpH· 
TeilbHOM COBna.u;eHHH reoMeTpHqeCKOH OCH KOpnyca coneHOH· 
.u;a H OCH MarHHTHOrO noni, TaK KaK Tpe6oBaHHJI K CHMMeT· 
pHH MarHHTHOrO llOITI oqeHb BbiCOKH. 

Bo ·BTopwx, TaKo:H MeTo.u; TepMocTaTBpoBaHHI noJBonieT 
>KeCTKO CBJl3aTb OCb CHCTeMbl CeK:UHH .u;peii$OBOH Tpy6KH 
c ocLro Kopnyca coneHoH.u;a. 

06MOTKa COITeHOH.D;a COCTOHT H3 8 CnOeB CBepxnpOBO.D;I
~ero npoBo.u;a, HaMoTaHHoro c ycHnHeM 1 KF. CnoH o6MOTKH 
H30ilHpOBaHbl .u;pyr OT .u;pyra H OT Kopnyca naBcaHOBOH 
nneHKOH TOITII.\HHOH 40 MKM. TaKai H30ITI:UHI .D;On>KHa Bbl· 
.u;ep>KHBaTb Hanpi>KeHHH, BOJHHKaroii\He npB nepexo.u;e 
coneHOH.D;a B HOpMailbHOe COCTOHHHe. CBepxy OfiMOTKa 
coneHOH.D;a JallJHKCHpOBaHa 6aH.D;a>KOM, npe.D;CTaBnHIDII\HM 
co6oii .u;Ba cnoH npoBonoKH H3 Hep>KaBeroiQeii cTanH .D;Ha
MeTpOM 1 MM, H'\.MOTaHHOH C ycHnHeM B 3 KF. 

PacqeT BpeMeHH oxna>K.D;eHHH coneHoH.u;a He npoBJBo· 
.D;HITCH, TaK KaK HeHJBeCTHa JaBHCHMOCTb TennonpOBO.D;· 
HOCTH KOHTaKTOB Me.D;b • Me)l,b, Me)l,b - naBCaH H naBCaH • 
naBcaH OT TeMnepaTypw. 
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Ta6Auija 1 
IIapaMeTpLI l}loKycHpyro~ero coneHoH.n.a HCTO'IHHKa KPHOH 

HaHMeHoBaHHe BeJIH'IHHa 

)J.JIHHa 06MOTKH COJieHOH,IJ.a 

BHyTpeHHHH ,IJ.HaMeTp o6MOTKH 

~aTepHan csepxrrpoBO.IJ.HHKa 

)J.HaMeTp csepxrrpoBO.IJ.JIII(ero rrposo.n.a 

6e3 H30JIJI:UHH 

06~aJI .n.nHHa csepxrrpoBO.IJ.HHKa 

B 06MOTKe COJieHOH,IJ.a 

06~ee KOJIH'IeCTBO BHTKOB B 06MOTKe 

HH.IJ.YKTHBHOCTL coneHoH.n.a 

HarrpJI:>KeHHOCTL MarHHTHoro rronJI B :ueHTpe 

coneHoH.n.a rrpH TOKe 80 A 
BenH'IHHa 3arraceHHOH 3HeprHH MarHHTHoro 

rronJI coneHoH.n.a rrpH 80 A 
IInoll(a.IJ.L rrorrepe'IHOro ce'leHHJI 

MaTepHana Koprryca coneHoH.n.a 

3. TOKOBeOYUIUe WUHbl COAeHOUOa 

120 CM 
5 CM 

HT-50 

0,5 MM 

2550 M 

15000 

o,s4 r 

12,8 K3 

1, 75 K,l(JIC 

10 
2 

CM 

ToKoBe,IJ.yll(He mHHLI coneHoH.n.a rrpe.n.cTaBJIJIJOT co6oii 

,IJ.Be KOM6HHHpOBaHHLie JieHTLI, rrpHKJieeHHLie K reJIHeBOMY 

KpHOCTaTy ITO BCeH ,IJ.JIHHe KJieeM ])$- 2, TOJI~Ha CJIOJI 

KOTOporo paBHa 0,01 CM. Ka)K,IJ.aJI JieHTa COCTOHT H3 .IJ.BYX 

yqacTKOB, crraJIHHLIX Me)K.IJ.y co6oii HH,IJ.HeM. Y'laCTOK neHTLI, 

K KOTOpOMY rrpHrraHBaeTCJI :>KeCTKaJI Me,IJ.HaJI mHHa, OKaH'IH

BaJOII(aJICJI ITpOTHB ITO,IJ.BH:>KHOrO 3JieKTpO,IJ.a KOHTaKTOpa, BLJ· 

ITOJIHeH H3 Me,IJ.HOH l}loJILrH TOJI~HOH 0,01 CM, HMeeT ,IJ.JIHHY 

20 eM H mHpHHY 12 eM. Ha 3TOM yqacTKe K reJIHeBoMy 

KpHOCTaTy OTBO,IJ.HTCJI OCHOBHaJI 'laCTb Terrna, H,IJ.y~ero 

ITO :>KeCTKHM Me,IJ.HLIM WHHaM BO BpeMJI BBO,IJ.a H BLIBO,IJ.a 

TOKa H3 COJieHOH,IJ.a. 

)J.JIJI TOrO 'IT06LI HCKJIIO'IHTb BLI,IJ.eJieHHe Terrna B ,IJ.pyrOM 

y'laCTKe TOKOBe,IJ.y~eH WHHLI, ero BLIITOJIHHJIH H3 CBepxrrpOBO-
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.IJ.JI~eii neHTLI. ~aTepHaJI neHTLI - cTaHB.IJ. HB06BJI ( Nb3Sn ) , 
mmKBposaHHLiii Me,IJ.LJO. WapBHa neHTLI 4 eM, ,IJ.JIBHa 100 eM 
B TO~Ha 0,005 CM. CBOHCTBa TaKOH JieHTLI OITBCaHLI 

B pa6oTe /6/. 
XopomHH TeiTJIOBOH KOHTaKT TOKOBe,IJ.~X WBH C reJIHe

BLIM KpBOCTaTOM o6ecrre'IBBaeT 34ll}leKTHBHLIH OTBO,IJ. Terrna, 

BLI,IJ.eJIJIIO~erOCJI BO BpeMJI BBO,IJ.a B BLIBO,IJ.a TOKa, TaK 'ITO 

B MecTe crraJI csepxrrposo.n.JI~eii neHTLI c rrposo.n.oM HT- 50, 

COe,IJ.BHJIIO~M TOKOBe,IJ.~e mHHLI COJieHOB,IJ.a C rrpOBO,IJ.aMB 

06MOTKB COJieHOB,IJ.a B rrepeMLI'IKB, TeMrrepaTypa COXpaHJieTCJI 

HB:>Ke KpBTH'IeCKOH. 

IIpBMeHeHHe KOHTaKTOpa H OXJia)K,IJ.eHHe TOKOBe,IJ.~X 

WHH COJieHOH,IJ.a 3a C'leT KOHTaKTa C reJIHeBLIM KpHOCTaTOM 

IT03BOJIHJIH H36e:>KaTL 3JieKTpH'IeCKHX BBO,IJ.OB H3 renHeBOrO 

KpHOCTaTa B BaKyyM. 

4. CeepxnpoeoOJIU#aJI nepeMbl'lKa 

Csepxrrposo.n.JI~aJI rrepeMLI'IKa, KaK H coneHOH.IJ., pacrro

no:>KeHa B BaKyyMe B OXJia)K,IJ.aeTCJI ITOCpe,IJ.CTBOM KOHTaKTa 

c renHeBLIM KpHocTaTOM. IIepeMLI'IKa nepeBO.IJ.BTCJI B Hop

MaJILHOe COCTOJIHHe nyTeM nponycKaHHJI TOKa 'lepe3 nepe

rpeBaTeJIL, npe.n.cTaBnJiro~ii co6oii KOHcTaHTaHoByro nposo

noKy, 3aKpenneHHYIO Ha o6MOTKe nepeMLI'IKH. )J.JIJI 06MOTKH 

HCrrOJIL30BaH MHoro:>KHJILHLIH nposo.n. HT-50, .n.HaMeTp 

KOTOporo 6e3 H30JIJIIJ,HH paBeH 0,5 MM. )J.JIHHa npOBO,IJ.a 

o6MOTKH 160 M, conpoTHBJieHHe o6MOTKB npH 25 K paBHO 

1 OM. TaKoe conpoTHBJieHHe BLI6paHo ,IJ.JIJI Toro, 'IT06LI 

OCJia6HTb Tpe6oBaHHJI K BeJIH'IHHe nyJILCa:UHH HarrpJI:>KeHHJI 

HCTO'IHHKa ITHTaHHJI COJieHOH,IJ.a. 

qyo6LI H36e:>KaTL HCKa:>KeHHJI MarHHTHOrO llOJIJI COJieHOH· 

.n.a noneM nepeMLI'IKH, Kopnyc rrocne.n.Heii H3roToaneH B BH,IJ.e 

KOJIL:Ua H pa3Me~eH KOH:UeHTpH'IeCKH C COJieHOH,IJ.OM, a 

Ka6eJIL HaMOTaH 6HI}IHJIJipHO. )J.JIJI yny'IWeHHJI TennonpOBO,IJ.

HOCTH npOCTpaHCTBO Me)K,IJ.y BHTKaMH 06MOTKH 3allOJIHeHO 

3ITOKCH,IJ.HOH CMOJIOH. ~e,IJ.HLIH Kopnyc nepeMLI'IKH npH:>KaT 

K renHeBOMY KpHOCTaTy meCTbiO 60JITaMH ~6 C o6~M 
YCHJIHeM 1000 KF. 

KoH:ULI o6MoTKH rrepeMLI'IKH cnaJIHLI c KOH:UaMH o6MOTKH 

coneHoH.n.a H KOH:UaMH oTpe3KOB nposo.n.a HT-50, coe.n.H-
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HJIIO~HM 06MOTKH COJieHOH,IJ;a H nepeMbi'IKH C TOKOBe,IJ;)'IIUIMH 

WHHaMH, HH,IJ;HeM 6e3 OrOJieHHJI CBepxnpOBO,IJ;JI~X :>KHJI. 

Ka>K,IJ;biH H3 ,IJ;BYX cnaeB HMeeT ,IJ;JIHHY 150 CM. 

,ll;nJI Toro 'IT06bl H36e:>KaTL uarpesa Ka6eJIJI coneuoa,IJ;a 

TenJIOM, H,IJ;Y~M OT nepeMbi'IKH npH BBO,IJ;e TOKa B COJieHOH,IJ;, 

yqacTKH csepxnposo,IJ;JI~ero Ka6enJI, coe,IJ;HHJIIO~e o6MOTKY 

nepeMbi'IKH C 06MOTKOH COJieHOH,IJ;a, npHKJieeHbl Ha ,IJ;JIHHe 

60 CM K Me,IJ;HOMY npoMe:>KyTO'IHOMY KOJILUY, npH:>KaTOMY 

K renaesoMy KpaocTaTy. K 3TOMY :>Ke KOJILUY npaKneeHbl 

ynoMJIHYTLie cnaa. TennosaJI nposo,IJ;HMOCTL MOCTa cnaa -

renHeBbiH KpHOCTaT ,IJ;OCTaTO'IHa ,IJ;JIJI OTBO,IJ;a Tenna, Bbi,IJ;e

JIJIIO~erocJI B cnaJix, npH ax TeMnepaType HH:>Ke KpHTH'Iec

KoiL 

5. Kpuocmambl 

renHeBbiH H a30THLIH KpHOCTaTLI pa3MemeHbl KOaK

CHaJILHO C COJieHOH,IJ;OM. 06'LeM reJIHeBOrO KpHOCTaTa 21 A, 

a30THOrO - 18 A. C O,IJ;HOH CTOpOHLI KpHOCTaTLI npHKpenneHLI 

Ha 3aJIHBHbiX Tpy6KaX K CTaKaHaM, CJiy)Ka~M ,!J;JIJI yBeJIH

qeHHJI ,IJ;JIHHLI Tpy6oK. C npOTHBOnOJIO)KHOH CTOpOHLI a30THLIH 

KpHOCTaT BHCHT Ha ,IJ;BYX nO,IJ;BeCKaX, 3aKpenneHHLIX Ha 

BaKyyMHOM KO:>KyXe, a reJIHeBLIH ,D;ep:>KHTCJI Ha nO,IJ;BeCKaX, 

3aKpenneHHLIX ua a30THOM KpaocTaTe. Tpy6KH cny:>KaT TaK)Ke 

,IJ;JIJI 3aJIHBKH :>KH,IJ;KOrO a30Ta H reJIHJI. 0HH H3rOTOBJieHLI H3 

Hep>KaBeiOmeii CTaJIH, HMeiOT ,!J;JIHHY 30 CM, ,IJ;HaMeTp 24 MM 

H TOJimHHY CTeHOK 0,5 MM. 

IlO,IJ;BeCKH H3rOTOBJieHLI H3 Hep:>KaBeiO~eii CTaJIH. ,lJ;JIHHa 

Ka:>K,IJ;OH H3 'leTLipex nO,IJ;BeCOK 65 MM. ,LJ;HaMeTp nO,IJ;BeCOK 

,IJ;JIJI a30THOrO H reJIHeBOrO KpHOCTaTOB COCTaBJIJieT 2 MM 

H 1 MM COOTBeTCTBeHHO. Pacnpe,IJ;eJieHHe TeMnepaTypLI 

Ha 3aJIHBHLIX Tpy6KaX TaKOBO, 'ITO nOCJie 3aJIHBKH :>KH,IJ;

KOrO a30Ta H reJIHJI OTHOCHTeJILHOe BepTHKaJILHOe CMe:meHHe 

KpHOCTaTOB COCTaBJIJieT 0,2 MM. 

MHHHMaJILHaJI seJIH'IHHa 3a3opos B aKcHaJILHOM H pa,D;H

aJILHOM HanpaBJieHHJIX Me>K,IJ;y ,IJ;eTaJIJIMH, HaXO,IJ;JI~MHCJI npH 

a30THOH H reJIHeBOH TeMnepaType, COCTaBJIJieT 1 MM. 

qT06LI H36e:>KaTL COnpHKOCHOBeHHJI H ,IJ;e!l>opMaUHH 3THX 

,IJ,eTaJieH npH OXJia>K,IJ;eHHH ycTaHOBKH, Tpy6KH reJIHeBoro 

H a30THOrO KpHOCTaTOB H CaMH KpHOCTaTLI OXJia>K,IJ;aiOTCJI 

O,IJ,HOBpeMeHHO. 
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A30THWH KpHOCTaT H3rOTOBJieH H3 Hep:>KaBeiO:meii CTaJIH, 

renaeswii - H3 Me,IJ;H MapKH M3P. Me.IJ;L B Ka'leCTBe MaTe

paana .IJ;JIJI reJIHesoro KpHocTaTa sw6paua ,IJ;JIJI Toro, '1To6w 

yMeHLDIHTL TenJIOBOe conpOTHBJieHHe Me>K,IJ;y :>KH,IJ;KHM 

renaeM H KopnycoM coneuoa,IJ;a. KpoMe Toro, B Me,IJ;HOM 

KpHOCTaTe pa3HOCTL TeMnepaTyp Me>K,IJ;y Bepxueii H HH:>KHeH 

ero 'laCTJIMH npH MaJIOM ypOBHe :>KH,!J;KOrO reJIHJI MHHHMaJIL

Ha, 'ITO cy:mecTBeHHO ,IJ;JIJI no,IJ;,IJ;ep:>KaHHJI TeMnepaTypw 

coneuoa,IJ;a Ha yposHe 4,2 K. 

C y'leTOM B03MO:>KHOCTH pe3KOrO nOBbUUeHHJI ,IJ;aBJieHHJI 

npH HHTeHCHBHOM HCnapeHHH :>KH,IJ;KOrO reJIHJI B asapHHHLIX 

pe:>KHMaX, renHeBWH KpHOCTaT paCC'IHTWBaJICJI Ha npO'IHOCTL 

npH ,IJ;aBJieHHH 20 QIIIM. Ilocne H3rOTOBJieHHJI KpHOCTaT 6LIJI 

HCnLITaH ,IJ;aBJieHHeM 18 QIIIM. 

6. TenAonpumoKu 

0.IJ;HHM H3 OCHOBHLIX Tpe6oBaHHH npH pa3pa60TKe KpHO

reHHOH CHCTeMLI 3JieKTpOHHO- Jiy'leBoro HCTO'IHHKa 6LIJIO 

o6ecne'leHHe MHHHMaJILHLIX TennonpHTOKOB K :>KH,!J;KOMY 

reJIHIO H a30Ty. 0HO BLI3BaHO He06XO,IJ;HMOCTLIO HenpepLIB

HOH pa60TLI HCTO'IHHKa 6e3 OCTaHOBKH YCKOpHTeJIJI B Te'le

uae uecKOJILKHX cyToK. KopoTK03aMKHYTLiii pe)I(HM pa6oTLI 

CMC no3sonan csecTH TennonpHTOK K :>KH,IJ;KOMY rena10 ,IJ;O 

MHHHMyMa, TaK KaK B 3TOM pe:>KHMe OTCYTCTByeT nOCTOJIH

HLIH TennonpHTOK no nposo,IJ;aM, coe,IJ;HHJIIO~M coneHOH,IJ; 

C BHCWHHM HCTO'IHHKOM nHTaHHJI. Pac'leTHWe BeJIH'IHHLI 

TennonpHTOKOB no OCHOBHLIM KaHaJiaM npHBe,IJ;eHLI B ma6A. 2. 

To'IHLIB pac'leT TennonpHTOKOB no 3aJIHBHLIM Tpy6KaM 

He npoH3BO.IJ.HJICJI. Cornacuo HMeiO~MCJI naTepaTypHLIM 

,IJ,aHHLIM /7,8/ , 3TH TennonpHTOKH B HaWeM CJiyqae O'leHL 

MaJILI. 

,lJ;JIJI yMeHLWeHHJI TennonpHTOKOB H3Jiy'leHHeM npOTHBO

Jie:>Ka:mae nosepxuocTH, uaxo,IJ;JI~ecJI npa pa;.mwx TeMnepa

Typax, nOJIHpOBaJIHCL HJIH nOKpLIBaJIHCL CJIOCM aJIIOMHHHpo

BaHHOrO nascaua. C Toii :>Ke nenLIO Me>K,IJ;y BaKyyMHbiM 

KO:>KyXOM H a30THbiM KpHOCTaTOM nocTaBJieH "nJiaBaiO~H" 
3KpaH, H3rOTOBJieHHbiH H3 TOHKOrO Me,IJ,HOrO JIHCTa, nOJIH

poBaHHOrO C ,IJ;BYX CTOpOH. 
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Ta6Au14a 2 
TenrronpBTOKB K )l(JI,[UCOMY reJIBIO B a30TY 

KaHama~ K >KB~KOMY rerrBIO I B-./ K ~KOMY a3oTy 

TeiiJIOIIPBTOKOB /B-./ 

H3Jiy'leHBeM 0,034 5,70 

Ilo IIOABeCKaM 0,009 0,25 

Ilo 3JieKTPB'IeCKBM 
BBOAaM 0,22 0,34 

06nvlii pac'leTHwi 
TenrronpBTOK 0,065 6,29 

H3MepeHHwi 
TeiiJIOIIpBTOK 0,125 9,9 

7. HaMepenue ltleMnepalllypbl u ypoeHJI xuoKozo zeAUJI 

Te:wnepaTypHwe AaT'IBKB ycTaHOBJieHw Ha 6aHAa~e 
coneHOBAa B Ha xopnyce nepeMW'IKB. B AHana3oHe /300-
78/K TeMnepaTypa B3MepJieTCJI C IIOMOmLIO Tep:wonap 
MeAL-KOHCTaHTaH, B ABana30He /78-4,2/K - C IIOMOmLIO 

yrOJILHWX pe3BCTOpOB. 
YpoBeHL >KBAKoro renBJI B3MepJieTCJI csepxnpoBOAJimBM 

ypoBHeMepoM, pa3pa6oTaHHWM B KpBoreHHOM OTAeJie JIB3. 
EcTL B03MO~HOCTL xocBeHHoro B3MepeHBJI ypoBHJI ~xoro 
reJIBJI 110 IIOKa3aHBJIM ra30BOrO C'leT'IBKa, CTOJimero Ha rrBHBB 

o6paTHOrO IIOTOKa reJIBJI. 

III.HCIIhiTAHHJI KPHOTEHHO-MATHHTHOJl CHCTEMhl 

B npouecce BCIIWTaHBH KpBoreHHO·MarHBTHOH CBCTeMW 
3JieKTpOHHO- Jiy'leBoro BCTO'IHBKa 6WrrB IIOJiy'leHW CJieAYJOIUBe 

pe3yJILTaTw. 
1. llepe3 TpB qaca IIOCJie Ha'laJia npeABapBTeJILHOH OTKa'I

KB BaKyyM B ycTaHOBKe COCTaBJIJIJI p =l.10-2Top, HaTexa
HBe Q = 5.10 -3Top.A/CeK. B npouecce OTKa'IKB HaTeKaHBe 

naAaeT B AaBJieHBe y:weHLmaeTCJI. 
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2. Oxna)I(.QeHBe ycTaHOBKB ~o TeMnepaTypw-79 K npo
B3BO~TCJI CJie~YJOmBM o6pa30M. JICB.AICJii: a30T 'lepe3 Tpy6xy 
CBc}lOHa IIO~aeTCJI B rerrBeBWB KpBOCTaT. flapw a30Ta, 
BWXO~JimBe B3 3arrBBHOH Tpy6KB rerrBeBoro KpBOCTaTa, 
HanpaBJIJIIOTCJI B a30THWH KpBOCTaT. IlpB 3TOM OXJI~~aJOTCJI 
OAHOBpeMeHHO o6a KpBOCTaTa B o6e 3arrBBHWe Tpy6KB. 
0XJia)I(,QeHBe reJIBeBOro KpBOCTaTa B COJieHO~a BeAeTCJI 
AO TeMnepaTypw 79 K, nocne 11ero &30T 3&rrBBaeTc.& 
B a30THWH KpBOCTaT. 

IIOCJie OXJia)I(,QeHBJI YCTaHOBKB B 3arrBBKB >KBAKOrO 
a30Ta B a30THWH KpBOCTaT, B Hei ~OCTBraeTCJI 
saxyy:w P ... 1.10-6 Top, HaTeK&HBe ra3oB, He KOHAeH
CBPYIOmHXCJI Ha a30THWX IIOBepXHOCTJIX, COCTaBJIJieT 
Q=l.10-6 Top.A/ceK. OnepaUBJI ox~eHBJI rerrBesoro 
KpBOCTaTa B COJieHOB~a AO a30THOH TeMnepaTypw 06W'IHO 
3aHBMaeT 4-5 'IOC. 

3. OxJia~eHBe rerrBeBoro KpBOCTaTa B COJieHO~a OT 
a30THOB AO reJIBeBOH TeMnepaTypw IIPB OIITBMaJILHOM 
pe>KBMe 3aHBMaeT OKOJIO ABYX '!aCOB. 3xcnepBMeHTaJILHWe 
KpBBWe OXJia)I(,QeHBJI COJieHo~a llpBBe~eHW Ha pUC. 3. 
06W'IHO Ha OXJia)I(,QeHBe B 3aiiOJIHeHBe rerrBeBoro KpBOCTaTa 
Tpe6yeTcJI 50 A >KB~xoro rerrBJI. 

4. BaxyyMHaJI CBCTeMa OTKJIJO'IaeTCJI OT ycTaHOBKB 
B npouecce oxna)I(.QeHBJI, xorAa TeMnepaTypa rerrBesoro 
xpBocTaTa AOCTBrHeT 20 K. Cpa3y nocne 3arrBBKB ~xoro 

reJIBJI AaBJieHBe B 06JiaCTB MaHOMeTpB'IeCKBX ~aT'IBKOB 
cTaHoBBTCJI paBHWM P=l.1Q-8 Top. B Te'leHBe scero spe
MeHB pa6oTw ycTaHOBKB I AO 60 cyaf ~asneHBe B o6nacTB 
MaHOMCTpB'!eCKBX ~aT'IBKOB IIOCTOJIHHO yMeHLWaJIOCL B 
AOCTBrano senH'IBHW P= 3.10-9Top. 

5. B npouecce BcnwTaHBi CMC B nepeMW'IKY 6wn BBeAeH 
MaKCBMaJILHWH TOK 120 A, B COJieHO~ 6WJI BBCACH MaK
CBMaJILHWH TOK 90 A. KopoTK03aMKHyTwi pe>KBM B CMC 
6wn pearrB30BaH npB :waxcBMaJILHOM Toxe 90 A. 

6. 3aTyxaHBe :warHBTHoro nonJI B CMC cneuBaJILHO He 
B3MepJIJIOCL. 3a BpeMJI HenpepWBHOH pa60TW B Te'leHBe 
40 cy111. 6wno 3aMe'leHo yMeHLmeHBe TOKa B CMC c 80 
AO 75 A. 

,7. MBHBMaJILHaJI MOmBOCTL HarpeBaTeJIJI, llpB KOTOpoi 
nepeMW'IKa nepeXOAHT B HOpMaJILHOe COCTOJIHBe, COCTaBJIJieT 
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0,5 B•. BpeMJI Harpesa DepeMhi'IKB .u;o KpBTB'IecKoii 

TeMDepaTypw He DpeswmaeT 5 ceK, speMJI oxmuK.u;eHBJI 

DepeMhi'IKB Docne BhiKJIIO'IeHBJI Harpe sa TeJIJI He npeBhlmaeT 

10 CeK. BcJI onepaUBJI BBO,IJ;a TOKa B COJieHOB,IJ; 06bi'IHO 

3aHBMaeT 2 MUH, DpB 3TOM BCDapJieTCJI -1 II )I(]I,IJ;Koro reJIHJI. 

8. 3a BCe BpeMJI 3KCDepBMeHTOB B COJieHOB,IJ; TOK BBO

,IJ;BJICJI 60 pa3. fipB DpOBe,IJ;eHBB 3KCDepBMeHTOB COJieHOB,IJ; 

DO pa3HhiM DpB'IBHaM HeCKOJILKO pa3 DepeXO,IJ;BJI B HOpMaJIL

HOe COCTOJIHBe. HBKaKBX B3MeHeHBii B pa6oTe COJieHOB,IJ;a 

B DepeMhi'IKB He o6Hapy)KeHo. 

9. HcDapJieMOCTL )KB,IJ;Koro a3oTa cocTaBJIJieT 

224 CM
3
/'IaC, 'ITO COOTBeTCTByeT MOm.HOCTB TeDJIODpBTOKa 

9,9 B11l, JICB,IJ;KBH reJIHii BCnapJieTCJI CO CKOpOCTLIO 

179 CM 
3
/'laC, MOIQHOCTL TeDJIODpBTOKa K He My CO-

cTaBJIJieT 0,125 B111. 0TJIH'IBe B3MepeHHhlx BeJIB'IBH 

TeDJIODpBTOKOB OT paC'IeTHhiX MO)KHO 06'LJICHBTL HaJIH'IBeM 

HeDOJIBpOBaHHhiX y'laCTKOB DOBepXHOCTeii, 'ITO yBeJIH'IBBaeT 

cpe,D;HIOIO BeJIB'IBHy K03clMIIBD;BeHTa qepHOThl CTeHOK DO 

CpaBHeHBIO C TOH, 'ITO 6hiJia B3JITa ,IJ;JIJI pac'leTOB. ~pyraJI 
B03MO)KHaJI DpB'IBHa - 60JILWaJI BeJIH'IBHa TeDJIODpOBO,IJ;BOCTB 

MaTepBaJIOB 3JieKTpB'IeCKBX BBO,IJ;OB DO cpaBHeHBIO C pac
'leTHOH. 

B 3aKJIIO'IeHBe Mhl 6naro.u;apsu coTpy.u;HBKOB KpBoreH

HOrO OT,D;ena: H.K.3eJIL,IJ;OBB'I - 3a COCTaBJieHBe 06ID;eii CXeMLI 

ra30BLIX MarBCTpaneii KpBoreHHOH CBCTeMhl, A.H.KaJIMLI

KOBY - 3a B3roTosneHBe qepTe)Keii DYJILTa yDpasneHBJI 

ra30BLIMB DOTOKaMB, a TaK)Ke Jl.li.ronoBaHOBa, B.B.Kpw

JIOBa B X.MeHKe - 3a yqacTBe B Dno.u;oTsopHhlx .u;BcKyccBJIX. 

Mw 6naro.u;apBM TaK)Ke KOJIJieKTBB uexaHB'IeCKBX ua

CTepcKBx, YCDeWHO CDpaBBBWHHCJI C B3rOTOBJieHBeM CJIO)KHLIX 

Y3JIOB KpBoreHHO- MarHBTHOH CBCTeMLI BOHHOrO BCTO'IHBKa. 
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