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S u m m a r y 

The helium refrigerator for cooling 
a large superconducting system is described. 
The refrigerator has a helium-expansion 
engine and uses liquid nitrogen for precool­
ing. It can work both in the liquiefaction 
and in the refrigeration mode. The refrige­
rator can produce liquid helium at the 
boiling temperature as well as supercooled 
one. There exists the possibility to control 
the expansion engine flow, to get optimium 
results at special mode: cooling of magnet 
with making of liquid helium at the same 
time. Capacity of the refrigerator is 
240 W. Some of characteristics of the refri-
gerator are shown. · 

~ns TepMOCTaTupoaauus Kpynu~x caepxnpoao~s~x 

ycTpOHCTB B 06'Le~HeHHOM HHCTHTyTe g~epH~X HCCJie~OBa­
uuii co3~au Mnoro:ueneaoii renuea~ii peclJpu)l(epaTop /MrO/, 
pa6oTaiO~H no :UHKJIY C npe~aapHTeJibH~M OXJia)l(~eHHeM 

)I(H~KHM a30TOM, paCWHpeHHeM B nopWHeBOM ~eTaH~epe,H 
~poccenupoaauueM C)l(aToro ra3a. YcTauoaKa MO)I(eT 6~Tb 
HCOOJib30BaHa ~Jig pa60Tbl B HeCKOJibKHX pe)I(HMaX: 

1/ TepMocTaTupoaauue )I(H~KHM renueM npu TeMnepaTy­
pe 4,5 K; 

2/ TepMocTaTupoaauue renueM npu caepxKpHTuqecKoM 
~aaneuuu H TeMnepaType 4,5 K; 

3/ O)I(H)I(euue renu.R. 
Ilpuu:uunuanbua.R cxeMa MrO npe~cTaaneua ua puc. 1. 

IloToK C)l(a Toro renu.R npoxo~HT nocne~oaa Tenhno Tennoo6-
MeHHK 1, aauuy )I(H~Koro a3oTa 2, Tennoo6MeHHHK 3u 3aTeM 
pa3~en.ReTc.R ua ~Bt: qacTH, o~ua H3 KOTop~x pacwup.ReTc.R 
a ~eTau~epe 5, a ~pyra.R nocne oxJia)l(~eHH.R a Tennoo6Meu­
uaKax 4 H 6 ~poccenapyeTc.R B aeuTune /V. IlonyqaeMa.R 
npu ~poccenapoaauuu napo)I(H~KOCTHa.R cMecb cenapapyeTc.R 
a c6opuaKe )I(H~Koro renu.R 7. Ilo~aqa renu.R a TepMocTaTu­
pyeM~H o6'LeKT ocy~ecTBn.ReTc.R aeuTaneM B1, a B03BpaT 
H3 o6'LeKTa a peclJpa)l(epaTop - aenTaneM B2. 06paTJ:I~e 
OOTOKH H3 ~eTaH~epa, C60pHHKa H 06'LeKTa OTBO~.RTC.R qepe3 
Tennoo6MeHHHKH ua KoMnpeccop. 

B pe)I(HMe TepMocTaTupoaauu.R )I(H~KOCTbiO renuB., no~a­
aaeM~il a o6'beKT, ~poccenupyeTc.R B aeuTune A2~o ~aaneuu.R 
qyTh a~we, qeM ~aaneuue a c6opuaKe, u Kou~eucupyeTcs 
a 3MeeBHKe 8. Ilpu TepMOCTaTaponauaa renaeM c caepx­
KpHTaqecKHM ~aaneuueM HY)I(HOe ~aaneuue noMep)I(HBaeTcs 
c noMO~biO aeuTuneB. ,42, B1 a B2. Bo3MO)I(eH TaK)I(e pe)I(HM 
TepMOCTaTHpOBaHH.R npH OTCYTCTBHH )I(H~KOrO renH.R B c6op­
HHKe /T.e. npa 3aKp~TOM aenTHJie ,41/. B TaKoM cnyqae 
C60pHHKOM H OT~eJIHTeJieM )I(H~KOCTH CJiy)l(aT eMKOCTH 
caMoro o6'beKTa. 
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Puc. 1. JipUHijunuaAbHa.R cxeMa pe(JpuJtCepalllopa. 1,3,4,6 -
•enAoo6MeHHUKu; 2 - aaHHa JtCUOKozo a3o111a; 5 - oelflaHoep; 
7, - c6opHUK JICUOKOZO zeAUJI; 8 - 3Mee6UK. 

Pe>KHM O>KIDKCHHJI C OTBOAOM >KHAKOrO reJIHJI 110Tpe6a­

TCJIIO OTJIH'IaCTCJI OT paCCMOTpCHHOrO BbiWC pe>KHMa TCpMo­

CTaTHpOBaHHJI TCM, 'ITO XOJIOAHbiC rrapbl 83 06'bCKTa HC B03-

upaiQaiOTCJI B pecllpiDKepaTop. 

fipH pa60TC ycTaHOBKH B KOMIIJICKCC C CBepxiipOBOAJI­

IQHMH ycTpOHCTBaMH 'laCTb rrapOB reJIHJI C TCMIIepaTypoii 

4,5 K OTBOAHTCJI 'lepe3 TOKOBBOAbl Ha ypOBCHb TCMIIepaTy­

pbi oKpy>KaiOIQeii cpeAbl. TaKoii pe>KHM JIBJIJieTcJI KoM6HHB­

pouaHHbiM: TCpMOCTaTHpOBaHHC C OAHOBpCMCHHbiM O>KB>Ke­

HHCM. llOA06HbiH pe>KHM OCYIQCCTBJIJICTCJI H B rrepHOA Ha­

KOIIJICHHJI >KHAKOrO reJIHJI B KpHOCTaTaX 06'bCKTa. 
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Puc. 2. CxeMa f4UAUHOpoaoil '-1ac111u oelflaHoepa. 1 - "lllen­
Ablil" f4UAUHOp; 2 - nopumeaoe ynAOIIIHeHue; 3 - npuaoo 
6blnyCKHOZO KAanaHa; 4 - 6QKYYMHbiU KOJtCyx; 5 - nopUleHb; 
6 - "XOAOOHblU" ijUAUHOp; 7 - npu600 anyCKHOZO KAanaHa; 
8 - KAanaH 6blnycKa; 9 - Oalfi'-IUK oaaAeHUJI; 10 - KAanaH 
anycKa; 11 - pezyAJIIIIOp OlfiCe'-IKU anycKa; 12 - 6eHIIIUAb Ha 
AUHUU ylfle'-leK. 

C UCJibiO perynapoBaHHJI TCMIIa OXJia>KACHHJI 06'bCKTa, 

a TaK>Ke AJIJI rrpoBeAeHHJI 3Toro rrpouecca Haa6onee 3Ko­

HOMH'IHbiM o6pa30M B CXCMC ycTaHOBKH IIPCAYCMOTpCHbl 

o6BOAHbiC JIHHBH. llpa OXJia>KACHHB reJIBH B o6'beKT IIOAaCTCJI 

IIOCJICAOBaTCJibHO 'ICpC3 BCHTHJib ,44 IIPH TCMIIepaType 

o6'beKTa oT 300 K AO 100 K, qepe3 ueHTHJib ,43 - rrpa 

TeMrrepaType o6'beKTa OT 100 K AO 20 K a qepe3 ueHTHJib 

,42- rrpa TCMIIepaType OT 20 K AO 4,5 K. 

5 



HJMeHeHHe pe)I(HMa pa6oTLI ycTaHOBKH BbiJbiBaeT He-
06XOJJ;HMOCTL HJMeHJITL KOJIH'IeCTBO raJa, DOJJ;aBaeMoro Ha 
,neTaH,nep. BoJMO)I(HOCTL rny6oKoro H nnaBHoro peryJIHpo­
BaHHJI npoHJBOJJ;HTeJILHOCTH nopwHeooro ,neTaH,nepa 6eJ 
CHH)I(eHHJI K.n.,n. oKaJanacL pewaJOllleii npH Bbl6ope THna 
paCWHpHTeJILHOH MaWHHbl. 

06lllHii BH,n ycTaHOB:KH npe,ncTaaneH Ha puc. 3. )J;eTaH,nep 
BbiHeCeH HJ 6JIOKa O)I(H)I(eHHJI H COeJJ;HHeH C HHM Tpy6onpo­
BOJJ;aMH c 3KpaHHo-oaKyyMHoii HJOHJIUHeii. TaKoe peweHHe 
cymeCTBeHHO ynpomaeT 06CJIY)I(HBaHHe H peMOHT ,neTaH,ne­
pa. TaK, B npouecce 3KcnnyaTaUHH y,naaanocL npoHJBeCTH 

noJIHblii oTorpeo .neTaH,nepa c pa36opKoii H JaMeHoii Bblme.n­
WHX H3 CTpOJI Y3JIOB H qepe3 4-5 qacoB BHOBL BBeCTH ycTa­
HOBKY B pa60'IHH pe)I(HM. 

)J;eTaH,nep no KOMnOHOBKe DOBTOpJieT CXeMy MaWHH JJ;JIJI 
yMepeHHO HH3KHX TeMnepaTyp: "XOJIOJJ;HbiH" UHJIHHJJ;p pacno­
JIO)I(eH Ha,n MeXaHH3MOM JJ;BH)I(eHHJI. 3THM ,neTaH,nep pe3KO 
OTJIH'IaeTCJI OT reJIHeBbiX MaWHH, KOTOpble, KaK npaBHJIO, 
cTpoJITCJI no cxeMe, anepoble npHMeHeHHoii ll.JI. Kanuueii I 1 I , 
r.ne "xono,nHble" qacTH .neTaH.nepa pacnonaraJOTCJI no.n 
"TeDJILIMH", pa6oTaiOIUHMH DpH KOMHaTHOH TeMnepaType. 
Cxe:Ma UHJIHH,npoaoii qacTH ,neTaH,IJ.epa noKa3aHa Ha puc. 2. 
KnanaH anycKa 10 cHa6>KeH npuoo,noM 7, pacnoJio)l(eHHbiM 
B DOpWHe 5; KJianaH BLinycKa 8 HMeeT npHBOJJ; OT KyJia'IKO­
BOrO BaJia. PeryJIJITOp OTCe'IKH BnycKa 11 noJBOJIJieT B WHpo­
KHX npe.nenax, 6onee qeM B .naa pa3a, H3MeHHTL npoHJBo­
JJ;HTeJILHOCTL MaWHHLI. B KaqecTae nopwHeaoro ynnoTHeHHJI 
HcnoJILJOBaHLI Ko>KaHLie MaH>KeTLI 2. Pa.nuaJILHblii 3a3op 
Me)I()J;y nopWHeM H UHJIHHJJ;pOM OKOJIO 0,1 MM. )J;HaMeTp 
UHJIHHJJ;pa ,neTaH,nepa 65 MM, XOJJ; DOpWHJI 160 MM, 'IHCJIO 
060pOTOB JJ;O 350 06/MUH. 

)J;eTaH,nep DpOCT H JJ;OCTaTO'IHO Ha,ne>KeH B 3KCnJiyaTa­
UHH, o.nHaKo a,nHa6aTHLiii K.n.,n. ero, onpe.neneHHblii no na­
paMeTpaM raJa nepe.n H nocne MaWHHbl, He npeablwaeT 0, 7, 
a TOT )l(e K.n.,n., Bbi'IHCJieHHLIH HCXOJJ;JI H3 TenJIOBOrO 6a­
JiaHca ycTaHOBKH, COCTaBJIJieT 0,6-0,65. )J;OnOJIHHTeJILHble 
DOTepH BOJHHKaiOT BCJieJJ;CTBHe Tenno- H MaCC006MeHa 
Me)I()J;y raJoM B pa6o'leM o6'LeMe H ra3oM B llleJIH nopweHL­
UHJIHH,np, a TaK)I(e B pe3yJILTaTe nynLcauHii raJa B Ja3opax 
CTbiKOBbiX COeJJ;HHeHHH Tpy6onpOBOJJ;OB. 
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Puc. 3. 06Uiuil euo pe(lpuxepa1flopa. 1 - oeaaHOep; 2 -
zu6Kue coeOuHuaeAbHble apy6onpoeoObr; 3 - eeHaUAu 
HU AUHUJIX, coeOUHJIIOU#UX pe(lpuxepaaop C 06'beKROM; 
4 - U30AJifiUOHHbiU KO:JICYX; 5 - U301fiHbiU RenA006MeHHUK; 
6,7,9,10 - RenA006MeHHUKU; 8 - U3pozeAb; 11 - c6opHUK 
xuOKozo zeAuJI; 12 - 3MeeeuK; T - 1fiO'IKU 3aMepa aeMnepa­
ayp. 

7 



linoK O:>KH)KeHHJI I puc. 31 co6paH B MeTannH'IeCKOM 
cocy,~~;e ,D;broapa 4 c 3KpaHHo-aaKyyMHOH HJOn.llu;Heil H 
aKTHBHpoaaHHbiM yrneM a Ka'leCTBe a,~~;cop6eHTa. Pal a ro,~~; 
BaKyyMHOe IlpOCTpaHCTBO OTKa'IHBaeTCJI lilopBaKyyMHbiM 
HacocoM ,11;0 ,~~;aaneHHJI 5·10-2 MM p11.c11. a Te'leHHe HecKonb­
KHX qacoa; B npou;ecce pa60Tbl OTKa'IKa He npOH3BO,II;HTCJI. 
Xono;fBbiH aKTHBHpoaaHHbiH yronb o6ecne'IHBaeT aaKyyM 
10- - 10-6 MM pm.CII. IlO'ITH BCe Tenno06MeHHHKH 6noKa 
O,IJ;HOTHilHbl: nonepe'IHO-T0'1Hble,H3 pe6pHCTblX Tpy6, JaKJIJO­
'IeHHbiX Me)K,IJ;Y ,IJ;BYMJI KOHH'IeCKHMH o6eqaii:KaMH. Me)K,II;y 
Tpy6KaMH nponO)KeHbl HpOKna,IJ;KH H3 xnon'laTo6yMa)KHOrO 
UIHypa. HCKJIJO'IeHHe COCTaBJIJleT aJOTHbiH Tennoo6MeHHHK 5, 
COCTOJIIUHH H3 .D;BYX o6eqaeK D;HnHH,IJ;pH"'eCKOH lilopMbl, Me)K)J;y 
KOTOpbiMH C IlOMOIUbiO WHeKa o6pa30BaH CilHpanbHblH KaHan 
.D;JIJI napoa aJoTa. BHyTpH KaHana noMemeHa pe6pHcTaJI 
Tpy6Ka ,~~;n.11 C)KaToro renHJI. HH:>KHJIJI, pacwHpeHHax qacTb 
Tennoo6MeHHHKa o6pa3yeT a30THYIO BaHHY. ,lJ;nJI COKpameHHJI 
ra6apHTOB 6noKa IlO BbiCOTe Tennoo6MeHHHKH BCTaBneHbl 
,~~;pyr a ,~~;pyra. Bee Tennoo6MeHHHKH Haxo,IJ;JITCJI a aTMocllle­
pe renHJI no,~~; raJronb,nepHbiM I oKono 150 MM 600. em./ 
,IJ;aBneHHeM. C u;enbJO ycTpaHeHHJI KOHBeKTHBHbiX TOKOB 
Me)K)J;y annapa TaMH, HMeJOIUHMH pa3HYIO TeMnepa Typy, CBO-
60.D;HOe IlpOCTpaHCTBO Me)K)J;y Tenno06MeHHHKaMH 7,9,10 H 
C60pHHKOM :>KH.D;KOrO reJIHJI 11 JaCbiilaHO a3poreneM. ra-
6apHTHble pa3Mepb1 6noKa Q)KH)KeHHJI cp 800x2700 MM, 
Macca OKOnO 1800 KZ. 

IlpO,II;OJI)KHTenbHOCTb IlYCKOBOrO nepHO,IJ;a ycTaHOBKH 
3,5 "'aca. Xono,~~;onpoHJBO.D;HTenbHOCTb B pelilpH)KepaTopHOM 
pe:>KHMe 240 Bm n.pH pacxo,~~;e C)KaToro renHJI 1200 HM3j..,ac 
H :>KH,IJ;Koro aJoTa 50 A/"'ac. B O)KH:>KHTenbHOM pe)KHMe 
ycTaHOBKa Bblpa6aTblBaeT 60 A/"'aC :>KH,IJ;KOrO remu~ IlPH 
pacxo,~~;e C)KaToro raJa oKono 1000 HM 

3
/..,ac H )KH.Ll,Koro 

aJoTa 65 A/"'ac. Ha puc. 4 npe,~~;cTaaneHa xapaKTepBCTHKa 
pelilpH)KepaTopa npH pa6oTe B KOM6HHHpOBaHHblX pe)KHMaX. 

AaTopbl nonb3yJOTCJI cnyqaeM BblpaJHTb rny6oKyJO 6na­
ro,~~;apHOCTb coTpy,IJ;HHKaM KpHoreHHoro oT,~~;ena Jla6opaTopHH 
BbiCOKHX 3HeprHH OHJIH, npHHHMaBWHM yqacTHe a 3TOH 

pa6oTe. 
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Puc. 4. XapaKmepucmuKa perjpuxepamopa npu pa6ome 6 KOM-
6uHupo6aHHbiX pexuMax: 
1 - npu pacxooe cxamozo zeAUJI 60 z/c; 2 - npu pacxooe 
CJICQTfiOZO ZeAUJI 44 2/C. 
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