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BBELIEHI!1E 

OgHMM M3 nepcneKTMBHWX sapMaHTOB KpMocTaTMposaHMR MarHMTOB 
CBepxnpOBOAR~MX CMHXpOTpOHOB RBnReTCR npMHYAMTenbHaR 4MpKy
nR4MR napomMgKOCTHoro noToKa renMR no KaHanaM Memgy cnoRMM 
06MOTKM MnM BHYTPM Tpy64aToro CBepxnpOBOAHMKa. npeMMy~eCTBa 
ABYXcP<J3HOrO /napomMgKOCTHOrO/ KpMoareHTa nepeg OAHO!jla3HbiM 
/mMAKMM/ npORBnRDTCR B cnegyD~eM: 

a/ npM OAMHuK080~ MaKCMManbHO~ TBMnepaType 06MOTKM 3HTanbnMR 
M COOTBCTCT8CHHO TeMnepaTypa KpMoareHTa Ha 8XOAB 8 06beKT 
8 cny4ac ogHoct>asHoro renMR gonmHa 6WTb HMme, 4eM 8 cny4ae 
ABYX<)J<J3HOro; 

6/ Maccosw~ pacxog KpMoareHTa,npoKa4M8aeMoro 4epes o6beKT 
C cPMKCMpOBaHHWM TennOBWgeneHMBM, B cny4ae OAHO<)Ja3HOrO renMR 
6onbwc, 4BM s cny4ae gsyx<)Ja3Horo; npM4eM 3Ta pa3HM4a TeM 
6onbWC, 4CM 6onbWB AOnyCTMMOe napOCOAepmaHMe B ABYX¢a3HOM no
TOKe, M npM gonycTMMOM napocogepmaHMM x=l Maccoswe pacxogw 
MOryT OTnM4aTbCR 6onee 4BM B JQ pas; 

B/ B cny4ae KpMOCTaTMpOBaHMR nOTOKOM ABYX<)Ja3HOrO renMR 
Cy~eCTBCHHO BWWe YCT0~4MBOCTb o6MOTOK K COXpaHeHMD CBepxnpo
B0AHM0CTM npM 803AB~CTBMM Ha HMX MMnynbCHWX TennOBWX Harpy30K 
6onbwo~ MO~HOCTM/1/, HanpMMep, Ms-sa pagMa4MOHHOro pasorpesa 
06MOTOK. 

OgHaKo Mcnonb308aHMe s Ka4eCTBe t<pMoareHTa noToKa gsyx<)JasHo
ro ~enMR cgepmMsaeTCR TeM, 4TO cy~eCTBYD~M~ 3KCnepMMeHTanbHW~ 
MaTepMan no M3Y4BHMD rMAPOAMHaMMKM napomMgKOCTHOrO nOTOKa re
nMA e~e HegocTaTo4eH gnR Toro, 4To6w yKa3aTb o6nacTb ADnycTM
Mwx 3Ha4eHM~ napaMeTpos noTOKa /napocogepmaHMe, ygenbHW~ 
paCXOA, HBAOrpeB Ha BXOAB, MMnynbCHaA TennosaA Harpy3Ka M 
T.g./, o6ecne4M8aD~MX HaAemHOe KpMOCTaTMpOBaHMB. 

no3TOMy 8 HaCTOR~ee BPCMA MMBeTCA nMWb He60nbWOB 4MCnO 
CBepxnp080AA~MX MarHMTOB, oxnamAaBMbiX npMHYAMTenbHO~ 4MPKYnA-
4MB~ gsyx<)JasHoro renMA/2,3,4/. 

li1ccneg08aHMA ABYX$a3HWX TB4BHM~, npOBBABHHWe Ha KMnA~eA 
BOAB M B0A0803AYWHWX CMBCAX, yKa3WBaDT Ha CnBAYD~Me onaCHWB 
ABnBHMA, B03MOmHWe 8 cny4ae oxnamABHMA napomMAKOCTHWM noTo
KOM/5/. 

a/ ~anM4MB KPM3MCOB KMnBHMR ! Mll POAa, CBR3aHHWX C nepexo
AOM OT ny3blpbKOBOrO pe>KMMa KMneHMA K nneH04HOMY M 11 BbiCbiXaHMCM 11 

CTpyeK >KMAKOCTM Ha CTCHKaX rpeD~ero KaHana; 
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6/ nepeXOA OT OAHOrO pe~HMa Te4eHHH CMeCH K APYrOMy, HanpH
Mep, nOH8neHHe paccnOeHHOrO pe~HMa, npH KOTOpOM HH~HHH 4aCTb 
KaHana oM~8aeTCH ~HAKOCTb~, a 8epxHHH - napoM. Ycno8HH oxnam
AeHHH 8epxHeH 4aCTH KaHana pesKo yxyAwa~TcH; 

8/ HeYCTOH4H80CTb A8YX$a3Horo Te4eHHH. 
HeKoTop~e H3 nepe4HcneHH~x H8neHHH Ha6n~AanHCb 8 napomHA

KOCTHOM nOTOKe renHH. TaK, a8TOP~ pa60T~/6/ Ha6n~AanH paccno
eHH~H pe~HM Te4eHHH A8YX$a3Horo renHH, a 8/7/ynoMHHaeTCH o6 
3$$eKTe, npOH8nH~~eMCH 8 8epTHKanbHOH Tpy6e C 4epeAY~~MMHCH 
80CXOAH~HMM H HHCXOAH~MMH Te4eHHHMH napO~HAKOCTHOH CMeCM renHH, 
KOTOP~H 3aKn~4aeTCH 8 npep~8HCTOM Te4eHMM ~HAKOCTM H rasa 

·H conpo80~AaeTCH Kone6aHHHMH nepenaAa Aa8neHHH. 
0AHaKO AnH renHH OTHOWeHHe nnOTHOCTeH ~HAKOH M rasoo6pas

HOH $as p 'I p" HMeeT 3Ha4eHHe 8cero oK'ono 7, KPOMe Toro 
/H 3To rna8Hoe/, nnoTHOCTb Tenno8oro noToKa 8 oxna~Aa~~HX Ka
Hanax MarHHT08 AnH CHHXPOTpOH08 He npe8~WaeT 8enM4HHW 0,01-
0,02 BT/cM2. 

no3TOMY onaceHMH, yKasaHH~e 8 nyHKTax a/ M 6/, AnH napo
~MAKOCTHoro nOTOKa renHH, 8MAMMO, Hecy~eCT8eHHbl, a HeYCTOH-
4H80CTb A8YX$asHoro Te4eHHR AOnmHa 6~Tb 8~pa~eHa cna6ee, 4eM 
AnH nap080AHH~X CMeCeH. 
· Bo3MO~H~M THnoM HeycTOH4M80CTM A8YX$asHoro Te4eHHR 8 cny4ae 
KpHOCTaTHp08aHHH C8epxnp080AH~MX MarHMT08 H8nHeTCH HeyCTOH-
4H80CTb noToKa 8 napannenbH~x KaHanax. 

H3 on~T08 Ha KHnR~eH 80Ae H 80A0803AYWH~X CMeCHX pa3nM4a~T 
anepHOAH4eCKY~ H nepHOAH4eCKY~ HeyCTOH4H80CTb 8 napannenbH~X 
KaHanax/5/. B cny4ae anepHOAH4eCKOH HeycTOH4H80CTM npOMCXOAHT 
6~cTpoe He06paTHMOe H3MeHeHHe paCXOAa 8 OAHOM MnM HeCKOnbKHX 
napannenbH~x KaHanax, o6ycno8neHHoe HeOAH03Ha4HOCTb~ rHApo
AMHaMH4ecKoR xapaKTepMCTHKH KaHana /HanM4MeM 8 3a8MCMMOCTM no
Tepb Aa8neHMH OT MaCC080rO pacXOAa y4aCTKa C OTPMUaTenbH~M 
HaKnoH~M/ 5/ I. · 

B/ 8 YT8eP~AaeTcR, 4TO AnH ABYX$a3Horo renMR TaKaR HeoA
H03Ha4HOCTb He peanMayeTCH. 0AHaKO 3TOT 8~80A CAenaH AnH cny-
4aH roMoreHHOH MOAenM A8YX$a3HOrO Te4eHMH M pa8HOMepHOrO no 
AnMHe KaHana Tenno8oro noToKa M Tpe6yeT 3KcnepMMeHTanbHOH 
npo8epKM. 

nepMOAM4eCKaH HeyCTOH4M80CTb 803HMKaeT npM onpeAeneHH~X 
KOM6MHaUMHX reoMeTpMM KaHana, Aa8neHMH, Tenn080H Harpy3KM, 
paCXOAa A8YX$a3HOH CMeCM, 3HTanbnMM Ha 8XOAe 8 KaHan M npOR8-
nHeTCH 8 8MAe ycTOH4M8~X Kone6aHMH pacxoAa napo80ARHOH cMe- · 
CM/9,!0/. HanM4Me noA06Hwx Kone6aHMH 8 noToKe A8YX$asHoro re
nMR MOmeT npM8eCTM K MeXaHM4eCKOH 8M6paUMM 3neMeHT08 CXeMbl 
/8 TOM 4MCne H K KpaHHe HemenaTenbHOH 8H6pauMM MarHHTOB/, 
nOTpe6o8aTb perynMp08aHMH CMCTeMW, OKa3aTb 8nMRHMe Ha MeCTHWe 
xapaKTepMCTMKM Tennoo6MeHa. 
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PHc. I • MarHHT: I - TPY6Ka Ka6emi; 2 - csepxnpoao,~:~mi\HH 
TipOBO,I:I; 3 - 6aH,I:Iam H3 CTeKnoneHTW; 4 - BHTKOBaH H30nH
~HH; 5 - TipOCTaBKa H3 TeKCTOnHTa; 6 - nonyHpMo; 7 -
3MeeBHK ,I:\JlH OXJlam,I:I,eHHH HpMa; 8 - TIOny06MOTKii. 

Uenb~ HacTOR~eR pa6oT~ R8nReTcR 3KcnepMMeHTanbHaH npo8epKa 
803MO~HOCTM HaAe~HOrO KpMOCTaTMp08aHMH A8YX~a3H~M renMeM Mar
HMT08 C8epxnp080AR~ero CMHXPOTpOHa, 8~nOnHeHH~X no TMny 110KOH
HaH paMa'' c o6MOTKOH M3 Tpy64aToro C8epxnposOAHMKa/4/. Bw6op 
A8YX~a3HOro KpMoareHTa noTpe6yeT napannenbHOro nHTaHMR renMeM 
MarHMT08 YCKOPMTenR. npM 3TOM He06XOAMMO onpeAenMTb MaKCMManb
HO A6nyCTMMOe napOCOAep~aHMe Ha 8WXOAe M3 napannenbH~X KaHa
n08 M AOnycTMM~H paa6poc 8 rMApa8nM4eCKMX COnpoTM8neHMHX 
napannenbH~X 8eT8eH. KpoMe Toro, He06XOAMMO BWHCHHTb, npOR8nR-
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eTC~ n~ ~ KaK Bn~ReT Ha pa60TY MarH~TOB HeycTOA4~BOCTb ABYX$a3-
HOrO Te4eHMR.C 3TOA ~enb~ o6~0TKa MarH~Ta /4/ /p~c.1/ 6~na pa3-
AeneHa Ha ABe c~MMeTp~4H~e 4aCT~ c napannenbH~M n~TaH~eM 
ABYX$a3H~M ren~eM. 

CXEMA YCTAHOBKH H nPEABAPHTEnbH~E PE3YnbTAT~ 

np~H~Hn~anbHaR CXeMa KpHOCTaTHpOsaHHR MarHHTa npHBeAeHa 
Ha pHc.2. mHAKHA renHA H3 pe$pHmepayopa/1 1/ nocTynaeT s Kon
neKTOp K. H3 Kon~eKTopa noToK noAaeTCR s nonyo6MOTKH A H 5 
MarHHTa. npoXOAR KaHan~ nonyo6MOTOK, renHR H3 HeAOrpeToro 
COCTORH~R nepeXOAHT B ABYX$a3HOe. nocne nonyo6MOTK~ A nOTOK 
nocTynaeT Ha oxnamAeHHe TOKOBBOAOB T, 3aTeM - B 6noK AnR H3Me
peHHR o6beMHoro pacxoAa P H Aanee HanpasnReTCR B KOMnpeccop. 
noToK nocne nonyo6MOTKH B HAeT Ha· oxnamAeHHe "xonoAHblx" KoH
~os TOKOBBOAOB H Bo3spaQaeTCR s pe$pHmepaTop. BeHTHnH B1 H B2 
cnymaT AnR HMHTa~HH MeCTH~X conpOTHBneHHA B nonyo6MOTKaX. 
BeHTHn~ B3 H B4 npeAHa3Ha4eH~ AnR nOAAepmaHHR nocTORHH~M Aasne
H~a B T04Ke 3 Ha B~XOAe nOTOKa H3 BeTBH A napannenbHOrO KaHana 
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/KaHan A BKn~4aeT B ce6R seH
THnb Bf/ H paBH~M AasneHH~ Ha 

p~ BbiXOAe 1-13 BeTBH 5 /TOL!Ka 4/. 
npH 3TOM T04KH 3 H 4 HMI-1TI-1PY~T 
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KonneKTOp Ha B~XOAe ~3 nony
o6MoToK. H3 T04eK 1 ,2,3,4,5 
B~BeAeH~ ~MnynbcH~e ypy6KH AnR 
1-13MepeHI-1R AasneHHR s noToKe. 
B T04Kax 1 ,5,6 ycTaHoBneH~ 
yronbH~e TepMOMeTp~ conpoTHsne
HHR. HarpesaTenb HI no3sonReT 

PHc.~ CxeMa KpHOCTaTHPOBaHwi 
MarHHTa: A,B - nonyo6MOTKH; 
K - KOJIJieKTop; T - TOKOBBOA!>I; 
p - 6JIOK AflH H3MepeHHfl o6~eMHO
ro pacxoga renHH; Bl, B2, B3, 
B4 - BeHTHnn; HI, H2 - 3JieKTpo
HarpeBaTenH; 1,2,3,4,5- 'I'O~KH 

BbiBOga HMIIYJibCHb!X Tpy60K AflH 
H3MepeHHfl gaBJieHHH; 1,5,6-
MeCTa YCTaHOBKH yrOJibHbiX Tep
MOMeTpOB COllpOTHBJieHHfl. 
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H3MeHRTb 3HTanbnH~ HeAorpeTOA mHAKOCTH Ha BXOAe B MarHHT, a 
Harpesayenb H2 Heo6XOAHM AnH onpeAeneHHR TennoB~AeneHHR s nony
o6MOTKe. CyMMapH~R pacxoA mHAKoro renHR, 7o~?saeMoro s ~onyo6-
MOTKH' , H3MepHeTCR c noMOQb~ MepHoro 6aKa 1 • PacxoA renHR 
s nonyo6MoTKe A H3MepReTcR c noMOQb~ ra3osoro C4eT4HKa Pf-40, 
ycTaHosneHHoro s 6noKe P, a pacxoA renHR s nonyo6MOTKe 5 on
peAenReTCR H3 ypasHeHHR MaTepHanbHoro 6anaHca. TennoB~AeneHHe 
s nonyo6MOTKe A npHHHMaeTcR pasHbiM TennosbJAeneHH~ s nonyo6MoT
Ke 5 H onpeAenReTCR H3 ypaBHeHHR 6anaHCa 3HeprHH MemAY T04Ka
MH 1 H 6. AasneH~R H3MepR~TCR c noMOQb~ MaHoMeTpos T04H~x H3-
MepeHHA C KnaccoM T04HOCT~ 0,6 H ~eHOA AeneHHR 0,005 KrC/CM2. 

MarHHT Hcn~T~8ancR B sepT~KanbHOM nonomeHHH. Bo36ymAeHHe 
o6MOTKH OCYQeCTBnRflOCb Henpep~8H~MH HMnynbCaMH TOKa Tpeyronb
HOA $OpM~ C aMnnHTYAOA 6,5 KA, 4TO COCTa8nReT 90% OT KPHTH-
4eCKoro 3Ha4eHHR. AasneHI-1e HeAorpeToR mHAKOCTH Ha sxoAe 8 no
nyo6MOTKH nOAAepmHsanocb Ha ypo8He 0;052 +0,053 Mna, TeMnepa
Typa - Ha YPOBHe 4,45 K. nepenaA AasneHHR MemAY T04KaMH 1' 3 
H 1, 4 nOAAePmH8ancR paBH~M 0,02 Mna. nonomeHHe seHTHnR B1 
6~no YCTaHOBneHO 8 Ha4ane 3KCnepHMeHTa H 8 npo~ecce HCn~TaHHA 
He H3MeHRfl0Cb. npH pa6oTe MarHHTa 8 HMnynbCHOM pemHMe C pas
flH4HOA AflHTeflbHOCTb~ HMnynbca, a, CfleAOBaTeflbHO, H TennoB~Ae
neHHeM npo80AHnOCb H3MepeHHe pacxoA08 no nonyo6MoTKaM. AnH
TenbHOCTb HMnynbCa yMeHbWanacb C 2 AO 1 ,3c. npH 3TOM Tennos~-
AeneHHe B MarHHTe y8enH4HBanOCb c 10 AO 20 BT. nepepacnpe-
AeneHHR pacxoAoB 8 nonyo6MoTKax He npoHsowno. PacxoA 8 nonyo6-
MOTKe A <;;_ocTa8nRn 0,72 r/c, a 8 nonyo6MOTKe 5 - 1,3 r/c. nepe
naA AaBneHHR Ha seHTHne B 1 pa8HRnCR 0, 01 Mna. 

3AKn104EHHE 

C03AaH MarHHT c napannenbH~M nHTaHHeM ero nonyo6MOTOK AByx
¢a3HbiM renHeM. nony4eHbl pe3ynbTaTbl, noKa3biBa~QHe npHH~HnHanb
HYIO B03MOmHOCTb Kp~OCTaTHpOBaHHR MarHHT08 n1na 110KOHHaR paMa 11 

C 06MOTKOA H3 Tpy64aToro CBepxnpOBOAHHKa C napannenbHWM nHTa
HHeM A8Yx$asH~M renHeM. Macco8oe napocoAepmaHHe Ha s~xoAe H3 
napannenbHoro KaHana s 3KcnepHMeHTe 6~no AOBeAeHo AO 0,7, 
a HeAorpe8 noToKa Ha sxoAe - AO 0,2 K. fHApasnH4ecK~e conpoTHB
neHHR KaHano8 OTnH4anHcb B 2 pasa. 

npeAnonara~TCR AaflbHeAWHe HCn~TaH~R MarHHTa C 4eflbl0 onpeAe
neHHR MaKCHMaflbHO AOnyCTHMOrO napOCOAepmaHHR Ha B~XOAe H3 
napannenbH~x KaHanos H rpaHH~ ycTOA4Hsoro KpHocTaT~posaHHR. 
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TEMA TM'IECKHE KA TErOPHH fiYB11HKAUHff 

OB'bE,nMHEHHOrO HHCllfi'YTA 

HCCJIE~OBAHHff 

HH.neKc TeMaTIIKB 

H,AEPHYX 

1. 3KcnepHMeHTanbHaR ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaA ~3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpoHHaR ~3HKa 

4. TeopeTH4ecKaR ~3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHR 

7. ~3HKa TR*enWX HOHOB 

8. KPHoreHHKa 

9. YcKopHTenH 

10. AaTOMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 

AaHHWX 

11. Bw4HcnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~3HKa RAepHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~3HKa 3a~TW 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb3oaaHHe pe3ynbTaToa H MeTOAOB 

~YHAaMeHTanbHWX ~3H4eCKHX HCCneAOBaHHH 
8 CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

" 

~bR4KO~ I H 1-1 p,p Tt.l r 

Maf HHTOu <..!If 1£ r Hi.df.4 

01' 1t Ul'\ HMnyJlbC HbiX CBepxnpOBOARIIIHX 
f>M<,I'!>K ABYXlH3HbiM renHeM 

8-82-16'1---. 

raepxrpooo · 
t-: HI ~~ PI<>'JlRI.II-'R ,. ID<))I(HAI<OCTHOI'O ·lOTOI<a r~JlHR 

'lHY ii>H r~ Y04.JTO~O CBePX"IPOBOAHHKa 1: 
OC · ·Ac·p)l(aHHR Hd BbiXOAe H3 fldpan

HJlPclBIU14Cci<HX COnpontBJ1eliHRX 
J1H'·<>1R 1-1 Bm<RHIAR Ha pa6oT I M<Jr HHTOB 
•c 1< 1 renHR ... o3AaH Mar~wr c. napan

nenb~ •biM 'lHTa~ He,.,, t'r n:m, J'"''- •o1< ABYX¢•J:'t-obl.., rc r ~<~Ot nony•·eMbl ,lesynbTaTbl, no 
Ka'3b1B li01111-1E' 'lp ~H4'1n:•1!1~1 {!(, llUliM< llf{H< C. Tb I<~ .. •OC T lT•1PnO<•H>IR MCJ!""Hi-1TOB ·, 1-1 lo 10I<CH ' 

HaR paMa" c o6Mv Tl<"" o11 rpyE:4C'TOT ~' c BC!pxn,w;-.oA'1HK·1 . napannenbHbiM 'lHTaHHeM I 
A•JYx<l>a3•1biM r en~-teM. M.Jco:.oar,e 11apoc "'Af )J:'aHI-1£ ""~'' IILIXO.I<' ~ 1 rapannenbHoro KaHanij 
B 3KCnf'pHMCHT€' Ob1J1l AOBC.AeHL p,O 0, I .;, li( A<>r pea 'lOTOk 1 Hi.l BXOAe - AO 0, 2 K. 
fi-IAPaBJ'HLieCKI-1€' conpOTI-1BTlC'HHR t<aHCITlOil UTfli-14·3TliA ·" II l I) l ;a 1 

PaooTa BblnOJlHeHa B Jla5opaTOPIAH Bbi(OI<I-IX :JH:·. >T >1ti •)14 ~11. 

~~~>t:e _OCl>CAI-IHeHHOro I-IHCTI-ITYTa RAePI1bll< W~ "C'AOBCJIIHI<i. ~vu::_l.~~ 
Dyachkov E.l eta:. Refrigeration of P..!l,ed S•,r·::>ILC'rductinq i.i·S.l-169 
Magnets with A Ceil Parallel Feed ng by Tl-m-Ph;Jr,t· lieltum 

A forced circ~lation of hel'um 1 iquid ft~x in rei! channels or inside I 
a hollow compo~itc superc"nductor - a pron I~ •n<J .,.ay ot refrigi rat in( magt· c t•. 
for superconducting synchrotrons i.e; .Ji·>e·J""Cl. In •·rdt'r to determine 
permissible vapo·.1r quality ,Jt tl"le out'ct f1m1 ;l.H I le-I ,.h<.rmels, a rermissl
ble d'fference of hydraulic imped~nc,• fo lhlr~IIC'I circuits and study of 
instabil'ties in the ~wo-,,hastc .oe: iun flow, •l ,"'Jclqnct with parai1Pl fee~ ng 
of its llalf-coils of two-phase he•ium ha bC'c-n r.:-1ted. It(<, shown th,Jt th 
refrigir<Jt;on of "window frar;"tc" type 'll.Jqr.ets w1th .1 hollow composite SOJper 
conductor ar~d par,Jllel feeainq '1 '' two-ph.ls£' hcl ium is po.sit>le. Vapour cual i 
ty at the outlet from parallel c'l.Jr,nC'I wds rccurtd t;·lto 0.7 and entry liquid 
subcool inq-upto 0.2 K. Hydr.JLloc irr.puldn.:e. •or chdnnc·ls differed by twice. 

The investi~atlon has been performPd ~t the LDboratory of the High Ener 
Energies, JINR. 
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nepeBOA O.C.BI-IHOrpaAOBOH. 


