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0 npHMeHeHHH ceepxTeKy4ero renHR e Ka4ecTee 
X/laAoareHTa A/IR ceepxnpOBOAR~HX YCTPOHCTB 

8-87-610 

()(5cyJ«AeHw npeHM}'llleCTBa H BO3MO*HOCTH HCnO/1b3OBaHHR ceepxTeKy4ero renHR 
B Ka4eCTBe X/laAoareHTa A/IR ceepxnpoBOAR~HX ycTpOMCTB. noHH*eHHe TeMnepaTypw 
*HAKOro renHR HH*e 2 K 3Ha4HTe/1bHO noewwaeT nnOTHOCTb TOKa NbTi ceepxnpo
BOAHHKa B o6naCTH HHAYK~HH MarHHTHoro nonR 8 f 10 Tn. HaH/1Y4WHe npaKTH4e
CKHe YC/IOBHR npHMeHeHHR ceepxTeKy4ero renHR /He II/: TeMnepaTypa 1,8 K npH 
aTMOC~epHOM AaeneHHH. 8 3TOM C/1y4ae e~e He eenHKO conpoTHB/leHHe KanH~W 
H Ten/10OTAa4a B He II npHMepHo TaKaR *e, KaK B He I. He II nOA Aaa/leHHeM 
nO/1Y4aOT,COeAHHRR eepxHIOIO 4aCTb eaHHW C He II C eaHHOH He I nOA aTMOC4)ep
HWM AaeneHHeM. AnR 00/lbWOro aAPOHHOro KO/lllaHAepa Ha CO■elll■HHH ICFA, 1986 
npeAJlO*eHa CHCTeMa KPHOCTaTHPOBaHHR C MarHHTaMH, norpY*eHHWMH B KpHOCTaT 
HenOABH*HWM He II nOA AaB/leHHeM. CHcTeMa C He II T~aTe/lbHO 3a3KpaHHPOBaHa 
*HAKHM He II. 

Pa6oTa ewnonHeHa e na6opaTOPHH BWCOKHX 3HeprHH OHRH. 

Coo6ul111• 06MA1111111111oro 1111cnnyra ue)JICWX IICCJle.tlO■uad . .lb'l'IHa 1987 

nepeaoA n.H.6apa6aw. 

Zeldovich A.G. 8-87-610 
About th~ Usage of Superfluid Helium 
as a Coolant for Superconducting Devices 

Advantages and possibilities of the usage of superfluid helium as a 
coolant for superconducting devices are discussed. The temperature decrease 
of liquid helium below 2 K increases considerably a current density of 
NbTi superconductors at magnetic fields of 8 - 10 T. A temperature of 
1.8 K at atmospheric pressure are the best practical parameters of super
fluid helium /He II/ as a coolant. In this case the value of Kapltza 
resistance is not yet great and the value of heat transfer Into a He II 
bath about the same as that Into a He I bath . Pressurized He II is obtai
ned by connecting the He II bath with the He I bath ander atmospheric 
pressure. A cryostat system with magnets sinked ln lrrmovable pressurized 
He II was proposed for the large hadron coll Ider at the conference ICFA, 
1986. The He II system is carefully protected from heat Input by liquid 
He I shield. 

The investlgatlon has been performed at the Laboratory of Hlgh 
Energies, JINR. 
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np1-1 C03AaHHH csepxnpOBOAR~HX MarHHTOB CTpeMRTCR nony4HTb 
MaKCHMaJ1bHy~ nnoTHOCTb TOKa B o6MOTKe, 4TO no3BOJ1ReT CHH3HTb 
KOJ1H4eCTBO 3aTpa4HBaeMoro csepxnpOBOAHHKa 1,1 yMeHbWHTb ra6ap1,1-
Tbl MarHHTa np1,1 3aAaHHOA MarHHTHOA HHAYK4"1"1 1,1]11,1 C03AaTb MarHHT 
c BblCOKOA MarHHTHOA HHAYK4HeA np1,1 pa3yMHOM pacXOAe csepx
npoBOAHHKa. 0CHOBHOA cnoco6 nOBblWeHHR KPHTH4eCKOA nnoTHOCTl,1 
TOKa B csepxnpoBOAHHKe - 3TO YI1Y4WeHHe ero Ka4eCTBa. KpHTH-
4eCKaR nflOTHOCTb TOKa np1,1 AOCTHrHYTOM Ka4eCTBe csepxnpoBOA
HHKa MomeT 6b1Tb 3Ha4HTeJ1bHO nOBblWeHa 3a C4eT CHHmeHHR TeMne
paTypbl KPHOCTaTHPYID~ero mHAKoro renHR. CeA4aC B Ka4eCTBe 
Ha1-16011ee nOAXOAR~eA noHHmeHHOA TeMnepaTypbl Bb161-1paIDT 1 • 8 I{' 

np1,1 KOTopoA H<HAKHA re111-1A HaXOAHTCR B csepxTeKy4eM COCTORHl,11,1. 
TeMnepaTypa 1 ,8 K Ha1-16011ee BblrOAHa AI1R YAaneHHR Tennosb1Aene
HHA H3 MarHHTa. np1-1 HeA e~e He BeJ1HK CKa40K Kan1-14b1, T.e. 
pa3HOCTb TeMnepaTyp MemAY TenJ100TAaY.ll.lleA nosepXHOCTbID H csepx-
TeKy4HM renHeM, KOTopaR o6paTHO nponop4HOHaJ1bHa T3 /1/. 
TeMnepaTypy 1,8 K nerKo nony4HTb nyTeM OTKa4KH napos mHAKoro 
renHR, ynpyroCTb KOTOPblX np1,1 1 ,8 K COCTaBJ1ReT 17 M6ap. 
Ha p1,1c.l npHBeAeHa 3aBHCHMOCTb KPHTH4eCKOA nflOTHOCTH TOKa 
OT BeJ1H4HHbl MarHHTHOA HHAYK4HH. BHAHO, 4TO AI1R peanbHO 1,1cno11b-
3yeMoro NbTi csepxnpOBOAHHKa Ha1-160J1bWHH 3<1xt>eKT CHHmeHHR 
TeMnepaTypbl.B03HHKaeT np1,1 MarHHTttoA MHAYK4HH 8+10 Tn. Bblco
KaR TennonpoBoAHOCTb caepxTeKy4ero re111-1R no3sonReT s np1-1H41-1ne 
OTBOAHTb Tenno OT KPHOCTaT1-1pyeMoro o6beKTa 4epe3 HenOABHmHyID 
Macey renHR. 8 TennoBOM OTHOWeHHH BaHHa co csepxTeKy4HM re
n1-1eM nOA06Ha TBePAOMY Teny. B HeA OTCyTCTByeT KOHBeK4HOHHOe 
nepeMew1-1saH1-1e, Tenno pacnpocTpaHReTcR TOJ1bKO TennonposoA
HOCTbID, H MemAY HarpeToA H oxnamAaID~eH nosepXHOCTRMH 803Hl,1-
KaeT rpaAHeHT TeMnepaTyp. YcTaHosneHHe cTa61-1nbHoro TeMnepa
TYPHoro pem1-1Ma nocne Ha4ana OXJ13~AeHHR 3aHHMaeT HeCKOJ1bKO 
AeCRTKOB MHHyT/ 2 /. H3y4aJ1CR TennoBOH noTOK BHYTPH Tpy6bl C OA
HHM 3aAeJ1aHHblM KOH40M H APYrHM, OTKPblTblM B BaHHy co csepx
TeKy4HM ren1-1eM/3/. npeAeflbHaR TennosaR Harpy3Ka orpaHH4HBanacb 
HarpeBOM 3aKPblTOro KOH4a Tpy6bl AO TeMnepaTypbl nepeXOAa B Hop
MaJ1bHOe COCTORHHe T~ =2, 17 K. nony4eHa YAeJ1bHaR BeJ1H4HHa 
Tennosoro noTOKa 1,2 BT/cM2 W,R Tpy6 AHaMeTpOM OT 10 AO 35 MM 
np1,1 AI1HHe AO 9,9 M. TaKOH ~e TennoBOH noTOK OTBOAHTCR np1,1 nne
H04HOM KHneHHH HOpMaJ1bHOro renHR np1,1 TeMnepaType, 6J1H3KOH 
K TA.. CTa6HJ1bHble ycnOBHR pa6oTbl caepxnpoBOAR~HX MarHHTOB 
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Pttc. I • BepxHHe npegeJibI nnoT
HOCTeH TOKa B Nb3Sn H NdTi npo
BOJIOKax. I - Nb3Sn, nonyqeHHoe 
BHemHeH ,a;H¢¢Y3Hett, 4,2 K; 2 -
Nb Ti npa 1 , 8 K; 3 - Nb3Sn no 
6pOH30BOH TeXHOJIOrHH, 4,2 K; 
4 - NbTi npH 1 ,8 K; 5 - Nb3Sn, 
IlOJiyqeHHOe BHyTpeHHeH gH~~Y3HeH, 
4,2 K / 4~ 

yCKOPHTeneA MoryT 6b1Tb coxpaHe
Hbl npH OTBOAe Tennosoro noToKa 
nOPRAKa 1 BT/(cM2•K). 

HaH6onee npocToA cnoco6 KpHo
cTaTHposaHHR csepxTeKy4HM re
nHeM - norpy3HTb KpHOCTaTHpye
MblA o6beKT, HanpHMep csepxnpo
BOARII\HA MarHHT, B KPHOCTaT C 
lKHAKHM renHeM H npOH3BOAHTb 

OTKa4KY napos renHR ¢opsaKyyMHblM HaCOCOM. TeMnepaTypy B BaH
He 1 ,8 K TaKHM o6pa30M nony4HTb AOCTaT04HO nerKo. YnpyroCTb 
napa npH 3TOM 17 r•na. 0AHaKO 6onbWHHCTBO paspa60T4HKOB npeA
no4HTalOT HecKonbKO 6onee cnO>KHOe ycTpoACTBO /pHc.2/. B HeM 
HMelOTCR A Be saHHbl co csepxTeKy4HM renHeM. 0AHa, 13, s AaHHOM 
·cny4ae 4eHTpanbHaR, coeAHHeHa c saKyyMHacocoM, H s Hee noAa
eTcR lKHAKHA renHA H3 CTORll\eA BblWe BaHHbl 8 4epe3 ¢HnbTP 10, 
Tennoo6MeHHHK 7 H APOCCenbHblA seHTHnb s. Ha3Ha4eHHe Tenno-. 
o6MeHHHKa 7 - nOHH3HTb TeMnepaTypy lKHAKOro renHR, nHTalOll\ero 
BaHHY 13' OT 4 '2 AO 2' 2 K 3a C4eT oxna>KAeHHR OTKa4H saeMblMH 
napaMH csepxTeKy4ero renHR. B HH>KHeA 4~CT~ BaHHbl 13 HMeeTCR 

. Tennoo6MeHHHK 1 , OT6Hpal011\HA Tenno H3 ,".BaHHbl 12, s KOTOpoA 
csepxTeKy4HA renHA HaXOAHTCR nOA AaBneHH.eM, onpeAenReMblM 
AaBneHHeM s BaHHe 8, c KOTOpoA OH coeAHHeH OTBepCTHeM c Ma

·nwM npoXOAOM, perynHpyeMblM BeHTHneM 11, HrpalOII\HM OAHOBpeMeHHO 
ponb npeAoxpaHHTenbHoro KnanaHa. nocKonbKY nnoTHOCTb csepx
TeKy4ero renHR /146 r/n npH 1 ,8 K/ Bblwe nnoTHOCTH KHnRll\ero 
renHR /125 r/n npH 4,2 K/, TO nepeMeWHBaHHe KOHBeK4HeA HCKnl0-
4eHo,H TennonepeAa4a OT BaHHbl 8 K BaHHe 12 npoHCXOAHT TOnbKO 
TennonpoBOAHOCTblO. ManaR senH4HHa npHTOKa Tenna TennonpOBOA
HOCTblO OT saHHbl 8 K BaHHe 12 o6ecne4HBaeTCR 3a C4eT HH3Koro 
3Ha4eHHR TennonpOBOAHOCTH lKHAKOro renHR H He6onbwoA n110ll\aAH 
Ce4eHHR KaHana Me>KAY BaHHaMH 8 H 12. nanbHeAwee yMeHbWeHHe 
noTOKa Tenna npH Heo6XOAHMOCTH nerKO nony4HTb. YAnHHeHHeM 
KaHana Me>KAY BaHHaMH. C 1.1enbl0 3KpaHHPOBaHHR OT npHTOKa Tenna 
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Pttc.2. CttcTeMa ,a;nH 
oxnaJK,D;eHHH ,IJ;HilOJibHOro 
MarHHTa CBepxTeKyqHM 
renHeM no.a; gaBJieHH
eM/5/. 1 - Tennoo6-
MeHHHK, 2 - 3KpaH c 
)KH,IJ;KHM a30TOM,) -
,a;HnoJibHbIH MarHHT, 4 
H30JIHQHOHHbJH BaKyyM, 
5 - gpoccenoHbJH Ben-

. THno, 6 - TenJIOH30JIH-
10 QHOHHblH cpJiaHeQ, 7 - • 

Tennoo6MeHHHK, 8 -
BaHHa c He I, 9 -
TOKOBBOA, 10 - ¢HnoTp, 
11 - peryJIHPYW~H H 

. ____ ff npegoxpaHHTeJioHbJH 

.. _ _: __ -12 

--~fJ 

KnanaH, 12 - BaHHa c 
~e II no.a; gaBneHHeM, 
13 - BaHHa He II c 
gaB.heHHeM HaCblll~eHHOro 
napa • 

H3 oi<:py>KaK>ll\eA cpeAbl 
BaHHa 8 npocTpaHCT
BeHHO pasMell\eHa BoK
pyr eaHHbl 12. Tenno..: 
o5MeH Me>KAY BaHHaMH 
8 H 12 orpaHH4eH H3o-

.nRI.IHOHHblM BaKyyt-10M 4 
H TennoH30nR4HOHHblM 
¢naH4eM 6. np~MeHe
HHe ABYX BaHH co. 
ceepxTeKy4HM renHeM · 
noseonReT .HMeTb cTa-

6HnbHble Tenno.Bble ycnoBHR e KPHOCTaTHPYIOll\eA BaHHe 12, Mano sa
BHCRII\He OT H3MeHeHHR'pe>KHMa noAa4H lKHAKOro renHR B BaHHY 13, 
OT H3MeHeHHR B HeA BaKyyMa H YPOBHR renHR. KpoMe Toro, B 
ceepxTeKy4eM renHH nOA noBblWeHHblM AaBJleHHeM YAaeTCR nony4HTb 
6onee BblCOKHA MaKCHMYM eenH4HHbl OTBOAHMoro OT o6beKTa Tenno
soro noTOKa, 4TO RCHO H3 PHC.3. B CHCTeMe oxna>KAeHHR no· pHc.·2 
BaHHa 13 co ceepxTeKY4HM renHeM nOA BaKYYMOM MO>KeT 6b1Tb 3aMe
HeHa 3MeeBHKOM HnH KaKHM-11H60 APYrHM Tennoo6MeHHblM ycTpoAcT-
BOM,. 
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PHc • 3 • TmmttHbJe 
KpHBhle TennonepeAa
tJH ,D.Jl.H He I Ii 

He II/ 1- / • 1 - p = 
= 1,0 6ap, T=4,2 K; 
2 - p=0,02 6ap., T= 
=I ,9 K; 3 - p = 
= 1,3 6aps T=l,9 K. 

npopa6aTb1eaeTc.R 
803MO)l{HOCTb HCnOnb-
30BaHHa ceepxTeKy-
4ero re1111.R Afl.R Kp110-

10a cTaT11poeaHH.R r11rattT-
·CKOH ceepxnpoeoA.R~eH 
MarHHTHOH CJ,1CTeMbl 
6onbworo aAPOHHoro 
Konnaii"Aepa. 

Ha PHC.4 npMBeAeHa cxeMa KPHOCTaTHpoeaHH.R MOAYJl.R 60J1bWoro 
aAPOHHoro KonnaHAepa. Ueno4Ka KPHOCTaToB co ceepxnpoeoA.R~HM11 
MarHHTaMH 6 ·3ano11HeHa HenoABH)l{HblM ceepxTe1<y4HM re1111eM no,q 
aTMOC())epHb!M AaBJ1eH11eM. 06a KOH4a 4eno4KH KPl10CTaTOB 3aBeAeHbl 
B Hcnap11TeJ111 Hacw~eHHoro He II, rAe OTBOAHTC.R Tenrio, BblAe
JlHBWeecR 8 MarHHTaX Ha YPOBHe 1,8 K. PacCTO.RH11e 80 M MemAY 
11cnap11Tem'IMl1 . 5 H A11aMeTP COeAHHHTeJlbHOH Tpy6bt 60 MM o6ecne-
4HBa~T OTBOA, 3a C4eT TennonpoBOAHOCTl1 He II, 0,2 BT/M Tenno
BblAeneHHH npH MaKCHMaJlbHOH TeMnepaType B 4eHTpe 4enc54K11 2 K. 
npoT04Ha.R CHCTeMa C He II no3BOJ111Jla 6w l1HTeHci1())11411posaTb 
TennoOTBOA H yBeJ1H4HTb paCCTO.FIHHe Me)l{AY 11cnap11TeJ1.RMH, OAHaKo 
ee C03AaHHe Tpe6yeT pa3pa60TKl1 HaAemHWX 411PKYJ1.RTOPOB C MaJ1WMl1 
TenJ108blAeJ1eHl1.RMl1. 8 paccMaTpHsaeMOH cxeMe npeAYCMOTpeHo T~a
TeJlbHoe 3KpaH11posaH11e re1111eM np11 4,2 KOT ecex BHeWHHx Tenno
npHTOKOB. B 4aCTHOCTH, BeHTHJleM Bl ren11H HS JlHHHH O noAaeTC.R 
Ha BHYTPeHHHH 3KpaH 7, 3a~11~a~~l1H o6MOTKY MarHl1TOB OT paA11a-
4HH co cTopoHw 110HonpoebA0B, 11 a Tennoo6MeHHHKl1 8 Ha onopax 
MarHHTOB. ~1cnap11TeJ1H 5 n11Ta~TC.R )l{HAKHM renHeM 113 J111H1111 13. 
HcnapeHHWH a H11x re1111H OTBOAHTCR a 1111H11Ja. YpoeeHb renHR 
B 1,1cnap11Tene 5 peiy1111pyeTC.R BeHTHJleM 83. 4epe3 _BeHTl1J111 B2 
143 J1HHl1H o B KPHOCTaT noAa~T re1111H np11 oxnamAeHl1H 11 3anoJ1He
Hl1l1. 0TBOA re1111.F1 113 KPl10CTaTa ocy~eCTBJl.R~T BeHTl1J1.RMl1 B4 B 
J111Hl1~ y. 0Hl1 me cnymaT npeAOXpaH11TeJ1bHblMl1 KnanaHaMH 8 CJ1y4ae 
BCKHnaHl1.R renH.R B KPHOCTaTax np11 nepexoAe MarHHTOB B HOpManb
HOe COCTO.RHl1e H nOAAeP)l{HBa~T B KPHOCTaTaX aTMOC(j)epHoe AaBne
H11e. KonneKTOPbl a. s' y' 0 pa3Me~eHbl BAOJlb ecero nep11MeTpa 
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PHc.4. CxeMa KPHOCTaTHpOBaHH.H MOAYnH 6onbworo aAPOH
HOro KonnattAepa c HcnonbsoBaHHeM He II /6/, KonneK
TOpb1: a - rasoo6pasHbJH renHtt I ,8 K, 17 M6ap; f3 - :>KHA
KHH renHH 2,2 K, I ,2 6ap; y - rasoo6pasHbIH renHtt 4,5 K, 
I ,2 6ap; o - :iKlIAKHtt· remitt 4,5 K, 3 6ap. I - Termoo6-
MeHHHKH; 2 - XOllOAHb)e KOMnpeccopb1; 3 - Typ60AeTaHgep; 
4 - c6opHHK :>KHAKoro renHH, 4,4 K H I ,2 6ap; 5 - Hcna
PHTenb HaCbIIl{eHHoro He II, I ,8 K H 17 M6ap; 6 - u;enottKa 
KpHOCTaTOB co CBepxnpoBOAHIIUiMH MarHHTaMH; 7 - 3KpaH 
OT HsnytteHHH nyttKa; 8 - Termoo6MeHHHKH Ha onopax Mar
HHTa; 9 - peqipH:>KepaTOpbJ OKTaHTa. B 1 - BeHTHllb, pery
nHpyroll{HH IlOAatty :>KHAKOro renH.H B 3Kpattw; B2·- BeHTHllb 
no,ri;attu remrn npu oxna:>KAeirnH; B3 - peryn.HTOp ypoBHH 
B ucnaputene 5; B4 - np eAoxpaHnTenbHbJH KnanaH. 

yCKOPl1TeJ1.R H 11Me~T 60J1bWY~ npoT.R)l{eHHOCTb. KamAWH 113 HHX co
Aepm11T reJ111H TOJlbKO B KaKoM-111160 OAHO())a3HOM COCTO.RHl111, 4TO 
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C4HTaeTCR npeHMy~eCTBOM, TaK KaK npH nepeMe~eHHH ABYX¢a3HWX 
noTOKOB MoryT B03HHKHYTb pa3Horo POAa rHAPOAHHaMH4eCKHe HecTa-
6H.nbHOCTl1 B BHAe ny.nbca4HH B .nHHHRX, rHAPaB.nH4eCKHX YAaPOB H 
APYrHX HenpHRTHOCTeH. BocnpOH3BOACTBO mHAKOro re.nHR oc~ecT
B.nReTCR PRAOM re.nHeBblX pe¢pHmepaTOPOB' paBHOMepHO pacno.nomeH
HblX no KOflb4Y YCKOpHTe.nR. Pe¢pHmepaTOPbl CTPORT c 1 ,5-KpaTHblM 
aanacoM MO~HOCTH, ocy~eCTB.nRR TaKHM o6pa30M pe3ePBHpOBaHHe. 
npH BblXOAe H3 CTPOR OAHOro H3 pe¢pHmepaTOPOB ABa coceAHHX 
MOryT B3RTb Ha ce6R Harpy3KY y4aCTKa YCKOPHTe.nR, o6c.nymHBae
MOrO BWWeAWHM H3 CTPOR pe¢pHmepaTOPOM. B pec!JpHmepaTope 9 Hc
no.nbayeTCR xo.noA HcnapeHHoro He II. AnR 3Toro ero nponycKa~T 
4epe3 HHmHHH. Ten.noo6MeHHHK 1 11 3aTeM xo.nOAHblMH KOMnpeccopaMH 
noswwa~T ero Aas.neHHe AO O, 1 6ap. ,l\a.nbHeHwee nosb1wet-iHe Aas.ne
HHR 3TOH 4aCTH re.nHR AO aTMOC¢epHoro ocy~eCTB.nR~T HarHeTaTe- •, 
.nRMH Ha Ten.noM KOH4e pe¢pHmepaTopa. MomHo 6w.no 6bl o60HTHCb 
TO.nb KO Ten.nblMH HarHeTaTe.nRMH 6_e3 HCno.nb 30BaHHR XOflOAHblX KOMn
peccopos. 0AHaKO B TaKOM BapHaHTe 4pe3Bbl4aHHO B03POC 6bl pa3-
Mep Ten.noo6MeHHHKOB pe¢pHmepaTopa H3-aa He06XOAHMOCTH npo
nycKaTb 4epe3 HHX 60.nbwoe no o6beMy KOflH4eCTBO re.nHR HH3Koro 
AaB.neHHR /17 M6ap/. OcTa.nbHble y3.nb1 pec!)pHmepaTopa He oT.nH4a~T
CR OT 06b14HO npHMeHReMblX. C4HTa~T, 4TO 11n.naTHTb 11 3a npHMeHe
HHe csepxTeKy4ero re.nHR npHAeTcR yse.nH4eHHeM paaxo,:ia 3Hep-
rHH Ha 20%, yc.nomHeHHeM KPHOCTaTa H KpHoreHHOH ycTaHOBKH, 
YAfl11HeHHeM speMeHH ox.namAeHHR CHCTeMw. MomeT B03HHKHYTb sonpoc: 
no4eMY paCXOA 3HeprHH nOBWCHflCR scero B 1 ,2 paaa, a He B co
OTBeTCTBHH c 4HK.noM KapHo s 4,4/1 ,8 = 2,4 paaa? Ae.no s TOM, 
4TO y PeAKO 4HK.nHPY~~HX YCKOPHTe.neH OCHOBHOH Ten.nonpHTOK 
HAeT H3 OKpyma~~eH cpeAbl H TO.nbKO OTHOCHTe.nbHO He6o.nbWOH 
Ten.nonpHTOK onpeAe.nReTCfl rHCTepe3HCHWMH H BHxpeBWMH noTepRMH 
npH H3MeHeHHH no.nfl B•MarHHTe. KoHCTPYK4HR KPHOCTaTa npeAy
CMaTpHBaeT T~aTe.nbHoe 3KpaHHpOBaHHe OT Ten.nonpHTOKa H3 OKpy
ma~~eH cpeAW 3KpaHaMH, ox.namAaeMWMH re.nHeM npH 4,2 K, H B BaH
Hy C re.nHeM npH 1 ,8 K nocTynaeT npaKTH4eCKH TOflbKO AHHaMH-
4eCKHH Ten.nonp11TOK. noTOK me Ten.na C YPOBHfl 4,2 K Ha ypoBeHb 
1 ,8 K 04eHb Ma.n Ha-aa Ma.noH pa3HOCTH TeMnepayyp H HH3KOH 
Ten.nonpoBOAHOCTl1 MaTepHa.nos npH TaKHX TeMnepaTypax, a KOHCTpyK
TOPbl' ecTeCTBeHHO' nPHHHMa~T see AOCTynHwe HM Mepw' 4T06bl 
MaKCHMa.nbHO ero CHH3HTb. 

B CWA ~popa6aTwsaeTcR Hcno.nbaosaHHe csepxTeKy4ero re.nHR 
Ha KOCMH4eCKHX CTaH4HRX Aflfl ox.namAeHl1fl HH(1JpaKpacHWX 
Te.necKonoB /eMKOCTb 6aKa 10000 .n AflR pa60TW B Te4eHHe 
2 .neT/ H Ha KOCMH4eCKHX Kopa6.nRX THna WaTT.n /eMKOCTb 6aKa 
300..-600 .n/. AnR 3THX 4e.neH Hcc.neAy~T cnoco6b1 npoKa4KH csepx
TeKy4ero 1e.nHR HacocaM11, 3meKTopaMH, aa c4eT 3¢¢eKTa ¢0HTa
H11posaHHR 7 / •. 
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BonpOCbl 11cnblTaHHR 11 onTHMH3a4HH re.nHeBblX pe(1JpHmepaTOPOB 
A.nR csepxTeKy4ero re.nHR paccMaTpHsa~TCR s/8,9/. 
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