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B nOCJI9,lUDIe ro.ltH nOJIytJ8Dl' OpOROe pacnpocrpeaeaae YC'l'pOACTB8 

pa9~qnOro B89Ha~eHHH, RpHOCT8THpyeMHe nOTOROM re~ B ox~~a~ 

RaBa~. Bec~Ma B8%RHU, ocodeHHO ~ OTBOCBTenbHO Hedo~ YCT
pOnCTB, JiBJmeTCH ynpoDleoe fi RpHoreHHoro ooecneseaaa. aTO )J;OC'l'JII'8
aTes c nOMOmbD pe~pHaep8'l'Op8 c H9dH'l'0~BHM P8CXO,OM O~a'l'Horo nOTORa,;;;~ pado'l'a~ero no ~occenbHol cxeMe des neT8anepoB I, 2 • TaRol pe~pH
ltepa'lop OÓJIa,naeT BHcoROft H8,lte&HOCTlJl>, nOSBOJIlie'l JleI'RO nepeXO,1tHTlJ c 
o~oro peaRMa p860TH na ~yrol, ne 'lpedyeT BHCOROKBanH~poB8HHOrO 

oóc~8~ero nepcoHaAa. P~pH1tep8TOp padO'l'8eT 38 C~T ~oro re
JmR:, nOJij"l8eMoro 0'1' OUD'l'eJm, n03'loMY ero H8SHB8DT C8TeJIJIl!l'l'oy/3/. 

UeJI~!) n8HHO! padom JmJJ.flJlOClJ no.xyqeHBe 38BHCHMOCTel, n03BOJIJID
lIlKX no sBnsHHHM SH8~eHHJD( xOJIOnonpoH3BO.Illl'l'eJILHOC'l'II pe(fJpneparopa Q. 
]I MHHlDI8JThHol Be,ItOpeKYIlepmnm TellIJep8'!'YP ATrn i.n B 'l'eUJIOOÓUeHmme 
onpe,lleJIHTlt On'l'J!M8JIbHHe 9Ha~eHJJJi noaepmocra Ten.noodMeHURa Pli M8CCO
BHtt pacxo~ re~ ~epes KOMUpeccop nn .. 3TH ,38BBCBMOCTB Heodxo~ 
~ npOeRTHpOBaHRH • 8BanBS8 padoTH C8Te~'l'HOr~ pa~PHEepa'l'Op8. 

IIPMHIlHII PAClIETA 

Hcc.nenoB8HHe npoBe~eHo Ba npHM9pe '1'enJIOOÓMeHBHXa' npocTelme~ 

ROncTpYKURH. Te~o06MeHHBR COCTOH'l' IrI9 0~8ROBoro qaC~ TpydoR ~ 

upsMOro K OÓpa'l'HOrO nOTORa, cnaHHHHX Ye~ codol. 
Pacxera BHBOJIHeHH d9S ;rIeT8 'l'eUJIOUplITOR8 IrIa oRPY1UlJlltel cpe.n;H, 

p~a~ol B oceBol '1'enJIOnpoBO~OCTB TenHOOÓMeHHHRa, 'l'ep~eCKoro 

ConpO'mBJIeBllSt' Mfm]!1'C'l'eHKaIm 'l'py60K'~ rH,Iij)8B.UAeCROrO conpoTHB.ieBllJl 
no'l'OKY renRR B Tenxoo6MeHHHKe. PaCCM8'1'pHBaBaCL psÓOT8 caTe~Ts B pe
EBMe c noc'1'oHHHol nO~Kol reR.IH. 

P8c~eTH npoBo....cL H8 3BM np. cJleiYxmva npe,JUIOCHJlKax: 
- TeMnepaTYpa COO'l'Be~TBeHBO npKMaro H 06p8THoro nOTORoB re~ 

H8 Bxo~e B 'l'enxo06ueHHIK (CM.pHC. I) TI= 300 R, T4= 4,~ K; 
- ~BXeHBe B 06paTHoM nOTORe na BXo~e reXKa B len~oodMeBHHR 

P4 = 0.12 MIJa. " • 
XonOJloupOJ!9BO.u;H'lenHOCTlJ Ca'l'eJIJIIITnoro P9WoepaTopa, O'l'HeCeBB8JI 

n pacxony re~ ~epe3 Ro~peccop. onpeJle~eTCH ~B YP8BHe~ coxpaae
HlI.f{ aBeprBll 
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~ - 9B'l'anrmm rezaa, .n..xr"I;
 

I :' ~ I _ anTaJIl>IIJIJI D,D;Koro rem na norpalDrniol R.PJIBol, 'u•• Rr- I ;
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~ - OTHOCBTe~HaH ~O~ RSdHTKa Odp8THoro DOTORa re~ B Ten~o06
M8BHl1Jte H8,1t Dpm.mM nOTORQYo 

HHJteKCH O, 3, 4 cooTBeTcTBymT TOlUtaM, 060SHaQemmM aa pae, 1. 
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fioBepxâQCTh !enX006MeHHBXa.onpe~eAaeTCHH9 
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4 m d~ r- J K6T 
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H - aHT9.JDIna: n~oro noTORa B 

ypaBHeBBH Tenxone
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I!pOII8EYT01lHOM Ce'tl8BlD1 'l'eIIJlOOOMeH
lr_ -1BJilK8 , "I4IL.. RI' ; 

àT- paSHOC!:r. TeJilIep8TYP llea.ttf D,PB.IIDI 11 06P8TmBI nOTOlt8IUI B aTOU 

ceqemm. K: 

K - RO~eB'l' T8JL10uepeJ,T,8'q][ B npolfe1tYTOUOM ce'tleHllll \,eIlJIO06MeB

BBR8, OTR8ceR&HI K 06.el nOB8pxBOCTK Tenxonepe~qu, BTo.-?X-! 
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d, u d2, - ~eTpu 'l'py<SOlt CÓÔTBeTC'l'BeHHO .ztm upIIMOro. Jl oópa,:\,Boro 

UO!"OKo:B- TeMOOÓMeI'DmK8, u;
.h u hz. - lC08~eBt'll TeILIOOT,Jt8'qH COO'1'B8TC'l'BeHHO O'f IIpJDtO;l'O DO-'l'()'

"I sa K CTeHRe B 0'1' CTemar R 06pa'l'B0My'" nO'J.'oQ, BTolII-ZoI\~ 
Ms (I) B. (2) cne~e'f, 'tiro 

(1 [Hlt - H~'" ~ (H.,.- H~) J 
( 3 ) T = ir dH 

Ec.mr WIJI npHMoro B~06p8'J.'Horo-norosa reJIIIH BHUOJIBJle·'l'CH YCJJOBlIe 

(j·d ~ 0,14 KroM'-Io c-I, TO- KpUTepd PeIHOJI:L,JtC8 Re > 70103 

B h onp&.ne~eTCJI IIS yp8BHeHIUI Kpaycco1IJ4l8 o

h == 0,02:5 Re(la P't. 0.4 À Id 
r~ 

P"'l ... KpBTepd llp81Ut'l'JBI; . 

À - TenJlOnpOBO,lOlOCTlJ reJDlrJ!~,. BT.y-I oIrI ; 
(1 - MBCCOBaR CROPOCTlJ 'tIepes e~ nnom~ Ce'tleHBH nOTORa t 

J(PoM-2. c....1 
0 

PeXOMeau;yeMOe D/4/ 8B8't1eltlile G JlJM upm.fOro nOTOR8 B renao
06MeHBBK8x reJllleDHX ycraHoDoR 40 <-<33 < 70 KI'0.-2 oc-1 , Jt,11H 06paT

aoro nOTORa - 6 < (7l,<IO KI'o)f-fÓ--1o 

M8 a'l'n peROJleHJt8ItH1 MeMeT, 11'1'0 AJUI H8IIIePO T8IIJlo06MeHHBK& 

On'1'BM8.nHoe 9H8l1eHBe d2. / d" H8XO.oTCR B JrH'l'epB8J1e 2~' d,/d.S3 __ 
Bxo~e B BIlp8aeBB.H ,1tJlR onpe,lteJleBHJI Rpi:TepHB Re H P-r; 

BeJDIlDlH;!i BH8ROCTH, TenJIOnpoBO,ltBOcm. y.1tenuol Í'eUJlOeIlROC'l'1I onp'e,1le
51 nRJIBc:r. c .cnORD30B8BHew T8dJIBU TenJlO~SI1leCKBX CBoICT& reJIKR/

nplI cpe).tBeM )tJUI p~CCM&rpllB8e~oro yq~C"K8 'l'enJIo06uemnma 3H8't1eBD 

,eMnep8TYPS • COO~BeTCTB~eK ,lt8BXeHIK (B npsuOM BAB 06P8TBOM noro

Ee). Be.lJ!llDa (y ~ S~B8J18CL.3 y'Ra98BBoro IIHTep~8.18 8H811eBdo 

3H8't1elDlH di u dz. 88,lt8BaJIIIC:h Taxo 06pa30M, 'tITo6H BHnoJIiJ.JtmlCI» YCJ10

JWi 6'·d ;:: 0,.14 EI'oll-I o c-I j1 2 Sd2./dt~30 
TeMDepST1P8 re~ B To~e ~ onpe.lte~e:h B'l'epaqKOHHHM MeTO~OM 

.ltJlS !t8QOro BHeJp8HHoro 9H8't18iw1 ~ He,ltOpeKYUepaInDI Tewepa

TYP,~lrnninB reIIJl006MeBBI!te H O'l'HOC.TeABRO. ,lto~ Ks6sTK8 0ÓP8THOro 

nO'l'OK8 H8,l n~ ó.- o ' " 

_ O~HOOIeHBe. -Q '/F onpe,lteJULlOCL HeTO,ltO. 1!BCJleHHOrO lIRTeJ'PJlpOlJa-'~ -. _.•.-. 

mm c rpsBJl1UDDlB 'I'ellll~p8'f1P8D 1J)IH. upmrorO.nO'l'OR9 Ta B TIO 

PE3YJIbTATII PAC'IETA li OECYX.IJ,EHHE 

Ba PIc o 2 DpBB8,lteB8 xOJIO,ltOnpo.sBoAIITe.l})ROCT}) C8T&.IJDIT8, esaecea

BM R paCXo,:uy reJmJl xepea KOlIDpeccop Q /m B. 88BB.COOC'l'I O'f XOM
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, Puc.' 2.' XOJlo,lldiIpolls~o.ItJri'·e.nHÔc'1'J;éii,eJIJnlio'a, orneces
HasI"R pacxo~ ranJ!' tiepeS""Rowpeccop Q. /rn 13 
S8BJaClIJ40C'l'B Ó'l' oTHomeHBJ:i Q/(FA),1lJlfI pa3~llmi SBa.:..' 

lIem O'l'BOcílTenaol ,ltOJ!H B36H'l'OtIBOrO noroxa d.. 11 

DRIIM8J1DBOI 'u'e,1topexynepaIlD 'lew8pá'l'YP ÓTmin B rsn
~oo6Me~e c 06~el'nOBepXHOC'l'h» TenHone~e~qu J7 • 

~ ~ 

P3 = 1,2 MIIa JIB.l.fleTC.s:, 01!'f1DC8J1bHYM C 'l'O'IKB speHHJI S8'l'p8T 8J1eRT

po8BeprBR SB8tIe~~ ~aBJleHBH nepe,ll ~CCeJIeM CaTe~'lHoro pe~PKKepa

'lopa ,a'l'oro nna 6 • -.. 
KOIlIIJleRC a./CFA) no~eB IIS O'l'BOIIeBHJI Q ./r li nOSBOJUIe'l' 

nOC'l'poll'l'h mmrp~'(CII.plIC. 2), mI,1t.ltO'l'opol: ae J/lSMelUle'l'CJI c 1t8Me

BeoeM G~ d1 ' u dz. (npB YCJlOBD Re > 7000). 1 
. 3,1t8Cf>'A _fr_ ,.A, ,)o·~/d -d 'r'{1+[ dI. , ]°.81
, .. -\\7~Ui.t 'i 1 Z doi (1+ d..) j 

Jblarp8lOlB MOIte'l' 6H'l'l:I ltCIrOJIDSOB8Ha npH npOeR'l'HpoBamm H aHaJIKSe 

8ep8C~e'lHHX~peXHMOB pa60~H Ca'l'e~THOro pe~pBXepaTopa ~OCCenDBOrO 
TlIIJa. llpH npoeKTBpoBamm rrOc'1'YJI811'l' CJIe;o;yDItKM 06paSOM. lii6paBâTmin , 
Be~a' ROTOP~I 3~.CB~ 0'1' ROBC'lpYKUKH EOHKpeTHoro 'I'enJI006MeHHKKa, 

c n6*0~D ~c. 2 onpe~e~T OnTHM8JIDHoe c 'l'OqKR speHHH ~HeproaaTpaT 

SR~tI8H11e, o. . ~ 9~8prosaTpa'l COOTBe'l'C'l'ByeT easoe SH811elme-' 

d.. ~" npH RO'l'OpOM ~86JiD,It8e'l'CJI HsueHemíe yI'11B. HaRJIOH8 Kp:HBH~ ,

'ÂTmi.n = COntat.• ,I1Jm O,~ <6Tm i.n < I,2 R OIJ'I'BMBHbHHe 3Haqemm cL 
JIeK8T B IIB'I'epB8JIe 0,11 < c:k <. 0,I4.~ 

3aT811! lJOATmin Rei, onpeneaaerca Q/m B Q/(fA) . 
110.nC'laBJIB B :nH O'i'HOmerom sánaaaoe SB811eHKe Q H BH6pa-BHoe c yt!e

'1'OM. peROMeH.n~1 ,nJUI G~~ G·d II d 2/ d1 SHaq~~e A, ~.OJIYllaDT F 
11 m. .. 

Ilpa BI:I6ope àTmin H806xo,D)DIo nOMHH~L, tI'l,O B .cYDJ8C"fByDItHX ROH

CTpYImJISIX TenJI006HeHHDOB oceBaSl J[ p8,1tlil8JIDHaJi Ten:1.roupOBO.InIOC'l'l:I 'l'en

JIOOÓlleHBllR8 S8'1'PYJtHHer ,lloc"'I'UeBlIe B ero npOlleXY'!'OllROM celleHBJII 

âTmin<0,5 K. HaxrnK,IJ;emuo 6 Trrurt B npoMeK)"rOtUlOM celleHIIH ~'l8rIJIo
06M8HHJlRa COO'fBe'l'CTBYIIT Rpyme yq:aC'l'RliI RpHBHX 88 pile. 2, nozorae 
yq8C'l'D cooTBeTcTBym' Hàxo1K,IJ;eIDuo ~Tm i.n na XOJIO,IJ,BOM ROHIle renao
06Memnma. 

IIp. BH60pe ~ He06xo~o C'1'pe~:hCJI R no~eHID ~RC~Boro 
SBa'leBBB K09~eHTa :enJIonepe,ll81D1, ae npeBIiIIl8JI IIpB 8'1'0)1 ,llOnyCTlDIOtt 

B8~ I'XAPaBJnl'tIeCRoro conpoTHBJIemm. 

nna npHM~~ aHá~3a HepaCtI8THHX ~eamMOB pa60'lH CaTeXJIH'l'a Ha 

pIC. 2 060SH8tIeHH pa60qae 'l'O~ (I,: TI, rn"IY, Y) upoIsBonHoro C8

'l'e~THOrO,p~pHKepaTopa.B Ta~XKQa, npHBe~eHHol H8 9'1'01l.e pHC1HRe, 

YR8S8HH O'l'~ ~ pa60qBX napaMeTpax ~ 060SH8QeHHHX 'l'OtIeR. 

CSTeJUm'l'HHe pfJtpn8pS'f'Ops,' 'Blle~e Be60.llJli'YD XOJlO)tonpOH9BO.nKTeJr!r

HOCTb, n8~ecoo6paSHO On!BKH9HpoB8Tb He no .8HeprOSa'lp8'1'BM, a no S8Tpa

'1'811 He06xo,1J,1Oloro .wm BX peCSo1'H 'D,ItKoro re.mm. C 8'1'01 'l'OtIltlI spemm 

BHrO~ 6o~ee BHcOKKe SB8tIeaiR .naBiéBHH uepe.n ~CCeJIeH P3 (C)I.pHc.3). 

O,ltHaRO npJl S'l'OJl onTlDlYM~OC'l'B1'aeTCS: np. lI1eHbIImX SH8tIemmx 01'Homeos: 

Q / (F A). Hs ~BC. 4 BIIJQlo, ~'1'~ np. P3 = I,8 MIIa on'l'BJI8JIbHlie

:~}I. sua'lemm QI(FA) HeU'l' B JIB'l'epB8JIe 

:, 0,23 < Q'/(FA) < 0,33 }{K.xr""O,8 '. 11-:0 , 2 . 0-0,2 ,ltJISl
' 

ü,4··< ôTmin < 0,8 K. ../1 ( ' ' ', ; 

4 5 

http:l'e~THOrO,p~pHKepaTopa.B
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PIle. 3. XOJlO;JtODpoíl8BO~!eJnr r	 JIr1TEPATYPA
HOO!b CS!exnKT8,OTBecéHB8R : ; 
11 paCXO,ny 0JtR0l'Q reJlBJi 07

1.	 Bondarenko V.I. et aI.! 0014 box ~or the ~oroed cooling .ystema
ODU'feJUi' Q /(m~B S8BB

o~	 superoonducting magneta. Cryogeni.ea, volo 21, N 2, 1981,
CBI40CR Ô'f	 e>momeHUGAfA) 

p.	 105. 
,1tJJJI' pasJIJI1DfHx 8B8l1eHIII J(8B I'
 

("
 2.	 D'yachkov E.I., ~lod.ibagiyan R.G. and Kusichev V.N.JlelDUl reJlllJi Dtlpe,l JU)Oceen"", 
A 8atellite re~rigerator ~or teetlng aupereonduoting ~&gnetar,t IBIDI BeBTBJIeM 11 A Tmín= 0,4 R. 
wi th a forced eooling system. Proe. 'of the Tenth Int. Cryogeni-eI 

Eng. Cont., Helsinki 1984, p. 735.p 

3.	 A report.on the design o~ the Fermilab 8Upercondue~ing accele
ra1ior. DAL, Bat.vj.a~ Hay, 1979. 

4.	 MBRy.mm E.H. KPBOreHH8H T8xmm8. "MamJmoC'l'pOeBlIe", M., 1969. 
5.	 Me Carty R.D. Thermophy.lcal'propertieB o~ helium - 4 ~rom 2 

-to 1500 K with pr••sure. to'1000 atm08pheres. NBS (US!) Technical 
Bote 631, Boulder, Colorado, 1972. 

6.	 AranoB H.H. Tepllo,ll,1UlaJmllecRd: aBBJLH8 H OIlTmlHS8Iijlfl Rplloremmx 
re~eBHX CBC!8M C Ca!exxH~ pe~pKZepa~Op8MB~ Coo6.eHEe OHflr1 
8-84-165, .lly6H8, T984. 

I 

P4	 •0.12 Mnu
P3 • 1.8 Mn1 

·E
 
:::.:::::: 50
 A (Cn d1t~ , T4 • 4.45Kcs

• (d•• d,}{1'l (d2)2_1_h-d§. . 
_--L-_~ G4 I Cf; (1+<l), I I 

~.1 . 0.2 0..3 0.4
 
Q,/(I="AJ. llatC'K2 -O.B· M - O.2 · C· O,2
 

, I' "	 PIle. 4. Q/(ród-)B SaBJlCBJIOe'l'll oT QArA') llJDI
 

P!1~JIB'CUUlX SH8l1eBllfll A rmírt JII..cJ.- • ' ' . '
 
( .,..JIaueoe- reDJI nepell Jij)Occe,1f:hHHII B8~nJle. ~3 :::= 1,8 MIla. PyKornroD nooTYTIBJIa B H8MT9J1l»Cront a'l',nwr 

27 MapTa 1986 rona, 
.P 'Ir. • / 
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HET JUl nPOEEJ!OB 8 BAiliEH EHEJII10TEKE? 

8bl MaJKeTe no.ny1.111Tb no no1.1Te nepe'IHc.neHHble HHJKe KHHrH, 

ec.n11 a1111 He 6bl.nH 3aKa3aHbl paHee. 

.1117-l:!i-758-

PtS-82-117 

A2-82-5Ei8 

A9-82-EiEi4 

A3,4-82-704 

A11-83-511 

A7-83-644 

A2,13-83-Ei89 

A13-84-63 

1\2-84-366 

A1,2-Blt-599 

A17-84-850 

TpyAY II·He~AYHapoAHOro CHMn03HyMa no H36paHHYH 
npo6ncMaH cTaTHCTH~ecKOH HexaHHKH. AY6Ha, 19~1 • 

TPYAY IV coae~aHHR no HCnonb30B3HHO HOBYX RAepHo
$H3~4eCKHX MeTOAOB Afl~ pemeHHR Hay4HO-TCXHH4eCKHX 

H HapoAHOX03RHCTBeHHYX 3aAa~. AY6Ha, 1981. 

TPYAY coa~aHHR no HccneAoaaHHR~ a o5nacTH 
penRTHBHCTCKO~ RACPHOH ~H3HKH. AY6Ha, 1982. 

TpyA~ cone~aHHR no KonneKTHBHWM MeToAaM 

ycKopettHR. AY6Ha, 1982. 
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OT.IleJl 06oellHHeHHO ro HHCTIITYT3 l!Jlepllb!X HCC..'1eL!OB 3Hitii' 

l13naTenbCKilil 

,l.lOHHrHH A. H. • Xop;l!lli6armiH r. r. 
Hccnep;oBaHHe caTennHTHoro renHeBoro 
pe~pH~epaTopa ,o;poccenbHoro THna 

PS-86-175 

Q6cy~aiDTCH ,!J;OCTOHHCTBa renHeBoro pe~pH~epaTopa C H36~Toq
Hb!M o6paTHbiM noTOKOM H npHBO,IJ;HTCH npHH~Hn ero pacqeTa, Pacqe
Thl BhlnOnHeHhl Ha llPHMepe Tennoo6MeHHHKa npOCTeHrueH KOHCTPYK~HH, 
IIonyqeHbl 3aBHCHMOCTH, no3BOllHIOIIIHe onpe,o;enHTI> onTHMa.JlbHhle 3Ha
qeHHH nosepxHoCTH Tennoo6MeHHHKa H pacxo,o; renHH qepeg KOMnpec
cop pe$pH~epaTopa c gap;aHHOH xono,o;onpOH3BO,IJ;HTenbHOCTbiO, Pe-
3ynbTaTbl HCcne,o;osaHHH MoryT 6b!Tb HCnonb30BaHbi npH pacqeTe ca
TennHTHoro pe$pH~epaTopa p;poccenbHOro THna H aHa.riH3e pelllliMOB 
ero pa6oTbi, 

Pa6oTa BbmonHeHa B Jla6opaTOPHH BbiCOKHX 3HeprHH OIDIH. 
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Donyagin A.M., Khodzhibagiyan H.G. PB-86-175 
Study of a Helium J-T Satellite Refrigerator 

Advantaged of a helium refrigerator with surplus return 
flow are discussed. The principle of its calculation is pre
sented, The calculations have been performed using a heat 
exchanger of the simplest construction. The dependences have 
been obtained which make it possible to determine optimal va
lues of the surface of the heat exchanger and the mass flow 
rate of helium from the compressor of the refrigerator with 
given capacity. The results of these studies can be used to 
design a J-T satellite refrigerator and to analyze its opera
tion modes. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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