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KHceneB IO.ct>., qepHHKOB A.H. P8-89-470 
YCTPOHCTBO AJIH IlOJiyt!eHHH HH3KHX TeMnepaTyp 
B AHana3oHe 0,028 - 4,2 K 

OnHCaH pe~plDKepaTOP C ABYMH QHKJiaMH'OXJicDK,!J;eHHH: paCTBO
peHHH 3 He B 4 He H HcnapeHHH 3 He HJIH 4 He, BKmoqeHHblMH Ha 06 
myio TenJioByw ttarpy3Ky. ~Hana30H pa5oqHx TeMnepaTyp pe~pH
iKepaTopa COCTaBJIHeT 0,028+4,2 K H nepeKphrnaeTCH B OAHOM 
OilbITe 6e3 OTorpeBa nyTeM IlPOCTbIX nepeKJiroqeHHH BO BHeWHHX 
QenHX ra30BbIX KOMMYHHKaQHH. IlpH pa5oTe B peiKHMe C HCnapH
TeJibHbIM QHKJIOM OXJiaiKAeHHH pe~pH)KepaTop Il03BOJIHeT peaJIH30-
BaTb HeAOCTYilHYID AJIH paCTBopeHHH o5JiaCTb TeMnepaTyp BbIIIIe 
0,75 K. IlpH OAHOBpeMeHHOH peaJIH3aQHH ABYX QHKJIOB CYMMapHaH 
xnaAonpOH3BOAHTeJibHOCTb YCTpOHCTBa B HHTepBaJie 0,4 K$T$ 
~0,75 K MOiKeT 3HaqHTeJibHO npeBOCXOAHTb XJiaAonpOH3BOAHTeJib
HOCTb QHKJia pacTBopeHHH. HccJieAOBaHa TeMnepaTypHaH 3aBHCH
MOCTb TenJIOilOABOAa K KaMepe paCTBopeHHH 3a cqeT nepeKPHAeH 
caQHH CBepxTeKytieH nJieHKH H TennonpOBOAHOCTH raga. 

Pa5oTa Bb!IlOJIHeHa B J1a5opa TO PHH HAepHblX npo5JieM QIU!H. 
IlpenpHHT 06"Le,i:umeaaoro HHCTHTyTa JIAepH&Ix Hccnenoeamrn. ,D;y6aa 1989 

Kiselev Yu.F., Chernikov A.N. P8-89-470 
Installation for Producing Low Temperatures 
in the 0.028+4.2 K Range 

The paper describes the refrigerator employing the dilu
tion of 3 He in 4He and evaporation of 3He or 4He cycles that 
contribute to the total heat load.The refrigerator operatei 
over the temperature range 0.028+4.2 K, which may be over
lapped by simple change-over in the external gas corrnnunica. 
tions. Using the evaporation cycle, one can reach.the re
gion above 0.75 K, which is inaccesible for dilution. In 
the 3oint mode when both the evaporation and dilution cyc
les are in use the total cooling power of the refrigerator 
at 0.4$T$0.75 K can be much higher than the cooling power 
of the 3 He-4 He dilution cycle. The refrigerator allows one 
to study the temperature dependence of the heat gqin cau--· 
sed by a recondensating a supperfluid film and the heat 
conduction of the gas. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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BBEAEHHE 

AnA HCCJleAoBaHHA CBOHCTB KOHAeHCHPOBaHHblX cpeA npH HH3KHX 

TeMnepaTypax, KaK npaeHno, Tpe5yeTCA pe4>pH>KepaTop, o5ecne4HBalO
ll\HH 'cTa4HOHapHblC TCMnepaTypbJ npH 60JlbWOH X0110AOnpOH3BOAHTCJlb

HOCTH B WHPOKOM AHana3oHe, 0,01¾4,2 K. TaKHe HCCilCAOBaHHA MO>K
HO _BblnOilHHTb' npHMCHAA no OTAellbHOCTH pe4>pH>KepaTop HCnapHTeilb
HOro THna C 3 He, 4 He H pe4>pH>KepaTOp paCTBopeHHA 3 He B 4He/ J / . 
11H60 KoM6HHHpoeaHHblH pectipH>KepaTop/2/. 06L11HM AilA AaHHbrx ycT

POHCTB ABilRCTCA HCnOilb30BaHHe OAHOro H Toro >KeXIlaAoareHTa KaK 
AJlA nony4eHHA HH3KOH TeMnepaTypbl, TaK H AilR OXJla>KACHHR HCcne
AYCMOH CHCTeMbl. B AaHHOH pa5oTe onH,CaH pe4>pH>KepaTOP, BKillQ'lal0-

11\HH ABa KOHTypa 4HPKY11A4HH: C 4HK110M paCTBopeHHA 3 He B 4He. 
H C 4HK117M HcnapeHHA 3 He HJlH 4 He' KOTOPblC pa6oTalOT Ha 0611\YIO 

Harpy3KY 3/. TennoBaA CBA3b MC>KAY fB7MA KOHTypaMH oxna>KACH~R 
OCYII\CCTBJlRCTCR 4epe3 Tennoo6MCHHHK 3 MC>KAY KaMepoi:l paCTBope
HHR 3 He a 4He H c6opH~KOM MOHOH30TQnHoro renHii, cHa6>KeHHblM AO
nonHHTenbHblM TpaKTOM OTKa4KH. YCTPO~CTBO AonycKaeT KaK OAHO
apeMeHHoe, TaK H pa3ACilbHOe BKilJ04eHHe HCnapHTCilbHOro H' paCTBO

PHTCilbHOrO 4HK110B OXIla>KACHH.R. npH pa6oTe TOilbKO C HCnapHTCilb

HblM 4HK110M oxna>KAeHHR pe4>pH>KCPaTOP noaaonReT pea11H30BaTb He-
. AOCTyn HYIO AilA pacTeopeHHA. 0611aCTb TCMriepaTyp BblWC O '75 K. 

8 COBMCCTHOM pe>KHMe, T .e. ·npH OAHOBPCMCHHO BKI1l04CHHblX Hcna"pH

TCilbHOM H paCTBOPHTeJlbHOM 4HK11ax OXJla>KACHHfl, CYMMapHaA XIlaAO
npOH3BOAHTCI1bHOCTb yCTPOHCTBa npH 0,4~T~0,75 K Mo>KeT 3Ha4HTCI1b
HO npeBOCXOAHTb XI1aAOnPOH3BOAHTCilbHOCTb UHKila pacTeopeHHR 3 He 
B 4 He, 4TO MO>KeT 5b1Tb HCnOI1b30BaHO AJlA HCCJleAOBaHHA B03MO>KHO

CTH C03AaHHA nOI1RPH30BaHHblX MHWCHCH. 3aMOPO>KCHHOro THna C YCKO
peHHblM epeMeHeM HaKa4KH no11APH3a4HH. npH oxna>KACHHH nyTeM 
paCTBopeHHA 3 He B 4He c5opHHKa co CMCCblO H30TOnOB 3 He H 4He 
npOH3B01lbHOrO COCTaBa B pe¢pHmepaTope YAaCTCR H3'1CPHTb. TCMne

paTYPHYIO 3aBHCHMOCTb TennonoABOAa K KaMepe pacTBOPCHHA 3a C4CT 
nepeKOHACHCa4HH caepxTCKY4CH nneHKH H TennonpoBOAHOCTH ra3a 
B TpaKTe OTKa4KH c5opHHKa. B CBOIO 04CPCAb AaHHbte no 3TOMY Ten

IlOBOAY 3Ha4HTCilbHO YnPOll\alOT KOHCTPYHPOBaHHC YCTPOHCTB nOA05-
Horo THna. Ho rnaBHblM npeHMYII\CCTBOM RBilACTCA B03MO>KHOCTb nony-
4CHHA WHPOKoro AHanaao8a TCMnepaTYP B OAHOM OnblTe 5ea OTorpe
ea HilH nepeMell\eHHR HCC!lCAYCMoro o5paaua nYTCM npoCTblX nepeKill0-
4CHHH BO BHCWHHX uenAX ra30BblX KOMMYHHKaUHH, 4TO, Ha Haw B3r11AA ,. 
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onpaBAblBaeT HeKoTOPble YCJlO)l{HeHHfl 0611\enpHHflTO!li cxeMbl pecj)pH>Kepa
TOPa paCTBopeHHfl, CBfl3aHHWe C A06aBJleHHeM 1-1cna~1-1TeJ1bHoro 4HK
Ila OXJla>KAeHHfl. HaHHH3Wafl AOCTHrHyTafl TeMnepaTypa B pe>KHMe pacT
BopeHHfl 3He s 4He cocTaBilfleT 28 MK. 

KOHCTPYKLll1ll · OXJlA,l\11.TEJlbHOti CTYnEHl1 
TEnJl006MEHHl1Kl1 

CxeMa OXJlaAHTeJlbHO!li' CTyneHH npeACTaBJleHa Ha PHC. 1. 0Ha co
AeP>KHT o6w4Hwe 311eMeHTW pecj)pH>KepaTopa pacTsopeHHfl 3 He B 4He, 
a HMeHHO: lK-BaHHY /1/, BaHHY HcnapeHHfl /2/ C TPaKTOM OTKa4KH 
/3/, HenpepwBH~A /4/ H TpexcTyneH4aTW!li /5/ Ten11006MeH~HKH, ~a
Mepy pacTsopeHHfl 3He a 4He /6/ 1-1 KOHTYP 41-1pKy11fl4HH 3He /7/ 
KOH4eHTPHPOBaHHO!li cj)a3w, B KOTOPWA BXOAflT KOHAeHcaTop 3 He /8/, 
Ten11006MeHHHK'·/9/ B BaHHe 1-1cnapeHHfl H APOCCeJlb /10/ - Kan1-111-
IlflP AilHHolli 40 cM·1-1 AHaMeTpoM 0,2 MM. 3a6op re11Hfl' lK-saHHY 
OCYll\eCTBJlfleTCfl 4epe3 APOCCeJlb /11/ no C~cj)OHY /12/ 4/. KpoMe 
Toro' B CTyneHb BBeAeHbl AOnOJlHHTeJlbHble 3JleMeHTbl' o6ecne4HBaJO
ll\He pa6oTy ycTpollicTBa B 1-1cnap1-1TeJ1bHOM pe>KHMe ox11a>KAeHHfl. K HHM 
OTHOCflTCfl c6opHHK reJlHfl / 13/' KOTOPbllli 4epe3 Ten11006MeHHHK /14/ 
HMeeT Ten11osoA KOHTaKT C 'KaMepoA paCTBopeHHfl /6/' TpaKT OTKa4-
KH /15/ c6opHHKa /13/, AOnOJlHHTeJlbHafl JlHHHfl KOHAeHca4HH 3He, 
4He /16/, BKJ1J04al011\afl KOHAeHcaTop /17/, APOCCeJlb /18/ H Harpesa
TeJlb /19/ >KHAKOro reJlHfl, nocTyriaJOll\ero s c6opHHK /13/. C6opHHK · 
/13/, C pacno11o>KeHHOlli BHYTP~ Hero KaMepoA paCTBopeHHfl /6/, 
np1-1naflH K TpaKTY OTKa4KH /15/. noc11eAHHlli BblnOJlHeH 1-13 ·Hep>KaBeJ0-
11\eA CTaJlbHOlli /X18H10T/ Tpy6KH ¢12x0,2, KOTopaf! c 4eJ1blO YMeHb
weHHfl Ten11onp1-1T0Ka K KaMepe pacTsopeHHfl HMeeT Ten11oswe KOHTaK
Tw C 1K-BaHHOA, BaHHOlli Hcnap~HHfl, Tenrioo6MeHHHKOM /5/ H 3all\Hllle
Ha OT H3Jly4eHHfl BHyTpeHHHMH paAHa4HOHHWMH 3KpaHaMH /20/. Ten-
11006MeHHHK /14/ npeACTaBJlfleT co6oA MeAHbllli. 4HJ1HHAP, Ha KOTopi,;i,i 
KaK co CTOPOHbl c6opHHKa /13/'. TaK 1-1 co CTOPOHbl KaMep"bl pacTBo-· 
peHH~ /6/ Hane4eH MeAHW!li ·MeJlKOAHCnepcHwlli nopowoK, A11fl nosw
weHH~ TenJlOOTAa4H OT ra30~0A ¢~3W K CTeHKaM KaMepw paCTBopeHHfl 
TenJg76MeHHafl nosepxHOCTb c6opHHKa /13/ Bbrno11HeHa B BHAe pe-
6ep • Bc11eACTBHe Ten11osoro KOHTaKTa KaMepw pacTsopeHHfl· 
1-1 c6opHHKa MHHHMaJlb~afl TeMnepaTy~a pecj)pH>KepaTopa s paCTBOPH
~eJlbHO~ pe>KHMe 3aBH~HT oT·Ten11onpHT6Ka no TpaKTY OTKa4KH /15/ 
c6opHHKa. TaK KaK 3TOT Tenm::>.nPHTOK MO>KeT 6bJTb AOCTaT04HO 60J1b
WHM 's 3aBHCHMOCTH OT TeMnepaTYPbl H COCTaBa reJlHfl c6opHHKa, TO 
CHCTeMa OTKa4t<H' 3 He 1-13 BaHHbl HtnapeHHfl H 6110K Ten11006MeHHHKOB 
AOilmHbl o6ecne4HBaTb·pa6oTy C COOTBeTCTBYJOll\elli src7K0Jli CKOPOCTblO 
4"1PKYilfl4HH. Hen'.pepbJBHbl!li Ten11006MeHHHK ¢poccaTH 6 YAOBJleTBOPfl
eT 3TOMY YCJlOBHIO. Haw HenpepblBHbllli Teii11006MeHHHK COCTOHT 
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Puc.I. CxeMa HH3KOTeMnepaTYPHbIX 
y3noB pe~pIDKepaTopa, 

H3 ABYX OAHHaKOBO H3rOTOBneHHWX 
ceK4HA AflHHoA 1 M H 0,35 M, AnR 
H3rOTOBneHHR ceK4HH CTaflbHOH 
/X18H10T/ KanHnnRp ~ 2x0,5 HaBH
saeTCR Ha CTaflbHYID onpaBKY 
~ 2 MM BHTOK K BHTKY, B pe3ynbTa
Te Ae¢opMa4HH KanHnnRpa nocne 
HaMoTKH era nonepe4Hoe ce4eHHe 
nPeACTaBnReT Y3KYID ~eflb AflR npo
XOAa KOH4eHTPHPOBaHHOH ¢a3W. no
ny4eHHaR TaKHM o6pa3oM cnHpanb 
nnoTHO BCTaBnRnacb a Tpy6Ky 
~ 5x0,3, aaKpwsanacb KOH4eswMH 
MeAHWMH naTpy6KaMH H 3anaHsanacb 
TBepAWM npHnoeM nCP-40. 3aTeM 
CeK4HH CBOPa4HBaflHCb B cnHpanb 
AHaMeTpoM 100 MM. Ka Ham, AflR KOH-
4eHTPHPOBaHHOH ¢a3W COeAHHRflHCb 
MemAY co6oA APOCceneM s BHAe Ka
nHnnRpa AflHHOH 100 CM H BHyTpeH
HHM AHaMeTPOM 0,4 MM. nno~aAb 
nosepxHOCTH Tennoo6MeHa OCHOB
HOH CeK4HH co CTOPOHW KOH4eHTpH
posaHHOH ¢a3W cocTaBnReT 160 CM2 , 

i:o CTOPOHbl paa6asneHHOH ¢a3bl -
214 CM2 , AOnonHHTeflbHOH ceK4HH 
- 56 CM2 H 75 CM2 COOTBeTCTBeHHO. 
TaKoA HenpepwsHwA Tennoo6MeHHHK 
npH CKOPOCTH 4HPKYflR4HH 
0,3 MMOflb.c- 1 n03BOflReT AOCTH
raTb TeMnepaTypy 39 MK, ecnH 
c6opHHK /13/ OTCOeAHHeH OT TPaK

Ta OTKa4KH /15/. TennonpHTOK, BHOCHMWH TpaKTOM oiKa4KH, n~BW
wan TeMnepaTypy KaMepbt ,PaCTBopeHHR AO 52 MK. C 4enbID nOHHmeHHR 
KOHe4HOH TeMnepaTypbl H nOBblWeHHR XflaADnPOH3BOAHTeflbHOCTH 4HKfla 
paCTBopeHHR npH HH3KHX TeMnepaTypax nocneAOBaTeflbHO C Henpepb1s
HblM Tennoo6MeHHHKOM 6btn ycTaHosneH TpexcTyneH4aTblH nopOWKOBblH 
Tennoo6MeHHHK. npH era H3rOTOBfleHHH Mbl cneAoBanH B QCHOBHOM 
pa6oTe/ 7/. CxeMa oAHoro H3 6noKOB Tennoo6MeHHHKa.npHBeAeHa 
Ha pHc.2. 6noK /pHc,2/ COCTOHT H3'MeAHOH nOAflOmKH /1/, Ha KQ
TOPYID C o6eHX CTOPOH ,Hane4eH MeAHblH nopowoK /2/ C nosepxHOCTb~ 
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Puc.2. KoHCTPYK~HH 6noKa CTyneHqaToro Tennoo6MeHHHKa. 

Tennoo6MeHa no 0,5 M2 , H ABYX MeAHWX KPWWeK /3,4/. B KPWWKH 
TBePAblM npHnoeM snaRHbl naTpy6KH /5 ,6/ AflR BBOAa-BblBOAa KOH4eHT
PHPOBaHHOH H paa6asneHHOH ¢a3, nocne c6opKH 6noKa KPWWKH 3anaH
sanHCb npHnoeM noc-60. 3aTeM TPH TaKHX 6noKa, COCTaBflRID~HX CTY~ 
neH4aTwA Tennoo6MeHHHK, aKCHaflbHO KpenHflHCb K TpaKTY OTKa4KH 
c6opHHKa /7 / c noMO~bID TPY6KH /8/, npHnaRHHOH K KPblWKe Tennoo6-
MeHHHKa /4/. 

Cl1~TEMA OTKA4Kl1 11 rA30BblE KOMMYHl1KAl..ll111 

Ha PHC. 3 npeACTasneHa cxeMa OTKa4HblX H ra30Bbl.l< KOMMYHHKa4HA. 
no caoeMy ¢YHK4HOHaflbHOMY Ha3Ha4eHHID cxeMa COCTOHT H3 ABYX 
KOHTypos 4HPKYflR4HH 3He, 4He /Cyrkle 1 ,2/, HacocHoA rpynnw AflR 
o6ecne4eHHR 4HPKYnR4HH ra3a no KamAOMY KOHTYPY, ceK4HH BaKYYM
HWX HCnWTaHHH, CeK4HH H3MepeHHR AaBneHHH, B CHCTeMy 4HPKYnR4HH 
ra3a BXOART oxnamAaeMwe mHAKHM a30TOM nosywKH /NCl, NC2/ AflR 
04HCTKH 4HPKYflHPYID~ero' ra3a B KamAOM KOHType' 6ycTepHblH Hacoc 
/NHl/ - HB6M-2500 c nosywKoA MaCnRHWX napes /Bll/, AononHHTenb
Ho saKYYMHPoBaHHwe ¢opsaKYYMHwA Hacoc /Nil/ - HB3-20 H oTKa4-
HoA arperaT /NPl/ - ABP-150. B ceK4HID saKYYMHWX HcnwTaHHA sxo
ART AH¢¢Y3HOHHblH /ND 1 /' ¢opBaKYYMHblH /N 14/ HaCOCbl H Te4eHCKa
Tenb. ~nR H3MepeHHR AaBneHHR HCnOflb3YIDTCR onTH4eCKHe AH¢¢epeH-
4HaflbHWe MaHoMeTpw /Pl/ H /P2/. 0TKa4Ka lK-saHHW ocy~ecTsnReT
CR HacocoM /Nl3/ - HB3-75. BcnoMoraTenbHwe onepa4HH no nepeKa4-
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Puc. 3. CxeMa OTKatJHbIX H ra30BblX KOMMYHHKa~HH ycTaHOBKH. 

Ke raga swnonHR~TCR npH noMo~H repMeTH3HposaHHoro Hacoca 
/Nl2/ - HBr-2. AnR xpaHeHHR 4HCToro 3 He H CMeCH H3OTOnOB HC
nonb3Y~TCR TPH 6annoHa. B 6annoHe Cl o6beMoM 50 n xpaHHTCR 
3He, ·Hcnonb3YeMwA AnR noA6opa CMeCH 3He - 4He, s 6annoHe C2 
o6beMOM 150 n - 4HCTblA 3He AflR HcnapHTenbHOro LIHKna oxna)l{Ae-
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HHR H B C3 06beMOM 150 n - CMeCb 3He H 4He AflR pacTBOPHTenbHO
ro LIHKna oxna)l{AeHHR . .QHct>ct>epeH~HanbHble KnanaHbl V58, V59 paCC4H
TaHW ~a nepenaA AasneHH~ 0,5 aTM. 

3KCnEPl1MEHTAJlbHblE PE3YJlbTATbl 

Pect>pH)l{epaTOP MO)l{eT pa6oTaTb s cneAY~~HX pe)l{HMax: c LIHKflOM 
pacTsopeHHR 3He s 4He,:c LIHKnoM HcnapeHHR 3He HnH 4He-H cos
MeCTHoM,· TO_eCTb OAHOBpeMeHHO C pacTBOPHTenbHWM H HcnapHTenb
HWM LIHKnaMH" oxna)l{AeHHR. B cny4ae, ecnH c6opHHK BaKYYMHPOBaH, 
pect>pH)l{epaTop n'peACTclBnReT o6bl4HY~ MaWHHY pacTsopeHHR 3He B 4He. 
TorAa pect>pH)l{epaTop HMeeT cneAY~~He OCHOBHWe xapaKTepHCTHKH: 
a/ MHHHMaflbHO AOCTH)l{HMaR TeMnepaTyp~ COCTaBnReT 28 MK H onpe~ 
AenRe~CR B OCHOBHOM TennonPHTOKOM, BHOCHMWM TpaKTOM OTKa4KH 
c6opHHKa; 6/ o6ecne4Hsa~TCR L1HPKYnR4HR AO 2,5 MMonb'•c~ 1 c oT
Ka4KoA BaHHW HcnapeHHR HacocoM HB6M-2500 H I.IHPKYflRI.IHR AO 
AO 2 MMOflb•c- 1 - C OTKa4KOA ABP-150 /MHHHManbHaR TeMnepaTypa 
40 MK/; B/ speMR 3axona)l{HBaHHR OT 0,45 KAO 0,14 K COCTaBnReT 
12 MHH HAO 28 MK - OKono 1 4aca. MawHHa pacTsopeHHR pa6oTaeT 
ycToA4HBo npH n~6oA TeMnepaType s AHana3oHe 0,028..-0,7 K, xopo
wo socnpOH3BOAHT 3aBHCHMOCTH xnaAonpoH3BOAHTenbHOCTH OT TeMne
paTypw KaMepw paCTBopeHHR H LIHPKYflRI.IHH. 

Ha pHc.4 nPHBeAeHW rpact>HKH xnaAOnPOH3BOAHTenbHOCTH pect>pH)l{e~ 
paTopa s pe)l{HMe pacTsopeHHR 3He s 4He AflR Tpex cny4aes, KOrAa 
c6opHHK /13, PHC. 1/ 4aCTH4HO 3anonHeH 4He, KOMMep4eCKHM 3He 
C nPHMeCb~ nPHMePHO 0,2% 4He H KOrAa B c6opHHKe BaKYYM /BaHHa 
HcnapeHHR HMena OAHHaKOBblA pe)l{HM AflR scex Tpex cny4aes/. Ha oc
HOBaHHH 3THX AaHHblX Ha pHc.5 nocTpoeHa 3aBHCHMOCTb AOnonHHTenb
Horo TennonpHTOKa K KaMepe pacTsopeHHR OT ·c6opHHKa c H3oTona
MH 3He H 4He. KaK BHAHO H3 rpact>HKOB, s cny4ae 4He TennonpHTOK 
H3-3a HanH4HR csepxTeKy4eA nneHKH He:H3MeHReTCR B AHpna3oHe 
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0,12~T~0,22 K, 4To, no-BHAHMo
MY, YKa3WBaeT Ha HeH3MeHHY~ 
CKOPOCTb nepeHoca MaCC.bl 4He 
no nneHKe s 3ToA o6nacTH TeMne
paTyp. HaHHH3WaR TeMnepaTypa 
KaMepw pacTsopeHHR npH 3TOM co-

Pttc.4. XnagonpOH3BOgHTenbHOCTb 
paCTBOPHTenbHoro ~HKna pe~pIDKe

paTopa: □ - B c6opHHKe BaKYYM, 
6 - B c6opHHKe 3He, ◊ - B c6op
HHKe · 4He. 
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Puc.5. TennonpHToK K KaMepe pa
CTBopeHHH'3a cqeT CBepxTeKyqeH 
nneHKH: ~ - B c6opHHKe 3He, 
◊ - B c6opHHKe 4He. 

cTaBHna 0,12 K. KaK H omHAanocb, 
coeepweHHO APYraR 3aBHCHMOCTb 
TennonpHToKa oT TeMnepaTypw Ha-
6n~AaeTcR, KOrAa e c6opHHKe Ha
XOAHTCR cna6wR pacTeop 4He B 3He. 
B 3TOM cny4ae TennonPHTOK npH 
T$0,17 K pe3KO eo3pacTaeT c no

HHmeHHeM TeMnepaTYPbl. EcnH npHHRTb T = 0,17 K 3a TeMnepaT~PY 
paccnoeHHR .cMecH 3He H 4He, To, cneAYR 3ABaPACY H AayHTy/ I, 
MOlf<HO onpeAenHTb MOnRPHY~ KOH~eHTpa4H~ 3 He - X3 B BepxHeR ¢a3e: 

1 - X~ = 1 ,13T
3

/
2

exp(-0,71/T), /1/ 

rAe [T] BK, To ecTb X3 = 0,999, 4TO xopowo cornacyeTCR c Tex
HH4eCKHMH AaH1-lblMH Ha Hcnonb3YeMblR 3He. HaHHH3WaR TeMnepaTypa 
KaMepw pacTBopeHHR AnR AaHHoro COCTaBa H30TOnOB B c6opHHKe 
COCTaBHna 98 MK. npH AOnOnHHTenbHOR 04HCTKe OT 4He B o6cymAae
MOM pemHMe 6brna AOCTHrHyTa TeMnepaTypa 58 MK. liHTepecHo ·oTMe
THTb, 4TO no Mepe noBblWeHHR TeMnepaTYPbl TennonOABOA K KaMepe 
paCTBopeHHR "3a C4eT TennonpoBOAHOCTH ra3a B TPaKTe OCTaeTCR 
npeHe6pemHMO ManblM ennoTb AO T = 0 ,35 K' 3aTeM TOnbKO B03pacTa
eT AO 0,5 MBT npH T = 0,45 K-H Aanee coxpaHReTCR npaKTH4eCKH 
HeH3MeHHWM no KpaRHeR Mepe AO T = 0,75 K. EcnH oTorpeTb c6op
HHK AO TeMnepaTypw 1t1 ,5 K, To cna6wR pacTBOP 4He B 3He nerKo 
YAanReTcR oTKa4KoR, a c6opHHK BaKYYMHPYeTcR. AnR YAaneHHR 4H
CToro 4He H3 c6opHHKa Heo6XOAHMO OTorpeTb 1K-BaHHY H c6opHHK 
AO TeMnepaTYPbl BblWe >..-T04KH. TaKHM o6Pa30M' npo4eAYPa 3anonHe
HHR c6opHHKa H_ ero BaKYYMHPOBaHHe MO)f{eT 6WTb noBTopeHa MHoro
KpaTHO. nocne BaKYYMHPOBaHHR c6oPHHKa TennonOABOA K KaMepe 
paCTBopeHHR CTaHOBHTCR MHHHManbHblM H pe¢pHmepaToP BOCCTaHaBnH
eaeT CBOH xapaKTepHCTHKH. Ha pHc.6 npHBeAeHbl rpa¢HKH Q(T) 
B AHana30He TeMnepaTYP 0,45t0j75 K. YKa3aHHwR AHana3oH TeMne
paTYP MOlf<HO nony4HTb B HcnapHTenbHOM, paCTBOPHTenbHOM H COBMe
CTHOM pelf<HMax oxnamAeHHR. 8 HCnaPHTenbHOM pemHMe 3aBHCHMOCTb 
Q(T) nony4eHa C 3¢¢eKTHBHOR CKOPOCTb~ OTKa4KH 4,5 n-c- 1 • B cos
MeCTHOM pemHMe xnaAOnPOH3BOAHTenbHOCTb pe¢pHmepaTopa CYMMHPYeT
CR H3 XnaAonpOH3BOAHTenbHOCTeR o6oHX 4HKnos. KpHBble CYMMaPHOR 
xnaAOnPOH3BOAHTenbHOCTH AnR ABYX 3Ha4eHHH TeMnepaTYPbl BaHHbl 
HcnapeHHR 0,9 K H 1 ,03 K npHBeAeHW Ha pHc.6. 06W4HO AnR noHH-
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PHc.6. XnagonpOH3BOAHTenbHOCTb_ 
pe¢pIDKepaTopa B guana30He 0,45f 
fQ., 7 5 K: <> - xnagonpOH3BOAHTenb-' 
HOCTb Hc,napHTenbHO.I'O QHKna pe¢
pIDKepaTopa, B paCTBOPHTenbHOM 
KOHType QHPKYnHQHH paBHa Hynw; 
D - xnagonpOH3BOAHTenbHOCTb 
pacTBOPHTenbHoro KOHTypa pe¢pH
~epaTopa, B c6opHHKe-3He; +, x -
xnagonpOH3BOAHTenbHOCTb pe¢pIDKe
paTopa npH OAHOBpeMeHHOH pa6oTe 
paCTBOPHTenbHoro H HCnapHTenbHO
ro KOHTypa C 3He. B pe~HMax "r:1

11
, 

·~·· TeMnepaTypa BaHHhl HcnapeHHH 
0,9 K, B pe~HMe "+" ..: 1,03 K. 

meHHR KOH4eHTpa4HH 4He B TPaKTe OTKa4KH BaHHW HCnapeHHR TeMne
paTypa nocneAHeR nOAAepmHeaeTCR Ha ypoeHe 0,6t0,75 K. Pa6oTa 
c 11neperpeToA" BaHHoA HcnapeHHR - BblWe O, 75 K - XaPaKTepHa AnR 
MOlllHblX pe¢pHmepaTOPOB pacT7opeHHR' npHMeHRet;lblX' B 4aCTHOCTH' 
AnR nonRPH3oBaHHblX MHWeHeii 9 /. 11_3 rpacJ)HKOB Q (T) Ha PHC. 6 TaK- . 
me cneAYeT, 4TO npHBeAeHHaR B AaHHOA pa6oTe KOHCTPYK4HR Henpe
_PWBHoro Tennoo6MeHHHKa no3eonReT peanH30BaTb pemHM c •~eperpe
ToR1' BaHHoA HcnapeHHR H AOCTHraTb BblCOKOR xnaAonpoH3BOAHTenb
HOCTH nPH YCTOH4HBOH pa6oTe pe¢pHmepaTopa. B 3TOM pemHMe OTKa4-
Ka BaHHbl HCnapeHHR o6ecne4HBaeTCR ABYXPOTOPHblM HacocoM. BpeMR 
3axonamHBaHHR pecJ)pHmepaTopa B paCTBopHTenbHOM pemHMe co CKOH-. 
AeHcHpoBaHHWM B c6opHHK 3He oT 0,45 KAO 0,14 K nPHMePHo 
s 1,5 pa3a 6onbwe, 4eM 6e3 3He. 

AHa~a3oH TeMnepaTypw ewwe 0,75 K ennoTb AO 4,2 K pecJ)pHmepa
Top o6ecne4HBaeT B HCnapHTenbHOM pemHMe C H30TOnaMH 3He HnH 
4He B c6opHHKe. B Ka4eCTBe Tennoo6MeHHOA cpeAbl B KaMepe pacTBO
peHHR MOlf<eT 6WTb CMeCb H3oTonoB renHR n~6oro cocTaBa. 4HCTWe 
H30TOnbl 3He HnH 4He YA06HO HCnonb30BaTb KaK ra30BblR TepMoMeTp. 
npaKTH4eCKH perynHPOBKa TeMnepaTypw B WHPOKOM AHana3oHe Bwnon
HReTCR nyTeM Harpesa BXOARlllero noToKa mHAKoro renHR cne4Hanb
HblM HarpeeaTeneM C pa3BHTOH noeepxHOCTb~ Harpeea, KOTOPblA ycTa
HoBneH Ha BBOAHOM KanHnnRpe /CM. PHC. 1, no3.19/. 

B pa6oTe onHcaHo YCTpoAcTBO H npHBeAeHW xapaKTepHCTHKH pecJ)
PHmepaTopa AnR nony4eHHR CTa4HoHapHblX TeMnepaTyp B WHPOKOM AHa
na3oHe, 0,028t4,2 K. Pe¢pHmepaTop MomeT pa6oTaT~ B HcnapHTenb
HoM, pacTBOPHTenbHOM H COBMeCTHOM pemHMaX. npaKTH4eCKaR pa6oTa 
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C pe¢pMmepaTOPOM noKa3wsaeT, 4TO COBMe~eHMe MCnapMTenbHoro 
M paiTBOPMTen~Hoto '4MKhos s OAHOM na6opaTOPHOM ycTpoACTBe oco-
6eHHO none3Ho AnR nony4eHMR cnpaB04HoA MH¢opMa4MM o CBOACTBaX 
KOHAeHcMposat-iH~ix" cpeA' B WMPOKOM AMana3oHe HM3KMX TeMnepaTyp. 

Mw B~pamaeM ~ny6oKy~ nPM3HaTenbHOCTb K.H.3MHOBbeBoA 3a Ka
nM6poBKY TepMoMeTpos, 6.C.HeraHosy M A.¢.nPYAKornRAY 3a KOH
cyhbTa4~M, A.0.0pnosy M H.3.KpaxTMHOBY 3a noMO~b s pa6oTe. 
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