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B JTabopaTopuu HeliTpoHHOI (hr3uku OObeIMHEHHOTO MHCTUTYTA SIICPHBIX MCCIIeIOBAaHUI BeyTCsl pabo-
THI TTO CO3AHUIO Ta30BBIX IETEKTOPOB HEUTPOHOB. LISl MPUTOTOBJICHUS paboyueit cMecu ra30B HEOOXOIUMO
MCIIONB30BaTh YUCTHIN *He, KOTOPBIl MONYYaloT IyTeM BBIMOPaXXHBaHUS NprMeceil. [ist aToil e co-
3naH pedpuxeparop >He. Pedpuxeparop Takke MOXET UCIIOIb30BAThCS LIS TOJYyYeHUS] HU3KUX TeMIIe-
paTyp B pu3nueckom akcriepuMeHTe. B HacTosIeit padborte ncciiemoBaHbl peskKMMbl pabOThI pedprKepaTo-
pa. B HenpepbIBHOM pexxuMe LMpKyIsiuuy SHe nonydena temneparypa 0.78 K. TTpu orkauke napos *He
BHEIIHUM HACOCOM B Pa30BOM peXMMe oxjaxkneHus mocturaercs temmeparypa 0.52 K. B paGore Takke
M3y4eHBl pellaKCallMOHHBIE PEXUMBI, B KOTOPBIX B CJIydae MpEIBapUTEIbHO CKOHIECHCUpOBaHHOTO *He
pOJIb HacoCa BHITTOJIHSAET 00beM KoHTeliHepa. [IpuBeneH pexxumM, B KOTOPOM TeMIlepaTypa MCTIapuTeisi pe-

nakcupyeT oT 1 1o 1.5 K B Teuenue 11 cyTok.
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BBEAJEHUWE

B JlaGoparopum HEUTpOHHON (UIUKU UM.
N.M. ®panka O0beAMHEHHOTO MHCTUTYTA SIACPHBIX
uccaegosanuii JIHO® OMAN) TpaaMimoHHO pa3Bu-
BaeTCcs HarpaBjieHUe pa3paboTKU ra30HaINOJHEHHBIX
JIETEKTOPOB TETJIOBBIX HEUTPOHOB [1—3]. OnHUM U3
KOMITOHEHTOB CMECHU Ta30B, HAMOJHSIOIINX TaKue
netekTopsl, asisgercd SHe. TexHomornst c60pKu me-
TEKTOpa IoapasymMeBaeT gobasieHue yucrtoro *He
B 3apaHee MOATOTOBICHHYIO CMECh OCTaIbHBIX Ta30B.
ITo ncreyeHUM cpoKa CIIy>KObI HEOOXOAUMO TTOBTOP-
HOE 3allojIHEHUE JeTeKTopa CMeChlo ra3oB. B cuiy
BBICOKOI 1IeHbI *He MCmonbp3oBaHue 1is 5TUX Leeit
HOBOTO 00beMa 3aBOICKOTO *He BBICOKOI 4MCTOTBI
o4eHb Joporoctosiiee. bojee palimoHaaIbHbBIM Mpe-
craBisieTcs u3Bjaedenue *He U3 ucnonb3oBaHHOI pa-
Hee B JeTeKTOpe CMECU MyTeM €ro BBIMOpPa>KUBaHMSI.
st 3TOro cMech ra3oB HEOOXOAUMO OXJIAXIATh M0
temnepatyp Huke 3.3 K, oTBedalomx XXuaKoMy co-
crostHuIo *He. DT TeMIepaTypbl MOXKHO IOJTYYUTh B
reJIMeBbIX KpUOoCTaTax UK ¢ UCTIOIb30BaHUEM KPUO-
KyJIepOB 3aMKHYTOTO LIMKJa, Harpumep, Tuna [ud-
¢opma—Maxkmarona (I'M), u coBmeniasi ¢ HUMHU pe-
¢dpuxeparop, B KOTOPOM IPOUCXOAUT CXKUXKEHUE
3He, a TakXe OTKA4yKa ero rnapos.
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B nacrosmeit padbore onncaHa KOHCTPYKIIUS pe-
dpurxeparopa *He, mpenHa3HaAY€HHOTO VISl OYUCTKA
He or mpumeceil, ¢ OXJIaXIEHUEM KPHUOKYJIEPOM
I'M. Taxke paccCMOTpPEHBI PEeXUMBI PabOTHI 3TOTO
pedprkepaTopa, KOTOPbIe MOTYT OBITh OJIE3HBI IJIST
MPOBeNEHUsI HEUTPOHHBIX SKCIIEPUMEHTOB C HU3KU-
MU Temneparypamu B obiactu 1 K u Hike.

OMUWCAHUE DKCIMEPUMEHTAJIBHON
YCTAHOBKH

KoHCcTpyK1IMIO YCTAaHOBKHA BO MHOTOM OITPEASIINIT
HakoruieHHBIM B JIH® OUS N onbIT ncnonb30BaHUS
KpHnokyiaepoB [4—6]. Tax, B [4] ucciaegoBany mIaxr-
HBIIl KPUOCTAT C BEPTUKAIBHOM 3arpy3KOoi Ui pas-
MeEIIeHUST 00pa3oB AuaMeTpoM 10 120 MM B X010/ -
HoOIt 30He. B 3TOif KOHCTPYKIIMM mIaxTa OblLJIa U3TO-
TOBJIEHA U3 TOHKOCTEHHOM TPYObI AuameTpom 150 MM
M3 HepKaBelollel craay. TerIoBoil KOHTaKT oopasia
CO BTOPOM CTYNEHBIO XOJOIHOMN TOJTOBKU KPUOKYJIE-
pa obecneunBaliv ¢ IIOMOIIBIO TEIUIOOOMEHHOTO ra3a
“He nipu nasnenun 1—10 m6ap. TIpu MOLIHOCTH XO-
nonHoit ronoBku 0.7 Bt (temmnieparypa 4.2 K), koTo-
past UCcoJab30Bajach B KpuocraTe, (huHaJbHAasI TEM-
neparypa gocturajia 5 K. OHa Oblla orpaHuyeHa
KOHCTPYKTUBHBIMU OCOOEHHOCTSIMM KpHOCTaTa, U
BJIMSIHUE TEIUIOOOMEHHOIO ra3a Ha Hee He ObLIO OT-
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Puc. 1. Cxema kpuocrata ¢ pedprxkepatopom He: 1 -
OCHOBHOI (biaHell; 2 — KOHTeiiHep; 3 — KOJUIEKTOpP
KpuocraTta; 4 — X0J0aHasl TOJI0BKa; 5, 6 — TEIIOOOMEeH-
HUKU; 7 — TEIUIOBON 3KpaH; § — BaKyyMHBII KOpITyC
Kpuocrata; 9 — tpyoka; /0 — natpy6ok; I 1— 14 — cexuumu
Ter1000MeHHUKa; 15 — gpoccenb;, 16 — WUCIapUTeb;
17 — ToHKOCTeHHas TpyOKka; /§ — HacoC ¢ aKTUBUPOBaH-
HbIM yrieM; 19 — terutoBoii akpaH; T1, T2, T3 — kpeMHuU-
eBble TUoabl; T4 — TEpMOPE3UCTOP.

MedeHo. B manmpHeiimeM ObIIM TIpOBEIeHBI M3MEPEHUS
TETJIONPUTOKA BIOJIb IIaXThl B IMANa30He NaBIeHUM
1—20 MOap mpu UCIIOJB30BAaHUU TEILJIOOOMEHHOTO
raza “He [5]. BesimurHa 3TOro TEIUIOIPUTOKA OKA3a-
JlaCh HE3HAYUTEbHOU U MPAKTUUYECKU HE BIUsLIa HA
KOHEYHYIO TeMIepaTypy.

Ha ocHoBaHMU 3TUX U3MEpPEeHUI ObLIO MPUHSITO
pelieHre TTOMECTUTh pereHepaTUBHYIO YacTh XOJIO/I-
HO TOJIOBKU BHYTPh BEPTUKATBHOM IIAXThI, aHAJIO-
TMYHOIT o pa3Mmepam maxte B [4]. [1pn 3ammonHeHNN
1IaXThl ra3000pa3HbIM I'eJIMeM C JaBjieHueM 1o 20 Moap
CJIe0BaJIO OXUAATh, YTO KPUOKYJIep OyaeT paboTaTh
6e3 CyIIEeCTBEHHOI MOTEepU XOJOAOIIPONU3BOIUTETb-
HOCTH.

B macrosmmieit pabore KpuMocTaT OBII OCHAaIIeH
kpuokyiepom I'M mnpousBoguteabHocThio 1.5 BT
npu 4.2 K. Ha xonomHoii ronoBKe KpHOKYyiepa ObLI
pasMmenieH pedpuxepatop *He. XononHasa rojgoska
U y31bl pedpukeparopa OBUIM OPHUEHTHUPOBAHBI
BepPTUKaJbHO CBepXy BHU3. KOHCTpyK1IMs KprocTaTa
npencrasieHa Ha puc. 1. Pedppuxeparop *He npen-
CTaBJIsIET COOOM KOJOHKY TEIJIOOOMEHHMKOB, pac-
MOJIOXKEHHBIX Ha pereHepaTUBHOI 4aCTU XOJIOOHOM
rojioBKu. BHM3y ocHOBHOTO (hr1aHIta / CMOHTUPOBaH
KOHTeitHep 2, Tpyba nuamerpoM 150 MM M3 TOHKO-
CTEHHOI HepxKaBerllei craau 1 aauHoi 390 mMm.
Ha konnexrope KprocraTta 3 COOCHO C KOHTEIHEpOM 2
yCTaHOBJIEHA XOJOIHasl TojoBKa 4. InMuHy KOHTeli-
Hepa OIIpeacsId UCXOIs U3 TpeOoBaHMs pa3Mellle-
HMS B HEM XOJIOOHOM TOJIOBKHY U TEILIOOOMEHHUKOB.
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Ha mepBy1o 1 BTOpyIO CTYIIEHb YCTaHOBJIEHBI TETLJIO-
OOMEHHMKHU 5 1 6, COOTBETCTBEHHO, KOTOphIE 0becre-
YUBAIOT TEIDIOBYIO CBSI3b MEXKIY CTEHKOI KOHTEHepa,
CTYIIEHSIMA KPHMOKYJepa M TelMeM. lerurorepenada
MEXITy BHEIIHEH MOBEPXHOCThIO TEIUIOOOMEHHMKA U
BHYTPEHHEI CTEHKOM KOHTeiiHepa OCYIIECTBIISICTCS
3a CYET TEIUIOIIPOBOMHOCTH I'eJIMsI B TOHKOM 3a30pe.
TerutoBoit 3KpaH 7 COeIMHEH MEXaHUYSCKH CO CTESH-
KOM KOHTEWHEpa Ha YPOBHE MEPBOM CTYIIEHU KPUO-
KyJiepa; § — BaKyyMHBIii KopIiyc kpuocrara. *He mno-
JIaeTCsI B KOHTeITHep uyepe3 TPYOKY 9, a OTKaunBaeTCs
yepe3 naTtpyook /0. Tpyoka 9 mepexoaut B TpyOua-
TBIIi TEIDIOOOMEHHMK, COCTOSIIMI M3 HECKOJIbKUX
IOCJIEN0BATEIbHO COEOUHEHHBIX ceKuuin 11—14.
TermmoooOMeHHUK 14 oKaHYMBAETCS Ipoccenem 15,
oOecrieunBaIINM HEOOX0AMMOEe aBJeHe KOHIeH-
cauuu *He. XKunkuii *He ckarnmBaeTcsa B Ucrapure-
Je 16, KOTOpBIiI COeNMHEH ¢ KOHTEHHEePOM II0Cpe]l-
CTBOM TOHKOCTEHHOI1 TpyOKu [7 M3 HepxKaBeIollei
cTany guaMeTpoM 12 MM u mauHoit 60 MM. Mexny
CEKIIMSIMU TEII00OMEHHMKOB YCTAaHOBJIEH HACOC C
aKTUBUPOBAHHBIM yIiieM [&§, KOTOPBIM ITOIJIOIIAET
npumecH, Haxogsamuecs B *He. [Tapsr renms 3He n3
WCHapuUTeJIsl TTOCTYIAIOT B KOHTEMHEP U 3aTeéM OTKa-
YMBAIOTCS Yepe3 narpyook /0. BaxXHBIM 3JIeMEHTOM
pedprkepaTopa SBIISIETCS TEIIOBOI 3KpaH 19, Ko-
TOPBI IPUHUMAET TeMIIepaTypy, OJU3KYIO K TEMIIE-
paType BTOpPOI CTYIIEH! XOJIOMHOI T'OJIOBKM, Y MU-
HUMU3UPYET TEIUIOIIPUTOK K UCITAapUTEITIO.

TemnepaTypy U3Mepsijii JaT4YMKaMU — KpEMHUE-
BeiMu guonamu T1, T2, T3 u repmopesucropom T4.
Jdatuuk Temneparypbl T1 pacrionoxkeH Ha BTOpO¥H
CTYNEHU XOJIOAHOM TOJIOBKM, maTumk T2 pacmnoso-
KeH Ha 4 cM BBIIIE TEIJIOOOMEHHMKa 0, TaTduK 13
pacIiosoXeH BHU3Y TEMJIOBOTO dKpaHa 7, maTuyuk T4
yCTaHOBJIEH cHapyxu ucnaputens He. Jatuuk T2
HaXOIUJICS BHYTPU KOJIOBI U3 TEIJIOU3O0JISILIMOHHOTO
MaTepuaia. TermIoBylo CBSI3b 3TOTO JATUYMKA C TeIU-
€M OCYIIECTB/ISLUIM 0 MEIHOMY TEIUIONIPOBOAY, KO-
TOPBIIA BBIBOAWICS M3 KOJOBI M MMeEJI MOBEPXHOCTh
TeruioooMeHa ¢ reaveM okoso 2 mMm2. [Ipennonara-
J0Ch, 4TO TIpu paborte ¢ “He mo ero mokasaHugIM
MOXHO PETMCTPUPOBATh IMOSIBJICHUE YPOBHS XKMUIKO-
TO TeJInsl.

Ha puc. 2 npenctaBieHo (hOTO CUCTEMBI TETLIOO0-
MEHHUKOB, Ha pHuc. 3 — (DOTO HU3KOTEMIIEpaTypHOIt
yactu pedpmkeparopa. Ha puc. 2, 3 Hymepanms ae-
MEHTOB COBIIaJaeT ¢ HyMepaiueii Ha puc. 1.

PE3YJIBTATHI
Drcnepumenmot ¢ *He

st IpoBepK pabOTOCIIOCOOHOCTH KPUOKYJIEPa,
3aKJIIOYEHHOI'O B KOHTEIHEep, IIepBOHAYaILHO ObLIN
MpPOBEIEHBI SKCIIEPUMEHTHI, B KOTOPBIX MCHOJIb30-
Basicst “He. Bouto cxukeno 100 1 *“He, npu s3ToM mpo-
n3onuio oxiaaxkaeHue no 2.3 K 6e3 ucrnonb3oBaHUS
OTKaYKH. DTa TeMrepaTypa COOTBETCTBYET IaCHOPT-

Ne 4 2023
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Puc. 2. Cucrema TeruiooOOMEHHUKOB pedprkepaTopa.
O603HaYeHus KakK Ha puc. 1.

HoOIl (pMHaAIBHOII TeMmmepaType KpHUOKYyjepa, eClIu
OBI OH 3KCIUIYaTUPOBAJICSI B BAKyyMHOM KpUOCTaTe.
st ymepkaHus TeMIepaTypsl Bropoii crynieHu 4.2 K
notpeboBajiach MOIMHOCTHL 1.6 BT, uTo HeMHOro
OoJIBIlIe OXKMOAeMOI1 ITacIIOPTHOI MolTHOCTH 1.5 BT.

Drcnepumenmot ¢ >He

IMocne BKIOYEHUs KpUOKyiepa He B xonnye-
cTBe 0KoJio 20 J1 TocTyIaa B KOHTeliHep pedprxkepa-
Topa yepes narpyook /0 (puc. 1). Jlanee oxnaxaeHue
NpOBOIMJIN B ABa 3Tana. Ha rmepBoM 3Ttarie IIMTelIb-
HOCTBIO 25 4 HupKyJasauus *He yepes Ter1000MeHHU -
KU He oCylIecTBIs1ach. Ha BTopoM aTarie BKIIoYaau
TEPMETUYHBIN CITUPAIbHBIN BaKYyMHBI HACOC IIPO-
M3BOAMTENBHOCTHIO 35 M3 /4. *He oTkaunBaiics yepes
natpyook /0 u Bo3Bpalajcs oopaTHo yepes3 TpyoKy 9
B CICTEMY TeIJIOOOMEHHHMKOB 1 APOCCEIb, IIOCHE Ye-
ro BBIXOAWJ B McHapuTesib. Bcero mist oxnaxneHus
ucriaputessa 10 temmneparypsl 2.3 K morpedoBanoch
36 4. I1poiiecc oxyaxneHus oToopaxkeH Ha puc. 4.

ITo nocTrXeHUU 3TOI TeMIepaTyphl MMPOUCXOU -
10 cxmxkeHue *He, 1 TeMneparypa ucIapuTesis cTa-
HoBumiachk Hke 1 K. B urore remneparypa ucrmapu-
tenss pmocturana 0.78 K m Morna mep:KaTbCs CKOJIb
YIOIHO IMTEJIbHOE BpEeMS IIPU ITIOCTOSIHHOM KOH-
neHcauny *He. Tak oCylLecTBISIETCS HETIPEPHIBHBII
pexuM paboTel pedprkeparopa (puc. 5). Temnepa-
typa 0.78 K omnpeneinsieTcs IIpoBOIMMOCTHIO ITaTpy0-
Ka 10 (puc. 1), KOTOpBIil UMeeT TuaMeTp 16 MM 1 111 -
Hy 100 MM, a TaKXKe CKOPOCTBIO OTKAYKK UCIIOIb3ye-
MOTIO Hacoca.

MOBEPXHOCTb. PEHTTEHOBCKUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCITEAJOBAHUS  Ne 4

Puc. 3. HuskoremnepartypHasi yactb pedpuxepaTopa.
O06o03HaYeHus1 KakK Ha puc. 1.

B pasoBom pexxume paboTel pedpukeparopa, B
xotopoM >He B cuctemy Terioo6MeHHUKOB He TToa-
eTcs1, TeMrepaTypa ucrnapuTtesis moHrkaercs 10 0.52 K.
Ha puc. 6 moka3zaHa BpeMeHHas 3aBUCUMOCTh TeMIIC-
paTypbl UCHApUTEJISI IPU IIEPEeXoae OT HENPepPhIBHO-
ro pexuma K pazoBoMy M obpatHo. Ilepexon ocy-
IIECTBIISIJICSI MYyTEM OTKPBITUS—3aKPBITUSI BEHTHIIS
nonauu *He B Termroo6MeHHUKU. [1pu 3TOM TemIte-
paTtypa ucnaputes ndMeHsuiach ot 0.78 mo 0.52 K.
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Puc. 4. INporiecc oxnmaxneHus pedprxkeparopa — rpadpuku
U3MEHEeHUs TeMIieparypbl 1aTyukoB T1—T4 Bo BpemeHU.
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Puc. 5. HerpepbiBHBII peskxnM paboThl pedprkeparopa —
rpacd¥Ky n3MeHeHus TeMmneparypbl natankoB T1, T2, T4 Bo
BPEMEHU.
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Puc. 7. Pexxum penakcauyu — rpaduk U3MEHEHMS TeM-
nepartypsl gatTuuka T4 Bo BpemeHu. Temrieparypa ucna-
puTenst MenjieHHO Bo3dpacTaeT ot 0.85 no 1 K B uHTepBaie
ot 8 10 20 4.

Pexcumoi pearakcayuu

Ha caenyromiem sTamne u3ydaau pexXuMbl paGOThI
pedpikepaTopa ¢ HyJIeBOil CKOPOCTBIO BHEIITHE OT-
Kauku *He npu nnpenBapuTeIbHO 3aITOJTHEHHOM XKW -
kuM ‘He ncnapurene. 3Tu peXMMbI MOXHO Ha3BaTh
pesxuMamMu penakcaruu. OTMETHM, YTO B 3THX PEXKU-
MaXxX KpUOKYyJep He OCTaHaBJIMBaeTCSI.

beina uccinegoBaHa BpeMEHHAS 3aBUCUMOCTD
TeMIlepaTypbl UCTIAPUTEIS TTOC]Ie OTKIIOUEHUST CIIU-
paibHOro Hacoca otkayku *He. B atom ciyuae *He
WCTIapsIJICST B KOHTeIHEP, KOTOPHBIN BBITIOIHSUT POJIb
Hacoca. Ecnu 1mocie ocyIecTBieH!sT pa3oBOTO pe-

MOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCJIEIOBAHUS

Puc. 6. [Tepexon oT HENMPEPHIBHOTO pexXMMa K pa3oBOMY
1 00paTHO — rpaduKu U3MEHEHMS TeMIlepaTyphl 1aT4n-
koB T1, T4 Bo BpeMeHH.
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Puc. 8. Pexxum penakcaunu — rpaduky U3BMEHEHUST TEM-
nepatypsl 1atdyukoB T1, T2, T4 Bo BpemeHnu. Temmnepary-
pa ucnapurelisi MeyieHHO Bo3pacTaeT oT 1.05 1o 1.5 K B
TeyeHue 11 cyTok.

xuma u goctkeHus 0.52 K BHelrHel oTKayke OT-
KJII0Yaid, TO TeMIlepaTypa UCIIapUTesIsl JOCTaTOYHO
osicTpo mocturana 0.85 K 1 3atem MemieHHO Bo3pac-
tana no 1 K (puc. 7). Janee poUCXOaUIO TTOJTHOE
OCyIIICHUE WCHApUTEIIsI, ero TeMIleparypa OBICTPO
Bo3pactana 1o 2.7 K u crabnian3uposanachk. AHaAIO-
TMYHO, €CJIM IMpeKpallajcsl HeIpPEePBIBHBIM pPexXrUM
npu 0.78 K 1 ocraHaBaMBaaach BHEIIHSIS OTKAYKa U
KOHIEHCAIUsI, TO TeMIlepaTypa UCHApUTEIIsI JOCTa-
TouHO ObICTpO Aocturaina 1.05 K u 3aTtem Bo3pacrana
1o temmnepatypsl 1.53 K B Teuenne 11 cyTok mo ocy-
meHus ucrapurensd (puc. 8). Jlajiee, Kak U B IIEPBOM

Ne 4 2023
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ciydae, MPOUCXOAWJT Pe3KUil CKaYOK TeMIIepaTyphl
oo 2.5 K.

SAKIIIOYEHHWE

B Hacrosiiee BpeMsl npeacTaBIeHHBIM KpUOCTAT
WCIIONB3YeTCs [UISl KPUOTEHHON ouucTka °He or
npumeceii. [Ipoliecc O4UCTKU 1 3alIpaBKU IeTeKTOpa
MPOBOJAUTCSI B HECKOJBKO 3TaroB. ['a3oBast cMmech
CKayMBaeTCsl U3 IeTeKTopa B OajlJIOH HU3KOTO JaBjie-
Hus (MeHee 1 6ap). 3aTeM cMech MepeKaYMBaeTCI B
Ipyroii 0a/IoH Yepe3 aKTUBUPOBAHHBIN yTOJIb, OXJIa-
XKIEHHBIM HpU MOMOIIM XHUIKoro azora. Cremyro-
II1I1 3TAIl OYMCTKU OOeCIeYnBaeT IIPeACTaBIeHHBIA
B pabote KpuocTat. OaHAaKO A1 HAIIOJIHEHUS IETSK~
Topa HEOOXOIUMO JaBjieHue He MeHee 7 6ap. st aToro
ITOJIy4EHHBIA 4yucThli ‘He cxumaercs cOpOLMOH-
HBIM HacocoM, oxJIaxkAeHHBIM 1o 3.8 K Kpuokyie-
pOM 3aMKHYTOTO IIMKJIa, KOTOPBIA PACIIOJIOXEH B
npyrom kpuoctare. CopOLIMOHHEIN HACOC IIPEICTaB-
as1eT coboit kamepy 0obeMoM 200 cM? ¢ BEICOKOITPOU-
HBIMM CTeHKaMU, 25% KOTOpOii 3alI0JTHEHbI AKTUBU -
poBaHHEIM yriieM. [1pu remnepatype 3.8 K Hacoc 1mo-
miowaer 25 a1 *He, KoTopblil nocsie HarpeBa A0
KOMHATHOIT TeMIIepaTyphl co3IaeT naBiaeHue 125 6ap.
KonunuectBo 3He, mony4eHHOro Takum OOpaszoM,
obecrieunBaloOT 3alpaBKy JIOOOro AeTeKTOpa, dKC-
ryatupyemoro B JIH®. OtmeTrum, 4To COpOLIMOH-
HbIE€ HACOCHI C OXJIaXKIeHUEM KPHUOKYJIepOM pa3pado-
TaHbl aBTOPOM paHee U MPEeIACTaBJICHBI, HAaIIpUMED,
B [7-9].

KpuocTtat MoxeT OBITh UCIIOJIL30BaH ST (PU3U-
YeCKUX UCCAeq0BaHUil B 00JacTU (PU3UKHU TBEPIAOTO
Teaa. B aToMm ciaydyae obpaszel ycTaHaBIMBaIOT CHAPY-
XM B HMXKHEHW 4yacTu ucraputeisa. B manpHeiniem
nomo0HasT KOHCTPYKIIMS OydeT MCITOIb30BaHa B Ka-
YyecTBE WCTOYHMKA Xuiakoro “‘He, xumkoro wim
oxJlaxaeHHoro *He, KOTOpbIii BHYTpM BaKyyMHOTO
KpHOCTaTa MOXET MUTATh Ipyryie YCTPOMCTBa, HAIIpr-
Mep, pedpukepaTopsl pactsopeHus *He B “He [10].
DTa KOHCTPYKLMS MOXET OBbITh IpOrpeBaeMoii cu-
CTEMOIi, B 3TOM cCJiydae B pEXMME pelaKcaluu ee
MOXHO MCIIOJIb30BaTh B KAYECTBE OXJIAMUTEIIST TyH-
HEJIbHOTO CKaHMPYIOIIEeTOo MUKPOCKOIIa Ha TEMIIepa-
TypHOM ypoBHe 1 K Hapsmy ¢ ycraHoBkoii [11, 12],
paboTarouieit mpu Temneparype 4.2 K.
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3He Refrigerator Based on Closed Cycle Cryocooler Cooling

A. N. Chernikov! *

! Joint Institute for Nuclear Research, Dubna, Moscow region, 141980 Russia
*e-mail: chern@nf jinr.ru

In the Laboratory of Neutron Physics of the Joint Institute for Nuclear Research, work is underway to create
gaseous neutron detectors. To prepare a working mixture of gases, it is necessary to use pure >He, which is
obtained by freezing impurities. The *He refrigerator was created for this purpose. The refrigerator can also
be used to obtain low temperatures in a physics experiment. In this work, the operating modes of the refrig-
erator are studied. In the continuous mode of *He circulation, a temperature of 0.78 K was obtained. When
3He vapor is pumped out by an external pump in a single cooling mode, a temperature of 0.52 K is reached.
We also study relaxation modes in which, with pre-condensed *He, the volume of the container plays the role
of a pump. A regime is presented in which the temperature of the evaporator relaxes from 1 to 1.5 K within
11 days.

Keywords: ultralow temperatures, helium-3, cryocoolers, activated carbon pump.
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