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Boe~eHM.e 

l-byqenne npou:ecca o6pa3oBamm necnMMeTpR'lHLIX MIOOHHLIX MOJieKYJI p.xZ (rile 

x ::: p, d, t; Z ::: He, Li, Be) n peaKnnlt cnnTe3a H)lep aTOMOB MoJieKyJI naqanocb 

npnMepno 15 neT na3aJl. B nocne)lnne nnTb neT B03poc nnTepec TeopenmoB II 3itcne

pl!MellTaTopoB R 3THM nccnenmlalll!HM [1-13]. Ha .nannoM 9Tane nccne)loBaiilllt 6onee 

npe)lliO'lTHTCnbHblM B nnaHC TCXIIII'ICCKOit peaJIII3aU:HH HBnHCTCH H3Y'lCIIHC nponecca 

MIOOHIIOfO KaTaJIII3a peaKU:IlH n,nepuoro CRHTC3a (p.CF) B ,neltTeplllt-renneBOfi CMCCII. 

PeaKU:llJI CIIIITe3a n.nep 3apnnoBo-uecnMMe~pn'liiOrD MoneKynnpuoro KOMTIJICitca p.d 
3 

He 

MQ}KCT nponCXO)l,HTb no ilBYM JtananaM 

p.d3 He--> a+ p(14,7M3B) + JL

-> p. 5 Li + 1(16,4M9B), 

B TO BpeMJI I!al! CHIITC3 n,nep p.d ~ Jl e - no C)l,HHCTBCHIIOMY KanaJJy 

pd 4 He--> p 5 Li + /(1,48fvbl;3). 

(1) 

(2) 

(3) 

.Ll,nn nony'lennn nmjJOpMannn o xapaKTepncTl!Kax )lannoro nponecca 9KcncpnMell

TaJibllaJI ycraiiOBHa )l,OJilHIIa o6ccne'lHBaTb B03MOlKIIOCTb peniCTpaHJJH llj>O.Il.YKTOB nnep

IIOfO CHJITC3a B MIOOIIIILIX HOMIIJICHCaX p.d 3 Jl e H p.d ~ Jl e, 9nCI{TpOIIOB OT pacna;~a MIOO

HOB, a TaKH!C MIOOIIIIOfO pellTI'CIIOBCHOfO H3nyqeHJJII C 9IIeprnefi 6,85 K"~B, B03HHHaiOII~Cf0 
H pe3yJibTaTe pa.nnannoiiiioro pacna.na yi<a3aHIIhiX IwMnneKCOB. PernCTpaUMH c BhiCO

uoit 3<\ll\>cinHBIIOCTbiO npoTonoH c 3Heprneit 14,7 M9B, MMCIOIIlHX .nocTaTO'IIIO Manhlit 

npo6cr B. BCI!\CCTHC, a TaHJHC Mlli'HIIX ~-KBallTOB C 311Cprnelt 6,85 1!3B, .FIBJIHCTCIT !ICCbMa 

.nemmantofi 3a)l,a'!efi. 
Cne.nyeT oTMCTHTb, 'ITO xapauTepncTMKH JICKOTOJ>hiX nponeccoB, BXOJl.flll!HX B ne-

no'IKY MIOOIIHOfO JtaTaJIH3a dJl e-pcaHllliH, cyll\CCTBCHIII>IM o6pa30M 3aBHCIIT OT IIJIOT

IIOCT!i"H TCMllepaTypiJ cpcnbt.. llo3TOMY, J(ll.fl KOJ>j>CHTIIOI\ nitTepnpeTal~HH 9HCIICJ>IlMCII

TaJibllblX ,llallllblX, neo6XO,li11Ma !lhiCOI!a.fl cTa6UnbHOCTh TCMIIepaTyphl MllillCIIII II ](a!IJICHU.fl 

llaXO)l.fllllCfOC.fl B liCit ra3a. l{ 'lHCTOTe ,lleltTepnit-reJIHCBOil CMeCR TaKH!e npCJI'h.fiBnRIOTC.fl 

o•Jellb shlcoune Tpe6osaiiH.fl ~ cyMMapnoc co.nep>Kanlle up11Mecell (N2, 02, IhO, C02 n 
T.,ll.) ne )l,OJI)KIIO npeBbUI!aTb 5 X 10-7 o6neMHbiX nom~!\ (o6. non.). TatmM o6pa:JOM, nnn 

,lleTaJibiiOfO H3Y'lCHll.fl IIpOl!CCCa MIOOIIIIOfO KaTaJIH3a B nefiTepni\-I'PJIHeBOI\ OI<'CH neo6-

XOJIHMO C03,llaTh l!CJihll\ KOMIIJICKC ycTpOi\CTil, o6eciJe'III.BaiOillRX peaJilt3al!HIO Tpe6yeMIJX 

ycnosun. 
JteJihiO UaCTOHlllCH pa60TI.I R!IJIRJIOCb COJJ!aliRC MHIIICHII, a TaH)!(C CHC'I'C'Mhl CC ra-

30o6eCIIC'lellH.fl H TepMOCTaT!IpoBallllfl JIJIR UCCJICJIOBaliU.fl MIOOIIIIOI'O l!aTaml:la d/1 e

peaHI!HH B (lJ
2 

+ J/e)·CMCCII B J(UallaJOIIC naBJICIIUil 0 - 10 ant 1-! TCMilepaTyp 2\ 

300 K [12]. 
C ncnom.:mnanneM coJJ!annoi\ ycranoBHH na MC:IOHHOI\ <\Ja6puHe PSI (lllBdll!apli.FI) 

COBCCM nenaBIIO 6LIJIII llpOBCJlCIIi>l JlBYXHCnCJihllhiC TCCTOBhiC li3MCJWIIH.fl Hall C 'IIICTIJM 

nefiTCfJIICM, TaR H C ]~eilTCpUil-reJIIICBOH CMCChiO llj>ll ](a!IJICIIH.FIX 5,6 ·- 6,4 ant II lCMIIC-

paType 32 K. 
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KpM.ocTaT-MHwen& 

Ilpu pa3pa6oTKe M c03.nammnpaocTaT-Mnmenn y'lnTIJBancii n pnA .npyrnx, KpoMe 

rrepe'IHCJICHHLIX BLIIIIe, Tpe6onaHHfi, BIJIIOJIHeHHe KOTOpiJX He06XOMMIJO ~JIJI rrpoBe,ne

IIHH 3KcnepHMeHTOB no HCCJie,ll,OBaHHIO JLCF B ,ne:iiTepHii-reJllleBOH CMCCH. 

06mnii BHJl KpMocTaT-MHIIIeHn rrpnne)leH na pac. 1. Kpaorennan rMoBrur MHIIIeHb 

( 1) pacnonomena BHJTpn BaKyyMnoro Komyxa KpaocTaTa (2), BIJIIOJIHCHHoro H3 JIHCTO

noit HepmaBeiOmeii CTaJIH TOJ!ll\HHOH 2. MM. . B KaqeCTBe ·MaTepnana KOpnyca MHIIICHH 

nw6pan amoMnnneBLiii cnnan A.Z:JJ ( cocTaB crrnaaa: Al > 99,3%, Fe < 0,3%, Si < 
0,3%, Cu < 0,05%, Mn < 0,025%, Zn < 0,1%, Ti < 0,05%, Mg < 0,05%). MaiiieHI> 

BhliTOJIHeHa B HH)le ccpepw )lHaMeTpOM 66 MM. 06'beM MHIIICHH COCTaBJIJieT ~ 250 CM • 

.l1cnOJib30BaHHe aJIIOMHHHH II03BOJIJieT IIO'lTH llOJIHOCTb!O IIO)l,aBHTb cpon, o6ycJIOBJICHHhlH 

xapaKTepHCTHqecKHM ll3JiyqemreM BeJUCCTBa CTeHOK MHilleHH. TaR RaK B CIICRTpe H3-

ny'leHHH aJIIOMHHHH OTCJTCTBJIOT 1-RBaHTIJ C 3Hepriiefi B6JIU3H 6,85 R9B, B TO BpeMH 

l!aK B cneKTpe H3JIY'lCllllJI nepmaBCIOIUeH CTann, HallpHMep, HMeiOTCH /-RBaHTLl C 3Hep

rMefi, O'lCHb 6JIH3KOH R 3HeprHH penrcTpnpyeMoro B 3KCIIepHMCHTe MIOOHHOro H3JiyqeHHH 

6,85 R3B. 

B Koprryce MHilleHII IIMCCTCH 5 OROH, II3rOTOBJieHHIJX ll3 KaJITOHa. .lJ:naMeTp OKOH 

o6ycnoanen pa3MepaMn pacnonomeHniJx BORpyr MnmeHif AeTCRTopon. Tonmnna KarrTo

HOBIJX oKon orrpe.nennnacb rro pe3yn~TaTaM npe,nBapnTenbHO rrpoBe.nennott cepnn ncrriJ

Tannii, B KOTOpOH BapbiipoBaJIOCb ne TOJibRO ,naBJieHHe ra3a;HO II TeMrrepaTypa MHIIICHH. 

fipoBeACHHIJe HCnLITaHHH II03~0JIHJill: C03)l,aTb MHilleHb C pa6oqnM haBJieHHeM )lefiTepnfi

rennenoit CMecn )1,0 10 aTM. 9TO o6ecrre'lHBaJIO BIJCORYIO CROpOCTL OCTaHOBOR MIOOHOB B 

MHilleHH, a, CJie)l,OBaTeJibH~, II BIJCOR~IO CROpOCJ;'b Ha6opa 3KCITepHMeHTaJibHIJX ,naHHIJX. 

.Ll,IIaMeTp II TOJill\IIHa BXo,iinoro ORHa MHilleHH B narrpaBneiiliH MWOHHOrO IIJ'lRa COCTa

BJIHIOT 40 MM II 135 MRM, COOTBeTCTBeHHO. B ~~OCROCTII; rreprren.zuiRyJIJipHo:ii HarrpaBJie

HHIO MIOOHHoro ny'lRa, pacrro.n;omeHLI .4 oRii:a: TpH rrpe.nna3~aqeniJ AJIH perncTpan;nn 

llpOTOHOB H3 peaKllHH d 3 Jl ~-CHHTe3a (,nnaM~p - .45 MM, TOJI!UHHa - 135 MRM) II O)l,HO -

JlJIH periiCTpanHH MIOOHHOro peHTreHOBCROrO H3JIJ~CHHH. (illlaMeTp - 15 _MM, TOJI!UHHa -

55 MKM). 

Ilpn yKa3aHHLIX BIJme pa3Mepax OROH MHIIIeHb. crroco6na BIJ.nepmaTb )laBnenne ra3a 

13 aTM npn TeMrrepaType 77 K. BIJno TaRme ycTaHOBJieno, qTo illl<P<PY3HH .ne.li:Tepnn 

HJIH reJIIIH 'lepe3 ORHa H3 RaiiTOHq. rrpeHe6pemHMO MaJia, qTO, B CBOIO oqepe~, Hpa.li:He 

BaJRHO AJIJI.ROppeRTHOH HHTeprrpeTaD;HH 3RCIIepiiMeHTanbHIJX .naHHIJX (HCRJIIQqaeTCJI He

o6XO,ll,liMOCTb BBC)l,CHHH IIOIIpaBOR Ha li3MeHeHHe IIJIOTHOCTH MHIIICHII BO BpeMH ll3Mepe

HHH). YrrnoTHenne. RanTOHOB~X OROH Ha Roprryce 1\.mmeHII ocymecTJlJIJICTCJI c II<?MO~I>IO 
an.nneBIJX rrporuiaAOR II rrpnmnMHIJX cpnann;eB (3) II3 Hepmaaewmelt cTann. . 

11crroJII>3yeMIJe JlJIJI perncTpaniiii rrpoToHoB H3 peaiUJ;IIii CIIHTe3a B J1d 3 f! e-MoneKynax 

Si-.neTeRTOpLI (.4) (illlaMerp - .42 MM, Tomnnna .4 - MM) yRperr~eHbl na Ropnyce Mn

IlleHH B Herrocpe,ll,CTBCHHOH 6JIII30CTH OT RaiiTOHOBIJX OROH. BIJCOKOBOJibTHOe IIHTaHHe 

Si-JleTeRTopoB H c'beM CIIrnanoB c HHX ocymecTBJIJieTCH qepe3 repMeTHqniJe pa3'heMbl, 

ycTanosneHHIJe B cTeHRe BaKYYMHoro Romyxa. TeMrrepaTypa Si-~ereRTopon He JlOJI

mna 6LITb name 40 K [1.4]. 9To Tpe6oBaHIIe o6ycnoBneno TeM, qTo aMIIJIHTyAa carnana 

~-------------------~ G~:..!";;.:..,;:'k .. =!<ta t:.:n.TJT' 
~ ru:·!~!HJX Her .'lel::r;aattl . 
~ 6"1S.flHOTEKA ' 
l~ ._.__ ___ 
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·Pic~ LTipnrrn;nnnaJILHaJI cxeMa KpnocTaT-MHmenn. · • 

i' -. Kopnyc .MHniCIIHj 2 - BaKyyMHhlti KOlliYXj 3 ~ npHlliHMHOti <!JnaHCD;j 4 - HpeMHHCBbl 

.n;ereHTOpj 5 - TCllJIOBOti 3HpaHj 6 c OKHO H3 aJIIOMHHHJlj ,7 - Tpy6J{a )l;JIH 3aiiOJIHCIBI 

. MHrneHH i:a30Mj 8 - TCllJI006MeHHHHj 9 - Tpy6'laThlti TCIIJI006MCHHHKj ,10 - MOIITaJ!{J!hl 

t!Jnarre:U. Tenil:onoro 3Hpana; E, 1 - .n;eTell.TOphl .n;JIH perncTpan;nn 3JICHTponon aT pacna.n 

MIOonon H llieCTKHX ~~KBaHTOB 1m peaHD;HH cnrrTe3a B dp.H e-MoJieKyne; Ge- repManneBLJ 

~eTeHTOp .n;rur' perHCTpaD;HH MJOOIIHOro peHTrCHOBCKOrO H3JIY'lCHl!H C 3Heprnefi 6,85 IB 
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na Bhlxo.n;e Si-.n;eTeKTopa npn TeMnepaType HHllie 40 K KaTacTpo<!Jn'lecrrn yMeHI.lllaeTCH 

(npnMeprro B 5 pa3), no cpaBHCHl!IO c aMIIJil!Ty.n;ofi CHrHaJia npn TCMIIepaTypax T. > 
40 K. . . ' . 

.LJ:JIH JMCllblliCHHH TCIIJIOllpHTOKa K MHlliCHH 3a C'leT TCllJIOBOrO U3JIY'lCH¥ CTCHOK 

BaKJYMHoro HOlliJXa BHJTpH Hero JCTanoilJieH .TCIIJIOBOti 3KpaH (5) H3 MC.n;H .TOJIII!HHOH 

1 MM. B TCIIJIOBOM 3KpaHe rrpe.n;ycMoTpenhl oKRa H3 Matlnapa TOJII1!HHOti.l2 M~M ·c 'a.ITro: 

MnnneBhlM rroKphlTneM (~ 1 MKM), KaK B .narrpaBJie~HH MIO.OHHoro IIJ'lKa; TaR ~ B Iia

npannennn Ge-.n;eTeKTopa (eM. pnc.1 ). KpoMe TOro, narrpoTHB Si-.n;eTelnopo~ nMeio.TCH 
OKHa H3 aJIIOMHHHH TJIII!liHOti 0,3 MM. . . . 

B BaKyJMIIOM Kolliyxe (2) HMCIOTCH )l;Ba KaiiTOHOBhlX OKRa: O.n;HO B HaiipaBJICHHH 

Mroorrrroro rry'lKa (JinaMeTp - 40 MM, TOJIII!I11!a- 55 MKM), Jipyroe rrepe.n; Ge-}JeTeRTopoM 

(JIHaMeTp- 20 MM, TOJIII!l!Ha- 25 MHM), IIpHKJICCHhlC 3IIOKCH.L\HhlM KJICCM HJIH JllJIOTHCHhle 

C IIOMOII!biO IIpHllillMHhlX <!JnaHD;CB. B CTCHKC BaKyyMHOrO ROlliJXa• rrepe.n; }JeTCRTOpaMH; 

paCIIOJIO}l{CHHhlMH BOKpyr MHiiiCHH' H IIpe}JHa3Ha'leHHhlMH }JJIH perHCTpaD;HH 3JICHTpOHOB 

OT pacrra}Ja MIOOHOB,-lliCCTRl!X /-HilaHTOB H3 peaHD;HH dH e-CHHTC3a, a TaRlliC HCtiTpOHOB, 

rrpeJiycMoTpenhl ourra ll3aJIIOMHHnH· (6) TOJIII!Hnoa 0,5 MM.· YrrnoTnenne }JaHHhlX ouon 

ocyll!eCTBJIHJIOCb c rroMOII!biO rrpnlliHMHhlX <Pnarrn;ea n rrpoRJia}JoK H3 BnTona. : 

3aliOJIHCHHC MlllliCHH }JC:il:TepHCM; reJIHCM Jil!60 HX CMCCbiO IIpOH3BO}JHTCH·IIO Tpy6Ke 

( 7). · OxJialliJieHne ·Mnmerrn ocyll!ecTBJIHeTcH rroToKoM lliHJIKoro reJIHH ( B o6nacTH Te.Mrre

paTyp 21 - 70 K)·nH6o'limJIKoro a30Ta (70 - 300 K), npoXOJIHII!HM nocne}JOBaTeJILHo 

'lepe3 TCIIJI006MeHHHK MHllreHH (8) H TCliJI006MeHHHK (9), JCTaHOBJICHHhlR Ha MOHTalli

HoM' <!Jnamre (10). Ta:KnM o6pa3oMroxna1K}!eime J3JIOB ·KpaocTaT-MHlllenn ocyll!eCTBJIH

eTcH· O}JHHM o6irJnM IIOTOKOM XJia}!OareaTa. 0TKa'lKa XJiaJ!OareHTa OCYII!CCTBJIHeTCH C 

IIOMOII!biO BaKJJMHoro Hlicoca llpOH3B0}JHTCJibHOCTbiD ~ 20 JI/ C •. 
. ' . . . 

CHcTeMa TepMocTaTHpoBaHHJI MHWCHH 

C rroMOII!LI<i · cHcTe~m· Tep:MocTaTnpoaaariH ocyll!eCTBJIHeTCH Konipon:b · H B:'3!.1epenne 

TeMrrepaiypi.I Mnrnenn, Tennoi10ro 3Hpaila 1'1 treTeKTOpon: B'·ocnony ·clicTeMLr iepMoi:Tac 

TnponannH rrom:illieH Korim!ncaiJHOHHhl:il: MeTo.n;, ocnoiiannhl:il:na: cpaanemi:i!: neinioJIH'le

cun ~3MepHeMoro. 3H~<ien:im iei.mepaTyphl MHllleHn c 33..z(ainihlM: . npll rrOHH}l{CHHH HJIR 
• ~ •• - ·:F ·, .. ' • 

IIOBhlmennn TeMnepaTyphl OTHOCHTCJibHO narrepeJI 3a}!annoro 3Iia'leHHH · nponcxo.n;nT co-

OTBCTCTBeano ynenH'Ierrne nn6o yMenLmenne M:omnocni Iiarpena MHmeai; · B }Janno:il: 

CHCTCMC }JJIH H3MepeHHJI TeMnepaTJphr MHlliCHH, TCIIJrOBOrO 3Hp~Ha H RpCMHHCB~X }JC

TCKTOpOB ncrronb3Jli>TcH ua:nii6pon11;HII~e yronLrrhie ·TepM:oMeTphi TBO [i5], ycTarro!lJierr

nhle nerrocpe}JCTBCHHO "~a. nepe1mcnenin;ix . 3ne.MeiiTliX. . c 'i:reJibrO IrOBMlliCH~' TO'll!OCTR 

H3MepenHJI ToRoni.r~ u· ~oTenirHam.ni>le nbl:xoJib!·:Bcex repMOMeTpon rrponycliaroTcn -qepC3 

crren;iaJibHhlC TepMami3arophl; rrpnrureeHHhle. K nonepxiloi:TH 'Kc>HTpoJ!HpyeMLIX Y3JIOB c 
IIOMOII!biORJICHStycastl266. __ ., ., - .· .. ' .... '· · ....... :·:.-_.,· -~ ·. 

. K~II6poBKa' TepMOMCTp-;;B· irpo~Qnnnacb Ha cnen;iiaJibHOM. CTCH}JC B .iiHanc1.3orre 'TeM

rrepaTyp 4 - 300 K ~0 MCTO,miRe' [15]. '"fo-quricTb Km6pOBRH:B KHTepnane TeMi:repa

TYP 4 .::. 70 K .cocTaBMJia' ±o,o2 K, a B KHTepnane 70 - 300 K - 0,1 K. BapHaiJHH 

TCMIIepaTypbl M~lliCHK npi 31i.i.JilHHOa CROpOCTK OTRa-.iKH XJia}!oai:eHTa ocyll!eCTBJIHeTCH 

.5 



C TIOMO~LID 3ReRTpH~eCROrO HarpeBaTena H3 KOHCTaHTaHOBOll rrpoBOROKll ~HaMeTpOM 
0,15 MM. HarpeBaTenL rrpnKneen K Koprrycy MHllleHH no ee nepn.MeTpy KJieeM Stycast 

1266. CorrpoTHBneHne HarpeBaTena cocTaBnaeT 92 OM npn TeMrrepaType 32 K. 
Ha pnc.2 npnBe~emt 4>YHRI(HOHanLHaJI cxeMa cncTeMLI Tep.MocTa6nnn3ai(nn. 11n-

4>op.Mai(HH 0 Te.MnepaType ( COOTBeTCTByro~ee 3Ha~eHHe HarrpHllieHHJI Ha' ~aT~HKe TCJ\1-

nepaTypLI TS) ~epe3 cnc'TeMy KAMAit nepe~aeTCH B KOMllLIDTep. TeMrrepaTypa, cooT

BeTCTBYID~aJI ~aHHOMY 3Ha~eHHID HaiTpHllieHHJI Ha ~aT~HKe, orrpe~eJIJICTCJI C ITOJ\IOII(b!O 

Bhlpamemm: 

·' 
T J(l + /(2 X (1000/ R) + ... + /(7 X (1000/ R)6 + ... , ( 4) 

r~e /(;- K034>4>HI(HeHThl nonHHOMa, HaH~eHHhle B pe3yRbTaTe Kann6poBKll•COOTBCTCTBY

ro~ero Tep.MoMeTpa; R - conpoTnBneHne Tep.MoMeTpa. Ilpn nonnmennn TeMrrepaTypw 

Hnme 3a~aHHoro ypoBHH nponcxo~nT yBenn~eHne. Mo~nocTn narpeBa Mnlllenn rryTeM 

llOBhlllleHHJI HanpHllieHHJI Ha HarpeBaTene (H) C ITOMO~LI{) npeo6pa30BaTeRJI KO~ - al\1-

nnnTy~a (DAC). B cny~ae me npeBLIIlleHHH 3a~aHHoro ypoBHH TeMrrepaTypw Mllmeun 

rrponcxo~nT yMeHLrnenne Mo~nocTn no~orpeBa ananorn~HLIM rryTel\1. 

Ilocne~OBaTeRLHOCTL npoi(eeyp, BhlnORHJ!el\lhlX C nol\IO~LID CllCTeMhl TepMOCTaTH

poBaHHH, npe~cTaBnHeT co6o:ll: ~eTLipe nnuim H3Mepenn:ll:. ,B rrepBoM nnune MYJILTH

nneKcopa anntBH3npyeTCH ~aT~HH TeMrrepa'rypLI 3Hpana (SS) (~aT•mu BKnro~aeTCJI B 

H3MepnTeirLHyro nerrL) n c noMo~Lw ADC npon3BO}.(HTCH n~Mepenne HarrpHmeHnJI Ha 

HeM .. Bo BTopoM n TpeTLeM I(HKnax ananorn~HhlM o6pa3oM H3MepJie'rcH nanpmKenne Ha 

~aT~HK~X TeMnepaTypLI MHilleHn (TS) H RpeMHlle~oro~eTeKTOpa (DS}, COOTBeTCTBCHIIO. 

B ~eTBepTOM I(HKne MYJILTnnneKcopa Ha BXO~ ADC no~aeTCH I~arrpJimeHne c o6pa3I(O

Boro pe3HCTOpa, no KOTOpOMY rrpoTeKae:r. 'll3MepRTeJILHhl:ll: ·TOR. ;l(aT~llHa ~~BJieHHJI ra3a 

B MHilleHn (PG).J(o BXoey MYRLTnnneKcopa(M) rro~Hmo~eH TaK}Ke pH~ ~a~~lll{QB ~a
Bne~nJI, ycTanoBneHHLIX · B cncTeMe rci3oo6ecne~emm MHilleHn. HcrionL30Bann~ .D.aTqnHa 

~~BneHHJI ra3a B MHilleHH no3BOnHeT ocy~eCTBlliiTL ~onOJIHH~eJibHhlH rrpeUH3~0HHhlft HOH

TpOnL 3a TeMnepaTypo:ll: MHilleHn (y~HTLIBM O}.(H03Ha~HYID CBJI3L Mem.ity TCMII~paTyp~:ll: 
n .ZJ;aBJieHneM), a ~ann~oB B cnCTeMe ra3o~6ecneqeHnJI MHilleHn- ocy~~CTBRHTL npnr~
_ToBneune .D;CHTepnil-renneBOH CMecn B He~6XO.ZJ;HMOH nporropnnn 1{01\IITOHeHTOB. 

MynL'-rnnneKcop (M), cTa6nmi3npoBaHn.Litt n'cTo~mili ToRa (na pn'c.i 1ie 'noJ<a3au) 

n Y<:HJIHTeJI~ (A) HaXO.ZJ;JITCH B O~H~M 6noue, pacnonomenH:oM nenocpe:ncTBeiiHO na ({(JP~ 
· nyce itpn~cTaTa n coe,lurlieH~oM c a.ZJ;annipoM: KAMAK M:miromnmnLir.ti«i.6eneM Ji.nnnofi 

'"'": 1'5 M.'. Cne~eT OTMeTHTb, ~TO anrop,llTM ynpaBlliiiDnien nporpaMMi.i- II03BORJ!eT ocy

~eCT_B:JmTL ~Ta6nJIH3aun~ TepMorornaMn~~CKHX napa:MerpoB Mnllieui1 c'CRCIIOJibiiOBalllleM 

KaH TepM:o.U:anriua (TS), TaK n .zi,aTqnKa ~aBneHHJI ~a3a BIJett (PG): 

'' Pe3ynLTaThl TCCTOBoro 3KCnepnMeHTa, BhliiORHCHHOro C~llCThll\1 ne:ll:TepneM. n ~eilTt!pHl-i
r~nn~BOfi ~?:~~ChiD npn ;~MriepaType 32 K, CBH.zi,eTeJILCT~YWT 0 TOM, q-fo ~illiiia11 cilc:TeMa 

repMi>,cTaTnpoBimna ~6ec¥eqnBaeT cTa6~nn3ai(nio' TeMm!paTypLI · MHmeHn. c TO'InocrJ;Io 
±O,OS'K;npJi: Tpe6ye~ofi:uo ycnoBHJIM 3HcnepnM.eiiTa c1-a6miLHOCTH ±0,11( ' · 
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Puc. 2.· <l>yniutuonanLnaJI cxeMa cl!CTCMhl 'I~C(>MOCTa6nnu3annu. 
TS, SS. OS - )(aTttHinn TeMnepaTypl>l ·MHIIIP!IH; :;Hpana, HpeMHIH'!lOro Jl<'T<'HTopa. coor

HCTCTHenHo; II - narpeHaTeJihi PG - Jl<IT'IHH JlallJiellHH MHWCII11i :\1 - ~~y;u;ritnneiiCop: A 
- ycuJmTcJih; A DC - ananom-ItHcj>poHoi-i npPo6pa:lollaicJihj .n,\c -nmi>JHi-ana;IOr<>llhiii 

11peo6pa:JollaTeJihj PC - nepconaJJhllhiii HO!IIIIhiOTep 
.· 
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CHcTeMa ra3oo6ecne'-leHHJI 

C11cTe:o.1a ra3oo6ecne'leHI1n Kp11orenno.ii :1111IIICHI1 pa:~pa6cna11a 11 cm;~ana col';Iacuo 

Tpe6oBaHI1H:\I U.laH11pyeMbiX 3KCUCp11:11CIITOB [10]. 

Ha p11c.3 np11ae,ue11a np11HU11lll1a.1LHan cxc:<.ta CI1CTeMbl l'a3oo6ecnc•wni1H. 

11.111 O'li1CTKI1 1130TOUOB BO,Uopo,ua OT Ilfli1MCCCH 11CIIOJIL3YIOTCH JI.BC IIOC.1CJI.OBaTCJlbll0 

coe.U11HCHHbiC UCOJ111TOBLie JIOBYIIIKI1 (:\1Sl) 11 (:VIS2). Jloaynum npeJICTaBJ!HIOT co6oii co

cy;lbl 113 HCplKaBCIOIUCfi CTaJJI1 .lll1aMeTpmt 34 :IBI. /~JIHIJOH 2:i0 :IBI II C TOJlll{HIIOW CTCIIHH 

2 :<.tM, 3anonHeHble ueo.lHTOl\1 Tl1na CaA a Bl1.1le rpa11y.1 pa3Mepmt "' 2 :<.m. ){:In np<'/IO· 

TBpaiUeH11H nona.nan11n MCJJKO.lli1C!lepcuoi1 nLimi cop6cnTa a. Cl1cTe:~Iy ra:JOo6ccnc'lciiHJI 

M11IIICHI1 Ha BXO.llC 11 BLIXO.lle JlOBYIIICK ycTaHOB;IeiiLI MCTaJIJJOBO,lOIWBhiC <pHJihTflhl ( pa:l

:<.!ep BO,lOKOH ~ 10 :IIJ{M). Ilepe.ll Ha'laJJOM IlflOllCCCa O'lHCTilH npoM:IBO/!IITCII Bali)')':II· 

TepM11'lCCRan TflCH11pOBRa JJOBYIIICK IIpH TCMIIepaTypc ~ :J50°C B TC'leiiHe ~ [2 •!aCOB. 

Kp11Tep11e:11 oKonqanl1n Tpen11pOBRI1 nann.l<>Ch BLmo:mcu11c c;wnywmero ycm>BHtJ: na

a.1eHI1e OCTaTO'lHLIX ra30B B ,lOBYIIIKaX np11 JJ.aHHOil TeMnepaTypc H BI<JIIO'lCIIiiOfi BLICORO

BaKJYMHOii OTKa'JRe He npeBbllllaCT 2 X w-s Topp. IlpoBeJJ.CIIHLIC pauce 11CCJIClJ.OBalll111 

npouecca O'li1CT!ill .llei1Tep11JI [16,17] CBI1./lCTCJJLCTBYI<>T 0 TOM, 'ITO C llOMOll{biO JIBJX llO

CJJC){OBaTCJJbiiO COC.lli1HeHHblX UCOJ111TOBLIX- JJOBYliiCI{ MQH{IIO ITO,lJ'laTh 11:IOTOIIbl BO/{OpOJ~a 

C cy~>mapHbiM COJICplKaHI1CM np11Meccil HC 60J1CC 2 X 10-7 o6 . .llOJ!. ('ITO BIIOJIIIe YJIOBJJC

TBOpneT Tpe6oBaHI1HM .llaHHLIX 3KCITep11MCIITOB). fl p11 3TOM CliOpOCTI> IIOTORa ra3a qepe3 

1111x He JIOJJlKHa npeBLilllaTL ~ 30 cM3 /c. 

0'li1CTI<a 1130Tonoa ren1111 ocymecTBnneTcn c IIOMOIULIO JIOaynum ( IM 1), 3anomJCH

noi1 1111TepMCTaJI.li1'!CCI{I1M coeni1HCHI1eM (11MC) ZrCrFe [18]. CJJI1Tiill 11MC UOJlj''laJIH 

np11 n;rasne111111 •mcTLIX MCTaJIJIOB (99,9% Zr, 99,8% Cr, 9!J,8% Fe) B 3JICK1'f>O/IYI'O

Boil llC'Ill B aTMoccpepe 'lllCTOfO aproHa. llJlH JlOCTI1lKeHI111 fOMOl'eHHOCTI1 J1MC CJ!llTHI1 

Uepen,la8JJHJII1Cb 'lCTLipe pa3a:·. flocne· 3TOf0 l1MC UaCLill{aJIOCL 'II1CTbiM'BO./lOpO,li.OM 

(99,999%) ( Cop6UU11) C IIOCJJe.llyiOIUUM 06C3fa}KI1Baiii1CM (.n.ecop6111111) 1Ip11 BbiCOKOfi TeM· 

nepaType. Hoene nccROJJLRI1X HI'!KJroa cop6u1111 11 .n.ecop6u1111 CJJI1Tim 11MC pacci.Inanl1cL 

Ha :I!C,llillC 'laCTIIIlbl. l!JIH 11CllOJJL30Baiii'!II B JIOBJliiKC.OT611paJiaCL cppaRU11H 'laCf11U paa

!ltepOM "-' 0,2 MM. 

Kopnyc JIOBJIUKI1 (IMl) BLinOJJHeu B Bl1,ll.e cocy.na 113 uepmaBCIOIUeit cTaJJI1 .lll1aMeTpoM 

2-'J :<.nt, .nmmoit i80 MM 11 c ToJJIUHnoii cTenK11 2 MM. Ha sxo.n.~ 11 BLixo.ne noaym1m p_ac

no.1oil<emo~ cp11-11>Tflbl TOJili{I1HOH 8 MM, aHaJJOfH'lllbiC HCITOJJL3JCMLIM B ,ll;flJI'HX JJOBJllmax. 

AHTHB11poaamte uaxo.n.nmerocn B JJosymRe }1MC npoBO,li.I1JJOCL B Tp11 3Tana. Bna•mJJe 

11pOH3BO.ll11~Cii ll~rpeB J1~BJ!URI1 ,li.O Te~nep~TypLI 750°C C O,li.IIO!IpCMCIIHOii ee OTI<a'l

KOH. flo )lOCTI1H<eHI1~ .n.asJJen11n ocTaTO'IHLIX. ra3o~ "'-10-5 Topp ~osymKa oxJJam.n.a;mcL 

.llO liOMIIaTJroii TCMnepaTypbi, H 3aTCM 11!JTCpMeTaJJml'lCCKOC COC.lll111eiii1C HaCI.IIUaJIOCL 

.llCWTCf>11CM. flocJJe 'nOfO npOI13BO,li.HJJCH nC>BTPpHLIH IIarpeB JJOBJIURI1 .llO TCMUepaTyphl 

n;ooc c OJUIOBpeMeUHOit OTI<a'U{Qit. TeXIIOJIOJ'I1'1CCKI1fi UHRJI aRHIB11pOBaHI1H C'li1TaJJC11 

:~arlOH'lemuJM, ecn11 .naBJICHI1C ocTaTO'lHLIX raJOB B JJoByJm<e He npeaLimaJJo 10-5 
Topp 

llpH TCMIJCpaType 750°C. 1\al{ npaBI1JJO, O'lHCT!la J'CJJI1H OCJIUCCTBJIHCTC11 upH TCMITepa· 

Type 350 - 400°C. 
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JloByrulill (1M2) II (CT) npe.ru~a:matieHhl .D:JIJI pereaepau:nn 3 He ll3 .n:eiiTepllfl-ren!Ie

BOH cMeCIIII aaaJJII3a co.n:epJIUIMoro Mnruean na cyMMapnoe co.n:epmanne npll.Meceil, cooT

BeTCTBeano. JloByruRa (1M2) 3anonnena HHTepMeTannntieCR:IIM coe.n:nneHlle.l.l ZrCoo,s:'l<io.a 

[19], a ROHCTPYRU:HH ee ananorlltiHa ROHCTPYRU:llll JJOBYlliRH (IM1 ). ARTHB11poBaHne 

ZrCo0 ,5Nio,s npoBO.D:IIJIOCb no Texnonornn, onHcannoii Bhl!lle .n;JIJI aRTHBnpoBaH:IIH 11M C 

ZrCrFe. JloByruRa (CT) 3anonnena aRTHBnpoBaHHhlM yrneM Ar-4 n HMeeT o6'1eM 

10 cM3. Ha Bxo.n:e n Bhlxo.n:e JIOBYillR:II (CT) yCTanoBneabi MeTannoBOJJOROBbie cjmn~>

Tphl 11:3 aepmaBeiOmeii cTamL Ilepe.n: liCIIOJJb3CIBaHneM noByruHn ( CT) npon:JBOJ(I1TCH 

ee BaHyyM-TepMlltieCHaH TpeHHpOBRa IIpll TeMnepaType 200° C C OTRatiHOll OCTaT0'111biX 

r~oB .n:o .n;aBnennn MeHb!lle 10-5 Topp. "" 
BaRyyMHaH OTRatiHa RpnocTaT-Mll!llean n cncTeMbi ee ra3oo6ecnetieHnH ocyu~ecTllJIH

eTcJI c IIOMO!IJ:b!O Typ6oMoneRyJIJipnoro nacoca (TP) "Alcatel 5150" n ¢opBaHypmoro 

nacoca (FP) 1' Alcatel 2004A", II03BOJIJIIOmnx npoli3BOJI:nTb BaRyyMnpoBanne ~tinuenn 
11: coe.n;HH:IITCJibHhlX HOMMynnHau:nii .n:o .n:aanennn nopn.n;Ha 10-8 Topp. Jln~ npe)l,OTllpa

meanH nona.n:anliH napoB Macna B HpnocTaT-Mn!lleHb n B cncTeMy ra3oo6ecne•IeHnJJ na 

Bxo.ne ¢opBaRyyMnoro nacoca ycTanoBnena xono.n:nan JIOBY!llRa (LNT); norpy}!{e!IHaH B 

}!{:II.n:Rnil a3oT; Ha Mn!llean ycTaHOBJJeH rrpe,noxpannTeJihHhlji: RJiarran (YSY) )l,JUI npe.no

TBpameanJJ pa3pbiBa RaiTTOHOBhlX OROH IIpll rrpeBbllllCHllll ,naBJJeHHJI ll HCll llhllliC :Japa

Hee 3a,nannoro ypoBHJJ. Ilpn cpa6aTbiBaHHII npe,noxpaHIITeJJbHoro HnanaHa nponcxo,nwr 

c6poc co,nep}!{IIMoro Mnmenii tiepe:J BeHTIIJJb (YGS) B pecnaep (SY) o6'beMOM 2 JI. 

Bee HOMMYHHHaU:Hll CIICTCMbl ra3oo6ecrreqeHliH BblllOJIHCHbl Ha OCHOBC riifiRIIX MeTaJI

JIII'!eCHllX 'cnnn¢onnhlx pyRaBoB II Tpy6oR 11:3 HepmaBeiOmeii cTann. B ciicTeMe IICJIOJib-

3YIOTCH TOJ!bRO MeTaJJJJ:IlliCCRIIC CIIJJb4JOHHble BeHT:IIJI:II 1 ll03BOJIH!O!IJ:He IIpOBO,ll;:IITb pafioTy 

rrpii· ,naBneH:IIHX ra3a .no 200 aTM II TeMnepaType ,11,0 200°C. Ilepe.n ncnonh30llanneM 

CliCTeMbl ra3oo6ecrretiea:IIH npoli3Bo,nnnacb ee BaRyyM-TepMntieCI{a/1 TpeunpoBim. Kpn

TepueM OROHtiaHIIH Bai{YYM-TepMntiecHoii. Tpeu:llpoBRII HBnneTCJJ cTenenb ra30BM)l,enennn 

BO BnyTpeaniiii o6'beM coe,nnHHTemah!x HOMMYHHHau:nii n oT,nenbHb!X. y3noB cncTeMbl, 

ROTopan H:e ;ioJJJKna npeBb!IIIaTb ypoBHJI ~ 10-7 nxTopp/ti (.nann1Iil ypoaen1 ra30Hbl

.n:enen:IIH rapaHnipyeT IIOJJYtieHIIe AeiiTepiill~ reJJ:IICBOll CMCC:II. TpefiyeMOH li:IICTOTbl). 

.. • B cnc~eMe )l,JJJI npnroToBJieaiiJI ra3oBoi1 ·cMecn .n:eiiTepnn II rennJI B onpe.n:eneHnoii 

rrponopr\IIII C ToqnoCThiO He xx}!{e 0,5% npe,nycMOTpen MepHb!ll cocy)l, (MY) ( o6'beM CO

cy}l.a-paBeH (1043,3 ± 0,3) CM3). )laBJJeH:Ile ra~a B cocy,ne (MY) H3.MepneTCJJ C IIOMOII~biO 
.n:aT'!nRa ,naBilennn (PG2), rro3BoJIJiromero ocymecTBJIJITb :113Mepennn c T0'1HOCThiO ne 

xy}!{e 0;2%. . 

. Ocno~Hble :nanbl npnroToBnennn .n:eil.Tepllii~reniieB~ii cMecu cne,nyiOmne. BHa'!anc 

npon3BO)l,liTCH 3aHOJJHeHlle Mepnoro cocy.n;a (MY) neo6XO)l,IIMb!M ROJJIIlleCTBOM !'CJI:IIJI. 

II!m. 3;0M reniiilii3 cocy.na (HBl) nmr (HB2) tiepe3 pn.n; BeHTnneii nocTynaeT ll (IMl), 

a 3aTeM - B cocy)l,. (MY). )laBmiime reJJllH B noilylllRe (IMl) :113MepHeTCH c IIOMOll(hiD 

}l.aT'!:IIRa .n:aBJieHHH (PG3). I1cnonh30BaHHe IIHTepMeTanmrtiecRoro coe}I.HHennn ZrCrFe 

ll03BOJIJieT IIp0:113BO}I.liTb Oli:IICTHY reJJIIH OT HpHMecei\ ,ll;O ROHU:CIITpaU::IIH MCIICC } Q-
9 06. 

)l,OJJ. npn JIOTORe reJiliH qepe3 JJOBYIIIRY ~30 cM3(n.y.)/c (18). 3aTeM B cocy;( (MY) 

.n;ofiaBJIJieTCJI HeOfiXO}I.:IIMOe ROJI:IlliCCTBO llliC~OrO }l.eiiTepHJI. Ilpn 3TOM }I.CllTCpllii 11:1 6aJI· 
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:wua (DB) 'lepe:l (>JJi( llCIITIWeti IIOCTynaeT B .10B,YIIIHI1 (MS1) :11 (l\IS2), a 3aTe:l!- B cocy.n; 

(MY). JlaBJieH:Ile ra3a B JIOB)'UIHaX n:uteplleTCJI C IIOl!OWblO :llallm!eTpa (~·I) :11 ]laT'1UHa 
J(aBJICII:IIH (PG5). 

Iloc;Jc :~anomwnun cocy;~a (MY) Tpe6ye:~Jbl.l.llf ra:mBLI:IIH IiO:IIIloHeHTa:~m ero co;I.ep

liU!Moe llhi/lC(>JI{HllaJJOCb IICCH0,1hHO •JaCOB llJIII llOCTIHKCII:IIJI :!IX paBHO~lCp!IOI'O ncpc.Me

lliHBaii:II/1. }Janyni i(CllTCp11i\-re,1:1ICBOll OICCH B M:IIUICIIb IIJlO:II:lBO/(HTCJI 'ICrJC3 .Be!IT:II.lb 

(YTI), a ynaJICIIH<' owen 11:1 Mnmeun : •wpe~ BCHT:IIJJh (YTO). C:w.n:yeT oniCTI1Tb. 'ITO 

IICpCi( :JaiiOJIIICIII1Cll :M:IlliiCII:II )l,CllH'p:lli:i-!'C;111CBOll CMeCbl{) ll(>OI13ll0Jl.l!TCH llflOMh!Biia ee 

11 CBJI:JallllhlX C IICU !'a30BbiX IWMMYII:IlliaU:11ll CMCCblO HaXO}I,JIIIUIXCJI ll COC}'Jl.C ( :\!\') ra

:lOB. ){.111 cHOI'O B M:IIIIIeiiJ, HanycHaCTCII IIPfi0,1bliiOC Ji0,1H'ICCTBO ra30BOll OICCU H3 coc.y,1a 

(MY) C llOCJJC}I.j'IOIUeii llblCOHOBaHy_piiiOll OT!ia'1HOi:i. floc,le OHOII'Iaii:IIH rrpmih!BHU npo-

11:lBO)(UTC11 aanomwune l\1111llenn raaosoii niechw .n:o ueo6xo.n:nMoro ;~all,1CIIIlJJ (0- 10 ant). 

llo OHOII'lat!UU 3HCll03111UlH Ha IIY'IHC lllOOIIOB llp0:113BO,ll;I1TCJI- perenepaU:HJJ :1/lc 113 

JI.eliTepnii-r~~Jl:IICBoH c.Mcc11. )~eliTcp11ii-remJeBaH Cl\IeCh H3 :MI1IlleHI1 •wpe3 BCIITH.1b (VTO) 

nocrynaeT H noaynmy (1M2), a 3aTPM B re.1:1ICBb!li pecnaep (HR) o6nel\!Ol\I 2 .1. Ilp11 

nponycJ{aHI1:11 /~CllTepnii-reJI:IICBOii CMCCI1 11CpC3 JIOBYIIII{y(JM2) llilX01VIIUPC~JI B neli HII

TCJ>MCTaJIJJ:II'JeCiiOC COC1111Heiii1C :~cjHjlCHTUBHO 110f,10Ill.aCT J(etiTepuli. B J><':l_r,1bTan• 'IPI'O 

Jla Bb!XOJ(C JIOHYIIIH11 Olia3J.IHaeT~JI ll(>il11TH'IeCH:II 'l:IICThlll :IIJ t:. JJoBTOf>IIC;<' UCllOJih:IOHa

ll:lll' JJOBYIIII\11 (JM::!) IIJ>O:II3ll0/~:IITCJJ .llOCJJe ynaJJCIII1JI :113 nee cop6upoBaHI,IOI'O 11.<'iiTPpliJI 

npn narpeue JioHyiium .n:o 750°C 11 oTJ.a•mc Bhl/(enmomn'xcn :11:1 m•e ra3on no nau:IennH 
MCilbiiiC I o-5 Topp: ' . 

M:JMepemi.e co;~cp}Killl:IIJI npn~te~eH B n<~iiT<'I~nii-renneaoli Cl\H'<'H. uax'o;vm(ciinl B l\111-

menl1, HpO:II:lllOJ(:IITCH CJ!f~11.YIOIU11M o6pa:mM. Co;I,CJ>}HI1MOe M:llllleiiM nponyn;ae·iTJI 1ICJle3 

Jlouynmy ( CT), .ll(/rpyHWHIIYIO ·B }R:II1\HHli ,a:mT, · ~ OTJ(a;mnacTni u:1 1wc. <jlOpBali,\'}'l\IIIIdl\I 

nacocoM 11.0 ocTaT0,'1Horo .n:aanennJI raaa B II<'H Mc~nee I o-a Topp. :~a1~<'lll _.1onynma uaqw

s;wTni 11.0 uoMua·n;·i>li TeM.nepaTypld. B peay;I.hTan~ uarpcna npocxo1un ~J.Ii(PJicmi<' npu

MPn~li, cilp6npoB<UIIIh!X al{'f:IIBnpoaannhiM yriwM. KonwJecruo npnlt<'ceii onpc;I,PJIIIP1T1I 

nyn~M u·aMepen11n nallnernuJ ra:~a c.uoMou(J;IO AilT'1:11Ha naiinennn (J>Gfi). Ct)("raB ra

:JoB onpe.n:emiCTCJI c IIOMOWhlO HBa.n:pynoJihuoro Macc-cneHTpo~wrpa.(itG;\) ''Yacscan" . 

11cnoJih:IOBaH11e JIOBYlliRH c arnnanpoBaHHMM yrneM II03BOJJHeT, B npnuuuuc-, naM<'(>JITb 

C01(ep}Kaune 11p11MCCCi1 B )l,CllTCJ>:Illi-i~eJJHCBOi-i niecn Ha ypoune J0-!1 ofi., 1\0JI. [20). 

.l(iuiaMlii<a pa6ol:w KpuocTaT-MMwei-In 
•• c " • •• • ' • 

Ha pli'<:A: npnH<!J(CI'm nonHaJi apeMenuan nnarpaMMa pa6oThl Hpno(·TaT-lH111WIIII. ){;111 

Ha!'.IHI,l(IIOCTH. BeCb BJ><!~fCliiiOll im;repJiaJJ f>a:l611T-lla miTh ll01(h!IIH'J>Bil.10B, Hililll(hlii 11:1 

IWTOJ>h!X OTpamaeT xapainep11,CT:Illtn, cooT,Bi!TCTBJIOIII.Me onpe;w;II'nn·MM :nanm1 pa6on.1 

Tpex OCIIOBIILIX 1Iacn•li HJ>HOCTaT-MI111Jell11: Hpllon'n.lioH MI1UIC'Illl, TPIIJIOHOI'O :~!ipana II 
Si-;(eTeRTopoB; 

8Tan.npe,nllapnTen{,Jioro· JaXoJi<fnntiiaiJHii' (a) 'Hpi-tocl-aT-Mltuwnu ·mll1\KIUI a:lllTOlJ. no

crynaJoiU::IIM B Hplloc:TaT n:i Jlb!Oapa, ne npeBLHnaeT 2 •1acou. llo OHOI!'Iaunu J\illllloro 

:nana TcMnepaTypa Ml1meni1 cranoBMTCJI paunon"' 7!!' ){. B npon<·<·n· :Jali<'IIJ.I x;Ia;(o

are!l'ra (nm;<'pBaJI (h)) upnoc:TaT-MI11111'1111 (mu;umn a:1oT --> mnwmii II<') nponcxo1(nT 

u 



a b C. d 
250 I I I I 

I 
I 
I •' 
I 

200-1 i / ·. ,1 --s~ield 

I 
I 
I 
'I 

~v ~I 
150 . I I 

::.:-:_ , 
1 

' j --Petector 
~f->- . . .. ·I.·· ·, 

100'-il \./ / 1 \· \ \ -Targ~t 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I \... I I 
I I ·I 

,f I I 

e f 

0 I'• I I I I I I; I I I I I: I I I >iII I I.-:,··, IiI I I I I I 

-···.', 0 20 40 60 
ho~.(rs 

P.Hc. 4 .. )1;HIJaMH,ua pa6oThl I<paocTaT-Mif!lleHR. 

.... 

12 

ll(l!'JlhiBa!HI!' IIJ>OI{CCCa OX,1alK}lCIHIJI; ll(lHBO/lRIIlCC H l\ICJl•leiiH0!\1}' OTCIIJICHIIIO. BCCX 'la

CTCM HpllocTaTa, naXO;lJill(llxcn BHYT(HI. BaHyy~IIIOii py6aum11.· 1\aH BH;1HO, nepeH:IIO'lec 

IIIH' CIICTC!\1 OX,1aHi;1CIII1JI H(lllOCTaT-:\IIlliiPIIH JleCiiQ,1bliO ClllflKaeT Te~lll OX,1aiH,.'lCIII1JI ya:IOB 

HpHOCTaTa, (eM. IIIITCpBa,1 (c)). Iip11 :Hall COOTBCTCTBYIOIIlan ~1111!11.\Ia,lbiiO B03~toili
llaJI ·re:o.IIwpaTypa Jl-111 Ham)! oro y3na upuocTaT~ lmmenn MmKeT 6I;ITh .nocTnrnyTa. npn

!IH'pno 'lepc:l 6 'I~coa. Cm!Jl)'~T OTMeTHTh. 'ITO VCTanoana~eecn Ten.1oaoe paauoaecne 
' .. . . ' ' -

B !ipnocTaT-MHIIICIIII xaparnepn3yeTc_n cpn!icnpoaannbll\1 nepena.nmr Te.\mepaTyp. ~ICiH..'lY 

Hopnycm! .l.tnmenn, Si-neTeuTopaMn u .. ;en;10B!>JM 3Hpano!II. . ·. 

J1nTepBaJI (d) COTBCTCTB'ycT ll(lOIWJl)'(lC 3allO:II!CIIIfJI l\IIIIUCIIll ..'l<!MT<,!pllii-r~,illeBoiJ 
OICChiO II BM6opy BCJIII'HIIIbl MOIIIIIOCTJI narpeBa ~IUIIICHH, o6ecm''lllBaiOU!eii IIP06Xo:. 

Jlll.\lhiH ypoBCllb CTa6!f;1113a!lllll T<!MllepaT)'(lbl. Tpe6yeMOM 110 )'C.10BIIml 3HCIH.'(liDICIITa. 

O•Jellh BaH<HhiM o6CTOJITCJibCTBOJ.I na:IJIPTCJI To •. 'ITO 11 B TC'lCHIIe ;tamwro :nana pa3HOCTh 

TC!\IIIepaTyp MC}KJlY Si-;reTeHTopoM 11 MIIIIieHbiO. onaCTcn noCTonnnoiL a :ma•Ienue Tc~me

paTYP"' Si~JlCTel{'ropa 3aBe}loMo Bhlllle 40 !{. flepcxo,1 ClfCTCl\lhl TeJBionaTII(JOH<llllHI.IIa 

pemlfM, COOTBCTCTBYIOII!liM 6oJieC BbiCOHOfi TCMIIepaType Mlf!IH:'IIII, 1Ip11 HOTOpOit Jleo6xo

JliiMO HM<!Th Tpe6yeMMH ypoHCilh CTa611JIJ13a!lllll, )lOCTUfaCTCJI 3a H<!Cb~la liO(lOTiiOe H(JP~IJI 

( CM. IIIITepHaJI (e) na puc A): BpeMJI ccrecTBeHnoro yTenJICIIHH iipHoCTaTc~mmenn co

naHJIH<'T 6oJiee 2-X CJ'TOH. <l>opcllpOBaiiiii.IH OTOf(Jt'B H(liiOCTClT-~IHIII<'IIH (HIITCJ>H~;I (f)) 
HO:JMOH\ell 11(>11 llpeHpaUteHIIH UII(JK,YJIHU1111 XJ!a,lloare!l'ra II ,aaiiO:UIPIIIIll llaHyy!IIIIOii py-

6aumu reJIIICM JlO }laBJICHHJI ~ 200 Topp. B :noM CJIY'Iae ape~IH _ OTo~·peaa ,!lmmenll 

COCTaHJifiCT OIWJIO CYTOH. 

Pe:lyJihTaThi JlBYXHCJ!eJihiioro TCCToHoro 3HcnepnMeHTa 11a ~W30IIJioii cpa6pnHe PSI 

CBI1}leTCJibCTBYIOT 0 TOM, 'ITO C(lCJlitec 110Tpe6JICHJ1e }l{ll}lHOI'O r<'JII!Jl llpll pa6o'leii TC~I

nepaType Mnmellll 32 K, 3aiioJIHennoii · Jiei1Tep11<~111, JI!f6o )leiiT<'J>Ifii-n•mwsoii DI<'Chlo. 

cocraBJIJI<;T 0,6 JI/•I 'npn: xoJio)lonpo~3HOJlll'rem,ii~CTII CJICTellihl ox;IaiiUieml~l OA;i ih. · 

3aKmo<.JeHue 

Co:J}lammii 3Hcneplf!llei!TaJihllhiii IWMIIJieHc YJlOBJICTBOpJieT Hcdi coBoHynllocTn TJ><'-

6ollamti1, o6ycJIOHJieHIIhlX liCCJie)lOBaiiiiPM p.CF H )1CllTCp11H-r<'JIJ1CBOii C!\1<'01. 

Jl.aHHb!H IWMTIJIC!{C )1CIIIOHCT(JI1(>YCT Bh!COHYIO Ha)lCJKHOCTh. J1M<X'TCJI HO:I!\IOlHIIOCTh 

ncnoJih30HaHHJI ';rByx TI1IIOB XJia)loarcnTa: B HHTepBaJie TCMIIepaTyp 21 :.70 K B Ha•Ie

<"Til<' XJiaJloareHTa IICIIOJih3yeTcn HHIJlHHii reJmii, a H nnTepBaJie 70 :!00 K .:. lliH;umii 

a:IOT. YMeiiblllemie .noTpe6Jieiilfn ·mHJllmi·o rem!;,, )lJIJI OXJIC\lHJl<'IIIIH l'llllOC1'C\T-~Iillnt'lin 
JlO ypoHHJI 0,6 Jlf'' II03liOJineT H TC1 1CHH<; MecJiua· IirioBo;i~Th :1'ucnep11M<'i1;rM ·,;a' ny•n•e 

MIOOIIOB C 11CIIOJib30llaiiJ1PM TOJ!bHO Jllllllh O)li!OfO JlhiOapa 06'hP!\IOM 450, Jl. ~~TO Hpaiine 

Bamuo fip11 pa6on~· c ra:ioa~i1 i<imoremi6n i.!nineHLio. · Kamna11 ·n.,P.na '.iu;u:Jap_<; c x:~a}lo
arenToM Tpe6yeTaBaHyaUlllf COJlC(lHWMOI'O .113 MpiiieiiH, 11TO, H CHOIO O'WJ><~ilh. fl<' TO:Ibli!l 

cynre.cTHem.Io' ycJIOmnneT npon(:i.Iypy IIpoH{!JlCIII1~! 3I~ni~r;il~wfm'l: 1'1o '~'!i pii~ililiiT · ~' n_o;1 h 
- ~ - • : "-< 1 ". ._ • . • .• ' • '·. • • .. ' 1 • 

IIC}HCJiaTeJihiiOMY JlOIIOJIIIH'f<'JihiiOJIIY paCXOJlY XJia}lOa!'CIITa II ·}toporoCTOfllll<'I'O .II:IOTOIICI 

:J H r~. 06ecne~wna B03MOHUIOCTh npeitH31fOIIIIOro .n:1Mepenii11 n;;llll'l'>aTypi.,, ocl.wsnhlx 

HJliiOI'l'IIIIJ.IX y:IJIOB Hp110C:TaT-MIIIIICIIII. a TaiOIW,)l,aBJI<'IIIIJI, 1'~:1;1 .H; M11III<'I,UI II.B I'IICH'lH' 

P<' l'a:mo6enH''H'III111. -~ '; 

"·"" 
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C.1eAyer ontcTHTh, qro c03namlblil IWl\111.1CKC l\toiHCT 6h!Tb raKiiW ycneu111o 11cno;n,:m
BaH 11 A•11i pewc1111H ne.1oro pnila pa:moo6pa:IIJMX "H<encp11MCHTa;n,nhiX :1a;ta•1 t1 o6;1acnt 
l\IIOOHHOW 11 IIHOIIHOW cp11311Kll. 

AaTOphi r;~y6oHo np113HaTe.1hllhi S. :Vlango 11 B. van den Brandt 3a IWOJlOTBopiwe 
ofiCj'iRnenne· pnna TCXHif'ICCJ{IfX BOIIpOCOB pa3pafiOTiilf Hp110CTaT-l\llfUICillf 11 llOl\!Olllb t1 

ocymecra;~eunl1 ce nciih!TaUI1il 11 P. Knowles 3a nmtoUJh np11 lioppei\Type pyHoiii1Cif. Aa
rophl BblpaiRaiOT 6;JaroAapHOCTb 3aMCCTI1TCJIIO Jll1pCKTO(la JJafiopaTOpl111 HJlCf>IIJ.IX npo-
6.1Cl\l 06ncn11neunoro HHCTnTyra HJlepHbiX 11CC;ICJlOBannil B.B. l>i>y;mmmy H PYiiOBOJl
CTBY HncrnTyra <p11311li11.<l>pn6yprcJwro yn11aepcHT<~Ta (llladiuapHII) :1a nocTOIIIIIIhlii 
HHTepec ll llOJtni:!piRI{Y npen.'lOiRCHHOil nporpalll\1J,I 11CCJ!CJlOHaUHii. 
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EopeiiKo B.<P. H .up. 
HoBrul KpHoCTaT-MHllleHb B ::~KcnepnMeHTax 

C 01pHUaTeJibHblMH MIOOHaMH 

~ nccne.uoBaHllil npouecca MIOOHHOro KaTanHJa peaK 
B CMeCj{X H30TOUOB BO,IlOpO,Ila H renllil C03)laH ::lKCriepHM 
BKJIIOqaiOlllHH B ce6j{ KpHOCTaT-MHllleHb C CHCTeMaMH ee TeJ 
Joo6ecneqeHIDl. Kopnyc MHllleHH mroToBneH H3 qnCTOf.O an 
C WITbiO OKHaMH H3 KanTOHa TOnlllHHOH 55-135 MKM. }loan: 
TYP MHllleHH- 21-300 K, a .uaBJieHIIH- Q-.10 ~TM. B Ja 
::~KcnepuMeHTa B KaqecTBe xnauoareHTa ncnonbJYeTCj{-)KJI.!lK 
aJoT. Cpe.uHee no1pe6neHne )KJI.!lKOro renllil npn reMne 
COCTaBJlj{eT 0,6 nfq npH xna,uonpOU3BO,IlHTeJibHOCTU CHCTeM 
CncTeMa TepMOCTaTHpOBaHllil MUllleHH o6ecneqnBaeT cTa61 
MUllleHU c ToqHOCTbiO ± 0,5 K B .unanaJoHe oT 21 .uo 7C 
Bo.uopo.ua or npuMeceii ocymecTBJIHerca ueonnTOBbiM~ 
a renllil - HHTepMeTannU.UOM ZrCrFe. 

Pa6oTa BbinOnHeHa B na6opaTOpHU 5l,llepHblX npo6neM 

llpenpHHT Qfu,e)l11HeHH0f0 HHCTHryTa smepHLIX HCCJle)lOBlll 

IlepeBO)l aBTOpOB 

Boreiko V.F. et al. 
New Target Cryostat for Experiments with Negative Muc 

An experimental set-up, including a cryostat with tel 
supply systems has been developed to study muon cat: 
of hydrogen and helium isotopes. The target body is mac 
kapton. windows 55-135 11m thick. The working tempen 
21-300 K, the pressure is 0-10 atm. The coolant is eitl: 
nitrogen, according to the experimental conditions. The a· 

· uid helium at ·a target temperature of 32 K is 0.6 l/h, pre 
power. The temperature control system ensures a 
in the temperature range 21-70 K. Hydrogen isotopes 
sieves (CaA), helium isotopes by intermetallic compoun 

The investigation has been performed at the Labor: 

JINR. 
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