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06mru~ .xapaxTepHCTHKa ~pa60TLI 
;": 

AKTy8m.HOCTh npOtineMhl! IloCJie OTKpbiTIDI B ila6oparopmr :meP
Hhlx rrpo61IeM' (ll5IIT)' OH.ffif B 1966 r . .smnemur'pe30Ha.HcHOrO o6pa30B8.urut 
MIOOaHhlX MOJleKy1I ddp. II BhlCOKaH · acpq)eKTimHOcTir Mt00mJOI'O 1 KaTaJIIi3a 
(MK) ~epffiri pearanm ciiuTe3a =a CIICTe~~: dtp. .. (197~).Mi£or1Ie na6opa
'Top:Hir MIIpa, n:MeromHe yCKojiariin:H :ripi>Touc>B ·ripoMea<yrotiiD.Dc 3.8:eprmi, 
ITH5I<I> (Pocciisr), LAMPF (ciiiA), PSI (IIIsennap:IDt),' RAL. (BeriHKo6pir
':raiH.H) '. TRIUMF (Ka.B:a~a) IIpDBO.irii1Ili. HCCJreAOBaHIISI no npo6neMe MIOOH
uor6 KaT~3a; B iiacro~ee :Bpe:Msr 'ouir :H,ey-r a' OH.ffif, KEK (5Irro:HIDr), 
RIKEN-RAL (BenHKOGpiiTamsr), TRJUMF; {Kiura..zia)> MK Bbinemmcsr 
KaK ue3aBIICHMoe uanpaBIIeHHe, HMerom:ee · MHoro" rrpH1IoX<emrlf a ~ep:Hoii 
qlH3HKe H 'q;H3k~ rna6biX BlaHMO~eHCTBHH; . , . . 

· · C · TOqKJI 3pemiH ·q)yu~aMeuTa..rrbnhxx ircen~osaJri.IH II3~emle np'oneccos 
MK B ~CTOM '.rie:H~pim:· HMeeT BruKuoe' npeHMyrtiecrao· ne~ 'ile~ 
MK a ~soiiHhiXD /T II TPOiiHhiX H/D JT cMedix K3o-rorioa·:eo.nopo~a; T::K; B 

3TOM cnyqae '.nerqe' illiTepiipeTHpoBaTb 3Kcrrepm.feu1:mlii.xe .tiamu>~~. • Pe
~ · MIOmrnoro':KaTw3a a -.mdroM ~eiiTepliH·mreroT rrpocryro· :ranleTJIKY 
II rro3TOMy iipHBIIeKaTenbHhl~iur rrposepKH'TeopliH 06p8.3onamili Me3oMo-
, neKyn: . · · , . · · · • · " · · · ' • · . · · · 

• · Tnia.J:.en'b:Hoo H3yqeHHe' srsneHHsr 'Mioolmoro ~aTw3a ~epiihric peruaum 
cmii~3a: B ~en~pB:ii:~TPHTHen:brx (D /T) CMec.siX 'B:aqanoc~ c'~oMeHTa 'ieO
peTJiqeCKoro' rrp'e.o;ci8.3aHHsr si;CcoKoii cKopocm 66pa3oarumsr Me30Morreeynhl 

. dtp. [1] H a:Kcriep~eHT~iu~ro rro.ziTsep~eimsr 3TOr6 q)axTa' [2]. 3K<1rre-
< ' ' ' ·' , ' - ' 1 ' - .\ ' ' t ' ' ' ' ' ' ' • • ,. ' , . ' > , ' • ' ' I ' - ~ ' ' ' '- ' ! <\ 

pHMeHTaJibHhle ,tia.HHbiC IIOKMBJm BbiCOKlm BbiXO~ HeihpoHOB KaTa1III3a· Yc 
peaKnH:ii MK ~1ISI dt-CHHTe3a {YJ' > 150). IT~SIBII1I~SI mrrepec K 'B03¥0)K
HOMy rrpHMeueHHIO pea.ranrli MK ~nsr co3~a.iillsr HHTe:HciiBHOIU 14 M3B-Horo 
u~iiTp(muoron~o~a[J].·. ·' ' . ··•·· ·. ·'· ·•· ... · .: ···· · : 
' ·n~ iH~c~pT~HoHHoii · pa6o~hl! ·I(e.rrl,ro · 'uacrosrmero · IIcCJie~osa
HHSI CTaJIO CHCTeMaTHqecKoe II3MepeHHe CKOpOCTII o6pa30BaHHSI Me30MOJie-
KJJnu ·ddp, ~ .P~ c~~~~ c~~~HKoro paemerrneHHg dp. a;oMa 
>.3/2 II >.u;u CKOpOcT~ 'nepesopoTa cnmra MroOaTOMa ~eiirepHSI >.~ _B T~~~
rrepaTypHOM HHTepBaiie 5, 5 + 30 K II rrepsoe rrpSIMoe H3Mepemre ·Ocuo:BH::brx 
napaMeTpoa pe~ ~ira ·~n(~-~~H· D/T' ~MeCII llpR TeMIIepa~ype 
22 K - MHO)I~e~semrocm ue:H.jp~HOB B mnche ~c ~ X:o~:Hiilieii-ra' 3<i><Pe:K-
-· ,-'· .,. •'', ,,.J ~ '•:\]~ _,,~·.·~ _ .. ,, .•~_,' r' ;··,i. I ~?f .. '.t: '• ~ ! 

THBHhiX rtorepi:. MIOOHOBB nHKIIe w. . . ,. ·. . · ·. ·. . · · - · 
· ·H~~~~ ~cC.Ue.ilo~~u: 1 B' ·n8.6oi>aT6J>mr ~e~~ riPo6neM 

OH5IH c yqacTHeM asropa 6blna pa3pa6oTa.na II co:ma.na Tsep.no-AeiiTe-
~---·-·------ObLcA:..;~ i. .. ~.n ·,;:l~Qt111. 
~~~hUX ncc:ei~~ 

6ir1SnttOTEKA 
'b...,ri .-..: ......... 



pneB8JI MmiieHb (T.IIM), cnoco6Hasr pa6oTaTb B HHTepBane TeMnepaTyp 

5, 5+30 K. Pe3yJThTaTblsKcnepnMeHTa c npHMeHeHHeM T.IIM cornacyroTc~ 
C pe3yJThTaTaMH [4] H npeBOCXO,l.(~T HX no IilllpOT~ HCCJie.D;OBa.mrii:. 

B wqeHHe 1995-98 ro.n;oB c yqaCTneM aBTopa 6hlna co3.n;aHa sKcnepn~ 

MeHTaJibHasr ycraHoBKa TPHTOJI, B cocTaB KOTopoii Bomna KOMnaKTHasr 

)I{H.l.(KD-TpHTHeBasr MmiieHb. ()KTM). BruKHoii 3a.n;aqeii npn sKcnnyaTanHH 
yCTaHOBKH TPHTOH ~BJI~Ocb o6ecneqeHHe pa.n;nannoHHoii 6e3onacHOCTH 

nepcoHana np:a pa6oTe c TpnT:aii-co:fiep)K~MH CMec~ •. Ha. 3TOii yC'i-a

HOBKe B cepe.n;HHe 1997 r. BnepBble.6hiJIH BblllOJIHeHhi np~Mhle R3MepeHH~ 

OCHOBHhiX napaMeTpoB nmma MlOOHHOro KaTaJIH3a (cKOpOCTb n:aKJia H KG

. scpcp:anHeHT noTepb MlOOHOB) B 3aBRCHMOCTH OT KOHneHTpanHH R30TOnOB B 
' . . ' , 

)K:a.n;KOii .neiiTep:aii:-TPHTReBoii cMecn npn TeMnepaTYpe 22K. 3KcnepnMeH-

TaJThHhle pe3yJibTaThi, nonyqeHHbJe Ha ycTaHOBKe TPHTOH, cornacyroTc~ 
c pe3yJibTaTaMH [5] Konna6opanHH RIKEN-RAL, KOTOphle npoBo.nnnncb c 

npHMeHeHHeM .npyroii 3KCnepnMeHTaJibHOR MeTO.D;RKH H 6hiJIH ony6JIRKD

BaHbl O.n;HOBpeMeHHO C HaiDHMH. 
Me-ro~LI HCCJI~OBaHHii: Pa3pa6oTaHHasi. B fl51I1 OH51H · sKcnepn-

" . . ' ' 

MeHTaJibHasi MeTO.D;HKa, BKJIIOqaromasr npHMeHeiiHe. KOMnaKTHOR MHIDeHH H 

HOBble MeTO.D;hi. aHaJIH3a perncTpnpyeMhiX sKcnepnMeHTaJibHhiX co6biTRii 

[6, 7], n03BOJIHJIH nony'lliTb ,l.(aHHble, COnOCTaBHMble C MHpOBhiM ypOBHeM 

:accne.n;oBaHHii B o6nacTn MK. Ba)KHasi oco6eHHOCTb sKcnepnMeHTa c .neii

TepneM - npoBe.D;eHHe H3MepeH:aii B )KR,l.(KOM H TBep.n;OM .n;eiiTepHH C npnMe

HeHHeM o.n;Hoii. MHmeHH. MeTO.n;RKa sKcnep:aMeHTa :a :Mephl 6e3onacHocTn 

npn pa6oTe C TpHTReM n03BOJIHJIH npoBeCTH. 3KCnepnMeHThl no npo6JieMe 

MK B )I{H.l.(KOR cMecn T~)KeJihiX n3oTonoB Bo.n;opo.na B .nnana3oHe Tp:aTRe

BhiX KOHneHTpanHR 19. + 88%. 

Ha 3aiiUITY BbiHOC11TC11: 
1. Co3.n;aHne TBep.no-.nenTep:aeBon MmiieHn .nn~ o6ecneqeH~ sKcnepn

MeHTa no H3Mepemno napaMeTpoB peaKnnn MK B )I{H.l.(KOM n TBep.n;oM .nen

TepHH. 
2. Pe3yJibTaThi sKcnepnMeHTa no nccne.n;oBamno TeMnep~TypHon n ciiHHo
Bon 3aBnCHMOCTR CKopoCTR o6pa30B~ Me3oMoneeyn · B ~oM n ·TBep-

.n;oM .nenTepnn. 
3. Cm.naHHe )I{H.l.(Ko-TpnTReoon MmiieHH .nn~ o6(!cneqeffir~ sKcnepnMeHTa 

. no R3MepeHHro napaMeTpoB peaKn:aii MK B )IGiju(oii cMec:a D /T. 

4. Pe3yJibTaThi sKcnepHMeHTa no ncCJie.n;()Ba.ImJ? napro.!eTpoB MK B )Kli.l.(

. Kon cMec:a .neiiTepn~ n TpnTn~ npn pa3JIH~hiX KOHneHTpann.srx TPHT~. 
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HayqH~ HOBH3Ha H npaxTuqecK~ noJie3HOCTI:.: C npHMeHeHHeM 

KpnoreHHhiX MHIDeHeR BnepBhle BhlnOJIHeHbl. CHCTeMaTRqeCKHe HCCJie,l.(OBa
HH~ CIIHHOBOR H TeMnepaTYpHOR 3aBHCHMOCTen CKOpDCTR o6pa30Balm~ Me-

30MOJieKyJihi ddf.L B ~oM n TBep.noM .nenTepHH. BnepBhle npoBe.n;eHo 

np~oe H3MepeH:ae OCHOBHhiX napaMeTpoB peaKnHn MK B < )I{H.l.(KOR D /T 

cMecn. ITonyqeHHhle proynhTaT.QI nMeroT Ba)KHOe 3HaqeHHe .nn~ Bhi~cHe~ 
,- - -

nepcneKTHB pa3BHTR~ MIOOHHOro KaTaJIH3a KaK Hay~oro HanpaBJieHH~ H 

B03M02KHOCTR npaKTlNeCKOro npnMeHeHH~ 3TOro ~BJieirn:~ ( HCnOJib30BlUIHe 

peaKnnn MK .nn~ oTpa6oTK:a TexHonornn upoiDBO.D;cTBa ~epHon sHeprHH 
n co3.n;aime HeiiTpoHHoro MK ncTO~a. [3]).·· 

Anpoo~IDI pa6oTbl: Pe3ynbTaThi .nnccepTanHlii, npe.ncraBneHHoii K 

3amHTe, .n;oKJIMhiBanncb Ha ceMilliapax fla6opaTopnll ~epHhiX npo6neM, 

Ha Me)K.l.(yHapo.n;HOM CHMno3nyMe B llY6He B 1995 r.: il Ha Me)K.l.(yHapo.n;HOM 

cnMno3nyMe EXAT""98 no npo6neMe MK B AcKoHe (IIIBeiinap:a~) B 1998 

r., r.ne Bhi3BaJIH 6onbmoii HHTepec HayqH:oii o6~~CTBeHHOCTHH nonyqnJ-m 

BhiCOKYJO oneHKY JIR.l.(epoB :accne.ni:maHHii no npo6rreMe MIOOHHoro KaTan:a3a 
[8]. . . . . 
lly6nHK~HH: Oc:HoBy .nnccepTanHH cocTaB~JI· nnKn H3 4 pa6oT, Bhi-

nonneHHhiX aBTopoM B TeqeHHe 1993-98 ro.non.: ··;' · 
CTpyKTypa u o6'beM ~B:ccepT~HH: .IlnccepTainr~ cocToliT R3 BBe

.neHH~, qeThlpexrnaB n 3aKJIIOqe:Hn~; 'o~~. c~~ep~T 90 cTpaH:an, 23 pn

CYHKa, 3 Ta6n:anhl n 6n6nnorpacpn.qec:K:Hif'cllllcol< n3·55 HaiiMeHOBaH:aii. 

KpaTKOe ccmep:>Krui:He pa60Tbl 

Bo BB~eHHH o6ocHOBaHa aKTYaJibHOCTb npo6~eMhi MK, npoBe.n;eH 

KpaTKnii o63op sKcnepnMeHTOB .. II TeopeTRqecKmc npe.nnono>KeH:aii, Ba)K

HhiX .nn~ oneHKn npe.nnaraeM:hiX K 3amHTe pe3yJibTaToB. 

B nepaoii rnaae onncaHa KOHCTPYK:UH~ TBep.no-.neiiTepneiJoii MnmeH:a 
.nn~ H3MepeHn~ · cnHHoBoii ,:a TeMnepaTYpHoii 3aBIICHMOCTR cKopocT:a o6pa..: 

30BaHIUI Me30MOJieKYJihi . .lJ:eiiTepn~ B ~Bep.n;o~ n_~KOM .n;eiiTepHH~ UpHH

nnTihi pa6oThi MmiieHH, pe3yJibTaTbl 'ee TeCTOB H 3KCIIJiyaTanHH. 

ITpn npoeKTnpoBaHHn T.IIM 6hlna pemena :3a.n;aqa paBHOMepHoro 3anon

HeHH~ pa6oqero o6'beMa MmiieHH TBep.n;hiM .neiiTepneM n no.n.nep)KaHH~ ero 

TeMnepaTYphi c TO~OCTbiO 0, 3 K. . ITo ycnoBH~ sKcnepnMeHTa H3Mepe

~ npoBo.nnnncb c TBep.n;hiM .neiiTepneM miyTpn aMnyJihi.Mmneim (pnc. 1) 

np:H TeMnepaTYPax 5, 5 + 17, 7 K n c ~n.n;KnM .neiiTepneM :8 .nnana30He TeM

nepaTyp 19, 0 + 30, 5 K. 
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· I1pii rrpoBe.n:emui 3Kcrro:nnnm: .n:rui orrpe.n:enemni ¢oHa Heil:TpoHDB aMrryna 

MWIIeHH .n:on:>KHa 6hina 3arronnxTbCX ra3oo6pa3HhiM ren~~eM no.n: .n:aaneHHeM 
40 aTM rrpii TeMrrepazype 15·K.·· . .· .. · 

· · Oco6ennocTb MWIIeHH~3aKJIIOtJ:anacb B TOM,:.<ITo .n:nx )'MeHbmeHHx rpa

.n;IIeHTa TeMrrepaTypbi no nceMY· o6'beMY. B:aMiiyny. TllM (pile. 1) 6hln 

BCTpoeH KDimyKTDP K,. cocToxuum Il3 500. Me.n;HhiX rrpononoK .n;HaMeTpoM 

0; 4MM. JlHaMeTp·rrpOBOJIOK II paCCTOXHHe Me2K.lzy HHMH.6binH paCC'IHTaHbi 

TaKIIM o6p8.3oM; tJ:To6bi rrpu: I{piiCTMnH3runm He o6pa30BbiBanHCb KaBepHbi 

B "TBep.n;OM .n;eil:TepHH: llnx paOOTbi•MHmeHH ·6hinH .C03.1l:aHbi CHCTeMbi ra-

3006ecrretJ:eHHX, ·oxJiroK,neHH.si, TepMOMeTpHH il: TepMOCTaTHpOBaHH.si. JiJ3-
Mepemre ·TeMrrepazyphi · .n:e:iiTeprui • BHYTPH · aMrryJihi MWIIeHH npoBO.n;HJIOCb 

r8.3oBbiMH TepMoMe'rpaMn c ren~~eBhiM 3arronneHHeM 1, 2 (pile; 1).· TeMne

pa'rypa Tei:r}mo6MeHHHKa T1 KOHTpon~~poBanacb rMOBhiMH TepMoMeTpaMH 

3, 4. Bhi6op rMoBhiX TepMoMeTpoB 6hln CBst3aH c Tpe6oBaHH.siMH K 'lliCTOTe 

:n;e:iiTepii.si BHYTPII aMrrynhi TllM, rrpocToTO:ii HX Kanii6poBKH H pa3Meme

HII.si . .Iln.si 'i'epMiJMeTpOB 1;_3 OTHOilleHIIe IIOJIHOI'O' OO'beMa Vh K XOJIO.n;HOMJ' 

Vc 6biJIO Bbi6paHO paBHhiM 30. 3TO o6ecrre'IHBMO MaKCIIMMbHJIO .tJ:YB

CTBliTeJibHOCTI; Tep:MoMeTpoB B .n;HarrMoHe Te~epaTyp 5 + 20 K. 
Pe3yJibTaTbi KaJm:6poBKH~TepMoMeTpoB xopomo OIIHChiBanHCb Knaccii

"lecKo:ii qiopMJJIOH npn: BBe,nemrn: TOJibKO O.n;HOI'O llOIIpaBO"'HOI'O MH02KHTeJI.si 

. z(T), . KOTOphi:ii y'<rn:TbiBM BJIHXHHe 3¢¢eKTHBHOro· XOJIO.n;HOI'O. o6'beMa co

e.z:cimiiTeJThHbiX KaiiiiJIJI.sipDB II HeH.n;eanbHOCTb I'a3006pa3HOro reJIH.si, rrpo

.siBJI.siiOmyiOC.si rrpii no.n:opo.n;HhlX TeMnepaTypax: 

P(T) = z(T)Vhi{f([Vc7i/T] +[z(T)Vh- Vc]), 
' , .- . . . . ,, ' 

(1) 

z(T) = 1 - 0, 56fT .. :; . (2) 
·,, 

3.n:ecb · P - .n:anneHHe B Tep:Mo~eTpe; . T. :- a6comoTH:rur Te:r..mepaTyj)a xo

. no.n:Horo ~6'beMa .Tep~oMeTpa; .Vh - no'~· o6'beM · TepMoM~pa; .Vc· ~. ~o
·, JIO,ZUibl:ii OO'b~M .TepMOMe'!pa; pi - Ha"'MbHOe .n:a.nn~mie B TepMO¥eTpe c.na
' nneHHe,, ycTaHo~rmmeec.si. IIP.II 3ruroillie~. TepMoMe,~pa~ ;: 11; ,- ua:~~Hrur 
~eMrrepazypa .TepMo~eTpa rrpn 3arr~mre:mm. . • .. . . • .. , ... , . . . 

iln.si ynpaBnemrn TeMllepaTJpD:ii. MllneHH np:iMeH.simtc~ 3JieKTpWieCKM 

cxeMa C I'a30BbiM TepMOMeTpoM 4 (pu:c. 1) B Ka"leCTBe "'JBCTBIITeJibHOI'O · 
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sneMeHTa. HcnomniTeJibHhiM sneMeHTOM CHCTCMbl TepMocTaTHponaHH.sr 

a.MII)'riH TJIM 6blJI HarpenaTeJib II. 

B Te'leHHe ncero npeMeHH HCllblTamrli . H ceaHca Ha · <t>MoTpoHe ll5III 

OH5IH .ZWHTCJibHOCTbiO 150 qacon nee y:JJibl T.UM noKMaJIH cnoiO HMC>K

HyiO pafioTy. IlpH 3TOM fiblJIO npoBe,nCHO HCCKOJibKO 3KCll03mntii JJ:CHTCpH.sl 

Ha nyq:Ke OTpHnaTeJibHblX MIOOHOB B ,nHana30He TeMnepaTYP 5, 5 + 30 K. 

Bo BTOpou rnase JJ:HccepTa.n:HH OnHCaHo co3.naHHe sKcnepHMCHTaJib

HOH ycTaHOBKH TPHTOH, neHTpanbHrilt 'laCTbro KoTopo:H .srBJI.srnacL >KH.nKo

TpHTHena.sr MHJIICHb, JJ:JI.sl npOBCJJ:CHH.sl 3KCllCpHMCHTa no. np.srMOMY H3MCpe

HHIO napaMCTpon peaKnH:H MK B >KH.nKOH CMecn .ne:HTepH.sr 11 TpHTH.sr. 

0TJIH'lHTeJII>Ha.sr 'lepTa Hame:H yCTaHOBKH - KOMnaKTHOCTb, 'ITO no3no

n.srno o6ecne'll1Tb perHcTpanHIO HeiiTpoHon· OT dt-CHHTC3a 11 sneKTpDHOB 

OT pacna,n;a MIOOHOB B yCJIOBHSIX 6JIH3KHX K 47r reOMCTpHH. )KTM (pHC. 2) 
npe.ncTann.srna co6o:H KOMnneKc yCTpo:HcTB, B KoTopblli nxo.nnna aMnyna 

A c cncTeMo:H 3anoJIHeHH.sr ee pa6o'lHM rMoM, CHCTCMbl BaKYYMHpDBaHH.sr, 

OXJia>K.nCHH.sl, TCpMOCTaTHpOBaHH.sl H CHCTCMa npOTOKOJIHpOBaHH.sr 3KCnepH

MCHTaJibHblX napaMCTpOB. 

CncTeMa oxna>K.neHH.sr )KTM npe.nHMHa'lanacb .nn.sr C>KH>KCHH.sr H30To

non so.nopo.na B aMnyne MHmeHH H .nJIHTCJibHOro (10 qacon) no.n.nep>Ka

HH.sl <PnKcnponaHHOH TeMneparypbl aMnyJibl MHmeHH c TO'lHOCTbiO 0, 1 K. 

MCTo.n KpnocTaTnponaHH.sr noTOKOM xono.nHoro. reJIH.sr c npoMe>KyTO'lHblM 

xna,nareHTOM ( >KH.nKHH JJ:CHTCpHH) 6blJI Bb16paH JJ:JI.sl, ofiecne'lCHH.sl pa,nHa

nHOHHOH 6e3onacHOCTH )KTM npH 3KCnnyaTanHH. 

Ba>KHblMH oco6eHHocT.srMH MHmeHH .srnn.srnnci>: TepMoMeTpH.sr .nHa aM

nyJibl )KTM C llOMOIIlblO KOH,nCHCanHOHHOI'O TCpMOMCTpa C BOJJ:OpO.nHblM 

• 3allOJIHCHHCMj TCpMOCTafiHJIH3anH.sl npOMC>KyTO'lHOI'O XJia,nareHTaj HCllOJib-

30BaHHC HarpeBaTeJI.sl JJ:JI.sl yCKOpeHHOH 3BaKYanHH pafioqei{ CMCCH 113 aM

nyJibl. BJIH.srHHe Tennonoro s<P<PeKTa pacTnopeHH.sr H30Tonon no.nopo.na Ha 

· TCMnepaTYPy CMCCH B aMnyJie )KTM Y'IHTblBaJIOCb npH llJiaHHpOBaHHH 

3KCll03HnHH MHmCHH Ha ny'lKC. 

)KTM 6b1Jia npHCOe,nHHCHa K KOMllJICKCY llO.nrDTOBKH ra30BOH CMCCH 

(KIIrC) [9], sxo,nHBmeMY s cocTan YCTaHosKH TPHTOH. Krrrc HMen 

MHoroypoBHCBYJO CHCTeMY Pa.nHanHOHHOH 3alllHTbl. OR 6blJI pa3pa6oTaH, 

C03JJ:aH H sKcnnyaTHponanc.sr coTPy.nHHKaMH P<I>5IU BHHH3<l> no BpeM.sr 

3KcnepHMCHTOB Ha <t>MoTpoHe ll5III. Tpe6oBaHH5i: paJJ:HanHOHHOH 6C3onac

HOCTH B p.sr.ne cnyqaen npHHUHnHanbHO BJIH.srJIH Ha KOHCTPYKnHID MHmeHH. 

/. 

6 

nytiOIC 
MIOOHOB 

" 

• 

.C:HCT!Ma 
IDMepeHHil 
wm.neHHII H 
li:OJIII'IUTJia 

ra30BOH ClllfCH 

.. 

PRe. 2. CxeMa )KTM: A - 8.MII)'Jia )K.TM; AB - a6cop6cp; ·AM - a6comoTHblli MaHOMCTp; 

BV3- 6y4JepHaJI BaxyyMHaJI cMKOCTbj C- Cli4JoH; CT- K<>H.IleHcaiUioHHhlil: TCpMoMcTpj D
,llbiOap; FN- 4JopnaeyyMHblli Hacoc; a·- KOH,IlCHCaiUIOHHM TpJGKa; Hl - HarpenaTCJihj M -

MaHOMCTI>I>lj M2 - TCH30MCTpli'ICCKRii rrpeo6p8.30BaTCJib KOH,IlcHcairironnoro TCpMoM<..'Tp~; 
N - BhtCOK<>Ba.KyyMHblc Hacoci>I; PEC - pccRBep rrpoMmKYT<>'moro. xna.narcHTa; PHc -

pe.nyKTOpj R - pacxo.noMCphtj RS - pa.nRaiUioHilhtii: 3KpaHj Tl, T2 - TCIIJioOOMCHHliKI'Ij V -
BaeyyMMCTp 

7 



ITo ycnoBHSIM 3KcrrepHMeHTa B aMrryny MHlliCHH 6h!no ueo6xo.nnMo rro

.nasaTh CMCCH H30TOIIOB BO,nopo.na, CO,nCp)KaiiUie TpHTml. llorryCTHMM 

cyMMapHM aKTHBHOCTh TpHTHSI B aMIIYJIC )KTM, 6y¢epHhiX o6'bCMax CH

CTCMhl H3MCpeHHSI ,naBJICHHSI )KTM H ra30BhiX MarHCTpansrx MHmCHH MD

rna .nocTHraTh 10 KKH. 06ecrreqeHHe TPHTHCBoii: 6e3orracuocTH rrpn 3KC

rrnyaTamm )KTM Tpe60BMO HCKJIIO'ICHHSI B03MO)KHOCTH IIOIIa.D:aHHSI ra-

3oo6pa3HOrD TPHTHSI B aTMocqiepy rrpn 3KCII03HUHll MHmCHH ua rry<JKe H 
: , ., , , J y 

rrpu BCCX TCXHOJIOrH'ICCKHX orrepaUHIDC C TpUTHU-CO.D:CP)KaiiUIMII. CMCCSIMU. 

llnsr 3TOro )KTM CO.D:Cp)KaJia risa ypOBHSI 3axllHThl OT B03M0)KH0rD IIpOHKK

HOBCHHSI TPIITIIS!:. B. aTMoc¢epy.: Ehlna rrpiiMeueua cxeMa oxna)K.neHHsr MII

meHH C IIpOMC)KYTO'IHhlM xna,nareHTOM (,neiiTCpHCM), lr ·HaJIII'IIICM 6y4Jep

HbP{ o6'heMoB xna.nareuTa H pa6oqeft cMecii. HcrroJib30BaHIIe TeH30MeTpii

qecKIDC MaHOMCTpCm THIIa "c·arr¢IIp" .D:JISI li3MCpCHHSI rrapaMCTpOB (,naBJie

HIIC, TCMIIepaTypa) )Kll.ll:KOH CMCCII IIOBhllliaJIO 6C30IIaCHOCTh pa60Thl IIpii 

o6ecrreqemm BbiCOKOH' TO'IHOCTII II3MepCHmlii ,naBaJIO B03MO)KHOCTh BCCTII 

aBTOMaTH3IIp0BaHHYJO 3aiiiiCh IIOKa3aHml Ha IICpCOHaJihHhiH KOMIIhiOTCp. 

KoHTpOJih 3a cocTOSIHHCM an.mc¢ephl ua pa60'IHX :MecTax rrpOII3BO,niiJICSI 

rrpii6opaMII .no3IIMeTpiiqecKoro KOHTponsr, ·pacrrono)KeHHhl;_,m n KIIrC. 

B TC'ICHIIC TpeHllpOBO'IHhiX "CCaHCOB" 6e3 rry<JKa II BCCrD BpCMCHII ce

aHCa Ha 4Ja30TpOHC·il.5III .D:JIIITCJihHOCThiO 150 qacoB Bee y3Jihl )KTM rro

Ka3MH cnoro ua.ne~ pa6oTy. IIpii 3TOM .6h!no rrpo'ne.neuo uecKoJihKO 

3KCII03m.utii MHmeHII, 3arronueuuoii: )KH,nKIIMII c:MecsrMH D /T, ua rry'IKe MIO

ouos. 

B TpeTbe:H• rJiaBe OilliCaHO rrpose.neHIIC 3KCIICpHMCHTa no HCCJie,nona

HIIIO rrapaMeTpon peaK:rnrii MK n :tiiui:KoM II TBep.noM .neii:TepiiH c rrpiiMe

neHHeM TllM. 

B 1994 r. c 3TOH MIIlliCHhiO 6h!na J3nepnhle CIICTeMaTII'ICCKII II3Mepeua 

C~HOBaSI 3aBIICHMOCTh CKOpOCTH o6pa30BaHIISI MC30MOJICicyJihl .D:CHTCpHSI B 

. pea.KUHsrx MIOOHHOrD. KaTMII3a B TBCp,D:OM II )KII.D:KOM . .D:CHTCpiiii. H3MCpSI-
,_ < • ' 

· JIHCh BpCMCHHhiC CIICKTpbi 3JICKTpOHOB. OT pacrra,na MIOOHOB H. BpCMCHHhiC 

crrexTphl ueii:Tpouon · oT pea.Kmm MK n .neii:Tepllll rrpii ceMH pa3JIII'IHhiX 

3Haqermsrx TeMrrepaTyphl B ,niiaiia30He 5, 5 + 30 K. BhiXo.n ueii:TpOHOB uop

MIIposancsr Ha 'IHCJIO 3aperiiCTpiipOBaHHhiX 3JICKTpOHOB OT pacna,na :MIO

OHOB, OCTaHOBHBmiiXCSI B .nei!TepiiH. Haii6oJibmasr CTaTIICTKKa 6hlna Ha-

6paHa IIpii CaMOH HH3KOH TCMIIeparype II B .D:Byx TO<JKax BhllliC II HH)KC 

TeMrreparyphl nnaBJieHIISI .neii:TepiiSI 18,7 K, npii 3TOM. ¢a3onoe cocrosr

HHe .ne:ii:TepiiSI 6hiJIO pa3HhiM ( TBCp,noe II )Kli.D:KOC). 3KCII03liiiiiSI C reJIHCM 

fihiJia BhiiiOJIHCHa .D:JISI HC3aBIICHMOrD OIIpC,nCJICHHSI 4JoHa HCHTpOHOB BO Bpe-
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MCHHOM CIICKTpe HCHTPOHOB. 3KCII03lllliiSI C rrycTOH MHlliCHhiO II03BOJIHJia 

li3MCpiiTh 'IHCJIO' OCTaHOBOK MIOOHOB B CTCHKax MHlliCHll. · 

Ocuosuble pe3yJILTaThl 3KcrrepnMeHTa- cKopOCTh o6pa30BaHHSI MC30Mo

neKyJihl .neii:Tepnsr >..112, A.3i2 c yqacriieM Me3oaroMa .neii:TepiiSI B cmiHOBhiX 

cocrosrHHsrx 1/2, 3/2 H cKopOCTh·rrepesopoTa emma Me3oaroMa Ad· OHH· 

IIOJIY'ICHhl II3 aHMll3a BpCMCHHOrD pacrrpe,neJICHHSI HCHTpoHOB IIO OTHOme-, 

HliiO K speMeHH BJieTa MIOOHa. Pe3yJihTaThl rrpe.ncraBJICHhl B Ta6Jll11Ie. 

AHaJIH3 cn)rqaes c ~M H TBCP.D:h!M . .neii:TepiieM ue BbiSIBIIJI IDMeHeHHsr 

CKOpDCTII o6pa30BaHHSI MC30MOJICicyJihl ddp, B 3aBliCHMOCTH OT 4Ja30BOrD CQ

CTOSIHIISI .D:CHTCpiiSI. · 

Ta6Jll11Ia._ PC3yJihiaThl 3KcrrepHMCHTa cTllM 

CKopocTb o6p830Bamill Me30MOJieKYJihl ddp. II CKopocTb 

TeMIIepaTypa (K), nepeoopoTa emma dp.-Me30aToMa (MIX-1) 

>.y2 ~/2 ~12/ >.w ..\! 
5,5 0,0448(18) 2,48(13) 58,8(18) ' 31,2(11) 
9,9 0,0403(20) 2,11(14) 57,0(18) 30,4(11) 
15,1 0,0424(20) 2,27(16) . 58,1(24) 31,6{13) 
17,7 0,0419(18) 2,24(11) 61,7(17) .• 32,2(12) 
19,0 ' 0,0407(21) 2,27(14) 60,1(19) . 29,4(11) 
26,3 0,0389(20) 3,03(20) 77,9(32) 32,6(12) I 

30,5 0,0428(26) 3,20(21) 72,9(28) 31,4(12) 

BeJIH'IHHhl s cKo6Kax s~mo'laroT s ce6~ 'cTaTIICTII'lecrrne orrm6:£m •. B 

Olliii6KII HC BXO.D:SIT HCOIIp~CJICHHOCTH B IIJIOTHOCTH, .D:CHTCpiiSI lp ( 3%) II 

3¢¢eKTHBHOCTII pemcTpamm ueii:TpoH:os €n (8%).. . . 
H3MepeHHSI At/2 HaxO.nSITCSI B cornaciiH Ka.K c npem~n .naHRhiMII 

rpynrrhl ll.5III OH.5IH .nrur )Kll.D:Koro .neii:TepiiSI np~ T =. 22'K [10], TaKII 

c .D:aHHbiMll rpynrrhl PSI IIpii T = 23 K. :f.naBHhiM pe3YJ1bTaTOM, no~
'ICHHhiM c ncrroJib30BaHHCM TllM,. 6hiJIO IDMepeHHe. CKOpOCTII o6pa3osaurur 

MC30MoneKynhl ddp, H3 nep~ero cmmonoro cocTo~ F _:__ J/2 Me3oaTo~a 
dp, B TBep.noM .neii:TepiiH. Hapsr.ny c pe3yJILTaToM rpynrrhl TRIUMF [4] oH: 

pC3KO IIpOTHBOpC'lHT "CTaH,napTHOH" TeOpiiH, cor nacHO KOTOpoii TOJI?KO 

HCpC30HaHCHblii: MCXaHH3M o6pa30BaHHSI. MC30MOJie~yJihl ,neii:Te~IISI· MO)KCT 

6h1Th • o6uapy)J{CH npll Hli3KHX · TeMIIepaTYPax: . ,B03MO)KHbiC M~~3Mhl, 

06'bSICHSIIOIIUIC pe3yJihTaTbl II3MepeHIISI CKOpOCTH o6pa30BaHIISI MC30MOJie

IcyJihl ddp, B TBCp.D:OM .D:CHTCpiiH, IIOKa eme HaxO,nSITCSI B CTa,niiH oOC~e

HIISI. 
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Heo6xo,nJ~Mo no.ztt~ePKHYTh, 'ITOyHHKMhHaJI.3KcnepHMeHTMhHrui MeTo

,nHKa (AeTeKTOpht HeiiTpOHOB,nmmoro nornomeHH.sr, KpHoreHHrui .T~ep~o
~eiiTepHeBa.sr MHIIIeHb, MHOrDHMIJYJibCHaSI C~CTeMa. ( n-"{ )-pa.3~eJieHHSI 1 6JIH3-

KaSI K 41f' reoMeTpHSI YCTaHOBKH) n0;3BOJIHJia BnepBhle npoBeCTH CHCTeMa

TH'IJeCKHe H3MepeHHSI CnHHOBbiX 3$l>eKTOB B TBep~OM H :>Kli.IU<OM ~eHTepHH . 

H nOJIY'IHTb ~aHHhle, He ycrynaroLUHe no TO'IHOCTH H3MepeHHSIM Ha Me30H

HhiX ¢a6pmmx H npeBOCXO~e HX no IIIHpOTe HCCJI~OBa.HHH. 

B 'leTBepToii rnaae ~ccepTaxnm·~a.Ho ¢H3H<JecKoe o6ocHOBa.H¥e n 

onHCa.HHe 3KcnepHMeHTa no HCCJI~OBaHinO napaMeTpOB peaKnHii M:K. B 

:>Kli.IU<OH CMeCH ~eiiTepHSI H TpHTHSI npH TeMnepaType 22.K. . . .. 
B 1997 r. 6hiJI npoa~eH 3KcnepHMeHT no HCCJie~oBa.HinO peaK:nHH MK 

B :>KH~OH D /T CMeCH C npHMeHeHHeM )KTM Ha. MIOOHHOM KaHane ¢a3o

TpOHa JI5III OH5IH. B ~acTo.srm~M nccne~oaamui 6~na: peaJIH30Ba.Ha Ho

Brui nOCTaHOBKa 3KCnepnMeHTa - H3MepeHHe BpeMeHI!OH ;JaBHCHMOCTH TOKa 

¢0TOYMHO:>KHTeJieR HeRTpOHHOro cneKTpOMeTpa, perHCTpHpyiOI.Uero BhlJieT 

HeiiTpOHOB OT peaK:nHii MK B )K~Koii D /T cMecn, H H3MepeHHe apeMeHH 

BhlJieTa 3JieKTpoH.a oT pacna~~ MrooHa npn ycrroann, <ITo no co6htTHe 6blrro 

HHHilHHpOBa.HO O~HHO'IHbiM MIOOHOM, OCTa.HOBHBIIIHMCSI B CMCCH . H30TOnOB 

BO~OpO~a [6, 7, 11]. 0Ha n03BOJIHJia BnepBhle npoBeCTH He3aBHCHMOC np.sr

MQC onp~eJICHHe 3¢¢eKTHBHOro K03¢¢unHeHTa nOTepb MIOOHOB B :nHKJIC W 

H CKOpoCTH :nHKJia Ac B :>KH~o:H paBHOBCCHOH no MOJieKyn.srpHOMY cocTaBy 

D /T cMecH a umpoKoM ~uaria3oHe KoHneHTpanH:H TPHTH.sr. 

BhlJI npoB~eH p.sr~ 3KCn03li:nHH MHIIIeHH, 3anOJIHCHHOH :>KH~OH CMeCbiO 

D jT, Ha· ny'IKe OTpnnaTeJihHbiX MIOOHOB· ¢a30TpOHa 'JI5!Il. 3Kcn03unHSr C 

D2 6hiJia npoae~eHa ~JI.sr norry<JeHH.sr ¢oHa HCHTpOHOB B "'IHCThiX" · ycrroau.srx 

6e3 HCHTpOHOB OT peaK:nHH d+ t.·'3Kcn03HnHSI C nyCTOH MHIIICHblO npOB&

~eHa ~rr.sr onpe~erreHH.si ¢oHa ao apeMemloM cneKTpe 3JICKTpOHOB pacna,tia. 

TpnTneBrui Ko:HneHTpanH.si H Moneeyrr.s~pHhlii cocTaa u3Mep.s~nucb B Ka)J{)J;oii · 

3KCII03unHH XpOMaTOrpa¢H'leCKHM MeTO~OM npH 3allpaBKe CMCCH B aMnyny 

MinneHu n npH 3aaeya:nHH cMecH a KIIrC. BhiJIH c~eJia.Hhl nonpaBKH Ha 

KpHOreHHOe pa3~CJICHHC H30TOnOB B aMnyrre )KTM npH · 3KCn03unHSIX · Ha 

ny<J:Ke MIOOHOB. 

Ha pnc. 3 H3o6pa)KeHa 3aBHCHMOCTh pe3yJihTaTOB H3MepeHH:H cKopocTH 

nHKJia Ac OT KOH:neHTPanHH TpliTH.si B )K~O:H D /T c:M:ecH, HOpMHpDBa.HH~ 
Ha nJIOTHOCTb ~oro BO~OpO~a, Hap~ C ~a.HHhlMH ~pyrnx·rpynn. 
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Pnc. 3. 3xcrrepHMCHTaJibHM 3aBHCHMOCTh cxopocTH nmma peaKIIlill MK B lKII.liKoll: CMCCH 

.llCii:TepH.!I H TpHTIDI OT KOHilCHTpa.IlliH TpHTIDI: KBa.llpaTbl - ,llaHHbiC HaiiiCI'O 3KCllCpH

MCHTa; poM6bl- ,llaHHhiC [5]; OCTaJibHbiC TO'IKH- ,llaHHbiC 0030pa [12]. 
II pHMe•rrume: nnmrn: npoaeiiCHbl .niDI ofu.e.nHHCHH.!I TO'ICK 
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Ha pnc. 4 H3o6pruKeHa 3a.BHCHMOCTh pe3yJihTai'oa H3MepcHHii: acpcpcKTHB

HbiX noTeph MIOOHOB B :umme MK w oT KOHUCHTpa:uHH TPHTHH B )J{JU(KOii: 

D/T CMCCH. . . 

2 
•J 

w, 
% 

J 
. ·. I 

. "' 
1 

O' I I I I' I I I I I I 

0 50 
Ct,% 

100 

Pnc. 4. 3Kcrrepl'!MeHTilJihH8.li 38Bl'!Cl'IMOCTb K03<}l<lll'!lll'ICHTa rroTepb MIOOHOB B lll'IKJIC MK 
B 2Kl'I.llKOR CMCCl'I }lC:ii:TepiDI l'I Tpl'ITIDI OT KOHilCHTpamm Tpl'ITIDI 
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. 3aKJIIOqeaue 

OcaoBHDie pe3yJihTaThl H BhiBO~hl: .. 

1. linH o6ecneqeHIDI aKcnepHMeHTOB no MIOOHHOMY KaTaJm3Y .sr.n;epHhiX 

peaKUHR CHHTC3a pa3pa6oTaHa H C03,II;aHa Ha,II;C)J{HM KOMIIaKTHM TBCp,II;o

,II;CRTCpHCBM MHIIICHh OO'I>CMOM 280 CM3, KOTOpaH n03BOJI.sma pafioTaTb KaK . 

c· TBCp.II:hiM, .TaK H C )J{II,II;KHM .II:CRTCpHeM •. Me,n;Hbrli.KOwzyKTOp .113 500 

npoaonoqeK o6ecneqnn rpa,I~;HeHT TeMIIepaTyphi BHYTPH aMIIYJib! :MmneHH · 

He 6onee 0, 1 K. CHCTCMa TepMOCTa6HJIH3aumr MHIIIeHH noMep)J{HBana 

CTafiHJibHY!O TCMIIepaTypy )I{H,II;KOrD H TBCp,II;OrD ,II;CHTCpHH C T0qHOCTbiO 

± 0, 3 K. MHIIIeHh no3aoJIHna.rrpoaecTH H3MepenH· .sr.n;ep:Ho-cl>H3uqecKHX 

napaMeTpOB peaKUHH MIOOHHOro KaTBJm3a B qnCTOM ,II;CHTCpHH B ,II;HaiJ:a30HC 

TCMnepaTyp 5, 5 + 30 K. 

2. Ha YCTaHOBKC c T.UM BnepBbiC BhiiiOJIHCHO CHCTe~aTHqec~oe H. cene-. . . . 

,II;OBaHHC CKOpDCTCH. o6pa30BaHHH MC30MOJICKYJI ddp, 113 .pa3nuqHhiX CIIHHo-

BhiX coCTo.sm:Hii: ~aepXTOHKOn CTPYKTYPhi dj.t Me3oaroMa F ~ 3/2, F = 1/2 
(>.3/ 2, A1J2 COOTBCTCTBCHHO) H CKOpOCTH nepexo,II;.a Ad MC30aTOMa ,II;CHTCpHH 

MC)J{,II;Y YPOBHHMH CBCpXTOHKOH CTPYKTYPhi B TBCP.II:OM H )I{H,II;KOM ,II;CHTCPHH 

B ,II;Hana30He TCMnepaTYP 5, 5'f' 30 K~ 
IIonyqeHHhie ·pe3yJihTaThi (.II:JIH TBep,II;oro ,II;enTCpHH) .Ha .nop.sr.n;oK. rrp~ 

.• ., ' <, ' 

BhiiiiaiOT TeopeTH'cJCCKHC npc,II;CKa3aHHH CKOpOCTII o6pa30BaHHH MC30MOJie-

KYJihi .II:CHTepHs.r;>.3; 2• 

3. llnH o6ecrieqeHHH aKcnepHMCHTOB no MIOOHHOMY. ;r<:aTaJm3Y H,I~;ep
HhiX peaK:UHR CHHTeia pa3pa60TaHa H C03,II;aHa 6c301Ifl.CHM KOMIIaKTHM 

)J{H,II;Ko-Tp~HCBM MHmeill, 06'hCMOM 30 CM3, KOTOpaH n03BOJISrJia pa6oTaTb 
~~ ' ' 

c )I{H,II;KHMH cMeCHMH H30Tonoa BO.II:OPO.II:a (H, D; T). llayxypoaHeaas(cn-

cTeMa pa,II;Ha:uHOHHOH . 6e30naCHO~TH . .norryc~ana pa60Ty npH. ~iHBHOCTH 
TPHTHH BHYTi:m MHIIIeHH .II:O 10 KKH. CHcTeMa· TepMOCTa6HJIH3a:uHH MH

meHH rroMep)J{l{aB.rra ~ooHJihHYIO TeMIIepaTyPY . )J{l{,I:J.i{on cMecH .· c ToqHO.:. 

CThiO ± 0, 1 K BHYTPH MHIIIeHH. MmTieHh no3BOJIHJia rrpoaeCTn H3Mepemm 

cpH3HqCCKHX napaMCTpDB peaKUHH MIOOHHOrD KaTaJIH3a B CMCCH H30TOnOB 

BO,II;OpO,II;a rrpH TCMIIepaTYPC 20 + 40 K. 

4. Ha yCTaHOBKe c )KTM anepBhie BhiiiOJIHCH 3KCIIepHMeHT no rrpH

MOMY H3MCpeHHIO K03cpcpHUHCHTa 3cpcpeKTHBHhiX nOTCph MIOOHOB H CKOpo

CTH UHKJia MIOOHHOrD KaT8Jlll3a C o6pa30BaHHCM dtj.t MOJICKYJI B )I{H,II;KOH 

,II;CHTepHii-TpHTHCBOH CMcCH. H3MCpeHbi Ac H acpcpeKTHBHhiH K03cp~eHT 
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IJOTeph MIOOHOB B IJ;mme W npH p8.3JIH'CJHhiX KOHU:eHTpa.IliDIX H30TOIJOB B 
MOJie:tcyruipHo-paBHOBeCHOH )KJ{)U{OH CMeCH .n;eiiTepHSI H TpHTHR npH TeMne
pazype 22 K B .D;HanaaoHe TpHTHesmc KOHn;eHTpainrii 19 + 88%. 
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