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HaMepeaae aaepreTH'IecKoro cneKTpa paaorpeTbiX ynhTpaxonoaHLIX 
HeliTpOHOB 

MeTO!IOM aapHaUHII a¢<jleKTHBHOCTH perHCTpauiiH neTeKTopa aeliTpoaoa, 
OKpyJKaromero cocyn c xpamtiUHMIICR a ReM YXH, H3Mepea 3HcpreTH'IeCKHll 
cneKTp aaoManhHO aarpeTbiX YXH a npouecce ax xpaReHHR a aaMKHyTOM 
MenaoM cocyne. 

Bcne)lCTBI!e HCKJliO'IHTenhHO HII3Koll nnoTHOCTH noToKa aarpeT'biX aei!Tpo
HOB C noaepXHOCTH cocyaa (- 5 ·10-4 Hel!Tp/CM 2 • c) yaanOCb OUeHHTb JlHWb 
cpeAHIOIO aaeprHIO HarpeTbiX HellTponoa, KOTopas OKaaanacb -10 MaB, 

OneHBBSIOTCSI aoaM:>JKIIOCTH npeanaraeMoro MeTona cneKTpOCKOITHH Heii
Tpoaoa D KOHKpeTHbiX 3KCnepKMeHT8X, 

Pa6oTa Bbmonaeaa a Jia6opaTopHH HeliTpoauoii <fl1!3HKH OHfiH. 

Coo6weaHe 06be!IHHeHHoro RHCTHTyTa smepHbiX Hccnenoaauel! • .Qy6ua 1978 

Stojka A.D., Strelkov A.V. P3 - 11593 

Energy SpectrUm Measurements for Upscattered 
Ultracold Neutrons 

An energy spectrum of upscattered UCN during their contain
me nt in copper vessels was measured using a 4 -detector system 
with variable effective thickness. Due to extremely low density of' 
the heated neutron flux from the vessel surface (5 ·10-4 neutrlcm 2 .s) 
their mean energy was estimated as approx. 10 MeV. Possibilities 
of the proposed methcds for spectrometry of neutrons in specific 
experimental setups are considered, 

The investigation has been performed at the Laboratory of 
Neutron Physics, JINR, 
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BBEJ!,EHHE 

B pa6oTe I l/ 6blJIO o6uapy)KeHo, 'ITO npH'IHHOH aHoMaJibHO 

Manoro /no cpaoHeHHIO c pac'!eTHblM/ opeMeHH xpaHeHHH 

YJibTpaXOJIO)J,HbiX HeHTpOHOB /YXH/ HBJIHeTCH HarpeD /He

ynpyroe pacceHHHe/ YXH Ha CTeHKax y)J.ep)KHBaiOII.\HX cocy

)J,OB. ~HJHKa JToro npouecca )J,O cux nop HeHcHa, HJBecT

Ho TOJibKO, 'ITO TaKOH Harpeo npOHCXO)J,HT Ja O)J,HH y)J.ap 

YXH o cTeHKY cocy)J,a, npH'IeM )J,O 3Hepruil, HaMHoro npe

BbiillaiOII.\HX 3HeprHIO caMHX YXH. JlorH'IHee ocero )J,Onyc

THTb 3TOT HarpeD npOHCXO)J,HII.\HM Ha BO)J,OpO)J,OCO)J,ep)Kall.\HX 

JarpH3HeHHHX nooepxHOCTH cocy)J.oB, O)J,HaKo 3T' runoTeJa 

CO)J,ep)KHT pH)], npOTHBOpe'IHBbiX OfiCTOHTeJibCTB/l , HeCMOTpH 

)J,a)Ke Ha TO, 'ITO B He)J,aBHO Bblllle)J,llleH pafioTe /2/ TaKHe 

3arpH3HeHHH BO)J,OpO)J,HbiMH aTOMaMH KaK fiy)J,TO fihiJIH ofi

Hapy)KeHbl. 

HJMepeHHe 3HepreTH'IecKoro cneKTpa paJorpeTbiX YXH 
Ha CTeHKaX y)J.ep)KHBaiOmHX COCY)J,OB MO)KeT )J,aTb HOBYIO HH

$opMaUHIO o MexaHHJMe 3Toro HHTpuryiOmero npouecca. 

)l.oCTHrHyTaH B HaCTOHmeH pafioTe Ofi'beMHaH nJIOTHOCTb 

YXH, HaKonnHeMblX B cocy)J,e /o6'heM cocy)J,a - 5 .11, 

opeMH xpaHeHHH YXH r- 20 c/, cpaBHHTeJibHO ueoenuKa 

/-10 YXH B JIHTpe/, no3TOMY H noTOK paJorpeTbiX ueiiT

poHOB oecbMa Man I -1 Heiimp./c/ H B )J,OBepllleHHe K 3TOMY 

paccpe)J,OTO'IeH no oceil nooepxHoCTH cocy)J,a )J,JIH xpaueHHH 

YXH /nJIOTHOCTb noTOKa - S.10-4Heiimp./cM~c/. 3To o6-

CTOHTeJibCTBO He nOJBOJIHeT npHMeHHTb B 3TOH Ja)J,aqe 

KnaccuqecKue MeTo)J,bi ueiiTpoHHOH cneKTpocKonuu. B TaKHx 

YCJIOBHHX cymeCTByeT, no)KaJiyH, TOJibKO e)J,HHCTBeHHbiH 

MeTo)J, onpe)J,eJieHHH 3HepreTH'IecKoro cneKTpa: no Kpy-

THJHe JaBHCHMOCTH HHTeHCHBHOCTH perHCTpaUHH HeHTpo-

HOB oT 3<l><l>eKTHBHOCTH oKpy)KaJOmero cocy)J. c YXH )J,eTeK

Topa. 
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3KCIIEPHMEHT 

,[I,JHI ,lJ.eTeKTHpOBaHHJI pa3orpeThiX HeiiTpOHOB, ITOKH,lJ.aiO

~HX COCY.D., HCITOITh30BaiTCJI nponopu;HOHaiThHhiH MHOrOHH

TJIHOH renHeBhiH cqeTqHK ITO,lJ.OrpeThiX HeiiTpOHOB /CIIH/, 

oKpy)KaiD~Hii cocy.n. c YXH. qyBCTBHTenLHhiii o6'heM cqeT

qHKa pacnonaranCJI Me)K,lJ.y .D.BYMJI KOaKCHaiThHhiMH J.J;HITHH,lJ.pa

MH ,lJ.HaMeTpaMH 10 H 23 CM H .D.ITHHOH 38 CM. Ilo.n.po6Hee 

3TOT cqeTqHK onHcaH B pa6oTe Ill I 4rr- cqeTqHK N!!3/. 113-
MeHeHHe 3$$eKTHBHOCTH perHcTpau;HH CIIH .n.ocTHranoch 

nyTeM BapHaJ.J;HH B HeM KOITHqecTBa 3 He, K KOTOpOMY ,lJ.ITJI 

ynyqweHHJI aMITITHTY.D.HhiX xapaKTepHCTHK .n.o6aan.HnCJI Ar 
/700/o/ H CO 2 /1 0/o/. ,ll,aaneHHe raJoaoii cMecH B CIIH 

H3MeHJIITOCh HeiTOCpe,lJ.CTBeHHO BO BpeMJI H3MepeHHJI CITeKT

pa HeHTpOHOB. IlpH Ka)K,lJ.OM $HKCHpOBaHHOM ,lJ.aBITeHHH KOHT-
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'He 
Puc. 1. CxeMa U3MepeHUJI 3a8ucuMocmu cKopocmu c'lema 
HeiimpoH08 om Oa8/leHWI 3He 8 CIIH 0/IJI: a/ 3aMeO/IU8UlUX
CJI 8 H20 men/I08bJX HeiimpoHo8 om ucmo'IHUKa 6bJcmpbiX 
HeiimpoHo8 (S) . IlyHKmupoM noKa3aHo Mecmo ycmaH08KU 
KaOMUe8ozo :JKpaHa O/IJI onpeoe/leHUJI (JoHa om 6o11ee 6bJcm
PbiX HeiimpoHo8; 6/ YXH,HazpembJX' Ha no/lu:JmuAeH080M 
OUCI<e - P /~18 CM, mOIIUIUHa 0,1 MM/; 8/YXH, HazpembiX 
Ha 8HympeHHeii cmeHKe Me0H020 ljU/IUHOpa. 

4 

.. 

... 

ponHpOBaiTCJI aMITITHTY.D.HhiH .D.HdJdJepeHJ.J;HaiThHhiH cneKTp H 

YCTaHaBITHBaiTCJI nopor perHCTpau;HH, COOTBeTCTBYIO~HH non

HOMY c6opy nepaHqHhJX 3ITeKTpOHOB, o6pa30BaHHhiX B pe-

3YIThTaTe norno~eHH.H npo.n.yKTOB peaKu;HH 3 He(n, p) T 
a HanonHJIID~eM raJe. CxeMa 3KCnepHMeHTa noKa3aHa Ha 

puc. 1. 3aBHCHMOCTh J(P SH ) - HHTeHCHBHOCTH perHCT

pau;HH HeHTpOHOB OT ,lJ.aBneHHJie 3He B cqeTqHKe H3Mep.Hnach 

.n.nJI: a/ TennoBLIX HeiiTpoHoa; 6/ YXH, HarpeThiX Ja O.D.HH 

y.n.ap Ha TOHKOM /100 MI<M/ ITOITH3THITeHOBOM ,lJ.HCKe ,lJ.Ha

MeTpOM 8 cM; a/ YXH, HarpeThiX Ha 3neKTpononHpoaaHHoii 

BHyTpeHHeH ITOBepXHOCTH Me,lJ.HOrO J.J;HITHH,lJ.pa ,lJ.HaMeTpOM 

8,4 CM, .n.nHHoii 70 cM, a KOTopoM apeM.H xpaHeHHJI YXH 

cocTaan.HeT r - 23 c /HcnonL30BaH cocy.n. N!!4 H3 pa6oThi I 1/;. 

TennoaLie HeiiTpoHLI nonyqanHch nyTeM TepManHJau;HH 

6hiCTphiX HeiiTpOHOB B J.J;HITHH,lJ.pe C BO,lJ.OH, ITOMe~eHHOM 

BHYTPH CIIH. McToqHHK 6LICTphiX HeiiTpoHOB (2 52Cf) pac

rronaranc.H Ha paCCTOJIHHH - 4 M OT 3TOrO J.J;HITHH,lJ.pa, KOTO

phiH MOr JaKpLIBaTLCJI OT CIIH Ka.D.MHeBhiM 3KpaHoM Ton

~HHoii 1 MM. ,ll,nJI coxpaHeHHJI reoMeTpHqecKoro d>aKTopa 

perHCTpau;HH HeHTpOHOB pa3Mephl J.J;HITHH,lJ.pa C BO,lJ.OH 6hiiTH 

H,lJ.eHTHqHhl pa3MepaM Me,lJ.HOrO J.J;HITHH,lJ.pa, HCITOITh3yeMOrO 

.n.nJI xpaHeHHJI YXH. 3a HHTeHCHBHOCTh perHCTpau;HH HeiiT

poHoB ITpHHHManach pa3HHJ.J;a B HHTeHCHBHOCTH perHCTpaJ.J;HH 

HeiiTpoHOB CIIH npH OTKPLITOM H JaKphiTOM Ka.D.MHeM nono

)KeHHJIX BHyTpeHHero J.J;HITHH.D.pa C BO.D.OH. 

MJyqeHHe cneKTpoa YXH, HarpeTLIX Ha rronH3THneHo

BOM ,lJ.HCKe H Ha CTeHKaX Me,lJ.HOrO J.J;HITHH,lJ.pa,npOHCXO,lJ.HITO 

Ha ycTaHOBKe YXHI 31H annapaType, HcnonLJyeMoii a pa-

6oTe /11 

PE3YJibTATb1 

1. PacqeT f - 3d>dJeKTHBHOCTH perHcTpau;HH HeiiTpoHOB 

a CIIH- BLinonHJincJI .n.nJI pa3nHqHLJX KOH$Hrypau;Hii HCToq

HHKOB HeHTpOHOB, pa3nHqHhJX cneKTpOB H yrnOBhiX pacnpe

.n.eneHHH B 3aBHCHMOCTH OT 6e3pa3MepHOrO napaMeTpa 

y =a 3H/V)P f34J4J .NL, r.n.e V- cpe,lJ.HJIJI CKOpOCTh cneKT

pa HeiiTpoHoB, N L - qHcno JiowMH.D.Ta, P - .n.aaneHHe 3He, 
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3He,a 3He- Ce'leHHe 3axaaTa ,ll.n.ll 3He, £3cpq;. - 3<lJ<iJeK
THaHa.ll .D.nHHa CllH. 0mH6KH a pe3ynhTaTax, nony'leHHhiX 
MeTO.lJ.OM MoHTe- Kapno, ao acex pac'leTax He npeahimanH 
-l~o. Ha puc. 2 /KpHaa.ll "a"/ npe.D.CTaaneHa 3aaHCHMOCTh 
OTHOCHTenbHOH 3<lJ<iJeKTHaHOCTH perHCTpaUHH HeHTpOHOa OT 
napaMeTpa y, KOr,ll.a HCTO'IHHKOM MOH03HepreTH'IeCKHX HeifT
pOHOa c H30TponHMM pacnpe,ll.eneHHeM no yrnaM Han.lleTc.ll 
TOHKOCTeHHbiH UHnHH,ll.p )J.HaMeTpOM 8,4 CM, ,ll.nHHOH 70 CM, 

CHMMeTpH'IHO pacnono)l(eHHhiH aHyTpH CllH. AHanorH'IHbie 
3aaHCHMOCTH 6MnH nony'leHhl )J.n.ll HanpaaneHHOCTH CKOpo

CTH HeHTpOHOa nepneH,ll.HKyn.llpHO K noaepXHOCTH H3nyqam
mero uHnHH.D.pa I puc. 2, KpHaa.ll "6"/ H a,ll.onh 3TOH noaepx-

1.0 
e;e_ 

0.5 

0 
I I -

10 20 r 
Puc. 2. 3aeucuMocm& omHocumeA&Hou 3¢¢eKmueHocmu pe
zucmpaijuu Cllll MOH03Hepzemu~ecKozo cneKmpa Heumpo
Hoe om 6e3pa3MepHozo napaMempa nozAor~eHUJI y OAJI: 
a/ u3omponHozo pacnpeoeAeHuJI; 6/ nomoKa HeumpoHoe, 
HanpaeAeHHozo nepneHOUKYAJIPHO K noeepxHocmu ijUAUHopa; 
e/ nomoKa HeumpoHoe, HanpaeAeHHozo no KacameA&Hou K no
eepxHocmu ijUAUHOpa, E oo - zeoMempu~ecKaJI 3¢¢eKmue-
Hocm& E =limE (y). 

Y->"" 
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Puc. 3. 3aeucuMocm& E -3¢¢eKmueHocmu pezucmpaijuu om 
6e3pa3MepHozo napaMempa nozA0!4eHUJI y OAJI cAy~aee: 
a/ MOH03Hepzemu~ecKozo u 6/ MaKceeAAoecKozo cneKmpoe 
HeumpoHoe. 

HOCTH /puc. 2, KpHaa.ll "a"/. Heonpe,ll.eneHHOCTh a yrnoaoM 
pacnpe,ll.eneHHH pa3orpeThlX HeHTpOHOa npHaO,ll.HT K MaK
CHManbHOH OillH6Ke - 50~o a onpe,ll.eneHHH 3HeprHH 3THX 
HeiiTpoHoa no pe3ynhTaTaM H3MepeHH.Il .J(P3 ) . Cpaa-

He 
HHTenhHO cna6a.11 qyacTaHTenbHOCTb K <iJopMe cneKTpa Hn-
nhlCTpHpyeTCJI pUC. 3 H CaH,ll.eTenhCTayeT 0 TOM, 'ITO Henb-
3.11 nony'IHTb 6onee cepbe3HYID HH<iJOpMaUHhl OTHOCHTenhHO 
<iJopMbl cneKTpa pa3orpeTblX HeHTpOHOa, e CnH 0IllH6KH H3-

MepeHHH J(P SHd npeabiillaiDT l~o. 

2. llpH o6pa6oTKe pe3ynhTaToa 3KcnepHMeHTa c Tenno
abiMH HeiiTpoHaMH I puc. 1 a/ aenH'IHHa dy) pacc'IHThiaa
nach npH cne,ll.yWJUHX npe,ll.nOnO)I(eHHJIX: a/ HCTO'IHHKOM 
HeHTpOHOa .llan.lleTC.Il Hapy)I(Ha.ll noaepXHOCTb UHnHH,ll.pa ,ll.Ha
MeTpOM 8,4 CM; 6/ cneKTp HeHTpOHOa MaKcaennoaCKHH; 
a/ pacnpe,ll.eneHHe HeiiTpoHoa no yrnaM onHCbiBaeTC.Il 3aKo

HOM KOCHHyca. 
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OnTHManLHoe 3Ha'ieHHe TeMnepa TYPLI cneKTpa 'I = 
= 549~~b ° K nonyqeHo /puc. 4, KpHBaH "a"/ MeTo.n;oM HaH

MeHLWHX KBa.n;paTOB. 3TOT pe3yllhTaT cornacyeTCH C Ol.(e~~ 
Koii TeMnepaTyphi cneKTpa H3 cooTHOWeHHH <!J epi I <llth"'0,5 , 
r.n;e <IJ epi H <!J th - COOTBeTCTBeHHO 3ITHTellllOBOH H Ten

llOBOH ITOTOKH HeiiTpOHOB / <!J epi "" J cd - HHTeHCHBHOCTh 

perHcTpal.(HH HeiiTpoHoB CIIH oT HCTO'IHHKa 252 cr npH 

3aKphiTOM Ka.D;MHeBhiM 3KpaHOM BHyTpeHHeM BO.D;HHOM l.(H

llHH.D;pe, <!J th "" (J -Jed ) - Ka.D;MHeBaH pa3HOCTh B HH

TeHCHBHOCTH perHcTpal.(HH HeiiTpOHOB CIIH/. 

3. IIony'IeHHLie pe3ynLTaTLI .n;nH pa3orpeBa YXH Ha 

llOllH3THlleHOBOM .D;HCKe npe.n;cTaBneHhl Ha puc. 4 /KpH

BaH "6"/. Cpe.n;HHH 3HeprHH pa3orpeTLIX YXH cooTBeTcT

ByeT - 13 M:JB/ B npe.D;ITOllO)KeHHH MaKCBellllOBCKOH dJopMhl 

t 
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/..----'-----
0.6 
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0.4 

0.2 /~ ~a/ 
// .. 

0 0.5 1.0 1.5 p aTM. 

Puc. 4. 3aeucuMocmb f -:J¢¢eKmueHocmu pezucmpaijuu om 
oaeAeHUJI 

3
He e CIIH OAJI cAy'laee: a/ menAOBbiX Heumpo

Hoe; 6/ YXH, HazpembiX Ha noAu:JmuAeHoeoM oucKe; e/ YXH, 
HazpembiX Ha BHympeHHeU C111eHKe MeOHOZO ijU/IUHopa. 
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Puc. 5. Pacc'lumaHHbiU Ha ocHoee cneKmpa 'lacmom cneKmp 
YXH, HazpeewuxcJI Ha_noAU3111UAeHoeoM oucKe /e omHocu
meAbHbiX eoUHUijax/, E- cpeOHJIJI 3HepzuJI HazpembiX YXH, 
noAy'leHHaJI Ha OCHOee U3MepeHUU J (P 

3 
) . 

He 

cneKTpa H H30TponHoro yrnoBoro pacnpe.n;eneHHH pa3o

rpeTLIX HeihpoHoB/. Ha puc. 5 noKa3aH cneKTp pa3orpeTLix 

YXH Ha nonH3THneHe, pacc'IHTaHHLiii Ha ocHoBe 3KcnepH

MeHTanLHhiX .D;aHHhiX .D;llH ClleKTpa 'laC TOT .D;llH llOllH3THne

Ha /
5
/. Cpe.n;HHH 3HeprHH 3Toro cneKTpa npHMepHo B 2 pa3a 

npeBLiwaeT 3Ha'ieHHe, nonyqeHHoe .n;nH HarpeTLIX YXH. 

3Ta pa3HHI.(a MO)KeT 6hiTh o6yCllOBlleHa pa3llH'IHHMH B 

CTpyKType HCllOllh3yeMoro o6pa3l.(a llOllH3THlleHa B HaWeM 

3KCllepHMeHTe H pa6oTe / 5/, a TaK)Ke HeTO'IHhiM JHaHHeM 

ClleKTpa 'iaCTOT B HH3K03HepreTH'ieCKOH o6naCTH, 'IYBCTBH

TellhHOCTh K HarpeBy YXH B KoTopoii HaMHoro 6onLwe. 

4. ,l),nH OITHCaHHH pe3yllhTaTOB, llOlly'IeHHhiX .D;llH cnyqaJI 

pa3orpeBa YXH Ha cTeHKax Me.n;Horo cocy.n;a /puc. 4, 
KpHBaH "B"/, HCITOllh30Banach paC'ieTHaH 3dJdJeKTHBHOCTh 

CIIH npH ycnoBHHX, oroBopeHHhiX B nyHKTe 1 .n;nH KpHBoii 

"a" Ha puc. 2. 3HeprHH ynLTpaxono.n;HhiX HeiiTpOHOB, pa-
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JorpeTbiX ua Me,nuoil cTeuKe cocy,noa ,nJUI xpaueuuH YXH, 
COCTaBJUieT 10 M3B. Heonpe,neJieHHOCTb B yrJIOBOM pac
npe,neJieHHH uarpeTbiX YXH auocuT rnaauy10 oum6Ky a JTOT 
pe3yJibTaT, o,nuaKo npu JTOM uaaepHHKa MO*HO yTBep*
,naTb, 'ITO JHeprHH paJorpeTbiX YXH uaxo,nHTCH B .nuana
Joue :mepruil /5+15/ M3B. 

3aMeTHM, 'ITO J<l><l>eKTHBHOCTb perucTpau;uu YXH, pa
JorpeTbiX Ha IIOJIHJTHJieHOBOM ,!l;HCKe, 3Ha'IHTeJibHO rrpeBbl
waeT J<l><l>eKTHBHOCTb perucTpau;uu YXH, uarpeBlliHXC.R ua 
CTeuKax Me,nuoro cocy,na I puc. 4/, Ja c'leT 6oJibllleil reo
MeTpH'IeCKOH J<i><i>eKTHBHOCTH /-94~ ,!l;JIH IIOJIHJTHJieHOBOrO 
.nucKa H -540/o ,nn.R Me,nuoro cocy.na/. 

AaTopbi 6naro,napHbi E .H.Kynaruuy Ja 6oJiblliYIO rroMOIUb 
npu npoBe,neuuu JKcnepuMeHTa, B.K.llruaTOBH'Iy, B.H.fly
IUHKoay, M.XeTu;enhTY u E.II.llla6anuuy 3a rroJie3Hbie .nuc
Kyccuu. Pa6oTa Bbmonueua ua ycTaHOBKe YXH ua peaKTO
pe CM- 2 HllllAP 13! npu uerrocpe,ncTaeuuoil IIOMOIUH 
IO.IO.KocBHHIJ;eBa, IO.A.KylliHHpa, B.H.Mop030Ba H r .H. Te
pexoaa, 3a 'ITO Mbl BeCbMa HM rrpH3HaTeJibHbl. 
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