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KsaHTOBI>Je o.<P<jleKTbi npH xpaHeHHH ynhTpaxonoAHbiX nefiTpouos 

H8 1lilOCKOCTif 

PacCMOTpCIIhJ HeKOTOpbie sonpoCbi, CBSt3BHHbJe c xpaneuueM Ha ropH30H

TailbiiOfi nilOCKOCTH neiiTpOHOB C MlflllfMBilbiiOl! o.neprHel! sepTHKBJlbHOrO ABH

>K8IIHSI. npeAJlO«CCII 8KCnepHM811T no nponyCKBIIHIO HeiiTpOIIOB 'lepe3 lllCilb 

c ucnonb30BaHHeM neonnoponnoro MarnnTHoro nonS!. 

Pa6oTa BblllOilHCH.a B na6opaTopnH neiiTpOHHOfl qllf311KII OYIHYI. 

OperrpKHT 06bcAIIHCHHOrO IIHCTHTyTa l!Aepllb!X HCC1IeAOB8HKH, lly6Ha 1978 

Lushcnikov V.I., Frank A.l. 

Quantum Effects at the Storage of Ultracold 
Neutrons on a Plane 

P3 - 11868 

Some problems of storage of neutrons an a horizontal plane 
with a minimum en c-rgy of verticil! motion are considered, An ex peri 
ment is proposed on the transmission of neutrons through u slit 
using a nonhomogeneous magnetic field. 

The investigation has been performed at the Laboeato·-y of 

Neutron Physics, JJNR. 
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OTKpbiTHe ynbTpaxono.IJ.HbiX ueihpouoB /YXH/ C.IJ.enano 
.IJ.OCTYIIHOH J].llJI HJyqeHHJI HOBYIO o6naCTb oqeub HH3KHX 
3Hepruii JneMeuTapHbiX qacTHI.J,: .IJ.nJI pa6oTaJOli.I,HX c YXH 
cTanu rrpHBbiqHbiMH 3Hepruu -10-83B. MO)KHO O)KH.IJ.aTb, 
qTo B 6nu)Ka:iiwee BpeMJI IIOJIBJITCJI HCToquuKH YXH c cy
ll.l,eCTBeuuo 6onbweii, qeM ce:iiqac, HHTeHCHBHOCTbJO, qTo 
no3BonuT pa6oTaTb c ell.l,e 6onee "xono.D.HbiMH" ue:iiTpouaMH. 
llpu rrepexo.D.e K 6onee HH3KHM JueprHJIM B03MO)KHO rrpo
JIBneuue KBaHTOBbiX 3!lJ!lJeKTOB B MaKpOCKOIIHqeCKHX 06'beK
TaX. B 3TOH CBJI3H MO)KHO, B qaCTHOCTH, paCCMOTpeTb 
xopowo H3BeCTHYJO Ja.D.aqy o qacTHI.J,e, yrrpyro oTpa)KaJOll.l,e:ii
cH OT ropH30HTanbHOH IlllOCKOCTH H HaXO.IJ.Hli.J,eHCJI B IIOTeu
I.J,Hane U = F z I puc. 1/. llpu 3TOM 3HeprHJI BepTHKanbuoro 
,IJ,BH)KeHHJI KBaHTOBaHa, a BOllHOBble lPYHKI.I,HH ypOBHeH eCTb 
liJyuKI.J,uu 3:iipu 1.2

1
. 3a.D.aqa xapaKTepuJyeTCH 3HepreTuqec

KOH IIOCTOHHHOH (; = [ Ql_F~~ ]113 H nuueiiHOH IIOCTOJIHHOH 
2m 

) h 2 1/3 
I ·= ( 2-mF-) . )l,nH ue:iiTpoua, xpaHJill.l,erocH ua rrnocKOCTH 

B rpaBHTai.J,HOHHOM none ( F =mg), JuaqeuuJI 3THX Benuquu 
TaKOBbl: f., =0,6·10- 12 :JB, C =0,3 • 10-3 CM. flono)KeHHe 

ypoBueii orrpe.IJ.enHeTCJI cooTuoweuueM En~ A0 Eb. , r.D.e A -
uynu lPYHKI.J,HH 3:iipu. llepBble .D.Ba ypoBHJI HMeJOT :mepruro 
1,4·10" 12u 2,45·10" 123B. 0qeHb 6nH3KHH pe3ynJ.TaT MO)K
HO rronyqHTb, KOM6HHHPYJI KnaccuqeCKOe Bbipa)KeHHe H ~= 

= V 2 l2g /H - BbiCOTa IIOJ].'beMa HeHTpOHa Ha.D. IIOBepXHOCTbiO/ 
c KBaHTOBOMexauuqecKHM Tpe6oBauueM H ~A. _y~ >-. _g_~ 

2g mv ' 
. _ mv2 _ • ·12 

OTKyJ].a V . .:_
1 
2,4 CM/C, H- 0,003 CM, E = --z-- - 3 10 3B. 

B pa6oTe· 3. TaK)Ke o6pall.l,anocb BHHMauue ua TO o6cTo-
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Puc.1. 3(Jf{JeraiiU6HbUi no•eHf#UaA npu ompaxeHuu YXH o• 
zopu3oHmaAt.Hoil nAocKocmu E 1=1,4 ·10 -123B, E2=2,45 -1o-t~B. 

JITenbCTBO, 'ITO BOnHOBaJI ciJYHKU.HJI nepBOrO ypoBHJI noKanH· 

30BaHa B6nH3B nnOCKOCTB B o6naCTB, .BMeJOIIJ,eH 3aMeTHO 

MeHbWHe pa3Mepb1, 'leM AnJI BTOpOrO ypOBHJI /18 B 28 MKM 
COOTBeTCTBeHHO/. 3TO ll03BOnJieT, B npHHU.Hlle, 3KCnepHMeH· 

TanbHO BbiAenBTb HeHTpOHbl, HaXOAJIIIJ,HeCJI TOnbKO Ha nep· 

BOM ypOBHe. 

Ecnu ny'loK YXH nponycKaTb qepe3 menb BbiCOTOH 

- 20 MKM, o6pa30BaHHYIO ropH30HTanbHOH OTpa:lKaJOIIJ,eH 

nnOCKOCTbiO B nornOTHTeneM C HyneBOH rpaHH'IHOH CKO· 

pocTbJO /puc. 2/, TO HeiiTpOHbl c 3HeprHeil E 2 6yAYT 

nornmu.eHbl, a HeiiTpOHbl c 3HeprHeii E 1 nponymeHbl TaKOB 

CHCTeMOH. 3TH HeHTpOHbl 6YAYT Te'lb /HnH "KaTHTbCJI"/ 

DO llOBepXHOCTB, He OTpbiBaJICb OT Hee /Ha TaHreHIJ,HanbHYIO 

COCTaBn.HJOIIJ.YIO CKOpOCTB orpaHH'IeHHB He Hano:lKeHO/, Aa:lKe 

ecnH llOBepXHOCTb OTKnOHJieTCJI OT ropB30HTanbHOH, DOC" 

KOnbKY nepeXOA Ha cneAYIOIIJ.HH ypoBeHb Tpe6yeT KOHe'IHOrO 

npupaliJ,eHBJI 3HeprHB. llOTOK TaKHX HeHTpOHOB COCTaBn.HeT 
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Puc.2. "Te'leHue" YXH no zopu3oHmaAt.Hoil nAOCKocmu 
e cAy'lae zpaeumaf#UOHHozo nomeHf#UaAa. 1 - nozAomumeAt., 
2 - ompaxaroUiaJI noeepxHocmt., 3 - nAomHocmt. YXH c 3Hep
zueil eepmuKaAt.Hozo oeuxeHUJI E 2 =2,45·1Q--123B, 4 -
nAOIIIHOCIIIb YXH c 3Hepzueil eepmUKQAbHOZO oeuJKeHUJI E 1 

=1,4·10" 12.Bt.ICOIIIU IJieAU h = 20 MKM. 

npuMepHo to-3 oT o6ll\ero noToKa u He 6e3Ha,L\e:lKHo Man 

AflJI 3KCnepHMeHTa. 

Ha BenH'IHHbl 3ciJ4leKTOB MO:lKHO BnHJITb, noMeCTHB cuc

TeMy B HeOAHOPOAHOe MarHHTHOe none (F = mg ± /l aB ) , 
;Jz 

rAe p.- MarHHTHbiH MOMeHT HeHTPOHa. 

Bb16upaJI HY)I(HYJO BenB'IHHY MarHHTHoro nonJI H HanpaB

neHBe nonJipH3aiJ,BH HeBTpOHOB, MO:lKHO MeHJITb BenH'IHHY 

F B wHpoKBX npeAenax. KoMneHCHPYJI rpaBHTaU.HJO (F<mg), 

MO:lKHO yBenH'IHTb e ( e- --1-), CAenaB 6onee Bbipa:lKeH • 
Fll3 

HbiM OllBCaHHbiH BbiWe 3cl>4JeKT llOBepXHOCTHOrO Te'leHHJI 

YXH. C Apyroil cTopoHbl, yBenB'IBB F nyTeM npuMeHeHHJI 

CHnbHO HeOAHOPOAHOrO nonJI, MO:lKHO 3aMeTHO yBenH'IHTb 

BenH'IHHy {f; • ,AnJI BenH'IHHbl HeOAHOpO,L\HOCTH llOnJI ~ = az 
=5·104 Fc/CM,'ITO JIBnJieTCJI BllOnHe AOCTH)I(HMbiM,DOny'IBM 

F= /laB"' 3-10-7 3B/cM fing,. 1·10-
9 

3B/cM/. llpH 3TOM & = 
az 

·10 :o-1,2·10 3B,a nepBble ABa ypoBHJI ne)KaT npH 3Ha'leHHJIX 
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:mepruu 2,8·10" 10 u 4,9·1a10 :JB, T .e. B o6nacTu, y>Ke 

~OCTynHOH ~nB cneKTpOMeTpHH. 3acny>KHBaeT BHHMaHHH 

BOnpoc 0 BpeMeHH >KH3HH HeHTpOHa B TaKOH CHCTeMe. 

B KnaccuqecKoM cnyqae npu v < v 1,p apeMH >KH3HH ueH:Tpo· 

Ha Ha nnoCKOCTH B none TBrOTeHHH onpe~enBeTCH COOTHO· 

I I v 
WeHHeM' 4 r = __ QL., r~e T/ - OTHOIUeHHe MHHMOH H ~eHCT • g., 
BHTenbHOH lfaCTeH noTeHUHana CTeHKH. )J,nH OfihllfHbiX 3Ha • 

lfeHHH Vrp= 500 CM/C H T/ =1·10- 4 nonylfHM r =5·10 3 C, 
'ITO, 6onbwe nepuo~a nonypacna~a ueii:Tpoua r 0 :: 10 3 c. 
Haw cnyqaH: 3KBHBaneHTeH JaMeHe g ua aenuquuy F 1 m . 
TaKHM o6paJoM, KnaccuqecKaH oueHKa npuao~HT K JHalfe· 

HHIO ~nB BpeMeHH >KH3HH HeHTpOHa B TaKOH CHCTeMe r -20 C 

H ~nB WHpHHhl ypOBHeH - 3·10- 17 3B. IlpH ~BH>KeHHH Heii:Tpo· 

ua no nnocKocTH BOJMO>KHO ueynpyroe pacceHHHe Ha rnepo· 

XOBaTOCTBX noBepXHOCTH. IlpH 3TOM HeHTpOH, HMeiOJ.UHH 

ropH30HTanbHYIO KOMnOHeHTY CKOpOCTH, BOCllpHHHMaeT we

poxoaaTOCTH KaK Kone6nroi.UyrocH noaepxuocTh. OueuKu no· 

Ka3hiBaiOT, 'ITO BepOBTHOCTb TaKoro pacceHHHH -10-3 C -~ 
XoTenocb 6hi OTMeTHTh, 'ITO B 3KcnepuMeHTe c MarHHT· 

HhiM noTeHuuanoM MO>KHO MeHHTb BenHlfHHY MarHHTHOH 

HH~YKUHH BO BpeMB xpaHeHHB Heii:TpOHOB, H3ylfaB TaKHM 

o6pa30M HeCTaUHOHapHyiO KapTHHy. 

ABTOpbi 6naro~apHhi 11.M.<I>paHKY Ja secbMa noneJHhie 

06Cy>K~eHHB Ja TpOHYThiX BOllpOCOB. 
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PyKonucb nocmynuAa B U30ameAbCKuil omi:>eA 
4 ceHm.R6p.R 1978 zooa. 


