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0 3axsaTe YnbTpaxo,"JOAHblX HeihpOHOB 
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P3-92-I I 

BbJDOnHeHa o~eHxa BepORTHOCTH CTOnKHOBeHHR ynbTpaxo
nOAHOro HeHTpoHa c RAPaMH Monexyn pa3neTaw~eroca ra30-
Boro mapa. ~na ra3osoro mapa c rrapaMeTpaMH AO pacmHpe
HHH R = 10 CM, P = IO aTM HT= 300 K 3Ta sepoaTHOCTb 
He npeBbJWaeT O, I% Ana renmt H 5% MR BOAOPOAa. 

Pa6oTa BhlnOnHeHa B Ila6opaTOPHH HeHTpOHHOH tH3HKH 
OllilH. 

Coo6me1uie 001,e;urne1rnoro HHCntryTa 11~epttb1.X Hcc,1e~oea11H11. JJ.y6Ha 1992 

IlepeBOA aBTOpOB 

Kalashnikov M.V., Strelkov A.V., 
Shabalin E.P. 
On the Problem of UCN Capture 
by Dispersing Gas 

P3-92-I I 

The probability of ultra-cold neutron collisions 
with molecules of an expanding gaseous ball is estima
ted. For the gaseous ball of IO cm initial radius, 10 
bars pressure and 300 K temperature, the probability of 
UCN collision does not exceed 0,1% for He gas and 5% 
for H

2 
gas. 

The investigation has been performed at the Labora
tory of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna I 992 



.. -ECJlH TellJlOBOa HeaTpOH B Sa.MeAJIHTeJle HCIIhlTEmaeT MHOI'O'lHCJleHHhle 

CTOJlKHOBeHHH (Bpewi: ll[HSHH ero B Sa.Me;ttJlHTeJle . onpe,Ilemi:eTCSt ?eqeHHeM no:

rnouteHHJI /H npo·~eccaMH yxo,Ila sa npe,Ile.Jlli saMeWIHTena) ,. TO .YJ11>Tpaxono.t1HW!: 

HeaTpOH (YXH) cyuteCTBYeT TOJll>K6 B,~poM~l!CYTKe npeMeHH MeJlt,IlY MOMeHTOM 

POl!C,IleHHH H MOMeHTOM nepnoro ll[e CTOJlKHOBeHHH C Jl,IlpOM sa.Me,IlJlHTeJl.fI, _KOTO

poe c· no,Ilannmoutea BepoaT~ocT1>~ npHBO,IlHT K I'Hlien~ YXH, Harpena~ e1o ,IlO 

T~nnonwc'..sHeprHa. IIpolier··YXH B nonHsTHJieHe .;\~10-
2

CM, a B rasoo6pas

~oM BO,IlOPO,Ile (T=300 ~· P=10 aTM) .A~ 1 CM. TaKHM oCSpasoM, YXH, o6paso

BaHHble (Hs TennoBHX HeaTpoHos sa O,IlHH Y,Ilap) no Bcer.l:y oCS'heMY SaMeWIHTe-:-' 

n11, . MO;YT . Bbl8TH HS ~ero . TOJ11>Ko HS npHnoBepxHoc;Horo c~oa TOJllIIHHoa ~ ) } 
'IITOlibl coxpaHHTl>YXH BHYTPH~a.Me,IlJlHTena, Ha,IlO libICTPO'Y.IlaJlHTI> aTOMbt sa-

•MeWIHTeJlJI,• Ha KOTOpliX s~~eKTHBHo nornoutaroTca (HarpenaroTca ,IlO TellJloBwc) . ' 
~XH. llpH HCnOJlhSOBaHHH HMnY~l>CHOro J>eaKTopa Taxoac6op YXH'no_BCeMY 

,. Oli'beMy, 1 saHHMaeMOMY Sa.Me,IlJlHTeneM; MOlKeT ,IlaTb liOJlbmO!t BbIHI'PbIW B_ nnoi-aoc- . 

. TH YXH. ·,MexaHH'leCKH. ylipaTI, 'sTH aTOW -'sa BpeMJI .lKHSH~ YXH B 9a.Me,IlJlHTeJle 

. ,IlOBOJlhHO TPY,IlHO, . HO npH. HCnOJlhSOBaHHH . rasoBOI'O BO,IlOPO'AHOro· Sa.Me,IlJlHTemi 

',IlJlH 6blCTpOro y.i:taneHHJI aTOMOB BO,Il0p0,Ila MOlKHO HCnOJlb90BaTb eciiecTBeHHble 

TenJlOBble CKOPQCTH MoneKyJl rasa, npe,IlOCTaBHB eMY BOSMOlKHOCTI> pe~KOI'O 

pacm~peHHJI. CKOPQCTI> 'Mone~yn ~O,Il0p0,Ilcl~ 10 1 M•c-1 , a YXH :-::. Ha ,ttBa nop.fl,Il-
/ C • ~ 0 - 0 ,., > 

<Ka _MeH1>me, nOSTOMY qepes HeKOT,opoe: BpeMJI nocne YXO,Ila MOJleKyJl BO,IlOpO,Ila 

B_,-OCS'beMe,,paaee saHHMaeMOM BO,IlOPO,IlOM, OCTaHeTCJI TOJll>KO o!SJiaKO HS YXH. 

B csasH_c TeM, 'ITO ,IlJlHHa cno!So,IlHoro npoliera YXH HaMHoro _Melihme pasMe-: 

PC>B. BO,D;OpO,IlHOI'O , Sa.Me,IlJlHTeJlJI, . MOll[eT. CJlOlltHT:hCJI Bneq_aTJleHH~ 1 'lTO YJI~Taro- · 

_utHe_.MOJleKYJlli.: BO,IlOpo,Ila ,IlOJlll[Hbl YBJieKaTb .: sa :C06oa H. YXH. O~eHKe BenHqHHbl · 

.·, , sToro sc!>c!>eK;ra noCBJIIIteHa -sTa pa!SoTa. , 

. PemeHHeM 9a,Ila'IH · pasJieTa B BaKYYM O,IlHOpO,IlHOI'O, _I'aSOBOI'O mapa HS 

-;,,IlHOa~OMHox:o' ra'sa. C ' ¥ =- '¾v~ ¾' , nOKOJIIIteI'OC.fI . .IlO,. MOMeHTa BPeMeHH 

·, -l:. =0,' C napaliOJIH'leCKHM.nO npOCTpaHCTBY .pacnpe,IleJieHHeM· ,IlaBJleHHa JmJISt-

eTCJI (l , 2 ( . . 

R3(~) ~v 4i,Li~-I{+ .R~(o) , 

f: th 1:,.•·R.1,_·11etiHJ.iA -. rll'.f11·· · 1 ll'~>t•ri:111 I1cr:1e1111111 · 
· ~,1 ~sm,,orEKA , 
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nonol!CeHHe rpaHHm.,I mapa; U.o - Ha'laJloHa.n_ ·. 

cpe,IlH.!l:.11: no Macce BHYTPeHH.11:.11: 'sHeprH.11: · rasa B e~Hm.te MacCfl: rasa·; t- ,iipe.'.. 

M.11:J . t .. ~ _KOOP,IlHHaTa BHYT_PH raSOBOro map~, .r € [ 0 JR .9(t)] i 7J(t;t)-
- CKOPOCTb rasa OTHOCHTenbHO na6opaTOPHO8 (HenO,IlBHl!CH08)cHCT- KOOP'AH--: 

HaT B TO'lKe_ r .. B ·MoMeHT_ BPeMeHH t ; . S(r,-f:) -:: nnoTHOCTb rasa B: Toq

Ke . t B MOMeHT f. ... : 3aMeTHM, 'ITO -nnOTHOCTb, rasa B. sa.rtaHH~ MOMeHT t 
OT KOOP,IlHHaTli; r BHYTPH mapa He SaBHCHT, a _BHe mapa (B ,BaK.YYMe) ._nnoT:-

HOCTb, E:cTeCTBeHHo, pasHa HYmo. M · - nonHa.11: Macca rasoBoro mapa. . 

.· (,::'lHTaeM rasOBYIO cpem, ,llJI.R npOCTOTli- 'IHC~. pacceHBaTeneM He8TPOHOB. 

MHKpoCKOnH'l~CKOe ~e'leHHe pacce.11:HH.R Os (Y;.) , .JlJI.11: .YXB B npe,Ilene v;. ➔ 0 
MOllCHO npe,IlCTaBHTb / 3/ KaK 
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(5) 

r,Ile · · 6 So-· MHKPOCKOnH'leCKOe Ce'l:eHHe pacce.11:HHll Heno",tiBHl!CHOrO .11:,Ilpa Ma Te_-

: PHaJia rasa (KOHCTaHTa) ; 1f;. - CKOpOCTb He8Tpoea, OTHOCHTenbHO Cpe,tl!:l; 

·m- Macca He8TpOHa; ,A' --OTHOWeHHe MaCCH ll'APa pac~eHBaTe~ll:"K•Macce 

He8Tpoea; T - TeMIJepaTypa rasa B MecTeBSaHMO,IlettcTBH.11: cpe,tl!:l c He8T-. 

poHoM,(TJ =~B • ·HcnycTHM• ny'l:OK HS Ne; YXH B MOMeHT BpeMeHH t=o 
B TO'l:Ke: ro ~R9(0) co CKOPOCTblO 'lJ;, OTHOCHTenaHO HenO,ItBHl!CHO8 CHC-

TeMbl KOOp'Al{HaT.TO'lHO no p~ycy mapa no HanpaBneHHIO K ~eHTPY mapa 

H npocne,IlHM sa BH6~aHHeM He8TPOHOB HS ny'l:Ka Ha BpeMeHHOM npOMel!CYTKe 

O <. t:. ~ t ~ B npo~ecce pasneTa mapa. tIHcno cTonKHOBeHH8 YXH 

paccMaTpHBaer.ior9 ny'l:Ka B ,Te'l:eHHe HHTepBana BpeMeHH d.t aKono t paBHO 

cf.. N(-b) =- - N (i)E_,(,irf,;·tJ:v;":(ljt) elf:, (6) 
i ;r-::l.~,; t;:,:.l•;:,2 ~~ 
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r'Ae · L {?Ji.,t) - . MaKPO?KOnH'lecKoe ce'leHHe cpe,tl!:l 

Horo. ,ItBHlll:eHH.11: He8TPOHOB H cpe,tl!:l ?J;. ( r I t) . 
'An.II:· cKopocTH. OTHOCHTena..: • 

He8TpOHOB OTHOCHTenoHO:CPe,tl!:l Sa npoMellCYTOK 

v;. (r, t) olt - nYTa 

BpeMeHH d.J;. • ,Iln.11: ynpo111e- / 

RH.II: BHKna,ttOK nonoxHM CHa'lana, 'lTO TeMnepaTYPa rasa T He SaBHCHT_OT 

KOOP'Al{HaT, a SaBHCHT nlilllo OT._BpeMeHH, T.e. 

T(r,t) = T(t) c1> 

(TeMnepaTypa rasa' HSMeH.11:eTc.11: sa cqeT Toro, 'lTO npH pasneTe rasoBoro 

mapa B BaKYYM paHee sanaceHHa.R BHyTpeHH.R.11: sHepru.11: rasa nepeXO'AHT B KH

HeTmi:ecJCyio SHeprHIO MaKpOCKOnH'leCKOrO ,IlBHllteHHH mapa) • JlerKO 'rio.KaSaTb 1 

'lTO cpe'AH.11:.11: ·Y,IlEµlbHa.11: BHyTpeHH.11:.11: sueprH.11: rasa U.(-f:) npe,IlCTaBHMa KaK 

"()· . E..:· LLoR~{oJ 
U,. 4. ,= Lto- "n = -1~ U.ot'-+ R.~(o) 

.,, . (8) 

r,Ile ·EK- KHHeTH'leCKa.11: sHeprH.11: Bcero mapa. CB.Rs~a.11: y,I1enOHy10 BHYTPeH~ 

HIOIO sHeprHJO O'AHO~TO~Horo rasa (8) c -reMnepaTypoii T (i) , nony'l:HM 
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J 
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(9) cne,IlyeT, 'ITO BXO,Il.11:1I1ee B (6) · MaKpOCKOnH'leCKOe · Ce'l:eHHe npe'ACTa-

BHMO KaK 
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NA 6 . , y• So I (11) 

rAe~ ~ ~ MaKpOCKOilH'ZeCKOe·ce~eHHe raSOBOrO mapa npH HCXOAH08 IIJIOTHOCTH 

g (1-, O) mapa B MOMeH; t =O B npe,ItIIon~ll:eHHH, ~TO ff,Ilpa, cp~,l:11,1- Heno.ziaminni 

(He yqacTBYIOT B - TeIIJIOBOM (MaKCBeJlJIOBCKOM), .ti1naceHHH) • Jler:ico TaKllCe SaMe

THT:b, 'ZTO 

. V 2. A ' - r:::::-:-:1 
3 NA Llo :,= VT(o)' , ( 12) 

rAe T(o) _:~ez.tnepaTypa rasa B Ha~an:i,HN8 MOMeHT t=o (9) •. Ilo,ttcTaJJmur 

. (11), _ (12) B (10) H BWIOnHlffl HeJCOTOpbte npeoopasoBaHHSl'., nony-q:HM 
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' ' . . 4 . 
• Ecn_1:1, B COCYAe (mape) HaxO,IlHTC.ll'. He npH KOMHaTHOtt TeMllepaType T=300 IC, 

a CKOpOCT:b He8TpOHa.cocTaBn.ll'.eT'1/10 OT' 2,2 KM/c, TO SHa'leHHe '(17) 

COCTaBnneT 

' - 21 
_U..

0
= 1/4•0,6022•1o24 -0,0253i;IB =3,81•1o21~B /r 3,81•10 _ 

6,2419• 1011 ~s /spr 

=6, 10•rn
9 

spr/r'=6,'10• 10
9 

CM~ /ceK 2 ' ?J;,2 
=0,01• (2,2).2 •10

10
cM2 /~eK 2 = 

=4,8~•io
8 

cM2 /cex 2 J ,J 1; ~: =6,48. 
I< 

Hsy11e11He noBe,IleHH.ll'. {-] B Bbtpal!CeHHH .(15) noKasbtBaeT,.1,iTO {.J 'Yl!Ce 

IlPH SHa'ZeHH.ll'.X 

t ,j.,.0 u... = 1+2 << 6,48 
, . .. _.3_ Q~(o) 

npaKTH~eCKH AOCTHraeT csoe,ro np~!,HOrO SHaqeHH.ll'. ,-

li.tr1.· : {-. :} 
X-++OO _ 

l . 1 t.q_x· - x = <.m.. . 2. a.re <:l - A . 
-JC➔ +O'O ' ', 

( 18) -

TaKHM olipasoM, 

SHaqeHHe 

( 15) npH i ➔ R ,, ( 0) npHHHMaeT npaKTH'ZeCKH npeAenl>Hoe v;, . ' ' '• '• '. 

. N ,/ {!ti, - =- 2.ffLo T(o) X 
No V ~ ' • -xAm ·.-t/19.~ 4 

. . . 3 R.3(0) 

_ _ 2¥2' Lo ,;=r;;,i ._ ~ . . 
- 1/:r.A•; -f iJN~ lT<~)' ,R~(o)· 4 <='--i/lrE,Rio). ·,,,1 

· TaKHM o6pasoM, 

N (t~~) :::::. N0 exp[-✓! £ 0 R3(o)., 
(20) 

. ' 
3TO osaaqaeT, 'lTO B pacmHpm<l!lleMCH rasoBO~ mape BepOHTHOCT:b YXH n106oa_ 

saeprHH H36e:m:aT:b CTOnKHOBeHHJI IlPH nponeTe _no P!IAHYCY HS; TO'ZKH r0 :~·(0J 
B,~eHTP mapa COCTaBnxeT He MeHee, 'ZE!M _f;F1 

e,cp[-v~ Lo R3(0), (21), 
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'f -... 

r;t:te L . onpe;t:teneHo -B · (11). B!:monHHM •mcneHHYJO ou,eHKY . C 21) ,xµui: mapa ·· 
0 . 4 . . 

c R:,(o) •1~ cM, sanonHeHHoro He npH ;t:tasneHHH 10 aTMOcct,ep c TeMnepaTy-· 

poa T~ 300 K. 

6~
0 

=0,75916 6apH. 

L., a4 • 10/22, 4 • 10 3 •1/4•0 1 6022 • 10
24

• 0, 75916 • 10-24=2,_04 • 10-4cM- 1 

. . 

. _{? 2)~ (0'=1.14•10-3 
V:;t o~') 

1-e.,cp[-~r~~.,(off .. 1 ;14• 10-
3 

• 

TaKHM o6pasoM, Bepo&THO~Tb HCIIblTaTb CTOnKHOBeHHe npH nponeTe OT rpaHHll,l,l 

pacmHpRIOJlleroca mapa K U.~HTPY mapa AJIR _YXH cocTaBnaeT ~ 0,1% B onHcaHHHX 

.YcnOBHRX. ):tnR mapa HS H2 MOll:HO,-no-BH;t:tHMOMY, nony'!:HTb BepORTHOCTb HCIIl:i-

TaTb c~onKHOBeHHe ~ 10% sa C'!:eT TOro, '!:TO ce'!:eHHe 6So B .c 5). BOS-

pacTeT Ha ,tlBa llOPR;t:tKa. 

BbUIOnHeHHaJI o~eHKa Bepo&THOCTH YXH HCIIblTaTb_CTOnKHOB8HHe B pasne

TaIOllteMCR rasoBOM mape noKasimaeT, '!:TO noTepH _YXH He npeBHCRT ~ 5%. 

PaccMaTpHBaeMHe rasoBHe CHCTeMH cnHmKOM TOHKH onTH'!:ecKH c TO'!:KH speHHR 

npo6era YXH, onpe;t:teneHHoro Brase _HS Heno,tlBHZHHX R;t:tep, a sHepreTH'!:ecKoe 

noBe;t:teHHe ceqeHHR pacce&HHR no saKOHY 6 ,.._ 1 /tr - sct,ct,eKT ·u ~Ha'!:HT8Jlb-

Hoa CTeneHH KHHeMaTH'!:8CKH8. CKOPOCTb YXH - ~ H Ha'!:anbHaR TeMnepaTypa 

T(o) sxo;t:t&T B OTBeT '(15) ;t:tOBOnbHO cna6o; n= qepes HX.OTHomeHHe 

(16) 

~ J1o U,0
1 

'Ra(o) 3 1.r,,2. , rAE 
~ _3-

LLo = A NA 2. T{o), 

rip.! sToM {..} B, ( 15) 6H_cTpo ;t:tocTHraeT npe;t:tenb~e>ro sHa'!:eHHR,. PaB!foro 

:JL/4, nocne qero BCRKaJI ·sasHc~ocTb BOO_lll!le :npona;t:taeT~ 

B ;t:tanbHe8meM npe;t:tnonaraeTc& c;t:tenaTb: 

a) 6onee TO'!:HHe ou,eHKH noTepb YXH AJIR c~epH'!:ecKoro cny'!:a&,. Y'!:HTH

BaiaqHe ae TOnbKO saBHCHMOCTb· -~ (u;.,i) (10) OT c:pe;t:tHea T~epaTy~ 

rasa . T(t) ·· (9); H~ H noKan:E>HyJO sasHcHMocTb oT TeMnepaTYpH T(r,t) ; 
6) pacCMOTP8Tb noneT YXH B HanpasneHHH OT u,eHTpa K rpaHHU,e mapa;_ 

B) cny'!:aa nnocKoro pasneTa rasa, npH KOTOPOM speMeHHM sasHCHMOCTb 

-~(v.,.,t.) (10) Hf BOSMOll:HO, SaBHCHMOCTb T(i) (9) He °CTOJ1b 

CHnbH~, KaK'B cct,epH'!:eCKOM cny'!:ae; 

. ' 
6 

ii! 

~I, 
ii 

.. , JlHTepaTypa 

• '> ·' ' 
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