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npeJlflO)!{ell MeTOJl pel'HCTpaUHH MSnbiX H3MeHeHHli Sllepl'HH ynbTpBXOnOJl

HbiX HeifTpOHOB, llpOHCXOJlSIIUHX B pe3yllbTaTe B38HMOJleliCTBHR HeliTpOHOB 

C BHelliHHMH noneM. MeTOJl OCHOBBH Ha OllpeJleneHHH H3MeHeHHR IIOTOKB HeliT

pOHOB, npOXOJlSIIIlHX nocneJlOBaTenbHO 'lepe3 JlBB HHTep<!JepeHUHOHHblX <!JunbTpa , 

38BHCRlllel'O OT H3MeHeHHS1 SHepl'HH HeifTpOHOB B npOCTpaHCTBe Me}!{Jly qmn bT

pBMHo Ka)J(JlbiH H3 ¢HnbTpoa npeJlCTaBnReT co6oll MHO!'ocnol!Hyro TOHKonneHo'I

HYIO CHCTeMy, COCTBBneHHYIO H3 cnoes C pa3nH'IHbiM IIOK838TeneM npenoMne

HH.SI )ln.SI HeiiTpOIIOBo npH COOTBeTCTBy!OllleM Bbi60pe IIOCneJlOBBTenbHOCTH cnoed 

KOS~HUHeHT nponyCKBHH.SI HeliTpOHOB 'lepe3 TBKOli cPHnbTp B 38BHCHMOCTH OT 

SHeprHH uMeeT pe3oHaHCHbiil xapaKTep. PaccqnTaHa 'IYBCTBHTenbHOCTb Mero

lla c y'leTOM HeOJlHOpOJlHOCTH TonmHHbi cnoes. YKa38Hbi MeTOJlbi onpeJleneHH.SI 

'lyBCTBHTeflbHOCTH yCTpOl!Crsa , Bbi60pa "pa6oqel! TO'IKH" • npeJlflO)!{eHbl CXeMbl 

yCTpOHCTB JlflSI perHCTpBUHH BeCbMa MBfl!;>IX H3MeHeHHH HMnynbCB XOflOJlHbiX 

H TennOBblX HeilTpOHOB (JlO 10-5 
.;. JQ-6 A- 1), OCHOBBHHbie HB TOM )!{e npHH

UHIIe llpOfiYCKBHHSI HeliTpOHOB 'lepea JlBB HHTep<!JepeHUHOHHblX ¢HnbTpa, B JlBH

HOM cny'lae IIOJl COOTBeTCTBYIOU!HM yrnoM CKOflb)!{eHH.Sio 

flpenpUHT 06'bellHHeHHOI'O HHCTKTyTB SIJlepHbiX HCCnenOBBHHil. ny6Ha 1978 

Pokotilovsky Yu.N., Stojka A.D., Shelkova I.G. 
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A Method for Registration of Small Changes of Energy 
of Ultracold Neutrons 

A method for re'6istration of small changes of energy of ultra
cold neutrons being the result of interaction of neutrons with exter
nal field is proposed. It is based on determination of change of in
tensity of neutrons penetrating successively throught two interferen
ce filters. This occurs when the energy of neutrons is changed in 
the region between the filters. Quantitative estimates of sensitivity 
are given. It is pointed out that there is a possibility of determina
tion of small changes of moments

0 
of cold and thermal neutrons by 

this method (up to 10 -5 .;. 10-6 .A - 1 
). 

The investigation has been performed at the Laboratory 
of Neutron Physics, JlNR. 
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© /978 06bellHHeHHblil HHCTHTYT HllepHbiX HCClletlOBBHHil Jly6HS 

B pa6oTe npe.n.naraeTcx MeTo.n. H3Mepeuux MaJihiX H3-
MeueuuH: JuepruH: u uMnynbca ynhTpaxono.n.ubiX /YXH/, 
a TaK)I(e, B03MO~HO, XOJIO)J.HbiX H TeDJIOBbiX HeHTpOHOB 
C IlOMOiu;blO HHTepcilepeHIJ;HOHHbiX ciiHJibTpOB. 

1. )..1.eHCTBHe HHTepcilepeHIJ;HOHHOrO ciiHJibTpa OCHOBaHO 
Ha pe30HaHCHblX B.BJieHHB.X, B03HHKaiOiu;HX OpH OpOXO)I()J.eHHH 
Bonu qepe3 .n.Ba unu 6onee Manonpo3pa"'HhiX cna6onornOiu;a
IOiu;Hx cnoH /noTeuu;uanbHbiX 6apbepa/, paJ.n.eneHHbiX npo
Me)l(yTKaMH, BHYTPH KOTOpblX MOryT o6pa30BbiBaTbCH CTO
H"'He BOJIHbl. llpH pe3oHaHCe MO~eT CHJibHO B03pacTaTb 
IIp03pa1.fHOCTb TaKOH CJIOHCTOH CHCTeMbl )J.JIH IIa)J.aJOiu;eH 
BOJIHbl. 

)..1.nH ueH:Tpouos ponh noTeuu;uanhHbiX 6apbepos u npo
Me~yTKOB Me~)J.y HHMH MOryT BblDOJIHB.Tb TOHKHe IIJieHKH 
Ma Tepuanos c pa3JIH"'HbiM KOJcilclluu;ueuTOM npenoMneuuH I 1 

•2/ 
ITocne.n.uuH: Bbipa~aeTCB. cne.n.yroiu;HM o6pa3oM: 

n 2 =1--.!} /1/ 
E' 

h2 
U = ---Nb. /2/ 

2rrm 

3.n.ecb E - KHHeTH"'ecKaB. JHeprux ueH:Tpoua, U - J!WJeKTHB
uax noTeuu;uanbuax JHeprux B3aHMO)J.eHCTBHB. ueH:Tpoua 
co cpe.n.oH:, m - Macca ueH:Tpoua, N - "'HCJIO x.n.ep B e.n.uuuu;e 
o6beMa, b - KorepeuTuax .n.nuua paccexuux ueH:Tpoua ua 

CBB.3aHHOM B.)J.pe. 
Ha puc. 1 cxeMaTH"'eCKH noKaJaua cllopMa noTeuu;uana 

B CHCTeMe H3 Tpex nneHOK, a TaK~e 3aBHCHMOCTb KOJcil-
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Puc.l. a/ - t/JopMa nomeHt~UaAa e3aUMOOeilcmeu.R ueilmpoua 
C mpeXCAOUHOU CUCT!leMOU, 8 CAOe 2 b =0. 6/ - 3aeUCUMOCT!lb 
Ko3¢¢ut~ueuma npoxoxoeuu.R ueilmpouoe ~epe3 maKy~ cuc
meMy om eeAU~UHbl KOMnoueumbl cKopocmu /M/c/, nepneu
owcyA.Rpuoil noeep:>qtOCT!lU nAeii,OK; U r=U 3 =2,4 ·1 0-7 3B /6e
pUAAUU/, d =200 A, -£ =600 A I cnAOWHa.R AUHU.R/ u r =620A 
/nyuKmup/. 

~Hl.J,HCHTa npOXO)I(~CHHH HCHTpOHOB qepe3 TaKyiO CHCTCMY 

OT BCnHqHHhl KOMnOHCHThl CKOpOCTH, nepneH~HKynHpHOH 
noBepxHOCTH nneHoK. KonuqecTBO, wupuHa H nono)l(eHHe 

pe30HaHCOB B 3TOH 3aBHCHMOCTH onpe~enHCTCH BhlCOTOH 

noTeHu.uanbHhiX 6apbepoB H TonmHHOH nneHOK. Ka)l(~hiH 
MaKCHMYM COOTBCTCTBYCT KBa3HCTai.J,HOHapHOMY COCTOHHHIO 

HCHTpOHa B nOTCHJ.J;HallbHOH HMe, o6pa3yeMOH ~BYMH noTeH

I.J,HanhHbiMH 6apbepaMH. )l.nH Tpexcnouuoro ~HnhTpa, noKa-

3aHHoro Ha puc. 1, MO)I(HO ocyme CTBHTh C~BHr pe 30HaHCOB, 

HanpHMCp, H3MCHCHHCM TOllll.J,HHbl r. 
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2. Ha puc. 2a noKa3aHa B03MO)I(HaH cxeMa ycTpoucTBa, 

cny)l(amero ~nH onpe~eneHHH Manoro H3MeHeHHH 3Hepruu 

YXH B KaKoM- nu6o none juMeeTcH B BH~Y Ta qacTh 3HeprHH 

HllH HMnynbca HCHTpOHa, KOTOpaH CBH3aHa C KOMnOHCHTOH 

CKOpOCTH, nepneH~HKynHpHOH noBepXHOCTH~HllbTpaj.HeifT
pOHbl, nocTynaromue no HeHTPOHOBo~y 1, npoxo~HT nocne

~oBaTenhHO qepe3 ~Ba ~HllbTpa 2 H 3 H 3aTeM perHCTpHpyroT

CH ~eTeKTopoM 5. CKopocTh cqeTa B ~eTeKTope 6y~eT 
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Puc.2. a/ - CxeMa ycmpoilcmea OA.R pezucmpa14uu MaAbiX 
U3Meueuuil 311epzuu u11u uMnyAbCa YXH /o6o3Ha'leHU.R 
e meKcme/. 6/ - 3aeucuMocmb npoxo0.R14ezo nomoKa ueilm
pouoe /e omuoweuuu K naoa1014eMy nomoKy/ om eeAU'lUHbl 
u3Meueuu.R 311epzuu /u3B/ YXH e npocmpaucmee Mexoy 
¢uA&mpaMu. llepe&J.,U ¢uA&mp: U 1 = U3 =2,4J0-73B, U 2=0,55· 
.10-73B, d =200 A, r =1 MKM. Bmopoil ¢UAbTilp: napaMempbl 
me xe, 3a UCKA10'l€HUeM £: Kpuea.R 1 - £ =1 MKM; KpU-
ea.R 2 - £ =1 ,005 MKM; Kpuea.R 3 - £ =1,01 MKM. 
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H3MCHHTbCH B JaBHCHMOCTH OT H3MCHCHHH 3HeprHH HCHTpo

HOB Ha yY:aCTKe 6 MC)f()J;y <ilHJibTpaMH. YY:aCTOK HCHTpOHOBO.LJ;a 

4 B TaKOH YCTaHOBKC )J;OJI)f(CH 6b!Tb 3CpKaJibHbiM, npH 

3TOM yrnosoe pacrrpe.a;enenue neH.Tponos, nocTynaKli.QHX HJ 

ne:HTponoso.a;a, ne urpaeT cymecTsenno:H ponu. KaY:ecTsenno 

HCHO, 'ITO CYI.l.{CCTBYCT OnTHMaJibHbiH C,LI;BHf' pe30HaHCOB, 

npu KOTOpOM Y:YBCTBHTCJibHOCTb ycTpOHCTBa MaKCHMaJihHa. 

Ilocne.a;HIOIO MO)f(HO c.a;enaTb ,LI;OBOJibHO BbiCOKOH, CCJIH HC

IIOJib30BaTb tPHJibTpbl C TaKHMH napaMeTpaMH f H d. 4T06bi, 

Bo-nepBbiX, lliHpHHa pe30HaHCOB 6blna BCCbMa MaJIOH 

I -Io-9 3B/, a so-sTopbiX, Y:HCJIO peJonancos 6bwo 6onb

lliHM /necKOJibKO .a;ecHTKOB/. B KaY:eCTBe KOHKpeTnoro 

npHMepa Ha pUC. 26 noKaJaHa paCCY:HTaHHaH JaBHCHMOCTb 

K03tPtPHU.HCHTa nponyci<aHHH CHCTCMbl H3 .Il.BYX tPHJibTpOB 

OT BCJIHY:HHbl H3MCHCHHH 3HeprHH HCHTpOHOB B npOCTpaHCTBe 

MC)f(.Il.Y tPHJibTpaMH. B pacY:eTe npe)l.nonaranocb, LITO na 

nepBbiH <lJunbTp na.a;aiOT ne:HTpOHbi c uJoTponHhiM y I"JIOBbiM 

pacnpe)l.CJICHHCM H OnHCbiBaCMbiC HaY:aJIOM MaKCBCJIJIOBCKO

ro pacrrpe)l.eneHHH no 3HeprHH c sepxne:H rpanuu.eii, paauoH. 

BblCOTC 6apbepa. IlOMHMO rrapaMCTpOB tPHJibTpOB, yKaJaH

HbiX B IIO)l.IIHCH K pHCYHKY 26, B pacY:eTe )l.JIH Ka)f()l.Of'O 

tPHJibTpa YY:HThiBaJICH CJIOH aniOMHHHH TOJIJ.QHHOH 0,1 MM, 

KOTOpbiH MOr 6bl CJIY)f(HTb IIO)l.JIO)f(KOH. 0TMCTHM, 'iTO Y4CT 

3TOH IIO)l.JIO)I(KH, a TaK)f(C norJIOJ.QCHHJI B tPHJibTpe H IIO)l.JJO)f(KC 

cna6o MeH.IIeT peJynhTaT. KpoMe Taro, yY:HTbiBanucb Mno

roKpaTHhie nepeoTpa)f(eHHH ue:HTpouos MC)f(.Il.Y <iJunbTpaMH 

/'ITO TaK)f(C HeCyl.l.{CCTBCHHO H3MCHHJIO pe3yJihTaTbl pacLie

TOB, rrpoae.a;eHHhiX 6e3 yY:eTa nepeoTpa)f(enuH./. 

IlpH Bbi'IHCJICHHH K03tPtPHU.HCHTOB npOXO)f()l.CHHJI HCHTpo

HOB CKB03b tPHJihTpbi B p.II,LI;C cnyqaeB HCnOJib30BaJIHC/ 

peKyppeHTHbiC COOTHOlliCHHJI, rrpHBC)l.CHHbiC B pa60TC/ 3 

H BCCbMa Y.Il.06HblC )J;JIJI MalliHHHbiX paCY:CTOB. 

)l,JIH perHCTpaU.HH C TOY:HOCTblO He Xy)f(e O)l.HOH CTa

THCTHY:CCKOH OlliH6KH C)l.BHra 3HeprHH \E Heo6XO)l.HMO, 4T0-

6bi na sxo.a; ycTpo:HcTBa 6hiJJO nanpasneno N 0 ue:HTponoa, 

npH 3TOM 

L'lE = 

6 

1 

d(yfT) -;N-
2----v o 

d(8E) 

/3/ 
j 

3)l.ecb T - K03¢¢uu.ueHT rrponycKaHHH ycTpo:HcTBa KaK <iJyuK

U.HH C)l.BHra 3HeprHH oE B npOMC)f(YTKC MC)f()l.y tPHJihTpaMH. 

3. Ecnu TOJJJ.QHHbi cnoes H)l.eanbHO paBHOMepHbi, TO, 

KaK noKa3hiBaeT paC'iCT, ycTpOHCTBO MO)f(CT HMCTb He or

paHHY:CHHYIO 4YBCTBHTCJibHOCTh. 0)l.HaKO npH H3f'OTOBJJCHHH 

tPHJJbTpOB MO)f(HO o6ecneY:HTb JIHlllb orpaHHY:CHHYIO O)l.HOPO.Il.

HOCTb B TOJJJ.QHHe CJIOCB. HaH60JihlliCC BJIHJIHHC Ha Y:YBCTBH" 

renbHOCTb oKaJbmaer O.Il.HOPO.Il.HOCTb TOJJJ.QHHhi P I or Koro

)OH 3aBHCHT noJIO)f(CIIHC pe30HaHCOB B K03tPtPHU.HCHTe npo

nycKaHHH/. Ecnu Ja)l.aThCH orrpe)l.eneHHhiM pa36pocoM B 

TOJI!.QHHC f, TO 06Hapy)f(HBaCTCJI MaKCHMYM B Y:YBCTBHTC.Ilh

HOCTH IIpH H3MCHCHHH napaMeTpOB f H d. IlpH YBCJIH'iCHHH, 

HanpHMep, o6eHX BCJJH4HH, C O,LI;HOH CTOpOHbl, YMCHhlllaCTCH 

lliHpHHa pC30HaHCOB B K03tPtPHU.HCHTaX npOXO)f()l.CHH.II tPHJihT

pOB, a C )l.pyrOH CTOpOHhl, CHJihHCC CKa3hiBaCTCH pa36poc 

B TOJII.QHHC f Ha nOJIO)f(CHHH pe30HaHCOB, 'ITO npHBO)l.HT 

K Cr Jia)f(HBaHHIO KpHBbiX npOXO)f()l.CHHJI, nO)l.06HhiX IIpHBC

)l.CHHhiM Ha pUC. 26. 
HaMH 6biJIH BhiiiOJJHCHhi pacY:eThi qyscTBHTC.JJhHOCTII 

ycTpOHCTBa )l.JI.II pa3JIH4HblX BCJIHY:liH OTHOCHTCJibHOf'O pa3-

6poca TOJJII~HHhl r lo- 3 s.Io-3 Io-·2 li 5.10··2 KaK 
' ' ' - ~ ~ 

oKa3anoch, nanpnMep, .a;nH pa36poca, pasuoro 10 ~.II nJo-

Tporrnoro y1nosoro pacrrpe)l.eJieHHH YXH na axo)l.e onTn

MaJibHhiMH rrapaMeTpaMH/npH JlCJIHY:HHC nOTCIIU.HaJIOB,yKa-

3aHHblX B IIO)l.IIHCH K pucyHKY 26/ JIBJilllOTCH: f ~ 2-3 MICM, 

d · ··100-150 A. B 3T~M cnyYae, npu JIHTCHCHBHOCTH na 

BXO)l.C 10 3 1-teump/c, 3a BpCMll. H3MCpCHIUI l '!aC 1.10:W.:HO 

06Hapy)f(HTb C,LI;BMT B 3Hepnm, paBHhiH · 3 ·10-
12

3JJ, .Qn>I 

YXH B )l.nanaJoHe /5-:-20/ l0-8 aB, T.e. oTnocrnem.r!"t.rfi 

C)l.BHr ·· 0,5 ·10-4• flpH y.Tiy'!H.leimH O,U:HOpO)l.HOCTH TOJIIJ\HHbi 

4YBCTBHTCJlbHOCTh pe3KO B03paCTaCT. 

YMecTHO OTMeTMTh, •no ::'JaHee 6hln npe)l.JJO)f(CII cp&l3Hn

MbiH no Y:YBCTBHTeJibHOCTH Me'fOjl; "cmUIOBOf'O 3Xii" )l.JI.il 

H3MepeH:!i.ll MaJihiX H3MCI·IeHHH 3HCpriHI/ 
4
/HCHTpOHOB, T&IO:<e 

i1pHMCHHMhlH H )l.JIJI YXH. 
4. CymecrseHHWM asnaercn cnoco6 3KcnepaMenTanh

Horo onpe)l.eJJeHHJI ~JYBC'IUHTeJihHCCTH ycTpOHCTBa II na

XO)f(,LI;CHHJI "pa604CH TO'lKll", T.e. HJMepeHHH KpHBOj npo

XQ)K,LI;eHH.II THIIa IIpHBCAeHHOH Ha puc. 26. 3TO MmKHO 

.Il.CJJaTh pa3JIHY:HhiM o6pa3oM. Bo-nepBbiX, MOiKHO :!i3MCH51Th 

yroJJ MC)f()l.y nJIOCKOCT .IIMH t}lHRbTpOB,Ha!IpUMep, flOBOpa'lHBaH 
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BTOpOH ~HnbTp, npH 3TOM H3MeHHeTCH HOpManbHaH KOM

llOHeHTa CKOpOCTH HeiiTpoHa ,IJ,nH BTOpOrO ~HnbTpa H COOT

BeTCTBYIO~HM o6pa30M C,IJ,BBraiOTCH pe30HaHCbl B K03~
~B:QBeHTe nponycKaHBH. Bo-aTopblx, MO:>KHO ace ycTpoiicT

ao I puc. 1 a/ noaopaquaaTb OTHOCBTenbHO ropB30HTanbHOii 

ocu, npu 3TOM YXH a npocTpaHcTae Me:>K,IJ,Y ~BnbTpaMB 
npuo6peTaiOT ,IJ,OllOnHBTenbHYIO 3HeprBIO B none TH:>KeCTB. 

B-TpeTbBx, qyacTBBTenbHOCTb MO:>KHO onpe,IJ,enHTb nyTeM 

nepeMe~eHBH BToporo ~BnbTpa no OTHomeHBIO K nepaoMy 

c pa3nuqHoii cKopoCTbiO /aHanoruqHo MeTo,IJ,BKe Mecc6ay3-

poacKoii cneKTpOCKOllBB/. 

5. Ha puc. 3 noKa3aHbl cxeMbi ycTpoiicTB, KOTOpbie 

MO:>KHO ucnonbJOBaTb ,IJ,nH onpe,IJ,eneHBH Manblx B3MeHeHBii 

BMnynbca XOnO,IJ,HblX B, B03MO:>KHO, TennOBblX HeiiTpOHOB. 

1 ~ ---, ~ : 0 
~~~ ~ ....... ___ 
2 5 3 4 

Q 

3 
2 5 

5 

Puc.3. CxeMa ycmpoilcme OAJI onpeOeAeHUJI MaAbiX U3MeHeHuil 
uMnyAbca xoAOOHbiX u menAOBbiX HeilmpoHoe: a/ - zeoMem
pu.R nponycKaHUJI, 6/ - zeoMempu.R ompaJICeHUJI. 1 - naoaK>
IJlUil ny'lOK HeilmpOH08, 2-3 - pe30HaHCHble fPU/Ib111pbl, 4 -
oemeKmop HeilmpoHoe, 5 - o6Aacmb, e Komopoil npoucxooum 
U3MeHeHUe UMnyAbCa. 
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HeiiTpOHbi a 3TOM cnyqae HanpaanHJOTCH Ha ~BnbTP no,IJ, 

ManblM yrnoM CKOnb:>KeHBH, B B 3KCnepBMeHTe onpe,IJ,enHeT

CH B3MeHeHBe KOMnOHeHTbl BMnynbCa, nepneH,IJ,HKynHpHOH 

noaepXHOCTH ~HnbTpa. llpH 3TOM MO:>KHO perHCTpHpOBaTb 

H3MeHeHue HMnynbca annoTb ,IJ,O 10-5 -10-6 A -l. BoJMo:>K

HOCTb npoae,IJ,eHHH H3MepeHHH B reoMeTpHH OTpa)l(eHHH 

OCHOBaHa Ha TOM, qTO K03qxpH:u;HeHT OTpa)l(eHHH, KaK H 

K03~~H:QHeHT nponycKaHHH, HMeeT pe30HaHCHbiH xapaKTep. 

B03MO:>KHa H KOM6HHa:QHJI <i>HnbTpOB, pa6oTaJO~HX Ha 

nponycKaHHe H oTpa:>KeHHe. 

B 3aKnJOqeHHe aBTOpbl npHHOCHT 6naro,IJ,apHOCTb 

B.K.llrHaToauqy H B.B.HHTUY 3a coaeTbi H o6cy)l(.ueHHH. 
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