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nepeMarl!If'IIIB8GMblMII <jleppOMarHI!Tl!blMI1 IJIJGHK8MII 
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ManolKeHbi nepBhie peaynhTBTbi 3KCnepHMeHra no npepbiBBHIIIO noroKa 

ynhTpaxonOAHblX HGlll'pOI!OB ycTpOfiCl'BOM, CO.!lepl!<8WHM TOKOBYIO <jlonbry 

II ABO <jleppOMBrHHTHble llflGHKI!, J13MepeHII51 11pOBOUllfli!Cb B CT8UIIOH8pHOM 

pe)KIIMe. Hcnonbaoaanncb nepMannoeBhie nneHKII (50% l!<eneaa + 50% HI!KenR) 

TOniUHHOl! 3 MKM, 3<\J<\JGK'I' 38llHp8HH51 HeilrpOHOB B03HI!Kan llpH npoXOl!<AOHHH 

qepe3 cpollhry TOKa, H8MarHH'IIIB810W!"rO nneHKH B npOTHBOIJOflOlKHblX 1!8-

npaBneRDHXo "0rKpblTOe' COCT05IHHe AflR Hel!TpOHHOro IIOTOKa C03ABB8fl0Cb 

U8M8rHH'IHB8HHeM nneHOK !3 OAHOM HanpaBneHHH C llOMOWbiO BHeWHero 

MarHHTHoro non11, B o6nacra s6nuan ocu <jlonhru, rne He npoi!CXOAIIT 

anua6araqecKoro nosopora cnnHa HellrpoHa, nony'leHo nRTHKparHoe ocna6-

neHne IJOTOK8 HeliTpOHOB B •aanepTOM' COCTO!IHHII IJO OTHOWGHHIO K HX IJOTOKY 

B • OTKpbiTOM' COCTO!IHHII, J13MepeHbl KpHBble 38llHp8HII51 ynhTp8XOnOAHbiX 

Hellrpouos no scell nnowanu TOKOBOl! <jlonhrH 11 npoaeneuo cpaBHeHHe 

c pacqeroM. Henocraro'IHO BhiCOKaH creneHh aanupaHHH o6bHCHHercH 

HenonHoll nonRpuaauHell HellrpoHOB npu npoXOlKIJellflli 'lepea KB>K.!lyiO 

H3 l!leppoMarHHTHbJX nneuox. YKa3aHhl B03MO>KHble nyTII noBbiWeHHR g~eK

THBHOCTB 38TBopa, 

Pa6ora BbiiJOnHeHa B na6opaTOpHH HellrpOHHOR <jlH3HKH OH fll-1. 

Coo6tneHRe 06bellHHGHI!OrO HHCTHTyTa HllepHblX HCCnellOBBIIHII. lly6Ha 1978 

Novopoltsev M.I., Pokotilovskii Yu.N. P3 - 11986 
The Shuttering of Ultracold Neutron Flux by Magnetized 
Ferromagnetic F'ilms 

The first results of the experiment on the shuttering of ultra
cold neutron flux by means of the device, containing the current Coli and 
two ferromagnetic films are reported, The measurements were produced 
ln the stationary regime, The permalloy 3 ,..m thick films (5o% Iron -
5~ nickel) were used, The shuttering effect for neutron flux appeared 
at the transition through the Coil of the current, magnetizing the films In the 
opposite directions. The "open" state for neutron flux was produced by 
the magnetization of the films In the same direction by means of the 
outer magnetic field. At the foil axis, where the adiabatic reverse 
of the neutron spin is absent, the fivefold weakening of neutron flux is 
obtained in the "closed" state in relation to the fl•..1x in the "open" state. 
The curves of shuttering of ultracold neutrons on the whole area of cur
rent foil were measured and compared with the calculations. Insufficiently 
high coefflc:lent of shuttering is explained by incomplete polarization of 
neutrons at the transmission through each of the ferromagr,etic films. The 
possible ways for improvement of efficiency of the shutter are indicated. 

The investigation has. been performed at the Laboratory 
of Neutron Physics, JINR. 
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B pa6oTe 1 ll 6~a~no npe.D.JIO>Keuo uecxon&xo Tanos «lJeppo
MarHHTHLIX JaTsopos .D.JIJJ yJI&TpaxoJIO.D.HLIX ueiiTpouos /YXH/. 
~eBCTBHe HX OCHOBaHO Ha OTpa>KeHHH HeBTpOHOB OT llOTeH
IUiaJlbHOrO 6ap&epa, coJ.D.asaeworo cy'MwapHLIM sJaHMo.D.ei
CTBHeM aeiiTpoua C JJ.D.paMH Cpe.D.Ll (U H[l ) H MarHHTHOrO 
uoueaTa aeii:Tpoaa c waraaTaoi HH.D.YI<naei s cpe.D.e (U ) : 

Maf'H 
h2 

li=--NbKor±p.B=UaA±UMarH , /1/ 
2" m 

r.D.e b Kor - xorepeaTaaJJ .D.JIHHa pacceJJHH.II aeiTpoaa ua 
.IIJJ.pax cpe.D.Ll, N - 'IHCJio .II.D.ep B e.D.HHHne o61>ewa, m - Macca 
HeiTpOHa, 11. - MarHHTHLIB MOMeHT HeBTpoaa, B - BeJIH'IHHa 
MarHHTHOi HH.D.YI<UHH B Cpe.IJ,e. 

Hl :noro BLlpa>KeHHJI BH.D.Ho, 'ITO s aaTepsane 3Heprai 
[UHA -UMarH • UaA+UMarH l npoacxo.D.HT oTpa>Keaae oT 
nosepXHOCTH HaMarHH'IeHHOrO «lJeppoMaraeTHI<a HeBTpOHOB 
c napaJlJleJI&aoi opaeaTanaei cnaaa OTHOCHTeJI&Ho aanpas
JieHHJI MarHHTHOB HH.D.YI<UHH. 

Hawa acnLITLIBanoc& O.D.HO Hl npeJJ.JIO)I(eHHLIX s Ill 
ycTpoicTs, no3BOJI.IIJOJUee s npaanane npoH3BeCTH 3anapa
uae noToxa YXH ae3aBHCHMO oT non.llpH3anau. 

Cxewa acnon&30Baauoro ycTpoicTBa noi<a3aaa ua puc. 1. 
YXH nocTynana no aeiTpoaoBO.D.Y, ce'leaae I<OToporo nepe
I<pLIBaJIOCb TpeXCJlOBHOB CHCTeMOB, COCTOJIIUeB 83 .IJ.BYX «lJep
powarHHTHLIX nneuox /<I>II/, pacnonaraeMLIX aa nosepxao
CTH TOI<OBOB «lJoJibrH. CI>OJibra npH npoTei<aHHH no HeR TOI<a 
C03.1J,aBaJia no o6e CTOpOHLI MarHHTHLle nOJIJI npOTHBOnOJIO>K
aoro aanpasneaa.11, Tax 'ITO <I>II uawaraa'lasanac& aaTa
napaJIJleJI&ao. 

Ecna noJIJJPB3YJOJUa.ll 
«llon&rB pasua 100~ a B 

cnoco6HOCTb <I>Il B none TOI<OBOB 
o6'beMe TOI<osoi «lJoJI&ra ae npoac-
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Puc. 1. CxeMa ycmpoilcmea OAJI uccAeOoeaHUJI npepbteaHUJI 
nomoKa YXH c ucnoAb3oeaHueM nepeMaZHU'lueaeMbtX t/Jep
poMaZHUIIIHbtX nAeHOK; 1 - HeUIIIPOH0600; 2 - KOAAUMQIIIOp; 
3- t/JeppOMQZHUIIIHbte nAeHKU; 4- 1110K06QJI r/JOAbza; 5- Ka

IIIYIUKU OAJI nepeMaZHU'lueaHUJI nAeHoK; 6 -oemeKJIOP YXH
nponopfiUOHaAbHbtii c'lelll'lUK c 3 He. 

XO~BT nOBOpOTa CnBHa HeiTpOHa B npOCTpaHCTBe, TO TaKOe 

ycTpoicTso ~OJDKHO nonHOCTLIO JanapaTL noTOK YXH npa 

npoTeKaHBB ToKa qepe3 «<lonLry B nponycKaTL non.llpB3o

BaHHLie HeiTpOHLI, KOr~a <l>ll C nOMO~LIO BHeWHBX K&TyWeK 

H&MarHB'IeHw B o~HOM aanpasneHBB. O~HaKo B peanLHOCTB 

npa nponycKaHBB YXH qepe3 <l>ll He ~ocTaraeTc.ll 100~-Hoi 
non.llpB3anBB. KpoMe TOro, B3·3a DPBCYTCTBB.II BHyTpB To

KOBOH «iionLrB KOMDOHeHTLI non.11, nepneH~BKyn.llpHOH noBepx

HOCTB, npOBCXO~BT C HeKOTOpOH BepO.IITHOCTLIO nepeBOpOT 

cnBHa HeiTpoHa npa npoxo~eHBB ero CKB03L «<lonLry. Be

po.IITHOCTL DOBOpOTa CnBHa, KaK B BenB'IBH& KOMnOHeHTLI 

MarHBTHoro non.11, nepneH~BKyn.llpHoi nosepxHoCTB «<lonLra, 

3&BBCBT OT paCCTO.IIHB.II OT cpe~Hei nBHBB TOKOBOH «<lonLrB. 

Ha puc. 2 npe~cTasneHa JKcnepaMeHTanLHO B3MepeH

Ha.ll 3aBBCBMOCTL 3anapa10~ei cnoco6HOCTB ycTpOHCTBa KaK 

«iiYHKnBB paCCTO.IIHBJI OT OCB TOKOBOH «iionLrB. 3anapa10~a.ll 
CnOC06HOCTL onpe~emmacL K&K OTHOWeHBe CKOpOCTei C'leTa 

~eTeKTOpa B 3aKpLITOM /'lepe3 TOKOBYIO «iionLry npoTeKaeT 

TOK/ B OTKpLITOM /TOK qepe3 «iionLry He nponycKaeTCJI, HO 

BMeeTCJI M&rHBTHOe none K&TyweK, H&M&rHB'IBB&IO~ee nneH

KB B O~HOM HanpaBneHBB/ COCTO.IIHBJIX. 
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Puc. 2. 3aeucuMOC111b 3anupa10111eil cnoco6Hocmu ycmpoilcmea 
0111 paCCIIIOJIHUJI 0111 OCU IIIOK060U r/JOAbZU /eM/; 1 - 3KCne
pUMeHIII, 2 - pac'lelll. 

<l>ll, B3rOTOBneHHLie nyTeM npoKaTKB, BMenB COCTaB 

50~ Fe + 50~ Ni B TOn~BHY 3 MK. llone TOKOBOH «<lonLrB 

TOn~HOi 0,75 MM, napannenLHOe ee nnoCKOCTB, COCTaB· 

n.11no 25 3. HaMarHB'IBB&HBe nneHOK B o~HOM HanpasneHBB 

npoBJBo~anocL noneM 50 3. Ha puc. 2 npe~cTasneHa 

nBWL 'I&CTL KPBBOH, COOTBeTCTBYIO~&JI O~HOH nonOBBHe To

KOBOi «<lonLrB; B ~eHCTBBTenLHOCTB B3MepeHBJI npOBO~BnBCL 
no BCei WBpBHe TOKOBOH «iionLrB: KpBB&JI, KaK B OlKB~anoCL, 
6wna CBMMeTpB'IHOH OTHOCBTenLHO OCeBOH nBHBB «iionLrB. 

KaK BB~HO B3 B3MepeHBH, ~aliCe Ha OCB «iionLrB, r~e OTCyT

CTByeT a~Ba6aTB'IeCKBH nOBOpOT cnBHa HeiTpOHa B npocTpaH

CTBe, 3anapaHBe nOTOKa HeiTpOHOB He .IIBn.lleTC.II nonHLIM. 

3To o6b.IICH.IIeTc.ll He~ocTaTO'IHO nonHoi non.llpBJanaei HeiT

poHOB npB npoxo~eHBB BX 'lepe3 K&~YIO B3 <l>ll. llpB'IBHLI 

JaMeTHoro oTnB'IB.II oT 100~-Hoi nonJipB3anaa YXH npa 

nponyCK&HBB BX 'lepe3 H&M&rHB'IeHHLie nonBKpBCTannB'IeCKBe 

Cl>ll ylKe 6LinB npe~MeTOM 06CylK~eHBJI /2,3,4/, O~H&KO OHB 

cnenaanLHo He aJy'lanacL. 3~ecL MLI npe~nonaraeM, 'ITO 

MOryT BMeTL MeCTO ~Be KpaHHHX B03MOlKHOCTB: BO·nepBLIX, 
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DpB 3aMeTBOM OTHB'IBB HauarH&'IeHaOCTa OT aacwuteaB.I 
BMeeTC.I BepO.ITaOCT~ DpOXO*Aeaa.l CKB03~ nneHKY HeiTpo
aoB c Janpemeaaoi non.1pa3auaei; so-aTopwx, uo•eT npo
BCXOART~ DOBOpOT cnaaa HeiTpoaa s6na3H ana BHyTpa no
BepXHOCTaoro CHOJI fl>Il a3- 3a HeO,ll.aopO,li.HOCTei HauarHH'IeH
HOCTa a wepOXOBaTOCTH DOBepXHOCTH. B COOTBeTCTBHH C :na
Ma .li.BYMJI B03MO.HOCTJIMa npoa3BO,ll.aTCJI BW60p MaTpH.Q 
DpOXO~eHaJI a OTpa•eHaJI, OnHCWBaJQutaX sepoJITHOCTR pea
n&3a.Qaa pa3na'IHWX cnaHOBWX COCTOJIHai HeiTpOHOB npa npo
xo•,ll.eHaa a OTpa:>KeHRR I 51 : 

_ ( 1-a 0 ) Bl-
0 a A,{~ 10-.) - /2/ 

MaTpR.QW nponycKaHRJI a OTpa:>KeHaJI, COOTBeTCTBYIOI.QHe 
nepsouy npe,ll.nono•eHaro, a 

B2 
·(<1-tn2 f3<1-f3)) 

{3(1- {3) {3 2 • 
A2 

( {3 2 {3(1-{3)\ 

=~(1-{3) (1-{3)2) /3/ 

- TO :>Ke caMoe ,ll.nJI BToporo npe,ll.nono:>KeHHJI. 3,ll.ec~ a- cTe
neH~ OTna'IRJI HaMarHa'leHHOCTa fl>Il OT HaCWuteHRJI, {3 - Be
pOJITHOCT~ nepesopoTa cnaHa HeiTpoHa npR npoxo*AeHRR 
nosepxHOCTHoro cnoJI. Ha puc. 2, Kpoue 3KcnepRueHTan~Hoi 
Kpasoi, noKa3aHa TeopeTa'leCKR pacc'IRTaHHaJI KPRBa.l 3a
naparomei CnOC06HOCTR KaK l)yHK.QRJI paCCTOJIHRJI OT OCR 
TOKOBOi l)on~ra. KpasaJI pacc'laTwsanac~ cne,li.YJOutRM o6-
pa30M: BHa'lane .li.HJI TO'IKa, pacnono:>KeHHoi Ha ocR, r,ll.e He 
npoacxo,ll.aT nosopoTa cnaHa HeiTpoHa, Ha ocHose R3MepeH
Hoi 3anRparoutei cnoco6HOCTR onpe,ll.enJinac~ napaMeTpw a 
R {3 MaTpR.Q nponycKaHaJI R OTpa:>KeHRJI. IlpR 3TOM y'laTbiBa
nacb BCe 31)1)eKTW OTpa:>KeHRJI OT 6apbepoB R 3aXBaTa B f!>Il 
H TOKOBOH l)onbre. 3HepreTR'IeCKRH ,li.Rana30H RCnOHb3yeMbiX 
HeiTpOHOB 3aKnJO'IancJI Me~y 134 H3B I u.HJI- u MarH ,li.HJI 
4>11/ R 214 H3B /sepxHJIJI rpaHa'IHaJI 3HeprRJI HeiTpoHoso
M/. 3aTeM c acnonL30BaHHeM onpe,ll.eneHHWX napaMeTpos 
a a {3 /paBHWX COOTBeTCTBeHHO 0,087 a 0,083/* BW'Iac-

* CooTBeTcTBeHHo nonJipR3YJOutaJI cnoco6HOCTb nneHOK ,li.HJI 
3TRX cny'laes, swpa:>KaeMaJI B Ba,ll.e P =1-2a R P=1-2,8. 
pasHa 0,83 a 0,84. 
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nJinacb 3anHparo~aJI cnoco6HOCTh no scei rnRpHHe Tokosoi 
l)onbrH. IlpH 3TOM ,li.OnOHHHTeHhHO BBO,JJ:HnaCh MaTpH.Qa no
BOpOTa CllHHa B TOKOBOH l)onhre 

T=c1-8 8 ) 
8 1-8 

/4/ 

r,ll.e o - sepoJITHOCTb nosopoTa cnaHa - BW'IacnJinacb no 
l)opMyne R3 pa6oTw 161 : 

8 d -exp[- "flHj. l aH . 
11--" at 

/5/ 

r,ll.e H" R H.J.. - cooTBeTCTBeHHo napannenLHaJI a nepneH-
,li.HKynJipHaJI noBepXHOCTH l)onbrH KOMnOHeHTW MarHaTHOrO 
nonJI, fl - MarHHTHWi MOMeHT HeiTpoHa, t - speMJI B cHc
TeMe HeiTpoHa. Bapaauaa l)opMw cneKTpa B yKalaHHOM 
HHTepsane 3HeprHi a l)opMw yrnosoro pacnpe,ll.eneHHJI HeiT
poHoB, na,ll.aJOutBX Ha 3aTBOp, npaKTB'IeCKH He B3MeHJIHH 
pac'leTHOi KpHBOi. 3TO CBJI3aHO C TeM, 'ITO ,l).OCTynHbli 
HHTepsan 3Heprai YXH 6wn .li.OBon~Ho y3oK. Pacc'I&TaHHwe 
KpHBWe 3anapaHBJI ,l).HJI .li.BYX TBnOB MaTpB.Q npaKTB'IeCKH 
He pa3na'lan&cb. Ha6nro,ll.aeTC.I HeKoTopoe OTHB'I&e 3Kcnepa
MeHTanbHoi Kpasoi OT pac'leTHoi. Bap~aposaHae 34M)eK
TBBHoro nornouteHBJI HeiTpOHOB B TOKOBOI l)o~re 3a C'leT, 
Hanp&Mep, HeO,li.HOpO,li.HOCTei, npBBO,ll..llltBX K ysenB'IeaBJO non
HOrO Ce'leHB.I B3aBMO,ll.eiCTBB.I HeiTpOHOB 17/, He yny'IWano 
cornaca.1 pac'leTa c 3KcnepaueHTou. Bo3MOliCHO, 'ITO npa
cyTcTsae .z,n Ha noaepxHocTB TOKosoi l)on~ra 3aueTHO 
B3MeH.IHO B ny'IWYJO CTOpOHY COOTHOWeHBe KOMno&eHT Mar
HBTHOrO nonJI. Kpoue Toro, B03MO>KHo, 'ITO .li.HJI onacaHB.I 
npOXO*AeHBJI HeiTpOHOB CKB03~ fl>Il He06XO,li.BMO BCnOHb30-
BaT~ uaTpauw &Horo BB,ll.a. MaTpauw 6onee o6utero BB.ll.a 
HaMB He BCnWTW'i38.HBC~. 

3anaparomee ,ll.eicTBBe 3aTsopa uo:>KHo yny'IWBT~, acnonL-
3YJI MOHOKpacTanna'leCKBe nne&Ka, ,ll.n.l KOTOpWX B pa6oTe/4/ 
6wna nony'leHa non.lp&3a.QB.I 95-98~. Ilnouta.ll.b pa6o'lei o6-
nacTa 3aTBOpa, 3aBaC.IIItYJO OT aepO.ITHOCTa DOBOpOTa cnaaa 
B TOKOBOi l)onbre, MO>KHO ysenB'IBT~ BO MHOrO pa3, acnon~-
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3YJI 6onee TOHKYIO TOKOBYIO <ilOJibry. KpoMe TOro, KOMOO· 

HCHTY MarHHTHOrO DOJIJI, nepneH,I(HKYJIJIPHYIO DOBCPXHOCTH, 

MO~HO YMCHbWHTb C DOMOmbro BHCWHHX DpOBO,I(HHKOB C TO· 
KOM. 

H3yqeHHe H ynyqweHHe CBOHCTB Taxoro 3aTBopa Heo6-

xo,nHMO C TOqKB 3pCHHJI 3a,naqu C03,I(aHHJI HMDYJibCHOrO Ha· 

KODHTCJIJI YXH H 6blcTporo npepLIBaTeJIJI ,nnJI cnei<TpoMeT· 
puu, a TaK~e B03MO~Hoi 

3KcnepuMeHTOB c YXH. 
DOCTaHOBKH HCCTaUHOHapHbiX 

B 3aKnroqeHHe Bblpa~aeM rny6oi<yro npH3HaTeJibHOCTb 

B.H.Mopo3oBy, IO.IO.KocsuHuesy H IO.A.KywHupy 3a npe,no

CTasneHHyro B03MO~HOCTb npOBC,I(CHHJI H3MepeHHH Ha KaHane 

YXH HHHAP/8/ /r.,[{HMHTposrpa.n/. MLI 6naro.napHM TaK· 
~e IO.B. TapaHa 3a none3Hble o6cy~,neHHJI. 
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