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. . 

np1,1seii.eHbl peJynbTaTbl 'IHcneHHblX pac'leTOB sepoArnocrn nepesoporn cn1,1-

Ha MeAneHHblX HeHTpOHOB AflA MOAen1,1 aAHa6an1'lec1<oro CnHH-cpnHnnepa, npeA

Ha3Ha'leHHoro AflA MarHHTOpe30HaHCHoro JaMeAneHHA HeHTPOHOB, pacnpocTpa

HRl-01.J.lHXCA no JepKanbHOMY HeHTpOHOBOAY- 3aMeAnAI-OI.J.lHH :rneMeHT ocHosaH 

. Ha "1CnOflb30BaHH"1 noCTOAHHblX MarHHTOB AflA C03AaHHA seAyl..Llero MarHHTHOro 

. nonA_. PeJynbTaTbl pac'leTa yKa3blBaK>T Ha npHHU.HnHanbHYl-0 B03MO>KHOCTb co-

3AaHi1A MHoro,meMeHTHOH ·JaMeAflAl-01..1.leH CHCTeMbl "1 'IHCneHHoro pac'leTa no

BeAeHHA cnHHa HeHTpOHa B TaK~1X ycTpOHCTBaX. ' · 

Pa6oTa BblnOnHeHa B na6oparnp1,11,1 HeHTPOHHOH cplt13"11<"1 OI/IA Ill. 

Coo6I11e1rne 06'be)lHHeHH.oro HHCTHTyTa RnepHblX ucCJJ~osairnu. lly6Ha 1991. 

nepeBOA aBT0pOB . 

Pokotilovskij Yu.N., Shelkova 1.G., Oehler G. 
. Calculation of ~Variant of the "Inelastic" Adiabatic 

Spin-Flipper for Cold Neutrons · . . , 

P3-91-202 

The results of numerical ca_lculations of the probability of reverse of a slow 

'neutron spin for the model of the adiabatic ·spin-flipper are presented. The spin

flipper serves for the magneto-resonance· slowing down of neutrons, spreading 
. . . . . 

along a mirror' neutron guide. The slowing element. uses constant magnets for the 

creation of the leading magnetic field. The results of the calculation show the prin-. ..,., .. . . . . 

.. ' .. cipal possibility for the creation of a many-element ~lowing system and numerical 

calculation oft.he behaviour of the neutron. spin in such devices. 

The investigation has been performed at the Laboratory of Neutrn~ Physics, 

JINR. 

·Communication of the Joint Institute for Nuclear Research. Dubna 1991 . 
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1. r.M . .[(pa6m,rn H P:A.a<HTHHKoB111 npeAnO)KIUIH B 1960 r. ":meKTpo
MarHHTHhift" MeTO,IJ; nony1IeHI-UI "CBepXXOnO,IJ;HhIX'' HeftTpOHOB, OCHOBaHHhlll 
Ha c6poce sHeprim sa ·cqeT HsnytieHHH. KBaHTa npH npoxo)l(Aemm HeiiTpona 
qepes pesonaacnh1ft cnHH-qJnHnnep c nepeBopoToM cnHHa. IlepeBopoT cmma 

. ' npoHCXOAHT npH BbIIlOnHemm ycnOBHH pe3OHaHCa {MeTOn. Pa6H 
121

) : ' 

· 2µB 0 . 
(,J = (,J = -- "' y B , (1) 

1 L , n 0 

µ B 1 t/b = (2 n + 1 ) 11, ( n = O , 1, 2 , ••• ) , (2) ' 

rn.e Bo _; BenH'llHHa nOCTOHHHoro MarHHTHoro non.fl, µ - MarHHTHhlll MO
MeHT HeiiTpOHa, C,J 1 H ' B1. - llaCTOTa H aMnnHzyn.a nepeMeHHoro MarHHTHOro 
non.fl, HanpaBneHHoro nepneHAHeyn.Rpno B0, t - BpeMH npHno)KeHHH nona. 
B µaaHOM cnyqae t = f /v , rn.e f - ,!J;JIHHa npHnO)KeHHOrO non.fl B,IJ;Onh TpaeK
TOpHH neiiTpOHa, V, - CKOpOCTb ·. HeiiTpOHa. B pesynhTaTe nepeBopoTa CnHHa 
HeiiTpOHa H3 COCTOHHHH, napanneJlbHOrO BO' B aHTHnapannenhHOe npOHCXO- . 

AHT c6poc sHeprHH: · 

y\E = 2µB 0 • 
' 

(3) 

.[(JI.fl HeiiTpOHOB, 'coBepwaIOIQHX o6paTHhlll nepeBopoT, npOHCXO,!J;HT.TaKoe )Ke 
yBenH'lleHHe sHeprHH. B 111 n.na saMen.nenHH HeftTpOHo~ npen.naranocb HC~ 
IlOJlb3OBaTh nocnen.oBaTeJibHOCTh CilHH-qJJIHnnepoB Ha nyTH HeiiTpOHa. Pa6o
Ta .TaKoro ycTpoiiCTBa 6bma npon.eMOHCTpHpOBaiia B 3KCnepHMeHTe 

131
• 

. KaK cnen.yeT H3/l/ H 121 , MeTOA ocrpo lIYBCTBI-ITenen K CKOpOCTH HeiiT
pona H HenpHMeHHM K IIIHpOKOMY cneKTpy. B OTJIIltIHe OT Hero a,D;Ha6aTHtiec
KHft Bb~COKO'llaCTOTHhlll cnHH-qinHrinep pa6oTaeT B WHpOKOM n.ttana3oHe 3Hep
i'Hii HeftTpoHoB. On auanorH'lleH npen.no)KeHHOMX ,[(.BnoxoM n.na HMP 

141 

H n.na npOTOHOB 151 (CM. TaK)Ke MOHorpaq>HIO 
16 

) • 
BnepBhie an.tta6aTHtieCKHft cnHH-q>nHnnep MH HeiiTponoB (yJihTpaxo-

no,D;HhIX) ?blJl npHMeHeH B 171 ' a nO3)Ke n.na. TennOBblX B 18 • 91
. -

. B pa6oTe 1101 paccMoTpeHa BO~MO)KHOCTh npHMeneHHH an.Ha6aTHllecKo
ro .CnHH-cpmmnepa MH 3aMe,D;neHH.R HeftTpOHOB ,IJ;O YJibTpaxonO,IJ;HhIX, npHlleM 
npe,D;nonaranocb B npoMe~TKax Me)l(Ay yiiac-rnaMH i3aMen.neHHH ycTaHOBHTh 
sepKana An.fl OTpa)KeHH.R YXH H ·uanpaBnHTb HX B cneuHanbHhie uempoHOBO
,IJ;hI, CBOAHIIUle 3aTeM 3aMen.neHHhle ueiiTPOHbl B' O,IJ;HH 06-i,eM. 'B / l( 6bm 

© 061,;~HH~~H HHCTHTYT IIAepm,;x ~CCJICAOBaHHH ny6Ha, 1991 ' ' 
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'I 

_ll onncaa HHoii non.xon. K. TpaHccpopMaUHH cneKTpa ueftTponoB OT. HMnyJihCHhIX 

;~ HCTO'IIHHKOB. Bnaron.ap.R TOMY, ll:O HMnyJibCHhlll nyqoK "pacn~n3aeTCH~ 
:i nocn~ npoxo)K,IJ;eHH.R onpen.eneHHOH n.nHHbl nponera ,' H B Ka)K,IJ;hIH n.aHHblH ' 
/21 MOMeHT B ,IJ;aHHblll 3aMe,D;nHIOIUllll sneMeHT BXO,!J;HT HefnpOHbl C onpen.eneHHoft 
1
\ CKOpOCThIO, MO)KHO, COOTBeTCTBYIOIQHM o6pa30M pacnonO)KHB 3aMe,D;~lO-
l'' 
·.1·' I IQHe sneMeHTbl B,IJ;OJlb HeftTpoHOBO,D;a, BKnIO'llaTh H BblKJIIO'llaTb BhlCOKQliaCTOT.-
:Ci' aoe none B Ka)K,IJ;OM H3 HHX. HMO OTMeTHTb, lITO eme. B p~6oTe 111 6hma 
· · Kpanae naKOHH'llHO OTMetieHa 3Ta BO3MO)KHOCTb: "B cnyqae nMnynhCHblX nc-

l_j) . ToqaHKOB HettTpoHoB TopMO)KeHne MO)KHO npoBO,ll;IITh 6erymnM .MarnnTHhIM 

\ 
noneM". 

, J 2. PeaKTop 11:BP-2 JIH<l> 011:Hll o6nan.aeT B HacrnHmee ape1'.""1 MaKCHMa:1?-
\\ HbIM HHTepBanOM apeMeHH Me)K,IJ;y HMnynhCaMH cpe)];H nepuon.HqeCKHX HeHT-

' :jJ: pOHHbIX HCTOqHHKOB - 0,2 c H noTeHUHaJlhHO peKOPAHOH HHTeHCHBHOCThIO 
' 1! ' xonO,ll,HhIX HeftTpOHOB BO BpeMH IIMnynhca •. 3To Mor no 6bI CO3,IJ;aTh yHHKaJih-

lt . 
:1 Hhle ycnOBHH ,ll,n.R yBenuqeHHH HHTeHCHBHOCTH HettTpOHOB B ,ll,I1ana3oHe 3Hep~ 
:;f, rIIH · 10-? - 10-5 3B 3a cqeT Marmnope3OHaHCHOrO 3aMeMeIUIB HX H3 ,ll,Hana

\ 3OHa 6onee BhICOKHX 3HeprHi1 . .[(JIH ocymecTBneHHH npouecca 3aMenneHHH 

· aeo6xonnMo co3n.aTh cIICTeMy • pacnono)KeHHhIX · orrpen.eneHHhIM o6pa3oM 

,_],_! 

B,ll,Onh 3epKanhHoro HettTpOHOBO,ll,a 3aMe,ll,nHiomux sneMeHTOB, pa3,ll,enemt:61x 

'1' 
.I 

· ycTpoli:CTBaMn nepeBopoTa cmma OTHocnTenbHO Benymero MarHHTHoro no
nH. KaK CaMhIH nepBhif1 war B 3TOM HanprumeHnn B HacToHmew pa6oTe npii-
Be,D;eHhl pe3ynbTaThl pacqeTa 3aMe,D;JUIIOIQero 3neMeHTa C ncnonh3OBa'.HneM 

~ .nOCTOHHHbIX MarHHTOB. . 
;Ii 3. HanoMHHM ocHOBHhie qepThI a,D;na6aTnqec1rnro cnHH-cpmmnepa /4, 5, 7~. 

,._ : ~aK H3BeCTilO, BhlCOKoqa~TOTHoe MarHHTHoe none 

;'. B1 =B1[cos((,J 1t)ex +sm(6.) 1t)ey] 
4 ' 

➔ ➔ 

(4) 

)I · yMeHLwaeT z -KoMnoHeHTY scpcpeKTHBHoro MarHHTHoro nonH BO Bpamaro-

\_:11.j· __ ·_.·. mencH cncreMe K. oopnHHaT · 
: ➔ ~ ➔ ~ ➔. 

( ~err=Bo--y + Bl. 
1' 

(5) 

}(, , 113MeHeHne qacTOTbJ 6.)L (3a cqeT H3MeHeHHH ·Bo) OTHOCHTeJihHO (,J1 npHBo

·~ ,ll,HT K noBopoTy Barr Ha 18~ 0 • CnHH cne,ll,yeT 3a 3cpcpeKTIIBHhlM noneM, 
!i'~ ecnn BhmOnHHeTCH ycnoane a,ll,_na6aTH'llHOCTH 
~ ' 

J1_ • 1 · • · 2 
(6) 

(
lf) (,J = yBerr << 6.)1· 

\1 IlOCKOllbiey H3MeHeH0e e. B HeHTJ)OHHOM <j,JIHnnepe apoHcxonHT •• cqe,-

1t1 ,ll,BIDKeHH.R HettTpOHa B MarHHTHOM none, ycnoBne a,!J,na6aTH'llHOCTH HMeeT BHA 

,j 
j i, 
l· 
liJ 
J 

i Sbu:.ih,Kuii~il 1mcTu"l'Yl t 

j ~~"""''Ii"' .. '-I l:!"C ""''OP.'l!f'"" \ .,,,.... .... ~~-->\"' -,: .. H,l-4 d~ !;,i:~ 

~tSTii-iOTEHt. ' - -
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2 ·a . Bl Bo 
y-/-
. V az a >> 1. (7) 

,N 

/10/ 
. Bhltmcnemm noKa3hIBaIOT' · llTO aepOHTHOCTb noaopoTa cmrna 99% ,11,0· . 
• CTHraeTcH, ecnH napaMeTp a.u;Ha6aTWIHOCTH a~ 3. B H3BeCTHhIX cnyqaax npH- / 
MeHeHHH aAHa6aTHqecKoro CTIHH-qJnHnnepa . .u;na C03.JJ;aHHH MarHHTHOro nonH l \ 
Bo ·Hcnonh3Y,eTCH 3neKTpoMarmrr ~ nepeMeHHhlM rnaroM HaMOTKH C noneM, r\ 
napannenbHhlM BeKTOPY CKOpOCTH. IlepeMeHHoe MarHHTHOe none npH 3TOM \ '. / 
HanpaaneHo nepneH.JJ;HKynHpHo CKOpOCTH HeihpoHa. B HallleM Mo.u;enhHOM l.v 

➔ . I 

BapHaHTe. npe.u;naraeTCH .u;nH C03AaHHH BO HCTIOnb30BaTh nocTOHHHhie MarHH- -~' 
Thi cneu;HaJibHOH KOHqJHrypau;HH, npH 3TOM OCHOBHaH. KOMnOHeHTa Bo Ha- ; -
npaaneHa nepneHAHKyJIHpHo, a ocu;Hnm1py10mee none napannenbHo CKopocTH i · 
HeiiTpOHOB. ' 

- 4-. KoHCTPYKUHH .ycTpoifcTBa nOKa3aHa .Ha pHc.1. IlocTOHHHhiii MarHHT 
COCTOHT H3 6onhlllHX nnaCTHH 1 pa3MepoM lx6x14 CM H .u;ononHHTeJihHhlX 
6pyCKOB 2 pa3MepoM 0,5xlx14 CM. HettTpOHOBOA 3 c BHyTpeHHHM ceqeHHeM 
2x8 'CM OXBaThIBaeTCH BbICOKoqaCTOTHOll, KaTylllKOll 4 c BHyTpeHHHM ceqe. 
HHeM 3x9 CM, COCTOHIIJ;eii H3 ABYX yqacTKOB C npoTHBOnOJIOiKHhlM minpaa-

1 

3 
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4 
Puc.1. KoHCTPYKLUm cmm-qimmnepa (0603Haqemm B TeKcTe). 

4 

1J 
11 \.~, 
'. 

neHIIeM TOKa (KonWieCTBO BHTKOB 15. u 32, TOK 0,30 A). 3To c.u;enauo.AnH 
yMeHbllleHIUl BeJIWIHHhl BhlCOKoqacTOTHoro nonH Ha BXOAHOM yqacTKe TpaeK
TOplm HeiiTpoHa C u;enbIO yMeHbllleHHH aepOHTHOCTH nepeaopOTa cnHHa HeiiT
poHa Ha 3TOM yqaCTKe. Bee npHae.u;eHHhie qHC]!eHHhle napaMeTpbl nonyqeHbl· 
nyTeM no.u;rOHKH no KpHTepmo MaKCHMaJibHOll aepoHTHOCTH nepeBopoTa 
cnHHa HeiiTpoHa no IlJIOIIJ;aAH HeiiTpOHOBO.JJ;a. PacqeThl npOBOAHJIHCb AJIH 3Hep-

. u 1 -4 00 -1 rHH HettTpOHa 2· 0 3B ( VN = 2 MC ) : 
5. ,Una pacqeTa noae.u;eHHH cnHHa HeiiTpoHa npH npoxoiK.JJ;eHHH ero qepe3 

cnHH~qJJIHnnep Hcnonb3oaanach nporpaMMa SPIR0 ·112: • KoMnoHeHThI Mar

HHTHe>ro nonH, _C03.JJ;aBaeMoro nocTOHHHhIM MarHHTOM, BhlqHcnHJIHCb c6rnac
HO qJ~pMynaM, nonyqeHHhlM B pa6cne '13 '. BBHAY rpoM03AKOCTH BhipaiKe

HHii, npttBe.u;eHHhIX B noii pa6oTe, oHH 3.u;ecb He npHao.riaTCH. MarHHThI npe.u;-
4 

nonaranHCb HaMarHW_IeHHhIMH AO HaChIIIJ;eHHH ( B= 4 rr M= 2, 10 re). KoM-

noHeHThl ocu;ttnnHpy10mero nonH BhlqHCJIHnHCb nyTeM cyMMHpOBaHHH noneii 

OT 3neMeHTOB npoao.n;HHKOB c TOKOM._ BBHAY u;eHTPaJibHOii CHMMeTpHH 6hlno 
paccqHTaHO noae.u;eHHe cnmra .u;na 9 TpaeKTOpHii B OAHOM H3 4 npHMoyronb
HHKOB, Ha KOTOphie MOiKHO pa3.u;enHTb ceqeHHe HeiiTpOHOBOAa (pHc.1). 

Ha pHc.2 nOKa3aHhl aentttlllHhl noCTOHHHoro MarHHTHOro TIOJIH BAOnb HeKOTO

pbIX TpaeKTOPHII H ABYX HaH6onhlllHX KOMnoHeHT aMnnHTYA ocu;HnnHpyrome
ro nonH AJIH TpaeKTOpHH 5. qaCTOTa OCIJ;Hnnttpyromero nonH no.n:6HPaJiaCb 

s,m~ 2 
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PHc.2. BenHqHHa IlOCTOHHHoro MarHHTHOro IlOJill Bo AJIH HeKOTO· 

pb!X TpaeKTOpHii HeiiTpoHa H nepeMeHHoro IlOJill B l AJIH TPaeKTO· 

PHH 5. 
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H3 :ycno'mm pe3oHaHca nm1 yiracTKOB TpaeKTOPHH HefnpoHa c HaHMeHhllIHM 

. rpai:u1eHTOM MarHHTHoro no.Jin, llT06hI HaHnyllllIHM o6pa30M. BhIIlOJIHRJIOCb 

ycJIOBH·ea,n;Ha6aTHtIHOCTH (7) (KOOp,!l;ITTiaTbI TpaeKTOPHH B6JIH3H 4 CM, pHC.2) . 

PacctIHTaHHbie aepoRTHOCTH nepeaopoTa cmrna npttaeneHbI B Ta6nm~e. 

HoMep 

TpaeKTopmi 

1 2 3 4 5 

Ta6nu4a 

6 7 8 9 

· BepORTHOCTb 

·nepeaoporn 

cmrn:a 

0,99 0,98 0,96 0,99 0,985 0,97. 0,975 0,97 . 0,96' 

I-fa yKa3aHHbIX pe3yJihTaTOB cne.n;yeT, llTO, B npHHI~Ime, B03MO)KH0 IlOCT

poeHHe MHOr03JieMeHTHOH CIICTeMbI 3aMe,D;JIRIO~HX ycTpOttCTB Ha OCHOBe 

. IlOCTORHHbIX MarHIITOB H. npoae.n;eHIIe llllCJieHHOro pacl!eTa IlOBe,D;eHHR CilIIHa 

B TaKIIX ycTpOttCTBaX. 
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