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HeKOTOphle oco6eHHOCTH auanuaa nonspuaauuu 
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PaccMoTpeubr ,nee oco6euuocTu, B03HHKBIOII!He np11 auan~rse nonspu-
sauuu ynbTp8XOnO,QHblX HeiiTpOHOB MeTOAOM nponyCK8HHSI HeliTpOHOB "'epea · 
uaMarHH"'eHHbJe ljleppoMarHHTHbJe nneHKH. Bo-nepBbiX, ua npuMepe Bbr6opa 
pa3nH"'HblX MaTpHU, XapaKTepK3YIOWHX eepOHTHOCTH nepexo,na Me)!{,Qy pa3nH"'
HhlMH CllHHOBblMH COCTOHHHSIMH HeiiTpOHOB npH nponyCK8HHH H OTp8)!{eHHH HX 
OT TOHKonneHO'IHbJX nonsrpusaTopa a auanusaTopa, npo,neMOHCTpupoeauo enusr
HHe Bbr6opa eu,na MaTpHil ua nony'laeMyJO B 3KcnepuMeHTe cTeneub nonsrpusauuu 
ny"'Ka uel!Tpouoe. Bo-BTOpbrx, noKaaauo, 'ITO y'leT MHoroKpaTHbJX oTpa)!{eaull 
yllbTpaxono,nabJX uel!Tpouoe Me)!{,ny nonsrpusaTopoM H auanuaaTopoM yeenuquea 
eT BenB"'BHY nonspH38UBH HeliTpOHOB, onpe,nenseMyiO B 9KCnepHMeHTe no 
ABOIIHOMY nponycKaHHIO uel!Tpouos. CTeneub yeenu'!euusr T8K)!{e aaBKCHT oT 
Bbi60p8 MaTpHU. noK838HO, 'ITO B HeKOTOpb!X cny'IBSIX B03MO)!{H0 ysenH'IeHHe 
CTeneuu nonsrpK38UHH uel!Tpouos nyTeM ucnonbaoaauus Mllorocnoiiuoro nonsr

puaaTopa. 0TMe'leHO, 'ITO npOBOAH nonsrpK38UHOHHble 3KCnepKMeHTbl C HCnonb-
30B8HBeM OAHOCnol!HblX H MHOI"OCnol!HblX nonsrpH38TOpOB II 8HanH38TOpOB, 
MO)!{HO onpe,nenuTh BHA MaTpuu nepexo,na. 

Pa6oTa Bbmonueua B Jla6opaTopuu uel!Tpouuoll <t>uaHKH Ol15H1. 

Coo6weaue 06belluHeHaoro HHCTHTyTa SI.QepHbtX KCcneaosauuli. Lly6aa 1978 

Pokotilovsky Yu.N. 

Some Characteristics of Analysis of Ultracold 
Neutron Polarization 
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Two characteristic features which appear when analysing the 
polarization of ultracold neutrons by transmitting neutrons though 
magnetized ferromagnetic films are considered. First, choosing diffe
rent matrixes characteristic of possibilities of transition between dif
ferent neutron spin states at their transmission and reflection from 
the walls of a thin film polarizer and analyzer and the influence of the 
choice of a type of matrixes is demonstrated on a degree of neu
tron beam polarization obtained. Second, is shown that the con
sideration of multiple reflections of ultracold neutrons between a po
larizer and analyzer increases the neutron polarization determined 
by double neutron transmission. The degree of increase also de
pends on the matrixe choice. It is shown that in some cases the 
increase in neutron polarization degree is possible by using a mul
tipayer polarizer. It is pointed out that polarization experiments with 
the use of single-layer and multilyer polarizers and analyzers 
allow. to determine a type of transition matrixes. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1978 06'6ellBBeBHblR BHCTBf'YT Il/lepBblJC sccneaosaHBR /Iy6sa 

HccneAOBUHHe npoxo*~eHHH ynbTpaxono~HhlX HeDTpo

HOB /Y XH/ 4epe '3 ¢eppoMarHu fllbie nJieHKU /<1>£1/ npeAc raB

JIHe r HCKOTOpblH HHTCpCC B CBH3H C cymecTBOB8HHCM 

1a;~a4u noJI.IIpH3UUHH Y XH. Ilonnpu3aUHIO npoHJBO~.IIT nyTeM 

nponycKaHHH YXH <tepc3 HaMarHHYeHHbie <t>nlll_npH :.~ToM 
HeiiTpOHbl HCllbiTbiBaiOr 0 rpa*CHHC npH na~eHHH H3 BaKyyMa 

ua nneHKY, ecnH 3HCPI'HH YXH MeHbllle rpaHH4HOH 3HeprHH 

El p: 

E1·p. 
h:! 

:> Nb I B 
-mP r.o1 · fl E H't. :t: E ~Hll'll /l/ 

r·~e m- Macca HeH:rpoua, b 1\ol· - KorepeHTHaH ~nHHa pac

CCHHHH HCHTpOHa Ha CBH3UHIHJM H~pe, N - 4HCJ10 H~ep 
B e~HHHUC 06beMa, fl - MarHHTHhlH MOMCHT HCHTpOHa, 

B - BCJ1H4HHa MarHHTHOH HH~YKUHH. 
3HaKH + H - COOTBCTCTBYIOT aHTHnapanneJJbHOH 

H napaJJJJCJlbHOH opHeHTaUHHM MarHHTHOrO MOMCHTa H Han

paBJJCHHH HH~YKUHH. 

B ~Hana3oHe :meprHH or E 1111 :- E Mai'll ~o E,1n:E~ 1 at·n. 
CKB03b nneHKY ~OJl*Hbl npoxo~HTb JIHlllh HCHTpOHhl CO cnH

HOM, HanpaBJJCHHblM npoTHB HanpaBJICHHH MarHHTHOH HH~yK
UHIL B :JKcnepHMCHTe, r~e li3MepHJJCH 3$4leKT ~aoH:uoro npo

nycKaHHH ueH:rpoHOB Yepe3 11JleHo4HbiC nonHpH3aTop ll aua

Jlll3aTop/1.(6biJJa fiOJJyYeHa llOJIHpH3aUHH 78U/o npH HCll0Jlb30-

B8HHH nonHKpHcTaJJJJH4ecKHX nneuoK H3 *ene3a. B pa6oTe/~~ 
r~e HCllOJib30B8JlHCb MOHOKpHCTaJJJJHYCCKHC nneHKH H3 *e

J1C3a, 6wna ~OCTHrHyTa llOJIHpH38UHH 95-98U/o. 
fipHYHHhl HC~OCTaTOYHO BhlCOKOH llOJIHpH38UHH npH HC

ll0Jlb30B8HHH llOJlHKpHCT8JIJIHYCCKHX <l>fi CCHYaC He JICHhl. 
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MoryT urpaTh ponh He~ocTaToqHaH HaMarHuqeuuocTh nnu 

HCO~HOpO~HOCTh HaMarHHqeHHOCTH ITJICHOK; B03MO)!(H0 BJIHH· 

HHe IUCpOXOBaTOCTH ITOBCpXHOCTH cl>Il, He HCKmoqen:o BJIHH

HHC <}JeppoMarHHTHOH OKHCHOH ITJICHKH H T .IT. 

C ~pyroii CTOpOHbi, 06biqHhiH MCTO,Il, aHanH3a ITOJH!pH3a

IJ;HH, HCITOJIL30BaHHbiH B/1, 2/npHMCHHMbiH ~J!H TCITJIOBhiX H 
' XOJIO.U:HhiX HCilTpOHOB, ITOJI.HpH3YCMhiX nyTCM OTpa)!(CHHH OT 

MarHHTHhiX JepKan, HCJihJH nonHOCThiO nepeHOCHTL Ha YXH, 

r~e CYIIJ;CCTBCHHYIO pOJib MOryT HrpaTL MHOrOKpaTHble 

OTpa)I(CHHH MC)I(~y ITOJIHpHJaTOpOM H aHaJIH3aTOpOM / 3/, 

B ~aHno:H pa6oTe paccqnTaHhi B03MO)I(Hhle 3<P4leKTbi 

MHoroKpaTHhlX oTpa:>KeHHH npu aHaJIH3e nonxpuJan;uH YXH. 

Bee paCCMOTpeHHC HMCCT CMbiCJI B TOM CJiyqae, KOr,n:a 

ITOJIHPH3YIOIIJ;aH CITOC06HOCTb O~HOCJ!OHHOH ITJICHKH, Bhipa)!(ae

Ma.H B BH~e 

p 
N -N + 
-------' 
N + N + -

/2/ 

r~e N H N - COOTBCTCTBCHHO HHTCHCHBHOCTH npOWC}l,lUHX + -
qepe3 ITOJIHpHJaTOp HCHTpOHOB CO CITHHOM BBCpX H BHH3, 

HC paBHa C,Il,HHBIJ;C, qTO B Ha6JilO.IJ:aCTC.fi B peaJibHbiX CJiyqaJIX. 

liy.n.eM OITHCbiBaTb ~IT KaK ITOnHpH3YlOIIJ;ee ycTpOHCTBO 

C ITOMOIUhiO MaTpBU nponyCKaHBJI H OTpa)I(CHHH*: 

b b 
B = ( 11 12) 

b21b22' 

A = (all a 12 ) , 

a 21 a 22 
/3/ 

r~e aenuqHHbi bik u a 1k paBHhi aepo.IITHOCTHM nepexo.n:a 

HCHTpOHOB H3 CITHHOBOrO COCTO.HHHH k B COCTOJIHHC i npH 

ITpOITYCKaHHH H OTpa)!(CHHH OT cl>Il. IlpH 3TOM COCTO.HHHC 

I 1 
nyqxa HCHTPOHOB OITHCbiBaCTC.fi B BH.U:e ( I ) 

2 
~OCTaToqn:o onpe.n.eJICHHbiH Bbi60p BCJIHqHH BBC}l.CHHbiX 

K03!l><PHUHCHTOB HJIH XOT.fi 6b1 COOTHOIUCHHH MC)!(.IJ:Y HHMH 

B 06IUCM CJiyqae HCB03M0)!(CH. 

*B pa6oTef470wnH BBC.U:CHhl MaTpHIJ;hl OTpa)l(eHHJI npu 
aHanuJe nonspHJau;uu TennoBhlX ueiiTpOHOB. 
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3,n:ech paccMaTpuaaroTCJI ,n:ae npe.n.enLHhlx, c <}luJuqec

Koii: ToqKu Jpen:uJI, BOJMO)!(HOCTH. B o,n:HOM cnyqae npe.n:

nonaraeTcJI, qyo cl>II HaMarHHqeHLI ue .n:o HaCbiW.CHHH, 

H .n.na onucaHHJI Taxoro cnyqag npe.n,nonararoTCH MaTpHn;hi 

B H .A, HMCIOW,He CJIC.D:YlOW.HB BH,D,: 

1-a 0 
B = ( 0 1 ) ' a 

a 
A = ( 

0 

0 
) ' 1-a 

/4/ 

3,Il,CCb a - OTHOCHTCJihHaJI CTCITCHb OTKJIOHCHHJI HaMarHH

qeHHOCTH nneHKH oT Hacww,eHHH. B .n.pyroM cnyqae Mbi 

npe.n.nonaraeM, qTo <l>II uaMaruuqeua .no HaChliiJ;eHHH, HO 

CyW,CCTBYCT .IJ:CITOJIHpH3YIOIIJ;HB <}JaKTOp Ha ITOBCPXHOCTH ITJICH

KH H3- Ja HaJIHqHJI HCO.IJ:HOpO,Il,HOCTCH H pacce.IIHHblX MHKpOC

Konuqecxux noneB:. Ecnu o6oJn:aqHTh {3 aepoHTHOCTb nepe

aopoTa cnuua Heii:Tpoua npH npoXO)!(.IJ:CHHH noaepxHOCTHoro 

CJIOJI llJ!CHKH, TO COOTBCTCTBYIOW,HC MaTpHIJ;hl HMCIOT BH.IJ:: 

B 
2 

(1-{3) 2 

{3( 1-{3) f32 
{3 ( 1- {3) ) ~.A = ( 

' 2 

{32 

{3( 1-{3) 

{3(1- {3) 

(1- {3)2 

/5/ 

l1CITOJih3Y.II npHBC)l,CHHbiC Bhlpa)!(CHHJI H CYMMHpyH COOT· 

BCTCTBYIOIIJ;He MaTpHqHbiC p.H,nbl, MO)I(HO ITOJiyqHTh MaTpHIJ;bl 

npOXO)!(.IJ:CHH.fi H OTpa)!(CHHJI )l,JI.fl JII060B CHCTCMhl H3 cl>ll 

C yqeTOM BCCX B03MO)!(HbiX OTpa)I(CHHH OT BCCX ITJ!CHOK. 

HanpuMep, a cnyqae napaJIJieJILHO HaMaruuqeHHblX .n.ayx 

nneuox /5/ nonyqaeTcH cne.n.yromee ablpa)!(eHHe .n.ns MaTpHu;hl 

ITpOXO)I()l,CHH.H: 

y2 
C =yc[1 +a 2 ]B , 

2 1 _y2c2 2 
/6/ 

r.n.e y - K03!l><PHUHCHT, OITHCbiBaiOW,HH OCJia6JieHHC ITOTOKa 

HCllTpOHOB B ITpOCTpaHCTBC MC)!(.IJ:Y ITJICHKaMH, a= 2{3(1-{3), 
c=1-a. 

B 3TOM cnyqae nonspuJan;HH npome.n.mux ueiiTpoHoB, 

paauaa 
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p 
- ~ c21 

i ----

~c 
k lk 

- --- -----

~ cik 
ik 

/7/ 

He H3MCHHCTCH npH nepeXO)J.C OT O)J.HOH <l>fl K MHorocnoHHOH 

CHCTCMC. 
B .D.pyroM cny~ae /4/ nponycKauue ue8Tpouoa 4epe3 

.D.BYCflOHHYlO CHCTeMy OllHCbJBaeTCH MaTpHU.CH 

2 (1 -a) 
0 - -----

2 2 

I 
1 - (' (l c " y 

I /8/ 
1 

,, 
a-

0 
1 -- y 2(1 al 2 j 

npu 3TOM nonHpu3aU.HH npowe.D.WHX ueliTpouoa yaenH4HBae r-
1 '">...-. 
~- '-"-' 

CH OT 1- 2a )J.flH O)J.HOH nneHKH )1.0 )J.flH .D.BYX nne-
1-ata2 

uoK /npu y = 1/. Mmt<uo ua)J.eHTLCH, ~To.Hccne.D.YH H3Meueuue 

nonHpH3aU.HH HCHTpOHOB npH nepeXO)J.C OT O)J.HOH llJICHKH 

K MHOI'OCflOHHOH CHCTCMC, MO)I(HO nony~HTb HHcPOpMaU.HlO 

o aenu~uuax b ik . a ik . a c .11.pyro8 cTopoHLJ - yBenu~HTL 

nonHpH3YlOil.(YlO cnoco6uocTL nonnpu3aTopa, ucnonL3YH 

MHOrocnoHHYlO CHCTCMY. 
flpe)J.CTaBflHCT HHTepec paCCMOTpCTh 'lrixPCKf nepeoTpa

)I(CHHfi HCfiTpOHOB MC)I(.IJ.Y nonHpH3aTOpOM H auanH3aTOpOM 
I 1 •>/ 

a 3KcnepuMeuTe no HJMepeuHlO nonHpH3au.uu YXH .~ .)J,nH 

OllHCaHHH <1Jnunnepa, HaXO)J.Hil.(CrOCH MC)I(.IJ.Y nonRpH3aTOpOM 

H auanH3aTOpOM, HC06XO)J.HMO BBCCTH MaTpHU.Y llOBOpOTa 

cnuua .f 
0 

( 1 
1 
0)- BLI~HcneHHR .uaw r, npu y4e 1 e orpa-

)I(CHHH, CflC.D.YlOil.(HC MaTpHl.(bl llpOXO)I()J.CHHR 4epe 3 

"nonRpH3aTop,<1Jnunnep,auanu3aTop": 

a(1-a) 0 1 
D 1 -----

1-a(l-a) 
1 0 ), 

6 

CHC ICMY 

/9/ 

I 
t 

D 
2 

1+ (1- 2,8) 2 
a-----B 

1-a2 2 

COOTBCTCTBCHHO )J.flH cnyqaeB /4/ H /5/. 

/10/ 

lie3 y~eTa OTpa)I(CHHH COOTBCTCTBYJOil.(He MaTpHl.(bl paa
Hbl: 

2 _ (1 -a) 0 
D = ( ) ' 

1 0 a2 

/11/ 

-
D

2 
= B

2
JB 2 = aB 2 . /12/ 

Ha pucyHKe npe.IJ.CTaaneua aenu~uua HJMepHeMoro a JKcne
PHMeuTe OTHOWCHHH 

R 
N 1- N 2 /13/ 

N 1 + N 2 

r)J.e N i H N 2 - COOTBCTCTBCHHO CKOpOCTH C'ICTa )J.CTCKTOpa, 

pacnonaraeMoro Ja auanuJaTopoM, npu BLIKnw~euuoM u 

BKfllO~CHHOM ciJnunnepe KaK ciJyHKl.(HH llOnHpH3al.(HH ny~Ka 

YXH nocne npoxO)I(.IJ.CHHH nonHpH3aTopa /7 I. Kpuable 1 
H 2 COOTBCTCTBYlOT Bbi6opy MaTpHl.( /4/ H /5/ C y~eTOM 
OTpa)I(CHHH MC)I()J.y nonHpH3aTOpOM H auanHJaTOpOM, KpHBaH 

3 COOTBCTCTByeT 060HM cny~aHM 6e3 y~eTa OTpa)I(CHHH. 

Kpuaa11 4 oTae~aeT MaTpuu;aM, no.D.o6HLIM ucnonLJOBaHHLIM 
.D.nH BLI~HcneuuH nonHpHJau;uu a pa6oTe I 2/ : 

B 
1-p 

p 

0 

0 
) ' A 

0 0 

0 1 
) . 

H3 npuae)J.euuoro paccMoTpeHHH BH.D.Ho, ~To KoppeKT
HOCTL Bbi~HCflCHHH llOflHpH3al.(HH flO 3KCllepHMCHTaflLHbiM 

)J.aHHbiM CYil.(CCTBCHHO JaBHCH~ OT ciJH3H~CCKOrO MeXaHH3Ma, 

OTBeTcTaeuuoro Ja uenonuylO nonHpH3al.(HlO ny~Ka YXH, 

npoxo.IJ.Hil.(HX ~epe3 uaMaruu~euuylO ciJeppoMarHHTHYlO nneu

Ky, H oT y~eTa npou;eccoa nepeoTpa•euuH ue8Tpouoa 

MC)I(.IJ.Y nonHpHJaTopoM u auanuJaTopoM. 
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3aBUCUMOC1flb BeAU'lUHbl :J,j,peKifiQ 0BOUH020 nponyCKQHU.R 
om cmeneHu noA.RPU3aijUU YXH nocAe npoxoJKOeHU.R 'lepe3 
nOA.RpU3Q1fiOp. 

Aarop aecbMa npH3HareneH A.ll.Cepe6poay Ja noneJnoe 
H CTHMYJIHpyromee o6cy:>KAeHHe. 
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