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HeMe HOB n.n. P2 - 12295 

P acnan Hel1rpoHa Ha a TOM aonopona H a nrHHefi rpH HO 

pacCMO T pe ll p8C fl 8ll H e fiTpOHB 1-1 8 8 TO M B0ll 0 p 0Jl8 H 8 HTH.H e i'ITp HH O . 

B bi '-IH Cne Ha sepost TH OC Tb ar or o npouecca H onpenene Hbl KBa nronbJe liH Cn a 

o6pa3yK> WHXC 51 a roMas . C.aena HbJ o u eH KK HHTe H C H B H OC TH n y YK OB a r o M OB 

BOilOpOilB H noTOKOB $OTOHOB Ce pHil n aiiMa Ha H 6anb Mepa , KO TOpL!e "or yr 
6hJTb nony '-l e Hbl Ha cyw ec rsy lOLUHX pea K r op ax. B t.IYHcneHVI aeposrruoc ru 
HCfl YC K BH H H B O.UOpO!l8 B 38 BHC HM OC TH O T C HHp a n h H OC TH a n eK T pO HB U npo

T O H B . Yc ra uoane no, 4TO a e pO R TH OC Th H c n yc K a HH51 aroMa a Oll H OJ1 H3 4- x 
Cfl U HOBbJ X K O I-I ~I Hf' ypaUHH '-lyBC T B H.Te nhH B K B8pH 8 HT8 M C n a6or O B38 HMOlleit

CTBH51 , OTnll 'lH biX OT (V-A), TBK KBK BKnao (V-A), B 3TOT Ka Han COc raanSleT 
0,5%; B T'Op851 Cfl HH OB851 K OH¢nt ry p a UH S1 3an pe w e H a , eCnH C nHp 8 1lb ii OC T b 

8 11THHei'I TpHH O n o nO>K HTell b H8. 06Cy >Knae T C51 B03MO)K JI 0C Tb H3Mepe iHHI BepOSlT

H OC T e ii n051BfleH H SI B OJl OP Ollll B 3 THX CnU H O B hiX KOIHtm ry p aUHSIX C U OMOIIlblO 

a T O M OB , H 8XOllSIWHXC H B Me T BC T 86 Hllb H O M COC T OH IIHH 2 & 

Pa6ora BblnOnHe Ha B n a6opa r opHH 51 /le pll blX npo6ne M OlllHI. 

npenpHHT 06'bellHH9HHOrO HHCTKTYT8 51JlepHblX HCCneOOB8HHl!, Lly6Ha 1979 

Nemenov L.L . P2 - 12295 

Neutron Decay into a Hydrogen Atom and an Antineutrino 

The neutron decay in to a hydrogen a tom and anti neutrino is 
considered. The probability of that process has been calculated 
and quantum numbers of produced atoms have been determined. The 
intensity of hydrogen atom beam and of the photon flux of Laiman and 
Balmer series that can be obtained at existing reactors have been 
estimated. The probabilities of hydrogen emission as a function 
of electron and proton helicities have been calculated. It has 
been found that the probability of atom emission in one out of 
four spin configuration is sensitive to variants of weak interactions 
that are different from (V-A), because the (V-A) contribution to 
this channel is 0.5%; the second spin configuration is forbidden 
if antineutrino helicity is positive . A possibility of measuring 
the hydrogen origination probabilities in these spin configurations 
using atoms that are -in metastable 2S - state is discussed . 

The investigation has been performed at the Laboratory of 
Nuclear Problem, JINR. 

Preprint of the Joint Institute lor Nuclear Research . Dubna 1979 

BBE,4EHJ1E 

Bu.n r aMH JJ bTOHHaHa cna6o r o a JaHMO.D.elicTBHll l V A) . npe,nno

>KeHHbiH B pa6o T aX rennMaHa-ll>eHHMaHa H MapwaKa-Cy,napwa-

6biJl llO,!lTBep>K,!leH MHOr04HCJJeHHblMH 3KCnepuMeHTaMH . 
Ha 1 ~ 
B Hau6onee T04HbiX onhiTax 6biJJO ycTaHoaneHo, 4TO BKJJa.D. ,npyrux 

B3aHMO,!leHCTBHH (S . p . 'f) He npeBbiWaeT HeCKOJlbKHX npoUeHTOB. 

)l.anbneiiwuii noucK aoJMO>KHbiX nonpasoK K (V - A) - ·aJauMo.neli

CTBHIO Tpe6y e T JJH60 Cy!Ue CTBeHHOrO llOBbiWeHHll T04HOCTH 3KCne

puMeHTOB H T eopeTH4eCKHX paC4eTOB, JJH60 U3y4eHHll TaKoro npo

uecca, B O,!lHH H3 KaHaJJOB KOTOporo no KaKHM-HH6y,!lb npH4HHaM 

( V - A) - raMHJ!bTOHHaH ,naeT He 3Ha4HTeJ1bHblH BKJ!a)J. ,B TO apeMll 

KaK ,npyrue MeXaHH 3 Mbl cna6oro BJaHMO)J.eHCTBHll OKa3biBaiOTCll He 

n o,naane HHbiMH . 
B HaCTOll!UeH pa6oTe KOJJH4eCTBeHHO paccMoTpeH pacna.D. ueli. T -

poHa Ha aTOM BO,!lOpo,na H aHTHHeHTpHHO : 
/1/ 

11 oH ' I-; 

H ycTaHOBJJeHO, 4TO npH HCnycKaHHH BO,!lOpO,!la B O,!lHOM H3 COCTOll

HHH caepxTOHKOH cTpyKTYPhi aKna.D. (V ·• A) - raMHJJbTOHHaHa no,naa

neH npuMepHo ua .D.Ba nopll,nKa . 04eBH,!lHO, 4TO HJMepeHue aepollT 

HOCTH ucnycKaHHll BO,!lOpO)J.a B TaKOM COCTOllHHH llBJJlle T Cll 4 Y BCTBH" 

TeJJbHblM MeTO)J.OM npoaepKH Cy!UeCTBOBaHHll aapuaHTOB cna6oro 

BJaHMO,!leHCTBHll, OT J1H4HblX OT ( V- A) . 
B npouecce /1/ ~ ecnu cnupanhHOCTb aHTHHeliTpHHO nono>Ku-

T e JJbHa , JaKOHOM coxpaHeHHll npoeKUHH nonHoro MOMeHTa Janpe -

~ 8 COOTBeTCTBHH C pa6oTaMH ,:3, 4 1. B KOTOpbiX TeopeTH4eCKH 

6blJlH paCCMOTpeHbl npeapa!UeHHll 3JJeMeHTapHblX 4aCTHU, conpo

ao>K,naeMbie ucnycKanueM aToMOB, npouecc /1/ 6yJJ.eT HaJbiBaTbCll 

aTOMHblM pacna)J.OM, a ,!lJlll aTOMa BO,!I.OpO,!I.a HCll0Jlb30BaTbCll o6oJ· 

Ha4enue A pe. )l.o HaCTOlllllero apeMeHH y.D.anoch ua6niO.D.a Tb · 
5 

TOJJbKO aTOMHbiH pacna.D. K'L -MeJoHa : K '{. -• v ,. (i7 1d - aToM. 
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ll.leHO HCnyCKBHHe A pe C OTPHI..IBTeJibHbiMH CnHpBJibHOCTJ'IMH 3JleKTpo

Ha H npOTOHB. H3MepeHHe CTeneHH JanpeTa nOJ'IBJleHHJ'I BTOMOB 

B TBKOM COCTOJ'IHHH HJIH HX Ha6mo)J.eHHe J'IBJIJ'IeTCJ'I npl'IMbiM MeTO)J.OM 

onpe)J.eJieHHJ'I CnHpBJibHOCTH BHTHHeHTpHHO, HCnyll.leHHOrO B 6eTa

pacna)J.e HeiiTpoHa. 

CBoiicTaa 3BPl'l*eHHoro nenToHHoro Toxa xopowo H3y'leH~ npu 

CKOpOCTJ'IX V • C , KOr)J.a 3BPl'l*eHHbiH nenTOH "HeHTPHHOnO)J.06eH". 

OcHOBHBJ'I npouepxa $opMbi 3BPl'l*eHHoro TOKa npu v << c nonyqe

Ha H3MepeHHeM OTHOWeHHJ'I BepOl'ITHOCTH K-JaXBBTa K Bepol'ITHO

CTH HCnycKaHHJ'I no3HTpOHa. 
- 3 

B npo1..1ecce /1/ cxopocTb 3JieKTpoHa v - 10 c. Tio3TOMY 

onpe)J.eJieHHe HHTeHCHBHOCTH HCnyCKBHHJ'I BO)J.OpO)J.B B pB3JlH'IHhlX 

COCTOJ'IHHJ'IX no CnHpBJibHOCTH J'IBnJ'IeTCJ'I BeCbMB )J.eTanbHOH npoBep

KOH $opMbi raMHJibTOHHBHa npu cxopocTJ'IX nenToHa v '< c. Mo*HO 

3BMeTHTb, ~TO B OnhlTBX no cna6biM B3BHMO)J.eHCTBHJ'IM TBKHe cno*

HbJe CnHHOBbJe KOppeJIJ'Il.IHH He H3Y'IBJlHCb. 

B npouecce /1/ 4BCTb BTOMOB B03HHKBeT B MeTBCTB6HnbHOM 

COCTOJ'IHHH. flpOBe)J.eHHbJe Ol.leHKH nOKB3biBBIOT, 4TO HB CYll.leCTByiO

ll.IHX peaKTOpax MoryT 6bJTb nonyqeHbl ny4KH MeTaCTa6HJieH, HHTeH

CHBHO CTb KOTOpbiX )J.OCTB T04HB )J.JlJ'I Onpe)J.eJieHHJ'I BepOl'ITHOCTeH 
16 1 HCnyCKBHHJ'I BO)J.OpO)J.B B p a 3n H4HbiX CnHHOB~X COCTOJ'IHHJ'IX 

§J. BbllJJ1CJJEHJ1E BEPOJJTHOCTJ1 ATOMHOFO 
PACllA,l{A HEHTPOHA 

3neMeHT S- MBTPHUbi, onHCbiBBIOll.IHH npo1..1ecc I 1/, npH6JIH-

* e HHO /3, 7 I 

pOHB npH Vp 
paBeH npOH3Be )J.eHHIO S -MaTpHUbl 6e T a-pac n a)J.a Heif T -

V,. Ha <l!YHKUHIO 

) 
3 ;2 Q 0) 1.'2 

(217 (--- r.J, (0). 
M II 

A 

rp.e ~ - 4 eTbipex HMn ynh c aTo~a /Q
0

, Q /, MA- e r o M acca, 

Vp ; V e - CKOpO CT H npOTOHB H 3 n e K T p OHa, a r./1 11 (0) - B OJI HOBB J'I 

$ YHK1..1HJ'I BO)J.OpO)J.B H a M B JlbiX paCCT OJ'IH H HX. 3neMeHT S - M aTpH -

U~ , OnH C~BaiOll.IHH 6 eTa -pac n a)J. H eHTp OHB, 3BnHW e M , HCXO)J.H H 3 

(V-A) -ua pHa HTB cna6or o B 3BHMOJJ.e iicTBHH . Onycxa g B Bbipa

* eHHH )J.Jl H B)J.pOHHO r O T OKB 4Jl e Hbl, COOTBeTCTBYIOll.IH e CJIB 60M y 

M BrHeTH 3 M Y H HHJJ.YUHPOB BHHO M y nceB)J.OCKBJI Hpy, )J.Jl J'I B MITJIHTYJJ.hl 

n p o u .ecca / 1/ n o nyqae M : 

4 

. 312 Qo 112 . G cosec mM 11M p 112 
A = <f I Sl1 > = (217) ( ---) •1• (0) . ( -1) ---- ------ ( ------------) X 

M '~'n -- 2 
A y2 (217) p 0 p nO p pO 

/2/ 

x um(P)y (1+y )u 11
(-q)ur(P )y (g +gAy )u

8
(P )·o(Q + q-P ), 

a 5 paV 5 n n 

r)J.e P 
11

, Pp , P, q - COOTBeTCTBeHHO '16TblpeXHMnynbC~ HeHT

pOHB, npOTOHB, 3JleKTpOHB H aHTHHeii:Tp HHO, a M 11 , M P' m - Mac

e~ 3THX qacTHU, Q = Pp + P, ,MA ~MP +m, Oc -yronKa6a66 o. 

BepOJ'ITHOCTb aTOMHOrO pacna)J.a HeHTpOHa B e,IlHHHUY BpeMeHH 

uwpa*aeTcl'l qepe3 npoHJBeJJ.eHHe AA+ , _npocyMMHpoaaHHoe no 

COBHaM KOH6'1HbiX 'laCTHU H ycpe)J.H6HHOe DO CDHHY H6HTpOHa: 

1 --+- ........ 
dWA=--- lAA o(Q+q-P )dQdq. / 3/ 

211 11 

HCXO)J.J'I H3 <lJopMyJI /2/, / 3/, )J.nl'l rronHOH BepOl'ITHOCTH BTOM HOrO 

pacn a)J.a HMeeM: 

G 2cos2ec 
W A = ---4-; ----

MA 2 &,2 2 2 
- M3-(M n - M AJ [(lgJ 2 + l gAI2)( 1 + -~.E-~-~~)-

n 2M2 A 
/4/ 

2 2 Mn M ~ + M ~ "" 2 
- <lg I - lg I ) ---- + 2 R eg g * (1- ---------)] · l l r./J ( O)I 1/ c . 

V A MA A V :::!.1 2 n = 1 n 
A 

BonHOBble $yHKUHH BOJJ.OPOJJ.a Ha Manblx paccTOJ'IHHJ'IX nponopuao

HanbHbl (r/ aB)L , r)J.e a B- 6opoBCKHH pa,nayc aToMa, a L - op-

6aTanhHbiH MOM6HT 3neKTpOHa. TaK KBK r << aB, TO BO,IlOPOJJ. 

HCrrycxaeTCJ'I B npouecce /1/ B COCTOJIHHJIX C L = 0; BepOl'IT

HOCTb 06Hapy:lKeHHJ'I BTOMa C rnaBHbiM KBBHTOBbiM 'IHCnOM n npo

nopUHOHBnbHa n-3 • Tionara• 

2 2 
Mn +MA M A i 2 

- - ------ = ----- = 1, M 
11

- Mlp = 6., g.Jg v = ae ¢, lgvl = 1, 
::!,1 2 M n 

A 
,IlnA 3HB'I6HHJI W A nonyqaeM 

WA 

1,2G 2
cos 

2 
Oc 2 2 

= ----------------(6.- m) (1 + aa ). 
"2 a 3 

B 

/5/ 
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... 

CpaBHHBaJI nony'leHHoe Bblpa)KeHHe c BepoJITHOCTbiO 6eTa- pac
na,11.a He.ii:TpoHa 18/ W: 

2 2 5 0,47 G cos 0
0

t1 
2 W = ------------- ( 1 + 3a ), 

6017 3 

,IJ.nJI OTHOCHTen&HOH BepOJITHOCTH aTOMHoro pacna,11.a HMeeM: 

W A 72TT(t1 - m) 2 -6 
---- = -------------- = 4,2. 10 . 

W 0,47t1 5 a~ 

/6/ 

/7/ 

llorpewHOCTb nony'leHHoro pe3yn&TaTa onpe,IJ.enJleTcJI npu6nu

)KeHHeM, ucnon&30BaHHbiM npu BbiBO.II.e IPopMynbl /2/, H pa,IJ.ua

llHOHHbiMH nonpaBxaMu. Ee BenH'IHHa, BepoJITHo, Haxo,IJ.HTCJI Ha 

ypoBHe O.II.HOro npo~eHTa. 0TMeTHM, 'ITO ecnu B IPopMyny /5/ 
nO,II.CTaBHTb 3Ha'leHHJI 

1.0245 
G = ---------, cosO c = 0,987, a= 1.25, 

M2 
p 

H pa3,11.enHTb nony'leHHblii peJyn&TaT Ha JxcnepuMeHTan&Hoe 3Ha

'leHHe BepOJITHOCTH pacna,11.a /918/ - 1 C - 1, TO ,ll.nJI OTHOCHTen&HOH 

BepoJITHOCTH a TOMHoro pacna,11.a nonyqaeTcJI BenH'IHHa 

w -6 A __ = 4,0 · 10 ------
w 3KC11. 

§2. TEHEPAL(HJI ATOMOB B0,40P0,4A H t~JDTOHOB 
CEPHJl .JIAiJMAHA H IiAJlhMEPA HA PEAKTOPAX 

/8/ 

Ha pucyHKe npe~cTaBneHa B03MO)I(Ha.ll cxeMa JxcnepuMeHTa no 

Ha6n10.11.eHHIO H uccne,IJ.oBaHHIO aTOMHoro pacna,11.a HeiiTpoHa. KoHIPH

rypa~HJI 3aMe,ll.nHTenJI .II.OIDKHa o6ecne'IHTb MaxcuMam.Hoe 'IBcno 

HeHTpOHOB B TOH 'laCTB BaxyyMHOH l<aMepbl, H3 l<OTOpOH a TOMbl 

MoryT no npJIMbiM TpaexTopBJIM ,IJ.oneTeT& .11.0 xoH~a xaHana. CTeH

xu BaxyyMHoii xaMepbl xaHanoM He npocMaTpBBaiOTCJI. ~n.11 o~eHox 
3a,ll.a,IJ.BMCJI Cne,IJ.YIOll.IBMB BCXO,II.HbiMH ~HiilpaMH: 3~el<THBHaJI pac

na,11.Ha.11 6a3a 20 c.w, ce'leHue xaHana 20x20 c.w 2 , .ll.nHHa xaHana 

6 

QKmUGHaR 
JOHQ 

3aMetJnumeJI6 

6aKlJIJMHOR Ka/'fepa I KaHan dAP amo,.,oS 
ompa;fcameflb 

500 CM. llonHbiH nOTOl< HeiiTpOHOB, nepecexaiOll.IHH pacna,IJ.HYIO 

6a3y 1017 c- 1
• HcTO'IHHl<OM aTOMOB JIBnJIIOTCJI Ton&xo Te HeiiTpo

Hbl, xoTopble pacnanuc& Ha ,IJ.nHHe 20 c.w. B 111a6A. 1 npHBO.II.JITCJI 

O)KH,IJ.aeMble l<OnH'IeCTBa aTOMOB B 3aBHCHMOCTH OT TeMnepaTypbl 

HeHTpOHOB B K. CxopOCTb HeHTpOHOB C'IHTanaCb nOCTOJIHHOH H Bbi-

'IHCnJinacb H3 COOTHOWeHH.II v n = /2k.TJM~. 

TeMneparypa 
HeHTpoHa B K 

KonuqecTBO aro
MOB, B03HHKlllHX OT 
pacnaAOB HeHTpo
HOB Ha 6ase 

300 
• 

77 20,3 4,2 

20 CM (B CeKyHAy) 40·10 3 80·103 150 ·103 340·103 

KonH'IeCTBO aro
MOB Ha BbiXOAe 
us KaHana (B qac) 18· 10 3 36 ·10 3 68·103 153· 10 3 

Ta6AU!la 1 

0,3 

1,24 ·106 

560·10 6 

Bo3MO)KHbiM cnoco6oM Ha6nJO,IJ.eHB.II npo~ecca /1/ .IIBn.lleTC.II 

perucTpa~H.II IPoTOHOB, ucnymeHHbiX B036y)K.IJ.eHHbiMH aToMaMu Bo

.II.OPO.IJ.a. Pacnpe,ll.eneHBe Ape no COCTOAHBAW, Bepo.aTHOCTB nepe

XO,II.OB H npo6eru npHBO.IJ..IITC.II B •a6A. 2. KonuqecTBO B3ny'leHHbiX 
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cPOTOHOB B BX pacnpe,IJ;eneHBe no ,IJ;nBHaM BOnH npe,IJ;CTaaneHbl 

B ma6A. 3 *.EcnH B pacna,IJ;HOB o6naCTB OTCYTCTBYlOT 3neKTpOMar

HBTHble non.11, TO npB TeMnepaType 3aMe,IJ;nBTen.ll 300 K B CeKyH,IJ;y 

B3ny'lalOTC.II - 1800 KBaHTOB cepBB Jlaii:MaHa B -1500 KBaHTOB 

cepHH EanbMepa. llpHno:lKeHHe x pacna,IJ;HOMY npoMe:lKyTxy 3nexTpB

qecxoro non.11 c uanp.ll:lKeHHOCTblO F -240 B/cM xaqecTaeHHO H xo

JIH'IecTaeuuo MeH.IIeT xapaxTep HJny'leHH.II: a cexyu,IJ;y 6y,IJ;eT Hc

nycxa TbC.II -6800 KBaHTOB CepHH Jlaii:MaHa H - 300 KBaHTOB cepHH 

EanbMepa **. 3TO CB.II3aHO C TeM, 'ITO B 3neKTpH'IeCKOM none 

Ta6m11.-1a 3 

Cep:a .IIaiMasa Eam.ueps CyMY& 

0 
.Il.JIKiw B OJIHH A 973 1026 1216 4861 6563 

KoJIFiec'l'.Bo V7 =3 ¢oTOBO.B B 0 160 1400 260 II60 2980 
celt. T=300 K ()=4 
/. =20cM 

J =1017 aelr./ {' =5 
/)=6 230 IIO 340 

IIoJiel &e'l' n>6 300 

KoJIJ(IIeC'l'.Bo (} =2 
¢0TOHOB .B II? =3 440 IIOO 4380 60 150 6130 
ce~t.T=300 X rn=4 

z =20 CM 17 =5 
!J=I017 Heltt/c fJ =6 420 40 460 

I 
1Io11e c sa-J 

.......,500 "' 50 r-.J 550 IIpUeHBOC'l':bll/7) 6 
240 B/CM I 

* <l>oTOHbl, HMelOJllHe ,IJ;nHuy aonHbl 6onbwe 7000 A, He pac

CMa TpHBalOTCR . 

:c I 

Ec.riH aToMHbiB pacna,IJ; npoHcxo,IJ;HT o 3nexTpH'IecxoM none, 
TO npH Bbl'fHCneHHH TO'fHOrO JHa\feHHR nonHOB Bepo.IITHOCTH pacna

,IJ;a HY)KHO nonb J OBa TbCR COOTBeTCTBYlOlllHMH BOnHOBbiMH cPYHKU.H.IIMH. 

9 
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C06CTBeHHbiMH <iiYHKI.{HJIMH raMHnbTOHHaHa 6y,ll,yT cynepnOJHI.{HH BOn· 

HOBbiX <iiYHKI.{HH ~ H P·cOCTOJIHHH, 'ITO npHBO,Il,HT K yMeHbWeHHW 

BpeMeHH ~H3HH ypoBHeH H K yBenH'IeHHW BepOJITHOCTH nepeXO,Il,OB 

B OCHOBHOe COCTOJIHHe 19 1. EcnH BMeCTO 3neKTpH'IeCKOrO nonx o6 -

ny'IHTb pacnaJJ.HbiH o6'beM c qacToToH - 1058 MFtl, TO HHTeHCHB

HOCTb H cneKTpanbHbiH COCTaB CBeTa, HCITyll.leHHOrO aTOMaMH C 

n ;:: a, He H3MeHHTCJI, B TO BpeMJI KaK MeTaCTa6HnbHOe COCTOJIHHe 

2SnepeH,Il,e T B OCHOBHOe C HcnycxaHHeM O,ll,HOH nHHHH cepHH flau

MaHa. 

HapXJJ.Y C HJny'leHHeM CBeTa B036y~,ll,eHHbiMH aTOMaMH BOJ],O· 

po,ll,a Mxrxue xBaHTbl 6YJJ.YT ucnycxaTbCX 3nexTpoHaMH, BOJHuxwu

MH B 6eTa- pacna,ll,e ueii:TpouoB *. BepoxTHOCTb Taxoro npouecca 

npu 3Hepruu 3nexTpoHa 400 K::JB paBua / 10/: 
-3 dw 

dN "' 2· 10 - ---
w w 

r,ll,e dN w - 'IHCnO <iiOTOHOB, 'laCTOTbl KOTOpbiX ne~aT B HHTepBane 

OT w ,1],0 w + d w . )J;nx Bbl,ll,eneHHJI nHHHH cepHH flaHMaHa H lianb

Mepa Ha <PoHe HHTeHCHBHoro cnnowHoro cnexTpa uJny'leHHJI MO~Ho 

BOCnOnbJOBaTbCJI BOrHyTOH OTpa~aroll.leH JJ.H<ilpaKI.{HOHHOH peweTKOH 

c pa3pewaroll.leH cunou - 2·10- 4 • 

§3. BbJqHCJIEHHE BEPOJITHOCTH HCllYCKAHH.H ATOMOB 
B0,40P0,4A B PA3JIHqHbJX CllHHOBMX COCTO.HHH.HX 

)J;nJI pac'leTa pacnpe,ll,eJieHHJl aTOMOB no CnHHOBbiM COCTOJIHHJIM 

ucnonb3yeM npu6nu~eHBe, B xoTopoM 6biJia nony'leHa <PopMyna 

/2/. Jiy,ll,eM C'IHTaTb BepoJITHOCTb HCITYCKaHHJl BOJ],OpO,Il,a B onpe

,ll,eJieHHOM CnHHOBOM COCTOJIHHH WA(s, e) nponopUHOHanbHOH Be

pOJITHOCTH pacna,ll,a HenOJIJipH30BaHHOro HeHTpOHa Ha npOTOH H 

:meKTpOH CO CKOpOCTJl:YB, paBHbiMB no BeJIB'IBHe B HanpaBJieHBW, 

B 'leTblpexBeKTOpaMB nonJipB3al{BH S B e COOTBeTCTBeHHO. B 3TO:Y 

npB6JIB~eHBB BCKOMU BepOXTHOCTb paBHa 

WA(s,e=NSpASpL, /9/ 

* Ha aa~ocn. 3Toro <Pouoaoro npouecca yxa3an aBTopy 
C.C.repwTeitu . 
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N - K034l<PHUHeHT, He JaBHCJlll.IHH OT S H /;, a wnypbl Bblpa~aWTCJI 

'lepe3 3neMeHTbl S "MaTpHI.{bl H HMeWT BHJ],: 

SpA = - ---'=----- Sp [y (g v + g Ay5 )(P + iM )yt~(g + g y )(l+iy sXP +iM )], 
16M M a n n ,... V A 5 5 p p' 

n P /10/ 

1 ~ 
SpL = - ----- Sp[y ( l +y ) q yt~( l +y )(l + iy 0(P + im)]. 

4mq a 5 ,... 5 5 
0 

/11/ 

0T6paCbiBaJI qneHbl, CO,Il,ep~all.IHe CKOpOCTb aTOMa H COCTaBJIJIW" 

ll.IHe 10-3 OT BenH'IHHbl OCHOBHOrO 3414leKTa, nonyqaeM 

W(;, ~) = N1 [1- ~;v + 2Rea(;~v- ~t) + lal 2(3 ~ ~;v- 2 ;;v- 2;b1/12/ 

ti ,. = q/ q
0

, a ~ , ; - eJJ.HHH'IHble BeKTOPbl nonJipH3aUHH 3nexTpoHa 

H npoTOHa B CHCTeMe, r,ll,e 'laCTHI.{bl nOKOJITCJI. B npH6n~eHHH, 

xor,ll,a 'lneHbl, nponopuuouanbHble v A. oT6pacbiBaroTcJI, 3TH Bex

TOpbi paBHbl CBOHM 3Ha'leHHJIM B na6opaTOpHOH CHCTeMe KOOpJ],HHaT. 

PaccMoTpHM 'leTblpe cnHHOBble xou<Purypauuu, onpe.IJ.eneuuble B 

ma6A. 4. BepOXTHOCTH 06Hapy~eHHJI B ny'IKe aTOMOB CO CnHHOBbl" 

MH xoH<PnrypauuxMH I. II , III u IV, Bbl'IHCJieHHble no <PopMyne /12/, 

paBHbl: 

WI = N 
1 

· 2[1- 2Rea+ lai
2
], 

W11 = N 1 • 81 a 12 
, 

2 
Will= N 1 · 2[ 1 + 2 Rea + I al 1, 

WIV = 0. 

/13/ 

/14/ 

/15/ 

/16/ 

3ua'leHHJI napuuanbHblX BepoJITHOCTeH W i JJ.nx cny'laJI Rea =1 ,25 

u Im a ~ 0 npuae,ll,eHbl B Jla6A. 4 . 3Ha'leHBe WI 'IYBCTBHTeJibHO 

x BeJIH'IHHe Re a. BcneJJ.CTBHe 6JIH30CTH Re a x e,ll,HHHUe aepoJIT· 

HOCTb WI O'leHb Mana. ll03TOMY H3MepeHHe 3TOH BenH'IHHbl JIBJIJI· 

eTCJI 'IYBCTBHTeJibHbiM MeTOJ],OM nOHCKa BapuaHTOB cna6oro BJaHMO

,Il,eHCTBHJI, BKna,ll, KOTOpbiX B KaHaJI l He no,ll,aBJIJleTCJI. 

BepoJITHOCTb ua6nroJJ.eHux aToMa co cnHHOBOH xoH<Pnrypauueu IV 
paBHa HYJIW B cuny JaxoHa coxpaueHHJI npoexuuu noJIHoro MOMeHTa 

npu ycnoBHH, 'ITO cnupaJibHOCTb aHTHHeHTPHHO paBua +1. HJMepe-
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Ta6Aut~a 4 

Haupa.EJieHHe .EWieTa 
8HTRHeiTpHHO 

HarrpaBJieiUie BWieTa 8TOMOE' 

HoMep KO~Hrypa- I II Ill IY I 

mm I 

TipoeKUHH CITRHOB: 

HeiTpoHa ~ <J==l ¢::::J 

a HTHH8ftTpRHO ~ ~ o4 o4 

rrpOTOHa ~ • •• .n • 
SJieKTPOHa --+ ~---

__ _ ,.... 
~-- · 

BepoHTHOCTb o6aa 0,55• 55· 44,5· 0 
pyiKeHHH ~Himtl=O . ro2 -ro2 ·ro-2 
Rea=I,2 

HHe CTeneHB 3anpeTa DOBBneHBB BO~Opo~a CO CDHHOBOH KOH~Hry

pauHeB IV BnH Ha6mo~eHBe &TOMOB C T&KOH CDHHOBOH OpHeHT&QHeH 

D03BOnBIDT C~en&Tb KOnB'ieCTBeHH~e 3&KniD'ieHBB 0 CDHpanbHOCTH 

&HTBHeHTpHHO, HCnymeHHOrO B 6eTa- pacna~e HeHTpOHa. 

§4. 0 B03MO)J(HOCTH H3MEPEHJUI 
BEPO.RTHOCTH HCHYCKAHHJI BO):fOPO,aA 

B PA3JIHlfHJJX CHHHOBJJX KOHtl>HFYPAUH.JIX 

ll&pUBanbH~e BepO.THOCTB W i He 3&BBCBT O'l' rn&BHOrO JCB&H

TOBOrO 'iBCna &TOMOB. Hx B3MepeHBe M0)1(80 OCYIUeCTBBTb C no

MOlllltiO Ape H&XO~·IUBXC .. B MeT&CT&6BnLHOM COCTO .. HBB 2s
112

, 

12 

HCnOnb3YR H~eiO JbM6a H Pe3ep~op~a 0 nonyqeH88 DY'iKOB nonR· 
p830B&HHblX &TOMOB ' '6 / , 

PaccMoTpHM BHa'iane npoQe~ypy onpe~eneH8R cyMM: 

w + W H w + W 
I III II IV 

Ecn8 B~onb ny'iKa npuno)I(8Tb MarH8THoe none c HanpR)I(eHHOCTbiO 

H = 575 3, HanpasneHHOH no 8Mnynbcy 'iaCT8Jl, TO ypOBH8 3Hepr88 

aTOMOB co cn8HOBblM8 KOH~8rypaQ8BM8 II 8 IV I m = -112, 
r~e m • npoeKQ8R CD8Ha JneKTpOHal COBDa~yT C ypOBHeM 3Hep

r88 2P 'h I m = +1121 . Hano)l(eH8e JneKTp8'iecKoro nonR c Ha

npR)I(eHHOCTbiO F = 4,3 B/cM, HanpasneHHOH nepneH~8KynRpHo 

K fi, np8Be~eT K CHnbHOMY CMeliJHBaH810 BOnHOBbiX ~YHKQHH co-

CTORH8H 2P1. '2 (m ~· l / 2) H 2S
1

,
2 

(m "~ -li 2) 8 . Cna6oMy- co-

CTORH8H 2P
1 

'2 (m - Ll2) 8 2 S112 (m 1;2) . ll03TOMY BpeMR )1(83-

H8 a TO MOB C KOH~8rypaQ8RM8 II 8 IV yMeHbliJHTCR ~0 4,3· 10 - g c 
lvrA = 1,1 CMI, a C KOH~Hrypaii,HRM8 I 8 III- ~0 7 ·10 -b c 

I v r A = 1,8 .10 3 cMI ' 6 l Cne~osaTenhHO, nocne npoxo)l(~eHHR npo

Me)l(yTKa, K KOTOpOMy npHnmKeHhl CKpe!lleHHhie nong, a TOM hi CO 

CnHHOBblMH KOH~HrypaiJ,HRMH II H IV nepeif~yT B OCHOBHOe co

CTORHHe,H3ny'i8B KBaHThl cepHH JlaifMaHa,a BCOCTORHHH 28
1 

'2 OC· 

TaHyTCR TOnhKO aTOMhl CO CnHHOBhiMH KOH~8rypa11,8RMH I H III . 
EcnH nocne npoMe)l(yTKa co cxpe!lleHHhiMH nonRMH npHJIO)I(HTh 

JJieKTpH'iecKoe none HanpR)I(eHHOCThiO -100 B/cM, To B HeM 
-s 

aTOMhl nepeif~yT B OCHOBHOe COCTORHHe 3a BpeMR .. 4 · IO C 

I v ' A = I cMI. llpH H3MeHeHHH HanpasneHHR MarHHTHoro nonR 
B CKpe!lleHHhiX nOJIRX 6y~yT BblCBe'i8BaThCR aTOMhl CO CnHHOBhiMH 

KOH~Hrypaii,HRMH I H Ill 

)l.JIR Ha.IJ.e)I(HOH perHCTpaii,HH MeTaCTa6HJlhHhiX aTOMOB Heo6-

XO.IJ.HMO HMe T h CHrHaJI OT liJOTOHa H OT H3JlY'iHBlllero 3TOT KBaHT 

aT oMa. KaK 6hiJIO noKa 3aHo B pa6oTax 11 -13 . aTOMhi so~opo~a 

B OCHOBHOM COCTORH8H, HMeiO!ll8e KHHeTH'ieCKYIO 3Hepr810 6onee 

200 3B, MOryT 6biTh 3aperHCTp8pOBaHhl C J~eK.THBHOCThiO 60Jlh· 

llle 70o/o no 3 JleKTpOHaM, Bhi6HThiM np8 CTOJIKHOBeHH8 aTOMa C Me

T aJIJIH'ieCKOH MHliJeHhiO. ATOMhl OT npou.ecca 111 HMeiOT He60Jlh· 

lllYIO nOCTORHHYIO CKOpOCTh . l103TOMY HaJIH'i8e COBna~eH8H Me)l(~y 

CHrHaJIOM OT liJOTOHa 8 aTOMa n03BOJIReT OCy!lleCTB8Th ~OnOJIH8· 

TeJlhHOe Bhi.IJ.eJieHHe HY)I{HOrO 3~eKTa. 

)l.JIR onpe~eJieHHR napiJ,HaJlhHblX sepORTHOCTeH W i MO)I{HO 

npHMeHHTh CHCTeMy T8na "cn8HOBhiH liJ8JlhTp" 14 · , KOTOpaR n03BO· 

JlReT Bbl~eJIHTh MeTaCTa68JlhHblH BO~OpO~ B Jli060M 83 COCTORH8H 
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CBepXTOHKOH CTpyKTyphi. 803MO)I(HO, 'ITO ,[J.JlJI IlOJly'leHHJI IlY'IKa 

BOAOPOAa c KoH<t>urypaUHJIMH I H IV MO)I(HO npuMeHHTh 6onee 

npocToii. crroco6. BhipaJHM sonHOBhJe !lJyHKUHH Kou!lJurypauuii I - IV 

'lepe3 BOJlHOBbJe liJYHKUHH t!Jf 
111 

, r,[J.e f - IlOJlHbiH MOMeHT BO,[J.O-

poAa, a m- ero npoeKUHJI: 

.Pt.o - .Po,o 0 t.o Hbo.o 
1/J 1 1' .pll ~ ----=:::----- '!/Jill . -··-- ::_::--- ' rP IV 

' y2 ,2 
t/' 1- 1 . 1171 

1/JI 

Ecnu HHAYUHposaTb JJleKTPH'lecKue AHITOJlbHbJe nepexoAhi Me)I(AY 

COCTOJIHHJIMH 28 
1 2 

(f •• 0) _, 2P 
1 2 

( f - 1) H MarHHTHbJe ,[J.HilOJlbHbJe 

nepeXO,[J.hl Me)I(,[J.y COCTOJIHHJIMH ~S l 2 (f 1. Ill 0) H ~S 1 ~ (f 0), 

TO H3 !lJopMyn I 17 I cne,[J.yeT, 'ITO TaKaJI KoM6HHaUHJI noneii AOJl)I(Ha 

IlpHBeCTH K BhJCBe'IHBaHHIO aTOMOB CO CilHHOBbJMH KOHiiJHrypaUHJIMH 

II u III. ueJHa'IHTenhHO yMeHhlllaJI HHTeHCHBHOCTh aTOMOB co 

cnuHOBhiMH KOH!lJurypauHJIMH I. IV. 
OcHOBHhiM npoueccoM, HMHTHPYIOJUHM aTOMHbiH pacnaA, 6y-

,[J.eT peaKUHJI IlO,[J.XBaTa JJleKTpOHa B COCTOJIHHe 28 

ucnyJUeHHhiM s 6eTa- pacnaAe: 

p f- H2 -· H(2S) I •••• 

IlpOTOHOM, 

1181 

Ecnu TeopeTu'leCKYIO JaBHCHMOCTb H> npouecca I 181 uopMHpo

BaTh Ha JKcnepuMeHTaJlbHhJe AaHHbJe npu JHeprHH 10 K3B w, 
To ce'leHHe peaKUHH I 181 npu JHepruu 300 3B pasHo 10·- ~<cM 7'amoM. 

UoJTOMY ,[J.JlJI no,[J.asneHHJI !lJoHoswx npoueccos saKyyM s KaMepe 
- 7 

u KaHane AOJI)I(eH 6hJTh He xy)l(e 'leM 10 Top. 

B JaKJliO'leHue Jl xo'ly no6naro,[J.apHTh IO.A.Tinuca Ja MHoro

'IHCJleHHhJe KOHCYJlhTauuu, )l,.IO.Eap,[J.HHa, C.M.EuneHhKoro, A.I1.Bu

HHUKOro, C.C.replllTeHHa, JI.Ii.TIHKeJlbHepa, E.M.llOHTeKOpBO -

Ja Ba)I(HhJe KpHTH'leCKHe 3aMe'laHHJI. 
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