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)Kyp1ta.!l 8KCnepu.MeHma.!lbH0U U meopemtt'lCCKOll qJU3UKU 

T. 37 1959 Bblll. 6(12) 

3JIEl(TPOHHhlE H MIOOHHhlE HEflTPHHO 

E. floHmeKopeo 

B pa6ore nepe'IIICJIII/OrC.!l- HeKoropb!e AO CIIX nop He 06cy;K){aBwHec11 npou.ecChl, KOropble 
Moryr 6birh Bhl3BaHhl CB060J1Hb!MII HeiirpHHO. Cpe.1111 STIIX npou.eccoB BbIJ1eJJ111orc11 re, KOTOpble 
Moryr, B np1rnu.1me, ITOMO'lb peweHHIO Bonpoca o cym;ecrnonattm1 ,1nyx nap tteiirpaJJbHbIX 
JJeITTOHOL' (,lJJeKrpoHHa.!l (v. ll ;;;;) II MlOOHHa/1 (vµ II v;;.> napbl}. ' 

.ll.JJH nponepKII npHHU.IIITHaJJbHOro nonpoca, SIBJISIIOrc51 .111 v. 11 \Iµ rO,K,l{ecrneHHhlMII 
'lacmua~m, npe,1JJaraerc.11 MeroA, no cylll.ecrny attaJJOfll'IHbll< i:1ero.11y,- ucno.%3yeMoMy rrpn 
pewe1111H sonpoca O pa3JJH'IHMOCTII HeiirpHHO H a11rnneiirp1rno HJJII KO- H l(O-Me30HOB. 
B np1rnu.1me, BOnpoc pemaerc11, ecJJH yAacrcll BblllCH!lrb =>KCnepnMeHTaJJbHO, SIBJJS!erc11 JJH 

ITY'IOK Vµ cnoco6Hb!M Bbl3Barb nepeXO){bl, KOTOpbie, 6e3 COMHeHlll!, Moryr 6hITb llHAyunpo

Ba~hl ;,;-'lacmuaMn (Hanpmrep, peaKu.1111 ~ +-P ..... e+ + n). 
8Kcnep11MeHraJJhHall nocraHOBKa Oilh!Ta, XOTll ll O4eHb 3arpy){HIJTe.1bIIa, ne IICKJIIO'!eHa 

npu HaJJH'IHII ycKop11reJJeii, ooJJee HHreHcn0Hb1x, •reM coepe~reHHhie. e, 

Bne,1.1,eHHe 

EeTe H CTaiiepJic [ 1] B 1934 r. BnepBbie ,1.1,aJIH ouettKy ceqemrn 06pa30Bamrn 

~-qacTl!U npH CT0JIKH0Bemm CB060JJ,HblX ttei'npl!HO C 51,1.1,pal\m B 06.'!aCTl! ::meprnii 
0K0JI0 I MeV. l(aK H3BeCTH0, ceqett11e oKa3aJJoch paBHhIM no nopR,1.1,Ky BeJJHqn
HhI 10-44 c,11 2 , na 0CH0BaHHH qero B TeqeHHe ,1.1,0Jiroro BpeMeHH 3cpcpeKThl, Bhl3Ban

Hble CB060JJ,Hh1Mll HeiiTpHHO, cqHTaJJHCh Hetta6JIIOJJ,aeMblMH. BnocJie,1.1,CTBHH 
anrnpoM ll AJibBapeu.oM [ 2·3] 6b!JIO noKa3aH0, qTQ riocTaH0BKa TaKHX 0TibIT0B 

5IB,15leTC5I BTI0JIHe peaJibHOH, ll T0JlhK0 tte,1.1,aBH0 PaiiHCOM ll Koy:JH0M, a TaK}K.e 
)leBHCOM ycneumo 6hIJIH Bbin0JIJ-IeHbl 0Tib!Thl, B K0T0pb!X l!CTI0Jlh30BaJIHCh CB0· 

60,1.T,Hble attnrneiiTpl!H0 OT peaKTOpon. 3Tl! 0TihIThl TI0Ka3aJil! tta6JIIOJJ,aeMOCTb H, 
reM caMbIM, «peaJibH0CTh» HeHTpHHO, HX ,1.1,nyxK0MnoJ-IeHTHYIO npHpo,1.1,y [ 4], 
a TaK}K.e noKa3aJIH, qTQ HeHTPHHO ll aHTHHeiiTpl!HO - pa3HbJe qaCTHU.hl [ 0 J. 

ll,eJib naCT05Ill!eH pa6oTbl - no,1.1,qepKHYTh B03M0}K.H0CTh perneHH5l neK0TO· 
pb!X cpH3HqecKHX 3a,1.1,a 'I npH TI0M0ll!ll l!CCJie,1.1,oBaHHH ,1.1,0 CHX nop He, o6cy:,i<,nan

Illl!XC5I 3cpcpeKTOB, Bhl3BaHHhIX cB060,1.1,HhIMH neihpttno. CoorneTCTBYIOIIIHe onbt· 
Thi MoryT OKa3aThC5I He BbITI0JIHHMhlMH cero,1.1,HH, HO 06cy2K,1.1,e1me HX TI0CTaH0BKH, 

KaK HaM KaJKeTC5I, He 5IBJI5IeTC5I 6oJiee npe2K,1.1,eBpeMeHHhIM, qeM 06cy2K,1.1,eHHe B 
cnoe BpeMH 0TibIT0B C aHTHHeiiTpllHO ll3 peaKTOpa; . 

O6cy2K,1.1,aeTC5I npHHU.HTIHaJihHa5I B03M0)KH0CTh 0TBeTHTh Ha nonpoc, HBJllI· 

IOTC5I Jill HeiiTpHHO, HcnycKaeMb!e B rc-11-pacna,1.1,e (vµ), Ii HeiiTpHHO, ncnycKa
eMh!e B ~-pacna,1.1,e (v.), T0JKJJ,ecrneHHhlMH qaCTHU.aMH. 

PeaKU,HH, Bbl3BaHHhle HeiiTpHHO 

Bee ll3BeCTHble HaM Me,1.1,JieHHbJe npoueccu, TI0·BII,1.1,Hl\l0MY, o6yc.'!OBJieHbl B3a~ 

m10,neHCTBHeM CJie,1.1,yIOIIIHX nap cpepMllOHOB: 

(e+'le), (v.+vµ.), (pn), (pA), 

\_ 
(pn), (pA). 

( I ) 

JI106aJI napa 'IaCTHU. M0»<.eT BSaHMO,ll.eiicTBOBaTh C TaKOH )Ke HJIII C ,n.pyroii . 

napoi"1, npu 3T0M, cornacHo cxeMe MapKoBa - CaKaTa -OKyHH [ 6
], B cocTaB 

(<CTpaHHOH>> naphl He BK.'IIQqalQTClI ,npyrne CTpaHHbie qacTHUhl, Kp0Me A-ru-
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nepoHa. Ha . Sl3b!Ke 'Te0p!Ill yH11BepcaJJbH0ro B3aIIMO)l.eiicTBIISl [7·8] .9Ta cxeMa 

npIIB0)l.HT K T0MY' 'ITO TOK J+' BX0,11.HW.ei'I B JJarpamKIIaH CJJa6oro B3aHM0· 
,11.CIICTBHSI, C0CT0IIT ll3 qeTbipex 1IJICH0B: 

J+ = J (e+ Ve)+ J (p.+~µ) + J (paj + J (pA), (2) 
Ka:iK,11.h!H ll3 KOTOpbIX C00TBeTCTBYCT nepeqncJJeHHb!M BhIIIIe napaM. 

Ha OCH0B8HHH npe,11.noJJ0:iKeHHSl npaBHJ!bH0CTH cxeMbl MapKOBa - CaKa

Ta - OKyH.H H Teopllll ynnnepcaJJhHOro B38llMO)l.ei'IcTBII.H HeK0TOpb!e npoueCChI, 
Bbl3BaHHbie cno60,11.Hh!MH HeHTpHHO, nepeqncJI.HIOTC.H Hll:lKe. 

Bonpoc O T0:iK,11.~CTBeHHOCTII Ve II Vµ .HBJJ.HeTC.H OTKpb!Tb!M II o6cyJK)l.aeTC.H 
B · cJJe,11.y10III.eM pa3,11.eJJe. C TeopeT1I11ecKoi'I II .9Kcnep1IMeHTaJJhHOH T01IeK 3pe

mrn HeT ~IIKaKHX apryMeHT0B ,11.JI.H yTBep:lK,11.emrn, 'ITO Ve II vi'- .HBJJ.HIOTCH 
T0:iK)l.eCTBCHHblMH qaCTHII.aMH. TT0.9TOMY HH:iKe, TaK )Ke KaK II B ncn0Jib30BaH- . 

Hb!X BbIIIIe o6o3Ha1!eHH.HX pa3Hb!X qJieHOB JienT0HH0ro T0Ka, HanucaH0, Ha-
nnIIMep, (e+ve), (v,.+vµ), a He, KaK o6hI1IHO nplIH.HTo/ (e+v), (µ+v). • 

HeKOTOpbte peaKUHH,. BbJ3BaHHble CB060)lHblMH HeilTpllHO Ha peaJibHblX MllllleHJJX 

l 
N, n. n, I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

PeaKl.\llll 

ve + p ..... e+ + n 

ve + c1s1-+ Ar37 + e· [2,3,5) .. 

ve + CJ37-+ Ar37 + e· 

ve + A-+ r:+ + e· + A, 

v + A ..... r:· + e+ + A 

Ve+e--_1-i:-+r:0 

ve+P-A+e+, 

v /+ A ... r11nepcpparMeHr + e+ · 

::ie + n ... !• + e+ 

'le+A-K++e-+·A, 

ve + A-+ K- + e+ + A 

ve + e·-+ K" +Ko 

ve + e·-+ ·ve + e-, 

ve + e- ... ve + e· 

'le + A -+ 'le + e+ + e· + A 

ve + A-+ ve + e+ + rr + A -~. 
v.+e-- vµ +11--, 
ve + e·-+ 'Iµ+ 1~-

Tip11Me'laHl!e 

Tipu uccJie)loBaHHH ,noro . npouecca [4) 

BnepBble tta6JIIO)laJIHCb CB060)l!lble tteil
rpaJibHble JienT0!lbl. OnbIT Il0)lTBep)llrn )l,Byx
K0MnotteHTHYJO npnpo)l.y tteiiTpllHO, 

Heua6JI10)l,aeMoc!b sroro npouecca [3J )l.0· 
Ka3aJia, -qro Ve ll Ve He !IBJI!IIOTC!I .T0lK)l,e
CTBeHHblMH qaCTHUaMu. 

l1ccJie)l.0Batt11e sroro npouecca Morno 6bl 
npe)l,CTaBJI!ITb HHTepec )!,JIii acrpocpl!3HKll, 
B qacTHOCTH )!,Jill ll3MepeHHll HeilTpl!HH0ro 
noT0Ka OT CoJIHUa [8J. 

O6parnblil: 1t - e-pacna)l. B noJie 51.Ilpa. 
'I e polK)l,3IOT 7t+.Ji1e30!lbl, v. polK)l,aJOT r:-."Me-
30llbl, 

ToJihK0 v (a ne v) Moryr poJK,'\aTb crpau
Hbie qaCTHUbl, 

3rnr npouecc MO>KeT 6bITb ocyw.ccwJieu 
TOJlbKO B ll)l,pax. 

CM. npouecc 4 

CM. npouecc 5 

Pacceirniie ueil:rputto ,:lJ!eKrpoaam1 npe,L\• 
cKasaHo yHHsepcaJibHOil: reop11ef1 c.1a6ux 
B33HMO)l,CliCTBllli [SJ, 

O6pa3oaaa11e nap bl e+e- s noJie H)l.pa *. 
3ror npouecc o6paren npoueccy Jien
rnaaoro TOpM03HOro · 113JIY'ICHH5l 3JICKTPO• 
HOB, onncaHHOMY B [lOJ. 

O6parnb1il: µ.-pacna,'\. 

3anperuen, ecJIH ve =I= vi'-. · 

* 3TOT npouecc 6bIJI He,'\aBH0 reopernqeCKII HCCJie)lOBaH 51. 5. CMOpO)l.HHCKHM 11 4JKoy 
fyaH•'!lK30. 

.. 

/ 
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Pl'3J{t{llfl 

ve +A~ ~Jl + e-r- + p.- + A, 

'J,, ·7· A~ vµ + e- + p.+ + A 
;;e + P ~ p.+ + n, 
Vu.+ p-,..e++ n 

~:.1. + p~ .\-:- ;..1.+, 

v.,
1 
7 p ~ .\ + e+, 

v,, 7 .4 - ➔ rnnepcpparneHT 7 ;,+ 

vµ + .4-➔ :•:-+ K·, + .4, 

vµ + .4-➔ 1-'·+-;- K- + A, 

'J.u. + ..4 ~ '':.L 7 :J. + -+- :J, - 7 A, 

":, -i- A-➔ ~!L-;- ;,:+-;-µ-'TA 

"P· + e- ~.ve 7 ;J.-, 

~!.1. 7 c-~ Ve T p.-

'1:1. -;- A - A 7 ~;.- 7 e+-;- ve, 

v.J. _:.. .4 - A + :.1. + + e- -:- Ve 

Dpo,D;oJIJKeHne 

O6pasonaH11e napbl µ - e n noJie H.D;pa. 

O6parnb1ii: p.-aaxnar. 

3anpemeH, ecm1 ve =I= vµ. 

O6parHblii it - µ-pacnaA n noJie HApa 

Paccemuie Heiirp1rno p.-Me:ioHa~m n noJie 
H;J.pa, 

O6panrb1ii -i,1.-pacna,'l. 

3anpemeH, ecJin ve =I= vµ. 

O6pa3onarme napu 11 - e n noJie H,D;pa. 

. EcJIJI ve "'f= vµ, peaKLtHH B03M0lKHa T0J!bK0 
KaK npouecc nroporo nopHAKa. 

3;i.ecb paCCl\HlTp11Ba!0TC51 npou,ecCbl CTOJIKHOBemrn nefhpm!O C peaJibHblMI! 
~IllllleHmlll, T. e. C OTp11u,are.1JbHblMH 3JieKTponal\m, npOTOHaMII H H,npaMH (A). 
Cpe,11_11 nepe'IHCJieHHbIX npou,eccoa B JIHTepaType ,no cHx nop 06cy)K_na.'I11cb 
rnm,Ko npou,eccbI I .. 2, 3, I 0. B Hacrnmu.eif pa6ore ,n.'IH 6oJibllIIIHCTBa npo
neccoa :\lb! orpaHHlllIMC51 HeKOTOpb!MII 3aMe1rnHliHMH, nm,1emeHHblMII Bb!llle. 
H11,Ke no,npo6Ho 06cy1K,!1,a10TCH TOJibKO HeKOTOpble npou,eccbI, KOTOpbie m1eI0T 
OTE0lliemIe K npo6Jiel\le pa3,'Ill111ll\lOCTII Ve· II Vr,•'JaCTHU,. ' 

51DJHIIOTCfl JIH 'Y~ tt 'Yµ TO:lK.necrneHHbIMH tJaCTHIJ,aMn? 

Bepx1111if npe,ne.'I l\IaCCbl HeifrpaJibHbIX JienTOHOB, 11cnycKaeMblX B p.-pacna.ne, 
)3e.rnIqIma riapaMPTpa MuweJJ51 p H TeopeTnqecKHe coo6paJKeHHH no3BOJimoT 
c;I,eJiaTb BbIBO,n O TOM, tJTO HefnpaJJhHble' JJeITTOHbl B µ-pacna,ne m,!('IOT Macey, 
paBHYIO IIJIII 6JITI3KYIO K HYJJIO, II He 51B.'I5IIOTCH TOJK,necTBeHHbIMII. Ha OCHO· 

BaHIIII ,3roro pacna,n (J.·Me30HOB, o6bJqHo OITHCbIBaercH cxeMOH µ - e + V + v. 
O;.1:i-taKO JlerKO Bll,il,eTh, 'ITO COBOKYIIHOCTb 3KcnepHMeHTaJibHbIX II TeopernqecKHX 
cne,nem1if Tpe6yeT .TOJibK0, ~io6hI ,naa 11ei!TpaJJbHbIX JJemo11a B µ-pacna.ne He 
HB:rn)mcb rom,necTBeHHblMII, HO He Tpe6yer, qTQ6bI OHH HBJJHJJl!Cb o6H3aTeJJbHO 
1rncrnu,eti II a11rnqacrnu,eif. Bo3MOJKHOCTb cymecrnoaamrn i'J:BY.X nap HeiiTp1mo 
yme paccl\laTp11na.11acb OHe,n:,1 iI flarn [11). Ha nepBbIH B3rJJH)l., nonpoc 

o cyru,ecrnonamm ,nByx nmoB 11ei!Tp11no - 3JJeI{TpOHHOro 11eihp1mo (ve, ve) 

II l\ll00lll!Oro HeifrpHHO (vi,, :;,) - l\lO-,KeT\paccMaTpl!BaTbCH KaK HeHymnoe 
Y,CJJOHrnemIe. O,!I,HaKO lll\!('IOTCH aprp,leHTbl, ~eJia101u,11e npHBJJeKaTeJibHOH 
rirnoTe3y OTJJllq1rn 3JJeKTPOHH0ro II MIO0IIHOro HeiiTp1rno. 

17 iK3T<l>, X, G (12) 
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_'6. IToHTeKopBo 

OTcyTCTBHe B npttpo.n.e p5da npoueccoa nma :.1. + p -> e + p, µ.--,. e 7- e -:- e 
H T, )]., noKa3bIBaeT, tJTO B K8)K)J.b!H 113 TOKOB, BXO)J..HI.UHX B JJarpam,rnaH 

CJJa6oro B3am,m.n.eiiCTBH.H, BKJJa)J. MoryT .n.aTb, nO-Bll)J.IIMOMY, TOJJbKO napbl 
c 0)1.HOl'i 3ap.H)KeHHOH ll 0)1.HOH HettTpaJJbHOH tJacTHueii (cM. (1) II (2)). Cy111.e
CTBOBaHHe TOJlbKO «3ap.H)KeHHOro» TOKa, KaK yKa3aJJU feJJJJ-MaI:IH II <f>attHMaH [ 8 ], 

O'!eHb ecTecrneHHO MOrJJO 6bJ 6bITb 06-b.HCHeHo, eCJJH 6bJ B npnpo.n.e. cyru.ecT
BOBaJJ 3apmKeHHblll BeKTOl)HbIH 6030H B, CB.H3aHHbii'i C pa3HblMH cpepMHOHaMH 
tJepe3 B3aUMO)J.ettCTBHe «npoMe)KyTOtJHOii IIHTeHCHBHOCTH», npwieM 113BeCTHble 
naM n poueccbI cna6oro B3aHMo.n.eiicTBH.H B 9TOM cnyqae 6bTJJH 6b1 06yc.11on
JJeHbI B3aUMO)J.eHCTBlleM BTOporo nop.H)J.Ka OTHOCUTeJJbHO KOHCTaHTbl <<npoMe)Ky
T04HOrQ>) B3aljMO)l.eikTBH.H. KaK noKa3aHo B pa6orax <f>eiin6epra, a TaK)Ke 
fenn-Manua H <f>aiim.rnna [12], uenoKaJJbHOCTb npouecca ti.---' e-pacna.n.a. cooT- . 
BeTcTBy10ru.aH npm,te)KyT04HOMY BeKTOpHOMY 603ony, Tpe6oBaJJa 6bi Bepo.HTHOCTII 
pacna.n.a no Kanany ri. - e + 1, nponrnopeqaru.efI 9Kcnep11MeHTa.'lbHbtM 
)J.aHHblM [13], 

HeTpy.n.no BH)J.eTb, o.n.naKo, tITo .n.a)Ke npH cy1uecrnonanH11 B-Me3oua 
BepoHTHOCTb npouecca 6bIJJa 6bl paBHOII HYJJIO 1 (4TO noJJHOCTblO COBMeCTHMO 
C 9Kcnep1IMeHTaJJbHb!MU )J.aHHblMH), ecJJU 9JJeKTPOHHOe II MIOOHHOe HettTpHHO 
HBJJHIOTCH -pa3Hb!MH tJaCTIIU.aMH, TaKHM o6pa3oM, TOT cpaKT, '!TO TOK B JJarpaH
)Kl!aHe CJJa6oro B38HMO)J.eikTBHH HBJJHeTCH (<3apH)KeHHb!M>>, 6b!JI Obi OtJeHb 
xopoll!O o6oHCHeH runoTe3oii npoMe,KyT04HOro 6o30Ha TOJ!bKO npu OTJJHtJHII 
Ve OT Vµ, KpoMe 3TOro apryMenTa, KaK Hal\! Ka)!CeTCH, cyru.eCTBOBam1e )J.Byx 
pa3JJll4HblX THnOB neiiTplIHO, He cnoco6Hb!X aHHllrHJJIIpOBaTb 2, nplIBJleKaTeJJbHO 
C T04KH 3pemrn ClIMMeTpIIII. II CHCTel\laTHKll '!aCTIIU. II MOrJJo 6bl noMOtJb 
1IOHI1Mam110 pa3HHU.bl B np11po.n.e MIOOHa II 9J1e1npona. 

l13 cKa3a1rnoro Bbill!e cne.n.yeT, tJTO 9KcnepnMenTa.1bnb1e cne,nemrn · no 
BOnpocy, HBJI.HIOTC.H Jill Ve II Vµ TO)!C)J.eCTBeHHblMII tJaCTIJU.aMH,. HMeJJH. 6bI nepBO· 
CTeneHHYIO Ba)KHOCTb. 0.n.Ha ll3 B03MOlliHOCTei'1, KOTopaH o6paru.aeT Ha ce6.H 
BH1IMam1e, COCTOIIT B ll3Mepemm cnnpa.'lhHOCTH [.L•l\!e3m1a. EcJJI! B npnpo.n.e' 
11MeeTcH· TOJJbKO o.n.Ha napa HefITpnHo - aunrneihpm10, TO V -A·B3aHMo.n.eii
crn11e Tpe6yeT, tJT06bI crmpaJJbHOCTb [.L-•Me3oHa 6bIJJa noJJO)!{l!TeJJbHOli, EcJTII 
Obi cn11paJJb_HOCTb. µ--Me30Ha OKa3aJJaCb Ha onbtTe OTPIIU.aTeJJbHOii, 9TO Obl,10 
6b! CIIJ!bHblM apryMeHTOM B nOJJb3Y cyru.ecTBoBaHl!.H .ll.BYX TllnOB ueiiTpHHO; 
µ+-pacna.n. Mor 6b1 6bITb on11can cor nacuo cxeMe µ+ - e+ + v, + vµ, 

Onb!Tbl JloB II .n.p. [15], 0)1.HaKo, noKa3blB8IOT, tJTO cm1paJ1bHOCTb [.L-·l\!e30Ha, 
no-n11.n.nM0My, noJJO)KHTeJJbHaH. Oo9TOMY nonpoc, nMelOTCH JIii B npupo.n.e 
)].Ba nma nei'npaJJbHbIX nap JJenTOHOB, OCTaeTC.H OTKpb!TbIM, DoJJOiKHTeJJbHa.H 
Cn1IpaJJbHOCTb µ--Me30Ha, 0)1.HaKO, yKa3bJBaeT Ha TO, tJTO, ecJJII .n.ei'icT1;mTeJJbHO 
B np1Ipo.n.e IIMeIOTCH .n.ne napbI Heil:TpnHo - aHT1IHeil:Tpm10, TO cna6oe 
B3a11Mo.n.eiicTB1Ie )J.OJJ)KHO 6bITb on11cano IIMeHHO KaK B (1), a pacna.n. µ+•Me3oHa 

)J.OJJ,KeH 11)].TII no cxeMe ,p.+ - e+ + v, + Yµ, 3.n.ecb, KaK o6bitJHO, 9JJeKTpoHnoe 
neiiTpnno Ve onpe)l.eJJHeTd! KaK tJaCTIIU.a, ncnycKaeMaH BMeCTe C Il0311TpOHOM 
B ~-pacna)l.e. Ero cnupaJJbHOCTb 6b1J1a onpe.n.eneHa Ha onbITe 11 HBm1eTC.H 

OTplllI.aT~JlbHOii [ 16 ) (cnIIpaJJbHOCTb Ve, KOHetJHO, npoTHBOnOJJO>KHa). lfro KacaeT

C.H Vµ H Vµ, 9TH tJaCTHUbl onpe)l.eJJHIOTC.H COOTBeTCTBeHHO KaK HMe10ru.ue OTpH
uaTeJlbHYIO u noJJo>KnTeJJbHYIO cnupaJJbHOCTH. Pacna)I. rt+ -Me3ona coorneTcT
BeHHO H)l.eT no cxeMe !t+ - µ+ + Vµ, 3TH o603HatJeHH.H 6b!."IH IICilOJJb30BaHbl 
B npe,ll.bI.ll.yru.eM pa3)1.eJJe. _ 

nn.H - Bbl.HCHeHH.H BOnpoca, )l.eiicTB11TeJ1bHO .rrn Ve H Vµ .HBJI.HIOTC.H ,pa3Hb!Mll 
tJaCTHUaMI!, OCTaeTC.H 0)1.Ha npununnnaJJbHa.H B03M0)!{H0CTb, ·KoTopaH o6cy
>K)l.aeTC.H B cne)l.ymru.eM pa3)1.eJTe. 

. l ITpOUE:CC P, -+ e + .,. ii.a~e np11 OTCYTCTBIIII B-Me30Ha BO3MOiKeH B BblCllleM nopllm<e 
Teop1111 BO3MyLUeliHH, eCJill l!MeeTCH · TOJlbKO O,\IIH nm nap ttei'!Tpl!HO - aHnrnei'!tpllHO, B TO 
BpeMH Kai\ OH a6COJIIOTHO 3anpeIUeH, eCJill_ v,=fovµ, . 
· 2- 3aMerni1, n t1acrnocrn, '!TO npn cymecTBOB_amrn ve, ~e II vµ, ~µ KaK pa3HblX nap, 

c11creMa M'OOHHi'! (µ.+e-) He MoiKeT ner,exo,J.HTb P'J' B cHcTeMy aH_THMIOOHHH (µ.-e+) B mo6oM 
npn6m1iKeH1111. 

~ 
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3JieKT]10HHbl(! II ,l!UOl!Hble Hei!TpHho 

[flocraHOEKa OilbITa no 0611apyMeHJtlO pa3JJH4H5l 'le If 'l:s 

Mero;\, K0TOpbiii npe,11.,1araerc51 l!lDKe, no cymccrny a11a,10rJ1L1e11 :-.1e1·0.:i.y. 

HcnoJib3Yel\10:-.1y np11 • pewe111m Bonpocon, HBJJm6TcH .:111 Heihpmro If 

aHnmeihp1mo, (3.iJ.eCh petib H;J.CT 0 'le II. ~e) T0)!(,11.eCTBelll!bll\!lf, 'laCT!IU3\lll 

(2 •5 ] IIJIII HB,'IHIOTCH JUI K.°- i1 RD·MC30HhI TO)K)J.ecrneHHhIWI ,,aCT11um,n1 

[ 17 ]. B 3T0;\I cJJyqae HeTO)K)J.CCTBCHH0CTb 'IaCTHU I! aHT11l!acn11~ 6bIJJa )J.0irn3aHa 

Ha 0llb!Te 11e1rn6mo;1.aeJ\IOCTblO HeK0T0pblX nepeX0)J.0B, MaTpll'IHble 3JieMeHTbl 
K0T0pblX )1.0.'J)!Ulbl 0T.'lll'IaThC51 OT Hy.151 T0.'lbK0 B TOM cJ1y 11ae, eCJJII l!3CTl!Ubl 
11 al!Tll'IaCTllllbl 5lBJl5lJIIICb Obi TO)K)J.CCTBeHl!blMII. Hanpm,1ep, 0TCYTCTBHeM 

II])0llCCCa Ve+ C\37 
~'> Ar37 T r1- )J.0Ka3hIBaeTC51, 'ITO Ve II ;;e HeT0}!()J.eCTBCHllbl, 

noc1w:1hKY npouecc v, + Cl37 -> Ar37 + ~-, 6ea coMuemrn, )J.0,'1)1,eH HMeTb MecTo. 

B HarneM cJJyqae pellh 11;i.eT He 06 yme perneHHoii npo6JJeMe HeT0)K,ll.eCT· 

Bel!H0CTH 11eihpm10 II aHTHHeihpmm, a 0 npo6JJeMe pa3Jllll!llll!0CTH Ve OT Vµ. 

(1wu v, OT vµ), ITpn pa3Jilll!JDI0CTH ·1, OT v:, yme H3BeCTH0, B Ka1rnx peaKUHHX 

,:i,omKHhI po}!,)J.aTbCH HMeHHo Ve II v, 11 He MoryY po}!,,D.aThCH V11- 11 Vµ. (11 "Hao6opoT). 
)J,151 pernemrn Bonpoca npe,n.noJiaraeTCH BbIHCHHTh 3KcnepHMeHTaJihH0, 

51BJI5IeTc5l ,'Ill nyqoK vµ. cnoco6HhIM Bb13BaTb ·nepexo,n.hI, Koropb1e. 6ea col\rneHHH, 

MoryT 0b!Tb lHI)J.YUI!J)0Bal!bl V,·'IaCTl!Ual\m. C 3KCnepn111eHTaJ1hHOii T0l!KH 3pemrn . 

nyqol( 11l!00HHblX HCiITplIHO 60.'lee np1mJ1eKaTeJ1eH, l!el\l ny1IOK 3Jl~KTp0HHblX 
Heiirpm,o no C.'l<~AYIOIJJ,Inl npHl!HHaM. O6bll!llhle . l!HTeHCllBHble l!CT0l!HIIKll 

3J1e1npomlh!X Heilrpmrn - pa.n.uoaKTHBHhle 1130TOnbI. nocJ1e,11.m1e no l!X npu

po;i:c 11e cnoco6Hhl ucnycKaTh 11eihpuno c 6oJJhlllllMH 9Heprum,m. Hao6opor,. 
xop0llll!M lICT0l!llllK0M MI00!lllblX HefnpHIIO 5lBJl5leTc5l lt -- µ.-pacna.n., H no3TOMY 

l\!IO0HI!b!C 11efiTpl!HO CCTeCTBCHl!bl~l o6pa30l\l ll0JJYl!a!0TC51 C BblCOKOII 3Heprueii. 
C o;i:11oii CT0p0Hhl, npe)J.CTaB.15leT lIHTepec 11cn0Jlh30BaTb aHTIIHeiiTpl!HO C 6oJib· 
moi'r s11eprneii, CKa}!,eM, ;}> I 00 Me V, TaK 1rn·K ceqen11e npoueccoB, 11i1J1:yUH
poBaHHhIX Heiirplll!O, 6b1CTpo pacTeT C 3Heprneii. C ;'l;pyroii CTop'OHhl, npu 0l!ellb, 
0OJ!b1UHX 3HCprI15IX lll!TeHCIIBHOCTb reHepau·uu MIO0HHblX HeiirpHHO y_MeHbllla

eTCH H3•3a JJC'.rl5ITl!BllCTCK0f'O Y.D.JJl!HCHll51 BpeMeHI! )Kll311H lt·Me30H0B, H n03Tml)' 
3,11.ec1, oocp1,)J.aeTcH nocTaH0BKa onb!Ta c Heiirp1rno c 311eprneii < 100 MeV. 

Pacc~mTpH:11 ceijqac n Kal!ecrne npuMepa peaKum1 (Cl\!; Bhime npoueccbI 
1-21) 

(a) 

(6) 
PeaKUll51 (6)' CC,'111 v, l! V:, - TQ)!{,11.eCTBeHHhle l!aCTIIUbl, ycnelllH0 Ha6J110-

,J,aJ1ac1, PairncoM H Koy311ol\l [ 4]. a B cJiyqae v, =f= vµ. He 5IBJI5IeTc5l Ha6JIJO,n.aeMoii. 

PeaKU1151 (a) - noporoBaH peaKUIIH H no cyUJ,ecrny HeHa6JJJO,D.aeMa npn 9Hep

nrn x vµ. < I 00 Me V. 3a,n.a qa cocroHT. B onpe;'l;eJJeHHH cel!eHHH peaK~HH (6). 
B o6JJaCTII 3Heprnii, r)l;e HeiiTpOH OT peaKUHI! (6) M0)KeT 661Tb )l;eTeKrnpoBalt 

C xoporneii 3(pcjJeKTIHll!OCTblO BHYTPH 60JJbUIOro CUIIHTHJIJl5IUH0HH0ro Cl!eTl!UKa, 
co.n.ep;.irnUJ,ero ka)J.M11ii, MeT0Jl:HKa Paiinca u Koy3Ha Bn0JIHe no)l;XO)J.HUJ,a. 

Kor)J.a np0l!CX0,11.l!T C06bJTl!e, Bbl3BaHH0e peaKUHeii (6), B CUHHTIIJIJ151Ull0HH0l\l' 
C'leTl!HKC oy,n.yT n0HBJl51TbC51 ,/(Ba HMnyJJhCa, 0,11.l!H H3 K0T0phlX C00TBeTCTByeT 

OCB060il(,D.eHHJO 3Heprmr no3HTpOHa (HeHT])OH noJJyqaeT MaJJyIO )I.OJIIO 3Hepr1111), 

a BTopoii, 3ana3)l;bIBalOUJ,HH no 0TH0llleHHIO K nepB0MY, C00TBeTcTByer qJOTOH
Hoii 311epnm, ocBooo)K,n.aeMoii np11 aaxBaTe neiiTpona B Ka)l;1111111. L{JJH o6Ha

pymemrn peaKu1m (6) CUHHTHJIJJHUHOHHhIH tl!eTl!l!K THna PaiiHca u Koy3Ha 
l\lO)KeT 061Tb noMeUJ,eH B nyl!0K MIOOHHb!X aHTIIHeiiipnHo, Hecnoco6Hb!X Bhl3-

B3Tb peaKUHI0 (a) (no 3HeprernqecKHM coo6pa)KeHH5IM) H HMe!0IJJ,HX npene6pe
,KIIM0 Ma,'lyIO npu111ech 3J1e1npoHHblX aHTHHettTpl!HO, KOT0pble M0rJIH 61,r, 

Bbl3BaTb (<TplIBlla.'lbHYIO>) peaKUlll0 :;e + p ~ e+ + n. 
L{JJ51 Bb151CHemrn ycJI0BH5l onbITa \ paCCl\l0TpHM o6pa3oBaHue fl.eiirpaJibHblX 

JICIIT0H0B pa3HblX THn0B B UIIKJIHl!eCKHX ycKopHTeJI5IX np0TOH0B'. )(0 3Hepnm, 

CKa,KeM, 700 BeV. Pa,D.1!03JICMeHTbl, K0T0pble 06paay10TCH B MHllleHI! n' B ,npy-

17"" 
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175fi 5. IToHTtKopso 

•.' rnx ,J.eTaJmX \'CKop11rem1, 5!B.1HI0TC5l HCT0'IHIIKaJ\IH 'le II, B MCHblllell CTenem,, 

": · ;., c 111131-wii ~11eprneii · ( < IO Me V). 3rn 3JJeKTp0HHbie Heiirp1mo He ;i.aioT 
3,nlCTIIOfO cj>OJia, TaK KaK . 

a) 11x 3Hepnrn i\Ia.Tia. 11 no cymecTBY 11x JJerKo ;i:11cKpm,mH11ponarb npu 
11m1om11 a11a:m3a cooniercTny1om11x mmyJJbcoB or CUHHTIIJJJJ51Topa; 

· 6) CeLJellllC peaioum v-:-~ p ~ n +· c+ __ nj)onopu110Ha_JJbH0. KBa,npary 3Hepn111 

11a.'1eTaI01w1x am1111eiirpm10 11 OHO ornoc11reJJbH0 l\la.'16 np11 Hil3KHX 3H.epnrnx. 

. Ha i\llllUeHIJ i::1mxpoUIIK,'10TpoHa 6y,nyr o6pa30BbIBaTbC5l TTIIOHbl 06011x 

_3113K0B. Om1 6y,lyT o6pa30BblB3Tb HCIITpaJJb!lbie JJenTOl!bl no cxe~1e: 

I) ;r+ -> :1.+ + 'Iµ, 

3) ;-;- -➔ (1.- + 'I:,, 

2) :1.+_,c+ +Ve+ Vµ, 

4) (1.--,e- +Ve+ Vµ, 

5) tJ.7 + 51;'.lpO -> Vµ• 

llp11MeCH •1, 11 vµ n 11y1H,ax Ile npe,nHbI, nocK0.1hKY yllie 113necrno. •trn 

HeiiTpllHO (KaK v,,, TaK II 'le) He l\loryT Bbl3B3Tb paCCMaTpHBaeMyIO peaKIUl!0. 

Jierno Bll,J,CTb, 1.Jro <<npe;i_llble>> npm1ec11 Ve B03HHKaior TOJJbKO 113 pacna;i_a 4 
OT p.--:-,e30II0B. O,nHaKO 11.--MC30Hbl, 0CTaH0BIIBWlleC5l B Marepl!aJJe Bb!C0K0ro 

<iTOi\i11oro HOMepa (Herpy,lHO 06ecne1111rb B03MO}KHOCTb OCT31I0BKII :\!C30H0B 

B .r1ern11x i\tarep11a.1ax), 11paKT11LJec1rn He HCTTbITbIBaI0T :1.-pacna,n, a :1.-pacna;(oM 

Ha MTY .M0Hrno npeHe6pe'Ib, raK KaK ;'.(JJIIHa CB060.n.11oro npo6era ,1,vrn pac• 

na,!.(a (1.-l\lC30ll0B 11:niep51eTC5I Il C0TIIHX l\!eTp0B, a ;i_ere1nop peaKIUIII (6) 
pa3yJ\1110 nonamtTb Ha paccro5JHJII! -~ IO ,11 .or i\111111eH11. 

TaKIIM o6pa3o!II, MoHmo ocyuiecrBIITb ny110K v11-tiacr11u, HpaKr11 11ccK11 11e 

11Me101u11x npm,1ern v,. Ilpn 3ro:-.1 vµ or pcaI(IUIII 2) (ocraHou11Bm11ecH :1.+-'.\1e30-

Hb1) 11Me10T cpe.11.mo10 3Heprmo -. 35 l\\eV, a ~1, OT peaKu1111 3) ~10ryr mien, 

3HalJIITCJ!bH0 66.'!hwy,d 311epr1110 (pacna.!I, 11a JJeTy). 110 IIX IIHTCIICIIBII0CTb 

Boo6me Gy ;i_e-r .,ia.r1a a. 

l.J:11cJJo o6pa3oBaHHblX Vµ OT pea1,1i1111 2) :\I0H,eT 61,1Tb Cimn1rnl\1 K 1111c:1y 

o6pa30B3Hllb!X ;:+-MC30HOB B l\!IIIJICIII!, II fl03T0~IY 'IIIC.Tl0 V1-" oGpa30BallllblX U 
C0BJ)('l\lC'llllb!X c!Ja30Tpo1iax, i\lO}J(CT 6b1Tb jl;JllH0 I Ql'.! CCK-I. B 11acTom1iee llj)C:W! 

06cy;1qaI0TC5l M0.U.e.'111 II0BblX ycKOj)IITl','IC'ii, Cf!OCO0llblX B IIJ)llllllllTTC ,J.aTI, IIIITl'll

,c113110CTb yc1rnpeHI!blX npoT0H0B 11a TPII !I0J)H,J.Ka IlbllllC. Tairnl\! oopa3o~t. '.\10/1'110 

,.1.y.,1aT1,, ino noroK <ll, Ha paccT0Hllllil ~ JO ,11 OT M11111ell11, 1,()"~1,.•·c.11'.! cc,, ,10,1,l'T 

craTh peaJJbHbl\I n Hc,1.a.1eKo.\l 6y;i_y111e'.\1. Ce11e1111e nponecca (6) (:1,1:10 0l\l'lll'H0 110 

reop1111 B03\1ymemrn II OI<a3aJI0C!, paBJluI:\I 2. 10-H C.H\ eCJIII v,. c::cc ;,,. :via ~" 
c 3Hcpr11ei"1 35 Me V. EcJ111 11cno.1b30Bar1, cu1mTIIJJJJmU1011111,1ii c 1ICT'IIIK nnia 

PaiiHca II KopHa (1-2 nz). ro 1111cno co61,mlii (11p11 '1, = ·11,) pamm - I n •rac 

(<D - I 08 CAt-~ ce1'-1) n pn 3<l>cjJl'KTIIBHOCTII perucrpau1111, pam1oii c·:i.11111111e. 

KaK noKa3am1 He,llamrn PaiiHc II Koy3H [·1 J. 3cjJcjicKT11B11ocn '.\I0iKl'T 11pem,1-

maTb 0,5 .. Tex11i1t1ec1rn, perucTpatUIH 0,'1,II0f0 pacc\taTJ)IIBctC'.\lOf0 CO0hlTIIH 

.Meuce rpy;'.l1ia, LJer B on1,ne Pai'rnca II Kpy::ma, TaK' KaK 311epr1rn 11cnyrna

€l\IhlX W-tJaCTIUl BCJIJIK3. · TarrnM oopa3m!, pea.'Ibl!0CTb 0f!l,!Ta 3a!ll!CIIT OT 

BeJJ1111m11,1 riioHa, 1<0Tophll"1 01Ie111, rpy,J.Ho oue1111Tb anp11op11. Moarno T0.1bKC 

CKa3,!Tb, 11T0, I( co;,1rnJJel!III0, 0TJI0IUCHl!C 3Cjlcpe1na K 1J1m1y ,J.0J!i!W0 61>1Tu 

3HaLJIITl'.%Ho :,,1e11b111c, qe~r n 011i,ne Paii,ica 11 .Koy311a. O6pau1aeT ua ce6H 

BHHMam,e TOT. cjiaKT, 'ITO ~/l OT peaKUllll 2), B 0T.'1ll'IIIC OT HeiirpoHOB, poiKJia

lOUillXCH B ~llll11C'llll. IICfl\'CKaJOTCH ll30Tpon110. 3To ,Tlaer B03~lO)J(HQCTb p1e111,

llll!Th rpy,lll0CTII, CB513almi,1e C ljJOH0:-1 OT ycKop·ll;ejrn; ~eTe1nop ~µ. )W.'!tKCH 

•6bJT!, nocTaB."JCI! I!0.l yr.10'.\! -~;,. 90~ 110 0Tl!0lliCHIII0 K 11anpaB,'1CJ111Id na;'.(aI0UUIX 

Ha ~ll!IIIC'lll, ycK0J1l'llllblX 11poT0l!0B. 

3 lloTOK -:j:, OT :-:- ··• :,.--pacna.,n JIJ ,1e1y ~Jo;J,('T 61,n1, 311iJlll!'f(';!LllhlM Tom,Ko n TOM 

,::.1y11;1c. l'C.11! yc,;opeiifi!,I/i npoTOIIHLii'I 11)''101( 11011a:weT 11a !lHC!IJl!IOIO MIIWeHh, np11 310M 
: \IlllllCIH, 0·1;1a:1s1cTCl! OT ~1nccun111,1x ;wrn.ieii (:ianurra JI T. :1.). !Iii JieCKO.TLKO MCTpOB. 

r 
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3.1CKTpOHHhle H M!OOHHble Heihpt!HO 1757 

Pe3IOMIIPYH, M0)IU!0 CK333Tb, lJTO TI0CT3H0BKa 0I!b!Ta no Bb!HCIICHI!IO 
Bonpoca 0 T0)K,IJ.eCTBeHH0CTH Ye H Yµ, X0TH H 04eHb 33Tf.l)';l.1111Te:n,Ha, ,.1.0'1)1(H3 

0b!Tb cepbe3H0 p~CCl\!OTpeHa , npH npoeKTHp0B3HIIII H0BblX yCKop11re.1eii. 

B 4aCTHocrn, npo6.1el\Ia 3aII.J,HTbl OT H3Jiy11emrn :.i.ere1<ropa ;fl- ;i_o.rrnrna 0hITh 

pacc111orpeHa Ha caMblX nepBblX cpa3ax npoeKTHpoBaHHH yc1rnp1ne.1H. 
8 33K'1l0l!eHHe aBropy np!IHTH0 1106Jiaro;r1.api1Tb lfmoy fyaH-'liK30'. 

JI. E. OKyHH H 51. A. CMopo,I1.11HcKoro 3a MHoroc111c.1e11Hhle 06CV)l,,1.emrn, 
a raKiKe 9. M. JIHnMaHoBa, JII06e3Ho npe,nocTaBumuero mm ,.1.0 ony6nirnonamrn 

CT3Tb!0, B KOTopofi npHB0,II.HTCH apryMeHTbl B TI0'1b3Y cyuiecrnoBaHIIH ,IJ.BYX 
nap HeilTpHHO. , ' 

O6heJ(mreHHb!H l!HCTllTYT · 
lTJ(epHb!X J!CCJJeJ(oBaHllt'.i 
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ELECTRON] AND MUON NEUTRINOS 

n. Po11tecorvo 

Some processes due le• free neutrinos which heretofore had not been considered are 
discussed. Especial attention is payed to those processes which in; principle may help to solve 
iiieproblem "concerning lhe existence of two neutral lepton pairs (electron pair (v/;iand 

~t) and muon pair (vµ. and v;)). 
To solve _the fundamental question whether vµ. and v, are identical particles, a me

thod is proposed which in essence is analogous to the method employed for solving 
the problem of the distinguishability of th~ neutrino and antineutrino or K0 - ancl R0 -meson~ 
In p~in_ciple the problem can be solved if it is demonstrated experimentally tlial a v"' 
bcam is capable of inducing transitions which v, particles can certainly induce \e. g. 

the vµ + p .... c+ + n reaction). 

The experiment suggested above, althoug!J difficult, slwul<l be feasible with acce 
lerators capable of producing more in!;11se beams tti~n tiios\! produced by pr,•sent day• 
accelerators. 


