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CBemJloii na.Milmu 5pyHo floHme<OpBO 

nOC6JltqQ10 

no)lxo.n MaHopaHa c 33p51JlOBO-COnp.sDKCHHOH BOJlliOBOH <PYHKUHeH 8 TCOpHH 

.QHp3K3, 00-BH.UHMOMy, H3H6onee 3,UCKB3TCH 380JllOUHH HeihpaJibHOfO clJepMH0!-1:3. 

JlopeHu-npeo6paJosauHe MaHopaHoscKoro cmmopa c 33pSUlOBbiM conp.snKeHHeM 

o6pa3yer HenpHBO.UHMOe npe.ncrasneHHe nopeHu-rpyrmhi c ·tcoMnneKcHo-conp.s~

:>KeHHOH napoH (nsyXKOMOOHCHTHbiX) CDHHOpOB (1). npH 3TOM K3)1(JlOfi: KOMDOHCH

Te cnHHopa orseqaer csoH 1.1neH s narp3H)I(H3He. Bo3HHK3K>lll.He .use MaCchi s MaH

opaHOBCKOM nO.UXO.D.C (B OTnli"•UiC OT OJl.HOfl. ,llJ.ip3KOBCKOH. M3CChl) HapyrnaJOT lJCT

fiOCTb H ¢epMHOHnoe l.fHCno. BcnencrsHe lJero 3TOT no.nxo.u HrHOplipOsanc.st 

MHorne rO.UbJ. OrtcpLITHe HecoxpaHeHJHI t~eTHOCTH s cna6biX B33HMoneHcrBHSIX [2] 

H B03MO)I(HOCTb HapyrneHml nenTOHHOro "tJHCna s Karm6poBO"IHOH TeopHH BenHKO

ro o6oe.UHHeHHS [3) Bbi3BaJIJ.i HOBbJH: HHTepec K Teopm<~ MaiiopaHa. 

Dpo6JieMa OCUH1111SUHH Hei-iTpHHO B03HHKJ13 [4) no 3HaJ10ntH C KsapKOBbiM 

ceKtopoM, rne ecTb aKcnepHMeHTaJJI>HO ycTanoBJTeHHbiH cpaKT Hecosna,ueHHS co6-

CTseHHbiX COCTOSHHii cna6oro B33HMO.D.eHcTBHS KBapKOB C C06CTBeHHbiMJ.i COCTO

"HH.MH Maccosoro onepampa [5]. EcnH 3TOT cjlaKT "BJJ"eTc. cjlyH.UaMeHTaJlbHO 

3H3lJHMbiM 1 TO OH He MO)KeT 33BHCeTb OT npHpO.ll.bl KOHKpeTHhiX 06DeKTOB, 3 TOJlb

KO OT napaMeTpOB rpynnbl CHMMeTpHH [6). TI03TOMY C06CTBeHHbJe COCTO.HH" cna-

6oro B33HMO.a.eHCTBHji HeHTpHHO TaK;Ke MOryT 6b1Tb Bbiprut<eHbi B TepMHH3X M3CCO

Bh!X C06CTBeHHbiX COCTOHHHfi. 

CMelliHB3HHe COCTOSIHl-Ui. HefnpHHO B03M0%.HO, ecmt COCTOHHIUJ. Hej:iTpHHO 

HBJlHIOTCH C06cTBeHHbiMH COCT051HWIMH H MOryT HHtepcf>epHpOB3Tb, H, CJle.llOBa

TenhHO, KOrepeHTHbl [7). 

B naHHOH pa6oTe paccMotpeHo cMelllHBaHHe w ssonJOUID!: co6CTBeHHbiX coc

T051HHH HeHtpHHO H 3HTHHeiitpHHO H nOK333HO, 'tJTO liX cynepnomtposaHHble CO

CTOHHH51 5181151JOTC51 MaHopaHOBCKHM COCT051HHeM HeHTpHHO. 8 pa6ote (8) 6biJI3 

paCCMOTpeHa B03MO)KHOCTb OCUHJ11151UHi1: B npennonO)KeHHH, liTO Heii:TpHHO ecTb 

MaHopaHOBCKHe lJ3CTHUbl, B TO BpeM51 KaK B .U3HHOfi pa6oTe OOK333HO, l.JTO 3TO 

CsOHCTBO o6yc.nosneHO o6pa30B3HHeM COCT051HHji cynepn03HUHH HefiTpHHO H 

3HTHHeii:TpHH0 B OpOUecce 3BOJ1JOUHH. 

PaccMOTpHM npouecc o6paJosaHH51 cynepnOHHposaHHMx cocto51HHH KBaHTO

soH CHCTeMbl H Bbi51CHHM HX CBOHCTBa. DyCTb HMeeM .1183 B33HMO,lleii:cTBYJOlUHX 

KBaHTOBbiX o6oeKTa c O.llHHaKOBbiMH KBaHTOBbiMH l.JHcna .. m H raMHJlbTOHHaHoM H 



. as1 
,tz Tr = HS 1 + aS2 H 

. as2 
1h at= HS2 + aS1• 

nocne cno)!(eHH.sJ H BhPUH3HH51 asyx ypasHeHHli (I) nonyYHM 

itz :
1 

(S1 + S2) = (H +a)· (S1 l- S2), 

ill :
1 

(S1 - S2) = (H- a) · (S1 - S2) . 

(I) 

(2) 

J-h (2) CJ1e}lyeT, liTO aMnJ1HTY.Ubi COCT05IHHti: S
1 

H S
2 

H3MeHSUOTC5I BO BpeMei!H. 

flOMHMO 3THX COCT05IHHH D05IBJ15IeTC5I HX .TlHHeHHrul KOM6HH3UH5I S
1 

+ S
2 

H 

S1 - 52. ECJIH 8 MOMeHT t = 0 CHCTeMa 6b!J13 B COCT05IHHH S
1
, TO aMOJJHTy.Ubl S

1 
H 

S2 6YilYT MeH>TbC" no 3aKOHY 

S1(1) = exp (-iHI/h) ·cos (aljh); 

S2(1) = exp (-iHI/11) ·sin (al/h). 

CHcTeMa H3 .usyx o6DeKTOB 6y.ner Henpepb!BHO .UBHrancSJ or cocroSJHH5I S 
1 

K coc

TO•HHIO S2 H o6paTHO, o6pa3y• HOBble co6CTBeHHble COCTO.HH. (S
1 

+ S
2

) H 

(S1 - S2), HMe!Omwe pa:JHbte co6CTseHHbte 3Ha4eHH• (H +a, H- a). 

Tenepb paccM01'"pHM .usa coctoSIHH». o6nanaiOll.lH~a3JIHlJHbiMH KBaHTOBbiMH 

4HcJJaMH. $1pKHM npHMepoM ••n•eTc• cHcTeMa (K 0, K 0). B npoMe)I(JT04HbtX co

CTOSIHHSJX cymeCTB)'K>T HX COCT05IHHSI cynepD03HUHH, HC HMCIOWJ.ie Ctp3HHOCTH. 

TaJOiM o6pa30M, BIDKHOe csoiicrso o6pa30BaHHSI cynepnomtposaHHbiX cocro-

51HHH B TOM, liTO B33HMO..Uei1CTBHe MeJK.liY HeHtpanbHblMH 06'beKT3MH p3BHbiX Mace 

C pa3HbiMH KB3HTOBbiMH llHCJiaMH HapylllaeT COOTBeTCTBYJOWHe 3aKOHi>l COXpa

HCHJ-ISI a npouecce 3BOJJJOUHH. CMewHsaHIDI He 6y.uer, ecnH B33HMo.aeikrsHe 33-

npeweHo, BCJJCD.CTBHe BbiTIOJJHeHH5I 33KOH3 COXpaHeHH5I, HanpHMep, HeBQ3M0)t(Hbl 

OCUIV1Jl5JUHH npoTOHa H aHntnpOTOI-13 H3-33 C0Xp3HCHH51 3JJeKTpHliCCKOfO 33pSIJI3. 

.ll.n5J HeihpHHO 3TO B33HMO.UeffCTBHe .UOJI)KHO Hrpatb ry JKC pOJJb, K3KYlO cna6oe 

B3aHMo.neikrsHe wrpaer M» (K 0
, K 0)-cucreMbi. 

EcnH co6crseHHDie cocroSJHJUI HeHtpHHO CJia6oro S33HMo.ueHcrsH5J He cosna

.naror C M3CCOBblMH C06CTBeHHbiMH COCT051HH5JMH, TO OHH MOryT 6bJTb npe.UCT3Bne

Hbl CJJeJJ.yiOIUHM o6pa30M: 

v,. = I, Uij vi 
j 

(3) 

flpH 3TOM C06CtBeHHbJe COCTO~HH5J JlO M3CCe, BX0.115IWHe B (3), ).lOmKHbl HIITep

c1JepupOB3Tb. 113MeHeHne so speMeHH ~iO)I<eT 6bJTb omtcaHo KorepeuTuoH cyMMoH 

2 

N 

V;(l) = I, exp ((-t-ip2 + ~
1

)1)Uij v1 , 

j =I 

B KOTOpoH TOJihKO JUiHeHHIDJ KOM6HH3UlUI l.JJJCHOB 6yJlCT COOTBCTCTBOB3Tb onpe,ne~ 

JICHHOMY cna6oMy co6CTBCHHOMy COCT051HHIO. J-h-3a BHyrpeHHe npHcymeH: pac-

10 • dE 
XO.!U1MOCTH BOJJH .ne vpOHJl.SI V = -d = .y 2 z M3TJ'HU3 CMClllHB3HH}l MQ)KeT 

P P +m 

CO.UCp)K3Th TOJJhKO C06CTBeHHhJC COCTOSI:HH51 H HX m-t:Hei:fHyK> cynepn03liUIHO. J.13 

BCeX B03M0)t(HbiX COCT051HHJ1. 8 (3) TOJlbKO C06cTBCHHLJe COCT051HlUI Heii:rpHHO H 

aHrHue~hpHHO coxpaWI!Ot HHtepcflepeHUH~HHYIO Kapnmy. Ecm-1 ypasHCHHeM 

.UBH)f(CHH.sl HCHtpaJlbHOfO cpepMHOH3, K3KHM 51BJ151CTC51 HeiitpHHO, OnliCb183CMOfO 

llBYXKOMnOHeHTHbiMH CnHHopaMH, ••n•eTc• ypaBHeHHe .[\wpaKa, TO M• \jl = ( i ) 
H npH m -:F. 0 OOJJ)"JHM }l83 yp3BHCHH51, CBSI33HHbiX M3CCOBLIM 'UlCHOM: 

v . . 

~-? ~-? 
cr · P <p = E<p - mx; cr · P X = -Ex + m<p. (4) 

-=>-4 
TaK KaK 0' P 5JBJI51etc5J oneparopoM xenHCHTH, TO 3TH .usa ypasHeHJ.UI onHCblBatoT 

1..1acnmy H 3HTH1.J3CTHUY (HeihpHHO H aHTHHeihpHHO). KaK BH.U.HO, CTIHHOp 

0TpHU3TeJ1bHOii XeJIHCHTH CO)lep)I<HT npHMeCb OOJ10.JKHTeJibHO-Onpe.neneHH0fO 

m 
cnHHOpa H 3Ta .nonS! - E v pacrer .D.J15J HeHTpHHO. MaJTOH 3HeprHH • TaK, l ]

2 

HanpHMep, a npouecce 6e -;a na.ua c yMeHbllleHHeM :mepnm HeHtpHHO pacrer 

.nonSJ pacna.nos, co.uep)l(all.lHX o6a cocroSJHH.IJ xeJIHCHTH OJlHOBpeMeHHO. B 3TOM 

c.nyYae He TOJJbKO nose,neHHe KOHUa 6eta-cneKtpa l.J.YBCTBHTeJibHO K Macce mv• HO 

Hero <jlopMa. B pa6oTax [9,10] pacc4HTaTa <jlopMa cneKTpa M" MaCChi HeiiTpHHO, 

He paBHOfO HyJJto, HO 6e3 yt~eta BKJia.na CTIHHOpa TIOJJOJKHTeJibHOii XeRHCHTH. 

<l>H3Hl.J.ecJ<He COCTOSIHHSI, OOHCbiBaeMble ypaBHeHHeM 380J110UHH HeH.tpHHO, npe.n

CTaBJ15IlOT co6oH JJHHeHHyJO cynepn03HUHJO cocTo.IJHHH, coorsercrsyJOlllHX CP

onpe.neneHHbiM co6crseHHbiM coct05JHH.IJM. TaKHM o6p330M 1 .uBa HeHrpanbHblX Bbi

poJK.neHHDIX ypOBHSI HeiitpHHO H 3HTHHei:ftpHHO onpe.neneHHOfO c)meif:Bopa TIO)l, 

.Ueti:CTBHeM CJia6oro B33HMO,UefiCTB\Ul o6pa3)'10T flHHeHHylO cynepn03HUHlO COCT0-

5JHHfi: HeiitpHHO H aHTHHeiitpHHO. 3ra CHCTeMa 6y.neT HenpepbiBHO .D.BHraTbC.sl OT 

HeHtpHHO nesocnHpaJibHOfO K npasOCnHpaJJbHOMy COCTO.siHHlO 3HTHHeHtpHHO H 

Hao6opo~. HeihpHHO onpe!leJJeHHOro <jlnei<sopa, o6P.a3oBaHHOe npH t = 0, B cooT

BeTCTBHH C (I) H (2) 6yi!O~ JIHHei<HOii Cynepn03HUHei< Hei<TpHHO neBOi< CnHpaJJb· 

HOCTH H 3HTHHeHrpHHO npasoH CnHpanbHOCTH. 3TH nsa COCTO.siHHSI He 6ynyr 

HMeTb onpe,neneHHOfO COCTOSIHIUI CmtpallbHOCTH, TaK K3K OHH SIBJUIJOTC51 mmefi:

HOi:t KOM6HHauweH JICBOH H npaaofi CnHparJbHOC~. ~HaKO 3TH COCT051HIDI MOJ)'I' 

6bJTb coUcrseHHblMH cocroSIHH»MH xenwcHTH (fp I I P I. .fin» HynesoH MaCcbl co

CTO.IJHJHI XeJIHCHTH H COHpaJibHbJe COCTOSIHHSJ COBTia,uaror. 
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Jlm1 HeiiTpwHo JUtpaKoscKoro nma npH ocywecrsnetnm nepexo.ua ue~hpHHO 

B 3HTJ1HeihpHHO B raMHJlbTOHM3H 6y.lleT BXO,llHTb OTHOCHTeJlbHblH BKJJa,n nenTOHHO

ro 33p5DKeHHOfO TOK3 npasofi CmtpaJibHOCTH, KOTOpbJJ1 SIBJJSieTCSI crepHJJbHbiM 8 

3JJCKTpocna6oil TeOpHH. B pa6oTe [II] noKaJaHO, "To sepo•THOCTb nepexo)la 

HefirpwHo s aHTHHertTpHHO Jl.TUI lUipaKOBClOlX v - V-none\i. onpeJJ.enSleT 

npwcyrcrsHe npasoro TaKa s raMMJJbTOHHaHe. )lna cnyt-~aJI orcyrcrsw~ npasoro 

nenrOHHOro TOKa 3TOT nepexo.a npe.llnonaraer np.SMOe uecoxpaHeHHe nenroHuoro 

1·1MCJ13 H HeCOXpaHeHHe 4JepMH0HHOfO '·IHCJ13. DepeXO,[l He~hpHHO B 3HTiiHeihpHHO 

.nHpaKoscKoro nma ensa nw 3KcnepHMeHtanbHO ua6moJJ.aeM . 

.llm1 HeihpHHO MaHopauoscKoro ntna s npouecce o6pa3osaHHSI cynep

noHHposauuoro COCTOSIHHSI 33pSI.UOBO-COnp5DKeHHrul BOJJHOBM Q>yHKlllUI Maf.i:opa

H3, COCTOSIIUM H3 JJeBOCDHp3nbH0r0 COHHOpa H ero 33pSIJ10BO-COOpSI)KeHHOro npa

BOCOHp3nbHOr0 CnHHOpa, o6pa3yeT 06DeKT, HMeKHUHf.i: TOJlhKO ,nse HC33BHCHMhle 

KOMnoHeHThl, H ocymecrsJI'SieT nepexo.u OT nesoro K npasoMy cnmwpy. B caMOM 

)IOJJC \jiC = \jl*, TO )IJJ" ~ = ( <j) •) HMOCM 
<Yz<i> 

c _ • _ ( o -cr2 )( o )- ( -crzx' J 
1jl - Yzljl - <Yz 0 x* - 0 • 

ttTO H JlOK33hiBaeT nepexo)l K npasocnHpanbHOMY 3HTHHdiTpHHO. Cmmop MaHo

paHa MO)KeT CJJ)')KHTh OCHOBOH .llJISI onHcaHHSI opHrnHaJJhHOro cnHHopa .ll.HpaKa, 

Bblp3)KCHH0f0 ttepe3 JJHHef.i:HyK> KOM6HH3UHK> JlBYX Maf.i:opaHOBCKHX CflHHOpOB 

[ 12]: 

>! = ~ + ~ H (1j1°f = ~- ~. (5) 

r)le ~ = -c~f. 
B COOTBeTCTBHH C (5) npOH3BOJlbHLIH JlHp3KOBCKHH COHHOp MO::KCT 6btTb p33-

110)KCH B napy M3f.i:OpaHOBCKHX COHHOpOB B cpopMe 

>! = i ( ;cr~· )+ i ( icr~x·} (6) 

Dpw 3TOM Ka)K.JlbiH MaHopaHOBCKHH cnHHOp HMeer csoH co6crseHHbiH narpaH)KHaH 

CO CBOeH M3CCOH, B TO BpeMS KaK Jll-lpaKOBCKHe cmntopbl H.MelOT Q.llHY M3CCy. DpH 

T3KOM pa3Jl0)t(eHHH JlHpaKOBCKHi\ JJ3rp3H)KH3H npHHHM3eT cpopMy 

· m m 
~ D I + , I T· I +· , 
,_ = 2 <P Y~u~<j> + 2 <i> r<Yz<i>- 2 <i> •<Yz<i> + 

i + m2 T· m2 +· * 
+ 2X y~a~x + 2 x rcrzx - 2 x •crzx . (7) 

4 

noJJ.XO.l MaiiopaHa c 33p51)l0BO-C011p51)KeiiiiOii BOJHIOBOii (pymall!eii a.:teKB<iTCII 

on11CaHHto npouecca o6pa3osa!IJBI cynepnonuposaJJIIbiX cocTo51llllii JJeiiTpaJlbHOro 

¢epMHOIIa H, s qacTHOCTU, ueiiTpmw. CMewusanue nsyx Bb!pmt.::lle!IIILIX ypOBIIeii 

ueihpH!lO H3-33 cynepn03HUIHI B 83KY)'Me npHBOlUIT K paCJUeiiJletiJIIO yposneif. 

3TOT nepexOJl B COOTBeTCTBiili C (6,7) nepeBO).lltT JleBble HeiiTp11110 B npasLJe 

aJIHIIIeihpHIIO. 

M vr + Vz 
yD -fi 

VA1 - v':f -o I -
IIV= -fi 

Ec;m o6a cocro.s~HH51 v~ 11 v~1 
cTa6ltJibtlbl (r1 = r 2 = Ol. ror.:.ta noc:1e spt:~JeHJl 

t = 1t 
2 

HeiiTpHI!Ilblii noTOK 6yneT conep1+'3Tb ai!TIIIleiiTpliiiO. nocne eme o.Jnoro 

om 
nepiiO.!lU BpeMelm O)'YOK 311n1lleiiTpitHO li3MCIIIIT CIIItpa.:lhiiOCTb II 6yneT CQll.Cp

)KUTh ueihpuuo. B 3KcnepHMei!Tax :noro Tuna MO)KJIO onpe;.tc:mn. pa3IIOCTb ~wee 

? Om- . 3TOT nepeXO)l HapywaeT nenTOJIIIOe l!IIC.flO 113 .nse C)llllillllbl It COCTO}!Jii!SI 

v
1
, v

2 

VI ll v
2 

He UMCIOT OrlpCJleJlei!HOti Cmtpa.ilbiiOCTH, HO 51BJJSI.lOTCH C06CTBC!Hib1Mit CO-

CTOSIHHSI.MH CP-1.1eTJJOCTH. Ecnu cocT0511Hl51 v~1 u v~ 6y.uyr !lecra6unbllhl, ror.na 

IIO.!l )lCitCTBBCM cna6oro B3aiU .. tO)lefiCTBl-Ul OHH 6ynyr CMeUlHBaTbCS\, 1\ UX. pacna.a 

6y.neT H.llTH c uapyweuBeM CP-lleTHOCTii. Bep051THOCTh TaKIIX ocuumumnii 6yner 

nonasJISITbC.sl 3KCIJOIICHUHaJlhllhiM Q>aKTOpm.t [ 13]; 

I 
pv

0
p v

0 
= 4 { exp (-111) + exp (-121) ± 

± 2 exp [-(11 + 12)t /2] · cos(omT,2 · t). 

Pa3Jiuua Mace Om
1
•2 ue 33BHCIIT OT MO)lbl pacna.ua, u TaK KaK .WI51 v1-, v2-pacnanos 

Q>a30shtii o6oeM Man, TO JlJISI. ycnnemt.s~ 3THX nepexonos, cnenyer mtot.naTh, liTO 

(rl + r2)-;;::: Oml,2. B COOTBeTCTBUii c npHHUHOOM cynepn03UU1Hillltp3KOBCKOe co-

CTOSIJHJe V 3BO~lOUHOHHpyeT K V O)'TCM o6pa30B31HI51 cynepnO!UtpOBaiHibiX COCTO

SI.IB!f.i: V'~1 H V~, KOTOpb!C SI.BJ151toTCSI MaHOp3HOBCKHMU ttaCntua~m. npe:>K1le ttCM 

nepeffTH K ~KCnepHMeHT3JlbllhiM CJlC)lCTRii.siM, ccpopMynHpyeM BhlBO)lM. 

1. HefnpHHO no csoe\.i np~polle MOryr 6btrb KaK llHpaKoscKHMH, TaK u Maiio

paHosCKHMH tt3CTHUaMH B 33BHCHMOCTH OT MOMeHT3 380J1J{)UIHI HX COCTOSillllii It 

o6pa30B31H151 COCTOSI!liiH cynepn03HUJ.Hf. 8CJ1CJ]CrBIIe 3T0f0 06pa3)'lOTCSI. HOBble 

CP-onpe.lleJJellllbiC ¢1i3lllJCCKHe cocro.s~unH ueiiTpHHO Maiiopa!IOBCKoro Tlllta .:1I0-

6oro Q>11eiisopa vJ, v2. v~. v~ ... B np0ueccax oCUit.ll.fl.s!Uilii v(. -tV,, vJl -t VJ.l" 

v(, ~ Yv-·· 3apHnoBo-conpH::Ke!HJ<l}l som!OBa5J ¢ynKUli.SI Maiiopa11a nalt6o:tcc 110.'1-
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t!O orsel.laer npuuuuny cynepnoJHUHu H o6paJosamHo npoMeJKyT04ULIX cynep

noHHposaHUbJX CQCTO}!Jutii. 

2. 06pa30B31BIC CQCT0511JHH cynepn03UWHt: U3KJ1aaLII:laCT onpe.UCJJCHHLIC yc

,10BIHI H3 BQJ,O,.!Q)!(Hf>IC 6H11UHeHIILIC ¢opMLI J!OpeHU-HHB3pH3fiTHbJX l.l11CHOB Jl3f

p31iiKH3H3. TaK l.liiCH 'Vc 'V coJnaeT nsa HeiirpHno sc.1eJJ.CTBiie o6pa30B3HHH npo

MCit\)'TOl.liiOro COCTO»HH51 cynep1103UUHH, 8 TO BpCMSI K3K JllipaKOBCKHii Oneparop 

ff o6p33)'CT HeifTpHHO H )'HH4T0iK3CT 311TI!HeihpH110. 

3. BcJJCJlCTBHC o6p330B3HHSI COCTOSIHHSI cynepn03HlHU1 ueihp11BO H 

3HTUHei.iTpHHO JICrJTOHiiOC 4HCJIO H3p)'W3CTCSI 113 JIBC C!lHIIHllbl 8 npouecce 

OCUtf.!!J1SillBH. 

4. D.nH Maccusuoro ueHrpHIIO c yMCHbWCHHeM ::lHepnm neihpuuo pacrer .uo

JJH COCTOSIIII!H 3HTHHeHrpHHO BO BCCX npoueccax C ytJ3CnteM HeitTpliHO, 

nponopuHOHaJJblla>l ( ;; J. Bo3MOJKHOCTb perncT~aUHH ocuHnn•uHil 3asHCHT oT 

paJHHUbl Mace MaHopaHOBCKHX ueHrpHuo vf H v':j. UenbJO 5JBJ15JCTCH HJMepenHe 

110TOK3 IJC~iTpHIIO npOTI-iB0001101t<HOfO 3H3K3 H3 p33Hb!X paCCT05JJHUIX OT 

HCT04UHK3. Pa31fHU3 MaCC MOIKCT 6b!Tb 11p51MO H3MCpCH3 B 8TOM CJ1)'l.l3C. Jl;J5J Bbi

UOJ\HCHit:SI T3KOI'O 3KCnep~tMCHT3 ll.CTCKTOp ,llOJ])KCH pCfHCTpHp0B3Tb 06a 3113K3 

JJenroua. TaK K3K MaCChi m1 H m2 MaHopaHOBCKHX l.lacruu npaKTHtteCKH BhlpO;te

llCJJhl H3-Ja CP-coxpaHstfOUlCii aMmuny.Ahl cocroSJHH5J cynepn03HUHH, TO Ksaupar 

pa3HHUbl Mace 8m~ v MolKeT 6b1Tb Man. EcnH pa3HHua Mace -(lo-1 - I0-3) •B2, 
I' 2 . 

TO 3TH OCUJ.L11151UHH MOryf H3)''.JaTbC51 B na6opaTOpHH C BbiCOKOHHTCHCBBHb!M 

HCTOttJUIKOM HCHTpHUO, paCOQJJO;KCHHbiM H3 60JJbWOM p3CCTQSIHHH OT .UCTCKTOpa. 

.il.pyryJO B0'3MO)KHQCTb HpCJlCT3BJ15110T COflHCl.lHble HCHTpHHO. norOK 3HTHBeihpHHO 

OT COJJHU3 He npe.llCKaJbiB3CTC51 HH OJlliOif COJIHC4HOH MO)lCJibiO. 

Ec.rm HCHTpHuo, po:.K.a.eHHOe s }!,ape ConHua, H3-Ja roro HnH HHOro sJaHMO

.ueHcrsHH He noTepHeT BoJMO:.KHOCTb HHTepcpepHposarb c co6crseHHbiMH cocro

SJHH>IMH, TO C HCH36C:.KHOCTbiO npOH30if.UCT o6p33083HHC npOMe:.KyrO"'HOfO COCTO

SIUHSJ cynepnoJHUHH no nyrH K 3eMne. no3roMy onpe.aeneHHM .uom1 6yJleT orser

crseHHa '33 .uecl>HUHT 00TOK3 COnHC"'HbiX HeHTpHHO HJ-33 OCUHJJnSUHif HeHrpHHO B 

aHTHHeHrpHHO. HmKe npHse.ueHO cpasHeHHe 3KcnepMMeHT3JlbHbiX )l3HHhlX c pac-

4CTOM, )'l.lHTb18310lUHM OCUHJIJ15JUHH B npOUCCCC o6pa30B~HH51 cynepn03HUHH, H 6y

JlCT OOJI)'l.lCH3 OUCHK3 p33HOCTH KBanpaT3 M3CC vr- H vf"-ueHTplt:HQ. 

Pac4eT cneKTpa conHe4HbiX HeilTpHHO 6b!n CIIMaH, cne11y• pa6oTe [14). Ha 

pUC. Ia npe.nCT3BJJCH 3TOT COCKTp C BK113,li.OM OT.ll.CJibHbJX COJJHCI.JHblX HCTOttHHKQB. 

3cpcfJeKTHBHOC Ce4eHHC C )"-ICTOM OCUHJJJ15JUHJ:i V ~ V 6bJJ10 paCC"-IHT3HO CJ1C)ly-

10iUHM o6pa3oM: 

cr(vJv,) = J crCEv, v,)P(v,/L, v,)d£., " 
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2

v·LJ~ I vI' 2 
P(E , om2 , L) ; -
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1 +cos 

2
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v vl,vl v 

r.ae L- paccro.s~HHe or Comma no 3eMnH, Om2 = m~1 - m~2• CneKrp conuelJIIbiX 

udhpmte c )<l.teroM :an1.x. OCUHIL1RUI-tii npuse.ueH na puc. 16. Pe3yJ1hT3Tbl ::>KC

nepHMCHTOB !-Ia ycrauosxax CefuDK, ranneKc, KaMJ10K3H.tlC H XoyMcreiiK [ 15-18], 

HOpMHposaHHbiC ua 0)toaJJl3CMbll1 paclJCTHbiH noroK. s JasucHMOCTH or Om2 
v 

VI, 2 

npe.acraBJICHhl Ha pHc. 2. Yl3 conocrasnetHHI 3THX Jl311HbiX BHJUIO, YTO xsaupar 

pa3HHUbl M3CC VMI -, V -
2
M-!lCi-iTpHIIO COCT3BJ151CT BCJJWHlH)' 8m2 ::7 · JQ-II 38

2
• 

vl,v2 

Manrut BCJ1HlHfH3 KBaupara paJHOCTH Mace v
1
-, v

2
-HeHTpHHO MOJoKCT. o6·MICIIIiTb 

0Tpl1U3TCJlhHblC pe3)'J1bT3Tbl, npOBCllCUHblX 3KC11CpHMCHTOB Ha )'CKOpBTCJI.s!X, peaK

TOpax, T3K K3K HCTQ1..!.HHK HeHrpHIIO H ,il_CTCKTOp H8XO}UITC5! llH)'Tpl'l .ilnlillbl 

OCUHJ1J15!UHIL Jlmma :nux OCIU1Jl)l}lUHH JlupaK- Maii:opana COCT8BJ15!CT nOJJOBHIIY 

paccrOSIHHSI or Comma JlO 3e~mu. 113 cywecrsyJOUIHX nereKropos TOJlbKO ycra-
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P>tc.2. 0THOWCHiiC III!TCHCl1P.!iOCTefi HCf!TpHHO BC.aC.JCTBHC OCUHJJ:UJUIIii ilHpm.;a -· 

MaiiopaHa K r:oroKy 6c3 ocUJL1.'151UhH B Ja:mcHMOCTH oT Dm~ v )1:1~ 'lCTblpex ::>KC-
1" 2 
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Pnc.3. CncKTp atnnucHrpntlO no H noc.ae ocunmu1unH ,UnpaKa - MaiiopaHa JLl~ 

6opHMX uei-irpuno 

HOBKa KaMHOKaH)le MO:+::er pen-tcrpHposarb co6btTH5! anruneihpuuo or Comma. 

Jln• E ;o, 5,5 MoB ceYeHue (ve) s 9 pa3 MCHbWe (ve)-ynpyroro pacccHIIIIH [ 19], 11 
v 

1103TOMY He (Ve). a aHTHHeHrpHHHbJe co6biTH5! or peaKUHH Vp ---7 n + e + MOl)'i 

)lasarb sKnan a cpouoBble co6btrml, He JaBHCSIUlHe or HanpasnetiHSI ua ComiUe. 

CneKrp V .no H nocne octm11115!UHH llHpaK - MaHopaua upuse.neu Ha puc. 3. 
e 

nonHblH noTOK 3HTHHeHrpHHO B o6naCTH 31tepnm 6onbwe 5,5 M3B COCTaB..'lSICT 

3,1 · I 06, r.e. 70% or noroKa Heihpm-10. llns BHOBb C03113101UCfocSI .nereKropa 

6opeKcHHO [20] a na6oparopHH fpaH Caeca B Hra.n.HH, uariomteuuoro )KitllKIIM 

CUHHTHnnsropoM, .ll11SI 3HeprerHqecKoro OKua 0,2-0,8 M3B lllfcno co6biTHii yn

pyroro pacceSIHHSI HeHrpmto ua 311CKTpoue cocrasur 58,8 co61J.xeub npu 

OTCyTCTBHH OCUHJ111SIUHH. Jl,.nSI 0CUHJ111SIUHif V ---7 \i li pa31lltUbl M3CC 7 · J()-ll ::>8:::! 

\IHCJlO co6LtTHH ynpyroro pacceSIHHSI Heiirpm-to ua 3neKrpoue cocraBIIT 50.8 

co6/.u.euL ~-~ annmeiiTpHIIO na 311eKrpoue - 3.2 co6/JleHL . .il,JtSI Ev ;?: 1,8 M:3B co-

9 



u 

' 

... ' 

/(£v(TSe)
2

, L u 

/(£/Be)1, L •. ,, 

• 

L 
v 

v /' 
/ 

I ,,"''/ 

/// 

lA"IO' ----1#10' 

BOREXINO 

I I 
EJB-7),• 0.8tl1 u.v 

x e------
~~ 

f--' 

I\ 
E,(W),•0.30311eV \ 

\ 
.. ,,.,, . ----un• - -••n • n·1o• .... 

' 
Puc.4. HtncHCHBHOCTb ynpyroro pacce}IHHll: HCHTpHHO ua 3 .. 1eK

TpoHe s '33BHCHMOCTH or pacCTO}ItlH}I or Co.lHUa 

BOREXINO 

•r-----~----,------.----~----~r-----, 

No Oscillations 

NoOscl--.... -f ........ ~ ........ ,_ ........ t-.... --r 
·I L----l -1· ---t---·t I -·-·--· Osc (L) 

ve->ve ! 

er----r--~~--i----+----+---~ 

zr-----t-----r-----r-----r-----r---_, 
N; ~(L) •·-----

O l..n"IOIJ IM"'IOO 1 ... 10 1-'"loJl 

• 
1.51"St' I.D'IO"" 1.53"10' 

PHc.5. fOllH'iHbte B3pH3UUH HHTeHCHBHOCTH HeHTpHHHOfO 

CHniaJJ3 OT 
7

8c-HCTO"'HHK3 HeiiTpHHO H3 COJIHUe 

10 

6biTilil o6pamoro 6eTa-pacna.aa (vp -> 11 + e +) 6yneT 11,9 co6/J1CIIb. TaKl!M o6pa-
30M, curuarypoti }!BlleliiUI ocuHnn51uuH ueiirp~mo s mnuueiirp~mo ecrb ua'lwllle 

C11nla.lla OT 3HTIIUdhpH110 H, B l.J3CTHOCTU, o6pan10r0 6era-pacna.aa. 
Ha pMc. 4 npuse.ueHa HHTCHCUBHOCTb ynpyroro pacce»HH51 ue\irpuuo ua :meK

rpoue s JasucuMOCTH or paccTO}llfHjl no Comma, a pile. 5 - sapuawm 

li!ITCIICHBIIOCTH ue~hpuuuoro cHma.na or 7Be-HcrottlmKa ue.iirpl-1110 na Comme. 

J13 :nora BHJlHO, 4TO MOHOXpOM3TJiltCCKa51 JJI1111151 
7 8e £V = 831 K38 B TCtJCIIllC 

ro)la IBMCB51CT ua 30% csoto mneHCilB!IOCTh. TaKilM o6pa30M, pentcrpalli!H 

curua.na aunme~hpmw or Com!Ua HJlH ronwm1>1C sapJWUJllt noroKa ueiirptmo or 

7
Be-UCTO"''HHKa C y"''eTOM sap\iamm lB-3a ,[lS\DKe1\H5\ 3eM!Hi 110 op6nTe MOl)"T 

HBJI.siTbC.sl CBH.UeTeJlhCTBOM 0CUIIJ1Jl51Uiti1 HeiiTpltiiO B atiTIIIICiiTpHHO. 

AsTop Bhtpa:>Kaer 611aronap11ocrh O.IO.CMupuosy 3a IIOMOlllh B nposenemm 

Bl>l tt HCJICII HJ1. . 
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! 3ai!!'>ll!,:ropora O.A. 
Cynepno:mwt.s~ co6cTBeHHhJX cocrosnHH neHrpHHO 

H on;H:L1:1Ulm ,0)-:~paKa - Mai1opana · 

P2-98-36 

B tJ<.:60Te pacC!'-lOTpeHO CMennmaHHe H 3BOJHOllH51 C06CTBeHHhiX COCT051HHH 

rJCiirpm!O 11 noKa3aHo, ~To cynepnomtposaHHbJe cocT051Hllil nesoro HeHrpHHO H 

np<::WrO 3!1T!:I~eiiTpHHO 06.1ari3}QT CBOikrsaMH Mai-fopaHOBCKHX HeihpHHO, He HMe

l'ClUHX onpt.1C.:JCflH0fO olCilTOHHOro YHCJJa. PacCMOTpeHhl nepcneKTHBbl Ha6mO.D.CHJHi 

OCI.i\' •. l.~;:;iUIIii !~eHTt'l~HC.H.I.HH\Edhpt-mO lt CllCJlaHO cpaBHCHt-te C 3KCnepH.MCHTanb

Hbi'>!ll .:.l~..l~Hh:~.Jil. 

PJ.5oTo. Eb::lO.iiHCHa B J1a6oparopHH csepxBhiCOKHX 3HeprnV. 0115111. 

Drcnpmn 05-be.:.umeHHOro JtHCntryra ~;.~epHbiX HCC..1e.JosatmH. lly6Ha, 1998 

nepeBO;l <lBTOpa 

Zaimidoroga O.A. 
Superposi:ion of Neutrino Eigenstates 
and Dira(.; - Majorana Oscillation 

P2-98-36 

The mixing matrix structure and e\'olution of eigenstates of neutrino provide 

the evidence in the existence of the superposition states of left-handed neutrino and 

right-handed antineutrino. These new states of neutrino have the properties of 

Majorana neutrino and have no well-defined lepton number. The physical 

perspecti\·es of to measure the Dirac - Majorana oscillation and the comparison 

with experimental data are presented. 

The in\'e~tigation has been performed at the Laboratory of Particle Physics, 

.i!~R. 
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