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BonHOBOe ypaBHeHHe AOH aeATpOHa 

npeanolKeHbl penHTHBHCTCKHe ypaBHeHRH ABHlKeHHH AeliTpOHB B 38AMIHOM 

eHewHeM none. YKaaaHo HX HepensTHBHCTCKoe npH6nH>KeHHe. OnpeaeneH~>I 

ypOBHR 3ReprHH aeliTpOH8 B DOCTOHHHOM OAHOpOLlHOM M8l'HHTHOM none. 

Pa6oTa BbinOnHeHa B na6opaTOpHH TeopeTH'IeCKOli <!>H3HKH OM.fll1. 

npeDpHHT 06bellHHeHH0l'O HHCTHTyT8 HaepHblX HCCnellOB8HHli. fiy6H8 )978 

Pestov A.B. P2 - 12010 

Wave Equation for Deuteron 

Relativistic equations for motion of deuteron in a 
given external field are proposed. Their nonrelativistic 
approximation is indicated. The deuteron energy levels in 
a constant homogeneous magnetic field are determined. 

The investigation has Been performed at the 
Laboratory of Theoretical Physics, JINR. 
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H3 HMeiOmuxcH 3KcnepuMeHTanLHblX .n.aHHblX MO)KHO 

3aKill01.fHTL, l.JTO ,ll.eHTpOH BO MHOrHX OTHOWeHHHX Be,ll.eT 

ce6H KaK npOCTOH o6beKT. C 3TOH TOl.fKH 3peHHH yMeCTHa 

DOCTaHOBKa BODpoca 0 BOilHOBOH llJyHKU.HH ,ll.eHTpOHa KaK 

u.enoro H COOTBeTCTBYIOIJ..{eM BOilHOBOM ypaBHeHHH. HcnonL· 

3YH 06b11.fHble CTpyKTYPHLie npe,li.CTaBneHHH 0 ,ll.eHTpOHe 

KaK HaBO,li.HIJ..{He, llpHXO,li.HM K BblBO,ll.y, l.JTO ,li.BH)KeHHe ,ll.eHTpo

Ha BO BHeWHeM 3ileKTpOMarHHTHOM none cne.n.yeT ODHCbl· 

BaTh ypaBHeHHHMH 
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_a .r. me 1 v 'P =-ljf, 
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V J1 t/Jv - Vv t/1 11 - ie 11va{-3Va t/1{3 
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- aHTHCHMMeTpuq-

HblH e.D.HHHl.fHblH 4-TeH30p c e 0123 =1. H3 BTopoH: 

rpynnbl ypaaueuuH: I 1/, cne.n.yeT, l.fTO (/; = i t/J 11 v' 
- - JlV r: 

r.n.e t/1 11,, - 6uaeKTop, .n.yanLHblH t/J11v • TaKHM o6-

pa3oM, npOCTpaHCTBeHHble KOMDOHeHTbl 4-BeKTOpa _ t/J J1 
H 6HBeKTOpa t/J JlV o6pa3ylOT ,li.Ba He3aBHCHMLIX TpeXMepHbiX 

...... ~ __,. 4 --J- 4 -) rl-.4 

aeKTopa: l/1 = l/1 1 e 1 + l/1 2 e 2 + l/1 3 e 3 , ¢ = ¢1 e 1 + ¢2 e 2 + '~-'3 e 3 • 
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= t/J 12 ·BpeMeHHaH KOMDOHeHTa t/Jo = icp 
4-BeKTOpa •1• COBMeCTHO C t/J COCTaBnHIOT napy Tpex-

'1-' J1 ---> ---> 
MepHbiX cKanHpoa. Cornacuo /1/ l/1, cp, t/1, ¢ y.n.oaneT-

aopHIOT ypaBHeHHHM 
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i -- + eA0 lf; = icP¢-tmc¢, at 
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r.IJ.e p = -i'h 'V - -A. HCKJliO"'HB H3 c,) 
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nony"'HM 

HHIOTCH q) 
ypaBHeHHH BTOporo nopH,!J,Ka, KOTOpbiM llO,!J,"'H-

-> 
H lj;: 

l ( ·.L J 
I 1-ll- + at 

2 2--> 2 .... .... -· 
e A 0 ) - c P - m 2 c 4 l ¢ = - ef-t c ( E - i H ) lj; , 

- a 2 .... 2 .... -· -· -· .... _, 
!Ci-hdt +eA0 )- c 2P -m 2 c 4 l0 = e'hc!(E-iin¢+(E-iH)xl/d, 

/3/ 

r,!J,e E H n - BCKTOpbl 3JlCKTpH"'eCKOro H Mar!!HTHoro 

noneif. B HepenHTHBHCTCKOM npn6niDKeHHH ¢ H 0 no.IJ.

"'HHHJOTCH ypaBHCHHJIM 

i 11 a¢ 
at 

.... 

1 4 2 ieh __, __, 
- P ¢ -- eA0 ¢ + -- Hlf;, 
2m 2mc 

. a lj; 1 4 2 .... .... i e h .... .... i e h .... 
111- = -P lj; -eA 0 lf;---(Hxlf;)--H¢. 

at 2m 2mc 2mc 
/4/ 

llO,!J,"'epKHeM, "'TO CKaJlJipbl lj;, ¢ COOTBeTCTBYIOT CHHr

JlCTHOMy COCTOJIHHIO ,!J,eHTpOHa H opraHH"'eCKH BXO,!J,JIT B 

ypaBHCHHJI ,!J,BH:>KeHHJI, o6ecne'IHBaJI peJlJITHBHCTCKYIO HH· 

BapHaHTHOCTL. 11.3 ypaBHeHHH /3/, /4/ CJle,!J,yeT, 'ITO 

eCJlH J =0, TO H ¢ =0. TaKHM o6pa30M, ,!J,eHTpOH He MO:>KeT 

HaXO,!J,HTLCJI TOJlLKO B CHHrJleTHOM COCTOHHHH. 

n .... .... .... u 

YCTL e l , e 2 , e 3 " TpOHKa B3aHMHO OpToroHaJlLHLIX 

e,!J,HHH'IHLIX BeKTOpOB. 3TH BeKTOpLI Onpe,li,eJlJIIDT onepaTO" 
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, KOTOpbl~ !<a:>K.IJ.OM! oeK:ropy J cTaBHT 

B COOTBCTCTBHe BeKTOp s k J = i 0 (ek x 0) . HeTpy,li,HO 

2 A2 A2 2 A A A A '11 ": 
y6e,!J,HTLCJI, 'ITO §

1 
+ s:? + s

3 
= 2n , Sk Sj - Sj Sk = l ekjC Sf 

Cne,!J,OBaTeJILHO, SJ • s2' Sg eCTL onepaTopLI CllHHa 1. 
O'leBH,!J,HO, 'ITO i1l ( H X~) = CH s) ~ . TaKHM o6pa30M, B 

nepBOM npH6JlH:>KeHHH ,!J,eHTpOH Be,!J,eT Cefig KaK 'laCTHIJ;a, 

HMCIOIIJ;aB: He TOJlLKO 3apH,li,, HO H MarHHTHLIH MOMCHT 

fld = en/2mc. TaK KaK Macca ,!J,CHTpOHa m-::: 2mp' 
TO f1 d COCTaBJlJICT llpH6JlH3HTeJlLHO llOJlOBHHY JI,!J,epHoro 

MarHeToHa. 

11.3 ypaBHeHHH /2/ H HM KOMITJleKCHO- COllpJI:>KeHHblX 

cne.IJ.yeT ypaoHeHne HenpepbiBHOCTH 

d .... .... .... .... 
- ( lj;*lj; + ¢*¢ + l/;"1/1 + ¢*¢] + 
at 

~--)',. 4 4-)--) 4 

i c div (tj;* ¢- lj; ¢* + ¢*lj; - ¢ lf;* + lj;*x lj; + ¢*x 4~) = 0 . 

B HepenxTHBHCTCKOM cnyqae ypaoHeHHe HenpepbiBHOCTH 

HMeeT BH,!J, 

a .... .... in .... Jt ( ¢*¢ + lf;*lf;) + div ! 2;; ( u + ¢v ¢*- ¢* v¢) 

-~'A<¢*¢+ ;f*~)l = o, 
me 

r,!J,e U - BeKTOp, KOMllOHeHTLI KOTOpOrO paBHbl, 

....... ...... ..... _.. 
u k = l/J a l/J* 1 a x k - l/J* a l/J 1 a x k 

llpHMeHHM ypaoHeHHJI /2/ - I 4/ .IJ.JlJI onncaHHJI .IJ.BH:>Ke

HHH ,!J,eHTpOHa B O,!J,HOpO,li,HOM MarHHTHOM none. B pe3yJlLTa· 

Te llOJlyqaeM, 'ITO cyiiJ;eCTBYIDT COCTOJIHHJI C onpe,!J,eJleHHLIM 

3Ha'leHHeM 3HeprHH H C06CTBeHHblMH 3Ha'leHHJIMH npoeKIJ;HB 

cnnHa Ha HanpaoneHHe H, paBHLIMH ±1i. YpoBHH :meprHH 

,!J,eHTpOHa ,!J,JlJI 3THX COCTOB:HHH onpe,li,eJlJilOTCJI BLipa:>KeHHeM 

E 2 
= m 2 c 4 + 2 en H c ( n - A ) + p2 c2 , 

n 
/5/ 
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r.n;e n =1,2,3, ... , p - HMnynhc .n;eihpoHa s.n;onh uanpas
neuuJI MaruuTuoro nonJI, ,\ =±1. KsauTOBhiX yposueii .n.nx 
COCTOJIHHJI C C06CTBeHHhlM 3Ha'leHHeM npoeKIJ,HH CllHHa, 
paBHhiM uymo, ue cymecTsyeT. CocToxuue c onpe.n;eneuHhiM 
3Ha'leuueM 3uepruu npe.n;cTaBnJleT co6oii B 3TOM cnyqae 
CMeCh CHHrJieTHOrO COCTOJIHHJI H COCTOJIHHJI C HyJieBhiM 
co6cTBeHHhlM 3Ha'leuueM npoeKIJ,HH cnuua. Yposuu 3HeprHH 
onpe.n;eJIJIIOTCH Toil :>Ke 4JopMynoii /5/. B uepenJITHBHCTCKOM 
cnyqae yposuu :meprHH .n;eiiTpoua .n;aroTCJI <lJopMynoii 

2 
eiHl ( 

11 
_ ,\) + _12__ 

me 2m 

06paTHM BHHMaHHe ua Ba:>KHYIO OC06eHHOCTh ypaBHeHHH 
.n;BH:>KeHHJI .n;eiiTpoua. Bonuosoe ypasueuue ue o6na.n.aeT 
HHBapHaHTHOCThiO OTHOCHTeJihHO npOCTpaHCTBeHHOH HHBep
CHH. 3To .n;aeT, no-BH.D.HMOMy, uau6onee npocToii cnoco6 
3KcnepuMeuTanhuoii nposepKH npe.n;no:>KeHHhlX ypasueuuii 
/uanpHMep, nyTeM H3M.epeHHJI llOJIJlpH3all,HH .n;eiiTpOHHhlX 
ny'IKOB B yCKOpHTeJIJIX HJIH nocpe.n;CTBOM H3MepeHHH llOJIJI• 
pH3aiJ,HH CHHXpOTpOHHOrO H3Jiy'leHHJI/. 

AsTop rny6oKo 6naro.n;apeu H.A. 4epHHKOBY, B.M.Cu
.n;oposy, r.H.A<lJauacheBy, A.B.MaTBeeHKO 3a o6cy:>K.n;euue 
pa60Thl H IJ,eHHhle 3aMe'laHHJI. 
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