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4aCT~~y CO cn~HOM 1 ~ HepaBHOH Hyn~ MaCCOH nOKOR np~HRTO 
on~C~BaTb ypaBHeH~eM npoKa. 0AHaKO TeOp~R npoKa BCTpe4aeTCR 
c PRAOM TPYAHOCTelil np~H~~n~anbHoro xapaKTepa. K ~x. 4~cny oT
HOCRTCR OTCYTCTBHe YCTOH4HBbiX.PeWeH~H np~ ABHmeH~H B KynoHOB
CKOM none,· HenepeHOpM~py~MOCTb H APYr~e. no 3TOH npH4~He no~CK 
HOBbiX $OpMynHpOBOK TeOp~H MaCCHBHbiX 4aCT~~ cnHHa 1 npeACTaBnR-
eTCfl He TOnbKO o60CHOBaHHbiM, HO H Heo6XOA~MbiM. , 

Xopowo ~aeecTHO, 4TO npH nocTpoeHH~ TeopHH cria6~x eaa~Mo
AelilcTe~A ~cKn~~HTenbHY~ ponb c~rpano y~aBH~H~e <!>eAHMaHa-renn
MaHHalL'. ):IHpaKoecK~Iil cn~tiop npeo6pa_ay(nc,R n~ npeAcTaeneH~~ 

(O.~)e(~.O), :rAe (0, 1/2), (1/2, O)- HenpHBOA~MbtenpeA
CTaeneH~R OAHOPOAHOH rpynObl flopeH~a, COOTBeTCTBY~~~e nonycn~
HOpaM' KapTa.Hi21• npH KBaAPI1POBaH~~ ypaBHeH~e ):IHpaKa pacnaAaeT
CR .Ha ABa Heaae~c~M~~ ypaeHeH~R AnR nonycn~~opoe. <!>eAHMaH ~
re.rin.:.MaHH npeAnom~nl-1 on~cbtean 4acT~~~ co cn~HOM 1/2 nonycn~-. 
H_OpOM, nOA4~HRKi~HMC.R ypaBHeH~~-

( vav ·+ m2)c/>= ~a FIL,v ¢. /1/_, 
a 2 ILl' 

YpaBHeH~e /1/ OKa3anocb np~rOAHbiM ~ KaK OCHOBa AnR $OPMYN1poe-
. ' ' , • I • 

K~ pe.(IRT~B~CTCKOH KBaHTOBOH ·. Mexai·H1K~ B B~Ae KOHT~HyanbHbiX HH-
Terpanos no TpaeKTOpHRM. 

: · AHTHC~MMe~p~4H~A TeHaop eroporo paHra /6HeeKTop/ npeo6pa
~YeTCR ~o-~p~~CTaBneHH~./0,1/ e /1,0/, rAe /0,1/ H /1,0/
·HenpHBOA~Mble npeAcTaa'neHHR OAHOPOAHOiil rpynri~ flopeH~a, oTee4aKi
~He caMOAyanbHOMy6~BeKTOpy ipkv·H aHTHCaMOAyanbHOMy 6HBeKTOpy 
cPIJ.v, COOT,BeTCTBeJ;iH0.~31; _CaM?A

0
Y_anbHbiA 6HBeKTOp t/JIJ.P HMeeT TPH 

· .. He3aB~CHM~e KOMnoHeHT~·K npeo6paayeTCR npH Bpa~eHHRX KaK 
TpexMepH~lH ae~_Top ;··.Ecn0. _np~Mel;i~Tb,-.K ·• rfiLv onepaTop Kaa~MHpa rpyn

.. ' _ _rTbl nyaHKap,e : .. ~ _;,-,wa w; ,• •. rP,e W(/:" .nceBAOBeKTOP _nayn~-n~6aHCKoro-
.· 6aprMaHa 14· ,_To, 'HeTPYAHO. Y,6eA~TbCR; 4TO t/1

11
v cooTBeTCTByeT cnHHY 1 • 

noA06HOTOMy,KaK B nOAXOAe'<l>eHHMaHa-fenn-MaHHa <t>epM~eBCKHe 
4acn1ub1 npeAcTasnR~T'dfi nim rioMb~~- ABY><KoMnoHeHTH~tx cnHHopos, 
4ac T~~br. · c;o 'criHKOM, 1 . npeACT~BHM C'aMOAyanb HbiM 6HeeKTOpOM 1/J IJ.V, 

~QTOp~A-YAOBneTeop.Re~ ypaeHeH~~ BTOp~ro nopRAKa 

c~:lv· ·'+·nht/1 · ~i~(F ·1/Ju. ~~:_·1/fu.;. >: 121 :: ; , a, . ' . . , p.v . . llrl •• v va _'ll 

rAe Va=·aa'-ieArJ •: 'Fil,/~':'.a11 A~-all~IJ. .:..·_aHTHC~MMeTPH4HbiH TeH3op 
'• 3neKTpoMarH~THoro .. nom'!;: WHAeKCbl .noAHHMa~TCR ~ onycKa~TCR c 

nOMO~blO MeTp~4eCKOro T~H30pa ,giJ.V H eMy B3aHMHOrO TeH30pa g_llV, 
' . ~ 

~: . ! 

·•. 
: '. 



va .,v di ·c ) g g = u , g,. 11 = ag +---· 
~ Jl· .. 

ycnOBH~ caMOAyanbHOCTH 

. · 6HseKTOP tjJ YAOBneTeopf!eT 
JlV. i 

t/JILII = i tP Jlll' 

- 1 

131 

rAe t/1 ILV= 2 c tl.Va/3 
·'· a/3 6 v ·'· . v "' · - HBeKTOP AYanbHbiH "'IL". £ JLva/3- eAH_t:tH:4'1bllli 

aHTHCHMMeTp~4HbiH nceBAOTeHao"p c £ 0123 =1. B TOM, 4TO npaeaf! 
4aCTb ypaeHeHHfl 121 YAQBneTsOpfleT ycnoBHID caMOAyanbHOCTH, 
MOlKHO yfieAHTbCfl HenocpeACTBeHHO. noA4epKHeM, 4TO Y.C:n~BHe . 

_ caMOAYailbHOCTH 131 TaKOH >Ke np!-i,POAbl, 4TO H H3Becnioe orpciHH-
4HBaiDII.Iee· ycndsHe y5 t/J "= itfr; . .. ... . . 

0oseAeHHe 3neMeHTapHblX 4aCTH.l.\ 80 BHeWI:iHX nonf!X npeACTaBnfl
e:r ~·HTepec co MHOrHx T04eK ap~HHfl'131• Anfl ypaeHeHHfl /21 HaMH .. 
nony4eHo T04HOe peweHHe Tpex.aaAa4: 

1 I 4acTHL\a · .s KynoHOBCKOM none, 
2/ '4·acTHL\a '8 ·~one nnocKoH 3neKTpoMarHHTHOH sonHbl,. 

Jl 4acTHL\a s OAHOPOAHOM MarHHTHOM none •. 
3AeCb Mhr npHBeAeM peweHHe nepeoH aaAa4H.. . 

3anHweM ypasHeHHe 12/ B TpeXMepHOH eeKTOPHOH $opMe 

l(;t;._;eAl ~(V -ieA)2 ~m2 liL,.-e(E-iil)x ii. ;,: '· · 14/ 
KoMnOHeHTbl uk ·eeKTopa ii paBHbl~ uk=il/JkO'k ,;.1.·,2,3: ·Ailfl KynoHoe-

Ze·· .... ,. · ' • · · · · · · 
CKoro nonfl f1o~-r; A=O. 3aBHCHMOCTb OT speMeHH onpeA~nfleTCfl .KaK 

o6bi4HO: i v o->£ + e A.o. Pa3110lKHM BOilHOBYID $yHKL\HID u(r') no wapOBbiM 
eeKTOpaw'6/ • 

u(r)~ V1(9_Yj~1) <.~. ;q; )+ i v2 (r) y ~~(e.¢)+ va<r) y j~ 1{ e ,.p ): ... ;' 151 

00ACTaBHM /51 B 141. 11cnonb3Yfl AH$$epeHL\Hani.Hble COOTHOWeHHfl 
. Anfl waposbrx seKTopos 161, ·a TaKme am'e6paH4eCKHe cooTI-iou:teHHfl · 

fX Y};/{O,.p) =i rY?Jce,¢.), r X Y ;~ 1~0,¢) "=~, r X Y~~ (q,¢ )=frY (+ 1)(0;¢)~ 
.•. •'. . . . .: . . ... · ·, JM 

nony4HM ypasHeHHe Anfl paAI--laribHbrx ci>YHKL\HH 

l . 
Dv=-2 Av 

r 
t • .J 

rAe. 

2 

· · · · • a;: 2 ·· 2 ·'.d 2 2 -d ; J(J+1) 2 
D={£+--) -m +-+-•-:-·-· .a.=Ze .. ,· <'- r . . . . dr2 .r dr r2 . ~ . • 

·~- ·l 0 -a: 
A= a· : ·0 

'· ' . _:2~J(J+1) {( U:J·. 
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• .,-2yJ(J+1). 
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OriepaTop D AHaroHanbHbiH ·.H KOMMYTH_p:YeT c · oriepinopoM A. CneAoea_: 
TenbHO, CHCTeMa ypaBHeHHH ~nfl paAHailbH~X $y~Kl.\HH pacnaAaeTCfl 
Ha TPH HeaasHCHMbiX ypaeHeHHfl, ecm-1 AHaroHanHaoeaTb onepaTop A •. 

3To soaMO>KHO, TaK KaK onpeAenHTenb !AI =2a~ I 0~ Co6cTBeHHble. 
aHa4je'ti~iir· A cyTb KOPHH xapaKTepHCTH'4ecKoro ypastieHHfl · ·' 

'· . • . 3 2.; ..• 2 '· . 2 ; ,. . . ., ' 
!A-.\11=-.\ t2A -[a +1 --0+1) ]A+2a~=0; < 171 

rAe j=2J j =0, 2, 4 •• ~ • Cor nacHo·~/ 'npH j7"0 xapaKTepHcTi14ec.Zoe 
ypasHeHHe 17 I HMeeT TPH p<i"3nH4HbiX riono:>KHTeilbHbiX KOptm 

. - Y :- · 1 TT A-
1 

= 2J- a cos--, ·A_ =2v' -a sm -3 ( -2 ± y ), ' ·: .. . 3 .. 2.3 ' 
b 

cosy= '. 3. 
. .j-a 

rAe 

b 2 4. 2 2 l· 2 1 a+ ~a - -, . b =- -a +- (J + 1) - -
. ·Z] 3 3 27. 

B cny4ae j=O, A1=2, A2,3 =±ia 1• 

TaKHM o6paaoM, peweHHe ypaeHeHHA Ailfl paAHailbH~X ~YHK~HA 
csenocb K peweHH~ o6blKHOBeHHoro AH$~epeHL\HanbHoro-·ypasHeHHfl 

!81 . DF·J~F. 
r2 . 

rAe ,\ .,. . KOPHH. xapaKTepHCTH4eCKOro ypaeHeHHfl-</7 I .. noACTaHOBKOH 

rF=G npHBOAHM ypaBHeHHe ·f81 K SHAY, 

d2(! + { (£2 ...:m2) + !!..£.: - ~(J + 1)..:.a~ . ] G =0. 191 
'dr2 .r .r2· . ·•. 

BseAeM s Ka4eCTBe HosoA HeaasHC~MoA nepeMeHHOH ~enH4HHY~ -
. X=2/:n1~-=?'r . H CAenaeM nOACTaHOBKY G=Jxy. 

~YHKL\Hfl y(~ YAOBneTsopfleT ypasHeHHID' 

-' 2. dy ( · X S 
2} ' 

X~ t-·+ --+/3 -- Y=O • 
. dx2 dx 4· . 4x 

1101 

rAe 
. a£ 2 -(. . 1)2 4 ' 2 .f3=J:m2...~·· s = J+ + "-4a.. 1111 

YP.asHeHHe I 101 noApo6Ho HccneAOBaHo s 181• Ero pewec~:~Hfl Bbrpa-
>KaiDTCfl 4epea o6o61l\eHH~e nonHHOMbl Jlareppa, a napaMeTp f3 npHHH-

MaeT 3Ha4eH~fl 
' S+l 13=--·+ p 2 . 

(P=0,1,2, ... ). 

Ha ocHosaHHH 1111 nony4aeM OTC~Aa ~opMyny Anfl yposHeA 3Hepr~H 
. ~ -~ 

c=m(1+ a - ), 1121 
.· '6>+ ~-+J(J+t).2 + )\- a~2 

rAe, HanOMHHaeM, ,\- KOPHH xapaKTepHCTH4eCKOrO ypaBHeHHfl 171. 
Paanarafl sblpa>KeHHe 1121 Anfl ypoeHeH 3HeprHH e PfiA no cTe

neHfiM a2, nony4aeM C T04HOCThio ·AO• 4neHOB~ nopfiAKa; ali} 
• I ~ 1: • "'!' 

JI 



2 4 g(a+.j.t4)-4(a-j)(a-j+! )+4 . · 3 
c=m- ~-~ ( - · · n--). 

2n2 2n4._ a(a+1)(a+2) 4 

r,Qe n =P+I'+l. I'=J, J± 1. a=p+J. 

Ypo~HH 3HeprHH, COOT8eTCT8Y~~He O,QHOMy H TOMy me K8aHT080-
My 4HCily p H O,QHOMY H .TOMy me J, HO TpeM pa3Hb1M 31:1a4eHHRM A 
/8 npH6IlHmeHHOM 8~pameHHH TpeM pa3H~M 3Ha4eHHRM v/, 6y,QyT 
o6paaos~8aTb TpHnneT. HcKn~4eHHe npe,QcTa8nReT cny4a~ J=O. 
,QilR KOTOporo OCTaeTCR TOilbKO O,QHH yp08eHb. 

B aaKil~4eHHe a8TOPbl 8brpama~T npH3HaTellbHOCTb 6 .M. 6ap6awo8y, 
R. A. CMopo,QHHCKoMy a a KPHTH4eCKHe H CTHMYilHPY~~He 3aMe4aH.HR. 
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PyKon~ttcb nocTynHna a H3,QaTellbCKH~ OT,Q·en 
9 HOHR 1981 ro,Qa. 

neoHOBH'I,A.A., lleCTOB A.B. TOtiHOe pemeHHe 
penHTHBHCTCKOH KynOHOBCKOH npo6neMbi AflH TeHSOpHC 
CO CllHHOM 1 

llpeAflOEeHO penHTHBHCTCKOe BOnHOBOe ypaBHeHHe 
tJ:aCTHQ!>I c'o cnHHOM 1 • BonHosoH: ¢JYHKn;HeH: TaKoH: qac 
CaMO,QyanbHblli aHTHCHMMeTpHtiHblli.TeHSOp 2-ro paHra. 
ypaBHeHHe aHanorHtiHO HSBeCTHOMy ypaBHeHHro ~eHHM< 
AnH qac THIJ; co cnHHOM 1 I 2 :~ llonyqeHa TOtJ:HaH cneKTP 
AnH sagatiH 0 gBHEeHHH B KynOHOBCKOM none. 

Pa6oTa BhmonHeHa B Ha6op!'lTopH:~ TeopeTHtJ:ecKoH: 

npenPM~T OtheAMHi,HHOI'O MHCTMTYTa 11,qept..uc' MCcneAOBaHMIL 

Leonovitsch A.A., Pestov A.B. Exact Solution of 
Relativistic Coulomb Problem for a Spin-1 Tensot 

A relativistic wave equation is. proposed for 
ged particle. The wave function:. of such. a partie 
ted by a self-dual antisymmetric tensor of secon 
equation.proposed is analogous. to theknown Feyn 
equation for spin-1/2 particles. An exact spectr 
obtained for the problem of motion:in the Coulom 

'The investigation has b~en performed at the I 
Theoretical Physics, JINR. 
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