
';-', 

1'9 Kon. 

ofi 11 eAMHeHHbl M 
MHCTMTYT • 
AAe pHbl x

] MccneADB8HMM 

AYfiH8 

H~t9 

~ ,',:". ~:t,t:t .... z~ • ~ 

;~hPenarerop B. B. Korrecona . MaKeT H. A. Kacenesoã ,
 
Ha60p n.B.ITaxoMoBo:A:, E.M.rpaMeHH~KoH.
 ,1(.

nO,nIIHcaHO B neclaTL 25 .08.87 . ~ :
~pMaT eOx90/16. O<l>ceTltM nesars. Y'I.-H3,tl.nHCTOB 1,28. ~ , ~ 

THplDK 490. 3ak83 39508.
 
H3ABTenbcKHA ornen 06'heAHHéHHOrO HHCTHTYTa R,nepHhIX HcCnenOBaHHH.
 

)ly6Ha MOCKoscKotí o6JlaCTH.
 

P2-87-520 

"" 
Hryea Cyaa XaH 

PEJlHTI1BHCTCKOE 
onEPATOPHOE KBAHTOBAHHE 
CKAJlHPHOR 3J1EKTPO~I1HAMI1KI1 

Hnnpaaneuo B >KYPHall "Nuovo Cimento, Ali 

1987 

I
 
I
 
J _ 



•
 

BBE,L\EH~E 

3neKTpOAHHaMHKa 3apRmeHHWX CKanRpHWX 4aCTH~ HrpaeT BamHY~ 

pOnb B C03AaHHH eAHHO~ TeOpHH Cna60-3neKTpOMarHHTHWX B3aHMO­
Ae~ctBH~ 11,21. QAHaKo npH KBaHTOBaHHH 3TO~ r eopnn AaBHo cYU4ecT­
BY~T cneAY~U4He aonpocu /3·6/ : 

1/	 BWBOA caMocornaCOBaHHWX ypaBHeHH~ ABHmeHHR AnR KBaHTO­• BO~ TeopHH, 
2/ nocneAOBaTenbHaR $opMynHpoBKa npeACTaBneHHR B3aHMoAe~cT­

BHR AnR onepaTopHoro KBaHTOBaHHR. 
B HacToRU4e~ pa60Te MW HccneAyeM 3TH BonpoCW B paMKaX CXeM~ 

raMHnbTOHOBa KBaHTOBaHHR, KOTOpaR OCHOBaHa H~ RBHOM peWeHHH 
~' ypaBHeHHR CBR3H H HcnOnb30BaHHH npHH~Hna KanH6pOB04HO~ TeOpHH

.1; AnR B~6opa narpaHmHaHa, TeH30pa 3HeprHH. HMnynbca H $H3H4eCKHX 
ne pe-re-n-ux 18.7/ . 

nnaH H3nomeHHR cneAY~U4H~. B pa3Aene 1 AaeTCR KOHCTPYK~HR 

KanH6poBo4Ho-HHBapHaHTH~x$H3H4ecKHx nepeMeHH~X. B pa3Aene 2 
o6cymAaeTcR npo6neMa KBaHTOBaHHR H HccneAyeTcR MeXaHH3M BOC­
CTaHOBneHHR penRTHBHCTCKO~ HHBapHaHTHOCTH raMHnbTOHOBa KBaH­
TOBaHHR. B pa3Aene 3 H3naraeTCR noçneAOBaTenbHaR $opMynHpoBKa 
npeACTaBneHHR B3aHMoAe~cTBHR AnR onepaTopHoro KBaHToáaHHR. 
B pa3Aene 4 npHMeHReTCR AaHHw~ nOAXOA AnR paCCMOTpeHHR a6ene­
BO~ MOAenH cnOHTaHHoro HapyweHHR CHMMeTpHH. 

1.	 KOHCTPYKU~~ KAnH6POB04HO-~HBAP~AHTHWX 

$~3~4ECK~X nEPEMEHHblX 

PaCCMOTpHM narpaHmHaH cKanRpHo~ 3neKTpoAHHaMHKH: 

I
, 
t f(x) ::: _l..F 2 + (O ch)*O ~ - m2 cP *4J , S = (d4 x ~(x) ,

2 IlV Il . Il 
/1/ 

,. F = a A - a A • O ::: a + ie A = a + Â •
Illl Il v v Il Il Il Il Il Il 

COOTBeTCTBY~U4He ypaBHeHHR ABHmeHHR HMe~T BHA: 

(D2 + m2) ~ (x) = o, (O * 2 + m2 ) ~ >li(x) ::: o , 
Il	 Il 

/2/ali FVil ::: J Il ' J Il = te [ cP *DIl 4J -' (D Il </J ) * 4J] . 

Otn~tlihl1t'ijH~Ü RHCTmyr I 
,	 
ga~~~~1 9~CJejOBa.nGe . 1 

- .. §.!:t§.ff~! ~ ;TEHA
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04eB~AHO, 4TO B c~ny nOCneAHerO ypaBHeH~R ~en~4~Ha J~ ~ eCTb 
COXpaHR~~~~CR TOK. HeCMOTpR Ha TO, 4TO A~ BXOA~T B J~, RCHO, 
4TO J~ - ~CT~HHW~ BeKTOp BO BCeX Kan~6poBKax /8,9/. narpaHm~aH 
/1/ ~ ypaBHeH~R /2/ ~HBap~aHTHw OTHOC~TenbHO Kan~6poB04HWX 

npe06pa30BaH~~ 

.... g .... . -1 
A ~ = g(A ~ + a~) g , g = exp {te À(x) I , 

/3/ 
cP g = gcP, cP * g = cP *g -1 . 

nOCTpoeH~e raM~nbTOH~aHa Teop~~ /1/, KaK hpaB~no, OCHOBaHO 
Ha pa3n~4Ho~ TpaKToBKe KOMnOHeHT A o ~ A i . TaK KaK B nar pa-osaa­
He /1/ oTcyTcTByeT npo~3BOAHaR no BpeMeH~ OT Ao, KnaCC~4eCKoe 

ypaBHeH~e raycca 

~ = O ==to> Mo + ai A i - j n " o , 
8Ao 

/4/ . a 2 2 
A :::; -Ai' ~ = 2e 2 

I cP 1 - ai , j o = íe t cP *~ - cP ~ *] , 
i at 

~cnonb3yeTcR KaK ypaBHeH~e CBR3~, Bwpama~~ee Ao B TepM~Hax 

APyr~x A~HaM~4ecK~x nepeMeHHwx Ai ,cP cneAY~~~M 06pa30M: 

1 '. 1 2 1 . . 
A o :::; - ai A i + - ( j - 2e 1cf> 1 - aI" A i ) , '-+2 A c '-+ 2a u a 

/5/ 
1 --)1 _ rd 3 f(y)(- f(x)

'--)2 417' Y --) .... ) • a Ix - y\ 
1 . . 

BBeAeM 0603Ha4eH~e A~ :::; A c -12 ai A i ' ~ Ha peuieuuax /5/ Bbl­

6epeM A~HaM~4eCK~e nepeMeHHwe AT, cP T, HenOKanbHO 3aB~CR~~e 
i

OT ~CXOAHWX none~ 
v 

....T ". -1 . l' T T
 
Ai :::;v(Ai+<\)V =(8 i j -ai~aj)Aj:::;ÔijAj' cP =vrP, /6/
 

a 
rAe Kan~6poB04HW~ ~aKTOp v(A) YAOBneTBopReT ypaBHeH~~ 

1 . . t l' /7/ao v " v , - ai A i' (v (A) :::; T exp [ f dt' - ai a , A i ]) 
.... 2 ~2 oa a 

~ ~MeeT cneAy~~~e TpaHC$opMa~~OHHwe CBo~cTBa OTHOC~TenbHO npe­
06pa30BaH~~ /3/ 

2 

v(Af!,) = v(A) g :::; v(A) g -1 , /8/ 

B c~ni KOTOpWX HenOKanbHwe nepeMeHHwe /6/ ~HBap~aHTHW OTHOC~­
TenbHO npe06pa30BaH~~ /3/ 

A~ (Ag) :::; f\; (A), cP T(Ag, cP g) = cP T(A. cb). • /9/ 

3TO 63Ha4aeT, 4TO nepeMeHHwe /6/ cOAepmaT TonbKO $~3~4eCK~e 
CTeneH~ cB060Aw ~ He 3aB~CRT OT 4~CTO Kan~6poB04HWX KOMnOHeHT 
g(~ t). HeTpYAHo YB~AeTb, 4TO Tpe60BaH~e Kan~6poB04HO~ ~HBa­
p~aHTHOCT~ 3KB~BaneHTHO ycnoB~~ nonepe4HOCT~ 

. ·T T
 
ai A i =: o , ai A i :::; o , /10/
 

kOTopoe He RBnReTCR 3AeCb ~CXOAHWM npeAnonomeH~eM ~ MeHReTCR 
np~ penRT~B~CTCK~X npe06pa30BaH~RX. 

Bblpa}f(aR narpaHm~aH /1/ B TepM~Hax 3T~X nepeneaaux A~, cP T Mbl 
nonY4aeM OKOH4aTenbHoe BwpameH~e 

1 ' 

f. (x) :::;.1. F 2 (A T) _ .1. F 2 (A T) + (OT cP T) * D T cP T _ m21 cP TI 2 /11/
2 Oi 4 ij' ~ ~ 

rne FOi (A
T

) , A;, j ~ ~ J T onpenenao r ca $opMynaM~O 
. T . T T . . T /12/F Oi (A ) = A i - ai A o = Ôij A j - ai A o 

A T :::; .lj T :::; __1_ J T /13/o Ô. o â2 o ' 

j ~ = ie [ cP T* ~ T - cf; T* cP] , /14/ 

J T = i e [ cP T* D T cP T - (O T cP 'I)* cP T l , /15/o O O 

Ha~AeHHw~ narpaHm~aH /9/ 3aB~C~T TonbKO OT Kan~6pOB04HO-~HBa­
p~aHTHbIX nonepevuux nepeaeuuux ~ cOBnaAaeT c narpaHm~a-AI, cP T 
HOM B KynoHoBcKO~ Kan~6pOBKe. 

~3 narpaHm~aHa /11/ cneAY~T ypaBHeH~R 
lI' 

o A T(x) = Ô T J T /16/il i ij j I 

(0:2 + m2 ) q;T(x) :::; O, (O*'T2+ m ) J T(x) :::; O. /17/ 
J.L 

3T~ ypaBHeH~R /16, 17/ 3KB~BaneHTHW ~CXOAHWM ypaBHeH~RM /2/ 
~ cocTaBnR~T OCHOBHble ypaBHeH~R B KynoHoBcKO~ Kan~6poBKe. OH~ 

MorYT 6WTb TaKme nonY4eHw HenocpeAcTBeHHo ~3 ~CXOAHWX ypaBHe­
H~~ /2/, 3a ~CKn~4eH~eM BpeMeHHo~ ~ npoAonbHo~ KOMnoHeHT, KO­
r opue OCHOBaHbl Ha RBHOM pelueH~~ ypaBHeH~R CBR311t /10/ . 
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Aanee, ~CnOnb3YR CTaHAapTH~e npaB~na, nOCTpO~M COOTBeTCT­
By~~~e KaHOH~4~~K~e COnpRmeHHWe ~Mnynbcw 

af . T T T T 
F (A T) = -,-o- = A. i a

t
A 0 = E i -a i A o ' 

Oi aA T 
i 

4';	 /18/
T	 ~ * T _ ieA T <p * T rr	 = d~ = (D ~ eI> 1)* o
 

dei> T
 

rr T ~=DTeI>T ~ T + ieA'l' cf; T . 

d~ *T 

B oTn~4~e OT cn~HopHO~ 3neKTpOA~HaM~K~, narpaHm~aH B3a~MOAe~­

CT8~R cOAepm~T npO~3BOAH~e none~ no BpeMeH~. n03TO~y KaHOH~­

4eCK~e ~Mnyn~c~ /18/ MeHR~TCR no cpaBHeH~~ c Teop~e~ cBo6oA­

H~~ none~. KaK 6~no OTMe4eHO BHa4ane, 3TO np~BOA~T K TPYAHO­

CTRM B B~BOAe caMocornaCOBaHH~X ypaBHeH~~ AB~meH~R ~ $OPMY­

n~pOBKe npeAcTaBneH~R B3a~MoAe~cTB~R AaHHo~ Teop~~.
 

$~3M4ecK~e Ha6n~AaeM~e /raM~nbToH~aH, ~Mnynbc ~ T.A./ Mom­
HO B~pa3~Tb TonbKO B TepM~Hax Kan~6poB04Ho-~HBap~aHTH~x nepe-
MeHHblX AT, cP T ~ 4J* T ecnu ~cnonb30BaTb AJlR ~x nocTpoeH~R Ka-

i »
n~6pOB04HO-~HBap~aHTHbI~ TeH30p 3Hepr~~ ~Mnynbca 6en~H$aHTe: 

/19/
T Il~ "" FILÀ F,\v + (DIl cP) '" D v cP + D Il cP (O v cP) * - g IlV f . 

Ben~4~Hbl H, Pk , M ik ~Me~T B~AMOk ' 

H = f.dSxT lC fd x I l.F 2 + .!...F 2 +rrTrr*T+(OTA.'1)*OT.l.T+ m21A.T I21­00' 2 Oi 4 tJ i 'i-' i '1J , 'i-' , 

/20/ 
Pk=.f dSxT = Jd'x[F + rrTO~</JT +rr*~D~cPT)"'],

Oi 
F k i ok 

Mo k = x k H - t Pk + Jd 3Y(y k - X k ) T 00 ' 

- onepaTOp yrnoBoro MoMeHTa.rd 3x [x i T Ok - x kTOi 1M ik 

2.	 KBAHTOBAHHE H TPAHC$OPMAUHOHH~E CBO~CTBA
 
nOnE~
 

npemAe 4eM o606~~Tb Knacc~4eCKY~ Teop~~ Ha KBaHTOBbI~ cny­
4a~,~cAenaeM OAHO 3aMe4aH~e, OTHOCR~eeCR K ~cnonb30BaH~~ HOP­
ManbHblX npO~3BeAeH~~ B Teop~~ nonR AnR ~cKn~4eH~R nceBAo$~3~­
4eCKHX Ben~4~H T~na HyneBo~ 3Hepr~~, HyneBoro 3apRAa ~ T.A· 

KaK õuno nOKa3aHO B/1lI.,12/, -3an~Cb raM~nbTOH~aHa B3a~MOAe~CT­
B~R B B~AeN-npO~3BeAeH~R RBnReTCR ~3n~WHe~ B cn~HopHO~ 3neKT­
pOA~HaM~Ke ~ Boo6~e npOT~Bope4~T Kan~6pOB04HO~ ~HBap~aHTHOCT~ 

B CKanRpHO~ 3neKTpOA~HaM~Ke ~ B Teop~~ RHra - M~nnca, T.e. 
B Teop~~» rAe raM~nbTOH~aH B3a~MOAe~CTB~R cOAepm~T KOHTaKTHble 
4neHbl. n03TOMY AnR TaK~X Teop~~ HymHo ~cnonb30BaTb Be~neBCKoe 

KBaHTOBaH~e. B 4aCTHOCT~, B CKanRpHO~ 3neKTpoAHHaM~Ke AOCTaTü4­
HO	 npOBeCT~ C~MMeTp~3a~~~ onepaTopOB, He KOMMYT~PY~~~X MemAY 
co6o~ no Be~ne8CKOMY ynopRA04eH~~. HMeHHO 3TOMY pe~enTY Mbl 
~ 6YAeM cnenoaar s B' AanbHe~weM. 

B COOTBeTCTB~~ c npeAn~caH~eM KaHOH~4eCKoro KBaHTOBaH~R Mbl 
Bbl6epeM cneAy~~~e KOMMYTa~~OHH~e COOTHoweH~R np~ paBHblX BpeMe­
Hax x O ::: Yo == t : 

T .... T .... T 3 ........ 
i[ E i (x, t) , A J(y, t)] == 8 iJ 8 (x - y) , 

i[77T(;, t), epT(y, t)] 8 3 (; _y),::I /21/ 

T -+ "'T.... s.... ....
i[ fT '" (x, t). cP (y, t)] = 8 (x - y) • 

CKanRpHbI~ nOTeH~~an A: He RBnReTCR He3aB~C~MblM, a onpeAenReT­
CR 4epe3 ep T, ATi nocperic r aoa COOTHoweH~R / 13/ ~ n03TOMY YAOB­
neTBopReT KOMMYTa~~OHHblM COOTHoweH~RM 

T .... T .... e T
( Ao(x , t), 4J (y, t)] ., - ~ (y, t) , /22/ 

4fT Ix- YI 
OCTanbH~e KOMMYTa~~OHH~e COOTHoweH~R paBHR~TCR Hyn~. 

Hcnonb3YR KOMMYTa~~OHHble COOTHoweH~R /21, 22/, nerKO nOKa­
aa r s , 4TO onepa r opu H, P k , M ik , M Ok YAOBneTBopRIOT anr efipe KOM­
MYTaTopOB nonHO~ rpynnbl nyaHKape B $~3~4ecKoM ceKTope Kan~­
6POB04HblX none~. 

B TaKO~ Teop~~ BblnonHR~TCR COOTHoweH~R re~3eH6epra 

T T
i[ P J-L ' A i (x) ] = aJ-LA i (x) , 

T T	 /23/
i [p ,cP (x) ] -= a cP (x)

J-L . lo( . 

~ Kp~Tep~~ nopeH~-~HBap~aHTHocT~ WB~Hrepa /13/ 

,	 3.... .... /24/i[ TOO(X) , T (y)] = (T (x) + T Oi (y)] ai 8 (x - y) ,oo Oi 

4TO AoKa3~BaeTCR HenocpeAcTBeHH~M Bbl4~cneH~eM. COBepwaR 6eCKO­
He4HO Man~~ nopeH~-nOBopOT/reHep~pyeMbI~ 6YCTOM MOk / ' MomHO 
YB~AeTb, 4TO 'onepaTopbl A~ cpT ~p~o6peTa~T AononH~TenbHY~ Ka­

1 
n~6pOB04HY~ Ao6aBKY aiA: 

,4 .5 



i(k[M Ok ,Ar(X)] = 8~A~(X) + a A(x) , t 

/25/
T] o T Ti ek [ MOk ,~ (x) = 8 L cP (X) + i A </J (x), 

3AeCb 8
O
L - o6~4H~e npeo6pa30BaH~~ nOpeH~a, a 
(k • T . T 

A(x) = ~ (A k + ak A O ) , 
a2 

/26/A T =_.2- J T J T = íe [ ; T; T _. "T</> T ]
 
O '+ 2 O·' ,O
 

a 
eCTb AononH~TenbHoe Kan~9poBo4Hoe npeo6pa30BaH~e, KOTopoe npe­
Bpa~aeT none A~ 8 nonepe4~~e ~ HOBO~ C~CTeMe KooPA~HaT f~ = 
=" f~+ ~f~, f~= (1,0,0,0); atLAT~ =0 (BJ= B~- f/B-f); B1L = aI). ,A~). 

A~HaM~4ecKafl C~CTeMa KBaHTOBblX nonea </J T, A T cnenver - 1L • 
3a nOBopOTOM OC~ BpeMeH~ ~ ee Kan~6pOBKa cOBnaAaeT c KY­
nOHOBCKO~ Kan~6pOBKO~ ai AI = ° ronsxo B eA~HCTBeHHO~ nopeuue­
BO~ C~C r exe OTC4eTa, B KOTOPO~ r~x 11 = to 

B OTn~4~e OT 06~4Horo KaHOH~4eCKoro KBaHTOBaH~f1 13/, raM~nb­

TOH~aH, nonY4eHH~~ OT TeH30pa 3Hepr~~-~Mnynbca 6en~H$aHTe, ~ He­
nOKanbH~e KOMMYTal.\~OHH~e COOTHOWeH~f1 /21, 22/ Aa~T npaB~nbH~e 

ypaBHeH~f1 B raM~nbToHoBO~ $opMe 

~ T(x) = HH, 4> T(x)] = 17>te T(x) _ ieA ~ (x) ~ T(x) , 

17 
. 

T(x) = i[ H, ri (x)] = DT2
fi> T(x) - m2~ T(x) - ieA ~(x) 17 * ~x) , 

/27/ 

KOTop~e nocne ~CKn~4eH~f1 ,,*~~ COBnaAa~T c ypaBHeH~f1M~ B na­
rpaH~eBo~ ~opMe /17/. CneAyeT Ao6aB~Tb, 4TO TeH30p 6en~H$aHTe, 

KaK 6~no nOKa3aHo B pa60Tax / 7, 13/, Heo6xOA~M Anfl penHT~B~CTC­
KO~ KOBap~aHTHOCT~ raM~nbTOHOBa KBaHTOBaH~f1. 

TaK~M 06pa30M, npeAnaraeM~~ 3AeCb onepaTopH~~ MeTOA KBaH­
TOBaH~f1, OCHOBaHH~~ Ha f1BHOM peweH~~ ypaBHeH~f1 CBfl3~ ~ B~6ope 

Kan~6pOB04HO-~HBap~aHTH~X nepeMeHH~x, f1BnHeTCfI nocneAOBaTenb­
H~M, TaK KaK OH HaXOA~TC~ B coOTBeTCTB~~ c np~H~~naM~ Kan~6po­

B04HO~ ~ penflT~B~CTCKO~ ~HBap~aHTHOCT~. 

30 nEPEXOA B nPEACTABnEHHE B3AHMOAE~CTBHR 

B~we M~ nonY4~n~ ypaBHeH~f1 An~ onepaTopOB nonfl /2, 17/ 
B re~3eH6eproBcKoM npeACTaBneH~~. BeKTop~ COCTOflH~f1 B 3TOM 
npeACTaBneH~~ nOA4~HfI~TCfI ypaBHeH~~ AB~~eH~H 

,6 

at/J ~t) == ° iJt/J h(x) 
=°, /28/at aa(x) 

rAe a - n~6afl npocTpaHcTBeHHo-noAo6Hafl nOBepXHOCTb, 4aCTH~M 

cnY4aeM KOTOPO~ aanaer ca nOBepXHOCTb t = consto Tenepb Mbl ne­
pe~AeM B npeACTaBneH~e B3a~MoAe~CTB~f1, B KOTOpOM onepaTOp~ no­
flH no onpeneneuan nOA4~HfI~TCfI cBo6oAHblM ypaBHeH~f1M. Anfl aroro 
nOABeprHeM re~3eH6eproBcK~e oneparopu ATr(x) ~ 4> T,x) npeo6pa­
30BaH~~ 

TB Th-1
A i (x) = S (t, t o) A i (x) S (t, t o) , 

Ta Th-1 /29/
cP i ~x) = s«, to) cP (x) 8 (t, to) , 

r ne Tenepb onepa r op 8 (t, to) suõepea B $opMe 

t 
2s«, to) = T exp l .r d 4x [j ~~x) A~B(x) _ e2A~B(x) IcPTB(x) 1 +í 

to 
/30/ 

1 8 
+ 2 J ~ B(x) + 

a2 
J ~ (x) ] l. 

npeo6pa30BaHVle YAo6HO npO~3BOAVlTb, Vlcnonb3Yfl 

aFB aF h . 
- = S - 8 -1 + í] F B , V(t)] , 
dt êtT 

28 2h a h a /31/ 
~ =: 8~ 8-1 + i[S~8-1, V(t)] + i-.-[ F B, V(t)] , 
at 2 éJt 2 at éJt 

r ne F(x) - nlO6o~ onepa r cp VI V(t) onpenenaer cs $opMyno~ 

V(t) = i~ S -1= _ rd3x [j ~B(x) AT B (x) _
dt . 1 i 

/32/ 

_ e2A ~B(x) I ri, TR-x) i 2 + .lJ TB(x) .)-J TB(x)].
1 i -r 1.., 2 o .... oa 2 

C nOMO~b~ /30-32/ HeTpYAHO y6eA~TbcfI, 4TO KOMMYTal.\~OHH~e COOT­
HOWeH~f1 ~Me~T aHanor~4H~~ B~A /21/, OTn~4aflCb OT nocneAHero 
r oru.xo l<'.aHOHVl4eCKVlMVI VlMnynbcaMVI, coqTBeTcTBY~~MVI 3apH~eHHb1M 

CKanflpHblM nonan 1T. T B(x) = ~ *TB(x) VI TT TB(x) =:: </J' B(X) , a ypaa-
HeHVlH /16/, /17/ npeBpaTHTCfI B 

DA ~B(x) == O, 

7 



(a: +	 m2) 4J TB(X) = O, (a; + m2) 4J* T'X) = o . /33/ ~(x) =..!..F2 (A'1') _1.F 2(AT) + (D T 4J T) * D T4J T_ V(I(,6 TJ2) /38/
2 oi 4 ij 11.' 11. ' 

T ·T· T T 1 T3TO ~ eCTb ypaBHeH~~ ABH~eHH~ An~ OnepaTOpOB B npeACTaBneH~~ 
,F Oi (A ) = A i - ai A O' A O = - r J O '	 /39l

B3aHMOAe~CTB~R. YpaBHeHHe ABH~eHH~ An~ re~3eH6eprOBCKHX BeKTO­ 2 

pOB COCTO~H~~ /28/ c Y4eTOM /33/ nepeXOA~T B rAe J; onpeAen~eTC~ $opMyno~ /15/. 
B TeH30p 3HeprHH-HMnynbca 6enHH~aHTe An~ 3TO~ C~CTeMW none~ 

at/J (t) = f d 3x [j TB(x) A TB(x) _ e 2 AT B (x) I q; TB(X) 1 2 + HMeeT BHA 
at i i i 

/34/ 

+ ..!- J TB (x) 2.- J TB (x) ] t/J B(t) • 
2 o a-'2 o 

KaK B~AHO ~3 /34/, onepaTOp S~, tJ ~Bn~eTC~ Kan~6poBo4HO-HH­
Bap~aHTHo~ S-MaTpH~e~, TaK KaK OHa 6~na nOCTpoeHa Kan~6poBo4­
HO-HHBap~aHTH~M nYTeM. 

Haw nOAXOA 6nH30K nOAXOAY MeTTb~3a B $opMan~3Me Kne~Ha - rop­
AOHa 1141 , HO OTnH4aeTCR OT nocneAHero TeM, 4TO KanH6pOB04Ha~ 

HHBapHaHTHOCTb S-MaTpH~~ He Tpe6yeT nepeonpeAeneHHR T-npO~3Be­
AeHH~. 

3. MOAEnb cnOHTAHHoro HAPYWEH~~ C~MMETP~~ 

Tenepb M~ o606~M npeAnaraeMbl~ MeTOA KBaHTOBaHH~ Ha MOAen~ 

cnOHTaHHoro HapyweHH~ C~MMeTp~~, B 4aCTHOCTH, Ha.a6eneBY MO-
Aenb X~rrca 1151 c narpaH~HaHoM . 

/35/f (x) = _.!..- F 2 + (O 1/ 4J) '"01/ 4J - V(I 4J I 2) , 
. 4	 11.11 ,.. ,.. 

rAe V(I4J1 2 ) - HeKOTopa~ $YHK~H~, npeACTaBn~~~a~ co6o~ non~HOM 
OT $YHK~~~ non~ ~/~ He COAep~a~a~ ~X npo~3BoAH~X/, nOTeH~~an 

V<l~12) ~, cneAOBaTenbHO, narpaH~HaH /35/ HHBap~aHTH~ OTHOCH­
TenbHO nOKanbH~X npeo6pa30BaHH~ 

A A Ag -1
 
A 11. (x) -. A 11. (x) "" g (A 11. + a11. ) g
 

/36/ 
c/1 (x)	 -. 4J g (x) :o: g 4J (x) • 

CneAY~ MeTOAY, H3no~eHHOMY B nepBOM pa3Aene, M~ B~6~paeM Ka-
nH6poBo4Ho-HHBapHaHTH~e nepeMeHH~e AT, c/1 T 

AT " . -1 T 
A 1 ==	 v(A i + a1) v • 4J :o: v 4J • /37/ 

rAe v(A) onpenenaer ca $opMyno~ /7/, H nepeMeHH~e /37/ B AaHHOM 
cny4ae ~BnR~TC~ nonepe4H~M~ $~3H4eCK~MH H He 3aBHCRT OT 4HCTO 
Kan,H6pOB04HblX g(x. t) : 

8 

TI1.1I=FI1.A(A ) F Av (A
T) +(D~4JT)*O~(,6 T+ OJ(,6T(DJ ~T)"'_gI1.1I~. /40/ 

npH onHcaHHH cnOHTaHHoro HapyweHH~ CHMMeTpHH YAo6HO nepe~TH 
K ABYM Be~eCTBeHH~M CKanRpH~M non~M 4JT,a = 1,21 

T

a 

4J T =	 _1_(~ T +i4JT) ~'" T = _l_(~T -i4J T). /41/
v2 1 2' './2 1 2 

KaHoHH4ecKHe HMnynbcbl, cooTBeTcTBY~~He ,I.. T ,I.. T B AaHHoM 
•	 ""1' 'f" 2 ' cnY4ae paBHbl
 

T 1 .
 
174J = J2 (4J ; - eA~ ~ i ), 

1 

/42/
1 . 

171 =	 -= (4JT + eA T~ r). 
'f"2 \/2 2 o 1 

narpaH~HaH /38/ B TepMHHax Be~eCTBeHH~X CKanRpH~X none~ 3anH­
CbIBaeTC~ B $opMe 

1 2 r 1 r T T T 2 V(,I.. T2)f (x) = - F Oi (A ) - "4 F iJ (A ) -(011. 4Ja ) - 'f" a ' /43/ 

rAe oJ4Ji onpeAenR~TC~ cneA~~HMH $opMynaMH: 

O T ,I.. T = a ,I.. T _ eAT 4J T O T4J T "'" à ~ T + eA T ~ T ,
11.""1 11.'f"1 11. 2' 11. 2 11. 2 11. 1 

/44/
T	 T 1 T T T 1 

A - {A O"" - -:;- J O' A i = 8 iJ A J J ,
11. a2 

1\ T T T.J... ]J =e[1T,I.. 4J -1T,I..'f"i. 
" o 2	 /45/""1 'f"2 

raMMnbTOH~aH C~CTeM~ ~MeeT B~A 

1 °T 2 1 2 T2 r 2 ~ T)2
J( "" T 00 - - [(A i) + - F lJ +",1.. + "Â + «(7 1 A o +

2 2 ""1 ~2 

+ (a 1 4Ji'- eA ~ 4>~)2 + (ai ~; + eA~ ~;) 2] + V(~: 2). 
/461 
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Ha~AeHHoe B~pa~eH~e AnR raM~nbTOH~aHa C~CTeM~ none~ H/46/ 
YKaS~BaeT Ha TO, 4TO ~YHK4~R V MO~eT 6~Tb OTO~AeCTBneHa C nnOT­
HOCTb~ nOTeH4~anbHO~ 3Hepr~~, ee HaS~Ba~T nOTeH4~anbHO~ ~YHK­

4~e~ ~n~ nOTeH4~anOM nOnR. 
Ecnu B~6epeM r eneps no r euuaan V B B~Ae 

2 f2 
V=V(lrPI 2 ) =!!-(cf;*rP)-_(rP*<p)2 =V(q; T2 ) , /47/

2 8	 a 

TO KnaCC~4eCKaR C~CTeMa, On~C~BaeMaR narpaH~~aHOM /35/' c Y4e­

TOM RBHO~ ~OPMbl nOTeH4~ana /47/, He ~MeeT YCTo~4~Boro COCTOR­

H~R paBHOBeC~R np~ cP = o, A = o, TaK KaK 3T~ SHa4eH~R cP, A
 
He COOTBeTCTBY~T M~H~MYMY 3HeprH~ C~CTeM~. YCTo~4~Boe COCTOR­


H~e C~CTeM~ none~ COOTBeTcTByeT YCTaHoêneH~~ BO BceM npocTpaH­

CTBe nOCTORHHoro nons lcP 1=2Jl2/f 2), np~4eM eex r opaoe none A =0.
 

nepexoA K KBaHToBo~ Teop~~ COBepwaeTCR aHanor~4H~M nYTeM, 
KaK B cnY4ae KBaHTOBaH~R cKanRpHo~ 3neKTpoA~HaM~K~ ~ c Y4eTOM 
saMeH~ KOMnneKCH~X nepeMeHH~X rP*,rP Ha Be~eCTBeHH~e nepeMeHH~e 

rj; * = 4J, a = 1,2. OT n~4~e COCtO~T rons KO B He~C4esa~~eM cpea­
a a 2

HeM SHa4eH~~ cP T no BaKYYMY 
a 

<OI (rP i 2 + <p ~ ~ lo> = 2 Jl2 /48/ 
f2 

B AaHHOM cnY4ae BaKYYMHoe COCTORH~e, OTBe4a~~ee M~H~MYMY 3Hep­
r~~ c~cTeM~ none~, 6ecKoHe4Ho B~pa~eHo. n03TOMY B~60p oAHoro 
~s 3T~X COCTORH~~ flBnReTCR cnY4a~HblM ~ nponaaons uua . Hanpnaep , 
'6es nOTep~ 06~HOCT~ M~ Mo~eM nonO~~Tb 

't - M T<O[cP 1 lO> = y 2 ~ :0::;-, <OI rj; 2 lO> = O.	 /49/ 

04eB~AHO, 4TO nocne 3Toro c~MMeTp~R Teop~~ Me~AY KOMnOHeHTa­
M~ <P i ~ <P ~ HapywaeTCR. 

KBaHTOBOMY on~caH~~ C~CTeM~ COOTBeTcTByeT KBaHTOBaH~e ee 
Kone6aH~~ OKono nono~eH~fl paBHOBeC~R. n03TOMY AnR npaB~nbHoro 

KBaHTOBO-MexaH~4eCKoro on~caH~fl HaM HY~HO nepeonpeAen~Tb nonfl 
'~ , a	 = 1,2 OTHOC~TenbHO HOBoro BaKYYMa /49/ cneAY~~~M o6pa­
38M: 
,	 T -Jl T 
~ 1 = <P 1 - Y2 T ' 4J 2 = cP 2 '	 /50/ 
TaK 4TO 

<OI'~ 1\ O> = <OI'~2 IO> = O•	 /51/ 

nOcne nepexoAa K HOB~M nepeMeHH~~ nonRM /50/ B~pa~eH~fl AnR
 
raM~nbTOH~aHa /46/ np~H~Ma~T B~A
 

Ti _ 1 'E T
2 

1 2 1. 2. '1'2 1 '1'2 1 (~ , T ,.-!\) ~ A- 2 
1\ -"2 1 + 4" F lj + '2 M 1\ 1 + 2" 1T<1l1 + '2 o i <li 1 - eA i .., 2 + 2 'I' 1 + 

1 T 1', T,) 2 '1'2, . 1 T 2 T 
+ '2 n:~ + '2 (a 1 ~ 2 + eA 1 ~ 1 + eMAi C%l 1 - '2 A o (\ A o + /52/ 

2 

+ 1:.. f Il '~ (c1l 2 + ,~2) + .!.: (~ 2 + 'C%l 2) 2 
4 1 1 2 32 1 2 

·t 
3AeCb	 6~n ony~eH nocToRHH~~ 4neH Jlo/f 2 , ~ KaHOH~4eCK~e ~Mnynb­11 
Cbl E i, rr,~ 1 '''''~2 Aa~TCR <popMynaM~: 

I &~ 
1 .

E T = ÁT T -(<%l T . /- 1 - eA '<%l )1	 i • 7T~1 v 2 O 2 ' 

/53/
T	 1, . T, 1 T 

7T,~ = -=-(~2 + eA o<%ll) + -.=-MAo'
2 y2	 y2 

B oopxynax /52, 53/ A ~ He RBnReTCR HesaB~C~MO~ nepeMeHHo~, 

~ OHa	 B~pa~aeTCR B TepM~Hax APyr~x nepeMeHH~x, xapaKTep~sy~­

~~X C~CTeM~ none~ 

T
 
M". ~2 1 ....
AT __ JT 

O	 ~2 a a2 o' 

.... T T T /54/ 
J O == e [7T'c1l - ""<II 2 '~ 1 I. 

1'c1l 2 

r M2 ",r, -,- •• 1BBeAeM HOBble nepeneuuue E s = V .l - ~ "',<1> ' /:\. 3 = 'qJ o ' 
I M2 

j	 
. q 2 )1­

nepen~weM raM~nbTOH~aH /~2/ B cneAy~~eM B~Ae; F
~ 

1 '1'2 i .: T 2 M2 T2 1 . 2 i .: 2 M2 2 
J{ = - E i + - (ai A j ) + -A i + - E s + -- (a. As) + - As +:II 2 2 2, 2 ~ 1 2 

''{!.~ 
. 2i 1 T 1 . '1' J ~2 -M 2 2 Jl2 2 2 2 '1'2

l 

I"
I I + 2 rr'~l + 2 [ a1 '~1 - eA 1 ã2 As] + 2 '<l\ + e MAl '<!li + 

21	 2 1 M2 2+ - e 2AT '<Il 2 + - f 11 '<%l \ [ ,~2 + ( Ja A) ] +
/ 2 i 1 4 1 1 â2 S 
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TaK~M o6pa30M, npl-1 cnOHTaHHOM HapyweH~1-1 nOKanbHoH C~MMeTp~~2 1+ ~ ['<I> 2 + (j--â~ M A )2]2 ... .2:.i T _ _ i T +	 /55/ ronAcToYHOBCK~H 6030H He B03H~KaeT;KaK B~AHO ~3 paccymAeH~H 
32 II â2 3 2 o a o 

B~we, OH npeBpa~aeTC~ B npOAonbHYIO KOMnOHeHTY BeKTopHOH 4aCT~­

j :-+2 

+ a E ~iT 
.... 2 2 S '-t2 O'a - M a 

-T T Ja~2_M2 
J o = e [n:~ ( '-t 2 As) 

1 a 1 
-.... 2 

a E s) cI> 
l-: '-t2 M2a ­
l. /56/ 

nOcne cnOHTaHHoro HapyweH~~ C~MMeTp~~ raM~nbTOH~aH on~Cb'BaeT 

AeHcTB~TenbHoe cxanapaoe none '~ 1 c MaccoH I.l. 1-1 MaCCOBHoe BeK­
ropuoe none c MaccoH M= v2e I.l./(; ace Hen~HeHHble B3a~MOAeHCT-

B~~	 3T~X noneü ('<I> ~ ,'~ lA 'f~~:A f) nepeaopsurpyes-u , Mbl B~A~M, 4TO 
B pe3ynbTaTe cnOHTaHHoro HapyweH~~ C~MMeTp~~ npO~30wno nepe­
pacnpeneneuae noneü: OAHO J.13 ABYX peansuux noneã 'c%l2,o6pa3YIO­
~~X KOMnneKCHoe CKan~pHoe none, npeBpaT~nOCb B npOAonbHYIO 
KOMnOHeHTY BeKTopHOH 4aCT~~~, KOTopa~, B CBOIO 04epeAb, ~3 ABYX­
KOMnOHeHTHoro $OTOHa MaKCBenna npeBpaT~naCb B MaCC~BH~H Tpex­
KOMnOHeHTH~H 6030H. 

B 3TOM $OpMan~3Me COCTO~H~~ BeKTopH~X 4aCT~~ co cn~panbHO­
CTblO ±1 on~C~BaK)TC~ non~M~ A T co cBo6oAHOH <.t>YHK~~eH rp~Ha

• 1
B ~MnynbcHoM npOCTpaHCTBe 

T 1 1 
D	 (q) :>:: 2 (B lj - q 1 - q j ) • /57/ij q 2 _ M q 2 

t 

COcTo~H~e BeKTopHOH 4acT~~~ c HyneBoH cn~panbHocTblO /npoAonb-
Ha~ KOMnOHeHTa/ on~C~BaeTC~ noneM ~2= ~2 /~nl-1 Ag/ , KOTopoe 
~MeeT <.t>YHK~~1O rp~Ha 

1 M 2 
Da(q) = (l + - ). /58/

q2	 _ M2 q2 

HaKOHe~, cKan~pHa~ 4acT~~a c MaccoH I.l. on~C~BaeTC~ noneM <1>1' 
KOTopoe ~MeeT <.t>YHK~~~ rp~Ha 

1
D	 (q)' = /59/s q 2_1.l.2 • 

113 aun..~caHHbIX etJYHK~~H rp~Ha B~AHO, 4TO c r eneus paCXOA~MOCT~ 

etJeHHMaHOBCK~X A~arpaMM He YBen~U~BaeTC~ c pOCTOM rOp~AKOB Teo­

t 
I 

) . 
., 

\ 

! 

'/ 

l( \ 

( ! t 

, 
; ,	 \l

~ 

~bl.	 np~ 3TOM Kan~6pOB04Hoe BeKTopHoe none np~o6peTaeT Maccy. 
4TO KacaeTC~ TeopeMbl ronACTOYHa B MOAen~ X~rrca B KynoHoBc­

KOH Kan~6pOBKe,TO B n~TepaType /161 ~MeeTC~ MHeH~e o TOM, 4TO 
np~4~HOH HapyweH~~ TeopeMbl ronACTOYHa ~8n~eTC~ OTtYTCTB~e ~B­

HOH nopeH~-KOBap~aHTHOCT~ Teop~~ B KynoHoBcKOH Kan~6pOBKe. 

M~ nOKa3an~ 3AeCb, 4TO M~H~ManbHa~ cxeMa KBaHTOBaH~~, np~ ~C­

nonb30BaH~~ HenOKanbH~X KanJ.16pOB04H~X ~HBap~aHTH~X nepeMeHH~X 

~ HenOKanbH~X KOMMYTa~~OHH~X COOTHoweH~H ~Bn~eTC~ KOBap~aHTHoH. 

B HaweM nOAxoAe, OCHOBaHHOM Ha ~BHOM peweH~~ ypaBHeH~~ CB~3~ 

~ HenOKanbH~X nepeMeHH~X, ~CHa <.t>~3~4eCKa~ np~4~Ha HapyweH~~ 

TeopeMbl ronACTOYHa. 3TOH <.t>~3~4eCKoH np~4~HOH ~Bn~eTC~ HenOKanb­
HOCTb KOMMYTa~~OHH~X COOTHoweH~H, KOTopa~ HapywaeT OAHO ~3 YC­
nOB~H TeopeM~ ronACTOYHa / 17 / . 

B 3aKnlO4eH~e aBTOp XOTen 6~ no6narOAap~Tb 6.M.6ap6awOBa, 
r.a.E$~MOBa, B.B.HeCTepeHKO, B.H.nepBYW~Ha 3a none3H~e o6cym­
AeH~~. 
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Hr-yea Cy an XaH P2-87-52ü 
PenRTHBHcTcKoe orrepaTopHoe KBaHTOBaHHe 
çKanRpHoH 3neKTpogHHaMHKH 

TIpH KBaHTOBaHHH cKanRpHoH 3neKTpogHHaMHKH gaBHo cy~ecT­
BYIOT crrerryiomae nonpo csn 1. Bsison c aao cor-naco aanaux vpas ­
HeHHH gB~eHHH gnH KBaHToBoH TeopHH. 2. llocnegoBaTenhHaR 
~opMynHpoBKa npegcTaBneHHH gnH onepaTopHoro KBaHTOBaHHH. 
B gaHHoH pa60Te npegnaraeTcR pemeHHe 3T~X npo6neM B paMKax 
KanH6pOBOtIHO-HHBapHaHTHOH H penHTHBHCTCKOH KOBapHaHTHOCTH 
CXeMbI KaHOHHtIeCKOrO KBaHTOBaHHH, OCHOBaHHOH ná HBHOM peme­
HHH ypaBHeHHH CBH3H. B KatIeCTBe npHno~eHHH paCCMaTpHBaeTCH 
TeopHH CO cnOHTaHHWM HapymeHHeM CHMMeTpHH. 

Pa60Ta BwnonHeHa B fla6opaTopHH TeOpeTHtIeCKOH ~H3HKH 

OlUII1. 
Ilpenpanr Ü6'be.nHHeHHOrO HHCTHTYTa anepasrx HCCJIe.nOBaHHH• .uy6Ha 1987 

TIepeBog Ü.C.BHHorpagoBoH 

Nguyen Suan Han	 P2-87-52ü 
Relativistic Operator-Quantization 
of the Scalar Electrodynamics 

There are two well-known problems in quantization of 
the	 scalar electrodynamics: 1. Derivation of the self-con­
sistent equations of motion for quantum theory; 2. Consis­
tent formulation of the interaction representation for the 
operator quantization. In this work we propose the solutioI 
to these problems in the framework of a gauge-invariant, 
Lorentz covariant scheme of canonical quantization based 
on the explicit solution of constraint equations. As an 
application, the theory with spontaneously broken syn~etry 

is considered. 
The investigation has been performed at the Laboratory 

of Theoretical Physics, JINR. 
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