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B-BE,.QEHIt1E 

KOH~a~HMeHT TpaA~~~OHHO CBR3~Ba~y C AHHaM~KO~ KBapK-KBapKO­
BOrO B3aHMOAe~CTBHR ~, B KOHe4HOM HTore, c aAPOH~3a~~e~. B no­
cneAHee BpeMR B ~eHQMeHonor~~ ~ Teop~~ nORBnR~TCR aprYMeHT~, 

CB~AeTe!1bCTBY~UJ~e O TOM, 4TO KOH~a~HMeHT, -B03MO)f(HO, OTAen"eH 
OT A~~aM~K~ aAPOH~3a~~~'/~n~, BO BCRKOM cnY4ae, AnR on~caH~R 
npouecca aAPOH~3a~~~ Y4eT 3~~eKT-OB ~OH~a~H~eHTa He' HY)f(eH/ . 

B HaCTOR~e~ pa60Te M~ xOTen~ 6~ np~Bne4b BH~MaH~e K Mexa­
H~3MY ITononor~4eCKoro" KOH~a~HMeHTa, KOT'OPbl~ He CBR3aH c no­
TeH~~anOM KBapK-KBapKOBorO B3a~MOA~~CTBMR ~ KOTOP~~ M0)f(eT 6~Tb 

p~an~30BaH B cxeMe KBaHTOBaH~R Kan~6pOBO~H~X Teop~~, rAe pe­
nRT~B~CTCKHe TpaHc~opMa~~~HH~e caQ~CTBa KnaCC~4eCK~x ~ KBaH­
TOBblX noneü coenanaor. 

B paanene 1 Mbl ~op~yn~PyeM npennoxeaaoe paliee /1,21 penara­
BHCTCKoe'onepaTOPHoe K~aHToBaH~~ Kan~6pOBoYH~X Teop~~ H 06cY)f(­
AaeM ero npe~My~ecTBa. B pa3Aene 2 AaerCR COBpeMeHHaR nOCTaHOB­
Ka npoõneau KOH~a~HMeHTa.Paanen 3 hOCB~L4eH "rononorw-recxor-y" 
Ko~~a~HMeHTY. . 

1.	 PEn~TIt1BIt1CTCKOE OnEPATOPHOE KBAHTOBAHIt1E
 
KAnlt16POB04HWX TEOPIt1~ .
 

Tpe60BaH~e COBnaAeH~R penRT~B~CTCK~X 'npe06pa30BaH~~ AnR 
KnaCc~4eCK~X ~ KBaHTOBaHH~X' none~ RBnReTCR AOBonbHO eCTeCTBeH­
H~M B KBaH'ToBo~ Teop~~ nona, AnR cxanapaux '" cn~HopHblX noneã 
3TO Tpe60BaH~e n04T~ Tp~B~anbHO, OAHaKO B cnY4ae BeKTopHoro 
nonR B~non~eH~e ero CTanKHBaeTCR c eCTeCTBeHH~M~ TPYAHOCTRM~. 

KaK ~3BeCTHO, BeKTopHoe none ~MeeT He~~3~4ecK~e ~ ~~3~4ecK~e 

KOMnOHeHT~, ~OTop~e nepenYT~Ba~TcR npH npe06pa30BaH~Rx RopeH­
~a. CYL4eCTBY~T ABa nYT~ KBaHTOBaH~R eeKTopHoro nonR, Ha nep­
BOM ~3 H~X ace KOMnOHeHT~ eeKTopHoro nonR paCCMaTp~Ba~T KaK 
AHHaM~4eCK~e H KBaHToB~e, HO orpaH~4H8a~T r~nb6epTOBO npOCT­
paHCTBO TonbKO ~H3~4eCKHM~ COCTORH~RM~. 3TOT nYTb KBaHTOBaHHR 
Ha~60nee paapeõoraa B MeTOAe A~paKa /9,4/. AOKa3'aTenbCTBO pe­
nRT~BHcTCKO~ KOBap~aHTHocT~ TeopH~ Ha onepaTopHoM YPOBH~ 

B 3TOM cnY4ae C4~TaeTCR ~3nHWH~M, nocKonbKY KOBap~aHTHoCTb, 

YH"'TapHOCTb H APyr~e Tpe60aaHHR AOn}l(HbI. BbmOJ1HRTbCR TO,l1bKO 
Ha	 tP~3~4ec~~x eeKTOpa X COe-"F8filHli'í; 'f8 ecr s B cpeAHeM.
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BTOPO~ nYTb COCTO~T B ~BHOM peWeH~~ CB~3eH ~ B KBaHTOBaH~~ 

TOnbKO $~3~4eCK~X CTeneHeH cBo6oA~ Kan~6p0604H~X nOneH. C~Aa 

MO~HO OTHeCT~ WB~HrepOBCKOe KBaHTOBaH~e B paA~a~~OHHO~ Kan~6­

pOBKe/6/ , rAe AaeTC~ nOnHOe AOKa3aTenbCTBO pen~T~B~CTCKOH ~H­
Bap~aH~HOCT~ TeOp~~ Ha OnepaTOpHOM ypOBHe. 3TO AOKa3aTenbCTBO 
OCHOBaHO Ha ~CnOnb30BaH~~ HenOKanbH~X KOMMYTa~~OHH~X COOTHO­
WeH~H ~ Kan~6pOB04HO-~HBap~aHTHOrO TeH30pa 3Hepr~~-~Mnynbcal 

Een~H$aHTe.Hanp~Mep, An~ TeOp~~ cBo6oAHOrO 3neKTpOMarH~THOrO 

non~, On~C~BaeMOH narpaH~~aHO~ 

f(x) = _..!.4 F2 
IlV s = r d 4x f (x) , 

F IlV = a A v - av A u: (v , Il = o, 1 , 2 , 3 ) , 
ll 

~MeeM cneAy~~~e KOMMYTa~~OHH~e COOTHoweH~~: 

T-' T-' 
1[,E i (x, t) • A j (Y. t)] :::> 

Ô T == Ô _ a _1_ a 
lj iJ i'" 2 J'a 

T 3-'-' /1/Ôlj Ô. (x - y) • 

(_1_ (x) c= _ r d Sy . t(y) ) /2/
'+2 4 [-. -. I ' a trX-YI 

peanH3y~~~e onepaTopHoe ycnoB~e nonepe4HOCT~ 

. /3/ar E r== ài A~ = O, E i = ao A T. A; = ô ~ A J 

~ TeH30p 3Hepr~~-~Mnynbca Een~H$aHTe: 

/4/
TIlV = F Il À F ÀJ/ - g IlV f , diag g = (+ - - -.).IlV ", 

3TOT TeH30p OTn~4aeTC~ OT KaHOH~4eCKO~O nonHOH npo~3BoAHO~. 

JtfMeHHo 3Ta nonHaR npO~3BOAHa~ ~ w~~HrepoBcK~~ 4neH B npaBO~ 

4aCTH /1/ ~rpa~T Ba~HY~ ponb B B~nonHeH~~ anre5p~ nY~HKape 

Ha KBaHTOBOM YPOBHe. npeo6pa30BaH~~ nOpeH~a c napaMeTpoM (~ 

onepa r opos noneü , nony-reunux B cxexe KBaHTOBaH~~ /1/-/4/ , 
~Me~T HenOKanbH~H B~A: 

i e [ M • A T (x. t)] = ô o AT (x) + a. A (x) • A(x) = 
k Ok J L j J 

rAe M
Ok 

- reHepaTOp npeo6pa30BaH~~ nOpeH~a,

I~ n~eTC~ cneAy~~eH $opMynOH: 

I M = rd&x (tT - x T ).
Ok Ok k 00 

E 

l 
~ , ..I 

2 

1 . 
l-AT /5/ 

k a2 k 

KOTOP~~ onpeAe­

ô~ - 06bl4Hoe npeoôpa aoaaaue Jlopeuua inona A; = (O, A I), a A(x) 
on~C~BaeT ~3MeHeH~e Kan~6pOBK~. T~Koe, YTO flonR CTaHOB~TC~ no­
nepe4H~M~ B HOBOH AB~~y~eHc~ C~CTeMe KoopA~HaT. 

TaK~M o6pa30M, pen~T~B~CTCK~e npeo6pa30BaH~~, nOBopa4~Ba~­

~~e BeKTOp BpeMeH~ f~ ~ /1 ,000/, ~3MeH~~T OAHOBpeMeHHO ~ Ka­
n~6poBKY onepaTopOB none~. 

np~ KBaHTOBaH~~ /1/-/4/ B03H~KaeT Bonpoc, KaKOBa ~CXOAHa~ 
KnaCC~4eCKa~ Teop~~, B KOTOPO~ non~ ~Men~ 6~ KnaCC~4eCK~e npe­
o6pa30BaH~~, TaK~e *e, KaK /5/. KpoMe Tdro, caM~ ~cxoA~~e npeA­
nono~eH~~ HOC~T HeCKonbKO ~CKYCCTBeHH~~ xapaKTep. 

KaK 6blnO YKa3aHO B paõor e 121, KnaCC~4eCKa~ r eopua , onpaana­
Ba~~a~ npeAnono~eH~~ /1/-/4/ ~ ~Me~~a~ Te ~e caM~e TpaHc$opMa­
~~OHHble CBOHCT'Ba /51, CTpO~TC~ nYTeM ~BHd'ro peureuua ypaBHeH~~ 

faycca Ha BpeMeHHY~ KOMnOHeHTY 

as 2 
--=0, éJiAo=éJiA i (A i = aoA i) • 
ôAo 
YpaBHeH~e /6/ 06bl4HO paCCMaTp~BaeTC~ 
CB~3-~, 4T06bl Bblpa-3~ib Ao B TepM~Hax 

-. 1 . 
A o (x) = A O(t, x) = c;- ai A t = - rd ~ 

/6/ 

B r eopua KaK ypaaneuue 
APyr~x nepeMeHHb1X 

1·-' 
-... ai A i (t, y) • 

-a 2 4" I x - y 1 

M~ XOTen~ 6~ 06paT~Tb 3AeCb BHHMaH~e Ha ABa no4T~ He~3BeCTH~X 

$aKTa. nOACTaHOBKa ~BHoro peweH~R ypaBHeH~~ /6/ B narpaH~~aH 

~ TeH30p 6en~H$aHTe/4/ YCTpaH~eT ~3 3T~X a~pa~eH~R OAHOBpeMeH­
HO ~ npOAonbHY~ KOMnOHeHTY aiAr Hanp~Mep, An~ Hanp~~eHHOCT~ 
F 01 ~MeeM 

. .. 1'· T·· T
 
F Oi = A i - ai A o= AI - ai (-:+ aJA J) = Ô lJ A J ~ A i
 

a2
 

/7/ 
T 1 . 

A.J = (B Jk - aj â2 ak ) A k • 

B peayns re r e Kan~6poBo4Ho-Io1HBap~aHTHble Bblpa~eH~R f. ~ T IlV 3aB~­

C~T ronexo OT AByx xenokans HblX nepeMeHHblX /7/, Koropble RBnR~T­
C~ caM~ Kan~6poBo4Ho-~HBap~aHTH~M~$YHK~~OHanaM~ ~CXOAH~X no­
neH. A i: 

f.(x) = .!.ÂT _l..F 2 (AT ) T • .!.ÁT + l..F 2 (A T). /8/ 
. 2 i 4 U • 00 2 1 4 1J 

TaK~M o6pa 30M', peweH~e OAHoro ypaBHeHH~ /6/ OKa3b1BaeTCR AO­
CTaT04H~M, 4T06~ Bblpa3~Tb Teop~~ B TepMHHax Tonb«O ~~3~4ec~~x 

nepeMeHH~X 6e3 AononHHTenbH~X Kafl~6~o~04H~X ycnoBH~ KaK ~CXo~­

" 
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Horo npeAnOnO~eH~~. nOACTaHOBKa ~BHOrO peWeH~~ ypaB-
HeH~~ raycca et>~Kc~pyeT Kan~6pQBKY, MO~HO CKa3aTb, A~HaM~4eCK~. 

OTn~4~e paCCMaTp~BaeMOrO nOAxoAa OT o6~enp~H~~or.O - B ~enOKanb­
HOCT~ A~HaM~4eCK~X nepe~eHH~x /7/, HO ~MeHHO 3Ta HenoKanbHOCTb 
BeAeT K TOMY, 4~O pen~T~B~CTCK~e npeo6pa30BaH~~ Knacc~4eCK~X 

none~ B T04HOCT~ coBnaAa~T c npeo6pa30BaH~~M~ onepaTopOB /5/ 
B KBaHTOBO~ Teop~H /1/-/4/. 

Ae~cTB~TenbHo, 06~4Hoe npeo6pa30~aH~e nOpeH~a: 

s~ Ak = (1 [x i ao - t a~] Ak (X, t) + (k Ao (x, t) , 

(A k(x) = A kCx ') + f k A o(x'), x kQ X k + e k t , t " = t + (k x ~ ' 

c Y4eToM 
1 . . 

A o(x) =....,-. ai A i (x)
 
a2
 

An~ HenoKanbH~X nonepe4H~x none~ /7/ np~H~MaeT B~A /5/: 

a~A; = (i(x 
1
ao -iat)A; + a

k 
A, 

1 . T T
 
A = (1 -r:+2 A i ' Ao == O.
 

. a 
KBaHTOBaH~e nonepe4H~x nepeMeHH~x nYTeM A~aroHan~3a~~~ 

Knacc~4eCKoro raM~nbTOH~aHa H ne~exoAa K OpTOHOpM~poBaHHOMY 

T 2 2 T
6a3~CY À = I. eQA , I. e a e a = 8 . aener K KOMMYTa~~oHHbIM CO-

i a = 1 1 a a= 1 i j lj 

OTHoweH~~M /1/ ~ K cxeMe KBaHTOBaH~~ /1/-/4/, cOBnaAa~~e~ 
co c,xeMo~ WB~Hrepa /5/ . 

AnH KpaTKOCT~ TaKoe penHT~B~CTCKoe onepaTopHoe KBaHTOBaH~e, 

on~pa~~eec~ r onsxo Ha ~BHoe peureuae ypaB.l-leHl-1H raycca ~ Kan~6­

POB04HO-~HBap~aHTH~~ TeH30p 6en~Het>aHTe,6YAeM Ha3~BaTb M~H~Manb­

HblM KBaHTOBaH~eM. 

HeTPY~HQ ~6eA~TbCH /CM., Hanp~Mep, 16,71 /, 4TO HBHoe pewe­
~~e ypaBHeH~~ raycca An~ B3a~MoAe~cTBY~~~X none~ TaKme ~cKn~­
4aeT Bce Heet>~3~4ecK~e nepeMeHH~e ~3 Kan~6poBo4HO-~HBap~aHTH~x 

narpaH~~aHa ~ TeH30pa 6en~Het>aHTe: 

1 2 -.
 
~ (x) = - - F + 'I' (i ~ - eA - m) 'l' ,
 

" 4 IJ.V /9/ 

T Il (x) = F IlÀ F Àv + -q; YIJ. (i av - eA v) 'l' - g IJ.V ~ +
V 

i' - 1 
~ + - aÀ { '1' (-2[ YÀ ,.yIJ. ] Yv - g IJ.v YÀ + g Àv .y Il ) 'I' I . 

~2 

4 

B pe3ynbTaTe 3T~ Ben~4~H~ 3aB~C~T TonbKO OT et>~3~4ecK~x nepe­
MeHH~X 

i e A ~ = v(ie A j + aj) v-1 

} a
1 

2

. 
v = exp (íe - a.A .) , /10/'-+ J J 

'li T = v'P 

~Bn~~~~xc~ HenoKanbH~MK ~ Kan~~poBo4Ho-~HBap~aHTH~M~ et>YHK~~O­

HanaM~ ~CXOAH~X none~ Ai'.' 
AH~nor~4H~e nepeMeHH~e B03H~Ka~T np~ ~BHOM peweH~~ ypaBHe­

H~~ raycca An~ Hea6eneBo~ r eopan 17,1,21, B xo-ropoà IIM~H~Manb­
Hoe" KBaHToBaH~e 121 nortuoc r s o aocnpoaaaonar pen~T~B~cTcKoe 
oneparopuoe KBaHToBaH~~ WBI'1Hrepa B "paAl-ta~~OHHo~ Kan~6pOB-' 
Kell 151 . 

B pasuca x c r aanapr uoã r eopuu B03MYLl.leH~~ IIM~H~ManbHoeH KBaH­
TOBaH~e, KBaHTOBaH~e WB~Hrepa ~ oõu-u-oe KBaHTOBaH~e c He~BHblM 

peweH~eM ypaBHeH~~ CB~3~ ~ npo~3BonbH~M~ Kan~6pOB04H~M~ ycno­
B~~MH 13,41 npaaonar K OAH~M ~ TeM ~e MHoro4aCT~4HbIM aMnn~TY­

AaM ~3 MaCCOBO~ rrOBepXHOCT~. 

Pa3n~4~e B 3T.~X MeTOAax KBaHTOBaH~~ B03H~KaeT An~ r ex aerui­
4~H Teop~~, KOTop~e 3aB~C~T OT B~6opa Kan~6pOBK~ np~ 06~4HOM 

K8aHToBaH~~ '/Hanp~Mep, An~ et>YHK~~~ rp~Ha BHe MaCCOBO~ nOBepx­
HOCT~ ~n~ An~ OAH04aCT~4HO~ et>YHK~~~ rp~Ha Ha MaCCOBO~ nOBepx­
HOCT~/. 

np~ B~4~cneH~~ Bcex 3T~X 8en~4~H M~H~ManbHoe KBaHTOBaH~e 

o6naAaeT npe~My~ecTBoM no caMOMY nOCTpoeH~~ ~CXOAHO~ An~ KBaH­
TOBaH~~ KnaCC~4eCKO~ Teop~~, B KOTOpOM Kan~6ppB04H~e ycnoB~~ 

B~BOA~TC~ ~3 A~HaM~K~, a He nocTyn~pY~TCR. 

Bce B~4~cn~eM~e et>YHK~~~ rp~Ha BHe MaCCOBO~ nOBepxHOCT~ 

/~ npO~3BOA~LI.l~~ et>YHK~~OHanbH~~ ~HTerpan 11,2// ~BHO 3aB~C~T OT 
BpeMeH~nOAo6Horo BeKTopa fIJ. /BeKTopa BpeMeH~ KBaHTOBaH~~/, 

oAHaKo 3Ta 3aB~C~MOCTb HOC~T pen~T~B~CTCK~-KOBap~aHTH~~ xapaK­
Tep: nepexoA B AB~~y~y~CR c~cTeMY KooPA~HaT aBToMaT~4eCK~ ~3­

MeH~eT Kan~6poBKY non~ /B 4aC!HOCT~, ero pa3AeneH~e Ha nonepe4­
Hoe Itl KynoHoBcKoe non~/. n03TOMY, HeCMOTp~ Ha ~BHY~ 3aB~C~­

MOCTb OT BeKTopa fIJ.' B~pa~eH~R An~ et>YHK~~~ rp~Ha pen~T~B~cicK~­

KOBap~aHTHbl. 

B~6op caMoro BeKTopa BpeMe~~ KBaHTOBaH~~ fIJ. A~KTyeTc~ et>~3~­

4eCK~M~ ycnoB~RM~ np~ peweH~~ KOHKpeTH~x 3aAa4. Hanp~Mep, np~ 

B~4~cneH~~ B~4eTOB OAH04aCT~4H~X et>YHK~~~ rp~Ha eCTecYBeHHo B~­
õpar s aek r op fIJ. TaK, 4TO «ynouoacxoe none 4aCT~~bl, onpenenae­
Moe aekropon fIJ.' AB~~eTC~ BMeCTe c He~(TO ec r s f IJ. - pIJ.J.Jp2) • 
B 3TOM cnY4ae 8~4eT nepeHopM~pyeMo~ et>YHK~~~ rp~Ha et>epM~oHa pa­
BeH eAHH~~e 11,2/,TO eCTb M~ nony4aeM cpaB~nbHMe aHan~T~4eCK~e 

CBO~CTBa et>YHK~~~ rp~Ha, KOTop~e He MeH~~TC~ np~ pen~T~B~CTC~ 

.. 
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KHX npe06pa30BaHH~X, B OTnH4He OT 06~4HO~ KynoHoBcKO~ KanH6­
pOBKH 18! . 

T04HO TaK me MomHO peWHTb aaAa4Y BOCCTaHOBneHH~ pen~THBHCT­

CKO~ KOBapHaHTHOCTH caMocornaCOBaHH~X ypa8HeHH~ WBHHrepa-aa~­


COHa J.1 Ber e-Eonnar eoa c KynoHonoAo6HblM "nOTeHI..4J.1anOM KOH<pa~ti­

MeHTa l1 B KXa /9, 101 .
 

Ypa~HeHJ.1e WBJ.1Hrepa-aa~cOHa, cOOTBeTcTBy~~ee B~60py KynoHoBc­
xor-o nona V, ABJ.1)J(y~eroc~ BMeCTe c 4aCTJ.1l..4e~, npJ.1HHMaeT BJ.1A 

~(p) = 1 J d 4q V(q.1.) .z. 1 ~
 
(2" ) 4i p2 ~ + ~ - L (p + q)
 

pa3Aen~~ J.1Mnynbc~ HHTerpHpOBaHJ.1~ Ha npOAonbHY~ J.1 nonepe4~y~
 

4aCTJ.1:
 

q 11 =	 (p 11 q~) + (q 11 .- P fJ. q~ ) = (q 11) fJ. + (q.1. ) fJ. ' 
p p 

HeTPYAHO y6eAHTbc~, 4TO B 3TOM cnY4ae KynoHoBcKoe none BeAeT 
nJ.1Wb K nOCTO~HHOMY onepaTOPY co6CTBeHHO~ 3HeprHJ.1, YA08neTBOp~~­

.~eMY ypaBHeHJ.1~ 

~ 
!. =	 _1_ r dSq.1. V{q.1.)
 

(2 rr) 3 2yq2+!.2
.1. 

OAHaKO An~ caMocornaCOBaHH~X nponaraTopoB 4aCT~I..4, Hcnonbaye­
M~X B ypaBHeHJ.1J.1 6eTe-ConnHTepa 8 pa60Te / 11/ , A8J.1>KeHHe KynoHoBc­
Koro non~ 4aCTJ.11..4 cOBnaAaeT c ABJ.1meHJ.1eM l..4eHTpa TRmeCTH C8H3aHHO­
ro COCTO~HJ.1~, KOTopoe o6paayeTcR 3TJ.1M KynoH08cKHM noneM. 

n03TOMY peaynsr a tu paõor a /11! .• r ae HcnonbayeTc~ COOT8.eTCT­
BYIO~ee ypa8HeHl-1e WBHHrepa-tla~CQHa, He MeHRIOTC~ AnR C8flaaHHblX 
COCTOflH.H~ B. CJ.1CTeMe noxoa P = (9'O' O, O, O) • an~ ABH>KY~HXCfl Me­
aOHoB 9'::Il (pO, Cf I: O) oneparopuoe KBaHTOBa HJ.1e AHKTyeT a BTQMa­
TJ.14eC~l-1~ nepexon B IKanJ.16poBKY" BAO,nb aroro J.1Mnynbca flJ. ~ 9'11 • 
B npOTJ.1BHOM cnY4ae KynoHoBcKoe none 4aCTJ.11..4 J.1 cBRaaHHoe COCTOfl­
HJ.1e, o6paayeMoe nocpe~CTBOM 3Toro nonfl. 6YAYT ABJ.1raTbCR B paa­
Hble CTOpOHbl.· B .~TOM npJ.14J.1Ha c rpauaoro aHOManbHoro aaxoua AJ.1C­
nepcau PO = c IPI. C.f. 1, Anfl ronAcToYH08CKO~ 4aCTJ.1I..4b1, nonyveu­
Horo B .oaõor e 111! • 

Ha YPOBHe IIMJ.1 HJ.1 Ma n bHOr o ll KBaHTOBaHJ.1R, onapaoureroca Ha xnac­
CJ.14eCKYIO TeOpJ.11O c KanJ.16pOB04HO-J.1HBapJ.1aHTHblMJ.1 nepeMeHH~MJ.1, 80­
npocbI aaSJ.1CJ.1MOCTJ.1 0AH04aCTJ.14HblX ~YHKI..4J.1~ rpJ.1Ha OT Bbl60pa KanJ.16­
P08KJ.1, Hyne~ AeTepMl-1HaHTa ~aAAeeBa-nonOBa J.1 APyrJ.1e np06neMbI, 
CBRaaHHble c Bbl6opOM Kanl-16pOBKJ.1 8 MeTOAe AJ.1paKa, J.1MeIOT COBep­

~ 

·6 

weHHO APyro~ .cMblcn H npyroe peure-ure , 4eM B MeToAe aHpaKa H .Aa­
>Ke B MeTo,qe lli8HHrepa. 

B 4~CTHOCTl1, Bbl4eT OAH04aCTJ.14HO~ <PYHKI..4J.1J.1 fpHHa (Res O) H ee 
aHanHTH4eCK~e CBO~CTBa npH MHHHManbHOM KBaHTo~aHHH, KaK MbI BM­
Aenw asuue, oAH03Ha4Ho .onpeneneuu, H KpHTepHt1 l<OH<pa~HMeH:ra 

Res O = O	 111I 

flBn~eTC~ CTonb me CTporHM, KaK Kpli1TepH~ BHnbcoHa AnH nHHe~Horo 

pOCTa nOTeHI..4Ha~a /12/, TaK KaK /111 no nOCTpoeHHIO flBn~eTCfl Ka­
nH6poB04Ho-HHBapHaHTHo~ BenH4HHO~. 

Ilpoõnena KanH6poB04HO~ HeoAH03Ha4HOCTH 8 IIMHHHManbHOMl1 K8a}i­
TOBaHHH 803HHKaeT Ha YPOBHe onpenene-u-s H~JlOKanbHbIX KnaCCH4ec­
KHX nepeMeHHblx 17,131 H ripa onpeneneuaa HenOKanbHblX KOMMYT a4J.10H­
HblX COOTHoweHH~ Anfl AHHaMH4eCKHX nepe-ieaaux 11,141 . 

Hanpuaep , Cé;JMH HenOKanbHble <pHaH4eCK1fle nepeMeHHbl€ THna 1101, 
nonY4eHHble c nOMO~blO fl8~oro peWeHJ.1~ ypa8HeHHR raycca, MorYT co­
AepmaTb HOBYIO Wli13H4ecKYIO HH<POpMaI..4HIO, KOTopafl Tep~eTC~ npH K~aH­
TOBa.HHH no aV1paKY HnHWBJ1Hrepy. C'rporo r oaopa , ·nepeMeHHble 11D/ 
no C80eMY nOCTpoeHHIO 3aAa~~ c T04HOC~blO AO <pa308oro $aKTopa 
u(i). KO:rOPbl~ onpeaenae r c s 0-EHOPOJ\HbIM peureuvre» ~paBHe':HH rayc­
ca lB nyc r ox npoc r pauc r a e.Z a 2À(X) =0. u""expliA(x)L 

Kax nOKa"3aHO B paõor ax 11,13/, HeTpHBJ.1anbHble <t>a3-0Bble -$aKTopbl 
V1 8blpO>KAeHHe $J.13H4eCKHx COCTOflHH~ 8à3Hli1KaIOT a Tex KanJ.16p0804­
HblX r eopaax , rAe oaaoeue <paKTopbi u(x) KaK o r oõpexe-uia npOCT­
paHCT8a R{D--1) 8 KanH6p0804HYlO rpynny O lttMelOT HeTpH81i1anbHble 
TononorH4eCKHe C80~CTBa IHanpHMep, 8 MOAenH WaHHrepa/~,7/: 

II I (u{l)) = Z , HnH B KXa /71: n g(SU(3)) = Z t rAe llD_l (O) - rpyn­
na rOMoTonHH/. 

B peayns r are r akoro rononorwvecxoro 8blp0}/(AeHHfl <p113H4eCKJ.1e 
nona OTnH4aK>TCfl OT "ronux'" noneü , Hcnonb3yeMblx 8 AHarpaMMax 
r eopaa 803My~eHH~. C~flTJ.1e B-blpO>RAertH~ <pV13H4eCKHX noneü 3<txt>eK­
TH8HO aene'r K HC4e3H08eHHIO ac ex I..4SeTHblX <PYHKI.lH~ rpVlHa H aMnnH­
TYA p0}/(AeHHfl 1..48eTHblX 4aCTH1..4 17,13,(' 

npemAe 4eM AaTb nOAP06Hoe HanomeHHe TaKoro MexaHH3Ma KOH­
<pa~HMeHTa, 06cYAHM noc r auoaxy npoõnexu KOH<pa~HM-eHTa 8 C08pe­
MeHHO~ $eHOMeHonorHVI H TeopHH. 

2. nOCTAHOBKA np06HEMbl KOH$At1HM-EHTA 

A. $eHoMeHonorHfl 

nOCTatiOBKa npoõneau -KOH<pa~HMeHTa KBapKoB AHKTyeTc~ axcnepa­
~eHTaM~,AoKaablBalO~HMH HX cy~e~TéoBaHV1e.$eHoMeHonorHfl Ha6n~~eHHfl 

K8apKOB H rnlOOHOB onHpaeTCfl Ha napTOHHYIO HHTepnpeTallHIO rny6oKo­
HeynpyrHx npoueccoa /1&,18/. Ee CYTb -COC Tm1T 8 TOM, t.lTO CYMMa 
no acen aAPO.HHbIM KOHe4HblM tOCTOflHHflM Ih> aepoar aoc r eã npouec­

"I 
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COB e+e"'"... aAPOHbl; e+e-p -+ aAPOHbl \t1 T.A. onucuaae rca KaK MH\t1­
MaR 4aCTb COOTBeTcTBy~~e~ ynpyro~ aMnn\t1TYA~, nOCTpoeHHO~ \t1S 

KBapK-rn~OHHbIX A\t1arpaMM r eopua BosMy~eH\t1~ KX-IJ,: 

2. <fITlh> < hlT*,\i> 21m <ri T I i> /12/ 
h Phys. Phys. Phys. Phys. Phys. Pfiys. 

31'0 COOTHOWeH\t1e HaSbiBaeTCfI KBapK-aAPoHHo~ Ayanb HOCTb~ /KAfJ,/ 
\t1 McnonbsyeTcfI B $eHoMeHOnOr\t1\t1 KaK B CM~cne ycpeAHeH\t1f1 no 3Hep­
r\t1\t1 /rIl06anbHafl KAfJ,/,. TaK \t1 6es .)'cpeAHeH\t1f1 B 06JlaCT\t1 3HeprVl~, 

AaneK14X 01' peSOHaHCOB /noKaJlbHafl 'KAfJ,/.HanpVlMep,ce4eHVle n pouec­

ca e+e- B aAPOH~ B HepesoHaHcHo~ 06naCTVI He TonbKO B cpeAHeM, 
HO K 6YKBaJlbHO no T04KaM ~oBnaAaeT G MHVlMO~ 4aCTb~ KBapKOB~X 

neTenb, TO eCTb TeopVlfl BOSMy~eH\t1~ VlcnonbsyeTcfI B npOCTpaHCTBe 

MVlHKOBCKoro. 
B OTnVl4V1e 01' 06~4Horo COOTHOWeHVlfI YHVlTapHOCT\t1 S-MaTp\t1l\~: 

S=l+iT. SS+=l, (T.T*~2ImT), B KAfJ, /12/ VlcnonbSYIOTcfI' 
ABa paSHWX THna COCTOflHVI~: $VlS\t14eCK\t1e aAPOHH~e COCTOflH\t1f1 /B ne­
BO~ 4aCT\t1/, KOTop~e HenocpeACTBeHHO AeTeKT\t1pY~T B 3KcnepVlMeH­
Te, \t1 napTOHH~e COCTOflHVlR /B npaBO~ 4aCTVI/, OTpama~~Vle oc06~e 

a Han\t1TVl4 ecxue CBO~C TB~ "yrtpyrax" aAPOHHblX aMnnVlTYA, xorooue 
BocnpOVlSBOAflT MHVlM~e 46CTK KBapKOB~X A\t1arpaMM. 

B 06b14HO~ r eopaa nons, Hanp\t1Mep B K3,Q, $\t1SVl4eCK\t1e VI nap r ou­
H~e COCTOflHVlR COBnaAa~T B paMKax TeOp\t1V1 BosMy~eHVI~.nOA4epKHeM, 

41'0 TeOpeT\t14eCKafl Ha6n~AaeMoCTb KBapKOB KaK napTOHOB B nOKanb­
HO~ KAIJ, \t1 VlX 3KCnep\t1MeHTanbHafl Ha6n~AaeMOCTb VI MeIO l' MeCTO B 0,0,­
HO~ VI TO~ ~e HepeSOHaHCHO~ 06nac1V1 3HeprVl~ npocTpaHcTBa M\t1H­

KOBCKoro. 
OAHa I-1S IPopMynltlpoBol< npoõneau KOH$a~HMéiTa: n04eMY r axoe 

COBnaAeH\t1e $\t1SVl4eCK\t1X nap r o-u-ux COCTOflH\t1~ He rTPOVlCXOA~T B KX,lJ,? 
fJ,pyrafl $opMynVlpoBKa: n04eMY aeposrrj-roc r s p0}\{AeH\t1f1 l\BeTHbIX -ra­

CT\t1Lt f c> pa B,""a HYJ1~': 

<r] T r c> = Resa c = o, /1 3/ 
Phys. Pl'1YfJ. 

a BepOflTHOCTb aAPOH\t1saLt\t1V1 - eAKH\t1l\e7 
OTEteT Ha 3TM sonpocu 06bl4HO $opMynl:1pyeTcfI B 8l1tAe r\t1nOTeSbl 

KOH$a~HMeHTa. OAHaKo napToHHáfl KXIJ,-$eHoMeHOJlOr\t1f1 BblCOKI4X 3Hep­
r VI H. 116- 171 n paKT\t14ecf<VI ~e aa BVlC\t1T OT cnoco6a peanVlsall\t1\t1 3TO~ 
runor eaa., AHanOr\t14Hafl cjrryauaa ce~4ac Ha6n~AaeTcfl \t1 e. KXIJ,-IPe­
HOMeHOnOr\t1\t1 H\t1SK\t1X ~Heprlt1~, r,o,e ,o,nfl nonY4eH\t1f1 KVlpaJlbHblX nar­
pàH}\{\t1aHOB \t1S KXA B p~Ae pa60T / 1S1 WlltpOKO \t1CnOnbSY~T 0AHoneTne­
Bble KBapKOBble AVIa r pé1MMbl \t1 B TO }\{e BpeMfI KBapKltl auõpacaee o r 
\t1S ycnOB\t1~ yHVlTapHOCT~, Tà eCTb HeflBHO npeAnonara~T rMnoTesy 
/13/, He paCCMaTpl:1Bafl np\t1 3TOM HVlKaKO~ A\t1HaMVlK\t1, KOTopafl 060c­
HOBana 6~ 3TY r\t1nOTesy. npol\ecc aAPOHVlsall\t1\t1 KBapKOB B HVlSKO~ 

3H~pFeT\t14eCKO~ $eHOMeHonorVlVl HVlKaK He C8f1S~Ba~T c n~OlleCCOM " 
8 

KOH<pa~HMeHTa. AHanorV1l..jHbl~ BbtBOA AenaeTCR 'B $eHOMeH.OnOrVl\t1 MeTO­
ga n p aaun CYMM /19/, rAe YTBep)I{AaeTCfI, 41'0 ){4eT 3<p<peKTOB- KOH­
qra~HMeH-Ta He Hy}\{eH ,Anfl OFmcaHVlfI 3KcnepVlMeHTanbHblX <t>aKTOB. 

TaKVlM o6pasoM, B COBpeMeHHO~ KBapKOBO~ $eHoMeHonorVlVl HVlS­
KVlX \t1 B~COKVlX 3HeprK~ \t1MeeTCfI TeHAeHl\VlfI OTAeJlRTb rrpollecç aAPo­
HVlsal\HVI 01' npol\ecca 'KOH$a~HMeHTa. 

6., Teo p\t1 fi 

KXA BüSHVlKna KaK 060CHOBaH\t1e napToHHo~ weHoMeHOnOr\t1V1 c no­
MOt.l.lb~ RBSleHVlfI aC\t1t"mTOT\t14eCKO~ CB060Abl /20/ /~O ec r s 3$$eKTVlBHO­

ro YMeHbWeH\t1f1 KOHc:raHTbl CBflSVI B rny60KoeSKfll:1,AOBoi1 06naCT\t1/ ~ 

B COOTBeTCTB\t1\t1 c aC14MnTOTVl4eCKO~ CB060AO~ TeopVlfl BOSMYl4eHVlIIJ 
B KXn cnpaBeAn\t1Ba B npOCTpaHc1Be EBKn~Aa, ~ ~BflSb TeOpeT\t1­
4eCKVlX BenVl4\t1H c Ha6nDAaeM~MVI B 3KcnepVlMeHTe Ce~eH\t1f1M~ B npo­
CTpaHCTBe M\t1HKOBCKoro YCTaHaBIllllBae1CfI c nOMO~blO- A\t1CnepCVloHH,bIX 
COOTHOWeHVlIIJ" 

OAHa KO TaKVlM nyr er- MO}\{H006bflCHVlTb. JlVlWb r noõans MYIO ..«a apx­
aApoHHYIO AyanbHocTb \t1 TPYAHO nOHflTb TOT,$a~T, 41'0 ce4eHVle 
npOl\ecca e+e-~ aAPOH~ B Hepeso~aHCHO~ 06naCTVI 3HeprVlVl COBna­
Aa~T 'c MHVlM~M\t1 4aCTflMVI KBapKoa~~ AVlarpaMM 6YKBaJlb~0 no T04K~M? 

TO eCTb Henb3f1 06bflCHVlTb WVlpOKO VlCDoIlb3yeMYlO B $eHOMeHOnOr~\t1 

nOKanb~YIO KAfJ, VI TeopVlIO BosMy~eH\t1f1 ~ npOCTpaHCTBe MVlHKOBCKoro. 
fJ,Ilfl-06bflCHeHVlfl TeOpVl\t1 BOJMy~eHVlfI B npOCTpaHCTBe MVlHKOBCKoro 

HymHo nOHflTb, no~eMY 8 eAHO~ VI TO~ me 06naCTVI 3HeprK~ KBap~VI 
npenc r aanao r c a op,HOBpeMeHHO KaK HeHa6n~AaeMble $VlSVl4eCKlt1e co­
CTOAHVlR /nesafl 4aCTb /12// \t1 KaK cB06oAH~e napTOH~ /npaBafl 
4aCTb /12//. 

31'01' $aKT TPYAHO nOHflTb B nOTeHllVlanbHo~ BepC\t1\t1 KOH$a~HMeH­
Ta /12.21( r ne B./<a4~CTBe aprYMeHTal\J.1\t1 ccunaor c a Ha pa,~Hbl~ pe~VlMbl 
noaeneuaa KBaj::>KO,B' )3 paSn\t14HblX 3HepreT\t14eC~l-1X oõnac r ax /60nbWVle 
VI Man~e paCCTOfiHVlfI/. C APyro~ CTOpOHW1 Bce n6n~TK\t1 Vlcnon~so­
BaTb nOTeHll\t1anbl KOH$a~HMeHTa Anfl 060CHOBaHVlfI,HeHa6nIOAaeMOCTVI 
OTAenbH~X KBapKOB nYTeM peweHVlfI ypasHeHVlfI WBVlHrepa-fJ,a~coHa Anfl 
nponaraTopa KBapK~9,22! npVlBen\t1 He K ~OH$a~HMeHTY, a K~cnOH­
TaHHOMY HapyweH\t1~ Klt1panb HO~ C\t1MMeTpVlVl. B HaCTOfl~ee BpeMfI nOTeH­

l\Vlanb,1 KOH$a~HMel-na ycrieun-o Vlcnonb3Y~T KaK, noreuuuanu aAPOHVlsa­
l\\t1V1 /9, lO, 11,22/ . .~' 

M~ BHA\t1M, 41'0 B KXA-TeOp\t1\t1 VlMeeTCfi TeHAeHl\\t1f1 A14HaMVlKY KOH­
$a~HMeHTa paCCMaTP\t1Ba~b Ton~KO KaK A\t1HaM\t1KY aAPOHl-1Sal\\t1V1. 

rnaBH~~ Bonpoc O TOM, KaKVlM 06paSOM cornaCOBaTb TeopVlIO BOS­
My~eH\t1f1 s npocTpaHcTBe MVlHKoBcKoro /C HeHyneB~M\t1 MH\t1M~M\t1 4a­
CTflM\t1 K8apKoB~x neTenb/ c r\t1nOTeSO~ KOH$a~HMeHTa /13/~(OCTaeT­

CfI QTKPbITbIM, VI Ha Hero He AaeT OTBeTa HVI aCVlMnT9T\t14ecKé!fI CSo­
õona , HIÍI no'r euúwane Hbl~ KOH<t>a~HMeHT. 
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MemAY TeM raKoro pOAa KOH$a~HMeHT c' Teop~e~ B03My~eH~R 

B npOCTpaHCTBe M~HKOBCKoro on~CWBana BepC~R ABYMepHO~ XPOMOA~-' 

HaM~K~, npeAnomeHHaR XY$TOM/23-25/. B 3TO~ MOAen~ pa3n~4a~TCR 
<p~3~4eCKl1e /OAeTble/ KBapK~ ~ naproauue /ronble/ KBapK~. BcneACT­
B~e MH<ppaKpaCHbIX paCXOA~MocTei1 ace e:p~3~4eCK~e KBapKI-1 ~M.eIOT 

6eCKOHe4Hble MaCCbl, B TO BpeMR KaK "õecue e r uue" aMnn~TYAbl e:pop­
Myn~PYIOTCR B TepM~Hax nponaraTopOB ronwx KBapKOB c KOHe4HWM~ 

MaccaM~ 6e3 ~He:ppaKpaCHWX paCXOA~MOCTeA. 

OTCYTCTB~e aMnn~TYA pomAeH~R "uaer aax" 4aCT~U B -3TO~ MOAen~ 

~e npOT~Bope4~T ycnbB~1O YH~TapHOCT~. aeno B TOM, 4TO np~ Han~­

4~~ CBR3aHHWX COCTORH~~ ycn6B~R YH~TapHOCT~ 112/ HymHo nOH~­

MaTb He KaK TO~AecTBo, a KaK OAHO ~3 ycnoB~A caMocornaCOBaH­
HOC T1.-1 Teop~~, ~cnonb3yeMblx AnR 'HOpM~POf3K~ CBfl3aHHblX COCTORH~~ 

~ KOHCTaHT ~X B3a~MOAeAcTB~f1/2B/. Ecn~ no KaK~M-TO np~4~HaM 

'BepORTHOCTb OAH~X KaHanOB IUBeTHwx/ ~C4e3aeT, TO ~epORTHOCTb 
APyr~x yBen~4~BaeTCR TaK, 4T06w nonHaR BepORTHOCTb OCTaBanaCb 
paBHoA eA~H~Ue. C 3TOA T04K~ 3peH~R Teop~R B03My~eH~~ AnR 
r oriux KBapKOB B 'npOCTpaHCTBe M~HKOBCKoro He npor aaopeu-rr KOH­
e:paAHMeHTY $~31-14eCK~X KBapKOB 1131, KOTOPbl~ 3AeCb 06bRCHReTCR 
He nOTeH~~anOM B3a~MoAeAcTB~R, a npoueccos II0AeBaHHR" r onux 
KBapt<OB. 

B cneAYIO~eM paanene Mbl onuurea r axor'o pona npouecc "oneaa­

'"'l~RII, KOTOPbl~ AonYCKaeTCR TOflbKO IMl1H~ManbHbIM" KBaHTOBaHHeM,
 
~3nomeHHWM B pa3Aene 1.
 

3. Tononor~4ECK~~ KOHe:pA~HMEHT 

PaCCMOTp~M Hea6eneay KanM6poB04HYlO TeopMIO C rpynnoA BHY~­


peHHeA C~MMeTp~~ SU(2) B KOHe4HOM. npOCTp~HCTBe-BpeMeH~:
 

T/2 S
 
.r dt f d x f (x) ,
SR,T 

T/2 l"i \5 R 

. 1 8. 2 - , " 
f(x) = - -(F ) + i'l'y (a +A -m)'i' (t - x o) ,

4· JlV #J. #J. #J. 114/ 

eA&r 8r
 

'F a = a A a. _ a Aa. + e f a:bc AbA c A " 
:= fi.
 

#J.1:' IJ. v V}J. IJ. V' #J. 21 

KaK MW y~e B~Aen~ B pa3Aene 1, narpaHmMaH /14/ Ha peWeHI-1RX
 
y.paBHeHl'lR raycca
 

8S / BAa. := O _> V 2 (A) Aa V (A) Á + j a. ,li: 

O O i 1 O 

J 
10 

r a . 
V 2=Vja=e'P, -'i! Vab(A)=Sabõ+e€abcAc V. (151

J.L y J.L2 '! i· i • i 1 

3aB~t\l1T r onsxo OT HenOKanbHblX nep.eMeHHblX 

/16/ÂI == v(A) (Â. + ai ) v -l'(A)', 'I' I = v(A) 'i' ,
i 1 

. t'
 

v (A) = T exp { .r dt" V - 2 ( V i Ai )i ,
 

] 
/17/o 

ao v(A) = v(A) {V-2 (A) Vi Â 11, 

t 
r ae f dt'·f(t') = F'(t) nOH~MaeTCR B CMblcne HeonpeAeneHHoro I1H­

'Terpana' (dF/dt) (t):=f(t) ICM. nonpoõuo B /1,7,14/ I. 
nepeMeHHwe /16/ no ROCTpoeH~1O TomAe~~BeHHo YAOBneTBopRIOT 

ycnoBIo1RM 
t • , I . I 

V i (A ) A 1 := O., J dt ..Vi (A1 ) A 1 := O , /18/ 

B KOTOP~X ~omHO Y3HaTb 0606~eH~e KynoHoBcKO~ Kan~6pOBK~. KBaH­
TOBa H-J.1e Hea6eneBblX noneü HenocpeACTBeHHO B t<an~6pOBKe / i 8/ 
c nOMO~blO e:pYHKU~OHanbHorO~HTerpana 6blnO CAenaHO J;3 paõor e 127~ 
OnepaTopHoe KBaHTOBaH~e /11 Tpe6yeT nepexoAa K non~pe4H~M nonRM 
c AOnOf1H~Tenb HblM YCJ10B~eM, He 3aB~CR~HM OT BpeMeH~, 11 coana­
AaeT c KBaHTOBaH~eM WB~Hrepa/5j. 

B OTn1-14~e or 06bl4HblXMeTOAúB KBaHTOBaH~R, r ae MomHO Hano­
m~Tb Te me ycnoB~R, ~, Ka3anOCb 6bl, nony4~Tb 3KB~BaneHTHoe 

onaca H~e 'Teop~~, HenOKaJ1bHble nepeMeHHble 117/ no CBoeMY noc r po­
eH~1O 06ilaAalOT AononH~TenbHoA e:p~3~4ecKoA ~~e:popMa~~e~,a ~MeHHO: 

ABHaR KOHctpYKU~R i171 onpeAeneHa c T04HOCTblO AO HeTp~Bl-1anbHO­
ro BaKYYMHoro pe~eH~R DAHopoAHoro ypaBHeH~R raycca. 06paTH~~ 

onepa r op (V -2) B /17/ AonYCKaeT c rauaoaapuue oaaoaae e:paKTopbl 

~ À&'& 
. v ~ u(X) v. u(x):= exp] À{x) I ; À- - ­

c e:pa30~, RBnRIO~e~cR peWeH~eM ypaBHeHHR raycca
~, 

io:=O):'I 
21 

I â2 ,À (;) "" O.
 

HeTpYAHo y6eAI-1TbC~, 4TÜ nepeMeHH~e
 

Â~bY8,,; u(x) (Â\ (x) + á )u-1 (;" '1'p~y~; u(i) '1'1 
1 

YAo~neTBopR~T ~eM .e AonORHWTenbHWM ycnoB~~M,' 

1l6/ ... 3T~ oaaoaue e:pa-KTOpbl -u(X) AOn>RHb1 onacuaa r s . 

119/ 

B BaKYYMe{Ai=O, 

/20/ 

. /21/ 

4TO ~ nepeMeRH~e 

rJ1aAR~e oroôpa­
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>t<eHl-1f1 npOCTpaHCTBa. R(3) (\ xl < R J B KanI<16poB04HYKY. r pynny 
8U(2) , nOCKOIlbKY nooc r paacr ao R(3) nyc r oe VI He co,qep>t<~T cVlHry­
IU1PHblX VlCT04HVlKOB. B npOTk1BHOM cny-rae nOJTfI /21/ 6YAYT et>Vl3V14ec­
KVI OTnVl4aTbCfI OT none~ /)6/. . 

p08Ka r eooau B03My~eH.VllII ocyure c r anae r ca B TepMItIHaX "ronax" 
peMe~HblX VI HVI~eM He 0~nVl4aeTCfI OT CTaHAapTHoro KBaHTOBa-
HVlfI 11,5/: 

ne­

Tpe60saHVle "nyc.ror o npocTpaHcTBa l 1 

PaccMoTpVlM, HanpVlMep, T04HO TaKY~ >t<e 
f1BnReTCfI 04eHb Ba>t<HbIM. 
oAH~3Ha4HocTb B K3A. Ypas­

~(APhYs. , 'li PhYS.) + J AP h Ys .+ rt'llPhYS. + q; Phys. TI 

H~HVle /20/ B K3A VlMeei, 

.""* 2 ,""* 1 (J 2' 
() À(X) :== -(~) (r A) == O" 

2 éJr • 

Bo06~e rOBOpR, 

c 1
À(r) = - + c 2. 

r 

ABa peweHVlfI: 
Cc) I I I' -1 - -1) I

=J..(A ,'I') +J i Un,c/J(A l+ ai)u
n,c;6 + (77 Un.c/J 'I' 

ijj r ( 
+ 't' Un,(,Ó 11 

)
~ 

O'AHO 1<13 HMX Mbl Aon>t<Hbl nOITO>t<VlTb paBHblM HY.h1O­ c 1=0 ~3-3a cVlHrynfl.p­
HOCTVI, a.r opoe Ca' onacuaaotaee nOCTOflHHYIO oaay , He VlMeeT ,KaK Vl3­

BeCTHO, HVlKaKVlX et>VI~Vl4eCKVlX cneACTBVI~. 

B KX,a Mbl nonyvaea APyry~ cu r yauvno . YpaBHeHVle /20/ VlMeeT He­
TpVlBVlanb Hble peureaua /7/. 

I 

i 

Pa3nVl4V1e 6YAeT TonbKO B onpeAeneHItIVI $Vl3V14eCKItIX COCTOflHVI~, KOTO­
oue oKa3b~BalOTCfI II0AeTbIMVI'· B et>a30Bble <paKTopbl VI BblpO>t<,QeHbl. Ecn« 
-repea Z R, T (J,' 11 , ~ 0603Ha4t11Tb 06b14Hbl~ et>YHK~VlOHall <1>a,QAeeBa-
Ilonoaa , TO TeOpltlfl C BblpO>t<AeHltleM onac uaaer cn et>YHKLlVlOHanOM 

ZR,T [ (U n,q; 1I), (;U ;1c/J ), !J n,cf.> J i U ~~cP ]. 
,., 
1\ .+­

n, '1-'1 
= 

~b 
i r a n ab (cP 1 ) -"n , 

R B cVlny Toro, 4TO Bce BblYVlCnfleM~e et>1tI31t14eCKltle BeJlVl41t1HbI B KBaH­

t a n a b ( c/J l )­ = u(c/Ji )r llu-1 (cP 
i 

} , /22/ 
TóBOlll TeopVlVl nonfl - ce4eHVlfI, BepoflTHoCTVI 
M~pOBaHbI Ha KOHe4Hoe npocTpaHcTBo-BpeMfI, 

pacna~oB ltI 

npeAellbHbllII 
T.A. - HOP­
nep~xoA 

K 6ecKoHe4HoMY npocTpaHcTBY Aon>t<eH ocy~ecTBnflTbCfI nOClle CHflTVlfI 

u (cP ) 
1 

= 
i r cP i r 'cP 

exp (_~1_1) exp (_2_2)- exp ( 
2 2 

i r <f; 3 
3 
2 

) , 
BblpO>t<,QeHVlfI, TO eCTb 
na et>YHKLlVllll rpVlHa no 

nocne ycpeAHeHVlfI npOVl3~OAfI~ero 

napaMeTpaM BblpO>t<,QeHVlfI 
$YHKLlItIOHa­

0T.Be4alO~Vle rna'AKVlM oT06pa>t<eHVlflM npoc r paucrs a R(3) 
SU~) C TononorVl4eCKVlM LlenblM VlHAeKcoM oTo6pa>t<eHVI~ 

Ha rpynny 
n= O,±l, ... : 

z [ ­Con'f. TI ,11 ,J] = 

/2.4/·
Nn 1 ~ [ - -1 --1 ]1 . 3 -1 /23/ = lim im -. k Z U 11 , 11 U , U J u .n = .-- r d x ~ , tr (V. V. V ), V. = U I. ~)d, li .i. •

24 2-' ljk 1 J k 1 \.-n,,+, 1 (n'f') N""*"" 2N n ""'-N RT n,cf; n,eP n,4; i n,c;6R, T-+oo 
tt li\6 R 

PeweHHfI /22/ xapaKTepVl3YlOTCfI TpeMfI yrnaMVI 3~nepa ~i' KOTO­
pble et>VlKCVlpyIOT nono>t<eHVle CVlCTeMbI KoopAVlHaT LlBeTHoro npecTpaHcT­ B9PVlaLlVlfl 3Toro et>YHR~VloHana no VlCT04HVlKaM 
e a OTHOCV\-TenbHO CVlCTeMbl KooPAVlHaT 66bl4Horo npoc r paacr a a R(3). 

ty~ecTBOBaHVle TaKVlX peweHVI~ YKa3b1BaeT, 4TO $143V14eCKVle nepe­ k 1 Ô )( f Ô )( m. S _1)n u " fi ---- li c/J n u cP u cPMeHHble /21/ BblpO>t<AeHbl B npoc r pauc r a e KOHe4HOrO oôt.e-ia . OAHaKo 
( a=l n,cf; ôll , <f; (X ) f3=1 ôTj n,cI/Y(3) n, ,y=l n, ôJ~Y(Zy)n,

1.1-HAeKC BblpOM<AeHVlfI n He VlC4e3a-eT Af3>t<e B npenene 6ecKoHe4Horo 'I. n a
 
o6beMa R -+.00. VI npenc r aariae-r c060~ npll1Mep' r ononoraveckoã aHOMa­

nVlVl, r une AVlBepreHLlIl1V1 axcaans Horo TOKa a11 j ~ ~ F[.LVFIl~. 06e 3TVI conpoBo>t<AaeTCR ycpe,QHeHltleM et>YHKLlVllll rpVlHa no BceM yrnaM ~lIInepa,
 

BenVl4V1HbL,.VI VlH-AeKC n VI A/i1BepreHLlVlfl aIl j 5wnocne CHflTVlfI oer ynnpa­ onVlC~BalO~ItIX nonomeHHe KOOPAItIHaT ~BeTHoro npocTpaHCTBa OTHOCVI­
'I
 
3aLlVlItI OC TalOTCfI VI He pas Hbl HynJO, HeCMOT Pfl Ha TO, 4TO VlCl,../e3aK'T ,';1 TenbHO KooPAHHaT 06b14HOrO npbCTpaHCTBa.
 
~CXOAH~e 3neMeHTbI VlX nOCTpoeHVlfI: nonfl Vi VlnVl nponaraTopbl nay­ . Bbl41t1CnVlM 0,QH04aCTVl4HYIO $YHK~tlllO rpVlHa KBapKa. B HVl3weM no­


nVl-BVlJlnap.ca. pfl,QKe TeOpltlVl B03My~eHVlM nonY4V1M
 
nOCKonbKY $a30Bble ~aKTopbl Bblpo>t<AeHVlfI HeCI<1HrynApHbI, TO nar­

paH>t<HaH ltI TeH30p 6enVlHet>aHTe He 3aBVlCflT OT 3TVI~ et>aKTopOB B cVlny O(x, Y) =: --ª--.-:.. _ô_ Z ('l,~ I _ = G (x - y) f(x,,;) /25/ 
KanVl6poB04Hoi1 VlHBapI1aHTHOCTVI. n03"TOMY KBaHTOBaHVle VI et>opMynVl- ô7J(x) ôi;(y) ConC. 1I=rr=O O 

;, 
12 "I 
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r zte 00(X -y) - nponararop Ir0I10rO" «aapxa 'B TeOpvIH B03My~eH~~ 

-+ ....1 

N	 1, [x j = lYI 
-+ .. 1 -+ -+n -4-+f(x, y) = lim lim- n:-N [u(x)~ u(~y)l = { O, -/xll:: Iy\,

R -+00 N -+ 00 2N 

126/ 
-+ xa r a 

(u(x) exp (i -- 77)).
R 

$YPbe-06pa3, epYHKLlY1~ rp~Ha /25/, /2-6/ oõpauiaerc a B HYI1b l13-3a 

~HTepepepeHLl~~ õecxouevuor o 4~CI1q oaaoasrx epaKTopoB, Ka>KAbl~ 

~3 KOTOp-bIX .fIBI1f1eTCfI r I1aAKoi1 epYHKLl~e~ B R t 3/ . 
~accMoTp~M Tenepb KBapKOBY~ neTI1~ KaK BaKYYMHoe cpeAHee 

OT' TOI<OB 

<j f(x) j r (y) >. j r = q; Phys. r'lt Phys. 

- I . -1 -I 1
'P (u .J. f' u .J.' = 'li r (n, <p) 'I' .

n,'tJ n, 'tJ 

B H~3illeM nopflAKe Teop~~ B03My~eH~~ nony4~M 

<jr(x) jr{y) > ::: (dO(c/J )dO(c;b ) x 
x y
 

, 1 N
 
xlim - l h{f(n,4l )·0 (x-y)f<n,c;b)Q(y-x)], 

N -+ 00 2N n =_ N X O' Y Q 

eCI1~ MaTp~Lla r f18I1~eTCfI CKaI1f1pOM OTHOC~TeI1bHO LlBeTHO~ rpynnbl 

~ uru-1 =r. TO Mbl ~MeeM 06bl4Ho.e Bb'pa>KeH~e AI1f1 CB060AHO~ xs ap­
K080~ neTJl~: 

<j f (x) j r Cy) > TB tr [ rOi) (x - y) r GO(y - x) 1, 

MH~Ma~ 4aCTb KOTOPO~ OTI1~4aeTCfI OT HYI1f1. ECI1~ MaTp~Lla r LlBeT­

Hafl, M~ n0I1Y4~M B~pa>KeH~e T~na /25/-/26/, epYPbe-06pa3 KOTOP?­

ro paBeH HYI1IO. 
TaK~M 06pa30M, nocne ycpeAHeH~f1 no ~HeppaKpacHblM napaMeTpaM 

B~pO>KAeH~f1 Bce epYHKLl~~ rp~Ha, KOTop~e He f1BI1f1IOTCfI CKaI1~paMH 

OTHOC~.TeI1bH.o useruux KaI1~6p0804HbIX npeoõpaaoeaaas , ~C-4e3a~T. 

M, cneA08aTeI1bHO, ~C4e3a~T Bce aMnI1~TYA~ pO>KAeH~f1 LlBeTH~X 4a­

CT~Ll, xo r opsre onpeAeI1f1IOTCfI xax 8bl4eTbl COOTBeTCTBY~~l-1X epYHKLl~~ 

rp~Hà /13/. 3TO 3KB~BaI1eHTHO TOMY, 1.lTO ac e uae r asre ep~3V14eCK-~e 
COCTORH~~ ~MeIDT 6eCKOHe4HO 60I1bW~e' Macc~, KaK 8 MOAeI1~ Xyep­
Ta /23/ . 

B TO >Ke BpeMfI 6eCLlBeTH~e KOppeI1f1TOp~ cI1a6~x ~ 3I1eKTpOMar­

H~1rHbIX TOKOB eupaxao r c a B TepM~Hax nponara r opoa rOI1blX KBapKOB 

~ rI1100HOB ~ COBnaAalOT c 06~4H~M~ B~p~>KeH~f1M~ nepTyp6aT~BHO~ 

KX,Q. M, KaK nOKa3aHO B paõor ax /23-25/ ,TaKa'f1. cur yauaa He npor a­

aope-urr YH~Tap'HOCT~ S -MaTp~Llbl, a BeAeT KaK paa K np~HLl~ny 

KBapK-aAPOHHO~ AyaI1bHOCT~ B npOCTpaHCTBe M~HKOBCKoro, ~HTeH­

C~BHO ~Cn0I1b3yeMOMY B napTOHHO~ epeHOMeH0I10r~~. 

Ton0I10r~4eCK~~ MexaH~3M OAeBaH~f1 ep~3~4eCK~x KBapK,OB'060CHO­

B~BaeT ~3 nepB~X np~HLl~nOB rI1aBHYIO r~nOTe3Y 3TO~ epeHOMeH0I10r~~: 

eA~H~4HYIO BepOflTHoCTb aAPoH~3aq~~, ~ 06bflcHfleT He3aB~c~MOCTb 

3TO~ aAPOH~3aLl~~ OT KOHepa~HMeHTa. TaKO~ KOHepa~HMeHT M~>KeT 6blTb 

peaI1~30BaH B I11060~ Hea6eI1eBO~ Teop~~, nOCTpoeHHO~ Ha nOI1ynpo­

CTO~ rpynne a. np~ oT06pa>KeH~~ npoCTpaHCTBa R(3) Ha rpynnoBoe 

npOCTpaHCTBO a 8a>KHO B~AeI1~Tb ~3 o M~H~MaI1bH~M p6pa30M nOA­

rpynny SU(2). IM~H~MaI1bHOCTb" 03Ha4aeT, 4TO epYHAaMeHTaI1bHOe 

npeACTaBI1eH~e a f1BI1f1eTCfI OAHOBpeMeHHO Henp~BOA~M~M npeACTaB­

I1eHY1eM nonr pynnu SU(2) . Hanp~Mep, AI1f1 5U(3) r eaeparope-ta M~-· 

H~MaI1bHO~ .noArpynnbl 8U(2) 6YAYT MaTp~Llbl reI1I1-MaHH8 À ~,À5, 

À7, KOTopMe COBnaAalOT	 c np~coeA~HeHH~M npeACTaBI1eH~eM SU~). 
3anpeT Ha cy~ecTBoBaH~e np06H~X LlBeTH~X 4aCT~Ll g CBo60AH~X 

COCTOflH~f1X /13/, Bo06~e rOBopfl, AonYCKaeT ~3MeHeHY1f1 rpaH~4H~X 

YCI10B~~ np~ pe~eH~~ ypaBHeH~~ raycca. B 4aCTHOCT~, peWeHY1e 

ypaBHeH~f1 raycca B H~3weM nopflAKe TeopM~ B03My~eH~~ 

. à2A a ··a
1. 0=·6 J o 

MO>Ke. BeCT~ TaK>Ke K OCLl~I1I1f1TOpHOnOA06HOMY nOTeHLl~aI1Y ~3a~MO­

Ae~CTB~f1 Me>KAY KBapKaM~; 

3 e 2 -+ .... -+ a 3 a
 
eAa (x) "" (d y [ - .... -+ - 2c y (x - y)] j O(x) (d yV(x,Y)Jo(Y)'
 

O 4" Ix -y I 

S a a 3 3	 a. a. 1
eJd X A O(x) j O(x) = .r d x d y j O(x) JO(y) 2' [V (x, y) + Vts, x )] /27/ 

e~ .... -+ 2 
c:	 (d Sx d 3y j ~ (x) j ~(y) [ - -. -. + c (x - y) ],
 

4"lx-yl
 

paCCMOTpeHHOMY AI1~ aAPOH~3aLl~~ I1erK~X KBapKOB B pa60Te /11/,rAe 

C - 1:3 = 4OO M3B. 
B 3TOM CMbICI1e "MHHHMaI1bHaflll c xena KBaHToBaH~R XPoMoAIIlHaM~K~ 

C f1BHbIM peweH~eM ypaBHeH~1It raycca Y>Ke B paMKaX leOP~~ B03My~e­

H~1It COAepmlllT Bce 3I1eMeHT~ 06DHCHeH~f1 ~eHoMeHa aAPoH~3a411l~ KBap­

! KOBO~ Teop~~ C~I1bH~X B3a~MOAe~CTB~~. HanplllMep, Ka4eCTBeHHO He­
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TPYAHO nOHRTb,4TO CneKTpOCKOn~R nerK~X KBapKOB c MaCCO~ MeHb­

we (C-

1/3) , B ÓCHOBHOM, onpeAenReTCR OC~~nRRTOpHOnoA06H~M no­

1 / 3 ­
TeK~~anOM !1~/, B TO BpeM~ KaK CneKTpOCKOn~~ TR~en~X rn q»c­

KynoHoBcK~M nOTeH~~anOM, 4TO cornacyeTcR C $eHOMeHOnOr~e~. 

3AKnI04EH~E 

B paõor e pacc-iorpeuu $~3~4eCK~e CneACTB~R IM~H~ManbHaro" 
KBaHTOBaH~R KanItt6p~B04HbJX r eopaà , paaawroro B' oaõo r ax 11,2,7,141 

~ OCHOBaHHoro Ha YCTpaHeHItt~ He$~3~4eCK~x nepeMeHH~x nYTeM RB­ ,, , 
lHoro peweH~R ypaBHeH~~ raycca (OS/8A~. = O). nOKa3aHO, 4TO RB­

Hoe	 peweH~e óAHoro ypaBHeH~~ raycca n03BonReT Bblpa3~Tb Kan~6~ 

pOB04HO-~HBap~aHTHb~ narpaH~~a~ ~ TeH30p 6en~H$a~Te TonbKo 
B TepM~Hax $~3~4eCK~x nepeMeHH~X, TO eCTb YCTpaHReT cpa3Y ABe 
KoMnOHeHT~ nonR - BpeMeHHY~ ~ n~OAonbHY~. Kan~6pOB04H~e ycno­
B~R	 KaK ~cxoAH~e npeAnono~eH~R CTaHoBRTCR HeHY~H~M~ ~ cneAY~T 

~3	 A~HaM~K~ - npO~CXOA~T KaK 6~ A~HaM~4eCKaR $~Kca~~R Kan~6­

pOBK~. 

KBaHTOBaH~e TaKO~ Teop~~ YAOBneTBopReT Tpe60aaH~~ penRTItt­
B~CTCKO~ KOBap~aHTHOCT~ B "c~nbHOM" CMblcne, a ~MeHHO: r paucooo­
Ma~~OHH~e CBO~CTBa KnaCC~4eCK~X ~ KBaHTOBaHH~~ none~ cOBnaAa~T 

Ha ypOBHe oneparopoa , a' He B cpeAHeM. 
np~ 3TOM npe06pa30BaH~R nOpeH~a conpOBo~Aa~TCR ~3MeHeH~eM 

IIA~HaM~4·eCKO~ 'Kan~6pOBK~11 noneü , 4TO BeAeT K KOBap~aHTHOMY 

on~caHH~ OAH04aCT~4H~X $YHK~~~ rp~Ha, BonHOB~X $YHK~~~ CBR3aH­
HblX COCTORH~~ ~ npyrwx Ben~4~H r eopau Aa~e np~ ycnoaua HeKO­
Bap~aMTHoro pa3AenéH~R nonR Ha nonepe4HY~ ~ KynoHOBCKY~ 4aCT~ 

~ AãeT pe~enT BOCCTaHOBneH~R penRT~B~CTCKO~ KOBap~aHTHOCT~ np~ 

MOAen~pOBaH~~ aApOHH~X COCTORH~~ B KXA 111/. 

$YHK~~OHanbH~~ ~HTerpan, coaTBeTCTBY~~~~ onepaTopHOMY M~­
H~ManbHOMY KBaHTOBaH~~, RBHO 3aB~C~T OT BeKTopa BpeMeH~ KBaH­
TOBaH~R ~ He 3aB~C~T OT Bbl60pa Kan~6pOBK~ /KOTopaR COBnaAaeT 
C B~60pOM nepeMeHH~x ~HTerp~pOBaH~R/. 3TOT $YHK~~OHanbH~~ ~H­

Terpan on~C~BaeT $YHK~~~ rp~Ha C npaB~nbH~M~ aHan~T~4ecK~M~ 

CBO~CTBaM~ B paMKax 06b14HO~ r eopau BO;3My~eH~~'. 

$~3~4eCK~e nonR B TaKOM nOAxoAe no CBoeMY nOCTpoeH~~ nYTeM 
RBHoro peweH~R ypaBHeH~R raycca MorYT 6~Tb Tononor~4ecK~ B~­

pO~AeHbl / AnR r eopaci C rpynnoü rOMOTOn\lf~ TI n-i (a) = z /. 3TO 
B~pO~AeH~e BeAeT K TOMY, 4TO ron~e nonR Teop~~ B03My~eH~~ OTn~­

4a~TCR OT OAeT~X ~~3~4eCK~X COCTORH~~. AMnn~TYA~ pO~AeH~R $~­

3~4eCK~X ~BeTH~X .4aCT~~ ~C4e3a~T BcneACTB~e AeCTPYKT~BHO~ ~H­

Tep$epeH~~~ $a30B~X $aKTopOB Tononor~4eCKoro B~pO~AeH~R. TaKO~ 

KOH$a~HMeHT He 3aB~C~T OT nOTeH~~anOB aAPOH~3a~~~ ~ 60nee 
aAeKBaTeH KBapK-napTOHHO~ $eHOMeHonor~~, ~cnonb3y~~e~ Teop~~ 

Bo~y~eH~~ B npOCTpaHCTBe M~HKOBCKoro. 
'\, 
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M~ nOKa3an~ TaK~e, 4TO M~H~ManbHoe KBaHTOBaH~e AonYCKaeT
 
oc~~nnRTopHonOA06H~~ nOTeH~~an KBapK-KBapKOBoro B3a~MOAe~CT­


B~R, W~pOKO np~MeHReM~~ AnR bn~caH~R aAPOH~3a~~~. 

ABTOP~ XOTen~ 6~ n06narOAap~Tb H.H.60ron~60Ba, ~.K.BonKOBa, 

r.B.E$~MOBa, A.B.E~peMOBa ~ H.n.~n~eBY 3a' ~6cY~AeH~R. 
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llepBYlliHH B.H., HryeH CyaH XaH 
PenHTHBHCTCKoe onepaTopHoe KBaHTOBaHHe 
H KOH~aHHMeHT .B KXA 

P2-87-45ü 

PaCCMaTpHBaeTCH HOBhlH /HenOTeHIJ;HanbHhlH/ MeXaHH3M KOH­
~aHHMeHTa AnH 060CHOBaHHH npHHIJ;Hna nOKanbHOH KBapK-aAPOH­
HOM AyanbHOCTH. 3TOT MeXaHH3M MO~eT 6WTb peanH30BaH B cxe­
Me KBaHTOBaHHH KanH6pOBOQHhlX TeopHH c HBHhlM peIIIeHHeM ypan-: 
HeHHH faycca H AHHaMHQeCKOH ~HKCaIJ;HeH KanH6poBKH,rge penH-. 
THBHCTCKHe npeo6pa30BaHHH KnaCCHqeCKHX H KB~HToBaHHWX none~ 

COBnaAaWT. 06Cy~awTCH TeOpeTHqeCKHe H ~eHoMeHOnOrHqeCKHe 
apr-ynerrrsr OTAeneHHH KOH~aHHMeHTa OT AHHaMHKH aAPOHR3aIJ;HH. 

Pa60Ta BwnonHeHa B TIa6opaTopHH TeOpeTHqeCKOH ~H3HKH 

OHHM. 

Tlpenpaar Ü61>e,llHHeHHOrO HHCTHTYTa anepasrx HCeneAOBaHHit ,I:J;y6Ha1987 

ITepeBoA O.C.BHHorpaAoBoH 

Pervushin V.N., Nguyen Suan Han P2-87-450 
The Relativistic Operator Quantization 
and Confinement in QCD . 

A new (nonpotential) mechanism of confinement for the 
foundation of the local quark-hadton duality principIe is 
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