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BBEAEH~E 

B npeA~A~eH pa60Ti18/6~no ~CCMOTpeHO MaHopaHo8cKoe none, 
OCH08aHHoe Ha KBaTepH~OHax IKBaTepnone/, CKanRpHY~ 4aCTb KO
Toporo 6b1oo npeAnOll!eHO ~HTepnpeTl1pOBaTb KaK "nenTOHHoe" IMa.:i
opaHoBcKoel none, a BeKTopH~ 4aCTb - KaK SO (3) - nce8Ao4Be
T080e "KBapKoBoe" none. AnR Toro 4T06b1 saBepw~Tb $opMyn~poBKY 
KBaTepnoneH, He06xoA~MO onpeAen~Tb npocTpaHcTBo 8eKTOpOB co
CTORH~.:i, B KOTOPOM OHH AeHcTBY~T KaK nHHe.:iHble onepaTopbl. no
cKonbKY CKanRpHaA l"nenToHHaR"/ 4aCTb K8aTepnonA KBaHTyeTcA 
cTaHAapTHblM 06pa3OM, Aanee MbI 6YAeM paccMaTpHBaTb TOJ1bKO BeK
TopHoe 1"KBapKoBoe" I I(BaTepnone. 

nOcneAoBaTenbHoMY nOCTpoeH~~ KBaTepHHoHHOH KBaHToBoH Mexa
HI1KI1 nocBR~eHo SHa4~TenbHoe KonH4eCTBO pa60T 11-8/. Hl1l1!ecne
A~~ee pacCMOTpeH~e OTn~4aeTCA OT H~X TeM, 4TO KBaTepH~oHbI 
8XOART TonbKO BO BTOPH4HO-KBaHTOBaHHble nonR, TorAa KaK ¢oKOB
CKoe npOCTpaHCT80 COCTOAH~H COOTBeTCTBY~~X 3TI1M n~nRM 4aCT~4 
CBo6oAHO OT KBaTepH~OHOB 11 ABnReTCR 06b14HblM r~nb6epTOBblM npoCT
paHCTBOM. B03H~Ka~aR npH 3TOM KBaHT08aA MexaH~Ka OKaSblBaeTCR 
KsaHTOBOH MeXaHI1KOH napa4aCTH~ YAOBneTBopR~HX napa¢ePM~ -
CTaT~CT~Ke TpeTbero nopAAKa /4 I. no 3TOH np~4~He B HeH He 
B03H~KaeT npo6neMbI C BepoATHoCTHOH I1HTepnpeTa4~eH COOTBeTCT
BY~HM o6pasoM C~MMeTp~SOBaHHblX BonHOBblX $YHK4~H H, B 4aCTHO
CT~, He BOSHHKaeT KaKHX-nI160 orpaHH4eHHH Ha AonYCT~Mble COCTOR
H~A 4aCTH4. npo6neMa KOH$aHHMeHTa B TaKOH TeopHH OCTaeTCR AH
HaMI14eCKOH np06neMOH, 11 aBTOp He paSAenReT T04KY speHHR, CO
rnaCHO KOTOPOH RBneHHe KOH$aHHMeHTa npHnHCblBaeTCA anre6paH4e
CKOH CTPYKType KBaTepHHOHOB 12/. 

AnR Toro 4T06b1 ABe np06neMbI: nOCTpOeHl1e $OKOBCKoro npoCT
paHCTBa AnR KBaTepnonR H penRTHBHcTCKoe on~caHHe CI1CTeMbI MHO
rHX 4aCTI14 He Hanaranl1Cb, MbI cpasy lI!e orpaHH4HBaeMCR paCCMOT
peHl1eM HepenRTI1BHCTCKoro IwpeAHHrepoBcKoro/ nonA. OAHaKO na
MRTb 0 MaHopaHOBCKOM xapaKTepe MbI OTpaSHM B ero 3PMHTOBOCTH: 

rP-M(i,t)= r/J(x,t) +rP-+(i.t). /11 

rAe r/J(i,t)- HepenATHBHcTcKoe none, cOAei)l(a~ee onepaTopbl YHH4
TOll!eHI1R, a eMY 3PMHTOBO conpRlI!eHHOe r/J +(x,t) none - onepaTop~ 
pOll!Ae HHA 4aC THU IH aHTH4acTHu/. 

B pasA.l MbI BKpa Tue HanOMHI1M ¢oPMynHpoBKY KBaHTOBaHI1R KBa
TepHHoHHblX noneH lI<BaTepnoneH/. B pasA.2 npol1SBOAHTCA nocTpoe~ 
HHe $OKo BcKoro npeAc TaBneHHA "MaHopaHoBcKoro" KsaTe pnonl1 III 
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H, COOTBeTCTBeHHO, KBaHTOBO~ MeXaHHKH napa~ePMHOHOB TpeTberO nop 
pHAKa. nOCKO~bKY MHorHe aBTOp~ n~Ta~HCb 06HapY~HTb npaTHBope4He 
MelKAY napaCTaTHCTHKO~ III npHHI,lHnOM HepssnH4111MOCTH TOlKAeCTBeHHblX 
4aCTHLl Inepe4eHb TSKHX HeCOCTOHTenbH~X AOKasaTe~bCTB npHBeAeH 
a 16/, a TSK~e a 06sope I? I I, B 4aCTHOCTH, HS OCHOBe K~aCTepH~X 
CBO~CTB napa4aCTH4 /81 B AonO~HeHHH 3TH CBO~CTea AeTa~bHO pas06
paH~ .Ha npHMepe Tpex 4SCTHLl ICM. TalOKe 19-111 I. B KOHLle paSA. 2 
COCTOAHHHM napa~epMHoHoe conOCTaBnAOTCA COCTOHHHA 06~4H~x ~ep
MHoHoe, 06~aAa~Hx aHYTpeHHHMH KBaHTOB~MH 4HC~8MH THna HsocnHHa 
\II rHnepsapAAa. B 3aKno4eHHH nOABeAeH~ HTorH paCCMOTpeHHH H npo
HsaeAeHO KpaTKoe cpaSHeHHe c peSY~bTaTaMH APyrHx aBToPoB /2 •S/ . 

1. KBAHTOBAHHOE HEPEnRT"B"CTCKOE KBATEPH~OHHOE nOnE 

HepMHTIoiBIoICTCKoe 3pM .... TOBO IIMa~opaHoBcKoe"1 KBaTepnOl1e IT.e. 
KBaTepHIoIOHHoe no~e/, HMe~ee ~HWb BeKTopHYO 4aCTb, npeACTaanReT 
COGOH KOM6HHa4H~ 

'" (s) = '" i (X) e I ICYMMa no i = 1,2,3/, 121 
hi M 

rAe I 8 ~ - TPlollIIMHHMble KBaTepHIoIOHH~e eAIoIHH4~ (e 1 OJ -au HIJk B k )· 
a "'M(X) - 3PMHT08b1 nO~R 

"'~+(i) .,."'~(1). /31 

KaK H caMo none /1/ , 3TH KOMnOHeHTbI TaK~e npeACTaBl1H~TCR B BIoiAe 

"'~(i) ", ,,,i(x) + ",I+(x) , /4/ 

a AnR onepaTopOB pO~AeHHR H YHH4To~eHHH HMe~T MeCTO ~epMHOHHble 
KOMMYTaUHOHH~e COOT HoweHHH 

,,,, I +(S) .",j(i')! = 6 8(S)(;-;,),
IJ /5al 

'I/II(i). I/Ij (x') I = !",I+(i), '" J+(x') 1 = 0, /56/ 

rAe ~HrypHble cK06KH, KaK 06b14Ho, o6osHa4a~T aHTHKOMMYTaTOp 
/KBaApaTHbie cK06KH B Aal1bHeHweM 6YAYT OSHa4aTb KOMMYTaTop/. 

AnR onepaTopOB pO~AeHHR H yHH4To~eHHR caMoro KBaTepno~R 11/ 
HMeeM /c T04HOCTb~ AO SHaKa npaaoH 4acTHI TpH~HHeHHble /napa/ 

r pH Ha /41KOMMYTaUIoIOHH~e COOT HoweHHR 

[[ '" (x), ",(i'») . ",+(s)] = 

16/= 28 (3\ X_i") "'(i') -2.5 (3)(x, -in) "'(X) , 

H T.A. AnR APyr\llX KOM6HHa4HH KBaTepno~eH H HM 3 PMHTOBO- conpA
2 

~eHHblX c~araeMbie B npaBoH 4aCTH /6/, OTBe4a~He 0AHOHMeHH~M 
nonRM, cneAyeT no~araTb paBHblMH HYl1~ . TS KHM 06pa30M, KBaTepno
nR, RB~RRCb 4aCTH~M ~Y4aeM rHnepnoneH/12.13~ OCHOBaHHblX Ha 811
re6pax KI1~~OPAa, OKa3b1BS~TCR napa-/~epMH/-noIlRMH. nO 3TOH 
npH4HHe AnR nOCTpoeHHR ~OKoBCKoro npeACTaBl1eHHR MO~HO BocnOl1b
30BaTbCR 06~HM nOCTpoeHHeM AnR napanol1eH 18 

2. npE~CTABnEH~E ~OKA ~nR KBATEPnOnR 

OnpeAel1lo1M aaKYYMHoe COCTORHHe ycnOB .... eM 

¢ (X) I0> '" 0 AJlR Bcex ;. /7/ 

Bocn011b30BaBwHCb /2/, /4/. 15/ H /7/. nonY4HM TaK~e 

'" (x) '" + (x') I 0> ~ -3 B(S)( i-i'} 1 0> • /8/ 

YC110BHR /7/ 101 /8/ nonHOCTb~ onpeAel1R~T ~KOBCKoe npeACTaBl1eHHe 
COOTHoweHHH rplolHa /61 AI1R napa~epMHOHOB TpeTbero nOPRAKa *. Te
nepb y~e HeT HaA06HocT~ B TOH KOHKpeTHO~ peanHsa4HH AIlR napa
nOI1R B BHAe KBaTepnOI1R /2/. 6asHcHbie BeKTopbl ¢OKoBcKoro npeA
CTaBneHHR n011y481OTCR AeHcTBHeM Ha BaKYYM BceB03MO~HbIMH npOH3Be
AeHHRMH onepaTopoB pO~AeHHR 4aCTH4 

~ ... -0/2 +... + 
1 %1··· ·· xo> = 3 '" (Xl)"'''' (xo) IO> . 0"'0.1.2 .... /9 1 

H ConpR~eHH~e 101M BeKTopbl HMe~T BHA 

... .. -0/2 .. ... 
< X ••••• x 1=3 <Oll/l(x ) .•• "'(x).

o 1 0 1 /10/ 

06~HH BeKTOp HMeeT BHA 

!'II (t)"> = 'II (0)( t) 10> -+ JdV
1

lJP >(X
1

,t) !Xl> + 

- (2) .. -+ (2) ...... ..... 
+ (3v'2/8) {dV l fdV2['PS (Xl'x ,t)+2'1'a (xl ,x ,t)] !x

1
,x

2
>2 2 

- (3) ~ .. ...
+(v'6/4) (dV1 f dV2 !dV !(1/2)'I's (x 1 ,X 2 .X .t)+s g 

... 
y COOTHomeH~ rpHHa, I!a CaMOM Aene, HMee 1'CR GeCKOHeQHOe 

MHOJKeCTBO $OKOBCKH-nOA06HbIX HenpHBOAHMbTX npeACTaBJIelHfH 16,14/ 

OAHaKO, e CJTH n apa n;JIe paccMaTpHBaeTcR KaK L{enoe /f5es BhlAe JleHHR 
ero oTAeJIbHblX KOMllOHe HT /, TO Mbl Bcerga OKa3blBaeMCR B PaMKax 
oAHoro H Taro JKe HenpHBOAHMOrO npegc TaBJIeHHR. HanpHMep. ~OKOB
CKoro. 
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(S) -+ -+ -+ -/ [.,- (3) '(-+ ... -+ ) 

me

(8/5)'l' .. (X1 '%2,X S,,)+(3'1/216) v 3 'l'm %pX 2 '%S,t + 
/11/

S) "(x ~ .... )]11 -+ -+ -++ Tm I,X 2 '%S,t %I'X2,x5 >+ .. • 

AMnIlHTYA~ 3Toro BeKTopa pacnpeAeIleH~ no HenpHaOAHM~ npeACTaBIle
HHRM rpynn~ nepeCTaHoaOK CBOHX aprYMeHTOB: 'l'. H 'l'a. - CHMMeTpH4
H~e 101 aHn1CI-1MMeTpH4H~e BonHOB~e <!>YHK~Io1H. 'l'~S), H 'l'~S) " - ABa 
seKTopa CMewaHHoro npeACTaBneHHR /CM., HanpHMep/~6//. 3TH aMn.nl-1 
TYA~ nOIlY4a~TCR npoeKTHpOSaHHeM BeKTopa /11/ Ha COOTBeTCTS~Io1M 
ofipa30M CHMMeTpH30BaHH~e 6a3HcH~e BeKTOp~: 

IP (O)(t) <0 I'l' 

•11' (1) (x 1, t) <x 1111' > 

(2) ... .. t) < i.(i1,ie)I IP>IPs (x 1 'X 2 ' 

(2) .. ....11 .. (x 1,x 2,t) < ' .. (il,i~ l lP> 

IP(S) -+ ....... 
 <es (x1,x'e-Zs)1'l' >8 (Xl' X2 ,x 3 , t) 

/12/(S).... .... -+ 

IP (I. (x1 'x e, x 3 ' t) 
 <K1l(~\';e'x's) 111' > 

(S),ex .... -+ <i~(il,i2'is )1 1I' >11'm XI' :le,:ls ' t ) 

'l' (5),,(.. -+ -+ t) <K;(i1,i ,i ) 11P > 
m x 1 ·x2 • %s' 2 s

rAe 

Ig (x 1.12» = (1/";2) l: I1Pl,i p2 > . 
8 P r;; ~ 

.... .... 1)(p).. -+ptsIg .. (x ,x » = (1/";2) (-1) IXPl'XPe > ' 
1 2 

2 

/13/
IgS(X l ';2';S) > (1/";6) l: l iPl,ipe,ipi"


P r;; ss 


Iga,(Xl'X ,X » - (1/ .,[6) l: (- l ) 1)(P) IXPl ,xP2'xPS > ' 
2 S Pt;; S3 

4 

........... ... ................. -+-+ .. -+ .. -+ 

Ig~ (x I' Xe'x s) >=(1/2) (Ix l' x 2 ' Xs > + Ix 2, Xl' Xs > - 1I3 , X ' Xl >-Ix 'Xl ,x 2>). 2 s 

Ig;(;I,x~,is» =(1/2\1'3)(1-;I'x'2 , Xi> -f- 2 ls , is,ie> l 

-Ixe·i l 'Xs>-2Iie,xs,i'l>-lxs,xe';I> + 11S ' ;I ' ;2 » 

H T·A. 3Aecb P 0603Ha4aeT nepeCTaHOBKH HHAeKCOB 4acTH~, a 1){p)
HX 4eTHOCTb. 

Ha OCHOBe CooTHoweHHH rpHHa /6/ AIlR Tpex onepaTopOB po~eHHR 
H "rpaHH4H~x YCI10BHI1" /7/ 101 /8/ MOIKHO nOKa3aTb, 'ITO 4eTbipe 
101 60.nee 4aCTH~ He MorYT HaXOAHTbCR B CHMMeTpH4HOM COCTORHHH, 
4TO COOTBeTcTByeT napa<!>epMH-CTaTHCTHKe TpeTbero nopRAKa. MOIKHO, 
OAHaKO, nOKa3aTb 3TO H HenocpeACTBeHHO B KBaTepHHOHHOM npeACTaB
I1eHHH /2/ napanOI1R. 3aMeTHM TaKlKe, 'ITO H3 npOH3BOIlbH0l1 <!>YHK4HH 
Tpex 4aCTH~ MOIKHO 6b1no 6b1 06pa30BaTb ABa 3KBHBaneHTHbix HenpHBO
AHMblX npeAcTaBneHHR CMewaHHOH CHMMeTpHH. OAHaKO H3-3a BbiweYKa
3aHHblX COOT HoweHHH rpHHa 06a 6a3HCHbiX BeKTopa OAHoro 1013 3THX 
npeACTaBI1eHHH o5pa~a~TCR B Hynb. 

BeKTOp 111' (t) > npOH3BOIlb Horo COCTOIlHHR onHCblBaeMoro KBaTepno
neM napa$epMHOHOB TpeTbero nopRAKa xapaKTepH3yeTcR ~OKOBCKHM 
CT0I1640M CBOHX aMnnHTYA /12/. BepoRTHo~Tb HaXOIKAeHHR 4aCTH~ 
B TOM ~n~ HHOM COCTORHHH CHMMeTpHH onpeAenlleTCR, B 06~eM cny
4ae , cneAOM AaHHoro HenpHBOAHMoro npeACTaBneHHR rpynn~ nepe
CTaH080K: CYMMOH KBaApaTOB MOAynel1 aMnnHTYA, 06pa3Y~HX 6a3HC 
3 Toro npeACTaBneHHR. KaK Y1Ke YKa3b1BanOCb BO BBeAeHH~, MHor~e 
a BTopbl n~TaIlHcb 06HapY*~Tb npOTHBope4He napaCTaTHCTHK~ npHH~Hny 
Hepa3IlH4HMOCTH TOlKAeCTBeHHblX 4aCT~~, B 4aCTHOCTH, KnaCTepHOMY 
3aKOHY /nPH YAaneHHH 1013 CHCTeMbl TOlllAeCTBeHHblX 4aCTH~ OAHOH H3 
HHX OCTaBwaRCIl nOACHCTeMa AonmHa onHCblBaTbCIl BonHOBblM~ $YHK
4I<1RMH ) AonYCTHMblMH AaHHOH CTaT~CT~KOH, T . e. TaK~M~, AflR KO
TOPblX nepeCTaHOBKH aprYMeHTOB OCTaBwHXCR 4aCT~~ He Aon~HbI npH
BOA~Tb K Ha6n~AaeMbiM 3~eKTaM/ . KaK Mbl BHAen~, napaCTaTHCTHKa 
COBepweHHO eCTeCTBeHHO B03HHKna 1013 KBaTepnOflR. no 3TO~ npH4~He, 
XOTR cy~eCTBY~T CTporHe AOKa3aTeflbCTB3 HenpOTHBope4HBOCTH napa
CTaTHCTHK OCHOBHblM nOCTYflaTaM KBaHTOBO~ TeOPHH /9-11 ~ B Aonon
HeHHH AeT3flbHO H3 npHMepe Tpex napa4aCT~~ paCCMOTpeHbI HX Knac
Te pHble CBoHCTBa. 

KBaTepH~OHbI BXOART flHWb B caMO KBaTepnoIle /2/ 101 6a3HcHbie 
BeKTOp~ /9/ 101 /10/. B aMnnHTYAax /12/ ~x YlKe HeT. Mbi OKOH4a 
TenbHO H36aBHMcR OT HX npH CYTCTBHR, eCflH onpeAenHM npeACTaBne
HHe onepaTopOB po~eHHR H YH~4TOlKeHHR H3 $OKOBCKOM cTon6~e /12/. 
AnR 3Toro nOAel1CTByeM HMH Ha BeKTOp /11/ H onpeAen HM CHMMeT pH
30B3HHble aMnflHTYAbi nonY4e l-iHblX BeKTopOB. Mbl I1MeeM /06~HI1 apry
MeHT t BC~AY ony~eH/ 
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(I/J (X) \{I )(0) _ -VB \{I(l) (~) , 


(I/J (X) 11' )<1) (X 1) 0: -[V8/2 ('I'!2) + \{I!2) )(i,i. ),

1 

,.. ./,2) ~ .. (8) _'-I (s) , . /Q ...(8).:; ... ....
(y,(X) 'F "s (Xl ,X 2 ) 2-('1'. +V 6 4 \{I m +3v... / 4 'f'm Xx ,X ,lt 2 ), /14/1


(1/1 (x) 1p)~2) (i
1
,x2 ) .. _('P~S) +{6/4 'l'~)' -,;"2"/4 qr'!) " ) (i, i 1 ,S Z ) , 


H 

(1/1 +(X) \{I )(0) = 0, 

(1/1+(i) 'P )(1) (1
1

) ~ V3 8(8)(1 1 -X) 11'(0) , 

(y,+(i) 11' )~2)(il,X2) -(2v6/3)p;s 8(8) (ip1 -t) 1p (1)(i l! ),p 
2 

(1/1+ (S)'F)(2)(i ,il!) = (ls/3) ~ (-1) I)(P)8(S)(x'p _X)...,(I) (;912 ), 
a 

l P~ Sl! I 

(y,+(i)'F)~S)(il,i2,iS) =pts 8(S~XPl-i)'F~I!)(;P2,ip8)' 
s 

(.,.+(.... ) m)(S) (.... -+ .... ) (5/3) "(_l)I)(P).,(S)( ... -+)01(2)(-1 ... )
V' X T a X1 ,ltz,X S z: m ~ u xPI-X Ta XpZ,XpS ' 

J~SS 

+ .. .(8),........ -+ -/ [(I).... ... (2)... .... 

(r/J (x)qrrm (xl'x 2,xS ) =(V6 3) 8 (Xl-X) 'F. (XI!'X') + 


(S)... :!\ (2) ...... (8)....:!\ (2) ... ...

+8 (s2-Xlqrs (x S ,x1)-28 (xs-X}'F (xt,x e)]+s 

+ (2V6 /3) [8(3) (ii-i) qr~2) (i2,i ) -S(8)(i -i) 'P(2)(is ,ill],
s 2 /15/ 

+ ~ (8) ... -+... - (S).. ... (e)... -.
(r/J lX)'P)m "(xl,ltZ'xS) =v2[8 (xCx)'P (x 2 ,x S ) s 

- S(S) (x2-x) \{I~2) (%s' i 1») - (2v2/3) [8 (3) (ii-i) qr~Z) (~,is ) + 

+ s(S)( x2-x) IJ'!2)(x 'x 1) -2 s(8)(i -i) 'P~I!) (~1" x~ 1,
S s 

YpaBHeHHe WpeAHHrepa 

iat I'F > = J( I 'F > /16/ 

npeACTaBn~eT c060H Tenepb ypaBHeHHe An~ $OKoBcKoro cTon64a /12/. 
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C APyroH CTOPOH~. KaK 6~o nOKasaHO B / 6/ , TaKaH TeopH~ 3KBH~ 
BaneHTHa TeopHH Tpex 06~4H~x ~epMHOHOB, KOTo~e MY 060SHa4HM A 
P • n H KOTOP~M cneAyeT npHnHcaTb ABa t<BaHTOBYX 4Hcna: IIH30 
cnHHII IS H "rHnepsaPRAII Y. npHHHMalOU4He sHa4eHH~, YKasaHHye B Ta6
nHlIe 

yIs 
p 1/2 o 

n -1/2 o 

A 0 1 


Tenepb CHMMeTpH30BaHHWM COCTO~HHRM napa4aCTHlI, npHHaAne~a~HM 
¢oKOBCKOMY npeACTaBJ1eHH~ /12~ MO~HO conOCTaBHTb aHTHCHMMeTpH4
H~e no BceM nepeMeHH~M COCTO~HH~ 3THX ~epMHoHoB. HMe~He nOnHYH 
H30cnHH. paBH~H Hyn~. TaKoe conocTaBneHHe npeACTaBneHO B HH~e
cneAy~eH Ta6nH4e. BHYTpeHHHe COCTORHHR ¢ePMHOHOB OTHOCRTC~ K He
npHBOAHMWM npeACTaBneHH~M 8U(3) -CHMMeTpHH, YKasaHH~M B ~HrypH~x 
cK06t<ax. OHH onpeAen~~TC~ cxeMaMH ~Hra. AononHHTenbH~MH An~ 

aHTHCHMMeTp~3aIlHH nonHoH BonHoBoH ~YHt<4HH K cxeMaM ~Hra, xapaK
Tep~3Y~HM npOCTpaHCTBeHHY~ CHMMeTpH~ BonHOB~X ~YHK4HH napa4ac
THII *. 

COCTORH~~ napa4aCTHlI COCTORHHH ¢ePMHOHOB 
'F(O) qr(O~ 111 

11'(1)(;1) qr A(x ~ ,13 I 

,¥~2)(X1'%2 ) qrpn(x1,il!)' tal 

1p(2)(i
1 

,x 2 ) qrAA (%1'%2)' lSIa 

(s).. ... .... ) '¥ (-+ ....... 

'FB (x l' XI! ' Xs pn). x l,xI!'x,), 11 I 

(S) .. ... .. 
'IIa (xl '%2' Xs ) 'P.w.(il'~' i's), \101 

(s). ..... ..)}'Pm (X1'X2 'XS \{I -+ ..... 
pn'\ (x l' x 2'xS) ,181 

••.(8) n(x xi)'f'm l' 2' 3 

* ApyrHe COCTORKHR ~epMHoHoB, OTBeqa~e nOrrHOHY H90CflHHY, 
He paBHOMY KYmo, COnOCTaBJUUOTCR COCTORIUUIM napaqaCTHIJ,. npHlIaAJIe 
~ K p;pyrHM, ~OJ(oaCKH-nOp;o6HhIM HenpHBOAHMbIM rrpeACTaBJTeKHRM 

/61COOTRomeHHA rPHlla . 
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OTMen1M, 4TO SU(3) -CHHrIleTaMH HS nepe4HCIleHHbiX COCTOflHHI1 f1B
11R~TCR ll~Wb BaKYYMHOe COCTORH~e ~ CHMMeTp~4HOe COCTORHHe TpeX 
napa4aCH114. 

3AeCb cIleAye T nOA4epKHYTb, 4TO ~epMHoH~ A , P ,n He COB na
Aa~T C ~epMHOHaMH i = 1,2.3, BXOAR~HMH B onpeAeIleH~e KBaTepno
11R 12/. 60Ilee Toro, KallH6poB04H~e npeo6pa30BaHHR aBToMoP$~3MOB 
noc11eAHero COCTaBIlR~T 80(3) - KallH6poB04H~e npe06pasoBaHHfI, Tor
Aa KaK KIlacC~~HKa14HR COCTOflH~~ napa4acTH14 H COOTBeTCTBY~~HX HM 
~epMHoHoB A • P ,n B ~OKOBCKOM IrH11b6epToBoMI npocTpaHcTBe 
COCTORHHI1 CBR3aHa C oTAeIlbHblMH COCTORHHflMH / Is = O. I = 01 H3 
HenpHBoAHMblX npeAcTaB11eH~11 SU(3) -C~MMeTp~~. B 3TOM CMblCIle He-
06xOA~MO pa311H4aTb KaIlH6poB04HY~ SO(3) -CHMMeTpH~ caMoro KBa
TepnOllR H r1106allbHY~ SU(3) - CHMMeTpH~ era npeACTaB11eHHH. nHWb 
CHHrIleTH~e COCTORHHR KaK TOI1, TaK H APyrol1 CHMMeTpHI1 cOBnaAa~T. 

3AKIlll)4EHI1E 

nOCTpOHB npeACTaBneH~e ~OKa AIlfl BeKTopHoro KBaTepHHOHHoro 
nOllA. MhI YBHAeIlH, 4TO OHO cOBnaAaeT C aHanorH4HblM npeACTaBIle
H~eM A11R napa$epMHoHoB TpeTbero nopRAKa. npH 3TOM ~HsH4eCKHH 
CMblCll HMe~T BOIlHOBbie $YHKIIHH, CHMMeTpH30BaHHbie no HenpHBOA~
MbiM npeACTaBIleH HRM rpynnbl nepeCTaHOBOK aprYMeHTOB TomAeCTBeH
HbiX 4aCTH14. B CBO~ 0 4epeAb , HM conOCTaBIlR~TCfI COCTOR HHfI $epMHO
HOB Tpex COPTOB, HMe~~HX BHYTpeHH~e KBaHTOBbie 4HC11a THna H30
cnHHa H rHnep3apRAa. COCTORHHflM ~OKOBCKoro npeACTaBIleHHR OTBe
4a~T COCTORHHR C nOIlHblM H30cnHHOM, pasHblM HYIlIO. HHKaKHX orpa
HH4eHH~ Ha COCTon HHR napa4aCTH14 ~CXOAHaR KBaTepH~OH HaR ¢oPMY
l1~pOBKa KaaHToaaHHoro n011n He Hal1araeT H nOTOMY HeT OCHOaaHHI1 
AIlfl BblAeneHHfI CHHrIleTHblX COCTORH~~ a Ka4eCTBe eAHHCTBeHHO AO
nycT~MblX, KaK 3TO 6bl110 npeAIlOmeHO B paMKax KBaTepH~oHHoi1 KBaH
Toao!':' MexaH~K~ 121. 6011ee Toro, B Hawei'i nOIleBoi'i Cl>OPMYIl~poBKe APY
rHe COCTonHHR Heo6xOAHMbI AI1f1 nocTpoeHHR npeAcTaBl1eH~n o n epaTo
poa pO~AeHHn ~ YHH4TomeH~R 4aCTH14. Aej;\cTay~~~x Ha BeC b $oKo a
CKH~ cTon6e14 c ~MMeT p~30BaHHblx aMnI1HTYA . 

Cl1eAye T pa311H4aTb SO~) - KanH6pOB04HY~ C~MMeTp~~ a BTOMO p
(jl H3MOB caMo r o K8aTepH~OHHoro nonR H r IloGanbHYIO SU (3) -CHMMeTp~~ 
ero COCTORHHH a $ OK09 CKOM npOCTpa HCTBe. nepBan OKa3blBae Tc n 
"CnpftTaHH oi1 " B n a paCTa TVlCTHKe TOmAeCTseHHbiX n apal\lepMHoHOB H He 
Mome T 6blT b Ha pywe Ha, Tor Aa KaK STopan, B npHHl1~ne, MomeT 6 blT b 
Hapywe Ha noc peAC TB oM B3aHMoAei'i c TBHH, cl\lopMynHpoBaHHblX B pa MK ax 
c aMoro napan011R 161. 

AononHEHH E 

npHrOTOBneHHe COCTOAHH~ 
H KIlaCTepHble CBO~CTBa napa4aCTH14 

Bonpoc 0 npHrOTOBneHHH COCTOflHHA napa4aCTH14 C onpeAeneHHOH 
CHMMeTpHeH BOSHHKaeT H3-3a HallH4HfI AIlfl HHX MHorOMepHblX npeA
CTaBneHHH rpynnbl nepe CTaHOBOK aprYMeHTOB 4aCTH14. B OTIlH4He OT 
4aCTH14, nOA4HHfI~HXCA 06b14HblM $epMH- HllH 60se-CTaTHCTHKaM, AnA 
D napa4aCTH14 0AHOMY onpeAeIleHHOMY COCTOflHH~ Mo~eT COOTBeTCT
BosaTb He OAHa, a MHo~eCTBO BOIlHOBbiX $YHK14HH, 06pasY~Hx 6aSHC 
AaHHoro HenpHBOAHMoro npeACTaBneHHA So . CpeAHee OT KaKOH-nH60 
Ha6n~AaeMOH onpeAellReTCfI B BHAe c n eAa no AaHHOMY npeACTaBne
HH~ *. 04eBHAI-IO, npH 3TOM nepeCTaHOBKH aprYMeHTOB To~eCTeeHHblX 
4aCTH14 He npHBOART K Ha611~AaeMbiM 3Q$eKTaM. OAHaKO xapaKTepbl, 
npeACTaB11R~~He co60~ onpeAeneHHble nHHe~Hble KOM6HHa14HH onepaTO
pOB nepeCTaHoeOK, ReIlR~TCR Ha6n~AaeMblMH.H HenpHBOAHMble npeA
CTasneHHR So KnaCCH~H14HPY~TCR no HX c06CTBeHHblM 3Ha4eHHRM n . 

PaCCMOTpHM AJlR npHMepa cnY4aH Tpex napa$ePMHOHOB TpeTbero 
nopRAKa, COCTORHHe KOTOPblX saAaeTCfI, cornaCHO 112/ H 113/ , Ha
60POM Aeyx BonHOBbiX ~YHK14HH, f1Bnfl~HXCfI 6aSHCHblMH eeKTopaMH 
cMewaHHoro HenpHBOAHMoro npeACTaeneHHR 
ITt' (... ... -+ -to ........ ...... .... 

Tm x1,xe,xs) c (1/2){'(xl , x2'xS) +1I'(x 2 ,x1 ,xS ) 

IA.11 - 'I' (;s .i 2 • Xl ) - 'I' (;3';1 ';2) J. 

'P; (xl' i 2 ,x3 ) = (1/ 2v3) ['I' (x1,x2 '%3) +2'1' (i1'i3 ,i2 ) 

m(" .. .:t -> .. -. (" -> .. 
- T x2 ,x l' Xs ) - 2'1' (x2 ' Xs ' xl) - 'I' x S. 1 2' Xl) + 

IA.21 
+ 'I' (x3 ' Xl ,X2 ) 1. 

OTHOC~TenbHO nepeCTaHOSOK apr YMeHTOB Xl H ie nepBafl $YHK14HfI 
CHMMe TpH4Ha , a BTopaR aHTHCHMMeTpH4Ha. Ka3anOCb 6b1, HS-3a Ta
Koro pa3IlH4HA 3TH $ yHK 4HH MO~HO paSllH4HTb, eCll~ YAall~Tb TpeTb~ 

4aCT~14Y Ha AOCTaT04HO 6 011b woe paCCTOflHHe ~ YCTaHOB~Tb CHMMeTpH~ 

ABYX OCTae wHXCR 4 a CTH14 IHsMe p HB , Hanp~Mep, op6HTanbHblH MOMeHT 
HX OTHOC~TenbHoro ABH)I(e HHR/ . Ho TorAa Mbl npHXOAHM K npOTHBo pe
4HIO C HCXOAHblM npeAnOllO)l(eHHeM, cornaCHO KOTOPOMY He c~ecTByeT 

* 3 TO npaBHIlo qaCT O HapylIlaeT c R B "AOK aSaTeJlJ> CTS a X" HeB03MOJK.,... 

/CM. /71 /HOC TH c~ecTBOBaHKR napaCTaTHCTHK . 
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AononH~TenbH~X KSaHTOB~ 4~Cen, KOTOp~e MOrn~ 6~ pa3n~4aTb eeK
TOPbl 111..11 ~ 111..2/ . Ha OCHoee TaK~X paccYl4!,QeHIo1i1 s/8/ 6~Jlo c$op
MYI1~pOBaHO YTBeplKAeH~e 0 npOT~sope411~ napaCTaT~CTI1K~ KnaCTepHOMY 
3aKOHY 11 Ha 3T0i1 OCHose HeB03MOlKHOCTb ~x cy~ecTSOSaHI1~. 

Ow~6Ka 3T~X paCCYl4!,QeH~H, KaK 6~110 nOKa3aHO B/10~3aKI1D4al1acb 
B nOAMeHe $1131014ecKoro YAaJleHIo1R OAHOi1 1013 TOlKAeCTBeHH~X 4aCT~4 
MaTeMaTIo14eCK~M YAal1eH~eM 3aHYMepOBaHHOH IHanp~Mep, TpeTbe~1 
4aCTI14~, KOTopoe He I1MeeT ~~3114eCKoro CM~Cl1a. Aei1cTB~Tel1bHo, 

npeAnonOlKHM, 4TO BOI1HOBYD ~YHK411~ Tpex 4aCTI14 MOlKHO npeACTaBI1Tb 
B SHAe np0l13BeAeHI1R 

.... 	 ... -t: ....... --.. 

'P (x 1 ,X 2 ,x S ) = f (X 1'''2)';' (S8). IA.31 

npl14eM o6nacTI1 Cy~ecTBoBaH'1R c!lYHK411i1 f H';' He nepeKPbIBaDTC~. 
B 3TOM C11Y4ae AnR BepORTHOCTH Toro, 4TO OAHa H3 To~eCTBeHH~X 
4acT~4 H~XOA~TCR B T04Ke i 1 , APyraR - B T04Ke i2 11 ~e OAHa • 
B T04Ke X3 6YAeM ~MeTb 

wei l,X2 ,is ) = (1/2) r1'P~(;1';2,is) 12 + 111';(&1 .X ,X ) \2]
2	 S

111..41 
=(1/4) 1[1 r6 (i1 ' %2 ) \2 + (1/3) I f ll. (xl ,x2)12)1 vl(X ) 12 +a

+ ABa aHa1l0r~4H~X cnaraeM~X, n0I1Y4aeM~x 4~KI1~4ecKoi1 nepeCTaHoa
KOH HHAeKcoB 11 .2.31 ,rAe 

t8 (X1 .X 2 ) = (lh/2) {r(x 1,X2) + f(x .i\)1.2	 1fJ..51 

t (i ,i2 ) ::(1/\1'2)! (1 '%2) -,(1 ,i )].a l 1 2 1	 111..6 

~ T·A. KaK M~ B~AHM 113 1fJ..4/, ABe 6n113K~e TOlKAeCTBeHH~e 4aCT~ 4~ 
MorYT HaxOA~TbCR KaK B C~MMeTpH4HOM. TaK ~ aHT~C~MMeTp~4HOM CO
CTORHH~. 

np~rOTOB~M Tenepb 3apaHee o npeAel1eHHoe COCTORH~e ABYX 611~3KI1X 
TOlKAeCTBeHH~x 4a CT~~, HanpHMep, C HMMeTp~4 Hoe. TaK 4TO 

... ... ~ 
f(x 1'%2) = r(x! ,xl) ~ T · A. 	 1fJ..7I 

3 a TeM BKJlD4HM 8 paCCMOTpeH~e TpeTbD AOCTaT04HO YAaneHHYD 4aCT~
Uy. KaK l1erKO B ~AeTb ~3 111. .1/, IA. 2/, 11..31 ~ IA.7/, H~ OA~H 
~3 BeKTopOB IA. II ~ 111..21 He o6pa~aeTCR B Hynb: 

'I'~ (x l'X2';s ) = (1/,,'S){2f (x1.i 2) r./I (% 3) - f8 (ia•%2) ",(x1)s 

- r 8 (x3 •i 1) V' (x2) 1. 
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'1';; (i ';2' is) -(1;"/2) ( f 8 (i l' i 8) .;,(s12 ) 
1	 111.,81 

- f8 (;2' ; 8 ) '" (Xl)]' 

TaKI1M 06pa30M , 113MepeH~e CHHMeTp~H COCTORHHR ABYX 611~3KHX TOlK
AeCTeeHH~X 4aCTH4 He MOlKeT npHeeCT~ K pa3nH4H~ 3THX ASYX BeKTO
pOB OAHoro H Toro lKe Henpl1BOAHMOr o cMewaHHoro npeACTasneHHA Ss· ... ... ... 
BepoRTHoCTb 0 6HapYlKeHKR 4a CTH4 B T04Kax "I '''2 , x s ,corl1acHo 

111..4/ H 111..8/, 6YAeT 
.. .. .. .. ~ 2 .. 2 

W("t."2'Sa )-(113H \ ' 8("1'X 2)\ ''''(''a)' + 

111. .91 
..... 2 /:!. 2 .... 2 ... 2}

+ \ t. (S2'''a) \ '",\~)I + \ ra (1g 'Xl)' ,.p(x2> \ . 

3Ta sepo RTHoCTb cOBnaAaeT C eepoRTHoCTbD Hai1T~ 4aCT114~ B T04Kax 

xl' " X... , Xa AllR nOJlHOCTbD C~MMeTpI14HOrO COCTORHI1R Tpex 4acTH4.
... 

2Cl1eAOBaTe11bHO, npH AOCTaT04HOM YAal1eHI1K OAHOH K3 TOlKAeCTBeHH~X 
4aCTH4 OT ASYX APyr~x, HaxoAR~I1XCR B CI1MMe Tpl14HOM COCTOAHI1~, 
Hecy~ecTBeHHO , 6YAeM 11K M~ OnI1C~BaTb BCD CKCTeMY 113 Tpex 4aCTI14 
CHHMeTpl14HOH BonHoBoi1 ~YHK4~eH 111111 lKe COBoKyn HocTbD ASYX ~YHK4I1H , 
06pa3Y~~I1X c06o~ CMewaHHoe npeACTaBl1eH~e . 

AHanorH4H~e paccYlKAeHHR MOlKHO npO~3BeCTH AI1R nOACI1CTeM~ ~3 
ABYX TOlKAeCTBeHH~X 4aCTH4 . HaXOAA~HXCA B aHTHCHMMeTp~4HOM CO
CTOAHK~ . B 3TOM C11Y4ae n p H npHcoeAHHeHI1H K 3TOH nOACKCTeMe e~e 
OAHOH TO)I(AeCTSeHHOH C H~MI1 4aCTH4~, HaXOAR~eHCA OT HHX Ha AO
CTaT04HO 6011bWOM paCCTOAHHH, HeT pa3H~4~ B OnI1CaHI1~ Ta KI1X Tpex 
4aCT~4 C nOM~b~ nOI1HOCTb~ aHTHCI1MMeTpK4HOH $YHK4~11 1111~ lKe C no
MO~bD ABYX ~YHK4~H, 06pa3Y~Kx CMewa HHoe npeACTaBl1eH~e. 

TaKHM 06pa30M, pa306paHH~i1 HaMH npl1Mep nOKa3~saeT, 4TO Knac
TepH~H 3aKOH He TOllbKO He npOTI1Bope4HT napaCTaTI1CT~Ke, HO 
~ n03 B011Ae T xapaKTe pH30saTb Ka)I(Aoe COCTORHHe n TOlKAeCTBeHH~X 
4aCT~4 C nOM~b~ ~X Co6CTBeHHOH CHMMeT pHH, a TaKlKe CHMMeTp~H 
COOTBeTCTB~I1X nOACHCTeM ~3 n-l . n-2 , . . . 2 TOlKAeCTBeHH~x 4a c

T~4· 

Jn1TEPATYPA 

1. 	Finkelstein D. et a l. J.Math.Phys. , 1962, 3 . p.207; 

1963,4, p.788. 


2. 	 Remblelinski J . J.Phys.A:Math.Gen ., 1980, 13. p.1S,23; 

1981, 11" p. 2609 . 


3. 	 Horwitz L.P . , Bledenharn L . C. Ann. Phys., 1984, 157 , p .432 . 
4. 	Gree n H.S. Phys.Rev., 1953, 90, p.27 0. 
S. 	 Gr eenberg 0.\-1., Mes s ia h A.M.L. Phys.Rev. , 1965, 138B, 

p . 1155· 
11 



6. 	 Govorkov A.B. Int.J.Theor.Phys., 1973, 7, p.49. 
7. 	 rOBOpKOB A.D. 34M, 1983, 14, c.1229. 
8 . 	Steinmann O. Nuovo Clm., 1966, 44A, p.755. 
9. 	 Dresden M. Brandeis Summer Inst.Theor.Phys . Brandeis 


University , 1963, vol.2, p.377. 

10. Hartle J.B., Taylor J.R. Phys.Rev. , 1969 , 178 , p.2043. 
11. Doplicher S., Haag R. , Roberts J.E. Comm.Math.Phys., 1971 . 

23. p.199; 1974,35. p.49. 
12. rOBOpKOB A. D. TM~, 1983, 55, c . 3. 
13. Greenberg O.~/., t1scrae K.I. NucI.Phys., 1983 . B219. p.358. 
14. Bracken A.J., Green H.S. J.Math.Phys., 197~, 14. p.1784 . 
15. XaMepMew M. TeOpl-1A rpynn. "M 1-1 p" , M., 1966, c.267. 
16. Govorkov A.B. J.Phys .A:Math.Gen . • 1980, 13, p.1673. 
17 . .lI.I-'IpaK n. npl-1HlII-1nbl KBSHTOBOi:1 MeXaHI-1KI-1. "HaYKa ll , H., 1979. 

c.280. 
18. rOBOpKOB A.D . O~~~. P2-8S-419 • .lI.yfiHB, 1985. 

PYKonl-'lCb noc Tyn",na B I-1 3Aa Tenbc K "'~ OTAen 
31 MaR 1985 rOAB. 

'" 
12 

f080PKOB A.B. P2-85-420 
npeI\CTaBJleHlle ~OKa 11)1If KBllTeplfH01U1bIX nOnE~ft 

OnI1C,D.e.lIelfO npeACTaBnellllC CIIol{a An!! HepenHTlmHcT CKoro 

colMOCOnp1DKeHiIOrO / "MaAopaHoBCKoro" / nOJ1". OCROBaRHOrO Ha 

KBaTepuHollsx, Ii cI}JoPl4ymrposaHll KBaHTOBaJi MexalUiKa COOTBeTCT

BYJODUlX eMy napa 4JePMHOHOB TpeTherO rropsmKa. DOAttep .omae T cJI 

pa3.1lHI.Ilfe Me~ Kaml6poBo'lHol1 "nceu.l\OlUJeToBoft" 80(3) -CHHMeT

p HeH aBTO~loP41H3MOB TaKOrO rronA U rnoGalIbHOH 8U (3) - CHMMe T pH

eft COCTOHR~ COOTBeTCTB~ eHY ~ac~ B $OKOBCKOM npOCT 

paHCTBe. 

Pa60Ta B~OnReHa B TIaeopa TOpRH 'reope~ecKo~ ~H3KKIf 
OHHH. 

npeIlPHHT Olhoe,JUIHeHROro HHCTHTYTa ".o.eJ)ltbII: HCCJle,tlo.8lIHA. ,l{yGHa 1985 

TIep eB O,D. O.C.BHHorpa.o.oBo~ 

Govorkov A.B. P2-85-420 
The Fock Repr esentation for Quaternion Fields 

The Fock representation f or a nonrel a t ivistic hermit ian 
("Maj orana") qua t er nion f i.e ld is es tabl iShed . and the COl' 

r es pon d i ng quantum mechani c s of para f ermions of third or der 
is fornru l a t ed. The differ ence be t ween gauge ps·eudocolour 
SO(3)-symmetry , t he au t omor phi sm gr oup of quaternions , and 
the gl obal SU (3)-symmetry of paraf ermi on s tate s in the 
Fock-space i s emphasized . 

The inves t i ga tion ha s been per f ormed at the Labo ratory 
o f TheorlC'tica l Physics, JINR. 
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