
_c_j_ V. I.::::_ 
r-- l+s 

KBAHTOBhlRMHCTAHTOH 

P2 - 11830 



P2 - 11830 

* A .C .raJibnepHH, 8 .H .OepsyumH 

KBAHTOBblft l1HCTAHTOH 

L··~--J·~~ .. 

. -
* HacTBTYT a,llepaoH: ilia3HKH AH Y3 CCP 



ranbnepHH A.C., nepBYWHH B.H. P2 - 11830 

KBBHTOBL!li HHCTBHTOH 

06CylKABeTCSl ponb TOUOnOI'!I'ICCKOI'O HHBBpHBHTB, OUHCbiBBIOWCI'O nepn

Oilii'IeCKYIO cTpyKTypy acero KOH<jl!lrypauuoHHoro npocTpaHCTBa noneii Hura

Mnnnca, npennaraeTCSl paccMaTpHBBTb 3TOT llHBapHaHT KBK OllHOMepHyiO Kon

neKTHBHYIO nepeMeHHyto, nnoCKBSl BOnHa, UOCTpoeHRBSl C UOMO!Ub!O TBKOli 

"nepeMeHHOli", SJBnSJeTCSl TO'IIlh!M peweHHCM ypaBHCHHSl llJpeAHHrepa, ~BllllCH
HOe pemenne HMeeT co6cTaeunoe nyneaoe sHa'!eHne sHeprnn, yAoaneTBOpSJeT 

ypaBHei!!IIO AyanbHOCTH B onepaTOp!!Olt <jlopMe H llOUyCKaeT IIHTepnpeTBUHIO 

"ABHlKeHHSl ITOil 6apbepoM" (nony'leHHOe peweHHe o6na11aeT Ha KBBHTOBOM 

ypOBHe TBKHMH lKe CBOliCTBBMll, 'ITO H KnaCCH'!eCKHe TO'II!ble pell!eHHSl Hnra

Mnnnca, Ha3!>tBaeML!e IIHCTaHTOHBMH), PemeHIHI TaKoro T11na ne orpaH!I'IeHbi 

B KOH<jlnrypaUHOHHOM UpOCTpaHCTBe H, UQ-BHAHMOMy, smnSJIOTCSl He<jlH3!1'1eCKH

MH, <I>H3H'!eCKHe pell!elli!Sl ypaBHeHHSl lllpellHH!'epa 3BUHCb!BB!OTCSl C ITOMOlllb!O 

«jJyHKUHonana Enoxa. 

P a6oTa Bbtnonueua B Jla6opaTopHH TeopeT!I'IeCKOil «!>nsnKII 011 Hi1. 

Coo6weHHe 06bellHHeHHO!'O HHCTHTyTa SIOepllbiX KCCnenOBallHli. lly6Ha 1978 

Galperm A.s., Pervushm V,N, P2-11830 

Quantum Instanton 

The topological invariant is discussed which describes the 
periodic structure of the whole configuration space of Yang-Mills 
fields, '!'his invariant is proposed to consider as a onedimensional 
collective variable in the configuration space, '!'he plane wave 
constructed with this "variable" is the exact solution of the SchrO
dinger equation. '!'he solutions derived (functionals) possess the 
zero energy eigenvalues, satisfy duality equations in the operator 
form, and admit interpretation of "the motion under barrier", These 
solutions possess, on a quantum level, properties similar to those 
of classical exact solutions of Yang-Mills equation called instantons, 
Solutions of this type are infinite in the configuration space and, 
probably, are nonphysical, Physical solutions of the Schrodinger 
equation are expressed in terms of the Bloch functional, 

'!'he investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'beJtHH6HHblil HHCTHTyT BJiepHbiJC HCCneJtOBBHH/1 ily6HB 

1. BBEAEHHE 

Cy~ecTBOBauue TononoruqecKH ueTpHBHanhHhlX pewe
HHH KDaCCH'-IeC~H?' ypaBHeHHH B TeopHH Hea6eneBbiX KanH6-
pOBO'-IHbiX noneH' L CBH~eTeDbCTByeT 0 TOM, 'ITO TOllODO
rH'-IeCKHe CBOHCTBa KOH~Hrypauuouuoro npocTpaucTBa no
neil 51ura- Munnca peJKO oTnuqaiOTCH oT cnyqag ueaJaHMo
~eucTBYIOIUHX a6eneablx noneu. B KBaHToaou MexaHHKe oT 
CBOHCTB KOH~HrypaUHOHHOrO npocTpaHCTBa cy~eCTBeHHO 
JaBHCHT xapaKTep cneKTpa raMHDbTOHHaHa H llOBe~eHHe 

BODHOBhiX ~YHKUHH / cpaBHHM, uanpuMep, cao6o~uoe ~BIDKe
uue qacTHUhl H cao6o~HhiH poTaTop/. Cne~yeT mKH~aTh 
no:JTOMy, 'ITO ue cy~ecTayeT uenpephiBHoro npe~enhHoro 
nepexo~a llO KOHCTaHTe CBHJH (g~O) B BeKTOpaX COCTOHHHH 
H MaTpH'-IHhlX 3DeMeHTaX TO'-IHOH TeOpHH, 'ITO llO~TBep)K~a
lOT peJynhTaTbl KBaHTOBaHHH TeopHH Jlura- Munnca c no
MO~hiO KBaJHKDaCCH'-IeCKHX MeTO~OB /2/, 

C 3TOH TO'-IKH JpeHH.K npe~cTaBnHeT HHTepec uccne~o
aauue TO'-IHbiX peWeHHH ypaBHeHHB. lllpe~HHrepa B TeOpHH 
Rura- Munnca, onHChiBaiOIUHX "ucTHHHble" KBaHTOBhle coc

TOHHHH rnyOHHbiX noneii. 
B uacToH~eu cTaThe o6cy)K~aeTCH ponh Tononoruqec

KHX HHBapHaHTOB B peweHH.flX ypaBHeHH.fl lllpe~HHrepa. 
B paJ~ene 2 ~aiOTCJI o6~He cae~euu.a o TononoruqecKHX 

CBOHCTBaX KOH~HrypauHOHHOro npocTpaHCTBa noneu Rura
Munncall.a/. 

B paJ~ene 3 noKaJauo, 'ITO c noMO~blo Tononoruqec
Koro HHBapHaHTa MO)KHO llOCTpOHTh TO'-IHOe peWeHHe eBKJIH
~OBa ypaaueHH.fl lllpe~uurepa, o6na~aiO~ee caoucTBaMH 
KnaccuqecKoro HHCTaHTOHa I 1/. B paJ~ene 4 o6cy)K~aeTC.Il 
ypaBHeHHe lllpe~HHrepa B npOCTpaHCTBe MHHKOBCKOrO. 
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2. TOIIOJIOFHT/ECKA.R CTPYKTYPA 
KOH~HFYPAQHOHHOFOIIPOCTPAHCTBA 

HcTopB'IecKB nepHO.D;B'IecKa.JI cTpyKTypa aaKyyMa a 

TeOpHR J!Hra- MHnnca 6Lma OTKpLITa B3 Tpe6osaHBJI KOHeq

HOCTH ,D;eHCTBHJI /1/ : 

S= .!_ fd\Fa Fa ·.Fa '"'a A a -a :A a - (abc A b:A c /1/ 
4 p.v ~tv ' p.v p. v v p. g p. v 

Bee nom.1 c KOHe'IHLIM .neiicT:eBeM .D;OIDKHLI 6LITL 'IBCTO 

npo,D;OJILHLI no 6eCKOHe'IHOCTB 

1 -1 i a a A = - v (x) a v; A = -r :A 
ll g ll ll 2 ll 

/2/ 

Ka:>K.D.OH MaTpBD;e v(x) COOTBeTCTByeT OT06pa)l(eHHe S3 /rpa

HBD;LI 4-npocTpaHCTBa /a rpynny SU(2) .3To oTo6pa)l(eHHe 

XapaKTepBJyeTCJI ~enLIM 'IHCnOM /BH,D;eKCOM IlOHTpJirBHa/, 

KOlOpoe yKa3LIBaeT, CKOnLKO pa3 npB OT06pa:>KeHBB rpaHB~a 

S o6epHynacL aoKpyr ctjlepLI SU( 2) .IIonoMy ace nonJI 

C KOHe'IHLIM ,D;eHCTBBeM pa36HBaiOTCJI Ha pa3nB'IHLie TOnono

rH'IeCKR He3KBBBaneHTHLie KnaCCLI C HH,D;eKCOM v, BLI'IHC

neHHLIM no tjlopMyne 

g2 4 - g2 
v =- -- f d x Tr(F F ) =- -- f ds X 

1617 2 p.v p.v 1677 2 ll ll ' 

2 
Xll =2£ p.vaf3Tr~Avaa:Af3 +agAvAaAf3), /3/ 

1 
F f:l == -( f3 F ap 2 a p.v p.v 

MHHBMYM .neiicTBBJI a Ka:>K,noM Knacce .nocTBraeTcJI ,nnJI 

noneii /Ha3BaHHLIX nceB,D;O'IaCTBD;aMB HnB BHCTaHTOHaMB/, 

Y.D;OBneTBOpJIIOmHX eBKnB,D;OBY ypaBHeHBIO ,nyanLHOCTB 

4 

F 
p.v 

±F 
p.v 

/4/ 

HHCTaHTOHLI BMeiOT HyneByiO 3HeprBIO B TpaKTYJOTCJI KaK 

KnaccB'IeCKBe peweHBJI, BHTepnonapyJOmaec.JI B3 o,nHoro 

KnaCCB'IeCKOrO BaKyyMa B ,npyroi. TaKa.JI BHTepnpeTa~BJI 

BHCTaHTOHOB 06LI'IHO BnnJOCTpBpyeTCJI B Kanll6pOBKe :A
0
=0, 

r,ne BH,D;eKC IlOHTp.JirBHa v BMeeT BB.D; pa3HOCTB .D;ByX 

'IBcen: 

.... .... 
v = n(v + ) - n(v ) v+(r)=v(r,t)i , 

- t= ±DO 

1 3 -1 -1 -1 
n(v) = - --f d u 0 ok Tr(v a 0 v)(v a 0 v)(v a v). 

12172 IJ . 1 J k 

/5/ 

.... 
Ma TPB~LI v + (r) onacwsa10T KnaccH'IeCKBe saKYYMLI a Ka-

na6posKe :A~ =0. KnaccaqecKBii saKyyM onpe,nenJieTCJI KaK 

Kana6poBO'IHoe none, ,nnJI KOToporo JHa'leHBe nnoTHOCTB 

raMBnLTOHBaHa 

J{ = ..!...( (E ai ) 2 + (B ~) 2 ] ; 
2 1 

Ea= _a_!Aa. Ba=£ {a Aa _.!..gfabc.AbAc) 
t at i • 1 tjk j k 2 j k 

/6/ 

paBHO HynJO. 3TOMY ycnOBBIO y,nosneTBOp.JIIOT npOB3BOnL

HLie MaTpB~LI, B TOM 'IBCne TaKBe, ,1\nJI KOTOpLIXBLipa:>KeBBe 

/5/ He ~enoe. UHTepnOJIJI~BJI BHCTaBTOHOB B3 BaKyyua npB 

t =-DO B BaKyyM npB t =+oo 3tiJclleKTBBHO CBO.D;BTCJI K 

KanB6pOBO'IHOMy npeo6pa30BaHBIO V (v) BaKyyMa V(:_~oi V(-i 

v .... v = 
(-) (+) 

v (v) v 
(-) 

r.ne /7/ 

n(v (v)) == n(v (+)) - n( v (-) ) = v. 
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TeM CaMLIM COBOKynHOCTL HHCTaHTOHOB H BLI6op MaTpHULI 

V{-) KaK HaqaJia OTcqeTa 3a,IJ.alOT B3aHMHO-O.IJ.H03HaqHoe 

COOTBeTCTBHe Me~y KJiaCcHqeCKHMH BaKyyMaMH H KJiac

caMH MaTpHU v. B qacTHOCTH, ecJIH 3a v(-) BLI6paTL 

MaTpHUY, TOnOJIOrHqeCKH 3KBHBaJieHTHYIO e,IJ.HHHqHOH, KJiac

CHciJHKaUHJI BaKyyMOB COBna,IJ.aeT C KJiaCCH$HKaUHeH y(V) 

no TononorHqecKHM KnaccaM oTo6pa>KeHH~ ~(3) ·~ SU(2). 
rpynny KaJIH6pOBOqHLIX npeo6pa30BaHHH . V (v- O , TOnO

JIOrHqeCKH 3KBHBaJieHTHLIX e,IJ.HHHqHOMY npeoopa30BaHHIO, 

npHHJITO Ha3LIBaTL "Manoi" rpynnoi KaJIH6posoqHLIX npeo6-

pa3oBaHHH. A TODOJIOrHqecKH HeCBJI3HYIO rpynny BCeX 

MaTpHU v (v) - "6onLwou" KaJIH6posoqHoH rpynnou /3/. 

Ba>KHO OTMeTHTL, qTo "ManaJI" H "6oJILIIIaJI" rpynnLI 

npeo6pa3oBaHHH HMelOT npHHUHnHaJILHO pa3HLIH .IJ.HHaMH

qecKHH CMLICJI. 

ManaJI rpynna - 3TO rpynna HCTHHO KaJIH6posoqHLIX 

npeo6pa30BaHHH: HHBapHaHTHOCTL OTHOCHTeJILHO 3TOHrpyn

nLI CJie,IJ.yeT H3 ypaBHeHH.II .IJ.BH>KeHHJI /3aKOH raycca/: 

V ~ b (A) E ~ = 0, 
I I 

( V ab (A) = S ab a. + gl acbA ~ ) 
j I I 

HJIH, B KBaHTOBOH TeOpHH, H3 ,IJ.OnOJIHHTeJILHbiX YCJIOBHH, Ha

K.ria,IJ.biBaeMbiX Ha BeKTOpbl COCTOJIHHH: 

ab " b 
V i (A) E i 'I' = 0 . 

3TH ycnosaJI ,IJ.aHbl B TepMBHax reHepaTopos 6ecKoHeqHo 

MaJILIX npeo6pa30BaHBH B n03TOMy onpe,IJ.eJIJIIOT TpaHcciJop

MaUBOHHble CBOHCTBa TeOpHB TOJILKO OTHOCBTeJILHO "MaJIOH" 

rpynnbl npeo6pa3osaHHH. 

llpeo6pa30BaHB.II B3 "60JILIIIOH" rpynnbl ,IJ.JIJI viO OTpa

~T KOHeqHbiB pe3yJILTaT BHTepDOJIJIUBB BHCTaHTOHOB B3 

BaKYYMa B BaKyyM B aHaJioraqHbl B TeOpBB ,IJ.BB>KeHH.II 3JieKT

pOHOB B KPHCTaJIJiaX npeo6pa30BaHBSM C,IJ.BBra B3 O.IJ.HOB 

gqeiKB B ,IJ.pyryro. ECJIB npe,IJ.CTaBBTb "60JiblliYIO" rpy~I!}: KaK 

npOB3Be,IJ.eHBe "MaJIOH" Ha UBKJIBqecKyro rpynny Z
00

, TO 

B COOTBeTCTBBB C yKa3aHHLIM Bblllie .IJ.HHaMaqeCKBM CMLIC

JIOM Mbl ,IJ.OJI)I(Hbl Tpe60BaTL BHBapBaHTHOCTB TeOpBH OTHO

CBTeJibHO Manoi rpynnLI Kana6posoqHblx npeo6pa3osaHHi 

B KOBapBaHTHOCTB TeOpBB OTHOCBTeJILHO npeo6pa30BaHBB 

.6 

UHKJIHqeCKOH rpynnLI Z , T. e. .IJ.HHaMHqecKHe BeJIHqHHLI 

TeopHH, HanpHMep BOJIHOBaJI ciJyHKUHJI B ypaBHeHHH illpe,IJ.HH· 

repa, ,IJ.OJI)I(HLI npeo6pa30BLIBaTLCJI no npe,IJ.CTaBJieHHJIM 

rpynnLI Z "" . 
TaKHM o6pa30M, HHCTaHTOHLI, HaH,IJ.eHHLie H3 C006pa>Ke

HHH KOHequocTH ,IJ.eicTBHJI, yKa3LIBaiOT ua nepHO.IJ.HqecKyro 

cTpyKTYPY saKyyMa. 

KaK oTMeqeuo s/3< auanorHquo MO>KHO rosopHTh o 

nepHO.IJ.HqecKoi cTpyKType scero KOH$HrypauHOHHoro npocT

paHCTBa *. B TeopHH JIHra- Mannca cyiUeCTsyeT cllYHKUHOHaJI 

g2 3 2 
N[A]=----fd rl .. 'Ir(A.a.A t--gA.A.A ), /8/ 

2 ljk I J k 3 I J k 
877 

JIBJIJIIOIUHHCJI o6o6meuHeM n (v) /6/. 3TOT <i>YHKUHOHaJI HH

BapaaHTeH OTHOCHTeJILHO npeo6pa30BaHHH MaJIOH rpynnLI, 

HO MeHJieTCJI a)JJJ.HTHBHO npH npeo6pa30BaHHJIX 60JILWOH 

rpynnLI: 

A. -+A'.<v) =v<0-1(A. +.!..a.)v (v) 
I I I g I 

/9/ 

N[A' (v)] = N[A] + v. /10/ 

ll03TOMY OTHOCBTeJILHO npeo6pa30BaHHH 60JILIIIOH rpynnLI 

/9/ npoH3BOJILHax KOH$arypauHJI noJIJI A i nepBO.IJ.HqHa B 

TOM >Ke CMLICJie, B KaKOM nepHO.IJ.HqeH KJiaCCHqeCKBB BaKy

yM. B 3TOM CMLICJie KOH$BrypaUHOHHOe npOCTpaHCTBO 

nonei JIHra- MHJIJICa HMeeT TOnOJIOrHIO UHJIHH.IJ..Pa/ 3/. B COOT

BeTCTBHH CO CMLICJIOM npeo6pa30BaHHH y(vfO) nOJIJI Aj 
H A 'lv) KaJIH6posoqJIO He 3KBHBaJieHTHLI, HeCMOTpJI Ha 

TO, qTo HM OTBeqaiOT O.IJ.HHaKOBLie 3HaqeHHJI nJIOTHOCTH 

raMHJILTOHHaHa. fipB 3TOM .IJ.HHaMHqecKH MLI MO>KeM 

nepeiiTH oT noJIJI A K nomo A '(v) c noMOIULIO HHTepnoJIJIUHH 

HeBaKyyMHOrO KJiaccaqeCKOrO "HHCTaHTOHa" C HeHyJieBOH 

3HeprHeH H 6eCKOHeqHbiM ,IJ.eHCTBHeM. 

* 0.IJ.BH H3 asTopoa /B.TI./ 6naro,IJ.apeH JI.)l..<l»a.IJ..IJ.eeoy, 

yKa3asweMy eMy Ha 3TOT $aKT. 

7 



.lieCKOHelJHOCTh )).eHCTBHH J],JIH cl>HJHlfeCKH HeTpHBHaJibHOH 
aCHMnTOTHKH noneH npH t= ± oo 06bi'IHO nerKO ycTpaHHeT· 
CJI onepau;ueu npe.n.en&Horo nepexo.n.a Ha MaccosyiO nosepx
HOCT.b B cl>YHKIJ;HJIX rpuHa /eM., HanpHMep(4/ /. 

3. IIPOCTPAHCTBO EBKJIH,IJ,A 

,[(nJI TOrO 'IT06bl BbiHCHHTb, KaKyiO pOJih HrpaeT TOnono
rHlfeCKHH HHBapHaHT N s peweHHJIX ypasHeHHJI llipe.IJ.HHre
pa, paCCMOTPHM BHalfane npoCTYJO .IJ.BYMepHylO MO.D.eJib a6e
JieBa KanH6pOBO'IHOrO nOJIH lliBHHrepa B KaJIH6pOBKe 
~A 0=0 C raMHJI&TOHHaHOM: 

1 ... 2 
HilL=- Jdx1E 1 ; 

2 

r3!A 1 
E1=~· 

Koucllurypan;HOHHOe npocTpaHCTBO noneu Al B 3TOH MOJ],eJIH 
TOnOJIOrHlJeCKH 3KBHBaJieHTHO /roMeOMOpciiHO/ KOHcl>Hrypa· 
IJ;HOHHOMY npocTpaHCTBY noneu RHra- Munnca. CooTBeT
CTBYIO~HH TOnOJIOrHlfeCKHH HHBapHaHT 

N[A] = ~ J dx A 
g 1 1 

I g - napaMeTp pa3MepHoCTH .D.JIHHW/ urpaeT B8.)KHYID pon& 
npH nOCTpOeHHH peweHH1l ypasHeHH1l llipeJ],HHrepa: 

,.., 
Hill~ = E 'I', 

aE,.., w =0. -- 1 
ax 1 

3TO peweHHe HMeeT BHJ], 

'I' (A) = e iON( A] /11/ 

HeTpy.IJ.Ho y6e.D.HT&C1l, 'ITO swpa)l(eHHe, aHanorH'IHoe 
/11/ c N, onpe.n.eneHHWM no cl>opMyne /8/, y.n.osneTsopxeT 
eBKJIH.D;OBY ypasHeHHIO llipe.n.uurepa B TeopHH Rura- MHnnca: 

8 

,, 

'\ 

I 

A 

H'l' =£'1' 
( ( 

ab A b 
V. (A) E . 'I' = 0 , 

1 1 

H = _!_ f d 3r(-E 2 + B 2 ) 
2 

/12/ 

C C06CTBeHHbiM 3HalfeHHeM l =0. IlpH 3TOM 0 npHHHMaeT 
3HalfeHHe: 

0=.0 -+8772 
g(±)- --~2. 

g 

Peweuue /11/ c £=0 .n.syKpaTHo swpo)I(.IJ.eHo. 

/13/ 

PeweHHe /11/ HMeeT BHJ], nJIOCKOH BOJIHW no KOJIJieKTHB· 
HOB nepeMeHHOH N. Ilpu .n.eB:cTBHH 6on&wux Kanu6poso'IHWX 
npeo6pa3oBaHHH peweuue /11/ H3MeHseTc1l no npe.n.cTas
neHHIO IJ;HKJIHlfeCKOH rpynnw Z : 

00 

( ) iO n 
'I' (A' n ) = e g 'I' (A) . 

<l»yHKIJ;HOHan exp (iO g N) o6na.n.aeT csoB:cTBaMH Knaccu
lfeCKOrO HHCTaHTOHa B TOM CMWCJie, 'ITO: 1/ 1lBJI1leTC1l 
TO'IHWM peWeHHeM eBKJIH)).OBa ypaBHeHH1l llipeJ],HHrepa C Hy· 
nesou 3Heprueu; 2/ y.n.osneTsopJieT o.n.uospeMeHHO ypasue
HHIO J],yaJI&HOCTH B onepaTOpHOH cilopMe 

E~'I'(A) = ±B~(A)'I'(A)J 0 _ 0 1 1 - g(±) 
/14/ 

IIocne.n.Hee ypasHeHHe cnpase.n.nuso scne.n.cTBHe onepaTop-
HOrO TO)I(.IJ.eCTBa 

"'a "a 
:l[E i ,B i] =0. 
i,a 

YpasHeHHe .n.yan&HOCTH /14/ He HMeeT HeTpHBHan&Horo 
aHanora B KBaHTOBOH MeXaHHKe: H=- J p2 + v(x) , TaK KaK 

peweHHJI ypasueHHJI .n.yan&HOCTH (p ± V V(x)) 1/J = 0, cTporo 
rOBOp1l, 1lBJI1llOTC1l peweHHJIMH ypaBHeHH1lllipeJ],HHrepa TOJI.b • 
KO npH yCJIOBHH 'tp ,y'V(x)]=O, T.e. Kor.n.a V=const. C 
3Toii TO'IKH 3peHH1l TeopH1l RHra- Munnca HanoMHHaeT 
CB060.D.HWH poTaTOp. 
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IIPOCTPAHCTBO MHHKOBCKOFO 

To•moe perneHue ypaaHeHHJI lllpe,nuHrepa B npocTpaHcT
Be MHHKOBCKoro, aHanorH'IHOe I 111, HMeeT au.n 

()g N 
'P = e 1151 

EcnH HCTaHTOHbl HHTepnpeTHpOBaTb KaK KnaCCH'IeCKOe pe
llleHHe, onucbiBaJOI.Qee TYHHenLHblii nepexo.n Me:>K,ny Tonono
rH'IeCKH pa3HbiMH BaKyyMaMH, TO 1151 MO:>KHO HHTepnpeTH
poBaTb KaK "nnOCKYIO BOnHy" C MHHMbiM KBa3HHMnynLCOM, 
OflHCbiBaJOI.l.{YIO ABH:>KeHHe "no,n 6apbepoM". 

PerneHue 1151 HMeeT HenpaaunLHble TpaHc4JopMa.uuoH
Hble CBOHCTBa OTHOCHTenLHO 6onblllHX Kanu6pOBO'IHbiX npe
o6pa3oBaHuii, no.no6Hble TpaHc4JopMa.UHOHHbiM caoilcTBaM 
BOnHOBOH 4JyHK.UHH CB060,nHoro poTaTopa C OTPH.UaTenbHOH 
3Heprue8, OTHOCHTenLHO apal.l.{eHHH Ha .uenoe qucno o6opo
TOB. 3To yKa3biBaeT, 'ITO perneHue I 151, no- au.nuMoMy, 
He JIBnJieTCJI 4JH3H'IeCKHM BaKyyMHbiM COCTOJIHHeM. 

"BaKyyMHoe" perneHue, aHanorH'IHOe 1151, cyl.l.{eCTByeT 
B KBaHTOBOH 3neKTpO,nHHaMHKe: 

'P = exp I ± _!_ r d3 
X(. .k A . a . A k I 2 . lJ 1 J 

3TO perneHHe JIBnJieTCJI He4JH3H'IeCKHM, UOCKOnbKY OHO He 
orpaHH'IeHO B KOH4JHrypa.QHOHHOM npOCTpaHCTBe. 

P accMoTpHM perneHHe ypaBHeHHJI lllpe.nuHrepa, o6na.na
IOI.Qee npaBHnbHbiMH TpaHc4JopMa.QHOHHbiMH CBOHCTBaMH npH 
Kanu6pOBO'IHbiX npeo6pa30BaHHJIX 191: 

'P(A' (n)) = eiOn 'P(A). 1161 

3To perneHue MO:>KHO 3anucaTL B au.ne 

'P (!A) = e iO 'N[ A] ~ 0 (A) ' 1171 

r.ne llle(o\)- li>YHK.UHOHan linoxa laHanor 6noxoacKoil aon
HOBOH 4JyHK.QHH B TeopHH 3neKTpOHa B nepuo,nH'IeCKOM 
noTeH.uuanel: 

10 

() ' = 277k + () , 

k -.uenoe 'IHcno, - HOMep 30Hbl lipunruo3ua; () - npoH3BOnL
HaJI aenH'IHHa, 3a,naHHaJI B HHTepaane (-77, 11). 

,lJ,nJI COCTOJIHHJI ~() (!A), HHBapHaHTHOrO OTHOCHTenbHO 
nonHoii rpynnbl Kanu6poBO'IHbiX npeo6pa3oBaHHii, HMeeM 
ypaBHeHHJI 

r.ne 

H'~ () = ( ~ () ' 

Vi (A) E i ~ O = 0 , 

~ 0 (A '(n)) = ~ 0 (A) . 

H' = .!.Jd3 r[E 2 + B 2 (1+a 2 )+2aBE], 
2 

a=O~ 
277 2 

1181 

1191 

B 1191 au.neu JIBHO xapaKTep HapyrneHHJI nopeH.u-uHaapuauT
HOCTH, o6ycnoBneHHbiH 3aMeHOH 1111. TakHM o6pa30M, 
HHBapuaHTHble aenH'IHHbl OTHOCHTenLHO npeo6pa3oBaHHH 
.UHKnH'IeCKOH rpynnw Z He JIBnJIIOTCJI O,nHOBpeMeHHO no
peH.Q- HHBapHaHTHbiMH i COOTBeTCTBYIOIUHH narpaH:>KHaH f, 
co.nep:>KHT KpoMe HHBapuaHTHWX aenH'IHH E 2-B2• BE aenu
'IHHY Bg /. OnepaTopbl .uuKnH'IeCKOH rpynnLI Zoo'.neiicTBYJO
IUHe :tia BeKTOpbl COCTOJIHHH H KOMMYTHPYIOI.QHe C raMHnbTO
HHaHOM, MO:>KHO npe,ncTaBHTb B 4JopMe (R) v, r,ne R -one
paTOp c.naura Ha o,nHy "JI'IeHKy" - HMeeT cne,nyJOI.QHH au.n 
B KOH4Jurypa.QHOHHOM npOCTpaHCTBe: 

d R = exp(-) 
dN 

1201 

IBwpa:>KeHHe ,nnJI R , .naHHoe B pa6oTe I 21: 

11 



, .811 2 2 "a a +oo 
R = exph-- f d s(E. (si, xi),\.) I I, 

g2 j j Xi =-oo 
120 'I 

HanHCaHO no aHaJIOrHH C 6eCKOHe'IHO MaJILIMH KaJIH6pOBO'I· 
HLIMH npeo6pa30BaHHJIMH, He HMeiOIUeii MeCTa B TeOpHH 
JIHra- Munncal. 

B 3aKmo'leHue ,nJIJI unmocTpa.u;uu ponu TononoruqecKHX 
CBOHCTB KOH4!HrypauHOHHOrO npOCTpaHCTBa paCCMOTpHM 
npHMep raMHJibTOHHaHa: 

H 
f d 

3
rE 

2 

f d3
rB 

2 

IIpe,nnoJio)I(HM, 'ITO peweHue ypasHeHHJilllpe,nuHrepa 3aBHCHT 
TOJILKO oT lilYHKUHOHana N[~A],Tor.na ypasHeuue H'l'=t'l' cse
,neTcJI K ypasHeHHIO lllpe,naHrepa ,nJIJI cso6o,nHoro poTaTopa 

d2 
- -'I' (N) = t 'I' (N) , 

dN2 

1/l(N + 1) = e iO 'I' (N) , 

C C06CTBeHHLIMH 3Ha'leHHJIMH 

2 1 2 
l = g -(2rrk + 8) ; k = 0,1,2, ••• 

8rr2 

HeTpy,nHo sa,neTh, 'ITO B ,naHHOM npaMepe HeT HenpepwsHoro 
nepexo.na no KOHCTaHTe g. 

3AKJIJOqEHHE 

B pa6oTe o6cy)l(,naeTCJI pOJIL TOnOJIOrH'IeCKOrO HHBa
paaHTa, KOTopwii onacwsaeT nepao,na'leCKYIO CTPYKTYPY 
scero KoH«llarypa.u;aoHHoro npocTpaHCTBa noneii JIHra- Man-
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nca. IIpe,nnaraeTcJI paccMaTpasaTL 3TOT HHBapaaHT KaK 
O,nHOMepHyiO KOJIJieK"tHBHYIO nepeMeHHYIO B KOH4!Hrypa.u;HOH
HOM npOCTpaHCTBe. 

IIJIOCKaJI BOJIHa, nOCTpOeHHaJI C noMOI.u;LIO TaKOH "ne
peMeHHOH", JIBJIJieTCJI TO'IHblM peweHHeM ypaBHeHHJI lllpe
.nuurepa ,nJIJI onpe,neneHHhiX 3Ha'leuaii: KBa3HHMnynLca I .neil
CTBHTeJILHblX B npOCTpaHCTBe EBKJIH,na/. 

B npocTpaHCTBe MHHKOBCKoro Haii:,neHHoe peweHae HMe
eT HyJieBOe C06CTBeHHOe 3Ha'leHHe 3HeprHH H OnHCLIBaeT 
",nBH)I(eHHe no,n 6apLepoM" C MHHMbiM KBa3HHMnyJILCOM. 

PeweHHJI TaKoro Tana He o.roaHa'leHw B KoH«llarypa.u;aoH
HOM npOCTpaHCTBe, H, no- BH,nHMOMY, JIBJIJIIOTCJI He$H3H'IeC
KHMH. <I»H3H'IecKae peweHHJI ypasHeHHJI lllpe,naHrepa 3ana
cwsaJOTCJI C nOMOI.u;LIO $yHK.UHOHaJia .liJIOXa. 

ABTOpbl 6naro,napJIT ,lJ;.H . .IiJIOXHHUeBa 3a BHHMaHHe K pa-
6oTe, a TaK)I(e r .B.E$HMOBa, A.<I».EcllpeMOBa, B.H.Oraese.u;
KOro a H.B.IIony6apaHoBa 3a o6cy)l(,neHHJI. 
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