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1. BBEJ(EHHE 

1. ~aBHO H3BeCTHO RBDeHHe MrHOBeHHOrO pacnn~BaHHR penR
THBHCTCKOrO BODHOBOro naxeTa. 0HO 03Ha'laeT, 'ITO ecnH 'laCTHIJ;a 

BHa'lane 6~na noxanH30BaHa B KOHe'IHOM o6'beMe V, To qyn, D03)Ke 

OHa MO)KeT 6~Th HaB,D;eHa B 06'beMe W, paCDODO)KeHHOM CKODh 
I 1' yro,D;HO ,D;anexo OT V. Xerep4Jenh,D;T noxa Jan ', 'ITo 3TO RBDeHHe 

HMeeT MeCTO npH ,IJ;OBODhHO 06UUIX npe,D;DODO)KeHHRX 0 DOHRTHH 

noxanH3aiJ;HH 'laCTHn;~. OH npe,D;DO)KHD npeo,D;oneTh 3TY Tpy,D;HOCTh 

CDe,D;yiOIQHM 06pa30M: C'IHTaTh HeB03M0)KHOB CTporyiO DOKaDH3aiJ;HIO 

'laCTHIJ;~ BHyTpH V /TaKyiO, 'ITO BepORTHOCTh HaRTH ee BHe 

V CTporo paBHReTcR HYDIO/. O,D;Haxo 3To npe,D;no)KeHHe HapywaeT 

DpHHIJ;HD cynepn03HIJ;HH; MO)KHO B3RTh ,IJ;Ba B03MO)KH~X /cornaCHO 

3TOMy npe,D;DO)KeHHIO/ HeDOKaDH30BaHH~X COCTORHHR, TaKHX, 'ITO 

HX cynepn03HIJ;HR 6y,D;eT y)Ke CTporo DOI<aDH30BaHH~M COCTORHHeM 

/xoTopoe Xerept)enJ.,D;T npe,D;naraeT C'IHTaTh HeB03MO)KH~M/. K TOMy 

)Ke B /1! He DOI<a3aHO, 'ITO 3TO npe,D;DO)KeHHe MO)KeT pa3peWHTh 

Tpy,D;HOCTh. ~eBCTBHTeDhHO, eCDH 'laCTHIJ;y HeDh3R CTpOrO DOI<aDH-

30Ba Th BHYTPH V, TO YCDOBHe DpH'IHHHOCTH ,IJ;OD)KHO t)opMynHpOBa Th-

( .. ) i11B -
CR HHa'le, 'leM 11 B • 3TOM CDy'lae BepO.IITHOCTh HaRTH 'laCTHIJ;y 

B MOMeHT t B 06'beMe W KOHe'IHO, He MO)KeT paBH.IIThCJI HYDIO, 

eCDH paCCTOJIHHe r Me)K,D;y V H W 60DhWe ct: OHa He paBHa HYDIO 

y)Ke DpH t =0. 0,D;Hai<o npH'IHHHOCTh DO,IJ;CI<a3~BaeT HaM, 'ITO 3Ta 

BepO.IITHOCTh He MO)KeT 6~Th CDHWKOM 60DhWOB: B 06'beMe W 

B MOMeHT t He MO)KeT 6~Th 60DhWe 'laCTHIJ;, 'leM HX 6~n0 B 

o6'beMe W + ~ W c pa3MepoM, 6onJ.WHM pa3Mepa W Ha 2 ct *. 

* 3TOT KpHTepHH npH'IHHHOCTH 6bln n?e,D;DO)KeH B pa6oTe aBTO

pa 12~CXO,IJ;H~H KpHTepHH CM. B/3 •41• B 12 6~no DOKa3aHo, 'ITO OH 

HapywaeTC.II B cnyqae ,D;HpaKOBCI<Oro 3DeKTPOHa, BODHOBYJO tiJYHKIJ;HIO 

KOTOporo HeDb3JI DOKaDH30BaTh B KOHe'IHOM 06'beMe. 

3 



ll03TOMY Mbl. cquTaeM, qTo pa6oTa' 1; yKa3LIBaeT llHWb Ha TO, 

qTo B pen.IITHBHCTCKOB Teopuu cy~ecToyeT TPY~HOCTb c npuquH

HOCTbiO. KpoMe/l- 4 / K 3TOB npo6neMe HMeiOT TaK:lKe OTHOWeHHC 

pa60Tbl, .D;HTHpOBaHH~e B/1/ /CCLillKH 2, 3/, a TaK:lKC / 5
1. 

2. B pa6oTe HauTa
161 

6Lino noi<a3aHo, qTo B pemiTHBHCTCKOB 

llOKanbHOB TCOpHH non.ll cy~eCTBYIOT llOKanH30BaHHbiC COCTO.IIHH.II, 

KOTOpble pacnpoCTpaH.IIIOTC.II CTporo npHqHHHLIM o6pa30M B CMbiCllC 

npe~no:lKeHHoro HM KpuTepua npuquHHOCTH /eM. ~anee /1/ I. 
PaccMoTpHM oceB03MO:lKHLie wpe~HHrepoocKue onepaTopLI Ow(¢), 

3aouca~ue oT noneoLix onepaTopoo ¢ (x. 0) • Cit¢ (x. 0). HyMepy

IO~uxca ToqKaMH x, npuHa~ne:lKai.D;HMH HeKoTopoMy KoHeqHoMy o6be

MY W . llpHMepaMH MOryT Clly:lKHTb CaMH on epa TOpLI 0 (X , 0) , 

x;:; W, HMnynhc nona B o6beMe W- Jw d 3x7T(x) v ¢(x), 3Heprua 

J wd3x H (x ) u T .n. CocTO.IIHHe 'P v Ha3oBeM noKanH3oBaHHbiM 

B o6beMe V, ecnu ~na n106wx W, He nepeceKaiO~HXC.II c V, cpe~

HHe ( IJI vI Q w i'P v) oT onepaTopoo Q w He 3aoucu oT 'l'v . KoH

KpeTHO HaBT Tpe6yeT, qTo6w ace 3TH cpe~HHe paBH.IInHCb oaKyyM

HOMY cpe.n;HeMy < 0 I Q wl 0 >, HO MO:lKHO noTpe6ooaTb, qTo6hl OHH 

paBH.IIllHCb H .n;pyroMy "3TanOHHOMy" 3HaqeHHIO. 

CocTO.IIHHe IJIV ecTeCTBeHHO cquTaTb :JBoniO.o;HoHHPYIO~HM cTpo

ro npuquHHbiM o6pa3oM, ecnu cpe.n;HHe ( IJI V:t)i Q w i IJiv(t)) B coc-

TO.IIHHH 'P v(t) = exp( -ii:It ) 'P V He 3aBHC.IIT OT 'P V npH ycnOBHH, 

qTo paCCTO.IIHHe r (V, W) Me:lK~Y V H W 6onbWe ct . BBH~Y 

( 'l' v(t) I Qw(¢) I '!'v (t)) = ( IJiv I e iHt Q w<:? )e -iHt IIJI v) = 

= (\{IV I Q w ( ¢ t ) I 'l' v ) 

3TOT I<pHTepHB MO:lKHO nepenHCaTb B TepMHHaX cpe~HHX OT reu-

3eH6eprOBCKHX onepaTopoo 0 (¢ ) = exp (iHt) Q (-1-)e.xp ( -iHt). w t w 'I' 

llpuMeM OnpeneneHue: cocTO.IIHHe 'Pv Ha3woaeTCll CTporo noKa

nB3ooaHHbiM B o6'beMe V, ecnu .n;n.11 n106oro o6beMa W H ni06biX 

onepaTopoo Qw cpe~Hee ('Pv I Ow (¢1 )I '~~v) He 3aoucuT oT IJI v 

npu r (V, W) > ct. 

KpuTepuu cTporou noKanu3yeMOCTH HauTa o Hawux o6o3Haqe

HHJIX HMCCT BH~ 

< IJI v I g w < ¢ t l IIJI v l = < o I g w< ¢ t l I o > /1/ 
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npu r (V, W) > ct ~n.11 ocex Q w(¢ t ), npuHa~ne:lKai.D;Hx an-
re6pe onepaTopoB, reHepupoBaHHbiX c/1 ex. t) c ; E w. 

YKa3aHHble B Ai/ CTporo llOKallli30BaHHble COCTO.IIHH.II HMeiOT 

BH~ IJI v= exp (iRv )IO >, r~e 3PMHTOBCKHB onepaTop Rv. 3aBHCHT 

TOllbKO OT onepaTopoB non.ll ¢ ci.o), at¢ cX.o), X E v . )l;ng HHX 
/1/ BblnOllH.IIeTC.II, nOTOMy qTO HMeeM 

exp (- iRV )Q w (¢ t )exp iR v = '\v (¢ 
1 

) exp(-iRv) exp(iR vl=OJ¢ t) 

/2/ 
BCne~CTBHe Toro, qTo Bee noneBLie onepaTOpbl B Rv KOMMYTHPYIOT 

c noneBLIMH onepaTopa:Mu o Qw(¢ 1 ), ecnu r(V,W)>ct oou.n;y 
llOKanbHOCTH nepecTaHOBOqHbiX COOTHOWCHHB 

[¢Cxv,Ol. ¢ (xw ,t)J= o npu (X'v ,0)-cXw . t). 

3. O.n;HaKo xopowee npuqHHHoe nooe~eHue cocTO.IIHHB HauTa 

HMeno 6LI OTHOWeHBe K Tpy~HOCTH MrHOBCHHOro pacnnwoaHH.II 

naKeTa qacTH.D;bl, TOllbKO ecnu HX MO:lKHO 6Lino 6bl cquTaTb 

OnHCbiBaiO~HMH COCTO.IIHH.II qaCTH.D;. B pa6oTaX !7-9/ 6LinO c.n;enaHo 

npe.n;no:lKeHBC TaKoro po.n;a: KBaHTOBOe "O~HOCOllBTOHHOe COCTO.IIHHe" 

TaM OnHCLIBaeTC.II KorepeHTHbiM COCTO.IIHHeM, .I!Bll.IIIOI.D;HMC.II qaCTHbiM 

cnyqaeM cocTO.IIHHB exp ( iR) 1 0 > , xor.n;a R nBHeBHo 3aBHCHT 

oT noneoblx onepaTopoo. O~HaKo MO:lKHo noi<a3aTb, qTo KorepeHT

HLie COCTO.IIHH.II He y~OBlleTBOp.IIIOT Hei<OTOpLIM eCTeCTBeHHbiM Tpe-

6oBaHH.IIM I< COCTO.IIHH.IIM, OnHCLIBaiO~HM O.D;Hy qaCTH.D;y, 8 qaCTHOCTH, 

cne.n;yiOI.D;HM: 1/ O.D;HoqacTHqHoe COCTO.IIHHe .D;On:lKHO o6na.n;aTb onpe

~eneHHLIM 3apa~oM /o cnyqae Teopuu 3apa:lKeHHoro non.11/; 2/ o.n;Ho

qaCTHqHoe COCTO.IIHHC .D;On:lKHO 6LITb OpTOrOHallbHO Bai<YYMHOMy 

/.D;On:lKHa 6LITb paoHa HyniO BepO.IITHOCTb HaUTH qaCTH.D;y B 6ecqaCTHq• 

HOM COCTO.IIHHH/; 3/ cynepn03HII;H.II ~BYX O.D;HOqacTHqHLIX COCTO.IIHHB 

TO:lKe ~On:lKHa 6LITb B03MO:lKHLIM O.D;HoqacTHqHLIM COCTO.IIHHeM /npHH

.u;un cynepno3u.u;uu/; 4/ .n;on:lKHLI cy~~~;ecToooaTb o.n;HoqacTHqJJ:Lie coc
TO.IIHH.II C ~OCTaToqHo onpe.n;eneHHLIM HMnynbCOM. 

HeownonHeHue 1/ u 2/ cne.n;yeT H3 Toro, qTo cocTO.IIHH.II HauTa 

pacKna~LIBaiOTC.II no oaxyyMHOMy u o6LiqHLIM o.n;Ho- u MHoroqacTuq

HLIM COCTO.RHB.IIMAl/. 0THOCHTenbHO HeBLinOnHeHH.II 3/ /CM., 

Hanp., /lO/. Hai<OHe.o;, ~ng I<OrepeHTHLIX COCTO.IIHHB MO:lKHO noKa3aTb, 
qTo pa36poc IIO HMIIYllbCaM MO:lKeT HMeTb IIOpJI.IJ;OI< 

HMITYIIbCa. 
cp~.n; Hero 
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4. B :noii: pa6oTe Mbl npe~naraeM eme o~HH xnaee eTporo 

JIOKaJIH30BaHHbiX eoeTOJIHHH peJIJITHBHeTeKOH JIOKaJibHOH TeOpHH 

nOJIJI. Cpe~H HHX eeTb eoeTOJIHHJI, Y~OBJieTBOp.IIIOillHe Tpe6oBaHHJIM 

1/-4/, H B 3TOM eMbleJie nOXO)I(He Ha O~HO'IaeTH'IHble /XOTJI 

H HeJib3JI e'IHTaTb, 'ITO OHH MOryT OnHebiBaTb Ha6JIIO~aeMble qaeTH

ll,bl, eM. ~aJiee/ . .li~eJI pa60Tbl eoeTOHT B ene~YIOilleM. 

BhlnOJIHeHHe /1/ ~JIJI eoeTOJIHHH exp ( iR v )! 0 > ene~yeT H3 

a/ JIOKaJibHOH KOMMyTaTHBHOeTH, 6/ YHHTapHOeTH onepaTopa 

exp (iR V ), eM. /2/. YHHTapHOeTb, O~HaKO, BOBee He JIBJIJieTeJI 

Heo6xo~HMoii:. BMeeTo exp i Rv MO)I(HO B3.11Th onepaTop T 

HeyHHTapHbiH, HO Taxoii:, 'ITO T+T 1 0> = 10 >. Tor~a /1/ 6y~eT 
BblnOJIHJITbeJI ~JIJI eoeTOJIHHii: 'l'v = T I 0 >, eeJIH T 3aBHeHT TOJihKO 

oT nonesblx onepaTopos o6'beMa V . 

llpHMepoM HeyHHTapHbiX onepaTopos T, y~osneTBOp.IIIOillHX 

yenoBHIO T+T jO >, MoryT eJiy)I(HTb o6bi'IHble onepaTopbl po)l(~eHHJI 
eKaJIJipHbiX qaeTHII, 

a~ =Jd 3kf(k)<- J d3
x f(i)q,<+tx). 

11 r II= 1 . ar a; I 0> = 1 0> . 
/3/ 

O~Haxo sene~eTBHe H3BeeTHoii: HeJioKaJibHOeTH onepaTopa q,<~~x) 
onepaTop at Bblpa)l(aeTeJI qepe3 onepaTopbl non.11 seex TO'IeK 

npoeTpaHeTsa, ~a)l(e eenH f (x) -~ 0 sHe xoHe'IHoro o6'beMa. 

BMeeTo q,<+~x) Mbl yKa)l(eM npoeTble noxaJibHble onepaTopbl 

A+ (x) TaKHe, 'ITO noeTpoeHHble e HX noMOillhiO /no o6pa3uy/3/ I 
+ 

eoeTOJIHHJI A f I 0 ) oKa3biBaiOTeJI noxo)I(HMH Ha o~Ho'laeTH'IHble. 

Tio~qepKHeM, 'ITO I 0) He eosna~aeT e o6bi'IHbiM saxyyMOM ! 0 :· 

/eM. ~anee/. llo npH'IHHe Ar AT I 0}= !0) eoeTOJIHHJI A i i 0) 

JIBJIJIIOTeJI eTporo JIOKaJIH30BaHHbiMH B eMbleJie Hawero Onpe~eJieHHJI 

/eM. nyHKT 2/. 
0~HaKO eoeTOJIHHJI A~ i 0) He MOryT OnHebiBaTb Ha6JIIO-

~aeMble qaeTHII,bl XOTJI 6bl no Toil npH'IHHe, 'ITO 3HeprHJI 3THX 

COeTOJIHHH He MO)I(eT 6WTh eKOJlhKO-HH6y~h onpe~eJieHHOH /npH 

onpe~eJieHHOM HMnyJihee/. 3TO o6eTOJITeJibeTBO MO)I(HO paeeMaT

pHBaTh KaK nJiaTy 3a eTporo npH'IHHHOe noBe~eHHe: eornaeHO 

TeopeMe Xerep4lenh~Ta1L', naxeTbl qaeTHU e onpe~eJieHHoii: Maeeoii: 

e He06XO~HWOeTbiO ~OJDKHW paenJibiBaTbeJI WrHOBeHHO. 

B pa3~ene I I paecMaTpasaeTCJI enyqaii: cxanJipHoro non.11, 

a B pa3~eJie I I I - CDBHOpHoro. 
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llo~qepKHeM, 'ITO B 3TOH pa6oTe paeeMaTpHBaiOTeJI TOJlbKO 

eTporo JIOKaJIH30BaHHble eoeTOJIHHJI. He o6ey)l(~aiOTeJI eoeTOJIHHJI 

THna essentially localized states, paeeMaTpHsaeMble s/111. 

II. CKAJIJIPHOE llOJIE 

1. 06bi'IHbiH on epa TOp YHH'ITO)I(eHHJI qaeTHII, cp (-)(X) HeJIOKaJib-

HO Bblpa)l(aeTeJI qepe 3 cp (X). li3 pa3JIO)I(eHHH 

¢ = ¢ (-) + ¢ (+)= ¢ (-)+ [¢ (-) ] + ' 17=- ic:; [¢ (-) -¢ (+) ] /4/ 

BbiTeKaeT 

q,<-Jcx)= ~ [¢ (x) + i~ -l17(X)]= ~ [ 1 + i~ -l at ]¢(x). /5/ 

2112 
3~eeb cu o6o3HaqaeT HenoxaJibHblii: onepaTop (-1\,. + m ), HMeiO-

IllHH BH~ (k 2 + m2) 1/2 B HMnyJiheHOM npoeTpaHeTBe. 

,l].JIJI epaBHeHHJI e noeJie~YIOillHM npHBe~eM MeHee H3BeeTHOe 

BH~OH3MeHeHHe I 4/, /5/: 

-112 
¢=(2~) [(f+(f+) <1 = [ ~ 112 ¢ + i ~-11217 J I v 2 /6/ 

,. ... -312 3 ... ... + (3) ... .... 
u(x)=(217) Jdkexp(ikx)ak, lak,ak,J=o (k-k'). /7/ 

KoMMyTaTop { d cX:xo)· ('t (Y .... Yo)l nponopli,HOHaJieH at!\(+~ H, BOT

JIH'IHe OT ( cp (-;(!,X 0),cp (+) (y",y O )), npH X
0
=y O OKa3biBaeTeJI JIOKaJihHbiM, 

paBHbiM o< 3l (x-y), Pa3JIO)I(eHHe /6/ eBJI3aHo e ynoTpe6neHHeM 

KOOp~HHaTbl HhiOTOHa-BHrHepa B KaqeeTBe onepaTopa noJIO)I(eHHJI 

exaJIJipHoii: qaeTHII,bl /eM/121 noene WOPMYJibl /54//. 
2. llpoeTeHWHH JIOKaJibHbiH aHaJior pa3JIO)I(eHHJI /6/ HMeeT B~ 

-112 + 112 + 
¢(x)=(2/1) lA(x)+A (x)]. 17(X)=-i(!1/2) [A(x)-A (x)] 

/8/ 

A =L/1
112

¢+ i11-
112

17 llv2. /9/ 
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r.ne 11 ecTb npoBJBOnhHhlii napaMeTp pa3MepHOCTH Macchi. Bee 

KOMMyTa~BH A(x) C cp(X) B 17(X), a TaK:>Ke KOMMyTa~HJI [ A(x), A+ (Y)J 

oxaJbiBaiOTCJI noxanbHbiMB. B 'iaCTHOCTB, 

[ACx.t). A+ <i.t)1=8<
3>cx-y). 1101 

BMeCTO 191 MO:>KHO 6blnO 6bl HallHCaTb HeCKOnbKO 6onee o6wee 

nBHeiiHoe B noxaJibHoe Bblpa:>KeHHe A 'iepeJ cp H "_ Ho ecnH noTpe-

6osaTb, "'T06bl KOMMyTa~BJI [ A(x,t), A+ (y',t) ] TO"'HO paBHJinacb 

8 (X- Y ), TO npB,neM K BH,ny 191. 
KoHe'iHO, A (x), B oTnH'iHe oT cp(-! He JIBJIJieTcJI nopeH~eBCKHM 

CKaJIJipHbiM llOJieM, HO H Cf(x) HJ 161 TO:>Ke He JIBnJieTCJI TaKOBbiM. 

IIpHHJIB paJJio:>KeHHe 181, .nanee .neB:cTsyeM B nonHoB: aHanorHH 

c o6bl'iHOii npo~e,nypoB: xopnycxynJipHoB: HHTepnpeTa~HH. ~nJI wpe-

.nBHreposcxoro onepaTopa A(x,O) sso,nBM paJJio:>KeHHe 

_, -3/2 3 _, _, (3) ,-> 

A(x,0)=(277) fd kexp(ikx)ak, [ak,at' 1=8 (k-k').l111 

' + OnepaTopbl a k' a k Bblpa:>KaiOTCJI 'iepe3 a k. a k HJ 17 I npeo6pa-

30BaHHeM Eoron106osa. 

Onpe,nenJieM ypaBHeHHJIMH 

A e-x) 1 o) = o v -x HnH a k I 0) =0 Vk 1121 

"6ec'iaCTB'iHbiH" sexTop I 0). C ero noMOII.IbiO onpe,nenJieM cocToJI

HHe, aHaJIOrH'iHOe O,nHO'iaCTB'iHOMY 

3 ->+-> 3 -_,+ + vf =f d xf(x)A (x)IO)=f d kf(k)aki0)=Ar10). 1131 

3. B cny'iae 3apJI:>KeHHoro cxaJIJipHoro noJIJI aHanorB'iHO nHweM 

cp ( x) = [A ( x) + B + (x) 1 I y "2"; 

11?- . -112 -"' A=(11 rp+lp. "+)/y2, B + = (p. 112¢ - i11-l/
2 

"+)/ /2 
1141 

H <iJopMynhl, no.no6Hble I 111. ~JIJI onepaTopa nonHoro Japg,na 

nony'iaeM npu n106oM 11 Bblpa:>KeHHe 

. 3 ++ 3 + + 
Q=lefd x(¢ 1T -cp1T)=efdk(akak-f3kf\). 1151 
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' 

4.EcnH <iJyHK~HJif B 1131 HOpMHpOBaHa (d 3xlf(x)! 2 ~1 
H HC'ie JaeT BHe o6beMa V, TO Mbl nony'iaeM 

c v r I Q w c ¢ t ) I v r ) =co I Qw c ¢ t ) I O) • r(V,W)>ct, 1161 

noTOMY, 'iTO Ar Bblpa:>KaeTCJI 'iepe3 noneshle onepaTopbi cp(Xj,1T(lt) , 

x c::- v H A r A; 1 O) ~ 10) • IIonoMy cocTOJIHHJI I 131 JIBJIJIIOTCJI cTpo

ro noKanHJOBaHHbiMH. B Ka'ieCTBe QW B 1161 MO:>KHO Tenepb 

BJJITb H onepaTop f w d3 x A
1
- (i)A( x). aHanorH'iHbiH onepaTopy "'Rena 

"'aCTH~ B o6beMe W, cp/12/ 

CTporo noxaJIHJOBaHHbiMH oxa3b1BaiOTCJI H ",nsyx'iaCTB'iHble" 

COCTOJIHHJI BH,na 

3 3 _, _, + _, +-> v2 =ffd xd y f(x,y)A (x)A (y)IO), 1171 

lr,ne f (X,YJ- 0, ecnH X,y ~ V I, a TaK:>Ke aHanorH'iHble 

"MHOrO'iaCTH'iHble". 

~eHCTBHTenbHO, HeTpy,nHO nposepHTb, 'iTO 

(V21Qw(<f>t)IV2)/(cp2 \V2)=(0\Qw(¢t )\0), r(V,W)>ct. 1181 

BMecTo Toro, "'T06bi npe.nnonaraTh, 'iTO HopMa v 2 pasHa 1, Mbi 

no.nenHnH B 1181 cpe,nHee oT QwHa (cll 2 i V 2). 

nerKO TaK:>Ke nposepHTh, 'iTO COCTOJIHHJI BH,na exp ( iR V) A~~ 0), 

lr.ne exp (iR v> - yHHTapHble onepaTopbl HaB:Ta, eM. n. 2 Bse,neHBJII 

TO:>Ke JIBJIJIIOTCJI CTporo noKanBJOBaHHbiMB COCTOJIHHJIMH. 

Mo:>KHO noxaJaTh, 'iTO cocTOJIHHJI I 131, paccMaTpHsaeMble 

KaK o,nHO'iaCTH'iHble, pacnpOCTpaHJIIOTCJI npB'iBHHO H B CMbiCJie 

OTCyTCTBHJI MrHOBeHHOrO paCllJibiBaHHJI naKeTa 1131, CM. n. 1 

Bse,neHHJI. 3TOT KpHTepHH npH'iBHHOCTH B cny'iae COCTOJIHHJI 1131 

OKaJbiBaeTCJI 'iaCTHbiM BH,nOM KpHTepHJI 1161. 

5. Mo:>KeT JIB "o,nHO'iaCTH'iHOe" COCTOJIHHe BH,na 1131 ,neHCTBH

TenbHO onHCbiBaTh Ha6JIIO,naeMyiO 'iaCTH~Y I " -MeJoHI? 

0Ho y,nosneTsopReT Tpe6osaHHJIM 11-41 HJ nyHKTa 3 Bse,neHBJI 

llO TeM :>Ke npB'iHHaM, no KaKHM BM y,nOBJieTBOpJieT O,nHO'iaCTH'iHOe 

COCTOJIHHe npH 06bi"'HOH KopnycKynJipHOH HHTepnpeTa~HH. B 'iaCT

HOCTH, onepaTop 3apg,na 1151 Bblpa:>KaeTCJI "'epe3 onepaTopbl 
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a k • a t• f3k • f3+k Tax lKe, xax B qepe3 o6blqHble onepaTopbl 

pmK~eHBJI-yHBqTOlKeHBJI. To lKe OTHOCBTCJI B K onepaTopy BMnyJibCa 

P=- ~ Jd
3
x(v¢rr+"V ¢)=fd 3 kka~ak. /19/ 

Ilo3TOMY cocTOJIHBe a~ I 0) o6na~aeT onpe~eneHHbiM JapJI~OM B 

BMnyJibCOM. 

BblnonuJieTCJI B Taxoe ecTeCTBeHHoe Tpe6oaaHue: 5/ ecnu 

"qaCTBUa" JIOKaJIH30BaHa B V, TO ee HeJib3JI HaHTB B TOT lKe 

MoMeHT apeMeHB a HenepecexaiOIUeMCJI c V o6'beMe W: (<llr l<llg) = 0, 

ecJIB tPYHKUBJI f JIOKaJIB30BaHa B V, a g - B W. lionee Toro, 

BblnOJIHJieTCJI B peJIJITBBHCTCKOe o6o6IUeHHe 3TOrO Tpe6oaaHBJI, 

3KBBBaJieHTHOe OTCYTCTBBIO MrHOBeHHOrO pacnJibiBaHBJI. 

O~Haxo cao6o~Hblii raMBJibTOHBaH 

H o = i f d 3x [ rr 2 (x )+ ( V ¢ (x) ) 
2 

+ m
2 ¢ 2 (x) 1 

2 
/20/ 

npu no~cTaHoaxe /8/ u /11/ ylKe He npuo6peTeT npocToro "~uaro

uanbHoro" BB~a { d 3k 6l(k) a~ a k , KOTOpbiB OH BMeeT B Tep

MBHaX on epa Topoa a k , at BJ /7 I. OH co~eplKBT qneHbl aka -k 

B a~ a ~k. Bau~y 3TOro COCTOJIHBJI )0) B a~ jO) He JIBJIJI

IOTCJI C06CTBeHHbiMH BeKTOpaMB 1{
0 

B He 06Jia~aiOT onpe~eJieHHbiMB 

3HeprBJIMB. CocToJIHBe iO) c TeqeHHeM apeMeHB MOlKeT nepexo-

~HTb a ~ayxqacTBqHoe, a a~ IO) - a TpexqacTBqHoe. O~HaKo 
npB HaJIBqBB B3aBMO~eHCTBBJI He COXpaBJieTCJI B qBCJIO 06blqHbiX, 

"rOJibiX" qaCTHU. 

PaccMoTpBM ~anee aenuqHHY 

Ecp = (kiHo\k)-(OIHo\0), 
+ 

1 k h ak 1 o). /21/ 

BMecTo ablqBTaHHJI "aaxyyMHoro" cpe~Hero Ho MOlKHo 6paTb I-10 
B HOpMaJibHOH tPOpMe no OTHOWeHBIO K onepaTopaM a ~.a k • E cp 

oxaJbiBaeTCJI xoueqHbiM, B, a cnyqae 11 = m, BMeeM Eep=m+ k 2 ;2m, 

T. e. HepeJIJITHBBCTCKOe 3HaqeHBe! 

0Ka3biBaeTCJI, qTO 6 .!II060M COC.OJIHUU 6UOa /13 ( C HeTOqHbiM 

HMnyJibCOM ) COO.HOIIIeHue MeJtCOy cpeOHeii 3Hepzueii U cpeOHUM 

UMnyAf>COM He MOJICe• UMe•~> peAJI.U6UC.CKOZO 6UOa Ecp=[k ~p +inv]112. 
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1 

,[(JI.II ~OKa3aTeJibCTBa 3TOrO yTBeplK~eHBJI ~OCTaToqHO noKa3aTb, 

qTo npH kcp • oo cpe~HJIJI 3HeprHJI pacTeT 6blcTpee cpe~Hero HM

nynbca /npH nro6blx JHaqeHHJIX napaMeTpa 11 a /8/, /9/ I. 3To 

BbiTeKaeT H3 HepaaeHCTBa BH~a 

J d
2
kjf(k)l

2 
k

2
x> (Jd

3
klf(k)l

2 
kx)

2
, Jd

3
klf(k)j

2 
=1, 

JIBnJIIOIUerocJI qacTHqHbiM cnyqaeM HepaaeucTaa Ulaapua-liyuJixoa
/13 I 

cxoro, eM. TaKlKe TeopeMy 192 a ·. 

,UucnepcHJI (k i (H 0- Ecp) 
2

2) k ) oxaJbiBaeTcJI 6ecxoHeqHoii, HO 

TOJibKO nOTOMY, qTo H (0 I I-1 O i 0) 6eCKOHeqHo. PaJHOCTb 

( k I ( H0 - Ecp )
2
1 k) I ( k I k)- (0 I L H o- (0 I H 0 I 0) 1

2
1 0) /22/ 

nonyqaeTcJI paauoii (k 2 /2m)2 , T.e. xaa~paTy "KHHeTuqecxoii" qac

TH nonuoii cpe~Heii 3HeprHH m ' k2 I 2m /a /22/ raMHJibTOHHaH 

cquTaeTCJI B3JITbiM a "HopMaJibHoii" .PopMe/. MolKHO noxaJaTb, 

qTO H 6 AI060M COCIIIOJIHUU 6UOa /13/ pa36poc no 3HepZU.JIM /Bbi

qucnJieMbiH no .PopMyne /22/ I He Moxem 6!>11111> MeH~>IIIe cpeoHeii 

"KUHeiiiU'IeCKOU" 3Hepzuu" { d3 k k 2
! [ ( k)i 

2
/ 2m. 

Ill. CIIHHOPHOE IIOJIE 

B o6blqHoM pa3JIOlKeHHH tjJ = tjJ <-! + t/J(+) YHBqTolKaromuii 

:JnexTpOHbl onepaTop t/J(-) cne~YIOIUHM o6pa30M BblpalKaeTCJI qepe3 
0: 

t/J<->ci)= f ct 3x • n<-\x x ·) 1/1 Ci') 
11 11v • v 

<-> _, _, 1 _, _, fii<"i-x' > 
ll I1V (X, X' ) = f d 3p 2 ( 1+( a p +f3 m )IE p j I1V e 

(-) -> 0 ->, 0) -iS (x, ;x, Yo 

IJpoeKTOp ll(-) COOTBeTCTByeT npoeKTOPY J ... ( 1+ J t /c:; ) 
2 

H TOlKe JIBJIJieTC.II HenoKaJibHbiM. 06cy~BM pa3JIOlKeHHJI BQa 

t/J 
11 

cx)=Ap.<"x) +a 11 cih 

/23/ 

/24/ 

B /5/ 

/25/ 
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-3/2 ... fpt 
A 

11 
(x) = (2 rr) J d)> ~ a ( p , r) e a ... 

r=1,2 11 pr 

... -312 3 -ilii + 
B 

11
(x) = (2rr) Jd p ~ b (p, r)e f3 

r r=1,2 11 pr /26/ 

r.n;e A H B noxaJihHO Bhlpa)KaiOTC.II 'lepe3 ljJ • lloTpe6yeM, 'IT06hl 

.IIJI.II HOBhiX "O.D;HO'IaCTH'IHhiX" COCTO.IIHHH BhlllOJIHJIJIHCh Tpe6oBaHHJI 

1/-4/ H3 nyHKTa 3 Bae.n;eHH.II. ,ll,n.11 :noro npe)K,n;e acero Ha.n;o, 

'IT06hl onepaTop 3ap.11.n;a 

Q - I d \ !/J + (x) ljJ (x) = 

3 + -+ (-+ ) + = J d p ~ l a ( p , r 1 ) a p , r 2 a pr a pr 
2 

+ 
r 1,r 2 1 

+-> -+ + + +(~ )(-+ ){1 
+a (p,rl)b(-p,r2)apr fi-pr+b -p,r1 ap,r2 ~'-'-prapr 

1 ' 2 1 2 

+ ... ... ) f./+ ! 
+ b (p ,r 1 )b (p,r 2 {3pr1 ~'-'pr2 /27/ 

He co.n;ep)KaJI 'IJieHOB a +13 + H f3a, .D;JI.II qero Heo6xo.n;HMO, 'IT06hi 

a+(l),r 1 )b(-p,r2 )=~ 11 a~(p,r 1 )b
11

(-p,r 2 ) =0 V p,r 1 .r 2. 

+ ... 
,ll,anee, 'IT06hl Q apr IO),... a pr I 0), Ha,IJ;O HMeTh 

+ -+ ... ( ... ) 
a ( p, r 1 ) a ( p 'r 2 ) = or 1·r 2 r r 1 p 

B, aHaJIOrB'IHO, .D;JIJI b +b. Mhl BB,I:IHM, 'ITO CllBHOphl a B b ,I:IOJI)KHhJ 

6h1Th OpTOrOHaJihHhiMB B BX MO)KHO HOpMBpOBaTh. llOJih3Y.II.Ch 

OpTOHOpMBpOBaHHOCThiO a B b, MO)KHO Bhlpa3BTh qepe3 !/J onepa

TOphl apr B 3aTeM A
11

(x), BCXO.D;.II B3 /25/,/26/. 

3 + --+ -+~ -+ 
apr= f d x' l v a v ( p , r) exp (- ip x' ) tfrv (x ') /28/ 

A II (x) = J d 3 p l J d 3x' ~ a (p' r) a+ ( p' r) exp ( ip (X -x')) t/1. (x')= 
r r v 11 v V 

=Id3x'~ nACi.x')!/J (x'), 
V !1-V V 

/29/ 

12 

I 

B /29/ nA oxaJhlaaeTc.ll npoexuuoHHhiM onepaTopoM, ecnu a u b 
OpTOHOPMHpoBaHhl: 

A 2_ 3 " A -> -> A -+ -+, _ A -+ -+, _ A 
(TJ ) = f d y - v TI!lv (X ,y) TivA (y ,X ) - TI

11
A (X ,X ) = ll . /30/ 

l\ 6y.n;eT JIOKaJihHO Bhlpa)KaThCJI qepe3 !/J, eCJIB fiA (X,x' ) Bhlpa)KaeT

CJI qepe3 o (x- ~' ) B ee npoBJBO.D;Hhle. ,li,JI.II :noro Bhlpa)KeHue 

p Ap.r.·~ 2 r all (p',r) a: (p, 1' ), tjlurypupyiOillee B TIA, CM. /29/ /B 

JIBJI.IIIOilleec.ll TO)Ke npoeKTOpOM/, ,II;OJI)KHO 6h1Th llOJIBHOMBaJihHOH 

tjlyHKUHeii HMllYJihCa P /TaKOH npoeKTOp P A Mhl Ha30BeM JIOKaJihHhiM/. 

B 'laCTHOCTH, OHO He .D;OJI)KHO co.n;ep)KaTh Bhlpa)KeHBJI Ep~ (p 2 c·m 2 / 1~ 
KOTOpOe eCTh B npoeKTOpe p_ ~ [ 1 ~ (7Lp' r {3m)/E ]/ 2, CM. /24/. 

p 
Ecnu npocTo 3aMeHBTh EP Ha 11 a P_ , TO nonyqeHHoe Bhlpa)KeHue 

[ 1 + ( ;; P + {3m): 11J / 2 He 6y.n;eT npoeKTopoM. Bhlpa)KeHue (1+{3)/ 2, 

nonyqaJOilleec.R B3 P _ npu p' = 0, oxaJhiBaeTC.II npoeKTopoM. 

llO.D;CTaBJI.IIJI B /29/ p A c ( 11 {i) .' 2 BMeCTO ~ 
1
. a (p',r) a' (p',f), llOJiy

qaeM 

A=LCl+fi)!/J; 
2 B=-}(1-{3)!/J:=PB!/J. /31/ 

llpHMepOM JIOKaJihHOrO Bpallla TeJihHO- BHBapBaHTHOro npoeKTOpa P A, 

3aBBC.IIIllero OT BMllYJihCa, MO)KeT CJIY)KHTh [(1+{3), (1<{3)(d I}) /2 11J.' 2. 
CyllleCTBYIOT B noxaJihHhle nopeHu- HHBapHaHTHhle npoexTophl 
(1±y5)/2. 

HMe.ll JIOKaJihHhiH onepaTop A fiA !/J, Mhl MO)KeM BhlllBCaTh 

061llHH BH.D; COCTO.IIHH.II, llOXO)Kero Ha 06hi'IHOe O.D;H03JieKTpOHHOe 

3 + ... ('" + "' ... 
<I> r = I d x ~ A11 (x) r 11 x) I 0) = A r I 0), A 

11 
(x) 1 0) = o V x, 11 • /32/ 

KpuTepuB: npB'IBHHOCTB I 16/ BhlnOJIH.IIeTc.ll .D;JI.II cocTO.IIHHii /32/, 
eCJIH tPYHKUHB 1'11 (X), , fl = 1,2,3 :42' paBHhl HYJIIO BHe 06'heMa V 
H HOPMBpOBaHhl - { d 

3
x l i !' (x)l ~ 1. ,lJ,eiiCTBBTeJihHO, BCe Ha6JII0-

11 11 
.n;aeMhle Q W ,I:IOJI)KHhl 6h1Th 6HJIHHeHHhl flO CllHHOpHhiM llOJIJIM H ll03TO-

My npu r t V, W) · et HMeeM 

+ +, 
ArQw(t)Ar /0) =Qw(t)Ar ArJO)=Qw(t)/0). /33/ 

MoryT JIB COCTO.IIHBJI BB)l.a /32/ OllHChiBaTh Ha6JIIO,n;aeMhle qac

THUhl? KaK B B CKaJI.IIpHOM CJiy'lae, BhlllOJIHJIIOTCJI Tpe6oaaHHJI 

1/-4/, eM. Bae.n;eHue. 
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B qacTHOCTH, coCTOJIHHJI a +pr I 0) o6na~aiOT onpe~eneHHbiM 
HMnynbCOM. O~HaKO cpe~B /32/ BeT COCTOJIHHB C onpe~eneHHOB 

v ... 3 + ;:.. ---+~ -+ 
:mepraeH. )l;eHCTBHTen&Ho, raMBnbTOHHaH H 0~ [ d x 1/; (xJ(ap-t-~m)lj;(x) 

npB no~cTaHOBKe B Hero /25/, /26/ He 6y~eT co~ep*aTb qneHoB 

a+~+ B a~, po~aiOillHX H YHBqTO*aiOillHX napbl, TOnbKO 

ecna .... .... .... 
a+(p ,r 1 )(tip +~m )b( -p,r 

2 
)=0, 

/34/ 
b + (- p , r 

1 
) (~ p + ~ m ) a (p , r 2 ) = 0 

~JI BCeX p', r 
1 

, r 
2 

. llepBOe paBeHCTBO B /34/ 03HaqaeT, qTO 

B paJno*eHHH Bblpa*eHHJI ( liP • ~ m)b no nonHoii cacTeMe cna

HopoB a a b ecTb Ton&xo qneHbl, nponop:uaoHan&Hble b. )l;pyrHMH 

CnOBaMB,onepaTOp (~P+ ~m) He BbiBO~HT CnHHOp B3 npocTpaHCTBa 
-+ " ·~ ~ 

CnBHOpOB, HaTJIHYTbiX Ha b (p,l), b (p 2). 3TO 3HaqBT, qTo (a p +~m) 

~Oll*eH KOMMYTHpOBa Tb C npoeK:UBOHHbiM on epa TOpOM p l3 .H3 BTOpO

ro paBeHCTBa B I 34/ cne~yeT, qTo oH ~on*eH KOMMyTBpoBaTb B c 

P A" Bee ynoMHHYThle BbiWe noxanhHble npoexTopbl He KOMMYTBPYIOT 

C ;; P +{3m. 11 Boo6me MO*HO ~OKa3aTh, qTO npB m t 0 HBKaKBe 

noKanbHble npoeKTOpbl He MOryT KOMMYTBpOBaTb C a->'(t• ~ m. 3TO 

03HaqaeT, qTo paBeHCTBa /34/ He MOryT BMeTb MeCTa. COCTOJIHBJI 

/32/ noJTOMY He MoryT o6na~aT& onpe~eneHHOB JHepraeii, B qBcno 

"JneKTpOHOB" He MO*eT COXpaHJITbCJI. 

PaCCMOTpHM cpe~Hee OT H 0 B COCTOJIHHB a -tpr i 0), r~e 
r eCTb npoeK:UHJI CnHHa Ha OCb Z, TaK qTo a (p,l)~ o 1 B 

-· (.1 (.1. 
a

11
(p,2) ,~a 11 , 2 • 0Ho oxaJbiBaeTCJI paBHbiMm B cnyqae PA~(lr{3)/2, 

T.e. He 3aBBCBT OT HMnyn&ca p. Pa36poc 3HeprBB B 3TOM COCTOJIHBH, 

BblqacnJieMbiB no cllopMyne /22/, oxaJbiBaeTC.II paBHbiM !PI· B cny

qae PA = (1+ y1'>) /2 CHTya:UBJI eme Xy*e: cpe~HJIJI 3HeprHJI COCTOJI-

HB.II a+ IO) oxaJbiBaeTCJI paBHOB p ., T.e. MO*eT npHHHMaTb B pr u 

oTpanaTen&Hble JHaqeHHJI Hap.II~Y c nonO*BTen&HbiMB. 

3AKJIJOqEHHE 

llocTpoeH xnacc COCTOJIHHB penJITBBHCTCKOB noxanbHOB TeOpHH 

cxanHpHoro H cnBHOpHoro noneii, KOTOpble JIBnJIIOTCJI cTporo noxa

nB30BaHHbiMB B CMblcne onpe~eneHB.II, ~aHHoro B nyHKTe 2 BBe~e
+ 

HB.II. 0HH onHCbiBaiOTC.II c noMOillhiO onepaTopoB A(x),A (x), B Hexo-

TOpbiX OTHOWeHBJIX noXO*HX Ha onepaTOpbl cp<-(x), cp<+{x) YHHqTo-

14 

*eHBJI-pO~eHH.II qaCTB:U. Q~HaKO, B OTnBqHe OT nocne~HBX, ORB 

noxan&Ho Bblpa*aiOTCJI qepe3 noneBble onepaTopbl, CM. /9/ ~nJI 
CKanJipHoro nonJI B /32/ ~nJI CnBHOpHOro. 11MeJI A 1 (X), CTPOHM 

COCTOJIHBJI 

3 .... +-. + 
<llr = (d x f(x)A (x)IOhAriO), 

' ,. 
a TaK*e ArAr! 0) B T.n. 3~ec& BeKTop 10) onpe~eneH ypaBHe-

HHJIMH A (i) 1 O) o' o. v x. OR HeHBBapBaHTeH OTHOCHTen&Ho 

c~BBroB BO BpeMeHB H nopeH:UeBCKBX npeo6pa3oBaHBB. Ecna 

f (x) 0 BHe HeKoToporo o61.eMa V. TO nocTpoeHHble BbiWe coc-

TOJIHHJI y~OBneTBOp.IIIOT KpHTepBIO CTpOrOB noKanHJyeMOCTH B cilop

Me /16/ HnH /18/. 
CTporo noxanB30BaHHbiMB .IIBn.IIIOTCJI TaK*e COCTO.IIHHJI BB~a 

UviO), UVA;[O), 
+ + 

UvArAriO), ... 

r~e onepaTopbl U v JaBHC.IIT oT noneBbiX onepaTopoB ¢(X), x c: V 

H HMeiOT CBOHCTBO U~Uv 1. 

CocTO.IIHH.II A~i ~ He o6na~aiOT cxon&xo-Ha6y~& onpe~eneH
HOH JHepraeii. Cpe.UHHH HMnyn&c p . H cpe.UH.IIJI JHeprB.II E(.

1
J Lp ' 

3THX COCTOJIHHH He CBJI3aHbl pen.IITHBBCTCKHM COOTHOWeHHeM 

E 2 2 . . + 
cp -Pep = lll\i. ll03TOMY COCTOJIHH.II A f f 0), HeCMOTp.ll Ha BX 

"O.llHOqacTHqHbiB" BH.ll, He MOryT onHCbiBaTb Ha6niO.UaeMble qacTH

l{bl. 
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