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Beeoeuue 

B HaCTOHuteii neKUHH H3naraiOTCH rnaBHhlM o6pa30M 

pe3ynLTaTbi pafioT/1-6/. qaCTH'IHO 3TH pe3ynbTaTbl H3na· 

ranHCb . B o63ope· /7 I, a TaKiKe B /8/. B neKUHH 6y.o;yT o6· 

cyiK.D;eHLI Bonpocbi CHMMeTpHii ypaBHeHHH, a TaKiKe HHier

panoB ,IJ;BHiKeHHH B KBaHTOBOH MeXaHHKe, llOCTpoeHbl KOre

peHTHhle COCTOHHHH npOH3BOnbHbiX KBaHTOBbiX CHCTeM, o6- · 

CyiK,IJ;eHbl ,Il;HHaMH'IeCKHe CHMMeTpHH KBaHTOBbiX CHCTeM H 

anre6pa, reHepHpyroutaH cocTOHHHH TaKHX cHcTeM. rio.o;

po6Ho 6y,IJ;yT 06CyiK,IJ;eHLI Hec~aUHOHapHbie H. CTai.{HOHapHbie 

KBa,D;paTH'IHbie KBaHTOBbie CHCTeMbl·C raMHnbTOHHaHOM B BH

,IJ;e 06ut'eii: KBa.o;paTH'IHOH liJopMbl OT onepaTOpOB KOOp,IJ;HHaT H 

HMnynhCOB /BKniO'IaH nHHeHHbie 'IneHbi/. ,lJ,nH TaKHX CHCTeM 

6y.o;yT DOCTpOeHbl BCe HHTerpanbl ,Il;BHiKeHHH, HaH,IJ;~Hbl ,IJ;H

HaMH'IeCKaH CHMnneKTH'IeCKaH rpynna, IPYHKI.iHH rpH~a B 

HBHOM BH,IJ;e, KOrepeHTHbie COCTOHHHH H aMnnHTY,IJ;bl nepeXO,IJ;OB 

MeiK,IJ;Y liJoKOBCKHMH COCTOHHHHMH, llpOHCXO,Il;HIUHMH DO ,II; BnHH

HHeM napaMeTpH'IecKoro no36yiK.o;eHHH. B Ka'IeCTBe · npH-

noiKeHHH pa3BHTbiX MeTO,Il;OB 6y.o;yT paCCMOTpeHbl 3neKTpOH

HO-Kone6aTenbHble nepexo.o;LI B MHoroaTOMHLIX MoneKynax, 

a TaKiKe 3a,IJ;a'Ia 0 B3aHMO,IJ;~HCTBHH 3neKTpOMarHHTHOrO 

nonH C 3apHiKeHHOH 'IaCTHUeH. 

.. 1. CuMMempu.R ypaeueuuii 

: 06cy,IJ;HM B HaCTOHuteM pa3,IJ;ene· BOllpOC, 'ITO llOHHMaTb 

llO,IJ; CHMMeTpHeii ypaBHeHHH. 

TiyciL HMeeTcH IPYHKUHH ¢ (x
1 
••• xN ) • 01fa MoiKeT fihlTL 

KOHe'IHO.- HnH 6eCKOHe'IHo-MepHbiM CTOn6UOM. PaCCMOTpHM 

COOTHOWeHHe 

A 

A¢ == 0, /1/ 
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A , 

r.ne A .nns npocn)Tbi 6y,neM C'IHTaTb nHHeHHbiM ,nH4J4JepeH-

uHanbHbiM onepaTopoM, XOTH .nns .nanLHe:iiwHx paccy:>K,neHHH 

3TO HeCYJUeCTBeHHO /OH MO:>KeT 6biTb JU06biM - HHTerpanb

HbiM, HellHHeHHbiM H T.,n. onepaTOJ>OM/. 06bl'IHO llO.IJ; CHM

MeTpHeH COOTHOWeHHH /1/ llOHHMaiDT COBOKYllHOCTb TaKHX 

npeo6pa30BaHHH KOOp,IJ;HHaT H 4JyHKUHH, KOTOpble o6pa3yiDT 

rpynny H He MeHHIDT BH,IJ;a COOTHOWeHHH /1/. 0,nHaKO'TaK 

noHHMaeMaH CHMMeTpHH He o6'bHCHHeT Bbipo:>K.IJ;eHHH ypoaHe:ii 

TpexMepHoro OCUHllllHTOpa, BOllHOBble liJYHKUHH KOTOporo 

peanH3YIDT npe,ncTaaneHHH rpynnbi u3 . B 3TOM cnyqae 

llO.IJ; CHMMeTpHeH llOHHMaiDT COBOKYllHOCTb onepaTOJ>OB ga, 
o6pa3yiOIUHX anre6py JlH H y,noaneTBOpHIDIUHX COOTHOWeHHID 

... 
[A, ga] = 0 /2/ 

/HH,IJ;eKC a npHHHMaeT KOHe'IHOe HllH 6eCKOHe'IHOe 'IHCllO 

3Ha'leHHii/. Taxoe noHHTHe o CHMMeTpHH sanseTcH 6onee 

WHpOKHM, OHO BKJUO'IaeT B ce6g H npe.IJ;bl,IJ;yJUee B Kt;t'leCTBe 

'laCTHOrO cnyqag, llJ>H'IeM .IJ;OllYCTHMbiMH CTaHOBHTCH npe

o6pa30BaHHH onepaTOJ>OB KOOp,IJ;HHaT H HMllYllbCOB THlla 

x'= ax+ {3p, ., p' =yx + op. O.nHaKO, ecnH Mbl XOTHM 

OllHCaTb ece peWeHHH COOTHOWeHHH /1/ Ha rpynnOBOM H3biKe, 

Heo6xo,nHMO eiUe .6onLwe pacwHpHTb noHHTHe CHMMeTpHH 

ypaBHeHHH. A HMeHHO, 6y,neM Ha3biBaTb onepaTopaMH CHM

MeTpHH ypaBHeHHH /1/ TaKHe onepaTOpbi fa' · KOTOJ>ble 

y,noaneTBOpHIDT COOTHOWeHHID 

A 

[A,£ ]¢=0, 
a 

/3/ 

A 

m. e. KOMMymupy10m c onepamopoM A He. moJKoecmeeHHo, a 
Ha peweHUJIX ypaeHeHUJI /1/. RcJio, 'ITO npe,nbi.IJ;YIUHe onpe-

. ,neneHHH HBllHIDTCH 'laCTHbiMH cny'laHMH ,naHHOrO onpe,nene

HHH. TaKHM o6pa30M, onepaTOp fa, Ha3BaHHhlH onepaTopOM 

CHMMeTpHH ypaBHeHHH /1/, y,noaneTBOpHeT rnaBHOMY yc'

ll~BHID - nepeBO.IJ;HT peweHUe rp 1 COOTHOWeHHH /1/ 6 Opyzoe 
pewe11ue fa¢ 1 = ¢ 2 • OnepaTopbi fa MoryT o6pa30BbiBaTb 

anre6py JIH, a MoryT 6biTb H .npyrHMH o6'beKTaMH. EcnH 

OHH 06pa3yiDT anre6py JlH H CyiUeCTBYJOT 3KCllOHeHTbl OT 

3THX OnepaTopoB, TO MO:>KHO llOCTJ>OHTb rpynny JlH, rpynny 

4 

I 

I 
'j 

' 

CHMMeTpHH COOTHOWeHHH_/1/, ·noHHMaeMyiD B CMbiCne· Ollpe

,neneHHH /3/. Onpe.neneHHe /3/ - O'leHb WHpoxoe onpe.nene

HHe. Ha ca:MoM .n~ne B 4JH3H'IecxHx 3a,naqax HeT Heo6xo

.IJ;HMOCTH 3HaTb ace onepaTopbi fa. HaM .nocTaTO'IHO HaHTH 

TaKHe onepaTopbi, 'IT06bi B paMxax Ha:ii,neHHo:ii rpynnLI ace 

4JH3H'IeCKHe BellH'IHHbi, TaKHe, KaK KBaHTOBbie 'IHCna, aMnnH- ) 

TY.IJ;bl nepexo.noa, lilYHKUHH rpHHa, raMHllbTOHHaH. H T.,n., 

HMen.q rpynnoaoii C¥Licn. EcnH B3HTb B Ka'leCTBe on epa TO;. 

pa A onepaTop A = iha;at- H, Mbi npHXO.IJ;HM x 3a,naqe 

o6 onpe.neneHHH rpynnbi CHMMeTpHH ypaaHeHHH illpe,nHHrepa, 

"' a "' a ·-a· · a 
a cnyqae A = - + H 0 (q,p) H A =- - - - ·Mbi · at CL • dt a q · a q 

paCCMaTpHBaeM CHMMeTpHID KllaCCH'IeCKOH CHCT'eMbi. f.Io,no6-

HbiM 06pa30M MO:>KHO paCCMaTpHBaTb CHMMeTpHID JU06biX 

ypaBHefiHH 4JH3HKH~ 3aMeTHM, 'ITO e~e HMeeTCH MHOrO 

4JH3H'IeCKHX CHCTeM /KBaHTOBbiX H KllaCCH'IeCKHX/·, ,nng KO

TOpbiX He HCClle,IJ;OBaH llOllHOCTbiO BOllpOC 06 HX CHMMeTpHH 

xax. :8' CMLicne onpe.neneHHH · /2/, Tax it: /3/. Onpe.neneHHe 

rpynnLI CHMMeTpHH ypaaHeHHH · /1/ 6Lmo· .naHo a /1 I··, 
a aHanorH'IHbie onpe,neneHHH .nns 'laCTHbiX cnyqaea cooTHo-
weHHH./1/ co,nep)l(aTCH B (9 ,.10/, . 

2. HHeapuaHmbl /uHmezpaAbl oeuJKeHUJI/ 

HanOMHHM . B 3TOM pa3,nene CBOHCTBO HHBapHaHTOB 'HllH 

HHTerpanOB .IJ;BH)I(eHHH, a TaK)I(e o6cy,IJ;HM BOllpOC, CKOllbKHMH 

· HHBapHaHTaMH MO)I(eT o6na.naTb KBaHToaas CHCTeMa. HHor.na 

a 3TOM aonpoce, KOTOpbi:ii- B o6IUeM H3BecTeH, HMeiDTCH 

pa3HO'ITeHHH H pa3nH'IHas TpaKTOBKa.· IIo.no:H,neM K 3TOMY 

BOllpocy C TO'IKH 3peHHH CBH3H KnaCCH'IeCKOHHKBaHTOBOH 

MexaHHK. H3aecTJio, 'ITO xnaccH'Iecxas .IJ;HHaMH'Iecxas CH

CTeMa OllHCbiBaeTCH ypaBHeHHHMH .ZJ;BH)I(eHHH BTOpOrO llOpg,n

Ka. EcnH npoBO.IJ;HTb OllHCaHHe Ha H3biKe ypaBHeHHH raMHllb-

, TOHa q = aH/ap H p = -aH/aq, , q = ( q 1 ... q N) ,p= (p l'"pr),To 

HMeeTCH CHCTeMa 2N/ N - 'IHCllO CTelleHe:ii CB060.IJ;bl CHCTe-

. Mbi/ ypaimeHH:ii nepaoro nops.nxa. PeweHHe 3To:ii CHCTeMbl 

llOllHOCTbiD onpe,nenHeTCH 2N llOCTOHHHbiMH. 3TH KOHCTaHTbl 

MoryT 6biTb Bbi.6paHbi xax xoop,nHHaTbi Ha'lanLHo:ii TO'IKH 

KnaCCH'IeCKOH TpaeKTOpHH B 4Ja30BOM npocTpaHCTBe KOOp-

5 



,nHHaT q H HMnynLCOB p. TaKHM o6pa3oM, ,nBIDKeHHe 

KJiaCCH'IeCKOH CHCTeMhl onHCLIBaeTC.H: 3aBHCHMOCTLIO q ( t) = 
=q_(q

0
,p

0
,t);p(t) =p(q

0
,p

0
,t). ECJIH pa3peWHTL 3TH COOTHO

meHH.H:, BLipa3HB Ha'laJILHhle. TO'IKH q 0 H p 0. qepe3 BeJIH'IH

HLI q , p , t, TO nonyqaeTC.H: ciJyHKI.\H.H: OT TpaeKTOpHH 

q 
0
( q, p. t) H p

0
( q, p, t) , nocTO.H:HHLie Ha :KnaccH'IecKoii Tpa

eKTOpHH. TaKHM o6pa30M, OHH .H:BJI.H:IOTC.H: HHTerpaJiaMH ,D;BH-. 

~eHH.H:, T.e. nOJIHa.H: npOH3BO,D;Ha.H: OT 3THX ciJyHKI.\HH, Bhlpa

~eHHa.H: Ha .H:3LIKe cKo6oK llyaccoHa, paBHa. HYJIIO. llepeii.neM 

TenepL K o6cy~,neHHIO KBaHTOBOrO CJiy'la.H:. ilOCKOJILKY HMeeT

C.H: npHHI.\Hn COOTBeTCTBHH KJiaCCH'IeCKOH H KBaHTOBOH Mexa

HHK H nOCKOJILKY KJiaCCH'IeCKa.H: MeXaHHKa .H:BJIHeTC.H: npe

,neJILHhiM CJiyqaeM KBaHTOBOH MexaHHKH, 'ITO npeKpaCHO 

,neMOHCTpHpyeTCH B ciJeiiHMaHOBCKOH ciJopMyJIHpOBKe KBaH

TOBOH MeXaHHKH C nOMOII.\LIO HHTerpaJia no nyTHM, ,D;JIH KBaH

TOBOH CHCTeMLI ,D;O~HO cymecTBOBaTL 2N' HHTerpaJIOB 

,D;BH~eHHH, OTBe'laiOII.\HX ,naHHLIM KJiaCCH'IeCKHM HHTerpaJiaM. 

KaK H B KJiaCCH'IeCKOH MeXaHHKe·, JII06aH ciJyHKI.\H.H:. OT JIH

TerpaJIOB ,D;BIDKeHHH Ta~e COXpaHHeTCH, T .e. HBJIHeTCH 

HHTerpaJIOM ,D;BIDKeHH.H:, TaK H B KBaHTOBOM CJiyqae JII06aH 

ciJyHKI.\HH OT . COXpaHHIOII.\HXCH · onepaTOpOB · CaMa HBJIHeTCH 

onepaTOPOM-HHTerpaJIOM ,D;BH~eHHH. il03TOMY MO~O Bhi-

6HpaTL B Ka'leCTBe 2N HHTerpaJIOB ,D;BIDKeHHH onepaTOphl, 

OTBe'laiOII.\He Ha'laJILHLIM TO'IKaM B clJa30BOM npocTpaHCTBe 

KJiaCCH'IeCKOH CHCTeMLI. OcTaJILHLie HHTerpaJihl MOryT KaK

TO BLipa~aTLCH qepe3 3TH onepaTopw. HanpHMep, B cnyqae 

O,D;HOMepHoro CB06o,nHoro ,D;BIDKeHHH C raMHJILTOHHaHOM 

H = p2/2m · KJiaccH'IecKHM HHBapHaHTaM, uaqaJILHLIM TO'IKaM 

Po=' p H q 0 = q - pt/m OTBe'laiOT HHTerpaJILI ,D;BIDKeHHH B 

KBaHTOBOM CJiyqae p 0 = - iha/ax H qO = X+ ihta/a ( mx) • 

ECJIH y KBaHTOBOH CHCTeMhl cymecTByeT onepaTOp 3BO-

JIIOI.\HH U, TO Mo~o nocTpOHTL 2N Hinerpana ,nBIDKeHH.H: 

qn H p 
0 

no _cne.nyromeii ·clJopMyne: · · ' 

-1 . a -1 
q = UxU ·; p =-IhU-U 

0 0 ax /4/ 

.6 

,i 
·; 

3. HueapuaHmbl u CUMMempu.R. ypaeueuu.R IUpeouuzepa 

CymecTByeT 3aMe,aT,eJILHas_ CBH3L Me~.ny onepaTopaMH. 

CHMMeTpHH ypaBHeHHH . illpe,IJ;HHrepa f .· H HHTerpaJiaMH . .. . . a I ·- -~ , 

,nBIDKeHH.H:. A HMeHHo, uueapuaumM Keaumoeoii cucmeMM 
OOHoepeMeHHO .JI6/l.R10111CJI onepamopaMU '·CUMMempuu 31110i:i 
cucmeMM e CMbiC/le i3/. ,lJ;eiicTBHTeni.uo, onepaTopLi CHM~ 
MeTpH_H Ia B CMhlc:Ue jaj ,D;O~HLI y,nOBJieTBO.pHTL yCJIOBHIO 

a .. 
[ih-a - H, I ]'P = 0, 

t a /5/ 

-r.ne 'P :- pewe.HHH ypaBHeHH.H: . illpe,nHHrep~. C .npyroii cTo

poHLI, HHTerpaJI ,D;BH~eHHH 
1 

onpe,neJIHeTCH KaK onepaTop, 

cpe,nHee 3Ha'leHHe. KOTOporo He 3aBHCHT OT BpeMeHH 

' d .· 
-('1',1 IJI) =0. 
d -a . t . /6/ 

3TO. 03Ha'laeT, 'I,TO . __ :. 

<W, tarr + (IJI, ia'Ph- (IJI, I a W) ;,; o 
\ 

HJIH 

/7/ 

(-: ihHIJI, I a 11') -d'P: i'_'a IJI) +('I', I a !h'.:.:w) ~ 0 . . . . . . . ai . I 

('P ; I ..!.. (H+ I - I II ) · + -a a l'P) = 0 • . h . a a t 

.. i 

EcnH H+ = H, To .nocTaTO'IHLIM ycJIOBHeM · BLino.rrHeHHH /7 I 
HBJIHeTc~ ycnoBiie, onpe.nensromee HHBapHain Ia . 

• . . ' . e ~ 

/8/ ! . 

. 
·a i · [- + -H, I ]'I' = 0, . at . h a . 

'ITO 3KBHBaJieHTHO '/5/. TaKH~ o6pa30M, UHmezpa/l oeu
JICi?HUJI Ia /u Aro6a.JI ¢YHKlJU.R om uezo/ nepeeooum pewe'uue 
'ypaeHeHU.R IUpeouuzepa e opyzoe peweJiue. . 

~ • I • • I 

06LI'IHOe onpe,neJieHHe. HHTerpana ,D;BIDKeHHH B KBaHTO

BOH MexaHHKe SBJIHeTC.H: 'laCTHLIM' cnyqaeM ,l\aHHor'o onpe-

,l\eJieHH.H: /8/. · -
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noJIHOCThiO onpe.nenHIOT 3BOJIIOIUIIO CHCTeMhl. TaKHM o6pa3oM, 

4JH3Hqe CKHH CMbiCJI HHTerpana .IJ;BIDKeHHJI a , 3aKfliOqaeTCJI 

B TOM, qTO OH onpe,neJIJieT HaqaJihHYID TOqKY TpaeKTOPHH 

B 4Ja30BOM. npOCTpaHCTBe Cpe.D;HHX KOOp.D;HHaT H HMnyJibCOB. 

KorepeHTHhie cocToHHHH cTpoHTCH o6hxqnhiM o6pa3oM KaK 

co6cTBeHHhie cocToHiiHH ne3pMHTOBhiX onepaTopon/cM. /7/ I 

a Ia'> =a lei•> . 
11 IL 

/10/ 

HoBhiM no cpanHeHHIO c .npyrHMH pa6oTaMH cy~ecTBeHHhiM 
MOMeHTOM JIBJIJieTCJI TOT 4JaKT, qTo Mbl CTpOHM KOrepeHT· 

Hhie COCTOJIHHJI He C nOMO~biO KaKOrO-TO, npOH3BOJihHOrO 

onepaTopa YHHqTO>KeHHJI a, a HMeHHO C nOMO~IO UHmezpaAa 
oeu»:eHUJI. 3To cy~ecTnenno o6nerqaeT · pacqeThi H no-

3BOJIJieT nerKO CTpOHTb KOrepeHTHhie COCTOJIHHJI HeCTal.\HO

HapHbiX CHCTeM, qTo 6biJIO HCnOJih30BaHO B /'1.-6/. BeKTOp 

i1 3a,naeTCJI N npoH3BOJihHhiMH KOMnneKCHhiMH qHcnaMH. · 

,ll;nH JII06oii ,nHHaMHqecKoii cHcTeMhi cy~ecTBYIDT, raKHM 

o6pa30M, KOrepeHTHbie COCTOJIHHJI /3TOT BhiBO.IJ; cnpaBe.IJ;JIHB, 

pa3yMeeTCJI,. H .IJ;JIJI .IJ;HHaMHqeCKHX CHCTeM C KOOp.D;HHaTaMH 

H HMnyJibCaMH,- MeHJIIO~HMHCJI B KOHeqHbiX npe,nenax • 3TO 

.IJ;HHaMHqe~KHe CHCTeMbl THna KBaHTOBOrO BOJI~Ka, onHCbl· 

BaeMoro yrJiaMH 3iinepa/. JIDHhiH BH.IJ; KOrepeHTHhiX COCTOJI· 

HHH .IJ;JIJI npOH3BOJihHhiX CHCTeM noJiyqHTb Tpy,nHO, nOCKOJihKY 

KOrepeHTHO~ COCTOJIHHe, Bhl6paHHOe B HaqaJibHhiH M.OMeHT. 

BpeMeHH B BH,ne _KBa,npaTHqHOH 3KCnOHeHThl, no,n ,ne'iicTBHeM . 

onepaTopa 3BOJIIOI.\HH MO>KeT CHJihHO H3MeHHTb CBOH liJYHK· 

1.\HOHaJibHhiH BH,n; JIHWh .IJ;JIJI CHCTeM, OnHCbiBaeMhiX KBa,npa

THqHbiM raMHJihTOHHaHOM, .IJ;JIJI KOTOpbiX onepaTop 3BOJIIOI.\HH 

CaM npe,ncTaBJIJieT C060H KBa,npaTHqHyiO 3KCnOHeHTy, <tlYHK· 

1.\HOHaJibHbiH BH.IJ; KOrepeHTHhiX COCTOJIHHH c;:o BpeMeHeM He 

MeHJieTCJI, nOCKOJihKy HHTerpaJI OT npOH3Be,neHHJI .IJ;ByX 

KBa,np~l.THqHbJX 3KCnOHeHT CaM JIBJIHeTCH KBa,npaTHqHOH 3K-

cnoHeHTOH. . 

,lJ;JIJI KorepeHTHhiX COCTOJIHHH npOH3BOJihHOH KBaHTOBOH 

CH~TeMbl .BhiDOJIHJIIOTCJI CTaH,napTHble COOTHOWeHHJI OpTO

ronaJibHOCTH H nOJIHOTbl . 
4 , 4' 

.... .... · · ·1 a 12 · I fJ 12 .... .... 
<a I fJ> = exp(- T-:- - 2 -. + a*fJ). /11/ 

11 ~N Jl;><ald 2a-> = l. 

10 

·t ,, 
-~ 

1 
il 

OnepaTophl all He3pMHTOBhl, no3TOMY HX co6cTBeHHhie liJyHK:-

1.\HH, npHHa,nne>Ka~e pa3HhiM co6cTBeHHhiM 3HaqeHHHM, He 

o6H3a TeJihHO . opToroiianhHhi. Cy~ecTnonaHHe KorepeHTHLIX 

COCTOJIHHH .IJ;JIJI npOH3BOJihHbiX KBaHTOBhiX CHCTeM, o6na,na10· 

~HX onepaTOPOM 3BOJIIOIUIH, ,naeT B03MO>KHOCTb nOCTpOHTh 

TaK>Ke 4JoKOBCKOe .npe,ncTaBJieHHe .IJ;JIJI TaKHX CHCTeM. llo

CKOJihKY KorepeHTHOe cocTOJIHHe I il> 3a;iaeT npoH3BO,nH-

~yro IPYHKI.\HIO .nnH cocToHHHii I;>, HBJIHIO~HxcH co6cTnen

HhiMH COCTOJIHHJIMH KBa,npaTHqHhiX onepaTOpOB . a; a~ 
/CM. /17/ j,. ner~<,>2 ngcTpOHTb 3TH COCTOJIHHJI, .D;HiiJ!pepeH

UHPYH IPYHKI.\HIO el I ~~a> no nepe.MeHHhiM a • TeM caMhiM 

noKa3hiBaeTCJI, qTo .IJ;JIJI JII06biX raMHJihTOHHaHOB cy~eCT

nyeT nOJIHhiH Ha6op HHTerpaJIOB .IJ;BIDKeHHJI, qbH C06CTBeH

Hble qHcna ·conna.naroT c Ha6opoM co6cTneHHhiX qHcen, 

3a,naxo~Hx 3HeprHH • N He3aBHCHMhiX rapMonHqecKHX oc-

1.\HJIJIHTopon. CHCTeMa ~YHKUHH I~> nonHa !. r;; ><;I == l"'. 
-> 
n 

npHqeM 3TH 4JyHKUHH OpToroHaJibHhl; <;1.; > = 0 ->-> • JIBHbiH 
~ nm 

BH.n IPYHKUHii In> nerKo nonyqHTh B c'nyqae Kna.npaTHq-

Horo raMHJibTOHHaHa, nOCKOJihKY .IJ;JIJI Hero onepaTop 3BO

JIIOUHH /KBa,npaTHqHaJI 3KCnOHeHTa/ coxpaHJieT HaqaJibHhiH 

4JyHKUHOHaJibHhiH BH.IJ; COCTOJIHHJI In o> /noJIHHOM 3pMHTa/. 

B cnyqae >Ke HeKna~paTHqnoro raM~JihTOHHaHa onepaTop 

3BOJIIOUHH TaKon, qTo H3MeHHeT 41YHKUHOHaJihHhiii na.n na

qaJihHorb cocTOJIHHH I I:> . 
Pacnpe,neJieHHe aepOHTHOCTeii B KOrepeHTHOM COCTOJI• 

HHH no coci"oHHHHM c 3a,naHHhiMH qHcnaMH ·I~> HBJIHeTcH 

pacnpe.neneHHeM ITyaccona 
2n11 

---> l;;l2 \a/LI r 
l<-al n>\ 2 = exp (- ) rr . - . /12/. 

' · 2 IL niL ' 

Bo3MO>KHOCTh nocTpoeHHH Korep(mTHhiX cocTOHHHii I il> H 

COCTOJIHHH In'> .IJ;JIJI npOH3BOJihHbiX KBaHTOBhiX CHCTeM CBJI• 

3aHa c.· H3BecTHhiM cnoiicTBOM H30Mop4IH3Ma rHJih6epTOBhlx 

npocTpaHCTB cocTOHHHii. Bnaro.napH 3TOMY cnoiicTBY npo

cTpaHCTBO .cocTOHHHii JII06oii ·N-MepHoii KBaHTonoii CHCTeMbl 

MO>KHO OT06pa3HTb Ha npocTpaHCTBO COCTOJIHHH N-MepHO· 

ro . rapMOHHqecKoro OCI.\HJIJIHTopa, qTo .nenaeT oqenH,nHhiM 

COOTBeTCTBHe . KBaHTOBbiX 11HCeJI nocJie.IJ;Hero H KBaHTOBbiX 

11HCeJI, 3a,naiO~HX COCTOJIHHe JII060H CHCTeMbl. 06cy.IJ;HM 
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Teneph Bonpoc 0 CBgJH I<OrepeHTHhiX COCTOgHHH C liJeHHMa

HOBCI<HM· HHTerpaJIOM no·nyTgM, · 

IlOCI<OJihi<y I<OrepeHTHhie COCTOgHHg , gBJigiOTCg nOJIHOH 

CHCTeMOH lPYHI<~HH, lPYHI<~Hg rpHHa G( 2, l ) , gBJigiOI~agcg · 
aMnJIHTY~OH BepogTHOCTH.nepexo~a qaCTH~hl, Haxo~g~eifcg 
B TOqi<e 1 B MOMeHT · BpeMeHH t I , · B. TOqi<y 2 B MO~eHT 
BpeMeHH t 2 , BhiqHcJigeTcg no CJie~yiO~eH liJopMyJie: 

-N 2::>1 ... -> -> ... I G( 2, l) == TT f d a a, x
2

, t
2 

><a, x
1

, t I • , 

3Ta liJopMyJia aHaJIOrHqHa pa3JIO)I(eHHIO lPYH~HH 
JII06o:H. nOJIHOH CHCTeMe lPYHI<~HH, HanpHMep, no 
I~>: . 

... ... ~ ... I G ( 2, l) == ~ In , x 2 , t 2 > < n , x I, t I • ... 
n 

/13/ 

rpHHa no 

lPYHI<~HgM 

/14/ 

0~Hai<o, eCJIH BCnOMHHTh lPHJHqeci<HH CMhiCJI nepeMeHHOH 

a, TO liJopMyJia ~Jig ciJYHI<~HH rpHHa C HHTerpHpOBaHHeM no 

I<OrepeHTHhiM COCTOgHHgM npHo6peTaeT OC06hlH CMhiCJI. 

«<>ai<THqeci<H Mhl HMeeM Bhipa)l(eHHe ~Jig lPYHI<~HH rpHHa, 

npe~cTaBJieHnoe qepeJ HHTerpaJI no liJaJoBoMy npocTpa~CTBy 
HaqaJihHhiX .cpe~HHX · I<OOp~HHaT CHCTeMhi. TeM CaMhiM HH

TerpaJI no Tpaei<TOpHgM cl>eHHMaHa, BCer~a CBO~HTCg I< HH

TerpaJiy no HaqaJihHhiM I<OOp~HHaTaM Tpaei<TOpHH B liJaJOBOM ... 
npocTpaHCTBe, npHqeM nepeMeHHhiX a I<ai< paJ XBaTaeT ~Jig 
noJiyqeHIIH Tpe6yeMoro Bhipa)l(eHHg. 3TO CBH3aHo, B qacTHO

CTH, C TeM, qTo I<JiaCCHqeci<ag CHCTeMa OnHChiBaeTCH ypaB

HeHHgMH BTOpOrO nOpH~I<a. IlpH I<BaHTOBOM OnHCaHHH C no

MO~hiO HHTerpaJia no nyTHM CHCTeMhi, OnHChiBaeMOH Ha 

I<JiaCCHqeci<OM gJhii<e ypaBHeHHgMH 6oJiee BhiCOI<HX. nO pH~
I<OB, Tai<oro COrJiaCOBaHHg, nO-BH~HMOMy, y)l(e He 6y~eT. 
3aMeTHM, qTo · npH BhiqHcJieHHH aMnJIHTY~hi nepexo~a H3. 

· TOqi<H 1 B TOqi<y 2 I<ai< HHTerpaJia no Tpaei<TOpHH 'HHTepBaW 

BpeMeHH 'II, t 2 pa36HBaeTCH Ha: MaJihie yqaCTI<H -~JIHHhi • f , 

a 3aTeM · t -> 01~ 8/.·IlpH 3TOM Ha BpeMeHHOM· HHTepBaJie· t 

Tpaei<TOPHH JaMeHHeTcH o6blqHo JIH6o , OTpeJI<OM npHMoii, . 

,.JIH6o I<ycoqi<OM · I<JiaCCHqeci<OH. Tpaei<TOpHH /T;e. I<pHBhiMH, 
1 

3a~aBaeMhiMH HaqaJihHOH I<OOp~HHaTOH H CI<OpOCThiO/.Ilpe~eJI 
npH · f -> 0 · npH 3TOM cy~eCTByeT H ~aeT lPYH~HIO rpHHa. 

lh npoBe~eHHoro paccMoTpeHHg BhiTei<aeT, .. qTo ecJIH coe

~HgTh I<OH~hl HHTepBaJia f I<pHBhlMH, Ja~aBaeMhiMH 60Jlh-

/12' 

WHM qHCJIOM napaMeTpOB, qeM 2, npe~eJlhHaH npo~e~ypa 
y)l(e . He ~OJI)I(Ha ~aBaTh npaBHJlhHOrO 3HaqeHHH lPYHI<~HH 
rpHHa •. 3TOT BOnpOC Tpe6yeT ~onOJIHHTeJihHOrO paCCMOT-

peHHg. 
CJie~'yeT no~qepi<HYTh, qTo B Tex Ja~aqax, ~JIH I<OTo-

phiX noJiyqeHhl gBHhle Bhipa)l(eHHH ~JIH lPYHI<~HH rpHHa, 

Jieri<O nOCTpOHTh H gBHhiH Blf,IJ. I<OrepeHTHhlX COCTOgHHH. 

3TO nOJBOJIHeT BOCnOJih30BaThCg CTaH~apTHhiMHMeTO~aMH 
TeXHHI<H I<OrepeHTHhiX COCTOgHHH, B qaCTHOCTH, paCCMaT

pHBaTh Ja~aqy Ha gJhii<e P -pacnpe~eJieHHH, BBe~eHHoro 
'J- I 

rJiay6epoM : 'I 

6. Keaopamu'IHble cucmeMbl 

)l.Jig npHMepa no~po6Hee · paccMOTpHM Teneph qacTHhiH 

cnyqaif I<BaHTOBOH CHCTeMhi, I<OTOpaH OIIHChiBaeTcg I<Ba~pa
THqHhiM raMHJihTOHHaHOM. KorepeHTHhie COCTOgHHg Tai<OH 

CHCTeMhl IIOCTpOeHhl XOJih~eM/IH/H Bpa6oTaX /:3, ~G/, Ilo~
po6HO cBoiicTaa I<orepeHTHhiX cocTOHHHH I<Ba~paTHqHhiX 
CHCTeM, a TaK)I(e pa3JIHqHble npHJIO)I(eHHg I< BhlqHCJieHHIO 

C HX IIOMO~hiO MarHHTHhlX 'CBOHCTB 6030HHhiX H liJepMHOH

HhiX raJOB JapH)I(eHHhiX qaCTH~ B 3Jiei<TpOMarHHTHhiX IIOJIHX 

HJyqeHhi B pa6oTax /3, 4,'. I13JIO)I(eHHe . Be~eTcg cor nacHo 

3THM pa6oTaM. IlycTh raMHJihTOHHaH CHCTeMhl HMeeT B~ 

1 ... ... ... ... 
H==2qB(t)q +C(t)q +cf>(t). 

/15/ 

... 
. () 

-lh-::-:;-

3~ech 2N-MepHhiH cTon6e~ q onpe~eJieH Tai<: q 
( dx ) • 

.... 
X 

CI<aJIHpHoe npoHJBe~eHHe 

. 2N 
. H qBq ... == :Z qaBaf3qf3• 

. a,f3==1 
HHg I a HMeiOT BH~ 

2N 
I a= ~ Aaf3q f3 + /'),. a , 

f3=l 

, 2N 
C.<{ noHHMaeTCH I<ai< ~ Caqa 

a=l. 

.Tor~a 2N HHTerpana ~BH)I(e-

/16/ 
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.,· .\I .\2 
r~e CHMrrneKTH'IecKaH MaTpH~a A = ( .\ .\ ) y~oaneTao-

3 4 • 
.1. •• - ~ ~ - • • -)> 

pHeT ypaBHeHmo A =AIB H A(O) =E, a aeKTop L\ = AIC 
A( 0) ~ 0, IIPH'IeM Ma TpH~a. }; HMeeT Ma TPH'IHLie :meMe.HTLI 
}; ·~{r r q C!' q f3J . Tor~a HHTerpan ~BIDKeH1fH, l'i -MepHLi:i:i 

BeKTOp i,; ~MeeT BH~ 

1 · - - a - . ... - --- · · 
-=1.\ (-ih--:;) +.\qx) ;.\p=.\ a+i.\I, .\q~ .\4+ i.\2, 
y2h p ax ' . 

.... 
a = 

/17/ 

·-+ -+ T~e .\P H .\q .- HeBLipo)l(~eHHLie NxN -MaTpH~LI H .\p.\q-'Aq.\p'= 
= 2iE. Bee caoiicTaa MaTpH~ .\i H .\P, Aq BLITeKruoT iu 
ycnoBHJI CHMIIneKTH'IHOCTH A-I "" IATI ~eiicTBHTenLHo:i:i 
MaTpH~LI A. 3To ycnoaHe Heo6xo~HMo ~nJI coxpaHeHHH 
KOMMyTaTop~. [ qa, qr) = [ la,l{jJ• ,lJ;ng Haxo~~HHH K_?repeHT
HOrO cocTOHHHJI Ia > crrepaa rrocTpOHM aaKyyM 10 > TaKo:i:i, 
'ITO" i:l 0 > -= 0 if ci>YHK~HJI ·I 0 > y~oaneTaop.HeT' y~aaHeHmo 
lllpe~HHrepa. HopMHpoBaHHLIH BaKyyM HMeeT BH~ 46( . 

,·>·· • 

l. ~ • 

... . -NI4 -II2 i ->-I ... i -> -> 
.,10>= (TTh) _ (det.\P)· _ exp{..;_ 2hx.\P .\qx- hx.\Po + 

1 ... -~r-- ·1 ... 2· ·i. t· ·-: ... 
+ -o.\ * .\ o - -lol - - f Im (o*o)drl-

4h ' p p. 4}; ' 2h 0 
/17/ 

o·. = L\ N . + it\ .• 
J + J J 

KorepeHTHOe COCTOHHHe nerKO CTpOHTCH ~eHCTBHeM ·Ha Ba-. 
KYYM HHTerpana ~BIDKeHHJI, YHHTapHoro aeiineacKoro orrepa:
Topa C~BHra la>=D(a)i<1> = exp( ita+- a*a) I 0>. 3To 
cpa3y ,D;aeT, 'ITO j a->> ecTL peweHH:e ypaaHeHHH lllpe~HHrepa. 
Ero HBHLiii a~ -TaKoa I ~61: 

14 

-> -> l -> -1 -> l -> 2 
la>=IO>expl2a.\*p\pa -21a1 + 

l -> -> -1 -> T-1-> 
+ -::::::a(o*- ,\ ~.\P o + 2i.\P x) 1. 

y2h 

/18/ 

~OKOBCKHe COCTOJIHHJI nerKO rrony'IHTL H3 /18/,HCIIOnL3YH 
·orrpe~eneHHe rronHHOMa 3pMHTa HecKonLKHx rrepeMeHHLIX I 20 I; 

oo· n1 nN 
l"' ->-->->. a1 ... aN I-> 

exp (- -
2 

a C a+ x a) = I . ' Hn ... n ( C :- x) 
- n1'"nN=0 n' n' l N I .... N-

'ITO ~aeT HaM ci>opMyny ~nJI ci>OKOBCKOrO COCTOHHHJI: 

_ ... yn 1J ••• nN! . eli11?12la'> dai ••• daN 
In>=---~ ... tj) 

( 2TTi) N 
ni + 1- -nNTI

a l ..... aN 

/3~eCL 3aMKHYTLie KOHTYPLI HHTerpHpOBaHHH B rrnOCKOCTHX 
KOMIIneKCHLIX i:IepeMeHHLIX a i 
HaT/ :8 cne~yro~eM BH~e: 

OXBaTLIBaiOT Haqano KOOp~H-

.. 

I;>~ ___ H. ( -1-> 
yn-1 I n1"'nN C u)· C 

1 .... nN. ' = 

.\*.\-1 
~ 
2 

; = ( 2h)-112(B* _:.\*.\-1 B + 2i.\T-1;). 
. p p . p 

CocTOHHHJI /19/ opToroHanLHLI ...I ... ' "' ... -· <n m-> = 0 nm, 

7. HHeapuaHmbt' u lftYHKIIUJI TpuHa 

/19/ 

H rronHLI. 

B pa6oTax I 46/ 6Lm BLIHCHeH e~e o~HH acrreKT HHTer
panoB ~BH)I(eHHJI /4/. 0Ka3LIBaeTCJI, qTo ci>YHK~HJI rpHHa JIB
nJieTCJI peweHHeM Hoaoro ypaaiieHHH, orrpe~en.HeMoro HHBa
pHaHTaMH /4/. TaK, H3 ci>H3H'IeCKoro CMLICna ci>YHK~HH rpH
Ha KaK aMIInHTY~LI rrepexo~a H3 HaqanLHOH TO'IKH B ~OHeq
HYIO H ci>H3H'IeCKOrO CMLICna HHTerpana ~BH)I(eHHH q 0 KaK 
on epa TOpa Ha'lanLHOH KOOP~J!Ha TLI ~LITeKaeT, 'ITO 

A • 

q0 (x) G(x,x 0,t) = x 0G(x,x 0,t); /20a/. 

3TO nerKO IIpoaepHTL, HCXO~JI H3 COOTHOWeHHH /4/ H TOrO, 
,'ITO G(x,x 0 ,t) =Uo(x -x 0 ). MO)I(HO nei:-Ko ~oKa3aTL crrpa
ae~nHBOCTL e~e O~HOrO COOTHOWeHHH, a HMeHHO 

p 
0 

( x) G ( x, x 
0

, t) = ih _i__;G( x, x 
0 

, t) , 
axo. 

a TaK)I(e COOTHOWeHHH 

/206/ 
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q( x 0) G( x ;x 0, t) = xG ( x, x 
0

, t) , /20n/ 

r,D;e q(x) = U TxuT-I H q 0 (x 
0

) ,D;eiicTByeT B /20n/ Ha 

nepe:Mennyro x • CooTH:owenua /20a/, /206/ HJIH /20a/, 

/20B/ onpe,D;eJIHIOT ciJYHKI{HIO rpHHa C TO'IHOCTLIO ,ll;O ciJa30BO

ro MHO)KHTeJIH, 3aBHCHI.Qero OT 'npeMeHH H onpe~eJiileMOrO H3 

ypaBHeHHH Illpe,D;HHrepa. lJaCTO OI<a3LIBaeTCH, 'ITO pemaTL 

CHCTeMy ypaBHeHHH /20/ ropaJ,D;O nerqe, lJeM 06LI1JHOe 

ypaBHeHHe ,li;JIH ciJYHI<UHH rpuHa, eCJIH I<OHelJHO He3aBHCHMO 

H3BeCTeH HBHLIH BH,D; BCeX HHTerpaJIOB ,ll;BH)KeHHH, I<OTOpLie 

He06XO,D;HMO HaXO,D;HTL. 3apauee.- OnucaHHLIH llO,D;XO,D; anano

rH'leH TOMy, 'ITO B I<naccuqeci<oH: Mexanui<e · 3Hanue ncex 

HHBapHaHTOB 3I<BHBaJieHTHO HaXO)K,D;eHHIO peweHHH ypaBHeHHH 

,IJ;BH)KeHHH HJIH ,D;e:iicTBHH, I<ai< llpOH3BO,Il;HLQeH ciJYHI<UHH I<aHo

HH'leCI<OrO npeo6pa3onanun, 3a,D;aiDLQero nepexo,D; OT HalJaJIL

nLix To 'lei< q 0 , p 0 I< Tei<YIUHM q (t) , p( t) .Tai< H: n I<BaHTonoH: 

MeXaHHI<e _3HaHHe BCeX HHTerpaJIOB ,ll;BH)KeHHH ,D;aeT B03MO)K

HOCTL onpe,D;eJIHTL 3BOJIIOUHIO CHCTeMLI, T.e. HaRTH ciJYHKI{HIO 

rpuna: .· Jleri<O peWHTL CHCTeMy /20/ B CJiyqae I<Ba.npaTH'i-_ 

HLIX CHCTeM. <l>yHI<UHH. rpHHa HMeeT B X - npe,D;CTaBJieHHH 
BH,D; /46/: 

. · -N/2 -I/2 i ... -I ... 
'G(x,x 0 ,t)=(2rrih) (det-A

3
) expl--xA

3
.\

4
x + 

2h 

i-+ -I -+ i ... . -I -> i ... -I ... 
+ I:x.\3 xo- Zhxo.\I,\3 xo- hx,\3' 0 2-

/21/ 

t • · • -+ . -> -I -+ • -> -I ... · -+ ... 
- !..xo< 8 I -.\I.\3 8 2>- -~-o2.\I.\3 82+ ~f 0 I02 dr, 

h ~ ho 
.... 

(OI) ... 
. 02 

... 
d det.\ 3 f. 0 . 

Kai< noi<aJaHo B 141, caMLIM y,D;o6HLIM oi<aJLIBaeTcn BLipa;.. 

)KeHue . ,li;JIH cbYHI<UHH rpuna B npe,D;CTaBJieHHH I<OrepeHTHLIX 

cocaonnuH:, TaM Tal<)Ke uccne,D;oBaH nonpoc o BH,D;e cbYHI<UHH 

rpu:Ha B cnyqae BLipmK,D;eHHLIX CHCTeM /B 'laCTHOCTH, I<Or,D;a 

det,\ 3 = 0 /. JIBHOe BLlpa)KeHHe ,li;JIH ciJYHKI{HH rpuHa I<Ba,D;pa

TH'IHLIX CHCTeM /3I<BHBaJieHTHOe, HO MeHee Y,D;06HOe, lJeM 

16 

/21/ I, 6Lmo nonyqeno B /36/. Ypannenue Illpe,D;uHrepa ,D;JIH 

Tai<HX CHCTeM 6LIJIO peWeHO BnepBLie B /2l/. JI,D;pO. CHMITJiei<

TH'leCI<OrO. npeo6pa30BaHHH /16/ C TO'IHOCTLIO ,ll;O Ba)KHOrO 

-" clJa30BOrO MHO)KHTeJIH llOJIY'leHO n/22- 24/. 

HnTerpanLI ,D;BH)KeHHH /4/ no3BOJIHIOT Tal<)KeHaHTHa,D;ua-- . . . -

6aTH1JeCI<He · HHBapHaHTLI I<BaHTOBOH CHCTeMLI. , Tai<,. 3HaH 

TO'IHLie HHBapuaHTLI /4/.a paJnaraa ux B.PH,D;LI no napaMeT

paM a,D;Ha6aTH1JHOCTH, MO)KHO llOJiy'laTL a,D;Ha6aTH1JeCI<He 

HHBapHaHThl pa3HLIX llOpH,D;I<OB. MO)KHO C,D;eJiaTL BLIBO,D;, 'ITO 

lJHCJIO a,D;Ha6aTH1JeCI<HX HHBapHaHTOB paBHO lJHCJIY TO'IHLIX 

HHBapHaHTOB
1 

T .e. 2N ,li;JIH CHCTeMLI C N CTeneHHMH CB06o

,D;hl /eM. / 3 6! /. 

8. IIpuMepbl Keaopamu'lHbiX cucmeM - MHozoamoMHa.R. 
MO/IeKy/la 

Pa3BHTLIH MeTO,D; BeCLMa y,D;o6eH npu paccMoTpeHHH 

............ TeX ciJH3H1JeCI<HX 3a,D;a1J, I<OTOpLie CBO,Il;HTCH I< peWeHHIO 

().... ypaBHeHHH THITa ypaBHeHHH Illpe,D;HHrepa C I<Ba,D;paTHlJHLIM 

~ raMHJILTOHHaHoM. Tai<ue 3a,D;a'IH BOJHHI<aiOT B Teopuu 3Jiei<T

~ pOHHO-I<OJie6aTeJILHLIX nepeXO,Il;OB MOJiei<yJI, B TeOpHH I<OJie:

'- 6aTeJILHLIX ypOBHeH 3HeprHH aTOMHLIX H,D;ep, B ciJH3HI<e TBep-

,D;OrO TeJia H B ciJH3HI<e 3JieMeHTapHLIX lJaCTHU, HanpHMep, 

B paMI<aX OCUHJIJIHTOpHLIX MO,D;eJieH THITa /25,26/. 3Jiei<TpoH

HO- I<OJie6a TeJILHLie nepeXO,Il;LI B MOJiei<yJiaX paCCMOTpeHLI 

B /5/, B cnyqae 3THX nepexo,D;oB npoucxo,D;HT cne,D;yiOI.Qee. 

B HalJaJILHLIH MOMeHT H,D;pa aTOMOB B MOJiei<yJie OllHCLIBa

IOTCH B npu6nH)KeHHH Eopna-OnnenreH:Mepa rapMOHH'lec

I<HM raMHJILTOHHaHOM, I<OTOphlH B HOpMaJILHLIX I<OOp,D;HHaTaX 

HMeeT BH,Il; 

2 
H. =~.ll_+ 

· m 2m 

2 2 m .w. x . 
1 1 .1 

.2 
/22/ 

3TO . qaCTHLIH BH,Il; raMHJILTOHHaHa /15/ C ,D;HaroHaJILHOH 
' ... 

MaTpuueH: B .. u C = 0, ¢ = 0. 3aTeM Mrnonenno npoucxo,D;HT 

3Jiei<TpOHHLIH nepeXO,D;, 'ITO CI<a3LIBaeTCH Ha BH,D;e raMHJILTO-

HHaHa. On cTaHOBHTCH, noo6I.Qe ronopn, Tai<HM: · 
. 2 

pi. ' 
H f = ~ - + ~ x • U 'k xk + ~ C. x .• 

i 2m . i,k 1 1 i 1 1 

Oriv..:J;li~l.le;.ti:U!i r.m:mr;;v 
C::~:l!:J!r nc:.:.r.e,ncoontr.l 
Gt;i5Jl~OTEKA 

/23/ 
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)l;aHHhiii _ rrpoueee 03Ha'IaeT, .'ITo MaTpHUhi B( t) · u C ( t) a 

/15/ TaK 3aBHeJIT · OT BpeMeHH, 'ITO .D;O IIepeXO.D;a .D;aiOT 

Bbipa)f(eHue /22/, a noene nepexo.D;a -' Bblpa)f(eHue /23/. 
3ToT rrepexo.D;, KaK rroKa3aHo B 13 6, 5 I~ oeyiQeeTBJIHeTeH 

e IIOMOIUbiO KaHOHH'IeCKOrO rrpeo6pa30BaHHH, IIPH'IeM .D;JIH 

enyqag 3JieKTpOHHo-Kone6aTeJibHoro rrepexo.D;a B MoJieKyne 

e IIOMOJUbiO rrpeo6pa30BaHHJI 'IaeTHOro BH.IJ;a, IIOeKOJibKy 

KHHeTH'IeeKaJI 3HeprHJI He MeHHeTeH. B KaHOHH'IeeKOMIIpe

o6pa30BaHHH - e IIOMO!QhiO eu:MrrneKTH'IeeKoii MaTpHUbi A 
MaTpHUbi A 2 = A 3= 0. 0THoeuTeJibHhie HHTeHeHBHOeTu 3JieKT

pOHHO- KOJie6a TeJibHbiX IIepeXO.D;OB OIIpe.IJ;eJIJIIOTeJI tiJaKTOpaMH 

<l>paHKa- KoH.D;OHa, HHTerpanaMu rrepeKpbiTHH BOJIHOBbiX tPYHK

uuii, OIIHebiBaiOIQHX 3HepreTH'IeeKHe eoeTOHHHJI Ha'IaJibHOro 

Hin u KOHe'IHoro H f raMHJILTOHHaHoB. B rrpuHuurre MO)f(HO 

paewupHTb rpaHHUbi rrpuMeHHMOeTu' rapMOHH'IeeKoro rrpu- 1 • 

. 6JIH)f(eHHH Ha enyqau He eJIHWKOM 6bieTpbiX 3JieKTpOHHbiX 

rrepexo.D;oB, Kor.D;a wupuHa 3JieKTpoHHoro rrepexo.D;a f'e epas

HHMa HJIH He HaMHOrO ·MeHbWe, 'IeM WHpHHa KOJie6aTeJ1b-

HOrO rrepexo.D;a ['v. 06bi'IHO BbiiiOJIHHeTeJI eHJibHOe HepaBeH

eTBO, T.e. 3JieKTpOHHbiH IIepeXO.D; IIpOHeXO.IJ;HT MrHOBeHHO, 

Kor.D;a rro·no:>KeHue H.D;ep eiQe He H3MeHunoeb. HHTerpaJibl 

rrepeKpbiTHH .D;JIH .D;aHHOH 3a.D;a'IH HBJIHIOTeH qaeTHbiM enyqaeM 

aMIIJIHTY.IJ; IIepeXO.D;OB IIO.D; BJIHHHHeM rrapaMeTpH'IeeKoro B03-

6y:>K.D;eHHH KBa.D;paTH'IHOH eHeTeMbi, 'IIOJiy'IeHHbiX B 13.61 , H 

Bblpa)f(aJOIQHXeJI qepe3 IIOJIHHOMbl 3pMHTa OT HeeKOJlbKHX 

IIepeMeHHbiX. 3To II03BOJIJieT BOeiiOJib30BaTbeJI H3BeeTHbiMH 

eBoiieTBaMH IIOnHHOMOB 3pMHTa, a TaK:>Ke BbiBee'fu HOBbie 

peKyppeHTJibie eOOTHOWeHHJI H IIpaBHJia eyMM .D;JIH HHTeHeHB

HOeTeii rrepexo.D;oB /eM. 15 I I. PaeeMo'ipeHHhiii enyqaii 

MoJieKyJI S0 2 , BS 2 , ZnTe 2 .D;aeT xopowee eornaeue Teope

TH'IeeKux H 3KerrepHMeHTaJibHbiX .D;aHHbiX. l13 B03MO)f(HbiX 

IIpHJIO:>KeHHH paeeMOTpeHHOH 3a.D;a'IH MO:>KHO TaK:>Ke OTMe-

THTb 3a.IJ;aqy 06 H3Jiy'IeHHH HeeTaUHOHapHOH KBa.D;paTH'IHOH 

· KBaHTOBOH eHeTeMbl 06I.Qero BH.D;a /eM. ·161 /, aTaK:>Ke 3a.IJ;aqy 

0 IIOeTpOeHHH eiieKTpa KBa3H3Hepruii KBa.D;paTH'IHOH eHeTeMbl 

e IIepHO.IJ;H'IeeKHM ITO BpeMeHH raMHJibTOHHaHOM /eM. l21lj. 
M;o)f(uo TaK:>Ke, 3HaH H.D;po eHMIIJieKTH'IeeKoro rrpeo6pa3o

BaHHH, JierKo IIOJIY'IHTb tPOPMYJibl eJIO)f(eHHH IIOJIHHOMOB 

3pMHTa HeeKOJibKHX rrepeMeHHbiX H JII06biX .D;pyrux tPYHKUHH, 

KOTOpble MO)f(HO eBJI3aTb e rrpe.IJ;eTaBJieHHeM eHMIIJieKTH
'IeeKOH rpyrrrrbi. 
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