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1 BBe,n;eHHe 

Ilpe.n;noJIOJKHM, 'ITO cocTOJIHn:e jw(t) > cn:cTeMhl 3BOJIIOUilOHn:pyeT B cooTBeT

CTBilil C ypaBHeHn:eM Illpe.zmHrepa 

. dlw(t) > = H(t)lw(t) > · zn dt (1) 

PeIUeHIIe 3TOro ypaBHeHIDI MO:-KHO npe.llCTaBilTb C IlOMOIUI,IO onepaTOpa 3BO

JIIOIUIH U( t) = U( t, 0) 

1w(t) >= U(t)lw(o) >, (2) 

B TepMn:Hax KOToporo ypaBHeHIIe Illpe.zmHrepa n:MeeT Bil.ll 

·t dU( t) H( )U( ) 
ltt---;u- = t t . 

O'ICIO.lla C OtieBil.llHOCTblO CJie.llJeT 06hltIHO IICilOfil3yeMoe npe.llCTaBJieHIIe .llJlJI 

onepaTOpa U(t) 

U(t) = Texp[(-i/n) 1t H(t')dt']. 

PeIUeHIIe HeCTaUIIOHapaoro ypaBHeHIDI (1) MO)KHO TaIOKe npe.llCTaBIITI, c no

MOIUI,IO o6mero YHIITapHoro npeo6pa30BaHIIJI .§t(t) = .5-l(t) 

lw(t) >= S(t)IJ(t) >. (3) 

vb ycJIOBIItt, 'ITO 3TO npeo6pa30BaHIIe YHIITapHO Il coxpaHJieT BII.ll ypaBHeHIIJI 

( 1)' CJie.llJIOT COOTHOIUeHIIJI CBJI3II MelK.llJ raMIIJII,TOHIIaHaMII II orrepaTOpaMII 

3 B OJI IO UIIII 

H(t) - H(t) = s1(t)H(t)S(t) - inS\t)(d/dt)S(t) , 

U(t)-+ U(t) = S\t)U(t)S(O). 

(4) 

(5) 

Jlen:o BII.UeTb, '!To KBaHTOBhle ymITapaue rrpeo6pa3oBaHIIJI S( t) .lleil:cTBYIOT 

aHaJiorII'IHO Hea6eJieBCIUUI KaJIII6pOBO'!HhlM rrpeo6pa30BaHIIJIM q>II3IIRII qa

CTIIII. -'tle~r in'.e ~roryT 0hlTb IIOJie3Hhl 3TII KBaHTOBhle KaJIII6poBO'IHhle rrpeo6pa-

30BaHIIJI ,lJIJI peIUeHIIJI ypaBHeHIIJI (1)? Y.uo6HO BBeCTII TaKOe KaJIII6poBO'IHOe. 

rrpeo6pa3oBaHIIe S(t) = S(t), 'IT06hl B rronytieHHOM II3 (1) c ero rroMOIUI>IO 

ypaBHemrn 

. dl<I>(t) > = Hl<I>(t) > zn dt (6) 
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raMIIJII>TOHIIaH H ( t), orrpe.lleJieJIMhlII cooTHOIUCHIICM ( 4), He JanuceJI OT npc

MCHII, T.e. (d/dt)H = 0 (cM., HarrpnMep, [1, 2]). OTCIO.lla cJic.llycT ypanHc

HIIC ,ll;JIJI rrpeo6pa30BaHIIJI S(t) 

stHs + st(aH/at)s + stHs - insts - itists = o, (7) 

r.n;c rrpnHJITO o6o3HaqeHne S = (d/dt)S~ 
PeIUeHIIC ypaBHCHIIJI (6) C HC3aBIICJIIUIIM OT npeMCHII raMIIJII,TOHIIaH01I 

<I>(t) = U(t, O)<I>(O) = cxp(-ciHt/1i)<I>(O) (8) 

M0)f{CT 6:hITb 3aIIIICaH0 B nn.n;e 

<I>(t) = exp(-i£t/1i)<I>(£) (9) 

II, no cyTII .llCJia, CB0.llIITCJI K peIUCHIIIO CTaI~IIOHapnoii: 3a.n.aqII 

Hl<I>(£) >= El<I>(E) > . (10) 

To CCTI, q>yHKUIIII <I>(£) = <I>( t = 0) JIBJIJIIOTCJI co6CTBCHHhlMII <pyHKUIIJIMII 

H II n TO _lKC npcMJI <pyHKUIIJIMII naqaJILH0ro cocT0JIHirn .llJIJI ypanHcHIIJI (6). 
KaK JICrKO BII.D.CTb II3 ( 8), yqeT orrcpaTOpa cJBOJIIOUIIII U ( t) = exp( -t Ht) 
,ll;JIJI <I> ( t) n ( 5) II03B0JIJICT 3aIIIICaTb COOTHOIUCHIIC CBJI3II MClK.n;Y oncpaTopoM 

"1BOJIIOUIIII U ( t) II rrpco6pa3onanIIcM S( t) 

U(t) = S(t) cxp(-iHt)S1(0). (11) 

I1crroJib3YJI rrpco6pa3onanIIc S( t) n ypanncmrn ( 4) npII t = 0, ;rerKo yCTa

H0IJIITb cnJIJb MclK.n;y ncJanIICJIIUIIM OT npcMcHII raMIIJibT0HIIanoM H II ra

MIIJibTOHIIaH0M H(t) n naqaJibHhlH M0MCHT npeMCHII H0 = H(0) 

H = S 1(0)H0 S(0) - i1iS(t)tS(t). (12) 

YqcT )KC TI0CJIC.llHCro COOTHOIUCHIIJI n ( 4) .n;aeT CBJI3b MClK.llJ raMIIJlbTOHIIaH0M 

Il naqaJibHhlll II npoII3BOJII,Hhlll MOMCHThl npeMCHII 

H(t) = S(t)St(o)H0 S(O)St(t). (13) 

.I1TaK, IICTIOJII,30Bamre YHIITapHhlX npeo6pa30BaHIIM, BC.llJIUIIX K HC3aBII

CJIIUCMY OT BpeMCHII raMIIJibT0HIIany, CB0,ll;IIT peIUCHIIe ypanneHIIJI (1) K pe

IUCHIIIO ypanHeHIIJI (10) OTH0CIITCJibHO <I>( t) II peIUeHIIIO ypanHCHIIJI (7) 0TH0-

CIITCJII,H0 S( t). PeIUCHIIe KBaHT0BhlX 3a.llaq pacceJIHIIJI Tpa,n;IIUII0HH0 CBJI3ano 

C peIUCHIICM 0.llH0KanaJII,HI,IX IIJIH :1.rnoroKanaJibHhlX CIICTCM ypanneHIIH (10), 

----1 Ctrr:.,.a:.;ll~i.;.~a r,;,:rnm j.. S!:!e?S.!lllJt UCC' J!~I:li.:;mnC , 

'iWSrJli!OT£H~ ; 
. ........,.. -·•· 



orrnc1,rnarom:ux CT,rn;noHapm,re rrponcccbl. 0.zurnKo pcrnemre ypanHeHilJI (7) 
OTHOCIITCJibHO S(t) rrpII 3a,n;aHHOM H(t) n o6m:eM cnyqae - oqeHb CJIO)I{HaJI 
3a,n;aTJa, e,n;na' JIH HC 6oJiee CJIO)I{HaJI, qeM peIIICHIIC IICXO,n;HOrO ypaBHCHUJI (1 ). 

iv1R. rrpe,zvrnraeM IIOCTYIIlITb UHaqe: IICIIQJII,30BaTI, B KaqecTne IlCXO,ll;HhlX 
IIIIIpOKIIH KJiacc HC3aBHCJill(llX OT npeMeHH raMllJibTOHilaHon, ,ll;JIJI KOTOphlX 
perneHHJI cTan1rnHapHoro ypanHeHHJI Illpe,n;nmcpa (10) MoryT 6bITb rroJiy
qcHhl anamITnqecKH. Tor,n;a rrpn 3apaHee 3a,n;aHHhlX n orrpe,n;eJieHHOM nn,n;c 
orrepaTopax S( t) MO)I{HO Hail:Tn COOTBeTCTByrom:ue 3aBIICJill(ne OT npeMeHn 
raMHJibTOHIIaHhl n perneHHJI HecTanIIoHapnoro ypanncnHJI Illpe,n;nnrcpa ( 1) 
[3]. 

2 raMMJibTOHHaHhl, ,n;orrycimIO~Me TO'lHble pemeHMJI 

HecTan;MoHapHoro ypanHeHHJI llipe,n;MHrepa 

PacCMOTpIIM 3a,n;aqy no BOCCTaHOBJICHllIO B JIBHOM nn,n;e Il3MeHJIIOll(erocJI co 
npeMeHeM raMHJibTonnana H(t) 

H(t) = (p; + q(x))i + B(t, x) -j, (14) 

IICITOJib3YJI neaaDIICJill(llC OT npeMCHII raMUJibTOHIIaHhl, ,n;orrycKaIOm:ne ana
JIHTnqecKHe perneHnJI'crnnnoHapnoro ypannennJI (10). 3,n;en q(x) - cra
nIIonapm,riJ: noTeHilnaJI;:B(t,x) - naMeHJIIOm:eftcJI co npeMeneM noTennnaJI, 
KOT0phll1 qacTO MO)I{HO TpaKTOBaTb KaK MarHnTHOe IlOJie; j = 01, 32,]3) -
onepaTOp cnnna II]; = (2j + 1) x (2j + 1) - cooTneTCTByIOm:ne c1ry 11:a
Tpnqnhle KOMIIOHCHThl; p; ~ -i1iVx -'onepaTOp 11:MIIyJibca; j - e,n;nHnquaJI 
MaTpIIna. 

PacCMOTpIIM D KaqecTDe 1rn,n;eJibHOH CTaD;UOHapHOH 3a,n;aqn ,n;nyxKa~aJib
HOe ypaBHCHile llipe,n;nnrepa C ,ll;CHCTBIITeJibHOH Il CU:MMCTpIIqHOH IIOTennH
aJibHOH MaTpnneii V(x), Vi2(x) = V:n(x) 

H(x)l<I>(x) >= £1<I>(x) >, H(x) = p; + V(x). (15) 

KaK xoporno Il3DCCTHO, no CIICKTp~JibHbIM xapaKTepncTHRaM B o6paTHOH .3a
,n;aqe pacceJIHilJI onpe,n;eJIJIIOT IIOTeHIJ;naJI Il COOTDCTCTDyIOm:ne eMy peIIICHllJI. 
B KaqecTne cneKTpaJibHhlX ,n;annhlX cJiyJRaT S(k)-1rnTpmi;a pacceJIHHJI II xa
paicTepncTnKn CBJI3aHHhlX COCTOJIHilH { &v, ,~}: anaqeHUJI IlX 3HeprHH II nop
MnpOBOK. 
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I'aMIIJibTOHIIaH (15) MO)I{CT 6hlTb npe,n;cTaBJICH KaK cyMMa ,n;naronaJibHOH 
II 6eccJie,n;OBOH MaTpHn 

H(x) = (ft;+ Vi1(x); Vi2(x))i (16) 

( 
(Vi1(x) - ½2(x))/2 Vi2(x) ) 

+ ½1(x) -(Vi1(x) - ½2(x))/2 ' 
qTo noanoJIJieT npe,n;cTannTb ero n nHp:e 

H(x) = h(x)i + B(x) • u 

= h(x) ( 1 0) + O(x) ( c~s~(x) 
0 1 sm0(x). 

sin0(x) ) 
- cos0(x) · (17) 

3,n;ec1, h(x) = p; + (Vi1(x) + ½2(x))/2, u = (&1,&2,&3), a; - MaTpnnhl 
IIayJin, 

B(x) = · O(x )(sin 0(x ), 0, cos 0(x) ), (18) 

O(x) = 1/2J(Vi1(x) - ½2(x))2 + 4Vi2(x)2, 

. 0-( ) = Vi2(x) 0-( ) = Vii(x) - ½2(x) 
sm x O(x) , cos x 20(x) 

QqenH,n;Ho, raMnJibTOHnan ,n;nyxKaHaJibHOH aa,n;aqn .coOTBCTCTByeT TpexMcp
HOH aa,n;aqe c Koop,n;HHaTaMn, aanncJill(HMH OT napaMeTpa x, nanpnMcp, KOJI
JICKTHBHhle Koop.n;nHaThl B;(x), 3aBIICJill(Ile OT BHYTPCHHilX Koop,n;nnaT X (n 
,n;annoM cJiyqae KoMnonenTa B2 ( x) = 0). TaKoft rm.rnJibTonnan MollieT oT
neqaTb npo6JieMe .n;nyxyponHenoro aToMa nmr ,n;nnllieHnro cmm-1/2 qacTnnhl 
n nepeMennoM MarnnTHOM noJie B(x) . 

Ocym:ecTDnM ynnrnpnoe npeo6paaonanne cTanIIonapnoro ypannennJI Illpc
,n;nnrepa, IICIIOJib3YJI Il3MCHJII0ll(IIHCJI co npeMeHeM onepaTOp 

S( t) = exp(-ia3wt), (19) 

KOTOphlH COOTDCTCTByeT npam:enIIIO Ha yroJI wt DOKpyr ocn z. B COOTBCT
CTmIII c ypannenneM ( 4) noJiyqnM cooTnornenne CBJI3n Melli,n;y neaanncJI
m:nM OT npeMenn raMIIJibTOHnanoM H(x) n raMIIJibTonnanoM H(t), na1~emr
IOilIHMCJI co npeMeHeM, 

H(t) = S(t)H(x)S1 (t) + Wa3. (20) 

I'aMlIJII,TOHIIaH H(t) MOJRCT. 6hlTb nepeITHcan n nn,n;e 

H(t)-h(x)(l O)+o(x)(cosj(x)+w/O(x)• sin0fx)exp(2i~t)) 
- 0 1 sin0(x)exp(-2iwt) -(cos0(x) +w/O(x)) 

=h(x)f+B(t,x)•u. (21) 
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0'9'.eBlI.LUIO, eMy MO)I{HO IIOCTaBlITb n COOTBeTCTBne raMHJThTOHllaH (14) c 

HeCTan;noHapHhlM IIOJieM 

B(t,x) = fl(x)(sin0(x)cos(wt),sin0(x)sin(wt),cos0(x)), (22) 

KOMIIOHeHThl KOToporo 011pe,n;eJIHIOTCJI C IIOMOJW,IO COOTHomemm 

. - ( w2 w - ) 1/2 
rl(x) = fl(x) 1 + 02(x) + 2fl(x) cos0(x) , (23) 

. O( )- fl(x)sinO(x) O( )- fl(x)cosO(x) _..!:!_ 
sm x - fl(x) , cos x - fl(x) + fl(x) · 

JlerKo nu,n;en, H3 (21) H (22), 'ITO n pe3ym.rnTe yIDITapHoro 11peo6pa3onanUJI 

( 19) B03IlHKJia OTIDf'IIlaJI OT nyJIH COCTaBJIHIOIUaJI B,Zl;OJTh y neKTopa B ( t' X). 
lb cooTnomeHHJI (20) 11pn t = 0 HeMe,n;JienHo 11ony,iaeM BhlpameHne ,n;JIH 

na"l'.am,uoro raMnm.ToHnana 

Ho(x) = H(x) + w&-3, 

KoTopoc y,n;o6Ho ncpemrcaTb B nH,n;e: 

Ho(x) = (p; + q(x))f + Bo(x) • u, (24) 

r,n;c IIOJIC. Bo onpe,n;eJIHCTCJI CJIC,D;yIOIUHM o6pa30M: 

B 0 (x) =: fl(x)(sin0(x),O,cos0(x)). (25) 

IhaK, nocTpoeH raMHJThTonuau H(t) 

H(t) = (fi2 + Vi1(x) +½ix)). 
X 2 J (26) 

+ 2 w 
( 

Vi1(r)-V22(r) + 
½1 (x) exp(-2iwt) 

Vi2(x) exp(2iwt) ) 
-( Vi1(r);V22(r) + W) ' 

KOTOphlH ,n;onycKaeT 11pe,n;cTaBJICHHe n. JIBHOM nn,n;e pcmeIIHH HCCTan;mrnap

Horo ypanHeHUJI 1II p~,n;nurepa ( 1) 

l'11(t,x) >= exp(-i&-3wt)exf:>(-ifit/1i)l<I>(x) >. (27) 

Jl:eHCTBlITeJThHO, co6CTBCHlll.Ie 3Ha'lellllJI £ CTan;HoHapHoro ypaBHCHUJI lllpe

,D;HHrepa C raMlIJThTOHHaHOM fi lI3BCCTHH, IIOCKOJThKY OIIH JIBJIHIOTCJI HCXO

.LUlhlMH ,n;aHHhlMH B o6paTHoH 3a,n;a,ie. Hc11om,3yJI npou;e,n;ypy aJire6pan'le

cKHx npeo6pa3onanH:ii BaprMaHa HJIH JJ:ap6y, 110 c11eKTpam.III,IM xapaKTe

pucTnKaM, B JIBHOM nn,n;e nocCTaHaBJIHBaIOT 110TeHllllaJI n pemenUJI l<Ii >. 
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IlycTb V(x) - 6aprManoBcKaJI rroTenu;nam,HaJI MaTpnn;a, rro3BOJIJIIOIUaJI 

naxo,n;nn, n /IBHOM anaJIHTH'ICCKOM Bu,n;e pemeHHII CHCTeMbl ypaBHCHHII (15). 
B Ka'ICCTBe IlpHMepa rrpnne,n;eM /IBHhlH BlI,Zl; ,Zl;JIJI MaTpH'9'.HhlX 3JICMCHTOB 6e-

30TpamaTem.Horo IIOTCHIJ;HaJia lI COOTBCTCTBYIO!UHX eMy pemeHHH ½ocTa [4]: 

V;j(x) = 2d~ I:exp(-i<'xhr P0.1(x)'Yf exp(-t.Jx), (28) 
v>. 

Fi7,(k,x) exp(±ikix)Djj' (29) 

L ,'; exp(-t.1x)P:,i,1(x) 100 

,7' exp(-(t.7, ± iki')x')d:c1, 
VA X 

r,n;e 
m V ).. 

~ lj'lj' ( ( V >.) ) 
Pv>. = Dv>. + ~ v >. exp - "i' + "i' X . 

. , "i' + "i' • J • . 

HopMHponaHHOC pemenue ,Zl;JIJI BeKTopnoH q>yHKIIHH CBJI3annoro COCTOJIHHJI 

HeMe,n;Jienno BhlpamaeTCJI '9'.epe3 MaTpnn;y pemcnn:it MocTa (29), B31ITYJO npn 

3neprun: CB/I3aHnoro cocTOJIHUJI k2 = -Ev 
m 

<I>;(E11,x) >= LF;j(Ev,x)'Y';, i,j = 1,2. 
j 

3,n;ccb HH,UCKChl V H A OTBC'9'.aIOT CB/I3aHHhlM COCTOJIHHJIM, xapaKTCpH3yIO

mnMC/I 3HcprH1IMH E11 H HOpMHpOB0'9'.HhlMH MaTpn:n;aMH l,i >< ljl, B TO 

npeMJI KaK .UJIJI o6o3Ha'9'.CHIIJI KaHaJIOBhlX IIH.UCKCOB HCIIOJib30BHHhl HH,UeKChl 

i, j. CJie,uycT OTMCTIITh, KJiacc T0'9'.HO pclllaCMhlX MHOr<>KaHaJihHhlX 3a,Ua'9'. 

.uaJICKO HC orpaHII'9'.IIBaCTC/I npHBC,UCHHhlM npIIMCIJOM. HcnoJih30Bann:c TC

XHIIKII BhlpO)K.llCHHhlX JI.Ucp IIpII pCllICHHII IIHTcrpaJII,HhlX ypanneHUH o6paT

noii: 3a,Ua'9'.II pacccJIHIIJI KaK na BCCH OCII, THI{ II na IIOJIYOCII IIJIH pa,un:aJibHOH 

3a,na'9'.II n rro.uxo.uax reJihqmn.ua-JlenIITaHa n Map'9'.cHKo .uaeT Mnoro,incJieH

Hhlc npnMcphl T0'9'.HO pCllIHCMbIX CTan;IIonapHhlX 3a,na'I, KOTOphle MOryT 6IJTb 

HCIIOJib30BaHIJ .UJIJI HCCJIC,UOBaHH/I necTau;n:onapHhlX 3a,Ua'9'.. 

3 Hea.n;Ha6aT1P1ecmrn reoMeTpHqecRHe cpa3LI 

OcymecTBHM 11pon;e,n;ypy ynIIrnpHHX npeo6pa3onann:il: S(x) II S(x), annn:

r~nn:pyromIIx .B1(x)- n: B1(x)-cocrnBJIJI10mn:e 110Jie:it B(x) n: Bo(x). 8TO 

peaJIH:iyeTcll c ri0Mom1,10 SU(2)-onepaTOpoB 

S(x) = exp(-i0(x)]2) n S(x) = exp(-i0(x)]2), (30) 
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cooTneTcTnenHo, j = (1/2)u. ITocKOJinKY crrpane.n:mrnhl cJie,n;yroIIrrre cooTno
IIIcu1rn: 

B(x) • u = ~1(x) exp(-i0(x)]2)a3 exp(i0(x)]2), 

Bo(x) · u = O(x) exp(-iO(x)]2)a3exp(iO(x)]2), 

(31) 

(32) 

Ton pe3yJinTaTc .n:cil:cTnHJI rrpeo6pa3onaHHil: S( x) II S( x) cHcTeMhl ypanHennil: 
.LJ:JIJI raMIIJibTOHUanon (15) H (24) CBO,n:JITCJI K ypanHeHHJIM KaJIII6pono1Inoro 
DH.LJ:a [5] 

[-(Vxi + A(x))2 + q(x)J + O(x) · a3 - P2]<I>'(x) = 0, 

[-(V xi+ A(x))2 + q(x)i + O(x) · a3 - P 2]w~(x) = 0, 
P = diag(Pn) 

.LJ:JIJI HOBhlX q>yHKIUIH 

(33) 

(34) 

<t>'(x) = exp(-i0(x)]2)<I>(x), W~(x) = exp(-i0(x)]2)'11 0 (x). (35) 

CnJI3b Mem,n;y r<aHaJiaMH n ypanneuHJi:x (33), (34 ), ocym;ecTnJIJieTcJI 1rnTpH1I
HhlMH 3JieMeuTaMH orrepaTOpon A( x) H A( x), KoTopue ,n:eficTBYIOT KaK 3<p
<peKTIIBHhle BeKTopuue IIOTCHIJ;IIaJihl II reuepHpyIOTCJI rrpou;e,n;ypoil: KaJIH6po
B01IHOro rrpeo6pa3onaHHJI {30) 

A;i(x) 
A;i(x) 

= exp(i0(xfo)(d/dx) exp(-i0(x)]2), 
exp( i0(x )]2)( d/ dx) exp(-i0(x )]2), 

OnreTHM, 'ITO 3JICMCHThl orrcpaTOpa ,S(x) 

i,j=l,2. 

S-( ) = '•(- .0-( )'.) = ( cos0(x)/2 sin~(x)/2) 
x exp z x 12 -sinO(x)/2 cosO(x)/2 

(36) 

orrpe,n:eJIJIIOTCJI 3JICMCHTaMH II3DCCTHOH IIOTCHIJ;IIaJibHOH MaTpIIIJ;hl v;j( X) ITO 

<popMyJiaM (18). Y1IIITunaJI oirepaTOp rrpeo6pa30naHHJI S(t) (19) n orrepa
TOpc 3BOJIIOIJ;IIH ( 11) 

U(t) = exp(-ia3wt) exp(-iHt/n) 

rrpe,n:cTaBHM pememre (27) ypanueHHJI (1) c ra1mJinTOHnaHoM (21) n nII,n:c 

l'11v(t) >= exp(=fiwt) exp(-iEvt/n)IWv(O) >, 

8 

f.l 

Co6crneHHue aua-qemm ri co6crnemme cpymrn;IIII orrepaTOpa fI(x) - 3To 
Ev II J<I>0 (Ev) >, r.n:e IIH,n:CRC RaHaJia o = 1, 2 rrpHHIIMaeT .n:na ana-qeuHJI n 
COOTBCTCTBim C IIOCTaHOBKOii: aa,n:a1III. qepe3 rrepuo.n: T = 1f /w IIMCCM 

l'11a(T,Ev) >= exp(=r=i1r)exp(-iEvT/n)lwa(O,Ev) >. (37) 

Tor.n:a rroJIHaJI cpaaa -

8v= (±7r+EvT/n). (38) 

qT06hl Bhl'IlICJIUTb )];IIHaMIJ:lICCKyIO cpaay, Bhl'IIICJIUM cpe.n:Hee 3Ha1IeHire 

H( t), IICII0Jib3YJI C00TH0IIICHIIJI (20) II (27) 

< Wa(t,£v))H(t)J'110 (t,£v) >=< <I>0 (£v)Sf(t)JH(t)JS(t)<l>o(£v) > 

=< <I>a(Ev)lfI(x))<I>a(Ev) > + < <I>a(Ev)lwa3l<I>a(Ev) >=Ev+ wa~. 
C :rrcnom,3onaHIIeM nupruKeHIIJI (35) .n:JUI co6crneHHIJX q>YHRIUiil: fI(x) cpc

.n:uee 3Ha1.feHIIe rrpoeKu;IIII cnIIHa rreperrIIIIIeTCJI 

a;=< Wa(t,Ev)laal'11a(t,£v) >=< <Pa(Ev)laal<I>a(Ev) > 
I 

=< <l>~(Ev)lexp(i0(x)]2)a3exp(-i0(x)]2)l<I>~(Ev) > 

=< <l>~(Ev)I - sin(0(x))&1 + cos(0(x))&3J<P~(£v) > . 

Tor,n:a )];JUI .D:UHaMII'ICCKOH cpa3hl oi II0Jiy1IIIM lUi!pameu:rre 

T 

ot = J < Wa(t)IH(t)lwa(t) >., dt 
0 

(39) 

(40) 

= EvT /n + 7[ < <I>~(Ev)I - sin(0(x))a1 + cos(0(x))a3)l<I>~(Ev) > ( 41) 

Y1IIITLIBM (38) II (41), uea.n;ua6aT:rrqecRaJI reoMerpH1IeCRaJI q>aaa oi n uameM 

CJiyqae )];0JI)I{Ha orrpe,n:eJIJITbCJI :U3 C00TH0IIICHIIJI 

{ji = (8v - ot) = 1f < <P~(Ev)I sin(0(x))&1 + [1 - cos(0(x))a3)]1<l>~(Ev) > 
= ±1r(l + a;). ( 42) 

ITo cyn1 ,n:eJia reoMeTpll1IecRaJI cpaaa orrpe.n:eJIJieTCJI cpe.n;HIIM aHal.feHHeM 
rrpoeRIJ;IIII CIIIIHa, IIOJiyqCHHOM ll3 (39). 9To COOTile'rCTByeT uea.n:ua6aTII
qecROll reoMeTpH1IecRoii: <paae Araponona-Auan.n:aua [6] 

{jY =< w(t)j(d/dt)w(t) >=< <Pa(x)ISf(t) · S(t)l<Pa(x) >= w8-3. ( 43) 
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ConepIIIeHHO,O'leBII.!lHO, rrpll OTCYTCTBllll 3aBHCllMOCTll OT X 3a,n:a11a yrrpo
rn:aeTCJI ll rrepexo.iI.HT n 3a,n:a11y .!lJIJl CIIllH-1/2 11aCTlll{hl n ll3MeHJIIorn;eMCJI co 
npeMeHeM, HO o,n:nopo,n:HOM n rrpocTpaHCTne MarHHTHOM IIOJie [1]. B a,n:ua6a
TH1IeCROM rrpe,n:eJie, Ror.n:a w/0.-+ o,n-+ O,cos0-+ cos0 u rem.1:eTpH1Ie
CRaJI <pa3a ( 42) CTaHOBllTCJI <pa30H Beppu [7] 8g = 7r(l - cos 0). 

11TaR, Mhl ,n:eTaJibHO paccMOTpeJIH ,n:nyxRaHaJibHYIO TO'IHO peIIIaeMyIO He
CTal{llOHapHyIO 3a,n:a11y, llCIIOJib3YJI .!lOCTaTO'IHO rrpoCTOH orrepaTOp RaIIOHll-
11ecRoro RaJrn6pono11Horo rrpeo6pa3onaHHJI S(t). BrroJIHe 011enH.n:no, RaR 
rrpe,n:Jiarae1mii: rro.n:xo.n: o6o6maeTCJI Ha cJIY1IaH .n:pyrHx nn16opon orrepaTopon 
S( t) U RJiaccon CTal{llOHapHhlX TO'IHO peIIIaeMhlX 3a,n:a11. 

4 3aHJIIO"lJeHHe 

Ilpe,n:JIOJRCHa rrpoue.n:ypa ROHCTpyuponaHHJI 3aBHCJilll:llX OT npeMCHll raMHJib
TOHllaHOB, ,n:orrycRaIOrn;llX TO'IHble peIIIeHHJI HCCTal{UOHapHoro ypanHeHHJI 
Illpe.n:uHrepa. Ilo.n:xo.n: OCHOBaH Ha TO'IHO peIIIaCMhlX MO.!lCJIJIX CTal{HOIIap
HOro ypanueHHJI Illpe,n:uurepa H Ha crreu;naJibHOM nn16ope orrepaTopon S(t) 
RaHonu11ecRoro RaJIH6pono11Horo rrpeo6pa3onaHHJI. .ll:eTaJihHO paccMoTpeHa 
,n:nyxRaHaJibHM 3a,n:a11a, .!lJIJI ROTopoir rrpune,n:eHo nn1pameuue .!lJIJI <pa3hl BeppH. 

AnTOphl rrpH3HaTeJibHhl .!lORTopaM cp.-M. HayR A. llie,n:attony H B. CaMco
Hony 3a rrpoJinJieHHblii: HHTepec R pa6oTe. 
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