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1. BBe;a;eune 

KBaHTOBo-MexaHH'Iecxn:e cn:cTeMhI c raMHllbTOHHaHOM, nep1m,1n:qecxn: oa.Bn:CJI~HM oT 

BpeMeHn:, 06na,1aroT Pll,IOM o6~n:x CBOllCTB,' o6yclIOBlleHHbIX TOllbKo· OpMHTOBOCTbIO H ne

pHO):IH'IHOCTbIO raMHllbTOHHaHa n: He Oa.B.HCJl~HX OT ,1eTaneii ero CTpyKTyphI. 8TOT cpaKT 

BnepBhie OTMe'IeH B (1, 2], r,1e 6hillll BBe)'.leHhI KBa:3HOHepreTll'IeCKHe COCTOl!Hllll (K8C:) n: 

KBaommeprlll!' TaKHX cn:cTeM. ,Il;anbHeiiwee paoBnTn:e Teopn:n: n: 6n:6nn:orpacpllll n:MeeTCJI B 

[3, 4, 5]. 
D;ellb HaCTOl!~eii pa60ThI - ,1aTb KoppeKTHYIO cpopMynn:pOBKY oa,1a'IH paccel!Hllll ,lllll 

CHCTeM C raMHllbTOHHaHOM, nepHO):lll'IeCKH Oa.BHCJl~HM OT BpeMeHH. IIony'IeHHhie peoynb

TaThI •MoryT HallTH npn:MeHeHlle npn: OllHCaHllll paccel!Hllll, pacna,1a H KHHeTHKH CHCTeM, 

noMe~eHHbIX B CllllbHOe nepHO,IH'IeCKOe none. 

2. CTpyxTypa onepaTopa aBorrro~nn 

MLI 6Y,1eM llOllbOOBaTbCJI o600Ha'IeHlll!MH ,IJ;n:paxa [6]. 
IIycTb B rn:nb6epTOBOM npocTpaHCTBe H oa,1aH Oa.BHCJl~Hll OT BpeMeHH t raMHllbTO

HllaH, TO eCTb opMHTOB onepaTop H(t) = H+(t) (+ OOHaii:aeT opMHTOBO conpl!lKeHn:e). B 

OTOM cny'Iae KeT-BeKTOp l'P(t) > Y)'.IOBlle~BoplleT ypaBHeHn:ro illpe,1n:Hrepa: · 

(1) 

PeweHHe ypaBHeHllll (1) MOlKHO npe,1cTaBIITb npn llOMO~H onepaTopa OBOlIIO~IIII U(t, t'): r 

l'P(t) >= U(t, t')l'P(t') > . (2) 

OnepaTop OBOlIIO~ Y)'.IOBlleTBOplleT rpynnoBoMy CBOllCTBy: 

U(t,t')U(t',t") = U(t,t"). (3) 

011 O,IHOOHa'IHo onpe):lelllleTCJI oa)'.la'Ieii Kown (I - e):IHHll'IHhill onepaTop ):· 

i!U(t,t')=H(t)U(t,t') I Tl_(t',t')=I. (4) 

BBe,1eM Oa.BIICJl~Hii oT o,1Horo napa.MeTpa onepaTop 

U(t) = U(t, 0) (5) 

lfa (4), (5) cne,1yeT, 'ITO 

i ! U(t) = H(t)U(t) , U(O) = I . (6) 

Bre,1eHHhill o~epaTop 06na,1aeT cBoiicTBaMH: 

(7) 

3a.BHCJl~Hii OT ABYX napa.MeTpoB onepaTop ooonro~n:n: npe,1cTa.Blll!eTCJ1 c noMO~bro U(t): 

U(t, t') = U(t)U+(t') . (8) 

1=~;.::rl -~-
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IIycTb Terrepb raMnllbTJmrn.H .!IB/IJieTC.!I rrepno,1WiecKoii q>yHKD;neii apeMeHn: 

H(t)=H(t+T) (9) 
IloKaJKeM rrpeJK,1e acero, 'ITO B OTOM crry'lae 

U(t +T,t' +T) = U(t,t') (10) 

.IJ;eiicTBnTellbHo, rrorroJKHM u(t,t') ~ U(t + T, t' + T). IIo,1cTaBll.!I.!I OTO onpe,1eJiemre B ( 4) n 

y'lnTb!Ba.!I (9), Haxo,1nM, 'ITO u(t, t') IlO,l'IHH.!IeTC.!I :m,1a'le Kown, COBIIa)'.laIOU\eii c ( 4): 

i ! u(i, t') = H(t + T)u(t, t') = H(t)u(t, t')-, 

u(t',t') = U(t' +T,t' + T) ==I, 

TaK KaK u(t, t') n U(t, t') no,1'InH.1IIOTC.!I o,1Hoii n Toii JKe oa11a'le Kown, ~HH coarra11a10T, 
OTKY):la n CJie11yeT (10). 

Bae11eM Terrepb orrepaTop Ur: 

Ur= U(T) UrUt = U;j;Ur = I (11) 

B cmiy yHnTapHOCTn Ur, ero MOlKHO rrpe):ICTaBnTb B Bn11e 

Ur = e-iTHT , Hr = H;j; (12) 

(OnepaTop Hr onpe11err.1IeTC.!I = (12) HeO):IHOiJHa'IHO, 'ITO He BJIH.!IeT Ha )'.lallbHeiiwee. 8TOT 

aonpoc 06cyJK11aeTC.1I B pa::i11erre 3) . .D;arree, BBe)'.leM onepaTop 

U(t) = U(t)eitHT . 

IloKaJKeM, 'ITO U(t) YHHTapeH n rrepiro11n'leH Bo apeMeHn: 

u+(t)U(t) = U(t)u+(t) =I, 

U(t + T) = U(t) 

.D;eiiCTBnTellbHO, y'lnTb!Ba.H (13) n (7), Haxo,1HM: 

u+(t)U(t) = e-itHTu+(t)U(t)ei% = I . 

(13) 

(14) 

(15) 

AHarrorn'IHO )'.IOKaiJb!BaeTC.!I BTOpoe = paBeHCTB (14). ,Il;lIJI )'.IOKa::iaTellbCTBa (15) BOCnOllb-
::iyeMC.!I (13), (5), (3), (10), (11 ), (12): 

U(t + T) = U(t + T)ei(t+r)HT = U(t + T;O)ei(t+T)HT = 
U(t + T, T)U(T, O)ei(t+r)HT-= U(t + T, T)Uri(t+r)HT = 

= U(t, 0)eitHT = U(t)eitHT = U(t) • 

Hcxo,1.H n::i (13) 11 (8), norry'!aeM npe,1cTaarreHne onepaTopoB lf(t), u+(t), U(t, t') c no

MO~bro HC OaBnC.!Ill\ero OT BpeMeHn OpMHTOBa onepaTopa Hr II nepno)'.ln'ICCKll ::iaanC.Hll\ero 
OT BpeMeHn yHnTapHoro onepaTopa U(t):' 
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U(t) = U(t)e-itHT; u+(t) = eitHTij+(t) ' 

U(t, t') = U(t)e-i(t-t')HTij+(t') 

OTMeTnM, 'ITO U(t) no11'InH.1IeTC.1I ::ia11a'le Kown: 

a - - - -
~at U(t) = H(t)U(t) - U(t)Hr, U(0) = I • 

Bb!palKeHne (18) norry'laeTc.!I rro)'.ICTaHOBKoii (13) B ( 4). 

3. Panrro2Kem1e no rrepno;a;n'fecKoMy 6anncy 

(16) 

(17) 

(18) 

IloCKOllbKY Ur yHnTapeH, OH MOJKeT 6b!Tb 11naroHarrn::ioBaH B HeKOTOpOM OpTOHOpMnpo

BaHHOM_ 6a::ince In >, npn'IeM co6cTaeHHble ::iHa'leHH.!I ero no M0)'.lyrrro paaHbl e111rnno;e: 

Ur= Le-irE•ln >< nl 
- n 

< min>= Dmn • L In>< nl = I 

(19) 

(20) 

Ba::inc MOlKeT oKa::iaTbC.!I KaK 11ncKpeTHhIM, TaK n Henpepb!BHb!M. B nocrre11HeM crry'lae aeK

TOphl In -> He HopMnpoBaHbl, cyMMbl B (19), (20) ::iaMeH.!IIOTCl! nHTerparraMn, a cnMBOll 

KpoHeKepa Dmii B (20) - 6-cpyHKo;ne1i .D;npaKa. 'Incrra En B (19) orrpe11erreHbl no Mo11yrr10 

2ir /T = n. B 'laCTHOCTn, MOJKHO C'IHTaTb, 'ITO 

2ir 
0~En<fl=T 

Bo::iMOJKHa n rrro6a.H ::iaMeHa En ➔ En + qnfl, r11e qn - o;errble 'lncrra, 

(21) 

BeKTOpb! In > n u:ncrra En - OTO KBa::inaHepreTn'lecKne cocTO.!IHH.!I (KBC) n KBa::inaHep

rn.!I onepaTopa H(t), BBe,1eHHble B [1, 2). B 6a::ince K8C 11naroHarrn::ireTc.1I Hr: 

Hr= LE.In>< nl . (22) 

BBe)'.ICM TaKJKe rrepnO)'.IWICCKn iJaBHC.!Ill\ne OT BpeMCHll BeKTOpb! ln(t) >, KOTOpb!e 6y11eM 

HaiJb!BaTb t-K8C onepaTopa H(t): 

ln(t) >= U(t)ln > ln(t + T) >= Jn(t) > . (23) I 

B curry yHnTapHoCTll U(t), Jn(t) > B KaJK)'.lb!H MOMeHT BpeMeHn o6pa::iyroT opToHopMnpo

BaHHblll 6a::inc B H: 

< m(t)Jn(t) >= Dmn , L Jn(t) >< n(t)J = I • (24) 

MeTO)'.lbl nocTpoeHn.!I K8C, t-K8C n KBaiJHaHeprnii no raMnllbTOHnaHy H(t) n::irrolKeHbl B 

[4, 5). 
BeKTOp Jn(t) > MOJKCT 6b!Tb TaKJKe rrpe):ICTaBJICH c noMOU\blO U(t). .D;eiicTBnTCllbHO, 

no)'.ICTaB/IJI.!I (13), (22) B (23), Haxo11nM: 

Jn(t) >= eitE•U(t)Jn > (25) 
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• Ifo (25) Bll,IHO, 'ITO tJaMeHa En•.::... _En+ qnn , r,1e qn - I\ellble 'lllCJia, OTpalfl:aIOI.qaJI Heo,1-
HOtlHa'IHOCTb Bbl6opa HT, npn:BO,lllT K oaMeHe ln(t) >---+ eitq.nl~(t) >. 1 

Ifo (6), (25) nony'laeM ypaBHeHn:e H_a ln(t) >: 

{ H(t) - i ! }ln(t) >= Enln(t) > , ln(t + T) >= ln(t) > 

C noMOI.qbIO K8C n: t-K8C MOlfl:Ho npe,1cTaBn:Tb U(t) n: ii+(t) B cne,1y10rqeM Bn:,1e: 

ii(t) = L ln(t) >< iii , ii+(t) = L In >< n(t)I 
n n 

.D:eiiCTBllTeJibHO, Y'lllTb!BaJI (20), (23), Ha.xo,1nM: 

U(t) = U(t)I = U(t) L In>< nl = I:; ln(t) >< nl 

ll aHaJIOrll'IHO ,Ill.II ii+ ( t). 
OnepaTopbI U(t), u+(t) ,1onycxa10T cJie)'.IYrorqee paonolfl:eHn:e: 

(26) 

(27) 

U(t) = I:; e-itE"!n(t) >< nl , u+(t) = I:; i 1E"ln >< n(t)I (28) 
; n n ', 

IlepBoe lltl paBeHCTB (28) noJiy'laeTC.!l nO,ICTaHOBKOll (27), (22) B (16). BTopoe lltl paBeHCTB 
(28) - conp.11lfl:eHn:eM nepBoro. · 

HaKOHeq, nO)'.ICTaBJI.!l.!I (28) B (8) n Y'JllTb!BaJI (20), nOJIY'lllM patiJIOlfl:eHne onepaTopa 
aBoJiroqnn U(t, t') no nepno,1n'lecK~MY BO BpeMeHn 6aoncy t-K8C: 

U(t, t') = L e-i(t-t')E• ln(t) >< n(t')I (29) 
n 

4. Hr-npep;cTaBJieHIIe 

PaccMoTpnM Tenepb ypaBHeHn:e Illpe,1nHrepa Bn,1a 

i !1i/J(t) >= {H(t) + V(t)}li/J(t) > (30) 

r,1e H(t) - nepno,1n:'leH, TO eCTb Y,IOBJieTBOp.!!eT (9). '!To Jfl:e KaCaeTC.!I V(t), 6meM C'lll
TaTb ero MaJibIM BOtJMyrqeHneM, HO He CTaHeM noxa )'.leJiaTb HllKaKnx npe,1noJIOJfl:eHnii OTHO
cnTeJibHO oaBncnMocTn V(t) OT BpeMeHn. IlycTb HaM noBecTeH onepaTop U(t) 11= H(t), 
nocTpoeHHblll B COOTBeTCTBnn C (13). IlpoBe,1.11 0pMUTOBO conp.!!lfl:eHn:e (18), y6elfl:,1aeMc.si, 
'ITO ii+(t) Y,IOBJieTBopneT ypaBHeHnro 

a - - -i at u+(t) = HTu+(t) - u+(t)H(t) (31) 

BBe,1eM q>yHKI\lllO 

li/JT(t) >= ii+(t)li/J(t) > • (32) 

, Ilo,1cTaBJI.!l.!I (32), (31) B (30), y6e2k,1aeMcn, 'ITO li/JT(t) > Y,IOBJieTBop.11eT ypaBHeHnro 

i ! li/JT(t) >= {HT+ VT(t)}li/JT(t) > , (33) 
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r,1e HT onpe,1eneH no H(t) c noMOI.qbIO (12), n 

v;(t) = ii+(t)V(t)U(t) : (34) . -

Th.KnM o6paooM, oa,1a'la-(30) BOtJMyrqeHil.!I nepn:o,1n'leCKoro raMllJibTOHUaHa H(t) CBO,lllTC.!I 

x oa,1a'le (33) BOtJMyrqeHil.!I CTaqllOHapHoro raMUJibTOHnaHa HT. 
ECJin A(t) - Ha6n10,1aeMa.n:, TO 

AT(t) = ii+(t)A(t)U(t) . (35) 

µpn 0TOM 

< ip(t)IA(t)li/J(t) >=< 'PT(t)IAT(t)l'PT(t) > . (36)' 

Ecnn ftA(t) = 0, TO 

- d . 
idtAT(t) = [HT - HT(t) , AT(t)] , (37) 

r,1e [, ] - xoMMyTaTop, n HT(t) = ii+(t)H(t)U(t) B coo-rBeTcTBnn c (35). 

Ilpe,ICTaBJieHne (32) - (35) Mb! 6Y,1eM Hatlb!BaTb HT-npe)'.ICTaBJieHn:eM. 06parqeHneJ32), 

(35) ,1aeTC.!I COOTHOWeHn.!!Mll 

lip(t) >= ii(t)li/JT(t) > ' A(t) =U(t)AT(t)ii+(t) (38) 

IlpnBe,i;eM MaTpn'IHyro qiopMy HT-npe,1cTaBJieHll.!I. IloJiolfl:nM 

'Pn(t) =< n(t)li/J(t) > , Vmn(t) =< m(t)jV(t)ln(t) > , (39) 

r,1e ln(t) >, lm(t) > __:_ t-K8C H(t). IlycTb In >, Im > - K8C H(t). Y'lnTb!BaJI (24), 

(27)," (32), (34), (39), Ha.xO)'.IUM: 

li/J(t) >= L 'Pn(t)ln(t) > , li/JT(t) >= L 'Pn(t)ln > • 
n n 

V(t) = L Vmn(t)lmtO >< n(t)I , VT(t) = L Vmn(t)lm >< nl 
,mn 

YpaBHein:e (33) B MaTpn'IHOll q>opMe nMeeT BUii 

i ! 'Pn(t) = Eni/J~(t) + ~ Vnm(t)i/Jm(t) 

5. MaTpmi;a pacceJUnrn: 

(40) 

(41) 

CqiopMynnpyeM oa,1a'ly pacce.11Hnn ,IJIH ypaBHeHil.!I (30). BmeM nonaraTb, 'ITO H(t) n 
V(t) nepno,1n'IHbl c nepno,10M T. BmeM paccMaTpn:BaTb TOJibKO ynpyroe pacce.11Hne. 

IlycTb W(t,t') - onepaTop 0BOJIIOI\llll ,IJIH (30), WT(t,t') - onepaTop 0BOJIIOI\llll )'.IJIH 

(33), TaK 'ITO 

lip(t) >= W(t,t')li/J(t') > , li/JT(t) >= WT(t,t')l'PT(t') > • (42) 

Ifo (32), (38), ( 42) CJie,lyeT, 'ITO, 
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wct,t') = u(t)wT(t,t')u+(t') • (43) 

Bb!'IIIC/IIIM aMII/IIITYl\Y pacceaHIUI MeJKµ;y IIBYM.11 t-KSC ln(t) >, lm(t') > orrepaTopa H(t) 
rrpI1 t-> +oo, t'-> -oo. Y'IIITb!BaJ.I (43),' (23), (14), Hrucoµ;I1M: 

Jim < n(t)IW(t, t')lm(t') >= Jim < nlWT(t, t')lm >=< nlSlm > , (44) 1-+00 e-+oo 
,' --oo ,' --00 

rµ;e 

S = Jim WT(t, t') 
~-+oo 

t --oo 
(45) 

ThxIIM 06p&10M, aMII/IIITY):la pacce.11Hllil MeJKµ;y IIBYM.11 t-KSC BblpalKeHa 'Iepro Ma'Tpil'!Hhlli 
aneMeHT orrepaTopa S MeJKµ;y µ;ByM.11 He O~IIC.III.I.IIIMII, oT BpeMeHII KSC. OrrepaTop S 6Y):leM 
H&lb!BaTL S-MaTp~eii, II/III MaTpI111eii pacce.l!Hllil. IlocKO/II,KY S ecTL rrpeµ;elILHOe 0Ha'leHile 
(rrpII t-> +co, t'-> -oo) orrepaTopa aBOIIIOLIIIII ypaaHeHil.11 (33), KOTopoe .IIB/l.lleTC.11 ypaBHe
HileM IIlpeµ;IIHrepa C He 0aBIIC.III.I.IIIM OT BpeMeHII HT, orrepaTop s CTaHµ;apTHb!M 06p&10M 
rrpeµ;cTaB/l.lleTc.11 'Iepeo T-axcrroHeHTY, orrpeµ;e/l.lleMy10 c rr0Mo1.1.11,10 orrepaTopa xpoH011orI1'le
cxoro yrrop.11µ;o'!em1:.11 T [7]: 

+oo 

S,,;, Texp{-i j dti18TVT(t)e-itHT} (46) 
-oo 

6.0rrepaTop@ rrepexo;o;a. 

BBeµ;eM CTaHµ;apTHb!M 06p&10M [7] T-MaTpI1ey: 

T=S-I. (47) 

MaTpil'IHble aneMeHThl MeJKgy gayM.11 KSC ,I/I.II T II S cB.l!0aHbl O'leBil,IHhlM c60THoweHI1eM: 

< nlSlm >= Onm+ < nlrlm > . (48) 

Ilocxo111,xy V(t) = V(t + T), U(t) = U(t + T), To II VT(t) = VT(t + T). IloaToMy VT(t) 
MOlKHO p&llIOlKHTI, B p.11,1 <l>yp1,e: , 

00 

VT(t) = L ½e-ikOt 
k=-oo 

1 T 
½ = T j VT(t)eikOtdt 

0 

(49) 

IlogcTaBIIM (48), (49), (22) B (46), pacxpoeM T-aKCIIOHeHTY II Bbl'IIIC/IIIM Bee IIHTerpanb! IIO 
BpeMeHII B rrpegIIO/IOJKeHHH agI1a6aTI1'1ecxoro BK/IIO'!eHII.II BOaIIMogeiicTBil.11 [7]. B proy111,
TaTe IIOC/le HeC/IOlKHblX rrpeo6p~OBaHilli IIOIIJ'IIIM 

00 

< nlrlm >= -2iri. L o(En - Em - kn) < nltklm >, 
k=-oo 

(50) 

rge 
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i1 
:1 
I 

· .. ;'~; '. I 
\ 

I 
t 
I 
i 
'! 

00 00 

< nltklm >=< nl½lm > + L L Ok,k1+ ... +k, L 
P:=2 k11 ... kp=-oo l1, . .lp-1 

< nl½, 111 > ... < lp-11½,lm > 
(51) 

. [Em - E1, + (k2 + ... + kp)n + ieJ ••. [Em - E1,.,., + kpn + ieJ 

rrpII'IeM e -> +o. BmeM Ha:Jb!BaTL BBej'.leHHble B (51) Be/lil'IIIHbl tk orrepaTOpaMII (II/III 
MaTpIIL1aMII) rrepexoga. OTMeTIIM,'ITO (51) orrpege/l.lleT < nltklm·> TOIILKo Ha KB&JIIaHepre
TII'!ecxoii IIOBepXHOCTII En -Em = kn, k =·o, ±1, ±2 .... CooTHOWeHile (50) 06061.1.1aeT no
BeCTHYIO q>OpMy11y TeOpIIII pacCe.l!Hllil [7]. lfo (50) Bil,IHO, 'ITO B rrepIIOj'.II!'leCKOM IIO BpeMeHII 
rr0Te~I1ane coBepwruoTC.11 rrepexogh! He TO/ll,KO c coxpaHeHileM aueprI1I1, KaK B cTaLIIIOHap
HOM cny'!ae, HO II rrepexogbl MeJKgy COCTO.l!Hlli!MII, ,III.II KOTOpb!X KBa:JimHeprII.11 OT/IIl'!aeTC.11 
Ha Be/lil'IIIHY kn, rge k - 11e11oe 'IIIC/10. 3To ecTeCTBeHHO, IIOCKO/ILKY KB&IIl9Heprllil orrpe-
µ;eneHa IIO MO,IYIIIO n. . 

Bb!palKeHIIe (51) orrpege~eT orrepaTopb! rrepexo~a C IIOMOI.I.IL!O p.11ga. Ilony'IIIM Terrep1, 
cI1cTeMy yp.aBHeuiiii, KoTopoii rrog'IIIH.IIIOTC.11 orrepaTopb! rrepexoga. 3Ta CIICTeMa .11a11.11eTc.11 
06061.1.1eHI1eM ypaBHeHllil, orrpege11.11101.1.1ero orrepaTop rrepexoga B cTa11I1om1pHOM cny'Iae. Ilpo
noBegeM B (51) oaMeHhl: k1 -+ k - q, 11 -> l; k2 -> k1, k3 -> k2, ... ~ -> 11, l3 -> 12, ... 
CorrocTaB/1.11.11 rro11y'leHHOe Bb!paJKeHile C (51), y6eJKgaeMC.11,'ITO tk YIIOB/leTBOp.!!!OT CIICTeMe 
ypaBHeHIIli: . 

< nltklm >=< nlVklm > + f L < nl½-qll >< lltqlm > 
q=-oo I Em - E, + qn + ie 

(52) 

rge e -> +o. CooTHOWeHile (52) .IIB/l.lleTC.11 IICKOMOli CIICTeMOli ypaimeH~ii, orrpege11.11101.1.1eii 
orrepaTophl rrepexoga. 

7. Bepo.11THOCTb rrepexo;o;a. CKopocTb rrepexo;o;a 

Bepo.!!THOCTI, rrepexoga Wm-n no COCTO.IIHil.11 ill B COCTO.IIHile Il paBHa KBagpaTy Mogy11.11 
cooTBeTcTBy101.1.1ero aneMeHTa S-MaTpI111h! II/III, rrpI1 m f= n, KBagpaTy Mogy11.11 aneMeHTa 
T-MaTpIILlbl, C y'leTOM (50) HaJCO,IIIM: 

00 

Wm-n = (2ir)2 L I< nltklm > 1202(En - Em:- kn) (53) 
k=-oo , 

Kax o6bl'IHO, p&1ge11I1B Wm-n Ha BpeM.11 pacce.llHil.11 [7], IIOIIY'IIIM ~epO.!!THOCTL rrepexoga no 
COCTO.IIHII.11 m B COCTO.IIHile n B egIIHiley BpeMeHII, TO eCTI, CKOpOCTI, rrepexoga Wm-n: 

00 

Wm-n = 2ir L I < nltklm > 1
2o(En - Em - kn) . (54) 

k=-oo 

Kax Bil,IHO no,(54), CKOpOCTI, rrepexoga .IIB/l.lleTC.11 C)'MMOli CKOpocTeii rrepexogoB, 06ecrre'II1-
'BaeMb!X tk IIpII paDIIIl'IHblX k II 06ecrre'lI!BaIOI.I.IIIX rrepexog C noMeHeHileM KBa:JIDHeprIIII Ha 
Be/lil'IIIHY kn. . 
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, 8. Crreµ;cTBIDI ynIITapHocTII 

Ifo (45) cneAyeT, 'ITO orrepaTop S ymrTap~H: 

s+s=ss+=1. (55) 

lf3y'!IIM cneACTBIDI yHu-:rapHocTn MaTpnn;hI pacce11HIDI. HoACTaBHM (48), (50) B (55). B 

proynbTaTe IIOlIY'llIM rrocne CTaHAapTHblX rrpeo6pa30Bamrii: 

-./ 

< nltklm > -< mlLkln > + 

+21ri L L 8(E1 - En - qr!)< lltqln > < lltk+qlm >= 0, (56) 
q=-oo I 

I'Ae 'l~pTa 03Ha'!aeT KOMrrnexcHoe corrpJll!ceHue. IlonolKIIM B (56) m = n, k = 0. C y'leToM 

(54) IIOlIY'IllM 

I'Ae 

- 2Im < nltoln>= Wtot, , 

Wtot = L Wn-+l 
I 

'(57) 

(58) 

- II0lIHaJI CKOpOCTb rrepexOAa ll3 COCTOJIHIIJI n. CooTHOll!eHne (57) JIBlIJieTCJI o6o6IIJ;eHHeM 

OIITll'leCKOH TeopeM~ [7] Ha ClIY'!all rrepnOAU'leCKOI'O BO BpeMeHU l'aMlllibTOHllaHa. 

IlpIIrrmKeHIIe. Onpeµ;erreHIIe KBan:mmeprrrrr, t-K8C II K8G 

MeTOAhI HaxOJKAeHIDI KBa3n:meprnn, t-K8C n K8C pa3pa6oTaHhI. lfx nmmJKemre nMe

eTcJI B [4, 5]. Il;ellb HaCTOJIIIJ;ero rrpIIlIOlKeHIDI, HOCJIIIJ;el'O MeTOAH'leCKUH xapaKTep, - AaTb 

IIO B03MOlKHOCTU :JKOHOMHYIO ll o6IIJ;yIO q>opMynnpOBKY :lTllX MeTOAOB. 

I. IlepBhIH MeTOA 

BBeAeM l'lllib6epTOBO npocTpaHCTBO 

HT=H®[0,T] (11.1) 

q>yHxn;nii t co 3Ha'!eHIIJIMH B H, rrepIIOAll'!ecxnx,rro t c rrepHOAOM T. CxanJipHoe rrpon3Be

AeHIIe B HT orrpeAeJillM C IIOMOIIJ;bIO rrpaBnna. 

T , 

< Jig >T= j < f(t)lg(t) > dt . (11.2) 

0 

EAnHirn;a B HT nMeeT BRA 

h = I8(t-:- t') , (11.3) 

I'Ae I, KaK n paHee, - eAnHnn;a B H, 

00 1 00 

8(t) = L 8(t - nT) = - L eiqllt, (11.4) 
n=-co ,T q=-oo 

8 

TO eCTb 8(t) - rrepHOAll'leCKllll aHaJIOI' 8-q>YHKIJ;llU ,Il;npaxa. 

BBegeM B HT orrepaTop (cM.(26)): 

h = H(t) - i ! . (11.5) \ 

OH CaMOCOIIPJilKeH IIO OTHOll!eHHIO K CKaJIJipHOMY rrpoU3BeAeHnIO (11.2). Cq>opMynnpyeM 

3aAa'ly Ha co6cTBeHHhle BeKTOphI ll co6CTBeHHhle 3Ha'!eHIDI h B .!,IP,OCTpaHCTBe HT: 
' ~- ' 

hl\O >= EI\O.>. (11.6) 
1 

Y6eAHMCJI, 'ITO rronHhIH Ha6op BeKTopoB In, q > n OTBe'laIOIIJ;HX HM co6cTBeHHhIX 3Ha'leHnii 

En,q HMeeT BRA ' 

eiqllt 
ln,q >= vT ln(t) > , En,q =En+ qr!, (11.7) 

I'Ae· ln(t) > - t-K8C orrepaTopa H(t), En - OTBe'laIOIIJ;ne HM KBa3naHeprnn, HHAeKc n 
HyMepyeT t-K8C (n, cooTBeTCTBeHHo, K8C) orrep,aTopa H(t), q - n;enoe '!Hcno, -oo < 
q < oo. 

,IJ;eiicTBHTellbHO, ll3 (11.5), (II. 7), (25), ( 4) rrony'laeM 

hln, q >= { H(t) - i ! } )rei(qll+En)tu(t)in >= (En+ qr!) I~, q > + 

1 . { .8U(t)} + ../Te•(qll+En)t H(t)U(t) - z~ In>= En,qln,q >, 

TO ecTb In, q >, En,q, orrpegeneHHhle c IIOMOIIJ;bIO (II. 7), ygoBneTBopJIIOT 3aAa'!e (11,6). Ilo

KalKeM, 'ITO In, q > ygoBneTBOpJIIOT ycnoBIDIM opTOI'OHaJibHOcTn n rronHoThI: , 

< n, qln', q' >T= 8n,n' 8q,q' , L In, q >< n, qi = h . (11.8) 
n,q 

,- I 

.D:= AOKa3aTelibCTBa opTOI'OHaJibHOCTll IIOACTaBllM (11.7) B (11.2) n Y'lTeM (24): 

, , 1 T . 1 , 

< n, qln , q >= T j e•(q-q Jilt< n(t)ln (t) > dt = 8n,n'{jq,q' 
0 

.D:= AOKa3aTeJibCTBa rronHoThI Y'!TeM (II. 7), (11.4), (23), (24), (11.3): 

, 1 00 • ·, L In, q >< n, qi= L ln(t) >< n(t )IT L e•qll(t-t l = 
n,q n q=-oo , 

= L ln(t) >< n(t')l8(t - t~) = I8(t - t') = h. 
n 

CooTH0111e1me (11.8) AOKa3aHO. lf3 Hero cnegyeT,_ 'ITO In, q > nc'lepIIhIBaIOT Ha6op nnHeiiHo 

He3aBUCHMhIX co6CTBeHHhIX BeKTOpOB orrepaTopa h B rrpocTpaHCTBe HT- ' 
TaxnM o6pa3oM, 3aAa'!a orrpegeneHIDI t-K8C n KBa3naHeprnn orrepaTopa H(t) cq>opMy

nnpoBaHa KaK 3aAa<ia (11.6) orrpeAeJieHIDI co6CTBeHHhIX BeKTOpOB ll co6cTBeHHhIX 3Ha'leHnii 

orrepaTopa h B rrpocTpaHCTBe HT- Ilpn ;)TOM CJieAYeT Ol'paHll'lllTb co6CTBeHHhle 3Ha'!eHIDI 

nHTepBanoM [O, r!) nn6o n106hIM APYI'HM crroco6oM o'To6paTb OAHH n3 KalKAOI'O Ha6opa BeK

TopoB, OTJill'laIOIIJ;llXCJI IIO KBa3UaHeprnn Ha qr!, a KaK BeKTOphI - MHOlKHTeJieM ei?llt, I'Ae q 
- n;enoe. K8C cTpoJITCJI rro t-K8C c rroMOIIJ;bIO coOTHollleHIDI • 

In >= ln(t = 0) >. (11.9) 
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2. BTopoii: MeTog 

3agaqy (II.6) MOJKHO c<f>opMyJIHpoBaTb B Imoii:, HO 0KBHBaJieHTHOH <f>opMe. ,Il;nJI 0Toro 

BBegeM rm1b6epTOBO rrpOCTpaHCTBO , 

HK=H©Z I (II.IO) 

rge Z -MHOJKeCTBO D;eJibIX 'llICeJI. 3neMeHTaMH HK JIBJIJIIOTCJI IIOCJiegoBaTeJibHOCTH BeKTO
poB na H. CxaJIJipHoe rrpoH3BegeHHe B HK orrpegenJieTCJI_c rroMO~bIO rrpaBHna· 

00 

< fig >K= L < !klgk >. (II.11) 
k=-oo 

EgHHHI~a B HK HMeeT' BHg 
IK = J{jkk' • (II.12) 

OTo6pa3HM YHHTapHO HrB HK c IIOMO~bIO rrpeo6paaoBamrn <l>ypbe: 

l T 
l'Pk >= ~jeikOtl () ff 'Pt > dt 

0 

1 00 

lcp(t) >= ff k~oo e-ikOtl'Pk > • (II.13) 

IIpH OT06paJKeHim (II.13) aagaqa (II.6) Ha co6CTBeHHbie BeKTOpbI H co6cTBeHHbie 3Ha'lemrn 
B HT rrepeii:geT B aagaqy Ha co6cTBeHHbie BeKTOpbI H co6CTBeHHbie 3Ha'leHHJI B HK: 

00 

L (Hk-q - H28kq)Jcpq >= El'Pk > , (II.14) 
q=-oo 

rge 
T 

Hk = ~ j eikOtH(t)dt , H_k = H: • (II.15) 
0 

IIonHbIH Ha6op (II.7) perneHHH aaga'IH (II.6) rrepeii:geT rrpH oTo6paJKeHHH (II.13) B rronm,1ii: 

Ha6op perneHHH aaga'IH (II.14) lln,q >>, En.q: 

lln,q >>=a Jnk+q > , En,q =En+ qO (II.16) 

rge Jnk > rronyqaeTCJI H3 Jn(t) > c rroMo~bIO (II.13). 
IIomIOTa H JIHHeHHaJI He3aBHCH1:10~Tb Ha6opa (II.16), cnegyIO~aJI H3 YHHTapHOCTH OT0-

6paJKeHHJI (II.13), IIO):ITBepJKgaeTCJI coo:rHorneHHJIMH . 
_,, ; 

<< n,qlln',q' >>K= I: < nk+qJn~+q' >= {jnn'{jqq', (Il.17) 

) 
k=-oo 

.:Elln,q >><< n,qll = Llnk+q >< nk'+ql = J{jkk, = h. (II.IS) 
n,q n,q 

3TH COOTHOllleHHJI MoryT 6bITb rronyqeHbI rryTeM <l>ypbe-rrpeo6paaoBaHHJI (II.8) nn6o He-
rrocpegCTBeHHO H3 (II.16). . 

Pa6oTa BbIIIOJIHeHa rrpH rroggepJKKe PoccHHCKoro ¢>oHJ1a q>yHJ1aMeHTa.JihHblX HCCJie110-

BaHHH (rrpoeKT 93 - 02 - 2535). 
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