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Ilpu onucaHHH pacceHHHH B KBaHTOBbIX CHCTeMaX c lfHCJIOM lfaCTHU., 

60JiblllHM .n.ayx, c IlOMOI.l.{blO npHMbIX MeTO.II.OB /CM. 063op /!I; 3TH 

MeTO.II.bl Ha3bIBalOT eme "npu6JIH)f(eHHeM CHJibHOH CBH3H KaHanoa''unu 

"e.n.uHoif Teopueif peaKU.HR '/ cpe.n.u npolfnx npo6neM B03HHKatoT cne.n.yto

mue. 

I. Ka1< BbI6paTb 6a3HCHbIH Ha6op H3BeCTHbIX <l>YHKU.HH <I> f1 . HJ 

I<OTOpblx CTpOHTCH BOJJHOBaH <l>YHKU.HH CHCTeMbl 'I', TaK, lfT06bI OH 

npe.n.cTaBJIHJI co6oif lfHCTo .nncKpeTHoe MHO)f(ecTeo? To ecTb, lfT06b1 

KOHelfHOro lfHCJla lfJJeHOB B pa3JJO)f(eHHH 

/1/ 

6blJJO /XOTH 6bI B npHHU.Hne/ .II.OCTaTOlfHO .II.JJH CKOJlb yro.n.Ho TOlfHOH 

annpoI<CHMau.uu '11 • 
2. Ka1< u36aBHTbCH OT Tpe6oeaHHH, lfpe3BbilfaHHo orpaHHlfHBaromero 

ceo6o.n.y BbI6opa 6a3uca I 'V I. lfT06bI <l>YHKU.HH <I> f3 CTporo COOTBeTCTBO

BaJJH 1<paeeb1M /acHMilTOTHlfeCKHM/ ycnoeHHM, HaKJJa.IJ.LIBaeMblM Ha 

peUieHue 'V ypaeHeHHH llipe.IJ.HHrepa 

(H-E)IJI = 0 

.II.JJH KOHKpeTHO paccMaTpHBaeMOH CHCTeMbl? 

,naHHaH pa6oTa KacaeTcH yKa3aHHblX npo6neM. 

/2/ 

,nanLHeHUIHe paccy)f(J],eHHH Y.IJ.06Ho npoBO.IJ.HTb Ha npocTOM npHMepe 

CHCTeMLI Tpex lfaCTHIJ.. 

liy)l,eM npeJ],nonaraTL, lfTO CHJJLI Me:>K,ny lfaCTHIJ,aMH H 3HeprHH 

E CHCTeMLI BLI6paHLI TaKHM o6pa30M' 'HO B03MO)f(HO JJHUIL ynpyroe 

H Heynpyroe pacce.11Hue 6eJ nepepacnpe.neneHHH lfaCTHIJ.. 
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IlycrL qacrHii:a I na;:i:aer Ha noreHii;HaJILHYIO HMY V, B KOTopoB: 

B CBH3aHHOM COCTOHHHH HaXO,LJ:HTCH qatCrHua 2 /cM. pHCYHOK/. 

raMHJILTOHHaH CHCTeMLI HMeeT BB.Li: 

r;:i:e V 12 - noreHuHaJI B3aHMo;:i:eiicTBHH qacTHU I H 2. 
IlOCKOJILKY npe;:i:noJiaraercH, qro qacTHUa 2 He MO)l(eT IlOKHHYTL 

IIOTeHUHaJILHYIO HMY, BOJIHOBaH cl>YHKUHH 111 BceB: CHCTeMLI HMeeT 

Heucqe3aroiuyro aCHMilTOTHKY JIHWL npH r I -> 00 • 

3.ri:ecL <Ila (r2 )- BOJIHOBLie <l>YHKUHH MHWeHH 

2 
- h 

h2 <1la(r2 )-=o l-
2
ll!i fl;; +V(r2 Jl<lla(~) 

2 

rl 

-
£ ell (r ) , 

a a 2 

k =2m (E-£) 
a I a ' 

/4/ 

/5/ 

a a - o603HaqaeT Ha6op KBaHTOBLIX qHCeJI, xapaKTepH3YIOJUHX COCTOH -

HHH qacTHULI 2 B HMe v (r2). 

CyMMHPOBaHHe B /4/ Be,LJ:eTCH TOJILKO no OTKPLITLIM KaHaJiaM 

c E > <a, qeMy coorBeTCTByer wrpux y 3HaKa I . 
O;:i:HH H3 cnoco6oB peweHHH /2/ .Li:JIH ;:i:aHHoii CHCTeMLI 3aKJI10qaercH 

B IIOCTpOeHHH 111 c IlOMOIULIO <l>YHKUHH MHWeHH ell a B BH,LJ:e KOM6HHaUHH 

runa /I/. O;:i:HaKo B Ha6op I ell a I HapH.LJ:Y c .LJ:HCKpeTHLIMH CBH3aHHLIMH 

COCTOHHHHMH BXO,LJ:HT H HenpepLIBHOe MHO)l(eCTBO COCTOHHHH CilJIOWHOro 

c11eKrpa. B pe3yJILTaTe, HaqHHaH c onpe;:i:eJieHHoro npH6JIH)l(eHHH /Kor

.ri:a B CYMMe /I/ yqreHLI BCe CBH3aHHLie COCTOHHHH MHWeHH/, ;:i:aJILHeii

wee yroqHeHHe annpOKCHMaUHH 111 HeB03MO)l(H0 6e3 yqera B pa3JIO)l(eHHH 

111 HapH.LJ:Y c CYMMOH H HHTerpaJia no COCTOHHHHM HenpepLIBHOro 

CIIeKTpa 3HaqeHHH a : 
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'11 = l F <I> + fda F <I> • l a a a a /6/ 
a 

Ho Tor.na 3a,n;aqa CBO,D;HTCJI K HaxmK.n;eHHIO KOHTHHyyMa HeH3BeCTHhIX 
K03it><l>HuHeHTOB Fa,'iTO 3Ha'iHTenhHO Tpy.n;Hee, 'ieM HCKaTh KOHe'iHOe 
'iHCno K03<P<l>HUHeHTOB pa3nO)l(eHHJI '11 no 'iHCTO AHCKpeTHOMY 6a3HCY. 

,lJ,nH onecaHHH ynpyroro pacceHHHH PoTeH6eproM /2/ 6hrno npe.n
no)l(eHo ecnonh30BaTh C'ieTHhIH Ha6op llITYPMOBCKHX <l>YHKUHH. Ho 
3TOT MeTo,n; He ro.n;HncH .n;nH HeynpyrHx npoueccoa. 

HH)l(e 6y.n;eT noKa3aHo, KaK npH6nH)l(eHHaJI BOnHOBaJI <l>YHKUHJI 
'11 ( ~·;2JCHCTeMhl MO)l(eT 6bJTh nocTpoeHa c noMOll.\hlO npOH3BOnhHOro 

nonHoro Ha6opa <l>YHKUHH <I> f3 (r2 ) B npocTpaHCTBe L 2 /Kaa.n;pa TH'iHO 
HHTerpepyeMhIX li>YHKUHH/ *. 

N - N N _ _ ~ -N 1 _ ~ 

'11 (rl'r2 )= k F{3LM(r1 )-YLM(0 1)<1>{3(r2 )= k 

{3LM rl {3LM r, 

/7/ 
"" -

B Ka'ieCTBe <I> f3 ( r2 ) ~O)l(HO, HanpHMep, B3HTh ocuennHTOPHhie <f>yHKUHH. 
,lJ,nH K034>4>HUHeHTOB Ff:JLM nonyqaeM H3 /2/ CHCTeMy 06hIKHOBeHHhIX 
.ne4>4>epeHueanhHhIX ypaaHeHHH /no,n;cTaBnHH /7 / B /2/, yMHO)l(aJI 
pe3ynhTaT cneBa Ha ~{:JLM H HHTerpepyH no 01, r2 /: 

1 d L(L+ 1) ""N -N _ 
[--2 ~d + ----2 - E] Ff3 (r) + l V .. ,(r

1
)F., ,(r1)=0, 

m1 r1 2m r LM 1 f:J.ru13·~ ·~ {3'L M 
1 1 f3 'L M , ,......... L M 

/8/ 
r.ne 

CecTeMa /8/ no l!>opMe no.n;o6Ha ypaBHeHHHM ,n;nH CBH3aHHhIX KaHanoa 
npH ecnonh30BaHHH B Ka'ieCTBe 6a3HCa li>YHKUHH MHllleHH <I>a • Ho 
B oTneqee _oT cnyqaJ1, Kor.na '11 cTpoenach B BH,n;e /6/, Teneph Ko34>4>H
ueeHThI Ftfut B /7 I H /8/ He HMe10T l!>HJH'iecKoro CMh1cna li>YHKUHH 
KaHanoB /1iT06hI no,n;qepKHYTh 3TOT l!>aKT' Mhl BBenH BOnHy "' Ha,n; 
Ff31M I. C 3THM CBH3aHa npo6neMa 3a,n;aHHJ1 rpaHH'iHhIX /aceMnTOTH-

* 3.n;ech N - o6ll.\ee 'iHCno qneHoB B cyMMax B /7 /. 
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r 
( 

lfeCKHX/ ycnOBHH Ha F {3LM npH r1' .... 00 .)J;eno B TOM, '{TO ypaBHeHH11 

/8/ He pacuenn1IJOTC11 Ha aCHMnTOTHKe /KaK ypaBHeHH11 .nn11 CB113aHHbIX 

KaHanoB/: :rneMeHThl MaTpHUbl v {3LM{3'L'M' (r ), ocyiuecTBil11IOIUHe 3a

uenneHHe ypaBHeHHH B CHCTeMe /8/, He HC'l:e3alOT Ha 6ecKoHe'l:HOCTH. 

IlpaB)J,a, MaTpnua /9/ CTaHOBHTC11 npH 6onLWHX r1 noCT01IHHOH: 

TaK 'ITO /8/ aCHMnTOTHlfeCKH nepeXO)J,HT B CHCTeMy o6bIKHOBeHHbIX 

.nn<li<liepeHUHanLHblX ypaBHeHHH c nocTOJIHHblMH K03$<linunenTaMH H HMe

IOTCJI MeTO)J,bl pemeHHJI TaKHX CHCTeM c KOHe'IHblM lfHCnOM ypaBHeHHH 

/cM., nanpnMep, /3/ /. 
Marpnua V f3P', B03H_?KaioiuaJI 3JJ.ecL,B 3a~aqe rpex ren,;rnnJieT

CJI B TO )Ke BpeMJI MaTpnuen CHCTeMLI ypaBHeHHH 3a)J,a'IH Ha co6cTBeH

Hble 3HalfeHHJI lfaCTJJyUbI 2 B none v (r2) npH nouc!e npH6~H)l(eHHblX 
<liYHKUHH MHllleHH <fl a (r 2) B BH)J,e pa3J10)1(eHHJI no <fl {3 ( r 2 ) : 

N N 

~ ca{3 qif3 (r2). /11/ 

)J;eHCTBHTenbHO, IlO)J,CTaemlJI /I I/ B ypaeneHHe llipe)J,HHrepa /5/ )J,IlJI 

BHYTpennero COCTOJIHHJI MHllleHH, nonyqaeM )J,IlJI s aN{3 no MeTO.IJ:Y 

PnTua, ylfHTLIBaJI opionopMupoeannocTL <liYHKUHH <fl f3 : 

N Ill oo N 

(a ca{3 + ~ v f3f3' caf3' = o,, 
N'N N ,./ N N 

(lCaf3Ca{3'=of3{3'; l Caf3Ca'f3 =oau'). 
a {3 

Cne.noeaTenbHO, KOpHH xapaKTepncTnqecKoro ypaeHeHH11 

2 
!(x + E)of3{3' + V/3{3'1 = o 

/I2i 

/I3/ 

.nnJI cncTeMbl N .nncW>epeHunanLHblX ypaeHeHHH, B KOTOpyro nepeXO)J,HT 

/8/ npu r -• oo : 
2 1 

h .,,N ""N 

- -- F{3,~M - E F {3LM 
2m 1 

0 ' /I4/ 

paBHbl 
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' 
r 

ik 
a 

± i jE - f. N 
a 

K = ± j( N - E 
a a 

.. 
.nm1 

,IJ;JI.11 
N 

E < ( 
a 

r.ne ( ~ - npH6JIH:>KeHHbie JHaqeHHB ypoeHeii MHllleHH * 

/15/ 

)l,pyrHM CJie,IJ;CTBHeM coena,neHH.11 MaTpHI.1, K03<W>HI.J,HeHTOB Jau,en

JieHH.11 B /12/ H /14/ BBJIBeTCB TO, qTo CHCTeMa /14/ ,IJ;HarouaJIHJyeTC.11 

c noMOII.J,blO npeo6paJOBaHHB, KOTOPOMY OTBeqaeT MaTpHI.1,a, COCTae-

11euua.11 HJ K03$$HI.J,HeHTOB ca /3'o6paJyIOII.J,HX perneHH.11 ypaeneHHH I 12/. 
l.ITo6bI y6e,nHTbCB B 3TOM, no.ncTaBHM 

= N N N 
IV 

F /3LM = :l, C a'/3 Fa 'LM 
a 

/16/ 

B /14/ H BOCnOJibJyeMC.11 /12/: 

h2 JV N N N N 

- -- ~ C N F,, - I, (E - f ~ ) C ' Fa 'LM 
2 m a f3 a 'LM a a f3 

1 a a 

0. /17/ 

YMHO)l(HM noJiy'leHHbie zpaeneHH.11 Ha 

TbIBa.R, 'ITO :l CN/3 C ·,r:J. = 0 , 

j\I 

Ca/3 , npOCYMMHpyeM no /3 , yqH-

(3 a a,._, C1JJ. 

h2 N 
F,, 

2m 1 aLM 

N N 
(r

1
)-(E-f )F (r 1 ) 

a aLM 
o. /18/ 

TaKHM o6paJoM, 11uueiiub1e KoM6uuau,HH 

N "'N 

I, C* F/3LM 
/3 /3a 

/19/ 

.RBJISIOTC.R pellleHHBMH ypaeueHHH, noJiy'lalOII.J,HXC.11 nocne ",IJ;HaroHaJIH3a

I.J,HH" /14/. Ka)l(.IJ;a.11 HJ «i>YHKU.Hii F :LM oTeeqaeT TOJibKO o,n;Hoii nape 

Kopueii /15/ H HMeeT aCHMilTOTHqeCKHH BH,IJ;: 

* Ilo MeTo,ny PHTu,a npH6JIH)l(eHHbie JnaqeHHB (N nonyqaioTc.11 Jie)l(a-a 
Il{HMH Bblllle HCTHHHbIX: ( N > ( . Ilo3TOMy, uanpHMep, O,IJ;Ha HJ HeToq-
HOCTeii OnHCaHH.11 npou,fcca apacceBHH.11 C IlOMOII.l,blO CHCTeMbl /8/ 
COCTOHT B TOM, qTo KattaJibl OTKPblBalOTC.11 npH HeCKOJibKO 60JiblllHX 
JHaqeuu.11x 3HeprHH E = (:, qeM ua caMOM .nene. 

qaCTb «i>YHKI.J,HH cl>~ OTeeqaeT co6cTBeHHbIM 3HaqeHHBM 
( N > 0' Jie)l(aII.J,HM B 0611aCTH uenpepbIBHOro cneKTpa MHUleHH. 

a 
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r 
I 

l. 
I 

N -ik r 

F ( ) "" A e a 1 + BaLM 
aLM r 1 r --> oo aLM 

j 

IlpH 
N 

E > £ , 
a /20/ 

N K r -K 'I E < £ N 
F ( ) A a 1 1- B e a . npH < 

aLM r 1 r -->OO"" aLM e aLM 
/21/ 

a 
N 1 

T.e. FaLM npe,llcTaBJUllOT co6oii <l>YHKUHH KaHaJIOB, COOTBeTCTB.YIOIUHX 
N -N 

MHWeHH B cocTOHHHHX a • Ha 3TH F aLM / JIHHeHHhie KoM6HHaUHH F {3LM / 

H cnenyeT HaKJia,llblBaTb rpaHHqHbie YCJIOBHH KOHKpeTHOH <l>HJHqecKOH 

3a,llaqH: HOpMHPOBaTb na,llalOIUHe BOJIHbl BO BXO,llHbIX KaHanax H Tpe6o

BaTb paaeHCTBa HYJIIO K03<l><l>HUHeHTOB A aLM BO acex ocranhHhIX /oT· 

KpbIThIX H JaKpbIThIX/. EcnH, HanpHMep, BXO.llHhIM .11Bn.11erc.11 ia-

""N N 1 
C * F aLM = F ( r ) "" sin ( k r1 - L rr / 2) o aao 

{3a aLM 1 r
1

-->oo kao aO 
+ 

+ q aLM exp ( i k a r 1 - i Lrr / 2) 
IlpH 

N 
E > < ' a 

/22/ 

""N N 
l c'i3a FaLM = FaLM(r1J, -.. oo"" BaLM exp (-Karl) IlPH 
f3 1 

HTaK, nn.11 onpeneneHHH qiN Hy)!(HO HaHTH JHaqeHH.11 £ ~ , peWHTh 

CHCTeMy /12/ H nonyqeHHbie KOHCTa,!ITbl ca f3 HCilOJib30BaTb ,llJIH 

3a,llaHHH rpaHHqHblX yCJIOBHH /22/ Ha F /3'tM . c IlOMOIUbIO /22/ MO)!(HO 

CTaH,llapTHbIM nyTeM HaHTH K03<l><l>HUHeHTbl KOM6HHaUHH, B KOTOpoii 

BXO,llHT B 'PN JIHHeHHO He3aBHCHMbie peweHHH CHCTeMhl /8/' H aMITJIH• 

TY.llhI pacceHHH.11 qaLM. 

YaenHqeHHe N cooTBeTcTayeT O.llHOBpeMeHHo yToqHeHHIO annpoK

CHMaUHH CB.113aHHblX COCTOHHHH <I>: ( r2 ) H 6onee IlOJIHOMY yqeTy 

BHpTyanbHbIX B036y)!(,lleHHH MHWeHH B COCTOHHH.11 HenpepbIBHoro cneKr-

Jlumepamypa 

1. B.Il.)f(uzyHoe, E.H.3axapbee. 3fJA.R, .2_, .M!2, 499 /1971/. 
2. M.Rotenberg. Ann.Phys., 19, 292 (1962), · 
3. H.H.EpoHwmeliH, K.A.CeMeHO.Ree. CnpaeO'l'HUK no MameMamu1<e, 

Moc1<ea, HayKa , 1964. 

Py1<onucb nocmynuAa e u3oameAbc1<uu omoeA 
7 oe1<a6p.R 1972 zooa. 
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