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HepeJIHTMBHCTCKaH. KBaHTOBaH TeopHH .· 

TOX8 nepeXHBaeT cewqac A8MOKpaTMqeCKYID 

.. nepeCTPOHKY •. 
. H3 npaBAOOOAq6HNX MH8HHH • 

HecKoJibKO HamHx; npeANAYlllHX · pa6oT [ 1,--4 J 6NJIO nocBHllleHo 

aJiropHTMaM ·"cneKTpaJibHOH MHl!CeHepHM", CBfl3aHHNM- C MeTOAaMM 

o6paTHOH saAaqM: ·KaK, uanpHM8P~ c.ziBMHYTb npoM3BOJlbHNH-YPOBeHb 
' > '. ·';"< • .. ( . . • ' • ' ··. ' 

9HeprMM Ha npOM3BOJlbHOe MeCTO MJIM, M3MeHMTb ero npMBeAeHHYID 

IDHPMHY, . He. MeHHH . OCTaJibHNX .cneKTpaJibHNX • napaMeTpOB •.. B 
CJI.eAYIDlJleH . ny{)JiMKaUHH .• cneKTpaJibHOe KOHCTPYMPOBaHHe 6yAeT 

pacnpocTpaueuo · .Ha . cJiyqaw nepHOAMqecKMX noTeHUMaJIOB 

( lPOPMHPOBaHHe cneKTpaJibHNX .30H) • 3AeCb xe · . MN paCCMOTPHM 

sosMoltHOCTH llJopMMposaHHH 'xapaKTep~cTMK · pacceHHMH. K saHHTHHM . 

9TOH. npo6JieMO~ n~ATOJIKHYJI Bonpoc, B03HHKIDMH B • .. 6eceAe c 

.. H. IO~HHHM . : .· KaK "sacTaBHTb" llJasy pacceHHHH ( lba30BNH . CABMr 

{)(}{)) B03P~CTM 'c 9HeprHeH Ha uecKOJlbKO. X Ha HeKOTOPOM yqaCTKe 

9HepreTMqecKOHIDKaJIN. KOHTaKTN C APYrMMH -~OJIJieraMM noKasaJIM, 

l{TO STOT Bonpoc HeHCeH .H MM, qTQ flBHJIOCb JIMIDHHM .CTHMYJIOM AJIH. 
' " i • . ,,_ .. • '. •'. .~ . . ' 

·< . : aBTOpa HaHTH noAXOAHlllMe .. MOAeJIM AJIH npoBePKH M . yKpenJieHHfl · 

u·amew • HHTYHUMH ... B o6JiaCT.M pe30.HB,HCHNX KBaHTOB.NX flBJieHMH. 
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oxa~JlBB.eTcm, 6 -~~apoM cJ!YH.llaMeHTB.rrDHOM noHHTRn <PaaoBorQ c.wm-: 
. ra exqe ,IlWI9KO HS BC9 CKa3aHO. 

·. B npMHUMne ~npeAeJieHHe noTeHUMaJia ,l(JIH JIID6NX. AOOYCTMMNX 
. . ) . 

xapaKTepHCTMK. ,l(HCKpeTHOrO M HenpepNBHOrO cneKTpa B03MOltHO C 

OOMOlllbiD TeOpMH o6paTH~H 3aAaqM. O,nHaKO ee annapaT f;3 o6meM 

csoeM BH,ne ue Bcer.na .nocTaToquo. npospaqeu AJIH KaqecTBeuuoro 
. . . ~ ' 

OOHHMaHHfl . MeXaHH3MOB . CBfl3H CBOHCTB · KBaHTOBNX ·. CHCTeM C BH,l(OM ·, 

B3aHMO,l(eHCTBHH. 3,necb oqeHb noJie3HNMH MoryT 6NTb "KBaHTOBNe · 
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KapTMHKI1", . OC06eHHO eCJJI1 HaMTM nO.l(XOJl5'11UMe T04HO pemaeMHe 
MO,lleJJM. 

B npouecce ;naHHol1 pa6oTu l1CnOJJh30BaJJacb . saMeYaTeJJhHaH 
nporpaMMa "MaTeMaTHKa" Ha nepcoHaJJh.HOM KoMnhiOTepe. XoTeJJoct 
6u o6paTI1Th BHMMaHHe W11311KOB Ha ee B03MO~HOCTI1 o6JJerYHTh Hamy 
:Kl13~h. llpas.n;a, nporpaMMa STa , ~oporo CTOI1T ( noMexa 
H8CC>BepmeHHOro eme aBTOPCKOrO npasa ,llJlH. He6oraTHX CTpaH) M 
noMemaeTCH Jll1llib Ha . .l(OCTaT04HO MOIUHOM KOMnhiOTepe. EJJaro.n;apH 
npOCTOTe BOCnpOI13~e,lleHI1li . C ee nOMOII{hiO. ·· B rpaWH4eCKOM BH,lle 

' . .J . .. 
HCCJJe.n;yeMux WYHKUHM, 6HJJH npocMoTpeHu COTHH "KBaHTOBHX 
KapTHHOK" pe30HaHCHI:lX HBJJeHI1M, HaH60JJee 11HTepeCHHe 113 KOTOPHX . 
OTo6paHI:l .l(JlR STOM ny6JJI1KaU1111. 

* *'· * 
YIHa4e Bonpoc H~IO.lli1Ha MOJKHo· sa.n;aTb TaK-: KaJ{aH CTPYKTypa ·· 

MHIDeHM n03BOJJHeT "3aTHHYTh" B Hee HeCKOJlhKO Y3JIOB CI1HYCOI1.l(l:l, 

HBJJHIOmeticH pemeHI1eM cooTBeTcTsyromero' ypaBH~HI1H IDpe.n;MHrepa'BHe .· 
o6JJaCTM B3aHMOJl8MCTBJ.1H · np11 113MeHeHI111 BOJlHOBoro , ~MCJJa k .. Ha 
ysKoM yyacTKe~k < 1 • 

W 6es BCHKOH ·.MI1meHH. "rapMomKa" cso6o.n;Horo pemeHHH 
(\Do =·sin kx) cJKMMaeTcH c pocToM ·sHeprim H ero ysJJu sxo.n:HT B 

KOHe4HYIO OKpeCTHOCTb Ha4a.iJa, KOOp.l{HHaT ( HanpMMep, . 0 ~< r < .i, , 
no O,l{HOMY npM HSMEiHeHI-111 .k Ha -1) .•. IIOHBJJeHHe M poeT wa3osoro 

CJlBHr~ 6( k) C k npOHCXOJU1T npw 6oJJee 11HTeHCMBHOM saTHrm3am111 
Y3JIOB . B STY/ 06JJaCTb, eCJJM .. noMeCTHTb ' TaM. Ml1lli8Hh : c . HYJKHHMI1 
CBOMCTBaMH. ., 

IIepnaH paccMoTpefifiaH. Mo.neih ·M'MmeHw·· B 'BM,n:e · .KoHeYHoro• 

Y4aCTKa nOJJYOCI1 r ( r < X) ~ OTr6poJKeHHbro OT BHemH~~r o6JJaCTM .. 
noJJynpospa4Hoti · <J-66pasHol1 CT.eHKofi · ( pJ.1c.1 . ) , ·· ·KoropaH 'xopomo 

HMRTHpyeT. · P830HaHCHJ:ie XapaKTepi1CTHKH . 'pacceHHI15'1~ CKJJ~HliJI~ .K. 
0TPI1UaTeJlbHOMY OTBeTy Ha Bonpoc H.IO.n;m:Ja • .lle~CTB~TeJlbHo; M8lK.llY 
YPOBHHM11 KBa311CTaU110HapHI:lX COCTORHYlH, . ~epeXOJlHIUMX . ~ npe.n;eJJe .. 
Henpospa4Hol1 neperopo.n;KM s · ciiHsaimue :cocToHimR 6ec.toi1e4Ho~ .. 
npHMOYr'OJibHOH 'HMI:l,. wasOBI:lH C,llBI1r' <J(k) ,OOYCKae'J'CH Ha BeJJH4HHY ·., 

~ X · M3-:-3a BbiTeCHeimR BOJIH;· H3, 30HI:{ 'MHIDeHI1, 'BI:l3l:lB.aeMoro 
caMorameHMeM ·· np11 . sHepr1111,'' kdr.na BHYTPH • \Mmue.iiri ~po11cxo.n~T 
pac®a3HPOBKa BOJIH npM MHOrOKpkTHOt.i OTpaxeHMM OT. noTeHUMa.ribHI:lX . 

) . ,. ~ 
"~~··~··. IIpoMcxo.nMT C.llBMr ."rapMomKM" pemeHMH BHe .· MI1IUeH11. ( \D :.= . 
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sin( kx + 6( k)) shpasci, TO ecTb yMeHbmeHHe ijJasu paccelmMS'!. 
B6JJM3M KaJK.n;oro ypoBHH wasosuti c.n;~Mr <J(k). p~~Ko no.n;HHMaeTCH c 
POCTOM 'SHepnm ( 30HI:l' pesoHaHCOB ' .,- CM. PHC ~ 2 ) • nim STOM 
nO)J.'heMI:l ()( k) npOHCXO,llHT . HE~ 60Jibllie. 48M Ha X l1 . nO.JIHOCTbiO 
KOMneHCMPYIOTCH cna.n;aMM. AHaJJOr'I14HaH KapTI1Ha no~yyaeTCH l1 .l(JIH 
KOHe4HO- pa3HOCTHOr'O ypaBHeHI1H illpe.n;rmrepa, TOJibKO C yl!eTOM 

B03MOJKHOCTI1' CBH3aHHI:lX COCTOHHI1H BUrne HenpepHBHOrO cneKTpa 
( P11C. 'i ) , KOTOpue .n;aiOT BKJJa.n; B TeopeMy .fleBI1HCOHa ( ®a30BI:lH 
c.n;BHr Ha BepxHet:i rpaHi-nJ.e paspemeHHOM 3~HI:l: paseH ~ n x, r.ne n 
- tii1CJIO TaKI1X "BepXHI1X" CBH3aHHm( . COCTOHHHH) • HaCKOJlbKO STO 

113BeCTHO aBTOPY, Kap'I'I1HKH pemeTOl.JHHX · wasOBNX - C.l(BHr'OB, 
no.n;o6Hue P11c. · Lt, paHee He. ny6JJHimsaJII1Cb. . 

·BBe)J.8HI1e·B Ml11il8Hb BHYTP8HHI1X 6-neperopO,!(OK (P11C. 6 ), 
n03BOJIH8T . Cr'YCTHTb , pe30HaHCI:l 11 )l06WrhCH. liCeJJaeMpro fiO,ll'beMa 

wasu pacceHHI1H 60JJbme qeM Ha X Ha yqaCTKe -~k < 1 . ( CM. PHC. 
1 ) . :: 

. Bu6paHHue · ' csepxnpocTue Mo.n;eJm ( Tpe6yiOmi.1e see ze 
HeKOTOPOr'O BHI1MaHI1H, l.JT061:l YCBOHTb pa3H006pa3Hl:le:Kal.JeCTBeHHI:le· 

acneKTI:l pesoHaHCHoro noBe.n;eHMH) MOr'YT nOCJJYJKI1Tb HaM. 

CTyneHbKaMM K nOHI1Mamuo 6oJ!ee CJIOliCHI:lX CI1CTeM. 
TaK ,' no.no6Horo .a®®eKTa 6oJJbllloro poeT a ,:~asbBoro ' CJlBHra. 

MOllCHO .no6wrhCH M. c . noMOII{~IO MHoroKaHaJJhHOH ~J.uneHI1.J. ommuBaeMOM 

c11cTeMoi1 cBHsaHHux' ypasHeHHI1 mpe,nt-mrepa < <;:M. · tiJopMy.nu (JS' -20) 

11 P11c· 8 ,· 9 ) . B n:Pe.ne.ne BNK.JJI04eHHoi1 CBH3~ Mex:'.ny KaHaJJaM11 

.cneKTP< noJIHOH Cl1CTeMI:l noJJy~IaeTCH HaJJOJKeHHeM .n;pyr. Ha .n;pyra 
, . . ' . ' . '· . : ~ '' ' ~ ' . .. . " ' " . . 

cneKTPOB OT.l(eJibHI:lX KaHaJJOB, 4TO,Ol.JeBH)lHO,)lOnycKaeT Bl:lpOliC)(eHHe 
( KPaTHoe 4HCJIY KaHaJioB M) yposHei1 H _pesoHaHcos .. 11 6es 
CI1HrYJIHPHOCTeJ1· BO . ssaHMo.lLeRcTBMM. 3To cl3oi1cTBO HaJioxeHHH 

·\, OT,l(eJibHHX "BeTBeH" cneKTpa, . XOT~ H 3aBI1CHMI:lX, Tenepb, 

coxpaHHeTcH np11 BK~IOqeimH c8ils11 KaHaJJoB. MHoroKa~aJJbHOCTh KaK .. 

61:l. YBeJll1411BaeT eMKOCTb MHmeHM ( ee · cnoco6HOCTb ~3arJiaTHBaTb" 

Y3JJI:l BHemHeti CMHYCOI1Jll:l . BOJIHOBOH WYHKUHH) 6e3 . YB€JJH'ieHI1H 

pa3MepoB. · .llBYXKaHaJibHaH MHilleHb OTTaJIKHBaeT . p4cce!1BaiOII{l1eCH 
. ~OJIHH np11 BHeprHHX Mez.n;y pe30HaHCaMI1~KaK O.l(HOKa~~JibHaH MHilleHb 

TOr'O .liCe _pa3Mepa, a .BTHr'HBaeT Y3JII:l @~H TaR xe HHT9HCRBHO, 
KaK B)lBOe . 60JihmaH O.ltHOKaHaJibHaH MHmeHb . c! ' BHYTPEiHHeH 

6-neperopo.n;KoR. noxozee HBJieHHe TaKXe .noJixHo lHa6JJI0.1laTbCH, 

' 3. 
: ,/_,_ 
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·ecJIH CTPYKTypa MHID8HH OTBetiaeT "ypaBH8HHIO IDpe,nHHrepa" BUcmero· 

> 2 · ) · nopHJiKa [ 5 J (sa ctieT HaJioxeHHH ,npyr fia ,npyra . 

"CKJia,noK" cneKTpa). 3aBHCHMOCT:O nOT8HllHaJia ~T ::meprHH _:_ eme 

O.llHH cnoco6 HaCJiaHBaHHS'I pe30HaHCOB. H , KOH84HO, H8JIOKaJI:OHUe 

noTeHUHaJIU .. eme B QOJI:Omei1 CTeneHH · 06Jia,naiOT TaKHMH CTeneHSIMH 
cBo6o.nu. 

IlonyTHO 6y,nyT ~aTpOHYTU H0Bue acneKTU TeopeMU JieBHHCOHa: 

BJIHHHHe 3aKpUTUX KaHaJIOB Ha POCT li(k) C k'H nOSICH8HHe BKJia,na 

CBSI3aHHUX COCTOS'IH]'IH Ha,n · HenpepU~HUM cneKTPOM. B pemeT04HUX 
sa,naqax. ~ 

IIPOCT.AH MO,UFJIL lr- cTEHKi1 B EECKOIIDruo.li IlP.HMOIT0.111H011 HlfiE . 
' -

IIo.no6Hue - MO.ZJ.eJIH MOJJCHO -Hai1TH : B ·· KHHre lflJIIOrre [ 6J T. 1., 
3a,naqa 20, PHC. 3, 4 Ha CTp. 52 (CM. TaKllte :[7,8] ),' HO 3.ll8Cb 

Ml:l OTKPNBaeM HX HOBUe CTOPOHU. 3TO B OC068HHOCTH KacaeTCH 
' ) . -

CHCTeM MHOrOKaHaJI:OHUX, r,ne B03HHKaeT HOBNH nJiaCT HHTepeCHUX. 

sa,naq. YpaBHeHHe mpe.liHHrepa .l!JIH,:Hamei1 Mo.ne}m HMeeT BH,n 
·(h=2m=1): 

- W + V li(X-X) W = E W, ( 1) 

li-6ap:oep HMeeT npOHHUaeMOCTJ), 3aBHCHU!YIO . OT MHOJKHT8JISI V npH 

HeM ( v cr ecT:o ilpe.l(eJI· npHMoyroJI:oHoro '6ap:oepa mHimfioi1 b.x H ----· 

BNCOTOH V(b.X)
2 

npH b.x·-·()' ). BoTropoJJCeHHOH 6ap~epoMo6JiaCTH 
B03HHKaiOT KBa3HCBH3aHHNe COCTOHHHH, C BpeMeHaMH liCH3HH, 

B03pacTaiOUlHMH C POCTOM V. IlpH 'v - m 6ap:oep CTaHOBHTCH 

Henpospa4HNM, a YPOBHH H BOJIHOBNe IPYHKU~m KBasMcTa6MJihHNX 

COCTOHHMH npeBpamaiOTCH B COOTB8TCTBYIOU!Me B8JIH4HHJ:l .l!Jlfl 

CBH3aHHbiX- COCTOHHHH B 6eCKOH84HO. r.Jiy60KOH S'!Me IDHPMHU X 

( PJiic. 1a ) • · . · Ha BHemHei1 rpaHMUe • Ml>!meHH . ( r = x) cm~>maeM 
BOJIHOBUX !lJYHKUHH ( W .llOJiliCHa 6b1Th HenpepNBHOH) .• H MX 

lnDOH3BO.HHble ( ctiJ,/dr HM88T paspus B TQ1.iKe li:_6ap:oepa):. 
• ' •• > > • 

A sin k x = sin[ k x + 0( k) J , - (2) 

A k COSk X + V A sin k ~ = k COS[k X + li(k~. (3) 

Hs (2, · 3) Haxo.nHM !llasy · pacceSIHHH- li(k)l1 · aMnJIHTY.llY A( k) '-
lliuu"'""" BHYTPH MJ.1ID8HH: . , ··- . 
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PHC~1. CBSI3aHHJ:le COCTOHHHH 6ecKOH84HOH npHMOyrOJibHOH HMU 
(a) npeBpamaiOTC.H B .. KBa3HCTa6HJihHbl8 pe30HaHCHJ:le COCTOHHH.H npH 
3aMeHe O.llHOH H3 CT8HOK HMbl. noJiynpospa4HNM .. cr..:.6ap:oepoM (b). 
YpOBHH pe30HaHCOB CMemaiOTC.H H8CKOJihKO BHH3 'oTHOCHT8JlbHO 
YPOBH8H CB.H3aHHUX COCTOHHHH. WYHKUHM CB.H3aHHUX COCTO.HHHH 
nepexo,n.HT _6es HCKaJICeHHH · B BQITHOBHe WYHK~H HenpepuBHoro 
cneKTpa, TaK KaK 0-6ap:oep H8.B03MYUlaeT pemeHHH, HM8101UHX Y38JI 
B ·roYKe pacnoJioJJCeHHH 6ap:oepa. (c)- Ta- xe Mo,neJII>, 4TO H (b), 
TOJihKO C onymeHHHM .llHOM noTeHUHaJia MHill8HH 

i 
I ' ~A(~<) 
~ 6 1· ··· fiV~s 

PHC~2. Pe30HaHCH08 
noBe~eHHe aMnnHTY~hl 

A(k) BOnHOBOH $YHKQHH 
.B 06naCTH, OTr'OpOlK9H
HOH \i-6apbepOM 1 H $a30. 

l· i 4 

~~· ~-.•• ._· '-._J..· · ..... _,.· ~y.·.··. ·'-._;/.···. ''_·. ' \ 0 . . . . . . . . . • 

[-¥=~-~~-~ )( 
' , - ..... . • I . - . v ... S"· - ' 

-7i - - - - - - - - ·-
Jl(K) 

BOr'O . C~BHra \i ( k ) .·· . no 
OCH op~HHaT OTnOJK9Hbl 
.~Be ~KanM:BBepx ~n~ 

: A ( k) H BHH3 - ~n~ U. 
<IlYHKQH~ A(k) OTBeqaeT 
6apbepy c v=5, a cr ·. -
c v=5 H v=l.nn~ _HeTo
qeqHblX 6apbepOB noj::n,~ 
eMbl'0(k) H9-~0CTHra~T 
HYn~; TonbKo 0 k~·o 

6-(k) = arcctg[ ctg k X +.V /k_ J 

A(k) = sin(kX + O(k)J/sinkx. 

k'Jt • ( 4) 

( 5) 

II pH 

3Tl-i !llYHI<UHH npeJJ:0TaBJieHbl Ha P~c. 2. 

BH4H~Jl8HHH arcctg HYllCHo no:ia6.:)'1'Wrt.e.fl o 
5 

I 

HenpepNBHOCTH 
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'- o( k): y6paTb B03MOlKHHe Cf\atiJ<H <} nOMOutblO ,l{06aB6I<; J<paTl1HX i.' 
- 3a,neplltJ<e BO.nH~ B Ml1ID8HH OTBe4aeT' Y4aCTOI< nO,l{'beMa o( k) -

CM. PHC.3. (BP8Mil 3a,llepl!CKM nponOPUl10Ha.nbHO d6(k)/dk)). 
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PMc.3. IIoBe.neHMe ·BO.nHOIWM lf!YHKUMH W(k,x) ~- ee aMn.n11TY.llH A 
BHYTP11 MI-IID8Hl1 H_lf!a30BOro C)lBHra o(k) npH 113M8H8H11H k OT 0 ,1{0 
1. CTpe.nKaMH conocTaBjlllOTCH 3HaqeHHil lf!YHKUHM npH O.llHHaKoBux 
3Ha4eHHilX k ( B P830HaHce, npw MHHHMa.nbHOM 3Ha4eHH11 $a3!1 H 
T. ,1{.). AMnJIHTY)la BO.nHH BHe MHID8HH HOPMHPOBaHa Ha 1. HH:xe 
P830HaHca B TOtiKe kmin · ( M11HHMYMa $a3U) aMn.nHTY.llH 'lf!YHKUHM 

H BHe MHID8H11 cpaBH11BalOTCH1 Kaf\ H ·- B TOqf\e k ··_ = 1, BHme IVcuuHaHCa · 

Ha pemeTKe~ PaccMOTPHM pa3HOCTHoe ypaBHeHHe . · 

[1] (mar·pa3HOCTHoro ,ll11lfJiflepeHUHPOBaHHH IJ.·= 1): 

lli(n+1) + 21li(n) - lli(n-1) + v(n)w(n)= (E=2-2cosk)lli(n) t6) 
. -.. I 

noTeHuHa.noM B B11,lle 6apbepa _vo onm,cocpe~oTotzeHHoro B n = m. 

OT.nHqHe OT CJIYtiaH HenpepHBHOM KOOP.llHHaTI:l,. 3)l8Cb qHc.no 

CBH3a~HHX COCTOHH11M H pe30HaHCOB orpaHHti8HO t!HCJIOM 

mHaTHYY Totzex BHYTPH MHilleHH. 
6 

;'J. ' 

'I 

'! 

-1· 

:k 
l 
). 

' 

Ha PHe.4 (a,b) noKasaHa_ sHepreT11t!ecKall 3aBHCHMOCTb lfla3!1 

paccei!Hl1H B ~OHe npOBO,l{HMOCTH ( c"M •. yc.nOBHHe· KapTHHKH .cnpaBa, 

r.ne 3anpeut~HH!:le 30HH BH,l{eJieHH IDTPHXOBKOH) ,KOr.ll~ m = 2 H 3 • 

flpl1 m = . 1 6aphep OTropal!C11BaeT .n~tmh O,l{HY TOtiKY H C TaKOH 

MI1ID8Hbl0 B03MOl!CeH .nHIDb O,l{HH pe30HaHC. IJp11 m = 3 . 11M810TCH ,l{Ba 

pesoHaHca. B TOt~Ke 6ap:&epa ".nokaJibHaH pa3pemeHHaH 30Ha" 

B,l{BHraeTCH B BepXHIOIO 3anpeTHYIO • 30HY Ha r.ny6HHY ( CKOpee -

BI:WOTY). V H B o6pa30BaBmei1CH. "nepeBePHYTOH HMe e r.ny6HHOH 'v" 
• .. · . .. . 

.MOJK9T IIpli ,l{OCTaTOt!HO 6o.n:&IDOM , V . ; ( np11 m = 2 )lJIH V > 0. 5) 
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1 1 __ · PHc.4.!f>a3a pacc~HHI1~ ·(j(k) .n.n~ pa38ocTHoro ·ypaBHeHHH (6) 
, 11 pemeTOt!HHX . MI1ID8H811 C • (a) O,llHOH H (b) .llBYMH TOt!KaMH 3a 
i . 6ap:&epoM 11 . .ztJIH pa3HHX 3Ha:tleH11i1 -v. Yc.noBHHe <Kap.THHKH cnpaBa 

noKa3uBaJOT 6ap:&epu B pa3pemeHHoi1 30He H .noKa.n:&HHi1 no,n'beM 
pa3pemeHHOM ·. 30HH · Ha,ll ·. 6ap:&epaMH B BepXHIOIO . sanpeTHYIO 30HY ~ · 
CKat!OK B {) _npH k=X OTBel.laeT 'B8JII11.111He V, np11 KOTOpoi1· 
nOHBJIHeTCH ·cBH3aHHOe . COCTOilHHe BHme Henpep!:lBHOrO cneKTpa •... 
IJpH 3Hat!eHI111 V, npH KOTOpOM Ha.zt 6ap:&epOM nOHBJIH8TCH CBH3aHHOe 

-COCTOHH11e. BHme 30HH npOBO)li1MOCTI1, qia30BHH · C,llBHr Tepn11T Ha 
KpaiO 30HH k =X CKat!OK OT o(X):O )lO o(X)7~X.ITYHKTHPHHe.~HHHH 
CO CTpeJIKaMH · Coe,llHHHIOT · pe30HaHCHHe TOt!KH Ha .neBHX .11 npaBHX 

, pHCYHKaX . . . . . 

7. 



',\ 

o6pa3oB~Toc.H • cB.H3amtoe cocTO.HHI1e. · B · 3TOM . c.nytJ:ae !lJasa ,Ha ;. 
BepxHeH rpaH11U.e E. = 4 .(k ~X) 30Hhl_. .npoB0,1(11MOCTI1 

. . , _ · max . , max . , . , " " . . 
OKa3hiBaeTC.H paBHOI1 - X. TeopeMa . .ReBI1HCOHa' ,l(.n.H pemeTOK 11MeeT . 
Bl1,1(: 6( k=O) - 6( k=X) . = nx ( r,ne n -"·: CYMMa. CBH3aHHUX · COCTOHHI1H, 
Burne l1 Hl1liCe'HenpepuBHoro cneKTpa). BK.na.n·BepxHero cBH3aHHoro 
cocToHHI1i:r· B !llasoButi e.nBI1r oTpHu.aTe.ri:bHuti 11s-sa Toro.o 4To'. 
B~.nHoBa.H. illYHKU.115i "ile.nolio.ne.6a.naco" B · o6.naCTI1 6apoepa ( Ha 
CTO.noKO x,'' CKO.noKO CB.H3aHHHX ·. COCTO.HHHH •. Bhlme k ) • : Ilpl1 Ma.noti 

;· • ,·.. . . , , . . ... max · · ... ·.. · 
BhiCOTe 6ap:bepa . V • peSOHI:lHChl _.~He B03HI1KaiOT: ' KP11BHe 6( k) He. 
,1(0CTI1I'aJOT Be.ni1411Hhl -X/2 11 "BMHTI1Ha" B BepxHeti .3anpeTHOH 30He 
·- . . ; ~" -;·\ . ·' ·;, ', ' I 

OKa3hiBaeTC.H He,l(OCTaT04HO r.ny60KOH ,n.n.H nO.HB.neHI1.H . CB.H3aHHOI'O 
· COCTO.HHI1.H. . i . , ' · . ;. ,. : . . . . ' 

Ec.n11 yr.ny6~TO · noTeHU.11a.n BHYTPH>Mlimem1; Kak noKa3aHo Ha . 
P11c~1(c)'~.!lJa3a 6(k) Ha411HaeT pacTl.t. yllte oT k;..,O,~ CM~P11c.5.1 .To 
ICeMOliCHO no.ny411T:b 11 ,n.nH .Mo,neS!eri c ,1(11CKlleTHOHKdopii1HaTOH. 

A(~).·· . .. , . . ... 
~··i . i' '".' .·" ·: .. ''·• .""' 

6 

'-t 

2. 

f ....... / '-----"' '----""' '. . ...... . : 
0 ,,, •. !. .!, ..••. :! 
.2. 
,/ 

o .... 

PHc.5 •. To JKe,. ~qTo Ha 

. PHC. 2, HO ',QJUI MHII19HH c' 

: KB83HCBH3aHHhlM COCTOHHH-
, ; . " ~ 

B6JJH3H k=O,. KOr',Qa 

poTeHQH8Jlb~O~ · ~H-~ ~'M~~e~H 
'.· ~. ~ ' .. ) 

6nYilleHo . im:ie E = 'o · 
.. •' ;'• ,. 

; 

K.· , . 

~· . I1ra'K, J3 pacc'MbTpeHHux npHMepax' Mhl noiiYYM.nM Ko.ne6aHHH 
8H~P~~;~~:ecKbti ~~B~~H~OCTl1; !lJasu pacce~HHH c aMn.nwry,ndti ~ X. · A 
·He.nbsH JII1 "pacKa'tlaTh';· O(k) c' cb~~meti aMn.ni1TY~ott, '4To 6u.no 6u 
n'6.nOJICl1're:iiiHHM: OTB~TOM~:Hi Bonpoc·'ii. io.zii~Ha~- dka3usaeTc5l;' .MOJKHO,. 
ed.nYI:: ·;;·~~aTb': ~ode~HI1e' pesoHaH~·H: ( KBaSI1CT~6J!I~~H~e: COC~C>H~HHl' B. 
Teclii~e; rpynnlx/ 3Tof6 :MOlKHO: 'ripo~e''·:Bcero: .no6MToCH c ';nOMOI!lbiO' 
·6~noTeHui-ia.nbH~x ·; ne.pefopo.no~ ' ~HYTPk ::'Mo.ne~'o~O'ii\ 't.tH~~ri~ ... (eM . .' , ·• . 

H~n~H.~~~;._Pl1c:•:?.?:?>.~.·;·: ;·: •. o':·:· :.: •. t;·;::: ... :··.-,·~·/,=: :·:;;_;::, .. ,·, .. 
MHIJieij:b;:: C() •CnapeHHH!y111:·::Pe30HaHCaMl1;: cn0_906Ha • C· :· Y.ll.BOeHHOH .. 
HrireiicHimoc.'i'bio: Y'i3+5trHBaTl," ·:· ·B ~ce6.11' · cHiiycchi.ny · BHemHeti :Bo.nHdBoti 

-' •.,>,::.;·. •.j ~~:,.~):'' .' ... < ·.~·,·( ~-.... ·.,,',1--:,~.~ ... \."''>".',' <\.·~--:··.:·:.-~·~,-. ,-~ \''·:.,.:·.··~·:.:.··' . 
illYHKUHH ( B o6iiac'TI1 pe3oH aHcoiif 11 '"BhiTaJIKHJ:iaTb" ee '(B,na.riH. :.· 
OT. pe30HaHCOB). 
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P11c.6. M11meHo~ o6pasoBaHHaH (a).nBYMH 6-6aphepaMl1 ·B 
'I'O'tlKax x 11 2x; · ( bJ- n 6apbepaMI1. B npe,ne.ne HenpoHI1uaeMhiX 
6apbepOB Ml1llieHb. npeBpamaeTCH B Cl1CTeMy ,l(BYX ( n) OeCKOHe4HO 
r.ny60KI1X npHMOYI'O.nhHhiX HM C . ,l(BaliC,l(hl ( n-KpaTHO) Bhlp0liC,I!.eHHHMI1 
ypoBiiHMl1 ( cn.nomHue .ni1Hl1l1 np11 k = 1; 2; 3. ~ • ). C.na6aH 
npospa\lHOCTh 6apb~pOB npl1BO,lJ,l1T K pacmen.neHJ!IJO ypOBHeH B naphl 
(n)·. 6.ni13KI1X .pe30HaHCOB, pacno.nollteHHhiX HeCKO.nbKO Hl1JXe 
CTa6M.nbHhiX YPOBHeH (nYHKTI1p)" ' . 

~(K) 
, FMC. 7. 3aBI1Cl1MOCTb [fla30BOI'O 
C,l(BJ!Ira OT. k ,n.nH O,l(HOI'O 

~;~~ 

6:-6apbepa·B TO\lKe X= X , .ll.BYX 
6~6apbepoB np11x =. x; 2?t 11 Tpex 
6-6aphepoB npM x = x; 2x; 3x • 
B TOtJ:Kax.KacaHHH pasHhiX KPl1BhiX 
noc.ne.n.Hl1ti 6aphep ~nona.naeT Ha 

2. y3e.n BO.»HOBOH !lJYHKU11l1.11 He B03.:. 
-2.ii'-, MymaeT ee . 

. -~OPMYJIH, aHaJIOI'I14Hhl8 : (2-5); ,lJ,.nH c.nytJ:aH · MI1IlleHI1· . C 
BHYTPeHHI1Ml1 6-neperopo,nKaMI1 no.nyqaJOTCH. Cilli1BaHHeM · Ill B ,T04KaX 

, , . . I , 

Kax,.noro 6apbepa , ( A
2

, 6 
2

- aMn.nl1TY .n.a l1 tlla3a CI1HYCOH,l(hl BHYTPH 

BTOPOI'O OTCeKa Ml1illeHI1) :. 

A1si~' k x = .~2sin(k x. + 62) ; .. . 

A
1
k 'cosk x + V 

1
A

1
sin k

2
x ·;.A _k cos(k x +, .. 62 ), 

6
2

( k) . = arccot[ ctg k X +' '{ /k ] . .:. k?t ,•: 

6( k) ~. a~~cot[et~<k 2?t .': 62 ). / ,Vfkj. -~ ·.2kx, 

A
1 

= A
2
sin[k?t + 62 (k)J/sinkx, 

9. 

·- ( 6) 

(7). 

( 8) 

( 9) 

(10) 



0 ~ ' ' ··~;; 

A
2 

_= ~inC2k~- + 6-(k) J/sin2kx'.· i• (11 )i 

li0){06HHe IIJOPMY.TIH no.nyqaJOTCR _ l1 ){.TI~'L Ml1rueHJ.1 c' n. 
6-neperopo){KaMH B T04Kax·i, 291: •••• 

Am_ 1 = Amsin[(m~1)x + 6mJ/sin((m-1)x + 6~_ 1 J;,-6
1
=, o:. ( 12) _· 

6
0

(k) = arcctgCctg[(n-1) kX +: ()
0

_
1

J + V /k J~.kx(n-1), (13) 

6(k) = arcctg{.ctg[n k x + 6 J + V /k}- kxn. 
. . - n. ' . (14) 

·. ,.J . ' -
MmneH::o .c ·n c.rrado-npo3pa'IHHMH o -dap::oepar.m~ pacnOJio:IteHHHivm 

sKBH){HCTaHTHO ( s' T04Kax x; 2'lt; · 3'lt ••• hx) , HMeeT · rpynnu no n 

pe30HaHCOB Ha . YSKMX . HHTepBaJiax:: _L'lk · < 1' ( PMC. 6b). ' TeCHO!= 

pacnOJIOliCeHMe 'pes'oHaHCOB . ' npl1BO){l1T . K BTRrl1BaHl110 n ' Y3JJOB 

Bo.nHoBoi1· ll!YHKLU1M B MJ.inieH:o np11 npoxoJK){eHi-m : ( e· pocifoM) k 

pe3c:maHcHoi1- 30Hhl ( cp~BHH-·. c t.moroKa,HaJJhHHM. c.nyqaeM PHc S') .. 
!flaSH OT O){HOM ·.H ){BYX HM COBna){aJOT B. T04Ke M~lm'MYMa ijla3hl 

'I ' .'' ' ' ' ' ' ' ·, / 

OT nepBOK HMH (PHC.7), .r){e BHpaBHHBaJOTCH aMnJJHTY){hl CHHYCOB 

BHYTPH 060HX OTCeKOB MHmeHH ( l13JIOM . IIJYHKUHH Ha ·- BHYTPeHHei1 . . . 

neperopO.l{Ke MeHHeT · 3HaK· .ee npO!r13BO){HOH, OCTaBJJHH' ee MO){Y.flh 

HeH3MeHHHM). 1r1 BHe MHmeHH. 3To BO~HOBOe -~mc.no l<min -OTBe4aeT. 

CBH3aHHOMY cocTmlHHJO B RM~ :.c 6ecKoHe~Hoi1' cTeHKOM . B T04Ke x =· 
2X l1 6-neperopoJiKoM nocepe.l{HHe. AHaJJorl14HaH CHTyaumi' W ){JJR' 

ijlasosw/c,l(BHros ~JJ-R ilBYX· {Tpex RM,- eM •. · PHc.7~ 
B ·60JJhlliOM MH~eHH . (PHc.6b) neperopO){KH Bhl3biBaJO'r 

CaMorameHHe BOJIH B · o6.naCTHX Mel!C){Y pe30HaHCHHM~1 . 30H8Ml1 ( np11· 

){.fll1HaX BQJIH,.: ){aJJeKH,X 0~ pa3MepoB OT){eJJhHHX OTCeKOB)·. ·:TaM C · 
POCTOM k ijla3a y6h!BaeT, a··. B , o6.nacTU KBa31!1CTaLJ,HOHapHhiX ·· YPOBHeiii 

6( k) nO){HHMaeTCH 'Ha Be.TIH41i!HY , nopfl~Ka n'lt; .· . He ycneB:aH 
. . . . . .· I 

onycKaThCfl Mel!C){Y YPOBHflMiil. llplil '· npOXOllt){eHHH Y3KOM 

J)e3oHaHcHoiii 30Hhl ( L'lk<1) MlimeH:o "3ar.naTHBaeT" n Y3JJOB · ( B 

rpymie ·KBa3HCBR3aHHhiX · cocTOHHI1iii' ·q11cJJo -· · Y3JIOB i-Ia:PacTaeT no 

9){HOMY np:a no,n'beMe ·OT o.IiHoro ypoBH.H x ,Iij)yrOMy): 

ECJIH B ypaBHeHHH · Wpe,1(11Hrepa . nOMMMO noTeHUHaJla HMeeTCH 

~eHTpo6e:XHhiH 6a p:oep 1 (1 i-1 ) /r2 H.TIH KY JIOHOBCK_H~ Z 
1 

z
2
/r, $a30BhiM 

C,i(BHr . 6(k) OTC'411ThiBaeTCH OTHOCHTe.nl,Ho $YHKUI111 Eecce.nfl 

{ BOJIHOBOH ~YHKUHH CB060J(HOro ){BI1:XeHHH c OT .nl14HhiM . <n HY Jlfl 

,/ 

10 

~ , . 
· .. ·~ 

T 
·I 
L 
L 
l -
J 

. ·_·.·~ ll 
I 
j 1 

1 
j .I 

J 
l 
I 

··'.Iii' 

:i 
!'l. 

·{ 
l 
' i 

·,• 

yr.noBHM MOMeHTOM l HJJH KYJIOHOBCKOH 11JYHKU.11H;-cM. • (9J). Ec.nH · 

·:l1MeeTCH n KBa3HCBR3aHHhiX COCTORHI1iii 3a. 6ap:oepoM sa C4eT 

){OnO.TIHHTe.n.:oHoro KOPOTKO){eMCTBYJO!llero npHTRrHBaromero 

noTeHU11a.na, TO OHH o6ecne4HBaJOT poeT ll!asosoro C){imra 6( k) c 

SHeprHeH Ha BeJJl14HHY nopR.l{Ka n'lt. To.n:oko sa B8PXHHM pe30HaHCOM 

Ha\lHHaeTCR · B · COOTB8TCTBHH G TeopeMOH ~eBHHCOHa cna){ 6( k) K . ; 

HYJJJO np11 k--f m • 

MHOfOKAHA~bHHE CMCTEMU 

I CBOHCTBOM YCKOpeHHOrO ' "BTRrHBaH~R" ' Y3.TIOB BOJIHOBOH 

llJYHKUint W BHYTPh ?6.naCTl1 B3al1MO){eiiiCTBHR (B npe){nOJIO:KeHHH, 4TO 

W BemecTB8HHa - CJiytiaH KOMnJJeKCHbiX W CBO){HTCR · K · KOM611HaUl1l1 

BemecTBeHHhiX. pemeHI1H) . npH MaJJOM. I13MeHeHHH HMnyJJ:bCa MOJCeT 

OQrra,lJ;aT::& r~illSHD C MHOrOEaH~DHID~ v~SITSHIDAU CBOOO~U BHyTpeH-, ' . 

Hel CTpyKTypu. B M-KaHM::OHO!l CHCTSMe B03MOJKHO M-KDaTHOe 
' l . ' • • .. ' 

ElhiPOliC){eHHe YPOBHeM, · KaK . B. MHllieHH C M 6.:..neperopO.l{KaMl1. 3TO 

npocTo npo.l{eMoHcTpilposaT:o Ha clieTeMe csRsaHHHX c 6-o6pasHoi1 

l1JIM nOCTORHHOH MaTpHLJ,eiii •B3aHM0){8HCTBl1R V<X.f3 Ha KOH84HOM 

OTpe3Ke: 0 < r:< r O -~ KOr){a 3aKphiTbl ~ce KaHaJihl, ,KPOMe _KaHaJia 

ynpyro~~ pacceRHHR.(nycTh VM ){.TIH 3aKPhiThiX KaHaJIOB.o6pamaeTCH 

B 6ecKOHe4HOCTh,npH r. > r 0). B_npopTeHmeM C~yqae ){BYX KaHaJJOB 

Cl1CTeMa ypaBH8HHH ffipe.l{HHrepa C 6-CBfl3hiO KaHaJJOB B T04Ke Xo .H 
''. ' ', .,·. •'· ' . ' I 1 . I 

6-6ap:oepOM B nepBOM KaHa.ne_ B_T04Ke X HMeeT~BH){: 
I I 

, + \/12 6(x:-x~> w~ · + v1 6(x-x> = E w1 w1 
(15) 

. ,•;· '' 'I . ' . 

I I 

+ V
21

' 6(x-xo) tll
1 

'II = E Ill ~.- · · _w
2
(x) = o. 2 . 2•, . 

PemeHHe C,HCT~MU- ( f.5), 3armmeM ~- nOMOnt~~ .llJYHKU11l1~CTYneHbKM Q: 

ID1(x) = _ A1sinkx. -· ,( v'
12

/I<}: coskx: sinkxo Q(x-x~) lli
2

(Xo)' -
' ' " • •• ' ' • -' ~ • • • ' ~ : - • - < ' ' • 

.:,(V12/k) sinkx coskxo Q(xo-x) w
2
(xo) H aHa.norH4HO;){.nR ID2(x). 

'ID/Xo) = (A1sinkxo- L)/P. , H aHa.nori14HO.,l(JIR ID
2

(Xo); 

r.l(e L = V}/ _sin2kxa c9skxo; . P = 1 .:-. (v~2/4k2 ) s'in2kxo, · 

· 6(k) = arcctg[ID'(x)/W(x)-k + V1J - ·kx: i·- · (16) 

.3Ta i,Paaa,Izpe,ncTaMeEa Ha Pnc.8. 
· ·11 
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'Prtc.8. ~asoBilti c,nBHr ,nJlfl .nBYXKaHaJlhHOH·MrtmeHH c 6~cBfl3hJO 
KaHaJIOB (15). CpaBHH.CO CJlyqaeM·O,nHOKaHaJlhHOH.MHilleHH e· ,nBYMfl 
O'l'CeKaMH. ( pHC.7). 3,neCh MHill8Hh KOMnaKTHe. e, H. CJla6ee Bbl. paJKeHO 
cna,naHHe 6(k) . 'MeJK,ny pe30HaHCHbiMH 30HaMH · . •· · .. · ' 

.IeopeMa JieBHHCOHa · ~ CJiyqae o.$!oro KaHaJia, aaKpHToro 1!P!! 
~ aHeprHmi:. B paccMoTpeHHOM B!IDle (Pric.8)'1I .np~ · ppliMepai 

CO BTOpHM KaHaJIOM~ aanepTffi,( 6GCKOH9tmO:lf Henpo~aeMO~i CT9H- · 

KOi, waaa pacceJmHH no.IUIID~aeTCR C poCTOM k • Heorpaffi1qeHHO, 

6JlarO.lJ.apfl "HaKOnJleHHJO 'y3JloB'' B.· saKpbiTOM KiiHaJle.' ECJIH. liCe 

OTKPbiTh 8TOT KaHaJl BbiiDe .n-ro COCTOflHHH: ¢asa pacceHHHfl, 
' '- " . ' ' ·. ' 

no,nHHBillHCh Ha BbiCOTY sa CtieT COOTB8TCTBYIOU\HX n CKa4KOB, npH 

YB8JIH'48HHH ::meprHH .sa noporoM, HatiHeT cnycKaThCH K HYJIIO, KaK 

3TO nOJlaraeTCfl no 06b14HOM TeopeMe·JleBHHC~Ha [1],rJ1.4H·[iOJ. 

· EJlaro.napH iipocTO~ 6-ci:lH3H, H3 BToporo' ypaBHeHHfl. B ( 1~) 
JlerKO Bbipa.s~_Th llJ 

2 
qepe3 llJ 1 .. H. n?,nc~aB~Th B ypaBHeHHe f(JIH llJ 1 • B 

pesyJlhTaTe nOJ!YtiHM. O,nHOKaHaJlhHOe ypaBHeHHe C 6..:.noTeHUHclJIOM, 

SaBHCHll\HM OT. SHeprHH: . < , 
, , 

· .. ·- lll
1 

+.V(k)6(X-:.-Xo)lll
1 

= E.lll 1 • ( 17) 

B ,06ll\eM llte CJlyq~e noTeHiJ,HaJlbi, .SaBHCHll\H8 OT 8.fieprHH,nOSBOJIHJOT 

cos,naBaTh. pesoHaHcl:ltie SOHH c. npoH.3BO~hHbiM 4HCJIOM H nJIOTHOCTbJO 

P830HaHCOB. < '\ t 

1 ~ ' 

·12 

'_,-

; . 

PacCMOTPMM KOHetiHO-pa3HOCTHYIO · ... .IJ;Byx.KaHaJI:bHyD MO.IJ;9JI:D 

6-:-CBHSbiD KaHaJIOB (marpa3HOCTHOro ,nH¢¢epeHUHPOBaHHH ll. = 1): 

- w1 (n+1) + 21I1 1 (n) - w1·(n-1). + v
12

6n
1
w

2
(n) + 6n

2
v w

1
(n) = 

= ( E=2:-2cosk),w 
1

'( n), 
/ 

w2 (n+1) + 2 w
2
(n) w

2
(n:...1) + v

21
6n

1
w

1
(n) = Ew

2
(n);. (18) 

·,. 

c 

BTOPOM .KaHaJI 6y,neM noJiaraTb -.3aKpbiTbiM •npH Bee~·- 8Hepn1HX: 

W2 ( 2)_=0 , a B nepBOM. B T04Ke n=2. HMeeTCH 6-6apbep BbiCOTOM V. 

~a3a pacce.HHHH Ha TaKOM CHCTeMe(w = V ~ 
2 

V 
21

): 

6(k)= .. arcctg{ctg(k)[1- 1/(2cos2k- w/2)J.+ v/sink}- 2k 

. n'oKasa~a Ha·. PHc·~ 9. 

~.~~<~{Kt _ . 
11 -..... S,v · , . "o.;-~ . --.. 

:. 

' .' ..,,, .'· 

'!/' .~-

,- i~~ 
_, 

•,' ·- ,. 

.,., .. 

, ', .'• 

.... _, ,' l.t ;.II( ' .. 
, --~-.~T ·~6~ 

; .. ' •. ,_ :;- :-.;..-· ' S: 

-·-- ~-. ~ ... 0~~ 

.,, 

PHc. 9. ~asoBHH . c.nBlir ·' 6( k) .nBYXKaHaJibHOH . MHmeHH 
pa3HOCTHOH CHCT8Mbi'(18) C 6apbepaMJ.1B T04Ke'2: HenpOHHUaeMbiM 
BO BTOPOM . H noJiynpospa4HHM ( V) B nepBOM KaHaJie. . llpH 
·YB8JI.H48HH~ CHJ!bi CBflSH KaHaJIOB (SHa48HJ.1H W nOM848HH UH¢paMH) 
,nBa peSOHaHCHbiX CKa4Ka pas,nBHra!OTCH, noKa . KBaSl1CTa6HJibHbie -· 
COCTOHHHH J:le nepexo,nHT B CBH3aHHbi8 COCTOHHHH HHllte (npH W > 3) 
H BUill~ (npH W > 4.6)· pa3penieHHOH SOHbi . 

' - ' ~ 

llpH CJia6oi1. CBfl3H KaHaJIOB B SO He npOBO,nHMOCTH ; HMeeT.CH ,nBa !' 
pesoHaHca • (no 'o.nHoH T04Ke sa~ 6apbep6M B Ka~.no~ ~a-HaJle) ... c : , 
poe TOM . v 12 . _(ttJIM . w) CH~ ~~Jia .. nepBHH , pesoHaHc . _onycKaeTeH .· 

no,n HHliCHIOIO rpaHHUY paspemeHHOH " SOHH' 11: CTaHOBl1TCH 06bi4HbiM .... . ..... . - . · .. '. . . ". '. ·.· - . . . 

CBH3aHHHM COCTO.fiHHeM. llpH 8TOM-6(Q) npeTepneBaeTCKa40K 113 0 

a: . ~ . B cooTBe;cTBHH ~ .. TeopeMoA. JleB~HCOHa. •. SaT~M ·. ~Topot:i 
f \ . ..._ -... '~ • . !-
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I 

pe30HaHC nepeceKaeT . BepXHIO!O rpamtUY, .. 30Hhl .npoBO.lU1MOCTU U 

npeBpamaeTCH B CBH3aHHOe COCTOHHUe .Ha)l. HenpepHBHHM 

cneKTPOM. Hy:xHo eme YYMTHBaTb .n.pyroe·CBH3aHHoe cocTOHHMe Ha.n. 

HenpepHBHHM cneKTPOM, o6yCJIOBJieHHOe 6apbepOM V B nepBOM 

KaHaJie. 

AHaJiorl1YHO (17) MOlltHO CBeCTl1 Cl1CTeMy (18) K 

O,ll,HOKaHaJibHOMY. ypaBHeHl110 illpeil1Hrepa C 3aB1.1Cflll.ll1M OT 8Heprl11.1 

noTeHU1.1aJIOM:. ·: 

V
1
(k) = v

1
;v

21 
1 '<E -'-;.,2)'=- v 12V21 1 (2cosk). (19) 

06paTMTe BH1.1MaH1.1e Ha Cl1HrYJIHPHOCTh. 8TOrO ~OTeHU1.1aJia· (CO 

CMeHOH 3HaKa) B UeHTpe pa3pemeHHOH.30HEl E =; 2 . .llJIH aBTOpa' He 

nOJIHOCThlO HCHhiM OCTaeTCH BOnpoc . 0 lPl131.1YeCKOM . CMhiCJie 

8TOH Cl1HrYJIHPHOCTM 1.1 0 C09TBeTCTBI111 noBe,ll,eHrlfl rJia,ll,KOH 

w~.a.6(k) Ha P11c.9 TeopeMe ]eB1.1Hco~a. llpH .n.ocTaToYHO 

60JII:iiUI1X 3Ha YeHI1HX . V, V 12 11 k .. B6JII13M ~ ( C , yqeTOM 

SHepreTMYeCKOH. 3aBI1CI1MOC,TI1 · V 
1

· ) ,ll,OJilltHEl o6pa30Bi:maTbCH ,ll,Ba . 

C.BH3aHHHX COCTOHHMH BbiiDe pa3pemeHH6~ 30HH, a' 3Ha"4MT, Q)a3a np11 

k -- X )l.OJIJKHa CTpeMMThCH K -2~~ B03MOlltHO, · 8TO MOJKHO KaK-TO · 

CBH3aTb C CI1HrYJIHPHOCThlO 3aBI1CHII.lero OT 8Heprl1l1 noTeHUl1aJia 

V 
1 

( k) (He noTpe6yeT JII1 s~o BBe.n.eHI1~ cKaYKa 'Q)a3H B .TOYKe 

CI1HrYJIHPHOCTl1 ?) • · 

PaccMOTPHM .ll.BYXKaHaJibHYIOMHmeHb c nocTOHHHHMH MaTpl1YHHMl1 

SJieMeHTaMH V
12

·= V
21 

='const, OCYII.leCTBJIHIOII.ll1Ml1 CBH3b KclHaJioB: 

, , 
-1111 + v12w2 + v11 6(x-x>w1= 1111' 

;." -:-~~, +>V21 111 1 = 1112 ; 1!12(X)=' 0 •. 
. (20) 

KaK 1.1· B . Cl1CTeMaX ( 15, 18),, 'OTKPHT TOJibKO nepBHH KaHaJJ~ 

neperopozeHHH~ 6~6ap~epoM . ~ TOYKe x ~ i,. a BOJIHhl BToporo 

3anepTbl Ha 11HTepBaJie . [ 0, X] . H C0061l.l~IOTCH C BHemHeH 06JiaCTblO 

Jli1IUb Yepe3 CBH3I:i V 
2

'
1 

' C ' nepBHM · KaHaJIOM ( TOJibKO .• Tenepb 8T~ 

CBH3b • · paBHOMepHO · · pacnpe)(eJieHa no . BCeH MI1IUeHH, a . He . . ; . \ 

COCpe,lJ,OTOYeHa B O,ll,HOH TOYKe Xo.·EJJaro.n.apH noCTOHHCTBY MaTpl1UEl 

B3a1.1Mo.n.ei1cTBHH ' BHYTPl1 MHmeHH, ,ll,JIH KCiM61.1HaU1.1H Ill 1 i; 1112 
noJiyYaeTcH pacuenJieimaH clicTeMa: 

14 

, , 
- <w1 + w2> :+ v12 <w1 + w2> = E <w1 + w2>~' 

(21) , , '· 
- (Ill - Ill ) 

1 ~ --: v12 <111 1 - t!l2) = E. <w1 _: ID2>·: 

c pemeHI1HMI1 ID1 .+ 1112 = A+sin k+x; 

ID1 - 1112 = A_sin k_x; k+ = (E + V )1/2 
- 12 . ' 

6( k) = arccot [ ( k+l2k) ctg k+X + ( k_12k). ctg k.:_'JC :+ 2VolkJ. -kX. 

lloBe.n.eHI1e sToi1 Q)a3H no.n.o6Ho Pnc.8. MH ·He 6y.n.eM npHBO.ll.l1Tb . ' . . ' ' 

.noJiyYeHHHe · ·e noMOII.lbiO "MaTeMaTI1KH" .n.aHHI:le o . .ll.BHlKeHl1l1 Y3JIOB 

·' BHYTPI1 Ml1meHl1 KaK · .ll.JISI Cl1CTeM ( 21) , ( i 5), · TaK H .ll.JIR 

• .ll.BYXKaHaJibHI:lX R,ll,epHHX Cl1CTeM, noKa He .· HclH,ll,eHO npOCTOe 

06'bRCHeHI1e Ha6:lJIO,ll,aeMOH KaPTI1He. Ml:l Ha)l.eeMCR, · YTO 8TH 

npocTeHIUHe . MO,ll,eJIH nOCJiylKa T Kl1Pnl1Yl1Kar.m, l13 KOTOPHX CJIOlKl1TCR 

nOHHM~HHe o6mero CJIYYaSI. 

llpH .ll.BYX l1 6oJiee OTKPHTHX KaHaJiaX BMeCTO Q)a30BHX C)l.Bl1rOB 
. ·. . ' \-

HYJKHO paccMaTPl1BaTb co6CTBeHHI:le wasOBhle C)l.BHrl1. B 

. C06C.TBeHHO-QJa30BI:lX . COCTORHHRX Y3JII:l KaHaJIO~biX QJYHKUHH 

"3arJiaTHBaiDTCH"'O)l.HOBpeMeHHO BO BCeX KaHaJiaX. 3)l.eCb TaKJKe eme 

npe,lJ,CTOl1T . pa3o6paTbCR · B MeXaHI13MaX .· QJOPMl1POBaHl1R 

SHepreTHYeCKOH 3aBI1Cl1MOC~l1 · napaMeTpOB pacceSIHl1Sl. 3TO lKe 

,OTHOCHTCR l1 K ypaBHeHHRM C Bh1Cilll1M11 npOH3BO,ll,HI:lMH. 

IIPIMOJKEIU1E 1. c.nBvtrvt EECKOHEYH_oro · YYICJIA YPOBHEVl , 

IIocTaBl1M noJiynpospaYHYIO 

V<x> ,; V06(x-~12) B ueHTpe 
noTeHul1aJibHYIO 

(X = ~12) 
6-CTeHKY 

6eCKOHeYHOH 
npRMOYrOJibHOH RMhl. Bee · YeTHI:le YPOBHH . OKa3biBaiOTCR . 

HeYyBCTBl1TeJibHhiMI1 K TaKOMY B03MYII.leHl110 noTeHUHa.na, TaK. KaK 

· Y3JII:l "co6cTBeHHI:lX. QJYHKUHH pacnoJIOJ:eHbl B ueHTpe : RMI:l. Bee liCe 

HeYeTHhle YPOBHl1 C,ll,Bl1HYTCH BBepx. HeYeTHI:le C06CTBeHHble QJYHKUl1l1 

· np.ao6peTY.T l13JIOM Ha MecTe 6-6apbepa. c pocToM V 
0 

6-cTeHKa 

· CTaHOBHTCR 6oJiee· HenpOHl1UaeMOH H HeYeTHI:le YPOBl:IH 6Y.ll.YT BCe 

TeCHee C6JIHJ:aTbCR CO CBOHMl1 HenO,ll,Bl11:HI:lMl1 COCe,ll,RMl1. CBepxy 

. ( paCCTORHHe .. MeJ:,ll,y C6JJl1:!aiOII.ll1Ml1CR .YPOBHHMH MeHbmk ,ll,JIR HI1ZHl1X 

YPOBHeH}-..·B npe.n.e.ne.HenpOHl1IJ.aeMOH CTeHKl1, ecTeCTBeHH0,.6y.n.eT 
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noJIHOe .UBYKPaTHOe BHPOJIC,UeHl1e Beex YPOBHeH. Bee eKa3aHHOe 

8epHO, KOHequo, ~1 .U~H JII060H 6eeKOHeqHOH HMH; eHM~eTpHqHOH 
OTHOel1'TeJibHO eBoero UeHTpa( CM. pl1e. n1). 

EeJIH ~e 6 - 6apbep paenOJIO~HTb Ha pacCTO~HHH. 1/3 lliHPHHH

HMH OT O,UHOH l13 'ee CTeHOK, TO HeqyBCTBHTe.JibHHMH K HeMy 6y,nyT 

BCe ypOBHH, KpaTHHe_TpeM,_ r.ne pacnoJio~eHH_Y3JIH HX C06CTBeHHHX 

iiJYHKUHH. C POCTOM V0 . Bee YPOBHH 3n-1 H 3n-2 6y,nyT HO.UHHMaTbCfl 

K Heno,UBH~HHM YPOBHHM 3n. llpH STOM B Y3KOH qaeTH . HMH 

eo6cTBeHHHe ~YHKU~ nO.UHHMaiOlllHXQ/i YPOBHeH '6y,nyT _ H<~nHTHBaTb 
caMorameHHe (y iiJYHKUHH 3n-2 y6HBaHHe aMnJIHTY.UH MOHOT9HHOe C 

pOCTOMV ~,lJ.O nOJlHOrO Heqe3HOBeHHfl B -Q6JiaCTH_ 2/3~ <X < ~' a. Y 

WYHKUI1l1 3n-1_ nepe.n eJil1flHHeM e 'BepxHHM eoee.noM eiiJOPMHpyeTefl 

eTo.HqaH -BOJIHa TOH .· JiCe .. aMnJIHTY .UH, .. qTo H B lliHPOKOH qaeTH HMH) • -B 
npe,ne.ne HenpOHHUaeMOH CTeHKH YPOBHH 3n_:_1 COJlbiOTCfl e YPOBHHMH 

3n ( ,UJ!fl KOTOPHX E3n '=9n2 , - C06CTBeHHHe iiJYHKUJ.iW 3n H 3n-1 6y .UYT 

OTJIHqaTbCfl TOJlbKO 3HaKOM B Y3KOH qacTM flMH), a .ypOBHH 3n-2 

CTaHyT YPOBH.HMH . 5iMH lliMPHHOH 2/3~ ( E =3/2 ~) • . Boo6me, npH 

6-6apbepe B . TO~Ke X = ( m--:f) ~/m Ha MeCTe OCTaiOTC.H YPOBHH, 

KpaTHHe· m, a YPOBHH, Jie~amHe Me~,ny _ HHMH, ' no,UHHMaiOTCfl no 

HanpaBJieHHIO K HHM. -

llPHJIO>REHHE _ 2. OUEHKH IDHPHH PE30HAHCOB B llO.UXO.UE C tn1CTO 

.UHOKPETHHM OllERTPOM 

H,JJ.e.H npe.n..naraeMoro MeTO,JJ.a B03Hl1KJia .B ,lJ.HCKYCCH.HX C 

A.M. rop6aTOBHM, B. ll. RoMapoBHM, ll.IO. HHKHIDOBHM H B. Jl. 0KonHqeM 

(CM. KaH,JJ.H,UaTCKHe ,lJ.HCCepTaUHH. Tpex noc.ne,UHHX, pa60TH B fl$ H 

c6opHHKaX TBepcKoro.yHI-iBepCHTeTa .H GCHJIKH B HHX). PaccMOTPHM 
' ~ --- ' 

npOCTei1myiO MO,JJ.eJibHYIO .CHCTeMy C KBa3HCTa6HJibHHMH COCTO.HHHHMH: 

.IlBH~eHI1e BOJIH Ha no.ny'ocH -· 0 < r < ro c 6-6apbepoM B .foqKe. 
0 • • ' ' ' L ' • •' • 0 

X = ~ (MO~HO npe,II.CTaBJI.HTb ce6e, _qTo B Haqa.ne KOOP.UHHaT. 

HMeeTc.H iienpoHHuaeMaH .· ._ cTe~Ka)·. Ec.nH . 6u · 6...:6apbep 6u.n 
HenJ)OHHUaeM (V~= ro. ) , .,Mel!C,JJ.Y 6apbepoM .H CTeH~OH 6HJIH. 6u 
cTaUHOHapHue_cocTOHHH.H,KaK i3 6ecKoHequofi np.HMoyro.nbHOfi HMe. 

llpH . KOHeqHHX .. 3HaqeH~HX _ V 
0 

. 8TH YPOBHH npeBpamaiOTC.H B _ 

KBa3HCTaUHOHapHHe cocTo~HHH (oH!-1 cnycKaiOTCH no _ sHePI'~H no 

cpaBHeHHIO eo cTaUHOHapHHMH ·cocTmiHHHMH PHc.1 B 3aBHCHMOCTH OT 

cH.nu v 0 > . Barna ue.nb ..: onpe.n.e.nHTb ( noKa3aTb, KaK onpe.n.e.nHTb) 

16. 

).{ 
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lt 

3 
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' 

I I X z;,; 7i 

P11e.ll1. llO,U'beM YPOBHefi npHMOyroJJbHOH HMH IDHPHHH X C YMeHbme
HHeM npOlU1UaeMOCTH 6-neperopO,lJ.KH: (a) -B UeHTpe .HMH l1 (b).:.. B. 

TbqKe 2~/3._llo OCH op.JiHHaT OTJlOJKeH BOJIHOBOH BeKTOP k=E 112 

.K 
s 
't 

J 

2 

! 

o· 

_, 

· .. 

X 

I 
I 

Q:7f 0 

~~-..,._ 

. I 
-:-;:-

t.-J-! I I I~ 
7i Cl 0 Ti Cr. 0 

. I 

I 

I 
I 

PHC.ll2. On~cKaHHe YPOBH.H, OTBeqaiOmero CTOHqefi BOJIHe B· 

pacmHp.HIOmei1c.H npaBoi1 qacTH .HMH (3a 6-neperopo.nKoA B TOYKe x), 
r.n.e pemeHHe 'll(x>x)=_A2~~n[kx+62 (k)J; 'll(a)_=:O _c 6

2
,cosna.n.aiOmHM 

c !lla30BI1M - C,JJ.BHroM · paccefiHH.H Ha 6-neperopo,nKe. . np11 
COOTBeTCTBYIOllleH SHeprHH. ( H3 YCJIOBHH 'II( a) =0 - ka+6=nX -
6=nXTka). llOKa3aHH Jll1llib CJlyYaH COBna,neHHH YPOBHeH pacmHpeHHOH 
HMH c YPOBHHMH Hcxo.nHoi1 HMH. B npoMexyTOYHHX no.noxeHHHX 
( B){aJIH. OT . pesoHaHCOB; "'pacOOJIO:XeHHHX YYTb HHXe YPOBHeH 
HCXO,II.HOH .HMH) .- BOJlHOBa.H · !IJYHKUHH .. onycKaiOmeroc.H YPOBH.H 
noJ(aBJlfleTCH B JieBoti CTOPOHe flMil. ¢OpMa 6

2 
( k) COBna.n.aeT C 

6(k), noKa3aHHOti Ha PHC.2 
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_,,,, 

m~p~HI::l 3T~X COCTOHH~~, pemaH He sa,lLa4y pacceHH~1H, a sa,lLa4y :Ha 

co6cTBeHHI::le~sHa4eH~H ,lLJIH C~CTeMI::l C 4~CTO. ,lLl'IC~peTHI::lM cneKTPOM: 

KOr,lLa cnpaBa OT ~6-6apbepa ~MeeTCH · BTOpaH . 6eCKOHe~HaH 
•' . 

HenpoH~uaeMaH cTeHKa ( c'M. PI-H~. II2). 

IlpOCJie,lL~M,4TO npOHCXO,lLHT C YPOBHHMH.CHCTeMI::l npH ,lLBHXeHHH 

npaBOH CTeHKH BnpaBO OT .T04KH noJio.xeHHH. 6:-6apbepa. Ilpu 

CJIHHHHH npaBOH CTeHKU C 6apbepoM YPOBHH .CUCTeMU COBna,lLaJOT c · 

ypOBHHMH npHMOYrOJihHOH HMI::l.. B npe,lLH.lLYill,eM . pas,lLeJie ·. Ml::l ,lLBHraJJU 

6-6apbep, a Tenepb 6y,lLeM npH !llt1KCHPOBaHHOM. ero noJioxemm 
' .• . ,J . 

Henpepl::lBHO .lLBHraTb npaByiO. CTeHKY HMI::l •. Co6CTBeHHaH !IJYHKUMH B 

npaBoii 4aCTM HMN nponopuMoHaJJbHa !lJYHKUMM·cBo6o.ILHoro . .lLBMJH:eHMH 

npM .IL~HHOH sHeprHM. : HaJIH4He 6ecKoHe4HOH. cTeHKH He HCKaxaeT 
"- . . :. ' 

ee, ecJiu cTeHKa_pacnoJJaraeTcH B ysJie !IJYHKUHM. IIpH pacmHpeHMU 

npaBOH 4aCTH HMI:l onycKaJOTCH YPOBHH~·6TBe4aiOIUMe CTOH4HM BOJIHaM 

B HeH. TaK~M o6pasoM npH .lLilHJH:eHHH CTeHKH BnpaBO OT 6-6apbepa 

npoHCXO,lLHT KaK 61:l . "npomynm3aiiHe" (eKaHHPOBaHHe) BHYTpeHHeH 

4aCTH RMI:l BOvl!HOH. HS BHemHeH 4aCTl1 RMI:l C' . Henpepl:lBHI:lM 

H3MeHeHHeM E - OT · m ,llO 0. il>asa ·--pacceHHiUI, HanpHMep, 

onp~,lleJJHeTCH npocTOH: !IJOPMYJIOH no SHa4eHHID . BOJIHO~oro 'llHCJJa 

k(a), n-ro YPOBHH, OTBe'llaJOIUero ,lLaHHOMY noJIOJH:eHUIO X =na" npa

BOH CTeHKH: .6( k) :: 6( k,a) = n ~·- · ka (oHa noKasaHa Ha PMC~ 2). 

3AKJIIOYEHME 

ABTOP Ha,lleeTCR, 'liTO KO BpeMeHH_C.ILa'llYI pyKonHcH;ero HOBOH 

KHHrH "YpOKH KBaHTOBOH HHTYHJ.J.HH" B 3HeproaTOMH3,lLaT oceH:OIO 

1992r.· HeBI:lRCHeHHI:le 3.zleCb BOnpOCI:l 6Y.llYT. pemeHI:l Yl MO~HO 6y,lleT 

no,lleJIHThCH c 'llHTa~eJieM.HOBI:lM ypoKoM, ycBoeHHI:lM B xo,lle pa6oTI:l 

Ha,lL KHHrOH. · · 

ABTOP • 6Jiaro.uapeH M. B~ AMHpxaHOBY, · . A.M. fop6aTOBY, 

B. II. KoMapoBy, · B. K~ JIYKMiHoBy, n.10. HHKYimoBy, . B. JI. CKonYI4Y, 

H. II .IO,llYIHY sa noJie3HI:le ,.llHCKYCCYIH. . .Oco6o 'npHsHa TeJieH aBTOP 

E. EpaTKOBCKO~ sa KOHCYJJbTal..I,HH no nporpaMMe "MaTeMaTYIKa" •·· ' 

.. ,KaK YKa3aJJ aBTOPY KG.Me.iJelltMK,. J33aHMHOe BJIHRHHe coce,lLHYIX 

noTeHl..I,YiaJibHHX HM paccMaTpHBaJIOCh . B . [ 11, 12],. qTo YIMeeT 

HeKoTopoe OTHomeime ·K· paccMaTIJHBaeMI:l~ s;ecb npo6JieMaM. 
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