
B.H.3axapheB,B.M.qa6aHoB 

HEO )Ktt,II,AHHA5I 

<<AHHHrttJI5IIJ,l1.5l» COCT05IHtttl 

P4-94-461 

IlPtt CBJiil)KEHtttt (BhIPO)K,Il,EHilil) YPOBHEtl 

Hanpaanctto a )Kypttan «Physical Review Letters» 



3ax~p&eB B.H., qa6aHoB B.M. 
HemKHAaHHaSI «aHHHrHJISIU.HSI» cocTO.HHHH 

. IIPH .c~JIH.:>KeHHH (Bb]:pO.:>KAeHHH). YPOBHeii . 

P4-94-461 

• · Heo.:>KiWiHHO oKa.3aJIOCh, qTO rrpn CHJihHOM c6;m.:>Kemui ypomiei1: ABYX CBSI
aaHHhIX cocTOSIHHii B ncxoAHoii SIMe o6a cocTOSIHHSI «ifcqe3aroT»: cooTBeTCTBy
iomne BOJIHOBble cpyHKU.HH JIH6o YHOCSITCSI BCIIOMOraTeJihHblMH SIMKaMH Ha 6ec:.:, 
KOHeqHOCTb B o6e CTOPOHbl Ha· BCeH ,OCH x, JIH6'o «BrrpeCCOBhIBaIOTCSI>> B 

. BepTHKa.JI&Hble · rroTeHu.naJI&Hhle cTeHKH · (rrpn HCXOAHOH 6ecirnfieqHoii rrpYMO-
yroJI&Hoii SIMe). Bee cpyHKU.HH.APYrHX ypomieii BOCTaJihHOH qacTH SIMbl o6pa-
3YIOT «IlOJIHbIH». Ha6op .. B CJI'yqae HeCHMMeTpHqllblX. IlOTeHu.HaJJOB MO)KH(). no:.. 
JiyqifTh scpcpeKTHBHOe ncqe3HOBeHHe H3 cneKTpa OAHOro COCTOSIHHSI B BhlpO.:>KAa-. 
eMo~ AY6JieTe. . · .· · · 

Pa6oTa BblilOJIHemi B Jla6opaTOpHH TeopeTHqecKOH (pll3H~H HM. H.RBoro~ 
Jiio6oBa OH.5HL · · · · · 

IlpenpttHT 06'be111me1111oro HIICTl1Ty'rn SI,1epHb1X HCCJie/10BaHHH:,Uy611a,.l 994 . 

Zakhari~v RN., Chabanov V.M:: ••··. ·.•. ·. · .. · 
• .. Unexpected Annihilation of States when Bringing Together 

(Degenerating) .the Energy Levels . . . 

P4-94:-461 

• • _ .. JJnexpectedlyHt~rned out that when drawing together thelevels_oftwo 
bound states in an initial potential well tliese stat~s <<disappear>>: corresponding 

:wave functions are either carried.away with aux'iliarywells .to unfinity in.both 
· dir~ctioris on the.whole axis cii- pressed into the vertical potential.walls (in the 
case ofreference infinite rect;mgufar well)>An thefurictions of other levels in 
the r~maining part of the well :·constitute :i complete··set.. In the case· of. 
U!].Symmetrical poteriHals there can happen effective qisappe~r~nce of one state 
of theooublet: · , · 

. The invesHga tion has been. performed.· at' the Bogoliubov · Laboratory. of 
Th~o~etical Physics, JINR; ·· . . . . . 

, . . . ' ' -
Preprint of the Joini Institute for Nuclear R~search. Dubna, 1994 ·• 



1 BBE,Il;EHl1E: 

MeToµ; o6paTHOH 3aµ;a'IH, 
"6e3 coMHeHIUI, npeµ;cTaBJIJieT co6oir 
Ol];HO II3 caMbIX KpaCIIBbIX OTKpbI
TIIH MaTeMaTII'IecKoir q>II3IIKII XX 
BeKa." B.E.3axapoB, C.B.MaHaKOB, 
C.II.HoBIIKOB, JI.Il.IlIITaeBcKIIir.-

"CTo.H Ha nrre-qax rIIraHTOB", co3µ;am1rnx annapaT o 6paTHoii 3ap;aiiII, 

HaM yµ;arrocb 3ar1I.HHYTh 'µ;arrhllle II YBIIµ;eTh Ka'leCTBeHHYIO q>II3II'le

CKYIO cyTh q>opMyrr cp;BIIra [1], YHII'ITm1<:eHII.H II po)Kµ;eHII.H II36paHHhIX 

ypoBHeH 3HeprIIII [2], II3MeHeHII.H npocTpaHCTBeHHoii rroKarrII3aD;IIII oT

µ;errhHhIX KBaHTOBhIX COCTO.HHIIM [2]' II3MeHeHII.H IIIIIpIIH pe3OHaHCOB 

[2,3], ynpaBrreHII.H npo3pa'IHOCThIO KBaHTOBhIX CIICTeM [5] II BOlIHaMII 

Ha perneTKax [4] (B KpIICTarrrrax, B npocTpaHCTBe KaHalIOB II CMellIIIBa

eMhIX KoHq>IIrypau;IIH) II µ;p. 1 Ka3arroch, 'ITO c co3µ;aHIIeM TaKo:ir "mi
rrr.Hp;HoH" TeopIIH ynpaBrreHII.H cneKTparrhHhIMII napaMeTpaMII B 0TOH 

o6rracTII p;OCTIIrHyT npeµ;err .HCHOCTII (IIHTYIITIIBHOe IIOHIIMaHIIe). Ho 

Hem1mµ;aHHO MhI o6Hapy)KII1III mo60IIhITHhIH 3q>q>eKT "aHHIIrIIlI.HD;IIrr" 

cB.H3aHHhIX cocTo.HHIIH npII npeµ;errhHOM c6rrII)KeHIIII cocep;HIIX ,ypo

BHCH BHeprIIII. Ilpoµ;erraB cooTBeTCTBYIOID;IIe BhI'IIIcrremur µ;rr.H IIcxo

p;HoH 6ecKoHe'IHOH np.HMoyrorrhHOH .HMhI (6e3 HapyllleHII.H CIIMMeTpIIII 

IIOTeHu;IIarra), Mhl YBIIp;errII, 'ITO pacnpe)];eJieHHe IllIOTHOCTII BepO.HT

HOCTII napbl BhlpO)Kp;aIOID;IIXC.H COCTO.HHIIH KaK 6bI pa3phIBaeTC.H Ha µ;Be 

'laCTII, KOTOphle pa3p;BIIraIOTC.H K CTCHKaM .HMhI II ":eµ;aBlIIIBaIOTC.H" B 

HIIX, TaK 'ITO BOlIHOBhle 'PYHKD;IIII 3TIIX COCTO.HHIIH CTaHOB.HTC.H OT

lIII'IHhIMII OT HYlI.H TOlihKO Ha MalihIX paCCTO.HHII.HX OT KpaeB .HMhI ( CM. 

pIIc.1). ' 

106 llT0M He µ;orap;bIBanl!cb µ;aJKe KJiaCCl!Kl!. llHTepeCHO, Hanpl!Mep, '!TO Tpy60B111~, B KHl!re 

K0Toporo (6] BnepBble Il0JIBIIJll!Cb KapTIIHKII llHepreTl!'!CCKIIX cµ;a11r0B µ;JIJI Cl!MMeTpH'!HblX Il0Tell

l\l!aJioB, He HaWeJI npocToro Ka'!eCTBeHH0ro o6'bJICHeHIIJI HX <popMbl. A aBT0phl MOHorpa<p11ii: 110 

KBaHTOBOH MexaHl!Ke np11xoµ;11JIH Ha·uaum JieKI\IIH "YpoKII KBallTOBOH IIIITJHI\1111" BO MH0rl!X Ha

J'!HhIX ll y'!e6Hiix 11eHTpax Ml!pa'c HeK0T0pbIM Heµ;oaepHeM K T0MY, '!TO M0lKII0 Il0JIJ'IHTb Ka'!e

CTBeHH0 H0Bble peoyJibTaThl B "µ;aBHO ycTOJIBWeii:CJI" HayKe, miBeCTl!Oll yJKe MIIJIJIHOU.iM q>Htll!KOB 

(<plltJ.-XIIMIIKOB II µ;p.) . IIepBaJI peaKI\IIJI, Kor11a HM C006U1anac1, Macca H0BblX <paKTOB,'laCTO 6blJJa'. 

"3Toro He M0lKeT 6b1Tb!!". Ho y6e)ll!TeJibl!ble up0CTble IIJIJIIOCTpa111111 )IJl.!I T0'III0 pewaeMblX MO

µ;eneii He 0CTaBJIJIJIII COMHe1mii B TOM, '!TO HM 0TKpbIBaIOTCJI H0Bble rnaBbl lltl KBaHTOBOH Te0pHll, 

B KOTopoii: OHi! 'IJBCTB0BaJIII ce6.11 HenpepeKaeMhIMII auropHTeT3MH. . 



,'!.i~n, 

3t ½-f (x) nf'-' E ~ £ ::4 
! 2 

f Et 3.999 

i f; ::1 

~ 

a) 

1f 
y2 (x) 

X 
.3 /I 

Pnc.l Bo;1-

HOBb!e q>yHKIOIII lll,I1 

pmK)laIOillllXCJI COCTO

JIHllH B cny•1ae llC

xo11HoH 6ecKOHe•rnmi 

npJIMoyronhHOH JIM1,I: 

a,6) "Pl; ,,P2 npll E1 -+ 

E2; a,r) 'I/J2,'I/J3 np11 

E2 -+ E3 "IeM 6mrnw 

11pyr K 11pyry ypo1rn11 

11y6neTa, TCM 6oJJbIIIC 

aepoJITHOCTh o6Irnpy

)Kl1Th qacTllllY y CTP· 

HOK llCXO/IHOH JIMbl. 

B cpe11nei1 )Ke 'Iac

Tll 0Ta BepOJITHOCTh 

CTpeMIITCJI K Hymo. 

ct>yHKIIIIII 11y6ne•r,1 

CTaHOBJITCJI 110 MO)ly

l!IO BCC 60111,me IIOXO-

)KIIMII 11pyr 11a 11pyra .. 

Bee cpyHKIJ;IIn Or >----,, :;::::---=--»\t<-----....': ..__ , ~. ~- µ;pyrIIX yponHeiI 

f -~ f : l1 
i ,2 

6) 

2 

£,;3.9 

f,=3.~99 -

n ocTaJII,HOR •rnc

TII 1lMhl O 6pa-

3YIOT "IlOJIHhIR" 

Ha6op: cpa3y 3a 

(n-1)-bIM COCTO1l

HIIeM noµ; "aHHII

rIIJIIIPYIOlll,IIM" 

µ;y6rreTOM (" 6bIB

urnx" yponHeR n, 
n+l) 

" 

" 

3 y 

2 

1 

E
2 
➔ E3 :: 9 

4i 

E;_= 8.9~ 
II)]:CT COCTO1lHIIC Il 

( KOTOpoe paHblllC 

61,rno n+2) c n-

1 yn:1011 (;:i:na y0-

:rn Kl-DK;:J;oro COCTO

JIHMJI Bhillle :i:y6;:ie

Ta rrporra

)l;aIOT rrpn "llC'le3-

HOBeHIIII" rroc:iert-

0 k ::.::: ~ __, 1 1 x .. Hero). :;:;:-== ? ... .-, 

-1 ilU / 'IE ::6 
:). 

'f 2.=-8.9 
Ill 

-2. 

:3 

~(x} r,f L-t 

Ii 
3 

Ill 

•-E = 8 999 I z.. • 
2 II 

i 

B) 

E_.;-.[=9 
z .3 

Mo21rno rrpeµ;rrorra-

raTh, 'ITO II rrpn 

JII060M 3Hcl'ICHIIII 

;mepnrn · (mt IIH

Tepnarre :-,1e)K

µ;y En-I, E 11+2) BhI
pO)K)];clCMOro . ;:i;y6-

lICTa 6yµ;cT noµ;o 6-

Haa KapTIIHa'. 

Ilpn TaKOII aHHn

nrnJIIJ;IIII cocToH

Hirn BbllllC µ;y6rreTa 

,, TCpJIIOT" no ):UHl 

y3rra. ,UrrJI Ka)K)]:O

ro TaKoro cocToa

mrn DQJIHO

Ba.H _q>YHKIJ;Illl co
ncpUlaCT .. rrcpnoe II 

IIOCJIC)l;HCe rrorryKo

rre6amrn ( nee 60-

rrce II 6orree Ko

poTKne) no Kpa-

0 r :::::,... ~ -<J7.=' ---=::::::: 
1 

'I ){ .HM 1lMbl C a:Ma----===----- . > V JIIITY)]:OII, CTpeMH-
I 

'--
r) 

3 

lll,CRC1l ~ HYJIIO ( C:\1. 

pnc.2). 



o.s 

-0.5 

-1 

3 

2 

i 

lp Pnc.2 

E, --> E = 1, 
2. Bon110Hhle 1Iiy11KUH11 co

CT0111111i1 11a;1 Bhq>mlcta

/\ X 1ou111MCJ1 ;1y6:1eT0!\,1: a) 
fl'-'.a....i:::------lf'--------'-------==--... £...l~~ 

"""-.... == '"W:i(x) 11p11 /,'1 - 1,·2 11 2.. 

a) 

y 

~ E -E = 9 
2 3 

~ 

= 8. 999 --

~➔ 

6) V4(:1') llf>II /,'2 - L:1. 

l.feM Cll,1hll!'!' 111,l[>O)K;I('-

IIIIC, TCM !\,1!'111,llle aM· 

nn11TyAa u ;1:11111a m·p· 

11oro II noc:1e;111ero 110-

HyKo.,e6aHHJI. ll 

11pe;1e,1e 1101111oro 1\1,IJ,o

a-:AeHllll GTI! B0.1IIOB1,Je 

QlYHKI_\Hll ",111ma10T('H" 

Kpai:\i111x 11onyon11rn:1J1-

1111i:i 11 COOTll!'TCTBYK>

Illl!C COCTOJIIIIIJI <Tal!O

BJITCJt 11a HBa IIOMepa 

Mem,we. Ha p11c.6) 110-

Ka::ia11a eme II l{':1(:r) JJ:Ill 

Al~MOHC'I pau1111 

Toro, '-f'l'tl TaM, r;tc "xo

pomo Mll1\eTcJ1" _AY6,1e

TY, "11ey10·,·uo" ocTa111,-

llb!M COCTOJ.HIIJIM,: 

0 2 .3 

CooTBeTcTny10rr1ne 

X CllMMeTpwr-

~ ' / =::::::<:-,..J ""Hl,Ie IIOTeHIJ;llaJU,I, 

6) 

4 

BbipO)K)];aIOU(lle 

ypoBHll, IIOKa3aHbI 

Ha pnc.3. 

. , 

V(x) J1flA E1 ➔ E;. ::4 I fV(x} npu Ei.~fi=i 

f.:JOO[ ~ 2 . 

«11~ 
,,# 

E, d.<J l l' E,' 1.01 
E ~.Li . z. . 

·500 . -soo Ez=·i. 001 

6) 

-1000 

-£, =3.999 a) 

so 
V{x) E2 -?"E~=9 

0 I I ::::::-..... ,.r; I, ~ x.,. 

Pnc.3 C11MMeTpHq11bJe aoo

MYll\CHHJI 6eCKOHeq11oii npll

MoyroJibHOll J!Mhl, c6JIHMaIO

ll\He napb! ypoa11eii: a,6) 

E1, E2, a) E2, E3. IIoTeH

l\HaJibI npH En --t En+t ll 

npH En+l --> En OKai3hlBa

IOTCJI B npe11erre IlOXO)KllMII: 

/ 
f = 8 9 2. . 

-50 

-100 

B) 

5 

B cpe1111eii o6rracTH OHH cxo-

1\llTCJI AP.Yr K 11pyry, a .l!MKH 

no Kpa.l!M OTJIHqaIOTCJI rrry611-

HOH (11rr.ll o6ecneqeHH.ll pao

HHL\hl B IlOJIQ)KCHll.l!X Bb!pO)K-

1\CHHOrO 11y6rreTa) • 



B crry~ae .JIM Ha nceiI ocII yKa3aHH:~,Ie KpaHHIIe rrorryKorre6amur ym>

C.lITC.ll Ha 6ecKOHe~HOCTh BCIIOMoraTel1hHhIMII .lIMKaMII, aHarrorn~HhI:\III 

TeM, C IIOMOI.Il,hIO KOTOphIX ocylll,eCTBIT.lleTC.ll yrrpanrreHIIe l10Ka:III3a

u;neiI II36paHHhIX CB.ll3aHHhIX COCTO.lIHIIH ( KaK 3TO 61,rno OTKphITO HaMII 

B [2]). TaKIIM o6pa30M, o6oralll,aeTC.ll IIOHIIMaHIIe YHIIBepcarrhHhIX 3ITC

MeHTOB Ka~eCTBeHHOII TeopIIII ynpanrreHII.ll cneKTpaMII, pacceJIHIIel. 

pacnaµ;aMII. ,UeTaITII <popMh~ IIOTeHu;IIallhHhIX B03MYI.Il,CHIIII OKa3alICKh 

B03M02KHbIM cneCTII K 3TIIM npocTeIIUIIIM 3JieMeHTaM µ;rrH nceB03MO)K

HhIX napIIall;IIH napaMeTpon KBaHTOBhIX CIICTeM. 

IloTeHu;IIallbl n cpeµ;HeH o6rracTII IIpII En _. En+l II En+I _. En oµ;n

HaKOBhI II IIO~TII He 3aBIIC.lIT OT IIOJIO)KeHII.ll µ;y6rreTa Ha IIHTepnanc 

Me2Kp;y ero 6rrII2KaHUIIIMII cocep;HMII. Ka~1ecTneHHO <popMhI 3TIIX rro

TeHu;IIarron M02KHO OIIIICaTh TaK 2Ke, KaK rrpII YHII~T02KCHIIII yponHeH 

(IIlIII rrpocTpaHCTBeHHOM cµ;nIIre COCTO.lIHIIH Ha 6ecKOHe~HOCTh) [1-4] 
( CM. 0 6'1:,.lICHeHIIe HII2Ke B TCKCTe). TorrhKO rrpII aHHIIrIIlI.lIIl;lIII Bhipo

)Kp;aIOI.Il,eroc.JI µ;y6rreTa 3TO M02KHO µ;erraTh, coxpaH.ll.ll cIIMMeTpIIIO rro

TeHu;IIaJihHhIX .JIM OTHOCIITeJihHO IIX u;eHTpon. 

B 6orree 061.Il,eM criy~ae acIIMMeTpH~HoiI µ;e<popMau;II rroTeHu;IIarron 

IIO.lIBlI.lIIOTC.ll µ;orrorrHIITCllhHhIC CTCIICHII CBO 6op;hI, II03BOlI.lIIOI.Il,IIC <pIIK

CIIpOBaTh rronep;eHIIC <pyHKil;IIH, HarrpIIMep, cnpana ( aCIIMIITOTII~CCKOC 

IIJIII y Kpai.r). IlpII 3TOM OKa3hIBaeTC.ll B03M02KHhIM He µ;aTh rrpaBhIM 

~acT.lIM <pJHKil;HH n1,1po2Kp;a101.Il,eroc.JI µ;y6rreTa yxoµ;nT:i, nrrpano, a pac

rrorro2KHTh IIX TaM 2Ke, rµ;e lIOKaJIII30BaHhI II OCTaJihHbIC CB.ll3aHHhIC 

cocTO.lIHII.ll. Torµ;a "rrponaµ;aeT" lIIIUih oµ;Ho II3 cocTO.lIHIIH µ;y6rreTa. 

IlpII c6rrII2KCHIIII Tpex cocTO.lIHIIH "IIc~e3aroT" H~ 6orrhIIIe µ;nyx 

(" aHHIIrIIrrnpyroT" l1IIlllh ~CTHOC ~IICJIO COCTO.lIHHH, ecrrII cneu;IIaJihHO 

He ynop;IITh B CTOpoHy OCTaBUICCC.ll COCTO.lIHIIe, MCH.ll.ll ero HOpMIIpo

BKy). 

2 <t>OPMYJlhI C,Il;BHr A YPOBHEM, 
HE HAP_YillAIOm;HX CHMMETPHH IIO
TEHil;HAJlA HA KOHE'CfHOM OTPE3KE 

<PopMyrr1,1 p;rr.ll cIIMMeTpII~HoiI µ;e<popMau;IIII rrp.lIMoyrorrhHOH HMM, n1,1-

3bIBaIOI.Il,eH cµ;nIIr II36paHHoro 3HepreTII~ecKoro ypoBH.ll, 6bll1II µ;aHhI Il 

KHIIre IleUICl1.ll II Tpy6onIIu;a [6] 
6 

.. :, 

j 

Ha~HCM cpa3y C Ilhipa2KCHII.ll p;rr.ll IIOTCHu;IIarra, µ;JI.JI KOToporo CIICK'Ip 

OTlIII~aeTCJI OT CIICKTpa "CTapoiI" CIICTCMhl q::r;mrroM BhI6paHHHOfO 

ypoBH.ll: 

v(x) =v (x) - 2{lnw(x)}'1; (1) 

0 

w(x) = W[w(x)',1/1 (x,E(n))]. (2) 

B 3TOM n1,1pa2Kemrn: "W" ecTh npoHCKIIaH, KOTOphIH MhI BhIIIIIChrnae:u 

B .lIIlHOM BIIp;C: 

o of o 

W[w(x),1/1 (x,E(n)] = w(x) 1/J (x,E(n))-w'(x) 1/J (x,E(n)). (3) 

3JJ;ech J1 (x,E(n)) =sin(JE(n) x)- n-ai.r co6cTneHHai:I norrHonM <pyn

KU:IIH IICXO)];HOH HCB03Mylll,ennoiI rrpHMoyrorrhHOII .lIMhI. a 

w(x) = cos( JE(n) + tx) + {cos( JE{aja)-

- cos( JE(n) +ta)} sin( JE(n) + tx )/ sin( J E(n) +ta) (4) 

(" a" - rrpanai.r Kpa:0:H.ll.ll TO~Ka rrp.JIMoyrorrhHOH .lIMhI). Teneph 3amrIIIe:v1 

Bhipa2KCHIIC )];ll.ll co6CTilCHHOH <pyHKil;IIII (HeHOpMIIponaHHOII) npn HO

DOM co6CTBCHHOM ~ma~eHIIII E(n)+t: 
0 

1/J(x,E(n) + t) =1/J (x,E(n))/w(x). (5) 

Co6cTneHHhie <pyHKU:IIII p;rr.ll µ;pyrIIx (Hecµ;nIIHJTbix) yponHeiI 3Heprnn 

E(m) 3aIIIIChIBaIOTC.ll rrpII 3TOM TaK (n -:j= m): 

0 

1/J(x,E(m)) =1/1 (x,E(m)) -
X 

-t(l/w(x))w(x) j J (y,E(n)) J (y,E(m))dy. (G) 
0 

Ilp.lIMaiI noµ;cTaHOBKa p;aHHhIX n1,1pa2KeHIIH p;rr.ll norrHoBhIX <pyHKU:HH 

II IIOTeHu;IIarra B ypaBHCHIIe IIIpep;IIHrepa M02KCT ClIJ2KIITh rrponepKoii 

IIX npaBIIllhHOCTII. TaK2Ke HCTpY)];HO nponepIITh, ~TO Tpe6yeMbIC rpa

HII'IHhlC ycrrOBII.ll yµ;onrreTnop.lIIOTC.ll p;rr.ll 3TIIX peUieHIIII B TO~KaX O II 
a. 
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PncyHKIL rrpe;:i:cTan::reHHhie BO BDCJ:CHIIII, 6hI::III IIOJI)"l('Hhl C IIO1IOWbIO 

3TIIX <pop.:-.ry::r. CooTDCTCTD~'IOWIIC rrapa:V'.lCTphI IIOKa3aHhI Ha 3TIIX pu

c_yHKaX. Hapuconan v(x),v(x,E(n)+t),w(x,E(rn)), 11hr mun:vr. •no 

rrpn rrpu6::rII2KCHIIII DTOporo yponmr K TpCThC:VIY o6a COCTOHHIIff "m:

':IC3aIOT" D rrpe;:i:c::rc ( OHII nrrpeccoDhIDaIOTCff D CTCHKII ffMhI): KaK 2-,~. 
TaK II 3-e COCTOHHHH KOHUCHTpIIpyIOTCff DHYTI)II D-ff:VIOK y DCl)TIIKa::r1,

HhIX CTCHOK 3a OT;:J:C/IHIOWIIMII IIX cy2KaIOWIIMIICH KDepxy 6aphcpa.:-.m. 

B cpe;:i:Hcii H.:-.ie :v1c2KICY 6aphepa1m ocHonHoc cocToHHHc w( .r. E( m == 

1)) Bhff::IHIJ:IIT TaKHM )KC, KaK II paHhWC, DTopoc n TJ)CTh<' COCTOH

HHH IIC'fC3aIOT, 'fCTDCpTOC COCTOHHIIC IIMCCT O)llIH y:,e::r II CTclHODIIT(ff 

"nTOphn1" COCTOHHIIeM: ero "mIWHHe" J3/IhI HclXOIJ:lITCH IIOIJ: 6aph<'

pa.:-.ur, a rrepDhIC II IIOCJIC)lHIIC MaKCIIMJMhI ITO Mop:y;rIO BHYTIHI KpaPDhIX 

b-HMOK C IIC'fC3aIOWIIMII aMII/IIITy;:J;cl:VIII ( TO )K(' ;:(ITH ;:i:pynrx COCTOHHIIJi, 

::reL1<:aWIIX BhIWC). 

IloKa)KC:\1 Ha cxeMaTII'fCCKOM pnc.4, KaK DO:JHIIKaIOT CIIllhI, TOITKa

IOWIIe B o6e CTOJ)OHhl pa3)lCiICHHhIC Hap:noe 'IaCTII DhIJ)O.tK)laIOWIIXCff 

cocToHHIIiI rrpn c6rrn2KcHIIII yponHeii: ;:i:y6rrcT,L ,Urr.lI rrpm,1epa pacc.:-.10-

TJ)IIM crr_y'rnll rro;:i:'heMa ypoBH.lI 3Hepnm ocHonHoro cocTo.limrn it, 1 (.1;,1) 
K ero 6rrn2Kaii:weMy coce)ly cnepxy 'l/J2 ( x)). Ha•rneM c MoMeHTa, Kor1:rn 

3TH ypoDHII y2Ke :JHa'IIITC/IhHO q:J;DIIHYThI. 1 l TO 6hI CWC IIO)lO)];BIIHYTh 

rrepnoe COCTOHHIIe KO DTOpoMy, HY)KHO TOITKaTh ero l];OIIO/IHIITC/IhHhIM 

6.V > 0 nnepx TaM, rp;e I 'l/J1(x)) l>l 'l/J2(.1:)) I (3TII MecTa rroMe':IeHhI Ha 

pnc.4 CTperrKaMII, HarrpanrreHHhIMII nnepx); a 'IT06hI rrpn 3TOM DTOpoii: 

II ;:i:p. ypoDHII OCTaITIICh Ha MCCTe, BDCl];CM KOMIICHCIIpy10ruee rrpUTJI

)KCHIIC 6. V < 0 TaM, rp;e I 'l/J1 ( x)) I< I 'l/J2 ( x)) I- Ilocrrc TaKIIX rroTen

una::rhHhIX p;o6anoK HMhI V + 6. V oKa3hIDaIOTC.lI panp;nIIHYThIMII no 

cpaDHCHIIIO c nx ncxop;Hoii: <pop Mon: V. 
CooTBCTCTBJIOIUIIC q>OJ)MJ/Ihl 6hrnII IIOJIJ'fCHhI II )];lI.lI CIIMMCTPII'I

HhIX ;:i:e<popMaUIIM OCUIIlIIT.lITOpHOH .l!Mhl Ha nceii: OCII (pIIc.5), a TaK)Ke 

;:i::rn KOHC':IHOM rrpHMoyrorrhHOM rroTeHi:i;narrhHOII .lIMhI (pIIc.6) c ;ri;m:

KJ>CTHhIM II HCIIpephIBHhIM CIICKTJ)OM. 

cDopMa µ;Ha cpegHeii: .lIMhI o6'h.lICH.lICTC.lI rrop;o6Ho TOMY, KaK 3TO 

6hrno cµ;erraHo HaMII rrpn YHII2KTO2KeHIIII oTµ;errhHhIX yponHeii: D crreKTpe 

[2]. 
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Puc.4 Pa::rne11eHHbie B CTOpOHbl qacTH c6mnKaeMbIX no 0HeprHH COCT01!HHll 'lp1 ( X ), 'lj;2( X ). 

Hx pacTaCKHBaIOT BCUOMOraTeJibHbie 11MKU, CHMBOJIH'!eCKH HOo6pa)KeHHble 011ecb. JlcHo, 

'!TO npH y11arreH1rn 0/1HHaKOBbIX 11MOK ypoBHH B HHX BblpO)K/1)KaIOTC11. Ho HaM HJ)KHO 

eu1e, 'IT06br ABHraJIOCb JIHlllb OCHOBHOe COCT011HHe . .IJ:irn 0TOro, IlOMHMO OTTaJIKHBaJ0-

11\HX 1106aBOK K noTeH{\Harry AV > 0 B MeCTax, noMe'!eHHblX BepTHKaJibHbIMH CTpe.1-

KaMH (BBepx), r11e I 'lj;1(x)) l>l 1P2(x)) I, HJ)KHO BB0/1HTb KoMnenrnpyromee npHT1!)Ke1me 

AV< 0 (cTperrKH BHtto) TaM, r11e I 1P1(x)) l<l 1P2(x)) I~ B peoyrrbTaTe npottcxo11HT cMe

meHne 1!MOK-nepeH~C'IHKOB Bblp0)1(/1al0[1\HXC11 COCT01!HHll B CTOpOHbl ( C/1Bllr IIITpHXOBb[X 

JIHHHtt oTHOCHTeJibHO cnrrolllHbIX. 

Bo-rrepBhIX, p;rr.lI Ka2Kp;oro II3 cocTo.lIHIIH BhIIIIe µ;y6rreTa HY2KHO 

y6paTb no p;na y3rra B DOJIHOBOM <pyHKIJ;IIII. cho /];OCTIIra

CTC.lI COOTBCTCTBJIOJUIIM cy2KeHIIeM .lIMhI,. KOTopoe TCM MeHhIIIe, 'ICM 

BhIWe yponeHh ( C pOCTOM :qacTOThI COKparuaeTC.lI paCCTO.lIHIIe MC2K)lY 

y3rraMII,II MCHhIIIe HY2KHO yKopa:qunaTh IIHTepnarr MC)K)];Y TO':IKaMII IIO

nopoTa). Bo-BTOphIX, rrpII CJ2KCHIIII .HMhI )];O!121\Hhl 6hrnII 6hl IIO)];H.lIThC.H 

ypoDHII cocTO.lIHIIH HII2Ke "uc:qe3a10ruero" µ;y6rreTa ( n, n + 1). A 'ITO 6h1 

yp;ep2KaTh IIX Ha rrpe2KHCM MCCTe, HJ2KHO CO3)J;aTh )];OIIOJIHIITCIThHhIC 

IIOTCHI:i;IIa!IhHhle .lIMKII B MCCTax Hau6orrhIIICH :<ryBCTBIITCIThHOCTII 6m1-

2Kairwero COCTO.HHII.H noµ; p;y6rreToM,T.e. TaM, rp;e pacIIO!IO)KCHhl Ma:i,:

CIIMYMhl Mop;yrr.H (n-1 )-on: BOITHOBOH <pyHKI:i;IIII. CocTO.lIHII.H HII2Ke (n-

1 )-ro MCHee 'fYBCTBIITCIThHhI K cy2KeHIIIO nepxHen: :qacTII JIMhI II MX 
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BlllI.HHHe Ha qiopMy 11OTem~1mrra He TaK naMeTHO. MrrrrrocTpan;Heii K 

cKanaHHOMY MoryT ClIY)KlITb plICYHKlI 26 lI 6, r)];e IIO)]; )];y6rreTOM (1,2) 

pacIIOJIO)KeHO llllillb O)];HO OCHOBHOe COCTO.HHlle C O)];HlIM MaKClIMYMOM 

lI B n;eHTpallbHOH .HMe CO3)];aeTC.H O)];HO )];OIIOlIHlITellbHOe yrrry6rrem1e B 

n;eHTpe c 11por1I6aMH IIOTeHn;HallbHOH KplIBOH BBepx BOKpyr .HMKlI. A 
Ha pllc.5, r)];e B lICXO)];HOM OCD;llllll.HTOpHOM IIOTeHD;Harre BblpO)K)];aJIC.H 

)];y6rreT (3,4), OT"CJeTlllIBO Bll_)];Hbl )];Be .HMKlI B n;eHTpe, y)];ep)KlIBaIOLQIIe 

BTOpo:ii ypoBeHb, XOlIMlIK Me)K)];Y HlIMlI lI He CTOllb naMeTHbie "11pn-

11yxrroCTlI" (KOMIIeHCHpyrorn;ero ·oTTalIKlIBaHlI.H ) crreBa lI CIIpaBa. 

3 OBOBID;EHME <l>OPMYJI CHMMETPM"l:f
HOrO CABHrA HA CJIYqAM BCEM 

OCH\M HEIIPEPhIBHoro CIIEKTPA 

<PopMyllhl (1,5,6) Tpy6oBHn;a [6] MoryT 6bITb o6o6rn;eHbl Ha BCIO OCb 

lI Ha crry-cia:ii KOHe"CJHhlX ClIMMeTpll"9:HbIX .HM He TOllbKO C )];lICKpeTHblll'I, 

HO lI HeIIpepbIBHhlM crreKTpOM. Hy)KHO TOllbKO B Ka-ciecTBe w lICIIOl11,-

3OBaTb pemeHlI.H )];ll.H lICXO)];HOro IIOTeHn;Halla, ( aHTlI )clIMMeTplI"9:Hble 

OTHOClITellbHO :u;eHTpa ClICTeMbI, COBIIa)];aIOrn;ero C Ha-cialIOM KOOp)];H

HaT, lI 11pe)];ellbl lIHTerp11poBaHlI.H B (6) Ha)];O 6paTb -oo,x. Ha11pu

Mep, B crry-ciae OCD;llllll.HTOpa v( X) = x 2 6epyTc.H rHIIepreoMeTplI'IeCKlle 

aHarrorlI c11Hyca (n -cieTHoe) 11 KOCHHyca (n He-cieTHoe)': 

w(x) = exp(-x2 /2) 1F1(1/4 - (En+ t)/4, 1/2, x2
) - "mnreoKOCHHyc", 

w(x)=exp(-x2/2) 1F1(3/4-(En+t)/4,3/2,x2
) x- "mnreocnHyc". 

IlpHMep ClIMMeTpll"9:Horo YHlI"CJTO)KeHlU,[ TpeTbero lI "9:eTBepToro 

ypoBHH B OCD;llllll.HTOpHOH .HMe IIplI lIX BblpO)K)];eHlllI IIOKanaH Ha p11c.5. 

MbI BlI)];lIM, "9:TO lIMeeT MeCTO TOT )Ke ( KOHn;e11TyarrbHO) MeXaHlI3ll'I, 

-ciTo 11 paccMoTpeHHbIH Bhlme Ha np11Mepe npHMoyrorrbHOH .HMhl. Q-.:re

BlI)];HOe OTllll"9:lle COCTOlIT TOllbKO B TOM, "9:TO CllllbHO cenapllpOBaHHbie 

KpanHHe norryKorre6aHll.H BOlIHOBhlX q>yHKD;lIH c6rr11)KaeMbIX cocTO.HHIIH 

(B KOTOpbIX cocpe)];OTO"CJeHa HOpMllpOBK-a) MoryT Tenepb HeorpaHI[

-cieHHO pacXO)];IITbC.H B o6e CTOpOHbl Ha BCeH OCH, 
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Pnc.5 C11:11McTpll'lllaJ1 :icq1op:11a1111.H 
0 

oc1111:1:rnTop11oro 110Te11u11a:ia I I· 

( .r) = J·
2) 11p11 Bblp0)K;1eH1111 1:·:1 

11 E,1 11 cooTne-rcTBYJOIUne Bo:1110-

Bhie <pyHKUIIII nepHbIX [l.lf'l'II ypo

BIICii. C no:1101ut.KJ rne1111a:i1,111,1x 

.H:11-C0cy:icK, lJ K0T0pbIX K0lll!CI!Tpll

pyeTC.H 11opM11ponKa i.c•:1(.1:) 11 l'.J(.r). 

nponcxo;in-r "pac-racK1rna1111c'' B 

o6e CT0p0Hhl :1a11111,1x COCTO.HIIIII'i. 

Bo:1110Bt.1e qiy11Ku1111 ;in.H co6rTJ,i•11-

HhlX n11a•1e11m1 011cpr1111, .W)Kamux 

llll)KC H!,lp0)KJlaC~IOJ'0 ::1y6.1eTa, U:J

:IICII.HIOTC.ll Ma;io, T0l'/la ,aK l ';;( .r) 

(11 BC(' 0C'J'aJihllble t;'.•m(.r). m > 5) 

c01wpmaeT Kpaiinm· 110;1yonurn:1..H-

111111 C aMUJIIITY/1aMII, 6nmJKll:IIII K 

11ynK1. B npenelle 110;111oro Bhipo

)K/\PIIII.H .H:11KII-C0CYllbKII pan;urnra

IOTOI CIIMM<'Tl>ll'III0 /10 6ecKOll("IIIO

CTII, a IJM('CTe C IIIIMII 11 o6;Ja.("TJI. 

r11e 0T1111•rna o-r HYil.H 11epo.HTH0,Th 

0611apy)Kl1Tb •1ac-r1111y lJ Hl,lp0)K/laP

MblX C0CT0.HIIII.HX; npn DT0M BCl' Bl,I· 

IIICllC)K,UJ{l1C V'm(a•) TCp.HIOT 110 ;uia 

yai1a. ( cp. r pnc I 11 :I) 



m.recT0 nnpeccoBhlBaHII.H B II0TCHU:IIaJII,Hhie CTeHKII, KaK 3T0 6bI;JO 

paHhllie. Ba)KHO II0)l"9:epKHYTh, 'ITO 3T0 ocyIJ.J;CCTBJI.HeTc.H rrpn II0:\IOlliII 

crren:uarrhHhlX ".H:-.1-cocyrreK", n K0T0phIX ycTaHanrrnnaeTc.H "pe)Ku:-,1 Ha

n6o;rhll1ero 6rrarorrpirnTCTBOBaHirn" ;:J;IT.H II36paHhIX BhIJ)0)K;a;aIOIJ.J;IIXC-.H 

cocTO.HHIIII, u, Hao6opoT, ;::i;rr.H ocTarrhHhIX cocTo.HHn:ri: Ta11 co3;:i:aIOTC-ll 

yc;mmrn ;:(eCTJ)YKTIIBHOH IIHTepq>epeHU:IIU - Korrc6amrn B0!IH0BhIX q>yu

KUIIII rac.HT cairn ce6.H. 3ni: .H:\IKII-C0CJIThKU - Hallin "CTaphIC :-JHclK0-

lihie'', BC;J;h OHU .HBJI.HIOTC.H 0CH0BHhIM II yHunepcarrhHhIM 3JICMCHT01I 

n Hc;:i:anHo panm_ITOH Teopuu yrrpanrrcHu.H rroKarrunauu.HMH cocTo.HHuii 

[2]. 3Ta IIX He0)KUJJ;aHHall H0Ball porrh II03B0JI.HCT ycTaH0BHTh CIJ.J;e 

o;:i:Hy cn.Hnh MC)K;:J;Y arrropnTMaMu cp;nuron 1m6paHHhIX cocTO.HHI:IH n 

KOHq>nrypan:noHHOM II ;rnepreTII'IeCK0M rrpocTpaHCTBax. 

AHaJIOI'U"9:Hhie penyrrhTaThI rrorry-ciaIOTC.H II ;a;rr.H IIOTeHUIIarron, IIMP

IOIJ.J;UX IIOMIIMO )llICKpCTHOI'O eIJ.J;e II HerrpephIBHhIH CIICKTP, CM. puc.(i. 

V Y:1 

X 

- - ---,s 
+V I 

P11c.6 C11MMeTpll'rnaJ1 Ae<f>opMa1.11111 KOHe'!HOH np11MoyronhHOH .llMbI Ha eceii oc11 (c5-JO 

ypoe1111M11 np11 BbipmKAeH1111 E2 11 E3) 11 BO/IHOBaJI <f>YHK!.111.ll 1/J2( x ). KaK II Ha p11c.4, ecn~

:vioraTc.11,111,rc .llMKII no KpaHM (e 11a1111OM cny•iae CO/IIITOIIHbIC, IIC AaIOIUlle OTpa)KeJma) 

pa,}pr.rnaIOT 1/J2(x) (a C IICII II 1{.,J(x)) nono/laM, CIIMMCTpll'lHO y11oc11 Ha 6ccKOHe'!HOCTI, 

Kpaii1111e IIO/IJKO/le6aHll.ll ( B KOTOp1,1x cocpeAOTO'leHa BC.ll HOpMllfJOBKa). Ilp11 0TOM He

npcpbiBllhlll cneKTp ( Ko0<ficjJ111111c11Tbl OTpa)KCJlll.ll) OCTaeTC.ll HCIIDMCHl!b!M. 

3;a;cch Ha;a;o 0TMCTIITb, "9:T0 B03MJIJ.J;CHII.ll IICXO;rJ;H0I'O IlOTCHD;Uana 

HC II3MCH.HIOT COCTOSIHHH pacce.HHU.ll ( K03q>q>IID;UCHThI OTpa)KCHII.ll). 
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4 ACl1MMETP11qHhIM CJIYqAtf 

Jo cux rrop MhI orpaHu-cinnarruch rroTeHII;uarraMII, CIIMMeTpll"9:HhlMII oT

H0CIITCIThHO D;CHTpa, Kor;a;a rrplI "9:HCTO ;rJ;IICKpeTHOM CIICKTpe IIX q>opMa 

II0JIHOCThIO orrpe;a;err.Hrracb JIIIllih IIOJI0)KCHII.HMII yponHe:ri:. IlplI .OTCJT

CTBIUI CHMMeTpuu n IIOJIHhlH Ha6op CIICKTpaIThHhlX rrapaMeTpOB BX0-

;:J:.HT CIJ.J;C II H0pM1IpOB0"9:HhIC MHO)KIITCJIII, ynpaBII.lIIOIJ.J;IIe C;rJ;BIII'aMII OT

;J;C1IhHhIX COCTO.HHIIH n npocTpaHCTBe [2] . 
C IlOM0IJ.J;hlO HOpMHpOBOK MO)KHO naq>IIKCIIpOBaTh II01IO)KeH1Ie, Ha

IlJ)IIMCp, rrpaBhIX -ciacTe:ri: Bhlpo)K;a;aIOIJ.J;IIXC.ll cocTO.lIHIIH TaK, "9:T06hI 

oHu He yxo;a;1Irru nnpano rrpII c6IIII)KCHIIH yponHe:ri:, a pacrrorrararrIIch 

Tcll\1 )KC, r;a;e II OCTaJihHhIC C0CT0.lIHII.H. IlplI 3TOM 1ICBhIC "9:aCTII 6y

;a;yT yxo;a;IITI, nrreno (;a;o -00 IIIIII nrrpecCOBhIBaTbC.H B rrenyro CTCHKy). 

Oco6eHHHOCThIO 3Tor0 crry-ciM .HBII.HCTC.ll To, "9:TO BhlllieyrroM.HHYTOH 

rrorrHo:ri: aHHIII'HII.lII~IIII He rrpo1Icxo;a;1IT. "Ilporra;a;aeT" IIIIllih rrenaH -cia

CTh q>yHKD;IIH, a rrpanh1e -ciacTn q>yHKD;IIH ;a;y6rreTa, 6y;a;y-ciII panHhIMII c 

T0"9:HOCThIO ;a;o IIOC'l'O.lIHHOro MHO)KIITeII.H, "CIIIIBaIOTC.H" B O;rJ;HO COCT0-, 

.HHIIe o 6IJ.J;ero nbrrHoro Ha6opa. 

Ilpo;a;eMOHCTp1IponaTb 3TO MO)KHO C IIOMOIJ.J;bIO T0"9:H0 pelliaCMhIX 

MO;a;erre:ri: 6aprMaHOBCKOI'O TIIIIa B o6hl"9:HOM q>opMa1III3MC o6paTHOH 

na;a;a-cin rerrbq>aH;a;a-Jie:aIITaHa-Map-cieHKo, CM. [1]. TaK, Ha pIIc. 7 rroKa

naHhI q>yHKD;IIII ;a;y6rreTuB II Il0TCHD;1Ia1Ih1 IIX Bhlp0)K;IJ;aIOIJ.J;IIC npII conrra

;a;emru rrpanhIX -ciacTe:ri: (llJHKD;IIH ( O;rJ;IIHaKOBhlX rrp1Ine;a;eHHhlX llIIIpHH -

K0HC"9:HhIX rrponnnop;HhIX y rrpaBhlX IIOTCHD;HaIIbHhlX CTeHoK; B CIIMMe

TpH"9:H0M crry-ciae npOII3BD;rJ;Hhie q>yHKD;IIH ;a;y6rreTa Ha KpalIX .lIMhl He 

cpIIKCIIpOBaHhl II CTpeM.lITC:ll no Mo;a;yrrro K 6ecKOHC"9:HOCTII). 

HoMellil.!I HOpM:e:pOBKH llhipO2I{j::\aeMoro ~6neTa, MO)KJIO ABHraTL B 

IIpOCTpaHCTBe "ranTenL" 1 (paoBej::\eHHhie "'lacTH <l>YHK~i) BlleBo H 
BilpaBO OTHOCHTeHI,HO OCTanLHLIX COCTO.RHHH. 'Tux "'ITO raHTenL MO
.>KeT oxaoaTI>c.R KaK IIOHHOC'l'I,]O C Oj::\Hoi, TaK :e: j:lpyroi CTOpOHhI :e:c
XO)];HOH CHCTeMLI :e:n:e: no pat3Hhle CTOpOHLI OT Hee H1IH IlOMeCTHTI,c.H 

npaBoi (neBoi) CBoei "'lacTLJO BHYTPH HCXO)];HOH CHCTeMLI. 

l HKeeTCJr ~a. npoCTp!IJICTBeDHX na.pa..\(eTpa., ltOTOPHllK l[OJltl[O ynpa.BIIJ[TJ,: AJ[:U:a. pyn:a: 

rllJ[TeJIK :a: pa.cnonQJICe:a::a:e ee OT:U:OCKTeJlh:a:O BCei CXCTeKH. 
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Pttc. 7 ActtMMeTpwrnaJI AeqiopMaL1H.H KOHe'IHOH rrp.HMoyronb11oii .HMbI rrptt c6ntt)KeHMll 

ypoBHett E1, E2 ll E2, £3. IlpottiJBOAHble qiyHKllllll BblpO)KAaeMoro Ay6neTa Bhl6ttpaJIHCh 

OAHHaKOBblMll Ha rrpaBOM Kparo .HMbl. 

Crry"Ian: 3aµ;amrJI HepaBHhlX rrp1rneµ;eHHbIX urn:p1rn rroKa3aH Ha puc.8 

..-
0 I 1 :::::::-,, 11 I '<.:.>',..--....,,,....-,,. 

X 

x ~ sot/ Ea. - E1 

-JOO 
'Pttc.8. BoriHOBble qiyHKllllll Ay6neTa ll IIOTeHL1Han Ha rrpoMell<YTO'IHOM 0Tarre c6n11-

)Ke~ll.H OCHOBHOro n rrepsoro BOl36y)K/:ieHHOro COCTO.HHll.H rrpll iJaAaHllll HepaBHblX rrpOW}

BOAHbIX Ha rrpasciu cTeHKe HCXOAHOH 6ecKoHe'IH~ll rrp.iiMoyronbHOll rr0Te1111ttanb11oll .HM1,i. 

Ilptt A.:i,~bHettIIIeM c6ntt)K~Hllll neBble 'IaCTH.qiy11K~llll AY6~eTa fiYAYT ece cnnb11ec npn)Kn-
.. ' -, '. - ' 

MaTbC.H K neBOll CTeHKe tt s rrpeAeJie '.'llC'IeiJHYT" i3a,.6ecKOHe'IHblM 6apbepoM . 
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lioBeCTHO, 'ITO cpopMa 6ec10He'IHOH .HMl,I Il0JIH0CTl,IO "onpeµ;eJI.HeTC.H 
m160 co6CTBeHHnIMH 0Ha'IeHH.HMHH An H C00TBeTCTBYIOll\HMH H0pMH
poBKaMH 'Yn, JIH6o JJ;BYMB cnexTpaMH An, µm ( CM., HanpHMep, [1]) µ;JIJI 
oaµ;a'I C HeoaBHCHMhlMH rpaHH'IHl>IMH YCJIOBH.HMHH (HanpHMep,Ha KOH
:a;ax oTpeoxa [0,a]): 

l)y'(0)- h1y(0) = 0,y'(a) + Hy(a) = O; 

2)y'(0)- h2y(0) = O;y'(~) + Hy(a) = 0; 

h1 =I=- h2 , H - µ;eicTBHTeJI1>H1>1e 'IHCJia. (7) 

IlpHMepoM JJ;BYX cnexTp0B OCD;HJIJIJITOpa Ha nonyocH M02KeT CJIY2KHTI, 
oµ;HH cnexTp oc:a;HJIJIJITopa Ha Bcei OCH [1). 

OxaonIBaeTC.H, H npH c6JIH2KeHHH co6cTBeHHnIX oHa'IeHHH paoHnIX 
cnexTpOB npB HeB0MeHHOM Il0JIO)KeHHB µ;pyrux rrpo:HCX0J];BT "BC'IeGHO
BeHne" oµ;Horo BO COCTO.HHHH (npaBaJI IlOJIOBHHa "ra11Tenn" µ;y6neTa 
BnpeCCOBI,JBI,IeTC.H B CTeHKY HJIH, B oaµ;a'Ie Ha rronyocn, yxoµ;HT Ha 6e
CIOHe'IHOCTI,). 8TOMY 0TBe"IaeT CHHryJI.HpHOCTI, 'Yn npn c6niDKeHHH 
An, P,n: 

h1 - h2 IT Ak - An 
'Yn =- P,n - Xn k=l µk - An· 

(8) 

A13Top1,16naroµ;apa1,1 PcJ>cJ>ll oa noµ;µ;ep2Kxy (rpaHT N 94-02-04788). 
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