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Inverse Problem for Processes with Excitation 
of Nuclear Collective States and Reconstruction 
of Velocity Dependent Potentials 

It is shown that it is possible to reconstruct from 
scattering data the "optical" potential of the nucleus~1~ 
its radial and angular dependences, in spite of the target 
rotation and vibration which make more complicated the 
picture of interaction of scattering particles with nuclei 

The inverse scattering problem for velocity dependent 
potentials (depending on p2 ) is also formulated. 
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1. BeeoeHue 

Ha nepBOM 3Tane pa3BHTHJI TeopHH o6paTuoB: JaAa'iH 

pacceJIHHJI B KBaHTOBOB MeXaHHKe HCCJieAOBaJIHCL JIHUIL 

CHCTeMbl 2x 'iaCTHU /HJIH 'iaCTHUbl BO BHeUIHeM none/. Cuaqa

na paJpa6aTLIBanc.R annapaT BoccTaHoBneHHJI noTeuuuana, 

o6naAaiOIUero c$epuqecKoB: cHMMeTpueB:, JaTeM ero YAa

nocL o606(UHTL Ha CJiy'iaB nOJIJI npOH3BOJILHOB KOH$Hry~aUHH 
/eM. KHHry B.A.Map'ieHKO /I/ H o63op JI.)J..cl>aAAeeBa 2/ /. 

TaKHM o6pa3oM, 6blnH COJAaHbl npeAnOcbiJIKH AJIJI nepe

XOAa K no<:TpOeHHIO no AaHHbiM pacceJIHHJI raMHJILTOHHaHOB 

6onee CJIO:>KHbiX 06'LeKTOB. 

B pa6oTax 13 - 6 1 noKaJauo, 'iTO o6paTuy10 JaAa'iy Mo:>Kuo 

B npHHUHne cliJopMynHpOBaTL H AJIJI CHCTeM C 'iHCJIOM 'iaCTHU 
6onLUie ABYX ( n 2_ 3) . 

HuorAa CBOBCTBa MHoroqacTH'iHbiX KoMnneKcoB c YAoB

neTBopHTenLHOB TO'iHOCTLIO onHCbiBaiOTCJI C nOMOIULIO KOJI

JieKTHBHbiX nepeMeHHbiX . 

B uacTO.RIUeM coo6IUenuu o6cy:>KAaeTCJI npo6neMa onpeAe

neuu.11 /no MaTpuue pacce.RHHJI/ non.11 MHUieuu, npeACTaBJIJIIO

IUeB co6oB: Teno, cnoco6uoe BpaJUa TLCJI H coBepUia TL Kone-

6aTeJILHble ABH:>KeHHJI. TaKoB: MHUieHLIO MO:>KeT cny:>KHTL, 

uanpHMep, .R,npo/aToM,MoneKyna/,paccMaTpHBaeMoeBnpu-
6nu:>KeHHH KOJIJieKTHBHOB MO,nenH. IJO CpaBHeHHIO CO cnyqaeM 

$HKCHpOBaHHOrO BHeUIHero nOJIJI, yCJIO:>KHeHHe 3.L(eCL COCTOHT 

B TOM, 'iTO KOH$HrypaUHJI nOJIJI MeHJieTCJI CO BpeMeHeM 

H3- 3a .L(BH:>KeHHJI MHUieHH ; B CBOIO O'iepe,nL, no,n ,neBCTBHeM 

uaneTaiOIUeB: qacTHUbl Mo:>KeT MeHJITLCJI caM xapaKTep 3Toro 

.L(BH:>KeHHJI /npOHCXO.L(HT B036y:>K,neHHe KOJIJieKTHBHbiX CTene

neB: CBo6o,nbl .11,npaj. B pe3ynLTaTe aMnJIHTYAbi pacce.RHHJI, 

onpe,neJIJieMble H3 OnLITa, OKa3biBaiOTCJI CJIO:>KHbiM o6pa30M 

ycpe,nueHHbiMH no BCeM B03MO:>KHbiM OpHeHTaUHJIM MHllleHH 

B npOCTpaHCTBe H $a3aM ee KOJie6aHHB. 
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B paJ.n:ene 2 pa3o6paH npocroii npuMep rai<:oii o6paTHoii 
3a.n;aqu B a.n:ua6aruqeci<:oM npu6niDKeHHH /cM./7•8/ /, I<:or.n:a 
3a BpeMJI B3aHMO.D:eHCTBHJI HaneTaJO~eH 'laCTHIJ;bl C JI.D:pOM 
none nocne.n:Hero He ycneaaer 3Ha'IHTenLHO H3MeHHTLCJI. 

06IIJ;uii cnyqaii /Hea.n:ua6a THI<:a/ paccMa rpuaaercJI B pa3-
.n:ene 3. 

B nocne.n:HeM pa3.n;ene o6paTHaJI 3a.n;aqa lllopMynupyercJI 
.n:nJI cun, 3aBHCJI~x or ci<:opocru/runa p2 V1 (r) + V1 (r) p 2, 

p = -ih\1 - oneparop HMnynLca/. Tai<:ue noreH:u;uanLI 
HCnOnL3YJOTCJI B JI.n;epHOH liiH3HI<:e ~nJI 3414leKTHBHOrQ y'leTa 
OTTani<:HBaHHJI Ha ManLIX paCCTOJIHHJIX. KpoMe TOrO, C HX 
nOMO~LIO y.n;aeTCJI YCTpaHHTb B03MO)I(HOe HeCOOTBeTCTBHe 
3I<:CnepHMeHTanLHblX .n;aHHblX ycnOBHJIM BLI6paHHOH MO.n;enu. 

2. Aoua6amu'lecKoe npu6AuJICeHue 

Ilpu llluKcupoaaHHoii 4la3e I<:one6aHHJI MHWeHu u ee opueH
TaiJ;HH no OTHOWeHHIO I<: na.n;aJO~eMy nOTOI<:y npOHCXO.D:HT 
o6LI'I~oe ynpyroe pacceJIHHe qacru:u; BHeWHHM noneM 
/eM. 

2
7 I. 06o3Ha'IHM 11epe3 w i Konnei<:THBHLie Koop.n;uHaTLI, 

xapaxrepH3YIO~He .D:BIDKeHHe JI.n;pa, a qepe3 <fla ( w i)- co6cr
BeHHYIO liiYHK:UHJO B COCTOJIHHH Ha "', PaccMoTpHM cnyqaii, Kor.n:a 
MHWeHL npe.n;cTaBnJieT C060H )l(eCTI<:HH ai<:CHanLHO- CHMMeT-
pH'IHLiii porarop. Tor.n:a <fl ( w. ) cao.n;JITCJI I<: D -lllyHI<::UHJIM 

a 1 BurHepa: 

2 1/2 I <fl (w.) =o[(2I + l) /877 ] . DMK (w.), a 1 1 

r.n:e I - MOMeHT MHWeHH, M - ero npoei<:IJ;HJI Ha ocL z , K -
npoei<:IJ;HJI I Ha OCL CHMMeTpHH JI.n;pa, wi - yrnbl 3iinepa, 
onpe.n:enJIJO~e opueHra:u;HJO MHWeHH. 

EcnH 'laCTHIJ;bl na.n;aJOT Ha JI.D:PO, HaXO.D:JIIIJ;eecJI B COCTOJIHHH 
a 0 =o {I 0 M 0 K}, TO BOnHOBaJI liiYHKIJ;HJI CHCTeMbl B a.n;ua6a TH'Ie

CI<:OM npu6niDKeHHH HMeeT BH.D:: 

-- - - Io 
'I' I 

0 
M 

0 
K ( ~' r • w i ) = F ( ~' r' wi) D M 

0 
K ( w i ) • /1/ 

r.n:e F ( j[' r, (jJ i) - BOnHOBaJIIiiYHI<:IJ;HJI pacceHBaJO~XCJI 'laCTHIJ;, 
y.n;oaneraopJIJOIIJ;aJI ypaBHeHHJO Wpe.n:uHrepa: 

4 

2 2 - -
[-(b /2m) \I_+V(r,wi )-E]F(~,r,wi)=O. /2/ 

r 

CornacHo /1/ u /2/, .n;nH acuMnTOTHI<:H 

'PI 
0 

M K(~,-;:-,w 
0 r --> "" 

l iKz l f( n e +- H,w. 
r I 

'I' I \1 
0 0 

K HMeeM: 

~) ikr I lo 
' e D \1 K ( "' i) 

0 

/3/ 

jf(Q, Wi ,K) - aMnnHTy.n;a lflCCeJIHH:II BHanpaB:!!eHHH 0- JO.o( 
qacruu; c 3Heprueii E = .k I 2m B none \' ( r • '"i) I. 

Kai<: noi<:a3aHo a pa6ore 
121 , .n:m1 aoccraHoaneHHJI. c«bepu

qecKH HeCHMMeTpH'IHOrO BHeWHero nong \ ( ;) HY)I(Hbl .n;aHHLie 
no pacceJIHHIO ny'IKOB qacru:u;, na.n:a10~ux c pa3HLIX cropoH. 
B paccMarpHBaeMoii Ja.n;aqe B.n;po a npou.ecce Bpa~eHHJI caMo 
noaopaquaaercg 
pbiB He MeHJI.eT 
BHCHMOCTH OT 

pa3HLIMH CBOHMH CTOpOHaMH K DY'IKY, KOTO
CBOero UOJIO)KeHHJI. 3TO UpOJI.BJIJI.eTCJI. B 3a

'" i UOTeHU.HaJia V ( r, ''' i ) H aMUJIHTY .D:LI 

'o f( Q, (d ,k), H B UOJIBJieHHH B /3/ lllaKTOpa f) \I " ( '' i ) , 

() 

XapaKTepH3YIO~ero BepOJITHOCTb peaJIH3aiJ.HH BbifipaHHbiX 
3Ha'leHHB /OpHeHTaU.HIO il.n;pa/. 

B CHCTeMe KOOP.D:HHaT, )KeCTKO CBJI3aHHOH C g.n;poM, BCe 
CBO.D:HTCJI I<: Ofibi'IHOMY .D:BH)KeHHIO 'laCTHU. B UOJie \ ( r) \ ( f. .. 0 I 

H MO)KHO BOCUOJIL30BaTbCJI lilopMynHpOBKOB o6paTHOB 3a.!l.alfH 
.D:JIJI rpexMepHoro oneparopa IIlpe.n:uHrepa /HanpuMep,B paM
Kax R- Ma TPH'IHOH reopuu I I, ~I I. IIpu 3TOM y .n:o6Ho pa6o
Ta Tb B npe.n;cTaBJieHHH KBaHTOBbiX 'IHCeJI napu.HaJibHblX KaHa
noa C.m -op6HaTJibHoro MOMeHTa qacTHU.bl H ero npoeKU.HH 
B C06CTeHHOB CHCTeMe KOOP.D:HHaT MHWeHH. YpaBHeHHJI. .n;nJI 
napu.HaJibHbiX BOJIH HMeiOT BH.D:: 

·1 

tJ-
- ~- l·e ~ P' ( r l 

~ 
'Ti-

+ --
2m 

PiP+ 1) Fn r, .,_ 
2 r m 

r 
/4/ 

+ l \' 0 0 ,(r) 1· 0 , n' (r) = EF0 0 ,(r). 
f'' t m L t m t r mr 

3.n;ecb «llYHKU.HJIM KaHaJIOB npHUHCaH HH.D:eKC f ', nOCKOnLI<:y 
npe.n;nonaraeTCJI Cne:u;uaJILHLIH Bbl60p aCHMnTOTH'IeCI<:HX yc
JIOBHB, Kor.n;a na.n;aiO~aJI BOJIHa HMeeTCJI B e.n;HHCTBeHHOM 
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e, , (E F(- l~ s.rn F(+l. 
KaHane ,m =m fmf' r_:., frn off'+l:'f' frn ,npoeKD;HJI m JIBHJieT-

CJI XOpOIIIHM KBaHTOBWM 'IHCHOM, TaK KaK Mhl orpaHH'IHnHCL 
noKa cnyqaeM aKCHanLHO- CHMMeTpH'IHOH MHWeHH 

Vo o, , (r) =JY: W') V(r) Ye, ,(0') dO'= V
0
:, (r) 8 , , 

Lrn,L m LID rn u:. rnrn 

/5/ 

r~e 0' - yrnOBWe nepeMeHHLie BeKTOpa r B C06CTBeHJroB 
CHCTeMe OTC'IeTa JI~pa. 

B MHoroKaHanLHOii o6paTHoii 3a~aqe cuaqana no MaTpuu;e 
pacceJIHHJIIISe f' ,(~)II ana liRe f' ,(~)11/ 4 , 5 / m, m m, m 
BOCCTaHaBnHBaeTCJI MaTpHD;a B3aHMO~eii:CTBHJI Vern e 'm ' ( r), 

' 
a no ueii: onpe~enJieTCJI acxo~HLiii noTeuu;aan v(;) : 

V(f} = I V (r) Y ( r')JY (0') dO'. /6/ 
ern,f'rn' frn,e'm' em r e'rn' 

B IlpUAOJICeHUU noKa3aHO, KaK MaTpHD;LI II s frn,f m' _II, 
liRe f' '" CBJI3aHLICaMnnHTy~aMH f(O,w.,~) H3/3/. rn, m · 1 

lf3 OnLITa, O~HaKO, nony'laJOT He £(0, w i, ~) , a aMnnHTY~LI 
fi M K IMK (0,~) /B pe3ynLTaTe ycpe~HeHHJI no OpHeHTa-

0 0 ' 

D;HJIM JI~ep/. CooTHomeuae Me>K~Y 3THMH aMnnaTy~aMH Mo>K
HO Inony'IHTL, ecnH pa3nO>KHTL no nOnHOMY Ha6opy ~YHKD;HH 
I <I> M K ( w i ) l npoH3Be~euae : 

Io J 
f(O,wi .~) <I>M K (wi) = I~ \M

0
K,IMK (Q,~) <I>MK (wi) • 

/7/ 
TaKHM o6pa30M, ~nJI aoccTauoaneHHJI V(i) H3 aceii:MaTpHu;LI 

Ill f I'M, K I M K W, ~) II Tpe6yiOTCJI namL aMnnHTy~w. OTBe
qaJOID;He' nepexo~aM JI~pa H3 ocuoauoro cocTOJIHHJI I cp.ue
a~aa6aTH'IeCKHii cnyqaii:/. 

EcnH V( r) HMeeT KOHe'IHWii: pa~ayc AeHCTBHJI "a, ' 
TO cneKTpanLHaJI ~YHKD;HJI 3a~aqa p (E) onpe~enJieTcJI 
.lUICKpeTHWM ua6opoM napaMeTpoa R- Ma Tpau;w /nono>KeHHJI
MH ee pe3ouaucoa E A H ax npaae~eHHWMH IIIHPHHaMH 

/: YemA. 

6 

P (E)= IIPem,e'm, (E) II= llf e(E-EA) Yfrn>.Yf'm '>. ll;/8/ 

O(x) =I 0 npa x<l; 1 npu x~ 0 I; 

Y£ rnA Yf' rn 'A. 
Rf o, , = I E 

m, L m A E -
A 

/9/ 

CneKTpanLHaJI ~YHKD;BJI p(E) no3aonJieT nocTpOHTL pe
weHHJI F( r ) 0CHCTeMw /4/ no H3BeCTHWM ~YHKD;BJIM cao6o,lUioro 
~BH>KeHHJI F( r) 

(-;i' (r)+f(e+l) Fe (r)=k2;e (r))·* 
rn r2 m rn 

a o 
Fe (r) =Fe (r) + I fKe f' ,(rr') Fo, , /10/ 

m m f' , m, m l m , 

0 

rn r 

T .K. Ko3ciM)au;aeuTLI Ke o, , = Kerne: o , onpe~enJIIOTcJI 
m L rn mrn ~ 

ycnoaaeM opTOHOPMHpoa:Ka c aecoM p(E) pemeHHH Fern KaK 
~YHKD;Hii: OT 3Hepraa /eM. /6 I/. MaTpau;a >Ke B3aHMo~eiicT
BHJI BLipa>KaeTCJI qepe3 3TH K e f' , 

rn, m 

ti 2 d 
Ve f' ,(r) =-- -Ke e' , (rr), rn, rn m dr m, rn /11/ 

OTKy~a, cor naCHO /6/, HaXO~HM HCKOMWH noTeHD;Han MHWeHH 
V(;-) • Mw BH~HM, TaKHM o6pa3oM, 'ITO,B oTnH'IHe OT cnyqaJI 
ueno~BH>KHoro BHemuero nonJI V(r) , yqeT KonneKTHBHwx 
CTeneHeii: CB060~LI JI~pa Tpe6yeT ~nJI BOCCTaHOBneHHJI V( r) 
nonJipH3aD;HOHHWX 3KCnepHMeHTOB. 

PaccMoTpeHHaJI o6paTHaJI 3a~aqa Mo>KeT 6wTL ynpoiD;eHa, 
eCnH OT ~H~~epeH,HanLHWX ypaBHeHHH /4/ nepeii:TH K KOHeq
HO·pa3HOCTHWM /

4 
• llpa 3TOM ~YHKD;HH F£

01
, V&n,f'rn'H~p. 

3a~aiOTCJI CBOHMH 3Ha'leHHJIMH B KOHe'IHOM qucne TO'IeK 

r= r
0 

Ha HHTepaane 0 _:::: r -s_ a, KOnH'IeCTBO napaueTpoa 
E ..\•YfmA CTaHOBHTCJI orpaHH'IeHHW.M, H BOCCTaHOBneHHe 
V (-r) CBO~HTCJI K KOHe'IHOMY 'IHCny anre6paH'IeCKHX onepaD;Bii: • 

* 3aueTHM, 'ITO rpaHH'IHWe Y9HOBHJI ~JI pemeuaii:, o6o3-
Ha'leHHWX 3~ecL/ faK Ffrn(r), Fern (r), aw6apaiOTCJI HHa'le, 
'leN ~nJI Fem,f' m, 4 • 

• 
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Hy>KHO Y'~HTbiBaTh, 'ITO ~aHHbie pacce.H:HH.H: He o6JI3aTeJih

HO COOTBeTCTBYIDT Bhl6paHHOi ynpo~eHHOi MO~eJIH. qT06hl 

~06HTbC.H: TaKOrO COOTBeTCTBH.H:, MOiKHO, HanpHMep, ~o

nyCTHTb 3aBHCHMOCTb CHJI OT CKOpOCTH. 3Ta o6paTHa.H: 3a

~aqa HMeeT CaMOCTO.H:TeJibHhii HHTepec /He TOJihKO ~JI.H: 
KOJIJieKTHBHhiX B036yiK~eHHi/, n03TOMY ei cneu,HaJihHO no

CB.H:~eH pa3~en 4. 
HaJIH'IHe MHHMOH ~o6aBKH a noTeHU.BaJie H KYJIOHoacKoro 

XBOCT~. H~/ npen.H:TCTBYIOT <i>opMyJIHpOBKe o6paTHOi 3a~a'IB 

I I 4, ;:, I 
CM. . 

Mhi paccMoTpeJIB BhiWe cJiyqai iKeCTKoro aKcHaJihHo

CHMMeTpB'IHoro poTaTopa, HO aHaJIOrH'IHO MOiKHO nOCTynHTb 

H ~JIH H~ep, o6Jia~aiO~Hx 6oJiee cnoiKHoi <t>opMoi H cnoco6-

HhiX I<OJie6aThCH. I13MeHeHH.H: CBO~HTCH, B OCHOBHOM, K HC

nOJib30BaHHIO ~pyrBX <i>YHI<U.Bi MHWeHH <t 
a 

3. CuAbHaJI C8JI3b l<aHaAoe, omae'-laiOUIUX pa3AU'-lHbiM 
8036yxoeHUJIM MUIUeHU 

EcJIH ycnoBHH a~ua6aTH'IHOCTB HapywaroTcH, npou.ecc 

pacCeHHBH OnHChlBaeTCB CBCTeMOi ypaBHeHHi C MaTpHu,ei 

B3aHMO~eHCTBHH\ 11 V n , 0 , , (r) 
atm, at m 

I I*· 
-F" (r)+f(f+l) F (r)+L ae m r 2 af m a 'e, m , 

v n ,n,Jr)x 
w m, at m /12/ 

2 
X F 'e , , ( r) = k F e ( r) ' a m a a m 

/f =[{2~ 
a a i'l2 - 3HeprBB KOJIJieKTBBHOrO ~BHiKeHHJI B MH-

WeHH B COCTOJIHBJIXa/,T.e.B OTJIB'IBe OT /4/ 3~eCh Y'IHThiBa

eTCB 3aiJ,enJieHBe ypaBHeHBi no KBaHTOBhlM 'IBCJiaM a 

IlpB I<OHKpeTHhiX pacqeTaX y~o6HO nOJih30BaThCH MHOro

KaHaJihHhiMB ypaBHeHBHMB B npe~CTaBJieHBH nOJIHOrO MO-

MeHTa J /~JIJI <i>YHKU.Bi F 'In 0 BMeCTO F e , 
, a= J Jl•,r I a = I M, m 

r~e I, M- MOMeHT H~pa H ero npoeKU.BB/, a KOTopoM pac-

* YpaaHeHHH a cJiyqae HaJieTaiO~Bx qacTHU., o6Jia~aiOIIJ,BX 
CnHHOM, CM. B pa6oTe /8/, 

8 

1 
l 

I 
I 

u;enJIBIDTC.H: CHCTeMhl ypaBHeHBi, OTBe'laiO~HX pa3JIH'IHhlM 

3Ha'leHHHM J = I + e ; m = M + m • 

, IJpou,e~ypa BOCCTaHOBJieHHB MaTpHU,hl B3aHMO~eiCTBHB 

OCTaeTC.H: B npHHU.Hne TOi iKe, 'ITO B 0611J,ei MHOroKaHaJihHOi 

3a~aqe /S/, YcJIOiKHeHHe no cpaBHeHHIO c a~ua6'aTHKoi Ja

I<Jiro'laeTcB B TOM, 'ITO, CTporo rOBOpB, HYiKHO 3HaTh 3Jie

MeHThl MaTpBU,hl pacce.H:HHR\\Saem,a'f'm' (10\\, OTBe'laiO

U{He "3ai<phiThlM KaHaJiaM" H nepexo~aM C B036yiK~eHHhiX 

COCTOHHHH, 'ITO npaKTH'IeCKH HeBhlnOJIHHMO. lJ03TOMY Heo6xo

~MO paJ~BBaTL npuofiii)KeHHhle no~xoJJ.LI K peweHHIO 3Toi 

3a~a'IH. 

4. 06pamHaJI 3aoa'-la OAJI nomeHt~UaAoa, 3Q8UCJIUIUX 
om cKopocmu 

PaccMoTpHM ~JIB npocTOThl H3JIOiKeHHJJ o~HoMepHhli 

o~HOKaHaJihHhii cJiyqai - ypaaHeHBe Illpe~HHrepa c noTeH

IJ,HaJIOM 

1 A 2 J\ 2 
V=V

0
(r) +"2(p V

1
(r) + V 1 (r)p ) . /13/ 

Ilpe~nOJIOiKHM, 'ITO CBJihl HMeiOT KOHe'IHhlB pa~HyC ~eBCTBHB 

"a": v 0 ( r::: a)= vl ( r::: a) =0. KpoMe Toro, orpaHH'IHMCB KO

He'IHO- pa3HOCTHhlM /K.- p./ npH6JIHiKeHHeM ~JIB ~H4>ciJepeH
IJ,HaJihHhiX on epa TOpOB, KaK 3TO 06hl'IHO )J.eJiaeTCJI B npHJIOiKe

HHJIX. IJpB 3TOM ypaBHeHHe Illpe~HHrepa Ha HHTepaaJie 

0 < r < a CBO~HTCB K KOHe'IHOMy 'IHCJIY N aJire6paB-

qec-KBX - ypaaHeHBB /r~e N = a I L\ ; ; a L\ - war K.- p. 

~B<t><i>epeHIJ,HpoaaHBJI, n 2 = 1, 11 = 1 I 

-! 'I'(E,n+ 1) -2'1'(En) +'I'(E,n-1) 10+ .l_ V (n) j'2},2 + 
2 l 

+ V (n) IJ:1(En) -IV (n+1)'1'(E,n+1) -2V (n) 'I'(E,n) + 
0 l l 

+V
1
(n-l) 'I'(E,n-1)l/4L\2 =E'I'(E,n). 

/14/ 

Bb16epeM a Ka'leCTBe 6a3HCHblX peweHBB co6cTBeHHble aeK

Topa U A (n) == U(E;.., n), OTBe'laiOIIJ,Be OJJ.HOpO~HblM /K.-p./ 

"rpaHB'IHhiM" ycJIOBHJIM R - Ma TpB'IHOB /K.- p./ TeopBH pac

CeJIHBJI 
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UA(O) =0; UA(N+l) =UA(N) 0+B~/a), 1151 

r~e BTOpoe COOTHOWeHHe 03Ha'laeT, 'ITO K.-p. JIOrHpHI}IMH'Ie

CKaJI npoH3BO~HaJI B TO 'IKe r = a pasHa KOHCTaHTe B I a • 

HeTpy~o y6e~HTLCJI, 'ITO U A (n) o6pa3YJOT opToHop:wa

posaHHLiii H nOJIHLIR Ha6op B npOCTpaHCTBe l}lyHKD;HR, 3a~aH
HLIX B TO'IKaX r = n • ~ Ha HHTepBaJie 0 < r < a • )J;eHCTBH-

n - -
TeJILHO, YMHO)I(aJI ypaBHeHHe 1141 ~JIJI U A { n) Ha U A,( n) , 
a ypaBHeHHe ~JIJI UA,(n) Ha u A (n) ' BLI'IHTaJI noJiy'leHHLie 

paseHCTBa H cyMMHPYJI no n, nony'IHM: 

1 
- 2XIUA,(l) UA(O) -UA(N) UA,(N+1) -UA(l) UA,(O) + 

+ UA,(N) UA(N+1)- ~ UA (N) V
1

.(N+1) UA,(N+1) + 

1 1 
+ 2UA,(l)VI(l)UA(O) +2'UA,(N) VI (N+l)UA(N+1)-

- ~ UA(l) VI(]) UA.(O) + ~ UA,(N) V1 (N) l!A(N+1)- 1161 

-l UA (l) VI (0) UA'(O) + l UA'( l) VI (0) lJA (0) -
2 2 

1 -2 UA (N) VI (N) lJA'(N + l) I+ 

N 

+ I (EA,_ E,\) UA,(n) UA (n) ~ = 0; 
n=I 

OTCIO~a. Y'IHTLIBaJI 1151, V(n > N) = 0 H npe~nonaraJI 
HOpMHpOBaHHOCTL lJ A ( n) , HMeeM COOTHOWeHHe OpTOrOHaJIL

HOCTH 

N 
I ~-UA,(n)lJA(n) = 8.\A,. 1171 

n=1 
YMHO)I(aJI I 17 I Ha lJ A' ( p) , cyMMHPYJI no A' H MeHJIJI nopJI~OK 
CYMMHpOBaHHJI no ,\' H n, y6e~aeMCJI B TOM, 'ITO 

~ U A,(p) UA,(n) ~eiicTsyeT 3KBHBaJieHTHo CHMBOJiy Kpo-

HeKKepa 8 
pn 

10 

t 

I 

,,. 
II 

l 

N N 
; I 'f U A,( p ) U A,( n ) I U A ( n ) = U A ( p) , 

T.e. HMeeM COOTHOWeHHe nOJIHOTLI: 

N 
IU,(p)U,(n)=8. A A A pn 

1181 

1191 

AaanorH'IHO pa6oTe 141, MO)I(HO nony'IHTL ~JIJI R-MaTpHo;w: 
2 

N YA -
R(E) = I , r~e yA = UA (n) '.) 2a. 1201 

A EA- E · 

ITo noJIO)I(eHHJIM pe 30HaHcos E A H ax npase~eHHLIM WHpH

HaM y~ , onpe~eJIJieMLIM H3 .l(aHHLIX pacceJIHHJI, CTpOJIT

CJI /4,9/ peweHHJI ¢ ( E, n) ypasHeHHJI I 19 I, y~osneTBOPJIIOJD;Be 
K.- p. rpaHH'IHLIM ycJIOBHJIM: 

¢(E,N)=1/'.}2a; ¢(E,N+1)=¢(E,N) (l+B~/a) 1221 

A no ¢(E,n) soccTaHaBJIHBaeTCJI K.-p. raMHJILTOHHaH H , 
OTBe'laiO~Hii ypasHeHHIO 1141 l:waTpao;a H TPH~HaroHaJILHa, 
T .K. OTJIH'IHLI OT HYJIJI JIIIWL 3JieMeHTLI Hn m c m=n, n ± l I: 

H nm = r EAyl ¢ ( E A' n) ¢ ( EA ' m) . 1231 

CornacHo swpa)l(eHHJIM 1141, 1221, Haxo~HM HCKOMwe 

l}lyHKQHH V0 (n) , V 
1 

(n) no peKyppeHTHLIM COOTHOWeHHJIM: 

V1 (N-1) = -(H N N-1+ _1_) 4~2 
' 2 ~2 

1 1 2 V (n-1) = -(-+-V (n) + H ) 4~ 1241 
1 2 ~2 2 ~2 1 n, n -I 

V
0 

(n) H _1_-
nn- ~2 

V 1 (n) 

--r+EA. 

II 



IIPHJIO)J(EHHE 

CBJ13h aMnnHTY.D.hl f( n' w i ' ~)' xapai<TepH3YIO~eii pac

CeJIHHe nnOCI<OH BOnHhl B CHCTeMe l{eHTpa Mace, C nap

l{HanhHhiMH aMnnHTy,D,aMH f Ck, p, k ( ~) B co6cTBeHHo:H coc

TeMe I<OOp,D,HHaT MHllleHH neri<O YCTaHOB'T;, npeo6pa3yJI 

acHMDTOTH'IeCI<Hii BH.D. <ilYHKUHH F(r) /eM. 3 /. CHa'lana 

pa3na>KHM na,D,atoll{yto nnoci<yto oonHy H aMnnHTY.D.Y pacceJI

HHJI o Bhlpa)KeHHH /2/ no c<bepH'IeCI<HM rapMOHHI<aM Y Pm • 
3aTeM nepeii,D,eM B CHCTeMy I<OOp.D.HHaT, )KeCTI<O CBji3aHHYIO 

C Jl,D,pOM, HCDOJlh3YJI <bopMyny 

Yn (n) = L De k((,).) Ynk (fl') 
rm m 1 r · 

k 
/25/ 

r,D,e n', k OTBe'laiOT HOBOH CHCTeMe OTC'IeTa. B pe3ynh-

TaTe nony'IHM 

Hr) • ~ /\ 
r->oo fk 

(]) 
+ fpk (tai,£) he 

l77 ( 2 f ' I ) ( ,. n ( K r) D f ( <o ) + 
I () k 

y < n ')' f k • 

3,D,eCh f 
fpk (uJ i ,k) = ~ Dmk(wi) fpm (toi ,I:): 

Ill 

/26/ 

/27/ 

aMUnHTy,D,a napuuanhHOB pacceJIHHOH BOnHhl, I<Or,D,a HOpMH

pOBI<a UOTOI<a Ua,D,aiOil{HX BOnH B I<aHanax f'k Bhl6paHa 3aBH

CJlll{eH OT OpHeHTal{HH Jl,D,pa ( tui ) • cor naCHO /26/. RCHO, 

'ITO 3Ta aMnnHTy,D,a ci<na,D,hiBaeTcJI H3 napuuanhHhiX aMnnu

TY.D. f l'k. r 'k, ( n '. B3JIThiX c BeCOM, cor nacHo Bhlpa

)KeHHIO /26/: 

fl'k(trJ_.k) =L iP',Ilrr-(2f~)DP' ,(v~)£0 0
, ,U)./28/ 

1 f'k' 0 k I I k, I k 

Y'IHThiBaJI opToroHanhHOCTh D -<byHI<UHB, nonyqaeM He

I<OMYIO CBJI3h 

\ 1 2f, + l . f' 
ffk.f'k'=k (£)= e' I j Dok(wi) frk(wi,~) dwi. /29/ 

j 16 IT S 2 

* {fk f 'k' ( £) OTBeqaeT e,D,HHCTBeHHOMy BXO,D,HOMy I<a
Hany ( f'k ;) C e,D,HHH'IHhiM Da,D,aiOil{HM DOTOI<OM. 
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