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r. Banasa o ,IJ,By:xMepHOM aTOMe sonopona, T. e,. SJIeKTpOH-IIPOTOHHoit 
V 2 CHCTeMe c ITOTeHlU1aJIOM B3aIDAo,neHCTBHH U:= - ol/(íZi+ • srrepsue 

OUJIa paCCMOTPeHa B ITOJIHPHUX Koop,nHHaT~~ paCoTe I , a 3aTeM B 
ITapa60JIHtIeCKHX Koop,nHHaTax - B pa60Te 2 • 3HepreTHtIeCKHit CITeRTp 
STOH CHCTeMH JC E« = - (IZ. + .f1lr~, KaR B rpexxepse , CJIy;qaHHO sspoa
,neH. 06~cHeHHe aTOM] BHPo~eHHID OUJIO ,naHO B padoTe/3/ . nai:DH~ee 
pa3BHTHe TeopHH .nByxMepHoro aTOMa Bo,nopo,na CBH3aHO c pa60TaMH 4-7/, 
B KOTOpUX 6UJIH YCTaHOBJIeHH pa3JIOjKeHHH, CB.ff3HBaromHe Me~y C060M 
coocraenaue q,ymaum reneparopoa rpymrn CKpUTOM CHMMeTpHH 0(.3), 
oTBeTcTBeHHoM 3a CJIyqaHHOe BllpojK.IJ;eHHe sHepreTHtIeCKOrO cneRTpa; 
rrpoBe,neH nOCJIe,noBaTerrDHuH aHaJIH3 3a,natIH B SJIJIHnTHtIeCKHX Koop,nHHaTax 
H npe,nJIOjKeH MeTO,n BUtIHCJIeHHR SJIJIHnTHtIeCKHX norrpanOK K nOJIRPHOMY H 
.nBYM napa60JIH"tIeCKHM, Bl1CTyTIarommA B pOJrn co6CTBeHHUX q,YHIUurn reuepa
TOpOB Ylta3a"E-IHoí1 BI:ruI9 rpynnu O (3). Bonee CJIOiltHaR B MaTeMaTHtIeCROM 
OTHorneHilli 06JIaCT:D HerrpepUBHoro cneKTpa HCCJIe,nOBaJIaCn B pa6oTax/S,9/ , 
r,ne HCnOJI:D30B~1HCn nOJIRPHue H napa60JIHtIeCKHe Koop,nHHaTU. B STnx pa
60Tax 6UJIH YCTaHOBJIeHhT pa3JIOilteHHR, BupailtaIDurne B HerrpepHBHOM cneKTpe 
nOflRPrille BOJIHOBUe ~YHKnHH tIepe3.napa6oJIHtIeCKHe H napa60JIHtIeCKHe BOJI
HOBue q,YHKI4HH nepsoro pona xepes napa60JIHtIeCKHe BOJIHOBHe q,YHKIUiH 
BTOpO:f;'O po,na. 

B HaCTORmeH pa60Te c,neJIaH ITepB~ mar K HCCJIe,nOBaHHID SJIJIHnTH
tIeCKHX KYJIOHOBCKHX BOJIHOBUX ~YHKnHn B HerrpepHBHOM cneKTpe. B~HOCTo 

TaKOrO HCCJIe,nOBaHHH 06~CH.ffeTCH TeM, tITO HMeHHO yxa3aHHhTe BOJIHOBlle 
WYHKUHH CJI~T npanHJI:DHUM HYJIeBHM rrpH6JIHilteHHeM K 60JIee 06meM ,IJ,BYX
MepHOa 3a,natIe o .nBYX HenO.nB~HHX KYJIOHOBCKHX ueHTpax. 

2. Orrpe,neJmM SJIJIHnTHtIeCKHe Koop,nHHa,!,1l cJIe,nJIOUU1M o6pa30M: 

(I) 

x = : (c;'~ <oi,,! -f .() , ':J = ~ M,~ 4,"'''2 

o» ~<"OO.) O~'1.<~7T) os e « OQ. 

B pa60Te/4/ IIOKa3aHO, tITO pa3,neJIeHHHe B nepeMeHHJlX (I) pemeHHH 
ypaBHeHHJl !Upe,IU'IHrepa ,1L1IJl ,nByxMepHoro aTOMa sozopona, T. e. SJIJIHIITH
tIeCIme KYJIOHOBCKHe BOJIHOBlle ll>YHKmiH, RBJImOTCR TaIOKe co6CTBeHHHMH 

.'- ~ ..- --~...-.- .-.. 
" O~1»e.aniit·lW/ol.l.U RHCTHTY) \ 

~1~~3~ ~C~~!ORaual \ 
6~~H~!v , EKA 

9 



'I 
I 
\ 

(4) 

(3) 

05:U<00 

- 0'0 < 'lf< c-o 

/\ 

!p TaKOB: 

A .9 
,{. = - , rf0/ 

.x = ? CIJf t.f ) I)( = (V2_ UZ)/~ 

y = ? s-» <f' ) l:J == v zs: 

W~iKUMH1m 3nnMnTM~eeKorO HHTerpana JU3M~eHnR, HMeromero BM~ 

1\ A A 

11 :. L Z + k R.. p. (2) 

B 3TO:H ~pMYJIe /(= (2mE/1í , R - napaaarp, Bxo,nmunM B orrpenene
ilMe 3nnHrrTn~eCKHX Koop~aT, a ~ n JÔ - HeKoMMYTnpyromn8 onepa
TOpU, odmne eOÓeTBeHHHe WYHKUMn K~oro M3 KOTOpUX e rm~MnbTOHMaHOM 

eeTb BOJIHOBUe ~YHI~ ,nEyxMepHoro aTOMa Bo.uopo.ua B TIOnRpHllX n TIapa
óonH~eeKHX Koop.unHaTax: 

/'

íIBHID1 BM.u oneparopos L H 

\1 
! 

r. 
I, 
f\ 
1: 
'~ 
!' 

} 

(9) 

(8){ ~ m ~ t 
~n m~ J, 

e<:>

J 1<;, rn{~) I<Icm (~) 'l ri? = er cf(k'-k)/ 
o 

(. ) rn+ .(/,2 IC =.z I: e 7f/2k:. /r(m+ ~4. -;4) 
k".., {:<m}.' . 

(-±.) - R (~) -~1f.-::m - ~n'\ ~ 

TO 

rne pa,lUlaJIbHaJI WYHKUH.fi liMeeT BH.n. 

R. ~rn ('l.) = C 
lcm 

'Z. m e àt"l. F (OI-\- ~/2 - i:/Ic) 2m+~) - 2~k'l) 

(snact, yqTeHo, ~TO m ~ o ,EaR Toro TpeóyeT pasno~eH:He (7)). 

ECJIH coórrro,naTb YCJIOBHe HOPMHPOBKH 

Ms (6) R (7) CTaH,uapTHHM oópa30M rron~aeM ypaBHeHHR, onpe~eJIRID

, 1IU'le san Kos@lIDJ;HeHTOB W (:t.J H coocraeanae 3HaQeHRH SJIJIETITHlJeCKOrO 

I 
I 

I 

11 

OÓ03HaQHM 8nnHrrTH~eeKHe KynoHoBcKHe BOHHOBue WYHKURH c .uBHHO~ 

QeTHOCTbIO OTHOCHTeJThHO npeocpaaosanaa ?J -!I' - 'tt xepes 'f~~) , 
r.ue ~~ - eOÓC~BeHHHe SHaqeHHR OTIepaTOpa (2), KOTopue MH T~e 

CHad.uIDJI HH.ueKCaMH "±": 

(5) 

(6) 

A (±) _ f\ l.±) C:t) 

/\ ~ 1:.'). - A trK)'" 

p= _A -.L {-u2. g~2 -V-2g~2 -t ~(1.l2+'UZ)~ 
21ç 'b(2+'U2 &1{) ~'U ,'j . 

.~ 
, 

'I 
I, 

o 

'o<:) (+) 

~ [1m' -" h o(t'-k)cf"'m' O-t cfmo ) -+ 

(~) ~ W. (+) 
+ k: R. Pk:1m'j K", j , k:~VW\ 

? [(",z_~(-J)1rcf(kl_k)d'mm' + 

KBaHTOBOrO quCJIa ~ : 

(106) 

(IDa) 

3. Pasno~IDJI SnnHTITH~eCKHe KynoHoBcKHe BOnHOBUe ~YHKUHH no 
HOMY óasHcy ~yxMepHOro aTOMa Bo,uopo,ua B HerrpepHB~oM cneKTpe: 

TIonrrp ([)(-)+ k: R. !J k'nt'j lem 

(-)J lV/
W K~m =-0

/ 

t'" 
CornaCHo/8/ , 

ri:) ex;) 

7./JK:Â = ~ 
,(:1:) 

~).m 
(::t)

v.: (7) 

B KOTOpHX 

p (±) 

ti",,') k:_ 
= ( '\ L~ (:1:.)J Tk'~' 

P1 L (±) J. Y. 
't'k~ 

(11) 

,3

* ~ 
2 



4. B~TCnHM MaTpli~HHe 3neMeHTH (11). ITepeH~ B 
KOOp.IUmaTaM, nOCJIe HHTerpI1pOBallH.l1 no d lf IIOJIY~rnM 

(5) R nOnRpfOiM M03HO .n:OKa3aTb, 
OrrepaTOp: 

~TO orreparop 
A 

~h1 Be,UeT CeO.fl KaK nOHH~aromHH 

t[)(+) 
}. K'~';"'" - ~ 

- -fI:: 
te ) . +
l d'""m'+< + J'"" j-.., E K'''''; IC.. dm,,,,q 

Cf) ~ 
.'....;1<1 

AJIIn RLF-.m = - k ~----r(m -I/ê 12+ o/KZ RIc m--{'/ I. 

(-)' 

'P1c''''llcm ~ ~l<. {J''" ,m'+~ E1<'''''; 1::", 

~ 

;- d'rn , m '-1 qj '<-'m'; K ... t 
11 
n

';li 

i; f2k m = - k I(tn+~y+ IJk 2 

orcnna o qeBH,UHO TaIOKe, 't{TO 

'Rk , m-r4 . 

~ 

Riem 

a = m -+ I/.z - l ~ J c = 2."., -+ -{ J 'X =' -:</J:~ 

-o /'I 

2),l:r"",. k- = jl2*" r» JJ nL,. (~) '2 tJI~
) '" ,c 'fn' ../I-m Xj...fJ1 

o 

rf=c-I ) P = c-.<) 

i:><:> A 

EJ::'m' j km z: I Rt,/;) .J/rn /).)(:m /») ~ cI~ 
o 

· .tF(ti/,c;k,) ~ c/IFiá, c-Ijx}-Flá,c; k,j 

t(,f-I) F(a}~-~'x) - t(t-4+ k) F(4)/I'X)-+Ij-d)X F(tl,J'T~'x)=O 

/J F ( a ,f/X) - ~ F (a - IIJ3 ; '<j - x J=(a J fi>+1; :x) = O,. 

B KOTOpmc 

1\ 

H oneparop j).1'n MMeeT BM 

r,Ue 

.ih? = I-(m- íj(1z -f ;). 

'" neHCTBYH ,UaJIee, onepaTOPO, ;4n, Ha pa.uHaJIoHyro ~YHKUHID 
H rrOJID3YflC1 COOTHomeHHHMH 10 

;, 
~ 

~ 

1
't\, 

(136) 

(I2a) 

(120) 

(14)(+) (-)

Wk.)., -i = WIc).,o = O. 

+- V(rn -t ~/2.)2 -+- ~/~ ~ ----. ó''m \ m' + ~ ] 

P..,:~ 1<,.= -1J(Ic'-Ic) li(.. ~IJ~ )~ -t 1ft : ' ( o'" ,m'. ~ -+ J"" (_"',) + 

rp (-) l
~-'\"fIJ}Kwn = - !Jú:l 

- k) V(t'M-~/z..)2-+~/kZ' cf'm I m'+~ + 

+ J(WI~ ~ /2 )2 -t- ~/\(. 2. i cfn, I I'h 1_ 4 J. 
5. ITO,UCTaBnaR (I2a) li (120) B (IDa) H (IDo), nOJI~laeM rpeXQJIeH

HHe peKyppeHTHHe COOTHOUIeHPIH

I I (+) (+\ )
t(~4-~/~)2 + ~/~t. W + ~ - t'\'\'Z. ['VI (+) W (-+ ]+

K.).. .M-t~ leR. Y-"~ -+ I<.).,-WI 

+J-JC tn  V2: )Z+ Afv:. z- ' [ W (+Y W (-q ] _ (13a)
Z t \ w,--\ + t.). ~-h.1 - OI' I \ 

I I (-) ÀC- ) 2. (-)l.V (m+{/zY~--t-~/~e. \X/~'\,W\-+1 + &---0 
01 

Wt)...VoJ\-f

~ ,J 'W l 
- ' + 2.. V(~- -"/2) 2 + V~ z, k.\. ,V\'\ --i = O. 

M3 pa3JIOJK8HHH (7) CJIe.uyeT, "CiTO 3TH ypaBHeHHH ,noJDKHb! pemaT1CH c yqe
TOM ,norrOJIHHTenbHHX YCJIOB~ 

ITOJIyqeHHlle WaPMYJIH'BMeCTe c YCJIOBHeM (9) rrpHBO~T.R BUBO,UY, ~TO 

~. 3 
4 1 

L 
5 



JIerRo nORa3aTb, qTO npH nepGXO~e R ~CKPeTHOMY CneRTpy ypaBHeHHH 
(13) nepexO~T/B TpeXQneHHH8 peRyppeHTHHe cooTHomeHHH, YCTaHOBneH
Rue B pa60Te 4 • 

6. I1TaK, HaMH ~ORa3aHO, QTO sanasa 06 snmmTHlIeCROM oaaace 
~yxMepHoro aTOMa Bo~opo~a B HenpepUBHOM cneRTpe npHBO~TCH R 3aAa
~e 06 Hccne~OBaHHH ~yx Tpex~~eHHHX peKyppeHTHHX cooTHomeHHH. TaKaH 
axrecpaasanas y~06Ha ,nJIH nOCTpOeHI1,H TeOpl1H B03MymeHIDf npa R < 1. 
T.e. ftnR BU~CneHH,H snnHnTI1~eCRHX nOnpaBOR R nOnHpHOMY 6a3HCY. 
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llaBTHH n.c. H AP. P2-87-454 
Anr-eõpaaaauas 3nJUinTHt-leCKHX KYllOHOBCKHX 
BOllHOBbIX <PyHK~H:H: B H'errpepbIDHOM cnex-rpe 

Ha:H:AeHW TpeXqlleHHWe peKyppeHTHwe cooTHorneHHH, orrpe
AellHlOllI,He B HenpepblBHoM cneKTpe pa3110)/{eHHe 31111HnTHt.leCKI-iX 
KYllOHOBCKHX BonHOBbIX <PYHK~H:H: no rrollHpHoMY 6a3Hcy ABYX
MepHoro aTOMa BOAopoAa. 

Pa60Ta asmornre na B na60paTOPHH TeOpeTHqeCKO:H: <PI-i3I-iKI-i 
üWII1. 

Ilpenpanr 06'beAHHeHHOrO HHCTKTy-ra anepasrx accnenoaanaã. L{y6Ha 1987 

I1epeBoA Ü.C.BHHorpagoBO:H: 

Davtyan L.S. et aI. P2-87-454 
Eiliptic Coulomb Wave Functions 
Algebraisation in the Continuous Spectrum 

Trinomial recurreUce relations defining ellóptic 
coulomb wave functions expansions by Polar basis of the 
two-dimantional hydrogen atom have found • 

The investigation has been peTformed at the Labora
tory of Theoretical Physics, JINR. 
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