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K,5 - npeoõpasoaaaaea ITpHHIlTO HaslmaTll He6MeKTlIBHOe zsanpa
3TH'qHOe npeoopaaoaaaae R 4 -~ R· , KOTOpOe K8.lit,IJ;OH TO'tlKe "ZI~ I •. " U." 

~eTHPeXMepHOra npOCTpaHCTBa A(4 CTaBMT B COOTBeTCTBHe/TO~Y 

x, '::I, ~ TpeXMepHOrO npOÓTpa.HCTBa R3 COrJI8CHO rrpaBHJIY rI 

x :: 2. ('ti., 1,{'1 + 'Uz 'tl3 ) , 
(1) 

Y .: .z (Uz Uq - V.,"U3) , 

:;;r 2 2 Z. 2 
<, = U3 +'U4 .-'ZI", - fAz • 

llOJIeSHOCTll aToro npeo6paSOBaJiHH ~ ~HSHKH Bo~opo~otlo~o6HHX CHCTeM 
06~CHEeTCH CJIe~ SaMeqaTeHOHaM CBO~CTBOM:H~ HSUKe nepeMeHHHX 
u~, ~~, ~~JU4 8anaqa o CBo6o~HOM aTOMe Bo~opo~a TO~~CTBeHHa 

s~a~e o ~eTHPeXMepHOM HSOTponHOM OC~JIJIHTOpe c HeKOTOpHMB ~OnOnHH
TeJIDHH.MM YCJIOBH~1H *). BKnID~eHHe BHeillRRX SJIeKTpH~eCKEX H ~arHHTHHX 
nozeã napyaaar TaROe rrpocroe COOTBeTCTBHe" H npHBO~HT B .f u - npocr
paRCTBe K nOHBJIeHHID 8HrapMOHM~eCK2X ~JIeHOB. AHrapMoHn~ecKHft OC~JI

JIHTOp HCCJIe~OBaJICH B CBHSH c HeKOTOpHMH CrreIU1aJIllHHMH BOrrpoCaMH KBaH-' 
TOBOM TeopBH rrOJIH,H 3TO rrpKBeJIO K paSBHTHID MOmHHX npHeJ~eHHHX Me
To~oB/31. He HCKJIID~eHO, ~TO y.KaSaHHHe MeTO~ MorYT OK~saToCH eJOJIee 
S!MleKTHBHID4H, ~eM npHeJJm1Jt8HHHe MeTO,IJJ:l, llpHMerm9MHe ~O CFlX nop B 
HCXO~OM WHSH~eCKOM rrpOCTpaaCTBe c KOOp~HaTaMH X. Y, ~ • Bo Bcex 
CJIy<:lMX ~ i3 - npeoõpasonaaae YCTaHaBJmBaeT CBJ1S11 Me:JKJJ.Y sa.na~aMH 
aTOMHO~ H ~epHO~ ~HSHKH,H HCrrOJII:,SOBaHHe aTora W~~Ta MoxeT rrpRBec-
TH K BSaHMHOMY ooorameaan BH'CIHCJ1lIT8nHHJ( B03MOJKHOCTefi KaR roã, TaR 
FI ~yron oeJJIaCTR WFlSHKH. rrOCJIe~ MH7~ yxe HeO~OKpaTHO BHCKaSH
BaJIaCI. MHOrHMJIJ aBTOpaMH (CM. CCH1IKH B 2 ). 

B CBRSR co CJI~aaHo~ BHpO~eHHoCTDID aHepreTH~ecKoro crreKTpa 
CBoeJo~Horo aTOMa Bo~opo~a nOCTpoeHHe JIIDeJon TeopHH B~sMymeHFI~ B 

]f) 
rrO~6HHe CCblJIKH H CBRSI:, ,1(,$ - JIPeoeJpaS~iH1dt c WBSR.tto:A: 
BO~opo~orro~oeJHHX CHCTeM OCBRmeHH B paCoTe 2 • 
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1,1 

(4).1)( 1f(~J + 2~ [E - V(;z.)] "0/ t'i)·=D 
ITpHCYTCTBHH BHemHHX rrone~ OCHOBUBaeTCR Ha rrpaBHnDHHX BORHOBHX 

WYH~HX HeBo3MymeHHo~ CnCTeMH. B Ka~eCTBe TaROBHX , B 3aBHCHMOCTH 
_ 3TO TO JKe CaMOe , tITO HaHTR TaIU18 pemeaza ypaBHeIDUlOT CHMMeTpHH BHeillHero nOnH, BHOHpaIDTCH pemeHHH B CWePH~ecKHX, na

paOOJIH'lleCKIDe JrnOO B ooiree oCíIIUIX, cWePOH,IJ;aJIDHHX soopnaaarax, J< t> 
npeoopa30BaHHe CWePH~eCKHX H rrapaoonR~eCKIDe Koop,IJ;HHaT H HX pa3no~e (5)!J CP(tU) -+ krE'l,e -1Az Vl <p (iA) = O 
HHH no BOJIHO~ WYHK~HM ~eTHPeXMepHoro H30TponHoro OCUHJIJIHTOpa U t\Z l 
H3BeCTHH74, 5 • B aacroameã paoore YC':):'8HOBneHO J($ - npeoõpasoaa ·il.'1 

HHe TpeXMepH9R cqepOH,IJ;aJIDHO~ CHCTeMH KOOp,IJ;HHaT H TeM 9aMHM oOecne , .) 
ROTop~e y,n;OBneTBopHIDT ,IJ;By.M,IJ;OnOHHHTenDHIDA ycnOBHHM\xsaa B03MOlltHOCTD I10,IJ;Rmo~eHHH K 5 - cPoPMaJI1J3Ma K RBaHTOBOMeX8.HH

~eCROH 3a,n;a~e o ,IJ;BYX KynoHoBcRHX ~eHTpax. a) cp (- 17) = Cf> (1I) ,
 
BBe,IJ;eM BU - npOCTpaHCTBe c(jJepOH,IJ;aJIDHI:le KOOp,lUlJHaTIl C;, "l
 

~z' '-P'?>4 cn8,IJ;y1OlIUfM oopaaoa:
 " OJ X cp(~) '=0 . 
..,.. ~ 4 z Z 'l 

3;n;ecD BBe,neIUl 0003HatIeHIDI: 'lA - pa,n;Hyc-.BeKTop B F:.. , tU = 1/1 
'+.. ~ tli = 'U-i = º-e -% ~ hln 1,,\in Lf~~ 'lA~::. ~ ~s~, ft,.\Yll{)~.o(, 

(2) -fI . 
=: ( XZ+Y?+'i!:.Z) 2., 

A1,(2.. = 4-JÁ,ç A,.i~, C&'I L{).{z , '1,(4 ::. ~ ~ sc.e\1 C.e') ...(J?>4 •Z X = -u, 2- - "til. 2- + ·U<1·2- - -t(~ 2
(6)~~ d~ d~ ~~ 

3;n;eCD of - npOH3BOJIDlillii napaaerp (O!: ~ <.. OQ ), a B oõaacra H3MeHe

HMH KOOp,IJ;HH8T S, "1 ,~2. H LÇ~4 TaROBll: YcnOBHe (a) OTpaJKaeT KBa,n;paTH~OCTD npaoõpaaoaaaaa (I): TO'llKaM 

'1-( li -v cooTBeTcTByeT O;u;H3 H Ta ae roxxa npOCTp8.HCTBa 12
3

• 

O~ ~ <: oco ) o , '1 ~ 1 , O s ~ü. <:. 21\') O f ~~'\ c( Z"Tr' • YcnoBHe (6) oTOHPaeT cpe~ pemeHYI~ ypaBHeHHH (5) nRffiD Te, KOToplie 

3aBYICHT TOJIDKO OT rpex nepeMeHHHX X', Y .,;l! • B CaMOM ,nene, B 

llO,nCTaBJIJlH (2) B (I) XI BBOM oOoaH8~eHHH c!IJepOH,n;aJIDHJlX Koop,1U1HaTax (2) oneparop (6) HMeeT npocrcã Im,n 

2R. = ~7_) ~ -= 2 S ) v =2, I ~ = {J~z. + ~ ~4 x= 2- ~tft2.Q~of 
rrpnO,IJ;HM K TpeXMepHIDd BliTHHYTHM cepepoanaJIDHllM KOOPmIHaTaP./6/ 

BBe,nI3M HOBHe He38BYIcm.me nep8MeHHI:ie <fJ±::. YJ:.., -t V?,Z • O~eBH,IJ;HO, 
orrsparop X 3aBHCkIT mmJD OT nepeMeHHo~ lfJ- ,a HM8HHO 

K::;; i .%p..,\,1Y1V~n\f ,
 
"" 'd
 

(3) X -::: Z Gt/_
'J= ~ ~~~"'v~~, 

OTCIO,n;a JICRO, T.ITO YCJIOBEe (6) BlUlenHe T pemeHHH, 3.aBHcJIlIWe OT rpexs : R- [d,r-~v +1.1 
nepeMeHHllX S, '7 ,<P+.z 

Pasoepea nonpocaee BaE~ CJIyq:a!t KynoHoBcKoro nOJIf{ V:::. - ZeX . 
C4úpMynHpyeM TenepD OTMeqeHHyD BRIDe CBH3D Me~ rrpOCTpaaCTBa BaToM CJIy-qae ypanaenae (5) nepexonar B ypaBHeHlie lIlpe,IUiHrepa ,nIDI 

NH R 4 H R 3 aa JI8HKe yp~rHH illpe,IJ;HHrepa. He B,IJ;aBaHCD B no,IJ;pOO ~eTHpeXMepHoro li30TponHoro OCnHJIJIHTOpa 
BqCTM, H3JIOXeHHHe B paooTe 5 , npHBe,neM cneAYIDmee YTBepx.neHHe. Pe

'" 
mBTh ypaBH8HHe illpe,IJ;HHrepa 
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J1 cp + RtL[é - }LW2f,(2.J<P = o ; (7)~U 12 . ~ J 

B KOTOpOM 

.- 1E = ~úJ2 , ê = 4zeZ . 

Pa3~eHRH rrepeMeHHU8 B ypaBHeHHHX (7)	 H (4) B cWepoH~aHDHHX KOOp~

HaT8X (2) H (3) COOTB8TCTB8HHO, T.e.	 rronO~HB 

(7) r; . XI.. ~)2\ ~\7/. ~(~·'4'tL+"'2~",) r ( c;, "'/, et~21 1.f~4/ ti:; = l s;~zJ 7(1i d	 .~ I (8) 
Z1{' 

~(fl~ltfiR)= n(jJ-;R.)~(viR) e 
imtf 

(9) 
VZTr 

rrpHxo~ K ~YM CHCTeMaM o6HKHoBeHHHX ~~peHUHanbHHX ypaBHeHHi. 

J- L[4.~ JrI] +[n.ER2~zp + H..)!el.~ cL.~ - t)1~ - A(R)ln: O , (IDa)
~tAo(tt t;(tt 2t~ t,1: ~1'- J 

[.---'-L[-""v.i.21 +[- ~fe.2~-z., - fi~z~c,Q)v -~ +ACR)l':"' =-0 . (106)
"'"Y o(v ohl J 2t..t. ~2. -\ihOZV ~ \.........a
 

.J....... i.~Zt-a] .... ["U:dZ""2~ - ):fc.oZJ'\,{.,l2'; +- '-": - ~~ - E>(d~jlV = o (11 )

d [ ~ ol~ '"1f\l. 64\\2 •e-kl~ "..,.l~ ,~, a~z~ ~. 

.-L !J~~~y1 +[- ~~2"l + f'{.Zw?rA"' CO\2~ - m;Z _ t'M:: -t ~(d2)ly= O 
~1l2, d"lL, --'lei, J -4~1. 64~~ - t ~~ ~l, ~ '(116) 

-B KOTOpHX -qepe3 A H 8 oõoaaaxeas KynoHOBCKaR: li OCm'IH1UITOpHaJI 
ROHCTaHTH pa3~eneHHH. CpaBHeHHe ~THX ypaBHeHHI rrpHBO~T K cne~ 

BICBO~aM: so-nepasx, ycnoBH8 (6) oT611paeT IDlIIIb peneaza (8), ,I4JIH 

ROTOpIiX m...... 'W\.z='m , BO-BTOpHX, ecaa 0603HatUITb xepea n , 'J. ' K 
( n:=: q+ K+ Iml ) H N , i: , P ( AI = 2t+ p + 
+ 1"'14 \ + IM2. I ) - rnaBHlie RBaHTOBHe qJ!cna H 'qHcno Hynel pa

4 

~aHDHHX H yrzossx ~YHKu.mt n , '3 li X , Y COOTBeTCTBeHHO., 
TO ycnoBHe O~03Ha~OCTH (a) oT6HpaeT nHillb pemeHHH (8) c ~eTHHMB' 

N B.p , npHqeM. 1J::2'1l., p=2'} • B-TpeTbl:!x, KynoHOBCKaJI KOHCTaH-
Ta pa3~eneHMH )\ rronyqaeTcfl H3 OCnHnnHTOpHO~ KOHCTaHTH pa3~e
neHHH EJ é noxoutsn rrpOCTOH <Ix:>PMYJIH 

. 
'1	 Ah41'\t LE:> · -4 2n,2q ,m

:~
) 

OTMeTHM eme O~H MHTepecHHa W8KT. B cnyqae rrOTeH~ana, Bcrronb

I 3yeMoro B Mo,n;eJJ.HX KOHcPalHMeHTa I 

I
 v(rz) =- - cJ. + ~~
 
'Z 

~ 

YpaBHeHH8 (5) rrepeXO~T B ypaBHeHHe illpe~repa 

L1"<p + 8t [o(.+Eu'-~'l.\~]=O 

r 
I	 

~~ aRrapMOHHqecROro qeTupeXMepHoro OCnHn}IHTOp~ 

B CBH3B C rrpOBe~eHHHM BHme aHanH30M B03HHKaBT Bonpoc:saqeM 
HCrrOnb30BaTb ~i) - rrpeo6pa30BaHHe, ecnB OHO rrpHBO~T rrocne 
pa3~eneHMH nepeMeHHHX K TeM xe ypaBHeHBRM? Bo-rrepBHX, BHHCHHeTCH, 
qTO BOnHOB~e WYHRUBH aTOMa Bo~opo~a - aTO HHmb rro~nacc 60nee o6max 
CrrenHanDHHX WYHKnRI, coo~eTCTBYDmHX qeTHpeXMepHOMY H30TporrHOMY 
OCnHnnHTOpy. B ~CTO MaTeMaTH~eCKOM rrnaHe neHHOCTb yxa3aHHOA l1H~P
ManHH He BH3HBaeT COYHeHHH. nanee, B rrpHCYTCTBHH BHemHHX rronel, 
HanpHMep, B 38,I1;aqe O ~yx HenO,IJJ3DHl:lX KynoHOBCK:HX nearpax, nepexea
HHe B ypasHeHHH.(5) TaKEe pa3~enHDTCH B CWepOH~a}IbHHX Koop~HaTax 

(2), H rrOCJIe rasoro paanezsaaa MH CHOBa Ilpmco,IUIM K H3BeCTHHM 113 
TeopHH arOMa Bo~opo~a ypaBHeHHHM B CWepOH~anbHHX Koop~HaT8X (3). 
TaxEM o6pa30M,BHCRa3aHBOe BHme 3aMeqaHHS OTHOCHTCH B K aTol 60nee 

I	 cno-EHol 38,I1;aqe. BlltUICmrTenbH~e rrpeHMymecTBa amrapara K5 - rrpeo6
pa30BaHHI cne~eT BCrtaT1 ~o pa3~eneHHH rrspeMeHHHX, pa3BHBaH TeopHD 

1
1 

B03uymeHHA Ha OCHOBe ypaBHeHMH (5) B ycnoBHft (a) H (6). 

MH 6naro~apHll C.H.BHHH:qKOMY, JI.Vi..IIOHOMapeBY H r.JI.EaJITHHY 
3a rrone3HHe 6ece~. 
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~aBTHH n.c. li AP. P2-87-323 
KS-npeoCSpa'30BaHHe TpexMepHblx BbITR:HYTLIX 
céepoanansnsrx xoopnaaar 

B paõor e BBe~eHhI xe-rsrpexxepaere cóepoanansuae KooPAHHa
TbJ, nepexonamae npH KS-npeoCSpa90BaHHH B TpeXMepHbJe BbITH
HYTble céepoanansnsre KooPAHHaTbJ. OTMelleHa B09MO)J(HOCTb HC
nonb30B8mUI 3THX ICooPAHHaT AJIH KS-liloPMY1IHPOBJQi KBaHToBoA 
9aAallH o ABYX HenoABIDKHblX KynoHoBcKHX nearp ax, 

PaÕOTa BbJnOnHeHa B naõopaTopHH TeopeTHlIecKoH lilH9HKH 
OHHH. 

Flpenpanr 06'be.QHHeHHOrO HHCTHTYT8 R,llepHbIx HCCne,lloBSHISA. ;:(y6H8 1987 

llepeBOA r.r.CaIlAYKoSCKOA 

DavtyanL.S. et a1. 
KS 'Transformation of Three-Dimensiona1 
Prolate Spheroida1 Coordinates 

P2-87-323
 

Four-dimensiona1 spheroida1 coordinates are introduced 
that under KS transformation turn into three-dimensiona1 
prolate spheroida1 coordinates. A possibi1ity is pointed 
out of using these coordinate~. for KS formu1ation of a 
quantum prob1em of two fi~ed Cou1omb centres. 

The investigation has been performed at the Laboratory 
of Theoretic.a1 Physics, JINR. . 

Preprint of the Joint Institute for Nuclear Research. Dubna 1987 


