
~1-R(() 

' ~ > ·~ 
I (; "- '-' 

0 D b e A M H e H H bl ~ 
MHCTMTYT 
HJU PHbiX 

MCCnBAOBaHM~ 

JlYfiHa 

14fl v;{ 
.,(, ·1..-(J/ 

tl ~ 
.,_) ;J 

B.E.Ee~HeB, C.E.EpeHep, 

P.M.ra~HM3HHoB, A.n.3y6apeB 

P4-82 -810 

PI<:WEHvtE YPABHI<:Hvttl <l>A,llJ~I<:I<:BCKOI'O TvtiiA 

~nH 3A~AqJ.1 ~BYX KYnOHOBCKvtX UEHTPOB 

HarrpaBneHo B JKypHan "Zeitschrift fur Physik A" 

1.982 

·,...,~ 



1. BBEJ).EHHE 

PaccMoTpeH~e 3-4atTM4HWX c~cTeM c KynoHOBCK~M B3a~MOAeAcTs~
eM, COCTOA~~X ~3 ABYX TAmenwx H Of.IHOA nerKoA, ~MeeT 6onbWY~ 

~CTOp~~. np~ He6onbW~X OTHOC~TenbHWX 3Hepr~AX 4aCT~~ 06W4HO 
~cXOf.IAT ~3 coo6pameH~A, socxof.IH~~x K SopHy ~ OnneHreAMepy 11~ 
3T~ ~oo6pameH~R OCHOBWBa~TCA Ha npOCTOA ~{.lee 0 TOM, 4TO CBOAcT
Ba TaKoA 3-4aCT~4HOA C~CTeMW MOryT 6WTb paCC4~TaHW B paMKaX 
r~noTe3w o6 a{.l~a6aT~4ecKoM x~paKTepe AB~meH~A THmenwx 4acT~~-

JJ.eAcTB~TenbHO, {.InA HaXOm{.leH~H TaK~X xapaKTep~cT~K CBH3aHHOro 
COCTOHH~H Tpex 4aCT~~. KaK cneKTp ~ cpe{.IH~e pa3Mepbl 1 a{.l~a6aT~-
4eCKaH r~noTe3a, no-B~A~MOMy, ABnReTCA f.IOCTaT04HOA. 

0AHaKo ecn~ ~HTepecosaTbCH nose{.leHHeM sonHosoA $YHK~H~ Tpex 
4aCTH~ nRH ManWX paCCTOHH~HX /nopR{.IKa A{.lepHWX/ Mem{.ly Hf.lpaM~, 
TO K~HeTH4eckaA H noTeH~HanbHaH 3Hepr~H THmenwx 4aCTH4 npHo6pe
Ta~T senH4HHY nopHf.IKa HecKonbKHX M3B H ABHmeHHe Hf.lep nepecTaeT 
6WTb a{.IHa6aTH4eCKHM. 

Cne{.lyeT OTMeT~Tb, 4TO TPaA~~~OHHaA pean~3a4HH a{.IHa6aTH4eCKoA 
r~nOTe3W B 3Ha4HTenbHOA Mepe OCHOBaHa Ha $aKTe pa3{.1enHMOCTH 
nepeMeHHWX s 3a{.la4e f.IBYX KynoHOBCKHX 4eHTpoe. B npe{.lnaraeMoA 
pa6oTe Mbl He 6y{.leM cne{.IOBaTb 3To~ Tpaf.IH4HH, a socnonb3yeMCH He
KOTOPWMH CTpyKTYPHWM~ OC06eHHOCTHM~ 3-4aCTH4HWX ypasHeHHA. 

B nHTepaType cy~ecTeyeT,pacnpocTpaHeHHoe y6em{.leHHe, 4ToypasHe
HHA ~a{.l{.leesa HnH ~X anbTepHaT~BHWe MO{.I~$~Ka4HH B CHny HX $pef.1-
ronb~OBOCTH OKa3WBa~TCH HaH6onee a{.leKBaTHWM cpe{.ICTBOM paCCMOTpe
HHH 3a{.la4H pacceHHHH npH 3HeprHHX, npeswwa~~Hx nopor passana 
MHWeHH. 3TO {.leACTBHTenbHO TaK, O{.IHaK0 1H npH paCCMOTpeHHH CBH3aH
HbiX COCTOHHHA Tpex 4aCTH4 3TH ypaBHeHHH 3Ha4HTenbHO 6onee 3$$eK
THBHbl1 4eM ypasHeHHe Wpef.I~Hrepa, nocKonbKY OHH $opMynHpy~TCA 
{.InA KOMnOHeHT BOnHOBOA $yHK4~~, o6na{.la~~HX $~3H4eCKHMH ac~MnTo

T~KaMH. 3Ta oco6eHHOCTb tTpyKTYPW 3-4aCT~4HWX ypaBHeH~A $a{.l{.lees
CKOro T~na KaK pa~ H oKaswsaeTcH pewa~~eA AnA nony4eHHA npH6nH
meHHoro peweHHH paccMaTpHsaeMoA KynOHOBCKOA 3a{.la4H. 

2. YPABHEHHR ~AAJJ.EEBCKOrO THnA 

HTaK, AnA sa{.la4H f.IBHmeH~H nerKoA 4acT~4W 1 c OTPH~aTenbHWM 
e{.IHH~4HWM 3apHf.IOM B none f.IBYX TAmenWX e{.IHHH4HWX nonomHTenbHO 
sapAmeHHWX KynoHOBCK~X 4eHTpOB 2 ~ 3 3anHWeM cne{.ly~~y~ CHCTeMy 
ypaBHeHHA: 

2 

(E-Ho-Vt2)f/!1 =!1111/11 +a12f/!2, 

(E- Ho-V13)f/!2 =~d1 + a221/12, /1/ 
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rAe 1/1 = 1/11 + 1/1 2 - sonHosaH $YH~4HA 3aAa4H; ; - pa,A~Yc,-seKTop 4ac
THI:\bl 1 OTHOCHTenbHO H{.lpa 2; ·p - pa{.IHyc-seKTOp Af.lpa 3 OTHOCHTenb-

2 ... ... ... ' 3 HO .Rf.lpa ; r 3 = p- f 1 - pa{.IHyc-eeKTOp Hf.lpa OTHOCIHeilbHO 4aCT~4bl 

• 1; 
... 1 ... 1 

V 12 (r 1 ) = - - ; V 23 (p ) = - • 
r 1 P 

1 ... 
V13Cr3) =---;;-

J].nR Taro 4T06bl cHcTeMa /1 I 6blna 3KBHsaneHTHa ypasHeHHIO Wpef.IHHre
pa, K03$$H4HeHTW aU B npaBWX 4aCTRX ypaBHeHHA {.IOnmHW n0{.\4~

H.RTbCH onpe{.leileHHWM ,YCnOBHHM, a HMeHHO: 

all+ a21 ·= v13 + v23 ' 

a12 + a22 = v12 + v 23. 

5y{.leM I~CKaTb peweHHe /1/ B BH{.Ie 

1/11 = 2: F n (;)¢n (;1) • 
n 

... ' ... 
tjJ 2 = I F- (p ) </>- (r 3 ) , n n n 

/2/ 

/3/ 

... ... 
3{.\ecb </> n (r 1) H </>n (r 3 ) - co6CTBeHHble BOf.IOPO{.IOnO{.I06Hble ¢YHKLI~~ 
CBA3aHHOA CHCTeMW nerKOA 4aCTH~W 1 ~ H{.lpa 2, 4aCT~4W 1 ~ H{.lpa 
3 COOTBeTCTBeHHO. B cyMMaX /3/ npe{.lnOnaraeTCH H HHTerpHpOBaHHe 
no H~npepwBHOMY cneKTpy. HaA{.IeM npocTeRwHR BHA K03$¢~4~eHTOB 
aij , Yf.IOBneTBOpH~~HX /2/ H n03BOnH~~~X orpaH~4~TbCA MHHHManbHWM 
4HCnOM COCTO.RH~A B /3/. 

BosMomHw 4 cny4aA, KOrAa aU swpameHw 4epe3 Of.I~H ~3 onepaTo
pos V ij 

1) a 11 = v13 ' a21 = v23 • a 12 = V 12 • a22 = V 23 ; 

2) all = v23 a21 = V 13 • a 12 = V 12 • a22 = v23 ; 

3) au= v13 a21 = v23 • a 12 = V 23 • a22 = V 12 ; 

4) all = v23 ' a21 = V 13 • a 12 = V 23 • a 22 = V 12 · 

Bw{.lenHM s 
BTOPOM -h2 , 

T04HWX ypaBHeHHAX /1/ B nepBOM ypaBHeHH~ h 1, 

rAe 
a BO 

1 ... ... 
hl =- -2-t1r1 + v12 (rl); 

ml 

1 .... ... 
h2 =- -2-t1r3 + v13 (r3 ). 

m2 /4/ 

m1 H m2 - np~Be{.leHHWe Maccw 4aCTHLI 1,2 ~ 1,3 COOTBeTCTBeHHO. 
Tor{.la np~ p-+ oo B nepBOM KaHane Mbl nony4aeM CBA3aHHOe COCTOAHHe 
4aCTH4 1 ,2, aBO BTOpOM- 4aCTH4 1,3. r...,.,. .... ,. ..... ~o.~-- _... .................. .. 
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Ecn~ npeHe6pe4b K~HeT~4eCKO~ 3Hepr~e~ OTHOC~TenbHOrO AB~me
H~R TRmen'X 4aCTH~, TO np~ nOACTaHOBKe /3/ B./1/ AnR nony4eH~H 
ypaBHeH~~ c~nbHO~ CBR3~ KaHanOB B cny4aAX 1-4 B~AenR~TCH 4ne
H~ B~Aa 1/p B 3$$eKT~BHO~ 3Hepr~~ B3a~MOAeACTB~H TRmen~x 4ac
T~~, 4TO He OTBe4aeT ac~MnToT~Ke TepMoB np~ p-> oo 

121 . TaK~M 
o6pa30M, B~6op K03$$~~~eHTOB /1/-/4/ He HBnHeTCH $~3~4eCK~M. 

Cny4a~, KOrAa aij B~pama~TCH 4epe3 ABa ~nepaTopa vij, MOmHO 
s o6~eM 3an~caTb TaK: 

8 11=V13 +X; 8 21=V23- X; a12=V12 +Y; 8 22=V23-Y. /5/ 

Ecn~ ~=V23 , Y=-V 12 , TO ~3 /1/ nony4a~TCH Tp~s~anbHble ypasHe
H~R. 0TMeH1M 1 4TO ecn~ a11 ,£ 0 ~n~ a 22 f= 0, TO BCerAa B03H~Ka~T 
4neHbl T~na 1/p s 3$$eKT~BHoA 3Hepr~~. TaK~M o6pa30M, B cny4ae 
X =- v13• Y=V23 nony4atOTCR npocTe~w~e ypasHeH~H T~na I 1 I' KOTOpble 
B aA~a6aT~4eCKOM np~6n~meH~~ ~Me~T B~A 

[E - h 1 (r_,1) l t/t 1 

[E-h2 cr;)lt/t2 

rv12C;1) +V23<;llt/t2 

rvl3 c;3) + v 23<~llt/t 1 

/6/ 

Tpe6osaH~e a11 = a22 =0 AenaeT 3T~ ypasHeH~R eA~HCTBeHHWM~. 
noACTaanRR /3/ s /6/ ~ nepexogR s npeAcTasneH~e nonHoro MoMeHTa, 
nony4aeM 
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m "' (m' er ' r p ) ; iii = (iii. f ~· ' r p) ; n = ( n ' p ; • f, ~ ) ; ii = (n . p; . r ~ ) ; 
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(2) LM LM ~ ~ 
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np~MeHHJ'l Tenepb npo~eAYPY Ymn "' vmn = t 'V mi d ij vjn ~ orpaH~4~BaRCb 

N 1 6 
v /3/ 

cny4aeM = , nocne cTa~AaPTH~x npeo pa3osaH~H nony4aeM 

V l 2 ) F 
11 1 

( 1) 
V - F2 

11 
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I v<:>(E-E f 1 V~2) F 
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AaHHaR c~cTeMa ypasHeH~~ T~na c~nbHO~ CBH3~ KaHanos RBnReTcR 
anre6pa~4eCKO~, 4TO n03BOnReT T04HO Ha~T~ 3aB~C~MOCTb 3Hepr~~ 
paccMaTpHBaeMoA C~CTeMbl OT pacCTORH~R p MemAY RAPaM~ 2 ~ 3, 
TO eCTb nocTpO~Tb 3$$eKTHBH~~ noTeHU~an AnR aTOMH~X ~ Me30aTOM-
HbiX C~CTeM pp 11 , dT11 , 3 He'dtt ~ T.n. 

' 3. PAC4ETbl 

AnR onpeAeneH~R Ae~crseHHOCT~ nony4eHHoA c~cTeMW /8/ Haxo
A~ncR 3$$e~T~BHbl~ noTeHu~an OAHOKpaTHO ~OH~30BaHHO~ MOneKynbl 
BOAOPOAa' H 2 c nonHbiM MOMeHTOM L =0. TaK KaK s AaHHOM cny4ae 
MaCCW 4aCT~U 2 ~ 3 OA~HaKOB~, C~CTeMa /8/ BWpOmAaeTCJ'l B ypasHe
H~e 

V~2 ) F = I V~2)(E- E )-tv (!)F. 
11 m 1m m ml /9/ 

Ha p~c. 1 npeAc TasneHbl 3$$eKTI1BHble noTeHu~anbl E(p), oTc4~TbiBaeMble 

OT OCHOBHOro YPOBHR aTOMa BOAOPOAa. Kp~BaR 1 COOTBeTCTByeT 
Y4eTy 18 -coCTORH~R B npaso~ 4aCT~ /9/, Kp~BaR 2- y4eTy COCTOR
H~H 18 ~ 28, KP~BaR 3 - 'y4eTy COCTORH~~ 18, 28 ~ 2P. 
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Ha p~c.2 nposoA~TCR cpasHeH~e nony4eHHoro OCHOBHoro TepMa H~ 
np~ y4eTe lS-coCTORH~R IKp~BaH 11 C peaynbTaTOM T04HOrO pac-
4eTa121 IKp~saH 21. Ha p~cyHKOB B~AHO, 4To yme y4eT ocHosHoro 
cocTORH~H AOCTaTo4eH AilR xopowero om1caH11R 3QJ$eKT~BHoro noTeH
~~ana ~ OCHOBHOrO TepMa np~ p ~ 1. 3TO HeYA~B~TenbHO, TaK KaK 
paccMoTpeHH~e ypasHeH~H 161 COAepmaT ac~MnTOT~K~ peanbHo~ sa-
Aa4~. I 

B Ka4ecTse APYro~ 11nn~cTpa~~~ Ae~cTBeHHOCT~ 181 c ;4eToM 
OCHOBHOrO COCTOHH~H Me30aTOMa d/-( 6bln HaHAeH 3$QJeKT~BHbl~ noTeH
~~an CJ.1CTeMbl ,ddJ.£, oKasasw~~cR pasHbiM 

E (p) = ( - i m 
2 

p + Pl ) e -rnp , I 1 0 I 

rAe m- np~BeAeHHaR Macca d 11 /-( loTC4eT 3Heprl1~ BeAeTCR OT OCHOB
HOrO ypOBHR ~ I. nony4eHH~H noTeH~I1an annpOKC11M~posanCH noTeH
~~anOM Mopse 

V = D [ -2a(p-Ro) -a(p- R ) 
1-l e _ 2e o ] 

c napaMeTpaMJ.1 R 0 =2,19; D =0,107; a =0,72, 4TO AaeT spall\aTenbHo
Kone6aTenbHble yposH~ E(v=O) =-327 sB, E(v=l)=-28 sB. B pe
synbTaTe cpaBHeHJ.1R C AaHH~MI1/4/ B~A~M, 4TO paCCMOTpeHHaR MeTo
AJ.1Ka Ae~cTBI1TenbHO yme Ha nepBOM ware AaeT AOCTaT04HO xopow~e 
pesy nb T aTbl. 
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EenHeB B.B. H AP· 
PemeHHe ypaBHeHHH Q:JaggeeBCKoro THIIa gnH saga'!H ABYX 

KYnOHOBCKHX ~eHTPOB 

P4-82-810 

PaccMoTpeHo ABHJKeHHe nerKoli: 3apHJKeHHOH qaCTH~bl B none gByx 
KYnOHOBCKHX ~eHTPOB. HCIIOnh30Banach CHCTeMa ypaBHeHHH gnH 
KOMIIOHeHT IIOnHOH BOnHOBOH QJYHK~HH, o6nagaiOII\HX •rpe6yeMOij 
acHMIITOTHKoli:. Bbl'lHCneHhl sQ:JQ:!eKTHBHbJe rroTeH~HaJibl gna MoneKynHpHo
ro HOHa BOgopoga H Me30MOneKyJIHPHOrO HOHa ddJl. B rrocnegHeM 
cny'!ae HaHgeH cneKTp Me30MOJieKynbJ B ,COCTOHHHH C IIOnHbiM op6H

TanbHbiM MoMeHTOM L =0. 

Pa6oTa BbliiOJIHena B lla6opaTopHH TeopeTH'!ecKoli: QJH3HKH OlliiH. 

npenpHHT 06beAHHeHHOf0 HHCTHTYTa AAePH~X HccneAOBaHHH. ~y6Ha 1982 

Belyaev V.B. et al. P4-82-810 
Solution of Faddeev Type Equations for Two Coulomb Centers 
Problem 

The movement of a light particle in the field of two coulomb! 
centers is considered. A system of equations for components 

of the total wave function with the appropriate asymptotic 
behaviour was used without using separation of variables. 

Effective potentials for a molecular ion of the hydrogen 

and the fl -mesic ion ddfl ·are calculated. In the latter system 
the spectrum of a mesic mo}ecule in a state with the total 
angular momentum L =0 is found. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 
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