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IToHOMapeB n.H. H np. P4 - 11446 

flpOCTOil TIOllXO.Il Jl1151 OITHC8HRSI CHCTeMbi Tpex Ten B M€308TOMHOif 

cjJH3HKe 

flpeJIIIO>KeH npocroif noaxon, noaaonmomH:H. nony1.JHTh xopoume peaynbTa
Tbl B nayxypoaueaoM npH6JIHJKeRHH aaua6aTu1.J:eCKOI"O MeTo,o,a .anSI aanaqu Tpex 
Ten. B 8TOM nonxone Bhi1.JucneHbi aueprHu CBSI3H MeaoMoneKyn u pa3JIH'l{Hbie 

xapaKTepHCTHKH npoueccoa pacceRHHH PJ-L+P H <itt+ d. npoaeaeuo cpaaHeHHe 
c npe.llhillYlllKMH pac"'eTaMu. 

Pa6oTa Bbmonueua a Jia6opaTopHu TeopeTJP.IeCKoH $H3HKH OH.RH. 

ITpenpuHT 06'bellnHeHHOl'O HHCTHTyTa l!llepHbiX uccnet~oBaHHii. lly6Ha I 978 

Ponomarev L.L et a!. P4 - 11446 

A Simpe Approach of Two-Level Approximation in the 
Adiabatic Representation of the Three-Body Problem 

A simple approach has been proposed which makes it possib 
le to obtain good results in the two-level approximation of the 
adiabatic method for the three-body problem. The coupling energy 
of mesic molecules and various characteristics of Pfl+P and dfl+d 
scattering have been calculated. The comparion with previoulsy 
obtained results has been made. 

The investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 
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I.K HaCT~eMY Bp6M6HH B~nonHeH~ MHOroqHcneHHW6 pacqeTW 

paanHqH~X X8p8KT6pHCTHK M6308TOMHWX H M630MOH6KynHpH~X npouec

COB B CM6CH H30TOllOB BOAOPO~S (cu., HSllpHuep,o6aopw/If). 

P83BHTW~ B p860TSX/2 , 3/ M6TOA BWqHcneHHH COCTOHT B paa

nOX6HHH BOnHOBO~ WYHKUHH CHCTeuw Tpex qacTHU, BaaHMoAeMCTBY~~Hx 

no aaKOHY Kynoaa, no BOHHOBWM WYHKUHHM aaAaqu ABYX ueHTpoB 

(T.H. BAHaOaTHqecKoe npeAcTaBneHHe B aaAaqe Tpex Ten). KaK no

KaawBa~T peaynhT8TW pacqeTOB, AHH BWqHCn6HHft ceqeHHH npaKTHqe

CKH Bcex npoueccoB ynpyroro H aeynpyroro pacceHHHH ueaoaTOMOB 

141, o6paaoBaHHH ueaouoneKyn/5/ H T.A. c ToqHOCTh~ rV I0-30% 

AOCT8TQqHQ HCll0Hb30B8Th ABYXYPOBH6B06 npH0nH~6HH6 8AH808THqe-

citoro MeTo,zta, 

HH~/3,4/: 

[ 
J& 
;ua+ZME 

T.e. peWHTb CHCTeMY ~BYX CBH38HHWX ypaBHe-

= KHi1 + 1(, .. ~ ..,. 2 Q .li~ 
~2. J ~ 

[
J:a E J(J+i)]i. -K "+K" Jj~ ;iii+ ZH - Rz. 2 - 21. Aj zz..}z + zau ~ 

(I) 

M I 
-1 -1 -1 

= .Mo "'" M. = H4 + Mt , ' 
-:1 -1 -1 

1'11 Q. = t1J..t + 11 Q. • (2) 
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B.nec:& 

H g 
~ H .Ma. ~ M, - M8CCbl ,;'< -M630H8 ll H,nep a 

H30TonoB BO.l\OPO.l\8 cooTBeTCTBeHHo, R - pacCTOHHHe 

M6lK.l\Y H,llp8MH, J - llOJ!HbiLi Op6HT8i!:&Hbl~ UOM6HT CHCT6Mbl Tpex 

"8CTH" K·. - K .. (R.) 
... '-It •J - •J 
Hbl6 llOT6HU118ilbl, Bbl'li1Ci16HHbl6 

11 O;_j = Q,j (R)' 
c TO'lHocT:&~ N ro-b 

- 3<Jxli6KTI1B

B pa6oTaxf6/. 

bee BBJIH'lHHbl B yp8BH6HilHX (I) npHBe,l\BIIbl B 6,llHIIHU8X 38,1:\8'1111 

(e.a.) e = t, = 1'11a.= 1 J B Clly'l8HX,OI'OBOp6HHblX OC060,HC

ll0llb3YIOTCH M6308TOMHble 6,l\111111J.U>I (M.a.e.) e = j:, = ~ = 1.. 
TO'IHOCT:& ,l\ByxypOBH6BOI'O npH6AH~6HHH B H6KOTOpb1X CllY'l8HX, O,nHa

KO, H6,l\OCT8TO'IH8. K HHM, .B 'l8CTHOCTH, OTHOCF.TCh: 

B) Bbl'll'!Cl!eHHe ypoBHeil sHeprHH ~ -Meao.MoneKyn/2/; 

6) Bbl'llt!Cl!eHHe C6'16HHH ynpyroro p8CC6HIIHH ll6308TOUOB f~ B 

HHEII6.M COCTOHHHH CBepXTOHKOH CTpyKTypbl/4/ 

f)'< (t+) T p ~ f;« (1'-1·) T P; 
(3) 

B) Bbi'IHC1!6HH6 CKOpOCT.II ll6p6BOpOT8 CllHH8 B p68KUHR/4/ 

d~ {tt) + d -- ~ ( N) + d . (4) 

B ynoUHHYTbiX Cl!Y'l8HX H606XO,l\HMO paCWHpHT:& CHCT6MY (I) HCXO,ll

HbiX yp8BH6HHit, H8llpiD46p COI'll8CHO CX6M6, H3ll0*6HHOH (H 'l8C

TH'IHO p68l!H30B8HHOit) B pa60T8X/2/. 

B ,l\8HHOit pa60T6 np6,l\ll8I'86TCH npOCTOR no,nxo,n, KOTOpblit no-

3BOJIH6T llOJIY'lHT:& pa3yMHble peayll:&T8Tbl ,l\JIH BC6X yUOUHHYTbiX Cl!y

'l86B ,l\8E6 B ,nByxypOBH6BOU npH6l!H.6HHH (I). 

2. McnOJI:&3yH peayJI~T8Tbl pa6or/Z,?,S/, UOKHO llOK838T:&, QTO ,!IJIH 

a~KTHBHbiX noreHUH8JIOB B cHcreue ypaBHeHHit (I) npa R-.oo 
Cllp8B6,llJIHBbl npe,n6JI:&Hbl6 COOTHOmeHMH 
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K,j(oo) = O.:J (oo) = 0 , (5) 

-1 
(ZM) KH(o0) =- f e.~.=- ~4 "".q.e. = Ea., 

(68) 

(~M)~ Ku(oo) =- (-i; + ;11)e.~. =- ~ ... ( f + :,_,)H.o..e.' 

X = ( Mr Mo.)/ ( M1 +Mo.) • 
(6B) 

3Ha'leHHe (6a) coBna.naeT c sHepneit E..., OCHOBHOI'O CO-

CTOHHHH H30l!RpoBaHHoro aTOM8 ~ Ma. , o,nH8KO aHa'leHHe (6B) 

coBna.nae1! c aHeprHeLi Et aToua /"' Hf l!HW:& c TO'IHOCT:&IO 
~v~-1 

.no qneHOB N J~ BKJIIOQHT6ll:&Ho. Pac~enJieHRe ypoBHeil aHeprHH 

arouoB ,# Ha. H /" Mt B 3TOM np»6l!HlK6HHH paBHO: 

(2, MY~ [ Ku.(oo)- K~1 (..o)] =- :,_, q. =- Vl-14 · ;H M.q;.d7) 

Kp01l6 TOI'O, npHB6,l\6HH8H M8CC8 f1o (4), BXO,l\H~8H B ypaB

H6HH6 (3),H6 COBll8,!186T C HCTHHHbiMH npHB6A6HHhiMH M8CC8UH ~cv 

H J'rie cHcTeu _;« Ma.. + M 1 H Mo.. + /"' M1 cooTBer

cTBeHHo: 

-~ 

~Cl = 

JW;1 = 

-:t -1 

(I'll_,... THo.) + Me 

-~ 

Mel 
-1 

+ ( t'l1"'" + .t1 & ) • 
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nna YCTp8H8HHH OTM8ti8HHNX H8AOCT8TKOB OOHtiHOrO ll0AXOA8 

HHEe np8AH8r88TCH MOAH~HK8~KH ABYXYPOBH8BOro npHOHH&8HHH, 

COCTOH~8H B CH8AYV~ey: 

a) B Kat~eCTBe a~~eKTHBHoi uaccH f1 B ypaBHeHHH (3) 

BYOHpaeTCH B8HHtiHHa 

R = fto. I Y11 o_ • (9) 

6) B Kati8CTB8 3ilJ~8KTHBHOit B8HHtiHHhl ~ BHOHpaeTCH 
I"'J 

3Hati8HH8 ~ , Bhlt!HCH8HH08 H3 p8B8HCTB8 

- 1-114. i,.., = Ee -£14. = ~[f'-1 + 111..-'4 ,~_ (1 T ~)-1.1· 
2M ~ \: H.) M1 

(IO) 

0K83hiB88TCH, t!TO 3T8 ilJOpM8HLHaH npo~e,Aypa ll03BOHH8T AO

CTHrHyTL H80EHA8HHO XOpOmHX peaynLT8TOB npH Bhlt!HCH8HHH pa3HHti

HhiX xapaKT8pHCTHK M830aTOMHNX H M830MOH8KynHpHNX np0~8CCOB, H8 

BhiXO.AH aa paMKH ABYXYPOBHeBoro npH6HHE8HHH. 

B Ta6nH~e I npeACTaBneHhl pesynLTBThl BhltiHCJieHHH ypoBHei 

aHepnz E J"-r ,;"< -ueaoMoneKyn HaoTonoB BO.AOPOAa Tpeua 

cnoco6SMH, npz HCllOJil>SOBB.HJUl I ) ~YlYPOBHeBOro npx6JiueHKR: ( 3) , 

npx SHa'le.HHHX H ~~~, cooTBeTCTBYJIIIHX CTaH,ItapTHouy a,JtHa6aTH'IeCROMY 

npe,D;CTIUIJieHHil (2)H(6B);2)ll0JIHOI CiiCTeMH yp&BHeHd,&HaJIOrii'IHHX 

(3),BRHmq~el .D;HCKpeTHHI H HenpepHBHHI cneRTpH S&.D;a'IH ~yx ~8HT

POB/Z/, npH T8X E8 3Hat18HHHX J1 H ,e i 3) ~OBHeBOrO 
npH6JIHXeHKR: npH aHat~eHHHx Ff. z il , onpeAe neHHhiX ~opuyna
MH {9) H {II). ~erKO B~8TL, t!TO BO BC8X cnyqaax nepeXOA OT 

napN ( /1, ~) K nape ( H, ~) ll03BOnH8T yEa B .D;ByxypOBH8-

BOM npHOHHE8HHH llOJIYtiHTL 3Hat18HHH C~~ npHK8pHO C TO~ ze 

TOtiHOCTLD, t!TO H 3H8ti8HHH C:J1T') nonyqaeMN8 HS UOHHOH CHCT8-

IIhl ypaBH8HHlt .~tna napN ( H, IIC. ). 
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.. 

Taon~a I 

YpoBHH aHeprHH - E.- 'J"'lT" (aB) uesouoneKyn HaoTonoB 

BOAOPO.A8 

J=O 

I 
J =I I J~l J=, 

v=O llf =I v-=0 ,,. =I 11"=0 11' =0 

247,3I8) IOI,4? 

Pf'? 253,55B) - I06,I8 
252,45°) III ,I6 

2I5,68 9I,34 

p? 22I,49 - 97,90 
220,54 97,I8 

207,28 92,2I 

pfJA- 2!3,85 - !00,43 
2!3,55 98,3I 

322,61:l 33,I4 224,08 0,64 83,56 

ddJ'- 324,99 35,66 226,29 I,% 85,67 
325,08 36,06 228,49 2,33 l:l9,66 

3I7,03 32,20 230,!0 -D,47 99,90 

di~ 3I9,09 34,70 232,25 0,85 !02,29 
3I8,73 34,22 232,77 0,58 !03,51 

36I,56 8I,60 287,65 43,23 I70,95 46,8I 

it )A- 362,89 83,68 288,% 45,02 I72,26 48,I4 

363,03 84,07 290,22 45,93 I74,80 5I,28 

llpH BYtiHCJI8HHHX HCllOHL30B8HH 3Hati8HHH M8CC qacTH~ 
~~ = 206,769; 11p = I836,I52; t1J = 3670,481; 
f1f = 5496,9I8 H sHat~eHHe R~ = I3,60535 sB/IO/. 

a) nByxypOBH8B08 npHOHH-8HH8 8AH86aTHti8CKOrO 118TOA8/2/. 
B) lloHHaH CHCTeMa yp8BH8HHA 8AH808THti8CKOrO 118TOAa12/. 
C) naHB8H pa60T8. 

7 



ilDJIY'<6HHblll pe3yJihT8T ,l\Jill 38,1\8'<>1 H8 COOCTB6!1Hb16 3H81:l6HHH 

TI03BOJIH6T H8,l\6l1TbCll, 4TO 38,1\8'<8 p8CC6l1!1Hl1 1 p6W88M8H B ,l\ByX

ypOB!I6BOM TipHOJ!HJK8HHH C 3<lilp6RTHBHhiMH TIOT6Hl.(H8JI8MH ,l\J!H TI8pbl 

( M, i) , 3H8'<HT6JibHO 6JIHJKe K pe8JibHOCTH, qew Ta JKe 38.1\8'<8 

c TeMH JKe noTeHJ..(I18118MI1 ,l\JIH naphl (1'1, ;e) . Ha pile. I npe.n,cTaB

neHbl pe3yJibT8Tbl Bbl'<~cneHHH cel:leHil~ ynpyroro pacceHHHll (3) 

TIP>! p8311>11:lHbiX 3H846HI1HX npHB6,l\6HHOli M8CCbl f1 c ae = 0). 
Pe3yllbT8Tbl pacqeToB O.l\H03H8'<HO yR83biB8~T H8 KP>~THI:lecKy~ 38BB

CHMOCTb ceqeHI1H ynpyroro p8CC6HHI1fl f~ (t~) T f OT aw
tlJeKTI1BHOi! waccbl H : np.11 ii3MeHeHH.II H Ha IO% ceqeH.IIe 

.113M6HfleTCfl H8 TPH nopll,l\Ka BeJI.ii'<HHbl. 

0.3 

02 

0.1 

ij1t, 1J-!9sm1 

PJI(II)+p- pp<ttl +p 

f, =0.04eV 

,. 
I 

/1938.917 
I 

I 
I 

I 
I 

I 
I 

' I ' I 
', I 

' I 
', I 

' I ~ I 
' I 
',, 1836.152 ./ .... __ ,""/ ___ ,.._..-

1700 1800 1900 Mp 

PHC • I. C61J6HH6 o:f:l ynpy roro pacce.smrn ( 3) npH aRe pnm 

CTOJII<HOB6H.IUI £ = 0, 04 aB R8R lfyHRUIUI aq<}:GRTHBHOft 

M8CC!i llpDTOH8 /Iff • ~H3lfii6CROit M8CC6 f1e_ =1836, I 52 

COOTB8TCTBY6'1' C61J6HH6 q,f = 1,6• Icr22 CM2 • 

I 

1 
J 

P~illl+p-p~ml+P 

022 ,1J-17sm1 

... - .l__~ __ L 

- ;--- o.2 o.3 o4c<~J 

nponeccoB (3) H (II) pacceHHHH Meao

Ha npoToHax. PacmerrJI6HI16 ypoBnefi 

CB6pXTOHROi1 CTPYRTYPN AE htJ = 0,153 &B. 

H8 pHc. 2 npe.IJ,CTBBJI6Hbl pe3yJibT8Tbl Bbi'<I1CJieHI1H ceqeHHH 

6:tl. 14 f>.:i peaKUH~ ynpyroro >1 Heynpyroro pacceHHI1H 

npOTOHOB H8 M8308TOM8X BOADPO.l\8 llPI1 3H81:l6HHH 

Bb11:l>IC116HHOM 113 COOTHOW6HHfl (9): 

( ~i) f;< ( t!-) + p - f~ (tJ.) + p' 

(5:tt) f;'< (tJ.) +p ~f)" (t-'") 't" f 

(6'u) f)" (u) -tp ~ fJ-< (tt) +p 

( 0zt) P.fo (tt) + r - Pl'f ( '!'}) + r 
c s u 1 f ~ c t'f) + P - P /< c f1) + r 

., 

"'"' !1 = 5, 203' 

E.< AEJ.~s 
' 

E. >AfkJis . 
(II) 



TaCinHUa 2 

CeqeHHH H CKOpOCTH nepeBOpOT8 COHRS AnH npouecca f~ Tf 
npH aHe,r.rHH CTOnKltOBBHHH f. = 0,04 aB HHllB nopora peSKUH~ 
( t. [; -ts = 0,183 aB) H e.' = 0,05 aB BYme noporax) 

o., I H = 4:946- I R = 5,203 

o w-19 mi 
II' 

0,16"10-2 0,35 

6'u, w-19 c.l- 0,18·10-1 0,99 

612' w-19 mi 1,9 5,8 

f5 I0-19 Cll2 
21' 8,9 27 

5 10-19 Cll2 
22' 6,2 27 

A 10-13 c113o-1 

' 
1,3 3,9 

A 109 o-1 5,5 17 , 
B T86JIHU8X 2 H 3 npeAOTSBJIBHii peayHbT8Tii BliqHOJIBHHM ceqe-

H14i4 o~:t H El~· npH SHeprHHX OTOnKHOBBHHH 

= 0,04 aB H c 1 = c- A E"H = 0,05 aB ( AEJ..fs e 
SHeprMH CB6pXTOHKOrO pac~ennBH14H ypOBHB~ Me308TOMOB PJ'< H 

dr ) AJI~ CHCT61l f')A- + f H J,;'f- T c:l npH 3HaqeHHHX 

J1 H J1 , A8B8BilliX ~OpMynaMH (2} H (9} OOOTBBTOTBBHHO. 

x) CKopocTI4 nepeBopoTa COHHa ). 14 A onpeAeneHH 

i{lopuynaMH ). = 1/3 · o21·1f", .A = ). No , rAe ,.. -

OTHOOI4T6JlbH8H OKOpOOTb OTOJIKHOBeHI4H, 

/f. = 4,25•1022 Cll-3 - llJIOTHOOTb HABP 1KAKOrO BOAO

pO,!t8. 

10 

Ta6mu-1a 3 

CeqeHHH H CKOpOCTH nepeEOpOTS CllMHS AJIH npouecca ~ + d 
llpH SHeprHH CTOnKHOBBHHH 

h~ ( A E = 0,049 aB) H 

t = 0,04 aB HH~e nopora peaKUH~ 

8.
1 = 0,05 aB BYme noporax) 

s: .. 
<J I 

J " 3/2 I :r • 1/2 

M =9,3761 M=9,632 /1=9,3761 H=9,632 

on, w-19 cu2 2,4 2,1 1,5 1,4 

f) II• I0-19 Cll2 2,5 2,3 1.6 1,5 

o 12' w-19 cu2 4,3·10 -2 3,0·10-2 6,9·1o-2 4,9·1o-2 

6'21' w-19 0)(2 8,5·10-2 6,0·10-2 14·1o-2 9,6·10-2 

o22' w-19 0)(2 1,2 1,2 2,1 1,9 

). I0-13 ou3c-1 
> 

2,6·10-2 1,8·10-2 4,2·10-2 2,9·10-2 

A 109 c-1 
' O,II 0,78 0,18 0,12 

X) I!Ol!Hiie oeqeHHH f)H = ~ 011 (J=%.) + ~ E:):1-i(J=~J 
14 CKOpOOTD nepeBOpOTS ).. = -! A ( J = "% J + t A (! = ~) 
Bliqi4CnHVTCH 0 yqeTOil CTSTHOTHqeCKHX BBOOB OOCTOHHH~ C 

p83JIJ4qHHill4 3HaqeHI4HilH llOJIHOrO MOMBHTS J OHOTBMN Tpex 

qaCTHU. 

II 



Ta6JIHUa 4 

)J;U1Hhl p8CC6.flHIDl M6308TOMOB H30TO!l:::>B BO,Il;Opo,na 

(B 6.n;HHI'!U8X ~ = tz./rn,...e2 =2,56·IU-IICM) 

llponooc I "1 I "• 
('j_r M /'1 1 M 

p;u + p 
d;u + d 
f,;(-l + t 

-13,5 

5,34 

-B,72 

-2'?,4 

4,91 

-8,93 

3, 51 

2,98 

2,25 

3,51 

2,95 

2,21 

b T80JII1U6 4 np>1B6,1l6Hbl ,1lJI>1Hbl p8CC6HH>1fl JVIH pe8KL\Hiil T>1ll8 

f~ + p -.f;M + f 063 yqeTa CB6pXTOHKO~ CTpyKTyphl M6308TOMOB. 

J1pOB6,1l6HH06 HCCJI6,l\OB8H>te llOK83blB86T, 'ITO Bbl60p napbl (H 'il) 
' ' Ollp6,1lBJIHBMOiil ~OpMyJIBMH (9) >1 (10), ll03BOJIHBT yxe B .1\BYXYPOBHB-

BOM npHOJIHlKBHI-1>1 llOJIY'IWr:b 3HeprHI1 CBH311 CIICT6Mbl Tpex Ten, 

B6Cblol8 6mt3KHB K IICTHHHblM. 

BecbYa npaB,ZJ,ono,l\o6Ho, 'ITO o6cyJK,ZJ,aeMbllil no,l\XO.l\ ,1l86T paayu

Hble peayJibT8Tbl T8KlK6 B 38,1l8'18X p8CC6HHHH (3) H (4). 0,1lH8KO 

OKOH'I8T6JlbH06 CYX,1l6HH6 no 3TOMY BOnpocy, p8BHO K8K H Cp8BH6-

HH6 C 3KCnepHM6HT8JlbHblMH peayJibT8T8MH/9< CJ16,1ly6T OTJIOlKHTb ,1l0 

pemeHHR MHOrOK8HBJibHOH 38,1l8qH paCC6HHHH. 

B 38KJI~'I6HH6 UN Bblp8lK86M 6nar0,1l8pHOCTb C.~.BIIHHUKOMy, 

~.B.l1yaNH>~Hy, T.n.nyablHHHo~, A.B.CH,ZJ,opoBy aa nouo~b Ha paanH'I

HblX aTanax pa60Tbl. 
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