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TipenpHHT 06~eQBH8BHOrO BBCTBTyTa snepBYX BCCReQOBaBBI. 

D.y6Ra, 1967 • 

Akhmadkhodshaev B ., Belyaev V. B . P4-3154 

Investigation of Two- P article Disintegra tion in Three- Body 
Problem 

The convergence of two-particle disintegra tions is inves tigated 

by the example of a precise solution of the three- body problem, 

Prepr.int. Joint Institute for Nuclear Research. 
Dubna, 1967. 
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CxoOHMOCTb paano>KeHHfi BOnHOBOH cPYHKUHH \lfl 1 onHCbiBBJOmefi COCT8BHYJO KB8HTOBO

MBX8HH'IeCKyJO CHCTeMy no nonHOMY Ha6opy BOnHOBbiX cjJyHKUHI:i noncHCTeM </>k THna 

npencTaBnHeT onHH H3 H8H6onee cnO>KHbiX H 

TpynHO HCCnenyeMb!X paanenOB KB8HTOBOi! MeXBHHKH MHOT'HX Ten .• 06 bi'IHO CXOnH-

MOCTb T8KHX paanO)I{eHHil CB513b!B8JOT C HanH'IHeM paanH'IHOT'O pona M BnhiX n apa 

MeTpOB B C HCTeMe ( THna MBnOCTH 3HeprHH B38HMone iiCTBHH HnH OTHOJJJeHHH M 8CC 

qacTHu). OnHaKo na)l{e npH oTcyTCTBHH TBKHX "oqeBHnH hiX" napaMeTpoB ManocTH 

pHnbi THna ( 1) MoryT o6nana Tb nOCT8TO'IHO 6biCTpOi! CXOnHMOCTbiO. HH)I{a Mbl 

npoHnniOCTpHpyeM 3TO yTBep>K,neHHB H8 TO'IHO pemaeMOM npHMepe nBH)I{9HH51 OBYX 

'IBCTHU BO BHelliHBM none , KOrna BCe IIOT9HUH8nhl - OCUilniiSITOpbi. B orpOMHOM 

6onblliHHCTBe 1Ip8KTH'IeCKHX aanaq (CB5138HHhlX 1 H81IpHMap, C npo6neMO fi Tpe x Ten) 

D KB 'leCTBe KpHTepHS! DpaBHIIbHOCTH 1IpH6nH >Ke Hl!H B pellleHHH ypDBH e !IJHI li1 penH H

repa HCnOnb3 YIOT Cp8BHeHue p8C'I9T8 C 3KCnepHM9HTOM ( 3KCnepHMeHT llBnHeTCH 

"To'IHhiM" pemel!HeM aana 'IH! ) • OnHaKo, ecnH Mhi HMeeM neno c cHnhHoaaaHMo-

neficTByJOmHMH 'I8CTHU8MH 1 rne C8M Xa paKTep B38HMonefiCTBHil HBnHeTCH UOCT8TO'I-

HO CnO>KHblM, cnenaTb onH03H8'IHyiO OUeHKY llpBBHnbHOCTH MeTona no 3KcnepHMeH 

TanbHblM naHKbiM ( C OJJJH6K8MH) OK83biBaeTCH BeCbM8 TpynHo. DoaTOMY paCCMOT-

peHHe TO'IHO peJJJaeMb!X 3808'1 npenCTBBnHeT HHTepecHyiO B03MO>KHOCTb Onl!03H8'1-

HOT'O 8H8nH38 CXOnHMOCTH paano>KeHHfi BHll8 (1) . 

PaccMaTpHaaeMbll1 raMHnbTOHH aH HMeeT BHn: 

a 2 ..Y. 2 _y_ l2 X 

-- + VI2y +VI.(x+ ) +V 3(x- ' ( I ') 
2M

2 
ay 2 , 2 2 2 X 

rne y - KOOpnHH8T 8 O T HOCHTenbK OT'O nBH)I{eHHH '18CTHU 1 H 2, 8 M I- 2M
2 

c 2m 
1 

m - M8CC8 'I8CT HU ( 1 HnH 2 ). 

PeJJJaHH e 3TOT'O T'8MHnbTOHH8H8 t/J (X , y ) 6yneM HCK8Tb B BHne p831IO)I{eHHH 

no C06C T BeHHblM cPYKKUIHIM <f> m ( y) t:IBYX'I8CTH'IKOii 38ll8'1H: 
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2 

J< .. - _1 _ __ a_ + v 12 Y 2 

2M
2 

a y 2 

T. e . 6 yaeM paccMaTpRBa T b p a a no)l{eHHH <!>e w6a xoBcKoro T Rna : 

r/1 (x, y ):I ¢ ( x)<t m( y ). 
m== O m ( 2 ) 

C xoa H M OCTb TaKoro paano)l{e HHH 6bina 6bi o 'leBHano fi IIPH u a nR'lH I! Manoro rrapaM e T
w 

pa f: __ I << 1 rae W I -'l8CTOT8 BHeWHero IIOilH, a w
0 

-'l8CTOTa OTHOCHTenb-W ) 

n o ra aaH~eHHH. HH )I{e 6 yaeT BHano, 'iTO a To paano )l{enue c xoaHTCH a a)l{ e np11 y c -

llOBHH w -co 
l 0 

llnH <j>yHKitRl! ¢m (x) nonyqaeM, K8K 06bi'lHO, CHCTeMy 381l9IIIIHIOIIlHXCH 06biK~ 
HOBeHH biX aH<jl<j>epeHitH81lbHblX ypaBHeHHit: 

2 

w 0 ( 1 uw 2 2 

4 m </>'~(x)=-8-,/ (n+1)(n+2) ¢ n+2+[(n + Tl--f--E'+ U)I x ]¢n(x)+ 

3aecb 

E'=E-'n, 

wo 1 
'n =-,- (n + -., ). 

06bi 'lHO T8KHe CHCTeMb l peWaiQTCH 'lHCIIeHHO, OaHBKO CHCTeMy (3) MO)I{HQ Hccnen o

B8Tb 8H81lHTH'leCKH CneayiOIIlHM o6pa30M: OTIIH'lHe npH6 IIHlKeHHOrO pew e HI!H ( T. e . B 

p83IIO )I{eHRH ( 2) 6 epeTCH KOHeqnoe 'lHCilO 'llleHO B ) OT TO'lHOro 6"yae M x apa K T epl!-

3 0 Ba T b HHTe rpano M rre p e KpbiTH H IP 
MelK.Qy T O'l H b iM pellleHHeM c/1 ( X , y ) II II pH-

6 n H)I{eHHbi M , K OTOpOe 0 6 0 3 H8 'lHM 'lepe3 c/J (X , y , p) 
1 

rae p - "!I!CilO OC T 8BIIeHHbiX 

'lneuoa B pa3IIO)KeRHR ( 2 ). T aKI!M o 6pa3oM , ans I P HMeeM 

p 

I p : N (X' y) c/J ( X' y' p ) d X d y =m: /"' k ( y ) <I'm ( y ) d y r "' p ( X) ¢ m ( X ) d X = 
( 4 ) 

p 

: ~ A, m fc/J p(x) ¢m ( x ) dx, 
lll= O 

HHae K Chl k R e 
COO T BeT C T ByiOT ( k , p ) - My C06CTBeHHOMy COCTOHHII IO TO'fi!Otl 

3aaa 'lH. 
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Banee 38Me qaeM 1 '-ITO CMCTeMy an~~epeHUH8libHhlX ypaBHeHMfi ann ~yHKUHA 

cf> (k ) MO*HO nerKO npeepaTMTb B CMCTeMy oaHOpOaH blX a nre6panqeCKMX ypaeae -
n 

anfi an11 HHTerpanoB nepeKpblTH!I no nepeMeaaofi x: 
2 

1 (1(<.11 "' .; 
[ E ' - (m +-) --]f·'·n (xl¢ (xl ax=~s [ y'm(m-1)!1/J p (x) cf> (x) dx + 2 2 '~-', m m -2 

( 5) v' ( rl'+ 2 )( m+ 1) N n ( x ) ¢ ( x ) d x . 
t m+2 

ITpn6nn*eHHbJe co6CTBeHHb!e 3H84eHHR HaAaeM H3 ycnOBHn paapemHMOCTH CHCTe

Mbi ( 5). PaanolKeane ( 2) 6yaeM ann npocTOTbl npnMeanT& x ~yaxunn t/J 00 oc

aoeaoro COCTOnHHn T04HOA aaa84Ho Pna (4) B 9TOM cnyqae npHMeT BHa: 

I =IA 0 1 0 p m :::O m m 
( 6) 

At rn - HHTerpan nepe Kpb!THn no nepeMeHHOA OTHOCHTelibHOrO aBHlKeHHR y nerKO 

Bb!'-IHCnne TCn: 

qeTHbiX m H He'-!eTHblX m 

QqeenaH0
1 

'-ITO aalKe ann Cnyqan paBHbiX '48CTOT ( .; • 1) OTHOmeane B CK06K8X 

aocT8T0'4HO M81IO. ITpoHCX0~9HHe 9TOA ManoCTH ncao: C poCTOM m pacTeT 

4HCliO ayneA B ~yHKUHH <f> m(Y) H HHTerpan A 0 m 6brcTpo cnaaaeT c pocToM m. 

npn 6on&lllHX m , K8K sTo cneayeT na (5), eeaeT c e6n 

1t8K 

HaTer pan 

_1_ BeACTBHTen&Ho, npeacTaennn 

6rn -I 
m 

B BHll.e 

I =--om t\ m 

n aaMe'-!an, 'ITO onpeaennTen& to. m ... m 1 npn m >> I ann I 0 m nonyqaeM oneaKy 

conct (E) 
I =- ---om m 

TaKPIM o6pa30M
1 

p na ( 6) 6biCTpO CXOaHTCn, npH4eM OCHOBHa n 48CTb HHTerpana 

nepeKpbiTHn coaep>~<HTcn ylKe B ayneeoM 'IlleRe aToro pnna. l.JncneHHbiA pllc'-!eT 

( f, = 1) amr o = 2) aaeT 12 ~ 0 799. Hna111ee co6c T eea aoe a aa'-!eHHe e 

3TOM npH6liPI*eHHH OK83bJB8eTC!I p8BHbiM E '= 0,3544 CU , B TO BpeM!I K8K TO'-!-

Hoe 3aaqeane E: '= 0,3535 (<) • 3 a MeTHM, '-ITO HHTerpanbi I n m ' SIBliSIIOmnecst 
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pemeHJHIMH CI'ICT eMbl ( 5) , OA HOBpeMe HHO ltBDSI !OTCSI KO S(jlcjJHI(He.IITBMH 13 p a a n oJKeHHI'I 

BODHOBOA cjlyHKUHH no OUH048CTH4HhlM KOHcjJH r ypaUUSIM 

1/J (x x ) =! C <!> ( x )<I> ( x ) 
1 2 mn m 1 n 2 

mn 
(7) 

II HX 6blCTpoe y6bi BB HUe C HHUeKCOM o6ecne4HBaeT T BK)K e 6biCT py10 C XOUH M OCTb 

paanoJKeHHll ( 7). 

HaKoHeu, paccMoTpHM cxonHMOC Tb paanoJKe HH SI T04 HOM cjlyHKUHH no nona oMy 

Ba6opy <fl 
k COCTOSIHH M OU H OM H3 48CTHU BO B HeWHeM none. Onl!Tb 6yneM pa c -

C MBTpHBBTb HBH6onee IH!T epeCHbiM Cl!yqaA paBe HC T BB BCeX 3HeprHfl B38HMOUe fl 

CT ~ Ifff . YfTaK, HMeeM! 

1/t( x lx2)=! xk(xl)<tk(x2). 
<=0 

(8) 

Yf18f\H8<1H8 UDSI 1/J (X, y) nepenHW8M B nepeMeHHbiX X H X ! 
• I 2 

2 
1 a f-- --2 

211' ax I 

a2 
2 2 2 2 

2 
--

2 
+rna w (x -x) +rna"' (x+x2 )]1/J( x

1
x

2
)=E<I; {x

1
x ) 

rn ax
2 

0 0 I 2 I I I 2 2 , 

8 3 TOM cnyqae cjlyHKUHH )( k (X 
1

) 6yneM HCKBT b , Bbi411CDSISI HenocpeUCTBeHHO HHTerpan 

f</J( x I x 2 ) <lJk (x 2 )dx 2 · YfMeeM 
9 X )'I a X Y 

2 3 2 2 (..::..L..l) ( ~) 2 (9 ) . 
4 a 1/ 4 -~a I + a 0) x 1 y 2 2 

)( (x )=(--0' e Y. ( -1) 1 c - ((3) 
'k 1 rr yy yiyl YY 

rue 

1 2 1 2 1 2 

k I - 2 2 
C ( (3 ) _ 1 f -4[ H a ) x 

Y1Y -~ e I 
2 yrr Hy 1 

(x ) Hy ( ax )l-l k(x ) dx , 
2 

2 4rn wo 2 2 rn w 1 --
a = -- ,; 4a 

0 
+ 2 a f, , a 

1 
= - - ,1 '2 a 1 , 

0 4 I 4 

2 a~ 
a = ----- = , / 1 + ? 

2 
a 1 

H y (x) -nonuHo M 3 p MHTa. 

2 a
0 

w 

2 
a 1 w 1 

(tO) 

B cnyqae p aaeHcTBa a HeprnA Baa HM o neAcTBHll a w2 = a "'2o HMeeM 

2 a o 2 
a =<-l= 1 + 4 ,8=v 3 , 

a 1 

6 

1 I o 

{3« 1 . 

Ta K KBK RHTerpan 

n(10) , nnsx x. 

k c 
Yl: 

nony 

T a KHM o6paaoM, pnn ( 8) 

a HeprHA. QqeBHAHO, 4TO 

Mnoro 6onhwe qacToTw 

3HB4HTenbHO 6wcTpee. 

B aaKni04eBv.e aaTo 

pee K pa6oTe H noneaHb~ 



tHeHT8MH B pa3nO)KeHHH 

(7) 

e 6bteTpyJO eXOJlHMOeTb 

IOH <jJyHKUHH no nonHOMY 

one. OnHTb 6yJleM pee

ex gaeprun B38HMonen-

( 8) 

IJ (x x )~E•!J{x 1 x 2 ) 
I 2 ) 

uerrocpencTaeuao IIHTerpan 

(10) 

'l a I ' 

S« 1 . 

TaK KaK aaTerpan 
f3 -+ 0 , TO, nOACT8BnSISI C; I y 

2 
( Q) 

n(10),nmt Xk 

T 8 KHM o6p830M, pS!A ( 8) T8K)Ke 6bteTpO CXOJlHTeSI npH paBeHeTBe noTeHUH8nbHblX 

311eprai1 . 0'1eBHAHO, 'ITO B enyqae I;>> 1 , T.e. Korna qacToTa BHewHero nonst 

MI!OrO 6onbWe qaeTOTbl OTHOeHTenbHOrO )lBH)KeHHSI, pa3nO>KeHHe ( 8) CXOAHTCSI 

3H8'lHTenbHO 6weTpee. 

B 3aKnJO'leav.e aaTopbi Bbtpa)KaJOT 6 naroJlap uoeTb E.H. 3axapbeBy 38 HHTe-

pee K pa6oTe H none3Hhle AHeKyeeHH, 

1 c:Peapam1 1967 r. 
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