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1. 88E.liEHHE. 

anR KOn~4eCTBeHHOrO on~CaH~R Me30MOneKynRpH~X npo~eCCOB 
B CMeC~ ~30TOnOB BOAOPOAa HeOfiXOA~MO 3HaTb YPOBH~ 3Hepr~~ 
ll -Me30MoneKyn C 60nbWOH T04HOCTbiO - 0, 01 38, 4TO COCTaBnReT 
-10-6 MeaoaTOMHbiX eA~H~4 3Hepr~i1 11,2/, 8 HacTORII4ee epeMR aa
Aa4a 0 HaxomAeH~~ YPOBHeH 3H~pr~~ 1J.-Me30MOneKyn peweHa C ao
COniOTHOi1 T04HOCTbiO -0,1 38/at. 8bl4~cneH}f'.rJ npoeoA~m1Cb e aA~a6a
T~4ecKoM npeAcTaeneH~~ aaAa4~ Tpex Ten . 8 3TOM noAXOAe ~c
XOAHaR ~~3~4eCKaR 3aAa4a CBOA~TCR K peweH~IO 6eCKOHe4HOi1 C~c
TeMbl ~HTerpO-A~~~epeH4~anbHbiX ypaBHeH~i1! 

2 
d ~ d 

[ ~ + E- Vii (R)}x (R)= I [ 2Q1J. (R) -- + V1J. (R) Jx. (R), 
dR i j:/i d R · /1/ 

C rpaH~4HbiM~ ycnoBHIIM~ 

x 1(0)=xt(oo)=0, i=l,2, ... , /2/ 

rAe I noApaayMeeaeT cyMM~poeaH~e no A~CKpeTHOMY H ~HTerp~po
j 

BaH~e no HenpepbiBHOMy cneKTpy 3aAa4~ ABYX KynOHOBCK~X ~eHT
POB /o( ~ = I (I + ( dk) I j"' (n n m) ~nH j=(kn m ) - KBaHTOBble 

J n2m n 1 1 2 2 
4~Cna 3aAa4H ABYX ~eHTPOB/. 

Ko3~~H4HeHTbl CHCTeMbl ypaeHeHHi1;{1~ onpeAenR~TCR 4epea 3~~eK
T~BHble noTeH4Hanbl 3aAa4H Tpex Ten 6 •7 : 

d V .. (R)= U .. (R) +- Q.j(R), 
D D dR I 

U ij (R). U ji (R), 

Q IJ (R) =- Q ji (R). 

3aAa4a WTypMa-flHyB~nnR /1/-/2/ Ani! 6eCKOHe4HOH CHCTeMbl ypaBHe
HHi1 Ha nonyocH [0, .. ) annpoKCHMHpoeanacb 3aAa4ei1 An" KOHe4Hoi1 
c~cTeMbl o6biKHOBeHHbiX AH~epeH~HanbHbiX ypaaHeHHi1 pa3MePHOCTH N 
Ha KOHe4HOM HHTepaane: 

2 N 

[ .!!.-2 + 'E-v <R> lx 1<R>= I [ 2e .. <R>.JL + v .. (R) 1 x . (R). 131 
dR ii j, i IJ dR IJ J 

x co>=x <R >=o. 
i 1 max i-1.2 .... ~.... /4/ 

'(l '"'FH'''fHHbli1 ~1HCnHY' 

;y :·~ t~ccnr D.03 1• 
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Bonpoc o Bbl6ope N 111 Rmax, a TaKlKe o 3a~aHiillil rpaH11!4HbiX ycnoBIIIH 
a T04Ke Rmax , ll!ccne,qoeancR a e,a6oTe a7, r,qe OHIII 6bl11111 Bbr6paHbl 
TaKIIIMIII, 4T06bl peweHiile 131-141 E* OTI111!4a110Cb OT peWeHIIIR /11-12/ 
E * He 6onee, 4eM Ha 0 , 1 3B. 

AnR nOBbiWeHIIIR T04HOCTIII HaXOlK,tleHIIIR C06CTBeHHbiX 3Ha4eHIIIH 3a
,qa4111 111-121 He06XO,tlliiMO peWIIITb pR,q npo6neM, 4aCTb 1113 KOTOpbiX 
CBR3aHa C annpOKCII!Ma4111eH 131-141 liiCXO,tiHOH 3a,qa4111, a ,qpyraR 
4aCTb - C 41i!CI1eHHbiM peweHiileM 3a,qa411! 131-14/, 3,qeCb Mbl He 6y,qeM 
KacaTbCR eonpoca o T04HOCTIII annpoKcii!Ma4lillil 3a,qa4111 111-/2/, 
a OCTaHOBIIIMCR Ha 41i!CI1eHHOM peweHII!Iil 131-141 C 3a,qaHHOH T04HOCTb~. 

2. 4HCnEHHOE PEWEHHE 3A~A4H 131-141 
To4HOCTb peweHIIIR 3a,qa4111 131-141 onpe,qenReTcR ,qeyMR $aKTopa

Miil: T04HOCTb~ 3a,qaHIIIR noTeH4Iila110B V lj (R) Ill Q ij (R) Ill T04HOCTb~ 
Bbi4111CI1111Te11bHQf0 MeTo,qa, II!CnOI1b3yeMOrO ,tiilR HaXOlK,qeH~-tR C06CTBeH-
HbiX 3Ha4eHIIIH E. Ko3<1l<ll1114lileHTbl v1j(R) 111 Q lj(R) 3a,qaHbl a Blil,qe 
Ta6111114 c paeHoMePHbiM waroM H no nepeMeHHOH R, 4TO RBilReTcR oco-
6eHHOCTb~ 3a,qa4111, 0Hiil BblpalKa~TCR 4epe3 3<1l<!leKTIIIBHble noTeH4Iila11bl 
3a,qa411! Tpex Tell''/ f<OTOpble Bbl41i!CI1eHbl C OTHOCIIITe11bHOH T04HOCTb~ 
-10 -? a pa6oTax 61. 

~o He,qaeHero epeMeHiil ,t111R 41i!CI1eHHoro peweHIIIR 3a,qa4111 131-141 
ll!cno11b3oeanll!cb TOilbKO HenpepbiBHbiH aHanor MeTofa Hb~ToHa/s/ 
111 MeTo,q o6paTHOH 111Tepa4111111 a no,qnpocTpaHCTBel9 • B nepeoM no,q
xo,qe B03Hii!Ka~UIIile Kpaeeble 3a,qa4111 ,qnR 111Tepa41110HHbiX nonpaeoK 
annpOKCii!Miilpy~TCR KOHe4HO-pa3HOCTHbiMIII, nplo14eM war KOHe4Ho-pa3-
HOCTHbiX <!>OPMYI1 COBna,qaeT C warOM Ta6111114 K03<!l<ll1114lileHTOB V1. 
111 ~ij CliiCTeMbl ypaeHeHIIIH 131. Pac4eTbl npoeo,qlii11HCb no npordaMMe 
SYSTEM hoi, a KOTopol:i Hcno11b3"Y~TCR TpexTo4e4Hbre KOHe4Ho-pa3- 2 
HOCTHble <!lOPMYilbl, annpOKCHMHPY~UIHe Kpaeey~ 3a,qa4y C OW1i16KOH -H. 
Anro~111T7, peanii!30BaHHbiH Ha R3b1Ke FORTRAN, no,qpo6Ho on111caH a pa-
6oTe 10 • O,qHaKo BBH,qy ealKHOCTH <llH311!4ecKoi:1 3a,qa4H o Bbi4HcneHiillil 
ypOBHeH 3Heprlillil l1 -Me30MOI1eKy11 liiHTepeCHO npli!MeHii!Tb ,t111R 4HCI1eH
HOrO peweHHR 3a,qa4111 131-141 Bbl41i!CI1111Te11bHY~ CXeMy, npliiH4Iilnll!a11bHO 
OTI11114HY~ OT paCCMOTpeHHOH BbiWe. 

' ·~ .,, 

.. 

B ,qaHHOH pa6oTe ,qnR peweHIIIR 3a,qa4111 131-141 npli!MeHeH MeTo,q 
CTpe11b6~1, B KOTOPOM 3a,qa4a KOWIII ,ti11R CliiCTeMbl 131 nplil <!lliiKCiilpO
BaHHOM E pewaeTCR 4~11eHHbiM MeTo,qoM eo3MYUieHIIIH lperturbative 
numerical method// 11 ' .~a,qli!M KpaTKoe onll!caHiile 3Toro MeTo,qa. npe,q
nonOlKIIIM, 4TO noTeH4111a11bl V .. (R) , Q .. (R) - lii3BeCTHble cbyHK4Iillil, 

~ IJ IJ . -2 
onpe,qeneHHbre e n~6o111 T04Ke oTpe3Ka [O,R max ], npll!4eM V(R)-+ const.R 
np111 R-+0.06naCTb [O,Rmax ) pa3611!BaeTCR Ha ,qea liiHTepeana [ O.Ro] 
111 [ R0 , R max ~ Ha oTpe3Ke [0, R 0] rnaBHble 411eHbl e V1j(R) pac-
cMaTpll!ea~TCR KaK 3Ta110HHbiH noTeH4111a11, a ace OCTa11bHble, BKI1~4aR 

4neHbr 2Q ij (R) -~-, - KaK B03MYUieHII!e. PerynRpHoe peweHiile 
dR 

2 

~) 

CHcTeMbl 131 e T04Ke Ro np111 3a,qaHHOM E Haxo,qii!TCR no TeOPHiil 
B03MYUieHIIIH, nplil 3TOM Y4111Tb1BaeTCR He06XO,tlliiMOe 41i!CI10 411eHOB 
TeOpHiil B03MYUieHIIIH ,tiilR ,tiOCTiillKeHIIIR 3a,qaHHOH T04HOCTIII f12/, 

0Tpe30K [Ro, Rmax 1 pa3611!eaeTcR T04KaMH R0, R 1 ... R max Ha 
no,qbiHTepea11bl [R l' R ) , Ha KalK,tiOM 1113 KOTOPbiX peweHiile CIIIC-n- n 
TeMbl 131 np111 <!lliiKCiilpoeaHHOM E TolKe Haxo,qii!TCR no Teop111111 eo3-
MYUieHHH._Ho B 3TOM CI1Y4ae 3Ta110HHbiH noTeH4111a11- nOCTORHHaR 
MaTp1114a V lj , KOTOpaR np1i161111!lKaeT CliiMMeTplii4HY~ 4aCTb Vij (R) , 

a B03MYUieHiile - MaTp1114a AV lj (R)= 2Q
1
j (R) :R + V ij (R) - V ij • np111 

HaXOlK,tleHiillil peweHIIIR CliiCTeMbl 131 y41i!TbiBaeTCR 41i!CI10 nopR,qKOB 
TeOplillil B03MYUieHIIIH, He06XO,tlliiMOe ,t111R ,tiOCTiillKeHIIIR T04HOCTIII -h4 

n 
/r,qe h

0
= R

0
- R 

0
_ 1 I. Benlii4111Ha KalK,qoro liiHTepeana h J1 Bb16lilpa-

eTcR B COOTBeTCTBiillil C 3a,qaHHOH T04HOCTb~ HaXOlK,tleHIIIR peweHIIIHI13( 
3TOT anropli!TM ,tiilR Cli!CTeM ypaeHeHIIIH, He CO,qeplKaUIIIIX K03<!l$1114lileH
Tbl Qlj (R), no,qpo6HO Onli!CaH B pa6oTax114< nplil npaKTiil4eCKOH 
pean1113a4111111 MeTo,qa cTpenb6bl ,tiilR HaxolK,qeHIIIR co6cTBeHHoro 3Ha4eHIIIR 
lllcnonb3oeaHa napa6onll!4ecKaR IIIHTepno11R4111R no E, 4TO no3BOI1ReT 
Haxo,qli!Tb E* c T04HOCTb~ 6-7 3HaKoe 3a 5-6 111Tepa4111H, H3110lKeH-
HbiH 41i!CI1eHHbiH MeTo,q peanll!3oeaH e Blil,qe nporpaMMbr LIVIU Ha 
R3b1Ke FORTRAN. 

3. 4HCnEHH~~ nPHMEP 

4111CI1eHHbiH MeTO,tl B03MYUieHIIIH 6bl11 li!CnOI1b30BaH ,tiilR HaXOlK,tleHIIIR 
YPOBHeH 3Heprlillil 11-Me30MOI1eKy11bl pd11 C KBaHTOBbiMiil 4HCI1aMiil 
J = 0, U = 0 111 J = 1, U = 0 I ocHoeHoe 111 eo36ylK,qeHHOe epalllaTenb
Hble cocTORHIIIR/. AnR 3Toro pewanacb 3a,qa4a 131-141 np111 cne,qy~~ 
UIIIIX 3Ha4eHIIIRX napaMeTPOB: N = 6 111 R max'"' 10. AHanorlii4Hble Bbi-
4111CI1eHIIIR 6br11111 BblnonHeHbl no nporpaMMe SYSTEM. Bee pac4eTbl 
npoeo,qii!J1111Cb Ha Mawii!He CDC-6500. 

nplil 41i!CI1eHHOM peweHiillil 3a,qa411! 131-141 no nporpaMMe SYSTEM 
K03<1l<ll1114111eHTbr CIIICTeMbl ypae%7111H 3a,qaean111cb a Blil,qe Ta6111114 c wa
roM H = 0,1; 0,05 111 0,025 6 , a 3aTeM nony4eHHble co6cTBeHHble 
3Ha4eHIIIR 3KCTpanonlilpoeanlilcb K H ... 0 c ;Y4[TOM KBa,qpaTiii4HOH 
no H cxo,qli!MOCTIII co6cTBeHHbiX 3Ha4eHIIIH E 15 • Pe3y11bTaTbl ebl-
41i!CI1eHHH nplilee,qeHbl B nepBOH CTpOKe Ta6n, la Ill 16, AnR pa60Tbl 
nporpaMMbl LIVIU K03<1l<ll1114lileHTbl CliiCTeMbl ypaBHeHIIIH Heo6xo,qli!MO 
3a,qaTb a e111,qe <llYHK4111H, onpe,qeneHHbiX Ha seeM oTpe3Ke [R 0,R mu:l• 
,t111R 3Toro lilcnonb3oeanacb napa6onlil4ecKaR liiHTepno11R4HR Ta6111114 
noTeH4111anoe V tj 111 Q IJ • HHTepno11R4IiiOHHble KPIIIBble "npoeo,qii!-
11111Cb11 4epe3 Ta6niii4Hble 3Ha4eHIIIR K03<1l4>1114111eHTOB ,qeyMR pa3111114Hb1Miil 
cnoco6aMiil, 4T06br nony41i!Tb HeKoTopoe npe,qcTaeneHiile o BilliiRHiillil 
cnoco6a liiHTepnonR4111H noTeH4111anoe Ha nony4aeMoe co6cTBeHHOe 
3Ha4eHII!e. B nepeoM cny4ae noTeH4Han npe,qcTaenRncR nocne,qoea-
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Ta6Jmu;a I a 

YpoBHH 3HeprHH Me3oMoneKynbi pd~ 

J ,o v = 0 

H 0' 1 0,05 0,025 H--0 

SYSTEM -218,585 -218,491 -218,468 -218,460 

LIVIU 
/pHc.1a/ -218,460 -218,460 

LIVIU 

/pHc.16/ -218,456 -218,461 

TaonHu;a 16 
J=l, V=O 

H 0, 1 0,05 0,025 H -+0 

SYSTEM -93,769 -93,683 -93,669 -93,664 

LIVIU 
/pHc.1a/ -93,667 -93,663 

LIVIU 

/pHC, 16/ -93,664 -93,665 

.i:JHa4eHHft EJu, nony4eHHble np1-1 peweHHI-1 3aAa41-1 /3/-/4/ Anft 
3Ha4eHHill napaMeTpos N=6, Rmax"'lO, npHBeAeHbl s 3B. 

TenbHOCTbiO napa6on, npOXOAftiJlHX 4epe3 Tpl-1 COCeAHHe y3nOBble T04-
KI-1 /pl-1c.1a/, BO BTOPOM - B BHAe KyC04HO-HenpepbiBHOH KpHBOH, 
COCTORIJleill 1-13 0Tpe3KOB napa6on, nocTpOeHHbiX TaK, 4TO ~eHTP 
KalKAOill n -Ill napa6om1 cosnaAan c n -M y3noM Ta6nH~bl noTeH~Ha
nos, a AnHHa KalKAOro n-ro oTpe3Ka 6blna pasHa [H(n-.l..),H(n+~] 
/pHc,16/. PeaynbTaTbl Bb14HcneHHft coficTBeHHbiX 3Ha4eHH~ 3aAa4H2 
/3/-/4/, nony4eHHble no nporpaMMe LIVIU Anft 3THX ABYX cny4a-
es, npHBeAeHbl BO BTOpoill 1-1 TpeTbeH CTPOKaX TafinH~, Pac4eTbl 6blnl-1 
BblnonHeHbl Ailft ABYX Ta6n1-1~ noTeH~Hanos V ij , Qij c waroM H=O,l 
1-1 H=0,05. nocKOilbKY o6a pe3yilbTaTa cosnaAaiOT MelKAY co6olll c T04-
HOCTbiO 0, 005 3B, pac4eT AI1R H = 0,025 He npoBOAHilCR. R0 Bbi-
6Hpanocb paBHbiM 0,5. 

113 Ta6nl-1~bl CileAyeT, 4TO C06CTBeHHble 3Ha4eHI-1ft, Bbi41-1CJ1eHHble 
no nporpaMMaM SYSTEM 1-1 LIVIU npl-1 lb 0,1, cosnaAaiOT 
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APYr c APyroM c T04HOCTbiO- 0, 1 36 *. A oTnH4He co6cTBeHHbiX 
3Ha4eHHH, HaillAeHHbiX no nporpaMMe LIVIU, OT 3Ha4eHHill, nony-
4eHHbiX no nporpaMMe SYSTEM B npeAene H _, 0, cocTaBnfteT se
nH4HHy-0,005 36. 

V(R) 

I 
I 

a 

I I I 
I ' I I I I R 

'--~== 1L-~=kc==-f:· .. ·.::ck- ~'--~-" ~ f ----

PHC. 1 

4, 3AKJ1104EHHE 

6 
V(R) 

R 

npoBeAeHHOe 4HCneHHOe HCCileAOBaHHe noKa3biBaeT, 4TO C06CTBeH
Hble 3Ha4eHHft 3aAa4H /3/-/4/ HaXOARTCR C T04HOCTbiO -0,1 36 no 
nporpaMMe SYSTEM np1-1 H=O,l, 4TO nOATBePlKAaeT pe3ynbTaTbl 
pa6oTbl/3/. Pe3ynbTaTbl Bbi4HcneHHill no nporpaMMe LIVIU np1-1 
H=0,1 1-1 H=0,05 OTI11-14aiOTCft APYr OT APYra He 6onee, 4eM Ha 
0,005 36, 0TKYAa cneAyeT, 4TO Ailft Bbi4HCneHHft YPOBHei1 3HeprHVI 
11 -Me30MOneKyJ1 C T04HOCTbiO -0,01 36 AOCTaT04HO VIMeTb 3¢l$eKTHB
Hble noTeH~VIanbl 3aAa4VI Tpex Ten s BVIAe Ta6nVI~bl c waroM H =0,1. 
noAp06Hblill MaTeMaT!-14eCKH~ aHanl-13 BilHRHHft wara Ta6J1VI~bl K03¢l¢lw: 
I..IVIeHTOB CVICTeMbl ypaBHeHVIH /3/ Ha T04HOCTb nony4aeMoro C06CTBeH
HOrO 3Ha4eHVIft 3aAa4VI /3/-/4/ 6yAeT npoBeAeH B OTAenbHOH pa-
6oTe. 

ABTOPbl BblpalKaiOT 6narOAapHOCTb n.H.noHOMapesy 3a nOCTaHOBKY 
3aAa4VI 1-1 MHOr04HCJ1eHHble o6CYlKAeHVIR' c. H. BHHH~KOMY' T. n. ny3biHH
HOH 1-1 H.4>.TpycK08olll aa noMOIJlb a pa6oTe. 
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TpyAW X Meli<JlyBapo,lliiOI WJCOJIW 
WOJIOAWX Y'IOHWX DO .B3Bit8 BWCOICBX 
3&epnl. liuy, 1976. 

TpyAW IX Meli<JlyHapo,lllloro cawno· 
uywa no BJiepHol 3JJeJCTpoa&Jte. Bap· 
... 1977. 

TpyAW Me*.IIYBBpG,IliiOI'O CBWD03Bywa 
no B3C5paBBWW DpOCIJIOWBW CTBTBCTB" 
'18CJCOI Weli&BBICB. ,,lyC5aa, 1977. 

CtlopaaJC a .. oTaQIII XV coae~~~&aa• no 
B.llep&ol CD8kTPOCICODBB B TeOpBB 8.11" 
pa. ,llytlaa, 1978. 

TpyAW Ill Meli<Jly&apo,llllol WJCOJIW no 
aeiTpoaaol ••3ue. Anymu, 1978· 

TPYAW Ill Meli<JlyB&pO,IliiOI'O coae· 
III&BBB DO DpoDOPIUIOB&JlloBWW B .11pel· 
toawM xaMepaM. ,llyCSaa, 1978. 

TPYAW Yl BcecoJ03&oro coae~~~&· 
BBB DO YCICOPBT8JIBM 38PB*8BBWX 
'IBCTBQ. ,,ly(laa 1978. /2 TOMB/ 

Tpy,IIW V MeQyaapOJIBOro ceM&· 
B&pa no DpOtiJJeM&M .B3BICB BWCO• 
kBX 3&epnl. ,llyC5aa 1978. 

Tpy,qw Ill coaeJQa&BB no acnom.· 
30BBBBJO BJ18pHo• .. 3&'1eCkBll Me· 
TOJIOB JIJIB peweaa• aay'I&O·Tex· 
aaqecKBX B HAP04BOI03•IcTBeH· 
BWI 384&'1. 

2 p. 05Jt. 

2 p. 60 lt. 

I p. 90 x. 

4 p. 20 lt. 

3 p. 60 k • 

3 p. 50 lt. 

2p. sox. 

3 p. 50 k. 

5 p. 00 k. 

6 p. 00 k. 

2 p. 50 lt. 

3 p. 00 k. 

6 p. 00 It, 

7 p. 40 k. 

5 p.OOx. 

2p.20 J(, 


