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©'.~' 06'be,lJ,HHeHllhIH HHCTHTyT R~epHbIX HCCJle.o.OBaHHH ,IJ;y6H8, 1988 
.;~" '\ ~'li. '. 

I. .3BelIemle 

TIPH Hcc~e~oBaHHHx rrp06~eMH MIDOHH01'O KaTaJll13a ~epHHx pe8~Hll 

CHHT8sa rrpHXO,IJ;liITCR peuiars 3a.n;a-qy 0 L18.n;~eHHbIX CTO~KHOBeHH.il:X B CHCTeMe 

Tpex hJ~OHOBCKHX ~aCTMn: pacceRHHe MesoaTOMa Ha H)~pe RSOTorra BO~OPo

.n;a/1/ . .d a.n;Ra6aTH~ecKoM rrpe.n;cT8BJIeHHH oaa CBO.n;HTCR rc peuresmo MH01'O

KaHa.JThHofr 3a.n;a~n pacceaana anna: 

d 2
 
4'1 (z) = I -2 Y (R) + (). -w (R) ) Y( R) o
 

~ + A + 
(1. 1)

dR
 
lf2 (z) = Y(R)! = 0
 

R=O 0.2 ) 

A c d- A $"~tf3 (z) f 1 (i\ ,0 ,R)dR y(R)+f
2 

( A , ,R)y(R o (1. 3)
R=R 

m
 

tf (z) <y (R) ,y(R» -1 = 0
4 (1. 4) 

... Ad 2 •• 1\ __ 

5 2 O. (1. 5)41 (z) = (y (R), I- y (R) + ( ). ~ -w (R) ) Y (R) )
 
dR
 

.J CHCTeMe (1.1)-(1.5) HcrrO~b3YIDTCH c~e.IJYlOlUHe 0603Ha~eH}1H: 

.? =k~I=2M( E. -E ). I - .n;HarOHaJIbHaH MaTp~a pa3MepHOCTH N x N ,
11' 

E -E i -8HepI'lffi B i - M K8Ha~e peaICI.\HI1, E - aanamran 3HeprHH, 

M - rrpHBe.n;eHHaR MaCCa CilCTeMH; 

y(R) - BeKTOp BO~HOBHX QYH~Hrr pa3MepHOCTR N; 

MaTpaua rrOTe~Ha~OB ,~(R)= J~~+1) • I;U(R)+2Q(R)~R pa3MepHOCTH . 

N x N CTPOHTCH 113 ::X:.r<.l:eKTHBHhlX llOT8J-.Il..U1a.7IOB 3a.n;a~~ rpex h"Y:J]0HOBCill'.IX 

~aCTH.u, nCXO.n;HHe .n;aHHble .ILJI5I rrOCTpOeHHH KOTOPl::IX rrpHBe.n;eHhI B/>-J/; J

Op611T3~'Ib[iblii IvlOMeHT. 
/\ C" A 

.z:.UaI'OHa~bahIe N X N r,18TpHLJ,H f 1 (i\ , 0 , R) n f 2 ( A , 6 ,R) orrpe

.n;eJmIDTCH H3 aCaMrrTOT~KH BO~HOBHX ~H~lll C y~eToM HOMepOB OTKpl::ITHX 

H 3aKphITHX 1\.8Ha~OB/3/ ; 
6 - ~)a3a paCCe.l1HIDL 

c.;OO'l'HOlileHIDI (1.4)-0.5) .lU3JlmOTCH YC~OBnHMll HOpMHpOBl\fl. 

Tpa~OHHO 3~8~a pacceHHIDI WopMY~pyeTcH c~e~maM.06pafoM: 

onpe.n;eJll'ITb G,ia 3Y pacceaana b (E. ) npn 3a.n;aHHoll 8HepI'IDl e = £x= ~ • 

CHCTel',lY (1.1)-0.5) paCCMOTpl1M KaK He~He:tl:Hoe qJyHKl.\l'1OHaJIbHOe 

ypaBHeHHe lfN) (z ) =0 , 1'.n;e 

P"! '" 1Ci"i:t'="'I....~ * 
ftb1)""-~~ . .•- ~-'.,:r-~.;: I':a'",::':. ~.. . ';,
lAW ."~ ~... "" ~ • 

.... It,.. t " 
h..:i~· ,,4. "..L ... «; .lJ'~f I. , 



~(V)(Z)=i<f~V)(Z)' tf~Y)'Z)r tfjV)(Z), Lf~V)(z), tf~V)(Z)] )1=1,2, ••• ,s. 

o,neCb s - 'I:HCJIO 01'KlJl1T1IX K3IIaJIOB. 

N - K3HaJIbHaH aanaxa paCCeHHIlFI C s OTI\pblTllMI1 KaHaJIaMli rorz;a 

(l~opr'ilYJII1pyeTc5I CJIe.n;ylOmUr:l 06pa30M/3/ : npn aanaaaon ::'JHeprUlI 

.A = (k':f) ~Ic2MI,I' -E .1·1 HaMTH S HeTp11B:VIaJIbH1IX peweHHilx 1 ~ 1 

(V) { -0. (~ , c b (~) 1 .) "~' TZ = Y ~ c;, , ; Y =1 ,2,..., s , s CIICTeM ,nUwepeUIUIaJIbH1IX x x x X ~ 

ypaBI-.i:eHNlh (1.1)-0.5), OTJIJI'I3101l.!HXCH ,npyr 01' ztpyra Jllllilb KpaeBblM yc.n0

BMeM Ha rrpaBOM KOHUe (1.3). B pesyJIbTaTe pemeHMH till rroJIJ~lTh1 COOTBeT

CTBYlOJJ.Ule BOJIHOBbIe C;;YHIUJ;}H'I y(~ ) (A , R) 11 (p3S1I paccernma 
(v ) x x6 (?--); V=1 ,2, ... , s . 

x CliC;eMa ypaaneami (1.1)-(1.5) B rro,nxo,rr:e/3I , liCilOJIbsyromeM M81'0,I( 

HblOTOH8, CBO,ll:lITCH 1\ peuiemro ,rr:ByX xpaesux aanax: 

(D- .A ) V (1) = - F (1) (1.6)
n n n 

(D- .1\ );;"r (2) = _ F(2) (1.?)' 
nUn n I 

r,rr:e BI1,rr: Orrepa1'Opa D orrpe.neJIH8TCH ypaBHeHI1HMH (1.1)-(1.3) B paSHOCT-

HOM npencraaneuna, tJ~ 1) 11 ~(2) - HeH3BeCTHbIe na n - :t1 HTepaLUln 

nonpaexa. ilp11'1eM B COCTaB oneparcpa D BXO,IJ;ffT MaTp:lII.."(bI IlOTeHI.J;n3JIOB 

CrreIJ;l1aJIbHOrO B~ua. 

,llJIH peuenna CHCTm.JbI (1.1)-(1.5) panes HCrrOJIb30BaJICH MO.II:n¢.,ULJ;IIpo

BaHHhI~I rlleTo,r( HblOTOH~4/, I103BOJJJllOLQU:: 060]1'11 occceaaocrs ( D- .An )-1 

npn .An-..Ax H pemarf rpn xpaense aanava , aHaJIorWIHhIe sanaaaa BMa 
(1.6),(1.7), HTepaIJ;HOHHbIM cnoc060M. O,n;HaKo He,I(OCTaTKOM TaKoro IIO,I(XO,I(a 

HBJIHeTCH ,n;OCTaTO'1HO MaJIaH OOJIaCTb CX0,I(1llIl0CTH. 

B ,I(aHHOH paoore npcnnar-acrca Mo.rur\i;m<Cl:I-UIH HbJOTOHOBCKoro aropanaoa

aoro Mel'o,na C BKJIJO'IeHHeM B03;'1YmeH:VI~, rrpHMeHHB:.LlaHCH p8-Hee/5 , 61 ,n;.i'DI pe

lileHHH sa,I(3TU1 na ccocrnennue 3H8'I8HAA (1'. e. ,n;JDI orrpe.n;eJIeHHH ypoaueii 

8HeprHH II BOJIHOBl170YHK4llll Me30MOJIeKYJI), H C OrrTillllaJIbHIDIl Bu60pOM HI'&

P~110HHoro mara/? , KOTopaH rr03BOJIH8T pacmHpHTb 06JIaCTb CXO~1l0CTil 
3a,I(8'IU a.1)-(I.5) ,I(JI.ff Iv1aTpHIJ; rrOTeHUHaJIOB cneI.U1aJIbHOrO B11,I(a. 

2. MTepalli10HHHll MeTon
 

Paccaorpza HeJIMH8MH08 WYHI\LJ;HoHaJIbHOe ypaBHeHHe:
 

t.p(z) = 0 (2.1) 

OTHOC11TeJIbHO TPOMlGI z= f). ,Y, 6} . 
IIpe,I(IIoJIoJIlliM, 'ITO cymecTByeT peuieane z aanaxa (2. I hI OHO HBJIJleTCH 1130

x 
JII1pOB'aHHllM~ r , e, IDJIeeTCH OKpeCTHOCTb TO'IKH EX Blf,lJ;a II z-zx II < e 
rne c > b , B KOTOpOM !.f(z);lO. IIyCTb H3BeCTHO zo= P'o'Yo' bo ) 
- Ha'IaJIbHOe rrpH6~eHHe K HCKOMOM,y pemeH11JO. AJIH OT1ICKaHHH peweHHH 

z sa,n;a'I11 (2.1) BOCIIOJIbsyeMcH HerrpepllBHl1M aHaJIOrOM MeTo,n;a llliJOToHa. 
x 

2 

,UJIH sror-o BBe,1leM HerrpepbIBH6Ii1 napaverp t E [0, 00) Ii rrapC1Me1'pH3yeM
 

:;;YH.KIJ;l1IO z=z (t) • Tor.aa crauaonapnoe ypaaaeune (~.l) 38MemITCJI 3BO

JilOIJ;liDIUlliM nponecc oa:
 

<f~ (z (t) ) . z' (t) =- c.f (z {t) ) O~t~oo 
(.G ••:;-)

{ 
z{O)=zo • 

S,rr:ecb <f~ (z (t) ) - rrpOli3BO,I(IIaH "lflewe, Zo - Ha'I3JIbHOe rrpm:JllimeHHe. 

EClliI WYHKIUHI Cf (z ) 11 <f; (z) nenpepasna a £.f~ (zr' orpa
8HMeHa B nexor opon oxpecraocra TO'IKH z , 1'0/ ,~,10/ npn t -- 00 

. x 
rrOJIY'!aeM CXO,1UIMOCTb HerrpepbIBHoi~ rpaeicropaa z (t) K TO'IHm,lY peWeHHKJ 

z • 1 
x PaccMoTpl1Ivl MO.ro1Q}MK~ 6/YP3BHeHHH U .2) B rrpe,n;IIOJIQjKeHHII, 'IT'O 

4JYHIQ(HH tf HBHbIM 06p330M 3aBHCHT 01' t : 

{
 c.f~ ( t ' Z ( t » + t.f~(t,z(t» z'(t) = -<f(t,z(t», O~t<oo C.G.3}
 

z (0) =zo . 

Cnsparop l.f MOlimo npanc raaars B Bn,n;e cyr'JlMfl If == '+' +e HeB03My

meHHo}I H B03Mym8HHoil 'facTeH. JBe,n;m,l G;JYHKI.J;YIlO BKJIIO'IeHIUI B03MYmemm 

get) ,Tor,n;a orrepaTop. ~ 3arrHweTCH B Blme 

Lf(t, z (t» = If' (z (t) ) +g ( t) e (z (t) ) • (;~ • 4) 

3,n;eCb get) - HerrpepHBHaH iYHKLJ;HH, y,n;OBJI~TBOpHWmaH yCJIOBHHM 

g (0) = 0, g (00) = 1 • 

(

Iloc.ne rro,n;CT3HOBIGI npancraanenna (.G. 4) B ypasaeuae (..; .3) ncny


'Iillvl yp3BHeHHe ,I(JI.ff HeB03MymeHHolI 'IaCTH orrep3Top3 If ,KoTopoe pemaeT


CH MeTo,n;OM 3iiJIepa:
 

\.jJ'z(z(t». z'(t) =-[\.f'(z(t»+,g' (t)+g(t» e(z(t» + 

l + g(t)e~(z(t» z' (t-'C )] (2.5) 

z(O) = zo' Zt =tA't'Yt, 5t } = [jl(t),V(t), ~(t)l 

Ha aepaauoaepaoa cerxe C rnarOM -r;~: t k+ 1=tk + '[; k' to=o, k=O, 1,2, ••• 

~YHKLJ;HlO BIc.JlKJ'IeHHH B03M,ymemUI aa HHTepBaJIe 0 $ t < 00 aana

,I(1IM 'cpopMyJIoH: g (t) =l-e -/X.t, 0 < 0(. s 1 

13 pesyJIbTaTe ,I(1ICKpeTH3aIl,HI1 napauerpa t aa Ka;K,I(OM k- M 

(t=tk ) ware II0JIY'!eHHoro HTepaI.l;llOHHOrO rrpoIJ;eCca pemaeTCH KpaeBaH 

33,n;3'1a: 

(2.6)r y.J'k,~zk = - [~k+(gk+gk)ek+gke~(k) t! zk _ 1] 

l ~k = o/(zk) , , g(tk)=gk' z(O)==zo8 k=e(zk) 

3 



OTiiOCI:TeJIbHO nTepaU;HOHHO~l nonpanxa AZ f;Uk' V ~k} •
k= k, 

IIp:a STON] 113 npe,IJ;bI,nymell MTep~Illi H3BeCTHbI 3Ha'IeHIDr I:::. zk-l H zk. 

8aTeM HaXO~HTCH HOBoe npM6~eHHe Zk+1={)k+1'Yk+1' 0k+1! 

K HCIWMOMY pemenmo Zx rro 00pMYJIe: 

zk+1 = zk+ 'l;k·.1 z ,T.e. : ..i\k+1= :;\+ 'l:k'f\k 

Y k+1=.Yk+ 'C"k,vk 

5 k+1 = ok+ 'tk · '2k • 

rm aucopa arepauaoaaor'o mara'L,ppHJVleHMM cnccoc, rrpe,IJ;JIO.lKeHHhIM B pa
7

6oTe/ , KOTOpbIH OCHOBaH H3 MMHlli~fl3~Mll HeBH3KM (BMecTo BceM HeBH3IDI 

orp3HWIHMCH .J1Hlllb ee rJIaBlIOti KOMnoH8HTo:tl, T. e. H8BH3KO~i no YP3BH8HHil 

(1.1)): 

D~l) (1:)= II Lf 1 (.A k + 'Gk'fk' Yk+ 'l;k' vk' bk + 17k, ~kll. 

ITPH STOM HeBH3K3 annpoxcnnnpyerca I\.Ba.n;P3T1I'rRhIM rro 1:: nOJIHHOMOM, TO'IK3 

MMHuMyMa xoropor o onpcncnne-r OIITlli,13Jil>RhIi1 mar H3 k - 11 HT8P~HH: 

D (1) (0) 
I' ~k = '(; t =max (:5, 71) ( 1) ) . (2 . 7 ) 

op D (O)+D (1)
k k 

3~8Cb ,J:(.JIJI YJlY1:J:!118HlLq CXO.nI1MOCTI1 BBO.nRTCH KOHCT3HT3 5=0, 1 ~ TaKaH, 1rTO 

~ ~ 'Ck f. 1 

P3CCMOTPl1NI.nJIH aanasa 0.1)-0.5) M3TpYmY nOT8HIJ;M3JIOB W(R) 

CneUI13Jil>HOrO B}LQa: 
....

W (R) w (R) w (R) W (R)1 1 1 2 1 3 1N 
1'.... 

W w (R) 0 o2 1(R) 2 2 
A w (R) 0 W o3 1 3 3(R) 

" 0 0 WN N (R).WN1 1 (R) 
1 1 

(2.8) 

K3.lK,IU:.Ill SJIeM8HT KOTOpOH Wij npe.nCT3BJI.1IeT c060H MaTplillY pa3MepHOCTl1 

2x2, npz 3TOM p33M8pHOCTb 3a,J1.a'IH 0.1)-0.5) N=2N
.... J(J+1)A A A d 1• 

M3TPHQY W(R)= --2---I+U(R)+2Q dR npe.II;CT8BIDJ B BH.II;e CYMMbI 
~ .... ~ R ~ A 

W(R)=Wo(R)+W1 (R) , nne MaTpillUl Wo(R) H W (R). COOTB8TCT1 
BeHHO,HMeIDT BH,II;: 

4 

0W1 1 ( R) 0 ••• , 0 ) W (R) ••• W1N i (F) () 9}
12 ......" .... o ... o ,W,(R)- f W2( R).~ .0 • w,(R)~ :21.(R) 

{ (o 0 W N (R) W (R) o ... oN m1 1 t 

llpn oTOM MaTpMIJ;,Y W (R) MOjKIW BIUDO"tJ:HTb B lieB03ivlYll\eHHYIO llaCTb
O 

,I(H~:xt8P8HIJ;IWJIhHOrO onepar opa "V ,a "B0 3MYll\eIIU 8 "e CBJI33Tb C MaT~ 

PMUeH W, ( R) . Sa.na-qy (1.1)-(1.5) annpoxcnaapyev na lilla311paBHoMep

HOll carxe W r } C IIOCTOHHHHJ\1 urar oe h. aa i - NJ noiumrepaa
~o'Rm 1 

JIe (npa 3TOM h i + = mi hi ' mi ~ 1 - IJ;8JILle 1:J:H.CJIa) e8 CeT01:J:HhUv1 aHaJIQI'Oj;l1 
C TO'IHOCTblO O(h 

2
) • B pesyJIbTaTe li3 (1.1)-(1.5), Y1I11TOIBaH (2.6), 

B pa3HocTHOM rrpe.ncTaBJI8HIlll rroJlY1:J:1U.JI. 3 xpaeaue sanaxz OTHOCMTeJIbHO nre-

P!)TT110HHblX nonpasox if (1) ~(2) ~ 3) • 
......... k ' v k ' k .
 

i~:2 if~l) (Ri)+(Ak-Wo(Ri»V(~) (Ri)=(gk +gk) W1 (R i) Yk lR±) +gkW1 CRi )Vk - 1 

vi. ~) (R. )1 = 0 
k 1 R.=O 

1 (2.rO) 
.... d -(1) 
f 1 dR 11' k (Ri ) .... -P) R )f = 0 

+ fi'lf k (i Ri=R 
rn 

I::2'1f(~) (R i ) + (/\ k -Wo (R i » If(~) (R =-Y (Ri) k i} 

C2.Il)V-(2\R.)\ = 0
 
k 1 R.=O
 

1 

if 'O"t 2 _ 1d..1f ~ 17(2) (R, ) + f :if( 2) (R. )I = - ~ , dRYk (R i ) -rr-Yk (R i 
1 dR k 12k 1 R =R u~ R.=R 

i m 1 m 

..... 'd 2 '....(3 ) A -.. ( 3 }
 
I dR2 '1! k (R i)+( Ak-Wo(Ri ) v k (R i) o
 

1(~)(Ri)r = Q (2.12) 
R. =0 /\ f\ 

/\ . d -( 3) 1 A - (3) I a f 1 d _ '0 f 2.... I 
f 1 OR 1/ k (R i) + fi 1J k (Ri) = .. ""ar ~Yk (R i) -~TYk (R •i) . 

A Ri=Rrn Ri=Rm 
~ TaK KaK MaTpl111;8 W (R i ) pasnepnocra N 1 x N , MMeeT ~OCTaTOllHO npocroao 

BH,II; (2.9)" rrpmeM na ,J:U1aroHaJrn: pacncnaracrca MaTpillU>l pasaepaocrn 

~x.2, TO na KaJK,IJ;oi1 k - n HTep~lm HaM rrpH.II;8TCH N pas pewaTb xpaesue
1 

3a.nallH (2.10)-(2.12), pa60TaH C MaTplmillnl1 pa3MepHocTH 2x2, 'ITO cyme

CTB8HHO 3KOHOMMT onepaTliBHyID rrwnHTb 3BM rrpH paC'IeTaX, a Ha'IHHaH C He-
KOToporo N1- H MaIlIHHHoe BpeMH. 

5 
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3. CTpyKTypa rrpOrpa~MlI MULTCH. 
D pe3YJIbTaTe penenna sana-r (2.10)-(2.12) MeTo.n;OM MaTpMlIHOH npo

OnMCElHUe rrOllIIporpaMM U rrapaMeTpoB
rOHI{M, MO~~M~1poBaHHoM .n;AH KBa3Mp8BHoMepHoM ceTKli u)[0 R J ,no~-

lIMM SHaqeHIDI HTepaUMOHHlIX ucnpaaox V'I<.( 1) , fik( 2) V/« 3) , "". IIocJIe 3. I. Ilporpaaaa MULTCH , peannsyomaa OmWaHHlIH BlIWe 8JIrOpUTI,1, 

SToro M3 paSHOCTHOM arrrrpOKCMM~llli ypaBHeHlill (1.4)-(1.0) rro~HM CHCTe COCTOMT as HaC50pa nO,IUIpor.:;?aMVI. Ee crpyrcrypa CXej,;18THlIHO naocpaaena 

MY .n;nyx aJIre6paHlIeCKHX ypaBHeHliJi .n;JIH orrpe.n;eJIeHIDI liTepaUHOHH1IX rrorrpaBoK Ra pncyHKe I. 

f'k li ~k: 

(k) (k) (k)f'- k + ~k = b 1 (2.13)a 1 1 a 1 2 
(k) (k) _ (k)t 1flk + a 2 1 a 2 2 ~k b 2 

rue 
(k) -- ..... (2) 

= (Yk' Vk )a 11 

a (k) == Cy" V-()

12 k' k
 

(k ) 1 ..... -- -- ~r ( 1 ) 
b = 2 v k )

1 
(1+(Yk'Yk»-(Yk'
 

a(k)=(y' V-(2)'~ (). -w) ;[(2»+( it(2) -y" + (/l -W)y)

21 k' k x k k' k x k
 

a (k) = (y'" "I ()"+ (A -w) «» + ( V (3) "y" .f (i -W) ......y)

22 . k' U k x k k ' k /I X k 

(2) ~ ....It I'- ~ ( 1T ( 1) -'-ylf+(.A -W)y)
b = (Yk'Yk + (Ax-W)Yk) k ' k x kk 

(~Y 1[( 1)" + • > -W) ~(1 ) ) 
k' k /\x k· 

',. orrpe.n;eJIReTCH CJIeEaIWH8IJ., liTepaUHOHHaH nonpaaxa K Yk(R)Vk ?11c.I 
,DyIOllUf!'il ocpaaon: 

3.~. J::..JIH lIHCJIeHHOrO peweHIDI aanaxa (1. I) -( 1. 5) aeooxonzao"'v -"1[(1) + ::}( 2 ) , u +;:,f( 3). n _ y (G.14)....
k - k U k J k v kck k· HMeTb 3HalIeHUH 8<MJeKTHBHhlX rrOTe~HaJI9B U(Ri ) ·u 6(R

i 
) , HalIaJIb-

Cxo.n;m.l0CT:b KOH,:,pOJilIpyeTcH 3H8'JemIIDJlH Dk= II If (zk) II 'Ilk I n Hhle npU6~eHUR 3Hepr~ll1, BOJIHOBhlX q$HKIJ;~I II ~a3hl pacceHHHR 

I ~ k I . 11T8pLlUUOHHbll: npouecc SaKaHLUIB<:lOTCH npn BlIrrO.J1lr8mrn: HepaBeHCT- {co,1ro (Ri ) , Do}' a Ta~e 3HalIeHHe 3a,naHHoll 8HeprHH £~ H HeKOTopble 

,npyrue Bxo,nHble napaMeTphl, KOTopble nepe'qHCJIRIDTCR HRES: sa: 
MN - lIUCJIO KaHa.JIOB B sa,nalIe, paBHoe pa3MepHOCTM BeKTopa

max t Ijlk I ' t ~ k I , Dk} ~ s ,
 
BOJIHOBhlXWYHKIJ;IDi y (R ) ~
 

i 
rne E. >0 - SQ,U8HHOe .n;OCT<:lTOlIHO j',laJIOe lIliCJIO • .-J ;J3CcleTaX rrpmnI1,18JIOCb IKC - HOMep orxparoro I<aHaJIa;
 

e = 10-6 -t 10-12 . NOPEN - qHCJIO OTKpblTliX KaHaJIOB;
 
lIpe.n;cTaBJI8llHHlI <:l.JIrOpUTM OWl psaraaoaan B Elme nporpaaaa MULTCH
 

1 
EPS - TOqHOCTb ~ HTepau;uOHHoro rrpo~scca; 

aa HShlI\8 ~OPTPAII ,1J)L'I 0.i3iiI EC-I0G1. M1,M2, .•. ,M9,M- Hg,neKChl npaBhlX KOHIJ;OB rrO,IJ;liHTapBa.JIOB KBa3U

pasnoaepaoti ceTKH W (0,1\..1 ' npU'qeM M - pasaep-

HOCTb MaCCHBa R (ucKJIKt\IaJI TO'qKy- R ) ; 
rn o 

H - war no R Ha KpanHeM JISBOM rrO~TepBarra ceTKH 
W . 

lO,l\n1 ' 

7
6 



NMJ ,NM2, ••• ,NM10 - M~1O;01TeJI}l, yBeJIH'tIIIl3aIOlJ.U18 BeJII1'tII1Ifrl uaroa CeTI~11 

w Lo,R 
rn 

} B ueJI08 'tIUCJIO pas (~I), T. e. 

H1=NM1'H, H2=NM2·H1, ••• ,Hl0=NM10.H9 

TAU '- II8pBOl-Ia'tIaJlliHOe SHa'tIemre 11T8PQ.UHOHHoro mara no napa

i.18Tpy t ; 

LJ - ~eJ.r::I'tIUHa 0p0l1TaJIbHOrO 1.10M8HT3 J 

AMN1,AMN2,AM3 - L13CCbI ansp: npn 8TO:'.1 npliB8.n;8HHaH Macca M , 

Bxo.n;Hli.\an B ypaBH8Hll8 (I.I), onp8.n;8JIH8TCH no CJIe.IJYIo

1l\HJ~1 ~opL1Y.i'Ia;,j: M=MO/MA, MO-1 =AMN1- 1+AMN2- 1 
L 

MA- 1=AM3-1+AMN1-1 ; 

EPSIL1=E.,.- aanaanoe 3Ha'tI8HM8 3Hepr:vm (B 3B); 

EPSILO= Eo - Ha'tIaJIbH08 npMo.mrj::SH:l:l8 K 3H8prll:l:l; 

DELTA - lICJ1r3JIbHOe npUOJrnJK8HH8 R 9,:3S8 paCC8HHIDI; 

BET - HOpi'.mpYIOll~H;: KO~1llU18HT (.n;Jffi nepesona 3H8prllll). 

.dce 3Ha'tIerIltm IIpHDe.n;8HHblX nxozrasx napaaerpos (sa llCII.T1I0'I8HM81'J] 

Yo(Ri ) , U(Ri ) , OCRi » JIHOO Onp8,It8JIHKHCJI CTaH.n;apTHillil oopasoa B 
rrporpaMM8 MAIN, JIlIUO C'ilIThlBaIDTCR: lIS sxonaoi-o Cj)a~lJIa npn nO;vjomu 

on8paTopa NAMELIST n sToil ~8 n~orpaMM8 11 'tI8p83 COMMON -OJIOIOI 

n8p8.n;aK1TCH nonnporpanae START • 8Ha118mm BC8X BXO.n;HbIX napanerpoa 

cpasy ke BN.n;a~TCH Ha n8'tI3Tb. 

JcTp~Ll qcji!81{TIIBH~X nOTeHJJ;US.i10B U(R
i) 

11 Q(R
i 

) lli',a81OT Bll.I\ 

U. 9). 3 rrpOrD3MI\W OHH xpaHHTCH B Ba.n;e rpsx KO:vlIIOH8HT COOTB8TCTB8HHO: 
h A " .... A ,.. '1 u t (R ) , u2 (Ri ) , U3 CRt) H Q (R ) , Q (R ) , 03 CRt' • l' X aarrcnt 1 i 2 t 

H8HII8 nponcxozurr B nonnpcrpaaae UQINIT ~ npz 3TOM HHYlOPMaJ.U:IH, neooxo
.n;11MaH ,IJ;JL'I COCTaB.nemIH: r,13Tp=m nOT8HnHaJIOB. C'tI11ThIBa'eTCH C q,aMJIa npanor o 

nocryna, I\OMIIOH8HThI U (R )" :vI 6
t i 1 

BI1.IJ;8 rpexnepaux MaCCUBOB ut z: Ql 

PasM8pHOCTl1 Maccz::aOB U2, Q2 r U3, Q3 

TaM U2 ( Ri ) , Q2(Ri ) , U3(Ri~' Q}(Ri 
:Ix BH,IJ; rrOKa38H sa p11cYHK8 2. 

(R ) XpaHHTCR: B nporpaMM8 B
i
 

paSM8pHOCTII MN x 2 x (M+l) •
 

• COOTB8TCTByrollU1X Kor.mOH8H

) , paBH8 2 X'MN x (M+t) 

u2f2>1'I~,I'\·H 
Q2(2,HN;M..·I) 

U~(2."'N,WI} 
Q~(2,MN,M+~) 

.P~lC .2 

.3 rro,IUIpOrpaMi'v'I8 YIN-IT orrp8.n;8AA8TCH Ha'tIaJIbH08 rrpllOJllIJK8H1I8 BOJIHO- . 

U{(I1N.2,M·O 
QHMN,2.M+O 

--I 

~ 

"'" 

';~ 

!I
 

- C'tI11ThIB8H11e "xopotuer-o" Yo (R ) :vI3 n OCJI8.n;OB3T8JlbHOl'O (Will
i 

Oll0JII10T8'tIHOro) waiiJIa, paCnOJIOjKeHIWr 0 na ,I!)'ICIW; 

- SanOJIH8H118 "naoxoro" (rpyooro) HCJ.1IaJIbHOrO npUOJlliJK8rnm, onpe
.n;8JI.FI8MO:r0 "BPY'tIHYJO", T.8. BhI'tI11CJlIDI 81'0 BHYTpn: UllKJIa rrp11 nOMOmn 11SB8CT

HhlX c;iOPMYJI. 

3.3. lt1T8P3UMOHHhIlt HbIOTOHOBCK11H np0IJ;8CC p8a.JTIIsY8TCH B nonnporpan
M8 START. IIp11 3TOM BHelIllI11:l1 H8HBHbI11 U:l:lltJI ( 100 CONTINUE ••• GO TO 100) 

OCY~8CTBJIR:8TCH no UT8paUMHlv'I. .30 BHyTp8HB8M lUIKJIe nponcxonnr CB8

.n;8H1183 xpaesux aanas (2.IO)-(2 ..I2) pasM8pHOCT11 MN x MN K MN/2 

3a.n;a'tIffi~ pasM8pHOCT11 2x8. 

Ilounporpaaaa EQCOEF nOCJI8.n;OBaT8JIbHO BlI'tIHCJI.ff8T .n;JIH )U3~E.OMnOH8HT

HhIX H8M3B8CTHHX mYHKU11H Kpa8Bhlx sa.n;a'tI COOTB8TCTBYIDmH8 KOaI~RU118HTU 

paaaocraax ypaBHemI11: A (2,2 ,M-1) r B (2,2 ,M-1), C (2,2 ,M-1) • 

B nozmpor'pasme FCOEF3 BU'tII1CJIHlOTCH npasue 'tIaCT11 F (2 ,M-1) rex 
~e ypaBH8HHli, a no.n;npOrpaMMa GFUNC OCY~8CTBJIH8T BH'tI11CJI8H1l8 ~HKUll11 

BKJlIO'tI8HMJI BOSi¥1Ym8HlIH g (t) 11 88 np011SBo.n;HOll. 

,UaJI88 Bhl1llICJImQTCH KO::¢xl:lRU118HThl Kpa8BbIX YCJIOB11iL ilpz: 3TOM HeoOXO

.n;lIM8 ncnnporpaaaa FINIT , B IWTOpO:l1 npcxcxonnr BbI'tI11CJI8H11e f 1 (/.,8", I\n) 
:a £2 ( A , [), I\n) ~ a TaI~8 11X npOI1SBO,IJ;HHX. 

Ilonnporpaaaa. PROGON OCY1l.l8CTBJIH8T MaTp11'IHYJ,o 2~ npor-onxy ,IJ;Jlli 

s~a'tI (2.10)-(2.12), MO.IJ;I1WHUllpOBaHfr,rro.n;JIH KDasupaBHoM8pHOll C8TK11 

w[o,Rnt1_ ~ B p8SXJlliTaT8 pacers 3Toil lIporpaMMu HaXOMT ncnpaaxn 
1..v ~ 1 ) , 'If~ 2) , If ~ 3)] • IIa 3T OM SaKaH'tI11Ba8TCR BHYTP8HHlli1 WIKJI. 

lIa BUXO.n;8 no.n;rrporpaMMhI FUNC Bhl.n;a8TC,ff B8KTOp, orrp8.n;8JI8HHbIH 

aa BHYTp8HH11X yanax K.BaS11paBHOM8p!Wll ceTIDI cJ [0, Rm ] , rr~JIy'IaIOll.ll1llCH 

nOCJI8 no.n;CTaHOBKH O'tI8p8.n;Horo k -ro np110~8HI1.ff K p8rn8HHID Yk(R ) ,i 
c. k B paSHOCTH1I:ll aHaJIOr yp8BH8UY.Jl (I. I) . 

BbIopaB MaKCHMaJIbHHll no a6COJIroTHOil B8JIM'tI11H8 3JI8M8HT 3Toro B8KTo

pa, nOJIy'Im~ rJIaBHYID KOMnoH8HTY H8BHSKH. 

IIo.n;nporpar~a QUADRl BH'tI11CJIH8T CKaJI.lIpH08 np011SB8.n;8H1l8 .n;ByX 

B8KTOpOB, onp8.n;8JI8~HliX BO"BHyTP8HH11X Y3JIaX C8TI{H ~o, J. 
3aT8M orrp8.n;8JImOTCH SUa'tI8HMR: nonpanox flk 11 ?k rry~M p8rn8HMR: 

C11CT8Mli .D.BYX JIllH8llHliX ypaBH8H11M (~.13) M BbI~11CJIH8TCH B8JIM~Ha OnT11

MaJIbHOrO mara rc t aa ,.u;aHfIOM 11T8paWIl1.
op.a CJI8,nyrom8M UMM8 HaXOMTCH 11T8pau;HoHHaH nonpanxa vk U HOBhl8 

np:aOJIIDK8HMR: K peureamo Y l' b l' A , a TaU8 t .k + k + k+1 k+l 
llPl1 saB8p1Il8HI1I1 BH8rnH8ro UMKJIa OCY1l.l8CTBJIH8TCR rrpOB8pKa: 

max fDk, I flk ~, I f(k I } ~ EPS • Ji,Jm Onp8,IJ;8JI8HIDI H8BHSKH D ncncns
. k
 

SYIDTCH no.n;rrpOrpaMMH FI3, FI4 11 FIS , BHqllCJImOli.lH8,COOTB8TCTB8H

HO,H8BRSKB no ypaBH8HRffM (1.3),(1.4) 11 (1.5) • 

BhIX WYHKUY.L11 Yo (Ri ) . IIp11 3TOM rrp8,nyCNlOTpeHbI aJIbT8pHaTllBI-ill8 BOSMQji: :~ 
. I 

HOCTH: 

9 
8 
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n
 
3.4. ria KaJK,IJ:Olt HbiOTOHOBCKOll HTepa~I.VI npanycnorpen BblBO,n; aa 

nexars c.J1e,rryTOll.\ei~ HI('O;Jiv13I..(lIA:
 

N = k - HOMep HTepau;:vr:vI;
 

FIMAX=D - HeBHSKa;

k
 

UM1= flk 11 UM2= tz J<. - SaatIeH:vIR nonpasox:
 
DELTA= b - q;asa pacccsuxa aa ,n;aHI-IO:'t 11TepaU;HH 11 'TANDEL 

k 
ee TaHreHC; .~ 

NE4, NES - HeBH3Kll no ypaBHeHHHJ\1 (1.4) n (1.5); 
. ! 

TAU= ~k - BeAM~ilHa HTepaU;HoHHoro mara no napaMeTpy t ; 

ASTK=~ AK=~ - BeJllrtUIHhl aanaaaon saeprmr If 

M o~e.iJe,n;Horo npUOJITDieeHUH K HelL 

i3 IWHIJ;e paooru rrpOrpa!JlMbi HULTCH (na rrocJIe,n;HeH HTepaU;HH) npe

.rryCMoTlJeHa nOJIHaH H.iliI B1l00pOtIHaH nevars sHa~8j-mi1 BOJIHoBht'x 0YIIIill;Hlr
 

yx(Ri )
 

4. 'InCJIeHHbIe paCtIeTbl 

.J Iw~eCTDe npnaepa P£1CCf,laTpnB£1JIaCb WeCTlll"aHaJIbHaH 38,IJ,atIa pac

ce.'IHHH C O,lLH;rr,; II ,II,.I3y;,lR: OTEpblTbIlIJI,I IWHDJIaI;lH HG KBas~'IpDBHor.18pHoit CeTI\8
 

GUCO,RmJ BII.IJ.D: R=O.(O.')20. (0.5) .60. ""YHKll;:lH DKJ]J{)1IeHHR
 

Bos;\f.yTll\eHllrl: nuonpanact, CJIe,rryIOWl:'v1 oopaaoa: g(t)=1-e- ott C Ko$~11J.U'leH


TOM ~ =1 • Pac~eTbI rrpHBe,n;eHhl .IJ.JIH c~aR: EPS=10-
6, 

AMNl=S496.918,
 

AMN2=3670.481 ,AM3=206.769, LJ=O.,BET=S422.36, EPSIL1=50"M=280 

:v1aTpill.UI i, 1II f npa R=R li 1- M OTKpliTOM RaHaJIe COOTBeTCTBeHHO
2 m
 

HMeIOT Ban:
 

sin(k R + 5(1» 0 0 0 0 01 m
 
0 1 0 0 0 0
 

0 0 1 0 0 0
 

0 0 0 1 0 0
 

f,=( 

,0 Q 0 0 0 ,
0 0 0 0 0,
(_k' cOs(k,Rm+ .(1) I 0 0 0 0 0
 

, 0 Ik 0 0 0 0
2 1 

0 0 0 0~ = 0 /!<31
 
2 0
 0 0 0 0Ik4\
 

0 0 0 0 lks\ 0
 

\ Ik6 \·
0 0 0 0 0 

OAHRM :vI3 B~Hl:lX pesyJIhTaTOB RBJIReTCR .IJ.OCTaTO~H8R YCTOKqllIBOCTb 

• ,n;aHHoro a~opRTMa no OTHomeHHIO R OilllIOKaM B sa,n;aHHR HatIaAbHOrO rrplio -" 
~eHHR BOAHOBliX WyHKUHM Yo li was~ pacceHHHH b •o 

Ha pacyaxe 3 CX8MaTHtIHO u306pa'K8Hli pasJrntIHlie ;;rrOCJI8.IJ.oBaTeAbHO 

yxy.n;maIOIIUI8CH" HatIaJIbHlie rrpliOmI.lK8HKiT D~PBliX KOMIIoHeHT BOJIHOBliX WHK- ~ 
I 

10 

TaOJWilla 

ITatIaJIbHOe 2£13a'Inc.no I1TepamrlI 
rrpHO.;TIDKeHHe a) c Iv 

opt 
b) c 'i"=1 c) np , SISTEH ~ 

'C =, paCCeHHYDI
0

y-(1 ) 16 16 4 1.23348 
y~2) 
~3) 

y 
• 

15 
16 

19 
57 

7 
39 

1.,~3340 

1 ..23340 
~4) 

y .25 155 77 1.23340 
v~5) .23 135 79 1..23340 

..~ 

HOMep 
ETeP.»IurVI 

0 
I 
2 
3 
4 
5 
6 
7· 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

'l;"opt (N) 
y~1 ) 

0 
0.3.25 
0.899 
0.935 
0.873 
0.737 
0.855 
0.825 
O.'7I3 
0.876 
0.738 
0.777 
0.870 
0.737 
0.832 
0.827 
0.768 

-
-
-
-
-
-
-
-
-

'l;oP (N)rs.; 2 ) 

0 
0.100 
0.44J 

I 0.911
I 

0.791l 
0.959 
0.598 
0.774 
0.848 
0.822 
0.824 
0.834 
0.815 
0.833 
0.834 
0.823 
0.834 

-
-
-
-
-
-
-
-
-

II 

1]QJllllIa 

1:" opt (N) 
y~3} 

U 
0.100 
0.838 
0.734 
0.100 
0.154 
0.100 
0.219 
0.t58 
0.167 
0 ..J46 
0.368 
0.453 
0.598 
0.769 
0.883 
0.841 
0.730 
0.866 
0.763 
0.787 
0.864 
0.75.2 
0.836 
0.8.22 
0.780 



•• 

L"
 

il,uE YO(1), /2), /3»)C) ,y(4)"XXI' y(S) K pe1ll8IDllO s: 
o 0 0 0 " 

lJOCTUKaHaJIbHOn 33;rr,D1.nI pDCCemrH,H (nepBhlf: KaHaJI OTKphIT). 

I:
I, 

l
l·

p}~c. 3 

.J TaoJllilJ,e I npl.me,n,eHo cpaBH9Hne CXO,UHMOCTH rpex aJIrOpl1TMOB
 

(no lll1C.n:y l1T8palJ,HiI) npn CTDpT8 C 8THX HDQaJThHhlX rrpl10Jl}VKemI:1-l. PacCMaT

pUBalOTcH:
 
a) rrp8;rr,cTaBJI8HHbIt'l aJ1rOpllTM C onTliM ansHhU\1 BhIOOPOM mara '&opt
 

n) TOT xe aJlrOpMTM. HO C IIOCTOflHHhlM rnarOM q;:;;1 ; 3/,
 
c) rrpOrparv'lM8 SISTEM • p8aJUISYIOll.\3H DJIrOpllTM H3 paOOThI/
 

npe.IJ:CT3BJI5IlOlllUil coooll r,le'l'oJL iIhlOTOH8 ces B03~,1YllleHl1H ( 'T::;;1 ) •
 

.J T30Jilll.J;8 ~ npllBe,U8HhI SHaQ8mUI MTepaIJ,ltIOHHOrO mara -t: opt
 

BhI'UlCJIOIIHOrO no cj;,OPlvlYJI8 (.2.7) na K8Ji\,Il,O~i N - j HT8P81..UHI npn crapre
 

C pa3JlilllHl1X nallaJIhHblX np~16JllDr..8ml~:.
 
D S8KJIIOll8lUr8 XOT8JIOCb GLl Bblpa3MTb oJraro.rr,apHocTb, 13.C •Jl8JI8JilliKY
 

II lI.l3.rrysHHIury sa 60JIbWYro IIOMOlI.\b B paocre .
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CMl-1PHOB IO.C . Pl1-$38-912 
AnrOpl-1TM 101 nporpaMMil An" pCWCHHH MHoroKilHanbHoR 3aAil4l-1 
pacccAHHA c Ma1'pH~aMH nOTCHllHanOB cneuaansuoro uHA'a 

npeAcTaBn~H anropHTM ~HCJlCHHOrO peweHHA MHoroKaHanbHoH 3aAa~l-1 paCCeRHl-1R 
AnA MaTpH~ nOTeH~HanoB cneUHanbHoro BHAa, 803HHKa~~eH npH onHC8HHH pacceRHHR 
Me30aTOMOB Ha AApax B aAHa6aTH~lecKoM npeAcTaBneHHH. AnropHTM pa3papoTaH H8 
OCHOBe HenpepblBHoro aHanora MeToAa Hb~ToHa c BKn~4eHHeM B03M~eHHA H onTH
ManbHblM BM60pOM HTepa~HoHHorO W8ra. npHBeAeHo onHcaHHe nporpaMMM MULTCH Ha 
A3blKe $OPTPAH AnR EC 38M, peanH3y~~eR 31'OT anropHTM. PaccMoTpCH~ npHMep~ 

Hcnonb308aHHR nporpaMMW, AeMOHcTpHpyn~Hc AOCTaT04HY~ YCToR4HBOCTb HTcpaUHOH
HoR cxeM~ no OTHOWCHH~ K oWH6KaM B 3ilAilHHH Ha~anbHoro npH6nH~eHHR. 

Pa60Ta B~nonHeHa B fla60paTopHH D~~HcnHTenbHo~ TeXHHKM H aBTOMaTH3a~HH 

O~R~. 

Coofiurenue 06'Le,lJ,HIICHIIOro HHCTlnyTa anepuux accnenonanaa. )ly6lla 1988 

nepeBOA O~C.BHHorpaAoBo~ 

Smirnov Yu.S.	 Pl'-88-9'2 
Al~orlthm and Program for NumerIcal Solution of a Mult!channel 
Scattering Problem with a Special KInd PotentIal MatrIces 

\ 

An algorithm Is presented for numerLcal solution of a multichannel scat 
terlnq problem wIth a special kInd potentIal matrlc~s. The' problem arIses 
when descrlbln~ the mesIc atom scattering on nucleI In an adiabatic repre
sentatIon. The al00rlthm Is elaborated on the basis of contInuous analog 
~fNewton method with perturbation Inclusion and an optimal Iteration st~p 

choice. The HULTCH pro~ram In FORTRAN language for the ES-computer realIzing 
the algorIthm Is glven~ Some examples of program usIng are considered whIch 
demonstrate a sufficient stab!! Ity of Iteration scheme wIth reference to 
errors In InitIal approximation assignment. 

The Investl~atJon has been performed at the Laboratbry of Computing
 
Technique and AutomatIons, JINR.
 

Communication ot the Joint Institute tor Nuclear Research. Dubn~ 1988' 


