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1. nOCTAH08KA 3AnA~H 

PaCCMOTPHM 3a~aqy Ha C06CTBeHHUe 3Ha4eHHH 

d
2 

d --- + Q -- + ( AR - U ) ) y = o , a~r~b, 

dr
2 

dr 
L(A)Y " ( 1 ) 

1 y = a (A)Y + ~ (A)Y 
, 

= 0 
' 

r=a, 
1 1 1 . 

( 2 ) 

1 y = a (A)Y + ~ (A)Y ' = 0 
' 

r=b, 
2 2 2 

a2 + ~2 '*- o 
l l ' 

i=1,2. 

3necb a
1

, ~~ - HenHHeRHUe H rna~KHe ~YHKUHH OTHOCHTenbHO A, a Q, 

R,U - ~OCTaToqHo rnanKHe ~YHKUHH BO BCeX Ta4KaX HHTepsana (a,b), 

3a HCKn~qeHHeM ToqeK r=a H r=b, B KOTOPUX OHH M01YT HMeTb 

OCa6eHHOCTH. 

3a~aqa 0 HaXOI~eHHH OTnenbHUX 3HaqeHHR rrapaMeTpa A, KaTOpUM 

COaTBeTCTBY~T HeTpHBHanbHUe perneHHH y 3a~aqH ( 1 ) 1 ( 2 ), qacTa 

BCTpeqaeTCH B pa3nH4HUX pa3~enax TeopeTHqecKOA ~H3HKH / 1 • 2 • 3/ 

8 HaCTOHmee BpeMH C03~aHO HeCKOnbKO anropHTMOB H naKeTOB 

nporpaMM, HarrpHMep 14 -
61, qHcneHHOra perneHHH 3a~aqH ( 1 ),( 2 ) . 

8 HHX, B qacTHOCTH, B KaqeCTBe OCHOBU arrnpOKCHMaUHH 6unH 

HCITOnb30BaHU MeTO~ KOHe4HUX pa3HOCTeR (MKP) H MeTa~ KaHe4HUX 

3neMeHTOB (MK9) llOBUilleHH010 ITOpH~Ka TOqHOCTH. 

8 HacToHmeA pa6oTe rrpe~cTasneHu suqHcnHTenbHaH cxeMa H 

CTapTOBUR rraKeT rrporpaMM ~nH perneHHH 3a~aqH ( 1 ), ( 2 ) Ha OCHOBe 

MeTO~a crrnaRH-arrrrpOKCHMaUHH C llOCne~y~mHM llPHMeHeHHeM MO~H~HKaUHH 

HerrpepUBH010 aHanora MeTO~a Hb~TOHa, MeTO~ crrnaAH-arrrrpOKCHMaUHH 

~nH 3a~aqH WTypMa-flHYBHnnH cpaBHHM C MKP ITO cnaiHOCTH era 

peanH3aUHH Ha 98M, H B TO Ie speMH OH ~aeT rrpH6nHieHHUe 

C06CTBeHHUe ~YHKUHH H ee rrpOH3BO~HUe Ha BCeM HHTepsane, r~e 

HmeTCH perueHHe. no 3THM ITpHqHHaM OH llPHBReKaeT BHHMaHHe ~nH 

3a~aqH ( 1 ) , ( 2 ) • 

OTMeTHM, qTo rraKeT 6e3 OC06UX 3aTpy~HeHHA MOieT 6UTb 

peanH30BaH Ha rrpeCOHaRbHUX KOMllb~TepaK THrra IBM PC (XT HRH AT). 
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2.Aflf0PHTM qHCflEHHOfO PElliEHHH 

Ha OTpe3Ke ( a , b ] BBO~HTCH paBHOMepHaH 

11 : a=r <r < ••• <r ,;1, c waroM h = r - r 11 npH6nHJKeHHoe 
h 0 1 N 1+1 I' 

y HweTCH B BH~e Ky6HqecKoro cnnaRHa Knacca C2 [a,b]: 

r~e BJ (r) 

H+1 
y "' s = L ex B (r) , 

j =-1 j j 
-~..; 

- HOpManH30BaHHUe Ky6HqeCKHe B-cnnaRHu /1/ 

qTo 3~ecb ceTKa 11h ~ononHeHa y3naMH r 1 = r 
0 

- ih ; r H+l = r H 

i = 1,2,3 ~nH Toro, qTo6u 6uno cnpase~nHBUM npe~cTasneHHe 

ITOTpe6yeM, qTo6u cnnafiH y~oBneTBOpHn COOTHOWeHHHM 

rne 

2 

L(A.)S + ~2 fi
2
[S'']+ = 0 , r e 11h 

11S = o , npH r = r
0 

1 2S = 0 , npH r = r" 

[S"]+-, { 

2 S''- S'' 

S'' 
I 

1 2 

2 S'' - S'' H-1 H-2 

r ro 
r = r

1
, 

r = r" , 

i=1, •• ; ,M-1 

ceTKa 

pemeHHe 

( 3 ) 

0TMeTHM, 

+ ih, 

( 3 ) • 

( 4 ) 

( 5 ) 

-2 2 
f1 S1 = (S1M - 2S1 + S 1_ 1 )/h - BTOpa51 pa3neneHHa51 pa3HOCTb. 

; 4 
ITpH 3TOM ypaBHeHI!e ( 4) HMeeT norpemHOCTb annpoxci!MaUHH O(h ). 

3a~aqy ( 4 ),( 5) BMeCTe C ycn08HeM HOPMHP08KH pemeHH51 

(S 1 S) - 1 = 0 6 ) 

CMOJKHO paccMaTpH8aTb xax HenHHefiHoe ~YHKUHOHanbHOe ypa8HeHHe BHna 

~(z) = o 1 z = (A.IS) 1 ( 7 

nnH pemeHH51 KOTOporo y~o6HO npHMeHHTb o6o6weHHUfi anropHTM C 

BKn~qeHI!eM B03MyrueHH51 Ha OCHOBe HenpepusHoro aHanora MeTana 

Hb~TOHa/819/. ITpl! BUTIOnHeHHH ycnoBHH rna~KOCTH onepaTopa ~(z) 11 . 
cyweCTBOBaHH51 orpaHHqeHHoro onepaTopa (~') -1 B oxpecTHOCTH 

* .j * ' HCKOMOro 1!30nHpOBaHHOrO 

COOTHOWeHHe / 10111/ 
pemeHHH 

lim 1 1 z<t> - z* 1 1 = o 
t~co 

z = ( A I s cnpasennH8o 

~n51 KpaTKOCTH TIPHBe~eM nHWb anropHTM. Ha KaJKnofi I!TepaUI!I! 

Heo6xo~I!Mo pemHTb cneny~wl!e 3a~aq11 

2 

~ 

L(.\)U
0 

- rs 
n 

11 (A.)Un - ( 

12(1\.n)un - ( 

da <A.> S __ 1 __ n 

n dA. 

da c~~. > S __ 2 __ n 

n dA. 

di31 (A.Il) 
+ s ~-----ax-

di32 (A.n) 
+ s ~-----ax- ) , 

2 S I I-s I I 

L(A. )Q = _ ~ fi2(S''+ n n-1]+, 
n n 12 n gn "t" 

n-1 

11 (A.)Qn 0 

12(1\.n)Qn = 0 

r~e g = 1-exp(-t )' 
n n 

3HaqeHHe ~YHKUHH 

t =t +"t" 
n n-1 n-1 

nocne pemeHHH cHcTeM ( 8 ) I! 9 ) 

onpenenH~TCH n~ ~opMynaM 

s 
, n+ 1 

= (1-"t: )S 
n 

+ 1: (~ u +n ) , 
n n n n 

re/1 
h 

r=r 
0 

r=r 
H 

re/1 
h 

r=r 
0 

r=r 
H 

( 8 ) 

( 9 ) 

BKn~qeHH51. B TQqKe 

cneny~w~e npH6nHJKeHHH 

( 10 ) 
A. n+1 = A. + "t" ~ , n=;O, 1, .•. ,, 

n n n 
rne 

1+(S ,S )-2(Q ,S) 
~ n = n 2 ( ~ ' S ) n n ' n=O ' 11 • • • ( 11 ) 

n n 
HTepaUHOHHUfi napaMeTp "t" B ~OpMynax ( 10 ) 8U6HpaeTC51 

/12/ n 
OTITHManbHUM o6pa30M 1!3 npHHUHTia MHHHMH3aUHH K8anpaTa HeBH3KH 

ypaBHeHHH ( 4 ). HHTerpanu 8 CKanHpHOM npOH38eneHHH 8 ( 11 

BUql!cn5l~TC5l C TIOMOWb~ ~OpMynu CHMTICOHa C y3naMH Ha CeTKe 

cnyqae cxoni!MOCTH HTepauHfi ( 10 ) I ( 11 ) 11 II L(A. ) -
1 11 ;,; 

n 

MOJKHO TIOKa3aTb 1 qTQ 

11h. B 

K < co 

I A* - A I = 0 (h
4

) ·, 
n 

* 4 
( 12 ) 

II y - sn lie = O(h) , npH n~co • 

EcnH K03~HUHeHTU ypa8HeHHH 1 ) HMe~T oco6eHHOCTb 8 Toqxax 

r=a I! r=b 1 TO He npencTaBn5leTC51 803MOJKHUM 3aTIHCaTb ypa8HeHHe 

( 4 ) B 3THX TOqKaX. B 3TOM cnyqae MOJKHO TIOTpe60BaTb BNTIORHeHHH 

ycnOBHH HenpepUBHOCTH TpeTbefi npOH3BOnHOfi cnnafiH~/7/, T.e. 

S'" (r1_0)=S"' (r1•0), i=1 1M-1 ; 

KoTopue nerxo peanH3Y~TCH B TepMI!Hax xo3ctxiJHUHeHTOB cnnafiHa/
131. 

cnenyeT oTMeTHTb 1 qTo npH pemeHHH cHcTeM - ( 8 ) I ( · 9 ) MOJKeT 

B03HHKHYTb BOTipOC 0 B03MOJKHOfi TIOTepe TQqHQCTH B nocTaToqHQ 

6ni!3KOfi OKpeCTHOCTH HCKOMOrO C06CTBeHHOro 3HaqeHH51. OnHaK0 1 KaK 

noxa3aHo B 1141 15/ 1 naHHaH npoue~ypa npH npasHnhHOfi opraHH3aUHH 

BUqHcneHHfi He npHBO~HT K 6onbWOfi npTepe 3HaqawHX UH~p I! He 
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npe~cTaBnHeT CROXHOCTH ( OC06eHHO Ha 3BM C 60RbWOR pa3pH~HOCTb~ 

MaWHHHOro cnoaa). 
OnHCaHHUR anropHTM MOXeT npHMeHHTbCH H ~nH perneHHH 3a~aqH 

pacceHHHH, KOTpoy~ MOXHO CBeCTH K HeRHHeRHoR KpaeBOR 3a~aqef8/ 

2 
L + k2- 1 (1+1) - ucr> ) y = 0 , 
dr2 r 2 

( 13 ) 

y = 0 , r = o 
_.; 14 

e(y,y'> = o , r ... "' 

r~e e(y,y') - HeKOTOpaH HeRHHeRHaH ~YHKUHH OT y H y'. 
YpaBHeHHe ( 13) HBRHeTCH qacTHUM cnyqaeM ypaBHeHHH ( 1 ), B 

2 1(1+1) -
KOTOpOM Q(r)=O, R(r)=O, U(r)= - k + --- + U(r). llPH 3TOM 

r2 

K03~HUHeHTU at, {i
1 

B 

BH~eTb, qTo npaBaH 

( 2 He 3aBHCHT OT A.- B 3TOM cnyqae nerKO 

qacTb CHCTeMU 8 pasHa_ Hyn~, H 

cne~oBaTenbHO, un=o. TaKHM o6pa30M 1 B cnyqae 3a~aqH pacceHHHH HeT 

He06XO~HMOCTH perneHHH CHCTeMU ( 8 ). Kpaeaue ycnOBHH B CHCTeMe 

( 9 ) npHMYT BH~ 

n 
o, r=O 1 0 

t· n 
~ n 

1 0 
2 n 

ae (S , S') ae (S , S') 
= n n n +- n n 0' = 

ay n ay' n 

-e(y ,y') ae(S ,S') 
n n + n n 

ae (S IS') 
S + n n S' 

n ay' n 
r~oo. 

TaK KaK un=o, TO cne~y~mee npH6nHxeHHe K perneHH~ MOXHO 

onpe~enHTb no ~opMyne 

s 
n+l 

(1-,; )s + ,; n 
n n n n 

TaKHM o6pa30M
1 

B 

nporpaMMU, no KOTOPUM 

npOH3Be~eHHH. 

nocne auqHcneHHH 

3a~aqe pacceHHHH onycKa~TCH Te 

HaXO~HTCH BenHqHHU U , 
n j.ln H 

BORHOBOR ~YHKUHH B npe~enax 

qaCTH 

cKanHpHue 

3a~aHHOR 

TQqHOCTH BUqHCRHeTCH ~a3a paCCBHHHH C HCnORb30BaHHeM aCHMnTOTHKH 

perneHHH Hero npOH3BO~HOR/8/. 

-:-~·; ,~~~::~;r: 
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3.CTPYKTYPA llPOrPAMMN. OllHCAHHE no~nPOrPAMM H llAPAMETPOB 

PHC.1 CTPYKTypa nporpaMMU EVSA4. 

llporpaMMa EVSA4, peanH3y~maH onHCaHHUR BUlle 

qHcneHHOro perneHHH. 3a~aqH illTypMa-RHYBHRRH, COCTOHT 

no~nporpaMM. Ee CTPYKTypa cxeMaTHqHo npe~cTaaneHa Ha 

anropHTM 

H3 11 

pHC .1. 

nporpaMMa peanH30BaHa Ha H3UKe FORTRAN-77 H. npe~Ha3HaqeHa ~nH 

3KCnnyaTaUHH Ha nepCOHaRbHUX KOMnb~Tepax THna IBM PC (XT H AT) B 

aepcHH RM-FORTRAN, a TaKxe Ha 3BM cepHH EC. Bee auqHcneHHH 

npOBO~HTCH C ~BORHOR TOqHOCTb~. llporpaMMa ~OCTaToqHO KOMnaKTHa no 

CBOHM pa3MepaM ( nopH~Ka 300 HHCTPYKUHR FORTRANa ), npOCTa B 

3KcnnyaTaUHH, He Tpe6yeT ~nH paccMoTpeHHoro Knacca 3a~aq 6onhrnHx 

3aTpaT MaWHHHOro BpeMeHH·H onepaTHBHOR naMHTH 9BM, a, TaKXe He 

HCnORb3YBT B npouecce BUqHcneHHR nepH~epHRHy~ naMHTb. 

B OCHOBHOR MAIN-no~nporpaMMe onpe~enH~TCH MaKCHMaRbHUe 

rpaHHUU pa6oqHX MaCCHBOB, He06XO~HMUX B npouecce perneHHH 3a~aqH. 

CTaH~apTHOe 3HaqeHHe M=2800 MOXeT 6UTb H3MeHeHO no YCMOTpeHH~ 

nonb30BaTenn. 

~nH_ qHcneHHoro perneHHH 3a~aqH (- 1 ) - ( 2 ) Heo6xo~HMO Ha 

axo~e onpe~enHTb 3HaqeHHH cne~y~mHx napaMeTpoa: 

M - KORHqecTBO Y3ROB paBHOMepHOR ceTKH ~h (6e3 nepBOR TOqKH 

ro): 
H - 3HaqeHHe mara CeTKH ~h' Ha KOTOpOR npoH3BO~HTCH perneHHe 

3a~aqH: 

AK2 - 3a~aHHOe 3HaqeHHe A0, T ~e. HaqanbHOe npH6RHXeHHe K 

C06CTBeHHOMY 3HaqeHH~ 3a~aqH illTypMa~RHYBHRRH: 

EPS - a6con~THaH ToqHOCTb ~nH HTepaUHOHHoro npouecca: 

RMIN - neBaH rpaHHUa OTpe3Ka H3MeHBHHH r • . 
cne~y~mHe qeTupe napaMeTpa onpe~en'H~T- BH~ .rpaHHqHux ycnoaHR Ha 

KOHUaX o6naCTH H3MeHeHHH r, a HMeHHO : 

is 



Z1 ~ K09~HUHeHT npH nepson npOH3BO~HOA C06CTBeHHOA ¢YHKUHH 

Ha neBOM KOHUe 0Tpe3Ka H3MeHeHHR r, T.e. B TOqKe RMIN; 

Z2- K09~HUHeHT npH·co6CTBeHHOA ¢YHKUHH B TOqKe RMIN; 

F1 - K09~HUHeHT npH nepson npOH3BO~HOA C06CTBeHHOA ¢YHKUHH 

Ha npaBOM KOHUe 0Tpe3Ka H3MeHeHHR·r; 

F2 - K09~HUHeHT npH C06CTBeHHOA ¢YHKUHH Ha npaBOM KOHUe 

. oTpe3Ka H3MeHeHHR r. 

OCTaRbHJ,Ie riapaMeTplol onpe~enRIOT BH~ BXO~HJ,IX noTeHUHaROB. 

U(r
1
), Q(r~), RR(r

1
) H C06CTBeHHOA ¢YHKUHH y(r

1
) H 3a~aiOTCR 

noRb30BaTeneM B 3aBHCHMOCTH OT Bloi60pa KOHKpeTHOrO noTeHUHana. 

CqHTioiBaHHe BCeX BXO~HJ,IX napaMeTpOB ocymeCTBRReTCR npH nOMOmH 

onepaTopa READ(*,*) ••• B CB060~HOM ¢opMaTe, qTo 3HaqHTeRbHO 

ynpomaeT npoue~ypy BBO~a ~aHHioiX nonb30BaTenR. 

Onpe~eneHHiole TaKHM o6pa30M napaMeTplol H ~aCCHBU nepe~aiOTCR B 

no~nporpaMMY START. 3~eCb npOHCXO~HT 3anonHeHHe CeTKH 6h B MaCCHB 

R(I). 

B no~nporpaMMe YINIT npoHcxo~HT. onpe~eneHHe HaqanbHoro 

npH6RHJKeHHH K C06CTBeHHOJ:I ¢YHKUHH y(r
1

) 1 KOTOpoe 3a~aeTCH npH 

nOMOmH aHaRHTHqecKOJ:I ¢opMynu B 3aBHCHMO.CTH OT BH~a BXO~HJ,IX 

noTeHUHaROB 3a~aqH, npH 9TOM HaqanbHOe npH6RHJKeHHe K co6CTBeHHOMY 

3HaqeHHIO ;>. 3a~aeTCH B6RH3H H3BeCTHOro aHaRHTHqecKH HRH 

npe~nonaraeMoro pemeHHH. 

CaMH. noTeHUHanu U(r
1

) ,Q(r
1
), a TaKJKe RR(r

1
) s~o~qHcnHJOTCH no 

aHaRHTHqecKHM ¢opMynaM, 3a,IIaBaeMbiM nORb30BaTeneM, COOTB.eTCTBeHHO 

B no~nporpaMMaX UINIT, QINIT H RRINIT. 

B no~nporpaMMe START peanH3yeTCH HbiOTOHOBCKHJ:I HTepaUHOHHUA 

npouecc. Ha Ka~on HTepauHH s no~nporpaMMe DIFFER ocymecTBnHeTCH 

BJ,IqHcneHHe K09¢¢HUHeHTOB cnnaAHa AL(r ) 1 a TaKJKe He06XO~HMUX 
. I 

annpOKCHMaUHJ:I oqepe~HJ,IX npH6RHJKeHHA C06CTBeHHOA ¢YHKUHH H ee 

npoH3BO~Hux. nocne s~o~qHcneHHH K03~HUHeHTOB A , · B , c (a 9TO 
I I I 

MoJKeT 6lo1Tb c~enaHo o~HH pa3 3a speMH pa6oT~o~ nporpaMMiol) Ha KaJK~on 

HbiOTOHOBCKOJ:I HTepaUHH onpe~eJIHIOTCH K09~HUHeHTU npaBioiX qacTeR FB
1 

KpaeBJ,IX 3a~aq ( 8 )-( 9 ), B XO~e BJ,IqHcneHHH KOTOploiX npOHCXO~HT 

o6pameHHe K no~nporpaMMe-¢yHKUHH GFUNC(T), B03BpamaiOmen 3HaqeHHe 

¢YHKUHH BKRIOqeHHR B03MymeHHH. 

B no~nporpaMMe PROGON ocymecTBnHeTcH pemeHHe Kpaesux 3a~aq 

( 8 )-( 9 ) MeTO~OM nporOHKH. B pe3yRbTaTe ee pa60TJ,I HaXO~HTCH 
HTepauHOHH~o~e nonpasKH V(r )=u H V(r )=n·. CKanHpHoe npoH3Be~eHHe 

I I I I • 
~BYX BeKTO~OB Ha KalK~OA HbiOTOHOBCKOA HTepaUHH BJ,IqHCRHeTCH no 

¢OpMyne CHMnCOHa B no~nporpaMMe QUADR1. 

6 

J 

Ha BloiXO~e. no~nporaMMiol FUNC. BJ,I~aeTCR BeKTOp i onpe~eneHHioiA BO 

BHyTpeHHHX y3nax, ceTKH 6 , MaKCHManbHUA no ·a6coniOTHon senHqHHe v . h 

9ReMeHT KOTOporo ~aeT rnaBHYIO KOMnoHeHTY HeBR3KH D Ha n-on 
n 

HTepaUHH. BloiXO~ H3 HbiOTOHOBCKOrO HTepaUHOHHOrO npouecca 

ocymecTBnReTCR.nH6o no ycJIOBHIO max { D
0

, lllnl} :s EP:;l, T.e.,npH. 

~OCTHJKeHHH CXO~HMOCTI!;3 C 3a~aHHO~ TOqHOCTbiO, RH60 no HCTeqeHHH 

3apaHee ycTaHosneHHoro qHcna HTepauHA • 

BHYTPH HTepaUHOHHOrO npouecca npe~yCMOTPeHa neqaTb cne~yiOmen 
HH¢OpMaUHH: 

N = n - HOMep TeKyuteA HTepaUHH; 

AK2 = ;>. - co6CTBeHHOe· 3HaqeHHS; 
n ' 

FIMAX = D - 3HaqeHHe rnaBHOA KOMnOHeHTU HeBH3KH; 
n 

UM1 = ll - senHqHHa nonpaBKH; 
n . . . 

-r 
n 

TAU - 3HaqeHHe HTepauHoHHoro mara no napaMeTpy t. 

llocne 3aBepllleHHH HbiOTOHOBCKHX HTepaUHJ:I Ha neqaTb BU~aiOTCH: 

cTon6eu 3HaqeHHR R ceTKH 6 c onpe~eneHHioiM noJib30BaTeneM maroM H 
I h . 

COOTBeTCTByiOmHR CTOJI6eu 3HaqeHHA C06CTBeHHUX ¢YHKUHA Y
1

• 

4.4HCflEHH~E HCCflEROBAHHH 

llpe~cTasneHHaH sume nporpaMMa EVSA4 6una nposepeHa Ha pR~e 

TeCTOB/ 1G/ 1 'a TaKJKe HCnORb30BaRaCb ~RR . pellleHHH HeKOTOploiX 3a~aq 
H~epHOJ:I ¢H3HKH. 
e 

~·llPHMEP 1. YpaBHeHHe fleJKaH~pa: . ' 

Y'' (x) 7 . 2x2 Y' (x) - ~ y(x) 
1-x 1-x 

0 1 XE (-1,1) 

C rpaHHqHJ,IMH YCROBHRMH: 

Y' (X) - ~ y(x) 2 = 0 I X= -1, 

Y' (X) + ~ y(x) = ci I X= +1• 

ToqH~o~e C06CTBeHHJ,Ie 3HaqeHHH ~aHHOA 3a~aqH HMeiOT 
;>. = -n(n+1), a n C06CTBeHHiole ¢YHKUHH MoryT 6lo1Tb HaA~eHJ,I 

cne~y10mea aHanHTHqecKoA ¢opMyne: 

- J 2n+r y(x) = p
0 

(X) = - 2- p
0

(X), 
4 

r~e P
0

(X) y~oBneTBOPHIO! peKKypeHTHOMY COOTHOIIIeHHIO: 

(n+1)pn+t (x) - (2n+1)Xp
0

(X) + np
0

_
1 

(x) = 0, T.e. 

1 2 p 0<XI = 1, p
1 

(x) = x, p 2 (X) = 2(3x -1), ••• 

BH~: 

no 

B Ta6nHUe 1 npHBe~eHiol pe3yRbTaT~ pa60TU nporpaMMJ,I EVSA4 Ha 
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X 

-1,0 

-o,8 

-0,6 

-0,4 

-0,2 

o,o 

A2 

n· 

1, 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ta6nHua 1. Co6CTBeHHUe ~yHKUHH p 2 (x). H C06CTBeHHUe 

3HaqeHHR A2 nnR ypasHeHHR nexaHnpa Ha 

nocnenosaTenbHOCTH snsoe cryma~mHxcR 

CeTOK 6h (h=0,05) 

h=0,05 h/2 h/4 (j 

1,5811314 1,5811384 1,5811388 17,5 I 

0,72732045 o, 72732365 0,-72732285 16,0 

-0,063245256 -0,063245535 -0,063245552 16,4 

-0,41109417 -0,41109598 -0,41109609 16,4 
! 

-0,69569782 -0,69570088 -0,69570107 16,1 

-0,79056571 -0,59056918 -0,59056940 15,77 

-::6,0000000 -6,0000000 -6,0000000 - -

Ta6nHua 2. 3aBHCHMOCTb co6cTBeHHoro 3HalfeHHR A oV mara 

A aHan. n 

-0,0625 

-o, 0211 (7) 

-0,015625 

-0,01 

-0.0069(4) 

-0,0051020 

-0,0039063 

-0,0030864 

-0,0025 

-0,0020661 

n 

ceTKH h H npasoR rpaHHUU HHTepsana x npH 
max 

~HKCHPOBaHHOM lfHCne y3nOB C8TKH M=2800 B 

3analfe C xynOHOBCKHM B3aHMoneHCTBH8M (1=1) 

A nh 

xmax=140 xmax=280 xmax=420 xmax=560'· X =840 max 

-0,0625000 -0,0625002 -0,0625008 -0,0625019 -0,0625065 

-0,0277778 -0,0277779 .:..o,0277781 -o,o2·7?785 -0,0277801 

-0,0156249 -0,0156250 -0,0156251 .:.0,0156253 -0,0156260 

-0,0099775 -0,0100000 -0,0100001 -0,0100002 ,-0,0100005 

- -0,0069445 -0,0069445 -0,0069445 -0,0069448 

- -0,0051003 -0,005102~ -0,0051021 -0,0051022 

·- -0,0038252 -0,0039063 -0,0039063 -o, oo39064· 

- - -O,OOJ9839 -0,0030864 -0,0030865 

- - - -0,0024999 -0,0025001 

- - - -Q,0205715 -0,0020662 
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1 
·~ 

I 
l 
·! 

nocnenosaTenbHOCTH snsoe crymaDmHXCR ceTox (h=0,05) rrpH n=2, T.e. 

C06CTBeHHOe 3HaqeHHe A2 H C06CTBeHHUe ~YHKUHH y(x)=p2 (X), HMe~mHe 

nsa HynR B o6nacTH onpeneneHHR. B nocnenHeM cTon6ue Ta6nHUU 1 

npHsonRTCR 3HaqeHHR OTHorneHHR u = ( yh - Yh/ 2) I ( Yhn ·- Yh/
4
), 

CBHneTenbCTByDmHe 0 TOM,, qTo CXOnHMOCTb npH6nHXeHHOrO perneHHR 

3analfH ( 1 )-( 2) HMeeT nopRnox O(h4
). 

llPHME~ 2. 3anaqa o6 onpeneneHHH cnexTpa aToMa sonopona: 

y''(x) + (•A ! +·~(1+1) ) y(x) = o , x e (0,~) 
x x2 

y(x) 

y(x) 

0 

0 

ToqHoe C06CTBeHHOe 3HalfeHHe HaxonHTCR 
* 1 2 An = - 4. (l+n) , n=1,2, •• ·• 

X 

X 

no ~opMyne.: 

0. 

x· -+ oo • 
max 

B Ta6nHue 2 npencTaBneHo HccnenosaHHe 

A (n=1,2,· ••• ,10) OT mara 
n 

3aBHCHMOCTH 

C06CTB8HHOrO 3HaqeHHR ceTKH h H 

COOTBeTCTBy~mell. npaBOll. rpaHHUU HHTepBana X npH ~HKCHPOBaHHOM 
.. . max 

qHcne y3nOB . CeTKH }1:=2800. H,3 3TOR Ta6nHUU BHnHo 1 'ITO C POCTOM 

HOMepa co6cTBeHHoro 3HaqeHHR n nnR nonyqeHHR 6on~e ToqHoro 

pellleHHR Heo6xonHMO ysenHlfHBaTb npasy~ · rpaHHUY HHTepsana X max 

(naxe HeCMOTPR Ha TO, 'ITO npH ~HKCHpOBaHHOM qHcne y~nOB CeTKH llPH 

3TOM MU nonXHU. H8H36eXHO ysenHlfHBaTb mar CeTKH h). B Ta6nHUe 

suneneHu nilS! Kaxnoro n onTHMaJibHUe 3HalfeHHR b. H x , Heo6xonHMUe 
max 

nnR nonylfeHHR a6COJIIOTHOH TOlfHOCTH nopRnKa 10-7 llPH BUlfHCneHHH 

COOTBeTCTBy~mero Ari. 

llPHMEP 3. 3anaqa c noTeHuHanoM Mop3e: 

Y'' (x) + A - U(x) ) y(x) = 0 , X e (-oo,oo) , 

y(x) 0 X X -+oo, 
mln 

y(x) = ,o X Xmaxo+oo 1 

rne U(x) 2MD [ exp(-2a(x-xa)) - 2exp(-a(x-xa)) ]. 

3aMeTHM, qTo B OTnHlfHe OT pa60TU / 17/ 3necb 3analfa 

paccMaTpHsaeTcR He Ha nonyocH, aHa seeR ocH xe(-oo,oo). B CBR3H c 

3THM 3HaqHTenbHO ynpomaeTCR llOCTaHOBKa KpaeBUX ycnOBHR (He 

Tpe6yeTCR .llPHBnel!eHHR JIOrapH~MHlfeCKHX npoHi~onHUX C06CTBeHHUX 

~YHKUHH) npH COXpaHeHHH Tpe6yeMOR TQqHtiCTH B~lfHCneHHR. 

PaccMaTpHBaeMaR 3anaqa HMeeT aHanHTH~ecxoe perneHHe: 

A = -2MD L 1 ... _a_ (n~) ] , n=O,l. 
n V2HD 

Y
0

(x) = C0~Pexp(-~/2) , 

9 



r.ne 

Y,: (X) = c t;;P ( 1- _s_ 1 2p+1 exp(-t;;/2) , 

t;; = 2.Sexp(-1X(x-xa)), .S = V'2HD 
.-IX ' 

P = ..rA 
IX 

llpH 3Ha'teliHSIX .napaMeTpOB IX=O, 67; D=O, 1055; X =2, 15; H=4, 69 
. a 

~opMa noTeHuHana Mop3e 6nH3Ka K ~opMe noTeHUHana .nnH Me30MoneKynu 

ppJ! B .COCTOSIHHH C op6HTanbHUM, MOMeHTOM 1=0/
18

/. llpH : npoue,neHHH 

pac<teTOB .IlOCTaTO'!HO orpaHH'!HTbCSI HHTepuanoM (-5, 30) , T. K • 

.nanbaeRwee pacwHpeHHe o6nacTH onpe.n~neHHSI'ae npHB~.IlHT K H3MeHeHHID 

pe3ynbTaTOB pac<teToB. B Ta6nHue 3 .naau pe3ynbTaTU BU<tHcneaHn aa 

nocne,noBaTenbHOCTH B.IlBOe crymaiDIUHXCSI CeTOK (h=0,05) B cpaBHeHHH .C 

aaanHTH'teCKHMH 3Ha<teHHSIMH. H3 Ta6nHUH TaK~e BH.IlHO, '!TO CXO.IlHMOCTb 
4' 

pa3HOCTHOrO peweHHSI HMeeT DOPSI.IlOK O(h ). 

X·. 

0,0 

5,0 

10,0 

20,0 

A 
____ll_ 

Ta6nHUa 3. Co6CTBeHHHe ~YHKUHH y (x) H co6CTBeHHUe 
h. 

h=0,05 

O,Ol88089185 

0,2944936254 

0,0134449686 

0,0000184719 

.:.o, 435311467 

3Ha'teHHSI Ah ,nnSI DOT~HUHana Mop3e Ha 

nocne.nouaTenbHOCTH u.nuoe crymaiDIUHXCSI 

ceTCiK /lb. (h=0,05) DPH xe[-5,30). 

h/2 h/4. 0' 

O,Ol88089180 0,0188089180 16,97 

0,2944936193 0,2944936189 16,07 

0,0134449680 0,0134449680 16,08 

0,0000184719 0,0000184719 16,07 

,. A alianHTH'I. i 

-0,435311473 -0,435311473 -0,435311473 
--------------

llPHMEP 4. PaCCMOTPHM 3a,Ila'ly 06 O.IlHO'taCTH'IHHX 

COCTOSIHHSIX, .B03HHKaiDIUHX OpH 

HeRTpOHOM/19/. llPH 3TOM 

B3aHMO,neRCTBHH Sl,npa 

CBSI3aHHUX 

~08Pb C 

napaMeTpu noTeHUHana By.nca-CaKCOHa 

y'leTOM COHH-Op6HTanbHOrO B3aHMO~eRCTBHSI: 

U(x) 

f(x) 

U0 f(x) + U
80

(X) ; U
8

sx) 

x-R . 0 . -1 
[ 1+exp <a->] 

KU 
xo cG-1> df(x) 

dx 

c 

HMeDT cne,nyDmHe 3HatieHHSI: IX= 0,70 fm; R
0
=1,27 fm; U0 = '44,4 MeV; 

KU0 = 16,5 Mev. 3~ecb cr/2, 1 - onepaTopu cnHHa H MoMeHTa 

COOTBeTCTBeHHO. B 3TOR 3a,Ila'!e B Ka'!eCTBe C06CTBeHHOrO 3HatieHHSI A 
~ 

10 

Ta6nHUa 4. 9HeprHH CBSI3aHHUX COCTOSIHHR npH B3aHMO-

COCTOSI-
HHe 

r 
Og9/2 

Og7/2 

1dS/2 

Oh 11 /2 

1d:t/2 

2s 1/2 

Oh 9/2 

lf 7/2 

Oi 13/2 

2P3/2 

1f5/2 

2P1/2 

199/2 

Oi 11/2 

Oj15/2 

2d5/2 

- 208 • 
,neRCTBHH n + Pb, BU'IHCneHHUe DPH OOMOIIlH 

nporpaMMU EVSA4 (cxeMa O(h4
)), a TaKxe no 

CXeMe MKP (O(h2)) B cpaBHeHHH C pactieTOM/19/. 

9HeprHSI E, MeV h 
pactieT/19/ O(h

2
) O(h

4
) 

-21,000369 -20,991069 0,2 
-20,99 -20,993403 -20,991082 0, 1' 

-20,991228 -20,991083 0,025 
-18,067894 -18,057781 0,2 

-18,06 -18,060319 -18,057797 0,1 
-18,057949 -18,057798 0,025 
-17,092630 -17,055044 0,2 

-17,06 -17,064485 -1_7,055110 0,1 
-17,055697 -17,055114 0,025 
-14,970541 -14,960116 0,2 

-14,96 -14,962733 -14,960133 0,1 
-'14,960290 -24,960134 0,025 
-15,552508 -15,512794 0,2 

-15,51 -15,522770 -15,512866 0,1 
-15,513487 -15,"512871 0,025 
-15,387646 -15,298945 0,2 

-15,30 -15,321421 -15,299359 0,1 
-15,300747 -15,299371 0,025 
-10,701576 -10,690549 !),2 

-10,69 -10,693317 -10,690567 0,1 
-10,690733· -10,690568 0,025 
-10,527349 -10,487176 0,2 

-10,49 -10,497265 -10,487251 0,1 
-10,487879 -10,487256 0,025 . -8,583492 -8,572285 0,2 

-8,57 -8,575098 -8,572304 0,1 
-8,572474 -8,572306 0,025 
-8,447745 -8,357201 0,2 

-8,35 -8,378148 -8,355281 0,1 
-8,356447 -8,355006 0,025 
-8,119280 -8,077833 0,2 

-8,08 -8,088241 -8,077913 0,1 
-8,078562 -8,077918 0,025 
-7,5064631 -7,413110 0,2 

-7,41 -7,436325 -7,413030 0,1 
' -7,414464 -7,413008 0,025 

-3,965544 -3,925920 0,2 
-3,93 -3,935867 ·-3,925998 0,1 

-3,926618 -3,926003 0,025 
-2,808201 -2,797055 0,2 

-2,~0 -2,799853 -2,797074 0,1 
-2,797244 -2,797076 0,025 
-1,894862 -1',883353 0,2 

-1,88 -1,886242 -1,883373 0,1 
-1,8835487 -1,883375 0,025 
-2,145301 -2,071759 0,2 

-2,07 -2,090200 -2,071940 0,1 
-2,073092 -2,071951 0,025 

II 



npo~orr~eHHe Ta6rr.4 

COCTOH-
3HeprHH E, MeV h 

HHe pact~eT/ 191 O(h2 ) O(h4
) 

1,546283 -1,437406 0,2 

3s1/2 -1,44 -1,464850 -1,438099 0,1 
-1,439796 -1,438130 0,025 
-0,804275 0,767891 0,2 

199/2 -0,77 -0,777020 -0,767965 0,1 
-o, 76853.6 --0,767970 0,025 
-0,843417 0,780674 0,2 

2d3/2 .-'-0,78 -0,796365 -0,780830 0,1 
'-0,781810 -0,780840 0,025 

paccMaTpHBaeTCH 3HeprHH COOTBeTCTBy~mero CBH3aHHOro COCTOHHHH. 8 

Ta6JIHUe 4 npHBOllHTCH cpaBHeHHe pacqeTOB, !lOJIY'IeHH!lX C 

HCnOJib30BaHHeM CnJiafiH-CXeM!l TO'IHOCTH O(h4
) (nporpaMMa EVSA4), 

CXeM!l MKP nopHl!Ka 0 (h2) H, pe3 y JlbTaTOB pa60TI1/19/ llJIH KaJKl!Oro 

CBH3aHHOrO COCTOHHHH, npHBelleHHOrO B nepBOM CTOJI6Ue Ta6JIHU!l. 

nepaaH cTpoxa xaJKllOfi rpa¢u cooTBeTCTByeT pacqeTy Ha ceTxe c waroM 

·h=0,2 ('IHCJIO Y3JIOB CeTKH M=350), BTOpaH- Ha CeTKe h=0,1 (M=700), 

TpeTbH - h=O, {)25 (M=2800). Ta6JIHUa Har JIHllHO lleMOHCTpHpyeT 

npeHMyrneCTBa CXeM!l .nOB!lWeHHOrO nopHl!Ka TOqHOCTH O(h
4

) nepell 

o6uqHofi o (h2) : auqHcJieHHll Ha ceTxe c war oM h=O, 2 no cxeMe o (h
4

) 

no ToqHOCTH He ycTyna~T auqHcJieHHHM no cxeMe _o (h2) Ha ceTKe c 

WarOM h=0,025. A 3TO 03HaqaeT 3KOHOMH~ O!lepaTHBHOfi naMHTH 38M B 

, 8-10 pa3 H npHMepHO TaKy~ JKe 3KOHOMH~ MaWHHHoro BpeMeHH IlPH 

OllHHaKOBOfi TOqHOCTH B!lqHCJieHHfi. 

k 

Ta6JIHUa 5. ~a3!1 pacceHHHH 8 llJIH noTeHuHaJia Mop3e 

IlPH X E (-5.0,35.0) Ha IlOCJiel!OBaTeJibHOCTH 

Bl!Boe: cryma~mHxCH ceTox. 

8 aHaJIHTHq. 8h (h=0,1) 8h/2 
8
h/4 

rJ 
' 

10- 4 -0,000655936 -0,0006559369 -0,0006559359 -0,0006559358 17, 6! 

0,08 -0,5209912 -0,52099155 -0,52099074 -0,52099069 16,21 

0,10 -0,6486725 -0,64867312 -0, 648672l3 -0,64967207 16,5: 

0,14 -0,8989100 -0,89891168 -0,89891036 -0,89891028 16,5 

0,20 -1,258328 -1,2583286 -1,25832693 -1,2583268 17,0 
-

12, 

llPHMEP 5. 3al!a'la pacceHHHH ( 13 .)-( 14. ) C noTeHUHaJIOM 

MOp3e, B KOTOpOM napaMeTp!l B!16paH!l CJielly~WHM o6pa30M: a=0,67; 

0=0,104; xa=2,09; M=8,876. Kax H B npHMepe 3, pacqeTu ClleJiaHu Ha 

OTpe3Ke (-5,30). 8 Ta6JIHUe 5 npHBelleH!l 3Ha'leHHH ¢a3!1 pacceHHHH Ha 

nOCJiel!OBaTeJibHOCTH CeTOK. 

B llaJibHefimeM npel!nOJiaraeTCH BKJI~qHTb B nporpaMMy EVSA4 6JIOK 

aBTOMaTH'IeCKOrO B!16opa rpaHHU!l ceTKH ~ H mara h B 3aBHCHMOCTH OT 
. h 

3al!aHHOrO 3Ha'leHHH TO'IHOCTH c, 6JIOK aBTOMaTH'IeCKOro onpel!eJieH~H 

Hat~aJibHoro npH6JIHJKeHHH K pemeHH~ 3al!at~H, a TaKJKe 

o6pa60TKY H npel!CTaBJieHHe' pe3yJibTaTOB B rpa¢H'IeCKOM 

B 3aKJI~qeHHe aBTOP!l XOTeJIH 611 B!lpa3HTb 

T.ll.lly3!1HHHOfi H T.A.CTpHJK 3a noJie3H!le o6cyJKl!eHHH • 
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