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npeAnO*eHHaR B HSCTOR~eH pa6oTe nporpaMMa NLPG 
3SAS4Y Hen~HeHHoro nporpaMM~poaaH~R 
M~HHM~3HPOBSTb f(X) 
np~ orpSHH4eHHRX 

pewaeT 

/M/ 

/1/ 

gi(x) ;o:o. j=m+!, .... s, /2/ 

hk(x) =0, k~1, ... ,p, /3/ 

rAe x ~En, f:En ..... E 1 • AnR 3Toro NLPG 14Cno.nb3yeT HenpepbiBHble 
anrOp14TMbl YCJ10BHOH M14HHM143S~HH /3/ H nporpaMMY 'GERUN14 · 51 AJlf! 

HHTerpHpOBSHJ..1R 06biKHOBeHHbiX AHC!>~epeH~HS.flbHbiX ypaBHeHH'1 C no
MO~b~ o6o6~eHHoro MeTOAa PyHre-KyTTa. B 4SCTHOCTI4, nporpaMMY 
NLPG MO*HO npHMeHRTb A.flR MHHHMI-13a~HH ¢yHK~HH 6ea orpaHI-14e
HHi1 /1,2/ 

HEnPEPbiBHbiE AnrOPHTt1bl llnR MHHHHH3AL\HH <I>YHKL\Hn 

0603HS414M 

R0 =lxlg 1(x)>O, i=1, .. .,ml, 

G=lxlgi(x);o:O, hk(x)=O, i=m+1, ... ,s, k=1, .. .,pl. 

nycTb, KaK o6bi4HO 16 1, orpaHH4eHI4R /1 I YAOB.neTeopR~TCR Ha npoTR
*eHI4H ecero Bbi4HCJ1HTeilbHOro npo~ecca, a orpaHH4eHHR /2/, /3/
J1HWb npH npH6J1H~eHHH K .peweHH~ X* 3SAS4H /M/. nycTb, KpOMe 
Toro, R 0 f, 0, Qf, 0 H 

F( x,,) =f(x) + I(x, 1/T) + O(x, r), r ·;:: 0, /4/ 

WTPS$HaA 0YHK~HA MeTOAS noc.neAOBSTe.flbHOH 6eayc.nOBHOH MHHHMH3a
~HH lSI, rAe 

m 
l(x,1/r)=-:£ lnlth[(3(r)g 1 (x)ll, 

i"' 1 

s 
O(x,r) =-q(r) :£ g. (x) 11-th[a(.)gj (x)Jl + 

j""m+ 1 l 

+ q (r) I h k (x) th [a (r) h k ( x)], 
k=! 

!51 

!6! 

l 



q(r) 2 0 , a(rl 2 q(r) , fl(r) > 0 " q(r) , a(r) , fJ(r)~ +~ MOHO

TOHHO np1-1 r -++ oo. Tor,qa HenpepbiBHbte anropltlTMbl He.ni-1Hei1Horo npo-
rpaMMHpoeaH~tt.R 16

• 7 •
31 

CBO,Q.RT peweHHe aa,qalll.-1 /M/ K HSXO>K,QeHlt110 
npe,QeiibHO~ T04KH x*= lim x(t) peweHlti.R aa,Qa41-1 KowVI gm=r cnegy!0-
w.ei1 Cr.1CTeMbl ofibiKHOBe~;;btX

00 

,QI-1$$epeH4Ha11bHbiX ypaeHeHI-1i1: 

~ =-<p(x,t), x(O) =X
0 "R 0

, t<:_ 0. 
dt 

B cny4ae rpa,QHeHTHoro anropHTMa HMeeM 

.p (x, t) = F ~ (x, t) , 

a B Clly4ae perY11flPH30B8HH0rO anropHTMa Hb~TOHOBCKOrO Tlt1na 

<fr (x, t) = [ .F" (x, t) +< (x, t)] -l F ' (x, t), 
XX X 

r.Qe "(x, t) - perynRpi-13YtOW.a.R MaTPitllla. 

171 

IBI 

191 

On111caHY1e wcnonbayeMblx e NLPG HenpepbtBHbiX a.nropVITMOB 6eayc
nosHoi1 MHHIIIMI-13al.IHH ,QaHO rf 1,2,4,5/, 

npH 1./ltiCJle.HHOM HHTerpvtpOBaHVIH /7 I B€Jli.14\.1Ha war a KOHTPOJlV!py
eTC.R nyTeM 04€HKitl J10K8JlbHO~ norpeWHOCH1 11 • 2•31 • 

OnHCAHHE nPOrPAMMbl 

nporpaMMa NLPG Han~caHa Ha OCHOB€ TOi:1 eepCVU-1 Fl3b1Ka 
¢0PTPAH IV, I<OTOpaR peaJ1V130eaHa B onepa~vtOHHbiX CVICTeMaX ,QOC 
1t1 OC EC 38M 181 

c ,QBOi:1Hoi:1 TOl.IHOCTbiO. Ee !"'10>KHO Henocpe,QCTB€HHO 
npHMeHRTb Ha 38M cepltlltl EC 1t1 IBM. 

NLPG ~t~cnonbsyeT no,QnporpaMMbl FUNLP , AMNLP , QT , RE'G , 
EQMAT /nocne,QH~~ ,QonmeH Han~t~caTb nonbsosaTenb/ 1t1 nporpaMMY 
'GERUN / 4,51• 8 CBR31t1 C 3TitiM B 'GERUN BH€C€Hbl Hei<OTOpbte 1t13MeHe
HHR. 

a/ Cnocofi cocTaeneHHR no,QnporpaMMbl FUN cne,QYIOut~t~i:1: 

SUBROUTINE .FUN(X, Y, F, N,A2, MA) 

IMPLICIT REAL* 8 (A-H, 0-Z) 

DIMENSION Y(N), F(N), AJ;:MA, 1) 

Pa6o,.mi1 Macc~t~s A2 MomeT 6btTb Y1Cnonb3oeaH A11R npoMemyT04HbiX 
Bbll.lltiCJl€HHC1 B .FUN. 

6/ ,Qo6asneHa no,QnporpaMMa BSYM, KOTopaR e cny4ae NTSs_ 0 , 
KDIAG =0, KSYM<O HaXO,QIIIT peweHHe CMCTeMbl And 0=b(xn,Yn). 
B 3TOM cnyl.lae s MaCcV1se B no,QnporpaMMbl AMAT sa,Qa~TCFI b(xn, Yn). 
B BSYM eee,QeH HOBbti:1 napaMeTp ynpasneHHR AL A!lR perynRpJ.1sa-
~Hitl sa,Qal.lltl peweHHFI CHCT€Mbl Andn""b(Xn, y n), ecnH An Bbrpo>K-
,QeHHaR. 
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B NLPG npi-!MeH.AeTc.A T0!1bKO o6o6ll.leHHbl~ MeTOA PyHre-KyTTa 

111 Tpen1~ 1-13 nepel.l~t~cneHHbrx 8 / 4 ,5/ cnocof.io8 8bi41-!CJ1eHI-!.A MaTp);14-

Hoi1 ~KcnoHeHTbl. 

noAnporpaMMbl .FUNLP, AMNLP C nOMOll.lbfO EQMAT 38A810T 01CTe

My o6brKH08eHHbiX A1-1¢¢epeH~r.1anbHbiX ypa8HeH~t~~ 17 I r.1 napaMeTpbr 

o6o6w,eHHOro MeTOAa PyHre-KyTTa 0 noAnporpaMMa QT 8b1'-lt.1CJ1.AeT 

<I>YHK~"" q(t), a(t) " {3(t) e 151, 161 no <IJopMynaM 

q(t)=at+b, a;co, b;:O, 

a(t) = exp[q(t) ], 1101 

{3 (t) =a (t) 

I QT MomeT 6btTb aaMeHeHa, ecn\11 nonb30BaTenb xol.leT np~t~MeHt.1Tb 
APYr"e <IJopMynbll. REG onpeAenReT MaTpH~Y '(x, t) H3 191. B Ha-
CTO.Rll.leM 88pi4aHTe NLPG r.1cnonbayeTc.R TaKa.R ~:(x,t), l.lTO co6cT-

8eHHbre 3Hal.leHHfl ,\r.eg MaTpvt~bl [F" (x,t) +f(x,t)l YA0811eTeop.R-
' XX 

lOT yC!108HIO 

A ecn~tt lA. 1 >a, 
' -

Ar.eg l I 11 I 
' O·sgnA 1 • ecnr.1 lA 1 1 <a, 

rAe A
1

, i"" 1, ... , n - co6cTBeHHble 3Ha4eHIII.A F~'x(x, t) lnpr.1 He-

o6XOAI-1MOCTI-1 nOJ1b3088TeJ1b MO}f(eT COCT88111Tb CBOIO nOAnporpaMMy 

REG I. 
nycTb 

f(x) = L ~ ¢ 2 (x). 1121 
2 k=1 k 

,lln.A Mt.1HIIIMH3a~Ht.1 ¢yHK~t.1\ll I 121 8 NLPG npeAYCMOTpeHa 803MO>K-

HOCTb t.1CnO!lb30B8Ht.1.A M8TPI-11.1bl 

m a¢ 
lin =II k -• 1 k :c 1 ax i 

8MeCTO M8Tpt.1~bl recce. 

1131 

H111me npt.180At.1TCR on~t~caH~t~e napaMeTpo8 ynpa8neHIII.A NLPG 111 cno

co6 COCT8BJ1eHr.1.A noAnporpaMMbl EQMAT. 
N - 4~t~cno nepeMeHHbiX $yHK~Io11o1 f(x) . B HacTo.A~eM 88P\118HTe 

NLPG N :000. 
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Y - OAHOMepHbli1 M8CCI-1B p83MepHOCTH N, CO,Qep>1<8W.I-1i1 3H81..1eHI-1R ne-

peMeHHbiX X.- npl-1 ofipaw.eHit!VI I< NLPG B M8CCHBe y 38A810TCR 

Hal..lallbHbre np1-16111-1H<eHY1.fl. 

H - aenY14Y!Ha wara "--I-1CI1eHHOro HHTerp1-1posaH1-1R /7/. 
NA - NA 2: N. 
A,A2- ABYMepHbre pa6o41-1e Macci-1Bbr paaMepHoCTI-1 A(NA,N) /n1-16o 

A(NA, 1) , ecnH NTS ~ 11, A2(NA, N). 
B cny~..~ae: 
a/ MT =0, M < 0 Im6o NTS=l npi-1MeHReTcR TOnbKO Macc1-1s A· 
61 MT ~ 0 --TomKo MaccHB A2 IH A(NA, 1), ecnH NTS ~ 1 I; 
s/ MT=O, M>O Hcnonb3YIOTCR o6a Maccltlea, ecn1-1 NTS,:SO. 

M - ecn1-1 MHHI-1MI-131-1pyeTcR Jt!YHKU.I-1FI /12/ c ~t~cnonbaosaHI-1eM MaTpiiiU,br 

I 131, napaMeTp M 3aAaeT "Hcno m s I 121. 
MT- npH MT~ pewaeTcH 3aAa"a KowH 171,181, a npH MTfO 

3aAa"a KowH 17 I, 191. EcnH 10 2: MT > 0, s NLPG npHMeHH-
eTCFI T81<8.fl M8TPHU.8 f(X, t), I<OT0p8FI Y.QOB!leTBOpFieT YCilOBI-110 

1111. 8 cny"ae MT>10 nH5o MT<-10 noAnporpaMMy REG. 
Bbi4VICJ1FIIOUJ.YIO ( F;(x (x, t) + f (X, t)], ,QOJl}f{eH Ham1C8Tb nOJlb-

30B8Te!lb. 3Ha4eHI-1e MT~Q MOH<HO J.1CnOJ1b30B8Tb VI TOr,Qa, KOr,Qa 

pewaeTCFI CHCTeMa He!lltiHei1HbiX ypaBHeHI-1i1 P(x) = 0 C noMOLl.lbiO 

HenpepbrBHOro aHanora perym~pltlaoeaHHOro MeTOAa HbtOTOHa 

dx -1 
-- ~-[P'(x) +<(X,t)] P(x) 
dt 

lecnH MT>O. MaTpH~a P'(x)+t(x,t) 
4eCKOi1/. 

1141 

MIN, MOUT, MEQ - 38A810T m, s-m 1-1 

121,/31. EcnH MIN= MOUT ~MEQ ~0, 
p COOTBeTCTBeHHO 8 /1/, 

¢yHKU,HFI f(x) MJ.1HJ.1MJ.1-

3Y!pyeTCFI 6e3 orpaHH4eHIIIi1. 

MTOT - onpeAenHeTcH s NLPG. 
QA, QB - co,Qep}f{aT 3Ha4eHitiFI a H b a /10/. PeKoMeH,QyeTCR Hcnonb-

30BaTb QA=1 , QB ~0 nH50 QA =0, QB ~ 5,15, 25 lnoApo5-
Hee o Bbr6ope 3TH X napa MeT poe eM. 1'3! I. 

AL - 3aAaeT 8 a /11/. CTaHAaPTHOe 3Ha4eHI-1e AL = 0. 
B NLPG J.1cnonb3YIOTCR cne.QYIOW.I-le CT8HA8PTH~e 3Ha4eHI-1R napa-

MeTpos ynpasneHHH GERUN: XEND = l.D + ·30, HMAX = l.D + 10 , 
HMIN = l.D -15, REL ~ l.D -01 , BET= 0.5, GAM= l.D - 10 , NSTAG~2. 
KpoMe Toro, nono}l(eHo NTS s 0 111-160 NTS -=1 , KDIA'G = 0 npH 
MT = 0, KSYM ~-1 lecnH KSYM f, 0 I, KSYM ~0 npH MTf, 0, 
KE!GV ~ KSUP ~ 0 , KMAX ~ KIN = 0 , NLP = N , KAR ~ 1 , MQ ~ N , 
MBLD(1) ~ N , NC = 1, NEX =1 , X = 0. 

noAnporpaMM8 EQMAT COCT88J1FieTCFI C!le,QyiOW,ItlM o6pa30M! 

SUBROUTINE EQMAT (INDEX, ICON, N. Y, V,DV) 
IMPLICIT REAL *8(A-H, 0-Z) 
DIMENSION Y(N) , DV(N) 

4 



rAe Y COAePm"T 3Ha4eH"e x. Ecn" l::; INDEX s N /1 .,;.INDEX.,;. M, 
ecn" M > 0 I " 

!liCON =0, 8 v HY)f(HQ 3aAaTb arlax i ln"6o Pl(x), a B 
cny4ae M > 0 - ¢1 ( x) I, i = INDEX ; 

21 ICON <0, 8 DV(k) Hyli{HQ 3aAaTb a 2 rlaxkaxi ln"6o 
aPJ axk, a B cny4ae M > 0 - a¢ i lax k I, i =INDEX, k=l,. .. , INDEX 

(ecn"MT<O n"6o M>O, k=l, ... ,N); 
31 ICON > 0, HymHo aaAaTb V " DV (k), k = !,. .. INDEX , OAHo-

8peMeHHO lecn" MT <0 n"6o M >0, k=l, ... ,N I. 
np" INDEX > N I INDEX > M , ecn" M > 0 I " 
11 ICON =0, 8 V HymHo aaAaTb g 1 (x), ecn" i=INDEX -N::; s, 

n"6o hk(x), ecn" k = INDEX- N- s 2: 1; 
21 ICON < 0, 8 DV(j) HymHo aaAaTb agJax j , ecn" i = 

= INDEX-N::;s. n"fio ahk/dxj. ecn" k=INDEX-N-s 2:1. i= 1, ... ,N; 
31 ICON 2 1' 8 DV(j) HymHO 3aAaTb a 2gi I ax, axj ' ecn" 

i=INDEX -N .:S s, , n"6o d 2hklax,axj, ecn" k=INDEX-N-s;o:1, 
r = ICON , j = 1 ..... ICON. 

npo~nn~cTpHpyeM cnoco6 cocTaeneHHR no,~:~nporpaMM~ EQMAT Ha 
CI1€.QYIOW,€M npHMepe, nyCTb /9/ 

f (x) = (x 
1
-2)2 + (x

2
-1)2, 

g 1(x) =-Xil4- X~ +1. 

Tor,~:~a B Ka~eCTBe EQMAT MO~HO HCnOI1b30BSTb CI1€.QYIO~YIO no,Qnpo
rpaMMY 

SUBROUTINE EQMAT(INDEX, ICON, N, Y, V, DV) 
IMPLICIT REAL•S(A-H, 0-Z) 
DIMENSION Y(N), DV(N) 
GO TO (1,3,5,11), INDEX 
IF(ICON.LT.O) GO TO 2 
V=2•(Y(I )-2) 
IF(ICON.EQ.O) RETURN 

2 DV(1)=2 

RETURN 
3 IF(ICQN.LT.O) GO TO 4 

V=2•(Y(2)-l) 
IF(ICON.EQ.O) RETURN 

4 DV( I )=0 
DV(2)=2 
RETURN 

5 



5 IF(ICON)7,6,8 
6 V=-Y(I)** 2/4- Y(2)** 2 + I 

RETURN 
7 DV(I)=-Y(I)/2 

DV (2) =-2 *Y (2) 
RETURN 

8 GO TO (9, I 0), ICON 
9 DV(I)=-O.SDO 

RETURN 
10 DV(I)=O 

DV(2)=-2 
RETURN 

I I IF(ICON)I3,12, 14 
I 2 V=Y(J )-2;Y(2)+1 

RETURN 
13 DV(I)=I 

DV(2)=-2 
RETURN 

14 DV(I)=O 
DV(2)=0 
RETURN 
END 
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