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r. BEe8eH~e 

SLIPH4 - IWMIlJIeKC npor-pasor, HEJIA:lOm~i1CH pa3Bt1.T~eM nporpaMMbl 

SLIP1/
l / , npe~Ha3HaqeHH~~ ~~fl q~CJIeHHOrO perneHHH 3~a~~ WTypMa­

jhlymt7I~H B B~~e 

~1) C\,y) =C,:~ + 2p(x) d~ + q(x)-i\r(x)] y(x) = O , (Ia) 

a < x < b 

O (lB,C)lf(j) (i\,y)=.[ ~_~.À,X)d~ + ~_~.i\'X)]Y(X)1 x=f, 

j= 2, 3; e =a, e =b 
J 

2 3 

3~eCb p(x) ,q(x),r(x),~ (~,x), ~ (J,x) - 3a.I\aHHbre 
J-1 J-1 

~yHKu.vm, 06eCne4J1BaroU\v1e CYll\eCTBOBamw H8TpvrBvra.rrbHblX coõcr seaaux pe-

meH~H y=yn (x) rpaH\.1'-tHO~ aanaua (I), KOTOpblM C()OTBeTcTBymT C06CT­

senaae 3HaqeHvUI napaaerpa À = A ·~YHl(J.\VH1 d j-1' f j-1 aenpepusao 

JJ,~cIxPepeHLI~pyeMbI no À t1. d~_1+f;_1>O 
DpOrpaMMa· SLIPH4 no 3a,IJ,aHHOMY Ha1.IaJlbHOMY I1p~6JIl1JKeHvrlO 

~ Jl ~, y~ (x) J B~~CJIHeT tlaCT~4Hoe peurenae [fi ~ , y~ (x) J aa­

~atlvr (1), r~e n - <p~KC~pOBaHO, x € W LO h - paBHOMepHafl pa3­h, 
HOCTHafl certca H8 oTlle3Ke a ~ x ~ b C rnarOM h. T01.IHOCTb Bl:JtmC-

JIeH~fl HB~HeTCH nemtqYlHo(:1 O (h
4 

) ~ cosnraeT C TO'-tHOCTblO ~CrtOJIb3ye­

MOt1 pa3HOCTHOH armpoxcaaanaa 3a~atll-1 (I) /2 . 
OCHOBHble ocoõenaocra KOMnJIeKCa SLIPH4 no cpaanemoo C npor-pax-

MO~ SLIP1 3aKJIlOqalOTCH B c~e~YlO~eM. 

I. B KOMnJIeKC BKJIlOtleHa nporpaMMa BbmHCJIeHHH HaqanbH~X np/6jt1.­

JlteHI1H f Jt ~ , y~ (X)} C nOMOlIlblO MO~~ep~u~pOBaHHoro aar-opwrxa 3 , 
OCHOBaHHoro Ha MeTo~e Hb~To/a ~JIfl Haxo~~eH~fl KopHeH nOJI~HOMa c y~a­

JIeHloIeM Bbltl~CJIeHHblX KopHei:/
4 • &ro n03BOJIfleT f10CJIe~OBaTeJIbHO Bbm~c-

JIHTb coõcraeanue 3HaqeH~H À~ l-1 cooTBeTCTSYlO~~e ~M c06CTBeHHble 

epYHK~~11 y~(x) B ~OCTaTOtlHO m~poKo~ qaCT~ cneKTpa 3a~aql-1 (I). 
2. ~CnOJIb3yeTcH pa3HOCTHaH annpOKCHMa~~H Ha ceTKe cUh ~JIH 

rpaHHQHoi1 3a,IJ,a'-l~ (I) c T04HOCTblO O (h
4

) • OHa nocrpoeaa TaK~M oõpa­

30M, tlTO nOQTVi BO BC8X BHYTpeHHHX Y3JIaX ceTKVi HBJIH8TCH TpeXTOQeQHoH. 

3T0 ~aeT B03MO*HOCTb pernaTb 3a~aQY (I) c TOQHOCTblO O(h
4 

) 6e3 c~e­
CTB8HHoro ~3MeHeH~fl CTpYKTYpW npOrpaMMW SLIP1 



3. B !WMnJle!<c BKJ1H)t.;eHa npor'paaua , peanaayomaa Mo,rr,wfn,nJ)1pOBaH­

HYH) HblOTOHOBCKYJO cxeMY c ,IJ,OnOJIHWTeJIbHoli! 0pTOrOHalIH3aqwei1 Hat1~eHHoro 

npW6JIWJKeHHOrO c06CTBeHHoro peiueaaa. 3Ta rrpor-pasera n03BOJIReT cnaospe­
MeHHO pernHTb 3a~a~H HaXOJK,rr,eHHR Ha~aJIbHOrO npW6JIHJKeHHfl W ero YTO~He­

Hl1R B pasncax e,rr,wHoH BbItlHCJIHTeJIbHoi1 cxeau, 
Pa60Ta KO~nJIeKCa SLIPH4 npoBep8Ha Ha ,rr,oCTaTOQHO illHpOKOM Ha60pe 

TeCTOBbIX 3 a,rr,atI!:)/ • I{poMe Toro, xounnekc y,cneIIIHO I1CnOJIb30aaJICH npa 
pemenaa pasnooõpaanux qJH3MtleC!\II!X 3a.rr.aQ/6i. 

HHJKe ,lJ,aeTCH xparxoe onacanae aTIrOpMTMOB, WCnOJIb3yeMbIX B npor'pau-
Max KOMnJle!{Ca SLIPH4, W 06cY:K,IJ,aH)TCR 80npOCbI aHaJII13a TOtiHOCTl1 pe3YJIb­

TaTOB. OpWBe,lJ,eHO onHcaHHe nporpaMM H WX napaMeTpOB, paCCMOTpeHh! Ba­

PW8HTbI HCnOJIb30BaHHfl I\OMI1.1I8J<C8. 

2. AJIrOPYI'TMbl 

2.1. AJIrOpWTM Bul~WC.lIem1H H8tIaJIbHoro npW6JIWJKeHvIJI 

AJIrOpHTM BbItlt1CJIeHHfl Ha~aJIbHOrO npvr6JIWJKeHl1R OCHOBaH na pememm 

,rr,BYX 3~a4 I{oulH. Mfl nepso r.l 3a,Ll,atIW KOllm ceaaarcs HatIaJIbHbIe YCJIOBHfl B 

TOtIKe x=a ,r,rr,e YCJIOBWe (IB) p,OnOlIHfleTCR YCJIOBHeM na npOH3BO,lJ,HYIO. 

AHaJIOrt1~HOe YCJIOBHe ,rr,JIH nTopOn 3a~atIH CTBBHTCH B TOtIKe x=b 

Mfl npH6JIW}KeHHOro pe1ll8HHH 3TH X aanau npl1MeHfleTCfl TpeXTOtIetIHafl 

pa3HOCTHaR cxexa sroporo nopamca. Pexyppeurxae COOTHOUleHHH, nOJI~eH­

HhIe c novomso pa3HOCTHbIX cxeu, n03BOJIRIOT nOCJIe)J,OBaTeJIbHO HaxO~RTb 3Ha­

tIeHHfl 'ÍJYHK~HH Y B Y3JIaX ceTKW cu h npa sap,aHHOM 3Ha1..IeHRVi À 

ECJIVi rpa.HWlHbIe YCJIOBI1H (IB, c) noJIHHOMI18JIbHO 3aBViCflT OT À , 

tITO BbmOJIHReTCfl ~fl ,lJ,OcTaTOtIHO urapoxoro xpyr'a aaaao , TO ynoMflHYTble 

BblIIIe peaypperrraue COOTHomeHvUl TaIOKe onpenenmor nOJIHHOMbJ OT fi. , c-r-ene­
HH KOTOpbJX 3aBWCHT OT til1CJIa Y3JIOB CeTKI1. 3~a~a 06 OT~CKaHHH C06CT­

BeHHoro 3HatleHHfl CBO,rr,HTCfl Tor~a K OT~CKaHWID KopHe~ nOJIHHOMa, nOHB­

liRIDmerOCH 113 YCJIOBHR paseHCTBa JIOrap~'ÍJMrttIect(I1X nport3Do,rr,H~ )J,nR perne­

HI1i1 )J,BYX 3~a1..I KOIllH B HeKOTopoM BHYTpeHHe~ TotlKe \t ceTIm W h 

Y~ (xM)Jeh Y~ (xM)nf\1.B, (2.1.1) 
'Yil (xM)~4 Yn (xM)npa.~. 

(2.1.2)
T(À ) :: Y;I (xM)Ae;·. Yn (xM)npa~ -Yn (xM)~e~ • Y~ (xM)npo.~ = o. 

KOpHH nOJIViHOMa T ( Â ) HaXO)J,flTCH no MeTo,ny HbIDToHa c HCKJII01..IeHVieM 

YEe HaM,IJ,eHHbJX KopHeH k - HOMep rtTepaQHH) 

k)
T(il

À k+1 = j\ k _ n (2. 1.3)
n n .k ~ 1 

T I (Àk) -T (iln) L-o '} k -.1\. 
À n j=1 I\n J 

2 

MTepa~rtoHH~~ npo~ecc (2.1.3) npexpautaerca npa o)J,HoBpeMeHHoM 

BbInOJIHeHViVi ,lJ,BYX YCJIüBHi1 

.J\ k+1 - fi k I f: E. Vi T(j1~+1) l~êT (2.1.4) 
n n T 

1 

r,rr,e éT>O aanaaace Marroe tlI1CJID. Ilocxe onpeneneana .À C Tpe6ye­n 
MOM T04HOCTblO MbI onaoapeaenao nonyuaea 11 rrpH6JIl1JK8HHOe anavenue COOT­

BeTcTB~olileM co6cTBeHHoi1 ~YHKUHH Yn(x i ) 

2.2. AJIrOpl1TM YTOtlHeH~fl HatIaJIbHOrO np116JIVIJKeHl1H 

Sa.rr.aHHoe 'V1JIH Db~HCJIeHHOe c nOMo~b~ aJIPOpHTMa n.2.1 Ha4anbHoe 
O

npR6JIHJKeHHe fio , y (x) YTollliHeTcH c nOMOIgblO HTepa~110'iHot1 HblOTO-

HOBCKO(1 npouenypu ,rr,JIfl 3a,rr,atlH illTYPMa-JrnYBVl:JI.TIR/
1/ . 

fIpH aTOM 3~a4a (I) ,rr,onOJIHReTCfl YCJIOBMeM HOpMI1pOBKH 
fj 00 ~~ 

2 2 (2.2.1)
</(4) (íl,y) =-1 y ( x ) d x + c !'t'2(}\,X)dX-l=O 

KOTopoe ,rr,aeT B03MOJKHOCTb yqMT~BaTb oc06eHHOCTl1 Te~ 3a,II,a4, B KOTOpNX 

pemeuae l1I.I\eTCfl aa nOJIy6ecKOHetlHOM HHTepBaJI8 [a, 00 ) • 3)J,eCb 

~(Â,x) - aCViMnTOT~eCKoe B~paJKeHl1e ,rr,JIfl I1CKOMOM c06CTBeHHOH 

<PYHK~HI1 y (x) npa x- 00, c - KOHCTaHTa CllIViBKI1 pemenaa B HeKO-

TOpOM ,rr,OCTaTOtlHO Y,lJ,aJIeHHOM TOtIRe x=b, 

y(b) =c 'ti (j\,b). (2.2.2) 

ECJII1 3a)J,atla paCCMaTpl1BaeTCfl Ha KOHetlHOM oTpe3Ke [a,b] ,TO CJIe,lJ,Y­

eT nO.IIOJKHTb c=O • O,rr,HH mar C HOMepOM k I1TepaQI10HHOrO npouecca 

3aKnlOtlaeTCH B ClIe~I.I\eM: 

I. Peml1Tb KpaeBYIO aanauy ~fl 'ÍJYHKQHJI! ))"f(: 

t.f(1) (j\k' ~k) S2k (x) , (2.2.3) 

~(2) (À , V ) a
k k 2k 

(3 )<.p (fl. lJ'k) = k , b 2k 

r)J,e S2k(x) = r(x)Yk(x) 

a2k=-[d~)Yk(a)+f;ÀYk(a)J' (2.2.4) 

Yk (b)+f2ft Yk (b)] •b 2k=- [d 2A

3 



npa ~3BeCTHh1X c npeznmytaero mar-a ( k··1 ) 3Ha'lleH~RX --1k , Yk (x ) 

2. Bhrq~CJI~Tb nortpasxy fk )J,JIR C06CT'BeHHOro 3Ha'lleHWR À k c 

nOMO~bID Bh1p~eH~R 

g 00 

J 2 2 5 2yk(x)dx -	 c f (Jk , x )dx +l (2.2.5))1_a. ~ e
 
k- 2(~Yk(X)~k(X)dX + c2~Àk'X)~A (Àk,x)dx)
 

a.. g
 

3. ITonY'llWTb cne~~ee npw6nw*eHwe: 

Àk +1 = Àk + "Ck )1 k '	 (2.2.6) 

Yk+1 (x) = (1- ~k)Yk(x)+ ~kfkfrk(x) 

MTepaU~OHHh1H napaMeTp ~k BHq~CJIReTCR c nOMo~bro anrop~TMOB, npH8e­

,rr,eHHhIX H~e. ~Tepau~~ npeKpa~aIDTCR np~ 8h1nOJIHeH~~ ycnoB~R 

(2.2.7)o.k < oS 

r,rr,e HeBR3Ka b Mo*eT onpe,rr,enRTbCR KaK 
k 

5k=m~x max /lf(j) (Âk,Yk(X))! ' j=1,2,3	 (2.2.8) 
J 'x ELa, b] 

~n~ 

s _[~ (1)2 ] 1/2
k - j 4' (flk'Yk (x))dx	 (.2.2.9) 

a.
 
ê>o sanaaaoe MMOe 'Q~CJIO.
 

2.3. MonHmHUHpOBaHHh1~ anropHTM 

AJIrOpHTM, H3JIo*eHHh1H B n.2.2., Mo~eT 6~Tb H3MeHeH TaKHM 06pa­

30M, 'QTO 6y,rr,eT O)J,HOBpeMeHHO ~ HaXO)J,HTb, H YTO~RTb npH6n~eHHoe peme­

HHe 3~a'QH (I), (2.2~I). 3a OCHOBY B3RTa MO)J,H~Hu~pOBaHHaR HbIDTOHOBCKaR 

cxeMa, B KOTOpO~ Ha K~OM mare ~HKcHpyeTcR C)J,8Hr )l no c06cTBeHHOMY 

3Ha'QeHHID. 

B 3TOM cnyqae Ha K~OM mare ( c HOMepoM K ) HTepaqHoHHorO 

npouecca AJIR HaXO*)J,eHHR peneaaa {.íl. ~, Y~ (x) 3 rpeõyerca BblnOJI-

HHTb cJIeAYIO~ee. 

I. PewHTb ,rr,8e KpaeBh1e sa,n,a'QH, OTJIH'QaID~~eCR npaBhlMH 'QaCTRM~, 

OTHOCH Te.1IbHO rfJyHKUHt:\ Jj;( 1) (x)· H \y( 2) (x)
k k I 

4 

y>(1) (), ~~i)) = s~i) (x)
 

tf(2) (;; , 'IJ'~i)) = a
 
i k 

(2.3. I) 
b r.n:etp(3)(),	 7J~i) ) i=1,2

i k 

s (1) = - Lf (1 ) (i\k'Y k ) , s~2)=r(x)Yk(X) •
k 

- t.f (2) (-\'Y (a)) • :!- l d'À (~)Yk(a)+f'i\ (~)Yk(a)'J ' a 1k k a 7k

(2.3.2)
(3) À - lf (k'Yk(b)) I b =- l dh (>-) Yk (b) +f2>- ().,) Yk (b) Jb 1k	 2k

np~ ~38eCTHh1X C npe,rr,~ero mara (c HOMepOM k-1 ) 3Ha'lleHHRX 

À k ' Y (x) 

2. ~hl'QHCnHTb nonpasxy ).J. k K c06cTBeHHoMY 3Ha'lleH~1O no <popMyne 

1-Jy~ (xl dx-c
2 I,!,2 li\ ,xl dx-2 tY (x) ,f~) (xl dx (2.3.3)

k 

flk 2(SgYk(X)V~2) (x)dx + c 2 ~(.À ,x) I/J;(}. ,x)dx)
 
~ g
 

3. HatiTH	 CJIeAYro~He I1pH6JI~eHHR 

Àk+ 1= .À k + '[k f'k	 (2.3.4) 

(1)	 (2)
Yk+1 (x)=Yk(x)+ ~k(~k (x)+~k~k (x)) 

4. Bh1nOnHHTb opTOrOHaJIH3aUHID npH6JIH*eHHR Yk+ 1 (x) K C06CT­

8eHHOH rfJyHKU~H Y (x) no OTHomeH~1O KO BceM HaH,rr,eHHb~ c06CTBeHH~ 
}{ n 

rfJyHKUHflM Y (x) ,m=O, 1 , ••• , n-1 , no <popMynem

n-« g
 

(2.3.5)
uk+ 1 (x)=Yk+ 1 (x)~ (5 Yk+ 1 (X)Y:(X) dx)y:(x) 

m~ a. 

5.	 HOpMHpOBaTb np~6JIHMeHHyro cOÓcTBeHHYID <pyHKUHID
 

_ [S
g 

2 ]-1/2
Yk+ 1 (x)-uk+ 1 (x) uk+ 1 (x)dx	 (2.3.6) 
o.. . 

M3JIO~eHHiR npoqe,rr,ypa RBJIReTCR 0606~eHHeM MeTO)J,a 06paTH~ HTepa­
UH~ co C)J,BHrOM 7/. OHa 06ecne'QHBaeT npH )J,080JIbHO rpy6hlX npH6JI~eHHRX 
K c06cTBeHHo~ ~yHKUHM CXO)J,HMOCTb K pemeHHID f~~,Y~(X) ] , r)J,e 

5 



À ~	 - 6JUt'l<atiIIle8 l{ C,I\Bl1I'.Y ./l COÓCTBeHHOe anaveaae. OnepaU;1111 (2.3.5),n 
(2.3.6)	 n03BonHIDT ,I\OnOnHl1TenbHO nO,I\aBnHTh Bh~I1CHl1TenbH~e norpeIIlHOCTI1. 

H3M8H8H~8 C,I\Bl1ra ~ .,I\aeT B03MO*HOCTb CXO,I\I1TbCH K pemeHI1ID c Hy*­

HhfM HOMepoM n. B xavec-rse ynpasneaas 113MeHeHl1eM C,I\BHra MO*HO npn­
HHTb Cfl8.I\YID~YID npoU8AYPY. 

)VIH Hax~*,I\eHI1R pe1118HI1R f.í\~, Y~ (x) } B xavec'rse ::;í MO*HO 

S8,I\aTb COOTBeTCTBYIDmYID rpaHHU;y cneKTpa 3a,I\atlH (I). ~ee B KatleCTBe 

C,I\Bl1ra Sa,I\aBaTb B8fll1tlHHY 

J\==.it~+ê , m==0,1, •••	 (2.3.7)
m 

r,I\8 l' : - Bh~I1CfleHHoe COÓCTBeHHoe 3Hat:lemte, E >o - napaaerp 
p8rynHpHsaql1l1. 

OTM8Tl1M, tlTO B ,I\aHHOM npou;e.I\Ype 6onb~o POflb HrpaeT 3BAaHl1e 

l1T8pallVloHHoro napaverpa 'l: k 

2.4.	 ~cKpeTH08 npegcTaBfl8Hl1e 

Peureune Kpa8BbIX aanau (2.2.3), (2.3.1) 11 (2.3.2) OCYmeCTBflHeT­

CR c nOMO~bID M8TO,I\a ROHe~ux pa3HocTen Ha paBHoMepHo~ ceTKe úh 
3Ta 3a~at:la annpOKCI1,fl1pyeTCR c nOMOUlbJO pa3HOCTHbIX <lJoPiBI c TOtlHOCTblO 

annpOKCHMaU;1111 D(h) • KaK H B MeTO,I\e HYMepoBa ,npl1 BHBo,I\e 

pa3HocTHbIX ~PMYfl Hcnoflb3yeTcH rrpl1eM nOBHmeHI1R nopR~Ka TOtlHOCTl1 

annpOKCI1MaUHH Ha pemeHl1V1 ypaBHeHHH. 

dTO ,I\aflO B03MO~HOCTb nOCTpOI1Tb TpeXTOtletl}We pa3HocTHHe ~opMyn~ 
4

C TOtlHOCTblO anrrpoxcaaauaa D(h ) B yanax CeTI{H C HOMepaMH i=3 

••• , N-2 

B npHrpaHHtlHhIX ( i=2, N-l ) H rpaHuqHbrX ( 1"'1 ,N ) YS-

flax HcnOflh3YIDTCH nHTl1TOt:let:lHbIe cxeMbr Toro ~e nOp~1J,Ka TOt:lHOCTH. 

~opMynbI CTpOHTCH TaK, tlTo6bI K03~HUHeHTbI ypaBHeHHH (I) HcnOflb­

SOBaRVlCb TOflbKO BO BHYTpeHHHX YSflax ceTKVI GJh . 
3T0 B~HO B Tex 3~atlax. r,I\e K03~H~eHTbI ypaBHeHHH B rpaHl1tlHbrX 

TOtlK8X HM8IDT oc06eHHocTH. 

B c.ryuae p (x) ::=::0 auseneaaaa pa3HOCTHaH cxeva cosnanaer 
co cxeMOM HYMepoBa. 

HHT8rpl1pOBaHVl8 B ~opMYflax (2.2.5), (2.2.9) 11 (2.3.3) BbInOflHH­

eTCH c nOMOUlblO KB8,I\paTYPHoH ~PMYJI~ CI1MnCOHa TOtlHOCTI1 nOpH,I\Ka h 4 

Ilonyveasue ,I\I1CKpeTHble xpaesue 3a,.qatlH pemaIOTCR MeTO,I\OM npor'ou-
KH. 

6 

2.5. AflrOpl1TMH Bhm~CfleHI1H ~k 

B I1Tepanl10HHhIX npou;e.I\Ypax, onl1CaHHbIX B nJ~KTax 2.2 11 2.3, B8*­

HY~ pOJIb I1rpaeT HTepaU;110HHbIH napaMeTp ~k • Dbl60p 3Toro napaMeTpa 

n03BOflReT perYfll1pOBaTb XO,I\ HTepaQMOHHOrO npouecca. TIpl1 3TOM 113M8H8HH8 

napanerpa rt:"k CBR3aHO c H3MeH8HH8M HeBH3KH D B XO,I\e wrepaU;HH. HVI~ek 
npI1BO,I\RTCR Cfle.I\YIDll\He aJIrOpl1TMbl suõcpa '/;k' B KOTOpbIX 'í7 - HeKOTO­

0 

poe 38,I\aHHoe anauenae , o ~ '[;0 ~ 1 

1. 'V"k ~ '(;0 •	 (2.L.1) 

OTOT aJIrOpl1TM npa ,I\OCTaTOtlHO MaJIOM '7/
0 

06hlllHO npnxeuaerca npu nno­
XHX HatlaJIhHbIX npH6flH~eHHRX, c I..\eflblO npOBep~Tb B03MO*HOCTb CXO,I\VlMOCTH 

OT 3THX npI16fll1*eHl1~. CXO,I\l1MOCTb npl1 3TOM OlleHb M8,I\fleHHaH. ITpVl ~o~i 

nOn~!aeTCH KflaCCl1tleCKaH cxeMa HbIOTOHa. 

min(1,2'l:k_l) , ec.m s.. f):k-l
2. rc; ==	 (2.5.2)

{k max( 1: , 'l:k_l/2), ecnz 0k:}- 6k-l0 

rne bk onpe,I\eflfi8TCR no ~opMyfle (2.2.8). 3TOT anropHTM aHanOr~qeH 
11111pOKO pacnpocTpaHeHHoMY cnoco6y B~6opa mara l1HTerp~pOBaHl1H B CT8H­

,I\aPT/~~ nporpaMMax pellieH~R 3a,I\atll1 KOilll1, BhNHCJleHl1H l1HTerpanoB ~ 

T.n. • 

AnrOpl1TM peKOMeH.I\YeTCH npl1MeHHTh npVl xoporn~x HatlBnbHbIX rrpH6fll1­

~eHl1Hx. OH o6eCnetll1Ba8T 6bICTPYlO CXOnl1MOCTb, O,I\HaKO He BCer,I\a YCTO~t:l~B. 

bk-l	 (2.5.3)
min (1, 'tk-l'~)' eCJIJ.1 6.k < Õk ­ 13.	 k
 

~k =. b
 
rr- rr: k-l{ max «; (.,k-l· ~ ), eCJHf 0k'l 6k _ 1 

3neCh b TO~8 BbItll1CflHeTCH no ~pMYfle (2.2.8). OTOT anrOpl1TM 60neeK 
YCTOKQl1B 11 06eCn8tlHBaeT CXO,I\HMOCTb B ,I\OCTaTOqHO illHpOKO~ 06naCTl1 Ha­

qanbHbIX np116JIl1JKeHl1~. 

Dk - 1	 (2.5.4)'l:k = 4. bk _ 1+ c\ ( 1 ) 

rne Ó
k 

(1) - HeBR3Ka H8 k -TOn l1Tepaql1l1)J,JIH 'C = 1 • BeJIl1llliHa 
kDK Bbltll1CJIHeTCR no q,opMYJIe (2.2. 9). mo anrOpl1TM onTHManbHoro BbI­

õopa 'LI( ,npe,I\nOiKeHHbIti B pa60Te/ I O{ OH OCHOBaH aa KB8,I\paTHtlHO~ 
annpOKCl1Ma~HH 3aBHCHMOCT~ b OT ~ • npl1 l1TepaU;l1HX OH ,I\Ofl*eH o6ec­

netlHTb MHHHMyM HeBR3K~ H8 K~OM mare. 

5. Ha pasaoaepaoã cerxe W-r; OTpe3Ka lo, I] c marca Â'r Bbl'trnC­

JIHeTCH nOCne,I\OBaTeflbHOC'Pb HeBR30K f)'i no cPoPMYfle (2.2.8) 11 BbI6HpaeTcR 
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TaRoe 3HaqeHMe ~k' KOTOPOMY COOTBeTcTByeT MHHMMarrbHafl HeBfl3Ka. 

3rOT anr-opara õonee 0611~Mi1, tleM B n.4, XOTfl M rpeõyer õonsmero 06'beMa 

B~HCJleHHv.. TOqHOCTb Haxo~~eHHfl onTHM~bHoro mara ~K , 06eCneqM­

BaID~ero MHH"MYM HeBR3R" Há K~OM mare,3aBHCHT OT BH60pa ceTKH úV~ • 

3Ty ceTKY MO~HO Bw6paTb TaKHM 06pa30M, qTo6w TOqHOCTb HaXO~eH"R ~ 

H 6WCTpo~eHCTBMe anropMTMa OnTMMaJIbHO CÓqeTaJlHcb.AJlrOpHTMH 1,2,3 

6~H peanM30BaHW B SLIP1 H npOillJl" rrpOBepKY Hj.iMPOKOM Kpyre 3a~aq. 

AJlrOpMTMH 4,G HCnOJlb30BaJlHCb npH pemeHHM 3~aq 6 . 

2.6. TOqHOCTb n~MCJlMTeJlbHOM cxeMH 

ilyCTb z~ = f )~ , Y~ (x) J - pemexae 3~aqH (1), cyute-
CTBOBaHHe KOToporo npe~nOJlaraeTCR. 

B pe3YJlbTaTe BHtI"CJleH"~ no "3J10~eHHOH cxeMe 3a KOHeqHoe qMCJlO 

"Tepau,MH K , T.e. npa BHnOJlHeHHH YCJlOBHH ÔR<E ( ~ - aeaasxa 
(2.2.8)	 B CeTOqHO« c - HopMe), nOJlyqaeTcR npH6J1~eHHOe pemeHHe 

K 5 K K }
znh = tÀnh ' Ynh(x) 

nyCTb znh - TOqHOe pa3HocTHoe pemeHHe. Tor~a B ceTo~o~
 

c -HopMe MO~HO HanHcaTb cJle~~ o~eHKY:
 

(2.6.1)~ z~ - z~h II ~ ({ z~ - znh li + 1I znh - z~h ~ • 

~fl qePBoro CJlaraeMOro B npaBo~ tlaCTH (2.6.1) HMeeTCfl cJle~­
o~eHKa/n/ : 

- z {lI c c h 4 • (2.6.2) 
IItaR 

n nh J - n
 

BTopoe CJlBraeMOe o~eHHBaeTCR KaK/I2/
 

Il z x 

(2~6.3)
'znh - z~h 1/ ~ Bn ÓK 

3~eCb B > o t c >o - KOHCTaHTH. n n 
4Horna B b <<.. c h , qTO BHnOJlHReTCR npa 3~aHHH 

n K n 
MaJIOrO ê , TO~HOCTb nOJlyqeHHoro pa3HocTHoro pemeHHR 6J1H3Ka K Teope­

T~ecKoi\ o~eHKe 

(2.•6.4)11 z~ - z~h fr % Cnh
4

• 

Ee MO~O ~eTanbHO HCCJle~OBaTb nYTeM paCqeTOB Ha nOCJle~OBaTeJlb­

HOCTH C~~~HXCH ceTOK. npH 3TOM B03MO~O YTOtlHeHHe pa3HOCTHoro 
pemeHHR I. 

B cJlyqae, eCJIH MCXo~aR 3~a~a HBJlReTCR C"HrYJlflpHo«, B o~eHKY 

(2.6.1) ~06aBJIReTCR CJlaraeMOe, xBpaKTepH3~~ee omH6KY annpOKCHM~H 

cHHrYJlRpHMX rpaH~HHX YCJlOBHf:1: YCJlOBHHMH (IB,c) H (2.2.1). 

KaK npaBHJlO, o~eHHTb 3TY norpeillHocTb MO~HO nYTeM npoBe~eHHR 

nOCJle~OBaTenbHMX paCqeTOB Ha pacmHpR~HxCR HHTepBaJIaX [a,bJ 

8 

Bce 3TH ~aKTopbI cnenyer HMeTb B BVi,IJ,y npa 38.)J,aHMVi napanerpon 
BbNI1CJI-I1TeJlbHOM cxeau H npa onenxe nOJlYtIeHHbIX pe3YJIbTaToB. 

3. OnHcaHMe nporpaMM KOMDJleKCa 

1{oMI1JIel<C SLIPH4, COCTOHT Vi3 aaõopa nonnpor-paav, xoropae MOiKHO 

06'be~HHHTb B TpH rpynnw. 
1{ nepsoã rpynne OTHOCfiTCR nporpaMMbI oõmer o Ha3HatJ.eHViR. B HHX 

onpenenrecrca BeJlH"tJ.HHbJ, Heo6xo~HMbIe ~JlR paõoru OCTaJIbHblX nonnpor-paioa, 

HeKoTopwe H3 HViX COCTaBJlflIOTCfl nOJlb30BaTeJleM KOMnneKca. 
.Bropaa rpyrma .nporpaMM o6ecn~~mBaeT HaXOJlt,U,eHl-1e HaqaJIbHOrO npl-16­

JI~eHHH no 8JlrOpHTMY, H3J10~eHHOMY E n.2.1 • 
B rpersn rpynny BXO~HT nonnpor-paxau, OCYJI.\eCTBJIflIOIl.\l-1e YTOtlH81-H-te 

HatlaJIbHOrO npH6J1H~eHMH (CM. n.2.2 M n.2.3). 
l~aR H3 3THX rpynn no~nporpaMM MO~8T 6WTb HCnOJIb30BaHa CaMOC-

TOflTeJlbHO. 
Ha pHCYHKe npHBe~eHa cxeMa KOMnJIeKCa nporpaMM SLIPH4 • 

MAIN 
_. call PQRX 

MINMAX

! : ~:~~ NEWTON 

l
~ p call TTP 

-----t~ call SIGMA 

I ' cal1 ZEROS
 

I rcall ~
 

call AKBK
 

L ~ca:!.l D1F1
 
_______~ call
 D2F2 

~ call SKI
F- - ---call g~~~4 _____ call DELTA --- call 

I : call PROGRV 

cal1 SIMPYV 

I ~ call ASIM 

[1 ._ cal1 TAUKA 

I ~ call DELTA 

-- call DOPORT 
f-.-----....­ call UNORM
I'-- ~>- call ZEROS
.. 
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rJIaBHaR npor'paseaa t-1.AIN 11 nonnpor-paseru PQRX ,D1P1 ,n2P:?' li ASIM 

COCTaBJIH~TCR rrOJIb30BaT8JI8M KOMrrJI8KCa C yq8TOM OC068HHOCT8~ KOHKp8T­

HOti 3a)J,atiH. '4acTb nO,lJ,npOrpaMM, TaKl1X KaK TTP ,AKBK ,SIGMA 

DELTA I PROGRV , SIMPYV I SKI 11 TAUKA, HBJlHIOTCH BHYTpeHHHMH 

rrporpaMMa~ KOMnJI8KCa 11 nO.JIb30BaT8JIIO aenoc-ryrnra. HIDK8 ,rr,a8TC'R 11X xpar­
K08 onacanne . I10,rr,p06HO onacanu 06PaIl.\8Hl1R 11 napaaerpa nonnporpaaa, 
,lJ,OCTYf1HbIX rrOJlb30BaTeJI~. 

3. r. ilop,rrpOrpaMMhI 06r.q8ro Ha3HatI8H11R PQRX , MINMAX , 

ZEROS , UNORM 

ITo,lJ,rrpOrpaMMa PQRX npenuaaxaueaa ,lJ,JIR 3arrOJIH8H11R MaCCYlBOB 

P I Q I R Ta6mma:.m 3Hati8Hl1M K03qq,m..:\118HTOB p (x) , q (x) , r (x) 

ypaBHeH11H (1) B Y3JIaX xi C8TKH w • 3Hati8H11R Y3JIOB xi rrOM8~aKlTCR
h 

B MaCCHB .X • 

06P8lll8H11e : 

CALL PQRX(A,B,N,P,Q,R,X,XMIN,Xt-1.AX,XW,M) 

r,lJ,e 

A, B - JI8BaH 11 npaaaa rpaHl1WH OTp83Ka 113M8H8HHR x , 

N - KOJIHt.l.8CTDO Y3Jl0B paBHoM8pHo;;J C8TK11 ~, 

P, Q, R, X - MaCC11Bbl pa3MepHOCTVI N ,KOTOphI8 .rr.OJDltHhl 6hlTb orracaau B 

Bbl3blBa~~8~ nporpaMM8, 

XMIN,XMAX- JI8BaR H rrpaBaH rpaH11UbI HHT8pBaJIa, Ha KOTOpOM ~TCR 

HaYaJIbHhI8 rrpH6JIH~8HVlH c06CTBeHHhIX 3HatI8HH~, 

XW 11 M - TOtiKa CIll11BKH (2. r. 1) 11 88 HOM8p B MaCCl1B8 X(N) 

B nonnpor'paaae HCnOJIb3Y8TCH [{JI~ti LQ 113 06~8ro 6JIOKa 

COMMON/SWITCH!LINFUN,LOUT,LQ,LEVZ . 

Ecm1 rrOJIb30BaT8JIb BHt.I.\tlC.HH8T B nonnpor-paave 3HatI8H11fl XMIN , XMAX , 

XW H M caa, TO CJI8,rr,y8T npHC'BOHTb LQ 3HatI8HH8 ~ ( L(')=~ ) • 

I1op,npOrpaMMa fvlINMAX no KJI[{)tIY LQ;é~ 113 06~8ro 6JIOKa 

I SWITCH I BhIt.l.HC.rIH8T 3HaQ8H'l1R XMIN=minQ (x) H XMAX=maxQ (x) 

,lI,JIH x ~ úOh , Onp8,lJ,8JIH8T TOtiKY ClllHBKH XW KaK Q(XW)=XMAX 

H M - 88 HOMep B MaCCHBe X • M ,lI,OJDKHO ;y)J,OBJI8TBOpHTb YCJIOB11~ 

4~MfN-3	 (3.1) 

06pa1l\8H118: 

CALL MINMAX(N,X,Q,XMIN,XM~X,XW,M). 

ECJII1 LQ=~ , TO rrpOB8pH8TCH YCJIOB118 (3.1). 3hlnOnH8HH8 81'0 B8)J,eT K 

B03BpaTY B Bhl3hlBa[{)~ rrpOrpaMMY. ITp11 H8BbIrrOJIH8HH11 YCJIOB11R (3.1) BeJI11­

tI11H8 M npHCBa11Ba8TCH 6JIH*atlm88 113 )J,BYX 3HatIeH11A 4 HJI11 N-3 

orrp8)J,8JIR8TCR HOB08 3Hati8H118 XW=X(M) ,rr8tIaTaeTC.fI C006~8HH8 o CTa~OM 

H HOBOM 3HatI8HH.fIX TOtIKH Cml1BKl1 11 npOl1CXO,lI,HT B~O)J, 113 nO)J,rrporpaMMH. 

IToAnpOrpaMMa TINQRM HOpMHpY8T ~YHKUl1ID Y • BbItIl1CJIR8TCfl HOB08 

3Hati8H118 Y = Y/~(X)d~ 
~ 

06PaIl.\8HH8:
 

CALL UNORM(N,H,Y)
 

r)J,8 

",	 H - mar pasaovepnoã C8TKl1 W h 

Y - MaCCHB pa3MepHOCTVI N ,0nHcaHHhIH B rJIaBHotí nporpaseae. 
ITognpOrpaMMa ZEROS onpe,rr,8JIR8T tiHCJIO 113M8H8HHt1 3HaKa B Ta6JIH­

U8 3Hati8Hl1H ~KUl1H Y • OHO 3aChlJIaeTCH B NZ 11 OTO~8CTBJIH8TCR C 

tIHCJIOM HyJl8ti ~YHKl.\1111 Y • 

06PaII\8H118: 

CALL ZEROS(N,Y,NZ) 

r,rr,8 

Y - MaCCHB pa3M8pHOCT11 N , OnHCaHHbItt B rJIaBHotí npor-paaxe , 

3.2.	 IToAnporpaMMbI BbIt.iHCJl8H11R HatiaJIbHOrO rrp116JIH~8H11R 

NE\'JTON z T'l'P 11 SIGMA 

ITop,nporpaMMa NEWTON orrp8)J,8JIH8T HaQaJIbHhl8 np116J1~8H11R 3a,lJ,atIH

(n -no aJIrOp11TMY, Vl3JIO)K8HHOMY B n, 2. I. 
06P8lll8 H118: 

CALL NEWTON(A,B,P,Q,R,N,XMIN,X~_X,XW,M,EV, X,Y,nX,EPS, 

ITMIN,ITMAX,LSTEP,~~X,NIS,NNEC,NEVMAX) 

r)J,8 napaM8TpbI A,B,P,Q,R,N,XMIN,XMAX,XW,M,X OllHcaHH B n.3.I; 
napaMeTpH DX, EPS,ITMIN,ITMAX,LSTEP,NIS,NNEC,NEVMAX 

3a,lJ,aroTcR nOJIb30BaT8JI8M. P83YJIbTaT pa60Thl rrporpaMMH 3an11ChlBaeTCR B 

MaCCHBhI y 11 EV , r)J,8 

EV - MaCC11B KOpH8i1 nOJIHHOMa (2. r. 2) pa3M8pHOCT11 NEvr-~AX 

Y - M~CC11B pa3M8pHOCT11 N , CO)J,8p)K8lll11~ HatIaJIbH08 np116JI~eHH8 K 

p8m8H11Kl 3a)J,atIH (I) )J,JIR rrOCJI8,lJ,H8rO Ha~.rr.8HHoro KOpHR; 

EPS- 3HatI8HH8 M~O~ B8JI11tI11HbI é:T 113 ~PMYJIhI (2. L 4) ; 
ITMIN- tIl1CJIO 11T8pauHA npOU8cca (2.1.3) 683 npOB8pKH YCJIOBHR (2.1.4); 

.,.} ITMAX- MaKCHMarrbHO )J,onyCTHM08 tIHCJIO 11TepauHH. ECJIH TOtIHOCTb nOCJI8 

3'1'01'0 H8 )J,OCTHrHYTa, Bb~a8TCR C006m8HH8, 3HatIeHH8 HaH)J,8HHoro'C" 
rrpH6JIH)K8HHR, 81'0 TOtIHOCTb 11 3HatIeHHe nonHHOMa '1' (2.1.2); 

LSTEP- KJIlOtI, 3a)J,a.J(J~11t1 HanpaBJI8HH8 nOHCKa KOpHR na OTp83K8 [XMIN 

XMAX] • ITpH LSTEP =r/ nOHCK Be)J,8TCR OT XMIN, npa 

LSTEP= 1 - OT XMAX 

DX - 3a~aHHaH Benl1Ql1Ha. lOHCK KOpH8~ Be~8TCH Ha OTpe3Ke 
[XMIN-DX, XMAx+Dxl 
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MHAX - nOCJIe aasepmenaa pa60ThI nporpaaaa NEWTON 3TOMy SHatIeHViIO
 

npViCBaViBaeTCfl BeJIVitIViHa, paBHafl KOJIVitIeCTBY Ha~geHHHX KOpHe~
 

nO.JmHOMa T ,
 

NIS - KOJIVit!eCTBO YJKe HaH,!J,eHHblX KaKViM-TO 06paSOM xcpaeã nOJIViHOMa
 

(C06CTBeHHblX SHatIeHVit1). l1x 3HatIeHViR go '06p8ll\eHl1fl K 3TO~
 

nonnpor'paaxe ,IJ,OJDKHbl 6blTb npacaoenu nepsaz NIS 3JIeMeHTaM
 

MaCCI-lBa EV
 

NNEC - HOMep KOpHfl,gO KOTOpOrO BKJIlOtIViTeJIbHO Hago Ha~Tl1 BCe KOpHVi 

nOJIViHOMa, HatIl1Hafl C ( NIS+1 )-rO,l1 onpegeJIViTb ~YHKQViIO Y 

NEVMAX - MaKCl1MaJIbHO gonYCTl1MOe tIViCJIO xopneã NEVt-"AX ~ NNEC . 

B nonnpor-paaae acnoasayeeca KJIlOtI LOUT ViS oõnero 6JIOKa /SWITCH/ 

ECJIl1 LOUT = ~ ~ TO npoVicxogViT npOBepKa Ha«geHHoro 3HatIeHVifl KOpHfl 

Ha HaXO~eHVie ero B ViHTepBaJIe (XMIN-nx ,XMAX+DX), ECJIl1 LOUT#~ 

npOBepKVi He npoVicxogViT. 

06~Vit1	 6JIOK: 

COMMON/CMINMA/CMIN,CMAX 

3anOJIHfleMbI~ nOJIb30BaTeJIeM B rJIaBHOH nporpaMMe, 3~!J,aeT gViana30H ~l1CeJI 

gJIfl KOHKpeTHo~ SBM (Ha CDC-6500 CMIN = 10- 100, CMAX=10+100) 

DognporpaMMa NEWTON 06pa~aeTCfl K BHYTpeHHeti nognporpaMMe TTP 

11 <PYHKUVil1 SIGMA. 

ITonnporpaMMa TTP BbNViCJIfleT 3Ha~eHl1e nOJIl1HOM8 T(~) l1S (2.1.2\ 

ero npoaasonaoã T' C\) Vi <PYHKqViVi Y 

~YHKUl1fl SIGMA BbNViCJIfleT 
n-1L -----,.:1__
 

j=1 .il k_ À.
 
n J 

H3 BhIp~eHl1fl (2.1.3). 

3.3.	 DOAnporpaMMbl YTOtIHeHVifl HaqaJIbHoro np116JIVi*eHVifl SLIPH4 
AKBK, DELTA, PROGRV,SIMPYV, ,S!<I, TAUKA, D1F1, D2F2 

IbAnporpaMMa SLIPH4 OpraH113yeT l1TepaQHOHHhlH npo~ecc, OnHCaH-

Hhl~ B n.2.2 11 n.2.3. 

06p8Il.\eHl1e: 

CALL SLIPH4(A,B,N,NMAX,P,Q,R,EV~,Y~,LAS,YS, EPS, NT, LST,
 

LPR,LX, T~, X,LDEL, AN, BN, V, S)
 

EV~ Vi Y~ - HatIaJIbHOe npVi6JIV1*eHl1e K c06CTBeHHOMY 3HaqeHVilO M C06CT­

BeHHOH ~YHKQViVi, sagaBaeMoe nOJIb30BaT8JIeM. OHO Mo~eT 

6hlTb nOJIyqeHo crroc060M, Vi3JIO~eHHb~ B n.3.1 c nOMO~blO 

nonnporpasosu NEWTON ViJIVi KaKViM-TO gpyrViM 06pa30M. I10CJI8 
"	 saBeprneHVifl pa60Tbl nognporpaMMbl SLIPH4 B EV~ Vi Y~ 

HaxogViTcfl YTOtIHeHH08 pemeHVie sagaqVi (I),~ 
'.
 LAS - napaMeTp, orrpegeJIfllO~ViM HaJIVitIVie aCViMnTOTMKVi gJIfl
 

c06cTBeHHo~ ~yHKUViVi aa (b, 00 ) • ECJIVi LAS=Ç/), 3a­

ga~a CtIViTaeTCfl onpegeJIeHHO~ Ha KOHetIHOM ViHTepBaJIe 

[ a,b ] • Ilpa LAS#~ npoViCXO,lJ,ViT 06paLQeHVie K ncn­
npor-paaxe nOJIb30BaTeJIfl ASIM )J,JIfl BbltIViCJIeHVifl l1HTerpaJIOB, 

BXOg~ViX B BhlpaJKeHMfl (2.2. o) Vi (2.3.3). 

YS -	 pa60tIH~ MaCCViB pa3MepHOCTVi NMAX B rJIaBHO~ npo­

rpaMMe, 

EPS - MaJIOe tIViCJIO 6 (2.2. (7), 

NT - MaKCViMaJIbHO ,IJ,OnYCTViMoe KOJIVitIeCTBO ViTepauVi~ no t , 

LST - napaMeTp, onpe,IJ,eJIfllO~Vit1 cnoc06 Bhl60pa mara ~k 

(CM. n, 2.5). 'r onpenenaerca : 
k 

npVi LST=1 - no aJIrOpViTMY 2.5.1,
 

npH LST=2 - no aJIrOpViTMY 2.5.2,
 

npVi LST=3 - no aJIrOpViTMY 2.~.3,
 

npVi LST=4 - no anropViTMY 2.~.4,
 

npVi LST=5 - no aJIrOpl1TMY 2.5.5,
 

LPR - napaMeTp, onpe,IJ,eJIfllO~Vin mar B~atIVi Ha netIaTb
 

pesYJIbTaTOB npOM8*YTO~hlX ViTepauVi~ (2.2.6),
 

LX - mar Ta6JIVi~hl <PYHKUViVi Yk(x) npVi netIaTVi
 

h netI=h.LX, 

T~ - 3a,IJ,aHHOe HatIaJIbHOe 3HatIeHVie rz:;o' PeKOMe~eMble 

SHaqeHVifl rt = 0,01; 0,05; O,I . 
o 

I	 LDEL - napaMeTp, sa,IJ,alO~Vit1 cnoc06 BWtIMCJIeHVifl HeBfl3KVi Sk : 
npH LDEL=1 - no <popMYJIe (2.2.8)I 

l-	 npVi LDEL=2 - no ~oPMYJIe (2.2.9) 

i .	 AN,BN,V - MaCCViBbl pa3MepHocTVi Nt-"AX gJIfl npOrOHOtIHhIX 

KOa~Vi~l1eHTOB 11 3HaQeHViM ~YH~ViVi ~ki (2.2~3). 

.i; B nO,IJ,nporpaMMe ViCnOJIb3YIOTCfl 06~Vie 6JIOKVi: 

,/CMINMA/ ,B KOTOpOM B rJIaBHOH nporpaMMe nOJIb30BaTeJIeM onpe­I ,IJ,8JIeH ,IJ,HanaSOH qViCeJI Ha ,IJ,aHHO~ SBM. 
rge A, B, N, P, Q,	 R, X - OnViCaHhI B n.3.1, napaMeTphl NMAX, LAS, I MOD I MOD, AK,BK , 

EPS, NT, LST, LPR,	 LX, T~, LDEL - sagalOTcfl nOJIbSOBaTeJIeM. B KOTOpOM 3HaQeHVie MOD=~ onpe,IJ,eJIfleT peaJI113aQViID ViTepaQViOHHoro npo~ec­
NMAX- paSMepHOCTb MaCCl1BOB P,Q,R,Y~,X, l,N, BN, V, S B rJIaB­ ca n.2.2, a 3Ha~eHVie	 MOD=2 - npo~ecca, onVicaHHoro ri rr.2.3. 

HO~ nporpasxe, NMAX.::>N 
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AK,BK - 3HaqeHliff npaBUX qaCTeH B rpaHHqHHX YC~OBHffX (2.2.4) IIonnPorpa.MMà TAUKA peanasyer ormcaaase B n.2. 5 arrrOplITMIl Bhl­
HJlli (2.3.2). qHC~eHRH napaMeTpa ~k • 

B SLIPH4 npOlICXO,IJ;HT oopancaae R AKBK, DELTA , PROGRV ,SKI , IIo1Iilporpw~a SKI BhIqHCAfleT SHaqeHllR Bllpa~eHlIH s2k,s~i) 
SIMPYV ,TAUKJl. . OÓpal1.leID1e K ASIM n:pOlICXO,IJ;llT npa LASi0 i=1,2 no WOPMY~aM (2.2.4) li (2.3.2). 

ITonnpOrpaMMa ASIM COCTaBrrffeTCR nO~30BaTe~eM, eCJlli STO HeOÓXO­ IIOnnPOrpaMMa DOPORT ocymeCT~qeT opTOrOHaJlli3a~ID li HOpMHpOBKY 
.n;lIMO. B HeH .n;O~bl ÓblTh BblqlIC~eHH 3HaqeHKR lIHTerpanOB Ha nO~ÓeCKOHeq­ no WOPMY~aM (2.3.5) li (2.3.6). 
HOM HHTepBMe [b, 00) , BXO,IJ;RlJU'Ie B BblpaJKeHHH (2.2. 5) H (2.3.3). 4. ITpllMepll lIcrrO~30BaHRff ROMn~eRca SLIPH4 

OóparueHHe: B xaxec'ree rrpnaepa HcnO~bSOBaHIDI nporpavvu SLIPH4, ounc paccaor­

CALL ASIM(A,B,EV,Y(N) ,S1,S2) peHo perneHlIe 3~a~H (I) .n;M C~aH nOTe~ana Mop3e /1/ 
.	 -2a1 (X-Xo) -a1 (X-Xo)p(x); o, q(x)=-2MD(e -2e )r.n;e A,B - rpamm,hI oTpe3Ra [a, b] I 

Ha oTpe3Re [a,bJ C rpaHH~HllMlI YC~OBHRMlIEV COÓCTBeHHoe 3HaqeHHe .;11<.,	 .ci:: ax .~ .r;:;;;;::o -a (b-x ) 
fY(N)	 ; D e 'f-O, f 2=ú\ -y2MD e o,- 3HaqeHHe COÓCTBeHHO! WYHKUHH yk(b),	 d1=d2=1 f 1=fJ. -V 2M

rne a=O, b=20 , ROHCTaHTll = 0,67; X = 2,15; M= 4,69;S1	 - aaasenae aarerpaaa 5, Y' 2 (.Àk ' x)dx , a1 o 
~oo D = 0,1055, mar .n;lIcKpeTHoH ceTRlI cUh h = U,OI25 ( N = 1601).

S2 - 3Haqelll'Ie HHTerpa~a S
f, 

'-j.J (Àk , x) \f). 
I 

Ci\k ' x)dx . B Taó~e I npHBe.n;eHH pe3Y~TaTll paóoThI ROMTI~eRCOB nporpaMM SLIPH4 
SLIP 1 H aaazaravscxoe pemeaae , LDEL= 1 (HeB.íI3Ra fj C~lITaeTC.fI noIlo1IilPor paMMa AKBK BllqHCMeT BeJllilfiillli H no WOPMY~aMai k b i k WOPMY~e (2.2.8)), LST=3 (rrapaaerp 'Ck onpene.naercs no íPoPMY.ne(2.2.4) RnH (2.3.2). OHa, B CBOro Oqepe.n;b, OÓpamaeTCR R no.n;nporpaMMaM 

(2.5.3)), k - ROJlli~eCTBO HTepaunll.
nO~30BaTeM D1F1 H D2F2 ,ROTOphl8 BWIHCJIffiOT SHaqeHIDI d1 ' f 1 TaÓJllilla I
 
diA' fi." ' d2, f2 ' d2..1 ,f' 2Ã B napazeaaax (2.2.4) H (2.3.2).
 

OÓPameHIDI: AHaJlliT. SLIPH4 SLIP1
 
À 4,353116E-1 4;353II593E-I 4,35317356 E-I
CA.LL	 D1!?1 (EV ,A,D1 ,DD1 ,F1 ,DF1) 
x YANAL	 Y()<-), k=11 y(k), k=100 r,ne	 EV - aanaaaoe SHaqeHHe J. k ' 

A - ~eBaR.rpaHlI~a OTpeSRa [a,bJ, O I, 880934I7E-2 I,8809344IE-Z I, 880620E-2 
D1 d ( .Àk,a) , 2 5. I 4335066E-I 5,I433508IE-I 5,I43384E-I1 
DD1 - d i,,\( .Àk r a) • 4 4,618II049E-I 4,618II042E-I 4,61809IE-I 
F1 - f 1 ( ..1 , a ) • 6 I,69509499E-I I,69509480E-I I, 695076E-Ik 
DF1 - fi).(Àk,a), 8 4,92265882E-2 4,9~265749E-2 4,922594E-2 

CALL D2F2(EV,B,D2,DD2,F2,DF2) 10 I,34452673E-2 I,34452604E-2 I, 344509E-2 
12 3, 61380~3E-3 3,6138012IE-3 3,613756E-3rne EV - aanaanoe aaaxeaae . Àk , 
14 9, 67~3846IE-4 9,67237232E-4 9,672260E-4B - npaBaR rpaHH~a OTpe3Ra [a,bJ . 
16 2, 58597485E-4 2,58597015E-4 2,5859~E-4D2 - )k,b).d 2( I. 18 6,91177870E-5 6, 91176144E-5 6,911688E-5DD2 - d' 2 fi ( .À k ' b ) ,
 

F2 - f 2( ),k,b). I I 20 I, 84723677E-5 I, 84723066E-5 I, 847214E-5
 

DF2 - f 2). ( Àk,b),	 Õ= 0,23 E-7 b = 9~35 E-lI 

IIOnnPOrpaMMa DELTA Bll~CMeT anasenae HeBH3lGi1 bk no <POpMy-' Taó~a I Har~o .n;eMoHcTpHpyeT npeHMYmecTBa ROMn~eRca SLIPH4 
~aM (2.2.8) wm: (2.2.9). B PROGRV M8TO,nOM nporoaxa onpeneaanrca 'I no cpaBHeHHID co SI,IP1 B CMhIc~e TOqHOCTH no~aeMoro perueHHH H CRO­
<lJyHKIUm 1Y~i) B aaaasax (2.2.3), (2.2.4) li (2.3.1), (2.3.2). pOCTH CXO~OCTH HTepaunoHHoro npouecca.I 

~ B nOJillPorPaMMe , SIMPyV HaxO,1ViTCH SHaqeHHH RHT8rpaJIOB B TaÓ~e 2 rrpHBe.n;eHhI pesYJIbTaThI paóoTbl ROM~eRca SLIPH4 Ha 
noc~e.n;oBaTe~HocTH B.n;Boe cryl1.l~C.fI ceTOR (h = 0,05). BH,IJ;HO, qTOSY~(X)dX f Yk(X)1J~i) (x)dx ,HCnOJIbsyeMHe B aapaseaasx (2.2.5) 

Cl 
li 

0-	 CXO,IJ;HMOCTb pasHocTHoro perueHll.fI 3a.n;aqH (I) HMeeT llOp~OR h 4 . 
H (2.3.3). 

14 15 



fI I 

1
i ~ 

1 
=0,435311628 ~h/2 =0, 4333II571 

I 

i X Yh Yh/ 2 
0,188097822. 10- I 0,188093685,10-1i 

I ° 
3 0,592725832 0, fS92725848 

G 0,169G09462 0,169309497 

9 0,258172752.10-1 I 0,258172844'10-1 

I2 0,361380251' 10-2 I 0,361380418'10-2 

I~ 0,500156669'10-3 0,500156968'10-3 

18 0,69117'7382' ro-4 0,691177892'10-4 

0,34'10-~ 0,36· 10-':)b 

'J.	 - ~ r,I\e 0= _h_~ 

J h/2- 3th/ 4 

)J,aJIbHeI1IIJHM pa3BHTHeM naxe-ra flBlIHe'rUI ):\o6aBJIeHV1e K H8MY 6.JIOKa an­Ta6JUrga 2. 
TOMaTV11ieCKOrO HaXOiK)::I,eHHH napaverpa N )J,VlCI{peTHO~ ceTKH Wh. (a TalOKC 
napaaerpos A H B B cnyvae cHHrY,JIHpHO!1 rpaHwlHo1:1 aanavn) B 3aBHCVl­

~/ 4=0,435311568 
iJ 

16,3 MOCTH OT Tpe6yeMo~ T01iHOCTH pe3YJIbTaTa.
 

Yh/ 4
 Õ 

0,188093434'10-1 16,4 

0,592725849 16,5 Ta6JIHua 3 

0,169509499 16,3 )h=-6.00000000 fih/ T-6 ,00000000 ~/4=-6,00000000 1080 

0,258172849'10-1 16,2 x ()Yh Yh/ 2	 Yh/4 
0,361380429'10-2 16,2 -1,0 0, 158II3581· 10 0, 158II3864· 10 0, 158II3882· 10 16,0 
0,500156987.10-3 16,2 -0,8 0,727322472 0,7273237'75 0,727323856 16,0
0,691177924'10-4 16,2 

-0,6 0,632454326.10-1 0,632455456,10-1 0,632455527.10-1 16,0 
0,44'10-~ 

-0,4 -0,411095310 -0,411096046 -0,411096093 16,0 

-0,2 -0,695699755 -0,695701002 -0,695'701080 16,0 

0,0 -0,'79056'7904 -0,790569320 -0,790569409 16,0 

0,2 -0,695699755 -O ,695'701002 -0,695701080 16,0 

0,4 -0,4II095310 -0,411096046 -0,4II096093 16,0 

B 3TOM npaxepe p(x)s;O. Pa60Ta KOM1lJIeI<Ca,IJ,JIR CJIyqaR p(x);éO ,I\e­ 0,6 0,632454326,10-1 0,632455456.10-1 0,632455~27· 10-1 '16,0 
MOHcTpHpyeTcH Ha ypaBHeHHH ]e~aH,I\Pa 0,8 0,727322472 0,727323775 0,727323856 16,0 

1,0 0, 158II3581· 10 0,158113864· 10 0, 158II3882· 10 16,0 
y"- ~2yl - }. 

l-x 1-x 2 Y = O Õ 0,28.10-10 0,33 .. 10-10 0,12. 10-9 
-1 <: x <:'1 

c rpaHH~HUMH YCJIOBHRM~ 

Jl~TepaTypa 

y' - ~Y\ = O L I1y3m~H Vi:B., IJy3m~ma T. Il, B cõ.': AJIrOpHTM~ H nporpaMMbI ,D.JIH peme­
x=-l HHH HeKOTOphIX aanan cPt1.3~KH. KFKI -74-:34, Bynanemr , 1974, c.93-II1. 

2. Map'tIYK r.Vi., illaH,I\YpoB B.B. nOB~eHHe TOqHOCTH pemeHt1.~ pa3HocTH~X 

y' + ~ yl = O • cxea. "HaYKa", M., 19'79.'ix=+l	 3. AKHill~H IT.r., IJy3mHH Vi.B. OViflM, 5-10992, )J,y6Ha, 1977. 
4.	 Y~JIK~HCOH ~.X.AJIre6pa~eCKaH np06JIeMa co6cTBeHH~x 3Ha'tIeHH~. 

"HaYKa", M., 1970.B Ta6JI~Qe 3 np~Be,I\eH~ pe3YJIbTaT~, nOJIyqeHH~e Ha nOCJIe,I\oBaTeJIbHOCT~ 
5.	 Bailey P.B. SLEIGN An Eigenvalue-Eigenfunction Code for Sturm ­B,I\BOe Cr~aID~gXCR ceTOK ( h= 0,04) ,I\JIR pemeH~R c ,I\BYMH HyJIRMH. 

Liouville Problems. SANÓ77-2044, Sandia Laboratories, 1978. 
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6.	 Faifman M·.P. et alo Z. Phys. D, 1986,2,p.79-85; 

BHHl1IJ;KI1K C.H. VI np , AKYCTVJ:tIeCKVlH 1KypHaJI, 1985, 31, c.787-790. 
KaCtIVJ:eB M.C. H ~p. Olr1RM, PI1-84-832, ~6Ha, 1984. 

'7.	 i{anHTKl1H H.H. TiHCJI8HHble M8'I'O,TJ,bl. "HaYKa", 1978. 
6.	 Coapeuenaue tIHC-fleHHbre. MeTO)J.hr peIlIeHHH 06bU<HOBeHHblX ,IJ,HlfxI>epem"ÇHaJIbHbrX 

ypaBH8HHt1. Pe,rr,. lJi'K.XOJIJr, ,1J,rK.YaTT "MHp", M., 1979. 
9.	 ~wapCKH~ R.C. H AP. CTIpaBOtIH~K TIporpaMMVlcTa,T.l,CY,IJ.TIpOM rH3, 

.11. ,1963. 

IO. EpMaKOB B.B., }[aJIl1TKHH H.H. 1KB:l1V1M'l>, 1981, 21, c.491. 
lI. MaptIYH: f. n., lilaMAYtoB B. B. OOBbIDIeHHe TOtIHOCTH pemeHHt1 pa3HOCTHbIX
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HET R~ npOBEROB B BAillEH 6~ERHOTEKE? 

MOJKeTe no.nY'lHTb no nosrre nepecacsexuue HHJKe KHHrH, 

eCJlH OHH ae 6L1.nH 33K333HbI paaee. 

TpYAW COBe~aHHR no KOnneKTH&HYM MeTOAaM 
YCKopeHHR. ,tly6Ha. 1982 • 

TpYAW IV UClIlAYHapoAHoH WKonw no Hel1TpOHHOH 
~H3HKe. ,tly6Ha. 1982. 

TpYAW COB~aHHR no CHCTeHaM H HeTOAaM
 
aHanHTH4eCKHX BW4HcneHHH Ha 36M H HX npHMeHeHHD
 
8 TeopeTH4eCKOH ~H3HKe. nY6Ha. 1982.
 

TpYAW HelllAYHapoAHoH WKonw-CeHHHapa no ~H3HKe 
~R.~X HOHOB. AnYWTa. 1983. 

TpYAW pa604ero COBe~aHHR no np06neHaM H3ny~eHHR 

H AeTeKTHpoBaHHR rpaBHTa~HOHHWX BonH. AY6Ha. 1983. 

TpyAW XI He*AYHapoAHoro CHMn03~YMa no 
RAepHoK 3neKTpOHHKe. 6paTHcnaBa. 
4exocnoBaKHR. 1983. 

TpyAW 7 Me-nyHapoAHoro C08e~aHHR no npo6neMaM 
KBaHTOBOM TeopHH no1Ut. An,YWTa t 198Jt. Jt 

TpYAW VII He*AYHapoAHoro ceH~Hapa no np06neMaM 
~H3HKH BWCOKHX 3HeprH~. Ay6Ha. T984. 

TpYAW WHe*AYHapoAHoro CHMn03HYHa no H36paHHWM
 
np06neMaM CTaTHCTH4eCKOH MexaHHkH. ,tly6Ha.198Jt.
 
/2 TOMa/
 

TpYA~ V He*AYHapoAHoro COBe~aHHR no npo­

6neMaM HaTeMaTH4eCKoro MOAenHpOBaHHR. npo­
rpaMMHpOBaHHO H HaTeMaTH4eCKHM MeTOAaM pewe­

HHR ~H3H4eCKHX 3aAa4. AYGHa. 1983
 

TpYAW IX BceCOD3Horo COBe~aHHR no YCKopHTenRH 
3apR*eHHWX 4aCTM~. JJ.y6Ha. 198~ /2 TOMa/ 

TpYAW Me*AYHapoAHoH WKonw no CTpYKType 
RApa, AnywTa, 1985. 

TpYAbI HelllAYHapoAHoro COBeUlaHHR no aHanHTH4eCKHM
 
Bbl4HcneHHRM Ha 36M H HX npHMeHeHH~ B TeopeTH4e­

CKOH ~H3HKe. JJ.y6Ha,1985.
 

TpYAbI xn Me*AYHapOAHoro CHMn03HYHa no RAepHOH 
3neKTpoHHKe. Ay6Ha 1985. 

TpYAbI Y Me*AYHapoAHoH WKonbl no HeHTpoHHOH 
~H3HKe. AnYWTa.1986. 

3 p. 30 K. 

5 p , 00 K. 

2 p. 50 K. 

p , 55 K. 

2 p. 00 K. 

lt p. 50 K. 

p , 3 O K. 

5 P. 50 k. 

7 p. 75 K. 

3 p , 50 K. 

13 p.50 K. 

3 p , 75 K. 

4 p. 

4 p. 80 K. 

4 p. 50 K. 

3aKa3b1 Ha ynoMRHYTNe KHHrH MOryT ~~Tb HarrpaBneHY rto anpecy: 
101000 MocKBa~ fnaBnollTaMT. nlH 79

PyKOfiHCb rrOCT~a B a3AaTBEbcKKtt OT~an H3naTenbcKHH OTnen 06~enHHeHHoro HHCTHTYTa nnepHUX HccnenoB3HHA 
12 MaH 1987 rOAa. 
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TEMATMqECKME KATErOPMM nYBRMKAUMA 

OBnE~MHEHHOrO MHCTMTYTA H~EPHMX 

MCCRE~OBAHMA 

Mu.neKc TeMaTMKa 

1 • 3Kcnep~MeHTanbHaR ~~3~Ka B~COK~X 3Hepr~~ 

2. TeopeT~4eCKaR ~~3~Ka e~coK~X 3HeprH~ 

3. 3KCnepHMeHTanbHaR He~TpOHHaR ~H3HKa 

4. TeopeT~4eCKaR ~H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~H3~Ka TR~en~X ~OHOB 

8. KpHoreH~Ka 

9. YcKop~TenH 

1 o. AeToMaT~aa~HR o6pa6oTKH 3KcnepHMeHTanbH~X 

AaHH~x 

11. B~4Hcn~TenbHaR MaTeMaTHKa ~ TeXHHKa 

12. X~M~R 

13. TexH~Ka ~~3H4eCKoro 3KcnepHMeHTa 

14. HccneAOBaH~R TBepA~X Ten H ~~AKOCTeH 
RAePH~M~ MeTOAaM~ 

15. 3Kcnep~MeHTanbHaR ~H3HKa RAePH~x peaK~HH 
np~ H~3K~X 3Hepr~RX 

16. Aoa~MeTp~R ~ ~H3~Ka aa~HT~ 

17. Teop~R KOHAeHC~pOBaHHOrO COCTORH~R 

18. HcnonbaoeaH~e peaynbTaToe ~ MeTOAOB 
~YHAaMeHTanbH~X ~~3~4eCKHX ~ccneAOBaH~H 

B CMe~H~X o6naCTRX HayK~ ~ TeXH~K~ 

19. 5~~~3~Ka 

sl· 
:,,'i 

0Y3WHHH H.B .• 0Y3WHHHa r.n .• CTPH~ T.A. 
SLIPH4 - nporpaMMa AOR 4HCneHHoro peweHHR 3aAa4H 
WrypMa-nHYBHnnR 

Pll-87-332 

B pa6oTe AaHo onHcaHHe nporpaMMHoro KOMnneKca SLIPH4, npeAHa3Ha4eHHoro 
AnR 4HcneHHoro peweHHR aaAa4H WrypMa-nHYBHnnR AnR nHHeHHoro OAHOPOAHoro 
AH¢$epeHijHanbHOfO ypaSHeHHR BToporo nopRAKu ~ OAHOPOAHWMH rpaHH4HWMH ycno­
SHRMH. HcnonbayeTCR HenpepWBHWH aHanor MeTOAa Hb~TOHa. nHcKpeTHOe npeACTaB­
neHHe ocy~eCTSnReTCR pa3HOCTHWMH CXeMaMH 4eTSepTOro nOPRAKa T04HOCTH OTHO­
CHTenbHO wara AHCKpeTHOH CeTKH AnR He3aBHCHMOH nepeMeHHOH. 8 KOMnneKC BKn~-

4eHa nporpaMMa BW4HCneHHR Ha4anbHWX npH6nH~eHHH K peweHHRM C nOMO~b~ MOAH­
~~HPOBaHHOfO MeToAa Hb~ToHa AnR Haxo~AeHHR KOpHeH nonHHOMa c YAaneHHeM 
SW4HCneHHWX KOpHeH. 8 KOMnneKCe peanH30BaHa B03MO~HOCTb HCnOnb30BaHHR MOAH­
$HKa~HH MeTOAa C $HKCa~HeH C06CTBeHHOfO 3Ha4eHHR C AonOnHHTenbHOH opTOfOHa­
nH3a~HeH HaHAeHHOH npH6nH~eHHOH co6crseHHOH $YHK~HH, 3TO noasonReT OAHOBpe­
MeHHO peWHTb 3aAa4H• HaXO~AeHHR Ha4anbHOf0 npH6nH~eHHR H ero yT04HeHHR B paM 
KaX eAHHOH BW4HCnHTenbHOH CXeMW. 0pHSeAeHO onHCaHHe nporpaMM H HX napaMeT­
poS. PaCCMOTpeHW npHMepw HCnOnb30SaHHR KOMnneKca. 

Pa6ora swnonHeHa s na6oparopHH BW4HCnHrenbHOH rexHHKH H asToMaTH3a~HH 
OHflH. 

CooliulettHe 06'Le,liHHeHHOro HHCTHtyTa R,llepHbiX HCcne,liOB3Hifli • .lly6Ha 1987 

~ 

1
;' nepeBOA O.C.BHHOrpaAOBOH 

~. Puzynin I.V., Puzynina T.P., Strizh T.A. Pll-87-332 
; · SLIPH4 - Program for Numerical Solution of the 

Sturm-Liouville Problem 

SLIPH4 program complex for the numerical solution of the Sturm-Liouville 
problem for the second-order homogeneous linear differential equation with 
homogeneous boundary conditions is described. The continuous analogue of 
the Newton method is used. The descrete scheme that has been realized in 
the approach provides an accuracy of the order of four with respect to the 
mesh step of the independent variable. The program for the initial approxi­
mation to the solution calculations with the help of a modified Newton me­
thod for the polynomial roots finding with the calculated root el imina­
tion is added to the complex. The possibility of using the modified method 
with eigenvalue fixing and obtained approximate eigenfunction additional 
orthogonal ization is realized in complex. This permits to solve both the 
initial approximation problem and its more precise definition by the same 
scheme. The program write-up is presented. Examples illustrating the prog­
ram complex using are qiven. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 
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