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Bse~eHHe 

B HacToHm;efi pa6oTe1 npe~JioJKeH MeTo~ noBMUiemm TO'IHOCTH npH6JIHJKeHHhlX 

peUieHHfi KpaeBofi 3~a'1H Ha nonynpHMOfi ~JIH o6hiKHoBeHHOro ~<P<!JepeHn;HaJILHoro 
ypaBHeHHH BToporo nopH~a. llo~o6Hhle 3~a'1H Ha nony6ecKoHe'1HOM HiiTepBaJie 

MOryT B03HHKHYTb npH llpHfiJIHJKeHHOM peUieHHH 3~a'1 KBaHTOBOfi MeXaHHKH C H3-

BeCTHhlM llOBe~eHHeM BOJIHOBOfi <JlyHKD;HH Ha 6eCKOHe'1HOCTll, llpll pac'!eTaX pa~o

BOJIH, B ta30BOfi ~liiiaMHRe npH HeKOTOphlX MeTo~aX paC'leTa Te'leHllfi C 3a~aHHhlMll 

yCJIOBliHM:U Ha 6eCROHe'1HOCT:U. flp:u 'l:UCJieHHOM peUieHll:U TaKRX 3a~a'1 liHTepBaJI 

[x0 ;oo) 3aMeHHeTcH oTpe3KOM [x0_, R], r~e B R BMecTO ycnoB:UH orpaHH'leHHOCT:U pe~ 
UieH:UH llHUieTCH COOTBeTCTBYIOIIJ;ee JIHHefiHOe COOTHOUieH:Ue C :UCU:OJIL30BaH:UeM aC:UM

llTOT:U'leCK:UX pa3JIOJKeH:Ufi, li RpaeBaH 3a~a'1a peUiaeTCH Ha aTOM KOHe'!HOM 0Tpe3Re. 

Ou;eHRaM B03HHRaiOm;efi np:u noM: norpeUIHOCT:U nocBHIIJ;eHhl pa6oThl A6paM(ma [1], 
B:uprepa [2] :u ~p. O~aRo, HCXOM :U3 amx ou;eHoR, ~JIH noJiy'1eH:UH"6oJibUiefi TO'!· 

HOCTll Heo6xo~llMO yBeJIHtiHBaTb \~JIHHY 0Tpe3Ra. 

H:aJKe npe~JioJKeH ~pyrofi MeTo~ nony'leHHH BhlCORofi TO'IHOCT:U npH6JIHJKeHHhlX 

peUieHHfi, ROTopMfi He Tpe6yeT ·cym;ecTBeHHoro yBeJIHqeHHH ~JIHHhl oTpe3Ra. On:a

caHHhlfi no.n;xo.n;, B HeRoTopoM CMMCJie aHanorH'!Hhlfi MeTo~ P:a'lap.n;coHa, ocHoBaH 

Ha MHOtORpaTHOM peUieHllll 3a,D;a'1:U Ha ROHe'!HhlX OTpe3RaX pa3HOfi ~JlllHhl: flocJie-, 

~IOIIJ;aH KOMfiHHaD;llH llOJiy'leHHhlX peUieHHfi ("aRCTpanOJIHD;llH ITO ~JlllHe 0Tpe3Ka") 

~aeT yTO'!HeHHoe peUieHHe. OcHoBaHHhlfi Ha aTOM MeTo.n;e anrop:UTM on:ucaH B pa-

6oTe. OR ycneUIHO peaJI1I30BaH Ha itoMnhiOTepe. Pe3yJII>TaThl ero TecTHpoBaHHH 

IIpOHJIJIIOCTpllpOBaHhl TafiJI1ID;aM1I. 

1. H~eJI MeTo~a. YTO'IHeHHe no ~BYM pemeHHJIM 

PaccMaTpnBaeTar cJie~IOm;aH RpaeBaH 3~a'ra Ha nonynpHMOfi: 

{ 

u"- (1 + ~ + t/J(x)) ~ =(0, 

u(xo) =A, -
u(oo) = 0. 

(1) 

1 Pa6oTa Bunonaeaa npH qmaaacoBoa noMepJKKe. PoccHacKoro cpoHAa <l>YHAaMeHTaJILHUX 

HCCJieAOBaHHa (npoeKT 95-'- 01- 01467 a)• 

avle.t44· t411!C:VJI' 
e~l K:~.J¥.li!lll 

,Ji"SIU1_cn:~~ ~ 



·rrpe.nnonaraeTcJI, 'ITO ee penremre cymecTByeT. By.l(eM npe.l(nonaran.,, 'ITO A =J 0, 
a tjJ(x) = o(~) npn x -4 oo. Ilpn C.l(eJiaHHhiX npe.l(nonollieHHHX penr'eHne 3a,l(a'1n 

nMeeT aCHMllTOTliRY ( CM. [3 - 5]) 

u(x) = e-"'x-=f {1 + o(1)), x -4 oo, (2) 

a cpyHRIJ;liH 

!"' dt 
v(x)=u(~) u2(t) (3) 

xo 
• .J 

npe,l(CTaBJIHeT co6o:ll: nnHefiHO He3aBHC.IIMOe OT u( X) penreH.Ile ypaBHeH.IIJI. 

PaccMoTpnM Tenepb Rpae»yw 3a,l(aqy Ha RoHe'IHOM oTpe3Re [x0 , R]: 

{ 

( 
'Ct ) y".- 1+-;-+1/l(x) y=O, 

_y(xo)=A, · 

y'(R) + ( 1 + ;~) y(R) = 0, 

(4) 

r.l(e ycnoBneB TO 'IRe R nonyqeHo c y'leToM acnMnToTnRn ( 2). PenreHne y ( x) 3a,l(aqn 

(4) Ha OTpe3Re [x0 ,R] 6y.l(eM Ha3IJBaTb npn6J1llllieHHhiM penreHneM 3a,l(aqn (1) Ha 

STOM 0Tpe3Re, a BeJIH'lliHY u( X) - y( X) - rrorpeniHOCTbiO STOrO penreHHJI. 

Ilpe.l(CTaB.IIM y( X) B BH,l(e JI.IIHeil:HOi1 ROM6HHaD;Hll u( X) - TO'IHOro penreHHH, .IIJI.Il 

penreHHH 3a,l(a'1H (1), H v(x)- JIHHettHO He3aB.IIC.IIMOrO OT u(x) penreHHJI ypaBHeHHJI: 

y(x) = u(x) + Av(x). (5) 

TaR RaR uv'- u'v' = 1, To 

A= uy'- u'y = -y2(R) · (ufy)~=R· (6) 

Ilocne.l(Hee Bhlpalliemre He 3aBncnT oT x, n T0'1Ra x = R B3HTa JI.Illlib .l(JIJI onpe

,l(eJieHHOCTH. lh Hero TaRllie cne.l(ye-r:, 'ITO A -4 0 npn R -4 oo, T.R. · u(x) -4 0, 
u'(x) -4 0 npn x -4 oo. A STO 3Ha'1nT, 'ITO y(x) -4 u(x) npn R -4 oo. 

· IlycTb Tenepb Yt(x) n y2(x)- penreHHH 3a.l(aqn (4) Ha OTpe3Rax [xo,Rt] n 

[xo, R2] cooTBeTCTBeHHo. IlycTb R2 > Rt. 3annnreM 

Yt(x) = u(x) + Atv(x), (7) 
Y2(x) = u(x) + A2v(x). 

0TH~nreHne ~orpenrHocTei1 Yt(x) n y2(x) eCTb BeJin'lnHa, He 3aBliCHIJlaH oT x: 

u(x)- Y2(x) __:, A2 (8) 
u(x)- Yt(x) -At· 

CornacHo (6), STO OTHonreHne eCTb 

A2 
At - [

Y2(R2)] 
2 

• ( ufy2)~=R2 • 
Yt(Rt) (ufyt)~=R, 

{9) 

·2 

/ 

Ecnn nMeeTCH BeJ1li'1liHa a, npn6JinlliaiOIJlaH OTHonreHne ~ c a6coJIIOTHO:Il: no

rpenrHOCTbiO f, 

- A2 -_f, 
a- At · 

TO JlliHe:ll:HaJI ROM6HHaiJ;liH 

llf(x) = Y2(x)- ay1(x), 
1-a 

(10) 

rrpn6JinlliaeT ncRoMoe penreHne u( x) 3a,l(a'ln (1 )_ c norpenrHOCTbiO ( u(x )-y~( x) )· 1 ~a, 
a liMeHHO: 

f 
\ll(x) = u(x) + (Yt(x)- u(x)) · -.-. 

1-a 
(11) 

IlycTb Rt, R2 .l(OCTaTO'IHO BeJinR.Il, tali 'ITO B BhlpallieHnn (2) o(1) <<' 1. 
Onpe.l(eJIHM a, B3HB B (9) B Ra'<iecTBe u rnaBHhlfi 'lJieH acnMUTOTliRH - cpyHRD;HIO. 

g(x) = e-"'x-=f: . 

a= [y2(R . 2
)] 

2 

Yt(Rt) 
(gjy2)';=R2 
(gfyt)~=R, 

Ilpn TaRoM BIJ6ope napaMeTpa a ero a6coJIIOTHaH noq:ienrHoCTb ecTb 

· · u(R2) _ u(RI) 

f = A2 -a= a· g(R2 ) g(RI) · (1 + o(1)). 
At u(R,) 

g(R,) 

(12) 

(13) 

<DopMyno:ll: (13) cne.l(yeT pyRoBO.l(CTBOBaTbCH npn BIJ6ope R1 n R2, a nMeHHO .l(JIJI 

nony'leHliH 6oJibnrei1 TO'IHOCTH penreHnH \1! ( x L»~J1li'1HHa f .l(OJIJI{Ha 6IJTb, no B03MOlli-. 

HOCTH, MaJIOil:. 

. 3. YTot.JHeHHe no TpeM pemeHHJIM 

IloRallieM Tenepb, RaR onncaHHhli1 Bhlllie npou;ecc yTo'lHeHnH MOlliHO npo.l(OJI

lliliTb, ecmr nMeiOTCH Tpn penremm Yt(x), y2(x) n y3(x) 3a.l(a'lH (4) Ha oTpeaRax 

[xo, R1], [xo, R2] n [x0 , R3] cooTBeTCTBeHHO (Ra > R2 > Rt)· 06oaHa'lnM nx y}, 
y~, y~ n 6y.l(eM Ha3IJBaTb yTo'lHeHHhiMli penreHHHMH nepBoro "noRoJieHliH". 3.l(ecb 

li ,l(aJiee BepXHlli1 HH,l(eRC 03Ha'laeT HOMep llOROJICHliH7 TaR 'ITO rrepBOe llOROJICHliC -

sTo co6cTBeHHO penreHnH aa,l(a'ln ( 4). 3annnreM. · 

yHx) = u(x) + >.~v(x), 
yHx) = u(x) + >.~v(x), 
yHx) = u(x) + A~v(x). / 

{14) 
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BM'IHCJIHM Tenepb napaMeTphl 

a~= 

a~= 

[
yHR2)]

2
. (gfyn~=R• 

y}(Rt) (gfyD~=Rl' 

[y~{R3)]
2 • (g/yD~~R. 

yHR2) (gfyD~=R• 

H onpe.u;eJIHM .D:Ba yTO'IHeHHhlX perueHHH BToporo noKoJieHHH 

y~(x) ~ y~(x)- a~yi(x) 
1-al· , 

Yi(x).= yMx)- a~Iy~(x) 
1-a~ 

_ ... ~ 

{15) 

{16) 

3aMCTHM, 'ITO CCJIH HMCCTCH )l;Ba pelliCHHH nepBoro nOKOJICHHH, KaK B npCJJ:hlJJ:Yill:CM 

nyHKTe, TO BO BTOpOM noKOJICHHH onpe.p;eJIHeTCH TOJibKO O.u;HO pemeH:He - y{ (X). 
A 6Jiaro.u;apn naJIH'IlUO B nepBoM noKoJieHHH TpeTbero pemeHHH y~ ( x) B03MOJKHO 

onpe.u;eJIHTb BTOpoe perueHHC BO BTOpOM nOKOJICHHH y~(x) H C)l;CJraTb em:e O)l;HH mar 

yTo'IHCHHH cne.u;yiOm:HM o6pa3oM. 

ITo .D:BYM perueHHHM (16) nait.u;eM napaMeTp 

. 2 _ [y~(R2)] 
2 

(gfyn~=R• 
a 1 

- Yi(Rt) (gfyi)~=R1 
H onpe.u;eJIHM o.u;no yTo'l:nennoe pemenue TpeTbero noKoJieHHH 

3( ·) Y~(x)-aiyi(x) 
Y1 X = . 1 2 • 

- a1 

Ha.ll:.u;eM norpemnocTb 3Toro nocne.u;nero pemennn. I1MeeM: 

1 .A~ 1 
a1 = _A1 - ft, 

1 

1 .A~ 1 
a2 = \l :- f2 

"'2 ' 

H YTO'IHeHHhle perueHHH BTOporo nOKOJieHHH 

' 1 

y~(x) = u(x) + (y~(x)- u(x)) · ~, 
. 1- a 1 

1 

Yi(x) = u(x~ + (yi(x)- u(x)) · 
1 
~2a~. 

C ~pyro:tt cToponM, .U:JIH Yi( x) n y~( x) cnpaBe.U:JIHBhl pa3JIOJKeHHH 

y~(x) = u(i) + .Aiv(x), 
Yi(x) = u(x) + .A~v(x), 

4 

(17) 

(18) 

,1 

npH'ICM 

2 .A~ 2 
at= _A2 -ft. 

1 

l1o3TOMY )l;JIH YTO'IHCHIIOro pemeHHH y~(x) HMeeT MCCTO <IJopMyJia 

f~ fi 
y~(x) = u(x) + (y~(x)- ~(x)). 1- a~ . 1-ar 

(1 (2 

H3 KOTOpOil: BH)l;HO, 'ITO norpelliHOCTb y.u;aeTCH YMCHblliHTb B ~l • ~l pa3. -cr1 -a1 

3. AnropHTM 

{19) 

B 3TOM nynKTe onucan anropHTM naxolli.n;eHHH npu6JIHJKennoro pemeHHH c Ja

.u;annotl. TO'IHOCTbiO. Ero n.u;en- "nupaMn.u;Ka"- naMeTnnacb B npe.u;M.u;ym:eM nyHKTe. 

llycTb Ja.u;aHM 'IHCJIO li - .u;onycTHMaH norpemnocTb pemennn, 'l:Hcno R1 - npa

BaH rpannn;a oTpeJKa, na KOTopoM Tpe6yeTCH naii:TH pemenne, a TaKJKe 'IHCJia R2, 

R3, R4 , ••• - CKOJibKO noTpe6yeTCH .U:JIH .u;ocTHJKCHHH Ja.u;annoll: TO'IHOCTH. llpe.u;na

raeMMti. anropHTM opraHHJOBaH cne.u;yiOill:HM o6pa3oM: 

I. PemaeTCH Ja.u;a'la (4) na oTpeJKe [x0 ,R1]. llony'leHHOe pemeHRe ecTb y}(x). 
II. PeruaeTCH Ja.u;a'l:a (4) na oTpeJKe [x0 ,R2]. llony'lennoe pemimne ecTb y~(x). 
IILBM'IRCJIHeTCH napaMeTp a~ no <IJopMyJie 

1 _ [y~(R2)] 2. (gfy~)~=R; · 
al - l(R ) ( / 1)' , Y1 1 9 Yt :r=R1 

H naxo.u;HTCH yTo'l:HeHHoe pemenRe 

y~(x) = y~(x)- a~yi(x) 
1-a~ 

IV. EcnR max IYi(x)- yi(x)l ~ o, TO pemenne Yi(x) npHHHMaeTCH Ja ncKo-
:rE[:ro,Rl] · . . 

Moe npn6JIHJKenue pemeHHH u(x) Ja.u;a'IH {1) Ha oTpe3Ke [x0, R1]. llpe.u;noJKeHHhlti. 

KpnTepRti. ocTaii'oBKR, KoHe'l:Ho, ne HBJIHeTCH e.u;HncTilenno B03MOJKHMM. Ho on yJJ.o-

6en npH npaKTH'IeCKOM npHMeHellHH aJiropHTMa. 

.lJ.o11ycTHM, Ja.u;a'la (4) pemanacb (n..:.. 1) pa3. I1MeeM ~ne.u;yiom:yiO n;e110'IKY 

peruenR:tt: 

Y~-I (x) - peruenne JaJJ,a'IH { 4) na OTpe3Ke [xo, Rn-t], 
y~_2 (x)·- pemenne, yTo'lnennoe 110 y~_2 (x) H y~_1 (x), 

" ( ) k-1 ( ) k-1 ( .) Yn-k x - pemenne, YTO'IHeHHOe 110 Yn-k-I X H Yn-k x , 

y~-1 (x)- pemenne, yTO'IHennoe no y~-2 {x) n y;-2(x). 

. .lJ.o11yCTHM, 3a)l;aHHaH TO'IHOCTb He )l;OCTHrHyTa. . 
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V. PemaeTCH 3a.UatJ:a ( 4) na oTpe3Ke ( xo, Rn]· IlonytJ:eHHoe pemenne ecTb y~ ( x). 
VI. BbitJ:HCJIHIOTCH napaMeTpbl 

k _ [Y~-k+t(Rn-k+t)]
2

• (gfy~-k+t)~=Rn-k+l 
an-k - k ( v ) ( / k )' ' Yn-k ~<n-k g Yn-k x=Rn-k (20) 

k = 1, ... ,n -1, 
:a naxoMTCH yTotJ:HCHHble pemeHRH 

k+l(x) = Y~-k+1(x)- a~ kY~ k(x) 
Yn-k 1 _ ak ' 

n-k ·""' 

k = 1, ... , n:- 1. (21) 

VII. CpaBHRBaiOTCH pemeHRH y~(x) :a y~- 1 (x). Ecn:a max IY~(x)-y~-1 (x)l = 
xE[xo,R,] 

IIY1- y~-1 llc[xo,R.) < 6, TO pemen:ae Y!(x) npHHRMaeTcH 3a HCKOMoe npn6JI:aJKe

n:ae, np:atJ:eM .UJIH .uocTHJKCHHH 3a.UaHHQ:il: TOtJ:HOCTH 3a.UatJ:a ( 4) pemanacb n pa3. B 

npoTRBHOM cnytJ:ae npoqe.uypa V - VII noBTopneTCH. 

,.UoKaJKCM cXO.UHMOCTb ~nora anropRTMa. PaccMoTpHM nocne.uoBaTCJibHOCTb pe

men:a:il: {yrln=1,2, ... , HBJIHIOruHXCH np:afiJIRJKCHHHMH pe,meHHH u(x) 3a.UatJ:H (1) Ha 

oTpe3KC (x0 , R1]. TipntJ:eM y!(x) - npn6n:aJKeHHOe pemeime n-ro noKoJieHHH, .UJIH 

era nocTpOCHIIH HCOfiXO.UHMO pemHTb 3a.Uaqy ( 4) n pa3. JlerKO .UOKa3aTb, 'ITO 

n-1 k 

y~(x) = u(x) + (y~(x)- u(x)) ·II~' 
k=l 1- fit 

(22) 

r.ue a~ - napaMeTpbl, onpe.ueJIHeMble no <!JopMynaM (20), a ti - HX a6coJIIOTHble 
>.• 

norpemHOCTH: ti = ft - ai. 
1 j ' 

/ 0TCIO.Ua cne.uyeT, tJ:TO eCJIH 1 ~~. < 1, k = 1, 2, ... , TO IIY~- ullc[x0 ,R.] --+ 0 npn 
, I 

n--+ oo, T:e. y~ --+ u npH n--+ oo. IlpHtJ:CM ecn:a sup ~ 1 ~~ •I = q < 1, TO CKopocTb 
' k "• 

CXO.UIIMOCTH OllpC.UCJIHCTCH <!JopMJJIOH 

IIY1- ullc[xo,R.) ~ IIY~- ullc[x0 ,R1)" qn-t. (23) 

fioHCHHM TCITepb llpC.UJIOJKCHHblH KpHTCpHii OCTaHOBKH. IlycTb 6 = lQ-(M+l). 

Tor.ua ycnoBHe IIY1- y~-1 llc[xo,R,] < 6 03Ha'qaeT, 'ITO B pemeHimx Y!(x) II y~-1 (x) 
coana.uaiOT M 3HaKoB ( M 3HaKoB cTa6HJIH3Hpoaan:acb ), a :no, B cao!O otJ:epe.ub, c 

JtJ:CTOM (22), 3H~atJ:HT, 'ITO CTafi.HJIR3RpOBaBm.HCCH 3HaK.H B y~(x) - BCpHbiC 3HaKH 

· TOtJ:Horo pemeHHH- pemeHim 3a.UatJ:.H (1). T.e. IIY1- ullc[x0 ,R1] < 6. 

4. llpHMepbi 

3necb npHBC.UCHbl pC3JJibTaTbl TCCTHpOBaHHH nporpaMMbl, OCHOBaHHOH Ha OnR

CaHHOM Bblme anropHTMe. TecTHpoBanHe npoBO.UHJIOCb cne.uyiOruRM o6pa3oM: pac

C!'.f<npHBanocb OfiblKHOBCHHOC .UH<lJ<!JepennHaJibHOC ypaBHCH.HC 

11 ( 8 , 2) u - 1 - - + - u = 0, 
x x2 

(24) 

6 

!} 

r\ 
'II' \ \ 

pemeHHC KOTOporo .H3BCCTHO: 

4 (1 1 1 ) u(x) = e-xx S- ;;- + x2 ' 

C rpaHHtJ:HblMH JCJIOBHHMII 

1 
u(1) = -, 

5e 
u(oo) = 0. 

(25) 

(26) 

I1cxo.un~ 3a.uaqa (24), (26) 3aMeHHJiacb 3a.UatJ:e:il: Ha KOHCtJ:HOM oTpe3Ke (xo, R]: 

{ 

11 ( 8 2) y - 1 - - + - y = 0, 
x . x2 

y(1)=u(1), . 

y'(R) + (1- ;) y(R) = 0. 
(27) 

IloCJIC.llliHH, B CBOIO OtJ:CpC.Ub, 3aMCHHJiaCb pa3HOCTHO:il: CXCMO:ii ( CM. (6]) 

Yk-t- (2+h
2 (1- :k + :%))Yk+Yk+t=O, 

Yo= u(1), 

k = 1, ... ,N -1, 

1 . 
. (28) 

YN = ( ) h2 ( ) YN-b 1+h 1-...i_ +- 1-.J!....++ • 
· XN •2 XN XN 

r.ue h = R//0 - mar ceTKH no x: ·x0,x1, ... ,XN = R, Xk = xo + k ·h. TaKan 

pa3HOCTHaH CXCMa HMCCT BTOpo:il: nopH.UOK TO'IHOCTR. 

3.uecb neo6xo.uHMO c.uenaTb o.uno BaJKHOe 3aMetJ:an:ae. Pemen:aeM pa3HOCTHO:il: 3a

.uatJ:H (28) HBJIHCTCH CCTOtJ:HaH <!JJHKnRH, onpe.UCJICHHaH B J3JiaX CCTKH Xo, Xt, ••• , XN 
H 3aB:aCHnran aT napaMeTpoB R ~ h. Ee 3HatJ:eH:ae B TOtJ:Ke Xk ecTb 

y:·h = u(xk) + .\nv(xk) + TJn(xk) · h2 + O(h4
), (29) 

r.ue u(xk), v(xk) - 3HatJ:CH.HH <!JynKnH:ii u(x), .v(x) B TO'IKC Xk, 1JR- HCKOTOpaH 

CCTOtJ:HaH <!JJHKnRH, HC 3aB.HCHruaH OT h. . . 
CnaraeMoe .\nv(xk) B BblpaJKeHRH (29) ecTb om:a6Ka, CBH3aHHaH c 3aMeHoii 

3MatJ:R (24), (26) 3a.UatJ:efi (27). Ilocne.uyiOruRe cnaraeMblC _:: norpemHOCTb pa3-

HOCTHO:il: cxeMbl: Ona orpaHRtJ:HBaeT noBblmen:ae TOtJ:HOCTR aKCTpanoJIHn:ae:ii: no R. 
Ilo3TOMJ HaparuHBaHRC tJ:HCJia pemeHR:il: Henenecoo6pa3HO 6e3 nOBblmeHRH TOtJ:HOCTR 

pemen:a:ii 3a.UatJ::a (27). B paccMOTpeHHOM np:aMepe pemeHRH 3a.UatJ::a (27) cnatJ:ana 

yTotJ:HHJIRCb no P:atiap.ucony, TaR 'ITO y:·h = u(xk) + .\nv(xk) + O(h4), a 3aTeM 

K HRM np:aMeHHJICH nponecc yTotJ:HeHRH SKCTpanoJIHn:ae:il: no R. IIlar R3MeHeHRH 

.UJIHHbl OTpC3Ka qpaJICH nOCTOHHHblM R paBHblM mary pa3HOCTHO:il: GXCMbl h. Bo BCCX 

npHBC.UCHHblX HRJKC rrp:aMepax h = 0.1. 
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·, 

1)Ymo'lueuue no aay.M. peweuw!.M.: 

R1 = 10.0, R2 = 10.1; 
W ( x) = =-=Y2:.>.( x---'-)_-_a_:y=--:1_,_( x-'-) 

· 1-a 

Ta6mn~;a 1 
X u(x) YI(x) Y2(x) \ll(x) 

1.00 0.0735759 0.0735759 0.0735759 0.0735759 
2.00 -0.1082682 -0.1094405' -0.1092989 ' -0.1082872 
3.00 -0.0896167 -0.0894 7 44' -0.0894915 -0.0896141 
4.00 0.0586100 0.0600683 0.0598922 0.0586340 
5.00 0.1684487 0.1700714 0.1698754 0.1684748 

6.00 0.1963172 0.1972682 0.1971533 0.1963319 ' 
7.00 0.1697924 0.1697796 0.1697810 0.1697912 

I 

8.00 0.1245237 0.1235234 0.1236440 0.1245062 
9.00 0.0819688 0.0799324 0.0801781 0.0819343 
10.00 0.0499399 0.0465732 0.0469797. 0.0498834 

IloJiy'IeHHaH TO'IHOCTL perueHHH \lf (X) ,D;OCTJiraeTCH Up II O,D;HORpaTHOM peruemm Ja
,n;a'IJI (27) c R > 11. 

2) Ymo'lueuue no mpe.M. peweuu5!.M.: 
R1 = 10.0, R2 = 10.1; R~ =)0.2; 
w.(x) =yr(x). 

Ta6JIJin:a 2 
X u(x) YI(x) Y2(x) 

1.00 0.0735759 0.0735759 0.0735759 
2.00 -0.1082682 -0.1094405 -0.1092989~ 

3.00 -0.0896167 -0.089:1744 -0.0894915 
4.00 0.0586100 0.0600683 0.0598922 
5.00 0.1684487 0.1700714 0.1698754 
6.00 0.1963172 0.1972682 0.1971533 
7.00 0.1697924 0.1697796 0.1697810 
8.00 0.1245237 0.1235234 0.1236440 
9.00 0.0819688 0.0799324 ·0.0801781 
10.00 0.0499399 0.0465732 0.0469797 

YJ(x) · \ll(x) 
0.0735759 0.0735759 
-0.1091736 -0.1082648 
-0.0895067 -0.0896168 
0.0597364 0.0586062 
0.1697019 0.1684438 
0;1970516 0.1963137 
0.1697823 0.1697914 
0.1237508 0.1245253 
0.0803956 0.0819731 
0.0473392 0.0499476 

B aTOM cJiy'Iae TaRaH TO'IHOCTL' ,ll;OCTJiraeTCH npH O,n;HORpaTHOM perueHJIII 3a,D;a'IJI 
(27) c R > 14. . 

' 8 ' 

"-.... 

3)H.t.t10cmpav,u5! npov,ecca ymo'lueuu5! npu no.ty'leuuu peweuu5! c 3aaauuoi1 
mo'lHOCffib10: 

Rt = 10; 
f = h5 - TO'IHOCTh (Kpn:Tepn:fi ocTaHoBa nporpaMMLI). B 3TOM cJiy'Iae Ja,n;a'Ia 

peruaeTCH 4 pa3a. 
OnycRaH npoMeJKyTo'IHLie 3Ha'IeHn:H, npn:Be.n;eM ROHe'IHLifi pe3JJihTaT. 

Ta6Jin:n:a3 
X u(x) lll(x) 

1.00 0.0735759 0.0735759 
2.00 -0.1082682 -0.1082683 
3.00 -0.0896167 -0.0896163 
4.00 0.0586100 0.0586105 
5.00 0.1684487 0.1684486 
6.00 0.1963172 0.1963165 
7.00 0.1697924 0.1697914 
8.00 0.1245237 0.1245224 
9.00 0.0819688 0.0819671 
10.00 0.0499399 0.0499377 

Ilpn:Be,n;eM TaRJKe Jnaqenn:JI peruennfi Yl'(x) na RaJK.n;OM 3Tane yToqneHn:JI B TO'I
Rax X = 5 H X = 10: 

Ta6Jin:n:a 4 
x=5 X= 10 

u(x) 0.1684487 0.0499399 
y~(x) 0.1700714 0.0465732 
Yr(x) 0.1684748 0.0498834 
Yr(x) 0.1684438 0.0499476 
Yt(x) 0.1684486 0.0499377 

5. BbiBO,D;bl 

B pa6oTe ,n;oRaJaua B03MOJKHOCTh noBLillleHHJI TO'IIIOCTH npn:6Jin:JKeHULIX pellleunfi 
upaeBofi Ja,n;aqn na noJiynpJIMofi ,n;JIJI o6LIRIIOBeunoro ,n;ncpcpepenu:naJihl!Oro ypaBue
H~H BToporo nopJI,n;Ra, oTJIH'IHaH OT npe,n;JiaraeMofi B pa6oTax [1- 2]. Ilpe,n;JioJKeu H 
o6ocuoBau M:eTo,n; 3RCTpanoJIHU:HH no ,n;Jinue oTpe3Ra. Pa3pa6oTaH aJiropHTM · uaxo
JK,n;eHHJI npn6JIHJKeuuoro perueuHJI Ja,n;auuo:tt TO'IHOCTH ua ,n;auuoM oTpe3Re. IlpH'IeM 
MOJKHO TIOJIJ'IHTL JII06JIO Hanepe,n; 3a,D;al!HJIO TO'IIIOCTL, HO ,D;JIH 3Toro He06XO,ll;HMO 
o6ecne'IHTL noJiyqeuJie ,n;ocTaToquo TO'IHLIX pellleunfi Ja,n;aqn ua Rol!e'IHOM oTpeJRe. 
qncJieuuLie 3RcnepnMeUTLI, TecTHpoBauJie nporpaMMLI, ocuoilaHHO:tt ua npe,n;JioJKeu
uoM aJiropHTMe, ,n;aJIH xoporune pe3yJILTaTLI. 
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