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jl 

\ . 
§ I\ CmraiiH-:CXeMa o6bl1.IHOH T01.IHOCTY.I: CXO,D;Y.IMOCTb Me~o,D;a. 

PaCCMOTpnM ltpaeByIO. sa.na'!Y 

,· L (x)"" u;, (x) +p (x) u' (x) +q (x) u (x) =r(x) x €: [a,b] 

" I -- ,, -· " " .. e, U = ol
1 

U (X) + 81 U I (X), = r, .. I X=a I 

'l
2
u = J

2 
u(x) + a2 u' (x) = ( 2 -, x=b 

(I.I) 

(I.2) 

r.ne. ;;;_,~o 1=1 , 2 , a2 ~o, 01 60, q<°'> ~q·.c.·o 
l{aIC nsB1cTHO, sa,naTia (I.I); {;:.2) HM88T 9.JJ,llHCTB9HHO9 pellleHHe. BoJiee. 
·Toro, u6: ck+2 [a,b] ' , ecJIH p,q,r€Ck [a,b] , k:i,0. 1 

13 ,naJlbHefrllleM CtJ:HTaeM·, tJ:TO k ~ 2 • .umi tJ:HCJl8HHOro pell!eHIDI ,naHHOii 
38,IJ;BTIH BB9,D;9M Ha [ a, b J C8TKY ,1 N : a=x

0 
<. x 1 < • • • .: XN=b 1 . 

hi= xi+1-xi ., i=0, ••• ,N-1 .. . Ey.n;eM HCKaTl> npH6JllDKGH:I09 _pellle-
iiHe sa.nati:H (I.I),(I.2) B BH.n;e ey6ID1ecKoro cnJiaiiHa s(x) KJiacca 

· c 2 [a,b] 
1 

_ C Y3JlaMH Ha ceTKe AN ; Hpe,ncTaBRM CIIJiaitH': S (x) 

• B BlQ!8 pa3JIO;it0HIDI llO 6a3HCY H3 HOpMaJIH3~BaHHUX ey6~ec~ ~eri~a~-
HOB/I/: . •. ,... • 

N+1 

s (x) = L. ollj (x) q.3) 
i_' r. j=-1 

. .lITuOli Bee Oa3HCHll8 4JYH~H Bi (x) B (I.3) '6wIH orrpe.n;eJieHU, C8TKa 

, , ,1 :N _ · _.n;_oJJ.lKHa dHT:E. 
1
.n;orroJIHeHa y3JlaMll · x_3 < x_ 2 <.,x_ 1 < x0 .. '. • . , _ _ 

.· xN <: xN+1 <. xN+2' < :icN+3 • ._ B ,naJlbHeimeM nx y.n;odao BHdHpaT1> B BH.n;e 
.-· · x 

1 
= x · -ih ,I x · = .Jc + ih · , i=1 , 2, 3 ·• lloTpe-

- o · o N+1 ~ N-1 • 
._· dyeM, tJ:TOdli CIIJlaHH S (x) · y.n;OBJl9TBOPJL71. ypaBHeHruo (I. I) B Y3JlaX 

-C9TKH (ycJlOBllJJM ROJIJIOKaI.Um) ll. KpaeBHM YCJIOBMM (I.2). · T. e. . 

L S(x) = r(x) 

t'1S =01 I 

e 25 = li ·, 

xe:AN 

x=a , 

x=b 

(I. 4) 

(I.5) 

CooTHOlllemrJI (I.4), (L5) 1npe.n;cl'aBJIJ1IOT codoii cHcTeMy aJll'~6paHti:ecKHx 
ypaBH9HHH OTHO,CHT8JlbHO napaMeTpOB ·riv , CllJiafiHa. IloCJie HCitJIIOtJ:8HIDI 

. . .' .. ' . ' . . . • J . '. 
,KO$l>HUH8HTOB cl_1, o(N+1 · .. ,OHa npnoopeTaeT BH,n 

'' 



. -Co d,o + Bo .,l 1 = F o 

Ai o(i-1 - Ci cli + Bio( i+1 Fi, i=1, ••• ,N-1 , (I.6) 

¾ · o(N-1 - c:No(N FN 

.Hs:aecTH/I/' 'ITO CHCT8Ma (I.6) HM00T )Ularcma.m,Hoe npeo6Jia,namrn .n;JUI 

.n;ocTaTO'lHO MaJIHX waroB, ooecne'lHBaiannx nepaBencTBa 

2 h' 
- i 2 pi+ 

. h~ 
l . 

6 qi ~o , 
· hi-1 · hi-1 

1+ -2-pi+ ~i ~ O 

i=1., ••• ,N-1 

H !IpH STOM cnpaB8.It,1.[HBO COOTHOUl0}fH8 

I - 2 II S (x) - u {x) l C = 0 (h ) 

(I. 7) 

(I.8) 

· r.n;e ii.=max hi • 
. B ,IJ;8JIJ,H0tl:WeM C'IHTaeM, 'ITO C8TKa Ll paBHOM0pHa. HaM, nona,noc5HT-

CH H3B0CTHHit . pesy.m,Ta/2 • 3/: · N · · 

JleMMa I. ]lJm KOJIJIOKawIOH_Horo CllJla.ilHa' y.n;oBJieTBOpmootero COOTHOWe
HHHM (I.4),(I.5), cnpaBe.It,1.[HBH 

sfrl_ ufrl=.0(h2) r=0,1,2, i=0,1, ••• ,N (I.9) 

0Ka3HB88TCH, 'ITO C IlOMOilll,IO npoH3BO.n;HliX CllJlafi:Ha S MOJKHO arrnpoKCUMH-
,POB8TI, 'TpeT1,10 :uc 'IerBepTYJO nponsBo.n;HHe pemeHIDI sa,na'IH (I.I), (I.2) B 

ysJiax ceTKH . A N . . . 

JleMMa 2. □yCTb p, q.H r B ypaBH8HHH (I.I) - .n;ocTaTOQHo rJia.n;KH8 
w.fH.KI.UUI. Tor.n;a ,Il;JIJI KOJJJIOKaI.UIOHHOro CllJlaHHa, y.n;OBJI8TBOpmootero ypaBHe
HHIO ( I. 4) H rpaHK'!HHM ycJIOBIDIM ( I. 5) , cnpaBe.n;JIHBH cooTHomeHn.FI 

S Ill Ill , 
i+o = ui+ O(h) , 

Ill s. 
1-0 

(S//1 +s'.'1 )/2 = u'.
11 

+ Och2 ) i+o 1-0 1 

Ill ·m 
5 i+o - si-o ~ 

h -
IV , 

u. + O(h2 ) 1 ' . 

Ill 
ui + O(h) 

i=1; •••• ,N-1. 

,,i,,· 

2 

--·· ,, 

(I.IOa) 

(I.I06) 

(I.IDB) 

l 
\ 

q 
J, 
l 

l 
1: 
' 

·I 
··i 

) } 

·i 

i. 
l 

·1 · 
j 
~ 
( 
f /·, 
·,l 

-~ 
I _\ 
I 

l 
,i 

j 

l 

I 

2S " -ss II + 4S 11 
- S " o 1 2 3 

h?. 

IV 2 
uo + 0(h ) 

·11 
2SN ss 11 + 4S

11 -s /I N-1 - N-2 N-3 II' 2 

h2 
UN + O(h ) 

I. 
{I.IOr) 

,llOita3.8T8Jll,CTBO. IIo YCJIOBH!O JieMMli peweHH8 38A8'IH (I.I), (I.2) HBJIH-

8TCH .n;ocTaTO'lHO rJia.n;KOil 4JYH.KI.Ui8H. CorJiaCHO onpe.n;eJI8HHIO ey6H'leCKOro· 
' 2 . ' 

CITJl811H8 ·rLJiacca . C [a, b J H ypaBH8HH!O ( I. 4) HM98M 
' 

II If 
"' s. +1-s. 

S = _1_ 1 
i+o h 

, I I ~ 

.r1+1-P1+1 8 1+1- qi+1 5 i+1-(ri-piSi~qiSI) 
h 

,,, ·., 
s. 

J_-~. 

s 11-s" i i-1 
-h-.-

I I 
r i·-pi Si ~qi Si- <r1_, -pi-1 s i-1-qi-1 si-1) 

h ·' 

i=1 , .•••• ,N-1 

OTcIO.n;a, ,c ytieToM ,ii;ocTaTo-qH~H rJ1a.n;KOCTH w.fHI<nHil: 
Him sa.n;a'IH (I.I), (I.2), IlOJ!Y'I89M .,. . 

p,q,r u peme--

Ill 
s. 
1-0 

.,,, i 

'" ui + 

, I I II • II ' ( IY) e , (~) 
a 1i(u.-S1 )*b1 .(u.-S.)+c1 .(u.-Si)+d1 .u.+ 1 .u1 . 3 1 , 1 1 1 1 1 1 1 1 +Och> 

h · h . ' 
1- 2Pi-1 + 6'qi-1 

(I.II) 

Ill 
Si+o 

, I ., ,, ,v e'•• .M 
Ill a2i(ui-Si)+b2. (ui-;-S.)+c2. (u.-S.)+d2.u.+, 2.u. 0 3 

u. 1 1 1 1 1 1 1 1 1 + , (h ) 
1 h h2 

1+ 2 Pi+1 + 6 qi+1 

'i=1, ••• ,N-1 

r.n;e 

~1i=(qi-qi~1l/h' a2i=a1,i+1 'b1i=(pi-pi-1+hqi-1)/h 

b2i=<P1+1~Pi+hqi+1l/h c1i=pi-1-hqi-1/2 c21= Pi+1+hgi+1f 2 

3 



h . h 2 
dli=-h(l- }Pi~l+:12 qi-1)/2 

h h h 2 

d2i= 2< 1+ }Pi+l+ TI qi+l> 

(I.I2) 

h 2 h , h 2 
e,i= 6(,- 4 pi_, + 20 qi_,> 

h 2 h h 2 
R2i= 6(l+ 4 Pi+l+ 20 qi+l) • 

. EcJIH y'tleCTl> JISMMY I H .n;ocTaTO"IHYl() rJ18,lUtOCT1> (ill'flKI.UlM p,q H r 

TO H3 (I.II), (I.12) H9M9.D;Jl9HHO BUT9K8J11' Tpe6yeMUe COOTHOill9HIDI 

q:.rna)-(I.IOB). A COOTHOill9HIDI (I.IOr) CJ19~ro•r.H3° (I.IDB) C Y'tJ91'0M 

rJia.D;KOCTH peruemm u (x) , • ·JieMMa .D;OKa3aHa IIOJlHOCTI,IQ • 

§ 2. 8KCTD8IIOJIJIJ.OOI ITO PH'tlaDlICOIIV .IIJUI criJiaii:H-CX§MH 

Kalt H3B9CTHO, O.D;HHM H3_ aqxlleKTHBHUX M9TO.D;OB Y'l'O'tl'9'WI IlpH6JIIDKeII

HOro peruemm SIBJIJI9TCH 3KCTpan~ no PH'tlap.n;coffY. B 4 
ITOK838HO, 

.'tlTO 3T8 rrporie.n;ypa ·OCYlll9CTBRMa .D;JIJI KOajxl)IDU!.9HTOB ey6HqecKoro .·crrJiaiJ.Ha, 

HHTepnoJIHpyro!llero peruemi:e sa.n;a"IH (I.I), (I.2) iia paBHoMepHoit ce:rKe 

,1 • T8M JK9 OTM9'tl9HO, 'IITO IT.PH .D;OCTaTO'IIHO rJia.D;KHX qJyHKLUl:filC p,q 

H N r 'ls ,. B, (I.I) BUIIOJIH9HH Bee ycJIOBHH (A, B II: .Il) Te"opeMl:l O pa3JIO-

JK9HHH I ITO 'tleTHl:lM CTeITeHRM h • 0.n;HaKo 6oJiee KOHCTPYKTHBHUM, o.· 
TO'l'.KH 3p9HHH IT.PHJIOJKeHHH, OK83HBa9TCJI ITOJJY'l'.9HH9 CaMOro pa3JIOJK9HIDI· 

KOl$IJHJ.{HeHTOB KOJIJlOKauHOHHOro'cITJiaitHa. 

. Ha paBHOM9,PHOH C9TK~ WOPMYJIH .D;J!H' .K08\WiHJ.{H9H,TG>B' H ITpaBo.!1 'qacTH 

CHCT9MH (I.6) H9CKOJ11>KO yrrpomruoTCJI H BHr.Jlff,I])I~ CJI9.IJY!(JIIUiM o6pa3oM: 

C
0 

= -6B
1

+6hc1
1

+(2.B
1

g
0
-2d 

1
p

0
)h2 ·, 

/ B 
0 

Fo 

. - - 2 
-6B,+(ol 1Po-Blqo)h 

2 . - .· - . . h h 2 · 
h (o(

1
h-3B 1 )r

0
-6h(1 C1- 2 P

0
+ 6-:-<J

0
) 

1 h · h 2 

Ai= h2 (l- 2pi+ ~i) 
1 h .h2 

B.= - 2 (1+ -2p. + ~-) 
_i h i i 

'c. 
l. 

1 2 2 
- 2 (2- -3 h qi) , F.=r. , 
h i i_ 

- - - 2 ~ = 6B2+(B2qN-ol2pN)h 

- - - - 22 
CN = 6B 2+6 o<. 2h+2 C.ol 2pN-B 2qN) h 

i=1, •••• ,N-1 

2 - - .. · h h 2 . 
FN ";' h rn ( ol 2h+3B 2 )-6h 02 (1 + 2 pN+ ~N) 

4 

(2.Ia) 

\ 

(2.16) 

(2.IB) 

L 

IIp.u STOM CRCT9MY (I. 6). aITITpOKClliilliPYKJllYIO ,IUIQX:P9P9HWJ.aJII,HyIO sa.n;aqy, 

MO:t:IIO paccMaTp;rnaTI> KaK pa3HOCTHH9 ypaBH9HlliI OTHOCRTeJll,HO : ai ~ .. 
Il03TOMY B9.IDl:'tlHHH cl. i I KaK 3TO .D;9Jl89TCH B pa3HOCTHUX ypaBH9IDmX 1 

MOJKHO pa3JIOJKHTI, no CT9IT9H.fIM mara h · • IloCKOJII,KY BO "BHYTP9HHHX" 

( i=l, ••• ,N-1 ) ypaBH9HIDIX B (I.6) HCIIOJII,3YJOTCJI D;9HTpa.7II,HH9 

pa3HOCTH, TO pa3JIOJK9HH9 _He 6/.n;eT co.n;ep,KaTI> H9'tl9THUX CT9II9H9R ~oh 

· dorJiacao (I.8) HMeer/
6 

. 

. h2 " 0 2 . d._. = S. - -6 S. = u. + (h ) , l.=0, ••• ,N , 
]. I ]. • ]. ]. 

ui=u(xi) • 

CJie.n;oBaTeJII,HO,_ .1T,JlH Kosqxpm:uieHTOB c/_i KOJlJlOKaD;HOHHOro crrJiaRHa MU 

MOJK9M TpaHc{j)opMHpOB8T1> rHITOT93Y PH"tiap.n;coaa O pa3JIOJK9HHH/
5
/: 

c/.... = u. + h 2v,cx.) + h 4~2(x.) + h
6 n., i=0, ••• ,N 

i i i i ·ti 
(2.2) 

IIpe.n;rroJIOJKHM, 'tlTO 
8-2j . 

vj(x)ec ,-J=0,1,2; v
0

(x) su(xl., 

: · . Tor.n;a· crrpaBe.ll,lmBl:l pasJioJKemm 

· I \ 7-Zj m •, I (1-h)m d v.(x.) 8 ,,. •i 

l 
j I 
I 

l -: 

\ 

I 
j' 

l 
! 

l :t' 
1 
j ~ 

v. (x. ) = ---- J 1 + 0 (h -~J) 
J . i-tl . m! dxm · 

m=o 

Ilo.n;cTaBJJ.lIB (2.2) B ypaBHeHHe (I.6) rrpH i=1, •••• ,N-1 

• 
1
pa3JIOJK9HHH (2.3) H (2.I6) ITOJIY'tl89M COOTHOill9HH9 

2 · · . 4 LU;+ h (Lv
1

(x,)-r
1

(x.)) + h (Lv2 (x.)-r2 (x.)) + 
l. ··]. l. l. l. 

6[ . ' . ] ' 0 6 
+ h Ai '2 i,--1 - Ci 7_ i + 8 i '7. i+1 + (h ) = r i 

i=1, ••• ,N-1 

r.n;e. 

r
1 

(x) 
1 ( 1 ,V . Ill II - 6 2 u (x)+pu +qu) 

5 

(2.3) 

H y-qHTHBM 

(2 .4) 

· (2.5) -



r
2 

(x) 

l' 6-2m-..'' 
~ [ . 2 .. d . •. ·Ym(J.C) P 
L... ' 2 + 
m=o . (6-2m) ! J dx6- m (5-2m) ! . 

+ _ __,.,_ __ 

3_(4-2m)! 

d4-2mvm(x) J 
4-2rn dx 

S-2mv (x) d m 
dx5-2m 

TaK K8K Mb! XOTHM Bb!IlOJIH91IIDI, TOJK,!1;9CTB8 npH .. -Bcex CT9Il9lillX 

uoTpe6yeM, ':l:To6u BhlilC¥1,MC:r:, paBeHcTBa 

Lv1.(xi) r1 (xi)' i=1, ••• ,N-1 

Lv2 (xi) = r 2 (xi_) , i=1, ••• ,N-1 

Ai 1 i-1-C1 'ti+Bi ~ i+1 (1) , i=1, ••• ,N-1 

+ 

(2.6) 

h, ,, TO 

. (2. ?a), 

(2.8a) 

(2.9a) 

,. . 

!IO,I(CT8HOBK8 (2 .2) B nepBoe ll Il0CJ19,I(Hee ypaBH9HIDI B ( I. 6) .I(aei' / 

1 - • - "' "" e1v 1= - ,G( o/. 1u0 + B1u0 ) = 0 11 , x=a , (2.76) 
1 - ,, - . /// 

e2v1= - 6( ol 2uN +. B2uN ) = /2i ' x=b 

Lv1 (xi) = r 1 (xi) , i=O,N (2. 7B) 

- B - 1 ( v) 1 111 ol1Po - 1qo 1 ,,, 1 v 
e,v2=-B, ( 5! .uo + TI v, (xo)+ 6 . ( Guo +v, (xo). = v 12' X, = a , 

_ (2.86) 
__ - .L_ (vi .L_ 111 ~2pN-B2qN .!. ,,, , _ 

0 
_ 

e2v2- B2(5!UN + 3!v1(xo))+ 6 (6uN + v1(xN))- 22' x-b' 

11 Po 1 , 1 111 1 , (vi 
-lo= ~(V2(XO)+ 6. V1 (XO) + 120Uo) a1=o , 

_ · 1 1"11 1 · ("'/ 1 " .:t, .. Po-B1qo 
70-o/1 - TI uo + TTv1 <xo>+ 2 v2<xo> - 2a

1 
X 

X 
1 11 1 IV 

(v2(xo)+ 6 v, (xo) +,72 uo)' a1 ,; o , 
(2.96) 

6 

.,' 

f 
r 
,1 
I ,,, 
1.1, 

·i 

.! 

I. 

,, 

1 
, ~ .. 

7 PN ( · 1 111 • 1 (1,/ 
N = ~ <v2<xN>. + 6 v1 (xN) + 120 UN) npH a

2
=0 , · 

' {2.9B) 

7 - o/ · 1 ,.,,, 1 r,.,,, 
N N-·1 = TI uN. + 41 v 1 (xN) + 

1 " 2 v2(xN) + 

+ 

- 1 (IV} 
B2qN - '°½PN (v2 (~N) + ¾v,'' ~N) + 72uN ) 

282 

npn a
2 

,j 0 

Jl.IDI_BhlllOJIHSHHJI paBeHCTB (2.7) H (2.8) ,I(OCTaToqHo B3HTI, B KaqecTBe 

vj perneHHe KpaeBOH 38,ll;B':l:H 

· Lvj (x) 

e,v. 
. J 

r. (x) 
J . 

r,j . x=a 

e._
2

.,;. = a
2

. ; x=b , j=1, 2. 
' J J 

I-is (::i. 5) , (2. 6) BH,I(HO, ':l:TO H8H,I{9HH09 p9ill9HH9 v. (x) IlpHH8,ll;Jl9JKllT 

KJia.ccy c8- 2 jla,b] /, ecJIH , UEC
8 

[a,bJ J. CncTeMa (2.9) 
pernaeTCH M9TO,I(OM TpeXT0':1:9':l:HOH nporOHKH, np~eM Il0CJ19,I(Hllfi HBJ1H9TCH 

. I<OppeKTHblM ll YCTOfi1nIBblM/? / 6Jiaro,I(apn yCJIOBIDO q (xl < O • CJie-

).(OBBTOJII,IIO, ee p9lll91Ill9 'l . paBHOMepuo orpaHnqeHo no i • Ta!G!M 
i · • 1 . · 

\ o6pa30M. o60CHOB81I8 rHTIOT938 (2 .2) • H npu 3TO~ o< j . J).(OBJI9TBOpH9T 

CHCT9M9. (I.6) C TO'IHOCTI,IO O(h6) • !IOCKOJU,Ry MaTp~a 3TOi1 CliCT9MH (I.6). 
'HM99T .I(llarOH8JII,H08 npeo6JI8,I(aHH9, TO HOpMa o6paTHOii R H8K M8Tp~ 

orp~HU'ieHa. CJie,I(OB8T9JII,HO, BH9C9HH9 B.npaByIO 'i8CTI, norpeillHOCTll nop,m

Ka O (h 6 i npHBO.I(HT R H3MeH~HHIO perneHHH Ha BSJIH':l:HHY Toro .lKe -nopim-

mi. IloSTOMY WlfI KOajq)ID.UieHTOB KOJlJIOKaI.UIOHIIOro CilJIBKHa s cnpaBe).(JIII-

Ba Y,JOpMy,!18 ~ .. 

-'o ., · · 2 4 0 6 ~i = u 1+~ v 1 (xi)+h v 2 (x1 )+ (h) i=O, •••• ,N·. (;..IO) 

IlyCTI, 

c maroM 

d, ~ ..:· K03tW/lU.tH9HTH il-npe,I(CT8BJl9HHH CIIJiaiiHa 
J ' 

h
1 

= h/2 • Tor.I(a ns (2.IO) cJie.nyeT, ':l:TO 

s Ha C9TKe 

7 



. 2 
11:.._ h .•.··o4 

0\. i - ui+ 4 v,<xi) + (h) i=0; .•• ,N 

}13 COOTHOlll9HHH {2.IO)' H ,(2.II) CJie.nyeT, 'ITO 
I 

1 IO 

. 4<Xi~ - + O(h4) r i=0, ••• ,N - u. 3 l. 

(4~II) 

T.e. crrpaBeAJlll:Ba rrpoue.nypa P11:-qapAcoHa Ha rrocJieAOBaTeJinHOcTH ceToK 
, ' . " ., 

,Il;JlR KOajfJ/Hl.(H9HTOB cITJiafiHa. -

Pa3JIOlK9HHe (2.2) KOaj;4JHUH9HTOB Y.OJIJIOK81UiOHHOro CITJiaUHa e~e yxa-

3HBaeT Ha B03MOJKHOCTI, BHXOAa K CX9M8 IlOBHllleHHOll TO'!HOCTH, H TeM 

CaMHM II03BOJUI9T IIOCTpOHTI, cITJiatl:H, arrrrpOKCHMHpyIO~H pernerme KpaeBoii 

3Ma'!H (I.I)' (I.2) C ()OJII,lll8fi Tb'!HOCTI,IQ. 1ITo61:l y6eMTI,CJ'[ B ::JTOM, 

paCCMOTpH.\1 BM'3CTO ( I. 4) ypaBH8Hll:8 ' 

LS = r _ h
2 

( IV J 
TI u 

c KpaeBHMH YCJIOBIDIMH (I.5). 

x6.AN 
(2.I2) 

. KaK H paHl>lll8, H~9M Koa<WimurnHTli CITJiai1Ha, YAbBJieTBOpmolllero ypaBH8HHIO 

-(2.I2) H KpaeBHM YCJIOBIDlM (I.5) B Blf;Itl? (2.2). TorAa '.nerno BHA9TI,, 

' 'tlTO .B rrpaBoil 'tlaCTH COOTH0lll8HIDI (2. 4) A06aBJIReTCR 1iJI9H ..: h 2ut112 

H UpH ::JTOM, KaK BH;ItHO 11:3 (2.4), . v1(x) YAOB.n8TBOpR8T ypaBH9-'.-

HH.m/1 
' h 2 {Ir/ 1 ' ,, 

Lv1(xi) = r1(xi) - TI ui =- 6 Lui I i=0, •••• ,N 

C KpaeBliMH YCJIOBIDIMH (2. 76) . OTCI0.11:8 JI8rKo IIOKa3aTI, ,I 'IT·o . . . . .· _( 

1 ' II 
v1 (xi) = - 6 ui 

• 

i=0, •••• ,N (2~I3). 

B CBR3H C paCCMOTp8HH8M ypaBH8HID1 (2.I2) IIOABepraIOTCR H3M9H8lllll0 

KpaeBHe YCJIOBIDI (2 .86) ;II,M WY_HKUHH . v 
2 

(x) , H OHII npm,iyT Bll.!4 

- (11) · - (IV) 
e1v2= (7B1 uo + so{,1.uo )/360, x=a , (2.8B) 

e ~ (vJ ""J (111) I b 
2v2= (7B2uN + 5 ~2UN) 360, x= • 

-TaKHM o6pa30M, <pO,PMYJia ·,2.IO) ;rI,M KOajqnnmeHTOB criJiailHa, RBJIRIOOl8r~ 

CR peW8HH9M 38Aa'lll (2.I2), (I.5), IlpHOClp8T88T ID{A 

, h 2 ,i . 4 · . 0 6 
, ol.i = ui - G-°"ui + h V2-(xi) + (h ) ., i=O, ••• ,N (2.Ii) 
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C ,lijJ'Jroii CTOpoHH, H3B9CTH/
5/, 'ITO. KBa3ll:ll:HT9pIIOJlfilUIOHHHH CITJiaii.H, 

11.oajllimurnHTH KOToporo orrpe;i;eJI.mOTCJI qiopMyJioi1 

~ h2 " 
d..i = ui - Gui ' i=0, ••• ,N (2.I5) 

arrnpORCUMHpyeT AOCTaTo-qHo I'Jl8AK08 perneHHe 38A8'!H (I.I), (I.2) C 

TO'!HOCTI,IO 0(h
4

) • TorAa H3 (2.I4) RCHO, 'ITO CIIJiaUH, YAOB

JieTBOpmorrurn ypaBH9HIDO (2.I2) H KpaeBHM YCJIOBIDIM (I.5), 8IIIIpOKCHMH-;

pyeT pememre 3Ma1ill (I.I), (I.2) c TaKofi lKe TO'tlHOCTI,IO ' . O'm4 ) ·• 
, ' ' . 

T. e. B ::JTOM CJIY1l88 TO'IHOCTI, anrrpOKCHMarum CITJiafiHa YB9Jlll'llll3a9TCJI cpa-

sy Ha ABa IIOpSJAKa, U3 (2.I2) BH,I{HO, 'tlTO IIOCTpOHTI, TaROll CITJiaHH cpa-

ay ueB03MOJKHo, rrocKoJII,ey HaM HeHaBecTHH B9JIII1ill:HH u. iv . . . l. 
0AH8KO IIOJI93HO OT~9THTI, .. CJI8.l{,YIO~e ero CBOllCTBa: 

' I -4 
Si = ui + 0(h ) i=1, • .'. :.,N-1 

II II I/ 
Si+1+10Si+Si-1 

12 
= u~ + O(h4) i=2, ••• ,N-2 

IIpH BHBOA8 KOTOpHx OliJia y-qTeHa rJia,IU<OCTI, <lJYHKIUm v 
2 

(x) 

RCHO,, 'tlTO 3T0T ie CIIJlallH YAOBJI8TBOpn:eT ypaBH9Hlli!M 

II II 511 0 4 , s. -1+10si.+ i-1 s' + q s = ri+ (h l l.+ + pi i ii 
12 

i=2, •••• ,N-2 · 

'ITO YK83HBaeT Ha BJ,lXOA K CX9M9 IIOBl:lmeHHOll .TO'tlHOCTH. ,. 
§ 3. CIIJiafiH-CXeMa IIOBHW8HHOtt TO'tlHOCTH 

• 0TCI<ma 

·, BIB/ IIP8MOJK8H~ ~n.rlaiiH-CXSMa IIOBHII18HHOH TO'tlHOCTH H B CJIYllae, paB

HOMepHoif· C8TKII oaa BllI'Jlff,llHT TaR: 

r.n;e 

e1s = 01 X=X 
0 

L<
4

>s(x) = r(x), xE ~N 

e2s, = 0 2 x=~ 

(3.I) · 
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L(4ls= 
I 

14S11 -5S
11 

+48
11 

-S
11 

o 1 2 3 
-----,y + p s' ~ q s · 

0 0 0 0 

II II 
S II + 10Si + Si+1 

+pis~+ qisi 
i-1 

12 

X XO 

, x=xi' i=1, •••• ,N-1 I 

II II t/ - S 11 I 
14SN - 5SN-1 + 4SN-1 N-3 +pNSN + qNSN 

I x=xN 
12 

ITocJie HCKJl!O'l9HHH HeCKOJll,KHX KOsqq>HIU!:9HTOB aa;ia-qa (3.I) CBOWiTCH' . 
. CHCT9M0, ItOTOPM MOJKe;"ObI'l'l> pemeHa M9TO)J;OM IlHTHTO'l9'lHOfi nporOHIOI: 

7
/ 

0J.J;H8KO Mbl npe).J;.7laraeM npOCTOll IIYTI> IlOJJY'l9Hl1fI npHOJIHJKeHHOro pemeHHH 
88).J;8'IH (3.I). IJyCTI, s0 H s 1 -perneHHH 88).J;aq . 

. 
e1so = r; , x=x 

0 

0 . 
LS (x) = r (x) , x 6 AN ·- , · 

e2so = r 2' 

H 

e ;s 1 = 0 1 

x=~ 

x=x 
0 

LS 1 (x) = r(x)-(L( 4l L 

e2s 
1 

= 6 2 X=XN , 

COOTB9TCTB9HIW. 

)S
0

(x) ' 

(3.2) , 

x€.LlN ~ (3.3) · 

{I> 

tjl ,, 

\ 

'I 
TeopeMa. IJycTb p,q_ :e: r B ypaBHSHHH (I.IJ J.J;ocTaTO'lHO r.1.l.BJU<lle •1 
qJJHRIUll'I H mar paBHOM8pHOff CSTKH T8KOB, 'ITO BblilOJIHJllOTCH HepaB8HCTB8 fl 
(I.7). TorJ.J;a ·)J;JIH cIIJiaiiHa s 1 

, HBJllIIO~erocn pemeHHeM:.aaJ.J;a'lH (3.3);.·; 

cnpaB0).J;.7lHBbl COOTHOmeHHH 

II s 1 ·: _ullc = 0Ch4
) 

1' I O 4 
Si = ui + (h ) , i=O, •.• ,N 

IO 

(3.4) 

(3.5) 

1" 
Si 

' II h2 . ,v 
ui - TI u. + O(h4J 

. l. 

111 ' 111 1 // 
si+1j+ 1osi + si-1 

12 
u/ + OCh

4
) 

1 ,, 111 1 11 
8 i+1 - 2si + 8 i-1 

h2 
,v O 2 

u. + (h ) 
l. 

11 1" 111, 1 11 

14S~ - 5S1 + 4s2 - S3 = ui + O(h4 ) 

12 

• · 1 " 1 II 1 " 

i=0, ••• ,N 

i=1, ••• ,N-1 

i=1, ••.• ,N-1' 

14SN ~ 5SN-l + 4SN_ 2 

12 

1 /I 

SN-3 
~: + 0(h

4
) • 

(3.6) 

(3.7a) 

(3.76) 

(3.7B) 

.UoKaaaT8~CTBO. B' CHJJY ycJioBiill TeopeMH aaJ.J;atJu (3 .2), (3 .3) paape-
llllIMH. Jl.ruI s0 , corJiacHo JISMMe 2, cnpaBe).J;JIBBH cooTHoriJeHHH (I.IDB), 
(I.IOr). CJI0).J;OB8T0~HO, HM00M , . . 

(L 14 l - L)S0 (x) = ~~ ull'(x) + O(h4 ) X € ,1 N · (3.8) 

. IlyCTI, s (x) - KB88HHHTepnOJJ.RIUIOHHhll1 I<y0II'IeCKID1 cnJia.nH, IWal\.lllI-
u;neIITH KoToporo ~npeJ.J;eJieHH no q,opMYJie ,· 

,.,, 
cl-1 

XN+1 

, h2 ,, h4 (IV) 7h5 iv) 6 
uo ,.. huo + 3uo -:- 24 uo :':- 360. uo + O(h l 

. I 

, h 2 ,, h 4 (tV) 7h5 .(v) 0 6 
UN+ huN+ 3uN - 24 UN - 360 UN+ (h) • 

,.., 
di 

h2 " 
=Ui - 6 Ui i,=0, •.• ,N 

_Tor.na _ 
N 

s Y.I{OBJ19TBO_pii0T COOTIIOI!l0ltllf!t/B/ 

u 
/ 



e,s = {, + OCh
4

) x=:xo J 

,., h2 (IV) 0 4 
LS(x) = r(x) - TI u (x) + (h) x6 L\N 

(3.9) 

ei: = r 2 + O(h
4

) , X=XN 

N-rf 

liycTl> SP. = s - s = ( 0- • - ol . ) B. (x) · · 1 ~ · ·~ , 1 ~ • Tor.I(a H3 (3.3) H (-3.9), 
s•,f J J J 

c Y'{STOM (3.8), JierKO o.nyqaeM 

t 1sp = Och
4

) x=x
0 

, 

LSP = O(h
4

) , x€ !J.N , 

1 
e2sp = O(h

4
) , X;;;,XN 

0TCIO,I(8 CJI8,I!Y8T , 

'o(l-l1=O(h4), i=-1,0,1, ••• ,N+1, 

H TSM C8MHM HM88M 

S 1 
i: S + 0 (h 4 ) , a f- x f; b 

EcJIH yqecTl>, qTo S= u + Och4
) .ItJIR Bcex xc[a,b] 

oTCIOAa no.eyqaeM 

1 1 ~ ~ S -u=(S -S) + (S-u) Och4}. x(:[a,b], 

TO 

T.e. AOKaaaHo cooTHOllleHHe (3.4~)~ , 

Ha (3.3). (3.8) JICHO, qTo s1 Y.I(OBJ18TBOPJI8T ypaBH8Hl110 (2.12) 

' C TOqHQCTl>IO' 0 (h 4 ) • CJie,I(OB8T8Jll>HO. K8K 8TO C,I(8Jl8HO Ji,nir. 38,I(a-

qn. (2.12), (I.5), xo@)mzyreHTH o(l MOJKHO npe.I(cTaBHT1>
1 

B BHAe 

{2~14), T.e. . 

· 11. h
2 

n 4 0 6 
O\.i = ui - 6ui + h v2<x1)·+ (h) i=O, ••• ,N (3.IO) 

Ilp~ 3TOM v2 (xi) YAOBJ19TBOpJI8T 

', - ('I) - ,.,, 
e,v2 = c1a,u + 5 o(,u )/-360 , x=x 0 . 0 0 , 

(3.IIa) , 

12 

" 

'/)1' 

111 

Lv 2 Cx1 ) =Oen·, i=1, •••• ,N-1 , 

- (V/ - (IV}. e2v 2= (7B2uN + 5 o(2uN )/360 , x=xN 

(3.I!c.l)' 

(3.I!B~ , 

0TCIO~a JICHO, qTo B K8'!8CTB8 v 2 (X) M()JJtHO B3JITl, JIIo6yro WJHKlU'IIO 

' }13 KJiacca c4 [ a,b] ' YAOBJISTBOpmoozylO KpaeBHM YCJIOBHJIM (3.I!a)' 

(3.IIB); Tor,I(a COOTH0lll0HID! (3.5), (3.6) AM BCSX. i=1, •••• ,N-1 

H8M8,l\Jl8HHO BHT8K8IOT H3 IIp0.I(CT8BJ10HllJI (3.10). liyCTl> B1 i 0 

TorAa H3 (3.3) c Y,:.0TOM (3.4) H (3.8) IIOJJY'l80M 

' 1 4 111 II h 2 ,v O 4 
so= uo + O(h) , so = uo - TI uo '+· (h) 

TO 6e8 orpaHKtl'.eHruI o6~HOCTll MOJKIIO cqHT8Th, qTQ EcJill ii =O 
- ' 1 

o( ,=1 • Tor.I(a c yqeTOM (3~!0) H KpaeBoro ycJIOBIDI MR rJia,I(KOM 

\liJHitJJ,HH 

1 ,, 
so 

o(~ 

v2(x) 

-2 ol 1 + / 1 ' 0 Ill._, 
h2 

IIOJJyqaeM· 

= L _ , 1 " h 2 iv ·· · 
2(uo u.. l = u - -.u + OCh

4
) h O · o · 12: o , 

1 . 1 

S1.=~o(-1 
o 2h 

c<{+.2d~ -3uo = u' + Och4) • ' 
h o 

AHaJiorH'!HHM 'o6pa80M .I(OK83HB8IOTCJI COOTHOIIl8HHJI {3.5). (3.6) AJIJI i~N • 

CoOTHOIIISHHJI (3.7a) JIBJUOOTCJI llp.RMHM CJl8,llQTBH8M paBeHCTB'(3~6) • .Ua.nee 

npe.I(cTaBHM ~3.6) B Bime 

1 11 ,·,~ 1 " 
s1+1+ 1osi + si-1 

12 

. 1 // '1 II 1 I/ J 
" h2 [si+,-2si +si-1 -u.'r = O(h4) - u, - TI ' h2 l. • 

i=1, •••• ·,N-1 

'0TCIO,l(8 C Y,:.8TOM' (3. 7a) n~aeM (3. 76). A COOTHOIIl8HHJI (3~ 7B) Ir9M8A

J18HHO BHTeKaroT HS (3.6), (3.; 76). TeopeMa AOKasal!a IIOJIHOCTl>IO. 

CJie.ztYeT OTMSTHTl>; qTo aHaJio!'lNHHH npHeM YJ!YlllilSHlm TOtJ:HOCTll pas

HOCTHHX pememill H8B8CT8H IIDA H88B8HH8M MSTO,I(a IIOCJ18,I(OB8T0JII,HHX npu6-

JIWK~HHH, npe){JIOX9HHOro ~OKCOM/9/. 0TM8THM, qTQ'CXeMa (3.7f OTJllPia

ercJI OT XOpC~O H3B0CTHOff CIIJiagH-CXeMH IIOBHIIl0HHOH'TO'IHOCTH / JllilllI, ·. 

ypaBH0HH.ffMH B Toqxax x=a . H x=b • Ilp0HMY~0CTBO. CX0MH 

(3.I) COCTOHT B TOM, qTO OHa H8llOC,P8ACTB8HHO pacrrpoCT,P8HJI9TCJI Ha CHC

TSMJ .m$.IiepeH-W!8Jll,HHX 'ypaBHemtil: BTOporo IIO,PMKa. 
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CJieACTBHe I. Hs WOPMYJIH (3.IO) HerrocpeACTBeHHo BHTeKaeT rrpo~e.n;ypa 
· • ' ' • I - ! 

3KCTpano~. rro PH1!apACOHY ,IVIR CX9MH (3.3) . · 

1 1 • 1 
_:dic,1>.-20o<1.<h12>+'64o<'.i<h/4);·

0
. 6- _ 

ui- + (h) , i-0, ••• ,N, 
, 45 

rAe ·Jl (h/2m) 

maroM · h/2ro, ni=o, 1,2 
KoajxJ)n~eHTH_ cIJJiatiHa · s 1 
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