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PozrisinyTo kpaitosi 3amadi [y HeTIHINHUX CTAIIOHAPHUX PIBHAHD y chepudHiil cucTeMi Ko-
opamuar (HesinidiHi audepenniagbHl PIBHAHHA APYroro NOPAAKY 3 CHHIYJIAPHICTIO MEPHIIOTO
poxy). st 9aucebHOTO pO3B’A3yBaHHS IIEl 33424l TOOYI0BAHO Ta OOTPYHTOBAHO TOYHY TDPH-
TOYIKOBY DI3HHUIIEBY CXeMy Ha HepiBHOMIpHIi citmi. /loBeseHo icHyBaHHS Ta €IUHICTH PO3B’sA3KY
miel cxemu, 301KHICTD ITEPANITHOrO METOIY HOC/ILTOBHAX HAONKEHD I 11 PO3B’A3yBaHHS.

Kiro4oBi ciioBa: KpaiioBa 3afja4a 3 CUHTYNAPHICTIO, HENiHiliHe 3BUYaline AndepeHLianbHe PiBHSH-
HSl, TOYHA TPUTOYKOBA PI3HULIEBA CXEMA, METOZ JiHeapu3auil, NPUHUNN CTUCKAOHYMX BigobpaXkeHb.

VIIK: 519.6

Bcryn

V wuiii npani nobynosano TTPC mya xpaitosoi 3ama-
4i B cpepuuHiil cucreMi KOOpAUHAT

1 d 9 du

S {x k(x)dx] =—f(z,u), z€l0,R]
lim 2k(x) ™ =0, u(R) = (1)
o T gy T W = A2

Ha HepiBHOMipHI# citmi. Taka pi3auneBa cxema BHUMAa-
Tag [T KOZKHOTO BY3J1a, CITKM PO3B’SI3YBaHHS YOTHPBOX
zagaa Komri: npox memiHifHUX 3BHYafiHUX audepeH-
[MATBHUX PiBHAHB i ABOX JIHIAHAX 3BUYAfHUX AuepeH-
uianpHuX piBHAHBL HA iHTEpBaNax [T;_1,%;| (Buepen) i
[, j41] (masan).

I. IcuyBanHg Ta €OUHICTH PO3B’A3KY

JlocTaTHi yMOBY iCHYBaHHS i € IMHOCTI PO3B’A3KY 3a-
nadi (1) nae reopema, sika 'PYHTYETbCA Ha METO/I] JIiHea~
puzauii Ta nNpUHIMIL CTUCKAIOYMX BliobpaxkeHb (IuB.,
Hamp., [8, 9]).

Teopema 1. Hexatli 8ukonyomses Yymosu

0<c <k(x)<cy Vzel0,R], k(z) € Q'0,R], (2)
fu(@) = f(z,u) € Q°[0, R,

|f(z,u)| <K Voel0,R], ueQ0,R],r), (3)
\f(x,u) - f(‘zav)‘ < L|u - ’U‘

Vz € [0, R, u,v € Q[0,R],r), (4)

2

q= max (1,2Re;) < 1, (5)
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modi 3adaua (1) 6 Q([0, R],r) mae edunut pose’asox
w(x), axuti mosicha 3natimu 3a Jonomoz010 Memody noc-
NI006HUT HABAUINCEND

1d |, du™]| (n1)
ﬁ% [1‘ k(ﬁ()) dz - —f(a:,u (I))v T e (OaR>7
du™ (z)
. /‘2 _
il_)moi k(x)idm 0,
uW(R) =2, n=12,...., u9)=p, (6)

3 OUIHKEON NOTUOKY,

=

* n
< 4
Lo, 0,R] — 1—g¢q

7. (7)
Tyt QP[0, R] — knac GyHKIIH 3 KyCKOBO-HEMEPEPBHAME
MOXITHUMH JIO P - TO TMOPSJIKY BKJIIOYHO i3 CKIHYEHHOIO

KUTBKICTIO TOWOK po3pumBy mepmoro poxy, a ([0, R], r)
— MHOXKHHA QYHKIUH BUTTIALY

Q([0, R],r) = {u(a:) cu(z) € WL [0, R],

u(x),a’k(z) g € C[0, R, [Ju—u[] _ o5 < }

r= %{?2 max (1,2Rcy),
H“Ho,oo,[o,R] = mgl[g)é] lu(z)|,

d
el g0, = 5 { Nl .1 17KV 22 ooy

HoBenenns. 3aga4dy (1) 3amumeMo B eKBiBaseH-
THOMY iHTErpaJIbHOMY BUIJISI1

u(x) = R(z, u() =

R
/ Gla, O f (6 ul€))de + s 0<z <R, (8)
0
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ne dbyukmia I'pina G(z, §) i€l 3amaqi Mae Burmsi:
R

dt
V(w):/%

x

0<z<E,
<z <R,

2V (6),

Gl =1 v,

Baznaunmo, 1Mo KpaiioBa ymoBa npu © — 0 3a70BOJIb-
HSAETHCH, OCKLIbKHU

du _ _
dr  22k(z)

IMokazkemo, 10 omeparop (8) nepeBoAUTh MHOKUHY

Q([0, R],7) B cebe.
IRz, v(-)) —

0
N3 sofo.m] <

R
g/MmL@mmMmu&w@n@s
0

<K [16@ &) pomde Vo QA0ELD. ()

Ockinbku 3rigno 3 (2)

1 R? — 2 R?
< ?)C/idﬁz <o
i 9 0G(z,§) 9 >  R3
[ |eta) ’d§ [ea=2 <X
0 0

TO

, * 2
1G (@, T oo, 10,7146 < amax(vaRcl) (10)

3 mepisrocreit (9), (10) BunmBae HepiBHICTH

<
1,00,[0,R]

H%x v(+))

2
<

max (1,2Re;) =r Vv € Q([0, R],7),
C1

sKa 03HAYAE, 10 oneparop (8) NepeBojUuTb MHOKUHY
Q([0, R],r) B cebe.
Kpim Toro, R(z,u(-)) ma Q([0, R,

HUIT Oo1IepaTOp, OCKLIbKYU

1R(z, u()= R, v ) 0,0, <

) — CTHCKYBaJb-

R
S/IIG(%é)IIT,w,[o,R} £, u(€)) — (&, v(8))]dE <
0

R
7L/W%%®Hmmmwﬁrﬂﬁﬂﬁé
0

< Lol ey [ 1G G E) e e <
0

2

LR "
< TG, nax (1,2Rer) [lu = 0|17 o jo,5) =

= dllu = vl oo o,y Yu,v € Q[0, B, 7).
Bsigcn, srigno 3 (5) R(z, u(-)) ma Q([0, R],

BaJILHUM ONEPATOPOM.
TakuM 4mHOM, A1 oneparopa R (z, u(-)) mpu

T) € CTUCKY-

2

LR
qg=——max(1,2Rc¢;) < 1
661

BUKOHAHI BCl yMOBH TIPUHITHAITY CTUCKYBAJbHUX Bimobpa-
JK€Hb, & TOMY DIBHSAHHSI (8) Mae €JMHUI PO3B 30K, sKuUii
MOYKHA, 0JIEPKATH METOIOM MOCJIIOBHUX HACIUKEHD (6)
3 oninkoro moxutku (7). M

II. IcmyBaHHA TOYHOI TPUTOYKOBOI
pi3HUIEBOI cxeMu

Ha Binpisky [0, R] BBeseMO HEPIBHOMIPHY CITKY

5h:{xj€[O7R], 7=0,1,....,N, o =0, .’ITN:R},
hj:xj—xj,1>0, j=12,...,N, |h‘:1r§%’aéxNhj

TaK, mo0 Touku po3puBy byukuUii k(z), f(x, u) 36iramu-
cs 3 By3JIaMU CiTKU. MHOXKWHY BCIX TOYOK PO3PUBY TMO-
3HAYMMO Yepes p 1 mpumycramo, mo N Take, mo p C W,
Bynemo BBazkaTH, mo B TOYKAX PO3PUBY PO3B 30K 3a-
nadi (1) 3a/10B0JIbHSIE YMOBH HEIIEPEPBHOCTL

u(z; —0) = u(z; +0),

du du
2k(x = 22k(x YV, .
’ ()dqu =x;—0 - ()dmL x; 40 IEP
Pozrigaemo kpaiiosi 3ama4i
1d7J, dy!(z,u)]
22 dx {a: k(@) dz -
= —f(z,Y{(z,u), 0<x<ux,
ayt
tim 22k(2) TS o vy ) —w, (1)
z—0 dx
1d7J, dYJ (z,u)
[ — ‘ k 7& =
x2 dx [l () dzx ]

= —f(l‘, Yo]z (.13, u))>
Yo{ ('rj*2+a7 u) = u(xj72+oz)7
Y (zj-14a,u) = w(@j-14a),
N+1l—«a, ao=1,2. (12)
Jlema 1. Hexati eukonani ymosu (2)—(5), mo-
di sadawi (11), (12) mamumymo edunul po3e’aszox
Y (2, w)eQ([0, z1],7), Y (2, u)EQ[Tj—24as Ti—1+alsT)s
j=3—-a,d4—qa,...,N+1—a, a=1,2, npuuomy das
po3e’asxy 3adani (1) cnpasdocyemvpes

Tj—24a < T < Tj—l+a;

j=3—-a,4—aqa,...,

u(z) = Y (z,u), x€0,z1],
’LL(LL') = Yof(%“% T € [:L'j72+ouxj71+a]7 (13)
j=3—-ad4d—a,.... N+1—a, a=1,2
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Hosenennsi. Kpaiiosi 3azaui (11), (12) 3anumemo B eKBIBAJEHTHOMY BULJLsI]

Yﬂ%MZ/@@ﬂﬂ&W@MMUwthMML
0

Tj—1+a
Yof(x,u) = / éj_l"’"‘(m,{)f(ﬁ,Yof(f,u))dﬁ—i—ﬁ(x), T € [Tj—ota,Tj—14al), j =3—a,4—a,...,N+1l—a, a =1,2,

Tj—24a

u(z;) Vi (@) + ula; )V~ (2)

T:L(ZL') = ‘/'1](1']) s xe[xj,l,xj s
ae _
- dt , Tar
Vi@ = [ mm o= [ s
é]_ o 52‘/20(£)7 O S €T S 67 14
<%®"§%?wx {<x <, (14
ijlJra Vj72+a 2
_ ' ijfi(;H ()g)g ; Tjzqa ST LE,
G371+0‘(x7£) — j_11+0( jg_2+aa , (15)
Vi (V5 ()¢ f<z<u
V1j71+a($j—1+a) ’ =4 > dj-lta-
IIpu o = 1 orpumaemo
Vi@ | f Vi@ | f
u@%gﬂ%)/ (e 1€ N 4| + 5 !G%»fﬁﬁwm%+m,m€mlwﬂ
Ocxinpxu Vi (z) + VJ ' (z) = V{ (z;), 10
Vi (z) i VJ Y 7
%“:ﬁu»/ (@) (€ ul)de + -2 !G%l, W(€))dE + pa, @ € 51,5,
Toui
R T
/ij (m@+/§W%ﬁ@ﬁ@MMﬁw@@,x€MmL
0
. R R
d§+ /G Zj— 17 ga ))d§+
O 0

/(ﬁxff@i”@,»%+u (@), € lmj_1,5.

Ha mizcrasi pisnocri Yy (z,u) = Y7 (2, u) maemo

VJ+1 a / i
) =T JG%H, Fle e+ !G%f (& u(©)de+
+ / éj+1(x,§)f(§7Y2j(§,u))d§+u(o)(x)7 HAS [xj,$j+1].
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Takum uuHOM, IMTAHHA ICHYBaHHs Ta €AMHOCTI po3B’a3Ky 3azad (11), (12) exksiBasenTHe 10 aHaIOrivyHOl HpPO-
OseMu Ji1sT PiBHSHD

R x1
Uy (z) = Si(z,u,U7) = /G(ﬂcl,£)f(§,u(€))wfwL /él(xf)f(& U (&, u)dé +u® (), z € [0,1],  (16)
0

R R
) ) ) V] 1+Oz V] 2+a
U(jx(x) = ng('xaua ng) = 7/6;’ Tj— 1+a7£)f(£a (5))d§ + ji /G Tj— 2+a7£)f(§7 (f))df—f—
J Va(z;) /
+ / éj71+a(aj,§)f(€7Ui(f,u))d§+u(0)(l’), T e [‘rj—2+a7zj—1+a]a j = 370‘547045 < '3N+1*Oéa o= 172 (17)

Tlokaxemo, mo omeparopu Si(z,u,U}), &7 (z,u, U{) nepesomars simnmosigno muoxuman  Q([0,21],7),
Q[zj-1,24],7) B cebe. Hexait Ui (x) € Q([0,21],7), U{ (x) € Q([xj_1,2;],7). Toni

31,01~ u(2) {/5% ) + Vi /52d5+/52 §)de + V(o) /wg}

—K{[VQO(SC)JrV(xﬂ] /g d5+/§2 d§+/§2 [VR(&) + V(z1) = V(9] dg},
0

) ) VJ 1 7 J' g
% (e, U) — u®(2)| { 0/ij L E)dE + (Z))O/ngdu / G]arfdgf}
_xlvT@
Vf(x]-) .
Vi) | | 7
vilr) 2 _ 2
P /s V(&)d£+V(wg)/£ ¢

_71

R Tj—1
/ EV(E)dE +V(2y1) / 52d§] 4
0

w% J=1( 2 szfl(x) r J(e)e2 —
+Vf(xj)/v2 (§)&7d¢ + Vi) x/ Vi(€)e2de =

R x
Vi (z) 2 ‘ 2
) !é‘V(S)déJrV(wJ)O/ﬁdS +

/fV d§+V&L‘J1/§d§

Zj

27(2)) / Vi (€)% de + V (ay) / €2d§—Z§2V(§)d§ "
w / VI ()€€ — V(1) / §2d£+%/1 v ( d&}
=K{‘qﬂwwﬁﬁ:fﬂ”””)!€%+
/ eV d5+vlj](;))r/t[v;‘l<§>+v<xj> vie) e 5+VVJ1(;(J'))£Z [Vlj(g)V(xgl)-i-V(f)]ﬁQdf}.

BpaxoBytoun piBHOCTI

I]‘ R R
o [t dt dt  _
O+ V) VO = [ g+ [ - [
; 2 ¢
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£ R R
y B dt dt
Vl (5) - V(:Cj—l) + V(g) - / t2k(t> - / tzk Jr / tQk(t
j—1 j—1 3

Vi @)V ) + VI @)V(wy) _ V3 @)V (@) + Vi(@)] + Vi (@)[V(@) = Vi (@)

k . =V(z
Vi () Vi(e) (=)

OTPUMAEMO

x R R
S (1, Uf) — u® ()| < K { V(x) / €2de + / EV(E)dE S = K / Gla,6)de, j=1,2,....N.
0 x 0

TakuMm arHOM

; ; R?
187 (2, u, U ) — u(o)(gg)||“1*7oo7[$jihwj] < 6 max (1,2Re;) =7, j=1,2,...,N.
1
To6ro oneparopu Sk (z,u, UL, S (x,u, U?) nepesonsats sixnosigso muoxkunn Q([0, z1],7) i Q[zj—1,2;5],7) B cebe.

Anajioriuno MozkHa nokasaru, wo ko U3 (z) € Q([xj, zj41],7), TO

||S%(SU,U, Ug) - u(O)(x)”T,oo,[zj,mj_,.l] <

Kpim Toro

FEUNE W) - FE,TLE )| de <

%i(m,u, Ull) - %%(xvua Ull) *,

1
,[0,21] é‘/'HC; (wvf)Hl,oo,[O,Il]
0

1

< LU~ O o /HG ) - (18)
J 1,00,[0,21]

192, (2, u, UZ) = S0, 1, U o oy -r0a] <

Tj—1+a

< [ erewol i vie ) - fe Ol w)] e <
L~ Oty vramyre | |70 (19)
Ockinbku
m1~1 L z2 -’6120 o gz . 531’1 1.”61 €3d_
O/|G <x,s>|ds—vg<x>fsd5+m/§v2<§>d5—v2< | +weof| +3z/52’“<5> -

o o 2 .2 2
:1/%§L/§d§:$1 T R
3J) k(&) ~ 3a 6c1 681
x x

x

g G (z,€) i x> R3
2 ) _ 20 = 2 <
[ ™ g = [ =% < 2
0 0
Tj—1+a . Tj—ldo ; T
. Vi (@) - vy 2 (@) -
G]*1+oz(x’€) dé-: ‘71 VJ 2+(1(§)£2d§+ ‘72 / V] 1+Oé(§)é~2d€:
‘ ‘ 4 Ha(xj*“”l) ’ Vi 1+a(33j71+a) '
Tj_2+4a T Tj—2+4a
V1j71+a(l‘) oy ¢3 [T+ Ti-tta )
— Vi) + S de| +
e | 3, DTG
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/ S 52; -

V) G

+

‘/1j_1+a(‘rj—1+0t) Tj 2ta s
. Tj—1+a . T
Vit (@) e, 21 3 Vi (@) a2 1 3
_ _ygrtey Ty 1 / de| + 22 pimtte 1 / £ el <
[FIRRCTTIN N 3.3 k(&) Vi (@5 106) | 33 k(&)
T Tj_2+4a
| Vlj_H_a(x) g ZTj—1+a B 'V2j—2+a(x) g z _
- 3V1j71+a(1'j71+a)01 2|, 3V1]71+°‘(9cj,1+a)02 ) oia
_ 4 V1j71+a(x) (x2- _ $2) _ ' ‘/—2j72+a(x) (x2 _ g2 ) < (R* —a?) < R72
6‘/Y1j_1+a(l‘j,1+a)cl Il 6‘/1]_1+a(l‘j,1+a)02 Jmra) = 6C1 o 661’
Tj1ta HGi-1+ (2.6) ) Tj1ta T
_ @ x, o i— 24« 21 rji—lta
()20 e A CA(3] — [ v s
Oz vy T (Tj-1+a) vy 1+ (Tj—14a)
Tj—24a z Tj—24a
V) @ W) @
B Vlj_1+a(xj*1+a) 3 e Vl]_1+a(a7j*1+a) 3 Tj_2ta
V2j_2+a($) 3 3 V1j_1+a(33) 3 3 ‘/g_2+a($>+v1j_l+a($) 3 Rr?
= j—14+a ($j71+a - ) —1to (:’L‘ — mj72+a) < ey R° = ?’
3Vi (Tj-1+4a) 3Vi (Tj-1+a) 3Vj (Zj-14a)

TO
xrq ~1 R2
/||G (z, 6|13 A’[Om]dgg amax(lﬂRcl), (20)

0

Tj—1+a
e ) R?
”Gj o (fE,g)H1,<>o,[:6_7’—2+a»95_7’—1+0]dg = EmaX(lv2R61). (21)

Tj—2+a
Orike, 3rinHo 3 (18)-(21) orpnmaemo

r7 * LR2 rr * r7 *
191 (@, . U1) = S1 (@, 1, UD o 0,00] < 6o max(1,2Re1) U} = Ut} o 0,00 = €U = UL 117 oo fo.24)5

LR2 5 77 ||1*
[Zj—24a,Ti—14a] < —— max(L,2Re) U7, - U‘l||17007[m_7‘—2+mf6_7‘—1+a] =

”%jolz(xvuv ng) - %g(xvuv ﬁgz) 1
= qHUgé - a||1,00,[xj72+a,1]‘71+a]'

Tobro nys omeparopis (16), (17) ma muoxuuax Q([0,z1],7) 1 Q([zj—24as Tj—14al, T
OPUHIXNY CTUCKYBAJLHUX Binobpazkenb, a Tomy 3amaul (11), (12) mators eaunuit poss’ssox. Bl
Teopema 2. Hexati suxonyromocs ymosu meopemu 1. Todi dasn sadawi (1) ichye TTPC eueandy

) BIANOBIHO BUKOHAHI BCI yMOBH

g0 = T (f(&ul€)), asue/(laai) = =T (f(€u(€))),

1 A .
?(a’ufﬂ)w = _Tm7(f(£’u(§)))’ J :2a3a"'aN_17 UN = 2, (22)
J
% hy +h
Uj —Uj—1 Uj+1 — Uy Ujt1 — Uy J T+
Ugj = 75 Ugj = ——F—, Up,j = 7h': )
5] hj s3] hj+1 5] hj ¥ 2
1 ) —1
a; = a(z;) = [hvf(xj)} , j=2,3,...,N—1, (23)
J
720 (w(€)) = hy /521/0 £)de,
7 wl) = (e [ Eul€)de + ety (o) / EVHEw(E)de,
0
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Tj4+1

~ . -1 .
7% (w(€)) = [Rja3Vy (z)] / &V (©u(©)dg + [nya3V3 ()| / VY (©uw(€)de,
‘ fodt e
‘/lj(w): / %,]:273,...7]\[7 V27(.’I,')— / %7]—172,...71\[_1,

Pynryia u(x) e npasitt wacmuni (22) eusnanacmvca 3a dopmyaoro (13) i sasescumv misvku 6id u(z;),

j=0,1,...,N.
HoBenenns. Po3rianemo kpaitosi 3amadi
1 d du|
?dm k( )dx_ - —f(as,u), T € (O>mj+1)a (24)
. du .
ilgb xzk‘(x)% =0, u(rjy1)=uj+1, Jj=0,1,
1 d du]
ﬁdl‘ T k( )dm = _.f(x7u)7 (S (Ij—17xj+1)a (25)
U(Ij—l)*uj—la (‘rj-l-l):uj-‘rl?j = 2737 s 7N7]-7
Gyukuii ['pina gad aKux BiAMOBIIHO MAIOTh BULIST
: EVie), o<z <g, :
GI — . =0,1
(=:8) { EVi(z), €<a<ajq, o
J J 2
Vl (:E')VQ (g)f ’ Tj 1 <z< 5’
Gi(z,8) = ]Vl(“"@-“) ) j=23,...,N—1.
Vi (V5 ()€ ‘
AR e<a<an,
Vi (%41)
Mo6yayemo TTPC. s 1poro 3amuinemMo O4eBUIHI iHTerpanbii Hacaiaku (24), (25). Orpumaemo
il 1 d
/ 61(e.€) g g |2H(E) | a6 = / G ) (€ wde, j=0.1, (26)
1d i
/ G(2.8) g5 3¢ [fs k(€) J de = — / G, ) [ (6, u)de, j=2,3,... N 1. (27)

ko inTerpanu, siki BXoAATh B JiBi yacTunu (2 6), (27) npoinrerpyBaru 3a 4acTHHAMU, TO 3 yPAXyBAHHIM
Kkpaiiopux ymoB (24), (25), orpumaemo

Tj+1 T Tj41

60 6) g g | MO G| a6 = Vi @) / e aer [ vof |enof -

x

) d ) du | %7+ mj“
= Vit 3+ WOERO |+ [ de= e -, =01
Tj41 1 d
| 2 )
| Gf(x,agzdg[f k() Jd&

] vt oot
leﬁlff‘/ e | RO |+ %H/éV g MO | e

[

x

_ W@ |y
Vlj (zj—&-l)

viekoXl - / du e +W[ i©eko ]

dg Vi (2j41) g |,

Tj—1
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_ Vi@ o V@) _ _
= V1j($j+1)u(x]+1) u(x) + Vlj(l'j+1)u(x]_1)’ j=23,...,N—1
Orxe, ‘
uuﬁn—umz—pfﬁw@w@w%—w%m/ﬁﬂawm j=0.1,
x 0

@ ) @) s 2Dy V@) i .
e L u@)+v?@%ﬂfd%fn . /;gv (€ e

— /fQVJ Ju)dé, §=2,3,...,N —1.
Vl Tj+1)

3amumemo pisaicts (28) s j = 1 upu © = 1

Z1

w—mz—/?@@ﬁ@@%f%ﬁﬂ/fﬂ&W%

0

V pisrocri (28) maa j = 0 nepeiimemo g0 rpanuni npu & — 0, TOAl OTPUMAEMO

m—w=—/§@@ﬁ@@%
0

1 Vj (.’E '+1)
Pisricts (31) momuoxumo wa —, (30) — HA ————, a (29) pu = = z; Ha LT
Gy e B0 Gy e Vi ()

OTPUMAEMO
— 1 1 2770 77“61 — [T1

1

2
hjxj

Uil — W U T UL , , j=23,...,N—1.
) Ve ] (f(§u(€)),

Toxi 3 (32) i ypaxysanmsy pisuocri V3 (z;) = Vi{™ (z;11) uniusae (22). W
Bsenemo MHOXKUHY CITKOBUX (DYHKITIH

Q(ah,r) = {(vj)j»v_o : Hv—u(o)H Sr},
1 oowh
0 1yl e, = mXIy(E)), B =20 UG, [0l = max y(6)], B =B U, Iyl = max y(6)]
£ewp £€wh

IcnyBanua TTPC (22) noseneno B TeopeMl 2, a €INHICTD BCTAHOBJIIOE

(28)

(29)

(30)

(31)

. 3Bigcu

(32)

Jlema 2. Hexail suxonani ymoeu Teopemu 2. Todi icnye make “wucao ho > 0, wo npu |h| < hg TTPC (22)
MamuUMe OUHUT PO36°AZ0K (u]) o € Q(wh, ), AKUL MOICHA 00EPAHCATNU MEMOIOM NOCAIOOBHUL HABAUNCEHD:

ul") = ~T=(f(&,u"D(€))), agul/(lna?) = ~T= (f(£, a1 (€))),

1 o n— . n
—auf)ey =T (fEu"VE), §=23.. N-1 uf =p,
J
u(n)(x) = Yll (xvu(n))v T € [0,(171}, ul™) (z) = Yo'zl(x’u(n))a S [xj*2+0mxj*1+a}v

j=3—-a,4—qa,..., N+1—aq, a=1,2,u(0)(x)=,u2

3 OUIHKOI NOTUOKY

du(™ 2y du

(n) _ _
i )

*
= max Hu(") — uH , < Mgy,
1,00,0p 0,00,0, 0,00 w,

de ¢ = q+ My|h| < 1, M, M; - xoncmanmu.

(33)

(34)
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HoBenennsi. Ockinbku pizuuiesa cxema (22) € To4HO0, TOOTO 1i PO3B’A30K € MPOEKIEI TOYHOrO PO3B’A3KY
3a/a4i Ha CiTKy, TO Lell PO3B’A30K It VI € Wy, MOXKHA 3AIUCATH Y BULJIAJI]L

R
w(@) = Ru(, (u;)y) = / G(z,€) (& u(€))dE +ul(a Z / G(z, &) (& u(©)de +u(x),  (35)
0

ze
U(g):Y11(§7U>, 66[073)’1]7 U(S):Yé(f,u), 56 [xj72+a7xj71+a]7 j:3—0[74—04,...,N+1—047 a:172~
Hocnimumo sractusocti onepatopa Ry (2, (u;)). Oneparop (35) nepeoauts MEOKHIHY Q(©n, ) B cebe. Hexail

(v;))0 € Q@n,7), Tozi

R
KR? N ~
|G, &) Hl,oo,ﬁh d¢ < 6er max (1,2Re;) =7,  V(vj)ig € Q@h, 7).
0

TSR

Kpiwm Toro,

R
Rt (050) = R, (0300 o5, < [ IG ) g L1606 — &€ dE <
0

R R
< L/ G (2, )17 00, 10,71 [w(€) = v(E)] dE < Liju —0l[}  0,m) / 1G (2, )T o, 10, R} € <
0 0

LR2 * *
< oo max (1, 2Rer) lu = o[l oo 0.5 = allt = 0l} o o) (1) o0, (0)) 720 € Q@n, 7). (36)
TTokaxkemo, 1110
Ju— o < (L+Mp)) lu—vl] .5, - (37)
Jlig n1Loro posrssiHeMo Kpaiosi 3amadi
1 d d d
o {m%(m)(iz} =—f(z,u), 0<z<ux, hm 2 k(z )dz =0, wu(xy)=mu,
1 d du .
o [fv2k(m)daj} =—f(z,u), zj1<z<zj, ulzj—1)=uj—1, u(r;)=vu; j=2,3,...,N,

PO3B’SI3KM SIKUX 3aIUIIEMO Y BUTJISIIL

ulz) = / G (. €) F(€,u(€)dE +ur, € [0,24],

z) = / G (2, €) (€, u(€))dé + (),

u(z;)V{ () +_U(xj—1)V2j_1(I)
Vi ()

i(x) = , ¢ € [zrjo1,x;], 7=2,3,...,N,

e gynxuii Tpina G*(x, €), G (x, €) 3ana0Tbes opmyiamu (14), (15).
Ha mincrasi ymosm Jlinmmis

1t = 0} s 000y < f = 1] + L = MMMOIl/Mclxsulmmmﬁmg

< = ol oz + Melhlllu = vl s 0y
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[ R [ /R EY A [V / Haj(x,ﬁ)Hl [ e <
7C>O,I]‘71,d?]‘
Tj_1
<N =017 ooy 40, T MslB[Ju— oy ] T =23, N
Ockinbku
L w; — v VI () + |uj—1 — v |VEHa) )
i = 0l iy =, e ¢ 1tV i = vl <lu=vllgppr+ =23, N,
TR welmyo,my] Vi (z5) it
di di hy uz; — v,
2’ k(x )*u—sz(x)l = max -1 %) =Jl |UJJ vz,
dz dz 0,00,[z;—1,7,] 2€lwj-1,25] Vi (x])
du dv
< (L4 Mylh)) ||2%k(z)— — 2%k(z j=2,3,...,N
< (L4 30l [a*4(0) g~ KT =2
TO
* * 1
1t = Vll} oo 0,00 < Nlu = vlIT o 5, + Mallllw = vll] o 0.2y < [y yATY lu—2ll} o5, < @+ MR u—2l] 5,
= 0l1Y o oy 1y < (U MalB) = 0]} o 5, + Malhl e = 0ll} oo ) 40y < 77 T Mslh| [u—2li o5, <

<@+ M) fu=vli o5, i=23,....N

3 IKUX BUILIMBAE HEpiBHICTDL (37).
Bpaxosywoun (37), 3 oninku (36) orpuMaeMo

*

R0 (e (1)) = R, (o))l z, < (gt MafRD ] —olf o = arllu vl 5 -

Ocximpku Ha migcrasi (5) ¢ < 1, 10 ¢1 < 1 mpu gocrarabo Manomy ho i omeparop (35) mast V(u;) i, (v)N, €
€ Q(ﬁh, ) 3HIHCHIOE CTUCKYBAJbHE BiIOOPAsKEHHS.
TakuM YUHOM, 3riJHO 3 NPHUHIUIOM CTHCKYBAJbHUX BinoOpaxkeHb Ipu pocraTHbo majuomy hg TTPC (22)
Mag €IUMHMA PO3B’430K, AKMii MOxKe OyTH OTPpUMAHUN METONOM MOCIiIOBHUX HabauxkeHb (33) 3 OUIHKOIO MOXUG-
u (34). W
Jlema 3. Hezai suxonyemovesa ymosa (2)) ma ichye cmaaa A > 0 maxa, wo ymosu (3), (4) cnpasdocyromuves
6 obaacmi QU[0, R],r + A). Todi icnye maxe ho > 0, wo npu |h| < hg iV(vj)é»V:O € Q@n,r) sadavi

%% [:U?k(x)‘ﬂ/{l(;m] =—f(z,Y{(z,v)),0 < z < z1,
YO(x1,0) = w1, xzk(x)% _ =T 2k(z )ZZ (38)
%% [m%(m)ﬂffd(j’v)] =—f(2,Y{(z,0)),0 < z < 21,
Y1 (0,v) = v, ill% x%(az)% =0, (39)
%% [ka(x)(W} = —f(2,YI(2,0)), Tj-21a <T < Tj-1ta, Y3 (Tj4(—1)0,0) = 0(Tj4(—1)a),
xzk(x)% :ka(x)% ,j=3-ad4—a,.... N+1—a, a=12 (40)

=T~ =T~

MATNUMYML €0UNUT PO36 A30K.
Hosenennsi. Sanaqi (38)—(40) ekpiBaseHTHI OMepaTOPHUM DIBHSHHSIM

U3(0) = RY(w, 0, U9) = [ [V9(@) = VIO € UHOME + 01 — k()| Vi), w e [0,m),
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Ui (@) = Ri(,0,U1) /V2 (O] EFEUNE)E +vo, @€ [0,a1],
0
020 =R 02) = g [ [V @)=V 0 Q] 6 VA eyt
alTj
Tj+(—1)

(1)) 2

7 Vi(z), T € [Tj—240,Tj—14al, j=3—a,d—a,....N+1—a, a=12
z

(e

T=Tj4(—1)>

Hocnigumo Bractusocti oneparopis R (z,v,US), R1(z,v,UL), R, (z,v,Ul), j =3 —a,4—a,...,N +1 — q,
a = 1,2. Bpaxyemo Te, 1110

=0.

T=Tj4(—1)>

0 0 du(®
w0 () = pg = u((J ) 7u§.+)(71)a, 22 k(z I

SayBaxKuMo, 10 BUKOHYIOTHCA HEPIBHOCTI

z; ¢ © z zj
I ( J st [t [ st k)

Tj—1 3 3 x

VI (OVE (@) = Vi (2)V3 ~(

- [

o- | o
.

T € 3 Tjq1 z Tjt1
1 - - dt dt dt dt dt it
WOV - WO = / t2k<t>+/ wi | oot [ mw |~ m | -
T T T 13 i 3

x S S S S Tj+1

:/ﬂzt(t)m/t?ﬁt) +m/t2ﬁt)m/t2z7ét) +/t22it) ! tQZIEt) =0

x

Hexait UY(z), UL (z) € Q[0,21],7 + A), Ul(x) € Q[zj—24asTj—1+4al,r + A), TOAL

[Roo. v =@ <M - / IVE ()~ VI o o €

Z1

1,00,[0,z1]

ety

1,00,[0,z1]

<r+K / V(@) — VOO e 0.0 E20E,
0

*

[Ra o vy =@ <
<7t Milh| + K(V‘l()()” | / [vie @ e e e
Ockinbku o
7\‘/20(26)—‘/20(5)\52d§=7[‘/20(96) v eNeds = ) - L ,f(df) M,
7 rti() 20 g - / g = 1 < anjn,
]|v( = V3 (9)] g = /v2 — VP (2)|e%dg = V3 (€) - V3 (@ )53 ) %/f—sg—lgwm%
;

0
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22 k(a) 22\ dV ( % < My|hf?,

/

€2d¢ = /fdﬁ—

(_1)a+1 [ —1+« | —2+« —1+« | —24« _
Vi () / ) VI @V ) - VT @)V (o) €2de =
_ 1 [ — 1+« | —2+a i—1+a i— 921« _
‘m@mqﬁami+@w O T OV e =

1 — i~ j— j— &\ §
— , Vj 14+« T V] 2+« _Vj 14+« Vj 24« z S + / 7(1 _
ey VMO - e el | e
J+(=1) T (_1ye
i Trene 1 [ €
= OV 2 [ e < Mgl
T+ (-1
—1)~*! [ 0 j—1+a j—24a j—14« j—2+« a
o / wh(a) o VIOV @) VT @ 0| e = (-1 / §%dg < Malhl,
Va(z;) x
Ti+(=n* Tjp(—1)e
TO N
/HVQ( ) — V2 )|‘I7007[07w1]§2d§§max{M1,M2}|h|,
/HVQ( )= VRO oy €3¢ < max{My, M} |AP,
0
[ e @ - €€ < max{ My, Mi}{h|.
3OO0 | Tj—24aTj—1+a
Tj+(-1)e
3Bigcu
|R8(@,v,08) —u<0>Hm oy 7 Mlhl K max{My, Mo} ] = v+ A,
Hi}%l x,v,U}) —u(o)Hl ] <7+ K max{M, Mo}|h|? =r+ A,

*

[ R0, U2) = u®

<7+ Ms|h| + K max{Ms, My}|h| =1+ A,

1,00,[zj—24a Tj—1+a]

10670 omeparopu RY(x,v,U?), Ri(z,v,U}), R (z,v,U2), j =3 —a,4—a,...,N+1—«, a = 1,2 nepesoasars
Bimnosigao muoxkunu Q([0,z1],r + A), Q([Tj—24a: Tj—1+4a],7 + A) B cebe.
Kpim Toro,

"%(2)(1‘71)7 Ug) - %%(.’E,U, Ug)

' <LHU0—(70H* / Vo) — V2| 24¢ <
1,00,[0,21] 2 2 1,00,[0,z1] H 2 (-T) 2 (5)“1,00,[0,1115 § -
z1

<Lmax{M1,M2}|h|HU2 UQH <qHU§—

2Hloo[Om1]’

1,00,[0,21]
R (2,0, UL — R (2, 0,0 <LHU1— / 24¢ <
H 1(1'1) 1) (£L"U 1) 1,00,[0,1] 1 1oo[0x1] || 2 ||10€7[O.L1]£ f_
<Lmax{M1,M2}|h\2HU1 U1H <qHU1 ol
1,00,[0,21] 100[011]
Hw (2,0,U3) — R (2, 0,09)|| <

1,00,[zj—24a:Tj—1+a]
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x

e - v @i g2 <

1,00,[Zj—24a,Tj—1+al

*

gLHUg;_ﬁg

1,00,[Zj—24a,Tj—1+a
Ti+(-n«

* *

ngwu@J@HmW@—ﬁg

SqHUifﬁé

1,00,[zj—2+4a:Tj—1+al 1,00,[zj—24a ,Tj—14a]

Ockimpkn wa migcrasi (5) ¢ < l,a ¢ = glh| < 1 mpw gocratano Mamomy hg, To omeparopn R (z,v,UY),
R (z,v,U}), R (v,0,U1), j =3 —a,4—a,...,N+1—a, a =1,2 37ilicHIOI0TL CTHCKYBaTbHE BiT00parKeHHs.

OTKe, 3rijIHO 3 IPUHITUIIOM CTUCKYBAJIbHUX Bi0OparkeHb, IpU 10CTATHHO MajoMy hg 3aaa4i (39), (40) marumyTh
emunanii po3s’s3ok. M

I1II. AusaropurMmiuna peaJii3aiiig TOYHOI TPUTOYKOBOI Pi3HUIIEBOI cXeMuU

Ockinbkn

/f%@ﬁ@w%=ﬁ@w—m7/?ﬂ&W%z%%ﬂ%w,
0 0

/@W@ﬁ@@%=—ﬁ@@ﬂﬂ@ww—ﬁwhw+w
0

(=1)*! / EVI(E) (& u)de = (—1)* a3V (25) Z] (x5, u) + Y (25, 1) — ujy(—1)e,
Ti+(=n©

ne Y2 (0,u), Y (z1,u), Zi (z1,u), Yi(zj,u), Z2(zj,u), a = 1,2 — poss’asku 3ama1 Komi

dYS(z, u) B Z9(z,u) dZ9(x,u) B o 279 (z,u)
I O T =—f(z,Y; (x,u))—T, 0<x<ua,
0 0 du .
Yo' (21,u) = uq, Z2(ac1,u)=k‘(x)£ , j=3—-a,4—a,...,.N+1—a, a=1,2, (41)
T=T1
dY (z, u) B ZH(z,u) dZ1(x,u) B 1 271 (x,u)
I O I =—f(z, Y7 (x,u))fT, 0<z< a2,
Y10, 1) = ug, 31:13% Zi(x,u) =0, (42)
dYJ(z,u)  ZI(x,u) dZ) (z,u) . 277 (x,u)
T Tk D J@NE0 TR @i < <@t
] ) du .
Y (2 (—1yesu) = U~y Z2(Tjp(—1)e,u) = k(z)% ,j=3—a,d—qa,....N+1—a, a=1,2, (43)

T=Tj(-1)e
a Vi(z) = (—=1)*"VJ(x) - poss’ssku 3anau Komi

avy 1 _
al®) Tjota <T<Tjita, VI(Tjp—1)e)=0, j=3-ad—a,..N+1l—-a, a=12 (44)

)

dr  z2k(z)’

Toni npasy gacrnay TTPC(22) moxHa 3amucaTt y BANIsI

(o) = (S ue))) = O =

olzr,u) =T (f(&,u(é))) =

Yz, u) —u
{Z;(xl,u) — Z{(x1,u) + 2(1)2] ,

23Vy (1)
Yg(xj, U) — Ujp(—1)a
23V ()

(45)

Z3(xj,u) + (1)

1
a
. 13
ﬂ%m=wummm=EZ&w

]7 j=2,3,...,N—1.

Orxe, misa mobymosu TTPC (22), (23), (45) meobxinno st Vi, € Wy, po3s’szarn worupu 3ana4ai Komi (41) abo
(42) abo (43) 1 (44). dxmmo 3amadi (41)—(44) poss’s3aru uuceabHO, MOXKHa Gysio 6 nobymysaru sinciveni TPC.
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Banauai Komi (42)—(44) Gynemo po3B’d3yBarTy YUCEIbHO 33 JA0MOMOIOI0 OYIb-sKUX OJIHOKPOKOBUX MeTO/iB (1uB.,
nanp., [8])
Yl(m)l(éﬂl,u) = g + 1@ (0, u0,0,hy), Z(m)l(DCl, w) = h1®s (20, 10,0, h1) , (46)

a+1
h_] 1+a) )

Zmi(z5,u) = (k:u/)ﬁ(,l)a + (=1)** " hj1 40P ($g+( 1) Ujp(—1); (kv )jt(—nyes (1) i 1+a) , @D
Vo(zﬁwj(x]) = ( )a+1h] 1+O/(p3 ( ]’-‘r(—l)a?O? (71)014* hj—1+a) ) j =3- 0174 - Q, 7N +1- o, @ = 172

Y™ (25,0) = ujy e + (1) 140 @y (%H e i (—1yers (B ) jp 21y, (1)

Je él(xvuaghh)a &)2(1’771,?/, h)7 él(xvuayvh% (I)Q(.T,U,y,h), (I)g(l’,u, h) € (byHKHiHMH npupocry, (kul)j-‘r(—l)o‘ =

d ; .
k(:c)% L 28 @y, 0), 28 (25, 4) anpokennye suavennst Z1 (1, u), Z3 (x5, u) 3 MOpAAKOM ToUHOCTI M
T=Tj4(~1)a
(m — uine nomarae), Yl(m)l(:cl, u), yAmi (xj,u), yimi (z;) anpokcumytoTs Bimnosiano Yi (z1,u), Y (z;,u), VI(z;)
3 mopagakom togrocti m = 2[(m + 1)/2] ([] — mina wacruna). Skmo k(z) Ta npasa wacTuHa mudEpeHITiaTBHOrO
piBHgHHES (2, 1) TOCTATHBO TIAJAKI, TO ICHYIOTH PO3KIAAN

Vi (21, u) = Y™ (@, u) + WPl (20, u) + O(RTH2), (48)

49
50

Zi(w1,u) = 2 (wr,w) + B0 (w0, w) + O(ATH),
Vi(xj,u) = Y™ (25,0) + (=) hyo1 ] Tl (@0 (—1ye s w) + ORI,
Z(wj,u) = ZT (@g,u) + (D) by 1] "L (24 —1yes w) + O(RTHEL),
VI(;) = V™ (@) + (=) hy_apa] ™ (@0 (<10 ) + O(RTH2L).

Y Bumajgky meromny psais Teitaopa

51

(
(
(
(52

)
)
)
)

m — p—2 . —j—2 j
~ mo,uo p—j—1dr77f & 1
D, (x03u0703 hl) = —hy == ( > b : dad k(z) 7
m hp 1 dp 1f
® 0,h1)=—=
2 (w0, 10,0, h1) = f(fffmuo pZ 1)!(p + 1) dar—1 ’
T=T0
P, (ﬂc~+(71)a Ujt(—1) (ku') +(—1)es (= 1) th; 1+a) = 1_(_1)a+lhj_1+a 1 + k’j+(71)‘” 4 o
] ) Uj ) j j— 2 Tir_nye | ki (_1)e J+(=1)
— (=)t hj—1ta f(@j1(-1)e Uit (1)e) +Z (D) hyrpal? ™t Y11y u)
2 k]+( 1)« p=3 P! dar 7
(k) j4+(-1)e
P (4 (—1yes g (—1) (B jmnye (1) T hyo1pa) = = F (@0 (-1 g (1)e) = ﬁJr
it (—1)e
m (x—f-lh ]I)—l de£(xj+(_1)a7U)
+Z T ;
p=
1 D P [
D3 (24 (1), 0, (1) hj114) = + . -
( AR 7= a) (@h) j4(-1)e 1)2222 P! dz?=1 zk(z) T=Tjp(—1)®

Jlema 4. Hexati
0<c <k(x)<ecy Vre|0,R], k(z)cQ™0,R],
N
fla,u) e U O™ ([zj-1, 23] x [0, B, 7 + 4)),
j=

i 0aa wuceavnux memodie (47) icuyromo poskaadu (50)—(52), modi cnpasdrcyromoca cniesidnowenms
Yi(aj,u) = Y™ (@) + (=D)AL o7 (@ e w) + O], (53)

Z£($j7u) = Z&m)j(aﬁj,u) + [(—1)("+1hj,1+a]m+11;{_1+a(xj+(,1)a,u) + O(h;nﬁia) (54)
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V(x;) = VI () + WAL ] (@4 Cnye) + O(RTHE L), (55)
j=3—-a,4—a,.. N+1—a, a=1,2.

HoBenennsi. 3 roro, uo meros (47) Mae LOPALOK TOYHOCTI T Ta BUKOHYIOTbCH yMOBU LJIAJAKOCTL, BULIUBAE,
1o icHytoTh poskaamu (50)—(52) (aue., Hamp., [8, ¢.168]) 3riaxo 3 (50), (51)

Y{ (2j,u) — Y™ (25,u) =

= Y7 (2, u) — u(z; — hy) — h® (x5 — hy,ula; — hy), ku/| hj) = W7 () — hy,u) + O(RTF2), (56)

CE::L’j*hj )
Zi(xj,u) — 2™ (wj,0) =

= Z{(xj,u) — ku/| — hi®a(x; — hy, u(zy — hy), ku'|,_ hy) = B (@ — by, u) + O(RTH2). (57)

I:Ij—hj $j—hj ’

3azHaunMo, 1o
Y3 (2,u) — v, (zj,u) = Y3 (xj,0) — wjp1 + hjr1®1(xjp1, wjn, (ku')jo1, —hjt1),

Zi(wjyu) — 2™ (xj,u) = ZJ(xj0u) — (ku')jor + hyor®@o (@1, wjp, (ku') e, —hjs)-

IMigcraBumo B pisnocri (56), (57) 3amicts h; Beauuuny —hjq1 1 BpaxyeMo, o Ylj(xj,u) = Yzj(:vj,u), Z{(xj,u) =

Z3(zj,u), ToAi oTpuMaEmMo

a m a 1 m
Y3 (@, u) = wjpr + @ (@gn, wjpn, (k) iy, —hjen) = =R (2540, u) + O(RTH?),

ZY(wj,u) — (ku')j1 + hjsa1 o (@i, ujpn, (ku')jpn, —hja) = (=)™ PRI (240, u) + O(RTH?).

3Bincu BuiuBarors cuiseigmomenns (53), (54). Anasnoriano 10 (53) moBoguThCs piBHICTH

V() = V™ (25) + (=) R, T (<o) + O(R] L),

[e%

3 AKOT 3 ypaxyBauHsaM Toro, mo VJ (z) = (—1)*T1VI(z), sunnusae (55). B
3amicrs TTPC (22), (23), (45) moxknua renep ckopucraruca TPC panry m surisgy

i m m m) (m m m 1 m), (m m m
W =~ (20,y™),  al™y [(har) = —o™ (a1, y™), ;(a( Iyl ))Aj=—¢( Nzj,y™),  (58)
J L
i=2.3,... . N—1, ¢ =
J 3y ey ) YN M2,
e

-1
m m)j m 1 m
a™ (z;) = {hvf ”(x]—)} .o )(Io,u):h—l<uo—Y1( )1(z1,u)>,

1 m - Y™ (2, u) —
L 21 () ) — 20 (g oy 4 2 (1) u]
1

T V2(77L) 1 (I1)

28 (@j,u) + (-1)

N YOSW (75, u) = Ujq(—1)a ]

2
_ 1
(m) . _ a
M (@j,u) = — D (~1) =7
’ Rt 2 VA™ ()

st noBenenns icnyBanus ta equnocti po3p’asky TPC (58), a rakox uig BcraHOBJeHHd 11 ToYHOCTI HeobxinHa
Jlema 5. Hexatli sukonami ymosu semu 4; modi 6y0ymsd SUKOHYEAMUCSA OUIHKU

™ () — ala;)| < MIJ™, (59)

W(M)(anu) - QD(J?07’U/) = h?Lw%(xO»U) + O(h’;h+1)’ (60)
@(m)(‘rjvu) - SD(‘TJ" ’LL) =

h’(n+2 + h77l+2
J

= {h;"+1 [k:(x) (w'{(m, u) — i (x, u)mk(m)?::) —d (x, u)] O} +0 <hj+1> ,j=1,2,...,N—1, (61)
T=x;+ % 7

AKUWO T HENAPHE, .
SD(M) (xj7 u) - QD(.TJ, u) =
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: du [ ,
= Qb k() {4 (2, u) — O (2, u)ok(x)— +O0|(1———, j=12,...,N—1, (62)
dl‘ z=x;+0 % hj

AKWO0 M NGPHE; KPIM M0O20

|00 @0, )| < M]h,

7 i (63)
’¢<m>(l,j7u)’ < K+ M|h| Yu € Qwp,r+ L), j=12,...,N—1,
“p(m)(»’cmu)—ﬁp(m)(xoﬂ)) <M‘h|||u_v||loowh
‘W(ﬁl)(xj,u) _(P(m)(xjv >‘ (L+M|h|)||u_v||1oowh (64)

Vu,v € Q@p,r+4), j=1,2,...,N—1.

Tym i nadaai wepes M mnoswanamumemo pisni cmanai, wo ne saaesicams 610 |h|, axwo ye ne 6yde cnpununamu
HENOPOZYMIHHA.

Hosenennsa. Hepisnicts (59) sumusae 3 (55), a cnisBinnomenns (60) — 3 (48). Hiiicho,
By (V¥ () = V™ ()] _

o™ (z;) — alz;) = _ —— 1= = i
( J) ( ]) Vlj(xj)vl(m)](xj) O(h )7

_ 1 m m m
@™ (@o,u) = plwo,w) = 3 (Vi (ar,w) = Y™, w) = W' (w0, w) + OB).

Josenemo (61), (62). 3ayBaxkumo, 1o

2
_ 1
o (a1, u) — plar,u) = [Z(l)a (20" @) = 2l w) +
1 a=1
()1 (65)
1 (V" (w,u) —ug Yo (z1,u) —ug
T (m)1 - 1 J
a1 V™ () Vy (1)
, 1 & ,
ap(’”)(xj,u) o(zj,u FT Z {Z(m (xj,u) — Z(z5,u) +
(m)j - i (66)
n (=D (Yo" (w5, u) —ujpnye Yi(x5,u) = ujp(-1)e
j V™ (1)) Va (x5)

3 semu 3 Ta piBHOCTI

; o du
Yo (@), u) =ty = (=1)hj-14a o

2
+O(hj_140)

=T~y

MaeMo

2 (w1, u) — ZE (1, u) = RPN (o, u) + O(RPH?),

Zém)j(wjvu) - sz(xjﬁu) = _[( )a+1hj 1+a ]m+11[}{_1+a(xj+(71)“7u) + O(h;nt%ro)

Y i (), u) —Ujp(1ye Y (xj,u) — wjq(—1)e _

& () Vi (25)
Vi (@, u) — ujy(—1pe — (1) FRTHL d T (@) e, u) + O(RTH2,) V(x5 u) = ujp(-1e _
Vi (25) = WY o0 (@4 o) + O(RTHE ) Va (z)

1t du
( )a—o—lh;n—ii%rawj 1+ (l‘jJr(fl)“)%

B (— )a+1h;rb-ii1+a¢j—1+a

B (T4 (—1)e, )
Vd ()

T=Tj4(—1) O(herl ) (67)

[V({ (arj)} 2 j—1+a

3 ypaxysarHaM (67) Ta CriBBiIHOIIEHHS

= 4(:5]@)]4?(71)& j—1+a)7
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piBrocri (65), (66) 3a HemApHHUX ™M 3BOAATHCA JI0

_ 1¢1 _
cp(m) (21,u) —@(x1,u) = h—l{m—l [h’zn+1x2k2w%(x27u) — hT+1x0kow} (xo,u) — h;n+1$2k2’(/}%($2)($kul)2+
+1 o1 ' 11,72 41,71 R 2 + hypt?
+h71n l‘ok(ﬂ/}l (Il’o)(l'ku )0] — h2m ’l,[)l (.TQ, U) —+ h71n ’l/)l (Sﬂo, U)} + O <hl> 5 (68)
” 11 . ) _ B
'™ (25,u) — p(xj,u) = ﬁ{; [hﬁtlkﬁﬂ/ﬁﬂ(%ﬂ, w) — hI ] (-, u) — hﬁtlkj+17/){+l(xj+1)(Ik:u’)j+1+
j Ty

. ~iiq . hm+2+h7'7::§2
AR k] (1) (k)] — RN (g, ) + h}"“d’i(%—lau)} +0 (J W . > . (69)
J

a 3a MMapHUX m — J0 BUPA3iB

_ 1
o™ (21, u) — p(z1,u) = . (A wakat} (22, u) — hi*xokot] (o, u)—

B B hm+1 +hm+1
—hgnl‘gk‘g’(/)%(.%‘g)(xku/)g + h{"’xokowi (xo)(xk:u')o] + O (1h12> s (70)
(m) _ 1 opm j+1 m i
" (wj,u) — p(j,u) = o (B k] (g, w) — Rk anhq (-1, u)—
- ’ et
—hakia ] (@) (@k) Rk () (k) ] 4 O | = ) (71)
7

Ockinbkn

kj—1 (xj-1,u) = k] (xj,u) + O(hy), ¥ (zj—1,u) = ¥ (z5,u) + O(hy),
lej—1 (1) (k') j—1 = kb () (k) + O(hy),

TO 3 ypaxyBaHHAM Z; = Tj4(—1)e + (—1)*T1h;_144 i3 (68)~(71) Bummusarors ouinku (61), (62).
Hosenemo nepisrocti (63), (64). I3 (46), (47) BUILIHBAIOT CIiBBLAHOIIEHHS

&y (w,u,0,0) =0, 851(“:8’5’0’0) - —J;(]f(’x“)), B (2, u,0,0) = —f(”;’ w
_ Y aq)l(xauvyvo) _ 1 f(IIZ,U) Y yk/(x)
1wy, 0) = 2o on 2 ( Ko) | k@)r T R() )
a0,y 0) = =flwu) = % Ps(,0,0) = xkl(m)’ 8%(53};070) - _2xkl(x) (i + IZ((ff) '

Ore, CIPABIKYIOTHCS PIBHOCTI

o 8221;1 (l'o ug, 0 fl)
(m)1 _ = 26@1 (Io,uO,()’O) h? y W0,y Vs B
Y] (x1,u) = ug + h1®1 (0, uo,0,0) + hJ 5 + 5 o _

h2 f(anuo) + ﬁaz@l (%ﬂm,O,E)
L 4k 2 anz ;

852 (anUanaﬁ) b f(-rOauO)
dh I

. e P 1 k/‘+(71)a
Y ™I (25,u) = w;—1ye + (1) hj 144 ¢ It + 2 Uiy (qya—
( J ) j+(—1) ( ) j—1+4+ 2 T4 (—1) k:j+(_1)a Jj+(=1)

:uo—

28&)2 (a:o,uo,O, Z)

Z{m)l(l‘l,u) = hlzf)g (.1307’11,0,0,0)4-]1% —|—h1 ah ,

) 1ya (@ cne, i - 1)a) + (—=1)~t? hi 1ia 0%, (xﬁ(_l)a’uﬁ(_l)a’ (u )j+(_1)a’h)

2 kj+(,1)a 2 5h2 ’

Z0mi (g u) = (11— % k' —(=1)*t1p,.
o (g, u) = Lj+(-1) (ku)j4 -1y = (=1) j—1taf (Tj(-1)e, Ui (—1)e)+
] — @
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, 0% (ffj+<—1)a (s (K)o fl)
hj71+o¢ 8h 9
8(1)3 (Ij+(_1)rx s 0, ﬁ)
oh ’

hj—1+<x +1
— T 4 @ h o
(1’]{3)j+(_1)a ( ) j—1+

’ 2 5
. . . 1 k e 3 (I)3 $‘+(,1)a707h
V™I () = _hjiva (1 — (=1)**t hj-1ta ( TR ! )) +hg 1+a ( ’ )

VI () =

* (@h)j4 (1) 2\ Ko Oh?
3sigcu
2~ o
] 1/ ; 1 flxo,uo) | B3O (xo,uo,O,h) f(@o, uo)
(m) — (m) _ Y(m)l - h2 0, w0 71 — h 0, %O h2
" o, w) = (™ Y w) = g MR o L o),
(m) 1 (m)1 (m)1 Yz(m)l(xhu) — U 1 [
e u) = o= | 2y (en,u) = 20 (0, u) + 3N =71 5 (@0, u0)+
1 1V, (r1) 1
1 ho ha ha 1 hy [k 1 /
1l | Pef@u) + |1+ — - ————— | —+ 5 | 5t (ku')2—
zl‘/Q(m) ( )2]€2 T 131‘/2(7")1(131) kg 2 k% (.’Ek)Q
R R e R
1 oh 2 oh 2$1V2(ﬁl)1(xl) 8h2
1y R h? + h3
hl(zf(ﬂﬂo,uo)ﬂL 2f($2au2))+0< I ;
2 (m)j
1 m o Yo P (xj,u) = ujp—qya
4,0( (2;,u) FT ( )J (zj,u) + (—1) J — G0 |
a=1 ziVa " (x;)
~ Ll Mytve | g P e s aye) +
hg ~ V(m)] )ng—o—(—l)u j—1l+a JH(=1) Ui+ (-1)=
+ . a+1h] 1+a hj—il—&'-oz
T+ (1) 2, Ve™ ()
1 (= )a+1hj 1+a k;+(*1)“ 1 ’
X — + (ku ) i+(—1 a+
(’%(—1)& 2 Biocne  (@k)jrcne ey
wro 0% (l“j+<—1)av“j+(—1)a»(k“')ﬁ(—l)avh)
+ (=D 14a ah +
(DT 140 0201 (24 (cvyes Ur—nes () 4 (—1)e, P) } _
%<mwﬁ On?
e h3 +h
= hf Z J 21+ f(xj-‘,-(—l)avuj-i-(—l)“) -+ 0] (ﬁJH> .
J =1 J
Toni

6™ (@o,)| < MIBL, 16 (25,w)] < K + M]a].
Hosenemo ominky (64). Ockinbku

(m) () hl h2 8 (bl (.’1?0711,0,0 h) 8261;1 (3?0,1)0,0,?1)
" (20, u) — @™ (20, v)] < Tko|f($07uo) — f(zo,v0)| + ? o2 - an2 ;

B P, w0) — £, 00) 4 221 (s, w2) — Flz, v2)] %
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h2 8@3 (1‘2,07FL) h3 82@3 ($2707/A”L>
XL (m)l2 * (7;)1 2 lzku’ = kvl oo o +
Vo ()] h 22| Vo (21)] Oh
h2 852 (l‘o, Uuop, 07 ;L) 85)2 (370,1}0, O, ]QZ) h2 8‘1)2 (.’I?Q,UQ, (k’u,/)g, il) 6@2 (.’BQ,’UQ, (]CU/)27 iL)
i on - on e oh - on +
4 h% 62(1)1 (,TQ,UQ, (kul)g,h) _ (92(131 (1‘27’02, (kvl)g,h)
2x1|V(m)1(x1) ah2 8h2 )
m m 1 1+«
I =7 Z{ P (@ -y g (-1ye) = F (@1 Oy (-1e)| X
a=1
e |00 (w m,o,h) Bore [P0 (rrc0R)
V™ ) oh T 2, V(2 Oh2 ot = 2kl e
o Mava |92 (@ cnes e, (B)enen B) 02 (@ -y Vg -y (R )jrcnen B) |
i, Oh? Oh?
25| Vo™ (z5)]
2 9% (xj+(_1)a,uj+(_1)a, (k“/)j+<—1>avil> 9%2 (xj+<—1>avvj+<—1)av (k)54 (~1)e 5)
THi-tta on - on )
TO 32 (POPMYJIOI0 CKIHYEHHUX MPUPOCTIB 3HAUIYTHCA U, ¥, U, §, U, § TaKi, 110
0™ (20, u) — U™ (0, v)| < M |hl|ju — 00,0007 0
0™ (@1, u) — ™ (21,0)| < (L + MIh|)|u— Vllo,oor + M laku’ — ako'[lg o o+ +
M h 8252 (330, ’EL, 0, iL) 82@2 (1'2,’17,, (ku/)g, B) 63(131 (:1?2,’11, (k’u/)g, B)
+MIA| Ohdu + Dhdu + o120u | +
62, (mo,uo,ﬁ,fz) 0?®y ($2,U2aﬂ>ﬁ) PPy (w2,us, 7, h)
+M|h| + 1 2, W2, Y, || k,‘ o ]ﬂ /H
dhdy dhdy ah2dy TR B .00l (1
|¢(m)(mj,u) — SD(m)(gyj,u)\ < (L + M|h|)|ju — 6,00, o T M|h?||zku’ — zko' ||0 soat T
82(p2 (Ij+(_1)a,ﬂ’ (ku,)j+(_1)a, 71) 83®1 (Ij+(_1)a,’l_l/, (ku )]+(—1)Q7E>
Mlh — o
+| ‘; hou - on2ou e =vlloco.a
& 0°@, (%‘+(—1)“ Ujt(~1)=s § 71) R g, h
’ » 1 A\Tj4(=1)os Ujt(—1)>5 Y,
+Mn Y oy + ‘ G 8)h28; S )| ek’ — kv [lg s g+
a=1

3sigcu orpumaemo ouinky (64). B
Teopema 3. Hezaii suxonyromscea ymosu (2)—(5), semu §, modi Ihg > 0 maxe, wo npu |h| < hg TPC (58)

MaE eQuHUTE PO36°A30K, TMOUHICTNG AK020 TAPAKMEPUSYEMBCA OUTHKON

Hy(m) —u :m,wh = max{Hy(m) - uHo,oo,w,j , xkdi;:) k% - w:} < M|h|™,
06 dy™ (m)1 ;
{mk e ]v_m =114 (zl’y(m))’
g™ =™ (™) j=2,3,.,N

dy(m)] (m)j _
zk =2, 2" (z,y™ ) + ——
{ dz |,y ( ) V™ ()

=5
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Hosenenns. [Tokaxemo, mo 3a ymos reopemu TPC panry m (58) mae equnuii po3s’s30K y(™) (), © € Wp.
BukopucTaeMo IPUHIAI CTHCKYBAJbHAX BifoOpakenb. Po3risiHeMo onepaTopHe piBHAHHS

Y™ () = Ri(w, Z h(§ €)™ (&y(m) (5)) + p2 + hapt™ (xo»y(m) (550)) 3,05

EEwn

ze §; j — cumsos Kponekkepa, GU™)(x,€) — bynxmis [pina 3agaqi (58) Burmsiy

" _ [ evimg), o< <g,
el )(:cf)—{ VM (z), ¢ <z <R,

N
(m) (.. \ _ (m)k
Vo= > e S,

k=j+1 k=j+1

3ayBaskuMo, 110

dy(ﬂl) 9 dy(m) (™) '
= = ) =2,3,...,N.
|:xk dx = © (|h‘ ) ’ zk dx T=x “ (xj)yz 2J + O |h|) J ’37 ’

J

Bpaxosyioun dbopmyity miJicyMOBYBaHHS 33 9aCTUHAMHU OTPUMAEMO

-1 N-1
ZG (zi,25)h; = V™ (x; ijh + Z VO (z)zh; =
j=1 j=1 j=i+1
1 1= 1 & ] ]
= iV(m) (l’i)xi+1$i + § Z V(m) (xj)(xjxj,l)iyjhj = —5 Z (V(m) (xj) _ V(m)(l'],l)) TiTj_1 =
j=i+1 j=i+1
1 (m)j 1 & 1 & R?
=5 > V™Y (@)1 < 5o D whi <5 D (@ +h) <+ M,
j=i+1 j=i+1 Jj=i+l !
B N-1 ( ) —1 R2
‘a(m)(a:i)‘ Z (G( (xz,xj))i R = WZIJH = ijh = xzxz_l < -
Jj=1 o ’V1 (zi)] =

Orxe,

*

[ R, (0)2) = u® ()

2

2
< max{f + Min), B }(K+M|h|) _

1,00,wp

. max(1,2c1) + M|h|=r+ Mlh|<r+A V(uj)jyzo € Q@n,r+ A),
1

10610 oneparop Rp(z, (uj)é-vzo) nepesomutb (@h, 7 + A) B cebe.
Kpim Toro, Bpaxosyioun HepisaocTi (64)

* R? R? . -
||§Rh uJ)j 0) — Rn(z (Uj)év:o)HLoo’ah §max{4€1+M|h|,2}j_1{1axl)ga( )(xj,U)*so( )(xj,v) +

(72)

1 ¢ (@0, u) = ™ (wo,v)

L 2
< (4R max(1,201)+M2h|) lu — vl

= qllu -]
1

looo.)h 100(—0)1

V(uj);»vzo, (vj);»vzo € Q(ah, r—+ A).

ko subparu hy Takum, 1o go = q + Ma|h| < 1, To Bimobpaxkenns Ry, (z, (uj)évzo) CTUCKYBAJHHE.
s noxubku z(x) = y(™ — u(z), z € &), orpuMaeMo 3ama4y

Zx,0 = @(anu) - QO(M) (Z’o, y(ﬁL))a
agm)zx,1/(h1$1) = <P($1,U) - @(m)(mh y(m)) + (az - aém)) uz,l/(h1$1)7

1 - = _ 1 _

(0 z)s5 = (g, u) — 9y, y ™) + = [(a—a™)us] =23, N1,
&€ € z,7

AN = 07

160 ITPUKJIAJTHA MATEMATHUKA T MEXAHIKA



TpUTOYKOBI Pi3HMLEBI CXEMU BUCOKOrO MOPAAKY TOYHOCTI ANSA HENiHIHUX AundepeHuianbHNX PiBHAHb B CCOEPUYHITi CUCTEMI KOOPAUHAT

PO3B’A30K gKOI 3a JomoMoroio pyHkKil I'pina MOXKHA 3aIUCATH Y BUTJSIL

4 = Z GO (2, 2;) [ () (wj,y(ﬁ")> o (z;,u } + Z hjig( ™) (4, 25) [(a(m)(xj) - a(xj)) u@j}ij +
i=1 |
n %G(m)(% 1) (ag’m _ az) U1 + Py {w(m) ($07y(m)) - (xo’“)} 0i0 = (73)
- [;G”‘ (z, xn} [t - 0™y vy + > 16 e, o™ (22:8™) = ¢ @] +
= z,j j=1

+ hy {@(m) (Io, y(m)) — ¢ (o, u)} 8i,0-

st nenapuoro m 3 ypaxysauuam (60)—(61), 3 (73) orpumaemo

Zh { G :vz,:vy)}gc [a(xj)—a“ﬁ)(xj)} Uz, j—

»J

- Z w2 {6 )} [ux) (w{' (,u) = ] (x)xk(x)j;‘> i, w} T

+ Z B G (i 25) [ (25,9 ) = 0 (g,0)] + by {0 (w0, 5™ ) = ™ (0, u) } 810 + ORI ).

Toui

1,00,w0p loowh

1
il < (o 4 MIAL) o= 0Vl Il o+ M 4 el 5, < MR + ol
K2

dIkio m — mapHe, To, Bpaxopyoun (60), (62), pipuicts (73) 3anumemo y Burssii
N 1 i
=y h {G(m)(% xj)} {a(ﬂﬂj) —at™ (%‘)] Uz j—
=2 L z.j
N
- Z h;nJﬂ {G(m)(l‘z, 1‘])}

+ZFLG< i, w5) [ (5,5 ) = ) (5,0)] + o {0 (20,5 ) = U™ (w0, u) } 810 + O(I™).

o) (vl - {<x>xk<x>jz)L o

z,j

3Bigcu

1
|zi] < (
c1

Orxe,

< M|h|™ + gal|2[I]

1,00,0p — 1oowh

) la = oyt o Izl o s + MIBI™ + gall2I1;

il < MIR™ + @2ll2l} oz, - 12l es, < Malhl™
BpaxoBytoun piBHiCTH yyﬁ)

],

dz
k
{x dx] p—

=Y (x, yj(-m)) (mwB. memy 1), oTpAMaEMo

< a1 |20 (o1, y ™) = Z@r,y )| + o1 2L 1,y ™) - 212} @1,0)|

< € ‘Z£7rl)j(xj7y(m)) - Z{(xjvy(m))‘ + ’$]Z{(£L’j,y(m)) - ij{ (mjau)‘ +

1

=+ T lylj(xjay(m)) - Yl(m)j(xja y(ﬁl)) ) .] = 2737 7N
‘V1 J(mj)
3ayBaxkumo, 110 po3s’s30k TTPC (22) MoXKHA 3aUCATH Y BULIAI]
N Y
u(w) = R, (w3 0) = - [ Gl € u(€)d + (74)
=1,
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e G(z,&)— dbynkuia I'pina 3amaqi (1), dysxuis u(z) B npasiit wactuni(74) BusHauaeTbesa GopMyIoOn0
u(x) = Ylj(ac,u)7 x€zj_1,2;], j=1,2,..,N.
Ockinbku omeparop Ry (x, (Uj);-v:()) € CTHCKYBaJIbHUIA, TO

*

’%Z{(l’jay(m)) — ;7] (Ij,U)‘ < [[Ra(z, (47)320) = Rule, ()2l o5, <

< (g MiDIY™ —ullt = =aly™ —lll o, G=1,2,.N.
Tomi
e < Mn™ . =1,2,..,N
z d — | | +q1||z‘|100_3’? J=1,4,..., V.
o=z, T
0
TIKE, M
121 o5, € T
& = T max(qr,g2)

3 gKOI B cujty Toro, mo max(qi,gz) < 1 npu |h| < hy Bunusae

1217 .5, < MIRI™
Teopema nosenena. B

Posp’asok weninifinoi TPC (58) mMorkHa 3HAHTH 33 METOJOM MOCJOBHUX HAOJIMIKEHD.

Teopema 4. Hezaii suxonyromvcs ymosu Teopemu 8, modi pose’sasox 3adavi (58) moosicna snatimu 3a donomozoro
MeMOdY NOCATI0BHUT HADNUHCEHD

06" = =™ o,y ™), My () = =™,y ™),

1 m), (m,n m m.n— .
*(CI/( )yé ))A :_SD( )('rjvy( ’ 1))7 j:2a37"'aN_1a (75)
€ z,7
y](\’rfﬁ,n):/jaﬁ n:1727"'7 yj('m’o):,u?? j:0717"'7N
1 CNPasoNCYEMbCSH OUIHKA
Hy(ﬁun) _UH1 N < M(|h‘m —l—qg’),
3O0,Wh
de ()
dy e m)l m,n
[x’“ dx }_ = 212" (™),
n (m) _y(m)i (.. . (m,n)
d (m,n) m)i o \ Y. T,
[xk; - } = ;20" (5, 9" 4 22 1(m)j( V) e,
T Ja=a, Vit (zg)

emaaa M ne sanescums 6id |hl,m,n, a eeaununa g = q + Ma|h| < 1.
JdoBenennd. B cury Teopemu 3 Maemo

Hymm - Hy<m> S Hy(m,m 7y<m>H _ < M™+ Hym,n) gyl (76)
1,00,wp 1,00,wp, 1,00,wp 1,00,wp
ITocainoBuicTh HADJIMXKEHD
y(m"”)(:c) = Rp(z, (y(m"”_l))évzo)7 T €Wy, .n=12 ..
36iraerbes (JUB. JOBeJEHHS TeopeMu 3) 1 Mag Micie OIiHKa MIBUAKOCTI 361:KHOCT
_ NTE qn
Hy(m,n) _y(m) _ < 2 (’r‘—‘rA) (77)
0,00,wh — {2

3 mepisHocreit (76), (77) sunnusae ouinka (75). l
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3 npakTuaHOro norsany s obuucienus poss’a3ky TPC (58) mouinbhinie BukopucroByBaTu irepanifiuuii Mmeros
Herorona. Jlineapusyemo (58) 3 ypaxyBanusaM piBHOCTE

hy Of (zo,y{™™ V)

™ (g, y ™)) = ™ (g, y =Dy 4 L Vy™ ™+ 0(h3),

4]60 8u
; . ; ey 2 M OF (2o, u™" ) O (o
(m) (m,n)y — (M) (m,n—1) M Y9I Y ) g, (M)
e "1,y ) = 9" (21, y )+ o B Vyg "+
R 3 (9f($2, (m,n— 1)) (mm) h% +h%
I\ d2 ) ) o112
2h1 Iy 8u Vyg + hl ’
i i . hy 21 00,0 )
(m) n)y _ (m) m,n—1) Ty Ly—1 J— j—1 <7n,n)
O (g, yt) = o (5, ) o, ™ Vy, 21+
m,n—1
+hj+1 Tji1 8f($j+lyyj('+1 ))V (m,n) Lo %
277,1 Ty 8u ]+1 hj ’
toai momudikoBanuii irepamniitauit meroa HpioToHa MaTuMe BUIJISAT,
) ha 0 (o, u8™" ) o () (m) (mn—1)y _  (mn=1)
Vy + ETV‘% = —p" (20, y""™ ) — Yz0
(’”) (m) (m,n—1) (mn 1) (m) (m,n—1)
Vz hax, 7. hy @9 0 T2,y m m mn,n— yz
1 1 f( 0 )V (m,n)+ 2 42 f( 2 )vyé 1,n) :*SD( )( ’y( 1)) 1 ’

51.171 2h1 8’11, Yo 251 T 8’11, hl T

m,n—1
hjt1 i1 af(931+17y3(+1 ))V (m,n)

(m,n—1)
1 _ . hj zj_1 Of(xj-1,y )
= (), () My Lj—1 J—b -1 (m ) ( _
Z; (a vyl )A + 27% X ou v ] + 2h1 Z; ou J+l
1 7 m,n— m,n
) (a5, y D) 4 — (Mg ) gy <, (78)
Xy z,7

y](ﬁz,n) _ y]('ﬁl,nfl) _i_vyj(_m,n)’ j=0,1,...,N, n=12,...

IV. YucenpHi ekcuepuMeHTH

IIpukmam 1. PosrmsguemMo kpaiioBy 3a1ady

1d | du 3 5 du 1
——lz— | =u"—-3u>, x€(0,1), limz— =0, u(l)=—
xdx[dx] a0, tmaf =0 u) =,
1 : e ‘
3 TOYHUM PO3B A3KOM u(x) = ﬁ 3amady OyneMo pO3B’A3yBaTH THCENBHO Ha piBHOMIpHIH citii Wy, = {x; = jh,
x
j=0,1,....,N, h = 1/N} 3a monomorow cxemu (58) mpu m = m = 4. JIjs po3B’a3yBAHHS TOTOMIKHHUX 34924

Komui (42), (43) 3acrocyemo meron psanis Teilsiopa 4eTBepToro Hopsaky TOYHOCTI, TOIL OTPUMAEMO

2 3 4 g2
Y1(4)1($1,U/) =g — hZf(O,U/O) _ %df(g;’uo) _ %d fég;u0)7
h h2 df (0 13 d2f(0 B f(0
2% (3 u) = —§f(0,uo) - f(d,xuo) - f;x;uo) -2 fch,guo)’
(@) e (=t 1 (=D T du B
P a3 = e + UL g ¢ g e 10T GO & R
h2 (71)a+1 1
2 {1 3G+ (—1°) A+ (-2 (@41t -e) =
(cpyert P2y (D df @ (- tipne) B A f (@5 Ui -ne)
6 45+ (-1)2) dx 24 dx? ’
_1\a+1 _1\a+1 du
. [_<1>+ L 1 } )
) = e TG Ce T G G 0 &

T=Tj (-1
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] J(@ g (—1)e s Ui (—1)a)—

. (_1)a+1 1 (—1)a+1
DT {1 2G4 (D)) T2+ (-2 20+ (-1)*)?
_» [1 (=t 1 ] Af (@4 (1) Uy (-1)~)
2 35+ (=1)*) " 3(j + (1)) dz
B3 Pf (@4 (1) Uy (-1)2)

dx?

Po3p’s130k piznuiesoi cxemu (58) y(»4), j=0,1,...N
MIyKATAMEMO 33 JOTTOMOTOK MOAMMDIKOBAHOTO iTepartiii-
HOTO MeTony HbioTOHA, & PO3B’SI3yBaHHS CUCTEMU JIiHIH-
HUX ajrebpaldHux piBHsHb (78) 3 TPUIIArOHAIBHOIO Ma-
TPHUIIEI0 — METOIOM IPOrOHKH. Pe3yapTaTu 9uceabHOro
PO3B’A3yBaHHA 33431 HABEAECHO B TAOJMUIIL, 1€

* *

Error = Hz(4) = Hy(‘l) —u

1,00,wp

)
0,00,0.1;}

1,00,wp

max{Hy(“) 7UH dey(4) —xd—u
0,00,@; dx dz

T=Ej(—n©

T=Ej+(—ne

B Ef@i e i ne)
24 dx3

T=Ej(—n@

1“1 o

p:10g2 HZ(4) * )

1,00,Wp, /2

NIT — xinpkicTs iTeparriii.

PesyabraTé umcesibHOTO pO3B’si3yBaHHS 3a/1ad4i

3a gonomoroio TPC mopsaaky Todnocti 4

N NIT Error p
20 9 0.7337E-05

40 4 0.4527E-06 4
80 4 0.2802E-07 4
160 3 0.1741E-08 4
320 3 0.1091E-09 4
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TPEXTOYEYHBIE PASHOCTHBIE CXEMBI BBICOKOTI'O ITOPAIKA
TOYHOCTU AJ1d HEJIMHEVHBIX JTNO®PEPEHIINMAJIBHBIX YPABHEHUUN
B COPEPNYECKOU CICTEME KOOPAVHAT

Kynunnern; A. B., Kyraus M. B.

Haoyuonarvnui yrusepcumem “JIvsuscvka nosumaxrruxa”
ya. C. Bandepw, 12, 79018, JIveos, Yrpauna

Paccmorpenst kpaesbie 3aja4u Jjisi HEJIMHEHHbIX CTAlMOHAPHBIX ypaBHEHUM B chepuueckoit
cucreme KoopauHaT (HEeMEEHHbE MU depeHMATFHBIE YPABHEHN BTOPOTO TOPAIKA C CHHTY-
JIAPHOCTBIO TEPBOr0 pona). [ljIs 9uCaeHHOTo perreHmns STOH 3aJa9u mOCTPOeHa U 0G0CHOBaHA
TOYHAs TPEXTOYEedHas PA3HOCTHAs CXeMa Ha HEPABHOMEPHOH cerke. /[0Ka3aHO CylIeCTBOBAaHUE
¥ €MHCTBEHHOCTH PENIEHUs] ITON CXEMbI, CXOAMMOCTb UTEPAIMOHHOTO METO/Ia TIOCJIeI0BATE b
HBIX IPUOIUKEHHUHN JJTst €€ PeIIeHUs.

Kuro4deBble cjioBa: Kpaesasi 3343a4a C CUHIYNSIPHOCTbIO, HEIMHENHOE 0BbbIkHOBEHHOE AnddepeH-
UManbHOE YpaBHEHME, TOYHAsi TPEXTOYEYHAsl PAa3HOCTHAs CXema, MeTOoq JIMHeapusauuu, NpuHLMn
CKUMAOWNX 0TOBpaXKeHni.

VIIK: 519.6

EXACT THREE-POINT DIFFERENCE SCHEME

FOR NONLINEAR STATIONARY DIFFERENTIAL EQUATIONS
IN SPHERICAL COORDINATES

Kunynets A. V., Kutniv M. V.

Lviv Polytechnic National Unwversity
12, S. Bandery Str., Lviv, 79013, Ukraine

The boundary value problems (BVP) for nonlinear stationary equations in spherical coordi-
nate system (so-called nonlinear second order differential equations with singularity of the first
kind) is considered. Exact three-point difference scheme (ETDS) on a irregular grid for the
numerical solution of this problem boundary value problems for nonlinear stationary equations
in spherical coordinate system is constructed and justified. The existence and uniqueness of the
solution of this scheme, the convergence of iterative method of successive approximation for its
solution are proved.

Key words: Singular boundary value problem, nonlinear ordinary differential equation, exact three-
point difference scheme, linearization method, principle of contraction mapping.

UDK: 519.6
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