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We constructed and substantiated the exact three-point differential scheme for the numer-
ical solution of boundary value problems on a semi-infinite interval for systems of second
order nonlinear ordinary differential equations with non-selfadjoint operator. The exis-
tence and uniqueness of the solution of the exact three-point difference scheme and the
convergence of the method of successive approximations for its findings are proved under
the conditions of existence and uniqueness of the solution of the boundary value problem.
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1. Introduction

The bases of theory of exact difference schemes and truncated schemes of any order of accuracy for
nonlinear ordinary differential equations with boundary conditions of the general form are described
in [1,4]. In the papers [4,5], exact and truncated three-point difference schemes on finite irregular
grid with nonlinear asymptotic boundary condition on right end of the grid for numerical solution of

boundary value problems on a semi-axis are constructed in the form

d*u 9 .
w —mu = _f(xvu)v (S (0,00), ’U,(O) = M1, xli{glou(x) =0,
m#£0, i, flz,u) €R.

In this paper, in contrast to [4-6], the exact three-point difference scheme (ETDS) of not divergent
type is constructed and justified on finite irregular grid for the system of nonlinear ordinary second

order differential equations

2
dxz?

with the boundary conditions

where wu, 1, f(x,u) € R™.
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ydu

mio = xz € (0,00), m#0, (1)

—f(fI,',’U,)’

0,

w(0) = pr,  lim u(z)
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2. Existence and uniqueness of the solution

In [3, p. 80| sufficient conditions for existence of a solution of the problem (1), (2) are given. The
following assertion gives the sufficient conditions of existence and uniqueness of the solution of the
problem (1), (2), which follows from Banach’s leed Point Theorem.

We introduce the function u(® (z) = yye —m*z and set

Q(D,p) = {u(x) cu(z) € C1(D), Hu — u(O)H < B, DC [0,00)} ,

1,00,D
du
lully o0, p = max q ulloons |5 NG lullo,oo,p = max u(z)ll
where (u,v) is scalar product of vectors u,v € R”, |lu|| = (u,u)"/? is norm of the vector u € R”.

Theorem 1. Let the following conditions are satisfied

fu(@) = f(z,u) € Q0,00) Vu € R",

Vr > 03K (x) € L1[0,00) : || f(z,u)| < K(z) Vz € [0,00),u € Q([0,00),7), (3)
. .2 i 2 1 T
i e m/em K (€)de =0, max{m,l} /K(g)dg <r (4)
0 0
Vr>03L(x) € Ly : ||f(z,u) — f(z,v)] < L(z) [[lu—v| Vze€l0,00), u,v e Q[0,0),7), (5)

¢ = max {% 1} 70L(§)d§ <1, (6)
0

then the boundary value problem (1), (2) on the set Q([0,00),r) has a unique solution u(x), which can
be found by fixed point iteration

d?uF) o du(®)
u®(0) = py, ILm uF(z) =0, k=12,..

with error estimation

Hu(k) —uH € ., (8)

Loo,[0,00) ~1—¢q

N

Here Q°[0, 00) is the class of piecewise continuous functions with a finite number of discontinuity points
of first kind.
Proof. We write the problem (1), (2) in the equivalent integral form

u(z) = / G, &) F(E.u(€)de +u® (), =30, (9)
0

where

1 —m2z
o) = m12 (1— ), 0<z<E,

e " (e 1)
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is the Green’s function of problem (1), (2). Since

P xT o0 oo
e~ m 2 fmz 1 e
lu@l < o [erer©ie - [ K@+ [K(©de+ e,
0 0 T

then due to the assumption of the theorem, function (9) satisfies the boundary condition as z — co.
Let us show that the operator (9) transforms the set ([0, c0), ) into itself. Taking into account (3),
from the equality (9) we get

[t o) = u® < 16 gpn K@ Vo€ (0.0,
0

From inequalities

/ycx,gu( _m/ K(e)de+ 1= /K

o0

— 7K <= / K(€)de

0

7‘%‘ K(€)d§ =™ /ﬂc(e’”Q5 ~ DK (€)dE +e ™" 7K(§)d§ < 7K(§)d§
0 0 J ;

follows that

Hm(x’”(')) _ “(0)H1 o) <r Yo e Q(0,00),7),

i.e. the operator (9) transforms the set ©([0,00),r) into itself.
Moreover, under the condition (6), the operator Re(x,u(-)) is contractive on the set ([0, c0),r),
thus, we have

||%(x’u()) - sR(‘T’v(’))”l,oo,[o,oo) < Hu - UHl,oo,[O,oo) / HG(xag)Hl,oo,[O,oo) L(g)dg <
0

< QHU_UHLOO,[O,OO) Vu,v € Q([O’OO)’T)'

Therefore, the operator R(z, u(-)) satisfies all conditions of Banach’s Fixed Point Theorem, and this
implies that the equation (9) has a unique solution that can be obtained by fixed point iterations (7)
with the error estimation (8) (see, for example, [7]). [

Remark 1. Since

du

dx

x oo
< emQx/em25K )dE + e~ /K )d€ + || ] m2e” ",
0

then in accordance with the condition (4)
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3. The existence of the exact three-point scheme

We introduce irregular grid on the interval [0, co)

N
(fJN: {xj S [0,00), 7=0,1,...,.N, g =0, h]‘ =T; —Tj-1 > 0, Zhj :xN}
j=1

so that the discontinuity points of the function f(z,u) coincide with the grid nodes. The set of all
discontinuity points is denoted by p and we will assume that N is such that p C @y. According to [2,5],
we introduce the following conditions on the step h; of grid wy:

hmax
C1 < < C2, (10)
hmin
where c¢1,co are real constants. For achievement of the maximum order of convergence of difference

schemes, one needs
1

—_

N

(11)

TN <
hmax hmin

From the inequalities hpin N < xny = h1 + ha + ... + Any < hpaxN and (11), the relation follows

On the basis of (10) we obtain

hmax

1 1
cy < hmin < \/—N’ c2hmin 2 hmax 2 ﬁ
This yields inequalities
1 vN
@ h — < hpin NV <2y < hpaxV < oV N. (12)

h < —= in = ———
max X \/N’ min = 62\/N’ CQ

Hence, we will have that hy. — 0, zxy — oo for N — oo.
Now we consider boundary value problems

d2Yy (x,u) o2 dYd (z,u)

= —f(x,YO{(x,u)), Tj—2+a < T < Tj—1+as

dz? dx
j j (13)
Yi(#j-21a,u) = w(Tj-24a), YI(Tj—14a,u) = u(Tj-11a),
j=2—-a,3—qa,..N+1—a, a=1,2
2y dysN
2 (;I;’u) +m2 2 (x,u) — —f(fE,YZN(ZC,U)), T >:CN,
dx dx (14)

Y (en,u) = uley),  lim Y3V (2,u) =0.
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Lemma 2. Let the conditions (3)—(6) are satisfied, then problems (13), (14) will have a unique solu-
tion Y (z,u),j = 2—a,3—a,...,N+1—a,a = 1,2, Y3 (z,u), and the solution of the problem (1), (2)

can be represented in the form
u(z) = Yi(z,u), @ € [Tj-21a,Tj-14al;
j=2—-a,3—a,...N+1—a, a=1,2,
u(z) = YV (z,u), =z € [zy,0).
Proof. The boundary value problems (13), (14) can be written in the equivalent form

Y3 () = / GI 1 (€ £ (€, Y3 (€, u))dE + ),

Tj—24a
T E[Tj—2ta,Tj14al, j=2—,3—0a,..N+1l—-a, a=12,

e—QO]-_2+a _ e—QO e—QO _ 6_m2zj_1+°‘

Uj—1+a +

u(x) = Uj—2+4a,

e~ M2Tj_2ta _ e—M2Tj_1ta e~ M2Tj_2ta _ e—M2Tj_1ta

1/2]\7('T’u) = /Goo(x’g)f(g’ygv(g’u))dg + uNeme(zfo)’ T e ['TN’ OO)’

TN

where

(6_m2x.7'—2+0¢ — e_mQJj) (1 — e—mQ(J?]'_p,_a—f))
m2 (eme:vj,nga _ emeIj,Ha)
(6—m2$ — e—m2$.7'—1+a> (em2(§_$j—2+a) — 1)

m2 (e—QOj_2+a _ e_m2x.7'—1+0¢)

; xj—Z—i—oz < x g 57
i—1
G (a,€) =

) 5 < T < :Cj71+a)

1
o (1o emm) <
(xvf) B 1 —m2z [ _m?3¢ m2z
We (e —e ) , =€
For o = 1 we get
e~ Ti1 _ gmmie 7 2
ﬂ(x) :e_m2zj—1 — e—m2x; /G(xj,ﬁ)f(f,u)df + e+
0
6—m2x _ e—m2z7 ® 2
* e~mPTj1 _ g—mPx; /G(xj—lvf)f(&u)dg +pe” I w € [z, 3],
0

u(@)e ™ ) = T ) / Glaw, ©)F (6, w)dE + e ™ | |z € [zy, 00).
0

Since

2 —m?2 —m?2 —m2xs
mexj_1 _ o—m-x 5 M T _ o—m T

€ 2

2. 2. 2. 2y
e~ M?Tj—1 _ p—mAx; e~ M?Tj—1 _ p—mz;
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that
9 2 o
R e mrj—1 _ e mex
(o) = o [ Gl OF(€E w)de
e -1 —e J
0
emeIL‘ _ efm2:vj i
* e~mPTj—1 _ o—mPT; /G(le,f)f(f,u)df + U(O)(:C)’ x € [xjfl’x]']’
0
wy ()" TN = g emen) / Glan, &) f(&u)ds ++u(z), € [wy,00).
0
Then
77’1’7, X m o 771’7,2:)3 mex' o
j e -1 — ¢ e — € J
Vi = = [+~ Gl o e e
e J — € (& J — e J
0 0

*/@mmmW@W@ﬂﬂw,mmeL

Tj—1

Y (2,u) = %zN/me f(Eu %+/wa£ﬂ£n(&ﬁﬁ+u() z € [y, 00).
0

Based on equality Y3 (z,u) = Y7 (2,u) we have

2 o0
. e—miTi _ 7m —m?2 Tl
Yzj(x,u) = o—m2z; _ _QO]_H /G Lj+1; & (&, )df'f' _ 29[;]. _QO]_H /G z5,€ ;u)dé+
0
Zj+1
+/@Wmmm%mm+wm,mm@m
Zj

Thus, the question of the existence and uniqueness of the solution of the problem (16), (18) is
equivalent to the analogous problem for the equations

2
e~ M Tj—2+a _ o —m?

ng(x) = ng(x’u’ ng) =

e_m2$]—2+a — _m Tj—14a

/Galmf F(€ u)de+
0

e~ M°T _ —m Tj—1ta OOG p
+e—m2m] 24 _e—szJ 1+a/ :CJ 2+CU€ (S’u) £+ (21)
0
Tj—14+a
b [ @A U W) + ),
Tj—24a

TE[XTji 210, Tj14al, j=2—-,3—0a,..N+1l—-0a, a=1,2
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02(@) = 8 e U) = ) [ Glan €116 e
0

T / G (2, ) (6, U (€, u))dé +uO(x), € [zy, 00).

We show that the operators §(z,u, U2), 3’§V(:c,u, UY) transform sets Q ([2j—24a,Tj—1+4als7),
Q ([zn,00),7) accordingly into themselves. Let UA(z) € Q([zj-2+a Tj—1+al,7), U () € Q ([N, 00),7).
Then

2
e~ M Tj—24a _ o= m2

I (z,u, U2) — ulO(z H 3
—m Tj—24+a — —m Tj—1+4a

/G Tj11a,§)K(§)dE+
0

e~ M Tj—24a _ o=M2Tj_14a
Tj—14+a 2 x
e m-x
v [ oreor@©de= / ("~ DK (€)de+
Tj—24a
T / K(©de< 5 [ K@),
m?
0
O (x,u, Uj) du® (z
/ CE_DK(E)dE+e™ /K d§</K )dg,
Ox dx
0

|85 @, Uf) = O (@)|| < e 7G<wN,5>K<f>df + / G (&, ) K ()€ =
0 TN

2

:en;z/w<em25— (e + oy — /K <o [ K©

m
0 0

xT

<em1/(em5—1) E)dE +e ™ /K gO/K(g)dg

H OSéV(x, u, UQN) B du(©) (x)

ox dx
0

From here ‘ ‘

‘ a(xvuvUé)_u(O)H ér,
1,00,[zj—2+0:%j—1+a]
HS%V(QC,U,UQN)—U H <
1,00,[zN,00)
Moreover,
@, U2) - B, 0F) <

1voov[xj72+ayxjfl+a]

ZTj—1+a
< / HGJ?PFQ(CU’§)|‘1,oo,[xj72+a,l“jfl+a] L(S)

ZTj—2+a

<

1,00,[j—24a:Tj—14a]

0

)

17007[zj72+a71'j71+a}
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[t 0) 5w O S TIG® 0 ) BEIE [ 0] <

OO:[$N7 1,00, $N, )

<qHU2N—U2NH

17007[sz00) ’

q= maX{%,l} /L(g)dg < 1.
0

Then, for the operators (21) on the sets Q([2j—24a,Zj—14al,r) and for operator (22) on
Q ([xn,00),7) all the conditions of Banach’s Fixed Point Theorem are fulfilled. Therefore, the prob-

lems (13) and (14) have a unique solution.

where

]
The form of ETDS for the problem (1), (2) and conditions of its existence give the assertion.

Theorem 3. Let the conditions of the Theorem 1 are satisfied. Then for the problem (1), (2) there
is ETDS in the form

1 A .
ﬁ (bjum,j — ajui,,j) = —ij(f(f,u(f))), ] = 1, 2, e N — 1, (23)
7
up = 1,  —anugn =miuy — TN(f (&, u(€))), (24)
where b h
Uj —Uj—1 Uj+1 — Uy j T 41
Uz, j h] 5 Uz, j thrl ) ] 2 )
2 2
m hj m hj+1
a’j emQh]. 1’ b] - 1_e_m2h]+1 = 1’25-- ’N’

Zj

Zj+1 (25)
+hj (1 el—m2h7+1) m/ (1 - 6—m2(x]-+1_5)> fEu(©)ds, j=1,2,..,N -1,
o / & MENIE + /N (e o) = 1) f(&,u())de,

the function u(€) on the right side of (23), (24) are defined by the formula (15) and depends only on

ug, U3y, UN.

Proof. ETDS for the problem

d*a du -
@‘f’mQ@ :—f(.’IJ,U), T < (O,TI,'N+1)7

u(0) = p1, u(rn41) =0

has a form )
h_ (b uaﬁj ajai,j) = —Tx(f(g’ﬁ(f)))’ .7 = 17 27 ) Nv (26)

u(0) =, w(zn41)=0. (27)
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Multiplying both sides of the equation (26) for j = N by hny = % (hnt1+hN), Any1 = zN4+1 — 2N,
we have

m2(ﬂN+1 — ﬂN) mthﬁij i

(1— e mhnsr) — em’hy —1

TN
1 2
- - m*(§—zn-1) _ i _
— [ (e 1) (€ (E)de
TN-1
TN+41
i [ (Lm0 pe (e
1 — e m*hni ’ ’
TN
Passing to the limit as xy4; — 0o, we obtain difference schemes (23), (24). |

We introduce a set of grid functions

Qwn, B) = {v(m), T € WN: Hv —u© " . < 5},
100,0n
where
ol e = g, sl ol sy = mas, e,
[0l oo = macc { o] o b _ i)
s loy [, J ] -

The existence of the solutions of nonlinear ETDS (23), (24) is proved in the Theorem 3, and
uniqueness is established in the next lemma.

Lemma 4. Let the conditions of the Theorem 1 are satisfied. Then there exists a number hg > 0

such that for |h| = max. h; < ho, ETDS (23),(24) have a unique solution V(uj)év:o € Q(wy,r) that
\j\

can be obtained by the method of successive approximations

1 I _ .
— (bul) - ajul)) =I5 (€ DE), j=1,2,., N =1,

£ (28)
k k k . —
up) =, —anully =mPuly) = T (F(E "I (E),
u® (z) = Yi(z,u®), 2 € [Tj-21a,Tj-11a),
j=2—-a,3—a,..N+1—a, a=1,2,
u® (z) = YN (2,u®), zelzy,00), k=1,2.. u9)= ,ule_m%
with the error estimate
% (k) k
SR W [ R [ PO S
1,00,& 0,00,L:)?\} dx dzx 0 N 1-— q1

where q1 = g+ M |h| < 1, M is the constant, which does not dependent on |h|.

Proof. Due to the difference scheme (23), (24) is exact, i.e. its solution is a projection of the exact
solution boundary value problem on the grid, then this solution for V& € wy can be written in the
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form
u(z) = Rp(z,u) :/G(%ﬁ)f(n,U(n))dn+U(O)(ﬂf) =
N oz D 00 (30)
- > / G(w,n)f(n,U(n))dnJr/G(w,n)f(n,um))dn+u(°)(w),
=l TN
where

u(n) = Yf(n,u), nE [xi—1,x], i=12,..,N,

u(n) =Yy" (n,u), 0 € [xn,00).

We will investigate the properties of the operator fRy(x,u). The operator (30) transforms the set
Q (@N,r) into itself. Let (vj)é-vzo eN (@N,r), then

v(z) = Yi(z,v) € Qzj—1,24],7), v(r)= Y (z,v) € Q[zy,00),7),

|0y w < [IGE@ I sy Kndn <7 (w3 € i),
0

Besides,
1Rk (2, u) = R (2, V)] o o < T2 = V1 00 0,00)
(31)
V(Uj);vzo’ (Uj)é'vzo € Q(on, 7).
We will show that
[ = 0ll1 oo f0,00) < (L+ MIA]) [ = vll} o 5 - (32)

For this, we consider boundary problems

d?u du
Pt ) e (o)

’UJ(.’Ejfl) = Uj-1, U(IEJ) = Uy, j == 1,2,...,N,
and )
d d
s Am = = —f(au), € (an,00),
u(zy) =uyn, lim u(z) =0,
T—00

we can write the solutions in the form

u(z) = / G, €) F(€, u(€))dé + ), w0 <z<zj, j=12..N

u(z) = /Goo(l",f)f(fau(f))df Fune ™ETEN) g > gy

where 4(z), G’ (x, &) are given by the formulas (17), (19) for a = 1 and G*(xz,£) by the formula (20).
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Based on the Lipschitz condition (5)

HU - UHl,oo,[acj_l,J:j} < / HG](:C’ 5)H1,00,[1‘]',1,1‘]'} L(S)dé- HU - /UHLOO:[:EJ'—I’J:J'] +

Tj—1

il P j=1,2,...,N,

[zj—1,25] 0

= 0l o S| 160t 00 LEE T = Ul +
TN

+H UN — U e_m2($_’”\’)H .
( N N) 1,00,[zN,00)

Since

2. 2
(e — ) uy — )
max +

Hu - —m2z. —m2z.
T€lTj-1,7;] e -l —e J

U”O,oo,[zj_l,zj] -

(e = e ) Jujs = vy

2. 2.
e~ MPTj—1 _ p—mAx;

_l’_

< M= vl o

dii _ do

dr dz

m2hie”™" |lugj — vz

= max 5 5
e~ M?Tj—1 _ o—m?Tj

TE€[wj_1,25]

0,00,[{L‘jfl,CEj}

du dv

dr dz

2
mPhy iz~ v
- 1J—ez_]m2hjxj < (L+ My fh))

b
0,00,& N

—m2 r—x
[un — oy eem| ety S0Vl

2
m=x
e N

o -]

- < Mo |l —
00, [z N,00) TN s v||0700,w$\ 2|hl [|u

v”O,oo,(Z)x )

then

[Ju — < (L+ Myh]) [u—

v”LO@[ﬂ»‘j—lﬂ»‘ﬂ =

+ || M3 ||lu —

U||1OOUJN /UHLOO,[m]'_l,ﬂ?j} ’

[t = 0l o fanrr00) < (14 Mo |B]) [Ju — + b My [Ju -

UHloowN le:OOa[mNaOO)'

From here we get estimates

o 1+M1]h\

||u _UHl,oo,[wj_l,wj} = — M; |h| H v”l,oo,@N <

< 1+yhyM)Hu_ j=1,2,..,N,

*
/UH17007‘5N ’

1+ My |h|
[ = 0l]1 0. 00) YA [u =07 o op < A+ [RIM)[lu—2|] 5,

from which the inequality (32) follows.
Taking into account (32), from estimates (31) we obtain

1Rs (2, u) — R (z,0) |5

H 1,00,61;(1

< (a+ MR = olf} oo oy = a1 1w~

*
UHl,oo,dJ]\L, .

According to (6), for sufficiently small hg we have ¢; < 1, and the operator (30) is a contraction
V(uj)évzo, (vj)évzo € Q(wn, 7). So, due to Banach’s Fixed Point Theorem, if hq is sufficiently small, then
ETDS (23), (24) has a unique solution, which can be obtained by successive approximations. [
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Lemma 5. Let there exists a constant A > 0 such that the conditions (3), (5) are satisfied on the set
Q([0,00),r + A). Then there exists such hy > 0, that for |h| < hg and V (vj);.V:O € Q (wn,r) problems

d2Yd (z,v) 2 dYd(z,v)

il S F@ Y@ ), Boaka <7< T ke

’ AV (i (—1e,v)  do (33)
Yo (@i v) = 0@ (1), i ,
T=Tjt (-1

j=2—-a,3—a,...N+1—0a, a=1,2,
Yy ayyy

YN (zy,v) = v(zy), leIEO Y3 (z,v) = 0

will have a unique solution.

Proof. Problems (33), (34) are equivalent to the operator equations

xT

, , , 1 .
V(o) = Rh(a,0. U =~z [ (1= 00) ple U+
Tj+(-1)@

1 — M @=zipna) gy
TV (1) + 2 - )

T=Tj(~1)0

HARS [.%'j_2+a,1‘j_1+a], ji=2-a,3—qa,..N+1—a, a=1,2

Uy (z) =Ry (x,0,Uy ) = / G (2, ) (&, U (&, 0))de+une ™ @3N g ¢ [ay, 00),

where G*°(z, &) are given by the formula (20). '
We investigate properties of operators Ra(x,v,UL), a = 1,2, RY (z,v,U). We should note, that

1 — e ™ @z ne) Gy, 0)

7m21‘
WO (@) = e =)+

m?2 dx ’
T=T )4 (1)

TE[Tji—2ta,Tj14al, J=2—-a,3—-0o,..N+1—-a, a=12,
u® (z) = uS\O,)e_mQ(z_mN), T >TN.
Let UJ € Q ([Tj—24as Tj—14a) ,7 + A), UN € Q([zn,00),7 + A), then

(0)

Hfﬁé(x,v, Ué) - ’U,(O)H < ij-f—(—l)o‘ - ujJr(,l)a +
2 Tj—14a
a1 —e ™ ETiene) gy du(®)
+ (-1 — o - = + [ K| <
T (DS =Tjtr(-no|l  zj_24a

< r+ M|h|,
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< (—1)a+1e*m2(“’x7+<*1>a)x

Hamg(x,v, Uy du(z)

ox dx
d d Yo
< |15 - = + [ K(@©d| <
dr|. _. = dr| _.
Z‘—CE]+(,1)O¢ CE—Z‘]+(,1)O¢ 2?‘7'_2_',0‘

< r+ M|h|,

H%év(x,v, Uiy - u(O)H < e EmaN)

1— efm2(zfo) ®
oy =) |+ = [ K <
TN

<r+ Mh YoveQwn,r),

R (v,0,03)  dul ()
ox dx

<me e oy —u @+ 7 K(€)de + / K(€)dt <

em

200
<r+Mh Yve Qn,r).
TN

< 7K(§)d§+

Hence ' '
¥, 0.02) — )| <rtA,

1,00,[Tj— 240, Tj—1+a)

H%é\[(x,v,UQN)—u(O)H <r+A,
1,00,[x n,00)
i.e. operators %&(x,v,Ué),a = 1,2, RY(2,v,U3) transforms the sets Q ([2j-2+a,Tj—14a,7 + A),
Q ([xn,00), 7 + A) respectively into themselves.
Besides,

N

_ —m2(z—¢)
/ e e x

1,00,[Tj—24a,Tj—1+a)

H%‘é(‘r’va Uc]u) - %Q(IE,U, Uc]u)

1,00,[j—24a:Tj—14a]

d

4 ~ .

Ua - ngH <
17007[zj72+a71'j71+a}

x

1— efm2(zij+(,1)a)

< : JRRIGLS |

m

Ui — i

e} «

<

1,00,[j—24a:Tj—14a]

Tj+(-1)« 1,00,[j—24asTj—1+a]
<qlh ‘ Ui - Ul :
< q|h| ||UZ =T, .
N N N TN
Hfﬁz (z,v,U3") =Ry (z,v,U; )Hloo [2x,00) S
s [ LN,
o
1— eme(zfo) -
< i /L(g)dg |od - | <
m 17007[331\7700)
1,007[1N700):EN

<aljor - o

00,[z N ,00)
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Since due to (6) ¢=q|h| <1 at sufficiently small hg, then operators f)figl(:c,v,Ugl), a=1,2,
RY (2,0,U)) are a contraction for all UL, Ul € Q([#j 210, Tj11al,7+A), UYUN €
Q([xn,00), 7+ A). Thus, in accordance with the satisfied Banach’s Fixed Point Theorems, at suf-
ficiently small hg, problems (33), (34) will have a unique solution. |

4. Conclusions

In this paper the exact three-point differential scheme for the numerical solution of boundary value
problems on a semi-infinite interval for systems of second order nonlinear ordinary differential equations
with non-selfadjoint operator is constructed and substantiated.
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