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Âñòóï

Òî÷íó òðèòî÷êîâó ðiçíèöåâó ñõåìó (ÒÒÐÑ) òà
òðèòî÷êîâi ðiçíèöåâi ñõåìè (ÒÐÑ) âèñîêîãî ïîðÿäêó
òî÷íîñòi ÷èñåëüíîãî ðîçâ'ÿçóâàííÿ êðàéîâèõ çàäà÷
íà ïiâïðÿìié äëÿ íåëiíiéíèõ çâè÷àéíèõ äèôåðåíöi-
àëüíèõ ðiâíÿíü äðóãîãî ïîðÿäêó ïîáóäîâàíî òà äî-
ñëiäæåíî ó ïðàöÿõ [1, 2]. Ó [3, 4] äëÿ çàäà÷i

d2u

dx2
+m2 du

dx
= −f(x, u), x ∈ (0,∞), m = const > 0,

u(0) = µ1, lim
x→∞

u(x) = 0

ðîçðîáëåíî òà îá ðóíòîâàíî ÒÒÐÑ òà ¨¨ àëãîðèòìi-
÷íó ðåàëiçàöiþ ÷åðåç ÒÐÑ âèñîêîãî ïîðÿäêó òî÷íî-
ñòi. Ó öié ðîáîòi ðåçóëüòàòè, îòðèìàíi â [3], óçàãàëü-
íåíî íà âèïàäîê êðàéîâî¨ çàäà÷i äëÿ ñèñòåìè íåëiíié-
íèõ çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü

d2u

dx2
+Adu

dx
= −f(x,u), x ∈ (0,∞),

u(0) = µ1, lim
x→∞

u(x) = 0,
(1)

äå u, µ1 ∈ Rn, ìàòðèöÿ A = [ais]
n
i,s=1 i âåêòîð-

ôóíêöiÿ f(x,u(x)) = {fi(x,u(x))}ni=1. Äëÿ çàäà÷i (1)
íà íåðiâíîìiðíié ñiòöi ïîáóäîâàíî òà îáãðóíòîâàíî
ÒÒÐÑ ç òî÷íîþ íåëiíiéíîþ êðàéîâîþ óìîâîþ íà ïðà-
âîìó ãðàíè÷íîìó êiíöi ñiòêè xN .

I. Iñíóâàííÿ òà ¹äèíiñòü ðîçâ'ÿçêó
çàäà÷i

Íàâåäåìî äîñòàòíi óìîâè iñíóâàííÿ òà ¹äèíîñòi
ðîçâ'ÿçêó çàäà÷i (1), ÿêi âèïëèâàþòü iç ìåòîäó ëi-

íåàðèçàöi¨ òà ïðèíöèïó ñòèñêóâàëüíèõ âiäîáðàæåíü
(äèâ., íàïðèêëàä, [6, 7]).

Çàäàìî ïî÷àòêîâå íàáëèæåííÿ u(0)(x)= exp(−Ax)µ1

i ìíîæèíó

Ω(D,β) =
{
u(x) : u(x) ∈ C1[0,∞),∥∥u− u(0)

∥∥
1,∞,D

≤ β, D ⊆ [0,∞)
}
,

∥u∥1,∞,D = max

{
∥u∥0,∞,D ,

∥∥∥∥dudx
∥∥∥∥
0,∞,D

}
,

∥u∥0,∞,D = max
x∈D

∥u(x)∥ .

Òåîðåìà 1. Íåõàé âèêîíóþòüñÿ óìîâè:

A = A∗, m2 ∥v∥2 ≤ (Av,v) ≤M2 ∥v∥2 , ∀v ∈ Rn (2)

fiu(x) ≡ fi(x,u) ∈ Q0[0,∞),
|fi(x,u)| ≤ Ki(x) ∈ L2[0,∞),

K(x) = {Ki(x)}ni=1

∀x ∈ [0,∞), u ∈ Ω([0,∞), r),

r = max

{
1

m2
, 1

} ∞∫
0

∥K(ξ)∥ dξ,

(3)

lim
x→∞

exp(−Ax)
x∫

0

exp(Aξ)K(ξ)dξ = 0 (4)

∥f(x,u)− f(x,v)∥ ≤ L(x) ∥u− v∥ ∀x ∈ [0,∞),
u,v ∈ Ω([0,∞), r),

(5)

L(x) ∈ L1[0,∞), q=max

{
1

m2
, 1

}∞∫
0

L(ξ)dξ < 1, (6)

c⃝ Î.I. Ïàçäðié, 2012
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Î.I. Ïàçäðié

òîäi çàäà÷à (1) ó Ω([0,∞), r) ìà¹ ¹äèíèé ðîçâ'ÿçîê
u(x), ÿêèé ìîæíà çíàéòè ìåòîäîì ïîñëiäîâíèõ íà-
áëèæåíü

d2u(k)

dx2
+Adu

(k)

dx
= −f(x,u(k−1)), x ∈ (0,∞),

u(k)(0) = µ1, lim
x→∞

u(k)(x) = 0, k = 1, 2, ...
(7)

ç îöiíêîþ ïîõèáêè∥∥∥u(k) − u
∥∥∥
1,∞,[0,∞)

≤ qk

1− q
r. (8)

Òóò (u,v) � ñêàëÿðíèé äîáóòîê äâîõ âåêòîðiâ
u, v ∈ Rn, ∥v∥ = (v,v)1/2 � íîðìà âåêòîðà, Q0[0,∞)
� êëàñ êóñêîâî-íåïåðåðâíèõ ôóíêöié çi ñêií÷åííîþ
êiëüêiñòþ òî÷îê ðîçðèâó ïåðøîãî ðîäó, m òà M �
äiéñíi ñòàëi.

� Äîâåäåííÿ. Çàäà÷ó (1) ìîæíà çàïèñàòè â åêâi-
âàëåíòíîìó iíòåãðàëüíîìó âèãëÿäi

u(x)=ℜ(x,u(·))=
∞∫
0

G(x, ξ)f(ξ,u(ξ))dξ+u(0)(x), x ≥ 0,

(9)
äå ôóíêöiÿ Ãðiíà çàäà÷i (1) ìà¹ âèãëÿä

G(x, ξ) =

{
A−1 (I − exp(−Ax)) , 0 ≤ x ≤ ξ,
A−1 exp(−Ax) (exp(Aξ)− I) , x ≥ ξ,

à I � îäèíè÷íà ìàòðèöÿ ðîçìiðó n× n.
Îñêiëüêè

|u(x)| ≤ A−1 exp(−Ax)
x∫

0

(exp(Aξ)− I)K(ξ)dξ+

+A−1 (I − exp(−Ax))
∞∫
x

K(ξ)dξ + exp(−Ax) |µ1| ,

òî çà óìîâ òåîðåìè ôóíêöiÿ (9) çàäîâîëüíÿ¹ êðàéîâó
óìîâó.

Ç ðiâíîñòi (9) ç âðàõóâàííÿì (3) îòðèìà¹ìî∥∥ℜ(x,v(·))− u(0)
∥∥
1,∞,[0,∞)

=

=

∞∫
0

∥G(x, ξ)∥1,∞,[0,∞) ∥f(ξ,v(ξ))∥ dξ ≤

≤
∞∫
0

∥G(x, ξ)∥1,∞,[0,∞) ∥K(ξ)∥ dξ.

Îñêiëüêè äëÿ ìàòðèöi A âèêîíóþòüñÿ óìîâè (2),
exp(±λx) ≥ 0, exp(λξ) ≤ exp(λx) äëÿ ∀λ ∈ [m2,M2],
ξ ∈ [0, x], òî exp(Aξ) ≤ exp(Ax) (äèâ. [5]). Çâiäñè

∞∫
0

∥G(x, ξ)∥ ∥K(ξ)∥ dξ =
∥∥A−1

∥∥ x∫
0

∥exp(−Ax) (exp(Aξ)− I)∥ ∥K(ξ)∥ dξ +
∞∫
x

∥I − exp(−Ax)∥ ∥K(ξ)∥ dξ

 ≤

≤
∥∥A−1

∥∥∥exp(−Ax) (exp(Ax)− I)∥
x∫

0

∥K(ξ)∥ dξ + ∥I − exp(−Ax)∥
∞∫
x

∥K(ξ)∥ dξ

 =

=
∥∥A−1

∥∥ ∥I − exp(−Ax)∥
∞∫
0

∥K(ξ)∥ dξ ≤

≤ 1

m2
max

m2≤λ≤M2
|1− exp(−λx)|

∞∫
0

∥K(ξ)∥ dξ ≤ 1

m2

∞∫
0

∥K(ξ)∥ dξ,

∞∫
0

∥∥∥∥∂G(x, ξ)∂x

∥∥∥∥ ∥K(ξ)∥ dξ = =

x∫
0

∥exp(−Ax) (I − exp(Aξ))∥ ∥K(ξ)∥ dξ +
∞∫
x

∥exp(−Ax)∥ ∥K(ξ)∥ dξ ≤

≤ ∥exp(−Ax) (I − exp(Ax))∥
x∫

0

∥K(ξ)∥ dξ + ∥exp(−Ax)∥
∞∫
x

∥K(ξ)∥ dξ =

= ∥exp(−Ax)− I∥
x∫

0

∥K(ξ)∥ dξ + ∥exp(−Ax)∥
∞∫
x

∥K(ξ)∥ dξ ≤

≤ max
m2≤λ≤M2

|1− exp(−λx)|
x∫

0

∥K(ξ)∥ dξ + max
m2≤λ≤M2

|exp(−λx)|
∞∫
x

∥K(ξ)∥ dξ ≤

≤
∞∫
0

∥K(ξ)∥ dξ.

50 Ïðèêëàäíà ìàòåìàòèêà i ìåõàíiêà

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



Òî÷íà òðèòî÷êîâà ðiçíèöåâà ñõåìà äëÿ ñèñòåì íåëiíiéíèõ çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü äðóãîãî ïîðÿäêó íà ïiâïðÿìié

Îòæå, äëÿ ∀v ∈ Ω([0,∞), r)∥∥∥ℜ(x,v(·))− u(0)
∥∥∥
1,∞,[0,∞)

≤

≤ max

{
1

m2
, 1

} ∞∫
0

∥K(ξ)∥ dξ = r,

òîáòî îïåðàòîð (9) ïåðåâîäèòü ìíîæèíó Ω([0,∞), r)
â ñåáå.

Êðiì òîãî, îñêiëüêè

∥ℜ(x,u(·)) − ℜ(x,v(·))∥1,∞,[0,∞) =

=

∞∫
0

∥G(x, ξ)∥1,∞,[0,∞) ∥f(ξ,u(ξ))− f(ξ,v(ξ))∥ dξ ≤

≤
∞∫
0

∥G(x, ξ)∥1,∞,[0,∞) L(ξ)dξ ∥u− v∥1,∞,[0,∞) ≤

≤ max

{
1

m2
, 1

} ∞∫
0

L(ξ)dξ ∥u− v∥1,∞,[0,∞) =

= q ∥u− v∥1,∞,[0,∞) ∀u,v ∈ Ω([0,∞), r),

òî ℜ(x,u(·)) íà Ω([0,∞), r) ¹ ñòèñêóâàëüíèì îïåðàòî-
ðîì.

Îòæå, ïðè q = max

{
1

m2
, 1

} ∞∫
0

L(ξ)dξ < 1 äëÿ îïå-

ðàòîðà ℜ(x,u(·)) âèêîíàíi âñi óìîâè ïðèíöèïó ñòè-
ñêóâàëüíèõ âiäîáðàæåíü, à òîìó ðiâíÿííÿ (9) ìà¹
¹äèíèé ðîçâ'ÿçîê, ÿêèé ìîæíà îäåðæàòè ìåòîäîì ïî-
ñëiäîâíèõ íàáëèæåíü (7) ç îöiíêîþ ïîõèáêè (8). �

II. Iñíóâàííÿ òî÷íî¨ òðèòî÷êîâî¨
ðiçíèöåâî¨ ñõåìè

Àíàëîãi÷íî, ÿê ó [1, 2], ââåäåìî íà iíòåðâàëi [0,∞)
íåðiâíîìiðíó ñiòêó

ˆ̄ωN = {xj ∈ [0,∞), j = 0, 1, ..., N, x0 = 0,

hj = xj − xj−1 > 0, h1 + h2 + ...+ hN = xN}

òàê, ùîá òî÷êè ðîçðèâó êîìïîíåíò âåêòîðà f(x,u)
çáiãàëèñü ç âóçëàìè ñiòêè. Áóäåìî âèìàãàòè, ùîá
ñïðàâäæóâàëèñü íåðiâíîñòi

hmax ≤ c2√
N
, hmin ≥ 1

c2
√
N
,

√
N

c2
≤ hminN ≤ xN ≤ hmaxN ≤ c2

√
N,

(10)

ÿêi çàáåçïå÷óþòü âèêîíàííÿ óìîâè, ùî hmax → 0,
xN → ∞ ïðè N → ∞.

Ââåäåìî ìíîæèíó ñiòêîâèõ ôóíêöié

Ω(ˆ̄ωN , β) =

{
v(x), x ∈ ˆ̄ωN :

∥∥∥v − u(0)
∥∥∥∗
1,∞,ω̂N

≤ β

}
,

äå

∥y∥1,∞, ˆ̄ωN
= max

0≤j≤N
∥yj∥ ,

∥y∥0,∞,ω̂+
N
= max

1≤j≤N
∥yj∥ ,

∥y∥∗1,∞,ω̂+
N
= max

{
∥y∥0,∞,ω̂+

N
,

∥∥∥∥dydx
∥∥∥∥
0,∞,ω̂+

N

}
,

ω̂+
N = ω̂N ∪ xN .

Ëåìà 1. Íåõàé âèêîíàíi óìîâè (2)�(5), òîäi
çàäà÷i

d2Yj
α(x,v)

dx2
+AdY

j
α(x,v)

dx
= −f(x,Yj

α(x,v)),

xj−2+α < x < xj−1+α,
Yj
α(xj−2+α,v) = v(xj−2+α),

Yj
α(xj−1+α,v) = v(xj−1+α), α = 1, 2,

(11)

d2YN
2 (x,v)

dx2
+AdY

N
2 (x,v)

dx
=−f(x,YN

2 (x,v)), x>xN ,

YN
2 (xN ,v) = v(xN ), lim

x→∞
YN

2 (x,v) = 0.

(12)
ìàòèìóòü ¹äèíèé ðîçâ'ÿçîê Yj

α(x,v), j = 2− α, 3−
α, ..., N + 1 − α, α = 1, 2, YN

2 (x,v), ïðè÷îìó äëÿ
ðîçâ'ÿçêó çàäà÷i (1) ñïðàâäæó¹òüñÿ çîáðàæåííÿ

u(x) = Yj
α(x,u), x ∈ [xj−2+α, xj−1+α],

j = 2− α, 3− α, ..., N + 1− α, α = 1, 2,

u(x) = YN
2 (x,u), x ∈ [xN ,∞).

(13)

� Äîâåäåííÿ. Êðàéîâi çàäà÷i (11), (12) çàïèøåìî â åêâiâàëåíòíié ôîðìi

Yj
α(x,u) =

xj−1+α∫
xj−2+α

Gj−1+α(x, ξ)f(ξ,Yj
α(ξ,u))dξ + û(x),

x ∈ [xj−2+α, xj−1+α], j = 2− α, 3− α, ..., N + 1− α, α = 1, 2,

(14)

û(x) = (exp(−Axj−2+α)− exp(−Ax)) (exp(−Axj−2+α)− exp(−Axj−1+α))
−1

u(xj−1+α)+

+ (exp(−Ax)− exp(−Axj−1+α)) (exp(−Axj−2+α)− exp(−Axj−1+α))
−1

u(xj−2+α),

YN
2 (x,u) =

∞∫
xN

G∞(x, ξ)f(ξ,YN
2 (ξ,u))dξ + exp(−A(x− xN ))uN , x ∈ [xN ,∞), (15)

Applied Mathematics and mechanics 51
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äå

Gj−1+α(x, ξ) =


A−1 (exp(−Axj−2+α)− exp(−Ax)) (exp(−Axj−2+α)− exp(−Axj−1+α))

−1 ×
× (I − exp(A(ξ − xj−1+α))) , xj−2+α ≤ x ≤ ξ,

A−1 (exp(−Ax)− exp(−Axj−1+α)) (exp(−Axj−2+α)− exp(−Axj−1+α))
−1 ×

× (exp(A(ξ − xj−2+α))− I) , ξ ≤ x ≤ xj−1+α,

G∞(x, ξ) =

{
A−1 (I − exp(A(xN − x)) , xN ≤ x ≤ ξ,

A−1 exp(−Ax) (exp(Aξ)− exp(AxN )) , x ≥ ξ.
(16)

Ïðè α = 1 îòðèìó¹ìî

û(x) = (exp(−Axj−1)− exp(−Ax)) (exp(−Axj−1)− exp(−Axj))−1 ×

×

 ∞∫
0

G(xj , ξ)f(ξ,u)dξ + exp(−Axj)µ1

+

+ (exp(−Ax)− exp(−Axj)) (exp(−Axj−1)− exp(−Axj))−1 ×

×

 ∞∫
0

G(xj−1, ξ)f(ξ,u)dξ + exp(−Axj−1)µ1

 ,

exp(−A(x− xN ))uN (x) = exp(−A(x− xN ))

 ∞∫
0

G(xN , ξ)f(ξ,u)dξ + exp(−AxN )µ1

 .
Îñêiëüêè

(exp(−Axj−1)− exp(−Ax)) (exp(−Axj−1)− exp(−Axj))−1
exp(−Axj)+

+ (exp(−Ax)− exp(−Axj)) (exp(−Axj−1)− exp(−Axj))−1
exp(−Axj−1) =

= (exp(−A(xj−1 + x))− exp(−A(xj + x))) (exp(−Axj−1)− exp(−Axj))−1
= exp(−Ax),

òî

û(x) = (exp(−Axj−1)− exp(−Ax)) (exp(−Axj−1)− exp(−Axj))−1

∞∫
0

G(xj , ξ)f(ξ,u)dξ+

+ (exp(−Ax)− exp(−Axj)) (exp(−Axj−1)− exp(−Axj))−1

∞∫
0

G(xj−1, ξ)f(ξ,u)dξ+

+ u(0)(x), x ∈ [xj−1, xj ],

exp(−A(x− xN ))uN (x) = exp(−A(x− xN ))

∞∫
0

G(xN , ξ)f(ξ,u)dξ + exp(−Ax)µ1, x > xN .

Òîäi

Yj
1(x,u) = (exp(−Axj−1)− exp(−Ax)) (exp(−Axj−1)− exp(−Axj))−1

∞∫
0

G(xj , ξ)f(ξ,u)dξ+

+ (exp(−Ax)− exp(−Axj)) (exp(−Axj−1)− exp(−Axj))−1

∞∫
0

G(xj−1, ξ)f(ξ,u)dξ+

+

xj∫
xj−1

Gj(x, ξ)f(ξ,Yj
1(ξ,u))dξ + u(0)(x), x ∈ [xj−1, xj ],

YN
2 (x,u) = exp(−A(x− xN ))

∞∫
0

G(xN , ξ)f(ξ,u)dξ +

∞∫
xN

G∞(x, ξ)f(ξ,YN
2 (ξ,u))dξ + u(0)(x).
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Íà ïiäñòàâi ðiâíîñòi Yj
2(x,u) = Yj+1

1 (x,u) ìà¹ìî

Yj
2(x,u) = (exp(−Axj)− exp(−Ax)) (exp(−Axj)− exp(−Axj+1))

−1

∞∫
0

G(xj+1, ξ)f(ξ,u)dξ+

+ (exp(−Ax)− exp(−Axj+1)) (exp(−Axj)− exp(−Axj+1))
−1

∞∫
0

G(xj , ξ)f(ξ,u)dξ+

+

xj+1∫
xj

Gj+1(x, ξ)f(ξ,Yj
2(ξ,u))dξ + u(0)(x).

Òîáòî, ïèòàííÿ iñíóâàííÿ òà ¹äèíîñòi ðîçâ'ÿçêó çàäà÷i (14), (15) åêâiâàëåíòíå äî àíàëîãi÷íî¨ ïðîáëåìè äëÿ
ðiâíÿíü

Uj
α(x) = ℑjα(x,u,Uj

α) =

= (exp(−Axj−2+α)− exp(−Ax)) (exp(−Axj−2+α)− exp(−Axj−1+α))
−1

∞∫
0

G(xj−1+α, ξ)f(ξ,u)dξ+

+ (exp(−Ax)− exp(−Axj−1+α)) (exp(−Axj−2+α)− exp(−Axj−1+α))
−1

∞∫
0

G(xj−2+α, ξ)f(ξ,u)dξ+

+

xj−1+α∫
xj−2+α

Gj−1+α(x, ξ)f(ξ,Uj
α(ξ,u))dξ + u(0)(x), x ∈ [xj−2+α, xj−1+α],

j = 2− α, 3− α, ..., N + 1− α, α = 1, 2,

(17)

UN
2 (x) = ℑN2 (x,u,UN

2 ) = exp(−A(x− xN ))

∞∫
0

G(xN , ξ)f(ξ,u)dξ+

+

∞∫
xN

G∞(x, ξ)f(ξ,UN
2 (ξ,u))dξ + u(0)(x).

(18)

Íåõàé Uj
α(x) ∈ Ω([xj−2+α, xj−1+α], r), U∞

2 (x) ∈ Ω([xN ,∞), r).∣∣∣ℑjα(x,u,Uj
α)− u(0)(x)

∣∣∣ ≤
≤ (exp(−Axj−2+α)− exp(−Ax)) (exp(−Axj−2+α)− exp(−Axj−1+α))

−1

∞∫
0

G(xj−1+α, ξ) |f(ξ,u)| dξ+

+ (exp(−Ax)− exp(−Axj−1+α)) (exp(−Axj−2+α)− exp(−Axj−1+α))
−1

∞∫
0

G(xj−2+α, ξ) |f(ξ,u)| dξ+

+

xj−1+α∫
xj−2+α

Gj−1+α(x, ξ)
∣∣f(ξ,Uj

α(ξ,u))
∣∣ dξ ≤

≤ A−1

x∫
0

exp(−Ax) (exp(Ax)− I)K(ξ)dξ +A−1

∞∫
x

(I − exp(−Ax))K(ξ)dξ =

= A−1 (I − exp(−Ax))
∞∫
0

K(ξ)dξ,
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∣∣∣∣ ∂∂xℑjα(x,u,Uj
α)−

du(0)(x)

dx

∣∣∣∣ ≤
x∫

0

exp(−Ax) (exp(Aξ)− I)K(ξ)dξ +

∞∫
x

(I − exp(−Ax))K(ξ)dξ ≤

≤ (I − exp(−Ax))
∞∫
0

K(ξ)dξ,

∣∣∣ℑN2 (x,u,UN
2 )− u(0)(x)

∣∣∣ ≤ exp(−A(x− xN ))×

×

 xN∫
0

A−1 exp(−AxN ) (exp(Aξ)− I)K(ξ)dξ +

∞∫
xN

A−1 (I − exp(−AxN ))K(ξ)dξ

+

+A−1 exp(−Ax)
x∫

xN

(exp(Aξ)− exp(AxN ))K(ξ)dξ +A−1 (I − exp(−A(x− xN )))

∞∫
x

K(ξ)dξ =

= A−1 exp(−Ax)
x∫

0

(exp(Aξ)− I)K(ξ)dξ +A−1 (I − exp(−Ax))
∞∫
x

K(ξ)dξ ≤

≤ A−1 (I − exp(−Ax))
∞∫
0

K(ξ)dξ,

∣∣∣∣ ∂∂xℑN2 (x,u,UN
2 )− du(0)(x)

dx

∣∣∣∣ ≤
x∫

0

exp(−Ax) (exp(Aξ)− I)K(ξ)dξ +

∞∫
x

(I − exp(−Ax))K(ξ)dξ ≤

≤ (I − exp(−Ax))
∞∫
0

K(ξ)dξ.

Îñêiëüêè äëÿ ìàòðèöi A âèêîíóþòüñÿ óìîâè (2), òî

∥∥∥ℑjα(x,u,Uj
α)− u(0)(x)

∥∥∥ ≤
∥∥A−1

∥∥ ∥I − exp(−Ax)∥
∞∫
0

∥K(ξ)∥ dξ ≤

≤ 1

m2
max

m2≤λ≤M2
|1− exp(−λx)|

∞∫
0

∥K(ξ)∥ dξ ≤ 1

m2

∞∫
0

∥K(ξ)∥ dξ,

∥∥∥∥ ∂∂xℑjα(x,u,Uj
α)−

du(0)(x)

dx

∥∥∥∥ ≤ ∥I − exp(−Ax)∥
∞∫
0

∥K(ξ)∥ dξ ≤

≤ max
m2≤λ≤M2

|1− exp(−λx)|
∞∫
0

∥K(ξ)∥ dξ ≤
∞∫
0

∥K(ξ)∥ dξ,

∥∥∥ℑN2 (x,u,UN
2 )− u(0)(x)

∥∥∥ ≤ 1

m2

∞∫
0

∥K(ξ)∥ dξ,

∥∥∥∥ ∂∂xℑN2 (x,u,UN
2 )− du(0)(x)

dx

∥∥∥∥ ≤
∞∫
0

∥K(ξ)∥ dξ,

i òîäi ∥∥∥ℑjα(x,u,Uj
α)− u(0)(x)

∥∥∥
1,∞,[xj−2+α,xj−1+α]

≤ max

{
1

m2
, 1

} ∞∫
0

∥K(ξ)∥ dξ = r,

∥∥∥ℑN2 (x,u,UN
2 )− u(0)(x)

∥∥∥
1,∞,[xN ,∞)

≤ max

{
1

m2
, 1

} ∞∫
0

∥K(ξ)∥ dξ = r,
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òîáòî îïåðàòîðè ℑj1(x,u,U
j
1), ℑN2 (x,u,UN

2 ) ïåðåâî-
äÿòü ìíîæèíè Ω([xj−2+α, xj−1+α], r), Ω([xN ,∞), r)
âiäïîâiäíî â ñåáå. Êðiì òîãî∥∥∥ℑjα(x,u,Uj

α)−ℑjα(x,u, Ũj
α)
∥∥∥
1,∞,[xj−2+α,xj−1+α]

≤

≤max

{
1

m2
, 1

}∞∫
0

L(ξ)dξ
∥∥∥Uj

α − Ũj
α

∥∥∥
1,∞,[xj−2+α,xj−1+α]

=

= q
∥∥∥Uj

α − Ũj
α

∥∥∥
1,∞,[xj−2+α,xj−1+α]

,∥∥∥ℑN2 (x,u,UN
2 )−ℑN2 (x,u, ŨN

2 )
∥∥∥
1,∞,[xN ,∞)

≤

≤ max

{
1

m2
, 1

} ∞∫
0

L(ξ)dξ
∥∥∥UN

2 − ŨN
2

∥∥∥
1,∞,[xN ,∞)

=

= q
∥∥∥UN

2 − ŨN
2

∥∥∥
1,∞,[xN ,∞)

,

äå q = max

{
1

m2
, 1

} ∞∫
0

L(ξ)dξ < 1.

Îòæå, äëÿ îïåðàòîðiâ (17), (18) â îáëàñòi
Ω ([xj−2+α, xj−1+α], r) òà Ω([xN ,∞), r) âiäïîâiäíî âè-
êîíóþòüñÿ âñi óìîâè ïðèíöèïó ñòèñêóâàëüíèõ âiä-
îáðàæåíü, à òîìó çàäà÷i (11) i (12) ìàþòü ¹äèíèé
ðîçâ'ÿçîê. �

Òåîðåìà 1. Íåõàé âèêîíóþòüñÿ óìîâè òåî-
ðåìè 1. Òîäi äëÿ çàäà÷i (1) iñíó¹ ÒÒÐÑ âèãëÿäó

1

~j
(Bjux,j −Ajux̄,j) = −T̂ xj (f(ξ,u(ξ))),

j = 1, 2, ..., N − 1,
(19)

u0 = µ1, −ANux̄,N = AuN − T̂ xN (f(ξ,u(ξ))), (20)

äå

ux̄,j = h−1
j (uj − uj−1) , ux,j = h−1

j+1 (uj+1 − uj) ,

~j =
hj + hj+1

2
,

Aj = hjA (exp(Ahj)− I)
−1
,

Bj = hj+1A (I − exp(−Ahj+1))
−1
,

j = 1, 2, ..., N − 1,

T̂ xj (f(ξ,u(ξ))) = ~−1
j (exp(Ahj)− I)

−1 ×

×
xj∫

xj−1

(exp(A(ξ − xj−1))− I) f(ξ,u(ξ))dξ+

+ ~−1
j (I − exp(−Ahj+1))

−1 ×

×
xj+1∫
xj

(I − exp(A(ξ − xj+1))) f(ξ,u(ξ))dξ,

j = 1, 2, ..., N − 1,

(21)

T̂ xN (f(ξ,u(ξ))) =

∞∫
xN

f(ξ,u(ξ))dξ + (exp(AhN )− I)
−1 ×

×
xN∫

xN−1

(exp(A(ξ − xN−1))− I) f(ξ,u(ξ))dξ,

à ôóíêöiÿ u(ξ) ó ïðàâié ÷àñòèíi (19), (20) âèçíà-
÷à¹òüñÿ çà ôîðìóëàìè (13) i çàëåæèòü òiëüêè âiä
u(xj), j = 0, 1, . . . , N .

� Äîâåäåííÿ. ÒÒÐÑ äëÿ çàäà÷i

d2ũ

dx2
+Adũ

dx
= −f(x, ũ), x ∈ (0, xN+1),

ũ(0) = µ1, ũ(xN+1) = 0

ìà¹ âèãëÿä

1

~j
(Bjũx,j−Ajũx̄,j) = −T̂ xj (f(ξ, ũ(ξ))), j=0, 1, . . ., N,

(22)

ũ(0) = µ1, ũ(xN+1) = 0. (23)

Ïîìíîæèìî îáèäâi ÷àñòèíè ðiâíÿííÿ (22) ïðè j = N íà ~N =
1

2
(hN+1 + hN ), hN+1 = xN+1 − xN :

A (I − exp(−AhN+1))
−1

(ũN+1 − ũN )− hNA (exp(AhN )− I)
−1

ũx̄,N =

= − (exp(AhN )− I)
−1

xN∫
xN−1

(exp(A(ξ − xN−1))− I) f(ξ, ũ(ξ))dξ−

− (I − exp(−AhN+1))
−1

xN+1∫
xN

(I − exp(A(ξ − xN+1))) f(ξ, ũ(ξ))dξ

i ïåðåéäåìî äî ãðàíèöi ïðè xN+1 → ∞, òîäi îäåðæèìî (19), (20). �
Iñíóâàííÿ ðîçâ'ÿçêó íåëiíiéíî¨ ÒÒÐÑ (19), (20) äîâåäåíî â òåîðåìi 1, à ¹äèíiñòü âñòàíîâëþ¹

Ëåìà 2. Íåõàé âèêîíàíi óìîâè òåîðåìè 1. Òîäi iñíó¹ òàêå h0 > 0, ùî ïðè |h| ≤ h0 ÒÒÐÑ (19), (20)
ìàòèìå ¹äèíèé ðîçâ'ÿçîê ∀(uj)Nj=0 ∈ Ω(ˆ̄ωN , r), ÿêèé ìîæíà îäåðæàòè ìåòîäîì ïîñëiäîâíèõ íàáëèæåíü:

1

~j

(
Bju

(k)
x,j −Aju

(k)
x̄,j

)
= −T̂ xj (f(ξ,u(k−1)(ξ))), j = 1, 2, ..., N − 1,

u
(k)
0 = µ1, −ANu

(k)
x̄,N = Au

(k)
N − T̂ xN (f(ξ,u(k−1)(ξ))),

(24)
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u(k)(x) = Yj
α(x,u

(k)), x ∈ [xj−2+α, xj−1+α], j = 2− α, 3− α, ..., N + 1− α, α = 1, 2,

u(k)(x) = YN
2 (x,u(k)), x ∈ [xN ,∞), k = 1, 2, ..., u(0)(x) = exp(−Ax)µ1

ç îöiíêîþ ïîõèáêè

∥∥∥u(k) − u
∥∥∥∗
1,∞,ω̂+

N

= max

{∥∥∥u(k) − u
∥∥∥
0,∞,ω̂+

N

,

∥∥∥∥du(k)

dx
− du

dx

∥∥∥∥
0,∞,ω̂+

N

}
≤ qk1

1− q1
r, (25)

äå q1 = q +M1 |h| < 1, M1 � êîíñòàíòà.

�Äîâåäåííÿ. Ðiçíèöåâà ñõåìà (19), (20) ¹ òî÷íîþ,
òîáòî ¨¨ ðîçâ'ÿçîê ¹ ïðîåêöi¹þ òî÷íîãî ðîçâ'ÿçêó çà-
äà÷i íà ñiòêó, òîìó ¨¨ ðîçâ'ÿçîê äëÿ ∀x ∈ ˆ̄ωN ìîæíà
çàïèñàòè ó âèãëÿäi

u(x) = ℜh(x,u) =
∞∫
0

G(x, η)f(η,u(η))dη + u(0)(x) =

=
N∑
i=1

xi∫
xi−1

G(x, η)f(η,u(η))dη+

+

∞∫
xN

G(x, η)f(η,u(η))dη + u(0)(x),

(26)
äå

u(η) = Yi
1(η,u), η ∈ [xi−1, xi], i = 1, 2, ..., N,

u(η) = YN
2 (η,u), η ∈ [xN ,∞).

Äîñëiäèìî âëàñòèâîñòi îïåðàòîðà ℜh(x,u). Îïå-
ðàòîð (26) ïåðåâîäèòü ìíîæèíó Ω

(
ˆ̄ωN , r

)
â ñåáå. Íå-

õàé (vj)
N
j=0 ∈ Ω

(
ˆ̄ωN , r

)
, òîäi

v(x) = Yi
1(x,v) ∈ Ω([xj−1, xj ], r),

v(x) = YN
2 (x,v) ∈ Ω([xN ,∞), r),∥∥∥ℜh(x,v)− u(0)

∥∥∥∗
1,∞,ω̂+

N

≤

≤
∞∫
0

∥G(x, η)∥∗1,∞,ω̂+
N
∥K(η)∥ dη ≤ r ∀(vj)Nj=0 ∈ Ω(ˆ̄ωN , r).

Êðiì òîãî,

∥ℜh(x,u)−ℜh(x,v)∥∗1,∞,ω̂+
N
≤ (27)

≤ q ∥u− v∥1,∞,[0,∞) ∀(uj)Nj=0, (vj)
N
j=0 ∈ Ω(ˆ̄ωN , r).

Ïîêàæåìî, ùî

∥u− v∥1,∞,[0,∞) ≤ (1 +M |h|) ∥u− v∥∗1,∞,ω̂+
N
. (28)

Äëÿ öüîãî ðîçãëÿíåìî êðàéîâi çàäà÷i

d2u

dx2
+Adu

dx
= −f(x,u), x ∈ (xj−1, xj),

u(xj−1) = uj−1, u(xj) = uj , j = 1, 2, ..., N,

d2u

dx2
+Adu

dx
= −f(x,u), x ∈ (xN ,∞),

u(xN ) = uN , lim
x→∞

u(x) = 0,

ðîçâ'ÿçêè ÿêèõ çàïèøåìî ó âèãëÿäi

u(x) =

xj∫
xj−1

Gj(x, ξ)f(ξ,u(ξ))dξ + û(x),

xj−1 ≤ x ≤ xj , j = 1, 2, ..., N,

u(x) =

∞∫
xN

G∞(x, ξ)f(ξ,u(ξ))dξ + exp(−A(x− xN ))uN ,

x ≥ xN ,

äå

û(x) = (exp(−Axj−1)− exp(−Ax)) (exp(−Axj−1)− exp(−Axj))−1
u(xj)+

+ (exp(−Ax)− exp(−Axj)) (exp(−Axj−1)− exp(−Axj))−1
u(xj−1), x ∈ [xj−1, xj ], j = 1, 2, ..., N,

Gj(x, ξ) =


A−1 (exp(−Axj−1)− exp(−Ax)) (exp(−Axj−1)− exp(−Axj))−1 ×

× (I − exp(A(ξ − xj))) , xj−1 ≤ x ≤ ξ,

A−1 (exp(−Ax)− exp(−Axj)) (exp(−Axj−1)− exp(−Axj))−1 ×
× (exp(A(ξ − xj−1))− I) , ξ ≤ x ≤ xj ,

j = 1, 2, ..., N,

à G∞(x, ξ) çàäà¹òüñÿ ôîðìóëîþ (16).
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Íà ïiäñòàâi óìîâè Ëiïøèöÿ

∥u− v∥1,∞,[xj−1,xj ]
≤

xj∫
xj−1

∥∥Gj(x, ξ)∥∥
1,∞,[xj−1,xj ]

L(ξ)dξ ∥u− v∥1,∞,[xj−1,xj ]
+

+ ∥û− v̂∥1,∞,[xj−1,xj ]
, j = 1, 2, ..., N,

∥u− v∥0,∞,[xN ,∞) ≤
∞∫

xN

∥G∞(x, ξ)∥0,∞[xN ,∞) L(ξ)dξ ∥u− v∥0,∞,[xN ,∞) + |u(xN )− v(xN )| .

Îñêiëüêè

∥û− v̂∥0,∞,[xj−1,xj ]
≤ max
x∈[xj−1,xj ]

{∥∥∥(exp(−Axj−1)− exp(−Ax)) (exp(−Axj−1)− exp(−Axj))−1
∥∥∥ ∥uj − vj∥ +

+
∥∥∥(exp(−Ax)− exp(−Axj)) (exp(−Axj−1)− exp(−Axj))−1

∥∥∥ ∥uj−1 − vj−1∥
}
≤

≤ ∥u− v∥0,∞,ω̂+
N
,

∥∥∥∥dûdx − dv̂

dx

∥∥∥∥
0,∞,[xj−1,xj ]

≤ max
x∈[xj−1,xj ]

{
hj

∥∥∥A exp(−Ax) (exp(−Axj−1)− exp(−Axj))−1
∥∥∥ ∥ux̄,j − vx̄,j∥

}
=

= hj

∥∥∥A (I − exp(−Ahj))−1
∥∥∥ ∥ux̄,j − vx̄,j∥ ≤ (1 +M1 |h|)

∥∥∥∥dudx − dv

dx

∥∥∥∥
0,∞,ω̂+

N

,

∥exp(−A(x− xN ))(uN − vN )∥1,∞,[xN ,∞) ≤ (1 +M2 |h|) ∥u− v∥∗1,∞,ω̂+
N

òî
∥u− v∥1,∞,[xj−1,xj ]

≤ (1 +M1 |h|) ∥u− v∥∗1,∞,ω̂+
N

+ |h|M3 ∥u− v∥1,∞,[xj−1,xj ]
,

∥u− v∥1,∞,[xN ,∞) ≤ (1 +M2 |h|) ∥u− v∥∗1,∞,ω̂+
N
+ |h|M4 ∥u− v∥1,∞,[xN ,∞) .

Çâiäñè îòðèìà¹ìî îöiíêè

∥u− v∥1,∞,[xj−1,xj ]
≤ 1 +M1 |h|

1−M3 |h|
∥u− v∥∗1,∞,ω̂+

N
≤ (1 + |h|M) ∥u− v∥∗1,∞,ω̂+

N
, j = 1, 2, ..., N,

∥u− v∥1,∞,[xN−1,∞) ≤
1 +M2 |h|
1−M4 |h|

∥u− v∥∗1,∞,ω̂+
N
≤ (1 + |h|M) ∥u− v∥∗1,∞,ω̂+

N
,

ç ÿêèõ âèïëèâà¹ íåðiâíiñòü (28).
Âðàõîâóþ÷è (28), ç îöiíêè (27) îòðèìà¹ìî

∥ℜh(x,u)−ℜh(x,v)∥∗1,∞,ω̂+
N
≤ (q +M |h|) ∥u− v∥∗1,∞,ω̂+

N
= q1 ∥u− v∥∗1,∞,ω̂+

N
.

Îñêiëüêè íà ïiäñòàâi (5) q<1, òî q1<1
ïðè äîñòàòíüî ìàëîìó h0 i îïåðàòîð (26) äëÿ
∀(uj)Nj=0, (vj)

N
j=0 ∈ Ω(ˆ̄ωN , r) çäiéñíþ¹ ñòèñêóâàëüíå

âiäîáðàæåííÿ. Îòæå, çãiäíî ç ïðèíöèïîì ñòèñêóâàëü-
íèõ âiäîáðàæåíü, ïðè äîñòàòíüî ìàëîìó h0 ÒÒÐÑ
(19), (20) ìà¹ ¹äèíèé ðîçâ'ÿçîê, ÿêèé ìîæíà îòðè-
ìàòè ìåòîäîì ïîñëiäîâíèõ íàáëèæåíü (24) ç îöiíêîþ
ïîõèáêè (25). �

Ëåìà 3. Íåõàé iñíó¹ ñòàëà ∆ > 0 òà-
êà, ùî óìîâè (2), (4) ñïðàâäæóþòüñÿ â îáëàñòi
Ω ([0,∞), r +∆). Òîäi iñíó¹ òàêå h0 > 0, ùî ïðè

|h| ≤ h0 i ∀ (vj)Nj=0 ∈ Ω
(
ˆ̄ωN , r

)
çàäà÷i

d2Yj
α(x,v)

dx2
+AdY

j
α(x,v)

dx
= −f(x,Yj

α(x,v)),

xj−2+α < x < xj−1+α,
Yj
α(xj+(−1)α ,v) = v(xj+(−1)α),

dYj
α(xj+(−1)α ,v)

dx
=
dv

dx

∣∣∣∣
x=xj+(−1)α

,

j = 2− α, 3− α, ..., N + 1− α, α = 1, 2,

(29)

d2YN
2 (x,v)

dx2
+AdY

N
2 (x,v)

dx
=−f(x,YN

2 (x,v)), x>xN ,

YN
2 (xN ,v) = v(xN ), lim

x→∞
YN

2 (x,v) = 0

(30)
ìàòèìóòü ¹äèíèé ðîçâ'ÿçîê.
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� Äîâåäåííÿ. Çàäà÷i (29), (30) åêâiâàëåíòíi îïåðàòîðíèì ðiâíÿííÿì

Uj
α(x) = ℜjα(x,v,Uj

α) =−
x∫

xj+(−1)α

A−1 (I − exp(−A(x− ξ))) f(ξ,Uj
α)dξ+

+ vj+(−1)α +A−1
(
I − exp(−A(x− xj+(−1)α))

) dv
dx

∣∣∣∣
x=xj+(−1)α

,

x ∈ [xj−2+α, xj−1+α], j = 2− α, 3− α, ..., N + 1− α, α = 1, 2,

UN
2 (x) = ℜN2 (x,v,UN

2 ) =

∞∫
xN

G∞(x, ξ)f(ξ,UN
2 (ξ,v))dξ + exp(−A(x− xN ))vN , x ∈ [xN ,∞),

äå G∞(x, ξ) çàäà¹òüñÿ ôîðìóëîþ (16).
Äîñëiäèìî âëàñòèâîñòi îïåðàòîðiâ ℜjα(x,v,Uj

α), α = 1, 2, ℜN2 (x,v,UN
2 ). Çàçíà÷èìî, ùî

u(0)(x) = exp(−Ax)µ1 = u
(0)
j+(−1)α +A−1

(
I − exp(−A(x− xj+(−1)α))

) du(0)

dx

∣∣∣∣
x=xj+(−1)α

,

xj−2+α < x < xj−1+α, j = 2− α, 3− α, ..., N + 1− α, α = 1, 2,

u(0)(x) = exp(−A(x− xN ))u
(0)
N , x > xN .

Íåõàé Uj
α ∈ Ω ([xj−2+α, xj−1+α] , r +∆), UN

2 ∈ Ω([xN ,∞), r +∆), òîäi∥∥∥ℜjα(x,v,Uj
α)− u(0)

∥∥∥
1,∞,[xj−2+α,xj−1+α]

≤
∥∥∥vj+(−1)α − u

(0)
j+(−1)α

∥∥∥+
+ (−1)α+1

∥∥A−1
∥∥∥∥I − exp(−A(x− xj+(−1)α))

∥∥
1,∞,[xj−2+α,xj−1+α]

∥∥∥∥∥ dvdx
∣∣∣∣
x=xj+(−1)α

− du(0)

dx

∣∣∣∣
x=xj+(−1)α

∥∥∥∥∥+
+ (−1)α+1

∥∥A−1
∥∥∥∥exp(−A(x− xj+(−1)α))− I

∥∥
1,∞,[xj−2+α,xj−1+α]

∞∫
0

∥K(ξ)∥ dξ ≤ r +∆,

∥∥∥ℜN2 (x,v,UN
2 )− u(0)

∥∥∥
1,∞,[xN ,∞)

≤ ∥exp(−A(x− xN ))∥1,∞,[xN ,∞)

∥∥∥vN − u
(0)
N

∥∥∥+
+
∥∥A−1

∥∥ x∫
xN

∥exp(−Ax) (exp(Aξ)− exp(AxN ))∥1,∞,[xN ,∞) ∥K(ξ)∥ dξ+

+
∥∥A−1

∥∥ ∥I − exp(−A(x− xN ))∥1,∞,[xN ,∞)

∞∫
x

∥K(ξ)∥ dξ ≤ r ∥exp(−A(x− xN ))∥1,∞,[xN ,∞) +

+
∥∥A−1

∥∥ ∥I − exp(−A(x− xN ))∥1,∞,[xN ,∞)

∞∫
xN

∥K(ξ)∥ dξ ≤ r ∀v ∈ Ω(ω̂N , r),

òîáòî îïåðàòîðè ℜjα(x,v,Uj
α), α = 1, 2, ℜN2 (x,v,UN

2 ) ïåðåâîäÿòü âiäïîâiäíî ìíîæèíè
Ω ([xj−2+α, xj−1+α] , r +∆), Ω([xN ,∞), r +∆) â ñåáå.

Êðiì òîãî∥∥∥ℜjα(x,v,Uj
α)−ℜjα(x,v, Ũj

α)
∥∥∥
1,∞,[xj−2+α,xj−1+α]

≤

≤
∥∥A−1

∥∥ x∫
xj+(−1)α

∥I − exp(−A(x− ξ))∥1,∞,[xj−2+α,xj−1+α] L(ξ)dξ
∥∥∥Uj

α − Ũj
α

∥∥∥
1,∞,[xj−2+α,xj−1+α]

≤

≤ q |h|
∥∥∥Uj

α − Ũj
α

∥∥∥
1,∞,[xj−2+α,xj−1+α]

,∥∥∥ℜN2 (x,v,UN
2 )−ℜN2 (x,v, ŨN

2 )
∥∥∥
1,∞,[xN ,∞)

≤

≤
∥∥A−1

∥∥ ∥I − exp(−A(x− xN ))∥1,∞,[xN ,∞)

∞∫
xN

L(ξ)dξ
∥∥∥UN

2 − ŨN
2

∥∥∥
1,∞,[xN ,∞)

≤ q
∥∥∥UN

2 − ŨN
2

∥∥∥
1,∞,[xN ,∞)

.
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Òî÷íà òðèòî÷êîâà ðiçíèöåâà ñõåìà äëÿ ñèñòåì íåëiíiéíèõ çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü äðóãîãî ïîðÿäêó íà ïiâïðÿìié

Îñêiëüêè íà ïiäñòàâi óìîâè (5) q < 1, à q̃ = q |h| < 1 ïðè äîñòàòíüî ìàëîìó h0, òî îïåðàòîðè ℜjα(x,v,Uj
α),

α = 1, 2, ℜN2 (x,v,UN
2 ) çäiéñíþþòü ñòèñêóâàëüíå âiäîáðàæåííÿ. Îòæå, çãiäíî ç ïðèíöèïîì ñòèñêóâàëüíèõ

âiäîáðàæåíü, ïðè äîñòàòíüî ìàëîìó h0 çàäà÷i (29), (30) ìàòèìóòü ¹äèíèé ðîçâ'ÿçîê. �
Ðîçãëÿíåìî çàäà÷i

dYj
α(x,u)

dx
= Zjα(x,u),

dZjα(x,u)

dx
+AZjα(x,u) = −f

(
x,Yj

α(x,u)
)
, xj−2+α < x < xj−1+α,

Yj
α(xj+(−1)α ,u) = uj+(−1)α , Zjα(xj+(−1)α ,u) =

du

dx

∣∣∣∣
x=xj+(−1)α

,

j = 2− α, 3− α, ..., N + 1− α, α = 1, 2,

(31)

dYN
2 (x,u)

dx
= ZN2 (x,u),

dZN2 (x,u)

dx
+AZN2 (x,u) = −f

(
x,YN

2 (x,u)
)
, x > xN ,

YN
2 (xN ,u) = u(xN ), lim

x→∞
YN

2 (x,u) = 0.

(32)

Îñêiëüêè ñïðàâåäëèâi ðiâíîñòi

xj∫
xj+(−1)α

(
exp(A(ξ − xj+(−1)α))− I

)
f(ξ,u)dξ =

= −
(
exp(A(xj − xj+(−1)α))− I

)
Zjα(xj ,u) +A

(
Yj
α(xj ,u)− uj+(−1)α

)
,

∞∫
xN

f(ξ,u)dξ = ZN2 (xN ,u) +AYN
2 (xN ,u),

òî ïðàâi ÷àñòèíè ÒÒÐÑ (19) òà òî÷íî¨ êðàéîâî¨ óìîâè (20) â òî÷öi xN ìîæíà çàïèñàòè ó âèãëÿäi

φ(xj ,u) = T̂ xj (f(ξ,u(ξ))) = ~−1
j

[
Zj2(xj ,u)− Zj1(xj ,u)+ A (exp(Ahj)− I)

−1
(
Yj

1(xj ,u)− uj−1

)
+

+A (I − exp(−Ahj+1))
−1
(
Yj

2(xj ,u)− uj+1

)]
, j = 1, 2, ..., N − 1,

µ2(xN ,u) =
ˆ̃T xN (f(ξ,u(ξ))) = ZN2 (xN ,u)− ZN1 (xN ,u)+

+AYN
2 (xN ,u) +A (exp(AhN )− I)

−1 (
YN

1 (xN ,u)− uN−1

)
,

äå Yj
α(xj ,u), Z

j
α(xj ,u), α = 1, 2 ¹ ðîçâ'ÿçêàìè çàäà÷ Êîøi (31), à YN

2 (x,u), ZN2 (x,u) � öå ðîçâ'ÿçêè êðàéîâî¨
çàäà÷i (32).

Âèñíîâêè

Ïîáóäîâàíî òà îá ðóíòîâàíî òî÷íó òðèòî÷êîâó
ðiçíèöåâó ñõåìó (19)�(20) äëÿ ÷èñåëüíîãî ðîçâ'ÿçóâà-
ííÿ êðàéîâî¨ çàäà÷i äëÿ ñèñòåì íåëiíiéíèõ çâè÷àéíèõ
äèôåðåíöiàëüíèõ ðiâíÿíü äðóãîãî ïîðÿäêó íà ïiâïðÿ-
ìié (1). Çà óìîâ iñíóâàííÿ òà ¹äèíîñòi ðîçâ'ÿçêó êðà-
éîâî¨ çàäà÷i äîâåäåíî iñíóâàííÿ òà ¹äèíiñòü ðîçâ'ÿçêó

ÒÒÐÑ, à òàêîæ çáiæíiñòü ìåòîäó ïîñëiäîâíèõ íàáëè-
æåíü äëÿ ¨¨ ðîçâ'ÿçóâàííÿ.

Äëÿ ïîáóäîâè ÒÒÐÑ (19), (20) íåîáõiäíî äëÿ
∀xj ∈ ω̂N ðîçâ'ÿçàòè äâi çàäà÷i Êîøi (31) íà âiäðiç-
êàõ: [xj−1, xj ] (âïåðåä) i [xj , xj+1] (íàçàä) òà êðàéîâó
çàäà÷ó (32) íà iíòåðâàëi [xN ,∞). ßêùî çàäà÷i (31)
i (32) ðîçâ'ÿçóâàòè ÷èñåëüíî, òî ìîæíà ïîáóäóâàòè
âiäñi÷åíó òðèòî÷êîâó ðiçíèöåâó ñõåìó.
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Ïîñòðîåíà è îáîñíîâàíà òî÷íàÿ òðåõòî÷å÷íàÿ ðàçíîñòíàÿ ñõåìà äëÿ ÷èñëåííîãî ðåøå-
íèÿ êðàåâûõ çàäà÷ íà ïîëóîñè äëÿ ñèñòåì íåëèíåéíûõ îáûêíîâåííûõ äèôôåðåíöèàëü-
íûõ óðàâíåíèé âòîðîãî ïîðÿäêà. Ïðè óñëîâèÿõ ñóùåñòâîâàíèÿ è åäèíñòâåííîñòè ðåøåíèÿ
êðàåâîé çàäà÷è äîêàçàíî ñóùåñòâîâàíèå è åäèíñòâåííîñòü ðåøåíèÿ òî÷íîé òðåõòî÷å÷íîé
ðàçíîñòíîé ñõåìû. Äîêàçàíî ñõîäèìîñòü ìåòîäà ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé äëÿ åå
ðåøåíèÿ.
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For numerical solving of boundary-value problems on the semiaxis for the second order nonli-
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