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Î. Þ. Ïèòüîâêà (Ìóêà÷iâñüêèé òåõí. ií-ò)

ÄÂÎÑÒÎÐÎÍÍIÉ ÌÅÒÎÄ ÄÎÑËIÄÆÅÍÍß ÇÀÄÀ× Ç
ÏÀÐÀÌÅÒÐÀÌÈ Ó ÊÐÀÉÎÂÈÕ ÓÌÎÂÀÕ

The boundary value problem with parameters for the system of quasylinear second order differential
equation is invertigated by the two-sided method.

Ó ðîáîòi äâîñòîðîííiì ìåòîäîì äîñëiäæó¹òüñÿ çàäà÷à ç ïàðàìåòðàìè ó êðàéîâèõ óìîâàõ äëÿ âè-
ïàäêó ñèñòåìè êâàçiëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü äðóãîãî ïîðÿäêó.

Äàíà ðîáîòà ¹ óçàãàëüíåííÿì äîñëiäæåíü, ïðèâåäåíèõ â [1], íà âèïàäîê ñèñòåìè
êâàçiëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü äðóãîãî ïîðÿäêó.

Ðîçãëÿíåìî ñèñòåìó êâàçiëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü:

L2,λ(y(x)) = F [Y (x)], x ∈ [0; 1], (1)

äå L2,λ � äèôåðåíöiàëüíèé îïåðàòîð, ïîðîäæåíèé äèôåðåíöiàëüíèì âèðàçîì l2,λ ≡
≡ Y ′′(x) òà êðàéîâèìè óìîâàìè

A1ΛY (0) +B1Y (1) = d1,

A2Y
′(0) +B2Y

′(1) = Λd2,

Y (0) = Y0,

(2)

äå Y (x) = (yi(x)), F [Y (x)] = (fi[Y (x)]), Y0 = (yi,0), dk = (di,k), i = 1, n, k = 1, 2
� âåêòîðè-ñòîâïöi, fi[Y (x)] ≡ fi(x, y1(x), y2(x), . . . , yn(x), y

′
1(x), y

′
2(x), . . . y

′
n(x)); Ak =

= (δi,jαi,k), Bk = (δi,jβi,k), Λ = (δi,jλi), j = 1, n � ìàòðèöi, yi,0, di,k, αi,k, βi,k � çàäàíi
ñòàëi, λi � øóêàíi ïàðàìåòðè, δi,j � ñèìâîë Êðîíåêåðà.

Ïiä ðîçâ'ÿçêîì êðàéîâî¨ çàäà÷i (1)�(2) áóäåìî ðîçóìiòè [2] ïàðó âåêòîðiâ (Y (x), λ),
äå λ = (λi) � âåêòîð-ñòîâïåöü, λi ∈ [λi,1, λi,2], λi,k � çàäàíi ñòàëi, k = 1, 2, âåêòîð-
ôóíêöiÿ Y (x), ÿêà íàëåæèòü ïðîñòîðîâi C1[0; 1] ≡ C2(0; 1) ∩ C1[0; 1], ¹ ðîçâ'ÿçêîì
ðiâíÿííÿ

Y ′′(x) = F [Y (x)] (3)

i ðàçîì ç øóêàíèì ïàðàìåòðîì λ çàäîâîëüíÿþòü êðàéîâi óìîâè (2).
Íåõàé C(B̄)-ïðîñòið íåïåðåðâíèõ âåêòîð-ôóíêöié F [Y (x)] ç îáëàñòþ âèçíà÷åííÿ

(x, Y (x), Y ′(x)) ∈ B̄ ⊂ R2n+1, x ∈ [0; 1]. ßêùî F [Y (x)] ∈ C(B̄) i ìàòðèöÿ K = A1Y
+
0 ×

× d−1
2 (A2 + B2) + B1 ¹ íåâèðîäæåíîþ, òî êðàéîâó çàäà÷ó (1)-(2) ìîæíà ïîäàòè â

åêâiâàëåíòíié iíòåãðàëüíié ôîðìi [3]:

Y (x) = Y0 + Cx+

1∫
0

G(x, ξ)F [Y (ξ)]dξ, (4)

λ = R1 +

∫ 1

0

(R3ξ +R2)F [Y (ξ)]dξ, (5)

äå âåêòîð C ≡ K−1 (d1 −B1Y0) =
(

(di,1−βi,1yi,0)di,2
ρi

)
, ρi = αi,1(αi,2 + βi,2)yi,0 + βi,1di,2,

d−1
2 = (δi,jd

−1
i,2 ), Y

−1
0 = (δi,jy

−1
i,0 ), Y

+
0 = (δi,jyi,0),

G(x, ξ) =

{
Bx+ (Ax− E)ξ, ξ ∈ [0;x],

Bx+ (Aξ − E)x, ξ ∈ (x; 1],
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ìàòðèöi

A ≡ K−1B1 =

(
δi,j

βi,1di,2
ρi

)
, B ≡ K−1A1Y

+
0 d

−1
2 A2 =

(
δi,j

αi,1αi,2yi,0
ρi

)
,

R1 = A−1
1 Y −1

0 d1 − A−1
1 B1Y

−1
0 (Y0 + C) =

(
(αi,2 + βi,2)(di,1 − βi,1yi,0)

ρi

)
� âåêòîð,

R2 = −A−1
1 B1Y

−1
0 B =

(
−δi,j

αi,2βi,1
ρi

)
,

R3 = −A−1
1 B1Y

−1
0 (A− E) =

(
δi,j

βi,1(αi,2 + βi,2)

ρi

)
� ìàòðèöi.

Íåõàé F [Y (x)] ∈ C1(B), äå C1(B) � ïðîñòið âåêòîð-ôóíêöié, ÿêi çàäîâîëüíÿþòü
íàñòóïíèì óìîâàì:

1) F [Y (x)] ∈ C(B);

2) âåêòîð-ôóíêöiþ F [Y (x)] ìîæíà ïîäàòè ó âèãëÿäi

F [Y (x)] ≡ F (x, Y +(x), Y +′
(x);Y −(x), Y −′

(x)) ≡ F [Y +(x), Y −(x)]

òàêèì ÷èíîì, ùî äëÿ äîâiëüíèõ âåêòîð-ôóíêöié Z0(x), Z1(x), V0(x), V1(x) ç
ïðîñòîðó C1[0; 1], ÿêi íàëåæàòü îáëàñòi âèçíà÷åííÿ B1 ∈ R4n+1 ôóíêöi¨ F [Y +(x);
Y −(x)] i çàäîâîëüíÿþòü óìîâè Z

(s)
0 (x) ≤ Z

(s)
1 (x), V (s)

0 (x) ≥ V
(s)
1 (x), s = 0, 1,

âèêîíó¹òüñÿ íåðiâíiñòü

F [Z1(x);V1(x)]− F [Z0(x);V0(x)] ≥ 0; (6)

3) âåêòîð-ôóíêöiÿ F [Y +(x); Y −(x)] çàäîâîëüíÿ¹ â îáëàñòi ¨¨ âèçíà÷åííÿ B1 óìîâó
Ëiïøiöà ç ìàòðèöåþ 1

4
L, òîáòî äëÿ âñÿêèõ âåêòîð-ôóíêöié Z0(x), Z1(x), V0(x),

V1(x), ÿêi íàëåæàòü îáëàñòi B1, âèêîíó¹òüñÿ óìîâà

|F [Z1(x), V1(x)]− F [Z0(x);V0(x)| ≤ 1
4
L (|Z1(x)− Z0(x)|+

+ |Z ′
1(x)− Z ′

0(x)|+ |V1(x)− V0(x)|+ |V ′
1(x)− V ′

0(x)|) ,

L = (δi,jLi), i, j = 1, n.

Òóò |Z1(x)− Z0(x)| = (|zi,1(x)− zi,0(x)|) i íåðiâíiñòü ìiæ âåêòîðàìè ðîçóìi¹ìî ÿê
íåðiâíiñòü ïîêîìïîíåíòíó.

Íå çìåíøóþ÷è çàãàëüíîñòi ïîäàëüøèõ ìiðêóâàíü, ïîêëàäåìî:

d2 = e ≡ (1, 1, . . . , 1), A1 = E, det(A2Y
+
0 ) ̸= 0.

Íåõàé
E +B2A

−1
2 ≤ Θ, B1(A2Y

+
0 )−1 ≤ Θ, (7)

äå Θ � íóëüîâà ìàòðèöÿ.
Ïîäàìî ôóíêöiþ Ãðiíà çàäà÷i (1)�(2) ó âèãëÿäi:

G(x, ξ) = G1(x, ξ) +G2(x, ξ),
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äå
G1(x, ξ) = Axξ, ξ ∈ [0; 1],

G2(x, ξ) =

{
−Eξ +Bx, ξ ∈ [0;x],
−Ex+Bx, ξ ∈ (x; 1].

Ïðèéìàþ÷è äî óâàãè òå, ùî A ≥ Θ, B ≤ Θ, áóäåìî ìàòè:

G
(s)
1x (x, ξ) ≥ Θ, G

(s)
2x (x, ξ) ≤ Θ, s = 0, 1 (8)

ïðè (x, ξ) ∈ D = {(x, ξ)|x ∈ [0, 1], ξ ∈ [0, 1]}.
Ïîçíà÷èìî:

F p(x) = F [Zp(x);Vp(x)], Fp(x) = F [Vp(x);Zp(x)],

αp(x) = Zp(x)− Y0 − Cx−
∫ 1

0
G1(x, ξ)F

p(ξ)dξ −
∫ 1

0
G2(x, ξ)Fp(ξ)dξ,

βp(x) = Vp(x)− Y0 − Cx−
∫ 1

0
G1(x, ξ)Fp(ξ)dξ −

∫ 1

0
G2(x, ξ)F

p(ξ)dξ,

Wp(x) = Zp(x)− Vp(x)

(9)

i ïîáóäó¹ìî ïîñëiäîâíîñòi âåêòîð-ôóíêöié {Zp(x)} , {Vp(x)} çãiäíî çàêîíó [4]:

Zp+1(x) = Y0 + Cx+
∫ 1

0
G1(x, ξ)F

p
(ξ)dξ +

∫ 1

0
G2(x, ξ)F p(ξ)dξ,

Vp+1(x) = Y0 + Cx+
∫ 1

0
G1(x, ξ)F p(ξ)dξ +

∫ 1

0
G2(x, ξ)F

p
(ξ)dξ,

F
p
(x) = F p(x)− Cp(x)(F

p(x)− Fp(x)), Cp(x) = (δi,jcp,i(x)),

F p(x) = Fp(x)−Qp(x)(F
p(x)− Fp(x)), Qp(x) = (δi,jqp,i(x)),

(10)

äå cp,i(x), qp,i(x) � äîâiëüíi íåâiä'¹ìíi ç ïðîñòîðó C[0; 1] ôóíêöi¨ äëÿ âñiõ i = 1, n,
p = 0, 1, . . ., à íóëüîâå íàáëèæåííÿ â ïðîñòîði âåêòîð-ôóíêöié C1[0; 1] âèáèðà¹ìî
òàêèì ÷èíîì, ùîá ïðè x ∈ [0; 1] âèêîíóâàëèñü íåðiâíîñòi:

W
(s)
0 (x) ≥ 0, α

(s)
0 (x) ≥ 0, β

(s)
0 (x) ≤ 0, s = 0, 1. (11)

Íåõàé
sup
[0,1]

cp,i(x) ≤ 0, 5, sup
[0,1]

qp,i(x) ≤ 0, 5, ∀i = 1, n, p = 0, 1, . . . (12)

Iç (10), (11) ìà¹ìî:

Zp+1(x)− Zp(x) = −αp(x) +
∫ 1

0
{G2(x, ξ)Qp(ξ)−

−G1(x, ξ)Cp(ξ)} (F p(ξ)− Fp(ξ)) dξ,

Vp+1(x)− Vp(x) = −βp(x) +
∫ 1

0
{G1(x, ξ)Qp(ξ)−

−G2(x, ξ)Cp(ξ)} (F p(ξ)− Fp(ξ)) dξ,

(13)

Wp+1(x) =
∫ 1

0
[G1(x, ξ)−G2(x, ξ)] (E − Cp(ξ)−Qp(ξ)) (F

p(ξ)− Fp(ξ)) dξ, (14)
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αp+1(x) =
∫ 1

0
G1(x, ξ)

(
F

p
(ξ)− F p+1(ξ)

)
dξ +

∫ 1

0
G2(x, ξ)

(
F p(ξ)− Fp+1(ξ)

)
dξ,

βp+1(x) =
∫ 1

0
G1(x, ξ)

(
F p(ξ)− Fp+1(ξ)

)
dξ +

∫ 1

0
G2(x, ξ)

(
F

p
(ξ)− F p+1(ξ)

)
dξ.

(15)

Iç (13)�(14) ïðè p = 0, âðàõîâóþ÷è (6), (8), (11) òà (12), âèïëèâà¹:

Z
(s)
0 (x)− Z

(s)
1 (x) ≥ 0, V

(s)
0 (x)− V

(s)
1 (x) ≤ 0, W

(s)
1 (x) ≥ 0, s = 0, 1,

òîáòî â îáëàñòi B1 ñïðàâåäëèâi íåðiâíîñòi:

V
(s)
0 (x) ≤ V

(s)
1 (x) ≤ Z

(s)
1 (x) ≤ Z

(s)
0 (x), x ∈ [0; 1], s = 0, 1,

à öå îçíà÷à¹, ùî Z1(x), V1(x) ∈ B1.
Ïðèéìàþ÷è îñòàííi íåðiâíîñòi äî óâàãè, îäåðæó¹ìî:

F
0
(x)− F 1(x) = F 0(x)− F 1(x)− C0(x)(F

0(x)− F0(x)),

F 0(x)− F1(x) = F0(x)− F1(x) +Q0(x)(F
0(x)− F0(x)),

äå F 0(x)− F 1(x) ≥ 0, F0(x)− F1(x) ≤ 0, F 0(x)− F0(0) ≥ 0, x ∈ [0; 1].
Îòæå, âèáèðàþ÷è åëåìåíòè ìàòðèöü C0(x), Q0(x) òàêèì ÷èíîì, ùîá â îáëàñòi B1

F
0
(x)− F 1(x) ≥ 0, F 0(x)− F1(x) ≤ 0,

iç (15) ïðè p = 0 âèïëèâà¹ ñïðàâåäëèâiñòü ïðè x ∈ [0; 1] íåðiâíîñòåé:

α
(s)
1 (x) ≥ 0, β

(s)
1 (x) ≤ 0, s = 0, 1.

Áåðó÷è âåêòîð-ôóíêöi¨ Z1(x) òà V1(x) çà âèõiäíi i ïîâòîðþþ÷è íàâåäåíi âèùå
ìiðêóâàííÿ, ìåòîäîì ìàòåìàòè÷íî¨ iíäóêöi¨ ëåãêî ïîêàçàòè, ùî ÿêùî íà êîæíîìó
êðîöi iòåðàöi¨ (10) åëåìåíòè ìàòðèöü Cp(x), Qp(x) âèáèðàòè òàêèì ÷èíîì, ùîá â
îáëàñòi B1 âèêîíóâàëèñü óìîâè:

F p(x)− F p+1(x)− Cp(x)(F
p(x)− Fp(x)) ≥ 0,

Fp(x)− Fp+1(x) +Qp(x)(F
p(x)− Fp(x)) ≤ 0,

(16)

òî ïðè x ∈ [0; 1] äëÿ äîâiëüíîãî p ∈ N ñïðàâåäëèâi íåðiâíîñòi:

V
(s)
p (x) ≤ V

(s)
p+1(x) ≤ Z

(s)
p+1(x) ≤ Z

(s)
p (x),

α
(s)
p+1(x) ≥ 0, β

(s)
p+1(x) ≤ 0, s = 0, 1, x ∈ [0; 1].

(17)

Ïîêàæåìî, ùî ïîáóäîâàíi ïîñëiäîâíîñòi âåêòîð-ôóíêöié {Zp(x)} , {Vp(x)} àáñîëþ-
òíî i ðiâíîìiðíî çáiãàþòüñÿ äî ¹äèíîãî â ïðîñòîði âåêòîð-ôóíêöié C1[0; 1] ðîçâ'ÿçêó
ðiâíÿííÿ (4).

Ïîçíà÷èìî
q = max

p
sup
[0,1]

∥E − Cp(x)−Qp(x)∥ ,

d = sup
[0,1]

{∥W0(x)∥ , ∥W ′
0(x)∥} , ∥L∥ < M.
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Òîäi iç (14) ìåòîäîì ìàòåìàòè÷íî¨ iíäóêöi¨ îäåðæó¹ìî îöiíêè:

sup
[0,1]

{
∥Wp(x)∥ ,

∥∥W ′
p(x)

∥∥} ≤ (qµM)pd, (18)

äå

µ = sup
{

1
2
τ 22 , τ2

}
, τ2 =

∥∥∥(δi,j 3βi,1+2βi,2yi,0
2ρi

)∥∥∥ .
ßêùî

qµM < 1, (19)

òî iç îñòàííiõ îöiíîê i íåðiâíîñòåé (17) âèïëèâà¹, ùî

lim
p→∞

Z
(s)
p (x) = lim

p→∞
V

(s)
p (x) = Y (s)(x), s = 0, 1,

äå Y (x) � ¹äèíèé ðîçâ'ÿçîê ðiâíÿííÿ (4) (¹äèíiñòü äîâîäèòüñÿ ìåòîäîì âiä ñóïðî-
òèâíîãî).

Ïîêàæåìî, ùî çáiæíiñòü iòåðàöiéíîãî ïðîöåñó (13), (16) íå ïîâiëüíiøà çáiæíîñòi
çâè÷àéíîãî ìåòîäó ïîñëiäîâíèõ íàáëèæåíü Ïiêàðà.

Ïðèïóñòèìî, ùî Zp(x), Vp(x) � äâîñòîðîííi íàáëèæåííÿ äî ðîçâ'ÿçêó ðiâíÿííÿ
(4), ÿêi çàäîâîëüíÿþòü óìîâè (17).

Íåõàé

Z∗
p+1(x) = Y0 + Cx+

∫ 1

0
G1(x, ξ)F

p(ξ)dξ +
∫ 1

0
G2(x, ξ)Fp(ξ)dξ,

V ∗
p+1(x) = Y0 + Cx+

∫ 1

0
G1(x, ξ)Fp(ξ)dξ +

∫ 1

0
G2(x, ξ)F

p(ξ)dξ.

Òîäi

Zp+1(x)− Z∗
p+1(x) =

∫ 1

0
{G2(x, ξ)Qp(ξ)−G1(x, ξ)Cp(ξ)} (F p(ξ)− Fp(ξ)) dξ ≤ 0,

Vp+1(x)− V ∗
p+1(x) =

∫ 1

0
{G1(x, ξ)Qp(ξ)−G2(x, ξ)Cp(ξ)} (F p(ξ)− Fp(ξ)) dξ ≥ 0,

òîáòî ïðè x ∈ [0; 1] ñïðàâåäëèâi íåðiâíîñòi:

V ∗
p+1(x) ≤ Vp+1(x) ≤ Zp+1(x) ≤ Z∗

p+1(x),

ùî i òðåáà áóëî ïîêàçàòè. Òàêèì ÷èíîì ñïðàâåäëèâîþ ¹ íàñòóïíà òåîðåìà

Òåîðåìà 1. Íåõàé ïðàâà ÷àñòèíà ðiâíÿííÿ (3) F [Y (x)] ∈ C1(B) i â îáëàñòi
B1 iñíóþòü âåêòîð-ôóíêöi¨ íóëüîâîãî íàáëèæåííÿ Z0(x), V0(x) ∈ C1[0; 1], ÿêi çà-
äîâîëüíÿþòü óìîâè (11). ßêùî E+B2A

−1
2 ≤ Θ, B1(A2Y

+
0 )−1 ≤ Θ, òî ïîñëiäîâíîñòi

âåêòîð-ôóíêöié {Zp(x)}, {Vp(x)}, ïîáóäîâàíi çãiäíî çàêîíó (10), (16) ïðè âèêîíàííi
óìîâè (19) çáiãàþòüñÿ àáñîëþòíî i ðiâíîìiðíî â îáëàñòi B1 äî ¹äèíîãî â ïðîñòîði
C1[0; 1] ðîçâ'ÿçêó ðiâíÿííÿ (4) i ìàþòü ìiñöå íåðiâíîñòi:

V (s)
p (x) ≤ V

(s)
p+1(x) ≤ Y (s)(x) ≤ Z

(s)
p+1(x) ≤ Z(s)

p (x), x ∈ [0; 1], s = 0, 1, (20)

à çáiæíiñòü ìåòîäó (10), (16) íå ïîâiëüíiøà çáiæíîñòi ìåòîäó Ïiêàðà.
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Ïåðåéäåìî äî ðiâíÿííÿ (5). Âiäìiòèìî, ùî ïðè âèêîíàííi óìîâ (7) ìà¹ìî:

R2 ≥ (≤)Θ, R3 ≥ (≤)Θ, ÿêùî A2 ≤ (≥)Θ. (21)

Ïîçíà÷èìî:
λ+p = R1 +

∫ 1

0
(R3ξ +R2)F

p(ξ)dξ,

λ−p = R1 +
∫ 1

0
(R3ξ +R2)Fp(ξ)dξ.

(22)

Ïðèéìàþ÷è äî óâàãè íåðiâíîñòi (6), (20) òà óìîâó (21), îäåðæèìî:

λ+p − λ =
∫ 1

0
(R3ξ +R2) [F

p(ξ)− F [Y (ξ)]] dξ ≥ (≤)0,

λ−p − λ =
∫ 1

0
(R3ξ +R2) [Fp(ξ)− F [Y (ξ)]] dξ ≤ (≥)0,

òîáòî
λ−p ≤ (≥)λ ≤ (≥)λ+p , p = 0, 1, . . . (23)

ïðè âèêîíàííi óìîâ (7) òà (21).
ßêùî λ−p , λ

+
p ∈ [λ1, λ2], òî ¨õ ìîæíà ââàæàòè çà p-âå äâîñòîðîíí¹ íàáëèæåííÿ äî

ïàðàìåòðó λ, ÿêèé âèçíà÷à¹òüñÿ çãiäíî ôîðìóëè (5).

Òåîðåìà 2. Íåõàé F [Y (x)] ∈ C1(B) i âèêîíóþòüñÿ óìîâè (7), à Zp(x), Vp(x) �
p-âå äâîñòîðîíí¹ íàáëèæåííÿ äî ðîçâ'ÿçêó ðiâíÿííÿ (4), ÿêå âèçíà÷à¹òüñÿ çãiäíî
(10), (16). Òîäi ïðè âèêîíàííi óìîâè (19) äâîñòîðîííi íàáëèæåííÿ äî øóêàíîãî ïà-
ðàìåòðó λ âèçíà÷àþòüñÿ çãiäíî ôîðìóë (22) i ìàþòü ìiñöå íåðiâíîñòi (23).

Çàóâàæèìî, ùî âåêòîð-ôóíêöi¨ Zp+1(x) òà Vp+1(x), ïîáóäîâàíi çãiäíî çàêîíó (10),
(16) íå çàäîâîëüíÿþòü âñiì êðàéîâèì óìîâàì (2), àëå ôóíêöiÿ Ỹp+1(x) =

1
2
(Zp+1(x)+

+Vp+1(x)) çàäîâîëüíÿ¹ âñiì êðàéîâèì óìîâàì (2) i ¨¨ òà ïàðàìåòð λp+1 =
1
2
(λ+p+1+λ

−
p+1)

áåðåìî çà p+ 1-øå íàáëèæåííÿ äî ðîçâ'ÿçêó çàäà÷i (1)�(3).
Íåõàé

E +B2A
−1
2 ≥ Θ, B1(A2Y

+
0 )−1 ≥ Θ. (24)

Òîäi A ≥ Θ, B ≥ Θ i

G1(x, ξ) = (Aξ +B)x, ξ ∈ [0; 1],

G2(x, ξ) =

{
−Eξ, ξ ∈ [0;x],
−Ex, ξ ∈ (x; 1].

(25)

Î÷åâèäíî, ùî G1(x, ξ) + G2(x, ξ) = G(x, ξ), G1(x, ξ) òà G2(x, ξ) ïðè (x, ξ) ∈ D çàäî-
âîëüíÿþòü óìîâè (8).

Ó äàíîìó âèïàäêó äâîñòîðîííi íàáëèæåííÿ äî ðîçâ'ÿçêó ðiâíÿííÿ (4) áóäó¹ìî
çãiäíî çàêîíó (10), (16), äå çà íóëüîâå íàáëèæåííÿ âèáèðà¹ìî äîâiëüíi ç ïðîñòîðó
C1[0; 1] âåêòîð-ôóíêöi¨ Z0(x), V0(x) ∈ B1, ÿêi çàäîâîëüíÿþòü óìîâè (11).

Ïðè öüîìó ¹ ñïðàâåäëèâèìè îöiíêè

sup
[0,1]

{
∥Wp(x)∥ ,

∥∥W ′
p(x)

∥∥} ≤ (qτ4M)pd,

äå

τ4 =
∥∥∥(δi,j (1 + 0,5βi,1+αi,2yi,0

ρi

))∥∥∥ .
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ßêùî
qτ4M < 1, (26)

òî, ÿê i ó ïîïåðåäíüîìó âèïàäêó, ïîñëiäîâíîñòi âåêòîð-ôóíêöié {Zp(x)}, {Vp(x)},
ïîáóäîâàíi çãiäíî çàêîíó (10), (16), àáñîëþòíî i ðiâíîìiðíî çáiãàþòüñÿ äî ¹äèíîãî
ðîçâ'ÿçêó ðiâíÿííÿ (4) i ìàþòü ìiñöå íåðiâíîñòi (20).

Ïîçíà÷èìî
λ+p = R1 +

∫ 1

0
[R3ξF

p(ξ) +R2Fp(ξ)] dξ,

λ−p = R1 +
∫ 1

0
[R3ξFp(ξ) +R2F

p(ξ)] dξ.
(27)

Òîäi, ÿêùî A2 ≥ (≤)Θ, òî ¹ ñïðàâåäëèâèìè íåðiâíîñòi (23).

Òåîðåìà 3. Íåõàé ïðàâà ÷àñòèíà ðiâíÿííÿ (3) F [Y (x)] ∈ C1(B), âèêîíóþòüñÿ
óìîâè (24), (26), à â îáëàñòi B1 iñíóþòü âåêòîð-ôóíêöi¨ íóëüîâîãî íàáëèæåííÿ
Z0(x), V0(x) ∈ C1[0; 1], ÿêi çàäîâîëüíÿþòü íåðiâíîñòi (11) òà óìîâó (10), G1(x, ξ),
G2(x, ξ) âèçíà÷àþòüñÿ çãiäíî (25). Òîäi p-èì íàáëèæåííÿì äî ðîçâ'ÿçêó çàäà÷i (1)�

(3) ¹ ïàðà
(
Ŷp(x), λp

)
, äå

λp =
1

2
(λ+p + λ−p ), Ŷp(x) =

1

2
(Zp(x) + Vp(x)),

âåêòîð-ôóíêöi¨ Zp(x), Vp(x) ¹ äâîñòîðîííiìè íàáëèæåííÿìè äî ¹äèíîãî ðîçâ'ÿçêó
ðiâíÿííÿ (4), ÿêi âèçíà÷àþòüñÿ çãiäíî (10), (16), çàäîâîëüíÿþòü íåðiâíîñòi (20), à
λ+p , λ

−
p � p-âå äâîñòîðîíí¹ íàáëèæåííÿ äî øóêàíîãî ïàðàìåòðó λ, âèçíà÷åíå çãiäíî

(27) i çàäîâîëüíÿ¹ óìîâè (23).
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