
ÄÎÑËIÄÆÅÍÍß IÑÍÓÂÀÍÍß �ÎÇÂ'ßÇÊIÂ ÄÅßÊÈÕ ÍÅËIÍIÉÍÈÕ... 141ÓÄÊ 517.927Í. Ì. Ùîáàê (Óæãîðîäñüêèé íàö. óí-ò)ÄÎÑËIÄÆÅÍÍß IÑÍÓÂÀÍÍß �ÎÇÂ'ßÇÊIÂ ÄÅßÊÈÕÍÅËIÍIÉÍÈÕ ÏÀ�ÀÌÅÒ�ÈÇÎÂÀÍÈÕ Ê�ÀÉÎÂÈÕ ÇÀÄÀ×The su�
ient and ne
essary 
onditions of the existen
e of solutions for some boundary-value problems
ontaining parameters both in the given di�erential equation and in the non-linear boundary 
onditionsare proved on the basis of the numeri
al-analyti
 method of the su

esive approximations.Íà îñíîâi ÷èñåëüíî-àíàëiòè÷íîãî ìåòîäó ïîñëiäîâíèõ íàáëèæåíü íàâåäåíi íåîáõiäíi òà äîñòàòíi óìî-âè iñíóâàííÿ ðîçâ'ÿçêiâ êðàéîâèõ çàäà÷ ç ïàðàìåòðàìè ÿê â çàäàíîìó äè�åðåíöiàëüíîìó ðiâíÿííi,òàê i â íåëiíiéíèõ êðàéîâèõ óìîâàõ.1. Âñòóï. Ïàðàìåòðèçîâàíi êðàéîâi çàäà÷i (ÏÊÇ) ñïî÷àòêó âèâ÷àëèñü ó âèïàäêó,êîëè ïàðàìåòðè ìiñòèëèñÿ òiëüêè â äè�åðåíöiàëüíîìó ðiâíÿííi [1, 2℄.Çà äîïîìîãîþ ÷èñåëüíî-àíàëiòè÷íîãî ìåòîäó ïîñëiäîâíèõ íàáëèæåíü â [3 � 8℄ áóëèðîçãëÿíåíi ðiçíi òèïè ÏÊÇ ç ïàðàìåòðàìè â íåëiíiéíîìó äè�åðåíöiàëüíîìó ðiâíÿííiòà â ëiíiéíèõ êðàéîâèõ óìîâàõ .ÏÊÇ âèãëÿäó




dy

dt
= f(t, y, λ1, λ2), t ∈ [0, T ], y, f ∈ Rn,

g(y(0), y(T ), λ1, λ2) = 0, λ1 ∈ [a1, b1], λ2 ∈ [a2, b2],
y1(0) = y10, y2(0) = y20i 




dy

dt
= f(t, y, λ1), t ∈ [0, T ], y, f ∈ Rn,

g(y(0), y(T ), λ1, λ2) = 0, λ1 ∈ [a1, b1], λ2 ∈ [a2, b2],
y1(0) = y10, y2(0) = y20,äå ïàðàìåòðè âõîäÿòü â äè�åðåíöiàëüíå ðiâíÿííÿ, ÿêå ¹ íåëiíiéíèì, òà â íåëiíiéíiäâîòî÷êîâi êðàéîâi óìîâè, áóëè äîñëiäæåíi â [9, 10℄.Â [11℄ äàíà ñõåìà ÷èñåëüíî-àíàëiòè÷íîãî ìåòîäó ïîñëiäîâíèõ íàáëèæåíü [3, 4℄ äëÿíàñòóïíî¨ íåëiíiéíî¨ äâîòî÷êîâî¨ ÏÊÇ

dy

dt
= f(t, y(t), λ), t ∈ [0, T ],

g(y(0), y(T ), λ) = 0, (1)
y1(0) = α1 + λ

n∑

j=2

αjyj(0),ÿêà ìiñòèòü ñêàëÿðíèé ïàðàìåòð ÿê â äè�åðåíöiàëüíîìó ðiâíÿííi, òàê i â íåëiíiéíèõêðàéîâèõ óìîâàõ.Ïðèïóñêà¹ìî, ùî �óíêöi¨ f : [0, T ]×G× [a, b] → Rn, (n ≥ 2) i g : G×G× [a, b] → Rn¹ íåïåðåðâíèìè, äå G ⊂ Rn � çàìêíåíà çâ'ÿçíà îáìåæåíà îáëàñòü, λ ∈ J = [a, b] �íåâiäîìèé ñêàëÿðíèé ïàðàìåòð, α1, α2, . . . , αn � çàäàíi êîå�iöi¹íòè.Çà äîïîìîãîþ çàìiíè çìiííèõ y(t) = x(t) + w, äå w = (w1, w2, . . . , wn) ∈ Ω ⊂ Rn� íåâiäîìèé ïàðàìåòð (Ω âèáèðà¹ìî òàê, ùîá D + Ω ⊂ G), x ∈ D � çàìêíåíà,Íàóê. âiñíèê Óæãîðîä óí-òó., 2003., âèï. 8



142 Í. Ì. Ùîáàêîáìåæåíà, ÏÊÇ (1) çâîäèòüñÿ â [11℄ äî åêâiâàëåíòíî¨ ñiì'¨ êðàéîâèõ çàäà÷ ç ëiíiéíèìèêðàéîâèìè óìîâàìè
dx

dt
= f(t, x(t) + w, λ), t ∈ [0, T ],

Ax(0) +Bx(T ) = 0, (2)
x1(0) = α1 + λ

n∑

j=2

αj[xj(0) + wj] − w1òà íåëiíiéíîþ ñèñòåìîþ âèçíà÷àëüíèõ àëãåáðà¨÷íèõ ðiâíÿíü
g(x(0) + w,−B−1Ax(0) + w, λ) = 0. (3)Â [11℄ ïðèïóñêà¹òüñÿ äëÿ ÏÊÇ (1), òîáòî äëÿ ÏÊÇ (2)�(3), âèêîíàííÿ íàñòóïíèõóìîâ:À) �óíêöiÿ f(t, y, λ) ¹ íåïåðåðâíîþ â [0, T ] ×G× J i çàäîâîëüíÿ¹ óìîâi Ëiïøiöà:

|f(t, u, λ) − f(t, v, λ)| ≤ K |u− v| ,äå |f(t, y, λ)| = (|f1(t, y, λ)| , . . . , |fn(t, y, λ)|), t ∈ [0, T ], λ ∈ J , {u, v} ⊂ G, K =
= (Kij)

n
i,j=1;B) ¹ íåïîðîæíüîþ ìíîæèíà

Dβ = {y ∈ Rn : B(y, β(y)) ⊂ G} ,äå
β(y) =

T

2
δG(f) +

∣∣(B−1A+ In)y
∣∣ ,

δG(f) =
1

2

[
max

(t,y,λ)∈[0,T ]×G×J
f(t, y, λ) − min

(t,y,λ)∈[0,T ]×G×J
f(t, y, λ)

]
,äå In � n-âèìiðíà îäèíè÷íà ìàòðèöÿ, B(y, β(y)) � êóëÿ ðàäióñà β(y) ç öåíòðîìâ òî÷öi y;C) ñïåêòðàëüíèé ðàäióñ r(K) ìàòðèöi K ç óìîâè À) çàäîâîëüíÿ¹ íåðiâíiñòü

r(K) <
10

3T
;D) âèçíà÷åíà ïiäìíîæèíà U ⊂ Rn−1 òàêèì ÷èíîì

U =
{
u = (u2, u3, . . . , un) ∈ Rn−1 : z ∈ Dβ

}
,äå

z =

(
α1 + λ

n∑

j=2

αj[uj + wj] − w1, u2, u3, . . . , un

)
.Äîâåäåíî [11℄, ùî ïîñëiäîâíiñòü �óíêöié

xm+1(t, w, u, λ) = z +
∫ t
0
f(s, xm(s, w, u, λ) + w, λ)ds−

− t
T

∫ T
0
f(s, xm(s, w, u, λ) + w, λ)ds− t

T
[B−1A+ In] z,

(4)Íàóê. âiñíèê Óæãîðîä óí-òó., 2003., âèï. 8



ÄÎÑËIÄÆÅÍÍß IÑÍÓÂÀÍÍß �ÎÇÂ'ßÇÊIÂ ÄÅßÊÈÕ ÍÅËIÍIÉÍÈÕ... 143äå m = 0, 1, 2, . . .; x0(t, w, u, λ) = z ∈ Dβ, w ∈ Ω ⊂ Rn, u ∈ U ⊂ Rn−1, λ ∈ [a, b] �ïàðàìåòð, ÿêèé ìiñòèòüñÿ â (1), z âèçíà÷à¹òüñÿ óìîâîþ D), ðiâíîìiðíî çáiãà¹òüñÿ:
lim
m→∞

xm(t, w, u, λ) = x∗(t, w, u, λ)â îáëàñòi
(t, w, u, λ) ∈ [0, T ] × Ω × U × [a, b].�ðàíè÷íà �óíêöiÿ x∗(t, w, u, λ) ¹ ðîçâ'ÿçêîì ½çáóðåíî¨“ íåëiíiéíî¨ ÏÊÇ
dx

dt
= f(t, x(t) + w, λ) + ∆(w, u, λ),

Ax(0) +Bx(T ) = 0,

x1(0) = α1 + λ
n∑

j=2

αj[xj(0) + wj] − w1,äå
∆(w, u, λ) = − 1

T

[(
B−1A+ In

)
z +

∫ T

0

f(s, x(s) + w, λ)ds

]
. (5)Â [11℄ ïîêàçàíî, ùî �óíêöiÿ y∗(t) = x∗(t, w∗, u∗, λ∗) +w∗ áóäå ðîçâ'ÿçêîì ÏÊÇ (1)òîäi i òiëüêè òîäi, êîëè òðèïëåò {w∗, u∗, λ∗} çàäîâîëüíÿ¹ ñèñòåìó âèçíà÷àëüíèõ ðiâ-íÿíü

∆(w, u, λ) = − 1

T

[(
B−1A+ In

)
z +

∫ T

0

f(s, x∗(s, w, u, λ) + w, λ)ds

]
= 0, (6)

g
(
z + w,−B−1Az + w, λ

)
= 0, (7)äå z âèçíà÷à¹òüñÿ óìîâîþ D).Äàíà ñòàòòÿ ìiñòèòü ïîäàëüøi ðîçøèðåííÿ äîñëiäæåíü, ðîçïî÷àòèõ â [11℄. Âñòà-íîâëåíî äîñòàòíi òà íåîáõiäíi óìîâè äëÿ iñíóâàííÿ ðîçâ'ÿçêó íåëiíiéíî¨ ÏÊÇ (1).2. Iñíóâàííÿ äîñòàòíiõ óìîâ. Ïîçíà÷èìî ∆m(w, u, λ) íàáëèæåíå äî (6) âèçíà-÷àëüíå ðiâíÿííÿ

∆m(w, u, λ) = − 1

T

[(
B−1A+ In

)
z +

∫ T

0

f(s, xm(s, w, u, λ) + w, λ)ds

]
= 0, (8)äå xm(s, w, u, λ) îá÷èñëþ¹òüñÿ çà �îðìóëîþ (4).Òîäi ñèñòåìà (6)�(7) íàáóäå âèãëÿäó:

{
∆m(w, u, λ) = 0,

g (z + w,−B−1Az + w, λ) = 0.
(9)Òåîðåìà 1. Íåõàé äëÿ íåëiíiéíî¨ ÏÊÇ (2)�(3) âèêîíóþòüñÿ óìîâè À)�D) i, êðiìòîãî:E) iñíó¹ âèïóêëà çàìêíåíà îáëàñòü

H1 = Ω1 × U1 × J1 ⊂ Ω × U × J, (10)Íàóê. âiñíèê Óæãîðîä óí-òó., 2003., âèï. 8



144 Í. Ì. Ùîáàêòàêà, ùî äëÿ äåÿêîãî m ≥ 1 íàáëèæåíà âèçíà÷àëüíà ñèñòåìà (9) ìà¹ â (10) ¹äèíèéðîçâ'ÿçîê (w, u, λ) = (wm, um, λm), iíäåêñ ÿêîãî âiäìiííèé âiä íóëÿ;F) íà ãðàíèöi ∂H1 îáëàñòi H1 ìà¹ ìiñöå íåðiâíiñòü
inf

(w,u,λ)∈∂H1

|∆m(w, u, λ)| > 10

27
TKW (w, u, λ), (11)äå

W (w, u, λ) = Qm−1 (In −Q)−1 [QδG(f) +K
∣∣(B−1A+ In

)
z
∣∣] ,

Q =
3T

10
K.Òîäi äëÿ çàäà÷i (2)�(3) iñíó¹ ðîçâ'ÿçîê, òîáòî x∗(t, w∗, u∗, λ∗). Ïðè÷îìó, ïî÷àòêî-âå çíà÷åííÿ ïðè t = 0 öüîãî ðîçâ'ÿçêó

x∗(0, w∗, u∗, λ∗) = z,äå w∗ ∈ Ω1, u∗ ∈ U1, λ∗ ∈ J1,
z =

(
α1 + λ∗

n∑

j=2

αj[u
∗
j + w∗

j ] − w∗
1, u

∗
2, u

∗
3, . . . , u

∗
n

)
.Äîâåäåííÿ. Îöiíèìî ðiçíèöþ |∆(w, u, λ) − ∆m(w, u, λ)|. Âçÿâøè äî óâàãè íåðiâ-íiñòü (äèâ. [11℄)

|x∗(t, w, u, λ) − xm(t, w, u, λ)| ≤ ᾱ1(t)W (w, u, λ) = ǫ(x∗(t, w, u, λ), xm(t, w, u, λ)),äå, çãiäíî [4℄,
ᾱ1(t) =

20

9
t

(
1 − t

T

)
≤ 5

9
T,i, âèêîðèñòîâóþ÷è óìîâó ËiïøiöàÀ), ç ðiâíîñòåé (6) i (8) ìàòèìåìî íàñòóïíó îöiíêó:

|∆(w, u, λ) − ∆m(w, u, λ)| =

=
∣∣∣ 1
T

∫ T
0

[f(s, x∗(s, w, u, λ) + w, λ) − f(s, xm(s, w, u, λ) + w, λ)] ds
∣∣∣ ≤

≤ 1
T
KW (w, u, λ)

∫ T
0
ᾱ1(s)ds = 10

27
TKW (w, u, λ) = ǫ (∆(w, u, λ),∆m(w, u, λ)) .

(12)�ðóíòóþ÷èñü íà íåðiâíîñòÿõ (11), (12), àíàëîãi÷íî ÿê â Òåîðåìàõ 3.1; 17.1 ç [3℄,ìîæåìî äîâåñòè, ùî âåêòîðíi ïîëÿ ∆(w, u, λ), ∆m(w, u, λ) ¹ ãîìîòîïíèìè. Öå îçíà÷à¹,ùî òî÷íå âèçíà÷àëüíå ðiâíÿííÿ (6), à òîìó i âèçíà÷àëüíà ñèñòåìà (6)�(7) ÏÊÇ (2)�(3)(òîáòî ÏÊÇ (1)) ìà¹ â îáëàñòi H1 õî÷à á îäèí ðîçâ'ÿçîê w = w∗, u = u∗, λ = λ∗.Çãiäíî [11℄, ìîæíà çðîáèòè âèñíîâîê, ùî ÏÊÇ (2)�(3) ìà¹ õî÷à á îäèí ðîçâ'ÿçîê
x∗(t, w∗, u∗, λ∗). Ïðè÷îìó,

x∗(0, w∗, u∗, λ∗) = z =

(
α1 + λ∗

n∑

j=2

αj[u
∗
j + w∗

j ] − w∗
1, u

∗
2, u

∗
3, . . . , u

∗
n

)
,äå w∗ ∈ Ω1, u∗ ∈ U1, λ∗ ∈ J1. Íàóê. âiñíèê Óæãîðîä óí-òó., 2003., âèï. 8



ÄÎÑËIÄÆÅÍÍß IÑÍÓÂÀÍÍß �ÎÇÂ'ßÇÊIÂ ÄÅßÊÈÕ ÍÅËIÍIÉÍÈÕ... 145Çàóâàæåííÿ. Î÷åâèäíî, ùî �óíêöiÿ y∗(t) = x∗(t, w∗, u∗, λ∗) + w∗ ¹ ðîçâ'ÿçêîìÏÊÇ (1).3. Iñíóâàííÿ íåîáõiäíèõ óìîâ.Ëåìà 1. Íåõàé âèêîíóþòüñÿ óìîâè À)�D), òîäi äëÿ áóäü-ÿêèõ òðèïëåòiâ
(w

′
, u

′
, λ

′
), (w

′′
, u

′′
, λ

′′
) ∈ Ω × U × J (13)ìàþòü ìiñöå íàñòóïíi îöiíêè

∣∣x∗(t, w′
, u

′
, λ

′
) − x∗(t, w

′′
, u

′′
, λ

′′
)
∣∣ ≤

≤
[
In + ᾱ1(t)K (In −Q)−1] [∣∣z′ − z

′′∣∣+ b1(z
′
, z

′′
)
]
+ ᾱ1(t)K (In −Q)−1

∣∣w′ − w
′′∣∣,(14)äå

b1(z
′
, z

′′
) =

[
B−1A+ In

] ∣∣∣z′ − z
′′
∣∣∣ ;

z
′
=

(
α1 + λ

′
n∑

j=2

αj[u
′
j + w

′
j] − w

′
1, u

′
2, u

′
3, . . . , u

′
n

)
;

z
′′

=

(
α1 + λ

′′
n∑

j=2

αj[u
′′
j + w

′′
j ] − w

′′
1 , u

′′
2 , u

′′
3 , . . . , u

′′
n

)
.Äîâåäåííÿ. Íà îñíîâi (4) ìà¹ìî:

x1(t, w
′
, u

′
, λ

′
) − x1(t, w

′′
, u

′′
, λ

′′
) =

=
(
z
′ − z

′′)
+
∫ t

0

[
f
(
s, z

′
+ w

′
, λ

′)− f
(
s, z

′′
+ w

′′
, λ

′′)]
ds−

− t
T

∫ T
0

[
f
(
s, z

′
+ w

′
, λ

′)− f
(
s, z

′′
+ w

′′
, λ

′′)]
ds+ t

T
[B−1A+ In]

(
z
′′ − z

′)
.Âèêîðèñòîâóþ÷è óìîâó Ëiïøiöà, àíàëîãi÷íî, ÿê â Ëåìi 17.1 iç [3℄, ç îñòàííüî¨ ðiâíîñòiîòðèìà¹ìî

∣∣x1(t, w
′
, u

′
, λ

′
) − x1(t, w

′′
, u

′′
, λ

′′
)
∣∣ ≤

≤ [In +Kα1(t)]
∣∣z′ − z

′′∣∣+Kα1(t)
∣∣w′ − w

′′∣∣+ b1(z
′
, z

′′
).Àíàëîãi÷íî

∣∣x2(t, w
′
, u

′
, λ

′
) − x2(t, w

′′
, u

′′
, λ

′′
)
∣∣ ≤

≤ [In +Kα1(t) +K2α2(t)]
∣∣z′ − z

′′∣∣+ [Kα1(t) +K2α2(t)]
∣∣w′ − w

′′∣∣

+ [In +Kα1(t)] b1(z
′
, z

′′
),äå

b1(z
′
, z

′′
) =

[
B−1A+ In

] ∣∣∣z′ − z
′′
∣∣∣ ;

αm+1(t) =

(
1 − t

T

)∫ t

0

αm(s)ds+
t

T

∫ T

t

αm(s)ds;Íàóê. âiñíèê Óæãîðîä óí-òó., 2003., âèï. 8



146 Í. Ì. Ùîáàê
α0(t) = 1, α1(t) = 2t

(
1 − t

T

)
.Âèêîðèñòîâóþ÷è ìåòîä ìàòåìàòè÷íî¨ iíäóêöi¨, ìîæíà çàïèñàòè

∣∣∣xm(t, w
′
, u

′
, λ

′
) − xm(t, w

′′
, u

′′
, λ

′′
)
∣∣∣ ≤

≤
[

m∑

i=0

αi(t)K
i

] ∣∣∣z′ − z
′′
∣∣∣+
[

m∑

i=1

αi(t)K
i

] ∣∣∣w′ − w
′′
∣∣∣+
[
m−1∑

i=0

αi(t)K
i

]
b1(z

′
, z

′′
), (15)Âèêîðèñòîâóþ÷è îöiíêó Ëåìè 2.4 ç [4℄

αm+1(t) ≤
(

3

10
T

)m
ᾱ1(t),äå ᾱ1(t) = 10

9
α1(t) , i óìîâó F), òîáòî òå, ùî λ(Q) < 1, äå Q = 3T

10
K , òà ïåðåõîäÿ÷èäî ãðàíèöi ïðè m → ∞, ç íåðiâíîñòi (15) âèïëèâà¹ îöiíêà (14), ùî i ïîòðiáíî áóëîäîâåñòè.Ëåìà 2. Íåõàé äëÿ íåëiíiéíî¨ ÏÊÇ (1) âèêîíóþòüñÿ óìîâè A)�D). Òîäi �óíêöiÿ

∆(w, u, λ) âèãëÿäó (5) âèçíà÷åíà i íåïåðåðâíà â îáëàñòi Ω × U × J , i äëÿ áóäü-ÿêèõòðèïëåòiâ (13) âèêîíó¹òüñÿ íàñòóïíà íåðiâíiñòü
∣∣∆(w

′
, u

′
, λ

′
) − ∆(w

′′
, u

′′
, λ

′′
)
∣∣ ≤

≤ b1(z
′
,z

′′
)

T
+
[
K + 10

27
K2T (In −Q)−1] [∣∣z′ − z

′′∣∣+
∣∣w′ − w

′′∣∣+ b1(z
′
, z

′′
)
]

= ε
(
∆(w

′
, u

′
, λ

′
),∆(w

′′
, u

′′
, λ

′′
)
)
.

(16)
Äîâåäåííÿ. Çãiäíî [11℄ äëÿ âñiõ (w, u, λ) ∈ Ω × U × J ãðàíèöÿ �óíêöi¨ (4) ¹íåïåðåðâíîþ �óíêöi¹þ. Òîìó ïðè (w, u, λ) ∈ Ω × U × J �óíêöiÿ ∆(w, u, λ) òàêîæíåïåðåðâíà i îáìåæåíà â äàíié îáëàñòi.Âðàõîâóþ÷è (5), ìàòèìåìî

∆(w
′
, u

′
, λ

′
) − ∆(w

′′
, u

′′
, λ

′′
) = − 1

T
[B−1A+ In]

(
z
′ − z

′′)−
− 1
T

∫ T
0

[
f
(
s, x(s, w

′
, u

′
, λ

′
) + w

′
, λ

′)− f
(
s, x(s, w

′′
, u

′′
, λ

′′
) + w

′′
, λ

′′)]
ds.Ça äîïîìîãîþ áåçïîñåðåäíiõ îá÷èñëåíü ìîæåìî îòðèìàòè

∣∣∆(w
′
, u

′
, λ

′
) − ∆(w

′′
, u

′′
, λ

′′
)
∣∣ = b1(z

′
,z

′′
)

T
+

+K
[∣∣z′ − z

′′∣∣+ b1(z
′
, z

′′
)
]
+ K2

T
(In −Q)−1 [∣∣z′ − z

′′∣∣+ b1(z
′
, z

′′
)
] ∫ T

0
ᾱ1(t)dt+

+K2

T
(In −Q)−1

∣∣w′ − w
′′∣∣ ∫ T

0
ᾱ1(t)dt+K

∣∣w′ − w
′′∣∣.Âðàõîâóþ÷è ðiâíiñòü ∫ T

0
ᾱ1(t)dt = 10

27
T 2, ç îñòàííüî¨ íåðiâíîñòi âèïëèâà¹

∣∣∆(w
′
, u

′
, λ

′
) − ∆(w

′′
, u

′′
, λ

′′
)
∣∣ = b1(z

′
,z

′′
)

T
+K

[∣∣z′ − z
′′∣∣+ b1(z

′
, z

′′
)
]
+

+10
27
K2T (In −Q)−1 [∣∣z′−z′′∣∣+ b1(z

′
, z

′′
)
]
+ 10

27
K2T (In −Q)−1

∣∣w′−w′′∣∣+K
∣∣w′−w′′∣∣.Íàóê. âiñíèê Óæãîðîä óí-òó., 2003., âèï. 8



ÄÎÑËIÄÆÅÍÍß IÑÍÓÂÀÍÍß �ÎÇÂ'ßÇÊIÂ ÄÅßÊÈÕ ÍÅËIÍIÉÍÈÕ... 147�ðóïóþ÷è äîäàíêè â îñòàííüîìó ñïiââiäíîøåííi, îòðèìà¹ìî ïîòðiáíó íàì íåðiâ-íiñòü (16).Íàñòóïíå òâåðäæåííÿ äà¹ íåîáõiäíi óìîâè iñíóâàííÿ ðîçâ'ÿçêó ÏÊÇ (2)� (3) (àáîÏÊÇ (1)).Òåîðåìà 2. Íåõàé, äëÿ ÏÊÇ (2)�(3) âèêîíóþòüñÿ óìîâè A)�D). Äëÿ òîãî, ùîáâ äåÿêó îáëàñòü
H2 = Ω2 × U2 × J2 ⊂ Ω × U × J,âõîäèâ òðèïëåò (w∗, u∗, λ∗) äàíîãî ðîçâ'ÿçêó
x∗(t, w∗, u∗, λ∗) = lim

m→∞
xm(t, w∗, u∗, λ∗)ÏÊÇ (2)�(3) (àáî, ùî òåæ ñàìå, ÏÊÇ (1)) íåîáõiäíî, ùîá äëÿ êîæíîãî m i äîâiëüíîãîòðèïëåòó (w̄, ū, λ̄) ∈ H2 âèêîíóâàëàñü íàñòóïíà íåðiâíiñòü

∆m(w̄, ū, λ̄) ≤

≤ sup
(w,u,λ)∈H2

{
b1(z̄, z)

T
+

[
K +

10

27
K2T (In −Q)−1

]
[|z̄ − z| + |w̄ − w| + b1(z̄, z)]

}
+(17)

+ε
(
∆(w̄, ū, λ̄),∆m(w̄, ū, λ̄)

)
,äå b1(z

′
, z

′′
) = [B−1A+ In]

∣∣z′ − z
′′∣∣, à âåêòîð ε

(
∆(w̄, ū, λ̄),∆m(w̄, ū, λ̄)

) çàäà¹òüñÿïðàâîþ ÷àñòèíîþ (12).Äîâåäåííÿ. Íåõàé w = w∗, u = u∗, λ = λ∗ çàäîâîëüíÿþòü ñèñòåìó âèçíà÷àëüíèõðiâíÿíü (6)�(7), òîáòî x∗(t, w∗, u∗, λ∗) ¹ ðîçâ'ÿçêîì ÏÊÇ (2)�(3).Çàïèøåìî íåðiâíiñòü (16) äëÿ òðèïëåòiâ (w
′
, u

′
, λ

′
) = (w̄, ū, λ̄) òà (w

′′
, u

′′
, λ

′′
) =

= (w, u, λ).Òîäi
∆(w̄, ū, λ̄) ≤ b1(z̄, z)

T
+

[
K +

10

27
K2T (In −Q)−1

]
[|z̄ − z| + |w̄ − w| + b1(z̄, z)] .Ç (12) äëÿ (w, u, λ) = (w̄, ū, λ̄) ìàòèìåìî

∆m(w̄, ū, λ̄) ≤ ∆(w̄, ū, λ̄) + ε
(
∆(w̄, ū, λ̄),∆m(w̄, ū, λ̄)

)
.Îá'¹äíóþ÷è äâi îñòàííi íåðiâíîñòi, îòðèìà¹ìî ïîòðiáíå ñïiââiäíîøåííÿ (17), ùî iïîòðiáíî áóëî äîâåñòè.1. Ëó÷êà A. Þ. Ïðèìåíåíèå èòåðàöèîííûõ ïðîöåññîâ ê êðàåâûì çàäà÷àì äè��åðåíöèàëüíûõóðàâíåíèé ñ ïàðàìåòðàìè // Äîêë. AÍ Ó�Ñ�. Ñåð. A. � 1989. � �10. � Ñ. 22�27.2. Fe�
kan M. Parametrized singular boundary-value problems // J. Math. Anal. Appl. � 1994. � 188. �P. 417�425.3. Ñàìîéëåíêî À. Ì., �îíòî Ì. È. ×èñëåííî-àíàëèòè÷åñêèå ìåòîäû â òåîðèè êðàåâûõ çàäà÷îáûêíîâåííûõ äè��åðåíöèàëüíûõ óðàâíåíèé.� Ê.: Íàóêîâà äóìêà, 1992. � 279 ñ.4. Ronto Ì., Samoilenko A. M. Numeri
al-analyti
 methods in the theory of boundary-value problems. �Singapore: World S
ienti�
, 2000. � 455 p.5. �îíòî Í. È., Êîðîëü È. È. Èññëåäîâàíèå è ðåøåíèå êðàåâûõ çàäà÷ ñ ïàðàìåòðàìè ÷èñëåííî-àíàëèòè÷åñêèì ìåòîäîì // Óêð. ìàò. æóðí. � 1994. � 46, �8. � C. 1031�1043.Íàóê. âiñíèê Óæãîðîä óí-òó., 2003., âèï. 8
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