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Àíîòàöiÿ. Ðîçãëÿäà¹òüñÿ ñëàáêîçáóðåíà ëiíiéíà íåîäíîðiäíà êðàéîâà çàäà÷à äëÿ ñèñòåìè çâè-
÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü äðóãîãî ïîðÿäêó. Äëÿ ðîçãëÿäóâàíî¨ êðàéîâî¨ çàäà÷i ¨¨ ïîðîä-
æóþ÷à êðàéîâà çàäà÷à íå ìà¹ ðîçâ'ÿçêiâ ïðè äîâiëüíèõ íåîäíîðiäíîñòÿõ, òîáòî, âèêîíó¹òüñÿ êðè-
òè÷íèé âèïàäîê. Äîâåäåíî, ùî äëÿ òîãî, ùîá ñëàáêîçáóðåíà êðàéîâà çàäà÷à áóëà ðîçâ'ÿçíîþ, äî-
ñòàòíüî âèêîíàííÿ äåÿêèõ óìîâ íà ðàíã ìàòðèöi, ïîáóäîâàíî¨ çà äîïîìîãîþ êîåôiöi¹íòiâ ëiíiéíî¨
íåîäíîðiäíî¨ ñèñòåìè. Ïðè âèêîíàííi öèõ óìîâ íà çàäàíó ìàòðèöþ ðîçãëÿäóâàíà ñëàáêîçáóðåíà
êðàéîâà çàäà÷à áóäå ðîçâ'ÿçíà i ìàòèìå ðîçâ'ÿçîê ó âèãëÿäi çáiæíîãî ðÿäó Ëîðàíà.
Êëþ÷îâi ñëîâà: ñëàáêîçáóðåíà êðàéîâà çàäà÷à, ïîðîäæóþ÷à êðàéîâà çàäà÷à, êðèòåðié
ðîçâ'ÿçíîñòi, êðèòè÷íèé âèïàäîê.

1. Âñòóï. Ïîñòàíîâêà çàäà÷i
Ñëàáêîçáóðåíà ëiíiéíà êðàéîâà çàäà÷à íå çàâæäè ìà¹ ðîçâ'ÿçîê. Âèíèêà¹

ïîòðåáà âñòàíîâëåííÿ óìîâ, ïðè âèêîíàííi ÿêèõ ðîçãëÿäóâàíà çàäà÷à áóäå
ðîçâ'ÿçíîþ. Ñõîæà êðàéîâà çàäà÷à äëÿ ñèñòåìè ëiíiéíèõ äèôåðåíöiàëüíèõ ðiâ-
íÿíü ïåðøîãî ïîðÿäêó ðîçãëÿäàëàñÿ â ðîáîòàõ [1, 2, 7, 10], äå âèêîðèñòîâóâàâñÿ
àïàðàò ïñåâäîîáåðíåíèõ ìàòðèöü òà ìåòîä Âiøèêà-Ëþñòåðíèêà [3].

Ó öié ðîáîòi øóêàþòüñÿ óìîâè ðîçâ'ÿçíîñòi ñëàáêîçáóðåíî¨ ëiíiéíî¨ íåîäíî-
ðiäíî¨ êðàéîâî¨ çàäà÷i äëÿ ñèñòåìè çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü äðóãîãî
ïîðÿäêó.

Ðîçãëÿäà¹òüñÿ ñëàáêîçáóðåíà ëiíiéíà íåîäíîðiäíà êðàéîâà çàäà÷à

(P (t)x′)
′ −Q(t)x− εQ1(t)x = f(t), t ∈ [a, b], (1.1)

lx(·, ε) = α + ε l1x(·, ε). (1.2)
Ó (1.1), (1.2) x = x(t, ε) � n-âèìiðíà äâi÷i íåïåðåðâíî äèôåðåíöiéîâíà øóêàíà
âåêòîð-ôóíêöiÿ: x(·, ε) ∈ C2([a, b]×(0, ε0]). P (t), Q(t), Q1(t) � (n×n)- âèìiðíi äiéñíi
ìàòðèöi-ôóíêöi¨. Åëåìåíòè ìàòðèöi P (t) íåïåðåðâíî äèôåðåíöiéîâíi íà âiäðiçêó
[a, b]: P (t) ∈ C1([a, b]); åëåìåíòè ìàòðèöü Q(t) òà Q1(t) ¹ íåïåðåðâíèìè íà âiäðiçêó
[a, b]: Q(t), Q1(t) ∈ C([a, b]). Ìàòðèöÿ P (t) ¹ íåâèðîäæåíîþ: det P (t) 6= 0. f(t) �
n-âèìiðíà âåêòîð-ôóíêöiÿ, íåïåðåðâíà íà âiäðiçêó [a, b]: f(t) ∈ C([a, b]). l, l1 �
ëiíiéíi îáìåæåíi m-âèìiðíi âåêòîðíi ôóíêöiîíàëè, âèçíà÷åíi íà ïðîñòîði C([a, b])
íåïåðåðâíèõ n-âèìiðíèõ âåêòîðíèõ ôóíêöié: l, l1:C([a, b]) → Rm. α � m-âèìiðíèé
äiéñíèé âåêòîð: α ∈ Rm; ε � ìàëèé íåâiä'¹ìíèé ïàðàìåòð.
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Ïîðîäæóþ÷à äî çàäà÷i (1.1), (1.2) êðàéîâà çàäà÷à ìà¹ âèãëÿä:

(P (t)x′)
′ −Q(t)x = f(t), t ∈ [a, b], (1.3)

lx(· , ε) = α. (1.4)
Çàãàëüíèé ðîçâ'ÿçîê ñèñòåìè äèôåðåíöiàëüíèõ ðiâíÿíü (1.3) ìà¹ âèãëÿä: x(t) =

= X(t)c + x̄(t), c ∈ R2n, äå X(t) � (n × 2n)-âèìiðíà ôóíäàìåíòàëüíà ìàòðèöÿ
îäíîðiäíî¨ ñèñòåìè äðóãîãî ïîðÿäêó (1.3), ÿêà ñêëàäà¹òüñÿ ç 2n ëiíiéíî íåçà-
ëåæíèõ ðîçâ'ÿçêiâ îäíîðiäíî¨ (f(t) = 0) ñèñòåìè (1.3); âåêòîð-ôóíêöiÿ x̄(t) =

=
∫ b

a
K(t, s)f(s)ds ¹ ÷àñòèííèì ðîçâ'ÿçêîì ñèñòåìè äèôåðåíöiàëüíèõ ðiâíÿíü (1.3);

K(t, s) � (n × n)-âèìiðíà ìàòðèöÿ Êîøi [8, 9]. Ó ðåçóëüòàòi äi¨ ëiíiéíîãî m-
âèìiðíîãî ôóíêöiîíàëó l íà ôóíäàìåíòàëüíó ìàòðèöþ X(t) óòâîðþ¹òüñÿ (m×2n)-
âèìiðíà ïðÿìîêóòíà ìàòðèöÿ D, rankD = n1, n1 < min{2n,m}. Ìàòðèöÿ D∗ ¹
òðàíñïîíîâàíîþ äî ìàòðèöi D. (2n×m)-âèìiðíà ìàòðèöÿ D+ ¹ ïñåâäîîáåðíåíîþ
çà Ìóðîì-Ïåíðîóçîì äî ìàòðèöi D [2, 4, 6].

×åðåç PD i PD∗ ïîçíà÷èìî (2n×2n)- i (m×m)- âèìiðíi ìàòðèöi-îðòîïðîåêòîðè,
ÿêi ïðîåêòóþòü ïðîñòîðè R2 n i Rm íà íóëü-ïðîñòîðè N(D) òà N(D∗) âiäïîâiäíî:
PD : R2n → N(D), N(D) = PDR2n; PD:R2n → N(D), N(D∗) = PD∗R

m. Ìàòðèöÿ
N(D) ìà¹ ðîçìiðíiñòü r: dim N(D) = 2n-rankD = 2n − n1 = r, à ìàòðèöÿ N(D∗)
ìà¹ ðîçìiðíiñòü d: dim N(D∗) = m−rankD = m − n1 = d. Çâiäêè rankPD = r, à
rankPD∗ = d. Òîáòî, ìàòðèöÿ PD ñêëàäà¹òüñÿ ç r ëiíiéíî íåçàëåæíèõ ñòîâï÷èêiâ, à
ìàòðèöÿ PD∗ ñêëàäà¹òüñÿ ç d ëiíiéíî íåçàëåæíèõ ðÿäêiâ. Îòæå, (2n×2n)- âèìiðíó
ìàòðèöþ PD ìîæíà çàìiíèòè (2n×r)-âèìiðíîþ ìàòðèöåþ PDr , ùî ñêëàäà¹òüñÿ ç r
ëiíiéíî íåçàëåæíèõ ñòîâï÷èêiâ ìàòðèöi PD; (m×m)-âèìiðíó ìàòðèöþ PD∗ ìîæíà
çàìiíèòè (d × m)-âèìiðíîþ ìàòðèöåþ PD∗d , ÿêà ñêëàäà¹òüñÿ ç ïîâíî¨ ñèñòåìè d
ëiíiéíî íåçàëåæíèõ ðÿäêiâ ìàòðèöi PD∗ [2].

Äëÿ êðàéîâî¨ çàäà÷i (1.3), (1.4) ìà¹ ìiñöå òâåðäæåííÿ [8].
Òåîðåìà 1 (Êðèòè÷íèé âèïàäîê). Íåõàé âèêîíó¹òüñÿ óìîâà: rankD = n1 <
min{2n,m}. Òîäi îäíîðiäíà êðàéîâà çàäà÷à (1.3), (1.4) ìà¹ r, (r = 2n− n1) i ëèøå
r ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ.

Íåîäíîðiäíà êðàéîâà çàäà÷à (1.3), (1.4) ðîçâ'ÿçíà òîäi i òiëüêè òîäi, êîëè
âåêòîð-ôóíêöiÿ f(t) ∈ C([a, b]) i ñòàëèé âåêòîð α ∈ Rm çàäîâîëüíÿþòü óìîâó
ðîçâ'ÿçíîñòi

PD∗d [α− lx̄( · )] = 0, (d = m− n1). (1.5)
Ïðè âèêîíàííi öèõ óìîâ êðàéîâà çàäà÷à (1.3), (1.4) ìà¹ r-ïàðàìåòðè÷íó ñiì'þ

ðîçâ'ÿçêiâ x(t, cr) = Xr(t)cr + (Gf)(t) + X(t)D+α, t ∈ [a, b], ∀ cr ∈ Rr, äå
Xr(t) � (n× r)-âèìiðíà ìàòðèöÿ, ñòîâï÷èêè ÿêî¨ óòâîðþþòü ïîâíó ñèñòåìó r
ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ îäíîðiäíî¨ êðàéîâî¨ çàäà÷i: Xr(t) = X(t)PDr , PDr

� (2n × r)-âèìiðíà ìàòðèöÿ-îðòîïðîåêòîð; (Gf)(t), t ∈ [a, b], � óçàãàëüíåíèé
îïåðàòîð Ãðiíà, ÿêèé äi¹ íà äîâiëüíó âåêòîð-ôóíêöiþ f(t) ç ïðîñòîðó C([a, b]):

(Gf)(t)
def
=

∫ b

a

K(t, s)f(s)ds−X(t)D+l

∫ b

a

K(·, s)f(s)ds.
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2. Óìîâè ðîçâ'ÿçíîñòi ñëàáêîçáóðåíî¨ êðàéîâî¨ çàäà÷i

Ïðèïóñòèìî, ùî ïîðîäæóþ÷à êðàéîâà çàäà÷à (1.3), (1.4) íå ìà¹ ðîçâ'ÿçêiâ ïðè
äîâiëüíèõ íåîäíîðiäíîñòÿõ f(t) ∈ C([a, b]) òà α ∈ Rm, òîáòî, ìà¹ ìiñöå êðèòè÷íèé
âèïàäîê (rankD = n1 < n) i â ñèëó äîâiëüíîãî âèáîðó íåîäíîðiäíîñòåé f(t) ∈
C([a, b]) òà α ∈ Rm êðèòåðié ðîçâ'ÿçíîñòi (1.5) äëÿ ïîðîäæóþ÷î¨ êðàéîâî¨ çàäà÷i
(1.3), (1.4), âçàãàëi êàæó÷è, íå âèêîíó¹òüñÿ.

Âèíèêà¹ ïîòðåáà ç'ÿñóâàííÿ óìîâ, ÿêèì ïîâèííi çàäîâîëüíÿòè êîåôiöi¹íòè ñè-
ñòåìè (1.1) òàê, ùîá çàäà÷à (1.1), (1.2) áóëà ðîçâ'ÿçíîþ. Ïîêàæåìî, ùî âiäïîâiäü
íà öå ïèòàííÿ ìîæíà îòðèìàòè çà äîïîìîãîþ ìàòðèöü B0 òà B1. Ïîêëàäåìî

B0 := PD∗d{l1Xr( · )− l

∫ b

a

K(·, s)Q1(s)Xr(s)ds}, (2.1)

B0 � (d× r)-âèìiðíà ìàòðèöÿ, PB0 � (r× r)-âèìiðíà ìàòðèöÿ-îðòîïðîåêòîð, PB0 :
Rr → N(B0); B∗

0
� (r×d)-âèìiðíà ìàòðèöÿ, ñïðÿæåíà äî ìàòðèöi B0, PB∗

0
� (d×d)-

âèìiðíà ìàòðèöÿ-îðòîïðîåêòîð, PB∗0 : Rd → N(B∗
0
); (r × d)-âèìiðíà ìàòðèöÿ B+

0
¹

ïñåâäîîáåðíåíîþ çà Ìóðîì-Ïåíðîóçîì äî ìàòðèöi B0 .
Ùîá îòðèìàòè íîâi óìîâè iñíóâàííÿ ðîçâ'ÿçêó êðàéîâî¨ çàäà÷i (1.1), (1.2), ââå-

äåìî (d× r)-âèìiðíó ìàòðèöþ B1:

B1 := PB∗0PD∗d{l1G1( · )− l

∫ b

a

K(·, s)Q1(s)G1(s)ds}PB0 , (2.2)

äå
G1(t) = (G[Q1(s)Xr(s)])(t) + X(t)D+l1Xr(·). (2.3)

B∗
1
� (r × d)-âèìiðíà ìàòðèöÿ, òðàíñïîíîâàíà äî ìàòðèöi B1; PB

1
� (r × r)-

âèìiðíà ìàòðèöÿ-îðòîïðîåêòîð, ÿêà ïðîåêòó¹ r-âèìiðíèé åâêëiäiâ ïðîñòið Rr íà
íóëü-ïðîñòið N(B1) ìàòðèöi B1; PB∗

1
� (d×d)-âèìiðíà ìàòðèöÿ-îðòîïðîåêòîð, ÿêà

ïðîåêòó¹ d-âèìiðíèé åâêëiäiâ ïðîñòið Rd íà íóëü-ïðîñòið N(B∗
1
) ìàòðèöi B∗

1
.

Ó âèïàäêó, êîëè óìîâà PB∗0 = 0 ⇔ rankB0 = d âèêîíó¹òüñÿ, â ðîáîòi [9] áóëè
çíàéäåíi óìîâè iñíóâàííÿ ðîçâ'ÿçêó ñèñòåìè (1.1), (1.2) ó âèãëÿäi ðÿäó Ëîðàíà ïðè
k = −1: x(t, ε) =

∑∞
k=−1 εkxk(t).

Ïîêàæåìî, ùî ïðè âèêîíàííi ïåâíèõ óìîâ íà ìàòðèöþ B1 çàäà÷à (1.1), (1.2)
ìàòèìå ðîçâ'ÿçîê, ÿêèé òðåáà øóêàòè ó âèãëÿäi ðÿäó

∑∞
k=−2 εkxk(t).

Äîâåäåìî íàñòóïíå òâåðäæåííÿ.

Òåîðåìà 2. Íåõàé äëÿ ñëàáêîçáóðåíî¨ êðàéîâî¨ çàäà÷i (1.1), (1.2) ìà¹ ìiñöå êðè-
òè÷íèé âèïàäîê (rankD = n1 < n), òîáòî, ¨¨ ïîðîäæóþ÷à êðàéîâà çàäà÷à (1.3),
(1.4) çà äîâiëüíèõ íåîäíîðiäíîñòåé f(t) ∈ C[a, b] òà α ∈ Rm íå ìà¹ ðîçâ'ÿçêiâ, i
óìîâà PB∗

0
= 0 íå âèêîíó¹òüñÿ.

ßêùî ìà¹ ìiñöå óìîâà
PB∗1PB∗0 = 0, (2.4)
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òî ñëàáêîçáóðåíà ëiíiéíà êðàéîâà çàäà÷à (1.1), (1.2) ðîçâ'ÿçíà i ¨¨ ðîçâ'ÿçîê ìîæíà
ïîäàòè ó âèãëÿäi ÷àñòèíè çáiæíîãî (ïðè äîñòàòíüî ìàëîìó ôiêñîâàíîìó ε ∈
(0, ε0]) ðÿäó Ëîðàíà:

x(t, ε) =
∞∑

k=−2

εkxk(t). (2.5)

Äîâåäåííÿ. Ïiäñòàâèìî ðÿä (2.5) â çàäà÷ó (1.1), (1.2), i â ðåçóëüòàòi ïðè êîæíîìó
ñòåïåíi ε îòðèìà¹ìî âiäïîâiäíó êðàéîâó çàäà÷ó.

Ïðè ε−2 ìà¹ìî îäíîðiäíó êðàéîâó çàäà÷ó:

(P (t)x′−2)
′ −Q(t)x−2 = 0, t ∈ [a, b], (2.6)

l x−2( · , ε) = 0. (2.7)
Çàäà÷à (2.6), (2.7) ìà¹ r-ïàðàìåòðè÷íó ñiì'þ ðîçâ'ÿçêiâ:

x−2(t) = Xr(t)c−1, c−1 ∈ Rr, (2.8)

c−1 � äîâiëüíèé r-âèìiðíèé âåêòîð, ÿêèé áóäå çíàéäåíî ç óìîâè ðîçâ'ÿçíîñòi êðàé-
îâî¨ çàäà÷i ïðè ε−1. Ïðè ε−1 ìà¹ìî íåîäíîðiäíó êðàéîâó çàäà÷ó:

(P (t)x′−1)
′ −Q(t)x−1 = Q1(t)x−2, t ∈ [a, b], (2.9)

l x−1(·, ε) = l1x−2(·, ε). (2.10)
Çãiäíî òåîðåìè 1 óìîâà ðîçâ'ÿçíîñòi êðàéîâî¨ çàäà÷i (2.9), (2.10) ¹ òàêîþ:

PD∗d{l1 x−2(·)− l

∫ b

a

K(·, s)Q1(s) x−2(s)ds} = 0, d = m− n1. (2.11)

Âðàõîâóþ÷è ðiâíiñòü (2.8) i âèêîðèñòîâóþ÷è ïîçíà÷åííÿ (2.1), ç ðiâíîñòi (2.11)
îòðèìà¹ìî àëãåáðà¨÷íó âiäíîñíî âåêòîðà c−1 ∈ Rr ñèñòåìó:

B0c−1 = 0. (2.12)

Àëãåáðà¨÷íà ñèñòåìà (2.12) çàâæäè ðîçâ'ÿçíà âiäíîñíî r-âèìiðíîãî âåêòîðà
c−1 ∈ Rr:

c−1 = PB0c−1r ∈ N(B0). (2.13)
Ìà¹ìî çíà÷åííÿ âåêòîðà c−1 âèãëÿäó (2.13), òîìó ìîæíà âêàçàòè r-

ïàðàìåòðè÷íó ñiì'þ ðîçâ'ÿçêiâ êðàéîâî¨ çàäà÷i (2.6), (2.7):

x−2(t) = Xr(t)PB0c−1r, c−1r ∈ Rr. (2.14)

Âiäïîâiäíî äî òåîðåìè 1, r-ïàðàìåòðè÷íà ñiì'ÿ ðîçâ'ÿçêiâ êðàéîâî¨ çàäà÷i (2.9),
(2.10) ¹ òàêîþ:

x−1(t, c−1) = Xr(t)c0 + x̄−1(t), c−1 ∈ R. (2.15)
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Ó (2.15) x̄−1(t) � ÷àñòèííèé ðîçâ'ÿçîê êðàéîâî¨ çàäà÷i (2.9), (2.10). Çãiäíî òåî-
ðåìè 1, âðàõîâóþ÷è ðiâíîñòi (2.13), (2.14) òà ïîçíà÷åííÿ (2.3), âåêòîð x̄−1(t) ìàòèìå
âèãëÿä:

x̄−1(t) = G1(t)PB0c−1r, c−1r ∈ Rr,

äå ìàòðèöÿ-ôóíêöiÿ G1(t) âèçíà÷åíà òàêèì ÷èíîì:

G1(t) :=

∫ b

a

K(t, s)Q1(s)Xr(s)ds−X(t)D+l

∫ b

a

K(·, s)Q1(s)ds+

+X(t)D+l1Xr(·).
(2.16)

Âåêòîð c0 � íåâiäîìèé, éîãî áóäå çíàéäåíî ç êðàéîâî¨ çàäà÷i ïðè ε0.
Ïðè ε0 ìà¹ìî êðàéîâó çàäà÷ó âiäíîñíî âåêòîðà x0(t):

(P (t)x′0)
′ −Q(t)x0 = Q1(t)x−1 + f(t), t ∈ [a, b], (2.17)

lx0(·, ε) = l1x−1(·, ε) + α. (2.18)
Çàïèøåìî óìîâó ðîçâ'ÿçíîñòi êðàéîâî¨ çàäà÷i (2.17), (2.18):

PD∗d{l1 x−1(·) + α− l

b∫

a

K(·, s) (Q1(s) x−1(s) + f(s))ds} = 0, d = m− n1. (2.19)

Çðîáèâøè âiäïîâiäíi ïåðåòâîðåííÿ â (2.19), óìîâà ðîçâ'ÿçíîñòi çàäà÷i (2.17),
(2.18) çâåäåòüñÿ äî àëãåáðà¨÷íî¨ ñèñòåìè âiäíîñíî íåâiäîìîãî âåêòîðà c0 ∈ Rr:

B0c0 = ϕ0 − PB∗0PD∗d{l1G1(·)− l

∫ b

a

K(·, s)Q1(s)G1(s)ds}PB0c−1. (2.20)

Âðàõîâóþ÷è ïîçíà÷åííÿ (2.2), ðiâíiñòü (2.20) çàïèøåìî òàêèì ÷èíîì:

B0c0 = ϕ0 −B1PB0c−1. (2.21)

Óìîâà ðîçâ'ÿçíîñòi àëãåáðà¨÷íî¨ ñèñòåìè (2.21) ¹ òàêîþ:

PB∗0{ϕ0 −B1PB0c−1} = 0. (2.22)

Àëãåáðà¨÷íà ñèñòåìà âiäíîñíî âåêòîðà c−1 ∈ Rr ìà¹ âèãëÿä:

B1c−1 = PB∗0ϕ0. (2.23)

Óìîâà ðîçâ'ÿçíîñòi àëãåáðà¨÷íî¨ ñèñòåìè (2.23), ¹ òàêîþ:

PB∗1 · PB∗0ϕ0 = 0 (2.24)

ßêùî âèêîíàíà óìîâà
PB∗1 · PB∗0 = 0, (2.25)
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òî óìîâà (2.24) çàâæäè âèêîíó¹òüñÿ. Âèêîíàííÿ óìîâè (2.21) îçíà÷à¹, ùî àëãåá-
ðà¨÷íà ñèñòåìa (2.23) ðîçâ'ÿçíà, à ¨¨ ðîçâ'ÿçîê ¹ r-âèìiðíèé âåêòîð:

c0 = PB0c0r + B+
0 [ϕ0 −B1 · PB0c−1r]. (2.26)

Çíà÷åííÿ âåêòîðà c0 âèãëÿäó (2.26) ïiäñòàâèìî â (2.15), ó ðåçóëüòàòi îòðèìà¹ìî
r-ïàðàìåòðè÷íó ñiì'þ ðîçâ'ÿçêiâ êðàéîâî¨ çàäà÷i (2.9), (2.10):

x−1(t, c0) = Xr(t)PB0c0r + x̄−1(t), (2.27)

ó (2.27) x̄−1(t) � ÷àñòèííèé ðîçâ'ÿçîê êðàéîâî¨ çàäà÷i (2.9), (2.10) âèãëÿäó: x̄−1(t) =
= Xr(t)B

+
0 [ϕ0 −Xr(t)B

+
0 B1PB0c−1r] + G1(t)PB0c−1r.

r-ïàðàìåòðè÷íà ñiì'ÿ ðîçâ'ÿçêiâ êðàéîâî¨ çàäà÷i (2.17), (2.18) ¹ òàêîþ:

x0(t, c1) = Xr(t)c1 + x̄0(t), c1 ∈ R. (2.28)

Ó (2.28) x̄0(t) � ÷àñòèííèé ðîçâ'ÿçîê:

x̄0(t) = G1(t)[PB0c0r + B+
0 [ϕ0 −B1PB0c−1r]] + G2(t)PB0c−1r+

+(Gf)(t) + X(t)D+α.
(2.29)

Ó (2.29) ìàòðèöÿ-ôóíêöiÿ G1(t) ìà¹ âèãëÿä (2.16), à G2(t) âèçíà÷åíà òàêèì ÷èíîì:

G2(t) :=

∫ b

a

K(t, s)Q1(s)G1(s)ds−X(t)D+l

∫ b

a

K(·, s)Q1(s)G1(s)ds+X(t)D+l1G1(·).
Âåêòîð c1 áóäå çíàéäåíî ç óìîâè ðîçâ'ÿçíîñòi êðàéîâî¨ çàäà÷i âiäíîñíî âåêòîð-

ôóíêöi¨ x1(t), ÿêà óòâîðþ¹òüñÿ ïðè ε1. Ïðîäîâæóþ÷è öåé ïðîöåñ, ïðè εk ìà¹ìî
òàêó êðàéîâó çàäà÷ó:

(P (t)x′k)
′ −Q(t)xk = Q1(t)xk−1, t ∈ [a, b], (2.30)

l xk(·, ε) = l1xk−1(·, ε). (2.31)
Óìîâà ðîçâ'ÿçíîñòi êðàéîâî¨ çàäà÷i (2.30), (2.31) ¹ òàêîþ:

PD∗d{l1 xk−1(·)− l

∫ b

a

K(·, s)Q1(s) xk−1(s)ds} = 0, d = m− n1.

Ïðè âèêîíàííi óìîâè (2.25), êðàéîâà çàäà÷à (2.30), (2.31) ìàòèìå r-
ïàðàìåòðè÷íó ñiì'þ ðîçâ'ÿçêiâ: xk(t, ck+1) = Xr(t)ck+1 + x̄k(t), ck+1 ∈ R, äå x̄k(t)
� ÷àñòèííèé ðîçâ'ÿçîê êðàéîâî¨ çàäà÷i (2.29), (2.30): x̄k(t) = G1(t)ck + G2(t)ck−1 +
. . . + Gk+1(t)c0 + Gk(t)PB0c−1r + (Gf)(t) + X(t)D+α,

äå

ck = PB0ckr + B+
0 {ϕk −B1ck−1 + B2ck−2 + . . . + Bk+1c−1}, k ≥ 0.

Gk(t) :=

∫ b

a

K(t, s)Q1(s)Gk−1(s)ds−
−X(t)D+l

∫ b

a
K(·, s)Q1(s)Gk−1(s)ds + X(t)D+l1Gk−1(·), k ≥ 2,

Bk := −PD∗d [l1Gk−1(·)Bk−1 − l1Gk(·)−
−l

∫ b

a
[K(·, s)Q1(s)Gk−1(s)B1 −Gk(s)]ds]PB0 , k ≥ 2.
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Ó âèïàäêó, êîëè óìîâà (2.4) âèêîíó¹òüñÿ, âñi êîåôiöi¹íòè ðîçêëàäó (2.5) çíàõî-
äÿòüñÿ â ÿâíîìó âèãëÿäi, ùî äîâîäèòüñÿ çà ìåòîäîì ìàòåìàòè÷íî¨ iíäóêöi¨.

Îòæå, ïðè âèêîíàííi óìîâè (2.4), ñëàáêîçáóðåíà êðàéîâà çàäà÷à (1.1), (1.2)
áóäå ðîçâ'ÿçíîþ.

Çáiæíiñòü ðÿäó Ëîðàíà äîâîäèòüñÿ çà äîïîìîãîþ òðàäèöiéíèõ ìåòîäiâ ìàæîðó-
âàííÿ [3, 5].

Ó ïóáëiêàöi¨ [7] ðîçãëÿäà¹òüñÿ íåòåðîâà êðàéîâà çàäà÷à äëÿ ñèñòåìè äèôåðåí-
öiàëüíèõ ðiâíÿíü ïåðøîãî ïîðÿäêó, âiäøóêàííÿ ðîçâ'ÿçêó ÿêî¨ çàïðîïîíîâàíî çà
äîïîìîãîþ çàñòîñóâàííÿ ìåòîäó ïðîñòèõ iòåðàöié.

Îòðèìàíi â ðîáîòi ðåçóëüòàòè äîáðå óçãîäæóþòüñÿ ç ðàíiøå âiäîìèìè ðåçóëü-
òàòàìè [1, 2, 7, 8, 9, 10].
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