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Iâàíî-Ôðàíêiâñüêèé íàöiîíàëüíèé òåõíi÷íèé óíiâåðñèòåò íàôòè i ãàçó
Êè¨âñüêèé íàöiîíàëüíèé åêîíîìi÷íèé óíiâåðñèòåò iìåíi Âàäèìà Ãåòüìàíà

ÂÈÐÎÄÆÅÍÀ ÊÐÀÉÎÂÀ ÇÀÄÀ×À Ç ÌÀËÈÌ ÏÀÐÀÌÅÒÐÎÌ

Îòðèìàíî óìîâè áiôóðêàöi¨ ðîçâ'ÿçêiâ òà äîâåäåíî îöiíêó çáiæíîñòi ðÿäó, ÿêèé äà¹ ñiìåé-
ñòâî ðîçâ'ÿçêiâ âèðîäæåíî¨ ëiíiéíî¨ íåîäíîðiäíî¨ êðàéîâî¨ çàäà÷i.

Conditions of bifurcation of solutions are obtained and estimate of some series convergence is
proved.These series are solutions of a degenerate linear nonhomogeneus boundary-value problem.

Ðîçãëÿäàþòüñÿ ñèñòåìè äèôåðåíöiàëü-
íèõ ðiâíÿíü ç âèðîäæåíîþ ìàòðèöåþ ïðè
ïîõiäíié. Âèðîäæåíi ñèñòåìè çâè÷àéíèõ
äèôåðåíöiàëüíèõ ðiâíÿíü, ¨õ ùå íàçèâà-
þòü �äèôåðåíöiàëüíî-àëãåáðà¨÷íèìè ðiâíÿ-
ííÿìè�, �àëãåáðî-äèôåðåíöiàëüíèìè ñèñòå-
ìàìè�, �ñèíãóëÿðíèìè ñèñòåìàìè�, �äèñêðè-
ïòîðíèìè ñèñòåìàìè�, âèâ÷àëèñÿ áàãàòüìà
àâòîðàìè [1 � 8]. Òàê, â ðîáîòi [8] ðîçãëÿäà-
ëè âèðîäæåíó ëiíiéíó íåîäíîðiäíó êðàéîâó
çàäà÷ó ç ìàëèì ïàðàìåòðîì

B (t)
dx

dt
= A (t) x+ εA1 (t) x+ f (t) , (1)

t ∈ [a, b] ,

l x (·) = α + εl1x, α ∈ Rm, (2)

äå A (t) , B (t) , A1 (t) � (n× n)-âèìiðíi
ìàòðèöi, êîìïîíåíòè ÿêèõ ¹ äiéñíèìè,
äîñòàòíþ êiëüêiñòü ðàç äèôåðåíöiéîâíi
íà [a, b] ôóíêöiÿìè: A (t) , A1 (t) , B (t) ∈
C 3q−2 [ a; b ]; detB (t) = 0 ∀ t ∈ [a; b]; f (t)
� n-âèìiðíèé âåêòîð-ñòîâïåöü ç ïðîñòîðó
C q−1 [ a; b ] (çíà÷åííÿ âåëè÷èíè q âèçíà-
÷à¹òüñÿ çãiäíî ç òåîðåìîþ 2.1 [5]); α �
m-âèìiðíèé âåêòîð-ñòîâïåöü ñòàëèõ; l, l1
� ëiíiéíi âåêòîðíi ôóíêöiîíàëè, âèçíà÷åíi
íà ïðîñòîði n-âèìiðíèõ, íåïåðåðâíèõ íà
[a; b] âåêòîð-ôóíêöié: l = col (l1, ..., lm) :
C [a, b] → Rm, l1 = col (l11, ..., l

1
m) :

C [a, b] → Rm, li, l
1
i : C [a, b] → R.

Â ðîáîòi [8] îòðèìàíî óìîâè áiôóðêàöi¨
ðîçâ'ÿçêiâ ëiíiéíèõ âèðîäæåíèõ íåòåðîâèõ
êðàéîâèõ çàäà÷ ç ìàëèì ïàðàìåòðîì çà ïðè-
ïóùåííÿ, ùî íåçáóðåíà âèðîäæåíà äèôåðåí-
öiàëüíà ñèñòåìà çâîäèòüñÿ äî öåíòðàëüíî¨

êàíîíi÷íî¨ ôîðìè. Âèêîðèñòîâóþ÷è ìåòîä
Âiøèêà�Ëþñòåðíèêà i àïàðàò ïñåâäîîáåðíå-
íèõ çà Ìóðîì�Ïåíðîóçîì ìàòðèöü, çàïðî-
ïîíîâàíèé àëãîðèòì âiäøóêàííÿ ñiìåéñòâà
ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ òàêèõ êðàéî-
âèõ çàäà÷ â çàãàëüíîìó âèïàäêó, êîëè êiëü-
êiñòü êðàéîâèõ óìîâ, ÿêi çàäàíi ëiíiéíèì âå-
êòîðíèì ôóíêöiîíàëîì, íå äîðiâíþ¹ êiëüêî-
ñòi íåâiäîìèõ ó âèðîäæåíié äèôåðåíöiàëü-
íié ñèñòåìi [9, 10].

Çîêðåìà, äîâåäåíî òåîðåìó, ùî êðàéîâà
çàäà÷à (1), (2) ïðè óìîâi

rank

[
B0 := PQ∗

d

(
l1Xr (·)−

−l
( ·∫

a

Xn−s (·)Y ∗n−s (τ)A1(τ)Xr(τ)dτ−

−Φ (·)
q−1∑
k=0

Ik
dk

dtk

([
Ψ∗ (t)LΦ (t)

]−1
×

×Ψ∗ (t)A1(t)Xr(t)

)
(·)
))]

= d, (3)

(d = m− rank Q)

ìà¹ ρ = (n− s−m)-ïàðàìåòðè÷íó ñiì'þ ëi-
íiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ ó âèãëÿäi ÷à-
ñòèíè ðÿäó Ëîðàíà:

x (t, cρ) =
+∞∑
i=−1

εi
[
xi (t, ci) +X i (t)Pρcρ

]
(4)

∀ cρ ∈ Rρ,
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äå êîåôiöi¹íòè xi (t, ci), ci, X i(t) âèçíà÷àþ-
òüñÿ çà ôîðìóëàìè:

xi (t, ci) = Xr(t)ci + Fi−1 (t) , (5)

ci = −B+
0 PQ∗

d

(
l1Fi−1 (·)−

−l
( .∫

a

Xn−s (·)Y ∗n−s (τ)A1(τ)Fi−1 (τ) dτ−

−Φ (·)
q−1∑
k=0

Ik
dk

dtk

([
Ψ∗ (t)LΦ (t)

]−1
×

×Ψ∗ (t)A1(t)Fi−1 (t)

)
(·)
))

, i = 1, 2, ... (6)

X i (t) = Xr(t)Di +Ki−1 (t) , (7)

X−1(t) = Xr(t),

Di = Ir −B+
0 PQ∗

d

[
l1Ki−1 (·)−

−l
( .∫

a

Xn−s (·)Y ∗n−s (τ)A1(τ)Ki−1 (τ) dτ−

−Φ (·)
q−1∑
k=0

Ik
dk

dtk

([
Ψ∗ (t)LΦ (t)

]−1
×

×Ψ∗ (t)A1(t)Ki−1 (t)

)
(·)
)]
, (8)

Fi−1 (t) =

(
G
[
A1 (·)xi−1 (·, c−1)

])
(t)+

+Xn−s (t)Q
+l1xi−1 (·, ci−1) , (9)

Ki−1 (t) =

(
G
[
A1 (·)Xi−1 (·)

])
(t)+

+Xn−s (t)Q
+l1Xi−1 (·) . (10)

Ìàòðèöÿ B0 ïîáóäîâàíà ç âðàõóâàííÿì
çáóðþþ÷îãî êîåôiöi¹íòà A1 (t) ñèñòåìè (1) i
âåêòîðíîãî ôóíêöiîíàëà l1 â êðàéîâié óìîâi
(2).

Ïîðÿä ç çàäà÷åþ (1), (2) ðîçãëÿäàëè ïî-
ðîäæóþ÷ó âèðîäæåíó êðàéîâó çàäà÷ó

B (t)
dx

dt
= A (t)x+ f (t) ,

l x (·) = α ∈ Rm, t ∈ [a; b] , (11)

ÿêà çãiäíî äîâåäåíî¨ òåîðåìè [6] ðîçâ'ÿ-
çíà òîäi i òiëüêè òîäi, êîëè íåîäíîðiäíîñòi
f (t) ∈ ∈ C q−1 [a, b] â äèôåðåíöiàëüíié ñè-
ñòåìi òà α ∈ Rm â êðàéîâié óìîâi çàäîâîëü-
íÿþòü d ëiíiéíî íåçàëåæíi óìîâè:

PQ∗
d

(
α− l

( ·∫
a

Xn−s (·)Y ∗n−s (τ) f (τ) dτ−

−Φ (·)
q−1∑
k=0

Ik
dk

dtk

([
Ψ∗ (t)LΦ (t)

]−1
×

×Ψ∗ (t) f (t)

)
(·)
))

= 0, (d = m−n1) (12)

ïðè öüîìó çàäà÷à (11) ìà¹ r = (n − s −
n1)-ïàðàìåòðè÷íó ñiì'þ ëiíiéíî íåçàëåæíèõ
ðîçâ'ÿçêiâ

x (t, cr) = Xr(t)cr +Xn−s (t)Q
+α+

+(Gf) (t) ∀ cr ∈ R r, (13)

äå (Gf) (t) � óçàãàëüíåíèé îïåðàòîð Ãðiíà,
ÿêèé äi¹ íà äîâiëüíó âåêòîð-ôóíêöiþ f (t) ç
C q−1 [a, b] òàêèì ÷èíîì

(Gf)(t) = −Xn−s(t)Q
+×

×l
( ·∫

a

Xn−s(·)Y ∗n−s(τ)f(τ)dτ−

−Φ(·)
q−1∑
k=0

Ik
dk

dtk

([
Ψ∗(t)LΦ(t)

]−1
×

×Ψ∗(t)f(t)

)
(·)
)
+

t∫
a

Xn−s(t)Y
∗
n−s(τ)f(τ)dτ−

−Φ(t)

q−1∑
k=0

Ik
dk

dtk

([
Ψ∗(t)LΦ(t)

]−1
Ψ∗(t)f(t)

)
.

Ïðè öüîìó ïðèïóñêàëè, ùî ïîðîäæóþ÷à
âèðîäæåíà êðàéîâà çàäà÷à (11), ÿêà îòðè-
ìàíà ç (1), (2) ïðè ε = 0, ìà¹ ðîçâ'ÿçêè íå
ïðè âñiõ íåîäíîðiäíîñòÿõ f (t) ∈ C q−1 [ a, b] i
α ∈ Rm.

Ââàæàëè, ùî äèôåðåíöiàëüía ñèñòåìà
êðàéîâî¨ çàäà÷i (11) òàêà, ùî íåâèðîäæå-
íèì ëiíiéíèì ïåðåòâîðåííÿì çâîäèòüñÿ äî
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öåíòðàëüíî¨ êàíîíi÷íî¨ ôîðìè [5]. Ïîñòàâëå-
íó çàäà÷ó ðîçâ'ÿçóâàëè âèêîðèñòîâóþ÷è ìå-
òîä Âiøèêà�Ëþñòåðíèêà [11], òîáòî ðîçâ'ÿ-
çîê êðàéîâî¨ çàäà÷i (1), (2) øóêàëè â âèãëÿäi
÷àñòèíè ðÿäó Ëîðàíà çà ñòåïåíÿìè ìàëîãî
ïàðàìåòðó ε :

x (t, ε) =
+∞∑
i=−1

εixi (t) =
x−1 (t)

ε
+ x0 (t)+

+εx1 (t) + ε2x2 (t) + ...

Â äàíié ðîáîòi ïîêàæåìî, ùî ïðè äîñòà-
òíüî ìàëèõ ôiêñîâàíèõ ε ∈ (0; ε0] ðÿä (4)
ç êîåôiöi¹íòàìè, âèçíà÷åíèìè çãiäíî ç ôîð-
ìóë (5) � (10) áóäå çáiãàòèñÿ ïðè ∀ t ∈ [a, b].

Ðÿä (4) ìîæíà ðîçãëÿäàòè ÿê ñóìó

äâîõ ðÿäiâ
+∞∑
i=−1

εixi (t, ci) i
+∞∑
i=−1

εiX i (t)Pρcρ.

Îñêiëüêè ñóìîþ äâîõ çáiæíèõ ðÿäiâ ¹ çái-
æíèé ðÿä, òî äîâåäåìî çáiæíiñòü êîæíîãî ç
ðÿäiâ îêðåìî.

Ïåðøå äîâåäåìî íà çáiæíiñòü ðÿä

+∞∑
i=−1

εixi (t, ci) (14)

ç êîåôiöi¹íòàìè âèçíà÷åíèìè çãiäíî ç ôîð-
ìóë (5), (6), (9):

xi (t, ci) = Xr(t)ci + Fi−1 (t) ,

ci = −B+
0 PQ∗

d

(
l1Fi−1 (·)−

−l
( .∫

a

Xn−s (·)Y ∗n−s (τ)A1(τ)Fi−1 (τ) dτ−

−Φ (·)
q−1∑
k=0

Ik
dk

dtk

([
Ψ∗ (t)LΦ (t)

]−1
×

×Ψ∗ (t)A1(t)Fi−1 (t)

)
(·)
))

, (i = 1, 2, ..)

Fi−1 (t) =

(
G
[
A1 (·)xi−1 (·, ci−1)

])
(t)+

+Xn−s (t)Q
+l1xi−1 (·, ci−1) .

Çðîáèìî îöiíêè êîåôiöi¹íòiâ xi (t, ci), ci.
Äëÿ áóäü-ÿêîãî t ∈ [a, b] ìà¹ìî:

∥
t∫

a

Xn−s (t)Y
∗
n−s (τ) f (τ) dτ−

−Φ (t)

q−1∑
k=0

Ik
dk

dtk

([
Ψ∗ (t)LΦ (t)

]−1
Ψ∗ (t) f (t)

)
∥ ≤

≤ ϑn∥f (t) ∥ = ϑ∥f (t) ∥,
äå ϑ = max ϑn, n = 0, q − 1.

Äëÿ óçàãàëüíåíîãî îïåðàòîðà Ãðiíà
(Gf)(t) ìà¹ìî íàñòóïíó îöiíêó:

∥(Gf)(t)∥ ≤ a1b1hϑ∥f (t) ∥+ ϑ∥f (t) ∥ =

=≤ ϑ(a1b1h+ 1)∥f (t) ∥ = H∥f (t) ∥,
äå ∥Q+∥ = b1, ∥l∥ = h,

∥Xn−s (t) ∥ := sup
t∈[a,b]

∥Xn−s (t) ∥ = a1.

×åðåç íîðìó ∥ · ∥ áóäåìî ïîçíà÷àòè ñòàí-
äàðòíó sup íîðìó âiäïîâiäíîãî îïåðàòîðà.
×åðåç H ïîçíà÷èìî âèðàç H = ϑ(a1b1h+ 1).

Äëÿ êîåôiöi¹íòà F0 (t) (9) ìà¹ìî îöiíêó:

∥F0 (t) ∥ ≤ H∥A1 (t) x0 (t, c0) ∥+

+a1b1h1∥x0 (t, c0) ∥ =

= Hd1∥x0 (t, c0) ∥+ a1b1h1∥x0 (t, c0) ∥ =

= (Hd1 + a1b1h1)∥x0 (t, c0) ∥ = P1∥x0 (t, c0) ∥,
äå ∥l1 (t) ∥ = h1, ∥A1 (t) ∥ = d1, à ÷åðåç P1

ïîçíà÷èìî âèðàç P1 = Hd1+ +a1b1h1.
Äëÿ êîåôiöi¹íòà c1 (6) ìà¹ìî îöiíêó:

∥c1∥ ≤ pg(h1P1∥x0 (t, c0) ∥+hϑ∥A1 (t)F0 (t) ∥) =

= pg(h1P1∥x0 (t, c0) ∥+ hϑd1P1∥x0 (t, c0) ∥) =

= pgP1(h1 + hϑd1)∥x0 (t, c0) ∥ = γ∥x0 (t, c0) ∥,
äå ∥B+

0 ∥ = p, ∥PQ∗
d
∥ = g, à ÷åðåç γ ïîçíà-

÷èìî âèðàç γ = pgP1(h1 + hϑd1).
Äëÿ êîåôiöi¹íòà x1 (t, c1) (5) ìà¹ìî îöií-

êó:

∥x1 (t, c1) ∥ ≤ f1γ∥x0 (t, c0) ∥+P1∥x0 (t, c0) ∥ =

= (f1γ + P1)∥x0 (t, c0) ∥,
äå ∥Xr(t)∥ = f1.
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Äëÿ êîåôiöi¹íòiâ c2, x2 (t, c2) ìà¹ìî òàêi
îöiíêè:

∥c2∥ ≤ γ∥x1 (t, c1) ∥,

∥x2 (t, c2) ∥ ≤ (f1γ + P1)∥x1 (t, c1) ∥.

Ïiäñòàâèìî ç ïîïåðåäíüî¨ îöiíêè âèðàç
äëÿ ∥x1 (t, c1) ∥ é áóäåìî ìàòè:

∥c2∥ ≤ γ∥x1 (t, c1) ∥ ≤ γ(f1γ + P1)∥x0 (t, c0) ∥,

∥x2 (t, c2) ∥ ≤ (f1γ + P1)∥x1 (t, c1) ∥ ≤

≤ (f1γ + P1)
2∥x0 (t, c0) ∥.

Äëÿ êîåôiöi¹íòiâ c3, x3 (t, c3) ìà¹ìî òàêi
îöiíêè:

∥c3∥ ≤ γ∥x2 (t, c2) ∥,

∥x3 (t, c3) ∥ ≤ (f1γ + P1)∥x2 (t, c2) ∥.

Ïiäñòàâèìî ç ïîïåðåäíüî¨ îöiíêè âèðàç
äëÿ ∥x2 (t, c2) ∥ é áóäåìî ìàòè:

∥c3∥ ≤ γ∥x2 (t, c2) ∥ ≤ (f1γ + P1)
2∥x0 (t, c0) ∥,

∥x3 (t, c3) ∥ ≤ (f1γ + P1)∥x2 (t, c2) ∥ ≤

≤ (f1γ + P1)
3∥x0 (t, c0) ∥.

Ïðîäîâæóþ÷è öåé ïðîöåñ, ëåãêî ïåðåêî-
íàòèñÿ, ùî äëÿ êîåôiöi¹íòiâ ci ∈ R r, xi (t, ci)
ðÿäó (14) ìàþòü ìiñöå îöiíêè:

∥ci∥ ≤ γ(f1γ + P1)
i−1∥x0 (t, c0) ∥,

∥xi (t, ci) ∥ ≤ (f1γ + P1)
i∥x0 (t, c0) ∥,

(i = 1, 2, ...).

Òàêèì ÷èíîì äëÿ âñiõ t ∈ [a, b] ðÿä (14)
ìàæîðó¹òüñÿ ðÿäîì

ε−1∥x−1(t, c−1)∥+
+∞∑
i=0

[ε(f1γ + P1)]
i∥x0(t, c0)∥.

Êîåôiöi¹íòè ∥x−1(t, c−1)∥ i ∥x0(t, c0)∥
îáìåæåíi. Òîìó ïðè âñiõ t ∈ [a, b] òà ôi-
êñîâàíèõ ε ∈ (0, ε0], ðÿä (14) çáiãà¹òüñÿ, äå
ε0 < [f1γ + P1]

−1, ùî é òðåáà áóëî äîâåñòè.
Ïîêàæèìî, ùî é äðóãà ÷àñòèíà ðÿäó (4),

òîáòî ðÿä
+∞∑
i=−1

εiX i (t)Pρcρ (15)

ç êîåôiöi¹íòàìè âèçíà÷åíèìè çãiäíî ç ôîð-
ìóë (7), (8), (10):

X i (t) = Xr(t)Di+Ki−1 (t) , X−1(t) = Xr(t),

Di = Ir −B+
0 PQ∗

d

(
l1Ki−1 (·)−

−l
( .∫

a

Xn−s (·)Y ∗n−s (τ)A1(τ)Ki−1 (τ) dτ−

−Φ (·)
q−1∑
k=0

Ik
dk

dtk

([
Ψ∗ (t)LΦ (t)

]−1
×

×Ψ∗ (t)A1(t)Ki−1 (t)

)
(·)
))

,

Ki−1 (t) =

(
G
[
A1 (·)X i−1 (·)

])
(t)+

+Xn−s (t)Q
+l1X i−1 (·)

òàêîæ áóäå ïðè t ∈ [a, b] òà ε ∈ (0, ε0] çáiãà-
òèñÿ òà çíàéäåìî îöiíêó äëÿ ε0.

Çíàéäåìî îöiíêè êîåôiöi¹íòiâ Xi(t). Äëÿ
áóäü-ÿêîãî t ∈ [a, b] çíàéäåìî îöiíêó äëÿ êî-
åôiöi¹íòà K−1 (t) (10), âèêîðèñòàâøè âèùå
îòðèìàíi îöiíêè:

∥K−1 (t) ∥ ≤ H∥A1 (t)X−1 (t) ∥+

+a1b1h1∥X−1 (t) ∥ =

= Hd1∥X−1 (t) ∥+ a1b1h1∥X−1 (t) ∥ =

= (Hd1 + a1b1h1)∥X−1 (t) ∥ = P1∥X−1 (t) ∥.

Äëÿ êîåôiöi¹íòà D0 (8) ìà¹ìî îöiíêó:

∥D0∥ ≤ 1 + pg(h1P1∥X−1 (t) ∥+

+hϑ∥A1 (t)K−1 (t) ∥) =

= 1+ pg(h1P1∥X−1 (t) ∥+hϑd1P1∥X−1 (t) ∥ =

= 1 + pgP1(h1 + hϑd1)∥X−1 (t) ∥ =

= 1 + γ∥X−1 (t) ∥.

Äëÿ êîåôiöi¹íòà X0 (t) (7) ìà¹ìî íàñòó-
ïíó îöiíêó:

∥X0 (t) ∥ ≤ f1(1+γ∥X−1 (t) ∥)+P1∥X−1 (t) ∥ =

= f1 + (f1γ + P1)∥X−1 (t) ∥.
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Äëÿ êîåôiöi¹íòiâ K0 (t), D1, X1 (t) ìà¹ìî
òàêi îöiíêè:

∥K0 (t) ∥ ≤ P1∥X0 (t) ∥,

∥D1∥ ≤ 1 + γ∥X0 (t) ∥,
∥X1 (t) ∥ ≤ f1 + (f1γ + P1)∥X0 (t) ∥.

Ïiäñòàâèìî â ∥X1 (t) ∥ âèðàç äëÿ
∥X0 (t) ∥, îòðèìà¹ìî

∥X1 (t) ∥ ≤ f1 + (f1γ + P1)×

×(f1 + (f1γ + P1)∥X−1 (t) ∥) =
= f1 + f1(f1γ + P1) + (f1γ + P1)

2∥X−1 (t) ∥.
Ïîçíà÷èìî ÷åðåç N âèðàç N = f1γ + P1,

òîäi

∥X1 (t) ∥ ≤ f1 + f1N +N2∥X−1 (t) ∥ =

= f1(1 +N) +N2∥X−1 (t) ∥.
Äëÿ êîåôiöi¹íòà X2(t) ìà¹ìî:

∥X2(t)∥ ≤ f1 + (f1γ + P1)∥X1 (t) ∥ =

= f1 +N∥X1(t)∥.
Ïiäñòàâèâøè âèðàç äëÿ ∥X1(t)∥ â ∥X2(t)∥

îòðèìà¹ìî:

∥X2(t)∥ ≤ f1 +N∥X1(t)∥ ≤

≤ f1 +N
(
f1(1 +N) +N2∥X−1 (t) ∥

)
=

= f1(1 +N +N2) +N3∥X−1(t)∥.
Ïðîäîâæóþ÷è öåé ïðîöåñ, çàñòîñîâóþ÷è

ìåòîä ìàòåìàòè÷íî¨ iíäóêöi¨ ëåãêî ïåðåêî-
íàòèñÿ, ùî äëÿ êîåôiöi¹íòà X i(t) ðÿäó (15)
ìà¹ ìiñöå îöiíêà:

∥X i(t)∥ ≤ f1(1 +N +N2 + · · ·+N i)+

+N i+1∥X−1(t)∥.
Íåõàé äëÿ êîåôiöi¹íòà X i−1(t) ðÿäó (15)

ìà¹ ìiñöå îöiíêà

∥X i−1(t)∥ ≤ f1(1 +N +N2 + · · ·+N i−1)+

+N i∥X−1(t)∥.
Òîäi äëÿ êîåôiöi¹íòà X i(t) ðÿäó (15) ìà¹ ìi-
ñöå íàñòóïíà îöiíêà

∥X i(t)∥ ≤ f1 + (f1γ + P1)∥X i−1 (t) ∥ =

= f1 +N∥X i−1 (t) ∥ ≤

≤ f1+N
(
f1(1+N+N2+···+N i−1)+N i∥X−1(t)∥

)
=

= f1(1 +N +N2 + · · ·+N i) +N i+1∥X̄−1(t)∥.
Îñêiëüêè ∥X−1(t)∥ = ∥Xr(t)∥ ≤ f1, òîäi

∥X i(t)∥ ≤ f1(1 +N +N2 + · · ·+N i +N i+1).

Îòæå, äëÿ ðÿäó (15) ìà¹ ìiñöå îöiíêà

∥
+∞∑
i=−1

εiX i(t)PBρcρ∥ ≤
+∞∑
i=−1

εi∥X i(t)PBρcρ∥ ≤

≤ ∥PBρcρ∥
+∞∑
i=−1

εi∥X i(t)∥ ≤

≤ ∥PBρcρ∥
+∞∑
i=−1

εif1(1+N+N2+···+N i+N i+1).

Ðÿä

+∞∑
i=−1

εi(1 +N +N2 + · · ·+N i +N i+1)

áóäå çáiãàòèñü ïðè áóäü ÿêèõ t ∈ [a, b] òà êî-
æíîìó äîñòàòíüî ìàëîìó ôiêñîâàíîìó ε ç
ïðîìiæêó (0, ε0].

Ïðè N ≥ 1 ìà¹ìî ðÿä

+∞∑
i=−1

εi(1 +N +N2 + · · ·+N i +N i+1) ≤

≤ N
+∞∑
i=−1

(i+ 2)(εN)i,

ÿêèé çáiãà¹òüñÿ ïðè âñiõ 0 < ε ≤ ε0 < N−1.
ßêùî æ N ≤ 1 ìà¹ìî ðÿä

+∞∑
i=−1

εi(1 +N +N2 + · · ·+N i +N i+1) ≤

≤
+∞∑
i=−1

(i+ 2)(ε)i+1,

ÿêèé çáiãà¹òüñÿ ïðè âñiõ 0 < ε ≤ ε0 < 1.
Îòæå, ïðè âñiõ t ∈ [a, b] òà áóäü-ÿêèõ ôi-

êñîâàíèõ ε ∈ (0, ε0], ðÿä (15) çáiãà¹òüñÿ, äå

ε0 < min{1, N−1} = min{1, (f1γ + P1)
−1}.
(16)
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Îòæå, ñïðàâåäëèâå íàñòóïíå òâåðäæåííÿ.
Òåîðåìà. Íåõàé âèðîäæåíà ïîðîäæóþ-

÷à êðàéîâà çàäà÷à ïðè äîâiëüíèõ íåîäíîði-
äíîñòÿõ f (t) ∈ C q−1 [ a, b] i α ∈ Rm íå ìà¹
ðîçâ'ÿçêiâ. Òîäi êðàéîâà çàäà÷à (1), (2) ïðè
óìîâi (3):

rank

[
B0 := PQ∗

d

(
l1Xr (·)−

−l
( ·∫

a

Xn−s (·)Y ∗n−s (τ)A1(τ)Xr(τ)dτ−

−Φ (·)
q−1∑
k=0

Ik
dk

dtk

([
Ψ∗ (t)LΦ (t)

]−1
×

×Ψ∗ (t)A1(t)Xr(t)

)
(·)
))]

= d,

(d = m− rank Q)

ìà¹ ρ = (n − s − m) -ïàðàìåòðè÷íó ñiì'þ
ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ ó âèãëÿäi ÷à-
ñòèíè ðÿäó Ëîðàíà (4):

x (t, cρ) =
+∞∑
i=−1

εi
[
xi (t, ci) +X i (t)Pρcρ

]
∀ cρ ∈ Rρ,

ÿêèé ¹ çáiæíèì ïðè áóäü-ÿêèõ t ∈ [a, b] i
ïðè êîæíîìó ôiêñîâàíîìó äîñòàòíüî ìà-
ëîìó ε ∈ (0; ε0] , äå çãiäíî ôîðìóëè (16)

ε0 < min{1, (f1γ + P1)
−1},

f1, γ, P1 � êîíñòàíòè, à êîåôiöi¹íòè
xi (t, ci), ci, X i(t) âèçíà÷àþòüñÿ çà ôîðìó-
ëàìè (5) � (10).

Òàêèì ÷èíîì, ôîðìóëà (16) äà¹ îöiíêó
çáiæíîñòi ïîáóäîâàíîãî ðÿäó (4) âiäïîâiäíî¨
êðàéîâî¨ çàäà÷i (1), (2).
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