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Àíîòàöiÿ. Â äàíié ðîáîòi îòðèìàíî êðèòåðié iñíóâàííÿ ðîçâ'ÿçêiâ ëiíiéíèõ íåîäíîðiäíèõ çëi-
÷åííîâèìiðíèõ êðàéîâèõ çàäà÷ â ïðîñòîði îáìåæåíèõ ÷èñëîâèõ ïîñëiäîâíîñòåé. Âèêîðèñòîâóþ÷è
àïàðàò òåîði¨ óçàãàëüíåíî îáåðíåíèõ ìàòðèöü, çíàéäåíî óìîâè íîðìàëüíî¨ ðîçâ'ÿçíîñòi òàêèõ çà-
äà÷. Êðiì òîãî ðîçãëÿíóòî ïðèêëàäè iñíóâàííÿ ðîçâ'ÿçêiâ çëi÷åííèõ ñèñòåì çâè÷àéíèõ äèôåðåí-
öiàëüíèõ ðiâíÿíü, äå êiëüêiñòü êðàéîâèõ óìîâ i êiëüêiñòü ðîçâ'ÿçêiâ ìîæå áóòè çëi÷åííîâèìiðíèì.
Êëþ÷îâi ñëîâà: çëi÷åííîâèìiðíà êðàéîâà çàäà÷à, óçàãàëüíåíî îáåðíåíà ìàòðèöÿ, åâîëþöiéíèé
îïåðàòîð, íîðìàëüíî ðîçâ'ÿçíèé îïåðàòîð.

1. Ïîñòàíîâêà çàäà÷i
Ðîçãëÿíóòî êðàéîâó çàäà÷ó äëÿ çëi÷åííîâèìiðíî¨ ñèñòåìè äèôåðåíöiàëüíèõ

ðiâíÿíü â áàíàõîâîìó ïðîñòîði îáìåæåíèõ ÷èñëîâèõ ïîñëiäîâíîñòåé M = `∞ [8, 9,
c.25]:

dx

dt
= A(t)x(t) + f(t), (1.1)

`x(·) = α, (1.2)
äå âåêòîð-ôóíêöiÿ f(t) äi¹ ç âiäðiçêà [a; b] â áàíàõiâ ïðîñòið M : f(t) ∈
C ([a; b],M) := {f(·) : [a; b] → M, ‖f‖ = supt∈[a;b] |f(t)|}, C ([a; b],M) � áàíàõiâ
ïðîñòið íåïåðåðâíèõ íà [a; b] âåêòîð-ôóíêöié; ` = col(`1, `2, . . . , `n, . . .) � ëiíié-
íèé çëi÷åííîâèìiðíèé âåêòîð-ôóíêöiîíàë, ÿêèé äi¹ ç C[a; b] â áàíàõiâ ïðîñòið M :
` : C[a; b] → M; α åëåìåíò ïðîñòîðó M. A(t) � çëi÷åííîâèìiðíà ìàòðèöÿ, ÿêà ïðè
êîæíîìó äiéñíîìó çíà÷åííi t äi¹ â ïðîñòîði M ñèëüíî íåïåðåðâíà [5, c.141], íîðìà
â ÿêîìó âèçíà÷à¹òüñÿ íàñòóïíèì ÷èíîì:

|||A||| = sup
t∈[a;b],i,j∈N

‖aij(t)‖ < ∞.

Òîäi ðîçâ'ÿçîê x(t) ðiâíÿííÿ

x(t) = x0 +

∫ t

a

(A(s)x(s) + f(s))ds,
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íåïåðåðâíî-äèôåðåíöiéîâíèé â êîæíié òî÷öi t ∈ [a; b] i çàäîâîëüíÿ¹ ðiâíÿííÿ (1.1)
âñþäè íà [a; b]. Îòæå ðîçâ'ÿçîê x(t) ðiâíÿííÿ (1.1) áóäåìî øóêàòè â ïðîñòîði
C1 ([a; b],M) íåïåðåðâíî-äèôåðåíöiéîâíèõ íà [a; b] ôóíêöié çi çíà÷åííÿìè â áà-
íàõîâîìó ïðîñòîði îáìåæåíèõ ÷èñëîâèõ ïîñëiäîâíîñòåé M .

Ó äàíîìó âèïàäêó

x(t) = col(x1(t), x2(t), . . . , xn(t), . . .) ∈ C1 ([a; b],M) ,

f(t) = col(f1(t), f2(t), . . . , fn(t), . . .) ∈ C ([a; b],M) ,

� çëi÷åííîâèìiðíi âåêòîð-ñòîâï÷èêè.
Çíàéäåìî óìîâè iñíóâàííÿ òà ñòðóêòóðó ðîçâ'ÿçêiâ íåîäíîðiäíî¨ çëi÷åííîâèìið-

íî¨ êðàéîâî¨ çàäà÷i (1.1)-(1.2). Ó âèïàäêó f(t) ∈ Rn, α ∈ Rm ïðèñâÿ÷åíî ðîáîòè
[1, 2, 11], à äëÿ çëi÷åííîâèìiðíèõ íåêðåòè÷íèõ êðàéîâèõ çàäà÷ ó ìîíîãðàôi¨ [8].

2. Îñíîâíèé ðåçóëüòàò
Âèêîðèñòîâóþ÷è àïàðàò òåîði¨ óçàãàëüíåíî îáåðíåíèõ ìàòðèöü [2, 11], çíàéäåìî

íåîáõiäíi òà äîñòàòíi óìîâè ðîçâ'ÿçíîñòi çëi÷åííîâèìiðíî¨ êðàéîâî¨ çàäà÷i (1.1)-
(1.2) â ïðîñòîði îáìåæåíèõ ÷èñëîâèõ ïîñëiäîâíîñòåé M. Ïîçíà÷èìî ÷åðåç U(t, τ)
� åâîëþöiéíèé îïåðàòîð [5, c.147], ÿêèé çàäîâîëüíÿ¹ îïåðàòîðíå ðiâíÿííÿ:

dU(t, τ)

dt
= A(t)U(t, τ);

U(τ, τ) = I � îäèíè÷íèé îïåðàòîð, îïåðàòîð U(t, τ) ìîæíà çíàéòè ó âèãëÿäi
ðiâíîìiðíî çáiæíîãî çà îïåðàòîðíîþ íîðìîþ ðÿäó ìåòîäîì ïîñëiäîâíèõ íàáëè-
æåíü [5, 6]. Çàãàëüíèé ðîçâ'ÿçîê ìàòðè÷íîãî ðiâíÿííÿ ìà¹ âèãëÿä [5, c.147]:

x(t) = U(t)x0 + x(t), U(t) = U(t, a), (2.1)
äå x0 = x(a) � åëåìåíò ïðîñòîðó M (çëi÷åííîâèìiðíèé âåêòîð-ñòîâï÷èê), x(t) �
÷àñòèííèé ðîçâ'ÿçîê íåîäíîðiäíîãî ðiâíÿííÿ (1.1), ÿêèé ìîæå áóòè çàïèñàíèé ó
âèãëÿäi:

x(t) =

∫ b

a

K(t, τ)f(τ)dτ,

äå K(t, τ) = U(t)U−1(τ), τ ≤ t; K(t, τ) = 0, τ > t.

Çàóâàæåííÿ 1. Ó âèïàäêó çëi÷åííèõ ñèñòåì åâîëþöiéíèé îïåðàòîð U(t) ñïiâïàäà¹
ç íîðìàëüíîþ ôóíäàìåíòàëüíîþ ìàòðèöåþ X(t), ÿêà áóäå çëi÷åííîâèìiðíîþ [8].

Ïiäñòàâèìî (2.1) â êðàéîâó óìîâó (1.2) òà îòðèìà¹ìî íàñòóïíå ðiâíÿííÿ âiä-
íîñíî åëåìåíòà x0 ïðîñòîðó M:

Qx0 = α− `

∫ b

a

K(·, τ)f(τ)dτ, (2.2)
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äå Q = `X(·) � îïåðàòîð (ÿêèé ïðåäñòàâëÿ¹ ñîáîþ çëi÷åííîâèìiðíó ìàòðèöþ
Q), îòðèìàíèé ïiäñòàíîâêîþ â êðàéîâó óìîâó (1.2) íîðìàëüíî¨ ôóíäàìåíòàëü-
íî¨ ìàòðèöi X(t). Áóäåìî ïðèïóñêàòè, ùî çëi÷åííîâèìiðíà ìàòðèöÿ Q : M → M ¹
óçàãàëüíåíî-îáîðîòíà. Âiäîìî [2, c.39], ùî öÿ óìîâà åêâiâàëåíòíà íàñòóïíèì óìî-
âàì:

1) îïåðàòîð Q ¹ íîðìàëüíî ðîçâ'ÿçíèì îïåðàòîðîì;
2) ïiäïðîñòið ker Q ìà¹ ïðÿìå äîïîâíåííÿ â M;
3) ïiäïðîñòið ImQ ìà¹ ïðÿìå äîïîâíåííÿ â M.
Òîäi iñíóþòü [5] îáìåæåíi ïðîåêòîðè PN(Q) : M → N(Q) òà PY : M → Y , ÿêi

iíäóêóþòü ðîçáèòòÿ M â ïðÿìi òîïîëîãi÷íi ñóìè çàìêíóòèõ ïiäïðîñòîðiâ

M = N(Q)⊕X,

M = Y ⊕R(Q).

Â ñèëó íîðìàëüíî¨ ðîçâ'ÿçíîñòi îïåðàòîðà Q ðiâíÿííÿ (2.2) ðîçâ'ÿçíå [9] òîäi é
òiëüêè òîäi, êîëè éîãî ïðàâà ÷àñòèíà çàäîâîëüíÿ¹ óìîâó

PN(Q∗)

[
α− `

∫ b

a

K(·, τ)f(τ)dτ

]
= 0, (2.3)

äå PN(Q∗) ïðîåêòîð (ïðåäñòàâëÿ¹ ñîáîþ çëi÷åííîâèìiðíó ìàòðèöþ) íà ÿäðî ìàòðèöi
Q∗ ñïðÿæåíî¨ äî ìàòðèöi Q. Ïðè óìîâi (2.3) i òiëüêè ïðè íié, ìàòðè÷íå ðiâíÿííÿ
ðiâíÿííÿ (2.2) ìà¹ ìíîæèíó ðîçâ'ÿçêiâ ó âèãëÿäi:

x0 = PN(Q)c + Q−
(

α− `

∫ b

a

K(·, τ)f(τ)dτ

)
, (2.4)

äå c äîâiëüíèé åëåìåíò ç ïðîñòîðó îáìåæåíèõ ÷èñëîâèõ ïîñëiäîâíîñòåé M : c ∈ M;
Q− � óçàãàëüíåíî-îáåðíåíà ìàòðèöÿ äî ìàòðèöi Q [2]. Ïiäñòàâèìî x0 ó âèðàç (2.1),
îòðèìà¹ìî çàãàëüíèé ðîçâ'ÿçîê êðàéîâî¨ çàäà÷i (1.1)-(1.2) ó âèãëÿäi:

x(t) = X(t)PN(Q)c + X(t)Q−α + (Gf)(t), (2.5)

äå (Gf)(t) � óçàãàëüíåíèé îïåðàòîð Ãðiíà çàäà÷i (1.1)-(1.2), ÿêèé äi¹ íà âåêòîð-
ôóíêöiþ f(t) ∈ C([a; b],M) íàñòóïíèì ÷èíîì:

(Gf)(t) :=

∫ b

a

K(t, τ)f(τ)dτ −X(t)Q−`

∫ b

a

K(·, τ)f(τ)dτ. (2.6)

Îòæå, êðèòåðié ðîçâ'ÿçíîñòi êðàéîâî¨ çàäà÷i (1.1)-(1.2) â ïðîñòîði îáìåæåíèõ
÷èñëîâèõ ïîñëiäîâíîñòåé ìîæå áóòè ñôîðìóëüîâàíèé íàñòóïíèì ÷èíîì.

Òåîðåìà 1. ßêùî ìàòðèöÿ Q ¹ óçàãàëüíåíî-îáîðîòíà, òî îäíîðiäíà êðàéîâà çà-
äà÷à (1.1)-(1.2) ìà¹ çëi÷åííó êiëüêiñòü ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ, äå U(t, τ)
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� åâîëþöiéíèé îïåðàòîð [5] îäíîðiäíîãî ðiâíÿííÿ (1.1). Íåîäíîðiäíà çàäà÷à (1.1)-
(1.2) ðîçâ'ÿçíà òîäi i òiëüêè òîäi, êîëè f(t) ∈ C ([a; b],M) òà α ∈ M çàäîâîëüíÿ-
þòü çëi÷åííó êiëüêiñòü ëiíiéíî íåçàëåæíèõ óìîâ (2.3) i ïðè öüîìó ìà¹ çëi÷åííó
êiëüêiñòü ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ (2.5).

Çàóâàæåííÿ 2. ßêùî â óìîâàõ òåîðåìè 1 ðîçìiðíîñòi ÿäðà Q òà ñïðÿæåíîãî ÿäðà
Q∗ ¹ íåñêií÷åííèìè, òî íåîäíîðiäíà êðàéîâà çàäà÷à (1.1)-(1.2) ìà¹ çëi÷åííó êiëü-
êiñòü ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ. ßêùî ðîçìiðíiñòü ÿäðà Q ñêií÷åííà, à ðîçìið-
íiñòü ñïðÿæåíîãî ÿäðà Q∗ íåñêií÷åííà, òîäi íåîäíîðiäíà êðàéîâà çàäà÷à (1.1)-(1.2)
ìà¹ ñêií÷åííó êiëüêiñòü ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ. ßêùî ðîçìiðíiñòü ÿäðà Q
íåñêií÷åííà, à ðîçìiðíiñòü ñïðÿæåíîãî ÿäðà Q∗ ñêií÷åííà, òîäi íåîäíîðiäíà êðàé-
îâà çàäà÷à (1.1)-(1.2) ìà¹ çëi÷åííó êiëüêiñòü ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ. ßêùî
dim ker Q < ∞ i dim ker Q? < ∞ , òîäi ìà¹ìî íåòåðîâó êðàéîâó çàäà÷ó.

3. Ïðèêëàäè
Ðîçãëÿíåìî äåêiëüêà ïðèêëàäiâ çëi÷åííèõ êðàéîâèõ çàäà÷, ÿêi iëþñòðóþòü

âèùå íàâåäåíó òåîðiþ.

3.1. Íîðìàëüíî ðîçâ'ÿçíà çàäà÷à

Ðîçãëÿíåìî ñèñòåìó (1.1)-(1.2) ç ìàòðèöÿìè A(t) i f(t) :

A(t) = diag{−tg t,−tg t, . . . ,−tg t, . . .},

f(t) = col{f1(t), f2(t), . . . , fn(t), . . .},
i êðàéîâîþ óìîâîþ âèäó `x(·) = Mx(0)−Nx(π

3
) = α, äå

M = diag{4, 2, 4, 2, . . . , 4, 2, . . .},

N = diag{4, 4, 4, . . . , 4, . . .},
α = col{α1, α2, . . . , αn, . . .} ∈ M; αi = const, i = 1,∞.

Ðîçâ'ÿçîê äàíî¨ çàäà÷i áóäåìî øóêàòè ó âèãëÿäi çëi÷åííîâèìiðíîãî âåêòîð-
ñòîâï÷èêà x(t) = col{x1(t), x2(t), . . . , xn(t), . . .} ∈ C1 ([a; b],M) .

Äiéñíî, îïåðàòîð A(t) íàëåæèòü äàíîìó ïðîñòîðó:

|||A||| = sup
t∈[0;π

3
],i,j∈N

‖aij(t)‖ = sup
t∈[0;π

3
]

‖ − tg t‖ ≤
√

3 < +∞.

Åâîëþöiéíèé îïåðàòîð çàäà÷i ìà¹ âèãëÿä:

U(t) = diag{cos t, cos t, . . . , cos t, . . .}.
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Îáåðíåíèé äî U(t) îïåðàòîð

U−1(t) = diag
{

1

cos t
,

1

cos t
, . . . ,

1

cos t
, . . .

}
.

Q = M −NU
(π

3
, 0

)
= diag{2, 0, 2, 0, . . . , 2, 0, . . .},

Q− =
1

2
· diag{1, 0, 1, 0, . . . , 1, 0, . . .}.

Ïðîåêòîðè âiäïîâiäíî äîðiâíþþòü:

PN(Q) = I −Q−Q = diag{0, 1, 0, 1, . . . , 0, 1, . . .},

PN(Q∗) = I −QQ− = diag{0, 1, 0, 1, . . . , 0, 1, . . .}.
Äîâiëüíèé ÷àñòèííèé ðîçâ'ÿçîê íåîäíîðiäíî¨ ñèñòåìè (1.1) ìà¹ âèä:

x(t) =

∫ t

0

K(t, τ)f(τ)dτ =

= col
(∫ t

0

cos tf1(τ)dτ

cos τ
,

∫ t

0

cos tf2(τ)dτ

cos τ
, . . . ,

∫ t

0

cos tfk(τ)dτ

cos τ
, . . .

)
.

Óìîâà ðîçâ'ÿçíîñòi (2.3) äëÿ äàíî¨ çàäà÷i ìà¹ âèä:




α2 = −2
∫ π

3

0
f2(τ)
cos τ

dτ,

α4 = −2
∫ π

3

0
f4(τ)
cos τ

dτ,
. . .

α2k = −2
∫ π

3

0
f2k(τ)
cos τ

dτ,
. . .

Ïðè çíàéäåíèõ α2, α4, . . . , α2k, . . . (k ∈ N) i ∀ α2k+1, (k ∈ N), áóäü-ÿêèõ f(t) ∈
C ([a; b],M) çàäà÷à ìà¹ çëi÷åííó êiëüêiñòü ëiíiéíî íåçàëåæíèõ ðîçâ'ÿçêiâ:

x(t) = diag{0, cos t, 0, cos t, . . . , 0, cos t, . . .}c+

+
1

2
diag{cos t, 0, cos t, 0, . . . , cos t, 0, . . .}α + (Gf)(t), ∀ c ∈ M,

àáî

x(t) = diag{0, cos t, 0, cos t, . . . , 0, cos t, . . .}c+

+
1

2
diag{cos t, 0, cos t, 0, . . . , cos t, 0, . . .}α+

+col
(∫ t

0

cos tf1(τ)dτ

cos τ
,

∫ t

0

cos tf2(τ)dτ

cos τ
, . . . ,

∫ t

0

cos tfk(τ)dτ

cos τ
, . . .

)
+
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+col
(∫ π

3

0

cos tf1(τ)dτ

cos τ
, 0,

∫ π
3

0

cos tf3(τ)dτ

cos τ
, 0, . . . ,

∫ π
3

0

cos tf2k+1(τ)dτ

cos τ
, 0, . . .

)
,

äå k ∈ N.

3.2. n-íîðìàëüíà çàäà÷à

Ðîçãëÿíåìî ñèñòåìó (1.1)-(1.2) ç ìàòðèöÿìè A(t) i f(t) :

A(t) = diag
{

2t

1 + t2
,

2t

1 + t2
,

2t

1 + t2

}
,

f(t) = col{f1(t), f2(t), f3(t)},
i êðàéîâîþ óìîâîþ âèäó `x(·) = Mx(0)−Nx(2) = α, äå

M =




7 0 0
0 10 0
0 0 15
0 0 0
. . . . . . . . .




, N =




1 0 0
0 2 0
0 0 3
0 0 0
. . . . . . . . .




,

α = col{α1, α2, . . . , αn, . . .} ∈ M; αi = const, i = 1,∞.

Ðîçâ'ÿçîê äàíî¨ çàäà÷i áóäåìî øóêàòè ó âèãëÿäi ñêií÷åíîãî âåêòîð-ñòîâï÷èêà
x(t) = col{x1(t), x2(t), x3(t)} ∈ C1([a; b],R3).

Äiéñíî, îïåðàòîð A(t) íàëåæèòü äàíîìó ïðîñòîðó:

|||A||| = sup
t∈[0;2],i,j∈N

‖aij(t)‖ = sup
t∈[0;2]

∥∥∥∥
2t

1 + t2

∥∥∥∥ ≤ 1 < +∞.

Åâîëþöiéíèé îïåðàòîð çàäà÷i ìà¹ âèãëÿä:

U(t) = diag{1 + t2, 1 + t2, 1 + t2}.

Îáåðíåíèé äî U(t) îïåðàòîð

U−1(t) = diag
{

1

1 + t2
,

1

1 + t2
,

1

1 + t2

}
.

Q = M −NU(2, 0) =




2 0 0
0 0 0
0 0 0
0 0 0
. . . . . . . . .




, Q− =




1
2

0 0 0 . . .
0 0 0 0 . . .
0 0 0 0 . . .


 .
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Ïðîåêòîðè âiäïîâiäíî äîðiâíþþòü:

PN(Q) = I −Q−Q = diag{0, 1, 1},

PN(Q∗) = I −QQ− = diag{0, 1, 1, 1, . . . , 1, . . .}.
Äîâiëüíèé ÷àñòèííèé ðîçâ'ÿçîê íåîäíîðiäíî¨ ñèñòåìè (1.1) ìà¹ âèä:

x(t) =

∫ t

0

K(t, τ)f(τ)dτ =

= col
(∫ t

0

(1 + t2)f1(τ)dτ

1 + τ 2
,

∫ t

0

(1 + t2)f2(τ)dτ

1 + τ 2
,

∫ t

0

(1 + t2)f3(τ)dτ

1 + τ 2

)
.

Ïðè äîâiëüíîìó f1(t) ∈ C([a; b],R3) çàäà÷à ðîçâ'ÿçíà òîäi i òiëüêè òîäi, êîëè:




α2 = −10
∫ 2

0
f2(τ)
1+τ2 dτ,

α3 = −15
∫ 2

0
f3(τ)
1+τ2 dτ,

α4 = 0
. . .
αk = 0
. . .

Ïðè çíàéäåíèõ α2, α3, α4, . . . , αk, . . . (k ∈ N) i ∀ α1 = const çàäà÷à ìà¹ òðè ëiíié-
íî íåçàëåæíèõ ðîçâ'ÿçêè:

x(t) = diag{0, 1 + t2, 1 + t2}c +
1

2




1 + t2 0 0 0 . . .
0 0 0 0 . . .
0 0 0 0 . . .


 α + (Gf)(t), ∀ c ∈ R3,

àáî

x(t) = diag{0, 1 + t2, 1 + t2}c +
1

2




1 + t2 0 0 0 . . .
0 0 0 0 . . .
0 0 0 0 . . .


 α+

+col
(∫ t

0

(1 + t2)f1(τ)dτ

1 + τ 2
,

∫ t

0

(1 + t2)f2(τ)dτ

1 + τ 2
,

∫ t

0

(1 + t2)f3(τ)dτ

1 + τ 2

)
+

+col
(∫ 2

0

5

2
· (1 + t2)f1(τ)dτ

1 + τ 2
, 0, 0

)
.
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3.3. d-íîðìàëüíà çàäà÷à

Ðîçãëÿíåìî ñèñòåìó (1.1)-(1.2) ç ìàòðèöÿìè A(t) i f(t) :

A(t) = diag{−tg t,−tg t,−tg t,−tg t, 0, 0, . . . , 0, . . .},

f(t) = col{f1(t), f2(t), . . . , fn(t), . . .},
i êðàéîâîþ óìîâîþ âèäó `x(·) = Mx(0)−Nx(π

3
) = α, äå

M =
(

4 4 5 5 0 0 . . .
)
, N =

(
2 2 2 2 0 0 . . .

)
, α = const, α ∈ R.

Ðîçâ'ÿçîê äàíî¨ çàäà÷i áóäåìî øóêàòè ó âèãëÿäi çëi÷åííîãî âåêòîð-ñòîâï÷èêà
x(t) = col{x1(t), x2(t), . . . , xn(t), . . .} ∈ C1 ([a; b],M) .

Äiéñíî, îïåðàòîð A(t) íàëåæèòü äàíîìó ïðîñòîðó:

|||A||| = sup
t∈[0;π

3
],i,j∈N

‖aij(t)‖ = sup
t∈[0;π

3
]

‖ − tg (t)‖ ≤
√

3 < +∞.

Åâîëþöiéíèé îïåðàòîð çàäà÷i ìà¹ âèãëÿä:

U(t) = diag{cos t, cos t, cos t, cos t, 1, 1, . . . , 1, . . .}.

Îáåðíåíèé äî U(t) îïåðàòîð

U−1(t) = diag
{

1

cos t
,

1

cos t
,

1

cos t
,

1

cos t
, 1, 1, . . . , 1, . . .

}
.

Q = M −NU
(π

3
, 0

)
=

(
3 3 4 4 0 0 . . .

)
,

Q− =
1

50
col(3, 3, 4, 4, 0, 0, . . .).

Ïðîåêòîðè âiäïîâiäíî äîðiâíþþòü:

PN(Q) = I −Q−Q =




41 −9 −12 −12 0 0 . . .
−9 41 −12 −12 0 0 . . .
−12 −12 34 −16 0 0 . . .
−12 −12 −16 34 0 0 . . .
0 0 0 0 1 0 . . .
0 0 0 0 0 1 . . .
. . . . . . . . . . . . . . . . . . . . .




,

PN(Q∗) = I −QQ− = 0.

Îòæå, óìîâà ðîçâ'ÿçíîñòi (2.3) äëÿ äàíî¨ çàäà÷i âèêîíó¹òüñÿ äëÿ áóäü-ÿêèõ
α = const i áóäü-ÿêèõ f(t) ∈ C ([a; b],M). Çàäà÷à ìà¹ çëi÷åííó êiëüêiñòü ðîçâ'ÿçêiâ:
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x(t) =
1

50




41 cos t −9 cos t −12 cos t −12 cos t 0 0 . . .
−9 cos t 41 cos t −12 cos t −12 cos t 0 0 . . .
−12 cos t −12 cos t 34 cos t −16 cos t 0 0 . . .
−12 cos t −12 cos t −16 cos t 34 cos t 0 0 . . .

0 0 0 0 1 0 . . .
0 0 0 0 0 1 . . .
. . . . . . . . . . . . . . . . . . . . .




c+

+
1

50
col(3 cos t, 3 cos t, 4 cos t, 4 cos t, 0, 0, . . .)+

+col(
∫ t

0

cos tf1(τ)dτ

cos τ
,

∫ t

0

cos tf2(τ)dτ

cos τ
,

∫ t

0

cos tf3(τ)dτ

cos τ
,

∫ t

0

cos tf4(τ)dτ

cos τ
,

∫ t

0

f5(τ)dτ,

∫ t

0

f6(τ)dτ, . . .)+

+
1

50




6 cos t 6 cos t 6 cos t 6 cos t 0 0 . . .
6 cos t 6 cos t 6 cos t 6 cos t 0 0 . . .
8 cos t 8 cos t 8 cos t 8 cos t 0 0 . . .
8 cos t 8 cos t 8 cos t 8 cos t 0 0 . . .

0 0 0 0 1 0 . . .
0 0 0 0 0 1 . . .
. . . . . . . . . . . . . . . . . . . . .




×

×col
(∫ π

3

0

f1(τ)dτ

cos τ
,

∫ π
3

0

f2(τ)dτ

cos τ
,

∫ π
3

0

f3(τ)dτ

cos τ
,

∫ π
3

0

f4(τ)dτ

cos τ
,

∫ π
3

0

f5(τ)dτ, . . .

)
, ∀ c ∈ M.

Öi çàäà÷i ìîæíà ðîçãëÿäàòè ÿê ïðèêëàä ìîæëèâîãî çàñòîñóâàííÿ çàãàëüíî¨
òåîði¨, ðîçðîáëåíî¨ äëÿ êðàéîâèõ çàäà÷ â áàíàõîâîìó ïðîñòîði [3].
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