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We arbitrarily choose a �nite interval (a, b) ⊂ R and the following parameters:
n ∈ N ∪ {0}, {m, r, l} ⊂ N, 1 ≤ p ≤ ∞.

As usual,Wn+r
p

(
[a, b];C) =

{
y ∈ Cn+r−1([a, b];C) : y(n+r−1) ∈ AC[a, b], y(n+r) ∈

Lp[a, b]
}
is a complex Sobolev space. This space is Banach with respect to the

norm ∥∥y∥∥
n+r,p

=

n+r∑
k=0

∥∥y(k)∥∥
p
,

with ∥ · ∥p standing for the norm in the Lebesgue space Lp

(
[a, b];C

)
.

We consider a linear boundary-value problem

(Ly)(t) := y(r)(t) +

r∑
j=1

Ar−j(t)y
(r−j)(t) = f(t), (1)

By = c, t ∈ (a, b), (2)

We suppose that the matrix-valued functions Ar−j(·) ∈ (Wn
p )

m×m, vector-

valued function f(·) ∈ (Wn
p )

m, vector c ∈ Cl, linear continuous operator

B : (Wn+r
p )m → Cl (3)

are arbitrarily chosen and that the vector-valued function y(·) ∈ (Wn+r
p )m is

unknown.
If l < rm, then the boundary conditions are underdetermined; if l > rm,

then they are overdetermined.
The boundary condition (2) consists of l scalar condition for system of

m di�erential equations of r-th order, we representing vectors and vector-
valued functions as columns. A solution to the boundary-value problem (1),
(2) is understood as a vector-valued function y(·) ∈ (Wn+r

p )m that satis�es
both equation (1) (everywhere if n ≥ 1, and almost everywhere if n = 0)
on (a, b) and equality (2). If the parameter n increases, so does the class of
linear operators (3). When n = 0, this class contains all operators that set the
general boundary conditions described above.
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We rewrite the problem (1), (2) in the form of a linear operator equation
(L,B)y = (f, c). Here, (L,B) is a bounded linear operator on the pair of
Banach spaces

(L,B) : (Wn+r
p )m → (Wn

p )
m × Cl. (4)

Theorem 1. The bounded linear operator (4) is a Fredholm one with

index rm− l.

For each number i ∈ {1, . . . , r}, we consider the family of matrix Cauchy
problems with the initial conditions:

Y
(r)
i (t) +

r∑
j=1

Ar−j(t)Y
(r−j)
i (t) = Om, t ∈ (a, b),

Y
(j−1)
i (a) = δi,jIm, j ∈ {1, . . . , r}.

Let [BYi] denote the number l×m matrix whose j-th column is the result
of the action of B on the j-th column of the matrix-valued function Yi.

De�nition 1. A bloc rectangular number matrix

M(L,B) :=
(
[BY1] , . . . , [BYr]

)
∈ Cl×rm (5)

is called the characteristic matrix of the boundary-value problem (1), (2).
Note that this matrix consists of r rectangular block columns [BYk] ∈ Cm×l.

Theorem 2. The theorem of the kernel and co-kernel of the operator (4)
are equal to the dimensions of the kernel and co-kernel of the characteristic

matrix (5), respectively.
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Ñèñòåìè çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü iç íåîäíîðiäíèìè

êðàéîâèìè óìîâàìè, ùî ìiñòÿòü ïîõiäíi âèñîêèõ ïîðÿäêiâ

Ðîçðîáëåíî çàãàëüíó òåîðiþ ðîçâ'ÿçíîñòi ëiíiéíèõ íåîäíîðiäíèõ êðàéîâèõ
çàäà÷ äëÿ ñèñòåì çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü äîâiëüíîãî ïîðÿäêó
â ïðîñòîðàõ Ñîáîë¹âà. Êðàéîâi óìîâè äîïóñêàþòüñÿ ÿê ïåðåâèçíà÷åíi, òàê
i íåäîâèçíà÷åíi. Âîíè ìîæóòü ìiñòèòè ïîõiäíi íåâiäîìî¨ âåêòîð-ôóíêöi¨,
öiëi ÷è äðîáîâi ïîðÿäêè ÿêèõ ïåðåâèùóþòü ïîðÿäîê äèôåðåíöiàëüíîãî ðiâíÿ-
ííÿ. Ïîäiáíi ïðîáëåìè ïðèðîäíî âèíèêàþòü ó ðiçíèõ çàñòîñóâàííÿõ. Òåîðiÿ
ââîäèòü ïîíÿòòÿ ïðÿìîêóòíî¨ ÷èñëîâî¨ õàðàêòåðèñòè÷íî¨ ìàòðèöi çàäà-
÷i. Iíäåêñ i ÷èñëà Ôðåäãîëüìà öi¹¨ ìàòðèöi çáiãàþòüñÿ âiäïîâiäíî ç iíäåêñîì
i ÷èñëàìè Ôðåäãîëüìà íåîäíîðiäíî¨ êðàéîâî¨ çàäà÷i. Íà âiäìiíó âiä iíäåêñó,
÷èñëà Ôðåäãîëüìà (òîáòî âèìiðíîñòi ÿäðà òà êîÿäðà çàäà÷i) íåñòiéêi íà-
âiòü ùîäî ìàëèõ (ó íîðìi) ñêií÷åííîâèìiðíèõ çáóðåíü. Íàâåäåíî ïðèêëàäè,
â ÿêèõ õàðàêòåðèñòè÷íó ìàòðèöþ ìîæíà çíàéòè ÿâíî.
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