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Àâòîíîìíàÿ íåòåðîâà êðàåâàÿ çàäà÷à â êðèòè÷åñêîì ñëó÷àå

Ïîñòðîåíà ìîäèôèöèðîâàííàÿ èòåðàöèîííàÿ ïðîöåäóðà äëÿ íàõîæäåíèÿ ðåøåíèÿ
z(t, ε) ∈ C1[a, b(ε)], C[0, ε0] àâòîíîìíîé íåòåðîâîé (m 6= n) êðàåâîé çàäà÷è [1]

dz/dt = Az + f + εZ(z, ε), `z(·, ε) = α + εJ(z(·, ε), ε), α ∈ Rm, (1)

ïðè ε = 0 îáðàùàþùåãîñÿ â ðåøåíèå z(t) ∈ C1[a, b∗] ïîðîæäàþùåé çàäà÷è

dz0/dt = A(t)z0 + f, `z0(·) = α, b∗ = b(0), f ∈ Rn. (2)

Çäåñü A− ïîñòîÿííàÿ (n×n)− ìåðíàÿ ìàòðèöà è Z(z, ε)− n−ìåðíàÿ âåêòîð-ôóíêöèÿ,
íåïðåðûâíî-äèôôåðåíöèðóåìàÿ ïî íåèçâåñòíîé z(t, ε) â ìàëîé îêðåñòíîñòè ðåøåíèÿ
ïîðîæäàþùåé çàäà÷è è íåïðåðûâíî-äèôôåðåíöèðóåìàÿ ïî ε â îêðåñòíîñòè íóëÿ;
`z(·, ε)− ëèíåéíûé è J(z(·, ε), ε)− íåëèíåéíûé âåêòîðíûé ôóíêöèîíàëû. Ôóíêöèîíàë
J(z(·, ε), ε) íåïðåðûâíî-äèôôåðåíöèðóåì ïî íåèçâåñòíîé z è ïî ε â ìàëîé îêðåñòíîñòè
ðåøåíèÿ ïîðîæäàþùåé çàäà÷è è íà îòðåçêå [0, ε0]. Ïðåäïîëîæèì, ÷òî â êðèòè÷åñêîì
(PQ∗ 6= 0) ñëó÷àå âûïîëíåíî óñëîâèå PQ∗

d
{α − `K[f ](·)} = 0; ïðè ýòîì çàäà÷à (2)

èìååò r− ïàðàìåòðè÷åñêîå ñåìåéñòâî ðåøåíèé z0(t, cr) = Xr(t)cr +G[f ; α](t), cr ∈ Rr.
Çäåñü Q = `X(·)− (m × n)− ìàòðèöà, rank Q = n1 ≤ min (m, n), n − n1 = r, PQ∗−
(m × m)− ìàòðèöà-îðòîïðîåêòîð PQ∗ : Rm → N(Q∗), X(t)− íîðìàëüíàÿ (X(a) =
In) ôóíäàìåíòàëüíàÿ ìàòðèöà îäíîðîäíîé ÷àñòè äèôôåðåíöèàëüíîé ñèñòåìû (2);
(d×m)− ìåðíàÿ ìàòðèöà PQ∗

d
ñîñòàâëåíà èç d = m−n1− ëèíåéíî-íåçàâèñèìûõ ñòðîê

ìàòðèöû-îðòîïðîåêòîðà PQ∗ , G[f ; α](t)− îáîáùåííûé îïåðàòîð Ãðèíà [1] çàäà÷è (2).

Ëåììà. Åñëè êðàåâàÿ çàäà÷à (1) èìååò ðåøåíèå z(t, ε) ∈ C1[a, b(ε)], C[0, ε0], ïðè
ε = 0 îáðàùàþùååñÿ â ïîðîæäàþùåå z(t, 0) = z0(t, c

∗
r), òî âåêòîð c∗ óäîâëåòâîðÿåò

óðàâíåíèþ F (c∗) = PQ∗
d
{ϕ0(c

∗)− `K[f0(s, c
∗)](·)} = 0, c∗ = col (c∗r, β∗) ∈ Rr+1. Çäåñü

ϕ0(c
∗) = αβ∗ + J(z0(·, c∗r), 0), f0(s, c

∗) = β∗[Az0(s, c
∗
r) + f ] + Z(z0(s, c

∗
r), 0).

Òåîðåìà. Äëÿ êàæäîãî ïðîñòîãî (PB∗
0

= 0) êîðíÿ óðàâíåíèÿ F (c∗) = 0 çàäà÷à (1)
èìååò ïî ìåíüøåé ìåðå îäíî ðåøåíèå, ïðè ε = 0 îáðàùàþùååñÿ â ïîðîæäàþùåå
z(t, 0) = z0(t, c

∗
r). Çäåñü B0 = Fc

′(c∗)− (d× (r + 1))− ìàòðèöà, PB0 : Rr+1 → N(B0)−
((r + 1) × (r + 1))− ìàòðèöà-îðòîïðîåêòîð. Ýòî ðåøåíèå ìîæíî îïðåäåëèòü ïðè
ïîìîùè èòåðàöèîííîãî ïðîöåññà òèïà [2], ñõîäÿùåãîñÿ [3] íà îòðåçêå [0, ε∗].
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