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Â ðàáîòå ðàññìàòðèâàþòñÿ ñèñòåìû äèôôåðåíöèàëüíî-àëãåáðàè÷åñêèõ óðàâíåíèé

ñ âûäåëåííîé ëèíåéíîé ÷àñòüþ è ìàëûì íåëèíåéíûì ñëàãàåìûì. Òàêèå óðàâíåíèÿ íè-

æå íàçûâàþòñÿ ñëàáî-íåëèíåéíûìè. Ìàòðèöû êîýôôèöèåíòîâ ëèíåéíîé ÷àñòè ìîãóò

áûòü ïðÿìîóãîëüíûìè. Äîïîëíèòåëüíî ïðåäïîëàãàåòñÿ, ÷òî ðåøåíèå óäîâëåòâîðÿåò

êðàåâûì óñëîâèÿì äîñòàòî÷íî îáùåãî âèäà. Îñíîâíûì ïðåäïîëîæåíèåì îòíîñèòåëü-

íî ëèíåéíîé ÷àñòè ÿâëÿåòñÿ âîçìîæíîñòü ïðèâåäåíèÿ åå ê íåêîòîðîìó êàíîíè÷åñêîìó

âèäó, ââåäåíîãî â ðàáîòàõ Â.Ô. ×èñòÿêîâà. Ïðèìåíÿÿ ñïåöèàëüíóþ òåõíèêó, èññëåäîâà-

íèå èñõîäíîé êðàåâîé çàäà÷è ñâîäèòñÿ ê èçó÷åíèþ îïåðàòîðà, êîòîðûé ïðè äîñòàòî÷íî

ìàëîì çíà÷åíèè ïàðàìåòðà, ïðè íåëèíåéíîì ÷ëåíå ÿâëÿåòñÿ ñæèìàþùèì. Â ðàìêàõ

ñäåëàííûõ èñõîäíûõ ïðåäïîëîæåíèé ïîëó÷åíû íåîáõîäèìûå è äîñòàòî÷íûå óñëîâèÿ

ñóùåñòâîâàíèÿ ðåøåíèé ñëàáî-íåëèíåéíûõ äèôôåðåíöèàëüíî-àëãåáðàè÷åñêèõ ñèñòåì.

Êëþ÷åâûå ñëîâà: äèôôåðåíöèàëüíî-àëãåáðàè÷åñêèå óðàâíåíèÿ; èíäåêñ; íåÿâíûé;

ñëàáî íåëèíåéíûé.

Îãðîìíîå êîëè÷åñòâî ïðèêëàäíûõ çàäà÷ ðàäèîôèçèêè, òåîðèè óïðàâëåíèÿ, ìàòåìàòè-
÷åñêîé ýêîíîìèêè ìîäåëèðóåòñÿ ñèñòåìàìè äèôôåðåíöèàëüíûõ óðàâíåíèé ñ âûðîæäåííîé
ìàòðèöåé ïðè ïðîèçâîäíîé. Ïðè èññëåäîâàíèè òàêèõ ñèñòåì âàæíóþ ðîëü èãðàëî ïîíÿòèå
öåíòðàëüíîé êàíîíè÷åñêîé ôîðìû, ïðåäñòàâëåííîå â [1] ( ñì. òàêæå [2]). Íåñìîòðÿ íà òî, ÷òî
òåîðèÿ äëÿ ñèñòåì òàêèõ óðàâíåíèé ðàçâèâàåòñÿ è èññëåäóåòñÿ îêîëî 40 ëåò, òåðìèíîëîãèÿ
äëÿ íèõ íå ÿâëÿåòñÿ óñòîÿâøåéñÿ. Â õîäó òàêèå íàçâàíèÿ, êàê ≪àëãåáðî-äèôôåðåíöèàëüíûå
ñèñòåìû≫ èëè ≪äèôôåðåíöèàëüíî-àëãåáðàè÷åñêèå≫, ≪ñèíãóëÿðíûå≫ èëè ≪âûðîæäåííûå
ñèñòåìû≫, ≪äåñêðèïòîðíûå ñèñòåìû≫ [3 � 9]. Â ðàáîòå [10] áûëî ââåäåíî ïîíÿòèå îáîáùåí-
íîé êàíîíè÷åñêîé ôîðìû äëÿ äèôôåðåíöèàëüíî-àëãåáðàè÷åñêèõ ñèñòåì ñ ïðÿìîóãîëüíîé
ìàòðèöåé ïðè ïðîèçâîäíîé íå ïîñòîÿííîãî ðàíãà. Â äàííîé ñòàòüå, ñ èñïîëüçîâàíèåì ýòîé
ôîðìû, èññëåäóþòñÿ ñëàáî-íåëèíåéíûå äèôôåðåíöèàëüíî-àëãåáðàè÷åñêèå ñèñòåìû.

Ðàññìîòðèì ñëàáî íåëèíåéíóþ ñèñòåìó âèäà

L1x = A(t)ẋ(t, ε) +B(t)x(t, ε) = f(t) + εZ(x(t, ε), t, ε), t ∈ T = [a, b], (1)

ñ êðàåâûì óñëîâèåì
Kx(·, ε) = α+ εJ(x(·, ε), ε), (2)

ãäå A(t), B(t) � (m × n) � ìàòðèöû, x(t, ε), f(t) � èñêîìàÿ è çàäàííàÿ âåêòîð-ôóíêöèè
ñîîòâåòñòâåííî; K � ëèíåéíûé (p × n) âåêòîð-ôóíêöèîíàë, α � p-ìåðíûé âåêòîð,
Z(x(t, ε), t, ε), J(x(t, ε), ε) � íåëèíåéíûå âåêòîð-ôóíêöèè, íåïðåðûâíûå ïî ñîâîêóïíîñòè ïå-
ðåìåííûõ ñîîòâåòñòâóþùåãî ðàçìåðà. Äàëüíåéøèå óñëîâèÿ íà íåëèíåéíîñòè áóäóò óòî÷íå-
íû. Ïðåäïîëàãàåòñÿ, ÷òî âõîäíûå äàííûå äîñòàòî÷íî ãëàäêèå, è âûïîëíÿåòñÿ óñëîâèå

rank A(t) < min{m,n}, t ∈ T. (3)

Â äàëüíåéøåì áóäåì ïðåäïîëàãàòü â ñîîòâåòñòâèè ñ [10], ÷òî ñóùåñòâóþò êâàäðàòíûå ìàòðè-
öû P (t), Q(t) ∈ C l(T ), l ≥ 1 ïîäõîäÿùåãî ðàçìåðà ñî ñâîéñòâîì detP (t)detQ(t) ̸= 0, êîòîðûå
çàìåíîé x(t) = Q(t)z(t) è óìíîæåíèÿ íà ìàòðèöó P (t) ñëåâà ïðèâîäÿò ñèñòåìó (1) ê âèäó

P (t)A(t)Q(t)ż(t, ε) + [P (t)A(t)Q̇(t) + P (t)B(t)Q(t)]z(t, ε) = (4)
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=


Ed 0 0 0 0
0 N(t) 0 0 0
0 0 L(t) 0 0
0 0 0 L∗(t) 0
0 0 0 0 0m3×n3

 ż(t, ε)+

+


J(t) 0 0 0 0
0 Ed1 0 0 0
0 0 M(t) 0 0
0 0 0 M∗(t) 0
0 0 0 0 0m3×n3

 z(t, ε) =

= P (t)f(t) + εP (t)Z(Q(t)z(t, ε), t, ε),

ñ êðàåâûì óñëîâèåì

KQ(·)z(·, ε) = α+ εJ(Q(·)z(·, ε), ε). (5)

Èùåòñÿ òàêîå ðåøåíèå çàäà÷è (4), (5), êîòîðîå ïðè ε = 0 îáðàùàåòñÿ â îäíî èç ðåøåíèé
ïîðîæäàþùåé êðàåâîé çàäà÷è

Ed 0 0 0 0
0 N(t) 0 0 0
0 0 L(t) 0 0
0 0 0 L∗(t) 0
0 0 0 0 0m3×n3

 ż0(t)+

+


J(t) 0 0 0 0
0 Ed1 0 0 0
0 0 M(t) 0 0
0 0 0 M∗(t) 0
0 0 0 0 0m3×n3

 z0(t) = P (t)f(t), (6)

KQ(·)z0(·) = α. (7)

ÎÑÍÎÂÍÛÅ ÐÅÇÓËÜÒÀÒÛ

Ïðè âûïîëíåíèè óñëîâèé òåîðåìû 1 [10], ñèñòåìà (6) áóäåò èìåòü ν- ïàðàìåòðè÷åñêîå ñåìåé-
ñòâî ðåøåíèé âèäà

z0(t, c) = Xν(t)c+ z([P (·)f(·)])(t), t ∈ T,

ãäå

z([P (·)f(·)])(t) = X1(t)C−θ +

t∫
a

K1(t, s)P (s)f(s)ds+
l−1∑
j=0

Cj(t)(d/dt)
jP (t)f(t)+

+C̃(t)w(t) +

t∫
a

K2(t, s)w(s)ds,

çäåñü îáîçíà÷åíèÿ â ïðàâîé ÷àñòè ðàâåíñòâà òàêèå æå, êàê è â [10].
Ïîäñòàâëÿÿ â êðàåâîå óñëîâèå (7), ïðèõîäèì ê ìàòðè÷íîé ñèñòåìå

Bc = g, (8)

56 Âåñòíèê ÞÓðÃÓ. Ñåðèÿ ≪Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå è ïðîãðàììèðîâàíèå≫



ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ

ãäå
B = KQ(·)Xν(·)− (p× ν)− ìåðíàÿ ìàòðèöà, g = α−KQ(·)z([P (·)f(·)])(·).

Ñèñòåìà (8) ðàçðåøèìà [11] òîãäà è òîëüêî òîãäà, êîãäà

PB∗
d
g = 0, (9)

è ìíîæåñòâî ðåøåíèé èìååò âèä

c = B+g + PBrcr, cr ∈ Rr.

Çäåñü PBr ,PB∗
d
� ïðîåêòîðû íà ÿäðî è êîÿäðî ìàòðèöû B, ñîñòàâëåííîé èç ëèíåéíî-

íåçàâèñèìûõ âåêòîðîâ [12]. Òîãäà ìíîæåñòâî ðåøåíèé ïîðîæäàþùåé êðàåâîé çàäà÷è (6),
(7) ìîæåò áûòü ïðåäñòàâëåíî â âèäå

z0(t, cr) = Xr(t)cr +Xν(t)B
+α+ (G[P (·)f(·)])(t), (10)

ãäå Xr(t) = Xν(t)PBr ,

(G[P (·)f(·)])(t) = z([P (·)f(·)])(t)−Xν(t)B
+KQ(·)z([P (·)f(·)])(·)

� îáîáùåííûé îïåðàòîð Ãðèíà.
Íàéäåì òåïåðü íåîáõîäèìûå óñëîâèÿ ñóùåñòâîâàíèÿ ðåøåíèé ñëàáîíåëèíåéíîé êðàå-

âîé çàäà÷è (4), (5). Ïðåäïîëîæèì, ÷òî ñóùåñòâóåò ðåøåíèå z(t, ε), êîòîðîå ïðè ε = 0 îá-
ðàùàåòñÿ â îäíî èç ðåøåíèé z0(t, cr) ïîðîæäàþùåé êðàåâîé çàäà÷è (6), (7).Áóäåì ïðåä-
ïîëàãàòü, ÷òî íåëèíåéíîñòè â (1), (2) íåïðåðûâíû â îêðåñòíîñòè ïîðîæäàþùåãî ðåøåíèÿ
x0(t, cr) = Q(t)z0(t, cr). Òîãäà äîëæíî âûïîëíÿòüñÿ óñëîâèå ðàçðåøèìîñòè

PB∗
d
(α+ εJ(Q(·)z(·, ε), ε)−KQ(·)z([P (·)f(·) + εZ(Q(·)z(·, ε), ·, ε)])(·)) = 0, (11)

èç êîòîðîãî â ñèëó (9) è ïåðåõîäà ê ïðåäåëó ïðè ε → 0 ïîëó÷àåì ìàòðè÷íóþ ñèñòåìó óðàâ-
íåíèé äëÿ ïîðîæäàþùèõ âåêòîð-êîíñòàíò

F (cr) = PB∗
d
(J(Q(·)z0(·, cr), 0)−KQ(·)z([Z(Q(·)z0(·, cr), ·, 0)])(·)) = 0. (12)

Òàêèì îáðàçîì ìû äîêàçàëè óòâåðæäåíèå.
Òåîðåìà 1 (íåîáõîäèìîå óñëîâèå). Ïóñòü êðàåâàÿ çàäà÷à (4), (5) èìååò ðåøåíèå

z(t, ε), êîòîðîå ïðè ε = 0 îáðàùàåòñÿ â ïîðîæäàþùåå ðåøåíèå z0(t, cr) (10) c âåêòîðîì

cr = c0r. Òîãäà âåêòîð-êîíñòàíò c0r äîëæåí óäîâëåòâîðÿòü ìàòðè÷íîìó óðàâíåíèþ (12)

äëÿ ïîðîæäàþùèõ âåêòîð-êîíñòàíò.

Äëÿ ïîëó÷åíèÿ äîñòàòî÷íîãî óñëîâèÿ ñóùåñòâîâàíèÿ ðåøåíèÿ âûïîëíèì çàìåíó ïåðå-
ìåííûõ â êðàåâîé çàäà÷å (4), (5) âèäà

z(t, ε) = z0(t, c
0
r) + y(t, ε),

â êîòîðîé z0(t, c
0
r) � ïîðîæäàþùåå ðåøåíèå êðàåâîé çàäà÷è (6), (7) ñ âåêòîðîì c0r , êîòî-

ðûé óäîâëåòâîðÿåò ìàòðè÷íîìó óðàâíåíèþ äëÿ ïîðîæäàþùèõ âåêòîð-êîíñòàíò (12). Áóäåì
äîïîëíèòåëüíî ïðåäïîëàãàòü, ÷òîáû íåëèíåéíîñòè Z è J áûëè äèôôåðåíöèðóåìû â îêðåñò-
íîñòè ïîðîæäàþùåãî ðåøåíèÿ x0(t, cr) = Q(t)z0(t, cr). Â íîâûõ ïåðåìåííûõ áóäåì èñêàòü
ðåøåíèå êðàåâîé çàäà÷è

P (t)A(t)Q(t)ẏ(t, ε) + [P (t)A(t)Q̇(t) + P (t)B(t)Q(t)]y(t, ε) =

= εP (t)Z(Q(t)(z0(t, c
0
r) + y(t, ε)), t, ε), (13)
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KQ(·)y(·, ε) = εJ(Q(·)(z0(·, c0r) + y(·, ε)), ε), (14)

êîòîðîå ïðè ε = 0 îáðàùàåòñÿ â íóëåâîå ðåøåíèå. Ðàçðåøèìîñòü êðàåâîé çàäà÷è (4), (5)
ýêâèâàëåíòíà ðàçðåøèìîñòè êðàåâîé çàäà÷è (13), (14). Èñïîëüçóÿ íåïðåðûâíóþ äèôôåðåí-
öèðóåìîñòü íåëèíåéíîñòåé â îêðåñòíîñòè ïîðîæäàþùåãî ðåøåíèÿ, âûäåëèì ëèíåéíóþ ÷àñòü
ïî y è ÷ëåíû íóëåâîãî ïîðÿäêà ïî ε:

Z(Q(t)(z0(t, c
0
r) + y(t, ε)), t, ε) = Z(Q(t)z0(t, c

0
r), t, 0) +A1(t)Q(t)y(t, ε) +R(Q(t)y(t, ε), t, ε),

J(Q(·)(z0(·, c0r, ε) + y(·, ε)) = J(Q(·)z0(·, c0r), 0) + lQ(·)y(·, ε) +R1(Q(·)y(·, ε), ε),

ãäå

A1(t) = A1(t, c
0
r) = Z(1)

y (v, t, ε)|v=Q(t)z0(t,c0r),ε=0, l = J1(v, ε)|v=Q(t)z0(t,cr),ε=0

� ïðîèçâîäíûå Ôðåøå â òî÷êå (v = Q(t)z0(t, c
0
r), ε = 0), à äëÿ ÷ëåíîâ áîëåå âûñîêîãî ïîðÿäêà

R(y, t, ε),R1(y, ε) âûïîëíåíû ñîîòíîøåíèÿ

R(0, t, 0) = 0,R(1)
y (0, t, 0) = 0, R1(0, 0) = 0,R(1)

1 y(0, 0) = 0.

Òàêèì îáðàçîì, ó÷èòûâàÿ çàìåíó, áóäåì ðàññìàòðèâàòü êðàåâóþ çàäà÷ó

P (t)A(t)Q(t)ẏ(t, ε) + [P (t)A(t)Q̇(t) + P (t)B(t)Q(t)]y(t, ε) = (15)

= ε{P (t)Z(Q(t)z0(t, c
0
r), t, 0) + P (t)A1(t)Q(t)y(t, ε) + P (t)R(Q(t)y(t, ε), t, ε)},

KQ(·)y(·, ε) = ε{J(Q(·)z0(·, c0r), 0) + lQ(·)y(·, ε) +R1(Q(·)y(·, ε), ε)}, (16)

êîòîðàÿ èìååò ðåøåíèÿ â âèäå

y(t, ε) = Xr(t)cr + y(t, ε), cr ∈ Rr, (17)

y(t, ε) = εXν(t)B
+{J(Q(·)z0(·, c0r), 0) + lQ(·)y(·, ε) +R1(Q(·)y(·, ε), ε)}+ (18)

+ε(G[P (·)Z(Q(·)z0(·, c0r), ·, 0) + P (·)A1(·)Q(·)y(·, ε) + P (·)R(Q(·)y(·, ε), ·, ε)])(t),

ïðè âûïîëíåíèè óñëîâèÿ

PB∗
d
{J(Q(·)z0(·, c0r), 0) + lQ(·)y(·, ε) +R1(Q(·)y(·, ε), ε)−

−KQ(·)z([P (·)Z(Q(·)z0(·, c0r), ·, 0) + P (·)A1(·)Q(·)y(·, ε) + P (·)R(Q(·)y(·, ε), ·, ε)])(·)} = 0.

Èñïîëüçóÿ (12) è ïîäñòàâëÿÿ â ëèíåéíóþ ÷àñòü ïîñëåäíåãî âûðàæåíèÿ ïðåäñòàâëåíèå (17),
ïîëó÷èì ìàòðè÷íîå óðàâíåíèå îòíîñèòåëüíî cr ∈ Rr:

B0cr = PB∗
d
{KQ(·)(z[P (·)R(Q(·)y(·, ε), ·, ε) + P (·)A1(·)Q(·)y(·, ε)])(·)− (19)

−(lQ(·)y(·, ε) +R1(Q(·)y(·, ε), ε))},

ãäå

B0 = PB∗
d
{lQ(·)Xr(·)−KQ(·)z([P (·)A1(·)Q(·)Xr(·)])(·)}.

Äëÿ ðàçðåøèìîñòè (19) íåîáõîäèìî è äîñòàòî÷íî âûïîëíåíèÿ óñëîâèÿ

PB∗
0
PB∗

d
{KQ(·)(z[P (·)R(Q(·)y(·, ε), ·, ε) + P (·)A1(·)Q(·)y(·, ε)])(·)−

−(lQ(·)y(·, ε) +R1(Q(·)y(·, ε), ε))} = 0,
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êîòîðîå áóäåò çàâåäîìî âûïîëíÿòüñÿ, åñëè PB∗
0
PB∗

d
= 0. Ðåøèâ (19) îòíîñèòåëüíî cr, ïðèõî-

äèì ê ñëåäóþùåé ìàòðè÷íî-îïåðàòîðíîé ñèñòåìå

y(t, ε) = Xr(t)cr + y(t, ε),

cr = B+
0 PB∗

d
{KQ(·)(z[P (·)R(Q(·)y(·, ε), ·, ε) + P (·)A1(·)Q(·)y(·, ε)])(·)−

−(lQ(·)y(·, ε) +R1(Q(·)y(·, ε), ε))}, (20)

y(t, ε) = εXν(t)B
+{J(Q(·)z0(·, c0r), 0) + lQ(·)y(·, ε) +R1(Q(·)y(·, ε), ε)}+

+ε(G[P (·)Z(Q(·)z0(·, c0r), ·, 0) + P (·)A1(·)Q(·)y(·, ε) + P (·)R(Q(·)y(·, ε), ·, ε)])(t).

Ââåäåì âñïîìîãàòåëüíûé âåêòîð u = (y, cr, y)
t ∈ C1(T )×Rr×C1(T ) (t - îáîçíà÷àåò îïåðàöèþ

òðàíñïîíèðîâàíèÿ). Òîãäà ñèñòåìó (20) çàïèøåì â âèäå

u =

 0 Xr(t) I
0 0 L1

0 0 0

u+

 0
g1
g2

 ,

ãäå
L1cr = B+

0 PB∗
d
{KQ(·)(z[P (·)A1(·)Q(·)y(·, ε)])(·)− lQ(·)y(·), ε)},

g1 = B+
0 PB∗

d
{KQ(·)(z[P (·)R(Q(·)y(·, ε), ·, ε)])(·) +R1(Q(·)y(·, ε), ε)},

g2 = εXν(t)B
+{J(Q(·)(z0(·, c0r) + y(·, ε)), ε) + ε(G[P (·)Z(Q(·)(z0(·, c0r) + y(·, ε)), ·, ε)])(t)}.

Â ñâîþ î÷åðåäü, ìàòðè÷íàÿ ñèñòåìà (20) ýêâèâàëåíòíà ñëåäóþùåé

Lu = g, (21)

ãäå

L =

 I −Xr(t) −I
0 I −L1

0 0 I

 , g =

 0
g1
g2

 .

Îïåðàòîð L èìååò îãðàíè÷åííûé îáðàòíûé L−1. Äåéñòâèòåëüíî, îïåðàòîð L−1 ìîæåò
áûòü ÿâíî âûïèñàí â âèäå

L−1 =

 I −Xr(t) −Xr(t)L1 + I
0 I L1

0 0 I

 .

Òî, ÷òî òàê îïðåäåëåííûé îïåðàòîð óäîâëåòâîðÿåò ðàâåíñòâó LL−1 = L−1L = I, ïðîâåðÿåòñÿ
íåïîñðåäñòâåííîé ïîäñòàíîâêîé. Îãðàíè÷åííîñòü äîêàçûâàåòñÿ, êàê è â [13]. Ñèñòåìà (21)
òîãäà ìîæåò áûòü çàïèñàíà â âèäå

u = L−1S(ε)u.

Äëÿ äîñòàòî÷íî ìàëîãî ε îïåðàòîð S(ε) áóäåò ñæèìàþùèì. Òîãäà èç ïðèíöèïà ñæèìàþ-
ùèõ îòîáðàæåíèé áóäåò ñëåäîâàòü, ÷òî ìàòðè÷íàÿ ñèñòåìà (21) èìååò åäèíñòâåííóþ íåïî-
äâèæíóþ òî÷êó, êîòîðàÿ è äàåò ðåøåíèå êðàåâîé çàäà÷è (15), (16). Òàêèì îáðàçîì, íàìè
óñòàíîâëåíî ñëåäóþùåå óòâåðæäåíèå.

Òåîðåìà 2 (äîñòàòî÷íîå óñëîâèå). Ïóñòü äëÿ îïåðàòîðà B0 âûïîëíÿåòñÿ ñëåäóþùåå

óñëîâèå:

(i) PB∗
0
PB∗

d
= 0.
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Òîãäà äëÿ ïðîèçâîëüíîãî âåêòîðà c = c0r ∈ Rr, óäîâëåòâîðÿþùåãî ìàòðè÷íîìó óðàâíå-

íèþ äëÿ ïîðîæäàþùèõ êîíñòàíò (12), ñóùåñòâóåò ïî êðàéíåé ìåðå îäíî ðåøåíèå êðàåâîé

çàäà÷è (1), (2). Ýòî ðåøåíèå ìîæåò áûòü íàéäåíî ñ ïîìîùüþ èòåðàöèîííîãî ïðîöåññà

(òèïà Íüþòîíà-Êàíòîðîâè÷à) ñ êâàäðàòè÷íîé ñêîðîñòüþ ñõîäèìîñòè

yk+1(t, ε) = εXν(t)B
+{J(Q(·)z0(·, c0r), 0) + lQ(·)yk(·, ε) +R1(Q(·)yk(·, ε), ε)}+

+ε(G[P (·)Z(Q(·)z0(·, c0r), ·, 0) + P (·)A1(·)Q(·)yk(·, ε) + P (·)R(Q(·)yk(·, ε), ·, ε)])(t),

ckr = B+
0 PB∗

d
{KQ(·)(z[P (·)R(Q(·)yk(·, ε), ·, ε) + P (·)A1(·)Q(·)yk(·, ε)])(·)−

−(lQ(·)yk(·, ε) +R1(Q(·)yk(·, ε), ε))},

yk+1(t, ε) = Xr(t)c
k
r + yk(t, ε),

xk(t, ε) = Q(t)z0(t, c
0
r) +Q(t)yk(t, ε), k = 0, 1, 2, ...; y0(t, ε) = y0(t, ε) = 0, c0r = 0;

x(t, ε) = lim
k→∞

xk(t, ε).

Çàìå÷àíèå. Îòìåòèì, ÷òî óñëîâèå (i) âûïîëíÿåòñÿ, íàïðèìåð, â òîì ñëó÷àå, êîãäà
rankB0 = d.

Ïðèâåäåì ïðîñòåéøèå ïðèìåðû òîãî, êàêèì ìîæåò áûòü âåêòîð-ôóíêöèîíàë K, çàäàþ-
ùèé êðàåâûå óñëîâèÿ (2). Ïðè Kx(·, ε) = x(b)− x(a) = 0, îí çàäàåò ïåðèîäè÷åñêîå óñëîâèå.
Åñëè Kx(·, ε) = Mx(a) +Nx(b) = α, ñ p× n ìàòðèöàìè M è N , òî ïîëó÷àåì äâóõòî÷å÷íóþ
êðàåâóþ çàäà÷ó.
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In this paper we consider the system of di�erential algebraic equations with a linear

part and a small nonlinear term. We refer to such systems as weak nonlinear. Coe�cient

matrices of the linear part might be rectangular. Additionally, it is assumed that the solution

meets some boundary conditions of a general kind. Basic assumption for the linear part is

that it can be reduced to canonic form introduced by V.F. Chistyakov. By applying a special

technique, analysis of the boundary problem is reduced to mastering of an operator which

becomes a compression at a su�ciently small parameter. Under assumptions mentioned, we

obtain su�cient and necessary existence conditions for weak nonlinear di�erential algebraic

systems.

Keywords: di�erential algebraic equations; index; implicit; weakly nonlinear.
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