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1. Äëÿ óðàâíåíèÿ (
x2 + 2x+ 1

)
y′′ + (x+ 1)y′ + y = 0

íàéòè ïåðâûé ïîëîæèòåëüíûé êîðåíü ðåøåíèÿ, óäîâëåòâîðÿþùåãî óñëîâèþ y(0) = 0 .

2. Óñòîé÷èâû ëè íóëåâûå ðåøåíèÿ óðàâíåíèé

2a) y′′ + iy′ + y = 0,

2b) y′′ + iy′ − y = 0?

3. Äîêàçàòü, ÷òî âñå ðåøåíèÿ óðàâíåíèÿ
y′′ + y3 = 0

� ïåðèîäè÷åñêèå.

4. Äîêàçàòü, ÷òî íå ñóùåñòâóåò òî÷êè íàêîïëåíèÿ íóëåé ôóíêöèè y(k)(x) , 0 ≤ k ≤ n−1 , ãäå y(x) � ðåøåíèå
óðàâíåíèÿ

y(n) + a(x)y = 0,

n ≥ 1 , a(x) � íåïðåðûâíà è èìååò íå áîëåå ÷åì êîíå÷íîå ÷èñëî íóëåé.

5. Ñóùåñòâóåò ëè ðåøåíèå óðàâíåíèÿ yIV + a(x)y = 0 ( a(x) � ïîëîæèòåëüíàÿ íåïðåðûâíàÿ ôóíêöèÿ),
èìåþùåå 2 äâóêðàòíûõ íóëÿ, òî åñòü óäîâëåòâîðÿþùåå äëÿ íåêîòîðûõ x1 ̸= x2 óñëîâèÿì y(x1) = y′(x1) =
y(x2) = y′(x2) = 0 ?

6. Èññëåäîâàòü íà óñòîé÷èâîñòü âñå ðåøåíèÿ ñèñòåìû{
ẋ = −y

√
x2 + y2

ẏ = x
√
x2 + y2.

7. Äîêàæèòå, ÷òî åñëè êàêîå-ëèáî ðåøåíèå óðàâíåíèÿ

ÿ + r(t)y = 0, t ≥ 0

ñ íåïðåðûâíûì îãðàíè÷åííûì êîýôôèöèåíòîì r(t) îãðàíè÷åíî íà ïîëóïðÿìîé, òî åãî ïðîèçâîäíàÿ òîæå
îãðàíè÷åíà.

8. Êàêîå íàèáîëüøåå êîëè÷åñòâî ðàçëè÷íûõ çíà÷åíèé ìîæåò ïðèíèìàòü âåëè÷èíà

(a) lim
t→∞

1
t ln |x(t)|,

(b) lim
t→∞

1
t ln |x(t)|

íà íåíóëåâûõ ðåøåíèÿõ ñèñòåìû âèäà

ẋ =

(
a(t) 0
0 b(t)

)
x, x ∈ R2?

9. Ñ êàæäûì ðåøåíèåì x(t) óðàâíåíèÿ ẍ = f(x, ẋ) , íå îáðàùàþùèìñÿ â íóëü âìåñòå ñî ñâîåé ïðîèçâîäíîé,
ñâÿæåì ïîäâèæíûé ëó÷ íà ôàçîâîé ïëîñêîñòè, íà÷èíàþùèéñÿ â òî÷êå (0, 0) è ïðîõîäÿùèé ÷åðåç òî÷êó
(x(t), ẋ(t)) . Ñóùåñòâóåò ëè òàêàÿ ôóíêöèÿ f ∈ C1(R2) , ÷òî âñå òàêèå ëó÷è, íàõîäÿùèåñÿ â:

(a) âåðõíåé,

(b) ïðàâîé

ïîëóïëîñêîñòè, ñ ðîñòîì t âñå âðåìÿ ïîâîðà÷èâàþòñÿ ïðîòèâ ÷àñîâîé ñòðåëêè?

10. Îòêëîíåíèå ìàòåìàòè÷åñêîãî ìàÿòíèêà ïîä äåéñòâèåì ñèëû f îò ïîëîæåíèÿ ðàâíîâåñèÿ îïèñûâàåòñÿ
óðàâíåíèåì ẍ + ω2x = f(t) . Äî êàêîãî ìàêñèìàëüíîãî ïîëîæåíèÿ â òî÷êå t = 1 ìîæíî îòêëîíèòü
ìàòåìàòè÷åñêèé ìàÿòíèê èç ïîëîæåíèÿ ðàâíîâåñèÿ t = 0 çà âðåìÿ îò 0 äî 1 ñèëîé f(t) , èìåþùåé íóëåâîå

ñðåäíåå ïî îòðåçêó âðåìåíè [0, 1] (
∫ 1

0
f(t)dt = 0 ), åñëè x(0) = ẋ(0) = 0 ?


