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Задача 1. Íà ðèñóíêå èçîáðàæåí ãðàôèê ôóíêöèè 𝑦 = 𝑓(𝑥). Ïîñòðîèòü íà îäíîì è òîì æå ðèñóí-
êå ýñêèçû ãðàôèêîâ ñëåäóþùèõ ôóíêöèé. (Îáðàòèòå îñîáîå âíèìàíèå íà ïîâåäåíèå ïðîèçâîäíîé
âáëèçè ãðàíèö îáëàñòè îïðåäåëåíèÿ. Èñïîëüçóéòå òåîðåìó î ïðîèçâîäíîé ñëîæíîé ôóíêöèè.)
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(a)
√︀
𝑓(𝑥);

(b)
√︀
𝑓(𝑥)− 2;

(c)
√︀

𝑓(𝑥)− 3;

(d)
√︀

𝑓(𝑥)− 4;

(e)
√︀
𝑓(𝑥) + 1;

(f)
√︀
𝑓(𝑥) + 2;

(g)
√︀
𝑓(𝑥) + 3;

(h)
√︀
𝑓(𝑥) + 4.

Задача 2. Ðàññìîòðèì óðàâíåíèå 𝑥̈ = 𝑓 ′(𝑥), ãäå 𝑓(𝑥) � ôóíêöèÿ èç ïðåäûäóùåé çàäà÷è.

(a) Íàéòè ïîòåíöèàëüíóþ ýíåðãèþ. Êàê âûãëÿäèò ãðàôèê ïîòåíöèàëüíîé ýíåðãèè?
(b) Çàïèñàòü ôóíêöèþ ïîëíîé ýíåðãèè.
(c) Ïîñòðîèòü íåñêîëüêî ëèíèé óðîâíÿ ôóíêöèè ïîëíîé ýíåðãèè.
(d) Ïîñòðîèòü ôàçîâûé ïîðòðåò. Îòìåòèòü âñå ïîëîæåíèÿ ðàâíîâåñèÿ. Óêàçàòü, êàêèå èç íèõ

ÿâëÿþòñÿ óñòîé÷èâûìè, à êàêèå íåóñòîé÷èâûìè.

Задача 3. Ïîñòðîèòü ôàçîâûå ïîðòðåòû äëÿ ñëåäóþùèõ óðàâíåíèé:

(a) 𝑥̈ = 𝑥2 − 1;
(b) 𝑥̈ = 1− 𝑥2;

(c) 𝑥̈ = 4𝑥3 − 4𝑥
(d) 𝑥̈ = −4𝑥3 + 4𝑥

(e) 𝑥̈ = 𝑥3 − 𝑥2 − 2𝑥
(f) 𝑥̈ = −𝑥3 + 𝑥2 + 2𝑥
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