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Òàê êàê
~r = ~r(t)

r =
√
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Ýòî âàæíî!

Ïðè êðèâîëèíåéíîì äâèæåíèè èçìåíÿþòñÿ êàê
íàïðàâëåíèå, òàê è âåëè÷èíà âåêòîðîâ ïîëîæåíèÿ,
ñêîðîñòè è óñêîðåíèÿ òî÷êè

Âåêòîð ñêîðîñòè íàïðàâëåí âñåãäà ïî êàñàòåëüíîé ê
òðàåêòîðèè

Â îáùåì ñëó÷àå âåêòîð óñêîðåíèÿ íå íàïðàâëåí ïî
êàñàòåëüíîé ê òðàåêòîðèè, íî íàïðàâëåí ïî êàñàòåëüíîé ê
ãîäîãðàôó
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Ïðèìåð

Â ëþáîé ìîìåíò âðåìåíè ãîðèçîíòàëüíîå ïîëîæåíèå
âîçäóøíîãî øàðà îïðåäåëÿåòñÿ ïî ôîðìóëå x = 8t ì, t
èçìåðÿåòñÿ â ñåêóíäàõ. Óðàâíåíèå òðàåêòîðèè y = x2/10.
Íàéòè âåëè÷èíó è íàïðàâëåíèå ñêîðîñòè è óñêîðåíèÿ, êîãäà
t = 2 ñ
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Ðåøåíèå.Ñêîðîñòü

vx = ẋ =
d8t

dt
= 8 ì/ñ→

vy = ẏ =
dx2/10

dt
= 2xẋ/10 = 2(16)(8)/10 = 25.6 ì/ñ

êîãäà t = 2 ñ

v =
√

(8 ì/ñ)2 + (25.6 ì/ñ)2 = 26.8 ì/ñ Îòâåò

θv = tan−1
vy
vx

= tan−1
25.6

8
= 72.6◦
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ax = v̇x =
d8

dt
= 0

ay = v̇y =
2xẋ/10

dt
= (2ẋ)ẋ/10 + 2xẍ/10

= 2(82)/10 + 2(16)(0)/10 = 12.8 ì/ñ2 ↑

Ïîýòîìó

a =
√
02 + (12.8)2 = 12.8 ì/ñ2 Îòâåò

θa = tan−1
12.8

0
= 90◦ Îòâåò
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Ïðèìåð

Åñëè ïðîìåæóòîê âðåìåíè íåáîëüøîé, òî òðàåêòîðèÿ èìååò
óðàâíåíèå y = (0.001)x2. Àýðîïëàí âçëåòàåò ñ ïîñòîÿííîé
ñêîðîñòüþ. Íàéòè âåëè÷èíó åãî ñêîðîñòè è óñêîðåíèÿ íà
âûñîòå y = 100 ì
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Ðåøåíèå

Åñëè y = 100 ì, òî 100 = 0.001x2 èëè x = 316.2 ì
Òàê êàê vy = 10 ì/ñ, òî

y = vy t 100 ì = (10 ì/ñ)t t = 10 ñ
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Ñêîðîñòü

vy = ẏ =
d(0.001x2)

dt
= (0.002x)ẋ = 0.002xvx

Çíà÷èò
10 ì/ñ = 0.002(316.2 ì)vx

vx = 15.81 ì/ñ

v =
√

v2x + v2y =
√

(15.81 ì/ñ)2 + (10 ì/ñ)2 = 18.7 ì/ñ Îòâåò
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ay = v̇y = 0.002ẋvx + 0.002xv̇x = 0.002(v2x + xax)

Êîãäà x = 316.2 ì, òî vx = 15.81 ì/ñ è v̇y = ay = 0

0 = 0.002((15.81 ì/ñ)2 + 316.2 ì(ax))

ax = −0.791 ì/ñ2

a =
√
a2x + a2y =

√
(−0.791 ì/ñ2)2 + (0 ì/ñ2)2 = 0.791 ì/ñ2

Îòâåò
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Ñêîðîñòü

v = ds/dt

~v = v ~ut

v = ṡ
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~u1t = ~ut + ~dut , dut = (1)dθ, ~dut = dθ ~un

~̇ut = θ̇ ~un
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ρ
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ds = ρdθ, θ̇ = ṡ/ρ

~ut = θ̇ ~un =
ṡ

ρ
~un =

v

ρ
~un
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~a = at ~ut + an ~un

Ãäå

at = v̇ atds = vdv
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Íîðìàëüíàÿ è òàíãåíöèàëüíàÿ êîìïîíåíòû

~at

~an

O1

~a

a =
√
a2t + a2n
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Êðèâîëèíåéíîå äâèæåíèå
Ïðÿìîóãîëüíàÿ ñèñòåìà êîîðäèíàò

Ïðèìåðû
Íîðìàëüíàÿ è òàíãåíöèàëüíàÿ êîìïîíåíòû

Äâà ñëó÷àÿ äâèæåíèÿ òî÷êè

Ïðÿìîëèíåéíîå äâèæåíèå: ρ→∞ è an = 0. Çíà÷èò
a = at = v̇
Òàíãåíöèàëüíîå óñêîðåíèå èçìåðÿåò èçìåíåíèå ïî âðåìåíè
âåëè÷èíû ñêîðîñòè

Òî÷êà äâèæåòñÿ ïî êðèâîëèíåéíîé òðàåêòîðèè ñ
ïîñòîÿííîé ñêîðîñòüþ: at = v̇ = 0
è a = an = v2/ρ
Íîðìàëüíîå óñêîðåíèå èçìåðÿåò èçìåíåíèå ïî âðåìåíè
íàïðàâëåíèÿ âåêòîðà ñêîðîñòè
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Êðèâîëèíåéíîå äâèæåíèå
Ïðÿìîóãîëüíàÿ ñèñòåìà êîîðäèíàò

Ïðèìåðû
Íîðìàëüíàÿ è òàíãåíöèàëüíàÿ êîìïîíåíòû

Äâèæåíèå òî÷êè â ïðîñòðàíñòâå
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