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Ìåòîäè÷åñêèå óêàçàíèÿ äëÿ ðåøåíèÿ çàäà÷

Ñèñòåìà êîîðäèíàò

I Åñëè èçâåñòíà òðàåêòîðèÿ äâèæåíèÿ òî÷êè, ìîæíî
îïðåäåëèòü åñòåñòâåííóþ ñèñòåìó êîîðäèíàò (n è t
êîîðäèíàòíûå îñè) ñ íà÷àëîì â ôèêñèðîâàííîé òî÷êå,
êîòîðàÿ ñîâïàäàåò ñ äâèæóùåéñÿ òî÷êîé â äàííûé
ìîìåíò âðåìåíè

I Ïîëîæèòåëüíîå íàïðàâëåíèå òàíãåíöèàëüíîé îñè
ñîâïàäàåò ñ íàïðàâëåíèåì äâèæåíèÿ, íîðìàëüíàÿ îñü
íàïðàâëåíà ê öåíòðó êðèâîé
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Ñêîðîñòü

I Ñêîðîñòü òî÷êè âñåãäà íàïðàâëåíà ïî êàñàòåëüíîé ê
òðàåêòîðèè

I Âåëè÷èíà ñêîðîñòè:

v = ṡ
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Òàíãåíöèàëüíîå óñêîðåíèå

I Òàíãåíöèàëüíàÿ êîìïîíåíòà óñêîðåíèÿ ïîÿâëÿåòñÿ â
ðåçóëüòàòå èçìåíåíèÿ âåëè÷èíû ñêîðîñòè. Ýòà
êîìïîíåíòà äåéñòâóåò â ïîëîæèòåëüíîì íàïðàâëåíèè
äóãîâîé êîîðäèíàòû s, åñëè ñêîðîñòü òî÷êè
óâåëè÷èâàåòñÿ è â îòðèöàòåëüíîì íàïðàâëåíèè åñëè
ñêîðîñòü óìåíüøàåòñÿ

I Ñîîòíîøåíèÿ ìåæäó at , v , t è s:

at = v̇ , atds = vdv



� Typeset by beamer emulation of FoilTEX �

Òàíãåíöèàëüíîå óñêîðåíèå (cont.)

I Åñëè at - ïîñòîÿííàÿ âåëè÷èíà, òî

s = s0 + v0t +
1

2
(at)ct

2

v = v0 + (at)ct

v 2 = v 2
0
+ 2(at)c(s − s0)
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Íîðìàëüíîå óñêîðåíèå

I Íîðìàëüíàÿ êîìïîíåíòà óñêîðåíèÿ ýòî ðåçóëüòàò
èçìíåíåíèÿ íàïðàâëåíèÿ ñêîðîñòè. Ýòî óñêîðåíèå
âñåãäà íàïðàâëåíî ê öåíòðó êðèâèçíû òðàåêòîðèè
òî÷êè,òî åñòü â ïîëîæèòåëüíîì íàïðàâëåíèè îñè n

I Âåëè÷èíà íîðìàëüíîãî óñêîðåíèÿ:

an =
v 2

ρ

I Åñëè òðàåêòîðèÿ äâèæåíèÿ òî÷êè èìååò óðàâíåíèå
y = f (x), òî ðàäèóñ êðèâèçíû â ëþáîé òî÷êå
òðàåêòîðèè îïðåäåëÿåòñÿ èç óðàâíåíèÿ:

ρ =
[1+ (dy/dx)2]3/2

|d2y/dx2|
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Ïðèìåð 1
Êîãäà ëûæíèê íàõîäèòñÿ â òî÷êå À ïàðàáîëè÷åñêîé
òðàåêòîðèè, åãî ñêîðîñòü 6 ì/ñ è îíà óâåëè÷èâàåòñÿ ñ
óñêîðåíèåì 2 ì/ñ2. Íàéòè íàïðàâëåíèå åãî ñêîðîñòè è
íàïðàâëåíèå è âåëè÷èíó óñêîðåíèÿ ëûæíèêà â ýòîé òî÷êå.
Ðàçìåðû ëûæíèêà íå ó÷èòûâàòü
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Ñêîðîñòü

Êàê íàéòè íàïðàâëåíèå âåêòîðà ñêîðîñòè?
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Ñêîðîñòü

Òàê êàê y = 1

20
x2 è dy/dx = 1

10
x , òî êîãäà x = 10 ì,

dy/dx = 1
Ïîýòîìó θ = tan−1 1 = 45◦ è

v = 6 ì/ñ
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Óñêîðåíèå

~a = v̇~ut + (v 2/ρ)~un

×åìó ðàâíî v̇?
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Óñêîðåíèå

~a = v̇~ut + (v 2/ρ)~un

Âû÷èñëèòü ðàäèóñ êðèâèçíû òðàåêòîðèè â òî÷êå À(10 ì,
5ì)
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Ðàäèóñ êðèâèçíû òðàåêòîðèè

ρ =
[1+ (dy/dx)2]3/2

|d2y/dx2|
=

[
1+ ( 1

10
x)2
]3/2

| 1
10
|

∣∣∣∣∣
x=10ì

= 28.28ì
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Óñêîðåíèå

~a = v̇~ut + (v 2/ρ)~un
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~a = v̇~ut + (v 2/ρ)~un

= 2~ut +
(6ì/ñ)2

28.28ì
~un

= (2~ut + 1.273~un) ì/ñ
2
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Îòâåò

a =

√
(2ì/ñ2)2 + (1.273ì/ñ2)2 = 2.37 ì/ñ2

φ = tan−1
2

1.273
= 57.5◦

45◦ + 90◦ + 57.5◦ − 180◦ = 12.5◦

a = 2.37 ì/ñ2, θ = 12.5◦ Îòâåò
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Ïðèìåð 2
Ãîíî÷íûé àâòîìîáèëü Ñ åäåò ïî ãîðèçîíòàëüíîé
òðàåêòîðèè èìåþùåé ôîðìó îêðóæíîñòè ñ ðàäèóñîì 300
ì. Âåëè÷èíà ñêîðîñòè àâòîìîáèëÿ óâåëè÷èâàåòñÿ ñ
ïîñòîÿííûì óñêîðåíèåì 7 ì/ñ2 è îí íà÷èíàåò äâèæåíèå èç
ñîñòîÿíèÿ ïîêîÿ. Îïðåäåëèòü âðåìÿ, êîòîðîå íåîáõîäèìî
àâòîìîáèëþ ÷òîáû åãî óñêîðåíèå ñòàëî ðàâíûì 8 ì/ñ2.
Íàéòè ñêîðîñòü àâòîìîáèëÿ â ýòîò ìîìåíò.
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at, v , an

Ñêîðîñòü è íîðìàëüíîå óñêîðåíèå ìîæíî âûðàçèòü ÷åðåç
âðåìÿ t
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Óñêîðåíèå

a =
√

a2t + a2n, at = 7 ì/ñ2

v = v0 + (at)ct

v = 0+ 7t

Çíà÷èò

an =
v 2

ρ
=

(7t)2

300
= 0.163t2 ì/ñ2



� Typeset by beamer emulation of FoilTEX �

Âðåìÿ

Êàê òåïåðü âû÷èñëèòü âðåìÿ, íåîáõîäèìîå àâòîìîáèëþ
÷òîáû åãî óñêîðåíèå ñòàëî ðàâíûì 8 ì/ñ2?

a =
√

a2t + a2n
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Âðåìÿ

8 ì/ñ2 =

√
(7ì/ñ2)2 + (0.163t2ì/ñ2)2

0.163t2 ì/ñ2 =

√
(8ì/ñ2)2 − (7ì/ñ2)2

t = 4.87 ñ Îòâåò
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Ñêîðîñòü

v = 7t = 7(4.87) = 34.1 ì/ñ Îòâåò
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Ïðèìåð 3

ßùèê ïåðåìåùàåòñÿ ïî êîíâåéåðó è íà÷èíàåò äâèæåíèå èç
ñîñòîÿíèÿ ïîêîÿ â òî÷êå À. Âåëè÷èíà ñêîðîñòè
óâåëè÷èâàåòñÿ ñ óñêîðåíèåì at = 0.2t ì/ñ2, t èçìåðÿåòñÿ â
ñåêóíäàõ. Íàéòè âåëè÷èíó óñêîðåíèÿ ÿùèêà â òî÷êå Â
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Óñêîðåíèå

Âûðàçèòü v êàê ôóíêöèþ îò âðåìåíè t
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Óñêîðåíèå

at = v̇ = 0.2t∫ v

0

dv =

∫ t

0

0.2tdt

v = 0.1t2
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Âðåìÿ

Êàê âû÷èñëèòü (äóãîâóþ) êîîðäèíàòó òî÷êè Â?
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Âðåìÿ

sB = 3+ 2π(2)/4 = 6.142 ì
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Âðåìÿ

Âû÷èñëèòü âðåìÿ: êîãäà ÿùèê îêàæåòñÿ â òî÷êå Â?
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Âðåìÿ

v =
ds

dt
= 0.1t2∫

6.142 ì

0

ds =

∫ tB

0

0.1t2dt

6.142 ì = 0.0333t3B
tB = 5.690
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Êîìïîíåíòû óñêîðåíèÿ â òî÷êå Â

Íàéòè êîìïîíåíòû óñêîðåíèÿ (aB)t è (aB)n
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Êîìïîíåíòû óñêîðåíèÿ â òî÷êå Â

(aB)t = v̇B = 0.2(5.690) = 1.138 ì/ñ2

vB = 0.1(5.69)2 = 3.238 ì/ñ

Â òî÷êå Â: ρB = 2 ì

(aB)n =
v 2B
ρB

=
(3.238ì/ñ)2

2 ì
= 5.242 ì/ñ2
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Óñêîðåíèå aB

aB =

√
(1.138ì/ñ2)2 + (5.242ì/ñ2)2 = 5.36ì/ñ2 Îòâåò
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Çàäà÷à

Ëîäêà ïëûâåò ïî îêðóæíîñòè ñî ñêîðîñòüþ v = 0.0625t2

ì/ñ, t èçìåðÿåòñÿ â ñåêóíäàõ. Íàéòè âåëè÷èíó óñêîðåíèÿ
ëîäêè, êîãäà t = 2 ñ


