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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ìåõàíèêà

Ìåõàíèêà - ýòî ÷àñòü ôèçèêè, êîòîðàÿ èçó÷àåò ñîñòîÿíèå ïîêîÿ
èëè äâèæåíèÿ òåë, íàõîäÿùèõñÿ ïîä äåéñòâèåì ñèë

Òåîðåòè÷åñêàÿ ìåõàíèêà ñîñòîèò èç äâóõ ÷àñòåé: ñòàòèêà è
äèíàìèêà

Äèíàìèêà èçó÷àåò äâèæåíèå òåëà ñ óñêîðåíèåì

Êèíåìàòèêà - ýòî ÷àñòü äèíàìèêè, êîòîðàÿ èìååò äåëî ñ
ãåîìåòðè÷åñêèì îïèñàíèåì äâèæåíèÿ
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Êèíåìàòèêà

Êèíåìàòèêà òî÷êè â êàæäûé ìîìåíò âðåìåíè îïèñûâàåòñÿ
ïîëîæåíèåì òî÷êè, å¼ ñêîðîñòüþ è óñêîðåíèåì
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ïîëîæåíèå òî÷êè

Îäíà êîîðäèíàòíàÿ îñü s

s

s
O
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ïåðåìåùåíèå = èçìåíåíèå ïîëîæåíèÿ

∆s = ś − s

s ∆s

ś

s
O

Ðàññòîÿíèå - ýòî ïîëîæèòåëüíîå ÷èñëî, êîòîðîå ðàâíî îáùåé
äëèíå ïóòè, ïðîéäåííîãî òî÷êîé
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ñêîðîñòü

Cêîðîñòü òî÷êè

v =
∆s

∆t
Ìãíîâåííàÿ ñêîðîñòü òî÷êè

(
+→)

v = ds
dt

∆s

s

v

O
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ñðåäíÿÿ ñêîðîñòü

Ñðåäíÿÿ ñêîðîñòü - ýòî ïîëîæèòåëüíîå ÷èñëî è îïðåäåëÿåòñÿ
êàê äåëåíèå îáùåãî ðàññòîÿíèÿ, ïðîéäåííîãî òî÷êîé, íà
çàòðà÷åííîå âðåìÿ

vñð =
sO
∆t

∆s

s

sO

O

P1 P
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Óñêîðåíèå

Ñðåäíåå óñêîðåíèå òî÷êè

añð =
∆v

∆t

s

a

v v1

O
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ìãíîâåííîå óñêîðåíèå òî÷êè

(
+→)

a = dv
dt

(
+→) a =

d2s

dt2

s

a

v v1

O
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Äèôôåðåíöèàëüíîå óðàâíåíèå: óñêîðåíèå, ñêîðîñòü,

ïåðåìåùåíèå

ads = vdv
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ïîñòîÿííîå óñêîðåíèå

a = ac

ac = dv/dt

v = ds/dt

acds = vdv

Â.Å.Êèñëÿêîâ Ëåêöèÿ �6: Êèíåìàòèêà òî÷êè



Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ñêîðîñòü êàê ôóíêöèÿ âðåìåíè

ac = dv/dt ∫ v

v0

dv =

∫ t

0

acdt

(
+→)

v = v0 + act
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ïîëîæåíèå òî÷êè êàê ôóíêöèÿ âðåìåíè

v = ds/dt = v0 + act∫ s

s0

ds =

∫ t

0

(v0 + act)dt

(
+→)

s = s0 + v0t + 1
2
act

2
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ñêîðîñòü êàê ôóíêöèÿ ïîëîæåíèÿ òî÷êè

vdv = acds ∫ v

v0

dv =

∫ s

s0

acds

(
+→)

v2 = v2
0 + 2ac(s − s0)
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ýòî âàæíî!

Äèíàìèêà èçó÷àåò òåëà, êîòîðûå äâèæóòñÿ ñ óñêîðåíèåì

Êèíåìàòèêà - ýòî ãåîìåòðèÿ äâèæåíèÿ

Ñðåäíÿÿ ñêîðîñòü - ýòî îáùåå ðàññòîÿíèå, ïðîéäåííîå
òî÷êîé ðàçäåëèòü íà îáùåå âðåìÿ

Åñëè òî÷êà çàìåäëÿåòñÿ çíà÷èò âåêòîð óñêîðåíèÿ
íàïðàâëåí â ïðîòèâîïîëîæíóþ äâèæåíèþ ñòîðîíó

Óðàâíåíèå ads = vdv ïîëó÷àåòñÿ èç a = dv/dt è v = ds/dt
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ìåòîäè÷åñêèå óêàçàíèÿ äëÿ ðåøåíèÿ çàäà÷

Ñèñòåìà êîîðäèíàò

Íàïðàâèòü êîîðäèíàòíóþ îñü s âäîëü ïóòè è îïðåäåëèòü
íà÷àëî îòñ÷åòà ò.Î è ïîëîæèòåëüíîå íàïðàâëåíèå

Ïîëîæåíèå òî÷êè, å¼ ñêîðîñòü è óñêîðåíèå - ýòî ñêàëÿðíûå
âåëè÷èíû. Íàïðàâëåíèå ýòèõ âåëè÷èí îïðåäåëÿåòñÿ
àëãåáðàè÷åñêèì çíàêîì

Ïîëîæèòåëüíîå íàïðàâëåíèå äëÿ s, v , a óêàçûâàåòñÿ
ñòðåëêîé ðÿäîì ñ êèíåìàòè÷åñêèì óðàâíåíèåì
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Óðàâíåíèÿ êèíåìàòèêè

Åñëè èçâåñòíû ñîîòíîøåíèÿ ìåæäó äâóìÿ èç ÷åòûðåõ
ïåðåìåííûõ: a, v , s, t, òî òðåòüþ ïåðåìåííóþ ìîæíî
ïîëó÷èòü ñ ïîìîùüþ òðåõ óðàâíåíèé êèíåìàòèêè:
a = dv/dt, v = ds/dt è ads = vdv

Äëÿ âû÷èñëåíèÿ èíòåãðàëîâ â êèíåìàòè÷åñêèõ óðàâíåíèÿõ,
íåîáõîäèìû íà÷àëüíûå óñëîâèÿ: s = s0 è v = v0, êîãäà
t = 0
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ïðèìåð

Àâòîìîáèëü äâèæåòcÿ ïðÿìîëèíåéíî òàê, ÷òî v = (3t2 + 2t)
ì/ñ, çäåñü t èçìåðÿåòñÿ â ñåêóíäàõ. Íàéòè ïîëîæåíèå
àâòîìîáèëÿ è åãî óñêîðåíèå, êîãäà t = 3 ñ. Ïðè t = 0 : s = 0
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ðåøåíèå

Êîîðäèíàòíàÿ îñü

s
O
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ïîëîæåíèå àâòîìîáèëÿ

(
+→) v =

ds

dt
= (3t2 + 2t)∫ s

0

ds =

∫ t

0

(3t2 + 2t)dt

s|s
0

= t3 + t2
∣∣t
0

s = t3 + t2

Êîãäà t = 3 ñ
s = 33 + 32 = 36 ì Îòâåò
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Óñêîðåíèå

(
+→) a =

dv

dt
=

d

dt
(3t2 + 2t)

= 6t + 2

Êîãäà t = 3 ñ

a = 6(3) + 2 = 20 ì/ñ2 Îòâåò
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ïðèìåð

Íåáîëüøîé ñíàðÿä áûë âûïóùåí âåðòèêàëüíî âíèç â âîäó ñ
íà÷àëüíîé ñêîðîñòüþ 60 ì/ñ. Áëàãîäàðÿ ñîïðîòèâëåíèþ âîäû
ñíàðÿä èñïûòûâàåò çàìåäëåíèå ñ óñêîðåíèåì
a = (−0.4v3) ì/ñ2, ãäå v èçìåðÿåòñÿ â ì/ñ. Íàéòè ïîëîæåíèå
ñíàðÿäà è åãî ñêîðîñòü ñïóñòÿ 4 ñ ïîñëå íà÷àëà äâèæåíèÿ
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ðåøåíèå

Êîîðäèíàòíàÿ îñü

s

O
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ñêîðîñòü

v = v0 + act??

(+ ↓) a =
dv

dt
= −0.4v3∫ v

60ì/ñ

dv

−0.4v3
=

∫ t

0

dt

1

−0.4

( 1

−2

) 1

v2

∣∣∣∣v
60

= t − 0

1

0.8

[ 1
v2
− 1

602

]
= t
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ñêîðîñòü

v =
([ 1

602
+ 0.8t

]−1/2)
ì/ñ

Êîãäà t = 4 ñ:
v = 0.559 ì/ñ ↓
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ïîëîæåíèå

(+ ↓) v =
ds

dt
=
[ 1

602
+ 0.8t

]−1/2

∫ s

0

ds =

∫ t

0

[ 1

602
+ 0.8t

]−1/2
dt

s =
2

0.8

[ 1

602
+ 0.8t

]1/2∣∣∣∣t
0

s =
1

0.4

([ 1

602
+ 0.8t

]1/2
− 1

60

)
ì

Êîãäà t = 4 ñ:
s = 4.43 ì
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ïðèìåð

Ìåòàëëè÷åñêàÿ ÷àñòèöà ïîä äåéñòâèåì ìàãíèòíîãî ïîëÿ ìåæäó
ïëàñòèíàìè À è Â ïàäàåò âåðòèêàëüíî âíèç. ×àñòèöà íà÷èíàåò
äâèæåíèå èç ñîñòîÿíèÿ ïîêîÿ â òî÷êå Ñ, s = 100 ìì, ñ
óñêîðåíèåì a = 4s ì/ñ2, ãäå s èçìåðÿåòñÿ â ìåòðàõ.
Îïðåäåëèòü ñêîðîñòü ÷àñòèöû, êîãäà îíà äîñòèãíåò ïëàñòèíû
Â, s = 200 ìì, è âðåìÿ, çà êîòîðîå ÷àñòèöà ïðîéäåò ýòîò ïóòü
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Ðåøåíèå. Ñêîðîñòü

(+ ↓) vdv = ads∫ v

0

vdv =

∫ s

0.1ì
4sds

1

2
v2
∣∣∣∣v
0

=
4

2
s2
∣∣∣∣s
0.1ì

v = 2(s2 − 0.01)1/2ì/ñ

Êîãäà s = 200 ìì = 0.2 ì:

vB = 0.346 ì/ñ = 346 ìì/ñ ↓ Îòâåò
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Âðåìÿ

Êîãäà t = 0 : s = 0.1 ì

(+ ↓) ds = vdt

= 2(s2 − 0.01)1/2dt

∫ s

0.1

ds

(s2 − 0.01)1/2
=

∫ t

0

2dt

ln(
√

s2 − 0.01 + s)
∣∣∣s
0.1

= 2t|t
0

ln(
√
s2 − 0.01 + s) + 2.303 = 2t
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Êèíåìàòèêà ïðÿìîëèíåéíîãî äâèæåíèÿ òî÷êè
Ïîñòîÿííîå óñêîðåíèå

Ïðèìåðû

Îòâåò

Êîãäà s = 0.2 ì:

t =
ln(
√

(0.2)2 − 0.01 + 0.2) + 2.303

2
= 0.658 ñ
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