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Ìåòîäè÷åñêèå óêàçàíèÿ äëÿ ðåøåíèÿ çàäà÷

Ñèñòåìà êîîðäèíàò

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

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

I Ïîëîæèòåëüíîå íàïðàâëåíèå äëÿ s, v , a óêàçûâàåòñÿ
ñòðåëêîé ðÿäîì ñ êèíåìàòè÷åñêèì óðàâíåíèåì
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Óðàâíåíèÿ êèíåìàòèêè

I 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

I Äëÿ âû÷èñëåíèÿ èíòåãðàëîâ â êèíåìàòè÷åñêèõ óðàâíåíèÿõ,
íåîáõîäèìû íà÷àëüíûå óñëîâèÿ: s = s0 è v = v0, êîãäà
t = 0
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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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Ðåøåíèå

Êîîðäèíàòíàÿ îñü

s
O
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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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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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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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Ðåøåíèå

Êîîðäèíàòíàÿ îñü

s
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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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Ñêîðîñòü

v =
([ 1

602
+ 0.8t

]−1/2)
ì/ñ

Êîãäà t = 4 ñ:

v = 0.559 ì/ñ ↓
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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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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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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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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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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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Ïðèìåð

Âî âðåìÿ òåñòà ðàêåòà ñòàðòîâàëà ñî ñêîðîñòüþ 75 ì/ñ è êîãäà
îíà ïîäíÿëàñü íà âûñîòó 40 ì îòêàçàë äâèãàòåëü. Ðàññ÷èòàòü
ìàêñèìàëüíóþ âûñîòó sB , êîòîðóþ äîñòèãíåò ðàêåòà è åå
ñêîðîñòü ïåðåä ñòîëêíîâåíèåì ñ çåìëåé. Âî âðåìÿ äâèæåíèÿ íà
ðàêåòó äåéñòâóåò ïîñòîÿííîå, íàïðàâëåííîå âåðòèêàëüíî âíèç
óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ 9.81 ì/ñ2. Ñîïðîòèâëåíèå
âîçäóõà íå ó÷èòûâàòü
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Ìîäåëü

O

A

B
vB = 0

C

sA = 40 ì

sB

s

vA = 75ì/ñ
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Ðåøåíèå. Ìàêñèìàëüíàÿ âûñîòà

Êîãäà t = 0 : vA = +75 ì/ñ
Êîãäà s = sB : vB = 0
ac = −9.81 ì/ñ2 - ïîñòîÿííîå óñêîðåíèå

(+ ↑) v2B = v2A + 2ac(sB − sA)

0 = (75 ì/ñ)2 + 2(−9.81 ì/ñ2)(sB − 40 ì)

sB = 327 ì Îòâåò



� Typeset by beamer emulation of FoilTEX �

Ñêîðîñòü

(+ ↑) v2C = v2B + 2ac(sC − sB)

= 0 + 2(−9.81 ì/ñ2)(0− 327 ì)

vC = −80.1 ì/ñ = 80.1 ì/ñ ↓ Îòâåò

(+ ↑) v2C = v2A + 2ac(sC − sA)

= (75 ì/ñ)2 + 2(−9.81 ì/ñ2)(0− 40 ì)

vC = −80.1 ì/ñ = 80.1 ì/ñ ↓ Îòâåò
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Ïðèìåð

×àñòèöà äâèæåòñÿ ïî ãîðèçîíòàëüíîìó ïóòè ñî ñêîðîñòüþ
v = (3t2 − 6t) ì/ñ, çäåñü t èçìåðÿåòñÿ â ñåêóíäàõ. Â íà÷àëå
äâèæåíèÿ ÷àñòèöà íàõîäèòñÿ â òî÷êå Î. Íàéòè ðàññòîÿíèå
ïðîéäåííîå çà 3.5 ñåêóíäû, ñðåäíþþ ñêîðîñòü ÷àñòèöû è åå
îáùóþ ñðåäíþþ ñêîðîñòü

t = 2 ñ t = 0 ñ t = 3.5 ñ

s = −4.0 ì s = 6.125 ì

O



� Typeset by beamer emulation of FoilTEX �

Ðåøåíèå. Ðàññòîÿíèå

(
+→) ds = vdt

= (3t2 − 6t)dt∫ s

0

ds =

∫ t

0

(3t2 − 6t)dt

s = (t3 − 3t2) ì
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Ðàññòîÿíèå

t(s)

v( ì/ñ)

(0, 0) (2c, 0)

(1 ñ,−3 ì/ñ)

v = 3t2 − 6t
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Ðàññòîÿíèå

s|t=0
= 0 s|t=2ñ = −4.0 ì s|t=3.5ñ = 6.125 ì

sO = 4.0 + 4.0 + 6.125 = 14.125 ì = 14.1 ì Îòâåò
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Ñêîðîñòü

∆s = s|t=3.5ñ − s|t=0
= 6.125 ì− 0 = 6.125 ì

v =
∆s

∆t
=

6.125 ì

3.5ñ− 0
= 1.75 ì/ñ→ Îòâåò

vñð =
sO
∆t

=
14.125 ì

3.5ñ− 0
= 4.04 ì/ñ Îòâåò
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Óñêîðåíèå

a = dv/dt = (6t − 6) ì/ñ2
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Çàäà÷à 1

Íà÷àëüíàÿ ñêîðîñòü àâòîìîáèëÿ ïî ïðÿìîëèíåéíîìó øîññå
ðàâíà 35 ì/ñ. Àâòîìîáèëü òîðìîçèò è åãî ñêîðîñòü
óìåíüøàåòñÿ äî 10 ì/ñ çà 15 ñåêóíä. Íàéòè óñêîðåíèå
çàìåäëåíèÿ àâòîìîáèëÿ
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Çàäà÷à 2

Ìÿ÷ ëåòèò âåðòèêàëüíî ââåðõ ñî ñêîðîñòüþ 15 ì/ñ. Íàéòè
âðåìÿ ïîëåòà äî âîçâðàùåíèÿ ìÿ÷à â ïåðâîíà÷àëüíîå
ïîëîæåíèå
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Çàäà÷à 3

×àñòèöà äâèæåòñÿ ïî ïðÿìîëèíåéíîìó ïóòè ñî ñêîðîñòüþ
v = (4t − 3t2) ì/ñ, ãäå t èçìåðÿåòñÿ â ñåêóíäàõ. Íàéòè åå
ïîëîæåíèå, êîãäà t = 4 ñ. Ïðè t = 0 : s = 0


