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� Typeset by beamer emulation of FoilTEX �

Ìåòîäè÷åñêèå óêàçàíèÿ äëÿ ðåøåíèÿ çàäà÷

Ñèñòåìà êîîðäèíàò

I Ïðÿìîóãîëüíóþ ñèñòåìó êîîðäèíàò ìîæíî ïðèìåíÿòü
äëÿ ðåøåíèÿ çàäà÷, â êîòîðûõ êèíåìàòè÷åñêèå
óðàâíåíèÿ óäîáíî âûðàçèòü ÷åðåç x , y , z êîìïîíåíòû
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Êèíåìàòèêà

I Òàê êàê ïðÿìîëèíåéíîå äâèæåíèå âîçìîæíî âäîëü
êàæäîé êîîðäèíàòíîé îñè, òî äëÿ îïèñàíèÿ äâèæåíèÿ
òî÷êè âäîëü êàæäîé îñè ìîæíî ïðèìåíèòü v = ds/dt
è a = dv/dt. Åñëè äâèæåíèå íå ìîæåò áûòü âûðàæåíî
êàê ôóíêöèÿ îò âðåìåíè, òî èñïîëüçîâàòü óðàâíåíèå
ads = vdv

I Íà ïëîñêîñòè óðàâíåíèå òðàåêòîðèè y = f (x) ìîæíî
èñïîëüçîâàòü äëÿ âû÷èñëåíèÿ x è y êîìïîíåíò
ñêîðîñòè è óñêîðåíèÿ

I Åñëè x , y , z êîìïîíåíòû ~v è ~a îïðåäåëåíû, òî
âåëè÷èíû ýòèõ âåêòîðîâ ìîæíî âû÷èñëèòü ïî òåîðåìå
Ïèôàãîðà, à òàêæå èõ íàïðàâëÿþùèå êîîðäèíàòíûå
óãëû êàê êîìïîíåíòû åäèíè÷íûõ âåêòîðîâ
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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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Óñêîðåíèå

ax = v̇x =
d8

dt
= 0

ay = v̇y =
d2xẋ/10

dt
= (2ẋ)ẋ/10+ 2xẍ/10

= 2(82)/10+ 2(16)(0)/10 = 12.8 ì/ñ2 ↑

Òîãäà

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 =
√
v 2x + v 2y =

√
(15.81 ì/ñ)2 + (10 ì/ñ)2 = 18.7 ì/ñ Îòâåò
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Óñêîðåíèå

ay = v̇y = 0.002ẋvx + 0.002xv̇x = 0.002(v 2x + xvx)

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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Äâèæåíèå ñíàðÿäà
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Ãîðèçîíòàëüíîå äâèæåíèå

ax = 0

(
+→) v = v0 + act; vx = (v0)x

(
+→) x = x0 + v0t +

1

2
act

2; x = x0 + (v0)xt

(
+→) v 2 = v 2

0
+ 2ac(x − x0); vx = (v0)x

Ãîðèçîíòàëüíàÿ êîìïîíåíòà ñêîðîñòè ñíàðÿäà îñòàåòñÿ
ïîñòîÿííîé âñå âðåìÿ äâèæåíèÿ
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Âåðòèêàëüíîå äâèæåíèå

ay = −g

(+ ↑) v = v0 + act; vy = (v0)y − gt

(+ ↑) y = y0 + v0t +
1

2
act

2; y = y0 + (v0)y t −
1

2
gt2

(+ ↑) v 2 = v 2
0
+ 2ac(y − y0); v 2y = (v0)

2

y − 2g(y − y0)
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Ìåòîäè÷åñêèå óêàçàíèÿ äëÿ ðåøåíèÿ çàäà÷

Êîîðäèíàòíàÿ ñèñòåìà

I Îïðåäåëèòü íåïîäâèæíûå x , y êîîðäèíàòíûå îñè è
íàðèñîâàòü òðàåêòîðèþ ñíàðÿäà. Ìåæäó äâóìÿ
ëþáûìè òî÷êàìè íà òðàåêòîðèè âíåñòè äàííûå çàäà÷è
è óêàçàòü òðè íåèçâåñòíûå. Âî âñåõ ñëó÷àÿõ óñêîðåíèå
çåìíîãî ïðèòÿæåíèÿ íàïðàâëåíî âåðòèêàëüíî âíèç è
ðàâíî 9.81 ì/ñ2. Íà÷àëüíàÿ è êîíå÷íàÿ ñêîðîñòü
òî÷êè äîëæíà áûòü ïðåäñòàâëåíà èõ x , y
êîìïîíåíòàìè

I Ïîëîæèòåëüíûå è îòðèöàòåëüíûå êîìïîíåíòû
ïîëîæåíèÿ òî÷êè, åå ñêîðîñòè è óñêîðåíèÿ âñåãäà
íàïðàâëåíû â ñîîòâåòñòâèè ñ àññîöèèðîâàííîé
ñèñòåìîé êîîðäèíàò
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Óðàâíåíèÿ êèíåìàòèêè

I Â çàâèñèìîñòè îò äàííûõ çàäà÷è è òîãî, ÷òî íóæíî
íàéòè, íàäî ñäåëàòü âûáîð òðåõ èç ñëåäóþùèõ
÷åòûðåõ óðàâíåíèé è ïðèìåíèòü èõ ìåæäó äâóìÿ
òî÷êàìè íà òðàåêòîðèè, ÷òîáû ïîëó÷èòü ïðÿìîå
ðåøåíèå çàäà÷è
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Ãîðèçîíòàëüíîå äâèæåíèå

I Ñêîðîñòü â ãîðèçîíòàëüíîì èëè x íàïðàâëåíèè
ïîñòîÿííà,ò.å.: vx = (v0)x è

x = x0 + (v0)xt
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Âåðòèêàëüíîå äâèæåíèå

I Â âåðòèêàëüíîì èëè y íàïðàâëåíèè ìîæíî
èñïîëüçîâàòü òîëüêî äâà èç òðåõ óðàâíåíèé äëÿ
ðåøåíèÿ çàäà÷è

vy = (v0)y + act

y = y0 + (v0)y t +
1

2
act

2

v 2y = (v0)
2

y + 2ac(y − y0)
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Ïðèìåð

Ìåøîê ñêîëüçèò ïî ñêàòó ñ ãîðèçîíòàëüíîé ñêîðîñòüþ 12
ì/ñ. Âûñîòà ñêàòà 6 ìåòðîâ îò ïîâåðõíîñòè. Íàéòè âðåìÿ
çà êîòîðîå ìåøîê ïàäàåò íà ïîâåðõíîñòü è ðàññòîÿíèå R ,
íà êîòîðîì íàêàïëèâàþòñÿ ìåøêè
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Ðåøåíèå. Ñèñòåìà êîîðäèíàò

Êîìïîíåíòû íà÷àëüíîé ñêîðîñòè: (vA)x = 12ì/ñ è
(vA)y = 0
Ìåæäó òî÷êàìè À è Â óñêîðåíèå ay = −9.81 ì/ñ2

Òàê êàê (vB)x = (vA)x = 12 ì/ñ, òî èìååì òðè íåèçâåñòíûõ
(vB)y , R è âðåìÿ ïîëåòà tAB
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Âåðòèêàëüíîå äâèæåíèå

(+ ↑) yB = yA + (vA)y tAB +
1

2
act

2

AB

−6 ì = 0+ 0+
1

2
(−9.81 ì/ñ2)t2AB
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Îòâåò

tAB = 1.11 ñ
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Ãîðèçîíòàëüíîå äâèæåíèå

(
+→) xB = xA + (vA)xtAB

R = 0+ 12 ì/ñ(1.11 ñ)
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Îòâåò

R = 13.3 ì
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Ïðèìåð
Ìàøèíà âûðàáàòûâàåò ñòðóæêè è âûáðàñûâàåò èõ ñî
ñêîðîñòüþ vO = 25 ì/ñ. Íàêëîí òðóáû 30 ãðàäóñîâ ê
ãîðèçîíòàëè. Íàéòè âûñîòó h â ìåñòå, ãäå íàêàïëèâàþòñÿ
îïèëêè, åñëè îíî íàõîäèòñÿ íà ðàññòîÿíèè 20 ìåòðîâ îò
òðóáû
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Ðåøåíèå. Ñèñòåìà êîîðäèíàò

Òðè íåèçâåñòíûõ: h, âðåìÿ ïîëåòà tOA è (va)y . Ïðè ýòîì
(vA)x = (vO)x

(vO)x = (25 cos 30◦) ì/ñ = 21.65 ì/ñ→
(vO)y = (25 sin 30◦) ì/ñ = 12.5 ì/ñ ↑

(vA)x = (vO)x = 21.65 ì/ñ
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Ãîðèçîíòàëüíîå äâèæåíèå

(
+→) xA = xO + (vO)xtOA
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Îòâåò

20 ì = 0+ (21.65 ì/ñ)tOA

tOA = 0.9238 ñ
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Âåðòèêàëüíîå äâèæåíèå

(+ ↑) yA = yO + (vO)y tOA +
1

2
act

2

OA

h − 4 ì = 0+ (12.5 ì/ñ)(0.9238 ñ) +
1

2
(−9.81 ì/ñ2)(0.9238 ñ)2
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Ïðèìåð

Ýòîò òðåê, ó÷àñòîê ãîíî÷íîé òðàññû, ñäåëàí òàê, ÷òî
ðàéäåð âçëåòàåò ïîä óãëîì 30◦ ñ âûñîòû 1 ìåòð. Ðàéäåð
ñîâåðøàåò ïîëåò âûñîêî â âîçäóõå â òå÷åíèè 1.5 ñåêóíä.
Íàéòè åãî íà÷àëüíóþ, ïåðåä ïîëåòîì, ñêîðîñòü,
ãîðèçîíòàëüíîå ðàññòîÿíèå, êîòîðîå ïðîëåòèò ðàéäåð è
ìàêñèìàëüíóþ âûñîòó ïîëåòà.
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Ïðèìåð (cont.)
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Ðåøåíèå. Ñèñòåìà êîîðäèíàò

Òðè íåèçâåñòíûõ: íà÷àëüíàÿ ñêîðîñòü vA, ðàññòîÿíèå R è
âåðòèêàëüíàÿ êîìïîíåíòà ñêîðîñòè (vB)y
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Âåðòèêàëüíîå äâèæåíèå

(+ ↑) yB = yA + (vA)y tAB +
1

2
act

2

AB
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Îòâåò

−1 ì = 0+ vA sin 30
◦(1.5 ñ) +

1

2
(−9.81 ì/ñ2)(1.5 ñ)2

vA = 13.38 ì/ñ = 13.4 ì/ñ
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Ãîðèçîíòàëüíîå äâèæåíèå

(
+→) xB = xA + (vA)xtAB
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Îòâåò

R = 0+ 13.38 cos 30◦ ì/ñ(1.5 ñ)

R = 17.4 ì
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Ìàêñèìàëüíàÿ âûñîòà

Èìååì òðè íåèçâåñòíûõ: âðåìÿ tAC , ãîðèçîíòàëüíîå
ðàññòîÿíèå ÀÑ è h
(vC )y = 0
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Ìàêñèìàëüíàÿ âûñîòà

(vC )
2

y = (vA)
2

y + 2ac(yC − yA)
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Îòâåò

02 = (13.38 ì/ñ)2 + 2(−9.81 ì/ñ2)[(h − 1 ì)− 0]

h = 3.28 ì


